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ABST
PAL  Disclosed herein is a fluidic clinometer for automatically operating
      servomechanisms according to the angular displacements of a structure on
      which the inclinometer is fixedly mounted for integral movement therewith.
      It includes a substantially U-shaped tube having enlarged chambers of
      equal size at the free ends of its vertical legs which are open to the
      atmosphere, the walls of said chambers being formed of micropous material
      of a porosity to permit the passage of air, or similar gaseous fluid, but
      inhibit the escape of mercury, or other analogous liquid, therethrough;
      mercury, or other such liquid, partially filling the tube, up to about the
      middle of said chambers when the tube is in normal upright position; a
      substantially U-shaped casing concentrically surrounding said tube in
      airtight relation and providing an annular air space there-between; an air
      inlet medially of the horizontal or connecting part of said casing and an
      air outlet in each of the vertical legs of the casing; fluidic amplifying
      means having fluid communication with said outlets; fluid lines leading
      from the output side of the amplifying means for operating
      servomechanisms; and other fluid lines leading from the amplifying means
      to a differential pressure gauge indicating the angle and direction of
      inclination of said tube and casing, and hence of a structure on which the
      latter are to be mounted, in relation to a horizontal plane of reference.
      While this apparatus is capable of a variety of application, it is
      especially adapted for use in U.S. Pat. No. 3,689,953, Sept. 12, 1972, to
      the present co-inventor Costas E. Markakis, to control the amount and
      direction of the air needed to maintain the floating structures therein in
      stable or upright position.
BSUM
PAR  The present invention relates to a fluidic clinometer for automatically
      controlling servomechanisms of a system in response to the inclination of
      the former relative to a plane of reference.
PAR  An object of this invention is also to investigate and/or determine by
      fluidic means the angles of inclination, such as of the rolling and
      pitching of floating structures, or of other structures which are subject
      to oscillations along one or more horizontal axes.
PAR  Another object thereof is the utilization of our clinometer to
      automatically control the operation of servomechanisms in a stabilizing
      system for floating structures against rolling and pitching.
PAR  A further object of the invention is to carry out the foregoing by fluidic
      means without the use or need of gyroscopes, electric devices or inertia
      means, pendulums for example.
PAR  A still further object thereof is a novel clinometer of great simplicity,
      high reliability and durability, of substantially instantaneous response,
      minimum maintenance requirements and economy of manufacture.
PAR  The primary intended use of the invention is for sensing by fluidic means
      the rolling and/or pitching angles of floating structures, ships or boats
      in particular, and for the automatic actuation by said sensing means of
      level correcting mechanisms for maintaining such structures in their level
      or upright position. As previously noted herein, it is especially adapted
      for use in said U.S. Pat. No. 3,689,953, Sept. 12, 1972 to the present
      joint inventor Costas E. Markakis, which patent is hereby incorporated
      herein by reference, for replacing therein the gyroscopic controls for
      operating the air admitting valves, and thus the amount of air under
      pressure to the level correcting chambers. In this connection, reference
      is made to FIGS. 18-21 of said patent and to FIG. 21 in particular,
      wherein the Gyroscopic device is designated by numeral 636, the
      servomechanism by 620, the valve by 631 and 632 and the stabilizing
      chambers by 623 and 624.
DRWD
PAC  DRAWING
PAR  The single FIGURE in the drawing shows diagrammatically the various parts
      of our invention in operative relation.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawing, wherein like numerals designate like parts, the
      fuidic clinometer of the present invention comprises a substantially
      U-shaped tube having a horizontal or connecting part 1 and two vertical
      legs 2,2' terminating of their free ends in enlarged chambers 3,3'. The
      walls 4,4' of these chambers are formed of microporous material, of a
      porosity to permit the passage of air, or other similar fluid,
      therethrough but inhibit the escape of a heavy liquid such as mercury or
      other analogues liquid, from inside the chambers. The porosity is of the
      order of 50 microns. Said chambers are open to the atmosphere at their
      top, and said tube is partially filled with a suitable liquid, preferably
      mercury, up to about the middle of the vertical height of the porous
      chambers when the connecting portion 1 is horizontal and the legs 2,2' are
      vertical.
PAR  Said tube is concentically sourrounded in airtight relation by a
      substantially U-shaped casing of greater diameter than the tube, thus
      providing as annular air space there-between. The connecting part 5 of
      this casing is provided, medially of its length, with a fluid inlet 6, and
      its vertical legs 7,7' are constricted at 8,8' and formed there-above with
      fluid outlets 9 and 9', respectively. The casing is secured to the tube
      for integral movement therewith. The connecting parts 1 and 5 of said tube
      and casing are preferably rectilinear and of greater length that the
      height of the respective legs 2,2' and 7,7', as shown in the drawing.
PAR  Outlets 9 and 9' are connected by fluid lines 10 and 10' to a fluidic
      proportional amplifier 11, and the outlets or outputs of the latter are
      connected by fluid lines 12 and 12' to monostable amplifiers 13 and 13',
      respectively. Both of these types of amplifiers are conventional. Fluid
      lines 14, 14', leading from the outputs of the monostable amplifiers are
      intended to be connected to servomechanisms to be controlled by the
      amplified air pressure therein.
PAR  A differential pressure gauge 15, calibrated in degrees in opposite
      directions from a zero reference point, is connected across the output
      fluid lines 12,12' of the proportional amplifier, thereby providing a
      ready visual indication of the instant angles of inclination of the
      clinometer, and hence of the structure on which the latter is mounted.
PAR  In practice all of the above described elements constituting our invention
      are mounted as a unitary structure on a common base and in a single
      casing, as designated in the drawing by the broken outline D.
PAC  OPERATION
PAR  For a clearer understanding of the invention, we will consider the
      clinometer as being fixedly mounted on a floating structure, or on a
      structure subject to rocking about one or both of its main axes, with said
      .[.structure.]. .Iadd.structures .Iaddend.being in level or upright
      position and said clinometer disposed at a right angle to the rocking axis
      of the structure. Where correction is needed along both main horizontal
      axes of the structure, two clinometers at right angles to each other will,
      obviously, be employed.
PAR  In the stabilized position of the floating structure, i.e., in the level
      position of clinometer, the surface of the mercury in porous chambers 3,3'
      will be at the same level, about the middle of their vertical height.
      Humidity and temperature conditioned air entering casing 5, via inlet 6,
      at a pressure P.sub.s, passes through constrictions 8,8' and onto the
      exterior of the porous chamber walls 4,4', whereat its pressure is altered
      to P.sub.1 and P.sub.2, respectively. Due to the same porosity and the
      same peripheral surface of these chambers, and also their symmetry in
      relation to the inlet 6, when the floating structure and the clinometer
      thereon are in level position pressures P.sub.1 and P.sub.2 will be equal,
      i.e., P.sub.1 = P.sub.2. Similarly, the pressure drop of the air escaping
      through the porous walls of the chambers to the atmosphere, P.sub.1 -
      P.sub.a and P.sub.2 - P.sub.a, will be equal, where P.sub.2 is the
      atmospheric pressure at the exit side of chambers 3 and 3'.
PAR  Assuming now that the floating structure with the clinometer thereon rocks
      at an angle .phi. toward the right as viewed in the drawing, then the
      surface of the mercury in the right chamber 3' will rise, while that in
      the left chamber 3 will descend correspondingly. Accordingly, the porous
      surface 4' of the wall of chamber 3' through which air can escape to the
      atmosphere will decrease, causing a corresponding increase in P.sub.2 and
      hence an increase in the pressure drop P.sub.2 - P.sub.a. These changes
      will continue until the mercury in chamber 3'  reaches the top thereof,
      whereat, manifestly, there will be no further escape of air. In the left
      chamber 3 the reverse will obviously take place, i.e., the porous exposed
      surface of wall 4 and the air escaping therethrough will correspondingly
      increase and pressure P.sub.1 and pressure drop P.sub.1 - P.sub.a will
      decrease inversely as the conditions in chamber 3'. Accordingly, there
      will result a differential pressure P.sub.2 - P.sub.1 which will increase
      in proportion to the angle of inclination of the floating structure. When
      the latter rocks toward the left as viewed in the drawing, it is apparent
      that the reverse of the foregoing will take place, i.e., P.sub.1 and
      P.sub.1 - P.sub.a will increase and P.sub.2 and P.sub.2 - P.sub.a will
      correspondingly decrease. This increase in pressure, whether in P.sub.2 or
      P.sub.1, will be ultimately utilized to control a servomechanism or
      mechanisms.
PAR  Proportional amplifier 11, of conventional construction, receives signals
      from outlets 9 and 9', by way of fluid lines 10 and 10', and produces an
      output differential signal which is proportional to the input signal but
      of increased magnitude, P'.sub.1 or P'.sub.2.
PAR  The digital monostable type amplifier, such a 13 and 13' herein which are
      connected to opposite output sides of the proportional amplifier 11, is
      also conventional and is characterized by having only one output signal
      change produced and that only when the input signal magnitude is raised
      above a minimum level. This feature makes the monostable amplifier ideally
      adaptable to the stabilization of floating structures; that is, taking the
      permissible angle of roll or pitch of a floating structure as one-tenth of
      1.degree. in either direction from its level position, and selecting or
      adjusting amplifiers 13, 13' to produce an output signal when that angle
      is reached, as reflected by the input signal, the value of their output
      pressures P.sub.D1 or P.sub.D2 will be substantially zero until the angle
      of inclination .phi. reaches 1/10 of 1.degree. or -1/10 of 1.degree., at
      which point the corresponding pressure suddenly jumps to a predetermined
      value, about 8P'.sub.1 or 8P'.sub.2, as the case may be, and thence
      remains constant for any greater angle of inclination. The well known
      OR-NOR amplifier may also be used for the monostable amplifiers 13 and
      13', but with only one control input signal.
PAR  The amplified pressure of the air issuing from said monostable amplifiers
      into fluid lines 14,14' will effectively actuate servomechanisms; and in
      the example referred to above in connection with co-applicant Markakis'
      said patent, it will open valves to maintain floating structures in level
      or upright position.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluidic clinometer for automatically controlling the operation of
      servomechanisms, comprising a substantially U-shaped tube with its legs
      terminating in chambers of equal size, which are open to the atmosphere
      and are formed of microporous material, of a porosity permitting the
      passage of air, or other similar fluid, therethrough but inhibiting the
      escape of liquid from within the chambers; a suitable liquid partially
      filling the tube up to about the middle of the height of the chambers when
      the leg connecting part of the U-shaped tube is horizontal and the legs
      are vertical; a substantially U-shaped, fluidtight casing of greater
      diameter than the tube concentrically enclosing said tube throughout, thus
      forming an annular air passage between said tube and said casing, and said
      casing being provided with a fluid inlet medially of its connecting part
      and with a fluid outlet in each of its legs, the outlets being adapted to
      communicate with and control servomechanisms.
NUM  2.
PAR  2. A fluidic clinometer according to claim 1 wherein the liquid in the tube
      is mercury.
NUM  3.
PAR  3. A fluidic clinometer according to claim 1 wherein the porosity of said
      chambers is of the order of 50 microns.
NUM  4.
PAR  4. A fluidic clinometer according to claim 1 wherein each leg of the casing
      is constricted between its juncture with the connecting part of the casing
      and its said outlet.
NUM  5.
PAR  5. A fluidic clinometer according to claim 1 wherein the connecting part of
      the U-shaped tube and casing are substantially rectilinear and longer than
      the height of their vertical legs.
NUM  6.
PAR  6. A fluidic clinometer according to claim 1 including fluidic amplifying
      means connected to said fluid outlets of said casing for amplifying the
      pressure of the air issuing therefrom therefrom.
NUM  7.
PAR  7. A fluidic clinometer according to claim 6 wherein the amplifying means
      comprise a fluidic proportional amplifier connected to the outlets of the
      legs of said casing; two fluidic monostable amplifiers having fluid
      connection with the outlets of said proportional amplifier; and fluid
      lines extending from the outputs of said monostable amplifiers adapted to
      communicate with and control servomechanisms.
NUM  8.
PAR  8. A fluidic clinometer according to claim 7 including a differential
      pressure gauge bridging the fluid connections between the proportional and
      the monostable amplifiers, providing a visual indication of the angles of
      inclination of the tube and casing, and hence of a structure on which they
      are to be fixedly mounted.
NUM  9.
PAR  9. A fluidic clinometer according to claim 1 wherein the liquid is mercury,
      each leg of the casing is constricted between its juncture with the
      connecting part of the casing and its said outlet, and fluidic amplifying
      means connected to the fluid outlets of said casing for amplifying the
      pressure of the air issuing therefrom.
NUM  10.
PAR  10. A fluidic clinometer according to claim 9 wherein the amplifying means
      comprise a fluidic proportional amplifier connected to the outlets of the
      legs of said casing; two fluidic monostable amplifiers having fluid
      communication with said proportional amplifier; and fluid lines extending
      from the outlets of said monostable amplifiers, adapted to communicate
      with and control servomechanisms.
NUM  11.
PAR  11. A fluidic clinometer according to claim 10 including a differential
      pressure gauge connected across the output lines of the proportional
      amplifier and calibrated in degrees in opposite directions from a zero
      reference point, thereby providing a ready visual indication of the angle
      and direction of inclination of the clinometer, and hence of a structure
      on which it is to be fixedly mounted.
NUM  12.
PAR  12. A fluidic clinometer comprising a substantially U-shaped tube with its
      legs terminating in chambers of equal size, which are open to the
      atmosphere and are formed of microporous material, of a porosity
      permitting the passage of air, or other similar fluid, therethrough but
      inhibiting the escape of liquid from within the chambers; a suitable
      liquid partially filling the tube up to about the middle of the height of
      the chambers when the leg connecting part of the U-shaped tube is
      horizontal and the legs are vertical; a substantially U-shaped, fluidtight
      casing of greater diameter than the tube concentrically enclosing said
      tube throughout, thus forming an annular air passage between said tube and
      said casing and said casing being provided with a fluid inlet medially of
      its leg connecting part and with a fluid outlet in each of its legs; and
      means communicating with said outlets for indicating the pressure
      differential there-between in terms of the angles of inclination of the
      tube and casing about an axis transversely thereof.
NUM  13.
PAR  13. A fluidic clinometer according to claim 12 wherein the legs of said
      casing are constricted between said outlets and the juncture of the legs
      of the casing with the leg connecting part of the latter. .Iadd. 14. A
      fluidic clinometer control apparatus comprising a substantially U-shaped
      tube with its legs terminating in chambers of equal size, which are open
      to the atmosphere and are formed of microporous material, of a porosity
      permitting the passage of air, or other similar fluid, therethrough but
      inhibiting the passage of liquid from within the chambers; a suitable
      liquid partially filling the tube up to about the middle of the height of
      the chambers when the leg connecting part of the tube is horizontal and
      its legs are vertical; a fluidtight enclosure surrounding each of said
      microporous chambers in spaced relation to said chambers, thus forming an
      air space therebetween, .Iadd.said air space between said chamber and said
      enclosure being substantially equal in both legs, each enclosure being
      provided with a fluid inlet, to be connected to a source of pressurized
      fluid, and with a fluid outlet; and pressure responsive means connected to
      said fluid outlets and adapted to control the operation of
      servomechanisms..Iaddend..Iadd. 15. A fluidic clinometer control apparatus
      according to claim 14 wherein the porosity of said microporous chambers is
      of the order of 50 microns..Iaddend. .Iadd. 16. A fluidic clinometer
      control apparatus according to claim 15 wherein the liquid in the tube is
      mercury..Iaddend..Iadd. 17. A fluidic clinometer control apparatus
      according to claim 14 wherein the pressure responsive means includes
      fluidic amplifying means to said outlets for amplifying the pressure of
      the fluid issuing from the outlets of said enclosures..Iaddend..Iadd. 18.
      A fluidic clinometer control apparatus according to claim 17 wherein said
      fluidic amplifying means comprises, a fluidic proportional amplifier
      connected to said outlets, two fluidic monostable amplifiers having fluid
      communication with the outlets of said proportional amplifier; and fluid
      lines extending from the outputs of said monostable amplifiers adapted to
      communicate with and control servomechanisms..Iaddend..Iadd. 19. A fluidic
      clinometer control apparatus according to claim 18 including a
      differential pressure gauge bridging the fluid connections between the
      proportional and the monostable amplifiers, providing a visual indication
      of the angles of inclination of the tube, and hence of a structure on
      which the tube is to be mounted..Iaddend..Iadd.20. A fluidic clinometer
      control apparatus according to claim 18 wherein the porosity of the
      microporous chambers is of the order of 50 microns and the liquid in the
      tube is mercury..Iaddend.
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PAL  6. A hydraulic actuator assembly comprising:
PA1  An elongated cylinder;
PA1  First and second longitudinally spaced fluid inlet and outlet fittings in
      the cylinder wall;
PA1  First and second longitudinally spaced fluid inlet and outlet ports through
      the cylinder wall communicating respectively with the first and second
      inlet and outlet fittings;
PA1  First and second longitudinally spaced fluid escape orifices through the
      cylinder wall communicating respectively with the first and second inlet
      and outlet fittings, one orifice adjacent each of said ports, the
      longitudinal spacing between the orifices being less than the longitudinal
      spacing between said ports, and the fittings, ports and orifices being in
      substantial longitudinal alignment along the cylinder wall;
PA1  A piston having limited reciprocable movement in the cylinder; and
PA1  An annular seal or packing carried by the piston for sealing between the
      piston and the internal wall of the cylinder, and for thus dividing the
      cylinder into first and second fluid pressure chambers,
PA1  The location of the piston at each end of its permitted stroke and the
      spacing between and location of the ports and the orifices being so
      related, each to the other, that:
PA2  A. when the piston is at one end of its stroke the piston seal is located
      between the first port and the adjacent first orifice, the first cylinder
      chamber is in open communication with the first fitting through the first
      port, and the second cylinder chamber is in restricted communication with
      the first fitting through said first orifice; and
PA2  B. when the piston is at the other end of its permitted stroke the piston
      seal is located between the second port and the adjacent second orifice,
      the second cylinder chamber is in open communication with the second
      fitting through the second port, and the first cylinder chamber is in
      restricted communication with the second fitting through the second
      orifice.
BSUM
PAR  This invention relates to a unique construction for a master hydraulic
      cylinder of the type capable of performing useful work while
      simultaneously controlling the coordinated operation of associated slave
      cylinders, which also perform useful work. The cylinder construction is
      also capable of use in a hydraulic system in which it performs its work
      independent of any slave cylinder association or operation.
PAR  A master cylinder construction embodying my invention is illustrated and
      described herein associated with a single slave cylinder. In such a
      combination, where both master and slave cylinders are simultaneously
      performing useful work at widely separated locations, it is often required
      that the pistons and rods of the two cylinders start their movement
      simultaneously, travel at substantially the same velocity, travel the same
      distance, and reach the ends of their respective strokes at substantially
      the same time. This is true, for instance, when two such cylinders are
      connected to raise and lower the respective opposite ends of the reel on a
      combine or other harvester. Such coordinated action of the cylinders is
      required in order to maintain the elongated reel in a level position
      throughout the raising and lowering operation.
PAR  The difficulty of maintaining such coordinated action over an extended
      period of weeks is primarily due to uneven wear of the working parts of
      the two working cylinders, particularly the hydraulic fluid seals. Seal
      wear causes leakage, and due to this leakage the piston and rod of one
      cylinder may not complete its travel to the full end of its permitted
      stroke in either direction, resulting in a progressive shortening of the
      length of its stroke. In other words the pistons and rods of the two
      cylinders get out of phase.
PAR  It is a primary object of my invention to provide a master cylinder
      construction which automatically rephases the piston positions of the
      master cylinder and the associated slave cylinder or cylinders at each end
      of their respective strokes, regardless of the relative degree of wear on
      the working parts of the respective associated cylinders over an extended
      period. By so re-phasing the positions of the respective pistons at each
      end of their respective strokes, assurance is provided that all pistons
      begin their return strokes simultaneously, and that all pistons travel to
      the full ends of their respective permitted strokes in each direction.
PAR  Another important object of the invention is to provide a master cylinder
      construction which automatically provides a relief against over
      pressurization of one cylinder due to the fact that the piston of that
      cylinder reaches the end of its permitted stroke prior to the time the
      piston of an associated cylinder reaches the end of its permitted stroke.
PAR  Another object is to provide a master cylinder construction which
      accomplishes the above described results without the use of poppet valves,
      manual valves, etc., which are commonly used to accomplish re-phasing of
      associated working cylinders, whether they are connected in series or in
      parallel.
PAR  An additional object of the invention is to provide a double acting working
      cylinder construction which provides relief against internal over
      pressurization of the cylinder at both ends of the piston stroke in case
      the control valve directing pressure fluid to either end of the cylinder
      is not closed just prior to or at approximately the instant the piston
      reaches the end of its stroke in either direction.
DRWD
PAR  The invention will be more clearly understood when the following
      description is read in connection with the accompanying drawings, in
      which:
PAR  FIG. 1 is a central longitudinal sectional view through a hydraulic working
      cylinder embodying my invention, shown connected in series to an
      associated hydraulic slave cylinder, the hydraulic system for actuating
      both cylinders being shown schematically, the respective pistons and rods
      of both cylinders being shown at the inner ends of their permitted
      strokes;
PAR  FIG. 2 is a view similar to FIG. 1, with the respective pistons and rods of
      both cylinders being shown at the outer ends of their permitted strokes;
      and
PAR  FIG. 3 is a fragmentary view of a portion of the cylinder shown in the
      lower part of FIG. 2, and includes optional check valves which are not
      included in the other drawing figures, yet which constitute a part of my
      invention.
DETD
PAR  A cylinder construction which embodies my invention is shown in the lowr
      portion of FIG. 1, and is designated as a whole by the numeral 10. For
      clarity in description cylinder 10 is shown connected in series to a slave
      cylinder 11 by means of a conduit 12. Cylinder 10 will be referred to
      herein as a master cylinder, although it should be understood that this
      cylinder may be used in any hydraulic system as a double acting working
      cylinder, completely disassociated from any slave cylinder.
PAC  Construction--FIGS. 1 and 2
PAR  Referring to FIG. 1, master cylinder 10 includes a barrel 13 having a fixed
      head 14 at one of its ends and a removable piston rod bearing 15 at its
      other end. Bearing 15 carries seals 16 and 17. The head 14 and the inner
      end 18 of bearing 15 serve as travel limit stops for a piston 19.
PAR  Barrel 13 is provided with relatively large longitudinally spaced ports 20
      and 21, and a pair of respectively associated fluid escape orifices 22 and
      23. Port 20 and orifice 22 both communicate with a conduit attachment
      fitting 24, while port 21 and orifice 23 both communicate with a similar
      conduit fitting 25.
PAR  Piston 19 carries an integral stop 26, and is connected to a reciprocable
      rod 27. Piston 19 is provided with a central annular groove 28 which seats
      an annular wall seal 29, adjacent annular lands 30 and 31 which are of a
      diameter to fit the barrel wall snugly, grooves 32 and 33, and outside
      lands 34 and 35. Piston 19, of course, divides the interior of barrel 13
      into two pressure fluid chambers 36 and 37.
PAR  The length of permitted travel of piston 19 between stops 14 and 18, and
      the relative locations of ports 20 and 21 and orifices 22 and 23 with
      respect to the location of seal 29 on the piston are such that when piston
      19 is at the inner end of its stroke, as in FIG. 1, port 20 is located
      between seal 29 and head 14 and openly communicates with chamber 36. With
      the piston in this position orifice 22 is located between seal 29 and
      chamber 37, and if the fluid pressure in chamber 37 is greater than the
      pressure in chamber 36 and fitting 24, fluid from chamber 37 may leak past
      land 35 and escape through orifice 22 into fitting 24. Any flow of fluid
      through escape orifice 22 in the opposite direction due to a higher
      pressure in fitting 24 than in chamber 37, is incidental and immaterial in
      the illustrated series hook-up of master and slave cylinder, because the
      least outward movement of piston 19 causes seal 29 to pass orifice 22,
      thus cutting off the fluid escape route into chamber 37.
PAR  In the same manner, when piston 19 is located at the outer end of its
      permitted stroke, as in FIG. 2, port 21 is located outside seal 29 and
      openly communicates with chamber 37. At the same time escape orifice 23 is
      located inside seal 29. If fluid pressure in chamber 36 is higher than in
      fitting 25 and chamber 37, fluid can leak past land 34, through orifice 23
      and into fitting 25. Leakage of fluid through orifice 23 in the opposite
      direction, due to the existence of a higher pressure in fitting 25 than in
      chamber 36, is inconsequential.
PAR  In the hydraulic system illustrated, master cylinder fitting 25 is
      connected by conduit 12 to a port 38 in a wall of single acting slave
      cylinder 11. Port 38 communicates with a pressure chamber 39, within which
      a combination piston and rod 40 is reciprocable. The chambers 37 and 39
      have equal volume capacities, regardless of the permitted length of stroke
      of the piston rods 27 and 40. A piston rod seal 41 normally prevents
      leakage from slave cylinder chamber 39 as the rod reciprocates. A snap
      ring 42 is seated in an annular groove near the inner end of rod 40, and
      serves as a stop to limit outward movement of the rod in its cylinder.
      Inward movement of rod 40 is limited by contact of the inner end of the
      rod with an inwardly projecting abutment 43, integral with the cylinder
      end wall.
PAC  Operation
PAR  With both pistons 27 and 40 positioned at the inner ends of their
      respective strokes, as in FIG. 1, and with the chambers 36, 37 and 39, and
      conduits 12 and 44 completely filled, fluid under pressure is delivered
      from a pump 45 or other source, through conduit 44 and port 20 into master
      cylinder chamber 36, when a control valve 46 is properly adjusted. The
      instant piston 19 starts to move outward, fluid is forced from chamber 37
      through conduit 12 and into slave chamber 39, and piston 40 simultaneously
      starts to move outward. It will be assumed that both piston rods are
      operating against load forces applied in the directions indicated by the
      arrows 47 and 48.
PAC  Case No. 1--Extension
PAR  Assuming that there is fluid leakage from slave chamber 39 past seal 41 due
      to a worn seal or because of a greater load on piston rod 40, rod 40 would
      normally stop traveling before reaching the outer end of its stroke, while
      master piston 19 would continue to travel to the full end of its stroke.
      This could occur because of insufficient fluid in master chamber 37 to
      completely fill slave chamber 39 after fluid had leaked from that chamber
      (FIG. 2).
PAR  Under this condition supplemental fluid under pressure from source 45 would
      leak past land 34 (FIG. 2), through orifice 23, through conduit 12 and
      into slave chamber 39, thus forcing piston 40 to the full outer end of its
      stroke, regardless of leakage from chamber 39. The pistons and rods of
      both master and slave cylinders are thus re-phased at the outer ends of
      their respective strokes, each time the movement cycle is repeated.
PAC  Case No. 2--Retraction
PAR  With both pistons at the outer ends of their respective strokes, as in FIG.
      2, control valve 46 can be adjusted to its FIG. 2 condition, which
      connects master chamber 36 to a system reservoir 49, and allows both
      pistons to simultaneously start their inward travel under the influence of
      their respective loads.
PAR  If master piston 19 reaches the full end of its permitted inward travel
      before slave piston 40 does, excess fluid can pass from chamber 39 (FIG.
      1) through chamber 37, past land 35, and through escape orifice 22 into
      conduit 44 and to the reservoir, thus permitting piston 40 to travel to
      the full inner end of its stroke.
PAR  If slave cylinder piston 40 reaches the inner end of its stroke before
      master piston 19 has completed its stroke, and a void is created in
      chamber 37 as piston 19 continues to the end of its stroke, that void is
      filled through escape orifice 22 by pressure fluid from the pump before
      either piston again starts its outward travel during the next cycle. The
      pistons and rods of the two cylinders are thus re-phased at each of the
      ends of their respective strokes.
PAC  FIG. 3 Construction
PAR  The construction shown in FIG. 3 differs from the previously described
      master cylinder construction only by the inclusion of flat washers 50 and
      51, of metal or other material, which seat in conduit fittings 24 and 25,
      and act as check valves to prevent the flow of fluid in one direction
      through escape orifices 22 and 23, respectively.
PAC  Operation--FIG. 3
PAR  The washer type check valves 50 and 51 are useful in preventing uneven
      extension or retraction of the two piston rods 27 and 40 in case rod 27 is
      loaded much more heavily than rod 40.
PAR  Under such a condition, with both pistons at the inner ends of their
      respective strokes as in FIG. 1, check valve 50 prevents pressure fluid
      from traveling through escape orifice 22, chamber 37, and to slave chamber
      39, and moving piston 40 outward while master piston 27 remains stationary
      under its heavier load.
PAR  With both pistons at the outer ends of their respective strokes, with
      piston rod 40 loaded much higher than master rod 27, and with control
      valve 46 open only slightly to provide slow inward movement of the
      pistons, check valve 51 prevents fluid from being forced from slave
      cylinder chamber 39 through escape orifice 23 and conduit 44 to reservoir.
      Rod 40 is thus prevented from moving inward in its cylinder under its
      greater load, while the pressure build up in master chamber 36 temporarily
      prevents rod 27 from moving inward under its lighter load. Uneven
      retraction or extension of the unequally loaded piston rods is thus
      prevented.
PAR  It will be understood from the above description of the master cylinder
      construction that a number of master cylinders could be connected in
      series, and that the first master would extend and retract the pistons of
      all the cylinders in unison. By varying cylinder capacities the the rate
      and extent of rod movement in the various cylinders can also be varied to
      meet requirements. It will also be understood that the fluid escape
      orifices 22 and 23 in each master cylinder of the series would accomplish
      rephasing of all pistons at each end of their respective strokes.
CLMS
STM  Having described the invention with sufficient clarity to enable those
      familiar with this art to construct and use it, I claim: .[.1. A hydraulic
      actuator assembly comprising:
PA1  an elongated cylinder;
PA1  a piston having limited reciprocable movement within the cylinder, and
      dividing the cylinder into first and second chambers;
PA1  a first port through a wall of the cylinder affording open exterior fluid
      communication with said first chamber regardless of piston position in the
      cylinder;
PA1  a first fluid escape orifice through a wall of the cylinder located to
      afford restricted exterior communication with the second chamber only when
      the piston is at one end of its permitted stroke;
PA1  a second port through a wall of the cylinder affording open exterior
      communication with said second chamber regardless of piston position in
      the cylinder; and
PA1  a second fluid escape orifice through a wall of the cylinder located to
      afford restricted exterior communication with the first chamber only when
      the piston is at the other end of its permitted stroke..]. .[.2. The
      actuator described in claim 1, and:
PA1  fluid conducting means affording communication exterior of the cylinder
      between each of said ports and the respectively adjacent fluid escape
      orifice..].  .[.3. The actuator described in claim 1, and:
PA1  a check valve for each of said escape orifices affording flow of fluid
      outward only through the respective orifices..].  .[.4. In a hydraulic
      actuator which includes an elongated cylinder and a piston having limited
      reciprocatory movement therein, and which divides the cylinder into first
      and second chambers, said cylinder including separate means for conducting
      fluid into and from the respective chambers, the improvement in such an
      actuator which comprises:
PA1  a first fluid escape orifice through a wall of the cylinder located to
      afford restricted egress of fluid from said second chamber when the piston
      has moved to a position to reduce the first chamber to minimum volume
      capacity; and
PA1  a second fluid escape orifice through a wall of the cylinder located to
      afford restricted egress of fluid from said first chamber when the piston
      has moved to a position to reduce said second chamber to minimum volume
      capacity..].  .[.5. The actuator described in claim 4, and:
PA1  a check valve for each of said escape orifices affording flow of fluid
PAR   outward only through the respective orifices..].  6. A hydraulic actuator
      assembly comprising:
PA1  an elongated cylinder;
PA1  first and second longitudinally spaced fluid inlet and outlet fittings in
      the cylinder wall;
PA1  first and second longitudinally spaced fluid inlet and outlet ports through
      the cylinder wall communicating respectively with the first and second
      inlet and outlet fittings;
PA1  first and second longitudinally spaced fluid escape orifices through the
      cylinder wall communicating respectively with the first and second inlet
      and outlet fittings, one orifice adjacent each of said ports, the
      longitudinal spacing between the orifices being less than the longitudinal
      spacing between said ports, and the fittings, ports and orifices being in
      substantial longitudinal alignment along the cylinder wall;
PA1  a piston having limited reciprocable movement in the cylinder; and
PA1  an annular seal or packing carried by the piston for sealing between the
      piston and the internal wall of the cylinder, and for thus dividing the
      cylinder into first and second fluid pressure chambers,
PA1  the location of the piston at each end of its permitted stroke and the
      spacing between and location of the ports and the orifices being so
      related, each to the other, that:
PA2  (a) when the piston is at one end of its stroke the piston seal is located
      between the first port and the adjacent first orifice, the first cylinder
      chamber is in open communication with the first fitting through the first
      port, and the second cylinder chamber is in restricted communication with
      the first fitting through said first orifice; and
PA2  (b) when the piston is at the other end of its permitted stroke the piston
      seal is located between the second port and the adjacent second orifice,
      the second cylinder chamber is in open communication with the second
      fitting through the second port, and the first cylinder chamber is in
      restricted communication with the second fitting through the second
      orifice. .Iadd. 7. The actuator described in claim 6, wherein the inlet
      and outlet fittings have an inside diameter overlapping its associated
      port and escape orifice which are in fluid communication..Iaddend..Iadd.
      8. The actuator described in claim 6 wherein the inlet and outlet fittings
      each comprise a cylindrical sleeve having an inside diameter overlapping
      its associated port and escape orifice which are in fluid communication.
      .Iaddend. .Iadd. 9. The actuator described in claim 6 wherein the inlet
      and outlet fittings each comprise a cylindrical sleeve welded to the
      cylinder wall having an inside diameter overlapping its associated port
      and escape orifice which are in fluid communication. .Iaddend. .Iadd. 10.
      The actuator described in claim 6, wherein the escape orifices are of a
      diameter less than the width of the annular seal. .Iaddend. .Iadd. 11. The
      actuator described in claim 6, wherein the distance between each of said
      ports and its associated escape orifice is greater than the width of the
      annular seal. .Iaddend.
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PAL  A system of helical or spiral bevel gearing that by violating the "law of
      gearing" restricts the tooth action entirely to the pitch point. The
      greatly reduced sliding velocity between the teeth of mating gears permits
      them to be made of "dry bearing" or other moldable materials without
      exceeding rated PV values, and a multiplicity of contact points moving
      transversely along the pitch line insures continuity of action.
BSUM
PAR  This invention relates to the profile and shape of gear teeth. The gearing
      system herein disclosed in intended to be especially adapted to gears
      molded from dry bearing materials, but its advantages are such that it
      will find many applications in gears made of a wide variety of materials,
      including elastomers, plastics, die casting alloys, sintered metals and
      hardened steel, as well as combinations of these materials.
PAR  Designing gears of reasonable power capacity and wear life which can be
      made of moldable materials has generally been considered an impossibility.
      The problem has been that the involute system of gearing, because it has
      proven to be most satisfactory for cut gearing, must necessarily be the
      optimum system for molded gearing. This is an incorrect assumption, and
      the present invention is intended to disclose a new system of gearing that
      is considerably more appropriate for molded gearing than the involute
      system.
PAR  As a class, moldable materials have certain properties which differ from
      those of the harder materials from which gears are customarily machined
      (steel, cast iron, bronze). One of these properties, allowable compressive
      stress, is considerably lower than that for the hard materials, and it has
      generally been assumed that because of this the capacity of molded gearing
      could never be very great. This assumption is also incorrect, because
      moldable materials are generally softer (have a lower modulus of
      elasticity) than cut gear materials, so that tooth surface loads tend to
      be distributed over much larger areas. In addition, local deformations are
      much greater, so that considerably wider gear faces may be used without
      the inequalities of loading which occur in hard gears as a result of
      slight axial misalignment. Between the larger surface areas of contact and
      the wider gear faces possible with moldable materials, gears can readily
      be designed that will accommodate tooth loads substantially as great as
      those of the best heat treated steel.
PAR  The real problem of making satisfactory molded gearing is, therefore, not
      one of limited tooth load, but is rather a problem of low resistance to
      abrasion and low thermal conductivity. These problems have long been
      recognized in the design of molded bearings, where they have been taken
      into consideration by means of what is called the PV factor. This
      quantity, which is the product of bearing pressure in pounds per square
      inch and sliding velocity in feet per minute, reflects both the rate of
      wear in a rubbing contact and, in extreme service, the power converted to
      frictional heat per unit projected area of bearing surface which must be
      dissipated if the bearing is not to be destroyed by overheating.
PAR  PV factors for molded bearings vary considerably, from a few hundred to as
      high as thirty or forty thousand, depending on the materials, lubrication,
      ambient temperatures, lining thickness, required wear life, etc. A typical
      value, for molybdenum disulfied filled nylon, unlubricated, would be about
      8,000.
PAR  The example of a dry bearing material with a PV of 8,000 is instructive to
      consider in connection with the unsuitability of the involute system for
      molded gearing. This particular material has a compressive strength of
      20,000 p.s.i., and if this is to be fully utilized, and yet the allowable
      PV is not to be exceeded, the sliding velocity for the teeth should not
      exceed 8,000/20,000 or 0.4 feet per minute.
PAR  If involute gears are designed for minimum surface stress in the tooth
      contact area, they must be designed with the minimum number of teeth that
      can be mated without tooth interference. This means that engagement starts
      substantially at the point where the line of action is tangent to the base
      circle of the driving gear and continues to the point where the addendum
      circle of the driving gear intersects the line of action. This produces an
      angle of action for 20.degree. stub teeth of about 36.degree., or 1/10
      revolution, and a sliding velocity V.sub.s between mating teeth which
      starts at
      ##EQU1##
      where V is the pitch line velocity, R.sub.1 and R.sub.2 the pitch radii of
      the gears, and .phi. the pressure angle. From this maximum value at the
      point of engagement, which amounts to about two thirds of the pitch line
      velocity if the gears have equal diameters and 20.degree. teeth, the
      sliding velocity reduces almost linearly to zero at the pitch point, then
      increases to almost the same as the starting value at the end of the
      contact angle. Hence the most serious condition is for the flanks and tips
      of the mating teeth, and this is the condition which limits the utility of
      the gears.
PAR  With regard to actual values of sliding velocity, it is probably reasonable
      to consider an average service for power transmission gearing to be
      perhaps a 6-inch gear attached to a 1725 r.p.m. induction motor (or a
      3-inch gear attached to a 3450 r.p.m. motor). This gives a pitch line
      velocity of about 2700 feet per minute, and a maximum sliding velocity at
      the initiation of tooth contact of about 1800 feet per minute. When this
      value is compared to the 0.4 foot per minute that would be recommended on
      the basis of the PV for molded nylon gears, it becomes evident why such
      gears have been of necessity restricted to "light service." If the sliding
      velocity of 1800 feet per minute is to be taken into consideration, the
      compressive load on the teeth should be reduced to 8000/1800 or about 4.4
      p.s.i., instead of 20,000 p.s.i.
PAR  Some modifications in the above evaluation should be made to take account
      of the fact that the critical combination of load and sliding velocity is
      only imposed on a particular point on a tooth for a few degrees of each
      360.degree. revolution. This would lead to longer service lives than would
      be obtained from continuously operated bearings of equivalent PV loading,
      or, alternatively somewhat higher PV values could be employed in gear
      design to give corresponding service lives. However these corrections are
      nowhere near sufficient to make up for the fact that for rotational speeds
      normally encountered in most power transmission applications, involute
      tooth shapes impose too high sliding velocities to permit the use of
      molded gearing in any circumstances except those which impose tooth loads
      that are only a fraction of the tooth surface compressive strength.
PAR  The object of the present invention is therefore to provide a new tooth
      form that will cause the sliding velocity between mating teeth to be as
      small as possible negative. This would simply mean that the tooth profile
      of negative radius of curvature was concave instead of convex, and had its
      center of curvature between T.sub.1 and Q.sub.1, or T.sub.2  and Q.sub.2.
      Unlike the Wildhaber-Novikov system, however (U.S. Patent No. 1,601,750;
      Product Engineering, Sept. 17, 1962, p. 91), there is no special advantage
      in mating concave and convex teeth. In the gearing herein disclosed, the
      maximum relative radius of curvature r that can be used without
      interference and with rapid profile separation on either side of the pitch
      point P is the same for both convex-concave and convex-convex teeth,
      namely the value indicated in Equation 2. Since the Hertzian contact
      stress is based on relative radius of curvature r, it follows that the
      only effect of using concave-convex profiles in the present invention is a
      loss in interchangeability without any compensating gain in allowable
      tooth load.
PAR  With regard to the Wildhaber-Novikov system, it may be noted that while it
      allows an increase in tooth load relative to the involute system in the
      case of lubricated cut gearing, it is basically even less suitable for
      unlubricated molded gearing than the involute system. This is because the
      Wildhaber-Novikov system places the centers of curvature of the mating
      concave-convex profiles substantially at the pitch point, so that the
      contact surfaces must be considerably removed from the pitch point and
      consequently lie in a region of relatively rapid sliding. The average
      sliding velocity for a typical Wildhaber-Novikov gear is about half the
      pitch line velocity, as compared to one third for the involute system.
PAR  In contrast to these average sliding velocities of thirty to fifty percent
      of the pitch line velocity for typical involute and Wildhaber-Novikov
      gears respectively, the average sliding velocity for gears embodying the
      herein disclosed invention is of the order of one percent of the pitch
      line velocity, and the increase in capacity based on PV values for molded
      dry bearing materials will be commensurate. That there is any sliding
      velocity at all in the subject gearing system is due to the fact that the
      moduli of elasticity of moldable materials is such that the tooth contact
      extends over a relatively large area, only the center of which has zero
      velocity by virtue of its being exactly at the pitch point. The edges of
      the contact area may be a degree or so of rotation in front of or beyond
      the pitch point, depending on the magnitude of the helix or spiral angle.
      But these fringe areas that are subjected to minor sliding are more
      lightly loaded than the center of the contact area, in any case.
PAR  It should also be noted, in connection with Equations 2 and 3, that R.sub.1
      or R.sub.2 may go to infinity in the case of a rack, and r.sub.1 or
      r.sub.2 may also go to infinity if one of any pair of mating gears has
      flat teeth; the equations are still valid for these conditions, however.
PAR  With regard to the other drawings, FIG. 2 is a plan view of gear 1 of FIG.
      1, showing a herringbone construction. It will be noted that the face
      length is quite wide relative to the gear diameter, since there are no
      serious alignment problems in this system. Also, since unit costs are not
      greatly increased by using herringbone teeth, and the face is amply wide,
      advantage may be taken of the herringbone construction to eliminate
      external axial thrust.
PAR  FIG. 3 shows the front and back tooth profiles in a sectional plane of FIG.
      2 normal to the tooth directions. As in conventional helical gearing, the
      pressure angle .phi..sub.n is related to that in the plane of rotation by
      the standard equation
      ##EQU2##
      where .psi. is the helix angle. Similarly, the radius of curvature in the
      normal plane r.sub.n1 relates to that in the plane of rotation r.sub.1 as
      follows:
      ##EQU3##
      For a pair of mating gears, the relative radius of curvature r.sub.n will
      be:
      ##EQU4##
      where r is the relative radius of curvature in the plane of rotation as
      given by Equation 3. In practice, the most useful pressure and helix
      angles are such (20 to 40.degree.) that the argument of Equation 6 is not
      far from unity, and since the teeth in this system tend to be quite fine,
      profiles cut to an exact circular arc in the normal plane will be
      substantially circular arcs in the plane of rotation, and vice versa.
PAR  FIG. 4, showing an enlarged section of a tooth 3 in the normal plane,
      indicates the pressure distribution over the slant height of the tooth.
      Unlike the involute and epicyclic gear systems in which mating teeth slide
      over one another, the teeth in this system are subjected to almost no
      sliding and hence the tooth load should be distributed over substantially
      the full slant height of the tooth. Except for teeth involving elastomer
      materials, the height of the contact area 2b is usually less than 1/16 of
      an inch, and the circular pitch correspondingly small. For example, a gear
      such as that shown in FIG. 2 made of nylon filled with molybdenum
      disulfide would have the following specifications:
TBL  Pitch diameter            3"                                              

     Length                    3"                                              

     Pressure angle            30                                              

     Helix angle               32.degree.30.degree.                            

     Diametral pitch           60                                              

     Number of teeth           180                                             

     Number of contact points across full face of                              

     gear                      36                                              

     Maximum surface stress    20,000 p.s.i.                                   

     Power capacity at 3450 r.p.m. and PV of                                   

     8000                      Approx. 160 HP                                  

     Separation rate factor    0.5                                             

PAR  The especially unusual features of this type of gear may be noted: the
      large number of teeth (180), the large number of separate contact areas in
      the three inch length of face (36), and the exceptionally high power
      capacity for unlubricated molded plastic gearing (160 HP).
PAR  It should also be noted in connection with FIG. 4 that an accurate
      determination of the minor semiaxis b of the contact ellipse may be
      calculated from the general Hertz equations for pressure between bodies
      with curvature in two directions (c.f., Theory of Elasticity, S.
      Timoshenko, McGraw-Hill, 1934, pp. 344-7). In these calculations the
      lengthwise radii of curvature r.sub.L of the teeth in the normal section
      may be obtained from the equation:
      ##EQU5##
      Approximate values of the semiaxis b, however, may be obtained from the
      expression:
      ##EQU6##
      where S is maximum allowable surface stress, r.sub.n is from Equations 2,
      3, and 6, and E.sub.1 and E.sub.2 are the moduli of elasticity for the
      mating gears.
PAR  Equation 8 is useful primarily for selecting the pitch for a particular set
      of mating gears. Optimum capacity in this system is obtained not by using
      the minimum number of teeth that can be mated without interference, as in
      the involute system, but by using the maximum number of teeth that can be
      employed without the minor axis of the contact area ellipse (2b) exceeding
      the slant height of the teeth. This insures that the teeth will have the
      minimum possible circular pitch, which in turn maximizes the number of
      contact points for any given face width and helix angle. This general
      objective of minimizing the circular pitch to obtain a large number of
      contact points will also be served by making the working profile extend
      over more or less equal arcs on either side of the pitch point, as shown
      in FIG. 4. This further optimizes capacity by locating the maximum surface
      stress S at the point where the sliding velocity is zero.
PAR  While the tooth system herein disclosed may be used for cut gearing in
      applications requiring higher efficiencies than are obtainable with
      involute gearing (i.e., gears inclined to overheat due to brief intensive
      use, as in racing vehicles), the primary objective of the invention is to
      devise a type of gear adapted to be molded. In this context, as well as in
      the claims, a "moldable material" is intended to encompass materials
      capable of being formed against a finished die or mold surface with no
      separate finishing operation involving scraping, cutting or grinding of
      material from the tooth surface, as for example by molding, plastic
      casting, extruding or die casting. A "dry bearing material" is one
      intended to be used in unlubricated journal bearings. These usually carry
      a PV rating and at present include such materials as tetrafluoroethylene
      or graphite; nylon, tetrafluoroethylene or phenolic filled with molybdenum
      disulfide, glass fiber, lead, or graphite; sintered materials such as
      bronze, aluminum, iron, or nylon filled with oil, lead
      tetrafluoroethylene, molybdenum disulfide or graphite or combinations
      thereof; and hard materials such as steel or die cast aluminum which have
      a low friction surface of vapor deposited dry film or baked
      tetrafluoroethylene.
PAR  From the above explanation it will be evident that numerous advantages
      accrue from the gearing herein disclosed. The use of tooth profiles
      specifically designed to violate the "law of gearing" enables the action
      of the gearing to be entirely confined to the region of the pitch line so
      that sliding velocities between mating teeth are substantially zero. The
      effect of this is to reduce the frictional losses to the point where dry
      bearing materials may be used for the teeth as well as a variety of soft
      moldable materials of low thermal conductivity. Gears made of these
      materials will be exceptionally economical.
PAR  In addition to being economical, gears embodying the present invention are
      highly efficient, extremely durable, quiet and capable of transmitting, at
      least at speeds of 1725 r.p.m. and above, substantially as much power as
      the finest cut gearing. In some high speed applications where the
      operating conditions are closely controlled, gears may be designed
      embodying the invention in such a way that their radial growth or cold
      flow due to centrifugal effect will substantially offset tooth wear.
PAR  Further advantages of the gears embodying the system herein disclosed are
      that they may be made interchangeable with no loss of capacity and are
      relatively insensitive to axial misalignment, molding distortion or
      changes in center distance.
PAR  The specific description given above of the preferred form of the invention
      should not be taken as restrictive as it will be apparent that various
      modifications in design may be resorted to by those skilled in the art
      without departing from the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pair of mating gears,
PA1  teeth formed to extend across the rims of said gears in a direction
      slantingly disposed with respect to the pitch line of said pair to produce
      at least one area of contact between said pair for all rotational
      positions of said pair,
PA1  .[.said teeth being formed so that the centroid of said area of contact
      lies substantially on said pitch line for all rotational positions of said
      gears..]..Iadd.
PA1  said teeth having in sections perpendicular to said pitch line active
      profiles of relative radius of curvature at the pitch lines less than the
      product of the pitch radii of said pair times the sine of the pressure
      angle divided by the sum of said pitch radii,
PA1  addendum height of the teeth of one of said pair being greater than 0.5
      divided by the normal diametral pitch and the pitch and pressure angle of
      the teeth are such that when the maximum allowable torque is applied to
      said gears each said area of contact occupies substantially the full
      height of the tooth face..Iaddend. .[.2. In a pair of mating gears,
PA1  teeth formed to extent across the rims of said gears at a sufficient angle
      with respect to the pitch line of said pair to produce at least two
      separate areas of contact between said pair,
PA1  said teeth having in sections perpendicular to said pitch line active
      profiles of relative radius of curvature at the pitch line less than the
      product of the pitch radii of said pair times the sine of the pressure
      angle divided by the sum of said pitch radii..]..[.3. A pair of mating
      gears according to claim 1 or 2 wherein the pitch and pressure angle of
      the teeth are such that when the maximum allowable torque is applied to
      said gears each said area of contact occupies substantially the full
PAR   height of the tooth face..]. 4. A pair of mating gears according to claim
      1 .[.or 2.]. wherein the centers of curvature of said teeth at said area
PAR   of contact are substantially removed from said pitch line. 5. A pair of
      mating gears according to claim 1 .[.or 2.]. wherein the teeth of at least
PAR   one gear are formed of moldable material. 6. A pair of mating gears
      according to claim 1 .[.or 2.]. wherein the active profiles of the teeth
PAR   in the normal plane are circular arcs. 7. A pair of mating gears according
      to claim 1 .[.or 2.]. wherein the active profiles of the teeth in planes
PAR   normal to the pitch line are circular arcs. 8. A pair of mating gears
      according to claim 1 .[.or 2 wherin.]. .Iadd.wherein .Iaddend.the active
PAR   faces of the teeth of at least one gear are of dry bearing material. 9. A
      pair of mating gears according to claim 1, wherein said teeth have in
      sections perpendicular to the elements of the respective pitch surfaces of
      said gears active profiles which are intersected by said pitch surfaces at
      the central portions of said profiles .[., the relative radius of
      curvature of engaging segments of said central portions being less than
      the relative radius of curvature of conjugate profiles.]..  .[.10. The
      method of reducing the average sliding velocity of the teeth of mating
      gears below the average sliding velocity attainable with conjugate gears
      of the same pitch line velocity, comprising forming said teeth:
PA1  (a) to extend across the rims of said mating gears in a direction
      slantingly disposed with respect to the pitch line of said mating gears,
PA1  (b) with active profiles which are intersected by the respective pitch
      surfaces of said mating gears, and
PA1  (c) with active profiles of relative radius of curvature less than the
      relative radius of curvature of conjugate profiles..].
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PAL  An electrophotographic material is provided herein which comprises a
      conductive support layer and a photoconductive insulating layer, the
      latter layer comprising a photoconductive polymeric compound such as
      poly-N-vinylcarbazole, and a sensitizer having the following general
      formula
      ##SPC1##
PAL  Wherein
PA1  B represents a radical selected from the group consisting of
      ##SPC2##
      ##SPC3##
PAL  Compounds falling under the latter general formula include such compounds
      as 2-phenyl-4-[(2'-phenyl-4'-benzopyranylidene) benzyl]-benzopyrylium
      perchlorate and 2,3-phenyl-4-[(2'-phenyl
      4'-benzopyranylidene)benzyl]-6-methylbenzopyrylium perchlorate.
BSUM
PAR  This invention relates to novel light-sensitive layers and more
      particularly to electrophotographic light-sensitive polymer layers.
PAR  Various light-sensitive layers are well known in the electrophotographic
      art for making copies of documents, drawings, transparencies, etc. These
      layers contain organic photoconductive compounds, such as
      poly-N-vinylcarbazole, brominated poly-N-vinylcarbazoles,
      polyacenaphthylene, etc. These layers are non-conductors of electricity
      before exposure and become electrical conductors upon exposure.
PAR  It is necessary for the electrophotographic art that the photoconductive
      material has a high photoconductivity in the long wavelength region of the
      visible spectrum. Such a photoconductive material makes it possible for
      the electrophotograph art to employ inexpensive and convenient light
      sources such as incandescent lamps in a reduced exposure time and to
      reproduce colored pictures. The photoconductive materials mentioned above,
      however, have usually a low photoconductivity and spectrum characteristics
      sensitive to the short wavelength region of the exposure light and do not
      satisfy entirely the above requirement.
PAR  It is known that an addition of a so-called sensitizer can improve
      photoconductivity and spectrum characteristics of the above
      photoconductive compounds. Conventional sensitizers are dyestuff
      compounds, such as triarylmethane dyes, xanthene dyes, triazine dyes or
      acridine dyes, but the conventional sensitizers are not entirely
      satisfactory to improve the photoconductivity and the spectrum
      characteristics of the available photoconductive compounds.
PAR  In addition to the high photoconductivity and spectrum characteristics
      sensitive to visible light, the electrophotographic art requires a high
      electric resistance of photoconductive materials in the dark. Conventional
      sensitizers are apt to increase the dark conductivity whereas they promote
      the photoconductivity. A high dark conductivity of photoconductive
      materials is not desirable because it results in a loss of the applied
      electrostatic charge in the dark.
PAR  An object of the invention is to provide electrophotographic materials
      having a high photoconductivity and spectrum characteristics sensitive to
      a long wavelength region of the visible spectrum.
PAR  Another object of the invention is to provide electrophotographic materials
      having a high electric resistance in the dark.
PAR  These and other objects are accomplished by adding a new sensitizer shown
      hereinafter to a photoconductive polymeric compound such as
      poly-N-vinylcarbazole, brominated poly-N-vinylcarbazole or
      polyacenaphthylene, as a light-sensitive film-forming composition.
DRWD
PAR  The invention is further explained in the following description with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 represents the wedge spectrogram for an electrophotographic material
      coated with an unsensitized solution of 10 weight percent of brominated
      poly-N-vinylcarbazole in chlorobenzene.
PAR  FIG. 2 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylidene)-met
     hyl]benzopyrylium perchlorate, the brominated poly-N-vinylcarbazole being
      dissolved in a solvent of four weight parts of chlorobenzene and one
      weight part of dichloroethane.
PAR  FIG. 3 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-styryl-3-phenyl-4-[(2'-styryl-4'-benzopyranylidene)methyl]-6-methylbenzo
     pyrylium perchlorate, the brominated poly-N-vinylcarbazole being dissolved
      in a solvent of four weight parts of chlorobenzene and one weight part of
      dichloroethane.
PAR  FIG. 4 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-p-methoxystyryl-4-[2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranyliden
     e)methyl]benzopyrylium perchlorate, the brominated poly-N-vinylcarbazole
      being dissolved in a solvent of four weight parts of chlorobenzene and one
      weight part of dichloroethane.
PAR  FIG. 5 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-p-methoxystyryl-4-[(2'-phenyl-4'-benzothiopyranylidene)-methyl]benzopyry
     lium perchlorate, the brominated poly-N-vinylcarbazole being dissolved in a
      solvent of four weight parts of chlorobenzene and one weight part of
      dichloroethane.
PAR  FIG. 6 represents the wedge spectrogram for an electrophotograph material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinyl carbazole sensitized with 0.04 weight percent of
      2-[(2'-phenyl-4'-benzopyranylidene)methyl]3-phenylbenzopyrylium
      perchlorate, the brominated poly-N-vinylcarbazole being dissolved in a
      solvent of four parts of chlorobenzene and one weight part of
      dichloroethane.
PAR  FIG. 7 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-[(4'-benzothiopyranylidene)methyl]-3-phenylbenzopyrylium perchlorate,
      the brominated poly-N-vinylcarbazole being dissolved in a solvent of four
      weight parts of chlorobenzene and one weight part of dichloroethane.
PAR  FIG. 8 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)methyl]-3-pheny
     lbenzopyrylium perchlorate, the brominated poly-N-vinylcarbazole being
      dissolved in a solvent of four weight parts of chlorobenzene and one
      weight part of dichloroethane.
PAR  FIG. 9 represents the wedge spectrogram for an electrophotographic material
      coated with a solution containing 10 weight percent of brominated
      poly-N-vinylcarbazole sensitized with 0.04 weight percent of
      2-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-3-phenyl-benzopyrylium
      perchlorate, the brominated poly-N-vinylcarbazole being dissolved in a
      solvent of four weight parts of chlorobenzene and one weight part of
      dichloroethane.
DETD
PAR  The new sensitizer, according to the present invention has the following
      formula:
      ##SPC4##
PAL  where B represents a radical selected from the group consisting of,
      ##SPC5##
      ##SPC6##
PA0  R.sub.1 is hydrogen, phenyl or an ethenyl or an ethenyl radical  selected
      from the group consisting of styryl,p-methoxystyryl, 3,4-dimethoxystyryl,
      .alpha.-phenylstyryl, .alpha.-phenyl-p-methoxystyryl,
      .beta.-furyl(.alpha.')ethenyl and
      .alpha.-phenyl-.beta.-furyl(.alpha.')-ethenyl;
PA0  R.sub.2 is hydrogen or phenyl;
PA0  R.sub.3 is hydrogen, methyl or phenyl;
PA0  R.sub.4 is hydrogen or phenyl;
PA0  R.sub.5 is hydrogen, phenyl or an ethenyl radical selected from the  group
      consisting of styryl, p-methoxystyryl, 3,4-dimethoxystyryl,
      .alpha.-phenyl-p-methoxystyryl, .beta.-furyl(.alpha.')ethenyl and
      .alpha.-phenyl-.beta.-furyl(.alpha.')ethenyl;
PA0  R.sub.6 is hydrogen or phenyl;
PA0  R.sub.7 is hydrogen, methyl or phenyl;
PA0  R.sub.8 is hydrogen or phenyl; .Iadd.
PA0  R.sub.9 is hydrogen or p-methoxyphenyl; .Iaddend.
PAL  the anion is anionic function selected from the group consisting of
      perchlorate, fluoroborate, chloroferrate, chlorozincate and nitrate; and
PA0  X is oxygen or sulfur atom.
PAR  The sensitizers having the formula above mentioned are prepared by the
      following chemical equations A or B:
      ##SPC7##
PAR  In the case of Equation A, 4-[(4'-benzopyranylidene)-methyl]benzopyrylium
      derivative (III) is obtained by an addition reaction of
      4-methoxybenzopyrylium o-nitrobenzene sulfonate (I) with a benzopyrylium
      salt (II) in an acetic anhydride solution. The benzopyrylium salt has an
      active methyl or methylene radical.
PAR  In the case of Equation B, 2-[(4'-benzopyranylidene)-methyl]benzopyrylium
      derivative (V) is obtained by an addition reaction of
      4-methoxybenzopyrylium o-nitrobenzene sulfonate (I) with a benzopyrylium
      salt (IV) in an acetic anhydride solution. The benzopyrylium salt has an
      active methyl radical.
PAR  In both cases, methyl 2,4-dinitrobenzene sulfonate, dimethyl sulfate or
      methyl iodide can be used instead of methyl o-nitrobenzene sulfonate.
PAR  Representative examples of the benzopyranylidenemethylbenzopyrylium salts
      and benzothiopyranylidene-methylbenzopyrylium salts according to the
      invention are listed in Table I.
TBL                Table 1                                                     

     ______________________________________                                    

     Compound                                                                  

     Number             Name of Compound                                       

     ______________________________________                                    

      1.    2-phenyl-4-[(2'-phenyl-4'-benzopyranylidene)benzyl]-benzopyrylium  

            perchlorate                                                        

      2.    2,3-diphenyl-4-[(2'-phenyl-4'-benzopyranylidene)-benzyl]-6-methylbe

            nzopyrylium perchlorate                                            

      3.    2,3-diphenyl-4-[(2'-phenyl-4'-benzopyranylidene)-methyl]-6-methylbe

            nzopyrylium perchlorate                                            

      4.    2,3-diphenyl-4-[(2'-phenyl-4'-benzopyranylidene)-methyl]-6-phenylbe

            nzopyrylium perchlorate                                            

      5.    2-p-methoxystyryl-4-[(2'-phenyl-4'-benzopyranylidene)-methyl]benzop

            yrylium perchlorate                                                

      6.    2-.beta.-furyl(.alpha.')ethenyl-4-[(2'-phenyl-4'-benzopyranylidene-

            methyl]benzopyrylium perchlorate                                   

      7.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylide

            ne)methyl]benzopyrylium perchlorate                                

      8.    2-styryl-3-phenyl-4-[(2'-phenyl-4'-benzopyranylidene)-methyl]-6-met

            hylbenzopyrylium perchlorate                                       

      9.    2-p-methoxystyryl-3-phenyl-4-[(2'-phenyl-4'-benzopyranylidene)methy

            l]-6-methylbenzopyrylium perchlorate                               

     10.    9-[(2'-phenyl-4'-benzopyranylidene)methyl]xanthylium perchlorate   

     11.    2-.beta.-furyl(.alpha.')ethenyl-3-phenyl-4-[(2'-phenyl-4'-benzopyra

            nylidene)methyl]-6-methylbenzopyrylium perchlorate                 

     12.    2,3-diphenyl-4-[(2'-styryl-4'-benzopyranylidene)benzyl]-6-methylben

            zopyrylium perchlorate                                             

     13.    2-phenyl-4-[(2'-styryl-4'-benzopyranylidene)benzyl]benzopyrylium   

            perchlorate                                                        

     14.    2,3-diphenyl-4-[(2'-styryl-4'-benzopyranylidene)methyl]-6-methylben

            zopyrylium perchlorate                                             

     15.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-styryl-4'-benzopyranylide

            ne)methyl]benzopyrylium perchlorate                                

     16.    2-styryl-3-phenyl-4-[(2'-styryl-4'-benzopyranylidene)methyl]-6-meth

            ylbenzopyrylium perchlorate                                        

     17.    9-[(2'-styryl-4'-benzopyranylidene)methyl]xanthylium perchlorate   

     18.    2-p-methoxystyryl-3-phenyl-4-[(2'-styryl-4' -benzopyranylidene)meth

            yl]-6-methylbenzopyrylium perchlorate                              

     19.    2,3-diphenyl-4-[(4'-benzopyranylidene)benzyl]-benzopyrylium        

            perchlorate                                                        

     20.    2-phenyl-4-[(4'-benzopyranylidene)benzyl]benzopyrylium             

            perchlorate                                                        

     21.    2,3-diphenyl-4-[(4'-benzopyranylidene)methyl]-6-methylbenzopyrylium

             perchlorate                                                       

     22.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(4'-benzopyranylidene)methyl]

            benzopyrylium perchlorate                                          

     23.    2-styryl-3-phenyl-4-[(4'-benzopyranylidene)methyl]-6-methylbenzopyr

            ylium perchlorate                                                  

     24.    2-p-methoxystyryl-3-phenyl-4-[(4'-benzopyranylidene)-methyl]-6-meth

            ylbenzopyrylium perchlorate                                        

     25.    9-[(4'-benzopyranylidene)methyl]xanthylium perchlorate             

     26.    2-p-methoxystyryl-4-[(4'-benzopyranylidene)methyl]-benzopyrylium   

            perchlorate                                                        

     27.    2-p-methoxystyryl-4-[(2'-p-methoxystyryl-4'-benzopyranylidene)methy

            l]benzopyrylium perchlorate                                        

     28.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-p-methoxystyryl-4'-benzop

            yranylidene)methyl]benzopyrylium perchlorate                       

     29.    2-styryl-3-phenyl-4-[(2'-p-methoxystyryl-4'-benzopyranylidene)methy

            l]-6-methylbenzopyrylium perchlorate                               

     30.    2,3-diphenyl-4-[(2'-p-methoxystyryl-4'-benzopyranylidene)-methyl]-6

            -methylbenzopyrylium perchlorate                                   

     31.    2,3-diphenyl-4-[(2'-p-methoxystyryl-4'-benzopyranylidene)benzyl]-6-

            methylbenzopyrylium perchlorate                                    

     32.    2-phenyl-4-[(2'-p-methoxystyryl-4'-benzopyranylidene)-benzyl]benzop

            yrylium perchlorate                                                

     33.    9-[(2'-p-methoxystyryl-4'-benzopyranylidene)methyl]-xanthylium     

            perchlorate                                                        

     34.    2-p-methoxystyryl-4-[(4'-benzothiopyranylidene)methyl]-benzopyryliu

            m perchlorate                                                      

     35.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(4'-benzothiopyranylidene)-me

            thyl]benzopyrylium perchlorate                                     

     36.    2-styryl-3-phenyl-4-[(4'-benzothiopyranylidene)methyl]-6-methylbenz

            opyrylium perchlorate                                              

     37.    2,3-diphenyl-4-[(4'-benzothiopyranylidene)methyl]-6-methylbenzopyry

            lium perchlorate                                                   

     38.    2,3-diphenyl-4-[  (4'-benzothiopyranylidene)benzyl]-6-methylbenzopy

            rylium perchlorate                                                 

     39.    2-phenyl-4-[(4'-benzothiopyranylidene)benzyl]benzopyrylium         

            perchlorate                                                        

     40.    9-[(4'-benzothiopyranylidene)methyl]xanthylium perchlorate.        

     41.    2-p-methoxystyryl-3-phenyl-4-[(4'-benzothiopyranylidene)-methyl]-6-

            methylbenzopyrylium perchlorate                                    

     42.    2-p-methoxystyryl-4-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene

            )methyl]benzopyrylium perchlorate                                  

     43.    2-styryl-3-phenyl-4-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene

            )methyl]-6-methylbenzopyrylium perchlorate                         

     44.    9-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene)-methyl]xanthyliu

            m perchlorate                                                      

     45.    2-phenyl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylidene)

            -benzyl]benzopyrylium perchlorate                                  

     46.    2,3-diphenyl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylid

            ene)benzyl]-6-methylbenzopyrylium perchlorate                      

     47.    2,3-diphenyl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylid

            ene)methyl]-6-methylbenzopyrylium perchlorate                      

     48.    2-p-methoxystyryl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyra

            nylidene)methyl]benzopyrylium perchlorate                          

     49.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-.beta.-furyl(.alpha.')eth

            enyl-4'-benzopyranylidene)methyl]benzopyrylium perchlorate         

     50.    9-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylidene)methyl]-x

            anthylium perchlorate                                              

     51.    2-phenyl-4-[(2'-.alpha.-phenylstyryl-4'-benzopyranylidene)-benzyl]b

            enzopyrylium perchlorate                                           

     52.    2-p-methoxystyryl-4-[(2'-.alpha.-phenylstyryl-4'-benzopyranylidene)

            methyl]benzopyrylium perchlorate                                   

     53.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-.alpha.-phenylstyryl-4'-b

            enzopyranylidene)methyl]benzopyrylium perchlorate                  

     54.    2-phenyl-4-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene

            )benzyl]benzopyrylium perchlorate                                  

     55.    2,3-diphenyl-4-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranyli

            dene)benzyl] -6-methylbenzopyrylium perchlorate                    

     56.    2,3-diphenyl-4-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranyli

            dene)methyl]-6-methylbenzopyrylium perchlorate                     

     57.    2-p-methoxystyryl-4-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyr

            anylidene)methyl]benzopyrylium perchlorate                         

     58.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-.alpha.-phenyl-p-methoxys

            tyryl-4'-benzopyranylidene)methyl] benzopyrylium perchlorate       

     59.    9-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)-methyl]

            xanthylium perchlorate                                             

     60.    2-p-methoxystyryl-4-[(2'-.alpha.-phenyl-.beta.-furyl(.alpha.')ethen

            yl-4'-benzopyranylidene)methyl]benzopyrylium perchlorate           

     61.    9-[(2'-.alpha.-phenyl-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranyl

            idene)methyl]xanthylium perchlorate                                

     62.    2-phenyl-4-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranyl

            idene)benzyl]benzopyrylium perchlorate                             

     63.    2,3-diphenyl-4-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyr

            anylidene)benzyl]-6-methylbenzopyrylium perchlorate                

     64.    2,3-diphenyl-4-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyr

            anylidene)methyl]-6-methylbenzopyrylium perchlorate                

     65.    2-p-methoxystyryl-4-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-ben

            zopyranylidene)methyl]benzopyrylium perchlorate                    

     66.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-p-methoxystyryl-3'-phenyl

            -6'-methyl-4'-benzopyranylidene)methyl]benzopyrylium perchlorate   

     67.    9-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylidene)met

            hyl]xanthylium perchlorate                                         

     68.    2-phenyl-4-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-benzop

            yranylidene)benzyl]benzopyrylium perchlorate                       

     69.    2,3-diphenyl-4-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-be

            nzopyranylidene)benzyl]-6-methylbenzopyrylium perchlorate          

     70.    2,3-diphenyl-4-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-be

            nzopyranylidene)methyl]  -6-methylbenzopyrylium perchlorate        

     71.    2-p-methoxystyryl-4-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-

            4'-benzopyranylidene)methyl]benzopyrylium perchlorate              

     72.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-3",4"-dimethoxystyryl-3'-

            phenyl-6'-methyl-4'-benzopyranylidene)methyl]-benzopyrylium        

            perchlorate                                                        

     73.    9-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylide

            ne)methyl]xanthylium perchlorate                                   

     74.    2-phenyl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'-methyl-4

            '-benzopyranylidene)benzyl]benzopyrylium perchlorate               

     75.    2,3-diphenyl-4-[(2'-.beta.-furyl (.alpha.')ethenyl-3'-phenyl-6'-met

            hyl-4'-benzopyranylidene)benzyl]-6-methylbenzopyrylium             

            perchlorate                                                        

     76.    2,3-diphenyl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'-meth

            yl-4'-benzopyranylidene)methyl]-6-methylbenzopyrylium perchlorate  

     77.    2-p-methoxystyryl-4-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'

            -methyl-4'-benzopyranylidene)methyl]benzopyrylium perchlorate      

     78.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-.beta.-furyl(.alpha.')eth

            enyl-3'-phenyl-6'-methyl-4'-benzopyranylidene)methyl]-benzopyrylium

             perchlorate                                                       

     79.    9-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'-methyl-4'-benzopy

            ranylidene)methyl]xanthylium perchlorate                           

     80.    2-phenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)benzyl]-benzopyryli

            um perchlorate                                                     

     81.    2,3-diphenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)-benzyl]-6-meth

            ylbenzopyrylium perchlorate                                        

     82.    2,3-diphenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)-methyl]-6-meth

            ylbenzopyrylium perchlorate                                        

     83.    2-p-methoxystyryl-4-[(2'-phenyl-4'-benzothiopyranylidene)methyl]ben

            zopyrylium perchlorate                                             

     84.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzothiopyrany

            lidene)methyl]benzopyrylium perchlorate                            

     85.    2-p-methoxystyryl-3-phenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)m

            ethyl]  -6-methylbenzopyrylium perchlorate                         

     86.    2-styryl-3-phenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-6-

            methylbenzopyrylium perchlorate                                    

     87.    9-[(2'-phenyl-4'-benzothiopyranylidene)methyl]xanthylium           

            perchlorate                                                        

     88.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylide

            ne)methyl]benzopyrylium fluoborate                                 

     89.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylide

            ne)methyl]benzopyrylium chloroferrate                              

     90.    2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylide

            ne)methyl]benzopyrylium chlorozincate                              

     91.    2-[(2'-phenyl-4'-benzopyranylidene)methyl]-benzopyrylium           

            perchlorate                                                        

     92.    2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium   

            perchlorate                                                        

     93.    2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium   

            fluoborate                                                         

     94.    2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium   

            chloroferrate                                                      

     95.    2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium   

            nitrate                                                            

     96.    2-[(2'-styryl-4'-benzopyranylidene)methyl]benzopyrylium            

            perchlorate                                                        

     97.    2-[(2'-styryl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium   

            perchlorate                                                        

     98.    2-[(4'-benzopyranylidene)methyl]benzopyrylium perchlorate          

     99.    2-[(4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium             

            perchlorate                                                        

     100.   2-[(2'-p-methoxystyryl-4'-benzopyranylidene)methyl]-benzopyrylium  

            perchlorate                                                        

     101.   2-[(2'-p-methoxystyryl-4'-benzopyranylidene)methyl]-3-phenylbenzopy

            rylium perchlorate                                                 

     102.   2-[(4'-benzothiopyranylidene)methyl]benzopyrylium perchlorate      

     103.   2-[(4'-benzothiopyranylidene)methyl]-3-phenylbenzopyrylium         

            perchlorate                                                        

     104.   2-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene)-methyl]benzopyry

            lium perchlorate                                                   

     105.   2-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene)-methyl]-3-phenyl

            benzopyrylium perchlorate                                          

     106.   2-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylidene)methyl]-b

            enzopyrylium perchlorate                                           

     107.   2-[(2'-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranylidene)methyl]-3

            -phenylbenzopyrylium perchlorate                                   

     108.   2-[(2'-.alpha.-phenylstyryl-4'-benzopyranylidene)methyl]-benzopyryl

            ium perchlorate                                                    

     109.   2-[(2'-.alpha.-phenylstyryl-4'-benzopyranylidene)methyl]-3-phenylbe

            nzopyrylium perchlorate                                            

     110.   2-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)-methyl]

            benzopyrylium perchlorate                                          

     111.   2-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)-methyl]

            -3-phenylbenzopyrylium perchlorate                                 

     112.   2-[(2'-.alpha.-phenyl-.beta.-furyl(.alpha.')ethenyl-4'-benzopyranyl

            idene)methyl]-3-phenylbenzopyrylium perchlorate                    

     113.   2-[(2'-p-methoxystyryl-3',6'-diphenyl-4'-benzopyranylidene)methyl]-

            3-phenylbenzopyrylium perchlorate                                  

     114.   2-[(2'-3",4"-dimethoxystyryl-3',6'-diphenyl-4'-benzopyranylidene)me

            thyl]-3-phenylbenzopyrylium perchlorate                            

     115.   2-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylidene)met

            hyl]benzopyrylium perchlorate                                      

     116.   2-[(2'-p-methoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylidene)met

            hyl]-3-phenylbenzopyrylium perchlorate                             

     117.   2-[(2'-3",4",-dimethoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylid

            ene)methyl]benzopyrylium perchlorate                               

     118.   2-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-benzopyranylide

            ne)methyl]-3-phenylbenzopyrylium perchlorate                       

     119.   2-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'-methyl-4'-benzopy

            ranylidene)methyl]benzopyrylium perchlorate                        

     120.   2-[(2'-.beta.-furyl(.alpha.')ethenyl-3'-phenyl-6'-methyl-4'-benzopy

            ranylidene)methyl]-3-phenylbenzopyrylium perchlorate               

     121.   2-[(2'-phenyl-4'-benzothiopyranylidene)methyl]benzopyrylium        

            perchlorate                                                        

     122.   2-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-3-phenylbenzopyryliu

            m perchlorate                                                      

     123.   2-[(2'-phenyl-4'-benzopyranylidene)methyl]-4-p-methoxyphenylbenzoth

            iopyrylium perchlorate                                             

     124.   2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenyl-4-p-methoxyphen

            ylbenzopyrylium perchlorate                                        

     125.   2-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)-methyl]

            -4-p-methoxyphenylbenzothiopyrylium perchlorate                    

     126.   2-[(2'-.alpha.-phenyl-p-methoxystyryl-4'-benzopyranylidene)-methyl]

            -3-phenyl-4-p-methoxyphenylbenzothiopyrylium perchlorate           

     127.   2-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-4-p-methoxyphenylben

            zothiopyrylium perchlorate                                         

     128.   2-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-3-phenyl-4-p-methoxy

            phenylbenzothiopyrylium perchlorate                                

     ______________________________________                                    

           Table 2 lists additional information on the absorption maximum in
      dichloroethane and melting point of the novel compounds according to the
      invention.
TBL                Table 2                                                     

     ______________________________________                                    

     Compound              Absorption Maximum                                  

     Number   Melting Point                                                    

                           in dichloroethane (m.mu.)                           

     ______________________________________                                    

      1       135.about.139                                                    

                           415 and 710                                         

      2       130.about.132                                                    

                           430 and 720                                         

      3       182.about.187                                                    

                           410 and 630                                         

      4       164.about.170                                                    

                           635                                                 

      5       163.about.172                                                    

                           490 and 575                                         

      6         &gt;300       575 and 660                                         

      7       162.about.169                                                    

                           500 and 610                                         

      8       180.about.187                                                    

                           490 and 670                                         

      9       157.about.160                                                    

                           550 and 670                                         

     10       103.about.105                                                    

                           610                                                 

     11       120.about.126                                                    

                           595                                                 

     12       176.about.180                                                    

                           430 and 700                                         

     13       122.about.126                                                    

                           420 and 730                                         

     14       163.about.170                                                    

                           420 and 650                                         

     15       160.about.164                                                    

                           500 and 600                                         

     16       166.about.169                                                    

                           495 and 710                                         

     17       135.about.140                                                    

                           580                                                 

     18       159.about.162                                                    

                           555                                                 

     19       179.about.181                                                    

                           420 and 730                                         

     20       140.about.142                                                    

                           415 and 730                                         

     21       165.about.172                                                    

                           410 and 700                                         

     22       174.about.178                                                    

                           500 and 600                                         

     23       176.about.179                                                    

                           485                                                 

     24       170.about.175                                                    

                           505                                                 

     25         &gt;300       630                                                 

     26         &gt;300       560                                                 

     27       191.about.197                                                    

                           560                                                 

     28       201.about.203                                                    

                           500 and 590                                         

     29       200.about.204                                                    

                           660 and 710                                         

     30       185.about.189                                                    

                           410 and 650                                         

     31       178.about.183                                                    

                           430 and 690                                         

     32       181.about.188                                                    

                           420 and 700                                         

     33       117.about.123                                                    

                           550 and 650                                         

     34       185.about.189                                                    

                           590                                                 

     35       159.about.164                                                    

                           495 and 600                                         

     36       185.about.188                                                    

                             610, 650 and 700                                  

     37       160.about.165                                                    

                           415 and 650                                         

     38       204.about.206                                                    

                           425 and 700                                         

     39       166.about.169                                                    

                           415 and 730                                         

     40         &gt;300       660                                                 

     41       173.about.180                                                    

                           555                                                 

     42       175.about.181                                                    

                           540 and 600                                         

     43       167.about.173                                                    

                           660 and 710                                         

     44       161.about.164                                                    

                           580 and 720                                         

     45       145.about.150                                                    

                           415 and 720                                         

     46       188.about.190                                                    

                           425 and 720                                         

     47       168.about.175                                                    

                           670                                                 

     48       171.about.176                                                    

                           490 and 580                                         

     49       179.about.186                                                    

                           600 and 720                                         

     50       171.about.175                                                    

                           610 and 660                                         

     51       151.about.155                                                    

                           480 and 740                                         

     52       171.about.176                                                    

                           495 and 580                                         

     53       173.about.177                                                    

                           590 and 700                                         

     54       140.about.147                                                    

                           550 and 750                                         

     55       203.about.207                                                    

                           420 and 680                                         

     56       138.about. 142                                                   

                           555 and 680                                         

     57       170.about.175                                                    

                           570                                                 

     58       154.about.157                                                    

                           585 and 690                                         

     59       168.about.174                                                    

                           570                                                 

     60       206.about.209                                                    

                           600                                                 

     61         &gt;300       650                                                 

     62       139.about.146                                                    

                           550                                                 

     63       202.about.204                                                    

                           425 and 700                                         

     64       173.about.177                                                    

                           530 and 690                                         

     65       190.about.194                                                    

                           590                                                 

     66       190.about.193                                                    

                           500 and 600                                         

     67       192.about.195                                                    

                           620                                                 

     68       112.about.118                                                    

                           570 and 760                                         

     69       190.about.192                                                    

                           495                                                 

     70       154.about.159                                                    

                           650 and 700                                         

     71       177.about.182                                                    

                           500 and 710                                         

     72       176.about.181                                                    

                           590                                                 

     73       195.about.199                                                    

                           495 and 640                                         

     74       189.about.195                                                    

                           550                                                 

     75       184.about.187                                                    

                           415 and 720                                         

     76       192.about.196                                                    

                           640 and 700                                         

     77         &gt;300       550                                                 

     78       219.about.222                                                    

                           550                                                 

     79       226.about.230                                                    

                           630                                                 

     80       127.about.134                                                    

                           410 and 745                                         

     81       190.about.192                                                    

                           425 and 730                                         

     82       156.about.159                                                    

                           665                                                 

     83       164.about.169                                                    

                           600 and 680                                         

     84       175.about. 178                                                   

                           600 and 720                                         

     85       170.about.177                                                    

                           550 and 700                                         

     86       157.about.166                                                    

                           650 and 695                                         

     87       169.about.172                                                    

                           635                                                 

     88       137.about.140                                                    

                           500 and 610                                         

     89       167.about.172                                                    

                           500 and 610                                         

     90       160.about.163                                                    

                           500 and 610                                         

     91         &gt;300       575                                                 

     92       128.about.134                                                    

                           575 and 675                                         

     93       133.about.136                                                    

                           575 and 675                                         

     94       152.about.158                                                    

                           575 and 675                                         

     95       133.about.138                                                    

                           575                                                 

     96       190.about.195                                                    

                           575                                                 

     97       156.about.158                                                    

                           620 and 690                                         

     98       225.about.229                                                    

                           565                                                 

     99       183.about.187                                                    

                           525 and 560                                         

     100      208.about.212                                                    

                           570                                                 

     101      170.about.176                                                    

                           630 and 690                                         

     102      225.about.228                                                    

                           610                                                 

     103      163.about.168                                                    

                           610 and 690                                         

     104      178.about.184                                                    

                           510                                                 

     105      172.about.175                                                    

                           580 and 690                                         

     106      167.about.171                                                    

                           565 and 620                                         

     107      190.about.194                                                    

                           560 and 635                                         

     108      211.about.214                                                    

                           570 and 610                                         

     109      175.about.179                                                    

                           570 and 610                                         

     110      198.about.201                                                    

                           570 and 610                                         

     111      158.about.163                                                    

                           580 and 630                                         

     112        &gt;300       600 and 645                                         

     113      185.about.188                                                    

                           570 and 620                                         

     114      199.about.204                                                    

                           600                                                 

     115      211.about.215                                                    

                           565 and 600                                         

     116      177.about.181                                                    

                           570 and 610                                         

     117      205.about.207                                                    

                           570                                                 

     118      190.about.194                                                    

                           590                                                 

     119      237.about.241                                                    

                           560                                                 

     120        &gt;300       590                                                 

     121      207.about.210                                                    

                           565 and 605                                         

     122      155.about.158                                                    

                           615 and 675                                         

     123      143.about.145                                                    

                           615                                                 

     124      126.about.131                                                    

                           619                                                 

     125      144.about.148                                                    

                           559 and 657                                         

     126      140.about.142                                                    

                           589 and 663                                         

     127      149.about.153                                                    

                           656                                                 

     128      141.about.145                                                    

                           660                                                 

     ______________________________________                                    

PAR  The following description will explain a practical method for making
      benzopyranylidene-methylbenzopyrylium salts or
      benzothiopyranylidene-methylbenzopyrylium salts with reference to
      exemplary compounds. The details of the preparation of other compounds
      will be apparent to the skilled in the art from the preceding disclosure
      and the following illustrative examples of preparation methods of various
      compounds according to the invention:
PAR  (a) 2-phenyl-4-[(2'-phenyl-4'-benzopyranylidene)-benzyl]benzopyrylium
      perchlorate (compund number 1)
      ##SPC8##
PAL  5.5 Grams of 2-phenyl-4-methoxybenzopyrylium o-nitrobenzene sulfonate,
      which is obtained from flavone and methyl o-nitrobenzenesulfonate, and 5
      grams of 2-phenyl-4-benzylbenzopyrylium perchlorate are dissolved in 150
      milliliters of acetic anhydride to a solution. The solution is then
      refluxed for 15 minutes and poured into 900 milliliters of 10 weight
      percent perchloric acid. The solution is filtered to obtain a precipitate.
      The precipitate is dried and dissolved again in dichloroethan to a
      solution. For purification the solution is poured into ether. Precipitated
      crystals are filtered off, washed with ether and dried to obtain 4 grams
      (theoretical yield 53%) of green crystals having a melting point of
      135.degree. to 139.degree. C.
PAR  (b)
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylidene)meth
     yl]benzopyrylium perchlorate (compound number 7)
      ##SPC9##
PAL  5.5 grams of 2-(.alpha.-phenyl-p-methoxystyryl)-4-methylbenzopyrylium
      perchlorate and 5.5 grams of 2-phenyl-4-methoxybenzopyrylium
      o-nitrobenzene sulfonate are dissolved in 150 milliliters of acetic
      anhydride to a solution. The solution is then refluxed for 15 minutes and
      poured into 900 milliliters of 10 weight percent perchloric acid. The
      solution is filtered to obtain a precipitate. The precipitate is
      reprecipitated with dichloroethane ether. Precipitated crystals are
      filtered off, washed with ether and dried to obtain 5.5 grams (theoretical
      yield 69%) of blue crystals having a melting point of 162.degree. to
      169.degree.C. In the procedure above mentioned the solution ios poured
      into an ether solution of BF.sub.3.O(C.sub.2 H.sub.5).sub.2 instead of 10
      weight percent perchloric acid. In this case
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylidene)meth
     yl]benzopyrylium fluoroborate (compound number 88) is obtained. In the
      procedure when the solution is poured into a 10 weight percent zinc
      chloride aqueous solution,
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylidene)-met
     hyl]benzopyrylium chlorozincate (compound number 90) is obtained.
PAR  (c)
      2-p-methoxystyryl-3-phenyl-4-[(2'-styryl-4'-benzopyranylidene)methyl]-6-me
     thylbenzopyrylium perchlorate (compound number 18)
      ##SPC10##
PAR  2-styryl-4-methoxybenzopyrylium o-nitrobenzenesulfon (melting point,
      155.degree. to 157.degree. C) is obtained by a reaction of
      2-styrylchromone and methyl o-nitrobenzenesulfonate in dry benzene at
      50.degree. C for 24 hours. According to the same reaction as shown in
      procedure (a), 2-styryl-4-methoxybenzopyrylium o-nitrobenzenesulfonate
      reacts with 2-p-methoxystyryl-3-phenyl-4,6-dimethylbenzopyrylium
      perchlorate to obtain
      2-p-methoxystyryl-3-phenyl-4-[(2'-styryl-4'-benzopyranylidene)methyl]-6-me
     thylbenzopyrylium perchlorate crystals which have a color of reddish violet
      in dichloroethane and have a melting point of 159.degree. to 162.degree.
      C. The product is obtained in 73% yield.
PAR  (d)
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(4'-benzopyranylidene)-methyl]benzop
     yrylium perchlorate (compound number 22)
      ##SPC11##
PAR  4-methoxybenzopyrylium o-nitrobenzenesulfonate reacts with
      2-(.alpha.-phenyl-p-methoxystyryl)-4-methyl]benzopyrylium perchlorate to
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(4'-benzopyranylidene)methyl]-benzop
     yrylium perchlorate in the same procedure as the procedure (a). The
      crystals have a color of violet in dichloroethane and a melting point of
      174.degree. to 178.degree.C. The product is obtained in 95% yield.
PAR  (e)
      2-p-methoxystyryl-4-[(2'-3",4"-dimethoxystyryl-4'-benzopyranylidene)methyl
     ]benzopyrylium perchlorate (compound number 42)
      ##SPC12##
PAR  2-(3',4'-Dimethoxystyryl)-4-methoxybenzopyrylium o-nitrobenzenesulfonate
      (melting point 211.degree. to 213.degree.C) is obtained from a reaction of
      2-(3',4'-dimethoxystyryl)chromone and methyl o-nitrobenzene sulfonate. 6.5
      Grams of 2-(3',4'-dimethoxystyryl)-4-methoxybenzopyrylium
      o-nitrobenzenesulfonate and 4,5 grams of
      2-p-methoxystyryl-4-methylbenzopyrylium perchlorate are dissolved in 150
      milliliters of acetic anhydride to a solution. The solution is heated at
      100.degree.C for 100 minutes. After cooling the solution is poured into
      900 milliliters of 10 weight percent perchloric acid. Precipitates are
      filtered off and dried. For purification, reprecipitation is made using
      dichlorethane and ether. 3.2 Grams of product is obtained in 41% yield.
      The product has a color of drak violet in dichloroethane and a melting
      point of 175.degree. to 181.degree.C.
PAR  (f)
      2-(.alpha.-phenyl-p-methoxystyryl)-4-(2'-p-methoxystyryl-3'-phenyl-6'-meth
     yl-4'-benzopyranylidene)methyl]-benzopyrylium perchlorate (compound number
      66)
      ##SPC13##
PAR  2-p-Methoxystyryl-3-phenyl-4-methoxy-6-methylbenzopyrylium
      o-nitrobenzenesulfonate (melting point 141.degree. to 144.degree.C) is
      obtained from 2-p-methoxystyryl-3-phenyl-6-methylchromone and methyl
      o-nitrobenzenesulfonate.
      2-p-methoxystyryl-3-phenyl-4-methoxy-6-methylbenzopyrylium
      o-nitrobenzenesulfonate reacts with
      2-(.alpha.-phenyl-p-methoxystyryl)-4-methylbenzopyrylium perchlorate in
      the same procedure as the procedure (e). The product has a color of violet
      in dichloroethane and a melting point of 190.degree. to 193.degree. C.
PAR  (g)
      2-p-methoxystyryl-3-phenyl-4-[(2'-phenyl-4'-benzothiopyranylidene)methyl]-
     6-methyl]benzopyrylium perchlorate (compound number 85)
      ##SPC14##
PAR  2-phenyl-4-methoxybenzothiopyrylium o-nitrobenzenesulfonate is obtained
      from thioflavone and methyl o-nitrobenzenesulfonate. As the same procedure
      as procedure (e), the product is obtained in 62% yield. The product has a
      color of reddish violet in dichloroethane and a melting point of
      170.degree. to 177.degree. C.
PAR  (h) 2-[(2'-phenyl-4'-benzopyranylidene)methyl]-3-phenylbenzopyrylium
      perchlorate (compound number 92)
      ##SPC15##
PAR  5.5 grams of 2-phenyl-4-methoxybenzopyrylium o-nitrobenzenesulfonate, which
      is obtained from flavone and methyl o-nitrobenzenesulfonate, and 4 grams
      of 2-methyl-3-phenylbenzopyrylium perchlorate are dissolved in 150
      milliliters of acetic anhydride to a solution. The solution is heated at
      100.degree. C for 15 minutes. After cooling the solution is poured into
      900 milliliters of 10 weight percent perchloric acid. Precipitated product
      is filtered off and dried. For purification, reprecipitation is made using
      dichloroethane and ether. The product has a color of blue in
      dichloroethane and a melting point of 128.degree. to 134.degree. C. The
      product yields 3 grams (theoretical yield 46%). Compound number 93
      (fluoborate), compound number 94 (chloroferrate) or compound number 95
      (nitrate) is obtained using either solution of borontrifluoride etherate,
      aqueous solution of ferric chloride or diluted nitric acid respectively
      instead of 10 weight percent perchloric acid.
PAR  (i)
      2[(2'-4-phenyl-p-methoxystyryl-4'-benzopyranylidene)methyl]-3-phenylbenzop
     yrylium perchlorate (compound number 11)
      ##SPC16##
PAR  2-(.alpha.-Phenyl-p-methoxystyryl)-4-methoxybenzopyrylium
      o-nitrobenzenesulfonate, which is obtained from
      2-(.alpha.-phenyl-p-methoxystyryl)chromone and methyl
      o-nitrobenzenesulfonate, reacts with 2-methyl-3-phenylbenzopyrylium
      perchlorate in the same procedure as procedure (h). The reaction product
      yields in 43%. The product has a color of violet in dichloroethane and a
      melting point of 158.degree. to 163.degree.C.
PAR  It has been discovered according to the invention the compounds listed in
      Table 1 are sensitizing agents which can improve the photoconductivity and
      the spectrum characteristics of photoconductive polymeric compounds such
      as poly-N-vinylcarbazole, brominated poly-N-vinylcarbazoles,
      polyacenaphthylene, etc. These polymers, except brominated
      poly-N-vinylcarbazoles, are prepared in a per se well known method. The
      brominated poly-N-vinylcarbazole can be prepared by the following method:
      To the solution of 20 grams of poly-N-vinylcarbazole in 450 milliliters of
      chlorobenzene, there are added 18.44 grams of N-bromosuccinimide and 0.173
      grams of benzoyl peroxide. The mixture is heated at 80.degree.C for 2
      hours while being stirred thoroughly and is poured into methanol to obtain
      a white polymer. The polymer is dissolved in chlorobenzene and again
      poured into methanol for purification. The pure polymer thus obtained as a
      precipitate exhibits upon elementary analysis a halogen content of 29.87
      weight percent which approximates the value calculated, i.e. 29.44 weight
      percent of the monobromosubstituted product from poly-N-vinylcarbazole.
      This indicates that the polymer obtained is a monobromosubstituted
      product. The degree of bromination varies from 50 mole percent to  200
      mole percent according to reaction conditions.
PAR  The novel sensitizer comprising at least one compound from the group listed
      in Table 1 is dissolved in a suitable solvent, such as dichloroethane,
      methylene chloride, chloroform, or a combination thereof, and is added to
      the solution of the photoconductive polymer described above. The
      preferable amount of the sensitizer added is from 0.01 to 3.0 weight parts
      in connection with 100 weight parts of the photoconductive polymer.
      Advantageously, the amount thereof is from 0.1 to 2.0 weight parts in
      connection with 100 weight parts of the photoconductive polymer.
PAR  For the preparation of the photoconductive insulating layer, a said
      solution of the photoconductive polymer and the sensitizer in a suitable
      solvent is applied to the electroconductive support in per se usual
      manner, for example, by spraying, by means of bladed coating, by means of
      whirler coating, etc., and then dried so as to produce a homogeneous
      photoconductive insulating layer on the electroconductive support.
      Operable solvents are benzene, toluene, chlorobenzene, dioxane, methylene
      chloride, dichloroethane and combinations thereof. Said solution may be
      incorporated with suitable plasticizers and/or organic colloids for
      improving the flexibility and strength of the photoconductive polymer.
      Operable plasticizers are as follows: chlorinated diphenyl, dimethyl
      phthalate, diethyl phthalate and octyl phthalate. Operable organic
      colloids are as follows: natural and synthetic resins, e.g. phenol resin,
      phenol resin modified with resin, polyvinyl acetal, polyvinyl butyral,
      polyvinyl cinnamate, polycarbonate resin. Operable materials for
      electroconductive supports may be made of any materials which satisfy the
      requirement of the electrophotographic art, e.g. metal plate or glass
      plate having NESA coating, plate or foil made of electrically conductive
      resin or coated with evaporated thin metal layer. If paper is to be used
      as a support for the photoconductive layer, pretreatment of the paper
      against penetration of the coating solution in advisable. The transparent
      support can produce a transparent electrophotographic plate, foil or film.
      After an electrostatic charge has been applied, i.e. after the layer has
      been charged positively or negatively by means of a corona discharge, the
      layer becomes light sensitive.
PAR  The reproduction of images by the electrophotographic method is carried out
      as follows: when the photoconductive layer has been charged by means of a
      corona discharge apparatus, the support with the sensitized layer is
      exposed to light under a master and is then dusted over in a per se known
      manner with a resin powder colored with carbon black. The image that now
      becomes visible can easily be wiped off. It can also be fixed by heating
      at about 120.degree.C. From positive masters, positive images
      characterized by good contrast the producted.
PAR  This invention is still further illustrated with reference to the following
      illustrative examples.
PAC  EXAMPLE 1
PAR  1 Gram of polyacenaphthylene and 0.6 gram of, as a plasticiser, chlorinated
      diphenyl (commercially available as "Kanechlor"), are dissolved in 8
      milliliters of chlorobenzene. To the solution are added 0.5 milliliters of
      dichloroethane containing 0.006 gram of a sensitizer corresponding to
      compound number listed in Table 1. The solution is applied to an aluminum
      plate by means of whirler coating and is dried to form a layer of 7.mu. in
      thickness. After said aluminum plate provided with the layer is charged
      negatively by means of corona discharge with a charging device maintained
      at approximately 6000 volts in the dark, it is placed under a positive
      master and is exposed to a 100W tungsten lamp at an illumination of 50
      luxes, and the said plate is powdered over with a developer in a per se
      known manner. This developer consists of toner and carrier. The toner
      consists of low melting point polystyrene, colophony and carbon black. The
      toner is mixed with a carrier substance such that the toner becomes
      triboelectrically charged with a charge opposite to that produced on the
      plate. A positive image is produced and is fixed by slight heating. In
      Table 2, there are shown the optimum amounts of exposure in lux-second
      units.
TBL                Table 2                                                     

     ______________________________________                                    

     Compound Number                                                           

                    Optimum Exposure (lux.sec)                                 

     ______________________________________                                    

     none           200000                                                     

      5             320                                                        

      7             300                                                        

      9             75                                                         

     15             180                                                        

     16             110                                                        

     18             65                                                         

     33             135                                                        

     35             480                                                        

     41             105                                                        

     42             320                                                        

     51             380                                                        

     52             140                                                        

     53             290                                                        

     54             140                                                        

     58             130                                                        

     60             175                                                        

     65             140                                                        

     71             180                                                        

     92             70                                                         

     97             150                                                        

     103            100                                                        

     105            120                                                        

     109            130                                                        

     110            180                                                        

     111            70                                                         

     112            170                                                        

     113            120                                                        

     116            115                                                        

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  1 Gram of poly-N-vinylcarbazole, chlorinated diphenyl (commercially
      available as "Kanechlor") and 0.006 gram of a sensitizer, coresponding to
      compound number listed in Table 1, in 10 milliliters of dichloroethane to
      a solution. The solution is applied to an aluminum plate by means of blade
      coating and is dried to form a layer of 10.mu. in thickness. An
      electrophotographic image in the same way as that described in Example 1.
      In Table 3, there are shown the optimum amounts of exposure in lux-second
      units to produced exactly the original images.
TBL                Table 3                                                     

     ______________________________________                                    

     Compound Number                                                           

                    Optimum Exposure (lux.sec)                                 

     ______________________________________                                    

     none           20000                                                      

      1             50                                                         

      2             220                                                        

      3             60                                                         

      4             70                                                         

      5             22                                                         

      6             44                                                         

      7             26                                                         

      8             62                                                         

      9             44                                                         

     10             48                                                         

     11             160                                                        

     12             220                                                        

     13             90                                                         

     14             75                                                         

     15             28                                                         

     16             36                                                         

     17             115                                                        

     18             22                                                         

     23             180                                                        

     26             110                                                        

     27             44                                                         

     28             36                                                         

     29             40                                                         

     30             60                                                         

     32             120                                                        

     33             36                                                         

     34             50                                                         

     35             30                                                         

     36             46                                                         

     37             90                                                         

     41             52                                                         

     42             44                                                         

     43             48                                                         

     45             75                                                         

     47             58                                                         

     48             34                                                         

     49             35                                                         

     50             70                                                         

     51             30                                                         

     53             26                                                         

     54             28                                                         

     56             28                                                         

     57             20                                                         

     58             24                                                         

     59             36                                                         

     60             44                                                         

     61             44                                                         

     62             100                                                        

     64             54                                                         

     65             44                                                         

     66             22                                                         

     67             74                                                         

     70             56                                                         

     71             20                                                         

     72             22                                                         

     76             60                                                         

     78             38                                                         

     80             46                                                         

     82             50                                                         

     83             24                                                         

     84             19                                                         

     85             17                                                         

     86             54                                                         

     87             42                                                         

     88             25                                                         

     89             28                                                         

     90             30                                                         

     91             140                                                        

     92             18                                                         

     93             20                                                         

     34             23                                                         

     95             40                                                         

     96             66                                                         

     29             24                                                         

     98             230                                                        

     99             460                                                        

     100            50                                                         

     101            36                                                         

     102            115                                                        

     103            36                                                         

     104            68                                                         

     105            19                                                         

     106            120                                                        

     107            58                                                         

     108            76                                                         

     109            46                                                         

     110            36                                                         

     111            20                                                         

     112            42                                                         

     113            48                                                         

     114            54                                                         

     115            54                                                         

     116            52                                                         

     117            64                                                         

     118            50                                                         

     119            135                                                        

     120            90                                                         

     121            30                                                         

     122            28                                                         

     ______________________________________                                    

PAR  It is clear from Table 3 that the novel sensitizers improve the
      photoconductivity of poly-N-vinylcarbazole.
PAC  EXAMPLE 3
PAR  1 Gram of brominated poly-N-vinylcarbazole (monobromo-substituted product),
      0.5 gram of polycarbonate resin (commercially available as "Panlite-C"),
      0.3 gram of chlorinated diphenyl (commercially available as "Kanechlor")
      and 0.002 gram of sensitizer listed in Table 1 are dissolved in a
      mixed-solvent of 8 milliliters of chlorobenzene and 2 milliliters of
      dichloroethane. This solution is applied to an aluminum plate by means of
      a blade coating and dried to form a layer of 14.mu. in thickness. On this
      support, electrophotographic images are produced in the same way as that
      described in Example 1. Table 4 shows the optimum amounts of exposure in
      lux-second units to reproduce exactly the original images.
TBL                Table 4                                                     

     ______________________________________                                    

     Compound Number                                                           

                    Optimum Exposure (lux.sec)                                 

     ______________________________________                                    

     none           80000                                                      

      1             75                                                         

      2             280                                                        

      3             67                                                         

      4             44                                                         

      5             20                                                         

      6             26                                                         

      7             18                                                         

      8             30                                                         

      9             22                                                         

     10             40                                                         

     11             120                                                        

     12             400                                                        

     13             110                                                        

     14             75                                                         

     15             25                                                         

     16             28                                                         

     17             135                                                        

     18             23                                                         

     19             410                                                        

     20             340                                                        

     21             180                                                        

     22             40                                                         

     23             130                                                        

     24             60                                                         

     25             300                                                        

     26             100                                                        

     27             52                                                         

     28             52                                                         

     29             48                                                         

     30             110                                                        

     31             320                                                        

     32             270                                                        

     33             27                                                         

     34             30                                                         

     35             26                                                         

     37             52                                                         

     38             440                                                        

     39             110                                                        

     40             125                                                        

     41             22                                                         

     42             28                                                         

     43             32                                                         

     44             75                                                         

     45             105                                                        

     46             170                                                        

     47             42                                                         

     48             32                                                         

     49             35                                                         

     50             50                                                         

     51             48                                                         

     52             20                                                         

     53             19                                                         

     54             42                                                         

     55             230                                                        

     56             26                                                         

     57             22                                                         

     58             24                                                         

     59             23                                                         

     60             26                                                         

     61             36                                                         

     62             130                                                        

     63             190                                                        

     64             44                                                         

     65             26                                                         

     66             20                                                         

     67             46                                                         

     68             75                                                         

     69             115                                                        

     70             42                                                         

     71             18                                                         

     72             20                                                         

     73             48                                                         

     74             110                                                        

     75             115                                                        

     76             70                                                         

     77             44                                                         

     78             35                                                         

     79             75                                                         

     80             50                                                         

     81             145                                                        

     82             35                                                         

     83             20                                                         

     84             19                                                         

     85             17                                                         

     86             34                                                         

     87             34                                                         

     88             20                                                         

     89             20                                                         

     90             25                                                         

     91             100                                                        

     92             15                                                         

     93             17                                                         

     94             16                                                         

     95             40                                                         

     96             52                                                         

     97             26                                                         

     98             180                                                        

     99             140                                                        

     100            46                                                         

     101            36                                                         

     102            58                                                         

     103            20                                                         

     104            34                                                         

     105            21                                                         

     106            80                                                         

     107            44                                                         

     108            40                                                         

     109            23                                                         

     110            26                                                         

     111            17                                                         

     112            26                                                         

     113            28                                                         

     114            40                                                         

     115            44                                                         

     116            28                                                         

     117            44                                                         

     118            36                                                         

     119            105                                                        

     120            52                                                         

     121            26                                                         

     122            21                                                         

     123            15                                                         

     124            25                                                         

     125            17                                                         

     126            14                                                         

     127            11                                                         

     128            13                                                         

     ______________________________________                                    

PAR  It is clear from Table 4 and FIGS. 1 to 9 that the novel sensitizers
      improve the photoconductivity and the spectrum characteristics of
      brominated poly-N-vinylcarbazole.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrophotographic material comprising a conductive support layer
      and photoconductive insulating layer, the latter comprising a combination
      of a photoconductive polymeric compound and a sensitizing amount of a
      sensitizer having the following formula:
      ##SPC17##
PAL  wherein
PAR  B represents a radical selected from the group consisting of
      ##SPC18##
      ##SPC19##
PAR  R.sub.1 is hydrogen, phenyl or an ethenyl radical selected from the group
      consisting of styryl, p-methoxystyryl, 3,4-dimethoxy-styryl,
      .alpha.-phenylstyryl, .alpha.-phenyl-p-methoxystyryl,
      .beta.-furyl(.alpha.')ethenyl and .alpha.-phenyl-.beta.-furyl(.alpha.')
      ethenyl;
PAR  R.sub.2 is hydrogen or phenyl;
PAR  R.sub.3 is hydrogen, methyl or phenyl;
PAR  R.sub.4 is hydrogen or phenyl;
PAR  R.sub.5 is hydrogen, phenyl or an ethenyl radical selected from the group
      consisting of styryl, p-methoxystyryl, 3,4-dimethoxy-styryl,
      .alpha.-phenyl-p-methoxystyryl, .beta.-furyl(.alpha.')ethenyl and
      .alpha.-phenyl-.beta.-furyl(.alpha.')ethenyl;
PAR  R.sub.6 is hydrogen or phenyl;
PAR  R.sub.7 is hydrogen or phenyl; .Iadd.
PAR  R.sub.8 is hydrogen or phenyl;
PAR  R.sub.9 is hydrogen or p-methoxyphenyl; .Iaddend.
PAR  the anion is an anionic function selected from the group consisting of
      perchlorate, fluoroborate, chloroferrate, chlorozincate and nitrate; and
PAR  X is oxygen or a sulfur atom;
PAR  said photoconductive polymeric compound comprising at least one compound
      selected from the group consisting of poly-N-vinylcarbazole, brominated
NUM  2.
PAR  2. An electrophotographic material according to claim 1, wherein said
      sensitizer comprises at least one compound selected from the group
      consisting of
      2-(.alpha.-phenyl-p-methoxystyryl)-4-[(2'-phenyl-4'-benzopyranylidene)meth
     yl]benzopyrylium perchlorate,
      2-p-methoxystyryl-4-[(2'-3",4"-dimethoxystyryl-3'-phenyl-6'-methyl-4'-benz
     opyranylidene)methyl]benzopyrylium perchlorate,
      2-[(2'-phenyl-4'-benzopyranylidene) methyl]-3-phenyl benzopyrylium
      fluoroborate, 2-[(2'-phenyl-4'-benzopyranylidene)methyl]-4-p-methoxyphenyl
      benzothiopyrylium perchlorate, and
      2-[(2'-phenyl-4'-benzothiopyryanylidene)methyl]-4-p-methoxyphenyl
NUM  3.
PAR  3. An electrophotographic material according to claim 1, wherein said
      combination comprises 100 weight parts of photoconductive polymeric
      compound and 0.01 to 3.0 weight parts of sensitizer.
PATN
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TTL  Antibiotic X-5108 for stimulating growth
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ABST
PAL  A new antibiotic, designated as antibiotic X-5108, is produced by a new
      species of streptomyces. The new antibiotic is active against
      gram-positive and gram-negative bacteria and produces growth stimulation
      and increased feed efficiency in poultry.
PARN
     .Iadd.
PAC  RELATED APPLICATION
PAR  The present application is a continuing application of copending
      application Ser. No. 64,389 filed Aug. 14, 1970, now U.S. Pat. No.
      3,708,577, in the name of Julius Berger. .Iaddend.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a new antibiotic and to methods for its
      production by fermentation, its isolation and purification, and its use as
      a growth promotant in poultry. The effects of the new antibiotic on
      specific bacteria in combination with its physical and chemical properties
      differentiate it from previously described antibiotics.
PAR  The present invention includes within its scope the antibiotic X-5108 in
      pure form, in dilute forms and as a crude concentrate. The novel
      antibiotic whether present in a crude or in a more purified form is active
      against a variety of microorganisms including gram-positive and
      gram-negative bacteria and produces marked growth promotion in poultry.
PAR  The new antibiotic, designated hereinafter as antibiotic X-5108, is
      produced by a new species of Streptomyces, Streptomyces sp. X-5108. The
      new antibiotic-producing streptomycete was isolated from a soil sample
      collected in Bermuda. A viable culture of the organism labelled with the
      laboratory designation Streptomyces sp. X-5108, subculture 3191-2, has
      been deposited in the American Type Culture Collection, Rockville, Md.,
      where this culture has been added to the ATCC collection under
      Registration No. 21386 and has been made available to the public. The
      species of Streptomyces described herein and identified as Streptomyces
      sp. X-5108 includes all strains of streptomyces which produce antibiotic
      X-5108 and which cannot be definitely differentiated from the strain ATCC
      21386 and its subcultures, including mutants and variants. By the term
      "mutants" as used herein there is intended mutants produced from the
      described organism by various means such as chemical mutagenic agents,
      ultra-violet radiation, X-radiation, phage exposure and the like. The
      properties of antibiotic X-5108 are described herein and after these
      properties are known it is easy to differentiate the strains producing
      antibiotic X-5108 from others.
PAR  The following is a general description of the organism Streptomyces sp.
      X-5108, ATCC 21386, based upon characteristics such as amount of growth,
      pigment, morphology, etc. The descriptive colors and color chips
      designations are generally those recommended by the International
      Streptomyces Project (ISP): Shirling, E. B. and D. Gotttlieb, 1966,
      "Methods for Characterization of Streptomyces Species," Intl. J.
      Systematic Bact. 16: 313-340. Media used to obtain the diagnostic
      characteristics and the morphological description discussed below were
      those prepared by Difco Laboratories for the ISP; identification and
      content of the media are presented in Table 1.
PAR  Color names are taken from the following four sources: ISCC-NBS U.S.
      Department of Commerce, 1955, "The ISCC-NBS method of designating colors
      and a dictionary of color names," National Bureau of Standards Circular
      553, U.S. Government Printing Office, Washington, D.C.; Tresner, N. D. and
      E. J. Backus, 1963, "System of Color Wheels for Streptomycete Taxonomy,"
      Appl. Microb., 11: 335-338; Eckerstrom, R. and C. E. Foss, 1958, Color
      Harmony Manual, 4th edition, Container Corporation of America, Chicago,
      Ill.; H. Prauser, 1964. "Aptness and Application of Colour Codes for Exact
      Description of Colours of Streptomycetes," Z. Allg. Mikrobiologie, 4 (1):
      95-98.
PAC  Amount of growth
PAR  The culture produces a well-developed and branched substrate mycelium and
      characteristic aerial mycelium on many media. The submerged growth is
      raised, hard and coarse, and depending on the nutrient medium employed,
      occurs colorless, yellow, yellow-brown or olive-brown. There are
      brown-black spots at the edge of the growth on yeast-malt extract agar
      (ISP medium 2).
PAC  Aerial mycelium and/or en masse spore color
PAR  Aerial mycelium is moderately developed, with a velvety texture and
      pigmented grayish-white, light (d) and medium-gray (2 fe), and yellowish
      gray (2 dc)) with a thin white edge at early stage of growth. Aerial mass
      color (Tresner-Backus Color wheel series) is Gy on ISP medium 2 to W-gy on
      ISP media 4 and 5. Concentric rings are produced and colony sectoring
      occurs frequently. The color characteristics place the culture in the Gray
      series (Pridham). A comparison of certain properties of Streptomyces sp.
      X-5108 with those of other members of the Gray series is presented in
      Table 2.
PAC  Morphology
PAR  Spore chains produced on aerial mycelium branch monopodially and
      sympodially, forming straight chains, loops, hooks, extended and irregular
      shot spirals (3-4 turns), also appearing in a broom-shaped arrangement.
      The chains are both long and short, but predominantly of more than 10
      spores. Sclerotia are observed on most media. Spores are ovalelongate and
      cylindrical shape (phalangiform-Tresner). The spore surface is smooth,
      without any ornamentation as determined by electron microscopy (tomato
      paste agar, 10 days at 28.degree. C.).
PAC  Physiology
PAR  Soluble pigment.-- Traces of brown pigment are produced on yeast
      extract-malt extract agar (ISP medium 2) but not on ISP media 3, 4 and 5.
PAR  Reverse colors.--Yellow to yellow-brown plus green is produced in from 7-21
      days on ISP media 2, 4 and 5. On Dr. Prauser color guide, reverse colors
      produced in 7 days are C 004b, Co 5m, with colorless edge (medium 2), and
      Co 5a, Co 5b (media 4 and 5). Addition of alkali or acid produces no
      change on reverse color.
PAR  Miscellaneous physiological reactions.--Culture is chromogenic (produces
      melanin) on peptone-iron and tyrosine agars, as well as on tryptone-yeast
      extract broth. A summary of certain of the cultural characteristics of
      Streptomyces sp. X-5108 is presented in Table 3. Nitrates are not reduced
      in organic nitrate broth; starch is actively hydrolyzed and gelatin is
      only very slightly liquified after 14 days. An indication of other
      miscellaneous physiological reactions of the streptomycete is found in
      Table 4. Carbon source utilization according to Pridham and Gottleib [J.
      Bact., 56, 107-114 (1948)] as follows: (11 days at 28.degree. C.): good
      utilization of 1-arabinose, d-fructose, d-mannitol, 1-rhamnose,
      d-raffinose and sucrose; poor utilization of d-xylose, i-inositol and none
      of cellulose. Further information as to the carbon nitrogen utilization
      patterns of the streptomycete is found in Table 5. The culture grows well
      at 24.degree. and 37.degree. C., but not at 42.degree. or 50.degree..
PAR  Based on spore ornamentation, general morphology of spores and the
      branching of sporophores, the colors en masse on various media and certain
      biochemical and physiological reactions, it is concluded that Streptomyces
      sp. X-5108 is different from any of the cultures of the Gray series
      described in the literature.
PAR  Cultivation of the organism Streptomyces sp. X-5108 to produce the desired
      antibiotic X-5108 may be carried out utilizing a variety of fermentation
      techniques. In general, the following basic techniques can be employed in
      both flask and tank procedures. In the flask fermentation, a loopful of
      spores from an agar slant of the culture is inoculated into 100 ml. of
      nutrient medium in a 500 ml. Erlenmeyer flask and incubated at about
      28.degree. C. on a rotary shaker for up to 7 days. Whole broth samples are
      aseptically removed for in vitro assays on the 3rd, 5th and 7th days.
      Likewise, for preparation of larger volumes of broth, inoculum is first
      prepared in 6 liter Erlenmeyer shakeflasks or in 5 gallon Pyrex bottles,
      fitted for aeration, sampling etc. This broth is then transferred to the
      tank fermentors. Aeration in bottles and tanks is provided by forcing
      sterile air through the fermenting medium. In tanks, further agitation is
      provided by mechanical impellers. Antifoam agents such as lard oil,
      soybean oil etc. are added as needed to control foam.
PAR  Streptomyces sp. X-5108 may be cultured in a variety of liquid culture
      media. Media which are especially useful for the production of the new
      antibiotic include an assimilable carbon source such as starch, glucose,
      molasses, and the like, an assimilable nitrogen source such as protein,
      protein hydrolysate, polypeptides, amino acids, corn steep liquor,
      ammonium salts, and inorganic cations and anions, such as potassium,
      sodium, calcium, magnesium, sulfate, phosphate, chloride etc. Trace
      elements such as cobalt, copper, iron, molybdenum, boron etc. are supplied
      as impurities of other constituents of the media.
PAR  The activity of antibiotic X-5108 can be measured in vitro by its zone of
      inhibition against the gram-positive bacterium Bacillus E in the usual
      cup-plate agar diffusion method. Alternately the gram-positive bacterium
      Bacillus simplex can be employed. Both bacteria give approximately 20 mm.
      inhibition zones with an arbitrarily defined 1 unit/ml. solution. In this
      assay method, a culture of the test microorganism is grown in nutrient
      broth, for example, Trypticase Soy Broth, for 24 to 42 hours at 28.degree.
      C. in a rotary shaker (100 ml. medium per 500 ml. Erlenmeyer flask). An
      inoculum concentration of 0.25 to 0.5 percent is used to inoculate the 4
      ml. seed layer which is poured over a prehardened 20 ml. of base nutrient
      agar layer in a 100 ml. glass or disposable plastic Petri dish. The plates
      are refrigerated for at least two hours before cupping and filling with
      test solution containing the antibiotic. The plates are then incubated at
      35.degree. C. for 18 hours and zone diameters are measured to the nearest
      0.5 mm. Calculations of unit per ml. potencies are then made from standard
      curves.
PAR  Illustrations of the types of media that are preferably used and the
      antibiotic yields they support in shaken flask and in aerated tank
      fermentations are presented in Tables 6-9. From an examination of the data
      compiled in these tables, it can be seen that complex nitrogenous
      materials from varying sources will support antibiotic production, for
      example: plant materials (soybean or cottonseed flour, oatmeal, tomato
      pomace solids, corn fermentation solubles), animal materials (fish meal,
      meat meal digest, amino acid hydrolysate) and microbial cells (Torula
      yeast).
PAR  A number of carbon sources permit good growth and antibiotic production,
      for example, glucose, glycerol, dextrin and corn starch. In addition to
      the inorganic salts already present in natural media, supplementation with
      salts such as potassium phosphate, calcium carbonate, magnesium sulfate
      and trace elements will sometimes increase growth and antibiotic yield
      (depending on the constituents already present in the basal medium). One
      of the preferred media for production of antibiotic X-5108 in large
      fermenters contains 1 percent defatted cottonseed flour, 0.5 percent
      cornsteep liquor concentrate, 1 percent cornstarch, 0.1 percent K.sub.2
      HPO.sub.4 and 0.1 percent calcium carbonate.
PAR  Streptomyces sp. X-5108 will also grow well and produce antibiotic on some
      chemically defined synthetic media containing ammonium salts, nitrate or
      amino acids (glutamate, arginine, glycine) as nitrogen sources, glucose,
      dextrin, starch, citrate, acetate and the like as carbon sources,
      supplemented with salts such as potassium phosphate, calcium carbonate and
      magnesium sulphate, and with trace elements including FE.sup.+.sup.+,
      Cu.sup.+.sup.+, Mn.sup.+.sup.+, Co.sup.+.sup.+, Zn.sup.+.sup.+. The
      results of fermentation of Streptomyces sp. X-5108 on various synthetic
      media are shown in Table 10. Generally, antibiotic yields on the synthetic
      media as shown in Table 10 are not as high as on complex nitrogenous
      media.
PAR  The production of antibiotic X-5108 is enhanced by high aeration of the
      fermentation medium. In addition, production of antibiotic X-5108 can be
      effected at any temperature conducive to the satisfactory growth of the
      microorganism. For example, Streptomyces sp. X-5108 was grown in shaken
      flasks incubated at 24.degree., 28.degree., 30.degree., and 32.degree. C.
      Antibiotic assays after 3, 4, 5 and 6 days showed that about the same
      maximum yield could be obtained at any temperature from 24 to 32.degree.
      C. However, the peak yield was obtained in 3-4 days at 30.degree. and
      32.degree. while it took 4 days at 28.degree. and 5-6 days at 24.degree..
      Ordinarily, optimum production of antibiotic X-5108 is obtained in from
      about 2 to 10 days. The fermentation medium normally remains fairly close
      to neutral, or on the acid side, during frementation. The final pH is
      dependent, in part, on the buffers present, and in part on the initial pH
      of the medium, which is preferably near neutral prior to sterilization.
PAR  After the fermentation is complete, a variety of procedures can be employed
      for the isolation and purification of antibiotic X-5108. Suitable
      isolation and purification procedures include solvent extraction
      techniques, such as batchwise extraction or counter-current continuous
      flow liquid-liquid extraction columns, and gel permeation chromatography
      in a non-aqueous system.
PAR  In a preferred process, antibiotic X-5108 is recovered from the culture
      medium by separation of the mycelium and any undissolved solids from the
      fermentation broth by conventional means such as by filtration or
      centrifugation. Antibiotic X-5108 is then extracted from the filtered or
      centrifuged broth using either batchwise or counter-current distribution
      extraction techniques. The solvent extraction may be performed using a pH
      range of from about 3 to about 7.5 and employing as the solvent water
      immiscible esters such as ethyl acetate, amyl acetate, butyl acetate and
      like aliphatic esters; with butyl acetate being preferred. A preferred
      solvent system for use with the counter-current distribution purification
      technique consists os a mixture of ethyl acetate, isopropanol, and 0.1 M
      aqueous secondary sodium phosphate solution.
PAR  Final purification of antibiotic X-5108 can be achieved by gel permeation
      chromatography. This purification technique is accomplished by adsorption
      of pre-purified preparations of the antibiotic, for example, preparations
      obtained by solvent extraction techniques, on cross-linked or polymerized
      dextran gels. In a preferred aspect of this final purification technique,
      the pre-purified antibiotic preparation is chromatographed on Sephadex
      LH-20 eluting with alcohol.
PAR  After filtration or centrifugation of the fermentation medium, thin layer
      or paper chromatography techniques can be employed to analyze for
      antibiotic X-5108. Because of the color characteristics of the antibiotic,
      visualization of the spots can be achieved using the fluorescent indicator
      method; in addition, bioautography can also be employed advantageously.
      The chromatography may be carried out on paper but is preferably performed
      on silica gel glass plates. The solvent system employed for the thin layer
      chromatograms consist of chloroform, methanol and aqueous ammonium
      hydroxide.
PAR  The novel antibiotic of this invention, antibiotic X-5108, upon
      purification exists as an amorphous yellow substance. Cationic salts of
      the antibiotic can be formed employing the antibiotic X-5108 and a
      pharmaceutically acceptable inorganic or organic base. Among the salts of
      antibiotic X-5108 which can be formed are the alkali metal salts, such as
      the sodium and potassium salts, and the alkaline earth metal salts such as
      the calcium salt.
PAR  These salts can be formed for example using aqueous solutions of alkali
      metal and alkaline earth metal hydroxides. Thus solutions of antibiotic
      X-5108 in aqueous sodium hydroxide, aqueous potassium hydroxide or calcium
      hydroxide form the sodium, potassium or calcium salt. These salts can be
      used for the same biological purposes as the antibiotic. Since solutions
      of salts of antibiotic X-5108, especially the sodium salt, are
      considerably more stable than solutions of the antibiotic in non-salt
      form, it is preferable to use slightly alkaline buffers for purification
      by counter-current distribution and ammoniacal solvent mixtures for thin
      layer chromatography, thus minimizing the concentration of antibiotic in
      solution.
PAR  The antibiotic contains the elements carbon, hydrogen, oxygen and nitrogen
      in substantially the following percentages by weight:
TBL  ______________________________________                                    

                      Antibiotic  Sodium                                       

                      X-5108      salt                                         

     ______________________________________                                    

     Carbon             63.63         61.48                                    

     Hydrogen           7.81          7.81                                     

     Nitrogen           3.48          3.32                                     

     Oxygen (by difference)                                                    

                        25.08         24.45                                    

     Sodium             --            2.94                                     

     ______________________________________                                    

PAR  The antibiotic X-5108 is soluble in alcohols, for example, methanol,
      ethanol, 1- and 2-propanol, and tert-butyl alcohol; water-immiscible
      esters, for example, ethyl acetate, amyl acetate, butyl acetate and like
      aliphatic esters; and chloroform. The antibiotic is insoluble in water.
      The sodium salt of antibiotic X-5108 is soluble in water, lower alcohols
      such as methanol, ethanol, isopropanol and butanol, and
      N,N-dimethylformamide; is slightly soluble in amyl alcohol,
      tetrahydrofuran and dioxane; is very slightly soluble in acetone, amyl
      acetate, butyl acetate and ethyl acetate; and is insoluble in benzene,
      chloroform and ethyl ether.
PAR  The following are various physical characteristics of antibiotic X-5108:
PAR  The optical rotation of the sodium salt of antibiotic X-5108 is
      [.alpha.].sub.D.sup.25 = -82.8 (ethanol, c. = 0.52).
PAR  The infrared absorption spectrum of antibiotic X-5108 in a KBr pellet is
      shown in FIG. 1. The antibiotic exhibits characteristic absorption in the
      infrared region of the spectrum at the following wave lengths expressed in
      reciprocal centimeters:
PAL  Broad band at 3400
PAL  Strong band at 1660
PAL  Broad band at 1580
PAL  Prominent bands at 1580, 1380, 1250, 1100, 1040 and 995.
PAR  The infrared absorption spectrum of the sodium salt of antibiotic X-5108 in
      a KBr pellet is shown in FIG. 2. The sodium salt exhibits characteristic
      absorption in the infrared region of the spectrum at the following wave
      lengths expressed in reciprocal centimeters:
PAL  Broad band at 3400
PAL  Prominent bands at 1645, 1570, 1500, 1388, 1105 and 1000.
PAR  The ultra-violet absorption spectrum of antibiotic X-5108 at varying pH
      levels is shown in FIG. 3. Ultra-violet maxima occur at:
TBL  0.1 N HCL:        .lambda..sub.max. 334 m.mu. (E.sub.1 cm.sup.1% = 403)   

                       .lambda..sub.max. 233 m.mu. (E.sub.1 cm.sup.1% = 610)   

                       .lambda..sub.max. 206 m.mu. (E.sub.1 cm.sup.1% = 500)   

     pH 7 buffer:      .lambda..sub.max. 327 m.mu. (E.sub.1 cm.sup.1% = 423)   

     (isopropanol/K.sub.2 HPO.sub.4)                                           

                       .lambda..sub.max. 231 m.mu. (E.sub.1 cm.sup.1% = 660)   

     0.1 N KOH:        .lambda..sub.max. 327 m.mu. (E.sub.1 cm.sup.1% = 416)   

                       .lambda..sub.max. 231 m.mu. (E.sub.1 cm.sup.1% = 647)   

PAR  The nuclear magnetic resonance spectrum of the antibiotic X-5108 is shown
      in FIG. 4. The NMR spectrum was obtained using CDCl.sub.3 as the solvent
      and tetramethylsilane (TMS) as the internal standard. The NMR spectrum
      exhibits prominent signals at 0.92.delta., in the region between 1.66 and
      2.03.delta., at 3.16 and 3.43.delta. and in the olefinic region.
PAR  Antibiotic X-5108 has a broad antimicrobial spectrum as shown in Table 11.
      The antimicrobial spectrum was determined by employing agar diffusion
      cup-plate assays as described earlier.
PAR  Antibiotic X-5108 exhibits low oral and parenteral toxicity, marked
      antistreptococcal activity both systemically (oral route) and local
      (subcutaneous route), activity against pneumococcus and in caecal
      coccidiosis. In mice, the antibiotic is relatively atoxic orally and
      subcutaneously (LD.sub.50 values = &gt;2,000 and 1,320 mg./kg. respectively).
      The antibiotic is active orally (CD.sub.50 = 52 mg./kg.) and
      subcutaneously (CD.sub.50 = 44 mg./kg.) against Streptococcus pyogenes, is
      active against Diplococcus pneumoniae (CD.sub.50 = 807 mg./kg. p.o. and
      283 mg./kg. sbc), as well as against the gram-negative Proteus vulgaris
      infection.
PAR  Antibiotic X-5108 exhibits activity as a poultry growth promotant and
      brings about enhanced feed efficiency in the animals. Thus, in a further
      embodiment of the present invention, antibiotic X-5108 is employed as the
      active ingredient in new and useful compositions which upon oral
      administration to poultry result in an increased growth rate and an
      enhanced feed efficiency in the animals. Administration of these
      compositions is accomplished through the production of nutritionally
      balanced poultry feeds that satisfy the animals' nutrient requirements in
      addition to supplying the active growth promotant antibiotic X-5108.
PAR  When antibiotic X-5108 is used in the preparation of the growth promotant
      compositions, the antibiotic component is selected from the group
      consisting of the antibiotic and any pharmaceutically acceptable cationic
      salt thereof, preferably the sodium salt. In the discussion that follows,
      the term antibiotic X-5108 will be used to denote antibiotic X-5108 and
      its pharmaceutically acceptable cationic salts.
PAR  The growth stimulating compositions of this invention containing as the
      active ingredient antibiotic X-5108 are prepared by a variety of methods.
      Following one such method, the antibiotic is added directly to an edible
      non-toxic carrier. It is preferred that the carrier be a material having
      nutritional value for poultry; with a high energy poultry feed being the
      most preferred carrier. In the case where the antibiotic is added directly
      to the feed, the mixing step can be accomplished by employing known
      techniques. For example, the nutrient materials which comprise the poultry
      feed are fed, either individually or collectively, into a batch mixer and
      the antibiotic is then added. The mixer is operated until the product
      contains a uniform distribution of ingredients throughout.
PAR  The nutrient materials used as poultry feeds and for the purpose of this
      invention as carriers for the antibiotic X-5108 will vary to some extent
      depending upon the specific needs of the type of poultry being fed and on
      the final use being made of the animals. However, for the most part these
      feeds will contain sources of protein, such as fish meal, soybean meal,
      corn, peanut products and the like; and sources of carbohydrates, such as
      grains, meals, flours, sugars and the like. In addition, the mineral and
      vitamin balances for the animals can be maintained by the incorporation
      into the feed of the required minerals, i.e., sodium, potassium,
      magnesium, calcium carbonate, etc. and vitamins, i.e. vitamin A, B.sub.12,
      D and thiamine. Of course, the feed may also contain other conventional
      feed additives.
PAR  In a preferred method of producing the growth promoting compositions of the
      invention, the active ingredient antibiotic X-5108 is incorporated into a
      concentrated premix which can then be added to the poultry feed. In
      preparing the solid form pre-mix containing antibiotic X-5108, any
      suitable carrier or extender material can function as the inert ingredient
      provided that it be inert to the active antibiotic additive and be
      non-toxic to the poultry receiving the composition. Numerous solid
      materials satisfy these requirements and, therefore, will function
      successfully for the purposes of the present invention. Representative of
      such solid materials are mineral sources such as ground oyster shells,
      edible cereals, vegetable, marine or animal materials such as are present
      in commercial animal feeds, corn meal, citrus meal, soybean meal, fish
      meal, meat scraps, dried fermentation residues and the like.
PAR  Antibiotic X-5108 may be blended with one or more of the suitable solid
      materials discussed above into a mash, pellet, or any desired
      configuration by any known and convenient technique. For example, the
      composition can be formed by finely dividing or pulverizing the active
      ingredient and the inert ingredients using any commercially available
      grinder. If the feed material is not present when the grinding or the
      pulverizing is effected, the resultant material can be distributed in
      accordance with the present invention in any conveniently available feed
      material.
PAR  The quantity of antibiotic X-5108 required to achieve the desired growth
      rate stimulation and feed efficiency enhancement is critical, but may vary
      within the prescribed range. Preferably, when used in conjunction with the
      animal's feed supply, the improved growth promoting composition of the
      present invention comprises a supplemental poultry feed having dispersed
      therein per 100 parts by weight of feed from about 0.0001 part by weight
      to about 0.01 part by weight of said active material; namely, antibiotic
      X-5108 or pharmaceutically acceptable salts thereof. Higher concentrations
      of antibiotic X-5108 than 0.01 part by weight per 100 parts by weight of
      feed do not generally show improved results over the results obtained with
      0.01 part per 100 concentration. Thus, it is not advantageous to use
      amounts greater than 0.01 part by weight of active ingredient per 100
      parts by weight of feed. In a preferred embodiment of the invention, the
      novel growth promoting composition comprises a supplemental poultry feed
      containing per 100 parts by weight of feed, from about 0.0005 part by
      weight to about 0.0025 part by weight of the active ingredient antibiotic
      X-5108.
PAR  As indicated above, the preferred practice of the invention involves
      initially preparing a concentrated premix containing the active ingredient
      antibiotic X-5108. Preparation of a pre-mix which can later be added to
      the feed provides a convenient method of using the growth promoting
      composition and insures the proper distribution of the active ingredient
      throughout the feed. The amount of antibiotic X-5108 present in the
      pre-mix is not critical to the operability of the invention. The
      objectives of the invention are achieved, regardless of the level of
      antibiotic X-5108 in the pre-mix, by utilizing a quantity of the pre-mix
      capable of providing a final feed containing an effective level of
      antibiotic X-5108 as defined above. The pre-mix is a convenient manner of
      supplying the composition to the feed manufacturer or poultry raiser who
      can then mix suitable amounts of the pre-mix with the available supply of
      poultry feed in order to produce a final feed containing an effective
      level of antibiotic X-5108.
DETD
PAR  The nature and objects of the present invention can be more fully
      understood by making reference to the following examples. Unless otherwise
      indicated all temperatures are given in degrees centigrade and all parts
      given are parts by weight.
PAC  EXAMPLE 1
PAC  Fermentaion of Streptomyces sp. X-5108
PAR  A spore suspension of Streptomyces sp. X-5108 from a nutrient agar test
      tube slant was inoculated into a 5 gallon Pyrex aerated bottle containing
      15 liters of medium of the following composition:
TBL                         Percent                                            

     Soybean flour          1                                                  

     Brown sugar            1                                                  

     Cornsteep solids       0.25                                               

     K.sub.2 HPO.sub.4      0.1                                                

     CaCO.sub.3             0.1                                                

     Lard oil as antifoam   0.5                                                

PAL  After four days growth at 28.degree. C., with aeration, the filamentous
      growth was transferred to a 100 gallon stainless steel fermentor
      containing 60 gallons of medium of the following composition:
TBL                              Percent                                       

     Defatted cottonseed flour (Proflo)                                        

                                 1                                             

     Cornstarch                  1                                             

     Cornsteep solids            0.25                                          

     CaCO.sub.3                  0.1                                           

     K.sub.2 HPO.sub.4           0.1                                           

     Lard oil as antifoam.                                                     

PAL  The pH of the medium was adjusted to 6.8 before inoculation. The tank was
      aerated and growth allowed to proceed for 5 days. The contents of the
      fermentor were then filtered off with the aid of diatomaceous earth (Hyflo
      Filter Cell). The filtrate was adjusted to pH 3.5 and extracted with
      one-half volume of butyl acetate. The clarified extract was concentrated
      under reduced pressure at below 40.degree. to a brown syrup, which, after
      trituration with petroleum ether, yielded a solid powder, antibiotic
      X-5108, assaying 120 units Bacillus E per mg.
PAC  EXAMPLE 2
PAC  Purification of antibiotic X-5108 by batchwise solvent extraction
PAR  The batchwise solvent extraction process was performed on 3000 gallon
      fermentation batches which assayed in vitro about 130 units/ml. against B.
      simplex. The filtered broth was extracted with butyl acetate at pH 7.5.
      The organic extract, after water washes, was flash concentrated at
      temperatures below 50.degree., and to the resulting anhydrous solution was
      added diethyl sodiomalonate reagent to bring the pH to 9.0. The yellow
      precipitate that formed was filtered off and washed with butyl acetate. It
      was then partitioned between water-butyl acetate and the pH adjusted to 4.
      The organic phase was separated and treated as above, except that the
      diethyl sodiomalonate reagent was added to pH 8.5. This second precipitate
      was once again acidified and extracted with fresh butyl acetate. The
      extract was then treated with Darco G-60, and the sodium salt of
      antibiotic X-5108 was finally precipitated by addition of diethyl
      sodiomalonate to pH 8.0. The yellow sodium salt thus obtained, after
      washing and drying, assayed in vitro about 430 units/mg. against B.
      simplex. The above described extraction procedure is summarized in the
      following flow sheet.
TBL  ______________________________________                                    

     Flow Sheet for Isolation of Antibiotic X-5108                             

     ______________________________________                                    

             3000 gals. of Whole Broth (5-6 day harvest)                       

     Step 1  Cells filtered off with aid of Hyflo                              

             2600 gals. of Filtered Broth (pH 7.5)                             

             (When necessary, pH adjusted with H.sub.3 PO.sub.4)               

     Step 2  Extracted with 600 gals. butyl acetate                            

             570 gals. of "1st Butyl Acetate"                                  

             Washed twice with 25 gals. of H.sub.2 O                           

     Step 3  Flash concentrated                                                

             80 gals. of "1st Butyl Acetate Concentrate"                       

             Added diethyl sodiomalonate reagent to pH 9                       

             (ca. 1 to 1.5 liters of 1.7 N)                                    

     Step 4  Precipitate filtered off, washed with 1 gal. of                   

             butyl acetate                                                     

             "1st Precipitate"                                                 

             Dissolved in 25 gals. of H.sub.2 O, pH adjusted to 4              

             with 15 percent H.sub.2 PO.sub.4 ;                                

     Step 5  Extracted twice with butyl acetate (20 +                          

             10 gals.)                                                         

             28 gals. of "2nd Butyl Acetate"                                   

             Washed twice with 2 gals. of H.sub.2 O                            

     Step 6  Flash concentrated                                                

             4 gals. of "2nd Butyl Acetate Concentrate"                        

             Added diethyl sodiomalonate reagent to pH 8.5;                    

     Step 7  Precipitate filtered off, washed with 1 gal. of                   

             butyl acetate                                                     

             "2nd Precipitate"                                                 

             Dissolved in 20 gals. of H.sub.2 O, pH adjusted to 5              

             with 15 percent H.sub.3 PO.sub.4 ;                                

     Step 8  Extracted twice with butyl acetate (15 +                          

             7.5 gals.)                                                        

             21 gals. of "3rd Butyl Acetate"                                   

             Washed twice with 2 gals. of H.sub.2 O                            

     Step 9  Flash concentrated                                                

             4 gals of "3rd Butyl Acetate Concentrate"                         

             Stirred with 50 grams of Darco G-60 for 1 hour                    

             at room temperature,                                              

     Step 10 filtered and flash concentrated                                   

             2 gals of "4th Butyl Acetate"                                     

             Added diethyl sodiomalonate reagent to pH 8.0;                    

             Precipitate filtered off, washed with 1 gal. of                   

             butyl acetate, then                                               

             1 gal. of pet. ether (30-60.degree.), dried at 56.degree. and     

     Step 11 0.05 mm. for 36 hours                                             

             Sodium Salt of Antibiotic X-5108 as a yellow                      

             amorphous solid                                                   

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Purification of antibiotic X-5108 by countercurrent distribution
PAL  Instrument:
PA1  Number of tubes--200
PA1  Volume of upper phase--40 ml.
PA1  Volume of lower phase--40 ml.
PAR  Charge: 5 g. of antibiotic X-5108 obtained by solvent extraction of crude
      fermentation broth, dissolved in 40 ml. upper phase.
PAR  Solvent system: Ethyl acetate, isopropanol, aqueous 0.1 M secondary sodium
      phosphate solution, 12:9:20 v./v.
TBL  ______________________________________                                    

     Distribution characteristics:                                             

      Number of transfers       200                                            

      Peak tube after 200 transfers                                            

                                159                                            

      Distribution ratio        3.88                                           

     ______________________________________                                    

PAR  Procedure: Fractions 150-170 were pooled and 1-butanol was added to extract
      the antibiotic into the organic phase. The aqueous phase was discarded and
      the organic phase washed four times with water. Finally water was removed
      azeotropically from the organic phase and the product precipitated by
      addition of petroleum ether. Three grams of the antibiotic material were
      recovered of bipotency approximately twice that of the starting material.
PAC  EXAMPLE 4
PAC  Purification of antibiotic X-5108 by chromatography on Sephadex LH-20
PAR  An ethanolic solution of 300 mg. of a sample of the antibiotic previously
      purified by countercurrent distribution was adjusted to pH 8-9 with a
      sodium methoxide solution (wet indicator paper) and applied to a Sephadex
      LH-20 column (290 .times. 41 mm), equilibrated with 3A alcohol. The column
      was developed with 3A alcohol, the major antibiotic zone emerging at an
      effluent volume of 950-1200 ml. Following fractions contained a number of
      colored zones with negligible biological activity. The active fractions
      were pooled and evaporated to a small volume to which ether and petroleum
      ether were added to precipitate the antibiotic. The resulting yellow
      solids, the sodium salt of antibiotic X-5108, exhibited only one spot upon
      tlc, R.sub.f = 0.19 (silica gel F-254, detection by UV light) and R.sub.f
      = 0.29 (silica gel/kieselguhr, bioautographic detection).
PAC  EXAMPLE 5
PAC  Preparation of antibiotic X-5108 from the sodium salt
PAR  0.464 g. of the sodium salt of antibiotic X-5108 obtained by chromatography
      on Sephadex LH-20 was dissolved in 4.6 ml. ice water and 10 ml. ethyl
      acetate were added to form a 2-phase system. To this mixture, contained in
      a separatory funnel, was added 1 ml. of primary sodium phosphate solution
      (50 g. of NaH.sub.2 PO.sup.. H.sub.2 O in 100 ml. water). The initially
      formed precipitate dissolved on shaking. The aqueous phase was discarded
      and the organic phase washed four times with one volume of ice water each
      and dehydrated azeotropically (ethanol). The concentrate (2 ml.) was
      diluted with two volumes of ethyl acetate and diethyl ether added dropwise
      to turbidity and finally 30 ml. petroleum ether were added. The resulting
      precipitate was collected by filtration and dried at room temperature to
      yield antibiotic X-5108.
PAC  EXAMPLE 6
PAC  Measurement of the growth stimulating effects of antibiotic X-5108
PAR  A basal ration was prepared containing the following named ingredients in
      the quantities hereinafter indicated:
TBL                         Percent by weight                                  

     Ground yellow corn     56.075                                             

     Meat and bone meal (50% protein)                                          

                            4.000                                              

     Fish meal (60% protein)                                                   

                            4.000                                              

     Soybean meal (50% protein)                                                

                            28.000                                             

     Dehydrated alfalfa meal                                                   

                            1.000                                              

     Animal fat             4.000                                              

     Methionine             0.200                                              

     Rock phosphate         0.250                                              

     Calcium carbonate      1.200                                              

     Iodized salt           0.250                                              

     Vitamin supplement     1.000                                              

     Trace mineral supplement                                                  

                            0.025                                              

PAR  Antibiotic X-5108 was added to this ration in a ratio of 50 milligrams of
      antibiotic per kilogram of ration.
PAR  The growth stimulating effects of antibiotic X-5108 were determined by
      allowing poultry to feed, ad libitum, on the antibiotic supplemented
      ration. In the test, one day old Cornish Cross Sexed Broiler Chicks were
      used. The test utilized 10 chicks per replicate (5 males and 5 females).
      The replicate groups were permitted access to the ration. A planned random
      distribution of the replicates was made to equalize factors of heating,
      light and position. The birds were observed over a two week period, with
      group weight being determined several times during the period and
      individual weights being determined at the end of 14 days. Feed
      consumption was also recorded and improvement in feed efficiency, as
      compared to the control, was calculated.
PAR  A control experiment was carried out simultaneously, in the manner
      described as above, except that the chicks which were used in the control
      test were allowed to feed, ad libitum, on a ration which contained the
      same nutrient ingredients but did not contain the antibiotic X-5108
      additive.
PAR  The average gain for each test group is divided by the average gain of the
      negative control group and the quotient multiplied by 100 to yield the
      percent weight gain. Gain is the final body weight of the chick at the end
      of the 2 week test minus the beginning weight of 1 day of age.
      ##EQU1##
PAR  Table 12 which follows summarizes the results of the experiment.
TBL                                    TABLE 12                                

     __________________________________________________________________________

                Antibiotic                                                     

                      Two-           Percent                                   

                supple-                                                        

                      week       Feed                                          

                                     improved                                  

                ment mg./                                                      

                      gain, .sup.1                                             

                            Percent                                            

                                 effi-                                         

                                     feed effi-                                

     Supplement kg. feed                                                       

                      g..+-.2SE.sup.2                                          

                            gain ciency                                        

                                     ciency                                    

     __________________________________________________________________________

     Basal control                                                             

                 0    154.+-.8                                                 

                            100  1.55                                          

                                     --                                        

     Antibiotic X-5108                                                         

                50    185.+-.12                                                

                            120  1.39                                          

                                     +12                                       

     __________________________________________________________________________

      .sup.1 Average for 40 chicks.                                            

      .sup.2 Standard error of the mean.                                       

TBL                                    TABLE 13                                

     __________________________________________________________________________

                Level                                                          

                     No.                                                       

                        Two- Per-    Percent                                   

                fed, of week cent                                              

                                 Feed                                          

                                     improved                                  

     Supplement mg./kg.                                                        

                     birds                                                     

                        gain, g.                                               

                             gain                                              

                                 eff.                                          

                                     feed eff.                                 

     __________________________________________________________________________

     Basal control                                                             

                --   48 149  100 1.54                                          

                                     --                                        

     Antibiotic X-5108                                                         

                50   24 175  117 1.37                                          

                                     +12                                       

     Basal control                                                             

                --   30 152  100 1.47                                          

                                     --                                        

     Antibiotic X-5108                                                         

                50   18 173  114 1.38                                          

                                     +7                                        

     Basal control                                                             

                --   30 146  100 1.59                                          

                                     --                                        

     Antibiotic X-5108                                                         

                25   18 180  123 1.37                                          

                                     +16                                       

     Basal control                                                             

                --   48 149  100 1.51                                          

                                     --                                        

     Antibiotic X-5108                                                         

                --   18 183  123 1.39                                          

                                     +9                                        

     Basal control                                                             

                --   48 149  100 1.54                                          

                                     --                                        

     Antibiotic X-5108                                                         

                10   18 185  124 1.41                                          

                                     +13                                       

     Basal control                                                             

                --   48 149  100 1.54                                          

                                     --                                        

     Antibiotic X-5108                                                         

                100  18 182  122 1.33                                          

                                     +14                                       

     __________________________________________________________________________

PAR  From the foregoing table, it is seen that the chickens fed on the ration
      supplemented with 50 mg. of antibiotic X-5108 per kilogram of feed
      experienced an increased growth rate as compared to the control. At the
      same time, as indicated by a 10 percent improvement in feed efficiency,
      the same birds made more effective use of their feed.
PAC  EXAMPLE 7
PAR  The experiment described in Example 5, including the control, was repeated
      several times using the same basal ration as in Example 5. In these trials
      the level of antibiotic X-5108 was varied. The trial chickens were fed on
      supplemented feed rations containing the active ingredient in a ratio of
      5, 10, 25, 50 and 100 mg. per kg. of feed. These trials were repeated to
      confirm the results. In the control test four replicates of ten birds were
      allowed to feed on a basal ration devoid of the antibiotic supplement. In
      all tests, growth rate over a two week period was observed in comparison
      to the control group. Feed consumption was also recorded and improvements
      in feed efficiency in comparison to the control were calculated. Table 13
      records the results of this series of experiments.
PAC  TABLE 1.--ISP GROWTH MEDIA
PAL  Medium 1.--Tryptone--yeast extract broth:
PA1  Bacto-Tryptone (Difco)--5.0 g.
PA1  Bacto-Yeast Extract (Difco)--3.0 g.
PA1  Distilled water--1.0 liter
PA1  pH 7.0 to 7.2, before autoclaving
PAR  Dispense 5 ml. of broth into test tubes with a diameter of 20 mm. or more.
PAL  Medium 2.--Yeast extract--malt extract agar:
PA1  Bacto-Yeast Extract (Difco)--4.0 g.
PA1  Bacto-Malt Extract (Difco)--10.0 g.
PA1  Bacto-Dextrose (Difco)--4.0 g.
PA1  Distilled water--1.0 liter
PA0  Adjust to pH 7.3, then add
PA0  Bacto Agar--20.0 g.
PA0  Liquify agar by steaming at 100.degree. C. for 15-20 minutes.
PAR  Dispense appropriate amount for slanting into at least 6 tubes for each
      culture. Sterilize by autoclaving; cool tubes as slants.
PAL  Medium 3.--Oatmeal agar:
PA1  Oatmeal--20 g.
PA1  Agar--18.0 g.
PA0  Cook or steam 20 g. oatmeal in 1000 ml. distilled water for 20 minutes.
PA0  Filter through cheese cloth.
PA0  Add distilled water to restore volume of filtrate to 1000 ml.
PA0  Add trace salts solution--1.0 ml. solution of 0.1 g. of each of
      FeSO.sub.4.sup.. 7H.sub.2 O, MnCl.sub.2.sup.. 4H.sub.2 O and
      ZnSO.sub.4.sup.. 7H.sub.2 O in 100 ml. distilled water.
PA0  Adjust to pH 7.2 with NaOH.
PA0  Add 18 g. agar; liquify by steaming at 100.degree. C. for 15-20 minutes.
PAL  Medium 4.--Inorganic salts--starch agar:
PA0  Solution I: Difco soluble starch 10.0 g. Make a paste of the starch with a
      small amount of cold distilled water and bring to a volume of 500 ml.
PAL  Solution II:
PA1  K.sub.2 hpo.sub.4 (anhydrous basis)--1.0 g.
PA1  MgSO.sub.4.sup.. 7H.sub.2 O--1.0 g.
PA1  NaCl--1.0 g.
PA1  (NH.sub.4).sub.2 SO.sub.4 --2.0 g.
PA1  CaCO.sub.3 --2.0 g.
PA1  Distilled water--500 ml.
PA0  Trace salts solution-- 1.0 ml. of solution as in Medium 3.
PA0  pH should be between 7.0 and 7.4. Do not adjust if it is within this range.
PA0  Mix starch suspension and salts solution.
PA0  Add agar (Difco)--20.0 g.
PA0  Liquify agar by steaming at 100.degree. C. for 15-20 minutes.
PA0  Medium 5.--Glycerol--asparagine agar:
PA1  L-asparagine (anhydrous basis)--1.0 g.
PA1  Glycerol--10.0 g.
PA1  K.sub.2 hpo.sub.4 (anhydrous basis)--1.0 g.
PA1  Distilled water--1.0 liter
PA1  Trace salts solution--1.0 ml. of solution as in medium 3
PA0  The pH of this solution is about 7.0-7.4. Do not adjust if it is within
      this range.
PA0  Agar--200.0 g.
PA0  Liquify agar by steaming at 100.degree. C. for 15-20 minutes.
PAL  Medium 6.--Peptone--yeast extract iron agar:
PA1  Bacto-Peptone Iron Agar, dehydrate (Difco)--36.0 g.
PA1  Bacto-Yeast Extract (Difco)--1.0 g.
PA1  Distilled water--1.0 liter.
PA0  pH should be 7.0-7.2 before autoclaving; adjust if necessary.
PA0  Liquify agar by steaming at 100.degree. C. for 15-20 minutes.
PAL  Medium 7.--Tyrosine agar:
PA1  Glycerol--15.0 g.
PA1  L-tyrosine (Difco)--0.5 g. --L-Asparagine (Difco)--1.0 g.
PA1  K.sub.2 hpo.sub.4 (anhydrous basis)--0.5 g.
PA1  MgSO.sub.4.sup.. 7H.sub.2 O--0.5 g.
PA1  NaCl--0.5 g.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     COMPARISON OF PROPERTIES OF STREPTOMYCES X-5108, AND OTHER MEMBERS OF THE 

     GRAY SERIES                                                               

                  Strepto-               S. griseo-                            

                                               S. purpureo-                    

                                                            S. sp. Rivett      

                 myces                                                         

                      S. antibiotcus                                           

                               S. aurrofaciens                                 

                                        luteus                                 

                                              fuscus S. viridi-                

                                                           and Petera          

     Property.sup.1                                                            

                 X-5108                                                        

                      Pflzer 15784-1                                           

                               Lederle A-377                                   

                                        Umazawa                                

                                              Waksman                          

                                                      faciens                  

                                                           No.                 

     __________________________________________________________________________

                                                           11                  

     Spore surface                                                             

                 Sm   Sm       Sm       Sm    Sm     Sm    Sm.                 

     Morphology  RA   RA       RA       RA    RA     RA    RA.                 

     Color       Gy   Gy       Gy       Gy    Gy     Gy    Gy.                 

     Melanin production                                                        

                 +    +        -        -     +      -     +.                  

     Antibiotic production                                                     

                 X-5108                                                        

                      Oleandomycin                                             

                               Chlortetra-                                     

                                        Griseolu-                              

                                              Anti-tricho-                     

                                                     Tetra-                    

                                                           Strep-              

                               cycline. tein  monas  cycline                   

                                                           tolin.              

     Carbon source:                                                            

      Glucose    +    +        +        +     +      +     +.                  

      d-Xylose   +    +        +        +     +      -     -.                  

      l-Arabinose                                                              

                 +    +        +        -     +      -     +.                  

       l-Rhamnose                                                              

                 +    +        -        -     -      -     -.                  

      d-Fructose +    +        +        +     -      +     +.                  

      d-Raffinose                                                              

                 +    -        -        -     -      -     -.                  

      d-Mannitol +    +        -        +     -      -     -.                  

      L-Inositol +    -        -        -     -      -     -.                  

      Salicin    Not done                                                      

                      -        -        -     -      -     +.                  

      Galactose  +    +        +        +     +      +     +.                  

     __________________________________________________________________________

      .sup.1 Data on cultures other than Streptomyces X-5108 were taken from th

      literature.                                                              

      Note.-Sm=smooth on electron microscope; RA=retinaculum-apertum; Gy=Gray  

      series; +=growth; -=no utilization.                                      

TBL                                    TABLE 3                                 

     __________________________________________________________________________

     CULTURAL CHARACTERISTICS OF STREPTOMYCES SP.X-5108                        

     [Incubation: 14 days. Temperature: 28.degree. C.]                         

                  Amount of                         Soluble                    

     Medium (solid).sup.1                                                      

                  Growth   Aerial mycelium and/or spores                       

                                                    pigment                    

                                                          Reverse              

     __________________________________________________________________________

                                                          color                

     Czapek's sucrose agar                                                     

                  Good     Aer. myc. whitish spor. good, white                 

                                                    Sl. dk. br                 

                                                          Sl. yellow.          

     Asparagine-dextrose, 0.25%                                                

                  do..sup.2                                                    

                           Aer. myc. fuzzy to powdery, white,                  

                                                    Noneming                   

                                                          Orange to pinard     

                           smoke gray sporulated.          yellow.             

     Tomato paste-peptone agar                                                 

                  do.      Aer. myc. white to lt. gray; spor. good,            

                                                    do.y  Orange buff.         

     Starch agar  do.      Sporulation good, turning smoke gray, white         

                                                    do.e  Orange yellow.       

     Krainsky's glucose agar                                                   

                  do.      Aer. myc. white; spor. good, turning smoke          

                                                    do.y  Lemon-yellow.        

     Mycophil agar (BBL)                                                       

                  do.      No sporulation           Sl. dk.                    

                                                          Sl. yellow.          

     Yeast extract-nutrient agar                                               

                  do.       do.                     Dk.   Grayish to           

                                                           yellow-br.          

     Glycerol agar                                                             

                  Fair to good.sup.3                                           

                           Wet, cream-colored.      None  Sl. yellow.          

     Potato plug  Good     Unsporulated             Black                      

     Carrot plug  do.       do.                     --                         

     __________________________________________________________________________

      .sup.1 Growth was also good on all of the following liquid media: trypton

      broth (dk. sol. pigm.; negative indole 3 days), FDA nutrient broth, Czape

      sucrose broth, Krainsky glucose broth and calcium citrate-glycerol broth.

      .sup.2 Growth was good in 8 days on this medium at temperatures of       

      24.degree., 28.degree., 32.degree., and 37.degree., but nor at 42.degree.

      C.                                                                       

      .sup.3 10 days.                                                          

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     PHYSIOLOGICAL REACTIONS OF STREPTOMYCES SP. X-5108                        

                     Incuba-                                                   

                     tion                                                      

                     period,                                                   

     Medium          days Amount of growth   Physiological reaction            

     __________________________________________________________________________

     Organic nitrate broth                                                     

                     8    Moderate, unspor   No nitrate reduction, no gas.     

      Do.            13   Good: dk. pigm      Do.                              

     Gelatin (15%) at 18.degree.C                                              

                     5    Fair; dk. sol. pigm                                  

                                             No gelatin liquefaction.          

      Do.            12   Fair to good gr; br,-blk. pigm.;                     

                                             Slight liquefaction.              

                          unspor                                               

     Peptone-iron agar (Kligler)                                               

                     14   Good; sporulation v. slight                          

                                             Chromogenic (melanin produced).   

     Litmus milk     6    Fair surface growth                                  

                                             Litmus color unchanged; no        

                                             curdling or                       

                                             clearing.                         

      Do.            13   Fair surface growth unsporulated                     

                                             Color sl. brownish, no curdling   

                                             or clearing.                      

     Dorset egg agar 3    Good; sl. white sporulation                          

      Do.            10   Very good growth; mostly sporulated,                 

                                             Slight dk. pigment.               

                          lt. gray                                             

     __________________________________________________________________________

PA1  FeSO.sub.4.sup.. 7H.sub.2 O--0.01 g.
PA1  Distilled water --1.0 liter
PA1  Trace salts solution of solution as in medium 3--1.0 ml.
PA0  Adjust to pH 7.2-7.4
PA0  Bacto-Agar--20.0 g.
PA0  Liquify by steaming at 100.degree. C. for 15-20 minutes.
PAL  Trace salts solution (use as directed in media 3,4,5, and 7):
PA1  FeSO.sub.4.sup.. 7H.sub.2 O--0.1 g.
PA1  MnCl.sub.2.sup.. 4H.sub.2 O--0.1 g.
PA1  ZnSO.sub.4.sup.. 7H.sub.2 O--0.1 g.
PA1  Distilled water--100.0 ml.
PAL  Tomato paste agar (Berger):
PA1  Glucose--10.0 g.
PA1  K.sub.2 hpo.sub.4 --1.0 g.
PA1  Tomato paste--20.0 g.
PA1  Wilson's peptone--1.0 g.
PA1  CaCO.sub.3 -- 2.0 g.
PA1  Agar--15.0 g.
PA1  Tap water--1,000.0 ml.
PA0  Sterilize at 15 lbs. pressure for 30 minutes
PA0  pH adjusted = 6.9
TBL                TABLE 5                                                     

     ______________________________________                                    

     CARBON AND NITROGEN SOURCE UTILIZA-                                       

     TION PATTERNS OF STREPTOMYCES SP. X-5108                                  

     [Incubation: 14 days. Temperature: 28.degree. C.]                         

               Utili-                    Utili-                                

     Carbon source                                                             

               zation.sup.1 Carbon source                                      

                                         zation.sup.1                          

     ______________________________________                                    

     l-Arabinose                                                               

               1            Acetate      3                                     

     l-Rhamnose                                                                

               3            Citrate      2                                     

     d-Xylose  3            Malate       2                                     

     d-Mannitol                                                                

               3            Oxalate      1                                     

     i-Inositol                                                                

               3            Salicylate   0                                     

     Glucose   3            Succinate    2                                     

     Fructose  3            Tartrate     0                                     

     Sucrose   3            Phenol (0.1%)                                      

                                         0                                     

     Raffinose 3                                                               

     Starch    0-1                                                             

     d-Ribose  3            Nitrogen source                                    

     d-Galactose                                                               

               3                                                               

     d-Mannose 3            (NH.sub.4).sub.2 SO.sub.4                          

                                         1                                     

     Cellobiose                                                                

               3            NaNO.sub.3   1                                     

     Lactose   3            Na nitrite   1                                     

     Maltose   3            Acetamide    1                                     

     Dextrin   0            Asparagine   3                                     

     Dulcitol  0            Tyrosine     3                                     

     Erythritol                                                                

               0            dl-Trypto-phane                                    

                                         2                                     

     Sorbitol  1            Negative control                                   

                                         0-1                                   

     Glycerol  0-1                                                             

     ______________________________________                                    

      .sup.1 3 = good utilization, 2 = fair utilization, 1 = poor utilization, 

      = no utilization. Negative control, no carbon gave 0.                    

PAR  Distilled water spore suspensions were used for inoculations and were taken
      from tomato agar slants. The utilization of carbon and nitrogen compounds
      was tested on the following basal medium:
PA1  Kh.sub.2 po.sub.4 --2.38 g.
PA1  K.sub.2 hpo.sub.4 --5.65 g.
PA1  MgSO.sub.4.sup.. 7H.sub.2 O--1.00 g.
PA1  CuSO.sub.4.sup.. 5H.sub.2 O--0.0064 g.
PA1  FeSO.sub.4.sup.. 7H.sub.2 O--0.0011 g.
PA1  MnCl.sub.2.sup.. 4H.sub.2 O--0.0079 g.
PA1  ZnSO.sub.4.sup.. 7H.sub.2 O--0.0015 g.
PA1  Agar--15 g.
PA1  Distilled water --1 liter
PA1  Medium adjusted to pH 6.8--7.0.
PAR  To test carbon sources on this basal medium, 2.64 g. per liter of
      (NH.sub.4).sub.2 SO.sub.4 was added as the common nitrogen source; the
      carbon sources were added at a 1% concentration level, except for the
      sodium salts of the organic acids which were used at 0.15% level. To test
      nitrogen sources, the synthetic agar basal plug 1% starch plus nitrogen
      source at a concentration of 0.1 g. nitrogen per liter was used.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     EFFECT OF NUTRIENT VARIATIONS ON ANTIBIOTIC                               

     YIELD BY STREPTOMYCES sp. X-5108 IN SHAKE FLASKS                          

     [All media contained 1% dextrin, 0.1% K.sub.2 HPO.sub.4 and 0.1%          

     CaCO.sub.3.                                                               

     One ml. of spore suspension of Streptomyces sp. X-5108 was                

     inoculated into each 100 ml. of medium]                                   

     Experi-                  Age                                              

                                 Antibiotic                                    

     ment All nitrogen sources added at 1%                                     

                              in potency in E                                  

     number                                                                    

          levels except 17 and 23 (2%)                                         

                              days                                             

                                 units per ml.                                 

     __________________________________________________________________________

     1    Meat Meal digest    6  50                                            

     2    BY-100 (Commercial Solvents Corp.)                                   

                              5  45                                            

     3    Proflo (Traders Oil Mill Co.)                                        

                              5  23                                            

     4    Oatmeal (Quaker Oats Co.)                                            

                              5  32                                            

     5    Soyalose (defatted soybean flour)                                    

                              5  30                                            

     8    Protein peanut meal 5  41                                            

     9    Protein coconut meal                                                 

                              5  50                                            

     10   Tomato pomace solids                                                 

                              5  57                                            

     11   Linseed oil meal    5  37                                            

     12   Cornmeal            5  33                                            

     13   Corn distillers dried grain with solu-                               

                              5  74                                            

          bles (H. Walker).                                                    

     14   Soludri (Schenley Distillers)                                        

                              5  51                                            

     15   Fishmeal (Gorton's) 5  25                                            

     16   Fish scraps (Wilkinson)                                              

                              5  16                                            

     17   Milk sugar-albumin mix                                               

                              5  50                                            

     19   Dried Torula yeast  5  38                                            

     20   National Yeast Autolysate                                            

                              5  16                                            

     21   Soy enzyme hydrolysate                                               

                              5  33                                            

     22   Wheat protein acid hydrolysate (Hu-                                  

                              5  12                                            

          ren Mills).                                                          

     23   Homogenized condensed fish                                           

                              5  27                                            

     24   Protopeptone No. 366 (Wilson Labs)                                   

                              5  18                                            

     25   Cornsteep solids    5  26                                            

     __________________________________________________________________________

TBL                                    TABLE 7                                 

     __________________________________________________________________________

     EFFECT OF NUTRIENT VARIATIONS ON ANTIBIOTIC                               

     YIELD BY STREPTOMYCES X-5108 IN SHAKE FLASKS                              

                                   Antibiotic                                  

     Experi-                    Age                                            

                                   potency in                                  

     ment                       in E units                                     

     number                                                                    

          Composition of medium in percent                                     

                                days                                           

                                   per ml.                                     

     __________________________________________________________________________

     1    1 meat meal digest, 1 dextrin                                        

                                4  40                                          

     2    1 fermentation grain residue (BY-100),                               

                                4  67                                          

          1 dextrin.                                                           

     3    1 defatted cottonseed flour (Proflo), 1                              

                                4  52                                          

          dextrin.                                                             

     4    1 fish scraps         4  40                                          

     5    1 corn distiller's dried grains with                                 

                                6  138                                         

          solubles (H. Walker), 1 dextrin.                                     

     7    (3) but no CaCO.sub.3 4  19                                          

     8    (3) but no CaCO.sub.3 or K.sub.2 HPO.sub.4                           

                                4  34                                          

     9    (8) but only 0.25 Proflo                                             

                                4  12                                          

     10   (8) but 2.0 Proflo    4  47                                          

     11   1 Proflo, 1 glucose   6  21                                          

     12   1 Proflo, 1 starch    6  21                                          

     13   1 Proflo, 1 glycerol  4  35                                          

     14   1 Proflo, 1 brown sugar                                              

                                4  14                                          

     15   1 Proflo, 1 maltose   4  22                                          

     16   1 Proflo, 1 lactose   4  26                                          

     17   1 Proflo, 1 mannitol  6   2                                          

     __________________________________________________________________________

PAL  All media contained 0.1% K.sub.2 HPO.sub.4 and 0.1% CaCO.sub.3, unless
      otherwise mentioned. One ml. of spore suspension of Streptomypces sp.
      X-5108 was inoculated into each 100 ml. medium.
TBL                TABLE 8                                                     

     ______________________________________                                    

     EFFECT OF NUTRIENT VARIATIONS ON ANTIBIOTIC                               

     YIELD BY STREPTOMYCES X-5108 IN SHAKE                                     

     FLASKS AND AERATED KETTLES                                                

     [Unless otherwise indicated, each medium contained 0.5%                   

     CaCO.sub.3 0.1% K.sub.2 HOP.sub.4 ]                                       

     Composition of the medium,                                                

                           Antibiotic yields B.                                

     percent               simplex units per ml                                

          Tomato  Distil-                       Tanks, 6                       

          pomace  ler's    Corn- Glu-  Flasks,  days (dupli-                   

     Item solids  solubles starch                                              

                                 cose  7 days   cate runs)                     

     ______________________________________                                    

     1    1       1        1     0.5   150      100,120                        

     2    2       0        1     0.5   100      71,46                          

     3    0       2        1     0.5   91       88,119                         

     4    1       1        1.5   0     140      150,124                        

     5    1       1        0     1.5   180      125,126                        

     6    1       1        0     0      54      .sup.(1)                       

     7    1.sup.2 1.sup.3  0.1.sup.4                                           

                                 0.1.sup.5                                     

                                        94      97.sup.6                       

     ______________________________________                                    

      .sup.1 Not done.                                                         

      .sup.2 Proflo.                                                           

      .sup.3 Starch.                                                           

      .sup.4 CaCO.sub.3.                                                       

      .sup.5 K.sub.2 HPO.sub.4.                                                

      .sup.6 4 days.                                                           

TBL                                    TABLE 9                                 

     __________________________________________________________________________

     TANK FERMENTATIONS WITH VARIOUS MEDIA                                     

     Experiment                                                                

           Composition of medium in                                            

                               Day of                                          

                                    Potency in                                 

     number .sup.a                                                             

           percent             harvest                                         

                                    E units/ml.                                

     __________________________________________________________________________

     K12   1 distillers dried solubles, 1 dex-                                 

                               6     67                                        

           trin, 0.1 K.sub.2 HPO.sub.4, 0.1 CaCO.sub.3.                        

     K13   1 Na-1-glutamate, 1 dextrin, 0.1                                    

                               5    100                                        

           cornsteep solids, 0.15 K.sub.2 HPO.sub.4,                           

           0.05 MgSO.sub.4.                                                    

     K11   1 tomato pomace solids, 1 dis-                                      

                               7    200                                        

           tillers dried solubles, 1 corn-                                     

           starch, 0.5 glucose, 0.5 CaCO.sub.3,                                

           0.1 K.sub.2 HPO.sub.4.                                              

     K4    0.5 Proflo .sup.b, 0.5 distillers dried                             

                               4     91                                        

           solubles, 0.5 tomato pomace                                         

           solids, 0.5 meat extract paste                                      

           (protopeptone No. 366), 1                                           

           starch. 0.1 CaCO.sub.3, 0.1 K.sub.2 HPO.sub.4.                      

     K16   1.0 Proflo.sup.b, 0.5 cornsteep liquor,                             

                               4    260                                        

           1.0 cornstarch, 0.1 CaCO.sub.3, 0.1                                 

           K.sub.2 HPO.sub.4.                                                  

     __________________________________________________________________________

      .sup.a K11, K12 and K13 are all stainless steel 100 gallon fermentors,   

      which were generally charged with 65 gallons of medium; K16 is a 750     

      gallon carbon steel fermentor (500 gal. charge) and K4 was a 4,200 gal.  

      carbon steel fermentor (3,200 gal. charge).                              

      .sup.b Proflo is a defatted cottonseed product of Traders Oil Mill Co.,  

      Fort Worth, Texas.                                                       

TBL                                    TABLE 10                                

     __________________________________________________________________________

     PRODUCTION OF ANTIBIOTIC BY STREPTOMYCES X-5108 ON SYNTHETIC MEDIA        

                                    Antibiotic                                 

                                Age in                                         

                                    potency in E                               

     Composition of medium, in percent                                         

                                days                                           

                                    units/ml.                                  

     __________________________________________________________________________

     1.0 Na glutamate, 1 dextrin, 0.1 K.sub.2 HPO.sub.4, 0.05                  

     MgSO.sub.4                                                                

     1.0 amino acid mixture,.sup.1 1 dextrin, 0.1 K.sub.2 HPO.sub.4,           

     0.1 USP salts No. 1        5   11.5                                       

     BBL Czapek-Dox broth.sup.2 5   4.4                                        

     1.0 Arginine, 1.0 dextrin, 0.1 K.sub.2 HPO.sub.4, 0.1                     

     CaCO.sub.3, 0.05 MgSO.sub.4                                               

                                6   0.8                                        

     1.0 dl-aspartic acid, 1.0 dextrin, 0.1 K.sub.2 HPO.sub.4,                 

     0.1 CaCO.sub.3, 0.05 MgSO.sub.4                                           

                                6   0.8                                        

     0.1 Na glutamate, 0.6 (NH.sub.4).sub.2 HPO.sub.4, 1 glucose,              

     1 dextrin, 0.1 K.sub.2 HPO.sub.4, 0.1 CaCO.sub.3, 0.1 KCl,                

     0.05 MgSO.sub.4            5   6.6                                        

     0.33 (NH.sub.4).sub.2 SO.sub.4, 1.5 glucose, 0.1 Na citrate, 0.05         

     Na acetate, 0.5 NaCl, 0.025 MgSO.sub.4 7H.sub.2 O, 0.01                   

     K.sub.2 HPO.sub.4, 0.01 KH.sub.2 PO.sub.4, 0.3 CaCO.sub.3, 0.001          

     MnSO.sub.4.4H.sub.2 O, 0.004 ZnSO..sub.4 7H.sub.2 O, 1.6.times.10.sup..sup

     .-4                                                                       

     K.sub.2 Cr.sub.2 O.sub.7   7   20                                         

     __________________________________________________________________________

      .sup.1 Staley's Sta-Mino B.                                              

      .sup.2 3% sucrose, 0.3% NaNO.sub.3, 0.1 K.sub.2 HPO.sub.4, 9.05          

      MgSO.sub.4, 0.05 KCl, 0.001 FeSO.sub.4, as sold by Baltimore Biological  

      Laboratories.                                                            

TBL                TABLE II                                                    

     ______________________________________                                    

     IN VITRO ANTIMACROBIAL SPECTRA OF                                         

     ANTIBIOTIC X-5108                                                         

                  Diameter of inhibition zones.sup.1 in mm.                    

                    Crude sodium Pure sodium salt                              

                    salt                                                       

                    of antibiotic                                              

                                 of antibiotic                                 

     Test organisms X-5108-1 mg./                                              

                                 X-5108-1 mg./ml.                              

                    ml.                                                        

     ______________________________________                                    

      Escherichia coli                                                         

                    17.3 (18)    18.0 (18.5).                                  

     Paecilomyces varioti                                                      

                    0(0)         0(0).                                         

     Mycobacterium phlei                                                       

                    19.sup.25.3  20.2.sup.27.5.                                

     Bacillus simpler                                                          

                    39.3.sup.cs (20).sup.2                                     

                                 40.3.sup.cs (20).sup.2.                       

     Pseudomonas aeruginosa                                                    

                    14.0 (12.5)  15.0(13).                                     

     Aerobacter aerogenes                                                      

                    12.0.sup.17 (14.5)                                         

                                 14.3.sup.19 (15.5).                           

     Streptomyces cellulosae                                                   

                    31.3 (21).sup.3                                            

                                 33.0 (21).sup.3.                              

     Sarcina lutea  27.7.sup.cs (21.5).sup.3                                   

                                 29.7.sup.cs (22).sup.3.                       

     Bacillus E     36.3.sup.cns (31).sup.3                                    

                                 37.2.sup.cns (32).sup.3.                      

     Bacillus subtilis                                                         

                    16.0.sup.22.7 (17.sup.24)                                  

                                 17.0.sup.23 (17.sup.24).                      

     Serratia marcescens                                                       

                    14.7.sup.22.7 (22)                                         

                                 15.7.sup.24 (22.5).                           

     Candida albicans                                                          

                    Trace (0)    Trace (0)                                     

     Penicillium digitatum                                                     

                    0(0)         0(0).                                         

     Staphylococcus aureus                                                     

                    14.5.sup.cs (13)                                           

                                 15.8.sup.cs (14).                             

     Bodenheimer s bacillus                                                    

                    20.8.sup.cs (19)                                           

                                 21.7.sup.cs (18).                             

     Proteus vulgaris                                                          

                    16.3.sup.21.2 (20).sup.3                                   

                                 16.7.sup.22.2 (20).sup.3.                     

     ______________________________________                                    

      .sup.1 Where there are double entries, with entry in the upper right     

      corner, it is indicative of the presence of a secondary, hazier zone of  

      inhibition. The abbreviations of cs and cns stand for clear and sharp, or

      for clear not sharp zone edges, respectively.                            

      .sup.2 At 0.001 mg./ml. concentration.                                   

      .sup.3 At 0.1 mg./ml. concentration; for Bacillus E at 0.01 mg./ml., zone

      size was 22 mm. for 306.                                                 

CLMS
NUM  1.
PAR  1. A composition for enhancing the feed efficiency and stimulating the
      growth of poultry which comprises antibiotic X-5108, a yellow amorphous
      substance characterized as follows:
PA1  (a) analysis: carbon, 63.63%; hydrogen, 7.81%; nitrogen, 3.48%; oxygen,
      25.08% (by difference);
PA1  (b) soluble in methanol, ethanol, 1- and 2-propanol, tert. butyl alcohol,
      ethyl acetate, amyl acetate, butyl acetate and chloroform;
PA1  (c) a characteristic infrared absorption spectrum as shown in accompanying
      FIG. 1;
PA1  (d) a characteristic nuclear magnetic resonance spectrum as shown in
      accompanying FIG. 4;
PAL  or a pharmaceutically acceptable salt thereof, and a non-toxic inert
      ingredient, wherein antibiotic X-5108 or a salt thereof is present in a
      ratio by weight of from about 0.0001 part to about 0.01 part per 100 parts
NUM  2.
PAR  2. The composition of claim 1 wherein said non-toxic inert ingredient is a
      high energy nutrient feed for poultry containing a carbohydrate source and
NUM  3.
PAR  3. The composition of claim 1 wherein an alkali metal salt of antibiotic
NUM  4.
PAR  4. A composition for enhancing the feed efficiency and stimulating the
      growth of poultry which comprises a concentrated pre-mixture of antibiotic
      X-5108, said antibiotic being a yellow amorphous substance characterized
      as follows:
PA1  (a) analysis: carbon, 63.63%; hydrogen, 7.71%; nitrogen, 3.48%; oxygen,
      25.08% (by difference);
PA1  (b) soluble in methanol, ethanol, 1- and 2-propanol, tert. butyl alcohol,
      ethyl acetate, amyl acetate, butyl acetate and chloroform;
PA1  (c) a characteristic infrared absorption spectrum as shown in accompanying
      FIG. 1;
PA1  (d) a characteristic nuclear magnetic resonance spectrum as shown in
      accompanying FIG. 4;
PAL  or a pharmaceutically acceptable salt thereof, and an inert, non-toxic
      ingredient wherein said pre-mixture upon addition to a coventional poultry
      feed containing a protein source and a carbohydrate source, produces a
      feed containing per 100 parts by weight of feed from about 0.0001 to about
      0.01 part by weight of antibiotic X-5108 or a pharmaceutically acceptable
NUM  5.
PAR  5. A method for stimulating the growth and enhancing the feed efficiency of
      poultry which comprises orally administering to poultry as their regular
      feed requirement a composition containing antibiotic X-5108, a yellow
      amorphous substance characterized as follows:
PA1  (a) analysis: carbon, 63.63%; hydrogen, 7.81%; nitrogen, 3.48%; oxygen,
      25.08% (by difference);
PA1  (b) soluble in methanol, ethanol, 1- and 2-propanol, tert. butyl alcohol,
      ethyl acetate, amyl acetate, butyl acetate and chloroform;
PA1  (c) a characteristic infrared absorption spectrum as shown in accompanying
      FIG. 1;
PA1  (d) a characteristic nuclear magnetic resonance spectrum as shown in
      accompanying FIG. 4;
PAL  or a pharmaceutically acceptable salt thereof, and a high energy nutrient
      feed for poultry containing a carbohydrate source and a protein source,
      wherein said antibiotic X-5108 or said salt thereof is present in a ratio
      by weight of from about 0.0001 part to about 0.01 part of antibiotic
      X-5108 or a salt thereof per 100 parts feed.
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ABST
PAL  Apparatus for dispensing items desired by the user in response to the
      introduction of a valid security card and additional predetermined
      information. The apparatus includes means for reading data from the
      security card, keyboard means for introducing additional information and
      electronic logic for determining the validity of the card and the validity
      of the predetermined information. A security card is provided including a
      first area to record the number of uses of said card and a second area to
      record the date of the last use. The apparatus includes logic to prevent
      dispensing and to retain the card if the card has been used more than a
      predetermined number of times or more than once within a predetermined
      time interval.
BSUM
PAR  The present invention relates to a dispensing appparatus, system or
      equipment which is operable in response to the introduction therein of a
      valid security card and the entering or keying in of predetermined
      information.
PAR  The system or equipment includes security card reading means, and means for
      determining the validity or invalidity of the security card.
PAR  There is also provided means for permitting a user of the system or
      equipment to key in certain predetermined information, which may, for
      example, be information which has been memorized by the user and is known
      only to the true user or customer and the company or bank which provides
      or makes available such system or equipment.
PAR  There is also provided means for determining the validity or invalidity or
      the predetermined information, and means for dispensing the items, such as
      currency, desired by the user only if the security card and keyed-in
      information are both determined to be valid.
PAR  The invention also relates to a security card or credit card which is
      provided with areas having magnetically recorded data, such as account
      numbers and code numbers.
PAR  The inventive security card may also be provided with indica bearing a
      randomly-applied material or characteristic, such as an amount of magnetic
      material, which is accurately measured or determined before the card is
      issued to the intended user or customer.
PAR  The security card may also be provided with areas for recording therein the
      number of times the user or customer has successfully used the card, and
      the date of the most recent successful use of the card.
PAR  The inventive apparatus, system or equipment may include means for
      retaining the security card and for preventing the return of the card to
      the user or customer after said card has been introduced into the system
      or equipment a predetermined number of times.
PAR  The apparatus, system or equipment may also include means for retaining the
      security card and for preventing return of the card to the user when the
      card is or has been introduced into the system more than a predetermined
      number of times within a predetermined time interval.
PAR  The apparatus, system, or equipment may also include means for retaining
      any security card and for preventing return of the card to the user when
      the user fails to key-in the predetermined information which is correct
      and/or valid after a predetermined number of attempts to do so.
PAR  The invention also contemplates an apparatus, system or equipment wherein
      the items dispensed by the system or equipment include or comprise
      currency.
PAR  The apparatus, system or equipment may also include means for determining
      whether or not the value of the items desired by the user exceeds the
      current balance of funds in the account of the user.
PAR  The apparatus, system or equipment may also include means for determining
      whether or not the value of the items desired by the user exceeds a
      predetermined amount of credit to be extended to the user.
PAR  The invention also contemplates the feature wherein various data or
      information is magnetically recorded on the security card in a scrambled
      or coded form and/or arrangement; and the means for determining the
      validity or invalidity of the security card which is introduced into the
      system or equipment includes means for electronically unscrambling or
      decoding the scrambled or coded data or information.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an apparatus
      for dispensing items desired by a user of the apparatus in response to the
      introduction into the apparatus of a valid security card and the entering
      into the apparatus of predetermined information. The apparatus includes
      first means for permitting the user to introduce a security card into the
      apparatus, and second means for determining the validity or invalidity of
      the security card. There is also provided third means for reading data
      which is present on the security card, and fourth means for permitting the
      user to enter into the apparatus the predetermined information. The
      apparatus also includes a fifth means for determining the validity or
      invalidity of the predetermined information, and sixth means for
      dispensing the items desired by the user only after the security card and
      the predetermined information of both determined by the apparatus to be
      valid.
PAR  In accordance with the present invention, there is also provided a novel
      article, such as a security or identification card, which includes a body
      member and a first predetermined area of the body member within which area
      there has been applied a random quantity of magnetic material.
PAR  The article also includes a second predetermined area of the body member
      within which second area there has been recorded data which is
      mathematically related to the random quantity of the magnetic material
      which has been applied within the first predetermined area of the body
      member.
PAR  Various purposes and advantages of the present invention will become
      apparent to those skilled in the art as the following detailed description
      of the invention unfolds when the taken in conjunction with the appended
      drawings wherein like reference numerals denote like elements, and in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a front elevational view of a fascia provided in the
      external wall of a bank for a first embodiment of the present invention;
PAR  FIG. 2 illustrates a side elevational view, partly in section, of the
      embodiment of the novel apparatus as shown in FIG. 1;
PAR  FIG. 3 illustrates a front elevational view, partly in section, of the
      apparatus shown in FIG. 2 wherein there is depicted the security card
      reader, the cash dispenser chute, the printer and paper stack, the power
      supply, the printed circuit boards, and the external fascia shown in
      phantom lines;
PAR  FIG. 4 illustrates a back elevational view, partly in section, of the
      apparatus depicted in the previous figures but also showing the safe which
      houses the supply of plastic packages of currency to be dispensed and the
      return box for the empty plastic packages;
PAR  FIG. 5 illustrates a front view of a first embodiment of the novel article
      or security card which may be used with the cash dispenser apparatus;
PAR  FIG. 6 illustrates a rear view of the article or security card shown in
      FIG. 5 depicting the large black arrow and the four magnetic recording
      stripes or tracks;
PAR  FIG. 7 illustrates a perspective view of the embodiment of the cash
      dispensing apparatus shown in FIGS. 1 through 4 with the door of the safe
      opened and the other various components of the apparatus slid rearward for
      clarity and easy access;
PAR  FIG. 8 illustrates a front perspective view of the cash dispensing
      apparatus shown in FIG. 7 wherein the portion of the external wall of the
      bank is shown in section;
PAR  FIG. 9 illustrates a preferred embodiment of the plastic package or clip
      which is used for holding the dispensed currency;
PAR  FIG. 10 illustrates a typical voucher which is printed automatically by the
      cash dispensing apparatus upon each transaction or use of the apparatus by
      a customer, and shows a typical sorting code number, account number,
      branch number, dispense date, retention code, the number of times the
      security card has been used, and the amount of currency that has been
      dispensed, if any;
PAR  FIGS. 11, 12 and 13 form a composite overall information block diagram for
      the entire cash dispensing apparatus or system;
PAR  FIG. 14 illustrates the storage for the two tracks or stripes of static
      data which is recorded on the rear side of the security card;
PAR  FIG. 15 illustrates the storage for the two tracks of dynamic data which is
      recorded on the rear side of the security card; and
PAR  FIGS. 16A to 16D illustrate a control unit flow diagram for the overall
      cash dispensing system or apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention will now be described with reference to the exemplary
      embodiment illustrated in the accompanying drawings. The description first
      relates to one particular embodiment of the invention wherein the user,
      potential customer, or true security card holder may obtain currency or
      money from a bank at any hour of the day or night regardless of whether or
      not the bank is opened or closed and without the need of a human bank
      teller.
PAR  It should first be pointed out that the bank which provides the inventive
      cash dispensing apparatus issues a special article or security card to its
      customer. When the customer is issued the security card, he is also given
      a six digit secret number which is known only to the head office of the
      bank and that particular customer. The customer is required to memorize
      four digits of the six digit secret number which will hereinafter be
      referred to as the "PERSONAL NUMBER." It should be emphasized that the
      customer's personal number is not known by the employees of the various
      bank branches nor by the persons who may manufacture or service the cash
      dispensing apparatus.
PAR  With reference to FIG. 1, there is shown the front portion of the external
      fascia 1 of the cash dispensing apparatus as installed in the outer brick
      wall of a bank. The fascia 1 includes a card slot 2 wherein the potential
      customer may insert his security card when he desires to obtain currency.
      In addition to the security card slot 2, the fascia 1 includes a 10-key
      keyboard 3, a currency delivery slot 4, an empty currency package return
      slot 5, a "CARD RETAINED" sign 6, "TAKE CARD" sign 7, and "EMPTY" sign 8,
      an "ENTER NUMBERS" sign 9, an "AGAIN" sign 10, and a "WAIT" sign 11.
      Normally, the various designations of the signs 6, 7, 8, 9, 10 and 11 are
      not visible to the potential customer until an appropriate lamp is
      energized in back of a particular sign at the proper time in the sequence
      of operation of the cash dispensing apparatus.
PAR  After the potential customer has inserted his security card into the
      security card slot 2, there is a predetermined time delay during which the
      cash dispensing apparatus automatically determines whether or not the
      security card which has been inserted is a valid or invalid security card.
      Assuming that the potential customer has inserted a valid security card in
      the security card slot 2, the "WAIT" sign 11 is lighted while the cash
      dispensing apparatus is performing other automatic checking procedures to
      ultimately determine the validity or invalidity of the inserted security
      card. During the time when the "WAIT" sign 11 is lighted, the security
      card which has been inserted into the security card slot 2 is drawn into
      the apparatus so as to be out of reach of the potential customer and,
      accordingly, may not be withdrawn by the potential customer prematurely.
PAR  When the inserted security card has been determined to be a valid security
      card, the "WAIT" sign 11 returns to a non-illuminated condition, and
      thereupon the "ENTER NUMBERS" sign 9 becomes illuminated. This indicates
      to the potential customer that he is now required to enter or key in the
      four digits of his secret personal number which he has presumably
      committed to memory. The potential customer must thereupon key in the
      correct digits in their proper sequence, and he must do this within a
      predetermined interval of time. If the potential customer accomplishes
      this within the allotted time, this will indicate to the cash dispensing
      apparatus that he is indeed the true customer to whom the inserted
      security card has been issued by a bank.
PAR  After the potential customer has correctly entered his personal number
      digits in the correct sequence and allotted time, the "ENTER NUMBERS" sign
      9 reverts to its non-illuminated condition, the inserted security card
      re-appears at the security card slot 2, and the "TAKE CARD" sign 7 becomes
      illuminated. This indicates to the potential customer that he should
      remove his security card from the security card slot 2, and upon doing so,
      a plastic package of currency will appear at the currency delivery slot 4.
      This particular sequence of operations is provided by the cash dispensing
      apparatus to avoid the situation of having the customer inadvertently
      leave his security card in the security card slot 2 after obtaining the
      desired currency. This sequence compels the customer to remove his
      security card from the security card slot 2 before any cash or currency
      will be dispensed to him.
PAR  The dispensed plastic package which contains the currency is illustrated in
      FIG. 9. The particular embodiment of the invention which is here described
      contemplates dispensing a predetermined amount of currency, for example,
      ten one-British pound sterling notes.
PAR  After the customer has removed the currency from the plastic dispensing
      package 12, he may place the empty package 12 in the plastic package
      return slot 5. This enables the bank to re-use the plastic package 12 over
      and over again for many dispensings of currency to many customers.
PAR  If for some reason the potential customer had failed to enter or key in the
      predetermined proper digits of the secret personal number, or had not done
      so in the proper sequence, or had failed to do so within the allotted time
      interval, then the cash dispensing apparatus would automatically give the
      potential customer a second opportunity to enter the correct personal
      number by using the 10-key keyboard 3 once more. This would be indicated
      to the potential customer by the simultaneous illumination of signs 9 and
      10 designating "ENTER NUMBERS AGAIN."
PAR  If during this second opportunity the customer successfully and correctly
      enters his personal number using the keyboard 3, then the security card
      will reappear at security card slot 2, and the package of currency will be
      dispensed at currency delivery slot 4 in the same sequence as indicated
      above with reference to an initial successful entry of the personal
      number.
PAR  However, if the potential customer has failed to correctly enter his
      personal number during the second opportunity to do so, the signs 9 and 10
      will revert to their non-illuminated condition, and thereupon the "CARD
      RETAINED" sign 6 will become illuminated. Should this occur, the security
      card which the potential customer has inserted into the slot 2 will not be
      returned to him, and the card dispensing apparatus will revert to its
      normal shut down condition after a predetermined interval of time, without
      dispensing any currency to the potential customer.
PAR  It should be pointed out that the "CARD RETAINED" sign 6 may become
      illuminated because of many other conditions, which will be described in
      detail hereinafter, which differ from the failure to enter the correct
      personal number.
PAR  The "EMPTY" sign 8 will become illuminated if the supply of packaged
      currency in the cash dispensing apparatus has become depleted.
PAR  For the convenience of the potential customers, the fascia 1 should be
      mounted so that the security card slot is between 32 inches and 56 inches
      above the pavement level.
PAR  With reference to FIG. 2 there is shown a side elevational view of a
      portion of the cash dispenser apparatus. FIG. 2 illustrates the external
      fascia 1, the security card transport mechanism 13, the pinch drive wheels
      14, the security card reader 15, the currency safe 16, the currency
      dispensing chute 17, and the printer and paper stack 18.
PAR  The security card transport mechanism 13 consists of a simple pinch wheel
      drive including pinch drive wheels 14 which pass the security card 19
      (which is illustrated in FIGS. 5 and 6) under seven electromagnetic heads
      which check, read, erase and wire upon the security card 19. The security
      card 19 may be provided with a reference control or serial number 20 (see
      FIG. 5) on one side of the security card. The card reader section 15 may
      include a simple embossing printer to print or emboss this reference
      control or serial number from the security card 19 onto a paper strip,
      such as one-half inch wide Action paper. A back-up serial printer is
      provided in the cash dispensing apparatus as a double check should the
      main printer fail to record the complete details of a transaction when a
      currency dispensing occurs. When necessary, this back-up serial printer
      records the reference control or serial number of any security card 19
      which results in a dispensing of currency. FIG. 2 shows the supply reel 21
      and the takeup reel 22 for the paper strip of the back-up serial printer.
PAR  The card reader section 15 also is provided with a dimpler or punching
      device (not shown) to dimple or punch the security card 19 as an
      indication of the number of times the security card has been used.
PAR  With reference to FIGS. 2, 3, 4 and 7, there is shown the currency safe 16
      which contains a cash dispensing mechanism 23 comprising four stacks of
      packaged currency. Dispensing occurs from right to left, as viewed in FIG.
      7, and changes over automatically to the next stack when the stack to the
      right has been depleted. Under the proper conditions and operation of the
      apparatus, the plastic package 12 containing a predetermined amount of
      currency will be dispensed from the cash dispensing mechanism 23 down the
      cash dispensing chute 17 to the gated currency delivering slot 4. The gate
      (not shown) provided in the cash dispensing machine 17 is actuated to
      deliver the package 12 of currency to the customer only after the customer
      has removed his security card 19 from the security card slot 2.
PAR  The cash dispensing mechanism 23 automatically changes over from one stack
      to the next except when reloading of the mechanism 23 is performed, after
      which a dispenser recycle switch (not shown) must be operated to bring the
      rightmost (as viewed in FIG. 7) loaded stack into use. This dispenser
      recycle switch must also be operated whenever the door of the currency
      safe 16 has been opened, in case the cash dispensing mechanism 23 has been
      disturbed.
PAR  FIGS. 2, 3, 4 and 7 indicate generally the printer and paper stack 18. The
      printer and paper stack 18 includes a main printer (not shown) and a stack
      of paper bank vouchers 24, such as the voucher 24 illustrated in FIG. 10,
      upon which the main printer records the full details of all transactions
      of the apparatus regardless of whether a dispensing of currency has
      occurred or not. It has been found convenient in order to print or
      complete the voucher 24 to employ a main printer which comprises eight
      data print modules and four date print modules. These modules are combined
      counter and print modules, and are able to step forward one position for
      each applied count pulse. They embody a rotary switch which can be used
      for read-out or homing facilities.
PAR  FIG. 3 shows a front sectional view of the apparatus which includes the
      power supply 25. The greater part of the electronic section of the
      apparatus is a printed circuit board section 26 as shown in FIG. 3. The
      printed circuit board section 26 contains approximately 32 logic and
      control printed circuit boards each of which contains approximately 25 to
      30 integrated circuit gates. The logic and control aspects of the
      inventive cash dispensing apparatus are described in detail hereinafter
      with respect to FIGS. 11 through 16.
PAR  In FIG. 4 there is shown a back elevational view of the cash dispensing
      apparatus which includes a container 27 for the empty currency packages
      12. It will be recalled that the customer removes his currency from the
      plastic package 12, and drops the empty package 12 down the return slot 5
      which is connected by a chute to the container 27.
PAR  FIG. 5 illustrates the front surface 28 of the inventive article or
      security card 19 which may be used with the cash dispenser apparatus.
      Because it is vital to a successful operation of the cash dispenser
      apparatus that the security card 19 be inserted in the security card slot
      2 with the proper surface of the security card 19 facing up and in the
      proper direction, the front surface 28 of the security card 19 is provided
      with designations such as "THIS SIDE UP" and the designation "INSERT THIS
      WAY" which is associated with a small directional arrow 29.
PAR  The front surface 28 of the security card 19 is also provided with an
      embossed reference serial or control number 20. As previously mentioned,
      this embossed number 20 is provided as an additional safety feature in the
      event of a malfunction of the main printer to record the full details of
      the transaction on the voucher 24. If desired, the front surface 28 may
      also be provided with the printed designation of the issuing bank and the
      name of the customer.
PAR  The front surface 28 may also be provided with predetermined areas which
      are numbered 1 through 20 and which are used to designate how many times
      the security card 19 has been used to obtain currency. Upon each use of
      the security card 19, the previously mentioned dimpler or punch mechanism
      dimples or punches a hole or perforation in one of the designated areas 1
      through 20. This readily indicates to the customer the total number of
      times the card 19 has already been used. In this particular embodiment,
      the security card 19 is intended for a total of 20 usages whereupon the
      security card 19 is retained by the apparatus and the customer may be
      issued a second security card 19. Accordingly, on the 20th use of the
      card, the card is deemed to have been expired and is therefore retained by
      the apparatus and not returned to the customer. On such a 20th use of the
      security card 19, the voucher 24 (illustrated in FIG. 10) will include in
      the area for the retention code a printed "1," indicating that the
      security card 19 is being retained because the card is expired. This is
      one effective way for the issuing bank to make certain that there is no
      over use of the security card 19.
PAR  FIG. 6 illustrates the rear surface 30 of the security card 19 which shows
      the four magnetic recording tracks or stripes 31, 32, 33 and 34,
      respectively. The magnetic recording strips 31, 32, 33 and 34 contain
      predetermined static and dynamic information or data which is recorded
      using a very safe and sophisticated coding technique to prevent forgeries
      of security card 19.
PAR  To facilitate understanding of the static and dynamic information or data
      which is recorded on the magnetic recording stripes 31, 32, 33 and 34, it
      is convenient to assume that strips 31 and 32 include all the static data
      in which may be termed track No. 1 and track No. 2; and that stripes 33
      and 34 include all the dynamic information or data in what may be termed
      track No. 3 and track No. 4.
PAR  Track No. 1 and track No. 2 may contain in coded form information such as
      an account number, a branch sort code number, a cross check character, a
      space code character, and a detected code character.
PAR  Track No. 3 and track No. 4 contain the dynamic information or data in
      coded or scrambled form which may include a check word, the personal
      number, various security card checks, a supplementary personal number, a
      date, the number of times the security card has been used and other data.
      The particular details of the static data recorded in track No. 1 and
      track No. 2 and the dynamic data recorded in track No. 3 and track No. 4
      will become more apparent in connection with the description hereinafter
      of FIGS. 14, 15 and 16. The terminology static data or information as used
      herein refers generally to data which is constant and need not be updated
      or altered. The terminology dynamic data or information as used herein
      refers generally to data or information which is up-dated, or up-counted,
      or altered in some other fashion.
PAR  It should be noted that the rear side 30 of the security card 19 also
      includes a first predetermined area or large black arrow 35 which
      indicates the direction for correct insertion of the security card 19 into
      the security card slot 2 in the same manner as the small arrow 29 on the
      front surface 28 of the security card 19. However, the large black arrow
      35 has a more sophisticated function or purpose than merely indicating the
      correct direction for inserting the security card 19. To the human eye the
      large black arrow 35 appears to be homogeneously black and constant in
      color or composition. However, the apparently homogeneous large black
      arrow 35 contains a random application of a random quantity of magnetic
      material which is not apparent to the casual human observer.
PAR  Only that random quantity of magnetic material in the large black arrow 35
      which is positioned within a plurality of preselected rows or tracks, in
      the form of discrete magnetic spots, is of importance. The additional
      amount of magnetic material adds to the security of the system. Before the
      security card 19 is issued to a customer of the bank, these magnetic spots
      within the preselected tracks of arrow 35 are carefully counted. The
      counting operation is part of a verifying and limit computing process
      which is similar to the operation performed by the card reader 15 in the
      cash dispensing apparatus. To facilitate the counting of the discrete
      magnetic spots, an electromagnetic field of a predetermined frequency
      produced by an oscillator is applied to the predetermined tracks of the
      arrow 35. The arrow 35 which is thus energized by the oscillator field is
      then read to determine the number of energized magnetic spots in the arrow
      35. This "number" is subjected to a mathematical transformation to arrive
      at two related "limits." These limits, which may have any desired
      mathematical relation to the actual number of spots, are included, in
      coded form, in magnetic stripes 33 or 34, (track No. 3 or track No. 4) as
      the so-called security check limits.
PAR  As a simplified example, assume that the mathematical transformations are
      1.1N and 0.95N were N represents the number of spots. Then, if N = 300 for
      a particular card, the limits would be 330 and 285 and obviously the
      relationship between N and the limits is that N must fall between the
      limits. In practice the bank may select virtually any mathematical
      transformation to derive the limits and require virtually any mathematical
      relationship between the number and the limits.
PAR  One of the several checks performed by the cash dispensing apparatus to
      determine the validity or invalidity of the inserted security card 19 is
      an energization of the preselected rows or tracks of the large black arrow
      35, a reading of the thus energized tracks, and a comparison of the read
      value with the security check limits which have been encoded on magnetic
      stripes 33 or 34. In other words, when the security card 19 is actually
      inserted in the cash dispensing apparatus during a dispensing transaction,
      the inserted security card 19 will be determined to be invalid if the
      value read from the energized black arrow 35 is not properly
      mathematically related to the secured check limits which have been encoded
      in scrambled or coded form on magnetic stripes 33 or 34.
PAR  In addition to the 20-use limitation on each security card 19, there is
      another limitation to prevent over-use of the security card 19. During
      each disposing operation with a particular security card 19, the date of
      the dispensing transaction is encoded on magnetic stripe 33 or 34. This
      date is up-dated at each dispensing operation or use of the security card
      19. At each insertion of the security card 19 into the cash dispensing
      apparatus the date which is encoded on the card is compared with the
      actual date stored in the electronics of the cash dispensing apparatus. If
      the comparison of the dates reveals that the date encoded on the security
      card 19 is the same date as stored in the electronic apparatus, then no
      currency will be dispensed to the potential customer and, in addition, the
      inserted security card 19 will be retained by the apparatus. Consequently,
      each security card 19 cannot be used more than once during the same day,
      nor more than 20 times in total.
PAR  With reference to FIG. 7, there is shown a perspective view of the cash
      dispensing apparatus from the rear showing the various components slid
      rearwardly for easy servicing and access. The door of the currency safe 16
      is shown in an open position to illustrate the four stacks of the
      dispensing mechanism. The entire cash dispensing apparatus in an actual
      embodiment has dimensions of 6 by 2 by 3 feet.
PAR  FIG. 8 illustrates a perspective view of the cash dispensing apparatus as
      installed in the external brick wall of a bank. This installation
      arrangement makes the cash dispensing apparatus virtually vandal proof and
      minimizes exposure of essential components of the apparatus to the
      elements. In an actual operating embodiment of the cash dispensing
      apparatus, it has been found advantageous to fabricate the external fascia
      1 from stainless steel. If desired, the 10-key keyboard may be arranged at
      a 30.degree. slanting angle relative to the remaining portions of the
      external fascia 1.
PAR  With reference to FIG. 9, there is shown a preferred embodiment of the
      plastic package or clip 12 which is used for dispensing the currency. The
      plastic package 12 is provided with a thumb hole 36. With reference to
      FIGS. 7 and 9, the plastic packages 12 holding the predetermined amount of
      currency for dispensing are loaded into the four stacks of the dispensing
      mechanism 23 by first placing the machine inhibit switch (not shown) in a
      down position to prevent potential customers from operating the machine
      during currency reloading and then loading the plastic packages 12 so that
      the open end faces to the left and the thumb hole 36 is at the bottom.
PAR  As shown in FIG. 10, there is printed on the bank voucher 24 a size digit
      sorting code which is sometimes referred to throughout the specification
      as a branch sort code, and an eight digit account number. Both the branch
      sort code and the account number are part of the static information or
      data and are printed by the aforementioned eight data print module of the
      main printer.
PAR  Should a security card be retained by the apparatus for any reason, the
      eight data modules of the main printer will print a retention code which
      indicates the reason for the retention. The first possible retention code
      is a printed "1" which means that the security card which has been
      inserted into the cash dispensing apparatus is an expired card; or in
      other words, that this is the twentieth use of the inserted security card.
      The second possible retention code is a printed "2" which means that the
      personal number has been entered or keyed in incorrectly upon two
      opportunities to do so. The third possible retention code is a printed "3"
      which means that the security card 19 which has been inserted into the
      cash dispensing apparatus was already inserted in the apparatus for a
      currency dispensing earlier on that same day. The fourth possible
      retention code is a printed "4" which means that the value obtained by
      reading the energized large black arrow 35 on the security card 19 which
      has been inserted into the apparatus is mathematically incorrect relative
      to the values encoded in scrambled form on magnetic stripe 33 or 34 as
      part of the dynamic information or data.
PAR  The fifth possible retention code is a printed "5" which indicates an
      abnormal condition in the parity check. The sixth possible retention code
      is a printed "6" indicating an abnormal condition in the cross check. The
      seventh possible retention code is a printed "7" which indicates an
      abnormal condition in the code check. The reasons for the fifth, sixth and
      seventh retention codes will become more apparent in connection with the
      figures following FIG. 10 and the further description hereinafter.
PAR  The eight data modules of the main printer also prints the number of times
      the inserted security card has been used, which as indicated above, cannot
      exceed 20 uses. The eight data modules of the main printer will also print
      out the predetermined amount of dispensed currency, which in the case of
      the voucher 24 illustrated in FIG. 10 is 10 British pounds.
PAR  The aforementioned four date print modules of the main printer
      automatically prints the dispense date on the voucher 24. The illustrated
      dispense date indicates the mouth and day and omits any designation of the
      year.
PAR  As a variation in the printing arrangement for the dispense date, the four
      date print modules of the main printer can be used to include the least
      significant digit of the year too. In such an arrangement, two zero to
      nine 10-position modules are employed for the unit days and 10's of days,
      and are connected so that a single day impulse will step the count from
      one through to 31. A one- to 12-position module is utilized for the
      months, and a further zero to nine position module is utilized for the
      least significant digit of the year.
PAR  In the field cryptography is must be appreciated that there are many
      methods of encoding a message which depend on the degree of security
      necessary. In one relatively simple system each letter in the message is
      replaced by a different letter to form a coded message; a constant linear
      relationship applies between each letter in the normal text and each
      letter in the coded text. Thus all occurrences of a particular letter in
      the message are encoded in the same fashion in the encoded text. This may
      be referred to as a monoalphabetic substitution. A more sophisticated type
      of coding scheme uses a polyalphabetic substitution wherein a different
      alphabet may be used to encode each letter of the text. Thus all
      occurrences of a particular letter are usually encoded differently.
PAR  In addition to encoding each letter from the text to obtain the coded
      message, the arrangement of the letters in the coded message may be
      rearranged. Again, any desired degree of sophistication may be used in the
      rearrangement technique and, in a given system, several techniques may be
      used simultaneously as long as each message has some indication of which
      technique is being used. Therefore, by way of example only, if the fifth
      character in the encoded message is not a message of text but refers
      solely to the method of encryption, (coding and/or arrangement) then for
      the English alphabet 26 methods of encryption may be used simultaneously.
PAR  Since the particular encryption method is not critical for a complete
      understanding of the operation of the present system and apparatus,
      terminology such as scrambler, decoder, or distributor will be used and
      should be construed to include all the necessary electronic logic required
      to perform the encryption or decoding functions. For example, the decoder
      and distributor or demultiplexer will include the logic for translating
      the information from coded text to plain text and also will include the
      logic necessary to feed the information in appropriate fashion into a
      storage register. Thus the arrangement of the data as well as the
      encryption technique are immaterial as long as the logic of the decoder
      and distributor satisfactorily provides the output to the necessary
      portions of any storage means or register.
PAR  FIGS. 11, 12 and 13 illustrate a composite overall information block
      diagram for the entire cash dispensing apparatus or system. With reference
      to FIG. 11, there is illustrated a read head 37 which is connected to
      relays 38 by electrical conductors 39 and 40. There is also a read head 41
      which is connected to the relays 38 by electrical conductors 42 and 43.
      The static information which was encoded on track No. 1 and track No. 2 on
      the security card 19 is read by the rear head 37. The dynamic data encoded
      on track No. 3 and track No. 4 of the security card 19 is read by the read
      head 41.
PAR  The output of relays 38 is connected along line 44 to a decoder and
      distributor or demultiplexer 49. Decoder and distributor 49 performs the
      function of decoding (demultiplexing) the scrambled information read by
      the read head 37 and, in addition, through the necessary logic and gating
      providing an output on line 52 to the storage register 53. By way of
      illustration, register 53 may be a 16 by 6 register and is more fully
      described with reference to FIG. 14. Since the statis is stored in
      register 53, register 53 is often referred to as a static store. The
      output of the static register 53 is connected by the line 61 to a selector
      62 (FIG. 12) which, in turn, is connected via line 63 to the main printer
      64 (FIG. 13). The main printer 64 is the same main printer which was
      mentioned earlier in the description and which comprises the eight data
      print modules and the four date print modules which were utilized for
      printing various information on the bank voucher 24 which is illustrated
      in FIG. 10. (The back-up printer is not shown in FIG. 13).
PAR  With reference back to FIG. 11, the output of the relays 38 is also
      connected on line 50 to the decoder and distributor or demultiplexer 51.
      The output of the decoder and distributor 51 is connected on line 70 to a
      storage register 77, often referred to as a dynamic store. The output of
      register 77 along line 115 goes to a scrambler or encoder 116. The input
      to register 77 on line 70 is determined by the internal logic of the
      decoder and distributor 51. The register 77 is more fully described with
      reference to FIG. 15.
PAR  With reference to FIGS. 11 and 12, a line 79 feeds the output of register
      77 to one input of a two input comparator 98. When the personal number
      information is entered by means of the pushbutton or keyboard 3, the
      signal appears on information line 88 and is conveyed to keyboard or
      pushbutton storage and logic 89. Keyboard logic 89 converts the signal to
      the same logical form which is being used in register 77 and the keyboard
      logic output on line 90 goes as the other input to the two input
      comparator 98. When the comparator 98 is strobed or sampled by a pulse on
      line S an appropriate signal appears on line 101 indicating to the
      decision unit 102 (FIG. 13) whether or not the information on the card and
      keyboard agree.
PAR  With reference to FIGS. 11 and 12, another output from register 77 is
      connected on line 82 to one input of a comparator 126. The date, which is
      generated internally, is provided on date information input 119 and fed to
      the other input of comparator 126. When comparator 126 is sampled, by a
      pulse on line S the present date is compared to the date of the last
      transaction. The result of this comparison is sent on line 127 to the
      decision unit 102 and, since this must be changed on the security card 19,
      the present date is also sent on line 128 to scrambler 116.
PAR  As indicated previously, each card may only be used a predetermined number
      of times. To ascertain the number of past uses, another output from
      register 77 is provided on line 83 to a register or counter 130. Register
      130 has two outputs one of which is connected to scrambler 116, on line
      132, and the other of which is connected on line 133 to a comparator 134.
      The comparator 134 operates to make certain that an "expired" signal is
      sent out after the predetermined number of uses of the security card. The
      cash dispensing apparatus provides a counter increment signal on line 135
      leading to the counter 130 to make sure that the current use of the
      security card 19 is added to the total number of uses for the inserted
      card. Normally, the output of the counter 130 is conveyed via output line
      132 to the scrambler 116. However, if the current use of the inserted
      security card 19 is the 20th use, the comparator 134 generates and
      transmits an "expired" signal on line 136 which is conveyed to the
      decision unit 102 in FIG. 13.
PAR  With reference to FIG. 13 there is illustrated an oscillator system 142
      which cooperates with the relays 38 via line 143 to evaluate the randonly
      applied random quantity of magnetic material which is within the
      predetermined tracks or areas on the large black arrow 35 as discussed
      with the explanation of FIG. 6. The output of oscillator system 142 is
      transmitted via line 145 as one input to the magnetic material comparator
      146.
PAR  Referring back to FIGS. 11 and 12 another output from register 77 on line
      84 is connected to the magnetic material comparator 146. This information
      is also conveyed to the scrambler 116 on line 152. The limit values, which
      have been encoded in scrambled form on the inserted security card 19, are
      decoded by the decoder 51. In this case the decoding operation also serves
      to decode the precise mathematical relationship desired and converts the
      information into a workable binary form to be transmitted on line 84 to
      the comparator 146. Since the other input to comparator 146 is the actual
      reading taken from the large black arrow 35 at the time the card is
      inserted, the output when comparator 146 is sampled indicates whether or
      not the appropriate mathematical relationship has been satisfied. The
      output of comparator 146 is connected on line 153 to the decision unit 102
      in FIG. 13.
PAR  Thus the information presented to the decision unit 102 includes a check of
      the personal identification number, the number of uses, the date of the
      last use and the amount of magnetic material. Furthermore, some of this
      information is set to the scrambler 116 on lines 128 and 132. The output
      of the scrambler is connected on line 157 back to the relays 38. In this
      fashion, the information can be scrambled and re-recorded on the security
      card 19. To permit re-recording the read heads 37 and 41 may also be used
      as write heads. For this reason the relays 38 include a control intput 159
      to select the appropriate read or write mode of operation.
PAR  To facilitate a more complete understanding of the operation and
      functioning of the composite information block diagram of FIGS. 11, 12,
      and 13 it is best to first consider and describe FIGS. 14, 15, and 16.
      Where applicable, the same reference numerals are used throughout the
      figures to designate similar or identical components.
PAR  Referring to FIG. 14, there is shown the storage register 53 which stores
      the static data from tracks 1 and 2. Once the data is decoded the
      distribution portion of decoder 49 provides, through the appropriate logic
      gates, the output along line 52 into the register 53. For the purpose of
      illustration the storage register 53 is considered to be a 6 by 16
      register. Thus, once the data is decoded or unscrambled and demultiplexed
      (distributed), the data appears as 16 characters, each comprised of six
      binary information bits. Again, the particular order of the information on
      the security card and the particular order of entering the information
      into the register 53 is not critical to a proper understanding of the
      principle of this system. Suffice it to say that the distribution function
      is performed to put the data in a workable form such as that illustrated
      in FIG. 14.
PAR  Once the data has been loaded into register 53 it may be considered as
      including a check bit, to insure the data has been loaded properly, a six
      digit number representing the bank branch or any other desired sorting
      code as mentioned in connection with the printed voucher 24 illustrated in
      FIG. 10, and a space code, that is, the binary configuration of a blank
      space. In addition, register 53 also includes an eight character number
      representing the customer's account. One of the numbers in the customers
      account, shown by way of example as bit 16, may be used as a check bit.
      This check bit may also be referred to as a code check character which was
      previously mentioned in connection with the seven possible retention codes
      wherein the security card 19 would not be returned to the customer and
      wherein a printed numeral indicating an abnormal code condition in the
      code check was printed on the bank voucher 24. As also illustrated in FIG.
      14 the output of register 53 is selectively taken along lead 61 to a
      selector 62. This is to permit desired information to be printed as
      indicated previously with the discussion of the bank voucher 24 in FIG.
      10.
PAR  Referring next to FIG. 15 the register 77 will be explained. The scrambled
      and encoded information which is on tracks 3 and 4 is decoded and
      demultiplexed by the decoder 51 to provide information on line 70 to the
      appropriate portions of the register 77. Register 77, by way of example,
      may be a three channel register having a sufficient number of bit
      positions. Ultimately, the information from register 77 is transmitted by
      output line 115 to the scrambler 116 to be re-recorded on the security
      card 19.
PAR  FIG. 15 shows, in a representative form, a possible arrangement of dynamic
      data in register 77. In addition to the data illustrated in FIG. 15 other
      data such as check bits and parity bits can be employed as desired. By way
      of example, channel A may include a checkword and the personal number of
      the user, channel B can include the date of the last use and the number of
      uses permitted on this particular card, and channel C may include the
      number of actual uses and the limit values for the mathematical
      relationship of the comparison of the amount of magnetic material. The
      output lines 79, 82, 83 and 84 illustrate that information from portions
      of the register 77 is used as inputs to the various comparators of the
      system.
PAR  Referring again to FIG. 13 there is shown a control unit 175. Control unit
      175 operates to provide sample or strobe pulses "S" to the comparators,
      controls the printing of information by printer 64, and controls the
      selection of the read or write mode of the magnetic heads 37 and 41 (on
      line 159). The control unit receives a signal on line 168 from decision
      unit 102 indicating the validity of the security card 19 and the validity
      of the information supplied by the user. The control unit also controls
      dispensing of currency, and the retention of the security card when it has
      expired or when incorrect information appears on the card or is supplied
      by the user. While most of the connections from control unit 175 has been
      omitted, for clarity, they are explained with reference to FIG. 16.
      Control unit 175 operates as various microswitches are actuated as will be
      explained with reference to FIG. 16.
PAR  FIG. 16 mentioned earlier comprises a composite control unit flow diagram
      for the entire currency dispensing apparatus consisting of FIGS. 16A, 16B,
      16C and 16D. In this particular embodiment of the currency dispensing
      apparatus a microswitch must operate after each operation. The symbol
      .mu.S is used in the various parts of FIG. 16 to represent a microswitch.
PAR  The upper portion of FIG. 16A shows a representative illustration of the
      card reader section 15, the card transport mechanism 13, some of the
      microswitches, and the various magnetic head positions. The security card
      19 is assumed to enter the card transport mechanism 13 on the left as
      viewed in the upper portion of FIG. 16A. The currency dispensing machine
      is normally in a shut down position. When the potential customer inserts
      the security card 19 into the card slot 2, the security card is stopped at
      the position marked "gate" near the lefthand portion of the upper part of
      FIG. 16A. Assuming that the KEY 1 magnetic head detects magnetic oxide in
      the area containing magnetic stripes 31, 32, 33 and 34 (see FIG. 6), and
      the inserted card possesses the proper dimensions, then the microswitches
      .mu.S1A and .mu.S1B will operate to give a key card pulse. The sign 11
      designated "WAIT" is illuminated between a shut down condition of the
      machine and the key card pulse when no other sign is illuminated.
PAR  As indicated in FIG. 16A and 16B, the appearance of the key card pulse
      initiates several components and functions in the apparatus including the
      resetting of the control unit 175 (FIG. 13). the setting of the KEY 2
      oscillator, the opening of the gate shown in the lefthand portion of the
      upper part of FIG. 16A, the setting of the inward level, the setting of a
      20 second Timer 1, the switching of the positive voltage to the solenoids,
      and the resetting of the personal number subroutine. Although it is not
      indicated in FIGS. 16A or 16B, the appearance of the key card pulse also
      resets the main logic of the apparatus.
PAR  The setting of the inward level sets the rollers in and resets the rollers
      out of the card transport mechanism 13. The rollers referred to are the
      rollers 14 which are illustrated in FIG. 2.
PAR  With the setting of the inward level and the consequent setting of the
      rollers in, and with microswitch .mu.S2 open and microswitch .mu.S1A or
      .mu.S1B closed, this indicates that a security card 19 is in the machine.
      This condition results in a resetting of Timer 1, a setting of Timer 2
      with its attendant strobing of a failure bistable, the closing of the
      flap, and a setting of the failure bistable which is used to check the
      exiting of the security card 19 from the machine.
PAR  With the inward level set, as the security card 19 passes the microswitch
      .mu.S2, the microswitch .mu.S2 closes again and this results in a
      resetting of the main logic and the enabling of the static information or
      data read path. In other words, the read head 37 (also shown in FIG. 11)
      is enabled to read the static data which is encoded in magnetic stripes 31
      and 32 (FIG. 6) into the decoder and distributor 49 and the register 53 as
      illustrated in FIG. 11 and set out in greater detail in FIG. 14.
PAR  As the security card 19 progresses or moves along from left to right as
      shown in the upper portion of FIG. 16A, it encounters and opens the
      microswitch .mu.S3. This results in the energizing of the relays 38 (shown
      in FIG. 11) to permit reading of dynamic data by the read head 41.
PAR  With the inward level set and the microswitch .mu.S3 open, the dynamic
      information or data read path is enabled, and the read static data enable
      condition is reset. At this point in time the dynamic data is read from
      magnetic stripes 33 and 34 (FIG. 6) into the decoder 51 and register or
      store 70 (FIGS. 11 and 15).
PAR  As mentioned hereinabove, the appearance of the key card pulse resets the
      personal number subroutine. At the same time, the keyboard or push button
      store and logic 89 (FIG. 12) is reset, the sign 9 (FIG. 1) designated
      "ENTER NUMBERS" is set, and a Timer 3 having a twenty second duration is
      set.
PAR  Returning now to the security card 19 as it moves from left to right as
      shown in the upper portion of FIG. 16A, as the card moves along with the
      inward level set the microswitch .mu.S3 closes and this results in a
      closing of the dynamic read path, an indication that the card reading is
      complete and checking can now commence, a resetting of the second read
      level to remove the clamp on the main printer 64 (FIG. 13) for printing
      the results of the transaction, and a starting of the print out of the
      static data from the store or register 53.
PAR  As mentioned above, the closing of the microswitch .mu.S3 gives an
      indication that the card reading is complete and that checking can
      commence. The nature of this checking can be understood by following the
      line C leading from FIG. 16A to the line C in FIG. 16B. With reference to
      FIG. 16B, the initial part of this checking is addressed to the question
      of whether or not the customer has entered the four correct figures or
      digits of the secret personal number. First, the apparatus determines
      whether the customer has entered the personal number within the alloted
      time which is determined by the above-mentioned Timer 3 having a duration
      of 20 seconds. If the customer has entered the personal number in a time
      duration of less than 20 seconds, then the sign 9 (FIG. 1) designated
      "ENTER NUMBERS" is reset, the push buttons or keyboard 3 is inhibited from
      further use, Timer 3 is reset, and the personal number is checked for
      correctness.
PAR  If the check reveals that the personal number entered by the customer is
      correct, then the decision strobe or sample is initiated by control unit
      175 (FIG. 13).
PAR  If the check of the personal number indicates that the incorrect personal
      number has been entered via the keyboard 3, then there is initiated a four
      second time delay by a Timer 10. This four second time delay permits the
      resetting of the Timer 3 to be completed, the setting or illuminating of
      the signs 9 and 10 designated "ENTER NUMBERS AGAIN," and the resetting of
      the keyboard or push button store and logic 89 (FIG. 12). At this point,
      and as shown in FIG. 16B, the apparatus then goes through a similar
      checking operation as indicated earlier to ascertain whether or not the
      customer has entered the four figures or digits of the memorized personal
      number correctly. If it is revealed that the personal number has been
      entered correctly, this will also initiate the earlier mentioned decision
      strobe.
PAR  As mentioned earlier there has been commenced a print out of the static
      data from the register 53. Upon completion of this print out a decision is
      allowed to be made by the apparatus and this is indicated by the line D
      shown in FIGS. 16A and 16B leading to the decision strobe.
PAR  Before describing what occurs at the decision unit 102, let us reconsider
      what is transpiring with the movement of the security card relative to the
      upper portion of FIG. 16A. As the card reaches microswitch .mu.S4 with the
      inward level set, the microswitch .mu.S4 opens and this results in the
      resetting of the inward level and the resetting of the rollers in with the
      consequent halting of the security card.
PAR  With reference to FIGS. 16B and 16C, it is noted that there is a line
      designated E emanating from the decision strobe which indicates the start
      of the printing of the results of the transaction and also indicates that
      the static and dynamic information and the entered personal number are all
      correct. It is now necessary for the apparatus to determine whether the
      inserted security card is expired, i.e., whether or not this is the
      twentieth use of the card. If the card is determined not to be expired,
      then this initiates a dispense and return signal (see FIG. 16D). This
      signal results in the operation of the emboss printer, a setting of the
      erase magnetic head, a setting of the re-record relays within the unit
      designated relays 38 in FIG. 11 to an "on" condition, an upcounting
      operation initiated by the upcount or increment signal fed into the
      counter 134 via line 135 (FIGS. 11 and 12), a new setting of the re-record
      circuits, and the initiation of a time delay before the rollers are
      initiated to send the security card 19 from right to left as shown in the
      upper portion of FIG. 16A in order to return the card to the customer. The
      erase magnetic head which is indicated in the upper portion of FIG. 16A is
      actually a large magnetic head which erases the magnetic stripes 33 and 34
      which carry the dynamic data. The re-record relays and associated
      circuitry and magnetic heads re-record the dynamic data which has been
      updated onto magnetic stripes 33 and 34.
PAR  Returning to the sequence of operations shown on FIG. 16D, upon the
      returning movement of the card to the customer the microswitch .mu.S3 is
      opened and this results in a resetting of the erase magnetic head, a time
      delay, and then a turning on of the oscillator and a starting of the
      re-record operation. As soon as the re-record operation has been
      completed, the oscillator system 142 is turned off.
PAR  As the card continues to move leftwardly as shown in FIG. 16A, on its way
      to being returned to the customer, the microswitch .mu.S5 is actuated and
      this starts the dimple count process which is completed by a dimpling,
      perforating or punching of a mark in the security card 19 as shown in FIG.
      5 in the next appropriate area.
PAR  As the card progresses along, the microswitch .mu.S2 is actuated which
      opens the gate. With the gate open and the subsequent actuation of the
      microswitch .mu.S1, the sign 7 designated "TAKE CARD" is illuminated to
      tell the customer to remove his security card 19 before the currency will
      be dispensed by the apparatus.
PAR  As the customer removes his security card, the microswitch .mu.S1 closes,
      the sign 7 designated "TAKE CARD" is reset or reverts to its
      non-illuminated condition and the signal is sent via the line marked H to
      start the currency dispenser motor (FIG. 16C and FIG. 16D). At the same
      time a signal is transmitted over the line designated G to set a Timer 8
      having an eight second duration before the apparatus reverts to a shutdown
      condition.
PAR  With reference to FIG. 16C, there is illustrated what transpires after the
      dispenser motor has been started. Upon occurrence of the dispense signal
      and the operation of the microswitch .mu.S8, the gate of the safe 16 is
      unlocked, and, after a short delay, the safe gate opens for one second.
      Thereupon the safe gate closes actuating a microswitch .mu.S9 which sets
      one of two failure bistables. After a short delay the safe gate locks and
      then the safe gate circuits send a signal to the fascia gate solenoids.
      Thereupon a microswitch .mu.S17 is actuated which unlocks the fascia gate,
      and, after a short delay the facia gate opens for one second. Then the
      fascia gate closes actuating the microswitch .mu.S18 which resets the
      other of the two failure bistables. After a short delay the fascia gate
      locks and the empty currency package return slot opens to accept the
      package 12 which the customer may deposit in the slot 5.
PAR  With reference to the upper left hand portion of FIG. 16C, let us consider
      what operations occur if the information is correct but it is determined
      that the card is expired. This occurs of course upon the twentieth use of
      the card and would indicate that an "expired" signal is transmitted from
      the comparator 134 (FIG. 12) via the line 136 to the decision unit 102
      (FIG. 13). Under these set of circumstances, the decision unit generates a
      "dispense and retain" signal, rather than a "dispense and return" signal
      which would occur if the card was not expired. The dispense and retain
      signal sets the two failure bistables, upcounts the number of times used,
      operates the emboss printer, nd after a short delay sets the rollers out.
      After the rollers have been set, the microswitch .mu.S5 is actuated which
      starts the dimple procedure. When this is completed, the dimple solenoid
      is operated and the microswitch .mu.S2 is actuated. This causes the
      rollers out to be reset and sets the rollers in. The microswitch .mu.S6
      resets the failure bistables, and, at the same time, the sign 6 designated
      "CARD RETAINED"  is set or illuminated. At the same time the Timer 8 is
      set for an 8 second duration before the apparatus reverts to a shutdown
      position.
PAR  With reference to the middle portion of FIG. 16B, let us consider what
      occurs when after the decision strobe it has been determined that the
      information is wrong or incorrect. After a short delay, a retain signal is
      generated. Following the first retain path, there is a resetting of the
      decision enable signal, a setting of the rollers out, and a setting of the
      second read level in order to read the security card 19 a second time to
      ensure that no error has been introduced by the apparatus itself by an
      improper reading of the card on the first trial. The second read level
      setting results in the inhibiting of the print out of the result of the
      transaction after the line feed and the inhibiting of the personal number
      subroutine. When the microswitch .mu.S2 opens with the second read level
      set, the inward level is set again as indicated by the line designated B
      going from FIG. 16B to FIG. 16A.
PAR  If after following the same above-described procedure with the setting of
      the inward level and the consequent decision strobe determining that the
      information is again wrong, the second retain path should now be
      considered. This path leads to a setting of the rollers in, a resetting of
      the rollers out, the actuation of the microswitch .mu.S6 to reset the
      failure bistables, the illumination of the sign 6 designated "CARD
      RETAINED," and the ultimate setting of the Timer 8 for an 8 second
      duration before the machine reverts to a shutdown condition. In other
      words, the second retain path results in a retention of the security card
      19 by the apparatus and the eventual shutdown condition of the apparatus.
      This card will remain in the apparatus until it is inspected by the staff
      of the bank on the next business day, whereupon the customer to whom the
      inserted card 19 has been issued will be contacted to explain the
      unsuccessful transaction.
PAR  At this point, it would be beneficial to reconsider the information block
      diagram illustrated in FIGS. 11, 12 and 13. The scrambled or coded static
      data on magnetic strips 31 and 32 appears under the static data magnetic
      read heads 37. After the security card 19 has passed the static data read
      head 37, it operates the microswitch .mu.S3 and thereupon the dynamic data
      of the two outer magnetic stripes 33 and 34 is read. As the outputs from
      the head 37 appear in the decoder and distributor (demultiplexer) 49, the
      data is entered into the store or register 53.
PAR  As the security card 19 leaves the dynamic data head 41 and resets the
      microswitch .mu.S3, the output from the read head 41 is transmitted to the
      decoder and distributor (demultiplexer) 51 to process the incoming
      information. Then, the information is entered into the register or storage
      77. It should be noted that the date, on line 119, is always available.
      When the security card 19 leaves the microswitch .mu.S3, the dynamic read
      head 41 is reset and the information is in the store.
PAR  During a dispense condition, the re-record relay is energized, the erase
      head is turned on, and after some delay the security card 19 starts back
      toward the fascia 1 and contacts the microswitch .mu.S3. The microswitch
      .mu.S3 essentially starts the re-record process, but a monostable
      multivibrator is interposed to delay the start of the re-recording. The
      information is read out of the register or store 77, encoded and
      rearranged in the scrambler and distributor 116 and rewritten on the
      security card 19.
PAR  Although the article or security card 19 has been described in connection
      with a preferred embodiment of the currency dispensing apparatus, it would
      appear to those skilled in the art that such a card 19 may be employed for
      a host of other applications. For example, such an article or card 19 may
      be employed for identification purposes, for entrance into bank vaults or
      secret government facilities, and for any other purpose where only
      authorized personnel are to be admitted.
PAR  The novel currency dispensing apparatus can also be arranged to be
      "on-line" so that the exact balance remaining in the customer's account is
      checked very rapidly to ascertain whether the requested dispense operation
      will result in an overdrawn condition. In addition, the invention can be
      modified to permit the customer to request other than a predetermined
      amount of currency.
PAR  In addition to the various functions explained above it is apparent that
      this system can perform additional checks or comparison prior to
      indicating a valid security card. However only principal validity checks
      have been explained to prevent an unduly long description of the
      invention. In practice various parity bits and check codes are also
      verified prior to dispensing currency.
CLMS
NUM  1.
PAR  1. Apparatus for authenticating a credit or security card and its use in
      response to the introduction into said apparatus of said security card and
      the entering into said apparatus of predetermined information, comprising:
PA1  means for verifying that a particular security card is valid,
PA1  said verifying means including an oscillator and a transducer for
      quantizing a characteristic of magnetic material deposited on discrete
      areas of said security card, and means for reading encoded information,
      representative of said characteristic, and data on said security card,
PA1  means for permitting a user of said apparatus to enter personal
      identification information into said apparatus,
PA1  means for determining if said personal identification information
      corresponds to said data, and
PA1  means for authorizing the use of said security card only if the card is
      verified and if said personal identification information corresponds to
NUM  2.
PAR  2. An apparatus characterized in accordance with claim 1, wherein said
      information which is present on said security card is magnetically
      recorded on said security card in a coded or scrambled form, and
PA1  said means for determining if said personal identification information
      corresponds to said data includes means for electronically decoding said
NUM  3.
PAR  3. An apparatus characterized in accordance with claim 1, including means
      for recording on said security card the total number of times said
      security card has been employed to obtain the dispensed items, and means
      to permit said apparatus to retain said security card when said security
      card has been employed for dispensing items a predetermined number of
NUM  4.
PAR  4. An apparatus characterized in accordance with claim 1, including means
      for normally returning said security card to said user before said items
NUM  5.
PAR  5. An apparatus characterized in accordance with claim 1, wherein said
      security card includes a body member having a first predetermined area
      within which there has been applied a random quantity of magnetic
      material, said security card also including a second predetermined area
      within which there has been recorded information which is representative
      of said random quantity of said magnetic material which has been applied
      within said first predetermined area, said oscillator for energizing said
      magnetic material and said transducer including associated circuitry for
      reading the value of the thus energized magnetic material, said
      information which is read by said reading means being representative of
      said random quantity of magnetic material, and said verifying means
      includes means for comparing said recorded information which is
      representative of said random quantity of magnetic material with the value
NUM  6.
PAR  6. An apparatus characterized in accordance with claim 1, wherein said
      security card is provided with indicia bearing a randomly-applied amount
      of magnetic material which is accurately measured before the card is
NUM  7.
PAR  7. An apparatus characterized in accordance with claim 1, including means
      for recording on said security card the date of the most recent successful
      use of that particular security card and means to permit said apparatus to
      retain said card when said card is presented within a predetermined time
NUM  8.
PAR  8. An apparatus for dispensing articles desired by a user of said apparatus
      in response to the introduction in said apparatus of a valid security card
      and the entering into said apparatus of a secret memorized personal
      number, comprising, in combination:
PA1  means for permitting said user to introduce said security card into said
      apparatus;
PA1  means for reading and checking the data which is magnetically encoded in
      scrambled form on said security card;
PA1  means for determining the validity of said card;
PA1  a keyboard for permitting said user to enter into said apparatus said
      secret memorized personal number;
PA1  means for determining the validity or invalidity of said entered personal
      number by comparing said personal number with the data read from said
      security card;
PA1  said security card being provided with indicia bearing a randomly-applied
      amount of magnetic material which is accurately measured before the card
      is issued to said user;
PA1  the data representing the accurate measurement of the amount of magnetic
      material being encoded as part of said data which is present on said
      security card;
PA1  said reading and checking means including means for reading said indicia to
      obtain a signal representative of the amount of magnetic material borne by
      said indicia and means for comprising said signal with said data which
      represents the accurate measurement of the amount of said magnetic
      material;
PA1  means for dispensing said articles desired by said user only after said
      security card and said secret memorized personal number are both
      determined by said apparatus to be valid; and
PA1  means for permitting said articles to be dispensed to said user only after
NUM  9.
PAR  9. An apparatus characterized in accordance with claim 8, including means
      for retaining said security card and for preventing the return of said
      security card to said user when said user has failed to enter into said
      apparatus the correct secret memorized personal number after a
NUM  10.
PAR  10. An apparatus characterized in accordance with claim 8, wherein said
      data is magnetically recorded on said security card in a scrambled or
      coded arrangement, and wherein said means for determining the validity of
      said security card which is introduced into said apparatus includes means
      for electronically decoding said scrambled or coded arrangement of data.
NUM  11.
PAR  11. An article comprising, in combination:
PA1  a body member;
PA1  a first predetermined area on said body member;
PA1  said first predetermined area containing a quantity of material which is
      capable of being influenced by an electromagnetic field;
PA1  a second predetermined area on said body member,
PA1  said second predetermined area containing data which is representative of
      said quantity of said material which lies within certain portions of said
NUM  12.
PAR  12. An article characterized in accordance with claim 11, wherein said
      quantity of material within said first predetermined area is capable of
      being detected and measured after said material is influenced by a
      predetermined electromagnetic field, and said data within said second
      predetermined area includes values mathematically related to the detected
NUM  13.
PAR  13. An article, such as a security card, a credit card or an identification
      card, comprising, in combination:
PA1  a body member;
PA1  a first predetermined area on said body member;
PA1  said first predetermined area containing a randomly-applied quantity of
      magnetic material;
PA1  a second predetermined area on said body member; and
PA1  said second predetermined area containing data which is representative of
      said quantity of said magnetic material which lies within said first
NUM  14.
PAR  14. An article characterized in accordance with claim 13, including a third
      predetermined area on said body member, said third predetermined area
      providing a visiblle indication of the total number of times said article
NUM  15.
PAR  15. A security card for use in conjunction with an apparatus for dispensing
      items desired by a user of said apparatus, comprising, in combination:
PA1  a body member having a first predetermined area in the shape of an arrow
      for indicating the correct direction for inserting said security card into
      said apparatus;
PA1  said arrow containing a randomly distributed quantity of magnetic material
      portions of which are accurately measured before said security card is
      issued to said user;
PA1  said body member having a second predetermined area within which is encoded
      various recorded data;
PA1  and said recorded data includes information which is mathematically related
NUM  16.
PAR  16. A security card characterized in accordance with claim 15, wherein said
      recorded data also includes information which corresponds to a personal
      number which is memorized by said user and which is required to be entered
      into said apparatus by said user before said apparatus will dispense the
NUM  17.
PAR  17. A security card characterized in accordance with claim 15, including a
      third predetermined area on said body member wherein there is provided a
      visible indication of the total number of times said security card has
NUM  18.
PAR  18. An apparatus for verifying that a particular credit card is authorized
      for use, comprising:
PA1  a credit card including discrete areas of magnetic material deposited
      thereon and information encoded thereon which is mathematically related to
      a security value of the deposited magnetic material,
PA1  means including an oscillator and a transducer for determining the security
      value of the magnetic material deposited on said card,
PA1  means for reading the encoded information on said card,
PA1  means for comparing the security value and the encoded information and for
NUM  19.
PAR  19. The apparatus of claim 18 wherein said transducer and oscillator
      determine said security value by measuring a predetermined plurality of
NUM  20.
PAR  20. The apparatus of claim 19 wherein said magnetic material is randomly
NUM  21.
PAR  21. The apparatus of claim 19 wherein said encoded information is in a
      scrambled form and said means for reading includes electronically
      unscrambling said information. .Iadd. 22. Apparatus which authenticates a
      credit, identification, or security card or the like and authorizes its
      use in the apparatus, comprising:
PA1  means for verifying that a particular card is valid;
PA1  said verifying means including a transducer for evaluating, after said card
      is introduced into the apparatus for use, a unique characteristic of
      magnetic material deposited on said card;
PA1  said verifying means further including means for reading information
      encoded on said card representative of said unique characteristic of said
      energized magnetic material, obtained by a prior evaluation of said
      magnetic material, and means for comparing said information and the
      evaluation of the unique characteristic of said magnetic material, after
      the card has been introduced into the apparatus for use, in order to
      determine if the unique characteristic evaluated after the card is
      introduced corresponds to the unique characteristic obtained by said prior
      evaluation; and
PA1  means for authorizing the use of said security card only if the card is
      verified by determining a valid comparison of said unique characteristic
      which has been evaluated after the card is introduced into the apparatus
      for use and said representative information of the unique characteristic
      obtained by said prior evaluation. .Iaddend. .Iadd. 23. An apparatus
      characterized in accordance with claim 22, wherein said security card
      includes a body member having a first predetermined area within which
      there has been applied a magnetic material, which has a unique
      characteristic value, said security card also including a second
      predetermined area within which there has been recorded information which
      is representative of said unique characteristic value of said magnetic
      material which has been applied within said first predetermined area, said
      transducer including associated circuitry for reading the magnetic
      material to determine the value of said unique characteristic, and
PA1  said verifying means includes means for comparing said recorded information
      which is representative of said unique characteristic of magnetic material
      with the value of said unique characteristic obtained by reading said
      magnetic material..Iaddend..Iadd. 24. An apparatus characterized in
      accordance with claim 22, wherein said security card is provided with
      indicia bearing randomly-applied magnetic material which is evaluated
      before the card is issued to said user to determine the value of said
      unique characteristic..Iaddend. .Iadd. 25. An apparatus for dispensing
      articles desired by a user of said apparatus in response to the
      introduction into said apparatus of a valid security card, said security
      card being provided with magnetic material applied in an area of the card
      which may be scanned by a transducer, which magnetic material has been
      accurately measured to derive and establish a characteristic thereof,
      before the card is issued to said user, which characteristic is unique
      with said security card and distinct from other characteristics of other
      like cards intended for use in the apparatus, and in response to entering
      into said apparatus of a secret memorized personal number, comprising in
      combination:
PA1  means for receiving said security card into said apparatus; and,
PA1  a transducer for reading an area of the magnetic material on the card to
      obtain a signal representative of the unique characteristic of such
      magnetic material after said card has been introduced into said apparatus;
      and,
PA1  means for reading and checking data which is present and magnetically
      encoded in scrambled form on said card when said card is introduced, at
      least some of said encoded data representing the prior accurate
      measurement of the unique characteristic of magnetic material which is
      present on said security card;
PA1  means for determining the validity of said card including means for
      comparing said representative signal with said encoded data which is
      representative of the unique characteristic derived from said card at a
      prior reading of the magnetic material; and
PA1  means for said user to enter into said apparatus a secret memorized
      personal number;
PA1  means for determining the validity or invalidity of said entered personal
      number by comparing said personal number with other information associated
      with said security card; and
PA1  means for dispensing said articles desired by said user only after said
      security card and said secret memorized personal number are both
PAR   determined by said apparatus to be valid..Iaddend. .Iadd. 26.  A series of
      articles, such as security cards, credit cards or identification cards,
      each of which comprises in combination:
PA1  a body member;
PA1  a first predetermined area containing magnetic material having a unique
      characteristic associated with said specific card, which differs from
      similar but different characteristics of other like cards of the series;
      and
PA1  a second predetermined area on said body member containing data which is
      representative of said unique characteristic of said magnetic material
      contained in said first predetermined area of said body
      member..Iaddend..Iadd. 27. An article according to claim 26 wherein said
      magnetic material is randomly positioned due to a random application of a
      quantity of magnetic material to said first predetermined
      area..Iaddend..Iadd. 28. An article characterized in accordance with claim
      27, wherein said randomly-positioned areas of magnetic material of said
      first predetermined area comprise two or more magnetic spots which are
      randomly applied in said area during manufacture..Iaddend..Iadd. 29. An
      article according to claim 26 wherein said data is encoded and has a
      functional relationship with a number which may be derived from the
      magnetic material in said first predetermined area when said magnetic
      material has been energized by an electromagnetic field..Iaddend. .Iadd.
      30. An article according to claim 26 wherein the data contained in said
      second predetermined area is derived by counting discrete areas of
      magnetic material in said first predetermined areas..Iaddend..Iadd. 31. An
      article according to claim 26 wherein said data contained in said second
      predetermined area includes a number representative of a count of discrete
      magnetic areas of said first predetermined area, which number has
      undergone a mathematical transformation before being recorded on said
      article in said first predetermined area, said mathematical transformation
      making possible comparison of said data and a reading of said magnetical
      material of said first predetermined area for correspondence when said
      article is presented for use to determine whether use of said article is
      authorized..Iaddend. .Iadd. 32. An article characterized in accordance
      with claim 26, wherein said quantity of material within said first
      predetermined area is capable of being detected and measured after said
      material is influenced by a predetermined electromagnetic field, and said
      data within said second predetermined area includes values mathematically
      related to the detected or measured quantity of material..Iaddend. .Iadd.
      33. An article comprising in combination:
PA1  a body member;
PA1  a predetermined area on said body member;
PA1  said predetermined area containing a plurality of randomly-positioned areas
      of magnetic material which is adapted to be read to determine a number
      unique to said article, as compared with other like articles, by
      evaluation of said magnetic material by reading and obtaining a measure of
      the plurality of randomly-positioned areas of magnetic material to derive
      said unique number which is measurably associated with the areas read and
      which is adapted to be stored data on the card, such that a subsequent
      derivation of said number can be compared with said unique number at the
      subsequent time it is derived; and,
PA1  a second predetermined area on said body member, said second predetermined
      area containing said stored data which is representative of said unique
      number and measurably associated with a count of said randomly-positioned
      areas of magnetic material which lie within certain positions of said
      first predetermined area on said body member and which stored data has
      been derived by a prior reading of said randomly-positioned areas of said
      other first predetermined area and recorded in said second predetermined
      area for use in said comparison at said subsequent time..Iaddend..Iadd.
      34. An article characterized in accordance with claim 33, wherein said
      randomly-positioned areas of magnetic material of said first predetermined
      area are electromagnetically energized..Iaddend..Iadd. 35. An article
      characterized in accordance with claim 33, wherein said number which is
      measurably associated with said randomly-positioned areas of magnetic
      material of said first predetermined area is functionally related to said
      representative stored data of said second predetermined area via a
      predetermined mathematical transformation..Iaddend..Iadd. 36. An article
      characterized in accordance with claim 35, wherein said unique number is
      subjected to said predetermined mathematical transformation to obtain said
      stored data which is measurably associated with said randomly-positioned
      areas of said first predetermined area such that said representative
      stored data can be compared to said unique number when said unique number
      falls within predetermined parameters for said representative stored
      data..Iaddend..Iadd. 37. An article characterized in accordance with claim
      33, wherein said randomly-positioned areas of magnetic material of said
      predetermined area comprise two or more magnetic spots which are randomly
      applied in said area during manufacture..Iaddend. .Iadd. 38. An article
      characterized in accordance with claim 33, including a third predetermined
      area on said body member, said third predetermined area providing a
      visible indication of the total number of times said article has been
      employed for its intended purpose..Iaddend..Iadd. 39. An apparatus for
      verifying authorized use of a particular credit card or the like having
      deposited thereon magnetic material which has a unique characteristic
      associated with said particular card and which may be derived therefrom by
      measurement and which card has information encoded thereon which is
      mathematically related to said measured characteristic of the deposited
      magnetic material, comprising:
PA1  means including a transducer for determining a measure of the
      characteristic of the magnetic material deposited on said card;
PA1  means for reading the encoded information on said card;
PA1  means for comparing the measure of the particular characteristic of said
      card and the encoded information read from the card, and for ascertaining
      the validity of said card by determining that a mathematical relationship
      exists between said characteristic and said encoded information..Iaddend.
      .Iadd. 40. The apparatus of claim 39, wherein said transducer is used to
      determine said security value by measuring a predetermined plurality of
      said discrete areas of magnetic material and provides its output to a
      comparator..Iaddend. .Iadd. 41. An apparatus for dispensing one or more
      items desired by a user of said apparatus in response to the introduction
      into said apparatus of a security card and the entering separately into
      said apparatus of predetermined information, comprising, in combination:
PA1  means for receiving a security card into said apparatus, each said security
      card having associated therewith a number recorded on the card and having
      two different data representations of the number;
PA1  means for reading the two recorded data representations of said number on
      the card and means for determining the validity or invalidity of the card
      by comparing the two data representations of the number which are recorded
      on the card;
PA1  means for reading data which is magnetically recorded on said security card
      in a coded or scrambled form;
PA1  means for permitting said user to enter separately into said apparatus said
      predetermined information;
PA1  means for determining the validity or invalidity of said entered
      predetermined information by electronically decoding said coded or
      scrambled form of data and comparing the decoded data with said
      predetermined information; and
PA1  means for dispensing said items desired by said user only if said security
      card and said predetermined information are both determined by said
      apparatus to be valid..Iaddend. .Iadd. 42. Apparatus as claimed in claim
      41 for dispensing currency desired by a user of said apparatus in response
      to the introduction into said apparatus of a valid security card and the
      entering separately into said apparatus by said user of a secret memorized
      personal number, wherein said means for reading said two recorded data
      representations includes means for energizing a predetermined area of said
      security card, which area contains randomly-positioned magnetic material
      constituting one data representation of said number, and this reading
      means also includes means for counting the energized magnetic material,
      and said means for determining the validity or invalidity of the
      introduced security card includes means for comparing a number derived by
      said count of energized magnetic material with a value constituting the
      other data representation and that was encoded on said security card
      before said security card was issued to said user, and said means for
      permitting said user to enter into said apparatus said predetermined
      information is for entering said secret memorized personal
      number..Iaddend. .Iadd. 43. Apparatus as claimed in claim 42 including
      means for recording on said security card the total number of times said
      security card has been employed to obtain the dispensed items, and means
      to permit said apparatus to retain said security card when said security
      card has been employed for dispensing items a predetermined total number
      of times..Iaddend. .Iadd. 44. Apparatus as claimed in claim 41 and
      arranged to receive from a user said security card which includes a body
      member having a first predetermined area which may be read by a transducer
      within which there has been randomly-applied areas of magnetic material,
      said security card also including a second predetermined area within which
      there has been recorded data which is representative of a characteristic
      of said magnetic material which has been randomly applied within said
      first predetermined area, wherein said means for reading said recorded
      data representations includes a means for energizing said magnetic
      material and a magnetic reading head with associated counting circuitry
      for counting and reading the thus energized magnetic material and deriving
      a random number therefrom and representative thereof, and said means for
      determining the validity or invalidity of said security card includes
      means for comparing said recorded data which is representative of said
      randomly-applied magnetic material with the amount obtained from said
      energized magnetic material..Iaddend. .Iadd. 45. Apparatus as claimed in
      claim 41 and arranged to receive from a user said security card provided
      with randomly-applied magnetic material in a data track which data track
      was accurately measured before the card was issued to said user..Iaddend.
      .Iadd. 46. A series of articles, such as security cards, credit cards or
      identification cards, each of which comprises in combination:
PA1  a body member;
PA1  a first predetermined area containing magnetic material having a unique
      characteristic associated with said specific card, which differs from
      similar but different characteristics of other like cards of the series,
      said magnetic material is randomly positioned due to random application of
      magnetic material to said first predetermined area; and
PA1  a second predetermined area on said body member containing data which is
      representative of said unique characteristic of said magnetic material
      contained in said first predetermined area of said body member..Iaddend.
      .Iadd. 47. An article according to claim 46 wherein said data is encoded
      and has a functional relationship with a number which may be derived from
      the magnetic material in said first predetermined area when said magnetic
      material has been energized by an electromagnetic field..Iaddend..Iadd.
      48. An article according to claim 46 wherein the data contained in said
      second predetermined area is derived by counting discrete areas of
      magnetic material in said first predetermined areas..Iaddend..Iadd. 49. An
      article according to claim 46 wherein said data contained in said second
      predetermined area includes a number representative of a count of discrete
      magnetic areas of said first predetermined area, which number has
      undergone a mathematical transformation before being recorded on said
      article in said first predetermined area, said mathematical transformation
      making possible comparison of said data and a reading of said magnetic
      material of said first predetermined area for correspondence when said
      article is presented for use to determine whether use of said article is
      authorized..Iaddend. .Iadd. 50. An article characterized in accordance
      with claim 46 wherein said magnetic material within said first
      predetermined area is capable of being detected and measured after said
      material is influenced by a predetermined electro-magnetic field, and said
      data within said second predetermined area includes values mathematically
      related to the detected or measured magnetic material of said first
      predetermined area..Iaddend..Iadd. 51. An article characterized in
      accordance with claim 46 wherein said randomly-positioned areas of
      magnetic material of said first predetermined area comprise two or more
      magnetic spots which are randomly applied in said area during
      manufacture..Iaddend.
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ABST
PAL  In a color camera utilizing a color encoding strip filter arrangement in
      the optical path to separate light from an object into its component
      colors, an imaging system includes a noninteracting cylindrical lens array
      to image the encoding filter strips onto a photosensitive medium without
      the use of a relay lens.
PAC  .[.
PAC  BACKGROUND OF THE INVENTION.].
BSUM
PAR  This invention relates to the optical system of a color camera, and more
      particularly, to a shadowing system for imaging color encoding filter
      strips onto a photosensitive medium.
PAR  It is known in the art that a color encoding filter may be placed in the
      optical path of a camera to encode the light from an object in terms of
      its component colors, which encoded light may then be recorded on black
      and white film for subsequent decoding to reproduce an image of the object
      in color, or the encoded light may be imaged onto the photosensitive
      electrode of a black and white television camera pickup tube for
      generating color representative video signals which may be decoded and
      used to reproduce a color image of the object in a television receiver.
PAR  The color encoding filter may comprise a first grating of alternate and
      parallel transparent and colored strips of a first color and a second
      grating superimposed over the first and comprising alternate and parallel
      transparent and colored strips of a second color. The colored strips may
      be of primary colors such as red and blue or they may be subtractive
      colors such as cyan and yellow, for example. The latter type is more
      efficient from the point of view of overall light transmission and in that
      the entire filter area may be used for color encoding as well as for
      luminance or brightness signal generation.
PAR  A color encoding filter of the type having subtractive color strips may be
      similar to that disclosed in U.S. Pat. No. 3,378,633 issued Apr. 16, 1968,
      to Albert Macovski. Such a filter comprises a first grating of alternate
      cyan and transparent strips and a second grating of alternate yellow and
      transparent strips, one grating being superimposed over the other with the
      strips of the first grating at an angle of approximately 45.degree.
      relative to the strips of the second grating. In the patented filter the
      width of the strips of both filters are substantially equal and have a
      line density of approximately 500 strip pairs per inch (a strip pair
      consisting of one colored and one transparent strip) imaged onto a
      one-half inch wide photosensitive electrode of a television camera pickup
      tube, for example. The cyan and transparent strips of the first grating
      are disposed vertically, for example, i.e., perpendicular to the direction
      in which the electrode is scanned by an electron beam, and the yellow and
      transparent strips of the second grating are disposed at an angle of
      approximately 45.degree. to the strips of the first grating and to the
      scanning direction of the electron beam. The scansion of the
      photosensitive electrode of such a camera tube at the rate established as
      standard in the United States by the Federal Communications Commission
      produces at the output of the camera tube a 3.5 MHz. carrier wave
      modulated in amplitude by the blue color representative signal and a 5.0
      MHz. carrier wave modulated in amplitude by the red representative signal.
      The luminance or brightness information is represented by the signal
      produced in the output of the camera tube that is derived from the average
      light transmitted by the encoding filter onto the photosensitive electrode
      of the camera tube. The composite signal produced in the output of the
      camera tube is processed to develop separate luminance (Y) and red and
      blue color difference signal (R-Y) and (B-Y), respectively.
PAR  The light from a subject is filtered by a color encoding filter, such as
      that described and disclosed in the Macovski patent, and then impinges
      upon the photosensitive electrode of the camera pickup tube, which may be
      a vidicon, for example, after passing through the faceplate of the tube.
      It is desirable that the color encoding strip pattern be sharply imaged on
      the photosensitive electrode in order to produce maximum modulation of
      each of the encoded color signals. In the case of the cyan-transparent
      grating of the encoding filter disclosed by Macovski, for example, it is
      desirable that the light passing through the transparent strips be
      prevented from impinging upon those areas of the photosensitive electrode
      located behind the cyan strips in order that the carrier wave, produced in
      the output of the camera pickup by the electron beam scansion of the
      electrode, be modulated only by the presence or absence of red light from
      the subject. The filter gratings will be sharply imaged on the
      photosensitive electrode if the light rays passing through the encoding
      filter strips are collimated, i.e., are parallel or substantially so. If
      the camera lens is stopped down to a relatively small aperture, f22 or
      f32, for example, the light passing through the aperture will be
      substantially collimated and the encoding filter strips will be sharply
      focused on the photosensitive electrode of the camera tube. Frequently,
      however, it is desirable to increase the aperture size of the camera lens
      to obtain sufficient illumination of the photosensitive electrode or to
      achieve other effects. At large aperture sizes of the camera lens, such as
      f4.5 for example, the rays of light passing through the lens will not be
      collimated (i.e., parallel) and the encoding filter strips will not be
      imaged sharply onto the photosensitive electrode, thereby resulting in a
      loss of modulation of the color encoded signals as previously described.
PAR  In the past, one approach to imaging the encoding filter strips onto the
      photosensitive electrode of the camera tube has been to insert a relay
      lens in the optical path between the color encoding filter and the
      photosensitive electrode. In such an arrangement, light from the subject
      is imaged onto the color encoding filter and the relay lens serves to
      reimage the combination of the subject and the encoding filter strips onto
      the photosensitive electrode of the camera tube. Hence, in a color
      encoding camera system utilizing a relay lens to focus the color encoding
      filter strips onto the photosensitive electrode of the camera tube, it is
      necessary that the encoding filter be in an image plane. Thus, any dust on
      the filter or any imperfection thereof would be in focus at the
      photosensitive electrode and would usually appear undesirably in the image
      produced from the camera generated signals. Also, a relay lens adds to the
      cost, size and weight of the optical system used with the camera.
PAR  In a shadowing system of the type disclosed in U.S. Pat. No. 2,733,291
      granted Jan. 31, 1956 to R. D. Kell, a shadowing grating having strips of
      primary colors and a separate transparent area for passing luminance
      representative light is disposed in the optical path ahead (i.e., between
      the subject and) a color encoding filter having strips of subtractive
      primary colors. The use of such a shadowing grating permits a given
      primary color to be encoded only over a portion of the total filter area,
      thereby resulting in decreased light transmission efficiency, and the
      separate transparent area of the shadowing grating permits the luminance
      signal representative light to appear over the entire encoding filter,
      thereby reducing the modulation of the separate primary color signals.
      Also, the color encoding filter must have a strip density high enough to
      resolve the subject derived light into a minimum number of elements.
PAR  A shadowing arrangement which does not use a relay lens and has a
      relatively high light efficiency is disclosed in a copending application
      of Hugh F. Frohbach et al., Ser. No. 798,677, filed Feb. 12, 1969, and
      entitled "Shadowing System for a Color Encoding Camera." Such an
      arrangement uses both coarse and fine color pending filters and a fine
      phase or density grating in a shadowing arrangement to form a color
      encoding pattern on the photosensitive electrode of a camera tube. In such
      an arrangement, the strips of the coarse color encoding filter act as an
      effective lens aperture to limit the angle of the light rays passing
      therethrough so that the fine grating may be shadowed onto the
      photosensitive camera tube electrode. If the fine grating is of the
      density type, there is some loss in light efficiency because no light is
      passed by its opaque strips. Similarly, if the fine grating is of the
      color encoding variety, some light is absorbed by its colored strips,
      thereby decreasing somewhat the light transmission efficiency of the
      shadowing arrangement.
PAR  Another shadowing arrangement which does not require a relay lens and which
      has an even higher light efficiency than that of the copending Frohbach et
      al. application is disclosed in a copending application of Hugh F.
      Frohbach, Ser. No. 798,678, filed Feb. 12, 1969, and entitled "Lens Array
      Imaging System for a Color Encoding Camera." In this system the coarse
      color encoding filter is imaged onto the photosensitive electrode of the
      camera tube by an array of small spherical lens elements aligned with the
      encoding filter strips. The use of spherical lens arrays in place of
      conventional cylindrical lens arrays permits the use of lens arrays with
      two or more angularly disposed encoding filter grids at other than a
      90.degree. angle to each other because the spherical lens array greatly
      reduces the interaction caused by the use of cylindrical lens arrays.
      However, it is more difficult and costly to produce suitable spherical
      lens arrays than the conventional cylindrical lens arrays.
PAR  When more than one set of color encoding filter strips is used in any
      mutual relationship except a 90.degree. one, the cylindrical lens elements
      associated with one of the sets of encoding filter strips interact with
      the cylindrical lens elements associated with other sets of filter strips,
      thereby reducing the focusing ability of one another. The net result is a
      poorly resolved or low modulation image of the color encoding filter which
      is formed on the photosensitive electrode of the camera tube.
PAR  It, therefore, is an object of the present invention to provide an imaging
      system for a color encoding camera which has a high-light efficiency and
      which enables the formation on a photosensitive, medium of a
      high-resolution encoding filter pattern by a noninteracting lens array
      without using a relay lens. .[.
PAC  SUMMARY OF THE INVENTION.].
PAR  In a color encoding camera system including a photosensitive medium onto
      which a color encoding filter pattern is to imaged by apparatus including
      two arrays of cylindrical lens elements aligned respectively with two
      grids of the encoding filter, each of the lens arrays has a distinctive
      dispersion characteristic and the arrays are separated by optical coupling
      means which has such a dispersion characteristic in relation to the
      dispersion characteristics of the two lens arrays as to substantially
      obviate interaction between the lens arrays.
DRWD
PAR  For a more specific disclosure of the invention and its mode of operation
      reference may be had to the following detailed description of an
      illustrative embodiment thereof which is given in conjunction with the
      accompanying drawing, of which:
PAR  FIG. 1 is a diagrammatic representation from the top of the optical
      components of a color encoding camera system including imaging apparatus
      in accordance with the invention;
PAR  FIG. 2 illustrates a typical color encoding strip filter which may be used
      in the system of FIG. 1;
PAR  FIG. 3 illustrates a vertical cylindrical lens array used for imaging the
      vertical color encoding strips of the filter of FIG. 2;
PAR  FIG. 4 illustrates an angular cylindrical lens array used for imaging the
      angular color encoding strips of the filter of FIG. 2;
PAR  FIG. 5 illustrates the manner in which one color encoding grid of the
      filter of FIG. 2, the corresponding cylindrical lens array of FIG. 3 or
      FIG. 4 and the photosensitive electrode of the camera tube of FIG. 1 are
      arranged relative to one another so as to image the filter grid onto the
      electrode; and
PAR  FIG. 6 is a graph showing the interrelationship of the two cylindrical lens
      arrays of FIGS. 3 and 4 and the optical coupling means by which they are
      separated as shown in FIG. 1. .[.
PAC  DESCRIPTION OF THE INVENTION.].
DETD
PAR  In FIG. 1 typical light rays 11, derived from an object 12, pass through,
      in the order named a camera objective lens 13, a color encoding strip
      filter 14, lenticular imaging apparatus 15, and the faceplate 16 of a
      camera pickup tube 17 to form an image of the object on a photosensitive
      electrode 18 of the camera tube. The camera tube 17 may be of the
      photoconductive type such as a vidicon, but it is to be understood that
      other types of pickup tubes may be used in the practice of this invention.
      The electrode 18 is scanned by an electron beam (not shown) which is
      deflected in a conventional manner by means including a suitably energized
      deflection yoke 19, thereby developing color encoded video signals at an
      output terminal 21 that are representative of the object 12, substantially
      as taught in the Macovski patent previously referred to. The lenticular
      imaging apparatus 15 comprises two cylindrical lens arrays 22 and 23 and
      an intervening optical coupling means 24, the respective properties of
      which will presently be described.
PAR  In FIG. 2 a representative color encoding filter 14 comprises a first grid
      of alternate cyan strips 25 and transparent strips 26, and a second grid
      of alternate yellow strips 27 and transparent strips 28. As illustrated,
      one strip grid is superimposed upon the other with the strips 25-26 of the
      first grid arranged vertically and the strips 27-28 of the second grid
      arranged at about a 45.degree. angle to the first grid strips. The strips
      of both grids are of substantially equal widths. The cyan strips 25 block
      red light and pass green and blue light so that the first grid strips
      25-26 encode the red light from the object. In a similar manner, the
      yellow strips 27 block blue light and pass green and red light so that the
      second grid strips 27-28 encode the blue light from the object. Because
      the respective colored strips pass light of two primary colors and block
      light of the third primary color, the encoding of light of one color by
      one filter grid does not interfere with the encoding of light of the other
      color by the other filter grid.
PAR  The encoded color representative video signals are derived from the output
      terminal 21 of FIG. 1 as sidebands of a carrier wave, the frequency of
      which is determined by the number of pairs of colored and transparent
      strips traversed by the electron scanning beam over a given area of the
      photosensitive electrode 18 of the camera tube 17 in one line scanning
      period. A relatively high carrier frequency will be developed by the
      scansion of photoelectrode areas aligned with the vertically disposed
      strips 25-26 of the first grid of the encoding filter 14. Also, a lower
      carrier frequency will be developed by the scansion of those areas of the
      photosensitive electrode 18 aligned with the obliquely disposed strips
      27-28 of the second encoding filter grid. Thus, in the illustrated
      encoding filter arrangement of FIG. 2, the red component of the light
      derived from the object 12 is represented by the amplitude modulation of
      the sidebands of the relatively high-frequency carrier wave and the blue
      component of the object derived light is represented by the amplitude
      modulation of the sidebands of the lower frequency carrier wave. The
      luminance or brightness component of the subject derived light comprises
      the average light transmission of the two grids of the encoding filter 14
      and the representative luminance signal developed at the output terminal
      21 corresponds to the average value of the color carrier waves. The
      luminance and encoded color signals produced at the output terminal 21 of
      the camera tube 17 may be coupled to a processing network such as that
      described in the previously mentioned Macovski patent, for example, in
      which the signals are separated by suitable filters and combined in a
      manner to yield a luminance signal Y and red and blue color difference
      signals (R-Y) and (B-Y).
PAR  As previously described, the object derived light rays, of which the rays
      11 are typical, upon emerging from the encoding filter 14, traverse the
      cylindrical lens arrays 22 and 23 of the imaging apparatus 15. The details
      of these arrays are shown in FIGS. 3 and 4 which are sectional views of
      the imaging apparatus taken on the lines 3--3 and 4--4, respectively, of
      FIG. 1. The lens elements 29 of the array 22 are aligned with the red
      light encoding strips 25-26, etc., of the filter 14. Similarly, the lens
      elements 31 of the array 23 are aligned with the blue light encoding
      strips 27-28 etc., of the filter. The pitch of the lens elements 29 in
      less than the pitch of the filter strips 25-26, etc., and the pitch of the
      lens elements 31 is less than that of the filter strips 27-28, etc. In
      order for the encoding filter 14 and the lens arrays 22 and 23 to be in a
      collimating relationship with one another relative to the photosensitive
      electrode 18 of the camera tube 17 it is necessary that the pitches of the
      lens arrays and the corresponding strips of the filter grids have the
      relationship illustrated in FIG. 5.
PAR  There is shown in FIG. 5 the desired relationship between the vertical
      strips 25-26, etc., of the red light encoding grid of the filter 14, the
      vertical cylindrical lens elements 29-29a-29b, etc., of the array 22 and
      the photosensitive electrode 18 of the camera tube 17. It is to be
      understood that FIG. 5 also is representative of the desired relationship
      between the oblique strips 27-28, etc., of the blue light encoding grid of
      the filter 14, the cylindrical lens elements 31, etc., of the array 23 and
      the photosensitive camera tube electrode 18. The color encoding filter 14
      is located at a distance L from the photosensitive electrode 18 and the
      cylindrical lens array 22 is disposed at a distance T from the electrode.
      The pitch of the cyan-transparent strips 25-26 is A and the pitch of the
      lens elements 29 is B. In order for the encoding filter 14 and the lens
      array 22 to be in a light collimating relationship with one another and
      with the photosensitive electrode 18, the following relationship must
      exist: A/B = L/T. With this collimating relationship the pitch C of the
      color encoding strip pattern imaged onto the photosensitive electrode is
      given by the expression 1/C = 1/B - 1/A. Therefore, it is seen that the
      frequency of the signal developed by scanning the image of the color
      encoding strip pattern on the photosensitive electrode 18 is proportional
      to the difference between the line "frequencies" (i.e., reciprocal of
      pitch) of the cylindrical lens array 22 and the color encoding filter 14.
      Such an arrangement enables the color encoding filter to be made with
      relatively wide strips which makes the filter easier and less costly to
      manufacture than one having a higher strip density. Also, in a filter
      having a relatively small number of strips there is a relatively low
      probability of defects therein.
PAR  In FIG. 5 rays of object derived light indicated by the solid lines 32, 33
      and 34 are shown passing through three of the cyan strips 25 of the color
      encoding filter 14 and a single cylindrical lens element 29a of the lens
      array 22. The lens element 29a thus forms an image of substantially the
      entire color encoding filter 14 on the photosensitive electrode 18. The
      imaged cyan strips are represented by the shaded areas 35 and the imaged
      transparent strips are represented by the unshaded areas 36 on the
      electrode 18. Other rays of light indicated by the broken lines 37, 38 and
      39 also pass through the cyan strips 25 of the encoding filter 14 and
      through another cylindrical lens element 29b of the lens array 22. This
      lens element also forms an image of the color encoding filter 14 on the
      photosensitive electrode 18.
PAR  From the foregoing description of FIG. 5 it can be seen that each
      individual cylindrical lens element 29 of the lens array 22 forms an image
      of the color encoding filter pattern on the photosensitive electrode 18 of
      the camera tube of FIG. 1, the images produced by the respective lens
      elements being mutually superimposed on the photosensitive electrode.
      Consequently, even if there were to be defects in, or dust on, an
      individual lens element, or even if a lens element were to be missing,
      there would be little adverse effect on the encoding filter pattern
      shadowed onto the photosensitive electrode 18 because of the many
      superimposed images created by all of the lens elements 29 of the lens
      array 22. The use of the lens array 22 in conjunction with the red light
      encoding grid of the filter 14, and a similar use of the lens array 23 in
      conjunction with the blue light encoding grid of the filter 14,
      constitutes an imaging system having a greater light transmission
      efficiency than one employing a fine pitch color encoding filter as
      described in the previously mentioned copending Frohbach et al.,
      application. This results from the fact that the entire area of the
      combined lens arrays 22 and 23 transmits light and there is no absorption
      of light as in the case of a color encoding filter or a density grating.
PAR  In the imaging apparatus of the present invention as illustrated in FIGS.
      1, 2, 3 and 4 advantage is taken of the use of the separate lens arrays 22
      and 23 for the respective imaging on the photosensitive camera tube
      electrode 18 of the two differently colored encoded components of the
      light derived from the object 12 and the encoding filter 14. In order to
      take such advantage, the imaging apparatus 15 comprises, in addition to
      the cylindrical lens arrays 22 and 23, light coupling means 24 disposed
      between the lens arrays, the respective curved elemental lenticular sides
      of which abut opposite sides of the coupling means. The two lens arrays 22
      and 23 and the optical coupling means 24, respectively, are made of
      materials having light dispersion characteristics such as those
      illustrated in FIG. 6.
PAR  In FIG. 6 the curves 41 and 42 represent the dispersion characteristics of
      the lens arrays 22 and 23 respectively, and the curve 43 represents the
      dispersion characteristic of the coupling means 24. It is to be noted that
      the curves 41 and 43 intersect at a point 44, indicating that for light
      having a wavelength of approximately 4,500 angstrom units (blue), the lens
      array 22 and the coupling means 24 have substantially the same index of
      refraction (viz, about 1.62). Similarly, the intersection of the curves 42
      and 43 at a point 45 indicates that, for light having a wavelength of
      approximately 6,500 angstrom units (red), the lens array 23 and the
      optical coupling means 24 have substantially the same index of refractive
      viz about 1.57).
PAR  The significance of the refractive index matching of the coupling means 24
      with the lens arrays 22 and 23 at the respective wavelengths of the blue
      and red object derived light is that the particular lens array that is
      designed to image light of one color on the photosensitive camera tube
      electrode 18 has substantially no imaging effect for the object derived
      light of the other color. For example, at the 4,500 angstrom unit
      wavelength of blue light, the curved lenticular side of the lens array 22
      effectively disappears because of the refractive index matching of this
      lens array and the coupling means 24 at the point 44 of FIG. 6. The lens
      array 22, thus, has no imaging effect upon the blue object derived light.
      This array, however, does have an imaging effect upon the red object
      derived light because, at the 6,500 angstrom unit wavelength of the red
      light, its refractive index is materially different from that of the
      optical coupling means 24. Similarly, the lens array 23 and the coupling
      means 24 have substantially the same index of refraction, indicated at the
      point 45 of FIG. 6, at the 6,500 angstrom unit wavelength of red light,
      and materially different refractive indices at the 4,500 angstrom unit
      wavelength of blue light. The lens array 23, thus, images blue, but not
      red, light upon the photosensitive camera tube electrode 18 of FIG. 1.
      Hence, the cylindrical lens elements 29 and 31, respectively, of the
      arrays 22 and 23 may be placed at substantially any desired angle relative
      to one another without incurring any interaction between them.
PAR  The lens arrays 22 and 23 and the optical coupling means 24 may be made of
      a number of different glass, plastic, and liquid materials having the
      desired light dispersion characteristics such as those indicated in FIG.
      6. One representative group of materials which may be used for the imaging
      apparatus of this invention is set forth in the following table.
TBL  ______________________________________                                    

                          Refractive index                                     

                                4,500.degree. A                                

                                         6,500.degree. A                       

     Imaging element                                                           

                Material        (blue)   (red)                                 

     ______________________________________                                    

     Lens array 22                                                             

                Barium crown 611 glass.                                        

                                1.6245   1.6078                                

     Coupling means                                                            

                Aniline C.sub.6 H.sub.5 NH.sub.2 liquid.                       

                                1.6204   1.5793                                

     24                                                                        

     Lens array 23                                                             

                Barium crown 574 glass.                                        

                                1.5871   1.5715                                

     ______________________________________                                    

PAL  It is to be noted that the refractive indices of the lens array 22 and the
      coupling means 24, respectively, are substantially the same at the
      wavelength of blue light and the refractive indices of the lens array 23
      and the coupling means 24, respectively, substantially match one another
      at the wavelength of red light.
PAR  In the fabrication of the lens arrays 22 and 23, which may be achieved by
      well known photographic techniques, the radii of curvature of the
      lenticular elements are functions both of the focal distances to the
      photosensitive camera tube electrode 18 and the respective indices of
      refraction of the particular array and the optical coupling means 24 at
      the wavelength of the light encoded by the associated grid of the filter
      14 as represented by the expression
EQU  f = R/(n.sub.1 - n.sub.m)
PAL  where R is the radius of curvature, n.sub.1 is the refractive index of the
      lens array material and n.sub.m is the refractive index of the coupling
      means 24. Thus, the required radius of curvature (R.sub.r) of each
      cylindrical lens element of the array 22 is given by the expression
EQU  R.sub.r = f(n.sub.1 - n.sub.2)red
PAL  where n.sub.1 and n.sub.2, respectively, are the refractive indices of the
      array 22 and of the coupling means 24 at the wavelength of red light and f
      is the focal length of a lens element which is equal approximately to the
      thickness of the faceplate 16 of the camera tube 17, assuming the imaging
      apparatus 15 to be mounted on the outside of the tube faceplate. Likewise,
      the radius of curvature (R.sub.b) of each cylindrical lens element of the
      array 23 is given by the expression
EQU  R.sub.b = f(n.sub.3 - n.sub.2)blue
PAL  where n.sub.2 and n.sub.3, respectively, are the refractive indices of the
      array 23 and of the coupling means 24 at the wavelength of blue light and
      f is equal approximately to the thickness of the camera tube faceplate 16.
      From the data of the foregoing table it is seen that R.sub.r is positive
      and R.sub.b is negative which indicates that the cylindrical lens elements
      29 of the array 22 are convex toward the coupling means 24 and the
      elements 31 of the array 23 are concave toward the coupling means.
PAR  As shown in FIG. 1 the cylindrical lens arrays 22 and 23 are mounted in
      contact with opposite sides of the optical coupling means 24, thereby
      forming a unitary structure of the imaging apparatus. Such a structure has
      the advantage, in addition to the formation of a noninteracting lenticular
      imaging apparatus, of producing less diffusion of the light representing
      object information than is produced by conventional lens structures
      because, at the center of the visible spectrum, each lens element has an
      effectively increased radius of a curvature and, hence, reduced "lens
      action," thereby reducing any diffusion of the luminance information.
PAR  The described imaging apparatus of the invention may be used in other than
      the herein disclosed embodiment, such as with a film camera for recording
      encoded colored light information on a panchromatic film, for example.
      Accordingly, the term "photosensitive medium" as used herein may be
      defined as an electrode, a film or other surface which is susceptible of
      having an initial state thereof altered in response to light projected
      thereon, whereby to record the information represented by the projected
      light. Also, it should be understood that the imaging apparatus may be
      used with other types of strip light encoding filters having two or more
      grids of encoding strips, so long as the cylindrical lens elements of the
      plurality of lens arrays are aligned with their associated filter strips
      in the specified light collimating relationship and have the requisite
      light dispersion characteristics specified herein.
CLMS
NUM  1.
PAR  1. In a color encoding camera system including a photosensitive medium, a
      lens system for projecting light from an object onto said photosensitive
      medium, and a color encoding filter including first and second grids of
      first and second colored light transmissive strips, respectively, each
      grid having a relatively coarse pitch and positioned in the optical path
      between said lens system and said photosensitive medium, apparatus for
      imaging onto said photosensitive medium object-derived light separated
      into components of first and second spectral ranges encoded by the first
      and second colored light transmissivity of said first and second filter
      grids, respectively, said imaging apparatus comprising:
PA1  first and second arrays of cylindrical lens elements, each array having a
      distinctive dispersion characteristic and a smaller pitch than said first
      and second grids and arranged in the optical path between said
      photosensitive medium and said color encoding filter in light collimating
      relationship with said respective first and second filter grids and with
      the lens elements of said first array parallel to the light transmissive
      strips of said first filter grid and the lens elements of said second
      array parallel to the light transmissive strips of said second filter
      grid; and
PA1  optical coupling means located between said first and second cylindrical
      lens arrays and having an index of refraction characteristic which is
      different for colored light passed by said first and second color encoding
      grids and which matches the respective indices of refraction of said first
      and second lens arrays for each of the respective colors passed by said
      grids such as to substantially obviate interaction between said first and
NUM  2.
PAR  2. In a color encoding camera system, imaging apparatus as defined in claim
      1, wherein:
PA1  the dispersion characteristics of said first and second lens arrays and of
      said optical coupling means are such that,
PA1  said first lens array and said optical coupling means have substantially
      the same index of refraction at the wavelength of light encoded by said
      second filter grid and different indices of refraction at the wavelength
      of light encoded by said first filter grid, and
PA1  said second lens array and said optical coupling means have substantially
      the same index of refraction at the wavelength of light encoded by said
      first filter grid and different indices of refraction at the wavelength of
NUM  3.
PAR  3. In a color encoding camera system, imaging apparatus as defined in claim
      2, wherein:
PA1  the arrangement of said first and second lens arrays and said optical
      coupling means is such that said object-derived light, after passing
      through said color encoding filter, passes through said first lens array,
      said optical coupling means and said second lens array in the order named
NUM  4.
PAR  4. In a color encoding camera system, imaging apparatus defined in claim 3,
      wherein:
PA1  each cylindrical element of each of said first and second lens arrays has a
      curved side; and
PA1  said first and second lens arrays are disposed with the curved sides of
      their respective lens elements facing one another and said optical
NUM  5.
PAR  5. In a color encoding camera system, imaging apparatus as defined in claim
      4, wherein:
PA1  the curved sides of the lens elements of said first lens arrays are convex
      toward said optical coupling means; and
PA1  the curved sides of the lens elements of said second lens array are concave
NUM  6.
PAR  6. In a color encoding camera system, imaging apparatus as defined in claim
      5, wherein:
PA1  the radius of curvature of the curved sides of the lens elements of said
      first lens array is a function of the focal distance from said first lens
      array to said photosensitive medium and of the respective indices of
      refraction of said first array and said optical coupling means at the
      wavelength of light encoded by said first filter grid; and
PA1  the radius of curvature of the curved sides of the lens elements of said
      second lens array is a function of the focal distance from said second
      lens array to said photosensitive medium and of the respective indices of
      refraction of said second array and said optical coupling means at the
NUM  7.
PAR  7. In a color encoding camera system, imaging apparatus as defined in claim
      6, wherein:
PA1  the respective indices of refraction of said first and second lens arrays
      and said optical coupling means are greater at the wavelength of light
      encoded by said second filter grid than at the wavelength of light encoded
NUM  8.
PAR  8. In a color encoding camera system, imaging apparatus as defined in claim
      7, wherein:
PA1  the index of refraction of said second lens array is less than the
      respective indices of refraction of said first lens array and said optical
      coupling means at the wavelength of light encoded by said first filter
      grid; and
PA1  the index of refraction of said first lens array is greater than the
      respective indices of refraction of said second lens array and said
      optical coupling means at the wavelength of light encoded by said second
NUM  9.
PAR  9. In a color encoding camera system, imaging apparatus as defined in claim
      8, wherein:
PA1  said first and second lens arrays are mounted in contact with opposite
      sides of said optical coupling means, thereby forming a unitary structure
NUM  10.
PAR  10. In a color encoding camera system, imaging apparatus as defined in
      claim 9, wherein:
PA1  said photosensitive medium is the photosensitive electrode of a television
      camera pickup tube; and
PA1  the unitary structure of said imaging apparatus is mounted on the faceplate
NUM  11.
PAR  11. In a color encoding camera system, imaging apparatus as defined in
      claim 10, wherein:
PA1  the unitary structure of said imaging apparatus is mounted on the outside
      of said pickup tube faceplate. .Iadd. 12. For use in a color camera system
      having a device for generating electrical signals from an optical image
      focused thereon, optical means for focusing one of the primary colors onto
      the device in a series of discrete strips while passing other primary
      colors directed therethrough to said device, said means comprising a first
      member of material of index of refraction n.sub.1 and a second member of
      material of index of refraction n.sub.2, said members forming a lenticular
      array of cylindrical lenses, and the materials being such that n.sub.1 is
      different from n.sub.2 for said one primary color and n.sub.1 and n.sub.2
      are approximately equal for other of the primary colors. .Iaddend..Iadd.
      13. The optical means as claimed in claim 12, wherein n.sub.2 &gt; n.sub.1 in
      the blue region of the optical spectrum and substantially the same in the
      red region of the optical spectrum. .Iaddend.
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ABST
PAL  Various embodiments of energy absorbing, protective helmets constructed of
      resilient foam means covered with a tough, pliable surface coating. The
      helmets are adapted to be worn on a person's head and have openings
      therein generally conforming to a person's eyes, ears, nose, mouth and
      chin. In modifications of the helmet, fixed or removable transparent
      shield means are mounted across the front openings and hemispherical plate
      means can be disposed at the top of the helmet. Other modifications of the
      helmet provide guard means across the front openings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to unitary, novel, protective helmets containing
      openings for the eyes, ears, nose, etc., capable of absorbing energy and
      adapted to be worn on the head of a person while engaging in various
      sports such as karate and related arts, boxing, etc. Furthermore, in
      particular modified embodiments, the helmets containing transparent shield
      means and/or guard means can be worn on the head of a person as protective
      means to prevent injuries thereto while riding a bicycle, motorcycle, and
      the like.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a unitary, novel, protective
      helmet adapted to be worn on the head of a person which can easily be put
      on or taken off.
PAR  It is another object of this invention to provide a novel protective helmet
      having a simplified construction made from a resilient material having a
      tough, outer casing.
PAR  An additional object of this invention is to provide a novel, unitary,
      protective helmet comprising a novel design including openings for the
      eyes, nose, ears, mouth, etc.
PAR  Another object of this invention is to provide a novel, protective helmet
      having a simplified construction made from a resilient material having a
      tough, outer casing including openings for the eyes, nose, ears, mouth,
      etc., a transparent shield over the eyes and nose openings, and a rigid
      cap portion.
PAR  Another object of this invention is to provide a novel, protective helmet
      having easily removable transparent shield means across the front openings
      of the helmet.
PAR  An additional object of this invention is to provide a novel, protective
      helmet having guard means across the front openings of the helmet.
PAR  Generally, the unitary protective helmet is adapted to protect the face and
      other portions of one's head and comprises a resilient material which is
      capable of absorbing energy and which has a tough, outer coating or
      casing, preferably of plastic, which is shaped, designed, and adapted to
      cover the head of a person. The helmet has openings or cutout portions for
      various portions of the head including the eyes, ears, nose, mouth, etc.
      and is adapted to fit snugly and securely over a person's head and is
      easily put on or taken off. In one embodiment, the eye and nose openings
      are fitted with a permanent, rigid, transparent eye and nose shield means
      and the top of the helmet is fitted with a rigid cap means. In other
      embodiments, removable transparent shield means are provided and also
      guard means for the front openings.
PAR  Other features and advantages of various embodiments of the protective
      helmets of the invention will become apparent from the following
      description of the specific embodiments thereof taken in conjunction with
      the drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of one embodiment of the protective
      helmet of the invention with a cutaway section thereof showing the
      material used in the construction thereof;
PAR  FIG. 2 is a side elevational view of the helmet of FIG. 1;
PAR  FIG. 3 is a rear elevational view of the helmet of FIG. 1;
PAR  FIG. 4 is a top view of the helmet of FIG. 1;
PAR  FIG. 5 is a bottom view of the helmet of FIG. 1;
PAR  FIG. 6 is a front elevational view of a modified embodiment of the
      protective helmet of FIG. 1 showing a fixed transparent shield means;
PAR  FIG. 7 is a side elevational view of the helmet of FIG. 6;
PAR  FIG. 8 is a top view of the helmet of FIG. 6;
PAR  FIG. 9 is a section taken along line 9--9 of FIG. 6;
PAR  FIG. 10 is a front elevational view of a second embodiment of the
      protective helmet of the invention;
PAR  FIG. 11 is a side elevational view of the helmet of FIG. 10;
PAR  FIG. 12 is a front elevational view of a third embodiment of the protective
      helmet of the invention;
PAR  FIG. 13 is a side elevational view of the helmet of FIG. 12;
PAR  FIG. 14 is a front elevational view of a fourth embodiment of the
      protective helmet of the invention;
PAR  FIG. 15 is a side elevational view of the helmet of FIG. 14;
PAR  FIG. 16 is a front elevational view of a modified embodiment of the
      protective helmet of FIG. 10 showing removable transparent shield means;
PAR  FIG. 17 is a side elevational view of the helmet of FIG. 16;
PAR  FIG. 18 is a perspective exploded view of the helmet of FIG. 16;
PAR  FIG. 19 is a partial section taken along line 19--19 of FIG. 16;
PAR  FIG. 20 is a front elevational view of a modified embodiment of the
      protective helmet of FIG. 12 showing removable transparent shield means;
PAR  FIG. 21 is a side elevational view of the helmet of FIG. 20;
PAR  FIG. 22 is a perspective exploded view of the helmet of FIG. 20;
PAR  FIG. 23 is a partial section taken along line 23--23 of FIG. 20;
PAR  FIG. 24 is a front elevational view of another modified embodiment of the
      protective helmet of FIG. 10 showing guard means;
PAR  FIG. 25 is a side elevational view of the helmet of FIG. 24;
PAR  FIG. 26 is a perspective exploded view of the helmet of FIG. 24; and
PAR  FIG. 27 is a partial section taken along line 27--27 of FIG. 24.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The specific embodiment of the invention illustrated in the drawings in
      FIGS. 1-5 comprises a helmet device generally indicated by the numeral 10
      in FIG. 1. The helmet comprises a protective member, preferably unitary,
      molded from a suitable resilient material 12 capable of absorbing energy,
      such as a plastic, i.e., polystyrene or polyurethane foam, or a rubber
      foam, and the like. A suitable surface coating or casing 14, preferably
      smooth, covers the entire resilient material throughout, and which is a
      tough, pliable, tear resistant, material, preferably of a suitable plastic
      material, or the like. The coating 14 can be formed during heating and
      molding of a resilient foam material to produce a fused coating thereon.
      Alternatively, the surface coating 14 can be applied on the resilient
      material by dipping or by applying and securing a coating of a suitable
      plastic material or the like. Materials of plastic are preferred for the
      coating since there are available on the market many tough, rugged,
      pliable materials such as polyvinylchloride, etc. However, it is also
      contemplated within the concept of the invention that suitable rugged
      leather or fabric materials, and the like, can be secured to the resilient
      material and used to cover the resilient material. The coating or casing
      used should provide a flexible, tough covering which is resistant to
      tearing and abrasion.
PAR  Helmet 10 comprises an overall head-shaped shell device having a plurality
      of cutouts or openings to accommodate the various parts of a person's head
      when worn. Opening 16 in the front of the helmet generally outlines the
      nose and eyes, and permits one to see out of the helmet as well as
      permitting the nose to protrude therethrough to permit breathing. Opening
      18 generally outlines the mouth to permit speech and breathing
      therethrough. Opening 19 generally outlines a portion of the chin which
      can partially protrude therethrough. Similarly, openings 20 and 22
      generally outline the ears for hearing purposes. Openings 24 and 26
      generally outline the cheeks and are primarily for ventilation purposes as
      are optional ventilation openings 28 and 30.
PAR  The upper portion of the helmet (FIG. 4) covers the top of the head and
      comprises a pair of cross members 32 and 34 adapted to retain the helmet
      on the top of the person's head. Openings 36, 38, 40, and 42 in the top of
      the helmet provide ventilation and comfort to the wearer of the helmet
      while the cross members provide protection to the pate.
PAR  At the rear of the helmet, a horizontal portion 44 (FIG. 3) encompasses the
      rear of the head and is connected to crossmember 34 at its midpoint.
      Portion 44 forms a part of the upper part of the helmet which encircles
      the upper part of the head, i.e. around the back, above the ears and
      across the temple. The rear portion of the helmet has a large opening 46.
      A downwardly projecting portion or flap 48 extends from portion 44 at its
      midpoint to generally the horizontal center of the helmet, and about to
      the bottom of the neck of the wearer as the helmet is worn.
PAR  As seen from the above description, the helmet 10 is adapted to be worn on
      the head of a person to protect the head from injury while at the same
      time providing openings for the various parts of the head to permit
      seeing, talking, hearing, ventilation, etc. The helmet is easily put on or
      taken off. Because the helmet is not rigid, it tends to conform easily to
      the head and to the various features of the head of the wearer. The upper
      part of the head is inserted into the helmet through opening 46 and the
      helmet is pulled down on the back of the head by pulling flap 48 down and
      pulling down the front of the helmet over the face by pulling on the chin
      portion. Suitable adjustment of the helmet can then be made on the head
      with respect to the nose and eyes in relation to opening 16, with respect
      to the ears in relation to openings 20 and 22, etc. Removal of the helmet
      merely requires the pulling up of the chin portion and flap 48.
PAR  The unique construction and design of the helmet of FIGS. 1-5 provides
      protection to the head when one is engaging in various competitive,
      combative, type sports such as boxing, hockey, lacrosse, etc., as well as
      the martial arts such as karate, kung fu, etc.
PAR  The embodiment described above and those to be described hereinafter of the
      protective helmet of the invention also find use as protective means for
      motorcycle and bicycle riders, etc. in order to aid in protecting the head
      from injuries during accidents, etc. Thus, the resilient material, as well
      as the tough outer casing material, provide energy absorbing means to
      cushion and protect the head of a person. Thus, as shown in FIGS. 6-9, the
      modification of the helmet 10 depicted comprises additional protective
      features. The helmet of FIGS. 6-9 is in all respect similar in
      construction as that described in FIGS. 1-5. However, in this modification
      thereof, a generally curved, transparent shield 60 is disposed across the
      eye and nose opening 16 and a generally hemispherical plate 80 is disposed
      around the top of the helmet.
PAR  Shield 60 generally conforms in shape to the opening 16 and overlaps the
      opening around its outline to about one-fourth to one-half an inch as
      shown in FIG. 9. The shield is retained and spaced from the helmet and
      opening by means of a suitable number of spacer means such as 61, 62, 63
      and 64. The spacer means are adapted to be secured as by gluing, etc. to
      the helmet. The shield can also be glued, etc. to the spacer means to
      provide for permanent attachment of the shield to the helmet across the
      opening 16.
PAR  The shield being spaced from the surface of the helmet provides means for
      air passage into opening 16, such as through space 65 (FIG. 9). The
      shield, being transparent, permits the wearer to see as well as permitting
      breathing through opening 16, while at the same time protecting the eyes
      and nose from injury and also deflecting air, dust, etc. The shield can be
      constructed of any suitable rigid or semi-rigid transparent material such
      as a plastic material or the like.
PAR  The protective plate 80 is adapted to be disposed around the top of the
      helmet to protect the upper part of the head. Plate 80 is generally
      hemispherical in shape and is adapted to cover open sections 36, 38, 40
      and 42, and can be secured thereto at the top portion of the helmet by any
      suitable means such as by gluing, bolt means 82, as shown, etc., and can
      be permanently mounted or detachably mounted. The plate 80 is designed to
      substantially cover the sections 36, 38, 40, and 42, but not completely to
      provide passageways such as 84 and 86 for air ventilation purposes. Plate
      80 can be constructed of any suitable rigid or semi-rigid material such as
      metal, plastic (transparent, if desired) or the like.
PAR  In FIGS. 10 and 11, a second embodiment of the protective helmet of the
      invention is depicted. The numeral 90 generally denotes a helmet device
      substantially the same in all respects in construction and material as the
      helmet embodiment 10 shown in FIGS. 1-5. However, the helmet device 90 is
      modified to provide a continuous opening 92 in the front of the helmet
      which generally conforms to and outlines the nose, eyes and mouth. Opening
      92 permits one wearing the helmet to see out of the helmet in the portion
      94 as well as having the nose protrude therethrough in portion 96. In
      addition, the opening 92 at portion 98 generally outlines the mouth and
      permits speech and breathing therethrough. Thus, opening 92 being
      continuous in design and open in the portion 92 provides a somewhat
      greater flexibility in helmet 90 than that provided by separate openings
      16 and 18 of helmet 10. Helmet 90 as designed does not contain the
      ventilation openings such as 28 and 30 shown optionally in helmet 10.
      Thus, with opening 92, adequate ventilation is provided in helmet 90.
      However, if desired, openings 28 and 30 can be provided in helmet 90.
PAR  In FIGS. 12 and 13, a third embodiment of the protective helmet of the
      invention is depicted. The numeral 100 generally denotes a helmet device
      substantially the same in all respects in construction and material as the
      embodiment shown in FIGS. 1-5. However, helmet device 100 is modified to
      provide a large continuous opening 102 in the front of the helmet which
      generally conforms to and outlines the portion of a person's face
      encompassing the eyes, nose, mouth and part of the chin. Portion 104 of
      the helmet 100 is designed to cover only the upper portion of the nose,
      similarly as in helmets 10 and 90. Portion 106 is designed to pass under
      the chin of the wearer and aids in retaining the helmet on the person's
      head. Opening 102 is designed to permit the facial features to be more
      exposed and provides greater flexibility in the use of helmet 100 than
      that provided in helmets 10 and 90.
PAR  In FIGS. 14 and 15, a fourth embodiment of the protective helmet of the
      invention is depicted. The numeral 110 generally denotes a helmet device
      substantially the same in all respects in construction and material as the
      embodiment shown in FIGS. 1-5. However, the helmet device 110 is modified
      to eliminate the lower portion which would cover the chin and lower
      portions of a person's head. Thus, helmet device 110 comprises ear
      openings 20 and 22 inside portions 112 and 114, respectively. Portion 104,
      of helmet 110, is designed to cover only the upper portion of the nose as
      in helmet 10 and the others. Side portions 112 and 114 generally cover and
      protect the side of the head. Helmet 110 is designed and adapted to be
      easily put on and taken off with the aid of flap 48 as in the previous
      embodiments.
PAR  In FIGS. 16-19, a modification of the second helmet embodiment 90 of FIGS.
      10 and 11 is shown. The numeral 120 generally denotes a helmet device
      substantially the same in construction and material as the helmet
      embodiment 90. However, the helmet device 90 is modified to provide a
      removable protective transparent shield 112. Shield 112 is preferably a
      rigid or semi-rigid transparent plastic material and the like and is
      designed to cover opening 92 across portions 94 and 96. Portion 98
      outlining the mouth is not covered by shield 112 to permit breathing and
      speech. Shield 112 is curved horizontally across opening 92 as
      particularly shown in FIGS. 17 and 18 to conform to and accommodate the
      front curvature of the helmet and head.
PAR  Shield 112 is designed to be easily secured and removed from helmet 110.
      The shield and helmet are provided with a number of conventional snap
      devices 114 and 116. Each step member 114 is permanently disposed through
      the thickness of the body of the helmet as shown in FIG. 19. Similarly,
      snap member 116 is permanently disposed through the shield 112. Thus, the
      shield can be easily secured to the helmet by mating the respective snap
      members 114 and 116. Removal is accomplished by removal of snap portions
      116 from snap portions 114.
PAR  In FIGS. 20-22, a modification of the third helmet embodiment 100 of FIGS.
      12 and 13 is shown. The numeral 130 generally denotes a helmet device
      substantially the same in construction and material as the helmet
      embodiment 100. However, the helmet device 100 is modified to provide a
      removable protective transparent shield 132. Shield 132 comprises a rigid
      or semi-rigid transparent plastic material and the like and is adapted to
      almost completely cover opening 102 except a portion of the opening near
      portion 106 of the helmet to permit speech and breathing. Shield 132 has a
      generally curved horizontally portion 134 across opening 102 as
      particularly shown in FIGS. 21 and 22 to conform to and accommodate the
      front curvature of the facial features. The shield comprises a forwardly
      protruding portion 136 contiguous with portion 134. In this arrangement
      the shield portion 134 is set forward from the face.
PAR  The shield 132 can easily be secured and removed from helmet 130 by means
      of a number of conventional snap devices 138 and 140. Snap members 138,
      138a and 138b are permanently contained on a rigid curved plate member 142
      constructed of plastic, metal, or the like. Plate member 142 is
      permanently secured to the front of the helmet on portion 144 encircling
      the top of the head.
PAR  Shield 132 comprises an upwardly extending section 148 which contains at
      either side elongated horizontal slots 150 and 152. Snap member 140 is
      fixedly disposed at the midpoint of section 148 and is adapted to snap
      together with snap member 138. Snap members 140a and 140b are disposed
      within slots 150 and 152, respectively, and can be moved back and forth
      within the slots. Snap members 140a and 140b are adapted to snap together
      with snap members 138a and 138b, respectively. The shield 132 is easily
      featured to the helmet 130 by initially engaging snap member 140 to snap
      member 138, and thereafter adjusting snap members 140a and 140b in the
      slots to conform to snap members 138aand 138b, respectively, and snapping
      them together.
PAR  In FIGS. 23-27, another modification of the second helmet embodiment 90 of
      FIGS. 10 and 11 is shown. The numeral 160 generally denotes a helmet
      device substantially the same in construction and material as the helmet
      embodiment 90. However, the helmet device 160 is modified to provide an
      integral, fixed, rigid guard member 162 (FIG. 26). Guard member 162 is
      constructed of a rigid, strong, plastic material, metal, or the like.
      Guard member 162 is adapted to be permanently secured to the periphery of
      opening 92 of helmet 160.
PAR  Guard member 162 comprises a curved plate member 164 having an inner
      periphery 166 conforming in outline to the opening 92 of the helmet. The
      lower portion of guard member 162 only extends to portions 96 of the
      helmet. The outer periphery 168 of the guard member generally parallels
      the inner periphery 166 and has a width varying between one-fourth to
      one-half an inch to give it suitable strength. A curved, inverted,
      Y-shaped, forwardly-protruding rigid member 170 is integral with plate
      member 164 at points 172, 174, and 176, at which points plate member 164
      has greater widths. The rigid Y-shaped member can be tubular or flat in
      its cross section. Portion 178 is designed to protrude forward the
      greatest amount to provide sufficient clearance and protection for the
      nose 180 of a person.
PAR  Guard member 162 is permanently secured to the front portion of helmet 160
      by any suitable means such as an adhesive 182 securing plate member 164
      thereto. Although the guard member 162 is depicted as conforming in
      overall shape to the opening 92, it is also contemplated within the
      concept of this invention that the guard member can comprise a rigid
      extension of the plate member 164 which encircles the helmet around
      portion 184 and the back thereof to provide additional strength and
      protection thereto.
PAR  The various embodiments and modifications of the protective helmets
      described above have various specific uses. Thus, helmets 10, 90, 100,
      110, and 160 find particular use in competitive contact sports wherein
      portions of the head are to be protected against blows, chops, hand-held
      weapons, etc. The modifications of the helmets wherein transparent shields
      are provided find use for riders of vehicles such as motorcycles,
      bicycles, and the like, wherein protection of the face against wind,
      objects, and protection during possible accidents is obtained. In all the
      various described helmets, their primary purpose is for the protection of
      the various parts of the head and face against injury by providing
      energy-absorbing material in the helmet.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
NUM  1.
PAR  1. A protective helmet adapted to be worn on a person's head and capable of
      absorbing energy and generally conforming to the shape of a person's head,
      comprising resilient foam means covered with a tough, pliable surface
      casing, openings in said helmet generally conforming to the person's ears
      and chin, one large opening outlining the face portion of the head
      including the eyes, nose, mouth and chin, the rear of said helmet being
      generally open and including a flap member adapted to protect the rear of
NUM  2.
PAR  2. The helmet of claim 1 wherein the upper part of said helmet has a pair
      of cross-members adapted to retain the helmet on a person's head and
NUM  3.
PAR  3. The helmet of claim 1 wherein said helmet has additional ventilation
NUM  4.
PAR  4. The helmet of claim 1 wherein said resilient material is a plastic foam
NUM  5.
PAR  5. The helmet of claim 1 wherein a curved transparent shield is permanently
      disposed across said large opening and spaced therefrom by spacer means.
NUM  6.
PAR  6. The helmet of claim 1 wherein said helmet comprises a hemispherical
NUM  7.
PAR  7. The helmet of claim 6 wherein said plate means is disposed around
      openings in the top portion of said helmet with provision for ventilation
NUM  8.
PAR  8. The helmet of claim 1 wherein a curved transparent shield is detachably
      mounted across said large opening.
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ABST
PAL  A knee prosthesis comprising upper and lower metal members each having an
      extension adapted to fit into the narrow cavity of the adjacent femur and
      tibia the member being interconnected with one member entering the body of
      the other member in which there are half bearing members, the lower member
      being capable of rotating about the axis of the body and also, to a
      predetermined extent about the axis at right angles thereto.
BSUM
PAR  This invention relates to an improved prosthesis for use in surgical
      procedures and is particularly applicable to knee prostheses.
PAR  Surgical prostheses are well known and there have been previous proposals
      to provide an effective prosthesis for a knee joint. To date such joints
      proposed have not been satisfactory as they normally depend on a simple
      hinging motion which does not permit any rotation of the lower leg about
      the substantially vertical axis of the prosthesis. During normal walking,
      for example, these previous prostheses have proved to be unsatisfactory as
      because of this lack of movement the anchoring rods which enter into the
      marrow cavity of the femur and tibia have tended to loosen, with
      consequent disadvantages.
PAR  An object of the invention is to provide an improved prosthesis which at
      least, to a large extent, overcomes the difficulties in previously
      proposed prostheses.
PAR  The invention, in its broadest aspect, comprises a prosthesis having a
      first member including a rod adapted for connection within the marrow
      cavity of a femur and a second member having a rod extending therefrom
      adapted for connection within the marrow cavity of the tibia, the first
      member having a body of generally hollow cylindrical form and being
      adapted to receive from each end thereof one of a pair of half bearing
      members, the second member having an extension adapted to enter the
      cylindrical portion of the first member and to be received by the half
      bearing members, the arrangement being such that the second member can
      rotate about the axis of the cylindrical portion of the first member and
      can also rotate, to a predetermined extent, about an axis at right angles
      thereto.
PAR  This rotation at right angles to the axis of the cylinder can be provided
      by forming the half bearing members so that they receive and act as a
      bearing for portion of the second member extending there between, the
      bearing members each having a slot adapted to receive one side of a plate
      extending from the said portion to provide the rotation about an axis
      substantially at right angles to the cylindrical portion of the first
      member.
PAR  The first and second members are provided with stop means whereby the
      interconnection between the two members is locked when the rods are in a
      position corresponding to extension of the leg.
PAR  There may also be associated with the members, an element adapted to carry
      the patella.
DRWD
PAR  In order that the invention may be more readily understood, we shall
      describe one embodiment of the invention in relation to the accompanying
      drawings, in which:
PA1  Fig. 1 shows the components of the prosthesis in an exploded view;
PAR  FIG. 2 shows the prosthesis in a leg in a position between extension and
      flexion;
PAR  FIG. 3 is a partial horizontal section through the prosthesis when
      assembled;
PAR  FIG. 4 is a perspective view of a portion of the upper member showing the
      engagement of slot;
PAR  FIG. 5 is a vertical section through the assembled prothesis;
DETD
PAR  The two main members, 10,11, of the prosthesis may each be formed from a
      stainless steel which is acceptable for use with surgical techniques, or
      can be formed of some other inert acceptable metal. Preferably each
      component is made of a single piece of metal, preferably by initial
      casting followed by machining, as it has been found that where screwed
      joints, or the like are provided within a human body the electro-chemical
      effect is high and this can cause failure of the components more rapidly
      than would otherwise be the case.
PAR  The bearing halves, 12,13 as will be described hereinafter, are made of a
      suitable inert plastic material, and we have found that a satisfactory
      material for this purpose is high density polyethylene. Other suitable
      plastics could also be used.
PAR  The upper component 10, of the prosthesis which is to be connected to the
      femur, has a body 14, and a rod 15, extending therefrom. The body 14, is
      substantially cylindrical in form and the rod 15, extends substantially
      centrally from the cylinder at an angle to a diameter through the
      cylinder, both relative to the longitudinal axis of the cylinder and also
      the axis normal thereto. This angle is such as to leave the cylindrical
      body in the required orientation when the rod is received in the marrow
      compartment of the femur.
PAR  The body 14 has a width and a diameter such as to be received in the area
      normally occupied by the knee joint and the cylindrical body has a central
      hollow portion 16.
PAR  On the exterior of the body, 14, adjacent to the top thereof, there are a
      pair of outwardly extending flanges 17,18 which flanges, in side elevation
      form a portion of a V and which as illustrated, extend fully along the
      length of the body. If required these flanges may extend only partway
      along the length of the body.
PAR  These flanges, in co-operation with the rod, are adapted to abut the
      treated lower end of a femur to locate the component relative to the
      femur.
PAR  In the lower surface of the body 14 there is a slot 19 extending a
      substantial part of the width of the body and parallel to the axis thereof
      which slot has, in its center, a forwardly extended enlarged portion 20
      and extending rearwardly from this enlarged portion and radial of the
      cylinder and extended slot 21 of the same width as the enlarged portion
      20.
PAR  Also provided on the periphery of the cylinder on the forward portion
      thereof and spaced inwardly from the side, are a pair of extensions or
      stop members 22 which terminate adjacent to the forward edge of the slot
      19.
PAR  Formed within each end of the cylinder there is a peripheral groove 23, the
      purpose of which will be described hereinafter.
PAR  The lower component 11 of the prosthesis includes a plate 24 having
      extending downwardly therefrom a rod 25 adapted to be received in the
      marrow cavity of the tibia. On its lower surface this plate has a pair of
      downwardly extending pins 26, each spaced from the rod and in its upper
      surface a pair of broached recesses 27 which are tapered downwardly from
      the surface of the plate at the forward end thereof and which finish with
      a shoulder 28 at the rearward end.
PAR  Extending upwardly from the plate is a cylindrical bearing surface 29 of
      substantial diameter, and on the top of this surface, there is a rotation
      plate 30, which lies in a plane parallel to the main plate and extends
      outwardly a distance of less than the width of the main plate and a depth
      less than the depth of the main plate. This rotation plate 30 is slightly
      tapered from a wider portion at the center to narrower portions at each
      end.
PAR  Above the rotation plate is a further cylindrical bearing 31, which is
      coaxial with the bearing 29, but of a diameter smaller than that of
      bearing 29.
PAR  The arrangement of the lower component is such that the rotation plate can
      fit through the slot 19 in the lower surface of the cylindrical member 14
      of the upper component and the radius of the enlarged portiton 20 of that
      slot is substantially similar to the radius of the lower cylindrical
      bearing surface 29. The full arrangement and interengagement will be
      further described hereinafter.
PAR  The prosthesis also consists of the pair of half bearing members 12,13.
      These members are cylindrical, and are adapted to be a close fit within
      the central hollow portion 16 of the cylindrical part of the body of the
      upper component 10. They are of a length such that when they contact in
      the center of the upper component their outer surfaces 32 terminate
      adjacent the peripheral grooves 23 in each end of the upper component.
PAR  The central portion of the inner end faces of each of these bearing members
      is formed with three parts. The lower part 33 is relieved to closely abut
      the lower cylindrical bearing 29 of the second component, the center part
      34 comprises a slot sufficiently large to be able to receive the rotation
      plate 30 and permit a certain degree of rotation of the rotation plate
      therein as can best been seen from FIG. 3. The upper part 35 is also
      relieved to receive the upper cylindrical bearing 31.
PAR  The components are interengaged as follows:
PAR  The lower component 11 is located in the upper component 10 by passing the
      rotation plate 30 through the slot 19 so that the lower cylindrical
      bearing surface 29 of the lower component is located in the extended slot
      21 and/or the enlarged portion 20 thereof. On this location being
      achieved, the half bearing members 12,13 are moved into the cylindrical
      hollow portion 16 of the body in such a way that when they are adjacent at
      the center of the body they provide bearings for the lower and upper
      cylindrical bearing surfaces 29,31 of the lower component, and also
      receive the rotation plate 30.
PAR  Once these bearings are located a circlip, 36, which is preferably formed
      of a plastic of the same type as the bearing, can be placed within each of
      the peripheral grooves within the cylindrical body, thus locating the half
      bearings 12,13 in position.
PAR  At this time the prosthesis joint is completed and it will be seen that the
      lower component can rotate around the axis of the cylindrical upper
      component, the bearing halves remaining stationary relative to the lower
      component and moving within the hollow cylindrical body of the upper
      component. The arrangement is such that the components can move relatively
      rearwardly but when they are approaching the position of extension the
      extension 22 on the body of the upper component 10 enters the broached
      recesses 27 in the lower component which correctly aligns the two members
      and when the two components are in the extension condition, the shoulders
      of the recesses are struck by the edges of the extension and the bearing
      member 29 strikes the extended portion 20 of the slide 19 and joint is
      locked.
PAR  At any position other than this not only can the two components rotate
      about the axis of the cylindrical body of the upper component, but they
      can also rotate to a certain extent about the axis passing through the two
      cylindrical bearing portions 31,29 of the lower component. This movement
      is achieved, as explained before, in that the bearing surfaces are
      journalled in the half bearings and the degree of movement depends upon
      the sizes of the slots 34 relative to the size of the rotation plate 30.
      It is not necessary to provide a great deal of movement in this plane and
      we believe that movement of the order of 12.degree. would be satisfactory.
PAR  We also provide a molding 37, which is preferably of the same plastic as
      the bearings, and which is adapted to be located between the forward
      flange 18 of the upper component and the plate 24 of the lower component.
      This molding has an external shape such as to receive the patella so that
      when the prosthesis is located and the patella is in position, the
      appearance of the joint is substantially conventional. This molding 37
      also acts as a wiper over the slot 19 and the extensions 20,21 therefrom
      to prevent the intrusion of tissue into the prosthesis.
PAR  In order to fully understand the arrangment of the prosthesis, we shall
      briefly describe its location in the leg.
PAR  The upper and lower components of the prosthesis 10,11 are separated and
      the upper component is connected to the femur by firstly drilling the
      marrow compartment centrally so as to receive the rod 15. Before the rod
      is located however, the lower end of the femur is formed as by the use of
      a cylindrical saw cutting transverse to the bone to provide a curved
      undersurface having a diameter equal to the external diameter of the body
      of the upper component. When this diameter has been formed we use a jig
      located in the bone to cut away the ends of the bone so that the shape of
      these ends corresponds to the flanges 17,18 on the upper surface of the
      component. When the bone has been so treated, the marrow compartment can
      be filled with a filling material, which may but need not necessarily be
      an adhesive, and the upper component is located. The location is achieved
      not only by the rod 15, but also by the upper surface of the body 14 and
      the flanges 17,18 abutting either side of the bone treated.
PAR  The lower component 11 is located in the tibia by drilling the tibia to
      receive the rod 25 after which we insert a jig by means of which a pair of
      holes can be formed in the head of the tibia which holes correspond to the
      pins 26 on the plate 24. Again the marrow cavity is filled with material
      and the lower component is located. This is located against rotational
      movement relative to the tibia by the pins 26 entering the holes.
PAR  The components are then connected as previously described with the knee
      joint in flexion and the bearing members 12,13 and the circlips 36 are
      located. The plastic molding 37 is put into position, the patella located,
      and the skin re-sewn.
PAR  The prosthesis provides a range of movement of the leg substantially
      equivalent to that which is the case with a natural leg joint, and which
      locks under extension. The prosthesis we believe, should have a long life,
      possibly in the order of ten or more years, and will not tend to pull away
      from the bones as has been the case in previous prostheses. The claims
      defining the invention are as follows:
CLMS
NUM  1.
PAR  1. A knee prosthesis including a first member having a rod adapted for
      connection within the marrow cavity of a femur, a second member having a
      rod extending therefrom adapted for connection within the marrow cavity of
      a tibia, said first member having a body of generally hollow cylindrical
      form, a pair of half bearing members having slots formed therein, each of
      the bearing members being located in one end of the cylindrical body, the
      second member having an extension entering the hollow cylindrical body of
      the first member and received between and located by the half bearing
      members, the said extension comprising at least one cylindrical bearing
      portion received between the half bearing members and a plate extending
      outwardly therefrom which is adapted to enter said slots, the second
      member being rotatable relative to the first member about the vertical
      axis of said cylindrical bearing portion, the limits of rotation being
NUM  2.
PAR  2. A prosthesis as claimed in claim 1 wherein said first member has a
      longitudinal slot through which said plate can pass and a transverse slot
      of a width sufficient to receive the said bearing portion, and of a length
      sufficient to permit the first and second members to move relatively
NUM  3.
PAR  3. A prosthesis as claimed in claim 2 wherein at extension the bearing
NUM  4.
PAR  4. A prosthesis as defined in claim 1 wherein the first member has at least
      one guide rib extending transverse to the body thereof, the guide rib
      terminating with a shoulder, and where the second member is provided with
      co-operating recess means, the guide rib entering the recess means as the
      prosthesis approaches extension to ensure that on extension the first and
NUM  5.
PAR  5. A prosthesis as claimed in claim 1 and further including means on each
      of said first and second members to locate it against rotation relative to
      the bone to which is it connected.
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PAL  In a knee structure for a prosthetic limb which allows the shin portion to
      pivot with respect to the thigh portion about an axle fixed to the shin
      portion and passing through aligned openings in the thigh portion, a
      brake-band is disposed slightly less than 360.degree. around the axle,
      wherein the lower end of the band is pivotably anchored around a pin fixed
      to the thigh portion and disposed parallel to the axle. The upper end of
      the band responds to the relatively downward motion of the thigh portion
      when weight is supported thereby to cause a braking action between the
      band and axle. A drag adjustment means is provided wherein the thigh
      portion bears against the upper band and, while the aligned openings in
      the thigh portion restrain any downward movement of the axle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a prosthetic limb and, more particularly,
      to a pivotable mechanism thereof, with a means for braking.
PAC  BACKGROUND OF THE INVENTION
PAR  Prosthetic or artificial limbs have been designed in many ways, and each
      way is calculated to simulate more closely the motion of a natural limb.
      However, at times, this appears to be an impossibility because of the many
      functions our Great Creator compacted within a relatively small package.
      Therefore, man can only hope to approach the function of the natural limb.
      Although U.S. Pat. No. 3,723,997 teaches a useful method of providing
      braking action within an artificial knee, like all human endeavors, these
      teachings could also stand improvement. One drawback of the prior art is
      that the mechanism is relatively noisy because "play" is required between
      moving parts to allow relatively free motion, when braking is not
      required. Also, separate additional elements are provided to adjust drag.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a simple, smooth operating,
      pivotable structure for a prosthetic limb which can be locked in any
      angular position as the limb supports weight.
PAR  Another object is to provide a knee structure for a prosthetic leg, having
      a means for locking the knee whenever weight is supported by the leg, and
      moves freely and quietly to the straightened position.
PAR  Another object of this invention is to provide a means to prevent brake
      lock-up when the shin is fully extended and the weight supported on the
      toes thereof so that easy flexion is available on take off.
PAR  Another object of this invention is to provide a simple, adjustable drag
      means on a pivotable assembly for a prosthetic limb.
PAR  These and other objects and features of advantage will become more apparent
      after studying the following detailed description of the preferred
      embodiment of the invention, together with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a typical prosthetic limb or leg,
      employing my novel, pivotable joint, with a weight-activated brake means.
PAR  FIG. 2 is a sectional view of the joint taken on line 2--2 of FIG. 3 and in
      the direction of the arrows.
PAR  FIG. 3 is a sectional and broken-away view of the joint taken on line 3--3
      of FIG. 2 and in the direction of the arrows.
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2, also in the
      direction of the arrows.
PAR  FIG. 5 is a sectional view similar to FIG. 2, but taken on line 5--5 of
      FIG. 4.
PAR  FIG. 6 is a sectional view similar to FIG. 2 showing a means for releasing
      the brake although weight is supported.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 shows a prosthetic leg incorporating my invention, and there is
      shown a thigh portion 11 and a shin portion 12, which pivot relative to
      each other about an axle or shaft 13. The axle 13 is disposed suitably
      fixed in any convenient manner to the shin portion 12 through suitable
      aligned bores 14 (FIG. 4). The shin portion 12 has a well 16 (FIG. 4)
      extending down through the top thereof, and bores 14 are formed in the
      opposing walls of the well. The lower end of the thigh portion 11 extends
      down into the well 16, as shown.
PAR  The thigh portion also has a well 17 (FIG. 2) which is separated from a
      cavity 18 by a wall 19 which is preferably disposed substantially normal
      to the axis of the thigh portion. The axle 13 also passes through aligned
      holes 21 (FIG. 4) formed in the thigh portion, which holes communicate
      with the cavity 18. Around the axle 13 is disposed a pair of brake bands
      22 and 23. The bands 22 and 23 are generally U-shaped and each consists of
      a boss 24 slitted axially parallel by a slit 26. The bosses 24 are made
      sufficiently thick and of metal to have sufficient spring-back elasticity
      for reasons that will become apparent hereinafter. The bottom or lower
      portion of each boss 24 is made integral with an arm 27, having its end
      pivotably engaging a pin 28 disposed across the cavity 18, as shown more
      clearly in FIG. 3. The upper portion of each boss 24 is made integral with
      an upper lug 29, as shown. To insure smooth drag between the axle 13 and
      the bands 22 and 23, a suitable slitted bushing 31 is provided between
      each boss 24 and the axle 13. As, for example, the axle is made of steel
      and the bushings are made of standard sintered self-lubricating bronze.
      The bushing 31 is held fixed with respect to the boss 24 by means of a
      rivet 32. The brake bands 22 and 23 and axle 13 are inherently disposed
      pivotable about pin 28 for obvious reasons. Since the axle 13 passes
      loosely through holes 21, the thigh portion 11 and the shin portion 12
      will pivot with respect to each other as long as the bands 22 and 23 are
      loosely disposed around the axle 13. However, as will be explained
      hereinafter, suitable means are provided to remove all play between the
      thigh and shin portions and place a predetermined rotation drag force
      around the axle.
PAR  Now, one can see that if the wall 19 can be made to bear against the lugs
      29 of the brake bands and the axle 13 can be made to bear against the shin
      portion 12, a braking or drag force can be formed to prevent pivotable
      motion between the thigh and shin portions. To amplify the braking force
      so that more than the force which the wearer is capable of applying is
      used to lock the joints, a lever 33 is provided. The lever 33 has one end
      pin-connected to pin 28 and is disposed between the brake bands
      substantially parallel to wall 19. The other end of lever 33 is made to
      engage the wall 19 through an adjustment screw 34. A metallic bearing
      plate 36 is disposed on wall 19 for the screw 34 to bear against. When the
      limb is lifted off the ground, the axle is prevented from dropping or
      moving away from wall 19 by suitable bearing pads 37 (FIG. 4), bonded to
      the lower periphery of each hole 21 below the bosses 24, as shown in FIG.
      4. A dowel bar 38 is provided, as shown, passing through an opening 39 in
      lever 33 to engage both lugs 29 of the respective brake bands. The opening
      39 is made smaller at the center than at the ends, so that the bar 38 can
      pivot a limited amount about a horizontal axis. This insures that equal
      force is being applied to the respective brake bands. The bar 38 is held
      in place by a screw or pin 41, as shown in FIG. 3.
PAR  To apply a predetermined drag on a brake band 23 so that the shin portion
      is prevented from swinging like a pendulum, the screw 34 can be turned any
      desired amount. Since the axle 13, but more particularly the bosses 24,
      are prevented from moving downward by pads 37, the upper lugs 29 are urged
      toward the respective arms 27, as the screw 34 is turned into the lever 33
      and against the bearing plate 36. Therefore, the bushings 31 are squeezed
      against the axle 13. This feature of allowing the pads 37 to bear against
      the bosses 24 allows removal of the axle 13 without disturbing the drag.
      To provide further dependable operation of the knee joint, the line of
      contact between pin 38 and lugs 29 is parallel to and substantially in the
      same plane as defined by the axes of both the pin 28 and axle 13.
PAR  As in all prosthetic limbs, the thigh and shin portions 11 and 12 pivot to
      a bent position at the command or action of the user. Although the thigh
      and shin portions could assume the extended position by gravatational
      action, the two portions 11 and 12 are made to return to their right
      position by a standard means 45, which is well known in the art. (See U.S.
      Pat. No. 3, 316,558). Means 45 act something like a compression spring
      which returns the shin portion to the aligned position with the thigh
      against the drag which was formed by adjustment in turning screw 34.
      Because the upper ends of both brake bands are the ones which are free to
      move, the pivoting of the shin portion back to its aligned position
      prevents the wrapping of the brake band around the axle and prevents
      inadvertent application of a braking force.
PAR  In use, the brake is applied whenever the wearer places weight on the
      prosthetic leg, the weight bearing on the leg causes the bosses 24 to lift
      slightly off the respective pads 37. Since lever 33 is held relatively
      fixed to the thigh portion 11, the arm 27 is moved toward lug 29 to
      squeeze the bosses 24 around the axle. This braking action, as in U.S.
      Pat. No. 3,623,997, can be applied by the wearer when the knee is in any
      angular position. When the wearer lifts his leg, as when walking, the knee
      is free to bend. In other words, the brake band encircles the axle 13 in a
      self-energizing direction with a flexion rotation the produce greater
      resistance to flexion than to extension rotation.
PAR  Referring to FIG. 6, a means is shown to release the brake action when the
      shin is fully extended and supporting weight. As mentioned, FIG. 6 is
      substantially the same view as FIG. 2 but with the means including a bell
      crank 51 added in a certain way so that the brake is released while
      supporting weight when the wearer has the limb positioned with the shin 12
      in the fully extended position, for example, when simulating a toe stand
      position. In this position, the standard means 45 bears against an arm 52
      on the bell crank 51 and more particularly to a resilient bumper 53. As
      shown, the thigh portion 11 is so shaped to allow arm 52 to depend down
      through the cavity 18. A bumper 53a (FIG. 2), on the thigh 11 is removed
      to be placed on the arm 52. In the embodiment shown in FIG. 6, the bell
      crank 51 is disposed between the brake bands 22 and 23 and pivots about
      axle 13. A horizontal arm 55 is disposed to bear against the lever 33,
      preferably under the pin 28 when the wearer simulates a toe stance on this
      limb. To prevent noise or chatter, a resilient pad 56 is cemeted to the
      upper side of arm 55. One can see that as the shin portion 12 tends to
      rotate clockwise about axle 13, the standard means 45 also urges the bell
      crank 51 clockwise, but actually the bell crank 51 tends to pivot about
      resilient pad 56 rotating the brake bands 22 and 23 clockwise about pin
      28, thereby disengaging dowel bar 38 from the upper lugs 29. Now, when the
      wearer kicks off, as to take a step, the shin 12 can immediately flex
      counter-clockwise.
PAR  If a limb is designed without the standard means 45, a bell crank means
      (not shown) similar to the bell crank 51 shown could be used. However, the
      bell crank would have a depending arm corresponding to arm 52 which would
      engage the shin portion 12 inside of the well 16, preferably at the rear
      thereof. Now, the bell crank would pivot in unison with the shin portion.
PAR  Although the preferred embodiments of my invention have been described, one
      skilled in the art, after studying the above detailed description thereof,
      can devise other embodiments without departing from the spirit and scope
      of my invention. Therefore my invention is not to be considered limited to
      the disclosed embodiment, but includes all embodiments falling within the
      scope of the appended claims.
CLMS
NUM  1.
PAR  1. A pivotable mechanism for a prosthetic limb, comprising:
PA1  a first portion with a cavity formed at one end thereof;
PA1  a second portion with a well formed at one end to allow said one end of
      said first portion to pivot freely therein;
PA1  an axle fixed to said second portion and disposed across said well;
PA1  a pin fixed to said first portion and disposed across said cavity and
      substantially parallel to said axle;
PA1  said axle being disposed to extend also across said cavity;
PA1  at least one U-shaped brake band disposed around said axle and within said
      cavity, with the one end of the brake band remote from said first portion
      engaging said pin, and
PA1  first means are provided for causing said first portion to contact the
      other end of said brake band to cause the ends thereof to move toward each
      other whenever said first portion is urged toward said second portion;
PA1  said first means comprises:
PA1  a lever pivotably connected to said pin and disposed to extend
      substantially parallel to said brake band on the side of the band remote
      from said second portion;
PA1  said lever having its end disposed to make contact with the wall of said
      cavity, which wall is remote from said second portion;
PA1  said lever having disposed between its end a contact means for making
      contact with said other end of said brake band;
PA1  said contact means is substantially in the same plane as defined by the
      axes of said pin and axle.
PA1  a threaded screw disposed in the end of said lever to make contact with
      said wall; and
PA1  said first portion having a pair of holes formed in opposing walls of said
      cavity to allow said axle to pass through said pair of holes, whereby said
      axle is capable of bearing against the periphery of said pair of holes as
      said screw is tightened to allow adjustment of the drag force as produced
NUM  2.
PAR  2. A pivotable mechanism for a prosthetic limb, comprising:
PA1  a first portion with a cavity formed at one end thereof;
PA1  a second portion with a well formed at one end to allow said one end of
      said first portion to pivot freely therein;
PA1  an axle fixed to said second portion and disposed across said well;
PA1  a pin fixed to said first portion and disposed across said cavity and
      substantially parallel to said axle;
PA1  said axle being disposed to extend also across said cavity;
PA1  at least one U-shaped brake band disposed around said axle and within said
      cavity, with the one end of the brake band remote from said first portion
      engaging said pin, and
PA1  first means are provided for causing said first portion to contact the
      other end of said brake band to cause the ends thereof to move toward each
      other whenever said first portion is urged toward said second portion;
PA1  said first means comprises:
PA1  a lever pivotably connected to said pin and disposed to extend
      substantially parallel to said brake band on the side of the band remote
      from said second portion;
PA1  said lever having its end disposed to make contact with the wall of said
      cavity, which wall is remote from said second portion;
PA1  said lever having disposed between its end a contact means for making
      contact with said other end of said brake band;
PA1  a second U-shaped brake band disposed around said axle with said lever
      disposed between said bands;
PA1  said one end of said second band remote from said first portion also
      engaging said pin;
PA1  said contact means comprising said lever having an opening disposed
      substantially parallel to said pin; and
PA1  a dowel bar extending through the said opening and making contact at each
      end of said bar with the other end of each of said brake bands,
NUM  3.
PAR  3. The mechanism of claim 2 wherein said bar and said opening are of a size
      so that said bar wobbles therein to cause an even braking force between
NUM  4.
PAR  4. The mechanism of claim 3 wherein the region of contact, between said bar
      and the other ends of said bands, lies substantially in a plane as defined
NUM  5.
PAR  5. The mechanism of claim 4 wherein:
PA1  a threaded screw is disposed in the end of said lever to make contact with
      said wall; and
PA1  said first portion has a pair of holes formed in opposing walls of said
      cavity to allow said axle to pass through said pair of holes, whereby said
      axle is capable of bearing against the periphery of said pair of holes as
      said screw is tightened to allow adjustment of the drag force as produced
NUM  6.
PAR  6. The mechanism of claim 11 wherein:
PA1  a means is included responsive to the extension action of said second
      portion to engage said lever under said pin so that the ends of the brake
      bands separate although said first portion is being urged toward said
NUM  7.
PAR  7. The mechanism of claim 6 wherein said means includes:
PA1  a bell crank pivotably disposed about said axle and having a first and
      second arms disposed at an angle to each other;
PA1  said first arm depending from said axle and disposed to engage said second
      portion;
PA1  said second arm disposed to extend under said pin so that as said second
      portion returns to its extended position, said pin is lifted to disengage
      the braking action although the first and second portions are being urged
NUM  8.
PAR  8. A pivotable mechanism for a prosthetic limb, comprising:
PA1  a first portion with a cavity formed at one end thereof;
PA1  a second portion with a well formed at one end to allow said one end of
      said first portion to pivot freely therein;
PA1  an axle fixed to said second portion and disposed across said well;
PA1  a pin fixed to said first portion and disposed across said cavity and
      substantially parallel to said axle;
PA1  said axle being disposed to extend also across said cavity;
PA1  at least one U-shaped brake band disposed around said axle and within said
      cavity, with the one end of the brake band remote from said first portion
      engaging said pin, and
PA1  first means are provided for causing said first portion to contact the
      other end of said brake band to cause the ends thereof to move toward each
      other whenever said first portion is urged toward said second portion;
PA1  second means responsive to the extension action of the second portion to
      lift said pin so that the ends of the brake band separate although said
NUM  9.
PAR  9. The mechanism of claim 8 wherein said means includes:
PA1  a bell crank pivotably disposed about said axle and having a first and
      second arms disposed at an angle to each other;
PA1  said first arm depending from said axle and disposed to engage said second
      portion;
PA1  said second arm disposed to extend under said pin so that as said second
      portion returns to its extended position, said pin is lifted to disengage
      the braking action although the first and second portions are being urged
      toward each other.
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PAL  An implantable double walled tissue augmentation prosthesis consisting of a
      gel or liquid filled container within a liquid fillable container. A
      one-way flap valve is positioned within the wall of the liquid fillable
      container so that liquid may be selectively added to that container for
      inflation. Following implanting of the prosthesis, the liquid filled
      container may be deflated by removal of liquid therefrom to reduce any
      spherical contracture of the prosthesis caused by tissue contraction
      around the prosthesis. The prosthesis is most suitable for mammary
      augmentation.
BSUM
PAR  This invention relates to a tissue augmentation prosthesis which is
      particularly suited for mammary augmentation, and is more particularly
      concerned with an implantable prosthesis that may be inflated with liquid
      after implantation and subsequently deflated by removal of liquid to
      relieve the effects of spherical contracture of surrounding tissue on the
      prosthesis.
PAR  Mammary augmentation prostheses are normally divided into two general
      catagories: (1) the external prosthesis to be attached to or carried
      adjacent the outside of the body, as by carrying in a brassiere or the
      like; and (2) the implantable prosthesis that is surgically implanted
      beneath the skin of the body either between the chest wall and the mammary
      gland, as in the case of cosmetic augmentation or replacing the mammary
      gland following a mastectomy.
PAR  Prostheses designed for external use have been made of numerous materials
      and have included containers filled with various materials in an effort to
      provide a total effect similar to a normal human breast. Problems
      associated with the implanting of a prosthesis are not encountered with
      those prostheses designed for external application. Consequently, a wider
      latitude of design and implant material is available for such external
      application.
PAR  The implantable prosthesis on the other hand must meet certain rigid
      standards and requirements because of the implantation of the prosthesis
      beneath the skin of the patient. Silicone gel has been found to be a
      desirable material to approximate normal contours and tissue
      characteristics, but there have been problems in the use of silicone gel
      as a subcutaneous implantation. It has been determined to be objectionable
      and undesirable to inject silicone gel or fluid subcutaneously so that the
      gel or fluid itself is in contact with body tissue. Consequently, the gel
      has been placed within a silicone rubber container which retains the gel
      within the container and prohibits introduction of the gel into the body
      of the patient. While such a prosthesis when properly implanted effects
      augmentation of a breast, in time tissue surrounding the prostheses may
      contract and cause a spherical contracture of the prostheses into a
      relatively rigid and tense structure which is spherical in shape and
      relatively immovable, causing thereby a superior pole convexity of the
      upper surface of the breast and a firm, aesthetically undesirable breast.
      As the tissues around the implant contract, the fixed volume of the
      silicone gel material within its silicone rubber container is forced into
      a shape having the smallest possible surface area. The shape of the
      prosthetic implant becomes spherical thereby causing the breast to assume
      an abnormal spherical appearance with superior pole convexity. Once
      implanted it is not possible to remove a portion of the silicone gel
      material by insertion of a hypodermic needle through the breast of the
      patient and into the prosthesis because the silicone gel material is so
      thick, viscous and cohesive that it is not easily removed through the
      hypodermic needle. In addition puncture of the container for the gel by
      the needle would permit undesirable and objectionable leaking of the gel
      into the body of the patient.
PAR  Additionally, it has been determined that silicone gel feels slightly
      cooler to the touch than normal body temperature and therefore feels
      somewhat uncomfortable under certain circumstances when implanted beneath
      the skin.
PAR  The present invention overcomes the above mentioned and other problems with
      prior art implantable prostheses by providing a prosthesis which may be
      selectively enlarged prior to or during implant procedures and
      subsequently reduced in size following spherical contracture of the tissue
      surrounding the prosthesis. Enlargement of the prosthesis is obtained
      through the addition of saline solution or other suitable fluid to the
      prosthesis, such a solution being easily handled by conventional
      hypodermic syringe equipment.
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PAR  These and other features and advantages of the present invention will
      become apparent from consideration of the following specification when
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view showing the posterior side of a prosthesis
      made in accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view taken substantially along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a somewhat schematic illustration showing a cross-sectional view
      of the prosthesis of FIG. 1 implanted in a patient;
PAR  FIG. 4 is a view similar to FIG. 1 showing a modified form of the
      prosthesis according to the present invention; and
PAR  FIG. 5 is a cross-sectional view taken substantially along the line 5--5 in
      FIG. 4.
DETD
PAR  Referring now to the drawings, and more particularly to FIGS. 1, 2 and 3,
      there is shown a surgically implantable mammary augmentation prosthesis
      comprising an outer sac 11 and an inner capsule 12 contained within the
      outer sac and occupying less than the entire volume of the outer sac. The
      volume of outer sac 11 is normally at least 75 cc and rarely more than 200
      cc, but may be as low as 25 cc, this volume being in excess of the volume
      occupied by inner capsule 12. The walls of the sac and the capsule are
      constructed of a soft, flexible material such as silicone rubber compound.
      The walls of the inner capsule are impervious to the material 13 contained
      therein and retain the material within the capsule. The walls of the outer
      sac are semi-permeable and permit an exchange of fluid from within the sac
      to the tissue surrounding the prosthesis without loss of effective volume.
      According to one optional embodiment of the present invention, it is
      possible to place medication within the liquid contained in the outer sac
      and thereby achieve a long term continuous application of medication to
      the area surrounding the prosthesis. Of course, the walls of the outer sac
      may also be so thick that they are also impervious to all liquids but it
      is not necessary or critical that such wall thickness be present in the
      walls of the outer sac. The primary criterion for the walls of the present
      invention are that the inner capsule contain the material therein and that
      the complete prosthesis be soft, pliable and comfortable while also
      causing the prosthesis to assume natural body contours.
PAR  The walls of both the inner capsule and outer sac have a substantially flat
      rear wall and the capsule and sac in this embodiment are bonded together
      in a common area 14 along their rear walls to form a posterior side for
      the prosthesis. The front walls of the sac and capsule assume an outwardly
      convex shape closely approximating the shape of human breasts. Within the
      central portion of the posterior common area 14 of the prosthesis, there
      is a fixedly positioned attachment patch of open cell foam flexible
      plastic material 15. When in position following implant, tissue may grow
      into patch 15 to anchor the prosthesis in position. It should be
      understood that the presence of patch 15 is not required for the present
      invention since it is possible in some applications to delete patch 15 and
      achieve satisfactory results. The use of and need for anchor patches in
      augmentation prosthesis is well known to those of ordinary skill in this
      art and it is felt that further discussion of this element is unnecessary.
PAR  Capsule 12 is permanently filled completely with a high or low viscosity
      material 13 such as silicone gel as a high viscosity material or sterile
      saline solution as a low viscosity material to simulate the contours and
      characteristics of a human breast. Currently, silicone gel material is
      most popular for use in implantable mammary augmentation prostheses.
      However, it is recognized that other materials may be equally suitable so
      long as the consistency and viscosity of the implant material closely
      simulates the contours and characteristics of the human breast.
      Conventionally, mammary augmentation prostheses contain from 100 cc to 300
      cc of silicone gel material. Of course, more or less such material could
      be employed if desirable.
PAR  Outer sac 11 is selectively filled with a relatively thin liquid 17 such as
      sterile, normal or isotonic saline solutions or other typical liquids
      which are compatible with the human body. Typically, from 75 to 125 cc of
      saline solution are injected into sac 11. It should be understood of
      course that more or less such solution could be used when desirable within
      the limits of the capacity of the sac. Filling of outer sac 11 is
      accomplished by means of filling valve 16. Valve 16 includes tube 18 which
      passes through and is sealed along its outer edges to posterior wall 19 of
      sac 11. Attached to the exterior end of tube 18 is funnel section 20 and
      attached to the inner end of tube 18 is a flap valve 22. Flap valve 22 is
      formed integrally with tube 18 and is quite flexible and soft to the
      touch. Flap valve 22 lies generally between the posterior wall 19 of sac
      11 and the posterior wall 21 of capsule 12.
PAR  Funnel section 20 of valve 16 is provided for receiving a long cannula
      which is attached to the end of a syringe or other such liquid
      displacement device. The funnel and tube 18 aid in properly guiding the
      cannula into flap valve 22 to open the valve and allow liquid to be
      introduced through the cannula and into sac 11.
PAR  As shown in FIG. 3, when properly oriented beneath the skin 51 of the
      patient, the patch 15 of the prosthesis lies adjacent the chest wall 50 of
      the patient so that tissue may grow into the patch and anchor the
      prosthesis. Additionally, the prosthesis should be oriented so that valve
      16 is in a lowermost posterior position so that the implant overlays the
      valve and aids in its concealment from sight and touch. Preceeding closure
      of the surgical incision beneath the augmented breast, the exterior
      portion of tube 18 containing funnel section 20 is cut from valve 16 to
      present a relatively smooth and attractive appearance to the posterior
      section of the prosthesis.
PAR  The procedure contemplated for implant of the prosthesis according to the
      present invention varies depending on whether the total procedure involves
      a mastectomy removal of breast tissue or simply mammary augmentation for
      cosmetic purposes. For the purpose of explanation the following discussion
      is based on mammary augmentation with no consideration being given to
      procedures or modifications necessary due to the performance of a
      mastectomy operation.
PAR  Following preparation of the patient, the implantation procedure includes
      marking the dissection line in the inframammary crease, making the
      incision and dissection and achieving hemostasis within the compartments
      formed between the mammary gland and the chest wall. Prior to insertion of
      the prosthesis 10 into the compartment, the competence of the sac 11 is
      tested by injecting a predetermined quantity of saline solution into the
      sac 11 through the valve 16. If it is found that the sac 11 is properly
      sealed, the saline solution is removed, and the prosthesis is placed into
      the compartment while the sac 11 is in a deflated condition.
PAR  After the prosthesis have been appropriately placed within the compartments
      (assuming bilateral mammaplasty), the sacs 11 are inflated by insertion of
      a cannula into valve 16 and injecting a predetermined quantity of liquid
      into sac 11. After the liquid (normally sterile saline solution) has been
      injected, the sac 11 is carefully checked and all air is removed, using
      the cannula and attached syringe. The cannula is then removed, the
      exterior portion of tube 18 is cut off as closely as possible to the wall
      of the sac 11, and the prosthesis is positioned within the compartment.
      The procedure is completed by appropriate suturing of the incision.
PAR  Following the implantation procedure, the patient has desirable mammary
      augmentation. The augmented breasts are soft and freely movable, closely
      simulating normal breast contour, appearance and feel. Also, the patient
      has desirable straight line fall from the intraclavicular area to the
      nipples of the breasts, and slight superior pole concavity of the upper
      surface of the breasts. If there is some hypertrophy in the surgical
      wound, it will not be signficantly noticeable since the surgical wound is
      along the inframammary crease.
PAR  During the six months after implantation of the prostheses, the tissue
      surrounding the prosthesis may contract, forcing the prosthesis to assume
      a somewhat spherical shape. This spherical contracture produces a rigidity
      in the breast along with unsightly superior pole convexity of the upper
      surface of the breast. With the prosthesis of the present invention,
      reduction in size of the prosthesis is easily accomplished by a relatively
      uncomplicated office procedure to decompress the implant and relieve the
      rigidity and convexity.
PAR  The decompression procedure involves evacuation of a portion or all of the
      solution from the outer sac 11. To do so, a skin anaesthetic is applied in
      the vicinity of the surgical wound, and a hypodermic needle is inserted
      through the patient's skin and into the sac 11. A syringe is used to
      evacuate a portion or all of the solution, and the needle is removed.
      Following decompression, a more normal appearance for the breast is
      achieved with no spherical contracture of the prosthesis.
PAR  Normally, decompression involves removal of all or substantially all of the
      solution with the sac 11. If any solution remains within the sac, it is
      possible that sac 11 may leak the remainder thereof through the needle
      puncture hole in its wall. Since sac 11 is filled with a sterile saline
      solution or other solution which is compatible with the human body, there
      is no harm or cause for concern because of such leakage.
PAR  It is recognized, however, that in some applications less than all the
      liquid within sac 11 will be removed during decompression of the
      prosthesis and no leakage will occur. Furthermore, it is also recognized
      that in many instances spherical contracture will be of such a small
      degree that decompression will not be necessary. In both of these
      circumstances, the presence of the solution within sac 11 will have an
      advantageous effect for the prosthesis. It is known that silicone gel
      presents a rather cold feel to the touch and under certain circumstances
      such a feel is undesirable. It has been found that the layer of saline
      solution effectively insulates the silicone gel and its capsule from
      contact with the patient's skin. In addition, it has been found that
      saline solution assumes a temperature more closely approximating that of
      human tissue and presents a feel which is more natural to the touch.
PAR  Though the present mammary prosthesis employs a liquid of a low viscosity,
      such as saline solution there will be very little, if any, noise or
      sloshing produced by agitation of the water. In order for a liquid such as
      the water within a saline solution to generate sound, there must be a
      shockwave transmitted through the liquid which causes the surface of the
      liquid to be agitated, thereby creating soundwaves. Referring to FIG. 2 of
      the drawings, it will be seen that a shockwave which might be created
      within the sac 11, as the sac is moved, will be transmitted across the sac
      11 to engage the capsule 12. The material within the sac 12 would break-up
      the shockwave and aid in dissipating that energy before transmitting the
      energy of the shockwave to other sections of the sac 11 and the liquid
      therein.
PAR  An alternative form of the present invention is demonstrated in FIGS. 4 and
      5. This embodiment of the invention includes a prosthesis 30 that
      comprises an inner sac 31 for reception of a low viscosity liquid such as
      saline solution and an outer capsule 32 filled with a material of either
      high or low viscosity such as silicone gel as a high viscosity material
      and saline solution as a low viscosity material. As in the prosthesis 10,
      the sac and the capsule are bonded together along their posterior walls in
      a common area 34, the common area 34 having a substantially centrally
      located optional attachment patch 35.
PAR  In this embodiment, sac 31 is located within capsule 32 and the valve
      member 36 must pass through the posterior walls 38 and 39 of the sac and
      capsule respectively in the vicinity of the common area 34. The valve
      member 36 is substantially the same as the valve member 16 described in
      conjunction with the embodiment of the invention shown in FIGS. 1 and 2
      and includes an outer funnel section 40 for receiving a cannula or the
      like and a flap valve 41 which is disposed within the sac 31.
PAR  The procedure for use of the prosthesis 30 is substantially the same as
      that described above for the prosthesis shown in FIGS. 1 and 2, except for
      the obvious difficulty in decompression. Puncturing of the capsule 32
      would be objectionable and quite undesirable since the material within the
      capsule could leak out of the capsule. Consequently, a surgical incision
      is made to allow access to the posterior portion of sac 31. While this
      procedure is not as desirable as the simple decompression possible with
      the prosthesis 10, the resulting decompression through valve member 36
      would reduce the undesirable aspects of spherical contracture of tissue
      surrounding the implant.
PAR  It will therefore be seen that the prosthesis of the present invention
      provides a means for augmentation of a hypoplastic breast, or for
      replacement of breast tissue in the case of a mastectomy operation. The
      prosthesis of the present invention provides the desired amount of
      augmentation by selection of the volume of the capsule and the volume of
      liquid injected into the sac.
PAR  It should be clearly understood that while the present prosthesis is
      particularly suitable for mammary augmentation, it is quite conceivable
      that other portions of the human body could be augmented to replace tissue
      losses or deficiencies. In the case of massive wounds to the musculature
      of arms and legs, it would be possible to rebuild those areas to more
      closely simulate normal body contours.
PAR  As a further alternative embodiment of the present invention it should be
      understood that the outer wall of sac 11 may be coated with medication
      prior to implant so that such medication would be available for immediate
      application to the tissues surrounding the prosthesis. An additional
      embodiment in this respect consists of incorporating medication into the
      structure of the outer wall of sac 11 so that the medication could migrate
      through the matrix of the material constituting the outer wall of the sac
      and evolve from the outer surface of the wall to be available for
      application to the tissues surrounding the prosthesis. It is contemplated
      that suitable medication would be incorporated into the construction
      material for the sac 11 during preparation of the construction material.
      The medication would be incorporated in such a fashion that the medication
      would remain mobile within the matrix of the construction material. The
      construction material, such as silicone rubber, would then be formed into
      sacs such as sac 11 and under the conditions existing within the human
      body, the medication would migrate through the matrix of the silicone
      rubber wall and be available for application to surrounding tissue from
      the surface of the wall. Such an application of medication would provide a
      method for long term treatment of areas of the body with appropriate
      medication.
PAR  In summary it should be understood that the present invention comprises an
      augmentation prosthesis for subcutaneous implantation beneath the skin of
      a patient. The prosthesis comprises an exterior sac and an interior
      capsule within the sac. The capsule is fixed to the rear wall of the sac
      and occupies less than the entire volume of the sac. The capsule, in the
      preferred embodiment, contains a soft material such as silicone gel and
      the sac is inflated with a liquid such as normal saline solution after
      implantation beneath the skin of a patient. The sac includes a discrete
      one-way valve means for selective addition of the liquid into the sac. The
      valve means is attached to a wall of the sac and fixed in position in that
      wall so that the valve will not move relative to said point of attachment
      in the wall. In an alternative embodiment, the sac of the prosthesis
      contains a soft material such as silicone gel and the inner capsule may be
      inflated with liquid after implantation of the prosthesis. In this
      embodiment the valve means is positioned in a wall of the capsule and is
      fixed against movement relative to the point of attachment with the wall.
      The valve means also extends through a wall of the sac so that liquid may
      be introduced into the capsule.
PAR  It will of course be understood that the particular embodiments of the
      invention here shown are by way of illustration only, and are meant to be
      in no way restrictive; therefore, numerous changes and modifications may
      be made and the full use of equivalents resorted to, without departing
      from the spirit or scope of the invention as defined by the appended
      claims.
CLMS
NUM  1.
PAR  1. An augmentation prosthesis for subcutaneous implantation beneath the
      skin of a patient comprising an exterior sac containing an interior
      capsule which occupies less than the entire volume of the sac, said
      capsule being fixed to said sac and containing a fixed volume of soft
      material and said sac including a discrete one-way valve means for
      selective addition of a liquid into said sac, said valve means being
      attached to a wall of said sac and being fixed against movement relative
      to said wall at its point of attachment thereto, said liquid being
      compatible with the human body, whereby said augmentation prosthesis may
      be inserted into a cavity within the human body with substantially no
      liquid in said sac, liquid may be introduced into said sac through said
      valve means while the sac is positioned within the cavity, the cavity may
      be closed and liquid may be extracted from said sac by piercing the skin
      of the patient with a hypodermic needle and piercing the sac with the
      needle and withdrawing a quantity of liquid from said sac to reduce any
NUM  2.
PAR  2. Augmentation prosthesis of claim 1 wherein said sac and said capsule
      have posterior walls and a central portion of said posterior walls are
NUM  3.
PAR  3. Augmentation prosthesis of claim 2 wherein said valve means is located
      in the posterior wall of said sac and behind the posterior wall of said
NUM  4.
PAR  4. Augmentation prosthesis of claim 1 wherein said soft material is
NUM  5.
PAR  5. Augmentation prosthesis of claim 1 wherein the soft material contained
NUM  6.
PAR  6. Augmentation prosthesis of claim 1 wherein the sac includes a wall
      having an exterior surface and medication is coated on said exterior
NUM  7.
PAR  7. Augmentation prosthesis of claim 1 wherein the sac includes a wall
      having an exterior surface and medication is incorporated into the matrix
      of the construction material for said wall for migration through said
NUM  8.
PAR  8. Augmentation prosthesis of claim 1 wherein said capsule has a volume of
      from 100 to 300 cubic centimeters and said sac has a volume of 25 to 200
NUM  9.
PAR  9. An Augmentation prosthesis for subcutaneous implantation beneath the
      skin of a patient comprising an exterior sac containing an interior
      capsule which occupies less than the entire volume of the sac, said sac
      being fixed to said capsule and containing a fixed volume of soft material
      and said capsule including a discrete oneway valve means for selective
      addition of a liquid into said capsule, said valve means being attached to
      a wall of said capsule and being fixed against movement relative to said
      wall at its point of attachment thereto, said liquid being compatible with
      the human body, whereby said augmentation prosthesis may be inserted into
      a cavity within the human body with substantially no liquid in said
      capsule, liquid may be introduced into said capsule through said valve
      means while the capsule is positioned within the cavity, the cavity may be
      closed and liquid may be extracted from said capsule by piercing the skin
      of the patient with a hypodermic needle and piercing the capsule with the
      needle and withdrawing a quantity of liquid from said capsule to reduce
      any compression of the sac and capsule by contracture of surrounding
      tissue.
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ABST
PAL  A two phase recirculating sanitary system is described in which the
      flushing fluid phase is temporarily stored in the toilet bowl while the
      waste phase in the storage tank is being drained. A controllable valve is
      inserted between the toilet bowl and the waste tank. Prior to draining the
      waste tank, the controllable valve is closed and the flushing fluid phase
      is pumped into the toilet bowl where it is stored. The waste tank is then
      drained and all waste material is removed. The controllable valve is then
      opened releasing the flushing fluid to cover the bottom portion of the
      waste tank and the system is ready for use.
PARN
PAR  This is a continuation of application Ser. No. 212,594 filed Dec. 27, 1971
      now abandoned.
PAR  This invention relates to a two phase recirculating sanitary system and
      more particularly to a two phase system in which the flushing fluid phase
      is stored in the toilet bowl while the contents of the waste tank are
      drained.
PAR  The most significant prior art is set forth in an application for patent
      entitled "Recirculating Toilet" by D. A. Dotson, J. M. Kemper and R. L.
      Rod, filed contemporaneously herewith and assigned to the same common
      assignee Ser. No. 395,936 filed Sept. 10, 1973, which is a continuation of
      Ser. No. 212,423 filed Dec. 27, 1971, now abandoned.
PAR  Until the advent of the copending patent application, two phase
      recirculating toilet systems were troubled by the problems associated with
      the separation and disposal of the flushing fluid phase.
PAR  The flushing fluid phase can be generally defined as a fluid that has a
      specific gravity that is less than that of the waste materials normally
      found in a recirculating toilet. The most popular flushing fluids used
      today in two phase systems have an oil base which serves the dual purposes
      of completely cleaning the toilet bowl of all waste material and also
      maintaining the flushing mechanism in a completely lubricated state at all
      times.
PAR  The flushing fluid, being lighter than the waste material, floats on the
      surface thereof in the waste tank. In the preferred embodiment a float
      holding an intake pipe is located on the surface of the flushing fluid and
      continuously skims the topmost portion of the fluid for use in the
      recirculating toilet. In prior art systems, when the waste tank was full
      of waste material, the waste tank was cleansed and drained and a new
      charge of flushing fluid was used. In order to achieve the benefits of a
      separate flushing fluid, the bottom portion of the waste tank should be
      filled to a depth of at least two inches, in order to effect the proper
      skimming action of the intake and to insure that the accumulated waste
      material is covered by the flushing fluid.
PAR  Unfortunately, when draining and cleaning the waste tank, both the flushing
      fluid and the waste material are removed and must be disposed of. In the
      conventional manner, the recirculating toilet is connected to a macerater
      pump which completely pulverizes and shreds the waste material.
PAR  The output of the macerater pump is then connected either to a conventional
      sewer line or to a privately maintained incinerator system. The flushing
      fluid being an oil based liquid is difficult to dispose of, since in many
      locations, it cannot be dispensed into the conventional sewer systems.
      Private incinerators also have problems with properly and completely
      disposing of flushing fluid. The present invention provides a convenient
      and proper means of holding the flushing fluid in a recirculating toilet
      system having extended connections to a sewer line.
PAR  As disclosed in the aforementioned patent application, a two phase
      recirculating system is highly desirable since the use of a separate
      flushing liquid has many advantages. A first is that the flushing fluid
      phase in the waste tank will cover the waste material in the waste tank
      and thereby seal the waste tank against the escape of any odors or other
      obnoxious smells that may have a tendency to be generated. A second, more
      important advantage comes from the lubricating qualities obtained from the
      use of an oil based flushing liquid in the pumping mechanisms associated
      with the recirculating system and in the toilet bowl itself as a flushing
      and lubricating liquid.
PAR  The use of such a special oil based flushing liquid eliminates the need for
      special deodorants and water colorants which are generally added at
      periodic intervals to the conventional recirculating toilet systems.
      However, unless the recirculating fluid can be conveniently and
      economically separated from the waste material, most of the above
      mentioned advantages of a two phase recirculating toilet are lost, since
      the cost of adding new flushing liquid and properly disposing of the old
      liquid can be prohibitively expensive.
PAR  The present invention discloses a method and apparatus for retaining the
      flushing liquid phase while draining and disposing of the waste phase.
      According to the present invention, the flushing fluid phase is
      temporarily stored in the toilet bowl itself when the waste tank is full
      of waste material and is cleaned. A controllable valve is located in the
      discharge line which connects the toilet bowl outlet with the waste tank.
PAR  Initially the waste tank is charged with the flushing preferably to a depth
      of at least two inches. The flushing fluid is continuously skimmed from
      the surface by an intake device which is connected to a suitable pump.
PAR  In normal operation, the operator either presses a button-switch if the
      pump is electrically or pneumatically controlled, or operates a lever if
      the pump is mechanically driven. Operation of the pumping mechanism draws
      a supply of flushing fluid from the surface of the waste tank and
      discharges the flushing fluid into the toilet bowl for flushing purposes.
PAR  When the waste tank is full, the controllable valve located between the
      toilet bowl and the waste tank is closed and the pumping mechanism is
      operated. The flushing fluid fills the toilet bowl which is then used as a
      means for temporarily storing the flushing fluid. The waste tank is then
      drained and cleaned of all waste material in the conventional manner.
PAR  For those applications where the waste tank is connected to a conventional
      sewer line, a macerater pump is used to completely shred the waste
      material for discharge into the sewer line. Since the flushing fluid phase
      has been substantially removed from the waste material phase there is no
      significant loss of flushing fluid when cleaning the tank, whether the
      tank is discharged through a macerater pump, through a conventional sewer
      line or discharged into a private incinerator system.
PAR  After the waste tank has been drained and cleaned the controllable valve is
      opened and the stored flushing fluid flows back into the waste tank. In
      the preferred embodiment, the capacity of the toilet bowl will be matched
      to the size of the waste tank so as to insure that the area at the bottom
      of the waste tank will be completely covered by the flushing fluid held by
      the toilet bowl.
PAR  The invention is highly adaptable for use with recirculating systems
      connected to conventional sewer lines as well as with those recirculating
      systems having no connections to either power or sewer lines.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof, will be better understood from the
      following description considered in connection with the accompanying
      drawings in which several preferred embodiments of the invention are
      illustrated by way of example. It is to be expressly understood, however,
      that the drawings are for the purpose of illustration and description only
      and are not as a definition of the limits of the invention.
DRWD
PAR  FIG. 1 is a schematic diagram illustrating a manually operated, two phase
      recirculating toilet system for use in a remote location; and
PAR  FIG. 2 is a schematic diagram illustrating a completely automatic,
      recirculating two phase system for use in an application having power and
      sewer connections.
DETD
PAR  Referring now to FIG. 1, there is shown a waste tank 10 having a toilet
      bowl assembly 12 as an integral part thereof. The waste tank 10 is located
      on a pedestal 13 having a pair of skirts 14 and 15 to hide the operating
      parts of the toilet bowl assembly 12. An access opening 16 is located on
      one end of the tank 10 to thereby provide an opening for cleaning
      purposes.
PAR  The toilet bowl assembly 12 is integral with the waste tank 10 and is
      designed in a conventional shape to facilitate the discharge of the waste
      material and the flushing fluid through a controllable valve 18 into the
      receptacle provided in the waste tank 10. The opening or closing of valve
      18 is achieved by means of a manual control 20 located on the outside of
      the waste tank 10 in an accessible position. The valve 18 is normally left
      open to allow the waste material and flushing fluid to be discharged from
      the toilet bowl assembly 12.
PAR  In the preferred embodiment, a sufficient amount of flushing fluid 22 is
      placed inside the waste tank 10 to cover the bottom portion of the waste
      tank to a depth of approximately two inches in order to insure that any
      waste material located within the interior of the waste tank will be fully
      covered and that all odors will be sealed by the action of the flushing
      fluid.
PAR  In order to obtain flushing fluid 22 for flushing purposes an intake pipe
      24 is supported on the surface of the flushing fluid 22 by means of a
      suitable float 26 preferably constructed of foam or other light but bulky
      material that has high flotation qualities. The intake 24 is connected to
      a screen 28 located upon the bottommost portion of the float 26 to thereby
      insure that only the surface portion of the flushing fluid 22 will be
      drawn into the intake of the pipe 24.
PAR  In the self contained two phase recirculating system, a single diaphragm,
      foot operated pump 30 is used to siphon the surface of the flushing fluid
      22. The pump 30 is comprised of a single chamber 32 covered by a diaphragm
      34 that is reinforced by plates 36 and 38.
PAR  A foot operated pedal assembly having a fulcrum 40 is pivotally connected
      to member 42 that is fixedly attached to plate 36 for moving the diaphragm
      34. An operating arm 44 is connected at one end to the fulcrum 40 and at
      the intermediate end to member 42 and at the opposite end to a pedal 46
      which is adapted to be controlled by the foot of the user.
PAR  The pump 30 has only a single chamber 32 and hence could either have a
      single port with a suitable T-fitting or a pair of ports 48 and 50 as
      shown. Each port communicates with the chamber 32. The port 48 is an
      intake port and is connected to a ball and check valve 52 that will allow
      fluid to flow into port 48 but not out of the port. The valve 52 is
      connected with the intake pipe 24 which is supported by the float 26.
PAR  The port 50 is an output port for the chamber 32 and is in turn connected
      to a ball and check valve 54 that will allow fluid to flow out of the port
      50 but not into the port. The output of the valve 54 is connected to an
      intake flushing port 56 associated with the toilet bowl assembly 12.
PAR  In operation, depressing the pedal 46 moves the operating arm 44 and member
      42 in a downward direction thereby reducing the size of the chamber 32
      formed by the diaphragm 34. If we assume this is the very first operation
      there will be no fluid in the chamber 32 and nothing will happen on the
      depressed down stroke. However, when the foot pedal 46 is released and the
      chamber 32 formed by the diaphragm 34 is enlarged, suction caused within
      the chamber will draw fluid from the waste tank 10 through the screen 28
      and into the intake pipe 24, through the ball and check valve 52 into the
      intake port 48 thereby filling the chamber 32 with a charge of flushing
      fluid 22.
PAR  Again, depressing the pedal 46 will pressurize the chamber 32 causing the
      flushing fluid to be forced out of the output port 50, through the ball
      and check valve 54 and into the intake port 56 associated with the toilet
      assembly 12 thereby releasing a charge of flushing fluid into the toilet
      bowl assembly. With the valve 18 in the open position, the waste material
      and flushing fluid located within the toilet bowl assembly 12 will be
      discharged into the waste tank 10. Since the flushing fluid 22 has a
      specific gravity that is less than the waste material the flushing fluid
      will rise to the surface and float on the accumulated waste material.
PAR  As the waste material is accumulated, the level of the flushing liquid will
      rise, indicating that the waste tank 10 should be cleaned.
PAR  The method of preserving the flushing fluid is achieved by first operating
      handle 20 so as to close valve 18. The operator then depresses pedal 46 to
      pump flushing fluid 22 from the surface of the tank 10 into the toilet
      bowl 12. Depending upon the actual size of the toilet bowl 12, and the
      relative size of the tank 10, it may be necessary to repetitively pump
      pedal 46 to thereby fill the toilet bowl assembly 12 with the flushing
      fluid 22.
PAR  In one embodiment, a suitable indicia 58 will be located on the interior
      surface of the toilet bowl assembly 12 to indicate to the operator when a
      full condition is achieved. With the toilet assembly 12 filled with the
      flushing fluid 22, the access port 16 is opened and the interior of the
      waste tank 10 is cleansed of all of the accumulated waste material. When
      the cleaning procedure is finished the access port 16 is closed and
      secured and the operating control 20 is again manipulated to open the
      valve 18 to thereby allow the flushing fluid accumulated in the toilet
      bowl assembly 12 to now completely fill the bottommost portion of the
      waste tank 10.
PAR  The size of the toilet bowl assembly 12 and the waste tank 10 will be
      chosen so that a completely filled toilet bowl will hold a sufficient
      amount of flushing fluid 22 to completely cover the bottom portion of the
      tank 10 to a depth of approximately 2 inches.
PAR  The invention illustrated in FIG. 1 shows how the flushing fluid can be
      accumulated within the toilet bowl assembly during the cleaning operation
      of the waste tank without losing any substantial amount of the flushing
      liquid. Remote locations of recirculating toilet assemblies are usually
      serviced periodically by tank crews which may or may not have the
      necessary external equipment for cleaning the waste tank and for
      separating the flushing liquid from the waste material.
PAR  The advantages of the system illustrated in FIG. 1 are more apparent where
      professional cleaning crews are not available and where the individual
      owner must preserve the integrity of the flushing fluid in order to make
      the operation of a portable recirculating toilet assembly economically
      feasible.
PAR  Referring now to FIG. 2, there is shown a completely mechanized two phase
      recirculating toilet adaptable for use with the recirculating toilet known
      under the trademark MONOMATIC recirculating toilet. The MONOMATIC systems
      usually have access to electrical power for controlling the operation of
      the recirculating pump associated with the unit.
PAR  Market surveys have indicated that the public has a greater acceptance of a
      recirculating toilet system where a separate flushing liquid is used. The
      development of the two phase recirculating toilet system therefore has
      high commercial acceptance provided the flushing liquid can be reutilized
      and saved in an economical manner when the holding tank is discharged of
      the accumulated waste.
PAR  The system illustrated in FIG. 2 is similar in function to the
      corresponding portions illustrated in FIG. 1 and hence similar numbers are
      used wherever similar items are illustrated. The system contains a waste
      tank 10 in combination with a toilet bowl assembly 12 which has a
      controllable valve 18 for interrupting the charge of the waste material
      from the toilet bowl assembly 12 into the waste tank 10. Valve 18 is
      mechanically controlled by a solenoid 70 which is operated by a timer and
      programmer 71.
PAR  The waste tank 10 also includes a dump valve 74 usually attached to the
      waste tank at the lowermost point so as to facilitate the removal of the
      accumulated waste within the tank. The output of the valve 74 will, in the
      conventional MONOMATIC system be connected to a macerater type pump for
      pulverizing and grinding the accumulated waste material for eventual
      discharge into a sewer system. The valve 74 is mechanically controlled by
      a solenoid 76 which is also controlled by the timer and programmer 71.
PAR  The timer and programmer 71 has a dual position switch 80 having a first
      position labeled DUMP and a second position labeled NORMAL. In the
      conventional or normal operation, switch 80 will be in the NORMAL position
      which will thereby control solenoid 70 so as to open valve 18. Solenoid 76
      will also be impulsed so as to close dump valve 74. The programming
      operation of the timer and programmer 71 will enable the pump 78 to be
      operated to the normal conventional manner by the operator or user simply
      pressing the operating switch or button 82 associated with the pump 78.
PAR  In the conventional operation, pushing button 82 will energize pump 78
      thereby causing a circulation of the flushing fluid 22 from the surface of
      the waste tank 10, through the intake pipe 24, through a valve 52, through
      intake port 48, out the output port 50, through valve 54 and into the bowl
      assembly 12. The button 82 may be depressed any number of times to operate
      the pump 78 depending upon the needs of the system. It will be immediately
      recognized that depressing or even holding the button 82 does not waste or
      unduly use excess flushing fluid since the flushing fluid will simply be
      recirculating from the inside of the tank 10 through the pump and back to
      the toilet bowl assembly 12. With the toilet bowl assembly 12 cleaned to
      the operator's satisfaction, the button 82 will be released awaiting the
      next recycling of the flushing fluid.
PAR  Cleaning or dumping of the accumulated waste material within the waste tank
      10 is achieved by repositioning switch 80 on the timer and programmer 71
      to the DUMP position which has the effect of operating solenoid 70 to
      close valve 18. With switch 80 in DUMP position, button switch 80 is
      disabled and will not control the pump 78. The pump 78 is automatically
      programmed ON for a given period of time to pump the flushing fluid 22
      into the toilet bowl assembly 12 at which time the pump is stopped. The
      timer and programmer 71 will stop the pumping operation and energize the
      control solenoid 76 so as to open the valve 74 for a period of time
      necessary to discharge the accumulated waste within the waste tank 10.
      Should the system also include a macerater pump then solenoid 76 will also
      operate the macerater pump for the programmed length of time necessary to
      discharge the accumulated waste material within the waste tank 10.
PAR  The timer and programmer 71 will program solenoid 76 for the necessary time
      period to effect the removal of all the waste material and at which time
      the solenoid will close the dump valve 74 and stop the operation of any
      associated macerater pump. The last step in the cycle is for the timer and
      programmer 71 to control the solenoid 70 so as to open the valve 18 to
      allow the accumulated flushing fluid within the toilet bowl assembly 12 to
      fill the bottom portion of the waste tank 10.
PAR  Completion of the programmed cycle will be indicated by a suitable light 84
      or indicia on the timer and programmer which will indicate to the operator
      that switch 80 should now be placed in the NORMAL position which has the
      effect of disconnecting solenoid 70 and 76 from operation and place pump
      78 under control of the operating button 82.
CLMS
NUM  1.
PAR  1. The method of re-using flushing liquid used to flush a recirculating
      toilet system having a toilet bowl and a waste tank for receiving a
      mixture of human waste and flushing liquid therein and using a pumping
      mechanism to operate the flushing mechanism, the flushing liquid having a
      lower specific gravity than the specific gravity of said waste, said
      method comprising the steps of:
PA1  storing said flushing liquid in said waste tank on top of said waste;
PA1  closing a valve means between the toilet bowl discharge and the waste tank;
PA1  operating the pumping mechanism until essentially all of said flushing
      liquid in said tank is pumped directly from said mechanism into said
      toilet bowl thereby filling said bowl with essentially all of said
      flushing liquid;
PA1  subsequently emptying the waste tank of human waste while retaining
      essentially all of said flushing liquid in said bowl; and
PA1  opening the connection between the toilet bowl discharge and the waste tank
      to return all of said flushing liquid in said bowl directly to said tank.
NUM  2.
PAR  2. A method according to claim 1 which includes the steps of repetitively
NUM  3.
PAR  3. A method according to claim 1 in which the amount of flushing fluid held
      by said toilet bowl is sufficient to cover the bottom surface of the tank.
NUM  4.
PAR  4. A method according to claim 1 which includes the step of using
      sufficient flushing fluid to completely cover the bottom surface of the
      waste tank.
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ABST
PAL  This invention provides an improved valve closing means for a refilling
      valve in flushing cisterns equipped with an overflow and refilling and
      flushing valves adapted to be opened by a lift stem, said valve closing
      means being mounted in said overflow and movable to an upper position for
      opening said valves by means of said lift stem and to a lower position for
      abrupt closure of the refilling valve by water flowing into the overflow
      when the cistern is refilled.
BSUM
PAR  This invention relates to a flushing cistern, especially for water closets,
      comprising a container connected to a conduit for water under pressure via
      a refilling valve, an overflow, an outlet closable by means of a flushing
      valve, and a lift stem, adapted to open the flushing valve.
PAR  Conventional flushing cisterns for water closets generally comprise a
      refilling valve, a float having an operating arm, a bottom valve provided
      with a lift stem, and an overflow.
PAR  This type of flushing cisterns usually suffers from the drawback that a
      relatively long time is required for its refilling, and this drawback can
      be overcome only by means of special attachments. Besides, the float and
      its connection with the refilling valve in many cases is a sensitive
      device that rather often requires adjustment, repair or replacement.
PAR  It has already been suggested to use instead of flushing cisterns equipped
      with a float-operated valve flushing cisterns having a container connected
      to a conduit for water under pressure, in which container the amount of
      water collected for flushing purposes is under an air pressure determined
      by the pressure in the water conduit, a flushing pipe serving to connect
      the container to the water-closet pan via a valve which is opened by being
      relieved of a pressure acting upon the valve, for instance the flushing
      water pressure, the pressure from a load spring or both. In a known
      embodiment of such a flushing cistern the valve is mounted at the lower
      end of a through pipe disposed centrally in the container and connected to
      a piston which is freely movable in the pipe. Above the piston there is a
      pressure chamber which can be brought in communication by means of an
      auxiliary valve operated from outside with the atmospheric pressure in the
      flushing pipe, a chamber in the pipe below the piston being in direct
      communication with the interior of the container, while the pressure
      chamber above the piston is in direct communication via a conduit with the
      water pressure conduit leading to the container and is connected to the
      central pipe above the auxiliary valve via an adjustable needle valve. A
      flushing cistern of this kind, e.g., the flushing cistern disclosed in
      Swedish Pat. No. 176,796, certainly lacks both float and float-controlled
      refilling valve (the water supply is automatically stopped by a slow
      throttling operation when the pressure in the container approaches the
      same level as the water pressure) but requires a pressure-tight container
      and a relatively complicated mechanism having three valves.
PAR  In another known construction, use is likewise made of a pressure-tight
      flushing cistern in which the valve of the flushing pipe is operated
      manually against the action of a spring with the aid of a piston rod and a
      piston in a cylinder having ports connecting the chambers of the cylinder
      on both sides of the piston with the cistern. In this embodiment the
      piston has for its object to delay the closing of the flushing valve
      inasmuch as the spring to bring about the closing shall also displace the
      piston which, however, in order to be shifted must expell through
      restricted ports an amount of water corresponding to its stroke. In
      addition to the drain valve, this flushing cistern thus comprises a king
      of damping cylinder having a piston and a spring load and, as already
      mentioned, the cistern must be pressure-tight. Pressure-tight flushing
      cisterns of this type therefore have the feature in common that they
      require a complicated mechanism and they further have the common feature
      that the refilling is interrupted successively in step with the increase
      of the internal pressure in the cistern. With these devices it is not
      possible to realize a rapid shutt-off of the refilling water and a short
      refilling time.
PAR  The present invention has for its object to overcome the above-mentioned
      drawbacks and to provide a float-less flushing cistern which comprises a
      refilling valve and a relatively simple, reliable operating mechanism for
      automatic, safe and rapid (abrupt) closure of the refilling valve. By
      reason of the particular design of this flushing cistern the owerflow can
      be utilized to operate a valve closing means.
PAR  According to the invention the refilling valve is connected to the lift
      stem to be opened by said lift stem when the latter is actuated for
      flushing of the water-closet pan, and to a valve closing means mounted in
      said overflow and movable between an upper and a lower position, said
      valve closing means being brought to the upper position upon actuation of
      the lift stem and returned to the lower position for closing the refilling
      valve by being hit by or filled with water which, when the container is
      full, flows into the overflow.
PAR  As will appear from the following description and the claims appended
      thereto, those functions of the preferred embodiment of the flushing
      cistern according to the invention, which in conventional flushing
      cisterns having refilling valves are performed by the float, the flushing
      valve with lift stem and overflow, have been integrated into a single
      easily installable unit. This will reduce the time for mounting the
      requisite equipment at the flushing cistern and the risk of errors of
      mounting and adjusting it. Moreover, the integration of said functions
      into a single unit is space-saving and gives the interior of the cistern a
      simple, functional and consequently attractive appearance.
DRWD
PAR  The invention will be more fully described hereinbelow with reference to
      the accompanying drawings in which:
PAR  FIG. 1 in vertical section shows an embodiment of a flushing cistern with
      flushing mechanism and refilling mechanism;
PAR  FIGS. 2 and 3 in fragmentary vertical sections show two modified
      embodiments of the flushing cistern;
PAR  FIG. 4 shows a further modification of the flushing valve and the refilling
      valve closing mechanism.
DETD
PAR  In the embodiment illustrated in FIG. 1, the flushing cistern consists of
      an essentially conventional container 1 having a cover 2, a refilling
      valve 3 with an operating arm 4, and a unit generally designated 5, which
      is mounted centrally in the container 1 and comprises a discharge vessel
      having a lift stem tube 7 fixed centrally in said vessel, a valve lift
      stem 8 mounted in said tube 7, a drain valve 9 (flushing valve) connected
      to the lift stem 8, and a movable cup 10 disposed in the vessel 6 and
      coupled with the lift stem 8 and the operating arm 4 of the refilling
      valve in a manner described in more detail hereinbelow by means of a
      central tubular yoke 11 attached to the bottom 12 of the cup 10.
PAR  In the embodiment illustrated in FIG. 1, the vessel 6, which forms a
      support for the unit 5, consists of an integral piece, preferably of
      plastics, in the form of an upright cylinder which is open at the top and
      at the bottom has an annular end flange 13 which by means of bolted unions
      14 is fastened around the periphery of an outlet socket 15 in the bottom
      of said cistern for connection with a water-closet pan. In the lower end
      portion the wall of the vessel 6 is recessed so that an inwardly closed
      and outwardly open chamber 16 is formed. At the bottom the chamber 16 is
      defined by a horizontal bottom wall 17 forming a valve seat with hole
      thesein for the flushing valve 9. The roof 18 of the chamber is horizontal
      as is the valve seat 12, while the side wall 19 of the chamber like the
      confronting vessel wall portion 20 is vertical and together with said
      vessel wall portion defines a vertical channel 21 connecting the main
      portion of the vessel 6 with the socket 15.
PAR  The lower flanged end of the lift stem tube 7 is fitted in a water-proof
      manner in a hole in the roof 18 of the chamber 16 and is sealed by means
      of a sealing ring 22 with respect to the boundary wall of said hole which
      is formed by an annular rim 23. The sealing fit of the lift stem tube 7 in
      the annular rim 23 is such that the pipe can be swung to some extent in
      relation to the roof 18 to compensate for centre line deviation of the
      hole in the wall 18 to a corresponding hole in the cover 2, which
      accomodates an ordinary pipe nut 24 screwed fast to the upper threaded end
      portion of the lift stem tube 7.
PAR  The lift stem 8, which is axially movably mounted in the lift stem tube 7,
      has a handle in the form of a knob 25 attached to the upper end projecting
      from the pipe nut 24. The stem 8 is tubular at least in its lower portion
      and receives in its lower end a pull rod 26 which is connected to the
      flushing valve 9 and has a ball-shaped upper end which is retained in the
      lift stem 8 in that the tubular lower end thereof is bent inwardly to form
      an annular flange. The lift stem 8 is slidable relative to the pull rod
      26, the ball-shaped upper end of which cannot be withdrawn from the lower
      end of the lift stem having the inwardly bent annular flange. Thus, the
      lift stem 8, the pull rod 26 and the flushing valve 9 can be pulled
      upwardly for flushing by means of the handle 25, and upon subsequent
      release of the handle 25 the lift stem 8 will slide downwardly in the tube
      7 and with respect to the pull rod 26. The flushing valve 9, which may
      consist of a hollow hemispherical ball of rubber or plastics and which
      during flushing floats on the water, automatically returns to the position
      shown in FIG. 1 when flushing is completed.
PAR  The refilling valve 3, which may be of the type described in Swedish Pat.
      No. 217,668, is connected to an inlet pipe 27 opening close to the bottom
      of the container. The operating arm 4 of the valve 3 is connected by means
      of a pivot 28 to the tubular yoke 11 which coaxially surrounds the lift
      stem tube 7 and is connected to the bottom wall 12 of the cylindrical cup
      10 which is coaxially enclosed by and spaced some distance from the
      cylindrical wall of the vessel 6. In the position of readiness shown in
      FIG. 1 the bottom wall 12 of the cup 10 rests on the upper surface of the
      annular rim 23 at some distance from the roof 18 of the chamber 16 and is
      guided on the lift stem tube 7 by means of an annular flange 29 inwardly
      of the yoke 11. At its upper end the lift stem 8 carries a pin 30 the
      opposite end portions of which extend through two axial, diametrically
      positioned slots 31 in the lift stem tube 7 and through two corresponding
      slots 32 in the tubular yoke 11. In the position of readiness of the valve
      operating mechanism shown in FIG. 1 the slots 31 extend upwardly and the
      slots 32 downwardly from the pin 30.
PAR  The function of the mechanism described above is as follows.
PAR  In the position of readiness shown in FIG. 1 the flushing cistern is filled
      with water up to the level 33. The operating arm 4 is in its lowermost
      position and the refilling valve 3 is closed. The cup 10 with its yoke 11
      is also in its lowermost position as are the lift stem 8 and the flushing
      valve 9. Thus said valve 9 is closed and prevents the water in the cistern
      from flowing from the open side of the chamber 16 down into the outlet
      socket 15.
PAR  For flushing, the lift stem 8 is pulled upwardly by means of the handle 25.
      This pull will unseat the flushing valve 9 by the intermediary of the pull
      rod 26 in the manner usual in flushing water cisterns. Now, the water in
      the cistern starts to escape through the seat 17 of the flushing valve and
      flows via the socket 15 into the water-closet pan. At the upward pull of
      the lift stem 8 the pin 30 is also lifted carrying the yoke 11 and the cup
      10 along in its movement, whereby the operating arm 4 is swung upwardly
      and opens the refilling valve 3 which starts to fill the cistern through
      the inlet pipe 27. In spite of this the cistern is rapidly emptied through
      the outlet socket 15.
PAR  When, as must be assumed, the handle 25 is released after the upward pull
      thereof the lift stem 8 falls down into the position of readiness shown in
      FIG. 1, while the flushing valve 9 only after completed flushing returns
      to the position of readiness in the manner already described and closes
      the outlet. However, the cup 10 with the yoke 11 and the operating arm 4
      remain in the upper position because the total weight thereof, which is
      comparatively small, cannot overcome the resistance originating from the
      friction in the movable system and particularly the friction of the
      movable valve member of the refilling valve.
PAR  When the flushing valve 9 is closed but the refilling valve 3 is open the
      water level in the cistern rises and after a few minutes reaches the upper
      edge 34 of the vessel 6. The water then starts to flow over the edge and
      is guided into the cup 10 by the collar-shaped wall portion 35 depending
      from the inwardly directed edge 34 of the vessel 6. The weight and speed
      of the water causes the cup 10 rapidly to sink to its bottom position, the
      yoke 11 connected with the cup swinging the operating arm 4 downwardly,
      whereby the refilling valve 3 is closed and the supply of water to the
      cistern is stopped. The cup 10 is emptied through a bottom hole 36 in the
      cup, the interspace between the bottom of the cup and the roof 18 of the
      chamber 16, the gap 21 between the vertical vessel walls 19, 20 at the
      chamber-forming recess and through the socket 15. The water in the vessel
      6 flows between the vessel and the cup 10 through the gap 21 and into the
      socket 15. Thus, the vessel 6 and the cup 10 form an overflow, the upper
      edge 34 of the vessel 6 determining the maximum water level 33.
PAR  The dimensions of the vessel 6 and the cup 10 as well as those of the
      bottom hole 36 of the cup and the interspace for letting the water from
      the vessel and the cup escape past the flushing valve 9 may, by simple
      calculation, easily be adapted to the forces required for closing the
      refilling valve 3 and for ensuring that no flooding arises if the
      refilling valve 3 for some reason should jam in its open position.
PAR  It will be realized from the foregoing that as compared with a conventional
      flushing cistern having a refilling valve, a float with an arm, a bottom
      valve with a lift stem, and an overflow, the preferred embodiment of the
      flushing cistern according to the invention dispenses with the float and a
      separate overflow and comprises merely two units, viz. the refilling valve
      3 with the operating arm 4 and the unit generally designated 5 which
      combines in itself the functions of bottom valve with lift stem, operating
      mechanism for the refilling valve, and overflow. The unit 5 may be
      assembled and adjusted outside the cistern and then easily be mounted in
      position therein and connected to the operating arm 4 of the refilling
      valve 3 without necessitating any supplementary adjustments. Another
      essential advantage is the rapid, firm closing of the refilling valve 3
      that is realized when the cup 10 is caused to move downwardly by the water
      flowing into it.
PAR  The modification shown in FIG. 2 differs from the embodiment in FIG. 1 in
      some respects. Thus, the flushing valve 9 is adapted to close the bottom
      hole in the cistern 1 at the mouth of the socket 15. The vessel 6' may be
      of the same configuration as the upper portion of the vessel 6 in FIG. 1,
      but the wall 18 in FIG. 1 here forms a wall 18' closing the vessel 6' at
      the bottom thereof. The vessel 6' is supported at a distance from the
      bottom of the cistern 1 by means of a holder 40, which is connected to the
      bottom of the cistern by bolted unions 14. The holder 40 may consist of
      vertical rods or any suitable device whatever that is capable of letting
      through water. The flushing valve 9 is connected to the bottom wall 18' of
      the vessel 6' by means of tubular bellows 41 and can be pulled upwardly,
      under folding of the bellows 41, by means of the lift stem 8 which extends
      into the flushing valve 9 and is adapted to engage a ring 42 in an upper
      opening of the hollow flushing valve 9 and an end flange 43 on the stem 8.
      The cup 10 is of the same configuration as in FIG. 1 and is in
      communication with the socket 15 through one or more bottom holes 36 in
      the cup, one or more holes 44 in the bottom wall 18' of the vessel 6', the
      cavity in the bellows 41, the hole in the ring 42 and a hole 45 in the
      lower wall of the hollow flushing valve 9.
PAR  The operating mechanism for the modification in FIG. 2 is of the same
      function as the operating mechanism for the embodiment in FIG. 1, but the
      recessed portion (shown in FIG. 1) of the vessel 6 for forming the chamber
      16 and the valve seat 17 is eliminated. The essential difference resides
      in that the communication for empyting the vessel 6' and the cup 10
      extends through the actual flushing valve 9 and not beside it.
PAR  In the embodiment illustrated in FIG. 3 the vessel 6', which is of the same
      configuration as the vessel 6' in FIG. 2, is suspended by means of a yoke
      50 in the lift stem 8' which thus has another construction and function
      than in FIGS. 1 and 2. The flushing valve 9 is fixedly connected with the
      bottom wall of the vessel 6' by a pipe 41' and is in communication with
      the vessel 6' and the socket 15 through the actual flushing valve 9 like
      in FIG. 2. The central yoke 11' of the cup 10 consists of a rod pivoted to
      the operating arm 4 of the refilling valve 3. By means of the handle 25
      the vessel 6' and the valve 9 as well as the cup 10 with the yoke 11' and
      the operating arm 4 are lifted simultaneously. When the handle 25 is
      released the vessel 6' and the valve 9 return to their lower positions
      shown in FIG. 3 as soon as flushing has been completed. However, the cup
      10 remains in its upper position because of the frictional forces acting
      on the arm 4 and returns to its lower position when water from the cistern
      flows over the edge 34 into the cup 10. The cup 10 is emptied through the
      bottom holes 36.
PAR  The embodiment shown in FIG. 4 differs from those in FIGS. 2 and 3 int. al.
      by another configuration of the flushing valve. In the FIG. 4 embodiment
      the outlet vessel 6" is integral with the flushing valve 9'. The outlet
      vessel 6" is in the form of an upright cylinder and has a lower extension
      accommodating an annular floating body 55 surrounding the lift stem tube
      7' which is extended downwardly and has its lower threaded end portion
      screwed into a sleeve 56. A plurality of arms 57 connect said sleeve 56
      with a ring 58 which in turn is sealingly connected to the bottom of the
      flushing cistern 1 around the outlet 15 by means of a gasket 59 and bolted
      unions 14 corresponding to the unions 14 in FIG. 1. The ring 58 forms a
      seat for the flushing valve 9' the lower end of which is formed by an
      outwardly flared portion 60 of the extension of the vessel wall 6". The
      floating body 55 surrounds the lift stem tube 7' but leaves a clearance to
      said tube in order to define a gap 61 sufficient to empty the vessel 6"
      through said gap and through one or more holes 44' into the outlet 15. The
      cup 10 has one or more bottom holes 36' for emptying the cup the same way.
      In this embodiment the cup 10 is connected to the operating arm 4 by means
      of a yoke 11' integral with the cup and extending upwardly from the upper
      edge portion of the cup. Here, connection between the lift stem 8' and the
      flushing valve 9' is established by means of a pin 30' secured in the
      collar-shaped wall portion 35 which extends downwardly in the vessel 6"
      from the upper edge 34 thereof to conduct overflowing water into the cup
      10. The pin 30' is movable, in the manner described with reference to FIG.
      1, in a slot 31' in the lift stem 8' within the limits determined by the
      slot ends. When the lift stem 8' is lifted by means of the handle 25 the
      entire unit 5 comprising the vessel 6" serving as flushing valve and the
      cup 10, is thus raised, the operating arm 4 being simultaneously swung
      upwardly, whereby the refilling valve 3 is opened. When flushing has been
      effected (and provided that the handle 25 is released after flushing has
      been initiated) the vessel 6" floating in the water and the portion
      thereof serving as flushing valve 9' return to the closed position shown
      in FIG. 4, as soon as the sinking water in the flushing cistern permits
      it. The cup 10, however, remains in the upper position (for the reason
      explained in connection with the description of the embodiment in FIG. 1)
      until the water in the flushing cistern has reached the edge 34 of the
      vessel 6" (the water level 33 in FIG. 4), when the cup is returned to the
      lower position under the weight of the water flowing into it, thereby
      closing the valve 3.
PAR  The valve closing means (vessel 6, 6', 6" and the cup 10) may be placed
      laterally of the flushing valve 9 and the socket 15. In this case a
      linkage is required to transmit the movements of the lift stem 8 to the
      cup 10. However, such a linkage suffers from the drawback that it requires
      a more complicated movement transmitting mechanism. The advantage is that
      the flushing valve 9 becomes more readily accessible.
PAR  Instead of making the cup 10 and the vessel 6, 6', 6" entirely of plastics,
      which is a very suitable material for the construction according to the
      invention, these details may of course be made of metal. The invention is
      not either restricted to the embodiments described in the foregoing, but
      many modifications, with respect to the details and the location thereof,
      may be resorted to within the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A flushing cistern for water closets having a container with a bottom
      discharge opening, comprising a refilling valve for admitting water into
      the container, an opening having an outlet valve seat connecting a lower
      part of the container to the discharge opening, a flushing valve for
      closing said valve seat, an overflow member providing an overflow passage
      connecting the discharge opening and an upper portion within the container
      for limiting the water level in the container to the elevation of said
      upper portion, said overflow member being an upright tubular member open
      at its upper end and comprising a lower end portion connected to and
      tightly surrounding said discharge opening in the bottom of the container,
      said tubular member having a cylindrical portion and a constricted portion
      located between said cylindrical portion and said lower end portion, said
      constricted portion being formed by wall means forming a chamber which
      constricts the overflow passage in said constricted portion, an opening
      connecting the chamber to the interior of the container, said wall means
      comprising chamber top wall and bottom wall members, the bottom wall
      member having an opening forming said flushing valve seat, a manually
      operable actuating means for unseating said flushing valve and opening
      said refilling valve to start a flushing and refilling cycle, a refilling
      valve closing means mounted in said overflow passage and being movable
      therein between an upper and a lower position, said valve closing means
      being coupled to said actuating means and movable thereby to the upper
      position upon starting of said cycle, said valve closing means being
      coupled to the refilling valve to close the refilling valve by movement to
      its lower position, said valve closing means comprising a cup movably
      positioned in the cylindrical portion of said tubular member above said
      chamber top wall member to receive water flowing into the overflow member,
      said cup having a bottom hole which forms at least a part of said overflow
      passage and through which the cup is emptied to said discharge opening,
      said valve closing means being positioned and constructed to receive and
      be weighted by water flowing into the overflow member to move the valve
      closing means to its lower position thereby closing the refilling valve;
      said flushing valve, overflow member and cup form an assembly removably
NUM  2.
PAR  2. A flushing cistern as claimed in claim 1, wherein said overflow member,
      said outlet valve seat and said flushing valve are arranged as a unit
NUM  3.
PAR  3. A flushing cistern as claimed in claim 1 wherein a lift stem guiding
      tube is mounted in the container, said tube having an upper end mounted in
      an opening in a container top wall and a lower end tightly fastened in an
      opening in said chamber top wall member, said actuating means including a
      lift stem slidably mounted in said guiding tube and extending with an end
      portion projecting outside the container, said cup having a tubular
      central lifting yoke which coaxially surrounds the lift stem tube, an
      operating arm which is connected at one end to the refilling valve and at
      the other end to the lifting yoke, coupling means comprising a pin affixed
      to the lift stem and movably engaging at least one axial slot formed in
      the wall of said tubular yoke and a corresponding axial slot formed in the
      lift stem guiding tube, said pin and the slots being dimensioned to permit
      the cup to be raised to its upper position by means of the lift stem as
      the coupling pin engages an upper boundary surface of the slot of the
      yoke, during which movement the coupling pin is movable in the slot of the
      lift stem guiding tube, said slots being positioned and dimensioned to
      permit separate downward movement of the lift stem upon release of said
      stem, while the cup is allowed to remain in its upper position until it
      receives and is weighted by water from the upper end of said tubular
NUM  4.
PAR  4. A flushing cistern as claimed in claim 3, having guide means connected
      to the yoke and the cup for guiding the lower end of the lifting yoke
      relative to the lift stem guiding tube, said pin on the lift stem guiding
      tube being in guiding engagement within the slots on the lifting yoke to
NUM  5.
PAR  5. A flushing cistern as claimed in claim 4, wherein said flushing valve,
      the lift stem, the lift stem guiding tube and the cup with the lifting
      yoke, are all arranged as a unit which is detachably connected to the
      following elements: the bottom of the container, the operating arm of the
      refilling valve by said pivot connection, a screw connection connecting
NUM  6.
PAR  6. A flushing cistern for water closets having a container with a bottom
      discharge opening, comprising a refilling valve for admitting water into
      the container, an opening having an outlet valve seat connecting a lower
      part of the container to the discharge opening, a flushing valve for
      closing said valve seat, an overflow member providing an overflow passage
      connecting the discharge opening and an upper portion within the container
      for limiting the water level in the container to the elevational of said
      upper portion, said overflow member comprising an upwardly open
      cylindrical vessel having a central bottom opening, a manually operable
      actuating means for unseating said flushing valve and opening said
      refilling valve to start a flushing and refilling cycle, said actuating
      means including a lift stem extending centrally through said central
      bottom opening of said vessel and being connected at its lower end to said
      flushing valve member, said flushing valve member having a hollow body at
      a distance above the container discharge opening, a refilling valve
      closing means mounted in said overflow passage and being movable therein
      between an upper and a lower position, said valve closing means being
      coupled to said actuating means and movable thereby to the upper position
      upon starting of said cycle, said valve closing means being coupled to the
      refilling valve to close the refilling valve by movement to its lower
      position, said valve closing means being positioned and constructed to
      receive and be weighted by water flowing into the overflow member to move
      the valve closing means to its lower position thereby closing the
      refilling valve; a bellows tightly connecting the body of the flushing
      valve to the bottom of said vessel, a guide tube means guiding the lift
      stem in said vessel, said guide tube having a lower end tightly fastened
      in said opening in the bottom of the vessel; the lift stem extending
      through the bellows and having means at its lower end for lifting
      engagement with the flushing valve; said vessel being formed with holes
      communicating with the bellows; said hollow flushing valve member having
      an upper opening in communication with the bellows and a bottom opening in
      communication with said discharge opening to communicate the bellows with
NUM  7.
PAR  7. A flushing cistern for water closets having a container with a bottom
      discharge opening, comprising a refilling valve for admitting water into
      the container, an outlet valve seat forming an opening which leads from a
      lower part of the container to the discharge opening, a flushing valve for
      closing said valve seat, an overflow member providing an overflow passage
      connecting the discharge opening and an upper portion within the container
      for limiting the water level in the container to the elevation of said
      upper portion, a manually operable actuating means for unseating said
      flushing valve and opening said refilling valve to start a flushing and
      refilling cycle, said overflow member being an upwardly open cylindrical
      vessel which also serves as a portion of said actuating means, a tube
      supporting the flushing member and forming an open communication leading
      from the vessel to the container discharge opening through the flushing
      valve member, said vessel having its bottom connected to said tube; a
      refilling valve closing means mounted in said overflow passage and being
      movable therein between an upper and a lower position, said valve closing
      means being coupled to said actuating means and movable thereby to the
      upper position upon starting of said cycle, said refilling valve closing
      means being coupled to the refilling valve to close the refilling valve by
      movement to its lower position, said valve closing means being positioned
      and constructed to receive and be weighted by water flowing into the
      overflow member to move the valve closing means to its lower position
      thereby closing the refilling valve, said refilling valve closing means
      including a cup movable between said upper and lower positions in said
      vessel, a coupling member on the cup, an operating arm for the refilling
      valve coupled to the coupling member, said vessel being movable upwardly
      to raise the cup to open the refilling valve whereby after flushing the
      vessel returns to the position corresponding to a closed flushing valve in
      order to function as said overflow member to conduct overflowing water
      into the cup.
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ABST
PAL  A pool framework made of sheet metal components can be readily erected
      and/or dismantled by unskilled labour without the use of fixings such as
      screws, bolts, rivets or welding. A series of flat, upwardly and outwardly
      sloping wall panels supported on a similar series of base beams form a
      closed polygon. Adjacent side edges of each pair of wall panels are
      interconnected by junction assemblies and are surmounted by a coping
      assembly forming a peripheral upper deck for the pool.
BSUM
PAC  PORTABLE SWIMMING POOL CONSTRUCTION
PAR  This invention relates to a portable swimming pool framework. In this
      connection, the term "portable" is intended to refer to the fact that the
      pool framework is of such a nature that it can be erected and/or
      dismantled with comparative ease, for example by an owner, without the
      assistance of heavy machinery, complex tools or specially trained
      personnel. The pool will normally be of the "above ground" type, although
      clearly a pool according to the invention could be located in a depression
      in the ground with its upper edge flush with a surrounding ground surface.
PAR  The primary object of the present invention is to provide a portable pool
      construction that can be readily erected and/or dismantled by unskilled
      labor and with only the use of normal household tools. There should be no
      requirement for such construction features as welding, rivetting or the
      like. Indeed, in the preferred embodiment of pool construction illustrated
      and described below, there are no bolts or screws employed whatsoever.
PAR  Another object of the invention is the provision of a structurally sound
      framework that will be rugged and durable, displaying resistance to
      distortion or the setting up of undesirable localized stresses arising
      from the very substantial forces to which any pool filled with water is
      subjected.
PAR  Other desirable features in a portable pool framework, which features are
      provided by the specific embodiment described below, are:
PA1  A. an absence of all forms of fastening devices of the bolt, screw and
      rivet variety;
PA1  B. a flexibility of design that enables the size of the pool to be enlarged
      by the addition of extra segments;
PA1  C. an ease of erection and dismantling, including dismantling into sections
      that are of a size convenient for storage or shipment;
PA1  D. a construction solely from sheet metal components, except for a plastic
      liner and any foundations required;
PA1  E. a pleasing asthetic appearance;
PA1  F. a design that is inherently susceptible to variations of shape in order
      to meet varying demands; and
PA1  G. a design that is capable of withstanding subfreezing winter temperatures
      without need for draining.
PAR  An embodiment of the invention is illustrated in the accompanying drawings.
      It is emphasized that this embodiment is shown by way of example only, and
      that the broad concepts of the invention are limited only by the appended
      claims.
DRWD
PAC  IN THE ACCOMPANYING DRAWINGS:
PAR  FIG. 1 is a relatively small scale, top perspective view of a pool
      embodying features of the invention, a portion of this view having been
      cut away to reveal otherwise hidden features;
PAR  FIG. 2 is a fragmentary plan view of FIG. 1;
PAR  FIG. 3 is a side view of the pool of FIGS. 1 and 2;
PAR  FIG. 4 is a section on an enlarged scale taken along the line IV--IV in
      FIG. 2;
PAR  FIG. 5 is a view taken on the plane V--V in FIGS. 4 and 6;
PAR  FIG. 6 is a section on the line VI--VI in FIG. 5;
PAR  FIG. 7 is a view on the line VII--VII in FIG. 6;
PAR  FIG. 8 is a top plan view of a locking member employed in the construction
      of FIGS. 1 to 7;
PAR  FIG. 9 is an underside view of the locking member of FIG. 8;
PAR  FIG. 10 is a section on the line X--X in FIG. 8;
PAR  FIG. 11 is a top perspective view of a portion of a strut beam used in the
      construction;
PAR  FIG. 12 is a similar fragmentary top perspective view of a strut beam cleat
      used in the construction;
PAR  FIG. 13 is a perspective view of a base beam used in the construction;
PAR  FIG. 14 is a fragmentary, end perspective view of an upper coping member
      used in the construction;
PAR  FIG. 15 is a similar view of a lower coping member used in the
      construction;
PAR  FIG. 15a is a fragmentary view of the left hand corner of FIG. 15 seen from
      above;
PAR  FIG. 16 is a perspective view of a wall panel;
PAR  FIG. 17 is a perspective view of a connector;
PAR  FIG. 18 is a perspective top view of a coping cap; and
PAR  FIG. 19 is an underside perspective view of the coping cap of FIG. 18.
DETD
PAC  OVERALL CONSTRUCTION (FIGS. 1 TO 3).
PAR  Referring firstly to FIGS. 1 to 3, the pool framework will be seen to be
      essentially polygonal in shape and to consist of a series of flat, sheet
      metal wall panels 10 connected together at their side edges in a manner
      described in detail below. The wall panels slope upwardly and outwardly
      from a base beam assembly shown generally at 11 to a coping assembly shown
      generally at 12. A waterproof vinyl or similar liner 13 lines the interior
      of the metal framework formed by the wall panels 10 and their associated
      parts.
PAR  The outward slope given to the wall panels 10 prevents damage by ice in
      winter. In a pool subjected to sub-freezing temperatures ice will tend to
      form at the sides and on the top surface. Due to the relatively high
      thermal conductivity of the metal of the framework, most ice formation
      will take place at the sides. Ice formed down the sides will tend to rise,
      being lighter than water. Ice around the top edge and across the top may
      result in outward lateral expansion and can generate pressure sufficient
      to rupture the framework. The sloping sides of the present construction
      avoid this difficulty by virtue of the fact that ice formed encounters a
      greater pool diameter as it rises and hence has room for free expansion.
PAC  BASE BEAM ASSEMBLY (FIGS. 1, 4 AND 13)
PAR  The base beam assembly 11 is formed from a series of base beam members 20,
      one of which is shown individually in FIG. 13 and assembled with the other
      parts in FIG. 4. These base beams 20 which form the peripheral foundation
      for the structure can be placed directly on the ground, if this is
      sufficiently flat and hard. Alternatively, in a more permanent
      installation, or when the ground is insufficiently flat or hard, the beams
      20 can be laid on a prepared concrete slab. Such a slab, if used, need not
      underlie the entire pool, but can take the form of an annulus supporting
      merely the base beam members 20. In FIG. 4, the base beam member is
      assumed to be seated on the ground or slab 21. The space within the closed
      polygon defined by the base beams 20 can be provided with a bed of sand 22
      to form a convenient and non-injurious support for the central or
      horizontal portion 13a of the vinyl liner 13.
PAR  As clearly shown in FIG. 4, each base beam 20 consists of bent sheet metal
      formed with spaced-apart outer and inner foot portions 23 and 24.
      (References throughout to "inner" refer to parts nearer the interior,
      i.e., pool area defined by the polygonal framework, while references to
      "outer" refer to parts nearer the outer periphery of the assembly.) The
      inner foot portion 24 has an elongated slot 25 that receives a horizontal
      tongue 26 extending along the lower edge of the associated wall panel 10.
      The base beams 20 are each triangular in cross-section, having a wall 27
      that slopes upwardly and outwardly contiguous with a lower surface of the
      wall panel 10 to support the same and prevent it from bowing outwardly,
      and a gently outwardly and downwardly sloping wall 28 which extends to the
      outer foot portion 23. As seen in FIG. 13 the ends of the wall 27 are
      formed with flanges 29 the purpose of which will be described below. The
      end edges 30, 31 of each base beam 20 are cut back for a purpose that will
      also become apparent.
PAC  JUNCTION ASSEMBLIES (FIGS. 5, 11, 12, 13 & 16)
PAR  The main member interconnecting each adjacent pair of side edges of the
      wall panels 10 to form a junction assembly is a strut beam member 40
      which, as seen in FIG. 11, is a sheet metal member bent to an
      approximately triangular shape. Each member 40 has a pair of diverging
      side walls 41 each formed at its free end with an inwardly projecting
      flange 42 that is turned back on itself to form a slot 43. The upper edges
      of the side walls 41 are formed with outwardly projecting rectangular
      tongues 44.
PAR  Associated with each strut beam 40 is a strut beam cleat member 45 (FIG.
      12) which is essentially an elongated sheet metal member bent to form
      inturned flanges 46.
PAR  As best seen in FIG. 5, the strut beam 40 and the strut beam cleat 45 serve
      to interconnect adjacent wall edges of a pair of wall panels 10 to form a
      junction assembly. Each side edge of the wall panels 10 is formed with a
      flange 47 (FIG. 16) defining a slot into which a respective one of the
      turned-back flanges 42 of the strut beam 40 is inserted. A flange 46 of
      the strut beam cleat 45 is then introduced into each slot 43 formed within
      each flange 42 whereby to expand the parts thereof firmly outwardly
      against the surfaces of the wall panel 10 and its associated flange 47.
      These parts are assembled by longitudinal insertion one into the other
      from the top: first the strut beam 40 is moved downwardly with its flanges
      42 between the wall panels and their associated flanges 47. The strut beam
      cleat 45 is then introduced longitudinally down into this assembly and
      driven firmly into position.
PAR  The flanges 29 of the base beams 20, as best seen in FIG. 13, act as
      extensions of the flanges 47 of the wall panels 10, the lower ends of the
      strut beam 40 and the cleat 45 extending down into a similar engagement
      with the flanges 29 thus joining the base beams 20 end-for-end at the same
      time as joining the wall panels side-to-side. The downward limit of travel
      of the strut beam 40 and cleat 45 is determined by these parts engaging
      the foot portions 23 & 24 of the base beams 20. The cutting back of the
      edges 30, 31 (FIG. 13) permits the side walls 41 to fit snuggly in the
      triangular space defined by these edges. This fit prevents spreading apart
      of the lower ends of the walls 41.
PAR  The resulting junction assembly is an especially satisfactory one from the
      viewpoint of symmetrically resisting the outward loads exerted on the wall
      panels by the water in the pool. At the same time it is essentially simple
      to assemble and disassemble.
PAC  LINER SECURING (FIGS. 4 & 16)
PAR  As appears from FIGS. 16 and 4, each wall panel 10 is formed at its upper
      edge with a multiply-bent flange construction 50 that consists of a first
      flange portion 51 defining an upwardly projecting slot 52 between itself
      and the wall panel 10, and a second flange portion 53 extending outwardly
      and upwardly from the bottom edge of the flange portion 51 and into a
      third flange portion 54 projecting upwardly parallel to the wall panel 10.
      This third portion 54 in turn extends into a downwardly projecting fourth
      flange portion 55 that is bent over again at its edge 56. The first and
      fourth flange portions 51, 55 define between them an upwardly facing slot
      consisting of a narrow neck 57 that widens into a larger space 58. The
      vinyl liner 13 is formed with an edge bead 13b wider than the neck 57,
      such bead being forced, by springing the metal, through the neck 57 into
      the space 58 to be retained therein.
PAC  LOCKING MEMBER (FIGS. 5, 6, 8, 9 & 10)
PAR  Referring again to FIG. 5, force experienced by a strut beam 40 tending to
      spread its side walls 41 apart is resisted at the upper end of such beam
      by the engagement over its upper edges of a locking member 60 shown in
      FIGS. 8, 9 and 10. This locking member 60 is also formed of sheet metal
      and consists of a central spine 61 with turned over ends 61a and a pair of
      triangular wing portions 62 bent to form underside turned-back flanges 63
      defining slots 64 and upper turned-back flanges 65 defining upper slots 66
      with the main wing portions 62. The upper flanges 65 have edges 67
      extending substantially parallel to the spine 61, whereas the underside
      flanges 63 have edges 68 extending substantially parallel to the outer
      edges 69, such edges 69 diverging from the spine 61 and from each other.
PAR  One locking member 60 is slid over the top of each strut beam 40, in the
      manner best seen in FIG. 6, the upper tongues 44 of the strut beam 40
      occupying the underside slots 64 of the member 60, these underside locking
      flanges 63 having basically a similar shape and orientation to that of the
      tongues 44.
PAC  COPING ASSEMBLY (FIGS. 4, 6, 14, 15 & 15a)
PAR  The structure is now ready for erection of the upper and lower coping
      members 70 and 80 shown individually in FIGS. 14 and 15 respectively.
PAR  The upper coping member 70 consists of sheet metal bent to provide a double
      layer, main horizontal panel 71 formed along one edge with a bent-back
      flange 72 defining a slot 73. Along its opposite edge the upper layer of
      the member 70 is bent downwardly to form a vertical wall 74, the metal
      being further bent back at 74a and 74b to terminate at 74c between the two
      layers of the panel 71 (see FIG. 4). Outwardly of the wall 74, 74a the
      lower layer of the member 70 is bent down to form a flange having
      successive portions 75, 76, 77. Turned around lips 78 are provided along
      each side edge of the member 70.
PAR  As seen in FIG. 4, when the member 70 is in position, the flange portions
      75 to 77 embrace the portions 54, 53 and 51 respectively of the flange 50
      of the wall panel 10, the flange portion 77 engaging in the upwardly
      projecting slot 52 between the flange portion 51 and the panel 10 itself,
      whereby to hold the inner edge of the coping member 70 firmly in position
      against upward movement. The lower edge of the vertical wall 74 either can
      rest gently against the liner 13 or can be slightly spaced therefrom as
      shown. In either case, such wall 74 provides a finished edge and
      appearance to the inside upper perimeter of the coping assembly of the
      pool.
PAR  Next in the assembly process, the lower coping member 80 is introduced. As
      FIG. 15 shows, this member consists of a main panel 81 with up-turned
      walls 82, 83 inner and outer. The inner wall 82 terminates in a bent-over
      flange 84 further bent at 84a, while the outer wall 83 terminates in a
      horizontal flange 85 (FIG. 15a). A portion of the wall and flange is cut
      out at each end, as shown at 87. Bent-around lips 86 are provided along
      each side edge, and the wall 83 has a downward extension 83a.
PAR  When inserted from left to right in FIG. 4 beneath the upper coping member
      70, the lower member 80 engages the flange portions 75, 76 with its flange
      portions 84, 84a. The main panel 81 of the member 80 rests at each end on
      the upper surface of a locking member 60, as best seen in FIG. 6, its edge
      lips 86 each sliding into one of the upper slots 66 of such locking
      member. Finally, the lower member 80 is sprung into a locked position
      beneath the upper member 70 by engagement of its rear flange 85 into the
      slot 73 (FIG. 4).
PAC  CONNECTOR AND COPING CAP (FIGS. 6, 7, 17, 18 & 19)
PAR  The assembly is completed by a connector 90 and a coping cap 100, shown
      individually in FIG. 17 and FIGS. 18 and 19 respectively. The connector 90
      has a main panel 91 with turned-back edge flanges 92 that engage the
      bent-over lips 78 (FIG. 6) when the connector is slid into place to
      connect a pair of upper coping members 70. This sliding movement takes
      place from inside to outside, i.e., from right to left in FIG. 7, the
      connector 90 having at its inner end a multiply-bent flange having main
      portions 93, 94 & 95. The flange portion 95 includes an angulated
      extension 96 which, together with the flange portion 93 defines a locking
      space into which there is introduced a similar angulated flange 101 formed
      on the end of a multiply-bent flange structure 102 provided centrally of
      the inner surface of the coping cap 100, as shown in FIG. 19. This flange
      structure forms an extension of a bent over portion 103 of an inner
      vertical wall 104 extending down from the main panel 105 of the coping cap
      100. This locking flange arrangement (95, 96, 101) is brought together by
      forcing the coping cap 100 downwardly onto the assembly, after first
      engaging a turned-around lip 106 at the other end of such cap around and
      underneath the two coping members 70 and above the rear end of the main
      panel 91 of the connector 90. Space for the lip is provided be means of a
      recess 72a formed at each end of the flange 72 of the upper coping member
      70 (FIG. 14) by crimping together of the panel 71 and flange 72 to close
      the slot 73, and by the cutout portions 87 of the lower coping member 80
      (FIGS. 15, 15a).
CLMS
NUM  1.
PAR  1. In a portable swimming pool framework having a plurality of sheet metal
      members arranged side-by-side, a junction assembly for interconnecting
      adjacent edges of a pair of said members, said junction assembly
      comprising:
PA1  a. a first pair of turned-back flanges formed along respective ones of said
      edges to define a first pair of slots facing away from each other,
PA1  b. a beam member having a wall structure interconnecting a second pair of
      elongated flanges projecting generally towards each other and then each
      turned back on itself to define a second pair of slots,
PA1  c. said second pair of flanges being located in respective ones of said
      first pair of slots,
PA1  d. and a cleat member having a wall structure interconnecting a third pair
      of flanges projecting generally towards each other,
PA1  e. said third pair of flanges being located in respective ones of said
NUM  2.
PAR  2. The invention of claim 1, wherein said members are wall panels defining
NUM  3.
PAR  3. The invention of claim 1, wherein said members are elongated base beams
NUM  4.
PAR  4. The invention of claim 1,
PA1  f. wherein said members include wall panels defining a wall structure of
      the framework and elongated base beams each supporting a said wall panel,
PA1  g. the same beam member and the same cleat member simultaneously serving to
      form a junction assembly interconnecting adjacent edges of both a pair of
NUM  5.
PAR  5. The invention of claim 1, wherein said wall structure of the beam member
      comprises a pair of side walls diverging from each other and terminating
NUM  6.
PAR  6. The invention of claim 5, including a locking member having locking
      portions engaging said side walls of the beam member to clamp the same
NUM  7.
PAR  7. The invention of claim 6, wherein said locking member is generally
      triangular in shape, said locking portions thereof comprising underside
      inturned flanges extending along divergent edges of the locking member,
      such underside flanges engaging complementary outwardly extending tongues
NUM  8.
PAR  8. The invention of claim 4,
PA1  h. wherein said wall structure of the beam member comprises a pair of side
      walls diverging from each other and terminating in said second pair of
      flanges,
PA1  i. including a locking member having locking portions engaging said side
      walls of the beam member to clamp the same together and inhibit spreading
      apart of said second pair of flanges,
PA1  j. said locking member being located at an upper end of the beam member,
PA1  k. said base beams having surfaces engaging said side walls of the beam
      member at a lower end thereof for inhibiting spreading apart of said
NUM  9.
PAR  9. A portable swimming pool framework comprising a plurality of flat sheet
      metal panels arranged side-by-side and interconnected to form a closed
      polygon, wherein each such panel is inclined upwardly and outwardly of
NUM  10.
PAR  10. A framework according to claim 9, including a base beam for supporting
      each said wall panel, each base beam comprising:
PA1  a. a sheet metal structure of generally triangular form terminating in
      inner and outer spaced-apart foot portions,
PA1  b. the inner one of said foot portions defining an elongated horizontal
      slot receiving an elongated horizontal tongue formed along a bottom edge
NUM  11.
PAR  11. A framework according to claim 10, including a junction assembly
      interconnecting each pair of adjacent side edges of said wall panels and
      each pair of adjacent ends of said base beams; each said junction assembly
      comprising:
PA1  c. first pairs of turned-back flanges formed along respective ones of said
      side edges and ends to define first pairs of slots facing away from each
      other,
PA1  d. a beam member having a wall structure interconnecting a second pair of
      elongated flanges projecting generally towards each other and then each
      turned back on itself to define a second pair of slots,
PA1  e. said second pair of flanges being located in respective ones of said
      first pairs of slots,
PA1  f. and a cleat member having a wall structure interconnecting a third pair
      of flanges projecting generally towards each other,
PA1  g. said third pair of flanges being located in respective ones of said
NUM  12.
PAR  12. In a portable swimming pool:
PA1  a. a plurality of sheet metal wall panels arranged side-by-side to define a
      wall structure;
PA1  b. a plurality of base beams each supporting a respective one of said wall
      panels; and
PA1  c. a plurality of junction assemblies interconnecting each adjacent pair of
      side edges of said wall panels and each adjacent pair of ends of said base
      beams to form a closed polygonal framework defining a pool area;
PA1  d. each said junction assembly comprising
PA2  i. first pairs of turned-back flanges formed along respective ones of said
      side edges and ends to define first pairs of slots facing away from each
      other,
PA2  ii. a beam member having a wall structure interconnecting a second pair of
      elongated flanges projecting generally towards each other and then each
      turned back on itself to define a second pair of slots,
PA2  iii. said second pair of flanges being located in respective ones of said
      first pairs of slots,
PA2  iv. and a cleat member having a wall structure interconnecting a third pair
      of flanges projecting generally towards each other,
PA2  v. said third pair of flanges being located each in respective ones of said
NUM  13.
PAR  13. The invention of claim 12, wherein said wall structure of the beam
      member comprises a pair of side walls diverging from each other and
NUM  14.
PAR  14. The invention of claim 13, including a locking member having locking
      portions engaging said side walls of the beam member to clamp the same
NUM  15.
PAR  15. The invention of claim 14,
PA1  e. wherein said locking member is generally triangular in shape, said
      locking portions thereof comprising underside inturned flanges extending
      along divergent edges of the locking member, such underside flanges
      engaging complementary outwardly extending tongues extending along upper
      edges of said side walls of the beam member,
PA1  f. said base beams having surfaces engaging said side walls of each beam
      member at a lower end thereof for further inhibiting spreading apart of
NUM  16.
PAR  16. The invention of claim 12, including
PA1  e. a plurality of elongated, sheet metal, upper coping members located one
      above each said wall panel to form a peripheral deck around the framework,
      and
PA1  f. a corresponding plurality of elongated, sheet metal, lower coping
      members located one below each upper coping member to support such upper
      coping member,
PA1  g. said lower coping members having end surfaces supported on respective
NUM  17.
PAR  17. The invention of claim 15, wherein each said locking member has upper,
      turned-back, edge flanges, and including
PA1  g. a plurality of elongated, sheet metal, upper coping members located one
      above each said wall panel to form a peripheral deck around the framework,
      and
PA1  h. a corresponding plurality of elongated, sheet metal, lower coping
      members located one below each upper coping member to support such upper
      coping member,
PA1  i. each said lower coping member having turned-back end flanges engaging
      the locking member upper flanges for preventing movement of said junction
      assemblies away from each other and for supporting said lower coping
NUM  18.
PAR  18. The invention of claim 17, including
PA1  j. a plurality of connectors each having turned-back flanges,
PA1  k. each said upper coping member having turned-back end flanges engaging
      said connector flanges for preventing peripheral movement of said upper
NUM  19.
PAR  19. A portable swimming pool comprising
PA1  a. a plurality of sheet metal wall panels arranged side-by-side to define a
      wall structure;
PA1  b. a plurality of base beams each supporting a respective one of said wall
      panels; and
PA1  c. a plurality of junction assemblies interconnecting each adjacent pair of
      side edges of said wall panels and each adjacent pair of ends of said base
      beams to form a closed polygonal framework defining a pool area;
PA1  d. each said junction assembly comprising
PA2  i. first pairs of turned-back flanges formed along respective ones of said
      side edges and ends to define first pairs of slots facing away from each
      other,
PA2  ii. a beam member having a wall structure interconnecting a second pair of
      elongated flanges projecting generally towards each other and then each
      turned back on itself to define a second pair of slots,
PA2  iii. said second pair of flanges being located in respective ones of said
      first pairs of slots,
PA2  iv. and a cleat member having a wall structure interconnecting a third pair
      of flanges projecting generally towards each other,
PA2  v. said third pair of flanges being located each in respective ones of said
      second pair of slots,
PA1  e. a plurality of locking members each engaging an upper part of a said
      beam member to inhibit spreading apart of said second pair of flanges,
PA1  f. said base beams having surfaces engaging a lower part of each beam
      member further to inhibit such spreading,
PA1  g. each said wall panel terminating along an upper edge thereof in a flange
      construction defining a downwardly projecting slot extending along said
      upper edge on a side thereof outwardly of said pool area,
PA1  h. said slot having a main portion and a neck portion narrower than said
      main portion and located thereabove,
PA1  i. a water-proof liner lining said pool area, said liner extending up said
      wall panels and around the upper edges thereof and down into said slots,
      said liner being formed with a peripheral bead extending along said slots
      and having a width greater than said necks whereby to retain the bead in
      the main portions of said slots,
PA1  j. a plurality of elongated, sheet metal, upper coping members located one
      above each said wall panel to form a peripheral deck around the framework,
PA1  k. a corresponding plurality of elongated, sheet metal, lower coping
      members located one below each upper coping member to support such upper
      coping member,
PA1  l. each said lower coping member having turned-back end flanges engaging
      the locking member upper flanges for preventing movement of said junction
      assemblies away from each other and for supporting said lower coping
      member,
PA1  m. a plurality of connectors each having turned-back flanges,
PA1  n. each said upper coping member having turned-back end flanges engaging
      said connector flanges for preventing peripheral movement of said upper
      coping members relative to each other,
PA1  o. each lower coping member comprising a horizontal panel extending into
      up-turned walls along inner and outer edges thereof,
PA1  p. the inner one of said up-turned walls extending into a downwardly
      projecting flange engaging a downwardly extending inner wall of the
      corresponding upper coping member,
PA1  q. the outer one of said up-turned walls extending into a horizontally
      projecting flange engaged in a slot formed by a turned-back flange at an
      outer edge of said corresponding upper coping member,
PA1  r. each said flange construction of the wall panels defining an upwardly
      projecting slot between such flange construction and an outer face of the
      wall panel, and
PA1  s. the downwardly extending inner wall of each said upper coping member
      extending into an upwardly projecting flange engaging in the
      last-mentioned slot to hold the inner edge of such upper coping member
NUM  20.
PAR  20. In a portable swimming pool construction
PA1  a. a plurality of sheet metal wall panels arranged side-by-side to define a
      wall structure,
PA1  b. a plurality of junction assemblies interconnecting each adjacent pair of
      side edges of said wall panels to form a closed polygonal framework,
PA1  c. a plurality of elongated, sheet metal, upper coping members located one
      above each said wall panel to form a peripheral deck around the framework,
PA1  d. a plurality of connectors interconnecting each adjacent pair of ends of
      said coping members,
PA1  e. a corresponding plurality of elongated, sheet metal, lower coping
      members located one below each upper coping member to support such upper
      coping member,
PA1  f. a plurality of locking members interconnecting each adjacent pair of
      ends of said lower coping members,
PA1  g. wherein each said junction assembly comprises
PA2  1. a first pair of turned-back flanges formed along respective ones of said
      side edges to define a first pair of slots facing away from each other,
PA2  2. a beam member having a wall structure interconnecting a second pair of
      elongated flanges projecting generally towards each other and then each
      turned back on itself to define a second pair of slots,
PA2  3. said second pair of flanges being located in respective ones of said
      first pair of slots,
PA2  4. and a cleat member having a wall structure interconnecting a third pair
      of flanges projecting generally towards each other,
PA2  5. said third pair of flanges being located in respective ones of said
      second pair of slots,
PA2  6. each said locking member further engaging side walls of the beam member
NUM  21.
PAR  21. In a portable swimming pool construction
PA1  a. a plurality of sheet metal wall panels arranged side-by-side to define a
      wall structure,
PA1  b. a plurality of junction assemblies interconnecting each adjacent pair of
      side edges of said wall panels to form a closed polygonal framework,
PA1  c. a plurality of elongated, sheet metal, coping members located one above
      each said wall panel to form a peripheral deck around the framework, said
      coping members having bent-back ends,
PA1  d. a plurality of connectors with turned-back edge flanges each slidingly
      engaging a pair of adjacent bent-back ends of said coping members for
      firmly interconnecting each adjacent pair of ends of said coping members,
      and
PA1  e. a plurality of coping caps each located above a respective connector and
      engaging adjacent ends of a pair of said coping members to provide
      continuity of said peripheral deck,
PA1  f. each coping cap having a turned-back lip at one end for engaging under
      said adjacent coping member ends and a first locking assembly at its other
      end engaging a second locking assembly of a connector, said locking
      assemblies each comprising a resilient flange structure for firm snap-on
NUM  22.
PAR  22. The invention of claim 21, wherein each said junction assembly
      comprises
PA1  g. a first pair of turned-back flanges formed along respective ones of said
      side edges of said wall panels to define a pair of slots facing away from
      each other, and
PA1  h. a beam member having a wall structure interconnecting a pair of
      elongated flanges projecting generally towards each other and located in
      respective ones of said slots,
PAL  and wherein
PA1  i. said coping members are upper coping members,
PA1  j. including a corresponding plurality of elongated, sheet metal, lower
      coping members locating one below each upper coping member to support such
      upper coping member, said lower coping members having bent-back ends, and
PA1  k. a plurality of locking members having on their upper sides turned-back
      edge flanges each slidingly engaging a pair of adjacent bent-back ends of
      said lower coping members for firmly interconnecting each adjacent pair of
      said lower coping members,
PA1  l. each said locking member also having on its lower side a further pair of
      turned-back edge flanges slidingly engaging a pair of tongues formed on a
      said beam member to inhibit spreading apart of said flanges of said beam
      member.
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PAL  An undercarriage or bottom support for a steel bathtub which is attached to
      the tub bottom by a double stick tape which is positioned between the
      support and tub bottom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to bathtubs and, in particular, to a novel
      support means for steel bathtubs which is affixed to the tub bottom by a
      double stick tape.
PAR  Steel bathtubs are usually formed from a single sheet of enameling steel
      which undergoes several stages of cold pressing to form the desired final
      configuration. Such bathtubs normally include a front apron which conceals
      the receptacle or well portion and piping when the bathtub is placed in
      the bathroom. Upon completion of the forming and drawing of the bathtub
      into its final configuration, the tub has a thickness of approximately
      0.074 inches, dependent upon the thickness of the original sheet of steel.
      Since steel bathtubs are made of relatively thin sheet steel it is
      desirable to support the bottom of the tub by some type of struts or
      channel iron of varying configurations which heretofore have been welded
      to the underside of the bottom of the bathtub prior to instigating the
      enameling process. However, welding of such support means to the bottom of
      the tub causes severe deformation of the inside bottom portion of the
      bathtub which requires reworking of the well interior to insure
      satisfactory enameling thereof. Welding often causes permanent deformation
      in the bottom of the tub due to the stresses that are created by the
      welding process.
PAR  Such reworking of the interior well bottom adds significantly to the cost
      of the product and in certain instances where damage is extensive it might
      necessitate scraping of the bathtub. The welding of such support means to
      the bottom portion of the well also intensifies problems associated with
      enameling of the tub interior since the support means act as a heat sink
      when the tub is being enameled, at which time it is an elevated
      temperature, thus causing unevenness in cooling and inconsistency in the
      finished enamel. Upon completion of the enameling, the tub is usually
      coated with a mastic which is sprayed to the bottom of the tub to provide
      some sound deadening factor.
PAR  To eliminate the deformation which occurs during the welding of the support
      means to the bottom portion of the tub, the present invention is directed
      to a novel way of affixing the undercarriage or bottom support by means of
      an adhesive tape. The support means, which is usually channel shaped or of
      some hollow configuration to reduce the weight factor, has a double stick
      tape which is affixed to the support means and the support means is then
      affixed to the tub bottom in the desired location whereby no welding is
      required. A strong permanent bond between the support and bathtub bottom
      is thus created which eliminates normal problems heretofore presented with
      welding and subsequent enameling. Although a moisture proof tape of the
      closed cell polyolefin foam type may be used in this device, it is
      understood that other types of tape such as commercially available
      flexible tapes are also adaptable. In each instance, it is desired that
      the tape be moisture proof and have an adhesive coating on both of its
      sides since both sides are used to affix the support means to the bottom
      portion of the tub. In addition, the tape provides a cushioning effect
      between the support means and the tub bottom which reduces and practically
      eliminates the "pop-off"  phenomenon which occurs when a tub having a
      welded undercarriage is dropped on its support whereby the enameling over
      the welded portion and support will "pop-off". The instant invention also
      provides a sound deadening factor and absorbs most of the associated noise
      which is common in steel bathtubs. It is understood that cast iron
      bathtubs being of much thicker composition and overall weight and rigidity
      do not need any bottom support means and the sound factor is not prevalent
      since it is a solid rigid body. Cast iron tubs also incorporate in their
      mold design rib portions which web between the bottom portion of the tub
      and the floor and which are integral with the bathtub body.
PAR  The main object of the present invention is to provide an improved support
      means for steel bathtubs whereby the steel support means is affixed to the
      tub by a double stick tape to thereby eliminate the aforementioned
      problems which are associated with the heretofore utilized welding of
      supports to bathtub bottoms, and, to eliminate the ensuing enamel problems
      also associated with welding.
PAR  Another object of the invention is to provide an economical and rigid
      support means which is low in cost and which is easily affixed to the
      bottom portion of the tub.
PAR  Still another object of the invention is to provide an improved support
      means for a tub which considerably reduces the sound normally associated
      in such tubs and therefore provides a sound deadening and cushioning
      effect for the tub after installation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the improved support means showing the
      bottom and apron portion of the tub to which it is affixed;
PAR  FIG. 2 is a cross-sectional view of the tub and support means taken along
      lines 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary cross-sectional view of the support means taken
      along lines 3--3 of FIG. 1 showing the double stick tape and its
      relationship to the tub bottom and support means; and,
PAR  FIG. 4 is a partial cross-sectional view taken along lines 4--4 of FIG. 3.
DETD
PAR  Referring to the drawings by reference characters and, in particular to
      FIGS. 1 and 2, a steel bathtub generally indicated by reference numeral 1
      is formed from a sheet of enameling steel into a configuration which
      includes a well 2 which is formed by side walls 4, 6, and integral sloping
      end 8 and the outlet end 10, all of which are integral with the bottom 12.
      Flange portion 14 extends outwardly and around the end portions 8, 10, and
      sidewalls 4, 6, in the usual manner. Apron 22 integral with the flange
      portion 14 in the front of the bathtub conceals the bathtub well 2 and its
      associated piping, not shown. Tiling flange 18 is provided which extends
      from the flange portion 14 in proximity to side wall 6 and respective ends
      8, 10 to facilitate the insertion of the bathtub 1 into an alcove where it
      is permanently set and the tile is lapped over the tiling edge 18 in a
      common well known installation procedure. A reinforcing flange 20 is also
      projected inwardly from apron 22, as clearly shown in FIG. 1.
PAR  The above components represent the usual standard components found in a
      steel bathtub having an apron which is pressed from a single sheet of
      enameling steel as clearly shown in FIG. 1.
PAR  A bottom support means 24, shown in FIGS. 1 and 3 and which is of generally
      "H" configuration is affixed to bottom portion 12 of bathtub 1 by means of
      a double stick tape 26 which is placed between portion 12 and flange
      portions 28 which extend laterally from a plurality of "U" shaped channels
      30 positioned along the length of the bathtub and generally perpendicular
      thereto.
PAR  Channels 30 are spaced from each other at intervals necessary to properly
      support the bottom portion of the bathtub and the space between said
      channels is determined by their strength and particular configuration.
      Channels 30 are joined by channel 32 which overlaps channels 30 by means
      of overlapping edges 34 as shown in FIG. 3. Thus, channels 30 form the
      legs of the H configuration and channel 32 forms the crossbar between the
      two legs. These channels, which can be made integral for convenience,
      comprise the bathtub support means 24.
PAR  Channels 30 have flange portions 28 extending laterally from each side
      thereof which provide a carrier for the double stick tape 26 inserted
      between the tub bottom 12 and respective flange portion. Although channel
      32, which forms a crossbar between the channels 30, has no flange
      portions, it is understood that by assemblage could be such that this
      member being of U shaped configuration could have its base portion in
      proximity to the bathtub bottom 12 wherein double stick tape could be
      placed between mating surfaces.
PAR  As clearly shown in FIG. 3, the double stick tape 26 may be any of the
      commercially available types of generally moisture proof tape including
      the closed cell polyolefin type. Adhesive 36 is placed on both sides of
      the tape, one of which is in contact with the bathtub bottom 12, the other
      of which is in contact with respective flange 28. Other types of tape,
      such as foam neoprene, are also readily acceptable for use in the
      application as described provided they are of the double stick type. It is
      understood that the U shaped support struts 30 may be of other desired
      configurations, such as rectangular hollow elements, and they need not
      necessarily form an H configuration on the bottom of the tub. It is
      understood that various types of support elements and various types of
      tape may be used in various general configurations to support the bottom
      portion of a steel bathtub as the advantages described completely
      eliminate the numerous drawbacks found in welding parts of the bottom of
      the steel bathtub to support means.
PAR  With reference to FIG. 4, this clearly shows the cooperation between the
      bottom portion 12 of the bathtub whereby the tape 26 is placed along the
      flange 28 of channel 30 in a manner to not only affix the support means 24
      to the bathtub but also to show the novel insertion of such tape whereby
      the bathtub and support means are isolated from each other by the tape to
      form an effective sound deadening arrangement. It is highly desirable to
      deaden the noise factor in steel bathtubs and to reduce the noise
      transmitted through the bathtub when water is being applied to the tub and
      it is being used. The insertion of such material, regardless whether it be
      of the neoprene or polyolefin type, generally enhance the noise reduction
      factor of such steel bathtubs.
PAR  It is apparent to those skilled in the art that other variances and
      modifications in the invention may be undertaken without departing from
      the spirit of the invention thereof. It is also apparent that a novel
      means for providing an undercarriage for a steel bathtub which is
      economical and which simultaneously eliminates the problems associated
      with welding such structures to the tub and provides a sound barrier
      insulation is set forth in the disclosure and appended claims.
CLMS
NUM  1.
PAR  1. A bathtub including:
PA1  a. a pair of side walls;
PA1  b. a sloping end and an outlet end;
PA1  c. a bottom, said bottom, ends and walls forming an integral well;
PA1  d. means to support said bottom; and,
PA1  e. water resistant tape positioned between said means and said bottom
      preventing contact between said means and said bottom to simultaneously
      secure said means to said bottom and form a sound barrier therebetween.
NUM  2.
PAR  2. A bathtub as recited in claim 1 wherein said tape is of the double stick
NUM  3.
PAR  3. A bathtub as recited in claim 2 wherein said tape is of foam neoprene.
NUM  4.
PAR  4. A bathtub as recited in claim 1 wherein said tape is of the closed cell
NUM  5.
PAR  5. A bathtub as recited in claim 1 wherein said means to support said
      bottom includes a plurality of members spaced and positioned along said
NUM  6.
PAR  6. A bathtub as recited in claim 5 wherein said members are of generally U
      shaped configuration having laterally extending flanges adapted to receive
      said tape whereby said tape is confined between the said flanges and said
NUM  7.
PAR  7. A bathtub as recited in claim 6 wherein said plurality of members is of
NUM  8.
PAR  8. A bottom support means for a steel bathtub or the like which is adapted
      to be secured to the bathtub bottom including:
PA1  a. a plurality of channel shaped support means positioned substantially
      perpendicular to the longitudinal axis of the tub and substantially
      equi-spaced along its bottom; and,
PA1  b. a moisture proof tape having adhesive on both sides positioned between
      said support means and the bathtub bottom preventing contact between said
      means and said bottom to thereby secure said support means to said bottom,
NUM  9.
PAR  9. A support means as recited in claim 8 wherein said tape is of the closed
NUM  10.
PAR  10. A support means as recited in claim 8 wherein said tape is of the foam
NUM  11.
PAR  11. A bottom support means as recited in claim 8 wherein said channel
      shaped support means are of U shaped configuration having laterally
      extending flange portions adapted to receive said tape whereby said tape
      is positioned between said flanges and the bottom of the bathtub.
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PAL  A canister is adapted to be hung in a toilet tank with the lower open end
      below the normal water level in the tank when the tank is full. A
      reservoir is situated at the upper end of the canister and communicates
      with the main portion of the canister and an evaporative liquid is placed
      in the reservoir. A divider separates the reservoir into two portions, one
      portion communicating with the main portion of the canister. As the water
      in the tank empties, air is drawn through the liquid and evaporates some
      of the liquid and when the tank fills, this air is once again bubbled
      through the liquid and expelled into the tank, it being understood that
      the evaporative liquid is preferably provided with deodorant properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in deodorizers for
      toilet tanks.
PAR  It is common in such devices, to place a chemical in a container and to
      depend upon the normal flow of air into and out of the container as it is
      being emptied or filled with water or the like, to evaporate a quantity of
      chemical or deodorant and to dispense the resultant vapor into the
      surrounding air.
PAR  This is not particularly satisfactory due to the fact that there is no
      control over the amount of evaporation and this evaporation varies
      depending upon the quantity of chemical remaining. The temperature also
      effects the evaporation and the movement of air is not normally sufficient
      to supply the required deodorant action.
PAC  SUMMARY OF THE INVENTION
PAR  The present device overcomes these disadvantages by providing a positive
      air displacement in a container as the tank empties and fills, this
      displaced air causing air to bubble through a deodorant liquid container
      in a reservoir thus giving a greater amount of evaporation than is normal
      and supplying deodorized air to the toilet tank each time it is emptied
      and filled.
PAR  The principal object and essence of the invention is to provide a device of
      the character herewithin described which draws air through an evaporative
      liquid as the tank empties and then forces this air once again through the
      evaporative liquid as the tank fills and expels the air into the air space
      above the water level in the conventional toilet tank. This means that
      each time the tank empties and fills, a quantity of deodorized air is
      expelled into the surrounding area.
PAR  Another object of the invention is to provide a device of the character
      therewithin described which is not generally affected by ambient
      temperatures inasmuch as it is contained within a partially closed
      reservoir.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is easily suspended within a conventional
      toilet tank and in which the deodorant liquid is readily placed within the
      reservoir whenever required.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
     BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a cross sectional view of a conventional toilet tank shown
      schematically with the device situated in one end thereof.
PAR  FIG. 2 is a vertical cross section of the device per se substantially along
      the line 2--2 of FIG. 3.
PAR  FIG. 3 is a cross sectional view of the device per se at right angles to
      the view shown in FIG. 2.
PAR  FIG. 4 is an isometric view of the device per se.
PAR  FIG. 5 is a fragmentary cross sectional view substantially along the line
      5--5 of FIG. 3.
PAR  FIG. 6 is a view similar to FIG. 5, but substantially along the line 6--6
      of FIG. 3.
DETD
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference should
      first be made to FIG. 1 in which 10 illustrates generally, a conventional
      toilet tank having a ball valve device 11 situated therein and an overflow
      tube 12 and a discharge device 13 all of which are conventional. The ball
      valve assembly 11 controls the water level and reference character 14
      shows a conventional water level normally used within toilet tanks. A
      relatively loose fitting cover 15 engages the open upper side of the
      toilet tank.
PAR  The invention is collectively designated by reference character 16 and, in
      this embodiment, consists of a substantially cubical canister having rear
      and front walls 17 and 18 and side walls 19. It is provided with an open
      base 20 although the base may be in the form of a panel with one or more
      apertures therein.
PAR  U-shaped clips 21 are secured to the rear panel 17 adjacent the upper edge
      thereof and hook over the edge 22 of the toilet tank 10 so that the device
      can hang therein as shown in FIG. 1 with the cover 15 engaged over the
      clips as clearly shown. This means that when the device is in position as
      shown in FIG. 1 and the tank is full with the water level indicated by
      reference character 1, there is water within the canister 16 which has
      entered through the open base 20 and the water level within the canister
      is, of course, similar to the water level within the tank.
PAR  In the embodiment illustrated, an upper side 23 extends across the canister
      spaced below the upper edges 24 of the canister as shown in FIG. 4.
PAR  A baffle 25 extends from one side 19 and the front and rear sides 17 and
      18, and this terminates spaced from the other side wall as indicated by
      reference character 26. This defines a main portion or chamber 27 below
      the baffle and a reservoir collectively designated 28 above the baffle and
      between baffle 25 and the upper side 23, and it should be observed that
      when the canister is in position as shown in FIG. 1, the water level 14 is
      always below the baffle 25.
PAR  As mentioned previously, the baffle 25 terminates short of one end wall 19
      and a vertical wall 29 extends upwardly from this end and terminates
      spaced below the upper sides 23 and the side wall 19 and the vertical wall
      29, define a vertical passageway 30 communicating between the main chamber
      27 and the reservoir 28.
PAR  The reservoir 28 is divided into two portions 28A and 28B by means of a
      wall 31 which spans the reservoir and depends from the upper side of the
      canister. This wall terminates spaced above the baffle as shown in FIG. 3
      and the lower edge 32 of this wall defines, with the baffle 25, a
      horizontal passageway or connection between the two portions 28A and 28B
      of the reservoir. It should also be noted that vertical passageway 30
      communicates with the portion 28B of the reservoir.
PAR  An aperture 33 of the like, is formed through the upper side 23 of the
      canister and communicates with the other portion 28A of the reservoir and
      reference to FIG. 4 will show that this upper side 23 of the canister may
      be sloped downwardly towards this aperture 33 so that any liquid such as a
      deodorant liquid poured into the top of the canister will run through the
      aperture 33 and into the reservoir 28.
PAR  In use, the canister is hung within the tank as shown in FIG. 1 and an
      evaporative liquid chemical or the like is poured into the top of the
      canister and enters the reservoir 28 through the aperture 33 to a maximum
      level indicated by the dotted line 34. This maximum level is established
      at a level that will ensure that no liquid chemical can be siphoned into
      the vertical passae 30 or forced out of the reservoir 28 through the
      opening 33, by the passage of air therethrough.
PAR  When installed in the toilet tank, water enters the canister through the
      open base 20 and into the portion 27 to equal the level of the water
      within the tank.
PAR  When flushing action is initiated in the tank, the water level in the tank
      drops and water in the portion 27 of the canister also drains from the
      open lower side 20 thereof thus creating a partial vacuum in the portion
      27. This acts through vertical passageway 30, upon the liquid in the
      portion 28B of the reservoir 28, causing the transfer of liquid from the
      portion 28A through the horizontal passageway 32 until the liquid level in
      the chamber 28A drops below the lower edge of the wall 31 thus allowing
      the passage of air through aperture 33 and through the horizontal
      passageway 32 whereupon the air passes through the liquid chemical in the
      chamber 28B of the reservoir in order to break the vacuum. In passing
      through the liquid chemical, the air evaporates a quantity of this liquid
      chemical and carries the resulting vapour into the portion 27 of the
      canister.
PAR  When flushing action is completed in the tank 10, and this tank is being
      re-filled in the normal way, water enters the lower end 20 of the canister
      and the portion 27. As this water level rises, it compresses the mixture
      of air and chemical vapor that is in the portion 27, causing this mixture
      to move through the vertical passageway 30 and into the chamber 28B of the
      reservoir 28. This forces the liquid chemical in the chamber 28B to move
      into chamber 28A through the horizontal passageway 32A until the liquid
      level in the chamber 28B has dropped sufficiently to allow the passage of
      air through the passageway 32A, said air passing through the liquid
      chemical in the chamber 28A to relieve the pressure built up when the air
      in the portion 27 was displaced by the water entering same.
PAR  In passing through the liquid chemical this second time, the air evaporates
      a further quantity of chemical and carries the resultant vapours out of
      the chamber 28A and through the filling aperture 33 into the tank 10 where
      the mixture of air and chemical vapour mixes with the balance of air being
      displaced as the tank 10 is being filled. A quantity of the resultant
      mixture of air and chemical vapour therefore passes out of the tank with
      the air that is being displaced out of the tank as the tank is being
      refilled.
PAR  This automatic action evaporates a quantity of the liquid each time the
      tank is emptied and filled and mixes the resultant vapour with air for
      discharge from the tank on each cycle.
PAR  FIGS. 5 and 6 show an alternate construction and dealing first with FIG. 5,
      the vertical wall 29A extends all the way to the upper wall 23 and at
      least one aperture 35 is formed through this wall adjacent the upper side
      23 to permit communication between chamber 28B and vertical passageway 30.
PAR  The dotted line 36 in FIG. 5 indicates the top of this vertical wall 29
      corresponding to the upper side in FIG. 3.
PAR  FIG. 6 shows the vertical wall 31A corresponding to the vertical wall 31 in
      the previous embodiment. In this embodiment, the lower edge of this wall
      extends to the baffle 25 and at least one aperture 37 is formed through
      the wall 31A adjacent the baffle 25 and acts as the horizontal passageway
      between chambers 28A and 28B.
PAR  Once again the dotted line 38 illustrates the lower edge of the vertical
      wall 31 in the previously described embodiment.
PAR  The apertures 35 and 37 act in a similar manner to the horizontal
      passageways hereinbefore described.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims within departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
NUM  1.
PAR  1. A container for dispensing a deodorizing vapour into the air space of an
      associated toilet tank, comprising in combination a canister, means for
      detachable mounting said canister within the associated toilet tank, said
      canister having an open base which is situated between the normal water
      level of said tank when installed therein, a baffle spanning said canister
      to define a chamber therebelow and a liquid deodorizor receiving reservoir
      thereabove, a closed upper side to said reservoir, said reservoir being
      situated between said upper side and said baffle, said baffle being above
      the said normal water level in the associated tank, first passageway means
      communicating between said chamber and said reservoir adjacent said upper
      side of said reservoir and above the level of the liquid deodorizor in
      said reservoir, means in said reservoir dividing same into two portions,
      said last mentioned means having second passageway means communicating
      between said portions substantially at the base of said last mentioned
      means, and opening means in the upper side of said canister communicating
      with one portion of said reservoir, said first passageway means
      communicating with the other portion of said reservoir whereby emptying of
      the associated tank transfers the deodorizor liquid in said one portion of
      said reservoir to said other portion of said reservoir by differential air
      pressure so that air is drawn through said opening means, through said
      second passageway means, bubbles through the liquid in said other portion
      of said reservoir, through said first passageway means into said chamber,
      and filling of the associated tank compresses the air in said chamber
      thereby transferring to said liquid from said other portion of said
      reservoir to said one portion of said reservoir so that the air in said
      chamber passes through said first passageway means, through said second
      passageway means and bubbles through the liquid in said one portion of
      said reservoir and through said opening means carrying with it an
NUM  2.
PAR  2. The device according to claim 1 in which said baffle terminates spaced
      from one end wall of said canister, a vertical wall extending upwardly
      from said baffle at the end terminating spaced from said one wall of said
      canister, to said upper side of said reservoir, said vertical wall being
      apertured adjacent the upper side thereof and communicating with said
      other portion of said reservoir, said apertured vertical wall and said one
NUM  3.
PAR  3. The device according to claim 1 in which said means in said reservoir
      dividing same into two portions takes the form of at least one wall
      depending from the upper side of said reservoir and terminating spaced
      from said baffle to define said second passageway means between said
NUM  4.
PAR  4. The device according to claim 3 in which said baffle terminates spaced
      from one end wall of said canister, a vertical wall extending upwardly
      from said baffle at the end terminating spaced from said one end wall of
      said canister, said vertical wall and said one end wall of said canister
NUM  5.
PAR  5. The device according to claim 3 in which said baffle terminates spaced
      from one end wall of said canister, a vertical wall extending upwardly
      from said baffle at the end terminating spaced from said one wall of said
      canister, to said upper side of said reservoir, said vertical wall being
      apertured adjacent the upper side thereof and communicating with said
      other portion of said reservoir, said apertured vertical wall and said one
NUM  6.
PAR  6. The devive according to claim 1 in which said baffle terminates spaced
      from one end wall of said canister, a vertical wall extending upwardly
      from said baffle at the end terminating spaced from said one end wall of
      said canister, said vertical wall and said one end wall of said canister
NUM  7.
PAR  7. The device according to claim 6 in which said means in said reservoir
      dividing same into two portions takes the form of at least one wall
      extending between the upper side of said reservoir and said baffle, said
      one wall being apertured adjacent the lower edge thereof, constituting
NUM  8.
PAR  8. The device according to claim 1 in which said means in said reservoir
      dividing same into two portions takes the form of at least one wall
      extending between the upper side of said reservoir and said baffle, said
      one wall being apertured adjacent the lower edge thereof, constituting
NUM  9.
PAR  9. The device according to claim 8 in which said baffle terminates spaced
      from one end wall of said canister, a vertical wall extending upwardly
      from said baffle at the end terminating spaced from said one wall of said
      canister, to said upper side of said reservoir, said vertical wall being
      apertured adjacent the upper side thereof and communicating with said
      other portion of said reservoir, said apertured vertical wall and said one
      end wall of said canister defining said first passageway means.
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ABST
PAL  In a preferred embodiment, the cylinder is of substantially large
      dimensions, such as typically having an inner diameter of about four
      inches, for the drain compression flushing device, still retaining the
      conical spout element defining a restricted liquid outlet orifice, and
      having spaced upwardly from the spout-end of the compression cylinder a
      circumscribing seating flange angled radially outwardly in a direction
      toward the handle end such that in an enlarged opening the spout element
      tends to seat itself firmly to seal while making possible for the orifice
      to be located far downwardly within space defined by the enlarged drain
      outlet such as for industrial use and/or for a commode or the like, and
      such as a large handle.
PARN
PAR  This invention is a Continuation-in-part of the parent application of the
      same title and basic invention, having U.S. Ser. No. 545,436, filed Jan.
      30, 1975.
PAR  The present invention is directed to an improved structure better adapted
      for drains of large size and unique problems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to the present invention, it often happens that the sink gets
      clogged-up or plugged, and in home or industrial use, valuable time and
      costly repair services result often, moreover it being desirable to avoid
      the use of corrosive chemical that eventually lead to leaks together with
      more major problems and costs associated therewith. Although conventional
      plungers and plumbers' snakes are often of value, in more than minor
      problems such remedies are not satisfactory, moreover a typical person or
      worker not being sufficiently skilled with a plumbers' snake to maneuver
      the same properly. Heretofore, there has not existed any suitable
      alternative to the ordinary worker in need of an effective and easily
      operative alternative device of low cost not requiring any particular
      special skills.
PAC  SUMMARY OF THE INVENTION
PAR  For drains or outlets of larger dimensions, it is an object of the present
      invention to overcome problems and difficulties of the type discussed
      above, together with the obtaining of novel advantages.
PAR  Another object is to obtain a novel device for breaking-up clogged
      material, in the opening of drains connected to sinks or basins, or
      commodes or the like.
PAR  Another object is to obtain an anti-clog device being of simple mechanical
      structure susceptible of low cost of manufacture with regard to both parts
      and labor, and accordingly susceptible of low prices of sale to the
      consuming public, thereby making such device available economically to the
      buying public.
PAR  Another object is to obtain a device having multiple utility, such as for
      use in the alternative as a siphon for effectively withdrawing articles
      accidentally dropped down the sink drain.
PAR  Other objects become apparent from the preceding and following disclosure.
PAR  One or more objects of the invention are obtained by the invention as
      defined herein.
PAR  The invention of this improvement may be defined broadly as an enlarge
      structure suitable for heavy duty typical of industrial use and/or for use
      with a toilet drain, for example, with therefore thickened walls of the
      cylinder and the spout element, and an enlarged and sturdy compression
      disk, shaft for the piston shaft thereof, and handle for firm grasping and
      powerfully pumping the same, in the compressing stroke particularly in the
      forcing the water downwardly through a drain pipe, the major improvement
      being a circumscribing radially-outwardly and upwardly flared flange
      spaced upwardly from the spout end such that the conical end and small
      orifice is located deeply below the sealed seating effected against a
      lower face of the flange, and such that because of the upwardly flared
      shape the base of the cylinder tends to center itself as a result of the
      downward pressure applied to the cylinder while pressing downwardly on the
      handle to compressably force previously siphoned-up water downwardly at
      great pressure and speed to break-up the clogging matter. Although these
      above-described features are believed novel and therefor are intended to
      be utilized with any appropriate compressor unit, in a preferred
      embodiment the angles and dimensions relatively of the conical inner walls
      of the spout are preferred and important for best results, and accordingly
      all disclosure is hereby incorporated from the the parent Application
      identified above, by reference hereinto, as an intimate and working part
      of the present invention in a preferred embodiment thereof, basic
      differences being merely in the enlargement of dimensions for this larger
      unit.
DRWD
PAC  THE FIGURE
PAR  The FIGURE illustrates in side cross-sectional view the heavy-duty
      drain-flushing device of the present invention, in exploded view.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The entire disclosure of the parent application by the same title, having
      Ser. No. 545,436, filed Jan. 30, 1975, is hereby incorporated by reference
      hereinto as an intimate part of the present disclosure, all features of
      that invention constituting a preferred embodiment of the present improved
      invention.
PAR  The FIGURE discloses a sturdy reinforced handle 17 intimate with the upper
      outer end 15a of the shaft 15 of which the lower end 15b is rigidly
      mounted onto the piston compressor 16 separating upper space 19 from lower
      space 20 within the cylinder 12 having upper open end 23 capped by the
      piston shaft support 13 having support aperture 14 and venting openings
      18. Shown in phantom is the position of the rigidly mounted spout element
      6 having outlet restricted aperture 22 defined by inner conical wall 11
      around space 21 which in the mounted state is continuous with space 20 of
      the cylinder when the upper end 9 of circumscribing mating wall 7 is
      mounted around the lower end of the cylinder 12.
PAR  The flange 10 flares radially outwardly and upwardly in a handle direction
      at about a 45.degree. angle, although the exact number of degrees is not
      critical so long as the flange angles upwardly to a significant amount as
      to enable the lower cylindrical end 9' of the spout element 6 to become
      substantially automatically centered within an opening as a result of the
      upwardly flared flange, whenever the compressor casing 12 is pressed
      downwardly into a drain opening. It is noted that the cylindrical wall 9'
      serves to aid the firm seating within the drain opening to prevent
      excessive shifting possibilities during the holding down of the cylinder
      12 while the piston shaft 15 is forced downwardly by pressure on the
      handle 17.
PAR  It is within the scope of the present invention to make such modifications
      and substitution of equivalents as would be apparent to a person of
      ordinary skill in this particular field.
CLMS
NUM  1.
PAR  1. A drain-flushing device comprising in combination: a cylindrical tubular
      element having an open end at one end thereof and having a conically
      restricted end at least on inner surfaces thereof at an opposite other end
      thereof defining an aperture of predetermined small diameter; a
      reciprocatable sealed disk mounted sealably within the cylindrical tubular
      element sealably isolating spaces on each of opposite sides of the
      reciprocatable sealed disk from one another; shaft means mounted within
      the cylindrical tubular element secured at one end thereof fixedly to the
      reciprocatable sealed disk and adapted fo reciprocating the reciprocatable
      sealed disk and extending at an opposite end thereof through and beyond
      said open end adapted for reciprocation axially within the cylindrical
      tubular element; a handle element mounted on a distal end of the shaft
      means at an end opposite from the attached said reciprocatable sealed
      disk, the handle element being adapted for manual grasping thereof for the
      pressing on the shaft means in a direction axially of the shaft means to
      thereby force liquid through the aperture at elevated pressure from one of
      the spaces adjacent the aperture; the outer surface of said conically
      restricted end being terminated at an apex of the conically restricted end
      as a structure devoid of further projection ending bluntly at the apex and
      said inner surfaces being at a conical angle of from about 40 degrees to
      about 50 degrees relative to the side surfaces of the cylindrical walls of
      the cylindrical tubular element, the improvement being and including a
      circumscribing radially-outwardly and upwardly flared flange spaced
      upwardly from and including a lower cylindrical wall circumscribing the
NUM  2.
PAR  2. A drain-flushing device of claim 1, in which the cylindrical element,
      the reciprocatable sealed disk, the shaft means, the handle element, and
      the flared flange comprise a predetermined large mass and bulk strength
      such that the device is suitable for heavy duty sevice with large drains.
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ABST
PAL  In a convertible sofa-bed in which a mattress is folded over upon itself, a
      bed-folding linkage is provided which compresses the mattress with great
      leverage, thus providing means for facilitating the opening and closing of
      the sofa-bed, even when using relatively thick mattresses. The bed
      mechanism includes a mattress support having first, second, third and
      fourth hinged sections whose folding is controlled by the bedfolding
      linkage. The mattress-compression linkage includes a first link connected
      to the first or foot section, and a second link connected to the third
      section of the mattress support structure. An abutment is provided on the
      third section. The abutment is located so that when the bed is folded up,
      the second link hits the abutment and this causes the linkage to be pulled
      tight and locked in place to compress the folded mattress in a compressed
      condition. The pivot point of the mattress-compression linkage on the
      first section of the mattress support is a substantial distance from the
      junction between the first and second sections of the mattress support,
      thus giving substantial leverage to the mattress-compression linkage. A
      further linkage is provided for moving the pivot point on the first
      section even farther away from the junction so as to increase the leverage
      even further. A locking linkage is provided to lock the corner between the
      second and third sections of the mattress support and hold it in a rigid
      position when the bed is folded.
BSUM
PAR  This invention relates to convertible sofa-beds, and particularly to
      convertible sofa-beds in which the mattress is folded over upon itself and
      compressed for storage inside the sofa when the sofa-bed is to be used as
      a sofa.
PAR  One of the most persistent problems in sofa-beds of the above type is in
      providing means for easily compressing the folded mattress of the bed so
      that it will fit into the sofa. It is desired to provide a compression
      mechanism which requires so little operating force that even a young child
      can fold the sofa-bed. This problem has been aggravated by the increased
      demand for thicker and more comfortable mattresses. Although successful
      mattress compression linkages have been provided in prior sofa-beds, the
      manufacturing cost has been relatively high.
PAR  Accordingly, it is an object of the present invention to provide a
      convertible sofa-bed with a mattress compression mechanism which is
      relatively easy to operate and inexpensive to manufacture. It also is
      desired to provide such a mechanism which, when folded, provides a
      relatively soft seat platform for the seat cushions of the sofa.
PAR  The foregoing objects are met, in accordance with the present invention, by
      the provision of a convertible sofa-bed having a folding mechanism for
      supporting a mattress when unfolded and for supporting a seat when folded.
      The mechanism has first, second and third sections pivotably connected in
      series with one another, and a mattress compression linkage. The
      compression linkage includes a first link pivotably connected adjacent one
      of its ends to the first section at a position separated by a substantial
      distance from the pivot point between the first and second sections, and a
      second link pivotably connected adjacent one of its ends to the first link
      adjacent the other end of the first link. The second link is pivotably
      connected adjacent its other end to the third section. There also is
      abutment means on the third section for engaging the second link when the
      mechanism is folded and thereby pulling the first link towards the third
      section to compress the folded-over mattress between the first and third
      sections. The mechanism preferably includes a third link pivotably
      connected between the second and third sections, and locking means for
      moving and holding the pivot point of the third link away from the pivot
      point between the second and third sections when the mechanism is folded.
      The mechanism also preferably includes a shifting link pivotably connected
      to the first section, the one end of said first link being pivotably
      connected to the shifting link, and means for moving the shifting link
      during folding of the mechanism to move the pivot point of the first link
      farther from the pivot point between the first and second sections to
      increase the mattress compression leverage of the linkage.
DRWD
PAR  The foregoing and other objects and advantages of the invention will be
      described in or apparent from the following description and drawings.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a convertible sofa-bed constructed in
      accordance with the present invention, folded up for use as a sofa;
PAR  FIG. 2 is a perspective, partially-broken away view of the sofa-bed of FIG.
      1 unfolded for use as a bed;
PAR  FIG. 3 is a cross-sectional view of the sofa-bed of FIG. 2, taken along
      line 3--3 of FIG. 4;
PAR  FIG. 4 is a plan view of a portion of the sofa-bed shown in FIG. 2;
PAR  FIGS. 5, 6, 7 and 8 are elevation views (FIGS. 7 and 8 being partially
      cross-sectional) of the mechanism shown in FIGS. 2 through 4, in various
      different positions during folding of the bed into the sofa frame to
      convert the bed shown in FIGS. 2 through 4 into a sofa as shown in FIGS. 1
      and 8.
DETD
PAR  Referring first to FIG. 1, the sofa-bed 10, ready for use as a sofa,
      includes a back 12, sides 14 and 16, a front portion 18, and legs 20.
      Three loose back-cushions 24 and two loose seat-cushions 22 are provided.
PAR  When converting the sofa into a bed, the seat-cushion 22 and the back
      cushions 24 are removed, and the bed mechanism is lifted out of and
      unfolded from the sofa frame to form a bed as shown in FIGS. 2, 3 and 4.
      The bed includes a mattress 36 on a mattress support structure 26. Two
      people can sleep on the mattress 36, preferably with their heads nearest
      the sofa, and their feet farthest away from the sofa.
PAR  Referring next to FIGS. 2 through 8, but particularly to FIG. 3, the
      mattress support structure 26 has four sections 28, 30, 32 and 34. The
      four sections are pivotably connected in series with one another, as it
      will be explained in greater detail below. The first section 28 is located
      at the foot of the bed, and sometimes is referred to as the "foot
      section". The second section 30 is relatively shorter than any of the
      other sections, and is referred to sometimes as the "connecting section".
      Similarly, the third section 32 sometimes will be referred to as the
      "middle section", and the fourth section 34 as the "head section".
PAR  Two folding mechanisms are provided, one on each side of the bed, with one
      mechanism being the mirror-image of the other. Because of this
      mirror-image relationship, only one of the mechanisms will be described,
      since the operation of the other will be readily apparent.
PAR  Now referring to FIGS. 2 and 4, the mattress 36 shown in FIG. 2 is
      supported on a wire mesh structure 38 supported by tensioned helical
      springs 40 fastened to the frame members forming the first, second, third
      and fourth sections of the mattress support 26. Referring particularly to
      FIGS. 3 and 4, the frame includes angle iron frame members 48 (one on each
      side) joined by another frame member 42 at the foot of the bed. Also, the
      frame includes angle iron side members 80, 78, and 124 at the side of the
      bed, and an angle iron member 125 joining the side members at the head of
      the bed. The mattress 36 rests on the springy mattress support thus
      formed.
PAR  Each bed folding mechanism includes two folding legs 44 and 46, the leg 44
      being located near the foot of the bed, and the leg 46 being located near
      the middle of the bed. The bed, as it is shown in FIGS. 2, 3 and 4, is
      supported in the horizontal position by the legs 44 and 46, and by other
      support mechanism fastened to the sofa frame, as it will be explained in
      greater detail below.
PAR  The leg 44 and the mechanism used to fold it are conventional. The leg 44
      has a curved upper portion 52, and is pivoted to the side rail 48 at point
      50. A pusher bar 54 is pivotably connected to the angle 80 of the second
      section 30 of the mechanism at point 53 (see FIGS. 4 and 5). As the foot
      of the bed mechanism is lifted up to the positon shown in FIG. 5 in order
      to fold the mechanism, the pusher 54 pushes the top of the leg 44 about
      the point 50 and rotates the leg to a position substantially parallel with
      the angle iron 48 at the side of the foot section 28 (see FIG. 6). When
      the mattress is folded over upon itself, as shown in FIG. 6, its
      resiliency causes it to tend to spread apart. This is undesirable because
      the mattress must be folded over upon itself tightly in order to be
      compact enough to be stored within the sofa frame.
PAR  In accordance with the present invention, a mattress compression linkage is
      provided. This linkage consists of a first link 66 and a second link 70
      which are pivotably connected together at a point 68. The first link 66,
      which is the longer of the two links, is pivotably connected at a point 64
      to the upper end of a crank member 56 (see FIG. 3) which is pivotably
      connected to the side rail 48 of the foot section at point 62. The shorter
      link 70 is pivotably connected at point 72 to a leg-folding plate 74 to
      which the leg 46 is secured. The plate 74 is pivotably connected to the
      left end of the side-rail 78 of the middle section 32.
PAR  As is best evident in FIGS. 3 and 4, the upper end of the leg 46 is secured
      to the plate 74 by means of rivets, and both the member 70 and the upper
      end of the leg 46 are positioned on the same surface of the plate 74.
      Thus, as it will be seen from the detailed discussion below, the surface
      73 of the upper portion of the leg 46 serves as an abutment or stop
      against which the link 70 hits, during folding of the bed mechanism, to
      pull the link 66 towards the bed section 32 and thus compress the
      mattress.
PAR  Still referring to FIGS. 3 and 4, the leg-folding plate 74 has an upper end
      to which a pusher rod 102 is pivoted at point 90. Member 102 is pivotably
      connected at 104 to a crank member 100 which is pivoted at 106 to the side
      rail 78. Pivoted at 110 to the upper end of the crank 100 is a link 112
      which is pivoted at 128 to a upstanding tab 126 which is connected to the
      side rail 124 of the fourth or "head" section 34 of the sofa-bed.
PAR  Pivoted at 114 to the member 112 is a curved guiding member 116 which is
      pivotably mounted at point 132 to a horizontal mounting bar 118 which is
      secured to the sofa frame. Links 130, 150, 152, 154 and 146 are connected
      as shown between points 128 and 148. Point 148 is on a vertical support
      member 120 which is secured to the sofa frame. This linkage guides the
      sofa-bed mechanism out of the sofa frame substantially as described in
      U.S. Pat. No. 3,654,642, which is assigned to the same assignee as this
      patent application.
PAR  A tension spring 138 is connected by means of a link 136 pivoted to the
      member 116 at point 134. The other end of spring 138 is secured at a point
      144 to the horizontal support member 118. Another tension spring 130 is
      connected at one end at point 142 on a plate 141 attached to the lower end
      of member 116. The other end of spring 139 is secured to the vertical
      support member 120. The springs 138 and 139 provide forces which assist
      the operator in pulling the bed out of the sofa frame and unfolding it.
PAR  The folding of the leg 46 and the compression of the mattress 36 are
      illustrated best in FIGS. 6, 7 and 8. As the bed is lifted upwardly and
      pushed toward the sofa frame, to the position shown in FIG. 7, the link
      112 pushes the top of the crank 100 about its pivot point 106, which
      pushes the rod 102, which pushes the top of the plate 74 about its pivot
      point 76. This swings the leg 46 up to a position parallel with the
      slide-rail 78 and allows the leg to clear the frontboard 18 of the sofa
      frame and move into the frame. As this rotation takes place, the point 72
      at which link 70 is pivoted to the plate 74 also rotates about the point
      76 and brings the link 70 directly under the edge 73 of the upper portion
      of the leg 46. As the point 72 rotates further, the link 70 comes into
      abutment with the edge 73, and this causes the link 66 to be pulled toward
      the middle section 32 of the mechanism. This provides the compressive
      force to compress the mattress between the first and third sections of the
      mattress support. Since the pivot point 64 is located at a substantial
      distance from the pivot point of the connection between the connecting
      section 30 and the first section 28, a substantial amount of leverage is
      available to compress the mattress.
PAR  As it is best seen in FIGS. 6, 7 and 8, a corner link 82 is provided in
      order to lock the corner formed by the junction between the connecting
      section 30 and the third or middle section 32 of the sofa-bed. The corner
      link 82 is pivoted at 86 to the side-rail 80 of the connecting section,
      and is fastened to a pin 96 with an enlarged head which slides in a slot
      108 in the side rail 78, and also in a slot 94 in a member 92 which is
      pivoted at a point 98 to the bottom of the crank 100.
PAR  Referring to FIG. 3, when the mechanism is in its open position forming a
      bed, the pin 96 is pulled to the left end of the slots 94 and 108, and
      this tends to lock the bed to prevent its folding up when a person sits or
      lies down on it.
PAR  With the mechanism in the position shown in FIG. 5, the corner link 82
      remains in its initial position. However, when the bed is folded further
      to the position shown in FIG. 6, the pin 96 slides to the right end of the
      slots 94 and 108. As the bed is folded still further and takes the
      successive positions shown in FIGS. 7 and 8, the point 98 on crank 100
      rotates counter-clockwise about pivot 106, causing the link 92 to pull the
      pin 96 and hold the corner link 82 in a position in which the connecting
      section side-rails 80 are perpendicular to the rails 78 of the mid-section
      of the sofa-bed. This helps to provide a solidly-locked folded sofa-bed
      mechanism which will consistently fit neatly into the sofa frame.
PAR  In accordance with another feature of the invention, as it is best shown in
      FIG. 3, the link 66 is fastened at a point 64 to the crank member 56. Also
      connected at point 64 is a link 88 which is pivoted to the left end of the
      side-rail 80. As the bed is folded (see FIG. 5) the plate 56 pivots
      counter-clockwise about the point 62, thus moving the point 64 farther
      away from the pivoted connection between the foot section 28 and the
      connecting section 30 of the sofa-bed mechanism. This further increases
      the leverage applied by the mattress compression linkage to the mattress.
PAR  The plates 56 on both sides of the sofa-bed mechanism carry a transverse
      plate 60 which extends across the bed to help tie the two side mechanism
      together. The plate 60 is attached to the plates 56 so as to be rotated
      downwardly away from the surface of the bed when it is to be slept on, but
      is near to the mattress supporting surface at the rear of the foot section
      when the bed is folded up.
PAR  Further transverse support members are provided at 81 and 83 (see FIGS. 3
      and 4). A further transverse member 156 is fastened to the plate 141 so as
      to swing downwardly when the sofa-bed is in its folded position and there
      forms an underlying support for the folded-up mechanism to keep it from
      sinking downwardly when it is sat upon when the sofa-bed is used as a
      sofa.
PAR  The seat of the sofa-bed is designed to be extremely soft. Two features are
      provided to enchnce this softness.
PAR  Referring to FIGS. 2 and 4, the horizontal flanges of the side rails 48 are
      bent upwardly at locations 162 approximately in the center of the foot
      section 28 of the sofa-bed mechanism. This prevents the horizontal flanges
      from extending into the seating area of the sofa too far, and presents a
      rounded upper surface which is not uncomfortable to a person sitting on
      the sofa.
PAR  The second softening feature is provided by omitting the helical springs 40
      from sections 160 of the wire mesh mattress support (see FIGS. 2 and 4)
      which are approximately parallel to the sections 162 of the side-rails 48.
PAR  A seat cover 58 is attached to the plates 56 and at the end member 42. When
      the sofa-bed is folded up as shown in FIG. 8, the seat protector 58 forms
      a protector for the cushions and prevents them from abrading against the
      wire mesh of the mattress support.
PAR  The sofa-bed 10 described above meets the objectives set forth at the
      beginning of this specification. The mattress compression linkage
      described provides an increased amount of mattress compression leverage
      compared with prior devices, and thus is relatively easy to operate.
      Furthermore, the mechanism is relatively simple and inexpensive to
      manufacture. The seat formed by the mechanism is exceptionally soft and
      pliable, and thus is very comfortable to sit on. The folded mechanism is
      stable and true in its path of travel so as to minimize wear by parts
      rubbing against the sofa frame and upholstery.
PAR  The above description of the invention is intended to be illustrative and
      not limiting. Various changes or modifications in the embodiments
      described may occur to those skilled in the art and these can be made
      without departing from the spirit or scope of the invention.
CLMS
NUM  1.
PAR  1. In or for a convertible sofa-bed, a folding mechanism for supporting a
      mattress when unfolded and for supporting a seat when folded, said
      mechanism having first, second and third sections pivotably connected in
      series with one another, a mattress compression linkage comprising a first
      link pivotably connected adjacent one of its ends to said first section at
      a position separated by a substantial distance from the pivot point
      between said first and second sections, a second link pivotably connected
      adjacent one of its ends to said first link adjacent the other end of
      first link, said second link being pivotably connected adjacent its other
      end to said third section, abutment means on said third section for
      engaging said second link when said mechanism is folded and thereby
      pulling said first link towards said third section to compress the folded
      over mattress between said first and third sections, a shifting link
      pivotably connected to said first section, said one end of said first link
      being pivotably connected to said shifting link, and means for moving said
      shifting link during folding of the mechanism to move the pivot point of
      said first link farther from said pivot point between said first and
      second sections to increase the mattress compression leverage of said
NUM  2.
PAR  2. Apparatus as in claim 1 including a third link pivotably connected
      between said second and third sections, and locking means for moving and
      holding the pivot point of said third link away from the pivot point
NUM  3.
PAR  3. Apparatus as in claim 1 including a folding bed support leg pivotably
      connected to said third section, said other end of said second section
      being pivotably connected to said leg, said leg comprising said abutment.
NUM  4.
PAR  4. Apparatus as in claim 2 in which said locking means includes a slot in a
      member forming said third section, a pin slidably mounted in said slot and
      attached to one end of said third link, a fourth link with another slot
      adjacent one end, said pin being slidably mounted in said other slot, and
      crank means for pulling said fourth link to slide said pin in said
      first-named slot away from said pivot point between said second and third
NUM  5.
PAR  5. Apparatus as in claim 1 including a fourth section pivotably connected
      to said third section, and further folding means for folding said fourth
NUM  6.
PAR  6. In or for a convertible sofa-bed, a folding mechanism for supporting a
      mattress when unfolded and for supporting a seat when folded, said
      mechanism having first, second and third sections pivotably connected in
      series with one another, a mattress compression linkage comprising a first
      link pivotably connected adjacent one of its ends to said first section at
      a position separated by a substantial distance from the pivot point
      between said first and second sections, a second link pivotably connected
      adjacent one of its ends to said first link adjacent the other end of
      first link, said second link being pivotably connected adjacent its other
      end to said third section, abutment means on said third section for
      engaging said second link when said mechanism is folded and thereby
      pulling said first link towards said third section to compress the folded
      over mattress between said first and third sections, said first section
      having a spring-mounted mattress support web which serves as a
      seat-support web when the bed is folded, said first section also having
      angle-iron side rails with one flange on the angle iron bent over towards
      the other flange to form a rounded edge facing upwardly when the bed is
NUM  7.
PAR  7. Apparatus as in claim 6 in which said mattress-support web has springs
      attached to said side rails only adjacent each end of said first section,
NUM  8.
PAR  8. Apparatus as in claim 1 in which said shifting link includes a seat
      support bar connected to another shifting link on the opposite side of
      said mechanism, said moving means being adapted to swing said support bar
      downwardly away from said first section when said bed is unfolded, and to
      a position closely adjacent said first section when said bed is folded.
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ABST
PAL  Safety trip lock for the drop side of a crib comprising a trip wire having
      an intermediate offset actuator portion, said wire extending to the ends
      of the crib and terminating in offset portions similar to cranks, together
      with a torsion spring maintaining said trip wire in a predetermined
      position, and latches at the end of the crib, i.e., on the corner posts,
      for receiving said offset ends in recesses therein, such that the trip
      cannot be operated unless the entire drop side is raised prior to moving
      the trip wire actuator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is an important consideration to provide for safety devices relative to
      the drop sides of cribs. In the prior art, devices of this nature
      ordinarily have depending trips which can be easily operated accidentally
      to unlatch the drop side as by another child or an animal to allow the
      drop side to drop thus removing the safety of the presence of the drop
      side and also allowing the drop side to drop and injure another child.
PAC  SUMMARY OF THE INVENTION
PAR  In the present case the drop side is provided with an elongated trip wire
      having an intermediate offset actuator and extending from the ends of the
      actuator to the ends of the crib for engagement with latches mounted
      coincidentally therewith, e.g., on the corner posts. The ends of the wire
      are offset so that upon rotation of the trip wire by the actuator, the
      offset ends likewise rotate.
PAR  Each offset end is provided with a coincidental latch means which includes
      an outwardly extending inclined cam surface against which the offset ends
      of the wire slide as the drop side is raised, being moved thereby to the
      top portion of the latch, in the top edge of which there is provided a
      recess. The trip wire is provided with torsion springs maintaining the
      same with the trip lock actuator in a downward position, the offset ends
      also being in such a downward position. However when the drop side is
      raised, the offset ends of the trip wire ride over the aforesaid cams and
      snap into the recesses, which hold the same in locked positon, so that it
      is not possible to rotate the trip wire actuator in the absence of
      deliberately raising the drop side slightly in order to disengage the
      offsets of the trip wire from said recesses, whereupon the trip wire
      actuator can be turned to completely release the offset ends from the
      latches.
PAR  There is also preferably provided spring means for urging the drop side
      downwardly to more firmly engage the offset ends of the trip wire with
      said recesses.
PAR  Reverse latches of a similar nature can be utilized at the lower portions
      of the corner posts to latch the crib in its down position, and here again
      there is spring means to urge the drop side slightly upwardly to make the
      engagement with the latch plates firmer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the invention and showing the
      same in locked position, parts being omitted;
PAR  FIG. 2 is a view on an enlarged scale illustrating the locked position in
      the solid lines and the unlocking position in dotted lines, and
PAR  FIG. 3 is a view locking in the direction of arrow 3 in FIG. 2.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIG. 1 the reference numeral 10 indicates a corner post. There is a crib
      drop side which comprises a lower rail 12 with upright spindles 14, 14 as
      usual. On the corner post there is mounted a crib drop side guide-rod 16
      which is fastened as usual at the top, not shown, and extends through a
      horizontal portion of a bracket 18 and includes a loose spring 20 also as
      conventional.
PAR  At the inside aspect of the rail 12 there is a trip wire generally
      indicated at 22 having a central offset portion 24 which is the release
      actuator, and extending to both sides this actuator is provided with
      elongated straight portions 26 and 28 both of which terminate in offset
      cranks or the like generally indicated at 30. Although the right-hand end
      of the apparatus in FIG. 1 is not shown, both ends are exactly alike but
      reversed. Torsion springs 32, 32 tend to maintain the trip wire against
      rotation toward the observer and the ends 26 and 28 may be journaled in
      simple guides such as shown at 34, 34. When the trip wire actuator 24 is
      rotated to the rear of the crib, i.e., toward the observer in FIG. 1, the
      cranks 30 also rotate in the same direction.
PAR  Also located on the corner posts are brackets 36 having horizontal portions
      38 which are apertured to receive the guiderod 16 and between the top of
      the rail 12 and the offset 38 there is located a coil spring 40 which
      embraces the guide-rod 16.
PAR  The bracket also includes a vertical portion 42 best seen in FIG. 2 which
      has an offset and rearwardly extending triangular portion 44 providing an
      inclined cam edge 46 and a top locking surface 48 having a downwardly
      extending recess or notch therein at 50. As stated there is another crank
      and bracket at the opposite end of the crib, the bracket being reversed.
PAR  Assuming that the drop side is in its downward position with the bottom
      surface of rail 12 resting on springs 20, it being desired to raise and
      lock the drop side, it is manually raised until the cranks 30 strike the
      cam surfaces 46. Then the cranks must move to the left, see FIG. 2, up the
      entire cam surface 46 and onto locking surface 48, at which point the
      torsion springs cause the trip wire to rotate in a counterclockwise
      direction in FIG. 2, dropping the offsets into recesses 50, locking the
      drop side in its uppermost position. In this position the spring 40 exerts
      a downward force on the top of the rail 12, maintaining the lock in the
      position which is shown in FIG. 1.
PAR  When it is desired to release the drop side, the same must be manually
      raised to the position shown in dotted lines in FIG. 2, and indicated by
      the numeral 30'. Thereupon the actuator 24 is moved to the rear, pivoting
      about the members 26, 28 as an axis and moving the cranks 30 to the dotted
      line position shown and indicated at 30" in FIG. 2, whereupon the drop
      side is free of the locking bracket 44 and can descend to rest on springs
      20.
PAR  If desired, the reverse of this arrangement can be utilized at the bottom
      of the crib to lock the same in the downward position.
CLMS
NUM  1.
PAR  1. A safety trip lock for the drop side of a crib wherein said crib
      includes corner posts, guide rods for said drop side mounted on the corner
      posts, and a bracket mounted in fixed position on each of two corner posts
      at opposite ends of the crib at the same side thereof,
PA1  each bracket comprising a plate adapted to be secured to its corner post at
      the inside aspect thereof, a rearwardly extending member on each bracket,
      each such member having an upwardly and inwardly inclined cam surface and
      a top edge, there being a notch in each said top edge, said drop side
      having a lower rail with apertures therein relatively slidably receiving
      the guide rods,
PA1  a trip wire mounted at the inside aspect of said lower rail, said trip wire
      comprising a generally intermediate offset actuator portion depending from
      said lower rail in position to be engaged and moved rotarily inwardly of
      said crib,
PA1  extensions at each end of said trip wire actuator portion, said extensions
      extending into close association with said corner posts and said brackets,
      each of said extensions including an offset crank, and a spring means for
      maintaining said trip wire in position wherein the offset actuator portion
      extends downwardly vertically from said drop side lower rail and said
      offset cranks also normally extend downwardly from said wire extensions,
PA1  said offset cranks being movable inwardly of the crib upon inward rotation
      of said offset actuator, but being normally held in the notches in the
      brackets by the weight of the drop side, so that the offset actuator
      cannot be actuated in the absence of a slight upward motion on the entire
      drop side releasing the offset cranks from said notches thereby allowing
      the actuator thereupon to be rotated inwardly similarly rotating the
      offset cranks releasing the same from the latches and allowing the crib
      drop side to drop,
PA1  spring means normally aiding the weight of the drop side to hold the offset
      cranks in said notches, and
PA1  including a generally horizontal extension on each said bracket, said
      extensions being apertured to slidingly receive the drop side guide rods,
      said spring means being interposed between said horizontal extension and
      the top surface of said lower rail of the drop side.
PATN
WKU  039342832
SRC  5
APN  4797035
APT  1
ART  351
APD  19740617
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ABST
PAL  Two vibrator motors are removably attached to opposite rail portions of a
      bed frame or bed rail by clamp arms which project laterally from one side
      of each motor housing to hold the motor in a position which is offset from
      the bed springs. The rail-engaging ends of the clamp arms are covered by
      resilient caps which grip the rail to prevent the clamp arms from being
      shaken loose by the vibrator motor. The other ends of the clamp arms of
      each motor are connected to an elongated bracket which is cast as an
      integral part of the motor housing, and one of the clamp arms is
      adjustable relative to the other clamp arm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for vibrating a bed to massage the occupant
      or occupants thereof, thereby relaxing their muscles and inducing sleep.
      The invention provides improvements in the positioning of the vibrator
      motors and in the means by which the vibrator motors are readily attached
      to a standard bed frame without altering the same or drilling holes.
      Heretofore it has been customary to secure a vibrator motor to the wooden
      frame which forms part of a box spring. This, however, is very
      undesirable. With the present invention a change to a different box spring
      may be readily made without disturbing the vibrator.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, one or more vibrator motors are attached
      to rail portions of a standard bed frame in positions which are offset
      from the bed springs. Each vibrator motor is readily removably clamped to
      a rail portion of the bed frame by clamp arms which project laterally from
      one side of the motor housing and securely grip the rail. Thus it is
      unnecessary to drill holes in the rails or box spring frame or otherwise
      alter the bed frame or box spring frame to attach the vibrator motors
      thereto. The rail-engaging ends of the clamp arms are preferably covered
      by resilient caps. The clamp arms are arranged in spaced pairs at the ends
      of an elongated mounting bracket attached to the vibrator motor housing.
      One arm of each pair of clamp arms is adjustable toward and away from the
      other to provide a proper setting so that a rail will be tightly gripped
      therebetween when the clamp arms are manually pushed into assembled
      position.
PAR  A general object of the invention is to provide an arrangement which makes
      it possible to easily install the vibrator motors on standard bed frames
      or bed rails without alteration or drilling, and to easily remove the
      vibrator motors therefrom.
PAR  A further object is to provide an arrangement which provides no
      interference with the placement or removal of the box spring and mattress.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one type of bed frame having vibrator
      motors clamped to opposite end rails thereof;
PAR  FIG. 2 is a perspective view of another type of bed having vibrator motors
      clamped to opposite side rails thereof;
PAR  FIG. 3 is an enlarged perspective view of one of the vibrator motors shown
      in FIG. 1 showing the means for clamping the motor to the end rail portion
      of the bed frame;
PAR  FIG. 4 is a cross-sectional view taken on the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a cross-sectional view taken on the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows one type of standard bed frame 10 which includes two opposed
      steel side rails 12 and two opposed steel end rails 14 which are arranged
      in a rectangular pattern and are riveted or otherwise secured together at
      their corners. Frame 10 is supported by four feet 16 which are each welded
      to a corresponding corner of frame 10 or are attached thereto by bolts.
      Two corner brackets 18 are welded to the head end of side rails 12 as is
      customary.
PAR  The side rails 12 are L-shaped in cross-section with an upstanding flange
      portion 20 and an inwardly-directed flange portion 22. The flange portions
      22 support a set of springs 26 and a mattress 28. The end rails 14 are
      also L-shaped in cross-section and have a downwardly-directed flange
      portion 30 and an inwardly-directed flange portion 32. Two vibrator motors
      34 are attached to the flange portion 30 of opposite end rails 14 to
      produce interfering vibratory waves in accordance with the principles
      described in my U.S. Pat. No. 3,653,375, which discloses a method of
      controlling the differential speed of two vibrator motors mounted on
      opposite portions of a closed rigid frame to set up differential
      vibrations in the frame and the structure supported thereby. It should be
      understood, however, that this invention is concerned with the positioning
      of the vibrator motors relative to the bed structure and with the means
      for attaching the vibrator motors to the bed frame. Accordingly, it should
      be understood that this invention is also applicable to cases where only a
      single vibrator motor is attached to the bed frame 10.
PAR  The means for attaching vibrator motors 34 to end rails 14 is shown most
      clearly in FIGS. 3 and 4. The vibrator motors 34 contain an
      eccentrically-mounted weight on their drive shaft so as to produce a
      pronounced mechanical vibration as the drive shaft rotates. This vibration
      is mechanically coupled to end rails 14 by the attachment means therefor,
      and the attachment means must, therefore, be sturdy enough to withstand
      this vibration and must be clamped tightly enough to end rails 14 to
      preclude being shaken loose by the vibration. One important feature of
      this invention is that it provides attachment means which can be quickly
      installed on a standard bed frame and which will hold in place in spite of
      the vibration without requiring any alteration or the drilling of holes in
      rails 14. Another important feature of this invention is that the
      attachment means is arranged to hold the vibrator motor 34 in a position
      which is offset from the springs 26 regardless of whether the vibrator
      motors 34 are attached to end rails 14 or to side rails 12. These two
      features allow the vibrator motors 34 to be attached to standard bed
      frames without requiring any modification thereof. Additional features,
      described below, enable the vibrator motors 34 to be quickly and easily
      attached in place or removed.
PAR  Referring to FIGS. 3 and 4, the attachment means for vibrator motor 34
      includes an elongated bracket 36 which is rigidly attached to one side of
      motor housing 38, preferably by being cast as an integral part of the
      adjacent portion of housing 38. The vibrator motor 34 is entirely located
      on one side of bracket 36 to permit motor 34 to clear the rail to which it
      is attached, and to be offset from springs 26 in the case where motor 34
      is attached to side rails 12. Two pairs of clamp arms including inner
      clamp arms 40 and outer clamp arms 42 are bolted to opposite ends of
      bracket 36 and project laterally therefrom. Bracket 36 is elongated at
      both ends beyond motor housing 38 for ease of access to the attachment
      points of clamp arms 40 and 42, which are bolted to bracket 36 by end
      bolts 44 and by intermediate bolts 46. Bolts 44 and 46 pass through
      corresponding bores in clamp arms 40, 42 and in the ends of bracket 36.
PAR  Resilient end caps 48, which may be made of rubber or a suitable plastic
      material, are preferably fitted on the ends of clamp arms 40, 42 to
      tightly grip the flange portions 30 of end rail 14. End caps 48 preferably
      flare outwardly to provide a relatively enlarged outer end (FIG. 4).
      Spacer sleeves 50 on end bolts 44 are provided between the inner ends of
      clamp arms 40, 42. Spacer sleeves 50 are of such length as to space end
      caps 48 apart by a distance approximately equal to the thickness of the
      metal of flange portion 30 of end rail 14. Intermediate bolts 46 may be
      adjusted to vary the spacing between end caps 48.
PAR  Vibrator motors 34 are preferably installed by manually pushing the end
      caps 48 into the assembled position of FIG. 3, as shown in FIGS. 3 and 4,
      and by then tightening intermediate bolts 46 to securely clamp the motors
      34 in place. Alternately, the intermediate bolts 46 may be adjusted first
      and the end caps 48 may then be forced into the assembled position of
      FIGS. 3 and 4.
PAR  It should be noted in FIGS. 1 and 3 that the clamp arms 40, 42 are long
      enough to hold the vibrator motors 34 in a position offset below the
      bottom of springs 26. This is an important feature of the invention, since
      interference between springs 26 and vibrator motors 34 would prevent the
      end caps 48 from fully engaging the flange portion 30 of end rail 14.
      Therefore, when the vibrator motors 34 are in the mounted position shown
      in FIG. 1, the uppermost surface of motor housing 38 is at least below the
      top of the flange portion 32 of end rail 14.
PAR  FIGS. 2 and 5 show how vibrator motors 34 can be readily mounted on the
      side rails 52 of that type of bed which has a wooden headboard 54 and a
      wooden footboard 56. This type of bed has side rails 52 which are made of
      steel and which have ends attached to headboard 54 and footboard 56 by
      conventional means not shown.
PAR  Side rails 52 are L-shaped in cross-section and have upwardly-extending
      flange portions 58 (FIG. 5) and inwardly-extending flange portions 60.
      Slats 62 are supported by the flange portions 60 and in turn support a set
      of springs, such as the box spring 64, and a mattress 66. The clamp arms
      40, 42 of vibrator motors 34 are clamped to the flange portions 60 of side
      rails 52 and project horizontally inwardly to hold the motors 34 in a
      position offset below the box spring 64. As is clear from FIG. 5, the
      attachment arms are accommodated below the box spring 64 in the space 70
      provided by the thickness of the bed slats 62, the motor being offset
      below the frame in a non-interfering position.
PAR  Various changes may be made without departing from the spirit of the
      invention, and all of such changes are contemplated as may come within the
      scope of the claims.
CLMS
NUM  1.
PAR  1. The combination comprising a bed structure including a frame having rail
      portions, a set of springs supported by said frame, at least one vibrator
      motor, means attaching said vibrator motor to a rail portion, said means
      comprising clamp arms projecting from said vibrator motor and having ends
      clampingly engaged with said rail portion, said arms being so disposed on
      said vibrator motor that the motor is supported in a position offset
      downwardly from said set of springs to prevent interference therewith,
      there being a bracket rigidly attached to one side of said vibrator motor
      and there being a pair of clamp arms attached to each end of said bracket
      by bolts, and a spacer sleeve around one bolt at each end of said bracket
      for spacing the clamp arms apart by a gap approximately equal to the
      thickness of the material of the rail portion to which the clamp arms are
      attached, said bracket being elongated at opposite ends beyond said
NUM  2.
PAR  2. The combination defined in claim 1 wherein the bolts which pass through
      said spacer sleeves are located at the inner end of their respective pair
      of clamp arms, and further comprising another bolt passing through an
      intermediate portion of each pair of clamp arms for adjusting the gap.
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ABST
PAL  This device consists primarily of a pair of circular members which are
      chain suspended, each having a speaker and a mirror secured therein, the
      units being connected together by means of plate and screws.
BSUM
PAR  This invention relates to stereo sound systems, and more particularly to a
      stereo head board.
PAR  It is therefore the principal objects of this invention to provide a stereo
      head board which will be suspended from the ceiling at the head of a bed.
PAR  Another object of this invention is to provide a stereo head board which
      will be adaptable for use over a triple dresser.
PAR  A further object of this invention is to provide a device of the type
      described, which will include a pair of mirrors within.
PAR  Other objects of the invention are to provide a stereo heard board which is
      simple in design, inexpensive to manufacture, rugged in construction, easy
      to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of the head board shown in use;
PAR  FIG. 2 is a rear view of the device shown in elevation;
PAR  FIG. 3 is a cross sectional view taken along the line 3--3 of FIG. 2.
DETD
PAR  According to this invention, a stereo head board 10 is shown to include a
      pair of circular members 11 which are fastened to each other by means of a
      rectangular plate 12 with fasteners 13. The circular members 11 include
      plywood 14 to which is fastened, each, a speaker 15 near the upper
      extermities of members 11. A mirror 16 is secured to each of the circular
      members 11 in a suitable manner and is suitable material 17 provides
      facing for the circular members 11 around the mirror 16 and in front of
      the speakers 15. The circular members 11 are backed with foam rubber 18
      and a hook 19 secured fixedly to each of the members 11, is secured to
      chains 20 which depend from hook (not shown) in ceiling.
CLMS
NUM  1.
PAR  1. A headboard in combination with speakers and mirrors mounted on said
      headboard, and means to suspend said headboard,
PA1  Said headboard comprising a pair of circular panels, said panels being
      secured together at their peripheries by a single flat plate fastened to
      one side of both of said panels,
PA1  Each of said panels having a speaker and a mirror mounted thereon,
PA1  Said means to suspend comprising chains suspended from a ceiling, connected
      to each of said panels, whereby said headboard may be suspended from a
      ceiling at the head of said bed.
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ABST
PAL  Mattress fabrics or the like rendered fire-resistant by coating the
      underside with a polymeric binder having dispersed therein from 30-60% by
      weight of a flake- or leaf-shaped heat conductive material selected from
      the group consisting of aluminum and graphite of from 50-400 mesh.
BSUM
PAR  The present invention is concerned with the provision of fire-resistant
      fabric. A particularly important application of the invention is in the
      provision of mattress fabrics notably ticking, pads and covers, that
      prevent ignition or charring of the mattress batting by a lighted
      cigarette or the like falling on the mattress.
PAR  It is well known that many fatal and/or otherwise disastrous fires result
      from smoking in bed, usually because the smoker falls asleep and his
      lighted cigarette drops onto the bedding. Unlike flash fires associated
      with inflammable clothing, a mattress fire is normally a slow-developing
      catastrophe which may involve asphyxiation of the smoker by fumes, smoke
      damage and/or total loss by fire of the building involved. The problem is
      a very serious one and numerous efforts have been made to come up with
      effective flame-retardant mattress ticking or the like. Thus, for example,
      it has been proposed that the ticking be made either by application of
      various standard flameproofing chemicals to cotton or other ticking
      fabrics, or by using fibers of inherently flame-resistant polymers such as
      polyvinyl chloride. However, the objective of such conventional
      flameproofed ticking fabrics is generally to prevent ignition of the
      mattress during relatively short periods of exposure to open flame. In
      fact, essentially all flameproofed fabrics, e.g. clothing, bedclothes,
      bedding, protective uniforms, and the like, are designed for short
      exposures to open flame, the presumption being that the victim, given
      sufficient protection from a flash fire, will be able to move away from
      the source of flame in time to save himself.
PAR  However, the cigarette falling from the mouth of a sleeper onto the
      mattress beneath him poses an entirely different problem to those dealt
      with in conventional flameretardant fabrics. Thus, in the usual case of a
      fire resulting from smoking in bed, there is long exposure of the fabric
      to the source of fire, the victim is asleep and there is a large
      concentrated source of combustibles exposed in the batting once the
      cigarette burns through the bed sheet, possibly a blanket, and the
      mattress ticking. Neither sheets nor blankets are thought to be
      significant sources of real danger on most such occasions, presumably
      because they are horizontal and thin, and consequently usually burn only
      nonspreading holes. It is in the smoldering, fumeproducing, and eventually
      catastrophically flaming mattress batting, however, that the prime hazard
      most frequently lies.
PAR  The principal object of the present invention is to provide mattress fabric
      or the like which is resistant to burning by lighted cigarettes. Other
      objects will also be hereinafter apparent.
PAR  Broadly stated, the objects of the invention are realized by applying to
      the inner or underside of mattress fabric, e.g., ticking, pads or covers,
      or the like, a coating comprising a flexible, film-forming polymeric or
      resinous binder and from 30-60% by weight, preferably about 45%, of a
      heat-conductive flake- or leaf-shaped material, finely divided
      leafing-grade aluminum or conductive graphite being preferred.
PAR  The coating used herein must have sufficient conductive capacity to carry
      away the heat of the cigarette fast enough to prevent charring of the
      batting. This capacity appears to be primarily a function of three things:
      the composition, quantity, and shape of the conductive filler. The nature
      of the binder does not seem to be critical provided it is inexpensive,
      odorless, sewable, film-forming and sufficiently flexible to avoid
      cracking or crackling in use. It is important, too, that the binder retain
      its flexibility through the life of the mattress.
PAR  The use of heat-absorbing or heat-dissipating metal has previously been
      disclosed for use in otherwise fundamentally different environments and/or
      for different purposes (see for example, U.S. Pat. No. 3,445,320 which
      describes underlaying the face layer of vinyl tile flooring with a layer
      formed of heat-absorbing metal to protect the tile from damage from
      cigarette butts). However, it is highly unexpected that application of a
      coating as described herein could be effectively used to prepare cigarette
      resistant mattress fabrics. This is emphasized by the fact that
      conventional means for insulating materials or for rendering the same
      flame retardant are not satisfactory for present purposes. For example,
      insulating layers of known noncombustible materials, such as glass fibers,
      when used in a sufficiently thick form to protect the batting from the
      heat of the cigarette, are excessively bulky and expensive. Coatings or
      layers of flame-retardant foams made from polymers such as polyvinyl
      chloride, and expected to smother a burning cigarette, melt and permit the
      cigarette to fall into the batting while still glowing. Certain
      intumescent coatings, although reasonably effective in protecting the
      mattress batting by developing an insulative layer of char between batting
      and cigarette, are undesirably tacky, grainy, and difficult to apply.
      Additionally, films and fabrics which have been metallized, for example,
      by vacuum sublimation of aluminum, to give the highly heat-reflective thin
      coatings well known in the art, and laminated to the ticking before or
      after metallizing, are ineffective in protecting the batting, presumably
      because they are too thin to carry the heat of the cigarette away fast
      enough. The present invention, in contrast, provides an effective way of
      protecting the batting from fire while at the same time being free from
      the further problems noted with other possible insulating alternatives.
PAR  The success of the invention appears to be due, at least to an important
      extent, to the shape, size and amount of the filler utilized. More
      particularly, the filler should be in leaf or flake form as noted above,
      i.e., granular and like filler shapes should not be employed for most
      effective results. Laterally, however, the shape of the flake or leaf may
      be random in nature.
PAR  It has also been found that the size of the filler should be in the range
      of about 50-400 mesh (U.S. Sieve). The optimum mesh size for any
      particular situation is dependent on such factors as the binder,
      proportion of filler used, thickness of the coating, other properties
      desired, e.g., degree of flexibility of the coating, etc. It appears, for
      example, that coarser filler sizes within the range indicated give the
      best results from the standpoint of heat removal but this must be balanced
      off with such items as flexibility and ease of application, finer sizes
      being preferred in the latter respects. As noted earlier herein, the
      amount of filler in the coating should be in the range of 30-60%,
      preferably about 45%, based on the weight of the coating (dried). The
      weight of the applied coating can be rather widely varied although usually
      the desired weight will be in the range of 3-5 ounces per square yard of
      fabric at filler concentrations of about 45%. However, coating weights
      outside this range, e.g., 2-7 ounces or more per square yard, can also be
      effectively used.
PAR  Preferably the coating is applied by knife coating although other modes of
      application, e.g., spraying, padding or the like, may also be used.
PAR  The coating composition as applied should be sufficiently viscous to avoid
      strikethrough of the composition to the front or face of the fabric. To
      this end, the composition is usually a relatively viscous suspension of
      the filler and binder containing from 40-50% by weight water or volatile
      organic liquid carrier. Conventional thickeners, stabilizers and/or
      plasticizers may also be included in the composition to increase the
      viscosity or stability of the composition to increase the viscosity or
      stability of the composition and flexibility of the resulting coating. The
      nature and amount of such additives, if used, can be widely varied and the
      ultimate selection, for optimum results, will depend on other factors;
      e.g., whether or not a plasticizer is used depends, at least to some
      extent, on the nature of the polymer binder and its flexibility. Those in
      the art can readily determine whether or not the indicated additives need
      be used dependent on other operating conditions.
PAR  As noted, the filler is preferably flake or leafing aluminum or conductive
      graphite. A useful form of leaf aluminum is available as grades MD 2100,
      MD 5100 and MD 7100 (Alcan Metal Powders Division, Alcan Aluminum Corp.
      Elizabeth, N.J.). These grades pass 99.8% through 100-mesh, 99.0% through
      325-mesh, and 98% through 400-mesh screens, respectively. The coarsest
      grade, MD 2100, appears to give the best results although all three grades
      are effective for present purposes. Other available types of leaf or flake
      aluminum may also be utilized. Particularly good results have been
      obtained using about 100-mesh aluminum flake as the conductive filler with
      a vinyl binder to give coatings which, when dried, weigh around 2 to 7,
      preferably 3.5 ounces per square yard of fabric, and contain about 45% by
      weight of aluminum based on the dry coating. Obviously, however, other
      mesh sizes, amounts of aluminum and binder may be effectively used within
      the framework of this disclosure.
PAR  In the case of graphite, it is essential that this be conductive if it is
      to function effectively as the filler herein. Apparently all graphite is
      fundamentally flake-like in structure, but not all graphite is conductive.
      Amorphous graphite does not appear to be conductive and, therefore, should
      not be used for present purposes. A representative example of a suitable
      conductive graphite is Madagascar flake graphite available as No. 3
      graphite (Asbury Graphite Mills, Inc.). Particularly useful results have
      been obtained using this graphite in a vinyl binder on mattress ticking to
      give coatings which, when dried, weigh around 4-4.5 ounces per square yard
      of fabric.
PAR  Mixtures of flake graphite and aluminum may be used if desired although it
      is usually more convenient to use one or the other alone depending on the
      effect desired. In this connection, it is noted that whereas aluminum lays
      down a bright silvery backing on mattress ticking or the like, graphite
      gives a pleasing dark gray coating, both fillers being resistant to
      rubbing off when applied as described herein.
PAR  It is also possible that other conductive metals in leaf or flake form may
      be used herein as the fillers. Silver and gold may be mentioned as
      possibilities although these are generally too expensive to find any wide
      application.
PAR  A wide variety of polymeric resins may be used herein as the binder. This
      component does not seem to affect the thermal conductivity of the coating
      but it should be selected to give a coating which is flexible, breathable
      or porous, durable, elastic, odorless and otherwise free from properties
      which would be undesirable for the intended use of the coated fabric.
      Advantageously, the binder is a film-forming addition polymer of one or
      more ethylenically unsaturated monomers, e.g., a vinyl or acrylic polymer,
      the preferred binder being Geon 576, an ester-plasticized aqueous
      dispersion of a polyvinyl chloride copolymer (Goodrich). Exon 790, a
      medium molecular weight polyvinyl chloride homopolymer latex (Firestone),
      has an advantage from the cost standpoint but presents some difficulties
      in the preparation of stable suspensions containing the conductive filler.
      Other useful binders include a commercially available 55% aqueous
      dispersion of a copolymer of about 17% ethylene and 83% vinyl acetate,
      protected by a polyvinyl alcohol protective colloid and Rhoplex HA-8, a
      self-cross-linking acrylic emulsion. Flexible polyurethanes or other
      polymeric binders may also be used.
PAR  The coating composition used herein is preferably in the form of an aqueous
      suspension or emulsion since this, generally speaking, gives greater
      breathability and lower cost. However, organosols or like suspensions of
      the binder and filler in an inert organic liquid vehicle may also be used.
PAR  Preparation of the coating composition, in most cases, involves only a
      straightforward controlled mixing or stirring together of the binder,
      filler and vehicle, to obtain the desired suspension. In other situations,
      however, for example, in the case of Exon 790, there may be a need for
      special precautions, such as avoiding excessively vigorous stirring, or
      blending of the individual components with a surfactant before mixing the
      components together, in order to obtain a stable suspension (or emulsion)
      which holds together and does not separate out. Apparently the unswellable
      flakes of metal or graphite filler can put a fairly heavy strain on the
      stability of the suspension and care should be taken, in formulating the
      coating, to maintain the best possible stability.
PAR  The invention is applicable to any type of mattress fabric construction
      whether of plain or special construction. The fabric, e.g., mattress
      ticking, may also include other conventional treating agents, such as a
      flame retardant, if this is desired. The heat removal from the locus of a
      cigarette appears to be so substantial that burning spreads very little
      regardless of the composition of the fabric itself. Ticking processed
      according to the invention may be used to make mattresses of any desired
      and well-known construction, it being sufficient for present purposes to
      describe such mattresses as comprising an encasing ticking fabric filled
      with batting. The batting may be rayon or other natural or synthetic
      material while the ticking is usually woven cotton fabric although other
      different types of fabrics may be similarly processed.
PAR  After the coating composition is applied to the underside of the fabric in
      the manner described above, the treated fabric should be dried in any
      convenient fashion, e.g., by hot air or by passage over heat rolls, to dry
      the coating. Times and temperatures for drying can be widely varied
      depending on various factors, e.g., the vehicle used, the nature of the
      fabric, amount of coating composition applied, etc. However, usually the
      drying conditions will be in the range of 200.degree.-350.degree.F for
      1-15 minutes although it will be appreciated that other conditions may
      also be effectively used.
PAR  In formulating the coating compositions used herein, it will be appreciated
      that the filler, particularly in finer sizes, must be handled carefully to
      minimize explosion hazards. There is an additional problem in the handling
      of aluminum and that is its tendency to react and liberate hydrogen under
      certain conditions when dispersed in an aqueous medium. Such reaction does
      not take place if the pH of the system is held between 7 and 8.5,
      preferably at about 8. The preferred aqueous formulas described herein
      have a storage life of at least a week when held at the recommended pH and
      some mixes can be stored for several months with no noticeable change in
      performance. Nevertheless it is preferable, as a safeguard, to store any
      large quantities of aqueous aluminum binder mix in a vented container in a
      well ventilated room even if the pH is left within the 7 to 8.5 range
      mentioned above. Aqueous graphite suspensions do not require this sort of
      special treatment because of their inertness. In certain circumstances,
      graphite is preferred for use over aluminum even though the thermal
      conductivity of the latter is about one-third greater than that of
      graphite.
PAR  The fire resistance of fabric treated according to the invention has been
      determined by the "cigarette test." This consists of placing a burning
      regular size cigarette on a sample of back-coated mattress fabric and
      allowing the cigarette to burn out completely. To simulate mattress
      batting the treated fabric was backed with 5 oz/yd.sup.2 rayon batt
      composed of 3-inch, 2-denier fibers. Samples were evaluated by examining
      the amount of char on the batt after the cigarette had burned out. If the
      batt was only slightly charred it was ruled acceptable. A large amount of
      char meant the sample failed the test. Test samples used herein were at
      least 5 inches .times. 5 inches. The test is similar to Canadian
      Department of Defense test "Combustion Resistance of Mattresses: Cigarette
      Test", 35-GP-1, July 19, 1968.
DETD
PAR  The invention is illustrated, but not limited, by the following examples:
PAC  EXAMPLE 1
PAR  Into a mixture of 50g tricresyl phosphate and 20g Triton X-100 was
      gradually stirred, with a Lightnin' mixer, 109g of 100-mesh leafing-grade
      aluminum (Alcan MD 2100). When the mixture became too thick, a small
      portion from a total of 194g of Geon 460Xl latex was added as a thinner,
      the rest of the latex being stirred in as soon as the addition of aluminum
      was complete. After this, 30g of Alcogum AN-10 thickener was added, and
      the mixture was stirred at high speed until very smooth. Two other batches
      of coating mixture were made in the same way, but using 325-mesh Alcan MD
      5100 and 400-mesh Alcan MD 7100 flake instead of the MD 2100.
PAR  The three formulations were knife-coated onto conventional cotton mattress
      ticking at a 50-mil knife setting and dried in a 300.degree.F oven for 5
      minutes. The resulting coatings all more than passed the cigarette test,
      permitting no charring of the batting.
PAR  Triton X-100 is octyl phenoxy polyethoxy ethanol. Geon 460Xl latex is a
      vinyl chloride polymer latex while Alcogum AN-10 is a gum thickener.
PAC  EXAMPLE 2
PAR  The formulations of Example 1 were coated onto cotton ticking at 20-, 30-,
      and 40-mil knife settings and dried for 10 minutes at 210.degree.F. The
      results of the cigarette test are given in Table 1
PAC  TABLE 1
PAR  Effect of Aluminum Flake Size on Resistance to Burning Cigarette.
TBL  ______________________________________                                    

     Knife                                                                     

     Setting  Filler Mesh Size                                                 

     ______________________________________                                    

     mils     100           325        400                                     

     ______________________________________                                    

     20       very slight char                                                 

                            slight char                                        

                                       bad char                                

     30       no char       no char    slight char                             

     40       no char       no char    very slight                             

                                       char                                    

     ______________________________________                                    

PAR  It is apparent from these results that although all three sizes of flake
      gave considerable protection against the burning cigarette, the 100-mesh
      flake was the most effective.
PAC  EXAMPLE 3
PAR  Five runs identical in most respects to Example 2 were made, the variations
      being essentially only in amounts of MD 2100 aluminum flake used. (An
      additional 43g of water was put into the formulation carrying 125g of
      aluminum.) Only MD 2100 was used, the objective of this Example being to
      show the effect of change of concentration of the filler. Results are
      shown in Table 2.
PAC  TABLE 2
PAR  Effect of Aluminum Flake Concentration and Film Thickness on Resistance to
      Burning Cigarette.
TBL  ______________________________________                                    

     Al                                                                        

     Added  Test Results at Various Knife Settings (mils)                      

     ______________________________________                                    

     g      20          30          40                                         

     ______________________________________                                    

     25     Charred     Charred     Charred                                    

     50     Charred     Slight charred                                         

                                    Very slightly                              

                                     charred                                   

     75     Slight charred                                                     

                        Very slightly                                          

                                    No char                                    

                         charred                                               

     109    Very slightly                                                      

                        No char     No char                                    

             charred                                                           

     125    Very slightly                                                      

                        No char     No char                                    

             charred                                                           

     ______________________________________                                    

PAR  These results show that both thickness of coating and concentration of
      aluminum are important in preventing damage to the batting by the
      cigarette.
PAC  EXAMPLE 4
PAR  In this Example the effect of coating with an organosol instead of a latex
      is demonstrated. Stirring was done with a double-propeller Lightnin'
      mixer. MD 2100 aluminum flake (100g) was mixed with 80g of tricresyl
      phosphate, and 50g of Geon 121 vinyl chloride polymer resin was mixed with
      40g of xylene, after which these two mixtures were blended at high speed.
      Another 50g of Geon 121 was added and the mixture was stirred until the
      container became warm to the touch. The organosol was smooth and very
      viscous at this point. Ten more grams of tricresyl phosphate and 24g of
      xylene were slowly added with vigorous stirring. The mixture was then
      coated at knife settings of 10, 20, 30, and 40 mils onto the back of
      mattress ticking, after which the specimens were baked in a 370.degree.F
      oven for 6 minutes. In the cigarette test no charring was produced under
      the 30- and 40-mil, very slight charring under the 20-mil, and slight
      charring under the 10-mil coating. The results indicate that the organosol
      method of coating is an effective alternative to the use of an aqueous
      system although the latter has the advantage of reduced cost in the
      vehicle used.
PAC  EXAMPLE 5
PAR  Exon 790 (202g), 100g of MD 2100 aluminum, 20g of Triton X-100, 50g of
      tricresyl phosphate, and 5g of Alcogum AN-10 were mixed by the procedure
      of Example 1. The mixture was knife-coated at settings of 5, 7.5, 10, 15,
      20 and 25 mils onto mattress ticking previously treated with a flame
      retardant, and then dried at 250.degree.F for 5 minutes. Charring occurred
      in the cigarette test with the 5- and 7.5-mil samples, slight charring
      with 10-mil, very slight charring with 15-mil, and no charring with 20-
      and 25-mil coatings. The coatings were somewhat less flexible than
      coatings of the preceding examples but all were breathable.
PAR  Those specimens which passed the test were weighed and found to have
      coatings, in oz/yd.sup.2, of 4.7 (10-mil), 6.7 (15-mil), 8.7 (20-mil), and
      10.9 (25-mil).
PAC  EXAMPLE 6
PAR  A composition prepared as follows and applied in the manner of Example 1
      also gives ticking samples which passed the cigarette test:
PAR  Ten grams of tricresyl phosphate was mixed with one gram of Triton X-100.
      In another container 10g of water and 0.44g of X-100 were mixed and then
      pasted with 10g of MD 2100 aluminum flake. In a third container 20g of
      Exon 790 and one gram of X-100 were mixed. The Exon 790 mix was then
      stirred into the aluminum suspension, the tricresyl phosphate was stirred
      in next, all at high speed with the Lightnin' mixer, and finally 5.75g of
      Alcogum AN-10 was stirred in at low speed.
PAR  Exon 790, as used in this Example and in Example 5, is a highly sensitive
      latex system and consequently considerable care is required in formulating
      coating compositions which contain this binder. Stability of the
      resin/filler suspension is important and, in Example 6, the success in
      obtaining a stable suspension was due to dispersal of the wetting agent,
      Triton X-100, among all of the components of the formulations before they
      were blended with each other. There is a marked tendency, however, for
      scale-up formulations containing Exon 790 to show a graininess and
      suspension separation but this can be avoided by effective mixing of the
      components.
PAC  EXAMPLE 7
PAR  Example 6 was repeated with the following modifications:
PA1  Mix 1: Stir 4g of Triton X-100 into 11.9g of tricresyl phosphate.
PA1  Mix 2: Mix 25g of water and 0.5g of Triton X-100 and then add this to 25.0g
      of MD 2100 aluminum to form a paste.
PA1  Mix 3: Into 68.5g of Geon 576 stir 3.2g Triton X-100 and 13.8g of water.
PA1  Mix 4: Stir mix 3 into mix 2.
PA1  Mix 5: Stir mix 5 slowly into mix 1 with an electric mixer.
PA1  Mix 6: Stir 13.5g of Alcogum AN-10 into mix 5 with the electric mixer.
PAR  The same procedure was repeated, but with the total water reduced from
      38.8g to 25.0g to form a more concentrated mixture, the pH of which was
      9.5. Both of these formulations were coated onto ticking at knife settings
      of 7, 10 and 15 mils and cured 4 minutes at 300.degree.F. All of the
      ticking samples passed the cigarette test.
PAR  On overnight standing it was noted that the two formulations were foamy.
      This was obviated by reducing the pH of the mixtures to about 8 thus
      minimizing action of water on the aluminum flake and resulting evolution
      of hydrogen.
PAC  EXAMPLE 8
PAR  Polyethylene glycol di-2-ethylhexoate (Union Carbide's Flexol 4GO) was
      substituted for tricresyl phosphate as a plasticizer, the procedure being
      otherwise that used in Example 6. Performance throughout the run was good,
      and coatings laid down at 7-, 10-, and 15-mil knife settings all passed
      the cigarette test.
PAC  EXAMPLE 9
PAR  In this formulation an acrylic latex, Rhoplex HA-8, and a polyacrylic acid
      thickness were used as follows:
PA1  Mix 1: 100g of MD 2100 aluminum flake and 2g of Triton X-100 were mixed
      with 70g of water.
PA1  Mix 2: 5g of thickener was added to 222g of Rhoplex HA-8 and the pH was
      adjusted to 8.
PA1  Mix 3: Mix 2 was added to mix 1 and stirred until smooth. Resulting mixture
      was divided into 3 parts.
PA1  Mix 4: Ammonia was stirred into the 3 parts of mix 3 to pH 7, 8, and 9,
      respectively.
PAR  The mixtures were spread on ticking at knife settings of 7, 10 and 15 mils
      and cured 4 minutes at 300.degree.F. All samples passed the cigarette
      test, add-ons ranging from 2.4-3.9 oz/yd.sup.2. The different pH settings
      produced no perceptible differences in the coating results.
PAC  EXAMPLE 10
PAR  This formulation used Aircoflex 400 ethylene/vinyl acetate copolymer, a
      smaller than usual amount of tricresyl phosphate, and Acrysol ASE-60
      thickener as follows:
PA1  Mix 1: Emulsify 20g of tricresyl phosphate with 5g of Triton X-100.
PA1  Mix 2: Paste 100g of MD 2100 aluminum with 141g of water and 3g of Triton
      X-100.
PA1  Mix 3: Stir 5g of Triton X-100 into 184g of the ethylene/vinyl acetate
      copolymer.
PA1  Mix 4: Stir mix 3 into mix 2 by hand.
PA1  Mix 5: Stir mix 1 into mix 4 with an electric mixer.
PA1  Mix 6: Stir 3g of thickener into mix 5.
PAR  The final mixture was thixotropic and coated on less smoothly than usual.
      The 10- and 15-mil coatings, after drying 4 minutes at 300.degree.F (4.1-
      and 4.7-oz/yd.sup.2), passed the cigarette test; but the 7-mil coating did
      not. When an otherwise identical mixture (but using half as much Triton
      X-100, and Alcogum AN-10 in place of Acrysol ASE-60 as thickener) was
      coated on cloth after adjustment to pH 8 with ammonia, lighter (3.2- and
      3.7-oz/yd.sup.2) but still as effective coatings at 10- and 15-mil
      settings were achieved.
PAC  EXAMPLE 11
PAR  In this experiment the aluminum flake was replaced by conductive Madagascar
      graphite, No. 3 flake (Asbury Graphite Mills, Inc.) and formulated as
      follows:
PA1  Mix 1: Emulsify 12.5g of tricresyl phosphate with 3g of Triton X-100.
PA1  Mix 2: Paste 50g of graphite with 46g of water and 2g of Triton X-100.
PA1  Mix 3: Mix 1.5g of Triton X-100 into 92g of Aircoflex 400.
PA1  Mix 4: Stir mix 2 into mix 3 by hand.
PA1  Mix 5: Stir mix 1 into mix 4 with an electric mixer.
PA1  Mix 6: Stir 8g of Alcogum AN-10 into mix 5.
PAR  At 7-, 10-, and 15-mil knife settings, with 4-minute drying at
      300.degree.F, coatings, of 2.5, 3.4 and 3.9 oz/yd.sup.2 were obtained. All
      three of these passed the cigarette test.
PAC  EXAMPLE 12
PAR  The proportions of Example 10 were changed by using 20g of tricresyl
      phosphate, 73.4g of graphite, 20g of water, and 8g of Alcogum AN-10.
      Somewhat higher add-ons were achieved because of the lesser amount of
      water used, the dried coatings being 4.6, 5.6, and 7.7 oz/yd.sup.2 at 7-,
      10-, and 15-mil settings. All passed the cigarette test.
PAC  EXAMPLE 13
PAR  In this experiment two mixtures combining graphite and aluminum in
      different proportions, each mixture totalling 50g of filler, were used
      effectively. Proportions and procedures were those of Example 10 except
      for the use of 12g of Alcogum AN-10 instead of 8g and, in one case, 45g of
      Asbury No. 3 graphite and 5g of MD 2100 aluminum, and in the other, 37.5g
      of graphite and 12.5g of aluminum. Add-ons at 7, 10, and 15 mils were 2.5,
      3.7, and 4.8 oz/yd.sup.2 in the first case, and 2.8, 4.0, and 5.1
      oz/yd.sup.2 in the other. Although all six specimens passed the cigarette
      test, those with the greater amount of aluminum gave the least amount of
      batting scorch.
PAC  EXAMPLE 14
PAR  In a large-scale run with MD 2100 aluminum, the following procedure was
      used:
PA1  Mix 1: Stirred 40 lbs. MD 2100 aluminum, 26.9 lbs. water, and 0.82 lbs.
      (372g) Triton X-100 together by hand.
PA1  Mix 2: Stirred 73.5 lbs. Geon 576 and 3.28 lbs. of Triton X-100 together by
      hand.
PA1  Mix 3: Stirred 12.7 lbs. tricresyl phosphate and 4.1 lbs. Triton X-100
      together with an electric mixer.
PA1  Mix 4: Stirred mix 2 into mix 1 by hand.
PA1  Mix 5: Put mix 4 under the Cowles mixer and stirred mix 3 into it.
PA1  Mix 6: Stirred acetic acid (ca. 200 ml) into mix 5 to pH 8.0-8.5.
PA1  Mix 7: Thickened with 7.8 lbs. Alcogum AN-10. Viscosity was 13,600 cps on
      Model RVT Brookfield viscometer, spindle No. 7 at 10 rpm.
PAR  The mixture was coated onto 54-inch plain mattress ticking at a 5-mil knife
      setting at 16 yards/min, and passed through a 330.degree.F oven. In the
      absence of a tenter frame the fabric lost about 2 inches in width. The
      average add-on was 2.8 oz/yd.sup.2. The coated fabric passed the cigarette
      test.
PAC  EXAMPLE 15
PAR  A similar large-scale run with the No. 3 Madagascar graphite flake of
      Example 10 followed this procedure:
PA1  Mix 1: Stirred 49 lbs. of graphite, 25.4 lbs. of water, and 1.3 lbs. of
      Triton X-100 together by hand.
PA1  Mix 2: Stirred 0.8 lb. of Triton X-100 into 60.2 lbs. of Aircoflex 400 by
      hand.
PA1  Mix 3: Stirred 2.2 lbs. of Triton X-100 into 11.4 lbs. of tricresyl
      phosphate with an electric mixer.
PA1  Mix 4: Stirred mix 2 into mix 1 by hand.
PA1  Mix 5: Stirred mix 4 with an electric mixer while adding mix 3.
PA1  Mix 6: Stirred mix 5 with the electric mixer while adding 7.0 lbs. Alcogum
      AN-10. Viscosity was 18,800 cps Brookfield, using Spindle No. 7 at 10 rpm.
PAR  The mixture was coated onto 54-inch plain mattress ticking at a 5-mil knife
      setting at 14 yds/min and passed through a 325.degree.F oven. Loss in
      fabric width was about 1-3/4  inches. The average add-on was 3.9
      oz/yd.sup.2. This fabric too passed the cigarette test.
PAC  EXAMPLE 16
PAR  The effectiveness and permanency of cigarette-resistant coatings on fabrics
      where launderability is important, such as those to be made into mattress
      pads and mattress covers, was demonstrated in the following example. The
      aluminum coating formulation of Example 14 was knife-coated at the
      3.9-oz/yd.sup.2 level onto 100% cotton sheeting (preshrunk), 50/50
      polyester/cotton sheeting, and 1.2-oz spunlaced fabric, followed by drying
      for four minutes at 265.degree.F. The appearance of the top (uncoated)
      surface of the 100% cotton fabric was virtually unaffected by the coating.
      Pronounced but not unreasonable grayness was evident in the other
      lighter-weight fabrics. Each of these coated fabrics passed the cigarette
      test. One-foot squares of each were cut out, laundered five times in a
      Kenmore home washer, using warm water and detergent, and pressed. Except
      for loss of original glossiness, the coatings were unaffected by the
      washing. Each passed the cigarette test again and showed no evidence of
      puckering or other distortion of the fabric.
PAR  Similarly applied 2.5-oz/yd.sup.2 aluminum-filled coatings on 100% cotton
      sheeting and 1.2-oz spunlaced fabric also passed the cigarette test and
      were resistant to laundering. This level of application looked, however,
      to be borderline in its cigarette resistance.
PAR  Similar applications of the graphite formulation of Example 15 to the
      sheeting materials at the 3.9-oz/yd.sup.2 level gave cigarette- and
      laundry-resistant fabrics whose only apparent fault was a lower
      dry-crocking rating.
PAR  The above-noted spunlaced fabric consists of fibers entangled in a
      predetermined, repeating pattern to form a strong unbonded nonwoven
      structure having a tensile strength greater than one pound per inch per
      ounce per square yard. Spunlaced nonwovens are described in U.S. Pat. Nos.
      3,434,188, 3,485,706, 3,485,708, 3,485,709, 3,486,168, 3,493,462,
      3,494,821, 3,498,874, and 3,508,308, the disclosures of which are hereby
      incorporated by reference to the extent necessary to understand the
      definition and characteristics of these nonwoven products.
PAR  These coated sheeting fabrics were found to be particularly suitable for
      conversion to mattress pads and mattress covers. Quilted pads are
      precoated on the inner sides of preferably both faces, although even a pad
      coated on only one face will afford, whenever the pad is turned over in
      use, a high degree of protection to the mattress beneath it. Contoured
      mattress covers, which normally cover only one surface and the edges of
      the mattress, may most suitably be made with only their flat surface
      inner-coated, leaving the vertically oriented and generally elasticized
      edges free to serve their form-fitting purpose. Wrap-around covers may of
      course be coated either over their entire inner surfaces or, if desired,
      only on their two horizontal areas.
PAR  While the invention has been described above in connection with the
      treatment of mattress fabrics, it will be appreciated that other types of
      fabrics, where fire-resistance is desired, may be similarly processed.
      Thus, for example, the invention may be used with pillow covers or slips
      and various kinds of upholstery, e.g., automotive and home furnishing
      types. The invention is not to be construed, therefore, as limited to the
      treatment of mattress fabrics although this is a particularly unique and
      advantageous application of the invention.
PAR  It will be recognized that various other modifications may be made in the
      invention as described and exemplified herein. Hence the scope of the
      invention is defined in the following claims wherein:
CLMS
NUM  1.
PAR  1. A fire retardant textile product comprising a mattress batting assembly
      which is normally susceptible to burning by a cigarette and a fire
      retardant fabric positioned on said batting assembly to retard burning
      thereof, said fabric having a heat conductive coating on its underside
      adjacent to and in contact with said assembly, said coating comprising a
      flexible, film-forming polymeric binder having dispersed therein from
      30-60% by weight of a flake- or leaf-shaped heat conductive material
      selected from the group consisting of aluminum and graphite of from 50-400
      mesh, the weight of the coating being at least about 2 ounces per square
      yard of fabric and the amount and size of said heat conductive material
      and the thickness of said coating being sufficient to carry away the heat
      of a cigarette falling or placed on the topside of said fabric so as to
NUM  2.
PAR  2. A fire retardant textile product as claimed in claim 1 wherein the
NUM  3.
PAR  3. A fire retardant textile product according to claim 1 wherein the fabric
NUM  4.
PAR  4. The textile product of claim 1 wherein the coating comprises about
      100-mesh aluminum filler in a vinyl binder, the dried coating weighing
      about 2-7 ounces per square yard of fabric and containing about 45% by
NUM  5.
PAR  5. The textile product of claim 1 wherein the coating comprises conductive
      graphite in a vinyl binder, the dried coating weighing from 4-4.5 ounces
NUM  6.
PAR  6. The textile product of claim 1 wherein the heat conductive material is a
NUM  7.
PAR  7. The textile product of claim 1 wherein the binder is a film-forming
      addition polymer of one or more ethylenically unsaturated monomers such as
NUM  8.
PAR  8. The textile of claim 7 wherein the binder is a member selected from the
      group consisting of polyvinyl chloride copolymer, polyvinyl chloride
      homopolymer, ethylene-vinyl acetate copolymer, and self-crosslinking
      acrylic polymer.
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ABST
PAL  A hand tool which can be conveniently used with the staples used to fasten
      an electrical wire to a supporting structure. The hand tool comprises two
      lever arms which are pivotally joined at a point intermediate to their
      respective distal and proximal ends. The proximal end portions of the
      lever members are formed into handles while the distal portions are shaped
      into a pair of coacting jaw members. The jaw members are contoured so as
      to enable them to fit the contour of the staples so as to provide
      convenience in removal of the staples. The jaw members are also machined
      to enable cutting of the electrical wire during installation. Removal of
      staples is further facilitated by mounting a fulcrum member on one of the
      jaws. A hammerhead is mounted on the opposite jaw and is sized to allow
      the simultaneous striking of both nails generally required for hammering a
      staple into place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a hand tool which is functionally designed and
      uniquely constructed for successfully inserting and removing staples from
      electrical wire and cutting electrical wire which is to be fastened or is
      fastened onto a support structure.
PAR  2. Description of the Prior Art:
PAR  Many light duty type cutting, extracting tools have been devised and
      offered and are being used, but none of these available tools fills the
      needs of those who are called upon to use them. For example, one currently
      employed staple pulling hand tool comprises a small pry bar about five
      inches long with a one-half inch wide staple engaging and lifting end.
      This tool works with reasonable success only when the bridge or the bight
      portion of the anchored staple is accessible above the work surface. It is
      virtually useless when the staple is driven flush, and has been embedded
      and difficult to cope with. Another type of extractor comprises a small
      prying foot having a curved lever type handle wherein a wedge-like prying
      nib has to be forced and wedged into position under the bight portion of
      the staple before the levered step can be accomplished. This extractor has
      been found to be cumbersome. It serves only clumsily in many places which
      are difficult of access and cannot be relied upon for lifting crooked and
      embedded staples. For purposes of this application, terms such as
      extractor, pulley remover and others are used in the sense of not only
      being useful to remove staples but also useful in inserting staples.
PAR  In addition to the staple removers mentioned above, there are, of course,
      many heavy-duty staple pullers for use with fence wires and similar type
      objects. For the most part, the jaws are horn-like, beak shaped and sharp
      pointed and would, even if they were suitable for an electrician's use,
      snap and break the staple acted on with the result that valuable time and
      patience would be exhausted in removing embedded staple fragments with
      pliers. Unlike prior art staple extractors, the extractor herein disclosed
      employs specially shaped and contoured coacting jaws which are sized to
      engage most commonly used electrical wire staples, while at the same time
      being shaped such that they can cut the electrical wire. The staple which
      is being handled and/or removed by the hand tool and described herein
      seldom breaks and therefore can be yanked out fully and virtually intact.
PAR  An additional and more serious problem appreciated by many electricians is
      that when removing staples using a prying bar with standard pliers, the
      application of a force to the particular tool generally requires some sort
      of disfigurement or damage to the wire itself. This is unacceptable in
      that it at best leaves a weak point in the conductivity and insulation of
      the wire and is a place of high likelihood for the development of a short
      circuit. Additionally, there have been problems in the application and
      placement of the staples used to mount electrical wire. Mainly, it has
      been difficult to use these staples because with ordinary hammers only one
      nail at a time may be hit. Using the standard staples now commonplace to
      electricians, two nails are required at opposite ends of the staple. When
      only one nail may be hit per stroke, this leads to some deformation of the
      staple and nail. Using an alternative embodiment of the hand tool
      described herein, a hammerhead member is used to drive both nails used in
      mounting the staple simultaneously.
PAR  Known relevant prior art includes Maxson, U.S. Pat. No. 650,186 (1900),
      Lund, U.S. Pat. No. 919,370 (1909), Smith, U.S. Pat. No. 1,290,846 (1919),
      Bahre, U.S. Pat. No. 1,316,409 (1919), Young, U.S. Pat. No. 1,765,783
      (1930), Monahon, U.S. Pat. No. 1,879,402 (1932), Curtiss, U.S. Pat. No.
      2,431,922 (1947), Hanson, U.S. Pat. No. 2,474,940 (1949), Peterson, U.S.
      Pat. No. 2,629,114 (1953), Forte, U.S. Pat. No. 3,241,814 (1966), and
      Simon, U.S. Pat. No. 3,778,919 (1973).
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a hand tool for use with electrical wire staples
      comprising a pair of levers pivotally connected at a point intermediate to
      the proximal and distal ends of the levers. The portions of the levers
      located proximal to the pivotal connection are adapted for use as handles
      while the portion of the levers located distal to the pivotal connection
      are adapted to serve as first and second coacting jaw members having
      opposing surfaces and distal edges. A fulcrum member is attached to one of
      the staple engaging jaw members and is laterally offset from the center of
      the first jaw member and extends beyond a plane through the distal edges
      of the jaw members.
PAR  It is an object of this invention to provide a hand tool which is useful in
      removing staples from electrical wire without deforming the electrical
      wire.
PAR  It is a further object of this invention to provide a hand tool which is
      useful for both removing and inserting staples which fasten an electrical
      wire to a supporting structure.
PAR  It is a still further object of this invention to provide a hand tool which
      has a fulcrum member laterally offset from the center of its longitudinal
      axis and which provides the leverage necessary to conveniently remove
      embedded staples from the member supporting an electrical wire.
PAR  It is an additional object of this invention to provide a hand tool which
      while having utility in inserting and removing staples also can be used to
      cut or sever the electrical wire.
PAR  These and other objects of this invention will become apparent from the
      following description of the preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the hand tool of this invention.
PAR  FIG. 2 is a front view of the coacting jaw members of this invention.
PAR  FIG. 3 is a perspective view of the hand tool of this invention as it
      normally engages a staple to be removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawing and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now more particularly to the drawings, a pair of levers 11 are
      pivotally connected at a pivot point 12 by a suitable pivot pin 13. Each
      of the levers 11 is approximately 9 inches long, although the size is not
      critical and may be varied to suit the individual user. The proximal
      portion 14 of levers 11 are shaped to serve as handles 11A and 11B. This
      shaping can be accomplished in a variety of ways, although preferably this
      refers to a rounding and grooving of the proximal portion 14 of levers 11
      to a size and configuration that would fit normal sized hands. The
      advantage of shaping handles 11A and 11B is that they provide a better
      grip for the user of the hand tool of this invention. For purposes of this
      application, pivotal connection point 12 shall be used as the point of
      demarcation between proximal and distal when referring to levers 11.
PAR  The distal end portions 15 of levers 11 are formed into coacting jaws 16
      which comprise basically jaw members 16A and 16B. Each of the jaw members
      16A and 16B is preferably the same size and shape. Opposing surfaces 17A
      and 17B are the actual grasping surfaces where jaw members 16A and 16B
      engage and grasp a staple 18. Opposing surfaces 17A and 17B are machined
      in a manner such that they can be used for cutting and severing the
      electrical wire 22. In addition, a plane is defined by distal edges 19A
      and 19B. Preferably, jaw members 16A and 16B define parallel distal edges
      19A and 19B, respectively, which would intersect when the hand tool was
      closed and which could be used to cut electrical wire 22. In the preferred
      embodiment of this invention, surfaces 17A and 17B are concave in the
      manner shown in FIG. 1 of the drawing. This general contour allows former
      grasping of staples 18 which are generally contoured in a similar manner.
PAR  A fulcrum member 20 is integrally mounted onto jaw member 16A. Preferably,
      fulcrum member 20 and one of said levers 11 are extruded, cast, or
      otherwise manufactured as a single piece. The fulcrum member 20 is
      laterally offset from the center 21 of jaw member 16A in order to
      facilitate convenient removal of staples 18 without damaging the wire 22.
      In addition to being laterally offset from the center 21 of jaw member 16A
      fulcrum member 20 also extends beyond the distal edge 19A a distance
      approximately equivalent to the width or thickness of the insulated
      electrical wire 22 normally used to connect electrical outlets. The
      extension beyond distal edge 19A of fulcrum member 20 is important in that
      immediately upon grasping the staple 18 with jaws 16A and 16B, the fulcrum
      member 20 is in contact with supporting structure 23 to provide a fulcrum
      for the application of a manual force to handles 11A and 11B with the net
      result being the removal of staple 18 without damage to wire 22. Although
      the drawing depicts one fulcrum member 20 on jaw 16, a pair of fulcrum
      members 20 may be mounted on the jaw 16 to provide greater strength.
      However, one fulcrum member 20 has been found adequate for most standard
      uses of the hand tool of this invention. When the coacting jaws 16 have
      engaged the staple 18 by means of a gripping pressure applied by hand or
      other means on handles 11A and 11B. The fulcrum member 20 is in position
      beside the wire 22 to allow a pressure point to be on the supporting
      structure 23 rather than the wire 22. Therefore, by applying a pushing or
      pulling pressure on handles 16A and 16B of the levers 11 of fulcrum member
      20 is used as the pressure point and the staple can be easily removed. In
      addition, if coacting jaws 16 have engaged electrical wire 22 and a
      sufficient gripping pressure is applied, they can be used to cut or sever
      the wire 22.
PAR  On the jaw 16B opposite the jaw 16A having fulcrum member 20 mounted
      thereon, a hammerhead member 26 is preferably mounted. Hammerhead member
      26 is of a width sufficient to allow contact with both of the nails 27
      required to fix staple 18 in its proper mounted position. Preferably,
      hammerhead member 26 and lever 11B are extruded, cast or otherwise
      manufactured as a single piece. Preferably, the outermost surface 28 of
      hammerhead member 26 is flat and rectangular in area. Although the
      presence of hammerhead member 26 on jaw 16B is preferable, it is not
      necessary for the utility of the hand tool of this invention.
PAR  The staples 18 which are generally used in the mounting of electrical wire
      22 to a base support structure 23 are generally one of two types. The
      first comprises a plastic body portion 29 having openings for two nails
      27. The other type is the metal staple of the same basic type again having
      two openings for nails 27.
PAR  By use of the hand tool of this invention, the contoured jaw members 16A
      and 16B can be used to firmly grasp and remove the body portion 29 and
      nails 27 of either the metal or plastic staples 18. This is accomplished
      by applying a clamping force to handles 11A and 11B followed by a pulling
      or pushing pressure to those same handles with the fulcrum member 20 as
      the pressure point. The staples are easily removed without any resulting
      damage to the wire 18. This is extremely important for a variety of
      reasons, only one of which is the possibility of a dangerous short circuit
      developing if the fulcrum member 20 should penetrate the wire. For this
      reason, it is important that the fulcrum member 20 be offset from the
      center 21 of the jaws 16.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention and
      the scope of the claims are also desired to be protected.
CLMS
NUM  1.
PAR  1. A hand tool for use with electrical wire staples comprising:
PA1  a. a pair of levers pivotally connected at a point intermediate to the
      proximal and distal ends of said levers;
PA1  b. handle members being adapted from the portions of said levers located
      proximal to said point of pivotal connection;
PA1  c. first and second coacting jaw members adapted from the portion of said
      levers located distal to said point of pivotal connection, said coacting
      jaw members having opposing surfaces, said opposing surfaces having distal
      edges; and
PA1  d. a fulcrum member attached to said first coacting jaw member, said
      fulcrum member being laterally offset from and parallel to the
      longitudinal center of said first jaw member and extending beyond a plane
NUM  2.
PAR  2. The hand tool of claim 1 wherein said fulcrum member extends beyond a
      plane through said distal edges of said jaw members a distance
      approximately equal to the width of standard insulated electrical wire.
NUM  3.
PAR  3. The hand tool of claim 1 wherein a hammerhead member is mounted on said
NUM  4.
PAR  4. The hand tool of claim 1 wherein two fulcrum members are attached to
      said first coacting jaw member, each of said fulcrum members being
      laterally offset from the center of said first jaw member and each
      extending beyond said plane through said distal edges of said jaw members.
NUM  5.
PAR  5. The hand tool of claim 1 wherein said portion of said levers located
      proximal to said point of pivotal connection comprises approximately from
      about 65 percent to about 90 percent of the total length of each of said
NUM  6.
PAR  6. A hand tool for use with electrical wire staples comprising:
PA1  a. a pair of levers pivotally connected at a point intermediate to the
      proximal and distal ends of said levers, said intermediate point being
      from about 65 percent to about 90 percent of the total length of each of
      said levers;
PA1  b. handle members being adapted from the portions of said levers located
      proximal to said point of pivotal connection;
PA1  c. first and second coacting jaw members adapted from the portion of said
      levers located distal to said point pivotal connection, said coacting jaw
      members having opposing surfaces, said opposing surfaces having distal
      edges defining a plane;
PA1  d. at least one fulcrum member attached to said first coacting jaw member,
      said fulcrum member being laterally offset from and parallel to the
      longitudinal center of said first jaw member and extending beyond a plane
      through said distal edges of said jaw members a distance approximately
      equal to the width of standard electrical wire; and
PA1  e. a hammerhead member mounted on said second coacting jaw member.
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ABST
PAL  A tool in its preferred form includes a body, a file carried by the body
      for filing the bottom and side edges of a ski, a scraping blade carried by
      the body to remove excess wax and filler and to press wax into the ski
      surface, and a cork block to serve as a handle and to polish a ski bottom
      surface. The body may be of any desired shape but is preferably right
      triangular in planform and shallow compared to its lateral and
      longitudinal dimensions. A first face has a seat for a file along its
      diagonal aft margin and a guide wall along its longitudinal side margin
      which guides the body for longitudinal movement along the ski with the
      file crossing the ski bottom diagonally. The forward end contains a seat
      to hold a scraper blade for scraping excess filler and wax from the bottom
      and for pressing wax into the ski surface. The cork block protrudes from
      the second face of the body to serve as a handle and also to polish the
      waxed ski surface. One or more protuberances extend from the body with a
      cross section corresponding to the cross section of a ski center groove
      and are used to remove excess plastic filler and wax therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of maintenance tools and is directed to a
      tool for maintaining snow skis. It is more particularly directed to a
      combination tool which performs all of the standard functions called for
      in maintaining skis in first class condition.
PAR  Skiing has become a very popular sport in the United States as well as in
      many other countries around the world, and there are now millions of
      skiers using the slopes every season. The quality of skis has been
      gradually increasing over the years, and more and more skiers are using
      the best skis they can buy. As the quality of skis has improved, the users
      have become increasingly aware of the desirability of maintaining them in
      first class condition at all times. The best skiers believe that their
      skis should be maintained after each day of use.
PAR  Standard maintenance includes repairing gouges and scratches in the bottom,
      flat filing the bottom, sharpening the edges, and waxing and corking the
      bottom. When this is done by a ski shop the cost is very high and
      consequently many skiers do their own maintenance as well as they can. For
      this purpose they use several separate tools, some of which require
      considerable skill in operation to improve the ski rather than damage it.
      Filing of the bottom and side edges is ordinarily done by gripping the
      ends of a medium size mill-type or mill bastard file and moving it along
      the length of the bottom and side edges. It is very difficult to control
      the attitude and direction of the file and it wanders laterally during
      longitudinal movement along the length of the ski. Since even the best
      file leaves microscopic scratches the result is random wavy scratches in
      the bottom which detract from the directional qualities of the ski. When
      the file is used on the side edges it is extremely difficult to keep the
      blade exactly perpendicular to the bottom. As the file wobbles in its
      movement along the length of the ski it produces an uneven edge which may
      have sharp, and wavy patterns rather than a uniform straight and sharp
      edge.
PAR  Modern ski bottoms are generally made of a high quality plastic material
      comprising almost the entire width, bordered on each side by an angle
      cross section steel strip to present a sharp right angled edge for control
      and maneuvering. One variety of plastic in common use goes under the trade
      name P-Tex. When gouges and scratches are found in the ski bottom a stick
      of P-Tex or similar plastic base repair and filler material is melted and
      dripped on the damaged spots, filling them in and leaving excess filler
      rising above the plane of the bottom. To attain a surface flat enough to
      apply a file, it is necessary to use a blade, such as a large putty knife
      with a straight laterally directed free edge and push or pull it along the
      ski bottom to remove the excess filler. This tool is also difficult to
      handle. If it is held at too flat an angle it tends to ride over the
      excess filler and if it is held at too steep an angle it tends to make new
      gouges which require further filling.
PAR  Thus, it will be seen that home repair by an unskilled operator may well do
      more harm than good, and that there is a definite need for a tool which
      requires very little skill in use and will perform the desired functions
      at a professional level.
PAC  SUMMARY OF THE INVENTION
PAR  The tool of the present invention overcomes the difficulties mentioned
      above and provides a simple and reliable unitary combination tool which
      guides the components mentioned above in proper attitudes to achieve
      professional results and performs all of the functions involved in
      standard maintenance operations.
PAR  Generally stated, the tool includes a supporting body, a file, a scraper
      blade, and a corking device. The body may be a solid block but preferably
      comprises a generally central planar web having ribs extending outward
      from both faces of the web and terminating in planes parallel to the web
      to achieve minimum weight of the tool while maintaining maximum rigidity.
PAR  A first face of the tool has a seat portion extending diagonally forward
      and across the width of the tool at an acute angle to a longitudinal side
      margin of the body. The file is mounted and secured in the seat portion
      with its tip adjacent to the forward end of the body and its tang adjacent
      to the aft end of the body to produce the desired cutting action when the
      body is moved forward. The body may have any suitable planform, such as a
      rectangle, but it is presently preferred to use a right triangular
      planform with a laterally extending forward margin, a longitudinally
      extending side margin, and a diagonally extending aft margin, with the
      file seated just inside the aft margin with a flat side exposed and
      parallel to the plane of the first face.
PAR  First and second guide means, preferably in the form of a guide wall and a
      pair of spaced mounting blocks, extend outward from the first face and
      perpendicular to the plane of the first face. The first guide means may be
      the side margin but presently is separate and spaced a short distance in
      from the side margin. A third guide means comprises a straight rib
      extending laterally across the tool body adjacent to the forward end and
      terminating substantially flush with the plane of the cutting face of the
      file. To use the tool for flat filing, it is positioned with the first
      face inverted and overlying the ski bottom. The file is brought into
      direct planar cutting contact with the bottom surface of the ski, and the
      first guide means is located in gliding contact with a side marginal edge.
      When the tool is pressed down and pushed forward, the file cuts the entire
      width of the flat ski bottom including the angle section metal protective
      corner strips. A mill-type file is used to produce a very smooth surface,
      and the angular mounting of the file is selected so that the teeth are at
      a substantial angle to the direction of motion to achieve the best
      possible results. The first and third guide means cooperate to inhibit
      both lateral and longitudinal rocking, and the tool may be operated in
      long perfectly straight sweeps exactly parallel to the ski axis so that
      any minute scratches caused by the file will also be parallel to the ski
      axis and will not hinder its performance.
PAR  The perpendicular orientation of the second guide means with respect to the
      first face serves a special purpose. The side marginal edges of the ski
      must be filed at an exact right angle to the ski bottom in order to
      provide smooth sharp edges for directional control. To accomplish this,
      the body is arranged at the side of the ski with the mounting blocks
      comprising the second guide means lying in flat facewise contact with the
      bottom surface of the ski, which locates the file face at the proper right
      angle to the bottom. The tool is manipulated in the same way in long
      sweeps and the edge is not only vertical but also sharp and straight.
PAR  The forward portion of the tool is provided with a seat in which is mounted
      a scraper blade having a straight laterally extending free edge. The blade
      is located parallel to the center web of the body and preferably in about
      the same plane. If desired, the blade edge may have a bevel on the lower
      face at such angle that the bevel lies flat on the surface in working
      position. As previously mentioned, the gouges in the surface of the ski
      bottom are repaired by dripping melted plastic filler on them, leaving
      some of the filler extending above the surface. This must then be scraped
      off to regain a flat surface. When the tool is in operating position,
      pressed down and pushed forward, the scraping edge will remove all of the
      excess filler without scratching the surface. Since the blade is wider
      than the ski, portions of the blade will contact the metal edges. In order
      not to scratch the edges the blade is made slightly softer. In general,
      the ski edges are steel of about 47 on the Rockwell C-scale while the
      blade is specially treated stainless steel of about 42 on the Rockwell
      C-scale.
PAR  When the ski has been waxed, the same tool in the same working position is
      drawn rearwardly and will scrape excess wax from the ski while forcing
      some of the wax into the relatively porous plastic base material.
PAR  The second face of the tool has a recess in which is mounted a large block
      of cork-like material which protrudes a substantial distance out from the
      plane of the face to serve as a handle for operating the tool. The tool
      may be inverted to press the cork against the ski surface and rub it back
      and forth to polish the waxed ski.
PAR  At least one protuberance extends outward from the body and has an end form
      with a cross section corresponding to the cross section of a ski center
      groove. After the waxing is finished, this protuberance is pushed through
      the groove from end to end to remove excess wax from the groove. The
      protuberance can also be used in a similar manner to remove plastic filler
      repair material from the center groove.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other advantages and features of novelty will become apparent as
      the description proceeds in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of the tool of the invention mounted in flat
      filing position on the bottom of a ski;
PAR  FIG. 2 is a perspective view of the tool arranged in vertical position for
      edge filing;
PAR  FIG. 3 is a top plan view of the tool with file and scraper blade in place;
PAR  FIG. 4 is an end elevational view of the tool;
PAR  FIG. 5 is a side elevational view of the tool;
PAR  FIG. 6 is a bottom plan view of the tool showing the mounting of the file
      and the scraper blade;
PAR  FIG. 7 is an inverted sectional view taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is a fragmentary side elevational view of a portion of the body with
      groove cleaning protuberances;
PAR  FIG. 9 is a sectional view taken on line 9--9 of FIG. 6;
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 6; and
PAR  FIG. 11 is a perspective view showing the tool angled to present the
      scraper blade in working position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The tool 10 of the invention is generally illustrated in one working
      position in FIG. 1, in which the body 12 carries a file 14 on its lower
      first face to contact the bottom surfaces 16 of the ski 18 and a corking
      block 20 on its upper surface which serves as a handle for manipulating
      the tool. In FIG. 2 the tool is rotated 90 degrees and the file contacts
      the side marginal edge 22 of the ski to sharpen the edge.
PAR  The tool body is shown in more detail in FIGS. 3 to 5 where it may be seen
      that it is laterally and longitudinally extensive and relatively shallow.
      Although it may have any suitable planform such as a rectangle, it is
      presently preferred to use a right triangular planform with a laterally
      extending forward margin 24, a longitudinally extending side margin 26,
      and a diagonally extending aft margin 28. For lightness and rigidity the
      body is preferably made of a generally central planar web 30 with
      upstanding ribs 32 extending otuward from both faces of the web and
      terminating in common planes parallel to the web. Several of the ribs on
      the second side of the body form a recess 34 to retain the corking block
      20 while other ribs form side walls around the periphery of the body. A
      scraper blade 36 is seated in the forward portion 24 of the body and
      extends outward in a plane parallel to the faces with a straight laterally
      extending scraping edge 38.
PAR  In the bottom plan view, FIG. 6, it will be seen that file 14 is mounted in
      seat portions of the first face of the body and extends diagonally just
      within aft margin 28. As can be seen in FIGS. 9 and 10 certain of the
      ribs, numbered 33, are of lesser height to form a slightly depressed seat
      for the file so that it extends only about half its thickness beyond the
      plane of the other ribs. An abutment 40 extends inward slightly from aft
      margin 28 near the tang end of the file and a second abutment 42 extends
      inward slightly near the tip end of the file to locate the aft side of the
      file. The mounting block 43 is undercut at 44 to receive the forward side
      of the file at the tang end, and a mounting block 46 extending outward
      from the other side of the body is undercut at 48 to form a square
      cornered recess which engages the side and the tip end of the file to
      locate it laterally and longitudinally. When the file is moved into the
      seating members an adjustable fastener 50, mounted in projection 52, is
      screwed down into engagement with the file at its tang end and locks it in
      place with a flat side exposed and parallel to the second face of the
      body.
PAR  The presently preferred guide means for the flat filing operations comprise
      a guide wall 54 arranged parallel to the side margin 26 of the body and
      extending perpendicularly outward from the first face of the body and
      defining a guide line for directional control of the longitudinal movement
      of the body. As indicated in FIGS. 1 and 6, the guide wall is held in
      gliding contact with the side marginal edge 22 of ski 18 and the tool is
      pushed down and moved forward in the direction of arrow A in FIG. 1 to
      flat file the ski bottom. As will be seen in FIG. 7, the third guide means
      comprising the foremost lower rib 56, and extending laterally across the
      body is longer than ribs 32 and its terminal edge 62 is substantially
      flush with the cutting face of the file so that it will contact the ski
      bottom and inhibit rocking of the tool. In FIG. 2 the second guide means
      comprising mounting blocks 43 and 46 which also extend perpendicular to
      the web 30 are placed flat against the ski bottom to position to file
      against the side marginal edge 22 of the ski, and the tool is moved
      forward in the direction of arrow B to file the side edge exactly
      perpendicular to the bottom to produce a sharp straight edge.
PAR  The standard mill bastard or mill-type file has at least one flat side
      provided with a multiplicity of closely spaced straight teeth extending
      diagonally across the width of the file at an angle of about 65 degrees to
      the axis of the file with the cutting edges directed toward the forward
      tip end of the file, as illustrated in FIG. 6, it being understood that
      the stated files are only illustratory. While variations in the
      arrangement are permissible it has been found that optimum results are
      obtained with the angular orientation illustrated in FIG. 6. The included
      angle between the axis of the file and the axis of the guide line defined
      by guide means 54 may be between 30 and 50 degrees with the optimum angle
      being about 35 degrees, giving an included angle between the axes of the
      file teeth and the axis of the guide line of about 30 degrees. At this
      angle the file teeth produce an extremely fine cut with no chatter.
PAR  The sectional view in FIG. 7 shows the manner of mounting scraper blade 36.
      As viewed in this figure, the space between the bottoms of the upper ribs
      and the tops of the lower ribs is substantially the same as the thickness
      of blade 36 so that the blade is push fit between them, and it is also a
      snug fit between the side walls of the body. The blade is pushed into the
      seat thus formed until its aft end 58 overlies rib 32 and is in contact
      with stop member 60. It is then ready to be used for scraping excess
      filler from the ski bottom.
PAR  As seen in FIG. 11, the tool is held with the cork side up and at such an
      angle that edge 38 of blade 36 contacts the bottom surface 16 of ski 18.
      It is then pressed down and pulled rearward in the direction of arrow C. A
      few long overlapping strokes will suffice to remove the excess filler and
      present a smooth flat bottom surface. It is presently preferred to form
      both ends of blade 36 with squared off edges 38 perpendicular to the plane
      of the blade. Since the blade may be reversed and also inverted there are
      four smooth sharp edges to insure a long working life. Of course, the
      edges may be readily re-sharpened, preferably by grinding for accuracy, so
      that the blade never has to be replaced.
PAR  After the other maintenance steps are completed, a suitable wax is applied
      to the bottom in customary fashion. It is desirable to remove excess wax
      and also to work some of the wax into the relatively porous plastic
      surface of the bottom and this is ordinarily a rather tedious task. The
      job is done in a simpler and more effective manner by use of the tool,
      which is held in the same way as shown in FIG. 11. The tool is pressed
      down and drawn rearward in the direction of arrow C in the same manner as
      in filler removal and the edge 38 acts as a wedge with high unit pressure
      to force some of the wax into the surface.
PAR  After the waxing is completed there is usually some excess wax and filler
      still lying in the center groove of the ski which detracts from its
      performance. To take care of this problem, one or more protuberances 66,
      68 extend outward from the body and are shown as extending from margin 26.
      Protuberance 66 has a cross section corresponding to the arcuate cross
      section of some ski grooves while protuberance 68 has a cross section with
      angular side corresponding to the cross section of other ski grooves. The
      appropriate protuberance is set down into the groove and pushed axially
      the full length of the groove, thus removing all excess wax or filler
      material.
PAR  The corking tool is preferably a large block of cork-like material seated
      in recess 34 and serving as a handle for most of the operations. When the
      tool is inverted and arranged parallel with the bottom, the flat surface
      of the cork is placed in contact with the bottom and rubbed back and forth
      to produce a high polish. In lieu of cork-like material 20, a suitable
      synthetic material may be used.
PAR  It will be seen that the invention described above and illustrated in the
      drawings provides a simple but effective unitary combination tool which
      performs all of the standard maintenance operations necessary to keep skis
      in first class condition.
CLMS
NUM  1.
PAR  1. A combination ski-maintenance tool comprising:
PA1  a laterally and longitudinally extensive shallow body having a first face
      and a second face;
PA1  at least a portion of the first face lying in a common plane;
PA1  guide means extending outward from the common plane to define a guide line
      for directional control of longitudinal movement of the body;
PA1  the guide means being arranged to contact and glide along a side marginal
      edge of a ski when the first face of the body is located in parallel
      overlying relation to the bottom surface of the ski to guide the body in
      longitudinal travel along the axis of the ski;
PA1  a file carried by the body;
PA1  the first face of the body being formed to receive and retain the file with
      a flat side exposed and parallel to the plane of the first face and with
      the axis of the file extending across the face at a substantial angle to
      the guide line defined by the guide means for direct planar cutting
      contact of the exposed side of the file with the full width of the bottom
      surface of the ski and with the guide means in guiding contact with the
NUM  2.
PAR  2. A tool as claimed in claim 1; in which
PA1  the guide means extend perpendicular to the plane of the first face to lie
      in gliding contact with the bottom surface of the ski and guide the file
      along the side edge of the ski in an attitude perpendicular to the bottom
NUM  3.
PAR  3. A tool as claimed in claim 1; in which
PA1  the included angle between the axis of the file and the axis of the guide
NUM  4.
PAR  4. A tool as claimed in claim 1; in which
PA1  the included angle between the axis of the file and the axis of the guide
NUM  5.
PAR  5. A tool as claimed in claim 1; in which
PA1  the file is a mill-type file having teeth extending diagonally across the
      width of the file, and the included angle between the axis of the file and
      the axis of the guide line is selected to cause the file teeth to be
NUM  6.
PAR  6. A tool as claimed in claim 5; in which
PA1  the file teeth are directed at an angle of about 65.degree. to the file
      axis, the file axis is at an angle of about 35.degree. to the axis of the
      guide line and the direction of the file teeth is at an angle of about
NUM  7.
PAR  7. A tool as claimed in claim 1; in which
PA1  the first face of the body is provided with seat means on which the file
      blade rests, abutment means to engage each side of the blade to prevent
      lateral displacement, stop means to engage the tip end of the blade and
      locate it longitudinally, and fastener means to engage the tang end of the
NUM  8.
PAR  8. A tool as claimed in claim 1; in which
PA1  the body is generally right triangular in planform with a laterally
      extending forward margin, a longitudinally extending side margin, and a
      diagonally extending aft margin;
PA1  the file blade extends along the aft margin; and
NUM  9.
PAR  9. A tool as claimed in claim 1; in which
PA1  a protuberance extends outward from the second face of the body to serve as
NUM  10.
PAR  10. A tool as claimed in claim 9; in which
PA1  the protuberance comprises a block of cork-like material to serve as a
NUM  11.
PAR  11. A tool as claimed in claim 1; in which
PA1  the forward portion of the body is provided with a mounting seat; and
PA1  a scraper blade is mounted in the seat extending forward from the body;
PA1  the forward end of the blade being formed with a straight laterally
      extending scraping edge to scrape excess filler from the bottom surface of
NUM  12.
PAR  12. A tool as claimed in claim 11; in which
PA1  the body is provided with a straight laterally extending lower edge
      adjacent to the forward end of the body to serve as a fulcrum to position
NUM  13.
PAR  13. A tool as claimed in claim 12; in which
PA1  the scraping edge of the blade is formed with a bevel at the lower face;
PA1  the bevel being formed at such an angle that it lies parallel to the ski
      surface when positioned by the fulcrum edge of the body to shave excess
      filler in forward motion and to press wax into the ski surface in aft
NUM  14.
PAR  14. A tool as claimed in claim 1; in which
PA1  at least one protuberance extends outward from the body and is formed with
      a cross section corresponding to the cross section of the center groove of
      a ski to be moved along the length of the groove and remove excess wax
NUM  15.
PAR  15. A combination ski-maintenance tool comprising:
PA1  a laterally and longitudinally extensive shallow body having a first face
      and a second face;
PA1  at least a portion of the first face lying in a common plane;
PA1  an elongate guide wall extending outward from the common plane and
      perpendicular thereto to contact and glide along a side marginal edge of a
      ski and guide the tool in longitudinal motion along the axis of the ski
      with the first face parallel to and in proximity to the bottom surface of
      the ski;
PA1  a mill-type file carried by the body;
PA1  the first face of the body being formed to receive and retain the file with
      a flat side exposed and parallel to the face of the body and with the axis
      of the file extending diagonally across the face at an acute angle to the
      guide wall to enable the file face to engage in direct cutting contact
      with the full width of the bottom surface of the ski and inhibit lateral
NUM  16.
PAR  16. A tool as claimed in claim 15; in which
PA1  the body is generally right triangular in planform with a laterally
      extending forward margin, a longitudinally extending side margin, and a
      diagonally extending aft margin;
PA1  the file blade extends forwardly adjacent to the aft margin with its tang
      at the aft apex of the triangle; and
NUM  17.
PAR  17. A tool as claimed in claim 16; in which
PA1  the angle of the file axis and the aft margin is about 35.degree. with
NUM  18.
PAR  18. A tool as claimed in claim 17; in which
PA1  the forward portion of the body is provided with a mounting seat; and
PA1  a scraper blade is mounted in the seat extending forward from the body;
PA1  the forward end of the blade being formed with a straight laterally
      extending scraping edge to scrape excess filler from the bottom surface of
NUM  19.
PAR  19. A tool as claimed in claim 18; in which
PA1  a protuberance extends outward from the second face of the body to serve as
NUM  20.
PAR  20. A tool as claimed in claim 19, in which
PA1  the protuberance comprises a block of cork-like material to serve as a
NUM  21.
PAR  21. A tool as claimed in claim 15; in which
PA1  the body comprises a generally central planar web provided with a plurality
      of ribs extending outward from both faces of the web and terminating in
      planes parallel to the web to achieve minimum weight of the tool while
NUM  22.
PAR  22. A combination ski-maintenance tool comprising:
PA1  a laterally and longitudinally extensive shallow body having a longitudinal
      axis and provided with a working face;
PA1  at least a portion of the face lying in a common plane;
PA1  a file carried by the body;
PA1  the working face of the body being formed to receive and retain the file
      with a flat side exposed and parallel to the plane of the working face and
      with the axis of the file extending across the face at a substantial angle
      to the longitudinal axis of the body for direct planar cutting contact of
      the exposed side of the file with the full width of the bottom surface of
      the ski;
PA1  and guide means carried by the body and provided with guide surfaces to
      contact the bottom surface and a side marginal edge of the ski to guide
      the body with its longitudinal axis moving parallel to the axis of the ski
      and to inhibit lateral rocking of the body and tilting of the file out of
NUM  23.
PAR  23. A tool as claimed in claim 22; in which
PA1  a first portion of the guide means extends outwardly from the working face
      of the body and defines a guide line parallel to the longitudinal axis of
NUM  24.
PAR  24. A tool as claimed in claim 23; in which
PA1  a second portion of the guide means extends laterally across the forward
      end of the body and terminates in the plane of the exposed flat side of
NUM  25.
PAR  25. A tool as claimed in claim 24; in which
PA1  the first portion of the guide means comprises an elongate wall extending
      along a longitudinal margin of the body and the second portion of the
      guide means comprises a rib extending out from the interior portion of the
      body and having a narrow marginal edge for contact with the bottom surface
      of the ski.
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ABST
PAL  A system for timely holding and releasing an object to be deployed in a
       petermined environmental medium is disclosed as incorporating a platform,
      a rotatable drum, and supports for said rotatable drum effectively mounted
      on said platform. A curved arm is attached to said drum at one extremity
      thereof, and a latch mechanism is releasably connected to the other
      extremity thereof. A rope extends around said curved arm, from which the
      object to be deployed is suspended within a shute, barrel, or slide, the
      latter of which may or may not be a part of the aforesaid platform.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention, in general, relates to object launching devices and,
      in particular, is a device for holding and releasing such objects as
      buoys, markers, and the like, of considerable weight by means of apparatus
      of much lighter weight and considerable less holding force.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Launchers of objects of various sorts and kinds are quite numerous in the
      art; in fact, they are too numerous to discuss each thereof in a
      meaningful manner. Therefore, it should suffice to say that there are
      rocket launchers, torpedo launchers, guns, other buoy and marker
      launchers, most of which those skilled in the art would be familiar.
      Unfortunately, however, most of the launchers of the prior art have some
      disadvantages, the obviation of which would, of course, be desirable for
      many practical purposes. For example, many of the prior art devices employ
      explosives to break the bond between the platform or launcher and the
      object to be launched, some of which are dangerous to handle and use.
      Moreover, as a matter of fact, in some instances the explosive device
      supports the entire load of the object to be launched and, thus, must be
      strong and safe enough to bear such load under conditions of shock and
      vibration. In addition, some of such devices require the use of elaborate
      electrical power or mechanical impact pressure for the purpose of
      effecting the detonation thereof. Of course, after each firing of such
      explosive launching devices, it becomes necessary to re-load the explosive
      firing circuits and the explosive components. In many cases, such
      operations require the opening of seals, breaches, connectors, etc.; and
      during the launching of buoys and marine markers, so doing leads to
      difficulty in re-sealing to keep water out, since such launchings occur in
      aqueous, subaqueous, or extremely humid atmospheric environments.
PAR  With respect to mechanical launchers, per se, the apparatus employed is
      generally large and must be very strong, inasmuch as it must be strong
      enough to hold the weight of the object to be launched. Furthermore, the
      release thereof, in many instances, is either complex or dangerous, or
      both.
PAR  Consequently, it may readily be seen in view of the above, that even minor
      improvements in launchers which advance the state of the art are
      significant, especially when it is considered how crowded the art is. And,
      also from the above, it may be discerned that the launcher or releasing
      device constituting this invention does constitute a significant
      advancement in the art and, hence, is of both practical and legal
      significance.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention overcomes some of the advantages of the prior art
      devices, in that, relatively speaking, it is simple in structure, simple
      and safe to operate, and only requires a small holding force to hold and
      effect the launching of an object of much larger force or mass.
PAR  It is, therefore, an object of this invention to provide an improved object
      launcher.
PAR  Another object of this invention is to provide an improved object releasing
      mechanism.
PAR  Still another object of this invention is to provide an improved method and
      means for launching and/or releasing a buoy, a marker, or the like, into
      predetermined aqueous, subaqueous, or atmospheric environmental mediums.
PAR  A further object of this invention is to provide an improved method and
      means for holding and releasing a large mass or force with a smaller mass
      or force.
PAR  Another object of this invention is to provide an improved buoy releasing
      device that, relatively speaking, is easily and economically constructed,
      operated, maintained, and transported.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic and block diagram elevational view, with parts broken
      away of the object release and launching device constituting this
      invention;
PA1  Fig. 2 is a left-ended schematic view of a portion of the device of FIG. 1,
      primarily showing the drum and its rotational release and rotational
      urging assembly;
PAR  FIG. 3 illustrates a representative force diagram of the various forces
      operating within the invention prior to the release of the object being
      held.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a platform 11 which may have any
      configuration necessary to hold the remainder of the apparatus of the
      invention thereon. It may, of course, be fixed in position -- as it would
      be if it were land -- or it may be mobile -- as it could be if it were a
      ship, an aircraft, a land craft, a submarine craft, or any other movable
      or moving vehicle.
PAR  In this particular preferred embodiment, a chute 12 is disclosed as being
      integrally connected to platform 11; however, it should be understood that
      it may, if so desired, be separate therefrom without violating the spirit
      or scope of the claimed invention. Moreover, although chute 12 is shown,
      in this particular instance, as being slanted downwardly at an angle, it
      may be made vertical in a downward or upward direction, or it may be
      designed to have any other desired angle relative to platform 12 that
      operational circumstances warrant. Hence, it may even be at an upward
      angle or a downward angle if trajectory requirements necessitate such
      attitudes.
PAR  Mounted on platform 11 is a pair of supports 13 and 14 with aligned bearing
      holes 15 and 16 respectively located therein. Extending through and
      protruding from bearing holes 15 and 16 is a locking shaft 17, one end of
      which is connected to the movable armature of a solenoid actuator 18. An
      electrical power supply 19 is connected through an electrical switch 20 to
      the electrically energizable field of solenoid 18. In this particular
      case, solenoid 18 should be so designed as to pull shaft 17 in the right
      hand direction (as shown in FIG. 1) whenever it becomes energized as a
      result of the closure of switch 20.
PAR  Through a hole 21 extending through shaft 17 is a cotter pin 22, and
      between cotter pin 22 and the left hand surface of support 13, is a spring
      disposed in a compressed state around shaft 17, so as to effectively cause
      said shaft 17 to be constantly urged in a left hand direction, in
      opposition with the pull of solenoid 18 whenever it is electrically
      energized.
PAR  From the foregoing, it may readily be seen that elements 13 through 23
      constitute a trigger mechanism 24. It may optionally be housed in a
      waterproof housing 25, in the event operational circumstances make it
      expedient to do so.
PAR  Also mounted on platform 11 is another pair of supports 27 and 28, of which
      only support 28 can be seen in FIG. 1, while both thereof are depicted in
      FIG. 2. A shaft 29 is mounted in bearing holes 31 and 32 located in said
      supports 27 and 28, respectively, and a drum 33 is mounted for rotation
      with said shaft 29. Integrally or otherwise conventionally connected (as
      by welding, bolting, or the like) to drum 33 is an arm 34 which preferably
      has an arcuate curve along the length thereof, as shown in FIG. 1 (but may
      have any other suitable configuration), and in the outer extremity thereof
      is a hole 35, the size of which is such at that the left end of shaft 17
      may be compatibly inserted therein.
PAR  As is shown in FIG. 1, any suitable drum rotation urging motive force or
      motor 37 may be connected to drum 33 and/or shaft 29, so as to effect the
      rotational urging thereof in a counter-clockwise manner at all times.
      Although the artisan having the benefit of the teachings presented
      herewith would be able to select an appropriate motor for such
      arrangement, as best seen in FIG. 2, it may be as simple as a "wound"
      spring 38 effectively connected between platform 11 and drum 33.
PAR  The object to be released or otherwise deployed is shown as being object 41
      which is depicted as being disposed in chute 12 and, thus, ready for
      release or deployment.
PAR  It would ostensively be apparent that object 41 may be anything that is
      capable of being loaded in chute 12, and that it may be loaded therein
      from either end thereof. Hence, without limitation, and by way of example
      only, object 41 may be a buoy, marine or other marker, or other device
      having mass. Although, as shown, chute 12 has an angular attitude with
      respect to the vertical, it may, in fact, be so constructed as to have any
      desired attitude, and, of course, it may be a structure that is separate
      and distinct from platform 11, if so desired. Moreover, it may be
      constructed in such manner that object 41 is shot, urged, or deployed in
      an upward direction with any desired trajectory path. Nevertheless, in
      order to keep this disclosure as simple as possible, the representative
      downward-and-to-the-left attitude has been given to chute 12.
PAR  Connected to object 41 in any conventional manner is a rope, cable, or
      chain 42, the other end of which is wrapped or looped around the aforesaid
      arm 34 and around drum 33 as necessary to be wrapped around said arm 34.
      The particular rope connection and wrapping arrangement can best be seen
      in FIG. 2, with the ends of rope 42 connected by connectors 43 and 44 to
      object 41.
PAR  There may be times when it would be preferable for object 41 to be
      initially assisted down or out of chute 12 after its release. Thus, any
      object urging mechanism 45 may be employed for such purpose.
PAR  As seen in FIG. 1, such urging mechanism may take the specific form of a
      spring 46 that is compressed against object 41 by means of a backing plate
      47 that pivots on shaft 48 which, in turn, is connected to supports 49
      that are mounted on platform 12. A notch 51 in plate 47, allows a rod 52
      to be disposed therein for position securing purposes. To facilitate the
      loading of object 41 from the top, rod 52 is rotatable about a shaft 53
      that is secured to supports 54 which are, in turn, connected to platform
      11.
PAR  The aforementioned object urging mechanism 45 is shown by way of example
      only; consequently, any other suitable type may be employed as warranted
      by operational circumstances. For instance, it may be of the type that
      incorporates an explosive charge that is triggered and detonated at the
      time object 41 is released, or it may be pneumatically operated, thereby
      shooting object 41 out of chute 12. Moveover, urging mechanism 45 should
      be considered as being optional, in that, in some instances, it may not be
      necessary or desirable at all.
PAR  FIG. 2 illustrates in block form a generalized version of object urging
      mechanism 45, in order to emphasize the fact that any appropriate object
      urging means may be optionally included in the invention.
PAR  Optionally, an actuation indicator circuit 61 may be incorporated in the
      invention which includes a cam 62 connected to shaft 29 for rotation
      therewith, and a cam-follower 63 that actuates a switch 64 connected
      between the aforesaid power supply 19 and any suitable readout, such, for
      example, as a lamp 65.
PAC  MODE OF OPERATION
PAR  The operation of the invention will now be discussed briefly in conjunction
      with all of the figures of the drawing.
PAR  From the views depicted in FIGS. 1 and 2, it may readily be seen that the
      structure of the invention is exceedingly simple, but that the invention
      performs an exceedingly important function, though it, likewise, is quite
      simple.
PAR  FIG. 1 obviously shows object 41 loaded in shute 12 (and ready to be
      deployed) and arm 34 and drum 33 held in position by sliding shaft 17
      being inserted in end hole 35. In such position, drum 33 cannot rotate
      and, thus, rope 42 remains securely held adjacent to the surface of said
      drum 33 by arcuate arm 34. Obviously, as long as rope 42 is securely held
      in such manner, object 41 will likewise be held in place.
PAR  When it is desired to release object 41, switch 20 is manually or otherwise
      closed, thereby causing power supply 19 to electrically energize solenoid
      18 which, in turn, withdraws shaft 17 from hole 35 of arm 34 against the
      bias of spring 23. Once shaft 17 has been so withdrawn, drum 33 and arm 34
      are immediately rotated due to the tension in rope 42. Of course, once
      said drum 33 and arm 34 have rotated about one-half turn or so, rope 42
      slides off the end of arm 34 and, in this case, drops objects 41 through
      chute 12.
PAR  At this time, it would appear to be noteworthy that cotter pin and spring
      23 are incorporated in the invention as a safety feature, since they
      combine to urge shaft in a latched position in the hole of arm 34 until
      such time as solenoid 18 is energized.
PAR  As a general rule, no urging of object 41 is needed to eject it from a
      vertical shute 12, since it tends to fall of its own weight after it is
      released. Nevertheless, there may be some instances when some additional
      assistance is needed -- such as, for example, when shute 12 has sufficient
      angular slant to cause excessive friction between object 41 and shute 12
      -- to start object 41 moving down the shute. With the proper design of
      rope 42 and spring 46, once cocked by shaft 17, object 41 rests against
      the compression bias of spring 47. Obviously, release of arm 34
      effectively frees object 41, so that the release of the decompression
      force of spring 46 will cause it to be shoved down chute 12, thereby
      facilitating the proper ejection thereof.
PAR  In addition, if so desired, a tightened torison spring 38 (FIG. 2) or any
      suitable motor 37 (FIG. 1) may be used to timely and rapidly effect the
      rotation of drum 33 in the counterclockwise direction as soon as arm 34 is
      released.
PAR  As previously suggested, other conventional methods and means -- such as
      explosive charges or air jets -- may be combined with the remaining
      structure of the invention to timely assist object 41 on its way down and
      out chute 12, and they may be quite helpful in the event chute 12 is
      tilted in such manner that either the friction therebetween is too great
      or the mass of object 41 operates in the wrong direction to allow it to be
      self-propelled in the right direction. Obviously, it would be well within
      the purview of one skilled in the art having the benefit of the teachings
      presented herewith to make all of the aforesaid design changes necessary
      to optimize the subject invention during any given operational
      circumstances.
PAR  Referring now to the force diagram of FIG. 3, it may be seen that the
      following relationship holds true:
EQU  F.sub.1 R.sub.1 = F.sub.2 R.sub.2,                         (1)
PAL  where
PA1  F.sub.1 is a large force, such as that provided by object 41,
PA1  R.sub.1 is the radius of drum 33,
PA1  F.sub.2 is a very small force, such as that applied to shaft 17 by arm 34
      during a latched condition,
PA1  R.sub.2 is the distance to the center of the end of arm 34.
PAR  In the latched condition, the equilibrium of equation (1) exists, and,
      thus, it may readily be seen that very small force F.sub.2 is all that is
      needed to hold very large force F.sub.1 (relatively speaking), a very
      important feature of the invention, indeed.
PAR  Although not shown in the drawing, all function surfaces may have suitable
      bearings substituted therefor by the artisan, if so desired. For example,
      the friction necessary to be overcome by the solenoid may be minimized by
      using low-friction bearings in the construction of locking arm 34, shaft
      17, supports 13 and 14, and the like.
PAR  From the foregoing, it should be obvious that an exceedingly useful method
      and means for holding a large mass or force with a small mass or force has
      been effected; and because of its simple but unique function and
      construction, the invention does, indeed, constitute an important
      advancement in the art.
PAR  As is probably obvious, cam 62, cam-follower 63, switch 64, and lamp 65
      cooperate to indicate when shaft 29 has been rotated and, thus, indicate
      whether or not object 41 has been launched, regardless of whether it is
      day or night.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A system for holding and timely releasing an object to be deployed in a
      predetermined environmental medium, comprising in combination:
PA1  platform means;
PA1  a rotatable drum means;
PA1  arm means connected to said rotatable drum means for rotation therewith;
PA1  means connected between said platform means and said rotatable drum means
      for supporting said drum means in such manner as to allow relative
      rotation therebetween;
PA1  cable means extending around said arm means and around a portion of the
      periphery of said drum means;
PA1  an object, intended to be deployed in said predetermined environmental
      medium, connected to the end of said cable means that is opposite the end
      thereof that extends around the aforesaid arm means;
PA1  a hole located in the end of the aforesaid arm means;
PA1  a shaft, with one end thereof slidably movable in and out of the hole of
      said arm means;
PA1  means effectively connected to the aforesaid platform means for slidably
      supporting said shaft with respect thereto;
PA1  a cotter pin extending through said shaft; and
PA1  a compressible spring disposed around said shaft between said cotter pin
      and the aforesaid shaft supporting means in such manner as to urge said
      shaft in such direction as to cause it to be timely inserted in the hole
      in the end of said arm means until moved out thereof in response to a
NUM  2.
PAR  2. The system of claim 1, wherein said object intended to be deployed is a
NUM  3.
PAR  3. The system of claim 1, wherein said object intended to be deployed is a
NUM  4.
PAR  4. The system of claim 1, wherein said means connected between said
      platform means and said rotatable drum means for supporting said drum
      means in such manner as to allow relative rotation therebetween comprises:
PA1  a pair of spatially disposed supports, having a pair of aligned bearing
      holes therein, respectively, connected to the aforesaid platform means;
      and
PA1  a shaft, mounted between and for rotation within the bearing holes of said
      pair of spatially disposed supports, connected to said rotatable drum
NUM  5.
PAR  5. The system of claim 1, wherein said arm means connected to said
      rotatable drum means is arcuate in geometrical configuration and has a
      hole in the end thereof that is opposite to the end thereof that is
NUM  6.
PAR  6. The system of claim 1, wherein said platform means is one which is fixed
NUM  7.
PAR  7. The system of claim 1, wherein said platform means is one which is
NUM  8.
PAR  8. The system of claim 1, wherein said platform means is a marine vehicle.
NUM  9.
NUM  10.
NUM  11.
PAR  11. The system of claim 1, wherein said platform means is a space craft.
NUM  12.
PAR  12. The system of claim 1, further characterized by means connected to said
      rotatable drum means for urging the rotation thereof upon release of said
NUM  13.
PAR  13. The system of claim 1, further characterized by means effectively
      connected to said rotatable drum means for indicating the rotation thereof
      and, thus, the deployment of the aforesaid object within said
      predetermined environmental medium, regardless of whether said deployment
NUM  14.
PAR  14. The system of claim 1, further characterized by means in abutment with
      said object to be deployed and connected to said platform means for
      effecting the urging of said object toward a deployed condition upon
      release of the aforesaid arm means by said arm holding and releasing
NUM  15.
PAR  15. The system of claim 1, further characterized by:
PA1  a solenoid connected to the other end of said shaft for effecting the
      movement thereof in and out of the hole in the end of said arm means in
      response to timely electrical de-energization and energization thereof,
      respectively; and
PA1  means connected to said solenoid for timely supplying electrical energy
      thereto, so as to timely effect de-energization and energization thereof.
NUM  16.
PAR  16. The system of claim 1, further characterized by means relatively
      slidably disposed around a portion of said object for effecting the
NUM  17.
PAR  17. The system of claim 16, wherein said means relatively slidably disposed
      around a portion of said object for effecting the guidance thereof along a
NUM  18.
PAR  18. The system of claim 16, wherein said means relatively slidably disposed
      around a portion of said object for effecting the guidance thereof along a
NUM  19.
PAR  19. The system of claim 17, wherein said means relatively slidably disposed
      around a portion of said object for effecting the guidance thereof along a
      predetermined course when deployed comprises a slide surface.
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PAL  An offshore marine terminal for mooring a tanker and transferring fluids
      between the tanker and an underwater manifold. The offshore marine
      terminal comprises a buoyant member having a first end extending above the
      surface of the water and a second end submerged and extending beneath the
      water, a bathyal service chamber on the second end of the member defining
      an underwater habitat suitable for maintaining humans in an artificial
      atmosphere, an upper buoyancy and ballast chamber to selectively change
      the buoyancy of the member from a first lowered condition which has the
      bathyal service chamber positioned around the manifold to a second
      elevated position which has the chamber disposed above the manifold, and
      flow lines to transport the fluid through the chamber from the manifold to
      the tanker. The tanker may be moored to the terminal by a swivel mooring
      connection that is rotatable about the buoyant member. The terminal may be
      secured to the ocean bottom in a flexible manner such that a fulcrum point
      is created allowing the terminal to tilt.
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PAC  FIELD OF THE INVENTION
PAR  This invention relates to offshore mooring terminals for the mooring of
      tank ships and the transfer of fluids between underwater pipelines and
      tank ships. More specifically, the invention relates to an anchored
      offshore terminal having an underwater work habitat associated therewith.
PAC  BACKGROUND OF THE INVENTION
PAR  Current trends in offshore oil and gas procurement indicate that the
      drilling and working of underwater mineral deposits will be increasingly
      important in providing the world's oil requirements. Sites for the
      production of underwater mineral deposits are being found at locations
      further and further from shore. The submerged wells in offshore waters are
      often times at such great distances from shore that it is not feasible to
      transport the crude oil directly from the well site to onshore processing
      facilities by a pipeline. In such situations, accumulated oil is stored at
      the well site. Often, the storage of oil at the well site is accomplished
      by utilizing a submerged storage tank, moored in the bottom of the body of
      water. It becomes necessary to transfer the stored crude oil from a
      location under the surface of the water to a tank ship for transporting
      the crude oil to onshore processing facilities. It is desirable to have a
      device for ship mooring and fluid transfer between tank storage and tank
      ship.
PAR  Requirements for large quantities of crude oil at the lowest possible price
      has brought about changes in the manner of transporting oil between
      continents. In prevalent use for the transporting of oil are large
      supertankers. Supertankers due to their large size and deep draft are not
      able to dock at many ports. Those deep harbor ports are very crowded, and
      tankers often must wait long periods of time before loading or unloading
      its fluid cargo. To alleviate the problems associated with supertanker
      transporting of fluid cargo, it is necessary for the supertankers to
      station themselves some distance from shore to receive or deliver cargo
      via underwater pipelines. To enable the supertankers to load and unload at
      these offshore positions, devices are required which moor the ship and
      provide the coupling link between the supertanker and the underwater
      pipeline.
PAR  Problems have been encountered in prior art offshore terminals where it is
      anchored and held rigid permitting very little movement of the terminal in
      response to wind, waves and currents. In addition for most offshore
      terminals, flexible hose are utilized to connect the underwater pipeline
      outlet with the fluid conduit connectors at the terminal. As a result, any
      twisting movement of the offshore terminal will place great stress on the
      hoses requiring replacement by procedures which are both time consuming
      and expensive.
PAR  Additional problems encountered with prior offshore terminals have
      concerned the flow line from the underwater pipeline to the surface of the
      water. Being very long, it is subjected to considerable force from
      undersea currents. In addition, drifting of the tanker will change the
      position of the tanker in respect to the flow line connecting to the
      tanker. Such a change in tanker position is reflected in a change in the
      required length of connecting flow line. Extreme changes of position of
      this sort put great stress on the connecting flow line which could
      possibly cause a rupture of the line. Excessive slack to allow for
      movement may allow the tanker to overrun and damage the hose.
PAR  Further, it is very necessary that the moored tanker be able to rotate
      about the terminal. A tanker when empty must be able to align itself into
      the wind and when loaded must be able to head into the current. In any
      other attitude, the moored tanker is unstable, and a danger of collision
      between the tanker and terminal exists.
PAR  There is accordingly provided by this invention a novel offshore marine
      terminal, for mooring tankers and transferring fluids between a tanker and
      an underwater pipeline, which includes a bathyal service chamber for
      creating an underwater work habitat at the mooring site which, when the
      terminal is lowered over an underwater manifold, can be used to make
      original anchor hookups and any subsequent repairs.
PAR  There is provided an offshore marine terminal which is suitable for deep,
      rough water locations and which has reduced surface buoyancy and short
      anchor lines.
PAR  There is further provided by the instant offshore marine terminal a
      configuration which reduces surface slack in the floating connection hose
      thereby preventing damage to the hose from overrun as the tanker moves
      about the mooring point.
PAR  There is also provided in accordance with this invention an offshore marine
      terminal which is easily maintained and permits repair or replacement of
      parts to be done more quickly.
PAR  There is yet further provided an offshore marine terminal in which the
      structure readily complies with tanker movement due to wind, waves and
      currents without developing high stresses on the mooring terminals or
      fluid connection hoses.
PAR  The novel offshore marine terminal in accordance with this invention has a
      buoyant member which floats in a body of water. A first end extends above
      the surface of the water, and a second end is submerged and extends
      beneath the water. A bathyal service chamber is on the second end of the
      member. The bathyal service chamber defines an underwater habitat which is
      suitable for maintaining humans in an artificial atmosphere. The terminal
      includes means to selectively change the buoyancy of the member allowing
      it to move from the first lowered condition to a second elevated position.
PAR  The member, when in the lowered position, has the bathyal service chamber
      positioned around an undersea manifold, pipeline, storage facility or the
      like. When the member is in the elevated position, the bathyal service
      chamber is disposed above the undersea manifold.
PAR  Flow lines to transport fluid between the manifold and the vessel extend
      through the bathyal service chamber. Also, short anchor lines secured to
      anchors can be used to secure the buoyant member to the subsea floor. The
      anchor lines would attach to the buoyant member at a position which would
      permit lateral movement of the first end of the member in response to
      movement of the surface vessel.
PAR  It is to be understood that, as used herein, the term "fluid" is intended
      to mean any liquid, gas or fluid slurry with solid particles suspended
      therein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the offshore marine terminal to which a
      tanker is moored, illustrative of the invention.
PAR  FIG. 2 is a detailed cross-sectional view of a specific embodiment of the
      invention in which the buoyant member or chamber has a passageway in its
      side for coupling to an external diver transport device.
PAR  FIG. 3 is a detailed cross-sectional view of another embodiment of the
      invention wherein a personnel lift and transport tube are inside the
      buoyant member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, there is illustrated a novel offshore marine
      terminal in accordance with a preferred embodiment of this invention.
      Offshore terminal 10 is shown mooring tanker 22 at an offshore location in
      a body of water 40. The surface of this body of water is designated by the
      numeral 38, and the water floor is designated by the numeral 32.
PAR  The offshore terminal 10 includes a vertical standing, buoyant member 44
      atop a bathyal service chamber 12. Anchor lines 16 secure the structure to
      the water floor 32. A mooring line 18 connects to the offshore terminal 10
      by a swivel connection 36 which is attached circumjacent member 44. The
      mooring line 18 is connected to a floating buoy 20 at the surface 38. When
      a ship is not moored at the location, the floating buoy 20 keeps the upper
      end of mooring line 18 at the surface 38. Buoyant member 44 extends above
      the water surface 38, and affixed to the top of member 44 is a rotary
      swivel connection loading buoy 14. To the swivel connection loading buoy
      14, there is connected a floating hose 26. Hose 26 permits fluid
      communication to a tanker manifold 46. An index boom 48 has a position
      index line 24 extending out and attached to the tanker 22. Flexible hoses
      28 provide fluid communication from the underwater manifold 30 which is
      being fed by pipeline 34.
PAR  Member 44 is a substantially rigid member having a positive buoyancy.
      Member 44 has a cylindrically shaped external surface made of a material
      such as steel. Internally, member 44 may have either one pipe or several
      parallel pipes extending throughout its length. A buoyancy chamber 62 is
      formed within member 44 to permit selectively changing terminal 10
      buoyancy by flooding the chamber to lower terminal 10 position in the
      water or blowing the water out to raise terminal 10 position in the water.
PAR  Formed at the submerged end of buoyant member 44 is an open-bottom bathyal
      service chamber 12. Bathyal service chamber 12 has winch moorings 50 just
      inside its open bottom to provide connection points for anchor lines 16.
      Bathyal service chamber 12 has an opening diameter larger than the outside
      diameter of underwater manifold 30 so that the opening can be positioned
      over the manifold 30. To create a dry work habitat, bathyal service
      chamber 12 can be purged to ambient pressure by the introduction of
      compressed air into the interior of the chamber. Further details of member
      44 and bathyal service chamber 12 will be discussed hereinafter in
      reference to FIG. 2 and FIG. 3 and the embodiments illustrated therein.
PAR  Mounted atop member 44 is a swivel connection loading buoy 14 which is
      rotatable about an axis which is at the center of member 44. Swivel
      connection loading buoy 14 generally comprises a rotary support structure
      92 and a swivel coupling 94 interconnecting floating hoses 26 and flow
      lines 58 which are internal to member 44. The attachment of swivel
      connection loading buoy 14 to member 44 is made directly to rotary support
      structure 92. The swivel connection loading buoy 14 has index boom 48
      extending from it. An index line 24, connected to index boom 48 and tanker
      22, monitors the distance between the terminal 10 and tanker 22. As tanker
      22 moves about terminal 10 in response to wind and water currents, tension
      on floating hoses 26 will cause swivel connection loading buoy 14 to
      rotate. This rotation of swivel connection loading buoy 14 prevents
      floating hoses 26 from wrapping around terminal 10 or becoming kinked. As
      tanker 22 moves inward radially, the swivel connection loading buoy 14
      takes up the slack in floating hoses 26.
PAR  For a more detailed description of swivel connection loading buoy 14, the
      reader may refer to the systems disclosed in U.S. Pat. No. 3,365,734,
      issued Jan. 30, 1968, to Warren A Petrie and George R. Smith entitled
      "Buoy For Transferring Fluent Materials"; and U.S. Pat. No. 3,414,918,
      issued Dec. 10, 1968, to Warren A. Petrie and George R. Smith entitled
      "Apparatus For Transferring Fluent Materials", both of which are
      incorporated herein by reference. The present application is assigned to
      the same assignee as the above identified patents.
PAR  Swivel mooring connection 36 secures mooring line 18 to the offshore
      terminal 10. The swivel mooring connection 36 includes a bearing frame 54
      and a ring 56. Bearing frame 54 is placed around the periphery of buoyant
      member 44 near the end to which service chamber 12 is affixed. The bearing
      frame 54 creates a path for rotation around the tower 44 with the axis of
      rotation being the longitudinal axis of tower 44. Ring 56 is slidably
      mounted in the fixed bearing frame 54 and follows the circular track
      created by bearing frame 54. The bearing surfaces of bearing frame 54 can
      be of a non-corrosive material such as phenolic; while bearing races can
      be stainless steel. As the direction of the wind and current varies, a
      tangential force component will be developed at the swivel mooring
      connection 36 through mooring line 18. The force will cause the ring 56 to
      rotate about the vertical axis of the terminal 10. This rotational
      movement of swivel mooring connection 36 permits the tanker 22 to move
      rotationally about the terminal 10 in response to wind and currents acting
      upon the tanker 22.
PAR  Referring to FIG. 2, there is illustrated a detailed cross-sectional view
      of a specific embodiment of the present invention. Specifically, there is
      depicted buoyant member 44 and bathyal service chamber 12. Disposed within
      and running longitudinally through buoyant member 44 are flow lines 58.
      Flow lines 58 terminate just inside service chamber 12 with flanged
      couplings at the ends to which flexible hoses 28 are attached. The upper
      ends of flow lines 58 connect to the swivel connection loading buoy 14.
      Barrier plate 74 includes service chamber hatch 70 and forms a dividing
      wall between member 44 and service chamber 12. Upper bulkhead 60 and lower
      bulkhead 76 are placed in the interior of member 44 at a fixed distance
      apart to form buoyancy chamber 62. Buoyancy chamber 62 can be flooded
      through vent 112 to give terminal 10 a negative buoyancy or filled with
      air from compressor 110 to give terminal 10 a positive buoyancy. Lower
      bulkhead 76 is above barrier plate 74 and separated therefrom by a fixed
      distance thereby defining lower chamber 64 which is vented to sea
      pressure. Through the wall of bathyal service chamber 12, there is a
      docking port 102 which is arranged to receive submarine diving bell 82.
      Submarine diving bell 82 transports divers to docking port 102 where it
      docks, and divers enter the dry habitat 72 through escape hatch 78. Swivel
      mooring connection 36 is shown in place circumjacent member 44 and above
      service chamber 12. Swivel connection loading buoy 14 is shown with index
      boom 48 and flexible hoses 26 extending from it. Swivel coupling 94
      extends through an opening in the center of rotary support structure 92
      and inter-connects floating hoses 26 and flow lines 58. When flexible
      hoses 28 are coupled to the lower ends of flow lines 58, a continuous path
      for fluid transfer is established.
PAR  Buoyant member 44 is fully enclosed in the area which would be beneath the
      surface of the water when terminal 10 is in its lowered position. The
      portion of member 44 which extends above the water surface, even when
      terminal 10 is in the lowered position, may be constructed as skeleton
      structure 104.
PAR  Referring to FIG. 3, there is illustrated a detailed cross-sectional view
      of another embodiment of the invention. Reference numerals are the same as
      used in FIG. 2 for like elements. The embodiment in FIG. 3 differs from
      that of FIG. 2 in the manner in which divers are transported to service
      chamber 12. Disposed within member 44, running longitudinally therewith,
      is a personnel lift transport tube 86. Personnel lift transport tube 86
      extends from service chamber 12 to personnel transport entrance 96. Hatch
      door 70 seals the lower end of personnel lift transport tube 86. Personnel
      lift 88 travels vertically in transport tube 86 supported by lift cable
      100. Personnel lift 88 is moved between service chamber 12 and personnel
      transport entrance 96 by cable-take-up winch 98. Divers enter personnel
      lift 88 by way of personnel transport entrance 96. Personnel lift 88 may
      either be a pressurized or a non-pressurized cabin. Winch 98 lowers
      personnel lift 88 to the bottom of personnel lift transport tube 86.
      Divers leave personnel lift 88 and enter service chamber 12 through hatch
      door 70. Personnel lift 88 may include a decompression chamber if desired.
      An escape hatch 80 is also provided.
PAR  It is to be understood that, at locations where only shallow water is
      encountered and the divers are subjected to little pressure, divers may
      swim down unaided by any transport mechanism. Thus in some applications,
      the transport mechanisms described herein as a part of the preferred
      embodiments may be unnecessary and accordingly eliminated from the
      structure.
PAR  In use, the offshore terminal 10 floats in the water anchored by anchor
      lines 16. The buoyancy chamber 62 has some amount of water and air
      present, the exact amount depending upon the depth at which the terminal
      10 is desired to be positioned and the amount of anchor line tension
      desired. The bottom of bathyal service chamber 12 is positioned
      immediately above and some distance from underwater manifold 30. At the
      time of initial placement of the offshore terminal 10 or during subsequent
      times to repair the flexible flow lines 28, the buoyancy of member 44 may
      be altered allowing the terminal 10 to sink to the sea floor 32 with
      service chamber 12 enclosing underwater manifold 30. Service chamber 12
      can be purged thereby creating a dry habitat 72. Inside the habitat 72,
      work personnel can connect and work on flexible hoses 28. After the
      connection of flexible hoses 28 has been completed, the buoyancy chamber
      62 is cleared of water giving the terminal 10 a positive buoyancy again.
      The terminal 10 rises in the water until the anchor lines 16 are fully
      extended. Also, service chamber 12 can be allowed to fill with water after
      positioning is completed.
PAR  Anchor lines 16 attached to chamber 12 by winch moorings 50 can be a chain
      linkage arrangement, cable or other suitable restraining members. The
      lengths of anchor lines 16 are fixed such that flexible hoses 28 are
      extended with only a small amount of slack. Anchor lines 16 are positioned
      at the locations on the terminal 10 as shown to prevent extreme lateral
      movements which would put excessive stress on flexible hoses 28. The
      position of anchor lines 16 is further restricted to a point below the
      center of buoyancy. Due to this positioning of anchor lines 16, a fulcrum
      point is created allowing the terminal 10 to tilt as force is applied to
      it through mooring line 18. Tension applied on floating hose 26 will also
      cause terminal 10 to assume a tilted position in the water. The tilting of
      terminal 10, yielding to surges of tanker 22 as it makes excursions about
      its mooring, has the effect of creating additional slack in floating hoses
      26. The additional slack created by the tilting of terminal 10 makes it
      unnecessary to have excessive slack in floating hoses 26 which would allow
      the possible overrun of the tanker 22 and result in damage to floating
      hoses 26.
PAR  Fluid transfer between underwater manifold 30 and the tanker 22 takes place
      after the tanker 22 is moored and with the terminal 10 raised off the sea
      floor 32. For example, fluid is transferred from storage tanks onboard
      tanker 22 through floating hose 26 connected to tanker manifold 46. The
      floating hose 26 is also connected to swivel top 14 atop the offshore
      terminal 10. It is to be noted that floating hose 26 may be only a single
      hose or several. Swivel top 14 is in fluid communication with the flow
      line 58 which extends longitudinally within member 44. Again, it is
      pointed out that flow line 58 may comprise one or more than one pipe. Flow
      line 58 terminates just inside service chamber 12 and feeds a short
      flexible hose 28. The number of flexible flow lines 28 will generally
      correspond to the number of flow lines 58 within buoyant member 44. It
      would be possible, however, to use a Y connection thereby feeding only one
      flexible hose from two internal flow lines. Flexible hose 28 connects to
      underwater manifold 30 which thence leads into underwater pipeline 34 for
      carrying the fluid shoreward or to other destinations as may be required.
      Of course, the fluid can be passed through the system in the opposite
      direction to that just described. It is to be pointed out that while this
      specific fluid transfer line arrangement is shown as the preferred
      embodiment, other suitable fluid transfer line arrangements can be used.
PAR  Although the above description is directed to the preferred embodiment of
      the invention, it is noted that other variations and modifications will be
      apparent to those skilled in the art and, therefore, may be made without
      departing from the spirit and scope of the present disclosure.
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NUM  1.
PAR  1. An offshore marine terminal for mooring a tanker vessel and transferring
      fluids between the tanker and an underwater manifold, which comprises:
PA1  a buoyant member having a first end extending above the surface of the
      water and a second end submerged and extending beneath the water;
PA1  a bathyal service chamber on said second end of said member defining an
      underwater habitat suitable for maintaining humans in an artificial
      atmosphere;
PA1  means to selectively change the buoyancy of said member from a first
      lowered condition, in which said bathyal service chamber is positioned
      around said manifold to provide access to said manifold in a dry
      environment, to a second elevated positioned in which said member is
      disposed above said manifold; and
PA1  flow lines to transport the fluid, through said chamber, between the
NUM  2.
PAR  2. The offshore marine terminal of claim 1, which further comprises:
PA1  anchors for securing said member of the subsea floor; and
PA1  anchor lines secured to said anchors and attached to said member at a
      position permitting lateral movement of the first end of said member in
NUM  3.
PAR  3. The offshore marine terminal of claim 2, wherein said anchor lines are
      positioned to create a fulcrum point allowing said member to tilt in the
NUM  4.
PAR  4. The offshore marine terminal of claim 2, wherein said anchor lines are
NUM  5.
PAR  5. The offshore marine terminal of claim 2, including flexible couplings
NUM  6.
PAR  6. The offshore marine terminal of claim 1, which further comprises:
PA1  swivel connection fluid transfer means, mounted on the first end of said
      member, for maintaining fluid communication between said flow lines and
NUM  7.
PAR  7. The offshore marine terminal of claim 1, which further comprises:
PA1  a buoyancy chamber, proximate said member, which is selectively ballasted
NUM  8.
PAR  8. The offshore marine terminal of claim 1, which further comprises:
PA1  swivel mooring means circumjacent the lower portion of said member for
NUM  9.
PAR  9. The offshore marine terminal of claim 8, wherein said swivel mooring
      means is free to swivel 360.degree. around the vertical axis which
NUM  10.
PAR  10. The offshore marine terminal of claim 8, which further comprises:
PA1  a mooring line which moors the vessel to said swivel mooring means; and
PA1  a floating hose interconnecting a tanker manifold and said swivel
NUM  11.
PAR  11. The offshore marine terminal of claim 1, wherein said bathyal service
      chamber includes a docking port proximate thereto for receiving a
      submarine diving bell to provide access to said chamber from said diving
NUM  12.
PAR  12. The offshore marine terminal of claim 1, which futher comprises:
PA1  means disposed within said member for transporting personnel to and from
NUM  13.
PAR  13. The offshore marine terminal of claim 12, wherein said means for
      transporting personnel comprises:
PA1  a hollow, cylindrical tubular member positioned longitudinally within said
      member, said tubular member extending from said bathyal service chamber to
      a point just below said swivel connection fluid transfer means;
PA1  a capsule placed within the tubular member to carry personnel;
PA1  a cable attached to said capsule providing support thereto; and
NUM  14.
PAR  14. The offshore marine terminal of claim 11, wherein said means for moving
NUM  15.
PAR  15. An offshore marine terminal for mooring a tanker vessel and
      transferring fluids between the tanker and an underwater manifold, which
      comprises:
PA1  a buoyant member having a first end extending above the surface of the
      water and a second end submerged and extending beneath the water;
PA1  a bathyal service chamber on said second end of said member defining an
      underwater habitat suitable for maintaining humans in an artificial
      atmosphere;
PA1  means to selectively change the buoyancy of said member from a first
      lowered condition, in which said bathyal service chamber is positioned
      around said manifold to provide access to said manifold in a dry
      environment, to a second elevated position in which said member is
      disposed above said manifold;
PA1  flow lines to transport the fluid, through said chamber, from the manifold;
PA1  anchors for securing said member to the subsea floor;
PA1  anchor lines secured to said anchors and attached to said member at a
      position permitting lateral movement of the first end of said member in
      response to movement of said vessel; and
PA1  swivel connection fluid transfer means, mounted on the first end of said
      member, for maintaining fluid communication between said flow lines and
      the vessel.
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ABST
PAL  A swimming system for maximum efficiency in water has a single foot fin
      with a large fluke and two foot openings leading to foot pockets separated
      by a cushion. A series of water directed openings extend rearward and
      outward from a line above the toe portions of the pockets diagonally
      through the fluke to a line near a tip of the fluke on a rearward portion
      of the fin. A fastening surrounds the fin near instep areas of the
      foot-receiving pockets. A leg sheath has a corresponding lower fastening,
      a cushioning divider between legs and an achilles cushion above a heel
      portion to streamline the sheath. A reinforced upper waist band fastens to
      a jacket portion with hand openings which overlie hand fins formed of flat
      circular plates with finger and palm cutouts mounted between two pieces of
      synthetic dolphin skin. The helmet with an annular neck encircling cushion
      completes the streamlined entire body covering with a synthetic dolphin
      skin exterior. A blow-hole rearward of a neck portion of the helmet has a
      raised forward edge to promote air entrapment in a snorkle which leads
      through the annular cushion to a mouthpiece. A water-tight snap seal
      covers a forward opening in the mouthpiece. Nostril blocks are provided in
      a nose cavity. Eyes are encircled by seals which support curved lens for
      removing water distance distortions. Tubes lead from eye areas to the
      mouthpiece for pressure equalization. Screened ear holes permit pressure
      equalization and hearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many ways man has tried to increase efficiency in self-propelled
      movement through water. Several types of apparatus have been devised in
      attempts to aid efficiency of movement. Special strokes have been
      developed to further promote efficiency.
PAR  A need remains to provide a unitary streamlined swimming apparatus for
      achieving optimum efficiency in self-propelled movement through the water.
PAC  PRIOR ART
PAR  A collection of prior art devices disclosed in United States patents found
      in class 9, boats and aquatic devices, particularly swimming devices in
      subclasses 301-309; and respirators and masks in class 128, subclasses
      141, 142.4, 142.5 and 142.7 of the official United States Patent Office
      Classification of Inventions. Examples of the most pertinent patents which
      are found in those classifications are U.S. Pat. Nos. 2,693,180;
      3,165,764; 3,344,449; 1,530,560; 3,428,980; 2,851,707; 3,286,287; 243,834;
      1,675,372; 2,313,979 and 1,049,448.
PAR  Substantially all of the related body covering swimming aid suits which we
      uncovered were selected in a preexamination search conducted by the
      applicant's attorney. None suggests the constuction of the present
      invention.
PAR  U.S. Pat. No. 3,344,449 describes a lower body tube tightly fitting over
      legs in a mermaid-type arrangement with a single fluke which is detachable
      from the leg covering. The fluke is not constructed in the present manner.
      There are no boot portions, and there is no central foot separation. The
      lower body does not have a central leg separation.
PAR  A central leg separation is found in patent 1,530,560 but that separation
      is primarily functional in the operation of the device rather than as a
      soft cushion-like separation for tightly held legs, as in the present
      invention.
PAR  The upper torso-portion of the suit described in U.S. Pat. Nos. 2,851,707
      and 3,428,980 are of interest for their streamline shaping. However, the
      construction of those upper portions is not similar to the construction of
      the present suit and helmet.
PAR  In U.S. Pat. No. 3,428,980 the inventor indicates the necessity of hip
      mounted fins to work against the feet in dolphin kicks.
PAR  U.S. Pat. Nos. 3,286,287; 243,834; and 1,675,372 are examples of other
      swimming aid body suits.
PAR  U.S. Pat. No. 2,313,979 was selected to show a rigid hand mounted swimming
      fin. U.S. Pat. No. 1,049,448 was selected to show a webbed glove-type of
      swimming appliance.
PAR  The interconnection between fins in U.S. Pat. No. 3,165,764 was selected as
      a matter of interest.
PAR  No reference was found showing a suit with dolphin-like skin or suit having
      a built in snorkel with tubes extending within a neck surrounding cushion.
      No reference suggest eye pressure equalization from a mouthpiece. No
      reference suggests intermediately cushioned legs in a sheath with an
      achilles cushion. No references suggest a leg sheath which surrounds and
      grips heels of foot fins.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the invention is the provision of a swimming apparatus having
      a body covering skin formed of a wetable material which forms a slick
      lubricating layer over the surface of the entire body.
PAR  Another object of the invention is the provision of a unitary swimming
      apparatus having a head to toe to finger tip covering in a tight unitary
      streamlined manner for promoting water propulsion efficiency.
PAR  Another object of the invention is the provision of a foot fin having a
      broad fluke opposite two parallel foot-receiving pockets having a cushion
      separation.
PAR  Another object of the invention is the provision of a foot fin having a
      broad fluke with a plurality of traverse conduits diagonally leading from
      a line openings above a toe-holding portion rearwardly and outwardly to
      opening closer to an edge of the fluke remote from foot-receiving pockets.
PAR  Another object of the invention is the provision of a foot fin having a
      relatively greatly laterally extended fluke, and having foot pockets and
      fastening means on an exterior of the fin generally lying over a foot
      instep area of foot-receiving pockets.
PAR  Another object of the invention is the provision of a leg sheath for
      connecting to the foot fluke fin. The leg sheath being made of a slick
      synthetic dolphin skin and having longitudinal opening means for inserting
      legs, and having a leg divider centrally positioned in the sheath for
      cushioning and separating legs of a wearer, and having an upper
      reinforcement band and a lower fastening for connecting to a foot fluke
      fin.
PAR  Another object of the invention is the provision of a leg sheath with a
      cushion overlying achilles tendon areas above rearward heel areas of
      wearers for streamlining flow over the leg sheath.
PAR  Another object of the invention is the provision of a jacket for use with
      the apparatus, a jacket having a lower fastening means for connencting to
      the leg sheath, and having an upper neck encircling fastening means for
      connecting to a helmet, and having overlapping means at wrists for
      connecting to hand fins.
PAR  Another object of the invention is the provision of hand fins for use with
      the present apparatus, the hand fins having first and second layers of
      flexible slick skin and having a circular outline blade with palm and
      finger receiving areas positioned between the layers of skin and extending
      outward from finger tip areas.
PAR  Another object of the invention is the provision of a hand fin for use with
      the present swimming apparatus, which hand fin has first and second layers
      of slick skin of a generally quarter circular outline with palm and finger
      receiving pockets and forming web means between spread finger receiving
      pockets, which include thumb receiving pockets.
PAR  Another object of the invention is providing a helmet apparatus for use
      with the present swimming apparatus, the helmet comprising a generally
      annular cushion surrounding a neck area for forming a stream line curve
      between the lower skull and shoulders of a wearer, and having snorkel
      tubes extending through the annular cushion from a rearward blow-hole to a
      forward mouthpiece overlying a mouth area of a wearer.
PAR  Another object of the invention is the provision of a helmet with a
      water-tight snap opening in front of the mouthpiece.
PAR  Another object of the invention is the provision of a helmet with a
      blow-hole having a upward or forward raised lip for promoting eddy
      currents to maintain air in snorkel tubes leading away from the blow-hole.
PAR  Another object of the invention is the provision of a helmet with seals
      around eye areas and goggles curved vertically and horizontally, and
      connected to the seals, and with tubes extending from the goggle areas to
      the mouthpiece for equalization of pressure.
PAR  Another object of the invention is the provision of a helmet with goggles
      comprising lens for correcting distance distortion under water.
PAR  Another object of the invention is the provision of a helmet for use with
      the swimming apparatus of the present invention, the helmet having a
      mouthpiece with rearward leading tubes and having goggles and seals for
      surrounding eye areas and having tubes leading from goggles to the
      mouthpiece for equalization, and having a nose receiving cavity and
      nostril blocking members at a base of the nose receiving cavity for
      stopping air passage through a nose.
PAC  SUMMARY OF THE INVENTION
PAR  The present system is a complete unit designed to enable man to achieve a
      maximum speed and efficiency under water in relation to the amount of
      energy consumed. The system was inspired by the study of various cetaceans
      (whales) and it is hoped that through practice and familiarity in general,
      man will be able to achieve at least fifty percent efficiency, in relation
      to body weight and size, of the comparable cetacean.
PAR  The system is divided into four parts: the foot fin, the wet suit, the hand
      fin, and the helmet.
PAR  The foot fin is designed after the tail fluke of the cetacean, which
      distinguishes the cetacean from all other mammals.
PAR  The fin is altered for either appearance or efficiency. The basic fin is
      twenty seven inches wide by eighteen inches long and resembles a tail
      fluke, except that there is also a swim-flipper boot in which both feet
      are placed together with a rubber divider between them for protection. The
      fluke is set at an angle to the boot so as to increase efficiency on the
      downward and upward movements incorporated in the dolphin kick. The major
      alteration for more efficiency is the incorporation of aqua-jets in the
      forward section of the fluke. This gets rid of various eddys which form on
      the surface of the fin as well as increases the surface area of the fin.
      Also the outline may be altered at the request of the manufacturer for
      purposes of appearance or efficiency.
PAR  The wet suit is to be made out of synthetic dolphin skin. The fin and mask
      are to be made out of rubber and treated in such a way as to make the
      surface shiny. The suit is reinforced at the hips by a strong material or
      canvas so that there is no slippage when the bottom half is used without
      the top.
PAR  The bottom half of the wet suit is designed to wrap snugly around both legs
      and close with slide fasteners or hook and loop plastic strips at the
      front and is constructed to fasten to the fin in a similar manner. The
      suit connects to the fin at the bottom of the heel and at the top of the
      arch.
PAR  There is a rubber piece which goes between the legs for protection and
      comfort. The rubber piece may be altered for more comfort in swimming,
      depending on the build of the swimmer. Also there is a rubber form which
      goes behind the achilles tendons to give form to the suit and cut down
      resistance to the water.
PAR  The top of the wet suit is specially cut so that the seams give maximum
      movement to the swimmer and minimum resistance to the water. The suit
      closes in the front in the same manner as does the bottom and is worn
      snug. The neck is circular in the area of the collarbone. The top portion
      of the suit ends around the hips, where it secures to the bottom half
      reinforcement band with hook and loop plastic strips. The hooks are inside
      the lower edge of the top half and the loops are on the bottom half. The
      suit may have comfort slide fasteners on the forearm for easy entry.
PAR  The hand fin consists of two pieces of synthetic dolphin skin with an
      optional fiberglass reinforcement between for support. The fin is cut so
      that it forms around a spread hand and closes around the wrist. The jacket
      fits over the wrist area. The general outline of the fin is circular, and
      the fin extends approximately two inches past the finger tips. A smaller
      non-reinforced hand fin may be used for dexterity, and although not as
      efficient, the web between the fingers gives the swimmer some leverage to
      use against the foot fin, but still allows him to grasp objects.
PAR  The helmet consists of two parts which combine to make one unit.
PAR  The face mask portion consists of a contoured face plate of shiny rubber in
      which are secured a mouthpiece and goggles. The mouthpiece has a one inch
      inside diameter to enable fast unobstructed breathing and conforms to a
      open mouth of about one inch diameter. On the forward part of the
      mouthpiece there is a manual opening with a water-tight snap covering of
      one inch diameter to allow emergency breathing and oral communication on
      the surface.
PAR  A snorkel within the helmet has two tubes which go around the neck and
      which converge fowardly at the mouthpiece and rearwardly at a blowhole.
      The air tubes of the snorkel are approximately three-fourhts inch inside
      diameter and converge rearwardly on a blowhole of about one and one-eigth
      inches inside diameter.
PAR  The construction of the blowhole is such that water flow over the raised
      forward part of the hole is disturbed to such an extent that the eddy
      formed holds the air inside the blowhole and as such does not allow water
      inside. This function cuts down on the exertion the swimmer has to provide
      when blowing water out of the snorkel, thus providing a more efficient
      breathing process.
PAR  The goggles are constructed out of approximately one sixteenth inch rigid
      tough glass-like finished plastic or any other glass or plastic material
      which allows for lens curvature and tempering.
PAR  The lenses are curved vertically and horizontally to allow for the
      refraction of light through the different media so that the distance and
      sizes are perceived as if the swimmer were in the air. The horizontal
      curvature is continued to allow the lense to wrap around the face and
      allow for peripherial vision. On the side there may or may not be vertical
      curvature.
PAR  The lenses are mounted so that the bottom is further away from the face
      than the top. This allows for a more forward field of vision without the
      movement of the head. The mounting is also such that the lenses are as
      flush with the face as reasonable so that there is little or no resistance
      to the water.
PAR  The lenses are glued into the frames and there is a seal around the eyes so
      that there is no leakage of water. There are two tubes of one sixteenth
      inch diameter which connect the goggles directly with the top of
      mouthpiece. This allows for air pressure equalization in the mask.
PAR  The nose is plugged by the mask so that sinus and eustachian tube pressure
      equalization can be achieved by blowing out the nose without having to
      reinforce the structure with a hand motion and thus cause water resistance
      and wasted energy.
PAR  The second helmet portion combines with the mask rubber and is made out of
      synthetic dolphin skin. There is a screened hole over the ears to permit
      hearing and to allow free flow of pressure. Around the neck of the helmet
      is a rubber cushion through which the snorkles pass and which is attached
      to the helmet skin. The blowhole is at the back of the neck. The purpose
      of the cushion is to shape the neck and top of the shoulders in such a way
      as to cut down resistance in the form of eddys which are prevalent in that
      area. The lower part of the helmet attaches in a vee across the chest and
      back of the shit jacket with hook and loop plastic strips fasteners.
PAR  The swimming movement used within the present system is the dolphin stroke.
      The hands move opposite the hips; the hand fin is used as leverage against
      the foot fin during dolphin-type kicking. The stroke utilizes the dolphin
      kick and a sculling motion with the hands. This makes a greater speed
      accessable for a limited amount of energy consumed. When using just the
      bottom half of the suit the dolphin kick provides the only propulsion.
PAR  The present system is manufactured and sold as a whole unit and as separate
      parts. The whole unit is particularly useful to oceanariums for
      instruction and shows, to body surfers, and to skin divers. The bottom
      half is useful to the same group plus SCUBA divers and kneeboard surfers.
      The rubber mask when fitted with prescription lenses allows persons to
      board surf, water ski, springboard dive without having to worry about
      losing their lenses.
PAR  In one modification, the jacket has rubber cushions and more dolphin skin
      to provide a streamline housing for SCUBA gear to cut down resistance.
PAR  These and other objects and features of the invention are apparent in the
      disclosure which includes the foregoing and ongoing description, the
      claims and the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of a swimming apparatus constructed according
      to the present invention.
PAR  FIG. 2 is a side elevation of the swimming apparatus shown in FIG. 1.
PAR  FIG. 3 is a rear elevation of the swimming apparatus shown in FIGS. 1 and
      2.
PAR  FIG. 4 is a front elevation of a foot fluke fin used with the present
      swimming apparatus.
PAR  FIG. 5 is a sectional view of the fluke shown in FIG. 4.
PAR  FIG. 6 is a side elevation of the fluke shown in FIG. 4, further
      illustrating the fastening means for connecting the fluke to a leg sheath.
PAR  FIG. 7 is a detail of a leg sheath used with the present invention.
PAR  FIG. 8 is a elevational detail of a hand fin used with the swimming
      apparatus of the present invention.
PAR  FIG. 9 is a detail of layering of elements in the hand fin of FIG. 8.
PAR  FIG. 10 is a detail of an alternate form of hand fin used with the present
      invention.
PAR  FIG. 11 is a detail of an helmet used with the present invention.
PAR  FIG. 12 is a side view of the helmet shown in FIG. 11.
PAR  FIG. 13 is a detail of the blow-hole and snorkel tube shown in FIG. 12.
PAR  FIG. 14 is a detail of the blow-hole and snorkel tubes taken from a
      different angle.
PAR  FIG. 15 is a top view detail of the blow-hole and snorkel tubes in the
      helmet of the present swimming apparatus.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, swimming apparatus is generally indicated by the
      numeral 1. The apparatus comprises a foot fluke fin 2, a leg sheath 4, a
      jacket portion 6, hand fin portions 8, and a helmet 10.
PAR  The foot fluke portion 2 has a broad, laterally extended fluke 12, with a
      distal edge 14. Holes 16 let water out of foot pockets in the
      foot-receiving portion 18. Port openings 20 connect diagonal passageways
      with lower rearward ports 22 as shown in FIG. 3.
PAR  The leg-receiving sheath has a front longitudinal opening 24, which may be
      fastened after legs are placed in the sheath.
PAR  The jacket portion 6 has a waist 26 which overlies a waist portion of the
      leg-receiving sheath 4, and has a front opening 28 with a slide-type
      fastener or with a micro hook-and-loop fastener apparatus. Arms 30 of the
      jacket portion 6 terminate outwardly in overlapping portions 32 which
      cover wrist portions of hand fins 8.
PAR  The hand fins 8 have wrist areas 34 which underlie the overlying portions
      32 of jacket sleeves 30 and have palm areas and finger areas 36 and 38,
      respectively. A blade 40 extends outwardly from the palm and finger areas
      and terminates outwardly in a curved outer edge.
PAR  Helmet 10 has a neck area 42 which is cushioned to provide a streamlined
      configuration between a head of a wearer and shoulders. A lower peripheral
      area 44 has underlying fastening means which cooperate with complementary
      fasteners on the jacket portion 6 to insure a smooth flow over the suit.
      The helmet 10 has a cushioned and shaped cap or nose portion 46. Portions
      42 and 46 are joined rearwardly. In a preferred construction, the head
      piece has a separate face plate 50 in which a mouthpiece, nose cavity and
      goggles are secured. The mouthpiece has a cap 52 which snaps open for
      communications and forward breathing. Goggles 54 are surrounded by seals
      and are joined to the mouthpiece by tubes which permit pressure
      equalization.
PAR  The mouthpiece is connected through snorkel tubes to a blow-hole 56 shown
      in FIGS. 2 and 3. The blow-hole is mounted at the back of the neck
      encircling area 42 just below the head back covering portion 58 of the
      helmet. Ear openings 60 as shown in FIG. 2 are provided with screens which
      permit pressure equalization and hearing while preventing injury to the
      ears.
PAR  The entire swimming apparatus shown in FIGS. 1, 2 and 3 is constructed of
      synthetic dolphin skin which is a soft pliant material having an extremely
      slippery surface area when wetted.
PAR  On sheet 2 of the drawings the foot fluke fin 2 is shown in detail in FIG.
      4. The fin has a laterally extended fluke portion 12, which tapers
      outwardly and terminates in a curved distal edge 14. Foot-receiving
      pockets 62 are divided centrally by a cushion 64. Openings 66 provide
      access to the foot-receiving pockets in the foot mounting portion 18.
      Holes 16 permit flow out of toe areas of pockets 62 when feet are inserted
      in the pockets. A parallel row of plural port openings 20 leads from an
      area of the fluke just forward of the toe through diagonal channels 68 to
      rearward ports 22 as seen with reference to FIGS. 5 and 2.
PAR  As shown in FIGS. 4 and 6, a fastening means 70 constructed from micro
      hoop-and-loop type fasteners surrounds the foot portion 18 of the foot
      fluke fin 2.
PAR  Referring to FIG. 7, the fastening means on the foot fin has a
      complementary inward facing fastening means 72 around a lower edge of a
      leg-receiving sheath 4. The leg-receiving sheath 4 has a hip-receiving
      portion 74 which is topped by a reinforced waist band 76 which is also
      provided with external fastening means preferably of the micro
      hook-and-loop type.
PAR  A central cushion 78 divides the leg-receiving areas of the leg-receiving
      sheath, and separates and cushions the legs. An achilles tendon cushion 80
      covers the rearward lower leg areas of a wearer above a heel and
      streamlines the line of the leg-receiving sheath 40. The lower portion 82
      of the leg-receiving sheath surrounds the instep and heel portion of the
      foot fluke fin 2.
PAR  With reference to FIG. 8 and FIG. 9, it may be seen that the hand fin 8 is
      constructed of two layers 84 and 86 of synthetic dolphin skin with an
      intermediate rigid plate 88 which forms a fin 40 having a curve
      substantially circular out edge 90. Finger receiving cavities 38 extend
      outward from a palm receiving cavity 36 which is formed between the layers
      of dolphin skin. The finger receiving cavity 38 include a cavity for the
      thumb as shown in the drawing. In a preferred embodiment, plate 88 is
      formed with a hand, palm and finger receiving recesses.
PAR  An alternate hand fin is shown in FIG. 10. A sheath formed of one or two
      layers of dolphin skin has a wrist area 92 and palm and finger areas 94
      and 96, which are joined by webs 98 extending between finger and thumb
      receiving areas 96 and extending outward to tips of the digits.
PAR  With reference to FIGS. 11 and 12, the helmet 10 has a neck area 42 formed
      of an annular shaped cushion which surrounds the neck of a wearer and
      which streamlines the configuration of the entire suit from head to
      shoulders. Helmet 10 has a bottom fastening 100 means on an underside of
      the helmet around an edge to cooperate with a complementary fastening
      means on the jacket portions 6 to hold the helmet and jacket tightly
      assemblied. In a preferred form, the fastening means between the helmet
      and the jacket are constructed of micro loop-and-hook type fasteners.
PAR  An upper neck 102 of jacket 6 is shown in FIGS. 11 and 12.
PAR  Snorkel tubes 104 extend rearward from mouthpiece 106 to a snorkel 56
      mounted exteriorly on a rear surface of the neck encircling portion 42 of
      helmet 10. In a preferred embodiment such as shown in FIGS. 14 and 15, two
      snorkel tubes are employed and the snorkel tubes 104 join at the
      mouthpiece 106 and at the blow-hole 56. In the preferred embodiment shown
      in FIGS. 12-15, the blow-hole has a smooth leading edge 108 which leads
      upward to an apex 110 at the forward or upward edge of the blow-hole. This
      forward apex 110 and the sloping forward wall 108 and sloping side walls
      112 create eddy currents around the blow-hole which keep the interior
      cavity 114 of the blow-hole free of water.
PAR  The sloping interior walls of cavity 114 are best shown in FIGS. 13, 14 and
      15.
PAR  As best shown in FIG. 11, the cap portion 46 and neck portion 42 of the
      helmet 10 are joined in a single section. A face plate which is held
      tightly against the face by the large helmet portion includes the
      mouthpiece 106 and goggles 54 which are surrounded by seals 116. The seals
      lie tightly against the face of the wearer, and the sealed area around the
      goggles is communicated with the mouthpiece by small tubes 118, which
      equalize pressure in the goggles.
PAR  In nose cavity 120 as best shown in FIG. 12 is provided with nostril
      blocking members 122 to prevent air flow from the nostrils so that the
      helmet may be equalized by blowing outward through the mouth. Cap 52 which
      opens the mouthpiece forwardly, and which closes in a water tight seal is
      shown in both FIGS. 11 and 12.
PAR  The ear openings 60 which permits hearing and pressure equalization is
      provided with a screen 124 to prevent objects from entering the cavity.
PAR  Although the invention has been described with reference to specific
      embodiments, it will be obvious to those skilled in the art that
      variations and modifications may be constructed without departing from the
      spirit and scope of the invention. The scope of the invention is defined
      in the following claims.
CLMS
NUM  1.
PAR  1. The swimming apparatus comprising a foot fin having a broad fluke area
      and having a narrower foot receiving section in another portion, the foot
      receiving section comprising adjacent foot pockets separated by a divider,
      each pocket having a separate upward opening for passing an ankle portion
      of a foot, first fastening means on the fin and second fastening means for
      engaging the first fastening means, the second fastening means being
      mounted along an inner surface of a lower edge of a leg receiving sheath,
      the leg receiving sheath comprising a slick skin having leg receiving
      means for holding legs for movement together, and having a longitudinal
      opening for inserting legs, and having a leg divider centrally
      longitudinally mounted on an interior of the skin for cushioning and
      separating legs, the leg receiving sheath having a hip receiving portion
      and having an upper reinforcement band surrounding an upper edge of the
NUM  2.
PAR  2. The swimming apparatus of claim 1, further comprising openings extending
      angularly through the fluke portion form a line near a toe part of the
      foot-receiving pocket, rearward and outward toward the outer edge of the
NUM  3.
PAR  3. The swimming apparatus of claim 1, comprising the first fastening means
      mounted on the fin and encircling and surrounding the fin in a
      substantially continuous line passing from a forward point on a center of
      an upper surface of the fin, rearward and downward over a toe area of both
      foot-receiving pockets and downward around an underside of the fin in an
      area corresponding to an instep area of the foot-receiving pocket, so that
      the fastener is forward of a heel portion of the foot-receiving pockets.
NUM  4.
PAR  4. The swimming apparatus of claim 1, wherein the leg receiving sheath
      further comprises a generally triangular shaped cushion having a smooth
      outward streamline configuration mounted in a lower rearward portion of
      the sheath for cushioning the legs and streamlining the sheath in the
      portion of the sheath configured for overlying achilles tendons above
NUM  5.
PAR  5. The swimming apparatus of claim 1, further comprising a first waist
      fastening means mounted exteriorly on the reinforcement band of the leg
      sheath, and a second complementary fastening means mounted interiorly on a
      lower edge of a jacket portion, the jacket portion having a body trunk
      portion with a waist opening and with a head opening, and with a jacket
      opening fastening extending from the head opening to the waist opening,
NUM  6.
PAR  6. The swimming apparatus of claim 5, further comprising hand fin means
      having a wrist band portion for underlying the overlapping portion, and
      having first and second slick skin layers for respectively overlying and
      underlying hand, palm and finger portions, and further comprising a
      fiberglass reinforcement blade having a generally circular conformation
      mounted medially at edges of the first and second slick skin portions, and
NUM  7.
PAR  7. The swimming apparatus of claim 5, further comprising a hand covering
      having a wrist portion for underlying the overlapping portion, and having
      a hand covering extending outward from the wrist portion, the hand
      covering having a palm portion and having separate finger covering
      portions, and a flexible web means extending between the finger portions
NUM  8.
PAR  8. The apparatus of claim 5, further comprising an upper fastening means
      encircling the neck opening of the jacket portion, and generally overlying
      the shoulders and back of the jacket portion, and dipping downward in
      front of the neck opening, a second complementary neck surrounding
      fastening means for connecting to the upper fastening means, the second
      complementary neck surrounding fastening means being connected to a lower
      surface of a helmet, the helmet having an annular cushion generally
      surrounding a neck area of a wearer for forming a streamlined curve
      between a top of a head and shoulders of the wearer, the helmet further
      defining a blow-hole in a rearward portion of the helmet and snorkel tubes
      leading forward from the blow-hole forward through the annular cushion to
NUM  9.
PAR  9. The apparatus of claim 8, further comprising a water-tight snap seal
      over the mouthpiece for opening the mouthpiece to an exterior of the
      helmet whereby the wearer may breathe forwardly and may orally communicate
NUM  10.
PAR  10. The apparatus of claim 8, wherein the blow-hole comprises an opening in
      the rearward surface of the helmet with a raised forward edge portion
      around the opening in the direction toward the top of a head of a wearer,
      whereby eddy currents are formed around the blowhole for insuring and
      promoting air communication with the blow-hole, and for preventing filling
NUM  11.
PAR  11. The swimming apparatus of claim 8, wherein the helmet further comprises
      a goggle portion having sealing means extending around an area which
      corresponds with an eye area of a wearer, and having lens means fitted on
      the sealing means and being formed with vertical and lateral curvatures
      for promoting correct vision underwater, and further having tubes leading
      from areas within the seals to the mouthpiece for equalizing pressures in
      the lens area, and wherein the helmet further has a blockage beneath a
      nose cavity for stopping nose passages whereby blowing through the mouth
NUM  12.
PAR  12. Swimming apparatus of claim 5 further comprising a helmet, the helmet
      having an annular cushion generally surrounding a neck area of a wearer
      for forming a streamlined curve between a top of a head and shoulders of
      the wearer, the helmet further defining a blow-hole in a rearward portion
      of the helmet, snorkel tubes leading forward from the blow-hole forward
      through the annular cushion to a mouthpiece covering a mouth area of a
      wearer, and a ncek surrounding fastening means being connected to a lower
NUM  13.
PAR  13. The swimming apparatus of claim 12, wherein the blow-hole comprises an
      opening in the rearward surface of the helmet with a raised forward edge
      portion around the opening in the direction toward the top of a head of a
      wearer, whereby eddy currents are formed around the blow-hole for insuring
      and promoting air communication with the blow-hole, and for preventing
NUM  14.
PAR  14. The swimming apparatus of claim 12, further comprising a water-tight
      snap seal over the mouthpiece for opening the mouthpiece to an exterior of
      the helmet whereby the wearer may breathe forwardly and may orally
NUM  15.
PAR  15. The swimming apparatus of claim 12, wherein the helmet further
      comprises a goggle portion having sealing means extending around an area
      which corresponds with an eye area of a wearer, and having lens means
      fitted on the sealing means and being formed with vertical and lateral
      curvatures for promoting correct vision underwater, and further having
      tubes leading from areas within the seals to the mouthpiece for equalizing
      pressures in the lens area, and wherein the helmet further has a blockage
      beneath a nose cavity for stopping nose passages whereby blowing through
NUM  16.
PAR  16. Swimming apparatus comprising a leg-receiving sheath having a slick
      skin and having longitudinal opening means for inserting legs, and having
      a leg divider centrally longitudinally mounted on an interior of the skin
      for cushioning and separating legs, the leg-receiving sheath having a
      hip-receiving portion and having an upper reinforcement band surrounding
      an upper edge of the hip receiving portion, and fastening means being
      mounted along an inner surface of a lower edge of the leg-receiving
NUM  17.
PAR  17. The swimming apparatus of claim 16, wherein the leg-receiving sheath
      further comprises a generally triangular shaped cushion having a smooth
      outward streamline configuration mounted in a lower rearward portion of
      the sheath for cushioning the legs and streamlining the sheath in a
      portion of the sheath configured for overlying achilles tendons above
      rearward heel areas of a wearer.
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ABST
PAL  A unitary hollow paddle wheel of a size to receive a person in upright
      position and composed of two circular pneumatic tubes connected in spaced
      relation by transverse members that also support a tread which is operated
      by the person within the wheel to propel the same in a forward or backward
      direction and through which the person may observe his progress.
BSUM
PAC  THE INVENTION
PAR  This invention relates to a water craft in the form of a wheel built to
      receive a person and enabling the latter by a running or walking motion to
      move the wheel forwardly or rearwardly, or to cause it to turn to the
      right or left as desired.
PAR  The primary object of the invention is to provide a novel sports wheel
      which will permit a person to travel on water at varied speeds and in
      selected directions and at the same time get the feel of the body of water
      on which he is traveling.
DRWD
PAR  Other objects of the invention, as well as the advantages and features of
      novelty thereof will become apparent from a perusal of the following
      description, when read in connection with the accompanying drawings, in
      which:
PAR  FIG. 1 is a side elevational view of a waterwheel embodying the invention
      and indicates how it may be operated by a sportsman;
PAR  FIG. 2 is an enlarged front elevational view of the waterwheel shown in
      FIG. 1;
PAR  FIG. 3 is a central, front elevational, vertical sectional view of the
      waterwheel shown in FIG. 2;
PAR  FIG. 4 is an enlarged partial elevational view showing one end of one of
      the tube and tread connecting members on the waterwheel;
PAR  FIG. 5 is an end elevational view of the part shown in FIG. 4;
PAR  FIG. 6 is a top plan view on an enlarged scale of one of the tread members;
      and
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 6.
DETD
PAR  In the drawings, the numerals 10,11 designate the two circular tubular
      members which provide the waterwheel with its floating capability. The
      tubes are of sufficient diameter, say of the order of ninety inches to
      enable a person to freely enter either side of the waterwheel and to run
      or walk within the wheel without coming into interference with the wheel
      structure while doing so. The tubes 10 and 11 may be made of any suitable
      material and are preferably inflatable and made of a flexible, resilient
      material such as a known plastic or rubber substance. Each of the tubes 10
      and 11 define a closed, circular pocket within which is contained air or
      any suitable gas under a given pressure to provide the wheel with the
      desired buoyancy. The pockets in the tubes 10 and 11 may be permanently
      sealed, or the tubes provided with suitable air valves of a known type to
      enable the tubes to be collapsed and the waterwheel disassembled at will.
      The tubes 10,11 are of sufficient width, such as about one foot, and are
      sufficiently spaced apart, say of the order of four feet, to provide the
      stability needed for varied manipulation of the wheel in the water without
      it toppling from its upright or operable position.
PAR  The two tubes 10 and 11 are connected together by a series of spaced,
      transversely extending holder members each of which is generally
      designated by the reference numerals 15. The holder members 15 are
      separate from each other and are made of any suitable rigid material such
      as metal, plastic, wood, etc. As will be observed in FIGS. 1 to 3 of the
      drawings, the holder members 15 are multi-purpose members and perform a
      plurality of functions. Thus, they (1) connect the tubes 10 and 11 to the
      wheel structure, (2) provide paddle blades 16 for propelling the wheel,
      (3) provide supports for the tread panels 17, (4) provide handles 18 for
      the sportsman operating the wheel, and (5) form openings 19 through which
      the sportsman can see where he is heading. As will be seen more clearly in
      FIGS. 2-5 of the drawings the holder members 15 extend across the space
      between the two tubes 10 and 11 and are each provided at their outer ends
      with arcuately-shaped portions 20,20 shaped to receive the tubes 10 and
      11. The outer end 21 of each arcuate portion 20 extends from a point short
      of an outside radius of the associated tube and on the inner side of such
      tube so that the wheel may be rolled on land without interference by the
      holders 15. Each arcuate portion 20 extends from its outer end 21 inwardly
      around the associated tube for a distance slightly greater than
      180.degree. so that its inner end 22 terminates short of the outer side of
      the associated tube. The arcuate tube holding portions 20 of the holder
      members 15 therefore do not project beyond the sides of the tubes 10 and
      11, but provide sufficient seating area to enable them to securely hold or
      grip the two tubes. Preferably the diameter of the inner seating surfaces
      of the arcuate portions 20 is less than the diameter of the tubes in their
      expanded condition so that such portions exert a gripping action on the
      tubes in the latters inflated condition.
PAR  Integral with and extending between the two end arcuate portions 20 of each
      holder member 15 is a transverse bar-like portion 23, the inner edge of
      which is substantially in alignment with associated cross-sectional
      horizontal diameters of the two tubes, and the central portion of which
      provides a handle 18. Extending outwardly from the end portions of the bar
      portion 23 and integral with the latter are two paddle blades 16,16 spaced
      by the handle 18 thereof. The blades 16 project out as far as the outer
      ends 21 of the associated arcuate portions 20 and are integral with such
      outer ends 21. Thus the paddle blades 16 are rigidified by the arcuate
      portions 20 and in turn rigidify the outer ends 21 of the latter. The
      inner end portions of the blades 16 incline inwardly toward the handle 18
      of the holder 15. As a result of its configuration, each blade 16 has a
      mean length of approximately two and one-half feet. On the inner side of
      each blade 16, the associated arcuate portion 20 gradually enlarges from
      its inner end portion and such enlarged section 24 of the arcuate portion
      20 is integral with the blade 16 and the associated outer end of the bar
      portion 23 and affords a strong connection between the three holder parts
      16, 20 and 23.
PAR  As will be observed more readily in FIGS. 2 and 3 of the drawings, the
      adjacent holder members 15 are spaced by the tread panels 17 which are
      connected together by the means shown in FIGS. 4-7 of the drawings. Each
      bar portion 23 of the holder member 15 is provided on both sides with
      slots 25 configured cross-sectionally to receive with a snap fit beads 26
      provided on the end edges of the tread panels 17. The tread panels 17 may
      be made of any suitable material and may be made of the same or of a
      different material than that of the holder members 15. The tread panels 17
      are each arcuately shaped in the circumferential direction of the wheel
      and are approximately three feet wide and five feet long to afford
      adequate footing for the operator. Preferably also, the panels 17 are
      provided throughout their entire areas with openings 27 to provide ready
      drainage of water therefrom and to assure a secure footing for the
      operator.
PAR  It will be understood from the above description of the waterwheel of this
      invention, that the parts thereof can be readily assembled without the use
      of tools and when assembled will provide a sturdy wheel construction
      capable of enduring the stresses it will undergo during its operation on a
      water mass. All that is necessary in the assembly of the parts thereof is
      to initially space the holder members 15 on the two tubes 10, 11 which
      have been initially partially inflated, and then progressively connecting
      the beaded ends of the tread panels 17 to the grooves 25 in the holder
      members 15. The tread panels 17 are all of equal size and so dimensioned
      with respect to the tubes 10, 11, that when they have been properly
      assembled the holder members 15 will be equally spaced about the tubes.
      When the holders 15 and tread panels 17 have been assembled on the tubes
      10 and 11, the latter are provided with additional air pressure sufficient
      to lock the arcuately-shaped portions 20 and consequently the holders 15
      and the tread panels 17 to the tubes.
PAR  As indicated in FIG. 1 of the drawings, the waterwheel in usage floats in
      an upright position due to the buoyancy of the two tubes 10 and 11.
      Because the two tubes are relatively large and boardly spaced, the wheel
      is relatively steady in its upright position. The wheel is propelled by
      the operator walking or running on the tread panels 17 to cause the wheel
      to revolve in one direction or the other. This rotatable movement of the
      wheel is translated into a linear motion on the water mass by the paddles
      16 which engage the water and push the wheel in the direction it is
      rotating. The operator preferably grips the handles 18 while he is walking
      or running to steady him in his movements and to enable him to tilt the
      wheel so that he can move toward the left or right as he desires. By
      reason of the spaces 19 between the two series of tread panels 17 and the
      fact that the sides of the wheel are open, the operator can observe at all
      times his position and where he is headed. Due to the open character of
      the waterwheel and the fact that as it revolves the paddles and treads
      will be lifting water, the operator will get the feel and sound of the
      water in which he is operating and will be maintained cooled as though he
      were swimming. It will be apparent that an active operator can create many
      types of maneuvers for his amusement and that the wheel provides an
      attractive competitive device.
PAR  While I have described and illustrated a preferred embodiment of my
      invention, it will be apparent to those skilled in the art, that various
      changes may be made therein without departing from the spirit of the
      invention, or the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A manually operable water craft, comprising a pair of circular pneumatic
      tubes made of flexible, resilient material and arranged in spaced
      side-by-side upright relation for rotary motion on the surface of a water
      mass and forming two closed circular pockets for a gas providing the craft
      with the desired buoyancy in the upright rotatable positions of said
      tubes, a plurality of diametrically spaced and transversely extending
      holding members located between and connecting said circular tubes in
      spaced side-by-side relation, said transverse holding members being formed
      at both outer ends to provide tube gripping means each enclosing in
      gripping relation the inner wall portion of a tube, the central portions
      of said holding members being configured to provide centrally of the craft
      diametrically spaced hand grips for the operator, and said holding members
      between said outer tube gripping means and said central portions thereof
      being each configured to form two outwardly projecting spaced paddles, the
      paddles of said holding members being aligned to form two spaced series of
      circumferentially spaced paddles adapted to convert rotary motion of the
      craft into linear motion on the water mass, a series of arcuately-shaped,
      perforated panels aligned with each series of paddles with the panels in
      each series thereof located between the paddles aligned therewith, and
      means connecting the ends of the panels in each series to said holding
      members at the root portions of the paddles with such panels to provide
      within the two series of paddles two circular treads on which an operator
      within the craft walks to cause rotation of said tubes, said two spaced
      aligned series of tread panels and paddles providing a central circular
      opening therebetween interrupted only by the central portions of said
      holding members extending across said opening to provide hand grips for
      the operator.
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PAL  A triggering device intended to be actuated upon being immersed in water
      uses a force-transmitting member of variable length in the form of an
      array of collapsible struts restrained from folding, and hence triggering
      the device by at least one tensile member of which the strength reduces
      greatly when wetted.
BSUM
PAR  This invention relates to triggering devices, particularly for inflatable
      bodies which are automatically inflated by the triggering device on coming
      into contact with water.
PAR  Occupants of aeroplanes are frequently equipped with inflatable flotation
      devices so that if, in an emergency, they have to escape from the aircraft
      into the sea or other waters, they can inflate the devices and be kept
      afloat while waiting to be rescued. Unfortunately, people are sometimes
      unconscious when they enter the water and are therefore unable to initiate
      the inflation of their devices. Such devices usually include a container
      of pressurised gas which can be released by means of an actuator to cause
      the gas to provide inflation. The actuator could be connected to a part of
      the aeroplane so that it is triggered when the occupant has made his exit
      or, in some cases, separated from his seat. However, this has the
      disadvantage that the triggering device might easily be actuated by
      excessive movement of the occupant, leading to the device inflating when
      not needed. In a subsequent emergency the occupant might be unable to
      leave the aircraft because of the excessive volume of the inflated device.
PAR  It is the aim of the present invention to provide a triggering device which
      is automatically actuated within a few seconds of coming into contact with
      water.
PAR  Accordingly the present invention provides an immersion-actuated triggering
      device which is as claimed in the appended claims.
DRWD
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of an inflatable life jacket fitted with a
      triggering device of the present invention;
PAR  FIG. 2 shows a section through a triggering device of the present
      invention;
PAR  FIG. 3 is a section on the line III--III of FIG. 2, and;
PAR  FIG. 4 is a partial sectional view of the collapsible struts shown in FIG.
      1, but drawn to a larger scale.
DETD
PAR  FIG. 1 shows a life jacket 2 having a gas inlet 4 connected to the outlet
      of a triggering device indicated diagrammatically at 6, the device, when
      actuated, serving to allow gas under pressure to enter, and inflate, the
      life jacket 2 from a capsule 8 containing gas under pressure. It will be
      appreciated that the life jacket shown in FIG. 1 is not drawn in the
      position and shape in which it would be when worn by a aviator or other
      wearer. For clarity of illustration the means usually provided to secure
      the life jacket 2 to the body of the wearer have been omitted.
PAR  As shown more clearly in FIG. 2, the capsule 8 containing carbon dioxide or
      other gas under pressure is secured to one end of a housing 10, being
      locked there against inadvertent removal by means of a grub screw 12 of
      plastics material able to engage the screwthreads on the neck of capsule 8
      without damaging them.
PAR  Aligned with a rupturable seal (not shown) on capsule 8 is a hollow needle
      14 projecting from a carrier 16 biassed axially by means of a compression
      spring 18. The carrier is prevented from moving to the left (as viewed)
      under the action of spring 18 by balls 20 forming part of a detent
      mechanism. The carrier 16 jams the balls 20 against a shoulder in a
      flanged sleeve 22 secured to housing 10 by a series of screws 24. The
      balls 20 are prevented from moving radially inwardly of the sleeve 22 by
      their engagement with an axially-movable piston member 26 slidably
      positioned in carrier 16. Piston 26 is biassed to the right, as viewed, by
      a compression spring 28 seated in a recess 30 within piston 26.
PAR  Piston 26 is prevented from moving to the right by means of a circular
      series of collapsible struts 32 extending between piston 26 and a
      countermember 34 fixed to a cap 36 secured to the housing 10 by means of a
      series of pegs 38. As shown more clearly in FIG. 4, the struts 32 are
      adapted to fold or flex outwardly of the axis of the device when the force
      leading to this movement, and which is produced by spring 28, exceeds the
      force restraining this movement. This restraining force is produced by a
      hoop or band 40 of paper or like material of which the tensile strength
      reduces drastically when the material becomes wet.
PAR  The band 40 may be made up from one or more plies of a thin fibrous
      material such as cigarette paper. The band has to have sufficient hoop
      strength when dry to resist the forces exerted on it by the collapsible
      struts 32. However, when water is admitted to the interior of cap 36, such
      as by immersion in the sea of the aviator wearing the life jacket fitted
      with the triggering device of the present invention, the band 40 quickly
      loses its hoop strength and allows the struts 32 to flex or fold
      outwardly. The member 34 being fixed, such collapsing of the struts 32
      leads to the piston member 26 being allowed to move to the right under the
      action of spring 28. This movement continues until inwardly-tapering
      shoulders 42 on piston 26 come to lie beneath the balls 20. When this
      happens, the balls 20 are moved inwardly by virtue of their contact with
      the shoulder on sleeve 22 until a position is reached in which the balls
      20 are clear of the shoulder and hence allow the carrier 16 to move to the
      left under the force of spring 18. The rating of spring 18 is chosen so
      that it is always able to ensure that needle 14 pierces the wall of
      capsule 8, or at least a rupturable seal forming part of the wall, until a
      position is reached in which the interior of the capsule is in
      communication through needle 14 with a chamber 44 in housing 10. This
      chamber is in turn in communication with a gas outlet 46 connected through
      a tube 48 (FIG. 1) with gas inlet 4 on life jacket 2. This enables the
      compressed gas to inflate the life jacket 2, the pressure and volume of
      gas originally within capsule 8 being chosen so that the life jacket 2
      becomes fully inflated without being over-inflated.
PAR  The struts 32, in one form of device of the present invention, are formed
      by milling a circular series of parallel slots in a thinwalled tube of
      beryllium copper. The slots end short of the end of the tube so that the
      final configuration is that of two short cylinders integral with several
      parallel-sided struts extending between the cylinders. After the slots
      have been milled, each of these struts is creased across its centre so as
      to form an incipient, outwardly-directed, arch. This biases the strut to
      flex outwardly when a force is exerted on the cylinder so as to move the
      cylindrical ends together. The resultant arches cause the struts to depart
      slightly from being truly cylindrical in shape, but this departure is
      accommodated easily by the inherent flexibility of the paper or other
      material forming hoop 40.
PAR  The unslotted end portions of the struts 32, and the adjacent portions of
      the struts, are supported by cylindrical extensions 35 from piston 26 and
      member 34. These supports take up the strains exerted on the struts while
      the band 40 is being wound around them.
PAR  Although the member 34 is normally fixed relative to cap 36, the connection
      between the two members allows relative movement when desired. This is
      achieved by forming a cylindrical rod 48 projecting in opposite directions
      from member 34 with a peripheral groove in which is seated a circlip 50 or
      like retaining member. The circlip 50 is kept in position not only by its
      own resilience but by means of a ring 52 which is a tight fit on rod 48.
      When it is desired to inflate the life jacket manually, a toggle or other
      member fitted in opening 54 in the flattened end of rod 48 is moved to the
      right, as viewed, with sufficient force to allow the rod 48 to move
      axially, displacing both circlip 50 and ring 52 along the rod. This axial
      movement of rod 48 is transmitted by the struts 32, which now become ties,
      so as to move the piston 26 to the right, leading to operation of the
      device as has already been described.
PAR  The triggering device described above will operate within a few seconds of
      being immersed in water. To prevent the device from being triggered when
      not desired, the piston 26 has extending from it a tube 58 which is
      intended to have a pin inserted through it until the pin 59 abuts the
      inner end face of rod 48. As long as pin 59 is in position, the force
      exerted by spring 28 is transmitted to the cap 36 other than through the
      collapsible struts 32. Hence, even if the band 40 becomes weakened, as by
      exposure to moist air, the device does not trigger, so as to inflate the
      life-jacket 2, the pin 59 is secured to the wearer's seat (which is
      preferably of the ejectable type) in such a way that the pin is withdrawn
      only by the wearer becoming separated from his seat. This separation
      happens, in an emergency, only when the seat and aircrew member or other
      person are clear of the aircraft, so that there is no danger of the member
      becoming trapped in the aircraft by premature inflation of his
      life-jacket. In a less-preferred alternative, the apertures 56 in cap 36
      could be fitted with bungs to prevent water or moisture from entering the
      cap and weakening hoop 40. The bungs could be similarly connected to the
      aircrew member's seat so that they would be automatically withdrawn from
      the apertures 56 when the wearer of the life-jacket becomes separated from
      his seat. Alternatively, the apertures 56 could be sealed with
      lightly-loaded non-return valves which would be sufficient to prevent
      water vapour from passing into the interior of cap 36, but which would be
      opened by water pressure when the device entered the water. As these
      devices do not form part of the subject-matter of this invention, they are
      not described herein in any further detail.
PAR  The tube 58 also has another function. In extending from piston 26 it
      passes through an elongated slot 60 in cap 36. The slot 60, or the
      respective parts of the member 62 through which tube 58 passes, is formed
      with a retaining shoulder, so that the tube 58 and shoulder cooperate in
      the manner of a conventional bayonet-and-slot connection such as is
      commonly used with domestic electric lamps.
PAR  This enables the device to be latched in a position in which the piston 26
      cannot move to the right, irrespective of the state of the collapsible
      struts. When the device is to be "armed" (or rendered operable) the tube
      58 is rotated so that it becomes separated from the shoulder and is
      thereafter free to move axially of slot 60 when allowed to do so by
      collapsing of struts 32. This necessary angular rotation of piston 26 is
      accommodated by the collapsible struts, which have sufficient torsional
      stiffness to ensure that the relatively-fixed support 34 is able to rotate
      with piston 26, thus rendering the triggering device insensitive to its
      relative angular position.
PAR  The triggering device of the present invention is obviously not limited to
      use with inflatable life jackets or other flotation devices for the
      occupants of aircraft. It could also be used on other types of inflatable
      equipment, or other types of equipment intended to be actuated on
      immersion in water.
CLMS
NUM  1.
PAR  1. An immersion-actuated triggering device, including two members
      resiliently biassed towards each other but held apart by means of two or
      more folding struts extending between the members and kept in compression
      by the biassing force, the struts being kept in an elongated position by
      means of the tensions in one or more pieces of a material of which the
      tensile strength reduces greatly when it is wetted, whereby the struts
      collapse by folding outwardly when the material is wetted, the resultant
      relevant movement of the two members towards each other being effective to
NUM  2.
PAR  2. A device as claimed in claim 1, in which there is a plurality of struts
      positioned side-by-side and spaced apart from each other along a closed
      curve, the struts being embraced intermediate their ends by a hoop of the
      said material, the said intermediate portions of the struts being biassed
      to move outwardly by the compressive forces in the struts, the hoop
      resisting such movement until its tensile strength is reduced
NUM  3.
PAR  3. A device as claimed in claim 1, in which each strut is in the form of a
      strip of thin, flexible, material having at its centre a transverse crease
NUM  4.
PAR  4. A device as claimed in claim 3, in which the struts are made from the
      same piece of material substantially in the shape of a tube or cylinder,
      with the struts being defined by parallel, closed-ended, slots through the
NUM  5.
PAR  5. A device as claimed in claim 3, in which each end of each strut is
      supported by a relatively-rigid member disposed inwardly thereof, and in
      which each end of each strut is forced into contact with its support
NUM  6.
PAR  6. A device as claimed in claim 1, in which one of the said members is
      connected to an apertured cap enclosing the said device and secured to a
      housing, and in which the other of the said members is arranged so that
      movement thereof towards the said one member causes a hollow needle to
      pierce through the wall of a capsule of pressurised fluid when the capsule
      is appropriately secured to the said housing, and an inflatable body in
      communication with the interior of the said housing and being adapted to
NUM  7.
PAR  7. A device as claimed in claim 6, in which the said needle is carried by a
      carrier biassed for movement along the axis of the said housing towards a
      receptacle for the neck of a capsule of pressurised fluid, the carrier
      being prevented from moving under the action of its bias by a detent
      mechanism adapted to be released by axial movement of said other member
NUM  8.
PAR  8. A device as claimed in claim 6, in which the said other member has
      projecting sideways from it a member which is adapted to form a
NUM  9.
PAR  9. A device as claimed in claim 8, in which the said projecting member is
      hollow and is adapted to receive a slidable pin of which the inner end is
      effective to transmit to the said one member of the collapsible struts
      device the axial force which would otherwise be applied to the collapsible
      struts, whereby removal of the pin renders the triggering device operable.
NUM  10.
PAR  10. A device as claimed in claim 1, including means for applying tension to
      the struts to move them bodily along their axes to effect triggering
      movement of one of the said two members.
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ABST
PAL  A device for feeding wire stock of fixed length to a cutoff tool in a
      linear and continuous manner by means of the reciprocating motion of a
      wire cutting mechanism driven by an eccentric shaft being utilized to
      sever and sequentially feed the cutoff wire stock one at a time to a die
      head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A conventional blank cutoff and feeding device for heading machines is
      shown in FIG. 1. The upper and lower faces of a semi-circular cutoff tool
      2 at the front end of a wire cutting shaft 1 are provided with a pair of
      spring loaded grippers 3, which, when wire stock 4 has been cut off to
      fixed length, hold the severed blank and transfer it to a position upon a
      die 7 where the first stage of the operation will be performed. The pitch
      between the wire cutting operation and the first stage operation is quite
      long, that is, the transfer distance is rather long. Therefore, errors
      will occur frequently during the operation. Furthermore, the wire cutting
      and the transferring work for cutoff stocks usually can not be coordinated
      with the processing time for impacting the head of the wire stock into the
      desired shape. Thus, the efficiency of the heading machine is greatly
      reduced.
PAR  In addition, the roller 8 is pivotedly connected in a body with the
      vertical lower end of the wire cutting shaft 1 and at the same time, the
      roller 8 protrudes into a guide groove 9 of a sliding plate 5 under the
      wire cutting shaft 1 and slides reciprocally in a direction which is at
      right angles in respect with the wire cutting shaft 1. When the sliding
      plate 5 starts its reciprocating motion by means of the driving of a crank
      plate via a connecting rod 6, the roller 8 which is secured in a body with
      the wire cutting shaft 1 causes the wire cutting shaft 1 to move back and
      forth to accomplish the purpose of cutting wire stock to a fixed length
      and transferring the cutoff blank. It is quite evident that the mechanism
      used in the prior art has the deficiency of complexity and inaccuracy,
      together with fast wearing of the associated parts during operation.
      Consequently, it is very difficult to attain the proper operations in each
      stage, such as cutting, feeding and upsetting in a regular sequence of
      timing, so as to reduce the possibility of obtaining a high efficiency in
      a heading operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a cutoff blank feeding device used for a
      rotary type of high-speed cold heading machine and, more particularly, to
      a cutoff blank feeding device of a heading machine for screws whose body
      and head are substantially different in size and somewhat complex in their
      forms. The heading machine herein referred to is capable of forming
      rivets, tubular rivets, socket-head screws, hexagon-head screws, wood
      screws and bolts therefor, machine screws, automobile bolts, tapping
      screws, and screws having cross recess style roundhead, counter-sunk
      heads, oval heads, square heads and the like.
PAR  The principal object of the present invention is to provide an improvement
      to overcome the defects mentioned above and to provide a device in which,
      after the wire stock is cut off, a cutting tool is utilized for the push
      and feed of the cutoff blank forward in a linear and continuous way to a
      blank stacker and also render the foremost blank properly in alignment
      with the center of the die opening. Since the stroke of the wire cutting
      shaft only measures approximately one centimeter, and the wire cutting
      tool is driven by an eccentric shaft, it is not only possible to obtain a
      very accurate operation and a good coordination of the respective cutting,
      conveying and heading processing time, but also possible to accomplish an
      extremely high-speed and stable heading operation.
PAR  A further object of the present invention is to provide a cutoff blank
      feeding device having a simplified construction, which produces no
      malfunctions, long life and having a high product quality when used in a
      rotary type of highspeed cold heading machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will become
      more apparent from the following description taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1A depicts a front view partially in cross-section of the conventional
      blank cutoff and feeding device for a heading machine;
PAR  FIG. 1B depicts a plan view of the sliding plate of FIG. 1A;
PAR  FIG. 2 depicts a plan view partially in cross-section of a rotary type of
      high-speed heading machine in which the blank cutoff and feeding device of
      the present invention is used;
PAR  FIG. 3 depicts a cross-sectional view taken along line D--D of FIG. 2;
PAR  FIG. 4A depicts an enlarged detailed plan view partially in cross-section
      of the blank cutoff and feeding device of the present invention and;
PAR  FIG. 4B depicts a side view of the device as shown in FIG. 4A.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the figures the primary source of driving force is the main eccentric
      shaft 20 driven by its V-belt pulley 13 through a V-belt pulley 11 a motor
      10 via the V-belt 12. A bevel gear 21 and a spur gear 22 are keyed on the
      main eccentric shaft 20. A main sliding block 30 having a punching means
      (not shown) is driven by a connecting member 31 which is pivotedly fixed
      to the other end 20' of the main eccentric shaft 20 for performing a back
      and forth motion of the punching means. The bevel gear 21 on the main
      eccentric shaft 20 is engaged with a bevel gear 41 on a shaft 40 to drive
      the wire-cutting eccentric shaft 40. A connecting member 42, through which
      is pivotedly fixed a reciprocating wire-cutting shaft 50, is also mounted
      on the shaft 40. A generally U-shaped cutting tool 51 is fixed to the end
      of the shaft 50. An eccentric disc 43 is mounted at the further end of the
      eccentric shaft 40 by means a fixing key. One end of a connecting rod 44
      is pivotedly connected to the eccentric disc 43. The other end of the
      connecting rod 44 includes a frictional connecting rod 61 having a
      friction plate which is positioned at the interior of a rotary die head
      60. The rotary die head 60 is actuated through the connecting rod 44 and
      its accessories. A knockout mechanism 82 and rollers 92 are provided for
      feeding wire stock 90 into a die head through a straightener 91.
PAR  According to the present invention, FIG. 3 represents an enlarged
      cross-sectional view from the line D--D in FIG. 2. FIG. 4 is a partial
      cross-sectional view of the blank cutoff and feeding device. After the
      wire stock 90 is fed in through the straightener 92 and is passed through
      a cutting die 93, the stock 90 contacts a stopper 101 provided at the rear
      side of the cutoff blank stacker 100 relative to the forward direction of
      the wire stock for adjusting the desired length of a cutoff blank 90A. As
      the wire cutting shaft 50 moves forward and cuts off the fed wire stock
      into a pre-determined length by means of the U-shaped semi-circular
      cutting tool 51 fitted at the front end thereof, the two protruding arms
      511 and 512 on the U-shaped semi-circular cutting tool 51 are then holding
      and pushing the two ends of a cutoff blank 90B forward in a parallel and
      accurate way into the cutoff blank stacker 100 with a uniform and equal
      force.
PAR  A retaining arm 103 having its lower foremost pointed end 104 formed with
      inner and outer inclined surfaces 105 and 106, respectively is provided at
      the upper part of the cutoff blank stacker 100 with a pivot 102 mounted
      above the said stacker 100 as its fulcrum. The arm 103 is able to move up
      and down for retaining and holding the cutoff blanks 90B tightly within
      the stacker 100 so as to make the cutoff blanks 90B closely stacked one by
      one in a linear arrangement and to position the center line of the
      foremost cutoff blank 90C on the stacker 100 properly in alignment with a
      die opening 701 of the rotary die head 60. A ram rod of the main sliding
      block 30 then pushes the foremost cutoff blank 90C into the die opening
      701. In practice, only a moving distance of approximately 1 centimeter is
      sufficiently enough for the wire cutting shaft 50 to accomplish the
      heading work. Also, the coordination of the timing of wire cutting,
      feeding and heading work stages in regular sequence is very easily to be
      obtained, and its simplified construction and accurate operation do not
      call for highly skilled operators in order to obtain speedy and stable
      heading production.
CLMS
NUM  1.
PAR  1. In a heading machine for making headed goods from wire stock, the
      combination comprising:
PA1  a frame;
PA1  first eccentric driving means connected to a source of power by connecting
      means;
PA1  cutting die means;
PA1  means for feeding said wire stock into said cutting die means;
PA1  reciprocating cutting means including a cutting tool, said reciprocating
      cutting means being driven in a reciprocating fashion by second eccentric
      driving means connected to said first eccentric driving means for cutting
      the stock produced from said cutting die means to form cutoff blank pieces
      from said wire stock;
PA1  means for contacting the foremost end of said wire stock to adjust the
      length of said cutoff blank pieces;
PA1  stacker means for directly receiving the cutoff blank pieces from and at a
      position opposite said reciprocal cutting means;
PA1  retaining means pivotedly mounted on said stacker means for retaining and
      holding the cutoff blank pieces one by one in a closely stacked
      substantially horizontal linear arrangement within said stacker means so
      that the foremost one of said cutoff blank pieces within said stacker is
      positioned in alignment with the center line of a die opening in a rotary
      die head;
PA1  said rotary die head having a plurality of die openings, and being actuated
      in an intermittent manner by an eccentric member driven by said second
      eccentric driving means; and
PA1  pushing means driven in a reciprocating manner by a connection engaged to
      the other end of said first eccentric driving means for directly causing
      the foremost one of said cutoff blank pieces within said stacker means to
      be pushed directly into one of said die openings by said pushing means.
NUM  2.
PAR  2. The heading machine as set forth in claim 1 wherein said reciprocating
      cutting means further includes means for pushing and feeding the wire
      stock cut by said cutting tool at a predetermined length forward one by
      one into said stacker means so that a plurality of cutoff blanks are
      closely packed in a linear arrangement therewithin, and means to position
      the center line of the foremost cutoff blank piece in alignment with the
NUM  3.
PAR  3. A heading machine as set forth in claim 1, characterized in that said
      retaining means comprises a retaining arm having a lower foremost pointed
      end formed with inner and outer inclined surfaces for holding the cutoff
      blank which is immediately cutoff from said reciprocal cutting means, and
      the rear end thereof pivotedly mounted above said stacker means with a
      pivot as a fulcrum so as to enable said retaining means to move up and
      down during the cutting operation for holding said cutoff blank pieces
      closely stacked one by one in a linear arrangement within said stacker.
NUM  4.
PAR  4. In a cold heading machine for producing articles from wire stock, the
      combination comprising:
PA1  a rotary die head including a plurality of cutoff blank receiving openings
      therein;
PA1  cutting die means for receiving said wire stock and retaining same for
      cutting into predetermined lengths of cutoff blank pieces;
PA1  cutting means, including a cutting tool for cutting said wire stock while
      retained in said cutting die means, said cutting tool including holding
      means for holding and advancing the cutoff blank pieces;
PA1  stacking means for sequentially receiving said cutoff blank pieces directly
      from said holding means, said stacking means including retaining means for
      retaining and holding said cutoff blank pieces within said stacker means
      in a closely-stacked substantially horizontal linear relationship so that
      the foremost one of said cutoff blank pieces is accurately aligned with a
      die opening in the rotary die head; and
PA1  transfer means for directly transferring the foremost cutoff blank piece
NUM  5.
PAR  5. The machine as set forth in claim 4 wherein said cutting tool is a
      generally U-shaped cutting tool including a pair of protruding arms
NUM  6.
PAR  6. The machine as set forth in claim 4 wherein said stacking means includes
      a generally horizontal opening therein for receiving said cutoff blank
      pieces, said retaining means including a retaining arm pivotedly connected
      so that a forward portion of said arm cooperates with a receiving portion
      of said horizontal opening to repetitively move relative thereto to retain
NUM  7.
PAR  7. The machine as set forth in claim 4 wherein said forward position of
      said arm included inner and outer inclined surfaces.
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ABST
PAL  A lasting machine having heel wipers, a support for supporting bottom-up a
      shoe assembly formed of a last having an upper mounted thereon and an
      insole located on its bottom in position to enable the heel wipers to wipe
      the heel portion of the upper margin against the insole, and side lasting
      instrumentalities so located as to wipe the side portions of the upper
      margin against the insole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is disclosed in pending application Ser. No. 467,522 filed May 6,
      1974 a machine for lasting the heel and side portions of a shoe assembly
      formed of a last having an upper mounted thereon and an insole located on
      its bottom while the shoe assembly is supported bottom-up on a support
      means. The machine includes heel wiping means that are symmetrically
      disposed about a forwardly-rearwardly extending line of symmetry and that
      are mounted for forward movement from a retracted position to an advanced
      position in a heel wiping stroke. The support means so supports the shoe
      assembly that the heel portion of the shoe assembly faces the heel wiping
      means and is located forwardly of the heel wiping means when the heel
      wiping means is in its retracted position so that the heel wiping stroke
      cause the heel wiping means to wipe the heel portion of the margin of the
      upper against the insole. The support means is so constructed as to enable
      the heel portion of the shoe assembly to be shifted transversely of said
      line of symmetry. A base is located outwardly of and on each side of the
      support means and forwardly of the heel wiping means, each base being
      mounted for inward movement in a base stroke from an outer base position
      to an inner base position. Manually operable limit-stop means are provided
      that adjust the inner base position of each base. A side lasting
      instrumentality, mounted to each base for inward-outward movement, is so
      constructed as to enable it when it is moved inwardly of an outer position
      on its base to perform operations that include engaging its associated
      side portion of the shoe assembly and wiping the margin of its associated
      side portion of the upper against the insole. Control means are provided
      that are actuable to selectively shift the support means so as to shift
      the heel portion of the shoe assembly in a particular direction that is
      transverse to said line of symmetry.
PAR  In the operation of this machine, the heel wiping means is initially
      maintained in its retracted position, the bases are initially maintained
      in their outer base positions, and the side lasting instrumentalities are
      initially maintained in outer positions with respect to their associated
      bases. This is followed by an actuation of said control means which is
      followed by a movement of each base through its base stroke which, in
      turn, is followed by a movement of each side lasting instrumentality
      inwardly of its outer position with respect to its associated base to
      perform said operations on the shoe assembly. After said actuation of the
      control means, a heel wiping stroke is imparted to the heel wiping means.
PAR  It is desirable that the heel portion of the shoe assembly be symmetrically
      related to said line of symmetry during the heel wiping stroke. It is
      known, as disclosed in U.S. Pat. No. 3,609,785, to provide a mechanism in
      a heel lasting machine for shifting the heel portion of a shoe laterally
      to bring it into symmetry with the heel wiping means of the machine when
      changing from a left foot shoe assembly to a right foot shoe assembly or
      vice versa.
PAC  SUMMARY OF THE INVENTION
PAR  It is desirable, when the control means are actuated to shift the heel
      portion of the shoe asembly, that the heel portion be so shifted as to
      bring the heel portion of the shoe assembly into symmetrical relationship
      with respect to said line of symmetry. When this is done, one side of the
      shoe assembly is positioned further from said line of symmetry than the
      other side of the shoe assembly. At the conclusion of the base strokes the
      side lasting instrumentalities should be spaced approximately the same
      distances outwardly from their associated sides of the shoe assembly and,
      in accordance with a first aspect of this invention, the base strokes are
      automatically adjusted to provide for this desired relationship.
PAR  In accordance with the first aspect of this invention, limit stop means are
      associated with each base for so adjusting its associated inner base
      position that the inner base position of its associated base may be in
      close inner base location that is relatively close to said line of
      symmetry or in a remote inner base location that is relatively remote from
      said line of symmetry and the actuation of the control means, in addition
      to transversely shifting the heel portion of the shoe assembly in a
      particular direction that is transverse to said line of symmetry and that
      points to a particular side of said line of symmetry, also actuates the
      limit stop means so as to place the inner base position of the base on
      said particular said of said line of symmetry in its close location and
      the inner base position of the other base in its remote location.
PAR  A second aspect of this invention is concerned with an improved arrangement
      for transversely shifting the heel portion of the shoe assembly so as to
      bring the heel portion of the shoe assembly into a symmetrical
      relationship with the heel wiping means. For this purpose, the machine
      incorporates a housing that is mounted for swinging movement about an
      upright axis and the support means is mounted to the housing forwardly of
      this axis in such a position that the heel of the shoe assembly on the
      support means faces the heel wiping means and is located forwardly of the
      heel means with the heel wiping means is in its retracted position and the
      heel end of the shoe assembly is in approximate coincidence with this
      axis. In accordance with this aspect of the invention, the housing is
      swung about this axis to bring the heel portion of the shoe assembly into
      symmetrical relationship with said line of symmetry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of the machine;
PA1  Fig. 2 is a partially sectional elevation of the support means of the
      machine;
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 2;
PA1  Fig. 4 is an isometric view of a set of side lasting instrumentalities;
PAR  FIG. 5 is an elevation of a base and a mechanism for effecting a base
      stroke;
PAR  FIG. 6 is a plan view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a partially sectional view of a side lasting instrumentality;
PAR  FIG. 9 is a side view of a portion of the machine;
PAR  FIG. 10 is a bottom view of the heel wiping means and an operating
      mechanism therefor;
PAR  FIGS. 11 and 12 are top views of the heel wiping means and the operating
      mechanism therefor;
PAR  FIG. 13 is a view taken on the line 13--13 of FIG. 15;
PAR  FIG. 14 is a view taken on the line 14--14 of FIG. 10; FIG. 15 is a plan
      view of the heel wiping means and the operating mechanism therefor;
PAR  FIG. 16 is a schematic representation of a portion of the machine control
      circuit;
PAR  FIG. 17 is a side view of the shoe assembly as it appears in the machine at
      the beginning of a machine cycle;
PAR  FIG. 17A is a view taken along the line 17A--17A of FIG. 17;
PAR  FIG. 18 is a plan view of the shoe assembly as it appears in the machine
      after the side and heel portions of the upper have respectively been
      clamped to the last by the side lasting instrumentalities and a heel
      clamp;
PAR  FIG. 18A is a section taken along the line 18A--18A of FIG. 18; and
PAR  FIG. 19 is a view showing nozzles as they appear when applying cement into
      the corners between the side portions of the upper margin and the
      corresponding portions of the insole periphery.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The operator is intended to stand in front of the machine as seen in FIG. 1
      and to the left of the machine as seen in FIG. 9. Directions extending
      towards the operator (right to left in FIG. 9) will be designated as
      "forward" and directions extending away from the operator (left to right
      in FIG. 9) will be designated as "rearward". The front of the machine is
      closest to the operator and the back of the machine is furthermost from
      the operator.
PAR  Referring to FIGS. 2 and 3, the machine frame includes a bracket 10 having
      flanges 12 bolted thereto. A housing 14 is pivoted to the flanges 12 by
      means of a pivot pin 16 for swinging movement about the vertical axis of
      the pin 16. A sleeve 18 is located on the housing 14 forwardly of the
      pivot pin 16. A last pin 20 is secured to the top of a bar 22 that is
      mounted for heightwise movement in the sleeve 18. A flange 24 is mounted
      to the front of the bar 22 by means of screws 26 that connect the flange
      24 and the bar 22 and that extend through slots 28 in the sleeve 18. A
      plate 30 is mounted to and extends forwardly of the flange 24 and a column
      32 is secured to and extends upwardly of the plate 30. A toe rest 34 is
      mounted to the top of the column 32 and is located forwardly of the last
      pin 20. A pair of forwardly directed wings 35 are mounted to the housing
      14 and are located on opposite sides of a cam 36. The cam 36 is mounted to
      a bracket 37 for forward-rearward adjustment and the bracket 37 is secured
      to a cross piece 38 of the machine frame. An air actuated motor 39,
      pivoted to the bracket 10, has a forwardly directed piston rod 40 that is
      pivoted to a lug 42 of the housing 14.
PAR  The last pin 20 and the toe rest 34 constitute a work support 44 for
      supporting a shoe assembly that is described below.
PAR  Duplicate sets of lasting units 46 (see FIG. 1) are located on opposite
      sides of the work support 44. Referring to FIGS. 4-6, each set of lasting
      units 46 is mounted for inward-outward movement on a table 48 that is
      mounted to the machine frame 50 (see FIG. 1). An air actuated motor 52,
      mounted to each table 48, has a piston rod 54 that is secured to a base 56
      of a set of lasting units 46 to thereby enable the motors 52 to effect
      inward-outward movement of the lasting units 46.
PAR  A valve 58 is mounted to each table 48 by means of a housing 59 that is
      anchored to its associated table. A pin 62 is mounted in each housing 59
      for inward-outward movement, each pin 62 being located outwardly of the
      spindle 64 of its associated valve 58. An air actuated motor 66, mounted
      to each table 48, has a piston rod 68 that is secured to a plate 70. Each
      plate 70 is slidably supported on a table 48 and is slidably mounted to
      its associated housing 59 for forward-rearward movement. A valve actuating
      lever 72 is pivoted by a pin 73 to each plate 70 so as to extend outwardly
      of and in registration with its associated pin 62. Each lever has an inner
      section 74 and an outer section 76, the outer sections being located
      outwardly of the inner sections. A rod 78 is so mounted to each base 56 as
      to be outward of its associated lever 72 and in registry with its
      associated pin 62.
PAR  Referring to FIGS. 4 and 8, each set of lasting units 46 is formed of a
      plurality of lasting units 80 located side by side that are mounted to a
      support 82 that is secured to and is located above a base 56. A flange 84
      for each lasting unit 80 is secured to and extends upwardly of a support
      82 and threadedly receives a bolt 86. Each bolt 86 extends through an
      outer slide bracket 88, forming a part of a lasting unit 80, that is
      slidably mounted to a support 82 for inward-outward movement. Each lasting
      unit 80 includes an inner slide bracket 90 that is mounted to a support 82
      for inward-outward movement. A knob 92 is pinned to the outer end 94 of
      each bolt 86, the outer ends 94 being of smaller diameter than the
      threaded portions of the bolts 86. The brackets 88 are located between the
      shoulders located at the juncture of the larger and smaller diametered
      portions of the bolts 86 and shoulders formed at the inner ends of the
      knobs 92. Due to the connection between the outer brackets 88 and the
      inner brackets 90, described below, rotation of the knobs 92 in one
      direction or the other will cause inward or outward movement of the
      brackets 88, 90 along the supports 82 and thus cause inward or outward
      movements of the lasting units 80.
PAR  An air operated motor 96 is pivoted to each outer bracket 88 and extends
      inwardly thereof. The piston rod 98 of each motor 96 is pivoted by a pin
      100 to the middle of a lever 102. Each lever 102 has an upper limb 104 and
      a lower limb 106, the limbs extending inwardly of the pin 100. Each limb
      106 is pivoted by a pin 108 to a lever 110. The bottom of each lever 110
      is pivoted by a pin 112 to a block 114 for inward-outward movement about
      the axis of the pin 112. Each block 114 is pivoted for heightwise movement
      to an inner slide bracket 90 by a pin 116. A shaft 118, mounted to and
      upstanding from each bracket 90 inwardly of its associated pin 116,
      extends through its associated block 114. Compression springs 120 are
      entwined about the shafts 118 and extend between the tops of the blocks
      114 and collars 122 mounted to the tops of the shafts 118. The springs 120
      yieldably urge the blocks 114 downwardly about the axes of the pins 116 to
      positions wherein the bottoms of the blocks 114 engage collars 124 that
      are mounted to the shafts 118 beneath the blocks 114.
PAR  A side lasting instrumentality 126 is anchored to each block 114 by bolts
      128. Each lasting instrumentality 126 is formed of three plies, the outer
      ply being an outer presser strap 130, the middle ply being an inner
      presser strap 132, and the inner ply being a lasting strap 134. The straps
      130, 132 and 134 are made of an elastic, flexible and deformable material
      such as urethane. The straps 130, 132 and 134 respectively have bottom
      segments 130a, 132a and 134a that are rigid by virtue of being secured to
      the block 114 by the bolts 128. The top of each lasting strap 134 is
      formed into a thickened relatively rigid top segment 134b. The middle
      segment 134c of the lasting strap 134, between the bottom segment 134a and
      the top segment 134b, is flexible, deformable and stretchable.
PAR  The top of each inner presser strap 132 is formed into a thickened
      relatively rigid top segment 132b that is located below its associated
      lasting strap top segment 134b. The middle segment 132c of the inner
      presser strap 132, between the bottom segment 132a and the top segment
      132b, is flexible, deformable and stretchable.
PAR  The top of each outer presser strap 130 is formed into a thickened
      relatively rigid top segment 130b that is located below its associated
      inner presser strap top segment 132b. The middle segment 130c of the outer
      presser strap 130c of the outer presser strap 130, between the bottom
      segment 130a and the top segment 130b is flexible, deformable and
      stretchable.
PAR  A lug 136, embedded in the outer presser strap top segment 130b, has a pin
      138 mounted thereto that is slidably received in a slot 140 formed at the
      top of each lever 110.
PAR  A lug 142, embedded in the inner presser strap top segment 132b, is pivoted
      by a pin 144 to a link 146, and each link 146 is pivoted by a pin 148 to
      the top of its associated limb 104.
PAR  An air operated motor 150 is associated with each lasting instrumentality
      126. Each motor 150 is pivoted to a bracket 152 that is secured to the top
      of each outer bracket 88. The motors 150 extend inwardly of the brackets
      152. A socket 154 is embedded in each lasting strap top segment 134b. Each
      socket 154 rotatably receives a ball 156 that is mounted to the inner end
      of the piston rod 158 of its associated motor 150 to thereby provide a
      flexible connection between the piston rods 158 and the lasing strap top
      segments 134b.
PAR  Referring to FIGS. 9-15, a platform 160 is located rearwardly of the
      support 44 and the lasting units 46. A head 162 is mounted to and is
      located above the platform 160. A main slide plate 164 is slidably mounted
      in the head 162 for forward-rearward movement. A fluid actuated motor 166,
      mounted to the head 162, has a piston rod 168 connected to a bracket 170
      mounted to the slide plate 164 to effect this movement. A heel clamp 172
      is mounted to the main slide plate 164 in the manner disclosed in the
      aforementioned application Ser. No. 467,522.
PAR  Referring to FIGS. 11, 12, 13 and 15, a wiper slide 174 is slidably mounted
      for forward and rearward movement in guideways 176 formed in the upper
      surface of the main slide plate 164. An air actuated motor 178 is mounted
      to a bracket 180 that is secured to and extends rearwardly of the main
      slide plate 164. The piston rod 182 of the motor 178 is connected to the
      wiper slide 174 so that activation of the motor 178 will cause the wiper
      slide 174 and all components carried thereon to move forwardly or
      rearwardly in the guideways 176. Slidably mounted to the upper surface of
      the forward end of the main slide plate 164 are a pair of wiper cams 184
      to which are mounted heel wipers 186. The heel wipers 186 are
      symmetrically disposed about the forward-rearward axis of the machine. A
      pair of links 188 pivotally connect the wiper slide 174 and the wiper cams
      184 so that motion may be transmitted to the wiper cams 184 and
      consequently the wipers 186 upon actuation of the wiper slide 174 by the
      motor 178. For the purpose of guiding the wiper cams 184 in a desirable
      predetermined path, rollers 190 are rotatably mounted to the main slide
      plate 164 and protrude upwardly into cam slots 192 formed in the wiper
      cams 184 for accommodation of the rollers 190. The wiper cams 184 are
      maintained in sliding contact with the main slide plate 164 by means of a
      cover 194 which is bolted to the main slide plate 164 and is spaced
      therefrom by means of spacers 196 (FIG. 13), the spacing between the main
      slide plate 164 and the cover 194 being such that the wiper cams 184 may
      have horizontal sliding motion only, there being insufficient clearance
      for allowance of any substantial vertical movement.
PAR  In the idle condition of the machine: the piston rods 54 are retracted into
      the motors 52 to thus force the bases 56 into outer positions and thus
      position the sets of lasting units 46 in outer positions wherein they do
      not interfere with the placement of a shoe assembly on the support 44 as
      described below; the piston rods 98 are retracted into the motors 96 and
      the piston rods 158 are retracted into the motors 150 thus placing the
      lasting instrumentalities 126 in outer positions on the supports 82; the
      piston rod 168 is retracted into the motor 166 to maintain the main slide
      plate 164 and the parts carried thereby in a rearward position; and the
      piston rod 182 is retracted into the motor 178 to thereby maintain the
      wipers 186 in the retracted position shown in FIG. 15.
PAR  A shoe assembly 198 (FIGS. 17 and 17A) comprising a last 200 having an
      insole 202 located on its bottom and an upper 204 mounted thereon is
      placed bottom-up on the support 44 with the vamp of the shoe assembly
      resting on the toe rest 34 between upstanding toe rest flanges 205 (FIG.
      1) and with the last pin 14 inserted into the thimble in the back portion
      of the last so that the toe of the shoe assembly faces forwardly. Prior to
      placement in the machine, the shoe assembly 198 had been toe lasted. In
      FIGS. 17 and 17A, the shoe assembly 198 is illustrated as being for a left
      foot and the machine operating cycle described below will be for a left
      foot shoe assembly.
PAR  The machine includes left and right control knobs 206 (FIG. 1), each of
      which is mounted to a post 208 at the front of the machine. Referring to
      FIG. 16, the left control knob 205 is connected to a valve 210 and the
      right control knob 206 is connected to a valve 212 in the manner shown in
      U.S. Pat. No. 3,831,216. The operator now momentarily depresseses the left
      control knob 206 to thereby momentarily open the valve 210. This causes a
      pulse of air to flow from a source 214 through the valve 210 and a pilot
      line 216 to the right side of a valve 218 to shift the valve 218.
PAR  The motor 66 on the left side of the machine, as viewed in FIG. 1, is
      designated 66L in FIG. 16 and the motor 66 on the right side of the
      machine, as viewed in FIG. 1, is designated 66R in FIG. 16.
PAR  The shifting of the valve 218, pursuant to the flow of the pulse of
      pressurized air through the line 216, enables pressurized air to flow from
      the source 214 through the valve 218 and lines 220 to 222 to the rod end
      of the motor 39 to thereby cause the motor 39 to retract its piston rod 40
      and thereby swing the work support 44 rightwardly as seen in FIG. 1 and
      counterclockwise as seen in FIG. 3 about the axis of the pivot pin 16
      until the left wing 35 as seen in FIG. 1 and the upper wing 35 as seen in
      FIG. 3 engages the cam 36. The cam 36 had been so adjusted in
      forward-rearward directions that the periphery of the heel portion 222 of
      the left foot shoe assembly 198 is symmetrical about the forward-rearward
      axis of the machine about the same line of symmetry as the heel wipers 186
      when the wing 35 referred to in the preceding sentence engages the cam 36.
      This symmetrical relationship ensures that the heel wipers will
      efficiently perform the heel wiping operation described below. The axis of
      the pin 16, about which the work support 44, together with the shoe
      assembly 198, is swung by the motor 39 is in approximate coincidence with
      the heel end extremity of the shoe assembly, thus ensuring that the
      periphery of the heel portion 222 of the shoe assembly 198 is in the
      desired symmetrical location when it has completed its swing about the
      axis of the pin 16 for the left foot shoe assembly as described here and
      for the right foot shoe assembly as described below.
PAR  The aforementioned shifting of the valve 218 also enables pressurized air
      to flow from the line 220 through a line 224 to the blind end of the motor
      66L and to the rod end of the motor 66R. This causes the piston rod 68 of
      the motor 66L to be projected from this motor so as to bring the inner
      section 74 of the lever 72 on the left side (FIG. 1) of the machine into
      registration with its associated rod 78 and causes the piston rod 68 of
      the motor 66R to be retracted into this motor so as to bring the outer
      section 76 of the lever 72 on the right side (FIG. 1) of the machine into
      registration with its associated rod 78 for reasons set forth below.
PAR  Referring to FIGS. 2 and 3, the bar 22, together with the support 44, is
      connected to the piston rod 226 of an air actuated motor 228 that is
      mounted to the housing 14. A brake plate 230 is connected to the bar 22
      for heightwise movement therewith and is located between a pair of brake
      arms 232 that are pivotally mounted on levers 234. The levers 234 are
      pivoted to the housing 14 by means of pins 236. The back end of one of the
      levers 234 is pivotally connected to the piston rod of an air actuated
      motor 238 and the back end of the other lever 234 is pivotally connected
      to the cylinder of the motor 238.
PAR  In the manner disclosed in the aforementioned application Ser. No. 467,522,
      the shifting of the valve 210 actuates the motor 228 to raise the bar 22,
      together with the support 44, to a position wherein the insole heel seat
      portion 240 (FIGS. 17 and 17A) is located substantially level with the
      bottoms of the heel wipers 186 in a plane substantially parallel to the
      plane of movement of the heel wipers 186. After this the motor 238 is
      actuated to force the brake arms 232 against the brake plate 230 to
      thereby lock the bar 22 and the support 44 in this position. This is
      followed by an activation of the motor 166 to move the slide plate 164
      forwardly to a forward working position and thereby carry the heel clamp
      pad 172 and the heel wipers 186 forwardly from their initial
      out-of-the-way positions, until, in the manner shown in the aforementioned
      application Ser. No. 467,522, the heel clamp 172 is caused to engage the
      heel portion 222 of the shoe assembly 198 and clamp the heel portion of
      the upper 204 against the last and the heel wipers 186 are brought to a
      position wherein they are close to but not in engagement with the heel
      portion of the margin 242 of the upper 204 as shown in FIGS. 18 and 18A.
PAR  At about the same time as the heel clamp 172 and the heel wipers 186 are
      brought to the FIGS. 18 and 18A position, the motors 52 are so actuated as
      to project their piston rods 54 inwardly to thus move the bases 56,
      together with the sets of lasting units 46, inwardly to positions wherein
      the rod 78 on the left side (FIG. 1) of the machine engages the inner
      section 74 of the lever 72 on the left side of the machine and the rod 78
      on the right side of the machine engages the outer section 76 of the lever
      72 on the right side of the machine. As a result, the lasting
      instrumentalities 126 are positioned close to but not in engagement with
      the sides of the shoe assembly 198.
PAR  The engagements of the rods 78 with the levers 72 causes the levers to
      swing inwardly about the axes of the pins 73 and engage the housings 59,
      this engagement stopping the inward movements of the bases 56 and the sets
      of lasting units 46 and also causing the levers 72 to move the pins 62
      inwardly to thereby move the valve spindles 64 inwardly so as to actuate
      the valves 58. The actuation of the valves 58 causes an operation of the
      motors 96 so as to admit pressurized air under relatively high pressure to
      the blind ends of these motors to thereby enable each piston rod 98 to
      cause a lasting instrumentality 126 to move inwardly with respect to its
      support 82 with its inner bracket 90 sliding on the support until the
      lasting strap bottom segment 134a engages and meets resistance from the
      shoe assembly 198. At this time, since there is no pressurized air in the
      motors 150, the piston rods 158 are dragged inwardly of the motors 150
      during the inward movements of the lasting instrumentalties 126. The
      lasting strap bottom segments 134a engage the side portions of the shoe
      assembly 198, between its toe and heel portions, wherein the margin 242 of
      the upper 204 extends away from the insole 202 as shown in FIG. 19. The
      rigid bottom segment 134a straddles the top line 244 of the upper 204 so
      as to clamp the top line against the last 200. Upon engagement of a bottom
      segment 134a with the shoe assembly 198, the continued force applied by
      the piston rod 98, through the lever limb 106, causes the lever 102 to
      swing inwardly about its pivot pin 108. The inward swinging of the lever
      102, through the pin and the slot connection 138 and 140, causes the outer
      presser strap top segment 130b to be forced inwardly thus flexing inwardly
      the outer presser strap middle segment 130c. This is followed by an inward
      swinging of the lever 102 about its pivot pin 108 which, through the lever
      limb 104 and the link 146, causes the inner presser strap top segment 132b
      to be forced inwardly thus flexing inwardly the inner presser strap middle
      segment 132c.
PAR  It is desired, during the lasting of the shoe, that the top line 244 of the
      side portions of the upper 204 be clamped against the last 200 and remain
      stationary on the last while the side portions of the upper extending from
      the top line towards the last bottom and the insole 202 have any slack and
      wrinkles taken out and then be pressed tightly against the last. This is
      accomplished by virtue of the fact that the bottom segment 134a first
      rigidly clamps the top line 244 to the last after which the outer presser
      strap top segment 130b is moved against the shoe assembly followed by a
      movement of the inner presser strap top segment 132b against the shoe
      assembly. The movement of the presser straps against the shoe assembly
      causes the lasting strap middle segment 134c to flex and press the upper
      between the top line and the insole bottom against the last while
      conforming to the shape of the last. Since the outer presser top segment
      130b is lower than the inner presser strap segment 132b, the pressure
      applied by the lasting strap middle segment 134c against the upper
      commences at its bottom proximate to its rigid bottom segment 134a and
      works its way upwardly. Therefore, the upper is progressively urged
      upwardly of the top line as it is pressed against the last thus pressing
      the upper against the last in a wrinkle free manner. At the completion of
      the pressing of the upper against the last by the lasting strap middle
      segment 134c, the lasting strap top segment 134b extends upwardly of the
      insole 202 and outwardly of the upper margin 242 as indicated in FIG. 19.
PAR  From the foregoing it can be seen that, at the time the motors 96 are
      actuated to move their piston rods 98 inwardly, the lasting
      instrumentalties 126 must be on opposite sides of the shoe assembly 198 in
      positions that are close to but not in engagement with the shoe assembly
      and that these positions are determined by the engagement of the rods 78
      with the levers 72. The aforementioned rightward swinging, as seen in FIG.
      1, of the shoe assembly 198 about the axis of the pin 16 to bring the heel
      portion 222 of the shoe assembly into symmetry with the heel wipers 186
      causes the right side (the bottom side in FIG. 18) of the shoe assembly to
      project further from the longitudinal center line of the machine and of
      the heel wipers 186 than the left side (the top side in FIG. 18) of the
      shoe assembly. By having the rod 78 on the left side of the shoe assembly
      engage the inner section 74 of its associated lever 72 and by having the
      rod 78 on the right side of the shoe assembly engage the outer section 76
      of its associated lever 72, the actuation of the motors 52 moves the
      lasting instrumentalities 126 on the left side of the machine further
      inwardly than the lasting instrumentalities on the right side of the
      machine whereby, at the completion of these inward movements of the
      lasting instrumentalities 126, the lasting instrumentalities on both sides
      of the machine are spaced approximately the same distance outwardly from
      the sides of the shoe assembly.
PAR  The shoe assembly engaging parts are now in the positions shown in FIGS. 18
      and 18A with the heel clamp 172 pressing the heel portion of the upper 204
      against the last 200 and the lasting instrumentalities 126 pressing the
      side portions of the upper against the last, the lasting instrumentalities
      126 being located forwardly of the heel clamp 172 with substantially no
      space between the rearmost lasting instrumentalities 126 and the fronts of
      legs 246 of the clamp 172.
PAR  Now, in the manner disclosed in the aforementioned application Ser. No.
      467,522, nozzles 248 (FIGS. 1 and 19) are caused to travel rearwardly in
      the corners between the upper margin 242 and the periphery of the insole
      202 from the boundaries between the wiped toe portion of the upper margin
      to the heel end extremity of the shoe assembly 198 while cement is
      extruded frm the nozzles into these corners.
PAR  After the cement has been applied in the corners referred to in the
      preceding paragraph, pressurized air is so applied to the blind ends of
      all of the motors 150 as to cause each motor 150 to force its piston rod
      158 inwardly under relatively high pressure and thereby force the lasting
      strap top segment 134b inwardly over the insole periphery under relatively
      high pressure. This has the effect of forcing each lasting strap top
      segment 134b inwardly and downwardly to press the side portions of the
      upper margin 242 against the insole 202. At this time, the rigid lasting
      strap bottom segments 134a are still clamping the top line 244 to the
      last, and the inward and downward force imparted to the lasting strap top
      segments 134b causes the lasting strap middle segment 134c to stretch,
      while the inner and outer presser straps 132 and 130 maintain their
      pressure against the shoe assembly 198, to thus force the portion of the
      upper 204 extending above the top line 244 upwardly and stretch the upper
      upwardly and tightly about the last while it is conforming to the shape of
      the last. The pressure applied by the presser straps 130 and 132 is light
      enough to allow this stretching of the lasting strap middle segments 134c
      to take place. The forcing down of each lasting strap top segment 134b
      against the insole causes the lasting strap top segments 134b to wipe or
      fold the side portions of the upper margin 242 against the insole 202 and
      bond the upper margin to the insole by means of the previously applied
      cement.
PAR  After the lasting strap top segments 134b have forced the side portions of
      the upper margin 242 against the insole 202 for a sufficient length of
      time as to enable the side portions of the upper margin to be effectively
      bonded to the insole, the motors 52, 96 and 150 are actuated to return the
      sets of lasting units 46 to their idle positions. This is followed by an
      actuation of the motor 178 to cause the wiper slide 174 to move forwardly
      thereby imparting motion to the wiper cams 184 and consequently the heel
      wipers 186 in a heel wiping stroke by means of the links 188. The heel
      wipers 186 are guided in their movement by the engagement of the cam slots
      192 with the rollers 190 in a path that is both forwardly translating and
      inwardly swinging about the vertex 250 (FIG. 15) of the heel wipers. This
      causes the heel wipers 186 to engage the heel portion of the upstanding
      upper margin 242, that extends from the heel end extremity of the shoe
      assembly 198 to the rearmost ends of the side portions of the upper margin
      242 that had been previously wiped against and bonded to the insole by the
      sets of lasting units 46, and wipe the heel portion of the upper margin
      against the insole heel seat portion 240 and bond it to the insole heel
      seat portion by means of the previously applied cement.
PAR  At or near the end of the end of the heel wiping stroke the motor 238 is so
      actuated as to cause the brake arms 232 to disengage the brake plate 230
      and thus unlock the support 44 for heightwise movement. At about the same
      time, air is introduced under increased bedding pressure to the motor 228
      to cause the support 44 to be so forced upwardly as to press the wiped
      heel portion of the upper margin 242 against the bottoms of the heel
      wipers 186 to thereby flatten the wipped heel portion of the upper margin
      and enhance the bond between the heel portion of the upper margin and the
      insole heel seat portion 240. When this bedding pressure has been applied
      for a sufficient length of time, the machine parts that have not already
      done so are returned to their idle positions and the machine cycle is
      completed so that the lasted shoe assembly 198 can be removed from the
      machine.
PAR  When operating on a right foot shoe assembly, the operator will start the
      machine cycle by momentarily depressing the right control knob 206 (FIG.
      1) to thereby momentarily open the valve 212. This causes a pulse of air
      to flow from the source 214 through the valve 212 and a pilot line 252 to
      the left side of the valve 218 to shift this valve in the opposite
      direction from the direction in which it is shifted by means of
      pressureized air flowing through the pilot line 216. The shifting of the
      valve 218, pursuant to the pulse of pressurized air through the line 252,
      enables pressurized air to flow from the source 214 through the valve 218
      and lines 254 and 256 to the blind end of the motor 39 to thereby cause
      the motor 39 to project its piston rod 40 and thereby swing the work
      support 44 leftwardly as seen in FIG. 1 and clockwise as seen in FIG. 3
      about the axis of the pin 16 until the right wing 35 as seen in FIG. 1 and
      the lower wing 35 as seen in FIG. 3 engages the cam 36 to thus bring the
      periphery of the heel portion 222 of the right foot shoe assembly into
      symmetrical relationship with respect to the heel wipers 186.
PAR  The shifting of the valve 218, as described in the preceding paragraph,
      also enables pressurized air to flow from the line 254 through a line 258
      to the rod end of the motor 66L and to the blind end of the motor 66R.
      This causes the piston rod 68 of the motor 66R to be projected from this
      motor so as to bring the inner section 74 of the lever 72 on the right
      side (FIG. 1) of the machine into registration with its associated rod 78
      and causes the piston rod 68 of the motor 66L to be retracted into this
      motor so as to bring the outer section 76 of the lever 72 on the left side
      (FIG. 1) of the machine into registration with its associated rod 78.
      Therefore, the subsequent actuation of the motors 52 to move the sets of
      lasting units 46 inwardly causes the rod 78 on the right side (FIG. 1) of
      the machine to engage the inner section 74 of the lever 72 on the right
      side of the machine and the rod 78 on the left side of the machine to
      engage the outer section 76 of the lever 72 on the left side of the
      machine. The leftward swinging, as seen in FIG. 1, of the right foot shoe
      assembly about the axis of the pin 16 to bring the heel portion of the
      shoe assembly into symmetry with the heel wipers 186 causes the left side
      of the shoe assembly to project further from the longitudinal center line
      of the machine than the right side of the shoe assembly. By having the rod
      78 on the right side of the shoe assembly engage the inner section of its
      associated lever 72 and by having the rod 78 on the left side of the shoe
      assembly engage the outer section of its associated lever 72, the lasting
      instrumentalities 126 are brought by the motors 52 to the desired
      positions close to but not in engagement with the sides of the right foot
      shoe assembly prior to the actuation of the lasting instrumentalities 126
      to last the side portions of the right foot shoe assembly.
PAR  In all other respects, the machine cycle in operating on a right foot shoe
      assembly is identical to the above described machine cycle for operating
      on a left foot shoe assembly.
PAR  There follows below a recapitulation of those portions of the machine
      construction and the machine cycle that form the basic components of this
      invention.
PAR  The heel wipers 186 constitute heel wiping means that are symmetrically
      disposed about a forwardly-rearwardly extending line of symmetry 260 (FIG.
      15) and are mounted for forward movement from the retracted position shown
      in FIGS. 18 and 18A to an advanced position in a heel wiping stroke.
PAR  The work support 44 constitutes support means that so supports the shoe
      assembly 198 bottom-up that the heel portion 222 of the shoe assembly
      faces the heel wiping means 186 and is located forwardly of the heel
      wiping means when the heel wiping means is in its retracted position so
      that the heel wiping stroke causes the heel wiping means 186 to wipe the
      heel portion of the margin of the upper 242 against the insole heel seat
      portion 240. The support means 44 is mounted to the housing 14 and the
      housing 14 is mounted for swinging movement about the upright axis of the
      pin 16 with the support means 44 located forwardly of this axis. The
      swinging mounting of the housing 14 enables the heel portion 222 of the
      shoe assembly 198 to be shifted transversely of the line of symmetry 260.
PAR  The bases 56 are located outwardly of and on opposite sides of the support
      means 44 and forwardly of the heel wiping means 186, each base being
      mounted for inward movement in a base stroke from an outer base position
      to an inner base position. The rods 78 constitute impact members and the
      levers 72 constitute stop members. The stop members 72, which are mounted
      for forward-rearward adjusting movement, each has an inner section 74 and
      an outer section 76, the inner sections being closer to the line of
      symmetry 260 than the outer sections. The impact members 78, which are
      located outwardly of the stop members 72 and are in registry with the stop
      members, are mounted to the bases 56 for inward-outward movement in unison
      with the bases. Each set of stop members 72 and impact members 78
      constitutes a limit stop means so constituted that it serves, depending on
      which of the sections 74 and 76 is in registry with the impact member 78
      pursuant to forward-rearward adjustment of the stop members, to define a
      close inner base location that is relatively close to the line of symmetry
      260 or a remote inner base location that is relativelyy remote from the
      line of symmetry 260.
PAR  The side lasting instrumentalities 126 are mounted to their associated
      bases 56 for inward-outward movement and are so constructed as to enable
      each side lasting instrumentality, when it is moved inwardly of an outer
      position on its associated base, to perform operations on its associated
      side portion of the shoe assembly 198 that includes engaging its
      associated side portion of the shoe assembly and wiping the margin 242 of
      its associated side portion of the upper 204 against the insole 202.
PAR  The valves 210 and 212, the motor 39 for swinging the housing 14 about the
      axis of the pin 14, and the motors 66 for moving the stop members 72 in
      forward-rearward directions so as to place either an inner section 74 in
      registry with an impact member 78 or an outer section 76 in registry with
      an impact member comprise control means that are actuable to concomitantly
      selectively shift the support means 44 about the axis of the pin 16 so as
      to swing the heel portion of the shoe assembly 198 in a particular
      direction that is transverse to the line of symmetry 260 and that points
      to a particular side of the line of symmetry and to so actuate the limit
      stop means 72, 78 as to place the inner base position of the base position
      of the base on this particular side of the line of symmetry in its close
      location and the inner base position of the other base in its remote
      location.
PAR  In a machine cycle, the motor 178 and the controls therefor serve as means
      to initially maintain the heel wiping means 186 in its retracted position,
      the motors 52 and the controls therefor serve as means for initially
      maintaining each base 56 in its outer position, and the motors 96 and 150
      and the controls therefor serve as means for initially maintaining each
      side lasting instrumentality 126 in its outer position with respect to its
      associated base 56. Thereafter the control means are actuated by opening
      the valve 210 or 212 and thereafter each base 56 is moved through its base
      stroke by means comprised of the motors 52 and the controls therefor.
      Thereafter by means comprised of the motors 96 and 150 and the controls
      therefor each side lasting instrumentality 126 is moved inwardly of its
      outer position with respect to its associated base to perform the
      operations described above on the shoe assembly. After the actuation of
      the control means a heel wiping stroke is imparted to the heel wiping
      means by the motor 178 and the controls therefor.
CLMS
NUM  1.
PAR  1. A lasting machine comprising: heel wiping means, symmetrically disposed
      about a forwardly-rearwardly extending line of symmetry, mounted for
      forward movement from a retracted position to an advanced position in a
      heel wiping stroke; support means for so supporting bottom-up a shoe
      assembly, formed of a last having an upper mounted thereon and an insole
      located on its bottom, that the heel portion of the shoe assembly faces
      the heel wiping means and is located forwardly of the heel wiping means
      when the heel wiping means is in its retracted position whereby the heel
      wiping stroke causes the heel wiping means to wipe the heel portion of the
      margin of the upper against the insole, said support means being so
      movably mounted as to enable the heel portion of the shoe assembly to be
      shifted transversely of said line of symmetry; a base located outwardly of
      and on each side of the support means and forwardly of the heel wiping
      means, each base being mounted for inward movement in a base stroke from
      an outer base position to an inner base position; limit stop means
      associated with each base for so adjusting its associated inner base
      position that the inner base position of its associated base may be in a
      close inner base location that is relatively close to said line of
      symmetry or in a remote inner base location that is relatively remote from
      said line of symmetry; a side lasting instrumentality, mounted to each
      base for inward-outward movement, so constructed as to enable it when it
      is moved inwardly of an outer position on its associated base to perform
      operations on its associated side portion of the shoe assembly that
      include engaging its associated side portion of the shoe assembly and
      wiping the margin of its associated side portion of the upper against the
      insole; control means actuable to concomitantly selectively shift the
      support means so as to shift the heel portion of the shoe assembly in a
      particular direction that is transverse to said line of symmetry and that
      points to a particular side of said line of symmetry and to so actuate the
      limit stop means as to place the inner base on said particular side of
      said line of symmetry in its close location and the inner base position of
      the other base in its remote location; means for initially maintaining the
      heel wiping means in its retracted position; means for initially
      maintaining each base in its outer base position; means for initially
      maintaining each side lasting instrumentality in its outer position with
      respect to its associated base; means for thereafter actuating said
      control means; means for thereafter moving each base through its base
      stroke; means for thereafter moving each side lasting instrumentality
      inwardly of its outer posititon with respect to its associated base to
      perform said operations on the shoe assembly; and means, operative after
      said actuation of said control means, for imparting a heel wiping stroke
NUM  2.
PAR  2. The machine as defined in claim 1 wherein each of said limit stop means
      comprises: a stop member, mounted for forward-rearward movement, having an
      inner section and an outer section, said inner section being closer to
      said line of symmetry than said outer section; and an impact member,
      located outwardly of said stop member in registry with said stop member,
      mounted to its associated base for inward-outward movement in unison
      therewith; and wherein said control means comprises: means for moving the
      stop members in forward-rearward directions so as to place either an inner
      section in registry with an impact member, whereby engagement of an impact
      member with an inner section defines said close inner base location, or an
      outer section in registry with an impact member, whereby engagement of an
      impact member with an outer section defines said remote inner base
NUM  3.
PAR  3. The machine as defined in claim 1 further comprising: a housing mounted
      for swinging movement about an upright axis; means mounting the support
      means to the housing forwardly of said axis, said swinging mounting of the
      housing providing said movable mounting of the support means; and wherein
      said control means comprises: means for swinging the housing about said
NUM  4.
PAR  4. The machine as defined in claim 1 further comprising: a housing mounted
      for swinging movement about an upright axis; and means mounting the
      support means to the housing forwardly of said axis, said swinging
      mounting of the housing providing said movable mounting of the support
      means; wherein each of said limit stop means comprises: a stop member,
      mounted for forward-rearward movement, having an inner section and an
      outer section, said inner section being closer to said line of symmetry
      than said outer section; and an impact member, located outwardly of said
      stop member in registry with said stop member, mounted to its associated
      base for inward-outward movement in unison therewith; and wherein said
      control means comprises: means for swinging the housing about said axis;
      and means for moving the stop members in forward-rearward directions so as
      to place either an inner section in registry with an impact member,
      whereby angagement of an impact member with an inner section defines said
      close inner base location, or an outer section in registry with an impact
      member, whereby engagement of an impact member with an outer section
NUM  5.
PAR  5. A lasting machine comprising: heel wiping means, symmetrically disposed
      about a forward-rearwardly extending line of symmetry, mounted for forward
      movement from a retracted position to an advanced position in a heel
      wiping stroke; a housing mounted for swinging movement about an upright
      axis; support means mounted to the housing forwardly of said axis for so
      supporting a shoe assembly, formed of a last having an upper mounted
      thereon and an insole located on its bottom, that the heel of the shoe
      assembly faces the heel wiping means and is located forwardly of the heel
      wiping means when the heel wiping means is in its retracted position
      whereby the heel wiping stroke causes the heel wiping means to wipe the
      heel portion of the margin of the upper against the insole; means for
      initially maintaining the heel wiping means in its retracted position;
      means for thereafter so swinging the housing about said axis as to bring
      the heel portion of the shoe assembly into symmetrical relationship with
      said line of symmetry; and means for thereafter imparting a heel wiping
NUM  6.
PAR  6. A method of heel lasting by means of heel wiping means that are
      symmetrically disposed about a forwardly-rearwardly extending line of
      symmetry and that are mounted for forward movement from a retracted
      position to an advanced position in a heel wiping stroke comprising: so
      supporting by support means a shoe assembly formed of a last having an
      upper mounted thereon and an insole located on its bottom that the heel of
      the shoe assembly faces the heel wiping means and is located forwardly of
      the heel wiping means when the heel wiping means is in its retracted
      position whereby the heel wiping stroke causes the heel wiping means to
      wipe the heel portion of the margin of the upper against the insole;
      initially maintaining the heel wiping means in its retracted position;
      thereafter so swinging the support means about an upright axis that is in
      approximate coincidence with the heel end of the shoe assembly as to bring
      the heel portion of the shoe assembly into symmetrical relationship with
      said line of symmetry; and thereafter imparting a heel wiping stroke to
      said heel wiping means.
PATN
WKU  039342956
SRC  5
APN  4372387
APT  1
ART  352
APD  19740128
TTL  Rocker bearing for bridges on similar structures
ISD  19760127
NCL  28
ECL  1
EXP  Byers, Jr.; Nile C.
NDR  4
NFG  15
INVT
NAM  Koster; Waldemar
CTY  Forsbach
CNT  DT
INVT
NAM  Huber; Reinhold
CTY  Rorbas
CNT  CH
ASSG
NAM  Firma Kober AG
CTY  Glarus
CNT  CH
COD  03
PRIR
CNT  DT
APD  19730206
APN  2305749
PRIR
CNT  DT
APD  19730517
APN  2325141
PRIR
CNT  DT
APD  19730726
APN  2337890
CLAS
OCL   14 16
XCL  161 47
XCL  248 22
EDF  2
ICL  E01D 1906
FSC   14
FSS  16
FSC  161
FSS  47
FSC  308
FSS  2;3 R;238
FSC  248
FSS  22;23
FSC   52
FSS  396
UREF
PNO  3329472
ISD  19670700
NAM  Donnellan
OCL   14 16
UREF
PNO  3602560
ISD  19710800
NAM  Memmel
OCL  308238
UREF
PNO  3728752
ISD  19730400
NAM  Andra
OCL   14 16
UREF
PNO  3756551
ISD  19730900
NAM  Bishop
XCL  248 22
UREF
PNO  3782788
ISD  19740100
NAM  Koester
XCL   14 16
UREF
PNO  3782789
ISD  19740100
NAM  Koester
XCL   14 16
FREF
PNO  1,157,640
ISD  19631100
CNT  DT
OCL   14 16
LREP
FR2  Greenside; Ernest A.
ABST
PAL  The invention concerns a rocker bearing comprising a pair of bearing
      members, disposed between construction parts, and an elastic pressure
      cushion between the bearing members and for operation at large bearing
      rocking angles with improved flexibility of the pressure cushion there are
      provided one or more groups of sealing bodies at least in part embedded in
      the pressure cushion, each group containing bodies disposed at intervals
      in the region of an annular gap between the pair of bearing members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rocker bearing for bridges, and similar
      structures.
PAR  Rocker bearings have previously been proposed which comprise an elastic
      pressure cushion, disposed between an upper and lower bearing member, the
      lateral surface of which is completely or partially enclosed by one or
      more annular casing parts, and sealing bodies which consist, at least in
      part, of a more highly work-resistant material than the cushion material.
      The sealing bodies are disposed in front of the gap or gaps between the
      casing parts and/or the bearing parts and the inner surface of the casing
      parts and are joined to the pressure cushion to form a one-piece
      construction unit.
PAR  Sealings for cup-shaped bearings are known, which comprise sealing rings,
      countersunk in the pressure cushion, so as to be capable of movement
      relative to the interstice to be sealed. Its disadvantage is that abrasion
      occurs on the side of the pressure cushion, owing to canting or distortion
      of the sealing rings; in the event of extreme rocking action, this can
      cause the seal to be damaged.
PAR  A further known rocker bearing provides the improvement, in relation to the
      loosely inserted sealing rings, of eliminating abrasion on the side of the
      pressure cushion by a one-piece connection of the sealing body to the
      pressure cushion. But even if the phenomenon of abrasion, in the event of
      relative movement between the sealing bodies and the remainder of the
      pressure cushion, is eliminated, in these known pressure cushions, the
      connection between the sealing bodies and the remainder of the pressure
      cushion is nevertheless subjected to stress in extreme rocking positions,
      which causes the angle of rocking to be restricted.
PAR  The invention on the other hand has its object the provision of a rocker
      bearing of the aforementioned type for particularly large rocking angles,
      which provides improved flexibility of the pressure cushion in spite of
      greater stress.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing aim is thereby attained according to the invention in that
      the sealing bodies consist of lamellae, which are disposed at intervals
      and in a circular arrangement adjacent the gap and which are at least in
      part embedded in the pressure cushion with a narrow side directed radially
      outwardly.
PAR  Owing to the division of the sealing ring into individual lamellae, the
      surface of the sealing ring for connection to the pressure cushion is
      substantially enlarged, thus providing a pressure cushion for particularly
      high stress. The work material consumption for the lamellae is also ideal,
      since the lamellae can be adapted to any particular application of the
      bearing by variation of their dimensions and the number employed.
PAR  Since the lamellae are disposed at intervals, they can easily be adapted to
      movements of the pressure cushion, during the rocking action, for example,
      by occupying a position so inclined that their narrow surfaces
      respectively abut the bearing surfaces defining the gap to be sealed.
      Owing to the narrow intervals between the lamellae, any emergence of soft
      pressure cushion material between the lamellae is prevented.
PAR  The sealing body constructed according to the invention, that is its
      construction as a set of lamellae, also facilitates the choice of
      material. Whilst particularly flexible materials can be utilised for the
      cushion, the selection of the material for the lamellae depends solely on
      this material being resistant with regard to its shape, in front of the
      gap, i.e. synthetic materials or metals which are highly or very highly
      resistant, e.g. steel, brass, polyamides, polyacetates, possibly
      reinforced with glass fibres or analagous hard elastic materials, come
      under consideration as material for the lamellae. Finally, the problem of
      avoiding impact of the two ring ends which normally occurs in the known
      sealing rings is completely eliminated by the present invention;
      separation of the individual lamella in each set of lamellae is easily
      possible by permitting the material of pressure cushion to extend
      therebetween.
PAR  To provide the pressure cushion with an even softer and particularly
      well-fitting adaptation to angular changes due to the rocker action of the
      bearing, a further proposal of the invention consists in providing two
      different groups of lamellae in which the groups of lamellae are disposed
      in an alternating sequence arrangement, one group extending with a longer
      narrow side parallel to the bearing surface of the respective bearing
      member and the other group of lamellae extending with a longer narrow side
      parallel to the inner surface of the casing member.
PAR  This feature is based on the idea that one group of the lamellae
      participates in the movement of the bearing part and the other group
      participates in the movement of the casing member such that, owing to the
      bonding attained by the relatively soft pressure cushion material, the
      sealing body acts as a soft joint, which facilitates a force-free angular
      adaptation on rocking movement. Thus the pressure cushion material is
      additionally utilised, particularly in respect of its rotary elasticity.
PAR  The two aforementioned proposals according to the invention proceed from
      the fundamental idea of firmly connecting a sealing body of highly
      resistant material to the flexible pressure cushion material, for the
      reduction of abrasion, in the sealing area of the pressure cushion. Use
      has thereby been made of the knowledge that it is no longer necessary,
      assuming a firm connection, for the pressure cushion to be completely
      covered by the sealing body in the area adjacent the gap to be sealed.
      Owing to the firm bonding of the pressure cushion material between the
      lamellae, the material is prevented from emerging into the gap to be
      sealed. Thus the sealing body, which has been divided into lamellae
      fulfils every requirement in respect of a sealing action free from
      abrasion, but has the advantage, in relation to the known one-piece
      sealing ring, of following all deformation of the pressure cushion
      produced by the rocking action of the bearing in a flexible and force-free
      manner.
PAR  To simplify production of the pressure cushion utilised with the sealing
      ring, divided into lamellae according to the invention, provision is made,
      according to a further feature of the invention, for the sealing body to
      consist of a wire helix embedded in the material of the pressure cushion,
      disposed with its axis adjacent the gap.
PAR  This type of wire helix has all the advantages of the sealing body
      constructed in the form of lamellae; in particular, it sets no limits for
      the rocking resistance of the pressure cushion, eliminates abrasion and
      the emergence of pressure cushion work material in the vicinity of the gap
      to be sealed and facilitates well-fitting adaptation to angular changes
      caused by rocking movements of the bearing. Together with these
      advantages, there are also considerable simplifications in production. The
      wire spiral can be produced with ease and economy as a continuous part of
      optional length. Owing to its inherent rigidity, it can be brought into
      the most advantageous position in the vulcanisation mold for the pressure
      cushion and vulcanised without the separate expense of a support therefor.
PAR  The wire formed into a wire helix can be of circular or rectangular
      cross-section. A wire of circular cross-section can be produced and coiled
      more easily. A wire of rectangular cross-section is more rigid and offers
      a larger connection surface for the bonding operation with the pressure
      cushion material. For dimensioning of the wire helix, care should be taken
      with regard to the correlation of the intervals between the coils and the
      thickness of the wire. The interval must be small enough to prevent the
      emergence of pressure cushion work material therebetween and the strength
      of the wire must be sufficient to prevent permanent deformation of the
      wire helix. The wire helix forms a resistant sealing body with the
      pressure material located on its interior. This sealing body is inherently
      so stable that, on rocking movement, a rolling movement of the cover edge
      on the surface of the wire helix occurs and jamming of material is thereby
      completely eliminated.
PAR  The pressure cushion work material between the lamellae and about the
      lamellae or in the interior of the wire spiral and about the wire spiral
      advantageously possesses greater rigidity in relation to the material of
      the remainder of the pressure cushion; whilst rubber is a suitable
      material, for example, for the core of the pressure cushion, the
      reinforced region can consist of a harder elastomer, for example,
      polyurethane, which is distinguished by greater rigidity and hardness.
PAR  In a pressure cushion made of rubber, the lamellae or wire spiral can be
      vulcanised in the pressure cushion, but they can also be secured in the
      pressure cushion by means of a re-moulding operation with pressure cushion
      material, e.g. polyurethane.
PAR  An advantageous embodiment of the invention consists in that, for the
      proposal comprising two groups of lamellae, the lamellae belonging to each
      group are at least connected together in an alternating manner on their
      shorter narrow surfaces. Within the scope of this embodiment, it is
      advantageous to dispose the lamellae of each group in an alternating
      arrangement so as to extend in an opposed or inclined position in relation
      to the surface of the bearing or casing members, adjacent the respective
      narrow surfaces of the lamellae. Each group of lamellae can thereby
      consist of corrugated bands or zig-zag shaped bands, the straight sections
      of which form the lamellae.
PAR  Owing to the advantageous construction, wherein intermediate layers of
      pressure cushion material are located between the lamellae in the vicinity
      of the lamellae for the toothing, a seal is produced, which is relatively
      rigid in the area directly adjacent the interstice, since at this point
      the intervals between the lamellae belonging to the various groups or
      bands are only half as large as the intervals between the lamellae of the
      same group or band.
PAR  All types of a rocker bearing obviously come within the scope of the
      invention, e.g. its modification in the capacity of a sliding bearing. In
      its modification as a sliding bearing, the lamellae can comprise a recess
      for receiving a sliding layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Specific embodiments of the invention will now be described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a vertical cross-section of the first embodiment of a rocker
      bearing;
PAR  FIG. 2 is a partial section, made in the plane of the line II--II of FIG.
      1;
PAR  FIG. 3 is a partial section, in the view according to FIG. 2, but of a
      different embodiment;
PAR  FIGS. 4 to 8 are each partial sections, in the vertical sense, of further
      embodiments;
PAR  FIG. 9 is a vertical cross-section of a roller bearing with a sealing body
      comprising two groups of lamellae;
PAR  FIG. 10 is a partial section, made in the plane X-X of FIG. 9;
PAR  FIGS. 11 and 12 each show a part of two different embodiments of a sealing
      body;
PAR  FIG. 13 is a cross-section of a rocker bearing, taken along a vertical
      plane, which comprises a sealing body containing a wire spiral;
PAR  FIG. 14 is a view according to the line XIV-XIV of FIG. 13, in partial
      section and,
PAR  FIG. 15 shows a part of the wire spiral.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, FIG. 1 shows a cup-shaped bearing, comprising an
      upper construction part 1 and a lower construction part 2. A bearing cover
      3 and a cup 4, in which the cover engages from above, are disposed between
      the construction parts. The bearing cover 3 is supported on a pressure
      cushion 5, disposed in the interior of the cup 4. Lamellae 8 are provided
      for sealing the gap 6 between the bearing cover 3 and the inner surface 7
      of the cup casing. The lamellae 8 are movably inter-connected by means of
      ribs 9. The lamellae 8 are located, as shown in FIG. 2, at intervals and
      spaced apart from each other on the periphery of the pressure cushion 5.
      Each lamella 8 takes the cross sectional form of a wedge, which diverges
      outwardly towards the radial outer surface 10 of the cushion as seen in
      FIG. 2. Under stress, the narrow outer vertical edge surfaces of the
      lamellae adjoining the radial outer surface 10 of the pressure cushion,
      abut the inner surface 7 of the cup.
PAR  A different embodiment of the lamellae and the pressure cushion is shown in
      FIG. 3, shown in a horizontal partial section according to FIG. 2. The
      outer edge surfaces of the lamellae 11a and 11b have a rounded or
      ball-shaped construction. The pressure cushion material between the
      lamellae has a concave shape on the outer lateral surface of the pressure
      cushion. Owing to this construction, the contact surface between the
      pressure cushion material and the inner surface 7 of the cup is greatly
      reduced and consequently, the frictional forces, which are otherwise
      present, are thus decreased. The lamellae are connected together by means
      of ribs 12 to form a uniform set of lamellae. The lamellae are constructed
      of varying lengths in an alternating manner, the lamellae 11a thereby
      being shorter than the lamellae 11b.
PAR  The partial sections of a cup-shaped bearing according to FIG. 4 shows
      lamellae 13, extending over the entire cushion height. The lamella
      illustrated has a rounded construction in the corner in front of the gap
      6, between the bearing cover 3 and cup casing 4a. To increase its mobility
      and its flexibility against shock owing to rocking action by the bearing,
      the lamella is provided with indentations 14. The lamella extends
      downwards as far as the upper surface of the cup base 4b. The horizontally
      extending portion and the inclinations of the lamella enable the lamellae
      to respond to load condition and permit swift resilient return to the
      initial portion after removal of the load. Since the lamellae 13 do, in
      the main, abut the inner surface 7 of the cup casing 4a and the lamellae
      extend over the entire height of the pressure cushion, friction between
      the pressure cushion and the inner surface 7 of the cup casing 4a is
      greatly reduced. The ribs 15 ensure cohesion of the lamellae, creating an
      assembly which substantially facilitates their mounting on the pressure
      cushion.
PAR  FIG. 5 shows a partial section of a further embodiment of a rocker bearing.
      Lamellae in the form of discs 16 are disposed at intervals, one behind the
      other and are of varying lengths, as shown at 17. The space between the
      lamellae is of course also filled with pressure cushion material in this
      embodiment. The lamellae are attached at 18 adjacent the gap.
PAR  In the embodiment according to FIG. 6, the rocker bearing consists of an
      upper cup 19 and a lower cup 20. The casings of the two vessels define a
      gap 21 between them. The lamellae 22 are inserted in the pressure cushion
      adjacent the gap 21, for the purpose of sealing said gap. The lamellae 22
      have a flattened semi-circular shape; their outer straight margin abuts
      the inner surfaces of the casings for the two cups.
PAR  FIG. 7 shows a pressure cushion 5, which is connected to an upper plate 23
      and a lower plate 24. A steel ring 25, which encloses the pressure cushion
      on the exterior, serves to reinforce the pressure cushion, which is under
      stress between the constructions parts, not illustrated, against
      horizontal displacement. The two gaps 26 and 27 between the steel ring and
      the upper or lower plate 23 or 24 respectively seal the lamellae 28 and
      29, a number of lamellae 28 thereby being combined to form an upper set of
      lamellae and a corresponding number of lamellae 29 combined to form a
      lower set of lamellae. The lamellae 28 and 29 can also be firmly connected
      to the lower surface of the plate 23 or the upper surface of the plate 24
      respectively. The boundary between the softer core and the harder external
      zone of the pressure cushion is indicated by the line 34.
PAR  FIG. 8 shows a cup-shaped bearing comprising a lower cup 30, a pressure
      cushion 5, an upper bearing part 31 with a sliding plate 32, which is
      disposed below said bearing part and is constructed, for example, of hard,
      chromium-plated steel plate. On their outer narrow sides, the lamellae 33
      abut said sliding plate on one side and the inner surface 7 of the cup
      casing 30 on the other. A counter slide plate 35 of, for example
      polytetrafluoroethylene, is connected, in the inner area of the lamellae.
PAR  In the embodiments described above the lamellae are approximately from 3 to
      5 mm thick; the interval between the lamellae is preferably from 2 to 3
      mm.
PAR  FIG. 9 shows a cup-shaped bearing comprising an upper construction part 1
      and a lower construction part 2. The bearing cover 3, in the capacity of
      an upper bearing member, and the cup 4, in the capacity of a lower bearing
      member and in which the cover engages from above, are disposed between the
      construction parts. The bearing cover 3 is supported on the pressure
      cushion 5, disposed in the interior of the cup 4. Lamellae 48h and 48v are
      provided for sealing the gap 6 between the bearing cover 3 and the inner
      casing surface 7. The lamellae 48h  and 48v alternate over the periphery
      of the pressure cushion. The lamellae 48h extend horizontally from the
      radial outer surface of the pressure cushion and adjacent the top of the
      cushion; the lamellae 48v extend vertically from the upper side of the
      pressure cushion. The horizontal lamellae 48h and the vertical lamellae
      48v overlap in the area 49, located directly in front of the gap 6. Under
      stress the narrow sides of the lamellae adjoining the upper surface of the
      pressure cushion abut the inner casing surface 7a of the cup 4 and the
      underside of the cover 3.
PAR  As described with regard to FIGS. 1-10, each of the lamellae are described
      generally flat and planar platlet members having an upper edge parallel to
      the bearing surface of the cover bearing and an outer edge parallel to the
      surface of the vertical peripheral casing, against which they are adapted
      to respectively abut. Thus, the lamellae lie perpendicular to the bearing
      surfaces spaced at uniform intervals about the periphery of the pressure
      cushion. The lamellae are set in the softer pressure cushion so as to be
      relatively movable in the direction of the bearing load with respect to
      each other, not withstanding the use of an interconnecting rib, acting to
      hold them together for ease of assembly; the elongated rib, as described,
      being itself flexible.
PAR  In FIG. 10, the lamellae 48h and 48v are shown in a plan view of the
      pressure cushion 5, such that the narrow sides of the lamellae are
      visible. In the embodiment according to FIGS. 9 and 10, the lamellae each
      have an elongated construction in the form of a blade, the longer narrow
      side of the horizontal lamellae 48h thereby extending parallel to the
      underside of the cover 3 and the longer narrow side of the vertical
      lamellae 48v extending parallel to the inner casing surface 7 of the cup
      4.
PAR  FIGS. 11 and 12 each show embodiments of the lamellae, wherein both the
      vertical lamellae and also the horizontal lamellae are in each case
      connected together at opposite ends, the sections forming the lamellae 42
      thereby being located in an inclined position in relation to the radial
      sense (or the vertical sense on the upper surface of the pressure cushion
      respectively with a bearing not of circular cross-section). The lamellae
      41, embedded vertically in the pressure cushion are of an identical
      construction to the horizontal lamellae 42. A further development of FIG.
      11 represents the embodiment according to FIG. 12. In this case the
      lamellae 43 or 44 respectively are curved in the manner of an articulated
      socket in the region 49, in which they are engaged in each other. The
      horizontal lamellae 44 form a first band, embedded horizontally in the
      pressure cushion, rotating along the gap to be sealed; a band of analogous
      construction, which has been embedded in the pressure cushion vertically
      to the first band, contains the lamellae 43, which abut the upper surface
      of the pressure cushion 5 at their upper connection points.
PAR  FIG. 13 shows a bearing cup comprising an upper construction part 1 and a
      lower construction part 2. The bearing cover 3, in the capacity of an
      upper bearing member, and the cup 4, which functions as a lower bearing
      member and in which the cover engages from above, are disposed between the
      construction parts. The bearing cover 3 is supported on the pressure
      cushion 5, disposed in the interior of the cup 4 and is made of a flexible
      material, for example, natural or synthetic rubber. In order to prevent
      escape of the pressure cushion work material through the gap 6 under
      stress, a wire helix 57 is provided as a seal along the upper edge of the
      pressure cushion and in a circular arrangement adjacent the gap. The
      intervals between the coils of the wire helix have been shown as being
      relatively large for simplification of the drawings. A practical
      embodiment of the wire helic has an outer diameter of approximately 12 mm;
      the cross-section of the wire is equivalent to a rectangle having a
      lateral length of 1 mm and 4 mm; the interval between successive coils is
      approximately 0.3 mm. A preferred material for the wire is brass or
      bronze; steel or synthetic material is however also suitable, such as hard
      polyamide. The space in the interior of the wire helix and between the
      individual coils is filled with pressure cushion work material. A firm
      one-piece connection between the wire helix 57 and the pressure cushion 5
      is obtained by the embedding of the wire helix.
PAR  FIG. 14 shows, on a larger scale, a section of the pressure cushion 5 in
      plan view and it is thereby clear that the cup-shaped bearing is
      constructed with a circular outline and the wire helix shown as being
      raised out of the pressure cushion for purposes of clarification is curved
      so as to correspond to the circular shape of the cup-shaped bearing.
PAR  FIG. 15 shows a section of the wire helix, on a larger scale, comprising a
      wire of rectangular cross-section, which is wound edgeways. The inclined
      arrangement of the wire imparts increased stability to the wire helix 57
      and offers the pressure cushion material between the coils of the wire
      helix a large connection surface. The rectangular cross-section of the
      wire is shown by dotted lines at one of the upper vertices of the wire
      coil shown in FIG. 15. The outline shape of the pressure cushion can of
      course differ from the circular shape.
PAR  In the embodiments of FIGS. 11-15 the lamellae although not individual
      planar members, retain the same characteristics as those of FIGS. 1-8.
      Each of the discrete turns of the helix or each fold of the corrugated
      band defines horizontal edge parallel to the bearing surface and a
      vertical edge parallel to wall of the peripheral casing, against which
      they respectively abut. Because both the helix and the corrugated band are
      highly flexible, the individual turn or fold move relatively to each other
      under application of the bearing load.
CLMS
NUM  1.
PAR  1. A rocker bearing comprising upper and lower bearing members having
      opposed bearing surfaces for supporting loads applied to one of the other
      said members, an elastic pressure cushion interposed between the bearing
      surfaces, said elastic pressure cushion having its periphery at least in
      part enclosed by at least one peripheral casing wall, a plurality of
      lamellae embedded within said elastic pressure cushion adjacent one
      bearing surface and spaced about the periphery thereof, each of said
      lamellae being formed of a material less resilient than said elastic
      pressure cushion and having a narrow edge extending parallel to said one
      adjacent bearing surface and a narrow edge extending parallel to the
      surface of said peripheral casing wall, each of said edges being arranged
      within said cushion to abut the respective surfaces on application of a
NUM  2.
PAR  2. The rocker bearing according to claim 1 wherein one of the bearing
      members is fixed and is cup shaped and said other bearing member comprises
      a cover therefore adapted to be movable within said one bearing member,
      said pressure cushion being located within said one bearing member and
      said lamellae being arranged on the surface of said pressure cushion to
NUM  3.
PAR  3. The rocker bearing according to claim 2 wherein said means for
      connecting said lamellae comprises a lateraly disposed rib formed of
NUM  4.
PAR  4. The rocker bearing according to claim 1 including means for flexibly
NUM  5.
PAR  5. The rocker bearing according to claim 1 wherein alternate ones of said
      lamellae have at least one edge of different lengths than the
NUM  6.
PAR  6. The rocker bearing according to claim 5 wherein a first set of alternate
      ones of said lamellae have their edge extending parallel to the surface of
      said peripheral casing wall of a length longer than the corresponding edge
      of the adjacent lamellae and a second set of alternate ones of said
      lamellae having their edge extending parallel to the bearing surface of a
NUM  7.
PAR  7. The rocker bearing according to claim 5 wherein the lamellae of one
      group are interconnected by means arranged along a shorter narrow side.
NUM  8.
PAR  8. The rocker bearing according to claim 5 wherein the lamellae of one set
      are alternately disposed so as to extend in an angular relationship to the
NUM  9.
PAR  9. The rocker bearing according to claim 1 wherein said pressure cushion is
      formed of a generally highly resilient material provided with a section of
NUM  10.
PAR  10. The rocker bearing according to claim 1 wherein the narrow edge
      extending parallel to the surface of said peripheral casing wall extends
NUM  11.
PAR  11. The rocker bearing according to claim 8 wherein said lamellae are
      provided with cut out portions at least along the narrow edge parallel to
NUM  12.
PAR  12. The rocker bearing according to claim 1 wherein the side surfaces of
      said lamellae are worked to provide an abrasive surface fascilitating
NUM  13.
PAR  13. The rocker bearing according to claim 1 wherein said pressure cushion
NUM  14.
PAR  14. The rocker bearing according to claim 1 wherein said pressure cushion
      is formed in two sections, one of said section embedding said lamellae,
      said lamellae being first embedding within said section and said section
NUM  15.
PAR  15. The rocker bearing according to claim 1 wherein said narrow edge
      extending parallel to said peripheral casing wall has convex cross
NUM  16.
PAR  16. The rocker bearing according to claim 1 wherein the surface of the
      pressure cushion is formed so as to rebound relative to the narrow edges
NUM  17.
PAR  17. The rocker bearing according to claim 1 wherein said lamellae are
NUM  18.
PAR  18. A rocker bearing comprising a pair of opposed bearing members at least
      one of which is relatively movable axially toward and away from the other,
      a resilient pad located between said members to absorb the load placed on
      said bearing members and a plurality of vertically disposed platlet
      supports uniformly spaced about the periphery of said pad, said supports
      being formed of a material less resilient than said pad and embedded
      within said pad and having one edge lying substantially flush with the
NUM  19.
PAR  19. The rocker bearing according to claim 18 wherein said pad is surrounded
      by a peripheral enclosing wall and said platlets have a second edge lying
      substantially flush with the peripheral surface of said pad in abutment
NUM  20.
PAR  20. The rocker bearing according to claim 19 wherein said first and second
      edges are perpendicular to each other and lie in a plane arranged parallel
NUM  21.
PAR  21. A rocker bearing comprising upper and lower bearing members having
      opposed bearing surfaces for supporting loads applied to one of the other
      said members, an elastic pressure cushion interposed between the bearing
      surfaces, said elastic pressure cushion having its periphery at least in
      part enclosed by at least one peripheral casing wall, a wire helix formed
      of a material less resilient than said elastic pressure cushion embedded
      within said elastic pressure cushion adjacent one bearing surface and
      extending about the periphery thereof, the individual turns of said helix
      being disposed with its axis rotating in a plane parallel to the bearing
      surface and having a narrow edge extending parallel to said one adjacent
      bearing surface and a narrow edge extending parallel to the surface of
      said peripheral casing wall, each of said edges being arranged within said
      cushion to abut the respective surfaces on application of a load to said
NUM  22.
PAR  22. The rocker bearing according to claim 21 wherein the outer surface of
      the pressure cushion is formed of the material constructed so as to
      rebound relative the outer surface of the wire helix, in the region
NUM  23.
PAR  23. The rocker bearing according to claim 21 wherein said helix is formed
NUM  24.
PAR  24. The rocker bearing according to claim 21 wherein said helix is formed
NUM  25.
PAR  25. A rocker bearing comprising upper and lower bearing members having
      opposed bearing surfaces for supporting loads applied to one of the other
      said members, an elastic pressure cushion interposed between the bearing
      surfaces, said elastic pressure cushion having its periphery at least in
      part enclosed by at least one peripheral casing wall, at least one
      continuous band of material less resilient than said elastic pressure
      cushion embedded within said elastic pressure cushion adjacent one bearing
      surface and extending about the periphery thereof, said band being folded
      in zig-zag corrugation to form lamellae, the fold lines of said
      corrugation and the longitudinal edge of said band forming narrow edges
      one of which extending parallel to said one adjacent bearing surface and
      the other extending parallel to the surface of said peripheral casing
      wall, each of said edges being arranged within said cushion to abut the
NUM  26.
PAR  26. The rocker bearing according to claim 25 including a pair of corrugated
      bands, the longitudinal edge of one band being arranged parallel to one
      adjacent bearing wall, and the longitudinal edge of the other band
      arranged parallel to the surface of the peripheral wall, the corrugations
NUM  27.
PAR  27. The rocker bearing according to claim 25 wherein said corrugations are
NUM  28.
PAR  28. Method for the production of a pressure cushion for a rocker bearing
      assembly comprising the steps of providing a plurality of lamellae having
      a pair of perpendicularly directed edges with a highly flexible
      interconnecting rib, providing a mold in the desired shape of said
      pressure cushion, arranging said interconnected lamellae within said mold
      and arranging the same in accordance with the shape of said mold to extend
      uniformly about the periphery thereof, filling said mold to form said
      cushion and embed said lamellae with a material of greater resiliency than
      said lamellae and so that the narrow edges of said lamellae extend
      respectively adjacent the face of said cushion and the lateral peripheral
      surface thereof and curing said material.
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ABST
PAL  Brushes are held in engagement with car wheels on short spinner sections
      driven at high speeds to spin the wheels, and vertical pusher conveyor
      chains are guided under the spinner sections to move the car over and past
      the spinner sections. In one embodiment, the spinner section includes
      driven rolls bracketing a path of a pusher arm of the conveyor, and, in an
      alternate embodiment, the spinner section includes outer-timing belts
      supporting the wheel and having inner teeth meshing with outer teeth of
      inner-timing belts coursing inside the outer-timing belts.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to wheel cleaners, and more particularly to combined
      car wash conveying and wheel cleaning apparatus.
PAR  An object of the invention is to provide new and improved wheel cleaners.
PAR  Another object of the invention is to provide combined car wash conveying
      and wheel cleaning apparatus.
PAR  A further object of the invention is to provide a car wash having a wheel
      spinner section in an intermediate portion of a pusher conveyor wherein a
      chain of the conveyors is guided around the wheel spinner section.
PAR  Another object of the invention is to provide a car wash having a wheel
      spinner having a longitudinal slot through which puller arms of a conveyor
      pass and a conveyor guide structure which guides a chain of the conveyor
      below the wheel spinner.
DRWD
PAR  In the drawings:
PAR   FIG. 1 is a fragmentary, top plan view of a car wash conveyor and wheel
      spinner construction forming one embodiment of the invention;
PAR  FIG. 2 is a vertical, sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged, fragmentary, vertical sectional view taken along
      line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary, top plan view of a car wash conveyor and wheel
      spinner construction forming an alternate embodiment of the invention;
PAR  FIG. 5 is a fragmentary, side elevation view taken along line 5--5 of FIG.
      4; and
PAR  FIG. 6 is a fragmentary, vertical sectional view taken along line 6--6 of
      FIG. 4.
DETD
PAR  Referring now in detail to the drawings, there is shown in FIGS. 1-3 a car
      wash conveyor and wheel spinner construction forming one embodiment of the
      invention and including a wheel spinner 10 and a conveyor 12. The conveyor
      12 includes a roller chain 14, which travels in its upper course along
      horizontal upper guides 16 and lower guides 18 below a track 20 on which
      the wheels of one side of a car to be washed roll. The chain is endless,
      lies generally in a vertical plane and has a lower course (not shown). The
      chain includes rollers 22, which roll on the lower guides 18, and rollers
      24, which engage the upper guides 16 when pushers 26 are extended upwardly
      and engage the wheels of cars to be washed. When the pushers 26 are not
      extended upwardly, pusher rollers 28 of the pushers 26 roll along the
      lower guides 18. The chain 14 is endless and has a lower course directly
      below its upper course.
PAR  The wheel spinner 10 is mounted in a cut-out or discontinuity between
      portions of the guides 16 and 18, and has upper, bypass guides 30
      connecting the upper guides 16 and lower, bypass guides 32 connecting the
      lower guides 18. The guides 30 and 32 deflect the chain 14 down under the
      past the wheel spinner and then back up to the level of the top of the
      wheel spinner.
PAR  The wheel spinner 10 includes powered rolls 40 and idler rolls 42
      positioned between the powered rolls 40 and at the end portions of the
      wheel spinner. The rolls 40 and 42 are mounted in two, opposed rows
      defining a slot 44 between the rows, and the rolls of one row are
      staggered relative to or offset midway between the rolls of the other row
      as best shown in FIG. 1.
PAR  The powered rolls are knurled and are mounted cantilever by shaft portions
      46 (FIG. 3) journaled in bearings 48 supported by longitudinal frame
      members 50 and 52 secured to cross-frame members 54 and 56. Outer
      longitudinal frame members 58 bolted to cross-frame members 60 carry
      hydraulic motors 62 coupled by releasable couplings 64 to the shaft
      portions 46. The motors 62 are detachably mounted in cantilever
      arrangement on the members 68. The idler rolls 42 are mounted in
      cantilever style on the members 50 and 52 by bearings (not shown) like the
      bearings 48. A conveyor frame 70 supports the members 50 and has
      cross-members 72 rigidly secured to longitudinal members 74. The members
      50 are detachably secured by bolts 76 to end portions of side flanges 78
      of the tire track 20, which is rigid with the conveyor frame. In
      assembling, after the guides 30 and 32 have been installed to form a
      deflecting or bypassing continuation of the guides 16 and 18, unitary
      halves 80 and 82 of the wheel spinner 10 are installed and rigidly secured
      in place by the bolts 76. The guides 30 are rigidly secured to
      longitudinal member 84 rigidly secured to the conveyor frame. The guides
      30 and 32 are generally U-shaped to deflect the chain 14 and provide
      clearance for the rolls 40 and 42. The guides 30 and 32 are generally
      S-shaped.
PAR  Each of the pushers 26 includes an arm 90 pivoted on axle 92 carried by
      links 94 of the chain 14 and supporting the rollers 24. The outer or free
      end of the arm 90 carries an axle 96, on which the wheel engaging and
      pusher rollers 24 are mounted. Track engaging rollers 98 are mounted on
      the end portions of the axle 96 and support the rollers 24 up off the
      track so that the rollers 24 are free to rotate from engagement with a
      tire 100 of a car independently of the rollers 98. The pushers 26 are
      pulled by the conveyor chain from right to left as viewed in FIG. 2, and
      are selectively actuated between an upper, operative position as shown in
      full lines in FIG. 2 and a lower retracted position as shown in phantom
      lines in FIG. 2 just to the left of the full line position shown, this
      selective actuation occurring in a portion of the conveyor preceding the
      wheel spinner 10, the guides 30 guiding the rollers 98 under the rolls 40
      and 42 of the wheel spinner when the pusher is retracted.
PAR  When the pusher 26 is in its extended or operative position and the upper
      course of the chain 14 is moved to the left, as viewed in FIGS. 1 and 2,
      the pusher engages the tire or wheel 100 of the car and pushes the car to
      the left along the track 20, the wheel 100 and the other wheel on the same
      side of the car moving along the track between guide rails 102. When each
      wheel 100 gets to the wheel spinner, a limit switch actuator (not shown)
      causes the motors 62 to run, a motor (not shown) of a wheel brush 110 to
      rotate the brush 110 and the brush 110 to be held in engagement with the
      wheel on the spinner 10. The rolls 42 are driven to rotate the wheel at a
      high speed which aids brush 110 in cleaning the wheel, the conveyor moving
      the car along the spinner. Filler rolls 112 cantilever mounted on the
      members 50 aid in supporting the rollers 98 as the latter is moved over
      the spinner. The rolls 40 preferably are knurled.
PAC  EMBODIMENT OF FIGS. 4-6
PAR  A car wash conveyor and wheel spinner construction forming an alternate
      embodiment of the invention includes a wheel spinner 120 and a conveyor
      122. The wheel spinner 120 includes two halves 124 bolted to wheel
      supporting tracks 126 having sections cut out to accommodate the halves
      124. The conveyor 122 is identical to the conveyor 12 and is not shown in
      detail, U-shaped deflecting guides 128, like the guides 30 and 32, being
      provided to deflect the conveyor chain under and past the wheel spinner.
      The conveyor has selectively extendable pushers 130 like the pushers 26.
PAR  Each half 124 of the wheel spinner 120 includes a longitudinal frame member
      or plate 140 bolted to longitudinal portions of the tracks 126 and
      carrying a drive frame 142 and an idler frame 144. The drive frame
      includes a bottom plate 146, end plates 148 and 150, bearing supporting
      plates 152 and motor supporting plates 154. A hydraulic motor 156 mounted
      on the plate 154 drives flanged pinions 158 to drive timing belts 160. The
      pinions are cantilever mounted in bearings 162 and 164 supported by the
      plates 140 and 152. Idler rolls 166 are cantilever mounted by bearings 168
      supported by the plates 140 and 152.
PAR  An end idler roll 170 is cantilever mounted by bearings 172 supported by
      the plates 140 and 152. Closely spaced idler rolls 174 are cantilever
      mounted by axles 176 bolted to the plate 140 with bearings (not shown) on
      the axles. An end idler roll 180 is cantilever mounted by bearings 182
      carried by a plate 184 and a plate 186 of a carriage or slide 188
      adjustable on the idler frame 144 by an adjustment screw 190 screwed
      through a lug 192 on the frame 144. Flanged idler rolls 194 guide the
      timing belts 160, and are keyed to a shaft 196 journaled in bearings 198
      carried by plates 200 and 202 of a slide or carriage 204 mounted
      adjustably on the frame 144 by adjustment screw 206 screwed through lug
      208 on the frame 144 and extending loosely through a hole 210 in plate 212
      of the slide 204. Idler rolls 214 are carried by bearings 216 carried by
      the slide 204. The rolls 180 and 214 and pulleys 194 extend loosely
      through slots (not shown) in the plates 140 to permit adjustment of the
      slides 188 and 204 for tightening the timing belts 160 and idler timing
      belts 218, which are turned inside out to mesh with the timing belts 160.
      The timing belts 160 are internally toothed and the timing belts 218 are
      externally toothed. The two pairs of belts 160 support each wheel of one
      side of the car, and rotate each wheel much faster than the wheel would
      rotate as the car is rolled along by the conveyor. The smooth inside faces
      of the belts 218 engage the rolls 174 and travel smoothly thereover and
      support the fractional weight of the car as each car wheel is on and spun
      by the timing belts 160. A wheel scrubbing brush (not shown) like the
      brush 110 (FIG. 3) brushes the lower portion of the wheel on the spinner
      120. The pusher 130 has an arm 230 adapted to travel through the slot
      between the two spinner halves 124.
CLMS
NUM  1.
PAR  1. In combination,
PA1  a track along which wheels of one side of a car may be rolled,
PA1  a wheel pushing conveyor including a chain and pusher means pulled by the
      chain and adapted to engage one of the wheels to push the car along the
      track,
PA1  means for guiding the chain along a path having a first portion at one
      level and a second portion at a lower level,
PA1  wheel spinning means including wheel spinning elements positioned over the
      portion of the chain in said second portion,
PA1  and brush means for brushing the wheel,
PA1  the wheel spinning means having a slot extending longitudinally of the
      track,
PA1  the pusher means including a pusher for engaging the wheel and an arm
      connecting the pusher and the chain and extending through and movable
      along the slot,
PA1  the wheel spinning means including a pair of endless belt means on opposite
NUM  2.
PAR  2. The combination of claim 1 wherein each belt means comprises a toothed
      timing belt having inner teeth and toothed driving pulley means engaging
NUM  3.
PAR  3. The combination of claim 2 wherein each belt means includes an inner
      timing belt having outer teeth meshing with the teeth of the toothed
      timing belt along the central portion of the upper course of the toothed
      timing belt, and guide means supporting the upper course of the inner
NUM  4.
PAR  4. The combination of claim 3 wherein the guide means includes a plurality
NUM  5.
PAR  5. The combination of claim 3 wherein each inner timing belt is
      substantially shorter than the toothed timing belt so as to leave a space
      at one end of the toothed timing belt, and the drive means includes a
NUM  6.
PAR  6. The combination of claim 5 wherein the inner timing belt and the toothed
      timing belt leave a second space at the other end of the toothed timing
      belt, and including an idler pulley positioned in the second space and
NUM  7.
PAR  7. In combination,
PA1  a track along which wheels of one side of a car may be rolled,
PA1  a wheel pushing conveyor including a chain and pusher means pulled by the
      chain and adapted to engage one of the wheels to push the car along the
      track,
PA1  means for guiding the chain along a path having a first portion at one
      level and a second portion at a lower level,
PA1  wheel spinning means including wheel spinning elements positioned over the
      portion of the chain in said second portion,
PA1  brush means for brushing the wheel,
PA1  the wheel spinning means having a slot extending longitudinally of the
      track,
PA1  the pusher means including a pusher for engaging the wheel and an arm
      connecting the pusher and the chain and extending through and movable
      along the slot,
PA1  the wheel spinning means including pairs of wheel driving means and
      mounting means positioning the wheel driving means on opposite sides of
      the slot,
PA1  the wheel driving means including aligned pairs of driving rollers adapted
      to be contacted by the wheel and means for rotating the rollers to rotate
      the wheel,
PA1  and pairs of filler rollers positioned between the pairs of the driving
NUM  8.
PAR  8. The combination of claim 7 including cantilever support means mounting
NUM  9.
PAR  9. The combination of claim 8 wherein the filler rollers are of a diameter
      a small fraction of that of the driving rollers, the upper peripheries of
NUM  10.
PAR  10. The combination of claim 7 wherein the driving rollers are of a
      predetermined diameter and are spaced close together on each side, and the
      filler rollers are of a diameter a small fraction of that of the driving
      rollers and are positioned between the upper portion of the driving
      rollers.
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ABST
PAL  Overhead frameworks suspending cleaning mechanisms into the paths of cars
      are supported by pairs of side arches connected rigidly thereto and
      forming portions of frameworks therewith. In a specific embodiment, the
      framework is made up of modules, and in another truss-like cross frames
      suspending cleaning mechanisms are secured to side arches.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to overhead car washes, and has for an object
      thereof the provision of new and improved overhead car washes.
PAR  Another object of the invention is to provide an overhead car wash wherein
      side arches and an overhead framework form the frame of the car wash.
PAR  A further object of the invention is to provide an overhead module car wash
      wherein an overhead modular structure is suspended from a plurality of
      longitudinal beams.
PAR  Another object of the invention is to provide an overhead module car wash
      including a plurality of overhead modules connected to and supported by a
      plurality of pairs of arches.
PAR  Another object of the invention is to provide an overhead car wash wherein
      truss-like crossbeams and side arches form the framework from which
      brushing mechanisms are suspended.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a partially schematic, top plan view of an improved overhead car
      wash forming one embodiment of the invention;
PAR  FIG. 2 is a side elevation view of the car wash of FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged, fragmentary, vertical sectional view taken along
      line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged, fragmentary, vertical sectional view taken along
      line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged, fragmentary, vertical sectional view taken along
      line 6--6 of FIG. 4;
PAR  FIG. 7 is a partially schematic, top plan view of an improved overhead car
      wash forming an alternate embodiment of the invention;
PAR  FIG. 8 is a side elevation view of the car wash of FIG. 7;
PAR  FIG. 9 is a fragmentary side elevation view of an improved overhead car
      wash forming an alternate embodiment of the invention;
PAR  FIG. 10 is a front elevation view of the car wash of FIG. 9;
PAR  FIG. 11 is a top plan view of an improved overhead car wash forming an
      alternate embodiment of the invention;
PAR  FIG. 12 is a side elevation view of the car wash of FIG. 11;
PAR  FIG. 13 is an enlarged, fragmentary, vertical sectional view taken along
      line 13--13 of FIG. 11;
PAR  FIG. 14 is an enlarged, fragmentary, vertical sectional view taken along
      line 14--14 of FIG. 11;
PAR  FIG. 15 is an enlarged, fragmentary, vertical sectional view taken along
      line 15--15 of FIG. 11; and,
PAR  FIG. 16 is a skeletal, perspective view of the car wash of FIG. 11.
DETD
PAR  Referring now in detail to the drawings, there is shown in FIGS. 1-6 a car
      wash forming one specific embodiment of the invention and including a pair
      of side arches 20 supporting and forming a unitary framework with module
      frames 21-27 which suspend cleaning mechanisms and operating mechanisms
      therefrom, the cleaning mechanisms including wraparound brushes 31, window
      brushes 32, a friction wash 33, a top brush 34, rocker panel brushes 35, a
      waxer 36, soaper sprays 37 and drying blowers 38 and 39. Only wheel
      cleaning brushes 40 are mounted on the floor, all the other cleaning
      mechanisms being overhead suspended, except a car guide 41 and a conveyor
      (not shown) being on the floor.
PAR  Each arch 20 includes I-beam legs 50 supported by foot plates 52 bolted to
      the floor and having upper curved portions 54. An upper horizontal beam 56
      is secured to the legs in abutment with the upper ends of the legs by
      splicing plates 58 welded to the webs of the legs and bolted to the web of
      the beam 56 by bolts 60.
PAR  Each module frame 21-27 is a skeletal box of channels and including
      box-like ends 70 bolted together, and crossbeams 72. The module frames are
      rigidly secured to the arches by upper module hangers 74 and lower module
      support brackets 76. Each hanger includes a base 78, and vertical side
      members 80. Bolts 84 secure the hangers rigidly to the tops of the beams
      56 and to the tops of the ends 70. The brackets 76 are welded rigidly to
      the legs 50 and are secured to the bottoms of the ends 70 by bolts 86. The
      brackets include vertical parallelogram plates 88 welded to the legs,
      horizontal support plates 90 and braces 92. Cupped siding panels 94 are
      secured to the ends 70 to enclose the ends of the module frames.
PAC  EMBODIMENT OF FIGS. 7 AND 8
PAR  A car wash forming an alternate embodiment of the invention includes a long
      multiple module unit 116 and a short multiple module unit 118, the unit
      116 including parallel side arches 120 supporting modules 121, 122, 123
      and 124, and the unit 118 including a blower module 125. The modules
      121-125 are similar to the modules 21-27 (FIG. 1) and the modules 121-124
      support brush mechanisms 131, 132, 133, 134 and 135, and the module 125
      supports blower mechanisms 136 and 137 and air supply or blower units 138
      and 139. Arches 140, like the arches 120 but shorter, form a rigid
      framework with the module 125, legs 141 like the legs 50 being secured
      together by splicing plates 142, and hangers 144 like the hangers 74, and
      brackets (not shown) like the brackets 76 secure the module 125 rigidly to
      the legs. Similarly, the arches 120 include legs 150 like the legs 50 and
      top beams 156 like the beams 56, splicing plates 158 securing the legs 150
      rigidly to the top beams 156, and hangers 154 like the hangers 74, and
      brackets (not shown) like the brackets 76 rigidly connecting the skeletal
      frame modules 121-124 to the beams 156 and legs 150.
PAC  EMBODIMENT OF FIGS. 9 AND 10
PAR  An improved overhead module car wash forming an alternate embodiment of the
      invention includes a pair of longitudinal I-beams 200 supported directly
      over a path of cars to be washed. The I-beams are secured rigidly to
      channel crossbeams 202 supported on walls 204 and 206. The crossbeams 202
      support rafters 208 to which a roof 210 is secured. Modules 211-217 are
      secured to the I-beams and support brushing and cleaning mechanisms 221,
      222, 223, 224, 225, 226, 227 and 228. The modules 211-217 are like the
      modules 21-27.
PAC  EMBODIMENT OF FIGS. 11-16
PAR  An overhead car wash forming an alternate embodiment of the invention shown
      in FIGS. 11-16 is generally similar to the car wash of FIGS. 1-6. The car
      wash of FIGS. 11-16 comprises I-beam, side arches 251 and 252, and cross
      frames 261, 262, 263 and 264 bolted to the side arches. That is, the
      framework of the car wash of FIGS. 11-16 is not of box-like modular
      construction, but instead comprises the two rigid side arches which are
      joined rigidly together by the cross frames.
PAR  Each of the cross frames is of truss-like construction and includes a
      tubular upper chord 271, a tubular lower chord 272 and tubular webs 273
      welded to the chords. Brackets 274 welded to the chords are bolted to the
      top and bottom flanges of the I-beam arches to rigidly secure the cross
      frames to the arches.
PAR  Split top brushes 281 and 282 are mounted on arms 283 pivotally supported
      by posts 284 carried by V-shaped frames 285 secured to the side frames by
      brackets 286 bolted thereto. Wraparound brushes 291 and 292 have primary
      arms 293 pivotally mounted on clevises 294 having forked bracket portions
      295 bolted to the arches. Rocker panel brushes 301 and 302 are mounted by
      arms 299 pivotally on vertical posts 303 mounted by pipe flanges 304
      bolted to pipe flanges 305 welded to the frames 285. Arms 311 (FIG. 15)
      pivotally mount pairs of window brushes 312 and 313 on forked mounting
      frames 314 bolted to top and bottom flanges of the arches 251 and 252.
      Blower housings 321 and 322 (FIGS. 11 and 12) supplying drying air to
      nozzles 323 are mounted on the cross frame 264 and brackets 324 secured to
      legs of the arches 251 and 252.
CLMS
NUM  1.
PAR  1. In an improved overhead car wash,
PA1  a pair of side arches,
PA1  an overhead framework rigidly joining the side arches, said framework
      comprising a plurality of modules comprising box-like frames secured
      together and to the side arches,
PA1  and brushing and cleaning mechanisms supported by the overhead framework,
      each of said modules supporting at least one of said brushing and cleaning
      mechanisms, said box-like frames and said side arches providing a unified
      integrated structure both for supporting said mechanisms and for providing
NUM  2.
PAR  2. The improved overhead car wash of claim 1 wherein said box-like frames
      comprise a pair of rigid side frames secured to the upper portions of the
NUM  3.
PAR  3. The improved overhead car wash of claim 1 wherein the side arches
NUM  4.
PAR  4. The improved overhead car wash of claim 1 wherein the side arches
NUM  5.
PAR  5. The improved overhead car wash of claim 4 wherein each I-beam includes a
      pair of legs having arcuate upper end portions and a top beam joined to
NUM  6.
PAR  6. In an improved overhead car wash,
PA1  a pair of parallel overhead beam means,
PA1  support means supporting the beams in overhead position,
PA1  an elongated overhead framework secured to and supported by the beams, said
      framework comprising a plurality of modules, each of said modules
      comprising a pair of rigid side frames and bridge means rigidly connected
      to and extending between said side frames, said side frames and said
      bridge means defining a box-like structure,
PA1  said modules, said overhead beam means and said support means therefor
      being connected to provide a unified integrated structure,
PA1  and a plurality of brushing and cleaning mechanisms supported by said
      modules and housed thereunder each of said modules supporting at least one
NUM  7.
PAR  7. The improved overhead car wash of claim 6 wherein the beam means and the
      support means comprises a pair of side arches having legs and top beams.
NUM  8.
PAR  8. The overhead car wash of claim 7 wherein the rigid side frames comprise
NUM  9.
PAR  9. The overhead car wash of claim 7 including support plates connecting the
NUM  10.
PAR  10. The overhead car wash of claim 7 including brackets secured to the legs
NUM  11.
PAR  11. The overhead car wash of claim 7 wherein the legs and top beams are
NUM  12.
PAR  12. The overhead car wash of claim 11 wherein the upper end portions of the
      legs are curved and including splice plates securing the legs and top
      beams together.
PATN
WKU  039342980
SRC  5
APN  4632052
APT  1
ART  242
APD  19740423
TTL  Toothbrush
ISD  19760127
NCL  10
ECL  5
EXP  Feldman; Peter
NDR  2
NFG  16
INVT
NAM  Kim; James S. H.
STR  105 Kingston Court
CTY  New Orleans
STA  LA
ZIP  70114
CLAS
OCL   15167R
XCL   15106
EDF  2
ICL  A46B  904
FSC   15
FSS  167 R;167 A;176;106
UREF
PNO  1682548
ISD  19280800
NAM  Bigoney
OCL   15167
UREF
PNO  1981657
ISD  19341100
NAM  Miller
OCL   15167
UREF
PNO  2043898
ISD  19360600
NAM  Malcolm
OCL   15167
UREF
PNO  2845649
ISD  19580800
NAM  Hutson
OCL   15167
UREF
PNO  3624667
ISD  19711100
NAM  Muhler
OCL   15167
UREF
PNO  3742549
ISD  19730700
NAM  Scopp et al.
OCL   15167
FREF
PNO  1,100,290
ISD  19550300
CNT  FR
OCL   15167
FREF
PNO  177,878
ISD  19540300
CNT  OE
OCL   15167
LREP
FRM  Pugh & Keaty
ABST
PAL  A double-ended toothbrush having two bristle portions, a major or larger,
      contoured bristle portion at one end and a minor or smaller wedge-shaped
      bristle portion at the other, both formed of parallel rows of bristles
      extending out perpendicularly from a base which is longer and narrower
      than most available toothbrushes. The larger brush head has four parallel
      rows of tufts (except at its end) which are shaped or contoured to conform
      to the natural contour of the teeth and gingivae, with the two outer rows
      forming a shallow concavity, the shape allowing the use of the natural
      back-and-forth brushing action. The smaller, interdental brush head is
      made of six tufts arranged in two parallel rows which are cut in a
      uni-bevel facing outwards to form a small wedge-shaped interdental brush.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to a tooth-brush and its method of use
      wherein the tooth-brush in its preferred embodiment is double-ended with
      major and minor bristle portions, both of which are specially shaped.
PAR  2. Discussion of Prior Art & Present Invention
PAR  A major cause of tooth decay and periodontal disease is the accumulation of
      plaque, a sticky, invisible film of bacterial growth, at the gingival
      margins and between the teeth. Daily removal of this harmful plaque with
      gingival massaging is the key towards better dental health. Up to this
      date the only near effective way in removing this daily formation of
      bacterial film from the above areas is the combined use of single-ended
      toothbrushes and dental flosses.
PAR  The major problem with most available single-ended toothbrushes of the
      prior art is that their effectiveness depends upon very restricted, proper
      brushing techniques i.e., brushing towards the gingivae or away from the
      gingivae with a vibratory action that is relatively difficult and
      unnatural with respect to a user's normal brushing tendency. These
      toothbrushing techniques (Stillman's and Charter's) depend upon the
      clinical condition of the gingivae. Since clinical conditions vary and
      change with age, it is impossible to examine and instruct every individual
      on which technique is best to use. Also, a large percentage of the public
      are not fortunate in having a regular dentist to teach them how and where
      to concentrate their brushing. Another shortcoming of single-ended
      toothbrushes is their limited ability in cleaning deep between the teeth,
      under fixed dental bridges, and around orthodontic appliances.
PAR  At present, the only relatively effective way of cleaning between the teeth
      is by the use of dental floss. However, many people have difficulty in
      manipulating a floss between their back teeth, under fixed bridges and
      between teeth that are splinted together. Flossing also cannot clean
      periodontally involved concave surfaces of the posterior teeth, nor
      provide necessary gingival massaging action. Moreover, quite often, dental
      flosses are not readily available.
PAR  The double-ended toothbrush of the present invention and its method of use
      is designed to overcome the above shortcomings with clinical effectiveness
      and simplicity of use. Each brush head or bristle portion of the
      double-ended brush is especially designed for a specific clinical purpose
      and co-operatively complements the other to provide maximum efficiency and
      effect.
PAR  The overall design of the toothbrush of the present invention is longer and
      narrower than most available toothbrushes with a large contoured brush at
      one end and a small wedge-shaped brush at the other, with both being on
      the same side and perpendicular to the base. The larger brush head of the
      preferred embodiment has four parallel rows of tufts, except the three end
      tufts that are arranged to conform to the rounded end or head of the
      brush. The narrow width of the parallel rows, plus the three end tufts at
      the tapered, rounded end, permits a better accessibility of closely
      confined buccal areas of third molars, than the wider and blunt ended
      toothbrushes of the prior art. Each tuft and preferrably has multiple,
      fine nylon bristles that are end-rounded and polished to minimize tooth
      abrasion and injury to soft tissues.
PAR  The bristles of the larger brush of the preferred embodiment are shaped to
      conform to the natural contour of the teeth and gingivae. The two outer
      parallel rows are wedge-shaped with an outer bevel of approximately
      45.degree., as compared to non-beveled contoured prior art brushes such as
      for example that shown in U.S. Pat. No. 1,682,548 to Bigoney (issued Aug.
      28, 1928) or in Australian Pat. No. 177,878 (issued Mar. 10, 1954). This
      outer bevel is designed to gently compress and stimulate the crest of the
      marginal gingivae. The inner bevel, plus the inner rows and three end
      tufts form a shallow concavity. The bristles are all perpendicular to the
      base and parallel to each other to avoid the direct, deep penetration and
      injury to gingival attachments that may occur with the flared-out bristles
      (note FIG. 8 hereof), found in the "contoured" toothbrushes of the prior
      art, that cannot bend readily away from the gingiva, as for example,
      French Pat. No. 1,100,290 to Guzman published Sep. 19, 1955. The shallow
      concavity also prevents deep penetration of the bristles into the gingival
      attachments, and traumatic condition that can easily occur with the deep,
      concave brushes known in the prior art (note FIG. 9 hereof and for example
      German Pat. No. 818,794 to Karagoumis issued May 23, 1952). Additionally
      the bristles forming the main body of the brush are identical along the
      length of the brush as compared to varying configured contoured
      toothbrushes of the prior art such as for example that shown in U.S. Pat.
      No. 2,043,898 to Malcolm (issued June 9, 1936).
PAR  The natural, contoured design of the present invention allows the brush to
      be positioned readily and provides maximal cleansing action at the
      critical gum margin areas. The fine, flexible, perpendicular bristles
      allow safe back-and-forth brushing action, a natural tendency of children
      and most adults.
PAR  The smaller interdental brush head or bristle portion of the preferred
      embodiment is quite versatile and is made of six tufts of fine flexible
      nylon bristles, arranged in two parallel rows. The parallel rows of tufts
      are cut in a uni-bevel facing outwards to form a small wedge-shaped brush.
      This wedge-shaped brush is very effective in cleaning between the teeth,
      under fixed dental bridges, between splinted teeth, around orthodontic
      appliances, and behind third molar areas not reached by ordinary
      toothbrushes. Most important, it has the ability to reach concave
      interproximal surfaces of periodontally involved posterior teeth which
      cannot be reached by flossing.
PAR  The uni-bevel cut permits maximum contact and produces deeper penetration
      of the bristle ends between the interproximal surfaces of adjacent teeth
      than any of the small brushes of the prior art, for example those with
      flat-ended tufts (shown in FIG. 11) such as for example that shown in U.S.
      Pat. No. 46,450 to Sarrazin (issued Sept. 22, 1914), or bi-beveled tufts
      (shown in FIG. 12) such as for example that shown in U.S. Pat. No. 52,385
      to Clapp (issued Sept. 10, 1918).
PAR  The sides of the two end tufts of the small two-row brush portion of the
      preferred embodiment provides safer stimulation of the interdental
      papillae structure (note FIG. 13) than that found in the prior art as
      shown diagrammatically in FIGS. 13A-13C. The small space between the two
      end tufts of fine, flexible bristles of the present invention permits a
      more gentle conformity around the crest of the interdental papilla (FIGS.
      13A), in contrast to the direct traumatic compression exerted upon the
      crest by the hard rubber interdental stimulators of the prior art (FIG.
      13B) such as for example that shown in U.S. Pat. No. 2,141,969 to Benz
      (issued Dec. 27, 1938), or for that matter any other small wedge-shaped
      brush with odd numbered rows, for example, three, as shown in FIG. 13C.
PAR  There has been a definite need for a small wedge-shaped toothbrush made of
      multiple fine, flexible bristles having the structure of the interdental
      brush of the present invention which will effectively deep clean and
      massage the interproximal areas of the teeth, under fixed bridges, between
      splinted teeth, and around orthodontic appliances. Thus a most important
      aspect of the small interdental brush 3 is its ability to clean all types
      of interproximal surfaces of periodontally involved teeth.
PAR  The success of periodontal treatment and prevention is very dependent upon
      how well the patient cleans and massages periodontally involved
      interproximal spaces. The only tools heretofore readily available for
      periodontal home care have been ordinary toothbrushes, rubber tip
      stimulators, dental flosses, toothpicks and brushes that resemble
      miniature bottle washers.
PAR  The shortcomings of such prior art devices are generally outlined below:
PA1  1. Ordinary toothbrushes--Large size limits concentrated interproximal
      action, thereby limiting its ability to clean deep periodontal pockets.
PA1  2. Rubber tip stimulators--The single hard structure has poor cleansing
      action, and does not conform to other shapes which may be harmful to
      normal interdental papillae if improperly used.
PA1  3. Dental flosses--Can not clean concave grooves of periodontally involved
      multi-rooted teeth. It is difficult to use in posterior areas, under fixed
      bridges, between splinted teeth, and around orthodontic appliances. It
      does not provide necessary gingival massage.
PA1  4. Toothpicks--Poor cleansing action on dental plaque formations, and
      habitual use may be harmful to interdental papillae and tooth structure.
PA1  5. Bottle washer type brush--Difficult to use in tight interproximal spaces
      and not designed to provide gingival massage. Its use is limited to a very
      small percentage of patients with advanced periodontal disease, and is not
      readily available to the public.
PAL  The small wedge-shaped brush of the present invention allows concentrated
      cleansing and massaging ability in all types of interproximal spaces. The
      two end tufts of the small, double row brush of the present invention
      readily conform to any shaped interdental papillae to provide gentle and
      necessary gingival stimulation. The multiple ends of fine, flexible
      bristles on each side of the wedge provide a wide scrubbing action from
      deep periodontal pockets up to the tightest contact points. The small
      brush also allows through and through cleansing of advanced periodontal
      conditions and deep cleans concave interproximal surfaces. The small brush
      easily maneuvers under the smallest three-unit fixed bridge, between
      splinted teeth and around orthodontic appliances.
PAC  SUMMARY OF DIFFERENCES
PAR  Thus, in summary, the contoured double-ended toothbrush of the present
      invention has the following significant differences over the prior art:
PAR  1. The large, contoured brush portion and its specific shape allows the
      brush to be positioned readily to provide maximal cleansing action at the
      critical gum margin areas and allows the simplicity of natural
      back-and-forth brushing without any of the draw backs of the prior art. 2.
      The fine, flexible bristles of the main contoured brush portion are
      arranged perpendicular to the base, and contoured gently with only a
      shallow concavity, to avoid direct deep penetration of the gingival
      attachments that may occur with flared-out bristles or brushes with deep
      concavities and are identical throughout the length of the main brush body
      and form wedge-shaped bevels along both side edges. 3. The small, two-row,
      wedge-shaped interdental brush, with each tuft cut in a uni-bevel,
      provides greater efficiency of all the bristle ends in the deep cleansing
      of interproximal tooth surfaces, in comparison with a single strand of
      dental floss, or other two-row brushes of the prior art that have
      flat-ended tufts or bi-beveled tufts.
PAR  4. The parallel sides of the two tufts of the small interdental brush
      conform more gently around the crest of the interdental papillae than any
      small brush with odd numbered rows or any hard rubber tip.
PAC  PERTINENT PRIOR ART PATENTS
PAR  The art of the present invention is a crowded one and the search for the
      ideal solution to the problems of tooth brushing and proper dental care
      has been a long one, the need therefor being long felt.
PAR  The broad concept of specially designing the bristle direction and
      configuration of a tooth-brush has been long explored in the prior art,
      and the below listed U.S. patents are exemplary thereof:
     No.        Inventor(s)   Issue Date                                       

     ______________________________________                                    

     Re,22,938  C. Kisky      November 25, 1947                                

     1,901,646  H. W. Hicks   March 14, 1933                                   

     1,943,225  H. W. McIntyre                                                 

                              January 9, 1934                                  

     2,004,633  S. C. Miller  June 11, 1935                                    

     2,040,245  R. A. Crawford                                                 

                              May 12, 1936                                     

     2,097,987  C. E. Phillips                                                 

                              November 2, 1937                                 

     2,154,352  H. C. Peterson                                                 

                              April 11, 1938                                   

     2,186,005  G. L. Casto   January 9, 1940                                  

     2,237,694  B. Altstadt   April 8, 1941                                    

     2,263,360  L. P. Karshmer                                                 

                              November 18, 1941                                

     2,622,259  F. E. Chauvin December 23, 1952                                

     2,978,724  C. C. Gracian April 11, 1961                                   

     3,100,309  J. C. Gambino August 13, 1963                                  

     3,188,673  J. E. Newman  June 15, 1965                                    

     3,229,318  G. S. Clemens January 18, 1966                                 

     ______________________________________                                    

PAL  Reference is also made to the four patents direct to "contoured"
      toothbrushes referred to above, namely the patents to Bigoney, Guzman,
      Karagounis and Malcolm.
PAR  The broad concept of having double-ended toothbrushes, that is a toothbrush
      structure having two separate bristle portions, one at either end, is of
      course also old, and the below listed U.S. patents are exemplary thereof:
TBL  No.            Inventor(s) Issue Date                                     

     ______________________________________                                    

     Design  139,524   L. J. Laskin November 28, 1944                          

             158,099   M. A. R. Lowd                                           

                                    December 22, 1874                          

     Design  207,303   James W. Moll                                           

                                    April 4, 1967                              

            1,048,740  J. J. Sarrazin                                          

                                    December 31, 1912                          

            1,132,326  J. F. Fowyer March 16, 1915                             

            2,084,873  L. J. Strause                                           

                                    June 22, 1937                              

     ______________________________________                                    

PAR  As brought out above with reference to the patents to Sarrazin, Clapp and
      Benz, broadly speaking, small interdental brushes or elements are also
      known in the prior art. Other typical examples are listed below:
TBL  No.       Inventor(s)    Issue Date                                       

     ______________________________________                                    

     1,929,530 M. Abelson     October 10, 1933                                 

     3,146,478 S. R. Rosenthal                                                 

                              September 1, 1964                                

     1,476,579 H. Barnes      December 4, 1923                                 

     ______________________________________                                    

PAR  However, the present invention is directed to a most unique and special
      combination nowhere found in this crowded art which, it is believed,
      produces far superior results to that of the prior art, although such
      results have been long desired and sought after.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  For a further understanding of the nature of objects of the present
      invention, reference should be had to the following detailed description,
      taken in conjunction with the accompanying drawings, in which like parts
      are given like reference numerals and wherein:
PAR  FIGS. 1 and 2 are top and side views, respectively, of the preferred
      embodiments of the Contoured Double-Ended Toothbrush of the present
      invention.
PAR  FIG. 3 is an end, cross-sectional view of the embodiment of FIGS. 1 and 2,
      taken along section lines 3--3 of FIG. 2.
PAR  FIG. 4 is a side, cross-sectional view of the embodiment of FIGS. 1 and 2,
      taken along section lines 4--4 of FIG. 1.
PAR  FIG. 5 is a rear end view of the preferred embodiment of the Contoured
      Double-Ended Toothbrush of the present invention, taken in the direction
      lines 5--5 of FIG. 2.
PAR  FIGS. 6 and 7 are end views showing the larger, contoured brush portion of
      the preferred embodiment in its mating engagement with the side of a
      tooth, FIG. 6 showing the brush in direct head-on contact and FIG. 7
      showing the engagement action as the brush is moved.
PAR  FIGS. 8 and 9 are side views similar in perspective to FIGS. 6 and 7, but
      showing the engagement of the bristles of two different prior art
      embodiments of contoured toothbrushes.
PAR  FIG. 10 is a top view showing the smaller wedge-shaped brush or bristle
      portion of the preferred embodiment of the present invention in engagement
      with the sides of two adjoining teeth.
PAR  FIGS. 11 and 12 are views similar in perspective to FIG. 10, but showing
      the engagement of the bristles of two prior art type toothbrushes with the
      teeth.
PAR  FIG. 13 is a side view of two adjacent human teeth in their bony sockets,
      with the space between the teeth above the alveolar bone filled with
      normal interdental papilla (gingival tissue).
PAR  FIGS. 13A-13C are side views showing the interaction with the papilla
      (Diagrammatically sketched) between the brushing or massaging action of
      the smaller bristle portion of the preferred embodiment, a hard rubger tip
      prior art embodiment, and a tri-row bristle brush embodiment,
      respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Structure
PAR  With particular reference to FIGS. 1 through 5, the preferred embodiment of
      the contoured double-ended toothbrush of the present invention comprises a
      toothbrush having two bristle or brush portions 2, 3, a major or larger,
      contoured bristle portion 2 at one end 12 and a minor or smaller
      wedge-shaped interdental bristle portion 3 at the other end 13. Both of
      the bristle portions 2, 3 are formed of parallel rows of bristles
      extending out perpendicularly from a base handle 1. Each brush head 2, 3
      is especially designed for a specific clinical purpose, but both each
      cooperatively complements the other to provide maximum efficiency in
      providing cleaning and proper dental health.
PAR  The overall design of the toothbrush base 1 is longer and narrower than
      most available toothbrushes. The base 1, which can be made of plastic, can
      be for example seven inches long with a maximum width of 0.437 inches at
      its handle and tip portions 11, 12, 13.
PAR  The larger brush head 2 has four parallel rows 21, 21', 22, 22' of tufts,
      except that the three end tufts 23, 24, 24' are arranged to conform to the
      rounded end of the tip 12 of the toothbrush. Each tuft can be
      approximately two mm. in diameter and spaced approximately a half mm.
      apart.
PAR  The bristles of the larger brush 2 are shaped to conform to the natural
      contour of the teeth and gingivae (note FIG. 6). The two outer, parallel
      rows 21, 21' are wedge-shaped with the outer bevel having an angle alpha
      (note FIG. 3) which can be approximately 45.degree.. The outer bevel shape
      is important and enhances the massaging action on the gingivae as the
      teeth are being cleaned. The inner bevel of tufts 21, 21' plus the inner
      rows 22, 22' and the three end tufts 23, 24, 24' form a shallow concavity,
      the cavity having a preferred depth of approximately one-half a millimeter
      to a preferred maximum depth of three-quarters of a millimeter and having
      a preferred width of approximately 0.27 mm. The curvature of the cavity
      can be that formed by a circle having a half inch radius.
PAR  It is noted that the bristles are all perpendicular to the base 1 and are
      parallel to each other with no flare. The bristles are preferrably made of
      multiple fine nylon bristles that are end-rounded and polished to minimize
      tooth abrasion and injury to soft tissues. Moreover the bristles are the
      same throughout the main body of the brush 2 as the brush is traversed
      along its length. Thus, a cross-sectional view similar in perspective to
      that of FIG. 3 would be the same throughout the brush 2 except at its
      rounded end portion formed by the tufts 23, 24, 24'.
PAR  A further significant aspect of the present invention is that each of the
      individual tufts of the outer rows 21 21' are themselves wedge-shaped
      having a flat, outward facing bevel, in contrast to the cone-shaped tufts
      of some prior art designs which have curved tips.
PAR  The smaller, interdental brush 3 formed on the opposing end 13 of the
      handle 1 consists of two parallel rows 31, 32 of beveled, vertical
      bristles symetrically formed so as to, in cooperation, form a pointed end.
      Each opposing beveled portion forms an angle beta (note FIG. 4) which can
      be for example sixty degrees, thereby forming an outward facing uni-bevel
      producing a wedge-shape.
PAR  The brush 3 can be made for example of a total of six tufts of fine
      flexible nylon bristles. The rectangle formed by the six tufts (as viewed
      from above as in FIG. 1) measures approximately 6 mm. in length and 4 mm.
      in width with the tufts being approximately a half mm. apart.
PAC  METHOD OF USE
PAR  The main brush 2 is best used with short, back-and-forth strokes starting
      from all the back teeth and working toward the front, on both sides.
      Particular concentration of use should be had on the outside of the back
      teeth, where most debris collects.
PAR  As shown in FIG. 6, the contour of the cavity of the brush 2 is designed to
      mate with the rounded outer surface 41 of the tooth structure 40, and the
      beveled sides to the marginal gingiva 45. It is noted that the bristles
      are not flared but are all parallel to each other and perpendicular to the
      handle base structure 12. This is all in contrast to the prior art as
      illustrated in FIGS. 8 and 9; where in the prior art side flare design of
      the brush 102 of FIG. 8 there is a relatively traumatic, direct thrust
      (note arrow) of the flared out bristles into the gingival attachment 42;
      and where in the prior art deep cavity design of the brush 202 of FIG. 9
      the deep cavity forces the bristles into the gingival attachment 42. It
      should be further noted that, as illustrated in FIGG. 7, when the brush 2
      of the present invention is pushed against the marginal givgival areas 45,
      the fine flexible perpendicular bristles bend away from the gingiva (note
      arrow), producing a gentle massaging action, rather than a direct
      thrusting action into the gingival attachment 42, which is relatively
      traumatic and occurs with the contoured prior art designs of FIGS. 8 and
      9.
PAR  It should be noted that a major cause of tooth decay, gingivitis and
      periodontal disease is the collection of food debris, materia alba, plague
      and tarter formation at the marginal gingival areas 45 of the teeth.
      Thorough cleansing of this critical area and daily massaging of the
      marginal gingiva will significantly reduce caries rate and periodontal
      disease. This marginal gingival area of teeth includes the supra-gingival
      (above crest) 43 and sub-gingival (below crest) 44 areas.
PAR  It is further noted that most toothbrushes heretofore available to the
      public have had cone-shaped tufts of hard bristles on flat surfaces or
      soft bristles, which are not designed to clean the sub-gingival areas.
      These hard bristled toothbrushes can cause abrasion of teeth or injure the
      gums if improperly used. Since these toothbrushes were usually the only
      ones available, only two toothbrushing techniques have been generally
      recommended by the dental profession:
PA1  1. for older adults with some periodontal disease and receding of the gums,
      the bristles are angulated away from the gums and used in a vibratory
      manner towards the gums; and
PA1  2. for children and young adults with healthier gums, the procedure is
      reversed, i.e., sweeping away from the gums to the biting surfaces.
PAL  However neither of the above techniques will effectively clean the marginal
      gingival areas 45 of the teeth. Also, individual dental problems may
      require one or the other, or a combination of both techniques. Most
      children and adults do not know how to use these techniques, and have a
      natural tendency to brush their teeth in a back-and-forth scrubbing
      action. Since it is impossible to teach everyone a proper technique
      according to individual dental problems, it is imperative that a
      toothbrush provide maximal efficiency when used in a natural manner as is
      done in the present invention. Thus the head of the major brush 2 is
      designed to conform to the natural contour of teeth and gingival
      attachments for thorough cleansing of the critical marginal gingival areas
      and massaging of the gums, when used in a natural back-and-forth manner.
      Thus a most significant feature of the toothbrush of the present invention
      is the use of wedge-shaped tufts on the outer rows 21, 21' in contrast to
      cone-shaped tufts used in most toothbrushes in use today. The crest of the
      wedge-shaped tufts 21, 21' will clean the marginal gingival areas 45 more
      effectively than any other toothbrush, while the closely spaced flat outer
      slopes massage the marginal gingiva without trauma. Although the crest of
      the wedge is forced slightly into the sub-gingival area for cleansing, the
      flat outer slope prevents deep penetration of the bristles which can
      injure the gingival attachments. No other toothbrush of the prior art can,
      it is believed, clean the sub-gingival areas without causing injury to the
      gums. The symmetrical contoured design of the present invention also
      permits the user to correctly position the brush head to the upper or
      lower, right or left, dental arches.
PAR  The contoured brush head 2 of the present invention would be very effective
      on an electric toothbrush that has a back-and-forth vibratory action. It
      would be more effective than the present electric toothbrushes which use a
      rotary or up and down type of action.
PAR  After using the main brush head 2, the smaller interdental brush 3 is used
      to follow up its action. As plague between the teeth is the major cause of
      gum disease and tooth decay, the use of the interdental brush 3 is most
      important.
PAR  As illustrated in FIG. 10, the sides of the two end tufts are pressed
      against the gums with the bristle ends between the teeth. The brush 3
      forms a wedge that easily fits between the teeth, the ends of the beveled
      bristles providing effective cleansing of both adjacent teeth at the same
      time. The sides of the tufts or each row 31, 32 will conform to any size
      and shape of an interdental papilla 46 for safe and gentle stimulation
      under a vibratory action.
PAR  The brush 3 is vibrated or moved vigorously, and this action repeated
      several times on both sides with particular concentration on any tender,
      bleeding areas. For the front teeth, the end of the brush 3 is slide over
      to the gums on the tongue side and the bristles ends are vibrated
      (vigorously moved) between the teeth. The brush 3 is also used to clean
      the marginal gum areas under any fixed bridges, around any braces, behind
      the last tooth, and around any teeth that may hold partial dentures.
      Bacterial film is removed by the brush 3 from the inside of any metal
      clasps that contact tooth surfaces.
PAR  The proper fit and action of the wedge-shaped brush 3 of the present
      invention as illustrated in FIG. 10 should be contrasted with what is
      believed to be the mere paper teachings of the prior art as illustrated in
      FIGS. 11 and 12, which clearly cannot produce the massaging and cleaning
      action of the brush 3. Likewise the fit and action of the even number of
      rows (for example two as disclosed) on the crest of the interdental
      papilla 46 of the present invention as illustrated in FIG. 13A should be
      contrasted with the traumatic compressive actions of the hard rubber
      stimulator 331 of the prior art illustrted in FIG. 13B and a structure
      having three rows 431, 432, 433 or other odd numbered rows of tufts
      illustrated in FIG. 13C on the crest of the interdental papilla 46. Thus
      in the present invention the two rows 31, 32 are easily spread to the
      sides of the crest of the interdental papilla 46, causing a gentle,
      cleansing, massaging action, while the embodiments of FIGS. 13B and 13C
      result in a relatively traumatic compressive action upon the crest 46.
PAR  The interdental brush 3 thus cooperates with and interrelates with the
      action of the main brush 2 is providing full and complete dental cleaning
      and dental health. It is noted that the relatively small, wedge-shaped
      interdental brush 3 allows a deeper cleaning of the interdental spaces and
      through and through cleansing of peridontally involved dentition than is
      possible with ordinary-sized toothbrushes including brush 2. The ready
      availability of the interdental brush 3 on the same toothbrush handle 1 as
      the main brush head 2 provides for a more effective and complete home
      dental care plan.
PAR  Because many varying and different embodiments may be made within the scope
      of the inventive concept herein taught, and because many modifications may
      be made in the embodiment herein detailed in accordance with the
      descriptive requirements of the law, it is to be understood that the
      details herein are to be interpreted as illustrative and not in a limiting
      sense.
CLMS
NUM  1.
PAR  1. A double-ended tooth-brush comprising:
PA1  an elongated handle having two end portions;
PA1  a first major brush portion mounted on one of said end portions consisting
      of a group of parallel, juxtaposed tufts, defining at least generally a
      rectangular configuration, of parallel bristles emanating out from said
      handle in a direction perpendicular thereto, the ends of said bristles of
      said juxtaposed tufts together forming a contoured, cylindrical working
      surface the axis of which is parallel to the longitudinal axis of said
      handle, said cylindrical surface terminating at at least one side edge
      thereof in a flat beveled surface which extends the full length of said
      group of tufts; and
PA1  a second smaller interdental brush portion mounted on the other of said end
      portions consisting of a group of parallel, juxtaposed tufts, defining at
      least generally a rectangular configuration, of parallel bristles
      emanating out from said handle in a direction perpendicular thereto, said
      tufts forming a series of even numbered, parallel rows aligned parallel in
      a direction transverse and perpendicular to the longitudinal axis of said
      handle, the ends of said bristles of said juxtaposed tufts of said rows
      together forming a wedge-shape having two outward facing, flat bevel
      surfaces symetrical to each other; whereby said major brush portion can be
      used to clean the major tooth surfaces, the edge between said cylindrical
      surface and said flat beveled surface can be used to massage the gingivae
      without a traumatic effect on the gingival attachments, all as the brush
      is used with the natural back-and-forth brushing action, and, as a
      supplement to said major brush portion, said interdental brush portion can
      be used as most effective cleanser of interdental and interproximal spaces
      and as an interdental stimulator without a traumatic effect on the crest
NUM  2.
PAR  2. The brush of claim 1 wherein said cylindrical work surface is centrally
      located with respect to said rectangular configuration and wherein there
      are two adjacent, flat beveled surfaces, one along each side edge of said
      cylindrical surface, said major brush portion being symetrical about the
NUM  3.
PAR  3. The brush of claim 2 wherein said cylindrical surface forms a shallow
      cavity having a depth of the order of one-half to three-quarters
NUM  4.
PAR  4. The brush of claim 1 wherein said interdental brush portion has two rows
NUM  5.
PAR  5. An interdental toothbrush comprising:
PA1  an elongated handle having an end portion with a top side; and
PA1  a relatively small interdental brush portion mounted on said end portion on
      said top side consisting of a single group of parallel, juxtaposed tufts,
      defining at least generally a rectangular configuration, of parallel
      bristles emanating out from said handle in a direction perpendicular
      thereto, said tufts forming a series of even numbered, parallel rows
      aligned parallel in a direction transverse and perpendicular to the
      longitudinal axis of said handle, the ends of said bristles of said
      juxtaposed tufts of said rows together forming a single wedge-shape having
      two outward facing, flat bevel surfaces symetrical to each other, the top
      side of said end portion of said single group of tufts, forming said
      single wedge-shape, being otherwise clear of any other tufts of bristles
      or other substantial projections, the total size of the wedge-shape formed
      by said tufts being of an interdental size for fitting in between the
      sides of two juxtapositioned teeth with said bevel surfaces contacting the
      sides of the teeth; whereby said interdental brush  portion can be used as
      a most effective interdental and periodontal cleanser and as an
      interdental stimulator without a traumatic effect on the crest of the
NUM  6.
PAR  6. The toothbrush of claim 8 wherein there is further provided:
PA1  a major brush portion, mounted on the end portion opposite that end portion
      on which said interdental brush is mounted, consisting of a group of
      juxtapaosed tufts, defining at least generally a rectangular
      configuration, of bristles emanating out from said handle in a direction
      at least generally perpendicular thereto, the ends of said bristles of
      said juxtaposed tufts together forming a contoured, cylindrical working
      surface the axis of which is parallel to the longitudinal axis of said
      handle, said cylindrical surface terminating at at least one side edge
      thereof in a flat beveled surface which extends the full length of said
NUM  7.
PAR  7. The brush of claim 6 wherein said cylindrical work surface is centrally
      located with respect to said rectangular configuration and wherein there
      are two adjacent, flat beveled surfaces, one along each side edge of said
      cylindrical surface, said major brush portion being symetrical about the
NUM  8.
PAR  8. The brush of claim 7 wherein said cylindrical surface forms a shallow
      cavity having a depth of the order of one-half to three-quarters
NUM  9.
PAR  9. The brush of claim 5 wherein said interdental brush portion has exactly
NUM  10.
PAR  10. The toothbrush of claim 6 wherein said tufts are all parallel, and said
      bristles are parallel and emanate out from said handle in a perpendicular
      direction.
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ABST
PAL  A device adapted to be worn on the finger for cleaning the teeth, wherein
      the device has an outer surface provided with a fabric texture with the
      fabric being impregnated with a dentifrice material. The device has a tab
      at the open end thereof for facilitating the placement of the device on a
      finger.
PARN
PAR  This is a continuation-in-part of application Serial No. 31,712, filed Apr.
      24, 1970, now abandoned, entitled TOOTH CLEANING DEVICE.
BSUM
PAR  This invention relates to improvements in means for brushing the teeth and,
      more particularly, to a tooth cleaner of the type which can be worn on the
      finger.
PAR  The present invention is comprised of a tubular body of terry cloth
      material having an open end allowing the same to be placed on a finger for
      use. The body has an outer, substantially continuous fabric surface
      throughout substantially its entire length and the fabric material is
      impregnated with a dentifrice material. The device is used by placing it
      on the finger and inserting the device in the mouth, then moving the
      device across the teeth much in the same way as brushing the teeth with a
      toothbrush. If the dentifrice is in a dry form, the device can first be
      moistened with water before use. After use, the device can be thrown away
      or can be reused, if desired. It can also be packaged in a flat condition
      in a sealed envelope. The construction of the device renders it especially
      suitable for high-volume production at minimum costs so that it is
      economical to throw the device away after a single use.
PAR  The primary object of this invention is to provide a tooth cleaning device
      which can be worn on the finger and has a fabric texture on its outer
      surface throughout substantially its entire length with the fabric being
      impregnated with a dentifrice so that the fabric can properly clean the
      teeth and a dentifrice will contact the teeth immediately upon use of the
      device.
PAR  Another object of this invention is to provide a tooth cleaning device of
      the type described wherein the device is closed at one end and open at the
      opposite end and can be formed so as to properly fit on the finger and
      removed therefrom as well as being foldable into a flat condition so that
      it can be inserted in an envelope for packaging.
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawings
      for several illustrations of the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of one form of the device, showing the
      way it is mounted on a finger;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 but showing another embodiment of the
      device;
PAR  FIG. 4 is a cross-sectional view of a third embodiment of the device;
PAR  FIG. 5 is a fragmentary, side elevational view of a number of devices
      mounted on forms attached to a conveyor used in one method of manufacture
      of the device;
PAR  FIG. 5a is a schematic, top plan view of a production line for making the
      devices, showing one way of applying a material to each device;
PAR  FIG. 6 is a top plan view of another embodiment of the device;
PAR  FIG. 6a is a side elevational view of the device of FIG. 6;
PAR  FIG. 7 is an end elevational view of a flat sheet of terry cloth material,
      showing the way it is initially folded as one step in the method of making
      the device of FIGS. 6 and 6a; and
PAR  FIGS. 8, 8a and 8b are top plan, end elevational and side elevational
      views, respectively, of the apparatus for carrying out the method of
      making the device of FIGS. 6 and 6a.
PAR  The first embodiment of the invention is illustrated in FIGS. 1 and 2 and
      includes a body 10 of terry cloth fabric material, the material having an
      outer, continuous fabric surface throughout substantially the entire
      length of body 10. Body 10 has a closure 12 at one end thereof and is open
      at the opposite end so that the device can be placed on a finger. A tab 14
      is provided on body 10 adjacent to the open end to facilitate the
      placement of the device on the finger.
PAR  Since the material is of a fabric texture, it is absorbent and the device
      is impregnated with a dentifrice material, the latter being denoted by the
      dots in FIGS. 1 and 2. The dentifrice preferaby is in a dry condition and,
      when the device is moistened, the dentifrice is ready to be used.
PAR  In use, device 10 is placed on a finger 16 so that the tip of the finger is
      disposed adjacent to closure 12. The device is then moistened and inserted
      in the mouth and the teeth are then scrubbed by the device with a motion
      substantially the same as that of a toothbrush used in the conventional
      manner. The fabric texture of the device allows foreign particles lodged
      in crevices of the teeth to be dislodged. Also, the fabric material can
      contact the gums without inflaming or otherwise irritating them.
PAR  After use, the device can be thrown away or stored until ready for use
      again. It can also be provided with dentifrice again, if desired, such as
      by spraying the dentifrice on the outer surface.
PAR  Body 10 is formed from a flat sheet of terry cloth material which is
      stitched at a pair of opposed edges so that it forms a tube having a
      closed end. The material is flexible so that it can be flattened to make
      it suitable for insertion into an envelope-type package. The product can
      then be marketed in substantially the same manner as pre-moistened,
      disposable towels now commercially available for travelers and others.
PAR  Another embodiment of the device is illustrated in FIG. 3 and includes a
      body 110 of fabric material, such as terry cloth throughout substantially
      its entire length which is provided with elastic or stretchable bands 112
      which permit the body to expand as it is placed on the finger. Body 110 is
      impregnated with a dentifrice material preferably in dry form and is
      substantially of the same construction as body 10 except for the bands.
      The device of FIG. 3 is used in the same way as described above with
      respect to body 10. Since body 110 can stretch, only one size need be made
      for all users. Even with bands 112, body 110 can be flattened to make it
      suitable for insertion into an envelope-type package.
PAR  A third embodiment of the invention is illustrated in FIG. 4 and includes a
      tubular body 210 of latex or other stretchable material throughout
      substantially its entire length, and which is closed at one end and
      provided with bits or pieces of fabric 212 on its outer surface to provide
      an outer fabric texture therefor. The bits or pieces of fabric can be
      secured in any suitable manner, such as by an adhesive, to the outer
      surface of body 210. Also, the fabric pieces are impregnated with a
      dentifrice so that the device of FIG. 4 can be used in substantially the
      same manner as described above with respect to body 10. The stretchability
      of body 210 allows it to be placed on the finger regardless of the size of
      the finger; thus, a device of a single size can be used by different
      people.
PAR  In FIG. 5, a number of devices 10 can be mounted on upright forms 18 of a
      conveyor 20 movable in the direction of arrow 22 and used in the
      manufacture of device 10. The dentifrice material can be applied as shown
      in FIG. 5a, wherein a number of devices on conveyor 20 move past one or
      more nozzle units for spraying material on the outer surfaces of the
      devices, such as when the latter are rotated about their axes in some
      suitable manner. The dentifrice penetrates the fabric material of each
      device 10 and dries so that, when the dentifrice is moistened, it can be
      used in the manner described above.
PAR  The device shown in FIG. 4 can be formed by using the spray techniques of
      FIGS. 5a wherein body 210, after being formed, is first sprayed with an
      adhesive material 211 on a nozzle 214. Thereafter, a nozzle 216 sprays
      bits or pieces 218 of fabric material onto the adhesive-coated outer
      surface of body 210. The bits or pieces of fabric material adhere to the
      outer surface of body 210, following which, dentifrice can be sprayed onto
      the fabric material such as by the use of nozzle 24. The forms on which
      the devices are mounted can be caused to rotate in some suitable manner
      during the spraying action so that the entire outer surface of the devices
      can be covered. Other means of making the devices can be used, if desired.
PAR  Another form of the tooth-cleaning device of this invention is denoted by
      the numeral 310 and is shown in FIGS. 6 and 6a. Device 310 has a body 312
      of terry cloth material and is closed at one end and open at its opposite
      end. It is tubular in construction and has two side ribs 314 which are
      generally parallel as shown in FIG. 6 and are formed when the side margins
      of the opposed panel members 316 defining the body are welded together.
      The ribs, being of terry cloth material, are continuations of the outer
      surfaces of members 316 so that body 312 has a substantially continuous
      outer terry cloth fabric surface throughout substantially its entire
      length. Members 316 are integral with each other at location 318 forming
      the forward end of device 310.
PAR  Device 310 is impregnated with a dentifrice material and it can be packaged
      in a sealed envelope and stored until ready for use. The dentifrice
      material can be applied in any suitable manner, such as by spraying,
      dipping or the like and the dentifrice material can be in a dry form when
      the device is to be used. Thus, by dipping the device in water, the device
      is ready for use.
PAR  Device 310 is made by first providing an elongated sheet 320 of terry cloth
      material and folding the same in half so that the sheet has a section 322
      overlapping section 324. A plurality of devices 310 can be formed by
      moving the folded sheet 320 through a welding station at which the two
      sheet sections are welded by a welder 326 having upper and lower welding
      elements 328 and 330 disposed above and below flat support surface 332
      over which sheet 320 is incrementally moved by any suitable means. After
      each incremental movement of sheet 320, element 328 is lowered and the
      sheet is clamped between and welded by elements 328 and 330, whereupon
      upper and lower transverse grooves are formed in sheet 320 as shown in
      FIGS. 8 and 8b. Each pair of adjacent grooves define the side boundaries
      of a respective device 310 and the grooves are formed because a relatively
      large pressure and a predetermined amount of energy is exerted on sections
      322 and 324, causing them to be compressed where they are engaged by
      elements 328 and 330. In this way, a plurality of devices 310 are
      successively formed as sheet 320 moves incrementally over surface 332.
PAR  A welding apparatus suitable for this purpose is one of the types made and
      sold by Branson Sonic Power Company, Eagle Road, Danbury, Connecticut
      06810, specifically the ultrasonic plastic welder, either the 400 Series
      or Model 4120. Such a machine can be adapted for welding the terry cloth
      material of sheet 320 wherein fibers of the side margins of panel members
      316 are connected together to form a tight bond and thereby form the tube
      for each device 310.
PAR  FIG. 8b illustrates a means for separating the end device 310 from sheet
      320 wherein a reciprocal blade 334 is mounted above a space 336 adjacent
      to one end of surface 332. Similarly, a pair of reciprocal calmps 338 and
      340 are mounted on opposite sides of blade 334 and are disposed to clamp
      sheet 320 to surface 332 and to another support surface 342 adjacent to
      space 336. The means (not shown) for reciprocating blade 334 and calmps
      338 and 340 can be synchronized with the incremental movement of sheet 320
      and with the action of welder 326, so that the clamps can hold the sheet
      against movement, following which the blade is lowered to sever the end
      device 320 cleanly without rupturing the side margin thereof. To this end,
      the blade severs the grooves aligned therewith midway between the sides of
      the grooves, thereby assuring that the corresponding rib 314 will be
      formed, yet the rib will form a substantial continuation of the outer
      surface of members 316 of each device 310. The device can then be directed
      into a receiving container and then the dentifrice can be applied thereto
      in any suitable manner. In the alternative, the dentifrice can be applied
      to sheet 320 before the individual devices 310 are formed by welding
      machine 326.
PAR  A dentifrice material suitable for use in carrying out the teaching of the
      present invention can be made by mixing the following ingredients which,
      for purposes of illustration, are listed by weight to make a mixture of
      approximately 133.5 fluid ounces:
TBL  190 proof ethyl alcohol                                                   

                          119.500   oz.                                        

     toothpaste           14.000    oz.                                        

     boric acid           1.125     oz.                                        

     peppermint           .426      oz.                                        

     menthol              .270      oz.                                        

     saccharin            .135      oz.                                        

     U.S. certified green food color                                           

                          .020      oz.                                        

     Total yield          133.5     fluid oz.                                  

CLMS
NUM  1.
PAR  1. A tooth cleaning device comprising: a tubular body of terry cloth
      material having a continuous outer fabric surface throughout substantially
      its entire length, the body having a pair of opposed flexible fabric
      members, the members being integral with each other at one extremity of
      the body to provide a closed end therefor, the members being welded
      together only at the side margins thereof to define a pair of spaced ribs
      with the ribs being generally parallel with each other, providing
      continuations of said outer surface, and extending substantially the
      entire lengths of the side margins from said one extremity to the opposite
      extremity of the body, said opposite extremity being open to permit the
      body to be placed on the finger and inserted in the mouth for engaging the
NUM  2.
PAR  2. A tooth cleaning device comprising: a tubular body having a pair of
      panel members with each member having an outer surface, being of a single
      layer of terry cloth material, and having a pair of opposed, generally
      parallel side margins and a pair of opposed end margins, one of the end
      margins of one panel member being integral with the corresponding end
      margin of the other panel member, the opposite end margins of the panel
      members being separate from each other, the panel members being in
      overlapping relationship to each other with the side margins of one panel
      member being proximal to corresponding side margins of the other panel
      member, said proximal side margins being welded together along a pair of
      spaced, generally parallel lines extending substantially throughout the
      entire lengths of the side margins to form said body and to permit the
      same to be placed on the finger for engaging and cleaning the teeth, the
      welds at said side margins defining respective ribs which present
      continuations of the outer surfaces of said panel members, said body being
      impregnated with a dentifrice material.
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ABST
PAL  A glass cleaner in the form of a pair of tongs having free end flanges bent
      at right angles with a section of sponge material on the inner surface of
      each tong and its flange. The flanges are of different lengths for the
      cleaning of drinking glasses of different diameters.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a drinking glass cleaner and particularly to a
      device in the form of a pair of tongs, with a section of a flexible sponge
      material, such as foam rubber or polyurethane foam, fixed on the inner
      surface of each tong. The end of each tong is bent at right angles to the
      tong so as to clean the bottom of a glass, when the tongs grip and clean
      the inner and outer sides of the glass. The device may be held by hand, or
      fitted on a mounting base in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the glass cleaner and mounting base;
PAR  FIG. 2 is an elevation view of an alternate embodiment of the device in
      use;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the glass cleaner device 20 consisting of a pair of joined
      tongs 10 of rectangular sectional shape, the ends 11 and 12 of each tong
      10 being bent at right angles to the length of the tong to form flanges. A
      liner 13 of flexible and absorbent material is fastened to the interior
      surface of each tong, with the liner 13 projecting about the tong ends 11
      and 12. A mounting base 14 fastened to the common section 16 of the device
      20 is fitted at its end with a suction cup 14 or with other means, such as
      adhesive, to fasten the device to a flat surface of a counter top.
      Alternately, as shown in FIG. 2, the device 30 may be in the form of a
      handheld tool, without attachment means to a base.
PAR  In use, as shown in FIG. 2 a glass 40, dipped in a dishwashing solution is
      inserted between the interior sponges 13 of the tong members 10 so as to
      press against the bottom interior and side surfaces of the glass, and the
      glass is rotated, with the sponges 13 acting to wipe the glass clean. The
      different lengths of flanges 11, 12 are for cleaning glasses of different
      diameters.
PAR  As shown in FIG. 3, the sponges 13 may be of rectangular cross-section, or
      the sponges may be shaped to conform to the concave and convex shape of
      the walls of a drinking glass.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
NUM  1.
PAR  1. A device for cleaning the inside and outside surfaces of a cylindrical
      drinking glass is comprising a pair of tong members having parallel
      intermediate sections flexibly joined together at one end so that they may
      be moved to or away from each other with a section of absorbent sponge
      material fastened to each of the adjacent surfaces of each tong member, in
      which the free end of each tong member is bent at right angles away from
      the intermediate section of the tong member with the absorbent sponge
      material fastened along the length of the intermediate section and the
      said bent end of each tong member to form a shaped absorbent sponge
      surface generally parallel to the planes of the attached intermediate
      section and the bent end of the tong member and means on the joined
      portion to fasten the device to a flat surface, the bent end section of
      each tong member and its respective sponge material being of different
      lengths so that each tong member is suitable for cleaning the inside wall
      and inside bottom surface of a drinking glass of a different internal
      diameter.
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ABST
PAL  A device for cleaning the headlamp glass of an automobile headlamp. The
      device is formed in two main units, a motor unit and a reduction gear
      unit, which latter carries a wiper blade which, in use of the device, is
      moved over the surface of the glass to effect cleaning. The motor is
      mounted inside the headlamp and the gear unit outside, the two being
      connected together through a hole in the headlamp glass. A resilient seal
      is provided to make the joint waterproof and there are various
      arrangements for ensuring that the assembly is correctly centred within
      the hole in the glass and oriented properly in an angular sense.
BSUM
PAC  BACKGROUND AND OBJECT OF THE INVENTION
PAR  The present invention relates to a device for cleaning the headlamp glass
      on automobiles, and particularly to a device of the type comprising a
      motor, a reduction gear unit, a wiper blade carried by the output shaft of
      the reduction gear unit, and conductors for the supply of electric current
      to the motor, in which the motor and the reduction gear unit are mounted
      directly on the glass of the headlamp.
PAR  Known arrangements of this type are of rather complicated structure and
      their assembly requires great attention to exact positioning of the motor
      unit and its mounting.
PAR  The object of the invention is to provide a device for cleaning an
      automobile headlamp glass, which is simple, strong, economical to
      manufacture, and the mounting of which is very easy.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention there is provided a device for cleaning the
      headlamp glass of an automobile headlamp, of the type comprising a motor,
      a reduction gear, a wiper blade carried by the reduction gear, and
      conductors for the supply of electricity to the motor, the motor and the
      reduction gear being adapted to be mounted directly on a headlamp glass,
      characterised in that the motor is adapted to be mounted inside the
      headlamp and connected to the reduction gear mounted outside the headlamp
      through an opening in the headlamp glass, there being provided means for
      attaching the motor and the reduction gear together, means for locating
      the assembly with respect to the opening in the headlamp glass, and means
      for sealing the opening in the headlamp glass.
PAR  Various other features and advantages of the invention will become clear
      from the following description with reference to the accompanying
      drawings, which is provided purely by way of non-restrictive example.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a cross section through a headlamp incorporating a first
      embodiment of the invention;
PAR  FIG. 2 is a cross section through a part of a second embodiment of the
      invention, illustrating how the headlamp glass is sealed; and
PAR  FIG. 3 is a cross section, similar to FIG. 2, of a part of a third
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a headlamp generally indicated 10,
      for an automobile (not shown). The headlamp has a reflector 11, and a
      headlamp glass 12 in which there is an opening 14 which, in this
      embodiment, is located on the optical axis of the headlamp but which, in
      other embodiments, may be located in an off-axis position. When used in
      this specification the term "headlamp glass" will be understood to refer
      to the transparent front screen of a headlamp, whether it is, in fact,
      made of glass or any other suitable transparent material. The headlamp
      also has a lamp bulb 100 and a cap 102 of known function.
PAR  Inside the headlamp is located a motor 16, connected by a cable 18 to the
      electrical system of the vehicle (not shown); to the motor is rigidly
      connected an annular element having an annular flange 20 and a tubular
      axial part 26. The front surface 22 of the flange 20 engages the rim 24 of
      the opening 14 in the headlamp glass 12 and in the tubular axial part 26
      there is located a reduction gear unit 30. A threaded bush 32 of the
      reduction gearbox unit 30 screws to a threaded sleeve 34 of the motor 16
      thus clamping the headlamp glass 12 between the associated face 22 of the
      flange 20 and the edge of a face 36 of the reduction gear unit 30.
      Resilient O-rings 38 are also provided, both for ensuring a tight seal and
      for compensating any variations in thickness of the glass 12 to prevent
      this from fracturing under the clamping pressure. The tubular axial part
      26 of the annular element and the edge of the opening 14 between them
      define an annular space 40 which is filled with an adhesive or resinoid
      material to assist in forming a seal between the exterior and interior of
      the headlamp.
PAR  The flange 20 is provided with at least two axially extending fins 42 for
      locating the motor centrally in the opening 14, and at least one radially
      extending fin 44 which engages between two studs 46 projecting from the
      glass 12, to ensure correct angular orientation with respect to the
      headlamp glass. Similarly there is at least one reference fin 50 for the
      motor.
PAR  In the embodiment shown in FIG. 2 the rim of the opening 14 in the headlamp
      glass is engaged by an annular channel section seal 60 in the form of a
      grommet effectively providing two lateral flanges 62, 64 which ensure a
      water-tight seal of the opening and provide for compensation of any
      differences in thickness of the glass to assist in sealing when the flange
      20 on the motor and a cooperating face of the reduction gear unit are
      fixed together with the seal 60 and the rim of the opening 14 clamped
      between them. On the tubular axial part 26 of the annular element there is
      formed a folded rim 80 and the reduction gear unit carries a plurality of
      flexible fins 82, provided with hooked teeth 84 which engage in the folded
      rim 80 to hold the motor 16 and the reduction gear unit 30 together with
      the flanges 62, 64 of the annular seal 60 compressed between them and the
      rim 14 of the headlamp glass.
PAR  In FIG. 3 there is shown a fixing system for holding together the motor 16
      and the reduction gear unit 30 in which the annular element is in the form
      of a disc 20 with no axially extending tubular part and, as in the
      embodiment of FIG. 2, there is a channel section annular resilient sealing
      ring in the form of a grommet 60 having two annular flanges 62, 64 located
      in the rim of the opening 14 in the headlamp glass 12, with the flanges
      62, 64 on opposite sides of the glass 12. The motor 16 has a threaded boss
      92 which threadedly engages in a bush 90 carried by the reduction gear
      unit 30.
PAR  It will be appreciated that other types of connections could be provided
      and also, modifications could be made to the form and to the dimensions of
      the parts without thereby departing from the scope of this invention.
CLMS
NUM  1.
PAR  1. In a device for cleaning the headlamp glass of an automobile headlamp,
      having:
PA1  a motor,
PA1  a reduction gear,
PA1  a wiper blade carried by said reduction gear, and conductors for the supply
      of electricity to said motor, said motor and said reduction gear being
      adapted to be mounted directly on a headlamp glass, the improvement
      comprising:
PA2  means for attaching said motor and said reduction gear together through an
      opening in said headlamp glass such that said motor is located inside said
      headlamp and said reduction gear is located externally of said headlamp;
      means for locating said motor and said reduction gear with respect to said
      opening in said headlamp glass, and means for sealing said opening in said
NUM  2.
PAR  2. The device of claim 1, wherein said motor and said reduction gear are
NUM  3.
PAR  3. The device of claim 1 wherein said means to attach said motor and said
      reduction gear comprises a threaded sleeve attached to said reduction gear
      and a threaded boss attached to said motor and engaging said threaded
NUM  4.
PAR  4. The device of claim 1 wherein said locating means comprises a flange
      fixedly attached to said motor, which flange has at least two fins
      extending axially beyond the front face thereof for the purpose of
      centering said motor with respect to said opening in the headlamp glass.
NUM  5.
PAR  5. A motor vehicle headlamp comprising:
PA1  a. a generally cup-shaped reflector;
PA1  b. a bulb located within the interior of said reflector;
PA1  c. a transparent lens attached to the preiphery of said reflector;
PA1  d. means connecting said bulb to a source of electricity;
PA1  e. a motor;
PA1  f. a reduction gear;
PA1  g. a wiper blade operatively connected to said reduction gear and bearing
      against the outer surface of said transparent lense;
PA1  h. means to connect said motor to a source of electricity;
PA1  i. means for attaching said motor and said reduction gear together through
      an opening in said transparent lens such that said motor is located inside
      said headlamp and said reduction gear is located externally of said
      headlamp;
PA1  j. means for locating said motor and said reduction gear with respect to
      the opening in said transparent lens; and
NUM  6.
PAR  6. The headlamp of claim 5 wherein said motor and said reduction gear are
NUM  7.
PAR  7. The headlamp of claim 5 wherein said motor and said reduction gear are
      provided with radial flanges of diameter greater than the diameter of the
      opening in the headlamp lens so as to clamp the headlamp lens between
NUM  8.
PAR  8. The headlamp of claim 5 wherein said locating means comprises a flange
      fixedly attached to said motor and a tubular part extending generally
      perpendicular to said flange, said tubular part having a diameter less
      than the diameter of said opening in said headlamp lens and extending
NUM  9.
PAR  9. The headlamp of claim 8 wherein said locating means also has at least
      one radial projection which extends radially beyond the opening in the
      headlamp lens; and said headlamp lens has two reference studs projecting
      therefrom, said radial projection engaging said reference studs so as to
      locate said motor angularly in a predetermined position with respect to
      said lens.
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ABST
PAL  A multi-purpose cigarette lighter using rechargeable Ni-Cd batteries which
      comprises a heated coil cigarette lighter for general smoking purpose and
      which further incorporates a built-in vacuum cleaner and electric lamp.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a multi-purpose cigarette lighter and, more
      particularly, to a portable cigarette lighter which has a coiled wire
      heated by rechargeable nickel-cadmium battery cells located in the body of
      the lighter and which is further provided with a built-in vacuum cleaner
      operated by said cells to work as a table cleaner, and/or with an
      emergency electric lamp.
PAR  2. Description of the Prior Art
PAR  The known battery-operated cigarette lighters using an electrically heated
      wire are of the type that ignites an inflammable gas or which utilizes a
      very powerful source of electricity such as a car cigarette lighter.
      Except for these special types, common battery-operated cigarette lighters
      using an electrically heated wire have been considered to be very
      uneconomical, because of the short life of the battery, rapidly discharged
      by the frequent use as well as by the relatively long time required for
      properly lighting of a cigarette. Furthermore, it has been considered
      heretofore to be very impracticable to produce a table cigarette lighter
      using batteries, because of the small size required and therefore of the
      limitation on the number of small batteries. Recently, however, the
      nickel-cadmium dry battery cell, for instance General Electric Company's
      Ni-Cd dry cell "2/3 AA," has been developed, which is small in size, has
      low internal resistance, affords a large discharge current (current
      outputs of as much as several amperes), presents small voltage drops in
      the initial discharge period, and can be rapidly re-charged in a manner of
      minutes. This makes it possible and practicable to produce a table-model
      or portable battery-operated multi-purpose cigarette lighter.
PAR  Because of the availability of such dry battery cells, it has now become
      possible to make now only a simple cigarette lighter, but also to
      incorporate therewith a vacuum cleaner and/or an emergency electric lamp.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an electrically heated,
      portable cigarette lighter using rechargeable dry battery cells.
PAR  It is another object of the invention to provide a cigarette lighter which
      employs nickel-cadmium dry battery cells of low internal resistance and
      large discharge current.
PAR  It is a further object of the invention to provide a portable cigarette
      lighter which is equipped with an emergency electric lamp positioned in
      the upper or lower part of the housing.
PAR  Still another object of the invention is to provide a convenient and handy
      cigarette lighter which is equipped with a miniaturized vacuum cleaner for
      table use.
PAR  These and other objects and advantages of the present invention will become
      apparent from the following detailed description of the embodiments
      thereof, with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, in cross-section, of a combination
      cigarette lighter - flashlight - vacuum cleaner in accordance with the
      invention;
PAR  FIG. 2 is a partially exploded perspective view of the upper portion of the
      cigarette lighter of FIG. 1;
PAR  FIG. 3 is a partialy exploded, upsidedown perspective view showing the
      relation of the housing, the cells, and the vacuum cleaner;
PAR  FIG. 4 shows pictorially how the upper elements of the combination are
      used;
PAR  FIG. 5 is an exploded perspective view showing the components of the
      cleaner-section of the device;
PAR  FIG. 6 is a side elevational view, in cross-section, of a variant in which
      the flash-light component shown in FIG. 1 is omitted;
PAR  FIG. 7 is a partially exploded perpsective view of the top of FIG, 6;
PAR  FIG. 8 is a side elevational view, in cross-section, of a variant
      embodiment of the vacuum-cleaner section of FIG. 6;
PAR  FIG. 9 is an explanatory picture showing the operation of the vacuum
      cleaner of FIG. 8 on a table; and
PAR  FIG. 10 is a bottom view showing the brushes of the vacuum cleaner of FIG.
      8.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring now to FIGS. 1-5 the combination cigarette
      lighter-flashlight-vacuum vacuum cleaner will be described. The device has
      an upper substantially cylindrical outer housing a for the
      lighter-flashlight components. Housing a has suitably positioned on its
      outer portion, for instance on a side surface, a recess a' for receiving a
      switch lever 10 to be later described. An opening 1 is provided in the
      upper surface of the housing a for easy insertion of a cigarette. The
      cigarette is ignited by contacting it with an electrically heated wire 2
      enclosed within a heater 3 and connected to a heater plug 4, a heater
      socket 5 having at least two slots (not shown clearly) for insertion
      therein of said plug 4. A plate 6 is supporting the socket 5, while a
      ventilation aperture 7 allows the circulation of air through the gap
      around the switch lever 10 and the switch holder 44 (to be later
      described). A pair of quickly re-chargeable dry battery cells 9 complete
      this portion of the multi-purpose device, the arrangement being such that
      when the wire 2 is heated to red heat by the cells, a cigarette may be
      readily lit by inserting it directly into opening 1. In the recessed
      portion a' of the housing a there is provided a switch lever 10 which is
      held by a holder 44 and is supported by a pivot 11, so that by pressing
      the upper part of said lever 10 a switch 8 is activated for heating the
      wire 2, while, on the other hand, by pressing the lower part of the lever
      10 the vacuum cleaner switch 12 is activated for energizing a small motor
      25 to be later described.
PAR  The upper housing a contains also a flashlight bulb 13 within a lamp case
      14 and having a lamp case cover 15. A lamp socket 16, a lamp switch holder
      17 and a lamp switch 18 complete this portion of the multi-purpose device.
      A push button 19 serves the lamp switch, so that when pressed the lamp
      switch 18 is activated and the lamp 13 is lit for illumination.
PAR  A socket 20 charges the cells 9 so that by inserting the plug into a source
      of power and connecting to to socket 20, it is possible to recharge the
      cells. Cells 9 are housed in a cell housing 21 in such a way that the two
      individual cells are connected in series, with the negative electrode of
      one cell short-circuited to the positive electrode of the other cell by
      means of a short circuiting terminal 24. This short circuiting terminal is
      electrically insulated from other parts of the device.
PAR  A lateral connecting terminal 22 for the vacuum cleaner motor 25, an
      intermediate wiring element 23 and a short-circuiting terminal 24 for the
      cells 9 will be described later with reference to FIG. 3. The vacuum
      cleaner motor 25 is secured by a screw 26 to the motor supporting plate 28
      which is fixed to the cleaner's housing b by means of screws 27. As stated
      before, when the cleaner switch 12 is activated, the motor 25 will rotate.
      Housing b for the vacuum cleaner is provided with an exhaust opening b'
      (not seen in FIG. 1 and FIG. 6 but seen in FIG. 5) at its outer periphery
      and a filter frame 29 having a filter 31 set in its peripheral inner wall.
      As seen more clearly in FIG. 5, the filter frame 29 is provided with a
      dust aperture 30 in the outer portion of its bottom surface and is also
      provided with an exhaust slit 41 in a more central portion of its bottom
      surface.
PAR  A fan 33 is press-fixed to the motor shaft 32 so that it may be
      rotationally driven within the space defined by said filter frame 29. A
      dust pan 34 is provided which has a suction opening 34a formed in its
      central region. The dust pan 34 is also provided with brushes 35. The
      relationship between these elements can be seen clearly in the exploded
      perspective view of FIG. 5. It will be understood that the dust pan 34 may
      be removably attached to the cleaner housing b by a bayonet-type insertion
      and the filter frame 29 is fitted in the cleaner section b and held
      therein by the dust pan 34.
PAR  Ashes, bread crumbs, dust, etc., which are gathered by the brushes 35 by
      means of the rotation of the fan 33 driven by motor 25, are sucked in
      together with air through the central suction opening 34a.
PAR  The air sucked in is discharged to the outside through the filter 31
      disposed on the filter frame 29, while the ashes, dust, etc., are led
      through the aperture 30 to the inside of the dust pan 34 and the air in
      the dust pan 34 is discharged through the discharge slit 41 (FIG. 5).
PAR  Referring again to the upper part of FIG. 1, coil springs 36 are utilized
      for pressing down on the cells 9, the output terminals 37 of which are
      supported by a plate 38. In the right-hand central portion of FIG. 1 there
      is shown a spring plate 39 for connecting the cells output terminals 37 to
      the motor side terminal 22. The input terminal of the motor 25 is
      indicated at 40. The upper housing a is enclosed by the cover plate 42,
      while heating coils for the cigarette lighter are encased by cover 43.
PAR  As shown in FIG. 2, the heater cover 43 is detachably fitted to the heater
      3 and is therefore readily cleanable.
PAR  With the above mentioned construction, the cigarette lighter of the
      invention may normally be placed on a table with the brushes 35 resting on
      the table surface as it can be seen from FIG. 4. From this figure one can
      see that one may grasp the housing a of the device with one hand and press
      the upper part of the switch lever 10 with his thumb to activate the
      switch 8. Then the heating wire 2 will be energized with a current of 2 or
      3 amperes, thereby heating the wire 2 red-hot to light a cigarette. It is
      also understood that when the lower part of the switch lever 10 is pressed
      with the thumb to activate the switch 12, the motor 25 will be caused to
      become energized and to rotate by means of the spring plate 39 connected
      to the cells 9. Then, the brushes 35 may be brought in contact with ashes,
      dust, etc. on the table and these will be sucked into the dust pan 34.
PAR  Instead of pressing the switch lever 10, one may press the lamp switch
      button 19 which is positioned opposite to the switch lever 10, in order to
      light the lamp 13 for illumination purposes. As stated before, each of the
      cells 9 is of small size and high power, has an internal resistance low
      enough to supply a load of several amperes. Re-charging of the cells can
      be effected in a short time, generally of the order of minutes, merely by
      inserting a suitable plug into the shcket 20. Usually there is provided a
      gas discharge value for safely controlling the discharge of gas during the
      time of recharging.
PAR  Conversely, the conventional common nickel-cadmium cells require a charging
      time of the order of hours and therefore are not adequate for use in a
      table cigarette lighter equipped with a vacuum cleaner, such as that of
      the present invention; even less if the lighter is intended to serve also
      as an illuminating means, because the requirement of a long charging
      interval would nullify the convenience of the entire device.
PAR  FIG. 6 shows another embodiment combining a vacuum cleaner and a cigarette
      lighter the light bulb, such as shown in FIG. 1, being omitted. The
      difference between this embodiment and that shown in FIG. 1 lies in the
      omission, for the purpose of simplication, of the components related to
      illumination, namely the bulb 13, the lamp housing 14, the lamp cover 15,
      the lamp socket 16, the lamp switch holder 17, the lamp switch 18, and the
      lamp switch push button 19. However, there is provided the addition of
      filters 31a at the discharge slit 41, and of ventilation apertures 43a in
      the peripheral portion of the case cover 43.
PAR  FIG. 7, similiarly to FIG. 2, shows the ease of removing the case cover of
      the cigarette lighter component of the device for purpose of cleaning this
      part of the multi-purpose device.
PAR  FIGS. 8, 9 and 10 show a variant embodiment, in which the brushes of the
      vacuum cleaner are arranged spirally and are spaced from one other in
      order to enhance the suction efficiency of the vacuum cleaner illustrated
      in FIG. 1 or FIG. 6. In FIG. 8 the upper structure of the device is
      omitted since they are the same as in previous FIGURES. Thus, in this
      embodiment the focus is on the particular brushing arrangement by which
      not only dust, ashes, bread crumbs and the like may be removed from the
      table, but also dust embedded in the table cloth may be sucked up spirally
      with the suction air without causing resistance to the air stream.
PAR  FIG. 8 shows the flow of air produced by the rotation of the fan 33, and
      FIG. 9 shows a convenient way of sliding the cleaner on a table. It is
      apparent from the above that sufficient consideration is given to the
      arrangement of the brushes 35 which located on the lower surface of the
      dust pan 34, as shown in FIG. 10. A plurality of brush arrays 35 are
      arranged spirally and spaced from one another in the form of arces curved
      in the same direction and extending from the periphery toward the central
      suction opening 34a of the dustpan 34. By contacting a table cloth with
      the brush arrays so arranged, the dust particles will be stirred up and
      while bigger particles will be drawn toward the central suction openings
      34a through the spaces between the brush arrays where no brushes are
      present, smaller particles will be drawn toward the central suction
      opening 34a not only through the same spaces but also through the spaces
      between the individual bristles of each brush array. The spiral suction of
      the air stream caused by the fan 33 is directed toward the central suction
      opening 34a through the spaces between the arcuated brush arrays in the
      direction of the arrows shown in FIG. 10 without resistance and dust
      agitation. Therefore even dust which is embedded in the table cloth will
      be sucked up spirally and drawn to the central suction opening 34a
      according to the same principle operating in a wind-spout. It has been
      customary to arrange the brushes of a cleaner in concentric circles
      surrounding the central suction opening. However, through the suction
      effect by the brushes may be still available, there is the disadvantage
      that the pressure in the space defined by the table surface and the
      central suction opening will be reduced because of the brushes being
      densely arranged along the circle, so that the dust will be forced to
      stick even more to the table cloth.
PAR  Numerous other changes and variations may be made in the above described
      inventive device without ever departing from the spirit of the invention.
      It is intended that all matter contained in the foregoing description and
      in the accompanying drawings shall be interpreted as illustrative and not
      in a limiting sense.
CLMS
NUM  1.
PAR  1. A portable, battery-operated multi-purpose cigarette lighter comprising:
PA1  an outer housing having at least one opening on the outer surface thereof;
PA1  an electric cell housing in said outer housing;
PA1  an electrically actuated heating wire held in the opening provided on the
      surface of said outer housing;
PA1  an on-off switch provided on the surface of said outer housing;
PA1  a pair of nickel-cadmium battery cells located in said cell housing and
      connected to said switch;
PA1  means for connecting said heating wire to said switch whereby said heating
      wire may be heated by the current from said cells flowing through said
      switch;
PA1  a motor disposed within said outer housing, the output shaft of said motor
      being located in the lower part of said outer housing;
PA1  a vacuum cleaner housing, the upper portion of which is located in the
      lower part of said outer housing;
PA1  a fan provided within said vacuum cleaner housing and rotatably secured on
      the output shaft of said motor;
PA1  a filter frame inserted removably into said vacuum cleaner housing and
      having a filter at the periphery thereof;
PA1  a dust pan having a central suction opening and a dish-shaped member at the
      periphery thereof, the upper portion of which is removably fitted to the
      lower portion of said vacuum cleaner housing;
PA1  brushes embedded around the peripheral portion of said suction opening in
      the bottom surface of said dust pan; and
PA1  means for connecting said motor to said switch whereby said motor may be
      driven by the current from said cells flowing through said switch, and
      said portable, battery-operated multi-purpose cigarette lighter being
NUM  2.
PAR  2. A portable, battery-operated multi-purpose cigarette lighter adapted to
      be operated by battery means comprising:
PA1  an outer housing having at least one opening on the outer surface thereof;
PA1  an electric cell housing in said outer housing and adapted to receive the
      battery means;
PA1  an electrically actuated heating wire held in the opening provided on the
      surface of said outer housing;
PA1  an on-off switch provided on the surface of said outer housing;
PA1  means for connecting said heating wire to said switch whereby said heating
      wire may be heated by the current from the battery means flowing through
      said switch;
PA1  a motor disposed within said outer housing, the output shaft of said motor
      being located adjacent the lower part of said housing;
PA1  a vacuum cleaner housing, the upper portion of which is located in the
      lower part of said outer housing;
PA1  a fan provided within said vacuum cleaner housing and rotatably secured on
      the output shaft of said motor;
PA1  a filter frame inserted removably into said vacuum cleaner housing and
      having a filter at the periphery thereof;
PA1  a dust pan having a central suction opening and a dish-shaped member at the
      periphery thereof, the upper portion of which is removably fitted to the
      lower portion of said vacuum cleaner housing;
PA1  brushes having one end thereof embedded around the peripheral portion of
      said suction opening in the bottom surface of said dust pan the other end
      of said brushes defining a support surface that is in a plane that is
      transverse to the longitudinal axis of said outer housing whereby said
      lighter is capable of independently standing upright on said brushes; and
PA1  means for connecting said motor to said switch whereby said motor may be
      driven by the current from the battery means flowing through said switch.
NUM  3.
PAR  3. The cigarette lighter as claimed in claim 1, in which each
      nickel-cadmium cell has a small internal resistance and is provided with
NUM  4.
PAR  4. The cigarette lighter as claimed in claim 1, in which said outer housing
NUM  5.
PAR  5. The cigarette lighter as claimed in claim 4, in which said illuminating
NUM  6.
PAR  6. The cigarette lighter as claimed in claim 1, in which said brusher ore
      arrays arranged spirally and in spaced relationship from one another and
      extending from the outer periphery of said bottom surface of said dust pan
      toward said central suction opening.
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ABST
PAL  A tool for holding a torch tip and a blank cartridge respective to one
      another so that the blank cartridge can be detonated and the high-velocity
      gases issuing therefrom used to clean out the flow passageways of the
      torch tip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Oxy-acetylene cutting torch tips occasionally become clogged with foreign
      matter, such as carbonaceous material resulting from backfiring of the
      gases through the tip, or nozzle, or ingestion of oxidized metal which
      lodges within one of the small outlet passageways of the tip, thereby
      plugging the tip and causing the cutting torch to operate in an erratic
      and unsatisfactory manner.
PAR  Special reams or drills of various sizes are available for probing into and
      cleaning torch tips. These reams are generally suitable for removing soft
      material before it has been coked into a solidified mass. However an undue
      amount of time is required to insert each of the cleaner reamers into each
      of the radially spaced torch tip outlet passageways. Often an improper
      size reamer is selected and ultimately the outlet passageways are unduly
      enlarged thereby causing excessive flow of combustibles therethrough.
      Sometimes the cleaner reamer becomes stuck and broken within a passageway,
      causing the torch tip to be discarded.
PAR  It is therefore desirable to be able to remove a torch tip from the end of
      an oxy-acetylene cutting torch apparatus and remove debris from the flow
      passageways thereof by merely placing the tip along with a blank cartridge
      within a special tool, striking the tool against some hard surface,
      whereupon the resulting explosive force of the gases from the cartridge
      removes debris from the passageways of the tip, thereby rapidly restoring
      the tip to a satisfactory working condition in a new and improved manner.
PAC  SUMMARY OF THE INVENTION
PAR  This invention broadly comprehends a tool for holding a torch tip and a
      blank cartridge respective to one another so that the tool can be
      manipulated to detonate the blank cartridge causing the high pressure
      gases therefrom to be directed through the passageways of the tip thereby
      cleaning debris therefrom and restoring the tip to a more serviceable
      condition.
PAR  More specifically, the present invention comprehends a torch tip cleaning
      apparatus comprising a body member small enough in size to be hand held,
      and having an axial bore formed therethrough with a marginal length of the
      axial bore being sized to removably receive a blank cartridge
      concentrically arranged and tightly seated therein.
PAR  A breech member is removably affixed to the cartridge containing end of the
      central body member for detonating the cartridge contained therein. A
      spring loaded firing pin, slidably received in axial alignment respective
      to the detonator of the cartridge, is positioned within the breech member
      and biased away from the cartridge so that the cartridge cannot be
      accidentally detonated. The firing pin includes an elongated shaft portion
      which extends away from the breech member so that it can be used to remove
      a spent cartridge from its seat.
PAR  A torch tip holder has an axial bore formed therethrough, with the free end
      portion thereof being made into a muzzle, and with the opposed end portion
      thereof being removably affixed to the central body portion. A marginal
      length of the bore is sized to receive a torch tip sealingly seated
      therein with the torch tip having the passageways thereof aligned with
      respect to the axial bore.
PAR  The tool of the present invention enables a torch tip to be placed into the
      holder, a blank cartridge placed into the central body member, the firing
      pin struck in any suitable manner causing the primer of the cartridge to
      detonate; whereby, the explosive gases resulting from the detonation of
      the cartridge are directed through the passageways of the tip, thereby
      enhancing removal of any obstruction therefrom.
PAR  Accordingly, a primary object of the present invention is the provision of
      a tool which enables a torch tip to be cleaned by utilizing the explosive
      forces provided by a blank cartridge.
PAR  Another object of the invention is to provide an improved means to
      efficiently clean a torch tip of an oxy-acetylene cutting torch apparatus.
PAR  A further object of this invention is to provide a tool which enables a
      torch tip to be cleaned rapidly, efficiently, and inexpensively.
PAR  A still further object of this invention is to provide a tool for opening
      clogged passageways of a torch tip.
PAR  Another and still further object is to provide means for producing a
      tremendous pressure drop across a torch tip thereby removing debris
      contained within the passageways thereof.
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
PAR  The above objects are attained in accordance with the present invention by
      the provision of apparatus fabricated in a manner substantially as
      described in the above abstract and summary.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an assembled torch tip cleaning tool
      made in accordance with the present invention;
PAR  FIG. 2 is an enlarged detail showing part of the tool seen in FIG. 1, with
      parts thereof being removed and the remaining parts thereof being shown in
      cross-section;
PAR  FIG. 3 is an enlarged, exploded detail of another part of the apparatus
      disclosed in FIG. 1, with parts thereof being removed and other parts
      thereof being shown in cross-section;
PAR  FIG. 4 is an enlarged, cross-sectional, exploded, detailed view of another
      part of the apparatus disclosed in FIG. 1;
PAR  FIG. 5 is an end view of FIG. 3, looking in the direction indicated by the
      arrows at numeral 5; and,
PAR  FIG. 6 is a cross-sectional view taken along crooked line 6--6 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the numeral 10 indicates a tool made in accordance with the
      present invention. The tool comprises an elongated tubular body 12 which
      holds a torch tip and a blank cartridge relative to one another in a
      particular manner so that the cartridge can be detonated, causing high
      pressure gases issuing therefrom to be directed into and clean out the
      flow passageways of the torch tip. Detonation is achieved by actuation of
      a shaft 14, while the explosive gases flow from the muzzle or outlet at
      16. The apparatus 12 comprises a first, second, and third member 18-22,
      also referred to as a torch tip holding member 18, a central member 20
      which holds a blank cartridge therein, and a breech member 22 which has
      mechanism therein for detonating the blank cartridge contained within the
      central member. Each member is threadedly secured to one another in a
      removable manner so that one can readily be detached from the other.
PAR  Looking now to the details of FIG. 2, wherein there is disclosed the before
      mentioned torch tip holder having an axial bore 28 longitudinally disposed
      therethrough, with the free end portion thereof being made into the before
      mentioned muzzle, and with the opposed end portion being threaded at 30 in
      a particular manner so that it can be removably affixed to only one of the
      two end portions of the central member.
PAR  A marginal length of the axial bore is sized at 32 for removably receiving
      the illustrated torch tip or torch nozzle 34 therein. Those skilled in the
      art will appreciate that the nozzle contains passageways which are placed
      into alignment with the axial bore of the tool.
PAR  In FIG. 3, there is disclosed the details of the central member 20. Opposed
      end portions 36 and 38 of the central member is threaded along a marginal
      longitudinal length thereof, and a central bore 40 is formed in axially
      alignment with the axial bore 28 of the tip holder.
PAR  A conical sealing shoulder 42 of the torch tip is received within an
      adapter 46 so that the radial passageways located between shoulder 42 and
      member 44 of the tip are exposed to the high velocity gases flowing from
      the detonated cartridge. Adapter 46 is removably received within a seat 48
      formed within a marginal end portion of the axial bore so that various
      sizes adapters can be readily substituted one for the other. This
      expedient provides unlimited accommodation for any number of different
      designed nozzles.
PAR  The axial bore is sized at 50 and 52 so that a center fire blank cartridge
      54 can be placed therein in a removable manner with the cartridge being
      concentrically aligned with the axial bore, nozzle adapter, and muzzle.
PAR  The breech member has a reduced diameter axial bore 56 which enlarges in
      diameter at 58 for reciprocatingly receiving enlargement 60 of the
      illustrated firing pin therewithin. A coiled spring 62 is compressed
      between shoulder 64 and the enlargement in the illustrated manner of FIG.
      4.
PAR  Counterbore 66 outwardly opens and is provided with a circumferentially
      extending groove 68 which receives snap ring 70 seated therein, with
      washer 72 being sandwiched between the back wall of the counterbore and
      the snap ring so that a face of the washer abuttingly engages a face 74 of
      the enlargement, thereby capturing the firing pin in a slidable and
      reciprocating manner respective to the breech member and to the cartridge
      seated within the central member.
PAR  Threaded female counterbore 76 receives threaded male member 38 therein,
      while the threaded female counterbore 30 receives the threaded male member
      36 therein. The wide acme threads enhance rapid tear-down and obviates
      inadvertent sticking of one member to another.
PAR  In operation, member 18 is grapsed in the left hand, member 20 in the right
      and the two unscrewed from one another so that a torch tip 34 can be
      inserted into member 18 in the illustrated manner of FIG. 2. The threads
      30 and 36 are made up, and then members 20 and 22 are separated from one
      another. A live blank cartridge 54 is placed within seat 50, and threads
      30 and 38 made up. The assembled apparatus containing the plugged nozzle
      and blank cartridge is held in the right hand, the muzzle 16 is directed
      into an unobstructed portion of the atmosphere, and the tool struck
      against a hard surface such as a pipe vice, with the shaft 14 arresting
      motion, thereby causing the detonator of the cartridge to explode the
      charge contained therein, whereupon high velocity gases flow through the
      axial bore 40, through the passageways of the nozzle 34, and into the
      axial bore 28 where the gases emerge from the muzzle, carrying therewith
      the debris which caused the nozzle to plug.
CLMS
NUM  1.
PAR  1. In a hand-held torch tip cleaning apparatus for effecting a high
      pressure differential across the flow passageway of a torch tip removably
      contained within the apparatus and from which debris causing obstruction
      thereof is to be ejected, the combination comprising:
PA1  a central body member having a central bore formed therethrough with a
      marginal length of said central bore being sized to removably receive a
      blank cartridge concentrically arranged in axially aligned relationship
      therein and seated at one marginal end therein;
PA1  a breech member removably affixed to the cartridge containing end of said
      central body member, said breech member having an axial bore which is
      axially aligned with said central bore, a spring loaded firing pin
      assembly slidably received in axial alignment with respect to said axial
      bore and with the detonator of the cartridge, such that the firing pin
      assembly is yieldably biased away from the cartridge; said firing pin
      assembly having an elongated shaft axially aligned with said central and
      axial bore and extending away from and clear of said breech member a
      distance at least equal to the longitudinal axial length of the central
      bore formed through said central member; so that the breech member can be
      removed from the central member and said shaft can then be used to
      forcibly remove a spent cartridge from seated relationship within said
      central member;
PA1  a torch tip holding member having an axial bore formed therethrough with a
      free depending end portion thereof being made into the form of a muzzle,
      the opposed end portion of said holding member being removably affixed in
      axially aligned relationship to said central body member, a marginal
      length of the last said axial bore being sized to removably receive a
      torch tip therein such that the flow passageways of the torch tip are
      axially aligned with said axial bore; the outer periphery of the torch tip
      being sealingly engaged with the inner periphery of the last said axial
      bore so that when a torch tip is placed into the torch tip holder and a
      blank cartridge is placed into the central body member, the firing pin
      assembly can be struck, thereby causing the primer engaging end thereof to
      move into contact with and detonate the explosive charge thereof, thereby
      causing the explosive gases to develop a high pressure differential across
      the torch tip, and the explosive gases to flow through the passageways of
NUM  2.
PAR  2. The torch tip cleaner of claim 1 wherein said torch tip receiving
      portion of said central bore is provided with a removable insert to enable
      the diameter and length of the torch tip receiving portion of the central
      bore to be changed to thereby accommodate two different types of torch
      tips; and,
PA1  means by which the assembled relationship of said holding member, central
      member, and breech member are connected together in a manner whereby they
      are always properly arranged in operative relationship respective to one
NUM  3.
PAR  3. A hand-held tool for holding a blank cartridge and a plugged torch tip
      so that the blank cartridge can be detonated and the explosive gases of
      the resulting reaction directed through a plugged passageway of the torch
      tip to thereby unplug the passageway, said tool comprising first, second,
      and third members having means by which they are connected to one another
      in series relationship to thereby provide an elongated body which is
      separable into its recited first, second, and third components;
PA1  means forming a firing pin assembly, said firing pin assembly having an
      elongated shaft thereon; a longitudinally extending axial bore formed
      through said elongated body; said first member forming one end of said
      bore, said third member forming an opposed end of said bore, said third
      member being closed by said firing pin assembly being slidably received in
      a reciprocating manner within a marginal, reduced end of said bore;
PA1  an outlet formed in said first member in opposed relationship to said
      firing pin assembly, through which gases may be expelled to the
      atmosphere;
PA1  said bore in said first and second members being sized to receive a torch
      tip securely seated therein so that any explosive gases flowing through
      said axial passageway are forced to travel through any passageway found in
      said torch tip;
PA1  said bore in said second member being sized to receive a blank cartridge
      seated in axially aligned relationship therein, with the detonator thereof
      being aligned such as to be detonated by said firing pin assembly;
PA1  said first, second, third members, said cartridge, said firing pin
      assembly, and said torch tip being concentrically arranged with respect to
      one another;
PA1  said elongated shaft having a marginal portion which extends away from said
      third member a distance equal to the length of the axial bore formed
      through said second member, so that said third member can be removed from
      said second member and said shaft can then be used to forcibly remove a
      spent cartridge from seated relationship respective to said second member.
NUM  4.
PAR  4. The tool of claim 3 wherein said torch tip receiving portion of said
      axial bore is provided with an insert means which enables the diameter and
      length of the tip receiving portion of said axial bore to be changed to
      accommodate alternate sizes of torch tips; and,
PA1  means by which said first, second, and third members are connected together
      in series axially aligned relationship whereby the assembled relationship
      of said first, second, and third members are always properly disposed
      respective to each other.
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ABST
PAL  Swivel castors being characterized by providing a supporting shaft at the
      lower part of the both-side supporting member of a metal fitting which is
      pivotally fixed to the bottom of a fixed vertical shaft, mounting said
      supporting shaft on one side-wall of a L-shaped supporting plate,
      inserting said supporting shaft into a slit which has an appropriate
      temporary stopping means on its both ends, pivotally supporting the
      L-shaped supporting plate by said supporting shaft, providing a supporting
      stand at the end of one side-wall of said L-shaped supporting plate,
      mounting a supporting shaft on the other side-wall of the L-shaped
      supporting plate so as to support a rotary wheel, and when the L-shaped
      supporting plate turns in such direction as the end of one side-wall of
      the plate is raised and the supporting stand fixed thereto is stopped by
      an internal stopping edge of the metal fitting and thus the rotary wheel
      alone comes into contact with the ground, letting the metal fitting and
      the rotary wheel turn freely and thus making it possible to move a table
      or the like freely, and on the contrary, when the L-shaped supporting
      plate turns in such direction as said end of the side-wall of the plate is
      brought down and both the supporting stand attached thereto and the rotary
      wheel touch the ground at one time, stopping the movement of the metal
      fitting and the rotary wheel perfectly and thus making it possible to stop
      the movement of a table or the like perfectly.
BSUM
PAR  The invention relates to swivel castors.
PAR  Conventional swivel castors which have been used for moving and stopping a
      movable table or a carrying stand (which is generally called a wagon) can
      only stop the rotation of a wheel. However, the wheel may have other
      movement such as horizontal turning with the point of contact between the
      wheel and the ground as a center and therefore, even if the rotation of
      the wheel can be stopped, the table or stand itself cannot be stopped
      perfectly due to the horizontal turning of the pivotally fixed metal
      fitting which supports the wheel. This often causes troubles.
PAR  The present invention has eliminated such defect as above. It has an
      special feature in that, by a single operation of lifting one side of a
      table or a stand a little and then placing it on the ground again, an
      L-shaped supporting plate, which is pivotally supported by a supporting
      shaft provided on the lower part of a metal fitting pivotally fixed to the
      end of a fixed vertical shaft fixed to the lower side of a leg or a stand
      of a table or a stand, is turned over alternately in opposite directions
      along within a slit provided on said L-shaped supporting plate, and a
      supporting stand provided on one end of the L-shaped supporting plate is
      made to touch or leave the ground. This way, both the rotation of a wheel
      and the horizontal turning of the metal fitting can be stopped completely
      at one time.
DRWD
PAR  The invention will now be described with particular references to the
      accompanying drawings, in which:
PAR  FIG. 1 & FIG. 8 are respectively a vertical sectional elevation at the time
      when the rotary wheel and the metal fitting of the apparatus in accordance
      with the present invention are made to turn freely;
PAR  FIG. 2 & FIG. 9 are respectively an elevation with a partial vertical
      section which shows the process for stopping the movement of both the
      rotary wheel and the metal fitting;
PAR  FIG. 3 & FIG. 10 are respectively an elevation with a partial vertical
      section at the time when the movement of both the rotary wheel and the
      metal fitting is perfectly stopped;
PAR  FIG. 4 is a left side view of FIG. 1, but with a partial vertical section;
PAR  FIG. 5 is a right side view of FIG. 3, but with a partial vertical section;
PAR  FIG. 6 is a plain view of FIG. 1, but with a partial horizontal section;
PAR  FIG. 7 is a plain view of FIG. 3, but with a partial horizontal section.
DETD
PAR  A metal fitting 1 is pivotally fixed to the end of a leg of a table or the
      like or to the end of a fixed vertical shaft 2 which is fixed to the lower
      surface of a stand, not shown in the drawings. A supporting shaft 4 is
      provided at the lower end of both-side supporting parts 3, 3 of said metal
      fitting 1 and is inserted into two slits 7, 7 provided on walls 6, 6 of
      L-shaped plates 5, 5 and which have an appropriate temporary stopping
      means like a spring plate holder 14 or an indent 15. Thus, said supporting
      shaft 4 supports the L-shaped supporting plates 5, 5. A supporting stand 8
      is provided at the lower ends 6', 6' of the walls 6, 6, while a supporting
      shaft 10 is provided at the lower ends of other walls 9, 9 and supports a
      rotary wheel 11.
PAR  When the L-shaped supporting plates 5, 5 turning the same direction as the
      ends 6', 6' of the walls 6, 6 are raised, both sides of the top of the
      supporting stand 8 are stopped by a stopping edge 13 inside an open part
      12 of the metal fitting 1, and the rotary wheel 11 alone comes into
      contact with the ground. Thus, it is possible to move a table or the like
      freely by letting both the metal fitting 1 and the rotary wheel 11 turn
      freely.
PAR  On the other hand, when the L-shaped supporting plates 5, 5 turning in the
      same direction as the ends 6', 6' of the walls 6, 6 are brought down, both
      the supporting stand 8 and the rotary wheel 11 come into contact with the
      ground. Thus, it is possible to stop the movement of a table or the like
      perfectly by stopping both the horizontal turning of the metal fitting 1
      and the rotation of the rotary wheel 11.
PAR  The apparatus necessary to move and stop a free wheel in accordance with
      the present invention has the same structure as above. Therefore, when a
      table or the like which is not shown in the drawing is lifted a little,
      the rotary wheel 11 alone comes into contact with the ground as shown in
      FIG. 1 & FIG. 8 and the ends 6', 6' of the side-walls 6, 6 of the L-shaped
      supporting plates 5, 5 are raised by the weight of the table or the like.
      Further, both sides of the top of the supporting stand 8 are stopped by
      the stopping edge 13 inside an open part 12 of the metal fitting 1. In
      this state, the height of the supporting shaft 4 at the lower end of the
      both-side supporting parts 3, 3 of the metal fitting is slightly lower
      than the height of the supporting shaft 10 of the rotary wheel 11, and
      further, the load of the table or the like is given thereto. Thus, it is
      possible to carry out free rotation of the wheel 11 and free horizontal
      turning of the metal fitting 1. k
PAR  A contrary operation to the above, too, can be carried out as follows. When
      the table or the like is lifted a little, the supporting shaft 4 situated
      inside the slits 7, 7 in the walls 9, 9 of the L-shaped supporting plates
      5, 5, tends to go upward along the slits 7, 7. But, under the weight of
      the L-shaped supporting plates 5, 5 alone, the hook by the temporary
      stopping means (e.g. a spring plate holder 14 or an indent 15) cannot be
      released and both the L-shaped supporting plates 5, 5 and the rotary wheel
      11 are held in suspension. At the same time, the center of gravity of the
      L-shaped supporting plates 5, 5 is biased to a position which is always
      higher than the fulcrum of the supporting shaft 4. Accordingly, the
      L-shaped supporting plates 5, 5 are rotated and the fulcrum of the rotary
      wheel 11 moves to the opposite side, going over the perpendicular line of
      the fulcrum of the supporting shaft 4 (cf. FIG. 2 & FIG. 9). At the moment
      when the table or the like is placed on the ground, the rotary wheel 11
      touches the ground and is raised, and at the same time, the supporting
      stand 8 comes down to touch the ground. When both the rotary wheel 11 and
      the supporting stand 8 touch the ground, the supporting shaft 4 bearing
      the load of the table or the like releases the temporary stopping means
      due to said load and is pressed down to the lower end of the slits 7, 7
      (in such a state as shown in FIG. 3 & FIG. 10 with real lines.) Thus, it
      presses the supporting stand 8 and the rotary wheel 11 perfectly onto the
      ground and stops both the rotation of the wheel 11 and the horizontal
      turning of the metal fitting 1 strongly at one time.
PAR  Then, if the same operation of lifting the table or the like once and
      placing it on the ground again as already stated is repeated, the rotary
      wheel 11 is suspended and, due to the same principle as stated before, it
      presents such condition as explained with reference to FIG. 1 & FIG. 8.
      Accordingly, it becomes possible to carry out both the rotation of the
      wheel 11 and the horizontal turning of the metal fitting 1 freely at one
      time.
PAR  As seen from the foregoing description, the present invention has a great
      significance in many respects in that, by a very simple operation, both
      the rotation of the wheel and the horizontal turning of the metal can be
      stopped securely at one time and eventually it can hold a table or the
      like perfectly at a standstill, and it is simple in structure and never
      goes wrong.
CLMS
NUM  1.
PAR  1. A locking swivel castor for attachment to the leg of a table or to the
      bottom of a like item having a rotary wheel in contact with the surface
      beneath the object being upheld, said castor comprising:
PA1  slotted L-shaped support means connected to said rotary wheel for rotatably
      supporting said wheel and locking said castor into position, said support
      means having:
PA2  a first portion of the L-shape,
PA2  a first shaft fitted through said first portion at the end opposite the
      angle of the L-shape for rotatably supporting said wheel,
PA2  a second portion of the said L-shaped angled from said first portion, said
      second portion having a longitudinal slot running therethrough from the
      angle between the two portions toward the tip of the second portion, and
PA2  a support stand fixed to the end of said second portion opposite the angle
      formed by the first and second portions for resting against the surface
      beneath the item being upheld when the angle formed by the first and
      second portions is directed upward, whereby the castor is locked into
      position and is not free to move; and
PA1  swivel framing means attached to the bottom of the item being upheld for
      swiveling and vertically adjusting said L-shape support means, said
      framing means having:
PA2  a second shaft stationarily fixed at the bottom thereof and loosely fitted
      through the slot in the second portion of said support means, whereby the
      second portion can slide along and rotate about the second shaft,
PA2  stopping plate means fitted therein for abutting against the support stand
      when the second portion of the L-shape and the support stand attached
      thereto are rotated about the second shaft and the angle formed by the
      first and second portions is directed downward, whereby rotating the
      second portion and the support stand about the second shaft away from the
      locking position toward the stop plate means causes the slot in the first
      portion to slide along the second shaft and the support stand to abut
      against the stop means, thereby lifting the support stand away from the
NUM  2.
PAR  2. A locking swivel castor as claimed in claim 1 wherein said support frame
      means further has a temporary stopping means at each end of said slot in
      said second portion for temporarily securing the support means around the
NUM  3.
PAR  3. A locking swivel castor as claimed in claim 2 wherein said temporary
      stopping means is comprised of a spring plate holder fitted into the slot
NUM  4.
PAR  4. A locking swivel castor as claimed in claim 2 wherein the slot in the
      second portion has indentations in the ends thereof for holding the second
      shaft.
PATN
WKU  039343057
SRC  5
APN  5135524
APT  1
ART  353
APD  19741010
TTL  Caster socket
ISD  19760127
NCL  10
ECL  1
EXP  Lawson; Patrick D.
NDR  1
NFG  6
INVT
NAM  Gusdorf; Walter
CTY  Creve Coeur
STA  MO
ASSG
NAM  Gusdorf & Sons, Inc.
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL   16 43
EDF  2
ICL  A47B 9100
FSC   16
FSS  43
UREF
PNO  1136201
ISD  19150400
NAM  Adams
OCL   16 43
UREF
PNO  2072132
ISD  19370300
NAM  Scott et al.
OCL   16 43
UREF
PNO  2848732
ISD  19580800
NAM  Huff
OCL   16 43
LREP
FRM  Gravely, Lieder & Woodruff
ABST
PAL  A caster socket for articles of furniture for mounting in a receiving slot
      in the article so that face and back flanges enclose the slot and locate a
      body which receives the caster swivel post and the back flange has a
      portion with indexing means to positively locate a stapling gun for
      driving staples through the back flange to retain the caster socket in
      operative position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to caster sockets and is particularly directed to
      the formation of a socket which has improved resistance to abuse and
      simplifies the installation in an article of furniture.
PAR  A great many casters are mounted with the swivel post fitted into a hole
      bored into the leg or member of the article needing casters for rendering
      it movable. While the hole can be made to fit the swivel post in its
      original condition, the forces imposed will soon cause the swivel post to
      loosen and cause damage or enlarge the hole. Some casters are mounted in
      sockets which are held in the furniture by screws, and the screws usually
      extend through an external flange which in time will work the screws
      loose. These caster mountings are fine when new, but in time will work
      loose and often will permanently damage the furniture so that efforts to
      effect repairs is expensive or even not practical.
PAR  Furniture of current designs is especially difficult to caster in view of
      the extensive use of chipboard material which is easily damaged by screws
      or nails used with the types of caster sockets heretofore available.
      However, the caster socket of this invention is arranged with means to
      engage the article at opposed areas so that the initial fit is relatively
      undisturbed by rough usage.
PAR  It is an important object of this invention to provide a caster socket with
      the greatest ability to withstand hard usage by forming the socket with
      sufficient surface contact area to restrict the unit loading so that the
      surrounding body of material of the article is able to retain its original
      condition for long periods of time.
PAR  Other important objects of this invention are to provide an inexpensive yet
      strong caster socket which can be installed easily and is easily
      replaceable; to provide means for avoiding the use of screws and for
      relocating holding means so that the usual forces imposed on a caster
      socket are removed from the holding means; to provide a caster socket
      molded of materials that have the necessary strength and are capable of
      being plated or treated so as to harmonize with the surface texture and
      color of the article in which it is mounted; and to provide a caster
      socket requiring a simple slot or notch to receive it so that face and
      back flanges are able to abut the margins of the slot or notch with a
      large enough area of contact to keep the unit loads at an advantageous low
      value so that the stress is not likely to damage the caster socket or
      article of furniture.
PAR  A presently preferred embodiment of the caster socket includes a body
      formed with an elongated socket open at one end to receive the swivel post
      of a caster, a pair of flanges which extend along opposite sides of the
      body and beyond the end opposite the socket opening so that the body and
      the flanges form seats to receive the article to which the caster is to be
      applied, and means on one of the flanges to mark an area thereof to
      receive securing means which holds the caster socket in operative
      position. The caster socket is formed of moldable plastic material as a
      unitary article and is applied by being mounted in a slot or similar
      opening in the article of furniture so that the flanges and socket body
      absorb the loads, and securing means engaged between a flange and the
      adjacent surface of the furniture is substantially free of the sheer and
      tension stresses heretofore normally imposed by conventional types of
      caster sockets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiment of this invention is shown in the accompanying
      drawings, wherein:
PAR  FIG. 1 is a fragmentary perspective view of an article of furniture having
      an end panel in which the present caster socket is incorporated;
PAR  FIG. 2 is a fragmentary section view taken at line 2--2 in FIG. 1 of a left
      hand caster socket;
PAR  FIG. 3 is a fragmentary section view taken at line 3--3 in FIG. 1 of a
      right hand caster socket;
PAR  FIG. 4 is a fragmentary elevation of the furniture panel with the caster
      socket in position, the views being taken at line 4--4 in FIG. 3;
PAR  FIG. 5 is a longitudinal section view of the caster socket showing the
      swivel post socket and the upper seat, the view being taken at line 5--5
      in FIG. 4; and
PAR  FIG. 6 is a view of the back side of the caster socket as seen along 6--6
      in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  FIG. 1 shows a portion of a mobile cart 10 which has an end panel 11 and a
      connecting shelf board 12. The opposite end panel is not shown since it
      will be the same as panel 11 but reversed with respect to its inner and
      outer faces. A description of the structure associated with panel 11 will
      be the same for the opposite end panel that is not shown. In general,
      caster sockets 13 and 14 are mounted in suitable bottom open notches in
      the lower margin 15 of panel 11, and each socket receives a suitable
      caster 16, which in this case is of the ball type. It is necessary to
      construct or form the caster sockets 13 and 14 for right hand and left
      hand assembly so that the casters 16 can be located close to the outer
      vertical margins of the panel 11. However, in a different article of
      furniture, it may not be necessary to have right and left parts.
PAR  Turning now to FIG. 2, the left hand caster socket 13 is shown mounted in a
      notch 17 near the vertical margin 11A of the panel 11. The socket 13 is a
      one-piece molded member having a front face flange 18, a back face flange
      19, and an intervening body 20 formed with a socket bore 21 sized to
      receive the usual swivel post (not shown) of the caster 16. The back face
      flange 19 is formed with a side extension 19A having spaced ribs 22 which
      act to denote a section of the extension in which securing means 23 should
      be located. In the present case, the securing means 23 are staples set by
      a suitable stapling gun to drive the staple prongs through the back face
      19 and into the end panel 11.
PAR  In FIG. 3 it can be seen that the right hand socket 14 is mounted in a
      notch 24 near the vertical margin 11B of the panel 11. The socket 14 is a
      one-piece molded member having a front face flange 25, a back face flange
      26, and an intervening body 27 having a socket bore 28 to receive the
      usual swivel post of caster 16. The back face flange 26 of the socket 14
      is provided with a side extension 26A on which spaced ribs 29 are formed
      to denote an area for the insertion of securing means 23 such as staples.
PAR  The views of FIGS. 4, 5 and 6 present more detailed disclosure of socket
      14. It is to be noted that the front and back face flanges 25 and 26
      project above the intervening body 27 to form a seat to engage the inner
      closed end 24A (FIG. 5) of the notch 24. The body 27 occupies the notch 24
      while the face 25 conceals the margins of the notch and presents a
      pleasing surface to view. The face and back flanges embrace the end panel
      surface on three sides of the notch 24 so that a very secure mounting of
      the socket results. The side extension 26A and the spaced ribs 29 furnish
      a convenient way to attach the socket by use of staples, the elongated
      ribs guiding the stapling gun.
PAR  The socket 13 of FIG. 2 is mounted in the panel 11 in the same manner as
      just described for socket 14. In each socket, the body 20 or 27 has a
      cavity 30 to reduce the amount of material needed in the molding thereof.
      A suitable material for the sockets may be Dow Corning general duty T
      grade Cycolac plastic which may be surface plated so as to have the front
      face flanges 18 or 25 treated to harmonize or contrast with the surface
      treatment for the end panel 11.
PAR  The foregoing description has set forth a presently preferred embodiment of
      a caster socket having an elongated body formed with a caster swivel post
      receiving socket, face and back flanges projecting outwardly beyond the
      body to form surfaces abutting and seating in a receiving notch or other
      opening in an article of furniture, and means on the back flange to locate
      means to secure the socket in position. The present socket provides an
      extended surface area around the elongated body and between the flanges so
      that the loads and side thrust forces caused by moving the article of
      furniture on the casters will be well distributed for reducing or
      eliminating the tendency of the socket to loosen and dig into the surfaces
      of the receiving notch. It is an especially important feature that the
      present socket is easily installed in a simple notch and is capable of
      easy removal by extracting the securing staples.
CLMS
NUM  1.
PAR  1. A caster socket comprising an elongated body formed with a socket
      opening for the reception of a caster swivel post, a pair of flanges
      projecting from and spaced apart by said body to form opposed surfaces of
      abutment, and means on one of said flanges for locating and receiving
NUM  2.
PAR  2. A caster socket comprising an elongated body formed with a socket
      opening for the reception of a caster swivel post, flanges projecting from
      said body to form surfaces of abutment, said flanges being on opposite
      sides of said body in facing relation and being wider and longer than said
      body, and means on one of said flanges for locating socket securing means.
NUM  3.
PAR  3. The caster socket of claim 2 in which said body has said socket opening
      at one end and said flanges project outwardly of said body beyond the
NUM  4.
PAR  4. The caster socket of claim 2 in which said locating means includes a
      pair of ribs on said one flange, said ribs being spaced apart and
NUM  5.
PAR  5. The caster socket of claim 2 in which said elongated body and flanges
      form seats on two opposed sides and on one end opposite said socket
      opening, said seats being defined between said flanges and the intervening
NUM  6.
PAR  6. The caster socket of claim 5 in which one of said two opposed flanges
      has an extension outwardly of said body beyond said opposed flange, said
NUM  7.
PAR  7. In an article of furniture, a member having front and rear surfaces with
      a slot opening through said surfaces adjacent a margin thereof, a caster
      socket body fitted into said slot to substantially fill the slot, a first
      flange on said socket body extending therefrom to engage the front surface
      of said member adjacent said slot, a second flange on said socket body
      extending therefrom and being located to engage the rear surface of said
      member adjacent said slot, and means engaged with one of said flanges and
NUM  8.
PAR  8. In an article of furniture, a member with a slot formed in a margin
      thereof, a caster socket body fitted into said slot substantially fill the
      slot, a first flange on said socket body extending therefrom to engage the
      surface of said member adjacent said slot, a second flange on said socket
      body extending therefrom and being located to engage a different surface
      of said member, and means with one of said flanges and said member
      securing said caster socket body in said slot, said caster socket body and
      said first and second flanges being molded in one piece with said flanges
      maintained in spaced relation such that said body fills said slot and said
      flanges embrace said front and rear surfaces of said member adjacent said
NUM  9.
PAR  9. In the article of furniture set forth in claim 8 in which one of said
      flanges includes means setting off a portion of said flange from the
      remainder, and said securing means is located in said set off position.
NUM  10.
PAR  10. Caster mounting means for an article of furniture comprising, in
      combination: load supporting members of the furniture article to be
      supported at its bottom edges off the floor by a plurality of casters,
      each of said members having front and rear surfaces and a pair of slots
      spaced apart and opening from a bottom edge and through said surfaces;
      caster mounting means for each slot having a body fitting into said slot,
      each of said bodies being provided with a socket bore to receive the
      swivel post of the caster, flange means on each of said bodies positioned
      to engage said front and rear surfaces of said members, said flanges being
      formed with surfaces engaged with said front and rear surfaces of said
      members and extending beyond the margins of said slots; and securing means
      passing through one of said flanges and pentrating said member to retain
      said bodies in said slots.
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ABST
PAL  A safety device for automatically closing a door in response to a
      predetermined condition, such as fire, is provided by a selectively
      disengageable brake operatively associated with a pivotable door closure
      arm. The brake includes a flexible cable wrapped around a brake drum, and
      means to selectively tighten the cable around the drum. A crank-pin
      rotates conjointly with the drum and engages the door closure arm to
      expeditiously close the door in the event of fire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a door-closure control system, and more
      particularly to a device that automatically closes the door in response to
      a predetermined condition.
PAR  In the event of fire it is of utmost importance to seal the entrance or
      passageway to any unexposed corridor, room, or office as quickly and as
      efficiently as is possible to prevent the fire from leaping into the
      unexposed area. Most entrances and passageways can be effectively sealed
      by simply closing the door leading to that passageway. By closing the
      door, substantially all the flames, gas fumes, smoke, and heat will be
      prevented from entering the unexposed area. Unfortunately, the door may
      not be closed in time to prevent catastrophe if the persons in the area
      are either unaware of the fire in some other part of the building, or are
      unable to close the door.
PAR  In hospitals and nursing homes, elderly persons, invalids, bedridden
      patients, handicapped and crippled individuals and wheelchair patients may
      not be able to close the door in the event of fire. Newborn infants and
      little babies are certainly unable to close any door in the event of fire.
      In houses, apartment buildings, hotels, motels and the like, individuals
      who are asleep as well as very young children may be unable to close the
      door to their rooms in case of fire. In warehouses, libraries, museums,
      and the like, sections may be temporarily unoccupied so that no one is
      present to close the door during a fire. At night, many public buildings,
      such as department stores, office buildings, and theatres have a
      substantial number of passageways and rooms that are unoccupied and
      therefore have no one to close the door in case of fire.
PAR  In the event of fire it is important to minimize the progress of the fire
      until firemen can be summoned to the scene to put out the fire. This can
      be accomplished by quickly enclosing the area being consumed by the fire.
      Automatic or remote control closing of doors in such areas is necessary to
      minimize the access of air to the fire. It is well known that even if
      there is sufficient fuel capable of being ignited, the fire will be
      extinguished if there is not sufficient air to support combustion.
PAR  It is also very desirable to provide for remote control closing of a door
      during certain times of the day or night. It may also be desirable to
      provide automatic door closing in response to some other condition, such
      as flooding.
PAR  Furthermore, in hospitals and nursing homes, it is desirable to partially
      open the door to a desired position so as to allow circulation of air, and
      to permit nursing personnel to observe the patients in the rooms. In any
      occupied building, many persons desire to leave their doors partially or
      completely open for easy ingress and egress and to enable them to observe
      the area on the other side of the door.
PAR  It is well known to provide doors with door checks, either of the
      hinge-type, usually mounted on the door or beneath the door, or of the
      surface-mounted type which are secured to the face of the door near the
      top edge. With either type, opening the door compresses a spring mechanism
      and expands a hydraulic piston and cylinder combination which fills from a
      hydraulic fluid reservoir. Sometimes the fluid reservoir is simply a
      portion of the cylinder on the other side of the piston. In any event,
      when the opened door is released, a spring urges the door toward the
      closed position, and the rate of movement of the door is regulated by
      controlling the rate at which the cylinder can empty. This is accomplished
      by causing the fluid to pass through passages controlled by one or more
      adjustable flow-restricting valves. Doors controlled by such mechanisms
      normally are retained in the closed position, although in some mechanisms,
      there is provision for holding the door open by such devices as detents
      which engage if the door is pushed open beyond its normal fully opened
      position. Conventional door checks of the foregoing type are described in
      U.S. Pat. Nos. 1,011,287 and 2,024,472. Fire doors are typically held open
      by a fusible link which melts when overheated and permits doors to close.
      Examples of such fusible-link fire-doors are described in U.S. Pat. Nos.
      1,179,384 and 1,851,260.
PAR  Electromagnetic door closures are known wherein an electromagnet holds the
      door open until the circuit of the electromagnet is interrupted, but such
      devices do not allow for selective positioning of the door. A complex
      latching arrangement is shown in an electronically controlled hold-open
      device in U.S. Pat. No. 3,771,823. A complex hydraulic combined
      door-checking and door hold-open mechanism is shown in U.S. Pat. No.
      3,696,462. While the present invention relates to hinge-type swinging or
      pivotable doors, and not sliding doors, of interest as showing the state
      of art in spring and line return mechanisms for sliding doors are U.S.
      Pat. Nos. 3,160,250 and 3,020,580. U.S. Pat. No. 3,332,638 illustrates a
      retractor device for closing a sliding door equipped with a band brake to
      damp the velocity of retraction.
PAR  One object of the present invention is to provide an improved door closure
      device that permits the door to be freely pivoted about its hinges to a
      desired position once the device is in a loaded or cocked position, so as
      to allow free circulation of air through the door passageway when the door
      is opened, permitting nursing personnel to observe patients in their
      rooms, and facilitating easy ingress and egress into the room, but which
      will cause the door to automatically close in the event of fire.
PAR  Another object of the invention is to provide a new and improved safety
      device that reliably and efficiently closes a door in the event of fire.
PAR  Still another object of this invention is to provide means responsive to
      the conditions of fire to automatically move a door to its closed position
      to retard the progress of the fire.
PAR  It is another object of this invention to provide an improved door closure
      device for preventing fire, smoke, gas fumes, and the like from entering
      the room of a patient who is unable to close the door.
PAR  It is also an object of this invention to provide a system for closing a
      door which may be activated manually or in response to a predetermined
      condition.
PAR  A further object of this invention is to provide an improved door closure
      device that operates expeditiously, is inexpensive to manufacture,
      dependable in operation, of simple design and construction, easy to
      operate, readily installed and removed from operating position, and
      capable of performing properly after long periods of use.
PAR  The foregoing and other objects and advantages of the invention will become
      apparent from the following description and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a door closure device constructed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a fragmentary sectional view taken substantially along line 2--2
      of FIG. 1 and showing the brake assembly;
PAR  FIG. 3 is a fragmentary sectional view taken substantially along line 3--3
      of FIG. 1 showing an abutment member engaging a pivotable door linkage arm
      during an automatic door closing operation;
PAR  FIG. 4 is a view similar to FIG. 3 illustrating the pivotable door linkage
      arm being freely rotated during opening of the door until being stopped by
      the cocked abutment member; and
PAR  FIG. 5 is a fragmentary sectional view taken substantially along line 5--5
      of FIG. 1 illustrating the brake drum, abutment member, and pivotable door
      linkage arm supported on a housing shaft.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the figures of the drawings, there is shown a door closure
      device, generally 10, including a housing 12 for a conventional door
      closing and checking mechanism 14. The conventional door closing and
      checking mechanism 14, such as but not limited to a Norton or Yale type
      closure unit, normally urges a door 16 to a closed position. Closure units
      as mechanism 14 which normally bias the door to a closed position are well
      known in the prior art and typically include a conventional
      force-producing mechanism contained in an internal chamber, such as a
      compression spring or some other type of spring, a hydraulic piston, some
      form of linkage mechanism, cam device, or gear train, or some form of
      electroservo-mechanism which may include solenoid valves, relay switches,
      and electromagnetic devices. Many of these prior art closure units also
      contain some type of damping device, such as a hydraulic piston or
      compression spring to damp the rate of closure so as to provide smooth and
      continuous closing of the door.
PAR  Conventional closure units, as mechanism 14, such as a "Norton 1600 Series
      Door Closure," may be mounted to a door frame 18 or wall, and may include
      a series of pivotable linkages connecting mechanism 14 to a hinged-door
      16. Alternatively, the closure unit 14 could be mounted on door 16 and
      connected to the wall or some other fixed structure. In the illustrative
      embodiment only, the series of linkages includes a forearm 20 pivotally
      connected to a door-closure arm or linkage member 22, and a bracket 24
      which is mounted on door 16. Forearm 20 may be adjustable in length.
PAR  Closure arm 22 is rotatable about a bushing 25 that has an elongated
      central bolt-receiving aperture therethrough. Bolt 27 is received by the
      bushing aperture and threadedly engages a complementary
      internally-threaded hole in a shaft 26, thereby aligning bushing 28 with
      shaft 26. An abutment crank 30 and a brake drum or spool 40 are mounted on
      squared opposite end portions 29 of shaft 26 for conjoint rotation with
      the latter, the spool 40 being secured to shaft 26 by a bolt 31. Extending
      from crank 30 is elongated pin 32 for abutment engagement with arm 22.
PAR  A brake assembly or clutch, generally 38, is provided to selectively
      prevent rotation of shaft 26. Brake 38 should be formed of a material of
      sufficient mechanical strength to safely withstand the maximum closing
      torque, yet capable of operating for long periods of use without excessive
      wear. The material forming brake 38 should also be of sufficient thermal
      conductivity to permit dissipation of any heat generated during braking.
PAR  Brake 38 preferably includes a flexible multiple-strand wire-cable 42
      wrapped around brake-drum 40. A generally flat mounting plate 43 extends
      outward from housing 12 and is shaped to provide a stem-receiving aperture
      and a cylinder-receiving aperture. Cable 42 has an anchored or fixed end
      44 connected to an elongated stem 48. Stem 48 has a threaded portion that
      is slidably receivable in the stem aperture defined by plate 43. A female
      threaded member, such as nut 50, engages the threaded portion of stem 48
      as shown in FIG. 2. Cable 42 has another end 46 that faces a fluid
      cylinder 58 and is fixedly secured to a coupler 54. Coupling member 54
      operatively connects cable end 46 to a piston rod 56. Rod 56 reciprocates
      into fluid cylinder 58 and carries a compression spring 64. Cylinder 58
      has a threaded end 60 engageable in the cylinder-receiving aperture of
      plate 43 and faces cable end 46. A threaded cylinder-nut 62 engages
      cylinder end 60 for rigidly mounting the cylinder 58 against mounting
      plate 43. A hose-fitting 66 operatively connects hose 68 to fluid cylinder
      58.
PAR  The braking capacity or torque is directly proportional to the total
      angular length and frictional contact between cable 42 and drum 40 and is
      therefore a function of the number of wrappings or windings of cable 42
      about the circumference of drum 40. I have found that four or five
      wrappings work very satisfactorily. Drum 40 and cable 42 should be
      preferably formed of a material, such as metal, which is resistant to
      excessive wear.
PAR  In operation, to actuate brake 38, a fluid, preferably air, is injected
      into pneumatic cylinder 58 via hose 68 to apply a relatively small
      pressure, such as 20 psi, against a piston (not shown) associated with
      piston rod 56 thereby exerting a small pulling force on cable-end 46 to
      tighten cable 42 around drum 40. Injection of air into cylinder 58 may be
      accomplished by activating a three-way solenoid valve (not shown)
      operatively connected to hose 68. The solenoid valve may be activated by a
      relay electrically connected to a conventional remote-control fire
      detection system.
PAR  Once the cable is tightened around drum 40, door 16 should be opened to its
      maximum position, causing door arm 22 to movably engage pin 32 and rotate
      crank 30 to its maximum open position. Because shaft 26 is rotationally
      fixed with crank 30 and brake-drum 40, cranking or rotation of
      crank-member 30 will correspondingly rotate shaft 26 and drum 40, thereby
      compressing the usual door-closing spring (not shown) in closure unit 14
      to its fully loaded position. As the door-closing spring is cranked to its
      fully loaded position, cable-end 46 will move toward drum 40 causing the
      cable 42 to slightly slacken about the drum 40, thereby allowing drum 40
      to rotate without substantial frictional-braking interference with cable
      42. Thus, uni-directional brake 38 does not operate in the direction of
      opening.
PAR  Once the crank arm 30 is fully cocked to a clockwise position as shown in
      FIG. 4, brake 38 operates as a one-way clutch or brake in the direction of
      closure, pulling cable-end 46 away from drum 40 to tighten cable 42 around
      drum 40 as nut 50 is pulled against plate 43, thereby neutralizing and
      deactivating the normal closing bias of the door-closing spring in
      mechanism 14, and rendering the door-closing and checking mechanism 14
      temporarily inoperable. Once door-closing spring in unit 14 is rendered
      inoperable by one-way brake 38, door-closure arm 22 is free to pivot or
      rotate about bushing 25 in both the opening and closing direction without
      further braking interference and will not be impeded by abutment pin 32
      except in the maximum open position.
PAR  In the event of fire, the remote-control fire detection system causes its
      associated relay to de-energize the solenoid valve so that the
      air-pressure is released from the pneumatic cylinder 58. Rod-spring 64
      will then urge coupler 54, piston rod 56 and cable-end 46 toward hub 40 to
      slacken cable 42 about drum 40, deactivating brake 38 and permitting drum
      40 to freely rotate and slip relative to cable 42. Deactivation of the
      brake assembly 38 will remove the braking force that has neutralized the
      normal door-closing force of door-closing spring mechanism 14, so that the
      door-closing spring-member of unit 14 can rotate shaft 26 in the direction
      of closure, which will correspondingly rotate crank 30 toward door-closure
      arm 22, and cause pin 32 to movably engage door-closure arm 22 and close
      door 16.
PAR  During a fire, once the door is automatically closed, door 16 may be
      manually opened somewhat similar to a conventional door closure system.
      Movement of door 16 in the direction of opening, will cause door-arm 22 to
      movably engage crank-pin 30, thereby loading or cocking door-closing
      spring in unit 14. Door 16 may be repeatedly closed under the unimpeded
      closing force of the door-closing spring, somewhat similarly to a
      conventional door closure mechanism without a hold-open device, until
      brake 38 is actuated again when the fire detection system no longer senses
      a fire. Thus, it can be seen that brake assembly 38 is deactivated and
      rendered temporarily inoperable when the fire detection system senses a
      fire.
PAR  The conventional fire detection system is remotely connected to hose 68 and
      is responsive to some condition present in the event of fire, such as but
      not limited to heat, smoke, or gaseous fumes. While a fire detection
      system is preferred, other conventional detection systems or equipment may
      be used such as time-controlled devices, pressure sensitive mechanisms, or
      sensors which are responsive to the presence or lack of moisture. Closure
      device 10 may also be operatively connected to electrical or pneumatic
      switching means for manual remote closure of door 16. Furthermore, it
      should be understood that while a piston rod 58 is shown and described to
      reciprocate and operatively move cable-end 46, any equivalent means to
      effectively operate cable-end 46 could also be utilized, such as a
      diaphragm or electric solenoid operatively connected to cable 42.
PAR  Those skilled in the art will appreciate that an improved door closure
      device has been shown that automatically closes a door in the event of
      some predetermined condition, such as fire. It will be appreciated that
      numerous changes and modifications can be made to the embodiment shown
      herein without departing from the spirit and scope of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
NUM  1.
PAR  1. A door closer mechanism for automatically closing a door in response to
      a predetermined condition, the improvement comprising, in combination, a
      housing, a rotatable power shaft mounted in said housing and having a
      portion extending therefrom, force-producing means within said housing
      associated with said power shaft for rotatably biasing the latter in a
      door-closing direction, a door closure arm connected with a door to be
      controlled, said door closure arm being supported on said power shaft so
      as to be freely rotatable thereon, crank means fixedly mounted on said
      power shaft for conjoint rotation therewith, said crank means being
      engageable by said door closer arm when the latter is initially rotated in
      a door-opening direction thereby cocking said crank means and associated
      force-producing means while said door remains freely movable manually to
      any desired position between its fully open and fully closed positions,
      normally operable one-way brake means associated with said power shaft for
      preventing rotation of the latter in a door-closing direction, and means
      responsive to a predetermined condition for releasing said brake means
      enabling said force-producing means to rotate said power shaft and crank
      means in a door-closing direction whereby said crank means actuates said
NUM  2.
PAR  2. A door closer mechanism as defined in claim 1 wherein said one-way brake
      means includes a brake drum fixedly mounted on said power shaft for
NUM  3.
PAR  3. A door closer mechanism as defined in claim 2 including a flexible cable
      wrapped around said brake drum, said cable being fixed at one end, and
      normally operable pulling means connected to the other end of said cable
      for applying a pulling force thereto tending to tighten said cable around
      said drum, said pulling force causing said cable to brake said brake drum
      against rotation in the direction of said pulling force while permitting
      rotation of said brake drum in an opposite direction when said door closer
NUM  4.
PAR  4. A door closer mechanism as defined in claim 3 where said cable is
NUM  5.
PAR  5. A door closer mechanism for automatically closing a door in response to
      a predetermined condition, the improvement comprising, in combination, a
      housing, a rotatable power shaft mounted in said housing and having a
      portion extending therefrom, force-producing means within said housing
      associated with said power shaft for rotatably biasing the latter in a
      door-closing direction, a door closure arm connected with a door to be
      controlled, said door closure arm being supported on said power shaft so
      as to be freely rotatable thereon, crank means fixedly mounted on said
      power shaft for conjoint rotation therewith, said crank means being
      engageable by said door closer arm when the latter is initially rotated in
      a door-opening direction thereby cocking said crank means and associated
      force-producing means while said door remains freely movable manually to
      any desired position between its fully open and fully closed positions,
      normally operable one-way brake means associated with said power shaft for
      preventing rotation of the latter in a door-closing direction, said brake
      means including a brake drum fixedly mounted on said power shaft for
      conjoint rotation therewith, a flexible cable wrapped a plurality of times
      around the circumference of said brake drum, said cable being fixed at one
      end, normally operable pulling means connected to the other end of said
      cable for applying a pulling force thereto tending to tighten said cable
      around said drum, said pulling force causing said cable to brake said
      brake drum against rotation in the direction of said pulling force while
      permitting rotation of said brake drum in an opposite direction when said
      door closer arm is initially rotated in a door-opening direction, said
      pulling means comprising pneumatic means operable by a pre-determined air
      pressure, and means responsive to a pre-determined condition for releasing
      said air pressure and thereby releasing said brake means enabling said
      force-producing means to rotate said power shaft and crank means in a
      door-closing direction whereby said crank means actuates said door closure
NUM  6.
PAR  6. A door closer mechanism as defined in claim 5 wherein said pulling means
      comprises a piston-cylinder assembly including a piston rod connected with
NUM  7.
PAR  7. A door closer mechanism as defined in claim 5 wherein said power shaft
      extends transversely through said housing with the opposite ends of said
      power shaft projecting above and below said housing respectively, said
      brake drum being mounted on one end of said power shaft and said crank
      means being mounted on the other end of said power shaft, and said brake
      drum and crank means both being fixed to said power shaft for conjoint
NUM  8.
PAR  8. A door closer mechanism as defined in claim 1 where said crank means
      includes a crank pin which is engageable by said door closure arm when the
      latter is initially rotated in a door-opening direction, and which
      actuates said door closure arm in response to said predetermined
NUM  9.
PAR  9. A door closer mechanism for automatically closing a door in response to
      a predetermined condition, the improvement comprising, in combination, a
      housing, a rotatable power shaft mounted in said housing and having a
      portion extending therefrom, force-producing means within said housing
      associated with said power shaft for rotatably biasing the latter in a
      door-closing direction, a door closure arm connected with a door to be
      controlled, said door closure arm being actuated from said power shaft,
      normally operable one-way brake means associated with said power shaft for
      preventing rotation of the latter in a door-closing direction, said brake
      means including a brake drum fixedly mounted on said power shaft for
      conjoint rotation therewith, a flexible cable wrapped around said brake
      drum, said cable being fixed at one end, normally operable pulling means
      connected to the other end of said cable for applying a pulling force
      thereto tending to tighten said cable around said brake drum, said pulling
      force causing said cable to brake said brake drum against rotation in the
      direction of said pulling force while permitting rotation of said brake
      drum in the opposite direction, and means responsive to a predetermined
      condition for releasing said pulling force thereby releasing said brake
      means enabling said force-producing means to rotate said power shaft in a
      door-closing direction to actuate said door closure arm and effect closing
NUM  10.
PAR  10. A door closer mechanism as defined in claim 9 where said cable is
NUM  11.
PAR  11. A door closer mechanism as defined in claim 9 where said pulling means
      comprises pneumatic means operable by a predetermined air pressure, and
      means responsive to said predetermined condition for releasing said air
NUM  12.
PAR  12. For use with a door closer mechanism of the type having a housing, a
      rotatable power shaft mounted in said housing and having a portion
      extending therefrom, force-producing means within said housing associated
      with said power shaft for rotatably biasing the latter in a door-closing
      direction, and a door closure arm connected with a door to be controlled
      and actuated from the power shaft, the improvement comprising, in
      combination, a one-way brake including a brake drum fixedly mounted on
      said power shaft for conjoint rotation therewith, a flexible cable wrapped
      around said brake drum, said cable being fixed at one end, normally
      operable pulling means connected to the other end of said cable for
      applying a pulling force thereto tending to tighten said cable around said
      brake drum, said pulling force causing said cable to brake said brake drum
      against rotation in the direction of said pulling force while permitting
      rotation of said brake drum in the opposite direction, and means
      responsive to a predetermined condition for releasing said pulling force
      thereby releasing said one-way brake enabling said force-producing means
      to rotate said power shaft in a door-closing direction to actuate said
NUM  13.
PAR  13. The improvement as defined in claim 12 where said door closure arm is
      mounted so as to be freely rotatable relative to said power shaft, and
      crank means fixedly mounted on said power shaft for conjoint rotation
      therewith, said crank means being operable to actuate said door closure
      arm upon release of said one-way brake.
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ABST
PAL  An adjustable spring loading mechanism for use in controlling the movement
      of doors and the like. The mechanism includes a cylinder housing and a
      piston slideable within the housing. A plurality of biasing means are
      arranged in the housing in engagement with the piston, and apply
      individual biasing forces to the piston which cooperate to produce a total
      resultant biasing force. The biasing means are provided with different
      effective lengths so as to engage with the piston at different positions
      in the cylinder and thereby vary the total biasing force.
PARN
PAR  This application is a continuation of Serial No. 263,946 filed June 19,
      1972 and now abandoned.
BSUM
PAR  This invention relates generally to an adjustable and variable spring
      loading mechanism.
PAR  There is a constant need for improved spring adjustment mechanisms which
      are variable within a broad spectrum. The need for such mechanisms is
      particularly prevalent in the door closer field. As well-known by those
      skilled in the art, the operating requirements for door closers depend
      upon the physical characteristics of the installation, such as the weight
      and width of the door to be controlled, and its location within the
      building. The closing power of the closer therefore must be related not
      only to the size and weight of the door, but also to the operating
      environment at a particular location. Since the physical characteristics
      of doors vary greatly, even in single building installations, it has
      heretofore been a substantial problem to provide door closers which are
      individually designed to suit each particular door installation.
PAR  Co-pending application Ser. No. 189,316 filed on Oct. 14, 1971 by Thomas R.
      Lasier and entitled "Spring Adjustment Mechanism" discloses and claims a
      mechanism to alleviate the foregoing problem. The present invention
      constitutes an improvement or modification in the spring adjustment
      mechanism disclosed in that co-pending application.
PAR  The spring adjustment mechanism of the present invention is usable as a
      door closer or the like, and has a broad range of power characteristics
      which can be adjusted in the field to adapt the mechanism to the
      requirements of the particular installation. The invention permits, for
      example, a single adjustable closer design to be made and sold for a wide
      range of door conditions, and thereby reduces the costs of the closer
      manufacturer and user. Furthermore, the present invention provides a door
      closer design which permits a substantial increase in potential biasing
      power of the unit without a substantial increase in size, weight, or
      manufacturing costs. The present invention, due to its adjustability in
      the field, also allows great versatility in the choice of door closer
      operating characteristics and power curves (e.g., closing force measured
      against the degree of door opening).
PAR  Briefly described, the mechanism of the present invention comprises a
      cylinder housing embodying a slideable piston. A biasing mechanism is
      provided in the housing for urging the translation of the piston in the
      cylinder. The biasing mechanism comprises a plurality of biasing means,
      such as compression springs, which are extended in the housing for
      engagement with the piston and arranged to apply individual biasing forces
      to the piston. The individual biasing forces join to produce a resultant
      piston-driving force. Load adjustment means are provided in the preferred
      embodiment to further vary the resultant biasing force on the piston. The
      length of each biasing means is chosen so that the individual biasing
      forces are first applied to the piston at different piston positions. The
      resultant piston-driving force of the biasing means is thereby varied.
DRWD
PAR  Further objects and advantages of the present invention will become more
      apparent from the following brief description of an embodiment thereof,
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a door closer unit embodying the
      mechanism of the present invention, illustrating the unit in a first
      adjustment position, prior to the operation of the unit;
PAR  FIG. 2 is a partial sectional view of the closer unit illustrated in FIG.
      1, showing the unit in operation in a second position; and
PAR  FIG. 3 is a partial sectional view of the door closer unit of FIG. 1,
      illustrating the unit in operation in a second adjustment position.
DETD
PAR  The door closer unit embodying the features and advantages of the present
      invention is generally indicated in the drawings by the reference numeral
      10. This closer 10 includes a cylinder housing 12 of standard
      construction. Removable end caps 14 and 16 seal both ends of the housing
      12.
PAR  The closer 10 also includes a piston 20 slideably positioned within the
      cylinder housing 12. In the illustrated embodiment, the piston 20 includes
      a rack 22 which engages with the gear teeth on a rotatable pinion 24. As
      well known by those skilled in the art, this arrangement permits the
      rotational motion of pinion 24 to be converted into translating movement
      of the piston 20 within the cylinder 12, and vice versa. Accordingly, a
      door control arm or other suitable linking mechanism (not shown) can be
      connected to the pinion 24 so that the movement of the door being
      controlled is inter-related to the sliding movement of the piston 20
      within the cylinder 12. Specifically, in the illustrated embodiment the
      opening of a door would cause counterclockwise rotation of the pinion 24.
      The pinion 24 in turn acts through the rack 22 to slide the piston 20 to
      the right within the cylinder 12, as illustrated in FIG. 1. In the same
      regard, a force applied to the piston 20 urging the piston to the left in
      FIG. 1 would operate through the rack 22 and pinion 24 to close the door.
PAR  In accordance with this invention, the closer unit 10 includes an
      adjustable biasing mechanism for urging the translation of the piston 20
      in the cylinder 12, to thereby urge an opened door closed under controlled
      conditions. In this regard, the illustrated unit 10 is provided with a
      plurality of biasing means in the form of nested compression springs 30,
      32 and 34, as clearly shown in FIG. 1. The springs 30, 32 and 34 in
      accordance with this invention are provided with selectively different
      lengths. Each spring thus initially engages the piston 20 at a different
      selected location for the piston within the housing 12. The springs 30, 32
      and 34 thereby cooperate, at selected stages of operation for the unit 10,
      to create a resultant biasing force which urges the piston 20 to the left
      in the drawings. The length and number of springs used in the unit 10
      hence can be selected to provide the spring rate and other operating
      characteristics of the combined springs to suit the needs of a particular
      application. The springs 30, 32 and 34 are extended in the cylinder 12
      toward the cap 16, with one end of each spring positioned for engagement
      with the piston 20 as the piston translations within the cylinder 12.
PAR  The closer unit 10 in accordance with this invention also includes an
      adjustment mechanism for varying the operating characteristics of each of
      the springs 30, 32 and 34, to thereby proportionately vary the resultant
      door closing forces applied to the piston 20. Accordingly, the unit 10
      includes an annular adjustment member 40 which is positioned within the
      cylinder 12 adjacent the end cap 16. The member 40 is co-axially arranged
      generally along the axis of the cylinder 12, and is in engagement with the
      concentric nested springs 30, 32 and 34. The axial position of the member
      40 can be adjusted to provide the desired operating characteristics for
      the springs 30, 32 and 34 in accordance with this invention.
PAR  The closer 10 also includes adjustment means in the form of a screw shaft
      50 for translating the member 40 in the manner described above. As
      illustrated in the drawings, the shaft 50 extends through the end cap 16
      of the unit 10, and is threadably engaged with the member 40. A suitable
      bearing and seal combination 52 in the end cap 16 permits the shaft 50 to
      be rotated freely during the operation of the adjustment mechanism.
      Further, a nut 54 is provided on the outer end of the shaft 50 so that the
      shaft can be readily rotated from the outside of the unit 10. A shoulder
      56 on the shaft 50 defines the limit of axial translatory advance of the
      member 40 along the shaft 50.
PAR  The operation of the door closer 10 is evident from the above description.
      Briefly, the initial position for the adjustable door closer 10 in a first
      adjustment position is the position illustrated in FIG. 1. In that initial
      position, the adjustment screw 50 is set so that the adjustment member 40
      is in an extreme retracted position (to the right in the drawings). The
      aligned springs 30, 32 and 34 are thereby extended between the member 40
      and the piston 20. At this stage of the operation for the unit 10, the
      longest and largest spring 34 is the only spring engaged with the piston
      20. In the usual circumstance, the spring 34 is provided with a pre-load
      force which urges the piston 20 to the left in FIG. 1, in this initial
      position. Under these conditions, the total initial biasing force applied
      to the piston 20 is the individual spring force of the spring 34. The
      opening of an associated door, and the resultant counterclockwise rotation
      of the pinion 24, will cause the piston 20 to move rightward in FIG. 1, in
      opposition to this biasing force.
PAR  Additional springs begin to operate as the associated door is opened
      further and the piston 20 is advanced rightwardly in FIG. 1. As seen in
      FIG. 2, a second stage of operation for the unit 10 begins when the
      intermediate spring 32 engages the piston 20. At this second stage, the
      resultant biasing force on the piston 20 is the total of the individual
      spring forces for the springs 34 and 32. Similarly, as seen in FIG. 3,
      further rightward movement of the piston 20 creates a third stage of
      operation for the unit 10 by engaging the piston 20 by the smallest spring
      30. In this third stage, the resultant biasing force on the piston 20 is
      the total of the individual spring forces for the three springs 30, 32 and
      34.
PAR  When the door is released, the stored energy in the compressed springs 30,
      32 and 34 will act on the piston 20 to urge the piston in a leftward
      direction in FIG. 1. Accordingly, the springs 30, 32 and 34 operate to
      rotate the pinion 24 in a clockwise direction, and thereby urge the
      associated door to return to its closed condition. The power curve for
      such a door closing operation depends upon the spring rates, the length
      and the other physical characteristics of each of the springs 30, 32 and
      34. As will be evident to those skilled in the art, the size, power, and
      other operating characteristics of these springs can be selected and
      modified to suit the particular design parameters.
PAR  In accordance with this invention, the operating characteristics of the
      door closer 10 can be adjusted in the field to suit the requirements of a
      particular installation. Accordingly, if the closer 10 is to be employed
      in an installation requiring additional spring power, the closer 10 may be
      installed and then adjusted manually by rotation of the nut 54. This
      operation of the nut 54 rotates the screw shaft 50, and threadably
      advances the adjustment member 40 longitudinally within the cylinder 12.
      As illustrated in FIG. 3, this threaded advance of member 40 causes an
      increase in the compression pre-load force on the aligned compression
      spring 30. The spring force of the spring 30 is thereby changed. The
      advance of the member 40 also moves the other springs 30 and 32 toward the
      piston 20 and changes the location within the cylinder 12 at which the
      piston engages the springs 30, 32. The total resultant biasing force
      applied to the piston 20 is thereby proportionately varied. If additional
      spring power is required for the installation, the adjustment of the nut
      54 can be continued until the flange 40a engages with the shoulder 42b.
PAR  It will be noted from the above description that the closer 10 in
      accordance with this invention has great versatility. Because of its
      adjustable features, it can be used in a variety of installations which
      would otherwise require individual units with different operating power
      characteristics. The troublesome matching of a special unit with each
      field installation is eliminated by permitting easy and quick adjustment
      of the power rate of the unit in the field. Furthermore, because of the
      inclusion of the plurality of springs 30, 32 and 34, the individual length
      and other characteristics of each of the springs can be selected to
      provide the closer 10 with a desired power curve.
PAR  While the embodiment described herein is at present considered to be
      preferred, it is understood that various modifications and improvements
      may be made therein, and it is intended to cover the appended claims all
      such modifications and improvements as fall within the true spirit and
      scope of the invention.
CLMS
NUM  1.
PAR  1. An adjustable door closure mechanism adapted for use with a door which
      is movable between a door closed position and a door open position
      comprising:
PA1  a cylinder housing;
PA1  a piston slidable in said cylinder;
PA1  means for linking said piston to a door to translate said piston within
      said cylinder in a selected direction in response to the opening movement
      of the door;
PA1  an adjustable biasing system for producing a resultant door closing force
      which operates against said piston; said biasing system comprising a
      plurality of compression spring means having unequal lengths extended
      within said cylinder and separately engageable with said piston as said
      piston is translated in said cylinder by the opening movement of the door
      so that each spring means applies a separate closing force to said piston;
PA1  said plurality of compression spring means nested within one of said spring
      means;
PA1  said spring means being arranged within said cylinder in a first condition
      in which at least one first spring means contacts said piston in the door
      closed position and at least one second spring means is spaced from said
      piston in the door closed position;
PA1  said second spring means positioned to engage said piston at a selected
      position as said piston is translated within said cylinder by the opening
      movement of the door from closed door position whereby said plurality of
      spring means cooperate to produce a first resultant door closing force
      permitting said closure mechanism to control the closing movement of the
      door with a first set of physical characteristics; and
PA1  closing force adjustment means positioned within said housing for
      controlling said plurality of spring means to change said separate closing
      force of said first spring means, to change the location of engagement
      within said cylinder between said piston and said second spring means as
      said piston is translated within said cylinder, and to arrange said
      plurality of spring means in a second condition which causes said separate
      spring means to cooperate and to produce a second resultant door closing
      force and thereby to adjust said mechanism for closing a door with a
      second set of physical characteristics;
PA1  whereby said closure mechanism is readily adjustable in the field for use
NUM  2.
PAR  2. An adjustable door closure in accordance with claim 1 wherein said first
NUM  3.
PAR  3. An adjustable door closure mechanism in accordance with claim 1 wherein
      said closing force adjustment means is adjustable to arrange said spring
      means into a plurality of conditions within said housing in the range
      defined between said first and second adjustment conditions, so that said
      mechanism is selectively adjustable to produce a plurality of resultant
      door closing forces between a minimum and a maximum resultant door closing
NUM  4.
PAR  4. An adjustable door closing mechanism in accordance with claim 1 wherein
      said closing force adjustment means comprises movable abutment means
      provided within said cylinder and engageable with said spring means to
      shift said spring means in said cylinder and vary the location of
      engagement between said piston and at least one said spring means as said
NUM  5.
PAR  5. An adjustable door closure mechanism adapted for use with a door which
      is movable between a door closed position and a door open position
      comprising:
PA1  a cylinder housing;
PA1  a piston slidable in said cylinder;
PA1  means for linking said piston to a door to translate said piston within
      said cylinder in a selected direction in response to the opening movement
      of the door;
PA1  an adjustable biasing system for producing a resultant door closing force
      which operates against said piston, said biasing system comprising a
      plurality of compression spring means extended within said cylinder, each
      of said spring means having different selected lengths and spring rates
      and a selected initial pre-loading condition, and each further being
      separately engageable with said piston at selected separate locations of
      said piston in said cylinder as said piston is translated within said
      cylinder from the door closed position to door open position whereby each
      spring means applies a separate closing force to said piston; and
PA1  a spring load adjustment member adjacent to one end of said springs and
      arranged to engage each spring, and manually adjustable means connected to
      said member and operative to translate said member axially against said
      springs and change the piston position in said cylinder which energizes
      each spring to thereby change said individual spring biasing force and
NUM  6.
PAR  6. The adjustable door closer in accordance with claim 5 in which said
NUM  7.
PAR  7. The adjustable door closer in accordance with claim 5 in which said
      manually adjustable member includes a shaft extending through one end of
      said cylinder.
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ABST
PAL  A molding device for producing compressed material such as meat patties and
      the like. The device is capable of forming meat patties of uniform size
      and shape and provides for easy removal of the formed meat patty.
BSUM
PAR  The present invention relates to a molding device which is designed
      primarily for compressing and molding chopped or ground meat into
      "patties." In a more specific aspect, the present invention relates to a
      hamburger patty mold device which is suitable for fabricating packaged
      hamburger patties.
PAR  Previously there have been many machines of various types which have been
      utilized to form ground meat patties, but all such mechanisms have been
      either too large, cumbersome and expensive. Moreover, some such machines
      are difficult to clean and removal of the formed patty is awkward and
      difficult. For example in some molding devices, after the patty is formed,
      it is necessary to remove the formed patty with a knife or spatula and the
      like. This of course is time consuming and in some instances can be
      dangerous. Moreover, in most instances, prior art machines of the type
      contemplated herein, have been designed for restaurant or other volume
      use. The present invention, on the other hand, is designed primarily for
      home use, and is not intended to be used to produce meat patties in large
      volume.
PAR  Accordingly, one of the principal objects of this invention is to provide
      an inexpensive device which will provide a means of forming meat patties
      of uniform size and shape. Patties thus formed may be stored in any of the
      various types of refrigeration units or by other food storage methods in
      preparation for subsequent immediate use.
PAR  Another object of this invention is to provide meat patties, the contents
      of which can be made of uniform quantity to afford assurance that all
      persons who are to share the meal will receive appropriate portions. By
      this means it is thus possible to obtain meat patties of sizes appropriate
      to satisfy the appetites of all of the members of the family, and at the
      same time provide uniform fair proportionment of a quantity of meat into
      appropriate sizes. For example, with a family of four children, a
      housewife may provide the two larger children with identical large size
      patties and the two small children with identical small size patties and
      thus avoid intra-family disputes over the portions served.
PAR  Still another object of the present invention is to form a packaged meat
      patty which is easily removed from the forming machine.
DRWD
PAR  Other and further important objects of the invention will be apparent from
      the following description of the invention taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a press constructed in accordance with my
      invention.
PAR  FIG. 2 is a perspective view in exploded form showing the relative
      placement of the elements constituting the invention.
PAR  FIG. 3 is a section taken through line 3--3 of FIG. 1 showing the ground
      meat in the mold cavity prior to formation of the meat patty.
PAR  FIG. 4 is a view similar to FIG. 3 except that the ground meat is in a
      compressed state with the cover plate pressed against the mold.
DETD
PAR  Broadly contemplated, the present invention provides a molding device for
      producing compressed material such as meat patties and the like which
      comprises in combination: a stationary horizontal base plate, a mold
      having a through opening providing a molding cavity adapted to accommodate
      material to be molded, said mold being movably mounted with respect to
      said base plate, resilient means associated with said base plate and mold
      for urging said mold away from said base plate when said mold is pressed
      towards said base plate, a core element detachably secured to said base
      plate and being disposed in registering relation with said molding cavity,
      said mold being relatively movable between a first position in which said
      core element is disposed in the lower portion of said molding cavity and a
      second position in which said core element is disposed upward from said
      first position, retaining means associated with said core element and said
      mold for retaining said mold and core element in said first position when
      said mold device is in non-operating condition and pressing means
      associated with said mold for compressing said material in said cavity
      against said core element and for moving said mold from said first
      position to said second position.
PAR  Referring to the drawings and particularly FIGS. 1 and 2, it will be seen
      that the molding device, generally indicated by reference numeral 10,
      includes a stationary, horizontal base plate 11 which can be constructed
      from any desired material providing the necessary rigidity and strength.
      Merely as illustrative, the base plate can be constructed from materials
      such as hard wood, metal, e.g. stainless steel, or preferably one of the
      well known plastics, such as polyethylene, polypropylene, nylon, teflon or
      the like which are inert and readily molded or cast to shape and which
      provide hard, smooth and easily cleanable surfaces ideal for use in the
      processing of foods. The base plate 11 is flat and disposed in a single
      plane.
PAR  Detachably secured to base plate 11 is a core element 12, desirably
      cylindrical in shape and having an upper and lower surface and which is
      secured to the base plate by means of threaded element 13 (FIG. 4) which
      threadably engages the core element 12 through an oepning provided in the
      base plate.
PAR  The core element, which can be made of the same type of material as the
      base plate is provided with an annular outwardly projecting flange or
      abutment 17 formed on the upper surface of the core element and which
      constitutes the outer periphery of the upper surface of the core element.
PAR  Situated directly above the base plate 11 in spaced relation therewith is a
      mold 14 which can be formed of any desired material such as wood, metal,
      plastic and the like. The mold has a through opening 15 which provides a
      molding cavity adapted to accommodate material to be molded or shaped.
PAR  Referring specifically to FIG. 2, it will be seen that the mold 14 is
      positioned over the base plate 11 in a manner such that the fixed core
      element 12 constitutes the bottom of the mold cavity. Since the outer
      edges of the mold cavity are concentrically disposed with respect to the
      outer periphery of the core element, the mold can be vertically moved with
      respect to the core element so that the core element is in registering
      relation with the molding cavity.
PAR  Situated on the lower surface of the mold 14 is an annular projecting
      flange or abutment 16 which projects inwardly towards the inner axis of
      the mold cavity. Since the core element is secured to the base plate 10,
      it will be seen that the inwardly projecting flange 16 on mold 14 and the
      outwardly projecting flange 17 of the core element 12 act as retainer
      means for limiting the upward movement of the mold away from the base
      plate 11. It will be, of course, understood that other arrangements for
      limiting the upward movement of the mold are possible. For example, the
      flanges need not be contiguous, i.e., disposed around the entire periphery
      of each respective element.
PAR  Situated between the lower surface of the mold 14 and the upper surface of
      the base plate 11 are resilient means which function in a manner such that
      when the device is in normal or non-operating condition, the mold is
      maintained in its uppermost position, i.e., the outwardly projecting
      flange 17 of the core element 12 is in contact with the inwardly
      projecting flange 16 of the mold. Since the core element 12 is secured to
      the base plate 11, the mold is only capable of vertical movement as
      determined by the vertical distance between the flange 17 and the base
      plate 11. The resilient means shown in FIGS. 2, 3, and 4 constitute a
      normally compressible resilient material such as polyurethane foam 20.
      Although it is not essential, nevertheless the foam 20 is generally
      co-extensive with the base plate and is provided with an opening at its
      center to accommodate the core element 12.
PAR  The height of the foam, i.e., the vertical distance of the foam, is such
      that when the foam is in an uncompressed state the mold 14 resting thereon
      will be in a first position in which the core element 12 is disposed in
      the lower portion of the molding cavity (as shown in FIG. 1) with the
      flange 16 of the mold in contact with flange 17 of the core element.
PAR  On the other hand, when sufficient downward pressure is applied to the
      mold, the foam will compress and permit the mold 14 to be urged towards
      the base plate 11 to a second position in which the core element 12 is
      disposed upward from the first position (FIG. 4).
PAR  Provision for the application of force on the mold is made by the
      utilization of pressing means disposed over the mold. Thus referring again
      to the drawings, it will be seen that the pressing means are in the form
      of a cover plate 18 which can be of the same general construction as the
      base plate. Thus, the cover plate can be fabricated from the same type of
      materials utilized to form the base plate. As will be seen from the
      drawings, the cover plate is also flat and is pivotably mounted with
      respect to the mold 14. One end of the cover plate can be pivotably
      mounted to an end of the mold in a manner such that it can be pivoted away
      from the mold thereby exposing the through opening or mold cavity 15.
      Alternatively, the cover plate can be pivoted towards the mold 14 in
      contact with the mold, whereby pressure exerted on the cover plate would
      force the mold downwardly towards the base plate 11. Thus, the combination
      of the core element 12, the mold cavity 15 and the cover plate 18 forms
      the molding chamber wherein the meat patties are shaped in conforming
      relation to the shape of the molding chamber.
PAR  Although the device is operable as described in the foregoing,
      advantageously the elements can be contained on the base plate 11 and
      surrounded by upright walls 19 extending upward from the base plate 11 so
      as to form a rectangular or square type container for the elements. The
      upright walls can be of the same type materials as the base plate 11 and
      can be joined to the base plate subsequent to the formation of the base
      plate. Alternatively, the side walls and base plate can be initially
      formed as a single unit in the same molding operation.
PAR  In the case where the device is utilized in conjunction with the upright
      walls 19, the cover plate can be pivotably mounted on the upper edge of
      one of the side walls, as shown in FIG. 1. In this case, however, a slight
      modification of the structure is required in that the upright wall
      accommodating the cover plate in pivotal relation to the mold would by
      necessity be of shorter vertical dimension than the remaining upright
      walls so to allow for the proper, uniform "pressing action" on the mold
      during formation of a meat patty. In addition, the upper surface of the
      mold 14 nearest the upright wall containing the pivotably mounted cover
      plate would be rounded or sloped towards the outer edge as shown in FIGS.
      1 and 2, so as to allow for the proper clearance of the cover plate when
      it is pivoted towards or away from the upper surface of the mold 14.
PAR  To operate the device, the parts are disposed in their respective positions
      as shown in FIG. 1 with the cover plate 18 pivoted away from the mold 14
      exposing the through opening or molding cavity 15. The mold is in its
      uppermost or first position so that the flanges 16 and 17 are in contact.
PAR  In the case where the meat patty is to be packaged, the sheet of packaging
      material is placed in the mold cavity as shown in FIG. 3, with its outer
      edges extending beyond the edges of the molding device. The mold cavity is
      then supplied with the material of which the patties are to be made, e.g.
      ground meat for the production of hamburger patties. The amount of meat
      can be predetermined so as to provide uniform size patties of equal
      weight. Thus in this manner, meat patties of sizes appropriate to satisfy
      the appetites of all of the members of the family can be produced. The
      operator thereafter folds the edges of the sheet material over the ground
      meat until all the meat is fully covered. The cover plate 18 is then
      pressed against the mold 14 and this action urges the mold towards the
      base plate 11 until the mold is in its second position as shown in FIG. 4.
      Since the core element 12 is secured to the base plate, it registers with
      the mold cavity and the meat patty is formed with dimensions defined by
      the cover plate, the core element and the walls of the mold cavity. The
      operator thereafter releases the pressure on the cover plate and swings it
      out of contact with the mold. In order to release the packaged hamburger
      patty, the operator merely depresses the mold cavity and grasps the
      hamburger patty to remove it from the mold cavity.
PAR  In another mode of operation, the above technique is repeated except that
      the device may be inverted against a flat surface and the lower surface of
      the back plate is pushed in a downward direction so that the cover plate
      pushes upward towards the core element thereby forming a meat patty when
      the device is in an "upside-down" position. The patty can then be removed
      by lifting the device and pivoting the cover plate away from the mold and
      with the hands depressing the mold towards the base plate allowing the
      patty to fall out of the mold cavity.
PAR  The device can be easily disassembled in order to clean all the elements,
      and all that is necessary is that the operator remove the threaded element
      13 from the core element 12. The core element can then be easily removed
      from the mold 14 together with the mold, and the release means where they
      can be individually cleaned. After cleaning, the device is reassembled by
      first positioning the release means on the base plate and placing the mold
      over the release means. The core element is thereafter inserted into the
      through opening 15 of the mold 14 and the threaded element 13 inserted
      into the core element 12 in threadable engagement therewith.
PAR  It is to be understood that minor alterations in form, proportions and
      details, and additions and subtractions, may be made in the embodiments
      selected to illustrate the invention without departing from the spirit
      thereof or the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A molding device which comprises in combination: a stationary horizontal
      base plate, a mold having a through opening providing a molding cavity
      adapted to accommodate material to be molded, said mold being movably
      mounted with respect to said base plate, resilient means associated with
      said base plate and mold for urging said mold away from said base plate
      when said mold is pressed towards said base plate, a core element
      detachably secured to said base plate and being disposed in registering
      relation with said molding cavity, said mold being relatively movable
      between a first position in which said core element is disposed in the
      lower portion of said molding cavity and a second position in which said
      core element is disposed upward from said first position, retaining means
      associated with said core element and said mold for retaining said mold
      and core element in said first position when said mold device is in
      non-operating condition and pressing means associated with said mold for
      compressing said material in said cavity against said core element and for
NUM  2.
PAR  2. A molding device according to claim 1 wherein said resilient means
      include a layer of compressible resilient material disposed between said
NUM  3.
PAR  3. A molding device according to claim 2 wherein said compressible
NUM  4.
PAR  4. A molding device according to claim 1 wherein said retaining means
      include an annular projecting flange disposed on the lower surface of said
      mold and an outwardly projecting flange disposed on the upper surface of
NUM  5.
PAR  5. A molding device according to claim 4 wherein said annular projecting
      flange and said outwardly projecting flange are in a contacting relation
NUM  6.
PAR  6. A molding device according to claim 4 wherein said annular projecting
      flange and said outwardly projecting flange are in an out-of-contact
NUM  7.
PAR  7. A molding device for compressing and molding ground meat which comprises
      in combination: a stationary horizontal base plate, a mold having a
      through opening providing a molding cavity adapted to accommodate material
      to be molded, said mold being movably mounted with respect to said base
      plate, a layer of compressible resilient material disposed between said
      base plate and said mold for urging said mold away from said base plate
      when said mold is pressed towards said base plate, a core element
      detachably secured to said base plate and being disposed in registering
      relation with said molding cavity, said mold being relatively movable
      between a first position in which said core element is disposed in the
      lower portion of said molding cavity and a second position in which said
      core element is disposed upward from said first position, an annular
      projecting flange disposed on the lower surface of said mold and an
      outwardly projecting flange disposed on the upper surface of said core
      element, each of said flanges being adapted to retain said mold and core
      element in said first position when said mold device is in non-operating
      condition and pressing means associated with said mold for compressing
      said material in said cavity against said core element and for moving said
NUM  8.
PAR  8. A molding device according to claim 7 wherein said pressing means
NUM  9.
PAR  9. A molding device according to claim 7 including upright walls extending
      upward from said base plate and being adapted in combination with said
      base plate to form a container for said core element, said compressible
NUM  10.
PAR  10. A molding device according to claim 9 wherein said pressing means
      include a cover plate pivotally mounted on one of said upright walls.
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ABST
PAL  Inflation gas pressure interior of a flexible tubing, such as a food
      casing, advancing continuously through multiple sequential production and
      processing zones, is selectably controlled as between two adajacent zones
      by defining an intermediate zone in the form of an inflated bubble trapped
      in the tubing between two nip rolls co-acting against a larger smooth
      surfaced backing roll, through which inflation gas is selectably bled from
      one zone to the other.
BSUM
PAR  This invention relates to the production of sausage casings and more
      particularly to an improved method and apparatus for processing a
      just-fabricated continuous length of extruded tubing, either edible or
      inedible, which is to be used as a casing in sausage product
      manufacturing.
PAR  The production of sausage products such as frankfurters and the like
      historically has involved the use of animal intestines as sausage casing
      material. Edible natural casings obtained from animal intestines have many
      obvious disadvantages in present day high speed, highly automated sausage
      manufacturing techniques, the more salient disadvantages being inherent
      variations in size, physical integrity, and facile comestibility. Such
      natural casings also are rather difficult to clean and to prepare by
      mechanical means for human consumption.
PAR  A significant departure from the use of natural animal intestine casing
      occurred in the sausage making industry with the development of so-called
      skinless frankfurters which involve the use of synthetic casing materials.
      The synthetic casing materials used to make skinless frankfurters are
      inedible and are therefore slit and peeled from the finished sausage
      product and discarded before product final packaging. Typically, cellulose
      frankfurter casings for use in skinless frankfurter production are
      manufactured in continuous tubular lengths starting with an extrusion
      step. The continuously extruded tubing length is inflated, directed
      through a series of chemical and physical treatments, is dried, flattened,
      and rolled up on reels for transport to a shirring station. At the
      shirring station, the tubing is dereeled, reinflated, shirred, and
      compressed on a shirring machine to obtain relatively rigid tubular
      elements known in the industry and supplied to sausage makers as shirred
      casing sticks.
PAR  In the sausage manufacturing process, the sticks are successively manually
      or automatically fitted, one at a time, over a stuffing horn which feeds
      or stuffs meat emulsion into the casing. As the casing fills with the meat
      emulsion, it deshirrs and extends longitudinally to the original casing
      length. During the stuffing step, pre-selected lengths of filled casing
      may be tied off, twisted, or otherwise circumferentially diminished to
      form sausage links. The continuous stuffed lengths in link form are then
      further processed by cooking, smoking, curing and the like steps,
      depending on the requirements of the product being made. The casing is
      removed and discarded prior to final packaging of the sausage product.
PAR  Certain sausage products, however, are still the more advantageously made
      with a casing which is not discarded and which is edible. Highly
      satisfactory edible sausage casings produced from protein sources such as
      reconstituted animal collagen have been developed. A suitable thin-walled
      casing is obtained by extruding a collagen mass into the form of a
      continuous tubing which is then passed through one or more chemical
      treatment baths, drying steps, and similar treatments. The thus prepared
      collagen tubing casing is dried, shirred into casing sticks, severed into
      pre-selected lengths, packaged, and delivered to the sausage makers in
      much the same way as the cellulose casing sticks. The collagen casings are
      tender, readily cookable, and edible with the sausage stuffing emulsion
      material. The stirred casing or stick, comprising as it may a length of up
      to 50 meters or more of 0.0254 millimeter wall thickness material, such as
      cellulose, with a tubular diameter most usually in the order of 26
      millimeters shirred and compressed to a length of about 50 centimeters,
      is, it will be readily appreciated, a relatively fragile structure. Since
      the feeding of sticks on to the horn of the stuffing machine is most
      frequently an automatic operation involving the positioning of each stick
      in turn on the stuffing horn from a supply hopper, any structural
      irregularity in the stick can cause a malfunction with consequent shutdown
      and loss of production time on the stuffing machine.
PAR  One of the most critical factors in making the sticks is the precision of
      the shirring operation. Careful and precise shirring steps are therefore
      of critical moment in the manufacture of the non-edible casing sticks, but
      are of even greater criticality in the manufacture of the more fragile
      edible collagen sticks.
PAR  In order to accomplish proper and effective shirring and to permit the
      shirring elements of the shirring machine to grip the advancing tubing and
      form pleats therein, the tubing is inflated to a condition where the
      tubing wall attains a suitable degree of rigidity and stiffness. Inflating
      a tubing from a hollow shirring mandrel is well known in the art of making
      cellulose casing. The equivalent process at this step of production of
      collagen tubing is, however, a much more delicate operation. Due to the
      fact that the freshly made collagen tubing is fragile, weak, and somewhat
      porous, and is not easily collapsible to a flat condition without the
      peril of damage, the extrusion, chemical treatment, sizing, drying, and
      shirring operations are customarily and advantageously performed in one
      continuous process. The tubing inflation gas, air for example, may, as in
      the process step of shirring cellulose tubing, be supplied to the tubing
      from a hollow shirring mandrel used in the process, but the pressure of
      the inflation air must be maintained relatively low in all zones of the
      production process except the shirring step. Thus, the production of
      edible collagen sausage casings presents the problem of the need for a
      relatively low pressure inflation gas throughout most of the production
      steps while, at the same time, the requirement of a relatively higher
      inflation gas pressure for the shirring operation which is involved in the
      final production steps. At the time of shirring the collagen casing it is
      relatively dry, has a much higher degree of mechanical strength and
      physical integrity than it had in the course of its progress as a fragile,
      weak, wet, and porous tubing through the process steps preceding shirring,
      and thus a relatively higher casing inflation pressure may therefore be
      safely used.
PAR  Here it should be noted, that while the method and apparatus of the present
      invention was initially developed for use in collagen casing production,
      it is intended that this invention is equally and as advantageously
      applicable to other types of tubing, cellulose for instance, where, for
      one reason or another, it is necessary to use relatively low pressure
      inflation in one of the production phases and a relatively high inflation
      pressure in a contiguous phase.
PAR  A wet extruded collagen tubing is usually inflated to a low gas pressure of
      up to about 1 to 2 inches water column. While this pressure is
      satisfactory for the sizing and the drying steps, it is inadequate for
      shirring. Tubing shirred at such a low pressure, particularly collagen
      tubing, cannot be made to attain that degree of wall rigidity and
      stiffness necessary to effect properly firm contact with the shirring
      elements and the resulting sticks produced are limp, non-uniform, and
      non-coherent, a highly unsatisfactory product.
PAR  In the production of collagen tubing, the inflation pressure for the tubing
      in the drying zone is usually no greater than about 1 inch water column,
      while the inflation pressure for the tubing in the shirring zone may be as
      high as up to about 135 inches water column. The pressure differential may
      be within the range of from about 135:1 to about 20:1 with a preferred
      range of from about 80:1 to about 40:1. The inflation pressure, however,
      depends on the speed of the continuously advancing tubing. For example, at
      a tubing speed of 15 feet per minute, if the tubing inflation pressure in
      the drying zone is, for example, about 1 inch water column, the pressure
      in the shirring zone may be 80 inches water column, i.e., a pressure
      differential of 80:1. If the casing speed is doubled to 30 feet per
      minute, the inflation pressure will preferably be about 2 inches water
      column in the drying zone, while it may remain at 80 inches water column
      in the zone of shirring, a pressure differential of 40:1.
PAR  The problem may thus be succinctly stated as a need to selectably control
      and regulate casing inflation gas pressures to obtain discrete requisite
      pressures in different zones of the casing production process.
PAR  In copending application Ser. No. 468,105 filed May 8, 1974, assigned to
      the same assignee as this application, there is described an invention
      which provides a solution to this problem by the use of paired nip rolls,
      at least one of which is provided with transverse alternate lands and
      grooves on its circumferential surface so as to form a continuous
      succession of gas trapping chambers which pass trapped gas from one zone
      to another. While this paired nip roll technique provides a significant
      advance in the art, a nice solution to the problems hereinbefore
      described, and, to some extent, the features and advantages hereinafter
      mentioned, the present invention provides not only all of these to an even
      greater extent but additional features and advantages, and, more
      importantly, makes available a broader pressure differential control.
PAR  In order to simplify the discussion, the description will refer mainly to
      collagen tubing.
PAR  With this then being the state of the art, the present invention was
      conceived and developed to provide a selectably controllable inflation gas
      system which will maintain a desired pressure differential between two
      adjacent zones in flexible tubing as the tubing moves continuously
      unidirectionally from one of the zones to the other.
PAR  The invention more specifically provides a system for inter-zone regulation
      of flexible food casing inflation gas pressure requiring only a single
      inflation gas source and feed point.
PAR  A further feature and advantage of the invention is its provision of a
      tubing production zone pressure regulating system which is adaptable to
      maintain an inflation gas pressure differential between two adjacent zones
      irrespective of which of the zones includes the gas supply input.
PAR  Another and important feature of the invention is that it permits the
      continuous high speed production techniques hitherto practically workable
      only in conventional cellulose casing production to be readily adapted to
      the continuous in-line production of the more fragile and difficult to
      handle casings, particularly collagen casings.
PAR  Still another important and more specific attribute of the invention is
      that it obviates the inflation pressure problems attending collagen casing
      production by providing for relatively low inflation pressures throughout
      most of the production steps and relatively high inflation pressure for
      the shirring operation.
DRWD
PAR  These and other features and advantages of the invention will be more
      readily understood and appreciated from the ensuing more detailed
      description and from the drawings, whrein:
PAR  FIG. 1 is a schematic drawing of part of a food casing production machinery
      system, showing apparatus according to the present invention installed
      between a low pressure drying zone and a high pressure shirring zone;
PAR  FIG. 2 is a schematic drawing of part of a food casing production machinery
      system showing apparatus according to the present invention installed
      between a low pressure wet treatment zone and a relatively higher pressure
      drying zone;
PAR  FIG. 3 is a side elevation of an apparatus arrangement similar to that
      shown schematically in FIG. 1, showing details of apparatus according to
      the invention;
PAR  FIGS. 4, 5 and 6 are detailed schematic views of apparatus according to the
      invention illustrating operational sequences.
DETD
PAR  In general, the present invention comprehends in a system for the
      production of flexible film tubing which system including means for
      continuously introducing an inflation gas into the interior of the tubing
      and means for continuously unidirectionally advancing the tubing from a
      first zone to a second zone, apparatus to maintain a preselected inflation
      gas pressure differential between the first zone and the second zone
      comprising, in combination: a base roll in contact with the tubing; a
      first nip roll disposed in first tubing nipping relationship relative to
      said base roll; a second nip roll disposed in second tubing nipping
      relationship relative to said base roll and spacedly adjacent to said
      first nip roll; means to selectably vary the tubing nipping relationship
      between the first nip roll and the base roll; and means to selectably vary
      the tubing nipping relationship between the second nip roll and the base
      roll; whereby a continuous succession of selectably variable volume
      inflation gas accumulation chambers is formed in the advancing tubing
      between the base roll and the first and second nip rolls, and successive
      inflation gas quantities in said accumulation chambers are passed from one
      of said zones to the other.
PAR  FIG. 1 shows a portion of a collagen casing production apparatus comprising
      a dryer 11, a pressure regulating station 13, a metering roll assembly 15,
      and a shirring station 17. A casing 19, in process, advances from left to
      right in FIG. 1, leaving the dryer 11 at a low inflation gas pressure,
      passing through the pressure regulating station 13 into a zone of high
      inflation gas pressure, and then passing through the metering roll
      assembly 15 to the shirring station 17, where a shirring head 27 of
      conventional construction shirrs the casing 19 on a shirrng mandrel 21
      into the pleated or shirred condition shown immediately to the right of
      the shirring station in drawing FIG. 1. Inflation gas, usually air, at a
      high pressure required for the shirring operation, is supplied to the
      shirring mandrel 21 by means of periodically applied C clamp type inflator
      blocks 23 connected to an air supply source 25. Between sequential
      introductions of inflation air into the mandrel 21, the inflator blocks 23
      retract clear of the mandrel 21 surface to permit the shirred casing 19 to
      pass on along the mandrel for severing, compacting, and removal as
      discrete sticks.
PAR  The primary function of the metering roll assembly 15 is to feed the casing
      at controllable speed into the shirring head 27. The metering rolls thus
      effect relatively high firm nip pressures and tend to completely tightly
      flatten the advancing casing. Since this complete nipping action would
      otherwise effectively prevent the inflation air from emanating from the
      tip 29 of the shirring mandrel 21, one of the metering rolls is provided
      with a continuous circumferential recess or groove 59 which permits
      expansion thereinto of the flattened nipped casing, forming a passage to
      accommodate air flow through the metering roll assembly 15. The metering
      roll assembly may also be advantageously adapted to shift selectably to a
      non-grooved mode of nip operation wherein the casing is sealed off
      completely against air flow. This enables seal-off of the low inflation
      pressure zone to allow for start-ups, repairs to the shirring apparatus,
      and other maintenance procedures.
PAR  In FIGS. 1 and 3 of the drawings, the pressure regulating station 13
      comprises a base roll 31 rotatably mounted to effect tangential contact
      with the underside of the advancing casing 19, a first nip roll 33, and a
      second nip roll 35 respectively mounted rotatably to effect selectably
      variable casing nipping contact with the base roll 31. The base roll 31
      rotates clockwise in the illustrated embodiments and the first and second
      nip rolls rotate counterclockwise. Base roll 31 may, in certain particular
      applications be an idler roll, but in the illustrated and preferred
      embodiments it is a driven roll powered by conventional means not shown,
      the advancing motion imparted to the casing in process being consonant
      with the advancing motion imparted thereto by the metering roll assembly
      15. As shown in FIG. 3, the nip rolls 33, 35 are mounted rotatably
      respectively in yokes 37, 39 which are attached to rods extending from air
      actuated reciprocally movable pistons in pneumatic activators 41, 43. The
      entire nip roll assembly is supported on a suitable bracket 45. Air supply
      sources 25a and 25b connect respectively to the pneumatic actuators 41,
      43, providing pneumatic power to move the actuator piston and selectably
      controllable vary the nip action between the nip rolls 33, 35 and the base
      roll 31.
PAR  The metering roll assembly 15 comprises a drive roll 49 and an idler roll
      51 urged into coacting pressurized nip relationship on the casing 19
      against the drive roll 49 by controllably pneumatic pressure means 53, 55
      and a conventional mechanical linkage 57. A circumferential groove 59 is
      provided in the peripheral circumferential surface of one of the metering
      rolls 51 to define an air passage in the nipped casing and thus permit
      equalization of the shirring zone inflation pressure across the metering
      roll assembly 15.
PAR  Inflation air supplied to the mandrel 21 through the inflation blocks 23 is
      fed alternately continually into the casing at mandrel tip 29 and inflates
      the casing up to the desired shirring pressure within a zone bounded at
      one end by the shirring head 27 and at the other by the pressure
      regulating station 13.
PAR  The extent to which the inflation pressure in the zone immediately to the
      left of pressure regulating station 13 is maintained lower than the
      inflation pressure in the shirring zone is determined, for any preselected
      linear rate of speed of casing advance, by the respective nipping actions
      of the nip rolls 33, 35 on the casing 19 against the base roll 31, as will
      be described more fully hereinafter with reference to FIGS. 4, 5, and 6 of
      the drawings. FIG. 3 of the drawings also shows a casing holdback means 47
      to the right of shirring head 27, which continually holds back the just
      shirred casing to compact it and advance it along the mandrel 21.
PAR  In FIGS. 4, 5, and 6 a casing 19 in process is shown passing from a zone of
      low inflation pressure at the left of these drawings, through a pressure
      regulating station 13, to a zone of high inflation pressure at the right
      of the drawings. In FIG. 4, the nip pressure between nip roll 33 and base
      roll 31 is high while the nip pressure between nip roll 35 and the base
      roll 31 is low. This operating condition is attained by pneumatic control
      action which extends the piston and shaft of actuator 41 and concurrently
      retracts the piston and shaft of actuator 43. An inflation gas
      accumulation chamber 61 is thus defined in the casing 19 between the full
      nip at the rolls 33, 31 interface and the partial nip at the rolls 35, 31
      interface. The pressure in accumulation chamber 61 for the condition shown
      in FIG. 4 is equal to the pressure obtaining in the high inflation
      pressure zone at the right of the drawings, since the accumulation chamber
      is open to this zone. This operating condition illustrated in FIG. 4 is
      maintained with the nip roll 33, base roll 31 nip providing an interzone
      seal for as long as the desired pressure differential between the zones
      obtains.
PAR  When the low inflation gas pressure in the zone to the left in the
      drawings, drops to or through a preselected level to be maintained, the
      pneumatic control system is actuated to extend the piston and shaft of
      actuator 43, urging nip roll 35 into full or high nip pressure contact on
      the casing against base roll 31. This closes accumulation chamber 61 with
      a quantity of high pressure inflation gas therein trapped. Nip roll 33 is
      then retracted by pneumatic actuator 41 to the position shown in FIG. 5,
      to a low nip or open condition, releasing the trapped quantity of high
      pressure inflation gas from accumulation chamber 61 into the low pressure
      zone at the left of the drawing FIGURE. This operational sequence is
      repeated as frequently and as rapidly as operating conditions may require
      to bring the low pressure zone up to the desired pressure and reattain the
      desired interzone pressure differential, at which time the condition
      illustrated in FIG. 4 resumes.
PAR  With the additional step of controllably varying the spacing between the
      nip rolls 33, 35, the operating sequence described above can be reversed.
      Starting from the operating condition shown in FIG. 5 the accumulation
      chamber 61 is closed by bringing nip roll 33 into full nip on the casing
      against base roll 31, trapping a quantity of low pressure inflation gas
      therein, the spacing between nip rolls 33, 35 is decreased, decreasing the
      volume of the accumulation chamber 61 and compressing the gas therein nip
      roll 35 is retracted to the position shown in FIG. 4 to a low nip or open
      condition, and the trapped quantity of now compressed gas from
      accumulation chamber 61 is forceably passed or pumped into the high
      pressure zone at the right of the drawing figure. The pumping rate and the
      gas pressure differential attainable between the zones is a function of
      the speed of advance of the casing 19 and the sequential interacting
      operating rates of the apparatus components.
PAR  FIG. 6 illustrates operation with less than full nipping action by both the
      nip rolls 33, 35, a condition wherein the accumulation chamber 61 is not
      tightly closed at either end and wherein the inflation gas will tend to
      bleed down from the high pressure zone into the low pressure zone in a
      continuous throttled flow. In the FIG. 6 mode of operation, the pressure
      differential attained between the zones for any maintained set of nip
      pressures is proportional to the speed of casing advance.
PAR  It is advantageous to make the surface of one of the rolls of a nipping
      pair, such as 33-31, and 35-31, or whatever, resilient, and the surface of
      its coacting roll hard. This makes for good positive nip action and good
      accumulation chamber definition, and greatly lessens the danger of cutting
      or marring the casing. The exact sizes and arrangement configurations of
      the base roll and its associated nip rolls can be varied to meet
      requirements specific or unique to the material in process, desired
      pumping rates if pumping up, process speed and other relevant parameters.
PAR  It is also possible, and advantageous in certain applications, such as in
      the pumping up mode described hereinabove, to vary the gap or spaced
      distance between the nip rolls 33, 35 and consequently vary the size of
      the accumulation chamber 61 defined between the nip rolls. The nip roll
      gap or spacing may, with further advantage in particular applications, be
      made continuously controllably selectably variable towards the attainment
      of desired pumping rates, bleed down rates, trapped air quantity transfer
      rates or whatever, as will be readily appreciated, in the light of this
      disclosure, be persons conversant with the mechanical arts.
PAR  In a typical embodiment of the invention designed for collagen casing
      production and to meet the operational criteria therefor hereinbefore
      described, the base roll 31 is a 4 inch diameter, 31/2 inch wide, ground
      and polished steel cylinder, and each of the nip rolls 33, 35 is a 11/4
      inch diameter, 31/4 inch wide smooth surfaced cylinder of resilient
      material such as vulcanized rubber, polyurethane, or the like. The
      materials and construction of the rolls, like the roll dimensions and
      geometry, can be selected according to particular application
      requirements.
PAR  Nip pressure is also a function of particular requirements and operating
      parameters. For food casing production applications, a pressure
      availability of 60 to 80 psig controllably connected to a 1 inch bore
      cylinder pneumatic actuator is suitable. The magnitude of the pressurized
      nip between either of the nip rolls 33, 35 on the casing 19 against the
      base roll 31 normally varies between 8 to 40 psig on a 2 inch bore
      cylinder. This variation is experienced because casing production
      operating conditions, particularly in collagen casing production, vary
      from blend to blend of casing starting material, a circumstance which also
      inherently affects size control.
PAR  When the present invention is used in food casing production applications,
      it is preferred, and, in most instances essential, that rotational drive
      force be imparted to at least one of the rolls, usually the base roll 31,
      comprised in the pressure regulating station 13. It is contemplated,
      however, that in applications other than those relating to food casing
      production, rotational driving force need not be imparted to any of the
      rolls 31, 33, 35 comprised in the pressure regulating station 13,
      rotational movement being imparted by the advancing tubing itself which
      may in turn receive its advancing impetus from a drive roll arrangement, a
      set of metering rolls for instance, elsewhere on the process line.
PAR  It is important to note that the invention works equally well with either a
      high pressure inflation gas fed to the high pressure zone or a low
      pressure inflation gas fed to the low pressure zone of zones to be
      controlled. It is also possible, in pumping up at adequate nip pressures
      and casing advance speeds from a low pressure zone to a high pressure zone
      fed by a high pressure inflation gas source, to attain in the high
      pressure zone, an inflation pressure higher than that of the supply
      source.
PAR  FIG. 2 of the drawings shows apparatus according to the invention installed
      between a low pressure wet treatment zone and a relatively higher pressure
      drying zone in a casing production system. Inflation gas pressure is
      increased for the drying step to obtain proper sizing of the casing. In
      the arrangement shown, a wet, slack casing or tubing 119 is pulled through
      a pressure regulating station 113 by a metering roll assembly 115 and
      advanced to the dryer 111. Inflation gas, air for instance, for such an
      arrangement may be supplied to the low pressure zone at or near the casing
      extrusion head in the case of cellulose casing production, or, in the case
      of collagen casing production, to the high pressure zone from a shirring
      mandrel tip at the end of the line.
PAR  Numerous alternative apparatus embodiments and modes of practicing the
      invention, but well within the spirit thereof, will undoubtedly, in the
      light of the disclosure, occur to persons conversant with the art. It is
      therefore intended that the description herein be taken as illustrative
      only, and not construed in any limiting sense.
CLMS
NUM  1.
PAR  1. In a system for the production of flexible film tubing which system
      includes means for continuously introducing an inflation gas into the
      interior of the tubing and means for continuously unidirectionally
      advancing the tubing from a first zone to a second zone,
PA1  apparatus to maintain a preselected inflation gas pressure differential
      between the first zone and the second zone comprising, in combination: A
      base roll having a substantially flat circumferential surface in contact
      with the advancing tubing; a first flat nip roll disposed in first tubing
      nipping relationship relative to said base roll; a second flat nip roll
      disposed in second tubing nipping relationship relative to said base roll
      and spacedly adjacent said first nip roll; means to selectably vary the
      tubing nipping relationship between the first nip roll and the base roll;
      and means to selectably vary the tubing nipping relationship between the
      second nip roll and the base roll; whereby a continuous succession of
      inflation gas accumulation chambers is formed in the advancing tubing
      between the base roll and the first and second nip rolls, and successive
      inflation gas quantities in said accumulation chambers are passed from one
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the base roll is a driven roll.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the respective circumferences of
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the circumference of the base
      roll is greater than at least one of the circumferences of the first and
NUM  5.
PAR  5. Apparatus according to claim 3 wherein the circumference of the base
      roll is greater than the respective circumferences of the first and the
      second nip rolls.
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ABST
PAL  A skinning machine for fish fillets including a conveying surface, an
      endless band knife running above the conveying surface and a knife guide
      in the region of the conveying surface, the knife guide being arranged
      adjustably by a fish fillet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of Invention
PAR  The invention relates to a skinning machine for fish fillets including a
      machine frame, a moving conveying surface for the skin side of a fish
      fillet, an endless band knife slightly inclined against the direction of
      travel of the conveying surface, and a knife guide essentially comprising
      a knife support and a knife cover exposing the cutting edge of the band
      knife in the region of the conveying surface.
PAC  Description of the Prior Art
PAR  In U.S. application Ser. No. 411,234, filed Oct. 31, 1963, a skinning
      machine for fish fillets is disclosed including a flexible conveyor band
      passing round a roller of small diameter, an endless band cutter passing
      approximately tangentially to and in the region of the roller and inclined
      slightly to the direction of travel of the conveyor band, a guide for the
      band cutter exposing its cutting edge in the region of the conveyor band,
      a plane rigid and unyielding support plate supporting the upper run of the
      conveyor band and extending into the angle between the same and the
      roller, and pressing means mounted above the conveyor band and inclined
      towards it to form a wedge shaped space, such means comprising a set of
      presser arms mounted closely together side by side and independently
      pivoted and resiliently biased about an axis with their sharply cut off
      free ends extending close to the cutting edge of the cutter band, and a
      flexible apron between the presser arms and the conveyor band.
PAR  By this apparatus the fish fillets may be rapidly and reliably skinned
      while their silver mirror remains on them, and adaptation to different
      kinds of fish, fish sizes and fish qualities is possible in such a way as
      to permit reliable treatment of fillets of herring and mackerel as well as
      those of cod-like fish and flat fish.
PAR  However these skinning machines are unable to skin fish fillets of
      different sizes or alternating thicknesses of the skin with the same knife
      guide setting.
PAC  Object of the Invention
PAR  It is the main object of the invention to improve the known skinning
      machine for fish fillets by avoiding said before disadvantages and
      enabling an automatical adjustment of the knife guide above the conveying
      surface in dependence of the thickness of the skin to be severed from a
      fish fillet.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention in a skinning machine the band knife is
      inclined towards the conveying surface at an angle of about 5.degree., its
      cutting edge being formed by two chamfers including a cutting angle of
      essentially 30.degree. to 40.degree. between them; the chamfer adjacent to
      the conveying surface includes an angle of intersection of between
      10.degree. and 20.degree. with the latter; said knife guide is supported
      by a supporting arm pivoted about a shaft parallel to the cutting edge and
      having resting elements adjacent to the knife guide, said resting elements
      coacting with stop means adjustably mounted on the machine frame; and said
      shaft is situated close to the plane comprising the chamfer facing the
      conveying surface.
PAR  One exemplified embodiment according to this invention will now be
      described in detail in connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of part of a fish fillet skinning machine and
PAR  FIG. 2 is an enlarged partial view of FIG. 1 showing the zone of the
      knife's cutting edge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine includes a conveyor belt 11 passing round a reversing roller 12
      rotable round a shaft 13 mounted in a machine frame not shown and driven
      in any suitable manner in the sense indicated by the arrow. At least one
      further reversing roller is mounted freely rotatable in the machine frame.
      The conveyor belt 11 is a flexible endless belt, which may be supported by
      a support not shown fixed to the machine frame in front of the reversing
      roller 12, the upper side of the conveyor belt 11 forming a conveying
      surface 1.
PAR  Beyond the conveying surface 1 a supporting arm 36 is arranged pivotably
      about an axis 37 mounted on the machine frame and resting with protruding
      stop faces 38 on a pair of stops 39 adjustably mounted in the machine
      frame. Adjacent to the stop faces 38 a knife guide is fixed to the
      supporting arm 36 from below. Said knife guide comprises a knife support
      31 with a plane guide surface 34 inclined towards the conveying surface 1
      and including an angle 35 with the latter. On its upper side the knife
      support 31 has a recess. Together with a slender knife cover 32 fixed to
      the knife support 31 from above said recess forms a slot 33 for the band
      knife 2. The endless band knife 2 is driven and reversed over two wheels
      not shown supported in the machine frame. On crossing the conveying
      surface 1 the band knife 2 is guided in an exact manner by means of the
      knife guide 31, 32. The cutting edge 21 projecting from the knife guide is
      formed by two chamfers 22 and 23, which include between them a cutting
      angle 24. With the plane guide surface 34 chamfer 22 facing the conveying
      surface includes an angle 25, thus forming an angle of intersection 26
      with the conveying surface 1. If said angle of inclination 35 is 5.degree.
      and said angle of chamfering 25 is 17.degree. the angle of intersection 26
      is 12.degree.. The cutting angle 24 may be between 30.degree. and
      40.degree. .
PAR  In operation a fish fillet deposited with its skinside onto the conveying
      surface 1 is moved to the right in the sense of the arrow. When the tail
      portion of the fish fillet arrives at the band knife 2 the cutting edge 21
      of the latter begins to make an incision in it just above the true skin of
      the fish fillet. Whilst the band knife 2 continues to separate the fish
      fillet from the skin, the latter is pushed under the inclined chamfer 22
      and gives buoyancy to the band knife 2 and the knife guide, thus pivoting
      the supporting arm 36 anticlockwise and lifting the stop faces 38 from the
      stop 39. In this the fish fillet will be skinned in a manner avoiding skin
      patches and conserving the "silver mirror" on the fillet.
PAR  It should be observed, that the conveying surface may by choice be formed
      by an endless conveyor belt or a hollow cylinder rotating about a
      horizontal axis, the latter preferably having a refrigerated surface being
      advantageous for skinning fillets of flat fish or the like.
CLMS
STM  What we claim as our invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A skinning machine for fish fillets including a machine frame, a moving
      conveying surface for the skin side of a fish fillet, an endless band
      knife slightly inclined against the direction of travel of the conveying
      surface, and a knife guide essentially comprising a knife support and a
      knife cover exposing the cutting edge of the band knife in the region of
      the conveying surface, wherein the band knife is inclined towards the
      conveying surface at an angle of about 5.degree., its cutting edge being
      formed by two chamfers including a cutting angle of essentially 30.degree.
      to 40.degree. between them; the chamfer adjacent to the conveying surface
      includes an angle of intersection of between 10.degree. and 20.degree.
      with the latter; said knife guide is supported by a supporting arm pivoted
      about a shaft parallel to the cutting edge and having resting elements
      adjacent to the knife guide, said resting elements coacting with stop
      means adjustably mounted on the machine frame; and said shaft is situated
      close to the plane comprising the chamfer facing the conveying surface.
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PAL  An oyster breaker having a housing provided in one end with an opening
      through which the lip of an oyster is inserted to be engaged by a
      rotatable disc within the housing having a shearing member projecting
      therefrom to shearingly engage said lip of the oyster and form an opening
      to receive the blade of an oyster knife and facilitate opening the oyster,
      said disc being mounted on one end of the shaft of an electric motor
      immediately adjacent said oyster breaker housing, said motor having a
      housing provided with an opening in one end in which a bearing for the end
      of said shaft upon which said disc is mounted and said opening in said
      motor housing, outwardly from said bearing, having multiple seal means
      specifically designed to prevent the ingress of harmful substances
      normally produced in the shucking of oysters from gaining ingress to said
      bearing.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of Ser. No. 379,058, filed July
      13, 1973 and now abandoned.
BSUM
PAR  Many types of seals for the shafts of electric motors have been devised
      heretofore. These also include lubricant reservoirs surrounding the shaft
      in various ways. Included among such prior devises are the seal means
      comprising the subject matter of the following patents;
TBL  Ser. No.                                                                  

             3,075,780  Mayer       Jan. 29, 1963                              

             3,514,114  Monaham     May 26, 1970                               

             3,521,890  Holmes et al                                           

                                    July 28, 1970                              

             3,552,875  Bond        Jan. 5, 1971                               

PAR  Although the seal means shown in said aforementioned patents show
      lubricant-containing seal structures, they do not permit the flushing of
      lubricant between flanges of lip seals which are spaced longitudinally
      along the shaft for slidable engagement therewith and define a lubricant
      reservoir there-between in a manner that when the reservoir is being
      charged with grease-type lubricant under pressure, one of the flanges
      serves as a one-way valve to prevent ingress of lubricant to the bearing
      of the motor, while permitting lubricant under pressure to be forced
      between the inner periphery of the flange of the other lip seal and the
      shaft. In addition, seal means of said patents do not provide further seal
      means engageable with the exterior surface of a motor housing, for
      example, to augment the sealing capacity of the lubricant reservoir
      between the spaced flanges of said lip seals. Moreover, none of these
      patents or any others known to applicant suggest the use of bearings with
      seal means in an oyster breaker to protect the bearings from the corrosive
      effect of salt water and oyster liquor.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide in an oyster
      breaker, seal means in an opening in one end of an electric motor in the
      housing of such breaker through which the corresponding end of the drive
      shaft of the motor extends for driving connection to a rotatable oyster
      breaker member driven by said motor within said housing of an oyster
      breaker, said opening comprising a cylindrical wall evenly spaced from and
      coaxial with said shaft to provide accommodation for said seal means which
      preferably comprises a pair of similar lip seals formed from conventional
      rubberlike material secured within annular metal channels and having
      flanges extending from said channel toward the shaft in a sloping
      direction toward the outer end of the shaft and defining a lubricant
      reservoir therebetween with which a lubricant inlet opening communicates,
      whereby when lubricant, such as grease, is forced under pressure into said
      reservoir, the flange on the innermost lip seal serves as a one-way valve
      to prevent the passage of said lubricant to the interior of the motor
      housing and the bearing for the shaft, while at the same time permitting
      the passage of lubricant between the inner periphery of the flanges of the
      outermost lip seal and the shaft to flush the same with lubricant and most
      importantly, provide an effective seal against the ingress of said
      aforementioned corrosive liquids such as salt water and oyster liquor
      which have very harmful and destructive effects upon the motor bearing
      which is nearest the rotatable breaker member of the oyster breaker.
PAR  Another object of the invention is to provide said oyster breaker bearing
      with an additional seal means engageable with the outer surface of the
      metal channel of the outermost lip seal, said additional seal means
      comprising a V-type flexible and compressible seal member having a
      frusto-concial flange thereon and mounted on the motor shaft and rotating
      therewith so that the rim of said flange slideably engages the outer wall
      of the metal channel of the outermost lip seal, thereby providing both a
      slinger member to propel corrosive liquids or other ambient material away
      from the end of the motor, and an additional lubricant-receiving reservoir
      to augment the sealing effect of the first-mentioned lubricant-reservoir.
PAR  A further object of the invention is to provide said oyster breaker with a
      fitting at the inlet end of the lubricant passage, said fitting being of
      the type adapted to be engaged by a grease gun or the like to force
      preferably grease-type lubricant into said passage and the lubricant
      reservoirs of the seal structure, said fitting being of the type adapted
      to prevent the escape of lubricant from the passage and reservoirs.
PAR  Details of the foregoing objects and of the invention are set forth in the
      following specification and are illustrated in the accompanying drawing
      comprising a part thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary vertical sectional view of one end portion of an
      oyster breaker and the corresponding end portion of an exemplary electric
      motor having a bearing in one end of the motor housing, and seal means
      disposed around the end of the shaft which projects through said one end
      of the motor housing, said seal means enbodying the principals of the
      present invention.
PAR  FIG. 2 is a fragmentary vertical sectional view illustrating on a larger
      scale than in FIG. 1 details of the seal means which are positioned
      adjacent the bearing for one end of the shaft of the motor of the oyster
      breaker illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  An oyster breaker operated by an exemplary electric motor is illustrated
      fragmentarily in FIG. 1 to show the preferred manner in such breaker in
      which the bearing sealing means comprising the present invention is
      applicable. Referring to said figure, an end wall 10 of an electric motor
      housing 12 within an oyster breaker is shown which is provided with a
      shaft having stepped diameters 14 and 15 of different dimensions through
      which one end of a shaft 16 projects. The opening terminates in a boss 18
      which has a smooth, outer surface 20.
PAR  Projecting inwardly from the end wall 10 is a cylindrical seat member 22
      which receives an anti-friction bearing unit 24 of the type having
      rotatable balls therein. Further, the bearing unit 24 preferably is of the
      sealed type. However, notwithstanding the fact that bearing units 24 of
      the sealed type have been employed heretofore in situations where reactive
      substances and atmospheres of corrosive nature contacted the same, said
      bearings were adversely affected, to such extent that the bearings were
      completely ruined and had to be replaced. Portions of an oyster breaker
      26, which represent the present invention, are illustrated fragmentarily
      in FIG. 1, in which the outer end of the shaft 16 is shown received within
      the hub 28 of a disc-like rotatable breaker member 30 which is shown
      having a shearing member 32 connected thereto for engagement with an
      oyster when the lip end thereof is introduced through the opening 34 of a
      housing 35.
PAR  Oysters normally grow in salt water and, correspondingly, oyster houses in
      which the oysters are shucked, usually are near salt water so that the
      natural liquor, as well as the residue of the salt water in which the
      oysters grow, the general salt air atomsphere, as well as sand, grit, and
      oyster shell fragments are all of a corrosive or abrasive nature and have
      been found to migrate through the shaft opening of the oyster breakers and
      attack the bearing unit 24, with disastrous results. Accordingly, the
      purpose of the present invention is to provide a seal within and adjacent
      the shaft opening 14, 15 in the end wall 10 to prevent ingress of
      deleterious corrosive substances or atmosphere of an ambient nature into
      the interior of the motor housing 12. Details of the preferred
      consturction of such seal are as follows.
PAR  The principal elements comprising the aforementioned seal are best
      illustrated in FIG. 2 in which a fragmentary, vertical elevation, on a
      substantially larger scale than used in FIG. 1, illustrates the various
      elements comprising the seal. Mounted within the stepped shaft opening 14,
      15 is a a number of sealing rings preferably comprising lip seals 36, 38
      and 40. Preferably, said lip seals are substantially identical. Each seal
      comprises an outer annular metal channel within which is mounted a
      flexible annular body having a conical flange 42 extending inward from
      said annular body for slidable engagement with the shaft 16. All of said
      flanges 42 extend angularly away from the bearing 24, as clearly shown in
      FIG. 2. The inner terminal edge of each flange 42 has close wiping contact
      with the shaft 16 as the same rotates relative to the stationary housing
      10.
PAR  The metal channel of seal 36 is pressed into opening 14 until it abuts
      housing flange 37 to thereby fixedly position the seal relative to the
      motor housing. The intermediate seal 38 is pressed into opening 15 until
      it abuts the shoulder 39 of the housing and thereby fixedly positions said
      seal relative to the housing in spaced relation to seal 36 and thereby
      forms a lubricant chamber or reservoir 46 therebetween which has a
      lubricant passage 44 extending thereto within the endwall of the motor
      housing. A lubricant inlet fitting 48 is fixed to the outer end of passage
      44 which is of the type to which a grease gun or nozzle member may be
      applied for the delivery of lubricant, preferably grease, under pressure,
      to reservoir 46. The flexible members of seals 36, 38 and 40 are formed
      from compositions of the type from which many commercial types of O-ring
      seals are formed, suitable types of synthetic rubber, such as the Buna
      type, being preferred so as to be un-affected by grease type lubricants
      for example.
PAR  In accordance with the principals of the invention, the sealing effect of
      the lip seals 36, 38 and 40 is augmented by employing a grease-type
      lubricant which is introduced through passage 44 to the lubricant chamber
      46.
PAR  In accordance with the invention, it is an important feature that when the
      grease referred to is delivered under pressure to the chamber 46, the
      pressure of the grease against the angularly extending flange 42 of lip
      seal 36 presses the terminal edge of the flange 42 tightly into engagement
      with shaft 16 and thereby prevents grease from passing between the flange
      42 and shaft 16 into the area occupied by the bearing unit 24. However,
      grease, when under pressure, can move against the flange 42 of the
      intermediate lip seal 38 and be forced between the terminal edge of said
      flange 42 and the shaft 16, outwardly toward the outer end of said shaft,
      and thereby cause grease to be discharged into the smaller, supplementary
      lubricant chamber 52 which is between the flanges 42 of the lip seal 38
      and additional lip seal 40. Such passage of the lubricant is caused by the
      pressure of the same expanding the inner rim of the flange 42 of lip seal
      38 sufficiently to cause the grease type lubricant to move into the
      supplementary lubricant chamber 52 between seals 38 and 40. Continued
      pressure exerted upon the grease in annular lubricant chamber 46 will also
      cause the inner rim of the flange 42 of outermost lip seal 40 to be flexed
      and expanded sufficiently to cause the grease type lubricant to move into
      additional lubricant chamber 54.
PAR  Upon the application of pressure upon the lubricant terminating, the
      inherent resilience of the flanges 42 of the lip seals 36, 38 and 40 will
      cause the inner rims of said flanges thereof again to be disposed in close
      slideable engagement with the surface of shaft 16. To form the additional
      reservoir 52, the annular metal channel of outermost lip seal 40 is forced
      into opening 15 only until the outer wall of the channel is flush with end
      surface 20 of boss 18.
PAR  Still another retainer and seal member 56 is provided by the present
      invention for several important reasons. The configuration of member 56 is
      shown in cross section in FIG. 2. It is what is referred to as a V-type
      seal member due essentially to the fact that it has a frusto-conical
      flange 58 on the end thereof nearest the surface 20 of boss 18 and the
      terminal edge of the flange 58 is in slideable engagement with the smooth
      outer surface of the metal channel member of lip seal 40. The member 58
      also preferably is made from material similar to that from which the
      flexible portion of lip seals 36, 38 and 40 are formed and the diameter of
      the substantially cylindrical inner surface 60 of member 58 is slightly
      smaller than the outer diameter of shaft 16 so that the seal member 56 is
      firmly and frictionally maintained in desired axial position upon the
      shaft 16. When mounting the seal member 56 upon the shaft, it preferably
      is moved axially toward the surface 20 until the terminal edge of the
      flange 58 of member 56 is in close slideable engagement with the channel
      member of lip seal 40.
PAR  From the foregoing, it therefore will be seen that the flanges 58 of the
      seal member 56 defines the outer end of the additional lubricant chamber
      54. When charging the various lubricant chambers with grease type
      lubricant, it is preferred that all of said chambers be filled with grease
      until the grease starts to discharge between the terminal edge of flange
      58 and the outer surface of the channel of lip seal 40. When this occurs,
      it can be concluded that all of chambers are substantially filled with
      grease type lubricant. Such charging or loading of said chambers with
      lubricant is of a flushing nature in that the lubricant is flushed from
      the initial chamber 46, beneath the flanges 42 of the lip seals 38 and 40,
      and finally is flushed into the additional lubricant chamber 54 and
      preferably slightly between the terminal edge of flange 58 thereof and the
      outer surface of the channel of lip seal 40.
PAR  Of even greater importance than the formation of additional reservoir 54 by
      flange 58 is the fact that, when the same is rotating at high speeds with
      shaft 16, it acts as a slinger seal to fling off ambient substances which
      may contact the same and thereby augment the sealing effect afforded by
      lip seals 36, 38 and 40 and the grease in reservoirs 46, 52 and 54.
PAR  The entire arrangement also is such that, in use, the lubricant contained
      within the various chambers 46, 52 and 54 will minimize wear of the inner
      rims of the flanges 42 of the various lip seals 36, 38 and 40 as well as
      the peripheral edge of the flange 58 of the combination retainer and seal
      member 56. Because of such close slideable engagement of the flanges 42 of
      the lip seals with the shaft and also the close slideable engagement of
      the flange 58 with the outer surface of the metal channel of lip seal 40,
      coupled with the fact that the aforementioned lubricant chambers 46, 52
      and 54 normally are substantially filled with grease type lubricant, it
      will be seen that all of said flanges form barriers against the ingress of
      any ambient substances through the opening 14 and into the interior of the
      motor and especially into contact with the bearing unit 24. This sealing
      function is further augmented by the slinger seal effect afforded by
      flange 58 when rotating.
PAR  From the foregoing, it will be seen also that the angular disposition of
      the flange 42 of innermost lip seal 36, which extends angularly in the
      same direction as the flanges 42 on lip seals 38 and 40, causes the
      flanges 42 of lip seal 36 to serve as a one-way valve, in effect, and thus
      prevent any flow of lubricant between said flange 42 and shaft 16, thus
      insuring that the lubricant when introduced through the passage 44, under
      pressure, will be flushed from the initial lubricant chamber 46 into and
      through the supplementary lubricant chamber 52 and finally into the
      additional lubricant chamber 54, preferably filling all of said chambers
      to augment the sealing affect of the flanges 42 and 58 which in themselves
      principally serve as barriers as well as means to retain the lubricant
      within said chambers when the shaft 16 is rotating, thereby protecting the
      bearing of the oyster breaker which is nearest breaker member 30 against
      chemical destruction.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
NUM  1.
PAR  1. An oyster breaker comprising in combination, a housing having an opening
      through which the lip of an oyster is to be inserted, a rotatable shearing
      disc member having a shearing member projecting from one face thereof and
      cooperable with an edge of said opening to shear a portion of the lip of
      an oyster therefrom to form an opening for the insertion of an oyster
      knife therethrough, an electric motor mounted directly adjacent said
      housing and having a shaft with one end projecting into said housing, said
      rotatable shearing disc being mounted upon said one end of said shaft of
      said electric motor, said motor having a housing provided with a
      cylindrical opening in one end complementary to and through which said one
      end of the motor shaft projects for connection of said shearing disc
      thereto immediately adjacent said opening, and a bearing within said
      housing adjacent said opening to support said end of said motor shaft, in
      combination with seal means for said end of said shaft to prevent ambient
      liquid substances originating during the opening of oysters by said
      shearing disc member and capable of damaging said bearing and shaft from
      passing through said opening in said motor housing, said seal means
      extending between the walls of said cylindrical opening and said shaft and
      comprising a plurality of lip seals of compressible material spaced
      longitudinally along said walls of said opening and the outer periphery of
      said lip seals frictionally engaging said walls to secure said lip seals
      against rotation within said opening, said lip seals each having a similar
      flange extending integrally and radially from the outer portions of said
      seals into close slidable sealing engagement with said shaft, said flanges
      all extending angularly away from said bearing and the space between two
      of said lip seals and flanges defining a lubricant chamber therebetween,
      and said motor housing having a lubricant passage extending from the
      exterior upper portion of said housing downwardly into said lubricant
      chamber, whereby when lubricant is forced through said passage and into
      said chamber the flange on the lip seal nearest said bearing functions as
      a one-way valve by being forced into close sealing engagement with said
      shaft to prevent the passage of lubricant past said flange but lubricant
      being capable of passing between the flange on the other lip seal of said
      two lip seals and moving along said shaft to flush the engagement of the
      flange of said other lip seal with said shaft and thereby form a barrier
      seal to prevent ingress of said aforementioned ambient substances through
NUM  2.
PAR  2. The oyster breaker and electric motor according to claim 1 further
      including an additional V-type flexible and compressible seal member fixed
      to said shaft and having a frusto-conical flange extending axially toward
      said housing and slidably engaging an outer face surface thereof in
      additional sealing relationship, said flange being operable to retain
      lubricant between the inner surfaces thereof and said shaft to provide
      additional barrier means to bar the ingress of ambient substances through
      said opening for said shaft in said housing and said flange when rotated
      by said shaft being operable as a sling seal to prevent ingress of ambient
NUM  3.
PAR  3. The combination according to claim 2 in which said lip seals include an
      annular rigid channel engageable with the walls of said shaft opening
      frictionally, and said flange of compressible material being fixed to said
      channel and extending to said shaft, the channel of the outermost lip seal
      being adjacent the outer end of said shaft opening and engaged by said
      V-type seal member to define an additional lubricant chamber adapted to
      receive and retain lubricant when said shaft opening is flushed with
NUM  4.
PAR  4. The oyster breaker and electric motor combination according to claim 1
      in which said shaft opening has a plurality of cylindrical surfaces of
      different diameters each terminating at the inner ends in radial
      shoulders, the surface of smallest diameter being innermost in said shaft
      opening, and said lip seals each including an annular rigid channel having
      compressible material fixed thereto and including said flanges slidably
      engaging said shaft when said shaft is rotating, said channels
      respectively frictionally engaging said cylindrical surfaces and
      substantially abutting said radial shoulders to position said lip seals in
      axially spaced relation to define said lubricant chamber.
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ABST
PAL  The present invention proposes a method of and appratus for making a mat of
      continuous strands of glass fibers or the like wherein each strand
      comprises a large number of individual filaments. The strands are
      deposited in mat form on a collection surface and are flooded with liquid
      to disperse individual filaments in the overall strand orientation. The
      flooded filaments are then conveyed to a drainage zone. As they are
      conveyed, the filaments pass through successive turbulent liquid regions
      wherein the filaments are locally deflected both counter-current to and
      con-current with the direction of conveyance, yet the general or overall
      strand orientation is retained. As a result, the transverse strength of
      the final mat is materially increased, and the mat has a multitude of
      fine, controllable interstices as required for some uses, e.g.,
      asphalt-impregnated roofing mat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the manufacture of fibrous glass mat
      products and more specifically to that class of mat products known as
      "continuous mat." Such mats are manufactured by the deposition of
      continuous strands of glass fibers onto a foraminous conveyor or
      collection surface, the strands being deposited in overall sinuous
      configuration with laterally adjacent strands overlapping one another. The
      overall method of making such mats is well illustrated in U.S. Pat. No.
      3,760,458, assigned to the assignee of the present invention. This patent
      illustrates the former commercial method of making continuous strand mats,
      and the present invention provides a specific improvement over the process
      and apparatus disclosed in said patent.
PAR  Typically, in a commercial operation, each strand contains 24 filaments and
      360 strands are laid down in an overlapping sinuous pattern to provide a 3
      foot wide mat.
PAR  In a mat of this character, the individual strands are intermingled and
      overlapping, but it is necessary to disperse the individual filaments of
      the strands so that the intermingling of the dispersed filaments is also
      obtained. It is this intermingling and mechanical adherence between the
      individual filaments, when tied together by the cured binder which gives
      the mat its commercially useful characteristics of (1) high strength and
      (2) small, uniform interstices.
PAR  In commercial practice, the foraminous conveyor travels at high speeds, on
      the order of 180 to 300 feet per minute and the primary orientation of the
      sinuous strands is longitudinally of the rapidly traveling conveyor. It is
      necessary to separate and disperse individual filaments from each strand
      while still retaining the overall sinuous configuration of the strands in
      order to provide both the high strength and the small, uniform interstices
      required in mats of this type.
PAR  This dispersion of the filaments was accomplished in the prior art, as
      typified by the disclosure U.S. Pat. No. 3,760,458 by flooding the strands
      on the conveyor with a liquid preferably containing the binder, retaining
      the strands in their flooded condition for a period of time sufficient to
      overcome the forces holding the filaments together in the strands and then
      draining the flooding liquid preparatory to heat curing the mat
      impregnated with binder.
PAR  The resultant prior art mat, of a density of 0.0225 pounds per square foot,
      had appreciable longitudinal tensile strengths, on the order of 150 pounds
      per square inch, but was of relatively low transverse strength, generally
      about 80 to 90 pounds per square inch. Further, the interstices of the
      prior art mat were not uniform and were relatively large particularly in
      the longitudinal direction. If it were possible to increase the transverse
      strength of continuous strand mats and to provide more uniform, smaller
      interstices therein, a more desirable commercial product could be
      obtained.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention constitutes a specific improvement over the apparatus
      and method disclosed in U.S. Pat. No. 3,760,458, in that the method and
      apparatus of the present invention provide for better dispersion of the
      individual filaments in a continuous strand mat to both increase the
      transverse strength of the mat and to provide smaller, more uniform
      interstices therein.
PAR  Specifically, the present invention provides for the creation of successive
      turbulent liquid regions through which the flooded mat strands are
      conveyed to locally deflect individual filaments of the strands
      longitudinally and transversely of the direction of travel of the strands
      and filaments through the flooding zone. Such local deflection still
      retains the general or overall strand orientation within the mat but
      increases the transverse strength of the final mat and provides a
      multitude of fine, controllable interstices in the mat.
PAR  The method of the present invention includes the initial deposition of
      multifilament strands in an overall sinuous pattern on a movable
      collection surface, as in the prior art. The strands are flooded in the
      present invention by passing liquid, preferably containing a binder,
      upwardly through the collection surface to flood the strands. The flooded
      strands then are conveyed in a relatively quiescent condition, so that the
      filaments of each strand tend to disperse while the initial overall
      sinuous pattern of the strands is retained. After initial dispersion of
      the filaments, a counter-current stream of additional liquid is vertically
      impinged upon the flooded strands to create a localized turbulent flow of
      liquid which displaces at least some of the filaments of each strand in
      directions (1) counter to the direction of movement of the support surface
      and (2) transverse to the surface movement. This counter-current
      impingement with additional liquid disperses and deflects the individual
      filaments so that they are better intermingled with one another both
      transversely and longitudinally, but the dispersement is localized and
      controlled by the fact that it takes place while the filaments are
      flooded.
PAR  After passing through a quiescent zone, the dispersed filaments are still
      further dispersed by impingement with a second vertically flowing stream
      of liquid, which, preferably, is flowing in the direction of movement of
      the support surface. This second or additional impingement further
      disperses the filaments and tends to double the filaments longitudinally
      upon themselves to increase the longitudinal and lateral localized
      dispersion of the filaments while still retaining the essential overall
      sinuous configuration of the strands as they were originally laid down
      upon the support surface.
PAR  If desired or necessary, a second counter-current stream of liquid can be
      utilized, such second stream preferably being interposed between the first
      counter-current stream and the later con-current stream.
PAR  As the results of the successive subjection of the filaments (1) to
      quiescent filament separation from the original strands, (2) to turbulent
      local longitudinal and transverse dispersion and separation, (3) to
      quiescent travel in their dispersed condition, and (4) to final further
      vertical impingement to effect still further dispersion, the filaments are
      separated to a greater degree than in the prior art, and the filaments are
      intermingled and mechanically interlocked to a greater degree than in the
      prior art. As a result, the transverse strength of the mat is
      substantially increased and the uniformity of the interstices in the final
      mat is substantially enhanced. For example, typical strengths in mats made
      by the present invention, and of 0.0225 pound per square foot density,
      will have longitudinal strengths on the order of 125 pounds per square
      inch and transverse strengths on the order of 115 pounds per square inch.
      The improvement in transverse strength will be apparent.
PAR  It is, therefore, an important object of the present invention to provide
      an improved method of and apparatus for making continuous strand mats
      having enhanced strengths and finer interstices that the prior art mat.
PAR  Another important object of this invention is the provision of a method of
      making a continuous strand mat wherein individual filaments of each strand
      are dispersed to a greater degree than heretofore possible and wherein the
      individual filaments are locally dispersed within a controlled overall
      strand configuration resulting from the initial mat formation.
PAR  It is a further, no less important, object of the present invention to
      provide an improved method of and apparatus for making the mat comprising
      multi-filament strands and wherein the strands are supported on the moving
      support surface and flooded with liquid to disperse the individual
      filaments, and the flooded filaments are further dispersed within the
      overall strand configuration by impingement of successive, oppositely
      directed liquid streams producing turbulent flooding conditions displacing
      individual filaments both longitudinally and laterally of the overall
      initial strand orientation.
PAR  Other and further objects of the present invention will be, apparent from
      the appended detailed description of the invention and the attached
      claims.
DRWD
PAC  ON THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view of an apparatus of the present invention
      capable of carrying out the method of the present invention;
PAR  FIG. 2 is a side elevational view of the apparatus of FIG. 1, with parts
      broken away and in section;
PAR  FIG. 3 is a fragmentary sectional view taken along the plane 3-3 and
      showing the orientation of the strands in the initial flooding zone;
PAR  FIG. 4 is a fragmentary side elevational view showing the formation of the
      initial turbulent zone caused by the vertical impingement of liquid on the
      flooded strands;
PAR  FIG. 5 is a fragmentary sectional view similar to FIG. 3 and illustrating
      the filament configuration as the strands issue from the first turbulent
      zone;
PAR  FIG. 6 is a view similar to FIG. 4 but illustrating the formation of a
      second turbulent zone; and
PAR  FIG. 7 is a view similar to FIGS. 3 and 4 showing the final configuration
      of the filaments immediately prior to drainage of the liquid.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  FIGS. 1 and 2 were schematic representations with a portion of the
      apparatus utilized to make continuous strand mats. As above explained, the
      present invention is a specific improvement on the apparatus shown in U.S.
      Pat. No. 3,760,458. This earlier patent illustrates and describes therein
      the apparatus and method for forming the continuous strands and for laying
      these strands upon a movable, foraminous collection surface. The apparatus
      of this earlier patent is utilized as part of the present invention, and
      the disclosure of the present invention is limited to the improvements
      made in the overall apparatus of U.S. Pat. No. 3,760,458.
PAR  As explained in said patent, strands of continuous glass fibers are laid
      down upon a foraminous belt-type conveyor 10 driven by suitable means in
      the direction of directional arrow 11.
PAR  The foraminous conveyor 10 passes over the flooding apparatus indicated
      generally at 12 and comprising a rectangular box 13 disposed beneath the
      conveyor 10, the box 13 having an elongated slot 14 in the upper surface
      thereof closely underlying the belt 10. The box 13 and the slot 14 therein
      are substantially coextensive with the transverse extent of the conveyor
      10, the box 13 opening on each of its extremities onto vertical reservoirs
      15 and extending vertically upwardly beyond the extent of the box 13 on
      either side of the conveyor 10. Each vertical reservoir 15 receives a
      liquid through lower pipe 16 located at the lower extremity thereof.
PAR  The liquid supplied to the reservoir 15 through the conduits 16 flows into
      the box 13 to be dispensed upwardly through the slot 14 onto the
      undersurface of the traveling conveyor 10. The speed of travel of the
      conveyor 10 is appreciable, varying from 180 to 300 feet per minute, and
      the amount of liquid pumped into the reservoirs 15 and dispensed into slot
      14 is also appreciable, for example, as much as 160 gallons per minute at
      convey or speeds of 300 feet per minute. The reservoirs 15 extending above
      the conveyor adjacent each end thereof dampen the turbulence which
      otherwise would result from this high flow rate of liquid.
PAR  As the liquid flows upwardly through the slot 14, it is immediately
      conveyed in the direction of the arrow 11 by the fast moving conveyor 10,
      and the conveyor, together with the strands disposed thereon, are
      immediately flooded by this liquid. The conveyor 10, the flooding liquid
      and the strands all move together and at the same speed in the direction
      of the arrow 11. Side plates 17 retain the flooding liquid upon the
      surface of the conveyor, and a water impermeable lower support surface 18
      on which the conveyor travels prevents any vertical drainage of the liquid
      from the conveyor 10.
PAR  Since there is no relative motive between the liquid, the conveyor 10 and
      the strands 40, the strands 40 are flooded in an initial quiescent zone.
      Thus, the flooded strands tend to segregate into individual filaments, yet
      the strand configuration is not disturbed and the segregation into
      individual filaments stays in the overall sinuous pattern of the strands
      as they were deposited on the conveyor 10, in accordance with the
      disclosure of the above identified earlier patent. This condition is
      illustrated in FIG. 3 of the drawings, wherein it will be seen that the
      filaments tend to lie in their original sinuous configuration, i.e., the
      configuration in which they were laid down upon the conveyor 10 prior to
      flooding.
PAR  Overlying the conveyor 10, as illustrated in FIGS. 1 and 2, is a weir
      trough indicated generally at 25, this trough extending completely across
      the transverse extent of the conveyor 10. The trough 25 is held filled
      with liquid preferably the same liquid as flows through the reservoirs 15
      and the box 13, and this liquid spills over the vertical front or weir
      wall 27 for flow over an impingement plate 26 onto the flooded filaments
      lying on the surface of the conveyor 10. The impingement plate 26 forms a
      compound parabolic curve terminating above the conveyor 10. From the plate
      26, the liquid is to contact the flood liquid upstream of the plate at an
      acute angle to the direction of movement of the liquid flooding the
      filaments and traveling with the conveyor 10. The direction of flow of
      liquid from the lip of the impingement plate 26 is counter-current to the
      direction of travel of the flood water directly beneath. As the
      impingement water strikes the surface of the flood water, it forms a
      turbulent zone 45 extending transversely across the entire width of the
      conveyor 10. As a result, the somewhat violent localized turbulent zone 45
      is created on the upstream side of the impingement plate 26.
PAR  This turbulent zone 45 is best illustrated in FIG. 4 of the drawings, and
      it will be seen that this zone extends upstream from the lip plate 26 to
      lie at a height above the lip of the plate, the resultant turbulence
      extending down into the flood liquid over the filaments and tending to
      impede the progress of the filaments with the flood liquid and the
      conveyor beneath the lip of the impingement plate. As a result, the
      filaments which had been previously dispersed from their strand
      configurations, are deflected both longitudinally and laterally by this
      turbulent zone. By virtue of the counter-current direction of flow of the
      impinging liquid from the plate 26, most of the turbulence will be
      longitudinally of the direction of travel of the conveyor 10, although
      appreciable transverse turbulence will necessarily result.
PAR  The turbulent zone is limited by the high velocity travel of the flood
      liquid with the conveyor 10, the impinging liquid being reversed into
      direction and swept underneath the lip of the plate 16 by the onrushing
      flood liquid carried by the conveyor 10. The extent of turbulence is
      governed by the height of the weir wall 27 and the volume of liquid
      striking the surface, in other words by the pressure and flow rate at
      which the liquid issues from the lip of the plate 26 onto the flood
      liquid. As illustrated in FIG. 4, and in FIG. 5 as well, the individual
      filaments are turned back upon themselves by the counter-current
      impingement of water dropping from the lip of the plate 26, the individual
      filaments being looped both longitudinally and transversely by the
      impediment to their progress in the direction 11 provided by the curtain
      of impingement water falling from the lip of the plate 26.
PAR  The filaments still lie in their overall sinuous pattern which was
      determined by the initial laying down pattern of the strands. However,
      after passing through the turbulent zone immediately upstream of the
      impingement plate 26, the filaments are dispersed to a much greater
      degree, and the dispersed filaments are deflected both longitudinally and
      laterally from their initial sinuous patterns.
PAR  Next, the conveyor 10 carries the dispersed filaments beneath the trough 25
      into a second quiescent zone in which the filaments are retained in that
      dispersed condition which they gained during passage through the
      turbulence zone. The water which originally flowed down the plate 26 into
      the turbulence zone is swept beneath the trough 25 and into a relatively
      quiescent zone at the same velocity as the conveyor 10 so there is no
      substantial relative movement between the liquid, the strand filaments,
      and the conveyor 10 in this quiescent zone.
PAR  Next, the filaments in the flood liquid in which the filaments are borne
      passes beneath a second trough 30 similar to the first trough 25 and
      having a weir wall 31 somewhat higher level than the weir wall 27, liquid
      spilling over the weir wall 31 for travel over a second compound parabolic
      impingement plate 32 having a lower lip from which the liquid falls onto
      the surface of the flood liquid. The second impingement plate 32 is
      directed in the direction of travel of the conveyor 10 and so the
      impingement is con-current with the direction of travel of the flood
      liquid and of the filaments as determined by the travel of the conveyor 10
      in the direction 11. The liquid spilling from the lower lip of the
      impingement plate 32 creates a second turbulent zone in the flood liquid,
      but this zone is less turbulent than the first turbulent zone, since the
      direction of flow of the impinging liquid is in the same direction as the
      flow of the flood liquid. The increased velocity flow which results from
      the impingement of the con-current liquid flows effects relative movement
      of the filaments in the flood liquid and pushes the filaments downstream
      in a direction reversed to the displacement of the filaments by virtue of
      the first impingement from the plate 26. As a result, the filaments are
      again dispersed both longitudinally and transversely of the conveyor 10,
      but primarily longitudinally.
PAR  The further longitudinal displacement of the filaments relative to the
      flood liquid is enhanced by the fact that the lower impervious support
      plate 18 terminates immediately after the second turbulence zone of liquid
      flowing over the edge of the plate 18 into a drain pan 35. This again
      effects relative motion between the filaments retained on the foraminous
      conveyor 10 and the liquid flowing through the foraminous conveyor 10. As
      a result, the filaments are displaced longitudinally and somewhat
      transversely in the second turbulence zone created by the flow of liquid
      from the plate 32, and the rush of liquid through the foraminous plate
      into the drain box fixes the filaments to the foraminous surface 10 in
      their displaced condition. Finally, the additional liquid is extracted
      from the filaments and the interstices between the filaments and from the
      foraminous surface 10 itself through a vacuum box 36 downstream of the
      drain box 35 and connected, as by conduit 37, to a suitable source of
      vacuum.
PAR  In summary, it will be seen that the multifilament strands were first laid
      down on the foraminous conveyor 10 by the strand forming and laying means
      illustrated in U.S. Pat. No. 3,760,458. The strands are then flooded from
      beneath through the reservoirs 15 and the box 13 and the relatively
      quiescent con-current flow of the flood liquid, the conveyor and the
      strands allows the filaments of the strands to segregate and separate
      while still retaining the sinuous overall strand configuration.
PAR  Next, the generation of turbulence in the flood water by the
      counter-current flow of liquid over the weir wall 37 and down the
      impingement plate 26 displaces individual filaments transversely and
      longitudinally relative to one another and relative to the original strand
      configuration, the impingement and turbulence also separating the
      individual filaments to an even greater degree. A second quiescent zone
      allows the filaments to retain their displaced condition until second
      turbulence zone is entered, at which time the filaments are displaced
      primarily longitudinally in the direction of flood liquid movement by the
      flow of liquid from the second impingement surface 32. The flood liquid is
      immediately thereafter drained from the filaments to leave the filaments
      upon the foraminous support surface in a well dispersed configuration
      still conforming generally to the initial sinuous strand formation and yet
      with sufficient longitudinal and transverse dispersion to provide the
      enhanced transverse strength and the uniform, multitudinous interstices of
      the mat as heretofore described.
PAR  The strands are subsequently heated as described in U.S. Pat. No. 3,760,458
      to form the final bonded mat.
PAR  As above explained, the present invention forms a specific improvement on
      the process and method disclosed in U.S. Pat. No. 3,760,458 and reference
      is made to this patent for disclosure of the liquids, lubricants, binders,
      etc. which may be utilized as the flood liquid. Preferably, the liquid
      impinged from the plates 26,32 onto the flood liquid is the same as the
      flood liquid, although this is not necessary, as explained in the above
      identified patent.
PAR  If desired, additional impingement of liquid onto the flood liquid can be
      carried out by the installation of additional weirs and plates similar to
      the plates 26,32. The creation of additional turbulence zones by the
      installation of such additional impingement mechanism would further vary
      the initial sinuous configuration of the filaments. Even if additional
      such turbulence zones were created, the essential process of the present
      invention would still be carried out by providing successive turbulent
      zones separated by quiescent zones, with the degree of turbulence and the
      amount of deflection of the filaments being governed by whether the
      impingement of additional liquid on the flood liquid occurs in a
      counter-current or con-current fashion.
CLMS
NUM  1.
PAR  1. In a method of making a fibrous strand mat, the steps of: (1) depositing
      multifilament strands in an overall sinuous pattern on a movable
      foraminous collection conveyor, (2) moving said conveyor in a first
      direction over a non-foraminous support, (3) passing a liquid upwardly
      through said conveyor to flood the strands on said conveyor with said
      liquid, (4) conveying the liquid and the strands with the conveyor over
      said support at substantially the same speed so that the filaments of each
      strand tend to disperse while retaining the initial overall sinuous
      pattern of said strands, (5) vertically impinging a counter-current stream
      of additional liquid onto the flooded strands supported on said conveyor
      to create a localized turbulent flow of liquid displacing at least some of
      the filaments of each strand in a direction counter to the direction of
      movement of said conveyor, thereby locally dispersing said filaments from
      the initial overall sinuous pattern of said strands, (6) conveying the
      additional liquid and the dispersed strands with the conveyor from the
      region of localized turbulent flow to retain the filaments as locally
      dispersed, (7) vertically impinging a con-current second stream of
      additional liquid onto the flooded strands, the second stream creating a
      second localized turbulent flow of liquid displacing at least some of the
      filaments of said strands in the direction of movement of the conveyor,
      thereby further locally dispersing such filaments, and (8) moving said
      conveyor bearing the liquid and the dispersed filaments therein beyond
      said non-foraminous support to permit the flow of liquid through said
      conveyor, leaving the dispersed filaments on said conveyor in the form of
NUM  2.
PAR  2. In a method of making a fibrous strand mat, by flooding with liquid
      multi-filament strands of glass fibers supported on a collection surface
      to disperse the filaments of each strand in the overall orientation of the
      strands and moving the surface bearing the liquid and the strands toward a
      liquid removal location, the improvement of:
PA1  passing the strands while still flooded with liquid and while still
      supported on said collection surface through successive localized areas of
      liquid turbulence displacing at least some of the filaments of each strand
      first in a direction generally counter to the direction of movement of the
      surface and then in a direction generally the same as the direction of
      movement of said surface, so that the filaments are locally dispersed both
      laterally and longitudinally from the initial overall orientation of the
NUM  3.
PAR  3. In a method of making a continuous strand mat, wherein multi-filament
      strands are laid down in a predetermined pattern on a foraminous conveyor
      for travel through a flooding zone to a drainage zone, the steps of (1)
      passing liquid upwardly through the conveyor to flood the strands with
      liquid, (2) conveying the flooded strands toward the drainage zone with
      minimum relative liquid-strand movement to separate at least some of the
      strands, into components filaments while essentially retaining the
      filaments in place in said pattern, (3) impinging additional liquid on the
      flooded strands with appreciable velocity in a direction counter-current
      to the direction of flooded strand travel (a) to generate a localized
      liquid turbulence through which the conveyor and the flooded filaments
      must travel and (b) to effect relative liquid-filament movement primarily
      longitudinally but also transversely of the direction of primary strand
      travel, and (4) further impinging still additional liquid on the flooded
      strands with appreciable velocity (a) to generate further localized liquid
      turbulence and (b) to effect further relative liquid-filament movement,
      and (5) passing said conveyor through said drainage zone to remove the
NUM  4.
PAR  4. In a method of making a fibrous strand mat, by flooding with liquid
      multi-filament strands of glass fibers supported on a collection surface
      to dispense the filaments of each strand in the overall orientation of the
      strands and moving the surface bearing the liquid and the strands toward a
      liquid removal location, the improvement of:
PA1  passing the strands while still flooded with liquid and while still
      supported on said collection surface through a localized area of liquid
      turbulence displacing at least some of the filaments of each strand in a
      direction generally counter to the direction of movement of the surface so
      that the filaments are locally dispersed both laterally and longitudinally
NUM  5.
PAR  5. In a method of making a fibrous strand mat wherein multi-filament
      strands are deposited in an overall sinuous pattern on a movable
      foraminous collection conveyor, said conveyor is moved in a first
      direction over a non-foraminous support, a liquid flows upwardly through
      said conveyor to flood the strands travel with the conveyor over said
      support at substantially the same speed so that the filaments of each
      strand tend to disperse while retaining the initial overall sinuous
      pattern of said strands and finally said conveyor bearing the liquid and
      the strands thereon moves beyond said non-foraminous support to permit the
      flow of liquid through said conveyor, leaving the strands on said conveyor
      in the form of a mat, the improvement residing in the steps of (1)
      vertically impinging a counter-current stream of additional liquid onto
      the flooded strands supported on said conveyor to create a localized
      turbulent flow of liquid displacing at least some of the filaments in a
      direction counter to the direction of movement of said conveyor, thereby
      locally dispersing said filaments from the initial overall sinuous pattern
      of said strands, (2) conveying the additional liquid and the dispersed
      filaments with the conveyor from the region of localized turbulent flow to
      retain the filaments as locally dispersed, and (3) vertically impinging a
      con-current second stream of additional liquid onto the flooded strands,
      the second stream creating a second localized turbulent flow of liquid
      displacing at least some of the filaments of said strands in the direction
      of movement of the conveyor, thereby further locally dispersing such
NUM  6.
PAR  6. In a method of making a continuous strand mat, wherein multi-filament
      strands are laid down in a predetermined pattern on a foraminous conveyor
      for travel through a flooding zone to a drainage zone and wherein the
      strands are flooded with liquid, and flooded strands are conveyed toward
      the drainage zone with minimum relative liquid-strand movement to separate
      at least some of the strands into the component filaments while
      essentially retaining the filaments in place in said pattern, the
      improvement of impinging additional liquid on the flooded strands with
      appreciable velocity in a direction counter-current to the direction of
      flooded strand travel (a) to generate a localized liquid turbulence
      through which the conveyor and the flooded filaments must travel and (b)
      to effect relative liquid-filament movement primarily longitudinally but
NUM  7.
PAR  7. In an apparatus for making a fibrous strand mat including a foraminous
      collection conveyor, means for depositing multi-filament strand in an
      overall sinuous pattern on the conveyor, a non-foraminous-support
      underlying the conveyor, means for flooding the strands on the conveyor
      with a liquid, and means for displacing the conveyor with the flood liquid
      and the strands thereon over said support to a drainage location, the
      improvement of means overlying said conveyor for vertically impinging a
      counter-current stream of additional liquid onto the flooded strands
      supported on the conveyor, and means spaced from said first means for
      vertically impinging a con-current second stream of additional liquid onto
      the flooded strands.
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ABST
PAL  Button cover comprises a thin first part defining a hole to receive the
      button and a slit leading to said hole, said first part being hinged to an
      ornamental second part which covers the button. Spring means are provided
      for biassing the two parts together and a latch engages the slit when the
      cover is mounted on a button.
BSUM
PAR  This invention relates to a cuff-button cover.
PAR  It is conventional to use cuff-links which are adapted to connect the two
      sides of the cuff of a shirt sleeve by engaging in the button holes which
      are positioned in each side of the cuff. These links ordinarily comprise a
      pair of metallic buttons which are usually pivotally connected to each
      other and adapted to connect the two button holes which are formed in the
      cloth.
PAR  Such cuff-links are generally used with folded back cuffs called "French
      cuffs" in which, on each side of the cuff, the cuff-link passes through
      two button holes in two thicknesses of cloth.
PAR  Cuff-links of this type are decorative devices for masculine use which are
      generally appreciated but the present tendency is to use fewer and fewer
      shirts having bent back cuffs and more and more shirts having simple cuffs
      which are fastened by a button attached to one side of the cuff which
      engages in a button hole in the other side.
PAR  The present invention relates to a button cover which may be placed on this
      type of cuff to hide the button which serves to fasten the cuff and
      constitute a decorative article of apparel.
PAR  The button cover according to the present invention has the advantages of
      being of simple and economic construction, and of being easy to put in
      place and hold on the button, even when the cuff is unbuttoned, as is the
      case when one puts on a shirt.
PAR  It is the object of the present invention to provide a button cover, and in
      particular a cuff-button cover, characterized by the fact that it consists
      essentially of a thin lower part having an opening the diameter of which
      is large enough to permit the button to pass flat therethrough, and which
      communicates with a slot inside which the thread which attaches the button
      to the sleeve may slide, this lower member being pivotally attached at the
      end remote from the slot to a second member, which is preferably hollow,
      having a surface sufficiently large to hide the button, and a device which
      holds the second member down on the first.
PAR  In a preferred embodiment of the invention the first member consists of a
      metallic wire symmetrically bent into the general shape of a U, the two
      ends of which are pivotally connected to the button cover. The U shape is
      such that it comprises a first rounded part, the diameter of which is
      greater than the diameter of the button, located near the pivot point, and
      a second part which is substantially straight and narrower, located at the
      summit of the U. In a particular embodiment the summit of the U is rounded
      and has a diameter slightly greater than the diameter of the remainder of
      the narrow part.
PAR  In accordance with a preferred embodiment of the invention the second
      member constituting the body of the button cover is a box, the bottom of
      which is designed to cover the button, which is encircled by the sides of
      the box.
PAR  Preferably the two parts are pivotally connected by a pin provided with
      spring stops which elastically maintain the two parts either perpendicular
      to each other or in a position in which they are biassed against each
      other.
PAR  In one embodiment this pivotal connection may be provided by a hinge having
      three tubular sections (two welded on the body of the button cover and a
      third welded to the U-shaped flat member).
PAR  In accordance with a preferred embodiment of the invention the end of the
      first member or body of the button cover which is remote from the pivotal
      connection to the other member carries a projection provided with two
      lateral recesses each adapted to resiliently engage between the two edges
      of the slot in the first member. This produces a sort of snap fastening
      which permits the attachment of the two members to each other in the
      position which they must occupy on the shirt when in use.
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PAR  In order that the invention may be better understood one embodiment thereof
      will now be described, purely by way of illustration and example, with
      reference to the accompanying drawings on which:
PAR  FIG. 1 is a perspective view of a button cover according to the invention
      shown in its open position;
PAR  FIGS. 2 to 5 are schematic views showing how the button cover is mounted on
      a cuff-button; and
PAR  FIG. 6 is a sectional view on a larger scale, taken along the line VI--VI
      of FIG. 5.
DETD
PAR  FIG. 1 clearly shows the lower member 1 which is pivotally connected by the
      pin 2 to the member 3 which constitutes the main body of the button cover.
PAR  The lower member 1 consists of a metallic wire folded into a generally U
      shape. This member has a rounded tip 4 which is connected by two parallel
      parts 5 to the rounded part 6. The parallel parts are, in the present
      instance, separated by distance smaller than the diameter of the rounded
      part 4.
PAR  The rounded part 6 has a diameter which is sufficient to permit the passage
      of the button when flat. In other words, the diameter of the rounded part
      6 is greater than the diameter of the button which closes the cuff.
PAR  The member 3 which hides the button is generally box-shaped and, in the
      present case, rectangular. This box has a bottom 7 and sides 8.
PAR  The member 3 is connected to the member 1 by a pivot pin 2, the member 1
      being itself mounted on a bar 9 having a square section against which
      rests a spring fixed to the member 3. It is thus possible to bias the two
      members either into the position shown in FIG. 1 or into a position
      pressed against each other, as will hereinafter be explained.
PAR  On the body 3 is a projection 10 provided with two lateral recesses 11
      which, as these two members swing with respect to each other, engage
      between the straight parts 5 of the member 1 with the recesses 11 engaging
      the parts 5 to hold the two parts in their closed position.
PAR  FIGS. 2 to 5 show the manner in which the new button cover may be easily
      mounted to cover the cuff button.
PAR  After having introduced the button 12 into the circular part of the member
      1, the button cover is slid to bring the thread of the button toward the
      end 4 of the lower member. These operations are carried out while the cuff
      is open and are illustrated on FIG. 2.
PAR  The button is then engaged in the button hole to produce the position shown
      on FIG. 3. The cuff being then closed, the button cover is pushed to the
      left to bring it into the position shown in FIG. 4, in which position the
      button 12 is substantially opposite the circular part 6 of the lower
      member 1. It then suffices to swing the upper member 3 to push the
      projection 10 through the button hole 13 so that in engages between the
      straight parts 5 of the member 1 and solidly holds these two members
      together.
PAR  FIG. 6 shows in section on a larger scale the lower side 14 of the cuff,
      which is provided with the button 12, attached by a button thread 15, and
      the upper side of the cuff which comprises the button hole 13 through
      which passes the button 12.
PAR  This figure clearly shows how the lower member 1 slides between the sides
      14 and 16 of the cuff while encircling the button thread 15 and while the
      body 3 of the button cover is retained above the button 12 by the pin 10
      the recesses 11 in which engage the straight parts 5 of the lower member
      1.
PAR  It will be noted that the button cover according to the invention may be
      mounted in a particularly simple manner and that it totally covers the
      button, while constituting a decorative member analogous to cuff links.
PAR  It will also be noted that the button cover according to the invention is
      most generally made in the form of a jewel of precious metal equipped with
      several devices for preventing its loss.
PAR  In the first place, in the position of use shown on FIGS. 5 and 6, it will
      be seen that even if the thread 15 of the button 12 breaks, the button
      cover will still be held on the side 16 of the cuff because the projection
      10 is engaged in the button hole 13.
PAR  Furthermore, opening of the body 1 by disengagement of the projection 10
      does not release the button cover which remains held by the thread 15 of
      the button 12 which passes through the lower member 1. This is true
      regardless of whether the button is or is not engaged in the button hole
      13.
PAR  Finally, it will be noted that the mounting of the button cover in no way
      affects the cloth of the shirt because its maintenance is integrally
      assured by the thread 15 of the button 12 and by the button hole.
PAR  It will, of course, be understood that the embodiment which has just been
      described has been given purely by way of illustration and example and may
      be modified as to detail without thereby departing from the basic
      principles of the invention. In particular it is obvious that the lower
      member 1, instead of being made from a metallic wire, may, for example, be
      made from a thin plate having a recess corresponding to the shape which
      exists between the two arms of the wire of the embodiment described in the
      drawing.
PAR  Furthermore it is obvious that the body 3 of the button cover may have a
      different shape from the substantially parallellopipedic shape shown. It
      is not indispensable that it comprise the edges 8 as has been described.
PAR  Finally, it follows that the latching member, which, in the embodiment
      illustrated, consists of the projection 10, may have a different structure
     .
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PAR  1. Button cover for cuffs comprising:
PA1  a first thin member comprising a first part defining a substantially
      circular recess having a diameter greater than that of a button to be
      covered, and a generally U-shaped second part including a slit leading to
      said recess and having a width less than said diameter,
PA1  a second generally box shaped member having a bottom dimensioned to cover
      said button and sides adapted to lie on opposite sides of a button covered
      by said bottom,
PA1  connecting means located in said second member adjacent one side thereof
      and pivotally connecting said second member to an end of said first part
      of said first member remote from said second part, said first and second
      members being pivotable with respect to each other between an open
      position wherein said first and second members are at an angle of
      substantially 90.degree. to each other and a closed position in which said
      bottom and first member are parallel,
PA1  the sides of said second member other than said one side being dimensioned
      to leave a small gap between themselves and the plane of the nearest
      surface of said first member parallel to said bottom when said first and
      second members are in said closed position, the width of said gap being
      equal to the thickness of a cuff, and
PA1  fastening means for fastening said first and second members to each other
      in said closed position, said fastening means comprising a projection
      located in said second member close to the side thereof opposite said one
      side, said projection being provided with at least one lateral recess
      which resiliently engages a side of said slit when said first and second
NUM  2.
PAR  2. Button cover as claimed in claim 1 in which said first member consists
      of a metallic wire folded to provide a rounded part defining said
      substantially circular recess, and two parallel parts defining said slit
      and a rounded tip, the diameter of which tip is slightly greater than the
      width of said slit but smaller than the diameter of said rounded part.
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ABST
PAL  A button is assembled from two components and a piece of fabric. One of
      those components, the support, has a head and an axial stem at the rear,
      while the other, the retainer, is of frusto-conical or other tapered
      shape, having a central hole to receive the stem. The fabric extends over
      the front of the support and around the edge of the head to the rear
      thereof. The marginal part of the fabric is trapped between the broader
      end of the retainer and the rear of the head. The stem has at least one
      undercut, and engagement means at the narrower end of the retainer snaps
      into the undercut or undercuts to maintain the button in the assembled
      state.
BSUM
PAR  This invention relates to buttons, and in particular to buttons of the kind
      comprising a support, a piece of fabric extending over the front of the
      support and around the edge of the support to the rear thereof, and a
      retainer assembled with the support, at the rear of the support, the
      arrangement being such that the marginal parts of the fabric are trapped
      between the retainer and the support.
PAR  Components from which buttons of the kind specified can be assembled, and
      in particular kits comprising supports and retainers, are often marketed
      for assembly by the housewife, or amateur dressmaker, who provides her own
      fabric for incorporation in the buttons, the fabric being selected to
      match the particular garment or other article with which the completed
      buttons are to be used.
PAR  The invention also relates, therefore, to components, namely a support and
      a retainer, which are suitable for assembly with a piece of fabric to form
      a button of the kind specified.
PAR  There are already known various designs of buttons of the kind outlined
      above. In one known design, for example, the support comprises a head with
      an axial stem at the rear, and the retainer comprises a sheet metal disc,
      the periphery of which is formed with teeth. The disc has a central hole
      and can be pushed onto the stem of the support, the stem passing through
      the central hole in the disc. The disc is also formed with resilient
      tongues which border the central hole and resiliently engage the stem of
      the support.
PAR  The design has several disadvantages, Firstly, the tongues have to bite
      into the stem in order to retain the disc in place, with the result that
      the disc cannot be removed without the tongues damaging the stem. Secondly
      the disc has to be sufficiently stiff to ensure that the peripheral teeth
      firmly engage the fabric. In consequence the tongues are also relatively
      stiff, and tend not to engage the stem satisfactorily.
PAR  The aim of the present invention is to overcome the disadvantages of the
      known designs of buttons.
PAR  From one aspect the present invention comprises the components for a button
      of the kind comprising a support, a piece of fabric extending over the
      front of the support and around the edge of the support to the rear
      thereof, and a retainer assembled with the support, at the rear of the
      support, the marginal parts of the fabric being trapped between the
      retainer and the support, said components comprising a support and a
      retainer, the support comprising a head with an axial stem at the rear
      formed with at least one preformed undercut, and the retainer being of
      generally frusto-conical or other tapered shape, having a central hole
      which can receive said stem, the arrangement being such that when the
      button is assembled the marginal parts of the fabric can be trapped
      between the broader end of the retainer and the rear of the head, and
      engagement means at the narrower end of the retainer snaps into the
      undercut or undercuts in the stem so as to maintain the button in the
      assembled state.
PAR  From another aspect the present invention consists in button components as
      outlined in the last preceding paragraph and assembled together with a
      piece of fabric.
PAR  Because the retainer is of generally frustoconical or other tapered shape,
      the broader end of the retainer is held against the fabric by thrust
      forces in the retainer rather than by bending-moment forces, as was the
      case with the metal disc described above. Therefore the retainer need not
      be as stiff and massive as that previously used. Further, as the narrower
      end of the retainer snaps into a preformed undercut or preformed undercuts
      in the stem the retainer is positively held in place without damaging the
      stem. It may also be possible to remove and replace the retainer if
      desired, so as to enable the piece of fabric to be replaced by another
      piece of fabric.
PAR  The broader end of the retainer, or the rear of the head of the support, or
      each of these parts is preferably formed with teeth or like projections
      which serve in use to engage the fabric and assist in retaining the fabric
      in position.
PAR  The head of the support is preferably of domed shape and is preferably
      imperforate so that a continuous surface is present behind the fabric, and
      there are no irregularities in the front surface of the head such as might
      be visible and detract from the appearance of the button if an open-work,
      thin or translucent fabric is used.
PAR  If, as is preferred, the support is formed as a unitary moulding of a
      plastics material, and the dome-shaped head is imperforate, the or each
      undercut in the stem cannot be formed by a part of the mould projecting
      through the head but must generally be formed by a core movable in a
      direction transverse to the axis of the stem. To simplify manufacture as
      far as possible, the or each undercut is preferably formed by a core of
      that kind which can follow a rectilinear path without fouling the head of
      the support. Where there are more than one undercut the cores are
      preferably movable in parallel. Further, where the stem is formed with a
      transverse hole or holes through which thread can pass for enabling the
      button to be sewn in position, the thread hole or each thread hole
      preferably extends through the stem in the same direction so that there is
      only a single set of movable cores: a core or cores for the undercut or
      undercuts, and a core or cores for the thread hole or holes, the cores
      constituting the set being movable in the same direction in unison.
PAR  The arrangement is preferably such that during assembly of the components
      it is the retainer which is deformed or mainly deformed rather than the
      stem when the stem enters the central hole in the retainer but before the
      engagement means snaps into the undercut or undercuts in the stem. There
      may well be some small deformation of the stem, in that preferred
      arrangement, but the main deformation occurs in the retainer.
PAR  The engagement means is preferably of annular form, extending around the
      central hole in the retainer, the arrangement being such that the retainer
      can be assembled with the support in any relative rotational positions of
      the components. With such an arrangement it is unnecessary to rotate the
      retainer to a particular position (or any one of a group or range of
      particular positions) relative to the support before the components are
      assembled. The engagement means preferably comprises the marginal part of
      the retainer around the central hole in the retainer.
PAR  In order to enable the retainer to be readily deformed during assembly of
      the components as described above, the retainer is preferably of
      relatively thin section, and has a tapered interior corresponding at least
      in general shape to the tapered exterior. When, as is preferrrd, the
      central hole in the retainer is of circular shape the stem, or at least
      that part thereof to the rear of the undercut or undercuts, is preferably
      of non-circular shape in cross-section, the arrangement being such that
      when the retainer is being urged over that rear part of the stem the
      retainer is not stretched to any significant extent to enlarge the central
      hole, but is resiliently deformed so as to alter the shape of the hole.
      For example, if the part of the stem to the rear of the undercut part is
      square, rectangular or of other polygonal shape in cross-section the
      arrangement is preferably such that as that rear part of the stem passes
      through the central hole the retainer is resiliently deformed so that the
      hole temporarily assumes a complementary shape.
PAR  In order to strengthen the retainer without much reducing its ability to be
      deformed in that manner the retainer is preferably formed with stiffening
      ribs or like formations extending in directions which are generally
      radially outward in relation to the central hole. Such ribs or like
      formations tend to resist any tendency for the retainer to collapse in use
      and take up the shape of the bell of a trumpet. If the retainer were to
      collapse into such a shape there would of course be a tendency for the
      grip on the fabric to be relaxed and a tendency for the engagement means
      to leave the undercut or undercuts.
DRWD
PAR  Button components and a button assembled from those components, embodying
      the invention and the preferred features thereof outlined above, will now
      be described in greater detail with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a rear view of the assembled components, but without a piece of
      fabric,
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1, but showing a piece of
      fabric trapped in position,
PAR  FIG. 3 is a side view of the support, partly in section along line 2--2 of
      FIG. 1, and
PAR  FIG. 4 is a section through the retainer also along the line 2--2 of FIG.
      1.
DETD
PAR  The button components comprise a support 1 and a retainer 2. Each of those
      components is formed as a unitary moulding of a plastics material, a
      suitable material being a white, translucent nylon. The components can
      both be formed in the same mould, the mould having a plurality of
      impressions for the support and an equal number of impressions for the
      retainer.
PAR  The support 1 comprises a hollow, domed head 3 of which the curvature
      increases towards the edge, the marginal portion being slightly re-entrant
      so that the maximum internal diameter of the head is slightly greater than
      the internal diameter of the entrance of the hollow interior of the head.
PAR  An integral stem 4 projects axially from the interior of the head 3. That
      part 5 of the stem 4 within the head 3 is of circular cross-section, its
      length being approximately equal to its diameter. That part 6 of the stem
      4 which projects beyond the entrance to the hollow interior of the head 3
      is of about the same length as the part 5 but is of more complex shape.
      The projecting part 6 is of generally rectangular, oblong shape in end
      view (as shown in FIG. 1), the corners of the rectangle being aligned with
      the circumference of the part 5 of circular cross-section. Each of the
      four side faces of the projecting part 6 of the stem 4 is formed with a
      groove of shallow arcuate shape in cross-section and extending in a
      direction parallel with the axis of the stem, the grooves in the narrow
      faces being numbered 7, and the grooves in the broader faces being
      numbered 8. A thread hole 9 of circular cross-section extends transversely
      through the projecting part 6 of the stem 4, at right angles to the
      broader side faces of the projecting part, and interconnecting the grooves
      8 in those broader side faces. Undercuts 10, each of semi-circular
      cross-section, and parallel with the thread hole 9, are formed in each of
      the two narrower side faces. Each of the narrower side faces thus has an
      undercut 10 at right angles to the groove 7 in that side face and
      intersecting that groove. The undercuts 10 are somewhat closer to that
      part 5 of the stem which is of circular cross-section than is the thread
      hole 9. Between the outer end of the stem 4 and each of the undercuts 10
      the stem is chamfered, as indicated at 11, so that the grooves 7 in the
      narrower side faces of the projecting part 6 of the stem 4 do not extend
      as far as the flat outer end face of the stem 4.
PAR  Teeth or studs 12 are provided in the head 3 for engagement with a piece of
      fabric as described below. The teeth or studs 12 are disposed in a circle
      co-axial with the stem 4 and spaced outwards from the stem inside the
      hollow interior of the head. The diameter of the circle is only a little
      less than that of the entrance to the hollow interior of the head 3. There
      may, for example, be twelve uniformly spaced teeth or studs 12, each tooth
      or stud being of conical shape with an included angle of 45.degree. at the
      apex. The axis of each tooth or stud 12 is parallel with the axis of the
      stem 4.
PAR  Each support 1 is formed in the mould so that the two principal parts of
      the mould separate in a direction parallel with the axis of the stem 4.
      The thread hole 9 and undercuts 10 in each support are formed by cores
      mounted on a common slide movable in a direction normal to the direction
      in which the principal parts of the mould separate.
PAR  The other of the components, the retainer 2, is of generally frusto-conical
      shape, and of uniform wall thickness. The included angle at the apex of
      the notional cone of which it forms a part is 116.degree.. There is a
      central, circular hole 13 at the narrower end of the retainer 2, the
      marginal part of the retainer around that hole constituting the engagement
      means referred to above. Four integral stiffening ribs 14 are formed on
      the inside surface of the retainer, those ribs extending radially outwards
      from the axis and being spaced uniformly about the axis. Each rib 14
      extends from a position spaced a short distance from the central hole 13
      in the narrower end of the retainer to a position adjacent to but spaced a
      short distance from the broader end of the retaier.
PAR  Teeth or studs 15, similar to those numbered 12 in the head 3 of the
      support 1, are also provided at the broader end of the retainer 2, there
      being the same number of teeth or studs 15 on the retainer 2 as there are
      teeth or studs 12 in the head 3. The bases of the teeth or studs 15 on the
      retainer 2 are just inside the mouth of the retainer, and the teeth or
      studs project outwards from the mouth of the retainer in a direction
      parallel with the axis of the retainer.
PAR  The dimensions of the support 1 and the retainer 2 are such that these
      components can be assembled with a piece of fabric 16, in the manner now
      to be described, and illustrated in FIG. 2. The piece of fabric 16 is of
      circular shape and is pulled taut over the convex front surface of the
      head 3 of the support 1, its marginal parts then being tucked inside the
      head 3 and extending over the teeth or studs 12 in the head, and
      terminating just short of the stem 4.
PAR  The retainer 2 is then pushed onto the stem 4 broader end first, the
      diameter of the broader end of the retainer being slightly smaller than
      that of the mouth of the hollow interior of the head 3 of the support 1.
      When the retainer 2 is pushed fully into position the edge of the retainer
      abuts the head 3 immediately outside the ring of teeth or studs 12 in the
      head, and the teeth or studs 15 on the retainer 2 lie in between those in
      the head. Although the retainer 2 is said to abut the head 3, the marginal
      part of the piece of material 16 does of course extend between these
      abutting parts, being trapped between them and gripped by the two sets of
      teeth or studs 12 and 15. The teeth or studs 12 and 15 may actually pierce
      the piece of fabric 16 or may merely engage it firmly without piercing it.
      Even if the fabric 16 is not torn its component threads may be forced
      apart to receive the teeth or studs 12 and 15. It will be appreciated that
      while the broader part of the retainer 2 is pushed into the head 3 the
      teeth or studs 15 on the retainer tend to engage the fabric and assist in
      pulling it taut over the front surface of the head.
PAR  During the final stages of assembly of the button the retainer 2 is
      somewhat deformed to enable the outer part 6 of the stem 4 of the support
      1 to pass through the central hole 13 in the retainer without significant
      deformation of the stem. The chamfers 11 on the stem 4 are such as to
      enable the outer end part of the stem to enter the hole without any
      deformation. Further entry of the stem 4 into the hole 13 causes the hole
      to assume an approximately rectangular shape as described above. Finally,
      when the retainer 2 is pushed fully into position the engagement means
      bordering the central hole 13 snaps into the grooves constituting the
      undercuts 10. The dimensions of the components are such that although they
      are tightly assembled there is no significant permanent deformation of the
      components unless a particularly thick piece of fabric is used.
PAR  The assembled button can be secured to a garment or other article by
      threads passing through the thread hole 9 in the stem 4. The thread hole 9
      is rather closer to the rear end of the stem than are the undercuts 10 so
      that the retainer does not interfere with the passage of a needle through
      the thread hole.
PAR  In order to assist in the assembly of the button a device (not shown) may
      be provided which is formed as a moulding from a suitable plastics
      material such as polythene or p.v.c. which is substantially rigid in thick
      section but is flexible in thin section. The moulding comprises a
      relatively short thick-walled tube of circular cross-section with an
      inwardly directed bead of semi-circular cross-section at one end of its
      bore. The other end of the bore is closed. The main part of the bore is
      slightly larger than the maximum external diameter of the support
      component 1 of the button, while the minimum diameter of the bore, where
      the bead is most thick, is slightly greater than the maximum diameter of
      the retainer 2.
PAR  When the button is to be assembled the piece of fabric 16 is placed over
      the open end of the assembly device. The support component 1 of the button
      is then pushed, head-first, into the bore of the device past the bead.
      This action stretches the fabric tightly over the head 3. The
      fabric-covered head 3 abuts the closed end of the device, which presents a
      complementary convex end surface, while the marginal part of the head lies
      just behind the bead so that the marginal part of the piece of fabric is
      turned inwards, due to the presence of the bead, towards the stem 4 of the
      support.
PAR  The broader end of the retainer 2 can then be pushed into the mouth of the
      domed head 3 as described above. This can readily be effected with the aid
      of a cotton reel, the stem of the support 4 entering the bore in the reel,
      and the reel then being pushed axially.
PAR  When the button has been assembled it can readily be withdrawn from the
      assembly device. In order to assist withdrawal there may be a small hole
      in the normally closed end of the device, and a tool may be pushed through
      that hole to urge the button from the device.
PAR  In an alternative method of assembly, dispensing with the need for the
      assembly device, a draw thread is tacked round the margin of the circular
      piece of fabric 16, and when the fabric is approximately placed in
      position on the head 3, the draw thread is pulled tight and thus causes
      the marginal parts of the fabric to be gathered around the stem 4. The
      retainer 2 is then placed on the stem 4 and pushed fully into position
      with the aid of a cotton reel as described above.
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PAR  1. Button components for a button of the kind comprising a support, a piece
      of fabric extending over the front of the support and around the edge of
      the support to the rear thereof, and a retainer assembled with the
      support, at the rear of the support, the marginal parts of the fabric
      being trapped between the retainer and the support, said components
      comprising a support and a retainer, the support comprising a head with an
      axial stem at the rear formed with undercutting constituted by at least
      one preformed undercut, and the retainer comprising a wall element of
      tapered shape and having a central hole which can receive said stem, the
      cross-section of that part of the stem to the rear of the undercutting
      having a maximum transverse dimension greater than that of the hole and a
      minimum transverse dimension less than that of the hole the arrangement
      being such that when the button is assembled and the stem is inserted into
      the hole with the narrower end of the retainer pointing away from the head
      of the support, the retainer can be resiliently deformed so that the hole
      temporarily assumes a shape such as to enable that part of the stem to the
      rear of the undercutting to pass through it without itself being
      significantly deformed and without the periphery of the hole being
      significantly stretched the cross-section of the stem at the undercutting
      being such that after that part of the stem to the rear of the
      undercutting has been passed through the hole the retainer can resiliently
      snap back to its initial shape, part of the retainer bordering the hole
      entering the undercutting in the stem so as to maintain the components in
      the assembled state, and the marginal parts of the fabric being at the
      same time trapped between the broader end of the retainer and the rear of
NUM  2.
PAR  2. Button components according to claim 1 in which the support is formed as
      a unitary moulding, and the stem is formed with a transverse thread hole
      which extends in a direction parallel with that of the undercutting in the
NUM  3.
PAR  3. Button components according to claim 1 in which the retainer is of
      annular form and extends around the central hole in the retainer and said
      hole is circular, the arrangement being such that the retainer can be
      assembled with the support in any relative rotational positions of the
NUM  4.
PAR  4. Button components according to claim 1 in which the retainer is formed
      with stiffening ribs extending in directions which are generally radially
NUM  5.
PAR  5. A button comprising button components according to claim 1 assembled
      together with a piece of fabric.
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ABST
PAL  A multi-coil helical spring-fastened assembly of first and second
      sub-assemblies of which one of said sub-assemblies has general
      housing-member form and the other sub-assembly has general shaft, rod or
      tube form and being dimensioned for ready insertion in the bore of said
      housing member; one of said sub-assemblies incorporating a multi-coil
      helical spring located between an integral shoulder thereof and an
      artificial shoulder, i.e. a groove-seated spring retaining ring; said
      helical spring being in torsion responsive to the sub-assemblies being
      assembled by insertion of one into the bore of the other whereby each of
      the multi-coils of the spring exerts a gripping force in radial direction
      on the housing-bore surface, or conversely on the shaft, rod or tube outer
      surface.
BSUM
PAR  This invention relates to improvements in helical-spring fastened
      assemblies, and more particularly to an assembly wherein a multi-coil
      helical spring of a sub-assembly is so arranged and mounted as to act in
      torsion and in so doing exerts gripping force on a housing-bore surface,
      or conversely on the outer cylindrical surface of a shaft, rod, tube or
      tube-end of a sub-assembly to be fastened, responsive to the
      sub-assemblies being brought together and assembled one to the other.
PAC  BACKGROUND OF THE INVENTION
PAR  Assemblies incorporating a helical spring and means for causing said spring
      to act in torsion and in so doing to exert frictional gripping forces on a
      housing-bore surface, or conversely on a shaft, rod or tube outer surface,
      are known in the prior art, examples of patents broadly utilizing the idea
      being Diescher No. 631,956 dated Aug. 29, 1899; Kaman et al. U.S. Pat. No.
      2,890,027 dated June 9, 1959; Keden U.S. Pat. No. 3,230,595 dated Jan. 25,
      1966; and Norton et al. U.S. Pat. No. 3,517,184 dated June 3, 1970.
      However, no one of these prior art patents or any other patent known to
      applicants teaches or suggests the use of conventional retaining
      ring-in-groove means, the simplicity and effectiveness of which is widely
      known and utilized in countless other and diverse assemblies, as an
      artificial shoulder-forming means which functions in concert with a
      natural shoulder to position a multi-coil helical spring so that it may
      act like a torsion spring, and which in so doing, generates friction
      gripping forces effective on a housing-bore surface, or conversely on a
      shaft or a rod surface or on the outer surface of a tube or tube-end, for
      example.
PAC  SUMMARY OF THE INVENTION
PAR  According to one form of the invention, there is provided a shaft, rod, or
      tube sub-assembly incorporating a multi-coil helical spring having uniform
      outer diameter which is oversize in relation to that of said shaft, rod,
      etc., but which is normally held in place thereon, i.e. against a step or
      shoulder, by an artificial shoulder-forming retaining ring of conventional
      construction spring-seated in a groove machined or otherwise formed in
      said shaft, rod, etc. surface. Said sub-assembly is designed to be bodily
      pushed into and along the bore of a housing constituting a companion
      sub-assembly, said bore having diameter less by a calculated amount than
      the outer diameter of the helical spring. The shaft, rod, etc. of said
      first mentioned sub-assembly may have clearance or even loose fit in said
      bore but, responsive to said sub-assemblies being assembled one to the
      other, it (said shaft, rod, etc.) is securely locked against axial
      displacement by friction gripping forces exerted in radial outward
      direction on the bore surface by each coil of the multi-coil helical
      spring acting in torsion. conversely, the invention provides a shaft, rod,
      tube or tube-end sub-assembly which in its simplest form may be and
      preferably is devoid of any surface irregularity such as a step or groove
      as aforesaid and which, responsive to its more or less forceful insertion
      in the bore of a housing component or sub-assembly in which the multi-coil
      helical spring is held in place by a groove-seated retaining ring, is
      secured against axial separation by gripping forces exerted in radial
      inward direction on the outer cylindrical surface of said shaft, rod or
      tube by said multi-coil helical spring acting in torsion.
PAR  To facilitate assembly of the aforesaid sub-assemblies by insertion of one
      into the other as described, the housing of the first-described
      sub-assembly is provided at the entry end of its bore with a chamfer and
      the shaft, rod, tube, etc. of the converse form of sub-assembly at the
      entering end thereof is similarly chamfered.
DRWD
PAC  DETAILED DESCRIPTION
PAR  Illustrative embodiments of the invention are shown in the accompanying
      drawings, wherein
PAR  FIG. 1 is a view in side elevation with parts thereof i.e. the multi-coil
      helical spring and the groove-seated retaining ring components showing in
      vertical-plane section, of a form of sub-assembly which according to the
      invention is to be secured to the bore surface of a housing; with FIG. 1A
      being an end view thereof;
PAR  FIG. 2 is a foreshortened view in vertical-plane section of the housing
      constituting a companion sub-assembly designed for the reception of the
      sub-assembly shown in FIGS. 1 and 1A;
PAR  FIG. 3 is a view partly in side elevation and partly in vertical-plane
      section of the coil-spring-fastened assembly;
PAR  FIGS. 4, 5 and 6 are views corresponding respectively to FIGS. 1, 2 and 3
      which illustrate the converse arrangement of sub-assemblies according to
      which the multi-coil helical spring grips to the outer smooth surface of a
      shaft, rod, tube outer surface, etc. responsive to assembly of the
      sub-assemblies one to the other; and
PAR  FIGS. 7 and 8 are vertical-plane sections which illustrate the invention
      applied as a coupling serving to couple the ends of coaxially related
      thin-wall tubing.
DETD
PAR  Referring to the drawings, and first considering the FIGS. 1-3 inclusive
      embodiment of the invention, reference numeral 10 (FIG. 1) designates a
      multi-coil helical spring mounted in encircling relation on the end-length
      portion 12 of a stepped-diameter shaft or rod 14, whereon said multicoil
      spring is held in an unstressed state between the step or shoulder 16
      which is disposed intermediate the shaft or rod proper 14 and its said
      end-length portion 12, and an artificial shoulder consisting of an
      open-ended spring retaining ring 18 (FIG. 1A) of well-known construction
      and function spring-seated in an outwardly opening groove 20 machined or
      otherwise provided in said end-length portion 12 of the shaft or rod.
PAR  According to the invention, the helical spring 10 which initially has
      uniform neutral diameter Dn, more importantly has an outer diameter Do
      which is substantially larger than the diameter Dr of said end-length
      portion 12 of the shaft or rod and also larger by a calculated amount than
      the diameter Ds of said shaft or rod proper, which latter is substantially
      that of the diameter Db of the bore of a housing 26 (FIG. 2) into which
      the sub-assembly according to FIG. 1 is designed to be inserted, as by
      being bodily pushed thereinto to a depth determined by the engagement of
      the under surface 22 of the shaft- or rod-head 24 with the end edge of
      said housing 26.
PAR  Responsive to such insertion, the outer diameter Do of the multi-coil
      helical spring 10 must of necessity be reduced to the diameter Db of the
      housing bore, and such causes said spring 10 to perform like a torsion
      spring and in so doing each of its several coils exerts a frictional
      gripping force on the housingbore surface, which in total yields a
      relatively high resistance to axial displacement as compared to other
      self-locking devices.
PAR  Because the diameter Dr of the end-length portion 12 of the shaft or rod
      encircled by the multi-coil spring 10 is smaller than the diameter of said
      spring in its compressed state as just described, and by designing the
      shaft proper 14 so that it has loose or slide fit relative to housing-bore
      diameter Db, it will be appreciated that there results a shaft
      sub-assembly which is able to turn relatively freely when assembled as
      illustrated in FIG. 3, but which is secure against relatively high axial
      displacement forces. Also by providing that the outer diameter of the
      retaining ring 18 is only slightly less than the housingbore diameter Db,
      the ring is secure against falling from its groove when the shaft or rod
      sub-assembly is being disassembled from the companion housing-bore
      sub-assembly. Thus, assembly and disassembly may be affected many times as
      needed without seriously affecting its holding power.
PAR  The aforementioned insertion (and re-insertion) of the sub-assembly as
      shown in FIG. 1 into the bore of the housing 26 constituting the companion
      sub-assembly may be facilitated by providing the end of the housing first
      to receive the firstmentioned sub-assembly according to FIG. 1 with a
      chamfer 28 which reduces the force necessary to overcome the resistance of
      the spring coils to being compressed as they enter the housingbore.
PAR  Referring now to the embodiment of the invention according to FIGS. 4-6
      inclusive (such being hereinbefore referred to as the converse arrangement
      to that of FIGS. 1-3), here the multicoil spring and retaining ring are
      components of the housing sub-assembly, rather than of the shaft or rod
      sub-assembly. More in detail, a multi-coil spring 30 is located within the
      enlarged-diameter bore portion 32 having diameter Db.sub.1 of a housing
      34, which extends from one end of the housing to a step or shoulder 36
      therein which separates said bore portion 32 from a small-diameter
      bore-end portion 38 having diameter De. According to the invention, said
      multi-coil spring 30 is held in a normally unstressed state between said
      step 36 and an integral retaining ring 40 spring seated in an inwardly
      opening groove 42 and forming an artificial shoulder projecting into said
      bore portion 32.
PAR  By design, the internal unstressed diameter Dd of the helical spring coil
      30 is smaller than the diameter Dr of the shaft or rod 46 which
      constitutes, with its enlarged-diameter head 48 whose underface provides a
      stop surface 50, a companion sub-assembly. Thus, when said shaft or rod
      sub-assembly is pushed into and thru the end-to-end opening of the spring
      30 to a depth such that the underface 50 of its head 48 (which has
      diameter Db.sub.2 corresponding generally to the housing-bore diameter
      Db.sub.1) abuts the inwardly projecting, artificial shoulder formed by the
      groove-seated spring retaining ring 40 (in which position the opposite end
      of the shaft or rod having diameter Dr extends through the
      smaller-diameter end 38 of the housing-bore having corresponding diameter
      De) each of the plural coils of the spring 30 exerts a gripping force of
      substantial magnitude on the shaft or rod surface, i.e. the spring
      self-locks itself to said shaft or rod surface, and thereby secures the
      sub-assemblies one to the other and against axial separation.
PAR  Just as the housing-end chamfer 28 facilitates assembly of the
      sub-assemblies according to FIGS. 1-3 embodiment one to the other, the
      shaft or rod-end first to enter the opening through the multi-coil helical
      spring 30 according to FIGS. 4-6 embodiment is also provided with a
      chamfer, such being designated 52.
PAR  Referring now to FIGS. 7 and 8, the said FIG. 7 illustrates the invention
      applied in highly useful manner to couple the ends of co-axially related,
      non-communicating tubes of such thin wall construction that grooving,
      shouldering or even threading thereof is not permissible. More in detail,
      FIG. 7 typifies a coupling wherein multi-coil helical springs 10L and 10R
      (each corresponding to the multi-coil helical spring 10 of the FIGS. 1-3
      form thereof) are disposed in encircling relation on oppositely extending
      end portions 12L and 12R of stub shafts or rods corresponding in all
      substantial respects to the shaft or rod end-length portions 12 of said
      FIGS. 1-3 form, except that said stub shaft or rod portions 12L and 12R
      extend in opposite directions from intermediate diameter portions 14L and
      14R of a coupling member generally designated 24C. It will be understood
      that the multi-coil helical springs 10L and 10R grip with substantial
      force to the inner surfaces of the tube ends T.sub.L and T.sub.R, which
      surfaces correspond to the bore surface of the housing 26 of the FIGS. 1-3
      form.
PAR  Similarly, FIG. 8 typifies a tube-end to tube-end coupling means interposed
      between co-axially related and illustratively communicating ends of tubes
      T.sub.L, T.sub.R of such thin-wall construction that grooving, threading,
      shouldering, etc. is not permissible, said FIG. 8 form of coupling means
      utilizing the concept of the housing-to-rod end embodiment described in
      detail in connection with the FIGS. 4-6 embodiment, differing therefrom
      only in that the coupling means relies on left and right hand tube-end
      gripping means, i.e. inwardly projecting groove-seated retaining rings
      40L, 40R and multi-coil helical springs 30L, 30R (mounted as shown in a
      common coupling sleeve 44C) which grip to the outer, smooth surfaces of
      the tube ends T.sub.L and T.sub.R, responsive to axial insertion of said
      ends into and through the coil spring openings.
PAR  Without further analysis, it will be appreciated that the invention may
      take the various structural forms illustrated and described, as well as
      such other forms as will be apparent to persons skilled in the art.
      Accordingly, it is to be understood that the scope of the invention is to
      be measured not only by the forms herein illustrated, but also by any
      additional species or forms which fall within the spirit and meaning of
      the following claims.
CLMS
NUM  1.
PAR  1. A multi-coil helical spring-fastened assembly comprising, in
      combination, a first sub-assembly and a companion sub-assembly, said
      sub-assemblies being self-locked one to the other responsive to one
      thereof being assembled to the other by being inserted in a cylindrical
      bore with which said other sub-assembly is provided, said one sub-assembly
      comprising a stepped-diameter shaft-form member, the smaller-diameter end
      of which is provided with a ring-seating circumferential groove, a
      conventional open-ended spring-retaining ring mounted in said groove and
      providing an artificial shoulder thereon, a multi-coil helical spring
      positioned between the step of said shaft-form member and said
      groove-seated retaining ring, said multi-coil helical spring having
      initially substantially uniform outer diameter such that it is compressed
      responsive to assembly of said sub-assemblies as aforesaid and when so
      compressed it exerts gripping force in radial outward direction on a
      facing cylindrical bore surface of said companion sub-assembly.
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ABST
PAL  The device comprises a preferably C-chaped member having clamping pieces at
      opposite ends. Each clamping piece has means for rotating the piece and
      opposite surfaces for engaging with a work piece. The device is functional
      as either a clamp or jack and in another embodiment the C-shaped member is
      formed in multiple sections which may be fixed in different relative
      positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to a clamping device and is
      concerned, more particularly, with a device that can be used as a
      combination clamp or jack.
PAR  Conventional C-clamps are used extensively by craftsmen, mechanics,
      technicians and others. This relatively simple device is basically used to
      hold two pieces of material together. Other than the clamping function,
      this device serves no other useful purpose.
PAR  Accordingly, one object of the present invention is to provide a clamping
      device that functions as a clamp and that can also function as a jack.
PAR  Another object of the present invention is to provide a combination clamp
      and jack device that is relatively simple in construction and that is
      adjustable.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention there is
      provided a combination clamp and jack apparatus which comprises a support
      member that is preferably C-shaped having opposite facing ends. A pair of
      clamping pieces, which may be of identical construction, are disposed at
      the opposite ends of the support member and are threadedly engagable with
      threaded apertures in the opposite ends of the support member. Although
      the clamping pieces may be of identical construction, they may also be of
      different construction wherein one of the clamping pieces is fixed in
      position relative to its respective end of the support member.
      Accordingly, at least one of the clamping pieces has means associated
      therewith for adjusting it relative to the other clamping piece. For
      providing the clamping function, the pieces have facing surfaces for
      clamping a work piece and for providing the jacking function, the pieces
      have opposite non-facing surfaces for jacking between two work pieces or
      work surfaces.
PAR  In another embodiment of the invention, preferably only one of the clamping
      pieces is adjustable. In this embodiment, the support member is
      constructed preferably in three pieces including a substantially straight
      center section and two facing end sections. The three pieces are
      interconnected by two securing members which are securing members which
      are secured so that the device functions as a clamp in one position. The
      end members of the support member can be rotated approximately 180.degree.
      so that the device can then function as a jack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates one view of a device of the present invention;
PAR  FIG. 2 is a fragmentary view showing a portion of the device of FIG. 1 with
      a slightly different embodiment for the clamping piece;
PAR  FIG. 3 is a fragmentary view of an alternate embodiment;
PAR  FIG. 4 shows still another embodiment of the present invention in a
      clamping position;
PAR  FIG. 5 shows the device of FIG. 4 in a jack position; and
PAR  FIG. 6 is a fragmentary view of a portion of the device shown in FIGS. 4
      and 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  The device shown in FIG. 1 comprises a support member 10 which is of
      generally C-shape. In the embodiment shown in FIG. 1 this member may be
      constructed in two pieces interconnected by an adjusting means 12 which
      comprises an adjusting nut 14. One of the pieces is threaded as shown at
      16 to be received by the nut 14 and extend inside of the other piece so as
      to provide adjustment between the two ends 18 and 20 of the support
      member. The ends 18 and 20 respectively receive clamping pieces 22 and 24.
      In the embodiment shown in FIG. 1 each of these clamping pieces is of
      identical construction and thus only the piece 22 will be discussed in
      detail. This piece comprises a threaded shaft 26 having nuts 28 and 30
      affixed to the ends thereof. The nuts 28 and 30 respectively support
      plates 32 and 34 which may be suitably supported so that the plates are
      rotatable relative to the nuts.
PAR  FIG. 2 shows a slightly different embodiment wherein the shaft 26 receives
      a bolt having a hexagonal heal 42. The shaft 26 may have a threaded
      aperture to receive the bolt. A flange 44 extends from the top of the head
      42 and interlocks with member 46 which forms a flat surface 48. The member
      46 is rotatable relative to the flange 44 which is fixed to the head 42.
PAR  Referring now to FIG. 1, the operation is such that for use as a clamp the
      surfaces 50 and 51 of pieces 22 and 24 can be tightened against a work
      piece (not shown). If the device shown in FIG. 1 is used as a jack, the
      surfaces 32 and 52 are positioned against a rest surface and the surface
      to be jacked. Either of the pieces 22 or 24 may be rotated such as at the
      nuts 28 or 30 to provide the jacking action. In FIG. 1 both of the pieces
      22 and 24 are shown as being rotatable. However, one of these pieces could
      be fixed in position. Also, means other than the nuts 28 of FIG. 1 can be
      used for tightening the device.
PAR  FIG. 3 shows an alternate embodiment wherein the support member 10 is
      constructed in separate sections. Preferably there are three sections only
      two of which are shown in the fragmentary view of FIG. 3. These two
      sections include an end section 55 and a center section 56. There is, of
      course, another end section disposed at the other end of the device. In
      FIG. 3 one of the clamping pieces 57 is shown having a handle 58 at one
      end and a clamping member 59 at the other end with a flat surface 60.
PAR  In FIG. 3 the device is shown in its clamping position. In order to
      transfer the device to its jack position, there is provided a locking
      member 62 which can be disengaged. Thereafter the top section 55 is
      rotated to the position shown, in dotted, in FIG. 3 and the locking member
      62 is then again secured. The same type of a locking arrangement is shown
      at the bottom of the device as indicated in FIG. 4 and to change to the
      jack position this bottom locking device would also be disengaged to
      permit the bottom section to rotate through 180.degree.. The member 62 may
      be of the type shown in FIG. 6 but is illustrated in FIG. 3 as having a
      butterfly-type tighener rather than a hex-head.
PAR  FIG. 4 shows another embodiment of the present invention quite similar to
      that illustrated in FIG. 3. The shape of the device shown in FIG. 4 is
      quite similar to the standard C-clamp except that the clamp is separated
      into a center section 65 and end sections 66 and 67. The top section 66
      teminates in a flange 68 having a flat surface 70. The bottom section 67
      accommodates the clamping piece 72 which has a bottom handle 73 and a top
      flat surface 74. The pieces 65, 66 and 67 are connected by means of
      securing members 76 and 78. In FIG. 4 the clamp is shown in its clamping
      position with the members 76 and 78 secured in place. In FIG. 5, the
      device is shown in its jack position. In order to change between positions
      the members 76 and 78 are disengaged so that the sections 66 and 67 can be
      rotated approximately 180.degree.. The members 76 and 78 are then again
      secured in the position shown in FIG. 5 where jacking can occur between
      surfaces 70 and 74.
PAR  FIG. 6 shows in detail an arrangement for one of the securing members
      coupling between sections 65 and 67. These two sections terminate in a
      flanged area defining serrations 80 and 82 which interlock in different
      positions. The hex nut maintains the serrations interlocked and the
      sections in fixed relative relationship.
CLMS
NUM  1.
PAR  1. A combination clamp and jack comprising;
PA1  a support member having a center section and two end sections,
PA1  means for securing the center section and end sections to form a unitary
      support member wherein said end sections can assume different positions
      relative to the center section,
PA1  said means for securing including a first securing member coupling one end
      of the center section with one end of one of said end sections to permit
      said one end section to rotate through at least 180.degree. relative to
      said center section and where said first securing member includes means
      for fixedly securing the one end section in a clamp position and for
      fixedly securing the one end section in a jack position, and a second
      securing member coupling the other end of the center section with one end
      of the other end section to permit said other end section to rotate
      through at least 180.degree. relative to said center section and wherein
      said second securing member includes means for fixedly securing the other
      end section in a clamp position and for fixedly securing the other end
      section in a jack position,
PA1  the other end of said one end section defining an end surface for
      engagement with a work piece,
PA1  a claimping piece received by the other end of the other end section and
      having a surface for engagement with a work piece,
PA1  and means associated with the clamping piece for moving the clamping piece
      relative to the one end section of the support member,
PA1  whereby said securing members maintain said end sections in a clamp
      position wherein the work piece engaging surfaces are facing each other,
      and maintains said end sections in a jack position wherein the work piece
NUM  2.
PAR  2. The combination of claim 1 whrein the securing means includes a nut and
NUM  3.
PAR  3. The combination of claim 1 wherein said center section and end sections
      define a plane and said end sections are rotated within the plane to
      different positions.
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ABST
PAL  A key chain in which a key ring is attached to a clip adapted for
      detachable engagement with the material of a pocket of an article of
      clothing such that the ring and keys thereon are suspended within the
      pocket. Pivotably attached to the clip at an end thereof remote from the
      key ring is a manually engageable element which can be inserted into the
      pocket when the key chain is mounted in the worn position, the manually
      engageable element being removed from the pocket and employed to detach
      the clip from the pocket.
PARN
PAC  CROSS RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 255,783
      filed May 22, 1972 and issued as U.S. Pat. No. 3,779,053 on Dec. 18, 1973.
BSUM
PAC  BACKGROUND
PAR  a. Field of the Invention
PAR  The invention relates to key support apparatus and particularly to such
      apparatus which is adapted for being detachably supported by the material
      of a pocket of an article of clothing such that the keys are suspended
      within the pocket.
PAR  B. Prior Art
PAR  There are innumeral devices known in the art for the support of keys within
      the pocket of an article of clothing.
PAR  The most common device is a case which is loosely carried in the pocket and
      which has no physical connection to the material of the pocket. Such cases
      are thereby easily lost. Moreover, they are generally bulky and cumbersome
      and are uncomfortable to carry. Furthermore, because their weight is borne
      by the material of the pocket, they tend to tear the pocket and produce
      holes therein. The keys are generally concealed in such cases and
      therefore each time the keys are used or stored the case must be opened
      and closed.
PAR  Also known are key chain devices in which the keys are carried loosely on a
      ring or in a case and attached via a long chain to a clip which attaches
      to a belt or a trouser loop. The chain must be of sufficient length to
      enable the keys to be utilized in their normal operation, since the clip
      remains in place during use of the keys. The keys thereby never become
      physically separated from the person of the wearer and this minimizes
      loss. However, the keys are loose within the pocket despite its attachment
      to the chain and this results in discomfort to the wearer.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide apparatus for detachably
      supporting keys within a pocket of an article of clothing which avoids the
      disadvantages associated with the prior art devices. The key support
      apparatus will hereafter be referred to by the simple generic term "key
      chain".
PAR  A more specific object of the invention is to provide a key chain by which
      the keys can be carried comfortably within a pocket and offer little
      likelihood of damaging the same.
PAR  The invention takes advantage of the cleft of a pocket in which to suspend
      the keys on a key chain. By the "cleft" of the pocket is meant the region
      immediately bordering the side edges of a pocket where the material is
      stitched together. This region is generally not utilized in carrying
      articles in the pocket and it has been surprisingly discovered that keys
      can be readily accomodated in the cleft and offer little interference to
      access to the pocket. Moreover, the keys are carried comfortably and their
      presence to the wearer is almost nil. Furthermore, the keys become
      relatively confined between the material of the cleft and thereby tightly
      retained so as not to jingle without restriction as in loosely carried
      keys on a ring. Additionally, because the keys are confined within the
      cleft in the interior of the pocket, they do not produce unsightly bulges
      at the front of the pocket.
PAR  In accordance with the invention, the key chain comprises a ring on which
      the keys are secured in detachable manner, and attached to the ring is a
      clip which is adapted for being detachably engaged with the material of a
      pocket such that the ring and keys are suspended within the cleft of the
      pocket.
PAR  The clip is formed with two opposed portions between which the material at
      the front of the pocket can be engaged. Hence, one of the opposed portions
      is positioned outside the pocket and this portion can be finished in
      decorative manner. The other portion lies within the pocket and supports
      the ring and keys.
PAR  In further accordance with the invention, there is attached to the clip at
      an end thereof remote from the ring and keys, a manually engageable member
      which facilitates handling of the key chain, and particularly, removal of
      the clip and keys from the pocket and reapplication thereto.
PAR  It is advantageous if the manually engageable member is formed as a key
      support means for support of separate keys such as for the house, the car
      etc.
PAR  The manually engageable member serves as a counterbalance means for the
      clip in the sense that it permits easy manual engagement and removal of
      the clip from the pocket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of the key chain according to the invention;
PAR  FIG. 2 is a side elevation view of the key chain according to the
      invention;
PAR  FIG. 3 is a cross-sectional taken on line 3--3 in FIG. 1;
PAR  FIG. 4 shows the key chain in wearing position in the front pocket of a
      pair of trousers.
PAR  FIG. 5 is a top plan view of another embodiment of the snap of the key
      chain; and
PAR  FIG. 6 is an end view of the snap of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, FIGS. 1 and 2 show a key chain 1 which
      essentially comprises a ring 2 for carrying keys 3, a clip 4 connected to
      ring 2, and a key support member in the form of a snap 5 connected to clip
      4 at an end thereof remote from the end at which ring 2 is connected to
      the clip. The snap 5 carries keys 6.
PAR  The key chain is intended to be detachably carried in a pocket of an
      article of clothing, and as seen in FIG. 4, the key chain is worn in the
      front jacket 7 of a pair of trousers 8.
PAR  The pockets of clothing possess clefts 9 at the side regions where the
      pocket material is sewed together, and it has been discovered that these
      clefts can be utilized for accommodating keys in suspended fashion above
      the bottom of the pocket and provide great convenience and comfort in the
      storage of keys.
PAR  In order to secure the key chain in the position in which it is worn by the
      user, the keys 3 on ring 2 are slid into the pocket until a ring 14 and
      section 18 of the clip are resting against the inside of front 10 of the
      pocket material, with clip 4 facing toward the outside of the pocket.
      Pressure is lightly applied to clip 4 to slightly open the clip and the
      clip is then pushed downward until the material of the front 10 of the
      pocket extends full depth into the clip as seen in FIG. 4. A front curved
      portion 14a of ring 14 prevents the clip from slipping out of position
      when the material of the pocket rests against section 18 during insertion.
PAR  The keys 3 on ring 2 are suspended from the clip 4 within the pocket, and
      are positioned in the cleft at the rear of pocket 7 in spaced relation
      above the bottom of the pocket. The snap 5 and keys 6 are also disposed in
      the same cleft at the rear of pocket 7 and overlie the ring 2 and keys 3
      at a higher location in the pocket.
PAR  In such configuration, the keys are comfortably carried in the pocket and
      tend to be held in the cleft in the pocket by the material thereof. There
      is virtually no bulge produced at the front of the pocket and the key
      chain lies smoothly along the side of the leg of the wearer.
PAR  In order to remove the key chain from the pocket, the snap 5 and key 6 are
      manually grasped and removed from the pocket and these are pulled in a
      direction away from the pocket to slidably disengage the clip 4 from the
      pocket and remove the ring 2 and keys 3 therefrom.
PAR  The snap 5 and keys 6 serve as a counterbalance means in the sense that
      they are manually engageable to promote removal of the key chain from the
      pocket. Taking advantage of the elongated shape of snap 5, it is readily
      distinguishable by feel from ring 2 when manually engaged in the pocket,
      both by virtue of its different shape and its higher suspended position in
      the pocket from the top of the clip 4. Although the counterbalance means
      has been shown in the form of a snap with keys thereon, it is also
      possible for the counterbalance means to be a circular key ring, or to be
      constructed as a solid pendant without keys which, for example, can be
      connected by means of a chain to clip 4, and even worn outside the pocket,
      if desired. However, the use of snap 5 enables one to separate keys on
      this snap from keys on ring 2. Hence, keys which are used with greater or
      lesser frequency, can be separated from the rest of the keys and placed on
      snap 5. By way of example, house keys or car keys can be placed on snap 5.
PAR  The snap 5 is constructed of resilient material with overlapped edges
      serving as a quick release means, so that the keys thereon are readily
      removable by squeezing the snap to open a space between the edges. The
      ready removability of the keys on snap 5 may be of advantage if the snap
      carries car keys and these are to the left in the car while the remainder
      of the keys are to be carried by the wearer. The form of the snap 5 is
      immaterial and it can be made in any manner in which key removal is
      simple. It is significant however, that the snap 5 be freely pivotably
      mounted on clip 4, as the snap must be manually engageable and shifted in
      various directions to remove the clip 4 from the pocket.
PAR  Snap 5 is shown as smaller than ring 2 to facilitate engagement in the
      pocket. If it should be desired to expand the key carrying capability of
      snap 5, an additional ring can be added thereto.
PAR  The ring 2 has been illustrated as a conventional "splitring" but may be of
      any suitable construction to permit addition and removal of keys therefrom
      as desired.
PAR  The clip 4 is made of a single length of resilient wire bent to operative
      shape. The clip 4 is provided with two opposed sections 11 and 12, between
      which the material of the pocket is inserted, such that section 11 is
      outside the pocket while section 12 and ring 2 with the keys 3 thereon are
      suspended inside the pocket. The section 12 is formed with a bent tongue
      13 which serves to hold the material in resiliently clamped relation
      between sections 11 and 12. The section 11 is formed as an elongated loop
      with opposed arms between which fits the tongue 13. At the free end of
      section 12, the clip is formed with a loop 14 which slidably engages the
      ring 2.
PAR  The clip 4 is formed by bending loop 14 at one end of a length of wire and
      a loop 15 at the other end of the wire. A coil 16 of two turns is then
      wound at an intermediate location in the wire and a bend 17, tongue 13 and
      straight section 18 are formed in succession. Thereafter the elongated
      loop 11 is formed by bending the wire so that loop 15 is brought into a
      coaxial position with coil 16.
PAR  A loop connector 19 extends through loop 15 and coil 16 and is freely
      pivotable therein and the snap 5 is connected to the loop connector 19.
      Optionally, if desired, a small chain of links or the like may be
      interposed between snap 5 and connector 19.
PAR  An eyelet 20 can be advantageously fixedly inserted in loop 15 and the
      coaxial coil 16 and receive loop connector 19.
PAR  The connector 19 is initially in the form of a spread open U, with
      divergent legs provided with inwardly bent ends at 90 degrees facing each
      other. The connector 19 is secured in the eyelet by deforming the legs
      into eyelet 20 where they are brought together in permanently clamped
      relation in the eyelet in the manner diagrammatically illustrated in FIG.
      1.
PAR  It is important to note, that the spring pressure of the clip 4 can be
      increased or decreased at the bend 17, by bending the resilient wire in
      the proper direction. An increase of pressure, which would also increase
      the holding power of the clip might be advantageous, if the wearer would
      be involved in extra heavy physical activities. In addition, the tongue 13
      can be bent to protrude deeper into the elongated loop 11, which will even
      further increase the holding capacity of the clip and be an added
      protection against loss. Under normal conditions however, both changes,
      which can easily be accomplished either by the user or at the time of
      manufacture, are superfluous.
PAR  FIG. 5 shows another embodiment of the snap designated by numeral 5a. The
      snap 5a is preferred over the simple resilient band snap 5, in that snap
      5a is bent to shape from a single length of the same wire from which the
      clip 4 is made.
PAR  The snap 5a is of generally elongated form with a loop 30 at one end for
      engaging connector 19, and at the other end, the snap 5a has overlapped
      edge portions 31 which are of V-shape in plan view and constitute the
      quick release means for removable attachment of keys or a key ring. The
      snap 5a is formed with opposed V-shaped shoulders 32. As seen in FIG. 6,
      the overlapped edge portions are of V-shape and converge towards
      respective apexes in opposite directions so as to mate along a surface 34
      which is inclined with respect to the plane of the clip. In order to open
      snap 5a to remove either keys or a key ring therefrom, the shoulders 32
      are engaged by a key or the ring and the latter is twisted to move the
      shoulders away from one another in a direction to cause the edge portions
      31 to become spaced apart and permit removal of the keys or ring. To
      replace the keys or ring on snap 5a, the keys or ring are forceably
      inserted between the overlapped edge portions 31 to cause the same to
      resiliently yield and permit placement of the keys or ring on the snap
      whereafter the edge portions resiliently return to their original
      overlapped positions. To facilitate entry of the keys and ring between the
      overlapped edge portions 31, the user can apply lateral pressure to the
      opposite legs 33 of the snap to cause the shoulders 32 to move
      transversely towards one another, this producing opening of the space
      between the edge portions 31.
PAR  In the course of use of the key chain, the snap 5a greatly resists
      longitudinal forces applied to the snap at the apex of the V due to the
      provision of the overlapped edges. The snap 5 constructed of a resilient
      band, is somewhat less effective in this respect since longitudinal forces
      applied to the band tend to deform the same and open the closure.
PAR  Although the invention has been described with reference to an exemplary
      embodiment thereof, numerous variations and modifications will become
      evident to those skilled in the art without departing from the scope and
      spirit of the invention as defined in the appended claims.
CLMS
NUM  1.
PAR  1. A releasable connector comprising a length of resilient material bent to
      provide a closed loop at one end and a pair of branches with overlapped
      edge portions at an opposite end to form a closed link, said branches
      lying substantially in a common plane and including V-shaped shoulders in
      opposition to one another in said plane, said V-shaped shoulders having
      apexes facing away from one another, said overlapped edge portions being
      of V-shape when viewed in a direction perpendicular to said common plane,
      and being in superposed registry with one another, said V-shape edge
      portions having respective apexes and legs converging towards said apexes
      in a direction away from said closed loop, said apexes of the edge
      portions being disposed along a line substantially midway between said
      V-shaped shoulders, said overlapped portions also being bent out of said
      plane, said overlapped portions being of V-shape when viewed in end
      elevation in a direction parallel to said plane, said overlapped portions
      converging towards respective apexes in opposite directions so as to mate
      along a surface which is inclined with respect to said plane, said
      V-shaped shoulders of said branches being movable relative to one another
      to open the overlapped edge portions of the link and enable removal of
NUM  2.
PAR  2. A connector as claimed in claim 1 wherein said resilient material
NUM  3.
PAR  3. A connector as claimed in claim 1 wherein said apexes of the V-shaped
NUM  4.
PAR  4. A connector as claimed in claim 3 wherein said V-shaped shoulders are
NUM  5.
PAR  5. A connector as claimed in claim 1 wherein said overlapped edge portions
NUM  6.
PAR  6. A connector as claimed in claim 1 wherein said branches diverge along
      straight lines from said closed loop to said V-shaped shoulders.
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ABST
PAL  Chain-like clip composed of a number of detachable link members and
      intended for fixation of pipes to be welded to each other during a welding
      operation. The clip can easily be adapted to different diameters. Besides
      uniform clamping force can be exerted also on out-of-round pipes.
BSUM
PAR  The invention relates to a chain-like pipe clip for centered fixation of
      pipe ends to be welded together.
PAR  Known pipe clips comprise two clip members, each in the form of a
      semi-circle which at one end are connected by means of a hinge and at the
      other end are adapted to be drawn towards each other by means of a tool,
      like a jack. For welding pipe lengths to each other the respective ends
      are placed in opposite relationship, axially spaced dependent on the weld
      to be made and subsequently the clip is placed over the two pipe ends and
      tightened. The pipe ends are now fixed and can be welded.
PAR  Such known clips have in the first place the drawback that for each size of
      pipe a number of clips in the same size must be kept in stock, so in
      principle as many clip sizes as there are standard pipe sizes. Furthermore
      it appears from practice that in many cases the pipe ends to be welded to
      each other are no longer truly round after transport, storage and the
      like. Known, two-part clips appear to be permanently deformed when
      tightened around such out-of-round pipe ends and to be no longer suitable
      for further use.
PAR  The object of the invention is to provide a pipe clip chain of the type
      defined above, which does not have these drawbacks.
PAR  In accordance with the invention the pipe clip for centered fixation of
      pipe ends to be welded to each other is composed of a number of
      detachable, hinged link members.
PAR  The clip according to the invention is therefore in the form of a chain
      composed of a number of links. The number of links can be chosen in
      accordance with the pipe diameter, so that it is not necessary to keep a
      great number of different clips in stock, but only a limited number will
      suffice. Moreover a clip composed of link members can adapt itself much
      better to the circumferential contours of out-of-round pipes than a clip
      composed of two semi-circular clip-members.
PAR  In the first embodiment of the clip according to the invention the link
      members are interconnected by bolts.
PAR  However, the link members are preferably on both sides provided with
      coupling means in such a manner that the coupling means at one end of a
      link member are adapted to cooperate with coupling means adjacent the
      contiguous end of the next link member in the chain-like clip.
PAR  A rapid coupling and uncoupling of link members can thus be achieved if the
      coupling means at one end of each member are formed by transversely
      projecting pins, while the coupling means at the other end are formed by
      hooks. As however, although such hook-pin connections are faster in
      operation than bolt-hole connections, handling of the pipe clip requires
      some caution because the connections may get loose unintentionally during
      transport, the hooks may be provided with locking means. These locking
      means may be formed for instance by spring-tensioned members closing the
      hook opening.
PAR  For the chain-like clip to uniformly engage a pipe with each link member
      and in order to exert the force exercised by the clip on the pipe ends
      equally circumferentially, the clip members can each be provided,
      according to the invention, with a base member extending transversely to
      the clip members and projecting at the bottom thereof.
PAR  In a structurally simple construction each link member can be formed by two
      webs, transversely connected by a bridge, the base member extending at the
      bottom of the bridge. In a preferred embodiment a downwardly opening
      recess is made centrally in the lower part of the bridge adjacent the base
      member for passing a welding electrode.
PAR  The link members can be formed by welding webs and bridge to each other or
      by casting each link member integrally.
PAR  Besides the invention relates to end links located at both ends of the link
      chain for mounting a tool on the clip, said tool often being a hydraulic
      jack, by means of which the clip ends, for tightly embracing pipe ends to
      be welded, can be drawn towards each other.
PAR  In a first embodiment of the clip member there is provided at one end of
      the chain clip an end link having a hook which in mounted condition of the
      chain projects radially and is directed away from the other clip end,
      while the other end link has a radially projecting base plate.
PAR  On the base plate can be mounted a hydraulic jack in such a manner that the
      piston rod extending from the jack cylinder is directed away from the
      other end link with the hook. The end of the jack piston rod can be
      received in a socket attached to one of the crossbars of a clip member
      composed of two crossbars and two longitudinal bars. The other crossbar of
      the clip member can then be received in the jaw of the hook of the other
      end link. When the jack expands the two end links are drawn towards each
      other through the drawing frame.
PAR  Though in this way a reliable operation of the pipe clip can be ensured the
      end link construction can be further improved. As the line of action of
      the jack lies outside the pitch circle of the link members an inwardly
      directed force component is exerted on the end links, so that in actual
      practice, particularly with pipes or tubes of small wall thickness with
      respect to the diameter, a flattening takes place adjacent the end links.
      Furthermore, as the jack expands and consequently the clip member
      contracts while the pitch circle is reduced, the angular position of the
      line of action of the jack is changed, which may result in torsion between
      the cylinder and the piston of the jack.
PAR  Therefore, instead of two end links preferably one connecting link is used.
PAR  The connecting link may be composed of two toggle levers which adjacent the
      bend are hinged to each other, each at one end of one lever arm having
      connecting means with the clip and at the end of the other lever arm
      connecting means with the jack. When the jack expands the respective lever
      ends are pushed apart and consequently the other lever arms connected with
      the clip ends are moved towards each other in the pitch circle.
PAR  In order to avoid distortion between the jack cylinder and the piston the
      toggle levers can each be constructed as two plates which at the lever
      ends with which the jack must engage are connected by a crossbar, a sleeve
      being arranged around each cross-bar, while on one sleeve a base plate for
      the jack cylinder and on the other sleeve a socket is mounted for
      receiving the piston rod end.
DRWD
PAR  The invention will now be elucidated with reference to the accompanying
      drawings showing some embodiments of the pipe clip.
PAR  FIG. 1 is a perspective detailed view of a first embodiment of the clip and
PAR  FIG. 2 is a similar view of a second embodiment.
DETD
PAR  In the drawing, in particular FIG. 1, the clip is composed of link members
      1 and two end links 2 and 3. Each member comprises two webs 4 connected by
      a bridge 5. Projecting from the bottom of the webs 4 there is a base
      member 6 which in the embodiment shown is integral with the bridge 5, but
      which may also be differently fixed relative to the webs 4 of each link
      member 1, e.g. by welding. The bridge 5, in the depicted form, is also
      welded to the webs 4. Naturally it is possible that webs 4, bridge 5 and
      base member 6 are cast integrally. The link members 1 are provided at the
      ends with holes 7 for passing bolts 8. By means of the bolts 8 it is
      possible to interconnect successive link members and to connect the end
      links 2, 3 thereto, thus forming a flexible pipe clip which, for welding
      together two pipe lengths 9 and 10, can be positioned over the pipe ends
      facing each other, said clip being adapted for centered fixation of said
      ends for performing a welding operation. Preferably the connection bolts 8
      are of the type having a smooth shank portion and a thread end for a nut.
      The web ends of successive links can then hinge about the smooth shank
      portion of the bolts. Through the base member 6 and in the lower portion
      of the bridge 5 there is formed a recess 11 so that also the butt joint
      portion present underneath a base member 6 is accessible to a welding
      electrode.
PAR  The end links 2 and 3 have a form which deviates from the link members 1.
      The end link 2 has two cheeks 12 which are connected in transverse
      direction by a base plate 13. Adjacent the free ends of the webs 12 there
      are also made holes 7 for connecting the end link 12 to a link member 1
      through bolts 8. To the base plate is connected a bridge 5 provided with a
      base member 6. The other end link 3 is fitted with webs 14 which are
      connected to a base member 6 through a bridge 5. On the bridge 5, adjacent
      said end link 3, there are welded two hooks 15.
PAR  For tightening the clip shown in FIG. 1 about the ends of pipe lengths 9
      and 10 to be welded together, there is positioned on the base plate 13 of
      the end link 2 a hydraulic jack 16 which may be provided with a cylinder
      portion 17 and a piston rod 18 projecting therefrom. The end of said rod
      18 is accommodated in a socket 19 secured to a clip member 20 having the
      form of a rectangular frame. The socket 20 is attached to a shorter side
      of the rectangle, the opposite shorter side being positioned in the jaw of
      the hooks 15. By urging the piston rod 18 from the cylinder 17 during
      operation of the jack, the end links 2 and 3 are drawn towards each other.
      The clip shown in FIG. 1 is composed of alternating narrower and wider
      link members.
PAR  In the embodiment shown in FIG. 2 the link members 21 are all identical.
      Centrally disposed there is a transversely extending bridge 5 with base
      member 6 and a recess 11 at the bottom. The webs of the link members 21
      however are divided. The web halves 4' which extend from the bridge 5 to
      one end of the members 21 have a larger interspace than the web halves 4"
      so that with successive link members 21, the webs 4" can each time be
      introduced between the ends of the webs 4' of the other link member.
PAR  At the ends of the web halves 4' there are formed hooks 22, while the ends
      of the web halves 4" are provided with laterally extending pins 23.
      Successive link members 21 can therefore be coupled by causing the hooks
      22 to grip over the pins 23. The pins may be received and welded in holes
      formed in the web ends. The web halves 4' and 4" may be welded to each
      other and to the bridge 5 or a link member 2 may also be cast integrally.
PAR  As shown in FIG. 2 the ends of the pipe clip are interconnected by a member
      24 which includes two toggle levers. The connecting-member 24 is composed
      of four substantially triangular plates 25, 25'. The plates 25, 25' are
      interconnected by cross-bars 26, 26' adjacent one of the angular points of
      the triangular plates. At another angular point a plate 25 is each time
      pivoted to a plate 25' through a bolt 27 or otherwise. In the third
      angular point each plate 25 is provided with a hook 28, just as the hook
      22 of a link member 21. Each plate 25' is provided at the third angular
      point with a transversely extending pin 29, just as the pins 23 of the
      link members 21. The connecting member 24 can therefore be accommodated in
      the clip by engagement of the hooks 28 with pins 23 of a link member and
      co-action of the pins 29 with the hooks 22 of a link member. On the
      cross-bars 26, 26' there are rotatably mounted sleeves 30, 31. To the
      sleeve 30 there is secured a base plate 32 and to the sleeve 31 a socket
      33. A jack 16 can now be positioned with the cylinder portion against the
      base plate 32 and with the free end of piston rod 18 in the socket 33. As
      the jack 16 expands the cross-bars 26, 26' are pushed apart. The plates 25
      rotate clockwise relative to the pivots 27 and the plates 25'
      counter-clockwise, so that the angular points of the plates 25, 25', where
      the hooks 28, the pins 29, respectively, are positioned, are drawn towards
      each other, thus tightening the clip around the pipe ends. The pulling
      force is exerted precisely according to the pitch circle of the "chain"
      formed by the link members. During the expansion of the jack 16, the
      sleeves 30, 31 can rotate about the cross-bars 26, 26', thus avoiding
      torsion between piston portion 18 and cylinder portion 17.
PAR  It will be clear that the invention is not limited to the embodiments
      described but that many variants are possible in the scope of the present
      invention. For instance the connecting member 24 shown in FIG. 2 can be
      combined with a pipe clip as shown in FIG. 1. The link members 1 shown in
      FIG. 1 may be fitted instead of with bolt passages, alternately with cross
      pins and hooks. Furthermore in the embodiment shown in FIG. 2 there may be
      disposed adjacent the hooks 22, locking members for preventing that during
      the handling of the clip the link members are mutually disengaged. It will
      also be clear that instead of a jack other tools might be employed for
      exerting the required pulling force on the link members of the pipe clip.
CLMS
NUM  1.
PAR  1. A pipe clamp for centered fixation of pipe ends to be welded together,
      comprising, in combination:
PA1  a chain comprising a plurality of detachably interconnected chain link
      elements; and
PA1  first and second coupling means connected at the respective ends of said
      chain and operative to cooperate with each other for straining said pipe
      clamp around said pipe ends;
PA1  said chain link elements comprising
PA2  two lateral elements extending longitudinally with respect to said chain,
PA2  a transverse bridge element extending between said two lateral elements and
      interconnecting them to each other,
PA2  a transverse base bar extending between said two lateral elements and
      interconnecting them to each other, said base bar having a recess defined
      in a central portion of its side near said pipe ends of sufficient size to
      permit the passage of a welding electrode therethrough, and
PA2  first and second linking means connected at the respective ends of said two
      lateral elements and operative for pivotal connection to another of said
      chain link elements and said coupling means, whereby said pipe clamp is
      flexible and the length of said chain can be changed to be suitable for
NUM  2.
PAR  2. The pipe clamp as claimed in claim 1, wherein said first linking means
      includes transversely extending pins and said second linking means
NUM  3.
PAR  3. The pipe clamp as claimed in claim 1, wherein said first coupling means
      includes a hook which extends radially and is disposed near said second
      coupling means when said pipe clamp is positioned for use and said second
      coupling means includes a base plate which extends radially when said pipe
NUM  4.
PAR  4. The pipe clamp as claimed in claim 1, wherein said coupling means
      comprises two toggle levers hinged together at their respective bends and
      each of said toggle levers having one lever arm connected to the
      respective ends of said chain, and a jack connected to the other
NUM  5.
PAR  5. The pipe clamp as claimed in claim 4, wherein each of said toggle levers
      comprises two plates facing each other and spaced apart from each other
      and a cross-bar connected to and extending between said plates, and a
      sleeve disposed about said cross-bar, a base plate for said jack connected
      to one of said cross-bars and a socket to receive the piston rod of said
      jack connected to the other of said cross-bars.
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PAL  Improved point geometry is provided for cutting inserts wherein the insert
      point is subjected to physical and thermal shock in first contacting the
      stock to be cut and is particularly applicable to cemented carbide or hard
      metal inserts. It has been found that the provision of about a 104.degree.
      included angle at the initial work-contacting or lead portion of the
      insert tip provides improved resistance to physical and thermal shock and
      longer insert life. While the new cutting insert is especially useful in
      interrupted cutting where the insert is continuously engaged and
      disengaged as in the case of a series of cutting inserts in a milling head
      in contacting an uneven surface, it is also applicable to boring and
      turning operations and to continuous cutting where the insert point is
      stressed.
BSUM
PAR  This invention relates to improved cutting inserts or bits. More
      particularly, it relates to improved point geometry for cutting inserts.
PAR  It is well known that in metal cutting operations such as the milling of
      forgings having irregular surfaces using milling cutters having a
      plurality of cutter inserts such as those of cemented carbide or hard
      metal, the points of the normal inserts are subject to early failure
      because of physical and heat shock particularly when initial contact with
      the stock is at the insert point as opposed to being spread over the
      entire insert cutting edge or when contact with the work begins behind the
      point such as in negative rake inserts. While such insert failure is
      particularly noticeable in the case of milling cutters, it also occurs in
      boring operations and in general turning of pieces having irregular
      surfaces.
PAR  It has been proposed to lengthen the life of such cutting edges by various
      so-called insert cutting edge modifications. For example, it is a
      generally accepted practice to hone or radius the cutting edge to the
      extent of 0.002 inch to 0.009 inch or more. A hone of 0.002 inch to 0.004
      inch radius in cutting of the present type provides practically no
      increase in insert life, the point failing after one or two pieces have
      been milled. A hone of 0.004  inch to 0.006 inch is slightly better with a
      depth of cut from 0 to 3/8 inch. It will be understood that when the
      insert point fails, the failure often spreads along the entire cutting
      edge with smearing and removal of the cutter material, heat checking and
      the like. While a hone of 0.004 inch to 0.006 inch radius represented a
      slight improvement to the extent that the edge failed after about 2 to 5
      pieces as opposed to only one or two, it will be quite apparent that the
      insert so treated leaves much to be desired, and it is a primary object of
      this invention to substantially improve the effective life of cutter
      inserts especially where the insert point is subjected to massive physical
      and heat shock as in initially contacting irregular surfaces. These severe
      conditions are even more aggravated when, as in milling operations,
      necessary spindle overhang tends to cause chatter and vibration.
PAR  It has been found that the life of the insert point which is subjected to
      severe physical and heat shock in impacting stock is surprisingly improved
      or lengthened when the leading edge of the insert point is beveled so that
      the included angle between the bevel plane through the point and to the
      adjacent flank is about 104.degree., the bevel being tapered to meet the
      edge of the insert at about 0.090 inch to 0.110 inch from the point with
      an included angle between the bevel-face line or boundary and the cutter
      edge of about 17.degree.. Deviations of over about 4.degree. above the
      104.degree. angle result in early degradation of the cutter as do
      variations in the tapering of the bevel from the above parameters.
      Likewise, a deviation of more than 2.degree. below 104.degree. is
      unsatisfactory.
PAR  The present invention relates to positive inserts having sloping sides or
      flanks as well as to negative inserts having parallel flanks or sides and
      to inserts of different sizes and shapes so long as the prescribed point
      geometry is followed. For example, the inserts can be triangular, square,
      hexagonal, octagonal, diamond shaped, or of other polygonal
      configurations, and the points at which the sides meet can be, if desired,
      radiused or truncated. The inserts can likewise be left handed or right
      handed, or both, as desired. In the case of negative inserts, the present
      point geometry can be applied to the cutting points at both the upper and
      lower insert surfaces.
PAR  Those features of the invention which are believed to be novel are set
      forth with particularity in the claims appended hereto.
DRWD
PAR  The invention will, however, be better understood from a consideration of
      the following description and the drawing in which
PAR  FIG. 1 is a schematic elevational view of a typical present cutter insert
      as mounted in a milling head or other tool holder.
PAR  FIG. 2 is a plan view of a truncated triangular cutter insert embodying the
      present invention.
PAR  FIG. 2a is a view in the direction 2a--2a  of FIG. 2 and
PAR  FIG. 2b is a similar view except that the flanks or sides of the cutter are
      parallel rather than tapered as in FIG. 2a.
DETD
PAR  Referring to the drawing, in FIG. 1 a cutting insert 1 is shown
      schematically mounted on tool holder, here a cutter head, 2 and in contact
      with the work 3. Here insert 1 is of the positive type having one surface
      4 larger than the other parallel surface 5 and having tapered flanks 6.
      The angle .beta. of taper between the flank 6 and the perpendicular to the
      larger insert side 4 varying as desired within reason, the angle .beta. in
      the case illustrated being 11.degree., although it can typically range
      from 7.degree. to 20.degree. or even over a wider range. It will be seen
      that without the bevel 7 at point 8 of the present invention, the included
      point angle with the 11.degree. flank angle would be 79.degree.. It has
      been found that this point geometry, as do others with the flank angle
      .beta. down to 0.degree., the latter for negative inserts, is too
      restricted and results in early point failure and failure of the cutting
      edge 9 in general. Only when the included point angle of about 102.degree.
      to 108.degree. and the other parameters of the bevel 7 are adhered to is
      the surprisingly long life of the point 8 and of cutting edge 9 attained.
      Other parameters of the point geometry are shown in FIG. 2 which is a plan
      view of insert 1 with the larger face 4 upward. Here the bevel 7 has been
      cut with an angle of 17.degree. between the bevel-face boundary line as
      extended and cutting edge 9 and extending in tapered fashion along said
      edge 9 at from about 0.090 inch to 0.110 inch where it meets or intersects
      the edge 9. These dimensions, as is the improved point angle .alpha. best
      shown in FIGS. 2a and 2b, are independent of the size and shape of the
      insert and the length of the cutting edge. Increasing .alpha. over about
      108.degree. and increasing the 0.110 inch dimension results in increased
      power consumption and undesirable thrust forces against the work piece and
      cutter spindle as well as promoting a tendency for the work piece to back
      out of the cutter in milling operations.
PAR  Shown in FIG. 2a is a view in the direction 2a--2a of FIG. 2 showing bevel
      7 and the included angle .alpha. of about 104.degree.. Here, with a flank
      angle .beta. of 11.degree., the angle .gamma. between the surface plane of
      bevel 7 and the larger face 4 of the insert is 25.degree.. Again, as the
      flank angle .beta. varies, angle .gamma. will vary as the angle .alpha.
      remains at the optimum of about 104.degree. .
PAR  Shown in FIG. 2b is a view similar to FIG. 2a except that the flank angle
      .beta. is 0.degree. to provide a parallel sided or flanked negative
      insert. Here with the other geometry imposed as above, it will be noted
      that the angle .delta. between the surface plane of bevel 7 with the
      adjacenf face 4 of the insert is 14.degree. .
PAR  It is advantageous to have the cutting edges of the present inserts honed
      to a radius of from about 0.004 inch to 0.009 inch, and preferably 0.006
      inch to 0.008 inch, such honing additionally adding to the life of the
      cutting edge in conjunction with the prescribed point geometry. It is not
      necessary to include the grind or bevel 7 in the hone. As pointed out
      above, it has been found that lowering the angle .alpha. below about
      102.degree. results in undesirable degradation of the point and failure.
      Angle .alpha. should be held to about 102.degree. to 108.degree. and
      preferably at 104.degree. in conjunction with the other parameters.
PAR  The present insert point geometry, as will be evident, can be adapted to
      positive and negative inserts and is particularly useful when relatively
      expensive insert material such as cemented carbides or coated cemented
      carbides or other hard materials are used and life is desirably extended
      from an economic point of view. Where the insert sides are parallel with
      the insert faces as in negative inserts, all edges can be utilized as
      cutting edges and all points modified as herein. The cutter points can
      also, if desired, be truncated as illustrated or radiused. Where radiused
      corner inserts are used, the maximum radius for the present 104.degree.
      point is preferably not over about 3/64 inch.
PAR  While the present invention has been discussed with particular reference to
      milling cutter inserts or bits, it will be obvious that it can be adapted
      to boring and turning operations as well, the advantages of the invention
      being especially realized where the point of the insert is impacted or
      subjected to heavy and sudden physical and heat shock as in initially
      contacting irregularly surfaced work pieces.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
NUM  1.
PAR  1. A cutting insert having top and bottom polygonal faces, the
      corresponding edges of said faces being joined by flanks, each flank
      defining at least one cutting edge with at least one adjoining face, each
      mutually abutting pair of faces and pair of flanks forming at least one
      cutting edge point, the leading edge of each cutting edge point being
      beveled, the angle between the plane of the bevel through the cutting edge
      point to the flank adjoining the bevel being from about 102.degree. to
NUM  2.
PAR  2. A cutting insert as in claim 1 in which the flanks are tapered from
NUM  3.
PAR  3. A cutting insert as in claim 1 in which said flanks are perpendicular to
NUM  4.
PAR  4. A cutting insert as in claim 1 wherein the angle between the line
      joining the bevel and the adjoining face, extended along the inserted
      edge, and the insert edge is about 17.degree., said line meeting said
NUM  5.
PAR  5. An insert as in claim 1 in which each cutting edge point is radiused or
NUM  6.
PAR  6. A cutting insert as in claim 1 in which each cutting edge point is
NUM  7.
PAR  7. A cutting insert as in claim 4 where each cutting edge is honed to a
      radius of about 0.004 inch to 0.009 inch.
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PAL  A grooving and cut off tool in which a barlike holder is provided with a
      thin blade secured thereto at one end and projecting outwardly therefrom.
      The blade has a groove extending longitudinally along the upper edge
      thereof and a hard wear resistant insert is mounted in the groove near the
      forward end thereof.
PAL  A clamp member is provided which is secured to the bar-like holder by a
      screw and which has a portion also engaging the groove in the blade-like
      member rearwardly of the insert and with the clamp member having a
      resilient tongue engaging a notch provided in the top of the insert. The
      clamp member has an abutment region engaging the rearward end of the
      insert and the clamp member is adjustable in the fore and aft direction of
      the blade member to compensate for change in length of the insert when it
      is ground off at the outer end.
BSUM
PAR  The present invention relates to cutting tools and is particularly
      concerned with a grooving and cut off tool.
PAR  Grooving and cut off tools are well known but heretofore have been somewhat
      expensive and have often required large, expensive, special inserts and
      have, many times, been rather weak in construction due to the rather thin
      support provided for the insert in order to enable it to perform cut off
      operations.
PAR  The tool according to the present invention is fabricated so as to present
      maximum strength for cut off operations while, at the same time, being
      economical to employ because of a provision for sharpening the insert and
      adjusting the position thereof on the cut off tool.
PAR  A particular object of the present invention is the provision of a grooving
      and cut off tool of the type referred to which is superior to tools that
      have been made heretofore.
PAR  Another object of this invention is the provision of a grooving and cut off
      tool which provides for fine adjustment of the hard wear resistant cutting
      insert forming a part thereof.
PAR  A still further object is the provision of a grooving and cut off tool in
      which an extremely small hard wear resistant cutting insert can be
      employed.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, a bar-like tool holder is provided
      which at one end has a lateral recess in which a flat blade-like support
      element is seated and which is firmly attached to the holder. The
      blade-like support element has a longitudinal upwardly opening "V" shaped
      groove therein and, at the outer end of the groove, there is seated a hard
      wear resistant insert formed, for example, from cemented tungsten carbide
      and which, at the outermost end, is wider than the support element.
PAR  A clamp member is provided which is held on the holder by a clamp screw and
      which has a leg portion engaging the top of the holder on one side of the
      screw and a dependent portion on the other side of the screw which engages
      the groove in the top of the blade-like support element.
PAR  The clamp member has an abutment surface at one end which abuttingly
      engages the rearward end of the insert. The insert has a transverse notch
      in the top thereof and the clamp member has a thin finger-like projection
      which is about the same width as the support element with the outer end of
      the finger-like projection engaging the notch in the insert. The
      finger-like projection is separated from the main portion of the clamp
      member by a slot so that the finger-like projection is resilient thereby
      permitting the clamp member to set firmly on the blade-like support
      element while, at the same time, clamping the insert in position.
PAR  The screw which holds the clamp member on the tool holder extends through a
      longitudinal slot in the clamp member and an abutment screw is provided on
      the tool holder abutting the rearward end of the clamp member and which
      screw is adjustable for adjusting the clamp member in the longitudinal
      direction. This last mentioned adjustment permits the hard wear resistant
      insert to be sharpened by grinding thereof at the forward end and then,
      when the insert is replaced on the support element, the clamp member is
      advanced outwardly to compensate for the amount ground off during
      sharpening of the insert.
DRWD
PAR  The exact nature of the present invention will become more apparent upon
      reference to the following detailed specification taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of a grooving and cut off tool according
      to the present invention partly broken away.
PAR  FIG. 2 is a plan view thereof looking down on top of FIG. 1.
PAR  FIG. 3 is an end view looking in from the right end of FIG. 1.
PAR  FIG. 4 is a sectional view indicated by line IV--IV on FIG. 1.
PAR  FIG. 5 is a perspective view showing a typical insert for use with the
      tool.
PAR  FIG. 5A is a top plan view of insert 70 showing a small chip curling
      clearance angle.
PAR  FIG. 6 is an end view of a modification of the insert in which the upper
      side of the insert is formed so as to be concave.
PAR  FIG. 6A is an end view of an additional modification of the upper side of
      insert 70. FIG. 6B is an end view of an additional modification of the
      upper side of insert 70.
PAR  FIG. 6C is an end view of an additional modification of the upper side of
      insert 70.
PAR  FIG. 6D is a perspective view of an additional modification of the upper
      side of insert 70.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, in FIGS. 1 to 4, 10
      indicates a bar-like tool holder adapted for clamping in the tool post of
      a machine tool. The tool holder may comprise an adjustable abutment screw
      12 at the inner end while, at the outer end, namely, the right end, the
      holder 10 is provided with a lateral recess 14 in which is seated a thin
      blade-like support element 16.
PAR  Support element 16 has a bottom edge 18 resting on the surface 20 at the
      bottom of recess 14 and has a dependent portion at the front end of the
      holder having a rearwardly facing surface 22 which abuts the surface 24 at
      the front end of holder 10.
PAR  Screws 26 which are preferably cone headed and recessed into support
      element 16 are provided for fixedly clamping the support element in recess
      14 of holder 10.
PAR  The longitudinally extending upper edge of support element 16 is provided
      with an upwardly opening "V" shaped groove 28 and seated therein near the
      outer end of the groove is a hard wear resistant cutting insert 30 which
      may be formed, for example, of cemented tungsten carbide.
PAR  The insert 30 is relatively short and has a transverse notch 32 extending
      across the top intermediate the ends. The rearward end of the insert,
      indicated at 34, abuttingly engages an abutment surface 36 provided on a
      thin finger-like projection 38 formed on the forward end of a clamp member
      40.
PAR  Clamp member 40 is secured to holder 10 by a screw 42 and, as will best be
      seen in FIGS. 3 and 4, clamp member 40 has a leg 42 at one side seated in
      a longitudinal recess 44 formed in the top of holder 10 while on the other
      side clamp member 40 has a thin dependent element 46 having a "V" shaped
      lower edge and seated in the groove 28 formed in the upper edge of element
      16.
PAR  The aforementioned finger-like element 38 projecting from the holder is
      slotted as at 48 so that the nose portion 50 thereof which engages notch
      32 is resiliently connected to the main portion of the clamp member. Thus,
      when screw 42 is tightened up, the clamp member is pulled down solidly
      against the tool holder 10 and also solidly engages the upper edge of
      support element 16 while, at the same time, the insert 30 is pulled
      backwardly against abutment shoulder 36 and pressed downwardly into groove
      28.
PAR  The clamp screw 42 extends through a bore 52 in the clamp member which is
      elongated in the axial direction and this permits longitudinal adjustment
      of the clamp member. Such adjustment can be effected by an adjusting screw
      54 threaded into the holder 10 immediately rearwardly of clamp member 40
      as will be seen in FIGS. 1 and 2.
PAR  As to the insert 30, this will be seen in perspective in FIG. 5. The insert
      30 has a cutting edge 60 at the forward end and an end face 62 which
      inclines rearwardly from the cutting edge in order to provide side
      clearance when the insert is engaging a workpiece. The insert tapers
      inwardly toward the rear so that the cutting edge 60 at the front is
      substantially wider than support element 16 as well as finger 38 of the
      clamp member whereby the kerf taken by the insert will have clearance on
      each side of the support element 16 and finger 38.
PAR  As will be seen in FIG. 6, an insert 70 could be formed so that the upper
      surface thereof was concave upwardly as indicated at 72. With such an
      arrangement, the chip taken by the insert tends to form into an upwardly
      concave curling configuration thereby to provide clearance between the
      chip and the sides of the slot from which it is being taken while, at the
      same time, assisting in curling the chip when the chip slides rearwardly
      over the insert and encounters the forwardly facing side of finger 38 of
      the clamp member.
PAR  It will be noted that the forward side of finger 38 of the clamp member
      inclines upwardly and rearwardly and, thus, serves the function of curling
      chip flow as well as clamping the insert 30 in place in the tool.
PAR  The insert 30 previously referred to may have the forward end inclined
      rearwardly in the downward direction at an angle of about 6 degrees to
      provide side clearance from the work while the forward end of support
      element 16 may incline rearwardly at a greater angle, say, at about
      10.degree.. The insert 30 tapers inwardly toward the rear so as to provide
      side clearance from the sides of the slot or groove formed thereby and the
      included angle between the opposite sides of the insert may be from about
      2 degrees to about 6 degrees.
PAR  It will be understood that the insert could be formed so as to incline
      upwardly toward the front, or the support element 16 could be so formed as
      to support the insert in an upwardly inclined position.
PAR  In the tool of the present invention, as has been mentioned, when the
      insert 30 becomes dull, it can be removed from the tool and ground off at
      the outer end. When the insert is placed back in the tool, an adjustment
      of clamp member 40 in the outward direction will restore the cutting
      insert to its original position in which it is supported over the full
      length by the support element 16.
PAR  It will be noted that the support element 16 is extremely solidly supported
      on holder 10 by the surfaces 18 and 22 of the support element which abut
      corresponding surfaces on the holder 10 and by the clamp screws 26. The
      tool according to the present invention is, thus, adapted for cut off
      operations which must be carried out at extremely high speed.
PAR  Looking again at FIG. 1, it should be appreciated that engagement of the
      groove 28 formed in the upper edge of element 16 with the "V" shaped lower
      edge of dependent element 16 provides extremely rigid support from lateral
      movement of support blade 16 during high speed cutting and grooving
      applications.
PAR  Referring to FIGS. 6A, 6B, 6C and 6D, here are shown alternate top surface
      and cutting edge arrangements which also provide that the chips taken by
      the insert tends to form into an upwardly concave curling configuration
      thereby providing clearance between the chip and the sides of the slot.
PAR  FIG. 6A shows an insert 70 formed so that the upper surface 74 thereof is
      concave upwardly intersecting land areas 76 on the sides thereof.
PAR  FIG. 6B shows an insert 70 formed so that the upper surface 80 thereof is
      flat except for a small groove 78 extending longitudinally the length of
      the insert.
PAR  FIG. 6C shows an insert 70 formed so that the upper surface 84 thereof is
      flat except for a "V" shaped groove extending longitudinally the length of
      the insert.
PAR  FIG. 6D shows an insert 70 formed so that the upper surface 88 consists of
      a flat land area which extends along the two side surfaces and the forward
      edge of the insert having a dished in recess extending from the land area
      rearwardly along the insert.
PAR  FIG. 5A is a top plan view of insert 70 showing an alternate construction
      of insert 70 and also a means of controlling chips such that they curl and
      form a clearance with the groove being cut. A small clearance angle A is
      provided which when cutting a workpiece forms a curled chip providing
      clearance between the groove and slot being formed and the workpiece.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A grooving and cut off tool comprising; a bar-like holder, a support
      blade fixed to one side of said holder and projecting from one end
      thereof, said blade having a first longitudinal groove formed in the upper
      edge thereof, the forward end of which is adapted for receiving an insert,
      a second longitudinal groove formed in the top of the bar-like holder, a
      block-like clamping member mounted on said holder and having a
      longitudinal slot extending upwardly therein from the bottom and defining
      a pair of dependent leg members on the opposite sides of the clamp member,
      one said leg member engaging said second longitudinal groove in the top of
      the bar-like holder, the other said leg member lying in the plane of said
      support blade and engaging the first groove rearwardly of the insert with
      the forward end of said other leg abutting the rearward end of the said
      insert, resilient clamping means extending forwardly from said other leg
      over said insert and engaging the top of the insert when said other leg
      engages said first groove so that when said other leg is seated in said
      first groove, said resilient clamping means is pressed against the top of
      the insert, and a clamp bolt extending downwardly through said block-like
      clamp member between said dependent legs and threadedly engaging said
      holder, said block-like clamp member being slotted in the fore and aft
      direction to receive said clamp bolt and to permit fore and aft adjustment
NUM  2.
PAR  2. A grooving and cut off tool according to claim 1 in which said resilient
      clamping means comprises a resilient finger at the forward end of said
      other leg extending forwardly therefrom over said insert, means connecting
NUM  3.
PAR  3. A grooving and cut off tool according to claim 1 in which the insert has
      a cutting edge formed by the intersection of the top surface thereof and
      the forward end face thereof, said cutting edge having a width greater
      than the width of said support blade and said resilient clamping means,
      said forward end face inclining downwardly and rearwardly from the cutting
      edge when the insert is mounted in the tool and the insert having two side
      faces extending downwardly and inwardly from said top surface, said groove
      in the upper edge of said support member being "V" shaped in cross
      section, the insert having on the bottom a "V" shaped surface engaging the
      groove in the support blade, the insert tapering inwardly toward the rear.
NUM  4.
PAR  4. A grooving and cut off tool according to claim 2 in which said finger is
      an integral part of said leg of said clamping member, said finger being
      formed by a slot extending upwardly and rearwardly into said dependent leg
      and defining an integral connection between said finger and said dependent
      leg at a point remote from the end of the finger which engages said
NUM  5.
PAR  5. A grooving and cut off tool according to claim 2 in which the forward
      side of said finger inclines upwardly and rearwardly thereby providing
NUM  6.
PAR  6. A grooving and cut off tool according to claim 3 in which said top
      surface of the insert is transversely grooved to engage the said finger on
      the clamping member, the position of said groove on said insert top
      surface being such that engagement between the finger and groove occurs in
NUM  7.
PAR  7. A grooving and cut off tool according to claim 1 which includes a screw
      threaded means in said holder engaging the rearward end of said clamp
      member for adjusting the fore and aft position of the clamp member on the
NUM  8.
PAR  8. A grooving and cut off tool according to claim 1 in which a recess is
      formed in one lateral side of said holder at the forward end of said
      holder, the rearward end of said support blade being securely disposed
NUM  9.
PAR  9. A grooving and cut off tool according to claim 8 in which the recess has
      an upwardly facing longitudinally extending lower edge portion, said
      support blade having a rearwardly facing portion which abutting the
      forward end of said holder, and said support blade having a longitudinal
      downward facing edge resting on said lower edge portion of said recess.
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ABST
PAL  Rotor housing for a rotary piston type engine comprising a liner made of a
      metal sheet having one surface formed with teeth-like projections, said
      liner being formed into a trochoidal configuration with said one surface
      directed outside, and an aluminum based metal housing substrate cast
      around the liner whereby firm bonding is assured between the liner and the
      housing substrate due to the existence of the projections. Novel method
      for manufacting such a rotor housing is also disclosed.
BSUM
PAR  The present invention relates to a rotor housing for a rotary piston type
      internal combustion engine and a method for manufacturing such a rotor
      housing. More particularly, the present invention relates to a rotor
      housing comprising a rolled metal plate liner and an aluminum based cast
      metal substrate surrounding the liner.
PAR  It has been recognized that a rotor housing of a rotary piston type
      internal combustion engine is subjected at its sliding surface to high
      temperature gas so that a substantial thermal load is applied thereto.
      Further, since a rotor is moved in a planetary revolving motion in the
      rotor housing, the rotor housing is subjected to cyclic shock load so that
      the housing material must be of a shock resistant property. It is further
      required that the rotor housing have a wear resistant sliding surface
      because apex seals on the rotor slidably move thereon.
PAR  Thus, it has been proposed to cast a rotor housing substrate by a material
      having a high heat conductive property, such as aluminum alloy, and then
      provide a hard plated layer such as by chromium plating on the inner
      surface of the housing substrate.
PAR  In fact, there has been proposed to form a hard layer by directly plating
      chromium on the cast aluminum alloy substrate. However, it has been
      experienced that the plated layer thus formed is often peeled off when it
      is subjected to cyclic shock load from the rotor. Internal defects such as
      blow holes and/or pin holes in the casted aluminium alloy substrate
      locally reduce heat conductivity of the substrate possibly causing
      peeling-off of the plated layer. Further, the plated layer may have cracks
      which may be a cause of corrosion. The direct plating method is further
      disadvantageous in that it requires complicated pre-treatments in order to
      secure a satisfactory bonding of the plated layer to the substrate.
PAR  It has also been proposed to provide a compound nickel plating directly on
      the cast aluminum alloy substrate. However, this method has disadvantages
      as in the aforementioned method since the housing substrate is made of
      aluminum alloy. Further, carbides such as SiC are educed during nickel
      plating and these carbides make machining of the housing inner surface
      very difficult. Since the amount of educed SiC affects the amount of wear
      of a sliding member which slidably moves on the plated surface, it is
      important to control the amount of SiC, however, such a control has been
      considered as being very difficult. Further, as far as the plating process
      is concerned, a complicated process is required to supply nickel ion to
      the plating bath and to maintain the anode.
PAR  Another known method is to provide a plated layer of a hard material, such
      as chromium on the inner surface of the cast aluminum alloy substrate with
      the intervention of a sprayed metal layer therebetween. However, an
      additional step is required in spraying the metal and further it is
      difficult to perform quality control.
PAR  There has also been proposed to provide a cast iron liner having rough
      surfaces, then cast aluminum alloy around the liner to form a housing
      substrate and then provide a chromium plated layer on the inner surface of
      the cast iron liner. The liner provides a sufficient bonding of the plated
      chromium layer, and in order to provide satisfactory rough surfaces, a
      centrifugal casting process may be employed in providing the cast iron
      liner. This method is disadvantageous, however, in that it is limited to a
      use of a cast material such as a cast iron in providing the liner.
      Further, the method cannot provide a higher production rate. When a
      centrifugal casting process is employed, the method can only produce a
      cylindrical liner so that it cannot be applied to a manufacture of a rotor
      housing for a rotary piston type engine.
PAR  Therefore, the present invention has an object to eliminate the
      aforementioned disadvantages of the known methods.
PAR  Another object of the present invention is to provide a novel construction
      of a rotor housing which can be readily manufactured.
PAR  A further object of the present invention is to provide a rotor housing for
      a rotary piston type engine having an inner plated layer which is
      substantially free from any breakage.
PAR  Still further object of the present invention is to provide a method for
      manufacturing such a rotor housing of novel construction.
PAR  According to the present invention, the above and other objects can be
      achieved by a rotor housing for a rotary piston type engine, comprising a
      liner provided by a rolled metal sheet which is scratched at one side to
      form a rough surface and has opposite terminal edges welded together to
      form a trochoidal configuration with said rough surface directed outside,
      and an aluminum based metal housing substrate cast around the liner, said
      welded terminal edges of the metal sheet being disposed within cold zone
      of the housing. Preferably, the liner is made of a steel plate and a
      plated layer of hard metal such as chromium may be provided on the inner
      surface of the liner.
PAR  According to a further aspect of the present invention, there is provided a
      method for manufacturing a rotor housing, comprising steps of providing a
      rolled metal sheet, scratching one side of said metal sheet to provide a
      rough surface, welding opposite terminal edges of said metal sheet
      together with said rough surface directed outside, forming said welded
      metal sheet into a trochoidal configuration to provide a liner with the
      welded edges disposed within cold zone of the completed housing, and
      casting under pressure an aluminum based material around said liner to
      form a housing substrate. According to a preferred mode of the present
      invention, the liner is formed into a trochoidal configuration having a
      major axis longer than that of a nominal trochoidal configuration which is
      larger than a desired trochoidal configuration of the rotor housing by an
      average shrink of the housing during manufacturing, and a minor axis
      shorter than that of the nominal trochoidal configuration. After casting
      the housing substrate, the liner is brought into the desired trochoidal
      configuration during cooling process of the housing
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of the preferred
      embodiments taking reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a rotor housing in accordance with the
      present invention;
PAR  FIG. 2 diagrammatically shows a portion of the apparatus for carrying out a
      process for preparing a sheet metal liner of trochoidal configuration;
PAR  FIG. 3 shows another step in the process of the invention;
PAR  FIG. 4 shows a further step in the process of the invention;
PAR  FIG. 5 shows a further step in the process of the invention;
PAR  FIG. 6 shows a further step in the process of the invention;
PAR  FIG. 7 shows a further step in the process of the invention;
PAR  FIG. 8 shows a further step in the process of the invention;
PAR  FIG. 9 shows a further step in the process of the invention;
PAR  FIG. 10 shows a further step in the process of the invention;
PAR  FIG. 11 diagrammatically shows one step of another process for forming a
      trochoidal sheet metal liner;
PAR  FIG. 12 shows a further step in the embodiment of FIG. 11;
PAR  FIG. 13 shows a further step in the embodiment of FIG. 11;
PAR  FIG. 14 shows a further step in the embodiment of FIG. 11;
PAR  FIG. 15 is a view showing a step of forming a trochoidal sheet metal liner
      which is deviated from a desired trochoidal configuration; and
PAR  FIG. 16 is a diagram showing the deviation of the trochoidal configuration
      of the sheet metal liner from the desired trochoidal configuration;
PAR  FIG. 17 is an enlarged sectional view showing a section of a scratched
      rough surface on the metal sheet;
PAR  FIG. 18 is a sectional view of a die assembly for moulding a housing
      substrate around the sheet metal liner;
DETD
PAR  Referring now to the drawings, particularly to FiG. 1, there is shown in
      perspective view a rotor housing 1 made in accordance with the present
      invention. The rotor housing 1 comprises an inner liner 2 which is made of
      a sheet metal such as a steel plate which has opposite terminal edges
      welded together as shown by 2a in FIG. 1. The liner 2 is formed into a
      trochoidal configuration and has a rough outer surface 2b which is
      prepared by scratching the surface. Around the liner 2, there is formed a
      housing substrate 3 which is provided by aluminum or its alloy through a
      well known die-cast process. The housing is formed with ignition plug
      holes 4 and an exhaust port 5 as is well known in the art. Further, the
      housing substrate has legs 3a and 3b integrally formed therewith. In FIG.
      1, the area Z shows a cold zone where the temperature is substantially
      lower than in the other zones. It should be noted that the edge welding
      portion 2a of the liner 2 is disposed in the cold zone Z.
PAR  Referring now to FIG. 2, there is shown a process for forming a trochoidal
      sheet metal liner 2. A sheet metal web 6 is drawn from a roll 7 and passed
      through a straightening device 8 including a plurality of rolls 8a into a
      scratching mechanism 9. The mechanism 9 includes a plurality of scratching
      edges 10a and 10b which are arranged in two rows in staggered
      relationship. The scratching edges 10a and 10b are carried by a bracket 11
      which is pivotally supported on a stationary frame F. The bracket 11 and
      the arm 12 are respectively connected with ends of links 13 and 14 which
      are in turn connected together at 15. The link 13 is connected through a
      third link 16 with a vertically movable press member 17. The reference
      numeral 18 designates a return spring. When the press member 17 is moved
      downwardly as shown by an arrow, the scratching edges 10a and 10b bite
      into the upper surface of the web 6 so as to provide a plurality of
      saw-teeth like projections 19 (FIG. 17) disposed in staggered relation
      with each other on the surface of the liner 2 to provide a rough surface
      2b. The mechanism 9 further includes a holding member 20 carried on a
      swingable arm 12 on the frame F for holding the sheet metal web 6
      stationary when the scratching mechanism 9 is in operation.
PAR  Next to the scratching mechanism 9, there is provided a cutting device 21
      including a movable cutting blade 22 and a stationary blade 23. The
      cutting device 21 severs the sheet metal web 6 into a sheet 6a of a
      suitable length. Then, the sheet 6a is passed into a punching die assembly
      24 in which the sheet 6a is punched into a desired shape by means of an
      upper and a lower dies 24a, 24b to form a blank 6b. Therefore, the blank
      6b is passed through a forming roller assembly 25 in which it is formed
      into a circular configuration as shown by 6c in FIG. 3.
PAR  The circular sheet metal blank 6c is then introduced into an edge
      flattening press assembly 26 including an upper press member 27 and a
      lower press member 28 as shown in FIG. 4, whereby the opposite terminal
      edges 6d and 6e flush of the blank 6c are flattened as shown in FIG. 5.
      The flattened edges 6d and 6e are then gripped by pairs of electrodes 29a,
      29b and 30a, 30b respectively, and thereafter the movable pair of
      electrodes 30a and 30b are moved as shown by an arrow in FIG. 6 until the
      edge 6e of the blank 6c is brought into contact with the opposite edge 6d
      and welded thereto in the manner of a fllush butt welding so as to obtain
      a substantially cylindrical part 6f with a welding burr 6g at the welded
      portion. Then, the burr 6g is removed by suitable means to obtain a sheet
      metal part 6h as shown in FIG. 8.
PAR  The sheet metal part 6h is then introduced into a liner former 31
      comprising a pair of opposed outer dies 32 and a pair of opposed inner
      dies 33 as shown in FIG. 9, and formed into a trochoidal configuration as
      shown in FIG. 10. Thus, a trochoidal sheet metal liner 2 can be obtained.
      Care must of course be taken so that the welded portion of the liner 2 is
      disposed in the cold zone Z of the completed rotor housing. The liner 2 is
      then pre-treated by for example washing, steam de-greasing, sand blasting,
      or the like and placed in a male die 34 of a moulding die assembly and a
      female die 35 is placed against the male die 34 to define a moulding
      cavity 36 around the liner 2 (FIG. 18). Molten metal such as aluminum
      alloy is then introduced under pressure into the cavity 36 of the moulding
      die assembly and, after cooling, a rotor housing 1 as shown in FIG. 1 can
      be obtained. As previously described, a suitable metal such as chromium
      may be plated on the inner surface of the liner 2 when desired.
PAR  FIGS. 11-14 show an alternative method for forming a trochoidal sheet metal
      liner 2. As shown in FIG. 11, a sheet metal blank 106a is formed into a
      waved configuration by a complementary forming dies 37 and 38. Then, the
      blank 106a is formed by dies 39 and 40 as shown in FIGS. 12 and 13 into a
      substantially trochoidal configuration. Thereafter the opposite edges of
      the blank is gripped by pairs of electrodes 41a, 41b and 42a, 42b,
      respectively, and welded together.
PAR  It has been found that when the housing substrate is moulded the housing
      shrinks during cooling step in the direction of major axis of the
      trochoidal configuration in a greater extent than in the other directions
      due to the existence of cooling water passages in the housing and the leg
      portion 3a and 3b, with the result that the housing is rather bulged out
      in the direction of the minor axis of the trochoidal configuration. Thus,
      in forming the liner 2, this tendency of deformation should preferably be
      taken into account. FIG. 15 shows a trochoid forming step similar to that
      shown in FIG. 9. The major axis L of the trochoid is made greater than
      that of a nominal trochoid which is larger than a desired trochoidal
      configuration by an average shrinkage of the housing during manufacture
      while the minor axis l is smaller than that of the nominal configuration.
      FIG. 7 shows the deviation F.sub.1 of the trochoidal configuration of the
      liner 2 from the nominal configuration F.sub.0. F.sub.2 shows a desired
      configuration. By forming the liner 2 with this deviation, it is possible
      to obtain a desired trochoidal configuration after cooling of the housing,
      so that it is possible to reduce the amount of machining of the liner
      surface after the moulding process.
PAR  According to the present invention, since the cast aluminum based metal
      housing substrate is bonded to the outer surface of the liner through a
      plurality of saw teeth like projections and any cracks which may be
      present in the liner are filled by the aluminum based metal during
      moulding process, it is possible to obtain a substantially improved
      bonding strength between the liner and the housing substrate. The
      staggered arrangement of the scratching edges is effective to eliminate
      any direction characteristics in the bonding strength between the liner
      and the substrate. The liner itself and the boundary area between the
      liner and the substrate can be free from any oxides which may have adverse
      effect on the heat conductive property of the housing. Further, the saw
      teeth like projections improves the heat transfer from the liner to the
      substrate. When the liner is made of a steel plate, a metal plating can be
      made thereon as desired without any particular pre-treatment. Since the
      liner can be made of a material such as a steel plate which has a
      substantial thermal fatigue resistance, it is possible to eliminate a
      thermal fatigue failure of the housing in the vicinity of ignition plug
      hole as experienced in a rotor housing having a plated layer directly
      formed on the housing substrate. By disposing the welded portion of the
      liner in the cold zone of the rotor housing, it is possible to prevent the
      relatively weak bonding strength between the liner and the substrate
      around the welded portion from having an adverse effect on the durability
      of the housing. It is preferable that the welded portion of the liner is
      disposed as close as possible within the cold zone to the minor axis of
      trochoid since such an arrangement is effective to move the welded portion
      apart from the core of the substrate moulding die whereby any damage on
      the moulding die by the welded portion of the liner during removal of the
      moulded part from the die.
PAR  The invention has thus been shown and described with reference to
      particular embodiments, however, it should be noted that the invention is
      in no way limited to the details of the illustrated embodiments and
      changes and modifications may be made within the scope of the appended
      claims.
CLMS
NUM  1.
PAR  1. Method for manufacturing a rotor housing for a rotary piston type engine
      having a rotor housing liner with a cold zone located substantially
      opposite an ignition plug opening, comprising steps of providing a rolled
      metal sheet, scratching one side of said metal sheet to provide a rough
      surface, welding opposite terminal edges of said metal sheet together with
      said rough surface directed outside, forming said metal sheet into a
      trochoidal configuration to provide a liner with the welded edges disposed
      within a cold zone of the completed housing, and casting under pressure an
      aluminum based material around said liner with terminal edges welded to
NUM  2.
PAR  2. Method in accordance with claim 1 in which the liner is formed into a
      trochoidal configuration having a major axis longer than that of a nominal
      trochoidal configuration which is larger than a desired configuration of
      the rotor housing by an average shrinkage during manufacture of the
      housing, and a minor axis shorter than that of the nominal trochoidal
NUM  3.
PAR  3. Method in accordance with claim 1 in which a plurality of saw-teeth like
      projections are formed to provide the rough surface by the scratching
NUM  4.
PAR  4. Method in accordance with claim 1 in which a plurality of saw-teeth like
      projections are formed in staggered relationship with each other on said
      one side of the metal sheet to provide said rough surface by the
NUM  5.
PAR  5. Method in accordance with claim 1 in which said metal sheet is formed
      into a circular configuration with said edges flattened prior to the
NUM  6.
PAR  6. Method in accordance with claim 1 in which said metal sheet is formed
      into a trochoidal configuration before the edges are welded together.
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ABST
PAL  A cooling slot for passing cooling fluid through a heated plate such as an
      airfoil blade for use in gas turbine engines is created by forming a first
      plurality of passages within the blade, and then forming a second
      plurality of passages within the blade, wherein preselected of the
      passages of the second plurality intersect at least one of the passages of
      the first plurality to define a number of nodes between the points of
      intersection. When cooling fluid is passed through the blade, the nodes
      act as turbulence promoters and area increasers for improving convective
      heat transfer between the blade and the cooling fluid.
PAR  This is a divisional application of application Ser. No. 219,005 now U.S.
      Pat. No. 3,819,295 issued June 25, 1974 filed Sept. 21, 1972 and assigned
      to the assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the cooling of heated plates, and more
      particularly to the cooling thereof by means of a cooling slot passing
      therethrough.
PAR  The invention herein described was made in the course of or under a
      contract, or a subcontract thereunder, with the United States Department
      of the Air Force.
PAR  The cooling of heated plates in various machinery types has been performed
      by a multiplicity of methods. One such method is the passing of a cooling
      fluid through a cooling slot within the plate. It has been found that the
      convective heat transfer of this type cooling is improved in efficiency by
      promoting turbulence within the cooling slots.
PAR  Heated plate cooling concepts have found particular application in the gas
      turbine engine art wherein it is often desired to partially cool airfoil
      blades (of the compressor or turbine blade variety) by passing cooling
      fluid from an internal cavity within the blade through a cooling slot
      located in the trailing edge of the airfoil blade. In the past, the
      trailing edge slot has been provided with a number of protuberances or
      nodes which extend from the walls of the slot into the slot and engage the
      cooling fluid passing therethrough. These nodes serve the dual function of
      promoting turbulent fluid flow through the slot and additionally of
      increasing the surface area of the trailing edge presented to the cooling
      fluid. These two functions combine to substantially improve the efficiency
      of heat transfer from the trailing edge of the cooling fluid.
PAR  The fabrication of airfoil blades incorporating such a noded trailing edge
      slot has been a particular problem in the prior art, which has relied upon
      either casting or sheet metal fabrication techniques. Casting has
      limitations due to the relatively difficult coring and brazing problems
      involved. Sheet metal fabrication has proven difficult due to the
      requirement that the braze alloy melt at temperatures considerably lower
      than the melting point of the parent material. These latter
      characteristics are particularly unsuitable for use in gas turbine engines
      operating at elevated temperatures.
PAR  The present invention provides solution to the fabrication problems of the
      prior art by permitting the installation of turbulence promoting nodes
      within slots and trailing edges (and similarly in other heated plate
      applications) which result neither from casting nor sheet metal
      fabrications, by means of the formation of intersecting passages through
      the trailing edge by conventional means such as crossdrilling.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      cooling slot for use with heated plates.
PAR  It is a more particular object of the present invention to provide a
      relatively inexpensive and reliable cooling slot fabrication for use in
      trailing edge slots of airfoil blades.
PAR  It is another object of the present invention to provide a method for
      forming an improved cooling slot according to the present invention
      wherein the limitations of sheet metal fabrication and casting are removed
      from issue.
PAR  The foregoing, as well as other objects which will become apparent
      hereinafter, are accomplished in the present invention by the formation of
      a cooling slot by providing pluralities of intersecting passages extending
      downstream of an internal blade cavity and through the trailing edge. The
      intersections of the plurality of passages define a number of nodes at
      points between the intersections. In one embodiment of the present
      invention, two pluralities of passages extend through the trailing edge,
      each plurality aligned at a predetermined angle with respect to the
      trailing edge, the passages of each plurality being substantially parallel
      with one another, and the passages of both pluralities being coplanar. The
      shape of the resulting nodes can be determined by the shaping of the
      passages as well as by the angle of the passages with respect to the
      trailing edge and by the spacing of the passages. It has been found that
      improved heat transfer efficiency occurs when the nodes are formed with a
      sharp point at their upstream ends within the slot.
PAR  The present invention also provides a method for the formation of the
      improved cooling slots, the method, in one form, including the steps of
      forming a first plurality of cooling passages, and forming a second
      plurality of cooling passages wherein preselected of the second passages
      intersect preselected of the first passages defining a plurality of nodes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The characteristics of the present invention will be described with
      particularity in conjunction with the appended drawing wherein:
PAR  FIG. 1 is a cross-sectional view of an airfoil blade incorporating elements
      of the present invention; FIG. 2 is a perspective view in partial section
      of a trailing edge slot according to the present invention incorporated
      within the blade of FIG. 1; and
PAR  FIG. 3 is a section view of a trailing edge cooling slot similar to that in
      FIG. 2, and taken along line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The cooling slot of the present invention will be described hereinafter in
      conjunction with and in the environment of an airfoil blade suitable for
      use as a compressor blade or a turbine blade of a gas turbine engine. It
      will become apparent that the concepts of the present invention are not
      limited to such application, but are suitable for use in diverse
      applications wherein a heated plate is desirably cooled by a fluid passing
      therethrough.
PAR  An airfoil blade 10 in partial section view is depicted in FIG. 1. The
      blade has a leading edge 12 and a trailing edge 14 in addition to an
      internal cavity 16 which, during operation, houses a quantity of cooling
      fluid. The body portion 18 of the blade is capped by a tip cover 20 which
      isolates the internal cavity 16 from the environmental atmosphere. A
      trailing edge cooling slot 22 extends downstream from the cavity 16 within
      the trailing edge 14 and provides communication between the cavity 16 and
      the trailing edge 14 and opens into the surrounding atmosphere downstream
      of the trailing edge.
PAR  FIGS. 2 and 3 combine to disclose pertinent characteristics of the present
      invention relating to the trailing edge cooling slots 22 of blade 10.
      These Figures disclose that the trailing edge slot 22 is formed of a
      plurality of individual passages extending downstream from internal cavity
      16 and opening through a number of exit ports 24 into the atmosphere
      downstream of the trailing edge 14. More particularly, in the embodiments
      depicted in FIGS. 2 and 3 of the present invention, the trailing edge slot
      is formed of a first plurality of passages 26 substantially parallel with
      one another, coplanar, and aligned in a predetermined first angle
      .theta..sub.1 with respect to the trailing edge 14 of the blade 10. A
      second plurality of passages 28 cooperates therewith, the latter plurality
      also being parallel, coplanar and aligned at an angle .theta..sub.2 with
      respect to the trailing edge of the blade. In this form, the passages 26
      and 28 may be formed by crossdrilling - that is, by drilling the first set
      of passages at an angle of .theta..sub.1 opening through ports 24, and
      subsequently drilling the second plurality of passages at an angle of
      .theta..sub.2 opening through the same exit ports 24.
PAR  In this configuration, the first and second pluralities of passages are
      formed in such a way that preselected of the passages of one plurality
      intersect at least one of the passages of the other plurality. In the
      present embodiment, substantially all individual passages intersect a
      number of passages of the other plurality. As a result, a plurality of
      nodes 30 is defined between the points of intersection of the two
      pluralities of passages 26 and 28. The shape and size of the nodes 30 is
      determined by the shape, size, position, and orientation of the
      pluralities of passages. Hence, an optimum node shape and size may be
      attained and effectuated easily by adjusting the aforementioned
      parameters. Suitably the nodes 30 depicted in FIGS. 2 and 3 are
      substantially rectangular in cross section.
PAR  The present invention also comprehends a method for forming the plurality
      of nodes 30 of trailing edge cooling slot 22, and this method comprises
      the steps of: forming the first plurality of passages 26 extending from
      internal cavity 16 through trailing edge 14 at an angle .theta..sub.1 with
      respect to the trailing edge, the passages of the first plurality being
      substantially parallel with one another and coplanar; forming the second
      plurality of passages 28 extending through the trailing edge 22 at a
      predetermined second angle .theta..sub.2 with respect to the trailing
      edge, the members of the second plurality being substantially parallel
      with one another and coplanar; and preselected of the second plurality of
      passages aligned to intersect at least one of the first plurality of
      passages to form a number of nodes between the points of intersection
      thereof. As has been stated above, the present invention, and more
      particularly the method for forming a cooling slot, is adaptable to use
      with any heat plate wherein such cooling is suitable for operation.
PAR  During operation of the associated gas turbine engine, a cooling fluid is
      delivered by means not shown into the internal cavity 16 of blade 10. A
      portion of this fluid is directed through cooling slot 22 of the trailing
      edge 14 in order to cool the trailing edge. As this fluid passes through
      the multiplicity of passages 26 and 28 forming cooling slot 22 and prior
      to its exit through ports 24, the fluid engages the nodes 30. The nodes
      serve to increase the surface area of the slot presented to the fluid for
      heat transfer therebetween, as well as to promote turbulent fluid flow
      within the slot. Both of these characteristics result in improved heat
      transfer, and an attendant reduction in cooling fluid expenditure. The
      method and configuration presented by the present invention enable such a
      slot to be manufactured and utilized without the unfortunate drawback
      cited with respect to the prior art.
PAR  While the present invention has been disclosed in a particular embodiment
      thereof, the concepts of this invention are not limited to such
      embodiment. For example, while the presentation herein is limited to
      airfoil blades, similar constructions and techniques fulfill similar
      requirements with respect to other types of heated plate structures. Also,
      while the method described herein involves drilling, other hole-forming
      methods will suffice. Those skilled in the art will be able to devise
      other variations without departing from the spirit of the present
      invention. It is contemplated that such variations be incorporated within
      the appended claims.
CLMS
STM  What is considered new and desired to be secured by Letters Patent of the
NUM  1.
PAR  1. A method for forming a plurality of polygonal nodes within a trailing
      edge slot of an airfoil blade, the blade having an internal cavity and a
      trailing edge, the method comprising the steps of:
PA1  forming at least two sides of each of said polygonal nodes by forming a
      first plurality of passages extending from said cavity through said
      trailing edge and aligned in a predetermined first angle other than
      substantially normal with respect to said trailing edge; and
PA1  forming at least two additional sides of each of said polygonal nodes by
      forming a preselected second plurality of passages intersecting at least a
      portion of said plurality of passages and extending from said cavity
      through said trailing edge and aligned in a predetermined second angle
NUM  2.
PAR  2. The method of claim 1 wherein:
PA1  individuals of said first plurality of passages are formed substantially
      parallel with one another; and
PA1  individuals of said second plurality of passages are formed substantially
NUM  3.
PAR  3. The method of claim 2 wherein:
NUM  4.
PAR  4. The method as set forth in claim 1 wherein the steps comprising the
      forming of said first and second plurality of passages include drilling of
      at least a portion of said first and second plurality of passages.
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PAL  A panel having multiple tubular passages extending therethrough and fitted
      on each end with a fluid tight hollow header. Apertures through one side
      of the headers place the tubular passages in communication with the
      interior of the headers. Fluid pumped into one header flows through the
      tubular passages to the other header, exchanging heat with the environment
      surrounding the panel as it passes therethrough. The panels are formed to
      provide a flow restrictive feature at the ends of the through fluid
      passages so that substantial flow will exist in all passages in all panels
      in an array of panels. One method for obtaining a fluid tight bond between
      the headers and the panel involves a forming process utilizing a heated
      die applied to the panel ends, and a subsequent panel and header material
      melting process followed by imposing pressure contact between the formed
      panel ends and the headers to thereby effect a permanent bond or weld.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a heat exchange panel and more
      particularly to a solar heat exchange panel for use in heating fluids such
      as water in a swimming pool, and to the method of fabricating such a
      panel.
PAR  Solar heating panels for swimming pools are well known. In the past a panel
      or series of panels has been constructed having an inlet connected to a
      pump for delivery of water to the panels and an outlet for delivery of
      water from the panels back to the pool. These panels have used relatively
      large cross section straight-through or serpentine passage arrangements.
      The flow path through the panels and the inlet and outlet piping has been
      subject to leaks due to faults in the many mechanical joints and fittings.
      Moreover, the complexity of previously available panel assemblies and the
      low efficiency of heat transfer to the water flow due to the large cross
      section passages rendered previous solar heaters unattractive. There is,
      therefore, a need for simple, lightweight, efficient, structurally sound
      solar heat exchange panel, and for a simple process for fabricating the
      same.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The solar heating panel disclosed herein is a relatively thin flat sheet
      having multiple tubular passages running lengthwise therethrough. The
      panels are cut to a predetermined length and spaced flanges are formed on
      the panel ends on either side of the tubular passage ends using heated
      dies. A pair of hollow headers are cut having a length comparable to the
      width of the panel, and having apertures through one side. The material of
      the headers and the spaced flanges is heated to the melting point and the
      headers and flanges are forced together under pressure creating a unitary
      assembly having a watertight weld between the headers and the panels when
      the material solidifies. Plenum chambers are formed between the panel ends
      and the headers. The apertures through the sides of the hollow headers
      extend into the plenum chambers. An unobstructed flow path is constructed
      extending from an inlet to one header, through the apertures, one plenum
      chamber, the tubular passages, the opposite plenum chamber, the apertures
      in the opposite header, and through the opposite header to an outlet.
PAR  In general, it is an object of the present invention to provide an
      efficient and inexpensive heat exchanger for swimming pools.
PAR  It is another object of the present invention to provide a solar heat
      exchange panel for raising the temperature of the water in a swimming
      pool.
PAR  It is another object of the present invention to provide a heat exchange
      panel which may be used to cool the water of a swimming pool when the
      environment is at a lower temperature than the pool water.
PAR  Another object of the present invention is to provide a solar heating panel
      which may be easily fabricated, using a minimum of process steps.
PAR  Another object of the present invention is to provide a solar heating panel
      in modular form which may be assembled into a solar heater which may
      contain any desired number of heater panel modules.
PAR  Additional objects of the present invention will become apparent by
      referring to the drawings and the description of the preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of an assembled solar heat exchange panel.
PAR  FIG. 2 is a cutaway sectional view of an assembled solar heat exchange
      panel.
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 2.
PAR  FIG. 4 is an isometric view of a panel prior to processing.
PAR  FIG. 4A is an isometric view of a panel cut to a predetermined length.
PAR  FIG. 4B is an isometric view of a heater panel undergoing the flange
      formation process.
PAR  FIG. 4C is a sectional view showing the cross-section of the heating die
      used in the bonding process.
PAR  FIG. 4D is an isometric view of a panel and a hollow header undergoing the
      bonding process.
PAR  FIG. 4E is an isometric view showing the unitary assembly resulting from
      the bonding process.
PAR  FIG. 5 is a detailed view of the area 5--5 of FIG. 4.
PAR  FIG. 6 is a partial plan view showing two unitary heat exchange assemblies
      joined.
PAR  FIG. 7 is a sectional view of another embodiment of panel and header
      assembly.
PAR  FIG. 8 is a partial plan view of another embodiment showing two unitary
      heat exchange assemblies joined.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The heat exchange panel provides a continuous flow path for a fluid, a
      portion of the flow path being utilized to exchange heat between the fluid
      and the panel environment. FIG. 1 shows a unitary heat exchange module 10
      having spaced headers 11 and 12 disposed at opposite ends of a heat
      exchange panel 13.
PAR  In one embodiment, best seen in FIG. 2, headers 11 and 12 are hollow and
      have along one side a line of spaced holes 14. The holes 14 are
      countersunk as shown at 16 at the outer surface of headers 11 and 12. It
      should be noted in FIG. 2 that spaced holes 14 in header 11 are positioned
      in a staggered relationship relative to spaced holes 14 in header 12.
      Multiple tubular passages 17 extend lengthwise through panel 13 and are
      defined by the broad outside walls of panel 13 and a plurality of
      partitions 18 extending therebetween.
PAR  Each end of panel 13 is subjected to a forming process. In the embodiment
      of FIG. 2 spaced flanges 19 and 21 are formed as shown in FIG. 3. Plenum
      chambers 22 are defined between the ends of panels 13, the spaced flanges
      19 and 21, and the outer surfaces of headers 11 and 12 when the headers
      are joined to panel 13. Identical plenum chambers 22 thus exist at
      opposite ends of panel 13 as seen in FIG. 2.
PAR  Heat exchange panels 13 are cut to shape and the ends are formed from the
      sheetlike member shown in FIG. 4 for the embodiment of FIG. 2 as follows.
      FIG. 4A shows the sheet like member cut to a predetermined length for a
      heat exchange panel 13. FIG. 4B shows the cut panel 13 with spaced flanges
      19 and 21 respectively formed by pressing a heated knife edge die 23 into
      each end of panel 13. Knife edge die 23 is heated to a predetermined
      temperature, approximately 350.degree.F for polyethylene panel material,
      and is pressed into the end of panel 13 at a predetermined rate. The panel
      material is heated to the plastic range by die 23 thereby allowing die 23
      to form the flanges 19 and 21 by forcing apart the ends of panel 13
      through which the tubular passages extend. The temperature and rate of
      advance of knife edge die 23 are important so that flanges 19 and 21 are
      formed while causing a predetermined reduction in cross section at the
      ends of tubular passages 17 without obstructing them completely. Heated
      die 23 may be advanced at a lower rate during the initial stages of
      forming and accelerated during the latter stages to assure that the
      channel ends are not fully closed. Once the spaced flanges 19 and 21 are
      formed, a coolant is injected about the die and the flanges as indicated
      by arrow 24 in FIG. 4B so that die 23 may be removed from contact with the
      end of panel 13 without altering the shape of flanges 19 and 21 as formed.
      The coolant solidifies the material of panel 13 prior to removal of the
      die 23.
PAR  The headers 11 and 12 are cut to a length which is approximately the width
      of panel 13. A line of spaced holes 14 having a countersink 16 is placed
      through the wall of headers 11 and 12. The holes 14 generally have a
      diameter which is in a ratio of 1:16 relative to the inside diameter of
      headers 11 and 12. By way of example, 1/8 inch diameter holes 14 are
      optimum for 2 inch diameter headers 11 and 12. The consideration is to
      obtain an optimum trade-off between head loss due to flow constriction and
      constant flow distribution throughout a plurality of panels 13.
PAR  A heated bonding die 26 for the embodiment of FIG. 2 has four projections
      27 extending therefrom as best shown in FIG. 4C. Projections 27 each have
      a planar surface on their ends shown at 28, 29, 31, and 32 in FIG. 4C.
      Planar surfaces 28 and 31 are parallel and surfaces 29 and 32 are
      parallel.
PAR  Referring to FIG. 4D, heated bonding die 26 is positioned between panel 13
      having flanges 19 and 21 formed thereon, and hollow header 12. Bonding die
      26 is heated to the range of 450 to 600.degree.F for the case when the
      material of panel 13 and header 12 is polyethylene. Planar surface 28
      contacts the face of flange 19 and planar surface 29 contacts the face of
      flange 21. Surfaces 31 and 32 on die 26 contact the outside of hollow
      header 12 astraddle the line of holes 14. Panel 13 and header 12 are held
      in contact with heated die 26 until the surface material of the panel 13
      and header 11 or 12 adjacent to the planar surfaces is melted. As soon as
      the surface material is melted, panel 13 and header 11 or 12 are drawn
      apart, die 26 is moved from between them, and the substantially parallel
      melted surfaces of panel 13 and header 11 or 12 are pressed together to
      form the unitary assembly 10, one end of which is shown in FIG. 4E. The
      material of panel 13 and headers 11 and 12 solidifies on cooling to form a
      fluid impervious bond.
PAR  The type of material used for the heat exchange panel 13 and upper and
      lower headers 11 and 12 will dictate to some extent the process used in
      fabricating the unitary assembly 10. There being no satisfactory bonding
      agents or solvents at the present time for polyethylene, heat forming and
      bonding methods are used. Use of other materials for the panel 13 and
      headers 11 and 12 or development of adhesives for bonding polyethylene may
      dictate the use of a particular adhesive or solvent for the bonding
      process. It is also advantageous to provide some ultraviolet inhibitor in
      the materials used in the fabrication of the solar heat exchange panel
      unitary assembly 10.
PAR  Unitary heat exchange assemblies 10 may be joined to produce a solar heat
      exchange array having as many unitary assemblies 10 as desired. As
      mentioned above, headers 11 and 12 are cut having a length approximately
      the same as the width of panel 13. The header lengths are cut longer than
      the panel widths when the method for joining unitary assemblies 10 shown
      in FIG. 6 is used. As may be seen in FIG. 6, when two unitary assemblies
      10 are placed side-by-side the projecting ends of headers 11 and 12 are
      brought into butting position. A rubber collar 33 is placed around each
      header butt joint. Clamps 34 are placed around the outside of the collar
      33 and tightened to preclude fluid leakage at the header butt joints.
PAR  The operation of the embodiment of unitary heat exchange assembly 10 having
      the configuration of FIG. 2 may now be described. Panels are placed in an
      environment from which a heat exchange is desired with a particular fluid.
      In the most common usage, solar heating panels are used to control the
      temperature of swimming pools. Generally it is desired to elevate the
      temperature of the water although occasions may arise when it is desirable
      to depress the temperature of the water. In either instance the unitary
      heat exchange assemblies 10 are fabricated and joined together using as
      many unitary assemblies 10 as desired. In general terms the total area of
      heat exchanger panels 13 should be a minimum of half the area of the
      swimming pool surface to achieve a reasonable efficiency level. When the
      application is that of heating the water in a swimming pool the panels may
      be oriented to generally receive the sun's rays orthogonally on the
      surface of panel 13. This is not a critical consideration since the heat
      absorption is related to the cosine function of the angle of incidence of
      the sun's rays on the surface of panel 13. The panel array may be set up
      on a roof top, in a field, or in any other convenient position accessible
      to direct sunlight.
PAR  Using the pool pump (not shown) water is pumped into an inlet end 36 shown
      in FIG. 2 on header 12. The opposite end of header 12 is either connected
      to additional unitary heat exchange assemblies 10 or is stopped by
      inserting a plug (not shown) therein. In the embodiment of FIG. 2 water
      flowing into header 12 passes radially through holes 14 into plenum
      chamber 22 adjacent to header 12. Header 12 is generally kept at a lower
      elevation than header 11 whereby the water rises in all of the tubular
      passages 17 at approximately the same rate until it reaches plenum chamber
      22 adjacent upper header 11. The water passes radially through holes 14
      into the interior of header 11 flowing therethrough until it exits through
      one end 37 of header 11 as seen in FIG. 2 whereupon it is directed to
      return to the pool.
PAR  Countersink 16 is placed in holes 14 in this embodiment so that holes 14
      will not be partially blocked by flanges 19 and 21 if headers 11 and 12
      are slightly rotated relative to heat exchange panel 13 during the heat
      bonding assembly phase. Holes 14 in header 12 are specifically placed so
      that they will not lie directly opposite holes 14 in header 11 in the
      unitary assembly 10. This staggered condition of holes 14 in headers 11
      and 12 is for the purpose of reducing preferential water flow routes
      through heat exchange panel 13. Water is allowed to flow laterally in
      panel 13 through plenum chambers 22 so that water enters all tubular
      passages 17. Low resistance to flow would exist in some passages 17 if
      holes 14 were directly opposite each other in the headers. In this fashion
      a greater heat exchange efficiency is achieved, since there is fluid in
      motion beneath the entire surface of panel 13. The flow rates attained
      across the widths of all of the panels 13 is evidenced by a substantially
      similar temperature across the array of panels 13 during operation.
PAR  An additional embodiment of the unitary heat exchange panel 10 has an
      external appearance similar to that of FIG. 1, but the cross section
      equivalent to FIG. 3 appears as shown in FIG. 7. While only header 12 is
      shown in FIG. 7 an identical construction is utilized at the other end of
      panel 13 involving header 11. A continuous slot 38 is formed through one
      wall of header 12. Slot 38 has a length and width sufficient to accept the
      width and thickness of panel 13 respectively. A restriction of the ends 39
      of passages 17 is undertaken on each end of panel 13. The restriction is
      obtained by either depositing a material which remains permanently affixed
      in the passage ends 39 or by forming the ends 39 to reduce the cross
      section of passages 17 at ends 39. The forming process is performed by
      using a solvent or a heated die on the ends of panel 13 for example.
PAR  Assembly of the panel 13 having restricted ends 39 in passages 17 with
      headers 11 and 12 having slots 38 is accomplished as follows. The end of
      panel 13 is inserted into slot 38 and bonded in place with the passages 17
      in communication with the interior of header 12. An adhesive fillet 41 is
      placed around the junction between panel 13 and header 12 for sealing of
      the slot 38 and for providing structural strength in the assembly.
PAR  Another embodiment of unitary heat exchange assemblies 10 is shown in FIG.
      8. Each corner of panel 13 is cut on a diagonal 42 and the ends of
      passages 17 terminating at diagonal 42 are sealed closed. Headers 11 and
      12 are cut to the same dimension as the width of panels 13. The unitary
      assemblies 10 when connected together with collar 33 and clamps 34 are
      positioned so that the edges of panels 13 are abutting. This provides an
      advantage in space required by a plurality of assemblies 10, but suffers
      from the disadvantage of losing flow passages 17 on each edge of each
      panel 13.
PAR  The operation of the embodiment of FIG. 7 follows. Inlet fluid is delivered
      to the interior of header 12. Flow continues through restrictions 39 into
      passages 17. Heat is exchanged through the walls of panel 13 between the
      panel environment and the flowing fluid. Fluid exits panel 13 at
      restrictions 39 at the opposite end of panel 13 entering the interior of
      header 11. Flow passes from header 11 to a return conduit to a fluid
      reservoir, such as a swimming pool.
PAR  Restrictions 39 are sufficiently small to impede fluid flow enough to
      prevent preferential flow routes and stagnation in other flow routes
      through a panel or array of panels 13. It should be noted that flow rates
      may vary from panel to panel, that stagnation is prevented and an
      appreciable flow is maintained through all passages 17 of all panels 13.
PAR  A unitary heat exchange panel has been disclosed which may be used as a
      solar heater for swimming pools, and which may be used during the sunlight
      hours to elevate the temperature of the pool water and during the hours of
      darkness for depressing the temperature of the pool water if so desired.
      The heat exchange assembly is of relatively simple construction and lends
      itself to a fabrication method that is also relatively simple.
CLMS
NUM  1.
PAR  1. The method of fabricating a solar heating panel of the type having a
      plurality of internal tubular passages therethrough for conducting a fluid
      for transfer of thermal energy between the panel environment and the fluid
      comprising the steps of
PA1  cutting the panel to a predetermined length along a line transverse to the
      tubular passage length direction,
PA1  cutting a pair of hollow headers for positioning across the ends of the
      heating panels, forming a plenum chamber on each end of the panel in
      communication with the internal passages, spacing apertures in a line
      along one side of each header, heating the surface of each of the hollow
      headers on both sides of the line of apertures until it reaches a fluid
      state, heating the surface on each end of the panel on both sides of the
      plenum chamber until it reaches a fluid state,
PA1  and pressing the heated surfaces of the headers to the heated surfaces on
      the ends of the panels for forming a bond therebetween as the surfaces
      cool, thereby obtaining a plurality of continuous flow paths from one
      header to the other header through which flow is substantially even due to
NUM  2.
PAR  2. The method of fabricating a solar heading panel as in claim 1 together
      with the step of permanently restricting the area of at least one cross
      section of the tubular passages, whereby flow through the tubular passages
      will be constricted sufficiently to assist in providing even flow
      distribution of the fluid by removing preferential flow paths
NUM  3.
PAR  3. The method of fabricating a solar heating panel as in claim 2 wherein
      the step of restricting the area of the cross section of the tubular
      passages comprises the step of blocking the tubular passages partially at
NUM  4.
PAR  4. The method of fabricating a solar heating panel as in claim 2 wherein
      the step of restricting the area of the cross section of the tubular
      passages comprises the step of forming the ends of the panel so that at
NUM  5.
PAR  5. The method of fabricating a solar heating panel of the type having a
      plurality of internal tubular passages therethrough for conducting a fluid
      and transferring thermal energy between the panel environment and the
      fluid, comprising the steps of
PA1  cutting the panel to a predetermined length along a line transverse to the
      tubular passage length direction,
PA1  restricting the openings at the ends of the tubular passages for causing
      sufficient resistance to flow of the fluid to urge the flow to distribute
      evenly among the passages,
PA1  cutting a pair of hollow headers to a length at least as long as the width
      of the panels,
PA1  perforating the wall of the headers to provide a line of spaced apertures
      through and along one side of each header,
PA1  forcing apart the ends of the panel through which the tubular passages
      extend so that spaced flanges project across the panel ends on each side
      of the restricted openings,
PA1  and bonding the spaced flanges to the headers astraddle the line of spaced
      apertures, so that the restricted openings are spaced therefrom, whereby a
NUM  6.
PAR  6. The method of fabricating a solar heating panel as in claim 5 wherein
      the step of restricting the openings at the ends of the tubular passages
      comprises the steps of
PA1  heating a knife edge die to a temperature above the plastic point of the
      solar heating panel material,
PA1  forcing the die against the panel ends thereby forming spaced flanges on
      either side of and transverse to ends of the tubular passages,
PA1  cooling the die and the panel ends,
NUM  7.
PAR  7. The method of fabricating a solar heating panel as in claim 6 wherein
      the step of bonding the headers to the ends of the panel comprises the
      steps of
PA1  heating the outer header walls above the melting point of the header
      material on each side of the line of spaced holes,
PA1  heating the spaced flanges above the melting point of the panel material,
PA1  and pressing the melted header and flange areas firmly together, thereby
      forming a plenum chamber between each header and panel end for further
NUM  8.
PAR  8. The method of fabricating a solar heating panel as in claim 6 wherein
      the step of bonding the headers to the ends of the panel comprises the
      step of
PA1  applying a fillet of adhesive on the mating surfaces between the panel and
NUM  9.
PAR  9. The method of fabricating a solar heating panel as in claim 6 wherein
      the heating panel material is polyethylene and the step of heating a knife
NUM  10.
PAR  10. The method of fabricating a solar heating panel as in claim 7 wherein
      the panel and header materials are polyethylene and the steps of heating
      the outer header walls and the spaced flanges comprises heating the
      polyethylene material to within the range of 450.degree. to 600.degree.F.
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ABST
PAL  A system for forming wheel rim blanks in which a coiling station, an end
      conditioning press, a welding station, and a weld seam finishing station
      are all arranged to form a continuous path in the direction of the axis of
      the rim blank so that blanks can be readily transferred from one station
      to the next, with each station being simultaneously loaded and unloaded.
      In the coiling station a blank of strip material is coiled into the form
      of a cylinder with the longitudinal edges of the coiled blank defining a
      preloaded longitudinal gap. The coiled blank is then axially transferred
      to an end conditioning press while moving the longitudinal edges of the
      blank to predetermined circumferential positions so that the gap has a
      preselected width and circumferential location as it enters the press.
      Each time a coil blank is axially transferred from the coiling station to
      the end conditioning press, an end conditioned blank is simultaneously
      axially transferred from the press to the welding station. The end
      conditioning press flattens the longitudinal edge portions of the coiled
      blank, and these longitudinal edges are then welded together in the
      welding station. From the welding station, the welded blanks are axially
      transferred to a finishing station where they are advanced through a
      longitudinal trimming station for removing weld flash from the
      longitudinal surfaces of the weld seam, a planishing station for
      planishing the longitudinal surfaces of the weld seam, and an edge
      trimming station for removing weld flash from the ends of the weld seam.
      The system is adjustable throughout for forming rim blanks of different
      diameters and axial lengths.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates generally to the forming of cylindrical wheel
      rim blanks from blanks of strip material. As used herein and in the
      appended claims, the term "forming" includes the coiling of the initial
      blank, the welding of the longitudinal edges of the coiled blank to form a
      closed cylinder, and subsequent clean-up or finishing of the weld seam to
      remove weld flash.
PAR  It is a primary object of the present invention to provide an improved
      system for forming wheel rim blanks at faster production rates and of
      better quality than was possible with systems known heretofore. In this
      connection, it is one specific object of the invention to provide such an
      improved system which is capable of producing wheel rim blanks at rates as
      high as 1,000 to 1,200 rim blanks per hour.
PAR  It is another object of this invention to provide an improved system for
      forming wheel rim blanks which facilitates the handling and transfer of
      the rim blanks during the successive forming operations. Thus, a related
      object of the invention is to provide such an improved system which
      permits the handling and transfer of the blanks to be completely
      automated, thereby significantly reducing the amount of manual labor
      required and also increasing the production rate.
PAR  A further object of the invention is to provide such an improved system for
      forming wheel rim blanks which facilitates the clean-up or finishing of
      the weld seams formed in the blanks.
PAR  Yet another object of the invention is to provide such an improved system
      for forming wheel rim blanks which is capable of forming rim blanks of a
      variety of different axial lengths and/or different diameters.
PAR  A still further object of the invention is to provide such an improved
      system for forming wheel rim blanks made from strip material and which is
      applicable to the forming of rim blanks for cars, trucks, mobile homes,
      agricultural equipment, etc.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description and the accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of a wheel rim blank forming system
      embodying the invention with certain of the work stations shown in
      exploded positions for greater clarity;
PAR  FIG. 2 is an enlarged section taken generally along line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged section taken generally along line 3--3 in FIG. 1;
PAR  FIG. 4 is an enlarged section taken generally along line 4--4 in FIG. 1;
PAR  FIG. 5 is an enlarged section taken generally along line 5--5 in FIG. 1;
PAR  FIG. 6 is a side elevation of the structure shown in FIG. 5;
PAR  FIG. 7 is a section taken along line 7--7 in FIG. 5 with the rear clamp
      assembly in its raised position;
PAR  FIG. 8 is a section taken along line 8--8 in FIG. 5 with both the front and
      rear clamp assemblies in their raised positions;
PAR  FIG. 9 is an enlarged side elevation of the finishing stations in the
      machine of FIG. 1, with a detachable end segment of the blank horn shown
      in its closed position (open position shown in phantom) and with the
      overhead transport and tool assembly shown in its raised position;
PAR  FIG. 10 is an enlarged side elevation of the finishing stations in the
      machine of FIG. 1 with certain portions shown in section, with the
      detachable end segment of the blank horn shown in its closed position, and
      with the overhead transport and tool assembly shown in its lowered
      position;
PAR  FIG. 11 is a section taken generally along line 11--11 in FIG. 10; and
PAR  FIG. 12 is an enlarged side elevation of the edge trimming station in the
      machine of FIG. 1 with certain portions shown in section.
DETD
PAR  Although the invention will be described in connection with a certain
      preferred embodiment, it will be understood that it is not intended to
      limit the invention to that particular embodiment. On the contrary, it is
      intended to cover all alternatives, modifications, and equivalents that
      may be included within the spirit and scope of the invention as defined by
      the appended claims.
PAR  Turning now to the drawings and referring first to FIG. 1, there is shown a
      completely automatic machine for converting flat metal blanks 10 into
      cylindrical rim blanks 11 having finished welded seams where the edges of
      the flat blanks are brought together to form the cylinder. The flat blanks
      10 that are fed into the machine are precut to exactly the size required
      to form rim blanks having a preselected diameter and axial length. The
      flat blanks 10 are fed into the machine along a feed table 12 leading into
      a coiling station A where the flat blank 10 is coiled to form a
      cylindrical blank 11a.
PAR  The coiling station A is shown in more detail in FIG. 2, where it can be
      seen that the flat blank 10 is coiled by a conventional pyramid type
      coiling arrangement comprising three primary rolls 20, 21 and 22 working
      on the blank. The three rolls 20-22 are all driven in the direction
      indicated by the arrows in FIG. 2. The two upper rolls 20 and 21 press the
      incoming blank 10 downwardly against the lower roll 22 with the bottom
      surface of the second upper roll 21 extending below the level of the feed
      table 12 so that it bends or coils the metal blank downwardly around the
      lower roll 22. This coiling action is continued until the leading edge 13
      of the blank engages a depending flange 12a which serves as a stop on the
      inboard edge of the feed table 12. At this point, the trailing edge 14 of
      the blank lies somewhere between the upper roll 20 and the lower roll 22.
PAR  The radius of curvature of the coiled blank 11a formed at the coiling
      station is controlled by the vertical position of the lower roll 22 as
      well as the position of a secondary roll 23. The position of the roll 22
      can be adjusted by moving a pair of wedges 24 parallel to the axis of the
      roll 22 in a pair of complementary tapered slots 25 formed in the end
      plates 26 of the frame in which the roll 22 is journaled. The end plates
      26 are mounted for sliding movement in the side frame members 27 and 28 of
      the roll frame so that advancing movement of the wedges 24 toward each
      other cams the end plates 26 and the roll 22 upwardly toward the rolls 20
      and 21. The closer the roll 22 is located to the rolls 20 and 21, the
      smaller the radius of curvature of the coiled blank 11a. When the wedges
      24 are retracted away from each other, the end plates 26 and the roll 22
      move further away from the rolls 20 and 21, thereby increasing the radius
      of curvature of the coiled blank 11a.  To ensure that the roll 22 is held
      firmly in the position set by the wedges 24, a pair of set screws 29 are
      threaded through the side frame member 27 into engagement with one of the
      sliding edges of the end plates 26 to lock the end plates in position
      between the two side frame members 27 and 28.
PAR  To effect fine adjustments in the radius of curvature of the coiled blank
      11a, the secondary roll 23 is mounted for movement in two different
      directions. First of all, the roll 23 can be advanced and retracted
      relative to the roll 22 by means of a hand wheel 30 connected to a shaft
      31 which is journaled in a first frame member 32 and threaded through the
      end of a second frame member 33 which is mounted for sliding movement on
      the frame member 32. Consequently, rotation of the shaft 31 advances and
      retracts the roll 23 which is carried on the end of the movable frame
      member 33. In addition, the frame member 32 is mounted for tilting
      movement around a shaft 34 supported by the main frame of the machine. The
      range of tilting movement of the frame member around the shaft 34 is
      limited by a locking bolt 35 fitted through an arcuate slot 36 formed in
      the frame member 32, with the bolt 35 also being connected to the main
      frame of the machine. Thus, by movement of the two frame members 32 and 33
      relative to the main frame and to each other, the secondary roll 23 can be
      moved up into position between the lower primary roll 22 and the desired
      locus of the coiling blank 11a.
PAR  In accordance with one aspect of the present invention, an end conditioning
      press is located adjacent the coiling station and forms a continuous open
      path in the direction of the axis of the coiled blanks formed in the
      coiling station to permit simultaneous loading and unloading of blanks on
      opposite sides of the press. Thus, as shown in FIG. 1, an end conditioning
      press B is located adjacent the coiling station A so that the coiled
      blanks 11a can be transferred directly from the coiling station to the
      press in the direction of the axis of the coiled blanks. The purpose of
      the end conditioning press is to make the longitudinal edge portions of
      the coiled blank symmetrical and bring them into precise alinement with
      each other to ensure the production of a good weld seam. An inherent
      result of the coiling operation is the production of asymmetrical
      longitudinal edge portions, i.e., a slight bend or kink is formed near the
      leading edge of the blank, and the trailing end has an increasing radius
      of curvature. The end conditioning press removes these irregularities and
      produces perfectly symmetrical longitudinal edge portions so as to
      facilitate the subsequent welding and finishing thereof. The particular
      end conditioning press to be described herein is designed to flatten the
      longitudinal edge portions of the coiled blank, but it will be understood
      that the press could be designed to form other symmetrical shapes
      compatible with the particular welding and finishing equipment employed.
PAR  The details of the illustrative end conditioning press are shown more
      clearly in FIG. 3. The coiled blank 11b is supported on a horn 40
      extending laterally from the coiling station, with a pair of dies 41 and
      42 mounted on the top of the horn 40 at the press station B. These dies 41
      and 42 cooperate with a complementary pair of dies 43 and 44 carried on
      the lower end of a ram 45 mounted for vertical movement on opposite sides
      of a horn support plate 46 which extends through the gap between the
      longitudinal edges of the coiled blank to support the horn 40. The top of
      the plate 46 is supported by an overhead cantilevered portion 47 of the
      main frame, which also supports a hydraulic cylinder 48 for driving the
      ram 45 and dies 43 and 44 downwardly against the rim blanks.
PAR  When the ram 45 is lowered, the inboard portions of the dies 43 and 44 bend
      the longitudinal edge portions of the coiled blank 11b down against the
      dies 41 and 42, while the outboard portions of the dies 43 and 44 bear
      against the body portions of the blank adjacent the edge portions which
      are being bent downwardly to ensure that the longitudinal edge portions of
      the blank are permanently deformed. Because of the inherent resilience of
      the metal comprising the coiled blanks, the dies 41-44 are designed to
      bend the longitudinal edge portions of the blanks beyond their desired
      final positions (shown in FIG. 3), so that when the metal springs back
      toward its original circular configuration upon release of the dies, the
      edge portions assume the desired configuration shown in FIG. 3.
PAR  In accordance with a further aspect of the present invention, the
      longitudinal edges of the coiled blank are positively positioned at
      predetermined circumferential locations during the transfer of the blank
      from the coiling station A to the end conditioning press B, so that the
      gap between the longitudinal edges of the blank has a preselected width
      and circumferential location when it comes to rest in the press. Thus, the
      longitudinal edges of the blank automatically enter the press in exact
      alinement with the press dies. When the coiled blank 11a is formed in the
      coiling station A, the leading edge of the blank is positively positioned
      by the depending flange 12a on the inboard edge of the feed table 12.
      However, the trailing edge of the coiled blank is not positioned in any
      positive manner, and roll friction causes the circumferential location of
      this trailing edge to vary somewhat from blank to blank.
PAR  As shown most clearly in FIG. 4, as the coiled blank 11a is transferred
      from the coiling station A to the end conditioning press B, the trailing
      edge 14 of the coiled blank engages an inclined surface 52a formed by a
      transition cma 52 so that continued movement of the coiled blank in the
      direction of its axis results in camming of the trailing edge 14 into
      alinement with a gap bar 53 on one side of the horn support plate 46. It
      will be appreciated that the inclined surface 52a on the transition cam 52
      extends across the entire space in which the trailing edge 14 might be
      located, so that no matter where the trailing edge of the blank is located
      at the end of the coiling operation, it will eventually come into
      engagement with the cam surface 52a and the gap bar 53.
PAR  The leading edge 55 of the coiled blank is guided by the opposite surface
      52b of te transition cam 52. This surface 52b is alined at one end with
      the blank-engaging surface of the flange 12a, and at the other end with a
      gap bar 54 on the opposite side of the horn support plate 46 from the gap
      bar 53. There is a slight horizontal offset between the two ends of the
      cam surface 52b to allow the leading edge 13 of the blank to spring
      slightly toward the trailing edge 14 as the trailing edge is cammed away
      from the leading edge by the cam surface 52a. Thus, it can be seen that
      the transition cam 52 serves to seek and locate the trailing edge 14 of
      the coiled blank and then guide it onto of the gap bar 53, while guiding
      the leading edge 13 of the coiled blank onto the other gap bar 54.
      Consequently, the leading and trailing edges of the blank are precisely
      positioned at preselected circumferential locations as they enter the end
      conditioning press station B. The combination of the transition cam 52 and
      the gap bars 53 and 54 also maintain a preselected gap width, with the
      inherent resilience of the blank metal urging the two longitudinal edges
      thereof against the respective gap bar 53 and 54. As a result, the
      longitudinal edge portions of the blank are automatically positioned in
      precise alinement with the dies 41-44 of the end conditioning press.
PAR  As shown most clearly in FIG. 3, the top portions of the outboard surfaces
      of the gap bars 53 and 54 are tapered so that any slight displacement of
      the top dies 43 and 44 will not cause them to become hung up on the gap
      bars during downward movement of the ram 45.
PAR  After a blank has been end conditioned by the press B, the blank is again
      transferred in the direction of its axis to an adjacent welding station C
      where the longitudinal edge portions of the coiled blank are butt welded.
      This welding operation per se is well known in the rim forming art, and it
      will be understood that any of a variety of different well known welding
      techniques may be employed. For example, the blank edges may be welded by
      flash butt welding, current penetration bar butt welding, induction
      welding, laser beam or electron beam welding, or any other suitable
      welding techniques known today or to be developed in the future. As can be
      seen in FIG. 1, the end conditioned blanks 11b continue to be supported by
      the horn 40 as they are transferred from the end conditioning press B to
      the welding station C.
PAR  In keeping with the invention, the unloading of the coiled blanks from the
      coiling station A, the loading and unloading of blanks to and from the end
      conditioning press B, and the loading and unloading of the welding station
      C are all effected simultaneously by an automatic transfer mechanism which
      grips the bottom portions of the three coiled blanks simultaneously and
      transfers them from one station to the next. This transfer mechanism is
      shown in FIGS. 1-3, and in greater detail in FIGS. 5-8. Basically, the
      transfer mechanism comprises three sets of clamps which grip opposite ends
      of the coiled blanks at the coiling station A, the end conditioning press
      B, and the welding station C, and a shuttle which moves the three sets of
      jaws back and forth between the respective work stations. The transfer
      mechanism is also adjustable in both the longitudinal and vertical
      directions to accommodate blanks of different axial lengths and/or
      different diameters. While the work stations in the illustrative system
      are located directly adjacent each other, it will be understood that idle
      stations may be provided between adjacent work stations if desired, with
      additional sets of clamps being added to the transfer mechanism to handle
      the blanks at the idle stations.
PAR  Thus, in the illustrative embodiment, three rear clamping jaws 60a, 61a and
      62a cooperate with three front clamping jaws 60b, 61b and 62b to grip the
      coiled blanks 11a, 11b and 11c at the coiling station A, the end
      conditioning press B, and the welding station C, respectively. These three
      sets of clamping jaws are all carried on a common shuttle plate 63 which
      is supported and guided in a frame assembly 56 which includes a pair of
      frame plates 57 and 58 located on opposite sides of the shuttle plate 63
      and carrying three longitudinally spaced pairs of side rollers and six
      pairs of transversly and longitudinally spaced top and bottom rollers
      which guide the shuttle plate during its transversing movement. The three
      pairs of side rollers 64a, 64b; 65a, 65b; and 66a, 66b bear against the
      side edges of the shuttle plate 63 to hold it in a fixed horizontal
      position while permitting longitudinal movement thereof. The six pairs of
      cooperating top and bottom rollers 67a,  67b; 68a, 68b; 69a, 69b; 70a,
      70b; 71a, 71b; and 72a, 72b ride on the upper and lower surfaces of the
      shuttle plate 63 to hold it in a fixed vertical position while permitting
      longitudinal movement thereof.
PAR  To permit retracting movement of the shuttle plate 63 without adjusting its
      vertical position, the three sets of clamping jaws are mounted for pivotal
      movement so that they can be retracted below the bottom portions of the
      coiled blanks 11a, 11b and 11c during the return movement of the shuttle.
      More specifically, the three rear jaws 60a, 61a and 62a are all pivoted in
      slots in a common carrier bar 73 secured to the top of the shuttle plate
      63. The lower portions of the three rear jaws extend downwardly through
      slots in the shuttle plate 63 and are pivoted to an actuating bar 74
      connected to the rod of a hydraulic cylinder 75 which is fixed to the
      carrier bar 73. Consequently, when the hydraulic cylinder 75 moves the
      actuator bar 74 relative to the carrier bar 73, the three rear jaws are
      simultaneously pivoted about their fixed pivot points on the carrier bar
      73. When the actuator bar 74 is advanced relative to the carrier bar 73,
      i.e., moved to the left as viewed in FIG. 7, the three rear jaws are
      pivoted downwardly beneath the bottom surfaces of the coiled blanks 11 to
      release the blanks and to permit the transfer mechanism to clear the
      blanks during the return movement of the shuttle plate. When the actuator
      bar 74 is retracted relative to the carrier bar 73, i.e., moved to the
      right as viewed in FIG. 7, the rear jaws are pivoted upwardly into
      engagement with the rear edges of the three respective coiled blanks 11a,
      11b and 11c located at the coiling station A, the end conditioning press
      B, and the welding station C, respectively.
PAR  The mounting and actuating arrangement for the three front jaws 60b, 61b
      and 62b is similar to that just described for the rear jaws, except that
      the front jaws are reversed to grip the forward ends of the coiled blanks.
      Thus, the shown most clearly in FIG. 8, the three front jaws are pivoted
      in slots in a common carrier bar 76 secured to the top of the shuttle
      plate 63, with the lower portions of the three jaws extending downwardly
      through slots in the shuttle plate 63 for pivotal connection to an
      actuator bar 77 beneath the shuttle plate 63. The actuator bar 77 is
      advanced and retracted relative to the carrier bar 76 by means of a
      hydraulic cylinder 78 fixed to the carrier bar 76. Advancing movement of
      the actuator bar 77, i.e., movement to the left as viewed in FIG. 8,
      pivots the front jaws upwardly into gripping engagement with the front
      edges of the respective coiled blanks 11, while retracting movement of the
      actuator bar 77, i.e., movement to the right as viewed in FIG. 8, pivots
      the front jaws downwardly to their retracted positions for return movement
      of the shuttle.
PAR  To permit the transfer mechanism to be used with coiled blanks of different
      axial lengths, the distance between each pair of jaws can be adjusted by
      longitudinal movement of the entire rear jaw assembly comprising the three
      rear jaws, the carrier bar 73, the actuator bar 74 and the cylinder 75.
      This longitudinal adjustment is effected by means of a hand wheel 80 which
      turns a shaft 81 keyed to the shuttle frame 56 and threaded through a boss
      82 welded to one side of the carrier bar 73. The shaft 81 includes a split
      toothed coupling 83 between the shuttle plate 63 and the end plate 84 of
      the shuttle frame 56 to permit the shuttle plate to be moved away from its
      frame 56 in the longitudinal direction. A biasing spring normally urges
      the section of the coupling 83 connected to the shaft 81 away from the
      shuttle plate 63, but when the shuttle plate 63 is in its retracted or
      "home" position, the hand wheel 80 can be advanced against the spring bias
      to engage the teeth of the two sections of the coupling 83 so that the
      rear jaw assembly can be adjusted relative to the fixed front jaw
      assembly.
PAR  In order to move the shuttle plate 63 back and forth between its retracted
      position (shown in solid lines in FIG. 1) and its advanced position (shown
      in broken lines in FIG. 1), the rear end of the shuttle plate carries a
      block 90 secured to the rod of a hydraulic cylinder 91. Thus, advancing
      movement of the cylinder rod, i.e., to the left as viewed in FIGS. 5-8,
      advances the shuttle plate along with the three sets of clamping jaws,
      while retracting movement of the cylinder rod, i.e., to the right as
      viewed in FIGS. 5-8, retracts the shuttle assembly relative to the frame
      assembly 56.
PAR  To permit adjustment of the transfer mechanism to accommodate coiled blanks
      of different diameters, the entire shuttle frame assembly 56 is mounted
      for vertical movement within the vertical column 100 of the main frame.
      Thus, as shown in FIG. 5, the frame assembly 56 carries four pairs of
      perpendicular bearing pads 101, 102, 103 and 104 which ride on vertical
      tracks formed by the two main frame plates 105 and 106. The underside of
      the frame assembly 56 rests on a pair of pads 107 and 108 secured to the
      upper ends of a pair of jacks 109 and 110 which can be raised and lowered
      to adjust the vertical position of the frame assembly 56. More
      specifically, vertical movement of the two jacks 109 and 110 is controlled
      by a hand wheel 111 which turns a pair of worm gears in jack housings 112
      and 113 to raise and lower the corresponding pads 107 and 108. The two
      jacks are mounted on the bed of the main frame of the machine, as shown
      most clearly in FIG. 1.
PAR  In accordance with another important aspect of the present invention, a
      weld seam finishing station adjacent the welding station forms a
      continuous open path in the direction of the axis of the coiled blanks,
      and a transfer mechanism is provided for transferring blanks from the
      welding station to the weld seam finishing station simultaneously with the
      transfer of blanks to the end conditioning press and the welding station.
      Thus, in the illustrative embodiment the welded blanks are transferred
      from the welding station C to a finishing station which includes an
      overhead shuttle D, a longitudinal trimming mechanism E, a planishing
      mechanism F, and an edge trimming mechanism G. These various subassemblies
      included in the finishing station are shown in exploded positions in FIG.
      1, and are shown in more detail in their assembled positions in FIGS. 9
      and 10. It can be seen that the forward set of clamping jaws 62a, 62b
      transfer the welded blank 11c from the welding station C to the overhead
      shuttle mechanism D which engages the top of the welded blank and
      transports it through the various tools included in the finishing station.
      More specifically, the forward set of jaws 62a, 62b on the shuttle plate
      63 transfer the welded blank 11c along the primary horn 40 and onto a
      secondary horn 120 having a series of steel transport rolls 121 mounted
      along the top surface thereof.
PAR  When the welded blank 11c is released by the jaws 62a, 62b of the transfer
      mechanism, the blank is vertically alined with a split overhead shuttle
      plate 122a, 122b forming a central longitudinal gap 122c (FIG. 11)
      exposing the weld seam along the top of the blank. This gap permits access
      to the weld seam by the various tools included in the finishing station as
      the blank is traversed therethrough. The split shuttle plate 122a, 122b is
      carried on the underside of a two-part carriage 123 riding on a pair of
      guide shafts 124. To permit the carriage 123 and shuttle plate 122a, 122b
      to be biased downwardly against the blank while traversing the various
      tools included in the finishing station, a plurality of steel cam rolls
      125 are journaled in the top of the carriage 123 and ride on the underside
      of the bottom plate 126 of a pivoting head assembly 127.
PAR  Before the bottom shuttle 62 is moved in the forward direction, the head
      assembly 127 is pivoted upwardly to provide an open space beneath the top
      shuttle 122a, 122b for receiving another welded blank 11c. This raised
      position of the head assembly 127 is illustrated in FIG. 9. When the
      bottom shuttle 63 begins its return movement, the head assembly 127 is
      pivoted downwardly to a lowered position, illustrated in FIG. 10, where
      the shuttle plate 122a, 122b biases the top of the blank down against the
      transport rolls 121. In this lowered position of the head assembly, a
      depending flange 122d on the rear edge of the shuttle plate 122a, 122b
      extends below the top portion of the rim blank 11c so that traversing
      movement of the shuttle plate 122a, 122b drags or pushes the blank through
      the various tools included in the finishing station.
PAR  Pivotal movement of the head assembly 127 is controlled by a hydraulic
      cylinder 128 which raises and lowers the head assembly 127 around a shaft
      127a supported by the stationary main frame 100a. Within the head assembly
      127, traversing movement of the shuttle plate 122a, 122b is controlled by
      a pair of hydraulic cylinders 129 having rods 129a connected to the two
      parts of the carriage 123. Thus, retraction of the cylinder rods 129a
      advances the carriage 123 and shuttle plate 122a, 122b through the
      finishing station, from right to left as viewed in FIGS. 9 and 10, with
      the carriage 123 riding on the shafts 124 and the cam rolls 125 rolling on
      the bottom plate 126. After the carriage 123 is traversed through the
      entire finishing station, it is returned by advancing the cylinder rods
      129a.
PAR  To provide additional support for the secondary horn 120 that supports the
      rim blanks as they are traversed through the finishing station, a latch
      130 is pivoted on the main frame 100a. Before the head assembly 127 is in
      its lowered position (FIG. 10), a hydraulic cylinder 131 pivots the latch
      130 down into engagement with a latch bar 132 fixed to the secondary horn
      120 to provide the desired additional support for that end of the horn.
      Before releasing the latch to permit the head assembly 127 to be pivoted
      upwardly to its raised position (FIG. 9), the cylinder 131 pivots the
      latch 130 upwardly to disengage it from the latch bar 132, thereby also
      clearing the path for advancement of another welded blank from the welding
      station.
PAR  As the shuttle plate 122 traverses the rim blank through the finishing
      station, the weld seam on the top of the blank is first advanced through
      the longitudinal trimming mechanism E where two pairs of trimming inserts
      133 and 134 first remove weld flash from the longitudinal surfaces of the
      weld seam. The first pair of trimming inserts 133 are spaced farther apart
      than the second pair of inserts 134 so as to remove the outer portion,
      e.g., typically 80%, of the weld flash. The second pair of trimming
      inserts 134 then remove additional weld flash to bring the longitudinal
      surfaces of the weld seam relatively close to the surfaces of the parent
      metal on opposite sides of the seam. The lower insert of each pair is
      mounted on the horn 120, but the upper inserts are carried by the head
      assembly 127 so that the vertical positions of the upper inserts are
      automatically adjusted by changes in the vertical position of the head
      assembly 127 due to different thicknesses in the rim blanks. As shown most
      clearly in FIG. 11, both the upper and lower inserts are also mounted to
      permit manual adjustment of the vertical positions thereof to compensate
      for blade and chip load. More specifically, the tool holders 135 and 136
      (FIG. 11) which carry the trimming inserts 133 and 134 are mounted for
      vertical sliding movement in the head assembly 127 and the horn 120,
      respectively, with the vertical positions of the tool holders 135 and 136
      being controlled by manually adjustable screws 137 and 138.
PAR  As the rim blank emerges from the second pair of longitudinal trimming
      inserts 134, the weld seam is passed between a pair of planishing rolls
      140 and 141 which coin any remaining weld flash to produce a seam surface
      flush with the parent metal on opposite sides thereof. While the lower
      planishing roll 141 is journaled in a fixed position on the secondary horn
      120, the upper planishing roll 140 is mounted for vertical movement and
      pressed against the workpiece by an adjustable spring bias. Thus, the
      bracket 142 in which the upper planishing roll 140 is journaled carries an
      upwardly extending rod 143 which is urged downwardly by a spring biased
      cam roll 144. More specifically, the cam roll 144 is journaled on a lever
      145 which has one end pivoted to the head assembly 127 on a shaft 145a and
      the other end biased downwardly over a rod 146 by a compressed coil spring
      147 (FIG. 11). The compression of the coil spring 147 can be adjusted by
      turning a nut 148 threaded onto the upper end of the rod 146, thereby
      adjusting the downward biasing force applied to the upper planishing roll
      140 to press it against the weld seam passing thereunder. As in the case
      of the upper trimming inserts 133, 134, the upper planishing roll 140 is
      carried by the head assembly 127 so that it is self-adjusting in response
      to adjustments in the vertical position of the head assembly 127 due to
      different thicknesses in the rim blanks.
PAR  From the planishing mechanism F, the blank is advanced into alinement with
      the edge trimming mechanism G for trimming weld flash from the ends of the
      weld seam. The exact position of alinement of the rim blank with the edge
      trimming mechanism is determined by the end of the stroke of the cylinder
      rods 129a which drive the shuttle plate 122a, 122b. The blank is always
      positioned to aline the rear edge of the blank with a stationary rear edge
      trimming tool 151, and to aline the front edge of the blank with a
      manually movable front edge trimming tool 152. With the blank in this
      position, the edge trimming tools 151 and 152 are both driven downwardly
      to shear off any weld flash protruding beyond a pair of clamping pads 153
      and 154 and corresponding bottom dies 155 and 156 (FIG. 12).
PAR  If the ends of the rim blank extend beyond the clamping pads 153 and 154, a
      cam surface 157 depending from the rear tool 151 and/or a cam surface 158
      depending from the front tool 152 engage the rim blank on opposite sides
      of the weld seam and move the tool or tools 151, 152 and corresponding
      clamping pads 153, 154 into alinement with the blank ends. This camming
      movement of the tool 151 and/or 152 then automatically shifts the
      corresponding lower die or dies 155, 156 by the same distance so that the
      upper and lower dies are in vertical alinement with each other by the time
      the tool engages the workpiece. Thus, taking the rear tool and die
      assembly by way of example, if the rear edge of the blank extends beyond
      the bottom die 155, the cam surface 157 engages the blank and displaces
      the tool 151 away from the die 155. This causes a second cam surface 158
      to engage a block 159 mounted on a common supporting frame 160 with the
      die 155, thereby camming the entire lower die assembly to the right as
      viewed in FIG. 12, against the bias of a compressed coil spring 161 which
      normally holds the die frame 160 firmly against a stationary frame 162.
      Consequently, the die 155 is displaced to the right by the same distance
      that the tool 151 and clamping pad 153 were displaced so that the
      cooperating surfaces of the tool 151 and the die 155 are again in perfect
      vertical alinement with each other, and with the rear edge of the rim
      blank. The front die assembly operates in exactly the same manner except
      that the direction of movement is opposite that of the rear die assembly.
PAR  In order to maintain either or both of the downwardly moving edge trimming
      tool assemblies in a straight vertical position when they are moved
      horizontally by the camming arrangement just described, the tool holders
      170 and 171 are connected to the main frame 100a by pairs of spring plates
      172 and 173. The hydraulic cylinders 174 and 175 that control vertical
      movement of the tool holders 170 and 171 have their rods 174a and 175a
      connected to striker blocks 176 and 177 which mesh with hooked flanges
      170a and 171a on the upper ends of the tool holders 170 and 171 so that
      the tool holders are free to move horizontally relative to the cylinder
      rods 174a and 175a. Horizontal pins 178 and 179 connect the rods 174a and
      175a to the striker blocks 176 and 177. As a result, the weld flash is
      always sheared off the ends of the weld seam in a straight vertical plane,
      regardless of the horizontal positions of the upper tools 151, 152 and
      dies 153, 154.
PAR  During the edge trimming operation the head assembly 127 is raised, and
      following the edge trimming operation the detachable end segment 180 of
      the horn 120 is retracted longitudinally away from the main body portion
      of the horn 120 so that the finished rim blank 11 drops onto a discharge
      ramp 181. A stop plate 150 (FIG. 9) on the main frame 100a prevents the
      rim blank from being carried along with the detachable horn segment 180;
      this plate 150 is manually adjustable for rim blanks of different axial
      lengths. The retracting movement of the horn segment 180 is effected by
      pivoting the mandrel frame 182 downwardly about a shaft 183 by means of a
      hydraulic cylinder 184. In FIG. 9, the detachable horn segment 180 is
      shown in its advanced position, with its retracted position being shown in
      phantom. It can be seen that the forward end of the horn segment 180 is
      provided with a longitudinal cone 185 which fits into a complementary
      recess in the main body of the secondary horn 120 to support that end of
      the horn body. The conical shape of the connection provides a camming
      action to ensure proper longitudinal registration of the segment 180 and
      the horn body as the segment 180 is repeatedly pivoted back and forth to
      discharge successive rim blanks.
PAR  One of the significant advantages of the illustrative machine is that the
      rim blanks are passed directly from the welding station into the finishing
      station, where the welded rim blank is immediately trimmed and planished.
      Thus, the welded seam is subjected to the trimming and planishing
      operations while the metal is still at a high temperature, which
      facilitates the finishing operation, produces a higher quality finished
      surface, and extends the life of the trimming inserts. These improved
      results are achieved without any subsequent heating steps, i.e., using
      only the inherent residual heat from the welding operation.
PAR  It should be noted that one of the principal advantages of the invention
      may be utilized by use of only one or two of the tools included in the
      finishing station in the illustrative system. For example, in certain
      applications it may be desired to trim only the longitudinal surfaces of
      the weld seam, without any planishing or edge trimming. In this case, the
      shuttle plate 122a, 122b would merely pass the rim blanks through the two
      pairs of trimming inserts 133, 134, but the advantage of trimming the weld
      seam while it is still hot, being transferred directly from the welding
      station to the trimmer, would still be realized, as would the
      self-adjusting feature of the trimmer.
PAR  As can be seen from the foregoing detailed description, this invention
      provides an improved system for forming wheel rim blanks at faster
      production rates than was possible with systems known heretofore. Indeed,
      the illustrative system is capable of producing wheel rim blanks at rates
      as high as 1,000 to 1,200 rim blanks per hour. From the time the flat
      blank enters the coiling station to the time the welded and finished rim
      blank is discharged from the edge trimming station, no manual operations
      whatever are required, thereby significantly reducing the amount of manual
      labor required in the overall rim forming process and also increasing the
      production rate. Because of the continuous longitudinal flow path provided
      by the successive work stations, the handling and transfer of the rim
      blanks can be completely automated without the need for any excessively
      complex handling and transfer devices. The use of stationary tools and a
      moving workpiece in the finishing station is particularly useful in
      facilitating a single in-line forming system. Because of the versatility
      of the system, it is capable of forming rim blanks of a variety of
      different axial lengths and/or different diameters, and it is also
      applicable to the forming of rim blanks for cars, trucks, mobile homes,
      agricultural equipment etc.
CLMS
NUM  1.
PAR  1. A machine for forming wheel rim blanks comprising the combination of
PA1  a. a coiling station for coiling blanks of strip material into the form of
      a cylinder with the longitudinal edges of the coiled blank defining a
      preloaded longitudinal gap,
PA1  b. an end conditioning press adjacent the coiling station for forming
      symmetrical longitudinal edge portions on the coiled blank,
PA1  c. a welding station adjacent the end conditioning press for butt welding
      the longitudinal edge portions of the coiled blank,
PA1  the end conditioning press and welding station forming a continuous open
      path in the direction of the axis of the coiled blanks formed in the
      coiling station to permit simultaneous loading and unloading of blanks on
      opposite sides of both the end conditioning press and the welding station,
      and
PA1  d. a transfer mechanism for simultaneously (1) transferring a coiled blank
      from the coiling station to the end conditioning press, (2) transferring
      an end conditioned blank from the end conditioning press to the welding
      station, and (3) transferring a welded blank away from the welding
NUM  2.
PAR  2. A machine for forming wheel rim blanks as set forth in claim 1 which
      includes means for camming the longitudinal edges of the blanks to
      predetermined circumferential positions during the transfer of the blanks
NUM  3.
PAR  3. A machine for forming wheel rim blanks as set forth in claim 1 which
      includes means for positioning the longitudinal edges of the blanks at
      predetermined positions during the transfer of the blanks from the coiling
      station to the end conditioning press so that the gap has a preselected
NUM  4.
PAR  4. A machine for forming wheel rim blanks as set forth in claim 3 which
      includes means for controlling the circumferential width and location of
      said gap during transfer of the blanks from the end conditioning press to
NUM  5.
PAR  5. A machine for forming wheel rim blanks as set forth in claim 1 which
      includes means for internally supporting the top portions of the coiled
      blanks as they are transferred to and through the end conditioning press
      and the welding station, and a transfer mechanism disposed below the
      coiled blanks for gripping the bottom portions of the blanks and advancing
NUM  6.
PAR  6. A machine for forming wheel rim blanks as set forth in claim 1 wherein
      said transfer mechanism includes at least three sets of gripping means for
      simultaneously gripping and advancing blanks at the coiling station, the
NUM  7.
PAR  7. A machine for forming wheel rim blanks as set forth in claim 1 which
      includes means for adjusting said transfer mechanism for gripping and
      advancing coiled blanks of different diameters and different axial
NUM  8.
PAR  8. A machine for forming wheel rim blanks as set forth in claim 1 which
      includes
PA1  e. a longitudinal trimming station adjacent the welding station for
      removing weld flash from the longitudinal surfaces of the weld seam,
PA1  f. a planishing staton adjacent the longitudinal trimming station for
      planishing the longtudinal surfaces of the weld seam,
PA1  g. an edge trimming station adjacent the planishing station for removing
      weld flash from the ends of the weld seam,
PA1  the longitudinal trimming station, the planishing station, and the edge
      trimming station forming a continuous open path in the direction of the
      axis of the coiled blanks to permit simultaneous loading and unloading of
      blanks at opposite ends thereof, and
PA1  h. shuttle means for advancing a blank sequentially through the
      longitudinal trimming station, the planishing station, and the edge
      trimming station in the interval between the transfer of successive blanks
      away from the welding station so that each blank can be transferred
      directly from the welding station to the longitudinal trimming station.
NUM  9.
PAR  9. A machine for forming wheel rim blanks as set forth in claim 8 which
      includes means for continuously supporting the inside surface of the blank
      on opposite sides of the weld seam along the traversing path through the
      trimming and planishing stations, and clamping means for pressing the
      outside surface of the blank against the internal support on opposite
      sides of the weld seam while advancing the blank through the trimming and
NUM  10.
PAR  10. A machine for forming wheel rim blanks comprising the combination of
PA1  a. a coiling station for coiling blanks of strip material into the form of
      a cylinder with the longitudinal edges of the coiled blank defining a
      longitudinal gap,
PA1  b. an end conditioning press adjacent the coiling station for forming
      symmetrical longitudinal edge portions on the coiled blank,
PA1  c. a welding station adjacent the end conditioning press for butt welding
      the longitudinal edge portions of the coiled blank,
PA1  d. a trimming station adjacent the welding station for removing weld flash
      from the weld seam,
PA1  the coiling station, end conditioning press, welding station and trimming
      station forming a continuous open path in the direction of the axis of the
      coiled blanks formed in the coiling station to permit simultaneous loading
      and unloading of blanks on opposite sides of the end conditioning press,
      the welding station, and the trimming station, and
PA1  e. a transfer mechanism for simultaneously (1) transferring a coiled blank
      from the coiling station to the end conditioning press, (2) transferring
      an end conditioned blank from the end conditioning press to the welding
      station, and transferring a welded blank from the welding station to the
NUM  11.
PAR  11. A machine for forming wheel rim blanks comprising the combination of
PA1  a. a welding station for butt welding the longitudinal edge portions of a
      coiled blank of strip material,
PA1  b. a trimming station adjacent the welding station for removing weld flash
      from the weld seam,
PA1  the welding station and trimming station forming a continuous open path in
      the direction of the axis of the coiled blanks formed in the coiling
      station to permit simultaneous loading and unloading of blanks on opposite
      sides of the welding station and the trimming station, and
PA1  c. a transfer mechanism for simultaneously loading a coiled blank into the
      welding station and transferring a welded blank from the welding station
      to the trimming station, and
PA1  d. shuttle means for advancing successive rim blanks through said trimming
NUM  12.
PAR  12. A machine for forming wheel rim blanks as set forth in claim 11 which
      includes a vertically movable head assembly carrying said shuttle means,
      and a fixed horn supporting the rim blanks along the inside surfaces
NUM  13.
PAR  13. A machine for forming wheel rim blanks comprising the combination of
PA1  a. an end conditioning press for flattening the longitudinal edge portions
      of a coiled blank of flat strip material,
PA1  b. a welding station adjacent that end conditioning press for butt welding
      the longitudinal edge portions of the coiled blank,
PA1  the end conditioning press and welding station forming a continuous open
      path in the direction of the axis of the coiled blanks to permit
      simultaneous loading and unloading of blanks on opposite sides of both the
      end conditioning press and the welding station, and
PA1  c. a transfer mechanism for simultaneously (1) loading a coiled blank into
      the end conditioning press, (2) transferring an end conditioned blank from
      the end conditioning press to the welding station, and (3) transferring a
NUM  14.
PAR  14. A machine for forming wheel rim blanks comprising the combination of
PA1  a. a welding station for butt welding the longitudinal edge portions of a
      coiled blank of strip material,
PA1  b. a finishing station, including a pair of trimming tools for removing
      weld flash from the upper and lower surfaces of the weld seam,
PA1  c. shuttle means for advancing successive rim blanks through said trimming
      tools,
PA1  d. and a vertically movable head assembly carrying said shuttle means and
      the upper trimming tool, said shuttle means engaging the tops of the rim
      blanks on opposite sides of the weld seam to fix the vertical position of
      the head assembly, thereby automatically fixing the vertical position of
NUM  15.
PAR  15. A method of forming wheel rim blanks comprising the steps of
PA1  a. loading a blank of strip material into a coiler and coiling the blank
      into the form of a cylinder with the longitudinal edges of the coiled
      blank defining a longitudinal gap,
PA1  b. transferring the coiled blank to an end conditioning press while
      positioning the longitudinal edges of the blank at predetermined
      circumferential positions so that said gap has a preselected width and
      circumferential location as it enters said press;
PA1  c. flattening the longitudinal edge portions of the coiled blank in the end
      conditioning press;
PA1  d. simultaneously (1) transferring the end conditioned blank to a welding
      station while maintaining said gap at said predetermined circumferential
      location, (2) transferring another coiled blank to the end conditioning
      press, and (3) loading another blank of strip material into the coiler;
PA1  e. butt welding the longitudinal edge portions of the coiled blank at the
      welding station; and
PA1  f. simultaneously (1) transferring the welded blank away from the welding
      station while maintaining the weld at a predetermined circumferential
      position, (2) transferring another end conditioned blank to the welding
      station, (3) transferring another coiled blank to the end conditioning
      press, and (4) loading another blank of strip material into the coiler.
NUM  16.
PAR  16. A method of forming wheel rim blanks as set forth in claim 15 wherein
      the longitudinal edges of the coiled blank are cammed to said
      predetermined positions during transfer of the coiled blank from the
NUM  17.
PAR  17. A method of forming wheel rim blanks as set forth in claim 15 wherein
      said end conditioning press and said welding station both form an open
      path in the direction of the axis of the coiled blanks to permit
      simultaneous loading and unloading of blanks on opposite sides of both the
NUM  18.
PAR  18. A method of forming wheel rim blanks as set forth in claim 15 wherein
      the coiled blanks are transferred through said end conditioning press and
      said welding station in the direction of the axes of the coiled blanks.
NUM  19.
PAR  19. A method of forming wheel rim blanks as set forth in claim 15 wherein
      the coiled blanks are transferred through said end conditioning press and
      said welding station with the axes of the blanks disposed horizontally
      with the gaps and weld seams being formed at the tops of the blanks, and
      with the blanks continuously supported beneath their top surfaces so that
      the bottoms of the blanks are free to be gripped by a transfer mechanism.
NUM  20.
PAR  20. A method of forming wheel rim blanks as set forth in claim 15 which
      includes the steps of advancing the welded blanks continuously through a
      longitudinal trimming station for removing weld flash from the
      longitudinal surfaces of the weld seam, a planishing station for
      planishing the longitudinal surfaces of the weld seam, and an edge
      trimming station for removing weld flash from the ends of the weld seam,
      while continuously maintaining the weld seam at a predetermined
NUM  21.
PAR  21. A method of forming wheel rim blanks as set forth in claim 15 wherein
      the welded blanks are advanced through the trimming and planishing
      stations while continuously supporting the inside surface of the blank on
      opposite sides of the weld seam, and continuously pressing the outside
      surface of the blank inwardly against the inside support on opposite sides
      of the weld seam so as to hold the blanks firmly in position during the
NUM  22.
PAR  22. A method of forming wheel rim blanks comprising the steps of
PA1  a. loading a coiled blank of flat strip material into an end conditioning
      press while positioning the longitudinal edges of the blank at
      predetermined circumferential positions so that said gap has a preselected
      width and circumferential location as it enters said press,
PA1  b. forming symmetrical longitudinal edge portions on the coiled blank in
      the end conditioning press,
PA1  c. simultaneously transferring the end conditioned blank to a welding
      station while maintaining said gap at said predetermined circumferential
      location and transferring another coiled blank to the end conditioning
      press,
PA1  d. butt welding the longitudinal edge portions of the coiled blank at the
      welding station; and
PA1  e. simultaneously (1) transferring the welded blank away from the welding
      station while maintaining the weld at a predetermined circumferential
      position, (2) transferring another end conditioned blank to the welding
      station, and (3) loading another coiled blank into the end conditioning
NUM  23.
PAR  23. A method of forming wheel rim blanks comprising the steps of
PA1  a. butt welding the longitudinal edge portions of a coiled blank of strip
      material at a welding station,
PA1  b. transferring the welded blank in the direction of its axis from the
      welding station while simultaneously loading another rim blank into the
      welding station,
PA1  c. trimming weld flash from at least the longitudinal surfaces of the weld
      seam at the trimming station, and
PA1  d. transferring the trimmed blank in the direction of its axis away from
      the trimming station while simultaneously loading a new rim blank into the
      welding station and transferring another rim blank from the welding
NUM  24.
PAR  24. A method of forming wheel rim blanks as set forth in claim 23 wherein
      weld flash is trimmed from the welded blank by advancing the blank in the
      direction of its axis between at least one pair of trimming tools.
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ABST
PAL  Apparatus for setting blind fasteners, which comprises means for engaging
      and setting one side of a fastener and driving it in a rectilinear path,
      means mounted in said rectilinear path for engaging and setting the other
      side of the fastener and means mounted adjacent the last named means for
      biasing material on the fastener together prior to the setting of the
      other side of the fastener.
BSUM
PAC  BACKGROUND
PAR  This invention relates to fasteners and more particularly to an improved
      method of an apparatus for setting blind fasteners and to improved
      fasteners adaptable for use with the improved method and apparatus.
PAR  Blind fasteners are utilized to fasten two pieces of material together when
      only one side of the work is accessible to the fastening tool.
PAR  While many different tools and methods of setting blind fasteners have been
      devised, the clamp-up provided to the set fastener thereby has not, in
      many cases, been as firm as some applications may demand. In addition, in
      many cases, previous methods and apparatus have provided sets where the
      pieces of material being fastened are not held flush against each other.
PAR  The reasons for these failures in the prior art fasteners is principally
      because only one side of the fastener was effectively worked by the
      fastening apparatus.
PAR  For example, a typical blind fastener comprises a hollow barrel portion and
      a flat annular flange at one end thereof. A mandrel that is similar to a
      headed nail is mounted in the barrel portion of each fastener with the
      shank of the mandrel extending out of the flange end of the fastener. The
      head of the mandrel protrudes out the barrel portion of the fastener. The
      fastener is set by pulling the mandrel shank with an appropriate tool,
      such as that shown in U.S. Pat. No. 3,164,283, so that the head of the
      mandrel deforms the far side of the fastener and thus captures the pieces
      of material to be set between the deformed far side of the fastener barrel
      portion and the fastener flange.
PAR  However, with this arrangement, the setting action of the mandrel is
      limited by the strength of the barrel portion material and the pulling
      force exerted by the fastener tool. In many instances, the pulling force
      is not strong enough to force the upset material back into the rear of the
      work so as to tightly clamp the material between the upset part of the
      barrel portion and the fastener flange.
PAR  Another problem encountered with this arrangement is that if the pieces of
      material to be set were not held together prior to the setting operation,
      the initial upsetting of the far end of the fastener would "freeze" the
      front piece of material on the fastener barrel portion adjacent the upset.
      At this point, there was no way to bring the pieces of material together
      on the fastener. Thus, the rear pieces of material were movable laterally
      on the fastener between the frozen piece and the flange. This was
      obviously undesirable.
PAR  Attempts to improve the set of a fastener by performing operations on both
      sides thereof, such as that disclosed in U.S. Pat. No. 2,477,056, were not
      satisfactory in that the rear setting operation was weak and no operation
      was performed to bring the pieces of material to be set together before
      the final setting operation was completed.
PAR  The inventor of the method, apparatus and fasteners described herein has
      previously devised the improved fastening apparatus disclosed in U.S. Pat.
      No. 3,763,541, which provided a substantially stronger set than those
      provided theretofore and, in addition, removed the necessity of providing
      a mandrel with each fastener, a significant cost saving. However, even
      with the substantially stronger setting force, there were instances when
      the pieces of material being set were not clamped together and set in that
      position, particularly when the first piece of material was "frozen" by
      the initial setting action.
PAC  SUMMARY
PAR  It is, therefore, an object of this invention to provide an improved method
      of setting blind fasteners.
PAR  It is another object of this invention to provide a fastener setting system
      wherein an efficient setting operation is performed on both sides of a
      fastener.
PAR  It is another object of this invention to provide a fastener setting system
      wherein the material being fastened is handled during the setting
      operation to enhance the performance of the setting process.
PAR  It is still another object of this invention to provide a sequential
      setting process for blind fasteners wherein the material is biased
      together before the final setting step is performed and the material is
      clamped into position.
PAR  It is a more specific object of this invention to provide an improved
      apparatus for setting blind fasteners.
PAR  It is a still more specific object of this invention to provide an
      apparatus for setting blind fasteners including independent means for
      sequentially upsetting each side of the fastener and for urging the
      material to be fastened together prior to the completion of the last
      upsetting step.
PAR  It is a further object of this invention to provide improved fasteners for
      use with the improved method of and apparatus for setting blind fasteners.
PAR  In accordance with these and other objects, apparatus according to the
      invention may comprise a means for sequentially setting one side of a
      blind fastener, biasing the material to be fastened together and then
      setting the other side of the fastener to clamp the material together.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a hand tool embodying the principles of
      the invention, with portions thereof partially in section.
PAR  FIG. 2 is a close-up view of the front portion of the tool shown in FIG. 1.
      FIGS. 3-8 show, in sequence, the setting of a fastener by the apparatus
      shown in FIGS. 1 and 2.
PAR  FIG. 9 is a front elevation view of a nosepiece for the apparatus shown in
      FIG. 2.
PAR  FIGS. 10a and 10b show one alternative embodiment of a nosepiece for
      apparatus according to the invention.
PAR  FIGS. 11a and 11b show another alternative embodiment of a nosepiece for
      apparatus according to the invention.
PAR  FIGS. 12a and 12b show another alternative embodiment of a nosepiece for
      apparatus according to the invention.
PAR  FIG. 13 shows another alternative embodiment of a nosepiece for apparatus
      according to the invention, which can be utilized to set another family of
      blind fasteners.
PAR  FIG. 14 depicts a fastener set by the apparatus shown in FIGS. 1-8.
PAR  FIG. 15 is a perspective view of a new fastener, usable with the apparatus
      shown in FIGS. 1-9.
PAR  FIG. 16 is a sectional view of the fastener shown in FIG. 15.
PAR  FIG. 17 is a modification of the fastener shown in FIGS. 15 and 16 and is
      adapted for use with the nosepiece depicted in FIGS. 10a and 10b.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to the drawings, a preferred embodiment of apparatus
      according to the invention comprises a fastening tool 20 including a
      housing 22, a front fastener setting assembly 24 that is reciprocal with
      respect to the housing 22 by a pneumatic-hydraulic assembly 26, and a rear
      fastener setting assembly 28.
PAR  The front fastener setting assembly 24 performs the function of upsetting
      the front, or barrel, end of the fastener. One embodiment of apparatus for
      performing this function is depicted in FIG. 1 and is similar to that more
      fully described in U.S. Pat. No. 3,763,541 issued to the same inventor as
      the apparatus disclosed. With reference to FIG. 1, the front fastener
      setting assembly 24 comprises an expandible mandrel assembly 30 mounted
      for reciprocal movement in housing 20 and including a center mandrel 32
      and a sleeve 34 mounted about the front of the center mandrel.
PAR  The mandrel assembly is positioned and dimensioned such that a substantial
      portion thereof extends out of the housing 22 through an aperture 36
      provided therein, as seen in FIG. 1. The portion of the mandrel assembly
      that extends out of housing 22 is long enough to permit a fastener having
      an aperture therein to be placed thereon.
PAR  The front end 38 of center mandrel 32 is enlarged by a diverging
      frustoconical portion 40. A collar 44 is mounted on the center mandrel 32
      substantially to the rear of the front end thereof and is positioned
      within the housing 22 for a purpose made clear hereinabove. The sleeve 34
      comprises a plurality of fingers 46 that have a mounting flange 48 at the
      rear thereof.
PAR  The collar 50 having a locking flange 52 is threadedly mounted on a sleeve
      54 mounted around center mandrel 32. A member 56 is threadedly mounted on
      sleeve 54 and forms an expansion cylinder 58 therewith. The expansion
      cylinder 58 encloses collar 44, as clearly shown in FIG. 1.
PAR  A sliding collar 60 is threadedly mounted on expansion cylinder 58 and
      engages the interior wall of housing 22. The collar 60 and the expansion
      cylinder 58 form an assembly 62 that is slidable with respect to the
      interior wall of housing 22. Of course, locking flange 52 will transmit
      the reciprocal movement of the assembly 62 to the fingers 46.
PAR  The center mandrel 32 is connected, through a threaded connection 64, to a
      piston 66, which is operatively connected to the pneumatic-hydraulic
      assembly 26. The pneumatic-hydraulic assembly is conventional and is
      described in detail in the said U.S. Pat. No. 3,753,541. The arrangement
      of having collar 44, formed on center mandrel 32 movable in expansion
      cylinder 58, connected to fingers 46, provides that the fingers 34 are
      movable along with center mandrel 32 when collar 44 engages either the
      front or rear wall of cylinder 58 and are movable with respect to the
      center mandrel 32 during the initial portions of either a forward or
      reverse stroke of the center mandrel 32 a distance equal to the travel of
      collar 44 within the expansion cylinder 58.
PAR  The housing 22 is divided into two cylinders, 68 and 70, by a wall 72. The
      wall 72 has an aperture 74 therein to permit an extension 75 of piston 66
      to reciprocate therein. A spring 76 is mounted between the rear of
      expansion cylinder 58 and the wall 72 and a spring 78 is mounted between
      the rear of piston 66 and the rear of housing 20. Spring 78 biases the
      center mandrel in its forward position, shown in FIG. 1, and spring 76
      biases expansion cylinder 58 on its forward position, also shown in FIG.
      1.
PAR  Upon the actuation of the pneumatic-hydraulic assembly 26 by the pressing
      of trigger 80, center mandrel 32 will be driven rearwardly by piston 66.
      In the first portion of the stroke of piston 66, the center mandrel 32
      will move rearwardly with respect to fingers 46, the distance of the
      stroke of collar 44 in expansion cylinder 58. The effect of this movement
      is to make the front of the fingers 46 ride up on frustoconical portion 40
      to increase the effective diameter of the mandrel assembly at this point
      such that it will not pass freely through the hole in the fastener.
PAR  When the collar 44 strikes the rear wall of expansion cylinder 58, further
      rearward motion of piston 66 causes the expansion cylinder 58 and thus the
      fingers 46 to be driven rearwardly along with the center mandrel. The thus
      expanded mandrel assembly will be operable to engage and set the front of
      the fastener mounted thereon and drive it toward the front of housing 22.
PAR  A plurality of configurations of center mandrels and fingers are disclosed
      in the aforementioned U.S. Pat. No. 3,763,541. For the purposes of the
      instant invention, it need only be stated that a mandrel assembly having a
      portion with a cross-sectional area greater than that of the aperture in
      the fastener engages the front of a fastener mounted thereon, distends it,
      and drives it to the rear.
PAR  An alternative arrangement of a front fastener setting assembly is
      disclosed in the aforementioned U.S. Pat. No. 3,164,283, wherein an
      actuating assembly causes a plurality of jaws to grasp the mandrel
      provided in the type of fastener that includes the same and pull the
      mandrel to the rear to upset the front of the fastener barrel portion. The
      apparatus also includes means for severing the portion of the mandrel
      extending from the set rivet and discarding it. For the purposes of the
      instant invention the front fastener setting assembly of the alternate
      arrangement includes the mandrel provided in the fastener and the means
      for grasping the mandrel and pulling it to the rear in order to set the
      front of the fastener.
PAR  With reference to FIGS. 15 and 16, a preferred embodiment of a fastener 84
      adapted for use with the instant apparatus includes a hollow, tubular
      barrel portion 86 and a diverging, funnel-type rear flange portion 88.
PAR  With reference to FIG. 2, a preferred embodiment of the rear fastener
      setting assembly 28 includes a nosepiece 90 threadedly mounted in the
      front of housing 22. The nosepiece 90 is adopted to engage the rear of a
      fastener 84 mounted on the mandrel assembly 30, the front of which has
      been distended by the front fastener setting assembly 26. The expanded
      mandrel assembly 30 firmly engages the fastener at this stage of the
      operation and is driving it against the nospiece 90.
PAR  The nosepiece 90 includes a threaded mounting portion 94 that is adapted to
      be received in a threaded aperture 96 provided in the front of housing 22.
      An aperture 98 is provided through the nosepiece to accommodate mandrel
      assembly 30. The diameter of aperture 98 is such that the nosepiece may be
      unscrewed from threaded aperture 96 in the housing and removed from the
      apparatus by sliding it off the front of the mandrel assembly 30. The
      front of the nosepiece is provided with a contoured sloping face portion
      100 which includes a plurality of sharp ridges 102 formed thereon. The
      slope of the face portion 100 is designed so as to mate with the rear of a
      fastener mounted on the mandrel assembly 30. In the case of fastener 84,
      the diverging angle of the funnel shapped flange 88 of the fastener 84, is
      selected to exactly mate with the front of the face portion 100 of the
      nosepiece 90.
PAR  Housing 22 is provided with a threaded front portion 104. A collar 106 is
      threadedly mounted on threaded portion 104 and is movable with respect to
      the exterior of the housing 22 by the rotation thereof. The front of
      collar 106 is provided with a recess 108. A resilient biasing member 110
      is mounted in the recess 108 in collar 106 for a purpose made clear
      hereinbelow.
PAR  The resilient member may be fabricated out of rubber, a resilient plastic,
      or even out of a metallic spring. A locking nut 112 is mounted on the
      threaded portion 104 of housing 22 immediately to the rear of collar 106,
      and is operable to fix the collar 106 in position on the housing 22.
PAR  With reference to FIG. 3, two pieces of material, 114 and 116, are shown on
      fastener 84, are spaced apart thereon, and are to be set by the instant
      method and apparatus flush against each other and tightly clamped
      together.
PAR  With reference to FIG. 4, the initial portion of the stroke of the
      pneumatic-hydraulic assembly has caused the expansion of the front of
      mandrel assembly 30 and the setting of the front of fastener 84. This has
      caused the piece of material 114 to be frozen in place on the fastener
      barrel portion 86. The continued rearward movement of the mandrel assembly
      will cause the fastener with the piece of material frozen thereon to be
      moved to the rear against the nosepiece 90. This forces the flange 88 of
      the fastener 84 against the face portion 100 of the nosepiece 90 and
      causes the flange of the fastener to begin to be slit by the sharp ridges
      102 on the face portion 100.
PAR  Simultaneously, as the fastener 84 is driven rearwardly by the mandrel
      assembly 30, the resilient member 110 will push the rear piece of material
      on the fastener towards the front piece of material, which had been frozen
      in place. This action of the resilient member 110 precludes the rear piece
      of material on the fastener from being frozen in place by the distending
      and slitting of the flange of the fastener by the ridges 102 on nosepiece
      100 face portion.
PAR  The action of the rear fastener setting assembly 28 is shown in sequence of
      FIGS. 3-8. It will be seen that as the flange portion is forced back upon
      the ridge 102 on face portion nosepiece 100 there is progressive slitting
      of the material of the flange portion of the fastener and a bending and
      curving outwardly of the slit portions of the flange (FIGS. 4 and 5).
PAR  FIGS. 3--5 show the action of the resilient member 110 in biasing the rear
      piece of material 116 towards the front piece of material 114 in advance
      of the slitting of the flange of the fastener. FIG. 6 shows the final
      steps in the setting operation, wherein the two pieces of material,
      brought together by the action of resilient member 110, are forced into
      the resilient member 110, deforming it, to firmly hold them together as
      the fastener flange is slit further by nosepiece 90 and the slit portions
      thereof are bent outwardly and back towards the pieces of material to
      cause the portion of the fastener immediately to the rear of the rear
      piece of material to be distended and thus clamp the rear piece of
      material together with the front piece of material.
PAR  At this stage of the process the trigger 80 of the pneumatic-hydraulic
      assembly 26 is released and the forces of springs 76 and 78 cause the
      mandrel assembly 30 to be unexpanded and driven forwardly. This step in
      the process is depicted in FIG. 7. The unexpansion of the mandrel assembly
      permits the set fastener to be removed therefrom, as is more fully
      described in the aforesaid U.S. Pat. No. 3,763,541, the thus set fastener
      84 being shown in FIG. 8.
PAR  Several alternative embodiments of nosepiece 90 are adaptable for use in
      rear fastener setting assembly 28.
PAR  With reference to FIGS. 10a, 10b and 17, one such alternate embodiment
      comprises a nosepiece 190 having a threaded mounting portion 194 and an
      aperture 198 provided therethrough for mandrel assembly 30. The threaded
      mounting portion 194 is adapted to be received in the threaded aperture 96
      provided in the housing 22. The aperture 198, like aperture 98 in
      nosepiece 90, is of sufficient diameter such that the nosepiece can be
      removed from the tool housing by unscrewing it from threaded aperture 96
      and sliding it off the front of the mandrel assembly. Nosepiece 190
      includes a frustoconical face portion 200 designed so as to mate with the
      rear of a fastener mounted on the mandrel assembly 30.
PAR  Nosepiece 190 is particularly suitable for use with the fastener depicted
      in FIG. 17. Referring now to that FIG., a fastener 184 suitable for use
      with nosepiece 190 includes a tubular barrel portion 186, a diverging
      funnel type rear flange portion 188 and a plurality of notches 189
      provided in the flange portion 188.
PAR  With this arrangement, after the mandrel assembly 30 has set the front of
      the fastener 184 in the same manner as described hereinabove, in
      connection with fastener 84, and is driving the fastener 184 against
      nosepiece 190, the force fo face portion 200 against the flange portion
      188 of the fastener 184 will cause the rupture of the flange portion 188
      at the notches 189. The continued rearward movement of the mandrel
      assembly causes the segments of the flange portion 188 to peel back in a
      manner similar to that disclosed in connection with fastener 84 and
      nosepiece 90. This, in conjunction with the action of resilient biasing
      member 110, results in a set fastener substantially the same as that
      disclosed in connection with fastener 84 and the nosepiece 90, and shown
      in FIGS. 8 and 13.
PAR  In addition to the the foregoing embodiments, two additional alternate
      embodiments of the nosepiece 90 are provided. These two additional
      embodiments are shown in FIGS. 11a and 11b and 12a and 12b respectively
      and are operable to distend the rear of a fastener rather than causing the
      rear to be split or ruptured and peeled back, as described hereinabove and
      shown in FIGS. 8 and 14.
PAR  More specifically, with reference to FIGS. 11a and 11b, another embodiment
      of a nosepiece, designated 290, includes a threaded mounting portion 294
      and an aperture 298 provided therethrough for mandrel assembly 30, said
      threaded mounting portion being adapted to be received in the threaded
      aperture 96 provided in the front of housing 22. Nosepiece 290 includes a
      contoured face portion 300 that includes a first frustoconical portion 302
      and, provided forward thereof, a second frustoconical portion 304. The
      relative diameters of frustoconical portion 304 is somewhat smaller that
      that of frustoconical portion 302. With this arrangement, a groove 306 is
      formed between the two frustoconical portions, as shown in FIGS. 11a and
      11b.
PAR  In operation, as the flange portion of a fastener 84 is pressed back into
      nosepiece 290 by mandrel assembly 30, the rear of the flange portion 88
      will be pressed into groove 306, causing the flange to be rolled back
      towards the pieces of material being set, engaging the same and holding
      them together against the upset front of fastener. As in the embodiments
      described hereinabove, the material being set is brought together prior to
      clamping by resilient biasing member 110. The advantage provided by the
      embodiment is that the set provided to the rear of the fastener only
      utilizes a small portion of the fastener flange and thus the maximum
      diameter of the set fastener is somewhat reduced from that provided by the
      other embodiments.
PAR  With reference to FIGS. 12a and 12b, another alternate embodiment of a
      nosepiece adapted for use with rear fastener setting assembly 28 is
      designated 390. Nosepiece 390 includes a threaded mounting portion 394 and
      an aperture 398 therethrough for mandrel assembly 30, the threaded
      mounting portion being adapted to be received in the threaded aperture 96
      provided in the front of housing 22.
PAR  Nosepiece 390 includes a frustopyramid shaped face portion 400 having a
      plurality of flat sides 402, with a rounded edge 404 provided between each
      side 402. The frustopyramid face portion 400 tapers toward the front of
      the nosepiece. This embodiment is of particular strength and will deform
      the flange portion 88 with the application of less force from the mandrel
      assembly than the previous embodiments.
PAR  An additional embodiment of a nosepiece for use in rear fastener setting
      assembly 28 is disclosed in FIG. 13. This embodiment of the nosepiece,
      designated 490, includes a threaded mounting portion 494 adapted to be
      received in the threaded aperture 96 in housing 22 and an aperture 498
      therethrough for mandrel assembly 30. This embodiment is adapted for
      setting the rear of conventional, eyelet type fasteners 284. The face
      portion 500 of nosepiece 490 comprises a dished-shaped recess 502 that is
      adapted to engage the flange 286 of the eyelet type fastener 284 and bend
      it backwards into the rear piece of material to clamp the piece of
      material between the bent flange and the distended front of the fastener,
      as shown in FIG. 13.
PAR  Each of the nosepieces 290, 390, and 490, as well as nosepieces 90 and 190,
      are mountable in tool housing 22 by threading the apertures 298, 398, or
      498, respectively, over the mandrel assembly 30 and screwing the mounting
      portions into aperture 96 in the housing. Thus, all five embodiments of
      the nosepiece can be utilized in conjunction with the rear fastener
      setting assembly, one at a time, and, of course, if the operator of the
      tool wishes to change nosepieces, this can be done in a rapid manner.
PAR  Each of the nosepieces 90 and 190, which are operable to split and peel
      back the flange portion of fastener 84, set the rear of the fastener right
      up against the rear piece of material, the pieces of material being thus
      clamped firmly between the front upset portion of the fastener and the
      rear split portion thereof. The set is not caused by the actual engagement
      of the slit pieces of the rear of the fastener with the rear piece of
      material, but by the distending of the fastener barrel by the progressive
      slitting of the flange and then the barrel.
PAR  In the cases of the nosepieces 290 and 490, the bent back flange itself
      engages and clamps the rear piece of material, while in the case of
      nosepiece 390, the rear of the fastener barrel is distended by the
      nosepiece and clamps up against the material.
PAR  Each of the nosepieces 90, 190, 290, 390 and 490 is operable as described
      hereinabove to set fasteners without the use of resilient member 110.
      However, the biasing action of resilient member 110 precludes the
      possibility of the rear piece of material being frozen on the fastener
      barrel by the rear fastener setting assembly in a position spaced from the
      front piece of material.
PAR  In addition to biasing the pieces of material together on the fastener
      barrel, the resilient member 110 assures that the pieces of material are
      flush by compressing them together once the pieces of material are brought
      into engagement with the resilient member and each other. This happens
      when continued rearward movement of the mandrel assembly presses the rear
      piece of material into the resilient member. This compressing action
      performed by the resilient member is particularly useful in those
      instances when the pieces of material are bent, or when elastic material
      is being set.
PAR  The "spring" constant of the resilient member is selected such that the
      force exerted thereby plus the force required to set the rear of the
      fastener is less than the opposing force provided by the
      pneumatic-hydraulic assembly. This "spring" constant of the resilient
      member will thus vary in accordance with the size and material of the
      fastener being set.
PAR  These and all other such embodiments, variations, and modifications that
      incorporate the spirit of the invention and depend upon its underlying
      concept are, consequently, to be considered as within the scope of the
      claims appended herebelow, unless the claims by their language expressly
      state otherwise.
CLMS
NUM  1.
PAR  1. Apparatus for setting blind fasteners having a front portion, a rear
      portion and an aperture therethrough, in a plurality of pieces of
      material, which comprises:
PA1  fastener setting means having an aperture therethrough and a portion
      adapted to engage and set a fastener,
PA1  mandrel means mounted for reciprocal movement in said aperature in the
      fastener setting means, said mandrel means extending out from said
      aperture and being adaptable to receive a fastener thereon, the mandrel
      means including a front portion adaptable to set the front of the fastener
      when driven into engagement with it,
PA1  means for driving the mandrel means rearwardly to first set the front of
      the fastener and then to drive the fastener thereon rearwardly until the
      rear portion of the fastener is driven into the fastener setting means to
      set the rear of the fastener, and
PA1  means mounted on said fastener setting means for engaging the rearmost
      piece of material on the fastener and driving it forwardly on the fastener
      into engagement with the piece of material on the fastener in front
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said portion of the fastener
      setting means adapted to engage and set a fastener comprises means for
      slitting the rear of the fastener and bending the slit ends back toward
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the apparatus is adapted for
      setting blind fasteners having a flat flange provided at the rear end
      thereof perpendicular to a cylindrical body portion, and the fastener
      setting means includes a rounded recess provided therein for receiving the
      flat flange portion of the fastener and shaping it back toward the pieces
      of material as the fastener is driven thereagainst by the mandrel means,
      the deepest portion of said recess being located around the center
NUM  4.
PAR  4. Apparatus according to claim 2, where the means for slitting the rear of
      the fastener and bending the slit ends back towards the pieces of material
      includes a shaped face portion having sharp ridges thereon for engaging
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the fastener setting means
      includes a frustopyramidal portion positioned with the smaller end thereof
      spaced from and adapted to engage the rear of the fastener, said
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the mandrel means includes:
PA1  a headed mandrel mounted through the aperature in the fastener setting
      means with the head extending out therefrom and being of a cross-sectional
      area larger than that of the aperture in the fastener setting means, and
PA1  the means for driving the mandrel means rearwardly includes means for
      grasping the shank of the mandrel from the other side of the aperture in
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the mandrel means includes:
PA1  an expandible mandrel assembly adapted to receive the fastener thereon by
      the insertion thereof through the aperture in the fastener, and
PA1  means for expanding the cross-sectional area of a portion of the mandrel
NUM  8.
PAR  8. Apparatus for setting blind fasteners having a flange end, a barrel
      portion and an aperture therethrough in a plurality of pieces of material,
      which comprises:
PA1  a housing,
PA1  a nosepiece mounted in the housing and having means thereon for setting the
      flange end of a fastener when the fastener is driven thereagainst,
PA1  means for engaging and setting the barrel end of the fastener and driving
      it in a rectilinear path toward the nosepiece for the setting of the
      flange end, and
PA1  means mounted concentrically with the nosepiece for engaging and biasing
      the material on the fastener together prior to the setting of the flange
NUM  9.
PAR  9. Apparatus for setting blind fasteners having a flange end, a barrel
      portion and an aperture therethrough in a plurality of pieces of material,
      which comprises:
PA1  a housing,
PA1  a nosepiece mounted in the housing and having means thereon for setting the
      flange end of a fastener when the fastener is driven thereagainst,
PA1  means for engaging and setting the barrel end of the fastener and driving
      it in a rectilinear path toward the nosepiece for the setting of the
      flange end, and
PA1  an annular resilient member mounted to the housing, surrounding the
      nosepiece and extending toward the pieces of material on the fastener for
      biasing the pieces of material on the fastener together prior to the
NUM  10.
PAR  10. Apparatus for setting blind fasteners having a flange end, a barrel
      portion and an aperture therethrough in a plurality of pieces of material,
      which comprises:
PA1  a housing,
PA1  a nosepiece mounted in the housing having an aperture therethrough and a
      front portion having sharp ridges thereon,
PA1  an expandible mandrel assembly mounted for reciprocal movement in said
      housing, said mandrel assembly extending out from the aperture in the
      nosepiece and being adaptable to receive a fastener thereon, the mandrel
      assembly being sized such that the front of the assembly extends out of
      the front of the fastener when a fastener is mounted thereon,
PA1  means for expanding the mandrel assembly to engage and set the front of the
      fastener,
PA1  means for driving the mandrel assembly with the fastener engaged thereon
      rearwardly until the rear of fastener is driven into the front of the
      nosepiece, the sharp ridges on the nosepiece being operable to slit the
      rear of the fastener and peel back the segments thereof until the rear of
      the fastener is set against the pieces of material, and
PA1  an annular resilient member mounted to the front of the housing,
      surrounding the nosepiece and extending toward the pieces of material
      mounted on the fastener, said annual resilient member being operable to
      engage the pieces of material and bias them together prior to the setting
NUM  11.
PAR  11. Apparatus for setting blind fasteners having a flange end, a barrel
      portion and an aperture therethrough in a plurality of pieces of material,
      which comprises:
PA1  a housing,
PA1  a nosepiece mounted in the housing having an aperature therethrough and a
      front portion having sharp ridges thereon,
PA1  means for driving the mandrel rearwardly to set the front of the fastener
      by driving the enlarged head of the mandrel against it, and to drive the
      fastener thereon rearwardly until the rear of the fastener is driven into
      the front of the nosepiece, the sharp ridges on the nosepiece being
      operable to slit the rear of the fastener and peel back the segments
      thereof until the rear of the fastener is set against the pieces of
      material, and
PA1  an annular resilient member mounted to the front of the housing,
      surrounding the nosepiece and extending toward the pieces of material
      mounted on the fastener, said annual resilient member being operable to
      engage the pieces of material and bias them together prior to the setting
      of the rear of the fastener.
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ABST
PAL  An electric meter installing device which includes an annular shield plate
      having detachably secured thereto, a generally cylindrical housing. A pair
      of handles project from opposite sides of the housing and are spaced from
      the shield plate. A suction cup is mounted in the opposite side of the
      housing from that which is adjacent, and detachably connected to, the
      shield plate. A backup ring is secured to the inside of the housing and
      extends concentrically around the suction cup. The backup ring functions
      as a stop or abutment contacting one side of an electrical meter housing
      during installation with the device of the invention. A protuberant finger
      extends from one edge of the suction cup through the housing to permit the
      suction cup to be released from engagement with the housing of the
      electric meter to be installed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices for manually positioning, installing and
      withdrawing electric meters of the type having a glass housing surrounding
      the meter mechanism and dials, and more particularly, to installing
      devices for installing such meters while the glass meter housing is
      enclosed within a protective enclosure which is manually manipulated in
      positioning the meter during installation.
PAR  2. Brief Description of the Prior Art
PAR  A device for manually installing glass housed electric meters is disclosed
      in Price, U.S. Pat. No. 3,570,103. The Price meter installing device
      includes an annular rim or collar which is adapted to bear against or abut
      the rim of the glass housing enclosing an electric meter which is to be
      installed. Extending outwardly from the collar so as to form a basket or
      framework extending around the glass housing of the meter are a plurality
      of support members in the form of metal straps. These straps carry a
      plurality of cushioning pads disposed on the ends of screws extended
      through the straps, which cushioning pads can be screwed into engagement
      with the sides of the glass meter housing. When the glass housed meter is
      positioned inside this device, it is gripped by the cushioning pads and by
      the annular collar, and can be manually positioned by holding the straps
      of the device and guiding the glass meter to the proper position of
      installation.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides an improved glass meter installing device
      which protects the glass housing of a meter from fracturing, cracking or
      breakage during installation or withdrawal, and at the same time, protects
      installing personnel from explosions and electrical shock which
      occasionally occur in the course of installing or withdrawing electric
      meters by prior methods and using devices heretofore known. Further, the
      meter installing device of the invention is versatile in its usage and can
      be employed for installing or withdrawing meters in open spaces while
      affording a relatively great amount of protection to installing personnel,
      or can be modified to permit the meter to be installed or withdrawn in a
      rather narrow or confined space.
PAR  Broadly described, the meter installing device of the present invention
      comprises an annular shield plate having a generally cylindrical housing
      detachably secured to the shield plate around a large central opening
      through the center of the plate. The housing carries a pair of handles
      which project from opposite sides of the housing, and substantially
      parallel to the annular shield plate. There is further provided at one
      side of the housing, opposite the opening through the annular shield
      plate, a resilient suction cup which projects inwardly into the housing
      and is adapted for engaging the exposed outer side of the housing of an
      electric meter to be installed. A backup or stop ring is formed on the
      side of the housing which carries the suction cup, and surrounds the
      suction cup to afford a firm backup to the housing of the electric meter
      as it is pressed into its installed position.
PAR  From the foregoing description of the invention, it will be seen that the
      present invention provides an improved meter installing device which
      completely encloses and shields the meter during its installation, and
      prevents breaking of the glass meter housing or injury to personnel
      installing or withdrawing the meter as a result of electrical shock,
      electrical arc or inadvertent breaking or explosion of the meter
      shattering the glass housing thereof.
PAR  A further object of the invention is to provide a meter installing device
      which can be utilized with a significant measure of protection and safety
      in all usages, and which can be employed to emplace the meter in
      restricted or confined locations.
PAR  An additional object of the invention is to provide a meter installing
      device which grips the meter with a soft, resilient suction cup during
      installation, so that the glass housing of the meter is not scratched or
      broken through contact with hard or abrasive surfaces.
PAR  A further object of the invention is to provide a meter installing device
      which is of simple construction, yet which is mechanically durable and
      characterized in having a long and trouble-free service life.
DRWD
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description of one embodiment of the invention is
      read in conjunction with the accompanying drawing which illustrates the
      invention.
PAC  GENERAL DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of the meter installing device of the invention.
PAR  FIG. 2 is a side elevation view of the meter installing device illustrated
      in FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view taken in a horizontal plane extended through the
      cylindrical housing of the installing device at a location just above the
      interlocking lugs provided for detachably connecting this housing to the
      annular shield plate forming a part of the installing device.
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF ONE EMBODIMENT OF THE INVENTION
PAR  The meter installing device of the invention includes an annular shield
      plate 10 which has a large central opening formed therethrough of a
      diameter which is substantially equal to the diameter of a generally
      cylindrical housing 12. It will be noted in referring to FIGS. 1-3 that
      both the annular shield plate 10 and the housing 12 are formed of a
      synthetic resin material which is preferably transparent in character and
      is characterized by high impact strength and resistance. The generally
      cylindrical housing 12 has formed integrally therewith, and extending from
      opposite sides thereof, a pair of handles 14 which have downwardly curved
      end portions 14a allowing a two-handed grip of the installing device
      during use.
PAR  The housing 12 is detachably secured to the annular shield plate 10 by
      means of a plurality of interlocking lugs best illustrated in FIGS. 2, 4
      and 5 of the drawings. Thus, the annular shield plate 10 carries, in the
      illustrated embodiment, four built-up, undercut female lugs 16. Each of
      the lugs 16 is open at the radially inner side and at one side extending
      normal thereto, so that a mating male tab 18 carried near the edge of the
      generally cylindrical housing 12 adjacent the open side thereof can slide
      into, and interlock with one of the lugs 16 in the manner shown in FIGS. 4
      and 5. It will be noted in referring to FIG. 4 that the male tab 18
      projects radially outwardly from the side wall of the generally
      cylindrical housing 12 at the edge adjacent the open side of the housing,
      and that there is further provided, a small, generally semi-cylindrical
      protuberance 20 which projects radially inwardly from the cylindrical
      housing at the same location, and immediately opposite the trailing edge
      of each male tab 18.
PAR  In referring to FIG. 4, it will also be noted that the female lug 16 is
      displaced radially outwardly a short distance from the periphery of the
      large opening through the annular shield plate 10, and that the shield
      plate further carries an upstanding rib 22 on the periphery of the opening
      through the shield plate, and spaced circumferentially a short distance
      from the respective female lug. The described arrangement permits snap
      interlocking between the male tab 18 and the female lug 16, and between
      the protuberance 20 and the rib 22 as shown in full lines in FIG. 4. Prior
      to the attainment of this interlocking status, the male tab 18 and the
      protuberance 20 are shifted circumferentially around the annular shield
      plate 10 from the interlocking position, as shown in dashed lines in FIG.
      4, and interlocking is achieved by rotation of the cylindrical housing 12
      on the annular shield plate 10 until snap engagement is achieved in which
      the protuberance 20 engages the rib 22, and the male tab 18 is positioned
      within and under the female lug 16. Four such points of engagement are
      provided by the inclusion of four sets of each of the interlocking members
      as described, with the four interlocks being best illustrated in FIG. 1 of
      the drawing.
PAR  Secured to the top side of the cylindrical housing 12 by means of a pair of
      suitable screws or bolts 28 is a soft, flexible and resilient suction cup
      30. The base of the suction cup 30 bears against the top side of the
      cylindrical housing 12, and the peripheral gripping edge 30b of the
      suction cup is spaced inwardly from the top wall of the housing 12.
      Extending around the outer periphery of the suction cup 30 in concentric
      relation thereto is a backup or supporting ring 32. The supporting ring 32
      is preferably molded integrally with the housing 12, and is rigidly
      interconnected with the handles 14 by a pair of ribs 34 which project
      radially outwardly from the ring and extend to the side walls of the
      cylindrical housing 12.
PAR  As shown in FIG. 3 of the drawings, the illustrated embodiment of the
      invention includes a small vacuum releasing finger 36 which is molded
      integrally with the suction cup 30 adjacent to the side edge thereof, and
      projects from the suction cup out through a small hole 38 formed in the
      top side of the housing 12. A sufficient amount of the releasing finger 36
      projects beyond the housing 12 to permit the finger to be gripped for the
      purpose of releasing the suction cup from the housing of a meter to be
      installed in a manner hereinafter described.
PAC  OPERATION
PAR  The meter installing device of the invention may be used in either of two
      ways. Where the location where an electric meter is to be installed or
      withdrawn is not restricted or confined, and adequate space around the
      point of installation exists for using the complete assembled installing
      device as shown in FIG. 1, the cylindrical housing 12 is engaged with the
      annular shield plate 10. This is accomplished by rotation of the housing
      12 on the shield plate 10 to snap engage the lugs 16 with the tabs 18, and
      the protuberances 20 with the ribs 22 in the manner hereinbefore
      described. This arrangement firmly secures the plate 10 to the housing 12.
PAR  The electric meter to be installed is next engaged by pressing the suction
      cup 30 against the flat outer end wall of the glass housing
      characteristically utilized in such electric meters. This will cause a
      suction to be developed within the suction cup 30 so as to engage the
      meter housing, and the meter housing will then extend concentrically
      within the generally cylindrical housing 12, with the base of the meter
      projecting from the front side of the housing 12. Using the handles 14a,
      the person undertaking the installation can then advance or project the
      electric meter toward the point of securement thereof on a wall or other
      desired location, guiding the meter as it is positioned for installation
      and connection, or reversing the movement of the device for meter removal
      or withdrawal. During this manipulation, the person installing the meter
      is protected against electrical shock, since the synthetic resin
      installing device possesses dielectric characteristics affording adequate
      insulation, and the installer is also protected against the occasional
      explosions of the glass meter housings which have been known to occur due
      to engagement of a meter into a faulted circuit or withdrawal of a meter
      while a load is being served. Further, the glass housing of the electric
      meter is also protected in large part by the surrounding cylindrical
      housing 12, and by the shielding afforded by the annular shield plate 10.
PAR  When the base of the meter being installed has been abutted against the
      meter socket into which installation is to be made, the flat outer side of
      the meter housing is brought to bear against the backup ring 32. This ring
      affords a firm and even support to the meter housing, and prevents
      undesirable excessive distortion of the suction cup 30. It also enables an
      even force to be applied to the meter housing at this time.
PAR  After the meter has been installed or withdrawn, it is a simple matter to
      release the installing device from the meter. This is accomplished merely
      by grasping the elastomeric releasing finger 36 and pulling outwardly.
      This will cause the lip at one side of the suction cup to be lifted, and
      the vacuum to be broken. The installing device can then be completely
      disengaged from the meter.
PAR  In an alternative mode of usage of the meter installing device of the
      invention, a cylindrical housing 12 can be quickly disengaged from the
      annular shield plate 10, and the housing then used alone without
      attachment to the shield plate. This permits the electric meter to be
      installed or withdrawn in a more restricted or confined space where
      clearance for the relatively large diameter shield plate 10 is not
      afforded. The mode of installation in this circumstance is then
      substantially the same as that previously described when both the shield
      plate 10 and the housing 12 are used conjunctively.
PAR  Although one form of the present invention has been herein described in
      order to illustrate the basic principles underlying the invention, it will
      be understood that various changes and innovations in the illustrated and
      described structure can be effected without departure from such basic
      principles. Changes and innovations of this type are therefore deemed to
      be circumscribed by the spirit and scope of the invention, except as the
      same may be necessarily limited by the appended claims or reasonable
      equivalents thereof.
CLMS
NUM  1.
PAR  1. An electric meter installing device comprising:
PA1  a hollow transparent housing having an opening at one side thereof;
PA1  handles on opposite sides of the housing facilitating the lifting, handling
      and guidance of the housing;
PA1  meter engaging means within the housing at the side thereof opposite said
      opening and secured thereto for engaging an electric meter to be installed
      while a portion of the meter projects through said opening; and
PA1  releasing means accessible from outside the housing and cooperating with
      said meter engaging means to facilitate disengagement of an electric meter
      from the meter engaging means after the electric meter has been installed.
NUM  2.
PAR  2. An electric meter installing device as defined in claim 1 and further
      characterized as including shield means detachably secured to said housing
NUM  3.
PAR  3. An electric meter installing device as defined in claim 2 wherein said
NUM  4.
PAR  4. An electric meter installing device as defined in claim 2 wherein said
      shield means is a transparent synthetic resin and an electrical
NUM  5.
PAR  5. An electric meter installing device comprising:
PA1  a hollow transparent housing having an opening at one side thereof;
PA1  handle means on the housing facilitating the lifting, handling and guidance
      of the housing;
PA1  a suction cup within the housing and secured thereto for engaging an
      electric meter to be installed while a portion of the meter projects
      through said opening; and
PA1  releasing means accessible from outside the housing and cooperating with
      said meter engaging means to facilitate disengagement of an electric meter
      from the meter engaging means after the electric meter has been installed.
NUM  6.
PAR  6. An electric meter installing device as defined in claim 5 and further
      characterized as including a rigid backup ring concentrically surrounding
      said suction cup and adapted to bear against an electric meter pressed
NUM  7.
PAR  7. An electric meter installing device as defined in claim 5 and wherein
      said releasing means includes a releasing finger extending from said
      suction cup through said housing and facilitating the release of said
NUM  8.
PAR  8. An electric meter installing device as defined in claim 5 wherein said
      suction cup is mounted on the inside of said housing at a location
      opposite the opening at one side thereof and includes an annular gripping
      edge, and wherein said handle means includes a pair of handles extending
      from opposite sides of said housing in substantially the same plane as
NUM  9.
PAR  9. An electric meter installing device comprising:
PA1  a hollow, cylindrical, transparent housing having an open end;
PA1  handle means on the housing facilitating the lifting, handling and guidance
      of the housing;
PA1  meter engaging means within the housing and secured to the opposite end of
      said housing from said open end for engaging an electric meter to be
      installed while a portion of the meter projects through said opening; and
PA1  releasing means accessible from outside the housing and cooperating with
      said meter engaging means to facilitate disengagement of an electric meter
      from the meter engaging means after the electric meter has been installed.
NUM  10.
PAR  10. An electric meter installing device as defined in claim 9 wherein said
NUM  11.
PAR  11. An electric meter installing device as defined in claim 9 wherein said
      meter engaging means comprises means for engaging the cylindrical housing
      of an electric meter to hold the meter housing concentrically within said
NUM  12.
PAR  12. An electric meter installing device comprising:
PA1  a hollow transparent housing having an opening at one side thereof;
PA1  handle means on the housing facilitating the lifting, handling and guidance
      of the housing;
PA1  meter engaging means within the housing and secured thereto for engaging an
      electric meter to be installed while a portion of the meter projects
      through said opening;
PA1  releasing means accessible from outside the housing and cooperating with
      said meter engaging means to facilitate disengagement of an electric meter
      from the meter engaging means after the electric meter has been installed;
      and
PA1  shield means detachably secured to said housing around the opening therein;
PA1  female lugs carried on said shield means; and
PA1  male tabs carried on said housing and engaging said female lugs when said
      housing is rotated relative to said shield means to effect said detachable
NUM  13.
PAR  13. An electric meter installing device as defined in claim 12 and further
      characterized as including:
PA1  ribs carried on said shield means; and
PA1  protuberances carried on said housing and frictionally engaging said ribs
NUM  14.
PAR  14. An electric meter installing device as defined in claim 13 wherein said
      shield means is an annular, flat transparent plate, and is an electrical
NUM  15.
PAR  15. An electric meter installing device as defined in claim 14 wherein said
      hollow transparent housing is an open ended cylinder having said annular
NUM  16.
PAR  16. An electric meter installing device as defined in claim 15 wherein said
      meter engaging means is secured to the opposite end of said housing from
NUM  17.
PAR  17. An electric meter installing device as defined in claim 16 wherein said
NUM  18.
PAR  18. An electric meter installing device as defined in claim 17 and further
      characterized as including a rigid backup ring concentrically surrounding
      said suction cup and adapted to bear against an electric meter pressed
NUM  19.
PAR  19. An electric meter installing device as defined in claim 17 and wherein
      said releasing means includes a releasing finger extending from said
      suction cup through said housing and facilitating the release of said
NUM  20.
PAR  20. An electric meter installing device as defined in claim 19 and further
      characterized as including a rigid backup ring concentrically surrounding
      said suction cup and adapted to bear against an electric meter pressed
NUM  21.
PAR  21. An electric meter installing device as defined in claim 20 wherein said
      suction cup includes an annular gripping edge, and said handle means
      includes a pair of handles extending from opposite sides of said housing
NUM  22.
PAR  22. An electric meter installing device as defined in claim 21 wherein said
      releasing finger and suction cup are an integral unit of elastomeric
NUM  23.
PAR  23. An electric meter installing device comprising:
PA1  a shield plate having an opening therethrough;
PA1  a hollow, open sided housing secured to said shield plate with the open
      side thereof aligned with the opening through said shield plate;
PA1  handle means on said housing;
PA1  a suction cup secured to the opposite side of said housing from the open
      side thereof; and
PA1  releasing means accessible from outside the housing for disengaging an
NUM  24.
PAR  24. An electric meter installing device comprising:
PA1  an annular, transparent shield plate having a central opening therethrough;
PA1  a hollow, open sided housing detachably secured to said shield plate with
      the open side thereof aligned with the opening through said shield plate;
PA1  handle means on said housing;
PA1  meter engaging means in said housing for engaging an electric meter to be
      installed with said installing device; and
PA1  releasing means carried by said housing and facilitating release of an
      electric meter from engagement with said meter engaging means.
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ABST
PAL  To fasten together two or more overlying sheets of metal or other material
      having plasticity or deformable properties by partially piercing and
      deforming minor areas of the sheets, a pierce-and-forming punch is used in
      cooperation with a double-acting press having two separately actuatable
      rams. For displacing the minor areas of the overlying sheets, one of the
      rams carries a hollow cylindrical pierce-and-forming die, the die cavity
      of which is vertically aligned with, and cooperates with, a
      pierce-and-forming punch supported in the base. The other of the rams
      carries a flattening punch which is slidably movable within the central
      bore of the hollow cylindrical die. Fine adjustment means are included so
      that the position of the die may be adjusted for different thickness of
      sheets to be fastened, and also for wear on the die and/or punch. Phase
      adjustment means are included which permits the angular relationship
      between the flattening punch and the die to be adjusted such that the
      downwardly-moving flattening punch engages the upper displaced minor area
      or areas just after the lower displaced minor area is uncovered by the
      upwardly-moving cylindrical die, thereby to spread the lower displaced
      minor area while the upper minor area or areas are still constrained. To
      reduce the extent to which the displaced minor areas project above the
      major areas of the sheets, the edge portions of the major areas adjacent
      the piercings or cuts are displaced downwardly.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of my earlier-filed
      application, Ser. No. 497,884, now U.S. Pat. No. 3,885,299, filed Aug. 16,
      1974, which was a division of my application Ser. No. 384,494, filed Aug.
      1, 1973, now U.S. Pat. No. 3,862,485, issued Jan. 28, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of and means for fastening together two
      or more overlying sheets of deformable metal or other material having the
      property of yielding or flowing under load and of sustaining appreciable
      permanent deformation without rupture. In some instances there may be an
      intervening layer of film of another material between the sheets to be
      fastened.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of and means for
      locking together overlying sheets of metal or other material having
      deformable properties by piercing the overlying sheets and displacing
      minor areas. To reduce the extent of the displacement, relative to the
      planes of the non-displaced major areas of the overlying sheets, the edge
      portions of the major areas immediately adjacent the piercings are turned
      in the opposite direction from the direction of displacement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, largely in section, of the head portion of a
      fastening machine generally suitable for use in practicing the present
      invention.
PAR  FIG. 2 is a fragmentary view, largely in section, looking along the lines
      2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged framentary view, in section, of the lower portion of
      the structure shown in FIG. 1.
PAR  FIG. 4 is a view looking down along the line 4--4 of FIG. 3.
PAR  FIG. 5 is an enlarged illustration showing that the lower sheet of the
      displaced minor area is uncovered by the die at the instant the
      downwardly-moving flattening punch engages the upper displaced minor area,
      thereby to spread the displaced minor area of the lower sheet.
PAR  FIG. 6 is a view, in section, looking downwardly along the line 6--6 of
      FIG. 3.
PAR  FIG. 7 is a view, in section, generally similar to FIG. 5 but showing the
      use of a cylindrical die shaped to bend down the edge portions of the
      major areas immediately adjacent the discontinuous slits defining the
      minor areas.
PAR  FIG. 8 is a view, in section, similar to FIG. 7 but showing the instant in
      the operational cycle when the cylindrical die has been raised above the
      displaced minor area of the lower sheet and the flattening punch has
      engaged the displaced minor area of the upper sheet to spread outwardly
      the displaced minor area of the lower sheet over the bent-down edge
      portions.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a crank shaft 10, which is driven rotationally by
      means not shown, has at its forward end a pair of spaced-apart sheet
      blocks 12 and 13 which are supported by a crank housing 20.
PAR  Supported on crank shaft 10, within the housing 20, are three eccentric
      discs 21, 22 and 23. The two outside discs 21 and 23 are keyed to the
      crank shaft. The holes of the two outside eccentric discs 21 and 23 are
      identically positioned and hence these two outside eccentrics move in
      timed coincidence with each other. The center eccentric 22 is supported
      free on shaft 10 and, by means to be described, is maintained in
      out-of-phase relation with the two outside eccentrics. This phase
      relationship is adjustable by a phase selector drive plate 34. In a
      typical case, for a particular metal thickness, the center eccentric may,
      for example, have a delay angle of the order of 37.degree..
PAR  As clearly seen in FIGS. 1 and 2, the angular position of the center
      eccentric disc 22 is determined and controlled by the phase selector drive
      plate 34 which is fixed to crank shaft 10, as by set screw 35 and key in
      keyway. Plate 34 is provided with a series of holes 36 for receiving
      selectively a pin 37 which extends through a hole in eccentric disc 22 and
      is spring-loaded by a spring 39 which thrusts against a flange 38 on the
      pin. It will be seen that by withdrawing pin 39 from the plate 34, moving
      the disc 22 angularly, and then reinserting the drive pin 39 in a
      different hole 36, the angular position, and hence the phase relationship,
      of the center eccentric disc 22 may be adjustable relative to the two
      outside discs 21 and 23. Spring 39 is retained by retainer 139.
PAR  The three eccentric discs 21, 22 and 23 carry, respectively, cranks 31, 32
      and 33, suitably supported on bushings 131, 132, 133. In FIG. 1, the
      outside eccentric discs 21 and 23 are illustrated in such position that
      the outside cranks 31 and 33 are at the bottom of their downward strokes.
      At this same instant, the center eccentric disc 22 is in the position
      shown in FIG. 2. As seen in FIG. 2, the center crank 32 has started its
      downward descent, but will not reach its downward limit for another
      37.degree..
PAR  The two outside cranks 31 and 33 each carries at its lower end a
      stub-shaft, 41 and 43, respectively, suitably journalled in bushings 141
      and 143. The inward ends of the stub shafts 41 and 43 project into
      opposing holes in the walls of a hollow rectangular ram or slide 50 which
      is slidable up and down within, and is guided by, the hollow rectangular
      lower guide portion 24 of the housing 20. Guide portion 24 is secured to
      the upper portion of the housing, as by bolts and dowels 25.
PAR  Referring now to FIG. 3, bolted as by bolts and dowels 52 to the lower end
      of the rectangular slide or ram 50, and carried thereby, is a hollow neck
      portion 53 the upper neck of which adapts to the rectangular opening
      between rams 50 and the lower portion of which is round having a central
      bore into which a cylindrical screw and die holder 60 is inserted.
PAR  The upper end portion of neck portion 53 has a recess 54 into which is
      inserted a nut 55 which is non-rotatable in the neck 53. The non-rotatable
      nut 55 is provided with fine threads 58 which receive the fine threaded
      upper end portion 61 of the die holder 60. The lower end 62 of die holder
      60 has an enlarged diameter and is externally threaded at 63 with threads
      which are must larger than the fine threads of the upper end portion 61.
      An internally-threaded clamping ring 65 is screwed onto the external
      threads 63 and tightened aginst the end surface 57 of the neck 53.
PAR  The enlarged-diameter lower end portion of the die holder 60 has a recess
      which receives the upper end portion of a hollow cylindrical
      cutting-and-forming die 70. The lower end portion 71 of the
      cutting-and-forming die 70 is of reduced diameter forming, at the junction
      with the upper end portion, a shoulder 72. A lock cap 67 is fitted over
      the reduced-diameter portion 71 of die 70 and abuts against the shoulder
      72 of the die 70. Cap 67 is secured, as by bolts 66, to the end surface of
      the die holder 60.
PAR  The cylindrical cutting-and-forming die 70 has cutting edges and recessed
      portions which function as the forming portions. The die 70 may correspond
      to that disclosed and illustrated in FIG. 9 of my U.S. Pat. No. 3,726,000.
PAR  Positioned below the cutting-and-forming die 70 in the base 90 of the press
      is a pierce-and-forming punch 80. The pierce-and-forming punch 80 has
      cutting edges for piercing, and recessed portions for forming. The punch
      80 may correspond to the punch described in my U.S. Pat. No. 3,726,000,
      and may be axially adjustable as there shown. Surrounding the
      pierce-and-forming punch 80 is a stripper or spring member 81 which may
      preferably be formed of urethane material.
PAR  Positioned within the aligned bores of the die holder 60 and die 70 is the
      elongated shank of a flattening punch 92. As seen in FIGS. 1-3, flattening
      punch 92 is supported by a punch holder 292 fastened to a center ram or
      slide 392 which is carried by pin 42 and adjustable member 44. Adjustable
      member 44 is supported adjustably by a bolt 45 which in turn is supported
      by a plate 46 secured, as by screws 47 (FIG. 2) to the underside of center
      crank 32. Plate 46 has a depending portion 146 having therein a pair of
      slots 48 which receive screws 49. In this way, the member 44 is supported
      against rotation. Bolt 45 has an enlarged portion head 145 which is
      supported in a recess in plate 46. Bolt 45 also has an integral enlarged
      round portion 245 with holes for pin which maybe engaged, as by a pin
      wrench, to turn bolt 45 to raise or lower member 44, thereby to adjust the
      position of the head 192 of flattening punch 92 relative to the
      pierce-and-forming punch 80. To make this adjustment, it is, of course,
      necessary to loosen the screws 49.
PAR  To adjust the position of the cutting-and-forming die 70 relative to the
      fixed pierce-and-forming punch 80, the operator manually unscrews clamping
      ring 65 and then manually grasps and moves die holder 60 in one rotational
      direction or the other. Since nut 55 is non-rotatable in the recess 54 in
      neck 53, when the die holder 60 is manually rotated, it turns on threads
      58 and is therefore moved adjustably upwardly or downwardly in neck 53,
      according to the direction in which holder 60 is rotated. When holder 60
      is so adjusted upwardly or downwardly, the cutting-and-forming die 70 is
      moved adjustably in corresponding manner since it is carried by the holder
      60. And, since threads 58 are fine threads, fine and accurate adjustment
      may be made of the position of the cutting-and-forming die 70.
PAR  After the fine adjustment just described has been made, clamping ring 65 is
      replaced and tightened. The threads 63 of clamping ring 65 and of the
      lower enlarged portionn 62 of the die holder 60 are large and heavy in
      comparison with the fine threads at the upper end of the die holder 60.
      Thus, when the cutting-and-forming die 70 is lowered by its slide ram 50
      to pierce and form the overlying metal sheets, the reactive load or thrust
      is upward through the heavy threads 63. The thrust path may be traced from
      the cutting-and-forming die 70 through shoulder 68 of die holder 60,
      holder 60, the large heavy threads 63, the clamping ring 65, the abutting
      end surface 57 of neck portion 53, the rectangular slide ram 50, stub
      shafts 41 and 43 and their associated bushings 141 and 143, and cranks 31
      and 33 and their associated bushings 131 and 133. It is to be noted that
      this upward thrust or load during the cutting and forming operation is not
      placed on the fine threads 58 which are employed for adjusting of the
      cutting and forming die 70.
PAR  As already indicated, adjusting of flattening punch 92, relative to the
      fixed pierce-and-forming punch 80, is made by loosening screws 49 (to
      allow them to move up or down in the slots 48) and then rotating the
      threaded bolt 45 in the member 44. This is done by inserting a pin in a
      hole of enlarged portion 245 and rotating the part.
PAR  At a section 4--4 of FIG. 3, the flattening punch 92 may have a shape such
      as is shown in FIG. 4. To maintain proper orientation between the
      flattening punch 92 and the annular terminal end of the cylindrical
      cutting-and-forming die 70, the outer surface of the shank of the
      flattening punch 92 and the inner wall of the hollow cylindrical
      cutting-and-forming die 70 may each be provided with flats (flat
      surfaces). These flats are clearly seen in FIG. 4, which is a view taken
      along the line 4--4 of FIG. 3. The flattening punch 92 is maintained in
      its proper oriented position by punch holder 292 which is secured to the
      center ram 392.
PAR  The fixed pierce-and-forming punch 80 in the base 90 of the machine is
      supported in a punch holder 180 which as a flat 181. The flat on the punch
      80 is oriented to correspond with the flat 181 on the punch holder 180.
PAR  FIG. 5 illustrates a preferred manner of operation. FIG. 5 shows two
      overlying sheets 28 and 29 at a time instant in the operating cycle of the
      fastening machine just after the minor areas 128 and 129 have been
      displaced by the downwardly-moving cylindrical cutting-and-forming die 70
      in cooperation with the fixed pierce-and-forming punch 80. In FIG. 5, the
      cylindrical cutting-and-forming die 70 is now rising and flattening punch
      92 is moving downwardly. The end face 192 of the downwardly-moving
      flattening punch 92 has just engaged the upper surface of the displaced
      minor area 128 of the upper sheet. At this instant, the upwardly-moving
      cylindrical die 70 has just cleared the displaced minor area 129 of the
      lower sheet. The minor area 128 of the upper sheet is still encased. This
      represents a desirable timing relationship. It allows the flattening punch
      92 to transmit its energy through the still-encased displaced minor area
      128 of the upper sheet to the displaced minor area 129 of the lower sheet
      to spread trhe lower minor area 129 over the upper sheet 28.
PAR  One means for achieving the desirable timing relationship just described
      between the cylindrical cutting-and-forming die 70 and the flattening
      punch 92 is illustrated in FIGS. 1 and 2, and has already been briefly
      described hereinbefore. It will be seen that the phase relationship
      between the flattening punch 92 and the cylindrical die 70 is adjustable
      by means of the phase selector drive plate 34. To adjust the phase
      relationship, the drive pin 37 is pulled out of the hole 36 in which it
      had been positioned, the freely-mounted disc 22 is rotated adjustably on
      the shaft 10, and the drive pin 37 is reinserted in a different hole 36 of
      the series of holes provided in the phase selector drive plate 34. The
      phase adjustment allows the desirable timing relationship described above,
      and illustrated in FIG. 5, to be maintained for different thicknesses of
      sheets.
PAR  As has already been indicated, the relationship between the
      pierce-and-forming punch 80 in the base of the machine and the flattening
      punch 92 may be adjusted for different thicknesses of sheets, and/or for
      wear, either by adjusting the flattening punch 92 as described in the
      present application or by adjusting the base punch 80 as described in my
      earlier-filed application. In either case, adjustment of the phase
      relationship between the flattening punch 92 and the cylindrical die 70,
      as by means such as have been described herein, is desireble in order to
      achieve the advantageous timing relationship illustrated in FIG. 5 and
      described above.
PAR  While FIG. 5 illustrates a preferred mode of operation, there may be
      instances in which it is necessary or desirable to reduce the extend to
      which the displaced minor-areas 128 and 129 project above the plane of the
      non-displaced major-areas of sheet 28 and 29. In such instances, the
      cylindrical die 70 may be provided with an end face 270 shaped as
      illustrated in FIG. 7 so that during the pierce-and-punch portion of the
      cycle, the edge portions 228 and 229 of the major-areas of sheets 28 and
      29 are bent downwardly immediately adjacent the slits or piercings. The
      stroke of the cylindrical die 70 is so adjusted that the minor-areas 28,
      29 are displaced to a position just above the bent-down edge portions 228,
      229.
PAR  FIG. 8 illustrates the instant in the operating cycle when the cylindrical
      die 70 is rising and has just cleared the displaced minor area 129 of the
      lower sheet. The downwardly-moving flattening punch 92 has engaged the
      displaced minor-area 128 of the upper sheet which is still confined within
      the cylindrical die 70. The energy involved in the downward force of
      flattening punch 92 on the confined upper area 128 has been transmitted to
      the displaced lower minor-area 129 and as a result, the displaced
      minor-area 129 of the lower sheet has spread outwardly over the upper
      surface of the bent-down edge portion 228 of the upper sheet.
PAR  It will be seen from FIG. 8 that the extent to which the displaced
      minor-areas extend above or beyond the plane of the non-displaced sheets
      28, 29 has been reduced relative to that illustrated in FIG. 5. And as
      previously indicated, reducing the extent to which the displaced
      minor-areas extend above or beyond the planes of the sheets 28, 29 may be
      necessary or desirable in instances where space limitations are involved.
CLMS
NUM  1.
PAR  1. A method of locking together overlying sheets of metal or other material
      having deformable properties and including first and second sheets having
      interior and opposed exterior surfaces; said method comprising:
PA1  a. piercing said overlying sheets discontinuously along a boundary line
      defining a minor area;
PA1  b. displacing in one direction the material of said first and second sheets
      within said minor area out of the respective planes of the non-displaced
      first and second sheet major-area sheet material and bending in the
      opposite direction the edge portions of the major-area sheet material
      adjacent the piercings therein, the extend of said displacement of said
      minor-area material being such that the exterior surface of the minor-area
      material of the first sheet is just beyond the exterior surface of the
      bent edge portion of the second sheet material; and
PA1  c. compressing together the displaced minor-area material of said first and
      second sheets while confining the displaced minor-area material of the
      second sheet to limit its outward spread and to spread outwardly the
      displaced minor-area material of the first sheet over the exterior surface
      of the bent edge portion of the second sheet material beyond the edges of
NUM  2.
PAR  2. Apparatus for locking together overlying sheets of metal or other
      material having deformable properties and including first and second
      sheets having interior and opposed exterior surfaces; and apparatus
      comprising:
PA1  a. means for piercing said overlying sheets discontinuosuly along a
      boundary line defining a minor area;
PA1  b. means for displacing in one direction the material of said first and
      second sheets within said minor area out of the respective planes of the
      non-displaced first and second sheet major-area sheet material and for
      bending in the opposite direction the edge portions of the major-area
      sheet material adjacent the piercings therein, the extent of said
      displacement of said minor-area material being such that the exterior
      surface of the minor-area material of the first sheet is just beyond the
      exterior surface of the bent edge portion of the second sheet material;
      and
PA1  c. means for compressing together the displaced minor-area material of said
      first and second sheets while confining the displaced minor-area material
      of the second sheet to limit its outward spread and to spread outwardly
      the displaced minor-area material of the first sheet over the exterior
      surface of the bent edge portion of the second sheet material beyond the
      edges of the piercings therein.
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ABST
PAL  A completely enclosed plastic can or container has a neck-like opening
      closed by a spring biased cap. The cap is controlled by a handle linkage
      connected to a vertical fin formed on the can by an enlargement of the
      flash line between two plastic mold parts, which are joined together to
      mold the container, preferably by a blow molding process. Springs
      automatically urge the cap and handle to a closed position when the
      container is sitting at rest. The cap opens as the can is tipped while the
      handle is being held. A clip-on pouring spout is snapped onto the neck to
      guide the fluid flowing from the can.
PARN
PAR  This is a division of application Ser. No. 98,557, filed Dec. 16, 1970, now
      abandoned.
BSUM
PAR  This invention relates to new and improved plastic safety cans or
      containers, and especially -- although not exclusively -- to containers
      for inflammable fluids, and more particularly to low cost containers
      having pouring spouts removably attached thereto.
PAR  Containers for inflammables are not only known in the art, but also have
      very carefully prescribed safety regulations which are often enforced by
      governmental and industrial agencies. Thus, an improved container must
      have a better design than the other containers which are already on the
      market. Also, the improved container must meet or exceed these and other
      existing safety regulations. Finally, these containers must have a sales
      appeal, for the buying public, which goes beyond the sales appeal of
      previously available safety cans.
PAR  Previously, cans have generally been made of a heavy gauge steel material,
      such as 24-gauge Terne plate. Reinforcing ribs have been formed to add
      strength. Seams have been folded and crimped to provide four or five
      thicknesses of metal locked together by double seaming. Preferably, the
      container has been dipped in a hot lead or tin bath to provide a corrosion
      protection. Then, a fine quality of enamel was baked on over the tin
      coating.
PAR  These safety cans are often designed for storing an inflammable fluid, such
      as gasoline, and the cans often have flexible metal hoses permanently
      attached thereto for easy pouring without spilling. When fluid is about to
      be poured from the cans, the hoses are twisted or turned to fit into the
      container for receiving the fluid. However, there is a minimum radius
      beyond which the hose cannot be bent. Sometimes there are nearby obstacles
      so that the cans cannot be tipped, even when the hose bends at its minimum
      radius. Moreover, it usually is necessary to simultaneously bend the hose,
      insert it into an opening and pour the fluid. This is sometimes difficult
      to do.
PAR  To overcome these and other problems, some safety cans have sometimes been
      built with a rigid metal cup and hose combination hinge-mounted near its
      spout. Whenever the can is tipped, the fluid which it contains is poured
      into the cup and through a flexible metal hose depending from the bottom
      thereof. This way, the hose may be fitted into a container for receiving
      the fluid while the can is in a resting or a non-pouring position, and the
      can may be raised to a pouring position.
PAR  The metal can, cup, and hose assembly usually includes ferrous materials
      which may corrode and may create hazardous "sparks" responsive to an
      accidental contact with other ferrous materials. Also, the metal hose has
      a tendency to scratch the surfaces which they contact. Often these
      surfaces are plated steel, and the scratches remove the protective plating
      and expose the surfaces to corrosion. The present use of a flexible metal
      hose attached to a cup is not satisfactory since there is a tendency for
      the hose to break away from the cup under conditions of heavy use.
      Moreover, the metal safety can, cup, and hose are exposed parts which are
      frequently bumped whenever they are being transported or used. This
      bumping distorts the shape of the cup so that some times it cannot retain
      a liquid without spilling it. All of these disadvantages are overcome by
      the use of a non-conductive, non-metallic assembly incorporating the
      features of the invention.
PAR  Accordingly, an object of the invention is to provide new and improved
      plastic safety cans with cup and hose spout combinations. Here, an object
      is to provide clip-on cup and hose combinations which may be quickly and
      easily attached to or removed from a safety can. In this connection, an
      object is to provide a cup and hose combination which may be carried in
      automobiles for those occasions when an emergency filling becomes
      necessary and where other fuel containers are not available with any type
      of hose.
PAR  In keeping with an aspect of the invention, these and other objects are
      accomplished by a plastic safety can with a clip-on cup and hose
      combination. The can has a pouring neck which is automatically opened by
      holding a handle while tipping the can. The handle linkage is attached to
      a vertical fin formed on the can by bringing together a thickened flash
      formed on two mold halves used to make the can. The cup and hose
      combination has bellows, pleats, or folds which are molded from a flexible
      plastic material. This way, the bellows or folds help make a more flexible
      combination for both the cup and hose. The cup and hose has a metal clip
      adapted to clip on over the pouring neck, thus allowing for quick and easy
      attachment or removal.
DRWD
PAR  The nature of a preferred embodiment of the invention for accomplishing
      these and other objects may be understood best from a study of the
      following description and the attached drawing in which:
PAR  FIG. 1 is an elevation side view (partly in cross section) of a novel
      plastic safety can incorporating the invention;
PAR  FIG. 2 is a side elevation view of a cup and hose combination for a clip-on
      attachment to the can of FIG. 1;
PAR  FIG. 3 is a perspective view of the clip used with the cup and hose
      combination, with a fragment of the cup shown in phantom;
PAR  FIG. 4 is a perspective view of the safety can of FIG. 1 in a resting
      position, with the cup and hose of FIG. 2 clipped thereon; and
PAR  FIG. 5 is a perspective view of the combination of FIG. 4 tipped up to a
      pouring position.
DETD
PAR  The principal elements in FIG. 1 are an all plastic can 20, a filter screen
      arrangement 21, and a handle and linkage cap control arrangement 22. The
      handle and linkage automatically opens a normally closed cap 23 when the
      can is tipped and closes the cap when the can is at rest.
PAR  The can 20 is all plastic and formed by any suitable means-- such as blow
      molding inside a mold cavity. The mold (not shown) includes two pieceparts
      which come together in a good fit. The flash line where the mold parts
      join, is thickened on the top to form an upstanding fin or rib 24 which is
      integral with and strengthens and supports the neck. The fin or rib is
      designed to have a strength adequate to support the handle and linkage
      mechanism 22 without distortion of the plastic. A series of holes 25-28
      (FIG. 4) are molded into the plastic fin 24 in order to provide a means
      for attaching the handle and linkage 22.
PAR  Also formed in the plastic is an opening or vent 29 -- shaped somewhat as
      the neck of a bottle -- which enables fluid to be poured into or out of
      the container 20. The neck-like opening 29 is covered by the safety cap 23
      which opens for filling or pouring. The filter screen 21 is suspended
      inside the neck-like opening 29 to strain the fluid entering and leaving
      the container. To facilitate such suspension, the neck is formed with an
      annular ring 30 for receiving a circular lock ring 31 having the filter
      screen 21 attached thereto. The outside of the annular ring 30 provides a
      location or arrangement for receiving and cooperating with a clip on the
      cup and hose combination.
PAR  The neck-like opening 29 includes a cylindrical part closed on the top by
      the safety cap 23, controlled by the handle and linkage 22, mounted on
      saddle brackets 32 and 33. These brackets are attached to the rib 24 by
      means of rivets 35-38 passing through the holes 25-28. The cap is spring
      loaded to a closed position by a spring 39 which wraps around a pin 40 in
      bracket 32 and bears down on top of the cap 23 with a predetermined
      pressure. Thus, when the vapor pressure inside the can exceeds, say 5
      p.s.i., the bias of spring 39 is overcome, and the cap 23 raises to vent
      the can. As soon as the internal vapor pressure falls below 5 p.s.i., the
      spring 39 overcomes such pressure, and the cap 23 recloses.
PAR  The handle and linkage arrangement 22 are mounted on the bracket 33
      attached to the top of the can 20, in approximately the center of gravity.
      Pivotally mounted on bracket 33, at the point 41, is a handle 42 having a
      spring 43a, 43b normally urging the handle 42 to swing in the direction A
      toward a low profile position when the container 20 is not in use. A
      horizontal linkage comprises a bar 44 having a longitudinal slot 45 in the
      bar 44. Thus if the handle 44 is raised, there is a lost motion as the pin
      46 moves through the length of the slot 45 before any linkage action
      occurs. This amount of movement allows the user to secure a comfortable
      grip before lifting the weight of the can.
PAR  Attached to the cap 23 and forming part thereof is a pin or bracket 50
      which is loosely connected to an L-shaped cover bracket assembly 51
      pivotally connected to the saddle mounting 32 by the pin 40. The angle
      point of the L-shape is connected to the bar 44 by means of a pin 52. When
      the handle 42 moves in direction B, pin 46 encounters the end of slot 45
      to pull bracket 51 with a sufficient force to open the cap 23, against the
      force of the spring 39.
PAR  It should now be apparent that when the handle 42 is lifted, it moves to an
      upright position without producing any effect upon the cap 23. When the
      bottom of the can 20 is thereafter lifted to a pouring position, pin 46
      pulls back on the end of slot 45 to pull against pin 52 and rock the
      bracket 51 about the pivot point 40. The pin 50 is lifted by the end of
      bracket 51, and the cap 23 opens. When the can is set down, the reverse
      action takes place, and the cap 23 closes while the handle 42 moves
      forward to its low profile position.
PAR  FIG. 2 shows the cup and hose combination 60 which comprises a cup part 61
      and an integral hose part 62 which may be molded from any suitable
      material, such as a high density polyethylene. A low cost way of doing
      this is by the so-called "blow molding"  technique. Since the entire unit
      is integral, there is no point of weak connection where the cup and hose
      join each other.
PAR  The cup part 61 has a bellows-like arrangement 63 with a thickened hinge
      section 64, having a bore or hole 65 molded therein, to receive a wire
      clip 66 (FIG. 3). The bellows has a series of annular folds 63 which give
      added flexibility in the cup section itself. The lower surface of the cup
      60 is somewhat funnel shaped, leading into the hose section 62.
PAR  The clip means 66 (FIG. 3) passes through the hole 65 in the cup section.
      The clip includes a wire spring having two right angle bends 70, 71
      leading bifurcated arms of the clip away from the cup. The bifurcated arms
      are arcuately shaped at 72, 73 to embrace and hold the neck portion 29,
      preferably below the annular ring 30. Two upstanding ears 74, 75 terminate
      the arcuate sections 72, 73 to fit behind the neck 29. The parts 72-75 are
      preferably dipped in plastic to preclude any exposure of bare metal in
      parts making contact with the metal bracket and handle assembly 22 when
      the hose and cup are clipped onto the can. Thus, the hose combination may
      be quickly and easily clipped onto or removed from the neck of the can.
      Alternatively, the combination may be clipped onto any other convenient
      container having a similarly dimensioned neck.
PAR  As seen in FIG. 4, the peripheral contours of the cup 61 includes a porch
      shaped part 76 suspended beneath the projecting edge of the neck-like
      opening 29. Thus, if any fluid should fall from the lip of the neck, it
      drips into the part 76 and is guided by the lower funnel shape bottom of
      the cup 61 and into the hose 62.
PAR  The contours of the wire clip are shaped and proportioned so that any
      fluids dripping from the neck 29 always fall into the cup 61, as shown at
      78 (FIG. 5) regardless of the angle at which the can is tipped.
PAR  The advantages of the invention should now be obvious from a reading of the
      foregoing specification. However, for completeness, it may be well to here
      note and recall that there is a solid external rim on the dome of the can.
      The fin or rib 24 provides the means for attaching the cap and cover
      control mechanism, the handle 42, etc. There is no need for attaching any
      components through the wall of the can itself. In addition, since the fin
      or rib 24 is integral with the neck-like opening or spout 29, it is
      reinforced and made rigid. Still other advantages will be apparent from a
      study of the specification, claims and drawing.
CLMS
NUM  1.
PAR  1. A process for making a plastic walled device comprising:
PA1  a. forming a stock-shaped device having an outer surface and an inner
      surface separated by a wall of plastic,
PA1  b. integrally forming on said outer surface a thickened two-sided fin
      portion projecting away from said outer surface.
PA1  c. placing a plate on each of the two sides of said fin, and
PA1  d. passing a fastener through each of said plates and said fin without
NUM  2.
PAR  2. The process of claim 1 wherein the device is molded inside a molding
      cavity formed by at least two mating mold parts which open and close along
      a parting line, said thickened fin being formed by cavity relief along
NUM  3.
PAR  3. The process of claim 2 wherein said device has an upper outside surface
      and a lower outside surface, the device normally resting in a vertical
      position on the lower outside surface, whereby a vertical center of
      gravity line passes through said upper and lower surfaces when said device
      is resting in a normal position, said thickened fin being formed on the
      upper outside surface substantially juxtaposed over the intersection of
NUM  4.
PAR  4. The process of claim 3 and the added step of forming a second upstanding
      part projecting away from said outer surface, said second part and said
      fin being integrally formed to strengthen, stabilize, and support each
NUM  5.
PAR  5. The process of claim 4 and the added step of shaping said second
      upstanding part in the form of a hollow cylinder with a concave annular
      groove formed inside said hollow cylinder to enable an optional part to be
NUM  6.
PAR  6. The process of claim 4 and the added step of providing optional
      accessories attached to said plates whereby different accessories may be
NUM  7.
PAR  7. The process of claim 6 and the added step of snapping an optional
      accessory around said second upstanding part to vary the utility of said
NUM  8.
PAR  8. The process of claim 4 and the added step of snapping an optional
      accessory around said second upstanding part to vary the utility of said
NUM  9.
PAR  9. The process of claim 2 and the added step of blow molding said device
      inside said cavity.
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ABST
PAL  A fastener for cloth and similar materials is secured thereto by means of
      apparatus which includes an elongated member which is tempered in the form
      of a coil. Absent restraint the coil will move in a direction which is
      tangential to the envelope of the coil and carry therewith portions of the
      fastener and in cooperation with a base and a punch the members of the
      fastener are assembled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to fasteners and particularly fasteners suitable for
      woven cloth as well as non-woven fabrics which in recent years have become
      more common. The prior art includes a variety of fasteners which do not
      require sewing to the fabric and also a variety of mechanisms for fixing
      such fasteners to the fabric. More specifically Neeley, U.S. Pat. No.
      3,520,462 issued July 14, 1970 shows a fastener which appropriates the use
      of a staple and a button having two corresponding apertures for
      cooperation with the legs of the staple. The patent also shows a stapler
      mechanism for fixing the portions of the fastener together. Similarly
      Elliott, et al. U.S. Pat. No. 1,136,518 issued Apr. 20, 1915 shows a
      fastener having what might best be considered a staple which is clinched
      through the cloth. The apparatus shown in these patents in general involve
      the use of elements for the fastener which are manually positioned. Such
      manual positioning is not desirable because of the time involved
      particularly with the increases in labor costs which have been occurring
      since the development of the apparatus shown in the patents referred to.
PAR  Accordingly, it is a primary object of the invention to provide apparatus
      in a method for feeding elements of a fastener in an automatic manner.
PAR  Still another object of the invention is to provide apparatus in a method
      for feeding portions of a fastener in a manner which is simple and
      inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that these and other objects of the invention may be
      satisfied by a method of feeding and affixing fasteners for cloth and the
      like which includes providing a first member having an aperture therein,
      providing a elongated second member having a head and a bulbous other end
      dimensioned and configured for engagement with said aperture. In
      accordance with the method a cloth is positioned intermediate the first
      and second members followed by the feeding of one second member proximate
      to the first member by means of an elongated generally planar feed member
      which is tempered to form a coil. The feed member maintains a force and a
      direction parallel to the direction of elongation of said member. Also in
      accordance with the invention the next step is to provide a stop to
      position the aperture of the first member and the second member in coaxial
      relationship.
PAR  In various embodiments of the invention three discreet members may be
      provided instead of two. The material chosen for the fastener may be
      either metal or plastic.
PAR  The apparatus also in accordance with the invention for feeding an element
      of a fastener having at least two engaging portions comprising an
      elongated ribbon of metal which is tempered to form a coil when
      constrained, means are provided for carrying the first portion of a
      fastener on the ribbon and means are also provided for registry of said
      first portion of said fastener with the second portion of the fastener
      together with punch means for positioning said first and second portions
      of said fasteners in engaged relation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood by reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a side elevational view of the apparatus in accordance with the
      invention;
PAR  FIG. 2 is a front elevational view of the apparatus shown in FIG. 2
      including the means for feeding one portion of the fastener;
PAR  FIG. 3 is a view similar to that shown in FIG. 2 with the punch in the
      depressed position;
PAR  FIG. 4 is a perspective view of the ribbon provided for feeding one portion
      of the fastener;
PAR  FIG. 5 is a sectional view of one fastener; and
PAR  FIG. 6 is a plan view of the apparatus shown in FIG. 1, illustrating more
      particularly the pivoting action about a vertical axis;
PAR  FIG. 7 is a sectional view of still another fastener.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 6 there is shown the apparatus in
      accordance with the invention, which includes a punch 10 which includes a
      base 12 and pivotally carried member 14 mounted on a first pivot 16 which
      is coupled to a member 18 in turn carried by pivot 20 for pivoting about a
      vertical axis in the manner shown in FIG. 6.
PAR  A typical fastener in accordance with the invention comprises a first
      member 30 having an aperture 32 disposed therein for cooperation with a
      second member 34 which includes a head 36 and a bulbous other end 38. In
      operation the bulbous end 38 may be merely forced through the aperture 32
      so that it cannot readily return or alternatively particularly in the
      embodiment made of metal may be deformed to the generally planar shape 40
      shown in FIG. 5.
PAR  The apparatus for feeding the elongated member 34 automatically is best
      shown in FIGS. 2, 3 and 4 and includes a ribbon 36 of what would normally
      be tempered steel. The ribbon 36 will naturally form a coil 38 which is
      accommodated by means of a drum 40. The spring action of the ribbon 36
      causing to coil on the drum 40 will urge successive elongated members 34
      into position beneath a punch 42 which is selectively moved about pivot
      16. Registry of member 34 with punch 42 is provided by means of a stop 44
      which is selectively moved out of the way when particularly elongated
      member 34 has been urged into cooperation with the aperture 32 of a member
      30. In some forms of the invention an opening 46 will be provided
      extending transversely to one side of the ribbon 36 to allow the ribbon to
      be removed upon mating of the members 34 and 30.
CLMS
NUM  1.
PAR  1. A method of feeding and affixing fasteners for cloth and the like which
      comprises: providing a plurality of first fastener members each having an
      aperture extending therein; providing a plurality of elongated second
      fastener members inserted in holes spaced apart along an elongated coiled
      tempered feed strip, said second elongated members each having an end
      dimensioned and configured for engagement with said aperture, positioning
      the associated cloth intermediate a free end of said strip and one of said
      first fastener members, supporting the coiled strip in a manner for the
      coil of the strip to urge the strip end to advance along the cloth,
      stopping the advancement of said strip end with one of said second members
      on said strip in coaxial relationship with the aperture, and forcing
NUM  2.
PAR  2. Apparatus for feeding and affixing a series of elongated fasteners to a
      work piece comprising: an elongated ribbon tempered to form a coil; spaced
      apart aperture means along said ribbon for carrying said elongated
      fasteners; a vertically reciprocatable punch means; means for supporting
      said coiled ribbon adjacent said punch means; means for guiding a free end
      of said ribbon for advancement under said punch means, said coil having
      sufficient resilience for advancing the free end of the ribbon through
      said guide means; means for supporting the work piece below said ribbon;
      and stop means positioned proximate to said punch means and coacting with
      fasteners on said ribbon for stopping the advancement of the free end of
      the ribbon with one of said fasteners positioned in registry with said
      punch means.
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ABST
PAL  A metallic rivet is secured to work containing a work bore, the rivet
      having a head at one side of the work and an axially extending shank
      extending through the bore, the shank having a terminal protruding at the
      opposite side of the work. The method includes:
PAL  A. applying back-up force to the rivet head tending to urge the head toward
      the work, and
PAL  B. delivering an impact to the rivet shank terminal in a direction tending
      to urge said terminal toward said bore, but with sufficient impact
      velocity as to radially expand and axially shorten the bulk of said
      terminal, thereby to form an upset engaging said opposite side of the work
      while the head remains in close adjacency to said one side of the work.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to riveting processes and systems, and
      more particularly concerns riveting method and equipment facilitating more
      rapid and efficient riveting with associated substantial reduction in
      noise levels.
PAR  At the present time there are many problems involved in the riveting of
      panels, as for example in aircraft fabrication. Among these are the
      requirement for the delivery by a rivet gun of a large number of blows or
      impacts to the rivet head, in order to gradually upset the rivet shank
      terminal, a so-called heavy mass or "bucking bar" being held against that
      terminal to form the upset. Not only is this procedure extremely noisy,
      but it also produces rapid oscillation of the rivet back and forth in the
      panel bore during the riveting process, which tends to gall the bore and
      remove anodizing on the rivet shank due to back and forth frictional
      contact of the shank with the bore. Further, the impact shock loading or
      hammering is repeatedly delivered via the rivet head to the work panels,
      tending to separate them slightly at their interface, and resulting in an
      undesirably loose riveted connection and/or buckling of one or both
      panels, in many instances. Additional problems include unwanted flattening
      and cracking of rivet heads, marring of the panels, so-called clinching of
      the upset and tipping or cutting of the driven head.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide solutions to the above
      problems, through the provision of the riveting method and system to be
      described. Basically, the method involves steps that include applying
      back-up force to the rivet head tending to keep the rivet in fully
      inserted position in the work, with the rivet head urged toward the work;
      and, delivering an impact to the protruding rivet shank terminal in a
      direction to urge the terminal toward the bore in the work, the impact
      delivered with such high impact velocity as to radially expand and axially
      shorten the bulk of the terminal, thereby to form an upset engaging the
      side of the work opposite the head, while the head remains in close
      adjacency to the work. Accordingly, major impact force is not transmitted
      to the work via the head, but is rather employed to directly form the
      upset, at such high speed that the rivet head is not undesirably displaced
      relatively away from the work. As will appear, the upset is preferably
      formed in response primarily to only a single impact, to reduce the noise
      levels to a minimum and to virtually eliminate rapid endwise oscillation
      of the rivet in the work during upset formation. Also, initial force
      (prior to impact) is exerted or applied against the work opposite sides in
      order to prevent separation of work panels during upset formation as
      described.
PAR  The method may also include the step of confining the tip of the rivet
      terminal against radial expansion while the bulk of that terminal
      undergoes radial expansion, thereby to form a centering indicator at the
      tip of the upset. An inspector can then readily ascertain, by viewing the
      indicator, whether or not the upset has been formed in centered relation
      to the rivet shank. Further, such confinement may be effected by
      interfitting an anvil with the rivet tip, and friction force may be
      developed to resist lateral movement of the anvil during impact delivery,
      such friction force produced as by preliminary engagement of anvil guide
      means with the work surface, in the manner to be described.
PAR  In its system aspects, the invention typically includes first means at one
      side of the work applying back-up force to the rivet head; and second
      means at the opposite side of the work for delivering an impact to the
      rivet shank terminal in a direction tending to urge that terminal toward
      the work bore, and with sufficient impact velocity as to radially expand
      and axially shorten the bulk of the terminal, thereby to form an upset
      engaging the opposite side of the work while the head extends closely
      adjacent said one side of the work. Such second means may, with unusual
      advantage, include an element, such as the described anvil, confining the
      tip of the rivet shank terminal against radial expansion during the
      formation of the upset; also, a tubular part may extend about the anvil in
      guiding relation, and engage the work to develop frictional force
      resisting lateral displacement of the element and rivet terminal during
      impact delivery.
DRWD
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a side elevation, in section, showing a system incorporating the
      invention, just prior to upset formation;
PAR  FIG. 2 is a view like FIG. 1 showing the system near the end of upset
      formation; and
PAR  FIG. 3 is an end view of the formed upset at the end of the rivet.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, the work is shown in the form of two panels or skins 10
      and 11 to be interconnected as by a rivet or rivets 12; however, the work
      may take other forms. The rivet is shown in FIG. 1 as inserted into a bore
      13 that extends through both panels, with the rivet head 14 at one side of
      the work. The shank 15 includes a portion 15a within the bore, a terminal
      portion 15b protruding from the bore at the opposite side of the work, and
      a tip at 15c. The rivet may have loose fit, push fit or other fit in the
      bore, as desired,
PAR  In this environment, a system for securing the rivet to the work includes
      first means at one (right) side of the work applying back-up force to the
      rivet head tending to urge the head toward the work. Such first means may
      for example include a so called bucking bar 16, having a heavy metallic
      mass or body 16a and a terminal 16b that may be concavely recessed at 16c
      to fit the domed curvature of the rivet head. Force exerted via the
      bucking bar, as indicated by arrow 17, is transmitted to the head 14, and
      then to the work panel 11 tending to keep the inner face 14a of the head
      engaged with side 11a of that panel. Such steady force may, for example,
      be less than 50 pounds.
PAR  The system also includes second means at the opposite (left) side of the
      work for delivering an impact to the rivet shank terminal 15b in a
      longitudinal axial direction (indicated by arrow 18) tending to urge that
      terminal toward bore 13, and with sufficient impact velocity as to
      radially expand and axially shorten the bulk of the terminal, thereby to
      form an upset (as at 15b' in FIG. 2) engaging the opposite side of the
      work (as at 19 in FIG. 2) while the head 14 extends or remains closely
      adjacent the one side of the work, as at surface 11a. The upset is
      preferably formed in response primarily to only a single impact, as
      described, so that the rivet does not oscillate in bore 13, and the time
      required to form the upset is minimized. Also, impact force is utilized to
      form the upset rather than being substantially dissipated by transmission
      via the rivet head to the work, as in the past. Note that the head surface
      14a remains engaged against the work surface 11a during completion of
      upset formation, whereby a tight rivet connection to the work is always
      assured. These conditions may be met when the velocity of impact exceeds
      about 800 to 1,000 feet per second. Merely as illustrative, the materials
      of the rivet and panels may be selected from the group consisting of
      aluminum, aluminum alloys, titanium and titanium alloys, and other ferrous
      and non-ferrous metals and alloys.
PAR  The referenced second means may, with unusual advantage, include an element
      such as anvil 20 engaging the tip 15c of the rivet shank terminal, and a
      plunger 21 to deliver the high velocity impact to the anvil at inner
      surface 20a  thereof for impact transfer to the rivet end. A rivet gun may
      be employed and may include the anvil and plunger or striker. In this
      regard, a piston to drive the plunger is schematically indicated at 22 as
      movable in a cylinder 23, pressurized gas being delivered to the cylinder
      via line 24. Pressure delivery to line 24, as from source 25, may be valve
      controlled at 26 at the side of the work panels opposite the plunger 21,
      so that the worker who applies the bucking bar 16 can control the
      application of impact force to the rivet, preventing inadvertent impact
      delivery to the rivet prior to his application of the bar 16 to the rivet
      head; otherwise, such impact delivery could "shoot" the rivet from the
      work and possibly injure personnel.
PAR  A further aspect of the invention concerns the step of confining the tip
      15c of the rivet terminal against radial expansion while the bulk of the
      terminal 15b undergoes such expansion to form the upset, thereby to form a
      centering indicator at the tip of the rivet. See in this regard the
      example of such an indicator at 15c' in FIG. 3. An inspector can very
      quickly ascertain, by viewing the indicator 15c', whether it is concentric
      as related to the expanded upset 15b'. If it is concentric, the upset is
      correctly formed, whereas if it is not concentric, (as for example oval
      shaped, as indicated by broken lines 15b"), the existence of an
      out-of-round condition of the upset and its azimuthal bulge direction, are
      immediately evident, in relation to the location of the indicator 15c'
      which always remains centered.
PAR  For the above purpose, the above referenced second means may include an
      element such as the end wall 28 of the anvil 20. Wall 28 forms a centered
      recess 28a shaped to receive and confine the rivet tip 15c during the
      impact delivery, via that tip, to the rivet terminal portion 15b subjected
      to radial expansion and axial compression. Annular tapered wall 28b of the
      recess blocks radial expansion of the tip during the formation of the
      upset.
PAR  Maintenance of the recess 28a in centered and centering engagement with the
      tip 15c may be achieved, in unusually advantageous and simple manner as
      described below. Firstly, preliminary interfitting of the anvil and shank
      tip, as described, as aided by compression spring 30, urges the anvil
      toward the rivet. Note that the end of spring 30 engages the anvil flange
      31, which is guided by a counterbore wall 32 in tubular part or sleeve 33
      for axial movement; also, the anvil skirt 34 may have axial guided
      engagement with bore wall 35 in the part 33, for centering purposes.
      Initially, therefore, the anvil recess 28a receives the rivet tip 15c and
      the sleeve 33 is thereby centered in relation to the rivet as the sleeve
      terminal 36 is pushed into forcible engagement with the work surface 10a.
      Such engagement is thereafter forcibly maintained during formation of the
      upset 15b', and the force transmitted between sleeve terminal 36 and wall
      10a develops frictional force resisting lateral displacement of the
      sleeve, anvil and rivet terminal during upset formation, further
      facilitating the maintenance of the centered conditions as described.
      Accordingly, problems of malformation of the upset are eliminated or
      minimized.
PAR  The sleeve 33, anvil 34, spring 30, and striker 21 may be considered as
      incorporated in, or as defining, a riveting gun, which may also include
      cylinder 23 and piston 22.
CLMS
NUM  1.
PAR  1. In the method of securing a metallic rivet to work containing a through
      bore, the rivet having a head at one side of the work, an axially
      extending shank extending through the bore, the shank having a terminal
      protruding at the opposite side of the work, the terminal having a tip,
      there being an anvil and a driver, the anvil having a recess at one side
      thereof shaped to interfit said tip, the steps that include
PA1  a. applying back-up force to the rivet head tending to urge the head toward
      the work, and interfitting said tip into said anvil recess, and
PA1  b. thereafter delivering an impact from the driver to the anvil and then to
      the rivet shank terminal via said tip in a direction tending to urge said
      terminal toward said bore, but with sufficient impact velocity as to
      radially expand and axially shorten the bulk of said terminal, thereby to
      form an upset engaging said opposite side of the work while the head
NUM  2.
PAR  2. The method of claim 1 wherein said upset is formed in response to
NUM  3.
PAR  3. The method of claim 1 wherein said rivet consists of material selected
      from the group consisting of aluminum, aluminum alloys, titanium and
NUM  4.
PAR  4. The method of claim 1 wherein the work comprises first and second
      parallel panels to be rivet connected, and including the step of initially
NUM  5.
PAR  5. The method of claim 4 wherein said initial force exertion is effected
      via the rivet head and also at a location radially outwardly spaced from
NUM  6.
PAR  6. The method of claim 2 wherein said impact velocity is at least about 800
NUM  7.
PAR  7. The method of claim 6 wherein said impact velocity is sufficiently high
      in relation to the magnitude of said back-up force that said upset is
      formed while said head is maintained closely adjacent said one side of the
NUM  8.
PAR  8. The method of claim 1 including the step of confining the tip of said
      rivet terminal in said anvil recess against radial expansion while said
      bulk of the terminal undergoes said radial expansion beyond the radial
      dimension of the recess, thereby to form a centering indicator at the tip
NUM  9.
PAR  9. The method of claim 1 wherein said back-up force is continuously exerted
NUM  10.
PAR  10. The method of claim 1 wherein said interfitting of the anvil and rivet
      shank terminal tip is carried out by locating the anvil to receive the
      tip, and then yieldably urging the anvil toward and against the tip while
NUM  11.
PAR  11. The method of claim 10 including means for guiding the anvil for
      longitudinal movement to effect upsetting of the rivet terminal in
      response to said impact delivery, and including the step of preliminarily
      engaging said means with the work to develop frictional force tending to
      resist lateral movement of said means and anvil during impact delivery.
NUM  12.
PAR  12. In a system for securing a metallic rivet to work containing a through
      bore, the rivet having a head at one side of the work and an axially
      extending shank extending through the bore, the shank having a terminal
      protruding at the opposite side of the work, the terminal having a tip,
      the combination comprising
PA1  a. first means at said one side of the work applying back-up force to the
      rivet head tending to urge the head toward the work, and
PA1  b. second means at said opposite side of the work for delivering an impact
      to the rivet shank terminal in a direction tending to urge said terminal
      toward said bore, and with sufficient impact velocity as to radially
      expand and axially shorten the bulk of the terminal, thereby to form an
      upset engaging said opposite side of the work while the head extends
      closely adjacent said one side of the work, said second means including an
      anvil defining a recess interfitting and confining the tip of said shank
NUM  13.
PAR  13. The combination of claim 12 wherein said second means comprises a rivet
      gun having a plunger to deliver said impact, a piston to drive the
      plunger, and a source of fluid pressure to drive said piston and plunger
      toward the rivet head at a velocity of at least about 800 to 1,000 feet
      per second to deliver a single impact to the rivet terminal for forming
NUM  14.
PAR  14. The combination of claim 13 including a longitudinal tubular part
      extending about said element and engaging the work to transmit force
      thereto and to develop frictional force resisting lateral displacement of
      said element and the rivet terminal during impact delivery, said anvil
      having a rear flange in sliding engagement with a bore defined by said
NUM  15.
PAR  15. The combination of claim 14 including the work in the form of parallel
      panels one of which is urged toward the other by said tubular part during
NUM  16.
PAR  16. The method of claim 1 including controlling, at said one side of the
      work, the delivery of said impact at said opposite side of the work so
      that said back-up force may be assuredly applied prior to said impact
      delivery.
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ABST
PAL  A method of manufacturing semiconductor devices comprising a semiconductor
      element having a PN junction in which an N.sup.+-type region is formed in
      an N-type region constituting the PN junction and another N-type region is
      formed around the N.sup.+-type region and a metal layer is provided on the
      other N-type region and the N.sup.+-type region, thereby providing a
      mechanically and electrically improved ohmic contact to the semiconductor
      element.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation application of U.S. application Ser. No. 343,038
      filed Mar. 20, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of manufacturing semiconductor devices
      in which there is a strong electrical and mechanical bond between the
      semiconductor element and the supporting electrode.
PAR  2. Description of the Prior Art
PAR  In order to achieve superior ohmic contact between a semiconductor element
      and its electrode, it is common practice in the manufacture of the
      semiconductor to deposit a metal layer of aluminum, chromium or nickel on
      one of the main surfaces of the semiconductor where the electrode is to be
      provided. On the other hand, the impurity concentration in the surface of
      the semiconductor where the metal layer is to be provided is increased to
      form therein an N-type or P-type high concentration surface layer.
PAR  The bond or adhesion of the metal layer to the N-type high concentration
      surface layer is very weak in a certain direction, and it is known that
      the metal layer tends to be peeled off from the semiconductor element by
      the mechanical stresses which may be applied thereto in the processes of
      manufacture thereof.
PAR  The inventor has made a study of the causes of the peeling off of the metal
      layer and has discovered the fact mentioned below.
PAR  The surface of the N-type high concentration layer is oversupplied with
      electrons which adsorb ions of impurities prior to the depositing of the
      metal layer, resulting in a lower adhesive or bonding power. When
      phosphorus is used as a doping material for the N-type high concentration
      layer, the surface of the semiconductor element is transformed into
      P.sub.2 O.sub.5 by heat applied at the time of doping. This P.sub.2
      O.sub.5 absorbs much water, causing the unsatisfactory adhesive or bonding
      power of the metal layer.
PAR  Also, it has been ascertained that the peeling off of the metal layer
      occurs especially when required PN junctions are formed in a semiconductor
      wafer, followed by the pelletization of the wafer to obtain a plurality of
      semiconductor elements.
PAR  In the manufacture of semiconductor elements of 0.5 to 1.5 mm by 0.5 to 1.5
      mm, for example, the masking tape method is now in use to attain an
      improved operating efficiency of scribe-cut and sorting work. In this
      masking tape method, special stress is applied to the metal layer, often
      causing it to be peeled off.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a method
      of manufacturing semiconductor devices with desirable electrical
      characteristics and reliability which has an ohmic contact between the
      semiconductor element and its electrode.
PAR  Another object of the invention is to provide a method of manufacturing
      semiconductor devices with high production yield, in which the metal layer
      providing the ohmic contact between the semiconductor element and its
      electrode is not peeled off from the semiconductor element.
PAR  Still another object of the invention is to provide a method of
      manufacturing semiconductor devices which eliminates the need for
      excessive care taken not to peel off the metal layer during the
      manufacturing processes including the scribe-cut and the taking off of the
      semiconductor elements from the masking tape.
PAR  According to the present invention, the N-type high concentration surface
      region provided for the purpose of obtaining an ohmic contact is limited
      or controlled by an adjacent N-type low-concentration surface layer
      surrounding the N-type high concentration region, which N-type
      low-concentration surface layer is closely adhered to the metal layer
      thereby to prevent not only the peeling off of the metal layer but
      breakage of the semiconductor element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagram showing a conventional semiconductor wafer in which
      semiconductor elements are formed.
PAR  FIG. 2 is a perspective view of a semiconductor element obtained from the
      wafer of FIG. 1.
PAR  FIGS. 3a, 3b and 3c are longitudinal sectional diagrams of a semiconductor
      wafer showing the processes of the manufacture of the semiconductor device
      according to the invention.
PAR  FIG. 4 is a longitudinal sectional diagram showing a semiconductor element
      of the semiconductor device according to the invention which is obtained
      from the manufacturing processes explained with reference to FIGS. 3a, 3b
      and 3c.
PAR  FIG. 5 is a plan of the semiconductor wafer of FIG. 3b taken in the line
      V--V.
PAR  FIG. 6 is a diagram showing a modification of the semiconductor wafer shown
      in FIG. 5.
PAR  FIG. 7 is a plan of another modification of the semiconductor wafer shown
      in FIG. 5.
PAR  FIG. 8 is a diagram showing the relationship between the impurity
      concentration of the N-type conduction layer of the semiconductor element
      doped with phosphorus and the bonding or adhesive power between the
      semiconductor element and the metal layer.
PAR  FIG. 9 is a longitudinal sectional diagram of a semiconductor element
      showing another embodiment of the invention.
PAR  FIG. 10 is a plan as viewed from the N-type conductivity layer of the
      semiconductor element of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For better understanding of the invention reference is first made to FIGS.
      1 and 2 to further explaine prior art devices. In order to obtain diodes
      of planar type from a semiconductor wafer 1 of starting N-type
      conductivity, a P-type doping material is diffused in the semiconductor
      wafer 1 at predetermined intervals in such a manner as to form a plurality
      of PN junctions exposed on one of the main surfaces of the wafer 1 thereby
      to produce a plurality of independent regions 2 of P-type conductivity,
      while in the other main surface are formed the N-type high concentration
      surface layers 3 with an impurity concentration of 1 .times. 10.sup.19 to
      21 atoms/cm.sup.3 or thereabouts. A layer 4 of, say, aluminum is deposited
      by evaporation or plated on the N-type high concentration surface layers
      3. Also, the aluminum layer 4 is covered with the masking tapes 5, after
      forming grooves 6 for scribe-cutting between the plurality of independent
      P-type regions 2.
PAR  The semiconductor wafer 1 of the above-described construction is disposed
      on a jig including a roller 7 and is driven in both directions A and B
      while being pressed against the roller 7. As a result, the semiconductor
      wafer 1 is scribe-cut along the grooves 6. After that, the masking tape 5
      is subjected to the tensile strength both in longitudinal and transverse
      directions, and the resulting extension of the masking tape 5 allows a
      worker attending the assembly line to take off semiconductor elements 8
      from the masking tape 5. Since the scribe-cutting operation is performed
      not only in the directions A and B as shown in FIG. 1 but also in the
      directions at right angles to the directions A and B by the movement of
      the semiconductor wafer 1 in the directions at right angles to A and B,
      the semiconductor element 8 is subjected to the mechanical stress at the
      four corners of its surface where the aluminum layer 4 is covered, so that
      the aluminum layer 4 tends to be peeled off at the four corners as shown
      by 4a in FIG. 2.
PAR  The semiconductor element 8 comprises in many cases germanium or silicon as
      its main component which is generally so brittle that the four corners of
      the semiconductor element 8 are often broken off due to the mechanical
      stress at the time of scribe-cutting operation or the peeling off from the
      masking tape. This undesirable situation may be prevented if the metal
      layer is tightly adhered to the semiconductor element to compensate for
      the brittleness of the semiconductor element.
PAR  Such peeling off of the metal layer does not provide for a sufficient
      contact area and causes the breakage of the semiconductor itself, thereby
      constituting major factors for inferior electrical characteristics,
      reliability and yield of the semiconductor devices.
PAR  Now, reference is made FIGS. 3a-3c. In order to obtain a diode of planar
      type from the semiconductor wafer 11 of starting N-type conductivity,
      silicon dioxide films 12a and 12b are deposited on the main surfaces of
      the semiconductor wafer 11 as shown in FIG. 3a. The silicon dioxide film
      12a on one of the main surfaces is etched at regular spatial intervals in
      a circle thereby to form apertures 13a, 13b and 13c, by way of which the
      semiconductor wafer 11 is exposed. Also, through the apertures 13a, 13 b
      and 13c, a P-type doping material such as boron is diffused to form P-type
      regions 14a, 14b and 14c.
PAR  For the purpose of forming an N-type high concentration surface region to
      achieve an ohmic contact with the electrode, silicon dioxide films 15a and
      15b are deposited on the silicon dioxide films 12a and 12b of the
      semiconductor wafer 11 as shown in FIG. 3b, thereby to close the apertures
      13a, 13b and 13c and hence the exposed portions of the semiconductor wafer
      11. The silicon dioxide films 12b and 15b on the other main surface are
      etched to form apertures 16a, 16b and 16c, through which the semiconductor
      wafer 11 is exposed and an N-type doping material such as phosphorus is
      diffused to form the N-type high concentration surface regions 17a, 17b
      and 17c.
PAR  The relationship between the N-type conductivity of the semiconductor wafer
      11 and the impurity concentration of the N-type high concentration surface
      regions 17a, 17b and 17c will be explained in detail later. By way of
      explanation, the impurity concentrations in the semiconductor wafer 11 and
      the N-type high concentrations furface region are 1 .times. 10.sup.15
      atoms/cm.sup.3 and 1 .times. 10.sup.19-20 atoms/cm.sup.3 respectively, in
      one example.
PAR  In FIG. 3a, the symbol n.sup.+ shown in the N-type high concentration
      surface regions 17a, 17b and 17c indicates that these regions are higher
      in impurity concentration than the N-type regions (shown by n) of the
      semiconductor wafer 11 with respect to the N-type conductivity.
PAR  Part of the silicon dioxide films 12a and 15a in the upper main surface of
      the semiconductor wafer 11 and the silicon dioxide films 12b and 15b in
      the lower main surface thereof is removed, and in that place are formed
      by, say, evaporation metal layers 18 and 19 of aluminum. The resulting
      assembly is shown in FIG. 3c. It has been already mentioned that the
      aluminum layers 18 and 19 as well as the N-type high concentration regions
      17a, 17b and 17c are provided for the purpose of achieving an ohmic
      contact.
PAR  In order to effect the scribe-cutting, grooves 20a and 20b are formed in
      the aluminum layer 18 and the masking tape (not shown) is attached to the
      aluminum layer 19 thereby to scribe along the grooves 20a and 20b. Then
      the semiconductor wafer 11 is processed on the roller as described with
      reference to FIG. 1 to cut the wafer into a plurality of semiconductor
      elements 21 as shown in FIG. 4.
PAR  The semiconductor element 21 is provided with the N-type high concentration
      region 17b in one of its main surfaces where electrodes (not shown) are
      formed, and this region 17b is surrounded by an adjacent N-type low
      concentration region 11a.
PAR  Explanation will be made now of the impurity concentrations in the N-type
      low concentration surface regions 11a and in the N-type high concentration
      surface regions 17a, 17b and 17c of the semiconductor wafer 11 in
      connection with the bonding power between the semiconductor element and
      the metal layer.
PAR  The diagram of FIG. 8 shows the bonding power between the semiconductor
      element and the metal layer as related to the concentration of phosphorus
      which is an impurity employed in this case to form the N-type high
      concentration surface regions 17a, 17b and 17c.
PAR  In the diagram, the horizontal dashed line shows a reference level of 2
      kg/mm.sup.2 in bonding power employed when using a masking tape. The metal
      layer is peeled off from the semiconductor element below this reference
      level. As is apparent from this drawing, the metal layer is peeled off at
      the time of scribe-cutting with the masking tape, if the concentration of
      phosphorus impurity exceeds 1 .times. 10.sup.18 atoms/cm.sup.3.
PAR  In other words, it is at an impurity concentration of 1 .times. 10.sup.18
      atoms/cm.sup.3 or less that the metal layer will not be peeled off from
      the semiconductor element. It was already mentioned that according to an
      embodiment of the present invention the impurity concentrations in the
      N-type low concentration region and the N-type high concentration surface
      region are 1 .times. 10.sup.15 atoms/cm.sup.3 and 1 .times. 10.sup.19 to
      20 atoms/cm.sup.3 respectively whereby it is possible to achieve an
      electrical and mechanical close bond or ohmic contact between the
      semiconductor element and the metal layer.
PAR  According to the method of manufacture described above, the N-type low
      concentration region 11a is obtained without any special processes by the
      use of the initial block of the semiconductor wafer 11 of the N-type
      conductivity.
PAR  The basic arrangement of the N-type low concentration region 11a and the
      N-type high concentration regions 17a, 17b and 17c is as shown in FIG. 5.
      It is noted from the drawing that the N-type high concentration regions
      17a, 17b, 17c, . . . 17n which are substantially square are surrounded by
      the checkered N-type low concentration regions 11a.
PAR  Reference is had to FIG. 6 showing a modification of the embodiment of FIG.
      5. In view of the fact that the semiconductor element tends to be peeled
      off at its four corners, flat circular N-type low concentration regions
      31a are provided at predetermined regular spatial intervals in such a
      manner that the center of each of the regions 31a is located at a corner
      of the semiconductor element. In this way, each N-type low concentration
      region 31a is divided into four fanshaped portions by the scribe-cutting
      thereby to form the four corners of each semiconductor element. Each of
      the fan-shaped portions of the N-type low concentration regions 31a is
      adhered to the metal layer, thus achieving the same advantage as in the
      embodiment of FIG. 5 as if each of the N-type high concentration regions
      is surrounded in its entirety by an N-type low concentration region.
PAR  The bonding power between the semiconductor element and the metal layer is
      further strengthened in the embodiment of FIG. 7 where the arrangement of
      FIG. 5 and that of FIG. 6 are combined to put greater emphasis on the four
      corners of the N-type high concentration surface region.
PAR  The dashed lines passing through the N-type low concentration regions in
      FIGS. 5 to 7 show boundaries between the semiconductor elements into which
      the semiconductor wafers 11, 31 and 41 are scribe-cut.
PAR  It is apparent that the larger the area of the N-type low concentration
      regions 11a, 31a and 41a the greater the bonding power between the metal
      layer and each semiconductor element. But this in turn lessens the area of
      the N-type high concentration surface region, so that the resistance in
      the N-type high concentration region is lower than that in the N-type low
      concentration region, with the result that approximately 95 percent of the
      electric current flows undesirably in the N-type high concentration
      surface region, thereby generating heat. It is necessary to take into
      consideration the abovementioned fact in determining the area of the
      N-type low concentration region. The results of the inventors study as to
      the desirable relationship between the areas of the N-type high
      concentration region and the N-type low concentration region are shown
      below.
PAR  In the embodiment of FIG. 5, a sufficient bonding power is obtained if
      l.sub.1 .gtoreq. l.sub.o, where l.sub.o is the depth of the N-type high
      concentration surface region as shown in FIG. 4 and l.sub.1 is the width
      of the N-type low concentration region.
PAR  In like manner, a sufficiently high bonding power results if l.sub.2 &gt;
      l.sub.o and l.sub.3 .gtoreq. l.sub.o in the embodiments of FIGS. 6 and 7
      respectively, where l.sub.2 and l.sub.3 are the radii of the N-type low
      concentration regions for the embodiments of FIGS. 6 and 7 respectively.
PAR  Another embodiment of the invention is illustrated in FIG. 9. This
      embodiment has been developed based on the fact that most of the electric
      current flows in the N-type high concentration surface region and that the
      bonding power of a P-type conductivity region to the metal layer is higher
      than that of the N-type low concentration region.
PAR  In the embodiment under consideration, the N-type high concentration region
      51 is surrounded by the N-type low concentration region 52 and further by
      the P-type conductivity region 53 adjacent to the N-type low concentration
      region 52. Also, the four corners of the semiconductor element 50 has a
      large area as shown in FIG. 10 thereby to increase the bonding power
      between the metal layer and the semiconductor element.
PAR  In this embodiment, a sufficient bonding power is obtained if the width
      l.sub.4 of the P-type conductivity region 53 is not less than the depth
      l.sub.10 of the N-type high concentration surface region 51.
PAR  Efficient operation of the semiconducotr element 50 is in no way adversely
      affected by the presence of the P-type conductivity region 53, the bonding
      power being higher the the higher the impurity concentration of the P-type
      conductivity region 53.
PAR  It will also be easily understood that the P-type conductivity region 53
      may take a shape similar to that of the N-type low concentration region
      shown in FIG. 5 or FIG. 6 or other appropriate shape not shown in the
      accompanying drawings.
PAR  Although the above explanation was made with reference to the diode of
      planar type, the invention is not limited to such a diode but is
      applicable also to all types of semiconductor devices in which an
      electrode is provided in the N-type high concentration surface layer
      through a metal layer.
PAR  Lastly, it has been ascertained that according to the invention, the
      occurence of substandard products is reduced to substantially zero as
      compared with approximately 10 to 30 percent in the conventional methods.
CLMS
NUM  1.
PAR  1. A method of manufacturing semiconductor devices, comprising the steps:
PA1  a. forming a plurality of N-type high concentration regions in an N-type
      region whose surface is exposed to a first main surface of a semiconductor
      wafer, said N-type region forming at least one PN junction with an
      adjacent P-type region, each of said N-type high concentration regions
      being remote from one another;
PA1  b. forming a metal layer over the entirety of said first main surface of
      said N-type region to form ohmic contact with said N-type high
      concentration regions;
PA1  c. scribing grooves on a second main surface opposite to said main surface
      in a manner that said grooves in two directions are perpendicularly
      arranged to form substantially squares in which each of said N-type high
      concentration regions is confined and is smaller than the square in area
      so that each of said N-type high concentration regions is surrounded by
      the N-type region;
PA1  d. applying a masking tape to said metal layer;
PA1  e. applying a pressure to said semiconductor wafer on said masking tape for
      cutting off complete semiconductor elements defined by said scribing
      grooves;
PA1  f. applying tension to said masking tape; and
PA1  g. separating said complete semiconductor elements from said masking tape.
NUM  2.
PAR  2. A method according to claim 1 in which the impurity concentration of
      said N-type wafer is approximately 1 .times. 10.sup.15 atoms/cm.sup.3 and
      the impurity concentration of said N-type high concentration regions is 1
NUM  3.
PAR  3. A method according to claim 1 in which each of said N-type high
      concentration regions is formed in such a manner that the widths of the
      portion of said N-type wafer viewed on said first main surface are larger
NUM  4.
PAR  4. A method of manufacturing semiconductor devices, comprising the steps
      of:
PA1  a. forming an N-type high concentration region in an N-type region of a
      semiconductor wafer in a manner that a plurality of surfaces of said
      N-type region which are remote from one another are exposed to a first
      main surface of said semiconductor wafer, said N-type region forming at
      least one PN junction with an adjacent P-type region;
PA1  b. forming a metal layer over the entirety of said first main surface of
      said N-type region to form ohmic contact with said N-type high
      concentration region;
PA1  c. scribing grooves on a second main surface opposite to said main surface
      in a manner that said grooves in two directions are perpendicularly
      arranged to form substantially squares so that each of said N-type regions
      at said first main surface of said semiconductor wafer is divided into
      four fan-shaped portions and each fan shape portion being one of the four
      corners of said square;
PA1  d. applying a masking tape to said metal layer;
PA1  e. applying a pressure to said semiconductor wafer on said masking tape for
      cutting off complete semiconductor elements defined by said scribing
      grooves;
PA1  f. applying tension to said masking tape; and
PA1  g. separating said complete semiconductor elements from said masking tape.
NUM  5.
PAR  5. A method of according to claim 4 in which the impurity concentration of
      said N-type wafer is approximately 1 .times. 10.sup.15 atoms/cm.sup.3 and
      impurity concentration of said N-type high concentration region is 1
      .times. 10.sup.18 to 1 .times. 10.sup.20 atoms/cm.sup.3.
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ABST
PAL  A porous, electrical insulating adhesive substrate is made, by uniformly
      coating a flexible, porous sheet material with adhesive resin particles
      having an average particle size of between about 37 to 420 microns, the
      adhesive coating covering from about 5 to 50 percent of the sheet material
      area in a non-patterned random distribution, and then heating the coated
      sheet material between about 85.degree. to 250.degree.C, forming a
      discontinuous 0.25 to 7 mil dry coating of discrete adhesive particles
      having substantially rounded cross sections bonded to the sheet material,
      said adhesive coating covering from about 5 to 50 percent of the sheet
      material area in a non-patterned random distribution; the coated sheet may
      then be inserted as oil permeable layer insulation between high voltage
      windings and low voltage windings and between layers of high and low
      voltage windings in a wound coil assembly, after which the assembly can be
      heated at a temperature and for a time effective to securely bond the
      winding layers together, to provide a porous, oil permeable, bonded
      transformer coil assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the transformer coil art, a number of methods have been adopted for
      holding or anchoring the turns of an electrical coil, to resist movement
      when the turns are subjected to the flow of current and electromagnetic
      forces tending to move them out of position. A commonly practiced method
      is to bond the turns of the coil to the layer insulation by the use of
      solid resinous adhesive layers or resin solution impregnated layer
      insulation. This method has not been entirely satisfactory, since by
      filling the coil with such continuous adhesive layers or completely resin
      solution impregnated materials, it is rendered impervious to the
      penetration of oil, which is essential in providing high impulse strength
      in transformers.
PAR  Attempts to solve this problem have been made by Ford in U.S. Pat. No.
      2,942,217 where fibers were applied to resinous, adhesive coated
      insulating paper, to form an oil permeable spongy mat, limiting lateral
      movement of contacting, tightly wound conductor layers in a transformer
      coil. Ford, while supplying good oil permeability to the coil, was not
      entirely satisfactory, since the fibrous spongy layer could allow some
      conductor shifting. To provide improved porous solidification of
      transformer coils, which will withstand large surges of power with
      resulting high mechanical stresses, Ford, in U.S. Pat. Nos. 3,237,136 and
      3,246,271 used discontinuously patterned resin solution impregnated kraft
      paper as the restraint. This method however averages only about a 0.25 mil
      (0.006mm) to 1.5 mil (0.036mm) adhesive thickness build. This low range
      can be inadequate for complete wire to paper bonding, providing
      insufficient short circuit strength, and if large pattern coatings are
      overlapped oil permeability can suffer. This impregnation with resin
      solution saturates the paper fibers under the adhesive pattern. When the
      patterned paper is subject to a high humidity atmosphere, the paper
      surrounding the adhesive pattern can swell such that in some cases, the
      adhesive pattern forms a depression and is rendered ineffective to bond
      coils.
PAR  Other methods of coating paper have provided thicker builds of resin using
      dry powder application. Corbett, U.S. Pat. No. 3,503,778; and Williams,
      U.S. Pat. No. 3,549,403 coat paper with a dry resin powder. Corbett fuses
      the plastic particles applied in a dusting chamber and Williams hot roll
      compresses the plastic particles applied by an electrostatic coating
      apparatus. Papers using powders applied by the Corbett and Williams
      methods might bond well but would not be porous.
PAR  What is needed then, is a method of making a highly porous yet completely
      and uniformly bonded electrical coil, using layer insulation having a
      discontinuous, porous, resin adhesive coating thickness of at least 0.25
      mil (0.06mm), and preferably 1 to 5 mils. The coating must be applied in a
      manner to allow oil permeation through a plurality of laminated layers
      after the resin adhesive is set.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the present invention comprises a method of making an electrical
      coil, or other type winding around a conductor in an electrical apparatus,
      the turns of which are anchored evenly throughout the coil or conductor so
      as to offer high resistance to displacement when subjected to magnetic
      stresses, and the body of which is completely permeable to dielectric
      fluid.
PAR  More particularly, the process involves: (1) applying solid resin particles
      onto a continuously moving, porous, flexible substrate; (2) heating the
      particles between about 85.degree. to 250.degree.C, to bond them to the
      substrate, preferably paper; (3) forming an inner insulating tube; (4)
      winding conductor coil turns and the resin coated substrate around the
      inner tube, so as to provide at least two different windings including low
      voltage windings and high voltage windings, the coil windings consisting,
      in one instance, of a plurality of radially superposed layers of helically
      wound wire and the layers of wire being separated by inserting the resin
      coated substrate to form an electrical coil structure, and (5) heating the
      electrical coil to form a completely oil permeable, intimately bonded
      assembly.
PAR  The resin coated paper is made by sifting or electrostatically applying dry
      resin powder, preferably modified epoxy resin particles. The powder has an
      average particle size of between about 37 to 420 microns. The particles
      are heated between about 85.degree. to 250.degree.C for a time effective
      to bond the powder to the paper but still remain in a non-set state. The
      powder is applied in an amount effective to provide between about 5 to 50
      percent evenly disposed area coverage of the paper in a non-patterned
      random distribution, and the wound electrical coil is heated between about
      100.degree. to 175.degree.C to bond the conductors to the paper and to
      bond adjacent paper layers. The resin coating is discontinuous, not
      forming an oil-impermeable solid film. The coating is at least about 0.25
      mil (0.006mm) thick, preferably on both sides of the paper.
PAR  This process provides a high strength, uniformly anchored, porous coil
      structure, which can be used in a transformer or other type electrical
      device, around a magnetic core, all immersed in a dielectric liquid
      contained in a tank closed with a cover. Of major importance also is the
      fact that no volatile solvents or air pollutants are used in making the
      layer insulation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      preferred embodiments, exemplary of the invention, shown in the
      accompanying drawings, in which:
PAR  FIG. 1 shows a schematic diagram of one method of making the resin coated
      paper used as layer insulation in the coil of this invention;
PAR  FIG. 2 shows a 100.times. electron micrograph of resin powder particles
      bonded to the paper substrate in accordance with the method of this
      invention;
PAR  FIG. 3 shows a 100.times. photograph of resin powder particles bonded to
      the paper substrate, in accordance with the method of this invention;
PAR  FIG. 4 is a sectional three dimensional view of the windings of a
      transformer made in accordance with the method of this invention; and
PAR  FIG. 5 shows, in side elevation, a transformer with a portion cut away to
      show a coil embodying the invention as it is mounted and immersed in oil.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a flexible, porous sheet or web material 1, such
      as cellulosic sheet, for example cotton or paper, glass cloth, polyester
      fabric, mica paper, asbestos paper, polyamide or polyimide or glycol
      ethylene terephthalate ester sheet is used as the substate. Preferably, 1
      to 30 mil (0.025) to (0.75mm) crepe or kraft paper, having a moisture
      content between about 2 to 10 percent is used. Preferably the paper will
      be thermally stabilized and contain within its interstices an effective
      amount generally about 0.02 to 5  weight percent stabilizing agent.
      Suitable stabilizing agents would include melamine, triethylmelamine,
      triphenylmelamine, diallylmelamine, tris-tertiary butylmelamine,
      N-tertiary butylmelamine, dicyandiamide, polyacrylamide, succinonitrile
      and the like. These are usually added during paper manufacture and greatly
      enhance thermal stability in liquid dielectrics. The sheet material is
      continuously fed from pay off reel 2, through feed rollers 3, and into a
      resin powder applicator means 4, which may be a doctor blade applicator,
      vibrating sifter or preferably an electrostatic sprayer 5. The
      electrostatic sprayer, one type of which is described in U.S. Pat. No.
      3,680,779, is fed with dry thermoplastic or thermosetting resin powder,
      and comprises a hopper in which is mounted chrome plated engraved or
      smooth roller 6 positioned adjacent to electron tubes 7. The roller 6 is
      driven by a motor, and as it rotates it picks up the resin powder within
      the hopper. Electron tubes 7 are supplied with high voltage current, and
      the flow of electricity creates an electrostatic field which distributes
      single dry powder particles evenly over the top surface of the moving
      sheet.
PAR  Although thermoplastic resins with reasonably high melting points i.e.
      between about 85.degree. to 180.degree.C such as nylon, polycarbonate and
      polysulfone resins can be used, especially in tape applications or as
      insulation around single conductors, they provide much less strength in
      the electrical coil under stress than, thermoset resins, which are
      preferred, especially for transformers operating at high temperatures. The
      thermosetting resin particularly applicable is an epoxy resin
      (glycidylpolyether of a dihydric phenol). Epoxy resins are well known in
      the art. They are generally the reaction products of bis-phenol A and
      epichlorhydren, and are used in conjunction with acid anhydride, amine or
      amide curing agent. Epoxy resins and their preparation are thoroughly
      discussed in Brydson, Plastic Materials, 1966, chapter 22, herein
      incorporated by reference. The epoxy resin may be modified by addition of
      additives such as epoxy esters of dibasic acids, polyacrylates and
      imidazoles to improve flexibility, cure, flow, and bonding to the
      supporting substrate under heat. Other suitable thermoset resins are
      silicon-epoxy resins and polyester resins.
PAR  These thermosetting resins must be in dry, tack-free, powder form, B-staged
      and remaining fusible for further processing i.e., dry, solid, but not
      completely cured, and capable upon further heating of being fully cured to
      a thermoset state. The preferred epoxy resin is a flexible resinous
      admixture of two different epoxy resins, an epoxy ester and a curing
      agent. The preferred epoxy has a melting point between about 80.degree. to
      110.degree.C and is especially suitable for use with electrostatic guns or
      electrostatic spray apparatus.
PAR  The preferred epoxy is made from a diglycidyl ether of bisphenol A having
      an epoxy equivalent weight of about 400 to 900, and a second diglycidyl
      ether of bisphenol A having an epoxy equivalent weight of about 750 to
      1400, with a weight ratio of the first epoxy to the second of about 1 to
      about 12. This is mixed with about 10 to 60 wt % of an organic placticizer
      or flexibilizer, such as, for example, an epoxy ester of a dibasic acid,
      and with any acid anhydride, amine or amide curing agent for the epoxy
      such as pyromellitic dianhydride, tetrahydrophlhalic anhydride,
      bonzophenone tetracarboxylic dianhydride, ethylene diamine, diethylene
      triamine, triethylene tetramine, dimethylamine propylamine, benzyl
      dimethylamine, methylene dianiline and dicyandiamide. A polyacrylate flow
      agent, and an accelerator, such as 2-methyl imidazoledicyandiamide or a
      hydrazide are also used.
PAR  The resin powder must have an average particle size of between about 37 to
      420 microns (U.S. sieve size between 400 to 40 mesh). Within this particle
      range, the final resin adhesive thickness after final bonding will be
      within the range of about 0.25 mil (0.006mm) to 7 mils (0.16mm), and
      preferably from about 1.0 mil to 5 mils. Particles over about 420 microns
      provide thick builds of resin, which when later bonded, flow appreciably
      and do not provide adequate oil permeability for transformer coil
      applications. Such thick builds would also require longer heating times
      and provide bonded coatings over 7 mils (0.12mm) thick, thereby increasing
      the dimensions of the transformer coil. Particles under about 37 microns
      would tend to provide a very fine deposit which would appreciably reduce
      bond strength of the coated paper.
PAR  The area coverage of the moving paper sheet is critical, and the powder
      must be applied in an amount effective to provide between about 5 to 50
      percent fairly uniform area coverage of the paper in a non-patterned
      random distribution. Area coverage below about 5 percent will appreciably
      reduce bond strength of the coated paper. Area coverage above 50 percent
      will result in an excellent bond, but due to melt flow during later
      bonding, will tend to produce a continuous oil impermeable film on the
      paper. The preferred area coverage is between about 15 to 30 percent. Area
      coverage can be measured by photographing coated paper samples at 20 to
      100 X magnification and comparing the photograph with available standard
      area coverage charts.
PAR  The powder coated cellulosic sheet, having a process speed of between about
      10 to 120 ft./min (3.3 to 39.6 m/min), preferably 15 to 70 ft./min (4.95
      to 23.1 m/min), passes under an initial heating means such as infrared
      radiant heater 8, providing a heating temperature of between about
      85.degree. to 185.degree.C, but preferably 145.degree. to 180.degree.C,
      i.e., the temperature at the top side paper level. This provides a
      particle temperature of about 95.degree. to 105.degree.C. Of course, the
      particle temperature will be substantially lower than the heater
      temperature. The heater temperature must be adjusted to the web speed in a
      manner effective to provide a non-continuous coating. For example, if the
      web speed is 120 ft/min, a heating temperature of 185.degree.C may be
      appropriate but if the web speed is 10 ft/min, a heating temperature of
      85.degree. to 100.degree.C may be adequate. The combination temperature
      and web speed of 85.degree.  to 100.degree.C may be adequate. The
      combination temperature and web speed must not produce a completely melted
      non-porous resinous layer on the paper. Heater 8, installed after the
      first powder applicator means bonds the powder particles to the paper so
      that the powder does not drop off the paper as the paper moves downward
      and returns under heat lamps later in the process. It is not essential to
      heat the powder when an electrostatic sprayer is used, since the powder
      remains on the paper without application of heat due to the electrostatic
      attraction of the powder to the paper.
PAR  The powder coated cellulosic sheet continues over supporting idling rollers
      9, which are disposed in a manner effective to reverse the sheet sides
      i.e. the coated side proceeds down and around the rollers to become the
      bottom side of the sheet at point 10. The powder coated cellulosic sheet
      is then fed into resin powder applicator means 11 which is preferably an
      electrostatic sprayer. Again the dry resin particles are evenly
      distributed over the top surface of the moving sheet in a non-patterned
      random distribution. The resin powder must have an average particle size
      between about 37 to 420 microns. The area coverage of the moving paper is
      critical and the powder must be applied in an amount effective to provide
      between about 5 to 50 percent, but preferably 15 to 30 percent area
      coverage of the paper. Preferably both sides will have the same percent
      area coverage and average particle size.
PAR  The powder coated cellulosic sheet passes under initial heating means such
      as infrared heater 12, providing a heating temperature of between about
      85.degree. to 185.degree.C but preferably between about 145.degree. to
      180.degree.C, at the top side paper level. This heating step is optional
      in the process. The powder coated cellulosic sheet is then passed through
      final heating means such as infrared radiant heaters 13 and 14. When
      initial heaters 8 and 12 have been used, heaters 13 and 14 should provide
      a heating temperature of between about 145.degree. to 250.degree.C at the
      top and bottom side paper levels. When initial heaters have not been used,
      heaters 13 and 14 should provide a heating temperature i.e. the
      temperature at the paper surface of between about 190.degree. to
      250.degree.C at the top and bottom side paper levels. Of course, other
      type heating means such as an enclosed gas or electric oven not having
      appreciable air currents could be used.
PAR  In any case, the powder coated paper, as it exits the heaters at point 15,
      should have at least a 0.25 mil (0.006mm) layer of resin adhesive
      particles on each side of the cellulosic sheet. These layers should not be
      over about 7 mils thick. The coating must be discontinuous on both sides
      with an adhesive particle projection point area coverage of between about
      5 to 50 percent of the paper. When a thermoset resin is used it will be in
      a B-stage, fusible but dry to the touch. The heating temperature must be
      such that the coating is not melted to the extent that a solid film or
      nearly solid film is produced. The cellulosic sheet with bonded powder
      coating may then be wound onto a takeup reel. Of course the resin coating
      composition and state of cure must be such that the paper will not block
      or stick on the takeup reel in a dry or humid atmosphere.
PAR  FIGS. 2 and 3 show a typical powder coated sheet at 100X magnification,
      under an electron microscope and under a regular microscope, as it would
      appear at point 15 after heating. As can be seen, the discrete particles
      of resin having substantially rounded cross sections are still in
      smoothed, substantially particulate form, and are not in any pattern but
      are spaced randomly over the paper in about a 25 percent area coverage.
      Initially the particles are of irregular shape, but after heating
      according to the method of this invention the particles smooth out and
      flow a small amount to form the tear shaped particulate shape. The
      particles are not melted to the extent that substantial flow has caused a
      fused film to be formed. As can be seen, the powder coated sheet is highly
      proous, yet provides a substantial area of resin adhesive projection
      points evidencing a limited amount of flow on its surface.
PAR  To achieve the type porosity of the coated paper, and adequate bonding of
      the particles to the paper required for transformer layer insulation, the
      web speed of the paper through the heaters must be adjusted within the 10
      to 120 ft./min limit, so that the resin particles are neither undercured,
      not bonding to the paper, nor thermoset. At web speeds above about 75
      ft./min, banks of high temperature heaters, or an oven would probably be
      required to provide adequate adhesive powder bonding.
PAR  When thermoset resins are used, the particles, as they exit from the
      heaters must be in the non-set state, so that when the coated paper is
      applied between the paper and wire coil layers in a transformer, the resin
      particles, contacting the wire coils or resin particles on an adjacent
      particle coated paper layer, can be heated to a final thermoset state.
      Thermosetting securely bonds the paper to paper layers or paper to coil
      layers together, preventing any movement due to electrical stresses, while
      still maintaining an oil permeable, discontinuous particulate layer of
      between about 5 to 50 percent area coverage on the paper. Little or no
      uncoated paper area is lost in the thermosetting or final bonding of the
      coil. The resins used must of course be compatible with transformer oil if
      the tape is to be used in tranformer oils and must not be soluble or
      degraded to any appreciable extent in hot transformer oil.
PAR  The particle coated paper is then wound on a mandrel to form a central
      inner insulating tube of a plurality of layers. Low voltage windings are
      then wound on the inner tube, the winding being of a plurality of copper
      or aluminum flat foil layers or radially superposed layers of helically
      wound round or rectangular copper or aluminum wire, insulated with, for
      example, a resinous enamel such as polyvinyl formal, epoxy, polyimide,
      polyamide, polyamide-imide, polyester, polyester-imide, acrylic,
      polyurethane or any other suitable magnet wire enamel. The size of the
      conductor employed will depend on the specification of the coil and the
      duties which it has to perform. The particle coated paper if
      simultaneously wound with the low voltage windings, providing layer
      insulation between adjacent turns of the winding, each layer of wire being
      separated from each other by the resin particle coated paper.
PAR  In a similar fashion, a high voltage winding is wound simultaneously with
      particle coated paper, providing layer insulation between adjacent turns
      of the winding, each layer of wire being separated from each other by the
      resin coated paper. After the inner low voltage windings and high voltage
      windings are completed an outer low voltage winding may be added. A
      spacer, consisting of a plurality of layers of particle coated paper may
      be wound between the low and high voltage windings as shown in FIG. 4,
      where the inner insulating tube is shown as 41, one of the low voltage
      windings is shown as 42 and the spacer is shown as 43.
PAR  In the case where magnet wire is used as the windings, the individual wires
      are insulated and each layer separated by layer insulation. This is also
      the case with uninsulated flat metal foil used as the coil windings. Where
      flat insulated metal foil is used, the layer insulation need not be used
      to separate each adjacent foil winding, and it is to be understood in this
      case that a plurality of up to four foils will be considered as one
      winding.
PAR  The high and low voltage windings may in addition be further separated by
      duct forming spacers, not shown in the drawing, such as fiber or wooden
      strips, corrugated fibrous sheet or the like, so that oil can actually
      flow between the various sets of windings. The number of duct sections
      will vary depending on cooling requirements at the particular transformer
      rating. In FIG. 4, one of the high voltage windings is shown as 44 and the
      layers of interdisposed layer insulation of resin particle ccoated paper
      are shown as 45. The plurality of radially superposed layers of helically
      wound wire comprising one of the windings is shown as 46 with outer layer
      of resin coated paper as 47. A core formed of any suitable magnetic
      material is placed in space 48, in the center of the electrical coil.
PAR  The wound coil assembly can then be placed in an oven or other suitable
      heating means at a temperature and for a time effective to securely bond
      the whole assembly by melting the resin to a semifluid which will not flow
      appreciably if thermoplastic powder was used, or thermosetting the resin
      if the powder used was a preferred thermoset powder. The transformer coil
      is then colled and the adhesive hardens and bonds the various layers of
      the transformer coil together to form a solid, uniformly bonded, oil
      permeable coherent unit. This step must not substantially alter the 5 to
      50 percent powder coverage of the paper. The curing or thermoset
      temperatue can vary from about 100.degree. to 175.degree.C for about 1
      minute to 6 hours, preferably 30 to 180 minutes.
PAR  It is critical in this final bonding step that the bonded resin particles
      remain in substantially the same projection point form, with substantially
      the same area coverage of the paper as before curing or thermosetting. The
      resin adhesive particles will adhere to each other, the paper and the
      wire, and bond the paper to the insulated magnet wire layers and adjacent
      paper layers and then set, preventing almost any movement of the wire and
      paper layers under stress, particularly when thermoset resin is used. The
      wound coil assembly is then placed in its transformer container where a
      vacuum oil impregnation process takes place. A liquid hydrocarbon base
      insulating oil, such as cable or transformer oil, is employed preferably
      in heated and deaerated form as the impregnant.
PAR  One suitable oil, for example, would contain about 10 weight percent
      aromatics, have a viscosity index of about 77 and a specific gravity at
      16.degree.C of about 0.88 to 0.90. Generally, mineral oils obtained from
      the heavy-distillates fraction of crude petroleum are the most widely used
      insulating liquids. The unsaturated constituents which would result in
      poor oxidation stability are removed from the distillate. Care must be
      taken to prevent removal of all the aromatic hydrocarbon content. This is
      important for its contribution to oxidation resistance and the ability of
      the oil to absorb hydrogen which might be liberated by electric discharges
      in the oil. Small amounts of inhibitors, such as di-tert-butyl-p-cresol
      are added to improve oxidation stability. These oils have low dielectric
      constants, about 2-2,5 and low power factors, less than about 0.1 percent.
PAR  A vacuum of about 2mm of Hg is drawn on the tank containing the wound coil
      assembly and the oil is introduced. The pressure of 2mm is held from 4 to
      15 minutes depending on the size of the coil until all evolution from the
      coil assembly ceases. At this time the vacuum is generally removed and the
      pressure in the tank restored to atmospheric pressure. Curing or
      thermosetting of the resin particles can be accomplished at this point in
      the process, if the entire transformer assembly were put in an oven at a
      temperature range between about 100.degree. to 175.degree.C, and if a
      suitable oil is used that will not be degraded. The heating would be for
      about 1 minute to 6 hours, preferably 30 to 180 minutes. Of course the
      preferred method is to bond the coil prior to oil impregnation, since not
      only the oil but the transformer components would have to withstand the
      heat if the particles were thermoset in the transformer. Also bonding
      before impregnation would remove most of the moisture from the coil
      allowing better oil permeation.
PAR  Referring now to FIG. 5, the coil structure of FIG. 4 is operatively
      assembled in a transformer which comprises a tank 50, closed by a cover 51
      and containing dielectric liquid 52 such as mineral oil or the like. In
      the transformer the coil structure encircles magnetic core 53 and the high
      and low voltage leads, one of which is shown as 54 are respectively
      connected to corresponding bushings 55 mounted on the cover.
PAR  While the method of this invention is primarily drawn to making oil cooled
      distribution transformers, where the resin adhesive particle coated paper
      is used as the layer insulation, other uses are possible. The coated paper
      could be engaged as layer insulation for a conductor-insulation
      combination in a bonded electrical apparatus. The particle coated paper,
      coated only on one side could also be used, for example, as an outer tape
      wrapper of a conductor configuration in various types of electrical
      apparatus or to bond 0.1 to 1.3 million volt-ampere pancake coils for
      large power transformers.
PAC  EXAMPLE 1
PAR  Ten mil (0.25 mm) thick, 6 inch wide kraft paper, having a moisture content
      of about 5 to 10 percent and containing about 1 to 3 wt% thermal
      stabilizing agent was coated to a thickness of about 4 mils (0.1 mm)
      total, 2 mils on each side of the paper, with modified bisphenol A epoxy
      resin powder. The paper was coated using an apparatus substantially as
      shown in FIG. 1 of the drawings, comprising a paper roll, two
      electrostatic coating apparatus (manufactured by Oxy-Dry Sprayer
      Corporation) four infrared heaters, and a series of rolls to feed the
      paper and reverse its top side after the first dry powder application.
PAR  The paper was fed at a web speed of about 11 ft./min (3.6m/min) between a 4
      inch diameter top rubber roller and a 4 inch diameter bottom stainless
      steel roller into a Series 500 Oxy-Dry Sprayer apparatus placed in a
      plexiglass enclosure. The sprayer hopper was loaded with modified epoxy
      resin powder having an average particle size of 74 microns (200 mesh).
PAR  The resin was a modified epoxy resin having a melting point of about
      85.degree. to 100.degree.C. The resin was in dry powder form and capable
      of being heated to a thermoset state. The resin consisted of an admixture
      of two separate epoxies. One epoxy was a diglycidyl ether of bisphenol A
      having an epoxy equivalent weight of about 400 to 900. The other was a
      diglycidyl ether of bisphenol A having an epoxy equivalent weight of about
      750 to 1400. These epoxy resins were modified by addition of about 40 wt%
      of an epoxy ester of a dibasic acid flexibilizer, such as COOH--C.sub.x
      H.sub.y --COOH, where y = 2x, and x = about 30 to 40. This composition
      also contained small effective amounts of polyacrylate flow agents,
      dicyaniamide curing agent and imidazole accelerator.
PAR  The paper was passed under the sprayer, which was positioned about 2 inches
      above the paper top surface, and dry powdered epoxy resin particles,
      having an irregular granular configuration, were uniformly dispersed over
      the top surface, of the paper in a non-patterned random distribution. The
      area coverage of the paper was fairly uniform and between about 15 to 25
      percent. The powder-coated paper was then passed under an 1100 watt
      infrared radiant heater positioned 11/2 inches above the paper surface,
      and providing a heating temperature under the heater and at the top paper
      surface of 150.degree. to 175.degree.C. This initial heater at the low web
      speed slightly bonded the powder particles to the paper, caused a minimal
      amount of resin flow and just started to round off the irregular
      configuration of the resin particles.
PAR  The powder-coated paper was fed over two 2 inch diameter idler rollers on a
      horizontal plane, then vertically down to a third roller and around the
      third roller to a horizontal plane; the powder-coated paper surface being
      reversed so that it was the bottom surface of the paper, as shown in FIG.
      1 of the drawings. The paper, maintained at a web speed of 11 ft./min was
      then fed into the second Oxy-Dry Sprayer apparatus placed in a plexiglass
      enclosure, containing the same modified epoxy resin described above, and
      positioned 2 inches above the continuously moving paper. Dry powdered
      epoxy resin particles, having an irregular granular configuration, were
      uniformly dispersed over the surface of the paper in a non-patterned
      random distribution. The area coverage of the paper was again between
      about 15 to 25 percent. The powder coated paper was then passed under
      another 1100 watt infrared heater, positioned about 1 1/2 inches above the
      paper surface, and providing a temperature at the top paper surface of
      about 150.degree. to 175.degree.C.
PAR  The paper, with bonded, slightly smoothed resin adhesive particles bonded
      on both sides, was then passed through a heating section comprising one
      1600 watt infrared radiant heater disposed 2 inches above and one below
      the paper surface. These heaters provided a heating temperature between
      the heaters and at the top and bottom paper surface of 150.degree. to
      200.degree.C. This combination web speed and heating temperature provided
      a porous coated tape with particles bonded to the paper but not thermoset.
      The particles were not appreciably melted and did not form an oil
      impermeable layer. The particles had a rounded cross section and retained
      an area of paper coverage of about 18 to 20 percent. The paper was then
      wound onto a take up reel and did not stick or block. This provided a
      porous resin coating on a dry unsaturated paper substrate with little
      resin penetration into the paper.
PAR  This resin coated paper was incorporated into transformer coils by winding
      insulated copper electrical conductors into turns around an inner
      insulating tube, made of a plurality of the coated paper turns, to form a
      low voltage winding, a high voltage winding and an outer low voltage
      winding. The resin coated paper was inserted as the electrically
      insulating material between the low and high voltage windings and between
      each layer of the low voltage winding and the high voltage winding. This
      formed a 25KVA transformer coil similar to that shown in FIG. 4 of the
      drawings.
PAR  After the coil was wound it was heated at 135.degree.C, for about 4 hours,
      to advance the modified epoxy resin adhesive to the thermoset state and
      permanently bond the layer windings into a solid coil leaving interstices
      for complete oil penetration. The transformer coil was then placed in
      transformer oil. The oil was a refined mineral oil and contained no
      additives free moisture, inorganic acid, alkali or free sulfur. It had a
      dielectric strength (0.1 inch gap) of 30KV min, a power factor (60 cycle,
      25.degree.C) of 0.05% max, a viscosity (SSU, 37.8.degree.C) of 62 sec. and
      a specific gravity at 15.5.degree.C of 0.898.
PAR  While the coil was in oil in the transformer assembly at room temperature,
      ionization and temperature rise tests were run. In the ionization test,
      the coil was connected to a variable high power voltage source and voltage
      increased until ionization was detected. The results showed that
      ionization commensed at a high voltage level and the paper barrier layers
      were thoroughly saturated with the oil, and provided an excellent
      transformer insulation system. In the temperature rise test, voltage was
      impressed across the coil while still immersed in the oil, and the
      temperature increased only a small amount and well within a level
      acceptable to operation of the transformer. In this test 7200 volts was
      impressed across the high voltage windings and 240 volts across the low
      voltage windings. At a 100 percent load of 3 amps, the oil temperature
      increased from 25.degree.C to 47.5.degree.C. At 180 percent load the oil
      temperature increased to 98.degree.C.
PAR  The oil saturated transformer coil was then taken out of the oil and
      subjected to mechanical loading tests designed to produce telescoping of
      the coil layers. In this test metal mandrels were inserted between two
      layers of the low voltage windings and high voltage windings. A force of
      about 6700 pounds was required to displace the inner low coils and a force
      of about 6090 pounds, applied by a press onto the stationary mounted coil,
      was required to displace the middle high coils. This is a force about 10
      times more than that required in prior art low voltage coils using dried
      0.25 mil thick amine cured 60 percent resin patterned biphenol A epoxy
      solution coated on one side of 10 mil kraft paper as the low voltage layer
      insulation. It is also about 12 percent better than the telescoping force
      for 0.25 mil thick epoxy solution coated on both sides of 10 mil kraft
      paper as high voltage insulation; the values for the prior art coils being
      about 680 pounds (low) and  5230 pounds (high layer insulation).
      Additionally, it was determined that failure occurred by tearing and
      delamination of the paper rather than by inter-laminar slippage as with
      the patterned varnish-coated paper.
PAR  This method of coating the restraint provided excellent room temperature
      and much improved elevated temperature bond strength, excellent oil
      permeability, excellent resin retention on the paper surface without oil
      degradation at high temperatures, and used no volatile solvents or air
      pollutants. This adhesive coated substrate would also lend itself to
      bonding oil duct sticks to the paper, and could allow an automated method
      to replace the present messy, time-consuming hand operation, where a
      varnish is painted on each duct stick. The coated restraints can be used
      to bond pancake coils for large power transformers when used as an outer
      bonding conductor wrapper.
PAC  EXAMPLE 2
PAR  A variety of 10 mil thick, six inch wide kraft paper samples, having a
      moisture content of about 5-10 percent were coated on both sides of the
      paper with the resin particles described in Example 1 using the same
      techniques, paper speed and heater temperatures as in Example 1. The
      tensile shear strengths of one inch square samples were tested. The test
      specimen construction consisted of four 1 inch squares of coated paper
      stacked and sandwiched between the ends of two 10 mil thick aluminum
      strips 1 inch wide and 5 inches long. Test pieces were bonded under
      pressure of 2 lb/sq. in. and cured at 137.degree.C.
PAR  Tensile shear bond values were obtained at 25.degree.C and 150.degree.C by
      using a laboratory oven in which multiple samples were mounted. One end of
      each sample was fixed to the base of the oven and the other to a damping
      device with a rod extending through the top of the oven. A spring balance
      was attached to a loop on the outside end of the rod and to a flexible
      stranded cable fixed to a horizontal rod mounted on a frame work above the
      oven. An arm at the end of the horizontal rod to which the cable was
      attached was used to rotate the rod and create a vertical force in the
      sample to be tested. The force of failure was read on the graduated spring
      balance. The test results are set out below:
TBL              Area        Tensile Shear Strength                            

     Build       Coverage    (lb/sq.in)                                        

     Sample (mils)   (%particles)                                              

                                 25.degree.C                                   

                                          150.degree.C                         

     ______________________________________                                    

     2a     2.5      18          --       28 to 58                             

     2b     3.0      15-18       58-60    33 to 60                             

     2c     4.0      20          60       18 to 38                             

     2d     4.5      20          60       31 to 60                             

     ______________________________________                                    

PAR  Accelerated oil compatibility thermal aging tests were run on the various
      components that would be used in a transformer. Enameled rectangular wire
      and round wire, kraft paper, transformer iron, and a sandwich construction
      of layers of 1 .times. 4 inch .times. 0.0035 inch adhesive coated kraft
      paper made as described above, were placed in a 5 inch dia stainless steel
      tank, which was then filled with transformer oil. A vacuum of 28 inches of
      H.sub.2 O was pulled on the system for 1 hr. after which the tank was
      sealed and aged 28 days 5 150.degree.C. The amount of each component used
      in the test was approximately proportional to that used in a typical oil
      filled distribution transformer. After removal of the components the oil
      was tested for color, dielectric strength and power factor versus unused
      oil. The oil compatibility with the components was excellent. The
      measurements showed that the used oil was still an excellent insulator and
      not affected by the bonding resin on the coated paper. This example
      further showed excellent tensile shear strength retention at elevated
      temperatures similar to those found in a short circuit transformer
      environment.
PAC  EXAMPLE 3
PAR  One side of a 10 mil thick one inch wide kraft paper sample, having a
      moisture content of about 5-10 percent was hand sift coated with about 3
      to 5 mils of the modified epoxy resin particles described in Example 1.
      The coated kraft paper was placed in an oven at a temperature of about
      135.degree.C for about 45 seconds to bond the modified epoxy powder to the
      paper without thermosetting it. The one inch wide coated paper was wrapped
      two laps around one end of two 1.times. 3/8.times.55 inch copper bars.
      These copper bars with wrapped coated paper were then bonded to the ends
      of a third copper bar with an overlapping 1 square inch area at 2 lb/sq.
      in. and cured at 135.degree.C.
PAR  Tensile shear bond valves were obtained using the procedure outlined in
      Example 2, where the third copper strip was anchored to the furnace and
      vertical force applied simultaneously to each end of the cantilevered
      copper bars. Similarly, tensile shear bond valves using the same procedure
      were obtained using coated paper having dried 0.25 mil thick amine cured
      60 percent resin patterned bisphenol A epoxy solution coated 10 mil kraft
      paper as the wrapping around the copper strips. The test results are set
      out below:
TBL               % Area    Tensile Shear Strength                             

            Build Coverage  (lb/sq. in)                                        

     Sample   (mils)  Of Resin  25.degree.C                                    

                                           150.degree.C                        

     ______________________________________                                    

     dry epoxy                                                                 

     powder                                                                    

     coated   2-5     18-20     27.5       20.6                                

     paper                                                                     

     dried epoxy                                                               

     solution                                                                  

     coated   0.25    60        26.6        9.1                                

     paper                                                                     

     ______________________________________                                    

PAR  Failures in the dried epoxy solution coated sample were through adhesion
      and cohesion. Failures in the dry epoxy powder coated sample were on the
      paper side of the test strips due to paper tearing. This example shows the
      improved coating thickness and high temperature tensile shear strength of
      layer insulation made in accordance with this invention. Also the dry
      epoxy coated paper was not affected by moisture.
CLMS
NUM  1.
PAR  1. A method of making an oil permeable, bonded transformer comprising the
      steps of:
PA1  A. continuously, uniformly coating both sides of a flexible, porous sheet
      material having a thickness of between about 1 to 30 mils with dry
      adhesive resin particles having an average particle size of between about
      37 to 420 microns, said coating covering from about 5 to 50 percent of the
      sheet material area in a non-patterned random distribution;
PA1  B. heating the coated sheet material between about 85.degree. to
      250.degree.C for an effective period of time, forming a discontinuous 0.25
      to 7 mil dry coating of discrete adhesive particles having substantially
      rounded cross sections bonded to each side of the sheet material, said
      adhesive coating covering from about 5 to 50 percent of the sheet material
      area in a non-patterned random distribution, to provide a porous, oil
      permeable resin particle coated layer insulation;
PA1  C. winding electrical conductors into turns, to form at least two different
      windings including a high voltage winding and a low voltage winding and
      inserting the porous, oil permeable, resin particle coated layer
      insulation between the high voltage winding and low voltage winding and
      between layers of the high voltage winding and the low voltage winding, to
      provide a wound coil assembly;
PA1  D. heating the wound coil assembly at a temperature and for a time
      effective to securely bond the winding layers together, while still
      providing an adhesive covering of the layer insulation of between about 5
      to 50 percent, to provide a porous, oil permeable bonded coil assembly;
      and
PA1  E. impregnating the wound, bonded coil assembly with an insulating oil
NUM  2.
PAR  2. The method of claim 1, wherein the wound coil assembly of step (C) is
      first placed in a transformer container, vacuum impregnated with an
      insulating oil comprising a hydrocarbon liquid and then the transformer
      container heated at a temperature and for a time effective to securely
      bond the winding layers together, while still providing an adhesive
NUM  3.
PAR  3. The method of claim 1, wherein the sheet material is a cellulosic sheet
      material, the resin is a thermoset resin, said resin being bonded to the
      sheet material but not thermoset in step (B) but being heated to a
NUM  4.
PAR  4. The method of claim 1, wherein the resin is applied to the sheet
      material with an electrostatic spray apparatus, the resin is heated in
      step (B) by an infrared heater and the sheet material speed through the
NUM  5.
PAR  5. The method of claim 3, wherein the sheet material is paper, the
      thermoset resin comprises an epoxy resin and the wound coil assembly is
      heated in step (D) between about 100.degree. to 175.degree.C for about 1
NUM  6.
PAR  6. The method of claim 3, wherein the conductors are insulated and selected
      from the group consisting of copper and aluminum, the bonded coil assembly
      of step (D) is placed in a transformer container and vacuum impregnated in
NUM  7.
PAR  7. The method of claim 5, wherein the epoxy resin contains about 10 to 60
NUM  8.
PAR  8. The method of claim 5, wherein the paper contains an effective amount of
NUM  9.
PAR  9. A method of making an oil permeable, bonded electrical apparatus
      comprising the steps of:
PA1  A. continuously, uniformly coating both sides of a flexible, porous sheet
      material having a thickness of between about 1 to 30 mils with dry
      adhesive resin particles having an average particle size of between about
      37 to 420 microns, said coating covering from about 5 to 50 percent of the
      sheet material area in a non-patterned random distribution;
PA1  B. heating the coated sheet material between about 85.degree. to
      250.degree.C for an effective period of time, forming a discontinuous 0.25
      to 7 mil dry coating of discrete adhesive particles having substantially
      rounded cross sections bonded to each side of the sheet material, said
      adhesive coating covering from about 5 to 50 percent of the sheet material
      area in a non-patterned random distribution, to provide a porous, oil
      permeable resin particle coated layer insulation;
PA1  C. engaging the resin particle coated layer insulation with a conductor;
PA1  D. heating the combined conductor and layer insulation at a temperature and
      for a time effective to securely bond the conductor and layer insulation
      together, while still providing an adhesive covering of the layer
      insulation of between about 5 to 50 percent; and
PA1  E. impregnating the combined conductor and layer insulation with an
NUM  10.
PAR  10. The method of claim 9 wherein the conductor is an electrical winding of
      electrical conductor turns.
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ABST
PAL  A heater unit of bilateral construction is formed by forming a resistor
      assembly of a resistor helix extending between cylindrical terminals and
      overlapping the same, inserting the assembly in a sheath tube, filling the
      tube with MgO powder, placing laminated mica end plugs over the terminals
      and extending into the ends of the tube, bending the tube into a U-shape,
      pressing the legs of the U together and feeding the pressed unit through
      swaging dies to deform the tube over the entire length thereof to provide
      a heater unit of substantially circular cross section and having two legs
      of substantially semicircular cross section. The resistor helix in the
      area of the leg portions has a cross-sectional shape corresponding to the
      cross-sectional shape of the sheath and the terminals and mica plugs
      within the sheath are flattened to provide a similar cross-sectional shape
      thereby locking the terminals within the sheath.
PARN
PAR  This is a division of application Ser. No. 382,295, filed July 25, 1973.
BSUM
PAR  The present invention relates to a cartridge type or tubular heater unit
      having a bilateral construction and a method for constructing the same.
PAR  Tubular or cartridge type heater units have many uses and for example, may
      be utilized as insertion units wherein the heaters are inserted into a
      drilled hole in a worktable or the like for heating the table surface. The
      cartridge heater units are generally constructed with an outer tubular
      sheath, an inner core which supports a resistor winding as well as
      positioning and anchoring two terminal studs at the same end of the unit,
      and MgO powder filling the annular space between the resistor assembly and
      the sheath whereby the unit is reduced in diameter after the ends thereof
      are capped. The diameter reduction of the sheath and unit compacts the MgO
      and the crushable core providing an increased density of the MgO and
      improves both the electrical insulating value and thermal conductivity of
      the unit. However, the diameter reduction and densification of the MgO is
      limited by the presence of the core in the unit.
PAR  It is also known to form a tubular heater unit by inserting into a metal
      tube, magnesium metal strips or the like together with a coiled resistance
      wire and placing the assembled element into an autoclave filled with water
      so that the tube is covered with water. The autoclave is then heated to
      cause crystalline magnesium hydroxide to be formed in the tube such that
      the resistance coil is completely embedded in the hydroxide. Thereafter,
      the tube is heated to partially convert the magnesium hydroxide into
      magnesium oxide with powder insulation being added and terminals assembled
      into both ends of the tube. The tube is then deformed by pressing between
      dies to form, for example, a semicircular cross-sectional shape, with the
      tube being bent at a later stage into a hairpin form and pressed together
      to provide a circular cross section with terminals at the same end of the
      element. In this construction, the tube is again heated to completely
      convert the magnesium hydroxide to crystalline magnesium oxide and
      deformed again to recompact the crystalline magnesium oxide. This
      construction has several disadvantages including the requirement for
      crystalline magnesium hydroxide to be formed within the tube and then
      converted to crystalline magnesium oxide by means of several heating steps
      and additionally requires a pressing deformation operation with
      substantially no circumferential reduction and elongation of the tube as
      occurs with a swaging operation. Additionally, there is the requirement
      for two pressing operations for compacting and recompacting of the
      insulation and the bending of the tube has a tendency to create fissures
      in the crystalline insulating material reducing the service life of such
      unit.
PAR  It is therefore an object of the present invention to provide a heater unit
      and a method for constructing the same which overcomes the disadvantages
      of prior art units and construction methods.
PAR  It is another object of the present invention to provide a heater unit
      having an improved service life.
PAR  It is a further object of the present invention to provide a heater unit in
      which a good mechanical and electrical connection is obtained between the
      terminals and the resistor wire due to compaction of powder insulation
      during the formation of the heater unit.
PAR  It is another object of the present invention to provide a heater unit in
      which the terminals become locked within the sheath of the heater unit as
      a result of a swaging operation over the entire length of the sheath of
      the heater unit.
PAR  It is still another object of the present invention to provide a heater
      unit with a bilateral construction wherein the resistance wire is
      surrounded by a sheath over the entire length thereof and spaced from the
      sheath by compacted powder insulating material.
PAR  In accordance with the present invention, a heater unit of bilateral
      construction is formed by forming a resistor assembly, inserting the
      assembly in a sheath tube, filling the tube with MgO powder, placing
      laminated mica endplugs over the terminals of the resistor assembly and
      extending into the ends of the tube, bending the tube into a U-shape,
      pressing the legs of the U together and feeding the pressed unit through
      swaging dies so as to deform the tube over the entire length thereof to
      provide a heater unit of substantially circular cross section having two
      legs of substantially semicircular cross section.
PAR  In accordance with a feature of the present invention, the resistor
      assembly is formed by placing each end of an elongated resistor helix over
      respective end portions of cylindrical metal terminals and during the
      swaging operation, the portion of the metal terminals within the sheath as
      well as the resistor helix within the sheath attains a cross-sectional
      shape similar to that of the surrounding sheath whereby the terminals
      become locked within the sheath. Additionally, due to the compaction of
      the MgO powder, the resistor wire overlapping the end portions of the
      metal terminals form depressions in the end portions of the metal
      terminals and are disposed in such depressions such that a firm mechanical
      and electrical connection of the resistor helix and the terminals is
      attained.
PAR  In accordance with another feature of the present invention, the resistor
      helix in the interconnecting portion which is an extension of the two leg
      portions of the heater unit is provided with a cross-sectional shape
      corresponding to the sheath of the unit in the interconnecting portion
      which varies from a semicircular configuration to a cylindrical
      configuration. The interconnecting portion provides a 180.degree. return
      bend at the outer portion of the sheath for the heater unit and has a
      substantially zero internal radius return bend at the inner portion of the
      heater unit forming the flat portion of the legs of the heater unit.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, two embodiments in accordance with the present
      invention, and wherein:
PAR  FIGS. 1a to 1i are views illustrating the formation of a heater unit in
      accordance with the present invention;
PAR  FIG. 2 is a partial longitudinal cross-sectional view of the end portion of
      a leg of the heater in accordance with the present invention illustrating
      the deformation of the metal terminal;
PAR  FIG. 3 is a transverse cross-sectional view of the heater leg of FIG. 2
      taken in the plane III--III;
PAR  FIG. 4 is a perspective view of a metal terminal construction in accordance
      with another embodiment of the present invention; and
PAR  FIGS. 5, 6 and 7 are transverse cross-sectional views of the
      interconnecting portion of the heater unit in accordance with the present
      invention taken at different angles with respect to the flattened portion
      of the leg of the heater unit as indicated in FIG. 1h.
DETD
PAR  Referring now to the drawings wherein like reference numerals are utilized
      to designate like parts throughout the several views, there is shown in
      FIG. 1 the method steps for constructing the bilateral tubular heater unit
      in accordance with the present invention. As shown in FIG. 1a, a
      cylindrical tube 1 of the appropriate diameter for forming the sheath of
      the heater unit, for example, a 5/16 inch diameter tube for a 3/8 inch
      heater unit is selected. In accordance with the present invention and as
      shown in FIG. 1b, a resistor assembly is formed consisting of a
      cylindrical metal terminal 2, as will be more thoroughly described
      hereinafter, attached to the ends of a resistance helix 3 by means of a
      slight interference fit such that the resistor helix overlaps or extends
      over portions of the cylindrical metal terminal 2. The wire resistance
      helix, preferably has a helix diameter to wire diameter of at least 6 to
      1. The assembly, as shown in FIG. 1c, is stretched through the tube sheath
      1 and centrally positioned therein by fittings 4 with at least one fitting
      4 having an opening or the like therein so as to permit granulated MgO
      powder 5 to be inserted into the tube such that the powder 5 fills the
      tube and passes through and around the resistor helix. The powder may be
      densified somewhat by vibration of the assembled heater so as to ensure
      that the MgO powder completely fills the tube 1. As shown in FIG. 1d, the
      fittings 4 are then removed and the ends of the tube 1 are capped by
      laminated mica plugs 6 which surround the cylindrical metal terminal 2.
      The mica plug is sized for a slide fit into the tube 1 and a slide fit
      around the terminal 2. It is placed approximately 1/8 inch into the heater
      and extends approximately 3/8 inch outside of the heater unit.
      Alternatively, the mica plug may extend completely within the tube sheath
      1. Additionally, a metal terminal portion extends outwardly beyond the end
      of the laminated plug. The heater unit is then bent into a U-shape in a
      manner known in the art, as shown in FIG. 1e, with the legs then being
      pressed together, with radius tools 7 as shown in FIG. 1f. The tool radius
      is the same as that of the sheath tube in order to preserve the tube shape
      and diameter prior to a deforming operation such as swaging of the heater
      so that no deformation of the tube occurs during the pressing of the legs
      together as well as no compaction of the MgO. The deformation of the
      heater during this step would tend to precompact the MgO in the area of
      deformation whereas homogeneous MgO density is necessary for even
      compaction during swaging. The heater is then passed as shown in FIG. 1g
      through the dies 8 of a rotary swaging machine, or the like, whereby the
      heater is progressively deformed over the entire length of the tube with a
      diameter reduction and an elongation of the tube occurring. The heater is
      progressively deformed into a cylindrical shape with substantially
      circular cross section with each leg of the heater being substantially
      semicircular in cross section and having a flat portion 9 and an arcuate
      portion 10 as shown in FIGS. 1h and 1i. As shown, the heater is provided
      with an internal radius bend portion 11 of substantially zero at the
      junction of the flat leg portions such that the leg portions at the
      junction are substantially in contact while the outer sheath is provided
      with a return bend portion 12 of substantially 180.degree.. Additionally,
      as shown in FIG. 1i, the mica end plugs 6 are deformed into the same shape
      as the surrounding tube sheath 1, i.e., approximately semicircular, and as
      a result, become locked into the sheath.
PAR  As shown in FIG. 2, which is a partial cross-sectional view of the end
      portion of a heater leg in accordance with the present invention, the
      deformation of the mica end plugs is also transmitted to the metal
      terminals 2 which they surround such that the terminals are flattened to
      some extent as a result of the swaging process in the region A of the
      terminal, the terminal assuming a generally semicircular shape in this
      region. As a result of the swaging process, the MgO powder insulation 5 is
      compacted by the reduction of volume and also transmits pressure to the
      metal terminal 2 to flatten and roughen the surface thereof in the region
      B which aids in locking the terminal within the heater unit. In the region
      C of the resistor wire helix wrap 3 on the metal terminal 2, the MgO while
      flattening the terminal, also presses the turns of the wire wrap into the
      surface of the terminal creating individual depressions 13 in the terminal
      and into which the wire wrap is disposed. A firm electrical and mechanical
      connection between the wire helix and the metal terminal is thus
      established. The MgO also transmits pressure to the resistor helix 3,
      deforming it to a shape corresponding to that of the shape of the
      surrounding sheath with the MgO being compacted.
PAR  The metal terminals 2 of the present invention may be in the form of a
      solid metal cylindrical stud, a hollow tubular stud, or a stud having a
      hollow portion. In any case, the wire helix is wrapped around the end
      portion of the terminal as indicated in FIG. 1 and the swaging of the
      heater is carried out over the entire length of the heater sheath such
      that the terminal 2, in addition to the heater sheath is flattened or
      deformed to some extent as shown in FIG. 2. The starting cylindrical
      terminal 2 extending within the sheath area deforms to a shape
      corresponding to the shape of the sheath such that it has a substantially
      semicircular cross section as shown in FIG. 3, which is a section taken in
      the plane III--III in FIG. 2. The solid terminal is generally formed of a
      ductile solid rod, for example, a solid nickel cylinder of commercially
      pure nickel having a soft temper or Brinnell hardness of 92-120. The
      starting diameter of the rod terminal, of course, is variable in
      accordance with the dimensions of the heater unit, as well as with the
      size of the resistor helix utilized and other desired properties. The
      deformation of the starting cylindrical terminal, as shown in FIG. 3, is
      such that the terminal is provided with a width dimension extending
      parallel to the flattened portion 9 of the sheath tube as seen in cross
      section and with a thickness or height dimension extending in the
      transverse direction. The deformation of the terminal, for example, of a
      solid terminal with a starting diameter of 0.100 inches in several tests
      of a heater unit resulted in an average cross-sectional dimension of 0.079
      inches in thickness or height by 0.098 inches in width in the area C under
      the wire wrap, 0.099 inches in thickness by 0.100  inches in width in the
      area B under the MgO powder, and 0.083 inches in thickness by 0.103 inches
      in width in the area A under the mica plug. It is noted, however, that
      depending upon the length of the area of the terminal portion B between
      the mica plug and the wire wrap, such portion will deform more or less.
      However, in general, there is a greater deformation of the terminal under
      the mica plug than under the wire wrap with a smaller deformation under
      the MgO powder. The hollow terminal whether a completely hollow tube or a
      drilled stud having a hollow portion deforms in substantially the same
      manner as the solid terminal with the hollow terminal offering the
      advantage that as shown in FIG. 4, a stranded flexible lead wire 14 may be
      inserted into the hollow terminal 2' which lead wire becomes anchored
      within the terminal due to the deformation of the terminal. The lead wire
      is provided with insulation 15 on the portion thereof extending outwardly
      from the terminal while the lead wire within the terminal is bare. For a
      hollow tubular terminal 2' having an outer diameter of 0.125 inches and a
      0.017 inch thick wall and formed of stainless steel, the average
      deformation dimensions of such a terminal in a heater unit, in accordance
      with the present invention, resulted in a deformation of 0.069 inches in
      thickness or height by 0.164 inches in width in the area C under the wire
      wrap, 0.073 inches in thickness by 0.165 inches in width in the area B
      under the MgO, and 0.070 inches in thickness by 0.163 inches in width in
      the area A under the mica plug. Generally, as a result of experimentation,
      it has been found that the thickness of the solid terminal is
      approximately 66 percent of the starting diameter whereas the width is
      approximately 120 percent of the starting diameter. For a hollow terminal,
      the thickness of the hollow terminal is approximately 54 percent of the
      starting diameter with the width being approximately 130 percent of the
      starting diameter. Thus, in accordance with the present invention, the
      metal terminals deform to approximately the shape as the sheath and by
      providing a swaging operation in the area of the terminals such terminals
      become locked into the sheath as well as ensuring a good mechanical and
      electrical connection of the terminal to the resistor helix.
PAR  The resistor helix 3 is deformed by the compaction of the MgO powder to a
      shape corresponding to that of the surrounding sheath such that the
      resistor helix is also provided with a semicircular cross section in the
      area of the leg portions. However, in the area of the return bend, i.e.,
      the interconnecting portion between the two leg portions, the shape of the
      sheath 1 and the corresponding shape of the resistor helix 3 varies as
      shown in FIGS. 5-7. As shown in FIG. 5, which is a cross-sectional view
      taken at an angle of 45.degree. with regard to the flattened portion of
      the leg of the heater of FIG. 1h, the cross-sectional configuration of the
      sheath and helix is approximately semicircular in shape in the manner of
      the cross section of the entire leg. As shown in FIG. 6, which is a
      cross-section view taken at an angle of 30.degree. with respect to the
      flattened portion of the leg and further into the return bend of the
      interconnecting portion of FIG. 1h, the sheath and the resistor helix has
      an oval or elliptical shape with the compacted MgO powder surrounding the
      resistor helix and spacing the helix from the outer sheath. As shown in
      FIG. 7, which is a cross-sectional view taken in the plane of the
      flattened portion of the leg or at 0.degree. with respect to this
      flattened portion of FIG. 1h, the sheath has a substantially circular
      cross section although being deformed somewhat from a true circular cross
      section and the resistor helix has a corresponding shape with the MgO
      powder uniformly surrounding the resistor helix in order to space and
      insulate the same from the sheath. The shape of the sheath and resistor
      helix varies in the interconnecting portion since the shape of the legs of
      the heater unit is attained by the swaging operation and the
      interconnecting portion as well as the legs have a substantially
      cylindrical shape prior to the swaging operation. In this manner, the
      swaging operation does not cause the helix to cut through the MgO powder
      insulation and instead, the helix deforms to a final shape which at all
      points closely matches that of the surrounding sheath. The sharp corners
      of the coil turns, for example, match the adjacent sharp corners of the
      sheath at the flattened portion of the heater leg whereas at the return
      bend of the interconnecting portion, the coil has a different shape
      conforming to the sheath cross section. In this manner, there are no thin
      spots of MgO insulation and the heater easily withstands a dielectric
      voltage test of 2500 vrms.
PAR  The construction of a heater unit in accordance with the present invention
      provides a heater unit which is readily adapted to be inserted into a
      drilled hole of a worktable for heating the table surface as is known in
      the art. That is, due to the substantially circular cross section, a close
      fit can be obtained in accordance with the desired size of the drilled
      hole. Further, due to the bilateral construction of the heater unit in
      accordance with the present invention, upon heating of the unit, the legs
      have a tendency to bow out providing for intimate contact with the surface
      of the drilled hole in the worktable and better thermal conductivity
      therebetween. Additionally, due to the uniform distribution of the
      compacted MgO powder between the resistor helix and the tubular sheath,
      the heater unit is provided with good insulation characteristics thereby
      ensuring a long service life for the heater unit.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto,
      but is susceptible of numerous changes and modification as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein, but intend to cover all such changes
      and modifications as are emcompassed by the scope of the appended claims.
CLMS
NUM  1.
PAR  1. A method of forming a heater unit comprising the steps of forming a
      resistor assembly by placing each end of an elongated resistor helix over
      respective end portions of cylindrical metal terminals such that the helix
      is detachably secured to the respective terminals and extends
      therebetween, arranging the resistor assembly in a metal tubular sheath
      such that the assembly extends in the longitudinal direction of the
      sheath, filling the sheath with granulated powdered insulating material,
      capping the ends of the tubular sheath with end plugs which are sized for
      a slide fit into the sheath and a slide fit around the cylindrical
      terminals which extend through the plugs, and deforming the tubular sheath
      over the entire length thereof to compact the powdered insulating material
      such that the end plugs and the metal terminals are deformed to a shape
      corresponding to the shape of the sheath in the region of the end plugs
      and metal terminals with the end plugs and terminals becoming lockingly
      secured within the sheath, at least a portion of the sheath in the region
      of the end plugs together with at least a portion of the end plugs and the
NUM  2.
PAR  2. A method according to claim 1, wherein the step of deforming the sheath
      includes compacting the powdered insulation to force the wire helix
      overlapping the end portions of the metal terminals to form depressions in
NUM  3.
PAR  3. A method according to claim 1, further comprising after the step of
      capping the ends of the tubular sheath, bending the tubular sheath having
      the resistor assembly and powdered insulating material therein into the
      shape of a U, pressing the legs of the U together while maintaining the
      same tube diameter, and then performing the step of deforming the tubular
      sheath over the entire length thereof to provide a heater unit having a
      substantially circular cross section formed by two substantially
      semicircular parallel extending leg portions interconnected by a portion
NUM  4.
PAR  4. A method according to claim 3, wherein the step of deforming includes
      providing a substantially zero internal return bend radius at the internal
NUM  5.
PAR  5. A method according to claim 4, wherein the step of deforming includes
      deforming the resistor helix along the extent of the leg portions to a
      substantially semicircular cross-section shape corresponding to the
      cross-sectional shape of the leg portions, and maintaining sufficient
      insulation between the resistor helix and the sheath to insulate and space
NUM  6.
PAR  6. A method according to claim 5, wherein the step of deforming includes
      deforming the resistor helix in the area of the return bend to a
      cross-sectional shape corresponding to the cross-sectional shape of the
      sheath such that the resistor helix has a substantially circular shape in
      the plane of the flat portion of the semicircular cross section of the leg
      portions while maintaining sufficient outer insulation between the
      resistor helix and the sheath to insulate and space the helix from the
NUM  7.
PAR  7. A method according to claim 6, wherein the step of deforming includes
      compacting the powdered insulation to force the wire helix overlapping the
      end portions of the metal terminals to form depressions in the surface of
NUM  8.
PAR  8. A method according to claim 2, including the step of utilizing
      cylindrical metal terminals in forming the resistor assembly, the
      terminals having an axially extending hollow portion therein, and placing
      a stranded flexible lead wire in the hollow portion of each of the metal
      terminals such that the lead wire extends outwardly beyond the end of the
      tubular sheath when the resistor assembly is placed within the tubular
NUM  9.
PAR  9. A method according to claim 7, wherein the powdered insulating material
NUM  10.
PAR  10. A method according to claim 1, wherein the step of deforming the
      portion of the sheath out of round includes deforming the sheath to form a
NUM  11.
PAR  11. A method of forming a heater unit comprising the steps of forming a
      resistor assembly by placing each end of an elongated resistor helix over
      respective end portions of cylindrical metal terminals such that the helix
      is detachably secured to the respective terminals and extends
      therebetween, arranging the resistor assembly in a metal tubular sheath
      such that the assembly extends in the longitudinal direction of the
      sheath, filling the sheath with granulated powdered insulating material,
      capping the ends of the tubular sheath with end plugs which are sized for
      a slide fit into the sheath and a slide fit around the cylindrical
      terminals which extend through the plugs, bending the tubular sheath
      having the resistor assembly and powdered insulating material therein into
      the shape of a U, pressing the legs of the U together while maintaining
      the same tube diameter, and then deforming the tubular sheath over the
      entire length thereof to compact the powdered insulating material and to
      provide a heater unit having a substantially circular cross section formed
      by two substantially semicircular parallel extending leg portions
      interconnected by a portion of the tubular sheath having a 180.degree.
      outer return bend.
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ABST
PAL  An additive process for producing printed wiring boards is taught. In the
      process metal substrates having desired hole patterns are powder coated
      with a dielectric material electrostatically. The dielectric powder
      coating is then fused on the metal substrate. Next, a continuous film of
      pre-catalyzed adhesive is applied to all surfaces; then a plating resist
      is applied to all areas on which copper is not desired. The exposed
      catalyzed adhesive is then activated and plated in an electroless copper
      bath.
BSUM
PAR  This invention relates to printed wiring boards, and more particularly to
      printed wiring boards utilizing metal substrates.
PAR  In the past, circuit board manufacturing techniques have been basically
      substractive in nature. That is, in order to form conductive patterns, the
      unwanted areas of the copper foil on the surfaces of the laminate must be
      etched away using either etch resistant films or overplated metal to
      protect the conductors during etching. Tight packaging requirements for
      interconnecting multipin medium scale integrated circuits and large scale
      integrated devices are difficult to meet with the subtractive technology.
      Major problems with the subtractive technology are as follows:
PAR  Undercutting which contributes major dimensional tolerance in conductor
      widths below 10 mils, and effectively limits the conductor widths that can
      be manufactured by existing mass production processes;
PAR  Uneven plating in the hole, which results from the field distribution
      around the work piece being plated, requires the drill hole diameter to be
      increased to avoid violating the minimum hole diameter required after
      plating;
PAR  Uneven plating in the hole also imposes an additional restraint on the
      depth of the hole that can be successfully plated with adequate yield
      under normal production conditions.
PAR  The above-mentioned problems attending the subtractive technique have been
      substantially reduced by an additive circuit manufacturing process. An
      additive process is one in which the conductor pattern is added directly
      to a catalyzed, selectively activated insulating base or to a base covered
      with a very thin layer of copper rather than being formed by etching from
      laminated copper foil. Major problems with the additive technology are as
      follows:
PAR  Electrolysis copper baths have been hard to control or maintain;
PAR  Conductor peel strengths have generally been lower than laminated copper;
PAR  Bath plating cycle is typically 20 times longer than that for an equivalent
      electro-plated part.
PAR  In either the subtractive or additive processes a great variety of base
      materials have been used as insulating support. These include, for
      example, paper base phenolics, epoxy paper, polyester glass mat, Mylar,
      Teflon, Kapton, and other flexible films, ceramics, plastic molded parts,
      and insulated metal blanks. In the past, the insulated metal blanks have
      utilized rugged, plastic coatings that are applied to the fabricated
      blanks using a pre-heated substrate and a fluidized bed powder coating
      process. Disadvantages of a heated substrate fluidized bed powder coating
      are as follows:
PAR  Pinhole free coatings require approximately 15 mils of coating;
PAR  The need for a heated substrate creates difficulty in coating thickness
      control;
PAR  Typical 15 mil coatings adversely affect overall printed wiring board
      thickness;
PAR  Increased material costs due to the need for a 15 mil coating thickness.
PAR  Accordingly, it is an object of the present invention to provide a method
      of fabricating a metal printed wiring board which is both economical and
      capable of mass production techniques.
PAR  Another object of the invention is the provide a metal printed wiring board
      having substantially increased strength over prior board constructions and
      which does not flex or warp during wave solder.
PAR  Still another object of the invention is to provide a metal printed wiring
      board whose metal substrate acts as a heat sink for the active components,
      and the thermal path to the metal substrate is of minimal length.
PAR  Yet another object of the invention is to provide a method of fabricating a
      metal substrate printed wiring board having complete edge and corner
      coverage with a pinhole free coating of 5 mils thickness.
PAR  Yet another object of the invention is to provide a metal printed wiring
      board in which the metal substrate is available to act as ground plane
      thereby lending the invention to devices requiring this type of board.
PAR  Still yet another object of the invention is to provide a method of
      fabricating a metal printed wiring board which enhances automatic
      insertion of components owing to the funnel shaped holes provided by this
      process.
PAR  Still yet another object of the invention is to provide a method of
      fabricating a durable and highly reliable metal printed wiring board with
      pre-heating and the necessary controls therefor.
PAR  Briefly stated the invention comprises an additive process for producing
      printed wiring boards on a metal substrate. To adapt the process to mass
      production techniques the metal substrate is utilized in coil form and has
      a lead frame that is used for material handling during fabrication
      assembly, and test of the printed wiring board. During fabrication a coil
      of sheet metal is unwound; the substrates and the desired hole patterns
      are formed in the sheet metal by piercing, blanking and or chemical
      milling. A powder coating of dielectric material is then electrostatically
      applied to both sides of the metal blank. The dielectric powder coating is
      then thermally fused or cured on the metal substrate. Next a continuous
      film of precatalyzed adhesive is applied to all surfaces. This adhesive
      coating is then thermally dried and cured. A plating resist is next
      applied to all areas on which copper is not desired. The exposed catalyzed
      adhesive is then activated and plated in an electroless copper bath. The
      metal substrate material remains in coil form throughout the process
      including final component assembly and wave soldering.
DRWD
PAR  These and other objects and features of the invention will become more
      readily understood in the following detailed description taken in
      conjunction with the drawings, wherein:
PAR  FIGS. 1a and b are block diagrams of an assembly line for manufacturing
      printed wiring boards in accordance with the invention;
PAR  FIG. 2 is a fragmentary view of the lead frame and metal substrates for the
      printed wiring board as blanked in the sheet metal;
PAR  FIG. 3 is a side view showing a plurality of the metal substrate coils
      stacked on a rewind stand for electroless electroplating;
PAR  FIG. 4 is a top view of the stacked coils of metal substrates;
PAR  FIG. 5 is a sectional view of a portion of the printed wiring board showing
      the coatings and conductor on the metal substrate and in a hole thereof.
DETD
PAR  Referring now to FIGS. 1a and 1b for a detailed description of the
      invention, in FIG. 1a there is shown a mass production assembly of
      fabrication line 10 beginning with an uncoiler 12 for a coil of sheet
      metal 14 which may be, for example, a coil of sheet steel, copper or
      aluminum or an alloy thereof about 16-30 mils thick. The coil of sheet
      metal is initially fed into a metal straightener 16 which may be of the
      roller type. Thereafter, the rolls of the metal straightener 16 pull the
      steel from the uncoiler 12. After straightening, the steel passes into an
      automatic punch press 18 for forming a plurality of metal substrates 20
      (FIG. 2) between a lead frame 22. The automatic punch press 18 blanks:
      sprocket holes 24 and spacer tabs 25 in the lead frame 22; horizontal
      slits 26, which separate the metal substrates 20 from the lead frames 22,
      and longitudinal slits 28, which separate the metal substrates 22 one from
      another; and a desired pattern of holes 30 in each of the metal substrates
      20. The coil feed system and automatic punch press may be, for example, an
      integrated press and coil feed system such as that manufactured by Wing
      United Incorporated. The blanked sheet metal is then deburred by a
      suitable method such as, for example, sand blasting.
PAR  The blanked metal sheet 14 is then passed through a degreaser 32. The
      degreaser 32 may be of the spray type which includes; a compartment for a
      vapor type degreaser such as, for example, trichloroethylene; a tank
      containing a rust removal chemical, such as for example, a solution of
      hydrochloric acid, a first water rinse compartment for rinsing off
      hydrochloric acid; a second tank containing an alkaline solution such as,
      for example, that sold under the trademark, Oakite 190; a second water
      rinse compartment for rinsing away the alkaline solution; a third tank
      containing a zinc-phosphate solution which may be, for example, that sold
      under the trademark Phosdip R2; and a second degreaser compartment where
      the blanked metal sheet is degreased and vapor dried with, for example,
      trichloroethylene. The blanked sheet metal is subjected to the degreasing
      vapor for about 5 to 10 minutes, the rust removal chemical until the rust
      or metal oxide is removed, the alkaline solution for about 3-5  minutes,
      the zinc phosphate solution for about 6 minutes, and the drying vapor
      until dry. When dry, the blanked sheet metal is passed through a
      sandblaster 34 to deburr both sides. Upon leaving the dryer the blanked
      metal sheet is recoiled and loaded into an overhead hanger area.
PAR  The blanked sheet metal is next prepared for electrostatic powder coating
      by drawing the metal through the metal preparing device 36 where it is
      washed and dried. The blanked sheet metal is passed through an oven 38,
      which may be an infrared type oven, to heat the blanked sheet metal to a
      temperature of about 300.degree. to 500.degree.F immediately prior to
      insertion into a powder booth or bed 40. The booth or bed 40 is equipped
      with either manually operated or automatic powder coating guns for
      electrostatically powder coating the blanked sheet metal. Suitable powder
      coating materials are readily available and sold under the trademarks,
      Naresa 285; Pratt and Lambert 88-922; Polymer Corporation ECA-1283WHN; and
      Minnesota Mining and Manufacturing Company Scotchkote 2017. After powder
      coating, the blanked sheet metal is heated in an oven 42 at 500.degree.F
      for 10 minutes to cure or fuse the insulating coat. A suitable
      electrostatic powder coating system is that sold by Nordson Corporation.
PAR  The powder coating after fusing or curing is a dielectric coat 43 (FIG. 5)
      which insulates the metal substrates from the electrical circuitry of the
      printed wiring boards. Thus, the insulating coat so formed has a smooth,
      pinhole free surface to provide absolute electrical insulation, excellent
      corner and edge covering, good punch through and cut through
      characteristics, and a dielectric strength equal to or greater than 500
      volts per mil. In addition the insulating coat is abrasive resistant and
      temperature stable continuously through a minimum of 120.degree. to
      130.degree. and for a minimum of 30 seconds at 500.degree.F or
      260.degree.C.
PAR  The insulated blanked metal sheet is next ready for a pre-catalytic
      adhesive coat 45 (FIG. 5) which may be applied to all surfaces by any
      suitable apparatus 44 (FIG. 1a) such as a double side roller, sprayer or
      dip tank. A suitable adhesive is a palladium filled adhesive sold under
      the trademark RC204 by Photocircuits Incorporated. Preferably, the
      insulated blanked metal sheet is given a minimum of 1 mil dry film of
      adhesive.
PAR  The adhesive coating is then cured in an IR oven 46 for about 7 to 12
      minutes at temperature between 325.degree.F to 435.degree.F to drive off
      solvents contained therein. The adhesive coated insulated blanked sheet of
      metal is moved to the image line (FIG. 1b).
PAR  At the imaging line (FIG. 1b), the coil of adhesive coated, insulated
      blanked sheet of metal substrates is uncoiled in a clean room 54 and the
      lead frames 22 (FIG. 2) carrying the adhesive coated insulated metal
      substrates are advanced by sprockets engaging the sprocket holes 24 to
      pass the adhesive coated insulated metal substrates through an inline
      screen printer 56 for printing the first side with a plating resist 57
      (FIG. 5). A suitable printer is that sold under the trademark ITRON Screen
      Printer using an epoxy resist such as that sold under the Trademark E12 by
      Photocircuits Incorporated. The silk screen conductor pattern is a
      negative pattern, i.e., every thing is coated except the desired conductor
      pattern. The screen printed sheet of adhesive coated insulated metal
      substrates (FIG. 1b) is then cured in an IR oven 58 for 21/2 to 3 minutes
      at 330.degree.F, and advanced to a second clean room 60 containing a
      second ITRON Screen Printer 62 where the second side of the adhesive
      coated insulated metal substrate is screen printed. The screen print of
      the second side is cured in oven 64. The screened metal substrates are
      then passed through an inspection point 66 for inspection prior to
      recoiling on a coil plating rack 48 (FIG. 3) for transport to the
      electroless copeer plating area. The coil plating rack has a coil
      retaining member 50 normal to a centrally disposed stacking rod 52. Thus,
      several coils can be stacked on the coil plating rack and spaced one from
      the other by spacers 53. During rewind spacing tabs 25 (FIG. 2) are bent
      normal to the lead frame 22 to maintain a spacing between the rings of the
      coil as shown in FIG. 4.
PAR  The stacked coils of plating resist imaged, adhesive coated, insulated
      metal substrates are placed in activation tanks 72 containing, for
      example, a mixture of chromic acid and sulfuric acid, or chromic acid and
      bromo-flouric acid for etching locking micropores in the conductor pattern
      defined by the exposed adhesive. Next, the activated, plating resist
      imaged, adhesive coated, insulated metal substrates are deposited in
      plating tanks 74 containing a suitable electroless metal (copper) plating
      solution. A suitable copper solution is any one of the solutions of the
      examples found in U.S. Pat. No. 3,095,309 issued June 25, 1963. The coils
      are left in the electroless copper plating solution for approximately 18
      to 20 hours for copper plating the conductor pattern 75 (FIG. 5) printed
      wiring boards (FIG. 5). At this stage, if desired, nickel boron solution
      can be used to plate all copper circuitry while still in coil form. Nickel
      boron has been found to be acceptable replacement for any required gold
      tabs. The copper plated coils are then placed in rinse tanks 76 (FIG. 1b)
      and rinsed with water to remove the electroless plating solution.
PAR  The metal plated coils are then unwound and passed through a scrubber dryer
      78 for drying and removal of spurious plating from the metal circuitry. A
      scrubber utilizing fine stainless steel wire brushes has proven
      satisfactory for this operation. The printed wiring boards are then
      returned to the clean room 54 for screen printing a solder mask 79 on the
      first side (FIG. 5). An epoxy such as, Photocircuits PC-401 Soldermask, is
      screened on to cover all areas not tobe soldered. The solder mask bearing
      metal substrates are then passed through the oven 58 (FIG. 1b) for curing
      and into the clean room 60. In clean room 60 the second side of the
      printed wiring board is screen printed to form a solder mask as was done
      for the first side. The solder masked parinted wiring boards are then
      cured in oven 64 for 21/2 to 3 minutes at 325.degree.F. The solder masked
      printed wiring boards are inspected by the inspection apparatus 66,
      recoiled onto the coil plating rack 48 and placed in loader 80. If the
      printed wiring boards have been exposed to the air, the coil is fed into a
      spray system 82 having mild etch, such as that sold under the trademark
      Copperbrite, to remove any copper oxide from the circuit pads. An
      alternative method would be to feed the material into an etch tank on a
      roller system. After etching a water rinse 84 is used to neutralize the
      etchant, and the printed wiring boards are then dried by air knives or
      turbines 86. Next, the sheet of printed wiring boards is passed through a
      suitable apparatus 88 containing a rosin to coat the printed wiring boards
      and in particular the circuit pads with a thin protective coat 87 (FIG.
      5). A suitable apparatus comprises a double sided roller coater, or a dip
      tank, or a spray system utilizing a rosin based material such as that sold
      under the trademark Lonco SealBrite 230-10-100. The rosin based material
      protects the copper plating from oxidation. From the sealbrite apparatus
      88 (FIG. 1b), the sheet of printed wiring boards is passed through an IR
      type conveyerized oven 90 with a V-type conveyer system. The oven is used
      to drive off solvents and includes a cool down section to reduce tackiness
      that might result from the heating of the sealbrite coating. After leaving
      the oven 90, the sheet of printed wiring boards are coiled on the coil
      plating rack 48 for either shipping to an assembly area in coil form or
      passing through a blanking press 94 to cut out the printed circuit boards
      one from another and from the lead main frame for packing and shipping to
      the assembly area not shown.
PAR  The coiled sheet of printed wiring boards or the stacked pprinted wiring
      boards are shipped to the assembly area on a supporting pallet. The pallet
      and coil or stack of boards are covered with a heat shrink plastic for
      protection. At the assembly area the coil of printed wiring boards are
      unwound into an automatic system which utilizes the lead frame as an index
      fixture and the spacer tabs as assembly stands. At the assembly line all
      other active components are assembled onto the printed wiring boards with
      their leads inserted in the holes of the printed wiring board. The leads
      are electrically coupled to the printed wiring boards preferably by a wave
      soldering technique. For wave soldering the board is foam or wave coated
      with a suitable flux such as, for example, that sold under the trademark
      Alpha No. 711 Flux. The boards are then preheated to
      170.degree.-210.degree.F in a preheat oven and wave soldered at 3-6 feet
      per minute on a flowing stream of solder pumped up through an orifice at
      480.degree.F. Contact time with the wave is 5-10 seconds. Wave soldering,
      cleaning and test can all be done while using the lead frame as a material
      handling device.
PAR  Although only a single embodiment of the invention has been described
      herein, it will be apparent to a person skilled in the art that various
      modifications to the details of construction shown and described may be
      made without departing from the scope of this invention.
CLMS
NUM  1.
PAR  1. A method for fabricating printed wiring boards comprising:
PA1  a. forming a metal substrate having a circuit hole pattern;
PA1  b. electrostatically powder coating the metal substrate and hole forming
      walls with a suitable dielectric;
PA1  c. fusing the dielectric powder coating to electrically insulate the metal
      substrate including the apertures thereof from electrical circuitry; and
PA1  d. forming electrical circuitry on the dielectric in conjunction with the
NUM  2.
PAR  2. A method for fabricating printed wiring boards comprising:
PA1  a. blanking sheet metal to form a sheet of metal substrates having circuit
      hole patterns;
PA1  b. electrostatically powder coating the metal substrates and hole forming
      walls with a suitable dielectric;
PA1  c. fusing the dielectric powder coating to electrically insulate the metal
      substrates including the apertures thereof from electrical circuitry;
PA1  d. coating the dielectric with a catalyzed adhesive; and
PA1  e. forming electrical circuitry on the dielectric in conjunction with the
NUM  3.
PAR  3. A method for fabricating printed wiring boards comprising:
PA1  a. blanking sheet metal for outlining a plurality of metal substrates,
      forming hole patterns within said plurality of outlined metal substrates,
      and forming lead frames adjacent horizontally disposed edges of the sheet
      metal with holes therein for use in advancing the sheet metal and outlines
      of metal tabs;
PA1  b. preparing the sheet metal for coating with a layer of insulating
      material;
PA1  c. electrostatically powder coating surfaces of the metal substrates of the
      sheet metal with a dielectric;
PA1  d. fusing the coating for thermosetting the dielectric for electrically
      insulating the metal substrates;
PA1  e. coating all the dielectric insulating coating with an adhesive coating
      in preparation for forming conductor patterns and through hole
      interconnections by metallization;
PA1  f. forming conductor patterns on the adhesive coating;
PA1  g. partially removing the adhesive coating from the conductor patterns to
      form metal plating locking micropores;
PA1  h. electrolessly plating the conductor patterns with an electrically
      conducting material;
PA1  i. selectively forming soldering patterns;
PA1  j. removing any oxide forming on the exposed soldering patterns; and
PA1  k. sealing the exposed soldering patterns to prevent oxidation of the
      soldering pattern whereby a plurality of printed wiring boards are formed
NUM  4.
PAR  4. A method for fabricating printed wiring boards according to claim 3
      further including winding the printed wiring boards into a coil, placing
      the coil on a pallet, and wrapping the coil and pallet with heat shrink
NUM  5.
PAR  5. A method for fabricating printed wiring boards according to claim 3
      further including feeding the lead frame and plurality of printed wiring
      boards through a blanking press for removing the lead frame from the
      plurality of printed wiring boards, separating the printed wiring boards
      one from another, stacking them on a pallet, and covering the pallet and
NUM  6.
PAR  6. A method for fabricating printed wiring boards according to claim 3
      wherein the sheet metal blanked is ferrous or non-ferrous metals selected
      from the group consisting of steel, aluminum and copper and alloys
NUM  7.
PAR  7. A method for fabricating printed wiring boards according to claim 3
      wherein the sheet metal is prepared for the coating of insulating material
      by vapor degreasing both sides of the metal sheet, dipping the metal sheet
      in an acid solution to remove oxidized metal, rinsing the sheet metal to
      remove excess acid, dipping the metal sheet in an alkaline solution and
      rinsing to remove excess alkaline solution, phosphatizing the metal sheet,
      vapor degreasing until dry, and sand blasting the metal sheet to debur
NUM  8.
PAR  8. A method for fabricating printed wiring boards according to claim 3
      wherein said fused insulating coat is a smooth, substantially free pin
      hole coat insulating the metal sheet surfaces including the aperture
      forming walls, corners, and edges, and having a dielectric strength of not
      less than about 500 V per mil, and a temperature stability continuous
      between about 120.degree.C and 130.degree.C and a temperature stability
      for about 30 seconds at 260.degree.C whereby the metal substrate can be
NUM  9.
PAR  9. A method according to claim 3 wherein the metal tabs outlined in the
      lead frames are bent to form metal spacers for spacing the loops of the
NUM  10.
PAR  10. A method according to claim 3 wherein the sealing of the exposed
      soldering patterns includes coating the epoxy soldering patterns with
NUM  11.
PAR  11. A method according to claim 3 wherein the fabricating cycle is an
      automated cycle.
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PAL  Multilayer printed circuit board is fabricated by coating a suitable
      substrate, metal, plastic, paper, with a photosensitive coating, exposing
      the photosensitive coating to form a dielectric thereof, coating the
      dielectric layer with a coating of a photosensitive chemical solution,
      selectively imaging and developing the photosensitive coating to form a
      desired circuit pattern on the dielectric coating, forming a first layer
      of circuitry by coating the circuit pattern with a conducting material,
      coating the circuitry bearing layer with a second layer of photosensitive
      material, selectively exposing and developing the second layer of
      photosensitive material to form a dielectric with open windows to the
      first circuit layer, coating the second dielectric layer of the first
      circuitry with a coating of photosensitive chemical solution, selectively
      imaging and developing the coating of photosensitive chemical solution to
      form a circuit pattern and an interconnect pattern and forming a conductor
      layer of circuitry and interconnects, the interconnect metallization
      connecting the second circuitry layer with the first circuitry layer,
      repeating the process to form additional circuitry layers to perform a
      desired electrical function and forming on the last dielectric layer a
      metallization such as either a solder mask for circuit terminals or a
      ground plane and thereafter either retaining the substrate if desired for,
      for example, a heat sink or additional support or both, or removing the
      substrate to form a very light weight multilayer printed circuit board.
BSUM
PAR  This invention relates to printed circuit boards and more particularly to
      an additive process for fabricating a multilayer printed circuit board.
PAR  In the past, multilayer printed circuit boards were fabricated from
      individual layers of substrates consisting of an epoxy base fiberglass
      weave or other types of plastic with copper on either or both sides. The
      external surfaces of individual boards were then negatively or positively
      imaged with a plating resist and a protective tin or tin lead plating
      added as an etch resist. The plating resist was then removed from the
      surface and the exposed copper surfaces etched away leaving the desired
      circuitry and interconnections. This process has become known as the
      subtractive process. To form the multilayer circuit board, a specific
      group of individual layers of substrates, bearing selected circuits, were
      laminated together to produce the desired circuit build-up. A circuit hole
      pattern for electrically connecting circuits of the multilayer printed
      circuit board was drilled through the laminating substrates. The circuit
      holes were plated through with copper to affect layer interconnections.
PAR  Several problems attend the prior art multilayer circuit boards. For
      example, it is difficult to align the multilayer circuit boards so that
      the interconnection holes provide contact between the layers. Also, the
      hole drilling process creates epoxy smears which isolate the internal
      circuits from electrical connecting during thru hole plating. Further,
      many additional tolerance problems are encountered during the fabrication.
PAR  The first problem, often referred to as layer to layer misregistration, is
      the result of: substrate instability, which results from the moisture
      content and the different amounts of copper forming the circuit patterns
      deposited on the substrates; and thermal coefficient of expansion
      differences of the materials utilized in the printed circuit boards which
      result in uneven layer expansion.
PAR  The epoxy smearing problem arises when the circuit hole pattern is drilled.
      The drills push or smear the insulating epoxy over the circuit copper
      interconnects which unless removed prior to hole plating very effectively
      insulates the copper conductor interconnects.
PAR  The tolerance problems result from the substractive process used to form
      the conductor patterns; that is, such substrate reacts in a particular
      manner when varying amounts of copper are removed from the surfaces and
      when exposed to the wet processing requirements of etching and cleaning.
      Also, the lamination cycle induces additional tolerance differentials due
      to thermal mismatch from layer to layer, that is, the thermal gradient
      through the layers and the resulting addresses contributes to the
      misalignment of the individual layers.
PAR  To alleviate the above-mentioned problems, the laminated structures have
      been baked to improve stability, but this baking contributes to the
      thermal mismatch of the layers. To reduce thermal mismatch, special pin
      fixtures have been used to maintain layer to layer registration. In some
      processes the laminated board has been x-rayed and circuit holes are
      off-set drilled to avoid electrical short circuits and opens due to
      misregistered layers. Off-set drilling is not particularly desirable and
      is precluded if the circuit components are to be installed by automatic
      insertion equipment as the use of automatic insertion equipment requires a
      highly controlled hole location. From the foregoing discussion of the
      prior art, it is self-evident that the multilayer printed circuit boards
      are of questionable reliability and expensive to fabricate.
PAR  Further, multilayer boards are being produced by an additive process
      disclosed in U.S. Pat. application, Ser. No. 461,072, filed Apr. 15, 1974
      in which positive screening techniques are used to form the conductor
      pattern. The problem attending positive screening techniques is that fine
      line conductors with high resolution cannot be produced.
PAR  Accordingly, it is an object of this invention to provide a reliable
      multilayered printed wiring or circuit board which is both economical to
      manufacture and susceptible to fabrication using mass production
      techniques.
PAR  Another object of the invention is to provide a multilayer printed circuit
      board whose thickness and weight is substantially less than that of a
      multilayer printed circuit board.
PAR  Yet another object of the invention is to provide a multilayer printed
      circuit board having a single substrate core with multilayers.
PAR  Still another object of the invention is to provide a multilayer printed
      circuit board without the single substrate core.
PAR  Still yet another object of the invention is to provide a process for the
      fabrication of multilayer boards which eliminates drilled holes for layer
      to layer interconnections and which is substantially free of tolerance
      requirements.
PAR  A further object of the invention is to produce a multilayer printed
      circuit board having fine line conductor patterns of high resolution.
PAR  Briefly stated this invention is for a multilayer printed circuit board and
      an additive method of fabrication utilizing a photosensitive substrate
      material as an insulator or dielectric and a photosensitive chemical
      process for conductor pattern formation. The multilayer printed circuit
      board comprises a substrate core which may be, for example, of metal,
      plastic, or paper of which either major surface or both major surfaces can
      be used for the multilayers. If both major surfaces are used, a desired
      conductor feed through hole pattern is formed in the substrate by piercing
      or drilling. Either or both major surfaces of the substrate are coated
      with photosensitive substrate material which is exposed to a polymerizing
      light source to form a dielectric or insulating coating for the substrate
      and, if both major substrate surfaces are used, a hole feed through
      pattern. A photosensitive chemical solution is then applied to the
      dielectric coating of a major substrate surface. A mask for the desired
      circuit pattern and hole pattern, if included, is placed over the
      photosensitive chemical solution layer and exposed to form an insoluble
      pattern for the desired circuit and hole pattern. The exposed area is then
      prepared for the desired circuit pattern by adding an adhesive material to
      the circuit and hole conducting patterns. The conductor for the circuit
      and feed through holes are electrolessly plated thereon. If both major
      surfaces are to be used, a second circuit layer is formed, as above
      described, on the second major surface with the circuits electrically
      connected by the conductor formed in the feed through hole pattern. Each
      additional layer is formed by coating a circuit bearing layer with a layer
      of photosensitive substrate material; the layer of substrate material is
      masked with a circuit interconnect pattern and exposed with a polymerizing
      light to selectively form a dielectric layer having circuit interconnects
      or open windows formed thereon. The dielectric is conditioned and coated
      with a photosensitive chemical solution layer, masked with appropriate
      artwork of a desired circuit pattern and exposed to form a circuit pattern
      on the insulating layer. The circuit pattern is coated with an adhesive
      and electrolessly plated with a conducting metal to form the conducting
      circuit pattern. The procedure is then repeated on either or both major
      surfaces to form as many circuit layers as is required to perform a
      certain electrical function. A final layer of photosensitive substrate
      material is then imaged and developed to form a ground plane or terminal
      pads as desired. If the circuit layers have been formed all on one of the
      major surfaces of the substrate, the substrate may be removed to form a
      multilayer printed wiring board of minimal thickness. Nevertheless, if it
      is desired to retain the substrate for, for example, a heat sink, or for
      rigidity, both major surfaces of the substrate may be plated with the
      substrate hole pattern being metallized through the holes to form the
      desired circuit feed through interconnections.
DRWD
PAR  The novel features of the invention are pointed out with particularity in
      the appended claims. However, the invention itself, together with further
      objects and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is a partial cross-sectional view of a metal substrate having an
      aperture or a hole pattern punched therein;
PAR  FIG. 2 is a partial cross-sectional view of the metal substrate of FIG. 1
      with an exposed photosensitive substrate coating forming a dielectric
      thereon; the dielectric is shown greatly enlarged to show its surface
      conditioned to receive the photosensitive chemical solution coating;
PAR  FIG. 3 is a partial cross-sectional view of the metal substrate of FIG. 2
      having an exposed photosensitive area defining a negative working area of
      a circuit pattern coated with an adhesive coating.
PAR  FIG. 4 is the partial cross-sectional view of the metal substrate of FIG. 3
      having the structural details of the surface layers omitted to show more
      clearly the photosensitive epoxy resist layer imaged, developed, and with
      the adhesive forming the desired circuit pattern and feed through
      conductors thereon;
PAR  FIG. 5 is a partial cross-sectional view of the substrate of FIG. 4 having
      the electrical conductor pattern and feed through hole conductors formed
      thereon;
PAR  FIG. 6 is a partial cross-sectional view of the metal substrate of FIG. 5
      having added thereto a dielectric coating having a circuit interconnect
      window formed therein;
PAR  FIG. 7 is a partial cross-sectional view of the metal substrate of FIG. 6
      having another photosensitive substrate coating imaged, developed and
      selectively coated with an adhesive to form a dielectric layer with a
      circuit pattern leading to the circuit interconnect windows formed in the
      dielectric layer;
PAR  FIG. 8 is a partial cross-sectional view of the metal substrate of FIG. 6
      having selectively patterned thereon the circuit of the second layer and
      circuit interconnects of the multilayer circuits;
PAR  FIG. 9 is a partial cross-sectional view of the metal substrate of FIG. 8
      showing the addition of the solder mask formed thereon;
PAR  FIG. 10 is a partial cross-sectional view of FIG. 9 showing the addition of
      the solder mask protective coat.
DETD
PAR  Referring to the drawings, the substrate 10 (FIG. 1) which may be, for
      example, a metal, plastic or paper substrate, which if it is to be plated
      on both sides has apertures or holes 12 of a hole pattern for desired
      electrical circuits punched, drilled or otherwise formed therein. The
      holes 12 of the substrate hole pattern have a diameter sufficient to
      accomodate the number of interconnections required to connect related
      circuits to be formed on the multilayers on each side of the metal
      substrate. The holes should have a diameter of a size sufficient to
      accomodate about a 5 mil layer interconnect required for electrically
      coupling the first layer formed on one major surface of the substrate to
      the first layer formed on the other major surface and one mil for each
      additional interconnect formed in the lead through holes 12.
PAR  The substrate is prepared for multilayer fabrication on both major surfaces
      by cleaning, for example, for a metal (low carbon steel) substrate
      cleaning is as follows: after the hole pattern is punched on the substrate
      10, the substrate is degreased with suitable degreasing materials such as,
      for example, trichloroethylene, and then passed through a rust removal
      chemical which may be a hydrochloric acid solution. The acid solution is
      rinsed off and the substrate passed through an alkaline solution such as
      that sold under the trademark of Oakite 190, after which it is rinsed
      again and passed through a zinc-phosphide solution such as that sold under
      the trademark Phosdip R2. The cleaning is repeated by passing the
      substrate 10 through a second degreaser.
PAR  After thorough cleaning, the substrate 10 is coated with a layer of a
      photosensitive substrate material 14 (FIG. 2), such as, for example, the
      diazonium compound mixed with a solvent and an epoxy monomer disclosed in
      U.S. Pat. No. 3,708,296, issued Jan. 2, 1973. After evaporating the
      solvent from the photosensitive epoxy, the epoxy is exposed to ultraviolet
      light. When the ultraviolet light strikes the epoxy, the diazonium
      compound decomposes to yield a catalyst in the form of a Lewis acid which
      initiates the polymerization of the epoxy monomer. The resulting polymer
      is resistive to most solvents and chemicals. The exposed photosensitive
      epoxy or polymer 14 forms a dielectric coat about 1 to 5 mils thick which
      insulates the substrate 10 from the electrical circuitry of the printed
      wiring board multilayers.
PAR  Multilayers are then formed on each major surface coated with the
      photosensitive substrate dielectric 14. A suitable additive technique that
      eliminates etching and lamination is used. Such a technique is, for
      example, as follows: first, the dielectric coated substrate 14 (FIG. 2) is
      immersed for about 10 minutes in a 10-normal basic solution such as sodium
      hydroxide at 25.degree.C to form a layer 16 of high density invisible
      islands approximately 5 nm in diameter and separated by 10 nm over the
      major substrate surfaces and hole surfaces of the feed through hole
      pattern. The exposed substrate is rinsed and one major surface sensitized
      by, for example, immersion for one minute in a sensitizing solution such
      as, a tin chloride solution. A suitable tin solution is 25 grams
      SnCl.sub.2 . 2 H.sub.2 O + 40 nl . HCl + 1 liter H.sub.2 O. The tin, in
      the form of a hydrate, conditions the dielectric surface by forming a
      layer 18 (FIG. 3) on the high density invisible islands 16. The substrate
      is then immersed in deionized water to remove excess tin and dried by any
      suitable method such as, for example, flowing nitrogen, sponging,
      squeegeeing, or blotting. Improper water treatment causes the tin hydrate
      to vary in density on the surfaces and this is seen as "streaking" during
      subsequent electroless plating when the metal begins to deposit. The tin
      chloride sensitizing solution is believed to be a suspension of colloidal
      particles based on Sn.sup.4.sup.+, with Sn.sup.2.sup.+ rich outer layers,
      in a bath of both complex and uncomplexed Sn.sup.2.sup.+ ions.
PAR  The conductor pattern 20 (FIG. 3) and the metallized feed through hole
      pattern 22 can be formed by projecting an image onto the stannous chloride
      if a columnated ultraviolet light source is used, or by using a contact
      mask of the desired conductor pattern in near or intimate contact with the
      substrate and exposing with either a heat source or ultraviolet source.
      For high resolution of the conductor lines, a contact mask for negative
      artwork is preferred. Thus, in the preferred method, the unmasked
      sensitized surface or circuit pattern and feed through holes of the
      substrate are exposed by an ultraviolet light source. The useful photon
      wavelengths for promoting tin oxidation are found to range from 200 to 400
      nm with 200 nm photons being about 10 times more effective than 300 nm
      photons, and 100 times more effective than 400 nm photons. A suitable
      ultraviolet light source is Xenon flash lamp operated at high current
      densities. The tin chloride solution being a negative working solution,
      that is, the exposed area will not wash off and will receive metal
      conductors, it acts as a catalyst for metal deposition. To eliminate
      peeling and to obtain maximum adhesion and brightness of the conductor
      pattern, the exposed area of the substrate of conductor pattern is
      activated by immersion in a non-critical palladium-hydrochloric acid
      solution containing about 1.25g PdCl.sub.2 (99%) + 10 nl in 1 liter of
      H.sub.2 O for about 1/2 to 1 minute and then rinsed in a deionized water
      rinse for about 1 minute. The small amount of hydrochloric acid used forms
      a complex tetrachloride ion (PdCl.sub.4).sup.2.sup.-. The rinse step
      removes palladium solution and any loose metal, either of which can cause
      catastrophic electroless plating bath failure. The Sn.sup.2.sup.+ regions
      on the substrate surface act to galvanically reduce palladious ions to the
      metal covering the active sensitizer sites with ultra thin discontinuous
      palladium deposits 24 (FIG. 3). The process is then repeated for the
      second major surface.
PAR  The substrate, with the precoating layers shown as continuous layers in
      FIG. 4, i.e., as seen by the eye, is then plated with a suitable conductor
      material such as copper to form the conducting patterns 26 (FIG. 4) and
      feed through conductors 28. Preferably the conducting patterns and feed
      through holes are copper patterns which have been electrolessly plated
      from a suitable solution such as one of those described in U.S. Pat. No.
      3,095,309 issued June 25, 1963.
PAR  Next, the dielectric area and copper plated conducting circuit pattern of
      the first major substrate surface together with the conductors of the feed
      through hole pattern are coated with a photosensitive substrate material
      (FIG. 5). The substrate material is masked against exposure of areas for
      open interconnect windows 32 (FIG. 6) for electrically connecting the
      circuit of the next layer to a circuit of the first layer, and exposed
      with a polymerizing light source, such as for example, heat or ultraviolet
      light, to form a dielectric layer 30 (FIG. 6). The masked or unexposed
      epoxy is washed away to form the open interconnect windows 32. A suitable
      photosensitive epoxy is that manufactured by American Company described in
      the previously mentioned U.S. Pat. No. 3,788,296. The second major surface
      of the first layer is then selectively coated with a dielectric using the
      same technique.
PAR  With the dielectric selectively imaged onto the circuit layers of the first
      and second major surfaces of the substrate the first layer of the
      multilayer printed circuit board is complete. Additional layers are formed
      by repeating the process from the dielectric conditioning step with the
      base (NaOH) solution to form the invisible layer of islands 34 (FIG. 7) as
      follows. After forming the layer of islands on the first and second major
      substrate surfaces, the islands 34 of the first major substrate surface
      are sensitized by immersion in the photosensitive chemical solution to
      form the sensitization layer 36. The sensitized layer 36 is then masked
      with a mask permitting exposure to harden the circuit pattern areas. The
      unexposed area of the sensitized layer is washed away. The process is then
      repeated for the second major substrate surface. The substrate is then
      immersed in the adhesive solution (palladium-hydrochloric acid) to coat
      the circuit conductor patterns with an adhesive 38. A suitable conductor
      material such as copper is then electrolessly plated on the circuit
      patterns and open window circuit interconnects 32 to form the electrical
      conductor patterns 42 and multilayer circuit interconnections (FIG. 8).
PAR  After fabricating the desired number of multilayers, a solder mask 44 (FIG.
      9) is formed thereon preferably by photoimaging. However, a suitable
      screenable solder mask is an epoxy such as, Photocircuits PC 401 which is
      screened on to cover all areas not to be soldered. The solder mask layer
      44 is then cured and coated with a rosin protective coating 46 (FIG. 10)
      to prevent oxidation of the soldering pads prior to interconnection of the
      multilayer printed circuit board into an electrical system. It will be
      understood that the final metallization may be a ground plane for the
      circuit system.
PAR  In other embodiments of the multilayer printed circuit board, the substrate
      feed through hole pattern is eliminated and the multilayered printed
      circuit board is fabricated on one side of the substrate in accordance
      with the above-described fabrication process and removed from the
      substrate to form a flexible multilayer printed circuit board which can be
      mounted, for example, on the housing of the circuit product. Such a
      product is a calculator. Applicant has found that in using the described
      process the multilayers can be removed from the substrate within
      twenty-four hours without damage.
PAR  It will be apparent to a person skilled in the art that the other
      embodiments and various modifications to the details of fabrication shown
      and described may be made without departing from the scope of this
      invention.
CLMS
NUM  1.
PAR  1. A method for fabricating a multilayer printed wiring circuit board
      comprising:
PA1  a. forming a dielectric layer on a substrate;
PA1  b. coating the dielectric layer with a first layer of photosensitive
      material;
PA1  c. selectively exposing the first layer of photosensitive material to form
      a layer defining a first conductor pattern of exposed photosensitive
      material;
PA1  d. forming the conductor pattern with a conductor material to form
      conductors in the conductor pattern;
PA1  e. coating the circuit bearing layer with a layer of photosensitive
      substrate material;
PA1  f. selectively exposing the layer of photosensitive substrate material to
      form a second dielectric layer defining circuit layer interconnections;
PA1  g. coating the second dielectric layer with a second layer of
      photosensitive material;
PA1  h. selectively exposing the second layer of photosensitive material to form
      a layer defining a second circuit pattern of exposed photosensitive
      material;
PA1  i. forming the second conductor pattern with electrically conducting
      material; and
PA1  j. repeating steps e through i to form a plurality of electrically
NUM  2.
PAR  2. A method according to claim 1 further comprising forming apertures of a
      feed through hole pattern in the substrate prior to forming the dielectric
      layer on the substrate and coating the holes of the hole pattern with a
NUM  3.
PAR  3. A method according to claim 1 wherein the coatings of photosensitive
NUM  4.
PAR  4. A method according to claim 1 wherein the coatings of photosensitive
NUM  5.
PAR  5. A method according to claim 1 further comprising removing the core
NUM  6.
PAR  6. A method according to claim 2 comprising forming the multilayer circuits
NUM  7.
PAR  7. A method according to claim 1 further comprising forming a ground plane
NUM  8.
PAR  8. A method according to claim 1 further comprising forming a metallization
NUM  9.
PAR  9. A method according to claim 8 wherein the desired metallization pattern
NUM  10.
PAR  10. A method according to claim 1 further comprising forming a solder mask
NUM  11.
PAR  11. A method according to claim 10 wherein the soldering mask comprises
      selectively coating the outer circuit layer with an epoxy to define areas
      to be soldered, curing the epoxy layer; and coating the epoxy layer with a
      protective coating to prevent oxidation of the solder areas.
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ABST
PAL  An electronic package assembly comprising a substrate having a central
      recess in which a semiconductor chip can be mounted. A narrow inclined
      groove is cut into the edge of the recess and extends from the recess
      bottom to the location of a screen-printed ground lead on the surface of
      the substrate. Conductive paste is painted on the bottom of the recess for
      attachment of a chip and a portion of the paste is drawn up the groove by
      capillary action to form a tenacious bond with the screen-printed ground
      lead.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electronic package assembly of the type having
      an encapsulated device, and also to methods for assembling such packages.
      More particularly, the invention relates to electrical interconnection of
      an external package lead to the device mounting pad of such an electronic
      assembly.
PAR  2. Description of the Prior Art
PAR  In the microelectronic device art, it is known to encapsulate silicon chip
      integrated circuits in a recess formed in a surface of a ceramic package
      substrate. A pattern of electrical leads is screen printed with conducting
      ink or paint onto the substrate surface and arranged to provide
      interconnecting paths between respective terminals of the integrated
      circuit and the external package leads. The mounting of the silicon chip
      within the recess is facilitated by painting over the lower portion of the
      recess a bonding material which can adhere to both the bottom of the chip
      and the bottom portion of the recess with which it makes contact. If a
      conventional gold-glass binder coating or pad is used, the device mounting
      step, in addition to mechanically securing the chip in the package,
      provides an electrically conductive connection to the base of the chip.
      This also allows the heat generated in the integrated circuit to be
      dissipated by conduction into the package.
PAR  Before mounting the silicon chip within the recess, the screen printed
      conductor mating with the external package ground lead is electrically
      connected to the device mounting pad. This provides the ground connection
      to the encapsulated device. The chip is then attached to the pad and the
      terminal points of the integrated circuit are wire-bonded to respective
      interconnecting paths on the surface of the ceramic package substrate. The
      last step in the fabrication of the electronic package assembly comprises
      attaching a lid over the substrate so as to hermetically seal the silicon
      chip within the package.
PAR  In the prior art, considerable difficulty has been encountered in making a
      sturdy and reliable ground lead connection between the screen printed
      conductor on the surface of the package substrate and the device mounting
      pad at the bottom of the recess. Present techniques, such as screen
      printing down the step between the substrate surface and the recess, or
      wire-bonding, provide a low yield of acceptable devices in a mass
      production operation, in addition to requiring a separate time consuming
      and costly operation in the fabrication of the package.
PAC  SUMMARY
PAR  A preferred embodiment of the present invention is achieved by providing an
      inclined capillary groove running up the wall of the device mounting
      recess, one end of which terminates at the location of the screen printed
      ground lead on the surface of the substrate. The gold-glass binder coating
      overlies a portion of the capillary. The flow characteristics of the
      coating are such that a portion is drawn up the groove by capillary action
      to form a tenacious, low impedance interconnection with the ground lead.
PAR  It is therefore an object of this invention to provide an electronic
      package assembly having an improved and reliable electrical
      interconnection between the ground conductor on the package substrate and
      the pad within the device mounting recess.
PAR  It is a further object of this invention to provide an electronic package
      assembly wherein such interconnection can be accomplished without the need
      for a separate step in the fabrication of the assembly.
PAR  It is an additional object to provide an electronic package assembly
      wherein the pad within the device mounting recess and the connection to
      the ground conductor on the package substrate are formed in a single
      operation.
PAR  It is yet another object to provide an electronic package assembly wherein
      such interconnection can be made without the need for a time consuming and
      costly operation in the fabrication of the assembly.
DRWD
PAR  Other objects and advantages of the invention will become more fully
      apparent from the following detailed description of the preferred
      embodiment taken in conjunction with the appended claims and accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows an isometric view of a representative electronic package
      assembly with which the inventive capillary bridging connection can be
      advantageously used;
PAR  FIG. 2 illustrates an enlarged partial isometric view of the structure of
      FIG. 1 after the wire-bonding operation has been carried out in accordance
      with teachings of the prior art;
PAR  FIG. 3 illustrates an enlarged partial isometric view of the structure of
      FIG. 1 after application of a dot of gold-glass binder material also in
      accordance with teachings of the prior art;
PAR  FIG. 4 illustrates an enlarged partial isometric view of the structure of
      FIG. 1 after the capillary bridging operation has been carried out in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a conventional electronic package assembly constructed from a
      planar ceramic substrate 11 having located in a surface 13 thereof a
      central recess 15 in which a semiconductor chip can be mounted. The recess
      15 consists of a horizontal bottom surface 17 and vertically extending
      side walls 19. The substrate 11 also contains an array of holes 21 with
      each hole receiving an external electrical lead pin 23. The lead pins 23
      are secured in the package and a conductive pattern of leads, such as 25,
      are screen printed on the surface 13 of the substrate 11 to interconnect
      the pins 23 to the semiconductor device. To facilitate attachment of the
      semiconductor device within the recess 15, a layer of viscous gold-glass
      binder bonding material, constituting the device mounting pad 27, is
      applied on the bottom surface 17 and at least a portion of the walls 19 of
      the recess 15.
PAR  The gold-glass binder bonding material can be formulated by admixing
      powdered gold and glass frit with an organic carrier vehicle consisting of
      a solvent and binder. The admixture is thoroughly blended into a paste and
      applied to the recess by drop or screen printing techniques. The paste is
      then heated to a relatively low temperature (e.g., about 100.degree. -
      200.degree.C) to remove the solvent and then to a higher temperature
      (i.e., the firing temperature) to remove the binder portion of the organic
      carrier vehicle and cause the glass binder to flow and the gold to sinter
      so as to form a solid, organic-free pad or coating.
PAR  The glass binder is employed to provide flow characteristics to the coating
      and to provide good adhesion with the ceramic substrate or further
      intermediate bonding material. Gold is employed, on the other hand, to
      provide good adhesion, often through formation of a eutectic, with the
      semiconductor device and to make the paste conductive.
PAR  A particularly suitable gold-glass binder bonding material useful to effect
      the purposes of this invention is a paste known as Gold Dot No. 2753
      supplied by Plessey of Los Angeles, Calif., and consisting of from 50 to
      55 percent by weight of gold, from 1 to 2 percent by weight of a glass
      binder, and from 43 to 49 percent by weight of an organic carrier vehicle.
PAR  The ceramic material of the substrate may be alumina or any of the
      conventional and well-known materials such as steatite, forsterite,
      cordierite, porcelain, mullite, zircona and the like.
PAR  In the embodiment shown, the depth of the recess is about 0.025 inches. The
      thickness of the device mounting pad is about 0.015 inches. The width of
      the conductive leads on the surface of the substrate is about 0.020
      inches.
PAR  In the prior art, considerable difficulty was encountered in making a good
      electrical ground lead connection to the device mounting pad. If screen
      printing techniques are employed this requires that ink be applied up to
      the edge of the recess and then down the side walls of the recess and
      across the bottom. It will be appreciated that this requires two right
      angle turns, and that frequently the ink or paint at the abrupt corners
      tends to peel back in both directions breaking the conductive path.
PAR  FIG. 2 illustrates a practice of the prior art in using a short connection
      wire 29 to bridge between the device mounting pad 27 on the bottom of the
      recess 15 and the screen printed ground lead 25 on the surface 13 of the
      substrate 11. The wire is bonded to the conductor and the pad by
      conventional thermocompression bonding. Often the bond at either end of
      the wire is imperfect and the connection is susceptible to breakage.
PAR  FIG. 3 illustrates yet another practice of the prior art in which a dot 31
      of gold-glass binder material is applied to the step between the pad 27
      and the surface 13 of the substrate 11 by drop techniques so as to provide
      the desired conductive path between the pad and the ground conductor. The
      application of the paste requires a separate operation by a technician
      using a microscope. If the drop is not applied carefully, or an excess
      amount is applied, the paste can short out other conductors on the surface
      of the substrate, and the package must be scrapped. Also, if an
      insufficient amount of paste is used, upon drying, the paste may pull away
      in both directions breaking the connection and requiring a new coat of
      paste. In fact, the broken connection may go unnoticed and cause the
      package to fail in final testing.
PAR  Referring now to FIG. 4, there is shown a way of overcoming the drawbacks
      of the prior art while providing a sound electrical bond from the device
      mounting pad on the bottom of the recess to the screen printed ground
      conductor on the substrate surface. In the preferred embodiment, a narrow
      inclined groove 33 having a width of about 0.010 inches and a length of
      about 0.050 inches is cut into the edge of the recess 15 at a location
      contiguous to the screen printed ground lead 25 terminal. The groove
      provides a 30.degree. grade from the bottom of the recess to the surface
      of the substrate without any abrupt corners.
PAR  When the gold-glass binder bonding material is applied to the bottom of the
      recess in paste form to form the mounting pad, the paste tends to wet the
      walls of the recess. The forces of cohesion exerted by the molecules of
      the paste and the forces of adhesion exerted by the molecules of the walls
      cause the surface of the paste within the recess to curve up and a large
      meniscus forms on the walls. This meniscus remains during heating to
      remove the solvent and during heat up to the firing temperature. The
      concave meniscus also forms within the lower portion of the groove which
      is covered by the gold-glass binder material. As is well-known, the
      surface tension of a liquid exerts a force tending to reduce the surface
      area of the liquid. Thus, an upward "surface tension" force appears where
      the surface of the gold-glass binder material makes contact with the
      groove. By reason of the small cross section of the groove the force of
      gravity on the liquid therein is easily overcome and capillary rise can
      occur. The flow of gold-glass binder material up the groove creates the
      desired conducting path and a tenacious low impedance connection between
      the screen printed ground conductor on the surface of the substrate and
      the device mounting pad, without the need for a separate operation in the
      fabrication of the electronic package assembly.
PAR  It is understood that the illustrated embodiment is by no means exhaustive
      of the device recess designs which could be employed, and that other noble
      metal-glass binder compositions can be used in the reduction to practice
      of the invention. It will be apparent that various modifications and other
      embodiments thereof will occur to those skilled in the art and it is
      desired that the scope of the invention be limited by the appended claims
      only.
CLMS
NUM  1.
PAR  1. A method of assembling an electronic package enclosing a microelectronic
      device mounted on a substrate having a plurality of electrically
      conductive leads thereon and a recess formed therein with a capillary
      groove cut into the wall of said recess and leading from said recess to
      terminate at one of said plurality of electrically conductive leads,
      comprising the steps of:
PA1  applying a layer of hardenable conductive material to the bottom of said
      recess and to at least a portion of the wall of said groove adjacent to
      the bottom of said recess causing upward flow of said hardenable
      conductive material by capillary action in said groove into contact with
      said one conductive lead before hardening;
PA1  hardening said hardenable conductive material resulting in said conductive
      material forming a tenacious bond with said one of said plurality of
      electrically conductive leads;
PA1  bonding a microelectronic device to said layer of conductive material on
      the bottom of said recess;
PA1  interconnecting the terminals of said microelectronic device to at least
      some of said conductive leads; and
NUM  2.
PAR  2. The method of claim 1 wherein
PA1  the applying step comprises applying a layer of hardenable gold-glass
      binder bonding material to the bottom of said recess and at least a
      portion of the wall of said groove adjacent to the bottom of said recess
      causing upward flow of said gold-glass binder bonding material by
      capillary action in said groove into contact with said one conductive lead
      before hardening; and
PA1  the hardening step comprises firing the gold-glass binder bonding material
      resulting in said gold-glass binder bonding material forming a tenacious
NUM  3.
PAR  3. A method of assembling an electronic package for enclosing a
      microelectronic device mounted on a substrate comprising the steps of:
PA1  forming a device mounting recess in said substrate;
PA1  locating a plurality of conductive leads on said substrate;
PA1  cutting a capillary groove into the wall of said recess and leading from
      said recess to terminate at one of said plurality of electrically
      conductive leads;
PA1  applying a layer of hardenable conductive material to the bottom of said
      recess and to at least a portion of the wall of said groove adjacent to
      the bottom of said recess causing upward flow of said conductive material
      by capillary action in said groove into contact with said one conductive
      lead before hardening; and
PA1  hardening said hardenable conductive material resulting in said conductive
      material forming a tenacious bond with said one of said plurality of
      electrically conductive leads.
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ABST
PAL  A method of attaching terminals to the wires of a cable having a plurality
      of wires all insulated from one another with separate insulating layers is
      disclosed, wherein the wires are surrounded, in the region where a
      terminal is to be connected, by a liquid conductive material. After the
      outer cover of the cable has been removed (if it has one), a terminal
      element is positioned in contact with the liquid conductive material
      adjacent the wires of the cable at the said region. A rising voltage is
      then applied between the terminal and one end of the wire which is to be
      connected to the terminal. The voltage continues to rise until the
      occurrence of dielectric breakdown of the insulation surrounding the wire
      to be connected allowing a spark to jump from the wire to the terminal and
      to burn a hole through the insulating layer allowing the liquid conductive
      material to flow in and make contact with the wire. Subsequent
      solidification of the liquid conductive material makes the connection
      permanent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of connecting a terminal to an
      insulated electrical wire, which is particularly suitable for use on
      multicore cables of small diameter to facilitate their use in the wiring
      systems of motor vehicles, particularly for the distribution of control
      signals.
PAR  In many wiring systems it is desirable to use extremely small conductors,
      especially for lines which are to carry low power signals such as data or
      control signals, since it is often preferable to reduce the weight and
      bulk of the wiring system and also to economise on the materials of the
      conductors, which account for a large part of the cost of a wiring system.
      In addition the use of bundles of extremely small wires, termed
      "micro-cables" is often preferable in systems involving a large number of
      wires.
PAR  The term micro-cable as used in the specification, will be understood to
      refer to a cable having a plurality of conductive wires each having a
      diameter of the order of tenths and hundredths of a millimeter, and being
      provided with an individual insulating layer. Normally an outer insulating
      cover would be provided to hold the individual wires together as a single
      cable. It is possible to employ transceivers associated with various
      components, particularly for the distribution of data signal or control
      signals, in order to reduce the number of wires in a wiring system, and
      therefore reduce the bulk and complexity of the system as a whole. With
      such an arrangement coded modulation signals carried by one wire
      (single-wire installation) or by two wires (double-wire installation) are
      used. However, the cost of apparatus of this type is so high that its use
      is only justifiable in sophisticated systems such as are found, for
      example, on board aeroplanes.
PAR  Thus, for the transmission of control signals on motor vehicles, where the
      use of such sophisticated techniques is not justified, it is necessary to
      use conductor systems in which control signals are conducted individually
      on separate conductors to the various components. The conductors may be
      constituted, for example, by the wires of one or more micro-cables. One
      advantageous chracteristic of systems utilising micro-cables is that,
      since each wire has a very small overall dimension, more wires than are
      necessary can be used to produce a redundant system equipped with multiple
      circuits, thereby more effectively ensuring security of operation and
      effectual transfer of a signal. Up to the present, however, the
      utilization of micro-cables have been difficult largely because of the
      small diameter of the component wires, which is such an advantage in other
      respects. The small size makes the wires difficult to manipulate, and
      operating on such wires to form connections with conventional methods and
      equipment, even if possible at all, is extremely difficult, time consuming
      and thus expensive.
PAC  OBJECT OF THE INVENTION
PAR  The object of the present invention is to provide a method for connecting
      terminals to the leads of a cable, particularly a micro-cable, which is
      simple and inexpensive, and in which identification of the various wires
      of the cable is rendered unnecessary.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method for
      connecting and attaching a terminal to a wire of a cable having a
      plurality of wires each comprising a conductive core and a layer of
      insulation by means of which all the wires are insulated from each other,
      the wires being held together by an outer insulating cover, comprising the
      steps of: baring one end of the conductive core of a wire to which a
      conductive element is to be connected to form a terminal at a point along
      the length of the cable; removing part of the outer insulating cover from
      the cable over a region on either side of the said point; placing an
      element of conductive material which is to form the terminal adjacent the
      wires of the cable at the said point; surrounding a part of this element,
      and the wires of the cable in this region, with a hardenable liquid
      conductive material; applying between one end of the wire to be connected
      and the element forming the terminal, a voltage which rises until it
      reaches a value at which dielectric breakdown causes perforation of the
      insulation surrounding the core of the wire thereby allowing the liquid
      conductive material to pass through the perforation and to contact the
      conductive core of the wire, the value of the applied voltage falling
      rapidly immediately after the occurrence of dielectric breakdown of the
      insulation; and, subsequently causing hardening of the liquid conductive
      material to effect a permanent connection and attachment between the wire
      and the terminal.
PAR  The present invention also comprehends a cable fitted with terminals by the
      method of the invention as defined above, and also an installation for the
      distribution of electrical energy on a vehicle having a system for
      directing control signals including at least one cable fitted with
      terminals by the method of the invention.
PAR  Other features and advantages of this invention will become apparent from
      the following description with reference to the accompanying drawings,
      which is provided purely by way of non-restrictive example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates diagrammatically a method of connection of a terminal to
      a wire of a multicore micro-cable;
PAR  FIG. 2 diagrammatically illustrates an installation for distribution of
      energy in a vehicle including a micro-cable; and
PAR  FIG. 3 is a cross section taken on the line III--III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is particularly suitable for use with micro-cables and thus
      will be described in relation thereto.
PAR  Referring now to FIG. 1, there is shown a micro-cable generally indicated
      10, constituted by a plurality of extremely thin conductor wires f1, f2,
      f3...fn which are all provided with individual insulators by means of
      which they are insulated from each other, and held together and covered by
      an insulating cover 12.
PAR  When it is desired to connect one of the wires of the micro-cable to a
      component of an electrical installation, by the method of this invention,
      the following steps are taken: At one end, the left end in FIG. 1, of the
      micro-cable 10, a short section of the insulating cover 12 is removed and
      one of the ends of the wires has its individual insulation removed to
      allow connection thereto of a source of electricity. In FIG. 1 the wire f4
      is shown so connected as an example. At the point along the cable where an
      electrical connection is to be made the cover 12 is removed over a short
      section 15. Unless the individual insulating covers of the wires are
      colour coded, and in most micro-cables there would usually be too many
      wires for this to be practicable, it is not possible to determine which of
      the wires uncovered at the section 15 is the wire f4 except by baring them
      all and applying a signal along the wire f4 from the left hand end and
      trying all the wires at the section 15 in turn until the wire carrying the
      signal is found. The method of the present invention obviates the
      necessity for such a procedure. A terminal 16 in the form of a small bar
      or strip of conductive material is positioned, in close proximity to the
      outer wires of the bundle, but so as to avoid damage to these wires which,
      because they are extremely thin, are rather fragile. The terminal 16 is
      positioned so as to project laterally from the micro-cable to facilitate
      its subsequent connection either to another conductor or directly to the
      terminal of a component. Then a quantity of a known type of conductive
      hardenable liquid material C is poured over the zone 15 so that it fills
      the interstices between the wires f1 to fn of the micro-cable over the
      section 15 and surrounds part of the terminal 16. The material C is shown
      in FIG. 3. The terminal 16 is then connected to ground either directly or
      through a component 14 of the circuit to which it is to be fitted in the
      operating position. This latter arrangement is advantageous if the
      micro-cable is already fitted in the working position, but is only
      possible if the component 14 of the circuit to which the wire is connected
      can safely withstand the relatively high current which flows through the
      connection, as will be described below. As shown in FIG. 1 the terminal 16
      is connected to the electrical component 14 by a wire 18, and the
      component 14 is grounded at 20. The output of a ramp voltage generator 22,
      comprising a battery 24, a high value resistor 26, a capacitor 28, and a
      switch 29, is connected via a resistor 30 to the free end of the wire f4
      (the left end in FIG. 1).
PAR  A ramp voltage produced by the ramp voltage generator 22 is then applied
      between the wire f4 and ground. This voltage rises until reaching a value
      corresponding to the voltage of dielectric breakdown of the insulating
      material of the wire; when the applied voltage reaches this value the
      insulating material is perforated in the section 15 between the wire f4
      and the terminal 16. The conductive liquid C, which is still in the liquid
      state, flows through the perforation in the insulator covering the wire f4
      to come into intimate contact with the conductive core of the wire f4.
      Subsequently the material C hardens to form a permanent electrical
      connection between the wire f4 and the terminal 16. As soon as dielectric
      breakdown of the insulator surrounding the wire f4 occurs the capacitor 28
      discharges and the voltage falls rapidly.
PAR  The hardenable liquid C may be of any suitable type, for instance it may be
      a hardening resin reinforced with conductive materials such as silver and
      graphite. A material of this nature is avaliable commercially under the
      trade name Elecolit 350, and is sold by the firm Avanzini of Cologno
      Monzese (Milan). Alternatively, the material C may be a solder alloy such
      as, for example, the tin-based alloy sold by the firm Cofermet Metalli
      S.p.A. of Milan. The rapid fall of the ramp voltage once perforation of
      the insulator has occurred ensures that only the insulation of the wire f4
      is perforated, and this only in the region 15 and not at other places.
PAR  To connect other wires or other points of the same wire with other
      components a similar procedure is used. The insulation is removed from the
      free end or ends of the wire or wires to which connection is to be
      effected, and a section of the outer cover is removed at the point or
      points along the cable 10 at which it is desired to make the connection.
      Then a terminal, such as the terminal 16, is positioned adjacent the wires
      at the connection point or points and a hardenable liquid conductive
      material C is poured over the wires so as to enclose these and a part of
      the terminal, leaving a part projecting laterally from the micro-cable.
      Then a voltage is applied to the bared end of the wire or wires to be
      connected as in the above description, until contact is made between the
      conductive core of the or each wire and the liquid conductive material C
      by perforation of the insulating sheath of the or each wire. Upon
      hardening of the material C the desired permanent connection is effected.
      The material C when hardened may then be covered with an insulating layer
      in any convenient manner, such as by wrapping the joint with insulating
      tape or by pouring over a hardenable insulator in the liquid state.
PAR  The process of this invention thus has the advantage of avoiding the need
      to single out the required wires of a cable before connection can be made,
      because each connection is only made to the wire at the end of which a
      voltage is applied and the insulation of which is broken by the applied
      voltage so as to contact the conductive core thereof with the liquid
      material C which, upon hardening, renders the connection permanent.
PAR  The method described is particularly advantageous for use on a bundle of
      micro-cables from which a number of lengths are to be cut, because by
      furnishing the bundle with terminals at various points before cutting, the
      preparatory operation of removing the insulation from one end of the wires
      need to be effected only once.
PAR  In FIG. 2 there is shown a typical application for micro-cables, showing
      how they may be used for distributing control signals to control the
      operation of components of a motor vehicle electrical system. FIG. 2
      illustrates the connections of a windscreen wiper motor 40 of a vehicle
      generally indicated 42. The circuit includes a battery 44 of the
      electrical circuit of a vehicle 42 and a control device 14 shown for
      example as a controlled diode 46 (but which may be any suitable control
      device such as a transistor or a micro-relay). To the control gate of the
      diode is connected one wire of a micro-cable having terminals formed in
      the manner described above. Operation of the windscreen wiper motor 40 can
      thus be controlled by selectively applying a signal to the wire f of the
      micro-cable. This offers a considerable simplification and economy for
      wiring the electrical circuits of motor vehicles since the relatively
      larger current carrying wire to each power consuming device need run only
      from the battery to the device itself which is grounded via a control
      switch such as a controlled diode, the control terminal of which is
      connected to a switch of the control device in the passenger compartment.
      Much of the electrical circuit can thus be replaced by micro-cables and,
      by using the method of the invention, these can be easily equipped with
      terminals so that handling techniques for micro-cables are considerably
      simplified. The advantages of such a system over other systems of
      distribution of control signals, for example transceiver systems or
      multiwire systems having wires of the considerable greater dimensions
      which are required in order to make it possible for them to be equipped
      with terminals and connected by normal methods, for example soldering, are
      that the new system takes up much less space and is much less expensive
      both in terms of material costs and in labour costs for assembly.
PAR  Various modifications can be made to the process which has been
      particularly described by way of example.
PAR  For instance the voltage generator may be of any type which produces a
      waveform which drops suddenly when perforation upon dielectric breakdown
      has occurred.
CLMS
NUM  1.
PAR  1. A method of attaching a conductive element to form a terminal to one of
      the wires of a cable with a plurality of wires, each wire having a
      conductive core covered by an insulating layer, and an outlet insulating
      cover holding all said wires together, comprising the steps of:
PA1  removing the insulating layer from one end of a wire to which said
      conductive element is to be attached to form a terminal at a point along
      the length of the cable,
PA1  removing a portion of said outer insulating cover of said cable over a
      region on either side of said point,
PA1  placing said conductive element adjacent said plurality of wires at said
      point,
PA1  covering said wires and said conductive element with hardenable liquid
      conductive material, and
PA1  applying between said conductive element and said one end of said wire to
      which said element is to be connected a voltage which rises until
      dielectric breakdown of the insulating layer around said wire occurs and
      then falls rapidly, said dielectric breakdown of said insulating layer
      causing perforation of said insulating layer and permitting said
      conductive liquid material to contact the conductive core of said wire,
      whereby upon subsequent hardening of said conductive liquid hardenable
      material a permanent connection of said terminal element to said wire is
NUM  2.
PAR  2. The method of claim 1, wherein said voltage is a ramp waveform.
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ABST
PAL  A multiple blade razor of the double edge type in which the blades are
      permanently fixed in a razor head cartridge there being two pairs of small
      blades with the blades at each edge arranged in a superposed but spaced
      relation the cartridge being adapted for releasably mounting on a handle
      to enable replacement of a used cartridge, the razor head including a
      bridge or base member and a generally U-shaped cap member with intervening
      pairs of blades and a spacer member between the upper and lower pairs of
      blades, the several members embodying particular elements cooperating to
      simplify assembling operations and insure accurate relations in the final
      assembly of the head.
BSUM
PAR  The invention concerns a multiple blade safety razor which in general is of
      a double edge type. The prior art discloses many adaptations of the idea
      of a multiple blade razor both of the single edge and double edge types.
      As the terms are employed herein by a single edge is meant that the razor
      is arranged for shaving at only one side even though there may be two or
      more cutting edges at that side; and consistently therewith by the term
      double edge it is meant that the razor is adapted for shaving at two
      opposite sides and there may be a plurality of cutting edges at each side.
PAR  The prior art also embodies many and varied examples of what may be
      regarded as semiautomatic means for changing blades without manually
      touching the blades and in a few cases are permanently mounted in a head
      or cartridge and the razor is associated with a supply magazine of a
      character to enable the replacement of the cartridge without manually
      touching the cartridge part containing the sharp blade edges. In the case
      of double edge razors the prior art proposals referred to usually appear
      to concern the changing of double edge blades per se.
PAR  The present invention is characterized in general by an arrangement
      comprising a razor of the double edge type embodying a permanently
      assembled razor head cartridge having two pairs of individual blades. Two
      of the blades are positioned at each side in spaced superposed relation
      with an intervening spacer. The assembly requires only a single cap member
      and likewise a single main platform and bridge member. The general
      arrangement is such as to enable the assembly to be effected in a simple
      economical manner with the blades accurately and uniformly positioned in
      the final assembly.
DRWD
PAR  The principles of the invention and the structural features and advantages
      will be made more apparent by a consideration of a representative
      embodiment as described hereinafter and disclosed in the accompanying
      drawings in which:
PAR  FIG. 1 is a composite figure showing the elements of the razor head
      cartridge in unassembled condition;
PAR  FIG. 2 is a top plan view of the assembled razor head cartridge with
      various elements broken away in part;
PAR  FIG. 3 is an elevational cross sectional view taken on the plane III--III
      of FIG. 2;
PAR  FIG. 4 is an elevational cross sectional view taken longitudinally of the
      razor head on the plane IV--IV of FIG. 2, and
PAR  FIG. 5 is a view in perspective of the handle without any razor head
      cartridge.
DETD
PAR  The razor head cartridge comprises a rigid unit adapted to be replaceably
      mounted on a suitable handle. It embodies three major blade supporting
      members each shown in top plan view and unassembled in FIG. 1 comprising a
      cap member 10, a blade spacer member 11 and a main bridge platform member
      12. The assembled razor head embodies multiple blades a first pair of
      blades 15, 15 a being shown applied to the platform member 12 with one of
      the blades broken away in part; and a second pair of blades 16, 16a being
      shown separately in plan in FIG. 1.
PAR  The members may be composed of different materials as desired but it is
      convenient and economically practical to make the members 10 and 12 of
      molded plastic and the spacer member 11 of metal.
PAR  The relation of the members and the structural details of the respective
      members may be best understood in connection with the manner of assembly
      of the razor. The cap member 10 embodies studs or posts 17 arranged in a
      row at four at each side of the midportion of the cap member symmetrically
      arranged. In assembling the cartridge the cap member may conveniently be
      reserved in position from that shown in FIGS. 3 and 4 with the posts 17
      accordingly extending upwardly. Over each row of posts there is applied a
      blade 16 or 16a with the cutting edge 16' arranged outwardly. Each blade
      16 has a hole 18 adjacent each end adapted to receive the corresponding
      post 17. Likewise the blade 16a has a hole 18a adjacent each end adapted
      to receive a post 17. The holes 18 and 18a are located appropriately to
      receive the posts 17 and are elongated transversely to permit outward
      radial movement for final positioning against stops in the cap member 10
      as will be described shortly. Blade 16 is also provided with a pair of
      right angle holes 19 and blade 16a similarly wih holes 19a. The holes 19,
      19a thereby are adapted to receive sabres which have a corresponding right
      angle shape in cross section. In this respect it is pointed out that as a
      manufacturing convenience and economy the blades are initially formed as a
      double strip which is subsequently split along the longitudinal center
      line and the strip broken transversely between blades. The holes 19, 19a
      corresponding in shape to the sabres provide a means for accurately
      positioning the blade sections during the breaking operation. The
      longitudinally elongated portions 19' also are adapted to receive flat
      sabres useful in further blade manufacturing operations. The transversely
      elongated portions 19" are of course adapted to receive the corresponding
      posts 17.
PAR  The final outward radial position of each blade is determined by stop
      shoulders precisely located in the base member or cap member against which
      the cutting edge engages when the blade is drawn outwardly by magnetic
      means as will be described thereby to position precisely the cutting edge
      relative to the guard surfaces built into the razor head. In the present
      construction for the blades 16, 16a the stops are provided by shoulders 20
      (FIG. 3) on the inner surface of fingers 21 extending radially from the
      respective end wall of the cap member 10 at each end thereof. The cap
      member is recessed at each side under the respective blade as shown at 24
      in FIG. 3 to insure that the blade is seated in a stable condition against
      the flat land 25.
PAR  Next the spacer member 11 is applied. The spacer means may vary
      considerably in construction, the form shown in the present embodiment
      comprising a skeleton sheet of metal of open grill work having radial
      fingers 30 connected at their outer ends by a thin strip 31. A notch 32
      located at each end of the spacer (FIG. 1) is adapted to engage over a
      locating lug 33 at the corresponding end of the cap member as shown at the
      left end in FIG. 4. The spacer has a row of holes 34 at each side
      positioned to receive the corresponding posts 17 of the cam member 10, the
      holes being defined by the annular flat rings 35. The thickness of the
      spacer as measured for example at the annular rings 35 may vary but
      preferably it is such as to result in a space between the blades 15 and 16
      in the range of 0.015 to 0.060 of an inch, a space of 0.020 of an inch
      being a good example.
PAR  Although not necessary it may be convenient in some types of assembling
      operations to provide temporary limiting stops for the rear edges of the
      respective blades. In the present case stop lugs 36 extend from the inner
      surface of cap 10 there being a pair at each side of the center line of
      cap (FIGS. 1 and 3). Each lug 36 extends into a complemental depression 37
      in the spacer 11.
PAR  It will be noted from FIG. 3 that in the normal position of the razor, the
      blades are all arranged so that they extend radially outwardly and
      downwardly from the midportion of the cap member 10. However, as
      previously stated, in assembling the razor head cartridge it is convenient
      to position the cap member 10 top side down, that is reversed from the
      position shown in FIG. 3. The space between the lugs 36 and the respective
      blade stops 20 is such that the blade may be freely dropped into the space
      and the lugs 36 prevent the blade from sliding down any substantial
      amount. However, in the final clamped position the blades will have been
      drawn outwardly by magnetic means so that the exact final position will be
      determined by the stop shoulders 20. Such magnetic means may be maintained
      in position adjacent the edges of the cap during the assembling operation
      or brought into position just before the parts are clamped together.
PAR  As the next step the two bottom blades 15, 15a are applied over the posts
      17. These blades may be generally similar to the blades 16, 16a but since
      they are offset radially of the razor head relative to the blades 16, 16a
      the holes for receiving the posts 17, and particularly the end holes 40,
      40a are located at different positions crosswise of the blades, compared
      to the holes 18, 18a in blades 16, 16a. For manufacturing convenience and
      to receive the middle pair of posts 17 the blades 15, 15a preferably are
      provided with holes 41, 41a corresponding in general to holes 19, 19a in
      the blades 16. The blades 15, 15a may differ in other respects from the
      blades 16, 16a such as with respect to material or coatings. Similarly to
      the blades 16, 16a the final position of the blades is determined by fixed
      stops in the razor head which comprise in the present case stop shoulders
      42 on the respective fingers 21 of the cap member 10 (FIG. 3). The trough
      shaped depressed portions 37 in the spacer member 11 each provide a
      shoulder 37a at the rear edge of the blade 15 which serve for initially
      positioning the blades in the same manner as the lugs 36 serve with
      respect to the blades 16, the final position of the blades 15 being
      determined by the magnetic means functioning to draw the blades 15
      outwardly against the stops 42. The blades 15 extend radially outward
      beyond the blades 16 a desired distance which as an example may be about
      0.045 of an inch.
PAR  As a next step the blade platform member 12 is applied over the posts 17.
      Holes 50 in the member 12 are provided for the purpose which are flatted
      at the transverse sides as indicated at 50a and elongated on the other
      diameter the transverse diameter at the flattened sides corresponding
      closely to the diameter of the posts and providing a surface partially
      surrounding the posts 17 to aid in heading the pins over onto the
      corresponding surface of the platform in the final assembly. The elongated
      dimension provides a permissible tolerance between the several members in
      the lengthwise direction thereof since that is not a critical relation in
      the shaving function of the razor.
PAR  The platform member 12 is in general of a skeleton form with open spaces as
      may be seen particularly in FIG. 1. It includes the flat blade support
      lands 55, end walls 56 (FIG. 2) and a pair of transverse ribs 57. The end
      walls are recessed downwardly as indicated at 56a to receive the end skirt
      portions 58 of the cap member (FIGS. 1, 2 and 4), the skirts having
      integral therewith the lugs 33 referred to above. As a result the
      assembled cartridges have smooth flat ends as indicated in FIG. 4.
PAR  Extending longitudinally of the platform 12 and supported at its ends on
      end walls 56 of the platform and at intervening points on the transverse
      ribs 57 is a detent carrying bar 60 having three flexibly mounted pressure
      pads 60a comprising detent elements adapted to cooperate with recesses in
      the head of the razor handle as will be described more fully hereinafter.
PAR  The platform 12 has at each end an opening in the form of a notch 61 into
      which extends the elongated lug 33 projecting from the inner surface of
      the cap member 10 through the notch openings 32 in the spacer 11 to
      position the spacer 11 both longitudinally and transversely and aid in
      insuring the proper relation of the three main members. The platform 12
      has cast integrally therewith soap or guard bars 62 integral with the end
      walls of the platform and connected to the blade support lands 55 by short
      ribs 65 with intervening open spaces 66.
PAR  As shown particularly in FIG. 3 and in FIG. 2 the platform member 12 has at
      each corner a hook portion 68 which has molded therewith an elongated
      protuberance in the form of a slender wedge shaped sliver 68a against
      which the outer ends of the corresponding finger 21 of the cap member
      engages. The finger ends are elongated downwardly at 21a and have a notch
      21b which aids in initially guiding the parts together. Also the elongated
      parts 21a provide a safety margin in extending the stops 42 so that the
      blades 15 will not jump over the stops in the assembly when the blades are
      pulled with force up against the stops by the magnets before the pin 17
      can be headed over. The four slender protuberances 68a being of plastic
      material and somewhat crushable provide a press fit and nest the cap
      member to the bridge member and together with the engagement of the lugs
      33 in the notches 61 of the platform member insure a no tolerance assembly
      between the cap and platform members in the transverse direction and
      parallelism between the soap bars, blade edges and cap member for proper
      shaving.
PAR  After the members are assembled as above described they are rigidly secured
      together by riveting or other deformation of the ends of the posts 17 by
      suitable means which may include the application of heat. The flat annular
      lands 35 on the spacer 11 surrounding the respective posts 17 insures a
      solid enclosure around the posts between the cap member 10 and the under
      surface of the platform member 12 and avoids distortions of the cap member
      and the blades. As heretofore noted prior to the locking together of the
      members the position of the blades outwardly against their respective
      limiting shoulders is assured by the appropriate juxtapositioning of
      magnets.
PAR  In accordance with a particularly advantageous means for changing used
      cartridges for new ones the cartridges are slid into the bottom of a
      magazine in which the cartridges are arranged in a vertical stack, the cap
      part of the used cartridge being engaged under the bridge part of the next
      upper cartridge. To enable free sliding movement and avoid the cap part of
      the insert engaging in the bottom open grill work each platform member is
      provided with a pair of spaced runners comprising rib extensions 70
      extending the length of the under surface of the platform and projecting
      downwardly a short distance preferably a minimum of 0.010 of an inch (FIG.
      3).
PAR  The character of the handle (see FIG. 5 may vary but in general it is of
      slender light weight design. The handle head embodies means cooperative
      with the detent platform member 12 including the detent bar 60 whereby the
      handle and cartridge may be releasably interlocked by a relative movement
      between the handle and cartridge endwise of the latter. In the present
      case the means comprises a dovetail connection with a key on one part and
      a complemental socket in the other part. FIGS. 3 and 4 taken in
      conjunction with FIG. 5 show such an arrangement. The handle 75 has rigid
      therewith an elongated plate 76 which comprises the key part of the
      dovetail connection and the top surface of which has three arc shaped
      depressions 77 into which normally but releasably engage the detent
      elements 60a on the bar 60 of the platform 12. For convenience in molding
      the plate 76 may have a slight crown at the center line 76a sloping
      downwardly to the two side edges. The elements 60a are formed by loops 60b
      in the bar 60 (FIG. 4) to provide flexibility. The detents provide
      releasable means for determining the proper relative positioning of the
      key 76 in the socket 76a of the assembled cartridge. Preferably the key 76
      has pads 78 which bear on the cross braces 57 at the four points 79 (FIG.
      1) and act as stabilizers.
PAR  In shaving debris which may collect under the blades 16 and above the
      blades 15 can move inwardly between the fingers 30 of the spacer member
      into spaces 80 (FIG. 2) and downwardly through openings 81 in the open
      grill work around the bar 60 of the platform member 12.
PAR  Since various changes may be made in the structural details and relations
      of the parts shown and described herein and accordingly different
      embodiments of the invention be made within the principles thereof, it is
      intended that all matter contained herein shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
NUM  1.
PAR  1. In a combination a razor head cartridge embodying a cap member, multiple
      blades, a blade spacer member, and a main platform member, a first pair of
      opposed blades being arranged under said cap member each extending
      radially outwardly from the midportion of the cap member, a second pair of
      blades similarly arranged with the spacer member positioned between the
      pairs of blades, the platform member being arranged adjacent the second
      pair of blades, said cap member having a pair of spaced downwardly
      projecting lugs positioned at each side of the midportion of the cap
      member to limit initially the rearward position of the respective said
      first blade the final radial outward position of the blade being
      determined by shoulder stop means on the cap member, each said lugs being
      nested in a depression in the spacer member, each said depression
      providing a shoulder to limit initially the rearward position of the
      respective said second blade the final radial position of the blade being
      determined by a shoulder stop means in the cap member, and a plurality of
      posts clamping together the said members and blades as a rigid assembly.
NUM  2.
PAR  2. In a multiple blade razor having a cap member and a platform member with
      an intervening pair of blades in superposed relation and a spacer member
      between the blades and locking posts connecting the cap member and
      platform member and extending through openings in the spacer member and
      the blades, said spacer member having an annular flat reinforcing ring
      around each post opening of greater thickness than the adjacent main
      portions of the sheet, and a finger extending outwardly between the blades
NUM  3.
PAR  3. In combination a razor head cartridge embodying a main platform member,
      a cap member and razor blades located between said members, said members
      being generally rectangular in shape, said platform member having a
      radially extending hook portion at each corner, and said cap member having
      a wall at each end closely fitted between the said hook portions at the
      corresponding end, said hook portions having small protuberances
      projecting inwardly in an opposed arrangement toward the cap member end
      wall, said protuberances being of deformable plastic and the corresponding
      said end wall of the cap member being press fitted between the opposed
NUM  4.
PAR  4. A cartridge in accordance with claim 3 in which each of said cap member
      end walls has a locating lug extending into a complemental opening in said
NUM  5.
PAR  5. In combination a razor head cartridge embodying a cap member, multiple
      blades, blade spacer means and a main platform member, a first pair of
      said blades being arranged under said cap member each extending radially
      outwardly and downwardly from the mid-portion of the cap member with the
      respective cutting edges at the outer edges of the cap member, a second
      pair of blades similarly arranged on the platform member, a spacer means
      positioned between the first pair of blades and the second pair of blades,
      said cap member having a radially extending finger at each corner, each
      finger having an inner first shoulder against which the corresponding
      blade of the first pair engages to determine its position, and an outer
      second shoulder against which the corresponding blade of the second pair
      engages to determine its position, said spacer means comprising a single
      thin sheet extending across the razor head cartridge, and a plurality of
      posts at each side of the midportion extending from the cap member through
      the respective blades, spacer sheet and platform member with their ends
      secured in a platform member thereby firmly and accurately establishing
      the relations to each other of the said members, the two pairs of the
NUM  6.
PAR  6. A razor head cartridge in accordance with claim 5 in which said spacer
      means comprises a thin sheet of metal with open grillwork having holes for
      the posts each hole being surrounded by an annular flat ring of greater
NUM  7.
PAR  7. A razor head cartridge in accordance with claim 5 in which said cap
      member is provided at each end with a lug extending through a complemental
      notch in the corresponding end of said spacer sheet and engaged in a
NUM  8.
PAR  8. In combination a razor head cartridge embodying a cap member, multiple
      blades, a blade spacer member, and a main platform member, a first pair of
      opposed blades being arranged under said cap member each extending
      radially outwardly from the midportion of the cap member, a second pair of
      blades similarly arranged with the spacer member positioned between the
      pairs of blades, the platform member being arranged adjacent the second
      pair of blades, said cap member having a transversely extending skirt
      portion at each extreme end, a locating lug extending inwardly from each
      of said skirt portions into a notch in the corresponding end of the spacer
      and into a notch in the corresponding ends of the platform member, means
      clamping said members and blades together as a rigid unit, and said
      cartridge having means for removably mounting it as a self-contained unit
NUM  9.
PAR  9. A razor head cartridge in accordance with claim 8 in which the clamping
      means comprises a plurality of posts extending from the cap member at each
      side of its midportion through the spacer and platform members and the
      corresponding blades.
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ABST
PAL  The specific disclosure provides a razor blade cartridge having a pair of
      single edge blades which are tandemly mounted and vertically separated by
      a spacer. The blades and spacer are permanently bonded between a cap
      member and a blade seal member. Each of the blades has its cutting edge in
      abutting engagement with a respective pair of spaced stops. Means are
      provided for abutting engagement with the rear edges of the blades to
      prevent rearward movement thereof.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of U.S. application Ser. No. 191,665,
      filed Oct. 22, 1971, now U.S. Pat. No. 3,783,510.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to safety razors of the type having at least
      one blade permanently bonded in a disposable cartridge. More particularly,
      the present invention relates to a plurality of tandemly mounted blades
      permanently bonded in a disposable cartridge.
PAR  2. Description of the Prior Art
PAR  It is known to permanently bond a blade having a single edge in a
      disposable cartridge. For example, U.S. Pat. Nos. 2,654,148 and 3,388,831
      each disclose a razor blade permanently bonded in a disposable cartridge.
      Typically, a safety razor has a guard surface situated downwardly and
      outwardly from the cutting edge of a blade and parallel to the cutting
      edge. The guard surface may be of the comb variety such as in U.S. Pat.
      No. 2,654,148, or formed by the outer surface of an elongated guard bar
      such as shown in U.S. Pat. No. 3,388,831. An advantage of a blade
      permanently bonded in a cartridge is that it is possible to optimize the
      shaving angle defined by the relationship between the cutting edge and the
      guard surface to minimize the possibility of nicks and cuts and to
      maximize shaving efficiency.
PAR  Tandemly mounted blades wherein the sides of the blades are parallel and
      the cutting edges of the upper blade is positioned upwardly and inwardly
      from the bottom blade are known in the art such as U.S. Pat. No. 3,262,206
      and British Patent No. 772,532. Each of these patents teach bonding the
      tandemly mounted blades together to thus maintain the cutting edges in a
      predetermined relationship. The distance between the tandemly mounted
      blades should be dimensioned to provide efficient shaving action as
      determined by the density, location and coarseness of the hair. For
      example, British No. 772,532 discloses specific embodiments wherein this
      distance varies from about 0.036 inch to about 0.044 inch.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a pair of
      single edge blades vertically separated by a spacer, and a blade seat
      member and a cap member which sandwich the blades and spacer therebetween.
      Means extend upwardly from the blade seat member and abut the rear surface
      of the bottom blade for preventing rearward movement of the bottom blade,
      and the cutting edges of the two blades are in abutting engagement with a
      respective pair of spaced stop surfaces.
PAR  In accordance with another aspect of the present invention, the cartridge
      also includes means extending downwardly from the cap member and in
      abutting engagement with the rear edge of the top blade for preventing
      rearward movement of the top blade.
PAR  Thus, the invention provides for preventing rearward movement of the blades
      during use, and thereby minimizes the possibility of dangerous shave
      angles developing during use by such rearward movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a specific embodiment of the present
      invention showing a disposable cartridge and a holder therefor;
PAR  FIG. 2 is a perspective view of a cartridge cap member;
PAR  FIG. 3 is a top view of the cap member;
PAR  FIG. 4 is a front elevational view of the cap member;
PAR  FIG. 5 is a bottom view of the cap member;
PAR  FIG. 6 is a sectional view of the cap member taken along Line 6--6 of FIG.
      4;
PAR  FIG. 7 is a perspective view of a blade suitable for use in the specific
      embodiment;
PAR  FIG. 8 is a cross-sectional view taken along Line 8--8 of FIG. 7;
PAR  FIG. 9 is a perspective view of a blade spacer;
PAR  FIG. 10 is a top view of the spacer;
PAR  FIG. 11 is a side elevational view of the spacer;
PAR  FIG. 12 is a cross-sectional view of the spacer taken along Line 12--12 of
      FIG. 11;
PAR  FIG. 13 is a perspective view of a blade seat member;
PAR  FIG. 14 is a top view of the blade seat member;
PAR  FIG. 15 is a front plan view of the blade seat member;
PAR  FIG. 16 is a bottom view of the blade seat member;
PAR  FIG. 17 is a side view of the blade seat member;
PAR  FIG. 18 is a cross-sectional view of the blade seat member taken along Line
      18--18 of FIG. 14;
PAR  FIG. 19 is a sectional view of the cartridge positioned in an assembly
      stand;
PAR  FIG. 20 is an exploded perspective view of the top of the holder;
PAR  FIG. 21 is a sectional view of the holder taken along Line 21--21 of FIG.
      20;
PAR  FIG. 22 is a perspective view of a cartridge dispenser;
PAR  FIG. 23 is a sectional view taken along Line 23--23 of FIG. 22; and
PAR  FIG. 24 is an alternative embodiment of a spring assembly.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  FIG. 1 shows in an exploded view a cartridge 10 and a cartridge holder 11
      constructed in accordance with the present invention. With reference to
      FIG. 1, the blade cartridge 10 has a pair of tandemly mounted blades 14,
      15 bonded permanently between a cap 12 and a blade seat 13. The blades 14,
      15 each have a single cutting edge and are maintained in a separated state
      by a spacer 16 to be described in more detail hereinafter. Ten spacer
      teeth 17--1 to 17--10 are shown in FIG. 1 protruding a slight distance
      from beneath the cutting edge of the top blade 14, but not to the cutting
      edge of the bottom blade 15. The cartridge 10 also has six ports 18--1 to
      18--6 at the rear of the cap 12. As will be described hereinafter, shaving
      residue including shaving cream and cut hair passes through the ports
      18--1 to 18--6 from channels formed between adjacent pairs of the teeth
      17--1 to 17--10 and on the outside of the teeth.
PAR  A guard bar 19 having a plurality of longitudinal serrations 20 extends
      between stop portions 21, 22 of the blade seat 13. The guard bar 19 is
      spaced from the body portion of the blade seat 13 by a plurality of ribs
      23 such that shaving residue can flow from the cutting edge of the bottom
      blade 15 downwardly between the guard bar 19 and the blade seat 13.
PAR  The holder 11 includes a handle 24 to which a frame member 25 is secured. A
      generally U-shaped channel member 26 and a latch or spring member 27 is
      secured to the upper portion of the frame 25 by displacing or deforming
      frame extensions 28, 29 which extend from the frame through the channel
      and latch members 26, 27.
PAR  The upper portion of the U-shaped channel member 26 has a rearwardly
      extending flange portion 30 and forwardly extending flange portions 31,
      32. The forwardly extending flange portions 31, 32 have a space
      therebetween through which a latch or spring 33 of the member 27 extends.
PAR  The cartridge 10 is removably secured to the holder 11 by sliding the
      flange portions 30, 31, 32 into a T-shaped channel 34 formed traversely
      along the underside of the blade seat 13. As the channel member 26 is
      moved traversely of the cartridge 10 the spring 33 is biased rearwardly
      until it moves forward into biasing engagement in a recess 35 (FIG. 16)
      formed in the T-shaped channel 34.
PAR  The cap 12 is shown in more detail in FIGS. 2 - 6, and can be formed of
      molded plastic. With references to FIGS. 2 - 6, the cap 12 has a rear
      downwardly extending top surface 36 and a front downwardly extending top
      surface 37. As shown in FIG. 6, the slope of the rear top surface 36 is
      greater than the slope of the front top surface 37. Four posts 38 - 41
      extend downwardly from the underside of the cap 12, and, as will be
      described hereinafter, are used to bond the cap 12 to the blade seat 13
      and thereby bond the blades 14, 15 and spacer 16 in the cartridge 10.
PAR  The ports 18--1 to 18--6 are formed in the rear top surface 36 of the cap
      12 and are defined by downwardly extending cap members 42 - 46 and by an
      instep 47, 48 formed beneath each shoulder 49, 50 of the cap 12. As shown
      in FIG. 5, the bottom surface of each of the downwardly extending cap
      members 42 - 46 and of the insteps 47, 48 are rectangular, and as shown in
      FIG. 4, these bottom surfaces lie in a horizontal plane. As shown in FIG.
      6, each of the downwardly extending cap members 42 - 46 and of the insteps
      47, 48 are curved at 52 and have a forwardly and upwardly curved surface
      53. The forwardly and upwardly curved surface 53 of each of the downwardly
      extending cap members 42 - 46 and of the insteps 47, 48 define a
      transverse surface, interrupted only by the ports 18--1 to 18--6, which
      extend in facing relationship to the rear surfaces of vertically extending
      members 97 - 101, 104; 105 (FIG. 9) of the spacer 16 described
      hereinafter.
PAR  As shown in FIG. 6, each of the cap shoulders 49, 50 has an upper surface
      55, 56 which extends downwardly and forwardly at a slope less than that of
      the front top surface 37 of the cap 12. The front end of each of the
      shoulders 49, 50 terminates in a vertically extending surface 57, 58.
      Further, each of the shoulders 49, 50 has a cut-out portion 59, 60 in the
      underside thereof which is used for assembly as will be described
      hereinafter. The bottoms of the shoulders 49, 50 are formed of horizontal
      surfaces 61, 62; 63, 64 which are disposed in opposing relationship to
      horizontal blade seat ledges 65, 66 (FIG. 13).
PAR  Each of the shoulders 49, 50 has inner vertical surfaces 67, 69; 68, 70
      which extend upwardly from the bottom horizontal surfaces 62, 61; 64, 63
      and which are also interrupted by the cut-out portions 59, 60. The forward
      vertical inner surfaces 69, 70 are interconnected by a forward horizontal
      transverse surface 71, and the rear vertical inner surfaces 67, 68 are
      interconnected by a rear horizontal transverse surface 72. The forward and
      rear horizontal transverse surfaces 71, 72 are provided for abutting
      engagement with the top surface 73 (FIG. 7) of the top blade 14 (FIG. 1)
      when the blade cartridge 10 is assembled.
PAR  The shoulders 49, 50 each have a shoulder instep defined by a curved
      forward surface 74, 75 (FIG. 6) extending perpendicularly inwardly from a
      respective vertical inner surface 60, 70, and a vertical surface extending
      rearwardly to a front edge portion 78 of the front top surface 37 of the
      cap 12. As shown in FIG. 6, the vetical surfaces 76, 77 also extend above
      the front top surface 37 to a point in the vicinity of the top of the cap
      12.
PAR  A pair of top blade rear edge stops 79, 80 extend downwardly from the rear
      horizontal transverse surface 72. As shown in FIG. 6, each of the stops
      79, 80 has an upwardly and forwardly curved front surface 81. During
      assembly the rear edge 82 (FIG. 8) of the top blade is positioned in
      abutting engagement with the curved front surfaces 81 of the steps 79, 80
      to prevent the top blade from moving rearwardly out of position during
      use.
PAR  A suitable structure for the top and bottom blades 14, 15 is shown in FIGS.
      7 and 8. With reference to FIG. 7, each blade has cut-out portions 83, 84
      formed in the sides thereof which can be used during assembly as will be
      described hereinafter. The top and bottom blades 14, 15 also have cut-out
      portions 85 - 88 which extend about the posts 38 - 41 of the cap 12 as
      will be described hereinafter.
PAR  The spacer 16 which can be composed of metal, for example aluminum, or
      other material such as plastic, is shown in FIGS. 9 - 12. With reference
      to FIGS. 9 - 12, the spacer 16 has a rearwardly extending flange 89
      defined by parallel upper and lower surfaces 90, 91 and a vertical
      transverse surface defining a rear edge 54 of the spacer 16. Five spacer
      elements 92 - 96 are joined to the flange 89 by vertically extending
      members 97 - 101, and extend forwardly from and parallelly with the flange
      89. A pair of stop elements 102, 103 are also connected to the flange 89
      by vertically extending members 104, 105 and extend forwardly from and
      parallelly to the flange 89. As shown in FIG. 10, generally rectangular
      and rearwardly extending channels 118 - 123 are formed between the spacer
      elements 92 - 96 and stop elements 102, 103.
PAR  Each of the stop elements 102, 103 has a cut-out portion 106, 107 which can
      be used for assembly purposes as will be described hereinafter. Further,
      each of the stop elements 102, 103 has a top blade stop 108, 109 at the
      forward end thereof. As shown in FIG. 12, each of the stops 108, 109 has a
      vertical rear surface against which the cutting edge 112 of the top blade
      14 is in abutting engagement after assembly.
PAR  The four outer spacer elements 92, 93, 95, 96 each has a hole 113 - 116
      extending vertically therethrough for positioning the spacer 16 over the
      posts 38 - 41 of the cap 12 during assembly as will be described
      hereinafter. The under surfaces of the spacer elements 92 - 96 and of the
      stop elements 102, 103 are positioned on the upper surface of the bottom
      blade 15, and the top blade 14 is positioned on the upper surfaces of the
      spacer elements 92 - 96 and of the stop elements 102, 103. When the spacer
      16 is thus positioned between the blades 14, 15, the channels 118 - 123
      provide shaving residue flow paths between the blades to the ports 18--1
      to 18--6 of the cap 12.
PAR  With reference to FIG. 10, the front end of each spacer element 92 - 96 has
      a vertical surface 127 which lies in a plane to the rear of a plane
      defined by the rear vertical surfaces 110, 111 of the blade stops 108,
      109. Thus, the front vertical surface 127 of each of the spacer elements
      92 - 96 is to the rear of the cutting edge of the top blade 14. Each of
      the spacer elements 92 - 96 has a pair of forwardly projecting teeth 125,
      126 (FIG. 10) extending forwardly of the front vertical surface 127 such
      that they protrude slightly from beneath the cutting edge of the top blade
      14 as shown in FIG. 1 (17--1 to 17--10). The teeth 125, 126 are beveled as
      shown to provide reliefs and thereby aid in the flow of shaving residue to
      the spacer channels 118 - 123. Each of the stop elements 102, 103 also
      have a beveled relief inner portion 124 to aid in the flow of shaving
      residue to their respective spacer channels 118, 123.
PAR  The blade seat 13 which can be suitably composed of molded plastic is shown
      in detail in FIGS. 13 - 18. With reference to FIGS. 13 - 18, the blade
      seat 13 has a plateau 129 extending transversely of the blade seat between
      the blade seat ledges 65, 66, and positioned rearwardly from the blade
      seat stops 21, 22. A pair of vertically rising bottom blade rear edge
      stops 137, 139 are formed on the plateau 129. Each of the stops 137, 139
      has a curved forwardly facing surface 138. The bottom blade 15 is
      positioned on the plateau 129 such that the cutting edge thereof is in
      abutting engagement with a vertical rear surface 175, 176 on each of the
      stops 21, 22, and such that the rear edge of the bottom blade 15 is in
      abutting engagement with the curved front surface 138 of each of the rear
      edge stops 137, 139.
PAR  Four vertically extending holes 133 - 136 are formed in the blade seat 13
      for positioning the blade seat 13 on the posts 38 - 41 of the cap 12
      during assembly as will be described hereinafter. A plurality of ribs 23
      maintain the guard bar 19 forwardly in spaced relationship to the blade
      seat 13 such that a plurality of downwardly extending openings 170 are
      formed between the blade seat 13 and the guard bar 19 to provide a flow
      path for shaving residue beneath the cutting edge of the bottom blade 15.
      As shown in FIG. 14, the plateau 129 may have a pair of rectangularly
      shaped recesses formed at the rear end thereof to provide clearance for
      assembly purposes as will be described hereinafter.
PAR  With reference to FIGS. 16 and 18, three supporting ribs 140 - 142 are
      formed in the underside of the blade seat 13 and have lower surfaces in
      the plane defined by the upper plane of the T-shaped channel 34 as viewed
      in FIG. 18.
PAR  The T-shaped channel 34 is formed by downwardly and rearwardly extending
      members 160, 161 having parallel inner walls, and of opposing inwardly
      directed members 145, 146 extending from the lower portion of the members
      161, 160. The outer side walls 143, 144 of the blade seat 13 extend
      downwardly and have lower surfaces in the upper plane of the T-shaped
      channel 34 as viewed in FIG. 18. Extending transversely of the bottom of
      the blade seat 13 are surfaces 147, 148 which also lie in the upper plane
      of the T-shaped channel 34 as viewed in FIG. 18. As shown in FIGS. 16 and
      17, channel stops 150, 151 extend downwardly from the lower surface of the
      side wall 144 for abutting engagement with the left sides of the
      rearwardly and forwardly extending flanges 30, 31 (FIG. 1) to prevent
      passage of the U-shaped channel member 26 out the left side of the
      T-shaped channel 34.
PAR  A boss 130 (FIGS. 16 and 17) extends rearwardly from the blade seat 13. The
      boss 130 can be used to secure the cartridge 10 in a dispenser (FIG. 22)
      as will be described hereinafter.
PAR  With reference to FIG. 19, the cartridge 10 can be assembled by positioning
      the cap 12 in a mounting block 190 having an inner contour 191 matching
      the upper contour of the cap 12. Vertically extending guide members (not
      shown) are positioned in the cut-out portions 59, 60 (FIG. 5) of the cap
      12. The top blade 14 is placed on the cap member with the side cut-out
      portions 83, 84 (FIG. 7) positioned over the cut-out portions 59, 60 of
      the cap 12 by means of the guide members (not shown). When the top blade
      14 is in this position the rear upper surface of the top blade 14 is
      positioned on top of the blade rear edge stops 79, 80, and the posts 38 -
      41 extend through the blade cut-out portions 85 to 88. The spacer 16 is
      next positioned in inverted fashion on the guide members (not shown) by
      means of the spacer cut-out portions 106, 107 (FIG. 9). Then the bottom
      blade 15 is also positioned by means of the guide members (not shown)
      extending through the cut-out portions 83, 84 (FIG. 7) such that the top
      surface of the blade rests against the lower surfaces of the spacer
      elements 92 - 96 and stop elements 102, 103 with the posts 38 - 41
      extending vertically through the holes in the spacer elements 92, 93, 95,
      96 and the cut-out portions 85 - 88 of the bottom blade 15. The blade seat
      13 is then positioned with the posts 38 - 41 extending through the blade
      seat holes 133 - 136. The blade seat 13 can also have cut-out portions
      (not shown) in the outer side walls thereof for engagement with the
      vertically extending guide members (not shown) for initial positioning of
      the blade seat relative to the other components of the cartridge 10.
PAR  At this time, a force is applied to the underside of the blade seat 13 to
      maintain the cartridge components in a relative position as determined by
      the guide members (not shown). Following this, the guide members (not
      shown) are removed. When the guide members (not shown) are removed, three
      wafer-like vertically stacked fingers (not shown) are inserted through at
      least two rear ports, for example ports 18--2 and 18--5. Each pair of
      fingers (not shown) are of a different length and engage the rear edges of
      the blades 14, 15 and portions of the vertically extending members, for
      example the edges of members 97 and 98 about the channel 119 and the edges
      of members 100 and 101 about the channel 122. One pair of fingers (not
      shown) push the lower blade forwardly until the cutting edge thereof is in
      abutting engagement with the vertical rear surfaces 175, 176 of the blade
      seat stop members 21, 22 and the rear edge thereof is positioned forwardly
      of the peak of the bottom blade rear edge stops 137, 139 such that the
      rear edge is in abutting engagement with the forward portion of the stops
      137, 139. A second pair of fingers (not shown) push the spacer 16
      forwardly until the front surfaces of the top blade stops 108, 109 on the
      spacer 16 are in abutting engagement with the vertical rear surfaces of
      the blade seat stop members 21, 22. The remaining pair of fingers engage
      the rear edge of the top blade 14 to push the top blade 14 forwardly until
      the cutting edge thereof is in abutting engagement with the vertical rear
      surfaces 110, 111 of the top blade stops 108, 109, and the rear surface of
      the top blade 14 is forward of the peak of the top blade rear edge stops
      79, 80 and in abutting engagement with a portion of the curved front
      surface 200 on each of the stops 79, 80. After the fingers (not shown) are
      removed, the lower portions of the posts 38 - 41 are staked, for example
      by ultrasonic, mechanical or heat energy, to deform the lower ends thereof
      such as shown at 205 (FIG. 19), and thus bond the components of the
      cartridge together. Thus, a cartridge assembled as described with
      reference to FIG. 19 provides an assembly designed for preventing any
      movement of the blades 14, 15 after staking. This feature is important to
      maintain a predetermined cutting angle for each of the cutting edges of
      the blades 14, 15 and also for safety reasons. For example, if the bottom
      blade 15 moves rearwardly, the cutting edge of the top blade 14 can be
      exposed to such an extent that there is a danger of serious nicks and
      cuts.
PAR  With reference to FIGS. 21 and 22, the frame 25 is curved forwardly at 304
      which in turn extends outwardly to form a transverse support member 305.
      The two vertical extensions 28, 29 extend upwardly from the top surface of
      the support member 212. The U-shaped channel member 26 is positioned on
      the support member 212 by inserting the extensions 28, 29 through
      corresponding holes 214, 216 in a lower horizontal transverse portion 306
      of the channel member 26. The latch or spring member 27 is then positioned
      in the channel member 26 with the extensions 28, 29 extending through
      holes 209, 210 formed in a lower horizontal portion 208 of the spring
      member and with the outer surface of a vertically extending wall member
      207 in opposing relationship with the inner surface of a vertically
      extending rear wall 218 of the channel member 26. A forward vertically
      extending wall 206 of the spring member 27 has the spring 36 formed
      therealong and has a stop member 211, 212 at each end thereof extending
      rearwardly. When the spring member 27 is seated in the channel member 26,
      the spring 33 extends through an opening 217 formed in the forwardly
      extending flanges 31, 32 and in the vertical forward wall 219 of the
      U-shaped channel member 26. When thus positioned, the vertical extensions
      28, 29 are staked or otherwise deformed to secure the spring member 27 and
      the channel member 26 to the support member 212.
PAR  FIG. 24 shows an alternative embodiment of a spring member with components
      corresponding to the spring member 27 having corresponding primed numbers.
      The spring of FIG. 24 differs from that of FIG. 20 in that the spring
      extends downwardly and upwardly from the horizontal lower surface in a
      U-shaped manner and terminates at the upper end thereof in a pair of
      rearwardly formed ears 301, 302 having a forwardly deformed portion 303
      for engagement in the recess 35 (FIG. 16) in the T-shaped channel 34.
PAR  A dispenser 250 suitable for storing unused and used cartridges is shown in
      FIGS. 22 and 23. With reference to FIGS. 22 and 23, the dispenser 250 has
      a pair of opposed end walls 252, 253 and a pair of opposing side walls
      254, 255. Cartridge chambers are formed within the dispenser 250 by
      transverse partitions 263 - 267. Each of the chambers has a pair of
      wedge-shaped rest members 292 - 297 formed along the inside surfaces of
      the side walls 254, 255 and extending from the upper wall or partition
      252, 263, 264, 265, 266, 267 in a downwardly extending fashion in the
      direction of a bottom panel 255. The wedge-shaped members along the inside
      surface of the side wall 255 cannot be seen in perspective view of FIG.
      22. A stop 256 - 261 is formed on the top portion of each of the end wall
      256 and partitions 263 - 267. The side wall 254 has a plurality of
      channels 280 - 285 formed transversely in the top surface thereof. Each of
      the channels 280 - 285 has an upwardly extending transverse guide member
      286 - 290.
PAR  By way of example, the dispenser 250 can initially have a cartridge in each
      of the chambers identified by one of numerals 1 - 5 in their respective
      channels 281 - 285. A new holder 11 may have a dummy cartridge (not shown)
      having the same general outer configuration as that of the cartridge 10.
      The dummy cartridge (not shown) or a used cartridge (not shown) from a
      prior dispenser is inserted in the top chamber to the left of the channel
      280 by initially inserting the guard bar portion in the chamber and
      rotating the holder 11 in a counter-clockwise manner as viewed in FIG. 23
      until the boss 130 snaps under the stop 256. In this position, the cap
      member and the guard bar rest on the pair of wedge-shaped support members
      292. The holder 11 can then be slid to the right with the channel member
      26 passing outwardly through the channel 280 of the side wall 254.
PAR  It will be noted that each of the channel guide members 286 - 290 is
      positioned off-center of the axis of each of the channels 280 - 285. The
      offset of each of the guide members 286 - 290 is chosen to permit passage
      of the stop members 211, 212 of the spring 27 through only the portion of
      the channel as indicated by the numerals. Thus the combination of the
      guide members 286 - 290 and of the stops 211, 212 preclude inserting a
      cartridge in an upside-down position on the holder 11.
PAR  As shown in FIG. 23, a new cartridge is removed by positioning the left
      portion of the channel member 26 in one of the channels indicated by a
      reference numeral and sliding the holder 11 to the left in sliding
      engagement with the T-shaped channel 34 formed in the underside of the
      cartridge. The new cartridge is then removed from the chamber by rotating
      the holder clockwise as viewed in FIG. 23 until the boss 130 snaps out of
      engagement with the stop 258 and the holder may then be lifted upwardly
      for use. It will be noted that when the cartridge is positioned in the
      chambers, the cutting edges of the blades are not in contact with any
      surfaces of the chamber.
PAR  The reference numerals shown in the channels of FIG. 22 are provided as a
      guide for use. Specifically, a dummy cartridge or a used cartridge is
      initially placed in the chamber defined by the channel 280 and the unused
      cartridge in the chamber defined by channel 281 having numeral 1 therein
      is first used. Then this cartridge is returned to the chamber
      corresponding to the channel 281 and the next cartridge to be used is that
      indicated by numeral 2 in the channel 282. This process is continued until
      all of the cartridges are used.
PAR  It is obvious that more than two blades can be tandemly mounted in
      accordance with the present invention. If more than two blades are bonded
      in a cartridge, a spacer such as described hereinabove is positioned
      between opposing surfaces of the blades.
CLMS
NUM  1.
PAR  1. A razor blade cartridge comprising:
PA1  an elongated plastic blade seat member having an elongated guard surface
      defining a front surface of said blade seat member;
PA1  a bottom blade having an elongated cutting edge and a rear edge opposite
      said bottom blade cutting edge, said bottom blade being located on said
      blade seat member with said bottom blade cutting edge spaced upwardly and
      rearwardly of said guard surface;
PA1  an elongated spacer member located on said bottom blade;
PA1  a top blade having an elongated cutting edge and a rear edge opposite said
      top blade cutting edge, said top blade cutting edge being spaced upwardly
      and rearwardly of said bottom blade cutting edge;
PA1  a cap member located on said top blade including means extending downwardly
      from said cap member in abutting engagement with the rear edge of said top
      blade for preventing rearward movement;
PA1  means including a first pair of spaced stop surfaces for abutting
      engagement with said bottom blade cutting edge;
PA1  means including a second pair of spaced stop surfaces for abutting
      engagement with said top blade cutting edge;
PA1  a pair of spaced elements integrally molded with and extending upwardly
      from said blade seat member beneath said spacer member and in abutting
      engagement with the rear surface of said bottom blade for preventing
      rearward movement of said bottom blade;
PA1  means for permanently bonding said bottom blade, said spacer member, and
      said top blade between said blade seat member and said cap member; and
NUM  2.
PAR  2. The cartridge of claim 1 wherein said first pair of spaced stops are
NUM  3.
PAR  3. The cartridge of claim 1 wherein said second pair of spaced stops are
NUM  4.
PAR  4. The cartridge of claim 1 wherein said bonding means comprises a
      plurality of posts, and said top and bottom blades each comprises a
      plurality of apertures; said apertures being initially situated about said
      posts to permit forward movement of said top and bottom blades, and
      thereafter said bottom blade being pushed forward during assembly to place
      said bottom blade cutting edge in abutting engagement with said first pair
      of spaced stops and to position the rear surface of said bottom blade in
NUM  5.
PAR  5. The cartridge of claim 4 wherein said cap member further comprises
      apertures for exposing the rear edges of said top blade and said bottom
      blade and through which said top blade and said bottom blade are pushed
      forwardly.
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ABST
PAL  Pairs of planar cutting blades with angularly related cutting edges such as
      are used in grass shears, and the like, and which are mechanically
      actuated to move relative to each other and to cut by a scissors-like
      action are formed in a manner such that during each cutting action the
      contacting cutting point between each pair of coacting edges moves at a
      uniform speed. The improved blade construction finds application in
      shears, particularly cordless, i.e., battery, grass shears, by more nearly
      equalizing incremental power requirements; by reducing the maximum input
      power requirements; and by increasing time of performance between battery
      recharging at a given forward advancement speed of the shear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention:
PAR  The invention is broadly related to cutting devices in the nature of shears
      and more particularly to mechanically actuated shears. More specifically,
      the invention is directed to mechanically actuated shears of the type in
      which the blades are generally flat or planar in nature and provide pairs
      of angularly related coacting edges which move relative to each other and
      cut with a scissors-like action. Shears of this type include cordless
      grass shears to which the invention is particularly directed.
PAR  2. Description of the Prior Art:
PAR  It is, of course, known to cut with both hand operated, e.g., scissors,
      pruning shears, and the like, and powered cutting devices, e.g., AC and
      battery powered grass shears. It is also known to shear with essentially
      parallel cutting edges moving relative to each other, e.g., as in a
      powered sheet metal shear. In contrast, hand as well as powered scissors,
      grass shears, hedge clippers, and the like, perform the cutting action
      with what may be termed a scissors type action. The scissors type cutting
      action can be characterized by observing that it involves pairs of blades
      whose coacting cutting edges perform their cutting action by moving the
      edges together in some angular relation such that the point of blade edge
      intersection, i.e., the "cutting point" , moves outwardly. This action can
      be observed in an ordinary pair of hand scissors in which the pivoted
      blades ordinarily wipe against each other at the cutting point. A type of
      scissors-like action can also be observed in a conventional hedge trimmer
      where the triangular shaped teeth of one blade move with respect to the
      teeth of the other blade and between each pair of coacting cutting edges
      the cutting point moves outwardly at some speed as the edges move through
      a cutting action.
PAR  The subject of improving the shape and nature of cutting edges which cut in
      a scissors-like action have been the subject of prior patents both with
      regard to mechanically actuated as well as hand actuated cutting devices.
      See, for example, U.S. Pat. No. 636,473 directed to a blade edge
      construction for a pair of hand operated scissors and U.S. Pat. No.
      3,316,636 directed to a mechanically actuated pair of blades which operate
      in a more linear rather than a scissors-like action. One can observe the
      shapes of pruning shears, pinking shears, surgical shears, and other
      manually operated scissors-like cutting devices to realize that blade
      shape significantly affects both the ability to grasp as well as the
      ability to cut particular materials. It can also be observed from the
      numerous prior art cutting devices which operate in a scissors-like manner
      that blade shapes which lend themselves to hand operated cutting
      operations do not necessarily lend themselves to cutting when the same
      blade shapes are mechanically actuated and particularly at relatively high
      speeds. Also, different materials lend themselves to being cut at
      different speeds as illustrated by use of variable speed drills.
PAR  Various electrical powered shears have long been known such as electric
      hedge clippers, and the like. In an early U.S. Pat. No. 432,433 there is a
      teaching of an electric vibrator type battery powered shear. As to shear
      blade construction, the use of a fixed blade having a set of teeth in
      conjunction with a movable blade having a set of mating teeth such that
      grass is caught and sheared between the tooth edges is also old in the
      art. This general blade construction is found in mowers for cutting hay
      and tall grass as well as in hedge trimmers. However, considerable power
      is required to move such blades and the blade fingers are generally rigid,
      inflexible and heavy in weight. Such characteristics are required when
      cutting hay, tall heavy grass, and the like. The blade edges have
      generally been formed as straight edges and this practice has existed for
      many years. Since large amounts of power have been available, e.g.,
      gasoline engines, AC motors, there has been no particular concern for
      refinements in blade efficiency, blade power, speed of cutting, or the
      like. However, the modern suburban home has many small areas and narrow
      edges of substantially light grass around trees, flower gardens, shrubs,
      sidewalks, animal fencing, adjacent steps, and the like. In this
      environment, the source of power is limited since many of these areas and
      edges are remote from electrical receptacles and the prior art, until
      recently, did not provide a dependable, lightweight, cordless type shear
      specifically for cutting small light grass areas and edges to keep the
      same trim and neat. Consequently, refinements in conventional cutting
      practices become more important.
PAR  While apparently not previously recognized, a characteristic obtained in a
      mechanically driven reel type lawn mower having a helical and flat blade
      is that the cutting point moves at a uniform speed while the helical blade
      is driven at a uniform speed.
PAR  To meet the needs of the modern suburban home, an improved lightweight
      portable battery powered grass shear was introduced into the market in
      recent years and is best described in U.S. Pat. No. 3,623,223. The type of
      cordless shear described in this patent has proved to be extremely popular
      particularly for cutting small narrow width, grass areas and edges
      associated with suburban homes as previously described. As best explained
      in the patent, this type of shear employs as blades a pair of thin metal
      plates at one end of which the cutting teeth are formed. By fixing the
      bottom blade and using a battery powered motor to reciprocate the top
      blade on a pivotal mount, the individual teeth of the top blade wipe the
      teeth of the bottom blade and a scissors-type cutting action is obtained.
      The teeth have been formed with straight cutting edges and it can be
      observed in this type of shear that the reciprocated top blade teeth in
      their to and fro movement move from zero speed to a maximum speed and then
      back to a zero speed in each cutting cycle. Thus, it can also be observed
      that the cutting edges of the top blade teeth are moving at a non-uniform
      speed and that the power requirements for driving the reciprocated top
      blade vary substantially during a cutting cycle. It also means, as the
      present invention observes, that when the coacting edges of the respective
      teeth are formed as straight lines and the top blade is driven at a
      non-uniform speed that the contacting cutting point between each pair of
      contacting edges on the top and bottom blade teeth moves at a non-uniform
      speed. Thus, the power required to cut the same material at one cutting
      point is or may be substantially different from the power required to cut
      at another cutting point.
PAR  Stated in a more general context, the prior art has heretofore failed to
      recognize the significance of blade shape on cutting in a scissors-like
      action when the blades are mechanically actuated in a manner to cause the
      contacting cutting point between each pair of coacting edges to move at a
      widely varying speed rather than at a uniform speed.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is broadly directed to cutting blade edge shapes and to
      providing pairs of mechanically actuated cutting blades which are intended
      to move relative to each other and cut in a scissors-like action with the
      edges shaped so that as the blades go through repetitive cutting actions
      under mechanical power the contacting cutting point between each pair of
      coacting edges moves at a uniform speed during each cutting action even
      though the blade edges move at a non-uniform speed.
PAR  The blade edge construction of the invention is particularly useful in
      cordless shears where battery life, cutting efficiency and ability to cut
      particular materials become significantly more important than is the case
      where the blades are powered from substantially large and effectively
      unlimited sources of power. The specific embodiment described is based on
      improving the type of shear shown in U.S. Pat. No. 3,623,223.
PAR  In the type of shear described in the patent, the bottom blade is fixed,
      the top blade is pivoted on the bottom blade and the top blade is
      reciprocated back and forth by a gear driven cam device from a battery
      powered motor. Thus, even though the cam turns at a relatively uniform
      speed the top blade teeth move at a non-uniform speed. The invention
      observes that this inherently means that with the conventional straight
      tooth edges the cutting point moves at a non-uniform speed during each
      cutting action.
PAR  The shape of the teeth of the bottom grass shear blade in the embodiment
      described has been designed so that the grass is cut at a uniform cutting
      speed. In general, the shape is determined by identifying the lengths of
      segments of a line formed by the procession of the point of contact
      between upper and lower cutting blades and relating these equal lengths of
      segments to equal motor and gear speeds as measured by angles of arc per
      unit time. The shape of the cutting edge of grass shear blades is such
      that the rate or speed of cutting (defined as the rate or speed at which
      the contact point of the cutting edges of the upper and lower portions of
      the blade components advances along the cutting edges of the bottom blade)
      is uniform such that the peak incremental power requirements for cutting
      are reduced and such that the peak input power requirements are reduced
      and the performance times are increased for a given forward rate of
      advancement.
PAR  A general object of the invention is to provide an improved form of blade
      edge construction for scissors-like cutting.
PAR  A more specific object is to provide an improved blade construction for
      cordless cutting devices such as cordless grass shears, trimmers, and the
      like.
PAR  These and other objects of this invention will become apparent when the
      following detailed description is read in conjunction with the
      accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a prior art type of cordless shear of a type
      adapted to incorporate the improved blade construction of the invention.
PAR  FIG. 2 is a side elevation view of the shear and in dashed lines showing
      the hand position.
PAR  FIG. 3 is an enlarged section view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a bottom view of the shear.
PAR  FIG. 5 is an exploded view of the blades and blade gear drive assembly.
PAR  FIG. 6 is a bottom view of the blade drive gear.
PAR  FIG. 7 is an elevation view of the blade drive gear.
PAR  FIG. 8 is an enlarged elevation view of the upper blade to show its
      curvature.
PAR  FIG. 9 is a generalized curve illustrating how the angular speed of the top
      blade teeth varies in a shear of the type depicted in FIG. 1.
PAR  FIG. 10 compares with generalized curves the speed of the cutting contact
      point associated with conventional blades as found in the conventional
      FIG. 1 type shear with the speed of the cutting contact point when the
      same type shear is fitted with blades made according to the invention.
PAR  FIG. 11 illustrates with generalized curves the behavior of the
      conventional shear blades used with the FIG. 1 type shear as compared to
      the behavior of the improved blades of the invention with respect to the
      ability to sustain a forward cutting speed with increased density of
      material being cut, e.g., grass.
PAR  FIG. 12 is an enlarged view of one tooth portion of a bottom blade made
      according to the present invention and its relation to an upper blade
      tooth. The upper blade is shown lightly and the dashed lines indicate the
      position of the upper blade in respect to the lower blade at various equal
      time intervals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the invention has general application to both manually as well as
      mechanically actuated blades of the type which cut by a scissors-like
      action, the invention has proven itself especially useful in cordless
      grass shears of the type shown in U.S. Pat. No. 3,623,223 and which is
      used as a basis for the description to follow. From this description, it
      is believed those skilled in the art will readily appreciate the broader
      significance of the invention and its immediate application to other types
      of cutting devices.
PAR  In the embodiment of the invention shown in FIGS. 1 through 8, a cordless
      grass shear of the type shown in U.S. Pat. No. 3,623,223 is illustrated.
      While the invention is primarily directed to the blades and the blade
      cutting edge shapes, it is deemed necessary to explain how the prior art
      shear is constructed and operates to fully understand the relation of the
      improved blade construction to such a shear. In this type of shear, a
      right housing 20 is joined to a left housing 21 by means of screws 22
      which mount in screw insets 23 provided in the right housing 20. The
      housing which is molded of lightweight plastic, provides a front vertical
      tubular compartment M in which is vertically disposed a substantially high
      speed DC motor 25 on whose shaft is securely mounted a cast or stamped
      pinion gear 26. The housing further provides a substantially horizontal
      tubular compartment S forming a handle portion as best shown in FIG. 2,
      and which provides room for internal mounting of control switch 27 and
      associated wiring 28. Below compartment S and rearwardly of compartment M
      is a third substantially horizontal tubular compartment B in which is
      disposed a rechargeable and normally elongated battery pack of two
      batteries 30 having a terminal 31 mounted at the rear of the housing and
      suited to connecting to an AC source through suitable recharging
      circuitry. Forwardly of the handle formed by compartment S, the housing
      mounts a plate 34 in which are disposed a manual switch button 35 and a
      switch lock 36 by which button 35 may be locked in an off position when
      not in use.
PAR  The base of housing halves 20, 21 are molded with mating front and rear
      ledges 41, 42 which support an aluminum metal cast base 40 by base edges
      40', 40". Base 40 in turn has four integral and downwardly projecting
      posts 45 which receive four screws 46 which secure the bottom blade 50 to
      base 40 and which allows bottom blade 50 to serve as a bottom cover.
PAR  Pinion gear 26 rotates at the relatively high speed of motor 25 and drives
      a combination gear 51 which may be formed of nylon and which rotates on
      fixed stub shaft 52 and in turn drives spur gear 53, formed of nylon, or
      the like, which rotates on stub shaft 54. As best shown in FIGS. 5, 6, and
      7, spur gear 53 includes an integral drive cam 54 which wipes against a
      plastic bearing insert 55. Insert 55 mounts in the upper movable blade 56
      so that as gear 53 rotates, blade 56 is pivoted back and forth on pin 57
      which passes through fixed blade 50. Lock ring 58 is mounted on pin 57 as
      shown in FIG. 5 which makes upper blade 56 and bottom blade 50, once worn,
      removable and replaceable as an assembly by removing and replacing the
      four screws 46. Thus, as the grass which is intended to be cut by the
      shear of the invention is caught between teeth 60 of fixed lower blade 50
      and teeth 61 of pivotal upper blade 56 a shearing action is effected
      between opposed edges of the respective teeth. In order to obtain a wiping
      or drawing effect at the cutting point similar to that obtained in a pair
      of scissors, the teeth 61 of upper blade 56 at their forward ends are
      given a slight downward curvature as shown in FIG. 8. A dust pad 39
      prevents entry of grass cuttings, dirt, and the like, into the gear
      mechanism.
PAR  Since one purpose of the invention is to provide a relatively lightweight
      and weight balanced portable, cordless type shear that can be used by the
      housewife for light grass shearing in locations not adapted to the usual
      gasoline or AC powered heavy shearing equipment, it was previously
      recognized that a departure from heavy, thick, and rigid type blades is
      required. In particular, it will be noted that the shear with only four
      teeth 60 in the lower fixed blade 50 and three teeth 61 in the upper
      pivotal blade 56 is designed for a relatively narrow cut which inherently
      reduces the battery power consumed and lengthens life between charges.
      Furthermore, blades 50 and 56, instead of being cast or otherwise being
      made relatively inflexible, thick and heavy as with heavy duty hedge
      clippers, shears, and the like, are instead stamped out of relatively thin
      metal strips and upper blade 56 in a preferred form is made substantially
      thinner than lower blade 50 and both blades may be coated with material to
      reduce friction. The teeth of the upper blade 56, are thinner, longer and
      more flexible than teeth 60 of lower blade 50 and both blades are
      lightweight. Also, each tooth of upper blade 56 becomes independently
      flexible of one another in such a construction. Lower blade teeth 60 also
      preferably project slightly ahead of upper blade teeth 61 so that if the
      operator strikes a brick wall, rock, or the like, reciprocating upper
      teeth 61 do not contact the same.
PAR  What has been thus far described in connection with FIGS. 1 through 8 has
      been a description of the type of prior art cordless grass shear to which
      the invention has been applied and found useful. Before proceeding next to
      a description of the improved blade construction, certain observations
      associated with the invention concerning the manner in which such a shear
      operates will be reviewed. In particular, in FIG. 6 several radial lines
      of equal angular spacing, e.g., 10.degree., have been superimposed on
      drive cam 54 and it can be observed that these spacings effectively
      represent equal time spacings on the assumption that cam 54 operates
      continuously and at a relatively uniform speed. However, it can be easily
      observed that top blade teeth 61 move between zero and some maximum speed
      as generally illustrated in FIG. 9 due to the back and forth reciprocation
      of top blade 56. It can also be observed that when the edges of shear
      blade teeth 60, 61 are made as straight edges according to prior art
      practices, the contacting cutting point of each pair of coacting cutting
      edges will move at some non-uniform cutting speed throughout the cutting
      action as generally illustrated in FIG. 10.
PAR  Stated differently, the prior art practices in blade constructions employed
      with pairs of blades and used to cut in a scissors-like action has failed
      to observe the significance of blade shape with respect to the speed of
      the cutting point. For this reason, the material being cut is cut over a
      wide range of speeds dependent solely on where the material engages the
      coacting cutting edges during their closure in a cutting action. For
      example, heretofore with a cordless grass shear of the type described, any
      grass caught between a pair of teeth at the point where they are just
      beginning to close will be cut at a substantially different speed than if
      caught between the same pair of teeth near the end of their closure and
      cutting action.
PAR  Before reverting to a more detailed description of the new blade
      construction, the significance of the invention can be seen by making
      reference to FIGS. 10 and 11. In FIG. 10, it will be noted that the
      cutting contact point moves at some speed which is maintained uniform
      during the actual time that cutting takes place. This, of course, means
      that such cutting speed can be designed for particular materials since it
      is known that different materials respond to different speeds of cutting.
      In FIG. 11, there is also illustrated another general comparison of how
      the conventional and improved blades respond to grass density. Note in
      FIG. 11 that at any particular grass density, the improved blades of the
      invention operate at a higher forward cutting speed B than does the
      conventional blades at the lower speed A. Also, note that another
      characteristic is that blades made according to the improved invention
      will also continue to cut higher density grass after the conventional
      blades have reached the point of discharging the batteries.
PAR  Referring back to the more specific details of the invention, it should
      again be noted from FIG. 5 that the edges of conventional upper and lower
      blade teeth 60 and 61 are made as bevelled straight edges which means that
      the cutting point advances at a non-uniform speed (see FIG. 10). In
      contrast, according to the invention, the shape of the cutting edge of
      grass shear blades is such that the rate of speed of cutting during a
      cutting action, defined as the rate or speed at which the contact point of
      the coacting cutting edges of the upper and lower portions of the blade
      components advances along the cutting edge of the bottom blade, is uniform
      or substantially uniform such that the incremental power requirements for
      cutting are more clearly equalized and such that the peak power
      requirements for cutting are reduced and such that the peak input power
      requirements are reduced and the performance times are increased for a
      given forward rate of advancement of the shear.
PAR  In general, the shape is determined by identifying the lengths of segments
      of a line formed by the procession of the point of contact between upper
      and lower cutting blades and relating these equal lengths of segments to
      equal motor and grear speeds as measured by angles of arc moved per unit
      time. Because electrical motors are essentially variable speed, variable
      torque machines, cutting blades designed and operated according to the
      invention will not necessarily operate at constant power; however, the
      peak power level may be noticeably reduced for economy of design. This
      blade construction can be applied to any number of shearing devices
      including those covered by U.S. Pat. No. 3,623,223, and in other types
      elsewhere mentioned.
PAR  Referring specifically to FIG. 12, lines M, N, O, P and Q represent
      10.degree. increments of rotation of drive cam 54 as it goes through that
      portion of its rotation which causes top blade 56 and its teeth to move
      relative to bottom blade 50 and perform a scissors-like cutting action.
      The spacing between lines M, N, O, P and Q thus represent equal time
      increments. The distances between M and N, N and O, O and P, and between P
      and Q, are determined by the characteristics of the mechanical drive
      previously described and best seen in FIGS. 1 and 5. While the principles
      of the invention can be applied by changing the shape of both the bottom
      and top blade teeth or by changing the shape of the top blade teeth, the
      embodiment illustrated in FIG. 12 is based on retaining the straight edge
      shape of the top blade teeth identified as 61 in FIG. 12 while modifying
      the shape of the lower blade teeth, identified as 60' in FIG. 12.
PAR  In FIG. 12, the designation A refers to the bottom blade shape of the
      invention while the designation B refers to the prior art bottom blade
      shape. As previously mentioned, lines M, N, O, P and Q represent the
      advancing cutting edge line of the top blade and it may be assumed that
      the view in FIG. 12 is as if one were looking down on the blades as in
      FIG. 1. With the foregoing in mind, the intersection designated 1A, 1B
      represents the first cutting contact point. 2B represents the contact
      cutting point obtained by the intersection of line N with the prior art
      blade shape whereas 2A represents the contact point obtained by the
      intersection of line N with the improved blade shape of the invention. 3A
      and 3B represent a coinciding cutting point obtained respectively at the
      intersection of line O on both the conventional and improved bottom blade
      shapes. 4A can be seen to represent the intersection of line P with the
      conventional blade shape whereas 4B represents the intersection of the
      same line P with the blade shape of the invention and 5A represents a
      terminating cutting point of contact with line Q.
PAR  With the foregoing FIG. 12 description in mind, it can be seen that a blade
      shape obtained by connecting points 1A, 2A, 3A, 4A and 5A provides a blade
      shape in which the distances 1A-2A, 2A-3A, 3A-4A, and 4A-5A are equal.
      Thus, since the time intervals between lines M and N, N and O, O and P,
      and P and Q are equal, the cutting speed at which the cutting contact
      point moves from 1A to 2A to 3A to 4A and to 5A is uniform. The sharp
      contrast with the conventional blade can be seen by noting, for example,
      that the distance between conventional blade points 1B and 2B is
      substantially shorter than between points 2B and 3B which inherently means
      that for the equal time intervals indicated by the space between lines
      M--N and N--O, respectively, the contacting cutting point speed must
      change and be non-uniform because of the differences in distances required
      to be traveled in the same unit of time.
PAR  While the description has primarily dealt with application of the invention
      to a pair of blades having a pivotal connection and with one blade fixed
      and the other driven, it is recognized that the desired relative movement
      of the coacting cutting edges can be obtained with either or both blades
      in motion. Also, the cutting edges of either or both blades may be
      modified according to the teaching of the invention. It is also
      contemplated that the relative movement and scissor-like action may be
      obtained as in hedge trimmers, and the like, where one or both angularly
      toothed blades reciprocate in a linear rather than in an arcuate path as
      in the cordless grass shear embodiment previously described.
PAR  While special advantages arise when the invention is applied to cordless
      cutting devices, it is also recognized that the blade shapes of the
      invention will find application in AC powered, gasoline motor powered, and
      similar heavy duty shears, and the like, since the blade shapes according
      to the invention will allow a reduction in peak power requirements and
      will enable a uniform cutting speed as in light duty cordless devices. The
      cutting of hair, carpet tufts, wool and materials other than grass, can be
      achieved with vastly improved overall cutting efficiency.
PAR  Particular cutting devices will vary widely as the invention is applied. In
      the cordless shear embodiment used as an example, the mechanical and
      electrical components are made as set forth in U.S. Pat. No. 3,623,223
      except, of course, for the blade construction whose design was according
      to the present invention. Mechanically actuated scissors, hedge shears,
      shrub trimmers, sickle bar type mowers, grass trimmers, metal cutting
      shears, and similar devices having two relatively movable coacting cutting
      edges which execute repetitive cutting actions by having the material to
      be cut fed between the edges to be progressively cut at a moving cutting
      point as one edge moves relative to the other at some relative angular
      disposition. In the type of cordless shear having a pivoting blade as used
      for illustration, in mechanically actuated scissors, and the like, the
      angle between the coacting blade edges, of course, changes as the cutting
      point moves during cutting whereas in sickle bars, hedge trimmers, and the
      like, it may be noted that the angle included between the coacting blade
      edges does not change even though the cutting point moves as the blades
      execute their repetitive relative motions. Also, in those types of rotary
      mowers, shears, and the like, in which there is a pair of mechanically
      driven blades which cut by rotation of one blade relative to the other,
      the cutting point moves and the angle included between the coacting
      cutting edges changes as in other examples mentioned above. Thus, in all
      these examples, the invention may be usefully applied so that the
      relatively movable blades are designed to cause the cutting point to move
      at a uniform speed during each cutting action.
PAR  Thus, a wide range of portable and non-portable electrically powered,
      gasoline powered, pneumatically and hydraulically powered, as well as
      tractor drawn, cutting devices lend themselves to the blade construction
      of the invention. All such devices having two coacting edges on blades
      which are mechanically actuated in some manner to obtain relative movement
      and cutting action in which the blade edges repetitively close in some
      angular relation to cause the cutting point to move or progress as
      described may be designed according to the invention. Grass density and
      grass toughness or resistance to cutting is known to vary widely. Thus,
      actual speeds of the cutting point of any device will vary from device to
      device and even the same device may exhibit a change in cutting point
      speed with a change in type of material being cut. Thus, the description
      and drawings should be considered as illustrating a "design" and not any
      particular operating condition. For example, with the embodiment
      illustrated, the cutting point speed may vary fron one type grass to
      another because of the limits of cordless power; but, with a particular
      material grass being in all respects uniform, the cutting point speed will
      remain uniform at some particular speed determined by the actual operating
      conditions. In any event, those skilled in the art will readily appreciate
      the many and varied applications to which the invention may be applied,
      whether in a true scissors-like action where one or both of the blades are
      curved to effect wiping and a positive point contact as in the embodiment
      described or in other types of devices which operate in a less
      scissors-like manner but with a pair of planar blades. The term "planar"
      is thus meant to include blades which are formed generally flat or planar
      in nature as in grass shears, hedge trimmers, and the like, whether or not
      curved for wiping purposes, and to exclude non-planar cutting blades, as,
      for example, helical blades used in reel-type lawn mowers.
CLMS
NUM  1.
PAR  1. A cutting apparatus comprising:
PA1  a. a mechanical drive source;
PA1  b. mounting means for said drive source; and
PA1  c. a pair of planar cutting blades having a predetermined number of
      coacting cutting edges for cutting material caught therebetween, said
      blades being mounted on said mounting means for repetitive relative
      movement and having a drive connection to said drive source whereby the
      respective coacting edges of said blades move in a repetitive angular
      relation and repetitively execute cutting actions, said coacting edges
      being shaped such that during each such cutting action the contacting
      cutting point between each pair of coacting edges moves at a uniform
NUM  2.
PAR  2. A cutting apparatus as claimed in claim 1 wherein said cutting blades
      comprise a pair of cutting blades each formed with a plurality of cutting
      teeth and one of which blades is fixed on said mounting means and the
      other of which is arranged to reciprocate thereon whereby respective
NUM  3.
PAR  3. A cutting apparatus as claimed in claim 2 wherein the teeth of said
      blades are formed with a predetermined relative curvature designed to
      effect a wiping action at the contacting cutting point during said cutting
NUM  4.
PAR  4. A cutting apparatus as claimed in claim 2 wherein said blades are formed
      of strips of sheet metal with said teeth being formed on respective mated
      ends thereof, including means pivotally mounting the said movable blade on
      the said fixed blade and wherein said drive connection drives said movable
NUM  5.
PAR  5. A cutting apparatus as claimed in claim 3 wherein said drive source
NUM  6.
PAR  6. A cutting apparatus as claimed in claim 2 wherein said blades are formed
      of sheet metal strip with said teeth being formed on respective mated
NUM  7.
PAR  7. In a portable shear adapted to shearing a width of growing material
      including grass, shrubbery, and the like, of the type having:
PA1  a. a housing having an electric motor disposed therein;
PA1  b. a first cutting blade having a plural number of cutting teeth and
      extending forwardly from said housing;
PA1  c. a second cutting blade having a plural number of cutting teeth and
      extending forwardly from said housing, said blades being positioned to
      mate the respective said teeth for relative movement in a repetitive
      angular relation for operative shearing action; and
PA1  d. drive means mounted in said housing and connecting said motor to drive
      at least one of said blades whereby said first blade teeth are
      reciprocated relative to said second blade teeth to cause the respective
      coacting tooth edges to execute repetitive said shearing actions while
      said relative movement proceeds at a non-uniform speed; the improvement
      comprising:
PA1  e. the coacting cutting edges of said teeth being shaped such that while
      said relative movement proceeds at said non-uniform relative speed, the
      contact cutting point between each pair of coacting edges of said teeth
      moves at a uniform speed during each such shearing action performed
NUM  8.
PAR  8. In a portable shear as claimed in claim 7 wherein the respective cutting
      edges of said first blade teeth are formed as straight edges and the
      respective cutting edges of said second blade teeth are shaped as curved
NUM  9.
PAR  9. In a portable shear as claimed in claim 7 wherein said first blade is
      secured to said housing and said second blade pivots thereon and said
NUM  10.
PAR  10. In a portable shear as claimed in claim 7 wherein both said blades are
NUM  11.
PAR  11. In a portable shear as claimed in claim 7 wherein said motor comprises
      a battery operated motor and including a battery mounted in said housing
NUM  12.
PAR  12. In a portable shear as claimed in claim 11 wherein said teeth are
      formed on respective mated forward ends of said blades, said first blade
      is secured to said housing, said second blade is mounted to pivot on said
      first blade and said drive means reciprocates said second blade at a
      non-uniform angular velocity to establish said non-uniform speed of
NUM  13.
PAR  13. A portable shear comprising;
PA1  a. a housing having a motor disposed therein;
PA1  b. handle means secured to said housing; and
PA1  c. a pair of planar blades having a predetermined number of coacting
      cutting edges for shearing material caught therebetween, said blades being
      mounted on said housing for repetitive relative movement and having a
      drive connection to said motor whereby the respective coacting edges of
      said blades move in a repetitive angular relation and repetitively execute
      cooperative shearing actions, said coacting edges being shaped such that
      during each such shearing action the contacting cutting point between each
NUM  14.
PAR  14. A portable shear as claimed in claim 13 wherein said blades comprise a
NUM  15.
PAR  15. A portable shear as claimed in claim 13 wherein said motor comprises a
      battery operated electric motor and said housing has battery means
NUM  16.
PAR  16. A portable shear as claimed in claim 15 wherein said blades comprise a
NUM  17.
PAR  17. A portable shear as claimed in claim 16 wherein said blades are
      provided with mated plural coacting teeth having plural cooperative
      coacting cutting edges for executing said cooperative shearing actions.
NUM  18.
PAR  18. A portable shear as claimed in claim 17 wherein the teeth on one of
      said blades are shaped with straight cutting edges and the teeth on the
      other of said blades are shaped with curved cutting edges to provide said
      uniform contacting cutting point speed.
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ABST
PAL  A tool is provided for use primarily by professional carpet installers to
      trim an even strip of carpet around the boundary of a pad or pre-laid
      carpet prior to the installation of new wall-to-wall carpeting. The tool
      includes a body portion having an angularly adjustable handle and carrying
      a pair of cutters mounted to the front wall thereof and projecting
      downwardly to cut a rug or a pad when the body portion is moved over the
      top surface of a carpet or pad. The body portion is mounted on rollers and
      is also provided with an adjustable guide which slides against the wall or
      baseboard to control the width of the cut being made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to hand tools and more particularly is
      directed towards a tool for cutting carpets, pads and the like in a
      straight, even strip around the border thereof.
PAR  2. Description of the Prior Art
PAR  Professional carpet installers frequently are called upon to install
      wall-to-wall carpeting over a previously installed older carpet which may
      have been cemented to the floor as is often done to rubber-back carpets.
      Such cemented carpets are extremely difficult to remove completely and it
      is, therefore, a common practice to leave the older carpet in place and
      use it as a pad for a new carpet installed directly over the old carpet.
      When carrying out this type of installation, it is necessary to cut away a
      border strip around the edge of the old carpet in order to allow room to
      install wooden tack strips along the baseboard. Such tack strips usually
      are on the order of an inch or so in width and are nailed or otherwise
      attached directly to the floor and are provided with a plurality of tacks
      or barbs along their upper surfaces to grip the edge of the new carpet and
      hold it tightly in place. Prior to installing the wooden tack strip, the
      border of the old carpet is cut back about 2 in. all around the old
      carpet. Heretofore, this cutting operation has been done with a common
      utility knife. In practice, it is extremely difficult for a person to make
      a straight cut, particularly over a long stretch, and carpet installers
      may have to make two or more passes around the room before a reasonably
      straight cut of a proper width is made. Even then the cut may be irregular
      with the result that the overlaying carpet may not be fully supported
      throughout and may show a certain amount of unevenness around the edge.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved carpet-cutting tool adapted to make a straight line cut of a
      carpet, pad or the like, in a strip of uniform width in one pass. Another
      object of this invention is to provide a carpet-cutting tool which is
      adjustable to make cuts of different widths and depths in accordance with
      the type of carpeting installed and the width of the tack strip to be
      laid.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a carpet-cutting tool comprising a body portion, an
      angularly adjustable handle mounted to the top of the body portion,
      rollers mounted to the underside of the body portion to provide smooth
      rolling contact with the underlying floor or carpet, a guide adjustably
      attached to the body portion and extending in spaced relation to the
      forward edge of the body portion to engage the baseboard and provide a
      pre-set distance between the body portion and the baseboard, and a pair of
      cutting elements mounted to the forward edge of the body portion and
      extending downwardly for cutting engagement with the carpet. The body
      portion and gauge are provided with graduated markings for measuring the
      width of the cut to be made.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a carpet-cutting tool made according to
      the invention,
PAR  FIG. 2 is a top plan view thereof,
PAR  FIG. 3 is a view in front elevation thereof, and,
PAR  FIG. 4 is a view in side elevation showing the tool in a typical cutting
      position.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the reference character 10 generally
      indicates a tool for use primarily by carpet installation personnel in
      cutting away an even strip of pad or carpeting about the border of a rug
      adjacent the baseboard for installation of a tack strip. The tool 10 is
      generally organized about a body portion 12 which, in the preferred
      embodiment, is a rectangular block typically seven inches in length and
      three inches in width. The thickness may be on the order of perhaps an
      inch or so and, in any event, these dimensions are only by way of example
      and obviously may be modified. In practice, the body 12 may be fabricated
      from a block of wood, metal, such as steel or aluminum, or plastic, for
      example, and may be solid or hollow.
PAR  The tool is provided with a handle 14 which, in the preferred embodiment,
      is angularly adjustable being mounted to the top wall of the block 12 by
      means of a pair of spaced bosses 16 and 18 each having a circular array of
      gear teeth 20 for locking engagement with a cooperating circular set of
      gear teeth 22 formed on the inner opposing end faces of the C-shaped
      handle 14. The ends of the handle 14 as well as the bosses 16 are formed
      with openings to receive a threaded bolt 24 to which is connected a wing
      nut 26 by which the angular position of the handles 14 with respect to the
      block 12 may be adjusted through a range of approximately 180.degree.. It
      will be understood that the angular position of the handle may be readily
      changed by backing off of the wing nuts 26 sufficiently to disengage the
      gear teeth 20 and 22 and selecting an angle best suited to the worker.
      Once the angle has been set, the wing nuts 26 are tightened and the handle
      is again clamped tightly in a locked position.
PAR  Formed diagonally in the front face of the block 12 is a pair of shallow
      grooves 28 and 30 in each of which is seated a cutter 32, 34. The cutters
      32 and 34 should be thin and as sharp as possible along their cutting
      edges which extend along the long edges of the cutters. The cutters are
      held in position by means of set screws 36 and 38 threaded into tapped
      holes formed centrally in the grooves 28 and 30. In practice, the cutters
      32 and 34 are of a trapezoidal outline with the lower edges being
      substantially parallel with the floor. Both long edges are sharp to permit
      the tool to be worked back and forth to provide cutting action in both
      directions. The cutters preferably are formed with central slots 40
      through which the shanks of the mounting screws 36 and 38 pass and which
      allow the cutters to be adjusted according to the depth of the cut being
      made. The cutters are thin and mounted flat against the forward face of
      the block 12 and are co-planar with one another. In practice, the tool is
      used by moving the same in a direction parallel to the baseboard and also
      parallel to the plane of the cutters.
PAR  To provide a smooth, easy motion of the tool, the block 12 is provided with
      rollers 42, typically four in number and mounted to the bottom of the
      block in pairs extending slightly below the bottom of the block. To
      further facilitate the motion of the tool, particularly when used on plush
      or other thick carpets, a smooth, flat plate 46 is provided across the
      bottom of the tool with the opposing ends of the plate being curved
      upwardly in smoothly, rounded bends 48 and 50 which allow the tool to ride
      smoothly over the nap of a thick pile without any sharp corners or edges
      which might interfere with such motion.
PAR  In order to insure that the cut made by the tool is parallel to the
      baseboard and the cut strip is of the same width all about the room, an
      adjustable wall guide 52 is provided. The guide 52, in the illustrated
      embodiment, is a rigid one-piece part typically formed of sheet metal and
      adjustably connected to the block 12 by means of a pair of wing nuts 54
      and 56 threaded to a pair of cooperating threaded studs extending in
      spaced relation upwardly from the top face of the block 12. The guide 52
      is somewhat T-shaped having a flat center leg portion 58 which is held
      flat against the top face of the block 12 by means of the wing nuts 54 and
      56. The leg 58 is formed with a pair of parallel, re-entrant slots 60 and
      62 to receive the threaded studs to which the wing nuts are connected. The
      guide 52 is also formed with an extension 64 projecting perpendicularly
      from the leg 58 but parallel to the plane of the cutters 32 and 34 in the
      forward face of the block 12. The extension 64 is integral with the leg
      portion 58 but is bent downwardly at a right angle to the plane of the leg
      portion 58 so that its outer face will bear flat against a baseboard 66 as
      suggested in FIG. 4. Preferably, the extension 64 has a length generally
      corresponding with the full length of the block to enhance stabilization
      of the tool when pressed against the baseboard. The extension also is
      smoothly rounded at the bend where it depends from the horizontal flat
      portion 58 so as to minimize the possibility of scratching or scoring the
      baseboard 66. The extension has its lower edge slightly raised above the
      plane of the bottom of the block as shown in FIG. 3 so as to be clear of
      the carpet and thereby prevent the tool from snagging or dragging on the
      carpet. Also, the extension is formed with a pair of spaced openings 66
      and 68 which register with the screws 36 and 38 which hold the cutters. In
      this manner, a screwdriver may be inserted through the openings 66 and 68
      to tighten or loosen the screws 36 and 38 for adjustment or replacement of
      the cutters 32 and 34 without removing the guide 52.
PAR  The guide 52 may be adjusted with respect to the block 12 by loosening the
      wing nuts and moving the guide inwardly or outwardly depending upon the
      width of the cut to be made. It will be understood that the position of
      the guide with respect to the block will determine the width of the cut as
      may be seen in FIG. 4 and this cut will continue along evenly from the
      baseboard 66 and will be true and straight throughout the room. By moving
      the guide in or out, a narrower or wider strip of carpet may be cut away
      as required. The workman merely places the tool on the carpet with the
      outer face of the guide extension bearing against the baseboard and then
      pushes it down. He then works the tool along the baseboard with the
      cutters extending into the carpet and cutting the carpet as the tool is
      moved along. Since a pressure downwardly and inwardly is required to hold
      the guide against the wall and also to cut into the carpet, the handle 14
      may be set at an angle best suited for this purpose.
PAR  In order to allow the tool to be pre-set according to the width of the cut
      to be made without separately measuring or marking the carpet, a scale 70,
      typically covering a two inch range, is applied to the top face of the
      block 12 closely adjacent a side edge of the plate 58 as best shown in
      FIGS. 1 and 2. The plate 58, in turn, is provided with a reference mark 72
      directly opposite the scale 70 so that the worker may be able to quickly
      adjust the guide to whatever width of cut that is to be made.
CLMS
STM  Having thus described the invention what I claim and desire to obtain by
NUM  1.
PAR  1. A tool for cutting installed carpets and the like along a line parallel
      to a baseboard or the like, comprising
PA1  a. a body portion having a substantially flat horizontal upper face and a
      substantially flat vertical front face,
PA1  b. a handle connected to the upper face of said body portion and being
      angularly adjustable with respect to said body portion about an axis
      parallel to said front face,
PA1  c. a pair of screw -mounted thin, flat cutting blades detachably mounted
      flat against the front face of said body portion in a substantially
      vertical plane and each having a cutting edge thereof extending downwardly
      from the body portion in diagonally different directions for cutting
      engagement with said carpet,
PA1  a smooth flat plate formed with upwardly curved ends mounted to the bottom
      of said body portion,
PA1  e. a plurality of rollers mounted in spaced relation along the bottom of
      said body portion for rotation about parallel horizontal axes
      perpendicular to said front face,
PA1  f. adjustable guide means extending from said body portion in spaced
      parallel relation to said cutting blades for sliding engagement with said
      baseboard,
PA1  g. said guide means including a horizontally disposed flat leg portion
      adjustably connected to the upper face of said body portion and extending
      therefrom perpendicular to said front face,
PA1  h. said guide means also including a verically disposed straight, smooth,
      flat wall at the free end of the said leg portion and perpendicular
      thereto for sliding engagement with said baseboard, said wall being
      substantially co-extensive with and parallel to said front face and formed
      with an opening in registration with each cutting element,
PA1  i. cooperating measuring indicia on the leg portion of said guide means and
      on the upper face of said body portion for measuring the spacing between
      the wall of said guide means and said cutting blades.
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PAL  A carpet cutter for cutting a carpet at the time of spreading it in a room.
      The carpet cutter in this invention makes it possible to finish the carpet
      so as to just fit in the room precisely without causing any damage on the
      floor, wall and the like. This carpet cutter comprises a base plate, a
      grip for gripping the tool firmly in hand, a guide plate for enabling the
      tool to move straight along the wall in a carpet cutting movement, said
      guide plate at a side opposite to the wall facing side having a mechanism
      for firmly setting a blade therein, and a wheel member incorporated in
      said tool playing the role of pressing down the carpet at the vicinity of
      the cutting portion thereby, making it possible to adjust the length or
      width of the carpet so as to make it fit in a room where it is spread by
      predeterminedly adjusting the vertical position of said wheel member with
      the use of a graduation marked beside it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a carpet cutter and in particular a carpet
      cutter which can cut a carpet precisely without causing any damage to the
      side wall, floor and the like against which the carpet abuts.
PAC  BRIEF DESCRIPTION OF THE PROBLEM
PAR  When spreading a carpet in a room and the like, it is usual that a carpet a
      bit larger than the area of the carpeting place is used, the surplus
      portion being cut off from the carpet so as to make the carpet just fit in
      the room.
PAR  Conventionally carpets are cut to the above-described effect with the use
      of some kind of tool, either a tool made exclusively for that purpose or
      any kind of blade as a provisional tool, with the result more often than
      not that said tool causes a bruise or bruises on the floor or the wall
      against which the carpet abuts. Also, carpet cutting requires a highly
      experienced technique to cope with cutting conditions that may vary in
      accordance with the kind and thickness of the carpet. Furthermore,
      conventional carpet cutting costs additional time and labor for applying
      finishing touches on the cut surface of a carpet to make it fittingly
      contact with the wall and the like.
PAC  OBJECTS OF THE INVENTION
PAR  A first object of this invention is to provide a carpet cutter capable of
      cutting a carpet at the time of spreading it in a room so as to make the
      cut section just fit the wall and floor surface only by means of moving
      the cutter along the corner between the wall and the floor, a guide plate
      of said cutter keeping a pressure contact with the wall during the cutting
      trip of said cutter.
PAR  A second object of this invention is to provide a carpet cutter to cut a
      carpet in the above mentioned state without causing damage by the blade on
      the wall and floor surface by means of adjusting the blade at the rear
      portion of said guide plate.
PAR  (In the above and hereinafter, rear and front or back and forth are
      equivalent to right and left in FIG. 2.)
PAR  A third object of this invention is to provide a carpet cutter to carry out
      an accurate and flawless cutting of a carpet state by means of providing a
      wheel member which pressing down the carpet along the cutting portion
      thereby making it possible to adjust the carpet length as desired by
      previously adjusting said wheel member in the vertical position thereof.
PAR  A fourth object of this invention is to design a carpet cutter which can
      provide the best suitable cutting in accordance with the kind, thickness
      and spreading situation of the carpet by means of a mechanism to change
      the cutting angle as desired.
PAR  These objects can be accomplished by the improvement, combination and
      operation of every part constituting this invention, the preferred
      embodiment of which will be apparent in the attached drawings and the
      illustration herein given.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view showing an embodiment of this invention.
PAR  FIG. 2 is a side view of the invention.
PAR  FIG. 3 is a plan view of the invention.
PAR  FIG. 4 is a partially broken perspective view of the invention.
PAR  FIG. 5 is a perspective view of the invention at the blade adjusting
      portion thereof in a disassembled state.
PAR  FIG. 6 is a partially broken perspective view of the invention at the
      portion of adjusting the blade angle thereof.
PAR  FIG. 7 is a side view showing the main parts of this invention in the state
      of cutting the carpet.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawing, numeral 11 designates a base plate enabling the carpet
      cutter to move slidably on a spread carpet, at the upper rear surface
      portion of base plate 11, there is a grip 12 available for holding the
      carpet cutter firmly in hand.
PAR  An elongated side guide plate is projects upwards slightly and is inclined
      backward at the front edge of base plate 11, the guide plate 13 abuts at
      the lower edge thereof against the corner between the wall and the floor,
      the guide plate 13 forming a semi-circle at the sidewise terminals
      thereof. Also the guide plate 13 at the lower edge thereof projects
      slightly from the lower face of the base plate 11 thereby forming a carpet
      pressing portion 14.
PAR  At the rear side of guide plate 13 on the upper face of the base plate 11
      is mounted an oscillatable plate 15 at the lower portion thereof keeping a
      suitable distance between said edge and the guide plate 13. The
      oscillatable plate 15 at the lower terminal thereof connects to a fitting
      plate 17 via an axis 16 acting as a hinge, said fitting plate 17 through
      its overlapping portion fixed to the base plate 11 also fixes the plate 15
      to said base plate 11, said oscillatable plate 15 having a slit 18 at both
      sides thereof.
PAR  A sideways extending blade holder 19 firmly but detachably holds the blade
      22 at both terminal portions thereof, said blade holder 19 being in front
      of plate 15, said blade holder 19 measuring a bit shorter than the guide
      plate 13 and longer than the front width of base plate 11. Also blade
      holder 19 can be aligned side by side with the guide plate 13 overlapping
      at the central portion thereof over plate 15 and fixed thereto so as to be
      adjustable vertically as desired by means of a tightening member 20 which
      penetrates through said slit 18.
PAR  At the front central portion of the blade holder 19 is raised portion 21 by
      means of either embossing the holder 19 itself or lapping the other plate
      thereover, said raised portion 21 forming a downward widening shape but
      tapering downward intermediately at the lower portion thereof thereby
      giving the blade a trapezoidal formation to fit at one edge either to the
      downward widening edge 23 of the raised portion 21 or the downward
      tapering edge 24 of the same with the result that the blade is usable at
      both vertical edges thereof.
PAR  The blade holder 19, as shown in FIG. 5, is provided at the rear side
      surface of both terminal portions with a wing member 25, said blade holder
      19 also at the sidewise edge thereof connecting to a blade fitting plate
      26, said blade fitting plate 26 partially lapping over the rear side wing
      member 25 which forms a forward projection 27 thereon and a penetration
      hole 28 penetrating back and forth therethrough, said blade fitting plate
      26 abutting at the terminal edge thereof against the blade holder 19, said
      blade fitting plate 26 having a vertical slit 29 through which projection
      27 penetrates and another vertical slit 30 communicating with said
      penetration hole 28 thereby enabling blade fitting plate 26 to be
      vertically adjusted as desired relative to said blade holder 19.
PAR  In front of blade fitting plate 26 is mounted a disk-like blade guard 31,
      said blade guard 31 having a screw 32 which projects rearward thereby
      penetrating through slit 30 and penetration hole 28 until projecting out
      of the wing member 25 rearward, said blade guard 31 thereby firmly holding
      the blade fitting plate 26 in the state of sandwiching it in cooperation
      with the wing member 25 by means of tightening a nut 33 spirally equipped
      on said screw 32.
PAR  Also blade guard 31 at the portion thereof overlapping blade holder 19
      securely holds the blade 22 by means of sandwiching the blade 22 which
      also overlaps the blade holder 19.
PAR  The blade fitting plate 26 extends outwards past the wing member 25 and
      forms at the terminal portion in the extending direction thereof, an
      arcuate vertical slit 34, said blade fitting plate 26 at the rear face
      thereof being axially provided with a wheel member 35 for pressing down a
      carpet in the process of the carpet cutting operation, said wheel member
      35 being vertically adjustable along the slit 34.
PAR  The wheel member 35 is installed by means of inserting a spiral tube 36
      into said slit 34 so as not to go therethrough from the front of the blade
      fitting plate 26, thence screwing the screw 37 at the forward tip thereof
      into spiral tube 36 from the rear side of blade fitting plate 26, said
      screw 37 having penetrated into wheel member 35, the wheel member 35 is
      adjustable of its vertical position under the adjustment of the screw 37
      within the scope of said slit 34.
PAR  Between the guide plate 13 at the rear side terminal portion and the blade
      fitting plate 26 at its lower edge is a space 38 for allowing the carpet A
      to enter therein. The tip of blade 22 projects into said space 38.
PAR  Graduations 39 are marked along the edge of slit 34 so as to adjust the
      wheel member 35 at its vertical position so that the wheel member 35 is at
      the proper position for the length of the carpet A when it is spread in a
      room after completion of the cutting. The other graduation 40 is provided
      on the blade fitting plate 26 at the edge so that the plate 26 makes a
      side contact with the blade holder 19, the position of blade fitting plate
      26 is vertically adjustable according to the graduation 40 thereby
      enabling the space 38 to widen in accordance with thickness of the carpet
      A.
PAR  An adjusting mechanism 41 is arranged at the rear portion of oscillating
      plate 15, said adjusting mechanism 41 serving to adjust the rising angle
      of plate 15.
PAR  This adjusting mechanism 41, as shown in detail in FIG. 6, comprises a
      bearing member 42 which fixing to the fitting plate 17 at the upper face
      central portion thereof in the state of lapping thereover, said bearing
      member 42 comprises vertical walls mounted in a rear and front
      confrontation with each other, said vertical walls rotatably holding a
      spiral shaft 43 over which is a cylindrical member 44, said cylindrical
      member 44 having at the upper portion of the outer periphery thereof a
      projecting piece 45, said projecting piece 45 at the upper terminal
      thereof axially connecting to a link 46 at the base portion thereof, said
      link 46 at the forward tip thereof axially linking to a fitting metal part
      47 which is fixed to the rear face of the oscillating plate 15, further a
      spring 48 is provided in between plate 15 at the upper edge thereof and
      the rear side wall of said bearing member 42.
PAR  The spiral shaft 43 is to be driven rotationally at its rear side terminal
      projecting out of the rear side wall of bearing member 42 with a driver so
      that the spiral shaft 43 with its rotating movement back and forth can
      move the cylindrical member 44 back and forth resulting in the change of
      rising angle of oscillating plate 15 via the link 46.
PAR  Accordingly, the blade 22 connected to plate 15 via the blade holder 19 can
      change its rising angle as required, this angle adjustment is necessary
      for the sake of changing the angle of the carpet's cut section relative to
      the wall or the floor.
PAR  The spiral shaft 43 can also be equipped with a kind of thumb nut and the
      like for its operation directly by fingers instead of using a driver.
PAR  The grip 12 and the base plate 11 at their contacting portion form a hollow
      chamber 49 for encasing a blade container 50 therein, said chamber 49
      opening backward so that the blade container 50 can come in and out of
      said chamber 49 therethrough.
PAC  OPERATION OF THE INVENTION
PAR  The blade 22 is set at first at both terminals of the blade holder 19 with
      the disk-like blade guard 31 applying a pressure contact thereto, thereby
      adjusting the blade rising angle as predetermined by plate 15 under the
      operation of the adjusting mechanism 41.
PAR  Then the blade holder 19 is fixed to plate 15 so as to have the blade
      holder 19 at the lower edge thereof make a contact with the base plate 11,
      thereby adjusting the vertical position of the blade fitting plate 26 and
      the wheel member 35 in accordance with the length and thickness of the
      cutting carpet.
PAR  The carpet A when spread in a room has surplus edge portions which rise
      along the floor and upward along the wall face.
PAR  The carpet cutter after completion of the foregoing adjustment is placed on
      the carpet in such a manner that the guide plate 13 of the carpet cutter
      abuts against the wall thereby inserting the carpet at the terminal
      portion rising from the bending part upward along the wall into the space
      38 between guide plate 13 and blade fitting plate 26.
PAR  At this time, the wheel 35 is playing the role of holding down the carpet A
      at its terminal portion within the scope of the spread carpet over the
      room floor.
PAR  In the above state, the carpet cutter at the blade 22 thereof cuts the
      carpet A as it moves along the carpet bending corner with the guide plate
      13 keeping a pressure contact with the wall.
PAR  The edge of the carpet spread over the room is guided so as to enter
      smoothly beneath the base plate 11 at the forward tip thereof after
      completion of the cutting, so that the carpet A at the cut section makes a
      close contact with the floor or the wall face. At this time, the pressing
      portion 14 which is cornered between the guide plate 13 and the base plate
      11 keeps pressing down the carpet A at the cut portion thereof throughout
      the cutting process thereby making it possible to carry out a complete
      spreading of the carpet A in a single operation of the cutting process.
PAR  As apparent in the foregoing illustration, the present invention makes it
      possible to cut a carpet so as to make it fit in where it is to be spread
      in a single operation without causing any damage on the wall, floor and
      the like also does not require experience or technique for the carpet
      cutting.
CLMS
NUM  1.
PAR  1. A carpet cutter, comprising in combination:
PA1  a. a horizontal base plate (11) with one and another terminal portions,
      said base plate being slidable along a carpet;
PA1  b. a grip (12) vertically mounted along said one terminal portion of said
      base plate;
PA1  c. a sidewise extending guide plate (13) disposed vertically at
      substantially a right angle to said base plate (11) at said other terminal
      portion, said guide plate (13) being substantially parallel to said grip
      (12), one side of said guide plate facing said grip (12), said guide plate
      (13) being longer than and extending outwardly from the base plate (11) at
      both sides thereof;
PA1  d. an oscillatable plate (15) with a lower terminal axially connected to
      said base plate (11) at the immediate vicinity of said guide plate (13) on
      said grip facing side;
PA1  e. a blade holding plate (19) with a terminal section fixed to said
      oscillatable plate (15) at said side facing the guide plate (13), a blade
      fitting plate (20) connected sidewise to said terminal section, said blade
      fitting plate (20) holding a blade (22) with a cutting portion to the
      blade holding plate (19) at said terminal section in the position of
      having the blade (22) overlapping, a space (38) for allowing the insertion
      of a carpet defined between the guide plate (13) on the grip facing side
      and the blade cutting portion;
PA1  f. a wheel member (35) disposed on said blade fitting plate (20) outwards
      of the blade cutting portion at the grip facing side thereof, said wheel
      member (35) serving to press the carpet at the cutting portion thereof by
      rolling thereover while cutting the carpet; and,
PA1  g. a rotatable spiral shaft (43) and a spiral cylinder (44) with a link
      (46) disposed between the oscillatable plate (15) and the grip (12) on
      said base plate (11), said oscillatable plate (15) being connected to said
      spiral cylinder (44) by said link (46) so that the angle of said
NUM  2.
PAR  2. A carpet cutter as claimed in claim 1, said wheel member (35) being
      vertically adjustable as desired in accordance with the thickness of the
NUM  3.
PAR  3. A carpet cutter as claimed in claim 1 in which the blade fitting plate
      is vertically adjustable and has graduations thereon so as to adjust said
      space (38) in accordance with the thickness of the carpet inserted
      therein.
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PAL  Disclosed is a device for cutting circles and the like consisting
      essentially of an adapter for mounting on one leg of a compass and into
      which is threaded a blade holder provided with a blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a compass-like device for cutting circular
      pieces of very accurate dimensions from sheets of paper, cardboard,
      plastic, leather and the like.
PAR  While many devices of this character have heretofore been proposed they
      have been so complex in structure as to be prohibitively expensive.
PAC  STATE OF THE ART
PAR  The art to which this invention relates already is aware of the following
      U.S. Pat. Nos.: 3,335,497; 3,098,304; 3,394,460; and 2,943,392. The
      structures described in these patents are either of the drop compass type
      to which a cutting member has been added or of the beam compass type or
      yet mechanical improvements in simple scribing compasses.
PAR  The principal object of this invention is to provide a device or article of
      this character which combines simplicity, strength and durability in a
      high degree, together with inexpensiveness of construction.
PAR  Other objects of this invention will in part be obvious and in part
      hereinafter pointed out.
PAR  The invention accordingly consists in the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter described, and of which the
      scope of application will be indicated in the following claims.
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PAR  In the accompanying drawing, in which is shown one of the various possible
      illustrative embodiments of this invention, wherein like reference
      character identify the same or like parts:
PAR  FIG. 1 is a front elevational view of a device embodying features of the
      invention;
PAR  FIG. 2 is a detailed view in section of the cutting assembly of the device;
PAR  FIG. 3 is a top view of the assembly; and
PAR  FIG. 4 is a bottom view thereof.
DETD
PAR  With reference to the drawing, there is shown and illustrated a cutter
      constructed in accordance with the principles of the invention and
      designated generally by reference character 10.
PAR  Referring to the drawing, the device 10 includes a pair of elongated
      tubular legs 12 and 14 pivoted at their upper ends in block 16 by pins 18
      and 20. A handle 22 is integral with or fastened to block 16. In the lower
      end of leg 12 is mounted pointer 24 which is height-adjustable therein by
      means of clamp screw 26 which passes through an opening in tubular leg 12.
PAR  Mounted in the lower part of leg 14 by means of a separable pin and socket
      connector 28 is adapter 30 which is internally threaded at 32 to receive
      blade holder 34 for pointed generally planar blade 36.
PAR  As shown in FIG. 2, connector 28 has a tubular upper part or pin 38
      received in the lower part of leg 14 which has clamp screw 40 for
      adjusting the length of the cutting means away from block 16. The lower
      end of connector 28 has a rounded radially projecting shoulder 42 which is
      captured in cavity 44 in the upper part of adaptor 30 through which passes
      clamp screw 46. This arrangement makes it possible for the adaptor to
      rotate about the axis of leg 14 so as to set blade 36 at an angle desired.
PAR  As shown in FIGS. 2 and 4, the lower end of blade holder 34 has a pair of
      elongated intersecting slits 48 and 50. After blade 36 is inserted in slit
      50 of the holder, the same is screwed in the adaptor thereby tightening
      the outwardly flaring surfaces 52 of the holder against the inner surfaces
      of the bore 54 in adaptor 30. This clamping action secures blade 36 in the
      assembly.
PAR  In a modified version of the invention, the connector and the adaptor are
      made in one piece. The orientation of blade 36 then is obtained by turning
      blade holder 34.
PAR  The cutter of the invention operates like a compass with its pointer
      forming the center of the pieces cut by the blade. The angle of attack of
      the blade is easily varied, as needed.
PAR  The operation and use of the invention hereinabove described will be
      evident to those skilled in the art to which it relates from a
      consideration of the foregoing.
PAR  It will thus be seen that there is provided a device in which the several
      objects of this invention are achieved, and which is well adapted to meet
      the conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiments above set forth, it is
      to be understood that all matter herein set forth or shown in the
      accompanying drawing is to be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  Having thus described my invention I claim as new and desire to secure by
NUM  1.
PAR  1. A device for cutting circles comprising: a pair of elongated legs; pivot
      means connecting upper ends of said legs for swinging movements; a pointer
      carried in the lower end of one of said legs; blade holding means; means
      for mounting said blade holding means to a lower end of the other of said
      legs for rotation about the axis of said other leg; a pointed generally
      planar blade fixedly carried projecting from said blade holding means;
      said blade holding means having a bore in the lower part thereof, said
      bore having a threaded upper portion and an unthreaded lower portion, a
      slitted member having slits at a lower portion thereof for fixedly
      carrying said blade and outwardly flaring surfaces in the area of said
      slits, said slitted member further having an upper threaded portion for
      connection to said threaded portion of said bore, the screwing of said
      threaded portions together resulting in tightening said flaring surfaces
      against the unthreaded lower portion of said bore thereby clamping said
NUM  2.
PAR  2. A device for cutting circles comprising: a pair of elongated legs; pivot
      means connecting upper ends of said legs for swinging movements; a pointer
      carried in the lower end of one of said legs; blade holding means; means
      for mounting said blade holding means to a lower end of the other of said
      legs for rotation about the axis of said other leg; a pointed generally
      planar blade fixedly carried projecting from said blade holding means;
      said mounting means comprising a separable connector means carried by said
      other leg; said connector means including a pin received in socket means
      carried by said other leg, said pin having a radially projecting shoulder
      at the lower part thereof; said blade holding means having a cavity in the
      upper part thereof configured for capture of said shoulder; and a screw
      carried threadably by said blade holding means for bearing on said
NUM  3.
PAR  3. The device of claim 2 wherein said blade holding means has a bore in the
      lower part thereof, said bore having a threaded upper portion and an
      unthreaded lower portion, a slitted member having slits at a lower portion
      thereof for fixedly carrying said blade and outwardly flaring surfaces in
      the area of said slits, said slitted member further having an upper
      threaded portion for connection to said threaded portion of said bore, the
      screwing of said threaded portions together resulting in tightening said
      flaring surfaces against the unthreaded lower portion of said bore thereby
      clamping said blade in said slits.
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PAL  A chain saw adapted to damp mechanical vibrations comprising a front handle
      attached to the front portion of the engine section through a plurality of
      vibration dampers made of rubber or like material, a connector made of a
      rigid material connected to the front handle and disposed downwardly of
      the engine section to extend rearwardly thereof, and a rear handle
      attached to the upper portion of the rear wall of the engine section
      through at least one vibration damper made of rubber or like material. The
      connector is connected at its rear end portion to the rear handle through
      a vibration damper made of rubber or like material and at its intermediate
      portion to the underside of the engine section through a vibration damper
      made of rubber or like material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the construction in which handles for operating a
      portable chain saw or other portable machine which has a built-in
      vibration producing source are mounted such that vibrations produced by
      the vibration producing source (hereinafter referred to as the engine) is
      absorbed through vibration absorbing means.
PAR  Generally, a fuel tank, an oil tank, a chain saw blade actuating section
      and the engine for driving the saw blade constitute a main body of a
      sawing machine of this type in order to obtain an overall compact size.
      Usually, the sawing machine of this type has attached thereto through
      vibration absorbing means a rear handle for deciding the direction of
      movement of the chain saw blade and a front handle for supporting the main
      body when a sawing operation is performed.
PAR  The rear handle is intended to perform the function of maintaining the
      chain saw blade in a predetermined position, in a predetermined posture
      and in a predetermined direction when a sawing operation is performed, so
      that the rear handle has only to be gripped with a force of relatively low
      intensity. On the other hand, the front handle is disposed near the center
      of gravity of the main body of a chain saw and mainly intended to support
      the weight of the main body. Thus, the front handle must be mounted such
      that it can readily cope with a change in the posture of the main body and
      at the same time satisfactorily absorb vibration of the main body.
PAR  In view of the aforementioned functions of the handles, several types of
      chain saws including handles constructed to absorb vibration have hitherto
      been developed. However, none of them have been satisfactory in operation.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the use of vibration absorbing means interposed between the main
      body and handles tends to increase flexibility in the connection between
      the main body and each handle as the ability of the vibration absorbing
      means increases, with a result that the degree of precision with which the
      sawing machine is operated is lowered and difficulty is experienced in
      performing a sawing operation. Accordingly, this invention has as its
      object the provision of a portable chain saw and more particularly an
      improved construction of vibration absorbing means for the handles of a
      chain saw which enables the chain saw to be gripped and operated with
      increased efficiency. The construction provided by the invention enables
      the handles of the chain saw to have required rigidity without losing
      their vibration absorbing capabilities. With the construction provided by
      the invention, a sawing operation can be performed positively and readily
      by absorbing shock to which the body of the operator would otherwise be
      exposed, so that the safety of the operator can be ensured.
PAR  Additional and other objects and features of the invention will become
      evident from the description set forth hereinafter when considered in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view, with certain parts being shown in section, of the
      chain saw comprising one embodiment of the invention;
PAR  FIG. 2 is an end view, with certain parts being shown in section, of the
      front handle showing the manner in which it is attached to the chain saw
      of FIG. 1;
PAR  FIG. 3 is a front view of the connector used in the chain saw shown in FIG.
      1;
PAR  FIG. 4 is a top plan view of the rear handle attached to the chain saw
      shown in FIG. 1;
PAR  FIG. 5 is a sectional side view of the rear handle shown in FIG. 4;
PAR  FIG. 6 is a side view, with certain parts being shown in section, of the
      chain saw comprising another embodiment of the invention;
PAR  FIG. 7 is an end view, with certain parts being shown in section, of the
      front handle shown in FIG. 6 showing the manner in which the front handle
      is attached to the chain saw;
PAR  FIG. 8 is a front view of the connector used in the chain saw shown in FIG.
      6;
PAR  FIG. 9 is a top plan view of the rear handle attached to the chain saw
      shown in FIG. 6;
PAR  FIG. 10 is a sectional side view of the rear handle shown in FIG. 9;
PAR  FIG. 11 shows a front view of a further modification of the connector
      forming a third embodiment of the invention;
PAR  FIG. 12 is a top plan view of the connector of FIG. 11; and
PAR  FIG. 13 is a sectional view along lines XIII--XIII of FIG. 12.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A first embodiment of the invention will be described with reference to
      FIG. 1 to FIG. 5. An engine and a device associated therewith necessary
      for driving a chain saw blade 4 is housed in a main body 1 of the engine
      of the chain saw. The chain saw blade 4 which is driven through a drive
      shaft moves on an endless track along the edges of a guide plate 5
      extending rightwardly in FIG. 1 and performs a sawing action by its teeth.
      In FIG. 1, 3 designates the center axis of the drive shaft.
PAR  The main body 1 has a front handle 6 and a rear handle 7 attached thereto,
      so that the operator can positively hold the main body 1 of the chain saw
      by gripping these handles to manually operate the saw. The front handle 6
      is mounted such that it surrounds the top, one side and bottom of a front
      portion of the main body 1 and is connected at the bottom of the main body
      1 to a T-shaped connector 8 made of a rigid material. The connector 8
      extends rearwardly from the front portion of the main body 1 and is
      connected at its rear end portion to the rear handle 7 through a vibration
      absorber 29. The connector 8 is secured at its intermediate portion 20b to
      the main body 1 through a vibration absorber 20. Thus, the front handle 6
      is connected to the rear handle 7 through the connector 8. By this
      arrangement, the swinging motion of the main body 1 relative to the front
      handle 6 in a plane normal to the handle 6 can be precluded while a sawing
      operation is being performed.
PAR  The front handle 6 is firmly secured at its upper end to a support post 9
      which is rigidly connected to the main body 1 by a bolt 11. An upper
      vibration absorber 10 is interposed between the front handle 6 and the
      support post 9. The front handle 6 surrounding the main body 1 at three
      sides is spaced apart therefrom a distance sufficiently great to permit
      the hand of the operator to grip the handle 6. On the other hand, the
      front handle 6 is secured at its lower end to the main body 1 through a
      lower vibration absorber 14 arranged in a lower seat 13 which extends in
      the form of a rectangle along the center axis 3 of the drive shaft. The
      connector 8 which extends rearwardly is secured at its intermediate
      portion 20b to the bottom of the main body 1 through a vibration absorber
      20 in a position which is near the rear end of the main body 1. The
      connector 8 is further connected at its rear end to the lower end of the
      rear handle 7 through a vibration absorber 29. The rear handle 7 is
      secured to the upper portion of the rear wall of the main body 1 through a
      plurality of vibration absorbers 25.
PAR  As shown in FIG. 2, the upper vibration absorber or shock absorber 10 for
      the front handle 6 consists of a pair of left and right halves of a
      resilient member made as of vibration absorbing rubber, and annular plate
      members 10a and 10b made of a rigid material and secured to outer
      periphery and inner periphery respectively of the resilient member. The
      annular plate member 10a is inserted in an annular end portion of the
      support post 9, while the annular plate member 10b receives therein a
      minor diameter portion of the front handle 6. The upper shock absorber 10
      is thus positively secured to the front handle 6 and the post 9 by a
      mounting bolt 12. 10c is an annular hollow portion which is formed when
      the two halves of the upper shock absorbing means 10 are assembled.
PAR  Like the upper shock absorber 10, the lower vibration absorber or shock
      absorber 14 consists of a resilient member made as of vibration absorbing
      rubber and upper and lower rigid plate members 14a and 14b affixed to the
      upper and lower sides of the resilient member respectively. The lower
      shock absorber 14 is substantially segmental in shape in its transverse
      cross-section as shown in FIG. 1 and substantially rectangular in shape in
      its longitudinal cross-section as shown in FIG. 2 to extend longitudinally
      along one side of the main body 1. Mounting nuts 15 are secured to one
      side of the lower plate member 14b which is in contact with and embedded
      in the resilient member. By threadably connecting mounting bolts 16 on the
      mounting nuts 15, it is possible to positively affix the lower shock
      absorber 14 to the lower end of the front handle 6. On the other hand, the
      upper plate member 14a is secured at opposite ends of its longitudinal
      axis by mounting bolts 17 to the bottom of the main body 1. 14c is a
      recess formed in the resilient member to receive therein bolts 18 for
      interconnecting housing members for the main body 1.
PAR  The vibration absorber or shock absorber 20 through which the intermediate
      portion of the connector 8 is secured to the bottom of the main body 1
      consists of a cylindrical resilient member made as of rubber, and plate
      members 21a and 21b affixed to the upper surface and underside of the
      resilient member as shown in FIG. 1. Threaded rods 22a and 22b extend
      outwardly from end surfaces of the plate members 21a and 21b respectively.
      By threadably connecting nuts 23a and 23b to the threaded rods 22a and 22b
      respectively and tightening them, it is possible to firmly secure the
      intermediate portion 20b of the connector 8 to the rear wall of the main
      body 1.
PAR  The front handle 6 is supported at its upper end portion by the upper
      portion of the main body 1 through the front shock absorber 10 of the
      aforesaid construction, and at its lower end portion by the front end of
      the lower portion of the main body 1 at a pressure bearing seat of a
      substantial width extending laterally. Thus, the front handle 6 is
      supported, as it were at three points. Moreover, the main body 1 is
      supported at the lower portion of its rear wall by the connector 8 firmly
      secured to the shock absorber through the bolts 16. This makes it possible
      to support the sawing machine in a stable manner when a sawing operation
      is performed. Furthermore, the connector 8 extends rearwardly of the main
      body 1 and is connected at its rear end to the rear handle 7, thereby
      ensuring positive handling of the main body 1 during operation.
PAR  When the sawing machine is handled, the front handle 6 is responsible for
      movement and support of the sawing machine during its operation, because
      the front handle 6 is disposed in a position disposed in the vicinity of
      the vertical and transverse planes passing through the center of gravity
      of the machine. Thus, by virtue of the aforementioned arrangement, the
      swinging motion of the sawing machine in a vertical direction relative to
      the front handle 6 is restricted by the connector 8 disposed below the
      main body 1, while the swinging motion of the machine in a transverse
      direction (leftwardly and rightwardly) is restricted by the provision of
      the lower shock absorber 14 which has a pressure supporting seat extending
      transversely for a substantial distance. Thus, the machine can be held
      firmly when it is supported by the operator gripping the front handle 6,
      because the front handle 6 has suitable rigidity as aforementioned.
PAR  The connector 8 is substantially in the form of a letter T as shown in FIG.
      3. It is to be understood, however, the invention is not limited to this
      form of connector and that the connector 8 may be of any form as desired.
PAR  On the other hand, the rear handle 7 is affixed at its front end portion to
      a shock absorber seat disposed on the upper portion of the rear wall or
      back surface of the main body 1 through a plurality of shock absorbers 25
      (two in number in this embodiment) spaced apart from each other in a
      direction parallel to the center axis of the drive shaft and secured to
      the rear handle 7. The rear handle 7 is connected at its rear end through
      a cylindrical shock absorber 29 to the rear end portion of the connector
      8. Thus the rear handle 7 and the connector 8 are interconnected to be
      shaped in the form of a letter U lying on one side and its open upper
      portion facing toward and disposed at right angles to the front handle 6.
      The rear handle 7 mainly performs the function of deciding the direction
      in which the machine faces.
PAR  The upper shock absorbers 25 for the rear handle 8 are similar in
      construction to the shock absorber for the front handle 6 and consists of
      a resilient member made as of rubber, and plate members 25a and 25b made
      of a rigid material and affixed to opposite end surfaces of the resilient
      member. Formed within the resilient member is a hole 25c (See FIG. 1) in
      which are arranged mounting bolts 28 connected through the plate member
      24a to the rear wall of the main body 1 and fastened thereto. Mounting
      bolts 27 are connected to the plate member 25b and nuts 37 are in
      threadable engagement with the bolts 26. By tightening the nuts 27 on the
      bolts 27, the rear handle 7 can be firmly secured to the main body 1.
PAR  The cylindrical shock absorber 29 for connecting the rear handle 7 to the
      connector 8 is similar in construction to the shock absorber 20 for
      securing the connector 8 at its intermediate portion to the bottom of the
      main body 1. By tightening nuts on threaded mounting rods, it is possible
      to connect the rear handle 7 to the connector 8.
PAR  A second embodiment of the invention will now be described with reference
      to FIg. 6 to FIG. 10. The second embodiment is similar in construction to
      the first embodiment shown and described above except for the fact that
      they are distinguished from each other in the construction of the lower
      shock absorber for the front handle and the upper shock absorber for the
      rear handle 7. In the drawings, therefore, like reference characters
      designates similar parts.
PAR  The numeral 30 designates lower shock absorbers for the front handle 6
      mounted in two positions as shown in FIG. 7 and spaced apart from each
      other in a direction parallel to the center axis 3 of the drive shaft. The
      numeral 33 designates a connector secured by mounting bolts 34 to the
      lower end portion of the front handle 6. Being substantially in the form
      of a letter T as shown in FIG. 8, the connector 33 comprises a portion 33a
      connected to the end of the front handle 6 and extending transversely of
      the machine, and a portion 33b disposed at right angles to the
      longitudinal axis of the portion 33a or extending lengthwise of the
      machine. The shock absorbers 30 which are rectangular in cross-section
      each consists of a resilient member and plate members 30a and 30b attached
      to opposite end surfaces of the resilient member, and secured to the main
      body 1 and connector 33 through mounting bolts 31 and 32 respectively. 35
      designates bolts for interconnecting housing members for the main body 1.
PAR  The rear handle 7 shown in FIG. 9 and FIG. 10 is similar to the rear handle
      shown in FIG. 4 and FIG. 5 but distinguished therefrom in that a plurality
      of shock absorbers are provided and arranged in transversely spaced
      relation in the first embodiment while the shock absorber of the second
      embodiment designated 36 is rectangular in shape with its longitudinal
      axis extending transversely of the machine. The shock absorber 36 consists
      of a resilient member which may be hollow and formed with a bore 36c
      therein, so that the resilient member is annular in shape. This enables to
      economize on material and to effect control of the resilience of the shock
      absorbing means.
PAR  The shock absorber 36 also consists of plate members 36a and 36b affixed to
      upper and lower surfaces of the resilient member respectively. The shock
      absorber 36 is secured to the rear handle 7 by threadably connecting
      mounting bolts 38 to nuts 37 disposed in bolt receiving openings 38a at
      the back of outwardly extending portions of the upper plate member 36a,
      and to the upper wall of the rear portion of the main body 1 through a
      mounting bolt 39.
PAR  The shock absorber for the rear handle 7 shown in FIG. 9 and FIG. 10 is
      slightly distinguished in construction from the shock absorber for the
      rear handle 7 shown in FIG. 4 and FIG. 5. However, they are both connected
      at one point to the rear end of the connector and at a plurality of points
      in the mounting seat of the main body 1. Thus, the rear handle is, as it
      were, supported at three points. Thus, the rear handle 7 can remain rigid
      to a suitable degree with respect to the main body 1. In the two
      embodiments, different types of shock absorbers may be used for the
      different positions. For example, the lower shock absorber or absorbers
      for the front handle may be used for the rear handle and the upper shock
      absorber or absorbers for the rear handle may be used for the front
      handle.
PAR  Further, another modification of the connector 51 as shown in FIGS. 11 to
      13 may be used in a chain saw of the third embodiment, wherein only the
      constructions for attaching the lower portion of said front handle and the
      intermediate portion of said connector to the main body of the chain saw
      engine are changed from the first and second embodiments.
PAR  This connector 51 is made of casted metal such as aluminum, and is
      connected at its front portion to the front area of said main body 1 of
      the chain saw engine through shock absorbing members 53 and at its
      intermediate portion to the rear bottom area of said main body through
      shock absorbing members 53 similar to the former, as shown in FIG. 13.
PAR  The rear portion of said connector is connected to the rear end of the rear
      handle 7 through a shock absorbing member substantially identical to the
      one 29 of the first embodiment shown in FIG. 1.
PAR  As seen from FIGS. 11 and 12, the connector 51 is provided with
      reinforcement ribs in a suitable arrangement and thus is made rigid
      unitaty construction. In this third embodiment, the front handle 6 is
      securely mounted on the seat portion (55) formed at the front end of said
      connector.
PAR  From the foregoing description, it will be appreciated that according to
      the invention the front handle and the rear handle are connected to each
      other so that they may function as an assembly of handles and they are
      secured as a unit to the main body through shock absorbing means. By this
      arrangement, vibrations caused to occur by the mechanical vibration source
      can be absorbed by the shock absorbers disposed at various portions of the
      assembly of the front and rear handles. Moreover, the front handle and
      rear handle can each support the main body of the sawing machine at three
      points. This enables the handles to be firmly secured to the main body
      with suitable rigidity and therefore precludes the swinging motion of the
      machine either vertically or transversely while the machine is being
      operated. Thus, the machine can be moved and held in position by means of
      the front handle, and can be made to face any direction as desired by
      means of the rear handle. The invention offers advantages in operating the
      sawing machine which have never been realized by support systems of the
      prior art, and contributes to improvements in shock absorbing devices for
      chain saws, so that the influences exerted by vibrations on the operator
      can be minimized and a sawing operation can be performed safely without
      causing any injury to the operator.
CLMS
NUM  1.
PAR  1. A portable type chain saw having separate front and rear handles which
      are attached respectively to front and rear portions of the main body of
      the chain saw engine in a manner that mechanical vibration caused by the
      engine-operation may be absorbed characterized in that said front handle
      is attached to a front portion of the main body of the chain saw engine
      through vibration dampers of rubber or the like elastomeric material, said
      rear handle is attached to an upper rear wall of said main body through
      vibration dampers of rubber or the like elastomeric material; said front
      and rear handles are connected together by means of a rigid unitary
      connector extending longitudinally of said main body at the lower side
      thereof; said connector having a front end portion attached to a lower
      portion of said front handle, an intermediate portion attached to a lower
      rear portion of said main body through vibration damper of rubber or the
      like elastomeric material and a rear end portion extending rearwardly
      beyond said main body and attached to said rear handle through vibration
NUM  2.
PAR  2. A portable type chain saw as defined in claim 1, wherein said front
      handle is attached through said vibration dampers to said main body of the
      chain saw engine at at least two positions substantially spaced apart from
      each other transversely of said chain saw, and said connector is rigidly
NUM  3.
PAR  3. A portable type chain saw as defined in claim 1, wherein said front
      handle is connected to said main body of the chain saw engine through a
      vibration damper having a substantial width transversely of said chain
NUM  4.
PAR  4. A portable type chain saw having separate front and rear handles which
      are attached respectively to the front and rear portions of the main body
      of the chain saw engine in a manner that mechanical vibration caused by
      the engine operation may be absorbed characterized in that said chain saw
      comprises a unitary rigid connector extending longitudinally of said main
      body at the lower side thereof so as to connect said front handle with
      said rear handle, said connector being attached at a forward portion
      thereof to a lower front section of said main body through vibration
      damper of rubber or the like elastomeric material, at an intermediate
      portion thereof to a lower rear section of said main body through
      vibration damper of rubber or the like elastomeric material and at a rear
      end portion thereof to a lower rear end portion of said rear handle
      through vibration damper of rubber or the like elastomeric material;
PA1  said front handle being attached to the front end portion of said
      connector, said rear handle being attached to the upper rear wall of said
      main body of the chain saw engine through vibration damper of rubber or
NUM  5.
PAR  5. A portable type chain saw as defined in claim 4, wherein the connection
      of said connector to the lower front section of said main body is made by
      means of at least two vibration dampers of rubber or the like elastomeric
      material which are substantially spaced with each other in transversely of
      the chain saw.
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ABST
PAL  A chain saw safety brake including a snap-acting, over-center actuating
      mechanism.
PAL  A chain saw safety brake and method of operation characterized by an
      actuation accelerator interposed between a brake mechanism and a brake
      actuating mechanism. A biasing means is operable to bias the brake
      actuating means toward a nonactuating position with a relatively lower
      biasing force. The biasing means is operable to bias the brake actuating
      means toward an actuating position with a relatively higher biasing force.
BSUM
PAC  GENERAL BACKGROUND, OBJECTS AND SUMMARY OF INVENTION
PAR  With continuing emphasis being placed upon the improvement of safety
      conditions in relation to the use of chain saws, it has become
      increasingly important to protect chain saw operators from injuries
      resulting from "kickbacks" of chain saws or from situations where
      operators losing their grip on chain saw handles such that their hands are
      brought into engagement with chain saw cutter chains.
PAR  Several techniques have been developed in the past in an endeavor to
      improve chain saw safety and protect operators from injuries when events
      such as this occur.
PAR  All this notwithstanding, there has persisted in the art a need to improve
      the efficiency and reliability of such safety mechanisms.
PAR  Accordingly, it is a specific object of the present invention to provide a
      chain saw safety brake which is snap-acting and operated via an
      accelereating mechanism so as to produce a cutter chain braking action in
      an extremely rapid manner.
PAR  It is a further object of the present invention to accomplish such a
      rapidity of braking with a minimized movement of an actuating member or
      safety handle.
PAR  Yet another object of the invention is to provide a chain saw safety brake
      actuating mechanism wherein an intensified biasing force is created when
      the actuating mechanism is moved to a brake actuating position.
PAR  It is likewise an object of the invention to provide such improvements in
      the art as heretofore described concurrent with the attainment of relative
      structural simplicity and reliability and the minimization of alterations
      to conventional chain saw structures.
PAR  In accomplishing at least some of these objectives, the present invention
      contemplates a method of actuating a chain saw safety brake which is
      characterized as follows.
PAR  The method of this invention involves the safety braking of a chain saw
      which includes a brake means and brake actuating means movably engaged
      with said brake means. The inventive method entails:
PA1  Operably interposing actuation accelerator means between the brake
      actuating means and the brake means and employing this accelerator means
      to effect a faster rate of brake actuation than would result from said
      movable engagement between the brake actuating means and the brake means;
PA1  Biasing the brake actuating means toward a nonactuating position with a
      relatively lower biasing force; and
PA1  Biasing the brake actuating means toward an actuating position with a
      relatively higher biasing force.
PAR  Likewise, the invention contemplates unique combinations of apparatus means
      which coact to effect the method steps heretofore described.
PAR  Moreover, the invention herein presented contemplates a variety of
      structural embodiments characterized by a resiliently biased, snap-acting,
      over-center actuating mechanism.
PAR  In describing the invention, reference will be made to these presently
      preferred embodiments by way of example and with reference to appended
      drawings. However, it will be understood that the reference to preferred
      embodiments will be by way of example only and not by way of restricting
      the scope of the present invention.
DRWD
PAC  DRAWINGS
PAR  Presently preferred embodiments of the invention are illustrated in the
      appended drawings. In these drawings
PAR  FIG. 1 provides a fragmentary, partial elevational view of that portion of
      a chain saw immediately associated with the safety brake mechanism of the
      present invention and showing the chain saw in a non-braked condition;
PAR  FIG. 2 provides an enlarged fragmentary elevational view of the safety
      brake mechanism featured in FIG. 1, but illustrating the chain saw in a
      braked condition;
PAR  FIG. 3 provides a sectional view of the FIG. 1 safety mechanism as viewed
      along the section line 3--3 of the FIG. 2, brake actuated condition;
PAR  FIG. 4 schematically illustrates a somewhat modified form of the safety
      brake mechanism which is illlustrated in FIGS. 1 - 3, illustrating the
      modified form in an acutated or braked condition;
PAR  FIG. 5 provides a fragmentary, elevational view of a chain saw portion,
      generally related to that shown in FIG. 2, but depicting a still further
      alternative format of the present chain saw braking concept, with this
      alternative structure being depicted in a non-braking condition;
PAR  FIG. 6 provides a sectional view of the FIG. 5 embodiment as viewed along
      section line 6--6 of FIG. 5; and
PAR  FIG. 7 depicts the FIG. 5 safety brake in the context of the chain saw
      portion as generally shown in FIG. 1, depicting this format somewhat
      schematically, illustrating a chain saw centrifugal clutch different than
      that incorporated in FIG. 1, and depicting the FIG. 5 chain saw in an
      actuated or braked condition.
PAR  With the content of the drawings having been generally described, it now
      becomes appropriate to consider individual structural details of the
      invention.
DETD
PAC  GENERAL DESCRIPTION OF INVENTION
PAR  In describing the chain saw safety brake of the present invention,
      reference will first be made to exemplary embodiments, showing by way of
      example only, representative chain saws and chain saw drive mechanisms
      with which the present invention is intended to be practiced.
PAC  Overall Chain Saw Structure
PAR  FIGS. 1 and 7 each illustrate representative chain saw structures with
      which the present invention is intended to be practiced.
PAR  FIG. 1 depicts a chain saw 1 generally as shown in Frederickson U.S. Pat.
      No. 3,542,095, issued Nov. 24, 1970, the disclosure of which is herein
      incorporated by reference. Chain saw 1 includes chain saw engine means 2
      and chain saw cutter chain means 3.
PAR  Chain saw 1 further includes chain saw driving means 4 which is operable to
      provide a driving connection between the chain saw engine means 2 and the
      chain saw cutter means 3.
PAR  The chain saw driving means 4 may include a centrifugal clutch 5, generally
      as depicted in Collins U.S. Pat. No. 3,385,411 issued May 28, 1968, the
      disclosure of which is herein incorporated by reference.
PAR  Clutch 5 includes centrifugally responsive, clutch shoe means 6 operable to
      be driven by the engine means 2, and clutch drum means 7 drivingly
      connected with the chain saw cutter chain 5 means and operable to be
      centrifugally engaged by the clutch shoe means 6.
PAR  Saw 1 additionally includes chain saw hand grip means 8 which may be
      generally like the hand grip means featured in Frederickson U.S. Pat. No.
      3,542,095 or modified somewhat, as shown in FIG. 1, to omit side portion
      39 of the Frederickson handle.
PAR  The FIG. 7 chain saw corresponds generally to that shown in FIG. 1 and its
      basic components have been assigned reference numerals equivalent to those
      of FIG. 1, but increased by 100.
PAR  However, by way of example, it will be noted that the FIG. 7 chain saw 101
      may include a hand grip means 108 corresponding generally to that
      generally depicted in Loop U.S. Pat. No. 3,678,973, the disclosure of
      which is herein incorporated by reference.
PAR  Moreover, chain saw 101 may include a centrifugal clutch 105 generally as
      shown in Frederickson U.S. Pat. No. 3,768,611, the disclosure of which is
      herein incorporated by reference.
PAR  For definitional purposes, the term "chain saw" will be used to define a
      chain saw structure independent of the chain saw safety brake of the
      present invention.
PAR  With the chain saw context of the invention having been discussed, by way
      of example only, it now becomes appropriate to consider structural and
      method aspects of the present safety brake invention.
PAC  Chain Saw Safety Brake -- First Embodiment
PAR  A first preferred embodiment of the invention is illustrated in FIGS. 1
      through 3.
PAR  As shown in FIGS. 1 to 3, chain saw 1 is associated with a chain saw safety
      brake 9.
PAR  Brake 9 includes safety handle means 10, generally as depicted in Dooley
      U.S. Pat. No. 3,839,795 issued Oct. 8, 1974, the disclosure of which is
      herein incorporated by reference.
PAR  Safety handle means 10 is operable to be engaged at transverse portion 10a
      by movement of a chain saw operator's hand away from the chain saw hand
      grip means 8 during a kickback or when the operator's hand slips off of
      hand grip 8 and moves toward cutter chain 3.
PAR  A pivot means 11 pivotally supports the safety handle means 9 on the chain
      saw 1.
PAR  Brake 9 includes a brake band means 12 which at least partially encircles
      clutch drum means 7 as shown in FIG. 1. Band 12, which may be fabricated
      of a spring steel band, is operable to be disposed in
PA1  a first, relatively expanded, brake band condition shown in FIG. 1
      permitting chain driving rotary movement of the clutch drum 7, and
PA1  a second, relatively constricted, brake band condition shown in FIG. 2
      engaging and substantially preventing movement of the clutch drum 7.
PAR  An anchor means or pin mounting 13 is connected with one hooked end 14 of
      the brake band 12 and secures this one end 14 of the brake band to the
      engine housing 15 of the chain saw 1.
PAR  A connecting means or other pin mounting 16 secures another end 17 of the
      brake band 12 to a portion 10b of the safety handle 10, which portion 10b
      is spaced from the safety handle pivot 11a. With this arrangement,
      movement of the safety handle 10 away from the hand grip means 8, and the
      first safety handle means position depicted in FIG. 1 providing the first,
      relatively expanded brake band condition, will move the connecting means
      16 relative to the anchor 13 means and position the safety handle 10 at a
      second safety handle means position depicted in FIG. 2 so as to constrict
      or tighten the brake band 12 about clutch drum 7 and dispose the brake
      band 12 in a second, relatively constricted, condition shown in FIG. 2.
PAR  Brake means 9 further includes a resilient biasing means 18 comprising
PA1  a first, block-like mounting means 19 which is pivotally secured by pivot
      mount 20 to the engine housing 15 of chain saw 1,
PA1  a coil spring 21 which has one end 21a which engages one end 22 of the
      first mounting means 19,
PA1  a guide rod 23 which extends telescopingly through the coil spring 21 and a
      passage 24 of the first mounting means 19, and
PA1  a second, clevis-like mounting means 25 biasingly engaged at end 26 by
      another end 21b of the coil spring 21 and connected with the guide rod 23
      by rod connection 27.
PAR  An over-center connecting means 28 operably interconnects the biasing means
      18 and the safety handle 10 and includes
PA1  a cam surface 29 carried by the safety handle 10 and extending transversley
      of a radius 11a of the safety handle pivot 11 on opposite sides of this
      radius, and
PA1  a rod-like, bearing or cam follower means 30 carried by the legs 25a and
      25b of the second mounting means 25 and disposed in sliding engagement
      with the cam surface 29, with the coil spring 21 biasingly urging the cam
      follower 30 into sliding engagement with the cam surface 30 and the legs
      25a and 25b being movably disposed adjacent opposite edges 29a and 29b of
      the cam surface 29.
PAR  As shown in FIG. 2, the cam surface 29 may comprise a somewhat convex
      surface carried by the safety handle 10, disposed in alignment with a
      plane extending longitudinally of the chain saw 1, and curving about pivot
      axis 11.
PAR  As is further shown in FIG. 2, the safety brake additionally includes a cam
      follower retaining means 31 which cooperates with the cam surface 29 to
      define a movement restricting enclosure, or slot 32 constraining said cam
      follower 30.
PAR  The cam follower 30, when engaged with a first portion 29c of the cam
      surface 29 depicted in FIG. 2 which is located on one side of the radius
      11a, as shown in FIG. 1, is operable to resiliently bias the safety handle
      10 towards the hand grip 8 and the first safety handle means position
      effecting the first, relatively expanded condition of said brake band
      means. In this "cocked" condition, the chain saw brake is disposed for
      normal chain saw operation.
PAR  The cam follower 30, when engaged with a second portion 29d depicted in
      FIG. 1 of the cam surface 29 on another side of the radius 11a,  as shown
      in FIG. 2, is operable to resiliently bias the safety handle 10 toward the
      second safety handle means position effecting the second, relatively
      constricted condition of said brake band means. In this condition,
      effected by an operator's hand leaving grip 8 and engaging handle portion
      10a so as to push handle 10 toward the cutter chain 3, the clutch drum 7
      and cutter chain 3 are braked.
PAR  As will now be appreciated, the cooperation between braking means 18 and
      safety handle 10 affords a resiliently biased, snap-acting, over-center
      mode of movement of handle 10 between the FIG. 1 "cocked" and FIG. 2
      "braked"  positions and vice versa.
PAR  The biasing means 18 cooperates with the safety handle 10, in the first,
      safety handle means position of engagement between said cam follower 30
      and the cam surface means 29 shown in FIG. 1, to provide a relatively
      shorter lever arm 33 through which the biasing means 18 acts resiliently
      on the safety handle 10 to resiliently bias this safety handle 10 toward
      the hand grip 8 and the first, safety handle means position of FIG. 1.
      This means that "recocking" of the safety handle 10 from the FIG. 2 to the
      FIG. 1 position may be relatively easily effected.
PAR  The biasing means 18 cooperates with the safety handle 10, in the second,
      safety handle means position of engagement between said cam follower 30
      and the cam surface 29, to provide a relatively longer lever arm 34
      through which the biasing means 18 acts resiliently on the safety handle
      10 to resiliently bias this safety handle 10 away from the hand grip 8 and
      toward the second, safety handle means position of FIG. 2. This means that
      an intensified brake setting force will result when an operator's hand
      moves handle 10 to the brake setting position of FIG. 2.
PAR  A first, accelerator lever means 35 is carried by the safety handle 10 and
      comprises a lug-like plate 35a carried by lever arm 35b as to be
      engageable with the top side of clevis 25. Plate 35a may have a width
      straddling clevis 25, as shown in phantom line in FIG. 3. Lever 35 is
      disposed on the top side of radius 11a and the second mounting means or
      clevis 25 and is operable to engage the top side of clevis 25 at a
      location spaced radially outward from the cam follower 30 in relation to
      pivot axis 11. The first accelerator lever means 35 is thus operable to
      induce clockwise movement of the cam follower 30 (as shown in FIG. 1)
      relative to the cam surface 29, toward said second portion 29d of the cam
      surface 29 in response to clockwise pivoting movement (as shown in the
      drawings) of the safety handle 10 toward the second safety handle means
      position of FIG. 2 at a faster rate than would result only or merely from
      direct sliding engagement of the cam follower 30 and the cam surface 29
      during such pivoting movement. This means that an accelerated,
      over-center, snap-acting cooperation between biasing means 18 and
      actuating handle 10 will occur when an operator's hand pushes on handle
      portion 10a and effect very rapid brake setting movement of handle 10 with
      less handle movement than would be otherwise required.
PAR  A second, accelerator lever means 36 is carried by the safety handle 10 and
      includes a clevis engaging plate 36a and a lever arm 36b essentially like
      those of lever means 35. However, lever 36 is disposed on the bottom side
      of the radius 11 and the second mounting means or clevis 25 is operable to
      engage the bottom side of the clevis 25 at a location spaced radially
      outward from the cam follower 30, in relation to pivot 11. The second
      accelerator lever 36 is operable to induce counterclockwise movement of
      cam follower 30 (as shown in FIG. 2) relative to the cam surface 29 toward
      the first portion 29c of the cam surface 29 in response to
      counterclockwise, handle recocking, pivoting movement of safety handle 10
      toward the first safety handle means position of FIG. 1 at a faster rate
      than would result only or merely from direct engagement of the cam
      follower 30 and the cam surface 29 during such pivoting, recocking
      movement. This means that an accelerated recocking of handle 10 may be
      effected, with counterclockwise recocking force being exerted on handle 10
      for a shorter increment of handle movement than would otherwise be
      required.
PAC  Chain Saw Safety Brake -- Second Embodiment
PAR  A second embodiment of the chain saw safety brake of the present invention
      comprising a somewhat modified form of the FIGS. 1 - 3 embodiment is
      illustrated in FIG. 4.
PAR  The FIG. 4 embodiment is substantially identical to the FIGS. 1 - 3
      embodiment except that the retaining means 31 is omitted. In other words,
      cam surface 29 is "open" rather than "enclosed".
PAC  Chain Saw Safety Brake -- Third Embodiment
PAR  The first and second chain saw safety brake embodiments were characterized
      by arrangements where the actuating cam surface is carried by the safety
      handle and the first mounting means 19 of the biasing means 18 is
      connected with the chain saw engine housing 15. In these embodiments, the
      biasing means may extend along the side of the chain saw, generally across
      the chain saw centrifugal clutch 5, as depicted in FIGS. 1 through 4.
PAR  In a third embodiment of the present invention, depicted generally in FIGS.
      5 - 7, the biasing means extends upwardly generally along the chain saw
      hand grip means and the safety handle. In this third embodiment, the cam
      surface means is mounted on the engine housing while the first mounting
      means of the biasing means is carried by the safety handle.
PAR  As will be recalled, components of the FIGS. 5 - 7 embodiment are
      identified by reference numerals corresponding to equivalent components of
      the FIGS. 1 - 4 embodiments, increased by 100.
PAR  Inasmuch as the mode of cooperation between the components of the FIGS. 5 -
      7 embodiment is substantially the same as the mode of cooperation between
      the FIGS. 1 - 4 embodiment's components, and this is self-evident from the
      drawings, it is not deemed necessary to reiterate structural details in
      relation to FIGS. 5 - 7.
PAR  Suffice it to say that in FIGS. 5 - 7, the cam surface 29 is carried by the
      engine housing 115 of chain saw 101 and the first mounting means 119 is
      pivotally secured by pivot 120 to safety handle 110.
PAR  Moreover, instead of the accelerating lever means 135 and 136 being
      disposed above and below the clevis 125 as in the case of the disposition
      of elements 35, 36 and 25, lever means 135 is disposed to the right side
      of clevis 125, with lever means 136 being disposed on the left side, as
      illustrated in FIGS. 5 - 7.
PAR  It might also be noted that the extremity of the "cocked" position of
      handle 10, as depicted in FIG. 1, may be determined by the biasing force
      of spring 21 or by engagement of handle 10 with suitable stop means
      carried by the chain saw body or hand grip means. In the FIGS. 5 - 7
      embodiment, this cocked position extremity is defined by engagement of
      handle 110 with hand grip 108, as depicted in FIGS. 5 and 6.
PAC  Summary of Actuation Characteristics
PAR  As will now be apparent, this invention is concerned with a method of
      safety-braking a chain saw, wherein the chain saw includes brake means and
      brake actuating means movably engaged with said brake means.
PAR  Characterizing features of the invention involve:
PA1  operably interposing actuation accelerator means, such as the described
      accelerating lever means, between the brake actuating means and the brake
      means and employing such accelerator means to effect a faster rate of
      brake actuation than would result from said movable engagement between
      said brake actuating means and said brake means alone;
PA1  biasing the brake actuating means toward a nonactuating position with a
      relatively lower biasing force; and
PA1  biasing the brake actuating means toward an actuating position with a
      relatively higher biasing force.
PAR  The invention is also independently characterized by an over-center,
      snap-acting, cocking and braking mechanism.
PAC  SUMMARY OF MAJOR ADVANTAGES AND GENERAL SCOPE OF INVENTION
PAR  The resiliently biased, snap-acting, over-center actuating mechanism
      described in connection with each of the three embodiments set forth in
      this application produces several unique advantages.
PAR  In the first instance, it will be noted that the lever means associated
      with the cam surface means causes the cam follower means to translate
      along the cam surface means faster than this movement would occur if the
      lever means were not present. This insures unusually rapid or accelerated
      brake setting when the safety handle is tripped or engaged by an
      operator's hand and further insures brake actuating and handle cocking
      movement in response to relatively short increments of movement of the
      safety handle.
PAR  Moreover, the unique, over-center character of the actuating mechanism
      produces a longer lever arm through which biasing force is exerted on the
      safety handle when the handle is moved toward the brake actuating
      position. This phenomenon produces an intensified braking force. The
      intensified braking force in conjunction with the accelerated braking
      action is believed to materially improve the rapidity and efficiency of
      stopping of the cutter chain of the chain saw so as to enhance overall
      safety conditions.
PAR  Independent of these particular and significant advantages, it is believed
      that the structural arrangements heretofore described are also
      characterized by unique simplicity, ruggedness, and reliability. It will
      also be appreciated that these arrangements enable safety brake mechanisms
      to be installed with minimal modification of conventional chain saw
      structures and without interfereing with conventional drive chain
      arrangements.
PAR  Proposals have been heretofore offered which have significantly advanced
      the state of chain saw safety. These proposals are disclosed in Moore
      United States application Ser. No. 109,574, now U.S. Pat. No. 3,739,475,
      issued June 19, 1973; Moore United States application Ser. No. 294,866,
      now U.S. Pat. No. 3,793,727, issued Feb. 26, 1974; and Dooley United
      States application Ser. No. 354,776, now U.S. Pat. No. 3,839,795, issued
      Oct. 8, 1974, all assigned to the assignee of the present invention.
PAR  Other chain saw safety proposals have been proferred as can be seen, for
      example, in Gustafsson U.S. Pat. No. 3,776,331, issued Dec. 4, 1973;
      Mattsson et al. U.S. Pat. No. 3,664,390, issued May 23, 1972; Irgens U.S.
      Pat. No. 3,361,165, issued Jan. 2, 1965; Kiekhaefer U.S. Pat. No.
      2,610,657, issued Sept. 16, 1952; and British Pat. No. 1,351,546,
      published May 1, 1974.
PAR  These prior art concepts notwithstanding, the accelerated and intensified
      braking characteristics of the present invention are considered to
      constitute a novel, unobvious, and advantageous advance in the chain saw
      art.
PAR  Those skilled in the chain saw art and familiar with the present disclosure
      may well envision alternative arrangements in addition to those described
      and will recognize that the invention may be practiced in a variety of
      structural formats and in connection with a substantial variety of chain
      saws and chain saw drive mechanisms and chain saw brake mechanisms, in
      addition to those illustrated. In short, while additions, deletions,
      substitutions or modifications in relation to the disclosed embodiments
      may be effective in practicing the invention, such changes would be deemed
      to fall within the purview of the present invention to the extent
      encompassed by the appended claims.
CLMS
NUM  1.
PAR  1. In a chain saw including
PA1  chain saw engine means;
PA1  chain saw cutter chain means;
PA1  chain saw driving means operable to provide a driving connection between
      said chain saw engine means and said chain saw cutter means, said chain
      saw driving means including
PA2  centrifugally responsive, clutch shoe means operable to be driven by said
      engine means, and
PA2  clutch drum means drivingly connected with said cutter chain means and
      operable to be centrifugally engaged by said clutch shoe means; and
PA1  chain saw hand grip means;
PAL  the improvement entailing a chain saw safety brake comprising:
PA1  safety handle means operable to be engaged by movement of a chain saw
      operator's hand away from said chain saw hand grip means;
PA1  pivot means pivotally supporting said safety handle means on said chain
      saw;
PA1  brake band means at least partially encircling clutch drum means and
      operable to be disposed in
PA2  a first, relatively expanded, brake band condition permitting movement of
      said clutch drum means, and
PA2  a second, relatively constricted, brake band condition engaging and
      substantially preventing movement of said clutch drum means;
PA1  anchor means connected with one end of said brake band means and securing
      said one end of said brake band means to said chain saw;
PA1  connecting means securing another end of said brake band means to a portion
      of said safety handle means, spaced from said pivot means, such that
      movement of said safety handle means away from said hand grip means and a
      first safety handle means position providing said first, relatively
      expanded brake band condition will move said connecting means relative to
      said anchor means and position said safety handle means at a second safety
      handle means position so as to constrict said brake band means and dispose
      said brake band means in said second, relatively constricted, condition;
PA1  biasing means comprising
PA2  first mounting means secured to one of said chain saw and said safety
      handle means
PA2  coil spring means engaging one end of said first mounting means,
PA2  guide rod means extending telescopingly through said coil spring means and
      said first mounting means, and
PA2  second mounting means biasingly engaging another end of said coil spring
      means and connected with said guide rod means;
PAL  over-center connecting means operably interconnecting said biasing means
      and said safety handle means and including
PA1  cam surface means carried by the other of said safety handle means and said
      chain saw and extending transversely of a radius of said safety handle
      pivot means on opposite sides of said radius,
PA1  cam follower means carried by said second mounting means and disposed in
      sliding engagement with said cam surface means, with said coil spring
      means biasingly urging said cam follower means into said sliding
      engagement with said cam surface means,
PA1  said cam follower means, when engaged with a first portion of said cam
      surface means on one side of said radius being operable to resiliently
      bias said safety handle means towards said hand grip means and said first
      safety handle means position, effecting said first, relatively expanded
      condition of said brake band means,
PA1  said cam follower means, when engaged with a second portion of said cam
      surface means on another side of said radius, being operable to
      resiliently bias said safety handle means toward said second safety handle
      means position effecting said second, relatively constricted condition of
      said brake band means,
PA1  said biasing means cooperating with said safety handle means, in said
      first, safety handle means position of engagement between said cam
      follower means and said cam surface means, to provide a relatively shorter
      lever arm through which said biasing means acts resiliently on said safety
      handle means to resiliently bias said safety handle means toward said hand
      grip means and said first, safety handle means position,
PA1  said biasing means cooperating with said safety handle means, in said
      second, safety handle means position of engagement between said cam
      follower means and said cam surface means, to provide a relatively longer
      lever arm through which said biasing means acts resiliently on said safety
      handle means to resiliently bias said safety handle means away from said
      hand grip means and toward said second, safety handle means position,
PA1  first, accelerator lever means carried by said other of said safety handle
      means and said chain saw, disposed on one side of said radius and said
      second mounting means, and operable to engage said one side of said second
      mounting means at a location spaced from said cam follower means, said
      first accelerator lever means being operable to induce movement of said
      cam follower means relative to said cam surface means toward said second
      portion of said cam surface means in response to pivoting movement of said
      safety handle means toward said second safety handle means position at a
      faster rate than would result only from direct sliding engagement of said
      cam follower means and said cam surface means during such pivoting
      movement, and
PA1  second accelerator lever means carried by said one of said safety handle
      means and said chain saw, disposed on another side of said radius and said
      second mounting means and operable to engage said other side of said
      second mounting means at a location spaced from said cam follower means,
      said second accelerator lever means being operable to induce movement of
      said cam follower means relative to said cam surface means toward said
      first portion of said cam surface means in response to pivoting movement
      of said safety handle means toward said first safety handle means position
      at a faster rate than would result only from direct engagement of said cam
      follower means and said cam surface means during such pivoting movement.
NUM  2.
PAR  2. A chain saw as described in claim 1 wherein:
PA1  said cam surface means comprises surface means carried by said safety
      handle means;
PA1  said first mounting means is pivotally secured to a portion of said chain
      saw which is connected with said chain saw engine means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means;
PA1  said cam follower means comprises bearing means supported between said leg
      means of said clevis means; and
PA1  said apparatus additionally includes cam follower retaining means
      cooperating with said cam surface means to define a movement restricting
NUM  3.
PAR  3. A chain saw as described in claim 1 wherein:
PA1  said cam surface means comprises surface means carried by said safety
      handle means;
PA1  said first mounting means is pivotally secured to a portion of said chain
      saw which is connected with said chain saw engine means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means; and
PA1  said cam follower means comprises bearing means supported between said leg
NUM  4.
PAR  4. A chain saw as described in claim 1 wherein:
PA1  said cam surface means comprises surface means carried by said chain saw;
PA1  said first mounting means is pivotally secured to said safety handle means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means; and
PA1  said cam follower means comprises bearing means supported between said leg
NUM  5.
PAR  5. In a chain saw including
PA1  chain saw engine means;
PA1  chain saw cutter chain means; and
PA1  chain saw driving means operable to provide a driving connection between
      said chain saw engine means and said chain saw cutter means; and
PA1  chain saw hand grip means;
PAL  the improvement entailing a chain saw safety brake comprising:
PA1  safety handle means operable to be engaged by movement of a chain saw
      operator's hand away from said chain saw hand grip means;
PA1  pivot means pivotally supporting said safety handle means on said chain
      saw;
PA1  brake means operable to be disposed in
PA2  a first brake condition permitting movement of said chain saw cutter chain
      means, and
PA2  a second brake condition substantially preventing movement of said chain
      saw cutter chain means;
PAL  biasing means;
PA1  over-center connecting means operably interconnecting said biasing means
      and said safety handle means and including
PA2  cam surface means carried by one of said safety handle means and said chain
      saw and extending transversely of a radius of said safety handle pivot
      means on opposite sides of said radius,
PA2  cam follower means carried by the other of said safety handle means and
      said chain saw and disposed in sliding engagement with said cam surface
      means, with said biasing means biasingly urging said cam follower means
      into said sliding engagement with said cam surface means,
PA2  said cam follower means, when engaged with a first portion of said cam
      surface means on one side of said radius being operable to resiliently
      bias said safety handle means towards said hand grip means and said first
      safety handle means position effecting said first, movement permitting
      condition of said brake means,
PA2  said cam follower means, when engaged with a second portion of said cam
      surface means on another side of said radius, being operable to
      resiliently bias said safety handle means toward said second safety handle
      means position effecting said second, movement preventing condition of
      said brake means,
PA1  said biasing means cooperating with said safety handle means, in said
      first, safety handle means position of engagement between said cam
      follower means and said cam surface means, to provide a relatively shorter
      lever arm through which said biasing means acts resiliently on said safety
      handle means to resiliently bias said safety handle means toward said hand
      grip means and said first, safety handle means position,
PA1  said biasing means cooperating with said safety handle means, in said
      second, safety handle means position of engagement between said cam
      follower means and said cam surface means, to provide a relatively longer
      lever arm through which said biasing means acts resiliently on said safety
      handle means to resiliently bias said safety handle means away from said
      hand grip means and toward said second, safety handle means position, and
PA1  accelerator lever means carried by said one of said safety handle means and
      said chain saw, disposed on one side of said radius, and operable to exert
      movement inducing force on cam follower means at a location spaced from
      said cam follower means, said accelerator lever means being operable to
      induce movement of said cam follower means relative to said cam surface
      means toward said second portion of said cam surface means in response to
      pivoting movement of said safety handle means toward said second safety
      handle means position at a faster rate than would result only from direct
      sliding engagement of said cam follower means and said cam surface means
NUM  6.
PAR  6. A chain saw as described in claim 5 wherein:
PA1  said cam surface means comprises surface means carried by said safety
      handle means;
PA1  said first mounting means is pivotally secured to a portion of said chain
      saw which is connected with said chain saw engine means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means;
PA1  said cam follower means comprises bearing means supported between said leg
      means of said clevis means; and
PA1  said apparatus additionally includes cam follower retaining means
      cooperating with said cam surface means to define a movement restricting
NUM  7.
PAR  7. A chain saw as described in claim 5 wherein:
PA1  said cam surface means comprises surface means carried by said safety
      handle means;
PA1  said first mounting means is pivotally secured to a portion of said chain
      saw which is connected with said chain saw engine means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means; and
PA1  said cam follower means comprises bearing means supported between said leg
NUM  8.
PAR  8. A chain saw as described in claim 5 wherein:
PA1  said cam surface means comprises surface means carried by said chain saw;
PA1  said first mounting means is pivotally secured to said safety handle means;
PA1  said second mounting means comprises clevis means having spaced leg means
      movably disposed adjacent opposite edges of said cam surface means; and
PA1  said cam follower means comprises bearing means supported between said leg
      means of said clevis means.
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ABST
PAL  A shoe of the sneaker type. This sneaker is provided with a shoelace or
      shoe string having branch strings or with a plural number of strings so
      that said string or strings may be tightened across the instep at a plural
      number of spots on the shoe. By this, the shoe can be tightened for
      fitting by the wearer without taking the trouble of adjusting the string
      as in the case of conventional sneakers.
BSUM
PAR  This invention relates to a sneaker-type shoe and in particular to a
      sneaker-type shoe wherein one or more shoe strings or shoelaces are
      provided thereon so as to be tied at a plural number of spots at the
      instep.
PAR  As is well known, the shoelace or shoe string of a shoe in use is tied at
      both ends at the rear terminal of the instep so as to make the string
      tightened across the instep, the string being inserted through a score of
      parallel holes in such a manner that one half portion of the string
      crosses the other half portion between one hole and the other hole on
      opposite sides. And to tighten the string in this manner it is usually
      necessary to haul in the string at both sides of the instep so as not to
      leave the string partially loosened at the instep intermediately from the
      front to the rear of the shoelace.
PAR  A main object of this invention is to provide a shoe especially for
      sporting use where it is possible to tie a shoelace or strings at more
      than one spot so that the shoe may be worn in a fitting state without
      taking the trouble of hauling in the string.
DRWD
PAR  In order that this invention may be readily understood, reference is made
      hereinunder to the annexed drawing which illustrate, by way of examples,
      preferred embodiments of this invention.
PAR  FIG. 1 is a plan view showing main parts of a sneaker provided with
      shoelaces or strings of this invention in the first embodiment.
PAR  FIG. 2 is a plan view of a string-provided sneaker in the second
      embodiment.
PAR  FIG. 3 is a plan view of a string used in the second embodiment.
PAR  FIG. 4 is a plan view of a string-provided sneaker in the third embodiment.
PAR  FIG. 5 is a plan view of a string used in the third embodiment.
DETD
PAR  In the first embodiment shown in FIG. 1, numeral 1 designates a sneaker
      proper wherein an instep, a foot-putting-in portion and an opening are
      designated by numerals 2, 3 and 4, respectively.
PAR  On the instep at both sides of said opening 4 are formed a plural number of
      string-inserting holes 5 in two rows, said holes 5 numbering 8 in total in
      case of this FIG. 1.
PAR  Two shoelaces or strings 6 and 7 of equal length, are inserted through said
      holes 5, the former occupying the front four holes and the latter the rear
      four holes thereby being tied in a bow at both ends at respective spots,
      the former in the middle along the opening 4 and the latter at the
      rearmost position as seen clearly in the drawing. The strings are inserted
      through said holes so that one half of a string crosses the other thereby
      stretching slantways between one hole and the other hole at the rear along
      the opening 4, this manner being nothing but that of conventional
      sneakers.
PAR  In the second embodiment, the opening 4 is tightened at two spots, one
      being the middle portion and the other the end portion thereof, with a
      single string 8, said string 8 comprising a base portion 9, a pair of
      longer branches 10 and another pair of shorter branches 11, both 10 and 11
      branching out from said base portion 9 at both terminal portion thereof as
      will be clearly seen in the drawing.
PAR  In this embodiment, the shorter branches 11 are tied at both ends at a spot
      in the middle along the opening 4 and the longer branches 10 at the rear
      therealong, as shown in FIG. 2.
PAR  In the third embodiment illustrated in FIG. 4 and 5, a string proper 12
      comprises two parallel strings varying in length, the longer string being
      designated by numeral 13 and the shorter one numeral 14, said strings 13
      and 14 combining in mutual contact through a flexible tube 15 provided at
      the middle portion of said strings.
PAR  Shorter string 14 is tied at both ends thereof at the middle portion along
      the instep opening 4 also, the longer string 13 is tied at the rear.
PAR  In this embodiment, the tube 15 is so designed as to be exchangeable with a
      new one at needs. Also, instead of applying tube 15 to this embodiment,
      the strings might be connected by means of a braid at the middle portion.
CLMS
NUM  1.
PAR  1. A shoe, including an instep with a plural number of elongated shoe
      strings, said strings having a middle section and being so arranged as to
      be tightened across said instep at a plurality of locations, and,
      fastening means at said middle portion combining said strings in parallel.
NUM  2.
PAR  2. A shoe as claimed in claim 1 wherein said fastening means is a flexible
NUM  3.
PAR  3. A shoe provided with a shoe string having minor strings branching out
      intermediately from said string, said branch strings being so arranged as
      to be tightened across the instep at respective spots in front of
      tightening spot of the string proper.
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ABST
PAL  A dental implant includes a porous ceramic cup or ring filled with silicone
      rubber which supports an artificial tooth or other prosthetic device such
      as a denture. The jawbone grows into the porous ceramic to hold the
      implant firmly in place. The silicone rubber cushions the jawbone from
      shock caused by multidirectional masticatory forces. A fibrous matting is
      partially embedded into the upper periphery of the silicone rubber that
      extends from the ceramic cup or ring. Gingival tissue becomes attached to
      the matting to form a seal that precludes bacteria from invading and
      infecting the implant area. In another embodiment, the implant includes a
      metal sleeve completely filled with and surrounded by silicone rubber.
      Fibrous matting is partially embedded into the surface of the silicone
      rubber. Both the jawbone and the gingival tissue adhere to the matting to
      hold the implant firmly in place and to prevent bacterial invasion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a dental prosthetic structure including an
      implant for insertion into a patient's jawbone.
PAR  Artificial implants for replacing missing teeth are known in the art. A
      common problem encountered is that of adequately securing the tooth or
      denture to the patient's existing jawbone. In an attempt to overcome this
      problem, a variety of devices and techniques have been proposed.
      Typically, the artificial tooth is attached to an implant that is
      configured with large protrusions. When the implant is inserted into the
      jawbone, the bone forms around the protrusions, thereby creating a
      mechanical interlock. The resulting construction is initially firmly held
      by the jawbone; however, in time the implant is unable to withstand
      masticatory forces. These forces are transmitted by the implant to the
      supporting jawbone and, as a result, the implant is loosened. At first, a
      small pocket develops between the implant and the surface of the gingival
      tissue. Bacteria invade this pocket and infect the surrounding area. As
      this condition progresses, the infected pocket becomes larger and extends
      downward to the interface of the implant and the supporting bone.
      Ultimately, the implant is rejected by the jaw.
PAR  Attempts have been made to cushion the implant from the adverse effects of
      masticatory forces by providing a mechanical spring or a thin sheet of
      resilient material within the prosthetic structure. However, such devices
      have failed to adequately protect the implant, and in time it loosens in
      the jaw and is rejected.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a prosthetic implant device that becomes
      firmly attached to the jawbone and adequately absorbs the shock of
      multidirectional masticatory forces, thereby reducing substantially the
      risk of rejection of the implant by the jaw. According to one illustrated
      embodiment of the invention, the implant comprises a porous ceramic cup or
      ring that is filled with a resilient material such as silicone rubber. The
      silicone rubber suspends a metal receptacle which receives a mating pin
      that is part of an artificial tooth assembly. The implant is first
      inserted into a cavity in the jawbone of a patient and the jaw is allowed
      to heal. In time, the bone grows into the interstices of the porous
      ceramic so that the implant becomes an integral part of the jaw.
      Thereafter, the artificial tooth is secured in place by cementing the pin
      of the tooth into the socket of the implant. The artificial tooth in
      effect "floats" in its silicone rubber support and dissipates
      multidirectional forces produced on the tooth during mastication. In use,
      the implant simulates the shock absorption characteristics of the
      periodontal membrane, i.e., the resilient support in the implant yields in
      response to mastication forces to cushion the jawbone.
PAR  Extending from the upper periphery of the silicone rubber support is a
      synthetic fibrous material such as Dacron matting. With the implant in
      place in the jaw, the matting is exposed contiguously to the gingiva. As
      the gingiva grows and surrounds the implant, it becomes attached to the
      matting. The resulting bond precludes bacteria from invading the area
      surrounding the implant, thereby substantially reducing the risk of pocket
      formation, infection and consequent rejection of the implant.
PAR  Another illustrated embodiment of the present invention comprises an
      implant in which a metal ring is filled with, and externally surrounded
      by, silicone rubber or other resilient material. A receptacle is suspended
      in the filler within the ring to provide a floating support for the mating
      tooth assembly, as described above. A feature of this embodiment is that
      Dacron or other fibrous material, either woven or matting, extends from
      the entire lateral surface of the resilient material. Thus, with the
      implant in place in the jaw, the fibrous material is contiguous to the
      surrounding jawbone as well as the gingiva. As the bone and gingiva grow
      around the implant, they both become firmly attached to the matting. The
      interface between the jawbone and implant is composed entirely of the
      resilient silicone rubber and fibrous material, thereby enhancing the
      shock-absorbing characteristics of the implant and reducing the
      transmission of masticatory forces to the jawbone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the implant and
      artificial tooth assembly of the present invention situated in the
      jawbone.
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective exploded view of a second embodiment of the implant
      and artificial tooth assembly of the present invention.
PAR  FIG. 4 is a cross-sectional view of the implant of FIG. 3 in assembled
      form.
PAR  FIG. 5 is a perspective view of a third embodiment of the implant and
      artificial tooth assembly of the present invention.
PAR  FIG. 6 is a cross-sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a perspective view of a pin and counter-die used in forming an
      artificial tooth in the manner shown in FIG. 8.
PAR  FIG. 8 is a cross-sectional view of dental casts illustrating the method in
      which an artifical tooth is formed for attachment to the implant.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there are shown perspective and
      cross-sectional views of a dental prosthetic structure including an
      implant portion 11 and a crown portion 13. FIG. 2 illustrates the implant
      portion 11 situated in the bone tissue of the alveolar process 15 of a
      patient's jaw. As described hereinafter, the implant is placed in a socket
      resulting in the alveolar process after extraction of a tooth or in a bony
      socket prepared in an edentulous area. The gingival tissue 19 surrounds
      the socket at the upper portion of implant 11. Crown 13 extends above the
      gingiva and comprises an artificial tooth prepared according to the
      surrounding dentition, as described hereinafter.
PAR  Implant portion 11 includes a cup-shaped structure 12 having a rectangular
      or oval cross section. Cup 12 is formed of a porous ceramic material such
      as alumina. Alternatively, cup 12 may be formed of metal externally
      covered with a porous composition of tetrofluoroethylene and carbon such
      as Proplast (available from Smith Kline Corporation, Philadelphia, Pa.).
      The ceramic cup 12 is filled with a resilient material 21, such as
      silicone rubber. The resilient material 21 completely surrounds and
      securely suspends a receptacle 22. A pin portion 23 of a tooth support 25
      is secured in receptacle 22 with dental cement. The receptacle 22 and
      tooth mounting means 25 are fabricated from metal such as Vitallium,
      Tantallum, noble metals, or surgical stainless steel. The upper portion of
      the tooth mount 25 defines a post 26 to which the crown 13 is attached.
      Crown 13 is typically formed of acrylic or porcelain, and extends above
      the gingival tissue 19, as shown.
PAR  According to one method of fabricating the implant structure 11, cup 12 is
      placed in a surrounding mold and receptacle 22 is positioned therein. A
      mixture of silicone rubber is prepared in liquid form and air bubbles are
      removed from it under vacuum. The silicone rubber is of medical grade,
      such as Silastic (available from Dow-Corning Corporation, Midland, Mich.).
      The silicone rubber is poured into the mold which holds the ceramic cup 12
      and allowed to cure at room temperature. Alternatively, silicone putty may
      be cut into bits, then firmly inserted between the cup 12 and receptacle
      22 and heat cured.
PAR  The silicone rubber resilient material 21 extends above the ceramic cup 12
      to hold the flange 27 of tooth support 25 in spaced-apart relation with
      the cup 12. The spacing D between tooth support 25 and cup 12 is typically
      1.5 millimeters. The peripheral surface area 29 of resilient material 21
      interfaces with the gingival tissue 19. A fibrous matting or woven
      material 31 extends from the peripheral surface 29 of the resilient
      material 21 so as to be exposed to the gingival tissue 19. Matting 31 is
      formed of synthetic fibers such as Dacron. The matting or woven material
      31 is either embedded into the resilient material 21 or glued onto the
      material using a suitable medical adhesive.
PAR  When the prosthetic structure is situated in a socket of the jawbone, the
      bone tissue 15 grows into the interstices of the porous cup 12. In effect,
      cup 12 becomes an integral part of the jaw. The resilient material 21
      completely surrounds the receptacle 22 that holds the pin 23 of tooth
      support 25. Thus, tooth support 25 is suspended in spaced-apart relation
      with cup 12. With this arrangement, tooth support 25 and the crown 13
      attached thereto in effect float in the implant 11. The implant dissipates
      multidirectional forces produced on crown 13 during mastication. More
      specifically, the implant simulates the shock-absorption characteristics
      of the periodontal membrane that exists between a normal living tooth is
      extracted, or is non-existent in edentulous areas, it is no longer present
      to surround the implant. Instead, the resilient material 21 in the implant
      yields in response to masticatory forces applied in any direction to
      cushion the jawbone in much the same manner as the periodontal membrane
      cushions a living tooth. This cushioning effect substantially reduces the
      possibility that masticatory forces will dislodge the implant in the
      jawbone and cause pockets to form at the interface between the implant and
      the surrounding bone tissue. As described above, if such pockets form,
      they are susceptible to invasion by bacteria which infect the area
      surrounding the implant and ultimately cause the implant to be rejected by
      the jaw.
PAR  The fibrous material 31 interfaces with the gingival tissue 19 and becomes
      attached to the gingival tissue as it grows to surround the implant
      structure. Consequently, the gingival tissue becomes firmly secured to the
      implant just below the crown 13, and forms a seal with the resilient
      material 21 at the peripheral surface area 29. This seal precludes
      bacteria from invading the implant socket.
PAR  After the jaw has healed around the implant, there is provided a dental
      prosthetic structure that is substantially integral with the jawbone, that
      cushions the jawbone from masticatory forces applied in any direction, and
      that seals the implant socket from the invasion of bacteria. The implant
      is illustrated with a single artificial tooth. However, it will be
      understood that the implant may also be used to support denture including
      a plurality of artificial teeth. In this case, post 26 of tooth support 25
      is suitably configured for securing it to an anchor point on the denture.
PAR  Another embodiment of the dental prosthetic structure is illustrated in
      FIGS. 3 and 4. As shown, an implant 34 comprises an oval-shaped porous
      ceramic ring 35. Silicone rubber or other resilient material 37 is formed
      in and around the ring 35 in a manner similar to that described above with
      respect to FIG. 2. Briefly, according to one method of forming the
      implant, ring 35 is placed in a cup-like mold that permits the silicone
      rubber to be formed above and below the ring 35 and in the same peripheral
      shape as the ring. A metal receptacle 39 is suspended internally of ring
      35 in spaced-apart relation therewith during formation of the silicone
      rubber. Receptacle 39 has a lower flange portion 41 which locks it firmly
      in place when surrounded by the silicone rubber. Receptacle 39 also has an
      upper flanged portion 43 which interfaces with a metal tooth support 45.
      The external dimensions of tooth mounting means 45 and flange 43 are
      smaller than the external dimensions of the ceramic ring 35 and the
      silicone rubber molded about the upper portion thereof. Thus, the silicone
      rubber is exposed on the top surface portion 47 of the implant as well as
      the lateral surface portion 49. Fibrous matting or woven material 51 is
      embedded into or glued onto the silicone rubber 37 at both surfaces 47 and
      49. The fibrous material extends from the implant to interface with the
      gingival tissue when the implant is in place in a socket in the jaw. As
      described above, as the implant heals in place, bone tissue of the
      alveolar process grows into the interstices of the porous ceramic ring 35,
      and the gingival tissue becomes attached to the fibrous material 51 to
      seal the implant socket area from bacteria. After the jaw has healed, the
      pin 53 of artificial tooth support 45 is cemented into receptacle 39.
      Affixed to a post 54 of tooth support 45 is a crown 55 prepared according
      to the surrounding dentition.
PAR  FIGS. 5 and 6 illustrate another embodiment of the dental prosthetic
      structure according to the present invention. An implant 60 comprises an
      oval-shaped metal ring 61, made of Vitallium or Tantallum, for example.
      Ring 61 is filled with and completely surrounded by resilient material 63,
      which is silicone rubber as described above. Internally of supporting ring
      61, there is suspended a metal receptacle 65, also formed of Vitallium,
      Tantallum or the like. Receptacle 65 is disposed in spaced-apart relation
      with the internal walls of ring 61, so as to float in the resilient
      material 63, thereby to provide absorption of shock due to
      multidirectional masticatory forces. Cemented in receptacle 65 is a mating
      pin 67 which is part of a tooth support member 69, the upper portion of
      which mounts a crown 71. Receptacle 65, mating pin 67, tooth support 69
      and crown 71 are configured substantially the same as described above with
      reference to FIGS. 2 and 4.
PAR  The external dimensions of the upper flange 73 of receptacle 65 and the
      interfacing portion of the tooth support 69 are less than the external
      dimensions of the implant, so that the top surface 75 of the silicone
      rubber 63 surrounding the tooth support is exposed. Fibrous matting or
      woven material 77 is attached to and extends from the silicone rubber on
      this top surface 75. Also, the fibrous material 77 is attached to and
      extends from the silicone rubber 63 over the entire lateral surface 79 of
      the implant. When the implant is situated in a socket of the jawbone, the
      top surface 75 and the upper portion of lateral surface 79 of the implant
      are disposed contiguously to the gingival tissue, whereas the lower
      portion of lateral surface 79 interfaces with the bone tissue of the
      alveolar process. As the jaw heals with the implant in place, the gingival
      tissue attaches to the fibrous matting on the upper portion of the implant
      and the bone tissue attaches to the fibrous matting on the lower surface
      of the implant. The metal ring 61 provides internal rigidity for the
      implant, while both the bony tissue and gingival tissue of the jaw
      interface with the resilient silicone rubber material 63. The resilience
      of the silicone rubber within the implant and at the bone-implant
      interface cushions the jaw from multidirectional masticatory forces,
      thereby reducing shock on the jaw which might dislodge the implant and
      form pockets subject to infection. The attachment of the gingival tissue
      to the upper portion of the implant serves to seal the implant socket from
      bacterial invasion.
PAR  According to the method of installing the dental prosthetic structure in
      the mouth of a patient, a socket is prepared in the jaw in the area where
      a tooth has been extracted or in an edentulous region. The implant is
      inserted into this socket without the crown and associated metal support
      mounted thereon. The implant may have the configuration of any of the
      three embodiments described above, namely, implant 11 (FIGS. 1 and 2),
      implant 34 (FIGS. 3 and 4), or implant 60 (FIGS. 5 and 6). After the
      implant is placed in the prepared socket in the jaw, the gingival tissue
      is sutured over it and the jaw is permitted to heal for a period of about
      6 to 8 weeks. During this time, the bony tissue of the alveolar process
      grows into the porous portion of the implant, or attaches to the fibrous
      material in the case of the embodiment of FIGS. 5 and 6. Also, during this
      time, the gingival tissue adheres to the fibrous material on the upper
      portion of the implant.
PAR  After the jaw has healed, the gingival tissue is removed to expose the
      metal receptacle which floats in the resilient material of the implant.
      Thereafter, the pin portion of the tooth support (e.g., pin 23 of support
      25 in FIG. 2) is temporarily inserted into the metal receptacle. At this
      time, the upper post portion of the tooth support is exposed and does not
      have a crown or denture mounted on it.
PAR  An impression is made of the dental arch surrounding the implant and
      protruding post in conventional dental impression material such as
      hydrocolloid or synthetic rubber. The post of the tooth support becomes
      imbedded in the impression material, and the tooth support is withdrawn
      with the impression when it is removed from the dental arch. With the
      tooth support imbedded in the impression material, the pin thereof is
      exposed. An acrylic counter-die 81 of the configuration shown in FIG. 7 is
      placed over the exposed pin, represented by pin 83. Thereafter, as shown
      in FIG. 8, a cast or model 87 of the impression is made by investing the
      impression in plaster, which is then permitted to harden. Another cast 85
      is made of the opposing dental arch. The acrylic counter-die 81 is set in
      the plaster mold of the teeth in the same spatial relationship with
      adjacent and opposing teeth that exists in the mouth of the patient. The
      pin 89 of tooth support 83 is inserted into the counter-die 81 and a crown
      91 of acrylic or other suitable plastic or porcelain is constructed on the
      post 93 of the tooth support. Preferably, the crown is baked directly onto
      the post and then carved to fit against the adjacent and opposing teeth
      represented by the plaster mold thereof. The crown 91 and its associated
      tooth support 83 are then removed from the counter-die 81 and permanently
      cemented into the metal receptacle in the implant situated in the
      patient's mouth (e.g., receptacle 22 in FIG. 2).
PAR  By taking a dental impression of both dental arches with the tooth support
      in place in the implant, and thereafter making a mold of the dental arches
      containing the counter-die, the tooth support is positioned in the plaster
      mold of the dental arches in exactly the same spatial relationship to
      surrounding teeth as it is in the mouth of a patient. This permits the
      tooth support and the crown to be constructed as a single unit outside of
      the mouth using laboratory techniques which would be unsatisfactory if
      attempted within the mouth of a patient. For example, the process of
      baking the crown onto the tooth support could not be achieved without
      substantial discomfort to the patient and even then the fluid conditions
      inside the mouth of the patient would interfere with attempts to attach a
      crown to the post.
CLMS
NUM  1.
PAR  1. Apparatus comprising:
PA1  a hollow ceramic member having a porous exterior surface for interfacing
      with bone tissue;
PA1  mounting means for securing a dental prosthetic device; and
PA1  means including a resilient material disposed in the interior portion of
      said hollow member for suspending said mounting means in spaced-apart
      relation with the interior surface of said hollow member, said suspending
      means being resilient to multidirectional masticatory forces applied to
NUM  2.
PAR  2. The device of claim 1, wherein said resilient material is silicone
NUM  3.
PAR  3. The device of claim 1, wherein said mounting means is a receptacle
NUM  4.
PAR  4. The device of claim 3, further including an artificial tooth having a
NUM  5.
PAR  5. The device of claim 1, wherein said hollow member is a porous ceramic
NUM  6.
PAR  6. The device of claim 1, wherein said hollow member is a porous ceramic
NUM  7.
PAR  7. The device of claim 1, wherein said hollow member has an external porous
NUM  8.
PAR  8. The device of claim 1, further including fibrous material secured to
      said resilient material and disposed adjacent to the periphery of said
NUM  9.
PAR  9. The device of claim 8, wherein said resilient material is silicone
      rubber and said fibrous material is partially embedded in said resilient
NUM  10.
PAR  10. The device of claim 8, wherein said fibrous material is composed of
NUM  11.
PAR  11. A method of preparing a dental prosthetic device to be secured to an
      implant in a patient's mouth, the method comprising the steps of:
PA1  temporarily mounting a tooth support member on said implant;
PA1  forming an impression of the teeth adjacent to and opposing said tooth
      support member in dental impression material;
PA1  removing said impression from the patient's mouth, thereby to remove said
      tooth support member embedded in said impression material;
PA1  placing a counter-die on the portion of said tooth support member exposed
      from said impression material;
PA1  casting said impression, including said counter-die, in dental casting
      material to reproduce the implant mount and the adjacent and opposing
      teeth in said casting material in the same spatial relationship as in the
NUM  12.
PAR  12. The method of claim 11, further including the steps of:
PA1  molding a crown of artificial tooth material onto said tooth support member
      supported on said counter-die, said crown being formed in cooperative
      relation with the adjacent and opposing teeth reproduced in said dental
      casting material;
PA1  securing said crown to said tooth support member to form a unitary
      artificial tooth; and
PA1  securing said unitary artificial tooth to said implant mount in the
NUM  13.
PAR  13. The method according to claim 12, wherein the step of securing said
      crown to said tooth support member to form a unitary artificial tooth is
NUM  14.
PAR  14. Apparatus comprising:
PA1  a hollow member having a porous exterior surface for interfacing with bone
      tissue;
PA1  mounting means for securing a dental prosthetic device;
PA1  means disposed in the interior portion of said hollow member for suspending
      said mounting means, said suspending means being resilient to
      multidirectional masticatory forces applied to said mounting means; and
PA1  fibrous material secured to said resilient material and disposed between
      said hollow member and said dental prosthetic device for interfacing with
      gingival tissue to permit formation of a seal with the gingival tissue,
      thereby to preclude invasion of bacteria into the area surrounding said
NUM  15.
PAR  15. The device of claim 14, wherein said resilient material is silicone
      rubber and said fibrous material is partially embedded in said resilient
NUM  16.
PAR  16. The device of claim 14, wherein said fibrous material is composed of
      sythetic fibers.
PATN
WKU  039343480
SRC  5
APN  5379679
APT  1
ART  333
APD  19750102
TTL  Method of forming a porcelain crown
ISD  19760127
NCL  6
ECL  1
EXA  Lever; J. Q.
EXP  Mancene; Louis G.
NDR  1
NFG  10
INVT
NAM  Janjic; Bora
STR  541 Lincoln Road
CTY  Miami Beach
STA  FL
ZIP  33139
CLAS
OCL   32 12
EDF  2
ICL  A61C  508
FSC   32
FSS  12;8;13;2
UREF
PNO  2194790
ISD  19400300
NAM  Gluck
OCL   32 12
UREF
PNO  2980998
ISD  19610400
NAM  Coleman et al.
OCL   32 12
UREF
PNO  3413723
ISD  19681200
NAM  Wagner et al.
OCL   32  8
UREF
PNO  3481772
ISD  19691200
NAM  MacNairn et al.
XCL   32 12
UREF
PNO  3761728
ISD  19730900
NAM  Kochavi
OCL   32 12
LREP
FRM  Blair & Brown
ABST
PAL  A method of forming a porcelain crown that requires no shoulder, and can be
      fitted over any type of standard impression made by a dentist. In the
      method, a laboratory plaster model is made from a dentist's impression and
      includes male and female dies. The male die has successive layers of
      materials applied thereupon comprising first a 0.002 gauge platinum film
      followed successively by a first layer of gold crust, a second layer of
      gold crust and opaque porcelain, upon which a regular porcelain is applied
      that fits the female die with the regular porcelain receiving thereafter a
      final application of glazing powder. The crown is baked between each step
      of the process.
BSUM
PAR  This invention relates to a process for the making of a porcelain crown.
PAR  A principal object of the present invention is to provide an improved
      method of forming a porcelain crown which can be fitted over any type of
      impression that is made by the dentist from all sizes and types of teeth.
PAR  Another object is to provide a method of forming an improved porcelain
      crown that does not require a dentist to grind down the tooth in the
      patient's mouth, to produce a shoulder, such as is necessary for other
      crowns to rest upon, but instead a crown is made from successive layers of
      0.002 gauge platinum film, gold crust, opaque porcelain, and glazing
      powder to fit over a tooth requiring a crown.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIGS. 1 through 8 are diagrammatic views showing subsequent steps in the
      method of forming the porcelain crown of the present invention.
PAR  FIG. 9 is a fragmentary cross-sectional view of the completed porcelain
      crown.
DETD
PAR  Referring to the drawing in detail, the reference numeral 10 represents a
      porcelain crown produced by following the method according to the present
      invention.
PAR  First, as shown in FIG. 1, a dentist makes an impression 11 around the
      tooth 12 that is to be crowned. Rough edges on the impression are ground
      off and rounded, as shown in FIG. 1a. The dentist's impression is then
      sent to a laboratory which makes a model for a crown. For each tooth, a
      female die 13 and a male die 14 are made of the model from a hard dental
      plaster.
PAR  Platinum film 15 of 0.002 inch gauge is fitted over the die 14 so to
      conform to the die shape.
PAR  A first layer of gold crust 16 is then applied over the platinum with a
      small brush and allowed to dry. This is now placed in a porcelain furnace
      and baked in air until the temperature reaches 1950.degree.F. It is then
      removed from the furnace and allowed to cool.
PAR  A second coat of gold crust 17 is then applied, and the device is again
      place into the porcelain furnace and baked in air until the temperature
      reaches 1850.degree.F. The thickness of the crown is now 0.010 inch.
PAR  Opaque porcelain 18 is now applied on the crown by a brush and is baked in
      the porcelain furnace in air starting with a temperature of 800.degree.F.
      continuing until it reaches 1200.degree.F. It is then baked in a vacuum
      from 1200.degree.F. until it reaches 1750.degree.F. The vacuum is then
      released, and the crown is then baked in air to 1825.degree.F. The crown
      is then allowed to cool.
PAR  Regular porcelain 19 is now applied in sufficient quantity to shape the
      crown to the die 13 contour, and the crown is then again placed into the
      porcelain furnace and baked in air beginning at 800.degree.F. and
      increasing to 1200.degree.F. It is then baked in a vacuum beginning at
      1200.degree.F. and increasing to 1650.degree.F. The vacuum is then
      released, and the crown is then baked in air increasing to 1700.degree.F.
      The crown is then allowed to cool.
PAR  A glazing powder 20 is then applied to the crown with a brush. The crown is
      placed in the porcelain furnace and baked in air beginning at
      800.degree.F. and increasing to between 1710.degree. to 1720.degree.F. It
      is then allowed to cool, thus completing the crown construction.
PAR  From the above description of the method of making the porcelain crown of
      the present invention it is clear that the crown can be made to fit all
      teeth, of all sizes and shapes, and without the need to grind down the
      tooth until there is a shoulder for the crown to reat upon. The dentist
      takes an impression of the tooth needing a crown, and a laboratory plaster
      model is made from the impression and includes male and female dies. On
      the male die are laid and baked successive layers of 0.002 gauge platinum
      film, gold crust, opaque porcelain, and a final application of glazing
      powder. The hollow portion of the new crown naturally is a perfect
      reproduction of the tooth it is to fit over because the die employed to
      build the crown is made from an impression of the tooth. The crown,
      therefore, is a perfect fit for the tooth, and additionally, should the
      tooth need a broader grinding surface to mate with others it works against
      and with, then the regular porcelain layer can be made thicker and broader
      to provide the needed substantially horizontal surface, such as shown in
      FIGS. 7, 8, and 9.
PAR  Having thus described the preferred embodiments of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
NUM  1.
PAR  1. A method for forming a dental crown on a crown model made from a
      dentist's impression, including the steps of forming male and female dies
      on the model in hard dental plaster, applying a 0.002 inch gauge platinum
      film to the male die in form fitting relation, brushing a layer of gold
      crust on the platinum film, baking the crown, brushing a second layer of
      gold crust on the crown, baking the crown, applying a regular porcelain to
      the crown conformed to the contour of the female die, baking the crown,
NUM  2.
PAR  2. The method as set forth in claim 1, wherein the baking step after
      applying the first layer of gold crust consists of baking in a porcelain
NUM  3.
PAR  3. The method as set forth in claim 2, wherein the baking step after
      applying the second layer of gold crust consists of baking in the furnace
NUM  4.
PAR  4. The method as set forth in claim 3 wherein the baking step after
      applying the opaque porcelain consists of baking in the furnace in air
      starting with a temperature of 800.degree.F. then increasing to
      1200.degree.F., and then bake in the furnace in a vacuum starting with a
      temperature of 1200.degree.F. then increasing to 1750.degree.F., release
      the vacuum and continue to bake in air to a final temperature of
NUM  5.
PAR  5. The method as set forth in claim 4, wherein the baking step after
      applying the regular porcelain consists of baking in the furnace in air
      beginning with a temperature of 800.degree.F. and increasing to
      1200.degree.F., and then bake in the furnace in a vacuum beginning with a
      temperature of 1200.degree.F. and increasing to 1650.degree.F., release
      the vacuum and continue to bake in air to a final temperature of
NUM  6.
PAR  6. The method as set forth in claim 5, wherein the baking step after
      applying the glazing powder consists of baking in the furnace in air
      beginning with a temperature of 800.degree.F. and increasing to between
      1710.degree. and 1720.degree.F.
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ABST
PAL  A dental handpiece or elbow having a guide sleeve for mounting a dental
      treatment tool, in which the inner annular surface of the guide sleeve is
      coated with a wear-resistant coating so as to enhance the strength thereof
      against hammering and radial forces generated during use of the handpiece.
      In the case where the sleeve is connected to the tool through the
      intermediary of a collet, the latter is also provided with a similar
      coating in at least the regions in contact with the guide sleeve.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to dental handpieces or elbows.
PAC  DISCUSSION OF THE PRIOR ART
PAR  In presently known dental handpieces or elbows which have guide sleeves of
      hardened metal adapted to receive the shank of a dental treatment tool,
      the above-mentioned guide sleeve is subjected to hammering forces, caused
      on the one hand by the required operative tolerance or fit at the forward
      end of the guide sleeve, and at the other end thereof through the
      chattering contact by the cutters of the dental drill or grinding tools.
      These forces occur irrespective as to whether the guide sleeve is formed
      for directly receiving the tool, or whether an intermediate collet is
      positioned between the particular guide sleeve and the tool shank. Due to
      the radial loads experienced at the tool tip during operation, there is
      generated an additional force which, in particular at both ends of the
      guide sleeve, is also transmitted in the radial direction.
PAR  In view of these forces the guide sleeve is subjected at both of its ends
      to a mostly trumpet-shaped enlargement, independently of whether the guide
      sleeve is or is not formed of a hardened metal. The result thereof is the
      rough operation of the dental treatment tool, leading to the rapid
      destruction of the latter. Furthermore, operation on or treatment of a
      natural tooth with the required degree of precision becomes thereby
      impossible.
PAR  It has further been attempted to construct the particular sleeves for
      receiving the shank of a dental treatment tool of suitable hard metal or
      alloy. This, however, is not possible if the sleeves are constructed of a
      plurality of pieces, and with particularly highly-stressed sleeve portions
      being formed of hard metal or sapphire. One such construction has become
      known, for example, from German Pat. No. 1,018,583. These multi-sectioned
      constructions, however, cause difficulties in the manufacture of and upon
      assembly of the guide sleeve, in effect the positioning of the sections,
      which in particular is dependent upon the extremely small dimensions of
      the individual elements or sections. Consequently, achieving precise
      alignment of the individual pieces of the guide sleeve becomes extremely
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a dental
      handpiece or elbow in which the guide sleeve has a coating applied thereto
      enhancing its resistance against hammering and radial forces, so as to
      allow for a simple construction thereof.
PAR  Through lengthy investigations it has been determined that, in contrast
      with known constructions, it is possible to attain a reduction in abrasion
      caused by hammering, respectively, radial or other generated forces to a
      value of one-sixth of normal wear.
PAR  A particularly advantageous degree of resistance to abrasion of the guide
      sleeve, as compared to the prior art, is obtained when the layer or
      coating material is constituted, for example, of chromium and metal
      carbides.
PAR  Additional life expectancy and superior characteristics are also imparted
      to the guide sleeve when the surface coating is very smooth. The roughness
      of the surface may be reduced by a considerable extent upon the inner wall
      of the sleeve, after deposition thereon of the hardened coating, is
      polished by means of a suitable diamond-polishing tool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the dental handpiece or elbow of the invention are
      now described in the following detailed description thereof, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates a sectional view of the head portion of a dental elbow
      in which a guide sleeve is utilized for directly supporting the shank of a
      dental treatment tool;
PAR  FIG. 2 illustrates a sectional view of the head portion of a dental elbow
      in which a guide sleeve supports the shank of a dental treatment tool
      through the intermediary of a collet; and FIG. 3 illustrates a sectional
      view of the tip of a straight dental handpiece in which a guide sleeve
      supports the shank of a dental treatment tool through the intermediary of
      a collet.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 and 2 there is shown the shank 1 of a dental elbow, with the
      shank extending into the elbow headpiece 2.
PAR  In the embodiment of FIG. 1, rotation is imparted to a dental treatment
      tool 3 through a rotary drive force applied thereto by a drive shaft 4. In
      order to effect the foregoing, the drive shaft 4 includes a drive spur
      gear 5 which cooperated with a pinion gear 6 on the guide sleeve 7. The
      guide sleeve 7 is supported at its upper end within the headpiece 2 by
      means of a ball bearing 8 and its lower end through a bearing bushing 9.
      The inner annular wall of the guide sleeve 7 is provided with a coating 10
      which has a hardness of at least 1800 HV (Vickers hardness) at a test load
      of 0.2 kg. The guide sleeve may be constituted of a hardened metal or
      alloy, preferably of a hardness of 40 to 58 Rockwell C. Furthermore, the
      coating should have a thickness preferably in the range of 0.001 to 0.03
      mm having a surface roughness depth not exceeding 1.5 .mu..
PAR  In the embodiment of FIG. 2 there is disclosed a turbine-elbow headpiece 2
      in which the guide sleeve 7 is formed as a turbine rotor having a hollow
      shaft 7'. The turbine blades are designated by reference numeral 11. The
      driving air which impinges against turbine blades 11 is conveyed through
      the elbow shank 1. The outlet for the exit air is effected in a well known
      manner not essential for an understanding of the invention.
PAR  The guide sleeve 7 is supported at both ends thereof in the headpiece 2
      through the intermediary of ball bearings 8. In the interior of the hollow
      shaft formed guide sleeve 7 there is located a collet 12 which is adapted
      to retain the shank of a tooth treatment tool 3. The rigid rotational
      connection between the guide sleeve 7 and collet 12 is obtained through an
      insert member 13 which is rigidly pressed or adhesively fastened into the
      interior of the hollow shaft formed by the guide sleeve, and which
      includes a follower 14 projecting into a complementary recess 15 in the
      collet 12. The resilient tension tongues of the collet 12 are designated
      by reference numberal 12a. At the lower end of the guide sleeve 7, shown
      in FIG. 2, there is provided in a similar manner an insert member 16 which
      secures the collet 12 against dropping out of the sleeve.
PAR  The inner annular wall of the guide sleeve is herein provided with a
      coating 10 which has the same physical properties as that in the
      embodiment of FIG. 1. In the region of the rigid compressive contact
      between the guide sleeve 7 and the insert members 13 and, respectively 16,
      there is provided this coating on the inner annular surfaces of the insert
      members. In this region the coating is designated by reference numeral
      10a. In these above-mentioned regions, the inner surfaces of the insert
      members is to correspond with the inner surface of the guide sleeve beyond
      these regions.
PAR  The embodiment illustrated in FIG. 3 largely corresponds with that of FIG.
      2, however, in FIG. 3 the invention relates to a straight dental
      handpiece, and wherein, in another manner, the collet 12 is at its upper
      end (not shown) connected for example, by means of screwing,
      rotatably-and-slide-fast with the guide sleeve 7. In this case, the
      coating 10 again extends, as in FIG. 1, directly to the inner surface of
      the guide sleeve 7.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
NUM  1.
PAR  1. In a dental handpiece having a headpiece; a guide sleeve formed of hard
      metal; and means rotatably supporting said guide sleeve within said
      headpiece, said guide sleeve being adapted to support the shank of a
      dental treatment tool interiorly thereof, the improvement comprising; a
      coating formed essentially of chromium and metal carbide being provided on
      at least the annular inner wall surface of the guide sleeve, said coating
      having a hardness of at least 1800 Vickers hardness at a test load of 0.2
NUM  2.
PAR  2. An improvement as claimed in claim 1, said coating having a thickness of
NUM  3.
PAR  3. An improvement as claimed in claim 1, said coating being smoothed to a
NUM  4.
PAR  4. An improvement as claimed in claim 1, said guide sleeve being formed of
      a hardened metal having a hardness in the range of 40 to 58 Rockwell C.
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ABST
PAL  An improved geometrical instrument for laying out and proportioning
      photographs and the like including a pair of angle members disposed in
      overlapping relationship, a diagonal strut connecting said angle members
      together for limited movement and means securing said angle members and
      strut together for selected relative movement between said angle members.
      The instrument of the present invention also includes an inset edge
      located at the apex of each of the included angles of the angle members to
      enable the user to make crop marks accurately reflecting the desired area.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to a geometrical instrument for
      laying out and proportioning photographs and the like and more
      specifically, to a cropping device used, for example, in cropping from a
      photograph to a layout and from a layout to a photograph.
PAR  Cropping devices are generally old in the art. Most of these prior art
      devices are quite similar in that they each comprise a pair of angle
      members, usually right angle members, arranged in opposed overlapping
      relationship such that the inner edges of such angle members define a
      parallelogram, usually a rectangle. These angle members are usually
      connected together by a diagonally disposed bar or strut which adjustably
      connects the pair of angle members for movement toward and away from each
      other to vary the size of the parallelogram or other area defined
      therebetween. In some of the prior art cropping devices, the diagonal
      strut is connected to and extends between the apexes of the angle members;
      while in others, the diagonal strut is connected with and extends between
      the angle members at a point spaced to one side of the apex of the angle
      members so that the strut is parallel to, but spaced from, a line passing
      through the apex of the angle members. In this latter type of cropping
      device, the inside or included corner of the angle members is not
      obstructed from view. An example of the latter type of cropping device is
      described in U.S. Pat. No. 2,782,513.
PAR  The primary purpose of the geometrical instruments or cropping devices
      referred to above is for cropping from photographs to layouts or from
      layouts to photographs. In either event, the use of such a device involves
      an adjustment or movement of the angle members to a desired shape and
      size, and means for retaining the angle members in a fixed position such
      that only selected relative movement of the angle members is thereafter
      permitted. The relative movement permitted enables the user to transfer an
      area of that particular size and shape or an area of proportional shape,
      either smaller or larger, from a photo to a layout or vice versa. To
      accomplish the transfer of this area from one medium to another, crop
      marks were made with a pen or pencil at at least two of the inside or
      included corners of the resulting area. If the crop marks are made at the
      inside or included angles of each of the angle members, it is necessary
      that the diagonal bar or strut be disposed to one side of the apex to
      expose such angles visually, thereby permitting the crop marks to be made.
PAR  The making of such a crop mark in prior art cropping devices, however,
      gives rise to certain disadvantages of these prior art devices primarily
      because of the thickness of the crop mark itself and the space required to
      make such mark. In the prior art devices, the crop mark was made on the
      inside edge or corner of the resulting area. Thus, when the cropping
      device was removed, the crop mark actually reflected an area slightly
      smaller than that framed by the cropping instrument.
PAR  In contrast to the prior art, the present invention relates to a
      geometrical instrument or cropping device which includes a pair of angle
      members positioned in overlapping relationship and a diagonal bar or strut
      extending between and connecting said angle members together in adjustable
      relationship, with such diagonal strut connected to each of said angle
      members at a point other than at the apex of the angle members. The
      cropping device of the present invention further includes means for
      securing said angle members and strut together for selected relative
      movement and means by which crop marks may be made which account for and
      compensate for the thickness of such crop marks and the space required to
      make the same. Also, the present invention includes means for connecting
      the diagonal bar or strut with each of the angle members such that the
      bottom surface of such angle members remains relatively flush to avoid
      scratching or catching on photographs or layouts with which the device is
      used.
PAR  Accordingly, it is an object of the present invention to provide an
      improved geometrical instrument or cropping device which compensates for
      the thickness of the crop marks and the space required to make the same so
      that such crop marks accurately reflect the specific picture or photograph
      area desired.
PAR  Another object of the present invention is to provide a geometrical
      instrument or cropping device wherein the diagonal strut is connected to
      said angle members at a point other than the apex of the angle members and
      which includes means at the apex of the included angles of such angle
      members for making crop marks which accurately reflect the specific
      picture area framed by the cropping device.
PAR  A further object of the present invention is to provide a cropping device
      having a flush bottom surface to prevent such device from catching on
      photographs or layouts with which the device is used.
PAR  These and other objects of the present invention will become apparent with
      reference to the drawings, the description of the preferred embodiment and
      the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the geometrical instrument of the present
      invention.
PAR  FIG. 2 is a perspective view of the geometrical instrument of the present
      invention showing such instrument in use.
PAR  FIG. 3 is a sectional view of one of the locking knobs of the device of the
      present invention as viewed along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view of the other locking knob of the device of the
      present invention as viewed along the line 4--4 of FIG. 1.
PAR  FIG. 5 is a sectional view as viewed along the line 5--5 of FIG. 1.
PAR  FIG. 6 is a sectional view as viewed along the line 6--6 of FIG. 1.
PAR  FIG. 7 is a plan view of the underside of the bridge used in the device of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference first to FIG. 1, the cropping device of the present
      invention includes a pair of relatively thin, flat angle members 10 and 11
      positioned in overlapping relationship. Each of the angle members 10 and
      11 includes a pair of sides 12, 13 and 14, 15, respectively, connected at
      right angles with each other. In the preferred embodiment, the 90.degree.
      angle member 10 is illustrated as being disposed on top of the 90.degree.
      angle member 11. Each of the angle members 10 and 11 also includes a pair
      of inner, straight edges 16, 16a and 18, 18a respectively, which, in the
      preferred embodiment are disposed at right angles with each other to form
      an included angle 19 and 20, respectively, therebetween. Although the
      included angles formed by the edges 16, 16a and 18, 18a are normally right
      angles, it is contemplated that the advantages of the present invention
      could be utilized as long as such included angles are less than
      180.degree..
PAR  Each of the corners 19 and 20 includes an inset edge or corner 19a and 20a
      respectively which is inset from the inner edges 16, 16a and 18, 18a of
      the angle members 10 and 11. As illustrated in FIG. 2, the primary purpose
      of such inset edges is to enable the user to make cropping marks 48, 48
      (FIG. 2) which accurately reflect the specific area of the picture,
      photograph or the like framed by the device and intended to be cropped.
      The amount which each of the inset edges 19a and 20a is inset from the
      inner edges 16, 16a and 18, 18a should correspond to the space necessary
      to make the cropping mark. This distance normally would include the
      thickness of the crop mark itself as well as the distance between such
      mark and the drawing edge. The particular length of each leg of the inset
      edges 19a and 20a is not critical; however, such legs must be sufficiently
      long to make a proper crop mark, but should also be short enough to
      prevent distorting or misrepresenting the area to be cropped.
PAR  Each of the angle members 10 and 11 further includes graduations along both
      its inner edges 16, 16a and 18, 18a and along its outer edges 21 and 22 to
      aid the user in cropping areas having desired dimensions and to enable the
      user to arrange the angle members 10 and 11 so that they form the desired
      angles with the other. In the preferred embodiment, it is contemplated
      that the scales on each of the inner edges 16, 16a and 18, 18a and outer
      edges 21 and 22 should be different, thus giving the user alternative
      scales which he could use in his cropping process.
PAR  With further reference to FIGS. 1 and 2, it can be seen that the angle
      members 10 and 11 are adjustably connected in overlapping relationship by
      a slotted, diagonally disposed bar or strut member 24. Specifically, the
      strut 24 extends between the angle members 10 and 11 with one end
      pivotally connected with the angle member 11 by the connecting means 25,
      while the other end of the strut 24 is connected in sliding relationship
      with the angle member 10 by the connecting means 26. In the preferred
      embodiment the strut 24 is connected with each of the angle members 10 and
      11 at a point other than the apex of the included angles 19 and 20 of said
      angle members, so that the apex of said included angles, specifically the
      inset edges 19a and 20a, are visually exposed. Preferably, the strut 24 is
      connected with the members 10 and 11 such that it is parallel to a line
      passing through the apexes of the included angles 19 and 20 of the members
      10 and 11.
PAR  As illustrated best in FIG. 3 which is a sectional view of the means 25 for
      pivotally connecting the strut 24 with the angle member 11, it can be seen
      that the connecting means 25 includes a bolt 28 extending from the lower
      surface of the angle member 11 up through a hole in the strut 24 where it
      is threadedly secured by a locking knob 29. The bolt 28 includes a
      relatively thin, flat head portion 30 which is partially imbedded into the
      lower surface of the angle member 11 so that it is flush with the lower
      surface of the angle member, thereby minimizing the possibility that such
      bolt would scratch or catch the photograph being cropped. The bolt 28 also
      includes a square shoulder portion 31 disposed immediately above the flat
      head 30 which is adapted to fit into an opening in the angle member 11 of
      approximately the same shape and size to prevent the bolt 28 from turning
      when the locking nut 29 is tightened or loosened. As also illustrated in
      FIG. 3, as well as FIG. 6, the end of the strut 24 connected to the angle
      member 11 includes a spacing portion 32 integrally formed with the strut
      24. The primary purpose of this spacing portion 32 is to allow free,
      unrestricted pivotal movement of the strut 24 relative to the angle member
      11 and to compensate for the fact that the angle member 10 overlays the
      angle member 11. The locking knob 29 is adapted for threaded connection
      with the threaded portion of the bolt 28 such that when the locking knob
      is tightened, the strut 24 is held between the locking knob and the angle
      member 11, thus securing those elements in a relatively fixed position.
PAR  As illustrated in FIGS. 4, 5 and 7, the means 26 for slidably connecting
      the strut 24 with the angle member 10 includes a threaded bolt 34 having a
      relatively thin, flat head portion 35 and a square shoulder portion 36. As
      illustrated, the bolt 34 extends upwardly through the angle member 10, the
      strut 24 and the bridge member 38 at which point it is adapted for
      threaded connection with the locking knob 39. Similar to the connecting
      means illustrated in FIG. 3, the head portion 35 in FIG. 4 is partially
      imbedded into the lower surface of the locking member 10 to provide a
      relatively flush lower surface, thus preventing such elements from
      snagging or catching on photographs or other materials being cropped.
      Also, similar to the connecting means of FIG. 3, the square shoulder
      portion 36 of the bolt 34 is adapted for insertion into a square opening
      of approximately the same shape and size in the angle member 10 to prevent
      the bolt 34 from turning when the knob 39 is tightened or loosened. When
      the locking knob 39 is tightened over the bolt 34, the elements 38 and 10
      are held in a relatively fixed position, permitting sliding movement of
      the elements 38 and 10 along the strut 24. When both locking knobs 29 and
      39 are tightened, the angle members 10 and 11 are held in a fixed position
      such that only sliding movement of the angle member 10 is permitted along
      the strut 24. In this manner the size of the area cropped can be changed
      without affecting the proportions of the area.
PAR  As illustrated best in FIG. 7 which is a plan view of the underside of the
      bridge member 38, the bridge member 38 includes a pair of parallel ridges
      40 and 41 which are spaced apart to permit the strut 24 to slide
      therebetween. The bridge member 38 also includes a center ridge portion 42
      which is disposed within the elongated slot 23 of the strut member. The
      bridge 38 includes a hole 44 in its center portion to accommodate the bolt
      34. To permit the above mentioned sliding movement of the angle member 10
      when the knob 39 is tightened, it is necessary that the thickness of the
      ridges 40, 41 and 42 be slightly greater than the thickness of the strut
      24.
PAR  Although the use of geometrical instruments or cropping devices of the
      general type to which the present invention relates is well known to those
      skilled in the art, a brief discussion of the operation of the present
      invention will be described as follows: First of all, as described above,
      the cropping device of the present invention, and specifically, the angle
      members 10 and 11 are adjustable to a variety of positions. The relative
      movement or adjustability of such members is accomplished by loosening the
      locking knobs 29 and 39 and positioning the angle members 10 and 11 with
      respect to each other as desired. When the members 10 and 11 are in
      position so that the desired cropping area is achieved, the locking knobs
      29 and 39 are tightened, thus holding the members 10 and 11 in a fixed
      position with respect to each other and enabling that area, or a larger or
      smaller area of the same proportions, to be transferred to another medium.
PAR  To use the device of the present invention for cropping from layout to
      photo, the locking knobs 29 and 39 are first loosened. Next, the device is
      layed on the layout form with the inside edges 16, 16a and 18, 18a (FIG.
      1) aligned with the specific picture area desired. When this is
      accomplished, the knobs 29 and 39 are tightened, thus securing the members
      10 and 11 in a fixed position with respect to each other. The rigid device
      is then placed over the photo and the upper half of the device, the angle
      member 10, is moved along the slotted, diagonal strut 24 until the area of
      the photo desired to be reproduced is within the proportional area. The
      inset edges 19a and 20a are used as guides to make the crop marks 48, 48
      as illustrated in FIG. 2.
PAR  For cropping from photo to layout, the locking knobs 29 and 39 are again
      loosened and the device is layed on the photo, enclosing the portion of
      the photo desired to be reproduced. The locking knobs 29 and 39 are then
      tightened, forming the cropping device into a fixed structure. The device
      is then placed over the layout form and the upper half of the device,
      angle member 10, is moved along the slotted, diagonal bar 24 until the
      reproduction size desired is within the proportional area. The inset edges
      19a and 20a are then used as guides for drawing the picture area on the
      layout form similar to the manner illustrated in FIG. 2.
PAR  Although the description of the preferred embodiment of the present
      invention has been quite specific, it is contemplated that various changes
      and modifications could be made to such embodiment without deviating from
      the spirit of the present invention. Thus, the scope of the present
      invention is intended to be dictated by the appended claims rather than by
      the description of the preferred embodiment.
CLMS
NUM  1.
PAR  1. A geometrical instrument for laying out and proportioning photographs
      and the like comprising:
PA1  a pair of angle members positioned in overlapping relationship, each of
      said angle members having a pair of straight edges forming an included
      angle of less than 180.degree. ;
PA1  a strut extending between said pair of angle members and connected with
      each of said angle members at a point other than the apex of said included
      angle such that said included angle is visually exposed, said strut
      permitting limited selective relative movement between said pair of angle
      members; and
PA1  an inset corner at the apex of each of said included angles to enable one
      employing the instrument to make cropping marks which accurately reflect
      the specific area of the photographs and the like, framed by the
NUM  2.
PAR  2. The geometrical instrument of claim 1 wherein each of said inset corners
      includes a pair of inset legs inset from the corresponding pair of
NUM  3.
PAR  3. The geometrical instrument of claim 2 wherein each of said inset corners
      provides a guide for making a cropping mark and wherein the inset legs of
      each of said inset corners is inset from its corresponding straight edge a
NUM  4.
PAR  4. The geometrical instrument of claim 3 wherein the legs of said inset
NUM  5.
PAR  5. The geometrical instrument of claim 1 wherein said strut includes means
      for securing said angle members together to permit only relative movement
NUM  6.
PAR  6. The geometrical instrument of claim 5 wherein said strut is pivotally
      connected with one of said angle members and slidably connected with the
NUM  7.
PAR  7. The geometrical instrument of claim 6 having a flush lower surface.
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ABST
PAL  A first embodiment of foldable measuring stick which is composed of three
      separate members, the intermediate member having a hollow chamber, an
      elastic means located within said hollow chamber and interconnected on
      opposite ends to the other members, the interconnection with the elastic
      means to each member being through a pair of links which are pivotally
      connected together, the three members to be interconnected in an in-line
      position and useable as a measuring stick, the outer members being movable
      to a position along side the intermediate member when the stick is not in
      use, locking means for locking the outer members to the intermediate
      member when in the along side position. A second embodiment of measuring
      stick can be constructed of only two members with a stop block mounted
      within one member, a bifurcated rod element passing through the stop
      block, a coil spring surrounding one of the legs of the bifurcated element
      biasing the element to retracted position, the element pivotally connected
      to a link which is also pivotally connected to the other member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to measuring sticks and more
      particularly to a foldable measuring stick which is formed of an extended
      length, six feet and longer, and usable in the construction industry to
      check grades in the constructing of dams, roads and hillsides.
PAR  In the construction industry, in the moving of dirt, telescope leveling
      instruments are in common use such as a transit. The leveling instrument
      is used in combination with an elongated measuring stick. The leveling
      instrument is mounted in a horizontal plane and then a person, usually
      referred to as a grade checker, is located at a location spaced from the
      instrument and holds an elongated measuring stick. This measuring stick
      has printed thereon a measure table such as inches and feet, or a metric
      table. The bottom of the stick is placed against the dirt grade and a
      person looking through the transit can visually observe the measure table
      thereby noting the particular measuring point on the table which coincides
      with the horizontal position of the transit. By using this information,
      the grade level can be determined.
PAR  The grade level measuring sticks are usually 6 feet long and frequently 8
      feet long and at times it would be desirable to have such sticks to be of
      a longer length as at times a 30 foot measuring stick would be preferable.
PAR  Such extended length of measuring sticks does not facilitate portability.
      Such sticks are difficult to carry around on a person and are difficult to
      carry in an automobile. It is not uncommon for a grade checker to put such
      a stick on the ground, when not in use, and have the stick run over by a
      piece of construction equipment.
PAR  In order to overcome the disadvantage of a solid measuring stick, it has
      been common for grade checkers to use the common type of folding ruler.
      However, this ruler is usually formed of a thin sheet material, such as
      wood, and the ruler tends to bend during use which can give inaccurate
      readings. Also, such a ruler breaks easily and it takes a substantial
      amount of time in order to unfold the ruler and to collapse the ruler.
PAR  Grade checkers usually work around heavy construction equipment and this
      type of equipment frequently has a cab which is mounted several feet off
      the ground. A person walking around amongst this equipment, such as a
      grade checker, may not be readily seen by operators of this heavy
      equipment. However, if a flag, or some other type of visual identification
      means could be mounted on the top of the measuring stick, and the
      measuring stick was of an extended length, that such a device would act as
      a safety precaution against the grade checker being injured by the heavy
      equipment and that the grade checker would be more easily observed to the
      operators of the equipment. To place such a flag on on the foldable rule,
      which is now frequently employed, would not be convenient. Also, such
      foldable rules rarely exceed six feet in length and an eight foot length
      would be the minimum length needed to be observable by the operators of
      the heavy equipment.
PAR  Previously, there has been an attempt to design a collapsible measuring
      stick which employs a plurality of telescoping rods. However, this
      structure is quite complex and therefore costly to manufacture. Also, the
      time involved in moving the telescoping rods to the extended length is
      more than a few seconds. If one of the telescoping rods is not fully
      telescoped, the measuring stick can give inaccurate readings.
PAC  SUMMARY OF THE INVENTION
PAR  The basic structure of this invention is believed to be adequately
      described in the abstract of the disclosure and reference is to be had
      thereto.
PAR  The advantages of the structure of this invention is as follows: A foldable
      measuring stick which can be easily and quickly unfolded and folded. A
      foldable measuring stick that is rigid even at an extended length. A
      measuring stick constructed of a high strength metal material which will
      resist damage and wear. The measuring stick of this invention can be
      readily carried in a carrying case attached to the person.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the first embodiment of measuring stick of this
      invention showing such in the extended position;
PAR  FIG. 2 is a side view of the first embodiment of this invention taken along
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a back view of the first embodiment of this invention taken along
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the first embodiment of this invention
      taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 4, but showing the first
      embodiment of this invention in a partially folded position;
PAR  FIG. 6 is a cross-sectional view showing the first embodiment of this
      invention in a completely folded position;
PAR  FIG. 7 is a cross-sectional view through a pair of connected in-line
      members forming the second embodiment of the measuring stick of this
      invention;
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 7; and
PAR  FIG. 9 is a cross-sectional view similar to FIG. 7, but showing the members
      in an abutting side by side relationship.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to the drawing, there is shown in FIG. 1 the first
      embodiment of measuring stick 10 of this invention which is composed
      basically of a first member 12, a second member 14 and and intermediate
      member 16. Each of the members 12, 14 and 16 are formed of the same
      cross-sectional shape and in this particular instance are in a square
      shape. However, any other polygonal shape could be employed, as well as a
      circular shape. Also, each of the members have a measuring table formed
      thereon such as is clearly shown in FIG. 2. The normal combined length of
      the measuring stick of this invention will normally be either 6 feet or 8
      feet, however, it is envisioned that any other length could be employed.
      If greater lengths of measuring sticks are preferred, it would normally be
      required, for purposes of rigidity, that a larger cross-sectional size of
      measuring stick be employed, such as 3/4 inch square. However, within the
      normal range of 6 foot to 8 foot measuring sticks, the cross-sectional
      size will only be 3/8 to 1/2 an inch square.
PAR  Each of the members 12, 14 and 16, are formed of a tubular stock material.
      Telescopingly mounted within one end of member 12 is a connecting block
      18. This block 18 is fixedly mounted within the member 12 and extends
      exteriorly thereof. The block 18 is adapted to matingly cooperate within
      the interior chamber 20 formed within the intermediate member 16. With the
      block 18 located within the chamber 20, a rigid interconnection is
      established between member 12 and member 16. It is to be noted that each
      of the members 12, 14 and 16 are shown to be of substantially equal
      longitudinal length. However, it is to be considered within the scope of
      this invention to employ different lengths for each of the members if
      preferred.
PAR  A similar connecting block 22 is fixedly mounted within the second member
      14 and extends exteriorly thereof. The connecting blocks 18 and 22 can be
      formed of any rigid material such as wood, plastic or the like.
PAR  Pivotally connected to the block 18 is a first link 24. A second link 26 is
      pivotally connected to the first link 24. The links 24 and 26 are similar
      to the links employed in a conventional bicycle chain. A cable 28 is
      attached to the free end of the second link 26. The cable 28 is also
      secured to a coil spring 30. The free-end of the coil spring 30 is
      attached to a third link 32 which, in turn, is pivotally connected to a
      fourth link 34. The fourth link 34 is pivotally connected to the block 22.
PAR  Formed through the back wall of the intermediate member 16 is a first
      aperture 36. Attached to the back wall of the first member 12 is a first
      pin 38. Pin 38 includes a lateral recess 40.
PAR  Formed within the front wall of the intermediate member 16 is a second
      aperture 42. Mounted upon the front wall of the second member 14 is a
      second pin 44. The pin 44 also includes a lateral recess 46.
PAR  The operation of the apparatus of this invention is as follows: Let it be
      assumed that the measuring stick 10 of this invention is in the fully
      extended position as shown in FIGS. 1 to 4. In this position, the stick 10
      is to be used. In the extended position, the coil spring 30 is slightly
      extended so that a biasing force is exerted tending to maintain the
      interlocked engagement of members 12 and 14 with the intermediate member
      16.
PAR  Now let it be assumed that it is desired to collapse the measuring stick 10
      of this invention. The operator will grasp member 12 and also member 16
      and exert a force therebetween tending to separate member 12 from member
      16. As a result, the coil spring 30 is further extended. The separating
      movement is continued until block 18 is taken out of association from
      chamber 20. The operator then folds section 12 against the outer surface
      of section 16, this folding being permitted due to the interaction of
      links 24 and 26. With member 12 against member 16, the pin 38 is capable
      of cooperating within aperture 36. Because of the lateral recess 40, the
      side wall of the aperture 36 is located within the recess 40 and is tended
      to be maintained therein due to the biasing action of spring 30.
PAR  In a similar manner, the member 14 is grasped and separated from member 16
      until block 22 is taken out of engagement with the chamber 20. The member
      14 is then folded against the front side of the member 16, such folding
      action being permitted by links 32 and 34. In this position the pin 44
      cooperates within the opening 42 with the side wall of the aperture 42
      cooperating with the lateral recess 46. Again, the biasing action of the
      spring 30 tends to maintain engagement of the side wall of the aperture 42
      in engagement with the recess 46. Therefore a secure locking structure is
      obtained between members 12 and 16 and members 14 and 16 resulting in the
      stick 10 of this invention assuming a completely integral unit when in the
      collapsed position.
PAR  In order to reverse the procedure and move the stick 10 of this invention
      from the collapsed position to the extended position, the operator only
      needs to exert a small force against the end of block 22 slightly moving
      member 14 with respect to member 16. This movement is to be sufficient so
      as to disengage the side wall of the aperture 42 from the lateral recess
      46. The member 14 is then free to swing to a position of longitudinal
      alignment with the member 16 which will result in block 22 again
      cooperating with chamber 20. This procedure is repeated with respect to
      member 12 resulting in the measuring stick 10 of this invention assuming
      the extended position.
PAR  It is considered to be within the scope of this invention that instead of
      the locking pins 38 and 44 that a locking lip could be employed at the
      free ends of the members 12 and 14. Also, other types of locking
      arrangements could be employed without departing from the scope of this
      invention. It is also to be considered within the scope of this invention
      that instead of the spring 30 that other types of elastic means could be
      employed, such as an expansible cord (rubber embedded within the fibers of
      the cord). Also, any other type of elastic means could be employed.
PAR  Referring in particular to FIG. 7 and 9, the second embodiment 50 of
      measuring stick of this invention is shown. The second embodiment 50
      operates in the same way as the first embodiment 10 and for the operation
      reference is to be had thereto. The primary advantage of the second
      embodiment 50 is that it only requires two members to effect the movement
      between the members wherein the first embodiment 10 requires a first
      member, a second member and an intermediate member.
PAR  The second embodiment 50 is composed of a first member 52 and a second
      member 54. The members 52 and 54 are formed of a tubular construction and
      basically similar to the members within the first embodiment. Member 52
      has telescopingly mounted within one end thereof a connecting block 56.
      Connecting block 56 is bascially identical to the connecting blocks 18 and
      22 of the first embodiment. The connecting block 56 includes a central
      recess 58 at its outermost end thereof. A pivot pin 60 extends across the
      recess 58 and is fixedly positioned within the block 56.
PAR  Pivotally connected to the pivot pin 60 is a link 62. The line 62 is
      basically identical to previously mentioned link 24 and 26.
PAR  The free end of link 62 is pivotally attached at the apex section 64 of a
      rod element 66. Rod element 66 is bifurcated forming a long leg 68 and a
      shortened leg 70. The short leg 70 terminates in a flaired section 72 with
      long leg 68 terminating in a flaired section 74. The short leg 70 passes
      through opening 76 formed within a stop block 78. Long leg 68 passes
      through opening 80 extending through stop block 78. The stop block 78 is
      fixedly mounted within second member 54.
PAR  The coil spring 82 is mounted upon the long leg 68 with the ends of the
      coil spring 82 being in contact with flaired end 74 and stop block 78.
PAR  The rod element 66 is movable with respect to the stop block 78 between a
      retracted position shown in FIG. 8 and an extended position shown in FIG.
      9. The coil spring 82 functions to exert a continuous bias tending to
      maintain the element 66 in the retracted position. The length of the link
      70 is selected so that with the flaired end 72 in contact with the stop
      block 78 the first member 52 can be pivoted to an abutting side by side
      relationship with the member 54. When in the retracted position, the
      spring 82 functions to maintain interconnection between the members 54 and
      52 with the connecting block 56 located within the member 54.
PAR  By using the second embodiment 50 of this invention, a measuring stick can
      be made with three or more members using the second embodiment 50. When
      three or more members are employed, an interconnecting arrangement such as
      shown in FIGS. 7 to 9 is employed between any two adjacent members.
CLMS
NUM  1.
PAR  1. A foldable measuring device comprising:
PA1  a pair of members, one of said members including a hollow chamber;
PA1  connecting means for interlocking together said first and said second
      members when said members are in an abutting longitudinal alignment;
PA1  first means connected to both said first and second members are located
      within said hollow chamber, with said members interlocked together said
      first means exerting a force tending to maintain said members in said
      interlocked relationship, said first means including elastic means to
      permit separating of said members and locating of such in an abutting side
      by side relationship; and
PA1  a locking means interconnecting said members when said members are located
      in said abutting side by side relationship, said locking means to retain
      said members in said side by side position, said elastic means cooperating
      with said locking means to maintain the interconnected side by side
NUM  2.
PAR  2. A foldable measuring stick comprising:
PA1  a pair of members, one of said members including a hollow chamber;
PA1  connecting means for interlocking together said first and said second
      members when said members are in an abutting longitudinal alignment;
PA1  first means connected to both said first and second members and located
      within said hollow chamber, with said members interlocked together said
      first means exerting a force tending to maintain said members in said
      interlocked relationship, said first means being elastic to permit
      separating of said members and locating of such in an abutting side by
      side relationship;
PA1  a locking means interconnecting said members when said members are located
      in said abutting side by side relationship, said locking means to retain
      said members in said side by side position; and
PA1  an aperture within one of said members, a pin attached to the other of said
      members, said pin including a lateral recess, with said members in said
      side by side relationship said pin being located within said aperture and
      said first means exerts a bias between said members causing a portion of
      the sidewall around said aperture to cooperate within said lateral recess
NUM  3.
PAR  3. A foldable measuring device comprising:
PA1  a first longitudinal member;
PA1  a second longitudinal member;
PA1  an intermediate longitudinal member, said intermediate longitudinal member
      having an interior hollow chamber;
PA1  said first member being connectable in an abutting longitudinally in line
      relationship to said intermediate member, said second member being
      connectable in an abutting longitudinal in line relationship to said
      intermediate member;
PA1  first means connected to both said first and said second members and
      located within said hollow chamber of said intermediate member, said first
      means including elastic means to permit separating of said first and said
      second members relative to said intermediate member to locate said first
      and said second members along side said intermediate member; and
PA1  a first locking means and a second locking means, said first locking means
      to connect together said first member and said intermediate member when
      such are in said along side relationship, said second locking means to
      connect together said second member and said intermediate member when such
      are in said along side position, said elastic means cooperating with both
      said locking means to maintain the interconnected side by side position of
NUM  4.
PAR  4. A foldable measuring stick comprising:
PA1  a first longitudinal member;
PA1  a second longitudinal member;
PA1  an intermediate longitudinal member, said intermediate longitudinal member
      having an interior hollow chamber;
PA1  said first member being connectable in an abutting longitudinally in line
      relationship to said intermediate member, said second member being
      connectable in an abutting longitudinal in line relationship to said
      intermediate member;
PA1  first means connected to both said first and said second members and
      located within said hollow chamber of said intermediate member, said first
      means being elastic to permit separating of said first and said second
      members relative to said intermediate member to locate said first and said
      second members along side said intermediate member;
PA1  a first locking means and a second locking means, said first locking means
      to connect together said first member and said intermediate member when
      such are in said along side relationship, said second locking means to
      connect together said second member and said intermediate member when such
      are in said along side position; and
PA1  an aperture within one of said members, a pin attached to the other of said
      members, said pin including a lateral recess, with said members in said
      side by side relationship said pin being located within said aperture and
      said first means exerts a bias between said members causing a portion of
      the sidewall around said aperture to cooperate within said lateral recess
      thereby establishing a locked assembly between said members.
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ABST
PAL  A rigid linear measuring instrument has a central core moulded integrally
      with plastics bodies in relief. A plastic material of different colour is
      moulded over the core flush with outer faces of said bodies which form a
      series of graduation figures and graduation lines.
BSUM
PAR  The invention relates to rigid linear measuring instruments, particularly
      but not exclusively folding rules, and to processes for manufacturing such
      instruments.
PAR  There have already existed for some time folding rules with arms of
      plastics material manufactured by injection moulding and on which both
      graduation lines and graduation figures are printed in black or red by a
      heat stamping process.
PAR  Folding rules obtained by this process, although of high quality when new,
      are subject in the long term to wearing away of the affixed colour and of
      the imprinted grooves, which results in the graduation figures and
      graduation lines becoming at least partially illegible.
PAR  An aim of the invention is to provide a linear measuring instrument, for
      example the arms of folding rules made of plastics material, the
      graduation lines and figures of which are very clear and ineffaceable,
      ever after prolonged use of the instrument.
PAR  According to the invention a rigid linear measuring instrument comprises an
      elongate rectilinear member of plastics material with aa series of
      graduation lines and graduation figures formed by plastics bodies embedded
      in a plastics coating having a colour different to that of said bodies,
      said bodies and the coating defining an outer surface of the member of
      generally uniform cross-section with end faces of said bodies forming
      graduation lines and graduation figures flush with said outer surface.
PAR  Preferably, the instrument comprises a rectilinear support on which said
      bodies forming the graduation lines and figures are provided in relief,
      the support being embedded in the plastics coating.
PAR  Another preferred feature is that the elongate member has top and bottom
      faces and relatively narrow straight lateral edges, and said bodies
      forming graduation lines are each transverse to the longitudinal direction
      of the member and have end faces flush with said top and bottom faces and
      a lateral edge.
PAR  Furthermore, the known processes for manufacture of rigid linear measuring
      instruments in plastics materials have several disadvantages. After
      moulding an elongate member, the graduation lines and figures must be
      applied, often to two surfaces, by a separate operation. This operation
      involves difficulties as regards the exact correspondence of the
      graduation on the front and back surfaces.
PAR  A further aim of the invention is to provide a novel manufacturing process
      which enables this difficulty to be overcome.
PAR  According to the invention, a method of manufacturing a rigid linear
      measuring instrument comprises providing on an elongate rectilinear
      support a plurality of plastics bodies in relief, said bodies having end
      faces disposed to form a series of graduation lines and graduation
      figures, and over-moulding about said support flush with said end faces of
      the bodies a plastics coating having a colour different to that of said
      bodies to define an outer surface of elongate rectilinear member having a
      generally uniform cross-section.
PAR  The novel linear measuring instrument according to the invention has many
      advantages. It can be of greater strength than those known previously
      without being more expensive to produce. Its process of manufacture by at
      least two successive injection moulding operations can be carried out
      automatically and allows very large scale massproduction without manual
      work. On the other hand, this process enables the two heat stamping
      operations on each arm to be dispensed with, in the case of a recto-verso
      rule, which reduces its cost of manufacture. A further advantage of the
      preferred embodiments of folding rules obtained by this process is that
      the graduations appear clearly visible on the lateral sides which is not
      so in metal, wood or plastics folding rules known up to the present time.
      Moreover, the outer coating totally envelopes the central support, so that
      perfect adherence of the over-moulding and homogeneity of the assembly are
      guaranteed.
DRWD
PAR  The invention will be specifically described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a partial elevation of a central support after a first injection;
PAR  FIG. 2 is a cross-section taken along line II--II of FIG. 1;
PAR  FIG. 3 is a partial elevation of the finished instrument after the second
      injection;
PAR  FIG. 4 is a cross-section taken along line IV--IV of FIG. 3; and
PAR  FIG. 5 is a perspective view of a portion of the instrument, partially
      broken away and in cross-section. With reference to FIGS. 1 and 2, a
      central brace 1 of a folding rule is formed, for example of black plastics
      material, by an injection molding operation in a double mould. This
      central brace 1 comprises a flat rectilinear portion 2 forming a core or
      support, which is preferably reinforced with glass fibre or another
      material and has planar top and bottom surfaces. On this rectilinear
      portion 2 are formed in relief and moulded integrally with it, on the one
      hand transverse U-shaped plates forming millimeter, centimeter and
      half-centimeter graduations 3, 3', 3" respectively which have legs forming
      the relief lines on planar surfaces and a connecting base having lateral
      faces 7, 7', 7" projecting laterally outwardly beyond the longitudinal
      edges of the core. The core has, on the other hand, graduation figures 4
      and a plurality of openings 5 which ensure, when the over-moulding is
      subsequently carried out, a mechanical connection between the front and
      back coatings of the support.
PAR  In order that, upon over-moulding an outer coating 6, the material forming
      this coating can penetrate the loops of the numbers 0, 6, 8 and 9 situated
      on either face of rectilinear support 2, these said loops open out through
      holes 8 on the opposite face of the said support. When it is not
      convenient to make the inside of one of these loops open out on the
      opposite face, e.g. when another graduation figure appears on the said
      opposite face in the same position, provision is made to not completely
      close the loop of the number in question by leaving a small space 9.
PAR  With reference to FIGS. 3, 4 and 5, the object to be moulded is next
      transferred to a second portion of the mould, in which outer coating 6 is
      injection moulded. The second portion of the mould is so formed that it
      exactly contains central brace 1, reliefs 3, 3', 3" and 4 of the latter
      bearing with their outer faces against the upper, lower and lateral walls
      of the mould. Outer coating 6 is formed of a plastics material of light
      colour, preferably white, of high fluidity, so that upon moulding it
      penetrates into the narrow gaps formed between the graduation lines and
      fills them completely. This plastics material will preferably be selected
      of high quality and so as to offer a shiny polished appearance.
PAR  Upon removal from the mould, the black graduation figures and lines stand
      out on the light face of the outer coating with great clarity and flush
      with the level of the said outer surface.
PAR  Linear measuring instrument arms of several colours may also be made by
      this process. For example, either the graduation lines may be provided in
      back and the graduation figures in another colour, e.g. red, or centimeter
      graduation lines and figures may be provided in a same colour, e.g. black,
      and decimeter graduation figures in another colour, e.g. red, many
      combinations being possible.
PAR  In this case, a first part of the graduation lines and/or graduation
      figures is formed integrally with the rectilinear support 2 in relief and
      by the same operation of moulding for example in a black plastics
      material, and then the missing graduation lines and/or graduation figures
      are moulded onto support 2, for example with a red plastics material, by a
      second injection and by means of an appropriate mould. Finally the outer
      coating of, for example, white plastics material is over-moulded on the
      assembly thus formed.
PAR  This process therefore provides rigid linear measuring instruments, in
      particular arms of a folding rule, in which the graduation lines 3, 3' and
      3" and the graduation figures 4 are bodies made of, for example, black
      and/or red plastics material, embedded in a plastics coating 6 of another
      colour, for example white. The bodies of graduation lines 3, 3' and 3" and
      graduation figures 4 are formed on a rectilinear support 2 and moulded
      with or onto it and the graduations have faces 7, 7' and 7" visible on the
      narrow lateral faces body 2. The assembly formed by the bodies and coating
      6 is of uniform thickness and the outer edges of the graduation lines and
      figures are flush with the outer surfaces of the coating.
PAR  This invention has been described for the manufacture of the arms of a
      folding rule, but can of course be applied to the manufacture of other
      rigid linear measuring instruments, such as rulers, which need not have a
      rectangular cross-section although their cross-section is uniform along
      its length.
CLMS
NUM  1.
PAR  1. A rigid linear measuring instrument comprising an elongated member of
      plastic material having a planar rectilinear core bounded by substantially
      parallel longitudinally extending edges and planar top and bottom
      surfaces, a series of graduation lines and graduating figures spaced along
      the longitudinal extent of said core, said planar top and bottom surfaces
      having lines and figures projecting outwardly in relief therefrom, each
      graduation line being formed by a transverse U-shaped plate, the legs of
      said plate forming said relief lines on said top and bottom surfaces, and
      the base of said U-shaped plate further projecting laterally outwardly
      beyond said longitudinal edge and interconnecting said legs to provide
      said generally U-shaped configuration, a plastic coating having a color
      contrasting with said figures and lines enclosing said core and having a
      depth substantially equal to the relief depth of said figures and lines
      and the lateral projection of said lines whereby said figures and lines
      are flush with the outer surface of said coating on both the planar
NUM  2.
PAR  2. A linear measuring instrument as claimed in claim 1, in which the
      graduating figures include closed loops and the core has openings
NUM  3.
PAR  3. A linear measuring instrument as claimed in claim 1, in which the core
      is a reinforced plastic material support includes a central reinforcement
NUM  4.
PAR  4. A linear measuring instrument according to claim 3, in which said
NUM  5.
PAR  5. A linear measuring instrument as claimed in claim 1, comprising
      millimeter, half-centimeter and centimeter graduation lines of different
      lengths.
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ABST
PAL  This invention relates to surveying instruments of the type by means of
      which measurements relating to deviation from a true level line, distance,
      vertical angles, linear alignment of points at various elevations,
      horizontal angles and the like may be obtained. The instrument comprises a
      rigid transparent plate or plates containing a mirrored reflection
      surface. The plate is suspended from a point on the vertical axis through
      the center of gravity of said plate, and a hairline extends across said
      plate and mirrored reflection surface in a direction perpendicular to the
      vertical suspension axis. A set of calibrated marks and a vertical datum
      line coinciding with or parallel to the vertical suspension axis are
      imprinted on the plate above and below the hairline. The hairline acts as
      a horizontal datum line and is used together with the calibrated marks and
      vertical datum line to determine relative measurements of level, distance,
      vertical angles, linear alignment and horizontal angles by direct
      observation or sighting through the instrument.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field:
PAR  The invention is in the field of surveying instruments providing means of
      field measurements used in civil engineering, geology, mineral
      exploration, highway and building construction, reconnaissance surveying,
      slope staking, building construction, and preliminary layout of land
      utilization planning and the like.
PAR  2. State of the Art:
PAR  In the field of surveying, precision instruments are available for making
      land measurements. These instruments are generally complicated in their
      operation as well as being expensive. These instruments also require
      careful handling, expert operation and accurate adjustment for leveling of
      the instrument itself before use at each observation station. Large
      organizations specializing in precise field engineering can justify the
      expense of these precision instruments and the skilled operatives to use
      them properly.
PAR  Small organizations and individuals closely related to construction,
      engineering, land planning and the like have a need for an uncomplicated,
      inexpensive instrument to accomplish the same functions but without the
      need for the same degree of accuracy. Although several different
      instruments have been proposed for measuring distance, angles, elevations,
      etc., a really practical, inexpensive instrument having wide diversity of
      functions and simplicity of operation has not been developed heretofore.
PAR  The so-called "hand level" has been widely used, even though it has a low
      degree of accurace, is difficult to use, and performs only the single
      function of leveling. The hand level generally comprises a bubble tube
      level mounted on top of a short scope in which a prism is mounted so that
      the user observes a split image, one being the fluid level, the other
      being the target point in the distance. Readings on the target must be
      taken at the precise moment that the bubble is centered in the fluid level
      image. This instrument being hand held by the observer and utilizing a
      short fluid tube has inherently, a low degree of accuracy even when
      operated by a steady hand and skilled observer.
PAR  Improvements are available in this type of instrument allowing it to be
      preadjusted to view along an inclined alignment by means of the fluid
      level mounted above the scope on a protractor or quadrent allowing the
      scope to be aimed up or down at predetermined vertical angle, but the
      instrument must be readjusted before a level reading or different angle
      observation can be taken.
PAR  In U.S. Pat. No. 2,407,416 there is shown a leveling device comprising a
      flat weighted mirror having a horizontal datum line inscribed thereon. The
      mirror is mounted on a trunnion pin for pivoting movement about a
      horizontal axis pendulum fashion. The trunnion pin and mirror are
      contained in a housing and means are provided for adjusting the setting of
      the mirror. The housing is supported on a tripod. In use, the device is
      set up vertically on its tripod. The user peers through the device with
      one eye so that this eye is reflected in the mirror with the pupil
      bisected by the datum line. On sighting past the mirror over the top of
      the trunnion pin, the object observed in line with the top side of the
      trunnion pin at the same level as the trunnion pin.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a surveying instrument of unique
      design enables essentially all of the functions required in reconnaissance
      surveying, slope staking, building construction, land planning, and the
      like to be performed with one instrument, and at the same time doing so
      with greater accuracy, diversity, simplicity of adjustment and operation
      economy of equipment and operating personnel, than has been possible with
      instruments now available.
PAR  The instrument comprises a transparent plate suspended from a point on the
      vertical axis through the center of gravity of the plate. The plate
      advantageously comprises two flat, transparent members which are
      integrally attached along a common side with suspension means embedded
      between the two members and extending from the top of the so-formed plate.
      A hairline extends across the plate so as to be perpendicular to the
      vertical axis through the center of gravity of the plate, and a mirrored
      surface is located on the plate so as to be in a vertical plane which is
      parallel to the above-mentioned vertical axis. The hairline extends across
      said mirror whereby when the instrument is suspended so that a person can
      observe the pupil of his eye in the mirror, and the reflection of his
      pupil is bisected by the hairline, then distant objects observed through
      the transparent plate which appear to be in alignment with the hairline
      are located on the same level as the hairline or the pupil of the person's
      eye.
PAR  An advantageous feature of the invention is the inclusion of a set of
      calibrated marks or gauges on the plate enabling the operator to sight
      through the plate and observe relative measurements corresponding to
      various target points within the geometric field of vision of the
      instrument, thus avoiding the necessity of readjusting the instrument for
      each sighting.
PAR  It is a unique feature of the invention that by the very nature of its
      design, use, and construction, the instrument is inherently and
      automatically level for each sighting without requiring time-consuming
      adjustments as is required by more expensive and complicated instruments.
      The automatic leveling feature is accomplished by virtue of the
      transparent plate or plates being suspended from a point on the vertical
      axis through the center of gravity of the plate or plates. Optionally, a
      plumb bob can be suspended from the bottom of the instrument on the same
      axis. The mirrored reflecting surface is positioned on or imbedded in the
      plate or plates so that it is in a vertical plane which is parallel to
      said vertical axis, and, the ray of light which is reflected from the
      mirrored surface and appears as an image on the horizontal cross hair is
      an exact level line being perpendicular to the gravitationally vertical
      axis of the transparent plate or plates. For preliminary estimating or
      reconnaissance surveying and the type of work for which the hand level is
      used, the instrument may be held by the hand of the operator, without
      plumb bob or staff. If the observer has a reasonably steady hand, readings
      by this means would tend to be as accurate or slightly more so than the
      same operator using the fluid tube hand level. Better accuracy would be
      obtained by attaching a plumb bob to the bottom of the instrument along a
      line coincident with said vertical axis. In work requiring more accuracy
      than the foregoing, the instrument can be mounted on a rod or staff which
      would alleviate most of the inaccuracies resulting from the unsteadiness
      of the hand of the operator. For work requiring readings approaching
      results obtained from the expensive and complicated instruments the staff
      or rod would be supported by an independent base or tripod and plumb bob
      could be fluid damped.
PAR  In use as a leveling device the instrument should be held or supported at
      about arms length and at the eye level of the user. Adjustment to the
      exact eye level of the observer is accomplished by observing the eye in
      the mirrored reflecting surface and thence bisecting the pupil in the
      hairline or otherwise called the horizontal datum line. The line of sight
      thus established between the eye and the horizontal datum line, being
      exactly perpendicular to the gravitationally plumb line of the instrument
      will be a true horizontal plane, and all objects which are viewed in this
      plane are on the same level as the pupil of the observer's eye.
PAR  For use in measuring distances, the instrument is held as above but with
      the further requirement that the eye of the observer must be at
      predetermined distance from the instrument. This is accomplished by
      holding the end of a cord, whose other end is attached to the instrument,
      against the observer's forehead and holding the instrument in such a way
      that the cord is tight. In this position relative measurements on a target
      rod observed through the "stadia" gauges or marks imprinted on the
      instrument are converted in the usual manner to distance measurements to
      the target location.
PAR  For use in measuring the inclination or vertical angle between the datum
      line and the observed object, the instrument is held as above, at
      predetermined distance from the eye of the observer. In this position and
      with the pupil bisected in the mirrored reflecting surface, vertical
      angles are read through the angular degree gauges imprinted on the
      instrument. Direct angle measurement may be read to any point above or
      below the observer which is within the geometric field of vision of the
      instrument. In addition to degree measurements, the instrument is
      imprinted to read directly, percentage of slope and ratio of slope, which
      are common to certain construction, engineering and surveying functions.
PAR  For use in measuring as linear alignment and horizontal angles, a
      protractor is attached to the instrument, and the instrument should be
      supported independently of the observer, such as by an range pole, tripod
      or like means. These sightings do not require use of the predetermined
      distance cord. In this position the observer may sight through the
      gravitationally true vertical datum line to align all points beyond and
      above or below the observation station which are within the geometric
      field of vision of the instrument. With this same position and support
      means, the observer may move his sight point to and frow and while
      sighting through the vertical datum line reading on the protractor the
      horizontal angle between target points.
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PAC  THE DRAWINGS
PAR  Embodiments of the surveying instrument representing the best mode
      presently contemplated of carrying out the invention is actual practice
      are illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is an elevation taken from the point of view of the observer while
      using the instrument;
PAR  FIG. 2 is a vertical section taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional plan taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a plan view looking down on the instrument from above, as it is
      held when in use;
PAR  FIG. 5 is a right side elevation showing the rotatable handle in the
      carrying position;
PAR  FIG. 6 is a side view of the instrument and a person using the
      predetermined distance cord;
PAR  FIG. 7 is a sectional plan taken along line 7--7 of FIG. 1 showing the
      instrument with the optional protractor attachment for measuring relative
      horizontal angles between various target points; and
PAR  FIG. 8 is a partial perspective showing the means for attaching the
      protractor to the frame of the instrument.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  As illustrated in FIG. 1, the pair of identical vertical rigid transparent
      plates 10 are integrally attached together along a common side and by
      means of a flexible metallic cable 12 rabbeted and adhered interiorly in
      groove 11, between transparent plates 10 with a loop extending upwards
      along the vertical width axis 13 and thickness axis 14, which coinside.
      The loop of the cable in turn passes thru slot 15 in the top of open-ended
      frame 16 and is anchored in position by split ring 17. When carrying the
      instrument, cable 12 and split ring 17 are moved to the right end of slot
      15 which allows the right side of plates 10 to be housed by the open sided
      channel of frame 16. On the right side of open-ended frame 16, rotatable
      handle 33 is anchored with rivet 18, held firmly in operative position by
      spring lever action between crimp 19 in handle 33 and rivet 18.
PAR  From the bottom of plates 10, suspended by means of a flexible metallic
      cable 22 anchored similarly to cable 12 in groove 21 along the vertical
      width axis 13 and thickness axis 14 which coinside, is a plumb bob hook
      23.
PAR  Interiorly applied along the thickness axis 14 is a mirrored reflecting
      surface 24 which is bisected horizontally by the horizontal zero datum
      line 25.
PAR  Imprinted in between the transparent plates 10, along the thickness axis
      14, are various datum lines and calibrated marks or gauges as shown on
      FIG. 1, the vertical datum line 26 being along the width and thickness
      axis 13 and 14. The horizontal zero datum line 25 is along the horizontal
      axis line. Vertical angles in degrees are measured on line 27 when the
      instrument is positioned at a predetermined distance from the user's eye,
      by holding the free end of cord 32 against the user's forehead while
      simultaneously holding the instrument away from the user so that the cord
      is tight (FIG. 6). Vertical angles in percentage of slope are measured on
      line 28 with the same predetermined distance. Distance measurements are
      obtained by a ratio of the distance reading on a target rod between the
      top and bottom "stadia" gauges 29 (FIG. 1). Angles greater than those
      which can be read on line 27 and 28 are measured when predetermined
      distance cord 32 length B is used to position the instrument at the
      corresponding distance from the user's eye, while reading degrees on line
      30 and percentage of slope on line 31.
PAR  Construction documents often call for slopes such as 4 to 1, 6 to 1 and the
      like, by this indication is meant thatg the slope should be a ratio of 4
      units horizontally for each 1 unit vertically. Since such measurements are
      most readily converted and are similar to percentage of slope, the gauges
      for measuring such direct ratio of slope are also imprinted on lines 28
      and 31.
PAR  The channel handle 33 is so designed that a staff or range pole 35 may be
      partially recessed, anchored, and used for more accurate measurements by
      the simple use of a rubber O-ring 34, slightly stretched and rolled into
      place as shown on FIG. 1 and 3.
PAR  The optional, removable protractor 36, for measuring horizontal angles
      consists of a curvilinear plate having imprinted thereon degree marks or
      gauges as does a common protractor. On the back right side of frame 16 is
      permanently attached channel clip 38 with an inside thickness dimension
      the same as the outside thickness dimension of protractor 36. Channel clip
      38 is slotted on each side with slot 39 to receive elongated rivet pin 40
      which is permanently embedded in protractor 36. Protractor 36 is
      stabilized in its true radius position with cable 37 to avoid distortion
      therein.
PAR  The imprinting on plates 10 and the mirrored surface 24 can be positioned
      on either front or back surface of the combined plates 10 as long as they
      are in a plane parallel to the vertical axis through the center of gravity
      of the plates 10.
CLMS
NUM  1.
PAR  1. A simple surveying instrument comprising a transparent plate; means for
      suspending the transparent plate from a point on a vertical axis through
      the center of gravity of said plate; a hairline extending across said
      plate and being perpendicular to said vertical axis; and a mirrored
      surface positioned on said plate so that the plane of the mirrored surface
      is parallel to said vertical axis, said hairline extending across said
      mirrored surface, whereby when said plate is suspended so that a person
      can observe the pupil of his eye in said mirrored surface, and the
      reflection of his pupil is bisected by said hairline, then distant objects
      observed through said transparent plate which appear to be in alignment
      with said hairline are located in the same level as the pupil of the eye
NUM  2.
PAR  2. An instrument according to claim 1, wherein a set of calibrated marks
      are positioned on said plate above and below said hairline and means are
      provided for holding the instrument a set distance in front of the
      person's eye whereby when the person can observe the pupil of his eye in
      said mirrored surface, and the reflection of his pupil is bisected by said
      hairline, then the calibrated marks indicate the angle and slope between
      the hairline and distant objects observed through said transparent plate
NUM  3.
PAR  3. An instrument according to claim 2 wherein the means for suspending said
      plate comprises a frame and a cable removably attached at one end thereof
      to said frame and at the other end thereof to said plate, and the means
      for holding the instrument a set distance from the person's eye comprises
      a cord having measured points therealong and having one end thereof
      attached to said frame whereby the frame is held at a distance away from
      said vertical s eyes equal to the desired measured distance on said cord.
NUM  4.
PAR  4. An instrument according to claim 1, wherein the means for suspending
      said plate comprises a handle and a cable attached at one end thereof to
      said handle and at the other end thereof to said plate, the handle is
      attached to a staff or tripod, a protractor having degree markings along
      the arc thereof is attached to the handle so that it is generally in a
      horizontal plane, and said plate has a vertical datum line corresponding
      to said vertical axis, whereby the person can determine the angle between
      objects which appear to be in alignment with said degree markings and said
NUM  5.
PAR  5. An instrument according to claim 1, wherein a vertical datum line
NUM  6.
PAR  6. An instrument according to claim 1, having means for hanging a plumb bob
      from the bottom of said plates along a line coincident with said vertical
      axis.
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ABST
PAL  Drying rollers for use in the dryer section of an automatic X-ray or other
      film developing machine which incorporates a pair of tangentially
      contacting, thermoplastic, micro-porous rollers which form a nip
      therebetween to receive the developed film from the wash tank. The rollers
      serve to dry the film surface by absorbing the moisture into the roller
      pores by capillary action. The usual dryer section heater continuously
      dries the rollers as they are rotated in the dryer section when the film
      travels through the developing apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of photographic
      developing equipment, and more particularly, is directed to a film drying
      system designed for use with automatic film developing machinery.
PAR  Small, self-contained, automatic X-ray and other film processing machinery
      has become increasingly more popular in use due to the ability of such
      equipment to satisfactorily perform, thereby eliminating the large capital
      expenditures which would otherwise be required to construct extensive dark
      room facilities. The present invention relates to film drying rollers
      which position at the delivery end of such self-contained film developing
      apparatus and which are employed to dry the film in an improved manner.
      The invention is equally applicable for use with all types of automatic
      photographic processers such as development equipment suitable for use
      with x-ray, graphic arts, commercial film, etc. The device is compatible
      for use in conjunction with presently available self-contained film
      processing units and greatly improves over all known prior art types of
      film dryer systems in efficiency, quality, speed of operation and
      extremely low installation and maintenance cost factors.
PAR  The self-contained, automatic film processing equipment of the type
      contemplated for use with the novel drying rollers of the present
      invention comprise a plurality of adjacent processing tanks, each of which
      is provided with a separate rack assembly which includes pluralities of
      pairs of driving and driven rollers. The rollers contact the film surface
      to drive the exposed x-ray or other type of film through the various
      processing tanks which conventionally contain the usual developers, fixers
      and washers to positively and automatically develop exposed x-ray or other
      type of film in accordance with well known principles of automatic film
      developing apparatus.
PAR  It is known to employ separate, horizontally juxtaposed rack assemblies for
      the developer tank, the fixer tank and the wash tank to automatically feed
      the exposed x-ray or other type of film directly through the tank and
      between the tanks in an automatic manner. The prior art rack assemblies
      direct the film downwardly into each respective tank, upwardly through
      each tank, and between tanks in a manner to introduce the film into the
      next adjacent tank. Following completion of the developing operations, the
      film is directed from the automatic processing equipment by a film
      delivery system for drying in a dryer chamber and then for delivery of the
      finished product in a conventional manner. Prior to exiting from the
      equipment, it is necessary to carefully dry the film to prevent damage to
      the emulsion. In this regard, various types of blowers, baffles and more
      or less complicated air directional apparatus have been employed to guide
      the air currents to impinge upon the film surface for optimum overall
      drying operations. All of the prior art dryer systems of which we are
      familiar are quite costly in construction and expensive in maintenance,
      thereby adding to the overall initial cost of the machine and to the
      operating costs after installation.
PAR  Additionally, the presently available dryers have proved deficient in
      removing droplets of moisture which remain upon the film surface after the
      film is directed through the wash tank. Most film is fabricated of
      acetate, polyester or other plastic based emulsion which is characterized
      by the presence of extremely high surface tension. Due to this surface
      tension, liquid remains upon the film surface in the form of small, round
      droplets which prior works in the art have found extremely difficult to
      remove. Some workers have tried to blow the droplets off of the plastic
      film sheet. Such procedures have proved unsatisfactory in that the dryer
      section fan pressure forces blow the droplets over the film surface in a
      manner which tends to leave a track on the emulsion surface, thereby
      actually creating a change in the emulsion surface and resulting in a
      deficient final product. Other prior workers in the art have attempted to
      solve the surface tension problem by placing a wetting agent in the
      fixative tank in an attempt to break down the surface tension. To date,
      the addition of the wetting agent has not significantly reduced the
      surface tension to a level satisfactory to eliminate the moisture droplet
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to automatic x-ray or other film
      processing equipment, and more particularly, is directed to novel film
      drying rollers which are capable of automatically drying developed x-ray
      and other type of film in a rapid inexpensive manner.
PAR  The drying rollers of the present invention position in the dryer section
      of an automatic film developing machine and preferably include a
      tangentially coacting pair of dryer rollers which receive the fully
      developed film from the wash tank and act to remove water droplets
      continuously in a blotting action. The rollers of the present invention
      act to break down surface tension of water droplets on the emulsion
      surface and to rapidly absorb all liquids without damage to the emulsion.
PAR  The drying rollers of the present invention are fabricated of unique
      polyvinylchloride plastic which has been suitably treated to contain
      literally millions interconnected, microscopic pores which render the
      rollers capable of absorbing relatively great quantities of liquid much in
      the manner of a blotter by means of capillary action. The developed film
      is directed through the nip of the drying rollers whereby all droplets of
      water remaining on the film are directed into contact with the rollers.
      The remaining moisture is absorbed by the rollers by capillary action
      without any damage to the emulsion whatsoever. The drying rollers of the
      present invention are positioned within the usual dryer section of the
      developing equipment wherein the liquid absorbed by the drying rollers
      from the film is expelled from the rollers by vaporization due to the heat
      generated within the dryer section by the usual dryer section heaters and
      fans.
PAR  It is therefore an object of the present invention to provide an improved
      film dryer system of the type set forth.
PAR  It is another object of the present invention to provide novel film drying
      rollers which incorporate a pair of cooperating, plastic rollers which
      have been treated to contain literally millions of interconnecting,
      microscopic pores.
PAR  It is another object of the present invention to provide novel film drying
      rollers containing moisture absorption means which act to continuously
      absorb liquid from a film surface without damage to the film emulsion.
PAR  It is another object of the present invention to provide novel film drying
      rollers which are fabricated of polyvinylchloride plastic which has been
      specially treated to contain millions of microscopic, interconnected pores
      which act to break down the surface tension upon a developed film and to
      absorb all moisture contained on the film surface.
PAR  It is another object of the present invention to provide a film drying
      system comprising novel film drying rollers which are capable of absorbing
      moisture from a film surface by means of capillary action and including
      heat generating means sufficient to vaporize the moisture absorbed by the
      rollers.
PAR  It is another object of the present invention to provide novel film drying
      rollers that are rugged in construction, inexpensive in manufacture and
      trouble-free when in use.
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an automatic film developing apparatus
      incorporating the drying rollers of the present invention, portions of the
      apparatus having been broken away to expose details of interior
      construction.
PAR  FIG. 2 is a fragmentary, enlarged view of the area of FIG. 1 enclosed
      within the dotted lines, showing the drying rollers of the present
      invention.
PAR  FIG. 3 is an enlarged, cross sectional view taken along line 3--3 of FIG.
      2, looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of our invention selected for illustration in the drawings and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, we show in FIG. 1 an x-ray film developing
      machine 10 of conventional design and including three juxtaposed liquid
      containing tanks 12, 14, 16 for containing respectively the usual
      developer solution 18, fixing bath 20 and wash solution 22. Each of the
      tanks 12, 14, 16 is provided with a conventional rack assembly 24, 26, 28
      which is comprised of suitable rollers and guides of well known design to
      lead the film 30 automatically through the various tanks 12, 14, 16 for
      the usual film developing procedures. Following the film developing
      operations, the film 30 is automatically directed into a drying chamber 32
      wherein a conventional fan 34 and heater 36 cooperate to provide
      sufficient heated air for film drying purposes. If desired, additional
      circulating fans 38 may be employed to increase air turbulence to aid in
      the film drying process.
PAR  As best seen in FIGS. 1 and 2, the film 30 is directed out of the wash tank
      16 by the rack assembly 28 and, by the operation of suitable guides (not
      shown), is then directed to the nip 40 which is defined between the
      tangentially contacting drying means in the form of rollers 42, 44. It
      will be noted that the drying rollers are mounted within the drying
      chamber 32 to thereby be continuously exposed to the drying action of the
      main dryer fan 34, the heater 36 and the upper and lower tiers of
      circulating fans 38.
PAR  Referring now to FIGS. 2 and 3, it will be seen that each of the drying
      rollers 42, 44 is fabricated to include a conventional shaft 46, 48 which
      is suitably journaled within the drying chamber 32 to conventionally
      rotate the rollers 42, 44 as necessary to facilitate passage of the film
      30 in the direction of the arrow 50. A resilient specially fabricated
      polyvinylchloride roll 52, 54 having unusual moisture absorbing qualities
      is conventionally affixed to each respective shaft 46, 48 in a manner to
      absorb the droplets 56 of moisture which conventionally adhere to the
      upper and lower film surfaces 58, 60 as the film 30 is directed out of the
      wash solution 22 by means of the wash tank rack assembly 28. It is the
      essence of this invention that the PVC rolls 52, 54 be fabricated of
      plastic which is treated to provide suitable properties to render the
      rolls capable of absorbing all of the moisture droplets 56 which remain on
      the film surfaces 58, 60 as the film 30 passes through the nip 40 which is
      defined between the upper and lower drying rollers 42, 44.
PAR  Each roll 52, 54 is fabricated of specially treated, resilient,
      polyvinylchloride plastic material having a hardness, if compared to a
      Shore A scale of approximately 12 to 25 durometer. The material is
      suitably fabricated by those skilled in the art to a micro-porous
      configuration having literally millions of microscopic pores 62 per square
      inch. One such product which has proved suitable for use in the present
      invention is the micro-porous plastic material manufactured by S. C.
      Johnson & Son, Inc., Racine, Wisconsin under the trademark "Porelon". The
      polyvinylchloride material contemplated for use with the present invention
      is fully described in U.S. Pat. No. 2,777,824.
PAR  All prior workers have conventionally employed the "Porelon" PVC plastic
      material for use with ink rollers and ink pads wherein the rollers and
      pads were initially ink impregnated to provide a locked-in ink supply.
      Such prior art ink impregnated micro-porous plastic rollers and pads have
      usually been designated as "dry ink systems" or as "solid ink" systems.
      Surprisingly, it has been found that by employing only the microporous
      plastic rolls 52, 54, without ink impregnation, the micro-pores 62 exhibit
      great thirst or moisture absorbing qualities and act to quickly and
      continuously remove the droplets 56 from the film surfaces 58, 60 as the
      film 30 passes between the drying rollers 42, 44. As previously stated,
      the drying rollers 42, 44 position within the usual machine drying chamber
      32 and are thereby continuously exposed to the drying atmosphere created
      by means of the dryer chamber fan 34, the heater 36 and the tiers of
      circulating fans 38. Thus, continuous rotation of the drying rollers 42,
      44, about their respective roller shafts 46, 48 within the drying chamber
      32 tends to continuously remove the moisture which had been absorbed by
      the micro-porous PVC rolls 52, 54. Accordingly, because of the drying
      action of the drying chamber 32 equipment, the micro-porous rolls 52, 54
      are subject to continuous drying forces which act to prevent moisture
      saturation of the rolls. Thus, the drying rollers 42, 44 are capable of
      substantially continuous operation to absorb the moisture droplets 56
      which may cling to the film 30 as it exits from the wash solution 22.
PAR  Due to the cellular nature of the plastic rolls 52, 54, the micro-pores of
      the plastic material are capable of continuously absorbing moisture
      droplets 56 by capillary action as the film web enters the drying chamber
      32. In addition to the drying action of the drying chamber 32, it has been
      found that due to the micro-porous construction, the PVC rolls 52, 54 have
      infinite ability to absorb moisture and to release the moisture under
      pressure. Accordingly, if desired, pressure means 64 which may be in the
      form of a conventional doctor blade 66 which is held in contact with the
      rollers 42, 44 may be employed for moisture release purposes. The doctor
      blades 66 may be conventionally affixed to portions of fixed construction
      68 to continuously apply pressure to the outer periphery of a plastic roll
      52, 54. Thus, due to the continuous drying action of the drying chamber
      32, and if required, the pressure means 64, the drying rollers 62, 64 can
      function continuously to dry the film surfaces 58, 60 during all periods
      of film travel within the drying chamber 32.
PAR  Although we have described the present invention with reference to the
      particular embodiments therein set forth, it is understood that the
      present disclosure has been made only by way of example and that numerous
      changes in the details of construction may be resorted to without
      departing from the spirit and scope of the invention. Thus, the scope of
      the invention should not be limited by the foregoing specification, but
      rather only by the scope of the claims appended hereto.
CLMS
NUM  1.
PAR  1. The method for removing moisture droplets from the upper and lower
      surfaces of a photographic plastic film characterized by an emulsion
      surface of high surface tension, as the wet film carrying the moisture
      droplets exits from processing equipment including at least one liquid
      bath and travels in a drying chamber between and in contact with a pair of
      drying rollers, the improvement which consists in
PA1  absorbing the moisture droplets by capillary action into microporous
      plastic material of at least a million interconnected microscopic pores
      per square inch covering the rollers, and
PA1  removing the dried film from contact with the rollers of the drying
      apparatus without leaving a droplet track on or marring the emulsion
NUM  2.
PAR  2. The method of claim 1 wherein the absorbing step is carried out while
NUM  3.
PAR  3. The method of claim 2 wherein the absorbing step is carried out while
      the microporous plastic material contains an increasing volume of liquid.
NUM  4.
PAR  4. The method of claim 1 wherein moisture is removed from both surfaces
NUM  5.
PAR  5. The method of claim 1 which comprises removing the droplets from both
NUM  6.
PAR  6. The method of claim 1 which comprises removing the droplets without
      spreading them as a film on the emulsion surface and thus absorbing them
NUM  7.
PAR  7. The method of claim 1 wherein the absorbing step is performed while
      there is no positive pressure applied onto the film surface by the
NUM  8.
PAR  8. In a drying system for photographic film having an emulsion covered
      surface having high surface tension with droplets of liquid on each
      surface, the system having at least one drying roller in contact with each
      surface of the wet film, the rollers defining a nip therebetween, the
      improvement which consists of
PA1  the droplet carrying film positioned upstream relative to the roller to
      contact the microporous surface of at least one of the drying rollers,
PA1  at least one roller surface of microporous plastic material having at least
      millions of interconnected microscopic pores per square inch and having
      capillary action in contact with the film surface, and
PA1  a droplet free film positioned downstream relative to the roller, the film
      surface being dry and free of marring or marks on the emulsion surface.
NUM  9.
PAR  9. The drying system of claim 8, wherein the microporous plastic material
NUM  10.
PAR  10. The drying system of claim 8, wherein both surfaces of the film
      downstream of the rollers are free of marring or marks on the emulsion
NUM  11.
PAR  11. The drying system of claim 8, which comprises air blowing and drying
NUM  12.
PAR  12. The system of claim 8 wherein the pairs of rollers are in contact with
      the droplets of liquid while absorbing them without pressure application
NUM  13.
PAR  13. In a drying system for photographic film with droplets of liquid on
      each surface having one drying roller in contact with each surface of the
      film and the rollers defining a nip therebetween, wherein the film surface
      includes an emulsion surface having high surface tension, the improvement
      which comprises
PA1  at least one roller of microporous plastic material of at least millions of
      interconnected microscopic pores per square inch and having capillary
      action to absorb the liquid droplets,
PA1  another roller positioned to rotate in cooperation with the first roller
      and to carry the film inbetween, the
PA1  means to break down the surface tension to remove the liquid droplets on
      the film surface without damage to the emulsion.
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ABST
PAL  Storage of grains and other vegetable products in a large-capacity silo
      having air-tight walls, bottom and roof and air conditioning means, which
      is arranged to supply air of controlled moisture content and temperature.
      The silo has double walls defining a space and said air supplying means is
      connectible either to the storage space of the silo through aeration
      openings in the silo bottom or to said space between the silo walls.
BSUM
PAR  For the last decades use has generally been made of concrete silos with a
      great many cells of small diameter and great height for storing grains and
      other vegetable products. The reason is that it is often desired to keep
      different grain lots separated so that qualities or sorts are not
      intermingled, and to permit aeration of the grains by moving the grains
      from one cell of the silo to another by means of a conveyor. Recently,
      however, there has arisen the need for silo types suited for the storage
      of large quantities of uniform goods. For natural reasons problems are
      encountered when the grains are to be aerated or conditioned for
      maintaining the quality thereof. It is hardly conceivable to resort to a
      rearrangement or shifting of the grains as has been done in silos divided
      into cells, and what is more such rearrangement or shifting is unsuitable
      also in prior art silos since the grains are subjected to considerable
      wear with ensuing formation of dust. Moreover, the concrete silos as
      hitherto used normally are not water-tight and consequently rain-water can
      penetrate into the silo, altering the moisture conditions therein and even
      wetting the grains adjoining the walls and roof of the silo.
PAR  The object of the present invention is to provide a method and an apparatus
      for improved and advantageous storage of grains and other vegetable
      products in large-capacity silos at reasonable cost and without
      necessitating rearrangement of the stored grains at any time during the
      time of storage. This is realized according to the invention in that the
      stored grains after they have been charged into the silo which is made
      from air-tight material, for instance sheet metal, are maintained in
      undisturbed state for the entire storage time with periodical or
      continuous supply of air the moisture and temperature of which is
      controlled so that suitable climatic conditions are maintained in the
      silo.
PAR  In a preferred embodiment of the invention the supplied air is caused to
      flow through the stored grains in the silo and/or to sweep along the outer
      side of the silo. The air supplied to the grains stored in the silo can be
      admixed with disinfectants.
PAR  To realize the method, outlined in the foregoing, for the storage of grains
      and other vegetable products, use is made according to the invention of a
      silo having means for charging the silo with the grains to be stored
      therein, distributing them in and withdrawing them from the silo.
      According to the invention, the silo is entirely closed except for
      controllable aeration openings and made from an air-tight material, and an
      air conditioning unit is arranged to supply to the silo air of controlled
      moisture content and temperature. The silo preferably has double walls
      defining a space which extends at least over the major part of the
      boundary surface of the silo, and the air conditioning unit is connectible
      either to the storage space of the silo through said aeration openings or
      to said space between the double silo walls, or both.
DETD
PAR  These and further details characteristic of the invention will become
      apparent from the following specification and claims and the accompanying
      drawing which, in plan view and partly in section, diagrammatically
      illustrates a preferred embodiment of the invention.
PAR  The silo illustrated in the drawing comprises a foundation 10 of concrete
      which supports an outer shell 11 having a roof 12. In said outer shell 11
      there is arranged an inner shell 13 which together with the outer shell 11
      defines a space 14 which extends substantially all around the inner shell.
      The outer and inner shells are made from air-tight material, preferably
      sheet metal, and are so united as to encirlce in air-tight fashion, except
      for aeration openings to be described in the following, a storage space 27
      for grains. As will appear from the drawing, the inner shell 13 terminates
      short of the upper end of the outer shell so that the space 14 between the
      shells opens into a chamber defined by the roof 12 of the outer shell and
      the upper level 28 of the grains contained in the storage space 27. At the
      bottom the silo has a double floor which defines a distributing space 16.
      Aeration openings 17 are formed in the inner floor and the storage space
      27 thus is in communication with the distributing space 16 in the floor
      through said openings 17. Pipelines 18 equipped with a valve 19 and
      branched off from a main pipeline 20 open into said distributing space 16.
      Pipelines 21 are also branched off from the main pipeline 20, said
      pipelines 21 being equipped with a valve 22 and opening into the space 14
      between the inner and outer shells of the silo. The main pipeline 20 is
      connected to the pressure side of a fan 23 while the suction side of the
      fan is connected with an aeration opening 24 in the silo roof 12 through a
      conduit 25. An air conditioning unit generally designated 26 and of any
      suitable prior art construction is connected in the main pipeline 20. The
      silo comprises means 33, 34 for charging the silo with grains,
      distributing said grains in and withdrawing them from the silo. Said means
      do not form any constituent part of the present invention and are not
      therefore described in detail.
PAR  After grains or other vegetable products have been charged into the silo,
      for example up to the level 28, the silo is hermetically closed. Whenever
      necessary, the fan 23 and the air conditioning unit 26 are activated to
      blow in conditioned air into the space 27 through the pipelines 18, the
      space 16 and the aeration openings 17. The air is thus caused to flow
      through the grains stored in the space 27 and to escape through the
      discharge opening 24, returning to the fan 23. In this manner, the correct
      temperature and moisture content can be maintained by simple means in the
      space 27. Such conditioning may be effected, for instance immediately
      after supply of the grains to the space 27, to increase or reduce the
      moisture content of the grains and subsequently at given periods, whenever
      required. While conditioning of the space 27 normally takes place at given
      periods, it may of course be necessary in particularly difficult
      circumstances continuously to aerate said space. A unit 35 for the
      admixture of disinfectants, such as fungicides, insecticides etc., can be
      connected through a conduit 36 to the line between the fan 23 and the
      pipelines 18, for instance in conjunction with the air conditioning unit
      26 so that fungicidal, insecticidal and like treatment of the grains can
      readily take place whenever required. At such treatment the silo must be
      hermetically sealed, which is realized int.al. by means of a valve 31 for
      the aeration opening 34, a valve 32 for a discharge opening in the floor
      etc.
PAR  Instead, or as a complement of, the aeration of the grains in the space 27,
      conditioned air may be caused to flow from the fan 23 and the air
      conditioning unit 26 along the outer side of the inner shell 13 through
      the space 14, in which case the valves 19 are shut and the valves 22 are
      opened. Such aeration can also take place continuously or intermittently,
      implying the advantage that less air is required.
PAR  It will be readily understood from the foregoing description that the
      present invention provides an extremely simple method and apparatus for
      maintaining a high quality of the goods stored in a large-capacity silo.
CLMS
NUM  1.
PAR  1. A large-capacity silo for storing grains and other vegetable products,
      comprising
PA1  air-tight outer wall, bottom and roof,
PA1  means for charging the silo with grains to be stored therein,
PA1  means for distributing said grains in the silo,
PA1  means for withdrawing said grains from the silo,
PA1  an air conditioning unit having an outlet side for supplying to the silo
      air of controlled moisture content and temperature,
PA1  aeration means for causing the supplied air to flow through the grains
      stored in the silo,
PA1  an inner wall defining with said outer wall a space which extends at least
      over the major part of the boundary surface of the silo, first means for
      connecting said air conditioning unit to said space between the silo
      walls,
PA1  said aeration means comprising aeration opening means located at the silo
      bottom and means operable independently of the first means for connecting
      the outlet side of the air conditioning unit to said aeration opening
NUM  2.
PAR  2. A large-capacity silo as in claim 1, in which means for supplying
      disinfectants is connected to a line, extending between the air
      conditioning unit and the silo for admixing disinfectant to such air as is
NUM  3.
PAR  3. A large-capacity silo as in claim 1 having an air outlet opening in the
      silo roof, said air conditioning unit has an air inlet side connected to
NUM  4.
PAR  4. A large-capacity silo as in claim 3 wherein said inner wall is formed of
      an air-tight material, and said space between said walls is in
      communication with an upper interior area of said silo adjacent to said
      roof, whereby air introduced into said space is released above the level
      of grain in the silo for return to the air conditioning unit via the air
NUM  5.
PAR  5. A large-capacity silo as in claim 3 having a valve means for closing
NUM  6.
PAR  6. A large-capacity silo as in claim 4, in which means for supplying
      disinfectants is connected to a line, extending between the air
      conditioning unit and the silo for admixing disinfectant to such air as is
      caused to flow through the grains stored in the silo.
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ABST
PAL  For use in teaching a skill for service and repair of heating and air
      conditioning equipment, a teaching aid which incorporates a closed
      chamber, preferably insulated, which receives therein the air distribution
      portion of a heating and air conditioning system. The apparatus utilizes a
      complete miniaturized refrigerant system which has a sealed compressor
      unit, an evaporator, a condensor, and the appropriate lines connecting the
      various components. In the preferred embodiment, a removable skid mounted
      base supports the condensor and compressor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The methods of service, installation, and repair of heating and air
      conditioning equipment has heretofore been taught on a complete, installed
      heating and air conditioning system. A typical heating and air
      conditioning system is often installed in a shop area with a work bench
      adjacent thereto. A typical 2 or 3 ton heating and air conditioning system
      might stand as much as 5 or 6 feet in height, and may require a
      substantial amount of floor space. The equipment must be operable, and
      requires the use of gas or electrical utilities, the cost of which are not
      negligable. Instruction on a full-scale heating and air conditioning
      system of a particular brand often limits the ultimate skills of a student
      to that particular brand. A student may not be able to transfer his skills
      to equipment of another manufacturer.
PAR  The present invention is intended as a teaching aid to avoid problems such
      as these and others. The layout of components in the present invention
      does not have the appearance as those in an installed device. They are
      located at optimum locations for teaching purposes. The present invention
      is superior to full-size units installed in a teaching facility. A student
      may also become familiar with the theory of operation and repair of
      refrigerators and deep freezers through the use of the present invention
      because of its design.
PAR  The present invention is fully portable and can be carried from place to
      place. Its power consumption is minimal. Even though it is reduced in
      scale, it provides all features necessary to provide instructions for a
      user.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred embodiment of the present invention incorporates a metal
      carrying case for a housing, which is insulated along various walls to
      simulate an air conditioned volume. A skid-mounted removable base supports
      a sealed compressor unit and condensor unit. Within the cabinet, a small
      fan circulates air past a heat load, preferably light bulbs or strip
      heaters, and through the evaporator. The evaporator unit cools the air for
      further circulation directed by the fan. A thermostat is preferably
      incorporated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the teaching aid of the present invention;
PAR  FIG. 2 is a top or plan view showing the lid raised and observing the
      apparatus within the teaching aid of the present invention;
PAR  FIG. 3 is a sectional view along the line 3 -- 3 of FIG. 1 showing the
      arrangement of the components within the carrying case and particularly
      illustrating the skid mounted base which supports the compressor and
      condensor units; and,
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 3 showing an end
      view of the skid mounted unit where it can be removed leaving a volume
      which simulates a closed chamber to be air conditioned.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the numeral 10 identifies a carrying case or cabinet for
      the present invention. Its optimum size is preferably about three feet
      long, two feet tall, and about sixteen to twenty inches wide. It
      incorporates a carrying handle 11 which is joined to a lid 12. The lid
      swings about a piano hinge 13 at one edge. Trunk latches 14 and 15 along
      the opposite edge close the lid 12. Doors 16 and 17 at one end open to
      reveal various components as will be described hereinafter. The numeral 18
      specifies a trunk latch which closes the door 17. The door 16 extends
      under the lip of the lid 12 and is closed and held in position by it.
PAR  The housing or container shown in FIG. 1 includes a bottom wall (not
      shown), sidewalls such as the side 18, and is formed of materials such as
      stainless steel or aluminum to support the components within. Attention is
      next directed to FIG. 2 of the drawings which illustrates the housing in
      greater detail. The numeral 20 identifies a lining of insulation material
      within the housing. The insulation material assists the teaching aid of
      the present invention in simulation of a closed chamber such as an air
      conditioned living space. If desired, the wall can be made of double
      thicknesses of metal surrounding the insulation material 20, or can be
      exposed on the interior which is illustrated in FIG. 2. The sides of the
      housing are not exposed to excessive wear and tear.
PAR  Attention is momentarily directed to FIG. 4 of the drawings which
      illustrates insulation material 21 at the bottom of the device. The
      insulation material at 21 is received in double wall construction of
      parallel plate members indicated at 22 and 23. The floor 23 supports a
      skid mounted unit generally indicated at 24 which is removable. The skid
      mounted unit 24 is received within a chamber 25. The chamber is within the
      housing and serves as a means for storage and transportation of the skid
      mounted apparatus 24. The apparatus 24 is removed prior to operation. More
      will be noted concerning this hereinafter.
PAR  Referring momentarily to FIG. 3 of the drawings, a small storage
      compartment 26 is behind the door 16. When the door 16 is open, the
      storage compartment 26 is opened. The storage compartment 26 receives the
      electrical cord for the apparatus which is indicated at 27. The cord 27 is
      connected to an electrical switch box 28. In addition, the chamber 26
      exposes a pair of refrigerant connectors 29 and 30. The refrigerant
      connectors 29 and 30 communicate with the evaporator unit to be described.
PAR  The teaching aid 10 of the present invention includes components which are
      removed at the time of its operation. It is shown in the drawing assembled
      for transportation. The skid mounted base 24 is removed at the time of
      operation. It is removed by opening the door 17 and sliding the skid mount
      base 24 to the right as viewed in FIG. 3. As shown in FIG. 4, the numeral
      31 identifies a pair of tapered slots formed of metal channels attached to
      the floor 23. The tapered slots 31 receive and engage matching flared
      channel stock 32 attached at two locations on the base. The base 24 is a
      generally rectangular frame member which supports the attached equipment.
      The base 24 thus supports a sealed compressor unit 33 shown in FIG. 4 of
      the drawings. The base also supports a condensor unit generally indicated
      at 34 in FIG. 3. The condensor unit 34 includes a small fan motor 35 which
      directs cooling air past a number of coils 36 in a radiator type
      arrangement. The coils 36 are received and supported by numerous cooling
      fins. The fan 35 directs cooling air past the fins to thereby cool the
      heated refrigerant which is pumped through the condensor unit 34.
PAR  The compressor unit 33 is used in the customary manner to compress a
      gaseous refrigerant. The refrigerant is compressed and leaves the
      compressor unit as a gas. It is also heated by the compression operation.
      In accordance with traditional or conventional theory of operation, the
      heated gaseous refrigerant passes through the condensor unit and
      surrenders heat to the air, thereby cooling the gas sufficiently to become
      liquified. It is used in subsequent portions of the equipment in the
      customary operation of a refrigeration cycle to provide cooling as will be
      described.
PAR  In FIG. 3, the numerals 37, 38 and 39 identify conduits which are arranged
      between the compressor unit 33 and the condensing unit 34. The conduits
      37, 38 and 39 provide the conventional plumbing connections between these
      components.
PAR  The numeral 40 identifies a water filtration trap which removes water from
      the liquified refrigerant. The numeral 41 identifies a sight glass whereby
      a service man can observe the condition of the liquified refrigerant. The
      numeral 42 in FIG. 4 identifies a valve which selectively opens or closes
      the conduits on the skid mounted unit 24.
PAR  The apparatus supported on the skid mounted unit 24 is removed from the
      chamber. This leaves the chamber evacuated to more properly simulate a
      refrigerator, a living space to be air conditioned, or the like. Flexible
      hoses are used to connect from the fittings 29 and 30 recesses in the
      chamber 26 shown in FIG. 3 and connect with the fittings 43, 44 and 45 as
      shown in FIG. 3.
PAR  The present invention assembles in a manner to provide a complete
      refrigeration apparatus in that a complete refrigeration cycle is
      achieved. The refrigerant cycles through all of the equipment required for
      operation of a refrigeration system. A portion of this equipment is
      removable from the housing and simulates the typical construction of a
      living space with air conditioning equipment. A typical living space with
      air conditioning equipment normally locates the compressor and condensor
      on the outside where the condenser rejects its heat to atmosphere. A
      circulation fan and evaporator unit are normally found within the house or
      living space. The same is also true of a refrigeration system for keeping
      foods. The present invention is similar in this regard to a conventional
      refrigerator or deep freeze. Referring again to FIG. 3 of the drawings,
      the numeral 46 identifies a thermostat which is within the cabinet. Again,
      the thermostat must be located within a living space for the refrigerator
      to properly function. The thermostat 46 is supported on a structural frame
      member 47.
PAR  In FIG. 3, a squirrel cage blower assembly 48 includes a motor 49. It draws
      air in from within the chamber. The air is directed through a closed box
      50. The box 50 is a closed chamber or container where air is admitted from
      the squirrel cage blower 48. The box 50 contains a simulated heat load. In
      the preferred embodiment, the heat load is a group of light bulbs 51. Two
      or three light bulbs are normally adequate for simulation purposes. Light
      bulbs are desirable because the light emitted from them can be used as an
      indication that the simulated heat load is on. Electric resistance strip
      heaters can also be installed in the box 50, and provide heat which
      simulates the heat load used in the teaching aid of the present invention.
PAR  An evaporator unit 52 receives air from the box 50 which supports and
      contains the heat load. The numeral 53 identifies a passage extending from
      the box 50 into the evaporator unit 52. The evaporator unit 52 includes
      several coils 54 which are connected to radiator fins which extend into
      the air flow. The refrigerant pumped through the coils 54 cools the
      radiator fins sufficiently to draw heat from the air passing over the
      fins. The evaporator unit is open at its left hand end and a deflector 55
      turns air downwardly into the chamber. Tracing the route of travel of the
      air, it is observed to be drawn from the container or chamber which is
      comprised of the cabinet of the present invention into the fan 48, through
      the box 50 where is is selectively and controllably heated by the heat
      load element 51, and then through the evaporator unit 52. At the
      evaporator unit, the heated air is cooled and returned to the chamber. The
      cooled air circulates within the chamber and back through the same cycle,
      thereby duplicating the circulation of air in a living space, refrigerator
      or the like.
PAR  Just as the air is circulated in simulation of a full scale situation, the
      liquid refrigerant is circulated in the same manner. Directing attention
      to FIG. 3, the fittings 29 and 30 connect by means of conduits 60 and 61
      to the evaporator unit. The conduit 61 is a capillary tube. Capillary
      tubes are used to control the extent of temperature drop of the evaporator
      unit. The capillary tube 61 can be removed from the fittings as shown in
      FIG. 3 and an expansion valve 63 shown in FIG. 2 can be connected in its
      stead. Again, expansion valves can be used to control the temperature drop
      at the evaporator unit. The expansion valve 63 shown in FIG. 2 is for the
      moment not connected. Suitable quick disconnect fittings are used at both
      ends of capillary tube 61 to facilitate its installation and removal.
PAR  The refrigerant completes a full cycle passing through the compressor unit
      33, the condenser unit 34 to surrender its heat to atmosphere, and through
      the evaporator unit to absorb heat, thereby providing cooled air. The
      refrigerant is then returned to the compressor unit and the cycle is
      repeated. The present invention is identical in operation to refrigeration
      equipment. This measurably aids and assists in the use of the present
      invention as a teaching aid.
PAR  The refrigerant flows along the same channel and is treated and handled in
      the same manner as in larger equipment. The electrical connections of the
      present invention are preferably identical to the electrical connections
      of any refrigeration apparatus. The fan motor 35 for the condensor unit is
      connected in the same manner as on a larger unit. The thermostat 46 is
      preferably connected in the customary manner. It turns on the equipment to
      provide for refrigeration. Many thermostats are equipped with a heater
      control and the heater element 51 can be used to simulate a gas fired or
      electric heat source normally found in most air conditioning systems. To
      the extent that a heating and air conditioning system incorporates
      electrical distribution wires, relays, switches and the like, they have
      been omitted from the drawings and reference is made to the conventional
      wiring arrangement normally used for a heating, refrigeration, or air
      conditioning system.
PAR  In operation, the device of the present invention can be moved readily by
      one person through the use of the handle 11 in FIG. 1 of the drawings. At
      the time of use and operation, the door 17 is opened and the skid mounted
      base 24 is removed. The door 17 is then closed and the trunk latch 18 is
      closed to keep the door shut. The door 16 is then opened and left open to
      expose the fittings 29 and 30. Two flexible fluid conduits are connected
      from the fittings 29 and 30 to the base 24. Three fittings are provided on
      the base 24. These fittings enable the service man to achieve a number of
      different connections, and enable him to utilize his test gauges to make
      the necessary connections for purging of the sytem, filling the system
      with a refrigerant, and operation of the system in the in the conventional
      manner. The capillary tube 61 can be used or selectively removed and the
      expansion valve 63 substituted therefor.
PAR  The teaching aid of the present invention is particularly advantageous in
      that a trainee can observe the operation of all the components within a
      small area. He does not have to walk around full scale equipment to obtain
      such observations. The apparatus will simulate the heating and cooling of
      a house or other living space. Once the connections are made to
      interconnect the condenser, compressor and evaporator units, the
      thermostat 46 is set to various and sundry temperature levels. It will
      then cause the operation of the refrigeration equipment in a conventional
      or typical refrigeration cycle of cooling. Heating is obtained in the
      manner previously described through the use of the simulated heat load 51.
      The heat load 51 will simulate either direct heating, as occurs in winter,
      or the heat load which requires air conditioning, as in summer.
PAR  The present invention may be modified in several regards. A less expensive
      container can be obtained through the use of an ice chest formed of
      styrofoam and coated with polyethylene plastic, which are available from
      many sources. It can be substituted for the more expensive sheet metal and
      insulated wall construction shown in the preferred embodiment.
PAR  Wheels or casters can be placed on the box or cabinet to make it more
      portable, although this is not believed essential in the least. Further,
      an insulated divider wall can be placed lengthwise across the apparatus,
      as viewed in FIG. 3, so that the lower portions of the chamber of the
      container provides a simulated space to be cooled. In that event, the
      divider wall would require an opening in communication with the squirrel
      cage fan 48 to admit air for the cooling cycle and an additional opening
      at the left hand end where air emerges from the evaporator unit 52 after
      having been cooled. Also, the thermostat 46 would have to be located below
      this wall to continue as a means of simulating thermostatic operations.
PAR  The foregoing is directed to the preferred embodiment and various
      alternative arrangements. The scope of the present invention is determined
      by the claims which follow.
CLMS
NUM  1.
PAR  1. Training apparatus, comprising:
PA1  a selectively closable portable container for simulating a volume to be air
      conditioned;
PA1  a refrigerant compressor unit having a refrigerant inlet and outlet;
PA1  a condenser unit connected to the outlet of said compressor unit and having
      an outlet which is adapted to be connected to supply condensed
      refrigerant, said condenser unit removing heat from a refrigerant flowing
      therethrough which heat is expelled remote from the simulated air
      conditioned volume in said container;
PA1  an evaporator unit in said container adapted to be connected to said
      condenser unit;
PA1  air moving means in said container for circulating air in said closed
      container and forcing air through said evaporator unit for cooling by said
      evaporator unit, said air moving means being selectively rendered
      operative; and,
PA1  controllable heat load simulation means in said container for heating the
      air in said container to alter the heat load on the refrigerant
      circulation system which includes said compressor unit, said condenser
NUM  2.
PAR  2. The structure of claim 1 further including means for connecting said
      compressor unit and said condenser unit remote from the interior of said
NUM  3.
PAR  3. The structure of claim 1 wherein said closable container serves as a
      temporary storage container for said compressor unit and said condensor
NUM  4.
PAR  4. The structure of claim 1 wherein said refrigerant circulation system is
      operated by a thermostat operatively communicated with air in said
NUM  5.
PAR  5. The structure of claim 1 including a top lid which can be opened and
NUM  6.
PAR  6. The structure of claim 1 including an end lid which can be opened and
NUM  7.
PAR  7. The structure of claim 1 wherein said refrigerant circulation system
NUM  8.
PAR  8. The structure of claim 1 wherein said refrigerant circulation system
NUM  9.
PAR  9. The structure of claim 1 wherein said closable container has a pair of
      exposed conduit connectors adapted to be connected with said compressor
      unit and said condensor unit to thereby define and complete said
NUM  10.
PAR  10. The structure of claim 1 wherein said condensor unit incorporates a
NUM  11.
PAR  11. The structure of claim 1 wherein said compressor unit and condensor
      unit are mounted on a separate and movable base, means for removably
      mounting said compressor unit and condensor unit for storage within said
NUM  12.
PAR  12. The structure of claim 11 wherein said base includes a means releasably
NUM  13.
PAR  13. The structure of claim 12 wherein said means includes a slidably
      engagable and disengagable means securing said base against movement in
NUM  14.
PAR  14. The structure of claim 1 wherein said heat load simulation means
NUM  15.
PAR  15. The structure of claim 1 wherein said container includes an externally
NUM  16.
PAR  16. The structure of claim 1 including a separable base which receives said
NUM  17.
PAR  17. The structure of claim 1 including a water filter in said refrigerant
NUM  18.
PAR  18. The structure of claim 1 including a sight glass in said refrigerant
      circulation system.
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ABST
PAL  A method and apparatus for teaching the recognition of basic numerals and
      performing simple arithmetic steps is provided in which tactile means of
      learning are utilized in addition to the senses of sight and sound. A
      series of individual digit-defining cutouts present a range of numerals in
      which each cutout is of a predetermined length corresponding to its
      numerical value with the cutouts being graduated to progressively increase
      in length from a numeral denoting a specific low value to a numeral
      denoting a specific high value. Thus, when a student selects a group of
      two or more cutouts and places them in an end-to-end relationship such
      that their accumulated length is equal to that of another cutout
      representing a base numeral, it will be seen that the sum of their
      individual values is equal to that of the base numeral. In this manner,
      not only is the recognition of individual numerals taught, but also,
      simple arithmetic addition and subtraction concepts can be taught with the
      learner discovering the answers to simple arithmetic problems through
      physical experience. Inasmuch as the cutouts have suitable respective
      widths and thicknesses compatible with their lengths, the
      three-dimensional configuration of the numerals makes this teaching method
      and apparatus ideally suited for use in connection with teaching numerical
      concepts and simple arithmetic in special education classes, such as those
      for the mentally handicapped or the blind which kinesthetic means of
      learning are very important.
BSUM
PAR  This invention relates to a method and apparatus adapted particularly to
      teach the recognition of basic numerals 1 through 9, and their relative
      values along with simple addition and subtraction to beginners of
      preschool, kindergarteners, first-graders, and other grades for remedial
      math or, to special education students such as those found in classes for
      the mentally handicapped or the blind.
PAR  Among the previously known teaching aids for imparting numeral recognition
      and their relative values are various arrangements of strips and blocks or
      the like employed to illustrate or simulate numerical relationships.
      Certain of these aids, while having components of graduated sizes to
      indicate the corresponding value of the numerals, do not incorporate
      relative sizes along with the specific physical configurations which
      correspond directly to the numerical value of a particular numeral in such
      a manner that the kinesthetic senses may be utilized in the learning
      process as well as the other basic senses of sight and sound. It is a
      well-established fact that kinesthetic means of learning are among the
      most lasting. In other words, those previously known teaching aids did not
      provide for the use of the physical appearance and handling of cutout
      numerals which are in exact proportion to one another to physically
      demonstrate their corresponding relative values. These are limited to
      memory means and do not provide for a discovery experience.
PAR  It is, therefore, a very important object of my invention to provide a
      method of teaching numeral recognition and apparatus therefor in which the
      learning process includes the sense of touch in addition to the senses of
      sight and sound.
PAR  Another very important object of my invention is to provide for the
      physical handling of the numerals by the student in solving addition and
      subtraction problems in a manner that the relative values of the numerals
      are visually and physically discovered and readily recognized by the
      corresponding lengths of the numerals.
PAR  Yet another important object of the invention is to provide a method and
      apparatus for teaching the relative value of numerals that will positively
      interest the student and permit him to immediately evaluate the results of
      his own addition and subtraction performances as he performs the
      exercises.
PAR  A still further object of the invention is to provide a method and
      apparatus for the teaching of relative numerical values to handicapped
      persons such as the blind who must supplement their sense of hearing with
      a well-developed sense of touch or to the deaf who learn by seeing and
      touching.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective plan view of a series of three-dimensional,
      digit-defining cutouts presenting a range of numerals from 1 through 9;
      and
PAR  FIG. 2 is a plan view of a group of cutouts having a cumulative length
      equal to that of a preselected associated base numeral.
DETD
PAR  An apparatus for teaching numeral recognition and arithmetic is broadly
      identified by the letter A and comprises a series of individual,
      digit-defining cutouts B, C, D, E, F, G, H, I and J presenting a range of
      numerals 1 through 9 respectively.
PAR  The individual cutouts B-J are three-dimensional, having suitable
      respective widths and thicknesses compatible with their predetermined
      lengths, and may be made of wood, wood fiber, plastic, Masonite, rubber,
      composition, paper product, metal or other suitable material which is
      sufficiently durable to withstand repeated handling and is not subject to
      deformation or breakage during normal use. The thickness of the cutouts
      B-J should be such that a young child or physically handicapped person
      might easily pick them up individually from a flat surface such as a table
      or desk top, it being found that a thickness of approximately 3/16ths of
      an inch is quite adequate. To further facilitate the ease of handling of
      the cutouts B-J, the backsides thereof should ideally be of a non-sliding
      texture in order that once the cutouts have been properly placed during a
      learning exercise, they are not easily or inadvertently shifted relative
      to other cutouts which are located proximal thereto.
PAR  The length of each cutout or numeral B-J is in exact proportion to the
      length of the other cutouts making up the series A and corresponds to its
      relative numerical value; that is, the numeral 1 (B) is of a given length
      and the numeral 9 (J) is of a length exactly nine times that of the
      numeral 1 (B). The numerals between 1 (B) and 9 (J) are also graduated in
      1/9th increments as indicated by the following table:
PA1  The 2 is 2/9 the length of numeral 9
PA1  The 3 is 3/9 the length of numeral 9
PA1  The 4 is 4/9 the length of numeral 9
PA1  The 5 is 5/9 the length of numeral 9
PA1  The 6 is 6/9 the length of numeral 9
PA1  The 7 is 7/9 the length of numeral 9
PA1  The 8 is 8/9 the length of numeral 9
PAL  The width of each numeral 1 through 9 (B-J) is understood to be of a
      suitable dimension to attain a properly balanced image in proportion to
      its length.
PAR  To further illustrate the exact relative lengths, suppose that the numeral
      1 (B) is one inch in length, then the numeral 9 would be 9 inches in
      length with the intervening numerals being proportionately longer or
      shorter than the numeral 1 (B) or 9 (J) as the case might be. The length
      may be arbitrarily established to suit the particular needs of the student
      and may be in terms of "feet", "meters" or the like instead of "inches".
      In each instance the corresponding ratio would still apply from numeral to
      numeral.
PAR  A basic series of numerals B-J making up the apparatus A would consist of
      at least 23 cutouts as follows:
PA1  9 - 1's
PA1  4 - 2's
PA1  3 - 3's
PA1  2 - 4's
PA1  1 each of 5, 6, 7, 8 and 9
PAR  The manner in which the apparatus A, with its individual cutout numerals
      B-J is used, may be considered as consisting of three readily identifiable
      phases of the instructional method. Initially, a teacher, using the
      apparatus A, will acquaint a student with the numerals 1 through 9 (B-J
      respectively) in order that the student is able to readily identify the
      same after which the student is taught addition and subsequently
      subtraction as the last phase of the teaching method.
PAR  To begin the teaching method, the teacher will display the individual
      numerals B-J by holding each, in turn, in a manner for the student to
      readily see the entire numeral and, in so doing, make a special effort to
      call the student's attention to the differences in the physical lengths of
      the numerals while explaining the relative arithmetic value of each
      numeral as it is exhibited. Inasmuch as the numerals are of varying
      proportionate lengths, the student automatically recognizes that the
      differences in length corresponds to the differences in value. Such
      recognition of values is not the case when the conventional flash card or
      chalkboard with numerals written thereon is used inasmuch as a written
      numeral which does not convey the relative difference in value through a
      representation of its physical size is inherently less effective than is a
      cutout numeral in which the sense of sight or vision is used to supplement
      the verbal or hearing sense in demonstrating the differences in values of
      the various numerals.
PAR  After the teacher has explained the relative value of each different
      numeral in the series A, he will be able to physically discover and prove
      that it takes nine 1's end-to-end to equal the length of the numeral 9 by
      simply placing the nine 1's either on or adjacent the numeral 9 and
      thereby physically demonstrate the cumulative value of the nine 1's as
      being equal to that of the single numeral 9. This cannot be as
      meaningfully accomplished through the use of flash cards or chalkboards on
      which the numerals 1 and 9 are normally written in the same sized figures
      on oversize sheets and cannot be physically aligned to show their
      relationship. It is at this point that the student is to be given the
      opportunity to handle each of the cutout numerals B-J and thereby make use
      of his tactile sense as a part of the learning experience. It is also at
      this point that the usefulness and value of a three-dimensional cutout can
      best be appreciated when it is recognized that handicapped individuals,
      such as the blind, can employ their sense of touch to likewise "observe"
      the relative differences in the values of the respective numerals as
      represented by their corresponding differences in lengths. In physically
      placing the numeral 1 (B) either beside or on the numeral 9 (J), it is
      immediately recognized by the student that the 1 is much shorter than the
      9 and the teacher can then meaningfully explain the relative and precise
      differences. Likewise, all of the other numerals can be handled by the
      student for comparison as just outlined with the numerals 1 and 9.
PAR  After the student has thoroughly learned the individual numbers and
      recognizes their relative values either through the combined senses of
      sight, touch and sound, or through the means of sound and touch only, the
      individual numerals may be utilized to teach addition and subtraction to
      beginners. In so doing, the numerals are placed on a flat table or desk
      top in front of the student and he is asked by the teacher to select any
      one of the numerals, except the numeral 1 (B), and place it on the table
      or desk before him. The teacher shall then explain that the numeral he has
      just selected is to be called the "base numeral" and that the student is
      now to select a group of at least two of the remaining numerals from the
      series A and place these in an end-to-end relationship on or adjacent the
      base numeral such that the combined lengths of the selected group of
      numerals is equal to the length of the base numeral. To this end, each of
      the numerals B-J are provided with straight top and bottom edges K and L
      which are in parallelism with one another in order that the numerals will
      accurately reflect their true combined lengths when placed in an
      end-to-end relationship.
PAR  For example, as shown in FIG. 2, the student may have selected as his base
      numeral, the cutout 3 (D) and chosen to place alongside the base numeral 3
      (D) a group M of three numerals 1 (B) at which time the teacher then is
      able to demonstrate to the student that the group of three 1's added
      together equals the length and, therefore, the value of the base numeral 3
      (D). Further, the teacher may then instruct the student to select
      additional groups of numerals which, when placed into an end-to-end
      relationship would also equal the value of the base numeral 3 (D); in this
      case, the student would then check through the remaining numerals and, by
      trial and error, eventually discover that the numeral 1 (B), placed in an
      end-to-end relationship with the numeral 2 (C) also equals the length of
      the numeral 3 (D). In this manner, the teacher may work with the student
      until all possible combinations of the numerals B-J have been made with
      respect to the various base numerals chosen.
PAR  After the addition arithmetic has been mastered by the student, the
      instructor may begin the subtraction phase of the teaching method. The
      student is assigned the task of rearranging a group of numerals equal to a
      selected base numeral by removing one numeral from the group after which
      the teacher proceeds to repeat the action himself and, in so doing,
      explain that the numeral remaining in the group is the remainder or that
      which remains after the one numeral was removed from the base numeral. In
      referring back to FIG. 2 and the addition example, it may be easily shown
      that removal of, in this case, two of the numerals 1 (B) from the group M,
      as related to the base numeral 3 (D), would equal 1 as represented by the
      remaining numeral 1 (B). Here again, the procedure of subtracting may be
      used with all of the possible combinations available through the use of
      the 9 digits provided as a part of the apparatus or series A.
PAR  Inasmuch as the student becomes directly involved in the physical
      arrangement of the cutouts B-J, his interest is maintained and his
      motivation promoted because he cannot only see the direct results of the
      arrangement, but is immediately able to detect whether the answer is
      correct or not without having to wait for the teacher to check his work as
      would be necessary when the addition or subtraction is performed by
      writing the numerals on paper, chalkboard, etc. This unique method not
      only causes the student to feel that he is the one who has selected the
      numeral to be placed on or with the base numeral, but he is also the one
      who has determined that the addition or subtraction of certain numerals
      placed in end-to-end relationship or removed from such a relationship is,
      in fact, correct.
PAR  The uniqueness and effectiveness of this apparatus A may be particularly
      appreciated when it is remembered that the relative lengths of the
      numerals 1(B) - 9 (J), makes it possible to quickly and easily communicate
      their respective values to those individuals who are blind and therefore
      must rely on other forms of communication than that of sight. The
      three-dimensional configurations of the numerals in conjunction with their
      respective relative lengths corresponding to their relative values,
      permits the blind to quickly gain an appreciation for the relative values
      of the particular numerals and, in so doing, quickly and easily learn not
      only to recognize the shapes of the numerals but to also perform the
      simple addition-subtraction tasks.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
NUM  1.
PAR  1. Apparatus which includes the provision for utilizing kinesthetic senses
      to teach arithmetic, said apparatus comprising:
PA1  a series of individual, three dimensional, digit-defining cutouts
      presenting a range of numerals having corresponding distinctive
      configurations in which each of said cutouts is of a predetermined length
      relative to that of the other cutouts in said series,
PA1  said cutouts being graduated to progressively increase in length from a
      numeral denoting a low value to a numeral denoting a high value,
PA1  the length of each of said cutouts being proportionate to that of the other
      cutouts in said series with the respective lengths corresponding directly
      with the numerical value thereof such that a selected group of two or more
      of said cutouts have a combined length, when placed in an end-to-end
      relationship, equal to that of the cutout presenting the numeral having a
      value equal to the sum of the values of said selected group of cutouts,
PA1  said cutouts each being provided with top and bottom edges that are
      straight and in parallelism with each other in order that the accurate
      placing of said cutouts in said end-to-end relationship is facilitated.
NUM  2.
PAR  2. A method of teaching arithmetic comprising the steps of:
PA1  providing a series of individual, three dimensional, digit-defining cutouts
      presenting a range of numerals having corresponding distinctive
      configurations and in which said cutouts are of relative, predetermined,
      proportionate lengths corresponding to their respective numerical values
      with each cutout having top and bottom edges that are straight and in
      parallelism with each other;
PA1  identifying by kinesthetic means a numeral of each value in said series of
      cutouts in such a manner to illustrate the distinctive configuration and
      the corresponding, relative differences in the value as represented by the
      relative length of each of the numeral cutouts; and
PA1  physically placing and aligning various ones of said series of cutouts in
      an adjacent relationship with their respective top and bottom edges in
      parallelism with one another to compare the relative differences in
      configuration and length to demonstrate the corresponding distinctive
      configurations and relative values of said numerals such that said digits
NUM  3.
PAR  3. A method as set forth in claim 2; selecting a base numeral having a
      value greater than 1 from among said series of cutouts; and
      discriminatingly choosing from said cutouts remaining in said series a
      group of at least two numerals having a combined length equal to that of
      said base numeral for physical arrangement in an end-to-end abutting
      relationship proximal said base numeral whereby the sum of the values of
      said chosen group of numerals is equal to the value of said base numeral.
NUM  4.
PAR  4. A method as set forth in claim 3; and selecting additional groups of
      numerals, each of which have an accumulated value equal to that of said
      base numeral from those cutouts remaining in said series and physically
      placing them in an end-to-end relationship proximal said base numeral
      whereby multiple combinations of various numerals are associated with said
NUM  5.
PAR  5. A method as set forth in claim 3; and physically removing one of said
      numerals from said group whereby the value of the remaining numeral
      represents the remainder relative to said base numeral.
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ABST
PAL  Apparatus comprising a moon projector including an element for changing the
      phase of the moon, a gear system for transmitting a drive force to the
      moon phase changing element, a drive system for annual motion, a drive
      system for independently changing the phase of the moon provided
      independently of the annual motion drive system, differential gear means
      for selectively transmitting the operation of the annual motion drive
      system or of the drive system for independently changing the moon phase to
      the drive force transmitting gear system, and switching means for
      selectively operating the annual motion drive system or the drive system
      for independently changing the moon phase, whereby changes in the lunar
      phase as related to annual motion or changes in the lunar phase
      independent thereof can be selectively projected without impairing the
      continuous changing mode of the lunar phase.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a drive apparatus for independently
      changing the phase of the moon for use in a planetarium, more particularly
      to a drive apparatus for changing the phase of the moon selectively as
      related to annual motion or independently thereof.
PAR  Generally to continuously project the changing lunar phase by a
      planetarium, the image of the moon projected onto the dome is moved from
      west to east or from east to west through an angle required for the cycle
      of the lunar phases. In other words, the moon image is brought into annual
      motion. However, since the dome of planetarium represents only the upper
      half of the celestial sphere for observation, it is impossible to
      demonstrate the changes in the moon phase during the travel of the moon
      beneath the horizon of the celestial sphere.
PAR  In order to represent one complete cycle of the lunar phases on the dome of
      a limited area, stars other than the moon, namely the sun, Saturn,
      Mercury, Venus, Mars, Jupiter and the like planets and fixed stars to be
      projected by the star globe must be moved in the reverse direction for
      diurnal motion at the same velocity as the angular velocity of the moon as
      it travels on the celestial sphere so as to offset the increase of right
      ascension of the moon itself with the reverse diurnal motion. Otherwise it
      would be impossible to project a continuously waxing and waning moon image
      onto the dome.
PAR  It is seen from FIG. 1 that when the planetarium projector is operated for
      annual motion, the position of moon image continuously changes with
      respect to right ascension along the moon's path, since the moon travels
      along its orbit in the direction of the arrow A as time elapses while
      waxing and waning. Furthermore when the intersection of the moon's orbit
      and the ecliptic coincides with or is positioned close to the vernal
      equinox as illustrated in FIG. 1, the moon's path forms an angle of
      inclination of 23.degree.27' + 5.degree.9' = 28.degree.36' with the
      celestial equator. Accordingly, even if the increase of right ascension of
      the moon is offset by the reverse diurnal motion in an attempt to project
      the image of the moon at a fixed position, the annual motion of the moon
      takes place reciprocally in the direction of declination in the range of
      from 28.degree.36' north to 28.degree.36' south, namely over the entire
      range of 57.degree.12' in declination. Thus even if the increase in the
      right ascension involved in the annual motion of the moon in the northern
      hemisphere can be cancelled by the reverse diurnal motion, it is also
      necessary to cause a latitude changing motion as related to the reverse
      diurnal motion. This makes the planetarium complex in construction and
      cumbersome to operate and changes the relative positions of the sun,
      Saturn, Mercury, Venus, Mars, Jupiter and like planets to be projected by
      the projectors which are adapted to be operated commonly by the drive
      shaft for producing the annual motion of the moon and for changing the
      lunar phase. After operation, furthermore, there arises the necessity to
      return the moon, sun and five great planets to the original positions and
      to restore the original diurnal motion.
PAR  Accordingly it is difficult even for a skillful operator to operate the
      planetarium in the above-mentioned manner as smoothly as is desired for
      educational and general purposes.
PAR  In view of the foregoing problems, a planetarium has been provided which is
      equipped with a moon projector operatively related to an annual motion
      mechanism and another projector for projecting moon phases independently
      of the annual motion mechanism so as to simplify the construction and
      operation. With such planetarium changes in the moon phase are reproduced
      by the former projector, and when the moon phases are to be projected by
      the independent projector, annual motion is stopped, simultaneously
      turning on the latter projector and bringing the former projector out of
      operation. Alternatively, the latter projector is turned on for projection
      independently of the moon phase projected by the former projector.
PAR  Thus the known planetarium requires two moon projectors and drive means
      therefor. Moreover when the projection of lunar phases in operative
      relation to the moon's annual motion is switched to the projection of moon
      phases independent of the annual motion, the lunar phase to be projected
      by the independent projector upon switching must be brought into
      conformity, solely by the knack of the operator, with the lunar phase
      previously projected by the annual motion-related moon projector just
      before it is turned off. Such operation is very troublesome, possibly
      entailing a discrepancy in the lunar phase. When the independent moon
      phase projector is turned on for projection independently of the moon
      phase projected by the annual motion-associated moon projector, no
      consideration is given to ensure coincidence between the two moon phases,
      with the result the discrepant lunar phases give an unnatural impression
      to the observer.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to utilize one moon projector commonly both
      for projecting the phases of the moon as related to usual annual motion
      and for projecting the phases of the moon independently thereof so that
      the changes in the lunar phase during annual motion and changes in the
      lunar phase independent thereof can be projected by a simple switching
      operation without impairing the continuous changing mode of the lunar
      phase to thereby eliminate unnaturalness owing to the discontinuity to be
      otherwise involved in the changing mode of the lunar phase upon switching
      operation.
PAR  Another object of this invention is to provide an apparatus for permitting
      the switching operation with extreme ease.
PAR  Still another object of this invention is to commonly use the moon
      projector as stated above to thereby simplify the drive means therefor and
      the construction of planetarium.
PAR  The apparatus of this invention comprises a moon projector including an
      element for changing the phase of the moon, a gear system for transmitting
      a drive force to the moon phase changing element, a drive system for
      annual motion, a drive system for independently changing the phase of the
      moon provided independently of the annual motion drive system,
      differential gear means interposed between the gear system and the drive
      systems to selectively transmit the operation of the annual motion drive
      system or of the moon phase independently changing drive system to the
      gear system for selectively operating the annual motion drive system or
      the moon phase independently changing drive system.
PAR  The switching means comprises a selecting switch for selectively connecting
      a power source to a motor for driving the annual motion drive system or to
      a motor for driving the drive system for independently changing the moon
      phase. The moon phase changing element is therefore driven by the annual
      motion drive system or by the drive system for independently changing the
      moon phase by way of the differential gear means. Consequently, the
      switching operation can be effected without any difficulty and without
      producing any discrepancy between the two lunar phases immediately before
      and after the switching operation.
PAR  According to this invention, all the lunar phases which it is impossible to
      project, in operative relation to annual motion, onto the limited area of
      the dome, namely over the area of the northern hemisphere in FIG. 1, can
      be reproduced entirely independently of the projectors other than the moon
      projector and other motion mechanisms, by switching the projection of the
      lunar phases as related to annual motion to the projection of the lunar
      phases independent thereof. Thus the present invention has eliminated such
      disadvantage that various other motion means e.g. projectors for the sun,
      Saturn, Mercury, Venus, Mars, and Jupiter as well as mechanisms therefor
      must be returned to the original state after the projection of the
      independently changing moon phase. In fact it is possible for the present
      apparatus to represent the phases of the moon in accordance with the
      positions of the stars during spring, summer, autumn and winter and also
      to project one complete cycle of lunar phases with the image of moon
      projected onto the dome at one desired fixed point thereof.
PAR  Since the two modes of projection are performed by only one moon projector,
      the apparatus is very simple in its overall construction, whilst the
      projection of lunar phases related to annual motion can be switched to the
      projection of the lunar phases independent thereof, and vice versa by a
      simple switching operation. Even when such switching operation is made
      without giving any attention to the other mechanisms, the final phase of
      the moon displayed by one mode of projection is continuous with the phase
      of the moon subsequently reproduced by the other mode of projection,
      without any discrepancy between the two phases. The present apparatus no
      longer necessitates the procedure to restore its mechanism to the original
      state after the completion of projection of independent changes of the
      moon phase but permits a smooth and quick switching operation and is
      therefore very useful for the demonstration of the celestial bodies by the
      planetarium which must be performed smoothly within a limited period of
      time for students and general audience.
PAR  Other objects and advantages of this invention will become more apparent
      from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing the celestial sphere to be projected onto the
      dome of planetarium;
PAR  FIG. 2 is a perspective view schematically showing the drive mechanism for
      a conventional planetarium;
PAR  FIG. 3 is a plan view showing an example of optical projecting system of a
      moon projector;
PAR  FIG. 4 is a diagram illustrating the exemplary relation between the
      position of a moon phase changing element included in the moon projector
      and the phase of the projected moon image;
PAR  FIG. 5 is an enlarged perspective view showing the principal parts of an
      embodiment of this invention; and
PAR  FIG. 6 is a diagram showing a switching circuit serving as switching means
      for selectively operating a drive system for annual motion and a drive
      system for independently changing the moon phase.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 2 is a perspective view schematically showing the drive mechanism of
      conventional planetarium which is not equipped with independent moon phase
      projecting means. The figure shows a shaft 1 for diurnal motion, shaft 2
      for precession motion, latitude changing shaft 3, drive shaft 4 for annual
      motion, drive motor 5 for diurnal motion, drive motor 6 for annual motion,
      drive motor 7 for changing latitude, diurnal-annual motion addition unit
      8, drive shaft 9 for precession motion, drive motor 10 for precession
      motion, drive gear 11 for changing the phase of the moon, drive gear 12
      for the annual motion of the moon, and drive gear 13 for nodal regression
      of the moon's orbit.
PAR  The drive gear 11 for changing the moon phase is mounted on the annual
      motion drive shaft 4 and, by way of a gear system 14, drives an element 17
      for changing the phase of the moon provided in combination with a
      reflecting mirror 16 including in a moon projecting optical system 15
      shown in FIG. 3. The moon phase changing element 17 is driven in operative
      relation to the annual motion. Likewise the drive gear 12 for the moon's
      annual motion is mounted on the annual motion drive shaft 4 and, by way of
      a gear system 18 for transmitting the annual motion, drives a moon
      projector 19 including the moon projecting optical system 15 to bring the
      moon image into annual motion as projected onto a dome. FIG. 3 shows a
      light source 20 for the moon projecting optical system 15, a condenser 21,
      a plate 22 of photograph of the moon, and a projecting lens system 23.
PAR  When driven by the gear system 14 for transmitting a drive force to the
      moon phase changing element 17, the element 17 turns around the reflecting
      mirror 16, shifting relative to the reflecting mirror 16 as illustrated in
      FIG. 4 to reproduce the image of the moon during waxing and waning.
PAR  In addition to the gears 11, 12 and 13, further mounted on the annual
      motion drive shaft 4 are drive gears 24 for the Saturn and sun, drive
      gears 25 for the Mercury and Venus, drive gears 26 for the Mars and
      Jupiter, etc. to bring these heavenly bodies into annual motion.
PAR  The diurnal motion drive system, when driven, moves northern and southern
      fixed star globes 27 and 28 to shift the fixed stars projected onto the
      dome. Accordingly if it is attempted to project independent changes of the
      moon phase by one projector with the conventional apparatus described,
      problems arise in that the apparatus becomes complex in construction and
      difficult to operate.
PAR  FIG. 5 shows a drive system 29 for independently changing the phase of the
      moon which is incorporated into a planetarium apparatus of the usual type
      in which the annual motion drive shaft 4 is operatively related to the
      gear system 18 for transmitting the moon's annual motion and to the gear
      system 14 for driving the moon phase changing element. The apparatus
      further includes differential gear means 30 by which the gear system 14 is
      operatively related to the moon phase changing drive gear 11 on the annual
      motion drive shaft 4 and to the drive system 29 for independently changing
      the moon phase. The moon phase changing element 17 is selectively driven
      by the drive gear 11 or drive system 29. The drive system 29 for
      independently changing the moon phase includes a drive motor 31 and a gear
      system 32.
PAR  FIG. 6 shows a switching circuit for selectively projecting the phases of
      the moon as related to the moon's annual motion or projecting the phases
      of the moon independently thereof. When a selecting switch S1 is closed at
      a contact a for the drive motor 6 for annual motion as illustrated, the
      motor 6 is driven while the motor 31 for independently changing the moon
      phase is held unenergized. Accordingly the projected image of the moon
      does not change independently of the annual motion during that motion but
      the moon projector 19 is rotated in the direction of annual motion by the
      gear system 18 for transmitting the annual motion. Consequently the moon
      phase is changed by the moon phase changing drive gear 11, differential
      gear means 30 and the gear system 14 for driving the moon phase changing
      element which are associated with the annual motion of the moon.
PAR  When the selecting switch S1 is closed at a contact b for the drive motor
      31 for independently changing the moon phase, the motor 6 for annual
      motion is deenergized. If another switch S2 is then closed, a relay Ry is
      energized to close switches A1 and A2.
PAR  Closing of the switch A1 energizes the drive motor 31, which in turn
      mechanically closes a switch S3. As a result, even if the switch S2 is
      thereafter opened, the closed switches A2 and S3 permit the relay Ry to be
      self-maintained. The switch S2 may be a usual push-button switch
      therefore. When the motor 31 has completely driven the moon phase changing
      element independently of the annual motion, the switch S3 is mechanically
      opened to further open the relay Ry, whereupon the switches A1 and A2 are
      opened. Consequently the motor 31 is deenergized to complete the
      independent change of the moon phase. The circuit described of course
      includes an unillustrated main switch which permits the foregoing
      operations only when closed.
PAR  FIG. 5 shows in detail an example of the mechanism for operating the switch
      S3 which is adapted to be mechanically closed and opened by the drive
      motor 31 for independently changing the moon phase.
PAR  The switch S3 has a driven member 33 which is in sliding contact with the
      cam surface 34a of a cam 34 included in the gear system 32 for
      transmitting a drive force to independently change the moon phase. The cam
      34 is fixed to a gear 32a incorporated into the gear system 32 and adapted
      to make one turn of rotation during the period from the initiation of
      independent change of the lunar phase until the completion thereof. While
      the drive motor 31 is unenergized, a projection 34a' on the cam surface
      34a is in pressing contact with the driven member 33, holding the switch
      S3 opened. Immediately after the motor 31 is energized, the projection
      34a' relieves the driven member 33 of the pressure to close the switch S3
      and to bring the relay Ry into selfmaintained state. Further upon
      completion of the independent change of the lunar phase, the projection
      34a' presses the driven member 33 and opens the switch S3.
PAR  The differential gear means 30 includes an output shaft 30a and a gear 30b
      mounted on the shaft 30a and meshing it with an intermediate gear 30c
      which is associated with the gear system 14 for driving the moon phase
      changing element. Radially extending from the output shaft 30a integral
      therewith is an arm which rotatably carries planetary bevel gears 30d.
      Further idly rotatably supported by the output shaft 30a is a bevel gear
      30e meshing with the planetary bevel gears 30d and joined with a gear 30f
      which meshes with the gear 11 for changing the moon phase on the annual
      motion drive shaft 4. The planetary bevel gears 30d also mesh with another
      bevel gear 30g which is likewise rotatably supported by the output shaft
      30a and is integral with a gear 30h. The gear 30h meshes with the gear
      system 32. In this way the moon phase changing element 17 is adapted to be
      rotated selectively by the drive system for annual motion or by the drive
      system for independently changing the moon phase.
PAR  When the drive motor 6 for annual motion is driven, with the drive motor 31
      held unenergized, the rotation of the drive gear 11 for changing the moon
      phase is delivered to the output shaft 30a by way of the gears 30f, 30e
      and planetary bevel gears 30d, while the bevel gear 30g is prevented from
      rotation as associated with the gear system 32. Via the gears 30b on the
      shaft 30a, intermediate gear 30c and gear system 14, the moon phase
      changing element 17 is therefore driven. On the other hand, the drive gear
      12 for the moon's annual motion on the annual motion drive shaft 4
      rotates, through the gear system 18, the moon projector 19 at a speed in
      conformity with the annual motion. Consequently, the image of the moon
      projected to the dome is given the annual motion and is changed in its
      phase in relation to the annual motion.
PAR  When the projected image of the moon has travelled over the limited area on
      the dome as projected thereto, the selecting switch S1 is opened at the
      contact a for the drive motor 6 for annual motion and is closed at the
      contact b for the motor 31, and the switch S2 is closed, whereupon the
      motor 6 is deenergized whilst the motor 31 is energized. This stops the
      annual motion drive shaft 4 and the gear 30e of the differential gear
      means 30. The moon projector 19 is also brought to a halt, with the result
      that the projected image of the moon stops on the dome. On the other hand,
      through the gear system 32, differential gear means 30 and gear system 14,
      the rotation of the drive motor 31 for independently changing the moon
      phase rotates the moon phase changing element 17 independently of the
      annual motion of the moon, changing the phase of the moon image projected
      onto the dome at a fixed position. Thus the phase of the moon image
      changes independently of the annual motion.
PAR  Since the independent change in the lunar phase is produced by bringing the
      moon phase changing element 17 into subsequent operation which element has
      been temporarily stopped by stopping the preceding annual motion, the
      phase of the moon image projected as related to the annual motion and the
      phase of the moon image subsequently projected independently thereof upon
      a switching operation are in complete agreement with each other, and there
      is no need to follow some other procedure. Thus the present apparatus in
      no way produces a discrepancy between the moon phases which would give an
      unnatural impression to the observer and is free of any difficulty in
      switching operation.
CLMS
NUM  1.
PAR  1. A planetarium apparatus comprising:
PA1  a moon projector including an element for changing the phase of the moon,
      the moon projector being operable to bring the image of the moon projected
      on a dome into annual motion when rotated by the operation of an annual
      motion drive shaft and to stop the image of the moon on the dome when the
      drive shaft stops,
PA1  a gear system for transmitting a drive force to the moon phase changing
      element to drive the element,
PA1  an annual motion drive system for driving the annual motion drive shaft,
PA1  a drive system for independently changing the phase of the moon provided
      independently of the annual motion drive system,
PA1  differential gear means so disposed as to selectively transmit the
      operation of the annual motion drive system or of the moon phase
      independently changing drive system to the gear system, and
PA1  switching means for selectively operating the annual motion drive system or
NUM  2.
PAR  2. The planetarium apparatus as set forth in claim 1 wherein the annual
      motion drive system and the moon phase independently changing drive system
      are provided with independent drive motors respectively, and the switching
      means comprises a selecting switch for selectively connecting one of the
      independent drive motors to a power source therefor.
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ABST
PAL  Reinforcing elements for shoe soles and heels, wherein the reinforcing
      elements are detachably mounted in a spaced configuration to the bottom
      base of the shoe sole or heel. The reinforcing elements extend the life of
      the sole or heel, as well as reduce heat build up within the shoe by
      providing an air cushion beneath the shoe sole.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a unique and novel concept of reinforcing elements
      for a shoe sole or heel detachably mounted in a spaced configuration to
      the bottom base of a shoe sole or heel. The primary object of my invention
      is to provide detachably mounted reinforcing elements so as to extend the
      life of a shoe sole or heel.
PAR  It is known from U.S. Pat. Nos. 1,929,126; 2,089,170; 2,434,770; 2,468,886;
      and 3,114,981 that improvements have been made in shoe soles, but not as a
      detachably mounted reinforcing element in a spaced configuration, nor do
      they provide for the restoration of a worn out shoe sole.
PAR  The major advantage of my invention is that it provides a means of
      increasing the life expectancy of a shoe sole or heel.
PAR  A plurality of reinforcing elements are detachably mounted in a spaced
      configuration to the bottom of the shoe sole or heel. The reinforcing
      elements are comprised of three dimensional shaped members made from
      rubber, plastic or leather materials. The configuration of these
      reinforcing elements are: a wedge, a semicylinder or a modified
      rectangular box, wherein the modification consists of a rocker shaped
      lateral base. The wedged shaped or semi-cylinder shaped reinforcing
      elements are mounted onto the shoe heel while the wedged shaped element is
      mounted onto the toe section of the shoe sole. The modified rectangular
      shaped elements are mounted on each side of the center of the shoe sole. A
      means is provided for the mounting of the reinforcing elements to the
      bottom base of the shoe sole or heel. This means comprises either a
      plurality of nails or screws or a pressure sensitive adhesive between the
      shoe sole or heel and the reinforcing element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view of the reinforcing elements detached
      from the shoe sole and heel;
PAR  FIG. 2 illustrates a side view of the attachment by means of the
      reinforcing elements;
PAR  FIG. 3 illustrates a side elevated view of the reinforcing element in an
      attached state to the shoe;
PAR  FIG. 4 illustrates a bottom view of the reinforcing element in an attached
      state to the shoe;
PAR  FIG. 5 illustrates a bottom view of a modification of the attachment of the
      reinforcing element to the shoe;
PAR  FIG. 6 illustrates a bottom view of the toe member; and
PAR  FIG. 7 illustrates a bottom view of the heel member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1,
      3, 4, 5, 7 illustrate the reinforcing elements 14, 18, 22 detachably
      attached to the bottom base 29 of the sole 12 and heel 13 of a shoe 11.
      The toe positioned sole reinforcement element 18 as shown in FIGS. 1, 3, 6
      is formed in the shape of a wedge 28, wherein the tapered end 23 of the
      wedge 28 is of a convex curvative 30. The tapered end 23 of the wedge 28
      is aligned toward the front edge 24 of the sole 12. The center sole
      reinforcing elements 14 are formed in the shape of a modified rectangular
      box member 15, wherein the modification consists essentially of the
      formation of one lateral rocker shaped base 16. The second lateral base 25
      of the rectangular box member 15 is planar. The lateral flat base 25 of
      member 14 affixes to the bottom base 29 of the sole 12 such that the
      rocker shaped base 16 engages the ground 31. Element 14 and element 18 can
      be attached to the bottom base 29 of the sole 12 on either side of the
      bend area 17 of the sole 12 as shown in FIG. 5. Two elements 14 can be
      positioned on the sole 12 as shown in FIG. 4. Referring back to FIGS. 1
      and 7 the heel reinforcing element 22 is formed in the shape of a
      semi-cylinder with two flat lateral bases 26.
PAR  FIG. 2 shows the detachable mounting means of the reinforcing elements 14,
      18, 22 to the sole 12 of heel 13 of the shoe 11, wherein a pressure
      sensitive adhesive layer 27 is compressed between the reinforcing elements
      14, 18 and 22 and the sole 12 or heel 13 of the shoe 11. A plurality of
      screws or nails 21 are driven upward through the reinforcing element 14,
      18, 22 into the sole 12 or heel 13 of the shoe 11.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
NUM  1.
PAR  1. A plurality of reinforcing elements adapted to be affixed to a sole and
      a heel of a shoe for providing protection to said sole and heel, and
      providing a means for walking easily in a soft area, which comprises:
PA1  a. a toe positioned sole reinforcement element affixed onto a toe portion
      of said sole;
PA1  b. a heel reinforcing element fitted into a cut out segment of said heel
PA1  c. a pair of center sole reinforcing elements, one of said pair of said
      center sole reinforcing elements mounted transversely across said sole
      just forwardly of a bend area of said sole, the other of said pair of said
      center sole reinforcing elements mounted transversely across said sole
      just rearwardly of said bend area of said sole, each said center sole
      reinforcing element having a rectangular box shaped with a rocker shaped
NUM  2.
PAR  2. A plurality of reinforcing elements according to claim 1, wherein said
NUM  3.
PAR  3. A plurality of reinforcing elements according to claim 2, wherein said
NUM  4.
PAR  4. A plurality of reinforcing elements according to claim 2, wherein said
NUM  5.
PAR  5. A plurality of reinforcing elements according to claim 1, wherein the
      composition of each said reinforcing element is selected from the group
NUM  6.
PAR  6. A plurality of reinforcing elements according to claim 1, wherein each
      said reinforcing element is joined to said sole or heel by adhesive means.
NUM  7.
PAR  7. A plurality of reinforcing elements according to claim 1, wherein each
      said reinforcing element is joined to said sole or heel by nail means.
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ABST
PAL  An elevating type scraper for earth moving purposes having an open-fronted
      bowl with a scraper blade along the leading edge and with a rearwardly
      inclined elevator for sweeping the loosened soil from the blade into the
      bowl. The back of the bowl and the base of the blade are fixed to provide
      bowl reinforcement. The bottom of the bowl is enclosed by a horizontally
      slidable floor member for movement from an enclosing position forwardly
      into an out-of-the-way position nested under the blade base. In the
      preferred embodiment, the floor consists of two sections, a front floor
      member and a "mid" floor member which are arranged substantially
      edge-to-edge but which are simultaneously moved to a stacked position
      under the blade base. Rearwardly of the mid floor member is a full-width
      pivoted strike-off member which is hinged under the back of the bowl,
      having a horizontal enclosing position and a vertical striking position.
      Means are provided for moving the floor members forwardly and for
      simultaneously dropping the strike-off member into vertical striking
      position so as to uncover substantially the entire bottom area of the bowl
      for prompt discharge of the collected soil which is thereupon leveled,
      full width, by the striker blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to an earth moving device in the form of a
      tractor-drawn scraper into which soil is propelled by an elevator and
      which has improved means for dumping the soil when the scraper bowl is
      filled.
PAR  When operating under wet conditions, or in clayey soils, the soil which is
      collected in the scraper bowl is not easily dislodged. It has been the
      practice in the past to employ a floor having a fixed rear section and a
      rearwardly sliding front section to uncover a front discharge opening. The
      back wall of the bowl is commonly in the form of an ejector plate which is
      thrust forwardly by actuators to push the soil into a position over the
      front opening. The effect of the ejector plate is often to compact the
      soil into a tight mass which becomes firmly stuck to the side sheets of
      the bowl and tightly jammed into the flights of the elevator, both
      effects, combined with the relatively small area of the opening, tending
      to cause the soil to become "hung-up" in the bowl. Moreover, it is found
      that when using bowls having a length which is greater than the width
      dimension, the tendency of the mass of soil to expand outwardly toward the
      side walls, in the case of clayey soils, produces a bracing reaction which
      may be sufficiently strong as to block the ejector plate completely
      against further forward movement. Thus while conventional elevator-type
      scrapers work very well in soils which are relatively dry and friable, it
      is sometimes necessary, in the case of wet clayey soils, to suspend
      operations temporarily until the soil loses some of its moisture. Such
      lost time is costly to the contractor.
PAR  It is, moreover, a common expedient in devices of this type to mount the
      scraper blade at the front edge of the rearwardly slidable floor section
      so that it, upon retraction, may also serve as a spreader or strike-off
      device. However, the modern tendency to use relatively narrow scraper
      blades with projecting ripper teeth to engage the subsoil precludes smooth
      full-width strike-off or leveling. Also, when the scraper blade is mounted
      on the forward edge of a rearwardly slidable floor section, the floor
      section and its mounting must be made quite massive in order to absorb
      reaction forces, without any benefit to the bowl structure. Then too,
      where an ejector plate is used in lieu of a back wall, the side sheets
      cannot rely upon the back wall for lateral bracing so that the bowl tends
      to be weakened at the back as well as the front. To this must be added the
      fact that, where an ejector plate is used, provision must be made behind
      the plate, and between the rear wheels, for relatively massive actuators
      and actuator mounting elements which, in the case of a scraper having a
      rear engine, results in serious space and design complications.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a floor
      structure for a scraper which is of simple, trouble-free construction and
      which easily and quickly opens up for dumping purposes substantially the
      entire bottom area of the bowl for immediate discharge of the contained
      load even where such load consists of wet clayey soil and which, in
      addition, spreads and levels the discharged material evenly across the
      entire bowl width. It is a general object of the present invention to
      overcome the various disadvantages which have been associated with prior
      constructions, particularly of the ejector plate type.
PAR  It is another object to provide, in an elevator type scraper, a floor
      assembly which not only facilitates dumping of difficult materials but
      which accomplishes its aim using a construction which is inherently
      inexpensive and capable of operating, trouble-free, over longer periods of
      time.
PAR  This is accomplished using a bowl having a rigidly fixed back wall and a
      rigid blade base, with the bowl being enclosed at the bottom by a front
      floor member and a mid floor member arranged substantially edge-to-edge,
      each of the floor members extending transversely so as to bridge the space
      between the side sheets. The blade base is of triangular construction
      having forwardly and rearwardly sloping surfaces, with a generally
      horizontal bottom surface. The front and mid floor members lie in closely
      adjacent planes and are supported for horizontal movement upon rails on
      the side sheets, moving from a bottom-enclosing position forwardly to a
      vertically stacked, out-of-the-way position under the blade base. Or a
      single forwardly slidable floor member may be used.
PAR  To the rear of the mid floor section, and horizontally hinged under the
      back wall of the bowl is a strike-off member which occupies a horizontal
      enclosing position but which is swung downwardly into vertical striking
      position at the same time that the floor members move forwardly to their
      out-of-the-way positions, so that substantially the entire bottom area of
      the bowl opens for prompt discharge of the collected material.
PAR  In one of the aspects of the invention separate actuators are used for the
      floor members and strike-off member while in another form of the invention
      the strike-off member is cam-actuated by the adjacent floor member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a complete elevating scraper assembly,
      including tractor, to which the present invention has been applied;
PAR  FIG. 2 is an enlarged elevational view of the bowl utilizing one form of
      the present invention, the elevator and top of the bowl being omitted;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the floor in open position;
PAR  FIG. 4 is a fragmentary vertical section looking along line 4--4 in FIG. 2;
PAR  FIG. 5 is a perspective view of the assembly of FIG. 1 taken from the
      opposite side;
PAR  FIG. 6 is a simplified hydraulic diagram;
PAR  FIG. 7 is an elevational view of an alternate embodiment having a single
      slidable floor section; and
PAR  FIG. 8 is a view corresponding to FIG. 7 but showing the floor in open
      position.
PAR  While the invention has been described in connection with certain preferred
      embodiments, it will be understood that I do not intend to be limited to
      the illustrated embodiments but intend, on the contrary, to cover the
      various alternative and equivalent forms of the invention included within
      the spirit and scope of the appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is disclosed a scraper assembly having
      a bowl 11 and a tractor 12 interconnected by a draft frame 13. The draft
      frame includes a so-called gooseneck 14 which is of rigid construction
      pivoted to the tractor at 15 for horizontal swinging movement and carrying
      a torque tube 16, to the lateral ends of which are rigidly secured draft
      members 17, 18 (see also FIG. 5).
PAR  The bowl 11 has side sheets 21, 22 which are spanned by a back wall 23. At
      the front the side sheets are bridged by a blade base 24 which mounts a
      cutter blade 25 with ripper teeth 26. The bowl has an open front 27
      occupied by an elevator to which reference will be made.
PAR  The rear end of the bowl structure is supported upon rubber-tired wheels
      31, 32 driven by an engine mounted between them. The forward portion of
      the bowl is supported by pivotal engagement, at 37, 38, with the rear ends
      of the draft members 17, 18. The running level of the blade is controlled
      by actuators 41, 42 which are interconnected between the ends of the
      torque tube and the front corners of the bowl structure. By extending the
      actuators 41, 42 the bowl is rocked clockwise, as viewed in FIG. 1,
      lowering the scraper blade 25 to a predetermined depth of cut. The rear
      engine, at 33, is optional.
PAR  Mounted transversely at the open front end of the bowl is an elevator 50
      (see also FIG. 5) having spaced frame members 51, 52 which occupy a
      rearwardly inclined position. Extending between the members 51, 52 is a
      top drive shaft 53, having sprocket wheels 54. The shaft 53 is rotated by
      a motor 55 having a gear box 56. In alined positions at the lower end of
      the elevator frame are rollers 57 which serve as pulleys. Idlers 59, 60
      are provided along the forward edge of the frame. Engaging the sprockets
      and trained about the rollers are respective conveyor chains 61, 62 having
      flights 63.
PAR  It is apparent, then, that as the motor 55 is rotated, the underside of the
      elevator engages the soil which has been scalped and loosened by the blade
      25, propelling it back into the bowl. To permit upward swinging movement
      of the elevator to clear obstructions, the elevator is mounted, at each
      side, on pivoted links 65, 66.
PAR  In accordance with the invention a floor structure is provided which,
      instead of shifting rearwardly as in conventional constructions, is
      shifted forwardly into an out-of-the-way position under the blade base to
      open the bottom of the bowl for dumping and distribution. Thus there is
      provided a front floor member 70 which extends bridgingly between the side
      sheets and which is supported primarily upon brackets 71, 72 (FIG. 2)
      having rollers 73, 74. The rollers ride upon horizontal rails 75, 76
      respectively secured to the outer surfaces of the side sheets.
PAR  Arranged in horizontal position rearwardly of the floor section 70 is a mid
      floor member 80 suspended at its forward end upon brackets 81, 82 having
      rollers 83, 84 and suspended at its rear end on brackets 85, 86 having
      rollers 87, 88, the rollers on each side engaging the same horizontal rail
      structure 75, 76.
PAR  The floor members are, when in enclosing position, arranged substantially
      end to end with slight overlap, but they occupy adjacent planes extending
      under the blade base so that the floor members may be shifted forwardly
      into a stacked out-of-the-way position.
PAR  For shifting the forward member 70, an actuator 90 is provided having
      connection 91 with the side plate and having a connection 92 with bracket
      71. To operate the mid floor member 80 a second actuator 100 is provided
      having a connection 101 with the bracket 71 and a connection 102 with a
      bracket 103 which forms an extension of the roller bracket 85. It will be
      understood that for application of balanced forces similar actuators are
      provided adjacent the opposite side sheet.
PAR  In accordance with one of the aspects of the present invention, the blade
      base 24, which is rigidly secured at its ends to the side sheets, is of
      triangular cross section having a forwardly sloping surface 111, a
      rearwardly sloping surface 112, and a generally horizontal bottom surface
      113, the bottom surface having a dimension, measured fore and aft, which
      corresponds, approximately, to the dimension of the slidable floor
      sections 70, 80. With the floor members 70a in the nested positions shown
      in FIG. 3, the front edges thereof are adjacent to blade 25, with the
      blade and its teeth 26 extending downwardly in front of the floor members
      to protect them from any obstruction which may be encountered.
PAR  As a result when the actuators 90, 100 are pressurized, horizontal force is
      applied to the members 70, 80 moving them from the enclosing positions
      illustrated in FIG. 2 forwardly to the open position illustrated in FIG. 3
      in which the members are vertically stacked in a nested, out-of-the-way
      position under the blade base.
PAR  Further in accordance with the invention the space rearwardly of the mid
      floor member 80 is occupied by a strike-off member 120. The strike-off
      member carries a striker blade 121 at its forward edge which extends
      substantially the entire bowl width. At its rear end the strike-off member
      has a hinge 122 which occupies a transversely extending position at the
      lower end of the back wall 23.
PAR  For the purpose of swinging the strike-off member 120 to the enclosing
      position illustrated in FIG. 2, the bracket 103 is provided, along its
      rear edge, with a cam surface 123. The member 120, moreover, has brackets
      125 at its respective ends, the illustrated bracket 125 carrying a
      cooperating cam follower roller 127. It will be apparent, then, that when
      the floor member 80 moves rearwardly the camming edge 123 picks up roller
      127 causing the strike-off member 120 to rotate into the enclosed position
      illustrated in FIG. 2.
PAR  In a typical operating sequence, with the floor members and cam follower
      member occupying the positions illustrated in FIG. 2, the tractor draws
      the bowl in scalping engagement with the ground. The elevator, driven by
      motor 55, engages the loosened soil and propels it rearwardly with a
      sweeping action into the bowl until the bowl is filled. The actuators 41,
      42 (FIG. 1) are thereupon contracted to raise the blade out of engagement
      with the ground, and the tractor is driven to the dumping area. During
      such travel the flights of the elevator retain the soil in place and
      prevent leakage.
PAR  The hydraulic system used for supplying the actuators 90, 100 may be of
      rudimentary form, as illustrated in FIG. 6, employing a valve 130,
      diagrammatically illustrated as being of the slide type, fed by a pressure
      line 131 and exhausted by a sump line 132. Moving the valve to its extreme
      positions causes the actuators 90, 100 to expand and contract for opening
      and closing the floor members.
PAR  Upon arrival at the dumping area valve 130 is operated to expand the
      actuator 90 and contract actuator 100. Expansion of the actuator 90 shifts
      the floor member 70 forwardly into its nested position and, at the same
      time, draws the cylinder of the actuator 100 in the forward direction.
      Contraction of the actuator 100 applies a forwardly directed force to the
      bracket 103 on the floor member 80 so that it, too, moves forwardly into a
      position under the member 70, the member 80 moving twice the distance of
      member 70, since actuator 100 is bodily transported as it contracts.
PAR  Forward movement of the floor member 80 releases the cam follower roller
      127, permitting the strike-off member 120 to drop into its striking
      position illustrated in FIG. 3 where it is held by the reaction of the
      soil which it engages.
PAR  It is particularly noteworthy that while sliding floor sections have been
      previously utilized for uncovering a portion of the bottom area of the
      bowl, the present construction with its forwardly sliding sections serves
      to uncover the entire area so that the collected material may drop to the
      ground promptly and unobstructedly. Because the strike-off member 120 is
      released during the initial portion of movement of the floor sections, the
      striker blade 121 immediately assumes its striking position so that all of
      the soil which emerges from the bottom of the bowl is certain to be acted
      upon by the blade.
PAR  Even wet, clayey soils are promptly discharged. Only natural forces serve
      to adhere the material to the side sheets. This is to be contrasted with
      scrapers employing a rear ejection plate in which the ejection force
      applied to the mass of soil causes the mass to expand laterally in
      addition to moving forwardly, the lateral expansion causing the sticky
      soil to be packed adheringly against the side sheets and the forward
      motion causing the body of the soil to be jammed between the adjacent
      flights of the elevator, both of which effects are contrary to achieving
      prompt and efficient discharge.
PAR  After the bowl is completely empty, the valve 130 is moved in the opposite
      direction causing the floor members 70, 80 to move back to their enclosing
      positions, member 80 moving twice as far as member 70. When the cam
      surface 123 on bracket 103 engages roller 127 the strike-off member 120 is
      rotated counterclockwise into its enclosing position.
PAC  ALTERNATE EMBODIMENT
PAR  In accordance with one of its aspects, the present invention may be
      practiced using only a single slidable floor section which is dimensioned
      to fit under the blade base and using a strike-off member of greater
      longitudinal extent to bridge the space behind the floor member. Such
      alternate embodiment is shown in FIG. 7, with corresponding reference
      numerals, with addition of subscript "a", being used to represent
      corresponding elements. Thus a slidable floor member 80a is used having a
      bracket 81a at its forward end carrying a roller 83a and having a bracket
      85a at its rear end mounting a roller 87a. The rollers ride upon a side
      rail 75a. The floor section is moved by an actuator 90a connected to the
      side plate at 91a and to the bracket 81a at point 92a. The floor member
      80a cooperates with the underside 24a of the blade base, the two members
      having approximately the same dimension so that the floor member, when
      open, is both out of the way and protected.
PAR  Rearwardly of the slidable floor member 80a is a pivoted floor member, in
      the form of a strike-off member 120a having a striker blade 121a and
      hinged for swinging about a transverse axis 122a. It will be noted that
      since the strike-off member 120a is of longer dimension that the
      strike-off member 120 of the previous embodiment, the hinge axis is
      necessarily shifted upwardly and forwardly from the previous location but
      is still generally at the base of the back wall. To swing the strike-off
      member 120a between its open and closed positions an actuator 123a is
      used, connected at 124a to the side sheet and at 127a to the side plate
      125a.
PAR  The actuator 123a, it will be understood, is connected in parallel with the
      actuator 90a so that the two expand and contract upon movement of the same
      control valve. However, it is contemplated that the strike-off actuator
      123a, or actuators, since there is preferably a duplicate actuator on the
      other side of the bowl, may be separately controlled by an hydraulic
      system which is the same as that illustrated in FIG. 6. This not only
      enables precise variable control of striking height, but it permits the
      handling of broader range of materials. In the extreme case where large
      boulders must be accommodated when unloading, the strike-off member may be
      raised to clear them, then lowered again after the obstruction has been
      passed.
PAR  It will be apparent that the present construction abundantly satisfies the
      objects of the invention. Even though the scraper blade and its ripper
      teeth may occupy only a portion of the bowl width, the striker blade 121,
      extending smoothly over the width of the bowl, insures accurate and smooth
      leveling of the deposited soil by reason of the fact that the position of
      the striker blade is fixed with respect to the rear supporting wheels
      which perform the function of gauging wheels. This is to be contrasted
      with strike-off members which are mounted upon a sliding floor and where
      progressive rearward movement of the floor produces a progressive change
      in striking depth.
PAR  Since there is no necessity for an ejector plate, no actuating or guiding
      means are required under the bowl or behind the back wall. As a result,
      the space behind the wall is free for mounting of rear engine and other
      appliances and nothing but the basic floor and bowl structure are exposed
      to the abuse of ground obstruction.
PAR  Although it is one of the features of the invention that an ejector plate,
      with its actuating assembly, may be dispensed with, the present invention
      may, if desired, be used with a bowl having a fixed rear floor section and
      associated ejector, the pivoted striker being mounted at the lip of the
      fixed section. By using both a fixed rear floor and the disclosed movable
      floor, a bowl of high volumetric capacity can be constructed even though
      the movable floor sections are kept to narrow stackable width. Thus FIG. 2
      shows the manner in which the present invention may be used with a fixed
      floor section F of any desired fore-and-aft dimension and with the
      strike-off member 120 being hinged, at 122, to the forward edge thereof.
      Where a fixed floor is used it will be understood that the back wall 23
      shown in FIG. 2 will not be employed and that its function will be
      performed by a movable ejector plate 23a having appropriate thrusting
      means 23b. And, while FIG. 2 shows two forwardly sliding floor sections,
      the fixed floor section and ejector plate may be used, if desired, with
      only a single sliding section such as shown in FIGS. 7 and 8, while
      retaining a strike-off member of the type shown in FIG. 2.
PAR  The construction is simple and economical and the floor suspension, it may
      be noted, employs simple, straight guide rails, rather than "ramped" guide
      rails. The latter are commonly resorted to where a floor section carries a
      striker blade capable of thin spread depth for the purpose of securing
      adequate clearance during collection and transport. The present device
      obviates such problem and imposes no limit on thinness of spread.
PAR  The hydraulic system of FIG. 6 may be changed from "parallel" to "series"
      by disconnecting the lines which are shown connected to the left-hand ends
      of the actuators and simply interconnecting such left-hand ends. Where
      separate hydraulic actuators are used for the strike-off member, as
      illustrated in FIG. 7, such actuators may be controlled by a separate
      valve using a control system of the same type illustrated in FIG. 6,
      permitting the strike-off member to be raised as might be necessary to
      clear boulders and the like during unloading and for the purpose of
      achieving a fully adjustable strike-off depth. All of the above
      advantages, it may be noted, may be achieved using an inherently strong
      and highly integrated bowl structure in which the back wall and blade base
      both serve to internally brace the side sheets. As used herein the term
      "cam" and "cam follower" are interchangeable. The term "horizontal", it
      will be understood, is not limited strictly thereto but includes general
      horizontality.
CLMS
NUM  1.
PAR  1. In an elevating-type scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a fixed back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade having a blade base of
      triangular section extensive in the fore-and-aft direction with a
      generally horizontal underside, the blade base extending transversely
      between the side sheets at the front edge thereof and rigidly secured at
      its ends to the side sheets for bracing the same with respect to one
      another, a tractor-supported draft frame, a pair of draft members
      pivotally secured at their rear ends to the side sheets and extending
      forwardly and upwardly for rigid connection at their front ends to the
      draft frame, actuator means coupled to the front end of the bowl for
      supporting it at a predetermined level with respect to the draft frame so
      that the blade cuts into the ground, a driven endless elevator positioned
      at the front end of the bowl having its lower end in proximity to the
      blade and inclined upwardly and rearwardly for conveying loosened soil
      from the blade into the bowl, a movable floor member enclosing the bottom
      of the bowl rearwardly of the blade base and extending transversely to
      bridge the space between the side sheets, the side sheets of the bowl
      having horizontal rails, suspension means on the movable floor member for
      engaging the rails for horizontal movement of the floor member, actuator
      means for moving the floor member from its enclosing position at the rear
      of the blade base forwardly to an open out-of-the way position adjacent
      the blade and nested under the blade base in substantial register
      therewith, the blade being extended downwardly in front of the nested
      floor member to protect the same, a strike-off member horizontally pivoted
      on the bowl and extending transversely so as to bridge the space between
      the side sheets to the rear of the floor member, the strike-off member
      having a striker blade at the forward edge thereof and pivoted for
      movement between a horizontal enclosing position and a generally vertical
      striking position, and means for moving the strike-off member to its
      horizontal position incident to movement of the floor member to its
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the floor member is in
      first and second sections bridgingly extending between the side plates,
      the sections being arranged substantially end-to-end when in enclosing
      position but located in adjacent planes for relative sliding movement so
      that when the sections are moved forwardly they occupy vertically stacked
NUM  3.
PAR  3. The combination as claimed in claim 2 in which the floor sections each
      have a fore-and-aft dimension approximately equal to the fore-and-aft
NUM  4.
PAR  4. The combination as claimed in claim 1 in which the floor member has a
      camming member at its rear edge and in which the strike-off member is
      provided with a cooperating cam follower so arranged that when the floor
      member is forcibly moved rearwardly into enclosing position by the
      actuator means, engagement of the cam member with the cam follower causes
      the strike-off member to be cammed upwardly from its vertical position to
NUM  5.
PAR  5. The combination as claimed in claim 2 in which the actuator means
      includes a first horizontally arranged actuator connected between the bowl
      and the first section of the floor member as well as a second horizontal
      actuator connected between the two sections, with means for simultaneously
NUM  6.
PAR  6. In a power driven scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a back wall, ground wheels for supporting the bowl and mounted
      behind the back wall, a scraper blade having a blade base extending
      transversely between the sheets at the front edge thereof, a
      tractor-supported draft frame, a pair of draft members pivotally secured
      at their rear ends to the side sheets and extending forwardly and upwardly
      for rigid connection at their front ends to the draft frame, actuator
      means supporting the bowl at a predetermined level with respect to the
      draft frame so that the blade cuts into the ground with the loosened soil
      passing into the bowl, a horizontally shiftable floor member enclosing the
      bottom of the bowl rearwardly of the blade base and extending transversely
      to bridge the space between the side sheets, the side sheets of the bowl
      having horizontal rails, suspension means on the shiftable floor member
      for engaging the rails, actuator means for moving the floor member from
      its enclosing position at the rear of the blade base forwardly to an
      out-of-the way position registered under the blade base, a strike-off
      member on the bowl and extending transversely so as to bridge the space
      between the side sheets rearwardly of the floor member, the strike-off
      member having a striker blade at the forward edge thereof and mounted for
      movement between a retracted position and a generally vertical striking
      position, and means for moving the strike-off member to its retracted
      position incident to movement of the floor member to its enclosing
      position, the strike-off member being mounted in fixed position with
      respect to the ground wheels, and ajdacent thereto, so that when the
      strike-off member is in striking position the striking depth, for a given
      blade height, remains constant over the range of movement of the floor
      member, the strike-off member and the floor member cooperating in
      side-by-side relation to enclose the bottom of the bowl during transport.
NUM  7.
PAR  7. The combination as claimed in claim 6 in which the means for moving the
      strike-off member is in the form of a separate actuator having independent
      means for controlling the same thereby to control the depth of strike off
      and enabling independent elevation of the strike-off member to accommodate
NUM  8.
PAR  8. The combination as claimed in claim 6 in which the horizontal rails are
      mounted on the side sheets in elevated position and in which the floor
      actuator means is in the form of hydraulic actuators mounted horizontally
      on the side sheets above the respective horizontal rails, the rails and
      actuator means thus being elevated above the ground to reduce possibility
      of damage from obstructions and avoiding the necessity for use of floor
NUM  9.
PAR  9. In a power driven scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a fixed back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade having a blade base, the
      blade base being of triangular cross section having surfaces sloping
      forwardly and rearwardly and having a generally horizontal underside, the
      blade base being extensive in the fore-and-aft direction and rigidly
      secured at its ends to the side sheets for bracing the same with respect
      to one another, a tractor-supported draft frame, a pair of draft members
      pivotally secured at their rear ends to the side sheets and extending
      forwardly and upwardly with rigid connection at their front ends to the
      draft frame, actuator means coupled to the front end of the bowl for
      supporting it at a predetermined level with respect to the draft frame so
      that the blade cuts into the ground, a front floor member and a mid-floor
      member, the floor members being arranged in adjacent planes substantially
      edge-to-edge for enclosing the bottom of the bowl rearwardly of the blade
      base, each of the floor members extending transversely so as to bridge the
      space between the side sheets, the side sheets of the bowl having
      horizontal guide rails, suspension means on the floor members for engaging
      the rails, a pivoted strike-off member having a horizontal position in
      which it extends bridgingly between the side sheets rearwardly of the
      mid-floor member, floor actuator means for moving the front floor member
      and mid-floor member to open position stacked out of the way nested under
      the blade base, and with the front edges of the floor members adjacent the
      blade, the scraper blade being extended downwardly in front of the nested
      floor members to protect the same, the rear edge of the front floor member
      overlapping the mid-floor member for support thereon in enclosing position
      and during movement to open position, and means for pivoting the
      strike-off member downwardly into generally vertical strike-off position
NUM  10.
PAR  10. The combination as claimed in claim 9, in which the floor actuator
      means includes a first hydraulic actuator connected between the bowl and
      the front floor member and a second hydraulic actuator connected between
NUM  11.
PAR  11. The combination as claimed in claim 9 in which a cam and cam follower
      are interposed between the mid floor member and the pivoted strike-off
      member for causing the latter to move into vertical position as the floor
NUM  12.
PAR  12. The combination as claimed in claim 9 in which the floor actuator means
      is in the form of hydraulic actuators horizontally mounted on the side
      sheets above the respective rails and in which the suspension means
      includes brackets on the floor members which are coupled at their upper
NUM  13.
PAR  13. In a power driven scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a back wall, ground wheels for supporting the bowl and mounted
      behind the back wall, a scraper blade having a blade base extending
      transversely between the sheets at the front edge thereof, a
      tractor-supported draft frame, a pair of draft members pivotally secured
      at their rear ends to the side sheets and extending forwardly and upwardly
      for rigid connection at their front ends to the draft frame, actuator
      means supporting the bowl at a predetermined level with respect to the
      draft frame so that the blade cuts into the ground with the loosened soil
      passing into the bowl, a fixed floor section at the rear of the bowl, the
      back wall of the bowl being in the form of an ejector plate movable over
      the fixed floor section, a strike-off member hinged at the front edge of
      the fixed floor section, the strike-off member having a striker blade at
      the forward edge thereof and mounted for movement between a horizontal
      position and a generally vertical striking position, means including a
      horizontally shiftable floor member normally enclosing the bottom of the
      bowl between the blade base and strike-off member, the side sheets of the
      bowl having horizontal rails, suspension means on the shiftable floor
      member for engaging the rails, actuator means for moving the shiftable
      floor member from its enclosing position at the rear of the blade base
      forwardly to an out-of-the way position protectively nested under the
      blade base and for moving the ejector plate forwardly so that soil is
      moved out of the space vacated by the shiftable floor member, and means
      for moving the strike-off member to its striking position for leveling of
      the soil discharged from the bowl by the ejector plate.
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ABST
PAL  An idler construction for an elevator used for earth moving purposes at the
      front of a scraper bowl, the elevator having a frame which extends
      upwardly and rearwardly from the region of the scraper blade supporting a
      pair of endless chains with transversely arranged flights. The chains are
      driven at the upper end of the frame and trained about rollers at the
      lower end so that the flights sweep the loosened soil backwardly into the
      bowl. Idler wheels are mounted upon brackets intermediate the ends of the
      frame members for supporting the return runs of the respective chains in a
      shallow apex spaced from the elevator frame, the idlers being coaxial and
      alined with the chains and having cylindrically surfaced rims of durable
      resilient material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to an earth moving device in the form of an
      elevating type scraper which has improved idler wheels for supporting and
      guiding the return runs of the elevator chain.
PAR  Large earth moving equipment of the scraper-elevator type is inherently
      noisy. It has not been generally recognized that a large portion of this
      noise is attributable to the hammering action of successive links of the
      elevator chain against the hard and inflexible surfaces of the steel idler
      wheels usually employed. Nor has it been generally recognized that
      aggravated wearing of the chain often experienced, particularly in the
      presence of abrasive materials handled by the scraper, is due to metallic
      contact at the idler.
PAR  Analysis shows that the reason for the hammering action is that the pitch
      of the chain, that is, the distance between adjacent pins is large as
      compared to the radius of the idler, indeed, in some designs approaching,
      or even exceeding the idler radius. Thus the chain instead of smoothly
      following the idler contour engages the idler in a series of abruptly
      angled chords. Because of this "chordal effect", each link causes the
      following one to be drawn with a large "lateral" velocity component
      against the surface of the idler which, at a high chain speed, releases a
      substantial energy of impact, resulting in the aforementioned noise and
      aggravated wear.
PAR  Since it is desired to retain a shallow apex angle for reasons of compact
      and efficient design, it is not possible to make the idler wheels of
      appreciably larger size.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the present invention to provide idler
      wheels which are rimmed with a thick layer of durable, resilient material
      presenting a cylindrical surface to the chain for increasing the area of
      contact and for cushioning and absorbing the energy of impact quietly and
      without detectable wear even in the presence of abrasive materials such as
      sharp sand and gravel.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached description and upon reference to the drawings in
      which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified perspective view of a scraper-elevator employing
      idler wheels constructed in accordance with the present invention.
PAR  FIG. 2 is a fragmentary elevational view showing adjacent links of elevator
      chain being drawn over the improved idler pulley.
PAR  FIG. 3 is a fragmentary section looking along the line 3-3 in FIG. 2.
PAR  FIG. 4 is a diagram illustrating chordal effect.
PAR  While the invention has been described in connection with a preferred
      embodiment, it will be understood that there is no intention to limit the
      invention to such embodiment and it is intended, on the contrary, to cover
      the various alternative and equivalent constructions included within the
      spirit and scope of the appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing there is disclosed a scraper bowl 10 of
      open-fronted construction having sides 11 and a back 12, with a floor
      which is not visible in the drawing. The bowl is supported at the rear
      upon ground wheels 13 and at the front by a draft frame 14 on a tractor
      15. A scraper blade 16 digs into the ground to a depth which is determined
      by the adjustment of a pair of bowl hoist cylinders, one of which is shown
      at 17.
PAR  The elevator, generally indicated at 20, encloses the open front of the
      bowl, extending upwardly and rearwardly from the region of the blade. The
      elevator has a frame including longitudinal frame members 21, 22 mounting
      endless elevator chains 23, 24. The chains are trained about sprockets 25
      at the upper end and about rollers 26 at the lower end. Transversely
      extending flights 27 are secured to the chains at spaced intervals. The
      chain sprockets 25 are driven by a suitable motor 28 via a gear box 29.
      The chains are of the conventional roller type having typical links 23a,
      23b with rollers 23c. The elevator frame is swingably supported on arms
      30, one arm only being shown.
PAR  In accordance with the present invention the roller chains are supported,
      in the return or downward run, and in a shallow apex, upon small diameter
      idler wheels which are alined with the respective runs of chain and which
      are generally coaxial with respect to one another, the idler wheels each
      having a thick rim of tough resilient material for cushioning and
      absorbing the impact resulting from "chordal effect". Referring to FIG. 1,
      the chains 23, 24 associated with the frame members 21, 22 are
      respectively supported upon idler wheels 31, 32 constructed in accordance
      with the invention. The idler wheel 31, illustrated in FIGS. 2 and 3, has
      a shaft 33 rotatable in a bracket 34 which is secured to an arm 35 which
      is pivoted to the frame member 21. To take up slack and keep the chain
      taut in the face of variations in loading, the arm 35 is pressed outwardly
      by a pressurized cylinder 36 having means (not shown) for maintaining a
      regulated tensioning pressure.
PAR  As shown in cross section in FIG. 3 the idler wheel includes a steel hub
      portion 40 and a resilient rim portion 41. The latter is preferably bonded
      to the hub at the junction 42 and presents a cylindrical outer surface 43
      for supporting the successively engaged links of the chain 23.
PAR  It is found that for best results the rubber layer should be quite thick,
      say, on the order of 25% of the roller radius but in no event should it be
      thinner than about 10% of the roller radius. Also it is found for best
      results that the resilient rim should be made of material which is neither
      too stiff nor too soft, the preferred range of durometer rating being from
      75 to 95 on the A scale.
PAR  While the term "rubber"  has been used for convenience it will be
      understood that such term is not limited to natural rubber but includes
      synthetic rubber or rubber-like plastics combining toughness with
      resiliency. The polyurethane plastics, for example, are usable in the
      present application, but nylon, although adequately tough and durable,
      does not have a sufficiently low spring rate for best results.
PAR  The improvement brought about by use of a resilient rubber rim may be
      visualized by comparing FIG. 2, which shows the improved wheel, with the
      diagram in FIG. 4 which illustrates the impact experienced when using a
      conventional steel surfaced wheel. The profile of the steel wheel of
      equivalent nominal size is shown at 43a being repeated in dot-dash form in
      FIG. 2. Referring to FIG. 4, and with the chain proceeding in the
      direction of the arrow, a "leading" link 23a, assuming a chordwise
      position on surface 43a, controls the speed and direction of the
      subsequent or "following" link 23b. Thus the link 23b has a velocity
      vector V which, related to a point at the center of the link, has a
      tangential component V.sub.t and an impact component, at right angles
      thereto, V.sub.i. It is the component V.sub.i which applies a hammerlike
      blow to the surface 43a of the steel wheel, setting up noise and
      vibration, creating peak forces sufficient to peen engaging metal
      surfaces, and producing aggravated wear in the presence of abrasive
      materials such as sharp sand and gravel, a common component of the soil in
      many regions.
PAR  By contrast in the improved construction shown in FIG. 2, the impact
      velocity vector simply causes local resilient deformation of the rubber
      surface, producing localized flattening which is apparent in the drawing
      thereby greatly increasing the area in contact. The energy represented by
      the impact velocity is progressively absorbed as the rubber is compressed
      and progressively released when the link, a moment later, leaves the
      surface of the resilient idler. Any hammering or slapping action is
      completely avoided and the links approach and leave the idler in silence.
      Not only does the cushioning completely eliminate the troublesome peak
      impact forces, but the force which does exist is reduced to extremely low
      values per unit area because of the distributed "area" contact between the
      links and the rubber layer rather than the "line" contact between the
      chain and a steel surfaced roller. Any tendency toward peening is
      completely eliminated. The avoidance of peak forces also results in a
      longer running life at the wheel shaft or bearing. A still further
      beneficiary of the invention is the pressure cylinder 36 which upholds the
      wheel 31 and which, by reason of the invention is more uniformly and
      lightly loaded.
PAR  Moreover wear in the presence of abrasive materials is avoided since any
      particles of sharp sand or gravel which tend to be wedged between the
      chain and the roller are simply resiliently accomodated by localized
      depression of the rubber in the region of the particle.
PAR  While a solid rubber rim 41, bonded to the hub, is preferred for reasons of
      simplicity and low maintenance, it will be understood that the invention
      is not limited thereto and the rubber rim may, if desired, be in the form
      of an inflated "tire" having a cylindrical, outer chain-supporting surface
      and having resilient characteristics falling within the same effective
      range of durometer rating.
PAR  The invention is particularly intended for use in combination with chains
      having links in which the pitch of the chain, that is, the distance
      between pin centers is of a length which is approximately equal to or
      approaches the radius dimension of the idler. By "approaches" is meant
      that the pitch is more than one-half of the idler radius. The reference to
      "pressing" the idler wheel outwardly as used herein includes both active
      and passive supporting means.
CLMS
NUM  1.
PAR  1. In an earth moving elevator for use with an open-fronted, tractor-drawn
      scraper bowl having
PA1  a frame including a pair of frame members which extend upwardly and
      rearwardly at the front of the bowl, and which have means at the upper end
      for pivoting to the bowl,
PA1  a pair of endless chains consisting of straight links pinned together and
      carrying transversely arranged flights, the chains having drive sprockets
      at the upper end of the frame and trained about rollers at the lower end
      of the frame so that the flights sweep the soil loosened by the blade
      backwardly into the bowl,
PA1  a pair of chain idler wheels mounted upon the respective frame members
      intermediate the ends thereof, the idler wheels being generally coaxial
      and aligned with the respective chains for supporting the latter in paths
      of return movement spaced from the frame members,
PA1  and means for pressing the idler wheels outwardly with respect to the
      frame,
PA1  the improvement whereby relatively small idler wheels, having a radius
      approximately equal to the distance between chain link pin centers, are
      employed while minimizing noise resulting from the hammering action of
      successive links of the chain against surfaces of the idler wheels and
      while minimizing the resulting wear of said chain and said idler wheels,
PA1  consisting of each of the chain idler wheels having an endless, relatively
      thick and cylindrically surfaced rim of durable material having a
      durometer rating in the region of 75 to 95 on the A scale.
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ABST
PAL  An elevating type scraper for earthmoving purposes having an open-fronted
      bowl with a scraper blade along the leading edge and with a rearwardly
      inclined elevator for sweeping the loosened soil from the blade into the
      bowl, the back of the bowl and the base of the blade being fixed to the
      bowl. The bottom of the bowl is enclosed by front and rear floor members,
      each of the floor members having a pair of side plates which are pivoted
      within the sides of the bowl so that each floor member is pendulously
      supported for fore-and-aft swinging movement about a transversely
      extending axis. An actuating means is provided for swinging the floor
      members between the normally closed, or collecting, position and the open
      position for dumping the contents of the bowl. A striker blade associated
      with the front edge of the rear floor member, and which projects
      downwardly from the bowl when such floor member is in its open position,
      serves to level the material dumped from the bowl. Preferably the front
      floor member is substantially larger in size than the rear floor member so
      that when the two are thrust apart by an actuator arranged between them,
      the rear floor member responds first, to place the striker blade in active
      position prior to opening of the front floor member. Forwardly extending
      lateral brackets on the front floor member engage the elevator frame so
      that when the floor member is swung toward its open position, the elevator
      is swung forwardly and upwardly to accommodate the floor member and, at
      the same time, to disengage the elevator flights from the contained soil.
      In an alternate embodiment the front floor member is centrally notched to
      define wings which straddle the elevator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to an earthmoving device in the form of a
      tractor-drawn scraper having a bowl into which the loosened soil is
      propelled by an elevator and which has improved means for dumping when the
      bowl is filled.
PAR  When operating under wet conditions in clayey soils the soil which is
      collected in the scraper bowl is not easily dislodged. It has been the
      practice in the past to employ a floor having a fixed rear section and a
      sliding front section which is shifted rearwardly to provide a discharge
      opening. The rear wall of the bowl is commmonly in the form of an ejector
      plate which is thrust forwardly by actuators to push the soil into a
      position over the front opening. The effect of the ejector plate is often
      to compact the soil into a tight mass which becomes firmly stuck to the
      side sheets of the bowl and tightly jammed into the flights of the
      elevator, both effects, combined with the relatively small area of the
      opening, tending to cause the soil to become "hung up" in the bowl.
      Moreover, it is found that when using bowls having a length which is
      greater than the width dimension, the tendency of the mass of soil to
      expand outwardly toward the side walls, in the case of clayey soils,
      produces a bracing effect which may be sufficient to block the ejector
      plate against further forward movement. Thus while conventional elevator
      type scrapers work very well in soils which are relatively dry and friable
      it is sometimes necessary, in the case of wet clayey soils, to suspend
      operations until the soil loses some of its moisture, which is both
      disruptive and costly.
PAR  Moreover, in the usual design of a sliding front floor section the section
      has rollers which are fitted in tracks or on rails formed at the lower
      edges of the bowl side sheets, in close proximity to the ground. In such
      vulnerable position the tracks are susceptible to clogging with clay,
      rocks or debris and to damage from boulders and the like. Moreover,
      because of the wide spacing between the tracks, there is a cocking
      tendency when more resistance is encountered on one side of the floor
      section than on the other. The actuators which operate the slidable floor
      section must be positioned low in the structure so that the forces which
      they apply are in line with the resistance, and such low positioning makes
      these devices, too, subject to damage and malfunction.
PAR  Because of the necessity for sliding the front floor section under the
      rear, fixed, floor section while achieving the necessary ground clearance,
      the fixed floor section must be located relatively high off the ground,
      which results in a sacrifice in carrying capacity and which tends to raise
      the center of gravity.
PAR  It is, moreover, a common expedient in devices of this type to mount the
      scraper blade at the front edge of the slidable floor section so that it,
      upon retraction, may also serve as a spreader or strike-off device.
      However, the modern tendency to use relatively narrow scraper blades with
      projecting ripper teeth to engage the subsoil precludes smooth, full-width
      strike-off or leveling. Also, when the scraper blade is mounted on the
      forward edge of a slidable floor section, the floor section and its
      mounting must be made quite massive in order to absorb reaction forces,
      but without imparting any strength to the bowl structure. Then too, where
      an ejector plate is used in lieu of a back wall, the side sheets do not
      have back wall for lateral bracing so that the bowl lacks reinforcement at
      the back as well as at the front. To this must be added the fact that,
      where an ejector plate is used, provision must be made behind the plate,
      and between the rear wheels, for relatively massive actuators and actuator
      mounting elements which, in the case of a scraper having a rear engine,
      results in serious space and design complications.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the present invention to provide a floor
      structure for a scraper which is of simple trouble-free construction and
      which easily and quickly makes available for dumping purposes
      substantially the entire bottom area of the bowl for immediate discharge
      of the contained load even where such load consists of wet, clayey soil
      and which, in addition, spreads and levels the discharged material evenly
      across the entire bowl width. It is a general object of the present
      invention to overcome the various disadvantages which have been associated
      with prior constructions.
PAR  It is another object to provide, in an elevator type scraper, a floor
      assembly which not only facilitates dumping of difficult materials but
      which accomplishes this aim using a construction which is inherently
      inexpensive and trouble free.
PAR  This is accomplished using a bowl having a rigid rear or back wall and a
      fixed blade base, with the bowl being enclosed at the bottom by a front
      floor member and a rear floor member arranged edge to edge in
      substantially the same plane, each of the floor members extending
      transversely so as to bridge the space between the side sheets. Each of
      the floor members is provided with a pair of integral side plates which
      are positioned along the inside surfaces of the respective bowl side
      sheets and which are respectively pivoted to the side sheets for pendulous
      fore-and-aft swinging movement about a transversely extending axis. The
      front pivot means is so located that when the front floor member is swung
      forwardly to open position it nests, in a generally vertical position,
      adjacent the lower end of the elevator. The rear pivot means is so located
      that when the rear floor member is swung rearwardly to open position it
      nests in a generally vertical position adjacent the rear wall of the bowl,
      with the result that substantially the entire bottom area of the bowl is
      available for dumping. Movement of the floor members is obtained by
      interposing, between the adjacent side plates, an actuator for thrusting
      the floor members apart and for drawing them back together again. The rear
      floor member is provided with a straight striker blade at its front edge,
      extending the width of the bowl, and projecting downwardly from the bowl
      to a strike-off position for smoothly leveling the material as it is
      dumped from the bowl.
PAR  In one of the aspects of the invention the front floor member, as it is
      swung to open position, engages the elevator to swing it out of the way
      and, at the same time, to disengage the elevator from the material in the
      bowl so that the material is free to dump.
PAR  Because of the pendulous mounting of the floor members and the lack of need
      for tracks and rollers, structural tolerances may be made quite liberal
      and there is little risk that a floor member will be prevented from
      opening or prevented from returning to closed position because of the
      wedging effect of the soil or foreign object, and the problem of jamming
      due to cocking, in either direction of movement, is completely eliminated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a complete elevating scraper assembly,
      including tractor, to which the present invention has been applied.
PAR  FIG. 2 is a fragmentary perspective of the bowl and elevator.
PAR  FIG. 3 is a perspective view of the front floor member.
PAR  FIG. 4 is a perspective view of the rear floor member.
PAR  FIG. 5 is a longitudinal section taken through the bowl showing the floor
      members in closed condition.
PAR  FIG. 6 is a view similar to FIG. 5 but showing the floor members in open
      condition and elevator upraised.
PAR  FIG. 7 is a fragmentary section taken along line 7--7 in FIG. 5.
PAR  FIG. 8 is a simplified hydraulic control diagram.
PAR  FIG. 9 is a longitudinal section similar to FIG. 5 and showing an alternate
      embodiment for use with a narrow elevator.
PAR  FIG. 10 is a perspective view similar to FIG. 3 but showing the front floor
      member of FIG. 9.
PAR  FIG. 11 is a longitudinal section illustrating use of camming action
      between the floor members.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is disclosed a scraper assembly having
      a bowl 11 and tractor 12 interconnected by a draft frame 13. The draft
      frame includes a so-called gooseneck 14 which is of rigid construction
      pivoted to the tractor at 15 for horizontal swinging movement and carrying
      a torque tube 16, to the lateral ends of which are rigidly secured draft
      members 17, 18.
PAR  The bowl includes a pair of side sheets 21, 22 which are interconnected by
      a back wall 23. At the front the side sheets are interconnected by a blade
      base 24 which mounts a cutter blade 25 with ripper teeth 26. The bowl has
      an open front occupied by an elevator to which reference will be made.
PAR  The rear end of the bowl structure is supported upon rubber tired wheels
      31, 32 driven by an engine 33 mounted between them. The forward portion of
      the bowl is supported by pivotal engagement, at 37, 38, with the rear ends
      of the draft members 17, 18. The tilt of the bowl and running level of the
      blade is controlled by bowl supporting actuators 41, 42, also referred to
      as bowl hoist cylinders, which are interconnected between the ends of the
      torque tube and the front corners of the bowl structure. By extending the
      actuators 41, 42, the bowl is rocked clockwise, as viewed in FIG. 1,
      lowering the scraper blade 25 to a desired depth of cut.
PAR  Mounted transversely at the open front end of the bowl is an elevator 50
      having spaced frame members 51, 52 which occupy a rearwardly inclined
      position. Extending between the members 51, 52 is a top drive shaft 53
      having sprocket wheels 55, 56. The shaft 53 is rotated by a motor M having
      a gear box 54. In alined position at the lower end of the elevator frame
      are rollers 57, 58, with additional support being provided by idler
      rollers 59, 60. Engaging the sprockets and trained about the rollers are
      respective conveyor chains 61, 62 having soil engaging flights 63.
PAR  It will be apparent, then, that as motor M is rotated, the underside of the
      elevator engages the soil which has been scalped and loosened by the blade
      25, propelling it into the bowl. To permit upward swinging movement of the
      elevator, the elevator is mounted on a pair of arms 65, 66 pivoted to the
      side sheets upon pivots 67, 68. This not only enables the elevator to
      yield upon picking up a boulder or other obstruction but permits the
      elevator to be intentionally disengaged from the contained soil for free
      dumping of the latter as will be described.
PAR  In accordance with the invention a front floor member 70 is provided which
      extends transversely to bridge the space between the bowl side sheets and
      which is fitted with sideplates 71, 72 to form a cradle, the side plates
      being spaced from the sheets by a clearance dimension. The plates 71, 72,
      which are generally of sector shape, are pivoted to the side sheets by
      pivot pins 73, 74 which are alined with one another along a transverse
      axis 75. The pins 73, 74 mount the floor member 70 for pendulous swinging
      movement, the pivot axis being so located that the floor member 70 may be
      swung from the closed operating position illustrated in FIG. 5 to the
      open, substantially vertical position illustrated in FIG. 6 in which the
      floor member nests closely adjacent the elevator. For the purpose of
      insuring that there is no interference with the elevator, and particularly
      with the catenary of the elevator chain, the floor member is provided with
      forwardly extending brackets 77 78 having rollers 79, 80 thereon which
      engage tracks 81, 82 on the respective elevator frame members. The rollers
      perform the function of cams while the tracks serve as cam followers. Thus
      when the floor member 70 is swung forwardly, by means to be described, the
      rollers 79, 80, engaging the tracks, cause the elevator to swing about its
      virtual center 67 into an upraised position. This not only serves to
      accommodate the floor member in its vertical position, but disengages or
      "unlocks," the flights from the soil which is packed in the bowl. When the
      floor member 70 is swung back to its operating position the elevator
      follows, by force of gravity, back into its own operating position.
PAR  Further in accordance with the invention a rear floor member 90, also of
      cradle construction, is provided having sector-like side plates 91, 92
      with pivot pins 93, 94 for pinning the same to the respective bowl side
      sheets alined along an axis 95. Extending along the front edge of the rear
      floor member, bolted to it, and substantially the complete width of the
      bowl, is a striker blade 96. The floor member 90 normally occupies the
      position illustrated in FIG. 5. When the scraper is in its dumping mode
      the rear floor member 90 is swung upwardly and rearwardly into a
      substantially vertical position as illustrated in FIG. 6 in which the
      striker blade 96 extends downwardly from the bowl and in which the floor
      member 90 is seated upon a stop surface 97 which extends transversely
      along the rear edge of the bowl serving as a bottoming stop to provide a
      proper striking angle. The stop is located sufficiently low as to directly
      absorb the forces which may be exerted upon the striker blade as it
      performs its striking and leveling function or which may result from
      impact with a boulder or other obstruction. The back wall of the bowl is
      arcuately profiled at 28, about the axis 95 so that it is scraped clean
      when the floor member 90 is rotated to dumping position.
PAR  While the floor members 70, 90 may be operated by individual actuators, it
      is one of the features of the present construction that both floor members
      are operated by the same pair of actuators interposed between them.
      Further in accordance with the invention the actuators which operate the
      floor sections are floatingly mounted along the outside surfaces of the
      bowl side sheets, with the ends of the actuators being coupled to blocks
      which are secured to the floor side plates and which project through
      arcuate clearance openings in the side sheets. Thus an actuator 110 is
      provided having connections 111, 112 to blocks 113, 114 which are mounted
      upon side plates 71, 91 and which extend through clearance openings 115,
      116 in the side sheet 21. At the other side of the bowl a similar actuator
      120 having connections 121, 122 is connected by blocks 123, 124 to
      adjacent end plates via clearance openings 125, 126.
PAR  The hydraulic system used for supplying the actuators 110, 120 may be of
      rudimentary form, as illustrated in FIG. 8, employing a valve 130,
      diagrammatically illustrated as being of the slide type, fed by a pressure
      line 131 and exhausted by a sump line 132. Moving the valve to its extreme
      positions causes the actuators 110, 120 to expand and contract for opening
      and closing the floor members. The same type of circuit may be used to
      control actuators 41, 42.
PAR  In a typical operating sequence, with the actuators 110, 120 fully
      contracted, and with the floor members closed as illustrated in FIG. 5,
      the tractor draws the bowl in scalping engagement with the ground. The
      elevator, driven by the motor M, engages the loosened soil and propels it
      rearwardly with a sweeping action into the bowl until the bowl is filled.
      The actuators 41, 42 (FIG. 1) are thereupon contracted to raise the blade
      out of engagement with the ground, and the tractor is driven to the
      dumping area. During such travel the flights of the elevator retain the
      soil in place and prevent leakage.
PAR  Upon arrival at the dumping area valve 130 is operated to expand the floor
      actuators 110, 120 which sequentially move the floor members, first
      rocking the rear floor member 90 from the position shown in FIG. 5 to the
      position illustrated in FIG. 6 so that the striker blade 96 extends to the
      desired striking angle and level below the bowl. After the floor member 90
      bottoms on the stop 97, the floor member 70 is rocked forwardly and
      upwardly into vertical position with the entire bottom of the bowl thus
      being open for dumping purposes. It is to be noted that since the floor
      member 90, which is relatively smaller than the floor member 70, and thus
      offers lesser resistance, is first moved to striking position, all of the
      soil which escapes from the bottom of the bowl is certain to be acted upon
      by the blade 96. Because of the large area, and the fact that the
      collected soil is unsupported, it tends to flow by gravity out of the
      opening.
PAR  Even wet, clayey soils are promptly discharged. This is encouraged by the
      fact that the front floor member 70, by reason of the rollers 79, 80
      thereon, lifts the elevator to an upraised position clear of the soil.
      Moreover, the rocking movement of the side plates 71, 72 and 91, 92 of the
      floor members produces a shearing action over a large region of engagement
      of the soil with the side sheets of the bowl, thus breaking any grip that
      clayey soil may have upon the side sheets and enabling the mass of soil to
      fall clear of the bowl, free of the effects of endwise compaction. The
      mass is broken up by engagement with the surface of the ground and,
      finally, leveled evenly and in full width by the striker blade. Because
      the striker blade is located at the rear of the bowl and closely adjacent
      the rear supporting wheels, such wheels act as gauge wheels. Changes in
      the gauged depth of spread may be made by forming the blade with one or
      more additional sets of bolt holes 96a (FIG. 4).
PAR  When discharge is complete, the valve 130 is moved in the opposite
      direction to contract the actuators 110, 120 to close the floor members
      with a reverse sequential movement. That is, the front floor member 70,
      being of greater weight, and being subjected in addition to the weight of
      the elevator, closes first, with the rear floor member 90 closing last to
      insure that the striker blade remains in position as long as any soil is
      being dumped.
PAC  ALTERNATE EMBODIMENTS
PAR  In accordance with one of the aspects of the invention, the front floor
      section 70 may take different forms and is particularly useful with
      elevators and scraper blades of relatively narrow configuration. Thus
      referring to FIG. 9, which shows an alternate form of floor member 70a the
      elevator and scraper blade occupy only a central portion of the floor
      width, the front edge of the floor being cut out (see FIG. 10) to provide
      an opening 76a defined by wing sections 77a, 78a which straddle the
      elevator during normal operation. The wings carry respective brackets
      having rollers 79a, 80a which engage tracks 81a, 82a on the elevator frame
      structure for automatic raising of elevator (dot-dash portion, FIG. 9).
      The wings, by filling in the space on each side of the elevator, prevent
      leakage, especially of free-running materials. In addition, the wings
      facilitate the collecting and dumping of soil of clayey consistency,
      reducing non-productive build-up of the soil above the blade base. Even
      where the elevator is narrow, and the cut narrow and deep, strike-off, by
      member 90a, occurs full-width. The floor sections are actuated by separate
      actuators 110a, 111a connected in parallel.
PAR  While it is preferred to act upon both of the floor members directly by
      means of actuators, it is a feature of the invention in one of its aspects
      that only the front floor member, indicated at 70b in FIG. 11, need be
      power actuated and may serve, by means of a cam and cam follower, to
      operate the rear floor member 90b. Thus the end plates on the rear floor
      member may be profiled as shown at 91b presenting an arcuate edge 91c
      which is engaged by a roller 140 mounted on side plate 71b of floor member
      70b.
PAR  In opening the floor, actuator 110b produces counterclockwise rotation of
      the front floor member, retracting the roller 140 permitting the rear
      floor member 90b to drop into striking position where it is securely held
      by soil reaction. Subsequently, when the front floor member is rotated
      clockwise back into its closed position, the roller 140 thereon engages
      the arcuate surface 91c as indicated by the dotted lines in FIG. 11,
      causing the floor member 90b to be cammed back into closed position.
PAR  It will be apparent that the structure amply fulfills the objects set
      forth. The floor mechanism is simple and foolproof, producing prompt and
      reliable dumping of all types of soil, without the complication of an
      ejector plate and with the bowl, on the contrary, being of rigid
      self-reinforced construction. There is no need to provide tracks and
      rollers with their attendant problems, and the only moving parts, the
      pivots and actuators, are in elevated position protected from possible
      damage. The floor members and their side plates together form durable,
      self-reinforcing cradles, free of any cocking tendency. The striker blade,
      located at the very rear end of the bowl, produces even, full-width
      leveling regardless of the width or nature of the scraper blade.
PAR  The problem of a load of soil being thrust forwardly into the elevator, and
      being compressed between the elevator flights and within the triangular
      space under the elevator, is completely overcome by the lack of an
      ejector, by the upward swinging disengagement of the elevator and by the
      swinging of the supporting floor and wing surfaces into a vertical,
      dumping position. Since the scraper blade forms a stationary part of the
      bowl structure, and is not mounted at the leading edge of the front floor
      member, limited movement of the elevator suffices to "clear" the elevator
      catenary for accommodation of the floor member.
PAR  Also since there is no necessity for accommodating the floor members in a
      telescoped or stacked relation, floor clearance above ground may be
      minimized thereby increasing carrying capacity and lowering the center of
      gravity. This also enables the downward projection of the striker blade,
      in its operating position, to be minimized, so that the rear floor member
      need not be heavily constructed. The amount of projection of the striker
      blade is also minimized by reason of the fact that the blade, being
      located at the very rear edge of the bowl and closely adjacent the rear
      axle, remains in a low position even though the bowl may be tilted
      upwardly at a rather sharp angle for clearance of the ripper teeth at the
      front end of the bowl, with the rear wheels serving as accurate gauging
      wheels.
PAR  The structure described above may be used with scrapers of all types but is
      particularly suited for scrapers having a rear driving engine since the
      entire space behind the bowl, and between the rear wheels, is uncluttered
      for mounting of the driving engine and accessories.
PAR  It is one of the features of the construction described above that the
      striker blade, being integral with the front edge of the rear floor
      member, occupies its extended position only during the time that dumping
      is actually taking place. During all other times, and particularly during
      the loading phase, the striker blade occupies a horizontal upwardly-tucked
      position in which it is safely out of the way of any ground obstructions
      which may be encountered. Nevertheless, the invention is not limited to
      this and, if desired, the striker blade may rigidly be secured, in
      downwardly projecting position, along the rear edge of the bowl, with the
      rear floor member being capable of swinging upwardly above the level of
      the striker blade so that the latter may perform its function.
PAR  Also while it is preferred to use a back wall which is not only rigid but
      fixed in position between the side plates for reasons stated, the
      invention is not limited to use of a fixed back wall and such fixing may
      be considered optional in devices where the distinctive forward portion of
      the structure is employed. Thus the front swingable floor section, either
      in the version shown in FIG. 3 or the revision shown in FIG. 10 may if
      desired by used to uncover a discharge opening in a bowl of the well known
      type having a fixed rear floor section and ejector plate. In such event a
      pivoted type strike-off member may be used hinged directly to the front
      edge of the fixed floor section and having provision for movement into
      striking position, by means discussed above, incident to forward swing of
      the front floor section.
PAR  The term "upwardly" as used herein is a relative term, and the term
      "horizontal" will be taken to mean generally horizontal. Similarly, the
      term "edge-to-edge" includes elements which are arranged substantially
      edge-to-edge, and the term "straight" contemplates any element which is
      sufficiently straight to efficiently perform its intended function.
CLMS
NUM  1.
PAR  1. In an elevating type scraper for earthmoving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a fixed back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade extending between the side
      sheets at the front edge thereof, a tractor-supported draft frame, a pair
      of draft members pivotally secured at their rear ends to the side sheets
      and extending forwardly and upwardly having rigid connection at their
      front ends to the draft frame, means including an actuator interposed
      between the draft frame and the front end of the bowl and having control
      means for determining the degree of tilt of the bowl about its supporting
      wheels and hence the depth of cut of the blade, a driven endless elevator
      positioned at the front end of the bowl having its lower end in proximity
      to the blade and inclined upwardly and rearwardly for conveying loosened
      soil from the blade into the bowl, a front floor member and a rear floor
      member, the members being arranged edge to edge for enclosing the bottom
      of the bowl between the blade and the rear wall, with each of the floor
      members extending transversely so as to bridge the space between the side
      sheets, each of the floor members being in the form of a cradle having a
      pair of side plates secured to the lateral ends thereof and arranged
      flatly adjacent and within the respective side sheets, front and rear
      means for pivoting the side plates to the side sheets so that each floor
      member is pendulously supported for fore-and-aft swinging movement about a
      transversely extending axis, actuator means coupled to the floor members
      for moving them between closed and open positions, the front pivot means
      being so located that when the front floor member is swung forwardly to
      open position it nests in a generally vertical position adjacent the lower
      end of the elevator, the rear pivot means being so located that when the
      rear floor member is swung rearwardly to open position it nests in a
      generally vertical position adjacent the rear wall of the bowl so that
      substantially the entire bottom area of the bowl is available for dumping
      of the material in the bowl, the rear floor member having an associated
      straight striker blade extending substantially the width of the bowl and
      projecting downwardly from the bowl along the rear edge thereof to a
      strike-off position when the rear floor member is in its open position for
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the actuator means
      includes a pair of actuators connected between the side plates at the
      respective sides of the bowl with movement of the actuators serving to
      swing the floor members toward and away from one another into closed and
NUM  3.
PAR  3. The combination as claimed in claim 2 in which the actuators are
      positioned at the outside surfaces of the side sheets with respective
      generally arcuate clearance openings being provided in the side sheets for
      connecting the ends of the actuators to the respective side plates of the
NUM  4.
PAR  4. The combination as claimed in claim 1 in which the side plates of the
      floor members are of generally sector shape continuously attached along
      their lower edges to the lateral edges of the floor members and covering,
      during the course of swinging movement, a substantial portion of the bowl
      side plate area so that when the floor members are swung to open position
      the sides of the load are sheared from the side plates to facilitate
      movement of the load downwardly through the bottom of the bowl free of
NUM  5.
PAR  5. The combination as claimed in claim 1 in which the elevator is mounted
      for broadwise upward and forward swinging movement and in which means are
      provided for engaging the elevator as the front floor member is swung
      forwardly and upwardly thereby to swing the elevator out of the way of the
      front floor member with simultaneous disengagement of the elevator from
      the material in the bowl so that the material in the bowl is free for
NUM  6.
PAR  6. The combination as claimed in claim 5 in which the front floor member is
      provided along its forward edge with camming means and in which the
      elevator is provided with cam follower means with engagement between the
      two serving to cam the elevator forwardly and upwardly when the floor
NUM  7.
PAR  7. The combination as claimed in claim 1 in which the front floor member is
      substantially larger than the rear floor member and in which the actuating
      means is in the form of actuators secured to the front floor member, the
      floor members being mechanically coupled together so that swinging
      movement of the front floor member to closed position automatically moves
NUM  8.
PAR  8. The combination as claimed in claim 7 in which cams are provided on the
      front floor member and cam followers are provided on the rear floor member
      so that the rear floor member is cammed shut when the front floor member
NUM  9.
PAR  9. The combination as claimed in claim 1 in which the striker blade is
      integrally secured to the front edge of the rear floor member, the rear
      wall being integrally secured to the side sheets, and a transversely
      extending stop surface at the lower edge of the rear wall and positioned
      below the axis of the rear floor member for blocking the rearward swing of
      the floor member and for withstanding horizontal reaction force on the
NUM  10.
PAR  10. The combination as claimed in claim 1 in which the scraper blade is
      mounted upon a transversely-extending blade base rigidly secured at its
      ends to the side sheets, the front floor member being of generally arcuate
      shape having, in closed position, a first portion which is generally
      horizontal and a second portion which extends upwardly and forwardly over
NUM  11.
PAR  11. The combination as claimed in claim 1, the scraper blade and elevator
      being narrower than the front floor member and the front floor member
      being centrally cut out to accommodate the elevator and the soil which is
NUM  12.
PAR  12. The combination as claimed in claim 10 in which the front floor member
      has lateral wing portions along its front edge defining a notch between
      them dimensioned to receive the elevator when the latter is in normal
      operating position, and brackets on the wing portions for engaging the
      frame of the elevator for moving the elevator upwardly to an
      out-of-the-way position thereby to accommodate the front floor member
      under the elevator when the front floor member is swung to open position.
NUM  13.
PAR  13. In an elevating type scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a fixed back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade in a position extending
      between the side sheets at the front edge thereof, a tractor-supported
      draft frame, a pair of draft members pivotally secured at the rear ends to
      the side sheets and extending forwardly and upwardly for rigid connection
      at their front ends to the draft frame, bowl actuator means coupled to the
      front end of the bowl for selectively supporting it with respect to the
      draft frame so that the scraper blade cuts into the ground at a
      predetermined level, a front floor member and a rear floor member, the
      members being arranged edge to edge for enclosing the bottom of the bowl
      between the blade and the back wall with each of the floor members
      extending transversely so as to bridge the space between the side sheets,
      means for mounting the front floor member for movement forwardly into open
      position, actuator means for the floor members, the rear floor member
      being of cradle construction having a pair of side plates arranged flatly
      adjacent and within the respective side sheets, the side plates being
      respectively pinned to the side sheets along a transverse axis so that the
      rear floor member is pendulously supported for fore-and-aft swinging
      movement between a horizontal closed position and a substantially vertical
      open position in which the floor member nests adjacent the rear wall of
      the bowl with the front edge of the rear floor member projecting
      downwardly from the bowl, the front edge of the rear floor member having
      thereon a straight striker blade extending the width of the bowl, and a
      bottoming stop arranged in the path of movement of the rear floor member
      for supporting the rear floor member against the soil reaction force of
NUM  14.
PAR  14. The combination as claimed in claim 13 in which the bottoming stop is
      at the underside of the bowl along the rear edge thereof at the bottom of
      the back wall and extending substantially the width of the bowl parallel
      to and closely adjacent the striker blade so that the force of soil
      reaction of the striker blade is transmitted directly to the stop with
      minimum imposition of reaction load to the remainder of the rear floor
NUM  15.
PAR  15. The combination as claimed in claim 13 in which the rear floor member
      is relatively so constructed and arranged as to provide less resistance to
      the actuator means than the front floor member and has such mechanical
      advantage during opening movement that the rear floor member opens to
      interpose the striker blade in striking position before any substantial
NUM  16.
PAR  16. The combination as claimed in claim 13 in which the striker blade is
      shiftably mounted on the strike-off member to vary the degree of extension
NUM  17.
PAR  17. In an elevating type scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a rigid back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade having a blade base
      extending between the side sheets at the front edge thereof and rigidly
      secured to the latter, a tractor-supported draft frame, a pair of draft
      members pivotally secured at their rear ends to the side sheets and
      extending forwardly and upwardly for rigid connection at their front ends
      to the draft frame, bowl actuator means coupled to the front end of the
      bowl for selectively supporting it with respect to the draft frame so that
      the scraper blade cuts into the ground at a predetermined level, a driven
      endless elevator positioned at the front end of the bowl having its lower
      end in proximity to the blade and inclined upwardly and rearwardly for
      conveying loosened soil from the blade into the bowl, a front floor member
      adjacent the blade base and extending rearwardly thereof bridging the
      space between the side sheets, the front floor member being in the form of
      a cradle having a pair of side plates secured to the lateral ends thereof
      and arranged flatly adjacent and within the respective side sheets, means
      for pivoting the side plates to the side sheets so that the floor member
      is pendulously supported for fore-and-aft swinging movement about an
      elevated transversely extending axis, the pivot means being so located
      that when the front floor member is swung forwardly to open position it
      nests in a generally vertical position adjacent the lower end of the
      elevator, a pivoted strike-off member extending transversely along the
      rear edge of the bowl to bridge the space between the side sheets, the
      strike-off member carrying a striker blade along its front edge and
      serving when in a closed horizontal position to enclose the bottom of the
      bowl rearwardly of the front floor member, actuator means for swinging the
      front floor member and strike-off member from a horizontal position in
      which they enclose the bottom of the bowl to respective vertical positions
      in which substantially the entire area of the bottom of the bowl is
      uncovered for dumping the load therefrom, and stop means arranged in the
      path of movement of the strike-off member for positioning the strike-off
      member at a predetermined striking angle in the face of soil reaction.
NUM  18.
PAR  18. In an elevating type scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a rigid back wall, ground wheels for supporting the bowl and
      mounted behind the back wall, a scraper blade extending between the side
      sheets at the front end thereof, a tractor-supported draft frame, a pair
      of draft members pivotally secured at their rear ends to the side sheets
      and extending forwardly and upwardly for rigid connection at their front
      ends to the draft frame, bowl actuator means coupled to the front end of
      the bowl for selectively supporting it with respect to the draft frame so
      that the scraper blade cuts into the ground at a predetermined level, a
      driven endless elevator positioned at the front end of the bowl having its
      lower end in proximity to the blade and inclined upwardly and rearwardly
      for conveying loosened soil from the blade into the bowl, a front floor
      member adjacent the blade base and extending rearwardly thereof bridging
      the space between the side sheets, the front floor member being in the
      form of a cradle having a pair of side plates secured to the lateral ends
      thereof and arranged flatly adjacent and within the respective side
      sheets, means for pivoting the side plates to the side sheets so that the
      floor member is pendulously supported for forward swinging movement about
      an elevated transversely extending axis into a position to uncover a
      discharge opening, the scraper blade and elevator being narrower than the
      front floor member and the front floor member being centrally cut out to
      accommodate the elevator and the soil which is propelled by the elevator,
      and a strike-off member extending transversely full-width between the side
      sheets and pivoted with respect thereto at the rear of the discharge
NUM  19.
PAR  19. In an elevating type scraper for earth moving purposes, the combination
      comprising an open-fronted bowl formed of a pair of spaced vertical side
      sheets and a back wall, ground wheels for supporting the bowl and mounted
      behind the back wall, a scraper blade having a blade base extending
      between the side sheets at the front edge thereof and rigidly secured to
      the latter, a tractor-supported draft frame, a pair of draft members
      pivotally secured at their rear ends to the side sheets and extending
      forwardly and upwardly for rigid connection at their front ends to the
      draft frame, bowl actuator means coupled to the front end of the bowl for
      selectively supporting it with respect to the draft frame so that the
      scraper blade cuts into the ground at a predetermined level, a driven
      endless elevator positioned at the front end of the bowl having its lower
      end in proximity to the blade and inclined upwardly and rearwardly for
      conveying loosened soil from the blade into the bowl, a front floor member
      adjacent the blade base and extending rearwardly thereof bridging the
      space between the side sheets, the floor member being in the form of a
      cradle extending between the side sheets for normally enclosing the bottom
      of the bowl, the floor member being pivoted for fore-and-aft swinging
      movement about an elevated transversely extending axis so located that
      when the floor member is swung forwardly to open position it clears the
      blade base and nests in a generally vertical position adjacent the lower
      end of the elevator, a strike-off member positioned rearwardly of the
      front floor member and extending full width between the side sheets, means
      for moving the strike-off member into a downwardly extended position for
      leveling the discharged soil when the floor member is in open position,
      and actuator means for swinging the floor member between its enclosing and
NUM  20.
PAR  20. The combination as claimed in claim 19 in which the front floor member
      has a horizontal portion and front portion which extends upwardly and
      forwardly over the blade base, the front portion having a rectangular
      notch formed therein flanked by wing portions, the elevator being
      substantially narrower than the bowl for registered reception in the notch
      under normal scraping conditions, the wing portions extending laterally
      from the elevator to close the space between the elevator and the side
      sheets thereby to prevent leakage of loose soil around the elevator from
NUM  21.
PAR  21. The combination as claimed in claim 19 in which a cam and cam follower
      are interposed between the floor section and elevator so that the elevator
      is swung upwardly to an out-of-the-way position incident to forward swing
NUM  22.
PAR  22. The combination as claimed in claim 19 in which the strike-off member
      is pivoted for swinging movement between horizontal and vertical positions
NUM  23.
PAR  23. The combination as claimed in claim 19 in which the strike-off member
      has a striker blade rigidly secured to the member in a plurality of
      selectable positions for gross adjustment of striking depth with the rear
      wheels serving as gauge wheels and with intermediate adjustment being
      secured by control of the bowl actuator means.
PATN
WKU  039343634
SRC  5
APN  5020042
APT  1
ART  337
APD  19740830
TTL  Trench back filling and compacting apparatus
ISD  19760127
NCL  7
ECL  1
EXP  Pellegrino; Stephen C.
NDR  3
NFG  5
INVT
NAM  McMurray; Russell L.
STR  R.R. No. 2
CTY  Du Quoin
STA  IL
ZIP  62832
CLAS
OCL   37 82
XCL   371425
EDF  2
ICL  E02F  504
ICL  E02F  522
FSC   37
FSS  142.5;8;9;82;DIG. 3
UREF
PNO  684762
ISD  19011000
NAM  Taylor
OCL   37 82
UREF
PNO  2646736
ISD  19530700
NAM  Swartout
XCL   37 82
UREF
PNO  2714775
ISD  19550800
NAM  Crawford
OCL   37142.5
UREF
PNO  3091873
ISD  19630600
NAM  West
OCL   37142.5
UREF
PNO  3533174
ISD  19701000
NAM  Carston
OCL   37  8
UREF
PNO  3596384
ISD  19710800
NAM  Neujahr
OCL   37142.5
LREP
FRM  Woodard, Weikart, Emhardt & Naughton
ABST
PAL  An apparatus for filling a trench and compacting the dirt within the
      trench. A vertical auger is rotatably mounted on a frame and is
      positionable within the trench for compacting dirt within the trench. A
      horizontal auger is rotatably mounted to the frame and includes a pair of
      flights spiraling toward the vertical auger on opposite sides of the
      vertical auger to force dirt along opposite sides of the trench into the
      trench with the dirt then being compacted by the vertical auger. Means are
      provided for rotating the horizontal and vertical augers. Additional means
      are provided for raising and lowering the vertical auger into and out of
      the trench. The vertical auger is pivotally mounted to the frame and may
      be pivoted upwardly when not in use by a third means. Back-up plates are
      provided to limit the movement of dirt away from the vertical and
      horizontal augers. The apparatus is mountable to a powered vehicle, such
      as a tractor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of ditch digging and refilling devices.
PAR  2. Description of the Prior Art
PAR  A number of machines have been designed for filling a trench or ditch. A
      representative sample of the prior art is disclosed in the following U.S.
      Pat. Nos.:
PA1  1,563,975 issued to C. F. Goeringer;
PA1  1,677,342 issued to J. H. Hodgen;
PA1  1,807,489 issued to W. V. Middleton et al.;
PA1  2,714,775 issued to L. A. Crawford;
PA1  2,857,691 issued to D. M. Curran;
PA1  3,091,873 issued to B. B. West;
PA1  3,119,193 issued to E. D. Herschberger; and
PA1  3,181,258 issued to W. W. Duncan.
PAL  Generally the prior art devices shown in the aforementioned patents include
      a horizontal auger which is rotated to propel the dirt along one side of
      the trench into the trench. In actual practice, dirt may line both sides
      of the trench thereby requiring the operator to first drive one of the
      prior art machines along one side of the trench to propel the dirt into
      the trench and to then drive the machine along the opposite side of the
      trench to force the remaining dirt into the trench. Disclosed herein is a
      trench filling device which includes a pair of augers having flights
      positioned on the opposite sides of the trench to simultaneously propel
      the dirt along the opposite sides of the trench into the trench. Thus, the
      time required to fill the trench may be reduced by approximately one-half
      as compared to the prior art machines.
PAR  It is desirable to compact the dirt forced into the trench in order to
      prevent voids and air pockets thereby minimizing sinking or settling of
      the dirt within the trench. Thus, various devices have been provided to
      propel the dirt into the trench and to subsequently compact the dirt
      within the trench. The U.S. Pat. Nos. 1,684,882 and 1,947,356 issued to A.
      J. Penote disclose a combined filler and tamping device for compacting the
      dirt within the trench. Two other devices are disclosed in the U.S. Pat.
      Nos. 2,891,335 issued to F. H. Linneman and 3,471,953 issued to H. M.
      Wyatt both of which disclose a rotatably mounted tamping wheel. Another
      device of interest is disclosed in U.S. Pat. No. 3,596,384 issued to R. E.
      Neujahr which discloses an evacuation refill packer. Disclosed herein is a
      new back filling and compacting apparatus which includes the previously
      described horizontal auger with a vertical auger extending beneath the
      horizontal auger to compact the dirt within the trench. The vertical auger
      carries the dirt to the bottom of the trench whereat the dirt is tightly
      compacted against the bottom of the trench as compared to the prior art
      devices which do not carry the dirt to the bottom of the trench but
      instead tamp or force the dirt against the ground.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is an apparatus for forcing dirt
      along opposite sides of a trench into the trench and then compacting the
      dirt within the trench comprising a frame, a vertical auger rotatably
      mounted on the frame, a horizontal auger rotatably mounted to the frame
      and including a first flight spiraling toward the vertical auger and a
      second flight spiraling toward the vertical auger from a side of the
      vertical auger opposite the first flight to propel dirt from opposite
      sides of the trench toward the vertical auger, and first means connected
      to the vertical auger and the horizontal auger operable to rotate the
      horizontal auger propelling dirt into the trench and to rotate the
      vertical auger to compact dirt within the trench.
PAR  It is an object of the present invention to provide a new and improved
      apparatus for filling a trench with dirt and subsequently packing the dirt
      within the trench.
PAR  Yet another object of the present invention is to provide a trench back
      filling and compacting apparatus incorporating a horizontal extending
      auger and a vertically extending auger.
PAR  Likewise, it is an object of the present invention to provide a trench back
      filling apparatus having means for simultaneously propelling dirt along
      opposite sides of the trench into the trench.
PAR  Related objects and advantages of the present invention will be apparent
      from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an apparatus incorporating the present
      invention shown mounted to a tractor.
PAR  FIG. 2 is a fragmentary enlarged front view of the apparatus shown in FIG.
      1.
PAR  FIG. 3 is an end view looking in the direction of arrows 3--3 of FIG. 2.
PAR  FIG. 4 is a cross sectional view taken along the line 4--4 of FIG. 2 and
      viewed in the direction of the arrows.
PAR  FIG. 5 is a schematic representation of the hydraulic system of the
      apparatus incorporating the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now more particularly to FIG. 1, there is shown a conventional
      tractor 10 with the apparatus 11 incorporating the present invention
      mounted to the front of the tractor. Apparatus 11 is used to force dirt
      along opposite sides of a ditch into the ditch and to then subsequently
      compact the dirt within the ditch. Apparatus 11 includes a main frame 12
      (FIG. 2) having a vertical auger 13 and a horizontal auger 14 rotatably
      mounted thereon.
PAR  Frame 12 includes a pair of end plates 15 and 16 fixedly mounted to a
      back-up plate 17 which extends behind auger 14. Axle 18 is rotatably
      mounted to flange bearings 19 and 20 in turn mounted to end plates 16 and
      15. End 21 of axle 18 has a sprocket 22 fastened thereto in meshing
      engagement with continuous roller chain 23. Hydraulic motor 24 is mounted
      to bracket 25 fastened to back-up plate 17. The output shaft 26 of motor
      24 has a sprocket 27 mounted thereon in meshing engagement with roller
      chain 23. Operation of motor 24 results in movement of chain 23 and
      rotation of axle 18.
PAR  Axle 18 has two separate flights 28 and 29 fixedly mounted thereon. Flight
      29 extends around axle 18 so as to propel dirt from end plate 16 toward
      vertical auger 13 while flight 28 simultaneously propels dirt from end
      plate 15 toward the vertical auger 13 all while axle 18 is rotating in the
      same direction. Viewing axle 18 from end plate 15 and looking toward auger
      13, flight 29 spirals in a clockwise direction and extends from plate 16
      toward the vertical auger. Likewise, viewing axle 18 from end plate 16 and
      looking toward the vertical auger, flight 28 extends around axle 18 in a
      clockwise direction extending from the end plate 15 toward the vertical
      auger. Tractor 10 may therefore be driven along the length of the trench
      with flight 29 extending across one side of the trench and with flight 28
      extending across the opposite side of the trench. The dirt positioned on
      the opposite sides of the trench are therefore propelled into the trench.
PAR  Fixedly mounted to back-up plate 17 are a pair of brackets 30 and 31 having
      a vertical auger mounting assembly 32 pivotally mounted thereto. A
      hydraulic cylinder 33 has a bottom end pivotally mounted to bracket 34
      secured to back-up plate 17. The extendable piston rod 35 of cylinder 33
      is pivotally mounted to mounting assembly 32 which is pivotable above
      pivot pin 36 (FIG. 3).
PAR  Several mounting blocks 37 (FIG. 3) are fixedly mounted to a vertically
      extending plate 40 slidably mounted to mounting assembly 32. Axle 38 of
      auger 13 is rotatably mounted to mounting blocks 37. A single flight 39
      extends spiralingly around axle 38 in a clockwise direction as viewed from
      the end of auger 13. The top of the auger is connected by coupling 41 to
      hydraulic motor 42 fixedly mounted to slide 40. Slide 40 is provided with
      a pair of grooves 43 and 44 (FIG. 4) extending in its opposite edges with
      the grooves slidably receiving a pair of ridges 45 and 46 formed within
      mounting assembly 32. Hydraulic cylinder motor 47 (FIG. 3) has a top end
      pivotally mounted to bracket 48 secured to mounting assembly 32. The
      extendable piston rod 49 of cylinder 47 is pivotally mounted by bracket 50
      to the bottom end of slide 40. Thus, by extending rod 49 the auger is
      caused to move downwardly into the trench whereas by retracting rod 49 the
      vertical auger is caused to move upwardly out of the trench.
PAR  Back-up plate 17 (FIG. 2) extends the length of the horizontal auger so as
      to force dirt into the auger as the apparatus is moved along the length of
      the trench. Likewise, slide 40 provides a back-up plate for the vertical
      auger which is positioned between the back-up plate 17 and slide 40
      thereby forcing the dirt onto the vertically extending auger. Wall 53
      (FIG. 4) is fixedly mounted to end plate 15 extending outwardly from auger
      14 and away from the vertical auger providing a guide for the dirt to be
      forced into the horizontally extending auger. The vertical auger is
      mounted between the back-up plate and slide 40 to compact the dirt within
      the trench after the dirt has been forced into the trench by the
      horizontally extending auger.
PAR  Apparatus 11 may be mounted to a vehicle by a variety of different
      structures. For example, a pair of brackets 60 and 61 (FIG. 4) may be
      mounted to the back-up plate 17 and in turn secured to the front of
      tractor 10.
PAR  In the embodiment shown in the drawing, a single source of hydraulic fluid
      63 (FIG. 5) is connected to motors 24 and 42 respectively by hydraulic
      lines 64, 65 and 66 and 67. Valves 68 and 69 are provided to control the
      flow of hydraulic pressure to the motors for driving the augers with the
      pressurized fluid being divided by flow divider 76 and directed to valves
      68 and 69. Likewise, cylinders 33 and 47 are connected by lines 70, 71 and
      72, 73 with valves 74 and 75 being provided to control the application of
      hydraulic pressure to retract or withdraw the piston rods of the
      cylinders.
PAR  By using a fairly high speed vertical auger positioned within the trench,
      the dirt is forced completely to the bottom of the trench against the dirt
      already placed within the trench. The oppositely spiraling flights on the
      horizontal auger propel the dirt on opposite sides of the trench together
      and into the trench. Thus, all voids and air pockets are prevented
      minimizing subsequent settling of the dirt within the trench.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention are
      desired to be protected.
CLMS
NUM  1.
PAR  1. An apparatus for forcing dirt along opposite sides of a trench into the
      trench and then compacting the dirt within the trench comprising:
PA1  a frame;
PA1  a vertical auger rotatably mounted on said frame;
PA1  a horizontal auger rotatably mounted to said frame and including a first
      flight spiraling toward said vertical auger and a second flight spiraling
      toward said vertical auger from a side of said vertical auger opposite
      said first flight to propel dirt from opposite sides of said trench toward
      said vertical auger, said frame including a back-up wall positioned
      adjacent said horizontal auger forcing dirt into said horizontal auger,
      said frame further including another wall positioned adjacent said
      vertical auger forcing dirt into said vertical auger;
PA1  first means connected to said vertical auger and said horizontal auger
      operable to rotate said horizontal auger propelling dirt into said trench
      and to rotate said vertical auger to compact dirt within said trench;
PA1  second means connected to said frame and said vertical auger operable to
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  said first means includes a first fluid motor drivingly connected to said
      horizontal auger, a second fluid motor drivingly connected to said
      vertical auger and a source of fluid pressure connected to said first
NUM  3.
PAR  3. An apparatus for forcing dirt along opposite sides of a trench into the
      trench and then compacting the dirt within the trench comprising:
PA1  a frame;
PA1  a vertical auger rotatably mounted on said frame;
PA1  a horizontal auger rotatably mounted to said frame and including a first
      flight spiraling toward said vertical auger and a second flight spiraling
      toward said vertical auger from a side of said vertical auger opposite
      said first flight to propel dirt from opposite sides of said trench toward
      said vertical auger;
PA1  first means connected to said vertical auger and said horizontal auger
      operable to rotate said horizontal auger propelling dirt into said trench
      and to rotate said vertical auger to compact dirt within said trench; and
      wherein:
PA1  said first means includes a first fluid motor drivingly connected to said
      horizontal auger, a second fluid motor drivingly connected to said
      vertical auger and a source of fluid pressure connected to said first
      motor and said second motor;
PA1  second means connected to said frame and said vertical auger operable to
      raise and lower said vertical auger into and out of said trench;
PA1  said frame includes a back-up plate extending the length of said horizontal
      auger forcing dirt into said horizontal auger, said frame further includes
      a guide pivotally mounted to said back-up plate and a vertically extending
      mounting wall slidably mounted to said guide, said vertical auger is
      mounted to said vertically extending mounting wall with said second means
      including a fluid cylinder connected to and between said guide and said
NUM  4.
PAR  4. The apparatus of claim 3 wherein:
PA1  said vertical auger is positioned between said back-up plate and said
      vertically extending mounting wall with said vertically extending mounting
NUM  5.
PAR  5. The apparatus of claim 4 and further comprising:
PA1  third means connected to and between said back-up plate and said guide
NUM  6.
PAR  6. The apparatus of claim 1 and further comprising:
NUM  7.
PAR  7. The apparatus of claim 6 and further comprising:
PA1  said first means includes a first fluid motor drivingly connected to said
      horizontal auger, a second fluid motor drivingly connected to said
      vertical auger and a source of fluid pressure connected to said first
      motor and said second motor.
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ABST
PAL  A display device having a rectangular area of variable shape and
      cross-section with a pair of movable line markers defining the horizontal
      boundaries and another pair of movable line markers defining the vertical
      boundaries, means for moving each pair of line markers to vary the
      distance therebetween to obtain the rectangular area of desired shape and
      cross-section. Simultaneous movement and regulated separation of pairs of
      line markers may be obtained by rotating elliptical cams connected to the
      line markers.
BSUM
PAR  This invention relates to means for varying the distance between two pairs
      of spaced opposed line markers at right angles to one another and more
      particularly refers to the display device having rectangular surface which
      can be varied in shape and cross-sectional area.
PAR  Display devices having an illuminated display surface of fixed dimension
      and area are known. Unfortunately such display devices are not readily
      adapted for change in shape and size of area to accommodate different
      displays.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a display device having a centrally
      disposed rectangular area of variable shape and cross section, a pair of
      movable line markers or shutters defining the upper and lower horizontal
      boundaries of said rectangular area, another pair of movable line markers
      or shutters defining the right and left vertical boundaries of said
      rectangular area, means for concurrently moving said pair of horizontal
      shutters to vary the vertical distance between said horizontal shutters,
      means for concurrently moving said pair of vertical shutters to vary the
      horizontal distance between said shutters whereby the rectangular area of
      desired shape and cross section is attained.
PAR  In a preferred embodiment the means for concurrently moving said pair of
      horizontal shutters are two rotatable elliptical cams placed horizontally
      opposite each other whereby rotation of said cams induces variation in
      vertical distance between said horizontal shutters, and said means for
      concurrently moving said pair of vertical shutters are two rotatable
      elliptical cams placed vertically opposite each other whereby rotation of
      said cams induces variation in horizontal distance between said vertical
      shutters. The elliptical cams may be connected to the shutters by elastic
      tables stretched over the elliptical cams.
PAR  In accordance with the present invention varying the distance between a
      first spaced pair of objects opposite each other and between a second
      spaced pair of objects opposite each other, the second pair of objects
      being disposed at a right angle to the first pair of objects, that is for
      moving each object toward and away from its opposite object, is
      accomplished by rotating elliptical cams coupled to the means for moving
      the objects thereby effecting simultaneous movement and regulated
      separation of the objects in each pair. The four objects may be shutters
      in a display device. The method is also applicable to apparent movement of
      loud speakers arranged in opposing pairs at right angles to one another.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in
      an illuminated display device and method for displaying the acoustical
      properties in stero reproduction, it is nevertheless not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made therein without departing from the spirit of the
      invention and within the scope and range of equivalence of the claims.
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawing.
DETD
PAR  Referring to the drawing illustrating an illuminated display device, area 5
      bounded by the heavy black lines consists of an illuminated display
      surface fabricated from a material pervious to light i.e. a transparent or
      translucent material. Display surface 5 is provided with marks 6 so that
      the indicated dimensions of area 17 can be read accurately. Arranged
      directly behind the illuminated display surface 5 are two adjustable line
      markers or shutters designated 1 and 2 to represent the vertical dimension
      of area 17 and two adjustable line markers or shutters 3 and 4
      intercepting line markers 1 and 2 to represent the horizontal dimension of
      area 17. Line markers 1, 2, 3 and 4 may be the terminal ends or attached
      to moveable shutters desirably fabricated of an opaque material. These
      shutters may be attached at the end opposite the markers to a roller on
      which the shutter is wound.
PAR  As the line markers come closer together the shutters will extend
      downwardly covering a greater area and conversely as the distance between
      line markers expands the shutters will rise thereby exposing a greater
      rectangular area 17. Although a shutter wound on a roller may be employed,
      various types of movable shutters may also be used.
PAR  The line markers 1 and 2 and the line markers 3 and 4 may each be formed by
      an endless elastic cable 7 and 8, respectively. Cable 7 is stretched over
      elliptical cams 9 and 10, which are disposed along side display surface 5
      and are located horizontally opposite each other. Similarly cable 8 is
      stretched over elliptical cams 11 and 12 which are vertically opposite
      each other. Elliptical cams 9, 10, 11 and 12 are each mounted on a
      rotatable shaft 13, 14, 15 and 16. Thus when elliptical cams 9, 10, 11 and
      12 are rotated, the line markers 1, 2, 3 and 4 are brought together or
      apart and the shape and size of the area 17 is thereby changed. Area 17
      reaches a maximum determined by the length of the long axis of elliptical
      cams 9, 10, 11 and 12 and a minimum area determined by the small axis of
      the elliptical cams. Of course intermediate areas may be obtained by
      partial rotation of the elliptical cams. Similarly it will be evident that
      the shape of the rectangle 17 may be varied by the degree of rotation of
      the cams. Instead of elastic cables 7, 8, movable supported shutters can
      also be controlled by the elliptical cams 9, 10, 11 and 12.
PAR  A typical use of the display is as follows.
PAR  In equipment for stereo reproduction it is known to electronically vary the
      apparent size of the baseline between the two loudspeakers by means of a
      suitable control element. This is accomplished by in-phase or opposed
      phase cross-feeding of a larger or lesser portion of the signal amplitude
      of one channel into the other channel. Opposed crosstalk results in
      increased extension of the bases. However, it must be stressed that the
      resulting change of the base line is virtual only, i.e., one has the
      acoustic impression as if the loudspeakers had moved further apart or
      respectively closer together. In reality, however, they remain in their
      positions.
PAR  In quadrophonic installations, this virtual change of the base lines can be
      made as well in the right and left loudspeakers as in the front and rear
      speakers. The resulting virtural area is then either larger or
      respectively smaller as the rectangle which is formed by the loudspeaker.
PAR  The present invention displays this virtual area so it can be seen.
PAR  Referring to the drawing, there are shown by line markers 1, 2, 3 and 4.
      The line markers may be said to define a rectangular area 17. As
      previously mentioned each of the line markers are attached to movable
      control elements to permit this movement away from one another or toward
      one another. The control elements which serve to vary the apparent size of
      the base lines between the four loudspeakers may be connected with shafts
      13, 14, 15 and 16. By rotating the shafts 13, 14, 15 and 16, the control
      elements with the elliptical cams 9, 10, 11 and 12 are operated at the
      same time, thereby displaying the apparent size of the base area between
      the four loudspeakers.
CLMS
NUM  1.
PAR  1. A display device having a centrally disposed rectangular area of
      variable shape and cross-section, a pair of movable line markers defining
      the upper and lower horizontal boundaries of said rectangular area,
      another pair of movable line markers defining the right and left vertical
      boundaries of said rectangular area, means for concurrently moving said
      pair of horizontal line markers to vary the vertical distance between said
      horizontal line markers, means for concurrently moving said pair of
      vertical line markers to vary the horizontal distance between said
      vertical line markers whereby the rectangular area of desired shape and
      cross-section is attained, said line markers comprising endless
      stretchable belts said means for concurrently moving said pair of
      horizontal line markers comprising two rotatable elliptical cams placed
      horizontally opposite each other said horizontal line marker belts being
      mounted on said horizontally displaced cams whereby rotation of said
      horizontally displaced cams induces variation in vertical distance between
      said horizontal line markers, and said means for moving said pair of
      vertical line marker belts comprising two rotatable elliptical cams placed
      vertically opposite each other said vertical line marker belts being
      mounted on said vertically displaced cams whereby rotation of said
      vertically displacing cams induces variation in horizontal distance
NUM  2.
PAR  2. A display device as in claim 1 wherein said horizontally placed
      elliptical cams are connected to said horizontal shutters by elastic
      cables stretched over said elliptical cams and said vertically placed
      elliptical cams are connected to said vertical shutters by elastic cables
NUM  3.
PAR  3. A display device as in claim 1 wherein said rectangular area is
      illuminated and pervious to light and wherein said line markers are
      arranged directly behind said rectangular area.
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ABST
PAL  A sign of the type generally intended for internal illumination having a
      sign frame, a flexible material covering at least one face of said sign
      frame, and means for supporting the flexible material over the face of the
      sign frame and for stretching and tensioning such flexible material.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of our earlier application, Ser.
      No. 334,631, filed Feb. 22, 1973, and now abandoned.
BSUM
PAR  The present invention relates generally to a sign frame and more
      specifically, to a sign frame and structure for mounting signs of the type
      which are adapted for internal illumination.
PAR  Traditionally, large signs such as billboards and the like were of the
      external illumination type where the sign or display was lighted by
      shining a source of light onto the face of the sign. Although attempts
      have been made to provide internally illuminated signs and displays
      approximating the size of billboards and the like, the results have been
      generally unsatisfactory primarily because of the problems involved in
      constructing a sign frame of the desired size and because of the problems
      involved in properly stretching the translucent surface or face of the
      sign which is disposed over the sign frame.
PAR  In contrast to the prior art, the present invention provides means for
      easily and quickly constructing a sign frame useable for an internally
      illuminated display and provides a novel and efficient means of stretching
      the face, and providing tension adjustment thereafter. Specifically, the
      sign frame of the present invention is made up of a plurality of modules
      which, when combined and connected together, provide a relatively
      rectangular sign frame having means for gripping the facing material at
      each of its edges with at least two of such means being adjustable to
      stretch and tension the facing material.
PAR  Accordingly, it is an object of the present invention to provide a sign
      frame incorporating a novel system for stretching the face of the sign or
      display and adjusting the tightness of the face. Specifically, this is
      accomplished by a pair of channels and gripping means which grip the
      facing material at each of its edges, at least two of which are adjustable
      to grip and stretch the facing material.
PAR  Another object of the present invention is to provide a sign frame of the
      type described which is modular in construction. Specifically, to
      construct such a sign frame, it is necessary to have at least a left hand
      module and a right hand module connected together. This would provide a
      sign of minimum length; however, if additional sign length is desired,
      additional modules, used singularly or in multiple, may be attached
      between the right hand and left hand end modules.
PAR  Still another object of the present invention is to provide a sign frame of
      modular construction wherein the source of illumination is adaptable for
      connection between modules.
PAR  Another object of the present invention is to provide a sign frame of
      modular construction in which the modules lend themselves readily to
      double faced displays.
PAR  A further object of the present invention is to provide a sign frame for an
      internally illuminated sign or display which is simple in construction yet
      rugged and low in cost and which is quick to assemble, change, service,
      store and transport.
DRWD
PAR  These and other objects of the present invention will be readily evident
      with reference to the description of the preferred embodiment, the
      drawings and the appended claims.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a left hand end module and part of an
      adjacent module connected thereto.
PAR  FIG. 1A is a diagramatic front elevational view of a constructed sign
      comprising a left hand module, a center module and a right hand module.
PAR  FIG. 2 is a sectional, elevational view as viewed along the line 2--2 of
      FIG. 1.
PAR  FIG. 2A is a sectional, elevational view as viewed along the line 2A--2A of
      FIG. 1.
PAR  FIG. 3 is a sectional, elevational view as viewed along the line 3--3 of
      FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary pictorial view showing the upper face
      material gripping means before insertion into the upper edge of the frame.
PAR  FIG. 5 is a pictorial view, similar to that of FIG. 4, showing the
      relationship between the upper face gripping means and the frame.
PAR  FIG. 6 is an enlarged fragmentary pictorial view showing the lower face
      material gripping means and the manner in which the face material is
      stretched and tensioned vertically.
PAR  FIG. 7 is a pictorial view, similar to that of FIG. 6, showing the
      relationship between the lower gripping and adjusting means and the lower
      part of the frame.
PAR  FIG. 8 is an enlarged fragmentary pictorial view showing the right hand
      face material gripping unit and the manner in which the face material is
      stretched and tensioned laterally.
PAR  FIG. 9 is an enlarged fragmentary pictorial view showing the left hand face
      material gripping unit and the manner in which the face material is
      stretched and tensioned laterally.
PAR  FIG. 10 is a front elevational view showing a constructed sign comprising a
      left hand and a right hand module.
PAR  FIG. 11 is a sectional elevational view similar to FIG. 3 of a double faced
      sign or display.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference first to FIG. 1A, the sign frame of the present invention
      comprises a plurality of individual modules 10, 11 and 12. Specifically,
      as viewed in FIG. 1A, these modules include a left hand module 10, a
      center module 11 and a right hand module 12. As will be discussed below in
      more detail, the sign frame which is formed by connecting such modules
      together is adapted to support a facing material which is stretched over
      the surface of the sign frame for internal illumination.
PAR  With reference to FIG. 1, one of the individual modules, specifically the
      left hand module 10 is illustrated in detail. Also illustrated in FIG. 1
      is a portion of an adjacent module connected with the module 10. Such
      adjacent module may be a center module such as the module 11 of FIG. 1A,
      if the sign frame is comprised of more than two modules, or it may be a
      right hand module such as the module 12 of FIG. 1A if the sign frame is
      comprised of only two modules. Each of the modules includes four bounding
      members: an upper member 13, a lower member 14, a left hand member 15 and
      a right hand member 16. It should be noted that in FIG. 1 which shows
      primarily a left hand module, the right hand bounding member 16 is adapted
      for connection with an adjacent left hand member 15 of an adjacent module.
      In addition to the bounding members, each of the individual module frames
      is further made rigid with a vertically extending center member 17 and
      three laterally disposed cross members 18. In the preferred embodiment,
      the supporting member 17 is a roll formed 18 gauge supporting member and
      supporting members 18 comprise pieces of conventional angle iron Connected
      with the rear surface of the sign frame is a covering 19 which encloses
      the entire back side of the frame. Such covering 19 is provided with
      ventilating openings 20A at the top and 20B at the bottom for ventilation
      and circulation of air. Further, access openings 21 for servicing are
      provided in the end of certain bounding members such as member 15
      illustrated in FIG. 2. When servicing of the frame is not being conducted,
      such openings 21 are enclosed by a detachable cover 21A (FIG. 2). As will
      be discussed in more detail below, the face material stretching and
      tightening means are illustrated generally in FIG. 1 by reference numerals
      22, 23 and 24. Illumination for passing light through the translucent face
      material which is stretched over the sign frame is provided by fluorescent
      lamps 25 connected through wiring raceways 26A and 26B to ballasts 27.
      External connection from a power source (not shown) is made at the outlet
      28 and interconnecting means between modules are provided by a suitable
      connector 29. In the preferred construction of each of the modules, the
      bounding members 13, 14, 15 and 16 are constructed from 18 gauge steel
      with angle irons welded to the edges for reinforcement.
PAR  As illustrated in FIGS. 1, 2A and 3 adjacent modules are connected together
      by bolting the tops and bottoms of the modules together. Specifically, as
      illustrated in FIGS. 2A, three bolts 19A are used to connect the top ends
      of the bounding member 15 of one module with the bounding member 16 of an
      adjacent module. Similarly, as illustrated in FIG. 3, three bolts 18A are
      used to connect the bottom ends of adjacent modules together.
PAR  Reference is next made to FIGS. 4 and 5 which illustrate the means by which
      the translucent face material 36 is gripped and fixedly secured along the
      upper edge of the sign frame. Specifically, with reference to FIG. 4, the
      upper bounding member 13 terminates with a lip portion to form a
      vertically extending groove 30. When the sign frame is constructed, this
      groove 30 is disposed on the front side of the sign frame. The vertical
      groove 30 is adapted to receive the tongue portion of a second vertical
      groove 33 formed along one edge of a generally U-shaped channel member 31
      such that engagement between the groove 33 and 30 and their corresponding
      tongue portions cause connection between the channel member 31 and the
      bounding member 13. Such connection is illustrated best in FIG. 5. Adapted
      for insertion into the upwardly facing U-shaped channel member 31 is a
      means for gripping the upper edge of the translucent face material 36.
      Specifically, this gripping means includes a pair of clamping or gripping
      members 34 and 35. As illustrated, clamping member 35 includes a pair of
      outwardly protruding members 35A adapted for clamping arrangement with
      corresponding members 34A of the clamping member 34. The translucent face
      material is gripped by the members 34 and 35 by joining the members 34 and
      35 as shown with the upper edge of the facing material 36 disposed
      therebetween. The gripping means is then disposed in the channel portion
      32 of the channel member 31 and the face material 36 is allowed to hang
      over the front surface thereof.
PAR  During the stretching process which will be discussed in detail later in
      the specification, the face material 36 is pulled and stretched
      downwardly. Such stretching has a tendency to rotate the gripping elements
      34 and 35 in a counterclockwise direction; however, such rotation is
      intended to be limited by the internal dimensions of the channel 32. Thus,
      although the particular channel size is not critical, the internal
      dimensions of such channel must be smaller than the diagonal dimension of
      the elements 34 and 35 in their connected position. Such maximum dimension
      is necessary to limit the counterclockwise rotation of the elements 34 and
      35 when the face material is stretched. Of course, the internal dimension
      of the U-shaped member 32 must also be sufficiently large to accommodate
      the gripping means 34 and 35.
PAR  As illustrated in FIG. 5, after the face gripping means has been inserted
      into the channel 32, an ornamental cover 37 is added. In the preferred
      embodiment, the member 37 is an angle member which is connected with the
      bounding member 13 by a plurality of sheet metal screws (not shown).
PAR  Reference is next made to FIGS. 6 and 7 which show the means for gripping
      the lower edge of the translucent face material 36 and for stretching such
      face material 36 in a vertical direction. Specifically, as illustrated in
      FIG. 6, the bounding member 14 terminates in a lapped facing 38.
      Associated with the bounding member 14 and the facing 38 is a channel
      member 39 having a downwardly opened U-shaped channel 40. One end of the
      member 39 terminates in a lapped facing 41. As illustrated, the member 39
      is connected with the bounding member 14 by a threaded rod 42. The rod 42
      is fixed to the bounding member 14 through a block 44 welded to the member
      14 and is threadedly secured with respect to the channel member 39 by the
      hex nut 46 and the bracket member 45 welded to the top of the member 39.
      The rod 42 is not threadedly associated with the block 44, but rather,
      passes through a hole in the block 44 and terminates in a head 43. As can
      be seen, when the rod 42 is rotated the vertical position of the channel
      member 39 with respect to the bounding member 14 is adjusted as indicated
      by the arrow in FIG. 6.
PAR  Associated with the channel member 39 is a means for gripping the lower
      edge of the translucent face material 36. Such gripping means includes a
      pair of gripping elements 34 and 35 which are identical to the elements 34
      and 35 illustrated in FIGS. 4 abd 5 and grip the facing material 36 in the
      same manner. As shown in FIGS. 6 and 7, the lower edge of the face
      material 36 is clamped by the members 34 and 35, after which the gripping
      means is disposed in the downwardly facing channel 40. When this is
      accomplished, it can be seen that appropriate rotation of the threaded rod
      42 by the head 43 will result in downward movement of the channel member
      40, and thus the gripping members 34 and 35, with respect to the member
      14, thereby causing vertical stretching of the face material 36. After the
      desired vertical stretching has been accomplished, a decorative,
      ornamental cover 47 is provided as shown in FIG. 7. The cover 47 is
      connected with the lower surface of the member 14 by a plurality of sheet
      metal screws (not shown).
PAR  Reference is next made to FIG. 8 which shows the means for gripping and
      securing the right hand edge of the translucent face material 36 and the
      manner in which the face material is laterally stretched. Specifically,
      the means for gripping the right hand edge of the face material is
      identical to the means for gripping the lower edge of the face material 36
      which is illustrated in FIGS. 6 and 7. Specifically, the right hand
      bounding member 16 terminates in a facing 38B. Also, a U-shaped channel
      member 40B having a facing 41B is connected with the member 16 via the
      threaded rod 42B, the block 44B, the hex nut 46B and the bracket 45B.
      Also, identical to that illustrated in FIGS. 6 and 7, right hand edge of
      the face material 36 is gripped by the gripping elements 34 and 35 which
      are then disposed in the U-shaped member 40B. As is evident, when the rod
      42B is appropriately rotated by the head 43B, the channel member 40B, and
      thus the gripping members 34 and 35, are moved toward the right as viewed
      in FIG. 8, thereby laterally stretching the face material 36.
PAR  FIG. 9 illustrates the manner in which the left hand edge of the face
      material 36 is gripped and the manner in which the face material 36 is
      laterally stretched. In principal, the means for laterally stretching the
      face material is identical to that which is illustrated in FIGS. 6 and 7
      for vertically stretching such material and that illustrated in FIG. 8 for
      laterally stretching the face material from the right hand side.
      Specifically, the left hand bounding member 15 terminates in a facing 38A.
      Also, a U-shaped channel member 40A having a facing 41A is connected with
      the member 15 via the threaded rod 42A, the block 44A, the hex nut 46A and
      the bracket 45A. Also, identical to that illustrated in FIGS. 6 and 7, the
      left hand edge of the face material 36 is gripped by the gripping elements
      34 and 35 which are then disposed in the U-shaped member 40A. As is
      evident, when the rod 42A is appropriately rotated by the head 43A, the
      channel member 40A, and thus the gripping members 34 and 35, are moved
      toward the left as viewed in FIG. 9, thereby laterally stretching the face
      material 36.
PAR  Reference is next made to FIG. 10 which illustrates two adjacent modules
      connected together to form a sign frame and which also illustrates a
      portion of the face material 36 and the decorative covers 37 and 37A as
      they are intended to be connected to the frame. Specifically, the sign
      frame illustrated in FIG. 10 comprises a left hand module 10 and a right
      hand module 12. These modules 10 and 12 are connected together in the
      manner discussed above by a plurality of bolts 19A and 18A positioned at
      the top and bottom of each of the modules. As illustrated, the face
      material 36 is connected at its upper edge to the upper bounding member 13
      in the manner illustrated specifically in FIGS. 4 and 5. The face material
      36 is connected along its right and left hand edges to the right and left
      hand bounding members 16 and 15 respectively in the manner illustrated in
      FIGS. 8 and 9 respectively. Similarly, the face material 36 is gripped and
      connected along its lower edge to the bounding member 14 in the manner
      illustrated in FIGS. 6 and 7. After the face material 36 has been
      installed and sufficiently stretched, both laterally and vertically, the
      decorative covers 37 and 37A are installed around the entire periphery of
      the frame as illustrated.
PAR  The operation of the sign frame and specifically, the stretching means of
      the present invention may be best understood with general reference to the
      drawings. First, the sign frame is constructed and erected by connecting
      together a desired number of modules in the manner shown in FIG. 10. As
      previously discussed, the size of the desired sign frame will determine
      the number of modules used. After the modules have been erected, the face
      material 36, which in the preferred embodiment is a flexible plastic
      material such as polyvinyl chloride or the like, is layed out on a flat
      surface and the gripping members 34 and 35 are appropriately secured with
      each of the upper, lower, right hand and left hand edges of the face
      material 36 at the desired positions. Next, the entire face material 36,
      with the gripping members 34 and 35 attached to each of the edges is
      lifted to the sign frame and the gripping members at the top edge are
      placed in the channel member 31. Next, the gripping members at the right
      and left hand edges of the face 36 are placed in the channel members 40B
      (FIG. 8) and 40A (FIG. 9) respectively, and finally, the gripping members
      34 and 35 at the lower edge are placed in the channel member 39 (FIGS. 6
      and 7). When this is accomplished, the face material 36 is prepared for
      stretching.
PAR  The face material 36 is first stretched vertically about two-thirds of the
      total desired stretching by rotating the heads 43 as illustrated in FIG.
      10. The heads 43 are rotated until the face 36 has been stretched to the
      extent desired. Next, the face material 36 is stretched laterally by
      rotating the heads 43A and 43B again until the face 36 has been stretched
      about two-thirds of the total intended to be stretched. Finally, the
      material 36 is stretched further both vertically and laterally to its
      final position. In this respect, it should be noted that preferably, the
      U-shaped channel member 40 should be adjacent to the face 38 of the member
      14 as illustrated in FIG. 7 when the final stretching has been
      accomplished. Similarly, it is desirable that when the final stretching is
      accomplished laterally, the U-shaped members 40B (FIG. 8) and 40A (FIG. 9)
      will be adjacent to the faces 38B and 38A respectively. After the
      stretching is completed, the decorative covers or panels 37 and 37A (FIG.
      10) are installed about the periphery of the frame.
PAR  It should be noted that in the preferred embodiment, adjustable facing
      material gripping means are provided along both the right hand and left
      hand edges of the sign frame in addition to the bottom edge. The reason
      for this is because of the greater lateral stretching due to the longer
      dimension. However, if the lateral dimension were relatively small, a
      single, laterally adjustable gripping means positioned along either the
      right or the left hand edge would suffice. Similarly, due to the
      dimensions of the sign frame, it may be desirable to have adjustable
      facing material gripping means disposed at each edge of the frame.
PAR  With reference to FIG. 11, it is contemplated that the sign frame of the
      present invention would be suitable for double faced, internally
      illuminated signs or displays in which the fluorescent lights would
      provide illumination for both faces of the display. Such a double faced
      display would be constructed, erected and stretched similar to a single
      faced display except that the face gripping and stretching means would be
      present on both faces of the frame and the covering 19 (FIG. 1) which
      would normally exist on a single face display would be eliminated.
PAR  Specifically, FIG. 11 is similar to FIG. 3 of the single faced display,
      except that FIG. 11 is of a double faced display. As shown, both the front
      and back surfaces of such a frame would have gripping and stretching
      members along the lower edge to grip and stretch the face material 36
      which would cover both faces of the frame. Similarly, such a double faced
      display would have both a front and rear top edge gripping means and
      appropriate front and rear lateral edge gripping and stretching means to
      grip and stretch the front and rear face material 36, 36.
PAR  Although the description of the preferred embodiment of the present
      invention has been quite specific, it is contemplated that various changes
      or modifications could be made to the structure without deviating from the
      spirit of the present invention. Therefore, it is intended that the scope
      of the present invention be dictated by the appended claims rather than by
      the description of the preferred embodiment.
CLMS
NUM  1.
PAR  1. A relatively large scale sign comprising:
PA1  a sign frame having a plurality of edges and being comprised of a plurality
      of sign frame modules connected together to form said sign frame;
PA1  a single flexible facing material having a shape and dimensions
      approximately that of said sign frame extending over said plurality of
      frame modules and covering at least one face of said sign frame, said
      facing material being supported by said sign frame about its periphery and
      having an edge corresponding to each edge of said sign frame;
PA1  a facing material gripping means connected with each edge of said sign
      frame for gripping the corresponding edge of said facing material, the
      position of at least two of said gripping means being adjustable relative
      to said frame to tension said facing material; and
PA1  means for adjusting the position of said adjustable gripping means relative
NUM  2.
NUM  3.
NUM  4.
PAR  4. The sign of claim 1 wherein at least one of said facing material
NUM  5.
PAR  5. The sign of claim 4 wherein said sign is rectangular and wherein the
      facing material gripping means at the top edge of the sign frame is
      connected to said sign frame at a fixed position and wherein the facing
      material gripping means of each of the right hand, left hand and bottom
NUM  6.
PAR  6. The sign of claim 1 wherein each of said facing material gripping means
      comprises corresponding elongated male and female clamping members for
NUM  7.
PAR  7. The sign of claim 1 having means for connecting said gripping means to
      said sign frame comprising a generally U-shaped channel member connected
      with each of the edges of said sign frame with the open edge of said
      U-shaped member disposed outwardly with respect to the face of said sign
NUM  8.
PAR  8. The sign of claim 7 wherein the inner dimensions of said U-shaped member
NUM  9.
PAR  9. The sign of claim 7 wherein the cross-sectional shape of said gripping
      means is generally rectangular and wherein the inner, lateral dimension of
      said U-shaped member is less than the diagonal dimension of the
NUM  10.
PAR  10. The sign of claim 1 wherein said gripping means includes separate
NUM  11.
PAR  11. The sign of claim 1 wherein said adjusting means includes means for
      threadedly connecting said gripping means with its corresponding sign
NUM  12.
PAR  12. The sign of claim 11 wherein each of said adjustable facing material
NUM  13.
PAR  13. The sign of claim 1 wherein said facing material is a plastic facing
NUM  14.
PAR  14. The sign claim 1 wherein each of said sign frame modules includes
      facing material gripping means.
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ABST
PAL  A system for producing a variety of static multicolor light displays
      includes a plurality of different colored translucent image-producing
      elements. A light source is positioned to direct light through the
      image-producing elements and onto a display surface. The image-producing
      elements are three-dimensional and positionable to produce a variety of
      different static visual and aesthetic displays. The image producing
      elements are detachably held in position, against a base which may
      comprise all or part of the display surface. To provide the capability of
      vertically suspending the system, like a painting, the elements may be
      held in position by magnetic force or means such as pegs as mechanical
      interlocks or adhesives. Such means, or others, such as weights, may be
      employed for systems positioned horizontally. The light source may be
      attached to the base to provide a self-contained unit. A virtually
      limitless variety of static effects and compositions is achievable by
      combining pluralities of image-producing elements of various colors and in
      various positions with respect to the light source and the display
      surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to systems and methods for achieving static visual
      displays by the arrangement of image-producing elements relative to
      projected light.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In recent years, a number of previously unconventional forms of
      entertainment has become popular. This is particularly true for forms of
      entertainment which provide opportunities for creativity and participation
      on the part of persons having no special training or background. Light
      shows, in particular, have become popular. In such activity, light
      displays of striking colors and various shapes are presented to a viewer
      for their aesthetic and psychological effects. Numerous existing devices
      for providing such presentations exhibit certain disadvantages and
      drawbacks. For example, a common device comprising a generally spherical
      array of colored mirrors for providing reflected light images is
      relatively limited in the shape and color combinations which it can
      generate due to the fixed shapes and relationships of the respective
      mirrors. Other such devices produce consistant movement which may be of a
      frenetic quality. Moreover, such devices tend to be complicated,
      cumbersome, fragile, and expensive. Other devices in the field exhibit
      these or other disadvantages.
PAR  Therefore, there has been a felt, but unfulfilled need for a system for
      producing a large variety of individual, static light displays, which
      system is relatively uncomplicated in structure, sturdy, easily
      replaceable, and relatively inexpensive.
PAR  A system for producing a variety of different static light displays
      includes at least one three-dimensional image-producing element. The
      element may have at least a translucent portion which may be colored. The
      system further includes a light source positioned to direct light towards
      the image-producing element. The image-producing element is movable to a
      variety of stationary positions which each produce a different static
      visual display. The element may be detachably held in place at each
      position upon a base by means limiting movement along the base. Such means
      include magnetic force or mechanical interlocks to provide capability of
      vertically suspending the system, in the manner of a painting. A
      background or display surface for receiving images transmitted by the
      image-producing element may comprise a surface of the base, and may
      comprise another surface such as a wall or a ceiling. Combination of a
      plurality of image-producing elements in various positions produces
      displays comprising a virtually limitless range of visual effects and
      compositions, which may include overlapping as well as separate images of
      the elements as well as the elements themselves. Such compositions and
      displays may be striking and aesthetically pleasing regardless of the
      level of artistic training of the user of the invention. The light source
      may be attached to the base to form a self-contained unit.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 comprises an elevational view of a display-producing system;
PAR  FIG. 1a comprises an enlarged fragmentary view of a portion of the system
      of FIG. 1;
PAR  FIG. 2 comprises an enlarged schematic view of a portion of the
      display-producing system of FIG. 1;
PAR  FIG. 2a comprises an enlarged view of an alternate image-producing element;
      and
PAR  FIG. 3 shows the display-producing system of FIG. 1 in another arrangement.
DETD
PAR  As depicted in FIGS. 1-3, a system 10 for producing variable light displays
      includes a plurality of different colored image-producing elements 12. As
      shown below, the invention in many applications involves a plurality of
      image-producing elements 12. A single element 12 may be employed for some
      applications. Elements 12 are three-dimensional and may be of arbitrary
      shape. As shown in FIG. 2, the elements are configured as rectangular,
      parallelapipeds; an alternative shape is depicted in FIG. 2a as element
      12'. The elements 12 have at least portions which are of translucent
      material, such as crystal or certain types of plastics and other
      materials, and may be of various colors, as desired. Elements 12 are
      entirely of such a translucent colored material (except for an inner end
      wall 16 described below); element 12' (FIG. 2a) has a colored translucent
      inset portion 11'.
PAR  An image-producing element 12, depicted in an operative position, is
      elongated and extends outwardly from a base 13 so that a translucent
      portion is spaced from the base. The base 13 has a surface 13' which is in
      contact with element 12 and may comprise a display surface, as described
      in detail below. The element 12 comprises four lateral walls 14 and an
      inner end wall 16, disposed at an inner end of element 12 and in contact
      with surface 13'. An outer end wall 18 is disposed at an outer end of
      element 12, opposite wall 16. Wall 16 comprises means 20 for detachably
      holding element 12 upon surface 13' to limit movement relative to the
      surface 13'. In the depicted embodiment, the attaching means 20 comprises
      magnetic material composing wall 16. Surface 13' is composed of steel or
      like material. The depicted embodiment, in which elements 12 are held in
      place by magnetic force against surface 13', is particularly appropriate
      for applications in which the image-forming system is utilized as a wall
      hanging or ornament, as described in detail below. In such embodiments,
      other attaching means including mechanical interlocks such as pegs may
      also be employed. In other embodiments, for example, where the surface 13'
      is generally horizontal, simple weights may be used, as well as other
      conventional means. The attaching means 20 holds element 12 in a given
      position against the surface 13' so that, for a given array of elements,
      tipping, vibration, or other minor disturbance will not disarrange the
      position, while permitting ready repositioning (rearrangement) through
      manual manipulation. Element 12 may be molded or fabricated by other
      conventional means. Wall 16 is affixed to walls 14 by adhesives,
      heat-fusing or other conventional means. In other embodiments than that
      depicted, in which other embodiments of image-producing elements are
      detachably held upon a surface 13' by a weighted inner wall or other
      means, surface 13' may be of material such as wood or plastic.
PAR  Surface 13' is, as depicted, substantially planar. This facilitates motion
      of element 12 along the surface during repositioning of the element. The
      base 13 is mounted within a frame 21. Frame 21 is in the form of a hollow
      rectangle which retains base 13 in the same manner as does the frame of a
      conventional painting.
PAR  A light source means 24 comprises light bulb means 26 attached to a
      mounting means 28. The light source means may comprise high intensity
      lighting means as well as means providing less intense illumination.
      Mounting means 28 comprises a mounting base 30 and an extension or neck
      32. Base 30 is movably affixed to frame 21. The illustrated base 30 is in
      the form of a C-clamp having a screw 34 which is tightenable to engage a
      seating groove or channel 36 at the underside of frame 21 to hold the
      light source means 24 in place. Groove 36 extends around frame 21 to
      permit means 24 to be selectively positioned. Neck 32, as depicted,
      includes at least one joint 38 for adjusting the angle of incidence of
      light from light source 24. The angle of incidence may, of course, be
      changed by varying the height of the bulb as well as its lateral position
      with respect to the base. Other configurations for member 32, such as the
      flexible member of a "gooseneck" lamp, may also be employed in accordance
      with the invention. Thus, the depicted embodiment comprises a
      self-contained unit. The light source means may be a separate unit.
PAR  In operation, as depicted in FIG. 3, system 10 in accordance with the
      invention is placed in a location chosen by the user. Such location may
      comprise a surface of a coffee table, a display case, or, as depicted, a
      wall 40 upon which system 10 is hung. System 10 may be hung in the same
      manner as a conventional painting, namely, by affixing a wire (not shown)
      to the back of the device, as by a screw arrangement and hanging the wire
      from a nail or other object protruding from the wall. The elements 12 are
      then arrayed by manual manipulation in a manner chosen by the user, and
      light source means 24 is then positioned. These steps may, of course, be
      reversed if desired. The elements 12 are held in the chosen static array
      by the magnetic force between the base 13 and the inner end walls 16 of
      the elements 12. Upon turning "on" of light bulb means 26, incident light
      therefrom impinges on and passes through elements 12. This results in the
      formation of a static visual display comprised of light projections 42
      formed on a display surface 44 by light directed through the elements 12.
      Surface 44 may comprise base surface 13' as well as adjoining surfaces
      such as wall 40. The display includes separate images and overlapping
      images of the elements 12; the elements 12 themselves comprise a portion
      of the display. As depicted, the particular orientation of the
      image-producing elements 12 and the particular angle of incidence of light
      from the source means 24 result in a striking display of color and form,
      light, and shadow. The display may be varied to the taste of the user by
      repositioning of an element or elements 12 and of the angle of incidence
      of light from source 24 through movement of neck 32 or of mounting base
      30. Further, an opaque element such as 12' (FIG. 2a) would cast a shadow;
      where a translucent colored portion 11' is also provided, the shadow would
      be combined with a colored image. In this manner, any number of different
      static light compositions and displays of striking, dramatic, and
      aesthetic character may be created by users of the invention, regardless
      of the artistic training or background of the user.
PAR  The force of magnetic attraction between surface 13' and inner walls 16 of
      elements 12 affords the capability of a stable array of elements and thus
      a relatively stable display, together with flexibility permitting
      virtually infinite variation of the composition in accordance with the
      user's taste.
PAR  Though specific embodiments of the invention have been described and
      depicted above, the invention is defined by the following claims
      interpreted in the light of the specification.
CLMS
NUM  1.
PAR  1. A system for producing a variety of different static light displays
      comprising:
PA1  a plurality of three-dimensional colored image-producing elements comprised
      of planar surfaces;
PA1  a base having an image-surface;
PA1  means for removably holding said image-producing elements in a plurality of
      different stationary positions against said base surface in a manner
      limiting movement of said elements along said base surface, said
      image-producing elements extending outwardly from said base surface, said
      image-producing elements each having at least a colored, translucent
      portion which defines a generally planar exterior surface, said portions
      being spaced from said base surface and colored other than black or white;
      and
PA1  a single light source means associated with and positioned relative to said
      image-producing elements and said base surface so as to project a
      diverging beam of light, portions of said beam passing directly from the
      single light source means, striking said planar exterior surfaces of said
      translucent colored portions of the elements, passing through said
      portions, and continuing on to strike said base surface to produce colored
      images on said base surface, other portions of said light beam passing
      directly from said light source means past said elements for a substantial
      distance to either side of said elements to directly strike said base
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein said means for holding
      said image-producing elements against said base surface comprises means
      for producing magnetic attraction between said image-producing elements
NUM  3.
PAR  3. The invention as set forth in claim 2 wherein said base surface is metal
      and said image-producing element comprises a three-dimensional body having
      a magnetic inner surface for magnetic engagement with the base surface.
NUM  4.
PAR  4. The invention as set forth in claim 1 further including means for
NUM  5.
PAR  5. The invention as set forth in claim 4 wherein said mounting means is
      adjustable between various stationary positions to vary the path of the
NUM  6.
PAR  6. The invention as set forth in claim 1 wherein the translucent portions
NUM  7.
PAR  7. The invention as set forth in claim 1 wherein said image-producing
NUM  8.
PAR  8. The invention as set forth in claim 1 wherein the image-producing
NUM  9.
PAR  9. The invention as set forth in claim 1 wherein said image-producing
      elements comprise parallapipeds having long dimensions extending outwardly
NUM  10.
PAR  10. The invention as set forth in claim 1 further including means affixed
      to said base for suspending said base in a generally upright position.
NUM  11.
PAR  11. The invention as set forth in claim 1 wherein said base surface is
      generally flat and smooth to facilitate repositioning of said elements.
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ABST
PAL  A re-useable frame for photographic transparencies is injection-moulded in
      one piece and consists of top and bottom frame members joined by
      connecting elements which interengage with the top frame member as the
      frame is closed to strengthen a hinge which is formed by interengagement
      of pins on one frame member with bearings on the other.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an exchangeable frame for transparencies, having a
      top part and a bottom part which can be joined together by means of
      hinges.
PAC  BACKGROUND OF THE INVENTION
PAR  The known exchangeable frames for transparencies consist, in general, of a
      top part and a separate bottom part which have to be joined together, by
      manual work, either by the manufacturer or by the ultimate user.
PAR  The invention has set itself the task to develop an exchangeable frame
      mentioned at the beginning in such a manner that a joining-together of the
      top part and the bottom part is substantially facilitated and can, if
      desired, be effected automatically.
PAR  In accordance with the invention, this is achieved in that (the) top part
      and bottom part aare manufactured, more especially injection-moulded, from
      one piece and that (the) top part and bottom part are connected by one or
      several elements which facilitate the joining-together of the hinge.
PAR  It is particularly advantageous to design the elements as connecting plates
      which, after the folding-over of the top part towards the bottom part,
      snap into the bottom part and support the hinge locally.
PAR  Through the connection of the top part to the bottom part via the
      connecting plates, the relative movement between the two parts is narrowly
      confined to a swinging movement which, perforce, joins the hinges of the
      exchangeable frame together. The exchangeable frame in accordance with the
      invention can thus be joined together extremely rapidly and even
      automatically in a simple manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An exemplified embodiment of the invention is now described with the aid of
      the drawings, in which
PAR  FIG. 1 shows a top view of the exchangeable frame of the exemplified
      embodiment,
PAR  FIG. 2 shows a sectional view, along the line A-B in FIG. 1, of the
      exchangeable frame in accordance with the exemplified embodiment,
PAR  FIG. 3 shows a sectional view, in enlarged representation and taken along
      the line III--III of FIG. 6, of the locking of the folded exchangeable
      frame,
PAR  FIG. 4 shows a 90.degree. rotated sectional view, taken along the line
      IV--IV of FIG. 6, of the connecting plate, connecting top part and bottom
      part, in engagement with the top part of the exchangeable frame,
PAR  FIG. 5 shows a 90.degree. rotated sectional view, taken along the line V--V
      of FIG. 6, of the hinge-like connection between top part and bottom part,
      and
PAR  FIG. 6 shows a top view of the closed exchangeable frame in accordance with
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The exchangeable frame of the preferred exemplified embodiment is
      injection-moulded in one piece from plastics material. Preferably, the top
      part is, in this connection, bent towards the bottom part, by way of
      example at 90.degree.. This has the advantage that, on the one hand, a
      great number of exchangeable frames can be produced simultaneously in a
      multiple mould; on the other hand, the closing of the exchangeable frame
      is facilitated.
PAR  The top part 1 and the bottom part 2 are, as FIGS. 1 and 2 show, connected
      by two connecting plates 3, 4. Depressions 5, 6 and 20, 21 at the
      transition points between the connecting plates and the top part or
      respectively the bottom part define a pair of hinges 5,6 and 20,21 to
      facilitate the folding-in and folding-over of the top part 1 towards the
      bottom part 2. On their outer edges, the connecting plates 3 and 4 can
      possess noses 7 and 8 (compare also FIG. 4) which engage in recesses 9 and
      10 (FIGS. 3 and 6) of the top part.
PAR  Detent pins or balls 11 and 12, which are fitted to the outer edges of the
      bottom part, are axially aligned with the depressions 20,21 and pass, upon
      the folding-together, into holes 13 and 14 (FIG. 6) of the top part to
      thereby define a pair of fastening devices 11, 13 and 12, 14.
PAR  Fitted to the edge of the top part 1 that is opposite the hinge edge
      between top part and bottom part are one or several, preferably two
      crosspieces 15, 16 which, in the folded position of the exchangeable
      frame, engage in recesses 17, 18. A key extending parallel to the recesses
      17, 18 along the edge of the bottom part partially covers, with the
      projections 29, 30, the recesses 17, 18, so that the crosspieces 15, 16
      are firmly held in the recesses 17 and 18 when the exchangeable frame is
      folded up.
PAR  When an exchangeable frame emerges from the casting mould, it is folded
      together either by hand or preferably automatically. In this connection,
      the top part 1 swings, with the connecting plates 3 and 4, about the
      depressions 20, 21. When the top part 1 and the bottom part 2 finally come
      to lie parallel to one another, then the detent pins or balls 11, 12 are
      pressed or snapped into the holes 13, 14 and the noses 7, 8 of the
      connecting plates 3, 4 are pressed or snapped into the recesses 9, 10.
      This operation can be facilitated in that the two edges, which are turned
      to one another, of the top part and of the bottom part are deflected.
PAR  By pressure on the key 19, the top part is released for the insertion of a
      film section. Upon opening, it swings about the detent pins or balls 11
      and 12. The film section is now placed under the holding noses 22 and 23
      and is limited, at the same time, by the ribs 24, 25, 26, 27 and 28 of the
      bottom part. Top part 1 and bottom part 2 can now easily be pressed
      together again, in which connection the locking snaps in again
      automatically through the key 19.
PAR  Preferably, the exchangeable frame is used without glasses. It then has a
      thickness that is comparable to the customary cardboard frames,
      approximately 1.8 mm.
PAR  It is unimportant whether the connection of the connecting plates to the
      top part or the bottom part breaks off at one or several of the
      depressions 5, 6 or respectively 20, 21 after the joining-together, since
      the hinged joint defined by the detent pins or balls 11, 12 being received
      in the recesses 13, 14 is then already joined together. The exchangeable
      frame can therefore be opened as often as it is desired. On the other
      hand, the connecting plates 3, 4 fix the position on the hinge structure
      11, 12, 13, 14, 20, 21, so that this latter is secured against breaking
      open. Even in the case of a breaking-open of the hinged joint 11, 12, 13,
      14 the connecting plates take over its function with their depressions 20,
      21.
PAR  Even if the connecting plates 3, 4 are designed without noses 7, 8, they
      can, to a certain degree, fulfill the task of introducing the hinge
      structure 11, 12, 13, 14 and of positionally locating the aforesaid hinge
      structure. In lieu of the two plates 3 and 4, a continuous plate could
      also be used.
CLMS
NUM  1.
PAR  1. A frame for transparencies, comprising:
PA1  a monolithic top frame means, bottom frame means and a connecting plate
      means therebetween;
PA1  first and second hinge means for permitting a relative pivoting between
      said connecting plate means, said bottom frame means and said top frame
      means;
PA1  first fastening means for fastening said connecting plate means in a
      parallel relationship to said top frame means to prevent a relative
      pivoting between said top frame means and said connecting plate means
      about said first hinge means; and
PA1  second fastening means coaxial with said second hinge means for
      additionally fastening said connecting plate means to said top frame means
      and permitting a relative pivoting between said connecting plate means and
      said bottom frame means whereby when said connecting plate means is
      fastened to said top frame means by said first and second fastening means,
      said connecting plate means and said top frame means will move as a unit
      relative to said bottom frame means about the axis of said second hinge
      means and
PA1  releasable locking means for locking said top frame means in a parallel
      relationship to said bottom frame means, said locking means being located
      along an edge of said parallel connected top and bottom frame means which
      is parallel to said axis of said second hinge means but remote therefrom.
NUM  2.
PAR  2. A frame according to claim 1, wherein said connecting plate means
NUM  3.
PAR  3. A frame according to claim 2, wherein said second fastening means
      comprises means defining a plurality of recesses in said top frame means
      and detent means projecting laterally of each of said connecting plates,
      said detent means being received in one of said recess means and defining
NUM  4.
PAR  4. A frame according to claim 2, wherein said first fastening means
      comprises means defining a plurality of recesses in said top frame means
      and a nose projecting laterally of each of said connecting plates, said
      nose being received in one of said recess means, said recess means
      including means defining a lip over which said nose projects to prevent
      said relative pivoting between said top frame means and said each of said
NUM  5.
PAR  5. A frame according to claim 1, wherein said locking means comprises a
      pair of elongated bars on one of said top and bottom frame means and means
      defining a pair of recesses on the other of said top and bottom frame
      means, said bars being wider than the width of the corresponding recess
      but being flexible to a lesser width to facilitate a movement of said bars
NUM  6.
PAR  6. A frame for transparencies, comprising:
PA1  an L-shaped injected moled monolithic top frame means, bottom frame means
      and a connecting plate means therebetween, said connecting plate means
      being initially coplanar with said bottom frame and perpendicular to said
      top frame, said connecting plate means being connected to said top plate
      along one edge of a planar face thereon;
PA1  first and second hinge means for permitting a relative pivoting between
      said connecting plate means, said bottom frame means and said top frame
      means;
PA1  first fastening means for fastening said connecting plate means in a
      parallel relationship to said top frame means to prevent a relative
      pivoting between said top frame means and said connecting plate means
      about said first hinge means, said first fastening means comprising means
      defining a plurality of recesses in said top frame means and a nose
      projecting laterally of said connecting plates, said nose being received
      in one of said recess means, said recess means including means defining a
      lip over which said nose projects to prevent said relative pivoting
      between said top frame means and said each of said connecting plates; and
PA1  second fastening means coaxial with said second hinge means for
      additionally fastening said connecting plate means to said top frame means
      and permitting a relative pivoting between said connecting plate means and
      said bottom frame means whereby when said connecting plate means is
      fastened to said top frame means by said first and second fastening means,
      said connecting plate means and said top frame means will move as a unit
      relative to said bottom frame means about the axis of said second hinge
      means, said second fastening means comprising means defining a plurality
      of recesses in said top frame means and detent means projecting laterally
      of said connecting plates, said detent means being received in one of said
      recess means and defining a hinge axis coaxial with said axis of said
      second hinge means; and
PA1  releasable locking means for locking said top frame means in a parallel
      relationship to said bottom frame means, said locking means being located
      along an edge of said parallel connected top and bottom frame means which
      is parallel to said axis of said second hinge means but remote therefrom,
      said locking means comprising a pair of elongated bars on one of said top
      and bottom frame means and means defining a pair of recesses on the other
      of said top and bottom frame means, said bars being wider than the width
      of the corresponding recess but being flexible to a lesser width to
      facilitate a movement of said bars into and out of said recesses.
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ABST
PAL  A ear tag for identifying animals is provided with a flat body portion
      including the identifying indicia. The body is connected by a neck
      portion, which is usually in right angular relation to the body portion,
      to an anchoring head. This anchoring head extends upwardly and downwardly
      therefrom. The anchoring head will not readily pull out due to relatively
      rigid construction thereof. The neck of the tag, rather than the anchoring
      head, flexes during insertion into the ear.
PARN
PAR  This is a continuation in part of my previous application, Ser. No.
      216,489, filed Jan. 10, 1972, for "MARKING TAGS" now abandoned.
BSUM
PAR  This invention relates to an improvement in marking tags and deals
      particularly with an identifying member which may be inserted through the
      ear of cattle or the like in order to identify them.
PAC  BACKGROUND OF THE INVENTION
PAR  For a considerable number of years, the desirability of identifying cattle
      has been recognized. For many years cattle have been branded to show
      ownership. More recently the use of markings of one type or another for
      the purpose of identifying the individual animals has become more
      important. In some instances, this has been done by tattooing the ear of
      the animal with individual numbers or other indicia so that each animal
      may be recognized from the others. Individual metal tags have for many
      years been clipped to the ears or otherwise anchored thereto. Obviously,
      if such tags get caught in wire fencing, underbrush or the like, the ear
      may be seriously damaged and the identification may be lost or destroyed.
PAR  In recent years the use of identifying tags made of resilient plastic has
      become quite common. These tags have the advantage of being legible from a
      greater distance than tags of most sorts, cause less damage to the animal,
      and are somewhat less likely to be accidentally removed than the metal
      tags previously used. One such tag which has been produced in some volume
      comprises an identifying panel which is marked to provide the
      identification, the upper portion of this panel being tapered for
      connection with a relatively narrow neck. This neck connects the
      identification panel with an anchoring head. The anchoring head is usually
      of generally triangular form having shoulders which extend laterally from
      opposite sides of the neck. The identification panel, the relatively
      narrow neck portion, and the anchoring head are usually of uniform
      thickness. To insert the tag, the anchoring head is rolled into tubular
      form of a diameter usually substantially equal to the width of the neck
      portion. This anchoring head is then inserted through a slit in the ear of
      the animal. After insertion, the anchoring head is allowed to unroll,
      leaving the neck extending through the slit in the ear and held from
      disengagement from the slit by the relatively wide identification panel
      and the relatively wide laterally extending shoulders on the anchoring
      head.
PAR  To facilitiate the insertion, a hollow tubular tool or instrument is
      provided having a pointed and flattened end which is sharpened for
      insertion through the ear. The tubular body is designed to accommodate the
      tubularly rolled anchoring head. The tool is forced completely through the
      ear and then withdrawn from the anchoring head to permit this head to
      unroll. While it is possible to insert the tag without this tool or
      instrument, the operation is somewhat difficult due to the fact that the
      head must be held in rolled condition during insertion. Probably the
      greatest objection to this type of tag is the difficulty experienced by
      the rancher in rolling up the anchoring head for insertion into the
      tubular instrument. The head cannot be very flexible, as this facilitates
      accidental disengagement. At the same time, the less flexible the head is
      made, the greater is the difficulty in rolling it up. As constructed, the
      head is quite stiff to insure retention in the ear. Accordingly in actual
      practice it is quite difficult to roll it up small enough for insertion
      into the instrument.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that a tag of improved character may be produced by making a
      tag with an anchoring head which is thicker and more rigid than the neck
      portion of the tag. This anchoring head is preferably no wider than the
      neck and projects on opposite sides of the surfaces of the neck rather
      than from opposite lateral side edges thereof. This anchoring head is not
      flexed or rolled during the insertion process. The relatively rigid
      anchoring head is merely folded in parallel relation to the relatively
      resilient neck. The anchoring head may be inserted through a slit in the
      ear of the animal in an end-wide direction. After insertion, the neck of
      the tag flexes into its normal position and the anchoring head extends
      upwardly and downwardly above and below the slit rather than laterally
      therefrom as in the past.
PAR  This arrangement has numerous advantages over previous tag construction. If
      tags are being inserted by hand without the use of an insertion tool, the
      slit may vary in length. In the past, the shoulders of the anchoring head
      are parallel to the slit, and the tag may be accidentally pulled loose if
      the slit is excessively long as from natural growth of young livestock.
      Furthermore, by having the anchoring portion of the head at right angles
      to the direction of the slit, the anchoring head will not irritate the
      surface of the ear adjoining the slit. Due to the fact that the anchoring
      head need not be held in a rolled up form during insertion, the present
      tag may be much more easily inserted without in insertion tool than in the
      past. Furthermore, within reasonable limits, the thickness of the
      anchoring head has no effect on the ease of insertion.
PAR  These and other objects and novel features of the present invention will be
      more clearly and fully set forth in the following specification and claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view showing the identification tag in the ear of an animal.
PAR  FIG. 2 is a rear elevational view of the animal's ear with the tag inserted
      showing the rear side of the tag.
PAR  FIG. 3 is an enlarged sectional view showing the anchoring means in place
      in the ear.
PAR  FIg. 4 is a perspective view of the tag.
PAR  FIG. 5 is a plan view of the insertion tool.
PAR  FIG. 6 is a side elevational view of the tool shown in FIG. 5.
PAR  FIG. 7 is a longitudinal sectional view of a portion of the tool with the
      anchoring end of the tag in place therein.
PAR  FIG. 8 is a plan view of the insertion tool and tag as it is inserted into
      the ear of the animal.
PAR  FIG. 9 is a diagramatic view showing the insertion tool as it is being
      removed from the identification tag.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As is indicated in FIG. 4 of the drawings, the tag is indicated in general
      by the letter A and includes a body portion or display panel 10 which is
      connected by converging upper end portions 11 to a neck 12 of relatively
      narrow width. In the particular arrangement illustrated, the neck portion
      12 is connected to a neck section 13 which is of generally similar width
      to the short neck portion 12 which is coplanar with the body portion 10.
      The neck 13 is connected to an anchoring head 14 along a generally right
      angular line of connection 15. The head 14 is preferably slightly concave
      on the surface which is connected to the neck 13 and correspondingly
      convex on its outer surface. As is indicated in FIGS. 3 and 9 of the
      drawings, the anchoring head 14 is somewhat thicker at its point of
      connection with the neck section 13 so that this anchoring head is
      somewhat more rigid than the remainder of the tag body. The body is formed
      of a resilient plastic or other rubberlike material, and it is preferable
      that the anchoring head be somewhat more rigid than the neck 13 or the
      body portion 10. As is indicated, the head is generally ovular in shape
      and includes rounded ends 16 which will bear against the ear of the animal
      when inserted, but will not cause any abrasion thereto.
PAR  The body portion 10 is shown in FIG. 1 of the drawings as depending from
      the ear 17 of the animal 19. The body 10 is provided with indicia such as
      20 which may be in the form of a number, letter, or other symbol to
      designate the ownership as well as the individual identity of the animal.
      In view of the fact that the tag is quite large, the identification may be
      made from somewhat of a distance from the animal.
PAR  While the tag may be manually inserted through a slit in the ear of the
      animal, an insertion tool which is indicated in general by the letter B
      may also be employed to simplify the process. The insertion tool B is
      provided with a sharply pointed end 21 which is strengthened to some
      extent by a longitudinally extending central rib 22. Rearwardly of the
      head 21, the side edges of the tool are bent upwardly as indicated at 23
      to form a generally channel shaped or U-shaped form which serves to cut a
      similarly shaped slit in the ear of the animal. Rearwardly of the channel
      shaped portion 24, the side flanges are folded inwardly as indicated at
      25, the flanges 25 extending substantially parallel to the base 26 of the
      tool. The flanges 25 are designed to retain the anchoring head of the tag
      during its insertion through the ear of the animal.
PAR  FIG. 7 of the drawings indicates the manner in which the anchoring head 14
      is inserted into the tool. The generally oval shaped head is merely
      inserted between the flanges 25 and the base portion 26 of the tool. This
      is accomplished by bending the neck portion 13 along or adjoining the line
      15 which is the line of connection with the head. The anchoring head
      itself is not deformed or changed in shape to any material extent, the
      relatively rigid head normally maintaining its form during the insertion
      operation. When the anchoring head of the tag is inserted into the
      instrument B as indicated in FIG. 7 of the drawings, the pointed end 21 of
      the instrument is inserted through the ear of the animal until the
      anchoring head is vertually through the ear as indicated in FIG. 9 of the
      drawings. Further movement of the tag through the ear is impeded by the
      patered shoulders 11 of the tag. The insertion tool B is removed from the
      anchoring head of the tag, and the neck 13 is allowed to assume its normal
      position as indicated in FIG. 4, the anchoring head extending along one
      side of the ear, while the body 10 of the tag extends along the opposite
      side thereof. The tag then assumes the position indicated in FIG. 1 of the
      drawings, and the anchoring head assumes the position shown in FIGS. 2 and
      3. The tag is then supported from the ear in a position where it may be
      readily seen for identification of the animal.
PAR  In accordance with the Patent Office statutes, I have described the
      principles of construction and operation of my improvement in Marking
      Tags, and while I have endeavored to set forth the best embodiment
      thereof, I desire to have it understood that changes may be made within
      the scope of the following claims without departing from the spirit of my
      invention.
CLMS
NUM  1.
PAR  1. A unitary livestock identification ear tag which can be readily folded
      from a normal configuration to a compact configuration for insertion into
      an animal's ear, following which it resiliently returns to said normal
      configuration for effective retention into place, said tag comprising an
      elongated flat body portion adapted to receive identification indicia, a
      neck section resiliently hinged along one of its edges to an edge of said
      body portion with said one edge defining a first transverse junction, said
      neck section extending substantially perpendicular to said body portion in
      said normal configuration, said neck section being thin and substantially
      flat in cross-section and being of a length sufficient, but not greatly
      exceeding, the length necessary to accommodate the thickness of an
      animal's ear, an elongated anchoring head substantially concave-convex
      from end to end and substantially equal in width to said neck section
      resiliently hinged intermediate the opposed ends of said anchoring head to
      the other edge of said neck section along a secod transverse junction
      substantially parallel to said first junction, said anchoring head
      extending only in two directions from said second junction substantially
      normal to said neck section and substantially parallel to said body
      portion in said normal configuration, the convex side of said head having
      a smaller radius of curvature than the opposite surface, whereby the
      thickness of said anchoring head is greater at said second junction than
      at the ends of said head, said anchoring head having opposed ends which
      are rounded sufficiently to engage an animal's ear to prevent unnecessary
      abuse of the ear during the use of the tag, said neck section being
      bendable along said first and second transverse junctions to position said
      neck into substantially coplanar relation to said body portion, and to
      position one end of said anchoring head substantially parallel to and
      substantially contacting said neck section and the other end of said
      anchoring head outwardly beyond said neck section with said other end of
      said anchoring head substantially in the plane of said neck section,
      whereby said neck section and said anchoring head are folded into a
      compact configuration for insertion through a slit in an animal's ear.
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ABST
PAL  In vitro net biosynthesis of chlorophyll and grana involving: irradiation
      of etiolated plant tissue; homogenization, in an environment including
      available oxygen, of the tissue in a buffer comprising biosynthetic
      cofactors including coenzyme A, glutathione, potassium, inorganic
      phosphate, methyl alcohol, magnesium, nicotinamide adenine dinucleotide
      and adenosine triphosphate; isolation from the homogenate of developing
      chloroplasts; irradiated incubation of the isolated chloroplasts in the
      presence of oxygen in another buffer of a constitution similar to that
      above-described and including .delta.-aminolevulinic acid. Synthesized
      products are isolated and quantified.
BSUM
PAC  BACKGROUND
PAR  The present invention relates generally to in vitro biosynthetic systems
      and products thereof and more specifically to the net biosynthesis, in
      vitro, of chlorophyll and grana.
PAR  The prime source of energy in the biosphere is the light absorbed by
      chlorophyll-containing plant cells. This energy is used to fix carbon
      dioxide into carbohydrates by the following general formula.
EQU  6 CO.sub.2 + 6 H.sub.2 O .sup.light C.sub.6 H.sub.12 O.sub.6 + 6 O.sub.2
PAL  The photosynthetic apparatus of plant and algal cells is lodged within
      especially organized structures called chloroplasts, which are bodies of
      varied shape, 3 to 10 .mu. long and 0.5 to 2 .mu. in diameter. Within
      chloroplasts are found varying numbers of somewhat cylindrical structures
      called grana, which generally include fused stacks of flattened membranes
      called thylakoids. At or near the thylakoid membranes in grana,
      substantial portions of the photosynthetic process occur.
PAR  Extensive research into the process of biosynthesis of chlorophyll in lower
      and higher plants has been carried out, reported and reviewed within the
      past two decades. See, e.g., the references collected and cited by the
      inventor in, Rebeiz, et al., Ann. Rev. Plant. Physiol., 24, 129-72 at p.
      131. The step-by-step enzymology of chlorophyll biosynthesis is still not
      completely known. The middle portion of the biosynthetic pathway, i.e.,
      the stepwise conversion of .delta.-aminolevulinic acid (hereafter, ALA) to
      protoporphyrin IX, has been explored with moderate success in cell-free
      preparations from higher plants. However, the initial step involving ALA
      biosynthesis and the final steps involving conversion of protoporphyrin to
      chlorophyll are still largely unknown. Progress in these two areas has
      been held back by the lack of cell-free, in vitro, systems able to
      catalyze these reactions. The lack of such systems has been in major part
      due to the general inability to suppress in vitro, the "auto-destructive"
      activity of chloroplasts and related organelles upon their removal from in
      vivo systems.
PAR  In the last decade considerable efforts have been devoted to evaluating the
      reproductive, developmental and nutritional autonomy of chloroplasts. The
      control of chlorophyll biosynthesis and biosynthesis of thylakoid
      membranes have also received considerable attention. See, e.g., the
      reviews dealing with this topic collected and cited by the inventor in
      Rebeiz, et al., supra, at p. 132. Here, too, the progress of the field has
      been hindered by the lack of chloroplast preparations capable of doing in
      vitro, what they can be in vivo (see, e.g., Woodcock, et al., in
      "Structure and Function of Chloroplasts," (ed., Gibbs), pp. 89-128 (New
      York: Springer-Verlag, 1971)).
PAR  The inventor and his collaborators have shown that cell-free homogenates
      and etioplasts isolated from cucumber cotyledons and incubated with
      .sup.14 C-ALA and certain biosynthetic cofactors are capable of
      synthesizing .sup.14 C-Mg protoporphyrin monoester, .sup.14
      C-Protochlorophyll and .sup.14 C-chlorophyll a and b. See, Rebeiz, et al.,
      Plant Physiol., 47, 24-32 (1971); Rebeiz, et al., Plant Physiol., 47,
      33-37 (1971); and Rebeiz, et al., Plant Physiol., 46, 543-49 (1970).
      Confirmation of that work was reported by Wellburn, et al., in Biochem.
      and Biophys, Res. Comm., 45, 747-50 (1971). (See also, Wellburn, et al.,
      J. Experimental. Bot., 22, 972-79 (1971) and Wellburn, et al., J. Cell.
      Sci., 9, 271-87 (1971).)
PAR  The net biosynthesis of microgram quantities of chlorophyll from ALA in
      vitro has, however, heretofore not been achieved. Similarly, the
      biosynthetic in vitro assembly of grana has heretofore not been achieved.
PAC  BRIEF DESCRIPTION
PAR  According to the present invention the in vitro net biosynthesis of
      chlorophyll as well as the in vitro biosynthesis of grana may be achieved
      through processes involving the irradiation of etiolated plant tissue with
      visible light (i.e., 350 to 1,050 nm) at an intensity of 100 to 300
      foot-candles for periods of 2 to 5 hours at temperatures of from
      20.degree. to 35.degree.C. to precipitate the formation of developing
      chloroplasts. The irradiation process is followed by an homogenization of
      the irradiated tissue in an atmosphere containing available oxygen (such
      as air) and in a buffer comprising biosynthetic cofactors including
      coenzyme A (hereafter, CoA), glutathione (hereafter, GSH), potassium,
      inorganic phosphate (hereafter, Pi), methyl alcohol, magnesium,
      nicotinamide adenine dinucleotide (hereafter, NAD) and adenosine
      triphosphate (hereafter, ATP) which buffer has a pH of 7.9 to 8.2, as
      measured at an ambient temperature of about 20.degree.C. The
      homogenization process is followed by isolation of developing chloroplasts
      from the homogenate and subsequent incubation, while irradiating with
      visible light at an intensity of 1 to 50 foot-candles and in an atmosphere
      containing available oxygen, in a buffer of a constitution similar to that
      above-described, but which includes ALA and has a pH of 7.6 to 7.8, as
      measured at an ambient temperature of about 20.degree.C. The incubation is
      ordinarily carried out at temperatures of 15.degree. to 35.degree.C.
      Chlorophyll and grana formed in the course of the incubation may be
      isolated and characterized.
PAR  As employed herein, "chlorophyll" relates to the green coloring material
      visible in leaves and present in all growing plants and includes
      chlorophyll a and b, unless otherwise indicated or made obvious from the
      context. The term "grana" relates to contiguously fused membranous
      material ordinarily characterized by the presence of chlorophyll,
      cytochromes, galactolipids, digalactolipids, sulpholipids, plastoquinones,
      carotenoids, phospholipids, diphospholipids, plastocyanin, ferredoxin and
      other lipid and proteinaceous materials (See, e.g., the molecular models
      of such membranous materials described by Weier, et al., in "The
      Biochemistry of Chloroplasts," (ed., Goodwin) pp. 92-113 (London: Academic
      Press, 1966).) The exact chemical and physical nature of grana membranous
      fusion is incompletely known, but it is expected that the fusion may
      include bonding by van der Waals forces, hydrogen bonding, ionic bonding,
      hydrophobic association and, possibly, covalent bonding. The term "net
      biosynthesis" relates to a detectable measurable increase in the net
      amount of a particular product synthesized during a given period of time.
      A measurable increase, relative to an in vitro biosynthetic system, for
      example, might ordinarily be such an amount as may be weighed in microgram
      quantities. The term "etiolated plant tissue" relates to plant tissue
      grown in the absence of light and which contains some amount of
      prolamellar bodies and protochlorophyll, but which contains neither grana
      nor substantial amounts of chlorophyll. (It may be noted, for example,
      that etiolated pine seedling tissue has been reported to contain minor
      amounts of chlorophyll.)
DRWD
PAR  As indicated supra, the processes of the present invention may be carried
      out within a moderately wide range of process parameters. Preferred
      parameters will become apparent through consideration of the following
      detailed description of processes and products, reference being made to
      the drawings wherein:
PAR  FIG. 1 graphically represents apparent fluorescence of precipitated and
      suspended chlorophyll-protein pellets;
PAR  FIG. 2 graphically represents absorption and difference spectra of organic
      extracts of developing chloroplasts;
PAR  FIG. 3 graphically represents apparent fluorescence of various bound
      chlorophyll fractions;
PAR  FIG. 4 is a composite comparative photomicrograph of developing
      chloroplasts;
PAR  FIG. 5 is a composite comparative photomicrograph of developing
      chloroplasts; and
PAR  FIG. 6 graphically represents apparent fluorescence of bound chlorophyll
      fractions.
DETD
PAR  The processes and products of the present invention set out in the detailed
      description which follows are substantially as described by the inventor
      in: Rebeiz, et al., "Chloroplast Maintenance and Partial Differentiation
      in Vitro," Plant Physiol., 51, 651-59 (1973); Rebeiz, et al.,
      "Biosynthesis and Accumulation of Microgram Quantities of Chlorophyll by
      Developing Chloroplasts in Vitro," Plant Physiol., 51, 660-66 (1973) and
      Rebeiz, et al., "Protochlorophyll and Chlorophyll Biosynthesis in
      Cell-Free Systems from Higher Plants," Ann. Rev. Plant Physiol., 24,
      129-72 (1973). The disclosure of these publications as it relates to the
      background of the invention and illustrates the prior art is hereby
      expressly incorporated by reference.
PAC  DETAILED DESCRIPTION
PAR  The in vitro biosynthesis of grana according to the present invention may
      be illustrated by the following exemplary procedures, generally designated
      as "Procedure I."
PAC  PROCEDURE I
PAC  A. Materials and Methods
PAR  1. Growing, Harvesting, and Irradiating Cucumber Cotyledons
PAR  Cucumber seeds, (Cucumis sativus L. cv. Alpha Green) were germinated in
      vermiculite at 24.degree.C. in complete darkness for 4.5 days. Cotyledons
      to be preirradiated were harvested with full hypocotyl hook. (See, Hardy,
      et al., Plant Physiol., 46, 705-07 (1970).) They were placed in beakers
      with enough distilled water to keep them moist and were illuminated with
      240 foot-candles of white fluorescent light at 28.degree.C. for 2.5 or 4.5
      hours.
PAR  2. Preparation of Unfortified and Fortified Crude Homogenates
PAR  "Unfortified" crude homogenates were prepared from 4.5-day-old cotyledons
      as follows. Four grams of etiolated or greening cotyledons were gently
      ground with mortar and pestle without sand in 6.0 ml. of 0.5 molar
      (hereafter, M) sucrose and 0.2 M tris-HCl, pH 8.0, at 0.degree. to
      5.degree.C. The brei was filtered through four layers of cheesecloth.
      About 5 ml. of unfortified crude homogenates were obtained. "Fortified"
      crude homogenates were prepared by grinding 4 g. of etiolated or greening
      cotyledons in 6.0 ml. of fortified tris-HCl and 0.5 M sucrose, pH 8.0,
      containing 5 .mu.moles of GSH, 0.3 .mu.mole of CoA, 0.5 .mu.mole of
      magnesium chloride as a source of magnesium, 50 .mu.mole of potassium
      phosphate as a source of both potassium and Pi, 24 .mu.moles of methanol,
      0.4 .mu.mole of ATP, and 0.075 .mu.mole of NAD per ml. of fortified
      buffer. The brei was filtered as described above. About  5 ml. of
      fortified crude homogenates were obtained.
PAR  3. Preparation of Etioplasts and Developing Chloroplasts
PAR  "Fortified" and "unfortified" etioplasts or developing chloroplasts refer
      to isolated organelle preparations obtained from the respective fortified
      or unfortified crude homogenates. Five ml. of the fortified or unfortified
      crude homogenates were centrifuged at 200 .times. g for 3 minutes. The
      pellet was discarded, and the supernatant was centrifuged at 1,500 .times.
      g for 7 minutes. The pellet obtained from the unfortified crude homogenate
      was resuspended in 4 ml. of 0.5 M sucrose and 0.2 M tris-HCl, pH 7.7 Such
      suspensions are referred to as unfortified etioplasts or unforitifed
      developing chloroplasts, as the case may be. The pellet obtained from a
      fortified crude homogenate was resuspended in 4 ml. of fortified 0.2 M
      tris-HCl and 0.5 M sucrose, pH 7.7, containing 5 .mu.moles of GSH, 0.3
      .mu.mole of CoA, 05. .mu.mole of magnesium chloride, 50 .mu.moles of
      potassium phosphate, 24 .mu.moles of methanol, 0.4 .mu.mole of ATP, and
      0.075 .mu.mole of NAD per ml. of fortified buffer. Such plastid
      suspensions are referred to as fortified etioplasts or fortified
      developing chloroplasts. All manipulations involving etiolated
      preparations were performed in the dark under a weak green safelight.
      Preparations derived from greening cotyledons were handled under subdued
      laboratory light, including natural sunlight and fluorescent artificial
      light, of about 10 foot-candles at bench level.
PAR  4. Incubation
PAR  Four ml. of unfortified and fortified crude homogenates, unfortified and
      fortified etioplasts, and unfortified and fortified developing
      chloroplasts were incubated in cylindrical flat bottom glass tubes (2
      .times. 10 cm.) on a metabolic shaker operated at about 10 to 50
      shakes/minute. The incubations were performed at 28.degree.C., either in
      complete darkness or under 10 foot-candles of white fluorescent light for
      16 hours. Reaction mixtures that were incubated in the absence of light
      were wrapped in black cloth and covered with aluminum foil, and the
      incubation was carried out in a darkroom. The unfortified reaction mixture
      (5.0 ml.) at pH 7.7 contained 4.0 ml. of unfortified crude homogenates or
      unfortified plastid preparations, 800 .mu.moles of tris-HCl, 2 .mu.moles
      of sucrose, and 120 nmoles of ALA. Five ml. of fortified reaction mixture
      at pH 7.7 contained 4.0 ml. of fortified crude homogenates or fortified
      plastid preparations, 800 .mu.moles of tris-HCl, 2 mmoles of sucrose, 120
      nmoles of ALA, 200 .mu.moles of potassium phosphate. 2 .mu.moles of
      magnesium chloride, 20 .mu.moles of GSH, 1.2 .mu.moles of CoA, 2.4 mmoles
      of methyl alcohol, 1.6 .mu.moles of ATP, and 0.3 .mu.mole of NAD.
      Preirradiated cotyledons excised with full hypocotyl hook were
      simultaneously incubated in a minimal volume of distilled water under the
      same light and temperature conditions.
PAR  5. Recovery of Incubated Plastids from Unfortified and Fortified Reaction
      Mixtures Containing Crude Homogenates
PAR  At the beginning or end of incubation, unfortified or fortified reaction
      mixtures containing crude homogenates were centrifuged at 200 .times. g
      for 3 minutes to sediment debris. The pellet was discarded. The resulting
      supernatant was centrifuged at 1,500 .times. g for 7 minutes to sediment
      the plastids.
PAR  6. Recovery of Incubated Plastids from Unfortified and Fortified Reaction
      Mixtures Containing Isolated Plastid Preparations
PAR  At the beginning or end of incubation the unfortified or fortified reaction
      mixtures containing etioplasts or developing chloroplasts were centrifuged
      at 1,500 .times. g for 7 minutes to sediment the plastids.
PAR  7. Electron Microscopic Study
PAR  The plastid pellets were suspended in 1 ml. of their respective incubation
      medium, and equal volumes of 4% glutaraldehyde were added. The suspensions
      were kept in the dark at room temperature for 45 minutes, then centrifuged
      at 1,500 .times. g for 10 minutes.
PAR  Pieces of cotyledons were fixed with 5% glutaraldehyde in 0.15 M phosphate
      buffer at pH 7.2 for 1 hour and were washed thoroughly in buffer. Both
      cotyledons and plastid pellets were postfixed in 1% osmium tetraoxide in
      0.15 M phosphate buffer, pH 7.2. Dehydration was by an ethanol-propylene
      oxide series followed by embedding in a low viscosity epoxy resin
      according to Spurr, J. Ultrastruct. Res., 26, 31-43 (1969). Sections were
      cut with a diamond knife in a microtrome and stained with a 2% aqueous
      uranyl acetate solution followed by lead citrate according to Reynolds, J.
      Cell. Biol., 18, 208-12 (1963). Sections were examined in an electron
      microscope. Three grids were prepared from each pellet. Examination on the
      microscope preceded any evaluation of the final prints which were prepared
      by a technician without knowledge of the profile types desired. The only
      selection consisted of photographing etioplasts from each grid that showed
      some structure. Two hundred etioplasts from each grid were reviewed.
PAC  B. Results
PAR  1. General Ultrastructure of Etioplasts
PAR  Electron microscopic study of an unfortified crude homogenate containing
      etioplasts at zero time revealed the presence of intact and damaged
      etioplasts, prolamellar body debris, and mitochondria as well as other
      particulate components. The fixation image of the stroma of typical
      etioplasts found in this unfortified crude homogenate was uniformly finely
      gray-granular with some black granules and irregular areas free from
      electron-dense material. The prolamellar body was in the crystalline phase
      and had several peripheral lamellae radiating from it. There were
      occasional membrane overlaps in the peripheral lamellae.
PAR  After 16 hours of dark incubation in the adsence of cofactors the
      unfortified crude homogenate appeared severely bleached. Etioplasts could
      not be positively identified, although electron-dense homogeneous profiles
      with heavy osmiophilic centers which were revealed may represent
      etioplasts with strongly degraded prolamellar bodies. These profiles
      indicated a complete loss of the structured molecular organization of the
      etioplasts. Typical etioplasts were not observed after 16 hours of
      incubation in the dark in the fortified crude homogenate containing
      cofactors. However, some degraded etioplasts were tentatively identified
      as such. Many reticular profiles were present, some sectors of which were
      associated with a double membrane that could be interpreted as a plastid
      envelope. Thus, although the cofactors did not fully protect the
      etioplasts in the crude homogenate during the 16-hour dark incubation
      period, they seemed to retard the rate of breakdown.
PAR  Unfortified etioplasts incubated in the dark for 16 hours in the absence of
      cofactors lost much of their structural organization. For example, all the
      plastids in a representative sample of 15 profiles were highly degraded.
      In most cases there remained only a vesicular stroma which generally
      lacked an outer envelope. There was present in some etioplasts a limiting
      outer boundary that could be interpreted as a partially degraded outer
      envelope. No lamellar structures were observed.
PAR  Fortified etioplasts incubated in the dark for 16 hours in the presence of
      cofactors retained much of their structure. In a representative sample of
      15 profiles, 5 etioplasts exhibited a distinct prolamellar body, including
      peripheral lamellae surrounded by a granular, moderately reticulate
      stroma. Such prolamellar bodies were not crystalline as might be expected
      since no irradiation was received, but rather resembled reacted
      prolemellar bodies, that is, ones that have lost their para-crystalline
      structure. Reacted prolamellar bodies are normally observed in etioplasts
      from seedlings that have received a short exposure to light. The envelope,
      while present, only infrequently showed its double nature. The remaining
      10 profiles lacking prolamellar bodies were membrane-bound organelles.
      They were interpreted as sections of regions to one side of the
      prolamellar body. No irregular reticulate profiles were observed such as
      in unfortified etioplasts incubated without cofactors. The cofactors
      clearly protect the etioplasts in free suspension from degradation in the
      dark.
PAR  2. Ultrastructural Changes of Developing Chloroplasts Prepared from
      2.5-hourpreilluminated Cotyledons and Incubated in the Light in the
      Absence and Presence of Cofactors.
PAR  FIG. 4 is a composite photomicrograph illustrating ultrastructural changes
      in developing chloroplasts obtained according to the invention through
      irradiation for 2.5 hours. Within the micrograph the following
      abbreviations are employed: E for envelope; G for granum; I for
      invagination and/or interaction of inner component of envelope with
      peripheral lamellae; Ol for overlapping of membranes in peripheral
      lamellae; Pb for prolamellar body, crystalline or reacted state; Pl for
      peripheral lamellae; S for stroma; and St for starch. FIG. 4A shows an in
      situ plastid from irradiated cotyledons; FIG. 4B shows an unfortified
      plastid at zero time; FIG. 4C shows an unfortified plastid after 16 hours
      of incubation without cofactors; FIG. 4D shows a fortified plastid at zero
      time; and FIG. 4E shows a foritifed plastid after 16 hours of incubation
      with cofactors. All micrographs are at a magnification of 18,000 .times..
PAR  Greening cucumber cotyledons irradiated for 2.5 hours contained etioplasts
      with a reacted prolamellar body and incipient two-compartment grana (FIG.
      4A) associated with the peripheral lamellae. The plastids in a
      representative sample of 18 profiles were very similar to the one shown in
      FIG. 4A. The usual picture sugggesting membrane proliferation from the
      inner component of the plastid envelope is also well illustrated. These
      cotyledons had just emerged from the lag phase.
PAR  FIGS. 4B and 4D, respectively, show unfortified and fortified plastids
      isolated from irradiated cotyledons just before incubation. They were
      similar in structure to etioplasts observed in cotyledonary tissue, even
      to the presence of two-compartmented grana in the peripheral lamellae. No
      change was induced during isolation whether or not the cofactors were
      present. However, invaginations from the inner component of the plastid
      envelope were not distinct in the isolated etioplasts.
PAR  Unfortified plastids incubated in the light for 16 hours in the absence of
      cofactors underwent considerable disorganization (FIG. 4C). In a
      representative sample of 25 profiles all the plastids were highly
      degraded. Some degraded etioplasts still possessed an outer envelope or
      part of one. A much contracted, highly electron-dense prolamellar body was
      present, embedded in vesicular stroma. Peripheral lamellae were entirely
      lacking. The vesicular nature of the stroma was difficult to interpret.
      The individual vesicles appeared to be membrane-bound, and they lacked
      association with the prolamellar body.
PAR  Greening fortified plastids incubated for 16 hours in the light with the
      cofactors retained much of their normal structure (FIG. 4E). In a
      representative sample of 28 profiles, 13 exhibited well preserved
      structures. The intact outer envelope, reacted prolamellar body with
      peripheral lamellae, and grana are easily identified. One of the
      peripheral lamellae is associated with the envelope (FIG. 4E).
      Invagination of the inner component of the envelope was not observed.
PAR  Simple overlaps in the membranes of the peripheral lamellae usually occur
      at this stage of development, and they do appear in the peripheral
      lamellae of the etioplasts in situ and of the etioplasts isolated both
      with and without cofactors. Grana formation is usually confined to short
      (0.5 -1 .mu.) lengths of the peripheral lamellae (FIGS. 4A, 4B, 4D).
      However, during incubation in the presence of the cofactors, grana appear
      to form over much of the length of the peripheral lamellae in most of the
      preserved plastids (FIG. 4E).
PAR  3. Ultrastructural Changes of Developing Chloroplasts Prepared from
      4.5-hour-irradiated Cotyledons, Incubated in the Light in the Absence and
      Presence of Cofactors
PAR  FIG. 5 is a composite photomicrograph illustrating ultrastructural changes
      in developing chloroplasts obtained according to the invention through
      irradiation for 4.5 hours. The same abbreviations are employed in FIG. 5
      as were employed in FIG. 4. FIG. 5A shows an in situ plastid from an
      irradiated cotyledon; FIG. 5B shows an in situ plastid from irradiated
      cotyledons incubated at low light for 16 hours; FIG. 5C shows unfortified
      plastids after 16 hours of incubation without cofactors; and FIG. 5D shows
      a fortified plastid after 16 hours of incubation with cofactors. All
      micrographs are at a magnification of 18,000 .times., except for FIG. 5C
      which has a magnification of 9,000 .times..
PAR  Greening cucumber cotyledons irradiated for 4.5 hours with 240 foot-candles
      of white fluorescent light contained plastids with reacted prolamellar
      bodies and two- to four-compartment grana arranged along the numerous
      radiated peripheral lamellae (FIG. 5A). In a representative sample of 23
      profiles the plastids were very similar to the one shown in FIG. 5A. The
      outer ends of several of the peripheral lamellae were closely associated
      with the outer envelope, giving the usual impression of reaction between
      envelope and peripheral lamella (FIG. 5A). Such cotyledons had emerged
      from the lag phase.
PAR  When the irradiated cotyledons were moistened with distilled water and
      exposed to 10 foot-candles of white fluorescent light for 16 hours, the
      prolamellar bodies reverted to the crystalline condition and some two- and
      four-compartment grana grew into six-compartment grana (FIG. 5B).
PAR  When unfortified developing chloroplasts were isolated from
      4.5-hour-irradiated cotyledons and incubated for 16 hours in subdued light
      in the absence of the cofactors, extensive degradation of the chloroplast
      structure occurred (FIG. 5C). In a representative sample of 60 profiles
      all the plastids were highly degraded. The outer envelope was broken. The
      tubular structure in the prolamellar body was largely obliterated, and it
      remained as a very electron-dense body, indicating disintegration. No
      peripheral lamellae were present. The stroma was vesicular, and although
      the vesicle appeared to be membrane-bound, no evidence of their origin was
      apparent.
PAR  When fortified developing chloroplasts were isolated and incubated for 16
      hours in subdued light in the presence of the cofactors, the structure of
      some of the plastids was remarkably well preserved (FIG. 5D). In a
      representative sample of 29 profiles, 12 exhibited well maintained
      structures. The reacted prolamellar body did not revert to the crystalline
      condition, as was the case with the chloroplasts incubated in situ (FIG.
      5B). The grana formed on the peripheral lamellae by the end of the
      incubation period were unusually long. Some had as many as 10
      compartments. The end of one of the peripheral lamellae was closely
      associated with the plastid envelope, indicating reaction between the
      envelope and the peripheral lamellae.
PAC  C. Summary
PAR  Incubation of fortified and unfortified crude homogenates with and without
      the addition of the cofactors resulted in the breakdown of the etioplasts.
      The process of degradation was somewhat retarded in the presence of the
      cofactor mixture.
PAR  When unfortified etioplasts were incubated in the dark without the
      cofactors, the prolamellar body underwent complete disintegration. On the
      other hand, when fortified etioplasts were incubated in the presence of
      these cofactors, the prolamellar body was maintained, but it changed from
      the crystalline to the reacted state.
PAR  Developing chloroplasts isolated from cotyledons after 2.5 hours of
      irradiation and incubated for 16 hours in subdued light showed: (a)
      without cofactors: an electron-dense disorganized prolamellar body, no
      peripheral lamellae, and a vesicular stroma (FIG. 4C); (b) with cofactors:
      a typical, but diffuse reacted prolamellar body, with peripheral lamellae
      bearing elongated grana and showing some terminal association with the
      plastid envelope; invagination of the inner component of the envelope was
      not noted (FIG. 4E).
PAR  Whole cotyledons irradiated 4.5 hours and incubated in distilled water in
      weak light showed a reversion of the reacted prolamellar body to the
      crystalline state, a typical stroma, and some evidence of the invagination
      of the inner component of the plastid envelope (FIG. 5B).
PAR  Developing chloroplasts isolated from cotyledons after 4.5 hours of
      irradiation and incubated for 16 hours in the light showed: (a) without
      cofactors: an electron-dense disorganized prolamellar body, no peripheral
      lamellae, a vesicular stroma, and a broken outer envelope (FIG. 5C); (b)
      with cofactors: a typical reacted prolamellar body, with peripheral
      lamellae bearing somewhat elongated grana. Some had as many as 10
      compartments. The ends of some peripheral lamellae were associated with
      the envelope. The stroma was normal (FIG. 5D).
PAR  The in vitro net biosynthesis of chlorophyll according to the present
      invention may be illustrated by the following exemplary procedures,
      generally designated as "Procedure II."
PAC  PROCEDURE II
PAC  A. Materials and Methods
PAR  1. Germinating Cumcumber Seeds
PAR  Cumcumber seeds (Cucumis savitus L. cv. Alpha Green) were germinated in
      vermiculite at 24.degree.C. in complete darkness for 4 days.
PAR  2. Light Pretreatment of Etiolated Cumcumber Cotyledons
PAR  Etiolated cotyledons were harvested with full hypocotyl hook under a green
      safelight as described supa. They were placed in culture dished with
      enough distilled water to keep them moist. The excised cotyledons were
      illuminated with 240 foot-candles of white fluorescent light at
      28.degree.C. for 1 minute or for 1, 2, and 4.5 hours. Other light
      pretreatments were aimed at removing the lag phase by a short
      pre-illumination followed by dark incubation. (See, Hardy, et al., Plant
      Physiol., 47, 705-08 (1971).) This was achieved by irradiating the excised
      cotyledons for 4 minutes with 250 foot-candles of white fluorescent light.
      The irradiated cotyledons were returned to darkness for 3 hours at
      28.degree.C., then illuminated for 4 minutes to phototransform the
      protochlorophyll (the mixture of protochlorophyllide and
      protochlorophyllide phyryl ester which accumulates in etiolated tissues)
      formed during the dark incubation.
PAR  3. Isolation of Greening Etioplasts
PAR  "Fortified" and "unfortified" plastid preparations refer to isolated
      greening etioplasts or developing chloroplasts prepared with or without
      cofactors (GSH, CoA, methyl alcohol, magnesium, Pi, NAD, ATP, and
      potassium) in the homogenization buffer. Unfortified plastids were
      prepared by removing the hooks and grinding gently 5 g. of greening
      cotyledons with mortar and pestle without sand. The grinding was
      accomplished in 7.5 ml. of 0.5 M sucrose, 0.2 M tris-HCl, pH 8.0, at
      0.degree. to 50.degree.C. The brei was filtered through four layers of
      cheesecloth, and the resulting homogenate was centrifuged at 0.degree.C.
      for 3 minutes at 200 .times. g. The supernatant was centrifuged for 7
      minutes at 1,500 .times. g, and the plastid pellet was suspended in 0.5 M
      sucrose, 0.2 M tris-HCl, pH 7.7. Fortified plastids were prepared by
      grinding 5 g. of greening cotyledons in 7.5 ml. of fortified 0.2 M
      tris-HCl, 0.5 M sucrose, pH 8.0, containing  37.5 .mu.moles of GSH, 2.25
      .mu.moles of CoA, 3.75 .mu.moles of magnesium chloride, 375 .mu.moles of
      potassium phosphate, 180 .mu.moles of methyl alcohol, 3 .mu.moles of ATP,
      and 0.56 .mu.mole of NAD. The plastids were sedimented as described above,
      and the pellet was suspended in the fortified trissucrose buffer at pH
      7.7. The plastids extractable from 5 g. of cotyledon were generally used
      for a single assay. This represented 4 to 7 mg. of proteins per assay.
      Total proteins were determined by biuret as described in Rebeiz, et al.,
      Plant Physiol., 40, 281-85 (1965).
PAR  4. Incubation of Isolated Plastids and Excised Cotyledons
PAR  Two ml. of fortified and unfortified plastid suspensions were incubated in
      cylindrical flat bottom glass tubes (2 .times. 10 cm.) on a metabolic
      shaker operated at about 10 to 50 shakes per minute (preferably 10). The
      incubations were performed at 28.degree.C. under 10 foot-candles of white
      fluorescent light for 1 hour. Two and a half ml. of unfortified reaction
      mixture at pH 7.7 contained 400 .mu.moles of tris-HCl, 1 mmole of sucrose,
      and 1 .mu.mole of ALA. The fortified reaction mixture of 2.5 ml. at pH 7.7
      contained, in addition to the above components, 100 .mu.moles of potassium
      phosphate, 1 .mu.mole of magnesium chloride, 10 .mu.moles of GSH, 0.6
      .mu.mole of CoA, 1.2 mmole of methyl alcohol, 0.8 .mu.mole of ATP, and
      0.15 .mu.mole of NAD.
PAR  For reference purposes 10 pairs of preirradiated cotyledons excised with
      full hypocotyl hook were simultaneously incubated in a minimum volume of
      distilled water at 28.degree.C. under 250 foot-candles of white
      fluorescent light. Ten pairs of preirradiated cotyledons served as a zero
      hour control.
PAR  5. Separation of the Products of Incubation
PAR  At the beginning or end of incubation, the 2.5-ml. reaction mixtures were
      transferred to 50-ml. centrifuge tubes with an eye dropper. The reaction
      was stopped by the addition of 10 ml. of acetone. The incubation vessels
      were washed free of pigments with 6 to 8 drops of 80% aqueous acetone
      (v/v) followed by 3 drops of water. The washes were added to the
      centrifuge tube. After centrifugation at 39,000 .times. g for 10 minutes,
      the 80% acetone extracts were decanted and adjusted to a known volume. If
      the 80% acetone extracts were slightly turbid, te turbidity was eliminated
      by the addition of 2 to 5 drops of water. The 80% acetone extracts were
      used for the spectrophotometric determination of extractable chlorophyll
      and photochlorophyll. It was also used for recording absorption and
      difference spectra. The green pellets were uniformly suspended in 12 or 24
      ml. of 0.2 M tris-HCl, 0.5 M sucrose, pH 8.0, for spectrofluorometric
      determination of precipitated chlorophyll.
PAR  6. Extraction of Excised Incubated Cotyledons
PAR  Ten preirradiated cotyledon pairs incubated in water were homogenized for 3
      minutes at 0.degree.C. in 10 ml. of acetone-0.1 N ammonium hydroxide (9:1
      v/v). The homogenate was centrifuged at 39,000 .times. g for 10 minutes.
      The supernatant was decanted, and the pellet was washed with a few ml. of
      80% aqueous acetone (v/v). The acetone extract and wash were combined for
      spectrophotometric determinations. The pellet was suspended in 10 ml. of
      water, and aliquots were used for the determination of the total
      cotyledonary proteins.
PAR  7. Spectrophotometric Determinations.
PAR  Matched cells of 1 cm. internal length and a spectrophotometer were used
      for the determination of chlorophyll and protochlorophyll in the 80%
      acetone extract. All absorbancies were corrected for slight light
      scattering by referring to wavelength-dependent scatter calibration
      curves. Absorption and difference spectra were recorded with a double beam
      spectrophotometer. The amounts of extrable chlorophyll a, chlorophyll b,
      and protochlorophyll were determined according to Anderson et al., Aust.
      J. Biol. Sci., 17, 93-101 (1964).
PAR  8. Spectrofluorometric Determinations
PAR  The chlorophyll that precipitated with the proteins when fortified reaction
      mixtures were stopped by the addition of acetone was not extractable in
      organic solvents; it was estimated spectrofluorometrically.
PAR  Spectrofluorometric determinations were made with a spectrophotometer
      supplied with a fluorescence attachment. The latter accommodated an
      ultraviolet filter. The exciting light had a maximum emission at about 350
      nm and a half intensity band width of about 40 nm. The instrument settings
      for all determinations were as follows: slit 0.9 mm, sensitivity 300,
      photomultiplier 20 .times., and time constant 0.1. The green pellet was
      suspended in a total volume of 12 or 24 ml. of 0.2 M tris-HCl, 0.5 M
      sucrose, pH 8.0. All pellets of the same experiment were adjusted to the
      same volume. The apparent emission between 750 and 550 nm was recorded on
      a 3-ml. aliquot. The same tube was used for all samples of the same
      experiment. The spectral region between 750 and 550 nm was scanned in
      about 1.1 minutes at 2.degree. to 5.degree.C. Before every recording, the
      response of the apparatus was checked by measuring the fluorescence output
      from a red filter, with an apparent emission maximum at 690 nm.
      Corrections in sensitivity were made accordingly. However, the stability
      of the light source was fairly high and corrections were infrequently made
      during an experiment. The apparent emission spectra thus obtained were not
      corrected for the wavelength-dependent photomultiplier sensitivity or
      monochromator efficiency. Since the quantitative data is represented as a
      difference between two identical samples which were scanned through the
      same wavelength region before and after incubation, the correction is
      essentially a constant. It does not, therefore, interfere with the
      quantitation of the apparent differences in fluorescence intensity. The
      relative fluorescence intensity at the apparent emission maximum was
      converted to nanomoles of chlorophyll by referring to a standard curve.
      The curve was calibrated in nanomoles of chlorophyll a +  b per 3 ml. of
      tris-sucrose suspension. The construction of the calibration curve is
      described below.
PAR  9. Preparation of the Standard Chlorophyll Fluorescence Curve.
PAR  Etiolated cotyledons were harvested with full hypocotyl hooks and
      irradiated for 24 hours as described above. The cotyledons were
      homogenized in 0.2 M tris-HCl, 0.5 M sucrose, pH 8.0, and the unfortified
      plastids were prepared as already described. They were suspended in 0.2 M
      tris-HCl, 0.5 M sucrose, pH 7.7. Aliquots in duplicate were brought to a
      total volume of 4.0 ml. with the unfortified suspension buffer at pH 7.7.
      One ml. of water was added, and the proteins were precipitated with 20 ml.
      of acetone. After centrifugation at 39,000 .times. g for 10 minutes, the
      supernatant was decanted. One of the two identical green pellets was
      suspended in 3 ml. of 0.2 M tris-HCl, 0.5 M sucrose, pH 8.0, and its
      apparent emission spectrum recorded as already described. The duplicate
      green pellet was extracted with 4 ml. of 80% acetone. After centrifugation
      the amount of chlorophyll a and b in the 80% acetone extract were
      determined as already described. In the absence of cofactors, the second
      80% acetone extraction freed the pellet from nearly all the chlorophyll
      pigments. The amounts of chlorophyll a + b were plotted against the
      corresponding relative emission intensity at the apparent fluorescence
      maximum. Within the concentration range used, the fluorescence of 3 ml.
      aliquots of the bound chlorophyll fractions suspended on tris-sucrose
      varied linearly with the amount of chlorophyll determined
      spectrophotometrically (FIG. 1).
PAR  10. Preparatioan of Pigment Standards
PAR  Chlorophyll a + b was prepared from greening cucumber cotyledons and
      purified by thin layer chromatography. A sub-chloroplastic soluble enzyme
      system (S.sub.3) capable of uro, copro, and protoporphyrin biosynthesis
      and accumulation was prepared from developing chloroplasts. It was
      incubated with 25 .mu.moles of ALA and cofactors for 16 hours.
PAC  B. Results
PAR  1. Biosynthetic Activity of Developing Chloroplasts Prepared from
      4.5-hour-Preirradiated Cotyledons and Incubated with Cofactors for 1 Hour.
PAR  FIG. 2A shows absorption spectra of the 80% acetone extract of fortified
      developing chloroplasts prepared from 4.5-hour-preirradiated cotyledons.
      In FIG. 2A, (--) indicates values before incubation and ( - - - )
      indicates values after 2-hour incubation. FIG. 2B shows difference spectra
      for the same type of materials. In FIG. 2B, (-- --) indicates the values
      of the difference spectrum (2 hours - 0 hours): (--O--) the values of the
      difference spectrum (1 hour - 0 hours) after 1 hour of incubation. "CHl"
      indicates absorbance due to chlorophyll a + b, and "Ca" the absorbance due
      to carotinoids. Arrows indicate absorption due to porphyrins. Breaks in
      spectra indicate a shift to a less expanded ordinate scale.
PAR  Extraction of the fortified reaction mixtures before and after 1 hour of
      incubation yielded a yellowgreen 80% acetone extract and a green pellet.
      Chlorophyll in the acetone extract is referred to as "extractable
      chlorophyll." Chlorophyll in the green pellet is referred to as "bound
      chlorophyll." Pellets precipitated with acetone from unfortified and
      fortified reaction mixtures are referred to as unfortified and fortified
      pellets respectively. The absorption spectra of the 80% acetone extracts
      obtained before and after 1 hour of incubation with cofactors were
      qualitatively identical. There was no evidence of prophyrin accumulation
      (FIG. 2). Chromatographic analysis failed to detect chlorophyll and
      carotenoid degradation. However, after 2 hours of incubation with
      cofactors minor amounts of porphyrins started to accumulate (FIG. 2). This
      was evidenced in the difference spectrum "2 hours - 0 hours" by the
      appearance of the fourth absorption band of free porphyrins around 500 nm
      and a Soret band around 400 nm (FIG. 2B).
PAR  Unfortified pellets contained less chlorophyll than fortified one (Table
      III, infra). They were thoroughly re-extractable with 80% acetone before
      and after incubation; only trace amounts of chlorophyll remained in the
      unfortified pellet after a second acetone extraction (FIG. 3).
PAR  All attempts failed to re-extract the bound chlorophyll of the fortified
      pellets with 80% acetone, methanol, ethanol, ether, hexane, ethanol:ether
      (1:1 v/v), strong acids, or bases. The green pellet was sticky and
      difficult to manipulate. It was easily suspended in 0.2 M tris-HCl, 0.5 M
      sucrose, pH 8.0 The suspension was homogeneous and lent itself to the
      spectrofluorometric determination of bound chlorophyll. Formation of bound
      chlorophyll depended on the continous presence of cofactors in the
      fortified crude homogenate and in the reaction mixture prior to addition
      of acetone. A bound chlorophyll fraction was obtained from fortified
      reaction mixtures before and after incubation (Table I, infra).
PAR  FIG. 3 shows apparent fluorescence spectra of various bound chlorophyll
      fracton derived from fortified developing chloroplasts, prepared from
      4.5-hour irradiated cotyledons as follows: at 0 hour before precipitation
      with acetone (.quadrature.); standard chlorophyll a + b (3:1) in 80%
      acetone (-- --); bound chlorophyll fraction precipitated from a fortified
      reaction mixture before incubation (--); bound chlorophyll fraction from
      the same reaction mixture after 1 hour of incubation ( - - - );
      unfortified pellet precipitated from an unfortified reaction mixture at 0
      hour, after a second acetone extraction (--O--). The bound chlorophyll
      fractions were suspended in equal volumes of 0.2 M tris-HCl, 0.5 M
      sucrose, pH 8.0; the spectra were recorded on 3-ml. aliquots.
PAR  FIG. 6 shows apparent fluorescence spectra of bound chlorophyll fractions
      before and after 1 hour of incubation, in the absence and presence of
      cofactors, of fortified and unfortified developing chloroplasts prepared
      from 4.5-hour irradiated cotyledons, as follows: without cofactors, 0 hour
      (-- --); without cofactors, after 1 hour of incubation (--O--); with
      cofactors, 0 hour (--); with cofactors, after 1 hour of incubation ( - - -
      ); pellet precipitated from a standard fortified S.sub.3 incubation
      mixture that accumulated uro, copro, and protoporphyrin (.quadrature.).
      The spectrum of the S.sub.3 standard was determined on a small aliquot
      adjusted to 3 ml. with tris-sucrose.
PAR  The apparent emission spectrum of bound chlorophyll in tris-sucrose was
      similar to that of a 3 to 1 mixture of chlorophyll a + b dissolved in 80%
      acetone (FIG. 3). It exhibited an apparent emission peal at 673 to 676 nm.
      This corresponded to a blue shift of about 12 nm with respect to the
      emission maximum of fortified developing chloroplasts (FIG. 3). No
      evidence of porphrin emission at 617 to 619 nm was detected after 1 hour
      of incubation (FIGS. 3 and 6). Increases in chlorophyll and
      protochlorophyll content of 42 and 32%, respectively, occurred after 1
      hour of incubation (Table I, infra). In this particular experiment, the
      increase in chlorophyll was confined to bound chlorophyll. The apparent
      emission of the bound chlorophyll is depicted in FIG. 3. For reference
      purposes, the chlorophyll accumulation in situ of excised greening
      cotyledons incubated under 240 foot-candles of white fluorescent light is
      also shown (Table I, infra).
PAR  Changes in extractable chlorophyll, bound chlorophyll, and protochlorophyll
      after 1 hour of incubation were monitored in 38 consecutive experiments.
      Twenty-five experiments exhibited chlorophyll increases, ten showed
      losses, and three exhibited no change (Table II, infra). Synthesized
      chlorophyll was either confined to the extractable fraction, to the bound
      fraction, or to both, but most frequently it was bound. Eleven experiments
      exhibited protochlorophyll decreases, three indicated no change, and 24
      showed increases after 1 hour of incubation (Table II, infra). Changes in
      protochlorophyll did not necessarily parallel changes in chlorophyll
      content.
PAC  TABLE I
PAC  Biosynthetic Activity of Fortified Developing Chloroplasts and Excised
      Cotyledons
PAR  Fortified developing chloroplasts were prepared from greening cotyledons
      preirradiated for 4.5 hour. The fortified reaction mixture was incubated
      for 1 hour at 28.degree.C. under 10 foot-candle of white fluorescent
      light. The excised preirradiated cotyledons were incubated in water under
      250 foot-candle of the same light.
TBL  ______________________________________                                    

                    Amount      Change                                         

     Experiment                                                                

             Pigment      Before   After  After                                

                          incuba-  incuba-                                     

                                          Incubation                           

                          tion     tion                                        

     ______________________________________                                    

                    nmoles/100  .DELTA.%                                       

                    mg. protein                                                

     Fortified                                                                 

             Protochl.    22.8      30.1  +32.0                                

     reaction                                                                  

             Extractable chl.                                                  

                          255.8    250.0   -2.3                                

     mixture Bound chl.   123.7    290.3  +134.7                               

             Total chl.   379.5    540.3  +42.4                                

                    nmoles/100 mg.                                             

                    cotyledonary                                               

                    proteins                                                   

     Excised Total chl.   111.8    144.8  +29.5                                

     cotyledons                                                                

     ______________________________________                                    

TBL                                    Table II                                

     __________________________________________________________________________

     Survey of 38 Consecutive Experiments Monitoring the                       

     Change in Total Chlorophyll and Protochlorophyll of                       

     Fortified Developing Chloroplasts                                         

     __________________________________________________________________________

             Change in Pigments after 1 Hour of Incubation                     

             .DELTA.%                                                          

             -44 to                                                            

                  -19 to                                                       

                       -9 to                                                   

                           0.0 +1 to                                           

                                   +10 to                                      

                                        +20 to                                 

                                             &gt;44                               

             -20  -10  -1      +9  +9   +44                                    

     __________________________________________________________________________

             No. of experiments                                                

     Total Chl..sup.1                                                          

                  1    9   3   7   12   6                                      

     Protochl.                                                                 

             3    3    5   3   5    4   6    9                                 

     __________________________________________________________________________

      .sup.1 Extractable chlorophyll + bound chlorophyll.                      

PAC  TABLE III
PAC  Biosynthetic Activity of Unfortified and Fortified Developing Chloroplasts
PAR  The developing chloroplasts were preparred from greening cotyledons
      preirradiated for 4.5 hour.
TBL  ______________________________________                                    

                      Amount      Change                                       

             Pigment    Before   After    After                                

                        incuba-  1 hour   Incuba-                              

                        tion     of incu- ation                                

                                 bation                                        

     ______________________________________                                    

                      nmoles/100 mg.                                           

                                  .DELTA.%                                     

                      proteins                                                 

     Experiment A                                                              

     - Cofactors                                                               

               Porphydrins.sup.1                                               

                            none      +                                        

               Protochl.     22.4                                              

               Extractable chl.                                                

                            236.4    227.1                                     

               Bound chl.    10.8     3.3                                      

               Total chl.   247.2    230.4  -6.8                               

     + Cofactors                                                               

               Porphydrins.sup.1                                               

                            none     none                                      

               Protochl.     18.0     21.3                                     

               Extractable chl.                                                

                            200.0    169.2                                     

               Bound chl.   134.2    259.3                                     

               Total chl.   334.2    428.5  +28.2                              

     Experiment B                                                              

     - Cofactors                                                               

               Porphyrins.sup.1                                                

                            none      +                                        

               Protochl.    trace                                              

               Extractable chl.                                                

                            402.0    402.3                                     

               Bound chl.    22.9     10.3                                     

               Total chl.   424.9    412.6  -2.9                               

     + Cofactors                                                               

               Porphyrins.sup.1                                                

                            none     none                                      

               Protochl.     19.7     18.0                                     

               Extractable chl.                                                

                            180.1    180.1                                     

               Bound chl.    51.6    134.2                                     

               Total chl.   231.7    314.3  +35.6                              

     ______________________________________                                    

      .sup.1 The plus sign denotes prophyrin accumulation.                     

PAR  2. Biosynthetic Activity of Unfortified Developing Chloroplasts Prepared
      from 4.5-hour-Preirradiated Cotyledons and Incubated without Cofactors for
      1 Hour
PAR  After 1 hour of incubation in the absence of cofactors, extractable
      chlorophyll decreased or remained unchanged (Table III). The bound
      chlorophyll fraction exhibited a strong apparent emission at 617 to 619 nm
      (FIG. 6). The net chlorophyll emission at 673 to 676 nm decreased; it
      appeared as a weak shoulder on the long wavelength tail of the 617 to 619
      nm band (FIG. 6, Table III), The apparent emission at 617 to 619 nm was
      identical to the apparent emission of a fortified acetone pellet
      precipitated from a standard fortified S.sub.3 incubation containing uro,
      copro, and protoporphyrin (FIG. 6). It was not possible to determine the
      amount of protochlorophyll formed after 1 hour of incubation, in the
      presence of unknown quantities of porphyrins, since the simultaneous
      equations used here did not correct for porphyrin absorption at 620 to 630
      nm.
PAR  After 1 hour of incubation in the presence of coofactors, no porphyrin
      emission was detected in the bound chlorophyll fraction. Instead it
      exhibited a substantial increase in chlorophyll content (FIG. 6, Table
      III). The extractable chlorophyll either decreased or remained unchanged.
      Protochlorophyll either decreased or accumulated slightly (Table III).
PAR  Various experiments were designed to test whether trace amounts of added
      porphyrins would enhance the fluorescence yield of bound chlorophyll. They
      failed to show any net increase in chlorophyll emission.
PAR  These results indicated that after 1 hour of incubation in the absence of
      cofactors total chlorophyll descreased slightly and porphyrins
      accumulated. The presence of cofactors prevented the accumulation of free
      porphyrins and enhanced the accumulation of chlorophyll (FIG. 6, Table
      III).
PAC  TABLE IV
PAC  Biosynthetic Activity of Greening Etioplasts Extracted from Etiolated
      Cotyledons
PAR  Cotyledons were submitted to various light-dark regimes at 250 foot-candle
      of white fluorescent light and 28.degree.C.
TBL  __________________________________________________________________________

                       Amount      Change                                      

                                        .DELTA..sup.1 proto-                   

     Experi-                                                                   

          Light-                                                               

                Pigment                                                        

                       Before                                                  

                             After After                                       

                                        chloro-                                

     ment Dark         incuba-                                                 

                             incuba-                                           

                                   Incu-                                       

                                        phyll/.DELTA.                          

          Regime       tion  tion  bation                                      

                                        chloro-                                

                                        phyll                                  

     __________________________________________________________________________

                       nmoles/100  .DELTA.%                                    

                       mg. protein                                             

     A    1 min.                                                               

                Protochl.                                                      

                       15.9  44.0  +177                                        

          light Extractable                                                    

                       25.5  40.4                                              

                 chl.                   1.3                                    

                Bound chl.                                                     

                       0.0   7.3                                               

                Total chl.                                                     

                       25.5  47.7  +87                                         

     B    1 hr. Protochl.                                                      

                       8.3   26.3  +217                                        

          light Extractable                                                    

                       21.3  26.6                                              

                 chl.                   2.6                                    

                Bound chl.                                                     

                       3.2   4.8                                               

                Total chl.                                                     

                       24.5  31.4  +28                                         

     C    2 hr. Protochl.                                                      

                       11.1  40.0  +260                                        

          light Extractable                                                    

                       44.3  72.5                                              

                 chl.                   1.2                                    

                Bound chl.                                                     

                       15.1  10.4                                              

                Total chl.                                                     

                       59.4  82.9  '40                                         

     D    4.5 hr.                                                              

                Protochl.                                                      

                       21.0  23.1  +10                                         

          light Extractable                                                    

                       165.6 189.9                                             

                 chl.                   0.04                                   

                Bound chl.                                                     

                       28.2  59.6                                              

                Total chl.                                                     

                       193.8 249.5 +29                                         

     E    5 min.                                                               

                Protochl.                                                      

                       2.6   31.1  +1096                                       

          light                                                                

          + 3 hr.                                                              

                Extractable                                                    

                       17.3  28.3                                              

          dark +                                                               

                 chl.                   2.1                                    

          5 min.                                                               

                Bound chl.                                                     

                       4.1   6.8                                               

          light Total chl.                                                     

                       21.4  25.1  +64                                         

     __________________________________________________________________________

      .sup.1 Refers to the ratio of the increment in pigment after 1 hour of   

      incubation.                                                              

PAR  3. Biosynthetic Activity of Developing Chloroplasts Extracted from
      Etiolated Cotyledons Submitted to Short Light Pretreatments
PAR  The biosynthetic activity of greening etioplasts that were in the lag phase
      is presented in Table IV. The amount of bound chlorophyll detected at 0
      hour depended on the length of preirradiation and little had accumulated
      at the end of incubation. Most of the increase in chlorophyll was confined
      to extractable chlorophyll. This was in contrast to developing
      chloroplasts obtained from rapidly greening cotyledons preirradiated for
      4.5 hours (Table IV).
PAR  Etioplasts that were in the lag phase showed higher rates of
      nonphototransformable protochlorophyll biosynthesis than chlorophyll. This
      was illustrated by a high ratio of newly synthesized nonphototransformable
      protochlorophyll (which may contain some protoporphyrin IX) to chlorophyll
      in lag phase etioplasts after 1 hour of incubation. This ratio was very
      low in developing chloroplasts extracted from rapidly greening cotyledons
      that were preirradiated for 4.5 hours (Table IV).
PAR  In order to determine whether the above biosynthetic pattern was lag phase
      dependent or not, the lag phase was artificially removed by a short light
      pretreatment followed by a dark incubation. Such treatment removes the lag
      phase of chlorophyll biosynthesis without the need of continuous
      irradiation. Removal of the lag phase under these conditions did not
      change the biosynthetic pattern (Table IV). The bound chlorophyll fraction
      remained minimal. Most of the newly synthesized chlorophyll was confined
      to the extractable fraction. The plastids exhibited a typical high ratio
      of nonphototransformable protochlorophyll to chlorophyll biosynthesis
      (Table IV).
PAR  Upon consideration of Preparations I and II, above, it is apparent that
      there exist preferred ranges of process parameters, within the broad
      ranges earlier stated, for performing the processes of the present
      invention. Thus, for example, the irradiation step is preferably performed
      in the presence of air, with visible light of an intensity in the vicinity
      of 250 foot-candles, for a duration of about 4 hours, and at a temperature
      in the vicinity of 28.degree.C. Similarly, the homgenization step is
      preferably performed at a temperature in the vicinity of about 5.degree.C.
      and with the buffer having a pH of 8.0, as measured at 20.degree.C.
      Likewise, the incubation step is preferably performed in the presence of
      air, with visible light of an intensity of 5-10 foot-candles, at a
      temperature in the vicinity of 28.degree.C. and with a buffer having a pH
      of 7.7, as measured at 20.degree.C. The shaking rate of the incubation
      step is preferably 10 shakes/minute. Further, it is preferable to
      incorporate the magnesium into the buffers as magnesium chloride and to
      incorporate the potassium and Pi concurrently as potassium phosphate. It
      should be clear to those skilled in the art that performance of the
      various processes at the extremes of parameter ranges earlier stated may
      yield less than optimal results.
PAR  It is expected that the processes of the present invention may be performed
      in a potentially enhanced manner through inclusion of one or more of the
      following cofactor materials in the homogenization and incubation buffer
      media: vitamin E; ascorbic acid; NAD phosphate; ammonium chloride;
      phosphocreatin; guanosin triphosphate; phenylalanine; leucine; valine;
      glycine; alanine; methionine; hydroxy proline; arginine; histidine;
      serine; cysteine; glutamic acid; isoleucine; lysine; threonine; glutamine;
      proline; asparagine; aspartic acid; cystine; tryptophan; tyrosine; malonic
      acid; choline chloride; glycerol; D-galactose; D-glucose; potassium
      bicarbonate; reduced NAD phosphate; reduced NAD; biotin; cytosine
      diphosphate; uridine triphosphate; acetic acid; potassium sulfate; folic
      acid; pyridoxyl phosphate; kinetin; sodium pyrophosphate; thiamin
      pyrophosphate; calcium chloride; giberellic acid; mevalonic acid; indole
      acetic acid; lipoic acid; phytol; vitamin K; and gluteraldehyde.
PAR  Obviously numerous modifications and variations of the invention will occur
      to those skilled in the art and thus only such limitations as appear in
      the amended claims should be placed thereon.
CLMS
NUM  1.
PAR  1. A process for in vitro net biosynthesis of chlorophyll and grana, said
      process comprising the following steps in relative sequence:
PA1  a. irradiating etiolated plant tissue with visible light to precipitate
      formation of developing chloroplasts in said etiolated tissue;
PA1  b. homogenizing said tissue in an environment having available oxygen and
      in a buffer comprising biosynthetic cofactors including, coenzyme A,
      glutathione, potassium, inoganic phosphate, methyl alcohol, magnesium,
      nicotinamide adenine dinucleotide and adenosine triphosphate, which buffer
      has a pH of from 7.9 to 8.2, as measured at ambient temperature;
PA1  c. isolating developing chloroplasts from the homogenate of step (b); and
PA1  d. incubating, while irradiating with visible light, said developing
      chloroplasts in an environment having available oxygen and in a buffer
      comprising biosynthetic cofactors including, .delta.-aminolevulinic acid,
      coenzyme A, glutathione, potassium, inorganic phosphate, methyl alcohol,
      magnesium nicotinamide adenine dinucleotide and adenosine triphosphate,
      which buffer has a pH of from 7.6 to 7.8, as measured at ambient
NUM  2.
PAR  2. The process of claim 1 further including the step of isolating
NUM  3.
PAR  3. The process according to claim 1 wherein step (a) includes irradiating
      said tissue with light of an intensity of from about 100 to about 300
      foot-candles, for duration of from about 2 to about 5 hours, and at a
NUM  4.
PAR  4. The process according to claim 3 wherein the intensity of light is in
NUM  5.
PAR  5. The process according to claim 3 wherein the duration is about 4 hours.
NUM  6.
PAR  6. The process according to claim 3 wherein the temperature is in the
NUM  7.
PAR  7. The process according to claim 1 wherein step (b) includes homogenizing
NUM  8.
PAR  8. The process according to claim 1 wherein step (d) includes irradiating
      with visible light of from about 1 to about 50 foot-candles and incubating
NUM  9.
PAR  9. The process according to claim 8 wherein the intensity of light is in
NUM  10.
PAR  10. The process according to claim 8 wherein the temperature is in the
NUM  11.
PAR  11. The process according to claim 1 wherein step (b) includes homogenizing
NUM  12.
PAR  12. The process according to claim 1 wherein step (d) includes incubating
NUM  13.
PAR  13. The process according to claim 1 wherein said etiolated plant tissue is
NUM  14.
PAR  14. The process according to claim 13 wherein said higher plant tissue is
NUM  15.
PAR  15. The process according to claim 14 wherein said cotyledon tissue is
NUM  16.
PAR  16. The process for in vitro net biosynthesis of chlorophyll a, chlorophyll
      b and grana having chlorophyll a and chlorophyll b associated therewith,
      said process comprising the following steps in relative sequence:
PA1  a. irradiating etiolated plant tissue with visible light of an intensity of
      from about 100 to about 300 foot-candles, for a duration of from about 2
      to about 5 hours, at a temperature of from about 20.degree. to about
      35.degree.C., to precipitate formation of developing chloroplasts in said
      etiolated tissue;
PA1  b. homogenizing said tissue in an environment having available oxygen and
      in a buffer comprising biosynthetic cofactors including, coenzyme A,
      glutathione, potassium, inorganic phosphate, methyl alcohol, magnesium,
      nicotinamide adenine dinucleotide and adenosine triphosphate, which buffer
      has a pH of from 7.9 to 8.2, as measured at ambient temperature;
PA1  c. isolating developing chloroplasts from the homogenate of step (b); and
PA1  d. incubating, while irradiating with visible light of an intensity of from
      about 1 to about 50 foot-candles, said developing chloroplasts at a
      temperature of from about 15.degree. to about 35.degree.C., in an
      environment having available oxygen, and in a buffer comprising
      biosynthetic cofactors including, .delta.-aminolevulinic acid, coenzyme A,
      glutathione, potassium, inorganic phosphate, methyl alcohol, magnesium,
      nicotinamide adenosine dinucleotide and adenosine triphosphate, which
      buffer has a pH of from 7.6 to 7.8, as measured at ambient temperature, to
      produce chlorophyll a, chlorophyll b and grana having chlorophyll a and
NUM  17.
PAR  17. The process according to claim 16 further including the step of
      isolating chlorophyll a, chlorophyll b and grana having chlorophyll a and
      chlorophyll b associated therewith from the buffer subsequent to step (d).
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ABST
PAL  A panel in the form of a movable window frame hinged along its upper edge
      is swung from a closed position to an open position by a mechanism which
      includes a torque rod and crank-operated self-locking gearing to actuate
      the torque rod. A vibration damper in the form of a friction pad or brake
      shoe that engages the torque rod at a distance from the gearing, prevents
      chattering of the window when it is being swung towards its closed
      position and also resists any tendency for wind or vibration to oscillate
      the window.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In various arts it is common to adjust the position of a hinged panel, such
      as a window, by means of a mechanism which includes a torque rod linked to
      the panel and self-locking gearing for rotating the torque rod.
PAR  One shortcoming of such an arrangement for controlling a hinged panel is
      the tendency of such a hinged panel to chatter as it is being swung
      downwardly towards its closed position. The chatter of the moving window
      is caused by a grabbing action which occurs between the torque rod and the
      bushings in which the ends of the torque rod are mounted.
PAR  Another shortcoming involves the fact that environmental forces, such as
      wind or vibration, acting on the panel may cause the panel, when open, to
      oscillate or flutter in an annoying manner.
PAR  In practice where the invention is applied to a mobile home or other
      vehicle, users are discouraged from leaving the windows open while the
      vehicle is traveling on a highway or the like. However, window flutter may
      occur even when the vehicle is stationary, due to wind blowing on the
      window or to vibrations of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in the discovery that flutter of such a hinged panel
      during closing and by environmental forces is attributable to the backlash
      or lost motion in the gearing that controls the torque rod, and that
      backlash and lost motion in the hinged mounting of the movable window
      frame may be completely eliminated or at least greatly reduced by
      providing a brake shoe or friction pad to establish appropriate yielding
      resistance to rotation of the torque rod. In effect the brake shoe and
      associated parts provide a shock absorber to dampen vibration of the
      hinged window from the backlash of the gearing.
PAR  The invention not only serves the purpose of eliminating chatter during the
      movement of the panel towards closed position but also serves to dampen
      vibration of the window when the vibration is due to environment forces
      such as wind or vibration of the vehicle. The window operator of the
      invention also reduces shock loads otherwise applied to the gearing.
PAR  Within the basic concept that underlies the invention, various arrangements
      may be employed to apply frictional resistance or otherwise dampen
      oscillatory to rotation of the torque rod. In some embodiments of the
      invention disclosed herein a brake shoe is employed to subject the tubular
      wall of a torque rod to radial compression. In others, a brake shoe acts
      on a radial arm of the torque rod in a direction parallel to the axis of
      the rod. In another embodiment of the invention the friction member is in
      a form of a split collar that embraces the torque rod and may be tightened
      to various degrees.
PAR  Various features and advantages of the invention may be understood from the
      following detailed description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are to be regarded as merely illustrative:
PAR  FIG. 1 is a perspective view of a hinged window and the mechanism for
      moving the window from a closed position through a range of open
      positions;
PAR  FIG. 2 is a vertical section along the line 2--2 of FIG. 1 showing the
      linkage that connects the torque rod to the hinged window;
PAR  FIG. 3 is a view, partly in side elevation and partly in section, showing
      how a bearing for one end of the torque rod may incorporate a friction
      member for creating resistance to oscillatory rotation of the torque rod.
PAR  FIG. 4 is a horizontal section taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is an exploded perspective view of the cooperating parts that are
      shown in FIGS. 3 and 4;
PAR  FIG. 6 is a perspective view showing how another type of bearing for one
      end of the torque rod may incorporate a friction member to create the
      required resistance to rotation of the torque rod;
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 illustrates another construction for a bearing at one end of the
      torque rod that provides the required resistance to rotation of the torque
      rod;
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 8; and
PAR  FIG. 10 is a perspective view of a fourth embodiment of a bearing for a
      torque rod that provides the required resistance to rotation of the torque
      rod.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 and 2, a stationary window frame, generally designated
      20, made of extruded metal and mounted in a side wall 22 of a vehicle such
      as a recreational vehicle or a mobile home, carries a rectangular window
      24 mounted in a movable frame 25 that is hinged along its upper edge. In
      the construction shown, opposite ends of the movable window frame are
      provided with upwardly projecting tongues 23 which are mounted on pivots
      26 at the opposite sides of the stationary window frame to permit the
      window to swing outwardly of the wall from a lowered closed position
      through a range of open positions or from one open position to another or
      from an open position to a closed position.
PAR  In a well known manner, the window is operated manually by means of a
      window operating mechanism that includes a torque rod, self-locking
      gearing for rotating the torque rod, a crank for operating the gearing,
      and a three-bar linkage to translate rotation of the torque rod into
      reduced rotation of the window. The right end of the torque rod 34 is
      mounted in a suitable bearing (not shown) at the right side of the window
      frame 20. The opposite or left end of torque rod 34 is mounted in a
      bearing, generally designated 35, which will be described in detail
      hereafter.
PAR  In the construction shown, a manually operable crank 28 is unitary with a
      worm 30 that has a helical thread in sliding contact with the teeth of a
      worm wheel 32 that is fixedly mounted near the right end of a tubular
      torque rod 34. Such gearing is self-locking but normally has backlash.
PAR  Adjacent the bearing 35, the torque rod 34 carries an arm 36 which is
      connected to the lower end of an upwardly extending link 38 by a suitable
      pivot 40. The upper end of the link 38 is connected by a pivot 42 through
      an arm 44 on the left end of the window 24.
PAR  To carry out the purpose of the invention backlash or lost motion between
      the torque rod 34 and the window 24 is made low. The arm 36 is rigidly
      mounted on the torque rod 34; the arm 44 is rigidly mounted on the window
      24; and the two pivots 40 and 42 fit closely.
PAR  In the construction shown, the base end of the arm 36 embraces the torque
      rod 34 and is formed with a pair of diametrically opposite tapered tongues
      45 which extend radially inwardly into two diametrically opposite end
      slots 46 of the torque rod and fit tightly in those slots. The are 44 is
      rigidly mounted on the left end of the window 24 by spaced screws (not
      shown) to assure the required rigidity of the arm. As shown on FIGS. 3 and
      4 the pivot 40 for the arm 36 is a pin that is formed with a head flange
      48 on one end and that is provided with a circumferential groove on the
      other end to receive a snap ring 50. The pivot pin 40 fits snugly but
      rotatably in bores 52 and 54 of arm 36 and link 38 respectively. The upper
      pivot 42 is of the same snug construction as the lower pivot 40.
PAR  In this highly competitive field, the described control mechanism must be
      manufactured at relatively low cost and it is possible to produce the
      control mechanism on a mass production basis with little, though some,
      backlash between the torque rod and the window. Mass production of the
      worm 30 and the cooperating worm wheel 32 precludes precision on machining
      and necessitates liberal tolerances in the dimensioning of the helical
      thread of the worm and in the dimensioning of the teeth of the worm wheel.
      As a consequence appreciable backlash in the gearing is common and
      inevitable. And thus there is backlash, both at the driving end of the
      mechanism, that is at the gearing, and at the driven end, that is at the
      pivots of the window.
PAR  In the construction shown, the effective length of the arm 36, i.e. the
      distance between the axis of the torque rod 34 and axis of the pivot 40,
      is approximately 1.45 times the effective diameter of the worm wheel 32
      and the distance from the hinge axis of the window to the lower swinging
      edge of the window is approximately 10 times the effective length of the
      upper arm 44, i.e. the distance between the axis of the pivot and the axis
      of the hinge of the window. The offset of the pin 40 from the axis of the
      torque rod is about the same as the offset of the pin 42 from the axis of
      the pins 26 about which the window rotates. It is apparent, then, that the
      lower edge of the window has freedom to flutter through an arc which is
      about 14.5 (that is 1.45 times 10) times the magnitude of the backlash in
      the gearing. Thus, even in the absence of lost motion in the window hinge
      a lost motion of only five mils (0.005 inch) in the gearing could permit
      the lower edge of the window to flutter through an arc of about 0.075 inch
      in response to environmental forces such as wind and vibration.
PAR  The backlash in a production run of gearing varies widely between a given
      minimum and a given maximum. For example, suppose each gear of a pair of
      cooperating gears is dimensioned with a tolerance of plus or minus 0.003
      in. At one extreme, the combined tolerance of the randomly selected gears
      will substantially cancel each other to result in substantially no
      backlash. At the other extreme, the combined tolerance may be additive
      resulting in backlash of 0.006 in. Thus, even disregarding backlash in the
      window hinge, a potential exists for a considerable amount of vibration of
      the window just due to the backlash in the gearing.
PAR  In this invention a friction pad is introduced between the driving end and
      the driven end of the window operating mechanism thus isolating the window
      from the backlash of the gearing. This braking mechanism also serves as a
      damper to resist any vibration that does occur in the window.
PAR  In the first embodiment of the invention shown in FIGS. 1-5, the means for
      frictionally opposing rotation of the torque rod 34 is incorporated in the
      end bearing 35. As shown in FIGS. 3, 4 and 5 the first bearing member 55
      is fixedly mounted on the window frame by a pair of screws 56 with an
      intervening spacer block 58 (FIG. 4). This bearing member has a fixed
      semicylindrical shoe portion 60 that forms one-half of the bearing. The
      fixed first bearing member 55 also has a boss portion 62 that extends into
      the end of the tubular torque rod in contact with the inner surface
      thereof, acting as an axle or pivot pin at a point diametrically opposite
      from the shoe 68. The stationary shoe portion 60 is formed with two
      diametrically opposite radial flanges 64 which have threaded bores 65 for
      screw threaded engagement by corresponding screws 66.
PAR  The second half of the bearing 55 is formed by a second shoe 68 which is
      formed with two external radial flanges 70 that have over-sized bores 72
      to receive the screws 66. It is apparent that the screws 66 may be
      tightened to cause the movable shoe 68 to cooperate with the fixed boss
      portion 62 to place the end of the tubular torque rod under any desired
      degree of radial compression to create the desired resistance to rotation
      or other vibration of the torque rod. The movable shoe 68 may be made of a
      suitable compliant plastic to provide a desirable coefficient of friction
      with respect to the surface of the torque tube. Nylon is a suitable
      plastic for this purpose.
PAR  In a second embodiment of the invention illustrated by FIGS. 6 and 7, the
      bearing at the left end of the torque tube includes a fixed member 74
      having spaced holes 75 to receive suitable screws (not shown) for
      attachment to the window frame. The fixed member 74 has an integral
      stirrup portion 76 which embraces the torque rod 34 and slidingly confines
      a plastic shoe 78. A screw 80 mounted in a threaded bore 82 of the stirrup
      may be tightened to urge the shoe 78 against the periphery of the torque
      tube to provide resistance to rotation of the torque rod.
PAR  In the third embodiment of the invention illustrated by FIGS. 8 and 9, a
      bushing 84 that serves as a bearing for the left end of the torque rod 34
      has a flange 85 with holes 86 therein to receive screws (not shown) for
      mounting the bushing rigidly on the window frame 20.
PAR  The bushing 84 is formed with a fixed radially extending tongue 88 that has
      an arcuate slot 90 concentric with axis of the bushing 84. The adjacent
      are 36a on the torque rod 34 embraces the torque tube and has the usual
      pair of radially inward tongues 45a to engage a pair of end slots of the
      tubular torque rod as heretofore explained. The arm 36a has an extension
      92 in face-to-face relation to the fixed tongue 88. A screw 94 equipped
      with a washer 95 extends through a bore 96 of the extension 92 and through
      the arcuate slot 90. The second end of the screw 94 carries a nut 98 and a
      washer 100 which presses a ring-shaped plastic friction member 102 against
      the fixed tongue 82 in the region of the arcuate slot 90. It is apparent
      that the screw 94 may be tightened to any desired degree to provide the
      required frictional resistance to rotation of the torque rod 34.
PAR  In the fourth embodiment of the invention, shown in FIG. 10, the bearing at
      the left end of the torque tube 34 is in the form of a split collar 104
      one-half of which has a flange 105 provided with holes 106 to receive
      screws (not shown) for attaching the bearing to the frame of the window.
      The split collar 104 is provided with a plastic friction liner 108 and is
      formed with two confronting flanges 110 which may be tightened to any
      desired degree by a screw 111 and nut 112 to provide the desired
      resistance to rotation of the torque rod.
PAR  From the foregoing description, it is apparent that the present invention
      provides a means for reducing vibration of a hinged pqnel such as a window
      that is mounted on the external wall of a mobile home. It will, of course,
      be understood that the various embodiments of the invention that have been
      described are illustrative only and that the invention may be embodied in
      many other forms within the scope of the appended claims.
CLMS
NUM  1.
PAR  1. an oscillation-resistant movable closure assembly comprising:
PA1  an elongated rod mounted for rotation about its axis of elongation;
PA1  a closure panel mounted adjacent a supporting frame for movement between
      predetermined open and closed positions relative to said frame upon
      rotation of said rod;
PA1  an operator mechanism coupled via gearing means to one end of said rod for
      rotating said rod thereby to effect said movement of said panel, said
      gearing means having backlash therein which could permit undesired partial
      movement of said panel, when said rod is operated or when external forces,
      other than forces exerted by said operator mechanism, are imposed on said
      panel, and
PA1  a stationary friction pad in pressure engagement with said rod at a
      location displaced from said one end of said rod for resisting said
NUM  2.
PAR  2. The combination of claim 1 wherein said panel is a window hingedly
NUM  3.
PAR  3. The combination of claim 1 wherein said friction pad is disposed
NUM  4.
PAR  4. The combination of claim 3 wherein said other end of said rod is mounted
      for rotary motion in a bearing, said friction pad comprising a portion of
NUM  5.
PAR  5. The combination of claim 1 including means for adjusting the pressure
NUM  6.
PAR  6. In a mechanism to control a panel hinged about a horizontal axis, which
      control mechanism comprises actuating gearing and mechanical means
      operatively connecting the gearing to the panel for effecting movement of
      said panel about its hinges relative to a stationary mounting structure,
      the combination therewith of:
PA1  damping means connected to said mechanical means in spaced relation to said
      actuating gearing to yieldingly resist operation of the mechanical means
      by the gearing and thus insulate the panel from lost motion in the gearing
      thereby to reduce possible oscillation of the panel;
PA1  said damping means comprising first and second parts positioned adjacent to
      one another, one of said parts being mounted at a fixed position relative
      to said stationary mounting structure and the other of said parts being
      mounted for movement in response to operation of said actuating gearing,
      at least one of said parts being constructed to yielding resist motion
      thereof relative to the other of said parts whereby oscillatory movement
      of said panel relative to said stationary mounting structure is damped.
NUM  7.
PAR  7. The combination set forth in claim 6 in which the movable one of said
      parts includes a torque rod connected to the gearing;
PA1  the other of said parts including a stationary friction member in pressure
NUM  8.
PAR  8. The combination as set forth in claim 7 which includes screw threaded
      means to vary the pressure of the friction member against the torque rod.
NUM  9.
PAR  9. The combination as set forth in claim 7 in which an anchored stirrup
      embraces the torque rod and the friction member;
PA1  and in which means in screw threaded engagement with the stirrup adjustably
NUM  10.
PAR  10. The combination as set forth in claim 9 in which the torque rod is a
      tube and the friction means is arranged to place the tube under radial
      compression, and which includes:
PA1  a first member extending into an end of the tube in contact with the inner
      circumferential surface of the tube;
PA1  a second member radially aligned with the first member in contact with the
      outer circumferential surface of said portion of the tube; and
PA1  means effective to urge the two members towards each other.
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ABST
PAL  A finger guard assembly is structured for easy field retrofitting to a
      standard center-pivot door without removing the door from the doorway. The
      assembly includes a pair of extruded jamb guard members flush mounted on a
      doorway jamb and a pair of extruded door guard members flush mounted on
      the opposite parallel surfaces of the door stile. The jamb guard members
      and door guard members are shaped and positioned to cooperatively provide
      a narrow gap for preventing the entry of fingers therebetween. The several
      guard members are temporarily supported in position on the jamb and door
      by double faced adhesive tape preparatory to final mounting.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to center-pivot hung doors and more
      particularly to a standard center-pivot hung door incorporating a finger
      guard assembly suited for field retrofit installation.
PAR  In conventional center-pivot hung doors, there is a danger of inadvertent
      pinching or crushing of fingers between the door stile and door jamb when
      the door is rotated from an open to a closed position. Efforts have been
      made in the past to devise special doors for preventing the insertion of
      fingers between the door stile and door jamb. One such door is described
      in U. S. Pat. No. 1,071,251 of Aug. 26, 1913. However, this patent
      requires the use of a door having a special stile construction and a
      doorway having a special jamb construction so that it is expensive and is
      not suited for field retrofit on existing doors.
PAR  Accordingly, it is the principal object of the present invention to provide
      a standard center pivot door incorporating an improved finger guard
      assembly. Included in this object is the provision of a finger guard
      assembly which may be field retrofitted on a center-pivot hung door
      without removing the door from the doorway.
PAR  Another object of this invention is to provide a finger guard assembly for
      standard center-pivot hung doors which is of low cost and may be kitted
      for field installation on a number of different conventional pivot hung
      door installations. Included in this object is the provision of paired
      extrusions which may be cut to varying lengths for application to such
      doors.
PAR  Still another object of the present invention is to provide a finger guard
      assembly of reinforced and durable construction.
PAR  A further object of the present invention is to provide a finger guard
      assembly adapted to be mounted on the door stile and the door jamb by
      fastening means which are easily installed and are concealed following
      installation.
PAR  An even further object of the present invention is to provide a method and
      means for pre-positioning and temporarily supporting the finger guard
      assembly preparatory to its final installation.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings which set forth an
      illustrative embodiment indicative of the way in which the principals of
      the invention are employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial top view of a conventional center-pivot hung door in
      the closed position showing the finger guard assembly of the invention,
      partly in section, mounted thereon;
PAR  FIG. 2 is a view similar to that of FIG. 1 showing the door pivoted to a
      fully open position; and
PAR  FIG. 3 is an isometric view of a representative one of the guard members
      which make up the finger guard assembly showing strips of adhesive tape
      affixed thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail wherein like reference numerals
      indicate like parts throughout the several figures, a standard
      center-pivot hung door 10 is shown in top view with its pivot 12 extending
      from the top of the door. A stile 18 has two parallel opposite sides which
      are shown as being flush with the opposite inside and outside faces 17 and
      19 of the door 10. The door 10 is mounted within a frame or doorway, not
      shown, which includes a conventional flat jamb 14 as one vertically
      extending lateral boundary thereof. The pivot 12 mounts the door to the
      frame of the doorway in a conventional manner adjacent the jamb 14 for
      bi-swinging pivotal movement of the door 10 about the pivot. The door 10
      may be opened either manually or through the use of a suitable power
      operator.
PAR  According to this invention, a finger guard assembly 16 is provided to
      prevent fingers from entering the space between the stile and the door
      jamb, particularly when the door is pivoted from an open to a closed
      position.
PAR  The finger guard assembly 16 essentially consists of a pair of door guard
      members, each numbered 20, affixed to the stile 18 of the door 10 and a
      pair of jamb guard members, each numbered 22, affixed to the jamb 14. Each
      door guard member 20 is a mirror image of the other, with both of
      identical shape and being inverted relative to the other. This same
      situation of symmetry and identical structure pertains to the two jamb
      guard members 22. The door guard members 20 and the jamb guard members 22
      are preferably elongated, substantially rigid extrusions of aluminum or
      the like, one extrusion being cut to provide both door guard members and
      another extrusion being cut to provide the two jamb guard members. Each
      door guard member 20 is shown as having an exposed convex surface 24.
      Similarly, each jamb guard member 22 is shown as having an exposed convex
      surface 26 which is mounted in spaced, facing relationship with surface
      24, as will be hereinafter more fully described.
PAR  Referring first to the two jamb guard members 22, each is cut to
      substantially the same length as the height of door jamb 14 and is
      generally V-shaped in transverse section as seen in FIG. 1. The jamb
      guards 22 are mounted on the jamb 14 such that its general V-shape is
      inverted relative to the surface of the jamb. One leg 28 of the jamb guard
      22 is curved to provide the concave outwardly facing exposed surface 26.
      Both the leg 28 and the other leg 30 have enlarged support feet 32 at
      their free ends. The support feet 32 have flat surfaces for engagement
      with jamb 14. A strip of adhesive tape 34 may be interposed between the
      feet 32 and the jamb 14 for purposes hereinafter described.
PAR  The jamb guard members 22 are flush mounted on the flat jamb 14 in spaced
      relationship to and extend vertically parallel one another and as shown
      have their legs 30 respectively adjacent the outer edges of the jamb 14.
      The legs 28 which include the concave surface 26 extend inwardly toward
      the middle of the jamb 14. The radius of curvature of the concave surface
      26 is preferably equal to the radial distance from the surface 26 to the
      axis of the pivot 12 when the guards 22 are mounted on the jamb 14.
PAR  A rib 36 extends longitudinally of each jamb guard member 22 between the
      legs 28, 30. More specifically, the rib 36 extends inwardly toward the
      jamb 14 from the leg 28. The rib 36 reinforces the jamb guard members 22
      and further, includes several mounting apertures 38 therethrough (only one
      being shown here) spaced along its length. A counterbore 40, coaxial with
      each aperture 38, extends inwardly from the surface 26 a sufficient
      distance to permit the head of a fastener, such as a screw 42, to be
      recessed below the concave surface 26. The mounting aperture 38 and
      counterbore 40 are preformed subsequent to the extrusion of the member 22
      and prior to its shipment to the field. Pilot holes are drilled into the
      jamb 14 for receiving screws 42, which may be of the self-tapping type.
      The screws 42 threadedly engage the jamb 14 to rigidly retain the jamb
      guards 22 in final fixed position on the jamb.
PAR  Each rib 36 is sized such that it is spaced slightly from the jamb 14, when
      the support feet 32 are in supported engagement with the jamb. This
      spacing permits the screws 42 to draw the feet 32 into firm engagement
      with the jamb 14.
PAR  The door guard members 20 are generally V-shaped in transverse section and
      include a straight leg 44 which extends inwardly toward the stile 18 at
      angle to the door 10 and a leg 46 which is curved outwardly to provide the
      convex surface 24. A pair of enlarged support feet 48 are provided at the
      free ends of legs 44 and 46 of each door guard member 20. The feet 48
      extend toward one another from the legs 44, 46, along the door 10 in
      engagement with the surface of the stile 18. A door guard member 20 is
      positioned on each side of the stile 18 such that the convex surface 24 of
      the leg 46 substantially comprises an extension of the curved surface
      which forms the edge 19 of the door 10. The radius of curvature of the
      convex surface 24 is preferably formed to equal the distance from that
      surface when mounted to the axis of pivot 12 to maintain a constant gap
      with the concave surface 26 when the door is opened and closed.
PAR  Each door guard member 20 includes a rib 50 extending longitudinally
      thereof. The rib 50 extends inwardly from the leg 46 toward the door stile
      18, and includes a plurality of longitudinally spaced preformed mounting
      apertures 52, which include counterbores 54. The ribs 50 are sized to be
      spaced slightly from the door 10 when the feet 48 are in engagement
      therewith in order to insure full surface contact between the feet and the
      door. Fasteners, such as self-tapping screws 56, extend through the
      apertures 52 and into threaded engagement with the door 10 for maintaining
      the door guard members 20 in fixed final positioning.
PAR  The combined angular extent of the curved surfaces 24 and 26 of the door
      guard member 20 and the jamb guard member 22 respectively are such that
      the jamb guard members 22 are maintained in overlapping relationship with
      the door guards 20 in all positions of the door about the pivot 12 as
      shown in FIG. 2 wherein the door 10 has been rotated about 115.degree.
      from the closed position into the fully open position. As shown, the jamb
      guard members 22 serve to limit the movement of the door 10 in its open
      positions.
PAR  In order to facilitate the retrofit mounting of the finger guard assembly
      16 on the jamb 14 and door 10, strips of double-faced adhesive tape 34 may
      be affixed to each guard member of the assembly, as shown in FIG. 3, for
      temporarily maintaining it in adjusted position on the jamb 14 or the door
      10 while a pilot hole is being drilled and screws 42 and 56 are inserted.
PAR  Typically, the jamb guard members 22 will be installed first on the jamb 14
      and adjusted so that the gap 62 provides the desired clearance with the
      door edge 19. With the tape strips 34 serving to maintain each guard
      member temporarily in position on the jamb, pilot holes are drilled
      through the jamb, and the screws 42 are inserted to secure the jamb guard
      members 22 to the jamb 14. Subsequently, door guard member 44 will be
      positioned on opposite sides of the door 10 and adjusted so that the gap
      62 between the facing surfaces 24 and 26 provide the desired clearance and
      temporarily supported thereby the tape 34 while pilot holes are drilled in
      opposite sides of the stile 18. The fastening screws 56 are then inserted
      through the mounting apertures 52 to fix the door guard members on the
      door 10. The door 10 must be opened sufficiently during the installation
      of each door guard member 44 to enable the pilot holes to be drilled and
      the screws 56 finally inserted.
PAR  The radial spacing between the surfaces 24 and 26 should be such that the
      narrow gap 62 at the outer end of the jamb guard members 22 is small
      enough to prevent fingers from becoming pinched therebetween but
      sufficient to insure free rotation of the door 10 on the pivot 12. This
      spacing might typically be one-eighth inch. In order to insure this
      spacing during installation, one or more spacing members, such as spacers
      60 shown in phantom in FIG. 1, may temporarily be placed against the
      surface 26 of both of the jamb guard members 22 and initially against the
      door edge 19 preparatory to the installation of the jamb guard members and
      subsequently against the surfaces 24 of the door guard members 20
      preparatory to their installation.
PAR  It will be appreciated that the width of gap 62 adjacent the outer end of
      each jamb guard member 22 extends uniformly across the full
      circumferential extent of the surface 26 because of the concave-convex
      parallellism of the members in the illustrated embodiment.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
NUM  1.
PAR  1. A standard center-pivot door pivotally mounted adjacent a jamb having a
      stile with opposite parallel sides and a finger guard assembly suited for
      field retrofit assembly to the door and to the jamb, said finger guard
      assembly comprising a pair of elongated jamb guard members each having a
      supporting surface flush mounted on the surface of the jamb facing the
      doorway and in spaced parallel relationship with each other, each of said
      jamb guard member having an exposed surface extending along its length
      facing the axis of the door pivot, a pair of elongated door guard members
      each having a supporting surface flush mounted on said opposite parallel
      sides of said door stile, each said door guard member having a surface
      respectively facing one of said exposed surfaces of one of said jamb guard
      members, mounting means for mounting each of said jamb guard members and
      said door guard members on the jamb and door stile respectively to define
      a narrow gap therebetween along their lengths whereby the gap remains
      substantially the same dimension as the door swings from its full closed
NUM  2.
PAR  2. The apparatus of claim 1 wherein each said door guard member surface in
      facing relation with each said jamb guard member exposed surface is convex
      and substantially lies in a circle about the axis of the door pivot which
NUM  3.
PAR  3. The apparatus of claim 2 wherein each said jamb guard member exposed
      surface is concave and substantially lies in a circle about the axis of
NUM  4.
PAR  4. The apparatus of claim 1 including preformed mounting apertures through
      each of said jamb guard member exposed surfaces and each of said facing
      door guard member surfaces, and said mounting means comprise fastening
      means extending through said mounting apertures and into engagement with
NUM  5.
PAR  5. The apparatus of claim 4 wherein each said jamb guard member and door
      guard member includes a mounting rib extending from said exposed surface
      inwardly toward said jamb and from said facing surface inwardly toward
      said door respectively, each said preformed mounting aperture extending
      inwardly through a said mounting rib and including a counterbore at its
      outer end for receiving the head of said fastening means, and each said
      mounting rib being spaced, in relaxed condition, from the respective jamb
      and door surface to thereby insure close engagement respectively between
      said jamb guard supporting surface and said jamb and said door guard
NUM  6.
PAR  6. The apparatus of claim 3 wherein said jamb guard members and said door
      guard members are extrusions, each having an inverted substantially
      V-shape in transverse section, one leg of the V being curved to provide
      the respective said concave and convex surfaces, said door guard member
      and jamb guard member supporting surfaces comprising a foot at the base of
      each leg of the V, and said mounting ribs extend inwardly of the V from
NUM  7.
PAR  7. The apparatus of claim 1 wherein said mounting means include temporary
      support means comprising at least one strip of bonding tape having
      adhesive on both sides thereof associated with each said jamb guard member
      and with each said door guard member, said tape being interposed
      respectively between each said jamb and between each said door guard
      member supporting surface and said door stile in oppositely connecting
      adherence with each for temporary supporting connection, and including
      fastening means for permanently connecting each said temporarily supported
      jamb guard member and door guard member to said jamb and said door stile
      respectively.
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ABST
PAL  This invention relates to a portable upblast cleaning head which makes use
      of an airless centrifugal blasting wheel for throwing particulate in an
      upwardly direction against the underside of a horizontally disposed
      surface. The head includes means for effecting a sealing relation with the
      surface to be treated and for recovery and air wash separation of the
      blasting particulate from deposits and residue which are removed by the
      blasting process. The separating means is contained directly in the
      blasting head so that a completely portable and self-contained unit
      capable of recycling the particulate is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable upblast cleaning device. More
      particularly, it relates to a device of the type which utilizes one or
      more airless centrifugal blasting wheels for throwing particulate such as
      steel shot, grit or other abrasives against a surface. In particular, the
      present invention relates to a class of cleaning devices which are adapted
      for cleaning the underside of a horizontally disposed surface as, for
      example, the outside hull of a large ship. The device utilizes one or more
      airless centrifugal blasting wheels for throwing abrasive in an upwardly
      direction against the horizontally disposed surface. Sealing engagement
      with the surface is maintained by a flexible seal disposed around the
      blast area. The seal is maintained in contact with the blast area by
      various movable frame arrangements which are known in the art. After
      striking the surface, it is desirable to reclaim and reuse the abrasive.
PAR  In previous blast heads of the type described, there was a particular
      problem in recycling the abrasive due to the contamination and buildup of
      foreign particles in the device. As the buildup occurs, these particles
      mix with the abrasive and get recycled through the blasting device
      reducing its effectiveness and tending to clog or otherwise impair the
      efficiency of the device.
PAR  Another problem commonly experienced in devices of this class is the heat
      buildup about the blasting area due to the dissipation of kinetic energy
      of the particulate against  the surface being treated. This heat buildup
      aggravates the contamination problem causing binding of refuse of
      abrasive. One way to solve the problem of contaminant buildup is to pass
      the abrasive through a separator as, for example, an air wash separator to
      remove the contaminant. Previous attempts have utilized a separator which
      is located at a remote point from the cleaning head. Accordingly, the
      abrasive must be transported by a conveyer system from the blast head to
      the remote separator and back again before reuse. This arrangement is not
      entirely satisfactory and tends to limit the portability and versatility
      of the unit.
PAR  It is accordingly an object of the present invention to provide an abrasive
      cleaning device which recycles spent abrasive for reuse.
PAR  It is another object of the present invention to provide a portable blast
      head which prevents buildup of foreign matter in the returned abrasive to
      prevent gumming and sticking of the apparatus.
PAR  It is another object of the present invention to provide an air flow in the
      blast area of the device to maintain the temperature in the blast area at
      a selected level.
PAR  It is a further object of the present invention to provide a portable blast
      head having an air flow in the blast chamber to enhance the conveying of
      abrasive towards the recycling section.
PAR  It is another object of the present invention to provide a device which
      permits rapid access to the blast wheel and impellor so that jams and
      buildup of foreign matter can be quickly cleared and the machine easily
      serviced.
PAR  It is a further object of the invention to provide directly in the blast
      head itself a compact and efficient means of separating debris and foreign
      material from the returning abrasive prior to its reuse.
PAR  It is yet another object of the present invention to provide an air wash
      separating device in a portable blast head for extracting debris and other
      contaminants from spent abrasive.
PAR  Other objects and advantages of the invention will be apparent from the
      concluding portion of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a portable upblast cleaner of the present
      invention having portions thereof cut away;
PAR  FIG. 2 is a sectional view along the lines 2--2 of FIG. 1 illustrating the
      internal arrangement of the upblast cleaner; and
PAR  FIG. 3 is a sectional view of a blast wheel impellor illustrating a design
      modification.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 and 2, a portable upblast cleaner is disclosed. The
      cleaner is provided in a housing 10, the upper end of which is open.
      Disposed about the open end of the housing is a flexible seal 12,
      preferably of polyurethane. When the device is in use the open end of the
      housing is pressed against a surface to be treated and the seal 12
      prevents the escape of abrasive to the outside. Provided in the lower
      portion of the housing 10 is at least one and preferably two airless
      centrifugal blasting wheels 14 and 16. These wheels are well known in the
      art and are of the type manufactured by Wheelabrator-Frye Inc. of
      Mishawaka, Indiana. The blasting wheels receive abrasive from a storage
      supply hopper 18. High velocity rotation of the wheel is effective for
      throwing the particulate material upwardly in the housing 10 with
      sufficient kinetic energy to effect cleaning, scouring or abrading of a
      surface which is subjected to the blast.
PAR  As indicated in FIG. 2, the wheel 16 is driven by a motor 20 connected by a
      direct drive shaft 22. A similar drive arrangement is provided for the
      wheel 14. Wheel 16 receives particulate such as steel shot, grit or other
      abrasive materials from the supply hopper 18 via a flanged conduit 24. The
      flow rate from the supply hopper to the wheel is controlled by a slide
      valve 26 which may be hydraulically operated. The flange conduit is
      assembled by use of one or more connector rings 28 which permit quick and
      simple disassembly of the conduit to permit access to the interior of the
      wheel and the supply hopper should such be necessary to clear a jam or for
      other servicing purposes. The motor 20 drives the wheel 16 at rotational
      velocities on the order of 3600 revolutions per minute causing the
      abrasive fed to the wheel to be hurled upwardly through the housing 10 to
      the blast area 30.
PAR  As the abrasive thrown from the wheels 14 and 16 reaches the blast chamber,
      it impinges upon the surface to be treated which is encircled by the seal
      12. The high kinetic energy of the blasting media is effective for
      treating the surface. For example, cleaning, abraiding, scouring and
      similar procedures can all be accomplished utilizing the portable upblast
      device of the present invention by proper selection of velocities,
      abrasives and rate of travel.
PAR  The abrasive striking the surface dislodges particles therefrom which may
      be rust, paint and other deposits or residues. Both the spent abrasive and
      these residues fall downwardly from the surface and are collected in a
      rebound chamber 32 located directly beneath the blasting area 30. In order
      to assure that most of the material rebounding from the surface passes
      into the rebound chamber, it is enlarged to cover a substantial portion of
      the blast area. A small amount of material will fall back to the wheels
      but is again propelled therefrom.
PAR  A further provision to insure that most of the abrasive and residue pass
      into the rebound chamber 32 is the use of a cross air flow. Air is drawn
      into the head through a series of horizontally disposed ports 34 in the
      housing structure. The air enters through the ports 34 and flows across
      the blast area 30 and down into the rebound chamber.
PAR  This ventilating air serves the dual purpose of enhancing the amount of
      particulate which falls into the rebound chamber and also cooling the
      blast area to prevent heat buildup due to the kinetic energy dissipated by
      the blasting media striking the surface under treatment. Heat buildup
      shortens the life of the seals 12 and causes the residue material
      dislodged from the surface to coalesce, melt and otherwise bind and coat
      the abrasive.
PAR  As thus far described, the device of the present invention is effective for
      throwing abrasive at high kinetic energies against the underside of a
      horizontal surface to be cleaned. Abrasive strikes the surface dislodging
      particles therefrom and both the particles and abrasive fall from the
      blast area 30 into a rebound chamber 32 due to the effects of the air flow
      across the blast area and the configuration of the rebound chamber.
PAR  A significant problem in the utilization of devices of the present type is
      the tendency of the refuse removed from the treated surface to become
      intermingled with the abrasive or to coat it such that when the abrasive
      is reused, there is a buildup of this material on the parts of the device
      causing reduced efficiency and operation. For example, when paint is being
      removed by the device, the paint chips tend to build up on the blasting
      wheel impellors, causing a reduction in flow rate of abrasive to the wheel
      and ultimately causing a loss of cleaning effectiveness.
PAR  In order to avoid this operating problem, it is desirable to effect a
      separation of the abrasive from the deleterious material prior to
      permitting the abrasive to be reused. In prior art devices, this
      separation was either omitted or accomplished by use of a system whereby
      the spent abrasive was passed out of the portable cleaning head to a
      separate unit which effected separation and then conveyed the abrasive
      back to the portable cleaning head for reuse.
PAR  According to the present invention, an air wash type separator is contained
      in the portable blasting head of effecting separation of the abrasive from
      the debris as it passes downwardly from the rebound chamber 32 to the
      storage hopper 18. The separator section of the invention includes a set
      of horizontally extending ledges 38, 40 and 42, ledges 38 and 42 being
      attached to a sloped portion 44 of the rebound chamber structure. The
      ledge 40 is attached to the opposite side 46 of the chamber structure.
      Ledges 38 and 42 are spatially adjustable along a side wall 45 so that the
      labyrinth configuration created by the three ledges can be varied as
      desired. The abrasive and debris which rebound into the chamber 32 have
      lost most of their kinetic energy and begin falling through the ledges.
      The horizontally extending surfaces of the ledges accumulate abrasive
      thereon until the overflow point is reached. Additional abrasive entering
      the rebound chamber impacts or rolls over the abrasive piles, further
      dissipating any residual kinetic energy in the abrasive and residue prior
      to its entry into the separator. Spatial adjustment of the ledges 38 and
      42 insure that the rebounding abrasive and residue cannot pass through the
      labyrinth and enter the separator without first being brought
      substantially to rest.
PAR  Due to this arrangement, the returning abrasive and residue fall from the
      lowest ledge 42 into the separator in a state of gravity-free fall. This
      creates an evenly distributed uniform curtain of falling abrasive and
      residue. An even curtain of falling abrasive is precisely the condition
      required to effect an air wash separation of the lighter particles from
      the heavier abrasive. Stated more succinctly, the debris removed from the
      surface under treatment will generally consist of paint particles, rust
      chips and the like of significantly less density than the abrasive
      particles which are generally steel shot, grit or other dense material. It
      is therefore possible to separate the materials by use of an air wash
      separation technique.
PAR  In the present invention a cross flow of air enters the blasting head under
      suction through an inlet plenum 48. The air flow traverses a horizontal
      path from the plenum 48 across the falling curtain of abrasive and debris
      to one or more exhaust openings 36 at the top of an exhaust plenum 50.
      This cross flow of air acts on the free falling curtain of material to
      propel the finer and less dense particles out the exhausts while
      permitting the heavier abrasive particles to fall into the storage hopper
      18. The distance of abrasive free-fall, the size of the air slots and the
      air velocity may be varied as necessary to obtain an optimum separation of
      the constituent components of the falling column. In particular, an
      adjustable baffle plate 52 controls the size of the opening to the exhaust
      plenum 50 to restrict the air flow as necessary.
PAR  The separated abrasive passes downwardly into the storage hopper 18 for
      reuse. The storage hopper normally contains sufficient abrasive to feed
      both throwing wheels with an additional amount present to make up for
      leakage and other losses. When the abrasive passes from the stroage hopper
      through the flange pipe 24 and back to the wheel, the abrasive cycle is
      then complete.
PAR  The separator air flow and the debris entrained thereon pass outwardly
      through exhausts 36 to a dust collector 56 under suction from an exhaust
      fan 54 which may be separately located from the head. Since the exhaust
      fan and dust collector are conventional they are indicated only by boxes
      in FIG. 2.
PAR  Referring again to FIG. 1, a portion of a conventional positioning device
      adapted to be used with the upblast cleaning head of the present invention
      is illustrated. As stated previously, it is necessary for the device to be
      in sealing engagement with the surface to be treated. This sealing
      engagement is accomplished by pressing the top of the device into contact
      with the surface. The pressing of the device against the surface to form
      the sealed blasting area is accomplished by means of a position sensing
      unit mounted on the upblast head, capable of controlling a hydraulic frame
      and positioning unit of conventional construction. This positioning sensor
      has particular use when the surface being treated has curved or irregular
      contours to maintain the sealing relationship.
PAR  The positioning sensor includes a plurality of contact shoes 60 which are
      normally biased by a tension spring 62 to a position extending slightly at
      or above the top of the seal 12. When the device is pressed against a
      surface to be treated, the contact shoes are pressed downwardly causing an
      actuator arm 64 to which they are attached, to rock about a pivot point 65
      against the tension of spring 62. This rocking movement causes a slide
      potentiometer 66 connected to the actuator arm 64 to move a distance
      proportional to the amount that the contact shoe pivots the actuator arm.
      The potentiometer 66 is connected via conventional circuitry to produce an
      electrical signal proportional to the relative movement of each of the
      contact shoes 60. These electrical signals are utilized to control
      hydraulic control valves to operate the frame and positioning unit for the
      blast head.
PAR  If one of the contact shoes begins moving towards its initial position due
      to, for example, a curved contour in the treated surface, an electrical
      signal will be generated indicating that the frame assembly should move
      the blasting head into closer contact with the surface at that point in
      order to maintain a sealing relationship.
PAR  Since the servo system and the frame form no portion of the present
      invention, the details thereof are not illustrated. However, for reference
      purposes, the following source is referenced as an indication of the type
      of construction contemplated for mounting the present invention.
PAR  Referring now to FIG. 3, there is disclosed an additional element of the
      present invention which may be optionally employed when there is a serious
      problem with accumulation and buildup from the surface being treated. It
      has been found that when the device is utilized for sustained surface
      treatment as, for example, on the underside of a large oceangoing vessel,
      the rust, paint and other debris removed by the device tend to build up on
      the inside of the blast wheel impellors, in spite of the effective removal
      of a large portion of such debris by the air wash separator. This problem
      is ameliorated by the quick access to the blast wheels and the impeller
      interior through the quick release openings on the flange pipe 24.
      However, the addition of a scraper blade has been found to increase the
      period between necessary downtime servicing. The impeller 70 of the blast
      wheel has openings 72 therein for passing the abrasive received from the
      flange pipe 24 to the throwing vanes of the wheel. The buildup of residue
      occurs most heavily at the forward end 71 of the impellor where the
      abrasive is received from the flange pipe 24. A stationary scraper blade
      74 is rigidly attached to the abrasive pipe 24. A small clearance is
      permitted between the scraper and the forward portion 71 of the impeller.
      When the residue buildup reaches a preselected amount, the residue will
      begin scraping or chafing against the scraper blade. The scraper blade is
      desirably formed of a hard material with a grained surface. Thus, when the
      buildup becomes excessive, it is reduced by being abraided against the
      scraper blade thereby to prevent further buildup. The clearance between
      the rotating impeller and the stationary scraper blade is adjustable,
      depending upon the application to which the device is being utilized. It
      has been found that a spacing of approximately 0.06 inches is effective
      for most purposes.
PAR  While we have shown and described embodiments of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
NUM  1.
PAR  1. A portable upblast cleaning head for treating the underside of
      horizontally disposed surfaces comprising:
PA1  a. a housing open at its upper end and defining a generally vertical
      corridor;
PA1  b. at least one means mounted in the lower end of said housing for
      projecting particulate matter at high velocity toward said open upper end
      through said vertical corridor;
PA1  c. hopper means for supplying particulate to said projecting means;
PA1  d. means for effecting a sealing relationship between the open upper end of
      said housing and the surfaces being treated when said upper end is
      maintained in close proximity to said surface;
PA1  e. means for collecting spent particulate and debris resulting from said
      treating; and
PA1  f. means in said housing for receiving said debris and particulate from
      said collecting means for substantially separating said debris from said
      particulate and returning said particulate to said hopper means for reuse.
NUM  2.
PAR  2. The device of claim 1 further including means for exhausting said debris
NUM  3.
PAR  3. The device of claim 1 further including scraper means for limiting
NUM  4.
PAR  4. The device of claim 1 wherein said projecting means is an airless
      centrifugal blasting wheel including an impellor receiving said
NUM  5.
PAR  5. The device according to claim 4 further including scraper means for
NUM  6.
PAR  6. The device of claim 1 wherein said hopper means includes:
PA1  a. storage hopper for holding said particulate;
PA1  b. a flanged pipe connecting said storage hopper to said projecting means;
      and
PA1  c. valve means for controlling the flow rate of particulate through said
NUM  7.
PAR  7. The device according to claim 6 wherein said flanged pipe is connected
      to said storage hopper by quick-release connector rings to permit access
NUM  8.
PAR  8. The device of claim 1 wherein said means for sealing includes a flexible
NUM  9.
PAR  9. The device of claim 1 wherein said means for collecting includes:
PA1  a. a rebound chamber positioned beneath said open end into which most of
      said debris and particulate fall due to the force of gravity; and
PA1  b. means for removing residual kinetic energy from said particulate and
NUM  10.
PAR  10. The device according to claim 9 wherein said means for removing
      includes a plurality of horizontally extending ledges spatially arranged
      to form a labyrinth passage for said particulate and debris from said
      collecting means to said separating means whereby said debris and
      particulate pass into said separating means in a state of gravity-free
NUM  11.
PAR  11. The device of claim 1 wherein said means for separating includes an air
NUM  12.
PAR  12. The device according to claim 11 wherein said air wash separator
      includes:
PA1  a. an entry plenum and inlet in said housing permitting entry of air to the
      housing interior;
PA1  b. an exhaust plenum and outlet through which said air is exhausted from
      said housing; and
PA1  c. means for creating a suction at said outlet whereby a continuous and
      constant stream of air is caused to enter said inlet, flow across said
      separator and out said outlet thereby to effect separation of said debris
NUM  13.
PAR  13. The device according to claim 12 wherein said debris is entrained on
      said airstream and exhausted through said outlet and further including a
NUM  14.
PAR  14. The device of claim 10 wherein said means for separating includes an
NUM  15.
PAR  15. The device of claim 10 wherein said air wash separator includes:
PA1  a. an entry plenum and inlet in said housing permitting entry of air to the
      housing interior;
PA1  b. an exhaust plenum and outlet through which said air is exhausted from
      said housing; and
PA1  c. means for creating a suction at said outlet whereby a continuous and
      constant stream of air is caused to enter said inlet, flow across said
      separator and out said outlet thereby to effect separation of said debris
NUM  16.
PAR  16. The device according to claim 15 wherein said debris in entrained on
      said airstream and exhausted through said outlet and further including a
NUM  17.
PAR  17. The device according to claim 9 further including means for causing an
      air flow across said open end toward said collecting means to cool the
      blast area and increase the amount of particulate and debris received in
NUM  18.
PAR  18. A portable upblast cleaning head for treating the underside of
      horizontally disposed surfaces comprising:
PA1  a. a housing open at its upper end and defining a generally vertical
      corridor;
PA1  b. at least one means mounted in the lower end of said housing for
      projecting particulate matter at high velocity toward said open upper end
      through said vertical corridor;
PA1  c. hopper means for supplying particulate to said projecting means;
PA1  d. means for effecting a sealing relationship between the open upper end of
      said housing and the surfaces being treated when said upper end is
      maintained in close proximity to said surface;
PA1  e. means for collecting spent particulate and debris resulting from said
      treating; and
PA1  f. means in said housing for receiving said debris and particulate from
      said collecting means and returning them to said hopper means for further
      treatment.
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ABST
PAL  A portable apparatus for surface treatment with particulate material thrown
      onto the surface at high velocity is disclosed. The apparatus includes a
      device or features for removing from the surface the particulate material
      and debris generated by the treating process. The removing features
      include a magnetic drum for attracting ferromagnetic material, a vacuum
      packup for removing nonmagnetic material, and a plurality of air jets for
      positioning and lifting the material to increase the efficiency of the
      recovery process. The recovered material is separated according to content
      and the particulate is recycled for reuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable apparatus for surface treatment with
      particulate material projected at high velocity onto the surface. More
      particularly, it relates to a portable self-contained device including
      means for the removal of particulate material, dust, rubber and other
      debris from a vehicular surface such as a highway or airplane runway. Such
      surface treatment is effective for cleaning the vehicular surface and
      otherwise restoring vehicle traction characteristics thereon.
PAR  In U.S. Pat. No. 3,691,689, description is made of a mobile apparatus for
      cleaning surfaces with a particulate abrasive material wherein the
      abrasive particles are thrown centrifugally at high velocity downwardly
      through the open bottom side of a housing enclosing an exposed surface to
      be cleaned. The particulate material thrown onto the surface at a high
      velocity is prevented from ricocheting into the atmosphere by an apron of
      resilient material which reaches down to the surface. The spent
      particulate material and dust pass under the apron for subsequent removal
      from the surface by a rotating brush. The brush sweeps the particulate
      material and dust into an elevator which raises the dust and particulate
      material to a separator whereby the particulate material is separated from
      the dust and returned for recycling by the throwing wheel.
PAR  The brush pickup of the above referenced patent represents an extra piece
      of equipment which materially increases the size of the machine and cost
      of operation. Further, the brushes require frequent replacement and do not
      accomplish a fully satisfactory recovery of the particulate and debris.
      This is particularly true when operating over a rough, uneven or grooved
      surface.
PAR  Another method of surface treatment is disclosed in U.S. patent application
      Ser. No. 363,723 filed May 24, 1973 now U.S. Pat. No. 3,877,175, issued
      Apr. 15, 1975, and assigned to the present assignee. There a vacuum type
      recovery system is employed wherein jets of air are directed towards the
      surface to focus and elevate spent abrasive and debris towards a vacuum
      inlet wherein a suction force is effective for picking up the debris and
      abrasive. While this technique is more efficient than disclosed in the
      referenced patent, it is incapable of effective removal of abrasive
      trapped in cracks or grooves in a vehicular surface. This is a
      particularly troublesome problem in the case of airport runways which are
      often systematically grooved to increase the coefficient of friction of
      the surface and to improve its water runoff capabilities. If the equipment
      is not capable of adequately removing abrasive from a grooved pavement,
      there is a slow but perceptible buildup of such material in the grooves,
      reducing traction and water runoff.
PAR  In U.S. patent application Ser. No. 432,353, filed Jan. 10, 1974, now U.S.
      Pat. No. 3,858,359, issued Jan. 7, 1975, and also assigned to the present
      assignee, there is disclosed a third type of mobile surface treating
      apparatus wherein the recovery means employed is magnetic. In this
      apparatus the abrasive thrown onto the surface is ferromagnetic as, for
      example, steel shot or grit. The shot or grit is recovered by use of a
      magnetic drum positioned rearwardly of the throwing wheel sufficiently
      close to the surface that the abrasive is attracted thereto. After pickup
      the abrasive is conveyed to a belt and bucket elevator for subsequent
      cleaning and reuse. This technique provides a high recovery rate of
      abrasive regardless of whether the abrasive is on a flat surface or in
      cracks or grooves on said surface. However, it can remove only
      ferromagnetic material and leaves much dust, rubber and other nonmagnetic
      debris in place. Accordingly, it is again necessary to provide additional
      cleaning equipment to insure complete removal of the nonmagnetic debris.
PAR  Other methods of particulate pickup utilizing magnetic or vacuum means or
      which employ rebound techniques are described in the following U.S. Pat.
      Nos. 3,380,196 (Mabille); 2,064,344 (Good); 3,004,279 (Ringer); 3,034,262
      (Paulson); and 3,448,544 (Cardone).
PAR  Accordingly, it is an object of the present invention to provide a portable
      surface treating apparatus which is capable of substantially completely
      removing both magnetic and nonmagnetic debris from a road surface whether
      grooved or flat.
PAR  It is another object of the present invention to provide a portable surface
      treating apparatus capable of recovering all debris and particulate from a
      surface.
PAR  It is a further object of the present invention to provide a portable
      surface treating apparatus capable of removing debris from grooved and
      cracked surfaces.
PAR  It is still another object of the present invention to provide a portable
      surface treating apparatus capable of continuous operation over a
      substantial period of time.
PAR  It is yet another object of the present invention to provide a portable
      surface treating apparatus which achieves economy of operation by recovery
      and reuse of abrasive.
PAR  It is a further object of the present invention to provide a portable
      surface treating apparatus capable of off-loading debris to a dumping
      vehicle to minimize downtime.
PAR  Other objects and advantages of the invention will be apparent from the
      concluding portion of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the portable surface treating apparatus according
      to the present invention;
PAR  FIG. 2 is a side view having portions cut away illustrating the present
      invention; and
PAR  FIG. 3 is an enlarged side view having portions cut away illustrating in
      greater detail the essential components of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1 and 2, a preferred embodiment of the invention is
      shown. The treating apparatus is mounted on a trailer frame 10 having
      wheels 12, 14 mounted to the rear end 16 thereof. A front end 18 of the
      frame 10 is adapted to receive a standard truck trailer hitch assembly 20
      having a fifth wheel mounting 22 thereon. In turn, the assembly 20 is
      attached to a tractor or other suitable towing device (not shown) in a
      known manner. Alternately, of course, the present invention may be
      self-propelled rendering unnecessary the trailer hitch assembly.
PAR  A power generator 24 and fuel tank 26, 28 are provided on front end 18
      while the rear end 16 has a control and switching panel 30 mounted
      thereon. Other support equipment shown but not essential to an
      understanding of the present invention includes power genarator 32 and
      compressor 34 associated with a dust collector 36 to be described
      subsequently.
PAR  Mounted to the main support frame 10 is at least one airless centrifugal
      particulate throwing wheel 38 powered by a motor 40 (FIG. 3). The throwing
      wheels are preferably of the type manufactured by Wheelabrator-Frye Inc.
      of Mishawaka, Ind. In the embodiment shown two such wheels are shown
      mounted to the frame 10. Particulate material such as steel shot, grit or
      other abrasive material is supplied to the wheel from a hopper 42 via a
      hose 44. The particulate is supplied to the center of the wheel which is
      rotating at a high angular velocity. The blades of the wheel throw the
      particulate material outwardly therefrom in a pattern determined by the
      wheel configuration and the shape of a protective housing 46. Accordingly,
      as illustrated in FIG. 3, the abrasive is thrown downwardly at a fixed
      rearward angle onto the road surface. As described in the above cited
      copending applications, the abrasive blast is effective for dislodging
      surface deposits of rubber due to vehicle tires, petroleum deposits, etc.
      The abrasive blast bombards the deposits with abrasive particles of
      sufficiently high kinetic energy that they exceed the bonding strength
      between the deposits and the road surface. Generally the deposits are
      broken up into small fragments which, along with the spent abrasive, are
      left on the surface as the apparatus moves therealong.
PAR  In order to provide an economical and rapid surface treatment, it is
      necessary that the present apparatus be capable of a substantially
      continuous operation. It is necessary, therefore, that the spent abrasive
      be recovered for reuse. Absent this capability, it would be necessary to
      continually stop the machine and reload it with additional abrasive.
      Further, as was pointed out earlier, without the capability for
      effectively removing the debris generated by the treating process,
      additional pieces of equipment, time and money would be required to
      produce a clean and safe vehicular surface.
PAR  Accordingly, recovery means are mounted on the frame 10 rearwardly of the
      throwing wheel blast patterns. The recovery means (FIG. 3) is a compound
      system including a magnetic drum 50 consisting of a nonmagnetic housing
      containing magnetic means for attracting ferromagnetic particulate and
      debris and a vacuum orifice 52 for removing the nonmagnetic debris as well
      as any abrasive which is not picked up by the magnetic drum 50. In order
      to enhance the pickup ability of both the drum 50 and the suction orifice
      52, an air blast is provided through at least one opening 54 positioned
      rearwardly of the orifice 52. This air blast is directed forwardly and
      downwardly against the surface in a manner so as to concentrate the
      particulate and debris into the pickup areas of the drum and suction
      orifice. Further, it tends to slightly elevate the material off the
      surface to improve the removal capability of the recovery system.
PAC  MAGNETIC PICKUP
PAR  Referring first to the drum 50, several arrangements according to the
      present invention are possible. A preferred arrangement employs a
      plurality of fixed magnets 56 located at fixed positions on the inside
      circumference of the drum which is itself formed of nonmagnetic material
      such as stainless steel. The drum is rotated counterclockwise as viewed in
      FIG. 3 and thus as the drum encounters magnetic material on the surface
      under treatment, the magnets inside the drum attract the material to the
      outside circumference of the drum. The material is then carried on the
      drum to a point where no magnets are positioned. At this point the
      material is free to fall away from the circumference of the drum. Any
      material which fails to do so may be forcibly removed therefrom by a
      scraper blade 58. The material so recovered drops into a collection trough
      60 from which it is conveyed by a screw conveyor 62 to a belt and
      bucket-type elevator 64.
PAC  VACUUM PICKUP
PAR  The operation of the vacuum orifice 52 will be next considered. Debris and
      any remaining particulate not removed by the drum is sucked in through the
      orifice 52 and passes upwardly to a first expansion chamber 64 where a
      drop in the air velocity occurs. This permits coarse material picked up by
      the suction orifice to settle out into a trough 66 from which it is
      conveyed by a screw conveyor 68 to the belt and bucket elevator 64. The
      air and any fine material which remains suspended passes through an
      opening 70 to a second expansion chamber 72. In the chamber 72 there is
      again a reduction in the air velocity permitting additional settling out
      of suspended material which also falls into the trough 66. An
      inertial-type separator 74 of known construction is employed in the
      expansion chamber 72 to trap and remove any remaining particulate. A
      dribble valve 76 permits the accumulated abrasive to periodically be
      released without loss of pressure.
PAR  From the inertial separator 74, the air passes via an outlet 78 to a motor
      driven suction fan 80 (FIG. 2). This fan is utilized to produce the vacuum
      or suction force at the orifice 52 and exhausts the air via duct 82 to the
      dust collector 36. The dust collector 36 is of a known construction and
      need not be described here in detail. By means of a plurality of filter
      elements the dust and fine particles suspended in the air received from
      the duct 82 are removed. The filtered air is then exhausted from the dust
      collector 36 via duct 84 and, if desired, is reused in a manner now to be
      described.
PAR  Duct 84 conducts the filtered air to the inlet of a second fan 86 employed
      as a blower fan to produce the air blast for outlet 54 (FIG. 3). The
      blower 86 pressurizes a pressure box 88 for producing the air blast from
      outlet 54. In practice it has been found that not all of the air filtered
      by the dust collector 36 is necessary for producing the air blast.
      Accordingly, an adjustable bleeder valve 90 is provided communicating the
      interior of the pressure box with the atmosphere to expelled excess air.
PAR  To summarize, by means of a magnetic drum and vacuum recovery system, the
      debris and particulate laying in the surface of the road are recovered.
      The air utilized in the vacuum system is treated and filtered to remove
      particulate debris, and then is reused to produce the air blast for
      elevating and focusing the debris and particulate for pickup.
PAC  ABRASIVE RECOVERY
PAR  It will be recalled that both screw conveyors 62 and 68 convey the
      recovered debris and particulate to the boot of the belt and bucket
      elevator 64. As indicated schematically in FIG. 3, the elevator 64 is
      effective for carrying the material upwardly to the inlet of an air wash
      separator 100. The material is conveyed from a head spout 102 (FIG. 1) by
      a screw conveyor 104 through a rotating trash screen 106 (FIG. 3). The
      trash screen 106 is effective for permitting only particulate and small
      debris to pass through it into the air wash separator proper. The
      remaining debris such as chunks of rubber, nails and other trash are fed
      into conduit 110 for deposit in a trash receptacle 112 mounted to the
      frame 10.
PAR  The granular material composed of small debris and abrasive passes through
      the trash screen into the air wash separator. As is well known in the art,
      an air wash separator utilizes a curtain of air passing across a falling
      width of particulate material to separating the material according to
      density. Thus, lighter particulate material is horizontally displaced from
      its vertically downward fall path by a greater distance than heavier
      particulate material. Since the abrasive, such as steel shot or grit is
      very heavy relative to the debris, the hopper 42 receives only abrasive
      since the steel shot or grit is affected little by the air curtain.
PAR  The debris which is of lighter density is received in a second receptacle
      114. Generally this material will be a mixture of sand, rubber, and
      hydrocarbon deposits picked up by the apparatus. A dribble valve 116
      permits the periodic deposit of the accumulated debris into a larger
      receptacle 130 (FIG. 2) without affecting the air flow in the air wash
      separator. Prior to exhausting the air from the air wash separator, it is
      desirable to minimize dust and pollution by employing a cyclone separator
      120 for removing fine sand and dust from the air flow. The air passes in a
      spiral manner downward through the separator 120 and up and out through
      pipe 122. The suspended materials precipitate out in the process. A
      dribble valve 126 is provided for the same purpose as valve 116.
PAR  If required to effect a desired degree of separation, multiple stage air
      wash separators can be employed. Such devices merely repeat the air wash
      several times to improve the priority of the separated materials.
PAR  As shown in FIG. 2, the sand, rubber and fines which are collected through
      the air wash separating process are subsequently deposited in a container
      130. Periodically it is necessary to empty the container 130 and the dust
      collector 36, and for this purpose there is provided an off-loading
      elevator 132 receiving the contents of the dust collector 36 and container
      130 at its boot. At the top of elevator 132 is a swingable boom member 134
      (FIG. 1) which is suitable for conveying the sand and fines from the top
      of the elevator to a dump truck or other vehicle for removal. In this
      manner the present invention can be kept operating on the vehicular
      surface without the need for interrupting treatment every time the
      accumulated debris fills the storage container 130. Instead, the contents
      of the container are merely offloaded onto another vehicle and then
      surface treatment may resume.
PAR  While we have shown and described an embodiment of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
NUM  1.
PAR  1. In a portable apparatus having means for projecting particulate material
      onto a surface portions of which may be grooved and for removal of debris
      and spent particulate thereon, the improvement comprising:
PA1  a. magnetic means for removing ferromagnetic material from said surface;
PA1  b. second means for removing by vacuum pickup any remaining debris and
      particulate from said surface;
PA1  c. separating means receiving the removed material from said first and
      second means for effecting separation of debris from said particulate;
PA1  d. means for returning the recovered and separated particulate to said
      projecting means; and
PA1  e. means for producing an air blast on said surface to focus the debris and
      spent particulate into the vicinity of said magnetic means and second
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said means for producing an
      air blast includes:
PA1  a closed box;
PA1  means for pressurizing said box above atmospheric pressure;
PA1  at least one discharge opening communicating between the box and the
      atmosphere adjacent said surface and positioned to effect said focusing.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein the means for pressurizing is
NUM  4.
PAR  4. The apparatus of claim 1 wherein said magnetic means includes a rotating
NUM  5.
PAR  5. The apparatus of claim 1 wherein said second means includes:
PA1  a closed chamber;
PA1  means for producing a partial vacuum in said chamber; and
PA1  at least one orifice communicating between the chamber and the atmosphere
NUM  6.
PAR  6. The apparatus according to claim 5 wherein the means for producing said
NUM  7.
PAR  7. The apparatus of claim 1 further including means for settling out the
      airborne material picked up by said second means wherein said means for
      settling out includes at least one air expansion chamber and an inertia
NUM  8.
PAR  8. The apparatus of claim 1 wherein said separating means includes:
PA1  a trash screen receiving said removed material for screening out large
      debris therefrom; and
PA1  at least a one-stage air wash separator for effecting separation of the
NUM  9.
PAR  9. The apparatus according to claim 8 wherein said separating means further
      includes conveyor means for transporting the removed material from said
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said conveyor means include
NUM  11.
PAR  11. The apparatus according to claim 8 wherein said separating means also
NUM  12.
PAR  12. A portable device for removal of debris from a horizontal surface
      including means for projecting ferromagnetic abrasive onto said surface
      comprising:
PA1  magnetic means for removing ferromagnetic debris from said surface;
PA1  vacuum means for removing nonmagnetic debris from said surface;
PA1  means receiving the ferromagnetic and nonmagnetic debris for reclaiming
      said abrasive therefrom;
PA1  means returning said reclaimed abrasive to said projecting means for reuse;
      and
PA1  means for producing an air blast on said surface to focus the ferromagnetic
      and nonmagnetic debris and spent abrasive into the vicinity of said
NUM  13.
PAR  13. In a portable apparatus having means for projecting particulate
      material onto a surface, portions of which may be grooved, and for removal
      of debris and spent particulate thereon, the improvement comprising:
PA1  a. magnetic means for removing ferromagnetic material from said surface
      including a nonmagnetic rotating drum and magnets at selected fixed
      positions along the inner circumference of said drum;
PA1  b. second means for removing by vacuum pickup any remaining debris and
      particulate from said surface;
PA1  c. separating means receiving the removed material from said first and
      second means for effecting separation of debris from said particulate; and
PA1  d. means for returning the recovered and separated particulate to said
      projecting means.
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ABST
PAL  A sand reclamation system is disclosed for reconditioning and sizing sand
      utilized in precision molding. The system includes particulate blasting
      wheels for breaking down the sand molds and reducing them to discrete
      particles. A conveyor, a first air wash for separating the particulate
      used for blasting from the granular sand and a second special air wash for
      separating undersized sand particles from those which may be reused for
      further molding. The second air wash utilizes a modified air wash
      separator employing a surge bypass arrangement to insure a constant feed
      rate therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of chemically bonded molds.
      Particularly, the present invention relates to the release of precision
      cast parts from molds formed of high quality sand, a chemical binder and a
      catalyst which are hardened into a solid mold. When it is desired to
      remove the cast part from the mold, the mold shell can be removed as by
      blasting. This technique has the advantage that, in addition to removing
      the mold, the finish of the casting is improved. In order to use this
      technique, it is necessary to use high quality sand which may cost
      significantly more than coarse or green sand. Thus it is very desirable to
      reclaim the sand used in the molding process for reuse. The problem with
      reclaiming and reusing the sand is a buildup of fines and organic
      contaminants which increase the loss on ignition (LOI) of the sand and
      reduce its qualities as a high performance molding material.
PAR  Over a period of time the high quality sand breaks down through the
      repeated molding and blasting process into a fine dustlike material. This
      phenomenon is objectionable in that it adversely affects the mold strength
      and casting quality. Thus it is desirable to reduce the buildup of
      contaminants on the individual sand grains and to further maintain the
      initial screen size distribution of sand particles by removing particles
      which are of insufficient size.
PAR  In U.S. Pat. No. 3,716,947 to Carpenter et al. there is disclosed an
      abrasive cleaning system wherein sand molds are subjected to an abrasive
      blast for breaking the mold into small lumps. The lumps are then conveyed
      on a vibrating conveyor to a second blasting station where the lumps are
      broken down into individual discrete particles. By means of various
      elevators and screw conveyors, the material is conveyed to air wash
      separators for separating the sand from the particulate or abrasive shot.
      While such a device accomplishes its intended purpose, it does not provide
      means for maintaining a desired screen size distribution and further, it
      requires a plurality of blasting stations to break the sand down into
      discrete particles. Further, as indicated by U.S. Pat. No. 3,782,643, a
      continuation-in-part of the first-mentioned patent, there is an
      insufficient reduction in the contamination of the sand particles when the
      two-stage blasting technique is utilized. Thus, in order to compensate and
      further reduce the LOI problem, an additional technique for cleaning the
      sand is necessary, as disclosed in the second mentioned patent.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a sand
      reclamation system which is simpler and more efficient in operation.
PAR  It is a further object of the present invention to provide a sand
      reclamation system which is capable of breaking a sand mold into discrete
      sand particles with one blasting application.
PAR  It is another object of the present invention to provide a sand reclamation
      system utilizing a blasting chamber wherein the force of the particulate
      blast on a sand mold exceeds the bonding energy of the sand particles in
      the mold to thereby reduce the sand to individual discrete particles.
PAR  It is another object of the present invention to provide a sand reclamation
      system capable of maintaining a desired screen size distribution of sand
      particles in the reclaimed sand.
PAR  It is another object of the present invention to provide a sand reclamation
      system utilizing a compensated flow sand-sand air wash separator for
      separating out sand particles too small to be used further in a molding
      operation.
PAR  Other objects and advantages of the invention will be apparent from the
      concluding portion of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a sand reclamation device according to the
      present invention;
PAR  FIG. 2 is a schematic diagram illustrating the operation of the device of
      FIG. 1,
PAR  FIG. 3 is a perspective view, having portions cut away, of the sand-sand
      separator and the magnetic drum separator of the present invention; and
PAR  FIGS. 4A and 4B are comparative charts illustrating the effect of the
      sand-sand separator in maintaining a desired screen size distribution of
      reclaimed sand.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the sand reclamation system of the present invention
      is illustrated. Sand molds to be subjected to a particulate blast are
      placed on a load table 10 which is secured to a loading door 12. When the
      door 12 is in a closed position, the table 10 is as indicated by the
      numeral 10' and the door seals the blast chamber 11 to prevent the
      particulate material from escaping into the surrounding area. The blasting
      is produced by one or more centrifugal blasting wheels 14 of known
      construction. For example, the centrifugal blasting wheels manufactured by
      Wheelabrator-Frye, Inc. of Mishawaka, Ind., are suitable for the purpose.
      These devices receive particulate material such as steel shot, grit, or
      other abrasive materials via supply lines 16. The abrasive is supplied to
      the center of the wheel from whence it is thrown with high velocity
      downwardly into the chamber 11 where it strikes the molds resting on the
      table 10'. Depending upon the size and design of the blasting wheels, the
      abrasive may be thrown with selectable velocities. Furthermore, the
      diameter or screen size of the abrasive may also be varied for a purpose
      now to be described.
PAR  As mentioned, it has previously been necessary to first break a sand mold
      into lumps and then in a second operation subject it to an abrasive blast
      for reducing it into discrete particles. In the present invention, only a
      single blasting step is required due to the use of blasting wheels
      operating at sufficiently high velocities and with particulate materials
      chosen such that the kinetic energy of the particulate thrown at the molds
      exceeds the bonding strength of the sand particles in the molds. This
      completely breaks down the mold into discrete sand particles in a single
      operation. After the molds have been broken open, the blasting wheels are
      turned off and the door 12 opened to remove the parts from the loading
      table. As thus far described, the device operates in a batch mode wherein
      a number of molds are placed into the device and then subsequently
      removed. It will be apparent that, if desired, a continuous assembly line
      type of operation could be employed by utilizing conveying means to convey
      a continuous stream of molds into the blasting chamber.
PAR  As the mold breaks down into discrete sand particles, the particles fall
      downwardly onto the floor of the blasting chamber 11. These particles have
      been subjected to an abrasive blast of a magnitude sufficient not only to
      separate them from the mold but also to substantially reduce the buildup
      of organic materials adhering to the surface of the individual sand
      grains. These partially cleansed particles and the spent abrasive are then
      conveyed by means of screw conveyors 18 to the boot of a belt and bucket
      elevator 20. The sand grains and abrasive are picked up by the elevator 20
      and conveyed upwardly and thence into a multi-stage air wash separator 22.
      The separator 22, as will be described, is effective for separating the
      particulate material from the sand grains and for subsequently returning
      the particulate to the blast wheels for reuse. The sand, after separation
      from the particulate in the air wash separator 22, is passed downwardly
      into a sand-sand air wash separator 24 which is effective for classifying
      the sand according to the screen size; that is, undersized sand as well as
      any undersized abrasive which has not been removed by the separator 22, is
      separated out and sent to a refuse collecting bin via a conduit 26. Sand
      which is of a screen size distribution suitable for reuse is passed
      downwardly into a magnetic drum separator 28 for removing any last traces
      of magnetic materials such as scraps, trash, abrasive and the like which
      contaminate the sand. The magnetic refuse is collected and sent to a scrap
      bin via conduit 30. Sand which is of a proper screen size and which is now
      free from magnetic trash and the like, passes out of the separator 28 via
      conduit 32 to a collection bin where it is stored for subsequent reuse in
      the molding process.
PAR  In order for the air wash separators 22 and 24 to operate in a satisfactory
      manner, it is necessary to provide surge bypass devices such that when an
      excessive amount of material is provided to the separators, this material
      can be returned to the blasting chamber 11 for recycling until the
      separators catch up. In this manner the separators can operate in a more
      efficient and effective manner. For this purpose bypasses 34 and 36 are
      provided on the air wash separator 22. The bypass 34 receives excessive
      amounts of sand and abrasive passing into the separator 22 and deposits
      the mixture back into the blast chamber 11 via conduit 38. Surge device 36
      receives excessive abrasive which accumulates as the air wash separator
      operates and similarly returns the excess abrasive back to the blast
      chamber 11 via conduit 40. As will be described, similar provisions are
      made for the sand-sand separator 24.
PAR  Referring now to FIG. 2, a schematic flow diagram of the operation
      according to the present device is illustrated. For this figure, like
      numerals from FIG. 1 have been used throughout. The castings from which
      the molds are to be removed are placed on the table 10' and subjected to
      an abrasive blast by blasting wheel 14. The mixture of sand and abrasive
      is collected in the bottom of the blast chamber 11 by screw conveyors 18.
      The screw conveyors convey the material to a belt and bucket elevator 20
      at the top of which is a further screw conveyor 50 for conveying the
      material into the air wash separator. As shown in FIG. 2, the air wash
      separator is preferably provided with an air filtering system for removing
      the dust.The filtering system includes a suction fan for drawing the dusty
      air through a conduit to a dust collector 52.
PAR  Sand, regardless of screen size, is separated by the air wash separator 22
      from the abrasive and is fed via conduit 54 to the sand-sand separator 24.
      Additionally, any material precipitating out of the air stream going to
      the dust collector is also fed to the sand-sand separator 24 via conduit
      56. A surge device which will be described subsequently provides for
      returning any sand which overflows from the sand-sand separator 24 to the
      blasting chamber 11 via 57. After separation by the air wash separator 22,
      the sand, which is of a proper screen size, is next passed through a
      magnetic separator 28 for removing magnetic trash and fines. Finally, the
      resuable sand is collected in a bin 58 for reuse.
PAR  Referring now to FIG. 3, the construction details of the sand-sand
      separator 24 and the magnetic drum separator 28 are disclosed in greater
      detail. The sand-sand separator 24 is illustrated as a singly lip air wash
      separator. It will be apparent to those skilled in the art, however, that
      if desired, a two, three or four-stage separator could be employed,
      particularly where it is desirable to cool the sand at the same time that
      the size classifying process is being carried out. Sand-sand separator 24
      receives sand via conduit 60 from the air wash separator 22. The sand
      enters the separator 24 through an overflow device 62 to be described
      subsequently. As the sand enters, it is picked up by a screw conveyor 64
      and carried substantially across the width of the separator.
PAR  The separator is provided with an upper fixed baffle 66 and a swinging
      counterweighted baffle 68. The swinging baffle is mounted to a trough-like
      structure 70 adapted to support the sand as it is moved into the separator
      by the screw conveyor 64. The angular relationship of the baffles 66 and
      68 is such that sand is prevented from spilling over the edge 72 of the
      trough 70 until a sufficient amount of sand is present to displace the
      swinging baffle 68 due to the force of the sand thereon. This
      configuration is similar to the device shown and described in U.S. Pat.
      No. 3,005,547 assigned to the present assignee and incorporated hereby.
PAR  Use of this arrangement wherein sand is forced substantially along the
      length of the separator before it can build up sufficient pressure to
      displace the swinging baffle 68 produces a full width curtain of falling
      sand. As the sand passes downwardly, as disclosed in more detail in the
      referenced patent, an air curtain passes across the path of the sand
      effecting a separation according to the density of the particles; that is,
      the heavier sand particles are displaced by an amount less than the
      lighter particles. The lighter particles are displaced from a vertically
      downward path sufficiently so that they pass into a bin for discarded sand
      (not shown). The heavier particles which are of sufficient size for reuse
      pass nearly vertically downwardly into the magnetic drum separator 28.
PAR  The overflow device 62 is provied at either the inlet or the side opposite
      the inlet to the sand-sand separator and provides for a controlled feed
      rate of sand to the separator. The device includes a bypass conduit 57 for
      permitting excessive amounts of sand to flow back to the machine for
      recirculation through the system. This is necessary so that the processing
      rate of the sand-sand separator can be maintained within acceptable limits
      to insure a satisfactory screen size distribution.
PAR  In comparing the sand-sand separator structure with that of the main air
      wash separator 22, the following points should be noted. The main air wash
      separator 22 is utilized for separating materials of different composition
      and density, namely sand from abrasives such as steel or ferrous shot or
      grit. This is essentially a coarse type of separation in that there is
      significant difference in the screen sizes as well as the densities of the
      properties to be separated. The feed rates of the main separator 22 may be
      substantially different, i.e., higher, than in the sand-sand separator 24.
PAR  In the sand-sand separator 24 what is effectively a very sensitive
      separating operation is performed. The feed rate is very accurately
      controlled within prescribed limits by the employment of the overflow
      device 62 to prevent excessive amounts of sand from being fed in and by
      the swinging baffle arrangement 68 which prevents insufficient or
      excessive amounts of sand from passing through the device. Thus the device
      operates at a feed rate which is very narrowly controlled so that the air
      flow rate through the separator can be accurately preset to effect a
      desired screen sized distribution separation of the sand passing through
      the separator. A specific example is shown in FIGS. 4A and 4B wherein a
      comparison is illustrated between the screen size distribution of sand
      without the use of a sand-sand separator and the screen size distribution
      with the use of the sand-sand separator 24.
PAR  As shown in FIG. 3, the overflow device 62 preferably receives the sand
      from conduit 60 and acts as a feed bin into the sand-sand separator.
      Alternately, the overflow device may be at the opposite end of the
      separator and receive excess sand from the screen conveyors. Excessive
      amounts of sand, which exceed the rate at which the separator can accept
      it, accumulate in the overflow device 62 until they reach a preset level
      at or above the bypass 57. Any further excess accumulation of sand passes
      into the bypass conduit 57 and is returned to the blast chamber.
PAR  From the sand-sand separator, the sand having at least the minimum selected
      screen size passes downwardly into the magnetic separator 28. The
      separator is of a known construction and channels the sand to the top side
      of a rotating drum 73. The magnetic separator removes any ferromagnetic
      fines such as broken down shot, small particles of trash, etc., which in
      spite of the separating devices remains mixed with the reusable sand. The
      device may have a semi-cylindrical magnet 75 or alternating pole magnets
      positioned inside the periphery of the drum 73 to cause the magnetic
      particles to be attracted to the drum whereas the sand falls off the drum
      and passes downwardly through the conduit 77. The magnetic trash remains
      attracted to the drum as it rotates in the direction indicated by the
      arrow until the drum reaches a position beyond the magnet 75. This breaks
      the magnetic attraction force permitting the magnetic trash and fines to
      fall downwardly into a second conduit 79.
PAR  As mentioned previously, one of the main objects of the present invention
      is to maintain a desired screen profile for the sand. In casting
      operations, it is of primary importance that the screen sized distribution
      profile be maintained within the specification set for new sand. In usage,
      the sand slowly breaks down to finer fractions due to the handling,
      mixing, molding and thermal reaction as well as during the metal pouring
      shakeout and reclaiming of the sand. The fines generated by these
      operations do not fit into the specified screen size distribution profile
      and thereby must be removed. As shown in FIG. 4A, the sand profile of
      reclaimed sand from a molding operation without the use of a sand-sand
      separator has a profile which includes measurable percentage of sand fines
      able to pass a 140 mesh or better screen. As shown in FIG. 4B, by use of a
      sand-sand separator these objectionable sand fines are substantially
      eliminated, thereby to maintain the reusable sand at a selected minimum
      screen size.
PAR  While I have shown and described embodiments of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
NUM  1.
PAR  1. A sand reclamation system for breaking sand molds into discrete
      particles for reuse and for maintaining a selected minimum particle size,
      comprising:
PA1  a. a blast chamber receiving said molds for confining the blast therein;
PA1  b. means for throwing particulate at said molds to break them down into
      discrete particles;
PA1  c. means for conveying the spent particulate and sand particles from said
      blast chamber;
PA1  d. a first air wash separator for separating said sand particles from said
      particulate; and
PA1  e. a second air wash separator for separating sand particles to remove
      particles which are smaller than said selected minimum size, said second
      separator including counterweight means for maintaining a minimum flow
      rate through said separator and bypass means for returning excessive
      amounts of sand to said blast chamber to limit the flow rate of sand into
      said second separator, thereby to obtain a relatively constant volume of
      sand particles through said second separator to obtain precise separation
NUM  2.
PAR  2. The system according to claim 1 wherein the means for throwing
NUM  3.
PAR  3. The system according to claim 1 wherein said first air wash separator is
      provided with bypass means for returning excessive amounts of sand and
NUM  4.
PAR  4. The system according to claim 1 wherein said particulate if
      ferromagnetic material and said system further includes:
PA1  means receiving the sand from said classifying means for removing any
NUM  5.
PAR  5. The device according to claim 4 wherein said receiving means is a
NUM  6.
PAR  6. The device according to claim 1 wherein said conveying means includes at
      least one screw conveyor in said blast chamber, a belt and bucket elevator
      receiving the sand and particulate from said screw conveyor and carrying
      it to said separating means.
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ABST
PAL  The invention provides an arrangement for delivering to a work table a
      workpiece to be machined on that table and for removing the workpiece
      after it has been machined. The arrangment includes three endless
      conveyors in a line, of which a central, non-driving conveyor is fixedly
      mounted on the table between an upstream conveyor and a downstream
      conveyor. The upstream conveyor and the downstream conveyor are mounted on
      frames separate from the table and are designed for displacement between a
      position in which they are both remote from the central conveyor and a
      position in which they are both adjacent the central conveyor. The
      upstream and downstream conveyors rotate the central conveyor when in
      their adjacent position. Retractable retaining means position the
      workpiece received on the central conveyor and hold it on the work table
      throughout the entire machining operation. Means are provided for lowering
      the central conveyor from the workpiece during the machining operation.
      The arrangment according to the invention is particularly intended to be
      used for loading and unloading an installation for machining the edges of
      a flat object.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a combination including an arrangement for
      delivering to a work table a workpiece to be machined on that table, and
      for removing the workpiece after it has been machined.
PAR  The invention also relates to the use of this arrangement for the automatic
      loading and unloading of an installation for machining the edges of a flat
      object, more especially the edges of plate glass.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided the combination comprising a
      machining table provided with means for machining a workpiece thereon, and
      an arrangement for delivering the workpiece to the table and for removing
      the machined workpiece therefrom, the combination comprising a central,
      non-driven conveyor fixedly mounted on the table; a first frame separate
      from the table and situated upstream thereof and in line with the central
      conveyor; an upstream conveyor mounted on the first frame, a second frame
      separate from the table and situated downstream thereof and in line with
      the central conveyor; a downstream conveyor mounted on the second frame;
      means for horizontally displacing the upstream and downstream conveyors
      between a first position where they are both remote from the central
      conveyor and a second position where they are both adjacent the central
      conveyor; drive connection means for enabling the upstream and downstream
      conveyors to drive the central conveyor when in the said second position;
      retractable retaining means for positioning the workpiece received on the
      central conveyor and for holding it on the work table throughout the
      entire machining operation; and means for lowering the central conveyor
      from the workpiece during the machining operation; whereby the central
      conveyor receives and retains a workpiece from the upstream conveyor when
      the upstream and downstream conveyors are in their said second positions,
      machine the workpiece while the upstream and downstream conveyors are in
      their first positions and then delivers the workpiece to the downstream
      conveyor when the upstream and downstream conveyors are back in their said
      second positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial fron view of an arrangement according to the invention
      associated with an installation for machining the edges of a flat object.
PAR  FIG. 2 is a view from above of the arrangement and installation illustrated
      in FIG. 1.
PAR  FIG. 3 is a partial view of the three conveyors in an intermediate position
      where the upstream conveyor and the downstream conveyor are moving towards
      the central conveyor.
PAR  FIG. 4 shows the conveyors illustrated in FIG. 3 in their so-called
      adjacent positions, the central conveyor being driven both by the upstream
      conveyor and by the downstream conveyor.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The arrangement illustrated in FIGS. 1 and 2 comprises three conveyors
      arranged in a line, namely a central freely circulating conveyor 10
      fixedly mounted on a rotary template 12 of an installation 14 for
      machining the edge of a flat object, a conveyor 16 upstream of the
      conveyor 10 and a conveyor 18 downstream of the conveyor 10. The terms
      "upstream" and "downstream" refer to the direction of conveying of the
      flat object. The downstream conveyor 18 is only partly shown in FIGS. 1
      and 2 in view of the fact that it is an exact mirror image of the upstream
      conveyor 16.
PAR  The upstream conveyor 16 comprises a chassis 11 mounted on rollers, such as
      15 and 17, for horizontal displacement relative to a frame 13 under the
      action of a jack 48. The chassis 11 comprises two parallel, independent
      supports 68 and 82 which are displaceable laterally and independently
      relative to the chassis 11 to enable the distance between them to be
      adjusted in dependence upon the width of the workpiece to be machined. The
      support 68 is laterally adjustable by means of two screw-threaded rods 64
      and 66 with the same pitch which cooperate with it and which are provided
      at their ends with identical sprocket wheels 70 and 72. A chain 74
      circulates around the sprocket wheels 70 and 72, a sprocket wheel 76 and a
      sprocket wheel 78 whose spindle 80 terminates in a square form to enable a
      lever to be fitted to it. The support 82 is laterally displaceable
      relative to the chassis 11 by means of two screw-threaded rods 84 and 86
      which may be driven by a chain 88, as in the case of the support 68.
PAR  The upstream conveyor also comprises two endless, parallel adjustable belts
      20 and 22. The belt 20 circulates around two pulleys 24 and 26 mounted at
      the ends of an arm 28 which is slidable relative to the support 68 in two
      sleeves 30 and 32 and which may be locked to the support 68 in any
      required position, depending upon the length of the central conveyor. The
      arm 28 may be locked to the support 68 by any suitable locking mechanism
      provided in one or both of the two sleeves 30 and 32. The belt 20 also
      travels around three winding pulleys 34, 36 and 38. The pulley 36 is
      driven by a motor 40 fixed to the chassis 11 by way of a chain 42 driven
      by a sprocket wheel 44 fixed to the shaft of the motor. The belt 20 may
      thus be driven by the motor 40, irrespective of the position of the arm 28
      relative to the support 68. The belt 22 similarly circulates around two
      pulleys mounted at each of the ends of a sliding arm 46 which may be
      locked relative to the support 82 in the same way as the arm 28 can be
      locked relative to the support 68. The belt 22 is driven synchronously
      with the belt 20 by an assembly of three winding pulleys (not shown in the
      drawings) similar to the pulleys 34, 36 and 38.
PAR  The upstream conveyor further comprises two nonadjustable endless belts 50
      and 52 parallel to one another and to the belts 20 and 22 and arranged
      between the belts 20 and 22. The belt 50 travels around two end pulleys 54
      and 56 mounted on the support 68, around supporting pulleys such as 58 and
      around three winding pulleys which correspond to the pulleys 34, 36 and
      38. The belt 52 travels around end pulleys 60 and 62 mounted on the
      support 82, over supporting pulleys such as 64 and around three drive
      pulleys (not shown).
PAR  In order to enable the endless belts 20, 22, 50 and 52 to be synchronously
      driven, irrespective both of the lateral adjustment of the supports 68 and
      82 relative to the chassis 11 and of the adjustment of the arms 28 and 46
      relative to the respective supports 68 and 82, the four sets of three
      winding pulleys may be displaced along axes corresponding to the pulleys
      34, 36, and 38, the four pulleys on a given shaft being synchronously
      rotated, for example by splines on that shaft.
PAR  The downstream conveyor 18 is a mirror image of the upstream conveyor 16
      and comprises two adjustable endless belts 90 and 92 and two fixed endless
      belts (not shown). It can be seen from FIG. 2 that the adjustment of the
      two belts 90 and 92 is not in this instance the same, whereas the
      adjustment of the belts 20 and 22 is the same.
PAR  The central conveyor 10 comprises two parallel endless belts 94 and 96
      whose length and spacing correspond to the shape and size of the workpiece
      to be machined. The interval between the belts 94 and 96 determines the
      distance between the belts of the upstream and downstream conveyors. The
      belts 20 and 90 are colinear with the belt 94, and the belts 22 and 92 are
      colinear with the belt 96. The belt 94 travels around two pulleys 98 and
      100, whilst the belt 96 travels around two pulleys 102 and 104. The pulley
      98 is mounted for free rotation about a spindle designed for free,
      vertical displacement in a stirrup 106, this spindle carrying rollers 108
      and 110 at its ends. The pulleys 100, 102, 104 are similarly mounted in
      stirrups 112, 114 and 116. The stirrups 106, 112, 114 and 116 are fixed to
      the template 12.
PAR  The arrangement comprises a rectractable retaining means which includes
      positioning means in the form of three stops 118, 120 and 122 mounted on a
      plate 124 designed for vertical displacement under the action of three
      jacks 126, 128 and 130 fixed to the template 12. The retaining means also
      includes holding means in the form of a lower presser 132 which is fixed
      relative to the table of the machine, i.e. relative to the template 12,
      and an upper presser 134 which is vertically displaceable. The presser 134
      is in the form of a slide moved by a jack which may be rotated
      simultaneously with the template 12 so as to enable a workpiece to be
      machined to be held in a fixed position relative to the template
      throughout the entire rotation of the template.
PAR  At its end nearest the central conveyor, each of the sliding arms of the
      upstream conveyor and of the downstream conveyor comprises a fork in which
      one of the end pulleys of the corresponding belt is able to rotate freely,
      and an intermediate roller designed to drive by friction an end pulley of
      a belt of the central conveyor when the conveyors are in the so-called
      adjacent position. The arm 28 of the upstream conveyor is extended by a
      fork 136 in which is mounted the pulley 26 and an intermediate roller 138
      mounted for free rotation about a spindle 140 whose ends slide in a slot
      142 (FIGS. 3 and 4). Each fork has two vertical surfaces each terminating
      in the form of a cam which cooperates with one of the rollers mounted on
      the spindle of a pulley of the central conveyor.
PAR  The machine 14 comprises a mobile machining block carried by a structure
      144 which oscillates about a shaft 145 and which has a guide roller 146
      designed to follow the contour of the template 12, and a grinding wheel
      designed to machine the edge of the workpiece during rotation of the
      template. The structure 144 is subjected to the action of a jack which
      establishes contact, between the guide roller and the template and between
      the grinding wheel and the edge of the workpiece.
PAR  The arrangement operates as follows:
PAR  At the beginning of a work cycle, a workpiece to be machined is placed on
      the non-adjustable belts of the upstream conveyor. To this end, this
      upstream end comprises adjustable stops 19, 21 and 23 (FIG. 2) which
      enable the workpiece to be machined to be positioned in such a way that it
      subsequently arrives on the central conveyor in a closely predetermined
      position. For example, if the workpiece to be machined is a sheet of
      window glass for the door of a motor vehicle, the sheet being
      substantially in the form of a rectangular trapezium corresponding to the
      outline of the template 12 in FIG. 2, the arrangement is such that the
      parallel sides of the plate of glass are offset by an angle .alpha. of a
      few degrees relative to the direction in which the three conveyors are
      aligned. The rear stops 21 and 23 thus defined a line offset by an angle
      .alpha. relative to the normal to the direction in which the three
      conveyors are aligned.
PAR  A programmer which determines the work cycle of the machining installation
      in known manner then switches on the motor 40 and actuates the jack 48 of
      the upstream conveyor, and similarly switches on the motor and actuates
      the jack of the downstream conveyor. The forks of the upstream conveyor
      and of the downstream conveyor then move towards the stirrups of the
      central conveyor fixed to the template of the machine. Before reaching the
      so-called adjacent position, the forks are in an intermediate position
      shown in FIG. 3, the pulleys 98 and 100 being in their lower position
      under the effect of their own weight, and the template 12 being locked in
      a position such that the central conveyor is in line with the upstream and
      downstream conveyors. When the forks approach the central conveyor, the
      cam 148 of the fork 136 cooperates with the roller 110 of the pulley 98 to
      move it into its upper position (FIG. 4). The pulley 26 then drives the
      pulley 98 through the roller 138. The same obviously applies to all the
      pulleys of the central conveyor. In the position shown in FIG. 4, the
      upstream and downstream conveyors, which are synchronously driven, drive
      the belts of the central conveyor by friction, thus forming a continuous
      conveyor.
PAR  The workpiece to be machined, which had been placed on the upstream
      conveyor, then arrives on the central conveyor and is held by the stops
      118, 120 and 122. It can be seen from FIG. 2 that the two parallel sides
      of the template are offset by the same angle .alpha. relative to the
      direction in which the three conveyors are aligned to enable the workpiece
      to be precisely positioned against the stops 118, 120 and 122. The front
      side of the workpiece coming from the upstream conveyor comes into contact
      with the stop 122, whilst one of the parallel sides of the workpiece comes
      into contact with stop 120 and then with the stop 118 under the effect of
      the entraining forces generated by the central conveyor. The upstream and
      downstream conveyors then move away from the central conveyor, as a result
      of which the pulleys of the central conveyor are lowered. The workpiece
      then rests on the lower presser 132. Under the effect of a jack, the
      presser 134 is lowered towards the presser 132 so that the workpiece is
      held between these two pressers whilst, at the same time, being kept
      strictly vertically in line with the template. Once the workpiece has been
      locked in position in line with the template, the plate 124 retracts under
      the action of the jacks 126, 128 and 130 supporting it. The template then
      makes a revolution about its shaft 150, the upper presser 134 rotating
      synchronously with the shaft 150.
PAR  During one complete revolution of the template, the roller 146 follows the
      contour of the template, whilst the grinding wheel of the machining block
      remains in contact with the edge of the workpiece. After one complete
      revolution of the template, the central conveyor is back in the position
      which it occupied at the beginning of the cycle. The upstream and
      downstream conveyors then move back towards the central conveyor in order
      to rotate it and to release the workpiece after the upper presser 134 has
      been raised. Once the machined workpiece has arrived on the downstream
      conveyor, the plate 124 moves back into position to stop another workpiece
      coming from the upstream conveyor.
PAR  The various working phases of the arrangement according to the invention
      can be initiated by the controlling programmer of the machining
      installation without any need for significant modifications to be made to
      that programmer.
PAR  The arrangement according to the invention is particularly, though not
      exclusively intended for loading and unloading an installation for
      machining the edges of flat objects such as, for example, the edges of
      window glass intended for motor vehicles, although it can of course also
      be used in other machining installations.
PAR  The arrangement according to the invention can be adapted quickly and
      easily to the shape and size of the workpiece to be machined, i.e. the
      template. Once the length and the spacing of the endless belts of the
      central conveyor have been adjusted so as to form a supporting surface
      which, although as large as possible, is still within the contour of the
      template, it is sufficient to adjust the interval between the supports of
      the upstream and downstream conveyors and the position of the arms
      relative to their respective supports.
PAR  Naturally, the invention is by no means limited to the embodiment described
      above with reference to the accompanying drawings, it also lends itself to
      modified embodiments within the scope of the appended claims.
CLMS
NUM  1.
PAR  1. The combination comprising a machining table provided with means for
      machining a workpiece thereon, and an arrangement for delivering the
      workpiece to the table and for removing the machined workpiece therefrom,
      the combination comprising a central, non-driven conveyor fixedly mounted
      on the table; a first frame separate from the table and situated upstream
      thereof and in line with the central conveyor; an upstream conveyor
      mounted on the first frame; a second frame separate from the table and
      situated downstream thereof and in line with the central conveyor; a
      downstream conveyor mounted on the second frame; means for horizontally
      displacing the upstream and downstream conveyors between a first position
      where they are both remote from the central conveyor and second position
      where they are both adjacent the central conveyor; drive connection means
      for enabling the upstream and downstream conveyors to drive the central
      conveyor when in the said second position; retractable retaining means for
      positioning the workpiece received on the central conveyor and for holding
      it on the work table throughout the entire machining operation; and means
      for lowering the central conveyor from the workpiece during the machining
      operation; whereby the central conveyor receives and retains a workpiece
      from the upstream conveyor when the upstream and downstream conveyors are
      in their said second positions, machines the workpiece while the upstream
      and downstream conveyors are in their first positions, and then delivers
      the workpiece to the downstream conveyor when the upstream and downstream
NUM  2.
PAR  2. A combination as claimed in claim 1, wherein the upstream conveyor and
      the downstream conveyor each comprise a chassis displaceable relative to
      the frame under the action of a jack, the chassis having two parallel,
      independent supports each equipped with a non-adjustable endless belt
      travelling around two end pulleys mounted on the support and with an
      adjustable, endless belt parallel to the said non-adjustable belt and
      travelling around two end pulleys mounted at the ends of a horizontal,
NUM  3.
PAR  3. A combination as claimed in claim 2, wherein the adjustable and
      non-adjustable endless belts are parallel to one another the
NUM  4.
PAR  4. A combination as claimed in claim 2 wherein the two supports are
NUM  5.
PAR  5. A combination as claimed in any of claim 2 wherein the non-adjustable
      belts and the adjustable belts also each travel around three pulleys of
NUM  6.
PAR  6. A combination as claimed in claim 2 wherein the central conveyor
      comprises two parallel endless belts colinear with the adjustable endless
      belts of the upstream conveyor and with the adjustable endless belts of
      the downstream conveyor, each of the belts of the central conveyor being
      entrained around two end pulleys of which one is mounted for free rotation
      about a spindle mounted for free vertical displacement in a stirrup, the
NUM  7.
PAR  7. A combination as claimed in claim 2 wherein each of the sliding arms of
      the upstream and downstream conveyors comprises at its end nearest tne
      central conveyor a fork in which one of the end pulleys of the endless
      adjustable belt is mounted for free rotation, and an intermediate roller
      designed to drive by friction an end pulley of the central conveyor, the
NUM  8.
PAR  8. A combination as claimed in claim 7, wherein each fork has two vertical
      surfaces each terminating in the form of a cam adapted to cooperate with
      one of the rollers of the pulleys of the central conveyor thereby to lift
      the central conveyor when the upstream and downstream conveyors are in
      their said second positions and to lower the central conveyor when the
NUM  9.
PAR  9. A combination as claimed in claim 1, wherein the retractable retaining
      means comprises positioning means in the form of stops arranged on a plate
      which is vertically displaceable by jacks, and holding means in the form
      of a lower pressing means which is fixed in relation to the table and an
NUM  10.
PAR  10. A combination as claimed in claim 1 wherein the upstream conveyor is
      provided with adjustable stops for positioning the workpiece to be
NUM  11.
PAR  11. A combination as claimed in claim 1 for machining the edges of a flat
      object, further comprising a horizontal, rotary template corresponding to
      the outline of the workpiece, retractable retaining means provided on the
      template for positioning the workpiece in line with the template, pressers
      provided on the template for holding the workpiece relative to the
      template during a machining cycle, a mobile machining block carried by a
      pivoting structure and comprising a guide roller adapted to follow the
      contour of the template, and a grinding wheel for machining the edges of
NUM  12.
PAR  12. A combination as claimed in claim 11, wherein the template comprises
      two parallel sides angularly offset relative to the direction in which the
      three conveyors are aligned.
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PAL  An apparatus for controlling the timing for slowing down the feed of a
      grinding wheel on a grinding machine against work to enable the wheel to
      effect a finish cut on the work, in relation to a gradual reduction in the
      cutting performance of the wheel. The apparatus essentially comprises
      means for moving the grinding wheel reciprocally relative to the work at a
      variable speed; a device for measuring the diameter of the work at a
      plurality of different diametral positions thereof during each cycle of
      grinding operation and producing a corresponding number of signals each at
      one of those diametral positions; and an electric circuit adapted to cause
      the slowing down of the wheel feed upon receiving one of the signals
      except the last one from the measuring device, while comparing with a
      predetermined value the time elapsed or the number of pulses counted
      between receipt of the one signal and the last signal during one cycle of
      grinding operation and causing the slowing down of the wheel feed during
      another cycle of grinding operation upon receiving another signal that is
      produced earlier than the one signal if the above time or number of pulses
      is exceeded by the predetermined value.
BSUM
PAR  This invention relates to an apparatus for controlling the operation of a
      grinding wheel on a grinding machine, and more particularly to an
      apparatus for controlling the timing for changing the wheel feed to a
      lower speed at which the grinding wheel provides a finish cut on the work.
PAR  When the cutting performance of a grinding wheel on a grinding machine is
      reduced to the extent that the wheel requires drsssing, the wheel is
      forced against the work so strongly as to cause the work to bend,
      especially if the work is an elongate material. Due to its elasticity, the
      work exerts a considerably great pressure on the grinding wheel, and the
      wheel and the work act upon each other with a greater pressure than when
      the work remains in its initial straight shape. As is well known, it is
      necessary to effect the finish cutting operation at a considerably slower
      wheel feed to obtain a satisfactory finish on the work than during the
      rough cutting operation. The greater pressure generated between the
      grinding wheel and the work, however, prevents the work from being
      finished with a satisfactory accuracy, even if the wheel feed is slowed
      down to effect the finish cutting operation. The finish cutting operation
      comes to an end in a shorter time than is generally necessary. It is
      difficult to grind a multiplicity of work pieces with a uniformly good
      accuracy unless the grinding wheel is frequently dressed and eventually
      changed to a new one.
PAR  It is an object of this invention to overcome in a relatively simple and
      reliable manner the drawbacks of the prior art as mentioned above and
      provide an apparatus adapted for controlling the operation of a grinding
      wheel on a grinding machine in order to ensure an optimum timing for a
      changeover of the wheel feed to effect any finish cutting operation with a
      satisfactory grinding accuracy irrespective of reduction in the cutting
      performance of the grinding wheel.
PAR  According to this invention, there is provided an apparatus for controlling
      the timing for slowing down the feed of a grinding wheel for the finish
      cutting operation, in relation to a gradual reduction in the cutting
      performance of the wheel. The apparatus of this invention essentially
      comprises means for moving a rotating grinding wheel reciprocally relative
      to a piece of work at a variable speed; a device for measuring the varying
      diameter of said work at at least three different diametral positions
      thereof during one cycle of grinding operation and producing at least
      three signals each at one of said diametral positions, the last of said
      signals indicating the end of said grinding operation, and the second of
      said signals initially serving to cause variation in said speed to adapt
      said grinding wheel to effect a finish cut on said work; and an electric
      circuit adapted to receive said signals and actuate said wheel moving
      means to cause said variation in said speed upon receiving said last but
      one signal, while causing retraction of said wheel moving means to a
      starting position for another cycle of grinding operation upon receiving
      said last signal, said electric circuit including means for comparing an
      interval of time between receipt of said second signal and said last
      signal with a predetermined value, said electric circuit being adapted to
      cause said variation in said speed upon receiving the first of said
      signals during said other cycle of grinding operation when said interval
      is exceeded by said predetermined value during said one cycle of grinding
      operation.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic side elevational view of the apparatus according
      to a preferred embodiment of this invention, including the diagram of a
      hydraulic circuit;
PAR  FIG. 2 is an electric diagram for the apparatus shown in FIG. 1;
PAR  FIG. 3 is a graph illustrating the operation of the apparatus of this
      invention; and
PAR  FIG. 4 is a diagrammatic side elevational view of the apparatus according
      to another embodiment of this invention, including an electric diagram.
DETD
PAR  Referring to the drawings and particularly to FIG. 1 thereof, the apparatus
      according to a preferred embodiment of this invention is shown with a
      grinding machine known per se in the art. The machine includes a bed 1 and
      a work table 3 supported on the upper surface 1a of the bed 1 reciprocally
      movably in a horizontal plane which is perpendicular to the plane of the
      drawing. The reciprocal movement of the work table 3 is accomplished by a
      drive mechanism not shown. The work table 3 carries on its upper surface
      3a a work head 2 which supports a generally cylindrical solid piece of
      work W in such a manner that the work W may rotate about its own axis. The
      work W includes an increased diameter portion which defines a cutting
      allowance. The upper surface 3a of the work table 3 also carries a tail
      stock not shown. The bed 1 further carries on its upper surface 1a a
      grinding wheel carriage 5 in such a manner that the carriage 5 may
      reciprocally move in a horizontal plane perpendicular to the vertical
      plane in which the axis of the work W lies. A grinding wheel 4 is mounted
      on the carriage 5 rotatably about its own axis. The grinding wheel 4 is
      rotated about its own axis by a motor (not shown) provided on the carriage
      5, and the work W by another motor (not shown) provided on the work head
      2. The grinding wheel carriage 5 includes a base 5a formed with a
      depending flange 5b.
PAR  The bed 1 further mounts a hydraulic cylinder 7 which includes a piston rod
      6 secured at its outer end 6a to the flange 5b of the grinding wheel
      carriage 5. A dog 8 is attached to the base 5a of the carriage 5 at the
      opposite end from the flange 5b. A speed reducing valve 9 is provided on
      the bed 1 adjacent to the dog 8 on the carriage base 5a and is adapted for
      actuation when contacted by the dog 8. Upon actuation of the hydraulic
      cylinder 7, the grinding wheel carriage 5 advances toward the work W and
      when the dog 8 is brought into contact with the speed reducing valve 9,
      the valve 9 is actuated to reduce the speed of the carriage 5 immediately
      before the grinding wheel 4 starts cutting the work W.
PAR  A work measuring device 12, which is known per se, is mounted on the upper
      surface 3a of the work table 3. The device 12 comprises a head 10 and a
      pair of parallel measuring needles 11 horizontally extending from one side
      of the head 10. The device 12 is slidable transversely of the axis of the
      work W to measure the diameter of the work W by inserting its parallel
      measuring needles 11 over the work W as a cycle of grinding operation
      proceeds. The work table 3 further supports a hydraulic cylinder 13 which
      is adapted to reciprocate the measuring device 12 in a horizontal plane
      perpendicular to the vertical plane in which the axis of the work W lies,
      whereby the measuring needles 11 are reciprocated between their operative
      position shown in FIG. 1 and their inoperative position away from the work
      W.
PAR  The grinding wheel carriage 5 supports a bracket 14 on its top surface 5c
      and the bracket 14 includes a dovetail 14a. A dressing head 15 includes a
      dovetail groove 16 slidably engaged with the dovetail 14a of the bracket
      14, whereby the dressing head 15 is horizontally reciprocable along the
      thickness of the grinding wheel 4. The bracket 14 supports a hydraulic
      cylinder 17 which is adapted to reciprocate the dressing head 15
      horizontally. A diamond tool 18 is attached to the lower end 15a of the
      dressing head 15 to effect dressing on the peripheral surface 4a of the
      grinding wheel 4 upon actuation of the hydraulic cylinder 17. A handle 19
      is provided at the upper end 15b of the dressing head 15 to vertically
      move the diamond tool 18 to adjust its initial projection below the lower
      end 15a of the dressing head 15. The dressing device 29 further includes a
      hydraulic cylinder 20 which is actuated to increase the projection of the
      diamond tool 18 below the dressing head 15 progressively at a
      predetermined rate as a cycle of dressing operation proceeds.
PAR  Referring to the hydraulic diagram shown in FIG. 1, the hydraulic circuit
      for the cylinder 7 includes a first solenoid valve 23 adapted to reverse
      the direction of travel of the piston rod 6. The valve 23 has a port P
      connected to a hydraulic pump 21, another port T connected to a tank 22
      for hydraulic fluid, still another port A connected to a rear-end port 7R
      of the cylinder 7 and a further port B connected to a front-end port 7F of
      the cylinder through a second solenoid valve 24 which is a normally open
      switching valve and the speed reducing valve 9 connected in series with
      the valve 24. A flow control valve 25 is connected in parallel to the
      switching valve 24 and is set in accordance with the finish cutting feed
      of the grinding wheel 4. Two check valves 26 and 27 are connected in
      parallel to the switching valve 24 and the speed reducing valve 9,
      respectively, to stop the hydraulic fluid flowing back from the cylinder
      7. A relief valve 28 is connected downstream of the pump 21 to maintain
      the pressure of the hydraulic fluid at a predetermined level. When the
      directional control valve 23 and the switching valve 24 are in their
      respective spring offset positions shown in FIG. 1, the valve 23 is in its
      rearward position 23VR to retract the piston rod 6 and the valve 24 is in
      its open position 24VO. The valve 23 includes a solenoid 23SOL adapted,
      upon energization, to change over the valve 23 to its forward position
      23VF to advance the piston rod 6. The valve 24 includes a solenoid 24SOL
      adapted, upon energization, to bring the valve 24 into its closed position
      24 VC.
PAR  Reference is now made to FIG. 2 and the electric circuit for the apparatus
      shown in FIG. 1 will be described.
PAR  As the work W is ground to a gradually smaller diameter during one cycle of
      grinding operation, the measuring device 12 detects the reduction in the
      diameter of the work W and transmits three signals AS1, AS2 and AS3 as
      three predetermined diametral positions, respectively, of the work W
      before the work W is cut to a predetermined final diameter, when a fourth
      signal AS4 is transmitted by the device 12. One of the three signals AS1,
      AS2 and AS3 is used as a signal instructing the slowdown of the wheel feed
      for the finish cutting operation. Whether the signal AS1, AS2 or AS3 may
      be used depends upon the cutting performance of the grinding wheel 4
      during a particular cycle of grinding operation.
PAR  The electric circuit shown in FIG. 2 includes a first keep relay K1,U1
      having a set coil K1 and a reset coil U1, and a second keep relay K2,U2
      having a set coil K2 and a reset coil U2. The keep relay K1,U1 has a
      normally open contact K1a1 and a pair of normally closed contacts K1b1 and
      K1b2. The keep relay K2,U2 has a pair of normally open contacts K2a1 and
      K2a2 and a normally closed contact K2b1. The output terminal AS1 of the
      measuring device 12 which transmits a first signal AS1 is connected in
      series with the normally closed contacts K1b1 and K2b1. A relay CR1 is
      connected with a power source AC through the output terminal AS1 and the
      normally closed contacts K1b1 and K2b1. The output terminal AS2 of the
      device 12 which transmits a second signal AS2 is connected in series with
      the normally closed contact K1b2 of the keep relay K1,U1 and the normally
      open contact K2a1 of the keep relay K2,U2. A relay CR2 is connected with
      the power source AC through the output terminal AS2 and the contacts K1b2
      and K2a1. The output terminal AS3 of the measuring device 12 which
      transmits the third signal AS3 is connected in series with the normally
      open contact K1a1 of the keep relay K1,U1 and the normally open contact
      K2a2 of the keep relay K2,U2. A relay CR3 is connected with the power
      source AC through the output terminal AS3 and the contacts K1a1 and K2a2.
      A relay CR4 is connected with the power source AC through the output
      terminal AS4 of the measuring device 12 which transmits the fourth signal
      AS4. The relay CR3 includes a normally open contact CR3a1, through which a
      timer TR1 is connected with the power source AC. The relay CR2 includes a
      normally open contact CR2a1, through which a timer TR2 is connected with
      the power source AC. The circuit further includes a push-button switch SW1
      adapted, when pressed, to start the operation of the apparatus, and a
      second switch SW2 indicating the end of the dressing operation. The switch
      SW2 is connected in parallel to the switch SW1 and is automatically turned
      on upon completion of the dressing operation effected by the diamond tool
      18 on the grinding wheel 4. The set coils K1 and K2 of the keep relays
      K1,U1 and K2,U2, respectively, are connected in parallel to each other and
      connected with the power source AC through the switches SW1 and SW2. The
      relay CR4 includes a pair of normally open contacts CR4a1 and CR4a2. The
      timer TR1 includes a normally closed contact TR1b1 and the timer TR2
      includes a normally closed contact TR2b1. The normally open contact CR4a1
      of the relay CR4 is connected in series with the normally closed contact
      TR1b1 of the timer TR1. The reset coil U1 of the keep relay K1,U1 is
      connected with the power source AC through the contacts CR4a1 and TR1b1.
      The normally open contact CR4a2 of the relay CR4 is connected in series
      with the normally closed contact TR2b1 of the timer TR2. The reset coil U2
      of the keep relay K2,U2 is connected with the power source AC through the
      contacts CR4a2 and TR2b1.
PAR  Attention is now directed to FIG. 3 for description of the operation of the
      apparatus. As the cutting performance of the grinding wheel 4 becomes
      lower during a particular cycle of grinding operation, the grinding wheel
      4 is forcibly fed against the work W without effecting satisfactory
      grinding in the rough cutting process, so that the work W is gradually
      caused to bend. Let it be assumed that the feed of the grinding wheel 4 is
      slowed down to effect finish cutting on the work W in response to the
      third signal AS3. The flexion of the work W in the rough cutting process
      has developed an increased amount of pressure between the grinding wheel 4
      and the work W. The increased pressure causes the finish cutting operation
      to finish in a shorter time than is required to cut away the same amount
      of material from the work W in its non-bent position. Such reduction in
      time is represented in FIG. 3 by the shift of the point c.sub.1 to the
      left along the line AS4. In FIG. 3, the dimension f.sub.3 is the diameter
      of the work W at which the feed of the grinding wheel 4 is to be slowed
      down for the finish cutting operation to grind the work W down to its
      predetermined final diameter f.sub.4. As is readily understood from the
      graph of FIG. 3, however, the finish cutting operation would be
      substantially nothing but an extension of the rough cutting operation so
      long as the work W remains bent. Accordingly, as the amount of the flexion
      of the work W during the rough cutting operation approaches the amount of
      the material to be cut away from the work W during the finish cutting
      operation as indicated by the distance f.sub.3 -f.sub.4 in FIG. 3, the
      grinding accuracy for the work W gradually gets worse. According to this
      invention, the minimum length of time allowable for the finish cutting
      operation at which it is still possible to maintain an acceptable grinding
      accuracy despite the reduction in the cutting performance of the grinding
      wheel 4 is represented as t.sub.1 in FIG. 3 and the time t.sub.1 is set on
      the timer TR1. Curve No. 1 formed by connecting the points a, b.sub.1 and
      c.sub.1 in FIG. 3 illustrates the characteristics of the grinding
      operation in which the work W is ground without undergoing any flexion.
PAR  The push-button switch SW1 is pressed to set the keep relays K1,U1 and
      K2,U2 and start a cycle of grinding operation. The solenoid 23SOL is
      energized and the grinding wheel carriage 5 advances. The speed reducing
      valve 9 is actuated by the dog 8 and the speed of the carriage 5 is
      lowered to enable the grinding wheel 4 to start the rough cutting of the
      work W. As the keep relays K1,U1 and K2,U2 are both in their set
      positions, the contacts K1a1, K2a1 and K2a2 are closed and the contacts
      K1b1, K1b2 and K2b1 are open, contrary to the illustration of FIG. 2. As
      the rough cutting operation proceeds, the first signal AS1 is transmitted
      by the measuring device 12 when the work W is cut down to the dimension
      f.sub.1 and likewise, the second signal AS2 is produced when the work W is
      cut down further to the dimension f.sub.2. Nevertheless, the grinding
      wheel 4 continues to be fed against the work W at the same speed and the
      rough cutting operation continues in accordance with the characteristics
      of curve No. 1 (FIG. 3). As the rough cutting operation further proceeds,
      the work W is cut down to the dimension f.sub.3, which corresponds to the
      point b.sub.1 on curve No. 1, whereupon the measuring device 12 produces
      the third signal AS3. The timer TR1 is actuated and the solenoid 24SOL is
      energized, whereby the feed of the grinding wheel 4 is slowed down to
      start the finish cutting operation.
PAR  While the grinding wheel 4 still retains a good cutting performance which
      does not cause any flexion in the work W, merely the pressure produced by
      the cylinder 7 acts on the grinding wheel 4 and the work W does not impart
      any counter-pressure against the grinding wheel 4. Accordingly, the finish
      cutting operation is carried out at a due speed or in a time t'.sub.1 in
      accordance with curve No. 1. The time t.sub.1 set on the timer TR1 elapses
      before the work W is cut down to its final dimension f.sub.4  and the
      measuring device 12 produces the signal AS4 which indicates the end of the
      finish cutting operation. Accordingly, despite the energization of the
      relay CR4, the keep relay K1,U1 is not reset, but the solenoid 23SOL is
      deenergized by the relay CR4 to retract the grinding wheel carriage 5.
      Then, the machine repeats another cycle of grinding operation for a new
      piece of work in accordance with curve No. 1.
PAR  After repetition of a number of cycles of grinding operation in the same
      way, the cutting performance of the grinding wheel 4 is lowered to the
      extent which causes flexion in the work W. The flexion of the work W
      causes reduction in the finish cutting time and the time t'.sub.1
      eventually becomes equal to or shorter than the time t.sub.1 set on the
      timer TR1. The signal AS4 is transmitted simultaneously with or before the
      elapse of the time t.sub.1. Due to the energization of the relay CR4 with
      its contact CR4a1 closed, the reset coil U1 is energized to reset the keep
      relay K1,U1 because the contact TR1b1 of the timer TR1 still remains in
      its closed position. Upon deenergization of the solenoid 23SOL by the
      relay CR4, the grinding wheel carriage 5 retracts and another cycle of
      grinding operation is started. The grinding wheel 4 is first moved forward
      at a fast rate and upon actuation of the valve 9 by the dog 8, the feed of
      the wheel 4 is slowed down for the rough cutting operation, all in the
      same manner as hereinbefore described. It will, however, be noted that as
      the keep relay K1,U1 is in its reset position, the circuitry of the
      contacts K1a1 and K2a2 is now open and the circuitry of the contacts K1b2
      and K2a1 closed, while the circuitry of the contacts K1b1 and K2b1 remains
      open. Accordingly, neither the relay CR1 nor CR3 is energized even if the
      measuring device 12 produces the first signal AS1 or third signal AS3.
      When the work W is cut down to the dimension f.sub.2, which is a diametral
      position where the wheel feed is to be slowed down for the finish cutting
      operation as indicated at the point b.sub.2 on curve No. 2 in FIG. 3, the
      measuring device 12 produces the second signal AS2 and the timer TR2 is
      actuated. The solenoid 24SOL is energized and the feed of the grinding
      wheel 4 is slowed down to start the finish cutting operation at the
      position f.sub.2. As far as there has not been any appreciable further
      reduction in the cutting performance of the grinding wheel 4, the finish
      cutting operation proceeds in accordance with the characteristics of curve
      No. 2 as indicated at the portion b.sub.2 - c.sub.2 and takes time
      t'.sub.2 as shown in FIG. 3. The time t.sub.2 set on the timer TR2 elapses
      before completion of the finish cutting operation. This indicates that it
      is all right to continue a further cycle or cycles of grinding operation
      in accordance with the characteristics of curve No. 2. Thus, additional
      cycles of grinding operation are repeated by changing the wheel feed to
      initiate the finish cutting operation upon transmission of the second
      signal AS2.
PAR  Further reduction then takes place in the cutting performance of the
      grinding wheel 4, resulting in additional flexion of the work W and
      reduction in the time for the finish cutting operation until the time
      t'.sub.2 becomes equal to, or less than the time t.sub.2 set on the timer
      TR2. This is the situation in which it is undesirable to continue
      following curve No. 2 if an acceptable grinding accuracy is to be
      obtained. The measuring device 12 produces the signal AS4 simultaneously
      with or earlier than the elapse of the time t.sub.2 set on the timer TR2.
      Due to energization of the relay CR4, with its contact CR4a2 closed, the
      reset coil U2 is energized to reset the keep relay K2,U2 because the
      contact TR2b1 of the timer TR2 still remains in its closed position. Upon
      deenergization of the solenoid 23SOL by the relay CR4, the grinding wheel
      carriage 5 retracts and a further cycle of grinding operation is started.
      It will, however, be noted that as the keep relay K2,U2 has been reset,
      the circuitry of the contacts K1b2 and K2a1 is now open and the circuitry
      of the contacts K1b1 and K2b1 closed, while the circuitry of the contacts
      K1a1 and K2a 2 remains open. Accordingly, neither the relay CR2 or CR3 is
      energized even if the measuring device 12 transmits the signal AS2 or AS3.
      On the other hand, the relay CR1 is energized when the work W is cut down
      to the dimension f.sub.1 and the signal AS1 is transmitted from the device
      12. The solenoid 24SOL is energized to slow down the wheel feed to
      initiate the subsequent finish cutting operation at the diametral position
      f.sub.1 or point b.sub.3 on the curve No. 3 in FIG. 3. Thus, the finish
      cutting operation follows the characteristics of curve No. 3, more
      particularly, the segment b.sub.3 -c.sub.3 thereof.
PAR  The grinding machine is provided with a device for counting the number of
      the cycles of grinding operation which may be repeated, i.e., the number
      of the pieces of work which may be ground with an acceptable grinding
      accuracy before the grinding wheel dressing. This counting device is known
      per se and not shown in the drawings, nor is any detailed description made
      in respect thereof. A predetermined number of operation cycles or work
      pieces is set on the counting device. When the device has counted up the
      preset number, after completion of a plurality of cycles of grinding
      operation in accordance with curve No. 3 following the operation according
      to curves No. 1 and No. 2, the counting device transmits a corresponding
      signal which serves as a signal instructing the start of a cycle of
      dressing operation, whereby the diamond tool 18 dresses the grinding wheel
      4. Upon completion of the dressing operation, the switch SW2 is turned on
      automatically and the keep relays K1,U1 and K2,U2 are brought back to
      their respective set positions. The machine is now ready for repeating a
      predetermined number of grinding operation in accordance with the
      characteristics of curves No. 1, No. 2 and then No. 3, as hereinbefore
      described, until the grinding wheel requires another cycle of dressing
      operation.
PAR  Referring to FIG. 4, the apparatus according to another embodiment of this
      invention is associated with a screw rod 30 which is driven by a pulse
      motor 31 to move the grinding wheel carriage 5 forward or backward. The
      apparatus includes a counting device 32 adapted to count in terms of the
      number of pulses the length of time actually required for a particular
      cycle of finish cutting operation. The number of pulses corresponding to
      the time t.sub.1 is set on a first digital switch 33A and the number of
      pulses corresponding to the time t.sub.2 is set on a second digital switch
      33B. The output of the counting device 32 is compared with the number of
      pulses set on the digital switch 33A or 33B as will hereinafter be
      described. A main control circuit 34 produces a control signal and this
      control signal is transmitted through a speed changing circuit 35 to a
      pulse oscillator 36. The pulse oscillator 36 generates pulses with a
      frequency corresponding to the feed of the grinding wheel 4. The pulses
      generated by the oscillator 36 are transmitted to a pulse motor driving
      circuit 39 through a forward rotation gate 37 or a reverse rotation gate
      38. The forward and reverse rotation gates 37 and 38 are actuated in
      response to the control signal transmitted from the main control circuit
      34. The pulse motor driving circuit 39 produces an output signal which
      causes the pulse motor 31 to rotate in a forward or reverse direction at a
      variable speed required for moving the grinding wheel carriage 5 at a
      desired speed.
PAR  A first AND gate AND1 is provided to receive the output signal AS3 of the
      measuring device 12 which is a signal for effecting a particular cycle of
      finish cutting operation in accordance with the characteristics of curve
      No. 1 in FIG. 3. The output signal AS4 of the measuring device 12 which
      indicates the end of the finish cutting operation is transmitted to the
      gate AND1 through an inverter NOT. The gate AND1 also receives the output
      pulses of the oscillator 36 and transmits an output to the counting device
      32. When the signal AS4 is produced by the measuring device 12, an output
      from the counting device 32 is compared in a first comparison circuit 40A
      with the value set on the first digital switch 33A. When the number of the
      pulses counted by the counting device 32 is smaller than the number of the
      pulses set on the digital switch 33A, the comparison circuit 40A generates
      an output to set a first memory circuit FF1. When the memory circuit FF1
      is in its set position, the counting device 32 receives the output pulses
      of the oscillator 36 generated during the period between the transmission
      of the signals AS2 and AS4 by the measuring device 12. When the signal AS4
      is transmitted from the measuring device 12, the output signal of the
      counting device 32 is compared in a second comparison circuit 40B with the
      value set on the second digital switch 33B. If the number of the pulses
      counted by the counting device 32 is smaller than the number of the pulses
      set on the digital switch 33B, the comparison circuit 40B generates an
      output to set a second memory circuit FF2.
PAR  With the first and second memory circuits FF1 and FF2 in their respective
      set positions, the counting device 32 receives the output pulses generated
      by the oscillator 36 during the period between the transmission of the
      signals AS1 and AS4 by the measuring device 12. When the two memory
      circuits FF1 and FF2 are reset, the main control circuit 34 actuates the
      speed changing circuit 35 in response to the signal AS3 from the measuring
      device 12, whereby the pulse motor 31 causes the screw rod 30 to slow down
      the feed of the grinding wheel 4 to start the finish cutting operation.
      The speed changing circuit 35 is actuated in response to the signal AS2
      when only the first memory circuit FF1 is set, and in response to the
      signal AS1 when the two memory circuits FF1 and FF2 are both set.
PAR  In operation, the numbers of the pulses corresponding to the time t.sub.1
      and t.sub.2 in FIG. 3 are set on the two digital switches 33A and 33B,
      respectively. In other words, the number of the pulses to be set on the
      first digital switch 33A is the number of the pulses to be generated by
      the oscillator 36 and received in the counting device 32 during a period
      equal to the time t.sub.1, while the number of the pulses to be set on the
      second digital switch 33B is the number of the pulses to be generated by
      the oscillator 36 and received in the counting device 32 during a period
      equal to the time t.sub.2. The machine is placed in operation and the
      grinding wheel carriage 5 is advanced at a fast-forward speed. In response
      to a signal from the main control circuit 34, the carriage 5 lowers its
      adavancing speed and the grinding wheel 4 starts rough cutting of the work
      W. As the rough cutting operation proceeds, the measuring device 12
      produces a signal AS1 and then another signal AS2. Insofar as the two
      memory circuits FF1 and FF2 are both in their reset positions, however,
      the grinding wheel carriage 5 does not change its speed, but the grinding
      wheel 4 continues the rough cutting operation in accordance with the
      characteristics of curve No. 1 in FIG. 3. When the work W is then cut down
      to the dimension f.sub.3, the measuring device 12 generates a third signal
      AS3, whereby the feed of the grinding wheel 4 is slowed down to start the
      finish cutting operation. As the output signal AS3 of the measuring device
      12 is "1", and as a fourth signal AS4 which remains "0" is inverted to "1"
      by the inverter NOT, the pulses generated by the oscillator 36 are
      transmitted through the AND gate AND1 into the counting device 32. The
      work W is then cut down to its final dimension f.sub.4 and the fourth
      signal AS4 is generated by the measuring device 12. In this case, if there
      is no appreciable reduction in the cutting performance of the grinding
      wheel 4, the finish cutting operation requires the time t'.sub.1 in
      accordance with curve No. 1 in FIG. 3. The number of the pulses received
      by the counting device 32 (which corresponds to the distance covered by
      the grinding wheel carriage 5 traveling at a constant speed) during the
      finish cutting operation is compared in the first comparison circuit 40A
      with the number of the pulses set on the first digital switch 33A. No
      output is, however, generated by the comparison circuit 40A, because the
      number of the pulses received by the counting device 32 is larger than the
      number set on the digital switch 33A. Accordingly, after retraction of the
      grinding wheel carriage 5, the machine repeats another cycle of grinding
      operation in accordance with the characteristics of curve No. 1.
PAR  After a number of cycles of grinding operation are repeated in accordance
      with the characteristics of curve No. 1, the cutting performance of the
      grinding wheel 4 is lowered to such an extent that the time t'.sub.1
      actually required for the finish cutting operation is equal to the set
      time t.sub.1 or less. When the fourth signal AS4 is generated by the
      measuring device 12, the number of the pulses received by the counting
      device 32 is smaller than the number of the pulses set on the first
      digital switch 33A. The comparison circuit 40A generates an output to set
      the first memory circuit FF1. The grinding wheel carriage 5 retracts and
      the machine is started for another cycle of grinding operation. The
      carriage 5 first advances at a fast rate and then reduces its speed to
      start rough cutting of a new piece of work W. The operation proceeds in
      the same way as hereinbefore described, and a first signal AS1 is ignored.
      The situation is, however, different when the work W is cut down to the
      dimension f.sub.2, and a second signal AS2 is generated by the measuring
      device 12. Since the first memory circuit FF1 is now in its set position,
      the second signal AS2 serves as a signal instructing the changeover of the
      wheel feed. The work W starts to undergo finish cutting operation at its
      diametral position f.sub.2 and the operation will continue in accordance
      with the characteristics of curve No. 2 in FIG. 3. As long as there is no
      appreciable additional reduction in the cutting performance of the
      grinding wheel 4, the number of the pulses received by the counting device
      32 during the period between the transmission of the signals AS2 and AS4
      is greater than the number set on the second digital switch 33B, so that
      the second comparison circuit 40B does not generate any output. This
      indicates that a particular cycle of finish cutting operation is carried
      out in an adequate length of time which is not too short to maintain an
      acceptable grinding accuracy. Accordingly, an additional number of cycles
      of grinding operation will be repeated to grind a corresponding number of
      pieces of work W in accordance with the characteristics of curve No. 2.
PAR  After repetition of the grinding operation by following curve No. 2,
      however, the cutting performance of the grinding wheel 4 is further
      reduced to the extent that the time t'.sub.2 actually required for the
      finish cutting operation is equal to, or less than the time t.sub.2 set on
      the second digital switch 33B in terms of the number of pulses. The number
      of the pulses received by the counting device 32 during the period between
      the output signals AS2 and AS4 of the measuring device 12 is now smaller
      than the number of the pulses set on the digital switch 33B. Therefore,
      the second comparison circuit 40B produces an output to set the second
      memory circuit FF2. The grinding wheel carriage 5 retracts and the machine
      is placed in another cycle of grinding operation. The carriage 5 first
      advances at a fast speed and then reduces its speed to start rough cutting
      of a new piece of work W. The operation proceeds in the same manner as
      hereinbefore described, until the work W is cut down to its diametral
      dimension f.sub.1, and a first signal AS1 generated by the measuring
      device 12. As the two memory circuits FF1 and FF2 are now in their set
      positions, the first signal AS1 is not ignored, but serves as a signal
      instructing the changeover of the wheel feed. The work W is placed in
      finish cutting operation when it has rough cut to the dimension f.sub.1,
      and the operation will thus continue in accordance with the
      characteristics of curve No. 3 in FIG. 3.
PAR  The grinding wheel 4 is worn and requires dressing after a number of cycles
      of grinding operation in accordance with curve No. 3. This may be
      ascertained, and the wheel 4 dressed, just as already described in
      connection with the apparatus of FIG. 1. As soon as the dressing of the
      wheel 4 is over, a signal indicating the end of the dressing operation is
      received in the electric circuit from an appropriate device not shown,
      whereby the two memory circuits FF1 and FF2 are both reset. The machine is
      then ready for continuing the grinding operation again in accordance with
      the characteristics of curves No. 1, No. 2 and then No. 3 in FIG. 3.
PAR  It will be understood from the foregoing description that with the
      apparatus of this invention, it is readily possible to maintain an
      acceptable grinding accuracy of a grinding machine over a prolonged period
      of time without requiring too frequent dressing of a grinding wheel, by
      detecting a gradual reduction in the cutting performance of the grinding
      wheel in terms of the time required for finish cutting operation and
      progressively increasing the amount of material to be cut in the finish
      cutting process relatively to the amount of material to be cut in the
      rough cutting process.
PAR  While the invention has been described with reference to a couple of
      preferred embodiments thereof, it will be understood that further
      variations or modifications may be easily made by anyone of ordinary skill
      in the art without departing from the scope of this invention which is
      defined by the appended claims.
CLMS
NUM  1.
PAR  1. An apparatus for controlling the operation of a grinding wheel on a
      grinding machine, wherein said grinding wheel is fed against a generally
      cylindrical workpiece at a rough grinding speed during a rough grinding
      operation for said workpiece and at a fine grinding speed lower than said
      rough grinding speed during a finish grinding operation following said
      rough grinding operation, said apparatus comprising:
PA1  means for moving said grinding wheel reciprocally relative to said
      workpiece at a variable speed including said rough and fine grinding
      speeds;
PA1  a device for measuring a diameter of said workpiece to generate at least
      first, second and third signals responsive to predetermined large,
      intermediate and small diameters of said workpiece during one cycle of
      grinding operation, said third signal indicating the end of said one cycle
      of grinding operation;
PA1  means for initially causing variation of said variable speed from said
      rough grinding speed to said fine grinding speed in response to said
      second signal;
PA1  means for comparing with a predetermined value an interval of time between
      generation of said second and third signals; and
PA1  means for causing variation of said variable speed from said rough grinding
      speed to said fine grinding speed in response to said second signal in a
      following cycle when said interval is longer than said predetermined value
      and for causing variation of said variable speed from said rough grinding
      speed to said fine grinding speed in response to said first signal in said
      following cycle when said interval is exceeded by said predetermined
NUM  2.
PAR  2. An apparatus for controlling the operation of a grinding wheel on a
      grinding machine, wherein said grinding wheel is fed against a generally
      cylindrical workpiece at a rough grinding speed during a rough grinding
      operation for said workpiece and at a fine grinding speed lower than said
      rough grinding speed during a finish grinding operation following said
      rough grinding operation, said apparatus comprising;
PA1  means for moving said grinding wheel reciprocally relative to said
      workpiece at a variable speed including said rough and fine grinding
      speeds;
PA1  a device for measuring a diameter of said workpiece to generate at least
      first, second and third signals responsive to predetermined large,
      intermediate and small diameters of said workpiece during one cycle of
      grinding operation; said third signal indicating the end of said one cycle
      of grinding operation;
PA1  first relay means, when energized in response to said first signal, for
      causing variation of said variable speed from said rough grinding speed to
      said fine grinding speed;
PA1  second relay means, when energized in response to said second signal, for
      causing variation of said variable speed from said rough grinding speed to
      said fine grinding speed;
PA1  timer means actuated by energization of said second relay means; and
PA1  means for causing said first and second relay means to be inoperative and
      operative, respectively, in a following cycle when said timer means is
      timed out before said third signal is generated and for causing said first
      relay means to be operative in said following cycle when said timer means
NUM  3.
PAR  3. An apparatus for controlling the operation of a grinding wheel on a
      grinding machine, wherein said grinding wheel is fed against a generally
      cylindrical workpiece at a rough grinding speed during a rough grinding
      operation for said workpiece and at a fine grinding speed lower than said
      rough grinding speed during a finish grinding operation following said
      rough grinding operation, said apparatus comprising:
PA1  an oscillator for generating pulses;
PA1  a pulse motor responsive to said pulses from said oscillator for moving
      said grinding wheel reciprocally relative to said workpiece at a variable
      speed including said rough and fine grinding speeds;
PA1  a device for measuring a diameter of said workpiece to generate at least
      first, second and third signals responsive to predetermined large,
      intermediate and small diameters of said workpiece during one cycle of
      grinding operation, said third signal indicating the end of said one cycle
      of grinding operation;
PA1  means for initially causing variation of said variable speed from said
      rough grinding speed to said fine grinding speed in response to said
      second signal;
PA1  means for counting the number of said pulses generated by said oscillator
      between generation of said second and third signals;
PA1  at least one digital switch for setting a predetermined value in terms of a
      predetermined number of pulses;
PA1  at least one comparison circuit for comparing the content of said counting
      means with said predetermined value set on said digital switch; and
PA1  means for continuing variation of said variable speed from said rough
      grinding speed to said fine grinding speed in response to said second
      signal in a following cycle when the content of said counting means is
      larger than said predetermined value and for causing variation of said
      variable speed from said rough grinding speed to said fine grinding speed
      in response to said first signal in said following cycle when the content
      of said counting means is exceeded by said predetermined value.
PATN
WKU  039343774
SRC  5
APN  4787285
APT  1
ART  323
APD  19740612
TTL  Concrete surface grinder
ISD  19760127
NCL  8
ECL  1
EXP  Kelly; Donald G.
NDR  3
NFG  6
INVT
NAM  Tertinek; Christian T.
CTY  Canandaigua
STA  NY
ASSG
NAM  Stone Construction Equipment, Inc.
CTY  Honeoye
STA  NY
COD  02
CLAS
OCL   51177
EDF  2
ICL  B24B 2302
FSC   51
FSS  176;177
UREF
PNO  820751
ISD  19060500
NAM  Wattles
OCL   51176
UREF
PNO  2001099
ISD  19350500
NAM  Holt
OCL   51176
UREF
PNO  2793476
ISD  19570500
NAM  Lombardo
OCL   51177
UREF
PNO  3102372
ISD  19630900
NAM  Vezner
OCL   51177
UREF
PNO  3124911
ISD  19640300
NAM  Vinella
OCL   51177
UREF
PNO  3504434
ISD  19700400
NAM  Thomsen
XCL   51177
UREF
PNO  3552070
ISD  19710100
NAM  Reiss
OCL   51177
UREF
PNO  3701221
ISD  19721000
NAM  Vinella
OCL   51177
LREP
FR2  O'Brien; Clarence A.
FR2  Jacobson; Harvey B.
ABST
PAL  A rotary concrete surface grinding and smoothing device having a segmental
      diamond chip impregnated, engine-driven, rotating grinding head; a
      foot-operated unit for raising and lowering the grinding head with
      relation to the surface to be ground; a slanted front end for better
      visibility; and, ballast weight and adjustable axle means to incrementally
      vary the downward pressure of the grinding head on the to be ground
      surface.
BSUM
PAC  FIELD OF THE INVENTION AND SUMMARY OF THE PRIOR ART
PAR  The Mall patents (U.S. Pat. No. 1,980,491, issued Nov. 13, 1934; U.S. Pat.
      No. 2,097,730, issued Nov. 2, 1937; and U.S. Pat. No. 2,106,033, issued
      Jan. 18, 1938) all disclose fluid assisted terrazzo grinding devices; the
      Doran patent (U.S. Pat. No. 3,098,329, issued July 23, 1963) shows
      mounting and driving means for balanced maneuverability; and, the Highberg
      patent (U.S. Pat. No. 3,233,369, issued Feb. 8, 1966) and Oswald patent
      (U.S. Pat. No. 3,745,719, issued July 17, 1973) disclose diamond
      containing blocks and wheels for grinding.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of my invention are the following:
PAR  1. To provide an improved concrete surface grinding device having a
      grinding head with a plurality of angularly dispersed, diamond-impregnated
      blocks as the grinding means.
PAR  2. To provide shiftable axle means and changeable ballast weight means to
      vary the pressure of the device on the surface being ground.
PAR  3. To provide various other adjustment and handling means for shifting the
      entire device from one area to another including a foot-operated means for
      raising and lowering the grinding head and including an adjustable leg
      assembly to assure that the grinding head properly clears the surface when
      elevated.
PAR  4. To provide such further features to aid visibility, simplify
      maintenance, and to produce a rugged, yet economical unit.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device.
PAR  FIG. 2 is a bottom plan view showing the surface of the ten-segment
      grinding head.
PAR  FIG. 3 is a longitudinal sectional view taken approximately along the line
      3--3 of FIG. 1.
PAR  FIG. 4 is a transverse sectional view taken approximately along the line
      4--4 of FIG. 3.
PAR  FIG. 5 is an exploded perspective view of the grinding head and its
      supporting structure.
PAR  FIG. 6 is a sectional view taken approximately along the line 6--6 of FIG.
      3 illustrating the foot pedal latch structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The surface grinder of the present invention is generally designated by
      reference numeral 10 and includes a main frame generally designated by
      numeral 12 and which includes a pair of substantially parallel
      longitudinally extending plate members 14 along each side of the grinder
      which are vertically oriented and retained in rigid relationship by a
      transverse rear plate 16 which is vertically disposed and a transverse
      forward horizontal plate 18 with the plate 18 being oriented intermediate
      the top and bottom edges of the side frame members 14 but closer to the
      bottom as illustrated in FIG. 4. The members 14, 16 and 18 are secured
      together by suitable welding or the like thus providing a rigid frame 12
      which supports a suitable internal combustion engine 20 or the like
      intermediate the ends thereof which is supported on a transverse
      supporting plate 22 rigidly fixed between the side frame members 14 with
      the engine 20 including a mounting base 24 secured to the plate 22 by
      suitable bolts 26 extending through slots in the plate 22 in a well known
      manner for enabling limited adjustment of the position of the engine for
      varying the tension on drive belts in a manner well known in the art. The
      engine 20 may be any suitable horsepower, air-cooled gasoline engine or
      equivalent power device.
PAR  The engine 20 is provided with an output shaft 28 which depends through an
      opening in the plate 22 and the output shaft 28 is provided with a
      multi-groove drive pulley 30 keyed thereto and secured thereto in any
      suitable manner with the drive pulley 30 receiving and driving a plurality
      of V-belts 32. The V-belts 32 extend forwardly and encircle a large
      multi-groove pulley 34 keyed to the upper end of a vertically disposed
      shaft 36 which has a grinding head generally designated by the numeral 38
      on the lower end thereof for driving the grinding head in a rotatable
      manner about a substantially vertical axis from the engine 20.
PAR  The vertical shaft 36 is rotatably supported from the plate 18 by a
      cylindrical bearing housing 40 having a flange 42 bolted thereto by
      suitable bolts 44 or the like. At the upper and lower end of the bearing
      housing 40, there is provided a roller bearing assembly 46 and a grease
      seal 48 outwardly thereof which provides a seal for the hollow interior 50
      of the housing 40 to provide a reservoir for lubrication material such as
      a suitable grease which is injected into the space 20 through a suitable
      lubrication fitting 52. As illustrated, the shaft 36 is provided with an
      enlarged lower end portion 54 defining a shoulder 56 which engages the
      bearing 46 and a similar shoulder 58 is provided on the shaft 36 engaging
      the upper bearing 46 to retain the shaft 36 rotatably supported by the
      bearing assemblies with the upper shoulder 58 being rigidly secured in
      position such as by press-fitting or any suitable fastening means so that
      the upper shoulder 58 can be removed for assembly and disassembly and
      repair, if necessary.
PAR  The grinding head 38 includes a circular disc 60 having a central opening
      62 therein as illustrated in FIG. 5 and a plurality of arcuate and
      angularly displaced diamond impregnated grinding blocks 64 mounted
      radially on the undersurface thereof together with a plurality of
      circumferentially arranged blocks 66 adjacent the periphery of the plate
      60 on the undersurface thereof as illustrated in FIGS. 2 and 4. As
      illustrated, there are ten block segments 64 and 66 secured to the disc
      but this number may vary and the specific arrangement thereof may vary but
      preferably, the arrangement is in the pattern illustrated so that the
      blocks will tend to wipe material away from the area being ground.
PAR  The plate 60 is mounted to the shaft 36 by a relatively narrow rectangular
      mounting plate 68 rigidly fixed to the lower end of the shaft 36 as by
      welding or the like and a similarly shaped plate 70 in perpendicular
      relation to the plate 68 and spaced therefrom with the plate 70 being
      secured to the disc 60 by suitable fasteners 72. Interposed between the
      plates 68 and 70 is a flex coupling generally designated by numeral 74 and
      which includes a central plate 76 with a pair of upwardly projecting
      mounting bosses 78 on the upper surface and a pair of downwardly
      projecting mounting bosses 80 on the lower surfaces with the bosses being
      staggered in relation to each other and with the two upper bosses 78
      underlying and being secured to the plate 68 by fasteners 82 and the
      bosses 80 overlying the plate 70 and being secured thereto in a similar
      manner thereby providing a degree of flexibility for the grinding head 38
      so that the plate or disc can assume a relation parallel to the surface
      being ground.
PAR  The shaft 36 is hollow as indicated by numeral 84 and the lower end of the
      shaft is provided with a pipe nipple 86 which extends down through a hole
      in the center of the flex coupling and a corresponding hole in the
      mounting plate 70 which is in alignment with the opening 62 in the disc 60
      thus discharging fluid onto the surface area being ground. The upper end
      of the hollow shaft 36 telescopically receives the depending end 88 of a
      tube 90 which is stationary in relation to the shaft 36 and extends
      rearwardly and is connected to a valved inlet fitting 92 through a
      supporting adapter 94 attached to the bottom of the underside of the plate
      22 as illustrated in FIG. 3. A handle 96 is provided for the valved inlet
      92 and a threaded male fitting 98 is also provided thereon for connection
      to a water supply hose 100 as illustrated in FIG. 1 which is communicated
      with a suitable source of water or other liquid solution used on the
      surface to be ground.
PAR  For supporting the grinder 10, a pair of pneumatic wheel assemblies 102 are
      provided and oriented along opposite sides of the frame 12 with the wheels
      102 being interconnected by an axle 104 that is inserted in one of a
      plurality of longitudinally spaced pairs of holes 106 in order to vary the
      point of support of the frame longitudinally of the frame. At the rear of
      the side frame members 14, there is provided a vertical tubular socket 108
      at each side of the frame which may be conveniently welded in the angular
      area between the rear ends of the frame members 14 and the transverse rear
      plate 16 with the upper ends of the sockets 108 extending substantially
      above the side members 14. Telescopically received in the sockets 108 are
      downwardly extending handle members 110 which have their main portions 112
      extending rearwardly and upwardly in a diverging relation and
      interconnected by a transverse member 114 to enable manipulative control
      of the surface grinder 10. The handle members 110 are secured in the
      sockets 108 by fastening bolts 116 or the like and one of the handle
      members 112 may be provided with a clamp bracket 118 to support the water
      hose 100 as illustrated in FIG. 1. Thus, by pushing downwardly on the
      transverse handle 114, the surface grinder may be pivoted about the
      supporting wheels 102 and rolled to a desired surface or otherwise
      manipulated during the grinding operation.
PAR  The plate 18 which supports the shaft 36 and bearing housing 40 includes a
      plurality of right-angled mounting lugs 120 thereon which support a
      vertically disposed tubular housing 122 which includes a rear wall 124, a
      partial top wall 126 which is substantially horizontal and a partial
      slanted top wall 128 which defines an enlarged opening 130 between the
      front edge of the partial top wall 126 and the rear edge of the slanted
      wall 128 with this opening having a supporting bottom plate 132 spaced
      downwardly from the opening 130 and provides a support for a ballast
      weight 134 which is removable through the opening 130 for enabling various
      weights to be inserted into the opening 130. The weight 134 is also
      provided with a slanted top surface 136, a U-shaped loop handle 138
      thereon and a tether chain 140 connected thereto with the other end of the
      tether chain adapted to be connected with a loop 142 on the front wall 128
      or a loop 144 on the rear wall 124. The chain 140 may be provided with a
      snap hook 146 on the end thereof to prevent loss of the ballast weight 134
      with the size and configuration as well as the weight of the ballast
      weight being variable with the weight either being of one piece
      construction or of multiple piece construction. The slanted construction
      of the top wall 136 on the weight and the wall 128 provides for better
      observation of the surface area immediately in front of the surface
      grinder by the operator of the grinder who would normally be standing
      behind the grinder and grasping the handle 114 thereby providing for more
      accurate control and more effective use of the grinder. The front of the
      housing 122 as well as the front of the plate 18 is of polygonal
      construction and tapered to further enhance visibility of the area around
      the front of the surface grinder.
PAR  A depending flexible skirt 148 is attached to the lower edge of the housing
      122 by clamping plate members 150 and fastening bolts 152 with the bottom
      edge of the skirt 148 being substantially in alignment with the disc 60
      and slightly above the bottom edges of the grinding blocks 64 and 66. The
      skirt 148 is of generally U-shaped configuration with the rear edges
      thereof terminating generally in alignment with the rear edge of the
      housing 122. Extending transversely behind the grinding head 38 is a
      straight depending skirt 154 attached to a mounting clip 156 by fasteners
      158 as illustrated in FIG. 3. Thus, the flexible skirts 148 and 154
      completely encircle the rotating grinding head 38.
PAR  A foot pedal and leg assembly generally designated by numeral 160 is
      provided for supporting the grinding head in elevated position which
      includes a pair of side members or levers 162 which are parallel to the
      frame members 14 and disposed slightly inwardly thereof with the rearward
      ends of the levers being rigidly interconnected by a rear transverse
      member 164 and the forward ends of the levers being pivotally supported
      from the side frame members 14 by a pivot bolt and bushing assembly 166.
      Each lever 162 is provided with a depending and forwardly inclined leg 168
      intermediate the ends thereof with the lower end of each leg 168 being
      disposed slightly rearwardly of the rear skirt 154 as illustrated in FIG.
      3. The legs 168 are interconnected at their intermediate portion by a
      transverse brace member 170 to provide a rigid leg structure. A pair of
      spring clips are mounted on the brace 170 are designated by numeral 172
      with a tension coil spring 174 being connected to each of the spring clips
      172 and having upper ends connected to spring clips 176 attached to the
      underside of the plate 22 adjacent the forward end thereof thus biasing
      the legs 168 upwardly and biasing the entire assemby upwardly about the
      transverse pivot axis defined by the bushing and bolt assemblies 166. The
      lower end of each leg 168 is provided with a laterally outwardly extending
      foot 178 having an adjustable bolt 180 associated therewith in which the
      bolt head provides engagement with a supporting surface 182 which is the
      surface being ground and which provides a support for the surface grinder
      when the grinding head 38 is in elevated position as illustrated in FIG. 3
      with the adjustable bolts 180 being provided to assure that the grinding
      head is elevated above the surface 182 when the leg and pedal assembly 160
      is swung downwardly to a latched position about the pivot axis defined by
      the bolt and bushing assemblies 166.
PAR  For swinging the assembly 160 downwardly, a foot pedal 184 is attached to
      the transverse member 164 by a pair of lugs 186 and a vertical pivot bolt
      187 extending therebetween. The foot pedal 184 extends rearwardly through
      a notch 188 provided in the transverse rear plate 16 so that the foot
      pedal 184 may swing vertically when pressure is exterted on a pad 190
      provided on the pedal 184 or when pressure is removed therefrom. In the
      position in FIG. 3, the foot pedal 184 has been pivoted downwardly thus
      elevating the grinding head 38 above the surface 182. If this position is
      desired to be maintained, the vertical bolt 187 enables the foot pedal 184
      to be swung laterally out of registry with the vertical notch 188 into a
      recess 192 in one edge of the notch which has a depending lug 194 at the
      top inner corner thereof which serves as a latch structure for retaining
      the foot pedal 184 in depressed position thus retaining the grinding head
      38 in elevated position. When it is desired to lower the grinding head 38
      into contact with the surface 182, the foot pedal 184 is depressed
      slightly and then moved laterally into registry with the vertical
      slot-like opening 188 in the plate 16 with its upward movement raising the
      bolts 180 out of engagement with the surface 182 due to the tension of the
      springs 174.
PAR  With this construction, the surface grinder can be easily lowered so that
      the grinding head will engage the surface to be ground and it can just as
      easily be raised with the bolt adjustment compensating for grinding block
      wear since it is only necessary to elevate the grinding head slightly away
      from the surface. The ballast weight 134 can be removed and replaced with
      other weights or removed all together and by varying the position of the
      axle 104, the downward pressure exerted on the grinding head may be
      incrementally varied. The slanted front end of the housing or cowl
      together with the slanting surface on the weight provides for better
      observation of the work area and the one point lubrication fitting 52
      which is accessible through a hole 53 in the front of the housing 122
      facilitates lubrication of the supporting bearing structure for the
      grinding head which is the only wear point in the device thus facilitating
      lubrication and increasing longevity of the bearing assembly.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
NUM  1.
PAR  1. In a surface grinder, the combination of a wheeled undercarriage having
      an axle positionable in one of a plurality of longitudinally spaced pairs
      of apertures in a frame portion of said undercarriage, a grinding wheel
      carried by said undercarriage, said undercarriage further carrying a skirt
      means surrounding the periphery of said grinding wheel, handle means and
      fluid supply means extending from a rearward portion of the grinder,
      hollow spindle means connected to the fluid supply means and to further
      conduit means, said hollow spindle means mounting the grinding wheel on
      the undercarriage, said grinding wheel including a plurality of diamond
      impregnated blocks mounted on the undersurface thereof, further conduit
      means connecting said fluid supply means, via the hollow spindle means,
      with an aperture in a central portion of said grinding wheel to supply
      fluid thereto, a power source and drive train including belt means and
      sheaves for rotatably driving said grinding wheel, changeable weight means
      on the undercarriage to vary the pressure between the grinding wheel and
      the surface to be ground, a housing for the grinding wheel having a
      frontal portion that slants from the power source area downwardly toward
      the forward portion of the grinder to increase visibility for an operator,
      said skirt means blending with said downwardly inclined housing and
      surrounding said weight means, a foot-operated lever means on said
      undercarriage to assist an operator in elevating the grinding wheel and
      changing the direction in which the grinder is being moved over the
      surface being ground, said lever means including adjustable threaded leg
      elements for varying the spacing of the grinding wheel from the
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said grinding wheel is in
      the form of a disk having said blocks on the undersurface thereof, and a
      flex coupling means interconnecting said disk and said spindle means, said
      flex coupling means including a plate of resilient material having
      mounting bosses extending from opposite surfaces thereof with the
      depending bosses being connected to the disk and the upstanding bosses
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said undercarriage includes
      a generally horizontally disposed supporting plate, lubricated bearing
      means supported by said plate and rotatably journaling said spindle means
      for rotation about a generally vertical axis, said undercarriage including
      means adjacent the rear thereof for engagement with the lever means for
      releasably retaining the lever means in depressed position for elevating
NUM  4.
PAR  4. A surface grinder comprising a frame, a pair of supporting wheels
      supported from said frame for rolling engagement with a supporting
      surface, a surface grinding head rotatably supported from said frame, said
      grinding head being spaced longitudinally from said wheels and disposed
      below the frame for engaging a work surface, drive means mounted on said
      frame and connected with said grinding head for rotatably driving said
      grinding head, handle means on said frame adjacent the wheels and spaced
      therefrom opposite to the grinding head whereby downward force exerted on
      the handle means will fulcrum the frame about the wheels and elevate the
      grinding head from the work surface to enable manual manipulation of the
      grinder on the supporting surface, said drive means including a prime
      mover mounted on the frame forwardly of the wheels whereby the grinding
      head is urged downwardly toward the work surface about the wheels by the
      combined weight of the frame, prime mover and grinding head, said frame
      being provided with an elongated lever pivoted thereon forwardly of the
      wheels and including a swingable rearward end extending rearwardly from
      the frame, a foot pedal mounted on the rearward end of the lever and being
      accessible to an operator of the grinder, and depending leg means on said
      lever forwardly of the wheels with the lower end of the leg means
      terminating adjacent the work surface when the lever is in its uppermost
      position with the leg means moving downwardly when the foot pedal is
      depressed for elevating the forward end of the lever and the forward end
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said leg means includes a
      pair of legs, each of the legs having a vertically adjustable member at
      the lower end thereof to assure clearance of the grinding head above the
      work surface when the foot pedal is depressed, spring means biasing said
      lever toward its upper position, and latch means on said frame for
      releasably retaining said lever in its lower position so that the lever
      will retain the grinding head elevated from the work surface without
NUM  6.
PAR  6. A surface grinder comprising a frame, a pair of supporting wheels
      supported from said frame for rolling engagement with a supporting
      surface, a surface grinding head rotatably supported from said frame, said
      grinding head being spaced longitudinally from said wheels and disposed
      below the frame for engaging a work surface, drive means mounted on said
      frame and connected with said grinding head for rotatably driving said
      grinding head, handle means on said frame adjacent the wheels and spaced
      therefrom opposite to the grinding head whereby downward force exerted on
      the handle means will fulcrum the frame about the wheels and elevate the
      grinding head from the work surface to enable manual manipulation of the
      grinder on the supporting surface, said drive means including a prime
      mover mounted on the frame forwardly of the wheels whereby the grinding
      head is urged downwardly toward the work surface about the wheels by the
      combined weight of the frame, prime mover and grinding head, said grinding
      head including a generally vertically disposed spindle, bearing means
      rotatably supporting said spindle from the frame, a generally horizontally
      disposed grinding disk, and means connecting said disk to the lower end of
      said spindle including a flexible coupling means to enable the disk to
      flex into substantially parallel relation to the work surface, said frame
      being provided with a housing at the forward end thereof spaced from said
      wheels, said housing including an open lower end spaced above said disk, a
      depending flexible skirt mounted on said housing and depending into
      encircling relation to the disk for retaining material peripherally of the
      disk, said housing including an upwardly opening receptacle, weight means
      removably positioned in said receptacle for enabling increase or decrease
      of the pressure exerting downwardly on the grinding head, said disk
      including spaced blocks of abrasive material on the undersurface thereof
      for engagement with the work surface, the upper end of said housing and
      weight means being inclined downwardly and forwardly to enable observation
      of the work surface adjacent the grinding head by an operator positioned
NUM  7.
PAR  7. The structure as defined in claim 6 wherein said frame is provided with
      an elongated lever pivoted thereon forwardly of the wheels and including a
      swingable rearward end extending rearwardly from the frame, a foot pedal
      mounted on the rearward end of the lever and being accessible to an
      operator of the grinder, and depending leg means on said lever forwardly
      of the wheels with the lower end of the leg means terminating adjacent the
      working surface when the lever is in its uppermost position with the leg
      means moving downwardly when the foot pedal is depressed for elevating the
      forward end of the lever and the forward end of the frame and grinding
      head from the work surface, said leg means includes a pair of legs, each
      of the legs having a vertically adjustable member at the lower end thereof
      to assure clearance of the grinding head above the work surface when the
      foot pedal is depressed, spring means biasing said lever toward its upper
      position, and latch means on said frame for releasably retaining said
      lever in its lower position so that the lever will retail the grinding
      head elevates from the work surface without attendance by an operator,
      said spindle including a hollow central portion communicating with the
      underface of the disk, the upper end of the hollow spindle being connected
NUM  8.
PAR  8. A surface grinder comprising a frame, supporting wheels supported from
      said frame for rolling engagement with a supporting surface, a surface
      grinding head rotatably supported from said frame, said grinding head
      being disposed below the frame for engaging a work surface, drive means
      mounted on said frame and connected with said grinding head for rotatably
      driving said grinding head, handle means on said frame to enable manual
      manipulation of the grinder on the supporting surface, said drive means
      including a prime mover mounted on the frame whereby the grinding head is
      urged downwardly toward the work surface by the combined weight of the
      frame, prime mover and grinding head, said frame being provided with an
      elongated lever pivoted thereon and including a swingable rearward end
      extending rearwardly from the frame, a foot pedal mounted on the rearward
      end of the lever and being accessible to an operator of the grinder, and
      depending leg means on said lever with the lower end of the leg means
      terminating adjacent the work surface when the lever is in its uppermost
      position with the leg means moving downwardly when the foot pedal is
      depressed for elevating the grinding head from the work surface, said
      frame being provided with a housing including an open lower end spaced
      above said grinding head, a depending flexible skirt mounted on said
      housing and depending into encircling relation to the guiding head for
      retaining material peripherally thereof, said housing including an
      upwardly opening receptacle, weight means removably positioned in said
      receptacle for enabling increase or decrease of the pressure exerting
      downwardly on the grinding head, the upper end of said housing and weight
      means being inclined downwardly and forwardly to enable observation of the
      work surface adjacent the grinding head by an operator positioned adjacent
      the handle means.
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ABST
PAL  A clamping and dividing mechanism for the precision machining of
      workpieces, for example annular cylinder grooves of ball races and the
      like, on a machine tool having a rotatable workpiece receiver, a counter
      support and a workpiece holder therebetween, the mechanism comprising
      various elements associated with the just-mentioned basic parts of the
      machine tool, namely: parallel, resiliently guided cylinder members in the
      receiver, assigned to a generated ball surface of the workpiece and
      aligned with a surface of the latter; an insert in the support, having at
      least two jaws facing the workpiece and engaging the same; means for
      guiding the holder in bores provided in the receiver and the support,
      respectively, in the form of two opposed swivel axles; and a trunnion
      associated with the holder, perpendicular to the direction of machining,
      and provided with support surfaces for the workpiece, that are parallel
      with the direction of machining.
BSUM
PAR  The present invention relates to a clamping and dividing mechanism for the
      precision manufacture of the annular cylinder grooves of ball races or the
      like. For short, it can be termed a mechanism for making roller-hub
      grooves.
PAR  For the precision manufacture of annular grooves of ball races or roller
      hubs, as employed in universal joints, there are known clamping and
      dividing mechanisms which immobilize the grooves during the precision
      manufacture (such as polishing and the like) and further rotate them about
      the divider after completing the precision machining of one of the
      incremental surfaces. For this purpose, precision machining requires a
      degree of accuracy which lies in the range of .+-.2 .mu..
PAR  Such clamping and dividing mechanisms are known per se, however, the
      prior-art constructions do not provide the predetermined requirements with
      respects to tolerances and accuracy to size.
PAR  Accordingly, it is an object of the present invention to provide a novel
      construction for such a clamping and dividing mechanism which satisfies
      all presently set requirements with respect to the just mentioned
      characteristics.
PAR  According to major features of the invention, a clamping and dividing
      mechanism is provided for the precision machining of workpieces, for
      example annular cylinder grooves of ball races and the like, on a machine
      tool which has conventional elements constituted by a rotatable workpiece
      receiver, a counter support and a workpiece holder therebetween, the
      mechanism comprising parts additional to the conventional elements, namely
      means for guiding the holder in respective bores provided in the receiver
      and the support, in the form of two opposed swivel axles; preferably three
      parallel, resiliently guided cylinder members in the receiver, assigned to
      a surface of the workpiece and aligned therewith; an insert in the
      support, having at least two jaws facing the workpiece for engagement; and
      a trunnion associated with the holder, perpendicular with the direction of
      machining, and provided with support surfaces for the workpiece, that are
      parallel with the direction of machining.
PAR  According to additional, optional features of the invention, hard metal may
      be used for at least some of the cylinder members or their engaging
      surfaces, for at least edge portions of the jaws of the support insert,
      for a cover of a locking pin receivable by the receiver, and serving for
      precisely aligning the rotated workpiece, and/or at least the front
      surfaces of bolts guided in bores of the holder, thereby greatly
      increasing the efficiency and precision of the operations with the
      inventive mechanism.
PAR  According to further, specific feature of the invention, the two outer
      cylinder members may be pre-loaded by a spring while the third,
      intermediate member has a slot-pin connection, and a control rod for
      manipulating the mechanism.
PAR  The support surfaces of the trunnion, associated with the holder, may have
      end rings thereon for engaging a flange, the support surfaces resting
      against radial arms of a slide that is biased for sliding in the trunnion,
      the space defined by the end rings and behind the radial arms being
      preferably filled with oil.
PAR  Finally, the invention also provides the use of a slide cap for the
      trunnion, with a spring for biasing the cap, and a ring flange on the cap
      for receiving the ends of the earlier-mentioned bolts that are guided in
      bores of the holder. dr
PAR  Reference may now be had to the following detailed description of the novel
      clamping and dividing mechanism according to the invention, taken in
      conjunction with the exemplary embodiments illustrated in the accompanying
      drawings, wherein:
PAR  FIGS. 1 and 2 show two axial sections of the mechanism according to the
      present invention, rotated by 90.degree. one with respect to the other,
      the former taken along line 1--1 of the latter, and
PAR  FIG. 2 along line 2--2 of FIG. 1;
PAR  FIGS. 3 and 4 show two details of the mechanism on an enlarged scale,
      namely the former constituting a left-hand center part of FIG. 2, and the
      latter being taken along line 4--4 of FIG. 1;
PAR  FIGS. 5 and 6 show two partial sectional views, namely the former along
      line 5--5 of FIG. 2 and the latter along line 6--6 of FIG. 5; and
PAR  FIG. 7 shows a detailed section of a modified embodiment also taken along
      line 4--4 of FIG. 1.
DETD
PAR  Referring now in detail to the drawings, and particularly to FIGS. 1 and 2,
      between a headstock and a tailstock of an otherwise known machine tool, a
      workpiece receiver 3 and a counter support 5a are mounted. Between these
      two parts there is located a workpiece holder 5 which is guided by means
      of two opposite swivel axles 4, 6 in corresponding bores 2, 7 of the
      receiver 3 and the support 5a, respectively.
PAR  A tool X, such as a grinding wheel, serves for the precision machining of
      workpieces, for example annular ring grooves Z (to be explained later in
      more detail) of a roller hub or ball race 1. Such roller hubs are being
      used for quite a few years in lieu of earlier universal joints,
      particularly in motor vehicles. This workpiece 1 consists of case-hardened
      steel. After introduction, the workpiece is mounted between the two parts
      3, 5a in a pre-centered manner.
PAR  The workpiece receiver 3 and the opposite support 5a already take care of
      the eccentricity to be maintained during the machining of the workpiece.
      The swivel axle 4 of the holder 5, retained in the bore 2 of the receiver
      3, as well as the axle 6 guided in the counter support 5a, serve for the
      pre-orientation of the roller hub 1. The two axles 4, 6 are equally
      axially directed with respect to each other and are lapped. The workpiece
      holder 5 is generally U-shaped between the axles 4, 6 and carries on the
      web of the U-shaped part a trunnion 7a.
PAR  As can best be seen from FIG. 4, in a blind hole 8 in the trunnion 7a there
      is retained a slide 5b, displaceable against the force of a spring 16 in
      the hole 8. The slide 5b has an end collar 9 which is conically reduced
      and then extends radially to the slide 5b. The collar 9 has the shape of
      an axial cross of which the arms extend radially outwardly. The trunnion
      7a is provided at its end with a radial flange 11 which has four crosswise
      through apertures 12. These apertures are reduced to a smaller diameter 13
      at the ends facing toward the trunnion 7a. They are then gripped by the
      arms of the slide 5b located above the cross.
PAR  In the apertures 12, 13 there are guided preferably hard-metal plugs 15
      provided with end rings 14. These rings determine a free space between the
      radial flange 11 and the cross 10, which is preferably filled with oil.
      The space between the cross 10 and the support 5a may also be filled with
      oil. By means of the spring 16 the slide 5b is retained in a stop position
      at the end rings 14. The plugs 15 are sealingly guided in the apertures
      12, 13.
PAR  The mounted workpiece 1 is retained in a pre-centered manner on and by the
      trunnion 7a, concurrently resting on the plugs 15. The support 5a sitting
      on the tailstock of the machine tool is provided with an insert 18 (see
      also FIGS. 5, 6) on the side facing the workpiece. The support 5a is
      displaceable in an axial direction of the workpiece. It is moved outwardly
      for the insertion of the workpiece 1, and after that it can be brought
      into the operative position shown in FIG. 1.
PAR  The receiver 3 holds in a parallel arrangement three cylinder members 19,
      20, 21 (see FIG. 3) which are reduced to a smaller diameter on their faces
      directed toward the workpiece. These members are slidably guided in two
      successively positioned sleeves 22, 23 of the receiver 3. Their surfaces
      toward the workpiece are preferably covered with a hard metal. They engage
      the already machined generated ball surfaces of the workpiece.
PAR  The two outer cylinder members 19, 21 are loaded by a buffer spring 24
      which is mounted between an inner sleeve 25 of the receiver 3 and the
      respective members. The intermediate or center cylinder member 20 is
      axially slidable to a certain extent in the sleeve 22 through a slot-pin
      connection 26, 27 and adjustable by the aid of a control rod 29 through a
      collar 28 (see also FIG. 3). The member 20 is kept in continuous contact
      with the workpiece. Through its end pressure, the rod 29 releases the
      machine safety devices and thus frees the inventive clamping and dividing
      mechanism for operation.
PAR  Referring again to FIGS. 1 and 2, the holder 5a has a pin 32 displaceable
      in a longitudinal bore 30 against the effect of a spring 31, the pin
      having an adjustable end stop 33. The pin 32 carries a radially projecting
      follower stop 34 which extends into a recess 36 of a slide 37 by means of
      its projection 35. The slide 37 is guided in a bore 37a of the workpiece
      counter support 5a. When the pin 32 is actuated, together with the slide
      37 that is taken along, the latter is displaced toward the workpiece and
      thereby introduces its rotation about the trunnion 7a. This movement is
      smaller than 60.degree.. The receiver 3 carries a locking pin 38 which
      extends at an angle of 60.degree. relative to the rotational axis of the
      workpiece, which pin is loaded by means of a spring (not shown). A cap of
      the pin 38 is preferably provided with a hard-metal cover 39. This cover
      is somewhat eccentrically directed relative to the axis of the pin 38 so
      that, upon rotation of the locking pin, through a micrometer screw drive
      connected therewith, the pin can be precisely oriented so that the
      workpiece 1 is also correspondingly adjusted. The locking pin 38 is
      precisely adjustable by means of an eccentric micrometer screw, and can
      thereby be finely adjusted in seconds of an arc. The pin 38 consequently
      allows precise alignment of the workpiece.
PAR  On its surface directed toward the workpiece 1, the counter support 5a has
      the earlier-mentioned insert 18 with four pairwise mutually oppositely
      located, stationary preferably hard-metal jaws 40 (see FIGS. 5,6). These
      jaws are associated with the already machined surfaces of the workpiece.
      The two ball or roller surfaces consequently encompass between them a
      third such surface.
PAR  For operation, the workpiece is mounted on the trunnion 7a, of the
      workpiece holder 5. The two cylinder members 19, 21 may yield against the
      respective biasing springs 24. The middle cylinder member 20 is oriented
      through the sleeve 23, the connection 26, 27, and the rod 29, and is
      consequently held against the workpiece 1. The hard-metal jaws 40 of the
      insert 18 contact the opposite side of the workpiece, touching two ball
      surfaces, thereby providing a rigid support and orientation of the
      workpiece. The alignment of the workpiece is effected by the locking pin
      38 with its cover 39, the eccentric micrometer mechanism allowing the
      required fine adjustment. Concurrently therewith two cylinder ring grooves
      Z are being processed or machined that extend normal to the rotational
      axis of the workpiece 1, as will be explained later in full detail.
PAR  At the end of the first operating phase the two grinding discs are
      withdrawn so as to release the clamping mechanism. The machine is stopped
      and the counter support 5a is pulled back, so far to the right-hand side
      that the workpiece 1 lies free for rotation thereof. The pin 32 is moved
      toward the left-hand side, against the spring 31 acting thereon,
      entraining the slide 37 on effect of the follower stop 34. The slide 37
      comes into contact with one of the ball or roller surfaces of the
      workpiece and rotates the same through the range of its active path.
      Consequently the rotation of the workpiece lies somewhat below 60.degree..
      The next cylinder surface, arriving due to the rotation of the workpiece,
      causes the pin 38 to be pushed back against the effect of its spring, and
      falls into the cylinder groove of the workpiece. Through the renewed
      engagement of the locking pin 38 with the groove of the workpiece, the
      same is rotated precisely by 60.degree., and may then be precisely
      oriented through the means of the adjusting mechanism of the pin 38.
PAR  The hard-metal plugs 15 of the trunnion 7a orient the workpiece parallel to
      the direction of machining.
PAR  The various hard-metal plugs or support surfaces 15 have been previously
      dressed to the required precise measurements. These plugs, hardly subject
      to wear, therefore provide precise orientation to the workpiece in the
      clamping mechanism and ensure a long period of use.
PAR  In accordance with the modified embodiment of FIG. 7, taken along line 4--4
      of FIG. 1, there is located on the trunnion 7a a slide 43 which is loaded
      by means of a spring 41 disposed in a blind hole 42 of the trunnion 7a,
      the slide having a ring flange 44 at the foot of the end facing toward the
      trunnion 7a. The flange 44 receives in four threaded bores 45 respective
      screw stops 46. The latter sit on bolts 47 which have end rings 48. The
      bolts 47 are guided in appropriately reduced bores 49 of the counter
      support 5a. If required, the stops 46 may also have hard metal applied to
      the end faces thereof.
PAR  Those skilled in the art will recognize that the modified or slightly
      different structural parts 41,42, 43,47 and 48 find their counterparts in
      the earlier-discussed and illustrated parts 16, 8, 5b, 15 and 14,
      respectively.
PAR  The workpiece receiver 3 furthermore carries an aligning lever 50 (see FIG.
      1) which lies before the workpiece 1, placed on the trunnion 7a in the
      operative position, supporting the same during alignment and centering.
PAR  All parts of the clamping and dividing mechanism are preferably constructed
      of the finest steel which may be hardened at certain locations, if
      necessary.
PAR  By way of explanation, it should be added that the lever 50 merely
      constitutes a safety expedient which is being applied in front of the
      workpiece to keep the same from falling off the trunnion 7a. The cylinder
      members 19, 21 hold the workpiece on one side. They are biased by the
      common spring 24, and they are held by the latter in close abutment with
      the workpiece. The metal cylinder member 20 rests with the left-hand end,
      as viewed in the drawings, on the collar 28 and is lengthwise displaceable
      with the control rod 29, the elongated slot 26 permitting and limiting the
      movement in connection with the pin 27. When moving the member 20  and the
      rod 29 towards the left-hand side, as can best be visualized in FIGS. 1
      and 3, an end switch (not shown) is actuated which initiates the
      procedure. Preferably the switch is made when the cylinder 20 touches the
      workpiece with its right-hand end.
PAR  In FIG. 1, the workpiece 1 (roller hub and the like) is shown with annular
      cylinder grooves Z that run centrally but eccentrically with respect to
      the rotating shaft of the workpiece, which grooves are to be machined or
      ground by the aid of the inventive clamping and dividing mechanism. FIG. 1
      also shows peripheral surfaces Y of the workpiece which have already been
      machined. The plugs 15 provide an elastic support for the workpiece. The
      counter support 5a is provided with the insert 18 that has the jaws or
      supporting surfaces 40 for the workpiece, preferably four of them, as can
      be seen in the sectional view of FIG. 5. One such support is shown in FIG.
      6 in its correlation to the insert 18.
PAR  As has been indicated earlier, the two sectional illustrations of FIGS. 1
      and 2 are rotated by 90.degree. one with respect to the other, as can be
      seen by the respective section lines 2--2 and 1--1. While FIG. 1 shows the
      workpiece 1 in connection with the tool X and the just described grooves Z
      and surfaces Y, the opposite surfaces of the workpiece are shown in FIG. 2
      identified by letters V and W, which faces do not have to be precision
      machined. The preferably four plugs 15 (shown in FIGS. 1 and 4 but not in
      FIG. 2) merely support the rear of the workpiece 1.
PAR  During the operation of the inventive mechanism, after two oppositely
      disposed grooves Z have been ground, the right-hand tool portion is
      removed from the workpiece by a sufficient distance together with the jaws
      14. When re-engaging these parts, the pin 32 and the end stop 33 is pushed
      into the counter support 5a, against the effect of the spring 31, by an
      appropriate stop of the machine, thereby entraining the slide or follower
      37 by intermediary of the nose-shaped projection 35. By this movement, the
      workpiece 1 is rotated by about 60.degree. so that the two consecutive
      annular ring grooves Z are now ready to be machined. This process is
      repeated after the grooves Z have been ground that are presently opposite
      to the tool X (such as the earlier-described grinding wheel). Hereafter
      the process is repeated once more to grind the third pair of grooves Z in
      the earlier-described manner.
PAR  It will be understood from the foregoing that the description relates only
      to preferred embodiments of the clamping and dividing mechanism, such as
      for making roller-hub grooves, and departures can be made from the
      exemplary features, without departing from the spirit and scope of the
      invention.
CLMS
NUM  1.
PAR  1. A clamping and dividing mechanism for the precision machining of
      workpieces (1), for example annular cylinder grooves of ball races and the
      like, on a machine tool having a rotatable workpiece receiver (3), a
      counter support (5a) and a workpiece holder (5) therebetween, the
      mechanism comprising, in combination: means (4, 6) for guiding said holder
      in respective bores (2, 7) provided in said receiver and said support, in
      the form of two opposed swivel axles (4, 6); three parallel, resiliently
      guided cylinder members (19, 20, 21) in said receiver, assigned to a
      generated ball surface of the workpiece and aligned with a surface of the
      latter; an insert (18) in said support, having at least two jaws (40)
      facing the workpiece and engaging the same; and a trunnion (7a) associated
      with said holder, perpendicular to the direction of machining, and
      provided with support surfaces (15) for the workpiece, that are parallel
NUM  2.
PAR  2. The mechanism as defined in claim 1, further comprising a spring (24)
      for pre-loading two (19, 21) outer ones of said cylinder members (19, to
      21), and a slot-pin connection (26, 27) for the third (20), intermediate
      cylinder member, said connection being axially slidable to some extent,
NUM  3.
PAR  3. The mechanism as defined in claim 1, where said support surfaces (15)
      are received by a flange (11) of said trunnion (7a) for resilient guidance
NUM  4.
PAR  4. The mechanism as defined in claim 1, further comprising end rings (14)
      on said support surfaces (15), for engaging a flange (11) of said trunnion
      (7a), said support surfaces resting against radial arms (10) of a slide
      (5b) that is biased (16) for movement in said trunnion (7a), the space
      defined by said end rings and the space left behind said radial arms being
NUM  5.
PAR  5. The mechanism as defined in claim 1, further comprising a locking pin
      (38) associated with said receiver (31), which is spring-biased and is
      tilted by about 60.degree. with respect to the direction of machining, a
      cover (39) on said pin, eccentrically disposed by "2n" with respect to the
NUM  6.
PAR  6. The mechanism as defined in claim 1, further comprising a pin (32)
      receivable by said support (5a), which pin is spring-biased (31) and
      slidable parallel to the direction of machining, said pin having a radial
      follower stop (34) with a projection (35), the latter engaging a bore
      (37a) of a follower (37), the latter rotating the workpiece by about
      60.degree. when said pin is moved, and a locking pin (38) having a cover
NUM  7.
PAR  7. The mechanism as defined in claim 1, further comprising a slide cap (43)
      for said trunnion (7a), a spring (41) attached to said trunnion for
      biasing said cap, and a ring flange (44) on said cap for receiving the
      ends of bolts (46) in threaded bores (45), said bolts being guided in
NUM  8.
PAR  8. The mechanism as defined in claim 1, wherein at least one portion of at
      least one of said cylinder members (19 to 21), of said jaws (40) and of
      said support surfaces (15) is made of hard metal; and further comprising a
      locking pin (38) receivable by said receiver (3) with a cover (39)
      thereon; and bolts (46) forming part of means (41, 44, 45) for biasing a
      slide cap (43) for said trunnion (7a); at least one of said cover and said
      bolts being also made of hard metal.
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ABST
PAL  A method for removal of layers of organic material built up on a support
      for articles during surface coating and treating comprising applying a
      liquefied inert gas to the support and/or preferably to the built up
      layers of organic material to cause embrittlement of the organic material
      and lessening of the bonded relation between the support and the built up
      layers, and then separating the embrittled built up layers from the
      support by abrasion of impact.
BSUM
PAR  This invention relates to the removal of layers of organic coatings built
      up upon the surfaces of carriers or supports and relates more particularly
      to the recovery of carriers or supports by the removal of undesirable
      deposits which progressively built up on the surfaces thereof.
PAR  In many industrial processes it is desirable to apply one or more surface
      finishes or surface treatments to parts. Such surface finishes, such as
      base coatings or finished color coatings, and many surface treating
      compositions contain organic binder components to effect adherence of such
      coatings or finishing compositions to the surfaces of the parts being
      coated or treated. When the parts are being coated or treated by a spray
      process or electrostatic coating process, the part is usually supported on
      a pedestal during exposure to the spray coating or electrostatic coating
      operation. When the parts are coated or treated by a dip coat, flow coat,
      spray coat or electrostatic coating process, it is the usual process to
      suspend such parts from a hanger rod during exposure to such coating or
      treating operations.
PAR  It is impractical to mask the parts in a manner to restrict the coating or
      treating compositions to the portions being coated or treated. As a result
      some portion of the coating composition or treating compositon finds its
      way onto the support or hanger rod by which the article is supported
      during exposure to the coating or treating material.
PAR  Such support or suspending device is used repeatedly for such operation
      with the result that the coating or treating composition builds up on the
      support or hanger rod. Oftentimes the support rod continues to support the
      article during a subsequent processing beyond the coating or treating
      step, such as through a baking step wherein the coating article is
      subjected to a drying and heating cycle for setting or cooling the applied
      coating. Such heating step serves to bake and re-bake the coating or
      treating materials that build up on the article support.
PAR  Soon the material built up on the support renders the support incapable of
      use in the absence of the removal of the cake of material built up on the
      surfaces above. The removal is rendered difficult by reason of the
      presence of the organic binder which operates to interbond the built up
      layers one onto the other and to the surfaces of the support. Removal is
      rendered even more difficult where the organic binder is heat sensitive
      and the supports have been subjected to repeated heating cycles during
      support of the coated or treated article through a baking or cooling
      operation.
PAR  The problem arises most frequently in continuous operations for color
      coating to produce finished parts wherein use is made of an endless chain
      from which hanger rods are suspended in longitudinally spaced relation.
      The chain winds its way through a mounting station wherein the articles
      are hooked onto the rods, a coating station wherein the coating
      composition is applied, as by spray coating, dip coating, flow coating,
      electrostatic coating and the like, a drying zone wherein the coating is
      allowed to dry in whole or in part, a baking zone wherein the coated
      articles are carried through a drying or baking oven maintained at
      elevated temperature, and unloading station wherein the coated articles
      are removed from the hanger rod, and returned to the loading zone where
      the travel through the cycle of operations is repeated.
PAR  The problem of removal is further complicated by the fact that, from time
      to time, the composite built up on the support may differ from layer to
      layer through the cross section by reason of the use of the support for
      articles treated or color coated with compositions that differ one from
      the other.
PAR  Others have sought to effect removal of such built up composites from the
      surfaces of the supports by emergence of supports in a liquid medium such
      as a solvent, with a view towards dissolving the material off the support,
      or chemicals such as an alkali which attacks the binder component with the
      intent of bringing about the decomposition thereof.
PAR  Such techniques are faced with a number of objections: the solvents or
      chemicals are not only relatively expensive but considerable care must be
      exercised in their handling and use because of their combustibility, the
      corrosive nature of the chemicals and the fumes that are given off.
      Considerable amount of equipment and energy is required and oftentimes
      long periods of soaking are necessary to effect sufficient alteration of
      the materials of the composite to enable removal. This not only requires
      the expenditure of considerable labor for handling, but the residual
      liquids and solids present serious problems of disposal. In general, the
      entire recovery procedure is unattractive from the standpoint of the messy
      materials that are left for disposal.
PAR  Another technique that has been tried makes use of oxidative combustion of
      the organic matter by heating the entire assembly in a combustion furnace
      in which an oxidizing atmosphere is maintained. This technique is limited
      in its practice to supports formed of non-combustible material such as
      steel or iron. A considerable amount of heat is required to raise the
      temperature of the entire assembly, including the metal support as well as
      the composite to combustion temperature, thereby to materially increase
      the cost of recovery.
PAR  Such combustion procedures are relatively slow and a considerable amount of
      time is consumed in loading and unloading the furnace and heating up to
      combustion temperature and special equipment is required for such
      purposes. Aside from the above, the supports are sometimes undesirably
      altered by the temperature conditions at which they are exposed and
      oftentimes an undesirable residue is left on the support which becomes
      even more difficult to remove.
PAR  Thus it is an object of this invention to provide a simple and efficient
      method for the removal of organic deposits built up on the type of
      supports described; in which the deposits can be cleanly removed from the
      supports in a manner which raises no problem of material handling or
      disposal of the composite material after separation of the support; which
      is capable of use without special handling and with a minimum amount of
      labor, or additional space or equipment; which can be carried out without
      the need for removal of the supports from their normal arrangement in use;
      which can be adapted to a continuous operation as an adjunct to the
      in-line operation of the supports during their normal use in coating or
      treating the surfaces of articles; in which the removal of the built up
      composites is rapid and complete thereby to leave a clean support for
      subsequent reuse, and in which the process is capable of being practiced
      with wooden or the like supports, fabricated of natural or synthetic
      materials as well as material supports thereby to enable multiple use of
      the process of this invention.
PAR  Briefly described, the concepts of this invention reside in the lessening
      of the bonded relationship at the interface between the composite and
      surface of the support whereby clean separation of one from the other can
      be effected. This, coupled preferably with the embrittlement of the
      composite interface, enables removal of the organic composite to be
      effected in response to simple impact or abrasion or a combination of both
      for a separation of the composite as a solid material.
PAR  The lessening of the bonding relationship between the composite of the
      organic material and the surfaces of support relies on their differences
      in coefficients of thermal expansion and contraction whereby a sudden
      change in temperature of one or the other or both will bring about
      differences in the amount of expansion or contraction thereby to strain
      the bonded relationship between the composite and the support at their
      interface.
PAR  In accordance with the preferred practice of this invention, the desired
      temperature differential is effected by a sudden reduction in the
      temperature of the support or the composite or both, but it is preferred
      to effect rapid cool-down of the material making up the composite to
      effect embrittlement of the composite simultaneously with the lessening of
      the bonding relationship between the composite and the support at their
      interface.
PAR  As the coolant for rapid reduction in temperature, use should be made of a
      liquid, preferably a liquefied gas having a boiling point below
      -60.degree.F. at atmospheric pressure and preferably liquefied gas, such
      as liquefied air, liquefied nitrogen or carbon dioxide. Each of these is
      available in unlimited amounts and at a relatively low cost, some as for a
      by-product for recycling gaseous materials such as liquid oxygen which
      finds major use in the oxygen converter process used in the manufacture of
      steel. The gaseous products that are given off in response to the
      utilization of such liquefied gas as coolants are inert gases which can be
      freely fielded off into the atmosphere.
PAR  The desired rapid temperature change can be effected in a number of ways.
      When the support is formed of a material which is highly heat conducted,
      the support can be immersed in whole or in part in a bath of the liquefied
      gas. For example, portions of the rod or support can be dipped into the
      bath of liquefied gas whereby the end portion will be rapidly reduced in
      temperature. Such reduction in temperature transfers by conduction through
      the rod or support to the portions underlying the composite coatings to
      effect reduction in the bonded relationship and at least partial
      embrittlement. Such whole or partial immersion of the support in the bath
      of liquefied gas can be done piece by piece or the entire process can be
      carried out as a continuous operation by providing a bath in a line having
      a drop portion for dipping the supports into the bath.
PAR  It is preferred to effect the desired temperature change by application of
      the liquefied gas directly onto the composite coating. This can be
      achieved by a flow coat process or by a dip coat process, but it is
      preferred to effect application by a spray process wherein the liquefied
      gas is sprayed directly onto the surface of the composite coating to
      effect rapid refrigeration thereof as the liquefied gas evaporates from
      the wetted surfaces. This not only effects the desired embrittlement of
      the material making up the composite layer, but a saving is experienced in
      the amount of liquefied gas that is used since the cooling down of the
      metal base or support is not required. Such application by spray coating
      does not require a facility to collect the overflow or excess since the
      amount sprayed onto the surface can be controlled to that which is fully
      converted to the gaseous state and for effecting the desired amount of
      refrigeration.
PAR  Application by spray coating or flow coating can be effected while the
      support is suspended or otherwise supported on a base. However, the
      process of spray or flow coating the surfaces of the composite layers
      built up on the supports enables application of the liquefied gas without
      removal of the supports from their normal arrangement and position of use
      on the endless chain or conveyer. The supports or hanger rods can be
      sprayed or otherwise wetted with the liquefied gas as they advance through
      an application zone to effect the rapid refrigeration of the composite
      layer. The amount of time for refrigeration will depend upon the
      temperature of the liquefied gas, the manner of application as well as the
      thickness of the composite layer. For layers greater than 1/4 inch
      thickness, the application of liquid nitrogen for 24 seconds would be
      sufficient to effect the desired rapid refrigeration.
PAR  Removal of the composite layer, after refrigeration, can also be carried
      out in a number of ways. In the event that removal is being made of
      composite material from the surfaces of the hanger rod or support, clean
      removal can be effected by means of a blast of abrasive material directed
      onto the composite layer immediately following refrigeration. Such
      abrasive particles can be blasted onto the surfaces by means of an air
      blast, using a conventional air gun or by means of an airless blast using
      a centrifugal wheel by which means abrasive particles such as sand or
      metal shot are drawn radially outwardly at a high speed from radially
      extending blades mounted in a rotating wheel. Such airless centrifugal
      blasting means are well known to those skilled in the art such as
      "Wheelabrators" manufactured by Wheelabrator-Frye Inc. of Mishawaka,
      Indiana.
PAR  In the event that the composite layer is of a thickness too great for
      efficient removal by abrasive particles blasted onto the surface, removal
      can be effected by impact after refrigeration by an amount to cause
      embrittlement of the organic materials making up the composite layers.
      Such impact can be effected by means of a hammer or other tool which,
      because of the brittle character of the composite, will shock the material
      to cause breakup into small pieces which fall from the support. Impact,
      such as by means of a hammer, can be applied to the rodder support or
      directly onto the composite layers if necessary. Oftentimes a combination
      of impact will be sufficient to effect clean removal of the built-up
      layers for return of the hanger rod on support substantially to its
      original condition.
PAR  The blasting or impacting, to effect removal, can be carried out as a
      continous operation with the previous step of refrigeration, or it can be
      carried out as an intermittent operation on each piece as it is
      refrigerated. In any event, such impacting or blasting should be effected
      immediately following refrigeration or during the last stages of
      refrigeration so that the composite material will be in the refrigerated
      state during such removal operation. The removed composite material falls
      gravitationally from support and can be collected in suitable pans or
      hoppers for dispersal. With thin layers, it is sufficient to freeze to
      effect unbonding of the layer to removal by blasting, with thicker layers
      it is preferred to freeze to effect unbonding and to embrittle to removal
      by impact.
CLMS
NUM  1.
PAR  1. In the method for removing layers of organic material built up on a
      support for articles during surface finishing or treatment thereof, the
      steps of rapidly reducing the temperature of at least one of the elements
      including the built up layers and the support to lessen the bonded
      relation between the built up layers and support, and then impacting the
      built up layers while the built up layers are still in the refrigerated
NUM  2.
PAR  2. The method as claimed in claim 1 in which, when the built up layers are
      of relatively thin cross-section, impacting of the built up layers is
NUM  3.
PAR  3. The method as claimed in claim 2 in which impacting is effected by
      throwing dry particulate abrasive at high velocity onto the built up
NUM  4.
PAR  4. The method as claimed in claim 1 in which the step of rapidly reducing
      the temperature comprises immersing the support with the built up layers,
NUM  5.
PAR  5. The method as claimed in claim 4 in which the liquefied gas has a
NUM  6.
PAR  6. The method as claimed in claim 1 in which the step of rapidly reducing
      the temperature comprises reducing the temperature of the built up layers
      by wetting the surfaces of the built up layers with a low boiling
NUM  7.
PAR  7. The method as claimed in claim 6 in which the liquefied gas has a
      boiling point temperature at atmospheric pressure of less than
NUM  8.
PAR  8. The method as claimed in claim 6 in which the liquefied gas is an inert
      gas selected from the group consisting of air, nitrogen and carbon
NUM  9.
PAR  9. The method as claimed in claim 6 in which the built up layers are
      refrigerated by spraying the liquefied gas onto the built up layers and
NUM  10.
PAR  10. The method as claimed in claim 6 in which the built up layers are
      refrigerated by flow coating the built up layers with the liquefied gas.
NUM  11.
PAR  11. The method as claimed in claim 6 in which the built up layers are
      refrigerated by dip coating the built up layers in a bath of liquefied
NUM  12.
PAR  12. The method as claimed in claim 6 in which the impacting is effected by
NUM  13.
PAR  13. The method as claimed in claim 1 in which refrigeration and impacting
      of the built up layers are carried out as a continuous operation in direct
      sequence with the impacting following immediately after refrigeration.
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ABST
PAL  A loading dock shelter of the pad type, wherein the pads may be moved
      between operative, projecting position and retracted position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to loading dock shelters, and, more particularly, to
      loading dock shelters of the pad type.
PAR  It is a primary object of the present invention to afford a novel loading
      dock shelter.
PAR  Another object of the present invention is to afford a novel loading dock
      shelter of the pad type, as distinguished from loading dock shelters of
      the "drape-type", such as, for example, those shown in our U.S. Letters
      Pat. Nos. 3,638,667 and 3,699,733.
PAR  Loading dock shelters of the pad type have been heretofore known in the
      art, being shown, for example, in our U.S. Pat. No. 3,230,675. Such
      loading dock shelters have been highly successful and afford effective
      shelter for men and materials during the loading and unloading of a truck,
      or the like, through a warehouse door equipped with such a shelter It is
      an important object of the present invention to afford improvements over
      pad-type loading dock shelters heretofore known in the art, such as, for
      example, the shelters of the type disclosed in the aforementioned U.S.
      Pat. No. 3,230,675.
PAR  Loading dock shelters of the pad type commonly are mounted along the sides
      and across the top of doorways in warehouses, and the like, in position to
      be sealingly engaged with the rear end of a truck, which is disposed in
      operative position, relative to the doorway for the loading or unloading
      of the truck therethrough. Such sealing engagement of the pad units with
      the rear end of the trucks is effective to protect against the loss of air
      conditioning between the truck and warehouse on warm days, when the
      warehouse is air conditioned, and to prevent the entry of cold air into
      the warehouse between the truck and the doorway on cold days, when the
      warehouse is being treated. However, on certain occasions, such as, for
      example, on mild days, when the ventilation relied upon for such a
      warehouse is the passage of air through such a doorway, such sealing
      engagement between a pad unit and a rear end of a truck is undesirable. In
      addition, when such sealing engagement is unnecessary, such as, for
      example, under the aforementioned conditions on mild days, and the like,
      the aforementioned sealing engagement of such a truck with the pad unit
      causes unnecessary wear on the pad unit.
PAR  It is an important object of the present invention to afford a novel
      loading dock shelter of the pad type wherein the pads thereof are movable
      into and out of a position wherein they are effective to so sealingly
      engage such a truck.
PAR  Another object of the present invention is to afford a novel loading dock
      shelter of the pad type wherein the pads thereof may be quickly and easily
      moved into a retracted, or stored position when it is desired that they
      not sealingly engage a truck disposed in normal loading and unloading
      position relative to a doorway around which the pad unit is disposed.
PAR  A further object of the present invention is to afford a novel loading dock
      shelter of the aforementioned adjustable pad type, wherein the side pads
      thereof are constituted and arranged in a novel and expeditious manner
      effective to hold them against vertical movement when they are operatively
      engaged by a truck.
PAR  Another object of the present invention is to afford a novel loading dock
      shelter of the aforementioned pad type which is practical and efficient in
      operation and which may be readily and economically produced commercially.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show a preferred
      embodiment of the present invention and the principles thereof and what we
      now consider to be the best mode in which we have contemplated applying
      these principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the purview of the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front perspective view of a loading dock shelter of the pad
      type embodying the principles of the present invention, and showing the
      shelter disposed in operative position around a warehouse doorway;
PAR  FIG. 2 is a view similar to FIG. 1, but showing the parts of the loading
      dock shelter disposed in a different operative position;
PAR  FIG. 3 is a fragmentary front perspective view of a portion of the loading
      dock shelter shown in FIG. 1;
PAR  FIG. 4 is a fragmentary, detail sectional view taken substantially along
      the line 4--4 in FIG. 8;
PAR  FIG. 5 is a view similar to FIG. 4, but showing the parts of the loading
      dock shelter disposed in different operative position;
PAR  FIG. 6 is a fragmentary, rear perspective view of a portion of the loading
      dock shelter shown in FIGS. 4 and 5;
PAR  FIG. 7 is a detail sectional view taken substantially along the line 7--7
      in FIG. 2; and
PAR  FIG. 8 is a detail sectional view taken substantially along the line 8--8
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN HEREIN
PAR  A loading dock shelter 1 embodying the principles of the present invention,
      is shown in the drawings to illustrate the presently preferred embodiment
      of the present invention. It is shown mounted on an outer wall 2 of a
      warehouse 3 in surrounding relation to a doorway 4 in the warehouse wall
      2, FIGS. 1 and 2.
PAR  The loading dock shelter 1 embodies, in general, a head pad 5 and two
      oppositely disposed side pads 6 and 7. In operation, the shelter 1 is
      mounted on the warehouse wall 2 in such position that the head pad 5 is
      disposed above and extends along the top of the doorway 4, and the side
      pads 6 and 7 are disposed laterally outwardly of, and extend along
      respective vertical sides of the doorway 4. An elongated bumper 8 is
      mounted on the warehouse wall 2 below the doorway 4 and the lower ends of
      the side pads 6 and 7, the bumper 8 projecting outwardly from the
      warehouse wall 2 and extending along the lower edge of the doorway 4,
      FIGS. 1 and 2.
PAR  As will be discussed in greater detail presently, the pads 5-7 are
      adjustable between one position, as shown in FIG. 1, wherein they project
      outwardly beyond the bumper 8 into position to be operatively engaged by
      the rear end of a truck, now shown, which is to be loaded or unloaded
      through the doorway 4; and another position wherein they project outwardly
      from the wall to a lesser distance than the bumper 8, as shown in FIG. 2,
      so that they are protected against such engagement with such a truck by
      the bumper 8.
PAR  The side pads 6 and 7 are identical in construction. Each includes a
      supporting member 9, FIGS. 3-5, embodying an elongated backing plate or
      backing member 10, having a plurality of mounting brackets 11, 12 and 13
      projecting outwardly from one face thereof. The backing members 10 may be
      made of any suitable material such as, for example, wood or steel, or the
      like, but preferably are made from a suitable wooden member, such as, for
      example, wood planking. The mounting brackets 11-13 may be made of any
      suitable material, such as, for example, mild steel, and each is
      substantially U-shaped in horizontal, transverse cross section. EAch of
      the mounting brackets 11-13 embodies an elongated base member 14, from the
      outer ends of which project two side members 15 and 16, the latter being
      disposed in substantially parallel relation to each other. Mounting
      brackets 11-13 on each of the bases 9 are secured to one face of the
      respective backing members 10 by suitable means such as screws or bolts
      17, FIGS. 3 and 8. In the assembled loading dock shelter 1, the bases 9
      are secured to the warehouse wall 2, on respective sides of the doorway 4,
      by suitable means such as screws or bolts 18, FIGS. 3 and 4, the brackets
      11-13 projecting directly outwardly away from the wall 2.
PAR  The head pad 5, like the side pads 6 and 7, includes a supporting member 19
      embodying an elongated backing plate or backing member 20 having a
      plurality of mounting brackets 21, 22 and 23 mounted on one face thereof
      in spaced relation to each other, FIG. 2. The backing member 20, like the
      backing member 10, may be made of any suitable material such as, for
      example, wood or steel, but, preferably, is made from a single wooden
      member, such as, for example, wood planking.
PAR  The bracket members 21-23 are identical in construction, and each is
      substantially U-shaped in vertical, transverse cross section, FIGS. 2 and
      7. Each embodies an elongated, vertically extending base member 24, from
      the upper and lower ends of which two side members 25 and 26 project in
      substantially parallel relation to each other. Two abutment members 27 and
      28, in the form of suitable lengths of square tubing, are mounted on the
      inner faces of the side members 25 and 26, respectively, adjacent to the
      edges of the side members 25 and 26 remote from the base 24, FIGS. 2 and
      7. The brackets 21-23 and the tubular members 27 and 28 may be made of any
      suitable material, such as, for example, mild steel, and are secured
      together by suitable means, such as welding. The brackets 21-23 are
      mounted on the backing member 20 by a suitable means such as screws or
      bolts 29 extending through the bases 24.
PAR  In addition to the supporting members 9, each of the side pads 6 and 7
      embodies a pad unit 30. The pad units 30 are identical in construction,
      and each includes an elongated backing member or backing plate 31. The
      backing members 31 may be made of any suitable material, such as, for
      example, wood or steel, or the like, but, preferably, are made from a
      suitable wooden material, such as, for example, the aforementioned wood
      planking.
PAR  Each of the pad units 30 also includes a core 32 and a cover member 33,
      FIGS. 6 and 8, which extend the full length of the backing member 31. The
      core 32 may be made of any suitable material, such as, for example, any
      suitable natural or synthetic, compressible, resilient resin or polymer,
      the preferred material being a foamed polyester. Similarly, the cover or
      casing 33 may be made of any suitable material, but preferably is made of
      a flexible, water-repellent, wear-resistant material, such as, for
      example, canvas duck or rubber-impregnated nylon fabric.
PAR  In each of the pad units 30, the core 32 preferably is substantially square
      in transverse cross section, and has one face 34 thereof, FIG. 8, secured
      by a suitable adhesive, not shown, to one face 35 of the respective
      backing member 31, in substantially flat juxtaposition thereto.
PAR  Each of the covers 33 includes a front wall 36 and two side walls 37 and
      38, with the side walls 37 and 38 extending rearwardly from opposite side
      edges of the front wall 36 in substantially parallel relation to each
      other. The covers 33 are disposed around the respective cores 32 in snug
      fitting relation thereto, and the longitudinal edge portions of the side
      walls 37 and 38 thereof, remote from the respective front walls 36, are
      secured to the longitudinal side edges of the respective backing members
      31 by a suitable means such as nails or screws 39, FIGS. 4, 5 and 8. Each
      of the covers 33, also includes end walls 40 and 41, FIGS. 1 and 2,
      closing the top and the bottom thereof, respectively.
PAR  The head pad 5, like the side pads 6 and 7, also includes a pad unit 42.
      The pad unit 42 is of the same construction as the pad units 30, embodying
      a core 32 mounted on one face of an elongated backing member 31, and
      enclosed thereon by a cover member 33, FIG. 7, the cover 33 of the pad
      unit 42 embodying end walls 40 and 41 closing the ends of the latter.
PAR  Each of the side members 15 and 16 of the mounting brackets 11-13 on the
      supporting members 9 embodies inner or rear, upwardly opening slots 43 in
      the upper longitudinal edge portion thereof, FIGS. 3-5, for a purpose
      which will be discussed in greater detail presently. The slots 43 in the
      side members 15 are disposed in vertical alignment with each other, as are
      the slots 43 in the side members 16, with the slots 43 in the side members
      15 and 16 of each of the individual brackets 11-13 being disposed in
      horizontal alignment with each other.
PAR  In addition, the side members 15 and 16 of each of the mounting brackets
      11-13 embody outer or front, upwardly opening, horizontally aligned slots
      44, 45 and 46, respectively, in the upper longitudinal edge portions
      thereof, FIGS. 3-5, the slots 44-46 being spaced outwardly away from the
      respective backing members 10 a greater distance than the slots 43. In the
      preferred form of the loading dock shelter 1, the slots 44-46 are spaced
      an equal distance from the slots 43 in the respective mounting brackets
      11-13, with the slots 44 being of the same size and configuration as the
      slots 43; the slots 45 having substantially twice the lateral width of
      slots 44, FIGS. 4 and 5; and the slots 46 being substantially L-shaped, as
      viewed in FIG. 3, and having substantially the same lateral width as the
      slots 45, FIGS. 4 and 5. As may be seen in FIG. 5, each of the slots 46
      embodies a front edge portion 47 which opens outwardly through the upper
      edge portion of the respective side member 15 or 16 of the mounting
      bracket 13, and a lower portion 48, which projects rearwardly from the
      lower end of the front edge portion 47 in downwardly spaced relation to
      the upper edge of the respective side member 15 and 16.
PAR  Each of the pad units 30 of the side pads 6 and 7 embodies three hanger
      members 49 mounted on the face of the backing member 31 remote from the
      core 32, in spaced relation to each other, FIGS. 4 and 5. The hanger
      members 49 are identical in construction, each embodying an elongated rod
      50 secured to a bracket 51 by suitable means, such as, welding, with the
      bracket 51 secured to the respective member 31 by suitable means such as
      bolts 52, as shown in FIG. 6. The rods 50 are disposed substantially
      perpendicular to the length of the respective backing members 31, and
      project laterally outwardly from both sides thereof. The hanger members 49
      are so spaced from each other longitudinally of each of the backing
      members 31 as to space the rods 50 from each other distances corresponding
      to the spacing of the upper edges of the side members 15 and 16 of the
      mounting brackets 11-13.
PAR  With this construction, it will be seen that the pad units 30 of the side
      pads 6 and 7 may be disposed in one operative position on their respective
      supporting members 9 in which the rods 50 of respective hangers 49 rest in
      the inner or rear slots 43 in the mounting brackets 11-13, respectively,
      to thereby releasibly support the pad units 30 in relatively closely
      adjacent relation to the side wall 2 of the warehouse 3. The slots 43 are
      so disposed in the mounting brackets 11-13, that when the rods 50 are thus
      positioned in the slots 43, the front of the pad units 30, as defined by
      the front walls 36 of the cover members 33 thereof, are disposed in
      inwardly or rearwardly spaced relation to the front edge portion of the
      bumper 8, as shown in FIG. 2.
PAR  When it is desired to move the pad units 30 of the side pads 6 and 7 into
      position wherein they project forwardly or outwardly of the bumper 8, they
      may be lifted upwardly to thereby disengage the rods 50 from the
      respective slots 43, and moved outwardly into position to dispose the
      upper rod 50 over the slot 44, the intermediate or central rod 50 over the
      slot 45, and the lower rod 50 over the front edge portion 47 of the slot
      46. The pad units 30 may then be lowered so as to dispose the upper,
      intermediate and lower rods 50 in the slots 44-46, respectively, and the
      lower end portions of the pad units 30 may then be swung rearwardly or
      inwardly toward the warehouse 2, around the upper rods 50, to thus dispose
      the intermediate rods 50 in the rear edge portions of the slots 45, and
      dispose the lowermost rods 50 in the rear end portions 48 of the slots 46.
      In this position of the pad units 30, the rear end portions 48 of the
      slots 46 act as a latch for preventing the pad units 30 from being moved
      upwardly out of the slots 44-46 by straight vertical movement thereof, the
      portions of the side members 15 and 16 of the mounting bracket 13, which
      define the upper portions of the rear end portions 48 of the slots 46,
      overlying the lower-most rods 50 so as to prevent such vertical upward
      movement of the pad units 30. Thus, it will be seen that, if, when the pad
      units 30 are disposed in the aforementioned outer or front position, they
      are engaged by a truck, or the like, upward and downward movement of the
      rear end portion of the truck, such as often occurs during loading and
      unloading of a truck, will be ineffective to disengage the pad units 30
      from their supported position on the mounting brackets 11-13.
PAR  In the aforementioned outer or front position of the pad units 30, the
      front faces thereof, as defined by the front walls 36 of the respective
      cover members 33 thereof, project outwardly or forwardly beyond the front
      face of the bumper 8, as illustrated in FIG. 1. In such position, it will
      be seen that the side pads 6 and 7 are disposed in operative position for
      sealingly engaging the rear edge portion of a truck backed into loading
      position relative to the doorway 4 of the warehouse 3, against the bumper
      8.
PAR  The pad unit 42 of the head pad 5 is mounted on the mounting brackets 21-23
      of the supporting member 19 by three hinges 53, FIG. 2. Each of the hinges
      53 is secured to the outer face of the upper side member 25 of a
      respective one of the brackets 21-23 at the edge thereof remote from the
      base 24, FIG. 7. The hinges 53 are attached by suitable means such as
      screws or nails 54 to the face of the backing member 31 of the head pad 42
      remote from the core 32 thereof in such position that the pad unit 42 may
      be swung therearound between a downwardly disposed position, as shown in
      broken lines in FIG. 7, and an upwardly disposed position, as shown in
      solid lines in FIG. 7.
PAR  When the pad unit 42 is disposed in the aforementioned downwardly disposed
      position, it is centered between the side members 25 and 26 of the
      mounting brackets 21-23 in abutting engagement with the faces of the
      abutment members 27 and 28 thereon remote from the bases 24. In such
      position, the pad unit 42 projects outwardly from the supporting member 19
      and the warehouse wall 2 such a distance that the front or outer face
      thereof, as defined by the front wall 36 of the cover member 33 thereof,
      is disposed in uniplanar relation to the front faces of the pad units 30
      of the side pads 6 and 7, when the latter are disposed in their outer or
      front position, as shown in FIG. 1. In such position of the pad unit 42,
      it projects outwardly or forwardly beyond the front face of the bumper 8,
      and is disposed in position wherein the front face of the pad unit 42 may
      be sealingly engaged by the top of the rear end of a truck disposed in
      normal operative position relative to the doorway 4, for loading and
      unloading the truck therethrough, the pad unit 42 being held outwardly by
      its engagement with the abutment members 27 and 28 against the compressive
      force exerted by the truck engaged therewith.
PAR  When it is desired to move the head pad unit 42 out of position for such
      engagement with a truck, it is merely necessary to swing it upwardly
      around the hinges 53 into position wherein it rests on top of the outer
      face of the side members 25 of the brackets 21-23, as illustrated in solid
      lines in FIG. 7. In such position, the pad unit 42 is disposed inwardly or
      rearwardly of the front face of the bumper 8 in such position that it,
      normally, will be disposed in spaced relation to the rear end of a truck,
      which is disposed in position relative to the doorway 4 for loading and
      unloading of the truck therethrough. If desired, suitable fastening means,
      such as, for example, a hook or suitable tying member, or the like, not
      shown, may be secured to the warehouse wall 2 for releasibly holding the
      pad unit 42 in the retracted, raised position on top of the brackets
      21-23, shown in solid lines in FIG. 7.
PAR  It will be observed that the loading dock shelter 1 is of a type which may
      be termed a "pad-type". That is, it embodies fabric or sheet material
      affording the casing of a pad or pillow, or the like, as distinguished
      from fabric or sheet material affording walls and curtains supported in
      more or less a tentlike manner.
PAR  Warehouse doorways of the type involved herein, are commonly of substantial
      size, such as, for example, being 10 or 12  feet high and 8 or 9 feet
      wide, and in the preferred form of the present invention, the loading dock
      shelter 1 is of such size that it will completely surround the top and
      sides of such a doorway. Bumpers used with warehouse doorways, such as,
      for example, the bumpers 8 shown in FIGS. 1 and 2, commonly project
      outwardly away from the warehouse wall a substantial distance, such as,
      for example, 17 inches, or the like. In the preferred form of the present
      invention, when the loading dock shelter 1 is disposed in extended
      position, it projects outwardly from the warehouse wall a sufficient
      distance so as to afford compression of 2 to 3 inches of the core 32 of
      the pads 5-7 by the rear end of a truck backed into engagement with the
      bumper 8 in operative position for loading and unloading the truck through
      the doorway 4, the cores 32 having a normal, uncompressed width and
      thickness in the nature of 10 to 12 inches; and when the loading dock
      shelter 1 is disposed in retracted position, the pads 5- 7 are spaced from
      the rear end of such a truck, disposed in the aforementioned loading and
      unloading position, a distance of not less than 2 inches. Such spacing of
      the pads 5-7 from such a truck, when the pads are in retracted position,
      affords ventilation between the truck and the warehouse wall 2.
PAR  Each of the side pads 6 and 7 embodies two side curtains 57 and 58 mounted
      on opposite sides of the respective supporting members 9 in position to be
      normally disposed in overlying relation to the outer faces of the side
      members 15 and 16, respectively, of the mounting brackets 11-13 thereof,
      FIG. 8. The side curtains 57 and 58 are of such length that they extend
      the full length of the side pads 6 and 7, and are secured at one
      longitudinal edge portion to the adjacent longitudinal edges of the
      respective backing members 10 by suitable means such as nails or screws
      59. Molding clips 60, made of suitable material, such as, for example,
      steel or aluminum, are mounted on beads 61 formed on the other
      longitudinal edge portions of the side curtains 57 and 58, and are
      latchingly engaged around the front, free edge portions of the respective
      side members 15 and 16, FIG. 8. Normally, the side curtains 57 and 58 are
      disposed in overlying relation to the side members 15 and 16 and the
      molding clips 60 are latchingly engaged therewith, as shown in FIG. 8.
      However, if desired, during movement of the pad members 30 between
      retracted position, as shown in FIG. 5 and extended position, as shown in
      FIG. 4, the molding clips 60 may be manually disengaged from the side
      members 15 and 16 and the side curtains 57 and 58 may be peeled away from
      the side members 15 and 16 to expose the slots 43-46 on the supporting
      members 9 to view. After movement of the pad members 30 between the
      aforementioned retracted and extended positions thereof has been
      completed, the side curtains 57 and 58 may again be disposed in closely
      overlying relation to the outer faces of the side members 15 and 16, and
      the molding clips 60 may again be latchingly engaged with the front free
      edge portions of the side members 15 and 16 to hold them in such position.
PAR  From the foregoing it will be seen that the present invention affords a
      novel loading dock shelter of the pad type, which embodies a head pad and
      two side pads, each constituted and arranged in a novel and expeditious
      manner.
PAR  In addition, it will be seen that the present invention affords a novel
      loading dock shelter of the pad type, wherein the side pads thereof are
      supported, and may be manually adjusted between retracted and extended
      positions in a novel and expeditious manner, and, if desired, may be
      quickly and easily removed from a warehouse wall.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock shelter of the pad type, wherein the head pad is supported, and may
      be readily moved between an extended and retracted position in a novel and
      expeditious manner.
PAR  Also, it will be seen that the present invention affords a novel loading
      dock shelter of the pad type which is practical and efficient in
      operation, and which may be readily and economically produced
      commercially.
PAR  Thus, while we have illustrated and described the preferred embodiment of
      our invention, it is to be understood that this is capable of variation
      and modification, and we therefore do not wish to be limited to the
      precise details set forth, but desire to avail ourselves of such changes
      and alterations as fall within the purview of the following claims:
CLMS
NUM  1.
PAR  1. In combination with a wall having a doorway therein, a loading dock
      shelter comprising
PA1  a. elongated pad means, comprising
PA2  1. a backing member, and
PA2  2. resilient, yieldable means mounted on said backing member and projecting
      outwardly therefrom, and
PA1  b. other means supporting said pad means in position to extend along the
      top and sides of said doorway in said wall,
PA1  c. said other means being mounted on said wall in outwardly projecting
      relation thereto,
PA1  d. at least certain of said pad means being bodily adjustable, as a unit,
      inwardly and outwardly along said other means between two operative
      positions on said other means,
PA1  e. said adjustable pad means projecting outwardly a greater distance from
      said wall when disposed in one of said operative positions than when said
      adjustable pad means is disposed in the other said operative position,
PA1  f. said first mentioned pad means comprising
PA2  1. a head pad extending along the top of said doorway, and
PA2  2. two side pads extending along the sides of said doorway,
PA1  g. said head pad and said side pads being separable from each other,
PA1  h. said brackets having horizontally spaced elongated side members.
PA1  i. said side members having inner and outer upwardly opening notches spaced
      from each other longitudinally thereof,
PA1  j. said side pads having supporting members thereon, and
PA1  k. said supporting members being disposed
PAR  1.  in said outer notches when said side pads are disposed in said one
      operative position, and
PA2  2. in said inner notches when said side pads are disposed in said other
NUM  2.
PAR  2. The combination as defined in claim 1 and in which
PA1  a. said head pad is hingedly connected to said bracket members for pivotal
      movement thereon around a substantially horizontally extending axis
      between
PA2  1. said one position wherein said head pad projects outwardly from the side
      of said bracket members remote from said warehouse wall, and
PA2  2. said other position wherein said head pad is disposed on top of said
NUM  3.
PAR  3. In combination with a wall having a doorway therein, a loading dock
      shelter comprising
PA1  a. elongated pad means, and
PA1  b. other means supporting said pad means in position to extend along the
      top and sides of said doorway in said wall,
PA1  c. said pad means being adjustable between two operative positions on said
      other means,
PA1  d. said pad means projecting outwardly a greater distance from said wall
      when disposed in one of said operative positions than when said pad means
      is disposed in the other of said operative positions,
PA1  e. said pad means comprising
PA2  1. a head pad extending along the top of said doorway, and
PA2  2. two side pads extending along the sides of said doorway, and
PA1  f. said head pad and said side pad being separable from each other
PA1  g. said other means including substantially U-shaped brackets mounted on
      said wall in outwardly opening position relative thereto on each side of
      said doorway,
PA1  h. said other means including bracket members having portions projecting
      outwardly from said wall,
PA1  i. said side pads being movable along said portions between said operative
      positions,
PA1  j. said portions having inwardly and outwardly disposed retaining means,
PA1  k. said side pads having supporting means selectively engageable with said
      retaining means, and
PA1  l. said side pads being disposed in said other and one operative positions
      when said supporting means are engaged with said outwardly and inwardly
NUM  4.
PAR  4. A loading dock shelter as defined in claim 3, and which includes
PA1  a. elongated side curtains
PA2  1. mounted on the oppositely disposed outer faces of said side members of
      said brackets, and
NUM  5.
PAR  5. A loading dock shelter as defined in claim 4, and which includes
PA1  a. molding strips
PA2  1. extending along and secured to longitudinal edges of said side curtains,
      and
PA2  2. disposed on the side of said side members remote from the respective
      side curtains to which they are secured for releasably securing said side
NUM  6.
PAR  6. In combination with a wall having a doorway therein, a loading dock
      shelter comprising
PA1  a. elongated pad means, and
PA1  b. other means for a supporting said pad means in position to extend along
      the top and sides of said doorway in said wall,
PA1  c. said pad means being adjustable between two operative positions on said
      other means,
PA1  d. said pad means projecting outwardly a greater distance from said wall
      when disposed in one of said operative positions than when said pad means
      is disposed in the other of said operative positions,
PA1  e. said pad means comprising
PA2  1. a head pad extending along the top of said doorway, and
PA2  2. two side pads extending along the sides of said doorway, and
PA1  f. said head pad and said side pads being separable from each other,
PA1  g. said other means including substantially U-shaped brackets mounted on
      said wall in outwardly opening position relative thereto on each side of
      said doorway,
PA1  h. said brackets having horizontally spaced elongated side members,
PA1  i. said side members having inner and outer upwardly opening notches spaced
      from each other longitudinally thereof.
PA1  j. said side pads comprising
PA2  1. elongated backing members,
PA2  2. pad units mounted on one face of respective ones of said backing members
      and extending longitudinally thereof,
PA2  3. other brackets mounted on the faces of said backing members remote from
      said pad units, and
PA2  4. elongated supporting members on said other brackets, and
PA1  k. said supporting members being disposed
PA2  1. in said outer notches when said side pads are disposed in said one
      operative position, and
PA2  2. in said inner notches when said side pads are disposed in said other
NUM  7.
PAR  7. In a warehouse embodying a wall having a doorway therein, and a bumper
      projecting outwardly away from said wall adjacent to said doorway, the
      combination comprising
PA1  a. a loading dock shelter mounted around said doorway,
PA1  b. said shelter comprising
PA2  1. supporting means mounted on said wall adjacent to the top and sides of
      said doorway,
PA2  2. an elongated head pad
PA3  a. mounted on said supporting means, and
PA3  b. extending along the top of said doorway, and
PA2  3. two side pads
PA3  a. mounted on said supporting means, and
PA3  b. extending along respective sides of said doorway,
PA1  c. said head pad and said side pads being adjustable on said supporting
      means between two operative positions,
PA1  d. said head pad and said side pads
PA2  1. projecting outwardly away from said wall a greater distance than said
      bumper when disposed in one of said positions, and
PA2  2. projecting outwardly away from said wall a lesser distance than said
      bumper when disposed in the other of said positions,
PA1  e. said supporting means comprising brackets spaced along the top and
      respective sides of said doorway,
PA1  f. said brackets spaced along said sides of said doorway having two spaced
      notches in the upper edge portions thereof,
PA1  g. said side pads including supporting members thereon, and
PA1  h. said supporting members being disposed
PAR  1.  in one of said notches when said side pads are disposed in said one
      position, and
PA2  2. in the other of said notches when said side pads are disposed in said
NUM  8.
PAR  8. In a warehouse embodying a wall having a doorway therein, and a bumper
      projecting outwardly away from said wall adjacent to said doorway, the
      combination comprising
PA1  a. a loading dock shelter mounted around said doorway,
PA1  b. said shelter comprising
PA2  1. supporting means mounted on said wall adjacent to the top and sides of
      said doorway,
PA2  2. an elongated head pad
PA3  a. mounted on said supporting means, and
PA3  b. extending along the top of said doorway, and
PA2  3. two side pads
PA3  a. mounted on said supporting means, and
PA3  b. extending along respective sides of said doorway,
PA1  c. said head pad and said side pads being adjustable on said supporting
      means between two operative positions,
PA1  d. said head pad and said side pads
PA2  1. projecting outwardly away from said wall a greater distance than said
      bumper when disposed in one of said positions, and
PA2  2. projecting outwardly away from said wall a lesser distance than said
      bumper when disposed in the other of said positions,
PA1  e. said head pad being disposed between said side pads when said head pad
      is disposed in said one position, and
PA1  f. said head pad being disposed above said side pads when said head pad is
NUM  9.
PAR  9. In a loading dock shelter for mounting on a warehouse wall adjacent to a
      doorway therein, the combination comprising
PA1  a. an elongated side pad, and
PA1  b. means adapted to be mounted on such a warehouse wall for supporting said
      side pad along one side of said doorway,
PA1  c. said means comprising vertically spaced brackets,
PA1  d. each of said brackets having inner and outer, upwardly opening notches
      in the upper edge portions thereof,
PA1  e. said side pad having supporting members therein for engagement in said
      notches, and
PA1  f. said side pad being supported by said brackets in
PA2  1. one position when said supporting members are disposed in said inner
      notches, and
PA2  2. another position when said supporting members are disposed in said outer
NUM  10.
PAR  10. The combination as defined in claim 9, and in which
PA1  a. one of said notches in one of said brackets embodies
PA2  1. an upwardly opening outer side portion remote from said inner notch on
      said one bracket, and
PA2  2. a lower end portion
PA3  a. projecting toward said inner notch on said one bracket from said outer
      side portion, and
PA3  b. disposed below an overlying portion of said one bracket, and
PA1  b. one of said supporting members is disposed in said lower end portion in
      underlying relation to said overlying portion when said side pad is
NUM  11.
PAR  11. In combination with a wall having a doorway therein, a loading dock
      shelter comprising
PA1  a. elongated pad means, comprising
PA2  1. a backing member, and
PA2  2. resilient, yieldable means mounted on said backing member and projecting
      outwardly therefrom, and
PA1  b. other means supporting said pad means in position to extend along the
      top and sides of said doorway in said wall,
PA1  c. said other means being mounted on said wall in outwardly projecting
      relation thereto,
PA1  d. at least certain of said pad means being bodily adjustable, as a unit,
      inwardly and outwardly along said other means between two operative
      positions on said other means,
PA1  e. said adjustable pad means projecting outwardly a greater distance from
      said wall when disposed in one of said operative positions than when said
      adjustable pad means is disposed in the other of said operative positions,
PA1  f. said first mentioned pad means comprising
PA2  1. a head pad extending along the top of said doorway, and
PA2  2. two side pads extending along the sides of said doorway,
PA1  g. said head pad and said side pads being separable from each other,
PA1  h. said other means including bracket members having portions projecting
      outwardly from said wall,
PA1  i. said side pads being movable along said portions between said operative
      positions,
PA1  j. said portions having inwardly annd outwardly disposed upwardly opening
      notches therein,
PA1  k. said side pads having supporting members selectively engageable in said
      notches, and
PA1  l. said side pads being disposed in said other and one operative positions
      when said supporting members are engaged in said outwardly and inwardly
NUM  12.
PAR  12. In combination with a wall having a doorway therein, a loading dock
      shelter comprising
PA1  a. elongated pad means, and
PA1  b. other means supporting said pad means in position to extend along the
      top and sides of said doorway in said wall,
PA1  c. said pad means being adjustable between two operative positions on said
      other means,
PA1  d. said pad means projecting outwardly a greater distance from said wall
      when disposed in one of said operative positions than when said pad means
      are disposed in the other of said operative positions,
PA1  e. said pad means comprising
PA2  1. a head pad extending along the top of said doorway, and
PA2  2. two side pads extending along the sides of said doorway, and
PA1  f. said head pad and said side pads being separable from each other,
PA1  g. said other means including bracket members having portions projecting
      outwardly from said wall,
PA1  h. said side pads being movable along said portions between said operative
      positions,
PA1  i. said portions having inwardly and outwardly disposed upwardly opening
      notches therein,
PA1  j. said side pads having supporting members selectively engageable in said
      notches,
PA1  k. said side pads being disposed in said other and one operative positions
      when said supporting members are engaged in said outwardly and inwardly
      disposed notches, respectively, and
PA1  l. said head pad being hingedly connected to said bracket members for
      pivotal movement thereon around a substantially horizontally extending
      axis between
PAR  1.  said one position wherein said head pad projects outwardly from the
      side of said bracket members remote from said wall, and
PA2  2. said other position wherein said head pad is disposed on top of said
      bracket members.
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PAL  A stop lock assembly for a tower mounted on a platform and pivoted thereon
      whereby the tower is adapted to be raised from a horizontal position to a
      vertical, erected position. Stop members are operatively connected between
      the platform and the tower to limit the pivotal movement of the tower to
      the erected position and to hold portions of the platform and tower in
      alignment for the reception of locking pins extending therebetween for
      holding the tower in the erected position.
BSUM
PAR  The present invention relates to a stop lock assembly for a tiltable tower
      mounted on a platform and tiltable between a vertical operating position
      and a substantially horizontal stored position, the stop lock assembly
      being constructed and arranged to limit the pivotal movement of the tower
      to the vertical operating position, and to hold portions of the platform
      and tower in alignment for the reception of locking pins therebetween.
PAR  In mobile tower assemblies, it is conventional to pivotally connect the
      tower to a mobile support structure, whereby the tower is tiltable on the
      support structure from a substantially horizontal travelling position to a
      vertical operating position, and the tower is usually held in the vertical
      operating position by transversely extending pins insertable between the
      tower and the support structure. In order to limit the pivotal movement of
      the tower to the vertical operating position, it is necessary to provide
      stop members to arrest the pivotal movement prior to the insertion of the
      locking pins. After considerable research and experimentation, the stop
      lock assembly of the present invention has been devised which not only
      limits the pivotal movement of the tower to the vertical operating
      position but also holds portions of the tower and support structure in
      alignment to facilitate the insertion of the pins.
PAR  The stop lock assembly of the present invention comprises, essentially, a
      pair of plate members connected, respectively, to the sides of the
      tiltable tower and support structure, the plate members having surfaces
      adapted to interengage when the tower is pivoted to the vertical operating
      position whereby the pivotal movement of the tower is arrested, and
      portions of the adjacent sides of the supporting structure and tower are
      pulled transversely toward each other to facilitate the insertion of the
      locking pins therein.
DRWD
PAR  The invention will further be described by way of example with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of a mobile tower assembly in the vertical
      operating position;
PAR  FIG. 2 is a fragmentary, side elevational view of the support structure and
      tower in the stored or travelling position;
PAR  FIG. 3 is a sectional view along line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view along line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary top plan view of the support structure with the
      tower removed therefrom;
PAR  FIG. 6 is a fragmentary side elevational view of the support structure and
      tower in the vertical operating position;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 6;
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 6; and
PAR  FIG. 10 is a perspective view of the plate members employed in the stop
      lock assembly of the present invention.
DETD
PAR  Referring to the drawings and more particularly to FIG. 1 thereof, the stop
      lock assembly of the present invention is adapted to be employed in a
      mobile tower arrangement wherein a tower 1 is pivotally connected as at 2
      to a support structure 3. For purposes of illustration, the support
      structure forms part of semi-trailer vehicle 4, and the tower supports a
      telescopic crane assembly 5 on the upper end thereof. The tower includes a
      plurality of telescoping sections including a base section 1a and upper
      sections 1b, 1c and 1d, and when these are telescopically collapsed into
      the base section, the base section 1a can be moved from the vertical
      position to the horizontal travelling position, as shown in FIG. 2, by
      hydraulic rams 6 positioned on each side of the support structure and each
      having one end connected to the support structure as at 6a and the
      opposite end connected to the tower as at 6b.
PAR  The tower and support structure are each of lattice type construction
      including tubular frame members 1e and 3a, respectively, upon which a stop
      assembly 7 (FIG. 6) is mounted on each side thereof.
PAR  The details of the stop assembly are shown in FIG. 10 wherein a pair of
      plates 8 and 9 are each provided with machined surfaces 8a, 8b, 9a and 9b
      which are adapted to interengage when the tower is pivoted to the erected
      position, to be described more fully hereinafter.
PAR  As will be seen in FIG. 3, the plate 8 is rigidly secured to the tubular
      frame member 3a by gusset plates 8c; and as will be seen in FIG. 4, the
      tubular frame 1e carries a side plate 1f to which plate 9 is rigidly
      secured through gusset plates 9c.
PAR  Referring to FIG. 9, the base of the tower is provided with a pair of
      hydraulic cylinders 10 each of which is connected to a transversely
      extending locking pin 11 slidable within bores formed in the side plates
      1f and associated plates 1g spaced inwardly from plates 1f, the bores
      being coaxial with respect to each other and parallel to the longitudinal
      axis of the tower pivot 2. The tubular frame members 3a of the support
      structure are also provided with side plates 3b having bores 3c formed
      therein which, when aligned with the bores in side plates 1f, receive the
      locking pins 11, whereby the tower is locked in the vertical position.
PAR  In operation, when the tower is pivoted from the horizontal, stored
      position, as shown in FIG. 2, to the vertical operative position, as shown
      in FIG. 6, by means of the hydraulic rams 6, the machined surfaces 8a, 9a,
      and 8b, 9b of plates 8 and 9 become interengaged as shown in FIGS. 7 and
      8. By the construction and arrangement of the interengaged plates 8 and 9,
      the flat surfaces 8a and 9a function as stops to limit the pivotal
      movement of the tower base section 1a to the vertical position, wherein
      the bores in the side plates 1f and 3b are aligned for the reception of
      the locking pins 11. The interengagement of the tapered surfaces 8b and 9b
      produces a force tending to pull the support structure side plates 3b
      inwardly against an outwardly bending force produced by the outward
      movement of the locking pins through the bores in the tower side plates 1f
      and support structure side plates 3b, whereby the bores through which the
      pins extend are maintained in alignment for the reception of the pins
      therein.
PAR  While the stop lock assembly of the present invention has been described
      for use in a mobile tower crane arrangement, it will be appreciated by
      those skilled in the art that the assembly can be employed equally as well
      in other erectable structures wherein a tower is pivotally connected to a
      platform or other support structure and wherein transversely extending
      pivot pins are employed for maintaining the tower in the erected position.
PAR  In the pivotal tower of the present invention, the support structure 3 is
      provided with front and rear outriggers 3d and 3e, respectively, which
      support the tower arrangement when it is required to remove the tractor.
      The location of the front outriggers 3d enhances the support of the tower
      to facilitate 360.degree. rotation of all crane functions wherein
      torsional and/or racking forces are transmitted to the tower and its
      support structure. The most desirable structure for the transfer of these
      torsional and/or racking forces is a box structure; accordingly, the lower
      support structure 3 is fabricated to provide an opened-top U-shape
      construction, the box structure being formed when the base of the tower is
      swung upward into position. As the tower base approaches its limit of
      travel, the stop assemblies secure the sides of the U to the base of the
      tower at which time the locking pins are actuated horizontally to prevent
      the tower base from moving down and away from the secured position and to
      retain the box structure support configuration.
PAR  The terms and expressions which have been employed herein are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding any equivalents of the
      features shown and described or portions thereof but it is recognized that
      various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  The embodiments of the invention in which an exclusive property or
NUM  1.
PAR  1. In an erectable tower assembly wherein the base of the tower is
      pivotally connected to a support structure including a pair of vertically
      positioned laterally spaced side members, said tower base adapted to be
      raised from a substantially horizontal stored position within
      substantially the vertical height of the side members wherein the tower
      base is disposed horizontally therebetween to a vertical operative
      position, and having transversely extending pins inserted in aligned bores
      in the tower and support structure for holding the tower in the erected
      position, the improvement comprising, stop means operatively connected
      between the support structure side members and the base of the tower
      operative to limit the pivotal movement of the tower to the operative
      position and operative to pull portions of the side members of the support
      structure laterally toward and into the overlying contact with the sides
      of the tower and against an outwardly bending force on the side members to
      maintain the bores in alignment for the reception of the locking pins
NUM  2.
PAR  2. In a tower assembly according to claim 1, wherein the stop means
      comprises a pair of plates, each plate having surfaces adapted to
      interengage when the tower is pivoted to the vertical position, one of the
      plates being secured to the support structure and the other plate being
NUM  3.
PAR  3. In a tower assembly according to claim 2, wherein a pair of plates are
NUM  4.
PAR  4. In a tower assembly according to claim 2, wherein the surfaces on each
      plate comprise a flat portion and a tapered portion, the flat portions for
      limiting the pivotal movement of the tower and the tapered portions for
      pulling portions of the support structure side members toward and in
NUM  5.
PAR  5. In a tower assembly according to claim 4, wherein the plates are of
      rectangular configuration, are disposed in the same vertical plane, and
      the interengaging surfaces are formed on longitudinal edges of the plates.
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PAL  A number of modular office screens are assembled to provide movable
      sound-absorbing partitions for offices and the like. Each office screen
      includes a modular sound-absorbing panel comprised of a rigid
      sound-reflecting core, a separate compressible layer of fibrous material
      on each side of the core for absorbing and dissipating sound energy coming
      from opposite sides of the core, and a channel-shaped frame extending
      around the perimeter of the panel. The sound-absorbing panel is slidably
      mounted in the channel-shaped frame and releasably held in the frame
      without the aid of tools or fasteners. A number of such screens are
      interconnected in various floor plan configurations also without requiring
      tools or fasteners, by releasably mounting the bottom portions of the
      frames in fixed upright channel-shaped base members adapted to rest on the
      floor and arranged in the desired floor plan configuration for each
      junction of two or more screens. The top portions of the screens are held
      together by releasable clip members frictionally engaged with adjoining
      portions of the frames, and by channel-shaped cover plates releasably
      fitted over one or more of the clips and bridging the interface of
      adjoining frames for holding the screens in their desired configuration
      and for preventing relative movement between the tops of the screens.
PAC  BACKGROUND
PAR  This invention relates to modular office screens for providing movable
      sound-absorbing partitions for offices and the like. More particularly,
      the invention includes a modular screen construction having good
      sound-absorbing properties, and a system for assembling each screen and
      for interconnecting a number of such screens in a variety of desired floor
      plan configurations without the use of tools or conventional fasteners
      such as nuts and bolts.
PAR  In recent years, new building structures, whether they are intended for
      commercial, industrial, or educational purposes, have included permanent
      load-bearing exterior walls, and a variety of semi-permanent
      non-load-bearing interior partition systems for partitioning off large
      "open landscape" areas in the building to form a number of work enclosures
      in the building. Such semi-permanent partition systems permit the use of
      relatively inexpensive partitioning materials instead of fixed and
      permanent load-bearing walls, making removal of the original partitions
      and subsequent modification and rearrangement of the floor plan a much
      more rapid and inexpensive process.
PAR  A number of semi-permanent partition systems in common use today include
      mounting tracks which are fixed to the floor and ceiling to provide
      partitioning boundary lines, and studs fastened or snap-fitted at spaced
      intervals in the floor and ceiling tracks. Non-load-bearing panels
      normally made of plywood or mineral material such as gypsum are supported
      in a variety of ways against the studs.
PAR  In another type of semi-permanent partition system in common use today, the
      mounting track is affixed only to the floor, and panels about four to five
      feet in height are supported in a variety of ways against studs of the
      same height which are fastened to or snap-fitted at spaced intervals in
      the floor track.
PAR  In both types of prior art semi-permanent partitioning systems, material
      costs are high and substantial labor costs are required for the
      construction, assembly and disassembly of the systems. A major portion of
      the labor cost results from the use of conventional fasteners to put the
      bottom and/or top tracks in place and then fasten the studs to the tracks.
PAR  As a result of the time and expense involved in assembling and
      disassembling semi-permanent partition systems, open landscape areas of
      commercial, industrial and educational facilities have recently been
      partitioned off by modular "office screens" consisting of free-standing
      movable partitions which are not fastened directly to the floor or
      ceiling. The office screens are simply assembled individually and
      connected together to form the desired floor plan configurations.
PAR  The major advantages of modular office screens are much greater mobility
      because of the reduced time and labor involved in assembling or
      disassembling them when compared with semi-permanent partition systems,
      and lower costs in terms of materials. Because of their improved mobility,
      they can be used to change the floor plan arrangement of an open landscape
      areas overnight, for example. However, modular office screens presently in
      use have several disadvantages, among which are the lack of good
      sound-absorbing properties and the inability of being easily and quickly
      assembled and disassembled or connected together without the need for
      special tools, complicated attachment devices, or conventional fasteners
      such as nuts, bolts, screws, and the like. The need for good sound
      dissipating properties is especially critical for office screens because
      they generally extend for only a portion of the vertical distance between
      the floor and ceiling.
PAC  SUMMARY
PAR  This invention provides a modular office screen construction having
      exceptionally good sound-absorbing properties. The office screen also is
      constructed so it can be easily and quickly assembled, disassembled, and
      connected in a variety of floor plan arrangements without the need for
      conventional fasteners, special tools, or complicated attachment devices.
PAR  Briefly, the office screen construction includes a modular sound-absorbing
      panel comprising a rigid core having good sound-reflective properties, and
      sound-absorbing layer on each side of the panel. Each layer is a
      compressible, substantially non-cellular material providing means for
      absorbing and dissipating sound energy. A rigid frame structure surrounds
      the perimeter of the sound-absorbing panel to provide an upright
      sound-absorbing screen for serving as a movable partition.
PAR  Preferably, the sound-absorbing layer comprises a sheet of fibrous
      material, such as a layer of compressible glass fibers, of sufficient
      thickness to act as means for absorbing and dissipating sound energy
      directed toward the layer.
PAR  The invention also provides an easily assembled and disassembled composite
      office screen system which includes means for releasably securing together
      two or more sound-absorbing panels to hold the panels in an upright
      position and in a desired orientation with respect to each other. The
      perimetric frame structure of each panel preferably is of channel-shaped
      cross-sectional configuration and is slidably mounted in fixed upright
      channels of a base assembly resting on the floor and adapted to hold the
      bottom portions of one or more frames in fixed orientations relative to
      each other. The top portions of two or more screens are releasably
      interconnected by rigid mounting clips frictionally engaged with the
      points of junction between the screens to hold the screens in their
      desired orientations. Each mounting clip preferably includes a top portion
      for resting on the top surface of two adjoining frames, and a side portion
      releasably engaged with a separate side portion of each frame to hold the
      two frames together by preventing longitudinal movement of each frame
      relative to the other. A cover plate of channel-shaped cross-sectional
      configuration is releasably disposed over one or more of the clip members
      to releasably engage the opposite side portions of the adjoining frames in
      a snug fit for preventing lateral movement of each frame relative to the
      other. The mounting clips and the releasable cover plate allow a number of
      such screen structures to be easily interconnected in a variety of
      configurations without requiring special tools or fasteners.
PAR  These and other aspects of the invention will be more fully understood by
      referring to the following detailed description and the accompanying
      drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view, partly in cross-section, showing
      a modular office screen according to this invention in its assembled form;
PAR  FIG. 2 is a fragmentary exploded perspective view showing one embodiment of
      means for assembling the base of the office screen;
PAR  FIG. 3 is a fragmentary perspective view showing the base structure for the
      junction of four corners of a modular screen system;
PAR  FIG. 4 is a fragmentary exploded perspective view showing the top structure
      and base structure for the junction of two screens assembled in a straight
      line to form a continuous wall;
PAR  FIG. 5 is a fragmentary exploded perspective view showing the top structure
      of an office screen system in which two screens meet to form the corner of
      a partitioned area; and
PAR  FIG. 6 is a fragmentary exploded perspective view showing the top structure
      of an office screen system in which three screens meet to form corners for
      two partitioned areas and a continuous wall for another partitioned area.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 shows an office screen 10 comprised generally of a sound-absorbing
      panel 12 releasably mounted in a downwardly opening U-shaped sheet metal
      frame 14 which fits around the perimeter of the sound-absorbing panel. The
      bottom portions of frame 14 are connected with a base structure (to be
      described in detail below) which holds the office screen in a
      free-standing, upright position on the floor. The office screen provides a
      highly mobile sound-absorbing partition which can be engaged with other
      identical office screens to form movable partition systems in a variety of
      floor plan arrangements for partitioning off open landscape areas of
      commercial, industrial, and educational facilities, for example.
PAR  Sound-absorbing panel 12 preferably includes a center core 16 made of a
      flat piece of sheet metal. Preferably, core 16 is a sheet of 20 gauge cold
      rolled steel. Its main purpose in the panel is to act as a
      sound-reflective surface for sound coming from either side of the core.
      Therefore, it is critical that core 16 be made from a rigid material which
      is non-porous, non-cellular, or non-perforated, so the core will reflect
      sound energy rather than absorbing it or letting it pass through to the
      other side of the screen.
PAR  A separate layer 18 of sound-absorbing material overlies each face of core
      16. Preferably, each sound-absorbing layer consists of a non-cellular,
      compressible material having good sound-absorbing and dissipating
      properties. A good sound-absorbing layer is provided by a fibrous material
      such as a batting of compressible glass fibers sold as No. 704
      Owens-Corning 4.25 les density spun Fibre Glass. Preferably, each layer 18
      is at least about 1 inch thick. The thickness of the layer can vary,
      although it should provide a sufficient thickness of fibrous material to
      produce the desired amount of sound absorption and dissipation. I have
      found that the compressible, fibrous layer 18 has exceptionally good
      sound-absorbing and dissipating properties. For example, a material which
      is cellular, such a polyurethane foam, does not adequetely absorb or
      dissipate sound energy, because of the large number of voids through which
      the sound is able to pass rather than being deadened by the material.
      Rigid materials, such as gypsum board, or even rigid cellular material
      such as polyethylene or polyvinyl foam, also are not suitable because
      their rigidity merely reflects the sound rather than absorbing it
PAR  The sound-absorbing layers 18 can provide the exterior surfaces for panel
      12. However, if layers 18 are covered, the material covering them should
      be porous. An outer layer 20 of any porous material desired for a covering
      overlies the exterior face of each sound-absorbing layer 18. A preferred
      material for covering 20 is 100% Polyester Dacron fabric which provides a
      homogeneous porous facing for each face of the screen to allow
      substantially all the sound directed against the panel to pass into the
      glass fiber layers. Outer layers 20 preferably are made from a material
      which is flexible as well as porous. The outer layers should not be solid
      or rigid, so that the maximum amount of sound energy can pass into each
      layer 18 rather than being reflected by the outer layers. The covering is
      not glued to the glass fiber layer 18 so that maximum sound may pass into
      the glass fiber layer rather than being reflected or impeded by a layer of
      glue or other similar adhesive or bonding material between the two layers.
      Preferably, the use of glue is avoided by draping a continuous cover layer
      20 over both exterior faces of the glass fiber layers 18 and the center
      core 16, and then fastening the cover at the sides and bottom by some
      suitable means, such as by stapling.
PAR  The relatively rigid center core 16 provides a strong foundation for the
      layers of glass fibers and the outer covering, besides being an effective
      baffle which prevents sound from one side of the panel from travelling
      through the panel to the other side.
PAR  The completed sound-absorbing panel 12 is slidably engaged with frame 14
      prior to connecting the bottom portions of frame 14 to the screen base
      structure so that the screen will be held in an upright position to
      provide a suitable partition. As shown best in FIGS. 1 and 2, frame 14 is
      a downwardly opening U-shaped member of channel-shaped cross-sectional
      configuration. The channel includes an elongated base portion 22, an
      elongated U-shaped flange 24 extending around the perimeter of one face of
      the sound-absorbing panel 12, and a second U-shaped flange 26 extending
      around the perimeter of the opposite face of the sound-absorbing panel.
      Preferably, flanges 24 and 26 are one-half the length of base portion 22.
      An elongated inwardly turned marginal lip 28 extends along the remote end
      of flange 24, and a second inwardly turned marginal lip 30 extends along
      the remote end of flange 26. (For the convenience of the description
      below, the channel base portion which forms the top surface of frame 14 is
      numbered 22', and the portions of flanges 24 and 26 which form the top
      side portions of the frame will be numbered 24' and 26'.)
PAR  Sound-absorbing screen 10 is assembled by sliding the modular
      sound-absorbing panel 12 into the bottom of the U-shaped channels provided
      by frame 14 until the top edge of the sound-absorbing panel abuts against
      the inner face of base portion 22' at the top of frame 14. The width of
      the channel provided by frame 14 is such that lips 28 and 30 bear against
      the opposite faces of sound-absorbing panel 12 to squeeze the components
      of the panel around the perimeter of the panel so as to releasably hold
      the panel in the frame.
PAR  The upright leg portions of frame 14 are longer than sound-absorbing panel
      12 so that open-channel portions at the bottom of frame 14 (shown best in
      FIG. 3) can be releasably connected with a suitable channel-shaped base
      assembly to hold the assembled screen in a free-standing upright position
      to serve as a partition. When the sound-absorbing panel and its perimetric
      frame are in place, a channel-shaped bottom frame member 32 is slipped
      into the open-channel bottom portions of frame 14 to provide a
      horizontally extending bottom support member for the sound-absorbing
      panel. The ends of bottom frame member 32 are shaped to fit into the
      open-channel bottom portions of frame 14. The intermediate portion of each
      bottom frame member 32 provides an upwardly opening channel of the same
      cross-sectional shape and size as frame 14 to hold the bottom portions of
      the components of modular sound-absorbing panel 12.
PAR  Once bottom frame member 32 of the screen is in place, the open-channel
      bottom portions of the frame or a number of frames, are engaged with an
      appropriate base support member. The shape and configuration of the base
      support member depends upon the desired orientation of the screen with
      relation to other screens in the partition system being assembled. For
      example, FIG. 2 shows a movable base support assembly 34 for providing the
      bottom support for the equivalent of a post which will form the junction
      of four pre-assembled office screens interconnected in four 90.degree.
      angles to form the corners for four partitioned areas. As shown best in
      FIG. 2, base assembly 34 includes four outwardly opening, upright channels
      36 of U-shaped cross-sectional configuration. The bottoms of channels 36
      are rigidly fixed to a rectangular-shaped base 38 which rests on the floor
      and holds each of the four channels in a rigid upright position so the
      four channels face outwardly in directions which are spaced 90.degree.
      apart from each other. In use, base 38 is not fastened to the floor.
      Channels 36 are spaced apart from one another so that the spaces between
      them can accommodate the bottoms of channels slidably engaged with the
      outer surface of channels 36.
PAR  A given pre-assembled screen is releasably engaged with base assembly 34,
      for example, by initially slipping an upright channel 40 (see FIGS. 2 and
      3) into the U provided by one of the fixed upright members 36 of base
      assembly 34. Upright channel 40 is of U-shaped cross-sectional
      configuration. Upright channel 40 is disposed in channel member 26 so that
      the top edge of a base portion 42 of channel 40 is spaced from the base
      portion of channel 36 and can thereby provide means of support for bottom
      member 32 to hold the completed screen assembly in place.
PAR  FIG. 3 shows base assembly 34 in use providing means of support at the
      junction of four separate pre-assembled screens meeting at 90.degree.
      angles to form four corners of a partition system.
PAR  FIG. 4 shows an alternate partition system in which a base assembly 44
      provides means for holding together two pre-assembled screens in a
      straight line to form a continuous wall. Base assembly 44 includes an
      elongated base member 46 and a pair of spaced apart, upright fixed channel
      members 136 of U-shaped cross-sectional configuration facing in opposite
      directions. A pair of adjoining pre-assembled screens 10 are connected to
      base assembly 44 in a manner identical to that described above for base
      assembly 34. That is, in the assembly shown in FIG. 4, the open-channel
      bottom portions of perimetric frames 14 are slidably engaged around fixed
      upright channels 136. Inwardly opening, upright channels 40 are fitted
      into fixed upright channels 136 so the top edge of base portion 42 of each
      channel 40 will provide means for supporting the bottom channel 32 (not
      shown in FIG. 4 for clarity) of each screen attaced to base assembly 44.
PAR  The base assemblies for partition systems containing three screens, or for
      holding the bottom of one screen, are not shown in the drawings since they
      are arranged in a manner similar to base assemblies 34 and 44,
      respectively.
PAR  Once the bottoms of the screens are held in place by the appropriate base
      assemblies, the tops of the screens are then releasably fastened together
      by certain specially formed clip assemblies shown in FIGS. 4, 5, and 6.
      When two screens are connected to form a continuous linear wall, the clip
      assembly shown in FIG. 4 is used. This assembly includes a pair of
      elongated clip members 48 made of flat sheet metal bent into a right-angle
      configuration. The clip members extend along opposite corners of the two
      frames and bridge the junction of the two frames where the screens are
      joined in abutting end-to-end relation. The elongated top leg of each clip
      48 rests on the two surfaces 22' of the adjoining frames. The downwardly
      depending leg of the one clip 48 lies flush against the two flanges 24' on
      one side of the two screens, and the downwardly depending leg of the other
      right-angle clip overlies the two flanges 26' on the other side of the two
      screens.
PAR  Each right-angle clip 48 has a pair of spaced apart inwardly turned,
      elongated flanges 50 extending along opposite end portions of the bottom
      edge of each downwardly depending leg of the flange. The distance between
      the opposite inner edges of the two flanges 50 provides a space just wide
      enough for receiving the two upright flanges 24 on one side of the two
      frames 14. The bottoms of the two flanges on one clip fit under the bottom
      edges of top flanges 24', and the inner edges of the two flanges 50 on the
      clip abut against the remote outer edges of upright flanges 24. The two
      flanges on the other clip fit under the edge of top flange 26' and also
      abut against the remote outer edges of flanges 26. Thus, the two clips
      make a tight friction fit with the two frames to hold the corner portions
      of the two screens together for preventing relative longitudinal movement
      between the two screens.
PAR  The top assembly of the two screens is completed by fitting a releasable
      cover plate 51 of channel-shaped configuration over the two right-angle
      clips 48 to hold the two clips in place at the junction between the two
      screens and also to prevent relative lateral or vertical movement between
      the top corner portions of the two interconnecting screens.
PAR  Thus, the two screens can be simply connected together by fitting the base
      portions of the screens into their appropriate base assemblies and then
      interconnecting the top portions of the two screens with a releasable clip
      assembly requiring no special tools or fasteners such as nuts, bolts, and
      screws, or other complicated attachment members.
PAR  FIG. 5 shows a mounting assembly for holding together the adjoining top
      portions of a pair of screens forming a 90.degree. corner of a partitioned
      area. In this partition system, the ends of two screens are placed in
      abutting relation so that the corners of the two screens do not meet, but
      rather the upright flange portion 26 of one frame abuts against one-half
      the width of the upright end formed by base portion 22 of the other frame.
      A corner post 52 having a width equal to the width of base portion 22 of
      one frame and a thickness equal to one-half the width of base portion 22
      of the other frame fills the space remaining at the corner of the two
      abutting screens.
PAR  A rigid sheet metal clip 54 bent into a right-angle configuration bridges
      the top portions of the two screens at the corner junction between the
      screens to hold the top portions of the screens in a fixed relation
      relative to each other. Mounting clip 54 includes base portions 56 and 57
      extending at right angles to each other. A top flange 58 is bent at a
      right angle with respect to base portion 56, and a second flange 60 is
      bent at a right angle with respect to base portion 57. A long bottom lip
      62 is continuous for the entire bottom edge of base 57. It extends at a
      right angle with respect to base 57 and also extends in the same direction
      as top flange 58. A short bottom lip 64 extends for only a short outer
      portion of the bottom edge of base 56. Lip 64 is bent at a right angle
      with respect to base 56 and extends in the same direction as top flange
      60.
PAR  In use, clip 54 is mounted over the top corner portions of the two
      adjoining screens so that flanges 58 and 60 rest on the top surfaces 22'
      of the two screens. Lip 62 extends under the bottom edge of top flange 26'
      of one screen so that base 57 abuts against the vertical surface of flange
      26'. The space between the inner edge of lip 64 and the corner of mounting
      clip 54 is just equal to the width of vertical flange 26 of the frame of
      the other screen, so that this portion of the frame can be received in the
      open space provided by the mounting clip and also allows base 56 to
      overlie top flange 26' of the screen. Thus, bottom lip 64 fits under the
      bottom edge of top flange 26', and the inner edge of bottom lip 64 bears
      against the vertical edge of vertical flange 26. When mounting clip 54 is
      in place, it makes a tight friction fit with the frame members of the two
      screens to restrain longitudinal movement of each screen relative to the
      other.
PAR  The corner assembly of the two screens is completed by releasably fitting
      an L-shaped cover plate 66 of channel-shaped cross-sectional configuration
      over the top of the mounting clip and the junction between the top
      portions of the two screens. Cover plate 66 makes a tight frictional
      engagement with the mounting clip and the top portions of the two frames
      to prevent lateral or vertical movement of any one screen relative to the
      other.
PAR  FIG. 6 shows a mounting assembly for joining together the tops of three
      screens meeting at two 90.degree. angles to form corners for two
      partitioned areas and a continuous wall for the third partitioned area. In
      this mounting arrangement, the tops of two screens are brought together to
      form a corner in a manner identical to that described above for FIG. 5.
      The third screen then forms a second corner in a manner identical to that
      described above for FIG. 5. This results in an open space between the end
      portions of the two screens which are aligned longitudinally. As shown in
      FIG. 6, an upright post 152 identical in size and shape to post 52
      described above is inserted in the open space between the two
      longitudinally aligned screens. A pair of mounting clips 154 identical in
      construction to mounting clips 54 described above are then frictionally
      engaged with the top corner portions of the screens in a manner identical
      to that described above for FIG. 5. In addition, a right-angle mounting
      clip 148 identical in construction to clip 48 described above for FIG. 4
      is frictionally engaged with the adjoining top corner portions of the two
      screens which form the continuous planar wall, the mounting of leg 148
      being identical to that described above for the clip 48 shown in FIG. 4.
      Mounting clips 154 and 148 combine to prevent longitudinal movement of any
      one of the three screens relative to the other two screens.
PAR  A T-shaped cover plate 68 of channel-shaped configuration is then fitted
      over the mounting clips and the junction between the three screens in a
      snug friction fit to prevent lateral and vertical movement of any one
      screen relative to the other two screens.
PAR  The top mounting assembly for the junction of four screens to form four
      right-angle corners is not shown in the drawings. However, such a mounting
      assembly is completed by arranging the screens in the orientation shown in
      FIG. 6 and adding a fourth screen so the end of it abuts against the outer
      face of post 152 and so the four screens are disposed at right angles with
      respect to each other. The corners of the four screens are then held in
      fixed positions relative to each other by the use of the four right-angle
      mounting clips identical in construction and use to clips 54 or 154. An
      X-shaped cover plate (not shown) of channel-shaped cross-sectional
      configuration is then fitted over the four mounting clips and the junction
      between the top portions of the four screens to prevent lateral and
      vertical movement of any one screen relative to the others.
CLMS
NUM  1.
PAR  1. A modular sound-absorbing office screen system comprising a first
      sound-absorbing panel, a rigid first frame member surrounding a perimeter
      portion of the first sound-absorbing panel, a second sound-absorbing
      panel, a rigid second frame member surrounding a perimeter portion of the
      second sound-absorbing panel, each panel having a respective top edge and
      opposed front and rear sides, each frame member being of channel-shaped
      cross-sectional configuration and including a corresponding top surface
      overlying a corresponding top edge of each panel, and opposite front and
      rear side portions integral with the top surface thereof and overlying
      corresponding front and rear sides of each sound-absorbing panel, and
      means for releasably securing the first and second sound-absorbing panels
      together in an abutting relation to hold them in an upright position and
      in a desired orientation with respect to each other, the releasable
      securing means including a rigid clip member having a top portion to rest
      on the top surface of the abutting first and second frame members, and at
      least one side portion depending from the top portion thereof to be
      releasably disposed in an overlying relation against a separate side
      portion of each of the abutting frame members on the opposite sides of the
      junction between the two frame members, and a cover plate of
      channel-shaped cross-sectional configuration to be releasably disposed
      over the clip member and for being releasably held along opposite side
      portions of the first and second frame members to hold the clip member in
      a snug fit bridging the junction between the two frame members so as to
      releasably hold the first and second sound-absorbing panels in a fixed
NUM  2.
PAR  2. Apparatus according to claim 1 in which the releasable securing means
      hold the two sound-absorbing panels in an orientation in which a side
      portion of one frame member has an upright edge spaced from an upright
      edge of the other frame member, and in which the clip member further
      includes a first inwardly turned marginal flange extending along the edge
      of the side portion of the clip member remote from the top portion
      thereof, and a second inwardly turned marginal flange spaced from the
      first flange and extending along the same edge of the frame side portion
      as the first flange, the two flanges being arranged with respect to each
      other so the first flange will be releasably engaged with the upright edge
      of one panel frame member and so the second flange will be releasably
      engaged with the upright edge of the other panel frame member so the two
      maringal flanges cooperate with the upright edges of the two frame members
      to provide means for preventing longitudinal movement of one
NUM  3.
PAR  3. Apparatus according to claim 2 in which the releasable securing means
      orient the two panels with respect to each other so the front and rear
      sides of the panel frame members are located on a front sound-absorbing
      side and a rear sound-absorbing side, respectively, of the screen system,
      and in which the clip member is engaged with a front side of the frame
      members so the marginal flanges of the clip engage upright edges of the
      frame members facing the front side of the screen system, and including a
      second one of said clip members engaged with frame members of the two
      panels facing the rear side of the system, the second clip having spaced
      apart marginal flanges engaged with corresponding upright edges of the
NUM  4.
PAR  4. Apparatus according to claim 1 in which the sound-absorbing panel
      comprises a sound-absorbing layer of a compressible, substantially
      non-cellular material capable of absorbing and dissipating sound energy.
NUM  5.
PAR  5. Apparatus according to claim 4 in which the sound-absorbing layer
NUM  6.
PAR  6. Apparatus according to claim 5 in which the sound-absorbing layer
NUM  7.
PAR  7. Apparatus according to claim 1 in which each sound-absorbing panel is
      slidably disposed in the channel provided by its corresponding frame
NUM  8.
PAR  8. Apparatus according to claim 7 including inwardly turned marginal
      flanges in the channel provided by each frame member for squeezing the
      perimeter portion of each sound-absorbing panel to releasably hole the
NUM  9.
PAR  9. A modular sound-absorbing office screen system comprising
PA1  a. a first sound-absorbing panel;
PA1  b. a second sound-absorbing panel, each panel having a respective top edge
      and opposed front and rear sides;
PA1  c. a first frame member surrounding a perimeter portion of the first
      sound-absorbing panel;
PA1  d. a second frame member surrounding a perimeter portion of the second
      sound-absorbing panel;
PA1  e. each frame member being of channel-shaped cross-sectional configuration
      and including
PA2  1. a corresponding top surface overlying a corresponding top edge of each
      panel,
PA2  2. opposite front and rear side portions integral with the top surface of
      the frame member and overlying corresponding front and rear sides of each
      sound-absorbing panel, and
PA2  3. An upright outer edge portion extending between the front and rear side
      portions of the frame member,
PA2  4. the front side portion of each frame member having an upright inner edge
      spaced from the outer edge thereof,
PA2  5. the rear side portion of each frame member having an upright inner edge
      portion spaced from the outer edge thereof; and
PA1  f. means for releasably securing the first and second sound-absorbing
      panels together in an abutting relation to hold them in an upright
      position and in a desired orientation relative to each other, the
      releasable securing means including
PAR  1. a first clip member having a top portion to rest on the top surfaces of
      the abutting first and second members, and a side portion to be releasably
      disposed in an overlying relation against a separate front side portion of
      each of the abutting frame members on opposite sides of the junction
      between the two abutting frame members,
PA2  2. a second clip member having a top portion to rest on the top surfaces of
      the abutting first and second frame members, and a side portion to be
      releasably disposed in an overlying relation against a separate rear side
      portion of each of the abutting frame members on opposite rear sides of
      the junction between the two abutting frame members,
PA2  3. the first clip member including a pair of spaced apart, inwardly turned
      marginal flanges extending along the side portion thereof remote from the
      top portion of the clip member, the two flanges being spaced from each
      other so each will be releasably engaged with a corresponding upright
      inner edge of a corresponding panel frame member so the two marginal
      flanges cooperate with the inner edges of the frame members to provide
      means for preventing longitudinal movement of one sound-absorbing panel
      away from the other,
PAR  4. the second clip member including a pair of spaced apart, inwardly-turned
      marginal flanges extending along the side portion thereof remote from the
      top portion of the clip member, the two flanges being spaced from each
      other so each will be releasably engaged with a corresponding upright
      inner edge of a corresponding panel frame member so the two marginal
      flanges cooperate with the inner edges of the frame members to provide
      means for preventing longitudinal movement of one sound-absorbing panel
      away from the other, and
PA2  5. a cover plate of channel-shaped cross-sectional configuration to be
      releasably disposed over the clip members and for being releasably held
      along opposite side portions of the first and second frame members to hold
      the clip members in a snug fit bridging the junction between the two frame
      members so as to releasably hold the first and second sound-absorbing
NUM  10.
PAR  10. Apparatus according to claim 9 in which the sound-absorbing panel
      comprises a sound-absorbing layer of a compressible, substantially
      non-cellular material capable of absorbing and dissipating sound energy.
NUM  11.
PAR  11. Apparatus according to claim 10 in which the sound-absorbing layer
NUM  12.
PAR  12. Apparatus according to claim 11 in which the sound-absorbing layer
NUM  13.
PAR  13. Apparatus according to claim 9 in which each sound-absorbing panel is
      slidably disposed in the channel provided by its corresponding frame
NUM  14.
PAR  14. Apparatus according to claim 13 including inwardly-turned marginal
      flanges in the channel provided by each frame for squeezing the perimeter
      portion of each sound-absorbing panel to releasably hole the
      sound-absorbing panels in their respective frame members.
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ABST
PAL  There is provided an improved operating roof vent of plastic such as
      translucent resin for mounting in a vent opening of a roof. An inner one
      piece combination screen and garnish member telescopically mates with an
      outer one piece cowl member. A combination one piece cover and hinge
      closes the cowl member, with the hinge being secured to the cowl member to
      provide for swinging opening and closing of the cover.
PARN
PAR  This is a continuation of application Ser. No. 377,606 filed July 9, 1973.
BSUM
PAR  The present invention relates to a new and improved operating roof vent and
      particularly to an operating roof vent useful for mounting in a vent
      opening of a motor home, camper, and the like.
PAR  Heretofore, roof vents have customarily been fabricated of metal, with
      perhaps a translucent cover. Such prior construction has had certain
      disadvantages. The roof vents are exposed to the weather, and metal vent
      and vent frames are subject to rusting and deterioration by the weather.
      Moreover, rubbing of the metal parts causes rattling and looseness of the
      vent members. Typically, a separate bug screen must be used.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved operating roof vent which overcomes the above mentioned
      difficulties.
PAR  Yet another object of the present invention is the provision of a new and
      improved roof vent particularly useful for campers, motor homes, and the
      like.
PAR  Still another object of the present invention is the provision of a new and
      improved operating roof vent.
DRWD
PAR  For a better understanding of the present invention, reference may be had
      to the following detailed description when taken in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a top perspective view of the improved roof vent according to the
      present invention;
PAR  FIG. 2 is a cross sectional elevational view of the roof vent of FIG. 1,
      taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional elevational view of the roof vent of FIG. 1,
      taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a bottom perspective view of the roof vent of FIG. 1;
PAR  FIG. 5 is an exploded perspective view of the roof vent of FIG. 1; and
PAR  FIG. 6 is an enlarged detail view of the roof vent of FIG. 1.
PAR  Briefly, the foregoing and other objects of the present invention are
      accomplished by the provision of a new and improved operating roof vent of
      plastic such as of translucent resin for mounting in a vent opening of a
      roof such as on a camper or motor home. The improved roof vent is formed
      of three pieces, an inner one piece screen and garnish member, an outer
      one piece cowl member operatively associated in mating relation with the
      inner screen and garnish member, and a combination one-piece cover and
      hinge, the hinge being secured in any suitable manner to the cowl member.
PAR  In a particular embodiment of the invention, the screen and garnish member
      and the outer cowl member are telescopically associated to provide for
      variations in the roof thickness. The screen and garnish member and the
      cowl member are each provided with outwardly extending peripheral flange
      portions adapted for securement to the peripheral edges of a vent opening.
      Advantageously, the peripherally extending flange portions of the cowl
      member may be provided with ribs or grooves forming a corrugated or
      gripping surface for mounting putty. Deck means may be provided adjacent
      the upper ends of the cowl member for receiving suitable weathering and
      advantageously a full seal may be provided all around the joint between
      the cowl and cover.
PAR  Advantageously, the roof vent according to the present invention, being
      formed of a plastic, preferably of translucent resin, is rust proof, and
      avoids rattles. The simple three piece design minimizes inventory and
      handling and assembling of components. Advantageously, the screen and
      garnish combination provides secure bug protection. The hinge member,
      fixed to the cover, and secured to the cowl in any suitable manner as by
      an ultrasonic weld, minimizes cost and maintenance and provides a durable
      joint. Thus, there is provided an operating roof vent low in design, light
      in weight, and inexpensive and easy to manufacture and install.
DETD
PAR  Refering now to the drawings, there is illustrated a new and improved
      operating roof vent 10 installed in a vent opening 11 of a roof,
      fragmentarily illustrated at 12, of a camper, motor home, or other desired
      structure. The roof vent 10 is formed of plastic, such as a clear or
      translucent resin. One satisfactory material is an integrally molded
      material known as "ABS" plastic resin (acrylonitrile-butadiene-styrene),
      which is high in mechanical strength and relatively inert to the weather.
      In addition to "ABS" plastic resin, the roof vent 10 may also be molded
      out of other resins such as polypropylene, cellulose acetate butyrate,
      acrylic resin, or vinyl resin (polyvinyl chloride acetate) or other
      suitable materials.
PAR  The roof 10 includes an inner one piece screen and garnish member 15
      including an inner frame portion 16 defining a ventilating opening 17. A
      screen or screen portion 18 is integrally molded, as by injection molding,
      with the remainder of the screen and garnish member across the ventilating
      opening. A lower peripherally extending flange portion 19 is provided for
      securement to the inner peripheral edges of the vent opening 11 by means
      of fasteners 20 such as screws or nails.
PAR  The roof vent 10 additionally includes an outer one piece cowl member 25
      including an outer frame portion 26 defining a ventilating opening 27. An
      intermediate peripherally extending flange portion 28 is adapted for
      securement to the outer peripheral edges of the vent opening 11 by means
      of suitable fasteners 29 such as screws or nails. As best illustrated in
      FIG. 6, the lower surface of the flange portion 28 is provided with ribs
      30 defining grooves 31 forming a basis for mounting putty 32 providing a
      water tight connection between the cowl member 25 and the roof 12. A base
      35 provides for seating of the screws 29 while preventing distortion of
      the flange portion 28. A deck 33 is provided at the upper inner edge of
      the frame portion 26 for receiving a sealing gasket 34 here shown as of
      circular cross section before compression upon fully closing. As best
      illustrated in FIGS. 2, 3 and 6, the frame portions of the screen and
      garnish member 15 and of the cowl member 25 are telescopically associated
      so as to provide for adjustable mounting on roofs of varying thickness.
PAR  The roof vent 10 additionally includes an integrally formed one piece cover
      and hinge member 45 including an outwardly dished cover portion 46. The
      cover portion 46 is provided with a sealing surface 47, FIG. 6, for mating
      with the sealing gasket 34 and further includes a downwardly extending
      flange portion 48 telescopically closable over the outer frame portion 26
      of the cowl member 25. A hinge portion 50, FIGS. 3 and 4, is integrally
      formed or molded with the remainder of the cover and hinge member 45 and
      comprises a suitable flap extending from the lower peripheral edge of a
      flange portion 48. The connection between the hinge portion 50 and the
      cover portion 46 includes a reduced neck portion 51, here shown in the
      form of a V-groove, to provide ready flexing between the cover portion and
      the hinge portion. The cover and hinge member 45 additionally includes
      internally thereof an integrally formed control rib 52, best illustrated
      in FIG. 3, and including a control slot 53 of somewhat keyhole shape.
      Other stiffening ribs, such as rib 54, may be provided for strengthening
      and stiffening of the cover portion.
PAR  A suitable vent operator 55 is provided including a control handle 56
      extending through an opening 57 in the screen 18 and additionally
      including a control rod 58, best illustrated in FIG. 3. The control rod
      carries a locking ring 59 adjacent its end to provide a neck portion
      engageable within the control slot 53. To provide for mounting of the vent
      operator 55, the cowl member 25 includes an integrally molded transverse
      beam providing for support of the vent operator 55. The vent operator 55
      is actuable to move the cover portion 46 of the cover and hinge member 45
      from the closed position illustrated in solid in FIG. 3 to the open
      position illustrated in phantom in FIG. 3.
PAR  While there has been shown and described a single embodiment of the present
      invention, it will be apparent to those skilled in the art that various
      changes and modifications may be made without departing from the spirit
      and scope of the invention and it is therefore intended in the appended
      claims to cover all such changes and modifications as fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
NUM  1.
PAR  1. An operating roof vent of translucent resin for mounting in a vent
      opening of a roof comprising; an integral cowl member including a
      downwardly projecting flange for cooperative insertion into said roof vent
      opening, an intermediate flange perimetrically surrounding said cowl
      member for securement to said roof adjacent the roof vent opening, and a
      vertically projecting outer frame portion of said cowl member extending
      above said perimetrical flange, a transverse beam integrally molded to
      said vertically projecting outer frame portion, a unitary vent cover and
      hinge member, said vent cover having a dished head and a perimetrical rim
      for cooperatively receiving said vertically projecting outer frame portion
      of said cowl member, said hinge member projecting from said outer rim
      downwardly, said hinge member being bonded to one section of said
      vertically projecting outer frame portion for pivotally supporting said
      vent cover, said vent cover having a depending control rim integrally
      formed in said dished vent cover in spaced juxtaposition and in alignment
      with said transverse beam, and means mounted on said transverse beam and
      connected to said depending control rib through an elongated slot in said
      rib for controlling the pivoting of said vent cover between closed, open
      and intermediate positions, said vertically projecting outer frame portion
      having a sealing deck, said sealing deck having a gasket receiving recess,
      a sealing gasket secured to said sealing deck for cooperatively sealing
NUM  2.
PAR  2. An operating roof vent for mounted in a vent opening of a roof as
      claimed in claim 1, said intermediate perimetrical flange having
NUM  3.
PAR  3. An operating roof vent for mounting in a vent opening of a roof as
      claimed in claim 1, and an inner unitary frame having a screen attached
      thereto cooperatively receivable in said cowl member, said frame having a
      protruding flange for fastening to a ceiling beneath the vent opening.
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ABST
PAL  A closure seal member for capping the perimeter recesses presented between
      a closure and the surrounding fixed frame assembly. The closure seal
      member includes a longitudinally rigid support member adapted for
      interlocking engagement with a frame member of the assembly; and a sealing
      strip carried at the exterior face of the support member, with a portion
      thereof positioned to be compressed between the angle member and the
      closure, and a portion thereof exposed to view. The sealing strip has end
      portions extending beyond the opposite ends of the support member. At the
      juncture of adjacent, angularly disposed frame members, the sealing strip
      end portions of adjacent seal members are engaged to provide a neat corner
      presentation. The overall length of the support member is less than that
      of the frame member. Field cutting of metal is avoided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fixed frame assemblies, and more particularly to
      an improved closure seal member for capping the perimeter recess of a
      fixed frame assembly.
PAR  2. Description of the Prior Art
PAR  In modern curtain wall constructions, vertical and horizontal metallic
      members are assembled as a grid to provide plural fixed frame assemblies
      each defining an opening. The openings receive closures, such as glazing
      panes, decorative panels and the like. See U.S. Pat. Nos. 3,016,993 (OWEN,
      Jan. 16, 1962); 3,038,568 (MORGAN, June 12, 1962).
PAR  In one type of construction, the closure is surrounded by the frame members
      and cooperates therewith to present interior and exterior perimeter
      recesses. Welts or sealing members, in the form of a continuous resilient
      strip or plural flexible elements, are introduced into each of the
      perimeter recesses, thereby retaining the closure within the frame
      assembly and providing a seal therebetween. See, for example, U.S. Pat.
      Nos. 2,174,279 (TONEY, Sept. 1939); 2,280,389 (EDWARDS, Apr. 1942);
      3,344,573 (MARTIN et al., Oct. 1967). The welt or sealing member normally
      is formed from rubber or plastic and is extremely flexible. Installation
      of the sealing member requires a force to be applied thereto every half
      inch to one inch in order to drive it into the perimeter recess.
      Installation of such flexible sealing members is a time consuming
      operation.
PAR  In a second type of construction, the frame members are adapted to receive
      metallic or plastic perimeter closure retainer beads on one or both sides
      of the closure. See, for example, U.S. Pat. Nos. 2,765,057 (STIEFVATER,
      Oct. 1956); 2,811,754 (TOTH, Nov. 1957); 2,983,002 (MCEVOY et al., May
      1961); 3,344,573 supra; 3,501,884 (DI CESARE, JR. et al., Mar. 1970). The
      major difficulty encountered in using metallic or plastic retainer beads
      is that extreme accuracy is required in cutting the bead to the required
      length. The length accuracy of the retainer beads is necessary in order to
      fit the field assembly frame assembly, and in order to form a neat corner
      presentation.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide an improved closure
      sealing member which may be quickly and easily installed.
PAR  Another object of this invention is to provide an improved closure sealing
      member capable of compensating for greater tolerances in the closure
      thickness and in the perimeter recess of a fixed frame assembly.
PAR  Another object of this invention is to provide an improved sealing member
      which incorporates a sealing strip formed of rubber or plastic, which is
      interposed between the support member and the closure to provide a seal
      therebetween.
PAR  Still another object of this invention is to provide an improved sealing
      member by which neat corner presentations can be made while avoiding field
      cutting of metal components.
PAR  A still further object of this invention is to provide an improved sealing
      member wherein the longitudinally rigid metal support member may undergo
      thermal expansion and contraction without affecting the seal provided
      thereby.
PAR  In accordance with the present invention, a closure seal member is provided
      comprising an angle member having integral first and second arms
      presenting an exterior face and an interior face, and which is
      longitudinally rigid. A deflectible retaining arm integral with the second
      arm, confronts the interior face and is inclined relative to the second
      arm so as to form an acute angle therewith. A sealing strip, formed from
      resilient material such as rubber or plastic, overlies the exterior face
      of the first and second arms. The sealing strip extends beyond at least
      one and preferably both ends of the angle member.
PAR  The present sealing member is particularly adapted for use in a fixed frame
      assembly of polygonal configuration, having plural, angularly presented
      frame members surrounding a closure. The frame members include perimeter
      faces which confront the closure and define contiguous perimeter recesses
      at one assembly face. The frame assembly has plural interior corners each
      presented at the juncture of adjacent ones of the angularly presented
      frame members. One of the present sealing members is installed in each of
      the recesses. In accordance with the present improvement, the
      longitudinally rigid support member has an overall length which is less
      than the frame member, whereby at each of the junctures, the confronting
      ends of adjacent members are spaced apart. The exposed portion of the
      sealing strip carried by each of the support members has end portions
      extending beyond the opposite ends of the support member, whereby at each
      of the junctures, the end portions of adjacent sealing strips are engaged
      to provide a neat seal therebetween. Since the sealing strip is formed
      from relatively soft material, any excess material can either be pushed
      into the joint or trimmed off in the field. Since the length of the
      support member is less than the adjacent frame member, the support member
      is free to undergo thermal expansion and contraction without affecting the
      frame assembly or the seal provided by the sealing strips.
PAR  Glass panes of relatively large area can be caused to vibrate by
      intermittent wind loads and other vibration inducing loads. Should the
      vibration amplitude reach a critical value, the glass pane will shatter.
      Since the present closure member is retained in position by the
      deflectible arm, it provides a cushioning effect. The present sealing
      member additionally serves as a damper for absorbing vibrational energy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken side view of the closure seal member of this invention;
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a broken, fragmentary elevation view of three of the present
      closure sealing members, illustrating the formation of corners;
PAR  FIG. 4 is a cross-sectional view, similar to FIG. 2, illustrating an
      alternative configuration of the closure sealing member of this invention;
PAR  FIGS. 5 and 6 are fragmentary elevation views of typical fixed frame
      assemblies incorporating the closure sealing members of this invention;
PAR  FIG. 7 is a fragmentary isometric view, partly in cross-section,
      illustrating a corner configuration of the fixed frame assembly of FIG. 5;
PAR  FIG. 8 is a cross-sectional view, taken along the line 8--8 of FIG. 7,
      illustrating one method of forming a corner between the sealing strips of
      adjacent closure sealing members;
PAR  FIG. 9 is a cross-sectional view, similar to FIG. 8, illustrating an
      alternative method of forming a corner between the sealing strips of
      adjacent closure sealing members;
PAR  FIG. 10 is a cross-sectional view, taken along the line 10--10 of FIG. 5;
      and
PAR  FIG. 11 is a cross-sectional view, similar to FIG. 10, illustrating the use
      of the present closure sealing member exteriorly and interiorly of the
      fixed frame assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a closure sealing member 20 comprising a longitudinally
      rigid support member 21 and a sealing strip 22. As best shown in FIG. 2,
      the rigid support member 21 comprises integral first and second arms 23,
      24 presenting an exterior face 25 and an interior face 26. A deflectible
      retaining arm 27 is integral with and pivotal about an edge 42 of the
      second arm 24 remote from the first arm 23. The arm 27 confronts the
      interior face 26 and is inclined relative to the second arm 24 so as to
      form an acute angle therewith. The deflectible retaining arm 27 may be
      coextensive in length with the second arm 24. The deflectible retaining
      arm 27 presents a lengthwise rib 28 extending away from the interior face
      26 of the second arm 24. The second arm 24 includes, intermediate of its
      opposite longitudinal sides, a lengthwise arch-shaped segment 29
      presenting a convex surface 30 confronting the deflectible arm 27.
PAR  The sealing strip 22 is formed from relatively soft resilient material,
      such as rubber, plastic and the like. The sealing strip 22 includes a
      first lengthwise portion 31 overlying the exterior face 25 of the second
      arm 24 and a second lengthwise portion 32 overlying the exterior face 25
      of the first arm 23. The first lengthwise portion 31 may have an edge 33
      received in and retained by a V-shaped retainer 34 formed in the second
      arm 24. The first lengthwise portion includes an arch-shaped segment 35
      corresponding to the segment 29 of the second arm 24. The second
      lengthwise portion 32 of the sealing strip 22 may have an edge 36 which
      surrounds and is retained by a re-entrant flange 37 formed in the first
      arm 23. Alternatively, as shown in FIG. 4, the edge 35 of the second
      lengthwise portion 32 may be surrounded by and retained by a re-entrant
      flange 38 of the first arm 23.
PAR  In accordance with the present invention and as best illustrated in FIG. 1,
      the overall length L of the sealing strip 22 is greater than the length of
      the rigid support member 21, whereby the sealing strip 22 extends beyond
      at least one and preferably both of the opposite ends of the support
      member 21. As illustrated in FIG. 1, the sealing strip 22 presents strip
      ends 39 extending beyond both of the opposite ends 40 of the rigid support
      member 21. As illustrated in FIG. 3, this construction permits adjacent
      closure sealing members 20A, 20B and 20B, 20C to be angularly presented
      with the adjacent strip ends 39 thereof in abutted relation to form neat
      joints 41a, 41b. At each of the joints 41, the confronting ends 40 of the
      adjacent support members 21 are entirely spaced-apart.
PAR  The advantage of having the strip ends 39 extending beyond the rigid
      support ends 40 will now become apparent from the following description.
      FIG. 5 illustrates a fixed frame assembly 43 of polygonal configuration
      (rectangular) having plural angularly presented frame members 44 of length
      L.sub.1 and 45 of length L.sub.2, surrounding a closure 46. The frame
      assembly 43 presents plural interior corners 47 each presented at a
      juncture of adjacent ones of the angularly disposed frame members 44, 45.
      FIG. 6 illustrates a fixed frame assembly of a different polygonal
      configuration, having plural, angularly presented frame members 49 of
      length L.sub.3 and 50 of length L.sub.4 surrounding a closure 51. The
      frame assembly 48 presents plural interior corners 52, each presented at
      the juncture of adjacent ones of the angularly disposed frame members 49,
      50; and interior corners 53, each presented at the juncture of adjacent
      ones of the angularly disposed frame members 49. As will be described, the
      closures 46, 51 cooperate with the frame members 44, 45 and 49, 50,
      respectively to define contiguous perimeter recesses at at least one
      assembly face -- each of the perimeter recesses receiving one of the
      closure sealing members 20. In accordance with the present invention, the
      overall length L (FIG. 1) of each of the closure sealing members 20
      corresponds substantially to the length L.sub.1, L.sub.2, L.sub.3, L.sub.4
      or the frame members 44, 45, 49 and 50.
PAR  In FIG. 7, the horizontal and vertical closure sealing members are
      identified by the numerals 20D and 20E, respectively. The sealing members
      20D, 20E meet at the juncture 47 of the frame elements 44, 45 to provide
      the joint 41a.
PAR  It will be observed in FIG. 8 that the frame member 44 presents inner faces
      54, 55. The frame members 45 have similar inner faces which are not
      visible in FIG. 8. The inner faces 54, 55 cooperate with the opposite
      faces 56, 57 of the closure 46 to define contiguous perimeter recesses 58,
      59. In FIGS. 7 and 8, the closure sealing members 20D, 20E are presented
      on the interior of the fixed frame assembly 43. As best shown in FIG. 8,
      the first arm 23 of the sealing member 20D is presented in capping
      relation with the recess 58. The second arm 24 extends into the recess 58.
      The first portion 31 of the sealing strip 22 is compressed between the
      inner face 56 of the closure 46 and the first arm 24 of the support member
      21. The second portion 32 of the sealing strip 22 is exposed to view. The
      deflectible arm 21 engages the inner face 54 of the frame member 44 and
      has its rib 28 extending into a locking recess 60 provided in the frame
      member 44. The retaining arm 21, in its deflected position, urges the
      rigid support member 21 toward the closure 46, thereby compressing the
      first portion 31 of the sealing strip 22 between the support member 21 and
      the closure 46. Hence the present closure sealing member 20 is capable of
      accommodating large tolerances in the thickness of the closure 46.
PAR  It will be observed in FIG. 9 that the joint 41a between the sealing
      members 20D and 20E may be formed by tucking-in the strip ends 39a of the
      second strip portions 32. No field cutting is required in forming the
      joint 41a in this manner. Alternatively, as shown in FIG. 10, the joint
      41a' between the sealing members 20D, 20E may be formed by field cutting
      an end segment of the second strip portion 32 of one of the sealing
      members, for example, the sealing member 20E. The strip in 39a of the
      second portion 32 (sealing member 20D) remains intact and engages the end
      of the second portion 32 of the sealing member 30E, thereby to provide the
      neat joint 41a'.
PAR  It will be observed in FIGS. 9 and 10 that the confronting ends 40 of the
      adjacent rigid support members 21 are spaced-apart. Thus each of the rigid
      support members 21 is free to undergo thermal expansion and contraction
      without affecting the joint 41a, 41a'.
PAR  The present closure sealing member may also be used exteriorly of the fixed
      frame assembly. As illustrated in FIG. 11, closure sealing elements 20D'
      and 20E' are received in the exterior, contiguous perimeter recesses 59.
      When used externally, the rigid support members 21 preferably are formed
      from corrosion resistant material such as stainless steel. In addition, a
      bead 61 of sealant material preferably is provided at each of the joints
      41, thereby to insure a weather tight seal.
PAR  It will be appreciated that since the support member is longitudinally
      rigid, installation portions need only be applied at intervals of 8 to 10
      inches along the length of the sealing closure member during installation.
      Hence, the time required to install the present closure sealing member is
      considerably less than the time required to install prior art rubber beads
      -- the resilient character of the beads requiring installation forces to
      be applied every one-half inch to one inch in order to drive it into the
      perimeter recess.
CLMS
NUM  1.
PAR  1. In a fixed frame assembly of polygonal configuration, having plural,
      angularly presented frame members surrounding a closure, said frame
      members including inner perimeter faces confronting said closure and
      defining contiguous perimeter recesses at one assembly face, and exposed
      perimeter faces at said one assembly face; said frame assembly having
      plural interior corners, each presented at the juncture of adjacent ones
      of said angularly disposed frame members; the improvement comprising:
PA1  sealing members, one presented in coextensive capping relation with each of
      said recesses, said sealing members including
PA1  longitudinally rigid support members frictionally retained in said capping
      relation by interlocking engagement with said inner perimeter faces of
      said frame members, said support members including first arms extending
      into said perimeter recesses and second arms integral with said first arms
      and extending therefrom over said exposed perimeter faces of said frame
      members; and
PA1  sealing strips having first portions compressed between said closure and
      the first arms of said support members, and second portions overlying said
      second arms and being substantially coextensive in area therewith, the
      second portions of the sealing strips of adjacent sealing members having
      strip ends engaged with each other and providing a neat exposed joint at
      each of said junctures;
PA1  the ends of the support members of adjacent ones of said sealing members
      being entirely spaced-apart from each other and being inwardly offset from
NUM  2.
PAR  2. The improvement of claim 1 wherein each of said support members
      includes:
PA1  a deflectible retaining arm integral with the second arm and being inclined
      relative to the second arm so as to form an acute angle therewith, said
      deflectible retaining arm being frictionally engaged with the inner
NUM  3.
PAR  3. The improvement of claim 2 wherein
PA1  each of said frame members is provided with a locking recess presented at
      the inner perimeter face thereof; and wherein
PA1  said deflectible retaining arm includes a lengthwise rib extending away
      from said interior face of said angle member into said locking recess.
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ABST
PAL  A trim strip of U-section for a marginal edge of an automotive body panel
      or the like comprises a flexible but relatively stiff core member of
      U-section formed of metal and having a plurality of longitudinally spaced
      transverse slots to permit the strip to deform in conformance to the
      contour of the panel edge. A flexible plastic decorative covering is
      secured to the core in overlying relation but is outspaced therefrom
      except along oppositely spaced marginal edges. In a modification a core
      member of wire mesh is used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the art of decorative trim
      strips and more particularly to a strip adapted to be conformingly
      self-connected along the marginal edges of automotive body panels or the
      like whereby to protect the edge against abrasions, scratches, pits and
      the like.
PAR  Trim strips of various constructions have heretofore been provided for
      installation relative to a marginal edge of sheet or panel sections and
      the like for the dual purpose of protecting the edge and for a decorative
      effect. In a typical construction for such strips, a relatively stiff but
      resilient core of U-section shaped to embrace and retain itself by
      friction on the edge of the panel is formed to a desired cross-sectional
      shape whereby to compressively overengage the marginal edge of the panel.
      A decorative moulding or cover is normally carried by the core and is
      generally provided with a bright lustrous appearance to augment the
      aesthetics of the vehicle. The decorative effect of the trim strip can be
      achieved in a number of different ways and may be accomplished merely by
      embossing the exterior surface of the strip during production. One
      decorative effect which has been used extensively is accomplished by
      adhering a film of metalized plastic to an exposed outer surface of an
      elastomeric moulding carried by the core or body. A transparent coating
      can be located over the film whereby the metalized plastic is visible
      therethrough and gives the trim strip the appearance of chrome.
PAR  In the production of edge trim strips, the body or core portion is
      generally formed of metal and U-shaped to accommodate reception of the
      marginal edge of the panel. To permit the core to be deformed in
      conformance with the shape of the marginal edge, the integrity thereof is
      weakened by the provision of a plurality of longitudinally spaced slots or
      notches. In the current practice it has been common to apply the
      decorative covering directly to the outer surface of the core portion in
      closely overlying relationship. Due to the fact that the strip bends
      primarily at the slots, undesirable characteristics in the appearance of
      the trim strip when the strip is conformingly bent in accordance to the
      shape of the marginal edge have been caused by the fact that the core will
      generally bend in a plurality of small, generally flat segments relative
      to an arcuately shaped edge portion of the panel. By virtue of its direct
      connection with the core, the covering will also assume the same
      configuration consisting of a series of flats rather than a smooth arcuate
      shape. Other defects or irregularities of the core are also apt to be
      visible in the exterior surface of the decorative cover and can result in
      a substantial quantity of strip produced being unacceptable for use.
PAR  In accordance with the present invention, an edge trim structure of the
      character described hereinabove is provided wherein the appearance of
      uneven surface contours including the aforementioned flats along an
      arcuately shaped contour of the marginal edge is minimized or eliminated.
      More particularly, and in conformance with one aspect of the present
      invention, an elastomeric moulding or cover carrying the decorative
      material is bonded to the metal core or body of the trim strip solely
      along marginal edge portions so that the intermediate portion therebetween
      is substantially independent of the core. This advantageously permits the
      mounding and decorative material thereof to float or in other words,
      assume its own contour relative to the marginal edge of the body panel
      whereby the tendency of the outer surface of the core underlying the
      moulding to distort the shape of the moulding or be visually discernible
      is substantially eliminated.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the subsequent description and the appended claims, taken in
      conjunction with the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE FIGURES OF DRAWING
PAR  FIG. 1 is a fragmentary perspective view with portions broken away of an
      edge trim strip in accordance with a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a transverse cross-section of the edge trim strip illustrated in
      FIG. 1 taken on the line 2--2 thereof;
PAR  FIG. 3 is a longitudinal sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view similar to FIG. 1 showing a modified
      construction;
PAR  FIG. 5 is a cross section taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a longitudinal section taken substantially on the line 6--6 of
      FIG. 5 and looking in the direction of the arrows, partly broken away;
PAR  FIG. 7 is a view similar to FIG. 1 showing another modification; and
PAR  FIG. 8 is a cross section taken on the line 8--8 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED FORMS OF THE INVENTION
PAR  With reference now to FIG. 1 of the drawing, a trim strip for a marginal
      edge of a panel in accordance with a preferred embodiment of the present
      invention is indicated generally at 10. The strip 10 comprises a generally
      U-shaped body or core member 12 adapted to be self-connected to the
      marginal edge of the panel and a decorative moulding 13 of generally
      laminated construction carried by the member 12. The member 12 is
      preferably fabricated from a non-corrosive metal such as stainless steel
      and includes a laterally extending base or bight section 14 and spaced
      side walls 16, 18.
PAR  As best seen in FIGS. 2 and 3, each of the side walls 16 and 18 include a
      plurality of longitudinally spaced, laterally extending slits or incisions
      20 which extend at least partially into the base section 14 which function
      to reduce the inherent structural integrity or strength of the core 12
      whereby the trim strip 10 is sufficiently flexible to accommodate the
      contour or shape of the marginal edge of the panel whereto the strip is to
      be connected. Each of the side walls 16 and 18 also include a plurality of
      longitudinally spaced, triangular shaped, lanced finger means 22 which
      are, respectively, inclined inwardly relative to the plane of the inner
      surface thereof and which are adapted to compressively retain the strip 10
      in a substantially fixed position along the marginal edge of the panel.
      More particularly, the trim strip 10 is installed by slidably overfitting
      the core 12 upon the marginal edge of a panel. In response to the slidable
      installation of the strip 10, the fingers 22 are deflected outwardly
      resulting in a compressive bias adapted to fixedly self-connect the strip
      10 to the panel. The sharp-edged apex defined at the upper edge of the
      fingers 22 is adapted to resist removal of the trim strip 10 once it has
      been installed, it being appreciated that the strip is readily slidable to
      cooperatively receive the marginal edge of the panel but virtually locked
      in place by the apex of the fingers 22 once the strip is fully seated
      relative to the panel edge.
PAR  Except along the free ends of the sidewalls, the moulding 13 is disposed in
      substantially spaced overlying relationship relative to the outer surface
      of the core 12 and is bondingly connected thereto solely along the lower
      marginal edges of each of the side walls 16 and 18. In this regard, it
      will be seen that the moulding 13 comprises a generally U-shaped support
      section indicated generally at 24 formed of a suitable flexible plastic
      and having an enlarged inner surface 32 defining a U-shaped space 33
      between wall 24 and core 12. The lower wall portions of the section 24
      include inwardly, laterally extending flanges 28 and 30 which are adapted
      to be bondingly or otherwise connected along the lower edge of the walls
      16 and 18 of the core 12. Each of the opposite laterally spaced side walls
      of the section 24 project slightly below the marginal edge portion of the
      core 12 whereby the core 12 is virtually totally concealed after
      installation on the panel edge. The outer surface of the section 24
      includes a pair of longitudinally extending, inwardly spaced shoulders 26
      which form a seat adapted to cooperatively receive and locate opposite
      marginal edges of a metal film or foil indicated at 34, the latter being
      preferably adapted to provide a bright lustrous appearance to enhance the
      aesthetics of the trim strip 10. Preferably, the film or foil 34 is formed
      by a vacuum metalized polyester having a thickness in the magnitude of
      0.0005 inches. To protect the metal film 34 from surface abrasions, nicks,
      gouges, scratches, pits and the like, a clear transparent coating 36 is
      disposed about the outer surface of the film 34 and in a preferred
      construction of the strip 10, the coating is formed by a polyvinyl
      chloride composition in conformance with ASTM Standard D-2287.
PAR  In the modified construction shown in FIGS. 4-6 a plastic body generally
      designated 50 is formed of a relatively stiff but bendable plastic, and is
      extruded in the shape best shown in cross section in FIG. 5, to include an
      inner U-shaped wall structure 52 corresponding in position and general
      conformation to the reinforcing core 12 of the first embodiment but having
      continuous longitudinally extending finger-like ribs 54 in place of the
      teeth 22. Ribs 54 are inclined inwardly and adapted to frictionally engage
      opposite sides of a panel to which the assembly is applied. An outer wall
      portion 55 of similar shape to but larger than the wall 52 is molded
      integrally with wall 52 and is outspaced therefrom except at the free
      edges where it is joined to the wall 52 by integral connecting portions
      56, 57. A wire mesh reinforcing core 60 of conforming U-shape is fitted in
      the space between the inner and outer walls 52, 55, fitting snugly on the
      inner wall 52. A free space 62 is left between the mesh and the outer wall
      55, corresponding to the space 53 of the first-described embodiment. The
      base portions of the free edges of the mesh are gripped between wall 52
      and the closer fitting portions 64 of the outer wall 55. The outer wall 55
      is illustrated as carrying a decorative coating consisting of a metalized
      layer 66 and a transparent protective plastic coating 68.
PAR  The wire mesh 60 is loosely woven of easily-bendable wire, and may be
      either slid into place, or molded in place. Although when the assembly is
      bent the mesh tends to ripple and distort, such distortions are not
      visible on the outside, because they are accommodated within the space 62.
PAR  The further modification shown in FIGS. 7 and 8 is similar to the
      embodiment of FIGS. 4-6, except that the core reinforcing mesh member 60
      of the last-described embodiment is replaced by a core member 70 of sheet
      metal, provided with slots 80 corresponding to the slots 20 of the first
      embodiment to permit ready bending. In all embodiments material of the
      core reinforcing member is sufficiently resilient, and the side webs are
      tensioned inwardly so as to cause the assembly to tightly grip a panel
      upon which it is overfitted. In the embodiments of FIGS. 4-8, however, the
      inner walls 52, 72 serve to protect the panel surface against marring so
      that no metal directly engages the panel. In effect the core structure in
      these embodiments consists of the inner wall 52 or 72 and the core
      reinforcing member 60 or 70. Other features of both of these embodiments
      will be seen to correspond to features previously described, so that
      detailed redescription thereof will not be required.
PAR  It will be seen that the outer decorative portion of the trim strip is
      permitted to virtually float relative to the core structure, whereby the
      strip will smoothly conform to various arcuately shaped sections formed on
      the marginal panel to which it is mounted. Connection of the support
      section to the core solely along the marginal edges thereof permits the
      support section and decorative material to assume their own independent
      contour relative to the core.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
NUM  1.
PAR  1. A bendable trim strip of U-section adapted to embrace and to be
      self-connectably located on the edge of a panel or the like comprising a
      U-sectioned elongated relatively flexible stiffening core formed of metal
      and which when bent tends to form relatively minor superficial
      irregularities, an elongated U-sectioned decorative covering carried by
      and embracing the exterior of and bendable with said core and continuously
      secured thereto along transversely spaced longitudinally extending narrow
      marginal areas located at the free edges of the legs of the U-sectioned
      core and covering, all portions of said covering except in said secured
      marginal areas being outspaced from the core throughout the entire
      effective length of said core and covering to define an uninterrupted
      longitudinal space of U-shaped cross section between the core and
      covering, whereby irregularities of the core are spaced from and do not
NUM  2.
PAR  2. A trim strip of U-section adapted to embrace the edge of a panel,
      comprising a U-sectioned elongated flexible plastic inner body portion, a
      U-sectioned elongated bendable metallic stiffening core embracing the
      exterior of said inner body portion, and a U-sectioned elongated flexible
      plastic outer body portion extending around both side webs and the bight
      portion of the stiffening core and continuously secured to the free edges
      of the side webs of the core, said outer body portion, except in the edge
      areas close to said free edges, being spaced from the core to define an
      uninterrupted longitudinal spacing of U-shaped cross section between the
      stiffening core and the outer body throughout the entire length of the
      outer body and extending around and along the major proportion of the
      total cross sectional area of the bight and side web portions thereof.
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PAL  In a building construction method a plurality of building segments are
      coupled together and raised in unison from a central control point via a
      crane. The crane has a plurality of lifting cables selectively driven from
      a plurality of winches under the control of the operator. The building
      segments are pivotably coupled together for lifting into position and for
      locking together to form a rigid self supporting building structure.
      Successive layers of the building are hoisted into position via detachable
      pulleys affixed to the previously raised building segments.
PARN
PAR  This is a division of application Ser. No. 365,797, filed May 31, 1973, and
      now issued as U.S. Pat. No. 3,866,385, on Feb. 18, 1973.
BSUM
PAR  This invention concerns a method for the production of roofs or the like,
      without the use of framework, in particular in the case of column-free
      workshops or factory halls (sheds) or the like, from singly or doubly
      curved roof shells, which are composed of individual shell elements.
PAR  It is usual to employ -- in the case of these and similar building surfaces
      -- the advantageous "curtain" assembly technique. This "curtain"
      constructional system eschews the use of rafters and posts and satisfies
      the requirements which have to be met in respect of weight. Better use is,
      certainly, made of building materials in this system. However, this
      "curtain" building system does not allow rapid working speeds to be
      achieved, and is labour-intensive. Also, assembly difficulties are
      experienced by reason of the relatively great height and span lengths of
      the roof or the like.
PAR  The invention has the object of removing these drawbacks and of simplifying
      assembly performance, while assembly still takes place without the use of
      scaffolding, and the "curtain" building technique can be employed
      substantially unimpaired. At the same time it is intended to reduce
      assembly time and the number of operatives employed in the assembly work,
      so that the latter may be carried out with the greatest possible
      efficiency and cheapness.
PAR  To this end it is proposed according to the invention: to commonly raise
      the shell elements -- which have been symmetrically arranged in advance in
      one or more rows or rings -- by pulling components, a respective one of
      which is associated with each of the shell elements and which are
      releasably coupled to the shell elements; to subsequently pivotably couple
      -- when the shell elements have come into contact with a row of shell
      elements which have been previously assembled -- the first-mentioned shell
      elements to the said row of previously assembled shell elements, or to
      suspend to first-mentioned shell elements on or in the said row of
      previously assembled shell elements; to then upwardly swivel the
      first-mentioned shell elements by subsequent actuation of the pulling
      components about an approximately horizontal axis, this upward swivelling
      motion of the shell elements continuing until their coupling components
      engage in one another and a vertical coupling action has been
      accomplished, and/or until the shell elements have assumed a predetermined
      angle of inclination. Thereafter all the shell elements are slowly
      swivelled together, preferably simultaneously, by virtue of the fact that
      the pulling components are appropriately shifted.
PAR  According to a modification of the invention, these working steps are
      controlled from a central control point, whereby the number of operatives
      used may be appreciably reduced, particularly in the case of large halls,
      sheds or workshops.
PAR  An apparatus for carrying out the proposed method comprises a crane, in
      particular a stationary mounted crane, the drive part (for example a
      toothed ring) of which -- this crane has at least one such drive part --
      is connected, by way of a respective clutch, to rotatable winches, rollers
      or the like, the number of these winches being substantially the same as
      the number of shell elements belonging to a ring of shell elements or to a
      row of shell elements; and pulling cables or the like of the winches are
      releasably coupled to the shell elements, preferably at the end of these
      cables. In this way it is particularly easy to exercise centralised
      control over the assembly work.
PAR  According to one modification of the invention the winches and/or their
      clutches are so arranged, and/or so constructed, that all or some of the
      winches may be selectively driven. In this way it is possible to
      individually control the movements of the shell elements so that these
      movements are satisfactorily related to one another in terms of location
      and time, and also to assemble the shell elements so as to achieve the
      same result.
PAR  In the case of the shell elements for carrying out the method proposed
      according to the invention the horizontal couplings or joints consist of
      frusto-conical projections and of frusto-conical recesses in the adjacent
      shell element. This provides, relatively simply, a joint or coupling which
      presents adequate resistance to bending stresses. According to another
      embodiment of the invention an articulated joint is employed for the
      vertical coupling and may in particular be in the form of a head and of a
      socket located between adjacent shell elements. According to a further
      modification of the invention swivelling movements of the head part are
      simplified by the provision, as coupling elements for the swivelling
      movements, a sheet metal angle plate, in particular L-strip on one shell
      element and a co-operating pin, spindle or the like on the other shell
      element.
DRWD
PAR  An embodiment of the invention is represented in the drawing and is
      described below. In the drawing:
PAR  FIG. 1 illustrates the crane according to the invention, only the most
      important components being shown;
PAR  FIG. 2 is a side view of the crane shown in FIG. 1;
PAR  FIG. 3 is a plan view, in the ring -- or horizontal plane, or two shell
      elements, which are in partial engagement with each other;
PAR  FIG. 4 is a side view of two adjacent shell elements, the upper of which
      has been upwardly swivelled and the coupling elements for effecting
      vertical coupling engaging in each other;
PAR  FIG. 5 is a side view, partially in section, of the overall lay-out of the
      multi-cable crane; only two of the plurality of cables provided are shown,
      together with their associated guide rollers, the co-operating walls,
      supports and/or completed rows;
PAR  FIG. 6 is a plan view of half of a partially assembled roof, four roof
      shells being visible;
PAR  FIG. 7 is an elevation of a cooling tower, whose walls are formed by the
      method according to the invention;
PAR  FIGS. 8 to 10 illustrate different shapes of roof, composed of suitable
      roof shells; the cooperating multi-cable crane is only shown in outline;
PAR  FIG. 11 is a plan view of two consecutive shell elements corresponding to
      FIG. 4;
PAR  FIG. 12 is a fork for receiving an upper guide roller; for the sake of
      pictorial clarity the cables run parallel to each other; and
PAR  FIG. 13 shows a shell element with fixing means into which the end of a
      cable or rope can be anchored.
DETD
PAR  As shown in FIG. 5, a multi-cable crane is mounted approximately in the
      centre of the hall or shed 2, which is to be covered over by the roof, and
      is driven by a suitable drive means, for example by an electric motor 3
      (FIGS. 1,2). This drive to the multi-cable crane is transmitted by way of
      a clutch or coupling 4 and toothed wheel (preferably a helical gear wheel
      or pinion wheel 5). Thus, a gear ring (toothed rim) 6 of the multi-cable
      crane is caused to rotate and meshes with a number of driven toothed
      wheels 7, each of which is associated with a respective winch 8. The
      winches 8 are disposed about the toothed ring 6 and control the movement
      of cables 9. The cables 9 pass from the winches 8 to guide rollers 10, 11,
      (FIG. 5), which are positioned on supports or on the wall of the hall or
      shed; thence the cables 9 pass to the first roof shell, that is to say to
      the first row of roof shell elements. Each of the winches 8 is provided
      with a clutch 12. The clutch may be in the form of an electromagnetic
      clutch, which is remotely controllable, that is to say it can be engaged
      or disengaged from a remotely located control centre. Each of the clutches
      can be engaged or disengaged independently of the condition of the
      clutches 12 of the other winches 8. The drive 3 and clutches 12 can be
      controlled by an operative from a control console or panel. For example,
      the different actions may be initiated by acting on appropriate control
      knobs 3.
PAR  The upper guide roller 13 is releasably fixed in position, and has special
      functions to carry out. A shell element 14 is attached to the cable or
      rope 9, depending from the guide roller 13. For example, and as is
      illustrated in FIG. 13, the end of cable 9 is hooked in an eye 15.
      Examples of the type of building shell element which may be used are shown
      in FIGS. 3, 4 and 11. The shell elements may be of such a shape that the
      whole roof shell can be imagined as being split up by ring -- and
      meridian-sections; this is best illustrated in FIG. 6. In the ring plane,
      illustrated in FIG. 3, a coupling joint is formed, between adjacent
      elements, so as to be resistant to any bending stresses applied to it.
      This joint consists of frusto-conical projections 16 and of associated
      frusto-conical holes 17. The vertical coupling or joint between adjacent
      shell elements is formed by hemispherical heads 18 and hemispherical
      sockets 19 (FIG. 4).
PAR  For the purpose of swivelling the upper shell elements, hooks are also
      arranged in the latter, for example L-shaped hooks 20 made of sheet metal,
      while pins 21 are provided on the other shell element 14. Elongate slots
      22 formed in the L-shaped hooks 20 -- which are themselves positioned at
      the lower edge of one of the shell elements -- surround the pins 21, which
      are located on the upper edge of the other shell element.
PAR  As is diagrammatically illustrated in FIG. 3, the upper guide rollers 13
      are installed by means of recesses 23, in which engage the supporting
      stems 24 (FIG. 12) of forked elements 25. The guide roller 13 is inserted
      between the arms of the forked element 25, and is then rotatably supported
      on the pin 26, which has also been placed in position between the arms of
      the forked element 25.
PAR  The cables or ropes 9 do not necessarily have to extend radially, in the
      manner shown in FIG. 5. Indeed, these cables 9 may extend approximately
      parallel to each other when, as in the case of the compass (barrel) roof
      illustrated in FIG. 8, the row or line of shell elements is not in the
      form of a ring, but approximately linearly disposed rows or lines of shell
      elements 28, 29 are successively installed. A more detailed account
      follows of the process according to the invention. Shell elements 14,
      which have been brought up by motorised vehicle, are placed down on the
      floor of the hall or shed 2 under a guide roller 13. The shell elements 14
      are thus set down -- approximately in a position corresponding to the
      subsequent positions of the shell element when they finally form part of
      the roof of the shed or hall. Thus, the shell element may be set down in
      the form of rings (FIG. 6), in the form of an oval (FIG. 10), as a circle
      (FIG. 9), or as a series of straight lines or rows (FIG. 8). A first roof
      shell is fixed to the supports 30 of the hall or shed, possibly in a
      manner known per se, so that for example the lower shell elements of FIG.
      4 are positioned.
PAR  The ends of the cables 9 depending from rollers 13 are hooked or otherwise
      anchored in their associated shell elements 14 (FIG. 13). The shell
      elements 14 may undergo preliminary positioning, on the floor of the hall
      or shed, so that the coupling or joint elements 16, 17 already partially
      engage in one another at this stage. The drive means 3, and, hence, the
      toothed ring 6. are driven, with the result that the winches 8 start to
      rotate, thereby tensioning the cables 9 and lifting the shell elements 14
      (FIG. 5). In this way the shell elements 14 are simultaneously and slowly
      brought together in ring formation and coupled together in the ring plane
      (FIG. 3). Approximately simultaneously, and possibly with the assistance
      of an operative, the pins 21 are inserted into the elongate holes 22 of
      the sheet metal hooks 20 (FIG. 11). By appropriately engaging and
      disengaging the clutches 12 it is ensured that the shell elements are
      uniformly tightened or coupled together. The cables 9 are then raised to a
      further extent, so that the row of lower shell elements are upwardly
      swivelled, in the direction of arrow A (FIG. 4) and about swivel pins 21;
      thus the position of the lower shell elements is reversed, these elements
      being swivelled almost through a range of 180.degree., this swivelling
      movement continuing until spherical head 18 engages in hemispherical
      recess 19. The upper roof shell element 14 will now be supported or
      anchored from the lower roof shell element, and the fork 25 is then pulled
      out of its holder and inserted in retaining holes, for example holes 23
      formed in the shell elements which have just been fixed in position in the
      roof being formed and form part of what is now the upper roof shell. One
      fork 25 is arranged to co-operate with each shell element 14. The end of
      the cable 9 is released and drops, as shown in FIG. 5; the next roof shell
      can now be assembled in position in the roof which is in process of
      formation.
PAR  It is apparent from the foregoing that the ring of shell elements which has
      been the last to be formed functions as a mast or as a jib. The invention
      is not restricted to this particular form of embodiment. Thus, the cables
      9 may be run in grooves or channels 30 in the ground. Apart from compass
      (barrel) roofs, it is also possible to assemble shed (penthouse, lean-to)
      roofs (FIG. 8) or differently shaped roofs. The remaining opening may be
      closed off with a saucer dome (dome light). Apart from roofs (FIG. 7),
      other surfaces -- which do not only serve as roofs -- may be assembled. It
      is possible to use singly curved roof shells in addition to doubly curved
      roof shells. The multi-cable crane proposed according to the invention may
      also be used for other purposes, for example -- when used in conjunction
      with the shell construction method, employing sliding (climbing) forms --
      for feeding concrete or other building materials. Then, instead of hooking
      the shell elements at the end of the cables or ropes 9, containers may be
      hooked to these cables or, for other practical applications, grippers or
      the like for tools or the like. The hulls of ships may also be made in
      accordance with the concept underlying the present invention. The roof
      shell may be preferred in a form in which it can be divided up into the
      individual roof shell elements by ring -- or meridian-sections.
      Nevertheless the invention also includes cases in which the meridian
      radius becomes infinitely large, so that the side surface of the roof
      shell elements corresponds to a straight line (see FIG. 8). The particular
      structural materials selected will depend on the circumstances prevailing
      and includes roof shell elements made on a base of synthetic plastics
      materials or concrete. However, all other suitable structural materials
      may be used, such as wood, iron, glass, fibrous susbtances, or
      combinations of these materials.
CLMS
NUM  1.
PAR  1. In a method of constructing a composite structure from a plurality of
      shell elements, the steps of:
PA1  positioning below the structure to be erected a set of shell elements to
      constitute a course in the relative side-by-side positions corresponding
      to those positions to be occupied by the elements in the eventual
      structure;
PA1  raising those edges of all the shell elements of the course which are to be
      lower-most in the eventual structure to the level of the upper edge of the
      previously erected portion of the structure;
PA1  pivotably attaching said raised edges of the shell elements of the course
      to said previously erected structure;
PA1  raising the edges of the shell elements of the course opposite to said
      previously raised edges to pivot the shell elements of the course about
      said pivotably attachments into their desired erected positions; and
PA1  securing the pivoted shell elements against other pivotable movement
NUM  2.
PAR  2. The method of claim 1 including the step of at least partially securing
      together the adjacent edges of said shell elements in each course prior to
NUM  3.
PAR  3. The method of claim 1 wherein all the shell elements of a course are
NUM  4.
PAR  4. The method of claim 1 wherein the raising and pivoting steps are
NUM  5.
PAR  5. The method of claim 1 wherein the shell elements are raised from the
      central control point via the intermediary of a plurality of separately
      operable lifting cables and including the step of, raising containers
      charged with building materials to individual working sites via the
      intermediary of said separately operable lifting cables.
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ABST
PAL  An improvement in a suspended ceiling tile construction comprising a
      generally inverted T-shaped hanger means, a first horizontal portion of
      which supports a permanent ceiling tile and a second horizontal portion of
      which extends toward a removable ceiling tile, the generally vertical
      member of said T-shaped hanger means provided with means to suspend the
      hanger means from a permanent ceiling, said improvement comprising a clip
      having an inwardly directed arcuate surface made of a resilient material
      disposed over a portion of the upper surface of said second horizontal
      position at the terminal edge thereof a portion of said clips being
      disposed contiguously in contacting relationship below a portion of a
      bottom surface of said removable ceiling tile to support the same, said
      clip having a lip projecting downwardly therefrom, especially a clip where
      arcuate portion is joined to the portion in contact with the bottom
      surface of the removable ceiling tile by a contour member disposed along
      the vertical edge of the removable ceiling tile.
PARN
PAR  This is a division of application Ser. No. 392,408 filed Aug. 30, 1973, now
      U.S. Pat. No. 3,875,717.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to suspended ceiling tile construction. More
      particularly, this invention relates to an improved simple device for
      removable securing a removable ceiling tile to a stationary ceiling tile
      disposed in a juxtaposition thereof, both of said ceiling tiles being in a
      suspended ceiling tile construction.
PAR  2. Discussion of the Prior Art
PAR  In the assembly of suspended ceiling tiles framed members generally
      speaking are secured to the permanent ceiling via frames which descend
      vertically and define what is known in the trade as a Z-bar. The Z-bar is
      either in the shape of the letter H turned 90.degree., or in the shape of
      a Z with the bottom horizontal member extending on either side of the
      vertical member. Generally, speaking a Z-bar is shown in U.S. Pat. No.
      3,276,179. As seen therein the Z-bar is affixed to the permanent ceiling
      by use of separate clamp means and a suitable fastener such as a screw.
PAR  The Z-bar carries the suspended ceiling tiles which are appropriately
      mounted against the lowermost generally horizontal member. When it is
      desirous to dispose against a permanent ceiling tile a removable ceiling
      tile the prior art has provided a bracket means engageable with the Z-bar
      which is adapted to extend over a portion of the removable panel to be
      disposed there-against. A threaded member passes through such bracket and
      through the panel itself. There is positioned beneath the removable
      ceiling tile a generally circular button which is reciprocally threaded
      with the vertically disposed threaded with the vertically disposed
      threaded member so that it can be screwed into the portion of the threaded
      member extended beneath the removable ceiling tile. The removable ceiling
      tile is affixed to the assembly by initially placing the bracket in
      position and moving the ceiling tile into position effecting creation of a
      hole through the ceiling tile to accommodate the vertically positioned
      threaded member. When the ceiling tile is in place the generally circular
      button is screwed onto the portion of the threaded member extending
      beneath the ceiling tile.
PAR  When it is desired to remove the ceiling tile the button must be completely
      removed from the assembly before the removable ceiling tile can be
      lowered. When removed the space occupied by the removable ceiling tile
      still contains the bracket member which extends inwardly from the edge of
      the permanent ceiling tile. When one bears in mind that a present reason
      for providing removable ceiling tiles in commercial installation is to
      provide access to structural members such as wires and airconditioning
      ducts, it is seen that it is a decided disadvantage to have a projecting
      bracket in the limited space provided in which to carry out the inspection
      of or modification to the structural members. Specifically, the average
      workman can readily harm himself or his clothing when working in such
      narrow space because he will undoubtedly come into engagement with the
      relatively permanent bracket on which to fasten and secure the removable
      ceiling tile via the button.
PAR  There is still another decided disadvantage which resides in the fact that
      the button must be removed free of the balance of the asembly. Bearing in
      mind its small size it can readily get lost thereby necessitating the
      replacement of the button and additional nuisance when it is time to
      reinsert the ceiling tile. A third distinct distant disadvantage of the
      celing tile construction resides in the fact that it is necessary to make
      a hole completely through the ceiling tile to accommodate the threaded
      member. Such is difficult to do without creating a mess and without
      undoubtedly mutilating the removable ceiling tile.
PAR  It is an object of this invention, therefore, to provide a simple means for
      securing a removable ceiling tile to a permanent ceiling tile. It is an
      object of this invention to provide a means to secure the removable
      ceiling tile to the Z-bar or other hanger means whereby the means employed
      consist of only one part. It is further object of this invention to
      provide a clip means for securing a removable ceiling tile to a hanger
      means employed in suspended ceiling tile structure which clip means is
      removed the removable ceiling tile when the same is removed from the
      hanger means which carry the common ceiling tile.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, this invention contemplates an improvement in a suspended ceiling
      tile construction comprising a generally inverted T-shaped hanger means, a
      first horizontal portion of which supports a permanent ceiling type and a
      second  horizontal portion of which extends toward a removable ceiling
      tile, the generally vertical member of said T-shaped hanger means provided
      with means to suspend the hanger means from a permanent ceiling tile, said
      improvement comprising a clip having an inwardly directed arcuate surface
      made of a resilient material disposed over a portion of the upper surface
      of said second horizontal portion at the terminal edge thereof, a portion
      of said clip being disposed contiguously in contacting relationship with a
      portion of a bottom surface of the said removable ceiling tile to support
      the same, said clip having a lip projecting generally downwardly
      therefrom.
PAR  In a particularly desirable embodiment there is contemplated such an
      improved suspended ceiling tile construction wherein the arcuate portion
      of the clip is joined to the portion in contact with the bottom surface of
      the removable ceiling tile by a contour member disposed along the vertical
      edge of the periphery of the removable ceiling tile in facing relationship
      with the edge of an abutting or facing permanent ceiling tile.
PAR  The present invention further contemplates such a clip which clip comprises
      an arcuate lip of a resilient material, the arc of which faces a generally
      vertical member of said clip which generally vertical member terminates in
      a generally horizontal ledge having connected thereto a generally vertical
      lip member. There is especially contemplated a clip of a continuous
      resilient sheet material having at one end thereof a terminal arcuate
      member angularly connected to a generally vertical portion on said clip
      which generally vertical portion is in facing relationship with said
      arcuate member, said vertical portion having a generally horizontal
      portion disposed beneath said vertical portion, said horizontal portion
      terminating in a second vertical portion, in turn, joined to a horizontal
      ledge generally parallel to said horizontal portion, said ledge provided
      with the generally vertical lip.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention can be more readily understood and appreciated when
      reference is made to the accompanying drawings in which:
PAR  FIG. 1 is a vertical sectional view of a suspended ceiling construction
      according to the present invention showing a permanent ceiling tile held
      by a generally inverted T-shaped member said permanent ceiling tile in
      facing relationship edge wise with the edge of a removable ceiling tile
      held in position on the inverted T-shaped member by a resilient clip
      member;
PAR  FIG. 2 is a view similar to FIG. 1 showing the method by which the
      removable ceiling tile is removed from the hanger means holding the
      permanent ceiling tile; and
PAR  FIG. 3 is a perspective view of the clip member disposed along the
      periphery of the removable tile seen in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring to the drawings herein FIG. 1 shows a generally inverted T-shaped
      hanger means 2 connected to a support for which, in turn, can be connected
      to a permanent ceiling. The combination of inverted T-shaped member 2 and
      horizontal member 4 can be considered as the Z-bar. For the description of
      the present invention it is only necessary to consider that portion of the
      Z-bar which represents an inverted T or a horizontal leg thereof. There is
      disposed about a first horizontal portion 6 of the inverted T member 2 a
      permanent ceiling tile 8. Permanent ceiling tile 8 contains a groove 10 of
      a size corresponding to the thickness of the first horizontal member 6.
      Ceiling tile 8 has a lower lip 12 which is disposed beneath the vertical
      section 14 of the generally inverted T-shaped hanger means 2.
PAR  In facing relationship with the edge 16 of the permanent ceiling tile 8 is
      an edge 18 which constitutes one of the vertical edges of the removable
      ceiling tile 20. Removable ceiling tile 20 comprises the first vertical
      edge 18, a horizontal portion 22 and a generally vertically portion 24.
      Disposed about the periphery of the terminal edge of removable ceiling
      tile 20 is a clip member of the present invention which is a generally
      strip material of a resilient substance formed in the configuration shown
      in FIG. 3.
PAR  Referring to FIG. 3 which shows the clip member from the opposite direction
      to that shown in FIGS. 1 and 2, the clip member has an arcuate lip 32 and
      rises angularly by a surface 34 to meet a generally vertical portion 36
      which terminates in a first horizontal portion 38. Horizontal portion in
      turn is connected to a second vertical portion 40 which in turn terminates
      into a horizontal ledge 42 which is generally parallel to horizontal
      portion 38. Disposed on horizontal ledge 42, such as the end thereof, is a
      generally vertical lip member 44.
PAR  Referring to FIGS. 1 and 2 the clip member of FIG. 3 is inserted over the
      edge 18 and overlies the vertical portion 22 of the removable ceiling tile
      20. The horizontal ledge 42 of the clip member is disposed beneath a
      bottom surface of the removable tile 20 so as to run contiguously
      therewith over a portion of the surface. The horizontal ledge 42 is in
      contacting relationship with a portion 50 of the bottom surface of the
      removable ceiling tile 20. In actual practice the lower surface 52 of the
      horizontal ledge 42 will be in general aligned with the lower surface 54
      of the main portion of the removable ceiling tile 20. The horizontal
      portion 38 and the horizontal ledge 42 are so sized as to receive the edge
      member or portion 56 of the removable ceiling tile 20. The interconnecting
      second vertical portion disposed between horizontal portion 38 and
      horizontal ledge 42 runs along and is contiguous and in contacting
      relationship with the facing edge 18 of the removable ceiling tile 20.
PAR  The clip member has an arcuate portion 32 which lies over a terminal edge
      60 of the second horizontal member of the generally inverted T-shaped
      hanger means. The material of the clip member is resilient so that when
      the clip is in position as shown in FIG. 1 and a force is applied in the
      direction of the arrow shown therein as by pulling on the generally
      vertically extending member 44 the strip material of the clip will
      deformed inwardly inasmuch as the material of the portion 34 of the clip
      is resilient. This deformation will be of sufficient magnitude to allow
      the clip member to be removed free the terminal edge 60 of the heart of
      the second horizontal portion of the generally inverted T-shaped hanger
      member.
PAR  Similarly when the removable ceiling tile 20 is to be reinserted the
      resilient surface of the angularly disposed member 34 will be such as to
      permit such surface to be deformed inwardly towards the generally vertical
      surface 36. When the generally inwardly directed arcuate surface 32
      reaches the terminal edge 60 of the second horizontal portion of the
      generally inverted T-shaped hanger means, the same will deform inwardly
      until the terminal edge of the arcuate portion 32 overlies the terminal
      edge 60 of the horizontal portion facing the removable ceiling tile 20.
PAR  It is therefore seen that the clip member of the present invention is a
      single unitary piece of a resilient material. It is readily applied to the
      edge of currently employed removable ceiling tiles merely by disposing the
      same along the contour as shown in FIG. 2 and slightly wrapping the same
      to lodge it in contacting relationship with the edge of the removable
      ceiling tile 20. No additional procedures are required to dispose the same
      in operative relationship to the entire suspended ceiling tile assembly.
      The ceiling tile is then raised in the position shown in FIG. 2 to that of
      the position of FIG. 1.
PAR  The clip member of FIG. 3 is made of a resilient material. As such it can
      be made of numerous available materials including synthetic polymer
      materials as well as metals. The lip member 44 can be of different colors
      so that each color can represent a different function disposed between the
      permanent ceiling and the ceiling tile. Thus, when the personnel of a
      building want to locate, for instance, plumbing lines they look for the
      color on vertical lip 44 corresponding to plumbing lines. The lip 44 is
      then engaged and pulled slightly in the direction of the arrow shown in
      FIG. 1 to dislodge the removable ceiling tile 20 from the position shown
      in FIG. 1 to that of FIG. 2.
PAR  It will be understood that other constructions are possible within the
      scope of the present invention. Thus, the drawings depict a particular
      desirable mode wherein the arcuate portion of the clip is joined to that
      portion underlying the removable ceiling tile by portions which run along
      the edge contour of removable ceiling tile and are in facing relationship
      with the edge 16 of the permanent ceiling tile. However, is also
      contemplated that the vertical portion 24 descends throught the body of
      the removable ceiling tile 20. A horizontal portion is then provided at
      the terminal edge thereof to support a portion of removable ceiling tile
      20. Such horizontal portion is provided with a lip member descending
      generally vertically therefrom but to serve as a ledge which is grasped.
      In such embodiment the clip works essentially the same as the embodiment
      shown in FIGS. 1 through 3. The ceiling tile is dislodged by virtue of the
      resilient cam-like action which occurs at the arcuate portion 32 facing
      the terminal edge 60 of the second horizontal portion of the inverted
      T-shaped hanger means 2. Naturally, the horizontal portion disposed along
      the bottom age of the ceiling tile 20 can run in either direction i.e. it
      can run towards the space between the paneling ceiling tile and the
      removable ceiling tile or it can run in a direction opposite thereto. In
      either event the removable ceiling tile is readily removed from the
      inverted T-shaped bracket. The clip member stays positioned on to the
      removable ceiling tile and does not present an obstruction when a worker
      insert his hands into the space provided by the removal of the removable
      ceiling tile 20. Therefore, the operation is as safe as the general
      construction provides. Accordingly there is provided a simple effective
      unitary ceiling tile construction wherein the clip member employed to
      engage the removable ceiling tile comprises only one part and thus there
      is no problem of parts being separated from one another as is the case in
      the construction of U.S. Pat. No. 3,276,179.
PAR  Other advantages of the present invention will be obvious to one of still
      in the art after having viewed the above disclosure.
PAR  Thus, the terms and expressions used herein have been used as terms and
      expressions of illustration and not of limitation as there is no
      intention, in the use of such terms and experessions, of excluding any
      equivalents, or portions thereof, its various modifications and departures
      from the above disclosure will become apparent to one skilled in the art.
PAR  The clip can of course be used in system having other than an inverted T
      structural hanger member. For instance they can be used when a Z bar is
      used in which case the clip engages over the horizontal member as
      described. Thus the invention can be considered to reside in a suspended
      ceiling tile construction having a hanger member having a generally
      horizontal lip extending toward a removable ceiling tile said construction
      having a permanent ceiling tile abutting said hanger member on one side
      thereof and said removable ceiling tile abutting said hanger member on the
      other side thereof said construction improved by a clip having an inwardly
      directed arcuate surface made of a resilient material disposed over a
      portion of the upper surface of the horizontal lip at the terminal edge
      thereof a portion of said clip being disposed contiguously in contacting
      relationship below a portion of a bottom surface of said removable ceiling
      tile to support the same said clip having a lip projecting downwardly
      therefrom.
CLMS
NUM  1.
PAR  1. A unitary clip made of a resilient material adapted to detachably hold
      the edge of a ceiling panel to a supporting beam, said clip comprising a
      body portion and a resilient catch portion, the catch portion being
      integral with and extending retrorsely at an acute angle from one end of a
      first straight section of said body portion and terminating in an arcuate
      tip which faces said first section, the other end of said first section
      terminating in a first ledge extending generally perpendicularly from said
      first section, under and somewhat beyond said arcuate tip, there being a
      small clearance between said arcuate tip and said first ledge, thereby
      providing for free swinging movement of said resilient catch portion; a
      lip member integrally connected to and extending generally perpendicularly
      away from the end of said ledge distal from said first section and in a
      direction parallel to and away from said first section, a second ledge
      extending from the other end of said lip generally parallel with and
      opposed to said first ledge, whereby the spacing between said ledges is
      adapted to receive an edge of a panel to be held and said arcuate tip is
      adapted to be deflected toward said first straight section and to
      springingly engage said supporting bearing, said arcuate tip serving as a
      cam to release said catch in response to a force applied in a direction
NUM  2.
PAR  2. A clip according to claim 1 wherein a tab is attached to said second
      ledge which extends perpendicular therefrom generally parallel to said
      first section.
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ABST
PAL  The method serves to handle a bag which is open at one end and has at least
      one closed edge and is disposed at the top of a stack of bags. A suction
      device is operated to descend and engage said bag at a closed edge thereof
      and then to ascend so as to raise said bag adjacent to said closed edge,
      whereby a gap is formed between said suction device and said stack. A bag
      support having a leading edge is moved through said gap relative to said
      closed edge and transversely thereto. Said bag is held in a raised
      position as said support is thus moved until said bag has been entirely
      drawn over said leading edge. Said bag is subsequently released and fed to
      a delivery table disposed adjacent to said bagging pipe. A plurality of
      suction heads are disposed adjacent to said delivery table to engage said
      bag on said table on the outside of said bag adjacent to said open end,
      then to move apart to open said bag at said open end. Said open end is
      then fitted onto said bagging pipe.
BSUM
PAR  This invention relates to a method of removing a bag which is open at one
      end from a stack of such bags and of fitting the moved bag onto a bagging
      pipe, in which method the bag which is at the top of the stack is raised
      adjacent to one end of the bag by means of a vertically reciprocable
      suction device and, after being fed to the bagging pipe, is opened by
      means of suction heads which engage the outside of the bag adjacent to the
      bag opening and are adapted to be moved apart, and to apparatus for
      carrying out the method.
PAR  When it is desired to package heavy materials in bags by machine, these
      bags must be removed from a stack and be fitted onto a bagging pipe. These
      operations are often performed by hand because it is difficult to separate
      single bags from a stack at a high rate by machine.
PAR  In a known apparatus for removing a bag which is open at one end from a
      stack of such bags, the bag which is at the top of the stack is raised by
      means of a suction device which is pivotally movable into engagement with
      the bag, and the bag is subsequently moved by the laterally displaceable
      suction device to another suction device, which engages the bag on the
      other side thereof. The two suction devices are then moved apart to open
      the bag opening, into which a bagging pipe is introduced, by means of
      which the bag is fed to a chute. Because the bags are engaged adjacent to
      the opening thereof, the bag cannot be removed from the stack
      satisfactorily because there is always the danger that the bag may open
      and cannot be properly engaged by the second suction device. Besides, the
      feeding of the bags by means of the suction device requires a rather
      complicated control system and a high bag feed rate cannot be achieved
      because the suction device must be returned after each stroke.
PAR  Similar difficulties have been encountered in connection with another known
      apparatus, in which the individual bags are not raised from the stack by
      the suction device but are only held in position by the latter whereas the
      stack carrier is lowered so that the same bag-lifting effect is achieved.
      By a pivotal movement of the suction device, the bag which has been
      removed is then carried further to the bagging pipe and is opened there by
      two mutually opposite suction devices. For this reason such apparatus too
      cannot ensure the satisfactory and fast transportation of the bags removed
      from the stack.
PAR  Finally, an apparatus has been disclosed which serves to remove sheets of
      paper from a stack. For this purpose, a suction device is lowered onto the
      stack and is then used to raise the uppermost sheet of paper adjacent to
      one edge thereof. Air is then blown between the stack and the raised edge
      of the sheet so that the latter is blown up from the stack. An additional
      feeding movement in the direction of the entraining air stream is
      subsequently performed by the suction device to cause the sheet to be
      drawn into the nip between two rolls and to be fed further on a conveyor
      belt. In that known apparatus too, the suction device must be returned to
      its initial position before it can be lowered again so that the sheets
      cannot be removed at a high rate. Besides, the introduction of the
      uppermost element of the stack into the nip between two feed rolls can be
      reliably ensured only with relatively small sheets of paper because, in
      the handling of relatively large bags or the like, the air stream cannot
      ensure a flat leading edge to be introduced between the feed rollers.
PAR  It is an object of the invention to provide a method by means of which the
      bags required to package heavy material can be individually removed from a
      stack of bags and fitted on a bagging pipe by machine at a high rate and
      without trouble.
PAR  In a method of the kind described first hereinbefore, this object is
      accomplished according to the invention by raising the bag adjacent to a
      closed edge, preferably the edge which is opposite to the bag opening, and
      retaining the raised bag edge until the entire bag has been drawn over the
      leading edge of a support, which is moved through the gap formed between
      the raised suction device and the stack in a transverse movement relative
      to the raised edge. Because the uppermost bag of the stack is sucked up
      adjacent to a closed edge of the bag, the bag cannot open as it is raised.
      This fact ensures a satisfactory feeding of the bag, which is raised into
      a feeding plane as it is engaged from below by a moving support. As soon
      as the entire bag has been drawn over the leading edge of the support,
      which is displaced relative to the suction device as the support is
      engaged with the bag, i.e., as soon as the entire bag is on its feeding
      level, the bag is released by the suction device and can be fed to a
      delivery table, where it is opened and fitted onto the bagging pipe by
      means of suction heads which engage the bag and are movable apart. The
      control of this movement is simple because the bag is lifted and retained
      only by suction which can be controlled in a simple manner by valves.
PAR  For a proper fitting of the bag onto the bagging pipe, the bag must be
      moved to a predetermined position on the receiving table. To enable each
      bag to be fed to this position on the delivery table, it is a feature of
      the invention that air is blown through the delivery table against the
      underside of each bag. This air forms a carrying cushion on which the bag
      can slide to a stop. The sliding movement of each bag can be promoted in a
      simple manner by blowing the air at an angle of about 45.degree. to the
      feeding direction.
PAR  Whereas the support could be reciprocated between the stack and the suction
      device, it is more desirable to provide, in accordance with the invention,
      at least two supports which are moved in a spaced apart relation in an
      orbit, in an arrangement in which the suction device is adapted to be
      lowered toward the stack of bags and to be raised through each space
      between two supports. This arrangement substantially reduces the
      structural expenditure of the feeding mechanism and enables a much higher
      bag feed rate.
PAR  The same purpose is served by another feature of the invention according to
      which the orbit is disposed in a vertical rather than a horizontal plane
      so that the orbit encloses the stack of bags.
PAR  The supports can be provided in various forms. It will be particularly
      desirable to provide supports which consist each of a plurality of freely
      rotatably mounted, parallel rollers, which are arranged one behind the
      other because in that case the friction between the bags and the rollers
      can be much reduced.
PAR  The freely rotatable supporting rollers enable also the provision of a feed
      roller which is disposed above the supporting rollers closely before means
      for downwardly deflecting the supports and which is adapted to receive the
      bags coming from the stack and to feed them independently of the speed of
      travel of the supports. A higher feeding speed enables also a higher bag
      feed rate.
PAR  If the distance of the feeding roller from the suction device corresponds
      to the dimension of the bag in this direction, the bag which has just been
      removed from the stack is moved adjacent to the feed roller immediately
      after the release of the bag from the suction device and the feeding of
      the bag can then be continued at high speed. For this reason, the next bag
      can be removed from the bag immediately. It will be understood that in
      this case the length of each support must be less than the length of each
      bag.
PAR  To ensure that only one bag is removed from the stack at a time and another
      bag cannot be held to the bag by an electrostatic charge or by adhesion,
      it is another feature of the invention that at least one blast nozzle is
      provided, which is disposed above the stack and arranged to be directed
      toward that bag edge which is being sucked. The action of this blast
      nozzle ensures that any bags which are held to the sucked bag will be
      detached and fall back onto the stack.
PAR  According to a further feature of the invention, the suction device may
      consist of a plurality of suction heads which are disposed one beside the
      other. Compared to a continuous slot nozzle, this has the advantage that
      less suction power is required.
PAR  For the same purpose, two groups of suction heads which are arranged one
      beside the other can be provided to open the bags, one of which groups is
      fixed in the delivery table whereas the other group is adapted to be
      raised and lowered and is movable against the bagging pipe in a direction
      which is parallel to the plane of the table. For this reason, the movable
      group of suction heads may be used not only to open the bag but also to
      fit it onto the bagging pipe.
PAR  Finally, to ensure that the bags which have been individually taken from
      the stack come to rest on the delivery table exactly in a predetermined
      position, it is a feature of the invention that the delivery table is
      provided with nozzles which are connected to a compressed-air conduit and
      directed toward the underside of the bag and which are adapted to blow in
      a direction which is inclined to the feeding direction of the bags, and
      that a stop is provided which is adapted to be lowered below the plane of
      the table. The resulting air cushion which moves in the direction of
      travel ensures that the bags which reach the delivery table are reliably
      moved to the stop. The stop must be lowered, however, when the bag has
      been opened and is moved over the table against the bagging pipe.
      Obviously, the group of suction heads which are mounted on the table must
      be supplied with air during this operation so that these heads release the
      bag.
DRWD
PAR  An embodiment of an apparatus for carrying out the method according to the
      invention is shown diagrammatically and by way of example in the
      accompanying drawing.
DETD
PAR  A supply of bags is held in the form of a stack 2 in a bag magazine 1. The
      bag 3 which is at the top of the stack is raised adjacent to a closed bag
      edge by a suction device 4 which can be lifted and lowered and which moves
      the bag approximately to the position shown in solid lines. The suction
      device 4 consists of a plurality of suction heads disposed one beside the
      other and is shown in its lower position in dotted lines on the drawing.
PAR  The raised closed edge of bag 3 is retained by the suction device 4 until
      the bag has been entirely engaged from below by one of a plurality of
      supports 5 to assume the position shown in broken lines. The supports 5
      are spaced apart and moved in an orbit around the stack of bags. As the
      bag 3 is engaged from below, it is pulled over the leading edge of the
      support which is moved in the direction of the arrow 6. To minimize the
      friction between the bag 3 and the support 5, each support 5 consists of a
      plurality of freely rotatable, parallel rollers 7 which are arranged one
      behind the other.
PAR  Feed roll 9 is mounted immediately before point 8 where the supports 5 are
      downwardly deflected and cooperates with rollers 7 of supports 5 to
      entrain bag 3 after it has been released from suction device 4, the
      released bag being moved by feed rolls 10 to a delivery table 11 which
      contains nozzles 14 which are connected to a compressed-air conduit 13 and
      directed toward the underside of the bag. On the air cushion produced by
      the nozzles 14, the bag slides to a stop 15 at the end of the delivery
      table 11. When the bag has reached the position defined by stop 15, a
      group of suction heads 16 arranged one beside the other are lowered from
      above to the bag adjacent to its opening. A second group of suction heads
      17 are disposed opposite to the suction heads 16 and act against the
      underside of the bag. When the bag has been sucked by the suction heads 16
      and 17, the suction heads 16 are raised and the bag is opened because the
      bag portions which contact each other are held to the suction heads 16 and
      17 by a negative pressure. To fit the bag which has thus been opened onto
      the pipe, it is sufficient to lower stop 15 into the position shown in
      dotted lines, to break the vacuum in the suction heads 17 and to displace
      the bag against the bagging pipe 18 by means of the suction heads 16. This
      displacement is indicated by the dotted-line showing of the suction heads
      16.
PAR  As soon as a bag has been engaged by the feed roll 9 and is fed by the
      latter to the feed rolls 10, the suction device 4 can be lowered against
      the stack 2 through the space between two supports 5 and a new bag can be
      raised. As the bag 3 is raised, another bag may stick to the underside of
      the raised bag. To enable a detaching of the lower bag from the underside
      of the raised bag, a blast nozzle 19 is provided, which directs an air jet
      toward the sucked edge. The air jet from this blast nozzle 19 virtually
      peels the sticking bag from the sucked bag so that the sticking bag is
      released and falls down onto the stack 2. It will be understood that the
      blast nozzle 19 can be supplemented by a plurality of nozzles disposed one
      beside the other.
PAR  The arrangement of the suction heads serving to retain the individual bags
      or bag portions enables a simple control of the removing and fitting
      operations. It is sufficient to connect the suction heads by corresponding
      valves to the suction conduit of a blower in order to ensure that the bag
      will be held to the suction heads. To release the bag from the suction
      heads, the latter are shut off from the suction conduit and supplied with
      air. The valves required for this purpose may be simply
      electromechanically controlled in known manner.
CLMS
NUM  1.
PAR  1. A method of handling a bag which is open at one end and has at least one
      closed edge and is initially disposed at the top of a stack of said bags,
      which comprises
PA1  operating a suction device to descend and engage said bag at a closed edge
      thereof and then to ascend so as to raise said bag adjacent to said closed
      edge, whereby a gap is formed between said suction device and said stack,
PA1  moving a bag support having a leading edge through said gap relative to
      said closed edge and transversely thereto,
PA1  holding said bag in a raised position as said support is thus moved until
      said bag has been entirely drawn over said leading edge,
PA1  subsequently releasing said bag and feeding it to a delivery table disposed
      adjacent to a bagging pipe, and
PA1  operating a plurality of suction heads disposed adjacent to said delivery
      table to engage said bag on said table on the outside of said bag adjacent
      to said open end and to move apart to open said bag at said open end, and
NUM  2.
PAR  2. A method as set forth in claim 1, in which said closed edge is an end
NUM  3.
PAR  3. A method as set forth in claim 1, in which air is blown through said
      delivery table against the underside of the bag disposed on said table.
NUM  4.
PAR  4. Apparatus for handling a bag which is open at one end and has at least
      one closed edge, which comprises
PA1  a stack carrier adapted to support a stack of said bags,
PA1  a suction device which is operable to descend and engage a bag at the top
      of said stack and then to ascend so as to raise said bag adjacent to said
      closed edge, whereby a gap is formed between said suction device and said
      stack,
PA1  at least two supports having a leading edge each and spaced apart in an
      orbit, each of said supports being movable in said orbit through said gap
      relative to said closed edge and transversely thereto,
PA1  said suction device being operable to descend to and ascend from said stack
      through the space between adjacent ones of said supports and being
      operable to hold said raised bag in position while one of said supports is
      thus moved through said gap until said bag has been entirely drawn over
      said leading edge, and subsequently to release said bag,
PA1  a bagging pipe,
PA1  a delivery table adjacent to said bagging pipe,
PA1  feeding means for feeding said bag onto said delivery table when the bag
      has been released, and
PA1  fitting means for fitting a bag disposed on said table onto said pipe, said
      fitting means comprising a plurality of suction heads disposed adjacent to
      said delivery table to engage said bag on said table on the outside of
      said bag adjacent to said open end and then to move apart to open said bag
NUM  5.
PAR  5. Apparatus as set forth in claim 4, in which said orbit is arranged to
NUM  6.
PAR  6. Apparatus as set forth in claim 4, in which each of said supports
      comprises a plurality of freely rotatable, parallel rollers arranged one
NUM  7.
PAR  7. Apparatus as set forth in claim 4, which comprises at least one blast
NUM  8.
PAR  8. Apparatus for handling a bag which is open at one end and has at least
      one closed edge, which comprises
PA1  a stack carrier adapted to support a stack of said bags,
PA1  a suction device which is operable to descend and engage a bag at the top
      of said stack and then to ascend so as to raise said bag adjacent to said
      closed edge, whereby a gap is formed between said suction device and said
      stack,
PA1  a bag support having a leading edge and movable through said gap relative
      to said closed edge and transversely thereto,
PA1  said suction device being operable to hold said raised bag in position
      while said support is thus moved through said gap until said bag has been
      entirely drawn over said leading edge, and subsequently to release said
      bag,
PA1  a bagging pipe,
PA1  a delivery table adjacent to said bagging pipe,
PA1  feeding means for feeding said bag onto said delivery table when the bag
      has thus been released,
PA1  fitting means for fitting a bag disposed on said table onto a pipe, said
      fitting means comprising a plurality of suction heads disposed adjacent to
      said delivery table to engage said bag on said table on the outside of
      said bag adjacent to said open end thereof and then to move apart to open
      said bag at said open end,
PA1  a compressed air pipe,
PA1  a plurality of nozzles connected to said pipe and mounted in said table and
      adapted to direct air jets against the underside of a bag lying on said
      table, said jets having a direction which is inclined to the direction in
      which said bag has been fed onto said table, and
PA1  a stop which is movable between an upper position in which it projects
      upwardly from said table to limit the feeding of each bag onto said table,
      and a lower position in which said stop is disposed below the top of said
      table.
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ABST
PAL  An upwardly open box with a floor and three sides, is provided with a
      plurality of interchangeable fourth sides each with spacer means for
      determining the length and thus the number of coins of any denomination to
      be wrapped. The device includes a stand for the box, which holds the box
      at a compound tilt that obviates the need for springs. One box side is
      provided with a concave trough where the coins are to be disposed. The
      floor is provided with guide means for the wrapper and the lip of the box
      side opposite the one provided with the trough is provided with a slot for
      guiding the wrapper. Retainer means are provided on the box for removably
      holding the interchangeable fourth side in place while it is in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Simple machines or jigs for assisting in the counting and wrapping of coins
      are well-known in the art, but have not achieved widespread usage.
PAC  SUMMARY OF THE INVENTION
PAR  An upwardly open box with a floor and three sides, is provided with a
      plurality of interchangeable fourth sides each with spacer means for
      determining the length and thus the number of coins of any denomination to
      be wrapped. The device includes a stand for the box, which holds the box
      at a compound tilt that obviates the need for springs. One box side is
      provided with a concave trough where the coins are to be disposed. The
      floor is provided with guide means for the wrapper and the lip of the box
      side opposite the one provided with the trough is provided with a slot for
      guiding the wrapper. Retainer means are provided on the box for removably
      holding the interchangeable fourth side in place while it is in use.
PAR  The principles of the invention will be further hereinafter discussed with
      reference to the drawing wherein a preferred embodiment is shown. The
      specifics illustrated in the drawing are intended to exemplify, rather
      than limit, aspects of the invention as defined in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a front elevation view of the device with one fourth wall pivoted
      upwardly about its mount;
PAR  FIG. 2 is a front elevation view of the device shown in the process of a
      coin counting and wrapping operation;
PAR  FIG. 3 is a perspective view of another fourth wall, by itself; and
PAR  FIG. 4 is a top plan view of the device.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  The coin counting and wrapping aid 10 is shown constituted by a generally
      rectangular, upwardly open box 12 mounted on a pedestal 14.
PAR  The box 12 includes a floor 16 and three fixed upstanding peripheral walls,
      including an upper sidewall 18, and end wall 20 and a lower sidewall 22.
PAR  The pedestal 14 disposes the box at a compound tilt, so that the floor (in
      the disposition depicted) is both tipped up so that the base of the side
      18 is higher than the base of the side 22, and tipped up higher at the
      left than toward the right, so that the corner 24 is lowermost.
PAR  For example, the upper surface of the floor at corner 24 may be about 1
      inch above the bottom of the pedestal 14, the corner 26 about 2.75 inches
      above the bottom of the pedestal 14, the corner 28 about 3.5 inches above
      the bottom of the pedestal and the corner 30 about 1.75 inches above the
      bottom of the pedestal.
PAR  It should now be noticed that the inner side 32 of the lower sidewall 22 is
      cylindrically concave, for instance, by that wall being constituted by a
      strip of quarter-concave molding such as is used for a cove base.
PAR  The floor 16 further includes a short leftward extension 34 beyond the left
      end 36 of the lower sidewall 22 and an upwardly projecting keeper 38
      having its inner side 40 in line with the leftmost extent of the extension
      34. (The elements 34 and 38 could be combined at the depicted site of
      either.)
PAR  The box 12 is shown further including an axially short dowel or peg 42
      projecting leftwardly from the inner side of the right end wall 20. By
      preference, the dowel 42 projects about five-eighths inch leftwardly. A
      similar dowel or peg 44 projects normally of the floor 16 so that the
      distance d is just about four inches.
PAR  The upper sidewall 18 projects further above the floor 16 than does the
      right end wall 20, to provide room for a slot 46 which opens through the
      thickness of the sidewall 18. The slot 46 is also four inches long, is
      open at its rightmost extent at 48 and is longitudinally coextensive with
      the length d.
PAR  The left end of the upper sidewll 18 is provided with mounting means such
      as a dowel or peg 50, shown projecting leftwardly.
PAR  The box 12 is completed by any one of a plurality of interchangeable,
      removable and replaceable fourth sides 52, 52' (FIG. 3), etc., one for
      each kind of coins to be counted and sorted, e.g. pennies, nickels, dimes,
      quarters and halves. Each fourth sidewall includes means, such as an
      opening 54 through its thickness, for cooperating with the mounting means
      50, a lower surface portion 56 to rest and be supported upon the floor
      extension 34, an outer surface 57 to be engaged by the keeper 38 to keep
      the removable end wall tight against the left ends of the upper and lower
      sidewalls 18, 22 and an inwardly projecting peg or dowel 58. The latter
      element projects toward and is in general longitudinal axial alignment
      with the dowl 42.
PAR  What is different among the fourth sidewalls 52, 52', etc., is that the
      dowels 58 are of differing length, so that the distance C between the
      closest approaches of the dowels 42 and 52 (or 42 and 52', etc.) toward
      one another is known for each fourth sidewall when installed.
PAR  The device 10 is constructed to be used with universal coin wrappers W of
      the sort which are e.g. four inches wide, regardless of the coin
      denomination to be wrapped therein, and which may include a pair of
      axially spaced windows 60 toward one end, and a printed legend, e.g.,
      "This package contains   in   ", (the blanks being windows). Alternative
      legends are printed in double column rows near the opposite end of the
      wrapper, like so:
     $20                  $1                                                   

     $10                  50.cent.                                             

     $10                  25.cent.                                             

     $2                    5.cent.                                             

     50.cent.              1.cent.                                             

     $5                   10.cent.                                             

PAL  Accordingly, when e.g. a stack of nickels is wrapped tightly in the
      wrapper, the unique diameter of the stack will cause the windows 60 to
      align only with the row which reads "$2 5.cent.", so that the legend will
      be completed as follows, "This package contains $2 in 5.cent.". One such
      suitable wrapper known to the inventor is marked "Steel-Strong, Trademark
      Registered U.S. Pat. Off., Automatic Coin Wrapper, Patented May 31, 1921."
PAR  In operation, one wishing to count and wrap e.g. nickels, selects and
      installs the fourth sidewall 52 marked with indicia 62 indicating that it
      is the one to be used for nickels. A coin wrapper W is then slid into the
      slot 46 and advanced downwardly and forwardly, between the end wall 20 and
      the dowel 44, under the tips of the dowels 42 and 58 and up the concavely
      curved guiding surface 32 so that it protrudes upwardly beyond the upper
      edge 70 of the surface 32. Next, a stack of coins is placed generally
      horizontally on the wrapper upon the surface 32 with the lower, right end
      of the stack in contact with the dowel 42 and sufficient coins added to
      the upper, left end of the stack to close the space between the upper,
      right end of the stack and the tip of the dowel 58. Because the distance C
      equates to a stack of forty nickels, the coins need not be individually
      counted. Then the protruding end 72 of the wrapper W is grasped and
      convolutely wound about the stack.
PAR  Thus the dowels 44, 42 and 58 respectively provide first, second and third
      reference means for use in counting and wrapping the coins.
PAR  The dowel 50 is long enough that, upon rotatively lifting the fourth wall
      about the dowel 50 sufficiently to clear the keeper 38, the fourth wall
      may be retracted sufficiently to the left to permit the wrapped stack of
      coins to be withdrawn from the box, whereupon the open ends of the now
      tubular wrapper W may be conventionally twisted or folded flat against the
      stack. Thus, the fourth wall need not be completely removed to free a
      wrapped stack of coins.
PAR  The inventor has, so far, fabricated the device 10 of wood. However, in
      quantity production, the device 10 could be molded of conventional plastic
      material, perhaps as one piece, but for the interchangeable fourth walls
      which need to be separate therefrom. In particular, it should be noticed
      that no elaborate mechanisms and no springs are required for simple, sure
      operation of the device 10.
PAR  The device as shown could be made as a mirror image of itself so that, e.g.
      the left end wall is fixed and lower and the right end wall is
      interchangeable and higher, for instance, to accommodate persons having
      more manual dexterity in their left hand.
PAR  It should now be apparent that the coin counting and wrapping aid as
      described hereinabove possesses each of the attributes set forth in the
      specification under the heading "Summary of the Invention" hereinbefore.
      Because the coin counting and wrapping aid of the invention can be
      modified to some extent without departing from the principles of the
      invention as they have been outlined and explained in this specification,
      the present invention should be understood as encompassing all such
      modifications as are within the spirit and scope of the following claims.
CLMS
NUM  1.
PAR  1. A coin counting and wrapping aid, comprising:
PA1  a generally rectangular, upwardly open box constituted by a floor, two
      opposed sidewalls and an end wall;
PA1  pedestal means mounting the box so that one sidewall is higher than the
      other and the floor slopes downward both toward the lower one of the
      sidewalls and toward said end wall;
PA1  first reference means rising from said floor a predetermined distance from
      the inside of said end wall, said distance equating to the width of
      universal coin wrappers to be used with said aid;
PA1  at least two interchangeable fourth end walls for said box, each fourth end
      wall including means for removably, securely mounting it on said box at
      the opposite end thereof from the first-described end wall so that the
      first described and removably end walls are a fixed distance apart;
PA1  second reference means disposed on the inside of the first-described end
      wall near said lower sidewall with sufficient clearance from the floor
      that a wrapper may be slid therebelow; and
PA1  third reference means on the inside of each fourth end wall and disposed
      near one end thereof to generally axially align with the second reference
      means when the respective fourth end wall is removably mounted on the box,
      the third reference means each being of extents toward the second
      reference means, when the respective fourth walls are removably mounted on
      the box, such as to provide fixed distances of characteristically
      different length when each fourth wall is removably mounted on the box,
      each fixed distance being substantially the same as the length of a
NUM  2.
PAR  2. The coin counting and wrapping aid of claim 1, further including means
      defining a concavely cylindrically curved inside surface extending along
      the lower sidewall of the box, whereby the generally horizontal stack of
      coins being counted and wrapped may rest thereagainst, with a leading end
      portion of the wrapper interposed between the stack and said curved inside
NUM  3.
PAR  3. The coin counting and wrapping aid of claim 1 wherein the means for
      removably, securely mounting each fourth end wall on the box includes:
PA1  means defining an axially disengageable, generally horizontal axis rotary
      joint between the adjacent end of the upper sidewall of the box and the
      inside of the other end of each fourth end wall;
PA1  means defining a fixed support on the box for the fourth end wall being
      used, positioned to engage that fourth end wall to support that fourth end
      wall in upstanding peripheral relation to the box floor; and
PA1  means defining a keeper for preventing lateral movement, of the fourth end
      wall being used, away from peripheral relation to the box floor unless
      that fourth end wall is first rotated upwardly about said rotary joint
NUM  4.
PAR  4. The coin counting and wrapping aid of claim 3 wherein the rotary joint
      comprises a pin mounted on the adjacent end of the upper sidewall and
      means defining an opening through said other end of each fourth end wall,
      whereby each such opening may be slipped over the pin when the respective
NUM  5.
PAR  5. The coin counting and wrapping aid of claim 3 wherein each fourth wall
      bears indicia indicataing the denomination of coin with which it is to be
NUM  6.
PAR  6. The coin counting and wrapping aid of claim 2 further including means
      defining a generally horizontal slot through the thickness of the upper
      sidewall, and of a length corresponding to the distance between the first
      reference means and the first-described end wall, whereby a wrapper may be
      slipped through the slot, and advanced down along the floor, to guided
      confinement between the first reference means and the first-described end
      wall, under the second and third reference means and to curve up said
      concavely cylindrically curved inside surface of the lower sidewall, so
      that when a generally horizontal stack of coins is placed on the wrapper
      where the wrapper traverses said curved surface, the leading end of the
      wrapper is disposed for convenient manual grasping to convolutely wind the
      wrapper about the generally horizontal stack of coins.
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ABST
PAL  A device for picking up debris from lawns and like grounds, and comprised
      of a rolling drum motivated and controlled through a handle, and having
      retractile spikes for collectively piercing leaves and small bits of paper
      and like refuse, said spikes being yieldingly depressible to ground
      obstructions, such as protrusions, and retractile by control means to
      discharge the collection thereby of said debris. The depressibly
      retractile spikes are arranged in gangs guided radially by the cooperative
      drum structure, and the control means is uneffected by rotation of the
      drum or by said yielding depressibility of the gangs of spikes and is
      manually operable to retract the same as circumstances require.
BSUM
PAC  BACKGROUND
PAR  Refuse in the form of small pieces of debris such as leaves and papers
      (wrappers) are generally gathered by hand or with spiked tools when
      sparcely distributed, or by sweeping methods when densely distributed. In
      any case, work is involved which is considered tedious and time consuming
      when compared with the trivial matter of the material collected. It is an
      object, therefore, to provide a device to facilitate and accelerate the
      process of removing debris from lawns and such grounds. With the present
      invention, a rolling drum is provided upon which debris is collected by
      impaling the same upon protruding spikes. Heretofore, the spikes of such
      drums have been vulnerable to damage and the stripping means provided to
      remove debris have been complex and cumbersome; and it is to expediency
      and improvement of such a drum that I provide yieldingly retractile spikes
      that are not readily damaged by obstructions such as rocks, or curbs, or
      sprinkler heads, etc., and wherein the spikes are retractile for stripping
      the collected debris as and when desired.
PAR  It is an object of this invention to provide spike retraction means in a
      drum of the character thus far referred to that permits rotation of the
      drum while retaining controllability. With the present invention, the
      control means is confined within the workings of the drum and is
      cooperatively related thereto to permit depression of the spikes
      independent from the controllable retraction thereof.
PAR  It is also an object of this invention to provide yieldable spike support
      in a drum of the character thus far referred to that permits
      controllability while rotation and independent depression and retraction
      can simultaneously occur. With the present invention, the depressible
      support is cooperatively combined within the workings of the drum and
      rotation means, there being a manual control means to govern the
      retraction that strips debris from said yieldingly retracted spikes.
PAC  SUMMARY OF THE INVENTION
PAR  The debris collector hereinafter described in detail involves, generally, a
      drum D that is motivated by and controlled from a handle H. The handle has
      spaced bearings that journal the axle A of the drum and which extends
      radially to present grips G by which the device is manipulated for
      motivation. Within the drum there is provided one or more and preferably a
      multiplicity of gangs of spikes S, there being a plurality of transverse
      series of spikes in each gang. In accordance with this invention, each
      gang of spikes is yieldingly depressible to radial force applied
      externally, and to this end depressible support means B is provided
      therefor. And also, in accordance with this invention, each gang of
      spikes, and preferably all spikes in unison, is retracted when desired
      through a manually operable control means C, operating through the axle A
      and adapted to permit independent depression of the spikes in gangs
      thereof.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred form and
      application thereof, throughout which description reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of the debris collector of the present
      invention.
PAR  FIG. 2 is a plan view taken as indicated by line 2--2 on FIG. 1.
PAR  FIG. 3 is an enlarged cross sectional view taken as indicated by line 3--3
      on FIG. 2.
PAR  FIG. 4 is also an enlarged sectional view taken as indicated by line 4--4
      on FIG. 1, and
PAR  FIG. 5 is a sectional view taken as indicated by line 5--5 on FIG. 4.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Referring now to the drawings: the drum D is an open ended right cylinder
      of sheet metal or the like. having inner and outer diameter walls 10 and
      11, and with opposite ends 12 disposed in spaced planes normal to the axis
      a of the cylinder. The axle A is tubular in accordance with this
      invention, so as to cooperatively house the actuating elements of the
      control means C. As shown, the axle tube 15 extends axially beyond each
      end 12 where it presents spaced bearing surfaces upon which the drum turns
      on spaced journal bearings 16 carried by the spaced side members 17 of the
      handle H, with the grips G in the form of a cross member 18. Thus, it will
      be seen that the drum D is rotatable on axis a as it is propelled and
      steered by the handle H.
PAR  Referring now to the depressible support means B for the spikes S, it is
      preferred that the spikes be arranged in transverse series or gangs with
      each individual spike free to project through an opening 13 provided
      therefore in the drum. In practice, the openings 13 are swaged outwardly
      from the inner wall 10 and each presents a conical embossment 14 at the
      exterior or outer wall 11. The embossment 14 is of limited height and
      through which the spike closely passes so as to strip debris therefrom
      when retracted. The longitudinal distribution of spikes S is uniform, the
      plurality of spikes being carried by a radially shiftable bar 20 to which
      they are mounted so as to project through the aforementioned openings
      respectively. Each spike S is shown with a base 21 having shouldered
      engagement upon the bar 20 and secured thereto by a nut 22, all to the end
      that they are readily replaceable.
PAR  The drum D shiftably carries the multiplicity of bars 20, eight bars being
      shown for example, and are guided radially by spaced and parallel spokes
      25 at opposite ends of the drum. Said spokes 25 extend radially between
      the axle A and inner drum wall, a feature of the invention being the
      replaceability of the bars 20 which have open longitudinally disposed
      notches 26 at opposite ends; whereby the bars can be tipped to initiate
      assembly thereof with the spokes for full embracement of said notches with
      said spokes when the bar is aligned parallel with the axis a, in each
      instance. Subsequent to said alignment of the bars 20, like compression
      springs 27 engaged around the spokes are pressed into position by seats 28
      that are secured as shown by cotter pins 29 or the like. Thus, the
      multiple bars 20 and gangs of spikes S carried thereby through a plurality
      of openings 13 are yieldingly biased outwardly so as to depressibly extend
      the spikes for ground engagement and collection of debris.
PAR  The control means C is independently operable to retract the bars 20 and
      spikes S, and it comprises a single manual control lever L that
      retractably reciprocates an actuator 30 within the confines of the axle A.
      A feature of the invention is that the actuator 30 revolves with the
      turning axle and drum B and that it is operably connected to lever L by
      anti-rotation pull means 40. In the preferred form, the lever L retracts
      the bar 20 radially inward by means of a system of pull rods and levers,
      there being an actuating lever 31 that transfers movement of the lever L
      to the axis a, and an actuated lever 32 that retracts the bars 20.
PAR  The actuating lever 31 is of bell crank configuration pivoted to a side
      member 17 by a pin 33 normal to and spaced rearward of axis a, and is
      characterized by right angularly related arms 34 and 35. The end of arm 34
      is connected to a pull point on lever L by a pull rod 36, while the end of
      arm 35 is connected to a pull point on said pull means 40 by a pull rod 37
      coincidental with axis a. In practice, the arm 34 can be longer than arm
      35, thereby establishing a desired mechanical advantage with a restricted
      reciprocation of rod 37 and actuator 30.
PAR  The anti-rotation pull means 40 is provided to permit free rotation of the
      axle A while the lever 31 remains aligned with control lever L. In
      carrying out this invention, the actuator 30 is a piston member that
      slides free within the axle A at the center portion thereof where it is
      exposed through slots to actuate the levers 32, as later described. As
      shown, the actuator 30 is of tubular cup-shape with an inwardly faced
      bearing race 41 surrounding the center opening through which the rod 37
      projects. The innermost end of rod 37 is headed and presents an outwardly
      faced bearing race 42, there being ball bearings 43 disposed to roll
      between the races 41 and 42. Thus, reciprocation of rod 37 results from
      rotation of actuating lever 31 which transfers the motion of pull rod 36
      to pull rod 37, thereby shifting the actuator 30 outwardly within the axle
      A, to be returned with opposite motions of said rods and levers.
PAR  The actuated lever 32 is rotated by outward movement of the actuator 30 to
      retract the bar 20 with which it is related, in each instance; there being
      a lever 32 for each of the bars as shown. Accordingly, there is a central
      axle slot 45 for each lever and bar to be actuated, and a pivot for each
      lever 32 on an axis normal to and spaced radially from the axis a. The
      actuator 30 is provided with a drive recess or opening for each lever 32,
      each presenting a shoulder normally engaged with the inwardly projecting
      drive arm 47 of said lever and preferably extending forwardly with
      clearance from said arm as a slot, so as to provide free forward movement
      of said lever when the related bar 20 and spikes S are depressed. The
      lever 32 is characterized by right angular related arms 47 and 48, the arm
      48 being connected by a pull rod 49 to a central pull point on the bar 20
      aligned therewith and adapted to be retracted thereby. The lever 32 is in
      the nature of a rocker having limited motion, and to the end that the pull
      point of arm 48 draws radially inward when the arm 47 is advanced by
      outward movement of the drive shoulder 46 of slot 45.
PAR  The actuated levers 32 are mounted by means of a collar 50 that surrounds
      the axle A, and which is slotted radially to rotatably carry each lever 32
      in alignment with its respective drive slot. The collar is provided with a
      circumferential groove into which a split pivot ring 51 is constricted and
      permanently secured together and in place as by welding. Thus, the
      weldment of ring 51 establishes a permanent assembly with free moving
      levers 32 and the actuator 30 captured in working position, the mechanism
      to be biased by the springs 27 that depressibly hold each bar 20 and its
      gang of spikes S in extended condition subject to retraction as caused by
      operation of the manual control lever L.
PAR  From the foregoing it will be seen that an effective debris collector is
      constructed of but few and reliable working parts. The device is adapted
      to be operated over lawns and regular terrain, and in the event that
      irregularities are encountered the spikes are commensurately depressible
      so as to withdraw to the outside wall 11 of the drum. In carrying out this
      invention, the periphery of the drum is provided with a rim 55 that spaces
      the outside wall 11 from the supporting surface, thereby providing a
      collection space for the substantial accumulation of debris. With debris
      is collected as desired the lever L is manipulated to operate the pull
      rods and thereby simultaneously withdraw the multiple gangs of spikes with
      consequent stripping of and release of the debris.
PAR  Having described only a typical preferred form and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      or variations that may appear to those skilled in the art:
CLMS
NUM  1.
PAR  1. The debris collecting roller comprised of, a drum rotatable on axially
      spaced aligned pairs of spokes projecting from a tubular axle and
      motivating means for rolling the same over terrain from which debris is to
      be collected, yieldingly depressible mounting means comprised of a
      multiplicity of bars and each moveably guided by and between a pair of
      said spokes and extending longitudinally within the drum and from which
      gangs of spikes project through openings in and from the outside wall of
      the drum, and retraction means including, an actuator axially carried on
      the drum axis and operable to be shifted axially by control means, and
      motion transfer means responsive to axial shifting of the actuator to
      retract the yieldingly depressible mounting means and spikes carried
NUM  2.
PAR  2. The debris collecting roller as set forth in claim 1, wherein the
      actuator of the retraction means is shiftably carried within said tubular
NUM  3.
PAR  3. The debris collecting roller as set forth in claim 1, wherein the
      actuator of the retraction means is shiftably carried within said tubular
      axle and operable through a lever pivoted to the motivating means to be
      shifted axially by the control means, and wherein said motion transfer
      means extends radially through said tubular axle and responsive to axial
      shifting of the actuator to retract the yieldingly depressible mounting
NUM  4.
PAR  4. The debris collecting roller as set forth in claim 1 wherein the
      actuator of the retraction means is shiftably carried within the tubular
      axle, and wherein said motion transfer means comprises a lever extending
      radially through said tubular axle and responsive to axial shifting of the
      actuator to retract the yieldingly depressible mounting means and spikes
NUM  5.
PAR  5. The debris collecting roller as set forth is claim 1, wherein the
      actuator of the retraction means is shiftably carried within said tubular
      axle and operable through a lever pivoted to the motivating means to be
      shifted by the control means, and wherein said motion transfer means
      comprises a lever extending radially through said tubular axle and
      responsive to axial shifting of the actuator to retract the yieldingly
NUM  6.
PAR  6. The debris collecting roller as set forth in claim 1, wherein the
      actuator of the retraction means is shiftably carried within said tubular
      axle and operable through a lever pivoted to the motivating means to be
      shifted by the control means, and wherein said motion transfer means
      comprises a lever extending radially through said tubular axle and
      responsive to axial shifting of the actuator, there being pull rods
      connected to and extending from said control and between said levers and
      to said yieldingly depressible mounting means and spikes carried thereby.
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PAL  A harvesting topper comprising an upstanding carrier having an axis and a
      side surface. The carrier is circular in cross-section transverse to said
      axis and has at least one deflector attached to its side surface. The
      deflector has side edges which are substantially circumferentially spaced
      from each other on the carrier. Means are provided for rotatably mounting
      the topper on a harvesting machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to harvesting machinery particularly to
      toppers for use on harvesting machines, and especially for machines for
      harvesting crops such as sugar cane. Sugar cane grows in the form of tall
      stalks with long ribbon-like leaves. A concentration of the leaves is
      located on the upper parts of these stalks, known as the tops. The tops
      are not used in production of sugar cane juice and its products and must
      be removed before the remainders of the stalks are gathered for
      processing.
PAR  The machines used for harvesting sugar cane are usually vehicles which can
      move through the cane field cutting the cane as they go. They include
      means for drawing the stalks into a narrow portion of the machine where
      they are cut. A lower knife cuts the entire cane stalk off near the
      ground, and a topper cuts off the top. The topper includes some type of
      deflecting structure for flipping the cut tops to one side of the machine
      or the other. It is most desirable to have a deflecting structure which is
      reversible so that the cane tops can be deflected to either side desired.
PAR  2. Description of the Prior Art
PAR  One type of deflector used in prior art toppers was in the form of a paddle
      rotatably mounted above the knife of the topper. The paddle was disposed
      at an angle to a true radius of its axis so as to better project the cane
      to the desired side of the machine without catching the leaves. To reverse
      the direction of deflection, it was necessary to remove the paddle from
      the machine and turn it over so as to reverse the angle. This arrangement
      was inconvenient and time consuming.
PAR  Another type of topper employed a deflecting structure in the form of a
      regular polygonal box which could be rotated in either direction by
      reversible drive means. The flat walls of the box formed deflecting
      surfaces which would deflect the cane in the direction of rotation.
      Although easier to reverse than the other type of deflector, the box was
      difficult and indeed impossible to fabricate perfectly symmetrically. Even
      when constructed as symmetrically as possible, it often caused vibration
      problems as it was rotated about its axis.
PAR  Another known type of topper included a cylindrical core having a plurality
      of radially extending blades. This type as the disadvantage that the
      ribbon-like leaves of the cane tend to become caught on the blades and
      carried around and into the machinery, a phenomenon known as
      "backfeeding". This type of topper as well as the box type described above
      are disclosed in prior U.S. Pat. No. 3,772,864.
PAC  SUMMARY OF THE INVENTION
PAR  The topper of the present invention has a deflecting structure which
      comprises an upstanding cylindrical carrier with one or more deflectors
      attached to its side surface. The carrier has an axis and is circular in
      cross section transverse to the axis. The topper also includes means for
      mounting said topper for rotation about the axis of said cylindrical
      carrier. Each of the deflectors has two side edges which are substantially
      circumferentially spaced from each other on the carrier. The deflectors
      are preferably symmetrically circumferentially spaced about the carrier,
      and each deflector is preferably symmetrical about a radius of the
      carrier.
PAR  Because of the circular cross section of the carrier, which makes up the
      bulk of the deflecting structure, it can easily be made perfectly
      symmetrical and balanced. This is particularly true of the preferred form
      in which the carrier is cylindrical. This virtually eliminates the
      vibration problems of the box-type topper particularly if the deflectors
      themselves are symmetrical about radii of the carrier and are
      symmetrically disposed about the carrier. The carrier with attached
      deflectors is also much easier to construct than the box topper.
PAR  At the same time, the fact that the side edges of the deflectors are
      substantially circumferentially spaced on the carrier gives each deflector
      a broad base at its attachment to the carrier. This substantially
      alleviates the backfeeding problems of the bladed topper.
PAR  However, like the bladed topper and the box topper, the topper of the
      present invention can be easily reversed by reversible drive means without
      the need for removing and turning or otherwise altering the deflecting
      structure itself. Thus, it can be said that the topper of the invention
      provides the advantages of these prior toppers without their
      disadvantages.
PAR  It is thus an object of the present invention to provide a topper
      comprising a carrier of circular cross section transverse to its axis with
      attached deflectors.
PAR  A further object of the invention is to provide a topper comprising a
      cylindrical carrier with attached deflectors.
PAR  Another object of the invention is to provide a topper having deflectors
      with side edges substantially circumferentially spaced on the carrier so
      that the deflectors have broad bases.
PAR  A further object of the invention is to provide an easily reversed topper
      which is free of vibration problems.
PAR  Still another object of the invention is to provide an easily reversed
      topper which is free of backfeeding problems.
PAR  Still other objects and advantages of the present invention will be made
      apparent by the detailed description of the preferred embodiment, the
      drawings and the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view along lines 1--1 of FIG. 2 of a
      harvesting machine comprising a topper in accord with the invention.
PAR  FIG. 2 is a diagrammatic side elevation of the harvesting machine of FIG.
      1.
PAR  FIG. 3 is a transverse cross section on an enlarged scale of the topper of
      FIGS. 1 and 2 taken along lines 3--3 of FIG. 4.
PAR  FIG. 4 is a perspective view on an enlarged scale of the topper and drive
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference to FIGS. 1 and 2 there is shown in somewhat diagrammatic form a
      harvesting machine having a topper in accord with the present invention
      mounted thereon. The machine is a vehicle having large rear wheel 10 and a
      smaller front wheel 12. The machine also includes a frame 14. The cane
      gathering structures, indicated diagrammatically at 16, 17, and 18 are
      mounted on the frame 14. In operation the machine moves along a row of
      cane so that the stalks are disposed between the outermost gathering
      structures 16 and 17. Structures 16 and 17 are sloped upwardly and also
      inwardly toward each other from their outer to their inner ends.
      Structures 18 extend generally from the inner ends of structures 16 and 17
      to the topper T and slope further upwardly and inwardly. Thus, as the
      machine moves along the row, the stalks of cane in that row are drawn
      together and directed into the narrow portion of the machine between the
      inner ends of structures 18 at the center of the machine at which is
      located the topper T. Structures 16, 17, and 18 may comprise endless
      conveyors or the like with cane engaging elements for helping to draw the
      cane to the narrow portion of the machine.
PAR  The topper T which rotates about the axis A comprises a knife 20 for
      cutting off the tops of the cane which has been drawn in to the topper and
      a deflecting structure 22 for deflecting the cut tops to the side of the
      machine.
PAR  Respective upper and lower ends 24a and 24b of a shaft 24 project from the
      ends of the topper and serve as means for mounting the topper for rotation
      about the axis A. The topper is mounted for rotation between an upper
      bracket 28 and a lower support 30 extending horizontally outwardly from
      the body 32 of the machine, the body 32 being mounted on the frame 14.
      Shaft end 24a is rotatably mounted in the bracket 28 and secured by a nut
      36. Shaft end 24a extends upwardly beyond nut 36 where it is connected to
      the drive means, motor 34 (FIG. 3). Shaft end 24b is rotatably mounted in
      the lower support 30 and secured by a nut 38.
PAR  Reversible drive means are connected to the topper for selectively rotating
      it about axis A in either the clockwise or counterclockwise direction. As
      shown, the drive means is a hydraulic motor 34 mounted above the topper
      (see FIG. 4). The motor 34 has been broken away in FIG. 1 in order to show
      the bracket 28, shaft end 24a and nut 36. Shields, one of which is shown
      at 40, may be provided toprotect the motor 34. The topper T, bracket 28
      and lower support 30 are also mounted for vertical adjustment on rails 39.
PAR  The remainder of the machine, e.g. engine, operator's controls, etc., is
      represented diagrammatically by the body 32.
PAR  Turning now to FIGS. 3 and 4 for a more detailed description of the topper,
      it will be noted that the axis A is substantially vertical. While it may
      not always be necessary to provide a truly vertical axis, the axis should
      always be upstanding in the sense that it has a substantial vertical
      component of direction. The deflecting structure 22 is also upstanding in
      this sense. The deflecting structure 22 comprises an upstanding carrier 48
      having the axis A as its longitudinal axis. The carrier is circular in
      cross section transverse to the axis A and is preferably cylindrical as
      shown.
PAR  The deflecting structure also comprises a plurality of deflectors 50
      attached to the side surface, i.e. the cylindrical outer surface which
      faces laterally outwardly with respect to the carrier axis, of the carrier
      48 and projecting radially outwardly therefrom. In some cases it might be
      possible to construct the topper with only one deflector 50. However, the
      preferred embodiments include a plurality of deflectors 50 symmetrically
      circumferentially spaced about the carrier 48 for better balance.
PAR  Each of the deflectors 50 has a pair of side edges 50a by which the
      deflector 40 is attached to the carrier 48. The side edges 50a of each
      deflector 50 are substantially circumferentially spaced from each other
      about the carrier 48 so that the deflectors 50 each have a broad base at
      their attachement to the carrier 48. In fact, the entire cross-sectional
      shape of the deflectors 50 is broad as compared with the thin cross
      section of a blade. As seen in FIG. 3, the base of each deflector 50,
      measured between its side edges 50a, is at least as long as, and in the
      preferred embodiment even longer than, the radial dimension of the
      deflector measured from the carrier 48 to the deflector apex edge 50c. It
      will also be appreciated that either of the side surfaces 50b of a
      deflector 50 can serve as a leading side depending on which direction the
      deflecting structure is being rotated. In either case, the leading side
      wall slant tangentially backward with respect to the direction of rotation
      from its side edge 50a to the apex edge 50c. Each of the side surface 50b
      of each deflector 50 extends outwardly from a respective one of the side
      edges 50a generally at an angle greater than 90.degree.with respect to
      that portion of the cylindrical outer surface of carrier 48 which lies
      adjacent the respective side edge 50a (the portion external to, rather
      than underlying, the deflector). The tangential component of direction of
      the side surface 50b is instrumental in preventing the cane leaves from
      catching on the deflectors as they do on blade-type deflectors whose sides
      are radially directed without such tangential component. The broad base
      and generally broad cross-sectional shape of the deflectors 50 and the
      tangential components of the sides 50b virtually eliminate the backfeeding
      problems presented by the bladed deflecting structures of the prior art.
      At the same time, the carrier, being circular in cross section, eliminates
      the vibration problems of the prior box-type deflecting structures since
      it is possible to make the carrier perfectly symmetrical. It is
      particularly easy to do so if the carrier is cylindrical as shown.
PAR  In order to enhance the balance provided by the cylindrical carrier, and
      also to ensure that the deflecting action is the same whichever direction
      the topper is rotated, the deflectors 50, as viewed in cross section
      transverse to the carrier axis, are preferably each symmetrical about a
      radius of the carrier. One such radius r is shown in FIG. 3 with one
      deflector 50 being symmetrical about r. The other deflectors 50 are
      similarly symmetrical about other radii not shown. In the embodiment
      shown, the deflectors 50 each include two flat side surfaces 50b each of
      which extends outwardly from one of the side edges 50a and which converge
      at an apex edge 50c. Other forms of symmetrical deflectors can, of course,
      be devised. As shown, the deflectors 50 are four in number and the angles
      formed by the sides 50b at their apexes 50c are 90.degree.angles. However,
      it should be understood that the number of deflectors as well as the
      angles formed could be varied.
PAR  The deflecting structure 22 is closed at its upper end by a disc 52. The
      lower end of the deflecting structure is closed by the knife 20 which
      comprises a disc 44 with a plurality of radially extending blades 46 about
      its periphery. The knife 20 is rotated with the deflecting structure 22 by
      the motor 34.
PAR  From the above description it will be apparent that the present invention
      provides a harvesting topper which is easily reversed by conventional
      reversible drive means without the need for removal or adjustment of any
      part of the deflecting structure. At the same time, the topper of the
      present invention is free of the backfeeding and vibration problems of the
      prior easily reversed toppers. The topper of the invention is also easy to
      manufacture and to operate.
PAR  It will be appreciated that many modifications may be made in the
      harvesting topper of the invention without departing from the invention.
      It is, therefore, intended that the scope of the invention be limited only
      by the appended claims.
CLMS
NUM  1.
PAR  1. Deflector apparatus for a harvesting topper, said deflector apparatus
      comprising:
PA1  an upstanding carrier having an upstanding axis and a surface facing
      laterally outwardly with respect to said axis, said surface being circular
      in cross section transverse to said axis,
PA1  a deflector attached to said carrier and projecting laterally outwardly
      from said laterally outwardly facing surface, said deflector having two
      side edges circumferentially spaced from each other along said laterally
      outwardly facing surface of said carrier and two deflector side surfaces
      each extending outwardly from a respective one of said side edges
      generally at an angle greater than 90.degree. with respect to the portion
      of said laterally outwardly facing surface of said carrier adjacent said
      respective side edge, said deflector side surfaces tending to converge
      laterally outwardly of said side edges, and
PA1  means connected to said carrier for mounting said deflector apparatus for
NUM  2.
PAR  2. Deflector apparatus according to claim 1 wherein said carrier is
NUM  3.
PAR  3. Deflector apparatus according to claim 1 wherein said deflector, in
      cross section transverse to said axis, is symmetrical about a radius of
NUM  4.
PAR  4. Deflector apparatus according to claim 1 further comprising a plurality
      of said deflectors symmetrically circumferentially spaced about said
NUM  5.
PAR  5. Deflector apparatus according to claim 4 wherein said deflector side
      surfaces are flat and the deflector side surfaces of each of said
NUM  6.
PAR  6. Deflector apparatus according to claim 5 wherein said deflector side
      surfaces of each of said deflectors form a substantially 90.degree.angle
NUM  7.
PAR  7. Deflector apparatus according to claim 6 wherein said deflectors are
      four in number.
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ABST
PAL  A debris receiving receptacle is mounted to the rear portion of a garden
      tractor or riding mower having a discharge outlet. Interconnecting the
      mower discharge outlet and receptacle is a conduit comprising, in rearward
      order, an outlet adapter, an extension member, an elbow having a fore and
      aft leg telescopingly receiving the extension member and a transverse leg
      discharging to the receptacle. The elbow is rotatably mounted on the
      receptacle frame to permit easy removal of the extension member for
      removing blockages. In a second embodiment the receptacle includes a frame
      defining an opening disposed about the periphery of the transverse leg, a
      porous outer shell member and an air impervious bag disposed within the
      outer shell member and clamped to the frame at its open end.
BSUM
PAC  BACKGROUND OF THE INVENTION AND THE PRIOR ART
PAR  This invention relates to lawn and garden tractors or riding mowers and,
      more particularly, to an improved debris or grass collecting attachment
      therefor.
PAR  Grass bagging attachments for lawn mowers of the walk-behind rotary type
      are well known. They generally comprise a bag mounted on the discharge
      chute and extending to the side. Although used on riding mowers, a side
      extending bagging attachment is detrimental because it increases the
      operating width of the machine and also, if it has a large capacity, can
      result in balance problems for the mower. Accordingly, grass bagging
      attachments have more recently appeared wherein the receptacle is mounted
      at the back of the garden tractor or riding mower and a conduit extends
      from the mower discharge outlet to the receptacle. Such an arrangement is
      illustrated in Jackson U.S. Pat. No. 3,716,977. An older patent showing a
      conduit-connected receptacle mounted on top of a walk-behind mower is
      shown in Blume U.S. Pat. No. 2,990,666, though such an attachment could
      not be utilized on a riding mower since it would interfere with the
      operator's area.
PAR  One problem which occurs in substantially all attachments of this nature is
      the tendency to plug up in heavier or wet grasses or if the receptacle
      becomes overfilled. Design parameters which effect plugging include the
      discharge velocity of the material, the length of the conduit, the height
      of the inlet to the receptacle, and the amount of sharp turns in the
      conduit. Given thick or heavy enough material, however, any machine will
      plug up since plugging is generally due to an insufficient amount of
      energy imparted to the grass clippings from the mower blade to propel them
      to the receptacle.
PAR  Accordingly, it is an object of the invention described herein to provide a
      debris collecting attachment for a riding mower or lawn tractor having
      conduit means between the mower discharge outlet and receptacle which are
      easily disassembled to permit the clearing of blockages therein.
PAR  It is further an object of the invention to provide a grass bagging
      attachment wherein the debris is introduced into the side of the
      receptacle thereby requiring less propelling power than in a top entry
      system.
PAR  Another consideration in the design of a debris collector is the
      convenience of the operator in removing the debris. The prior art
      illustrates a disposable plastic bag with some sort of screen means to
      permit the air to leave the bag while retaining the clippings. Examples of
      this on walk-behind mowers are found in U.S. Pat. Nos. 3,199,277 to Moody,
      3,624,989 to Gatheridge, 3,722,192 to Corbert, and 3,777,461 to Giraud.
      The first three of these patents disclose vertically oriented bags wherein
      the material enters through the top. This increases the height to which
      the material must be elevated thereby increasing the chances of plugging
      especially when a long conduit is needed as with a riding mower. In
      Giraud, the bag is attached by an elastic band to a screen plate and
      extends horizontally rearwardly and to the side. However, the bag is
      unsupported except by a frame which extends within the bag. This lack of
      support could cause the bag to become ripped or torn and withdrawing the
      frame from the bag could cause grass spillage. Also as indicated above,
      the sideward mounting would appear to be detrimental to maintaining
      lateral stability of the mower.
PAR  Accordingly, it is a further object of one embodiment of the invention to
      provide a debris collecting attachment wherein the receptacle includes a
      horizontally oriented air impervious bag having a crop inlet and a frame
      defining an opening disposed about the inlet, the bag being enclosed
      within and supported by a porous outer shell member.
PAR  It is a further object of said embodiment to dispose said frame within the
      porous outer shell whereby said shell may be utilized to collect debris
      without said bag therewithin.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects of the invention are met in a debris collecting
      attachment for a lawn and garden tractor or riding mower having a debris
      discharge outlet and means for propelling debris through a conduit to a
      receptacle mounted from the rear of the riding mower. The conduit
      comprises an elbow rotatably mounted in a transverse opening in the
      receptacle subframe, the elbow having a leg in a generally fore and aft
      plane which receives in telescoping engagement an elbow extension member,
      which in turn telescopingly engages an adapter member connected to the
      mower discharge outlet. The telescoping connection provides a sufficient
      retraction of the extension member in the elbow to allow the extension
      member to disengage the adapter and rotate away therefrom for easy
      cleanout. The transverse leg of the elbow is preferably lightly
      sphincterally engaged by the receptacle frame to enable it to be
      maintained in any position for ease of lining up parts during installation
      and to eliminate having to hold it during cleanout.
PAR  In a second embodiment, the receptacle includes a frame defined an opening
      disposed about the periphery of the transverse opening, an outer shell
      member mounted from the receptacle subframe, preferably enclosing the
      frame, and an air impervious bag disposed within the outer shell member
      and receiving the frame in its open end.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description taken in conjunction with the drawings, in
      which:
PAR  FIG. 1 is a side view of a riding mower having Applicants' debris
      collecting attachment installed thereon;
PAR  FIG. 2 is a top view of the riding mower shown in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the riding mower shown in FIG. 2
      taken along the line 3--3 thereof and specifically illustrating the
      interconnection of the elbow with the receptacle frame;
PAR  FIG. 4 is a sectional view of the riding mower shown in FIG. 2 taken along
      the line 4--4 thereof and specifically illustrating the attachment of the
      receptacle to the receptacle frame;
PAR  FIG. 5 is a sectional view similar to and taken along the same plane as
      FIG. 3 except illustrating an alternative embodiment of the receptacle
      portion of Applicants' debris collecting attachment; and,
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5, just within
      the outer shell, the frame of the outer bag being illustrated in phantom.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the ensuing description, the terms "left," "right," "forward," "rear,"
      "upward," and "downward," are to be construed as being viewed by one
      standing behind the vehicle in accordance with the conventions of the
      industry. These terms are used for convenience of description and should
      not be construed as limiting the invention to the specific orientation
      described.
PAR  Turning now to FIG. 1, there is shown a riding mower generally designated
      10 of the type well known in the industry, such as the International
      Harvester Cadet 55 Riding Mower, which generally comprises a mobile frame
      11 supported by front and rear wheels 12 and 14, respectively and having
      an engine 15 mounted at the rear for driving the rear ground wheels 14. An
      operator's station generally shown at 16 is provided on the frame 11
      forwardly of the engine 15 and suitable steering and control mechanisms
      are provided in accordance with the art to provide a self-propelled
      vehicle. It would readily be understood that the riding mower shown could
      also be a lawn and garden tractor which is equally well known.
PAR  A rotary mower 17 is mounted beneath the frame 11 by a suitable linkage
      (not shown), such as is shown in U.S. Pat. No. 3,672,137 to Hamouz, et al.
      and is belt driven by the engine 15. The mower 17 is provided with a
      single discharge outlet 19 which extends out the right side of the vehicle
      preferably at a rearward angle. As is conventional, the mower 17 is
      further provided with a rotating blade 20 having wings 21 at each end
      extending upwardly and away from the direction of rotation preferably at
      an angle of about 60 degrees for imparting sufficient energy to the debris
      to carry it to the receptacle, the wings 21 being either an integral
      portion of the blade 20 or bolted thereto. Although not part of the
      present invention, the interior of the discharge outlet 19 is provided
      with a spring loaded nail or rock deflector 22 hingedly attached thereto
      which has a first position nestled against the underside of the discharge
      outlet, as shown in FIG. 1. When the debris collecting attachment is not
      in place (not shown), the deflector 22 is biased to a downwardly outward
      angle for deflecting rocks, nails, and other thrown objects to the ground
      in accordance with the safety standards promulgated by the Outdoor Power
      Equipment Industry.
PAR  The frame 11 of the riding mower 10 is further provided with a pair of
      L-shaped strut assemblies 24 laterally spaced thereon which extend to the
      rear and then bend upwardly, a bumper 25 extending horizontally between
      the two struts 24 immediately above the bend, the struts 24 extending
      upwardly for a considerable distance. When the debris collecting
      attachment is not on the riding mower, the vertical extensions of the
      struts 24 and the bumper 25 may form a suitable base for storing the
      riding mower vertically.
PAR  Turning now to Applicants' debris collecting attachment, the receptacle
      subframe assembly 29 comprises a horizontal rectangular tubular frame 30
      provided on its forward side with a pair of downwardly depending legs 31
      integrally attached thereto which slidingly receive the upright portions
      of the struts 24 (FIG. 4), the struts 24 thereby providing a support for
      the subframe assembly 29 which extends horizontally rearwardly therefrom.
      The receptacle cover 32, which may be made of plastic, extends across the
      top of the frame 30 and has its edges bent around the side thereof and may
      be attached to the subframe by bolts or spring clips if desired. A
      horizontally extending rod 34 extends laterally just rearwardly of the
      front side of the frame 30 between the downwardly depending members 31, to
      which it is welded at each end, the rod 34 being located so that its top
      portion is about even with the lower side of the tubular frame 30. At the
      center of the rear portion of the frame 30, a shaft 35 extends vertically
      through the frame 30 and is provided at its top end with a handle 36 which
      extends through the top cover 32. The lower portion of the shaft 35 is
      provided with a lever arm 39. Immediately above the lever 39, the shaft 35
      is provided with a detent pin 37 which cooperates with a complementary
      detent on the frame assembly 30 to maintain the lever 39 in a forwardly
      extending position.
PAR  The debris receiving receptacle 40 comprises a porous bag of cloth or
      plastic mesh material having a tubular metal frame 41 of a generally
      rectangular configuration at its open end, the size of the rectangle being
      slightly smaller than the size of the tubular frame 30 to nest
      therewithin. The top edge of the cloth portion of the bag is looped around
      the frame 41 (FIG. 3), the ends of the loop being zippered or sewn
      together as desired. The right side of the frame 41 and bag 40 are
      provided with a generally U-shaped opening 42 to provide the intake
      opening thereinto, as best seen in FIG. 1. Returning to FIG. 4, the
      receptacle 40 is supported through its frame 41 by having the front side
      of the frame 41 resting on top of the horizontal rod 34 and having its
      rear side supported by the lever 39. Thus, to install the bag on the
      receptacle frame, the lever 39 is rotated by the handle 36 to a position
      parallel to the tubular frame 30. In this position, the forward side of
      the frame 41 is slid up on top of the horizontal rod 34, the rear side is
      manually raised, and the lever 39 rotated to a fore and aft position to
      support the rear side of the frame 41. Removal of the receptacle would be
      accomplished by the reverse procedure.
PAR  Turning now to the conduit means for conducting material from the discharge
      outlet of the mower 17 to the receptacle, the subframe assembly 29 is
      provided on its right side with a downwardly depending U-bolt 50, the legs
      thereof extending through the tube 30 which are retained by nuts 51 which
      may also be used to hold down the cover 32 as shown in FIG. 3. The U-bolt
      50 thus defines a horizontal transverse opening 52 in the subframe 29. The
      transverse leg 54 of a hollow 90 degree elbow 55 is mounted within the
      U-shaped opening 52 and is provided with a large detent 56 on its top side
      for receiving the tube 30 and a small detent 57 on its lower side for
      receiving the lower end of the U-bolt 50. The detents 56 and 57 prevent
      axial movement of the transverse leg 54 relative to the receptacle. For
      reasons to be seen hereinafter, the U-bolt 50 is tightened by the bolts 51
      so as to lightly sphincterally embrace the transverse leg 54 of the elbow
      55 to inhibit free rotation of the elbow therein while permitting manual
      rotation.
PAR  The elbow 55, which is preferably made of rubber or plastic having a
      circular cross section, has a fore and aft extending leg 59 which extends
      downwardly and forwardly in the direction of the discharge outlet 19 of
      the mower 17. Telescopingly engaged within the fore and aft leg 59 of the
      elbow, is an elbow extension member 60 comprising a clear plastic tube
      having an outer diameter just smaller than the inner diameter of the fore
      and aft leg 59, the tube 60 sliding more or less freely therein. Slidingly
      or telescopingly engaged with the forward end of the extension member 60
      is the rear portion 61 of a discharge outlet adapter member 62. The rear
      portion 61 is also provided with a clip 64 to prevent the forward and
      downward travel of the extension member 60 thereon to a point where the
      rear portion of the extension 60 could separate from the elbow 55. The
      outlet adapter extends downward forwardly from the rear portion 61 and
      contains an intermediate transition section wherein it changes from a
      substantially circular cross section at the rear to a generally
      rectangular cross section at the front. The forward portion 65 plugs into
      the discharge outlet 19 of the mower to a stop provided thereinside. The
      upper side of the chute adapter 62 and discharge outlet 19 are provided
      with mating sections of a hinge assembly 66 with a removable pin 67 to
      retain the outlet adapter in the discharge outlet.
PAR  In operation, when it is desired to clean out the conduit, the chute
      extension member 60 is slid rearwardly into the elbow 55 until it clears
      the end of the rear portion 61 of the outlet adapter member 62. At this
      point, both the extension member 60 and the elbow 55 may be swung upwardly
      to the position in phantom in FIG. 1, the sphincteral grasp of the U-bolt
      50 about the transverse leg of the elbow 55 maintaining the parts in
      position. The operator may now remove the extension member if necessary
      for cleaning out. The same procedure may be followed during the removal of
      the grass catching attachment from the riding mower.
PAR  It is noted that it is preferable for the outlet adapter, extension member,
      and elbow to have successively increasing diameters to reduce the
      potential for the conduit to block up. It is also preferable that the
      U-shaped opening 42 on the right side of the receptacle 40 come as close
      as possible to the elbow 55 in order to prevent spillage through the
      opening.
PAC  THE EMBODIMENT OF FIGS. 5 AND 6
PAR  This embodiment comprises an improvement of the receptacle means to utilize
      a standard disposable plastic trash bag. Other than is shown, it is
      exactly the same as described above. Accordingly, all of the reference
      numerals previously utilized will be retained.
PAR  The improved receptacle means comprises, in addition to the foregoing
      receptacle 40, an outer frame 70 disposed within but closely adjacent the
      right side of the receptacle 40. The frame 70 is attached to the tubular
      frame 30 by a pair of mounting brackets 71 disposed on the frame fore and
      aft of the transverse leg 54 of the elbow, the brackets 71 being welded to
      the frame 70 to support it in a vertical plane. The frame 70 is generally
      kidney shaped and defines an opening 72 disposed about the periphery of
      the transverse leg 54 of the elbow 55, extending about three inches fore
      and aft of the leg 54 and about two inches below. The outer periphery of
      the frame 70 comprises an outwardly opening channel 74 which fits within
      the open end of an air impervious bag 75 which extends laterally within
      the receptacle 40, the receptacle 40 thereby becoming an outer shell to
      support the bag 75.
PAR  The bag 75 is bunched up around and into the channel 74 and is held in
      place by an elastic band 76, the only air exit from the bag being through
      the opening 72 around the elbow. It has been found beneficial to have the
      exit opening 72 disposed about the inlet elbow 55, as above described. It
      is believed that this arrangement creates a cyclonic effect within the bag
      so that the clippings or debris fall out of the air stream and remain in
      the bag while the air escapes through the opening, thereby eliminating the
      need for a screened exit as in the prior art.
PAR  It is noted that the frame 41 of the outer shell 40 extends over the
      opening 72. Thus, the little debris which may remain entrained in the air
      stream is caught by the outer shell 40. This arrangement also provides the
      operator with the ability to operate the attachment either with or without
      the plastic bag 75 thereinside. As indicated above, the porous outer bag
      40 becomes a support member for the plastic bag which may be of very thin
      material and prevents it from ripping. When the plastic bag becomes full,
      the operator may simply remove the elastic band and the trash bag full of
      clippings and may conveniently transport it to a disposal area and install
      a new plastic bag within the receptacle 40.
PAR  Thus, there has been provided a debris collecting attachment for a riding
      mower which fully satisfies all the objects and advantages set forth
      above. It is recognized that others, in view of the above disclosure, may
      find modifications thereof. Accordingly, it is attended to embrace all
      such modifications as may fall within the scope of the following claims.
CLMS
NUM  1.
PAR  1. For a riding type lawn mower, said mower including a mobile frame having
      a rotary mower mounted thereto, said mower having a discharge outlet, a
      grass collecting attachment comprising:
PA1  a subframe attached to the rear portion of said mobile frame;
PA1  grass receiving receptacle means removably attached to said subframe;
PA1  a hollow elbow having a transverse leg rotatably mounted to said subframe
      and a forwardly and downwardly extending leg;
PA1  an elbow extension member telescopingly engaged with said forwardly and
      downwardly extending leg; and,
PA1  an outlet adapter member having a rearward portion slidingly engaging said
      elbow extension member and a forward portion engaged with said mower
      discharge outlet, said elbow extension being sufficiently retractable
      toward said elbow as to permit said elbow extension to disengage and be
NUM  2.
PAR  2. The invention in accordance with claim 1 and said outlet adapter having
      means for preventing the forward travel of said extension member thereon
      to a point permitting separation of said elbow and said extension member.
NUM  3.
PAR  3. The invention in accordance with claim 1 and said subframe including a
      downwardly depending U-shaped portion defining a transverse opening, said
NUM  4.
PAR  4. The invention in accordance with claim 3 and said elbow being lightly
      sphincterally embraced by said U-shaped portion to inhibit free rotation
NUM  5.
PAR  5. For a riding type lawn mower, said mower including a mobile frame having
      a rotary mower mounted thereto, said mower having a discharge outlet, a
      grass collecting attachment comprising:
PA1  a subframe attached to the rear portion of said mobile frame, said subframe
      including a downwardly depending U-shaped portion defining a transverse
      opening;
PA1  grass receiving receptacle means removably attached to said subframe;
PA1  a hollow elbow having a transverse leg rotatably mounted in said transverse
      opening in said subframe, said transverse leg of said elbow having an
      external circumferential indentation, said U-shaped portion engaging said
      indentation to prevent transverse movement of said elbow, and a forwardly
      and downwardly extending leg;
PA1  an elbow extension member telescopingly engaged with said forwardly and
      downwardly extending leg; and,
PA1  an outlet adapter member having a rearward portion slidingly engaging said
      elbow extension member and a forward portion engaged with said mower
      discharge outlet, said elbow extension member being sufficiently
      retractable toward said elbow as to permit said elbow extension member to
NUM  6.
PAR  6. For a riding type lawn mower, said mower including a mobile frame having
      a rotary mower mounted thereto, said mower having a discharge outlet, a
      grass collecting attachment comprising:
PA1  a subframe attached to the rear portion of said mobile frame, said subframe
      including a downwardly depending U-shaped portion defining a transverse
      opening;
PA1  grass receiving receptacle means removably attached to said subframe;
PA1  a hollow elbow having a transverse leg rotatably mounted in said opening in
      said subframe and a forwardly and downwardly extending leg;
PA1  an elbow extension member telescopingly engaged with said forwardly and
      downwardly extending leg;
PA1  an outlet adapter member having a rearward portion slidingly engaging said
      elbow extension member and a forward portion engaged with said mower
      discharge outlet, said elbow extension member being sufficiently
      retractable toward said elbow as to permit said elbow extension member to
      disengage and be rotated away from said outlet adapter member; and
PA1  an open peripheral frame defining an opening disposed about the periphery
      of said U-shaped portion, said receptacle means comprising a porous outer
      shell member attached to said subframe and adapted to receive an air
      impervious bag therewithin, said bag having an open end for receiving said
NUM  7.
PAR  7. The invention in accordance with claim 6 and said frame being disposed
      within said porous outer shell member to permit operation of said
NUM  8.
PAR  8. In a garden tractor having a debris discharge outlet, means for
      propelling said debris from said outlet, receptacle means for receiving
      said debris, said receptacle means including a subframe portion having a
      transverse opening, and conduit means defining a continuous unobstructed
      passage interconnecting said discharge outlet with said receptacle means,
      the improvement wherein said conduit means comprises outlet adapter means
      engaging said outlet and having an upwardly and rearwardly extending
      portion, an elbow extension member telescopingly engaging said portion of
      said outlet adapter means, and an elbow member having a fore and aft leg
      telescopingly engaging said extension member and a transverse leg
      rotatably mounted in said transverse opening for rotation of said fore and
      aft leg and said extension member away from said outlet adapter means upon
NUM  9.
PAR  9. In a garden tractor having a debris discharge outlet, means for
      propelling said debris from said outlet, receptacle means for receiving
      said debris, said receptacle means including a subframe portion having a
      transverse opening, and conduit means defining a continuous unobstructed
      passage interconnecting said discharge outlet with said receptacle means,
      the improvement wherein said conduit means comprises outlet adapter means
      engaging said outlet and having an upwardly and rearwardly extending
      portion, an elbow extension member telescopingly engaging said portion of
      said outlet adapter means, and an elbow member having a fore and aft leg
      telescopingly engaging said extension member and a transverse leg
      rotatably mounted in said transverse opening, said transverse leg of said
      elbow member having detent means engaging said frame portion to permit
      rotation of said transverse leg in said opening while preventing axial
NUM  10.
PAR  10. The invention in accordance with claim 9 and said transverse leg being
      lightly sphincterally embraced by said frame portion to inhibit free
      rotation of said leg therein while permitting manual rotation thereof.
NUM  11.
PAR  11. In a garden tractor having a debris discharge outlet, means for
      propelling said debris from said outlet, receptacle means for receiving
      said debris, said receptacle means including a subframe portion having a
      transverse opening, and conduit means defining a continuous unobstructed
      passage interconnecting said discharge outlet with said receptacle means,
      the improvement wherein said conduit means comprises outlet adapter means
      engaging said outlet and having an upwardly and rearwardly extending
      portion, an elbow extension member telescopingly engaging said portion of
      said outlet adapter means, and an elbow member having a fore and aft leg
      telescopingly engaging said extension member and a transverse leg
      rotatably mounted in said transverse opening, and said receptacle means
      comprises a subframe, an open frame defining a transverse opening disposed
      about the periphery of said transverse opening in said subframe portion, a
      porous outer shell member supported by said subframe, and an air
      impervious bag disposed within said outer shell member, said frame being
      received in and peripherally engaged by the open end of said bag.
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ABST
PAL  A breakaway mechanism mounted on the frame of an improved crop material
      roll forming machine engages a take-up and expansion member to cause the
      member to initially retain an upper flexible, roll-forming apron
      substantially in a contracted position as crop material, being initially
      rolled to form a core at a roll-forming area defined between the upper
      apron and a lower crop-conveying and roll-forming apron, builds to a
      desired predetermined density. The breakaway mechanism will release its
      engagement with the take-up member when the core of crop material reaches
      the desired predetermined density.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a Continuation-In-Part of copending U.S. patent
      application Ser. No. 405,977, filed Oct. 12, 1973, now abandoned.
BSUM
PAR  The present invention relates generally to a machine for forming a roll of
      forage crop material, such as hay or the like, and more particularly to an
      improvement for the machine which insures that an initial core of hay is
      formed having a desired predetermined density.
PAR  For many years, it has been customary to harvest forage crops by mowing the
      crops, letting them dry in the field, forming the dried crop into
      windrows, gathering the crops in windrowed form by a baler and forming the
      gathered crop material into rectangular bales.
PAR  Recently it has been found that by forming the crop material into large
      compact rolls of material, rather than rectangular bales as previously
      done, the material in roll form could be deposited and left in the field
      because the roll of material tends to provide a self-shedding protective
      covering from inclement weather. Since the roll can be left in the field
      the additional steps of gathering the rectangular bales and transporting
      the gathered bales to a storage area away from the elements can be
      eliminated.
PAR  Several methods for the forming of compact rolls of material have been
      devised throughout the years. One of these methods comprises rolling the
      swath or windrow of material along the ground until a roll of desired size
      is obtained. Another, and more successful method comprises utilizing a
      machine by which the swath or windrow of material is picked up from the
      field and directed onto a lower conveying apron. The lower apron
      transports the material in one direction while an upper apron, usually
      positioned above and adjacent the lower apron, moves in an opposite
      direction and simultaneously engages the crop material being carried by
      the lower apron to thereby coil or wind the crop material into a circular
      roll.
PAR  Some difficulty has been encountered in obtaining a roll having a
      satisfactory density when utilizing a roll forming machine of this general
      type. Much of this difficulty has centered around the inability to form an
      initial core of material having a desired predetermined density which
      provides a relatively solid core of material about which the remainder of
      the material forming the final roll may be wound.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a principle object of the present invention, therefore, to form an
      initial core of material having a desired predetermined density which
      provides a solid foundation about which to coil or wind the remainder of
      the crop material forming the compact roll.
PAR  It is another object of the present invention to provide a breakaway
      mechanism for an improved roll forming machine which insures that the
      initial core of material is formed having the desired predetermined
      density.
PAR  Still another object of the present invention is to provide a breakaway
      mechanism which automatically resets after each hay roll has been formed
      and ejected from the machine.
PAR  A further object of the present invention is to provide a breakaway
      mechanism capable of being adjusted whereby the desired predetermined
      density may be varied according to the operator's wishes and the type of
      crop material being rolled.
PAR  A still further object of the present invention is to provide a breakaway
      mechanism which is simple and economical.
PAR  The above objects, and others which will be apparent to those skilled in
      the art, are accomplished in a machine for forming a roll of crop material
      and having a mobile frame, means mounted to the frame defining a roll
      forming area and being movable and capable of concurrently imposing a
      given range of forces upon crop material at such area for rolling crop
      material into a roll and means mounted to the frame for delivering crop to
      the movable means, by providing improved means for causing the imposition
      of a given higher range of forces on the crop material by the movable
      means during initial stages of formation of the crop material roll by the
      movable means for facilitating the formation of a core of the crop
      material for the roll at such area having a density at least generally
      equal to the overall density of the roll.
PAR  More particularly, in a roll forming machine having a mobile frame, means
      mounted to the frame for picking up crop material, lower roll forming
      means mounted to the frame including means movable for conveying the
      picked up crop material in a predetermined direction, and upper roll
      forming means including an endless flexible apron mounted above the
      conveying means to define a roll-forming area therebetween and being
      movable into a direction opposite to the predetermined direction for
      rolling crop material therebetween at the roll-forming area and tension
      means mounted to the frame for biasing the flexible apron toward a
      contracted position, the tension means being yieldable to allow the
      flexible apron to progressively expand against the biasing as the crop
      material being rolled at the roll-forming area grows in diameter, the
      improvement comprises a mechanism mounted to the frame and capable of
      preventing the tension means from yielding which in turn prevents the
      flexible apron from expanding from its contracted position, until crop
      material being initially rolled at the roll forming area between the
      conveying means and the flexible apron builds into a core having a desired
      predetermined density, the predetermined density of the core being at
      least generally equal to the overall density of the remainder of crop
      material to be subsequently wound about the core to form the crop material
      roll, the mechanism being further capable of allowing the tension means to
      yield which in turn allows the flexible apron to expand when the core of
      crop material reaches the predetermined density.
PAR  Further, more particularly, the roll forming machines includes a take-up
      and expansion member mounted to the the frame and engaging the flexible
      apron and the tension means is connected to the take-up member so as to
      bias the take-up member toward a first position which in turn biases the
      flexible apron toward its contracted position, with the member being
      yieldably movable away from its first position to allow the flexible apron
      to progressively expand against the biasing as crop material being rolled
      at the area grows in diameter. Also, the improved mechanism comprises a
      breakaway mechanism mounted to the frame and engaging the take-up member
      to cause the member to initially retain the flexible apron substantially
      in its contracted position as crop material being initially rolled at the
      roll-forming area into a core builds to a desired predetermined density
      with the breakaway mechanism being capable of releasing its engagement
      with the take-up member when the core of crop material achieves the
      predetermined density.
PAR  Other objects and attainments of the invention will become apparent to
      those skilled in the art upon a reading of the following detailed
      description when taken in conjunction with the drawings in which there is
      shown and described an illustrative embodiment of the invention; it is to
      be understood, however, that this embodiment is not intended to be
      exhaustive nor limiting of the invention but is given for purposes of
      illustration in order that others skilled in the art may fully understand
      the invention and the principles thereof and the manner of applying it in
      practical use so that they may modify it in various forms, each as may be
      best suited to the conditions of a particular use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of the following detailed description reference will be
      frequently made to the attached drawings in which:
PAR  FIG. 1 is a side elevational view of a crop material roll forming machine
      incorporating a breakaway mechanism constructed in accordance with the
      principles of the present invention and showing the relative positions of
      the various parts of the machine as the crop material being rolled to form
      the core grows toward a desired predetermined density;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the relative positions of
      the various parts of the machine after the initial core having the desired
      predetermined density has been formed and during the continued winding of
      additional crop material about the core;
PAR  FIG. 3 is a fragmentary side elevational view on a larger scale than in
      FIG. 1 and showing the initial relative positions of the breakaway
      mechanism and the take-up member of the machine during formation of the
      initial core of crop material;
PAR  FIG. 4 is a fragmentary side elevational view on a larger scale than in
      FIG. 2 and showing the relative positions of the breakaway mechanism and
      the take-up member of the machine after the initial core of the roll of
      crop material has been formed and the take-up member released from the
      breakaway mechanism;
PAR  FIG. 5 is a view similar to FIG. 3 but showing the relative positions of
      the breakaway mechanism and the take-up member during resetting of the
      engagement of the breakaway mechanism with the take-up member after a
      completed roll has been ejected from the machine;
PAR  FIG. 6 is an enlarged fragmentary top plan view as seen along line 6--6 of
      FIG. 3 showing the breakaway mechanism engaged with the take-up member;
      and
PAR  FIG. 7 is a view similar to FIG. 6 but showing the breakaway mechanism
      during resetting of its engagement with the take-up member as seen along
      line 7--7 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  The Machine Frame
PAR  Referring now to FIGS. 1 and 2, there is shown an improved crop roll
      forming machine, generally indicated by numeral 10, being provided with a
      base frame 12 having sides fixedly connected together, such as by welding
      or the like. Each side of the frame 12 has a bottom horizontal member 14.
      The forward end thereof is connected to a vertical member 16. Extending
      perpendicularly to the junction of the members 14 and 16 is a cross member
      18, an end of which is fixedly connected to the junction of the members 14
      and 16. A short frame member 20 extends upwardly from the rearward portion
      of the bottom member 14 and the upper end thereof is connected to one end
      of an upwardly and forwardly extending angular brace member 22, which is
      connected at its upper end to the upper end of the vertical member 16.
      Extending forwardly from the vertical member 16 at each side of the
      machine is a fixedly mounted A-frame (not completely shown), generally
      indicated by number 24, with an upper angular member 26 being shown
      fixedly connected at its rearward end to the front face of the vertical
      member 16. A tractor hitch tongue 27 is mounted to the forward end of the
      A-frame 24.
PAR  An upper frame, generally indicated by numeral 28, is provided with side
      frames each including a straight frame member 30, the ends of which are
      connected to the opposite ends of an arcuate frame member 32. The upper
      most portion of each side of the upper frame 28 is pivotally connected at
      34 to a suitable bearing fixed to the upper end of the vertical frame
      member 16. A transverse frame member 36 extends between the upper ends of
      the angular brace members 22 of the base frame 12 to thereby stabilize the
      connection of the upper frame 28 at its pivotal connection 34. The upper
      end of the base frame 12 is further stabilized transversely by a bracing
      member (not shown) which extends between bearing brackets 38 which are
      fixedly connected to the front faces of the vertical frame members 16.
PAR  The lower rearward end of the upper frame 28 also has a cross frame member
      (not shown) extending between the opposite sides of the upper frame 28
      generally at the connections between the lower ends of its straight frame
      members 30 and its arcuate frame members 32.
PAR  The upper frame 28 is pivotally moved counterclockwise from its lower, roll
      forming position, as shown in FIGS. 1 and 2, to an extended roll discharge
      position (not shown) by a pair of hydraulic cylinders, the left one of
      which is shown, being indicated by numeral 42. The hydraulic cylinders 42
      have their cylinder ends 44 connected to the upper angular member 26 of
      the A-frame 24 and their piston ends 46 connected to the straight frame
      member 30 of the upper frame 28. Suitable hydraulic lines (not shown) are
      connected to the hydraulic cylinders 42 to simultaneously activate and
      control the operations of the cylinders 42 in retaining the upper frame 28
      at its respective positions or moving the frame 28 between its positions.
PAR  The base frame 12 of the machine 10 has a pair of conventional wheels 48,
      the left one being shown, connected at opposite sides of the base frame 12
      to a suitable conventional axle (not shown) in order that the crop roll
      forming machine 10 may be drawn by a tractor or other suitable pull-type
      vehicle over a field for purposes of forming a roll R of crop material,
      such as hay or similar forage material.
PAC  Roll Forming Components of the Machine
PAR  Extending forwardly from the front end of base frame 12 of the machine 10
      is a pickup header 50. This header is adapted to engage, elevate and
      rearwardly feed a swath or windrow of forage material onto the crop
      material roll forming machine 10. The machine engaged by the header 50 is
      passed rearwardly from the entrance end of a lower apron generally
      indicated by numeral 52, towards the rear of the machine 10. The lower
      apron 52 comprises a conveying means having a series of endless, flexible
      chains 54 which are transversely spaced apart even distances and which
      extend around driven sprockets 56 rotatably mounted on a shaft 58 at the
      forward end of the hay rolling machine 10. The chains 54 also pass around
      idler sprockets 60 rotatably mounted at the rear of the machine 10.
      Mounted above the horizontal member 14 of the base frame 12 is a floor 62.
      The floor 62 is rigid and connected to the base frame 12 by a series of
      extending bars (not shown), the opposite ends of which are suitably
      connected to the horizontal member 14 of the base frame 12 to support the
      floor 62 in a horizontal position. The upper courses of the chains 54
      slide in channels 64 on floor 62. These channels 64 are transversely
      spaced and suitably secured to floor 62 to support and guide the chains 54
      across the floor 62 of the machine 10. The links of the chains 54 have
      lugs 66 connected thereto. The upper courses of the chains 54, as shown in
      FIGS. 1 and 2, move in a clockwise direction so that the leading edges of
      the lugs 66 engage and direct the material rearwardly across the floor 62
      of the machine 10.
PAR  The rear most end of floor 62 contains a series of springs, being indicated
      by number 68. These springs 68 are plates which are heat treated to obtain
      an arcuate shape to extend up and away from the floor 62 of the machine
      10, as shown in FIG. 1. These springs 68 comprise a series of plates
      placed behind each other so as to form a leaf spring arrangement. They are
      mounted between the channels 64 which contain the chains 54 thereby acting
      as a continuation of the floor 62 of the machine 10. The forward most end
      of each of the springs 68 is connected to the floor 62 by bolts 70. The
      outer or rear most ends of the springs 68 curve rearwardly and downwardly
      so as not to interfere with the roll forming or discharging operation of
      the roll forming machine 10. The spacing of the springs 68 from one
      another is sufficiently wide to permit the chains 54 and lugs 66 to
      project therethrough when the springs 68 are in a horizontal position.
      When the springs 68 are in their elevated or initial core forming
      position, as shown in FIG. 1, the chains 54 and the lugs 66 disappear
      below the springs 68 at the rear most end of floor 62. This movement of
      the lugs 66 below the springs 68 results in the lugs 66 disengaging the
      roll R of crop material as it is being formed, thereby enabling the
      springs 68 to engage and direct the material toward an upper apron,
      generally indicated by numeral 72, during the roll forming operation.
PAR  The upper frame 28 and certain guide sprockets which augment and support
      the upper apron 72 are shown in FIGS. 1 and 2. The upper apron preferably
      comprises a pair of endless flexible link type chains 74 (only the left
      one being shown) having, at longitudinally spaced intervals, bars (not
      shown) which extend between the chains 74 the full width of the machine
      10. The bars may be square or of any other suitable geometric shape, such
      as cylindrical, for purposes of offering resistance to bending of the
      bars, especially when engaging the periphery of the roll R.
PAR  The upper apron 72 is supported and driven by various sprockets. At each
      side of the upper frame 28, guide sprockets 76 and 78, respectively, are
      supported by clevises 80 and 82 which are connected to the opposite ends
      of the upper frame 28. A portion of the upper course of the upper apron 72
      extends partially about and is supported by the guide sprockets 76 and 78,
      and also the arcuate frame member 32, in the manner shown in FIGS. 1 and
      2. Further, driving sprockets 84 are provided at each side of the base
      frame 14 and are connected to a driven shaft 86 that is supported in
      appropriate bearings fixed relative to the base frame 12. The lower course
      of the upper apron 72 extends partially about and is guidably supported by
      the driving sprockets 84, as well as slideably extending partially about
      and being guidably supported over an upper curved surface 88 of each of a
      pair of movable auxiliary guide members, indicated generally as numeral
      90, being mounted respectively in opposite sides of the base frame 12.
      These auxiliary guide members 90 are spring loaded and are adapted to be
      retracted into accommodating spaces in the sides of the base frame 12 as
      the roll R of crop material grows in diameter so as not to interfere with
      the ends of the roll R as the roll is being formed. Therefore, as the roll
      R increases in diameter the auxiliary guide members 90 will be pushed
      through openings 92 so as not to interfere with the ends of the roll R.
PAR  The driven shafts 58 and 86, on which are mounted the sprockets 56 and 84
      for respectively driving in clockwise and counterclockwise directions the
      lower and upper aprons 52 and 72, are interconnected to (through suitable
      gears not shown) and driven by the end of a power take-off unit (not
      shown) of the tractor utilized to pull the machine 10.
PAC  Take-Up And Expansion Member For The Upper Apron
PAR  A take-up and expansion member, generally indicated by numeral 96, for
      controlling contraction (take-up) and expansion of the upper apron 72
      during formation of roll R and which operates as a pivotal supplemental
      frame, is mounted between the upper ends of vertical frame members 16. The
      take-up member 96 (only the left side being shown) is comprised by a shaft
      94 which is rotatably supported in the bearing brackets 38 adjacent the
      upper ends of the vertical frame members 16 and a pair of oppositely
      extending arms 98 and 100 respectively affixed to each end of the shaft
      94. The ends of the arms 98 and 100 respectively support rotatable guide
      sprockets 102 and 104 partially about which the endless chains 74 of the
      upper apron 72 extend in the manner shown in FIGS. 1 and 2.
PAR  Connected to the take-up and expansion member 96 is a spring and cable
      assembly, generally indicated by numeral 106, at each side of the machine
      10. This assembly 106 at each side of the machine 10 includes a cable 108
      which passes over a first pulley 110 rotatably mounted on each of the
      opposing sides of the upper frame 28 near its pivotally mounted end and
      then over a second pulley 112 rotatably mounted at the top end of each of
      the vertical frame members 16. The cable 108 has one end connected to a
      cam plate 114 on each side of the take-up and expansion member 96 which
      plate 114 is fixed to the arms 98 and 100 at each of the opposing ends of
      shaft 94. The cable 108 has the other end connected to enclosed dual
      tension springs 116. The enclosed springs 116 are mounted on each exterior
      side of the upper frame 28 so as to exert a desired level of tension on
      each of the cables 108 to retard the rotational movement of the take-up
      and expansion member 96 in a counterclockwise direction or, in other
      words, to impose a bias on the member 96 tending to cause rotation of the
      member 96 in a clockwise direction. Therefore, the biasing of the member
      96 tends to move the upper apron 72 to a contacted position as shown in
      FIG. 1 and away from an expanded position which the upper apron 72 is
      shown moving toward in FIG. 2. As shown in FIG. 2, once an initial core of
      the roll R has been formed at a roll-forming area, generally indicated as
      numeral 118, defined between the rearward ends of the upper and lower
      courses respectively of the lower and upper aprons 52 and 72 and the
      opposite sides of the base frame 12, the take-up and expansion member 96
      will yieldably rotate in a counterclockwise direction and allow the upper
      apron 72 to progressively expand against the biasing of the member 96 as
      more crop material is rolled about the core of the roll R and the roll R
      thereby grows in diameter. In such manner, the upper apron 72 is
      maintained in pressurized contact with the roll R of crop material, at the
      desired level of tension imposed on the member 96 by the assembly 106, as
      the roll R is being formed so that a particular density of the crop
      material within the roll R can be obtained, for example approximately ten
      pounds per square foot. However, it has been found that the aforementioned
      manner of biasing the upper apron 72 by the member 96 in combination with
      the assembly 106, fails to form the crop material into an initial solid
      core having a sufficiently high enough density whereby the roll as finally
      formed will be somewhat "spongy" at the center which prevents the
      formation of a roll having the aforementioned desired overall density.
PAC  Breakaway Mechanism
PAR  In order to achieve formation of a solid core of crop material having the
      desired predetermined density, such being generally equal to, or greater
      than, that of the remainder of the crop material which is wound
      therearound to form the roll through the aforementioned biasing of the
      upper apron 72 by the take-up member 96 with the assembly 106 associated
      therewith, there is provided a breakaway mechanism, generally indicated by
      numeral 120, (only the left side of the mechanism being shown) which may
      be adjustably preset to cause the application of a desired higher level of
      tension to the upper apron 72 during the formation of the initial core of
      the crop material, as shown in FIG. 1.
PAR  As shown in FIGS. 1 and 2, and more clearly in FIGS. 3-7, the breakaway
      mechanism 120 comprises a latch arm 122 mounted at one end to a support
      brace 124 which is fixed to the top of a bracket 125 extending forwardly
      from the upper end of each of the vertical members 16 which bracket 125
      rotatably mounts the second pulley 112 of the springs and cable assembly
      106.
PAR  The one end of the latch arm 122 is attached to the brace 124 by a fastener
      126 which also mounts two washers 128 between the latch arm 122 and the
      brace 124 in order to offset the one end of the latch arm 122 from the
      surface 130 of the brace 124 facing the latch arm 122. Also, sufficient
      clearance is provided between the one end of the latch arm 122 and the
      adjacent one of the washers 128 to allow the latch arm 122 to be pivotal
      about the fastener 126 toward and away from the surface 130 of the brace
      124.
PAR  The opposite end of the latch arm 122 extends beyond the outer end of the
      brace 124 and has first detent means thereon, preferably in the form of a
      V-shaped bent section 132 of the latch arm 122.
PAR  The upper arm 98 of the take-up and expansion member 96 includes second
      detent means therein preferably being comprised by a channel 134 being
      defined by the U-shaped cross-section of the arm 98. When the member 96 is
      disposed in its generally vertical, initial position, as shown in FIGS. 1
      and 3, the arm 98 is located adjacent to the latch arm 122 and the
      V-shaped bent section 132 thereof may be received within the channel 134
      of the arm 98.
PAR  Adjustable biasing means, generally indicated by numeral 136, biases the
      latch arm 122 toward the surface 130 of the brace 124 and thereby retains
      the V-shaped bent section 132 of the latch arm 122 within the channel 134
      of the arm 98, as shown in FIG. 6. The biasing means 136 comprises a bolt
      138 disposed through a hole 140 defined in the latch arm 122
      intermediately between its ends and then on through another aligned hole
      142 formed through the brace 124. A spring 144 is mounted on the bolt 138
      between a nut 146 disposed on the threaded end of the bolt 138 and a
      surface 148 of the brace 124 on the reverse side thereof from the surface
      130. A head 150 of the bolt 138 engages an outer surface 152 of the latch
      arm 122 which surface 152 faces away from the surface 130 of the brace
      124. The level of biasing force applied to the latch arm 122 may be
      adjustably varied by turning the nut 146 further onto the bolt 138 or vice
      versa.
PAR  When the take-up member 96 is disposed at its initial position of FIG. 1
      with the V-shaped bent section 132 of the latch arm 122 received within
      the channel 134 of the upper arm 98 of the take-up member 96, an inner cam
      surface 154 of the bent section 132, preferably disposed at an angle of
      approximately 100.degree. to the remainder of the latch arm 122 and thus
      to the plane of rotation of the member 96, forceably engages a side edge
      portion 156 of the upper arm 98 (which comprises a side of the channel
      134), as shown in FIG. 6. The edge portion 156 preferably has a wear plate
      158 secured thereon for minimizing frictional wear on the upper arm 96
      incurred during engagement and disengagement of the bent section 132 with
      and from the upper arm 96. However, the wear plate 158 may be omitted.
      Further, the cam surface 154 forms an angle of approximately 10.degree.
      with the plane of edge portion 156.
PAR  When the upper arm 98 has been disengaged from the latch arm 122, a
      completed roll has been ejected from the rear of the machine 10, and the
      take-up member 96 is being automatically pulled back to its initial
      engaged position of FIGS. 1 and 3 with the latch arm 122 by the spring and
      cable assembly 106 to return to the upper apron 72 to its initial
      contracted position, an outer cam surface 160 of the bent section 132 is
      forceably engaged by the side edge portion 156 of the upper arm 98 at the
      wear plate 158, thereon as shown in FIG. 7, and the latch arm 122 is
      pivoted or deflected outwardly until the edge portion 156 of the upper arm
      98 passes the bent section 132 at which time the bent section 132 resets
      within the channel 134 of the upper arm 98. The outer cam surface 160 of
      the bent section 132 of the latch arm 122 forms an angle of preferably
      between approximately 30.degree. to 45.degree. with the remainder of the
      latch arm 122 and thus with the plane of rotation of the member 96 whereby
      substantially less pulling force is required to overcome the biasing force
      of the spring 144 on the latch arm 122 to reset of the bent section 132
      within the channel 134 of the upper arm 98 than to originally outwardly
      deflect or pivot the latch arm 122 to disengage the bent section 132 from
      the channel 134 of the upper arm 98 during the roll forming operation.
      Further, the outer cam surface 160 forms an angle of approximately
      45.degree. to 60.degree. with the plane of edge portion 156.
PAR  Preferably, in actual practice, the pulling force imposed on the take-up
      member 96 at each side of the machine 10 by the dual springs 116 and thus
      on the upper apron 72 desirably translates into an initial level of apron
      tension or force being imposed on crop material of approximately 350
      pounds which increases during the roll forming operation to approximately
      700 pounds as the springs 116 elongate. As stated hereinbefore, the
      aforementioned initial level of apron tension or force being imposed on
      the crop material fails to achieve an initial core for the roll having a
      great enough density to provide a solid foundation about which to wind the
      additional crop material to an overall density of approximately ten pounds
      per square foot. The breakaway mechanism 120, described in detail
      hereinbefore, imposes additional pulling force on the take-up member 96 at
      each side of the machine 10, and thus on the upper apron 72, which
      translates into an additional range of apron tension or force being
      imposed on the crop material of approximately 300 to 600 pounds and
      retains the upper apron 72 in its initial contracted position until an
      initial core of crop material is formed having a desired predetermined
      density substantially greater than heretofore possible and correspondingly
      ranging from generally equal to the density of the remainder of the crop
      material which is subsequently wound about the core to substantially
      greater than the density of the remainder of crop material which is
      subsequently wound about the core. The biasing force of the spring 144 may
      be adjustably preselected, by turning the nut 146 on the bolt 138, to vary
      the amount of additional pulling force imposed on the take-up member 96 by
      the breakaway mechanism 120 and thereby preselect the desired additional
      pounds of apron tension or force to be imposed on the crop material during
      formation of the core of the roll which in turn preselects the desired
      predetermined level of density of the core within the aforementioned
      density range. When the desired level of core density is reached, the
      reverse pulling force being imposed on the upper apron 72 by the core of
      crop material will exceed the aforementioned combined pulling forces
      caused by dual springs 116 and spring 144 and cause the breakaway
      mechanism 120 to trip or disengage from the take-up member 96 whereby the
      upper apron 72 will be allowed to progressively expand as the take-up
      member 96 yieldably moves in a counterclockwise direction and the roll
      continues to grow in diameter, as shown in FIG. 2.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts without departing from the spirit and scope of the invention or
      sacrificing all of its material advantages, the form hereinbefore
      described being merely a preferred or exemplary embodiment thereof.
CLMS
NUM  1.
PAR  1. In a machine for forming a roll of crop material and having a mobile
      frame, means mounted to said frame for picking up crop material, lower
      roll forming means mounted to said frame including means movable for
      conveying said picked up crop material in a predetermined direction, and
      upper roll forming means including an endless flexible apron mounted above
      said conveying means to define a roll-forming area therebetween and being
      movable in a direction opposite to said predetermined direction for
      rolling crop material therebetween at said area, a take-up and expansion
      member mounted to said frame and engaging said flexible apron and tension
      means attached to said frame and connected to said member so as to bias
      said member toward a first position which in turn biases said flexible
      apron toward a contracted position, said member being yieldably movable
      away from said first position to allow said flexible apron to
      progressively expand against said biasing as said crop material being
      rolled at said area grows in diameter, the improvement which comprises:
PA1  a breakaway mechanism mounted to said frame and capable of engaging said
      take-up and expansion member when at its first position so as to prevent
      said member from yieldably moving away from said first position, which in
      turn prevents said flexible apron from expanding from its contracted
      position, until crop material being initially rolled at said roll-forming
      area between said conveying means and said flexible apron builds into a
      core having a desired predetermined density, said predetermined density
      being at least generally equal to the overall density of the remainder of
      crop material to be subsequently wound about said core to form said roll,
      said breakaway mechanism being further capable of releasing its engagement
      with said take-up member when said core of crop material reaches said
NUM  2.
PAR  2. A crop material roll forming machine as recited in claim 1, wherein:
PA1  said upper roll forming means further includes an upper frame movably
      mounted to said mobile frame and coupled with said flexible apron, said
      upper frame being movable relative to said mobile frame between a roll
      forming position in which it operatively positions said flexible apron for
      roll forming operation with said conveying means and a roll discharge
      position in which it allows ejectment of said roll from said machine; and
PA1  said breakaway mechanism is capable of resetting into engagement with said
      take-up and expansion member after said roll has been formed and after
NUM  3.
PAR  3. A crop material roll forming machine as recited in claim 1, wherein:
PA1  said take-up member includes first detent means;
PA1  said breakaway mechanism includes latching means having second detent means
      capable of mating with said first detent means when said member is
      disposed at said first position; and
PA1  biasing means is provided, being associated with one of said member and
      said mechanism, for causing mating between said first and second detent
      means at a predetermined level of engagement force when said member is
      disposed at said first position, said biasing means being capable of
      yielding to allow said first and second detent means to unmate and provide
      release of said mechanism from said member when said core has been rolled.
NUM  4.
PAR  4. A crop material roll forming machine as recited in claim 3, wherein said
      biasing means include adjustment means for preselecting the engagement
      force level of said mating between said first and second detent means and,
      thereby, the predetermined density of said core at which said mechanism
NUM  5.
PAR  5. A crop material roll forming machine as recited in claim 1, wherein
PA1  said member includes a shaft mounted on said frame for rotation about an
      axis extending transverse to the direction of movement of said conveying
      means and said upper flexible apron and a pair of first and second arms
      attached to each of the opposing ends of said shaft, said arms of each
      pair extending outwardly from said respective shaft end in generally
      opposite directions and generally perpendicular to said axis of said shaft
      and being respectively engaged with spaced apart portions of one of two
      opposite sides of said upper apron, said corresponding first arms of said
      pairs of arms having first detent means formed therein: and
PA1  said breakaway mechanism includes a pair of latch arms, each latch arm
      having one end pivotally mounted on said frame at one of two opposite
      sides thereof and an opposite end having second detent means formed
      thereon capable of mating with said first detent means of one of said
      first arms of said member when said member is disposed at said first
      position, said mechanism further including a pair of resilient spring
      biasing means, each spring biasing means coupling one latch arm between
      its ends with one of said sides of said frame and causing mating between
      said first and second detent means at a predetermined level of engagement
      force when said member is disposed at said first position, each spring
      biasing means being capable of yielding to allow pivotal movement of said
      one latch arm and unmating of said first and second detent means to
      provide release of said mechanism from said member when said core has been
NUM  6.
PAR  6. A crop material roll forming machine as recited in claim 5, wherein each
      of said pair of spring biasing means includes adjustment means for
      preselecting the engagement force level of said mating between said first
      and second detent means and, thereby, the predetermined density of said
      core at which said mechanism will release from said member.
PATN
WKU  039343944
SRC  5
APN  3465934
APT  1
ART  333
APD  19730330
TTL  Continuous feeding for stack forming loaders
ISD  19760127
NCL  33
ECL  1
EXA  Eskovitz; J. N.
EXP  Chamblee; Hugh R.
NDR  3
NFG  11
INVT
NAM  Garrison; Harold Keith
CTY  Newton
STA  KS
ASSG
NAM  Hesston Corporation
CTY  Hesston
STA  KS
COD  02
RLAP
COD  71
APN  196631
APD  19711108
PSC  03
CLAS
OCL   56344
XCL  100220
EDF  2
ICL  A01D 8710
FSC   56
FSS  341;343-347;350-351
FSC  100
FSS  187;220;271
FSC  214
FSS  519-522
UREF
PNO  523707
ISD  18940700
NAM  Keith
OCL   56341
UREF
PNO  2691340
ISD  19541000
NAM  Nikkel
OCL  100187
UREF
PNO  3556327
ISD  19710100
NAM  Garrison
OCL  214522
UREF
PNO  3744228
ISD  19730700
NAM  Lundahl
OCL   56344
LREP
FRM  Schmidt, Johnson, Hovey & Williams
ABST
PAL  In the stacking of hay or other crops, a windrow or swath is lifted off the
      ground, fed into a pile collected by a vehicle-supported, stack-forming
      body and the pile compressed from time to time in the body, all in a
      continuous operation as the vehicle is advanced across the field, by
      virtue of the provision of an accumulator which receives the crop while
      the pile is being compressed, and from which accumulator the crop so
      accumulated is thereupon dumped onto the compressed pile as the latter is
      held against expansion by a holding assembly.
PARN
PAR  This is a continuation of application Ser. No. 196,631, filed Nov. 8, 1971
      and now abandoned.
BSUM
PAR  This invention relates to co-pending applications Ser. No. 876,944 filed
      Nov. 14, 1969; Ser. No. 82,900 filed Oct. 22, 1970; and Ser. No. 139,391
      filed May 3, 1971, and has as an important object to improve upon the
      inventions disclosed in said applications and in my U.S. Pat. No.
      3,556,327 issued Jan. 19, 1971, entitled "Loose Hay Wagon."
PAR  The most important object of the present invention is to provide for
      periodic compression of a crop within a vehicle-supported, stack-forming
      body without interrupting the flow of the crop as the vehicle travels
      across the field and continuously picks the crop off the ground.
PAR  Another important object of my present invention is to provide for crop
      accumulation while pressing takes place such that the crop so accumulated
      may be easily and quickly discharged to the stack being formed in the body
      after each pressing operation, and the feeding into the body thereupon
      continued without stopping or slowdown.
PAR  Still another important object of the instant invention is to provide for
      continuous feeding, pressing and accumulation in a sequence which will not
      only compress each accumulation into the stack after its discharge, but
      properly compress additional collections into the stack after each such
      discharge.
PAR  A further object of the present invention is to provide a way to introduce
      a stack holding function into the sequence such as to prevent expansion of
      the stack after each pressing operation.
PAR  A still further object of my instant invention is to incorporate the
      accumulator and stack holding assembly into the press in such manner as to
      be actuated thereby and, therefore, as to be synchronized in proper
      sequence, substantially reducing operator work and attention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a stack forming loader embodying
      continuous feeding in accordance with the present invention;
PAR  FIG. 2 is an enlarged, fragmentary, vertical cross-sectional view
      transversely through the body, looking rearwardly and showing one section
      of the press, accumulator and retainer;
PAR  FIG. 3 is a fragmentary cross-sectional view similar to FIG. 2 looking
      forwardly;
PAR  FIGS. 4-6 are fragmentary cross-sectional views taken on lines 4--4, 5--5
      and 6--6 respectively of FIG. 2;
PAR  FIG. 7 is a fragmentary cross-sectional view taken on line 7--7 of FIG. 1;
      and
PAR  FIGS. 8-11 are schematic end views showing the sequence of operation.
DETD
PAR  A vehicle 12 may be self propelled if desired, but as shown in FIG. 1, it
      is in the nature of a wheeled, tractor drawn trailer having a stack
      forming body 14, provided with an upwardly swingable rear endgate 15, and
      adapted to receive windrowed crops from a feeder 16 as the vehicle 12 is
      continuously advanced across a field. Feeder 16, as illustrated, is the
      same as disclosed in Ser. No. 82,900 aforementioned, but for the purposes
      of the principles of the present invention, may be of any desired type,
      e.g., the crop pickup and feeding assembly of U.S. Pat. No. 3,556,327
      above referred to.
PAR  Suffice it to point out, therefore, that feeder 16 has a vaned rotor within
      a housing 18 carried by vehicle 12, capable when driven from the power
      take-off of the tractor of picking up the crop and creating sufficient air
      movement to continuously project the crop upwardly through conduit 20 and
      thence rearwardly from outlet spout 22 into body 14. An arched roof 24 may
      be provided for body 14 if desired, and a suitable inlet opening in the
      front end of body 14 immediately below roof 24 receives the crop from
      spout 22.
PAR  As in U.S. Pat. No. 3,556,327, the crop collected in body 14 may be
      compressed from time to time to produce a compact stack of self-sustaining
      nature when subsequently unloaded through the rear end of body 14. To this
      end, a press 26 and an accumulator 27 have a pair of sections 28 and 30 on
      side walls 32 and 34 respectively of body 14. Sections 28 and 30 being
      identical, section 28 only will be described, but the same numerals will
      be provided to identify the component parts of both sections 28 and 30.
PAR  A row of identical, spaced apart, generally triangular plates 36, extending
      fore and aft of wall 32, having beads 38 around their peripheries, and
      terminating at pointed ends 40, are rigidly mounted on a common horizontal
      tube 42 disposed exteriorly of body 14. Upper crop accumulator edges 41
      and lower crop compressing edges 43 of plates 36 converge toward ends 40,
      and edges 43 are provided with elongated sawtooth bars 45.
PAR  Tube 42 is secured rigidly to the upper ends of a pair of arms 44 and each
      of the latter has a pair of opposed rollers 46 (FIG. 6) at its lower end.
      Rollers 46 are reciprocable vertically within upright guide channels 48
      mounted securely to wall 32 and having their upper and lower ends closed.
      A fluid pressure piston and cylinder unit 50 pivotally connects each arm
      44 respectively with body 14.
PAR  A panel 52 for each arm 44 respectively, secured to wall 32 above the
      corresponding channels 48, has a track 54 which receives a rotatable cam
      56 (FIGS. 2, 4 and 5). During actuation of units 50, the cams 56, carried
      by arms 44 intermediate their ends, travel (anticlockwise, viewing FIG. 2)
      along inner and outer, vertical stretches 58 and 60 respectively of tracks
      54 and along upper and lower, upwardly arched segments 62 and 64
      respectively of tracks 54.
PAR  Retrograde travel of cams 56 along upper segments 62 is precluded by the
      provision of upper spring-loaded latches 66 extending into the tracks 54
      at the junctures between segments 62 and stretches 58. Similarly,
      retrograde travel of cams 56 along lever segments 64 is precluded by the
      provision of lower spring-loaded latches 68 extending into the tracks 54
      at the junctures between segments 64 and stretches 60.
PAR  Walls 32 and 34 also carry retainers 70 and 72 respectively and here again,
      since they are identical, retainer 70 only will be described, with the
      same identifying numerals applied to the component parts of both retainers
      70 and 72. A shaft 74, parallel with tube 42, is supported for oscillating
      on wall 32, and has a row of spaced, generally L-shaped hooks 76 thereon.
      Each hook 76 includes an upstanding shank 78 terminating in an inwardly
      extending fork 80 at its upper end.
PAR  Clearance openings 82 (FIG. 2) for forks 80 are provided in posts 84 which
      extend between wall 32 and roof 24, posts 84 being spaced apart to clear
      the plates 36 (FIG. 1). Radial cranks 86, rigid to shaft 74, are swingable
      therewith to and from the position shown in FIGS. 2 and 4 across cam
      stretches 58 within the path of descent of the cams 56.
PAR  Each panel 52 has a link 88 vertically swingable thereon and pivotally
      connected by a connector 90 with a radial projection 92 rigid to shaft 74.
      An ear 94 on link 88 extends through an arcuate slot 96 in panel 52 at the
      lower end of cam stretch 58 for engagement by cam 56 as the latter rounds
      the corner from cam stretch 58 to cam segment 64.
PAC  OPERATION
PAR  The pickup within housing 18 lifts the crop off the ground and blows it
      through conduit 20 and spout 22 rearwardly into body 14 above walls 32 and
      34 and below roof 24 toward endgate 15 as vehicle 12 traverses the field.
      Inasmuch as this operation may be the same as disclosed in U.S. Pat. No.
      3,556,327 aforementioned, showing an embodiment capable of functioning in
      this manner, said patent is incorporated herein by reference as need be,
      and made a part hereof for a full understanding of the present invention.
PAR  At this time the sections 28 and 30 of press 26 and accumulator 27 are
      withdrawn outwardly as shown by full lines in FIG. 8 such that the crop
      entering between the two rows of posts 84 gravitates into and is collected
      by the body 14. After a pile is collected, which may rise as high as roof
      24, or nearly so, the operator causes actuation of units 50, without
      stopping the advancement of vehicle 12 or the flow of the crop through
      spout 22, to cause rollers 46 and cams 56 to rise simultaneously in
      channels 48 and cam stretches 60 respectively. This raises arms 44 and
      plates 36 to the dotted line position shown in FIG. 8.
PAR  When rollers 46 thus reach the upper ends of channels 48 and cams 56 reach
      the upper ends of cam stretches 60, continued operation of units 50 causes
      arms 44 to swing toward body 14 about the axes of rollers 46 as cams 56
      travel along cam segments 62 toward cam stretches 58. This extends the
      plates 36 through the spaces between posts 84 until opposed points 40 are
      juxtaposed, with edges 43 of press 26 overlying the pile of hay and the
      edges 41 of accumulator 27 underlying roof 24. Accumulator 27 thereby
      intercepts the gravitating crop still emanating from spout 22 and
      commences accumulating the same on edges 41.
PAR  Cams 56 raise the latches 66 as they approach stretches 58 and after cams
      56 enter the upper ends of stretches 58, the springs of latches 66 return
      the latter to the position shown in FIG. 2 so that, upon reversal of units
      50, cams 56 must descend along stretches 58. In their descent, cams 56
      strike cranks 86 to swing shafts 74 clockwise, viewing FIG. 2, withdrawing
      the forks 80 as shown in FIG. 10.
PAR  At this time the press 26 will have commenced to compress the pile of hay
      in the body 14, as shown in FIG. 10, because of the action of edges 43
      against the top of the pile. The pressing action of edges 43 and the
      accumulating function of edges 41 continue while plates 36 move down to
      the position shown in FIG. 11 and the cams 56 move to the lower ends of
      stretches 58.
PAR  While the cams 56 are still in the stretches 58 they depress the ears 94 to
      swing the links 88 clockwise, viewing FIG. 3, reinserting the forks 80
      through openings 82 into the compressed pile of hay and essentially
      thereabove as shown in FIG. 11, which also shows plates 36 at the lower
      ends of their paths of travel in body 14.
PAR  As rollers 46 return to the position shown in FIG. 2, units 50 operate to
      swing arms 44 outwardly about the axes of rollers 46, and shift cams 56
      off the ears 94 and along segments 64 to withdraw the plates 36 to the
      positions shown in FIGS. 2 and 8, leaving forks 80 in position for
      retaining the compressed pile against expansion while the press 26 is
      retracted. Cams 56 raise the latches 68 as they travel along segments 64.
      When the cams 56 reach the position shown in FIG. 2, the latches 68 are
      pulled by their springs behind cams 56 so that the latter will be
      restrained against retrograde movement in segments 64 as units 50 are
      again actuated to raise the cams 56 in stretches 60.
PAR  The press 26 is preferably arched upwardly, as shown, to produce a desired
      crown on the finished stack capable of shedding water. Thus, the crop
      tends to be moved away from the walls 32 and 34 toward the fore and aft
      longitudinal center of body 14 during compression. The sawtooth bars 45 on
      the press edges 43 function to obviate an undue amount of such inward
      movement of the crop.
PAR  Retraction of accumulator 27 dumps the hay which it accumulated during
      compression, and such accumulation drops onto the compressed pile being
      held by forks 80. Thereupon, and again without interruption, the crop
      coming from spout 22 gravitates onto the accumulation just previously
      dropped. During the next operation of units 50, both the dropped
      accumulation and the collection thereupon will be compressed into the pile
      previously compressed. These operations may be repeated from time to time
      as desired or necessary, while the vehicle 12 moves along the windrows
      until the body 14 is loaded and a complete, fully compressed stack is
      formed.
PAR  The stack may then be either unloaded in the field or transported to any
      other desired location, whereupon the endgate 15 is opened, as in the
      pending applications aforementioned, or otherwise, and the stack
      discharged from the rear open end of body 14. Here again, reference may be
      made to U.S. Pat. No. 3,556,327 for an understanding of one suitable way
      of carrying out the unloading operation.
PAR  Prior to transport, the cams 56 may be placed into stretches 58 above
      cranks 86 so that the forks 80 and the plates 36 are all in their inner
      positions. Then, just prior to unloading, the cams 56 are lowered to
      retract the forks 80. Before cams 56 reach ears 94, cams 56 are raised to
      the tops of stretches 58 so that the pressure of press 26 on the stack is
      relieved. After unloading, the cams 56 are again placed in the position
      shown in FIG. 2 before the loading operation is resumed to form another
      stack.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
NUM  1.
PAR  1. In a stacking machine:
PA1  a crop feeder;
PA1  a stack forming body for receiving the crop from said feeder; and
PA1  a press, vertically reciprocable rectilinearly for compacting the crop
      received by said body,
PA1  said press having means for accumulating the crop emanating from the feeder
      during each successive vertical descent of the press,
PA1  said press being retractable from beneath the accumulated crop after the
      press reaches its lowered position for discharging each crop accumulation
NUM  2.
PAR  2. A stack forming machine as claimed in claim 1; and means for holding the
      compacted crop against expansion while the accumulated crop is being
      discharged into the body and while an additional quantity of said crop is
NUM  3.
PAR  3. A stacking machine as claimed in claim 1 wherein said crop gravitates
      from the feeder into the body and said accumulating means is swingable
      laterally of its path of vertical movement to and from a position
NUM  4.
PAR  4. A stacking machine as claimed in claim 3 wherein said crop gravitates
      from the feeder into the body and said accumulating means is disposed to
      intercept the crop gravitating from the feeder during vertical descent of
NUM  5.
PAR  5. A stacking machine as claimed in claim 4 wherein said accumulating means
      swings laterally into the body with the compacting means and thereupon,
NUM  6.
PAR  6. A stacking machine as claimed in claim 5 wherein said compacting means
      and said accumulating means are retractable laterally without vertical
      movement from between the compacted crop and the accumulated crop after
NUM  7.
PAR  7. A stacking machine as claimed in claim 6; and means swingable laterally
      to a position over the top of the compacted crop prior to said retraction
      for holding the compacted crop against upward expansion while the
NUM  8.
PAR  8. In a stacking machine:
PA1  a crop feeder;
PA1  a stack forming body for receiving the crop from said feeder; and
PA1  a press, swingable laterally into and out of the body, shiftable downwardly
      in the body along a linear path for compacting the crop from time to time
      in the body as the crop is being fed thereinto and shiftable upwardly
      outside the body along a linear path toward a position for beginning the
      next compacting stroke,
PA1  the axis of swinging movement of the press being vertically shiftable with
      the latter during its vertical travel,
PA1  said press being provided with an accumulator swingable and reciprocable
      therewith for receiving the crop from the feeder during each compaction,
      and said body being provided with means for releasing the accumulated crop
      from the accumulator to the compacted crop after each compaction as the
NUM  9.
PAR  9. A stacking machine as claimed in claim 8 wherein the press and its
      accumulator are swingable from between the compacted crop and the
      accumulated crop after the press and accumulator have reached the end of
NUM  10.
PAR  10. A stacking machine as claimed in claim 9 wherein said press and its
      accumulator are disposed exteriorly of the body when retracted and the
NUM  11.
PAR  11. A stacking machine as claimed in claim 8 wherein, at the cessation of
      each vertical stroke of the press and its accumulator, the same are swung
NUM  12.
PAR  12. In a stacking machine:
PA1  a crop feeder;
PA1  an elongated stack forming body for receiving the crop from said feeder;
PA1  a vertically reciprocable and horizontally swingable press having its axis
      of swinging movement vertically shiftable during said reciprocation;
PA1  power means operably coupled with said press for effecting said
      reciprocation thereof; and
PA1  structure coupled with the press for guiding the latter through a closed
      loop of travel during said reciprocation in which loop the press is
      sequentially raised linearly, then swung arcuately to a position above a
      predetermined quantity of said crop previously fed into the body,
      thereupon lowered linearly while it is in said position to compact said
      quantity of the crop, and then retracted arcuately from said position.
NUM  13.
PAR  13. A stacking machine as claimed in claim 12, said press being disposed
      within the body at all times during descent while the same is in said
      position and exteriorly of the body at all times during ascent while the
NUM  14.
PAR  14. A stacking machine as claimed in claim 13, said press having an
      accumulator movable therewith, said accumulator being disposed to receive
      the crop being fed into the body while the press is in said position and
      disposed exteriorly of the body when the press is retracted to deposit the
      crop accumulated thereby onto the compacted quantity of said crop, said
      press and accumulator including a series of spaced elements extending
NUM  15.
PAR  15. A stacking machine as claimed in claim 14; and a series of spaced
      retention devices extending longitudinally of the body throughout the
      length thereof, responsive to vertical movement of said elements and
      shiftable to a position above the compacted crop for holding the latter
NUM  16.
PAR  16. A harvesting machine including a vehicle adapted for continuous
      advancement across a field having a crop thereon, said vehicle being
      provided with:
PA1  a crop receiving body;
PA1  apparatus for lifting the crop off the field and feeding the same into said
      body as the vehicle is advanced;
PA1  a compressor for compacting the crop from time to time as the crop builds
      up in the body to produce a stack conforming substantially in size and
      shape with the body;
PA1  means operable after compaction for releasing into the body that portion of
      said crop emanating from said apparatus and accumulating on the compressor
      during compaction; and
PA1  means restricting the compression to linear descent along a vertical path
NUM  17.
PAR  17. A harvesting machine as claimed in claim 16 wherein said compressor is
      also swingable about a horizontal axis rendering the same extensible into
      the body prior to compaction to a first position overlying the crop built
      up in the body, and retractable out of the body after compaction to a
NUM  18.
PAR  18. A harvesting machine as claimed in claim 17; and means movable into the
      body from opposed sides thereof after compaction to a position overlying
      the compacted crop for holding the latter against expansion after
NUM  19.
PAR  19. In a stack producing method:
PA1  feeding a crop into an elongated pile;
PA1  compacting the entire pile throughout the length thereof to increase the
      density thereof;
PA1  accumulating all of the crop being fed throughout the time said pile is
      being compacted; and
PA1  discharging all of the accumulated crop to the pile after it has been
NUM  20.
PAR  20. A stack forming method as claimed in claim 19; and compacting the
      discharged accumulation into said pile throughout the length of the
NUM  21.
PAR  21. A stack forming method as claimed in claim 20 wherein said crop
      gravitates into said pile for a prolonged period of time prior to
NUM  22.
PAR  22. A stack forming method as claimed in claim 21 wherein said accumulated
      crop gravitates onto the compact pile throughout the length of the latter
NUM  23.
PAR  23. A stack forming method as claimed in claim 22 wherein the compaction is
      linear and downwardly against said pile and against the accumulation
NUM  24.
PAR  24. In a harvesting method:
PA1  continuously lifting a crop off a field;
PA1  dropping the lifted crop into a pile and transporting the latter while the
      crop is being lifted;
PA1  exerting a continuous, steady, linear pushing or thrusting force or
      pressure downwardly throughout the entire upper surface of said pile to
      condense the latter into a single, compact unit during continuous lifting
      and feeding of the crop and during continuous transportation of the pile;
PA1  continuously accumulating the fed crop above the pile during condensation
      of the latter; and
PA1  releasing the accumulation for gravitation onto said unit while continuing
      to transport the latter and without interrupting said lifting or said
NUM  25.
PAR  25. In a harvesting method as claimed in claim 24; and compressing said
      released accumulation against said unit to combine the same therewith.
NUM  26.
PAR  26. In a harvesting method as claimed in claim 24; and proceeding, while
      interrupting the condensation step, to feed the crop into the body during
      continued transportation for collection upon said released accumulation.
NUM  27.
PAR  27. In a harvesting method as claimed in claim 24; and compressing said
      collection and said released accumulation against the crop in the body to
NUM  28.
PAR  28. A harvesting machine including a vehicle adapted for continuous
      advancement across a field having a crop thereon, said vehicle being
      provided with:
PA1  an elongated crop receiving body having front and rear ends and opposed
      sides;
PA1  apparatus for lifting the crop off the field and feeding the same through
      the front end of the body for gravitation into the latter;
PA1  a row of spaced compressor elements extending along each of said sides
      respectively of the body throughout the length and exteriorly of the
      latter;
PA1  means mounting said elements for upward, vertical movement after the body
      is filled with the crop, thence inwardly into the body along an arcuate
      path to a position above the crop, then downward, vertical movement
      against the crop to compact the latter, and thereupon outwardly out of the
NUM  29.
PAR  29. A harvesting machine as claimed in claim 28, the elements along one of
      said sides meeting with the elements along the other of said sides when
      the elements are within the body, presenting a barrier for accumulating
      crop emanating from said apparatus during said downward movement of the
NUM  30.
PAR  30. A harvesting machine as claimed in claim 29; a row of spaced holding
      members extending along each of said sides respectively of the body
      throughout the length and exteriorly of the latter; and means mounting
      said members for swinging movement inwardly into the body into overlying
      relation to the compacted crop for maintaining the latter in its compacted
NUM  31.
PAR  31. In a stack producing method:
PA1  continuously feeding loose crop material into an elongated container
      without compacting the material until the latter is filled;
PA1  thereupon exerting a continuous, steady, linear pushing or thrusting force
      or pressure downwardly within the container against the loose crop therein
      throughout the entire upper surface thereof to compress the same into a
      compact unit while continuing to feed additional loose crop material into
      the container;
PA1  loosely accumulating said additional material in the container while
      compaction of said unit and feeding of additional loose material continues
      without interruption;
PA1  withdrawing said pressure and simultaneously discharging said accumulated
      loose material on top of the compact unit without interrupting said
      feeding;
PA1  continuing said feeding until the container is again filled; and
PA1  repeating the compressing step to combine the loose material with the
NUM  32.
PAR  32. A hay wagon comprising:
PA1  a receptacle for receiving loose hay,
PA1  a compacting mechanism reciprocally supported by at least one side of the
      receptacle for periodically engaging and compressing hay,
PA1  power means for generally vertically lowering and elevating the compacting
      mechanism in respect to hay in the receptacle and in respect to said
      spaced sides causing the compacting mechanism to engage and compact hay
      when lowered,
PA1  means for continuously picking up loose hay from a ground-engaging position
      while simultaneously compacting the hay, and for intermittently delivering
NUM  33.
PAR  33. A crop wagon comprising:
PA1  a bed for receiving a crop;
PA1  a compactor disposed remotely above the bed;
PA1  a crop delivery unit for picking up the crop from a field and delivering it
      to and spreading it along the bed;
PA1  power means for reciprocating the compactor between said remote disposition
      and a contiguous compacting relation with the crop within the wagon;
PA1  crop accumulator means interposed between the delivery unit and the bed to
      temporarily store the incoming crop while the compactor moves between its
      remote and compacting positions and thereafter deliver the stored crop to
      the bed, thereby accommodating continuous pick up of the crop from the
      field concurrent with compaction of the crop on the bed.
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ABST
PAL  A cable stranding apparatus wherein back tension on wires drawn from spools
      thereof and helically wound around a central core is controlled by
      positive drive means controlling the speed of rotation of each spool about
      its own axis in a controlled proportion to the speed of rotation of the
      central shaft of such apparatus about its axis. This controlling of the
      speed of rotation of each spool about its axis is varied during operation
      of the apparatus in response to means sensing the back tension on at least
      one of the spool wires. As a result, the back tension on the wire from the
      spool controls the speed of spool rotation, and thus frees the wire from
      the effects of frictional problems at high speeds, and from the effects of
      variations of outer diameter of the wire on the spool as the wire is
      progressively unwound from the spool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A widely used form of cable stranding apparatus comprises a hollow shaft
      through which a core strand is drawn continually while the shaft is
      rotated to swing several spools of wire around the core strand. The wire
      from the spools is drawn off and fed helically around the core strand
      after it emerges from within the hollow rotating shaft. The movement of
      the central core strand controls the rate of travel of the wire from the
      spools, and frictional braking action on the spools provides back tension
      to keep the wires taut, and to prevent the spools from unwinding
      excessively when the machine as a whole is slowed down. This system is
      used, for example, to strand aluminum conductor wires around a supporting
      core of a stronger material, such as steel or a higher strength aluminum
      alloy. If the conductor wire has enough temper or strengthening alloy to
      endure relatively high back tension during part of this procedure, it is
      possible to operate this system on a commercially satisfactory basis.
      However, it is sometimes desirable to strand relatively weak conductor
      wires around the core, such as when fully annealed EC aluminum alloy is
      stranded around a steel core, and, in that case, the conventional system
      may not work satisfactorily without slowing down and suffering the penalty
      of reduced output. One aspect of this problem is the fact that the spools
      of wire have substantial mass, and when these spools are rotated around
      the central shaft their angular momentum is considerable. This imposes an
      added load which increases the frictional resistance of the bearings on
      which the spools are journaled for rotation about their own axes. This
      increased frictional force increases the tension in the wires being drawn
      from spools. Also, as the wire from each spool is drawn off, the diameter
      of the outer winding of wire on the spool decreases, and this has the
      effect of increasing the tension in the wire for any given amount of
      frictional resistance of the spool bearings.
PAC  SUMMARY
PAR  This invention provides an improved cable stranding apparatus of the
      character mentioned which comprises a rotatable hollow shaft adapted to
      receive a core strand for movement longitudinally therethrough and a
      plurality of rotatable spools carried by the shaft, each spool having a
      strand of wire wound thereon, the strand of wire being adapted to be
      helically wound on the core strand to define a cable, such as, for
      example, an electrical conductor cable. The apparatus includes drive means
      driven by the shaft and operating to rotate each of the spools about its
      own axis in a controlled proportion to the speed of rotation of the shaft
      about its axis and such drive means has means for varying the controlled
      proportion in response to tension in at least one of the strand wires
      during helical winding thereof to thereby enable the helical winding to be
      achieved free of high tension of the type ordinarily cause by centrifugal
      force and the effects of variations in the outer diameter of the strand
      wire as the wire is progressively unwound from its spool.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the exemplary embodiments thereof presented in the following
      specification, claims, and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show present preferred embodiments of this
      invention, in which
PAR  FIG. 1 is a perspective view illustrating one exemplary embodiment of a
      cable stranding apparatus of this invention;
PAR  FIG. 2 is a cross-sectional view of a typical cable in the form of an
      electrical conductor cable made utilizing the apparatus of FIG. 1;
PAR  FIG. 3 is a schematic presentation particularly illustrating drive means
      comprising the apparatus of FIG. 1 and used to rotate strand wire carrying
      spools which are rotatably supported on a flyer of such apparatus;
PAR  FIG. 4 is a schematic presentation illustrating the operation of the
      apparatus of FIG. 1 in helically winding a plurality of twelve strand
      wires against a central core; and
PAR  FIG. 5 is an enlarged view taken essentially on the line 5--5 of FIG. 1
      with certain parts illustrated in elevation, other parts illustrated in
      cross section, and still other parts broken away.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Reference is now made to FIGS. 1 and 4 of the drawings, which illustrate
      one exemplary embodiment of a cable stranding apparatus or machine of the
      so-called rigid head variety and such apparatus will be referred to
      hereinafter simply as a cable strander and designated generally by the
      reference numeral 20. The strander 20 of this example is particularly
      adapted to wind or strand electrical conductors in the form of a plurality
      of twelve electrical conductors or strand wires 25, preferably made of an
      aluminous material, about the central core 22 which, as seen in FIG. 2, is
      defined by a plurality of seven helically twisted supporting core wires
      36, preferably made of steel, to define a composite "electrical" conductor
      cable designated by the reference numeral 37. (The term electrical
      conductor for the entire structure 37 is not precise because strictly
      speaking only the aluminous strand wires 25 are satisfactory electrical
      conductors. The terminology is in accordance with common practice in the
      electrical industry, however.)
PAR  The strander 20 comprises a rotatable hollow shaft 21 which has a central
      longitudinal axis A and is adapted to receive a core construction or core
      22 for movement longitudinally therethrough. Projecting radially from the
      shaft is a hollow disc-like portion which will be referred to hereinafter
      as a flyer 23. The flyer 23 is suitably fixed coaxially on the shaft for
      rotation therewith. A plurality of twelve spools, each designated
      generally by the reference numeral 24 are supported on opposite vertical
      surfaces of the flyer 23 in two sets of six. Each spool 24 is adapted to
      have, and has, an associated strand wire 25 coiled or wound thereon in
      accordance with techniques which are well known in the art. The spools 24
      are each rotatable about their own respective axis 26 during rotation of
      the shaft 21 and flyer 23 about their common axis A. The strander 20 has a
      drive means 29, of any suitable known construction, for rotating the shaft
      21 and flyer 23.
PAR  The strander 20 has a base 32 which includes a pair of rails 33 and has a
      frame structure comprised of a plurality of structure 34 which support the
      hollow shaft 21 on a plurality of two spaced intifruction bearings 35,
      each bearing being suitably carried on its structure 34 in accordance with
      techniques which are well known in the art.
PAR  As seen in FIG. 1 of the drawings, the flyer 23 has a pair of opposed
      parallel surfaces 38, each arranged in an associated vertical plane. Six
      of the 12 spools 24 define a set which extends from one of the surfaces 38
      while the opposed six spools 24 define a second set which extends from the
      other opposed surface 38. The six spools 24 extending from an associated
      surface 38 are arranged in equal angularly spaced relation about the
      central longitudinal axis A through the hollow shaft 21. Preferably the
      twelve spools 24 are further arranged in six opposed pairs, with each pair
      of spools extending from opposite sides of the flyer and being arranged on
      a common spool axis 26 which is parallel to the longitudinal axis A of the
      shaft 21.
PAR  The strander 20 utilizes what will be referred to an a closing die means,
      or a closing die 42 (see FIG. 4), of known construction. The purpose of
      the closing die is to urge the strand wires 25 tightly against the core 22
      during the process of making the cable 37. The die 42 is mounted on a part
      of the frame structure 34 and, in this example, is a mechanical die
      structure which employs a plurality of compression springs 43.
PAR  To assure proper winding operation of the strander 20, the core 22 is
      pulled axially through the hollow shaft 21 and closing die 42 by a pullout
      device of any suitable type, which is designated generally by the
      reference numeral 44, whereupon the completed cable 37 is coiled around on
      a takeup reel 45 which is driven by a suitable drive providing enough
      tension to cause the pullout device 44 to pull the core 22 at a constant
      rate. With these cooperating components the winding of the strand wires 25
      on the core 22 is such that one revolution of the flyer 23 with a set
      linear movement of the core 22 provides the correct so-called lay or
      helical angle of the strand wires 25 on the core 22.
PAR  The strander 20 also has two drive means 27 (also see FIG. 3) each of which
      is operatively connected between the drive 29 and spools 24. Each drive
      means 27 rotates a previously mentioned set of six spools 24 about their
      axes 26 in a manner simultaneously with the rotation of the shaft 21 and
      flyer 23. Within each drive means 27 there are integral means 55 for
      varying the speed of rotation of the spools 24 relative to the speed of
      rotation of the shaft 21 and flyer 23. The construction and operation of a
      drive means 27, and associated integral means 55 will be described in
      detail below.
PAR  Each drive means 27, as shown in FIG. 4, comprises integral means 55,
      having an input drive shaft 46 and an output drive shaft 47, means 48
      connecting the input shaft 46 to the main shaft 21 of the strander 20 and
      means 49 connecting the output shaft 47 to six spools 24. The connecting
      means 49 comprises a plurality of two sprockets 50 and 51 suitably fixed
      on each of the six spools 24 and the sprockets 50 have a sprocket chain 52
      which meshes with the teeth of the sprockets 50 in a known manner and
      encircles all six sprockets 50 while leaving at one point, indicated at 53
      in FIG. 3, to engage the teeth of a drive sprocket 54 which is fixed to
      the output shaft 47 of the integral means 55. A second sprocket chain 56
      engages the teeth of the sprockets 51 and serves to enhance coupling the
      six sprockets 51 together as a unit.
PAR  Each connecting means 48 comprises a driving sprocket chain 57 which meshes
      with the teeth of a sprocket 59 fixed to the input shaft 46 and a sprocket
      60 fixed to the shaft 21 so that as the shaft 21 is rotated by the machine
      drive 29 the chain 57 provides the required rotation of shaft 46 and the
      power required to provide basic rotation of six spools 24.
PAR  In this description of the invention the drive means 27 is shown utilizing
      sprocket chains and related components. However, it will be appreciated
      that instead of utilizing sprocket chains, endless belt drives may be
      employed with suitable sheaves. Such belt drives may be ordinary V-belts,
      or of the type having toothed portions therein with such toothed belts
      being used with corresponding toothed sheaves, as is well known in the
      art.
PAR  It will also be appreciated that instead of utilizing sprocket chains or
      belt drives of the type mentioned above, the strander 20 of this invention
      may utilize a gear drive system to provide rotation of the shaft 21 and
      rotation of all spools 24 about their axes 26.
PAR  During operation of the strander 20 the spools 24 will initially have about
      the same amount of strand wire 25 thereon and will be unwound at roughly
      the same rate. However, in actual practice it is very difficult to
      maintain exactly the same amount of wire on such spools. Thus, if six
      spools 24 on one side of the flyer 23 are again considered and such six
      spools were to be coupled together with a solid connection between the
      sprockets and the spools, theoretically only one spool would be paying off
      or uncoiling the precise linear footage of strand wire 25 for a given
      rotational speed of the shaft 21 and the other five spools 24 would either
      not be uncoiling enough, resulting in excessive tension of the associated
      strand 25 and possible necking down and breakage thereof, or paying off
      too much strand wire 25 resulting in a loose conductor strand about the
      core 22. To correct this situation a unique feature of this invention is
      the provision on each spool 24 of a self-compensating means in the form of
      clutch or slip means, designated generally by the reference numeral 62 and
      illustrated in detail in FIG. 5. The overload slip means 62 comprises
      preloaded bearing means in the form of a pair of ball bearings 63, shown
      as single roll annular contact bearings which are preloaded for a
      predetermined drag during rotation of the outer races 64 thereof relative
      to the inner races 65.
PAR  Each spool 24 has a shaft 66, which is suitably fixed to the flyer 23, and
      an arbor 67 which is freely rotatable about its shaft 66 on an
      antifriction roller bearing assembly 79. During operation, the sprocket
      chains 52 and 56 provide a substantially frictionless rotation of the
      spools 24 about their shafts 66 while the side flanges 71 of each spool
      retain an associated strand wire 25 in coiled position.
PAR  From the above description it is apparent that the drive 29 rotates the
      shaft 21 and provides the power for the dirve means 27 which in turn
      provides the power for the basic rotation of the spools 24 about their
      axes 26. Further, the design of the strander 20 is such that the sizes of
      the various sprocket wheels, number of teeth employed, gear ration
      utilized, drive speeds, etc. are such that the net effect is to produce a
      rotation of each spool 24 which is slightly faster than would ordinarily
      be required for perfect coiling or payoff of the strand wire 25. However,
      the correct payoff or uncoiling of each strand wire 25 is obtainable
      through the slippage or clutching action provided by the slip means 62.
PAR  As previously explained each spool 24 is freely rotatable about its shaft
      66 and the free rotation is provided by the anti-friction roller bearing
      assembly 79. During shutdown of the strander 20 there is a tendency for
      the spool to overrun and, to prevent this overrunning, each spool 24 has
      brake means in the form of a disc brake device, which is designated
      generally by the reference numeral 85 and illustrated in FIG. 5. Each
      device comprises a brake disc 86 fixed to its rotatable arbor 67 by a
      threaded bolt 87 whereby the disc 86 is rotatable with the arbor 67 and,
      hence, its associated spool 24. The brake device 85 includes a
      caliper-type brake shoe assembly 90 fixed to the flyer 23, as indicated at
      point 91, which has a fixed friction surface 92 and a surface 93 which is
      movable toward and away from the surface 92 by an air operated device 94.
      The air operated device 94 is supplied with air from any suitable pressure
      source external to the strander 20 through an air conduit indicated
      schematically by dotted lines 95. The conduit 95 extends along the shaft
      21 and is supplied at its inlet with air by a rotary valve mechanism (not
      shown) of known construction. The rotary valve mechanism is supplied with
      air under pressure once the flyer 23 is decelerating; any suitable known
      control which senses flyer deceleration may be employed to control the
      flow of supply air to the rotary valve mechanism.
PAR  The strander 20 has a plurality of tension responsive means or devices 28
      each of which is responsive to tension in its associated strand wire 25.
      In turn, the above mentioned integral means 55 of each drive means 27 is
      responsive to the related tension responsive devices 28. Thus, for a given
      speed or rotation of the shaft 21 and the flyer 23, the speed of rotation
      of the spools 24 will vary according to the tension in the strand wires
      25, the effect being to hold the tension within a predetermined range.
      Accordingly, the strand wires 25 are helically wound on the core 22 with a
      tension which is controlled within a range which assures tight helical
      winding of strands 25 yet without high stresses being imposed thereon. A
      detailed description of a typical device 28 will be made below.
PAR  Each tension responsive device 28 comprises a slide assembly 68 which is
      suitably supported for axial sliding movement along the shaft 21, the
      slide assembly 68 having a pulley 69 mounted rotatably thereon. The pulley
      69 receives a strand wire 25 therearound and such strand wire then passes
      through an associated opening (not shown) for winding about core 22. The
      slide assembly 68 includes spring means in the form of a mechanical spring
      device 70 which, when the tension in the associated strand wire 25 is
      substantially correct, operates to maintain the slide assembly 68 in a
      position substantially centered between electrical switches 74 and 75.
PAR  The routine operation of the strander 20 commences such that the drive
      means 27 rotates the spools 24 about their axes in controlled proportion
      to the speed of rotation of the shaft 21 and its axis A, as previously
      explained. However, as the tension on any one of the strand wires 25
      increases to an excessive point, as determined by the spring design, its
      slide assembly 68 tends to override the action of its spring device 70,
      thereby actuating electrical switch means designated generally by the
      reference numeral 74. Actuation of the switch 74 provides an electrical
      signal to the integral means 55 and causes the drive means 27 to increase
      the rotational speed of the spools 24 to provide the desired tension. In
      the event that the tension in a strand wire 25 is too small, the spring
      device 70 urges the slide assembly 68 in direction opposite to the
      direction of slide assembly movement described above, whereby the switch
      means 75 provides a signal to the integral means to decrease the
      rotational speed of the spools 24 and thereby increase the tension in the
      strand wires 25 to the desired level.
PAR  The integral means 55 of the drive means 27 may be of any suitable type,
      such as for example, the type sold by FMC Corporation, Link Belt Enclosed
      Drive Division, 2045 Hunting Park Avenue, Philadelphia, Pa. 19140 under
      the designation RS P.I.V. Variable Speed Drive. In the example, the
      construction comprises two pairs of conical sheaves, with the diverging
      faces of paired sheaves facing one another so as, in effect, to form a
      pulley. The two pulleys thus formed are respectively connected to the
      input and output shafts to the assembly and are together connected by a
      belt. The distance between paired sheaves is made variable and the two
      pairs are further related by a mechanism which causes a distance variation
      between one pair to reflect an opposite distance variation between the
      other pair. Accordingly, for a given rotation of the input shaft 46 the
      corresponding rotation of the output shaft 47 can be made to vary by
      effecting such a distance variation between paired sheaves. To produce the
      distance variations, there is provided an electric motor M of a type that,
      when it is actuated by one switch, it operates on the sheaves so as to
      increase, by a certain increment, the ratio of respective angular
      movements of the output and input shafts 46 and 47 and, when it is
      actuated by another switch, it operates so as to decrease said ratio by a
      certain amount.
PAR  It will be appreciated, however, that the above mentioned output to input
      ratio of the drive assembly 55 may be variable over a much wider range
      than suggested in the example and that the tension responsive device may
      be of a type capable of responding to a number of strand tensions. The
      expected result would be the control of the strand tension within a more
      narrow range and the ability to use a variety of strand materials with a
      minimum of modification.
PAR  The strander 20 has a plurality of electrical systems 73, each of which
      comprises a previously mentioned pair of electrical limit switches 74 and
      75 which are suitably supported in fixed positions on the flyer 23 for
      rotation therewith and with their tension responsive device 28. The switch
      74 has suitable electrical connections through an electrical ring assembly
      76 of a type well known in the art which enables rotation of the
      associated tension responsive device 28 with the flyer 23 while
      maintaining electrical contact with fixed electrical lead 77. The lead 77
      in turn provides an electrical connection to the integral means 55. The
      switch 75 has a ring assembly 80 similar to the assembly 76 and a lead 81
      similar to the lead 77 with the lead 81 being operatively connected to the
      integral means 55 for the purpose of actuating the integral means 55 in an
      opposite manner from actuation provided by ring assembly 76 and 77.
PAR  In the presently preferred embodiment of the invention only one tension
      device 28, together with its associated electrical system 73, is employed
      per drive 27. Hence in the construction of the apparatus as illustrated,
      two tension devices 28 would be used. As previously noted, it is possible
      to have as many such devices as there are spools 24, or a total of twelve
      in the present case; the risk, however, is that operation might be
      frustrated by the input to a single drive means 27 of simultaneous
      conflicting signals from several tension devices 28. The above problem is
      one which could be overcome by a fine tuning of the apparatus or the
      introduction of appropriate electrical circuitry. The better solution,
      however, in terms of complexity and cost, would appear to be the suggested
      limit on the number of tension devices 28. With respect to each spool 24
      which has no associated tension device 28, the slide assembly 68 of the
      respective rotatable pulley 69 is replaced by a pulley 69' journaled on a
      mounting 68' which is secured to the shaft 21.
PAR  While present exemplary embodiments of this invention, and methods of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
NUM  1.
PAR  1. A cable stranding apparatus comprising, a rotatable hollow shaft adapted
      to receive a core for movement longitudinally therethrough, a plurality of
      rotatable spools carried by said shaft and each having a strand wire wound
      thereon which is adapted to be helically wound on said core to define a
      cable, and drive means driven by said shaft and operating to rotate each
      of said spools about its own axis in a controlled proportion to the speed
      of rotation of said shaft about its axis, said drive means having means
      for varying said controlled proportion in response to tension in at least
      one of said strand wires during helical winding thereof to thereby
NUM  2.
PAR  2. An apparatus as set forth in claim 1 and further comprising a flyer
      fixed coaxially on said hollow shaft for rotation therewith, said flyer
      supporting each of said spools for rotation about its own axis during
NUM  3.
PAR  3. A cable stranding apparatus comprising, a rotatable hollow shaft adapted
      to receive a core for movement longitudinally therethrough, a flyer fixed
      coaxially on said shaft and being rotatable therewith, a drive for
      rotating said shaft and flyer, a plurality of spools supported on said
      flyer for rotating movement about their own axes during rotation of said
      flyer and each being adapted to have a strand wire coiled thereon which is
      adapted to be helically wound around said core, means responsive to
      tension of at least one of said strand wires, and drive means operatively
      connected between said drive and spools, said drive means rotating said
      spools about their axes in a simultaneous manner during rotation of said
      shaft and flyer and in a controlled proportion to the speed of rotation of
      said shaft about its axis, said drive means having means varying said
      controlled proportion based on the tension of said one strand wire as
      determined by said tension responsive means to enable said strand wire to
NUM  4.
PAR  4. An apparatus as set forth in claim 3 in which said means responsive to
      tension of said one strand wire comprises means actuating said varying
NUM  5.
PAR  5. An apparatus as set forth in claim 3 in which said means responsive to
      tension of said one strand wire comprises a mechanical spring device and
      electrical switch means operatively connected to and actuating said
NUM  6.
PAR  6. An apparatus as set forth in claim 3 and further comprising slip means
      allowing rotation of each spool about its axis at a rotational speed
      different than the rotation of an adjacent spool about its axis as
NUM  7.
PAR  7. An apparatus as set forth in claim 3 in which said drive means comprises
      a variable speed drive assembly having an input shaft and an output shaft,
      means connecting said input shaft to said rotatable hollow shaft, and
NUM  8.
PAR  8. An apparatus as set forth in claim 7 in which each of said connection
NUM  9.
PAR  9. An apparatus as set forth in claim 6 in which said slip means comprises
      preloaded anti-friction bearing means which provides a predetermined drag
NUM  10.
PAR  10. An apparatus as set forth in claim 3 and further comprising a brake
      device for each spool with each brake device serving to restrain its spool
NUM  11.
PAR  11. An apparatus as set forth in claim 10 in which each brake device
      comprises a brake disc fixed to its associated spool for rotation
      therewith and a caliper brake shoe operatively associating with each brake
NUM  12.
PAR  12. An apparatus as set forth in claim 11 in which each caliper brake shoe
NUM  13.
PAR  13. An electrical cable stranding apparatus comprising, a rotatable hollow
      shaft adapted to receive a supporting core made of a comparatively
      electrically nonconductive material for movement longitudinally
      therethrough, a flyer fixed cooaxially on said shaft and being rotatable
      therewith, a drive for rotating said shaft and flyer, a plurality of
      spools supported on said flyer for rotating movement about their own axes
      during rotation of said flyer and each being adapted to have a strand wire
      made of electrically conductive material coiled thereon which is adapted
      to be helically wound around said core, means responsive to tension of
      said strand wires, and drive means operatively connected between said
      drive and spools, said drive means rotating said spools about their axes
      in a simultaneous manner during rotation of said shaft and flyer and in a
      controlled proportion to the speed of rotation of said shaft about its
      axis, said drive means having integral means varying said controlled
      proportion based on the tension of any one of said strand wires as
      determined by said tension responsive means to enable said strand wires to
      be helically wound on said core with a tension within a predetermined
NUM  14.
PAR  14. An apparatus as set forth in claim 13 in which said means responsive to
      tension of said strand wires comprises means actuating said varying means.
NUM  15.
PAR  15. An apparatus as set forth in claim 13 in which said means responsive to
      tension of said strand wires comprises a plurality of tension responsive
NUM  16.
PAR  16. An apparatus as set forth in claim 15 in which each tension responsive
      device comprises a slide assembly supported for axial sliding movement
      along said shaft and being rotatable therewith, each slide assembly having
      a pulley rotatably mounted thereon with each pulley receiving an
      associated strand wire therearound, and each slide assembly including
      spring means which operates to maintain the slide assembly in a
      substantially centered position when the correct tension is being exerted
NUM  17.
PAR  17. An apparatus as set forth in claim 16 in which each tension responsive
      device comprises electrical switch means operatively connected to and
NUM  18.
PAR  18. An apparatus as set forth in claim 17 in which each electrical switch
      means comprises a pair of electrical limit switches which are suitably
      supported in fixed positions on said flyer for rotation therewith, said
      switches being electrically connected through associated rotary electrical
NUM  19.
PAR  19. An apparatus as set forth in claim 13 and further comprising slip means
      allowing rotation of each spool about its axis at a rotational speed
      different than the rotational speed of an adjacent spool about its axis as
NUM  20.
PAR  20. An apparatus as set forth in claim 19 in which said drive means
      comprises sprocket means fixed to said spools and chain drive means
NUM  21.
PAR  21. An apparatus as set forth in claim 13 and further comprising a brake
      device for each spool with each brake device serving to restrain its spool
      from overrunning upon deceleration of said flyer and each brake device
      being in the form of an air operated disc brake device.
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PAL  An open-end spinning unit having a plurality of spinning points, each
      having a spinning rotor which is provided with a shaft for mounting and
      drive. The shafts of the spinning rotors extend into bearing housings, in
      which means are arranged for mounting the shafts and means are arranged
      for driving the shafts. To provide effective cooling of the high-speed
      means for mounting and/or driving, cooling air is provided to these means
      for mounting and/or driving directly by means of openings in the walls of
      the bearing housings with the shortest possible path.
BSUM
PAR  The present invention relates to a spinning unit operating in accordance
      with the open-end method and having a plurality of spinning points, each
      provided with a spinning rotor, rotating in rotor housings which
      preferably have an underpressure, with the rotor shafts extending through
      the rear walls of said rotor housings and into bearing housings which
      surround the bearing means and driving means of the spinning rotors.
PAR  This design of a spinning unit permits all highspeed members to be screened
      from the outside by means of the housing walls. In connection with the
      resulting relatively high speeds of rotation and speeds, the enclosed
      design causes the temperature to increase in the area of the bearing and
      driving means. The danger exists that the temperature exceeds the
      permissible amount, having an unfavorable effect on the service life of
      the bearing means.
PAR  It has already been proposed to pass a flow of air through common bearing
      housings for a plurality of spinning points extending longitudinally to
      the unit and forming an enclosed channel through the entire unit, in such
      a manner that said flow of air enters the channel at one end of the unit
      and egresses from the channel at the other end of the unit, with the air
      handling means being arranged at one end of the channel.
PAR  The object of the invention is to create a simple apparatus with favorable
      space requirements which effectively prevents an excessive increase in the
      temperature in the area of the bearing and driving means in the bearing
      housings and which has a reliable, uniform effect upon all bearing points.
PAR  According to the invention, air inlet openings are arranged in the walls of
      the bearing housings. These air inlet openings permit the introduction of
      individual flows of air, each of which is directed on the bearing points
      of one or only a few adjacent spinning points. This ensures that flows of
      air are available for the individual bearing points which can actually be
      termed flows of cooling air, as they are introduced from the outside,
      without being able to be heated up or loaded with impurities at other
      points in the spinning unit. It is practical for at least one inlet
      opening to be provided in the area of each spinning point. The air
      surrounding the unit can be sucked in directly through these openings. An
      especially advantageous air flow results if air chambers, which serve as
      the air supply channel, are interposed between the air inlet openings in
      the bearing housings. Additional advantages result if these air chambers
      are arranged between the rotor housings and the bearing housings and have
      at least one wall common therewith. This permits the rotor housing, which
      heats up relatively quickly, to be separated, in terms of heat, from the
      bearing housing, thereby providing a certain degree of additional cooling.
      It is especially practical for a plurality of spinning points to have a
      common air chamber and for a number of spinning points to have a known,
      common bearing housing. Air chambers of this type, in conjunction with
      common bearing housings for a plurality of spinning points, forming an
      enclosed channel extending longitudinally through the unit, can be
      fabricated especially economically and permit simple assembly. In order to
      be able to control the cooling effect precisely, a further development of
      the invention provides for advancing the cooling air to the air chambers
      through an air conditioning unit.
PAR  An effective embodiment of the invention which has a simple design provides
      at least a portion of the rotating members which drive the rotor with air
      handling means for the flows of cooling air. In this embodiment, each
      bearing point generally produces the necessary flow of cooling air itself.
      This provides the advantage that the flow of cooling air automatically
      increases as the speed of rotation increases. An especially advantageous
      development of this type results if the rotor shafts are mounted on pairs
      of supporting discs in a known manner and at least one of the supporting
      discs is provided with air handling means. It can also be practical to
      provide at least one supporting disc shaft with air handling means. The
      arrangement of air handling means directly on the shaft can also be
      practical with directly mounted rotor shafts. Depending on the embodiment
      of the rotor housing and bearing housing, it can be practical to arrange
      the air handling means for the cooling air flows in the air chambers or
      the walls thereof. Arrangements of this type can be especially compact.
DRWD
PAR  The above discussed and other objects, features and advantages of the
      present invention will become more apparent from the following description
      thereof, when taken in connection with the accompanying drawings, in which
PAR  FIG. 1 shows a vertical section through a spinning point designed in
      accordance with the invention having directly mounted rotor shaft and fan
      arranged thereon;
PAR  FIG. 2 shows a horizontal section through a further embodiment of the
      invention having the rotor shaft mounted on pairs of supporting discs;
PAR  FIG. 3 shows a vertical section through an embodiment similar to that of
      FIG. 2, having a common bearing housing for a plurality of spinning
      points;
PAR  FIG. 4 shows a horizontal section through the embodiment according to FIG.
      3 along line IV -- IV in FIG. 3;
PAR  FIG. 5 shows a vertical section through a further embodiment having a
      common air chamber for a plurality of housings; and
PAR  FIG. 6 shows a vertical section through an apparatus similar to that of
      FIG. 5, having an air chamber arranged behind the bearing housing.
DETD
PAR  Referring now to the drawings, FIG. 1 shows a partial section of an
      individual spinning point in a spinning unit which has a plurality of
      similar spinning points arranged in a row one next to the other. Each
      spinning point has a spinning rotor 1 rotating in a housing 2 which has a
      certain underpressure. The bottom of rotor housing 2 has a connection 3
      for appropriate vacuum piping means. The front side of rotor housing 2 is
      closed by a lid-type insert 4 with sealing means 5 provided therebetween.
      The insert has a fibre supply channel 6 arranged at an incline toward the
      interior and a fibre removal channel 7 extending axially to the spinning
      rotor.
PAR  The rotor shaft 8 of spinning rotor 1 extends through the rear wall of
      rotor housing 2 and is axially and radially mounted in a bearing 9. The
      end of rotor shaft 8 protruding beyond bearing 9 has a wharve 10 which is
      driven by a tangential belt 11. This tangential belt 11 drives all
      spinning rotors 1 located one next to the other on a side of the unit, for
      example.
PAR  Rotor shaft 8, bearing 9, wharve 10 and tangential belt 11 of all spinning
      points of the spinning unit are arranged in a channel 12, extending
      longitudinally to the spinning unit, of which the rear wall is not
      illustrated in the embodiment according to FIG. 1. The front wall 13 is
      formed by a screwed-on plate, arranged at a distance from the rear wall of
      rotor housing 2, which is also screwed on. This creates an additional
      channel 14 extending longitudinally to the spinning unit, which is
      employed as an air supply channel 14. Air supply channel 14 is in a
      connecting relationship with the ambient air by means of top and bottom
      openings 15, preferably arranged in the area of each spinning point.
PAR  In order to provide a flow of cooling air directed on bearing 9 in the area
      of each spinning point, a fan blade 16 is arranged in front of bearing 9
      on rotor shaft 8, with an air inlet opening 17 in front wall 13 being
      associated thereto. Fan blade 16 sucks in outside air through this opening
      17 and openings 15 and blows it onto bearing 9 as a flow of cooling air.
      Channel 12 has a plurality of unillustrated air outlet openings, arranged
      preferably in the area of its rear wall, through which the cooling air
      which is blown in can be evacuated again. Spinning rotor 1 is sealed in
      the rear wall of rotor housing 2 in such a manner that no infiltrated air
      can enter rotor housing 2 through the openings arranged there. To prevent
      the entrance of impurities, it is practical to arrange unillustrated air
      filters in the area of openings 15.
PAR  The basic design of the embodiment shown in FIG. 2 corresponds to the
      embodiment according to FIG. 1, with rotor shaft 8 being mounted in a
      wedge-shaped gap formed by two pairs of supporting discs 18 and 19. Rotor
      shaft 8 is driven directly by means of an unillustrated tangential belt,
      with additional axial securing means 20, indicated only schematically,
      also being provided.
PAR  In a similar manner as in the embodiment according to FIG. 1, rotor housing
      2 is attached to housing 12 in such a manner that its rear wall is
      arranged at a distance from the front wall of housing 12. The chamber
      created in this manner is in a connecting relationship with the outside
      air by means of openings 21. Arranged in the front wall of housing 12 are
      air inlet openings 22, which are associated to air handling means which
      direct a flow of cooling air on the bearings of pairs of supporting discs
      18 and 19. In this embodiment, the air handling means are the two
      supporting discs facing the front wall of channel 12, which are designed
      as a sort of axial-flow fan. In this embodiment, air inlet openings 22 are
      covered with filters 23.
PAR  The embodiment shown in FIG. 3 shows a spinning point in which the rotor
      shaft 8 of a spinning rotor 1 is radially mounted in a wedge-shaped gap
      formed by two pairs of supporting discs 18 and 19 and having
      unillustrated, known axial securing means. Here, also, rotor shaft 8 is
      driven by means of an unillustrated tangential belt running directly on
      it, which drives all spinning rotors 1 on a side of the machine. Channel
      12 is preferably formed by an extruded section, whose base has an upwardly
      protruding web, to which a rail section 24 is attached, said rail section
      mounting the pairs of supporting discs 18 and 19. In this embodiment also,
      the supporting discs facing the front wall of channel 12 are designed as
      air handling means, which suck in air through air inlet openings 25 and
      blow it onto the bearings as a flow of cooling air. Air inlet openings 25
      are covered by filter elements 26.
PAR  In the embodiment shown in FIG. 3, the front wall of the channel is also
      formed of an extruded section 27, having in its center a U-shaped
      depression extending toward the interior of the channel and having air
      inlet openings 25. As can clearly be seen from FIG. 4 in particular, the
      front wall 27 has individual inserts 29 which serve as rotor housings.
      These inserts 29, which are preferably of plastic for example, are closed
      in a manner similar to the embodiments according to FIG. 1 or 2 by means
      of an insert 4 having a fibre supply channel 6 and a fibre removal channel
      7. At the bottom, vacuum piping 30 is connected to insert 29 for providing
      the necessary underpressure in the rotor housing.
PAR  Inserts 29 are arranged at such a distance one from the other that a
      sufficient quantity of outside air can be introduced through the space
      between their rear wall and depression 28 in extruded section 27.
PAR  The basic principle of the embodiment shown in FIG. 5 corresponds to that
      of the embodiment according to FIGS. 3 and 4. Here, also, the front wall
      of channel 12 is an extruded section 31, which is designed as a hollow
      section and forms an air supply channel 32. Air inlet openings 33 are
      arranged in the wall of air supply channel 32 opposite the outer
      supporting discs. Here, also, the front supporting discs are designed as
      air handling means. In this embodiment, the rotor housing is formed by a
      lid 34 and section 31. In a similar manner to inserts 4 in the embodiment
      according to FIGS. 1 to 3, lid 34 has a fibre supply channel 6 and a fibre
      removal channel 7. The individual inserts 34 are dimensioned in such a
      manner that sufficient space remains therebetween for fresh air supply
      openings covered by filters.
PAR  In all illustrated embodiments, the air flow is produced by the rotating
      members, i.e., by the rotor shaft or a portion of the bearing means. This
      provides the advantage that the intensity of the air flow is a factor of
      the speed of rotation, which in turn directly influences the amount of
      heat. In addition, in all embodiments the cooling air intake is designed
      in such a manner that the cooling air flows around at least the rear of
      the rotor housing, providing a cooling effect here also.
PAR  Especially in the embodiments with a throughgoing air channel, e.g. the
      embodiment according to FIG. 1 or FIG. 5, it is possible to attach a
      compressed air source to this air channel, which then blows the cooling
      air into channel 12. Moreover, in many cases it will be logical to not
      only filter the incoming cooling air, but to air condition it by means of
      an air conditioning unit.
PAR  The additional cooling air flowing or blown into channel 12 can be
      evacuated at the end of the channel. In many cases, however, it will be
      practical to arrange air outlet openings at regular intervals along the
      channel, which can then be combined to form common piping means, in order
      to avoid an air backup or air distribution which is not uniform.
PAR  FIG. 6 shows a further embodiment, in which the air supply channel 35 is
      provided at the rear side of the channel 36. In this embodiment, the rear
      supporting discs 37 serve as air handling means designed as a type of
      axial-flow fan. It is practical to connect one end of air supply channel
      35 to an air conditioning unit. The top side of channel 36 has air outlet
      openings. The front supporting discs 38 are also designed as air handling
      means, which advance the cooling air to the bearings from a chamber 39.
      Chamber 39 is arranged in the bottom of channel 36, beneath supporting
      discs 38.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practised otherwise than as specifically described.
CLMS
NUM  1.
PAR  1. An open-end type spinning unit comprising:
PA1  a plurality of spinning stations which each have a spinning turbine
      disposed in turbine housing means, a turbine shaft attached to and
      rotatable with said spinning turbine and having a rear shaft portion
      extending through a rear wall of said turbine housing means, and a bearing
      assembly for rotatably supporting said shaft by way of engagement with
      said rear shaft portion,
PA1  a common bearing housing arranged rearwardly of and adjacent to said
      turbine housing means for housing respective bearing assemblies and rear
      shaft portions for said plurality of spinning stations,
PA1  common drive means disposed at least in part in said common bearing housing
      for rotatably driving the turbine shafts for said plurality of spinning
      stations,
PA1  and at least one air inlet opening in said common bearing housing in the
      zone of each of the bearing assemblies contained therein for providing
      respective separate cooling air streams to each of said bearing
      assemblies,
PA1  wherein air chambers are arranged in front of the air inlet openings
NUM  2.
PAR  2. The spinning unit according to claim 1, in which said air chambers serve
NUM  3.
PAR  3. The spinning unit according to claim 2, in which said air chambers are
      arranged between the turbine housing means and the common bearing housing
      and have at least one common wall with one of said turbine housing means
NUM  4.
PAR  4. The spinning unit according to claim 2, in which a plurality of spinning
NUM  5.
PAR  5. The spinning unit according to claim 2, in which said air chambers are
NUM  6.
PAR  6. The spinning unit according to claim 1, in which air handling means are
NUM  7.
PAR  7. The spinning unit according to claim 1, in which means for handling the
NUM  8.
PAR  8. An open-end type spinning unit comprising:
PA1  a plurality of spinning stations which each have a spinning turbine
      disposed in turbine housing means, a turbine shaft attached to and
      rotatable with said spinning turbine and having a rear shaft portion
      extending through a rear wall of said turbine housing means, and a bearing
      assembly for rotatably supporting said shaft by way of engagement with
      said rear shaft portion,
PA1  a common bearing housing arranged rearwardly of and adjacent to said
      turbine housing means for housing respective bearing assemblies and rear
      shaft portions for said plurality of spinning stations,
PA1  common drive means disposed at least in part in said common bearing housing
      for rotatably driving the turbine shafts for said plurality of spinning
      stations,
PA1  at least one air inlet opening in said common bearing housing in the zone
      of each of the bearing assemblies contained therein for providing
      respective separate cooling air streams to each of said bearing
      assemblies,
PA1  and air chambers arranged upstream of the respective air inlet openings
NUM  9.
PAR  9. The spinning unit according to claim 8, in which said bearing assemblies
      include air handling means for controlling the flow of cooling air from
NUM  10.
PAR  10. The spinning unit according to claim 9, in which each of said shafts is
      mounted on pairs of supporting discs, of which at least one supporting
NUM  11.
PAR  11. The spinning unit according to claim 8, wherein rotatable air handling
      means are provided in said common bearing housing for inducing and aiding
      flow of said cooling air from said air inlet openings to and over the
NUM  12.
PAR  12. The spinning unit according to claim 11, wherein said rotatable air
      handling means include separate rotatable members for each bearing
      assembly which are driven by said common drive means whenever said turbine
NUM  13.
PAR  13. The spinning unit according to claim 8, wherein said at least one air
      inlet opening includes, for each bearing assembly, an inlet opening at the
      forward end of said common bearing box and an inlet opening at the
NUM  14.
PAR  14. The spinning unit according to claim 8, wherein means are provided for
NUM  15.
PAR  15. The spinning unit according to claim 8, wherein air flow handling means
      are provided for aiding the flow of cooling air into each of said at least
      one air inlet openings and around the respective bearing assemblies,
PA1  wherein said bearing assemblies each include at least one pair of rotatable
      supporting discs engageable with respective ones of said rear shaft
      portions,
PA1  and wherein said air flow handling means includes means rotatable with at
NUM  16.
PAR  16. The spinning unit according to claim 15, wherein said at least one of
NUM  17.
PAR  17. The spinning unit according to claim 8, wherein means are provided to
      supply air from spaces outside of and separate from said turbine housing
NUM  18.
PAR  18. An open-end spinning unit comprising:
PA1  a plurality of spinning stations which each have a spinning turbine
      disposed in turbine housing means, a turbine shaft attached to and
      rotatable with said spinning turbine and having a rear shaft portion
      extending through a rear wall of said turbine housing means, and a bearing
      assembly for rotatably supporting said shaft by way of engagement with
      said rear shaft portion,
PA1  a common bearing housing arranged rearwardly of and adjacent to said
      turbine housing means for housing respective bearing assemblies and rear
      shaft portions for said plurality of spinning stations,
PA1  common drive means disposed at least in part in said common bearing housing
      for rotatably driving the turbine shafts for said plurality of spinning
      stations,
PA1  and at least one air inlet opening in said common bearing housing in the
      zone of each of the bearing assemblies contained therein for providing
      respective separate cooling air streams to each of said bearing
      assemblies,
PA1  wherein, in the area of each of said at least one air inlet openings, an
      air chamber is provided which is bounded in the forward direction by said
      rear walls of the associated turbine housing means and in the rearward
      direction by a front wall provided on said common bearing housing, and
      wherein said at least one air inlet opening extends through said front
NUM  19.
PAR  19. An open-end spinning unit comprising:
PA1  a spinning station including a spinning turbine disposed in turbine housing
      means, a turbine shaft attached to and rotatable with said spinning
      turbine and having a rear shaft portion extending through a rear wall of
      said turbine housing means, and a bearing assembly for rotatably
      supporting said shaft by way of engagement with said rear shaft portion,
PA1  a bearing housing arranged rearwardly of and adjacent to said turbine
      housing means for housing said rear shaft portion and said bearing
      assembly,
PA1  drive means disposed at least in part in said bearing housing for rotatably
      driving the turbine shaft,
PA1  at least one air inlet opening in said bearing housing in the zone of said
      bearing assembly for providing cooling air to said bearing assembly,
PA1  an air chamber arranged upstream of the air inlet opening leading into the
      bearing housing,
PA1  and air flow handling means for aiding the flow of cooling air into said at
      least one air inlet opening and around said bearing assembly,
PA1  wherein said bearing assembly includes at least one pair of rotatable
      supporting discs engageable with said rear shaft portion,
PA1  and wherein said air flow handling means includes means rotatable with at
NUM  20.
PAR  20. The spinning unit according to claim 19, wherein said at least one of
NUM  21.
PAR  21. The spinning unit according to claim 19, wherein said bearing assembly
      includes two pairs of said discs spaced longitudinally from one another
      along the rear shaft portion, wherein one of the discs of the most forward
      pair is constructed as an axial flow fan which increases the air velocity
      therethrough in the rearward direction and wherein one of the discs of the
      most rearward pair is constructed as an axial flow fan which increases the
NUM  22.
PAR  22. The spinning unit according to claim 19, wherein means are provided for
NUM  23.
PAR  23. The spinning unit according to claim 19, wherein means are provided to
      supply air from spaces outside of and separate from said turbine housing
      means to said air chambers.
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ABST
PAL  A wire rope or cable splice assembly particularly for long splices in wire
      ropes or cables for uphill and overhead transportation systems such as ski
      lifts, overhead cable rides and the like. Cable ends to be joined together
      in such assemblies are frequently spliced by cross tucking corresponding
      strands of opposite ends of the cable into the core space at spaced
      regions along the cable length, the number of such tuck regions
      corresponding to the number of strands in the exterior lay of the cable.
      The invention provides a novel assembly of a protective metallic sheath
      for the portion of each strand tucked into the core space, as well as a
      void filling back-up member for the void formed in the tuck region or zone
      of crossover of end portions of corresponding strands of spliced opposing
      cable ends.
BSUM
PAR  The present invention is related to splicing or wire ropes or cables,
      particularly for those used for uphill and overhead transportation systems
      and the like wherein strength and smoothness and an assured rope life are
      essential to safe and reliable operation of such systems.
PAR  With increasing traffic and use of uphill and overhead transportation
      systems such as ski lifts, amusement park skyrides and tour sightseeing
      rides, the need for safe, reliable and minimum maintenance of the wire
      rope and cabling which transmit the power as well as actually effecting
      the transport of passengers has become all the more important. Moreover,
      provision of strong splices, long life and smooth rides are of extreme
      importance in such transportation systems. The wire rope cables frequently
      convey passengers over the most rugged of terrains and replacement of
      cables is accordingly difficult, dangerous and desirably kept to a
      minimum.
PAR  The wire rope splice which constantly passes over the support sheaves of
      such systems, thus should conform uniformly over its length to the
      diameter of the main body and should be without bulges or recesses in the
      wire rope surface. The rope system is otherwise likely subject to
      vibrations and jerks in passage between towers and over numerous sheaves
      and about drive and take-up wheels during operation with consequent
      unnecessary shock stressing of the rope and shortening of the life of the
      wire rope, particularly in the splice region.
PAR  In view of the foregoing, it is an object of the present invention to
      provide a wire rope splice assembly and components which will enable
      provision of a strong connection of ends in conformity with the diameter
      of the main body of the rope to impart a smoothness in operation and to
      promote a longer rope life.
PAR  Another object of the invention is to provide a stable splice arrangement
      for wire ropes and cables having minimum or no recesses, indentations or
      bulges in the exposed rope surface.
PAR  Still another object of the invention is to provide a strong wire rope
      splice assembly wherein positive inter-engagement of the outer and inner
      strands in the splice region is promoted under loading.
PAR  Another and still further object of the invention is to provide a splice
      for wire ropes wherein weakness or damage due to abrasion between strands
      and the core as well as strand portions located in the core region are
      reduced to increase the life of such ropes in use.
PAR  In the prior art, where the usual wire rope has six strands helically laid
      about a core, it is well known to form a splice over a long length of the
      rope by pairing up oppositely extending ends of equal lengths of the rope
      and tucking three strands of each into spaced apart core regions of the
      other. Portions of the core of each end are removed for lengths
      correspondingly generally to the length of the strand end portions to be
      tucked therein. The outer strand portions to be tucked into the core
      region of the splice are covered or wound with cotton, duct, twine or
      friction tape to protect the strands against inter-abrasion in the tuck
      regions. Such protective materials, although providing a degree of
      protection and increased life, are particularly vulnerable to wear,
      breakdown and deterioration, not only because of stresses of heavy loading
      and working as by flexing and twisting and abrasion in use, but also
      because of the extreme weather and other environmental conditions to which
      such ropes and cables are frequently subjected.
PAR  The splice in a wire rope or cable is usually the poorest portion since any
      distortion in the region causes a greater working of the material in the
      splice region than the remainder of the rope thereby promoting a
      progressive weakening of the splice. According to the present invention
      where long splices are made such as by tucking a length of each strand end
      individually into the core region of the wire rope, each such strand end
      is enclosed in a continuous tubular sheath to fill the space left by
      removal of the core and to protect the strands in the tuck region against
      wear.
PAR  The center of core region of a wire rope is usually a little larger than
      the diameter of the outer strand and voids are presented when an outer
      strand is inserted in the core region. Where the wire rope is the usual
      steel rope, a protective and filling sheath about the tucked portion of
      steel strand is desirably of bearing type material such as copper,
      aluminum, lead and alloys thereof or synthetic resin material such as
      nylon which will be compatible in wear resistance which although not fully
      understood is believed to be provided by a cushioning action which reduces
      scarfing and frictional abrasion between the center and outer steel
      strands. Also when such tubing is placed around the strand in the core
      region, lubrication materials in the strand are locked in which not only
      assures prolonged lubrication but reduces the possibilities of dry rust
      from forming.
PAR  The metal of the strand enclosing sheath is preferably made different in
      hardness from that of the wire rope. It is well known that dissimilar
      materials such as steel and bronze are more compatible in frictional
      relation, as in a bearing than one material against itself such as steel
      on steel in frictional engagement. This combination of a hard surface
      metal and a contacting softer bearing type material surface results in an
      excellent bearing interface combination and this property is embodied in
      the present invention to reduce the effects of abrasion in the splice
      region.
PAR  Another aspect of the invention is that where a void is formed such as at
      each point of crossover or intersection between two strands tucked into
      the core region of the wire rope, a filler member is provided to back up
      the strand portions in the region to contribute to conformity of the
      strands to the exterior dimension and shape of the rope at each of the
      splice intersections. The filler and back-up member it is found lessens
      distortion of the strands in the crossover regions and promotes longer
      life of the wire rope in the spliced region. Like the sheath member, the
      filler member may be of metal such as copper, aluminum, lead or alloys
      thereof or resinous material such as nylon which will act compatibly to
      reduce results from abrasion with steel strands of the rope.
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PAR  Other objects and features which I believe characteristic of my invention
      are set forth with particularity in the appended claims. My invention,
      however, both in organization and manner of construction, together with
      further objects and features thereof, may be best understood by reference
      to the following description taken in connection with the accompanying
      drawings wherein:
PAR  FIG. 1 is a general overall view of a portion of an uphill wire rope or
      cable transportation system such as a ski lift in which the protective
      splice members and splice assembly of the present invention may be
      advantageously utilized;
PAR  FIG. 2 shows two ends of a wire rope to be spliced with a "V" designating
      each of the regions along the length of the main body of the rope at which
      a strand of one end is to be crossed with a corresponding strand of the
      other end tucked into the core region of the other end of the rope;
PAR  FIG. 3 shows a fully spliced rope marked as in FIG. 2 to illustrate the
      regions of crossover and tucking of strands into the rope core region;
PAR  FIG. 4 is a schematic layout of the strand and core arrangement of the
      spliced rope of FIG. 3 illustrating the location of protective sheaths
      over each tucked strand end and intermediate core sections of the rope;
PAR  FIG. 5 is an enlarged view of a strand crossover region of the spliced
      cable with two strands of the rope deleted to illustrate more clearly the
      location of the protective strand sheaths of the invention;
PAR  FIG. 6 is a slightly longer view of the crossover region of FIG. 5 with
      deleted strands shown in dotted lines and showing the manner in which the
      sheathed strand portion is aligned with and extends to the core portion of
      the rope;
PAR  FIG. 7 is a view of a strand crossover region of a rope splice as
      illustrated in FIGS. 2-6 showing a protective filler and back-up member of
      the present invention located in and conforming in general shape to the
      space formed in the strand crossover region; and
PAR  FIG. 8 is a perspective view showing in more detail the filler and back-up
      member of FIG. 7.
DETD
PAR  Referring to the drawings in greater detail, FIG. 1 illustrates a ski lift
      representative of an uphill transportation system wherein a spliced cable
      or wire rope is passed over a series of sheaves for uphill conveyance of
      passengers. A rope support 11 extending laterally from a tower 10
      incorporates a series of sheaves 12 over which a wire rope 25 passes. A
      series of chairs, represented by a double chair 14 are each supported from
      its respective bar 16 secured to and hanging from the wire rope 25. The
      longer the upward incline, the greater the number of sheaves the wire rope
      is required to pass over and correspondingly the greater the loading and
      working on the wire rope in conveying passengers uphill. Strength and
      uniformity of the splice in the wire rope accordingly is all the more
      important to long life and safety of the entire system.
PAR  The ski lift of FIG. 1 is representative of a number of uphill and overhead
      transportation systems utilizing wire ropes and cables in which the
      protective splice members and splice assembly of the present invention may
      be particularly advantageously utilized. Chairlifts, T-bar lifts, sky
      rides tramways and other transportation systems utilizing wire ropes or
      cables for power transmission and passenger conveyance are all of a type
      in which safety is of extreme importance as imparted by the structural
      features of the present invention.
PAR  FIG. 2 illustrates the manner in which a long splice can be made of two
      ends 26 and 27 of the wire rope 25 in which the protective components of
      the present invention lend themselves particularly to imparting safety and
      a longer life of such a splice assembly. The opposite ends 26 and 27 of
      the wire rope are first unwound and the fibrous core sections are removed
      therefrom. Commercial wire ropes usually have six strands distributed
      helically about a core of metal or of fiber. The point M at which the two
      ends 26 and 27 are unwound to free the strands for subsequent weaving into
      a splice is termed the marriage point. Three of the strands of each end
      are cut back to predetermined points beyond the marriage point leaving
      three free strand ends to be mated with corresponding strands at the
      spaced tuck positions a, b, c and d, e and f of wire rope 25. In tucking
      an end portion of a strand into the core region of the wire rope, a dagger
      tool is used to form an opening between strands. A tucker tool is placed
      in the opening between the strands and the fiber core is removed with a
      pair of pliers as the tucking progresses. The corresponding strands of the
      opposite ends of the rope are mated in each of these tuck positions by
      being crossed over and inserted in the core space of the other end of the
      rope.
PAR  FIG. 3 illustrates the spliced rope 25 and the tuck positions or regions a,
      b and c on one side of the marriage point M and positions d, e and f on
      the other in which crossovers of corresponding pairs of strands are
      effected and tucked into the core space of the rope.
PAR  FIG. 4 illustrates in plan view the arrangement of the corresponding strand
      ends in each of the tuck regions of FIG. 3 and illustrates how the strand
      layout pattern would appear if the helically oriented strands in the
      splice region were unwound and laid out flat on either side of the core
      strand 30 of the rope. The oppositely tucked ends of corresponding strands
      of the two ends are shown more clearly in the tuck regions a, b, c, d, e
      and f of the long splice with portions of the original core 30 remaining
      in between the tuck regions as shown at 30a, 30b, 30c, 30d and 30e
      respectively. Three of the tuck regions are on one side of the marriage
      point M and three on the other side.
PAR  According to the present invention each end of the pair of strand ends in
      the six tuck regions is covered with a metal tubing. Each tube encompasses
      a strand end for substantially its full length in the tuck region. Copper
      tubing has been found to function admirably in protecting tucked strands
      of spliced steel wire ropes and as shown in FIG. 5 the tubing is provided
      with a slit along its full length to permit it to be opened such as with
      pliers and then clamped in surrounding relation about the strand end.
PAR  FIG. 5 illustrates the crossover and tuck region of the splice with two of
      the six strands of the rope removed. Strands 51 and 52 are crossed and
      their ends are enclosed in copper tubes 56 and 57 respectively. The tubing
      56, as illustrated more clearly in FIG. 6, is arranged to be the same
      diameter as the core 60, portions of which were removed to make space for
      insertion of the strand 51 with the enclosed copper tubing 56 therein. The
      copper tubing is slit such as with a saw and is then opened and clamped
      about the strand 56 and inserted in the core region in alignment with the
      original core of the wire rope. The wall thickness of the tubing is
      selected to fill the space left after removal of the core, but not so
      thick as to cause the outer strands to bulge nor the tucked ends to be
      excessively stiff. For example, for a 11/2 inches diameter wire rope,
      strands have a diameter of approximately 3/8 inch and a copper tubing
      having an OD of 1/2 inch may be used. The wall thickness of commercial
      tubing of this size is usually 3/64 inch.
PAR  The gap 59 of the tubing 56 is made to be sufficiently wide that after
      being clamped around the strand, the confronting edges of the tube do not
      contact each other and are sufficiently far apart that after a period of
      use of the wire rope in which it is inserted, the tube can close still
      tighter about the strand under the lateral forces applied thereto by the
      outer strands upon application of tension forces to the wire rope. After
      initial clamping of the tubing about the strand, however, the gap 59 is
      preferably not so wide that wire filaments of the strand can pass
      therethrough, and in this regard, the gap is usually preferred not to be
      greater in width in its clamped condition than the diameter of a filament
      of the strand portion which it holds enclosed.
PAR  Where a wire rope provided with a splice of the type illustrated is placed
      in tension, such as in an uphill lift, the tension causes the outer strand
      to bear tighter against the surfaces of the interior tubing surrounding
      the strand portions in the tucked region. Accordingly after a period of
      use, the surface of the tubing can become indented slightly in
      conformation with the filaments bearing against the tube, thereby
      establishing a better grip between the outer strand with the portion of
      strand in the tuck region, both causing a more positive mechanical
      engagement therewith and tighter clamping of the tubing about the portion
      of the strand which it encloses. Since the friction of the tucked strands
      is the holding strength of the splice, metal sheaths covering the tucked
      strand lengths serve to add tensile resistance to the splice, thus not
      only adding strength but more deterioration resistant life to the splice.
PAR  FIG. 7 shows another aspect of the invention wherein a backup member 70,
      such as of metal like copper, is inserted in the void in the splice region
      below the crossover of two strands 61 and 62 of the wire rope. At the
      point of intersection of the two strands tucked on the inside of the wire
      rope there is a void space. A length of solid metal rod or a rod of
      resinous material like nylon having oppositely inclined ends and
      corresponding generally to the length of the void is inserted in the void
      to fill the space. This filler and backup member is shown in FIG. 7 in a
      somewhat extended sense to illustrate more clearly how it functions.
      Member 70 contributes to the conformity of the wires to the diameter of
      the rope at the strand intersections of the splice. The addition of this
      filler member results in much less distortion and longer wire rope life in
      the spliced region in comparison to splice assemblies where the void space
      is allowed to remain unfilled.
PAR  FIG. 8 illustrates the combination filler and backup member 70 in
      perspective showing the beveled or inclined ends 71 and 72 illustrating
      more clearly that it can be ciruclar and is made to conform generally to
      the space under the crossing rope strands 61 and 62 in alignment with the
      core space including the tubing 66 surrounding the strand in the tuck
      region.
PAR  The length of the filler backup member may be approximately half the length
      of lay of strand in the helical configuration of the wire rope. For
      example, if the lay is approximately 71/2 inches, the length of the backup
      member may be about 3 inches to fill in the voids below the crossover
      space of the tuck position. Still further, the member 70 for a 11/8 inches
      diameter rope may be 3 inches long and have a diameter of 3/8 inch which
      matches generally that of the strands in the wire rope. Although member 70
      is herein shown as being in the crossover region in alignment with the
      strand section surrounded with protective tubing 66, it will be recognized
      that it may also be utilized advantageously in splice arrangements without
      the use of the protective tubing about the tucked in strand portions.
      After a period of use of a spliced cable, the backup member 70, like the
      tubing 10, also is locked in place more tightly within the core space of
      the crossover region. This in turn causes a more positive holding of the
      strand portions in the core regions after a period of use of the spliced
      wire rope.
PAR  While I have shown particular arrangements of my invention, it will be
      understood that I do not wish to be limited specifically thereto since
      many modifications may be made within the broad concepts of the invention.
      I therefore contemplate by the appended claims to cover all modifications
      that fall within the true spirit and scope of my invention.
CLMS
NUM  1.
PAR  1. In a wire rope splice wherein a length of an end portion of at least one
      outer strand of the rope is tucked into the central core region of the
      rope;
PA1  a protective tubular sheath of material compatible in wear resistance with
      the wire rope material surrounding substantially the full length of said
      tucked end portion of strand of size such as to fill the core space
      without increasing the diameter of the rope in the splice region over that
NUM  2.
PAR  2. A wire rope splice as set forth in claim 1 wherein a length of the end
      portion of each outer strand of the rope is tucked into the core region
      replacing the core in a region of the splice spaced linearly from each of
      the other tucked strand ends and a separate protective tubular sheath
NUM  3.
PAR  3. A wire rope splice as set forth in claim 2 wherein each protective
      sheath comprises a length of metal tubing encompassing its respective
NUM  4.
PAR  4. A wire rope splice as set forth in claim 3 wherein the protective
      sheaths each have a slit through the wall of said metallic tubing
      extending for the full length of said tube permitting opening and closure
NUM  5.
PAR  5. A wire rope splice according to claim 4 wherein the distance across the
      gap of the slit in said tube is not greater than the diameter of wire
NUM  6.
PAR  6. A wire rope splice as set forth in claim 1 wherein the protective sheath
      comprises a copper tube encompassing substantially the full length of the
NUM  7.
PAR  7. A wire rope splice as set forth in claim 1 wherein the protective sheath
      comprises a nylon tube encompassing substantially the full length of the
NUM  8.
PAR  8. A steel wire rope wherein at least one length portion of an outer strand
      extends through the central region of the rope taking the place of the
      core of the rope for said length, said length portion being enclosed in
      clamped relation in a protective sheath of metal compatible in wear
NUM  9.
PAR  9. A steel wire rope according to claim 8 wherein said sheath comprises a
      copper tube encompassing substantially the full length of the portion of
NUM  10.
PAR  10. In a wire rope splice assembly wherein lengths of mated end portions of
      strands of spliced rope ends are crossed and the mated end portions are
      tucked in opposite directions into the core region of said rope, a
      longitudinal filler member shaped to fill in the central void underlying
      the crossover region of said mated end portions, and a separate protective
      sheath of material compatible in wear resistance with the wire of said
      rope surrounding the full length of each of said tucked strand ends.
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ABST
PAL  False twisting device for producing crimped filamentary yarns by
      introducing the filament into a cylindrical hollow of a hollow spindle,
      winding it around a twisting pin mounted transversely in the cylindrical
      hollow and taking out the filament therefrom, wherein a center point of
      the minimum diameter portion of the twisting pin is displaced from a
      rotational center axis of the hollow spindle, both in the vertical and
      parallel directions as related to the axial line of the twisting pin
      respectively, so that the filament rotated together with the hollow
      spindle therein is positioned concentrically with the rotating center of
      the hollow spindle.
PAL  Said hollow spindle is mounted in a housing and supported by air bearings
      and it is rotated by applying compressed air to turbine blades which is
      provided on the circumference of the cylindrical hollow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to a false twisting device for producing
      crimped filamentary yarns, more particulary to a false twisting hollow
      spindle, provided with a turbin wheel, as a single body, and twisting pin
      laterally provided in the hollow space of the spindle. The hollow spindle
      is rotated by applying compressed air to the turbine wheel.
PAR  2. Description of the prior art
PAR  Generally, in a conventional false twisting device or apparatus, a twisting
      pin is laterally provided in center of a hollow of a false twisting
      spindle, so as to stabilize and/or balance the rotating motion of the
      hollow spindle. Due to the provision of the twisting pin, when the false
      twisting hollow spindle is rotated at a very high speed, undesirable yarn
      breakages frequently occur. That is, processing yarn fed into the hollow
      spindle is wound in one turn around the twisting pin and rotated, so that
      a portion of yarn entering the hollow of the spindle does not coincide
      with the rotating axis of the false twisting hollow spindle, but
      considerably deviates therefrom. Consequently, ballooning of the yarn
      caused by the centrifugal force of the spindle rotating at a very high
      speed, is accelerated and increased. Such generated yarn ballooning has
      little effect on yarn breakage while the hollow spindle is turning at a
      relatively slow speed, but, when the hollow spindle is driven at a very
      high speed, frequent yarn breakages do occur.
PAR  Referring to FIG. 1, which shows a basic type of the known false twisting
      device, yarn 2 supplied from a feed pin 1 is brought to a suitable tension
      by a pair of feed rollers 3, and a pair of delivery rollers 4. A yarn
      portion 2a of the yarn 2 entering a false twisting spindle 5, and disposed
      between the feed rollers 3 and the delivery rollers 4, is false twisted by
      the rotation of the false twisting spindle 5. After being thermally set
      the twists thereof are formed by a heater 6 sited between the feed rollers
      3 and the false twisting spindle 5. Next, a yarn portion 2b of the yarn 2
      which has passed through the false twisting spindle 5, and has been
      delivered from the delivery rollers 4, is wound on the yarn package 7.
      Ballooning is created in the yarn portion 2a entering into the false
      twisting spindle 5. However, ballooning is not created in the yarn portion
      2b leaving from the false twisting spindle 5, because the yarn portion 2b
      is untwisted immediately after passing through the twisting pin provided
      in the hollow of the false twisting spindle 5. Further, the tension of the
      upstream yarn portion 2a on the twisting side becomes smaller than that of
      the downstream yarn portion 2b on the untwisted side by an amount
      corresponding to the contact resistance of the twisting pin 13.
PAR  FIG. 5 shows a cross-sectional view of a pressurized-air type false
      twisting spindle. A cylindrical hollow chamber 9 is formed at the central
      portion of the housing 8, and vertical hollow spindle 10 is supported by
      an upper and a lower bearing 11, 12 in concentric with the center line of
      the hollow chamber 9. A horizontal twisting pin 13 is provided in the
      hollow spindle 10 in such a position that the pin 13 traverses a vertical
      hollow 14 of the hollow spindle 10 in the diametric direction, and a
      turbine wheel 15 is secured to the outer peripheral surface of the hollow
      spindle 10 at the center portion. The bearings 11, 12, which support the
      hollow spindle 10, have grooves 16, 17 formed on the outer peripheral
      surface of the hollow spindle 10. A pair of upper 0-rings 18, 19 and a
      pair of lower 0-rings 20, 21 are respectively provided at both tip end
      portions of the outer peripheral surface of the hollow spindle 10. A
      horizontal upper air duct 22 and a lower air duct 23 facing toward the
      vertical hollows spindle 10 are formed in the grooves 16, 17,
      respectively. The upper and lower bearing 11, 12 are rigidly secured to
      the outer periphery of the hollow chamber 9 of the housing 8 by the upper
      and lower 0-rings 18, 19 and 20, 21, respectively. The hollow spindle 10
      is engaged with the housing 8 at positions facing the upper and lower end
      portions of the hollow chamber 9, and screwed with an upper and a lower
      nuts 24, 25, respectively, so that dropping of the hollow spindle 10 from
      the housing 8 never occurs. In FIG. 5, 26 is an inlet aperture for the
      compressed air for rotating the hollow spindle 10, 27 is an outlet
      aperture for exhausting air from the hollow spindle 10, while 28 indicates
      an inlet aperture of compressed air for the bearings 11, 12, and 29, 30
      are branch tubes of the inlet aperture 28.
PAR  FIG. 2 shows a cross-sectional view of a conventional hollow spindle 10. In
      FIG. 2, a rotational axis 31 of the hollow spindle 10 and a center point
      33 of the smallest diameter portion 32 of the twisting pin 13 coincide
      with each other. As stated before, the yarn portion 2b leaving the hollow
      spindle 10 has a greater tension than that of the yarn portion 2a entering
      the hollow, spindle 10, and therefore, the position of this yarn portion
      2b coincides with the smallest diameter portion 32 of the twisting pin 13.
      On the other hand, the position of the yarn portion 2a on the false
      twisting side is displaced both in the parallel and vertical directions
      with reference to the axis of the twisting pin 13 by amounts equal to a
      diameter 2 of the yarn portion 2a and equal to 1 which is the sum of the
      radius of the smallest portion 32 of the twisting pin 13 and the radius of
      the yarn portion 2a, respectively. As a result, ballooning of the yarn
      portion 2a on the false twisting side is accelerated and/or magnified by
      rotation of the hollow spindle 10, so that various kinds of trouble arise.
      These are detailed as follows:
PAR  That is,
PAR  1. when the compressed air type false twisting spindle 10, of light weight
      (shown in FIG. 5), is driven at a very high speed, the spindle 10 vibrates
      and the bearing 11, 12 in the housing 8 contact the vibrating spindle 10,
      so that rapid wear of the bearings 11, 12 and/or the spindle 10 takes
      place.
PAR  2. In any type of false twisting spindle, whether of the compressed air
      driven type or frictional force driven type, twists of the ballooning yarn
      accumulate at a position adjacent to the twisting pin 13, so that
      propagation of the twists is prevented and, further, since the yarn which
      passes through the twisting pin 13 is in an insufficiently untwisted
      condition, the processed yarn produces continuously swelled untwisted
      portions;
PAR  3. The ballooned yarn contacts the inside wall of the hollow 14 of the
      spindle 10, so that the yarn is frequently broken and the yarn strength
      lowered.
PAR  Of the above-mentioned problems, the most difficult is the phenomenon of
      yarn breakages causes, and unless such problems are completely eliminated,
      it is impossible to carry out in practice, a false twisting operation by a
      false twisting spindle driven at speeds higher than 400,000 r.p.m.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the present invention are performed by specially defining a
      position of a twisting pin mounted in a false twisting hollow spindle.
      They will be described hereinafter.
PAR  That is, an object of the invention is to eliminate ballooning or vibration
      of filamentary yarns as a result of eccentricity thereof by introducing
      the filamentary yarns into the spindle without eccentricity.
PAR  Another object is to obtain high quality yarns by decreasing or eliminating
      yarn breakage and occurrence of untwisted yarn portions.
PAR  Further object is to eliminate early abrasion of a spindle bearing.
PAR  False twisting machines need an increased rotational speed of the false
      twisting spindle for a more rapid yarn processing operation. Various
      methods to meet these requirements have been proposed. In friction force
      drive type false twisting spindles and compressed air drive type false
      twisting spindles, many spindles capable of rotating at a very high speed
      (more than 400,000 r.p.m.) have come into use. However, in order to carry
      out a high speed operation of the spindle, there are various problems to
      be solved, though these are not problems at low speed operation of
      spindles. With the present invention, these problems are solved completely
     .
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic view of the false twisting apparatus.
PAR  FIG. 2 is a cross-sectional view of a conventional false twisting hollow
      spindle.
PAR  FIG. 3 is a cross-sectional view of a false twisting hollow spindle showing
      one embodiment of the present invention for carrying out Z-twist
      operation.
PAR  FIG. 4 is a same view as the FIG. 3 showing another embodiment of the
      present invention for carrying out S-twist operation.
PAR  FIG. 5 is a cross-sectional plan view showing a compressedair driven type
      spindle.
DETD
PAC  DESCRIPTION OF PREFERED EMBODIMENTS
PAR  Now referring to FIGS. 3, 4, embodiments of the present invention are
      explained. When filamentary yarn is subjected to the false twisting
      process, either a Z-twist method as shown in FIG. 3 of S-twist method as
      shown in FIG. 4 is applied to the processed yarn.
PAR  As shown in FIG. 3, twisting pin 51 is provided in the hollow spindle 50
      for twist, in such a position that the center point of the minimum
      diameter portion 52 (this minimum diameter is represented by d) of the
      twisting pin 51 is displaced from the rotational center axis 54 of the
      hollow spindle 50, both in the directions vertical and parallel to the
      axial line of the pin 51 by distances - .delta.1 and + .delta.2,
      respectively. And, filamentary yarn 2a fed into the hollow spindle 50 is
      wound around the twisting pin 51 in a single turn in such a way that the
      yarn portion 2b of the yarn 2 leaving the hollow spindle 50 is positioned
      on the right hand side of the yarn portion 2a prior to entering the hollow
      spindle 50, as shown in FIG. 3. Consequently, a center 53 of the yarn
      portion 2 entering the hollow spindle 50 coincides with, or is positioned
      adjacent to, the rotational center axis 54 of the hollow spindle 50 when
      so required. As shown in FIG. 4, a twisting pin 51 a is provided in the
      hollow spindle 50a for effecting an S-twist in such a position that the
      center point of the minimum diameter portion 52a of the twisting pin 51a
      is displaced from the rotational center axis 54a of the hollow spindle
      50a, both in the vertical and parallel directions as related to the axial
      line of the pin 51a by distances .delta.1 and - .delta.2, respectively. In
      FIGS. 3 and 4 + .delta.2 (or - .delta.2) represent the amount of
      displacement of the center of the minimum diameter portions 52, 52a of the
      twisting pinds 51, 51a in the right (or left) hand side direction from the
      rotational center axis 54, 54a of the hollow spindles 50, 50a,
      respectively. And, filamentary yarn 2 is wound around the twisting pin 51a
      in a single turn in such a way that the yarn portion 2b leaving the hollow
      spindle 50a is positioned on the left hand side of the yarn portion 2a
      that enters the hollow spindle 50a, as shown in FIG. 4. Consequently, the
      center 53a of the yarn portion 2a entering the hollow spindle 50a can be
      made to coincide with, or can be positioned adjacent to, the rotational
      center axis 54a of the hollow spindle 50a. Reference FIGS. 55 and 56 in
      FIG. 3 or 55a and 56a in FIG. 4, are a pair of balancing recesses for
      eliminating any unbalance of the hollow spindle 50 or 50a, created due to
      displacement of twisting pins 51 or 51a. However, it is of course possible
      to maintain this balance by eliminating the axial end portions.
PAR  The hollow spindle 50 shown in FIG. 3 or 50a shown in FIG. 4 of the present
      invention, is provided with turbine blades (not shown) similar to the
      conventional embodiment as shown in FIG. 5 besides the twisting pins 51 or
      51a and hollow spindle 50 or 50a and the spindle is driven by air jet
      stream applied to the turbine blades. Further, the hollow spindle 50 or
      50a can be supported in housing 8 by support mechanisms (not shown)
      similar to conventional bearings 11, 12, as shown in FIG. 5. Next, the
      operation of the false twisting device according to the means of the
      present invention where the hollow spindle 50, or 50a is supported in the
      housing 8 will be explained with reference to FIG. 5. As shown in FIG. 5,
      after the yarn 2 is wound about the twisting pin 51 or 51a provided in the
      hollow 57 or 57a of the hollow spindle 50 or 50a, an air jet stream is
      supplied from the air inlet aperture 28, for bearings 11, 12 forcing air
      into the hollow 57 or 57a via the upper and lower branch tubes 29, 30 and
      the upper and lower air ducts 22, 23, respectively, while another air jet
      stream is forced from the air inlet aperture 26 for rotating the spindle
      10 providing the turbine blades 15. Then the bearings 11, 12 and the
      hollow spindle 50 or 50a commence rotation while always maintaining a
      small space between them. Next, a part of the air jet stream from the
      lower air duct 23 passes through the space between the hollow spindle 50
      or 50a and the lower bearing 12, and impacts on the lower surface of the
      turbine blade 15. Similarly, a part of the air jet stream from the upper
      air duct 22 passes through a space between the hollow spindle 50 or 50a
      and the upper bearing 11, and impacts on the upper surface of the turbine
      blade 15. Consequently, the hollow spindle 50 or 50a is driven in a
      floating condition in the hollow chamber 9 while balanced by both jet air
      streams. That is, the hollow spindle 50 or 50a turns while moving up and
      down along a clearance defined by the difference in distance between the
      lower surface of the upper bearing 11 and the upper surface of the lower
      bearing 12, and the distance between upper and lower surfaces of the
      turbine wheel 15. Where clearance is small, the rotating spindle 50 or 50a
      comes into contact with the bearings 11 and 12 and, therefore, the driving
      speed of the spindle 50 or 50a is lowered. If the center 53 or 53a of the
      yarn 2a introduced into the hollow 57 or 57a of the spindle 50 or 50a is
      positioned either coincident with, or adjacent to, the rotational center
      axis 54 or 54a of the spindle 50 or 50a, respectively, undesirable
      ballooning or vibration of the yarn 2a will not be occured. However, in
      practice, it is almost impossible to retain this preferred positional
      relationship between the center 53 or 53a of the yarn 2a on the twisting
      side and the rotational center axis 54 or 54a of the hollow spindle 50 or
      50 a, due to a lack in processing precision and the vibration of yarn 2a.
PAR  The following table shows rates of yarn breakages (number of yarn breakages
      in 200 spindles per hour) obtained by experiment. In the experiment, a
      twisting pin having a minimum diameter d = 600 .mu. was used, and
      polyester yarns of 20, 150 and 300-deniers were processed by a false
      twisting spindle at rotational speeds of 1,530,000, 750,000 and 450,000
      r.p.m., respectively.
TBL  __________________________________________________________________________

     (A)                                                                       

           20-deniers, 1,530,000 r.p.m.                                        

     __________________________________________________________________________

     .delta.1                                                                  

           530 480 430 380 350 330 310 280 230 180 130                         

     .delta.2                                                                  

           260 210 160 110  80  60  40  10 -40 -90 -140                        

     __________________________________________________________________________

     Number of                                                                 

     yarn  1.0 0.8 0.5 0.5 0.5 0.3 0.5 0.5 0.5 0.8 1.0                         

     breakages                                                                 

     (B)                                                                       

           150-deniers, 750.000 r.p.m.                                         

     __________________________________________________________________________

     .delta.1                                                                  

           580 530 480 430 400 380 360 330 280 230 180                         

     .delta.2                                                                  

           360 310 260 210 180 160 140 110  60  10 -40                         

     __________________________________________________________________________

     Number of                                                                 

     yarn  1.0 0.8 0.6 0.5 0.5 0.3 0.5 0.5 0.6 0.8 1.0                         

     breakages                                                                 

     (C)                                                                       

           300-deniers, 450,000 r.p.m.                                         

     __________________________________________________________________________

     .delta.1                                                                  

           610 560 510 460 430 410 390 360 310 260 210                         

     .delta.2                                                                  

           420 370 320 270 240 220 200 170 120  70  20                         

     __________________________________________________________________________

     Number of                                                                 

     yarn  1.0 0.8 0.8 0.5 0.5 0.3 0.5 0.5 0.8 0.8 1.0                         

     breakages                                                                 

     __________________________________________________________________________

PAR  As is apparent from the above table, by suitable selection of the values of
      .delta.1 and .delta.2 so as to position the center of the yarn introduced
      into the spindle close to the rotational center axis of the spindle,
      occurrence of yarn breakages can be virtually eliminated.
CLMS
NUM  1.
PAR  1. False twisting device for producing crimped filamentary yarns comprising
      a hollow cylindrical spindle having an axis of generation, means mounting
      the hollow cylindrical spindle for rotation about the axis of generation
      thereof, a twisting pin secured in the hollow cylindrical spindle and
      extending thereacross transversely of the axis of generation of the hollow
      cylindrical spindle having a minimum diameter portion with a center point,
      the center point of which is displaced transversely of the axis of
      generation of the hollow spindle in two mutually perpendicular directions
NUM  2.
PAR  2. Structure as set forth in claim 1, wherein the minimum diameter of the
      twisting pin is equal to a distance d and the distance .delta..sub.1 is
      related to the distance d and yarn size by the formula
      ##EQU1##
NUM  3.
PAR  3. Structure as set forth in claim 1, wherein the distance .delta..sub.2 is
      related to the yarn size by the formula
EQU  - 90.mu. .ltoreq. .delta..sub.2 .ltoreq. 370.mu..
NUM  4.
PAR  4. Structure as set forth in claim 1 wherein the means mounting the hollow
      cylindrical spindle includes a body member, an opening through the body
      member, air bearings positioned within the opening through the body member
      receiving the hollow cylindrical spindle, means securing the air bearings
      within the opening through the body member and means for providing air
      under pressure to the air bearings.
NUM  5.
PAR  5. Structure as set forth in claim 4, and further including turbine blades
      secured to the hollow cylindrical spindle centrally thereof between the
      air bearings, and means applying air under pressure to the turbine blades
      through the body member.
PATN
WKU  039343995
SRC  5
APN  4327209
APT  1
ART  214
APD  19740111
TTL  Electric timepiece incorporating rectifier and driving circuits
      integrated in a single chip
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ABST
PAL  A timepiece having a quartz crystal vibrator serving as a time standard, a
      digital display, and integrated divider and C-MOS transistor driving
      circuits for dividing the high frequency signal from the vibrator into low
      frequency timing signals for the direct driving of the liquid crystal
      display. A battery energizes the vibrator and divider circuits but the
      voltage thereof is insufficient for energizing the display driving
      circuits. Said voltage is stepped up by a circuit including a rectifier
      circuit monolithically integrated on the same substrate as said
      complementary coupled transistor integrated driving circuit and produces a
      voltage sufficient to energize the driving circuit.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our application Ser. No.
      369,339 filed on June 12, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the construction of quartz crystal timepieces and
      in particular to quartz crystal wristwatches incorporating liquid crystal
      display means. It is essential to provide divider and driving circuitry
      which draws a minimum of power in order to maximize the life of the
      battery provided in such timepieces. Further, it is also essential that
      the space utilized by the battery be kept to a minimum in order to make
      the circuit adaptable for use in a wristwatch. The batteries generally
      provided in quartz crystal timepieces provide voltages within the range of
      1.2-3.5 volts (usually 1.3-1.5 volts) while the liquid crystal displays
      generally require voltages of 10 to 30 volts in order to operate
      effectively although voltages as low as 3 volts may be used in certain
      displays. For this reason, means for stepping up the voltage of the
      battery in the timepiece by use of miniature components has been provided.
      Nevertheless, the voltage step-up circuitry of the prior art is separately
      mounted within the watch, occupying a large amount of space and, in some
      instances, resulting in a lowering of reliability.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a timepiece is
      provided having a quartz crystal vibrator for producing a high frequency
      time standard signal, divider circuit means coupled to said quartz crystal
      vibrator for producing low frequency time signals from said high frequency
      time standard signal, a digital display means and C-MOS transistor
      integrated driving circuit means coupled intermediate said divider means
      and said display means for directly driving the same. A single battery of
      a first d.c. potential is further provided and is coupled to the vibrator
      and divider circuit means for the energization thereof. Means are provided
      for converting the d.c. signal to an a.c. signal, stepping up the voltage
      of the a.c. signal, and rectifying the stepped-up a.c. signal for
      energizing the integrated driving circuit means. Said driving circuit
      means which include complementary coupled transistors and the rectifier
      circuit for rectifying the stepped-up a.c. signal are monolithically
      integrated on the same substrate.
PAR  Accordingly, the object of the invention is to provide a highly accurate
      and compact electronic crystal wristwatch having no moving parts.
PAR  Another object of the invention is to provide a practical electronic
      wristwatch including a liquid crystal display driven by only one
      conventional type battery.
PAR  A further object of the invention is to provide improved means for driving
      digital displays for electric timepieces in general and electric watches
      in particular.
PAR  Still a further object of the invention is to provide an improved
      integrated circuit chip including a complementary coupled transistor
      driving circuit and a rectifying circuit.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification and drawings.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts that will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block diagram of a conventional quartz crystal timepiece;
PAR  FIG. 2 is a block diagram of a quartz crystal timepiece in accordance with
      instant invention;
PAR  FIG. 3 is a sectional view of a high speed switching diode integrated
      circuit element;
PAR  FIG. 4 is a fragmentary sectional view of a power type diode integrated
      circuit element;
PAR  FIG. 5 is a fragmentary sectional view of a low power rectifier diode
      integrated circuit element constructed in accordance with the instant
      invention;
PAR  FIG. 6 is a fragmentary, sectioned perspective view of an integrated
      circuit chip wherein the C-MOS transistor inverter circuit and rectifier
      diode circuit depicted in FIG. 2 are monolithically integrated into a
      single chip in accordance with the instant invention; and
PAR  FIG. 7 is a block and circuit diagram of the driving integrated circuit for
      display cell having rectifier circuit inside, of FIG. 2, constructed in
      accordance with FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a conventional quartz crystal timepiece is
      illustrated therein and includes a battery 1, a time standard oscillator
      2, divider circuit 3, a driving circuit 4, and display cell 5. The battery
      1 is a standard low voltage cell which is capable of supplying a low d.c.
      voltage of between 1.2 and 3.5 volts. The time standard oscillator 2 is an
      oscillator consisting of a quartz crystal vibrator adapted to produce a
      high frequency time standard signal. Divider circuit 3 includes a
      series-connected divider chain for dividing the high frequency time
      standard signal into low frequency time signals such as a one-second
      signal or a one-minute signal. The driving circuit 4 is formed for
      decoding the time signals received from the divider circuit and applying
      same to those portions of the display cell 5 which when energized, will
      provide a digital time display. A driving voltage of 10 to 30 volts is
      required to operate the display cell, although the logic circuitry of the
      driving circuit 4 is switched by the relatively low voltage time signals.
      Although the time standard oscillator 2 and the divider circuit 3 are
      energized by the low potential from the battery 1, a higher d.c. potential
      is required to effect operation of the display cell by the driving circuit
      4. The display cells 5 may be formed from liquid crystal material,
      PLZT-type ferroelectric material, or the like. The higher d.c. potential
      is achieved by supplying the d.c. signal from the battery 1 to a circuit 6
      for converting the d.c. signal supplied to an a.c. signal, such circuit
      being formed of a standard oscillator circuit. The a.c. signal is then
      supplied to a booster circuit 7, which booster circuit 7 is comprised of a
      conventional electronic amplifier or a transformer for stepping up the
      voltage of the a.c. signal. The stepped up a.c. signal is then supplied to
      a separate rectifier circuit 7 to provide a d.c. signal of higher
      potential than is supplied by the battery 1. The higher potential d.c.
      signal is then supplied to the driving circuit 4 to permit said driving
      circuit to energize the power which allows the driving circuit to drive
      the display cell in response to the low voltage time signals supplied from
      divider circuit 3 to driving circuit 4.
PAR  Referring now to FIG. 2, the quartz crystal timepiece of the instant
      invention is therein illustrated. In order to reduce the size of the
      components which are incorporated into the desired small watch case, a new
      monolithic integrated C-MOS transistor driving circuit partially depicted
      in FIG. 6, is utilized which includes both the rectifier circuit and
      driving circuit integrated into a single substrate. Thus, time standard
      circuit 2' provides a timing signal of a high frequency to divider circuit
      3', which in turn is coupled to the monolithic integrated driving and
      rectifying circuit 9, which when energized by a higher potential drives
      display cell 5'. With this new arrangement, all that is required is a
      separate converter circuit 6' for converting a low potential d.c. signal
      to an a.c. signal and booster circuit 7' for stepping up the voltage of
      the a.c. signal. The stepped up a.c. signal is then supplied to the
      monolithic integrated driving and rectifier circuit 9 for conversion to
      d.c. to provide the driving voltage for the display cell, time signals
      being applied thereto from divider circuit 3'. Both the divider and
      driver-rectifier circuits are formed of monolithically integrated circuit
      elements, the divider and driver circuits being formed of C-MOS
      transistors.
PAR  Reference is now made to FIG. 3, wherein an integrated mesa type high speed
      switching diode is depicted. The N layer is provided with a low carrier
      concentration and is epitaxially grown on the N.sup.+ substrate. A P.sup.+
      layer is then diffused thereon and conductors Au are layered on the top
      and bottom to define the electrodes of the diode. It is understood that
      the switching speed of such a diode is dependent on the thickness of the
      N.sup.+ layer.
PAR  Reference is now made to FIG. 4 wherein a power type diode integrated
      circuit is depicted. In such a power type diode a diffusion layer N.sup.+
      having a high carrier concentration sometimes referred to as a buried
      layer is diffused into the P layer in order to lower the forward
      resistance. Then, the N layer and P.sup.+ layer are formed by epitaxial
      techniques. An insulating layer I.sub.1 is then placed over the formed
      layers and metal conductors K.sub.1 and A.sub.1 are placed in contact with
      the N.sup.+ and P.sup.+ layers respectively to define the diode's cathode
      and anode respectively. Often the cathode is placed on the lower part of
      the substrate in contact with the N.sup.+ layer.
PAR  Reference is now made to FIG. 5 wherein a low power rectifying diode
      integrated circuit is constructed in accordance with the instant
      invention. Because no operational limitations such as high speed switching
      or high power operation are required, the simple structure of FIG. 5 is
      particularly suited for use in an electronic timepiece. In order to
      construct such a rectifier diode, the operative layers formed from silicon
      may be directly diffused into a substrate and the metallic wiring
      deposited on the surface of the substrate. A P.sup.+ layer is diffused in
      the N substrate to define a P-N junction. An N.sup.+ layer having a high
      carrier concentration is diffused into the N layer and serves as a current
      medium because the substrate N which has a low carrier concentration
      cannot be in obvious contact with the metal conductors. An insulating film
      such as SiO.sub.2, depicted in FIG. 5 as I.sub.1  insulates the metal
      conductors A.sub.2 and K.sub.2 from the substrate which conductors define
      the anode and cathode respectively.
PAR  Reference is now made to FIG. 6 wherein a C-MOS inverter circuit of a
      driving circuit and the rectifier diode circuit are monolithically
      integrated into a single chip. The N-channel MOS transistor is
      complementary coupled with the P-channel transistor by a connection of the
      respective drain terminals D.sub.N and D.sub.P thereof and gate terminals
      G.sub.C through aluminum wire electrodes. The channels CH.sub.N and
      CH.sub.P of the N-channel and P-channel transistors are defined by the
      respective source and drain regions thereof. The source S.sub.N of the
      N-channel MOS transistor is connected to the anode A.sub.P of a first
      rectifier diode in accordance with the invention defined by the diffused
      buffer P.sup.+ region, the diode being defined by the N.sup.+ and P
      boundary, the diffused N.sup.+ region, defining the cathode K.sub.N. The
      source S.sub.P of the P-channel MOS transistor is similarly connected to
      the cathode K.sub.N of a second rectifier diode in accordance with the
      invention defined by a diffused buffer N.sup.+ region, the diode being
      defined by the P.sup.+ and N boundary, the diffused P.sup.+  region
      defining the anode. The P and N substrates are reversed biased by the
      current flowing from the anodes A.sub.P and A.sub.N respectively since the
      P substrate is at a negative potential, and the N substrate is maintained
      at a positive potential.
PAR  FIG. 7 illustrates, by way of example, the circuit of FIG. 6 applied to the
      driving integrated circuit and rectifier circuit 9 of FIG. 2. The
      alternating power signal from booster circuit 7' is applied between the
      anode of diode 20 and the cathode of diode 21. The cathode of diode 20 is
      connected to a positive power bus 26 while the anode of diode 21 is
      connected to a negative power bus 27. As pointed out above, the driving
      integrated circuit would include a decoder 24 and a driver 25. While the
      decoder and driver can be formed of C-MOS circuits in a well known manner,
      one inverter circuit 30 thereof consisting of a P-channel MOS transistor
      22 and a N-channel MOS transistor 23 connected with their respective
      drains and gates in common connection and their respective sources coupled
      to power buses 26 and 27. Diodes 20 and 21 and MOS transistors 22 and 23
      correspond to the circuit illustrated in FIG. 6 and like reference
      numerals are applied to like elements in FIG. 6 for identification
      thereof. The C-MOS inverter defined by MOS transistors 22 and 23 is gated
      by a signal from a schematically illustrated input data bus 29 coupled to
      divider circuit 3'. The output of said C-MOS inverter is connected to an
      output data bus 28, also schematically illustrated, which is in turn
      connected to driver 25. In the actual decoder and driver circuit, a
      plurality of such C-MOS circuits would be provided to effect the decoding
      and driving function in a known manner.
PAR  In general, the current consumed by the liquid crystal display cell and by
      the integrated circuit driving the same in an electric watch of the type
      described is of the order of several micro-amperes. Thus, as hereinabove
      pointed out a highly effective rectifier circuit can be realized with the
      use of diodes possessed of comparatively small junction areas requiring
      minimal area on a chip which forms the integrated driving and rectifier
      circuit. For this reason, the chip defining driving and rectifier circuit
      9 and the chip defining integrated driving circuit 4 of FIG. 1 are of
      comparable size and cost, resulting in a substantial savings in space and
      cost.
PAR  The arrangement according to the invention described above provides a
      step-up voltage transformer permitting the use of a single conventional
      low voltage cell in an electronic timepiece. This feature contributes to
      the provision of a practical and highly reliable quartz crystal watch
      heretofore unavailable in conventional watch constructions.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawing shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric timepiece comprising a quartz crystal vibrator for producing
      a high frequency time standard signal; divider circuit means for producing
      low frequency time signals in response to said high frequency time
      standard signal; display means for the digital display of time; driving
      circuit means including complementary coupled MOS transistors disposed
      intermediate said divider circuit means and said display means for
      applying driving signals to said display means in response to said time
      signals, each said transistor including a source and drain; d.c. potential
      means for energizing said vibrator and divider circuit means; means for
      stepping up the voltage supplied by said d.c. potential means and
      supplying said amplified potential to said driving circuit means to
      provide said driving signals for energizing said display means, said
      step-up voltage means including rectifier means including diodes for
      providing said d.c. potential of higher voltage, each said diode having an
      anode and cathode, at least said driving circuit means, said complementary
      coupled MOS transistors and said rectifier means diodes being in the form
      of a monolithically integrated circuit, said integrated circuit being
      formed from a common substrate, said substrate having in the surface
      thereof at least a first region of a first conductivity type, at least a
      first pair of spaced diffused areas in said first region formed of a
      second conductivity type opposite to that of said first conductivity type
      and defining the source and drain of one of said complementary coupled MOS
      transistors, at least a second pair of spaced diffused areas in said first
      region, a first diffused area of said second pair being of said second
      conductivity type, a second diffused area of said second pair being of a
      high concentration of said first conductivity type, said second pair of
      diffused areas defining the anode and cathode connections of one of said
      diodes, and insulating and conductive layers on said substrate, said
      conductive layers in part overlying said insulating layers and in part
      engaging said diffused areas to define electrical connections thereto,
      said driving circuit means, said complementary coupled MOS transistors and
      said rectifier means diodes being defined by diffused areas and insulating
      and conductive layers of like construction.
NUM  2.
PAR  2. A timepiece as claimed in claim 1, wherein said d.c. potential means is
      a single d.c. battery.
NUM  3.
PAR  3. A timepiece as claimed in claim 2, wherein said step-up voltage means
      includes means for converting the d.c. signal supplied from the battery to
      an a.c. signal and means for stepping up the potential of said a.c.
      signal.
NUM  4.
PAR  4. An electric timepiece as claimed in claim 1, wherein said substrate has
      in the surface thereof at least a second region of said second
      conductivity type, at least a first pair of spaced diffused areas in said
      first region of said second conductivity type and defining the source and
      drain of a further one of said complementary coupled MOS transistors.
NUM  5.
PAR  5. An electric timepiece as claimed in claim 4, including at least a second
      pair of spaced diffused areas in said second region, a first diffused area
      of said second pair of diffused areas of said second region being of said
      first conductivity type, a second diffused area of said second pair of
      diffused areas of said second region being of a high concentration of said
      second conductivity type, said second pair of diffused areas of said
      second region defining the anode and cathode connections of a further one
      of said diodes.
NUM  6.
PAR  6. An electric timepiece as claimed in claim 5, wherein said first
      conductivity type is N and said second conductivity type is P, said first
      pair of diffused areas of said first region, the first diffused area of
      said second pair of diffused areas of said first region and the second
      diffused area of said second pair of diffused areas of said second region
      being P.sup.+, the first pair of diffused areas of said second region, the
      second diffused area of said second pair of diffused areas of said first
      region and the first diffused area of said second pair of diffused areas
      of said second region being N.sup.+.
NUM  7.
PAR  7. An electric timepiece as claimed in claim 1, wherein said first
      conductivity type is N, said first pair of spaced diffused areas in said
      first region and said first diffused area of said second pair of diffused
      areas in said first region being P.sup.+, the second diffused area of said
      second pair of diffused areas of said first region being N.sup.+.
NUM  8.
PAR  8. An electric timepice as claimed in claim 1, wherein said first
      conductivity type is P and said second conductivity type is N, said first
      pair of space diffused areas in said first region and said first diffused
      area of said second pair of diffused areas of said first region being
      N.sup.+, the second diffused area of said second pair of diffused areas of
      said first region being P.sup.+.
NUM  9.
PAR  9. An electric timepiece as claimed in claim 1, wherein one of said
      conductive layers electrically couples the source of said complementary
      coupled MOS transistor and said second diffused area of said second pair
      of diffused areas of said first region.
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ABST
PAL  A chronographic electronic timepiece adapted to display elapsed time
      wherein the time displayed is rounded off to the nearest half period is
      provided. Chronographic divider stages adapted to apply signals
      representative of elapsed time to associated display elements include a
      binary divider stage adapted to produce elapsed time signal having a
      period which is the longest time period not displayed by said display
      elements. A rounding off circuit is provided for advancing the period
      counted by the binary divider stage in order to advance the count thereof
      by half a period to effect a rounding off of the time displayed by the
      display elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electronic timepiece and in particular to
      circuitry for rounding off the elapsed time displayed by a chronographic
      electronic timepiece. Heretofore, when chronographic electronic timepieces
      were utilized as stop watches to measure elapsed time, the accuracy of
      such chronographic timepieces was impaired by the failure to take into
      account the time period below the smallest period displayed, i.e.,
      hundreths of a second where tenths of a second are displayed. In order to
      overcome this disadvantage, and render such chronographic timepiece more
      accurate, it is necessary to round off elapsed time displayed by advancing
      each period displayed by one-half the period of the longest time period
      not displayed to effect an accurate display of elapsed time.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a chronographic
      timepiece adapted to round off the longest period prior to the period
      displayed by the timepiece is provided. The chronographic timepiece
      includes an oscillator means adapted to produce a time standard signal. A
      chronographic divider means including a plurality of series-connected
      divider stages, each said divider stage being adapted to count elapsed
      time and produce an output signal representative of elapsed time. Digital
      display means including a plurality of display elements is provided. A
      group of the last of the series-connected divider stages producing elapsed
      time signals for display, each of said elapsed time signals for display
      being respectively associated with a display element for displaying the
      elapsed time counted thereby. The chronographic divider means includes a
      binary divider stage immediately in advance of the divider stages
      producing the displayed elapsed time signals. A rounding off circuit is
      coupled to the binary divider stage, the rounding off circuit advancing
      the count produced by said binary divider stage by half a period to
      thereby round off the elapsed time displayed by the display elements.
PAR  Accordingly, it is an object of this invention to provide an improved
      chronographic electronic timepiece adapted to provide more accurate time
      display.
PAR  It is another object of the instant invention to provide an improved
      chronographic electronic timepiece adapted to digitally display either
      actual time or elapsed time.
PAR  Still another object of this invention is to provide an electronic
      chronographic timepiece adapted to automatically round off the digits
      below the digital displayed during chronographic display.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a block circuit diagram of an electronic timepiece adapted to
      display actual time and/or elapsed time and constructed in accordance with
      the instant invention;
PAR  FIG. 2 is a circuit diagram of the oscillator circuit depicted in FIG. 1;
PAR  FIG. 3 is a block circuit diagram of the divider circuit 12 depicted in
      FIG. 12;
PAR  FIG. 4 is a block circuit diagram of the chronographic divider circuit and
      round off circuit utilized in the chronographic timepiece depicted in FIG.
      1;
PAR  FIG. 5 is a circuit diagram of the display register illustrated in the
      electronic timepiece depicted in FIG. 1;
PAR  FIG. 6 is a timing chart representative of the manner in which rounding off
      can be achieved in accordance with an alternative embodiment of the
      instant invention;
PAR  FIG. 7 is a timing chart of still another manner in which rounding off can
      be achieved in accordance with still another embodiment of the instant
      invention;
PAR  FIG. 8 is a block circuit diagram of an alternative embodiment of the
      instant invention wherein the display register is utilized to effect
      rounding off of the time displayed in accordance with the instant
      invention
PAR  FIG. 9 is a circuit diagram of an alternative embodiment of the
      chronographic divider circuit and round off circuit utilized in the
      chronographic timepiece depicted in FIG. 1;
PAR  FIG. 10 is a circuit diagram of the selector circuit depicted in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, an electronic timepiece circuit is depicted
      therein. An oscillator circuit 10, more particularly illustrated in FIG.
      2, includes a quartz crystal vibrator X for producing a high frequency
      time standard signal at the output of the oscillator circuit 10. Divider
      circuit 12 produces a lower frequency standard signal in response to the
      high frequency divider signal provided by the quartz crystal oscillator
      circuit 10. The divider circuit 12, as is particularly illustrated in FIG.
      3 by way of example, is comprised of a plurality of series connected
      binary divider stages F.sub.1, F.sub.1 through F.sub.n , F.sub.n. A
      timekeeping divider circuit 14 and chronographic divider circuit 16
      respectively produce timekeeping signals representative of actual time and
      chronographic signals representative of elapsed time in response to the
      lower frequency timekeeping signals produced by the divider circuit 12.
PAR  The actual time counted by timekeeping circuit 14 and the elapsed time
      counted by the chronographic circuit 16 are applied to a display register
      20 by a selector circuit 18 adapted as shown in FIG. 10, to select the
      timing signals counted by either the chronographic divider circuit 16 or
      the timekeeping divider circuit 14 to be supplied to said display
      register. The display register 20 applies the signals stored therein to a
      digital display 22 which includes a decoder circuit and plurality of
      digital display elements adapted to provide a digital display of each of
      the signals stored in display register 20.
PAR  Reference is now made to FIG. 4, wherein a plurality of series-connected
      binary divider stages define a divider circuit suitable for use as
      chronographic time divider circuit 16, and a round off circuit 17. The
      chronographic divider circuit 16 is formed from a plurality of flip-flop
      circuits adapted to receive low frequency divider signals 0.sub. CO,
      0.sub.CO from the round off circuit 17 and produce elapsed time output
      signals 0.sub.C1 through 0.sub.CN in response to the elapsed time counted
      thereby. A RESET terminal is coupled in common to each of said divider
      stages F.sub.C1, F.sub.C1 through F.sub.CN, F.sub.CN to allow each of the
      divider stages to be reset to a certain state to thereby allow said
      chronographic divider stages to begin counting from zero at any specific
      time to perform the desired stop watch function.
PAR  Referring now to FIG. 5, a detailed circuit diagram for the display
      register 20 is depicted. The display register 20 is formed of a plurality
      of set-reset flip-flop stages D.sub.1 through D.sub.n . Either elapsed
      time signals 0.sub. C1 through 0.sub. CN of the chronographic divider 16
      or the actual time signals from the timekeeping divider circuit 14 are
      supplied through selector circuit 18 to the display register circuit 20
      wherein they are transformed into signals adapted to drive the display
      cells 22. Accordingly, if a switch is provided externally of the watch,
      and is coupled to selected 18, either a timekeeping or chronographic
      function can be selected and actual time or elapsed time written into the
      display register in a side by side manner. The display register in turn
      supplies the data stored therein to display 22.
PAR  Display 22 includes a decoder circuit for decoding the signals applied
      thereto from the display register and providing signals for driving a
      plurality of digital display elements formed from liquid crystals and/or
      light emitting diodes. Each digital display element is associated with a
      divider stage in said timekeeping divider circuit and a divider stage in
      said chronographic divider circuit, to thereby display the time signals
      counted thereby.
PAR  In operation, when the digital display displays actual time counted by the
      timekeeping divider circuit 14, the digits counted below the lowest digit
      to be displayed are only utilized as counting signals. Accordingly, if the
      display had six digits, namely hours (2 digits), minutes (2 digits)
      seconds (2 digits), then divider stage counting the longest period of the
      signals not displayed, namely, tenths of seconds would not be displayed
      but would still be essential in providing counting signals. Similarly,
      when elapsed time is counted by the chronographic divider circuit 16, the
      state of the divider stages counting elapsed time having a period below
      the lowest time period to be displayed is not displayed, but in this case
      is significant if an accurate time period is required. This is so because
      the accuracy of a chronograph time period when utilized as a stop watch to
      measure elapsed time is more critical. Thus, if the same six digit display
      is utilized as above, then such a chronograph is only capable of measuring
      accuracy to one second. Moreover, if the elapsed time counted by the
      timepiece were actually 1 hour, 1 minute, 259/10 seconds, (01:01:25.9),
      because there are only six display elements available to display the
      elapsed time, the display would read 1 hour, 1 minute, and 25 seconds
      (1:01:25) which is not accurate since the actual time elapsed is closer to
      1 hour, 1 minute, and 26 seconds (1:01:26).
PAR  Accordingly, in order to render the elapsed time displayed more accurate, a
      rounding off circuit is provided for automatically rounding off the digits
      displayed by advancing same when the digit representative of the largest
      time period not displayed is one-half or greater. Reference is made to
      FIG. 9 wherein such rounding off circuit is depicted. By adding one half
      to the signal counted by the divider stage producing an elapsed time
      signal having the largest period not displayed, rounding off is
      automatically effected once the counting of the elapsed time is begun. One
      way of achieving such a result, where the binary divider stages normally
      start their count at a state of one, is to reset to zero the divider stage
      corresponding to the longest time period not displayed and setting to one
      all the others when the elapsed time measurement is begun at the beginning
      of the time period to thereby effect a rounding off of the signal
      displayed by the electronic timepiece. It is noted that such a rounding
      off would not require round off circuit 17 but instead would merely
      require a reset or set to zero of the binary divider stage producing
      elapsed time signal having the largest period not displayed.
PAR  Reference is now made to FIG. 6, wherein still another type of rounding off
      is achieved in accordance with the instant invention by adding a count of
      one half to binary divider F.sub.C1 , F.sub.C1. A differential signal
      M.sub.D is formed from signal M at the starting time of the count by the
      actuation of a manually operated start switch (not shown), the input
      0.sub.CO, 0.sub.CO to the counter being derived by the rounding off
      circuit 17 from the output signal 0.sub.n, 0.sub.n of divider circuit 12
      and differential signal M.sub.D. A rounding off circuit 17 capable of
      producing differential signal M.sub.d could be comprised of a MOS-FET
      switch in combination with a differential amplifier or any other well
      known switching or differentiating device of the prior art. As is clearly
      illustrated in FIG. 6, prior to beginning the counting of elapsed time,
      all the divider stages are reset to zero. Accordingly, the differential
      signal M.sub.D is mixed with the signal applied to the divider stage
      producing the elapsed time signal having the largest time period not
      displayed, and the divider stage is set from a zero state to a one state
      at a time one half period earlier. As is detailed in FIG. 6, an advance of
      each subsequent divider stage by one-half the period of the highest
      frequency divider stage not displayed is effected. Accordingly, the
      digital display will be automatically rounded off at the start of count of
      elapsed time and will continue to be rounded off thereafter.
PAR  In accordance with the above noted rounding off process, it is also
      possible to utilize a rounding off circuit 17 to round off the elapsed
      time counted at the end of the count of elapsed time. An illustration of
      such rounding off is depicted in FIG. 7 and requires the application of a
      differential pulse M.sub.D at the end of the count actuated by the
      stopping of the count, as by a manual stop switch (not shown). Such a
      signal would be mixed with the 0.sub.n, 0.sub.n signals from divider 12 in
      rounding off circuit 17 to produce 0.sub.CO, 0.sub.CO as shown in FIG. 7,
      to cause the binary divider stage producing the output signal having the
      longest period not displayed (stage F.sub.C1, F.sub.C1) to effect a change
      of states in the elapsed time signal counted thereby. If the elapsed count
      of stage F.sub.C1, F.sub.C1 is in its first half cycle such change of
      states has no effect of the next stage. If the elapsed count of stage
      F.sub.C1, F.sub.C1 is in the second half cycle, the state of the next
      stage F.sub.C2, F.sub.C2 is changed to thereby effect a rounding off of
      the signal displayed at the end of the count of the elapsed time.
PAR  It is understood, that when the aforedescribed rounding off methods are
      utilized the display register 20 is adapted to supply elapsed time signals
      from the chronographic divider circuit to the display 22 which signals are
      advanced by one half the period of said earlier divider stage. However, it
      is also possible to advance the non-rounded off elapsed time signals
      supplied to the display register by one-half after the signals are counted
      by the chronographic divider circuit and applied to the display register.
PAR  Referring specifically to FIG. 8, the display register illustrated therein
      is suitable for achieving rounding off of the elapsed time signals. As is
      depicted in FIG. 8, a pulse, produced by a divider stage immediately in
      advance of the divider stages producing chronographic signal 0.sub.C1
      0.sub.CN to be displayed is added to the input of the adder A.sub.d-1 of
      the register D.sub.1 corresponding to the largest period not displayed to
      thereby add one half thereto and supply a carry signal to the input of the
      next adder A.sub.d-2 which correspond to the first digit to be displayed.
      Thus each register is connected by means of an adder A.sub.d and the carry
      signal provides the advance counting. Accordingly, the unavailable digit
      not to be displayed can be utilized to automatically effect a rounding off
      of the lowest displayable digit when processing a digit such as 1/10,000
      second or 1/100 second when time is being counted by a stop watch to
      thereby effect a more accurate display of measured time thus yielding an
      improved chronograph timepiece.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of lanugage, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic timepiece including oscillator means for producing a high
      frequency time standard signal; multi-stage chronographic divider means
      electrically coupled to said oscillator means for receiving said high
      frequency time signal and counting elapsed time in response thereto, a
      group of the last of said chronographic divider means stages being adapted
      to produce elapsed time signals for display said chronographic divider
      means including a binary divider stage immediately in advance of said
      group of chronographic divider means stages for producing a rounding off
      signal; digital display means including a plurality of digital display
      elements for the display of elapsed time, each display element
      respectively corresponding to one of said elapsed time signals from said
      group of chronographic divider means stages, said digital display means
      further including a plurality of display register means, each display
      register means receiving one of said elapsed time signals to be displayed,
      and one further display register means adapted to receive said rounding
      off signal and a plurality of series-connected rounding off means, each of
      said rounding off means being coupled to one of said display registers,
      said rounding off means being adapted to advance the count of said elapsed
      time signals received by said display register means by half the period of
      the rounding off signal counted by said binary divider stage to thereby
      round off the elapsed time displayed by said display elements.
NUM  2.
PAR  2. An electronic timepiece as claimed in claim 1, wherein each said
      rounding off means includes means for adding a carry signal to each of
      said display registers to advance the time stored therein by half the
      period of the rounding off signal.
NUM  3.
PAR  3. An electronic timepiece as claimed in claim 1, and including timekeeping
      divider means for receiving the high frequency time standard signal from
      said oscillator means and producing timekeeping signals representative of
      actual time in response thereto, and selector means are provided, said
      selector means being adapted to receive said actual timekeeping signals
      counted by said timekeeping divider means and said elapsed time signals
      counted by said chronographic divider means, said selector circuit
      selecting one of said actual time signals or elapsed time signals to be
      supplied to said display means for display thereby.
NUM  4.
PAR  4. In an electronic timepiece including oscillator means for producing a
      high frequency time standard signal and first divider means electrically
      coupled to said oscillator means and adapted to produce an intermediate
      frequency time standard signal in response to said high frequency time
      standard signal, the improvement comprising chronographic divider means
      coupled to said intermediate divider means and adapted to produce low
      frequency chronographic signals representative of elapsed time in response
      to said intermediate frequency time standard signal, said chronographic
      divider means including a plurality of series-connected divider stages,
      said divider stages being adapted to count signals representative of
      elapsed time and to produce elapsed time signals representative of a
      selected number of digits of time; timekeeping divider means coupled to
      said first divider means and adapted to produce low frequency signals
      representative of present time in response to said intermediate frequency
      time standard signal; selector circuit means coupled to said chronographic
      divider means for receiving said chronographic signals and to said
      timekeeping divider means for receiving said timekeeping signals, said
      selector circuit means having an output to which one of said chronographic
      signals and timekeeping signals are selectively applied; digital display
      means coupled to the output of said selector circuit means for displaying
      either an elapsed or present time depending on the signals supplied by
      said selector circuit means; and rounding off means associated with said
      chronographic divider means and electrically coupled to said divider stage
      producing the highest undisplayed digit of elapsed time to effect an
      advance of the count thereof by one half of the period of the count
      thereof and therefore a rounding off of the elapsed time displayed by said
      display means.
NUM  5.
PAR  5. In an electronic timepiece including oscillator means for producing a
      high frequency time standard signal, the improvement comprising
      chronograph divider means electrically coupled to said oscillator means
      and including a plurality of series-connected divider stages for counting
      signals representative of elapsed time in response to said high frequency
      time standard signal, a group of the last of said series-connected divider
      stages producing elapsed time signals for display, said chronographic
      divider means also including a binary divider stage immediately in advance
      of the divider stages producing the displayed elapsed time signals for
      digital display, digital display means including a plurality of digital
      display elements, said display means being coupled to said group of the
      last of said plurality of series-connected divider stages so that each
      said display element respectively displays the elapsed time counted by a
      respective divider stage; and rounding off means coupled to said binary
      divider stage, said rounding off means being adapted to advance the count
      of said binary divider stage by half the period of the elapsed time signal
      counted by said binary divider stage to thereby round off the elapsed time
      displayed by said display elements.
NUM  6.
PAR  6. In an electronic timepiece as claimed in claim 4, wherein said rounding
      off means includes reset means coupled to said binary divider stage and to
      said group of the last of said plurality of series-connected divider
      stages, said reset means being adapted to reset the binary divider stage
      to a first binary state at the beginning of the count of elapsed time and
      to reset said group of the last of said plurality of series-connected
      divider stages to the other binary state at the beginning of the count of
      elapsed time to thereby effect an advance of the count of said elapsed
      time signals by half the period of the elapsed time signal counted by said
      binary divider stage.
NUM  7.
PAR  7. An electronic timepiece as claimed in claim 4, and including timekeeping
      divider means for receiving said high frequency time standard signal from
      said oscillator means and producing timekeeping signals representative of
      actual time in response thereto, and selector means adapted to receive
      said actual timekeeping signals counted by said timekeeping divider means
      and said elapsed time signals counted by said chronographic divider means,
      said selector circuit selecting one of said actual time signals or elapsed
      time signals to be supplied to said display means for display thereby.
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ABST
PAL  A multi-position switch particularly adaptable for an electronic watch
      comprises a movable plate or disk mounted within a cup-like body and
      rotatable about an axis to different positions for accomplishing various
      setting or operating modes. Fixed contacts on the inside of the switch
      plate are spaced apart but electrically connected so that when the plate
      is rotated to certain positions relative to its central axis the contacts
      are aligned for engagement with a particular pair of a series of terminals
      located on the inside planar surface of the switch body and connected
      through the body to the internal circuitry of the device. The
      interconnection of certain pairs of terminals accomplished by the contacts
      activates internal circuitry of the device to produce the desired
      operating function or mode.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 407,147, filed Oct.
      17, 1973 now U.S. Pat. No. 3,884,033.
BSUM
PAR  This invention relates to a multi-position switch and more particularly to
      a switch that is well adapted for use with an electronic watch or some
      other relatively small electronic device.
PAR  With devices such as electronic watches, the overall size of the timing
      mechanism and driving circuit is a vital factor that can greatly affect
      its appearance, utility and marketability. One well known form of
      electronic watch generally comprises a crystal oscillator, an integrated
      circuit semi-conductor device providing the counter and driving circuitry,
      a coil, a battery and a digital display. In addition to these basic
      components a switching means is required in order to set the watch display
      to the proper time as when the battery is replaced. Although the
      integrated circuit art and other advances in the field of electronic
      miniaturization drastically reduced the size of the aforesaid basic watch
      components, it was heretofore still a serious problem to package the
      components in a space having overall dimensions and thickness small enough
      to be practical for a wrist watch of the like. Prior to the present
      invention, one setting switch commonly used for such watches was a
      standard rotary electronic switch with a stem and crown drive. This switch
      was relatively bulky in size and had to be accommodated inside the watch
      case with the other components, thereby contributing substantially to the
      total space required within the watch case. The present invention provides
      a multi-position switch for electronic watches that solves this space
      problem. Another form of setting means commonly used for watches was two
      push button switches. However, these were expensive to incorporate in a
      watch structure as well as being awkward to operate.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, my switch
      comprises a disk or plate located within a shallow cup-like switch body
      located on the front or back of the watch case rather than inside of the
      case. This disk is retained so as to be rotatable about its central axis
      to any preselected position, and on its inside surface are projections
      forming electrical contacts. On the inside-planar surface of the switch
      body are a plurality of spaced apart electrical terminals connected to
      conductors of a predetermined shape and these terminals extend through the
      switch body to the appropriate electronic circuit components within the
      watch case. The contacts on the back of the disk are so spaced and
      arranged that in various rotational positions of the disk certain of the
      contacts will be aligned with and contact certain combinations of the
      electronic terminals. Thus, when the disk or switch plate is positioned
      selectively the aligned contacts and terminals engage to provide
      electrical continuity between the engaged terminals, thereby activating
      the internal circuitry connected thereto to produce the desired function.
      For a watch using my switch the different rotational positions marked on
      the watch case indicate when the contacts will be aligned with the
      terminals for causing the hour display to advance, the minute display to
      advance, or to "hold" the display or to merely "run" in its normal
      operating mode.
PAR  It is therefore a general object of the present invention to provide an
      improved multi-position switch, especially for use on relatively small
      electronic devices such as electronic watches.
PAR  Another object of the present invention is to provide a controllable
      multi-position switch for electronic watches that is located outside of
      the interior cavity formed by the watch case, thereby providing more space
      within the case for the other essential watch components.
PAR  Another object of my invention is to provide a multi-position switch for
      electronic watches that eliminates the need for a turnable stem that
      projects outwardly from the case of the watch.
PAR  Yet another object of the present invention is to provide a controllable
      switch for electronic watches that is easy to operate, yet one that is
      relatively more reliable and trouble free than conventional watch switches
      and not easily operated inadvertently or damaged by extraneous forces that
      may be applied to the watch.
PAR  Still another object of the present invention is to provide a controllable
      multi-position switch particularly adaptable for electronic watches which
      can be economically manufactured with a high degree of precision.
PAR  Another more specific object of the present invention is to provide an
      improved switch for electrically operated devices wherein interconnected
      contacts on a movable disk member are alignable at different settable
      positions for engagement with terminal members of the switch in different
      combinations to provide various operational or functional modes for the
      circuitry connected to the switch terminal members.
PAR  Another object of my invention is to provide a structural arrangement for
      an electronic watch having a setting switch located on the outside of its
      case.
PAR  Other objects, advantages and features of my invention will become apparent
      from the following detailed description of one preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged front view of an electronic watch embodying the
      principles of the present invention;
PAR  FIG. 2 is an enlarged rear view of the watch of FIG. 1;
PAR  FIG. 3 is a further enlarged plan view showing the general layout of
      components for the watch of FIGS. 1 and 2 before they are installed in the
      case;
PAR  FIG. 4 is a view in section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a view in section taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a further enlarged view in section of the entire watch of FIGS. 1
      and 2 taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a greatly enlarged fragmentary view in section showing the switch
      for the watch of FIGS. 1 and 2 according to the invention;
PAR  FIG. 8 is a view taken along line 8--8 of FIG. 7 showing the relative
      location of the contact points and terminals for the switch in one
      operating position with other operating positions shown in phantom;
PAR  FIG. 9 is a view in section similar to FIG. 7 showing another form of
      switch according to my invention;
PAR  FIG. 10 is a view in section taken along line 10--10 of FIG. 9;
PAR  FIG. 11a is a view in section of still another form of my switch having a
      push-in connect feature;
PAR  FIG. 11b is a view similar to FIG. 11a showing the switch in the activated
      position;
PAR  FIG. 12 is a view in section taken along line 12--12 of FIG. 11a;
PAR  FIG. 13 is an enlarged front view of another electronic watch embodying the
      principles of the present invention;
PAR  FIG. 14 is an enlarged rear view of the watch of FIG. 13; and
PAR  FIG. 15 is a view in section taken along line 15--15 of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENTS
PAR  With reference to the drawing, FIG. 1 shows an electronic watch 10 having
      an outer case 12 with a digital display 14 on its front side that
      indicates hours and minutes. The watch case which serves to house its
      electronic components may be made from any suitable material such as a
      relatively thin metal that can be formed to a desired shape. FIG. 2 shows
      the rear case plate 16 for the watch within which is mounted a switch 18
      embodying the principles of the present invention. As shown, the rear
      plate is marked with appropriate indicia as circumferential locations
      around the switch to show the various positions for setting the hour
      display (HRS), the minute display (MIN), and the hold and run positions.
      These are the normal setting functions that heretofore were accomplished
      by a standard stem and crown drive connected to a conventional rotary
      electronic switch located inside of the watch case.
PAR  FIGS. 3-5 are enlarged views showing the arrangement of the various
      interconnected watch components for an electronic watch that must be
      packaged together and housed within the case 12. As shown in FIG. 3, the
      package is extremely compact and includes a substrate or mounting board 20
      of ceramic or plastic material having a generally rectangular shape with a
      recess 22 on its planar top surface within which is mounted an integrated
      circuit semi-conductor device 24 comprising the clock logic and drive
      circuitry. Conductive paths 26 formed on the top surface of the substrate
      using standard printed circuit techniques extend to a series of connection
      pads 28 at one end thereof. A cover 30 fits over the recess 22 and the
      integrated circuit device 24 therein and is secured, as by bonding, to the
      substrate 20. A spacer 32 made of a suitable dielectric material is
      located around or at opposite ends of the cover and has the same
      thickness. Mounted on top of the device cover and the spacer is the
      digital display package 14 which is preferably one using a so-called
      liquid crystal material. Since the construction of such display devices is
      well known to those skilled in the art it need not be described here.
      Adjacent to one end of the display is another recess 36 in the substrate
      which is open on its bottom or back side, and within this recess is the
      battery 38 for the watch. Along one side of the display and circuit device
      is a third recess 40 in the substrate within which are mounted the crystal
      device 42 and the coil 44. Thus, it is seen that all of the essential
      components of the electronic watch system except the switch may be
      packaged as one internal assembly and these components are electrically
      interconnected by suitable conductors (not shown) using conventional
      interconnect techniques such as printed circuit conductors on the
      substrate with appropriate soldered or bonded connections and terminals.
PAR  Extending through the bottom surface of the substrate and from the logic
      circuitry are two wires 46 and 48 which are necessary for the various
      switching functions, namely "set hours," "set minutes," "hold" and normal
      "run." These wires extend through feed-through fittings 50 in the
      substrate to the back side of the switch 18. When the "set hours" or "set
      minutes" positions are activated the circuitry will advance the hour or
      minute portion of the display until the desired digits are displayed at
      which point the switch may be disconnected. In the "hold" position the
      display is essentially disconnected so that it will remain on one
      indication until a synchronizing point is reached at which time the "hold"
      is released and the display commences to advance normally. The "run"
      position is for the normal operating mode for the watch circuit.
PAR  Turning to FIG. 6, the internal components package 20 is shown installed
      within the case 12, as in a typical watch installation. A lens 52 at the
      front of the watch may be retained against the edges 54 of an opening in
      the front of the case 12 by a generally annular internal face plate 56.
      The components package is supported within the case such as by fasteners
      (not shown) so that the display 14 is properly positioned in back of the
      lens. The back case plate 16 containing the switch 18 has an edge 58 that
      may be retained by a pressed fit along a complementary edge of the case
      sidewall. A removable cover member 60 is provided in the back case plate
      for access to the battery 38.
PAR  In the embodiment of my invention shown in FIGS. 7 and 8, the switch 18 is
      made as a separate subassembled unit and is installed within an opening in
      the back case plate 16. It may be held in place by any suitable means such
      as epoxy adhesive 64 preferably placed around the inside edge of the
      opening. The switch comprises a cup-shaped body that may be formed from
      some suitable material such as beryllium copper and it has a generally
      planar bottom side 66 with a uniform, integral sidewall 68. Supported
      within the switch body is an actuator disk 70 which may be formed from a
      rigid, preferably non-magnetic metal such as stainless steel. This disk
      has a recess around its upper edge forming a circular shoulder 72 and
      extending diametrically across its top surface is a slot 74 capable of
      receiving the edge of a suitable turning instrument such as a coin.
      Extending from the the underside of the disk in this embodiment of the
      switch are a pair of spaced apart projections 76 which serve to retain and
      position a conductive wiper member 78 on the disk. The wiper member may be
      in the form of a thin sheet of metal and has a pair of contact members 80
      and 82 that are bent downwardly from the underside of the disk 70 which
      are spaced 180.degree. apart. At the outer edge of the wiper member are
      radially extending portions 84 which provide contacts with the cup-like
      body member. In the form shown, these edge portions are also bent
      downwardly to engage the bottom inner surface of the body bottom 68 just
      inside of its sidewall. Since the contact members 80 and 82 are all part
      of the wiper member and integral with the portions 84 they are also ground
      contacts. The disk is held within the body member by an upper edge flange
      86 of the sidewall which is bent inwardly over an annular gasket member 88
      that fits within the peripheral recess of the disk on the shoulder 72
      formed thereby. This seal is preferably made of some non-conductive
      material that affords a minimum amount of frictional resistance to the
      actuator disk 72, such as a polytetrafluoroethylene material. Thus, the
      disk may be rotatable within the body member by a suitable instrument
      inserted within the disk slot 76. Fixed to the inside bottom surface of
      the switch body is a thin dielectric sheet 90 having on it a pair of
      terminal areas 92 and 94 each having a predetermined size and shape and
      formed from a layer of conductive metal. These conductive areas surround a
      pair of spaced apart terminals 96 and 98 which extend above insulated
      feed-throughs 100 and 102 located in the bottom of the switch body and are
      connected to the leads 46 and 48 extending into the feed-throughs. In this
      embodiment, it is assumed that the internal circuitry of the watch or the
      device being controlled is provided with a relatively large pullup
      resistor. Thus, when a wiper contact, which is also connected to a plus
      ground through the case, contacts the terminal, it will cause that
      terminal to assume a plus ground polarity, which will provide the same
      voltage level or signal to the logic circuitry. As shown in FIG. 8, the
      conductive areas around their respective terminals are shaped so that they
      may be contacted by one wiper contact in various rotational positions of
      the actuator disk. Assuming that the terminals are located on a diametral
      line on the circular sheet 90 extending through the 9:00 o'clock and 3:00
      o'clock points, (assuming that the bottom surface of the watch body is a
      clock face) the area 92 connected to the terminal 96 extends to the 8:00
      o'clock and 11:00 o'clock positions. The area 94 connected to the terminal
      98 extends to the 4:00 o'clock and 5:00 o'clock positions. The terminals
      96 and 98 are spaced closer to the center axis of the sheet 90 than are
      the contacts 80 and 82 on the wiper 78. Thus, as shown in FIG. 8, when the
      switch actuator disk 70 is set in the "Run" position the contacts 80 and
      82 are in the 9:00 o'clock and 3:00 o'clock positions and are not
      contacting the terminal contact areas 92 and 94. Thus, both of the
      terminals are kept at the electrical state (negative) which allows the
      logic circuit to run in its normal operating mode. Now, if the actuator
      disk is turned to the "Hold" position, the contacts 80 and 82 of the wiper
      are at the 10:00 o'clock and 4:00 o'clock positions on the sheet 90. The
      contact 80 at 10:00 o'clock is not in contact with the conductive area 92
      but the contact 82 is in contact with the area 94. Because of the internal
      pullup resistor, previously mentioned, the terminal 96 is at its normal
      (negative) condition, while the terminal 98 assumes a grounded or positive
      state, as a result of the switch. This combination produces a "hold" on
      the timing circuitry. When the switch disk is moved to the reset minutes
      positions (MIN), both contacts 80 and 82 are in contact with their
      respective conductive areas 92 and 94 and the terminals 96 and 98 are both
      at the positive or grounded state which causes the circuitry to
      periodically advance the minutes on the display at some predetermined
      clock rate. Similarly, when the switch disk is moved to the reset hours
      position (HRS), the contact 80 engages the area 92 and produces a positive
      or gounded state on the terminal 96 while the contact 82 does not contact
      the area 94 and leaves the terminal 98 at its negative state. This
      combination causes circuitry to advance the hour display section at a
      clocked rate to facilitate setting the watch.
PAR  FIGS. 9 and 10 show another form of rotary switch 18a embodying the
      principles of my invention wherein four terminals instead of two are
      provided within the switch. Here, one terminal 96 connected to the logic
      circuitry is centrally located and the other three terminals are spaced
      equally from it and 120.degree. apart, one of which is the other logic
      terminal 98. The second of these three terminals designated by the numeral
      104 is connected to a lead 106 from the (negative) power source or battery
      38 of the device. The third terminal 108 is connected to a lead 110 from
      an internal ground plus connection within the watch or device. Thus, in
      this embodiment, no pullup resistors are required for the internal
      circuitry and no continuous ground contact between the case and the disk
      must be made, as by the extended wiper portions 84. The switch 18a could
      be made as a separate unit similar to the switch 18, but as shown in FIG.
      9, it may also be made with a body that is integral with a back cover
      plate 16a of the watch case. Here, the switch body is formed as a circular
      cup-like recess which extends inwardly from the cover plate. An actuator
      disk 70a is retained within the recess and held against an annular
      non-conductive spacer 111 by a split retaining ring 112 which is seated in
      a groove in the wall 114 of the recess. The actuator disk has a peripheral
      shoulder 72a which retains a non-conductive gasket member 88a that fits
      under the ring 112. The disk 70a is a conductive wiper member 116 having
      four bent down portions to form a central contact 118 and three other
      contacts 120, 122 and 124 which are spaced apart from each other and at
      the same distance from the central contact. These contacts are shown in
      phantom in FIG. 10. The spacing of these contacts is such that at
      different rotational positions of the actuator disk the various terminals
      will be connected to either a power source or to ground. The central
      contact 118 is aligned with and in constant contact with the central
      terminal 96 which is connected to the logic circuitry. Fixed to the inside
      bottom surface of the switch body is a dielectric layer 126 to which the
      four terminals 96, 98, 104 and 108 are attached. Around each of the outer
      terminals is a layer of conductive material formed as an area of a
      predetermined shape so as to provide the desired engagement between one of
      the disk contacts and a terminal as the actuator disk is rotated to
      different positions. The shape of these three conductive areas 130, 132,
      and 134 around the terminals 104, 108 and 98 is also shown in FIG. 10. As
      indicated in this view, terminal 104 and its conductive area 130 are
      connected to the negative power supply of the device; terminal 108 and its
      conductive area 132 are connected to ground potential; and terminal 98 and
      its conductive area 134 are connected to the internal logic or control
      circuitry. Thus, as shown, when the switch is in the "Run" position none
      of the contacts is on the power terminal 104, but they are aligned with
      and engaging the ground terminal 108 and the logic circuit terminals 96
      and 98, thereby putting them at ground or (+) potential and causing the
      watch to run normally. When the switch is moved to the reset minutes
      position, logic terminals are connected by engaging contacts to the power
      terminal, thereby causing them to supply a negative signal to the logic
      circuit and advance the minutes display. In the "Hold" position, the
      terminal 98 is not connected to power and remains at its negative
      potential, while the logic terminal 96 is connected to ground, thereby
      causing the logic circuitry to "hold" the display at one point. At the
      reset hours "HRS" positions the polarity of the logic terminals is
      reversed to cause the logic circuitry to advance the hours display.
PAR  In a further modification of my invention a switch 18b is shown in FIGS.
      11a, 11b and 12 wherein a disk actuator 70b is rotatable to a pre-selected
      position and then is movable inwardly as by thumb pressure to make
      contacts with terminals within the switch. Here, a switch body similar to
      the embodiment of FIGS. 7 and 8 is provided which is secured within a
      cover plate of the device. The leads 46 and 48 from the logic or control
      circuitry of the device and leads 106 and 110 from a ground and negative
      power source extend through the bottom of the switch body to four
      terminals 96, 98, 104 and 108 that are spaced apart and fixed to a
      dielectric sheet 126b on the body in a manner similar to the terminals of
      FIGS. 9 and 10. However, here, no conductive areas around the terminals
      are provided and each is connected to its respective lead which is
      surrounded by an insulating feed-through in the switch bottom. On the
      underside of the actuator disk 70b of this switch 18b are a series of six
      projections 118b, 120b, 122b, 124b, 126b and 128b, forming contacts that
      are spaced apart in a manner similar to the wiper contacts of the previous
      embodiment. Here, the contact 118b is the central contact and in the
      position shown in FIG. 12, the other contacts are located at 3:00, 6:00,
      8:00, 11:00 and 12:00 o'clock locations relative to each other. The
      actuator disk 70b is supported within the switch body on a resiliently
      yieldable ring 140 which is made from a suitable elastomeric material.
      Normally, this latter ring maintains the actuator disk 70b up against a
      circular sealing gasket 142 that is retained by an annular flange 86b of
      the switch body, and in this idle or "off" position, the projecting
      contacts of the actuator disk 70b cannot engage the terminals on the
      bottom of the switch. When it is desired to activate the switch 18b the
      disk 70b is first turned to the selected position (e.g. "Hold" or "Reset
      Hours," etc.) and then is pressed inwardly. This causes a compression of
      the ring 140 and an axial movement of the disk which allows certain disk
      projections to make contact with aligned terminals. For example, in the
      "Run" position shown in FIG. 12, the contact 120b is in contact with the
      ground terminal 108, and the contacts 118b and 122b are in contact with
      the logic terminals 96 and 98. Thus, both are at ground potential, thereby
      maintaining the watch in the "Run" mode. A rotary movement and inward
      pressure on the disk 70b to another position will cause a different
      combination of contacts with the terminals to provide the desired
      operating mode as previously described. As soon as the pressure is
      released the contacts are broken. This version of my switch prevents the
      possibliity of leaving the switch closed in one position for an undesired
      length of time.
PAR  In some applications it is desirable to provide my switch in the front of
      the watch 10. Thus, the embodiment of FIGS. 13, 14 and 15 includes the
      switch 18 format within the front of a watch outer case 12a which is
      marked with the switch function indicia as shown. FIG. 14 shows a rear
      case plate 16b having only an access port for the battery 38. The
      sectional view of FIG. 15 illustrates a packaging arrangement providing a
      front mounting for the switch 18. The digital display 14 is viewable
      through a lens 52a which may be contoured to provide additional room for
      the switch on the front of the case 12a. Adjacent to the lens 52a the
      switch 18 is placed in a position enabling the interconnection wires 46
      and 48 to connect the switch 18 with the substrate 20a to enable a person
      to perform time setting switching functions of the watch 10, while
      simultaneously viewing the display 14 and the switch 18. It is to be
      understood that any of the switch embodiments described hereinbefore is
      suitable for inclusion within the front of the watch case 12a. Thus, the
      discussion covering the operation and structure of the several switch
      embodiments of my invention will not be repeated here.
PAR  From the foregoing it should be readily apparent that the present invention
      provides a highly versatile switch that can be made relatively small and
      compact and yet provide a multiplicity of functions or switch positions.
      Although a limited number of terminals are employed on the illustrated
      examples of my switch, it is of course possible to provide additional
      terminals and by contacting different combinations of such terminals with
      contacts on the switch actuator and even greater number of switch
      functions may be provided. Also, while the invention has been described in
      terms of embodiments particularly adaptable for use in an electronic watch
      it may be highly useful on a wide variety of electrically operated
      devices, especially where a multiplicity of switch position is desired.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronically operated watch having internal components including
      a mounting board, an electric circuit means fixed to said board, a power
      supply means for powering said watch connected to said circuit means, a
      housing means for supporting said components therein including front and
      rear wall members connected by a peripheral sidewall and a display means
      including hours and minutes indications mounted in said front member and
      connected to said circuit means, a rotary switch means situated in said
      front wall member and connected therethrough to said circuit means for
      setting the hours and minutes on said display means, said switch means
      comprising:
PA1  a relatively thin, disk-like body forming a shallow recess and extending
      inwardly from said front wall member, said body having a planar bottom
      portion partially covered by dielectric material, a plurality of terminals
      on said bottom portion each being exposed on the surface of said
      dielectric material and connected therethrough to said circuit means, a
      rotatable actuator disk supported within said shallow recess of said body,
      contact means on the underside of said actuator disk for contacting
      individual terminals and interconnecting preselected pairs of terminals in
      different combinations when the disk is placed in various rotational
      positions for thereby controlling said display means.
NUM  2.
PAR  2. The timepiece as described in claim 1 wherein said disk-like body is a
      separately prefabricated member which is secured within an opening in said
      front wall member.
NUM  3.
PAR  3. The timepiece as described in claim 1 wherein said disk-like body is
      formed as an integral part of said front wall member.
NUM  4.
PAR  4. The timepiece as described in claim 3 wherein said contact means are
      wiper members that project downwardly from the underside of said actuator
      disk for engaging said terminals in different combinations at different
      positions of said disk.
NUM  5.
PAR  5. The timepiece as described in claim 3 wherein said contact means are
      projections on the underside of said disk and resiliently yieldable means
      under said disk for normally preventing said contacts from engaging said
      terminals until external axial pressure is applied to said disk.
NUM  6.
PAR  6. The timepiece as described in claim 4 wherein said wiper members are
      downwardly bent portions of a thin metal plate fixed to the underside of
      said actuator disk, said plate having outer edge portions forming a ground
      contact with said body.
NUM  7.
PAR  7. The timepiece as described in claim 1 including a thin, dielectric sheet
      fixed to said planar bottom portion, said terminals being supported by and
      exposed along the upper surface of said sheet, and conductive area means
      on said sheet, connected to said terminals and extending therefrom and
      having a predetermined irregular shaped pattern so as to be contacted by
      said contact means and thereby interconnect different combinations of
      terminals when said actuator disk is rotated to various preselected
      positions.
NUM  8.
PAR  8. The timepiece as described in claim 7 wherein there are two said
      terminals, each with a conductive area means on said dielectric sheet,
      said actuator disk is provided with two said wiper means spaced
      180.degree. apart.
NUM  9.
PAR  9. The timepiece as described in claim 8 wherein one of said conductive
      area means on said dielectric sheet extends radially outwardly from one
      said terminal to cover a radial area of at least 30.degree. from the
      center of said sheet and the other said area means has a pair of radially
      extending portions from its terminal which are substantially 90.degree.
      apart.
NUM  10.
PAR  10. The timepiece as described in claim 8 wherein there are three said
      terminals each with a conductive area means and a central terminal on said
      dielectric sheet, and said contact means on said actuator disk has four
      downwardly extending projections.
NUM  11.
PAR  11. The timepiece as described in claim 10 wherein first and second
      conductive area means on said dielectric sheet both have two radially
      extending portions spaced about 90.degree. apart from the center of said
      sheet, and a third said area means has a radially extending portion
      covering a segmental area of 30.degree. from the center of said sheet.
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ABST
PAL  An improved water-tight mounting for a timepiece comprising an annular
      crystal having a chamfered surface on the exterior edge thereof, a bezel
      including a stepped crystal support engaging the chamfered surface of the
      crystal and an interior annular groove corresponding to the vertical edge
      of the crystal, a gasket in the annular groove abutting the vertical edge
      of the crystal, a crystal bearing ring supported between the gasket and a
      bearing surface provided in the timepiece case body, the ring being
      located interiorly in the mounting relative to the bezel and another
      gasket between the case body and bezel for providing a water-tight seal
      therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved water-tight mounting for a watch
      case, and more particularly to a novel bezel therefor.
PAR  It has been conventional to join the crystal of a watch to a frame therefor
      by an adhesive material, such as cement. However, it is found that as the
      cement ages, it undergoes dimensional changes and the bond between frame
      and crystal deteriorate to an extent that water, either liquid or gas
      phase, penetrates the cement seal.
PAR  It is also found that when the cemented crystal breaks or is otherwise
      defaced, it is necessary to replace the frame as well as the crystal.
      Therefore, it would be desirable to provide a water-tight mounting wherein
      the crystal may be replaced without concomitantly replacing the frame
      therefor, and without disturbing the water-tight joint therebetween during
      the replacement process.
PAR  Therefore, according to the instant invention, an improved water-tight
      mounting is provided wherein a broken crystal may be easily and readily
      replaced without disturbing the water-tight joints among elements of the
      mounting. A novel bezel is provided for releasably connecting the crystal
      to the watch casing and providing a water-tight seal therebetween.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an improved
      water-tight mounting for a timepiece is provided which comprises an
      annular crystal having a chamfered surface on the exterior edge thereof, a
      bezel including a stepped crystal support engaging the chamfered surface
      of the crystal and an interior annular groove corresponding to the
      vertical edge of the crystal, a gasket mounted in the annular groove and
      abutting the vertical edge of the crystal, a crystal bearing ring
      supported between the gasket and a bearing surface provided in the
      timepiece case body, which underlies the crystal, the ring being located
      interiorly in the mounting relative to the bezel and another gasket
      between the case body and bezel for providing a water-tight seal
      therebetween.
PAR  Accordingly, it is an object of this invention to provide an improved
      water-tight mounting for a timepiece.
PAR  Another object of the invention is to provide a novel bezel for releasably
      connecting the watch crystal to the case body thereof.
PAR  A further object of the invention is to provide a water-tight mounting for
      a timepiece wherein a broken watch crystal may be replaced without
      concomitant replacement of other elements thereof.
PAR  Still another object of the invention is to provide a water-tight mounting
      for a timepiece wherein a broken crystal may be replaced without any loss
      of the water-tightness thereof.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a sectional view of a conventional water-tight mounting for a
      timepiece; and
PAR  FIG. 2 is a sectional view of an improved water-tight mounting for a
      timepiece constructed in accordance with the instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, which is illustrative of the prior art, a crystal
      1 is adhesively connected to a frame 2 along the underside surface 1a
      thereof. Compressed against the stepped exterior surface of frame 2 is a
      correspondingly stepped gasket 4. Underlying crystal 1 and frame 2 is a
      case body 3 having an upstanding rib 3b compressively engaged in the
      instep provided in gasket 4 by a snap-fit bezel 5 releasably connected
      thereto. An annular rim of bezel 5 overlies a bearing surface of frame 2
      provided therefor and the other end thereof is releasably connected to
      case body 3 abutting rib 3b thereof.
PAR  In a conventional structure of the type disclosed, a strong adhesive
      connection must be provided between crystal 1 and frame 2 for thereby
      providing a water-tight seal therebetween. Accordingly, crystal 1 and
      frame 2 must be provided with correspondingly large adhesion surface areas
      for obtaining a seal of substantially uniform strength therebetween. Since
      the area of adhesion is necessarily large, it is visible through the
      crystal whereby an uneven distribution thereof or discoloration thereof
      may be observed through the crystal, thereby spoiling the appearance of
      the timepiece. Additionally, the adhesive seal contributes to the
      water-tightness of the timepiece and the adhesive coating and fixing
      process is therefore finite and complex.
PAR  If the crystal of a watch having this type of conventional construction
      breaks after purchase, then the crystal and frame must be replaced as a
      unit. No method for replacing a broken crystal in situ has been developed
      whereby the water-tightness of the timepiece is maintained. A further
      disadvantage of timepieces including this conventional mounting relates to
      the size of the timepiece. Because of the large surface area of adhesion
      that must be provided, compact timepieces including this conventional type
      mounting cannot be fabricated with suitable water-tightness.
PAR  In another conventional type of water-tight mounting for a timepiece, a
      gasket respectively overlies the case body of the watch and underlies the
      crystal thereof. The gasket is compressed vertically inwardly by a bezel
      releasably connected to the crystal. No adhesive is required in this
      mounting for water-tightness. However, the aesthetic appearance of the
      timepiece is impaired by the necessarily large dimensions of the bezel
      employed.
PAR  Referring now to FIG. 2, a transparent crystal 6 is releasably mounted on a
      case body 8 by a gasketted bezel 7 and a bearing ring 11. Crystal 6 is
      provided with a peripheral surface 6a substantially parallel to the axis
      of the timepiece. The top surface of crystal 6 is chamfered along the edge
      6b thereof at its intercept with vertical peripheral surface 6a.
PAR  Bezel 7 is provided with an instep 7a which overhangs chamfered edge 6b of
      crystal 6 and an edge of the step thereof releasably engages crystal 6
      along chamfered edge 6b. In bezel 7 and below instep 7a thereof, a gasket
      seat is provided by an annular groove 7b. Surface 6a of the crystal
      corresponds with annular groove 7b and a gasket 9 seated in groove 7b
      abuts crystal 6 along surface 6a thereof. Proximate the interior surface
      7c of the bezel, a bearing ring 11 is releasably supported between gasket
      9 and a transverse bearing surface 8b provided in case body 8. The portion
      of bezel 7 proximate bearing ring 11 is of a predetermined diameter for
      thereby providing that bearing ring 11 may be of larger diameter than
      instepped portion 7a of bezel 7 and surface 6a of crystal 6, respectively.
      The surface of bezel 7 substantially opposed to surface 7c thereof is
      provided with an instep arranged to receive a correspondingly configured
      gasket 10 which is abutted on the opposite side thereof by an arm of case
      body 8 along an abutment surface 8a.
PAR  Abutment surface 8a of case body 8 is substantially perpendicular to
      transverse bearing surface 8b thereof. Gasket 10, against which surface 8a
      abuts, may be fabricated of synthetic rubber, synthetic resin, or a
      material which is compressible diametrally inwardly between surface 7d of
      bezel 7 and abutting surface 8a of case body 8 for providing a water-tight
      seal therebetween. Additionally, the material of which gasket 10 is
      fabricated should provide friction between the surface between which it is
      correspondingly engaged for creating a stress therebetween for thereby
      strengthening the seal between case body 8 and bezel 7. Gasket 9 may be
      fabricated of synthetic rubber or synthetic resin which is similarly
      diametrally compressible between surface 6a of the crystal and the gasket
      seat of gasket 9 for thereby providing a water-tight seal therebetween.
PAR  Bearing ring 11 includes an angular surface 11a abutting gasket 9 and a
      transverse surface 11b for supporting crystal 6 along the margin of the
      underside surface thereof. As seen in FIG. 2, bearing ring 11 is located
      interiorly within the mounting relative to bezel 7 and is upstanding on
      transverse bearing surface 8b of case body 8.
PAR  In practice, to assemble the mounting, gasket 9 is seated in the gasket
      seat provided therefor in bezel 7 and crystal 6 is introduced upwardly
      into bezel 7 until chamfered edge 6b thereof abuts stepped portion 7a of
      bezel 7 and surface 6a of crystal 6 abuts gasket 9. It is desirable that
      gasket 9 have a planed lower edge into which bearing ring 11 abuts.
      Crystal 6 is therefore releasably secured between gasket 9 and stepped
      portion 7a of bezel 7. Gasket 10 is mounted on surface 7d of bezel 7 and
      bearing ring 11 is arranged on bearing surface 8b of case body 8,
      approximately at the midpoint thereof, and gasket 10 is forced into
      abutment with surface 8a of case body 8 by urging bezel 7 downwardly.
      However, care should be taken to prevent contact between surfaces 11a and
      11b of bearing ring 11 and bezel 7.
PAR  According to the arrangement of parts, gasket 10 is securely fastened
      between case body 8 and bezel 7 for providing a strong, water-tight seal
      therebetween. Additionally, surface 11b of bearing ring 11 abuts the
      margin of the underside surface of crystal 6, while angular edge 11a
      thereof abuts gasket 9 and thereby prevents gasket 9 from being unseated
      from bezel 7.
PAR  In another embodiment of this invention, bearing ring 11 may support the
      gasket and crystal without any provision of a gasket seat therefor in the
      bezel. In this embodiment, it is preferable that the gasket be provided
      with an L-shape.
PAR  Accordingly, a compact wristwatch may be constructed with a mounting within
      the scope of the instant invention, while the water-tightness thereof is
      highly satisfactory. If desirable, the width of surface 11b of bearing
      ring 11 may be narrowed to merely support crystal 6. Under usual
      circumstances, bearing ring 11 is not highly visible because surface 6b of
      crystal 6 is chamfered, thereby providing a highly aesthetic plan view of
      the dial face of the watch.
PAR  Since gasket 9 is compressed among crystal 6, bearing ring 11 and bezel 7,
      it is substantially invisible through crystal 6. Moreover, the mounting
      may be assembled with facility and a broken crystal may be quickly and
      easily replaced therein, without any adhesive connection between any parts
      of the mounting.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also understood that the following claims are intended to cover all
      of the generic and specific features of the invention herein described,
      and all statements of the scope of the invention which, as a matter of
      language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved water-tight mounting for a timepiece comprising a
      transparent crystal having upper and lower surfaces, a case body for said
      timepiece underlying said crystal, said crystal being releasably mounted
      thereon, said crystal having a vertical peripheral surface substantially
      parallel to said timepiece axis and having a chamfered surface along an
      exterior edge of said upper surface thereof intercepting said vertical
      peripheral surface, a bezel releasably connecting said crystal to said
      case body, said bezel including a step overhanging said chamfered surface
      of said crystal, said step including a substantially linear edge
      releasably engaging said crystal along said chamfered surface thereof,
      said bezel including a gasket seat determined by a first annular groove
      interiorly located in an inner wall of said bezel and underlying said step
      provided therein, said crystal and bezel having a corresponding
      orientation such that said vertical peripheral surface of said crystal
      substantially overlies said gasket seat in said bezel, a first gasket
      mounted in said gasket seat so as to abut substantially the entire
      vertical peripheral surface of said crystal and protruding below said
      vertical peripheral surface of said crystal for abutting said lower
      surface of said crystal, said bezel having a second interiorly located
      annular groove in an outer wall of said bezel arranged below said first
      annular groove, a bearing ring upstanding on said case body having an
      outer wall substantially aligned with said vertical peripheral surface of
      said crystal but spaced from said inner wall of said bezel and including
      an angular edge at the peak of said outer wall thereof abutting said
      protruding portion of said first gasket, said case body including a
      transverse bearing surface on which said bearing ring is releasably
      supported in upstanding relationship solely against said protruding
      portion of said first gasket, and an arm issuing substantially upwardly
      from said case body substantially perpendicularly to said transverse
      bearing surface thereof, said arm terminating in an inwardly extending
      flange defining an interiorly located recess in said case body between
      said flange and said transverse bearing surface, and a second gasket
      having oppositely extending flanges at opposite ends thereof corresponding
      respectively to said second interiorly located annular groove in the outer
      wall of said bezel and said recess defined in said case body between said
      flange and transverse bearing surface thereof, said second gasket being
      mounted between said bezel and said case body under compression and said
      oppositely extending flanges at the opposite ends thereof being
      respectively releasably mounted in said second interiorly located annular
      groove in the outer wall of said bezel and said recess defined in said
      case body between said flange and transverse bearing surface thereof, said
      second gasket elevating said bezel off said transverse bearing surface of
      said case body.
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ABST
PAL  The invention comprises an improved hairspring arrangement having a
      hairspring fixed in a groove of the hub in such a way that the hairspring
      protrudes from the groove, and furthermore, the protruding part of the
      hairspring should carry the electric conductor. The basic conception of
      the invention makes it possible to fix the hairspring, which has the
      customary shape of an upright standing metal strip, to the hub in the
      usual way. Normally one of the front surfaces of the hub is equipped with
      a straight or ring-shaped notch which reaches to the peripheral area of
      the hub and into which the inner end of the hairspring is inserted and
      then is fastened in the hub by deforming the notch-rims. Up to now the
      chosen depth of the notch was at least equal to the height of the metal
      strip forming the hairspring. According to the present invention, however,
      the height of the upright standing and hairspring-forming metal band is
      chosen larger than the depth of the notch arranged on one of the front
      surfaces of the hub, so that one longitudinal edge of the hairspring
      protrudes from the hub. If the electric conductor is then arranged on this
      longitudinal edge of the hairspring--naturally by inter positioning of an
      insulation layer, e.g. an insulating adhesive--then only the actual
      hairspring is contacted by the hub, but not the electric conductor carried
      by the hairspring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a hairspring arrangement intended in particular for
      use in electric watches, with a hub and a hairspring, connected to which
      is an electric conductor extending over at least a part of its length,
      insulated against the hairspring, the inner end of which is fastened in a
      groove in the hub.
PAR  A hairspring arrangement of the aforementioned type is already known from
      the German Patent Specification No. 1,078,677, whereby the hairspring is
      constructed of three flat layers, namely of two electrically conducting
      strips and an insulating strip arranged between them, connecting both the
      conductor strips. The hub or hairspring hub consists of an insulating
      bushing pushed onto the balance wheel axis, and two metallic ring-halves
      surrounding same, which between them form a slit-shaped groove which takes
      up the one end of the hairspring, so that the conductor strips thereof
      come in contact with the ring-halves of the hub which are electrically
      insulated from each other. This known hairspring arrangement possesses not
      only the disadvantage of a comparatively complicated hub-construction
      which requires a considerable time-consuming assembly, but when fastening
      the hairspring in the hub particular care must be taken that the conductor
      strips, which one endeavors to construct as thin as possible, are not
      damaged.
PAR  The invention is based on the task of improving the hairspring arrangement
      of the aforementioned type in such a way, that a simpler construction of
      the hub and a simpler fixation of the hairspring to the hub is the result.
      For this purpose it is proposed to fix the hairspring in a groove of the
      hub in such a way that the hairspring protrudes from the groove, and
      furthermore, the protruding part of the hairspring should carry the
      electric conductor. The basic conception of the invention makes it
      possible to fix the hairspring, which has the customary shape of an
      upright standing metal strip, to the hub in the usual way; normally one of
      the front surfaces of the hub is equipped with a straight or ring-shaped
      notch which reaches to the peripheral area of the hub and into which the
      inner end of the hairspring is inserted and then is fastened in the hub by
      deforming the notch-rims. Up to now the chosen depth of the notch was at
      least equal to the height of the metal strip forming the hairspring, now,
      according to invention, the height of the upright standing and
      hairspring-forming metal band is chosen larger than the depth of the notch
      arranged on one of the front surfaces of the hub, so that one longitudinal
      edge of the hairspring protrudes from the hub. If the electric conductor
      is then arranged on this longitudinal edge of the hairspring--naturally by
      interpositioning of an insulation layer, e.g. an insulating adhesive--then
      only the actual hairspring is contacted by the hub, but not the electric
      conductor carried by the hairspring. The invention, therefore, makes it
      possible to use a hub of simple construction and to manage with the
      customary production methods and production means. It would also be
      possible to use a hairspring of different cross-section and to arrange the
      notch in a different place on the hub, without having to deviate from the
      basic concept of the invention.
PAR  The construction of the hairspring arrangement in accordance with the
      invention, with a hairspring protruding from a front surface of the hub
      makes it possible to make an electric contact with the electric conductor
      of the hairspring in a particularly simple and practical manner; with a
      preferred type of construction of the invention, a contact element,
      especially a contact spring, carried by the balance wheel, rests against
      the electric conductor in the area of the staked, inner hairspring end.
      When, as is customary with electric watches, the balance wheel carries a
      coil, then the one end of this can be connected via a contact spring to
      the electric conductor carried by the hairspring, without having to
      connect firmly hub and balance wheel. Therefore, the balance wheel can
      still be moved in relation to the hairspring arrangement, which can be of
      advantage for adjustment purposes.
PAR  Also at the outer end of the hairspring can by analogous use of the basic
      concept of the invention an electric contact be made very simply to the
      electric conductor carried by the hairspring: the outer hairspring end
      fixed to a fastening point protrudes for this purpose at least with the
      electric conductor from the fastening point, so that no short-circuiting
      can happen and the electric conductor carried by the hairspring, via a
      contact element touching the latter, particularly a contact spring, can be
      connected to a voltage source, e.g. the drive circuit of an electric
      watch.
PAR  The effective length of a hairspring in watches is usually adjusted via an
      adjustment lever, swiveling around the balance wheel axis, which has a
      window through which the hairspring extends. In order to prevent a
      short-circuit between the electric conductor carried by the hairspring and
      the mass, for instance an insulating adjustment lever of synthetic
      material could be used, which is unusual, however. It is proposed,
      therefore, to construct the window of the adjustment lever in such a way,
      that it widens in the area of the electric conductor of the hairspring,
      and at least that window-edge-area faced by the electric conductor carries
      an insulating layer.
DRWD
PAC  DRAWINGS
PAR  Further characteristics and details of the invention can be seen from the
      attached graphic representation and the following description of a
      preferred type of construction of the hairspring arrangement according to
      invention for use in an electric watch; shown is:
PAR  FIG. 1 a perspective representation of a part of an electric wristwatch
      with balance wheel and hairspring;
PAR  FIG. 2 a cross-section through the hairspring and the electric conductor
      carried by the same;
PAR  FIG. 3 a top-view of the hairspring hub or hub and hairspring;
PAR  FIG. 4 a section per line 4--4 of FIG. 3;
PAR  FIG. 5 an axial section through the central area of the balance wheel and
      the hairspring arrangement;
PAR  FIG. 6 a section through the fixation point of the outer hairspring end and
PAR  FIG. 7 a side-view of that part of the regulating lever of the watch
      penetrated by the hairspring.
DETD
PAR  FIG. 1 shows a part of a front frame 10 as well as a bridge 12 of the work
      frame of an electric wristwatch in which the axis 14 of a balance wheel in
      entirety marked 16 is rotary positioned. The latter is of conventional
      construction and carries an electric coil 18 which cooperates in the usual
      manner with a permanent magnet 20 fastened on the front frame 10. The axis
      14 carries a so-called hairspring hub, i.e. a hub 22 to which the inner
      end of a hairspring 24 is fastened. The outer end-area of the latter
      passes through a window 26 of an adjustment lever 28, which is rotary
      positioned in the bridge 12, coaxially to the axis 14. Rinally, the outer
      end of the hairspring 24 is fastened at 30 to the bridge 12.
PAR  As can be seen from FIG. 2 the hairspring 24 is constructed of an upright
      standing metal strip 24a and a metallic conductor path 24b between which
      is an insulating layer 24c preferably of an electrically insulating
      adhesive. FIGS. 3 and 4 show that the hub 22 has a helical groove 22a on
      its one front surface 22b. whereat the depth of this groove is less than
      the height of the metal strip 24a of the hairspring. When placing the
      inner end of the hairspring into the groove 22a, then at least the
      insulating layer 24c and the metallic conductor path 24b of the hairspring
      will protrude from the groove, so that the conductor path is arranged
      electrically insulated from the hub 22. By placing notches 22c at both
      sides of the groove 22a the groove sidewalls will be deformed in such a
      way that the hairspring is fastened in the groove. This type of fastening
      is customary, and this in particular represents the essential advantage of
      the invention, namely that a hairspring, having two electric conductors
      insulated from each other, can be fastened in the hub in the same way as
      is customary with conventional constructions.
PAR  It can be seen from FIG. 5 how the one end of the coil 18 is in
      electrically--conductive connection with the conductor path 24b. For this
      purpose on the axis 14 is place an insulating bushing 32 on which a nearly
      U-shaped contact spring 34 is fastened. With its upper, free-springing leg
      this touches the metallic conductor path 24b of the hairspring, and that
      in the fastening area of the inner hairspring end, while coil 18 via a
      lead 36 is connected with the contact spring. The other end of the coil 18
      can then be in electrically conductive connection to the balance wheel
      itself, and thereby to mass.
PAR  FIG. 6 shows how the fixation point 30 for the outer hairspring end is
      constructed: a fastening block 40 riveted in the bridge 12 has a recess 42
      of a depth smaller than the height of the metal strip 24a. With aid of the
      pin 44 the hairspring is wedged in this recess. Here too, the metallic
      conductor path 24b protrudes over the fixation point--transverse to the
      longitudinal direction of the hairspring--so that in a simple way by means
      of a contact spring 46 an electric connection to the conductor path 24b
      can be made--the contact spring 46 is appropriately fastened and insulated
      to the bridge l2, which does, however, not follow from the sketch.
PAR  Finally, it can be seen from FIG. 7 how the end of the adjustment lever 28
      is constructed. The window 26 penetrated by the hairspring 24 widens below
      that point, where the metal strip 24a rests against the window edge, so
      that due to this widening 26a the metallic conductor path 24b does not
      touch the adjustment lever. In order to prevent that, when lowering the
      hairspring, a short-circuit yet happens, the lower area of that part of
      the adjustment lever surrounding the window 26 is provided with an
      insulation layer, in particular a layer of synthetic material 50.
PAR  The hairspring arrangement according to invention is naturally suitable not
      only for electric watches, but for all those devices where a rotary
      element equipped with a return spring is intended, carrying an electric
      consumer.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conductor-hairspring and hub arrangement for an electric watch
      comprising:
PA1  a hub having a groove;
PA1  a hairspring being fastened at one end in said groove and which protrudes
      from said groove;
PA1  means forming an electric conductor affixed on the protruding part of said
      hairspring and for electrically insulating said electric conductor from
      said hairspring.
NUM  2.
PAR  2. Hairspring arrangement with a hub and a hairspring, intended
      particularly for electric watches, connected with which is an electric
      conductor extending over at least part of its length, insulated against
      the hairspring, and the inner end of which is fastened in a groove of the
      hub, wherein the improvement comprises a hairspring having a protruding
      part from the groove, and that said protruding part of the hairspring
      carries said electric conductor.
NUM  3.
PAR  3. Hairspring arrangement as in claim 2 wherein:
PA1  the hairspring has the shape of an upright standing metal strip, the height
      of which is larger than the depth of the groove which is arranged on one
      of the front surfaces of the hub.
NUM  4.
PAR  4. Hairspring arrangement as in claim 2, characterized by the fact that a
      contact element carried by a balance wheel rests against said electric
      conductor in the area of the fixed inner hairspring end.
NUM  5.
PAR  5. Hairspring arrangement as in claim 2 comprising:
PA1  means for fastening a outer end of the hairspring with at least the
      electric conductor protruding therefrom.
NUM  6.
PAR  6. Hairspring arrangement as in claim 5 wherein: a contact spring touches
      said electric conductor in the area of said outer end of the hairspring.
NUM  7.
PAR  7. Hairspring arrangement as in claim 2 wherein:
PA1  an adjustment lever for changing the effective length of the hairspring,
      and having a window means through which the hairspring extends, said
      window means widens in the area of the electric conductor so that at least
      that window-edge-area faced by the electric conductor carries an
      insulation layer.
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ABST
PAL  A second jumper spring made of a resilient wire is bent at its one end for
      engaging a fourth wheel or a ratchet-toothed wheel for driving a second
      hand. The second jumper spring is fixed at the other end on a pin
      rotatably mounted on a mounting plate which is horizontally movable. The
      second jumper spring is turnably mounted on the mounting plate and
      horizontally movable therewith to regulate the fourth wheel or the
      ratchet-toothed wheel for driving a second hand.
BSUM
PAC  BACK GROUND OF THE INVENTION
PAR  This invention relates to a regulating mechanism for a second hand in a
      watch, and more particularly to a regulating mechanism for a step second
      hand in a quartz crystal watch.
PAR  In the conventional regulating mechanism for a second hand, the second
      jumper spring has been made of a plate and provided with a stone engaging
      with a fourth wheel or a ratchet-toothed wheel arranged coaxially with the
      fourth wheel for driving a second hand. This, in turn, has resulted in the
      difficulty in bending the jumper spring and the necessity of an adhesive
      to adhere the stone thereto. In addition, the manufacturing cost has been
      expensive because of the complex working.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a regulating
      mechanism for a second hand having an improved second jumper spring of
      simple construction and at low cost.
PAR  It is another object of the present invention to provide a regulating
      mechanism for a second hand which eliminates the above-mentioned defects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PA1  Fig. 1 shows a front view of an embodiment of the present invention;
PAR  FIG. 2 is a side view showing the embodiment with a part cut away; and
PAR  FIG. 3 is a front view showing a conventional second jumper spring made of
      a plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will be fully described by way of the presently
      preferred embodiment in connection with the accompanying drawings.
PAR  In FIGS. 1 and 2, a second jumper spring 1 is made of a resilient wire
      which is bent at about 90.degree. at its one end to form a bent end 3. The
      bent end 3 of the second jumper spring 1 engages with ratchet teeth 5a of
      a ratchet-toothed wheel 5 for driving a second hand (not shown). A first
      pin 8 is inserted and fitted with a hole 7 formed in a mounting plate or
      mount on which the second jumper spring 1 is mounted. The pin 8 carries a
      head 9 in which a slot 10 is formed. The base end of the second jumper
      spring 1 is laid horizontally in the slot 10 of the head of the first pin
      8. It is to be noted that the bent end 3 of the second jumper spring can
      be turned in the direction of the arrow B in FIG. 1 by turning the first
      pin 8 thereby adjusting the position and degree of engagement between the
      second jumper spring 1 and the wheel 5. A second pin 12 is fixed on a
      plate member or bridge 11 and engages in a recess 13 formed in the
      mounting plate 6. The bridge 11 is also provided with a recess 14
      substantially parallel to the recess 13, which is formed in the mounting
      plate 6, for receiving the lower portion of the first pin 8. A screw 5 is
      inserted in a center opening 6a of the mount 6 and further inserted in an
      internal thread of a block 11a fixed to the bridge 11. The center opening
      6a of the mounting plate 6 has a larger diameter than that of the screw 15
      as seen in FIGS. 1 and 2, so as to permit movement of the mounting plate 6
      relative to both the screw 15 and the bridge 11. By such a construction,
      the mounting plate 6 can be moved in the direction of the arrow A within
      the space of the opening 6a when the tightened screw 15 is loosened so
      that the engagement position between the vertically bent end 3 of the
      second jumper spring 1 and the ratchet teeth 5a of the ratchet-toothed
      wheel 5 may be adjusted. In addition, a third wheel 16 and a fifth wheel
      17 are shown in FIG. 2.
PAR  As mentioned above, since the second jumper spring 1 is made of resilient
      wire and is bent at its one end for engagement with the teeth of the
      fourth wheel or ratchet teeth 5a of the ratchet-toothed wheel 5, the bent
      end 3 of the second jumper spring may be easily positioned in the neutral
      of the fourth wheel. Further, the bent end 3 of the second jumper spring
      made of resilient wire serves to regulate the fourth wheel (or the
      ratchet-toothed wheel). Furthermore, it is possible to adjust the
      engagement between the end 3 of the second jumper spring 1 and the fourth
      wheel since the second jumper spring is moved together with the mounting
      plate 6 which may be horizontally moved under the guide of the pins 8 and
      12 when the screw 15 is loosened and also is turned together with the pin
      8 which is turned in the recess 14 of the bridge and in the hole 7 of the
      mounting plate 6. Moreover, working and assembling of the regulating
      mechanism are so easy that the cost of assembly and repair are decreased
      as compared to to the prior art constructions.
PAR  A typical prior art construction is shown in FIG. 3 and such includes a
      stone 3a affixed to the end of a second jumper spring plate 1a. The stone
      3a engages with the ratchet teeth 5a of ratchet-toothed wheel 5 whereas
      according to the invention, the bent end of the second jumper spring
      itself engages the ratchet teeth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a regulating mechanism for a timepiece second hand: a rotary
      ratchet-toothed wheel rotationally driven during use in a forward
      rotational direction for driving a timepiece second hand; a second jumper
      spring having an elongated major portion and terminating at one end in a
      projection which projects generally transversely of said major portion;
      and means mounting said second jumper spring so that said major portion
      thereof lies in a plane which is generally parallel to and spaced from the
      plane in which said ratchet-toothed wheel lies and with said projection in
      direct engagement with the teeth of said ratchettoothed wheel to
      effectively prevent reverse rotation thereof.
NUM  2.
PAR  2. A regulating mechanism according to claim 1; wherein said means mounting
      said second jumper spring includes means mounting the same for both radial
      movement and tangential movement relative to said ratchet-toothed wheel to
      enable adjustment of the engaging position of said projection relative to
      the teeth of said ratchet-toothed wheel.
NUM  3.
PAR  3. A regulating mechanism according to claim 2; wherein said means mounting
      said second jumper spring comprises a mounting plate, means turnably
      mounting the other end of said scond jumper spring on said mounting plate
      to thereby enable radial movement of said projection in response to
      turning movement of said other end, a plate member superposed on said
      mounting plate, and means mounting said mounting plate for sliding
      movement on said plate member along a given axis to thereby enable
      tangential movement of said projection in response to sliding movement of
      said mounting plate along said given axis.
NUM  4.
PAR  4. A regulating mechanism according to claim 3; including locking means for
      releasably locking said mounting plate and said other end of said second
      jumper spring in their adjusted and preselected positions.
NUM  5.
PAR  5. A regulating mechanism according to claim 3; wherein said second jumper
      spring is composed of resilient wire which is bent at said one end thereof
      at an angle of about 90.degree. to form said projection.
NUM  6.
PAR  6. A regulating mechanism according to claim 3; wherein said means mounting
      said mounting plate for sliding movement comprises means defining an
      enlarged opening in said mounting plate, and a screw having a head larger
      than said enlarged opening and a threaded shaft extending through said
      enlarged opening and being threaded into said plate member so that upon
      loosening of said screw said mounting plate may be slid along said one
      axis on said plate member to effect tangential adjustment of said
      projection.
NUM  7.
PAR  7. A regulating mechanism according to claim 6; wherein said means mounting
      said mounting plate for sliding movement further includes means defining a
      pair of generally parallel elongated recesses, one in said mounting plate
      and one in said plate member, having a direction of elongation generally
      parallel to said given axis, and a pair of pins, one mounted on said plate
      member and one mounted on said mounting plate, slidably received within
      respective ones of said elongated recesses to ensure sliding movement of
      said mounting plate along said given axis.
NUM  8.
PAR  8. A regulating mechanism according to claim 7; wherein said pin which is
      mounted on said mounting plate comprises a turnably mounted pin mounted
      for turning movement relative to said mounting plate, and means connecting
      said other end of said second jumper spring to said pin so that turning
      movement thereof effects radial movement of said projection.
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ABST
PAL  A timepiece is disclosed which has a single transparent disc coaxially
      mounted within a case. The disc which carries a reference mark serves as a
      rotatable second hand. The disc is mounted on a central spindle in a
      unique manner for optimum balance and trouble-free operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to timepieces, and more particularly to wrist
      watches having conventional hour-indicating and minute-indicating radial
      arms or hands, and additionally, a second-indicating means disposed above
      the hour and minute-indicating hands. Conventionally, the
      second-indicating means is also a hand which generally is at least as long
      as and lighter in weight than the minute hand, which in turn is longer and
      lighter in weight than the hour hand. The second hand is long and slender
      because it is essential that the second hand have relatively low mass to
      maintain the precision to which the delicate mechanism of a conventional
      watch is dedicated.
PAR  Recently it has become desirable to use rotatable disc members instead of
      the conventional hands of clocks and watches. This use of rotatable disc
      members is in part due to the dictates of fashion but is also due, in
      large measure, to the greater visual impact of the rotating reference
      characters or indiciae on the disc members. Particularly in poor light
      conditions the reference character on a rotatable disc is much easier to
      see than a slender second hand. Thus, a timepiece having three rotatable
      transparent discs mounted coaxially within a case, beneath a graticule
      marked on the surface of the cover glass, is described in U.S. Pat. No.
      3,665,702. Still another timepiece utilizing colorgraduated discs is
      disclosed in U.S. Pat. No. 3,803,831, and it is stated therein that disc
      members are preferable to watch hands because watch hands are more often
      than not quite fragile, particularly the second hand. This particular
      fragility of the second hand, and its proclivity to be deleteriously
      affected by even the minimal presence of foreign material in the form of
      fine particles of dust is also alluded to in U.S. Pat. No. 2,976,674 which
      describes an open-face clock. In this clock the second hand is sealed in
      an enclosure designed to isolate the annular space between the surface of
      the spindle on which the second hand is mounted and the inner surface of
      the tubular member in which the spindle turns.
PAR  The same problem of maintaining a clean annular space between the central
      spindle for the second hand and a surrounding spindle for the minute hand
      exists in a conventional wrist watch, except of course to a lesser degree
      because of the protective cover member or cover glass on a wrist watch.
      However, as is well known in the art, moisture and microscopic dust
      particles nevertheless do find their way into a watch casing. This
      disconcerting inability to completely seal a watch casing with a cover
      glass is commonly attributed to the observation that a watch "breathes" as
      part of the physical process by which it establishes and adjusts its
      equilibrium with the conditions of the surrounding atmosphere.
PAR  Thus the combination of the relatively large mass of a rotatable disc
      member substantially the same diameter as that of the face of the watch
      and the deleterious effect of dust in the annular space between the
      central spindle on which the second-indicating means is to be mounted, has
      made it most difficult to provide a reliable rotating second-indicating
      disc member for a wrist watch. As is well known a watch removably disposed
      on a person's wrist is subject to many disruptive movements and it is
      particularly difficult to provide a mounting means for a second-indicating
      disc member which mounting means can effectively negate such disruptive
      movements. The second-indicating disc member of this invention mounted in
      the unique manner to be described more fully hereinafter, provides a
      solution to the problem.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of this invention to provide a timepiece
      having conventional minute-indicating and hour-indicating hands with a
      rotatable disc member having an easily read reference mark which replaces
      a conventional second-indicating hand.
PAR  It is also a general object of this invention to provide a transparent
      second-indicating disc member having substantially the same diameter as
      the face of the timepiece, the disc being coaxially mounted in spaced
      apart relationship with the face of the timepiece and the minute and
      hour-indicating hands, for revolution at the rate of 1 revolution per
      minute.
PAR  It is a specific object of this invention to provide a transparent
      second-indicating disc, having several times larger mass than a
      conventional second hand, fixedly attached to a metal mounting member
      which is fixedly disposed on a rotatable central spindle about which a
      first hollow shaft for a minute hand, and a second hollow shaft for an
      hour hand are disposed.
PAR  It is also a specific object of this invention to provide a rugged mounting
      assembly for a second-indicating rotatable disc wherein the metal mounting
      member for the disc is journalled for slight frictional engagement with
      the inner surface of a first hollow shaft so as to provide a dual
      function, namely, (a) providing a bearing surface for optimum balance and
      stability and, (b) sealing out dust and moisture from around the central
      spindle.
DRWD
PAR  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may best be understood by reference to the following
      description when taken in conjunction with the accompanying drawing in
      which:
PAR  FIG. 1 is a top plan view of a timepiece showing a second-indicating
      rotatable disc member through which conventional minute and
      hour-indicating hands may be seen;
PAR  FIG. 2 is a top plan view of the transparent second-indicating rotatable
      disc member;
PAR  FIG. 3 is an elevation cross-section view of the transparent
      second-indicating rotatable disc member along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevation cross-section view of the upper portion of the
      mounting assembly for the second, minute and hour-indicating members.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  As shown in FIG. 1, a timepiece indicated generally at 10, in the form of a
      wrist watch has conventional hands 11 and 12 for indicating minutes and
      hours respectively, but the seconds are indicated by a transparent disc
      member 13. The time-indicating members are arranged for rotation about a
      central axis, one above the other above the dial face 14, the disc 13
      being uppermost, the hour hand being lowermost and the minute hand lying
      between the hour hand and the disc member. By transparent is meant that
      the disc is made of a material which is essentially completely permeable
      to visible light, and through which the hands 11 and 12 may be easily
      seen. It is preferred to make the disc 13 of a colorless plastic material
      of even thickness. The thickness of the disc is not critical but it should
      be chosen so that the periphery of the disc will not sag. A preferred
      thickness is in the range from about 0.010 to about 0.020 inch thick. A
      transparent protective cover member 15 covers the dial face 14 and the
      time-indicating members 11, 12 and 15. The visual effect is that of an
      invisibly supported indicia disposed above the watch hands.
PAR  Referring now to FIG. 2 there is shown a plan view of the disc member 13
      which carries a reference mark imprinted on the plastic near the
      periphery. The reference mark is preferably relatively large so that it is
      easily seen. For even greater visibility in poor light the reference mark
      may be outlined in light-sensitive or light-reflective pigments such as
      are well-known in the art as phosphorescent or luminescent coatings. The
      mark is preferably pointed, as is the nose of the airplane illustrated, or
      has an edge which may be aligned with any division mark on the dial. The
      reference mark shown is an outline of an aircraft and it will be apparent
      that a large reference mark such as this will be easy to read at a glance.
      Of course, any other indicia may be used provided, of course, that it is
      easy to read. The disc 13 has a central passage in which a metal mounting
      member or collar 17 is fixedly disposed.
PAR  The mounting member or collar 17 is provided with a radially outwardly
      extending flange portion 21 and a hub portion 22 having an axial passage
      23. The axial passage 23 has a diameter chosen so as to tightly engage a
      central spindle 31 which has a diameter in the range from about 0.009 to
      about 0.015 inch. The outside diameter of the hub 22 is such that the disc
      13 is frictionally disposed on the hub by way of an interference fit, and
      the upper surface of the disc abuts the flange portion 21.
PAR  Referring further to FIG. 4 there is shown the spindle 13 axially
      vertically disposed in hollow drive shafts 32 and 33 on which are disposed
      the conventional minute and hour-indicating hands 11 and 12, respectively.
      The hollow shafts 32 and 33 are rotatably mounted within the timepiece 10,
      extending vertically outward from the dial face 14, as is the spindle 31.
      The mechanism for selectively rotating the spindle 31 and shafts 32 and 33
      is not shown since it forms no part of the present invention, and further,
      is conventional in any clock or watch, and accordingly will readily be
      understood by those skilled in the art.
PAR  The shaft 32 is rotatably disposed about the rotatable central spindle 31
      without there being any circumferential contact of the surfaces. The shaft
      32 is countersunk with an axial recess 34. The depth of the countersunk
      recess 34 is not critical but the diameter is. The diameter of the recess
      34 is so chosen as to slightly frictionally engage the outer surface of
      the hub 22. Thus the inner vertical surface of the recess 34 provides a
      bearing surface for the hub 22, so as to provide optimum balance for the
      relatively heavy disc fixedly disposed on the hub. In particular this
      disposition of the collar 17 in the recess 34 provides differentially
      rotatable surfaces, and since the surface of the hub 22 rotates sixty
      times faster than the shaft 32, there is a dynamic stabilization of the
      rotational movement of the disc 13 relative to that of the minute hand 11.
PAR  Also, the slight frictional relative movement of the hub 22 and the inner
      vertical surface of the recess 34 provides a seal against dust and
      moisture which otherwise might accumulate in the annular space between the
      central spindle 31 and the inner surface of the hollow shaft 32. Still
      further the stability derived from the contact between the hub 22 and the
      shaft 32 permits a relatively large minute hand 11 having relatively large
      mass to be conventionally mounted on the shaft 32.
PAR  The hollow shaft 33 is rotatably disposed for concentric motion about the
      spindle 31 and the inside diameter of the shaft 33 is so chosen as not to
      contact the outer surface of the shaft 32. It will be noted that since
      there is no frictional contact between the hollow shafts 32 and 33 there
      is no annular seal corresponding to the seal provided between the hub 22
      and the inner vertical surface of the recess 34. The shaft 33 carries an
      hour-indicating hand 12 mounted thereon near the top, in a conventional
      manner.
PAR  From the foregoing description it will be evident that the unique mounting
      of the disc member 13 fixedly disposed upon the collar 17 so as to provide
      differential rotational contact between the hub portion 22 of the collar,
      and the inner vertical recess of the hollow shaft 32, provides an
      unexpectedly effective and simple means for utilizing a second-indicating
      disc member of relatively large mass in a reliable and rugged manner.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly, the scope of the patent to be issued hereon should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a timepiece of the type having a rotatable first hollow shaft for
      referencing minutes and a rotatable second hollow shaft for referencing
      hours, each shaft concentrically disposed about a rotatable central shaft
      for referencing seconds wherein said first shaft carries a minute hand and
      said second shaft carries an hour hand each said hand operatively disposed
      above a stationary dial face having indiciae marked thereon to indicate
      time, and said second shaft is rotatable in annularly spaced apart
      relationship with said first shaft, the improvement comprising a hub means
      having an axial bore and a radially outwardly extending flange near one
      end thereof, a single transparent disc having a reference mark near the
      periphery thereof, said disc being affixed to said hub means in abutment
      against said flange said hub means being demountably disposed on said
      central shaft, a portion of the surface of said hub means being in slight
      frictional engagement with said first hollow shaft to seal the annular
      space between said central shaft and said first hollow shaft against
      finely divided dusty material and moisture.
NUM  2.
PAR  2. The timepiece of claim 1 wherein said first hollow shaft is provided
      with a countersunk recess near the upper end of said first shaft so that a
      portion of the outer surface of said hub means is in slightly frictional
      engagement with the inner surface of said recess.
NUM  3.
PAR  3. The timepiece of claim 2 wherein said disc is formed from a printable
      synthetic resinous material on which said reference mark is imprinted.
NUM  4.
PAR  4. The timepiece of claim 3 wherein said reference mark has a pointed end.
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ABST
PAL  A balance wheel assembly includes a balance staff having a balance wheel
      hub, a saddle, a shoulder, a cylindrical portion to which the balance
      spring is attached, and a lower stem extending through a flange. The
      saddle and cylindrical portion are on the same side of the hub with the
      shoulder being on the opposite side of the hub and spacing the flange from
      the hub. The balance spring is attached directly to the cylindrical
      portion of the balance staff.
BSUM
PAR  The invention concerns a balance wheel assembly for timepiece mouvements
      for which the manufacture relative to existing methods has been simplified
      while at the same time enabling an improvement in the isochronism. The
      invention likewise concerns a method of manufacture of the assembly.
PAR  In known balance wheel assemblies the balance spring is fastened to the
      staff through a supplementary part, the collet, which is pressed onto the
      staff and on which or in which the interior end of the balance spring is
      fastened. This arrangement causes a certain number of inherent
      difficulties, among others the assembling thereof is a delicate operation,
      the elastic characteristics of the spring may be accidentally changed
      through introduction of strains thereby disturbing the isochronism, and
      the axial positioning of the balance spring depends on the riveting of the
      balance wheel hub and the length of the bore in the collet, other problems
      are also brought out by the centering and flattening of the balance
      spring.
PAR  Various attempts have been made to overcome these difficulties, for
      example, it has been suggested to glue the balance spring in a slot or
      opening radially arranged within a staff shoulder or else to imbed and
      glue the balance spring in an orifice arranged in a groove provided in a
      flange during manufacture of the staff. These suggestions have failed to
      give complete satisfaction. If they avoid difficulties originating from
      the collet there is nevertheless always an increase in the diameter of the
      staff, for the shoulder or the flange, thus the center portion of the
      balance spring remains rather large. The problems of assembly moreover are
      not much diminished from those which arise from the fastening of the
      balance spring to the collet.
PAR  This invention avoids such difficulties and teaches a balance wheel
      assembly for which the staff is arranged in a manner to permit the
      fastening of the balance spring directly onto a portion of the staff
      having a radius much less than that of known collets, while assuring staff
      positioning and spring centering and flattening of excellent qualities.
      The reduced radius of the staff and the absence of the collet enable a
      considerable economy in material and at the same time bring about a
      decrease in the moment of inertia of the staff and of the assembly. Such
      advantages, which in practical terms bring about important benefits for
      the assembly operations, thus in the costs, and at the same time a notable
      improvement in the isochronism, above all if in the vertical position, are
      attained through use of a balance wheel assembly wherein the staff is
      arranged in a manner such that the balance wheel hub and the plane of the
      balance spring are situated on opposite sides of the saddle. The balance
      spring is fastened to a portion of the staff of reduced diameter above the
      saddle and axially positioned by the latter. The flange is mounted on the
      staff on the same side as the hub of the balance wheel.
PAR  The invention also concerns a method of manufacture concerning the balance
      wheel assembly wherein the balance spring is fastened directly to the
      staff with no intermediate component by glueing or welding, the placing
      into beat of the balance wheel assembly being effected following
      assembling thereof by rotation of the flange around the staff.
DRWD
PAR  For the details of the invention reference will now be had to the detailed
      description which follows and in which reference is made to the following
      drawings:
PAR  FIG. 1 represents a balance assembly staff according to the prior art.
PAR  FIG. 2 shows to the same scale a balance assembly staff in accordance with
      the invention, the balance spring being shown in section along the line
      B--B as viewed in FIG. 3.
PAR  FIG. 3 is a top view down to plane A of FIG. 2.
DETD
PAR  FIG. 1 showing the prior art may be detailed as follows: An assembly may
      comprise the saddle 1 on which the hub 2 of the balance wheel is fastened
      by means of riveting 3; 4 is the lower stem portion which is adjusted to
      flange 5; 6 is the upper stem portion on which has been pressed collet 7
      which carries the balance spring (not shown). It may easily be seen that
      the axial positioning of the collet 7, thus that of the intermediate plane
      depends on the riveting 3. Effectively, if the collet is pressed against
      the riveting 3 there will most frequently appear a non-symmetric
      deformation of the center of the balance wheel and this may cause serious
      problems with balancing the assembly. Such, in fact, has been suggested by
      the publication GREINER INFORMATION No. 2, November 1971, which emphazises
      the importance of leaving open a space of 0.02 - 0.05 mm between the
      riveting 3 and the collet 7. In this context precision of positioning of
      the collet is for the least uncertain.
PAR  This serious difficulty is eliminated by the arrangement according to the
      invention as shown in FIG. 2 in which the various elements have the same
      reference numbers as their corresponding elements of FIG. 1. In this
      arrangement the position of saddle 1 is inverted relative to the balance
      hub 2 which remains constant. Hub 2 may be fastened to saddle 1 by
      conventional riveting or preferably by spot welding 3. The flange 5 is
      adjusted on stem 4 and axially positioned by a shoulder 8 having a
      slightly greater diameter than stem 4.
PAR  Above hub 2 saddle 1 has a generally compacted form. Its half cross section
      will be seen to have the form of a trapezoid of which the longer base edge
      is proximate the hub. On the side of the shorter base edge the axle
      comprises a cylindrical portion 9 having a length equal to the height of
      the balance spring and a radius having the same order of size as that of
      the prior art stem 6, but at the same time less than that of the shorter
      base edge of the trapezoid. On crown 10 which is cut back from the upper
      portion of saddle 1, the fact adjacent cylindrical portion 9 is provided
      with a circular groove of triangular cross section intended to accomodate
      the lower edge of the balance spring in order to establish the plane of
      the latter and to assure the constance thereof during the fastening
      operations. Cylindrical portion 9 which carries the balance spring is,
      upwardly elongated by another cylindrical portion 11 having a radius
      between that of the portion shown as 9 and that of the upper stem 12. Such
      arrangement thereby provides clearance for the balance spring fastening
      operations.
PAR  It is important that the balance spring at the point of fastening to
      cylindrical portion 9 and in the vicinity of the latter avoid as much as
      possible stresses and strains. Thus as shown in FIG. 3 cylindrical portion
      9 is milled along two planes 13 parallel to the geometric axis of the
      assembly and equally distant from such axis. The milling which affects the
      upper portion or crown 10 of saddle 1 will remove in these particular
      regions all trace of the previously mentioned groove. On FIG. 3 the milled
      planes 13 are parallel to one another. To reduce still further the contact
      surface of a balance spring on the cylindrical surface 9 and thus favour a
      better spiral development one might also use secant planes, but it would
      then be desirable to preserve symmetry relative to the axis of the
      assembly, hence to provide milling along four planes instead of two.
PAR  In order to assemble the arrangement starting with a staff according to the
      preceding description the interior end of the balance spring is brought
      into contact with the cylindrical portion 9 remaining between the milled
      planes 13 with the lower edge of the balance spring resting in the groove
      provided in crown portion 10 of saddle 1. The balance spring is held in
      position by means of appropriate fixtures not shown since not within the
      scope of this invention. Fastening is effected by glueing or welding at
      one or more points along the balance spring. Where the balance spring
      contacts cylindrical portion 9 fastening through welding is considered
      preferable since it may be effected without adding material to the
      assembly. For this particular operation use of laser beam is considered as
      a useful or even preferred method. Effectively, it will permit the
      avoidance of all residual thermal strains in view of the extremely short
      duration of the process, furthermore, it is readily reproducible and in
      the same way the welding strength is constant. The mechanical
      characteristics of the balance spring in the welded region are only
      affected to a negligible extent. The accessibility of the arrangement to a
      laser beam preferably arranged parallel to the assembly axis to the
      welding point is particularly easy in view of the existing clearance above
      the cylindrical portion 9. Any tendency for the balance spring to swing
      toward the exterior at the moment of welding is prevented by the wedging
      action provided by the groove.
PAR  After the hub 2 of the balance wheel and the balance spring have been
      fastened to the staff with flange 5 adjusted on the latter the problem of
      putting the assembly into beat has to be solved. Normally, this is
      effected by rotating the collet relative to the staff. In the present
      case, lacking a collet, such an adjustement is not possible, thus
      following another aspect of the invention the manufacture is completed in
      putting the assembly into beat through rotation of the flange 5 relative
      to the staff.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a balance wheel assembly including a balance wheel, a balance staff
      having a shoulder, a balance spring, and a flange which rotates relative
      to the balance staff, said balance staff including a saddle and a hub for
      the balance wheel, the improvement wherein said balance wheel hub and the
      plane of the balance spring are arranged on opposite sides of said saddle,
      and the flange is completely disengaged from the hub by said shoulder, and
      wherein the interior end of the balance spring is fastened directly to the
      balance staff without any intermediate component.
NUM  2.
PAR  2. The improvement as claimed in claim 1 wherein said balance staff
      includes a lower stem portion, and wherein said flange is positioned on
      the same side of the saddle as the balance wheel hub, but axially
      positioned from said hub by said shoulder portion.
NUM  3.
PAR  3. The improvement as claimed in claim 1 wherein the balance staff includes
      a portion adjacent said saddle having a diameter less than that of the
      saddle, said portion having an axial length equal to the width of said
      balance spring, and having said balance spring fastened thereto.
NUM  4.
PAR  4. The improvement as claimed in claim 3 wherein said balance staff further
      comprises an upper stem, and a cylindrical portion between said upper stem
      and the portion to which the balance spring is fastened, said cylindrical
      portion having a diameter greater than said upper stem portion.
NUM  5.
PAR  5. The improvement as claimed in claim 3 wherein the portion of the staff
      to which the balance spring is fastened is milled along at least two
      planes both parallel to and equally distant from the geometric axis of the
      balance staff.
NUM  6.
PAR  6. The improvement as claimed in claim 5 wherein said saddle is provided
      with a circular groove adjacent the portion of the staff which carries the
      balance spring, said groove maintaining the balance spring in position as
      it is fastened to the balance staff.
NUM  7.
PAR  7. The improvement as claimed in claim 6 wherein said balance staff
      includes a lower stem portion, and wherein said flange is positioned on
      the same side of the saddle as the balance wheel hub, but axially
      positioned from said hub by said shoulder portion.
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ABST
PAL  Method of and apparatus for electrically butt-welding high-strength chains.
      Previously bent and interengaged chain links are passed through a chain
      welding machine, each chain link in succession being alternately rotated
      about its axis and erected to a vertical position for engagement by
      upsetting members and welding electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to chain welding machines and processes and more
      particularly to a method of and apparatus for rotating and erecting
      successive chain links prior to butt-welding.
PAR  Prior apparatus and methods of producing high-strength chains fall in two
      principal categories. In the first, a strand of C-shaped pre-bent and
      interengaged chain links is, after bending, intermediately stored prior to
      being laid in a chain-welding machine which, in a first pass of the chain
      strand, welds only every second chain link. After another intermediate
      storage, the partly completed chain is again laid into the same
      chain-welding machine for final welding of the remaining chain links. The
      initial intermediate storage after bending and prior to welding is
      necessary because the output of a chain-bending machine which bends
      successive chain links is greater than the output of a chain-welding
      machine which, in one pass, welds only alternating chain links. Such
      manufacturing processes have disadvantages attributable to the two-fold
      intermediate storage and the second pass. Intermediate storage requires
      space, transporting of work, and involves the risk that the ends of the
      chain links which are not yet welded may become contaminated so that
      welding defects may result. Since during the second pass, two previously
      welded chain links are suspended in each unwelded chain link and differ
      therefrom by having a shorter length, a lower electrical resistance and a
      greater heat conductivity, the chain-welding machine must, for the second
      pass, be reset in terms of electrical output as well as stroke and
      position of its transporting tools. Despite so-called chain monitors, it
      is not altogether impossible for chain links to become tangled and
      squashed during either intermediate storage, requiring manual labor to
      arrange the chain strand before passage through the chain-welding machine
      so as to insure trouble-free running.
PAR  In the second category of manufacturing process and machine, the chain
      strand emanating from the chain-bending machine passes without being
      intermediately stored through a first chain-welding machine which in turn
      welds only alternate chain links. The half-welded chain strand thence
      passes through a second chain-welding machine which welds the remaining
      chain links. This uninterrupted manufacturing process, however, requires a
      second chain-welding machine and dictates a relatively slow operating rate
      of the chain-bending machine which is capable of a far greater output.
      Furthermore, a disadvantage common to both the aforementioned categories
      of manufacturing processes is that, in the chain-welding machine transport
      mechanism the chain strand has to be sharply accelerated and decelerated
      by two divisions, i.e., the length of two chain links, if the
      non-productive or dead time between welds is not to assume tremendous
      proportions. Such acceleration and deceleration, however, entail the risk
      that the chain link to be welded will be inaccurately positioned,
      resulting in a potentially faulty weld. Since a traction test can be
      performed only on a completely welded portion of the chain strand,
      traction tests cannot be carried out on chains made in either of the prior
      manufacturing processes until all the chain links have been welded. Should
      a test subsequently disclose welding faults, a relatively considerable
      loss of material and time results.
PAR  A manufacturing process of the type described in German Pat. Specification
      No. 1,023,536 substantially avoids the aforesaid disadvantages in that one
      chain link after another is welded, so that a synchronous operation of
      only one chain link welding machine with a chain-bending machine is
      possible. However, when carrying out this known manufacturing process, the
      output of conventional chain-bending machines cannot be fully exploited
      because the manual rotation through 90.degree. of the next chain link to
      be welded results in wastage of a relatively considerable amount of time.
      In addition, when welding small chain links, the rotation has to be
      performed very frequently which has a substantially adverse effect on the
      output.
PAC  STATEMENT OF THE INVENTION
PAR  Therefore, in view of the foregoing, it should be apparent that there is
      still a need in the art for a more rapid and efficient method of and
      apparatus for producing particularly high-strength chains.
PAR  It is, therefore, a primary object of the present invention to improve the
      production rate of chain welding apparatus by providing a method of and
      apparatus for automatically welding successive links of a chain strand.
PAR  Another object of the invention is to provide a simply constructed yet
      effective apparatus for welding successive links of a chain strand.
PAR  Still another object is the provision of chain-welding apparatus the output
      of which more closely approximates the output of a chain wire bending
      machine.
PAR  Yet another object of the invention is to eliminate the necessity for
      intermediate storage of a chain strand between separate passes through a
      chain-welding machine.
PAR  More specifically, it is an object of the present invention to provide a
      chain-welding apparatus for automatically rotating and erecting successive
      links of an unwelded chain strand for engagement by welding electrodes.
PAR  Other objects, advantages and features relate to the structural details and
      novel combinations and arrangements of the invention which will appear
      from a reading of the following detailed description when considered in
      conjunction with the accompanying drawings.
PAR  According to the present invention, these and other objects that may become
      hereinafter apparent are accomplished by providing a chain strand,
      transported over a zenith, guided at least on the approach side so that in
      each case the plane common to all chain links of a first and second row or
      series of interconnected chain links staggered by one chain link forms,
      with the plane of an upright chain link disposed at the zenith, a definite
      positive or negative angle, respectively, which is at most approximately
      45.degree.. The chain link at the zenith, after transporting of the chain
      strand and prior to welding, is moved into an upright position in the
      middle plane between both of said planes and is securely held in this
      position. The movement of the chain link which is to be welded,
      accompanied by simultaneous rotation about its longitudinal axis by at
      most 45.degree. may be performed more readily and at least twice as
      rapidly as a rotation through 90.degree.. The angle of 45.degree. results
      because the planes of two consecutive chain links, i.e., one link of each
      of said first and second rows, enclose an angle of 90.degree. and the two
      rows of chain links are equally inclined with respect to the vertical
      central plane. By reason of the fact that the chain strand is drawn over a
      zenith and despite the lack of guidance at the zenith, a natural angle of
      approximately 45.degree. is created between the chain link at the zenith
      and the central plane. Chain links which are guided at least on the
      approach side by virtue of their weight, exert a force on the chain link
      at the zenith and so approximately secures its oblique position until such
      time as it is erected. If the guidance on the approach side is so
      undertaken that the angle between the central plane and the plane of those
      chain links to which the chain link to be welded and which is at the
      zenith belongs, is less than 45.degree. and if the traction forces exerted
      on the chain link which is to be welded are sufficient, then the chain
      link at the zenith will enclose with the central plane a correspondingly
      smaller angle so that alignment may be accomplished in a still shorter
      time.
PAR  In carrying out the method for rotation and erection of the chain link
      about its longitudinal axis according to the invention, the parallel
      portions of the chain link are substantially simultaneously subjected to a
      coupling of forces to produce a straightening-up or erection torque. With
      this manner of implementing the invention, the movement of the chain link
      which is to be erected is consequently restricted to a purely rotary
      movement. The fact that the axis of rotation which coincides with the
      longitudinal axis of the chain link is substantially stationary during
      rotation, is attributable to the traction forces exerted on the chain link
      to be welded. The traction forces created by the weight of the other chain
      links do not have a common direction of action but do have a common plane
      of action.
PAR  One advantage of the foregoing production method of the present invention
      is in that the output of a chain-bending machine may be equalled by that
      of a chain-welding machine so that a chain link is bent and simultaneously
      a previously bent chain link is welded.
PAR  An apparatus for practicing the method according to the invention includes
      a saddle for supporting the chain link to be welded with guides for the
      approach or discharge of the chain strand and with oppositely movable
      compressing tools for engaging the rounded portions of the chain link to
      be welded. An example of this type of apparatus is described in German
      Pat. No. 904,259. The saddle which supports the chain link to be welded
      functions to lift the chain link out of the mass of the other chain links
      and provides free access to the compressing tools. This function is
      particularly important in the case of short-link chains.
PAR  In the apparatus to the present invention, a guide is provided on at least
      the approach side of the saddle. The guide forms at least one first and
      one second guide surface for a first and second row of chain links
      respectively, said rows staggered by one chain link and enclosing an angle
      measured above and below the chain strand of, at most, approximately
      45.degree.. Further, means are provided for moving the chain link which is
      to be welded out of its natural inclined position on the saddle into an
      upright or erect position in the central plane and for laterally holding
      the chain link securely in this position. From German Pat. No. 1,023,536,
      an apparatus is already known which has a device for gripping fast the
      chain link which is to be welded. However, this gripping device holds the
      chain link to be welded at its opposite rounded positions along its
      longitudinal axis for exertion of a compression force. This so-called
      clamping device consists essentially of two arms which are jointly
      pivotable about a horizontal axis, of which one is movable, forming a type
      of gripper together with the fixed arm. Each arm is provided with an open
      recess to receive a rounded part of the chain link to be welded and, at
      right angles to the open recess, another recess for receiving the
      subsequent or preceding chain link.
PAR  In the apparatus according to the invention, each guide is provided with a
      first and second pair of parallel guide faces or flanks which orient and
      guide the two straight portions of all chain links in the two mutually
      perpendicular rows of links, i.e., a first pair of guides for the first
      row and a second pair for the second row. The guide faces are constructed
      in the form of confronting wedges, the parallel faces of the opposing
      wedges engaging a chain link of one of the two chain link rows. The flanks
      of each wedge expediently form a right angle. Thus, in a simple but
      reliable manner, the necessary guidance of the chain link at the correct
      angle is insured. It is preferred that the saddle have an upwardly open
      trough, the cross-section of which is substantially in the shape of a
      segment of a circle. In consequence, the saddle imposes no resistance to
      the torque which tends to erect the chain link to be welded, but instead
      the rounded portion of the trough facilitates rotation of the chain link
      to be welded. The trough may, however, have, for example, rectangular
      cross-section.
PAR  The chain link moving and holding means of the present invention has two
      parallel substantially vertical and jointly upwardly and downwardly
      movable holding arms, the upper ends of which extend through and beyond
      recesses in the saddle and are capable of movement in opposite directions
      approximately at right angles to the central plane. The functions of
      moving and holding may be readily performed since the means are
      retractable and therefore insensitive to dirt resulting from scale and
      burrs which are splintered off and which might otherwise produce
      breakdowns in other forms of chain-welding machines. The holding arms, for
      example, may be leafsprings, on the confronting faces of which there is
      provided a small plate which engages the straight portions of the chain
      link which is to be erected and welded. If, instead of the small plate,
      there are secured to the upper end of the holding arms shaped bodies which
      are adapted to the space between the two chain links interengaged with
      chain link to be welded, a centering effect is achieved in that the chain
      link to be welded advantageously assumes, with respect to the welding
      electrodes of the apparatus, a symmetrical position. This equalizes the
      welding gaps which are determined by the distance between the ends of the
      chain link to be welded and the electrodes, and insures constant welding
      quality.
PAR  The moving and holding means of the present invention are provided with at
      least one, preferably double-acting, cylinder-piston unit, the piston rod
      of which is reciprocable at right angles to the guidance or central plane
      along a straight line so as to strike the upper end of one leaf-spring.
      The moving and holding means are further provided with at least one thrust
      rod adapted to reciprocate in a bore through the saddle at right angles to
      the guidance or central plane. The rod ends are rigidly connected to the
      cylinder and to an adjustable bolt, the axis of which coincides with the
      axis of the piston rod and which bears on the other leaf-spring. Since
      this construction implements the basis action/reaction law of physics, a
      second cylinder-piston unit is therefore unnecessary so that the costs and
      complication of construction and control are diminished. To insure that
      the holding arms are disposed symmetrically with respect to the central
      plane as they grip the chain link to be welded, the arm cooperating with
      the piston rod is expediently provided with an adjusting screw which abuts
      the saddle when the holding arms are urged against a chain link to be
      welded.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly broken away and diagrammatic front view of the
      embodiment;
PAR  FIG. 2 is a plan view of a part of the embodiment;
PAR  FIGS. 3 to 5 are variously broken away side views of the essential parts of
      the embodiment in various states;
PAR  FIGS. 6 and 7 are broken away sections on the lines VI--VI and VII--VII,
      respectively, in FIG. 1, through the embodiment;
PAR  FIGS. 8 and 9 are, respectively, a front view and a side view of a detail
      of the embodiment; and
PAR  FIG. 10 is a plan view of a detail of an alternative form of the embodiment
     .
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, an embodiment of the apparatus according to the
      invention has a frame 2 on which is mounted a vertically rising front
      plate 4. Attached forwardly of the front plate 4 and projecting above its
      upper edge is the saddle 6 over which is drawn, as illustrated in FIGS. 8
      and 9, a chain strand 8 which consists of welded chain links 10 and
      unwelded chain links 12. At the apex of the saddle 6 is disposed a chain
      link 14 in position to be welded, the rounded ends of which are engaged by
      two compressing tools 16. The tools 16 are adapted for horizontal movement
      in opposite directions so as to exert the necessary bearing and upsetting
      pressure on the ends of the chain link 14 which is being welded. The
      portion of the chain strand 8 comprising both the welded chain links 10
      and the unwelded chain links 12 is guided beneath the saddle 6 by guides
      20 on the discharge side and approach side. Insofar as has been described,
      the embodiment is derived from apparatus known in the art.
PAR  Each of the guides 20 has two parallel upright strips 22 inclined at
      45.degree. with respect to the vertical and at 45.degree. below the
      horizontal. The mutually confronting faces of the strips 22 of each guide
      20 form a key 24 having two pair of inclined flanks 26 and 28, each pair
      of which encloses a right angle, as best seen in FIG. 7. The flanks 26 and
      28 of both strips 22 of each guide 20 constitute first and second guide
      faces respectively for a first and second row of chain links. Each row
      comprises alternate chain links offset from each other by one chain link
      and, as viewed lengthwise of the chain strand, is oriented 90.degree. with
      respect to the other row. Each row of chain links is oriented at an angle
      of 45.degree. with respect to the vertical measured above and below the
      axis of the chain strand. The flanks 26 and 28 lie on oppositely disposed
      sides of the two straight portions (as viewed in FIG. 7) of the broad
      sides of all chain links in the first and second rows respectively. The
      parallel flanks 26 and the parallel flanks 28 of the key 24 determine a
      central plane for each of the first and second rows respectively, each
      central plane passing through the chain strand axis.
PAR  Each pair of associated strips 22 is rigidly but adjustably connected to
      the front plate 4 through a spacer 30 via the lower strip 22 which extends
      generally upwardly toward the saddle 6. For this purpose, head screws 32
      are screwed into a tapped hole in each of the end faces of the round
      spacers 30, the shank of the said head screws engaging vertically disposed
      slots 34 extending obliquely to the longitudinal direction of the lower
      strips 22. Each upper strip 22 is connected to the associated lower strip
      through a connecting piece 36 and may be positioned in close proximity to
      or more remotely from the lower strip by means of an elongated slot 38 and
      a screw 40. Thus, the parts 32, 34, 38 and 40 make it possible to alter
      the position and angle of inclination of the guides 20 with respect to the
      vertical to suit requirements or to adjust the gap between associated
      strips 22.
PAR  The saddle 6 has, viewed from front and rear, a substantially triangular
      shape and is provided with an upwardly open trough 42 having a
      cross-section resembling a segment of a circle. On its approach and
      discharge sides, the trough 42 has a portion inclined at 45.degree. to the
      vertical and at the apex of the saddle 6 there is a short horizontal
      portion which merges smoothly into the portions on either side, its length
      approximately corresponding to the length of the straight portion of the
      chain link 14. Along the plane of symmetry of the saddle 6 which is at
      right angles to the front plate 4 there is on the front and rear sides a
      vertical recess 44 which is widened in the region of the apex. Parallel to
      the plane of symmetry and below each oblique portion of the trough 42
      extends a symmetrical bore 46. The functions of the recesses 44 and bores
      46 will be explained hereinafter.
PAR  As shown in FIGS. 3 to 6, the embodiment includes moving and holding means
      for the chain link 14 disposed at the apex, the said means having two
      substantially vertical and parallel jointly upwardly and downwardly
      movable holding arms in the form of leaf-springs 48. On their facing inner
      surfaces, the upper ends of the leaf springs 48 are each provided with a
      small rectangular plate 50. While in their operative position, as best
      seen in FIG. 3, the plates 50 project through the recesses 44 of saddle 6
      and above this latter, being substantially horizontally movable in
      opposite directions and approximately at right angles to the front plate
      4. The upward and downward movement of the leaf-springs 48 is achieved by
      means of a parallelogram linkage 52. The upper arm of the parallelogram
      linkage 52 is one arm 54 of a lever 60 which is mounted by means of two
      bearing blocks 56 and a stub axle 58 so as to pivot about an axis parallel
      with the longitudinal axis of a chain link 14, the other arm 62 of the
      lever 60 being movable by means of a cam transmission 64. Between the arm
      54 and the frame 2 is connected a traction-stressed coil spring 66. The
      cam transmission 64 has, mounted on the arm 62 of lever 60, a roller 68
      and cooperating therewith and mounted on a control shaft 70, a camplate
      72. The cam 74 of camplate 72 is provided with two steep flanks 76 and a
      control surface 78 which coincides with a circle concentric to the control
      shaft 70. The flanks 76 actuate the upward and downward movement of the
      leaf-springs 48 and the control surface 78 maintains the leaf-springs 48
      in their operative position, as shown in FIGS. 3 and 4, so long as the
      roller 68 is rolling thereon. The lower arm 84 is mounted on the frame 2
      in a manner similar to the arm 54. The two arms 54 and 84 are
      articulatingly connected by a flat bar 82, the bottom ends of the
      leaf-springs 48 being attached to the narrow sides of the upper end of the
      flat bar 82.
PAR  The moving and gripping means of the embodiment comprises a double-acting
      cylinder-piston unit 86, the piston rod 88 of which has at its free end a
      head 87. The piston rod 88 is arranged for reciprocating movement at right
      angles to the front plate 4 so as to strike the upper end of the front
      leaf-spring 48. The moving and gripping means furthermore has slidingly
      mounted in the bores 46 of the saddle 6 two round thrust rods 90, the
      mutually corresponding ends of which are connected to approximately
      triangular plates 92. The forwardly plate 92 is rigidly connected to the
      front cylinder 94 of the unit 86, the rearwardly plate 92 to an adjustable
      bolt 96, the axis of which coincides with the axis of the piston rod 88.
      The rods 90 are thus capable of reciprocating movement in the bores 46.
      The bolt 96 is screwed from the back into the rear plate 92 and secured
      thereto by a nut 98. The piston rod 88 is guided by an angled connecting
      part 100 mounted on the front of the saddle 6. The part 100 forms a stroke
      limiting abutment for the cylinder 94. The front leaf-spring 48 is
      provided with an adjusting screw 102 having a locking nut 104, the purpose
      of which will be subsequently described herein.
PAR  In the case of an alternative embodiment shown in FIG. 10, the leaf-springs
      148 have at their upper ends, instead of plate 50, shaped bodies 150 for
      gripping the chain link 114 to be welded and which are disposed at the
      apex of the saddle 106 engaged between the facing rounded edges of the
      adjacent chain links 110 and 112 so as to urge them apart. Thus, the chain
      link 114 lies exactly in the plane of symmetry of the saddle 106.
PAR  The mode of operation of the above-described embodiment is, according to
      the method of the invention, as follows:
PAR  Assume the starting point to be a condition as indicated in FIG. 8, on the
      discharge side there is a portion of the chain strand 8 with
      already-welded chain links 10 and on the approach side a portion of the
      chain strand 8 with chain links 12 which are still to be welded. The lower
      straight portion of the broad side of the next chain link 14 which is to
      be welded is resting at the apex of the saddle 6, in the horizontal
      portion of the trough 42. The chain link 14 is so gripped by the plates 50
      on the two leaf-springs 48 which are in their operative position and which
      rest at front and rear on the straight portions of the chain link 14, that
      the plane of the chain link coincides with a central plane equispaced from
      the planes defined by the plates 50. As shown in FIG. 4, in this condition
      the cylinder 94 and the bolt 96 are in their farthest forward position
      while the piston rod 88 is actuated rearwardly as far as possible. On a
      basis of this condition, the two compressing tools 16 are applied against
      the rounded portions of the chain link 14 with a predetermined pressure so
      that they secure it in position, Thereupon, the cylinder-piston unit 86 is
      preferably pneumatically operated so that the internal piston (not shown)
      thereof is subjected to a force on its rearwardly face. In consequence,
      the piston rod 88 is moved forwardly and the cylinder 94 and the bolt 96
      are moved jointly rearwardly as far as the positions shown in FIG. 3. In
      this position the head 87 of the piston rod 88 abuts the rear face of the
      part 100 while the rearwardly face of cylinder 94 abuts the front face
      thereof.
PAR  As the welding electrodes 18 are applied to the ends of the chain link 14,
      the leaf-springs 48 are actuated in opposite directions away from the link
      14. Upon conclusion of the welding process, during which the pressure
      exerted by the compressing tools 16 has been increased to an upsetting
      pressure, the electrodes 18 are raised and the compressing tools 16 move
      apart. When this happens, the chain link 14 which has just been welded
      inclines naturally approximately 45.degree. to one side. Now the transport
      tools (not shown) of the apparatus are actuated to transport the chain
      strand 8 by one division or step, i.e., the length of a chain link, to
      dispose another unwelded chain link 14 on the apex of the saddle 6. This
      natural inclination is, however, toward the other side, as FIG. 5 shows,
      i.e., oppositely of the chain position shown in FIG. 3. FIG. 5 shows the
      chain link 14 which has just been welded as well as the next chain link to
      be welded.
PAR  In order to erect the new unwelded chain link 14, the control shaft 70 is
      caused to rotate counterclockwise, as viewed in FIG. 3, until the leading
      flank 76 pivots the lever 60 about the stub axle 58 in counterclockwise
      direction, so that the leaf-springs 48, guided by the parallelogram
      linkage, are lifted substantially vertically upward into their operative
      position wherein plates 50 are adjacent the chain link 14. Erection is
      achieved by a simple rotation of the chain link 14 about its longitudinal
      axis. To accomplish this, the two plates 50 must be brought together as
      far as the thickness of the chain wire, as shown in FIG. 4. Applying a
      force to the front face of the internal piston (not shown) of the unit 86
      moves the piston rod 88 against the front leaf-spring 48 and urges it
      rearwardly. If the force necessary to bend the front leaf-spring 48 tends
      to exceed the force of friction between the push rods 90 and the bores 46,
      a change in the movement will follow. While the piston rod 88 remains
      stationary, the cylinder 94 moves to the rear until it strikes the
      connecting part 100. During this time, simultaneously with the cylinder
      94, the bolt 96 will have moved sufficiently far forwards as to bend the
      rear leaf-spring 48 into that position needed for the complete erection of
      the chain link 14. Now the piston 88 is constrained to move farther to the
      rear. The extreme position of the front leaf-spring 48 is reached when the
      adjusting screw 102 bears on the wall of the recess 44 provided in the
      saddle 6 for the front leaf-spring. Thus, the starting condition as shown
      in FIGS. 4 and 8 is restored, whereupon the cycle is repeated. The remarks
      made with respect to the movement of the leaf-spring 48 constitute a kind
      of slow-motion study. In reality, the leaf-springs move so quickly toward
      and away from each other that the human observer witnesses an apparent
      simultaneous movement of both leaf-springs. The guides 20 provide purely
      passive assistance in feeding and orienting the chain straid 8, while the
      coil spring 66 actively participates in the lowering of the leaf-springs
      48 after application of the compressing tools 16 to the chain link 14 to
      be welded.
PAR  Many modifications and variations of the present invention are possible in
      light of the above teachings and within the purview of the appended claims
      without departing from the spirit and intended scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Chain welding apparatus for welding successive interconnected links of a
      chain strand comprising:
PA1  a frame;
PA1  a saddle secured to said frame for supporting a chain link to be welded,
      said saddle having an approach side and a discharge side;
PA1  a guide means disposed on each of said approach and discharge sides of said
      saddle for supporting and guiding said chain strand, said guide means on
      at least said approach side having at least a first and a second guide
      face, each of said faces being adapted to guide alternate links
      respectively of said chain strand, the planes of said first and second
      guide faces enclosing an angle of at most approximately 45.degree. on
      opposite sides respectively of a vertical plane through the longitudinal
      axis of the chain strand; and
PA1  means attached to said frame and positioned adjacent said chain link to be
      welded for erecting and securely holding said link in an upright position
      for welding.
NUM  2.
PAR  2. Chain welding apparatus according to claim 1 including a third and
      fourth guide face arranged in parallel relation with said first and second
      guide faces respectively, said first and third guide faces being adapted
      to bear against the oppositely disposed surface portions respectively of
      alternate links of said chain strand, said second and fourth guide faces
      being adapted to bear against the oppositely disposed broad surface
      portions respectively of the remaining links of said chain strand.
NUM  3.
PAR  3. Chain welding apparatus according to claim 2, wherein said first and
      second guide faces are integrally connected to form a first key and said
      third and fourth guide faces are integrally connected to form a second
      key, said first and second keys being arranged in confronting relation and
      adapted to engage said chain strand from opposite sides thereof.
NUM  4.
PAR  4. Chain welding apparatus according to claim 3, wherein said first and
      second guide faces intersect at a right angle and said third and fourth
      guide faces intersect at a right angle.
NUM  5.
PAR  5. Chain welding apparatus according to claim 1, wherein said saddle
      includes an upwardly disposed trough for receiving said chain strand, said
      trough having a cross-section substantially in the form of a segment of a
      circle.
NUM  6.
PAR  6. Chain welding apparatus according to claim 1, wherein each of the
      oppositely disposed sides of said saddle located at right angles to said
      approach and discharge sides thereof is provided with a vertical recess
      and wherein said means are erecting and holding said link to be welded
      comprises a pair of substantially vertical and parallel holding arms, each
      having upper and lower ends and adapted to move upwardly and downwardly
      jointly, each one of said arms being positioned in one of said recesses in
      said saddle, the upper ends of said arms being in confronting relation
      when in their upwardly position and being adapted to move in opposite
      directions approximately at right angles to a plane containing the
      longitudinal axis of said chain strand.
NUM  7.
PAR  7. Chain welding apparatus according to claim 6, wherein said holding arms
      are leaf springs.
NUM  8.
PAR  8. Chain welding apparatus according to claim 6, including a plate fixedly
      mounted on each confronting surface of the upper ends of said holding
      arms.
NUM  9.
PAR  9. Chain welding apparatus according to claim 6 including shaped bodies
      fixedly mounted on each confronting surface of the upper ends of said
      holding arms, said bodies being so shaped as to conform to the surface of
      a chain strand adapted to be disposed in said saddle between said holding
      arms.
NUM  10.
PAR  10. Chain welding apparatus according to claim 6, including a parallelogram
      linkage operatively connected to said holding arms for causing upward and
      downward movement of said arms.
NUM  11.
PAR  11. Chain welding apparatus according to claim 10, wherein said
      parallelogram linkage comprises a lever pivotally mounted intermediately
      of its length to said frame and arranged to pivot about an axis parallel
      to the longitudinal axis of said chain link to be welded, one end of said
      lever being connectd to a flat bar, the lower ends of said holding arms
      being connected on the oppositely disposed narrow sides of said flat bar,
      the other end of said lever being operatively connected to a cam
      transmission.
NUM  12.
PAR  12. Chain welding apparatus according to claim 11, including a spring
      connected between the said one end of said lever and said frame for
      providing a restoring force to said lever.
NUM  13.
PAR  13. Chain welding apparatus according to claim 11 wherein said cam
      transmission comprises a roller rotatingly mounted on said other end of
      said lever, a camplate mounted on a rotatable control shaft and
      cooperating with said roller, the axis of said control shaft being
      arranged in a spaced and parallel relation with the pivotal axis of said
      lever.
NUM  14.
PAR  14. Chain welding apparatus according to claim 6, wherein said means for
      erecting and holding said chain link to be welded includes at least one
      cylinder-piston unit operatively connected to said saddle and having a
      piston rod adapted to reciprocate along an axis at right angles to a
      vertical plane through the longitudinal axis of said link, the operative
      end of said piston rod being arranged to strike the outwardly facing
      surface of the upper end of one of said holding arms.
NUM  15.
PAR  15. Chain welding apparatus according to claim 14, wherein said
      cylinder-piston unit is double-acting.
NUM  16.
PAR  16. Chain welding apparatus according to claim 15, wherein said saddle is
      provided with a pair of spaced parallel bores disposed therethrough, said
      bores being positioned on opposite sides of the recesses in said saddle
      along axes parallel to the axis of said piston rod, and including a pair
      of thrust rods each one of which is slidingly disposed in one of said
      bores, one end of each of said rods being fixedly connected to said
      cylinder, an adjustable bolt disposed along an axis coincident with said
      piston rod axis and arranged to operatively bear against the outwardly
      facing surface of the upper end of the other of said holding arms, the
      other ends of each of said rods being operatively connected to said
      adjustable bolt.
NUM  17.
PAR  17. Chain welding apparatus according to claim 16, including limiting guide
      means mounted on said saddle for guiding said piston rod and for limiting
      the stroke of said cylinder.
NUM  18.
PAR  18. Chain welding apparatus according to claim 14, wherein said holding arm
      cooperating with said piston rod is provided with an adjusting screw
      disposed therethrough along an axis substantially parallel with the piston
      rod axis, one end of said screw being arranged to abut said saddle whereby
      axial adjustment of said screw varies the distance between the confronting
      surfaces of said holding arms.
NUM  19.
PAR  19. A method of producing particularly high-strength chains by bending,
      interengaging and welding with at least a pair of movable welding
      electrodes successive lengths of chain wire to form a chain strand
      comprising the steps of:
PA1  arranging the broad side of alternate links of said chain strand at an
      angle of at most approximately 45.degree. with respect to one side of a
      vertical plane through the longitudinal axis of the chain strand and
      parallel to the direction of motion of said electrodes:
PA1  arranging the broad side of the remaining links of said chain strand at an
      angle of at most approximately 45.degree. with respect to the other side
      of said plane;
PA1  transporting said chain strand to a position adjacent said pair of movable
      electrodes whereby a chain link to be welded is longitudinally aligned
      with said electrodes;
PA1  rotating said chain link to be welded such that the broad sides of said
      chain link to be welded are upright and substantially parallel to the
      direction of motion of said welding electrodes, and welding said chain
      link with said electrodes; and
PA1  transporting said chain strand to longitudinally align the next successive
      chain link to be welded with said welding electrodes.
NUM  20.
PAR  20. The method according to claim 19, wherein said rotating step includes
      the step of substantially simultaneously applying forces to the parallel
      broad sides of said chain link to be welded to thereby rotate said chain
      link to be welded through said at most approximately 45.degree. angle to
      an upright position for welding.
NUM  21.
PAR  21. The method according to claim 19, wherein the bending of said length of
      chain wire is accomplished substantially simultaneously with said welding
      step.
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ABST
PAL  A combustion liner for a gas turbine combustion apparatus has a wall of
      ceramic material. To minimize destructive thermal gradients in the ceramic
      material due to local cooling by air entering the liner through ports for
      combustion or dilution air, the walls of these ports are isolated from the
      entering air by metal bushings inserted through each port, these bushings
      being retained by a band encircling the liner and connected to the
      bushings.
BSUM
PAR  My invention is directed to combustion apparatus such as is employed in gas
      turbine engines. Particularly, it is directed to improvements in ceramic
      combustion liners operative to reduce thermal gradients attendant upon the
      entrance of air into the liner through the usual ports.
PAR  It is well known that combustion apparatus of the sort employed in gas
      turbine engines ordinarily includes an outer housing or casing to which
      compressed air is introduced and a combustion liner into which the air
      flows from the housing and within which combustion takes place between the
      air so entering and fuel which is sprayed or otherwise diffused within the
      liner. In such devices, the combustion is quite intense and the heat is
      high; in fact, in many cases the air entering the combustion apparatus is
      at about 1000.degree.F. and often it is at 2000.degree.F. or higher at
      discharge from the combustion apparatus. The maximum temperature in the
      flame zone may be 3000.degree.F. or higher.
PAR  Typical prior art combustion apparatuses have employed combustion liners of
      high temperature resistant metal alloys. These have been quite successful,
      but are also quite expensive.
PAR  It appears highly desirable to find a satisfactory way to substitute molded
      ceramic liners or portions of liners for the metal liners previously
      employed. High temperature resisting ceramic compositions may be formed or
      molded and fired to provide accurately dimensioned parts of very high
      temperature resisting capabilities which have some advantages other than
      cost over the metal structures referred to above. However, there are
      difficulties attendant upon the use of such ceramics, among them being the
      likelihood of cracking or breakage of the ceramic material due to stresses
      resulting from thermal gradients. such gradients cause high stresses in
      the ceramic material, which is brittle rather than ductile as in the case
      of the metal liner.
PAR  In the usual combustion liner the air for combustion is introduced through
      ports in the wall of the liner and dilution air is introduced through
      ports at the downstream end of the combustion zone of the liner to reduce
      the temperature of the combustion products. Obviously, with a liner in
      which intense combustion is taking place, the ceramic waall will be very
      hot. On the other hand, the combustion air entering through the ports is
      ordinarily at least 1000.degree. cooler than the flame temperature. It is
      inconsistent with satisfactory service life of the ceramic to have the
      margins of the air ports cooled by the entering air to a temperature much
      lower than the immediately surrounding parts of the liner wall.
PAR  My present invention is based upon the concept of providing bushings or
      sleeves lining these ports in the liner so as largely to isolate the
      ceramic material from the entering air. It also involves structures of the
      bushings and of arrangements for retaining them in place.
PAR  The principal objects of my invention are to provide an improved gas
      turbine combustion apparatus of lower cost, to provide a ceramic
      combustion liner wall structure best adapted to meet the requirements of
      practice, to provide simple, reliable, and inexpensive means for
      protecting the ceramic liner walls from combustion or dilution air
      entering through ports in the wall, and to provide improved and highly
      suitable structures of bushing arrangements for so isolating the liner
      wall from the entering air.
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PAR  The nature of my invention and its advantages will be apparent to those
      skilled in the art from the succeeding detailed description of preferred
      embodiments of the invention and the accompanying drawings of them.
PAR  FIG. 1 is a schematic illustration of a gas turbine combustion apparatus
      incorporating a ceramic liner wall, taken in a plane containing the axis
      of the liner.
PAR  FIG. 2 is a transverse sectional view of a liner as in FIG. 1 including the
      first form of means for protecting the liner from entering air.
PAR  FIG. 3 is a plan view of the same, taken of the plane indicated by the line
      3--3 in FIG. 2.
PAR  FIG. 4 is a view similar to FIG. 2 of a second form of the invention.
PAR  FIG. 5 is a plan view of the same, taken on the plane indicated by the line
      5--5 in FIG. 4.
PAR  FIG. 6 is a view similar to FIG. 2 of a third form of the invention.
PAR  FIG. 7 is a plan view of the same, taken on the plane indicated by the line
      7--7 in FIG. 6.
PAR  FIG. 8 is a view similar to FIG. 2 of a fourth form of the invention.
PAR  FIG. 9 is a plan view of the same, taken on the plane indicated by the line
      9--9 in FIG. 8.
PAR  FIG. 10 is a view similar to FIG. 2 of a fifth form of the invention.
PAR  FIG. 11 is a plan view of the same, taken on the plane indicated by the
      line 11--11 in FIG. 10.
DETD
PAR  Before proceeding with the description of the embodiments of my invention,
      I call attention to Penny U.S. Pat. No. 3,594,109, issued July 20, 1971,
      which shows a ceramic lining for a metal combustion liner or flame tube
      and in which bushings extending through the air holes of the liner are
      fixed to the metal wall.
PAR  FIG. 1 shows somewhat schematically one form of general arrangement of a
      gas turbine combustor incorporating a ceramic liner wall. The combustion
      apparatus 2 includes a housing 3 enclosing a generally cylindrical space
      within which a combustion liner 4 is mounted. Compressed air for
      combustion may enter the housing through an air entrance 6. The other end
      of the housing may be closed by means not illustrated. Alternatively, the
      compressed air might enter through the downstream end 7 of the housing,
      and the air entrance 6 could be closed. The combustion liner 4 includes a
      dome or upstream end closure 8 and a side wall 10 preferably of circular
      cross section. The side wall is made of a suitable ceramic material; for
      example, silicon carbide. The side wall is inserted within a peripheral
      flange 11 of the dome at its upstream end and its downstream end is
      coupled to a duct 12 which conducts the combustion products to a turbine
      or other user (not illustrated). As shown, the downstream end of the liner
      is seated in an enlarged seat 14 at the upstream end of duct 12. The wall
      10 is thus supported by dome 8 and duct 12. As illustrated, the upstream
      end of the liner is supported by a fuel nozzle 15 mounted in the wall of
      housing 3, to which fuel is supplied by a fuel line 16.
PAR  The liner defines a combustion zone indicated generally at 18 toward the
      upstream end of the liner 10 and a dilution zone indicated at 10 towards
      the downstream end of the liner. Some air for combustion may enter through
      the fuel nozzle. More air ordinarily enters through ports such as those
      indicated as 20 in the dome and, generally, the greater part of the
      combustion air enters through one or more rows of ports 22 distributed
      circumferentially around the liner. The structure of dome 8 may be similar
      to that illustrated in U.S. Pat. No. 3,656,298 of Wade issued Apr. 18,
      1972, except that there is no air admission at the outer edge of the dome.
PAR  Dilution air, which ordinarily is of greater quantity than combustion air,
      may enter the liner through a circumferential row of larger ports 23
      toward the downstream end of the liner. Except for the presence of a
      ceramic liner wall, structure of the engine and of the combustion
      apparatus may be similar to those described in U.S. Pat. Nos. as follows:
      Collman et al. 3,077,074, Feb. 12, 1963; Collman et al. 3,267,674, Aug.
      23, 1966; and Bell 3,490,746, Jan. 20, 1970.
PAR  As to all the air ports 22 and 23, it will be apparent that relatively cool
      air flowing through the ports at fairly high velocity will tend to cool
      the liner wall 10 immediately in the vicinity of the ports to a
      temperature substantially below that of the adjoining portions of the
      wall. Such thermal gradients set up mechanical stresses in the material
      which have been found in practice to result in spalling or cracking of the
      liner wall which may render it unfit for service in an undesirably short
      time.
PAR  My invention is directed to providing simple, reliable, and inexpensive
      means to overcome this problem by channeling the flow into the liner
      through bushings, sleeves, or the like which isolate the ceramic material
      from direct contact with the inflowing compressed air. Various physical
      forms or embodiments of the invention are illustrated in FIGS. 2 through
      11 of the drawings. It will be understood that any of these forms could be
      employed with the liner structure illustrated in FIG. 1. In these figures
      the liner wall 10 of FIG. 1 is illustrated fragmentarily, but sufficiently
      to illustrate the installation of the bushings. In all of FIGS. 2 through
      11 the air hole is indicated as 24, which is intended to refer either to a
      primary air port 22 or a dilution air port 23.
PAR  In the structure of FIG. 2, a cylindrical bushing 26 fitted in the hole 24
      preferably projects somewhat from both the exterior surface 27 and the
      interior surface 28 of the liner wall 10. The clearance of the bushing
      from the wall is exaggerated for clarity of the figure and may be
      negligible. The bushing should be loose enough not to tend to break the
      liner by relative thermal expansion. The greatest expansion of the bushing
      relative to the liner would occur immediately after shutdown of the
      combustion apparatus, when flow of air drops off and the bushing tends to
      become additionally heated by radiation or conduction from the wall 10.
      The metal bushing expands much more greatly for a given increase of
      temperature than the wall 10, but in normal operation the bushing can be
      expected to be significantly cooler than the wall. In general, however, it
      may be expected to be a close fit under operating conditions and somewhat
      looser when the entire structure is cold. Exact clearances will depend
      upon the characteristics of a particular installation.
PAR  Each bushing 26 is welded or brazed to a retainer ring or strap 30 which
      extends entirely around the periphery of the liner. Preferably, the strap
      is narrower between the ports than the width of the ports but has wider
      portions 31 overlying each port 24. The bushings 26 preferably are fixed
      to the strap 30 by a circumferential weld 32 around the bushing at the
      outer surface of the strap 30.
PAR  For installation of the metal structure, the strap may be continuous and be
      slid over the liner, after which the bushings are inserted into the strap
      and welded in place. Alternatively, the strap may be open at one point,
      with the bushings welded in place and be wrapped around the liner and
      thereafter have the ends of the strap welded or otherwise secured together
      when the bushings are in place in ports 24.
PAR  In the usual installation, the strap 30 will expand more than the liner in
      service and therefore it may be a close fit when the parts are cold. The
      additional expansion operation is not significant so far as the isolation
      of the liner from the entering air is concerned. It will be apparent upon
      examination of FIGS. 2 and 3 that the air current indicated by the arrow
      34 will be effectively isolated from the wall portion of the liner wall
      bounding the air port 24. If there is any flow outside the bushing, it
      will be trivial and of low velocity and low cooling effect on the ceramic.
PAR  Referring now to FIGS. 4 and 5, each bushing 35 is welded or brazed to a
      preferably circular washer 36 which abuts the outer surface of the liner.
      Diametrically opposed slots 38 are cut in the outer end of the bushing 35.
      These receive a retaining ring in the form of a wire 39 which extends
      around the liner, the ends of which may be secured by twisting together as
      indicated at 40. In this case, the bushings are inserted in the openings
      24 and the wire 39 is wrapped around the liner and fitted into the notches
      38, ahd closed by twisting. The washer 36 keeps the bushing from falling
      into the inside of the liner and also may be of some benefit in closing
      off flow past the outer surface of the bushing.
PAR  FIGS. 6 and 7 illustrate a third form in which the bushings 42 are in the
      same relation to the liner as described above. The bushings are located
      and held in place by a retaining ring in the form of a preformed wire 43
      extending around the liner. In this case the wire is formed with an
      approximately semicircular offsets 44 at the location of each bushing 42.
      The bushing is welded to the wire as indicated at 46. In this case the
      assembly of wire and bushing is wrapped around the liner and the ends of
      the wire are secured together in a suitable manner, as by welding or
      twisting, for example.
PAR  Referring to FIGS. 8 and 9, the structure shown is somewhat similar to that
      of FIGS. 4 and 5. However, in this case the retaining wire 47 is fixed to
      the bushings 48. Each bushing has two diametrically opposed slots 50 in
      its outer end in which the wire 47 is laid and the wire is fixed to the
      bushing by welds indicated at 51. This assembly may then be mounted on the
      liner and the ends of the wire 47 suitably joined.
PAR  Finally, the form shown in FIGS. 10 and 11 differs from those previously
      described in several respects. For one thing, the bushing 54 has a flaring
      or funnel-shaped outer end 55 which may lodge against the outer surface of
      the liner 10 when the bushing is inserted. This may have desirable
      characteristics with respect to air flow through the bushing in certain
      installations. Obviously, such a funnel-shaped outer end can be employed
      in the structures shown in the other figures. For retention, a tab or
      flange 56 is bent out from the outer end portion 55. This flange engages
      the outer surface of the liner. Flanges 56 of bushings 54 for a particular
      row or circle of holes are overlaid by a preferably rectangular retaining
      wire or strap 58 which is welded or brazed to the outer surface of the
      tab. This strap may be double ended and have its ends welded together
      after the bushings are inserted as previously explained.
PAR  It will be noted that all of the bushings illustrated extend from outside
      the outer surface of the liner to inside the inner surface to isolate the
      ceramic material of the liner from the entering air stream. Since the
      assembly of bushings and retainer is individual to each row or ring such
      as 22 or 23 in the liner, there is no problem of relative axial expansion
      of the liner and any axially extending metal bushing retaining structure.
      The metal parts are simple and may be easily applied. They should, of
      course, be made of sufficiently heat resistant metal.
PAR  The suitability of these bushing arrangements to minimize heat transfer
      from the ceramic liner to air flowing through ports in the liner will be
      apparent.
PAR  The detailed description of the preferred embodiments of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combustion apparatus comprising, in combination, a combustion liner
      defining a space for combustion of fuel, the liner having a wall of
      ceramic material of approximately circular cross section defining the
      exterior of the liner and defining a circumferential row of ports for
      admission of air into the liner, the air being significantly cooler than
      the wall in normal operation of the combustion apparatus, and means for
      reducing thermal stresses in the wall due to local cooling of the wall by
      air entering through the ports comprising a bushing slidably received in
      each port and a retainer ring means encircling the exterior of the liner
      supported only through the said wall connected to the bushings in a said
      row of ports effective to retain the bushings in the ports, the width of
      the retaining ring being not more than a value slightly greater than the
      width of the bushings transversely of the retaining ring.
NUM  2.
PAR  2. An apparatus as defined in claim 1 in which the retainer ring means is
      wider at the locations of the bushings than it is between the bushings and
      encircles the bushings.
NUM  3.
PAR  3. A combustion apparatus comprising, in combination, a combustion liner
      defining a space for combustion of fuel, the liner having a wall of
      ceramic material of approximately circular cross section defining the
      exterior of the liner and defining two circumferential rows of ports for
      admission of air into the liner, the rows being spaced axially of the
      liner, the air being significantly cooler than the wall in normal
      operation of the combustion apparatus, and means for reducing thermal
      stresses in the wall due to local cooling of the wall by air entering
      through the ports comprising a bushing slidably received in each port and
      a retainer ring means for each row of ports encircling the exterior of the
      liner supported only through the said wall connected to the bushings in
      the said row of ports effective to retain the bushings in the ports, the
      retainer rings being independently supported and axially located by the
      wall.
NUM  4.
PAR  4. A combustion apparatus comprising, in combination, a combustion liner
      defining a space for combustion of fuel, the liner having a wall of
      ceramic material of approximately circular cross section defining the
      exterior of the liner including a portion defining a circumferential row
      of ports for admission of air into the liner, the air being significantly
      cooler than the liner in normal operation of the combustion apparatus, and
      means for reducing thermal stresses in the wall portion due to local
      cooling of the wall portion by air entering through the ports comprising a
      bushing slidably received in each port, means defining a flange on each
      bushing engaging the outer surface of the liner to locate the bushing
      radially of the liner, and a retainer ring means supported by the said
      wall encircling the exterior of the liner and overlying the flanges of the
      bushings in a said row of ports effective to retain the bushings in the
      ports.
NUM  5.
PAR  5. An apparatus as defined in claim 4 in which the flange is defined by a
      washer fixed to and encircling the bushing.
NUM  6.
PAR  6. An apparatus as defined in claim 4 in which the flange is defined by a
      tab struck out from the wall of the bushing.
NUM  7.
PAR  7. An apparatus as defined in claim 4 in which the flange is defined by a
      flare on the outer end of the bushing.
NUM  8.
PAR  8. A combustion apparatus comprising, in combination, a combustion liner
      defining a space for combustion of fuel, the liner having a wall of
      ceramic material of approximately circular cross section defining the
      exterior of the liner including a portion defining a circumferential row
      of ports for admission of air into the liner, the air being significantly
      cooler than the liner in normal operation of the combustion apparatus, and
      means for reducing thermal stresses in the wall portion due to local
      cooling of the wall portion by air entering through the ports comprising a
      bushing slidably received in each port and a wire supported by the said
      wall encircling the exterior of the liner connected to the bushings in a
      said row of ports effective to retain the bushings in the ports.
NUM  9.
PAR  9. An apparatus as defined in claim 8 in which the wire is lodged in slots
      in the outer ends of the bushings.
NUM  10.
PAR  10. An apparatus as defined in claim 9 in which the wire is welded to the
      bushing and retains the bushing against movement into the liner.
NUM  11.
PAR  11. An apparatus as defined in claim 8 in which the wire is formed with a
      loop extending partially around the circumference of the bushing and
      bonded to the bushing.
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ABST
PAL  A combustion chamber for a gas turbine engine, comprising an upstream
       porn divided longitudinally into a first chamber and a second chamber
      supplied with air in parallel, and a downstream portion in which the flows
      issuing from these two chambers mix, the first chamber comprising a
      primary combustion zone into which fuel is injected at an idling rating
      forming a substantially stoichiometric air - fuel mixture, and a secondary
      combustion zone supplied with secondary combustion air, and the second
      chamber, of the premixed burning type, being formed by a simple conduit
      upstream of which, for driving the gas turbine at the maximum rating,
      supplementary fuel is injected which burns on contact with a flame
      synchronizer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the combustion chambers of gas turbine
      engines and especially aviation turbine jet engines, and more precisely
      concerns a non-polluting combustion chamber arrangement.
PAR  Efforts have been made hitherto to improve the operation of combustion
      chambers, their reliability, their weight and other similar
      characteristics, without taking very much account however of pollution,
      except as regards the emission of visible smoke. Thus one has arrived at
      the conventional concept consisting in injecting the fuel into a primary
      combustion zone followed by a secondary combustion or dilution zone, the
      primary zone being arranged so that the richness of the fuel-air mixture
      may be close to the stoichiometric richness for the conditions of maximum
      continuous rating, and that its volume should be at least equal to the
      value necessary to ensure re-ignition in flight at a specific altitude.
      This conventional concept, from the pollution viewpoint, presents the
      following drawbacks:
PAR  On idling while the aircraft is stationary or taxying, by reason of the low
      mean richness of the primary zone, the combustion efficiency is not very
      good and a large quantity of carbon monoxide and unburnt hydrocarbons is
      ejected in the vicinity of the ground;
PAR  At the maximum continuous rating and on take-off, the combustion efficiency
      is close to the optimum but the design of the chamber implies a long stay
      of the gases in the zones where the richness of the mixture is
      substantially stoichiometric and the temperature achieved very high, by
      reason of this richness and of the high values of the temperature and
      pressure at the entry to this chamber, this being favorable to the
      production of various nitrogen oxides.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention these drawbacks are eliminated by
      dividing the upstream part of the combustion chamber into two distinct
      chambers which are supplied in parallel with conburrent agent, namely a
      first chamber or idling chamber which may have the construction of a
      conventional combustion chamber and comprises means for injecting fuel, at
      a flow rate corresponding to the idling of the gas turbine, into a primary
      zone arranged so that the air-fuel mixture therein is substantially
      stoichiometric, followed by a secondary zone, and a second chamber
      ensuring the combustion of the fuel supplement corresponding to the
      running of the gas turbine at the maximum speed, this second chamber being
      of the premixed burning type, that is to say constituted by a conduit
      receiving a flow of combustion air at its upstream end into which the said
      fuel supplement can be injected and containing a flame stabilizer system,
      and by mixing the flows issuing from these two distinct chambers in the
      downstream part of the combustion chamber by means of a device acting by
      constriction of at least one of these flows.
PAR  The injection of fuel into the primary zone of the first chamber is
      utilized alone on idling. As the richness of the air-fuel mixture in the
      primary zone of the first chamber is substantially stoichiometric, the
      chemical combustion reactions develop under much more favorable conditions
      than in a conventional combustion chamber and consequently the emissions
      of carbon monoxide and unburnt hydrocarbons at the exhaust of the engine
      on idling are considerably reduced.
PAR  At the meximum rating, that is on take-off if the gas turbine is part of an
      aircraft gas turbine jet engine, fuel is further injected at a high
      supplementary flow rate and burnt in the second chamber, where the
      production of nitrogen oxides will be very low by reason of the high speed
      of flow of the gases. Moreover the gases issuing from the second chamber
      will be immediately placed, by the constriction device, in intimate
      contact with the cooler gases issuing from the first chamber and will
      therefore be subjected in the mixing chamber formed by the rear part of
      the combustion chamber to a phenomenon analogous to a "thermal quench"
      suddenly stopping the chemical reactions which generate nitrogen oxides.
      The production of these oxides will thus be very low in comparison with
      that of conventional combustion chambers.
PAR  At the maximum continuous speed of the gas turbine engine, that is in
      cruising flight if the turbine is part of an aircraft gas turbine jet
      engine, one continues to supply the injectors of the primary zone of the
      first chamber and one injects fuel at a complementary flow rate, which is
      obviously less than the supplementary flow rate corresponding to the
      maximum rating (at take-off), in a suitable region of the combustion
      chamber. In one embodiment this complementary fuel flow rate is injected
      into the secondary zone of the first chamber, advantageously by means of
      injectors which pass through air intake openings of this secondary zone.
      The mean richness of the air-fuel mixture in the whole of the first
      chamber will generally be a little greater than stoichiometric richness,
      so that the temperature there will be high and there will be a risk of
      producing a more abundant emission of nitrogen oxides than on idling and
      than at full speed (take-off).
PAR  It is however possible to obtain a maximum reduction of the emission of
      nitrogen oxides at the maximum continuous rating of the gas turbine
      (cruising) by adopting another embodiment in which the complementary flow
      rate of fuel is injected no longer into the secondary zone of the first
      chamber but into the second chamber. The mean richness in this second
      chamber will then be lower than at maximum rating and can even be less
      than the lean combustion limit; in this case it will be necessary to make
      use of an expedient to ensure combustion in this second chamber. One
      expedient consists, at the maximum continuous rating (cruising), in
      reducing the fuel flow rate supplying the idling injectors in order
      correspondingly to increase the fuel flow rate injected into the second
      chamber. Another expedient consists in locally enriching the air-fuel
      mixture in the second chamber by sharing the flow rate of fuel injected
      there at the complementary rate between the injection device normally
      provided for maximum rate and a further injection device.
PAR  It should be noted that the safe operation of the second chamber of the
      premixed burning type, that is of the type in which fuel is injected into
      an air flow at a distance upstream of a flame stabilizer system, is
      possible because the fuel is injected only at the maximum rating or at the
      maximum continuous rating, that is to say when the air flow passing
      through this second chamber is very rapid. The use of premixed burning,
      (injection of fuel upstream of the flame stabilization zone) in a
      conventional combustion chamber would be dangerous because during the
      starting up of the gas turbine there would be danger of producing a flame
      flashback which would damage the machine. Moreover it would generally be
      difficult in a combustion chamber of conventional construction to add fuel
      only to the air penetrating through the flame tube into the primary
      combustion zone without at the same time adding fuel to the secondary or
      dilution air and to the "film cooling" air. In aviation jet engines the
      use of pre-mixture is reserved for the after-burner.
PAR  The first and second chambers are advantageously supplied with air at
      different pressures, and preferably the first chamber at the higher
      pressure. The supplying of the first chamber at a higher pressure permits
      especially to increase the intensity of turbulence in this first chamber
      and consequently to further improve the efficiency of the combustion on
      idling. As the second chamber is at a lower pressure, this also permits to
      use the flames produced by the combustion of the idling fuel in the first
      chamber to ensure the ignition of the second chamber, by disposing an
      intercommunication conduit between these chambers which opens opposite to
      the flame stabilizer system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic axial half-sectional view of a combustion chamber
      according to the invention;
PAR  FIG. 2 is a view on a larger scale of a part of FIG. 1, showing a fuel
      injector passing through an air intake orifice of the secondary combustion
      zone;
PAR  FIG. 3 is a detail view of another part of FIG. 1, illustrating the fixing
      of the flame tube of the first chamber to the casing of the combustion
      chamber;
PAR  FIGS. 4, 4a and 4b are sectional views of three different types of
      injection assembly utilisable in the second chamber according to FIG. 1;
PAR  FIG. 5 is a view of another part of FIG. 1 showing in section along the
      line V--V in FIG. 5a, a variant of the mixture device acting by
      constriction, and FIG. 5a is a partial elevational view in the direction
      of the arrow F in FIG. 5:
PAR  FIG. 6 is a view similar to FIG. 1 showing a modification.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is shown a combustion chamber 1 forming part of an aviation
      gas turbine jet engine which is not represented as a whole. The combustion
      chamber is contained in an annular casing 2, with axis X-X', which is
      connected upstream to the output of a high pressure compressor 3 and
      downstream to a high pressure turbine 4 which drives the compressor 3
      through a shaft 5. In well-known manner the air delivered by the
      compressor 3 into the combustion chamber 1 serves for the combustion
      therein of a fuel so as to produce hot gases which expand in the turbine
      4, then in a low pressure turbine (not shown) and form behind it a jet
      which ensures the propulsion of the aircraft (not shown) upon which the
      gas turbine jet engine is mounted.
PAR  The upstream part of the annular space included within the casing 2 is
      divided into two distinct coaxial chambers supplied in parallel with air
      delivered by the compressor 3, namely an outer annular chamber 6 provided
      with a flame tube 7 and an inner annular chamber 8 provided with two
      coaxial tubular walls 9, 10, each of these two chambers occupying
      approximately half of the cross-section of the casing.
PAR  The flame tube 7 has the conventional form of an annular flame tube of a
      combustion chamber, comprising two coaxial tubular walls 7a, 7b connected
      upstream by an annular end piece 7c. The inner tubular wall 7b is
      connected downstream by a U-walled element 11 to the outer tubular wall 10
      of the chamber 8, and the annular space 12 included between these two
      tubular walls 7b, 10 is freely open upstream towards the output of the
      compressor 3. The outer tubular wall 7a is prolonged, downstream of the
      flame tube 7, up to the vicinity of the downstream extremity of the casing
      2, where it is connected to the latter by an annular piece 13. Likewise
      the inner tubular wall 9 of the chamber 8 is prolonged downstream up to
      the vicinity of the downstream extremity of the casing 2, where it is
      connected to the latter by a piece 14. The pieces 13 and 14 respectively
      close, downstream, two annular spaces 15 and 16 included respectively
      outside the wall 7a and inside the wall 9, which are freely open upstream
      towards the output of the compressor 3.
PAR  The flow of air delivered by the compressor 3 is divided into two coaxial
      annular flows 17, 18 by an annular separation 19 which is connected
      downstream to the tubular wall 10 and the upstream end of which,
      comprising a labyrinth seal, terminates opposite a partition 20
      constituted by ribs called snubbers situated approximately at mid-height
      of the blades of the mobile blading 3a of the last stage of the compressor
      3. The blades of the compressor are twisted in such manner that the
      external air flow 17 is at a pressure higher than that of the internal
      flow 18. The inner tubular wall 9 of the chamber 8 is connected upstream
      to a separation 21, and the separations 19 and 21, each having double
      walls 19a, 19b and 21a, 21b respectively, are streamlined in such manner
      that the annular air entry passage to the chamber 8 situated between the
      walls 19b and 21a has from upstream to downstream a convergent portion
      22a, a portion 22b of uniform section and a divergent portion 22c forming
      a diffuser.
PAR  The end piece 7c of the flame tube 7 is pierced with a series of apertures
      23 into each of which an injector 24 opens, the assembly of the injectors
      24 being capable of atomizing into the primary combustion zone 25 the flow
      rate of fuel which ensures the idling of the gas turbine jet engine. These
      injectors 24 are of the pre-vaporization type as described especially in
      U.S. patent application Ser. No. 372,514 filed June 22, 1973 in other
      embodiments they could be replaced by pre-vaporization injectors of
      another type or by injectors of the pneumatic type, for example as
      described in U.S. patent application Ser. No. 414,945 filed Nov. 12, 1973.
PAR  The tubular walls 7a and 7b are each constituted, in conventional manner,
      by a plurality of sleeves assembled in such manner as to leave "film
      cooling" air inlet passages 26 between them, and are pierced by dilution
      air intake orifices 27 and 28 opening respectively into the primary zone
      25 and the secondary combustion zone 29 of the chamber 6. The outer
      tubular wall 7a is further traversed by a certain number of spark plugs 30
      penetrating into the primary zone 25 and by a certain number of injectors
      31 penetrating into the secondary zone 29 through certain of the air
      intake orifices 28. FIG. 2 shows in detail the arrangement of one of these
      injectors 31, fixed at 31a by a screw (not shown) to a boss 2a of the
      casing 2 and passing through a bore 2b thereof to cross the annular space
      15 in such manner that its injection head 31c is engaged coaxially in an
      air intake orifice 28. The injector 31 is provided with a connection 31b
      which permits the injector to be connected to a fuel inlet manifold (not
      shown) surrounding the casing 2.
PAR  The sleeve 33 situated at the downstream extremity of the secondary zone 29
      is fixed to the casing 2 by means which are shown in detail in FIG. 3. To
      this sleeve 33 there is riveted at 33b an outer sleeve element 33a pierced
      in the vicinity of its upstream extremity with a plurality of bores 33c
      disposed in a ring, in each of which there is welded a washer 34 itself
      welded to a rod 34a fast with a nut 34b which is engaged in a slot 2d of a
      boss 2c of the casing 2 and held in this slot by a screw 34c. FIG. 3 also
      shows the connection of the sleeve 33 with the sleeve 32 situated
      immediately upstream, by means of a piece 35 similar to that described in
      U.S. patent application Ser. No. 295,585 of Oct. 6, 1972, this piece 35
      reserving the cooling air inlet passage 26 between the two sleeves. On the
      inner face of the sleeve 33 (FIG. 1) there is welded the outer edge of an
      annular plate 37 the inner edge of which is welded to the sleeve forming
      the U-walled element 11. This plate 37 is pierced with orifices 38 which
      exert a constricting effect upon the flow of gases issuing from the
      secondary zone 29 of the first chamber or outer chamber 6, and dividing it
      in order to intermix it vigorously, in the rear part 39 of the combustion
      chamber 1 forming the mixture chamber, with the gas flow issuing from the
      second chamber or inner chamber 8.
PAR  In the portion 22b of uniform section of the annular air entry passage into
      the chamber 8 there is disposed a circular fuel injection manifold 40
      supplied by a conduit 41 which passes through the separation 19 and the
      air flow 17 to be connected to a fuel supply collector (not shown). The
      injection manifold 40 is represented in greater detail in FIG. 4; it is
      pierced with injection orifices 40a, 40b serving for the emission
      transversely into the air flow 18 of fuel jets 42a, 42b which are deviated
      and atomized by this air flow and with it form an air-fuel mixture which
      flows downstream in the chamber 8. In a modification, the injection
      manifold 40 is replaced either by the manifold 40' according to FIG. 4a,
      pierced with orifices 40'a which emit fuel jets 42'a in the direction of
      the air flow 18, or by the manifold 40" according to FIG. 4b, pierced with
      orifices 40"a emitting fuel jets counter-flow towards an annular anvil
      piece 43 which deviates them transversely at 42" a and 42"b. In another
      modification (not shown) injection is effected by separate injectors.
PAR  Through the annular space 12 there passes a plurality of passages 44
      disposed in a ring, leaving the primary zone 25 through the tubular wall
      7b and opening through the tubular wall 10 into the chamber 8 opposite to
      a flame stabilizer system 45. These passages are disposed on a
      conventional floating tubular casing (not shown) permitting of absorbing
      the relative expansion movements of the two chambers. In the embodiment
      shown this flame stabilizer comprises two coaxial rings 45a, 45b of
      V-section supported by a structure 46 which is fixed to the partition 19
      by a plurality of connecting rods 47 disposed in a ring. The tubular walls
      9 and 10 are each provided downstream of the flame stabilizer 45 with
      "film cooling" air inlet passages 48 and 49 respectively.
PAR  Thus in FIG. 1 it is seen that the first or external chamber 6 has the
      conventional construction of a combustion chamber, with its flame tube 7
      provided with apertures 23 and 27 which open into the primary combustion
      zone 25, secondary air intake orifices 28 which open into the secondary
      zone 29 and cooling air inlet passages 26. On the other hand the second or
      inner chamber 8 has the construction of a premixed burning chamber
      (analogous with a post-combustion chamber) freely open upstream to
      receive, through the annular passage 22, the air flow 18 with which the
      fuel injected by the assembly 44 forms a mixture which is ignited by
      incandescent gases coming from the primary zone 25 through the passages
      44, the flames formed by the combustion being attached to the flame
      stabilizer 45. This premixed burning chamber 8 is included between the
      tubular walls 9 and 10, of which the part situated downstream of the flame
      stabilizer 45 forms a flame tube cooled by the air coming from the annular
      spaces 16 and 12 through the passages 48 and 49. The chamber 8 opens
      freely into the mixing chamber 39 situated in the downstream part of the
      combustion chamber 1 and included between the prolongations of the tubular
      walls 7a and 9, where the gas flow which has issued from this chamber 8
      mixes, as has been seen, with that issuing from the chamber 6 through the
      orifices 38. At certain ratings, as will be seen hereinafter, the
      combustion is continued in the mixing chamber 39 and the mentioned
      prolongations of the tubular walls 7a and 9 form a flame tube which is
      cooled by "film cooling" by means of air films admitted from the spaces 15
      and 16 through the passages 26 and 48.
PAR  The injection devices 24, 31 and 40 are supplied selectively with suitably
      regulated fuel by means which are shown diagrammatically in FIG. 1 in the
      form of metering valves 50, 51 and 52 respectively. On idling the
      injectors 24 alone are supplied and received a fuel flow rate q.sub.R
      which is capable of ensuring idling of the gas turbine jet engine. The
      orifices 23 and 27 are designed to permit penetration into the primary
      zone 25 of the proportion of the air delivered by the compressor 3 on
      idling which ensures in this zone 25 a substantially mean stoichiometric
      richness.
PAR  It will be explained hereinafter how this proportion of the air flow rate
      can be determined. The spark plugs 30 are supplied with electic current so
      that the substantially stiochiometric air-fuel mixture is ignited and
      burns with a very good combustion efficiency, the combustion initiated in
      the primary zone 25 being continued into the secondary zone 29 by virtue
      of the air supplement coming from the spaces 12 and 15 through the air
      intake orifices 28. The result is a very low emission of carbon monoxide
      and unburnt hydrocarbons. The hot gases formed by the combustion are
      discharged by the orifices 38 into the chamber 39 where they mix with the
      air flow entering at 18 into the second chamber 8 and issue directly
      therefrom into the mixture chamber 39.
PAR  At take-off, the injection assembly 40 of the second chamber is further
      supplied with a fuel flow rate q'.sub.O such that:
EQU  q'.sub.O = q.sub.O - q.sub.R
PAL  q.sub.O being the fuel flow rate capable of ensuring the running of the gas
      turbine jet engine at take-off. As already explained, the air fuel mixture
      formed in the passage 22 by the atomisation of this fuel in the air flow
      18 is ignited by the hot gases entering the chamber 8 through the passage
      44 and burns downstream of the flame stabilizer system 45. The combustion
      brings the gases to a flame temperature sufficient to have suitable
      efficiency, but not too high. The combustion zone is crossed very rapidly
      by the gases by reason of the high speed of the air flow 18 entering
      freely into the chamber 8 through the convergent-divergent passage 22.
      Moreover the hot gases coming from this region mix intimately and very
      rapidly in the chamber 39 with the less hot gases issuing from the chamber
      6 through the orifices 38. As explained in the introduction to the present
      description, the production of nitrogen oxides is greatly reduced.
PAR  The mixer device formed by the perforated partition 37 acts by constriction
      of the flow issuing from the first chamber 6, to divide it into a
      plurality of jets which penetrate deeply into the mass of hot gases
      issuing from the second chamber 8. In other embodiments the mixer device
      could act by constriction of the flow issuing from the chamber 8 or by
      constriction of the two flows. For example in the embodiments according to
      FIGS. 5 and 5a, the perforated partition 37 is replaced by a corrugated
      annular deflector 53 fixed to the rear of the U-walled element 11 which
      separates the chamber 8 from the secondary zone 29 of the chamber 6. The
      corrugations of this deflector 53 have an amplitude which increases from
      its leading edge 53a, which is welded to the wall element 11, to its free
      trailing edge 53b. Owing to this feature the two flows are divided into
      radial sections overlapped into one another, thus accelerating the
      homogenizing process.
PAR  In cruising, the injection manifold 40 is no longer supplied, but the
      injectors 24 are supplied still at the rate q.sub.R and the injectors 31
      are supplied at a rate q'.sub.C such that:
EQU  q'.sub.C = q.sub.C - q.sub.R,
PAL  q.sub.C being the fuel flow rate capable of ensuring the cruising rating of
      the gas turbine jet engine. The atomization of the fuel discharged by the
      injectors 31 is effected pneumatically by the speed of the secondary air
      jets entering through the orifices 28. The combustion instigated in the
      primary zone 25 is continued into the secondary zone 29, but as will be
      seen from the embodiment which will be described here in after, it is
      possible that the mean richness in the whole of the first chamber (primary
      zone 25 and secondary zone 29) may be greater than the stoichiometric
      richness. The combustion is then continued into the mixture chamber 39 on
      contact with the air which has passed through the second chamber 8.
PAR  The following example will show how the dimensional characteristics of the
      combustion chamber according to FIG. 1 can be determined in order to
      ensure that it will operate correctly in the manner as described. This
      example relates to a combustion chamber intended for a gas turbine jet
      engine of which the existing combustion chamber, of conventional type,
      occupies practically the whole internal volume of the casing 2 and
      operates with a mixture ratio (ratio of the fuel mass flow rate to the air
      mass flow rate) of which the values at the different running ratings are
      approximately the following:
     idling       .alpha. R .about.                                            

                                 6.10.sup.-.sup.3                              

     cruising     .alpha. c .about.                                            

                                16.10.sup.-.sup.3                              

     take-off     .alpha. D .about.                                            

                                22.10.sup.-.sup.3 ,                            

PAL  the mean richness in the primary zone (quotient of the mixture ratio
      .alpha. in this zone by the stoichometric mixture ratio .alpha..sub.s
      equal to 68.10.sup.-.sup.3) having approximately the following values:
TBL  idling       .psi. R .about.                                              

                                0.38                                           

     cruising     .psi. c .about.                                              

                                1                                              

     take-off     .psi. D .about.                                              

                                1.37 .                                         

PAR  Since on idling the fuel flow rate q.sub.R forms with the total air flow
      rate .SIGMA. Q.sub.R supplying the existing fuel chamber a mixture in the
      ratio .alpha..sub.R, the air flow rate forming a stoichiometric mixture
      (mixture ration .alpha..sub.s) with this fuel flow rate q.sub.R will
      obviously be the product of this total air flow rate .SIGMA.Q.sub.R by the
      quotient .alpha..sub.R /.alpha..sub.s, that is to say approximately by 8
      to 9%.
PAR  The primary air intake orifices 23 and 27 into the primary zone 25 (FIG. 1)
      will thus be calculated to permit penetration of about 8.5% of the total
      air flow delivered by the compressor 3 into this zone 25; thus it will be
      ensured that the mixture will be substantially stoichiometric on idling in
      the primary zone 25. The secondary air intake orifices 28 will be
      calculated to permit penetration into the secondary zone 29 of about 10%
      of this total air flow rate, which will ensure for idling combustion a
      progressivity favorable to the completion of the reactions. As regards the
      cooling air inlet passages 26, 48 and 49, these will be calculated to
      permit passage into the three chambers 6, 8 and 39 of approximately 45% of
      the total air flow rate. The air flow rate 18 passing through the second
      chamber 8 will thus be the complement, that is approximately 36.5%, of the
      total air flow rate.
PAR  The volume V.sub.PA of the primary zone 25 is to be calculated to ensure at
      least the same re-ignition ceiling as the existing chamber, the primary
      zone of which has a known volume V.sub.P. For this it is sufficient that
      the volumes should be proportional to the air flow rates, or in other
      words that the ratio V.sub.PA /V.sub.P should be equal to the ratio
      between the idling richness .alpha..sub.R in the primary zone of the
      existing combustion chamber and the richness in the primary zone 25 (which
      is close to unity. Thus one may assume:
EQU  V.sub.PA = o.38 V.sub.P,
PAL  if one calls .phi. .sub.mA and h.sub.A (see FIG. 1) the mean diameter and
      the height of the primary zone of the chamber 6, .phi..sub.m and h the
      mean diameter and the height of the primary zone of the existing
      combustion chamber (not shown), one has substantially:
      ##EQU1##
      since in the conventional art of combustion chambers, the length of the
      primary zone is proportional to its height, wherefore:
TBL  h.sub.A /h =     .sqroot.0.38 .phi..sub.m /.phi..sub.mA                   

     =                0.61 .sqroot..phi..sub.m /.phi..sub.mA                   

PAL  The ratio .phi..sub.m / .phi..sub.mA is less than 1, and for a specific
      volume V.sub.PA one can reduce the height h.sub.A by increasing slightly
      the length of the primary zone 25, which a priori is not troublesome.
      Consequently the height h.sub.A can be close to h/2. It further results
      from the proportionality between the volumes and the air flow rates (which
      was adopted at the beginning for the calculation of V.sub.PA)that the
      speeds of air flow in the primary zone 25 are the same as in the primary
      zone of the existing combustion chamber. Thus it is seen that the division
      of the cross-section of the casing into two equal parts to form the two
      chambers 6 and 8 is compatible with re-ignition at altitude, which is an
      imperative condition.
PAR  It is known that for similar aerodynamic and geometric constructions, which
      is the case with the two primary zones of volume V.sub.PA and V.sub.P, the
      combustion efficiency is only a function of the "aerodynamic pressure load
      head" and of the richness. At given inlet pressure and temperature, the
      "aerodynamic pressure load" is proportional to the quotient of the air
      flow rate by the volume; thus it has the same value in the primary zone 25
      as in the primary zone of the existing combustion chamber, which
      guarantees a clearly superior idling combustion efficiency for the
      combustion chamber according to the invention, better adapted in richness.
PAR  At take-off, the injectors 24 and 40 being supplied respectively with fuel
      at the rates q.sub.R and q'.sub.O , as explained, the primary zone 25 of
      the chamber 6 will operate at slightly reduced richness, for example
      .psi.= 0.7, because the air flow rate of the first chamber will be greater
      than on idling. A simple calculation, which the person acquainted with the
      art can carry out easily, shows that the richness of the air-fuel mixture
      in the chamber 8 will then be of the order of 0.75. It is of course
      possible to seek an optimization of the operation of the chamber 8 in
      order to minimize the production of nitrogen oxides, for example to reduce
      the richness therein by slightly reducing the air flow rate in the primary
      zone 25 (which slightly increases the richness in this zone) and by
      reducing the cooling air flow rate, or on the contrary to increase the
      richness in the chamber 8 beyond stoichiometric richness (but not too much
      however, in order to avoid smoke) by reducing the air flow rate 18, which
      permits of increasing the dilution air flow rate and the cooling air flow
      rate.
PAR  In cruising, as the injection manifold 40 is no longer supplied and as the
      injectors 24 and 31 are supplied respectively at the rates q.sub.R and
      q'.sub.C, calculation shows that the mean richness of the air-fuel mixture
      in the whole of the chamber 6 (zones 25 and 29), is approximately 1.27.
PAR  As was also indicated in the introduction to the present description, if in
      cruising the fuel flow rate q'.sub.C were no longer injected into the zone
      29 but through the injection manifold 40 into the chamber 8, there would
      be risk of richness in this latter chamber being at the limit of lean
      combustion. A calculation which can be carried out easily by the person
      acquainted with the art shows in fact that this richness would be of the
      order of 0.39.
PAR  If one makes use of expedient consisting in reducing to a value q'.sub.R ,
      in cruising, the fuel flow rate supplying the injectors 24 so that the
      richness in the zone 25 is of the order of 0.5, and in injecting the
      complementary rate q.sub.C - q'.sub.R through the injection manifold 40,
      calculation shows that the richness in the chamber 8 will be of the order
      0.5  likewise. FIG. 6 shows an embodiment comprising the use of the other
      mentioned expedient, which consists in the provision in the second chamber
      of a special injection device for cruising. In this FIG. 6 the elements
      acting the same part as in FIG. 1 are designated by the same reference
      numerals increased by 100 units. The injections 31 according to FIG. 1 are
      omitted and the rings 45a and 45b of the flame stabilizer system are each
      replaced by a burner ring 54 and 54' of known type, comprising a circular
      injection manifold 54a and 54'a contained in a flame holder ring 54b, 54'b
      of V-section. The injection assemblies are supplied with fuel through a
      pipe 56 equipped with a cock 57, and when the latter is open each of them
      delivers counter flow, through the ports of the ring 54b, 54'b, fuel jets
      against an annular anvil piece 55, 55'. This device, the operation of
      which was described in French patent application No. 7213396 of Apr. 17,
      1972 ensures the atomization of the fuel in the region of the chamber 108
      close to the burner rings 54 and 54'. The richness of the air-fuel mixture
      in this region, when in cruising the cock 52 is partially closed and the
      manifolds 54a and 54'a are supplied with fuel at a suitable rate, is
      sufficient to ensure combustion. At take-off the cock 57 is closed and the
      injection manifold 140 is supplied with fuel at the rate q.sub.o -
      q.sub.R.
PAR  Of course the forms of embodiment as described are only examples and they
      could be modified, especially by substitution of equivalent technical
      means, without thereby departing from the scope of the invention as
      defined in the appended claims. In particular the second chamber could be
      supplied with air at a higher pressure level than the first chamber, or
      the two chambers could be supplied at the same pressure. One could provide
      an ignition device in the second chamber and eliminate the
      intercommunication passages 44 or 144. Obviously one would not depart
      either from the scope of the invention by reversing the positions of the
      two chambers, that is to say by placing the first chamber within the
      second chamber located externally thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combustion chamber arrangement for a gas turbine engine having air
      commpressor means, (a) an upstream portion; (b) partitioning means
      extending longitudinally of the upstream portion and defining therein a
      first chamber and a second chamber, the first chamber forming a combustion
      chamber comprising (1) a primary combustion zone having primary air intake
      means, idling fuel injection means and ignition means, and (2) a secondary
      combustion zone having secondary air intake means, and the second chamber
      forming a combustion chamber of the premixed burning type comprising a
      conduit having supplementary fuel injection means in an inlet region
      thereof, and a flame stabilizer system in a region intermediate said inlet
      region and an outlet of the conduit; (c) means in the air compressor means
      for supplying a first flow of air to the first chamber to feed (1) the
      primary combustion zone with primary combustion air through the primary
      intake means and (2) the secondary combustion zone with secondary
      combustion air through the secondary air intake means, and for supplying a
      second flow of air to the inlet region of the conduit; (d) means for
      running the gas turbine engine at idling speed comprising means for
      supplying fuel to said idling fuel injection means for said primary
      combustion zone at an idling flow rate to form a substantially
      stoichiometric air and fuel mixture with the primary combustion air in the
      primary zone at said idling speed of the gas turbine engine; (e)
      supplementary means for running the gas turbine engine at maximum speed
      comprising mean for supplying fuel to said supplementary fuel injection
      means at a supplementary flow rate to form a premixed air and fuel mixture
      with the second flow of air in said intermediate region of said conduit,
      and means for igniting said premixed air and fuel mixture in said
      intermediate region; (f) a downstream portion forming a mixture chamber to
      receive first and second gas flows issuing from the first and second
      chambers, respectively; and (g) means for producing at least one
      constriction of at least one of said gas flows at its entry into the
      downstream portion in order to produce intermixing of the two gas flows in
      the mixture chamber.
NUM  2.
PAR  2. A combustion chamber arrangement as claimed in claim 1, wherein said air
      supply means (c) comprise means for supplying the first flow of air at a
      first pressure and for supplying the second flow of air at a second and
      different pressure.
NUM  3.
PAR  3. A combustion chamber arrangement as claimed in claim 2, wherein the
      first pressure is higher than the second pressure, and said means for
      igniting said premixed air and fuel mixture comprise at least one passage
      leading from said primary combustion zone of the first chamber to said
      intermediate region of said conduit.
NUM  4.
PAR  4. A combustion chamber arrangement as claimed in claim 1, further
      comprising means for running the gas turbine engine at maximum continuous
      speed including complementary fuel injection means for injecting fuel
      directly into said secondary combustion zone, means for shutting off said
      supplementary fuel injection means, and means for supplying fuel to the
      complementary fuel injection means at a flow rate complementary to said
      idling flow rate.
NUM  5.
PAR  5. A combustion chamber arrangement as claimed in claim 1, wherein the
      partitioning means further define a spacing around the first combustion
      chamber in said upstream portion, said secondary air intake means comprise
      a plurality of orifices leading from said spacing to said secondary
      combustion zone, and said air supply means comprise means for feeding said
      spacing with air from said first flow of air.
NUM  6.
PAR  6. A combustion chamber arrangement as claimed in claim 5, further
      comprising means for running the gas turbine engine at maximum continuous
      speed including complementary fuel injection means for injecting fuel
      directly into said secondary combustion zone extend through at least part
      of said secondary air intake orifices means for shutting off said
      supplementary fuel injection means, and means for supplying fuel to the
      complementary fuel injection means at a flow rate complementary to said
      idling flow rate.
NUM  7.
PAR  7. A combustion chamber arrangement as claimed in claim 1, further
      comprising means for running the gas turbine engine at maximum continuous
      speed including means for supplying fuel to said idling fuel injection,
      means at a reduced idling flow rate lower than said idling flow rate, and
      means for supplying fuel to said supplementary fuel injection means at a
      flow rate complementary to said reduced idling flow rate.
NUM  8.
PAR  8. A combustion chamber arrangement as claimed in claim 1, further
      comprising means for running the gas turbine engine at maximum continuous
      speed, including means for supplying fuel to said supplementary fuel
      injection means at a reduced flow rate lower than said supplementary flow
      rate, and complementary fuel injection means for injecting fuel into said
      intermediate region of said conduit, at a flow rate complementary to said
      idling and reduced flow rates.
NUM  9.
PAR  9. A combustion chamber arrangement as claimed in claim 8, wherein said
      complementary fuel injection means comprise injection manifold means for
      injecting fuel adjacent said flame stabilizer system.
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ABST
PAL  The purpose of this invention is a propeller capable of generating high
       tst at reduced noise levels, weight and drag. The propeller blades employ
      a tangential slot along the trailing edge of each propeller blade and
      circulation control blowing from the tangential slot over the trailing
      edge. Lift is generated by the coanda blowing. The lift is proportional to
      the momentum flow of the air out of the slot and is substantially
      independent of the rotational velocity. Additionally a circulation control
      shroud expands the thrusting slipstream of the propeller so that the
      shroud diffusion angle is increased and the average exit velocity is
      reduced, thereby increasing efficiency and reducing noise.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Existing state-of-the-art designs of propellers in helicopters and in
      conventional aircraft use a conventional air foil blade having a sharp
      trailing edge and approximately 12% thickness ratio. These propellers
      suffer the problems of high noise level caused by high tip mach numbers
      and the compressibility effect inducing "shock down" on blade tips, high
      vibration and fatigue loading caused by a combination of non-uniform
      inflow due to the main lifting rotor tip vortex in helicopters and
      dynamic-aeroelastic characteristics of high aspect ratio blades of thin
      cross section. In addition, these propellers suffer high drag at high
      forward speeds, high component weight and power requirements and in the
      case of a helicopter tail rotor, insufficient thrust is developed for
      transient maneuver conditions and when hovering in strong side winds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed towards a propeller using circulation control.
      The concept of circulation control is shown in connection with a lifting
      foil in U.S. Pat. No. 3,062,483.
PAR  In the device of the present invention, a propeller is mounted for rotation
      and employs a slot for coanda circulation control blowing along its
      trailing edge.
PAR  The propeller is characterized by a blunt trailing edge and air blown out
      the slot. The blown air curves down and around the trailing edge and
      discharges at a point on the opposite side of the propeller. Under the
      influence of the coanda blowing about the blunt edge, the stagnation point
      is moved further aft increasing the lifting force on the propeller. The
      point of separation of the air is determined by the intensity of blowing.
      Relocating the stagnation point further aft on the propeller produces a
      higher lift on the propeller, the lift being functionally related to the
      velocity of the blown air.
PAR  The propeller blade sections are of a high thickness ratio at the hub
      (approximately 50%) decreasing in thickness towards the tip to
      approximately 20%. This design produces an inherently strong and a
      lightweight structure. The blades may be of small cross sectional area
      because of the high lifting ability of the blades and they thereby present
      less area to the air stream and reduce drag and power requirements. The
      propeller blades may be used with a plurality of other blades to form a
      multiple bladed propeller, each blade being characterized by a reduced
      flow dimension and reduced cross sectional area.
PAR  The multiple propeller composed of a small blade raises the frequency of
      the transmitted noise thereby producing a reduced noise intensity as these
      higher frequency noise components are more readily attenuated in the
      atmosphere.
PAR  In addition, the propeller may be shrouded and the shroud may be designed
      with a circumferential recess which traps the closely spaced blade tip
      vortices and thereby removes the boundary layer at the shroud to
      effectively increase the shroud diffusion angle.
PAR  Alternatively, the propulsive shroud employs circulation control blowing
      over its blunt trailing edge, resulting in an increased or varying
      diffusion angle.
PAR  The shroud can serve an additional function when used about the tail rotor
      of a helicopter. In this application it shields the tail rotor from the
      main lifting rotor trailing vortex. This vortex is the primary source of
      higher frequency dynamic excitations.
PAR  The propeller blade can be structured for reverse blowing and can be driven
      by mechanical means or by the jet thrust of the air blown from the slot.
      Because the circulation control propeller develops a propulsive force
      substantially independent of rotational speed it is possible to develop
      thrust at extremely low rotor tip speeds (200 - 700 feet per second).
PAC  OBJECT OF THE INVENTION
PAR  The first object of the invention is to provide a shrouded circulation
      control propeller blade producing higher thrust than conventional
      propellers and at a reduced noise level.
PAR  A second object of this invention is to provide a multiple bladed propeller
      employing many small chord blades rather than a few large ones so that
      higher frequency noise components are generated which are more readily
      attenuated in the atmosphere.
PAR  A third object of this invention is to provide a shroud surrounding the
      propeller for capturing the blade tip vortex and allowing it to trail
      slowly aft, expanding the thrusting slipstream of the propeller so that
      the average exit velocity is reduced.
PAR  A fourth object of this invention is to provide a circulation control
      shroud employing a blunt edge and circulation control blowing for
      increasing the diffusion angle of the shroud.
PAR  A fifth object of this invention is to provide a shrouded propeller,
      employing reversible thrusting in opposite directions for use in
      maneuvering.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a shows in a front view a quiet shrouded circulation control
      propeller employing a circumferential recess to trap the tip vortices and
      slow their movement aft toward the shroud exit opening. FIG. 1b is a cross
      sectional view of the shroud of FIG. 1a showing the curved recess
      extending circumferentially about the shroud and the exit diffusion angle
      .theta..sub.1.
PAR  FIG. 2a shows a front view of the shroud employing circulation control
      blowing. FIG. 2b shows a cross section of the shroud in FIG. 2a, exit
      diffusion angle .theta..sub.2 and blown diffusion angle .theta..sub.3.
PAR  FIG. 3a shows the propeller blade used within the shroud as having a slot
      for circulation control blowing over its blunt edge. FIG. 3b shows a
      modification of the blade in FIG. 2a with a slot exposed on each side of
      the blade for reversible thrusting.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1a a first embodiment is shown. The shroud, 13, is
      circular in shape and surrounds the propeller mounted for rotation at
      rotational axis 15. The propeller comprises blades 17. Shown in FIG. 1a is
      recess 19 which extends circumferentially about the interior wall 21 of
      the shroud, 13.
PAR  Referring now to FIG. 1b, the shroud in FIG. 1a is shown in cross section.
      As shown in FIG. 1b the recess 19 has a radius of curvature r and its
      center is substantially at the point of travel of the blade tip 23. The
      radius of curvature is substantially equal to the size of the vortex
      generated by the blade tip as measured by the size of the vortex at its
      point of maximum velocity. This is more commonly known as the vortex core
      size. The inflowing stream is accelerated by the propeller 17 and this
      accelerated stream is labeled as the thrust stream on the outflow side of
      the propeller. The propeller 17 is supported at the hub 15 by stators in
      the standard manner such as shown in U.S. Pat. No. 2,929,580 issued on 22
      Mar. 1960 to Ciolkosz. For the purpose of clarity the stators are not
      shown in the drawing. As indicated elsewhere in this specification the
      propeller may be driven by the thrust of the air blown out of the
      circulation control slots. Air is pumped through passages in the stator
      into the hub and into the propeller blades. The air may be supplied from a
      pump source into the propeller blades in the manner shown in U.S. Pat. No.
      2,925,129 issued on 16 Feb. 1960 to Yuan et al. As in the Yuan et al
      disclosure the momentum flux from the slot can be varied by adjusting the
      output of the source.
PAR  The inflow stream expanding about the leading edge 25 of the shroud 13
      produces an effect known as negative drag and induces a secondary
      propulsive effect.
PAR  The exit diffusion angle .theta..sub.1 of the shroud is a physical
      dimension as shown in FIG. 1 and is a function of the structure of the
      shroud at its trailing edge 27. In normal use without the benefit of the
      circumferential recess 19, a boundary layer builds at the shroud surface
      29 causing the thrust stream to diffuse at an angle less than
      .theta..sub.1. With recess 19 the vortex generated by the propeller tip is
      temporarily trapped in the recess 19 and travels slowly aft at
      approximately the rate of the self induced vortex velocity. As it spirals
      towards the sharp trailing edge 27, it scrubs the boundary layer from the
      surface 29 and the thrust stream remains attached to the surface 29. The
      effect of this scrubbing and attachment of the thrust stream to surface 29
      is an increase of the exit diffusion angle to substantially the structural
      diffusion angle .theta..sub.1.
PAR  Referring now to FIG. 2a, a second embodiment of this invention is shown
      and wherein the same numbers are used to designate similarly structured
      and similarly operating parts. As shown in FIG. 2a, a circular shroud 13
      surrounds a multi-bladed propeller having blades 17 and rotating on axis
      15. The shroud has an interior wall 21 and as shown cross section in FIG.
      2b is substantially elliptic having a leading edge 25 and a blunt trailing
      edge 33. The blunt trailing edge has a circumferentially extensive slot 37
      for coanda circulation control blowing over the blunt edge 33. The air
      blown out of slot 37 curves down around the blunt trailing edge and
      detaches at a point on the opposite side of the shroud, dependent upon the
      momentum flux of the blown air. The path of this air is shown by arrow 39.
PAR  The structural exit diffusion angle is represented by .theta..sub.2. The
      effective diffusion angle, realized responsive to circulation control
      blowing is .theta..sub.3. The effective increase in diffusion angle
      produced by circulation control blowing over blunt edge 37 is
      (.theta..sub.3 -.theta..sub.2). Since the point of detachment of the blown
      air is dependent on its velocity, or momentum (flux), the diffusion angle
      .theta..sub.3 may be varied by varying the momentum flux from slot 37.
PAR  The increase diffusion angle is produced by circulation control blowing
      from slot 37 adhering to the shroud's surface at its blunt edge and to its
      opposite side and detaching from the opposite side at a point dependent
      upon the momentum of the blown air.
PAR  The inflowing stream accelerates about leading edge 25 causing a thrust
      effect which adds to the propulsion force of the device. The inflow stream
      is accelerated by the rotating propeller 17 and the resultant thrust
      stream is directed towards the rearward shroud opening.
PAR  The shroud can be used with a circulation control propeller as shown in
      FIG. 3a and 3b. In FIG. 3a, the circulation control propeller is
      designated generally by numeral 41 and has an elliptic shape as shown in
      cross section at its root 43. A plenum chamber 45 is supplied with air
      which is directed out slot 47 at blunt trailing edge 49. The direction of
      the air is shown by arrows 52. The blown air curves down and around the
      blunt edge and detaches at a point on the underside of the blade
      functionally related to the intensity of the blowing. The effect is to
      produce increased lift on surface 51 of the propeller and thereby increase
      the propulsive force produced. Additionally, the propeller can be driven
      by the force of the air directed from the slot without the need of
      mechanical machinery. A blade of the type shown in FIG. 3a may be used
      within the shroud and in a multi-bladed propeller unit employing small
      chord blades to raise the frequency of the generated noise and reduce the
      intensity of the transmitted noise.
PAR  The propeller blade sections are of a high thickness ratio at the hub or
      root 43 (approximately 50%) and decreases in thickness toward the tip 55
      (approximately 20%). Because the thick sections can generate high lift,
      the blades can be made of a small chord dimension.
PAR  In conjunction with the shroud a multi-bladed propeller presents less area
      to the airstream and can be employed in such applications as a tail fan on
      helicopters. In such case, the propeller aspect ratio will be in the order
      of 10/1 to 15/1.
PAR  The blade of FIG. 3a shown in modified form in FIG. 3b where the same
      numbers are used to indicate the same or similar operating parts.
PAR  In FIG. 3a, the blade employs a single slot while in FIG. 3b, the
      symmetrical blade employs two slots, one on each side of the blade
      adjacent to its blunt edge. These slots are shown as 47 and 57 and slots
      are used in conjunction with chambers a and b respectively. The purpose of
      the double slots is to permit reversible thrusting. By closing the air
      supply to one of the chambers and supplying air to the other chamber, the
      direction of the propulsion force induced by this blade can be reversed
      and the blade can be used in maneuvering as when it is employed in the
      tail fan of a helicopter or it can be used to reverse thrust in a fixed
      wing aircraft and when the aircraft is landing and must be quickly
      deaccelerated.
PAR  The shroud used separately or in conjunction with the circulation control
      propellers is not limited to aircraft application but may be used in
      compressors so that compression is obtained in a minimum of stages,
      roughly one third as many as in present compressors. It may also be used
      in hover craft propulsion systems where large static thrust in a minimum
      area is desirable, in the marine propeller designs where reversible thrust
      is a distinct advantage and in pump design.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quieting propeller shroud comprising:
PA1  a fixed axially extending annular shroud for enclosing a propeller thrust
      stream and having an exit diffusion angle;
PA1  a recess within said shroud, coextensive with the inside circumference of
      said shroud and having a circular cross-section to reduce the boundary
      layer at the interior of said shroud to substantially maintain the thrust
      stream diffusion angle at the shroud diffusion angle;
PA1  a propeller having a plurality of short chord blades having a generally
      elliptical shape mounted for
PA1  a blowing slot adjacent the trailing edge of each blade for circulation
      control blowing over the smooth rounded surface edge and for developing
      thrust proportionately to the momentum flux of air out of said slot; and
PA1  said recess has a radius of curvature "r" substantially equal in size to
      the vortex core generated at the propeller blade tip, and the recess
      centered about the vortex center generated by the propeller tip.
NUM  2.
PAR  2. The quieting propeller shroud of claim 1, wherein:
PA1  each of said blades being substantially elliptical and of 50% thickness
      ratio at its root.
NUM  3.
PAR  3. The shroud of claim 1, wherein:
PA1  each of said blades has a second slot for circulation control blowing
      disposed opposite said first slot and on the opposite side of said blade;
PA1  said propeller developing thrust in opposite directions along the axis of
      propeller rotation in response to air blown out of each said oppositely
      disposed slot.
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ABST
PAL  Two differently composed exhaust gases, one rich in air and the other in
      unburned fuel and CO, are alternately supplied to a thermal reactor in
      dependence on the firing sequence of engine cylinders. The thermal reactor
      is made up of a cylindrical inner body directly connected to an exhaust
      manifold at its middle and provided with exhaust holes in both ends, and
      an outer body forming a space between the two bodies.
BSUM
PAR  The present invention relates to a system for reducing concentrations of
      harmful substances in multi-cylinder internal combustion engine exhaust
      gases, in which system two differently composed exhaust gases, one rich in
      unburned fuel and the other in air, are supplied alternately to a thermal
      reactor.
PAR  Concentrations of harmful substances in an internal combustion engine
      exhaust gas are greatly dependent on the air to fuel ratio (A/F) of a
      combustible mixture fed to the engine. When an A/F near the stoichiometric
      ratio is employed, the maximum concentration of nitrogen oxides (NOx) is
      produced and concentrations of carbon monoxide (CO) and unburned
      hydrocarbons (HC) are also considerably high though not maximum. A lower
      A/F, or a rich mixture, causes HC and CO to increase, and a higher A/F or
      a lean mixture causes these two substances to decrease, particularly CO,
      while NOx is decreased in both cases.
PAR  It is, however, very hard to reduce concentrations of HC and CO in the
      exhaust gas to values low enough to meet current requirements merely by
      employment of either a considerably rich or lean mixture. Accordingly, a
      thermal reactor or after-burner is frequently used to convert the
      discharged HC and CO into harmless oxides even when A/F is deviated from
      the stoichiometric value. It may seem quite favorable in such a case to
      use a lean mixture putting the above facts together, but CO shows an
      extremely poor reactivity with air in a low concentrations and/or at
      relatively low temperatures. Thus, a rich mixture is more favorable
      because the resulting large amounts of HC and CO can be more easily
      oxidized in a suitable thermal reactor while NOx is inherently decreased
      as mentioned above. For practical application, however, a rich mixture is
      quite unfavorable from the viewpoint of fuel economy.
PAR  It is therefore a major object of the present invention to provide a system
      for effectively reducing concentrations of harmful substances in an
      exhaust gas from a typical internal combustion engine having an even
      number of combustion chambers accompanied with substantially no increase
      in fuel consumption.
PAR  It is another object of the invention to provide such a system which
      maintains its function even when the engine is operated at such a low load
      as to cause the exhaust gas temperature to fall.
PAR  In brief, a system of the invention for an internal combustion engine
      having an even number of combustion chambers comprises; an exhaust
      manifold communicable with all the combustion chambers, a thermal reactor
      made up of a cylindrical inner body forming a reaction chamber therein and
      a cylindrical outer body enclosing the inner body with a space
      therebetween, and means to cause the exhaust manifold to discharge two
      differently composed exhaust gases alternately in dependence on the firing
      sequence of the combustion chambers, the first of which exhaust gases
      contains relatively large amounts of carbon monoxide and unburned fuel and
      the second a relatively large amount of air but relatively amall amounts
      of carbon monoxide and unburned fuel. The inlet of the thermal reactor is
      located in the central region of the peripheral wall of the inner body and
      is connected with the outlet of the exhaust manifold. The space between
      the two bodies is isolated from the inlet and communicates with the
      reaction chamber through holes formed in both end regions of the inner
      body, and the discharge port of the thermal reactor is formed in the
      central region of the peripheral wall of the outer body. The system may
      further comprise means to supply auxiliary air to the first exhaust gas
      when the engine load is below a predetermined value so that a portion of
      the unburned fuel may burn within the exhaust manifold, preventing an
      excessive temperature reduction of the first exhaust gas.
DRWD
PAR  Other features and advantages of the invention will become clear from the
      following detailed description of preferred embodiments thereof taken with
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view, partially in section, of a four-cylinder engine
      provided with a system of the invention;
PAR  FIG. 2 is a longitudinal sectional view of a thermal reactor similar to
      that shown in FIG. 1 but incorporating a small modification; and
PAR  FIG. 3 is a plan view similar to FIG. 1, but showing a six-cylinder engine.
DETD
PAR  In FIG. 1, an engine 10 has four cylinders or combustion chambers 11, 12,
      13 and 14 provided with, respectively, intake ports 21-24 and exhaust
      ports 31-34. An exhaust manifold 40 having four branches 41-44 is
      connected to the exhaust ports 31-34, and an outlet 45 thereof is
      connected to a thermal reactor 50. The thermal reactor 50 essentially
      consists of a cylindrical inner body 51 and a cylindrical outer body 52
      enclosing the former 51 to form a space 53 between the two bodies 51 and
      52. An interior space or reaction chamber 54 in the inner body 51
      communicates with the exhaust manifold 40 through an inlet 55 formed in
      the middle of the peripheral wall of the inner body 51. The inlet 55
      extends across the space 53 and through the wall of the outer body 52 in a
      manner as to be isolated from the space 53. The reaction chamber 54
      communicates with the exterior space 53 through a plurality of holes 56
      formed through the wall of the inner body 51 at both ends 57 and
      peripheral regions close thereto. Two partitions 58 are preferably
      disposed in the reaction chamber 54 at locations between the inlet 55 and
      the ends 57 to divide the reaction chamber 54 into three sections. A
      plurality of through holes 59 in the partitions 58 allows the thus formed
      central section 54A to communicate with the remainder sections of the
      reaction chamber 54. The outer body 52 has a discharge port 60 in the
      middle of the peripheral wall thereof, which is connected to an exhaust
      pipe 61.
PAR  In the engine 10, the firing sequence of the four cylinders 11-14 is
      11-12-14-13 as is customarily employed. According to the present invention
      an exhaust gas from, for example, the combustion chamber 11 is caused to
      differ in composition from another exhaust gas from the combustion chamber
      12 which is fired next. For that purpose, a relatively rich air/fuel
      mixture having a low A/F of, for example, 12/1 is supplied to the
      cylinders 11 and 14 from a carburetting system 25, and another
      carburetting system 26 supplies a relatively lean mixture of, for example,
      an A/F of 18/1 to the remaining cylinders 12 and 13.
PAR  In operation, the cylinder 11 discharges a first type of exhaust gas
      containing large amounts of CO and unburned fuel or HC into the central
      section 54A of the reaction chamber 54 through the exhaust manifold 40.
      The cylinder 12 is fired next, and a second type of exhaust gas containing
      air in large excess but only small amounts of CO and HC flows into the
      central section 54A. Subsequently the first type of exhaust gas is again
      discharged from the cylinder 14, thus the two differently composed exhaust
      gases are alternately supplied to the thermal reactor 40.
PAR  Due to retardation of the exhaust gas flow by the partitions 58, the two
      different composed exhaust gases mix with each other in the central
      section 54A. Upon mixing, CO and HC in the first exhaust gas begin to
      react with the excess and heated air in the second exhaust gas. The
      burning reactions proceed during the subsequent flow of the mixed exhaust
      gas from the central or mixing section 54A to the main sections of the
      reaction chamber 54 through the holes 59. The mixed exhaust gas then flows
      into the space 53 surrounding the inner body 51 through the holes 56 in
      the end region and rounds towards the middle of the reactor 40, where the
      discharge port 60 is disposed. It is to be noted that the burning of large
      amounts of HC and CO in the reaction chamber 54 allows the fractional
      amount of CO which is contained originally in the second exhaust gas to be
      oxidized without difficulty.
PAR  Such a long route in the thermal reactor 50 allows the mixed exhaust gas to
      remain therein for a period long enough to accomplish oxidation of almost
      whole CO and HC contained initially therein. Besides affording a long
      reaction time, the passage of the heated exhaust gas, either burning or
      burnt, around the inner body 51 causes the reaction chamber 54 to be
      maintained at elevated temperatures, so that the oxidation reactions can
      be initiated with ease and proceed smoothly.
PAR  Thus, an extremely clean exhaust gas is discharged into the exhaust pipe 61
      as the result of efficient oxidation of CO and HC in the thermal reactor
      50 and the inherent low concentration of NOx due to the initial deviations
      of A/F values from the stoichiometric ratio.
PAR  The provision of the partitions 58 is usually preferable as mentioned
      above, but similar results may be obtained without them if the length to
      diameter ratio of the reaction chamber 54 and the arrangement of the holes
      56 are designed appropriately.
PAR  It will be self-evident that the firing sequence of the cylinders 11-14 is
      not limited to 11-12-14-13 but may alternatively be 11-13-14-12 and that
      the apportionment of the rich air/fuel mixture to the pair of the
      cylinders 11 and 14 and the lean mixture to the other pair 12 and 13 may
      be reversed. The firing sequence and the apportionment of the mixtures may
      be combined in any way so long as the above described two different
      composed exhaust gases are produced alternately in accordance with the
      sequential firing of the cylinders 11-14.
PAR  Referring now to FIG. 2, a thermal reactor 50A essentially similar to the
      reactor 50 of FIG. 1 has a dividing wall 62 transversely disposed in the
      center of the reaction chamber 54 to divide the central section 54A
      thereof into two halves. The dividing wall 62 extends through the inlet 55
      dividing it also into two halves. Also the outlet 45 of the exhaust
      manifold 40 is divided into two sections by a dividing wall 63.
PAR  In this arrangement, the first type of exhaust gas from the cylinder 11 is
      mixed with only the second exhaust gas from the cylinder 12 in the left
      side region of the mixing section 54A, and the exhaust gases from the
      cylinders 13 and 14 are similarly mixed with each other in the right side.
      Consequently, the mixing of the two differently composed exhaust gases can
      be accomplished more efficiently and achieving a more accurate mixing
      ratio.
PAR  It will be apparent that the thermal reactor 50A and/or the exhaust
      manifold 40 may be provided with two inlets 55 and/or two outlets 45,
      respectively, in place of the extension and/or provision of the dividing
      walls 62 and/or 63.
PAR  Referring again to FIG. 1, the two sets of carburetting systems 25 and 26
      for producing the two types of air/fuel mixtures may be replaced with a
      fuel injection system (not shown) controlled to supply the cylinder pairs
      11, 14 and 12, 13 with different quantities of fuel.
PAR  The two types of exhaust gases may alternatively be produced as follows. In
      place of feeding the engine 10 with the two types of air/fuel mixtures,
      all the cylinders 11-14 are fed with the above second or lean mixture. The
      two branches 41 and 44 of the exhaust manifold 40 are equipped with
      secondary fuel injection nozzles 71 at locations close to the exhaust
      ports 31 and 34, respectively, which fuel nozzles 71 are connected to a
      fuel supply system (not shown) through a secondary fuel duct 72. With the
      enrichment of the exhaust gas from the cylinders 11 and 14 with unburned
      fuel by means of the fuel nozzles 71 it is easy to initiate and sustain
      the burning reaction of the resulting gas with the air-rich exhaust gas
      from the cylinders 12 and 13 in the reaction chamber 54. Thus the low
      concentration of CO can be oxidized almost entirely. The amount of the
      fuel supply from the fuel nozzles 71 is preferably regulated
      proportionally to the amount of air induction to the intake ports 21-24 of
      the engine 10.
PAR  The branches 41 and 44 of the exhaust manifold 40 are preferably equipped
      with auxiliary air nozzles 81 at locations close to the exhaust ports 31
      and 34, respectively. An air duct 82 for these nozzles 81 is governed by a
      solenoid valve 83, which is normally closed and is energized to its open
      position by a control unit 84 having means to sense the engine load and a
      switch. When the load on the engine 10 falls to such a value that the
      temperature of the first exhaust gas from the cylinders 11 and 14 becomes
      too low to achieve the expected reactions in the thermal reactor 50, the
      control unit 84 operates the valve 83 to feed secondary or auxiliary air
      into the first exhaust gas through the air duct 82 and the nozzles 81. As
      a result, a portion of the unburned fuel in the first exhaust gas is
      burned within the exhaust manifold 40, allowing the exhaust gas
      temperature to rise sufficiently prior to entrance of the exhaust gas into
      the reactor 50.
PAR  In addition to the auxiliary air, the first exhaust gas is preferably
      enriched with fuel during such a low-load operation of the engine 10 to
      promote the above described after-burning in the exhaust manifold 40. The
      enrichment may be accomplished by controlling the A/F of the combustible
      mixture to be fed to the combustion chambers 11 and 14. When the
      aforementioned fuel nozzles 71 are employed, such fuel enrichment can be
      accomplished simply by regulating the fuel supply rate from the secondary
      fuel nozzles 71. For example, a solenoid valve 73 is provided in the fuel
      duct 72, and the control unit 84 is arranged to operate the two valves 83
      and 73 simultaneously. The valve 73 to the fuel duct 72 is normally kept
      partially open, and the opening thereof is enlarged by a power from the
      control unit 84 in response to the engine load reduction.
PAR  A system of the invention is applicable to various internal combustion
      engines having an even number of cylinders other than the four-cylinder
      engine 10. For example, a six-cylinder engine 110 of FIG. 3 is provided
      with a system identical with that of FIG. 1 except that an exhaust
      manifold 140 with six branches 141-146 is employed. A customary firing
      sequence of six combustion chambers 111-115-113-116-112-114 is employed in
      this engine 110. Accordingly, a relatively rich air/fuel mixture is fed to
      a set of the cylinders 111, 112 and 113, and a relatively lean mixture to
      the remainder cylinders 114, 115 and 116. The reverse apportionment is of
      course permissible. Consequently, the aforementioned first and second
      exhaust gases flow alternately into the thermal reactor 50 and react with
      each other in exactly the same way as in the case of FIG. 1. The dividing
      wall 62 of FIG. 2, however, is unnecessary in this case since the first
      and second exhaust gases flow always through the left side and right side
      of the exhaust manifold 140, respectively.
PAR  The exhaust manifold 140 may be equipped with the auxiliary air nozzles 81
      and the secondary fuel nozzles 71 similarly to the exhaust manifold 40 of
      FIG. 1 except for the growth in number.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for reducing concentrations of harmful substances in an exhaust
      gas from an internal combustion engine before emission into the
      atmosphere, the engine having an even number of combustion chambers, the
      system comprising:
PA1  an exhaust manifold communicable with the combustion chambers of the engine
      and having an outlet;
PA1  a thermal reactor made up of a cylindrical inner body forming a reaction
      chamber therein and having an inlet located in the central region of the
      peripheral wall thereof and connected with said outlet of said exhaust
      manifold and a cylindrical outer body arranged to enclose said inner body
      with a space therebetween and provided with a discharge port formed in the
      central region of the peripheral wall thereof, said space communicating
      with said reaction chamber through holes formed in both end regions of
      said inner body and being isolated from said inlet; and
PA1  first means to cause said exhaust manifold to discharge two differently
      composed exhaust gases alternately in dependence on the firing sequence of
      the combustion chambers, the first of said exhaust gases containing
      relatively large amounts of carbon monoxide and unburned fuel and the
      second containing relatively small amounts of carbon monoxide and unburned
      fuel and a relatively large amount of air.
NUM  2.
PAR  2. A system according to claim 1, in which said first means form and supply
      a first air-fuel mixture of an air/fuel ratio below the stoichiometric
      ratio to a first group of combustion chambers consisting of one half of
      the combustion chambers and a second air-fuel mixture of an air/fuel ratio
      above the stoichiometric ratio to a second group consisting of other half
      of the combustion chambers, said first and second groups being formed in
      such a manner that each combustion chamber of said first group is fired
      alternately in sequence with a combustion chamber of said second group.
NUM  3.
PAR  3. A system according to claim 2, further comprising second means to supply
      auxiliary air to said first exhaust gas when the engine load is below a
      predetermined value so that a portion of said unburned fuel in said first
      exhaust gas may burn within said exhaust manifold to prevent an excessive
      temperature reduction of said first exhaust gas.
NUM  4.
PAR  4. A system according to claim 3, in which said second means comprises at
      least one auxiliary air nozzle communicating with said exhaust manifold at
      a location close to said first group of combustion chambers, an air duct
      connected to said air nozzle, a normally closed valve disposed in said air
      duct and third means to cause said valve to open when the engine load is
      below a predetermined value.
NUM  5.
PAR  5. A system according to claim 1, in which said first means comprises at
      least one secondary fuel nozzle disposed in said exhaust manifold at a
      location close to a first group of combustion chambers consisting of one
      half of the combustion chambers selected in such a manner that each
      thereof is fired alternately in sequence with one of the remaining
      combustion chambers forming a second group and a fuel duct connecting said
      fuel nozzle with a fuel supplying means, and wherein all combustion
      chambers are fed with an air-fuel mixture of an air/fuel ratio above the
      stoichiometric ratio.
NUM  6.
PAR  6. A system according to claim 5, further comprising at least one auxiliary
      air nozzle disposed in said exhaust manifold at a location close to said
      fuel nozzle, an air duct connected to said air nozzle, a normally closed
      valve disposed in said air duct, a valve normally open partially and
      disposed in said fuel duct, the opening thereof being variable, and means
      to cause said normally closed valve to open and said opening of said
      normally open valve to enlarge when the engine load is below a
      predetermined value.
NUM  7.
PAR  7. A system according to claim 1, in which said inner body of said thermal
      reactor further comprises two transverse partitions having a plurality of
      holes therethrough and disposed in said reaction chamber at locations
      between said inlet and said both end regions of said inner body dividing
      said reaction chamber into three cylindrical sections.
NUM  8.
PAR  8. A system according to claim 7, in which said thermal reactor further
      comprises a dividing wall disposed transversely in the middle of said
      reaction chamber to divide the central cylindrical section into two
      halves, said dividing wall extending into said inlet to divide said inlet
      into two sections communicating with said two halves of cylindrical
      sections, respectively, and said outlet of said exhaust manifold is
      divided into two sections to communicate with said two sections of said
      inlet, respectively.
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ABST
PAL  Reaction heat generated by oxidation in presence of an oxidation catalyst
      maintains a sufficient after-burning temperature during low engine load
      operation.
BSUM
PAR  The present invention relates to a thermal reactor for purification of
      automotive exhaust gases containing noxious unburned components such as
      carbon monoxide and hydrocarbons before emission into the atmosphere.
PAR  In connection with a thermal reactor or an after-burner for reburning
      exhaust gases discharged from an automotive internal combustion engine, it
      is well known in the art for the interior of the thermal reactor to be
      heated by auxiliary heating means for rapidly reaching an appropriate
      reburning temperature of the exhaust gases when the interior temperature
      of the thermal reactor falls below a value too low to reburn the exhaust
      gases, as occurs during relatively low load engine operation. The
      auxiliary heating means generally includes additional fuel supply means
      such as a fuel injection device for supplying additional fuel under
      pressure into the interior of the thermal reactor and igniting means such
      as a spark plug for igniting the additional fuel injected through the
      additional fuel supply means.
PAR  However, with the thermal reactor having the auxiliary heating means of the
      type mentioned above a considerable amount of fuel, in the form of
      additional fuel, is consumed. Complicated construction and high heat
      resistance of the heating means are also required because the heating
      means must supply the additional fuel under pressure into the interior of
      the thermal reator under high temperature and pressure.
PAR  It is therefore a primary object of the present invention to provide an
      improved thermal reactor having therein heating means which does not
      require additional fuel and is simple in construction.
PAR  Another object of the present invention is to provide an improved thermal
      reactor having therein an oxidizing catalyst which generates reaction heat
      to heat the interior of the thermal reactor when exhaust gases containing
      unoxidized components are passed through it and are reburned with
      secondary air.
DRWD
PAR  The nature and advantages of the thermal reactor according to the present
      invention will become more apparent from the following description taken
      in conjunction with the accompanying drawings in which like reference
      numerals and characters designate corresponding parts and units in some
      figures and in which:
PAR  FIG. 1 is a schematic view of a preferred embodiment of a thermal reactor
      according to the present invention;
PAR  FIG. 2 is a schematic view of another preferred embodiment of a thermal
      reactor according to the present invention;
PAR  FIG. 3 is a schematic view of still another preferred embodiment of a
      thermal reactor according to the present invention; and
PAR  FIG. 4 is a shcematic view of a modification of the embodiment shown in
      FIG. 1.
DETD
PAR  Referring now to FIG. 1, one preferred embodiment of a thermal reactor of
      the present invention is illustrated as used with a common automotive
      internal combustion engine 10 having a plurality of exhaust ports 12 to
      which an exhaust manifold 14 is connected. The exhaust manifold 14 is in
      turn connected to a thermal reactor 16 of the present invention.
PAR  The thermal reactor 16, often called an after-burner, includes an outer
      casing 18 and an inner casing 20, both being of generally cylindrical,
      elongate configuration. The outer casing 18 has an exhaust gas inlet 22 at
      the one end thereof and an exhaust outlet 24 at the other end thereof. The
      exhaust gas inlet 22 is connected to the exhaust manifold 14 through which
      the exhaust gases from the internal combustion engine 10 flow into the
      thermal reactor 16 to be purified therein.
PAR  The inner casing 20 has an inlet opening 26 at the one end thereof which
      opens in the direction of the exhaust gas inlet 22 of the outer casing 18
      and an outlet opening 28 at the other end thereof which opens into the
      exhaust gas outlet 24. The outer periphery of the outlet opening 28 of the
      inner casing 20 is sealingly contacted with the inner periphery of the
      exhaust gas outlet 24 of the outer casing 18.
PAR  An outer chamber 30 is defined between the outer casing 18 and the inner
      casing 20. A partition wall 32 of annular shape defines a secondary air
      preheating chamber 34 at the downstream portion of the outer chamber 30.
      An inner chamber 36 is defined within the inner casing 20. At a portion
      upstream of the inner chamber 36, an oxidizing catalyst 38 is fixedly
      disposed. The catalyst 38 may be of monolithic type or honeycomb structure
      having a plurality of unobstructed openings. A catalytic component such as
      a plutinum group metal is disposed on the surface of the structure. With
      the inner chamber 36, a reburning chamber 40 is defined between the
      oxidizing catalyst 38 and the outlet opening 28 of the inner casing 20.
      The reburning chamber 40 communicates with the outer chamber 30 through a
      plurality of perforations 42 formed in the inner casing 20.
PAR  A first secondary air injection nozzle 44 projects from the inner surface
      of the air heating chamber 34 into the reburning chamber 40 and extends
      along the longitudinal axis of the inner chamber 36 in the direction of
      the oxidation catalyst 38. The first injection nozzle 44 has a plurality
      of perforations 45 therein through which secondary air is injected into
      the reburning chamber 40. The first injection nozzle 44 communicates with
      the secondary air heating chamber 34 where secondary air is heated before
      injection. The heating chamber 34 in turn communicates with a secondary
      air source (not shown) such as an air pump through a secondary air conduit
      46.
PAR  A second secondary air injection nozzle 48 is disposed in the inner chamber
      upstream of the oxidation catalyst 38 through the outer casing 18 and the
      inner casing 20. The second injection nozzle 48 is in turn connected
      through a secondary air pipe 50 to the secondary air conduit 46. In the
      secondary air pipe 50, a solenoid valve or a flow control valve 52 is
      disposed which is electrically connected through a line 54 to an engine
      load sensor or load responsive switch 56. The sensor or switch 56 is
      arranged in such a menner that the solenoid of valve 52 is energized for
      the valve 52 to close the secondary air pipe 50 when the engine load
      exceeds a predetermined level to prevent secondary air flowing
      therethrough. The engine load responsive switch 56 alternatively may be
      connected to a throttle valve (not shown) for energizing the solenoid
      valve 52 when the throttle valve opening degree exceeds a predetermined
      level.
PAR  In operation, the exhaust gases from the internal combustion engine 10 are
      admitted through the exhaust manifold 14 into the thermal reactor 16. When
      the temperature of the exhaust gases is relatively low, as during low load
      engine operation, the part of the exhaust gases admitted through the inlet
      opening 26 into the upstream portion of the inner chamber 36 is mixed with
      the secondary air injected from the second secondary air injection nozzle
      48 since under these conditions the solenoid valve 52 is opened to allow
      the flow of secondary air. The mixture is thereafter passed through the
      oxidation catalyst 38 to oxidize unburned noxious components of the
      exhaust gases. In this step, carbon monoxide of the unburned noxious
      components is selectively oxidized to generate reaction heat. The oxidized
      high temperature gases are discharged from the oxidation catalyst 38 into
      the reburning chamber 40. The other part of exhaust gases admitted into
      the thermal reactor 16 is introduced into the outer chamber 30 and
      thereafter through the perforations 42 into the reburning chamber 40
      causing a vortex flow. The exhaust gases containing unburned components
      are mixed with the oxidized high temperature gases from the catalyst 38
      and are heated by same. The thus heated exhaust gases are further mixed
      with secondary air injected from the perforations 45 formed in the first
      secondary air injection nozzle 44 to burn the remaining unburned
      components such as carbon monoxide and hydrocarbons.
PAR  To effectively use the oxidizing catalyst 38, the temperature of the
      exhaust gases passing through it must be at least 400.degree.C or at an
      activating temperature of the catalyst 38 and contain sufficient oxygen to
      allow catalytic oxidation. Thus in the thermal reactor of the invention,
      due to injection of secondary air into the exhaust gas flow upstream of
      the catalyst 38, burning occurs and increases the temperature of exhaust
      gases to a sufficiently high temperature to activate the catalyst 38. The
      activated catalyst then employs the remaining oxygen in further subsequent
      heat generating oxidation. Thus even if the temperature of exhaust gases
      discharged from the engine is not high enough to activate the catalyst 38,
      as occurs during low load engine operation, the catalyst 38 can be
      activated to perform its function. It is preferable that the proportion
      between the areas of the inlet opening 26 and the perforations 42 if 2:8
      to 3:7 to introduce 20 to 30% by volume of the total exhaust gases through
      the inlet opening 26 into the catalyst 38 while 70 to 80% by volume of the
      same flows through the perforations 42 formed in the inner casing into the
      reburning chamber 40. This effects a satisfactory vortex flow of the
      exhaust gases within the reburning chamber 40 and therefore results in
      satisfactory reburning of the unburned components.
PAR  When the temperature of the exhaust gases is relatively high or during high
      load engine operation, the oxidation reaction within the catalyst 38
      ceases due to a lack of reaction supporting oxygen, since the solenoid
      valve 52 is closed and secondary air is not therefore injected through the
      second injection nozzle 48. Accordingly, all of the exhaust gases from the
      engine 10 are reburned in the reburning chamber 40 only by being mixed
      with the secondary air injected through the first injection nozzle 44.
PAR  Another embodiment of FIG. 2 is similar to that shown in FIG. 1 with the
      exceptions that are as follows: An outer casing 18 of the thermal reactor
      16 is directly connected through a plurality of exhaust gas inlets 22 to a
      plurality of corresponding exhaust ports 12 of an automotive internal
      combustion engine 10. To each exhaust ports 12, second secondary air
      injection nozzles 48 open. Within the outer casing 18, a first and a
      second inner casing 20a and 20b are symmetrically disposed and the inner
      casings 20a and 20b have a first and a second oxidation catalysts 38a and
      38b respectively therein. The first and second inner casing 20a and 20b
      are combined at each outlet openings 28a and 28b with a space 60 formed
      between the outlet openings 28a and 28b by an annular connector 62 which
      has a U-shaped corss-section. An exhaust gas outlet 24 is connected
      through the outer casing 18 to the annular connector 62. Through the pair
      of catalysts 38a and 38b, a pair of first secondary air injection nozzles
      44a and 44b extends symmetrically from the both ends of the outer casing
      18 through each inlet openings 26a and 26b and the catalysts 38a and 38b
      into each reburning chambers 40a and 40b respectively. A pair of third
      secondary air injection nozzles 64a and 64b are disposed in the
      corresponding inlet openings 26a and 26b of the each inner casing 20a and
      20b, and surrounding the first injection nozzles 44a and 44b respectively.
PAR  In operation, when the temperature of the exhaust gases is relatively low
      or during low engine load operation, the exhaust gases from the engine 10
      are premixed with secondary air injected through plurality of second
      secondary air injection nozzles 48 since a solenoid valve or a flow
      control valve 52 is opened to allow the flow of secondary air and are
      thereafter admitted into an outer chamber 30. A part of the exhaust gases
      is introduced through the inlet openings 26a and 26b into the each inner
      casing 20a and 20b. This part of the exhaust gases is then mixed with the
      secondary air injected through the third secondary air injection nozzles
      64a and 64b and is thereafter introduced into the oxidizing catalysts 38a
      and 38b. Thus this part of the exhaust gases is heated as previously
      described, by combustion prior entry into the catalyst and by reaction in
      the catalyst 38a and 38b, and is then discharged into the reburning
      chambers 40a and 40b. While the other part of the exhaust gases is
      introduced from through openings 68a and 68b formed respectively in a pair
      of annular partition wall 66a and 66b through a plurality of perforations
      42 formed in the inner casing 20a and 20b or directly through the
      perforations 42 into the reburning chamber 40a and 40b.
PAR  In the reburning chamber 40a and 40b, the other part of the exhaust gases
      is heated by the oxidized gases from the catalyst 38a and 38b and is
      thereafter reburned by being mixed with the secondary air injected through
      the first secondary air injection nozzles 44a and 44b. The thus reburned
      and purified exhaust gases from the engine 10 are introduced through the
      each outlet openings 28a and 28b into the space 60 and are thereafter
      discharged through the exhaust gas outlet pipe 28 into the atmosphere. In
      this instance, all the secondary air injected through the first, second
      and third secondary injection nozzles is admitted from a secondary air
      source (not shown) through a secondary air heating chamber 34 surrounding
      the exhaust gas outlet 28.
PAR  When the temperature of the exhaust gases is relatively high or during high
      load engine operation, the secondary air injection through the second
      injection nozzles 48 is stopped since the solenoid valve 52 is closed to
      block the secondary air flow through the secondary air pipe 50.
PAR  In this instance, the second injection nozzles 48 may disposed merely in
      the two exhaust ports in the extreme right and the extreme left. The
      reburning chambers 40a and 40b are always heated during engine operation
      since a suitable amount of the secondary air is always injected through
      the third injection nozzles 64a and 64b for oxidation reaction in the
      oxidizing catalysts 38a and 38b. The openings 68a and 68b formed
      respectively in the partition wall 66a and 66b are particularly effective
      in the engine having few combustion chambers for controlling the amount of
      exhaust gases into the catalyst 38a and 38b.
PAR  FIG. 3 illustrates still another embodiment of the thermal reactor of the
      present invention which is so arranged as to introduce exhaust gases from
      the left three cylinders of the engine 10 through a first exhaust gas
      sub-inlet 22a into an oxidation catalyst 38 while the exhaust gases from
      the right three cylinders flow through at least one second exhaust gas
      sub-inlet 22b into a reburning chamber 40. Exhaust gas separation is
      accomplished by means of an annular partition wall 76 or a partition
      member disposed in an outer chamber 30. Thus the outer chamber 30 is
      divided into a first and a second outer sub-chambers 30a and 30b.
PAR  When the temperature of the exhaust gases is relatively low or during the
      low load engine operation, the exhaust gases from the left three cylinders
      of the engine 10 are admitted through the first exhaust gas inlet 22a into
      the first outer sub-chamber 30a of a thermal reactor 16 after being
      premixed with secondary air injected through the second secondary air
      injection nozzles 48. The exhaust gases are further premixed with the
      secondary air injected through the third secondary air injection nozzle 64
      and introduced into the catalyst 38 to be oxidized. The exhaust gases are
      heated as previously described by pre-combustion and subsequent reaction
      in the catalyst 38 and thereafter discharged into the reburning chamber
      40. While the greater part of the exhaust gases from the right three
      cylinders of the engine 10 are introduced from the second exhaust gas
      sub-inlets 22b through relatively large perforations 42a formed in the
      inner casing 20, the smaller part of the same gases passes through the
      relatively small perforations 42b after being directed by means of
      cylindrical deflector 78. The thus introduced exhaust gases are heated by
      being mixed with heated exhaust gases from the catalyst 38 and thereafter
      reburned by being mixed with secondary air injected through perforations
      45 formed in a first secondary air injection nozzle 44 which communicates
      through a secondary air heating chamber 34 with a secondary air source
      (not shown).
PAR  When the temperature of the exhaust gases is relatively high or during high
      load engine operation, the secondary air injection through the second
      injection nozzles 48 is stopped since a solenoid valve or a flow control
      valve 52 is closed by an engine load sensor or load responsive switch 56
      so as to block the secondary air flow through the secondary air pipe 50.
PAR  When the temperature of the exhaust gases rises and exceeds a predetermined
      level, a temperature responsive valve 80 such as a bimetal valve opens to
      by-pass the exhaust gases from the first exhaust gas sub-inlet 22a through
      a passage 82 to the second outer sub-chamber 30b. Accordingly, although
      the secondary air is always supplied through the third injection nozzle 64
      into the catalyst 38, the reaction heat generated in the catalyst 38 is
      controlled and thermal damage of the catalyst 38 is therefore prevented.
PAR  In this instance, since the reburning chamber 40 is relatively long,
      satisfactory reburning of the exhaust gases is accomplished. In addition,
      since a relatively large amount of exhaust gases is introduced with the
      secondary air into the catalyst 38 during low load engine operation, the
      rapid heating of the thermal reactor 16 is accomplished.
PAR  FIG. 4 illustrates a modified example of the embodiment shown in FIG. 1, in
      which an inlet opening 26 of an inner casing 20 of a thermal reactor 16 is
      connected through a by-pass conduit 90 into which a second secondary air
      injection nozzle 48 opens. In addition, an exhaust control valve 92 is
      rotatably disposed in the exhaust gas inlet 22 of the thermal reactor 16.
      The control valve 92 may be mechanically connected to an acceleration
      pedal (not shown) and so arranged as to open substantially proportionally
      to engine load or depression of the acceleration pedal.
PAR  With the construction of the thermal reactor shown in FIG. 4, when the
      temperature of exhaust gases from an engine 10 is relatively low or during
      idling operation, almost all the exhaust gases from the engine 10 are
      introduced through the by-pass conduit 90 into the inlet opening 26 of the
      inner casing 20 since the exhaust gas control valve 92 is closed. In the
      by-pass conduit 90, the exhaust gases are premixed with the secondary air
      injected through the second injection nozzle 48. The exhaust gases are
      passed through an oxidation catalyst 38 for selectively oxidizing carbon
      monoxide there in and subsequent discharged into the reburning chamber 40.
      The other unburned components of the exhaust gases are burned by mixing
      with the secondary air injected through the first secondary air injection
      nozzle 44.
PAR  When the acceleration pedal is depressed and the temperature of the exhaust
      gases from the engine 10 is elevated, the exhaust gas control valve 92 is
      opened and the greater part of the exhaust gases from the engine 10 is
      introduced through the exhaust gas inlet 22 into outer chamber 30 of the
      thermal reactor 16. The exhaust gases are introduced through perforations
      42 formed in the inner casing 20 into the reburning chamber 40. The
      smaller part of the exhaust gases from the engine 10 is introduced through
      the by-pass conduit 90 into the catalyst 38. The exhaust gases oxidized in
      the catalyst 38 are discharged into the reburning chamber 40 and mixed
      with the exhaust gases introduced through the perforations 42. The mixed
      exhaust gases are thereafter reburned by further mixing with the secondary
      air injected through the first secondary air injection nozzle 44. The thus
      burned and purified exhaust gases are discharged through the exhaust gas
      outlet 24 into the atmosphere.
PAR  In the instances shown in FIGS. 1 to 4, ignition means such as a spark plug
      (not shown) may be disposed in a portion of the inner chamber 36
      downstream of the oxidizing catalyst 38 for igniting the exhaust gases
      during the initial step of the engine operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermal reactor for burning unburned components in exhaust gases of an
      internal combustion engine before emission to the atmosphere, the engine
      having a plurality of exhaust ports and the reactor including:
PA1  an outer casing having an exhaust gas inlet communicating with a plurality
      of exhaust ports;
PA1  an inner casing disposed within the outer casing and defining an outer
      chamber between the outer casing and the inner casing and an inner chamber
      therein, the inner casing having an inlet for the inner chamber to
      communicate with the outer chamber, an outlet communicating with the
      atmosphere, and a plurality of perforations formed therein to further
      communicate with the outer chamber; and
PA1  characterized by an oxidation catalyst disposed in the inner chamber of
      said inner casing for promoting oxidation of the unburned components in
      the exhaust gases introduced through the inlet of the inner casing to
      generate oxidation reaction heat;
PA1  a first secondary air injection nozzle disposed in the inner chamber of the
      inner casing between said oxidation catalyst and the outlet of the inner
      casing; and
PA1  a second secondary air injection nozzle disposed in a portion upstream of
      said oxidation catalyst for injecting secondary air into said oxidation
      catalyst.
NUM  2.
PAR  2. A thermal reactor according to claim 1, further comprising a flow
      control valve connected to said second secondary air injection nozzle to
      block secondary air flow to said second secondary air injection nozzle
      when the engine load is sensed to exceed a predetermined level.
NUM  3.
PAR  3. A thermal reactor according to claim 2, in which said flow control valve
      is a solenoid valve electrically connected to an engine load sensor, said
      solenoid valve closing to block said secondary air flow when energized by
      the sensor upon sensing the engine load exceeding the predetermined level.
NUM  4.
PAR  4. A thermal reactor according to claim 1, in which the proportion between
      the areas of the inlet and the perforations of the inner casing is 2:8 to
      3:7.
NUM  5.
PAR  5. A thermal reactor according to claim 1, in which said second secondary
      air injection nozzle is disposed in the inner chamber in a portion
      upstream of said oxidizing catalyst.
NUM  6.
PAR  6. A thermal reactor according to claim 1, further comprising a plurality
      of said second secondary air injection nozzles, one of which is disposed
      in each exhaust port.
NUM  7.
PAR  7. A thermal reactor according to claim 6, further comprising a third
      secondary air injection nozzle disposed in the inlet of the inner chamber
      for supplying secondary air to said oxidizing catalyst.
NUM  8.
PAR  8. A thermal reactor according to claim 7, further comprising a flow
      control valve connected to said second secondary air injection nozzles to
      block the secondary air flow from a secondary air source to said second
      secondary air injection nozzles when the engine load is sensed to exceed a
      predetermined level.
NUM  9.
PAR  9. A thermal reactor according to claim 8, in which the outer chamber is
      divided into a first and a second outer sub-chamber by a partition member,
      the first outer sub-chamber communicating with a portion in the inner
      chamber upstream of said catalyst and the second outer sub-chamber
      communicating with a portion in the inner chamber downstream of said
      catalyst.
NUM  10.
PAR  10. A thermal reactor according to claim 9, in which the exhaust gas inlet
      includes a first exhaust gas sub-inlet communicating said first outer
      sub-chamber with a part of exhaust ports, and at least one second exhaust
      gas sub-inlet communicating said second outer sub-chamber with the other
      part of exhaust ports respectively.
NUM  11.
PAR  11. A thermal reactor according to claim 10, further including a
      temperature responsive valve to allow the exhaust gases introduced through
      the first exhaust gas sub-inlet to admit exhaust gases into the second
      outer sub-chamber when the temperature of the exhaust gases exceeds a
      predetermined level.
NUM  12.
PAR  12. A thermal reactor according to claim 1, further comprising a by-pass
      conduit communicating the inlet opening of said inner casing with the
      exhaust ports of the engine, and an exhaust gas flow control valve
      disposed within the exhaust gas inlet for controlling the amount of the
      exhaust gases by-passing the exhaust gas inlet through said by-pass
      conduit in response to the engine load.
NUM  13.
PAR  13. A thermal reactor according to claim 12, wherein said second secondary
      air injection nozzle is disposed in said by-pass conduit.
NUM  14.
PAR  14. A thermal reactor according to claim 13, further comprising control
      means for opening said exhaust gas flow control valve substantially
      proportionally to the engine load.
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ABST
PAL  In a system for delivering air from an air pump to an exhaust system and
      accessories for an internal combustion engine, an air flow control unit
      has a high pressure relief valve, an outlet open to the exhaust system, a
      vent open to the atmosphere and an outlet open to the accessories with a
      check valve therein. A valve member is movable in response to an engine
      signal between a first position closing the exhaust system outlet and a
      second position closing the vent; and a low pressure relief valve is
      included in the vent to maintain a minimum low pressure in the unit when
      the valve member is in its first position.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an air flow control unit for use in a system for
      delivering air from an air pump to the exhaust system of a vehicle mounted
      internal combustion engine and to one or more accessories installed on the
      vehicle. The unit in its general design is similar to that shown in U.S.
      Pat. No. 3,835,646 to Ranft et al., assigned to the assignee of this
      application and hereby incorporated by reference therein.
PAR  The unit of our invention differs from that of the reference in that it is
      provided with an additional air outlet for the supply of air from the pump
      to one or more engine or vehicle accessories. Simply providing such an
      outlet, however, is not sufficient, since a constant minimum pressure is
      required for dependable accessory operation. In the reference unit, an air
      flow path to the exhaust system or the atmosphere is always open and, at
      low pump speeds, insufficient back pressure may be generated within the
      unit.
PAR  The reference unit contains a pressure relief valve, the purpose of which
      is to bleed off a portion of the large amount of air flowing to the
      exhaust system at high pump speeds. Therefore, the permanent closure of
      the vent to the atmosphere would enable accessory air pressure to build up
      whenever the valve member of the control unit closed the outlet to the
      exhaust system. However, since the pressure needed for accessory actuation
      is significantly smaller than that required to actuate the pressure relief
      valve, the pump would be forced to do an increased amount of work when the
      valve member of the control unit was positioned to vent air to the
      atmosphere. At low pump speeds, this is due to the fact that the pump must
      work against the high spring pressure of the pressure relief valve. At
      high pump speeds this is so because the opening of the pressure relief
      valve, having been designed to be large enough to handle only part of the
      pump air flow when the outlet to the exhaust system is open, is not large
      enough to handle the full air pump flow without creating a back pressure
      even greater than that necessary to open the pressure relief valve.
PAR  On the other hand, the opening pressure of the pressure relief valve cannot
      be lowered to the low pressure required by the accessories or the amount
      of air supplied to the exhaust system may not be sufficient to keep
      exhaust emissions within desired limits.
PAR  In order, therefore, to insure the supply of adequate air to the exhaust
      system and accessories and the maximization of engine efficiency, the air
      flow control unit of this invention includes a second pressure relief
      valve set to open at the required accessory air pressure and placed in the
      main atmosphere vent so that it is operable in parallel with the high
      pressure relief valve only when the valve member moves to its position
      closing the exhaust outlet.
DRWD
PAR  Further details and advantages of this invention will be apparent from the
      drawings and following description of the preferred embodiment.
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 shows a preferred embodiment of my invention.
PAR  FIG. 2 shows a modification to the embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The embodiments of FIGS. 1 and 2 differ only in that the unit of FIG. 1 is
      designed to be used with accessories which leak or expel the air supplied
      to them whereas the modification of FIG. 2 can be used with accessories
      which maintain air under pressure in a closed system.
PAR  Referring to FIG. 1, an internal combustion engine 2 with an intake system
      4 and an exhaust system 6 drives an air pump 8 at a speed generally
      proportional to engine speed. The intake system 4 includes a source of
      intake manifold vacuum; and the exhaust system 6 is adapted for the
      admission of air thereto through an opening 7 for oxidation of unburned
      and partially burned hydrocarbons.
PAR  An air flow control unit 10 comprises a housing 12 with a lateral inlet 14
      extending to a valve chamber 16. Air is received from the air pump 8
      through inlet 14 and is discharged through a main outlet 17 to the exhaust
      system 6.
PAR  A valve member 19 located in valve chamber 16 is secured to the upper end
      of a valve stem 20. The lower end of valve stem 20 is secured to a
      diaphragm 21 which closes the lower end of housing 12.
PAR  An insert member 23 has a lower rim 24 secured between diaphragm 21 and
      housing 12. The upper rim 25 of insert 23 is pressed into a bore 26 of
      housing 12, a deep groove 27 in rim 25 facilitating the press fit.
PAR  The press fit of rim 25 and bore 26 prevents direct leakage of air from
      valve chamber 16 to an annular chamber 28 defined between insert 23 and
      housing 12. The lower rim 30 of housing 12 is spun over rim 24 of insert
      23, the peripheral edge of diaphragm 21 and an upper rim 29 of a lower
      housing member 54 to seal a chamber 31, defined between diaphragm 21 and
      insert 23, from annular chamber 28. A guide portion 32 of insert 23 fits
      closely about stem 20 both to support and guide stem 20 and to prevent
      leakage of air between valve chamber 16 and chamber 31.
PAR  Insert 23 has a cylindrical recess 33 surrounding guide portion 32. The
      upper periphery of recess 33 defines a valve seat 34 which is engaged by
      the lower portion of valve member 19. When valve stem 20 is displaced
      upwardly, valve member 19 will be moved away from valve seat 34 and will
      engage a valve seat 36 surrounding main outlet 17. This will prevent air
      flow from inlet 14 to main outlet 17 and will divert that air flow into
      recess 33 which it meets a low pressure relief valve 37.
PAR  The low pressure relief valve 37 has a tubular portion 38 which fits around
      and slides on guide portion 32 and a flange portion 40 which extends
      radially outward from the tubular portion 38 to meet an inner surface 41
      of the cylindrical recess 33. When valve member 19 moves away from valve
      seat 34, the low pressure relief valve 37 is free to slide reciprocally in
      cylindrical recess 33. Downward motion of low pressure relief valve 37 is
      opposed by a coil spring 42 surrounding guide portion 32 and compressed
      between flange portion 40 and a spring seat 43 formed in insert member 23.
PAR  A pair of diametrically opposed apertures 44 in insert member 23
      communicate cylindrical recess 33 with annular chamber 28. When valve
      member 19 is raised away from valve seat 34, increasing air pressure in
      valve chamber 16 forces low pressure relief valve 37 downward against
      spring 42 until flange portion 40 passes the tops of apertures 44, at
      which point air begins to flow from valve chamber 16 through cylindrical
      recess 33, apertures 44, annular chamber 18 and a plurality of apertures
      46 through housing 12 to the atmosphere. An annular pad of silencing
      material 45 partially fills chamber 28 to reduce the noise carried from
      the pump 8.
PAR  The pressure in valve chamber 16 at which flange portion 40 passes the
      upper end of apertures 44 to allow air flow therethrough will be termed
      the low relief pressure and is determined by the characteristics of spring
      42. The low relief pressure for most applications will be in the range of
      3 psig to 5 psig. When valve member 19 seats against valve seat 34 to
      close cylindrical recess 33 from valve chamber 16, low pressure relief
      valve 37 is not operative.
PAR  As shown in the reference patent, annular chamber 31 communicates with a
      source of intake manifold vacuum in the intake system 4. During engine
      deceleration, manifold vacuum rises abruptly, and the vacuum in chamber 31
      increases correspondingly to raise diaphragm 21 and the valve stem 20
      against the bias of a spring 47 which is compressible between a flange 48
      at the bottom of valve stem 20 and a spring seat 49 formed in insert 23.
      As explained above, this seats valve member 19 against valve seat 36 to
      interrupt air flow from pump 8 to exhaust system 6 and thus prevent
      backfiring in the exhaust system.
PAR  A passage 51 extends through the lower portion of valve stem 20 to connect
      vacuum chamber 31 with a chamber 52 defined between diaphragm 21 and a
      stem support flange 53 extending radially inward from lower housing 54.
      Check valve means 56, described in greater detail in the reference patent,
      are included in passage 51 to regulate flow between chambers 31 and 52.
      Check valve means 56 allow unrestricted air flow from chamber 31 to
      chamber 52 but restricted flow at a controlled rate from chamber 52 to
      chamber 31. Thus, after a sudden decrease in pressure within vacuum
      chamber 31 with a resulting upward movement of valve stem 20, valve stem
      20 is allowed to return to the position shown after a period of time
      determined by the rate of air flow from chamber 52 to chamber 31 through
      check valve means 56.
PAR  Housing 12 has a pressure relief passage 57 extending from a lateral
      opening 58 in the side of valve chamber 16 diametrically opposite inlet
      14. Pressure relief passage 57 includes an axially extending portion 59
      which opens into the top of annular chamber 28.
PAR  A valve seat 60 is formed about opening 58 and is engaged by a valve member
      62. Valve member 62 slides on a shaft 63 which is mounted on a cover
      member 64 secured by a spun over portion 65 of housing 12.
PAR  A spring 67 biases valve member 62 into engagement with seat 60 against air
      pressure within valve chamber 16. The valve member 62 and associated parts
      form a high pressure relief valve which opens when air pressure within
      valve chamber 16 reaches a level typically 8 to 10 psig, which is the
      minimum air pressure necessary to insure adequate air flow into exhaust
      system 6 at high engine speeds. When high pressure relief valve 62 is
      open, a portion of the air flow through inlet 14 is diverted through
      opening 58, passage 57, chamber 28 with its silencing material 45 and
      apertures 46 to the atmosphere.
PAR  An accessory outlet 68 opens from inlet 14 to an outlet tube 69 which
      contains a check valve 70 that allows unrestricted air flow outward
      through accessory outlet 68 but no air flow backward from tube 69 to inlet
      14. A conduit 72 connects outlet tube 69 with one or more accessories 73
      and, if required, an accumulator tank 74. Since the accessories 73
      dissipate the air supplied to them over time, additional air must be
      supplied through accessory outlet 68 to maintain the required accessory
      air pressure. This occurs whenever valve 19 closes outlet 17; but since
      engine operating conditions exist wherein valve 19 may not be actuated
      sufficiently often, accessory air pressure sensing and auxiliary valve
      actuating means are included.
PAR  Lower housing member 54 includes stem support flange 53 which extends
      radially inward and ends in a guide portion 77. A portion 78 at the bottom
      of lower housing member 54 is spun over the peripheral edge of a diaphragm
      79 and a lower cup 80. A chamber 82, defined between diaphragm 79 and
      lower cup 80, is open to the atmosphere through an aperture 83 in lower
      cup 80. A pressure sensing chamber 81, defined between diaphragm 79 and
      stem support flange 53, opens through one or more apertures 84 through
      stem support flange 53 to chamber 52. A valve seat 85 comprises a raised
      circular ridge surrounding apertures 84 on the surface of stem support
      flange 53 within chamber 52. A valve stem 86, receiprocable in guide
      portion 77, has a valve member 87 attached to one end within chamber 52
      and a pair of shallow cups 88 and 89 attached to its other end with
      diaphragm 79 sandwiched therebetween, cup 88 within chamber 81 and cup 89
      within chamber 82.
PAR  Conduit 72 connects outlet tube 69 to a tube 92 projecting through an
      opening 93 in lower housing member 54 which opens to pressure sensing
      chamber 81. Accessory air pressure, supplied to chamber 81 through conduit
      72 and tube 92, exerts a pressure above atmospheric on diaphragm 79 which
      is balanced by the force of a spring 94 in compression between lower cup
      80 and cup 89. The pressure is also communicated through apertures 84 to
      valve member 87; however, since the surface area of diaphragm 79 is much
      larger than that of valve member 87 inside valve seat 85, the greater this
      pressure becomes, the harder the valve member 87 is pulled against valve
      seat 85.
PAR  When the accessory air pressure falls to the low relief pressure, spring 94
      pushes valve stem 86 upward so that valve member 87 moves away from valve
      seat 85, thus allowing air at atmospheric or greater pressure into chamber
      52. The increased air pressure in chamber 52 causes diaphragm 21 to raise
      valve stem 20 and valve member 19 to close main outlet 17, with a
      resulting increase in accessory air pressure as previously described. When
      accessory air pressure builds up sufficiently in accessories 73 and
      accumulator tank 74, valve member 87 is once again pulled against valve
      seat 85 and valve member 19 returns to its normal mode of operation after
      a slight delay while the extra air in chamber 52 bleeds through the check
      valve means 56.
PAR  If the accessories 73 lose little or no air, then neither accumulator tank
      74 nor accessory air pressure sensing and auxiliary valve actuation means
      are necessary. The high manifold vacuum created during engine starting
      actuates valve 19 and charges accessory 73 with accessory air pressure;
      while subsequent similar actuation of valve 19 prevents loss of accessory
      air pressure due to slow leaks.
PAR  In this case, referring to FIG. 2, lower housing member 54 and all other
      parts associated with it have been replaced by a lower cup 95, the outer
      rim 96 of which is held sealingly in the folded over lower rim 30 of
      housing member 12. In such an embodiment, there is no accumulator tank and
      the conduit 72 connects outlet tube 69 only with the accessories 73.
PAR  The description just completed is only of preferred embodiments of our
      invention. Equivalent embodiments will occur to those skilled in the art;
      and therefore our invention should be limited only by the claims which
      follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. Means for supplying pressurized air at an accessory air pressure for an
      accessory mounted on a vehicle equipped with a combustion engine having an
      exhaust system, the pressurized air supply means comprising, in
      combination:
PA1  an air pump driven by the engine, the air pump having an outlet;
PA1  an air control unit including a chamber open to the air pump outlet, the
      chamber having an exhaust supply outlet, an accessory supply outlet, a
      high pressure relief outlet and a low pressure relief outlet, the exhaust
      supply and low pressure relief outlets being diametrically opposed across
      the chamber;
PA1  check valve means in the accessory supply outlet to prevent air flow back
      into the chamber;
PA1  a high pressure relief valve in the high pressure relief outlet, the high
      pressure relief valve being openable by air at a high pressure greater
      than the accessory air pressure to vent the chamber to the atmosphere;
PA1  conduit means connecting the exhaust supply outlet with the engine exhaust
      system;
PA1  valve means in the chamber reciprocable between a first position closing
      the exhaust supply outlet and a second position closing the low pressure
      relief outlet;
PA1  valve actuation means in the air control unit outside the chamber, the
      valve actuation means including a stem linked with the valve means, the
      valve actuation means being responsive to an engine signal to move the
      valve means between its first and second positions;
PA1  an annular insert member in the air control unit, the insert member having
      an inner cylindrical surface defining a low pressure relief conduit having
      one end open to the low pressure relief outlet and a central guide portion
      within the low pressure relief conduit and coaxial therewith, the central
      guide portion surrounding the stem, the insert member having an aperture
      through the inner cylindrical wall opening the low pressure relief conduit
      to the atmosphere;
PA1  a low pressure relief valve member reciprocable on the guide portion within
      the low pressure relief conduit, the low pressure relief valve member
      sealingly engaging the guide portion and the inner cylindrical wall;
PA1  spring means biasing the low pressure relief valve member toward the low
      pressure relief outlet, the spring means thereby balancing the force of
      air on the low pressure relief valve member with the vlave means in its
      first position, the spring means having such characteristics that the low
      pressure relief valve member closes the low pressure relief outlet from
      the aperture when the air pressure in the chamber is less than the
      accessory air pressure but moves past the aperture to open it to the low
      pressure relief outlet when air pressure in the chamber exceeds the
      accessory air pressure.
NUM  2.
PAR  2. Means for supplying pressurized air for an accessory mounted on a
      vehicle equipped with a combustion engine having an exhaust system, the
      pressurized air supply means comprising, in combination:
PA1  an air pump driven by the engine, the air pump having an outlet;
PA1  a first conduit connecting the air pump outlet with the engine exhaust
      system;
PA1  a second conduit venting the air pump outlet to the atmosphere;
PA1  valve means in the air pump outlet movable between a first position closing
      the first conduit only and a second position closing the second conduit
      only;
PA1  means to move the valve means between its first and second positions in
      response to an engine signal;
PA1  an accessory air outlet connecting the pump outlet to the accessory, the
      accessory air outlet including means to prevent air flow back into the
      pump outlet;
PA1  a high pressure relief valve openable by air at a high pressure to vent the
      air pump outlet to the atmosphere; and
PA1  a low pressure relief valve in the second conduit and openable by air at a
      low pressure between the high and atmospheric pressures only when the
      valve means is in its first position, whereby pump back pressure and hence
      energy used by the pump is reduced to only that necessary to maintain the
      low air pressure for the accessory when air is not supplied to the exhaust
      system, the low pressure relief valve being isolated from the pump outlet
      by the valve means in its second position, whereby the air supplied to the
      engine exhaust system is maintained at the high pressure to ensure
      sufficient air to maximize the oxidation of oxidizable exhaust
      constituents.
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PAL  A hydrodynamic torque converter, especially for motor vehicles, which is
      equipped with a pump wheel, a turbine wheel and a guide wheel and with
      adjustable cascade at least at one of these wheels, preferably at the
      guide wheel; each blade of such wheel is thereby rotatably supported and
      is automatically adjustable against a spring force by the torque exerted
      by the circulating flow of the hydraulic medium.
BSUM
PAR  The present invention relates to a hydrodynamic torque converter for
      vehicles, especially for motor vehicles, with a pump wheel, a turbine
      wheel and a guide wheel, and with an adjustable cascade at least at one of
      these wheels, preferably at the guide wheel.
PAR  Hydrodynamic torque converters are used to an increasing extent in the
      drive connection, especially in motor vehicles. They fulfill most
      far-reachingly the requirements for a stepless, infinitely variable
      conversion of the engine power output into driving power for the vehicle.
      Grounds exist, partly for the reason of further improvement of the
      transmission properties, partly for the reason of special applications,
      which make it necessary to change by interaction from the outside the
      power or performance figure, normally dependent only from the rotational
      speed, in a desired manner. Thus, for example, high starting speeds at
      full load are not desirable by reason of the hydraulic losses connected
      therewith, by reason of the possibly strongly increasing engine noise and
      by reason of the higher fuel consumption. Lower starting rotational speeds
      at full load, in contrast thereto, mean high creeping moments at idling
      rotational speed which may become disagreeable and troublesome by reason
      of the strong shifting shock and which during slowmotion or crawling drive
      with a pushing vehicle may even become dangerous to traffic or icy roads.
PAR  One therefore aims at expanding the converter range determinative for the
      improvement of the driving power--that is, the operating range between
      starting point and coupling point--to as large as possible a driven
      rotational speed range. The power or performance figure which is
      responsible for the transmission of the power output is thereby to
      decrease continuously from the starting point to the coupling point
      whereby a rotational speed depression which is as large as possible is
      desirable. Furthermore, the efficiency curve is to be optimum and the
      coupling point is to lie at a rotational speed ratio which is as large as
      possible.
PAR  Furthermore, applications exist (cooperation of a hydrodynamic torque
      converter with single shaft gas turbines, electric motors, etc.) in which
      the special torque-rotational speed characteristics of the drive aggregate
      requires another variation of the power or performance figure over the
      rotational speed ratio than exists normally.
PAR  Both as solution of these problems existing with a given application as
      also for the desired improvement of the transmission properties, torque
      converters of centrifugal as also of centripetal type of construction
      (adjusting converters) are known whose guide wheel-blades or also whose
      pump wheel blades are adjusted externally by way of pistons and levers.
      Thus, for example, according to the German Pat. No. 1,018,285, the front
      part of the guide wheel blade is adjusted. Also, the British Pat. No.
      908,047 shows guide wheel blades whose front portion is displaceable
      telescopically with respect to the main portion. However, these prior art
      constructions are very expensive, costly and prone to troubles, and they
      also do not enable always with certainty the attainment of the aimed-at
      effect.
PAR  The present invention is now concerned with the task of providing a simple
      and operationally reliable adjustable blade. The underlying problems are
      solved according to the present invention with the aforementioned
      hydrodynamic converters in that each blade of a rotor is rotatably
      supported and is adjustable automatically against a spring force by the
      torque exerted by the circulating flow. The blade therefore adjusts itself
      during the operation to an equilibrium condition between the spring force
      and the flow torque. This automatic adjustment can be used, of course, in
      connection with the entire blade--and this solution is preferred by the
      present invention--as also in connection with a partial blade.
PAR  The torque converter construction according to the present invention offers
      the advantage of a very simple construction of the adjustable blades which
      can be utilized in the pump wheel or in the turbine wheel or preferably in
      the guide wheel or simultaneously in several wheels or rotors. The
      adjustment of the blades takes place automatically by the flow against a
      predetermined spring force. It can be influenced with the same inflow
      conditions in front of the blade, i.e., with the same conditions of the
      original direction of the flow ahead of the blade, by the utilization of
      suitable springs (spring characteristics), by differing combinations of
      several springs of similar or different characteristics, by the selection
      of the limitation and location of the adjusting range, by a corresponding
      coordination of the blades to the adjusting lever and by the selection of
      the location of the pivot point in the blade. The adjusting
      inter-relationship can thus be matched or adapted to all possible
      requirements in a far-reaching manner.
PAR  It is additionally proposed by the present invention that a lever
      transmission or a similarly acting transmission mechanisim is connected
      between the pivot shaft of the blade and the spring force. In case of a
      guide wheel with a hub portion disposed inwardly of the blades, each blade
      is to be arranged on a radially extending pivot pin which terminates in a
      pivot arm pointing approximately in the circumferential direction whereby
      all pivot arms engage in an axially movable adjusting ring.
PAR  In one embodiment according to the present invention, an axially extending
      annular recess for the accommodation of the pivot arms and of the
      adjusting ring is provided in the hub portion of the guide wheel whereby
      the adjusting ring is axially displaceably supported on that sleeve part
      which forms the inner boundary of this annular recess. The construction is
      thereby appropriately made in such a manner that the axial movability of
      the adjusting ring is limited toward both sides by abutments and the
      adjusting ring is loaded or stressed by one or several springs in the
      direction toward a closed blade cascade.
PAR  Accordingly, it is an object of the present invention to provide a
      hydrodynamic torque converter for vehicles, especially for motor vehicles,
      which avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a hydrodynamic torque
      converter for vehicles which is relatively inexpensive and relatively less
      prone to troubles, yet permits an adaptation of its characteristics to the
      given requirements.
PAR  A further object of the present invention resides in a hydrodynamic torque
      converter for vehicles which is characterized by an adjustable cascade
      that is both simple in construction and reliable in operation.
PAR  A still further object of the present invention resides in a hydrodynamic
      torque converter of the type described above which adjusts itself
      automatically to the predetermined characteristics.
PAR  Another object of the present invention resides in a hydrodynamic torque
      converter for vehicles which avoids high hydraulic losses as well as
      undesired high engine noises during the start under full load, yet also
      eliminates low rotational speeds at full load entailing high creeping
      moments at idling rotational speeds.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic view of a profile of a guide wheel blade for purposes
      of explaining the flow conditions along such blades;
PAR  FIG. 2 is a pressure diagram for the blade according to FIG. 1;
PAR  FIG. 3 is a characteristic diagram of a torque converter; and
PAR  FIG. 4 is a cross-sectional view through a torque converter with
      guide-wheel blades according to FIG. 1.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, according to FIGS. 1
      and 2, the pressure difference between the pressure side and the suction
      side is the larger at the guide wheel blade 10, the larger the flow
      velocity and the larger the deflection. The pressure difference between
      two associated blade profile elements (element on the side and element on
      the suction side) is proportional to the deflection along these elements
      and proportional to the mass flow per second which flows thereat. In FIG.
      2, the pressure curve along the blade surface of a blade profile according
      to FIG. 1 is illustrated for two inflow directions, i.e., for two initial
      directions of flow of the hydraulic fluid (belly thrust or positive
      incidence and back thrust or negative incidence). It can be seen therefrom
      that during the transition from belly thrust (positive incidence) to back
      thrust (negative incidence), the pressure difference between the pressure
      side and the suction side becomes smaller. With another profile shape and
      profile arrangement (thickness distribution, profile curvature, pitch
      condition, etc.) another pressure curve may result. Thus, for example, the
      maximum pressure difference can be displaced more toward the exit or
      discharge by a displacement of the rear position of the curvature, i.e.,
      by a displacement of the position of a maximum camber from the blade
      leading edge as a fraction or function of blade chord. If the guide blade
      10 according to FIG. 1 is now rotatably supported on a pin 11, then the
      pressure development along the blade surface produces a torque with
      respect to this pin 11. The magnitude of this torque influence can be
      readily seen from the formula indicated in FIG. 1, namely M = .phi. p r d
      A.
PAR  With the automatic blade adjustment according to the present invention, the
      blade, as already indicated above, is rotatably supported on a pin 11. In
      the present invention, the blade 10 is retained in the direction of
      rotation by a spring. During the operation, the guide blade 10 will then
      always rotate so far until equilibrium is reached between the blade torque
      and the spring torque.
PAR  With a Fottinger converter, the guide wheel is so shaped that the hydraulic
      medium flows against the converter pump with a whirl in the direction of
      rotation, i.e., with a circumferential component at the guide wheel exit
      pointing in the direction of rotation of the pump wheel. If the converter
      operates at the starting point, then the hyraulic medium will flow against
      the guide wheel with a belly thrust (positive incidence). The pressure
      difference between the pressure side and the suction side becomes large,
      and with a correct position of the axis of rotation, a large torque is
      present (see FIG. 2). Within the range of the coupling point, the
      hydraulic medium flows against the guide wheel with a back thrust
      (negative incidence), and the torque will thereby become smaller if a
      constant rotational input speed of the torque converter is assumed. With
      an increasing rotational input speed, the flow velocity increases and
      therewith the pressure difference and the moment also increase since the
      flow velocity is proportional to the rotational speed over wide ranges. It
      follows therefrom for the illustrated Trilok converter that with a
      constant rotational input speed, the torque on the guide wheel is larger
      at the starting point than at the coupling point. The blade is therefore
      rotated more at the starting point as compared to the coupling point, the
      whirl in the direction of rotation is therefore correspondingly decreased
      and the torque converter power or performance figure is therefore
      increased accordingly. The rotational speed depression becomes larger.
      With an increasing converter rotational speed, the torque becomes larger
      with a constant rotational speed ratio but the whirl in the direction of
      rotation becomes smaller and the torque converter performance figure
      becomes larger. The torque converter output or performance figure is no
      longer proportional to the rotational speed.
PAR  The schematic diagram of the torque converter is illustrated in FIG. 3 as a
      function of inter-relationship of the pump output figure on the rotational
      speed ratio. As can be seen by reference to the illustrated diagram of
      FIG. 3, several advantages are obtained with this torque converter
      according to the present invention compared to the normal Fottinger
      converters. Thus, for example, the starting rotational speed at full load
      is lower and the creeping moment is small at idling rotational speed. The
      rotational speed depression is large. The position of the coupling point
      and the efficiency is good. The acceleration behavior can be improved.
PAR  According to FIG. 4, the torque converter consists of a pump wheel 12, of a
      turbine wheel 13 and of a guide wheel 10 with a conventional free-wheeling
      device 14. The blades 15 of the guide wheel 10 are secured on a respective
      pivot pin 11 which extends through the hub portion 16 of the guide wheel
      10. The pivot pin 11 thereby projects into an annular recess 17 of the hub
      portion 16. A pivot arm 18 is disposed inwardly at this pivot pin 11,
      which engages by means of a pin 19 in an adjusting ring 20 which is
      axially displaceably arranged on the sleeve or bush portion 21 of the hub
      16. The axial adjustability of this adjusting ring 20 is limited, on the
      one hand, by a snap ring 22 and, on the other, by an annular shoulder 23
      at the hub portion 16. Cup springs 24 press the adjusting ring 20 always
      in such a direction that all blades 15 of the guide wheel 10 are rotated
      in the direction of the closed position.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydrodynamic torque converter for vehicles which comprises a pump
      wheel means, a turbine wheel means and a guide wheel means, an adjustable
      blade means at least at one of these wheel means, characterized in that
      the adjustable blade means of a respective wheel means are rotatably
      supported and are automatically adjustable against a spring force by the
      torque exerted thereon solely by the circulating flow of the hydraulic
      medium.
NUM  2.
PAR  2. A hydrodynamic torque converter for vehicles according to claim 1,
      characterized in that at least the guide wheel means is provided with
      adjustable blade means.
NUM  3.
PAR  3. A hydrodynamic torque converter according to claim 1 characterized in
      that the adjustable blade means form an adjustable cascade.
NUM  4.
PAR  4. A hydrodynamic torque converter according to claim 3 characterized in
      that each blade means of the cascade is rotatably supported.
NUM  5.
PAR  5. A hydrodynamic torque converter according to claim 1, in which each
      adjustable blade means includes a pivot pin means, characterized by
      transmission means interconnected between the pivot pin means of the
      corresponding blade means and the spring force.
NUM  6.
PAR  6. A hydrodynamic torque converter according to claim 5, characterized in
      that said transmission means includes a lever transmission.
NUM  7.
PAR  7. A hydrodynamic torque converter according to claim 5, characterized in
      that the transmission means provides a leverage.
NUM  8.
PAR  8. A hydrodynamic torque converter according to claim 5, characterized in
      that with a guide wheel means having a hub portion disposed inside of the
      blade means, each blade means is arranged on a radially extending pivot
      pin means which terminates in a pivot arm pointing approximately in the
      circumferential direction, and in that all pivot arms engage in an axially
      movable adjusting ring means.
NUM  9.
PAR  9. A hydrodynamic torque converter according to claim 8, characterized in
      that an axially extending annular recess means is provided in the hub
      portion of the guide wheel means for the accommodation of the pivot arms
      and of the adjusting ring means, and in that the axially displaceable
      adjusting ring means is supported on a sleeve portion which forms the
      inner boundary of the annular recess means.
NUM  10.
PAR  10. A hydrodynamic torque converter according to claim 9, characterized in
      that the axial movability of the adjusting ring means is limited toward
      both sides by abutments.
NUM  11.
PAR  11. A hydrodynamic torque converter according to claim 10, characterized in
      that the adjusting ring means is spring-loaded by at least one spring
      means in the direction to a closed blade cascade.
NUM  12.
PAR  12. A hydrodynamic torque converter according to claim 11, characterized in
      that several spring means are provided which springload the annular
      adjusting ring means.
NUM  13.
PAR  13. A hydrodynamic torque converter according to claim 12, characterized in
      that the adjustable blade means form an adjustable cascade.
NUM  14.
PAR  14. A hydrodynamic torque converter according to claim 13, characterized in
      that each blade means of the cascade is rotatably supported.
NUM  15.
PAR  15. A hydrodynamic torque converter according to claim 2, characterized in
      that with a guide wheel means having a hub portion disposed inside of the
      blade means, each blade means is arranged on a radially extending pivot
      pin means which terminates in a pivot arm pointing approximately in the
      circumferential direction, and in that all pivot arms engage in an axially
      movable adjusting ring means.
NUM  16.
PAR  16. A hydrodynamic torque converter according to claim 15, characterized in
      that an axially extending annular recess means is provided in the hub
      portion of the guide wheel means for the accommodation of the pivot arms
      and of the adjusting ring means, and in that the axially displaceable
      adjusting ring means is supported on a sleeve portion which forms the
      inner boundary of the annular recess means.
NUM  17.
PAR  17. A hydrodynamic torque converter according to claim 15, characterized in
      that the axial movability of the adjusting ring means is limited toward
      both sides by abutments.
NUM  18.
PAR  18. A hydrodynamic torque converter according to claim 17, characterized in
      that the adjusting ring means is spring-loaded by at least one spring
      means in the direction to a closed blade cascade.
NUM  19.
PAR  19. A hydrodynamic torque converter according to claim 18, characterized in
      that several spring means are provided which spring-load the annular
      adjusting ring means.
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ABST
PAL  A fluid clutch of the kind comprising cooperating radiallyvaned pump and
      turbine elements has at least a portion of each vane of one of the sets of
      vanes of the pump and turbine elements movable either by axial motion or
      by pivoting motion under an external operator's control within an external
      enclosure formed between the outside face of the respective element and an
      annular shell rotatable therewith. Disengagement of the clutch is effected
      by the said motion which withdraws the movable vanes or vane portions from
      the working circuit into the said external enclosure, so that the power
      transmitting vortices usually produced by the vanes cannot be maintained.
      The clutch turbine may be provided with a device which can apply some
      rotational friction thereto when the clutch is fully disengaged, in order
      to stop the turbine fully against residual fluid friction in the working
      circuit.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of my application Ser.
      No. 352,971, filed Apr. 20, 1973, now abandoned, which is a
      continuation-in-part of my application Ser. No. 158,873, filed July 1,
      1971, now abandoned, which is in turn a continuation-in-part of my
      application Ser. No. 81,667, filed Oct. 19, 1970, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with improvements in or relating to
      fluid clutches, of the kind comprising cooperating radially-vaned pump and
      turbine elements which are rotatable relative to one another and in which
      power is transmitted between the elements by liquid vortices established
      between them.
PAC  REVIEW OF THE PRIOR ART
PAR  Fluid clutches of the kind specified are usually provided in a drive system
      between a load and a prime mover, and provision must be made for
      engagement and disengagement thereof under the control of an operator.
PAR  Examples of fluid couplings to which the present invention is applicable
      and which are provided with additional overload protection and/or are
      arranged for smooth analogising control of the power transmission capacity
      are described, for example in my prior U.S. Pat. Nos. 3,045,429 and
      3,237,409.
PAR  There has been proposed in U.S. Pat. No. 2,270,545, issued Jan. 20, 1942 to
      Chrysler Corporation, a fluid coupling drive device comprising cooperating
      relatively rotatable vane-carrying pump and turbine structures. A third
      structure comprises a slotted annular structure resting within one of the
      first-mentioned structures, so that the vanes of the said one structure
      can move axially in the slots for engagement and disengagement of the
      coupling device. In the disengaged position the working fluid, which is
      caused to rotate by the pump vanes and the corresponding pump structure,
      can engage the withdrawn portions of the vanes and exerts a considerable
      torque thereon. This torque causes a large drag on the output shaft,
      preventing complete declutching of the device.
PAC  DEFINITION OF THE INVENTION
PAR  It is an object of the present invention to provide a new fluid clutch
      employing axially movable vanes for control of engagement and
      disengagement thereof.
PAR  It is a more specific object to provide a new fluid clutch as specified in
      the preceding paragraph and particularly suitable for application to a
      change speed gear.
PAR  In accordance with the present invention there is provided a fluid clutch
      of the kind specified comprising power input and output means, a pump
      element and a turbine element connected respectively to the power input
      and power output means for rotation thereby and providing respectively
      cooperating pump and turbine chambers rotatable about the same axis and
      constituting a working chamber, a quantity of working liquid in the
      working chamber, each element comprising a respective annular element
      shell and a respective set of radially-extending vortex producing vanes,
      the pump element having an axial extension thereof surrounding the turbine
      element shell to form a compartment between the extension and the turbine
      element shell, the turbine element comprising another annular shell fixed
      thereto, disposed within the said compartment, axially spaced from and
      rotatable with the turbine element shell to form a corresponding enclosure
      of constant volume therebetween, at least a portion of some of the vanes
      of said turbine element being movable axially through slots formed in the
      wall of the turbine element shell out of and into the turbine element
      chamber and respectively into and out of the last-mentioned constant
      volume enclosure for movement of the movable vanes or vane portions into
      and out of vortex-producing operative cooperation with the vanes of the
      pump element, and means operatively connected to the said movable vanes or
      vane portions for moving them through the slots from a clutch-engaged
      position in the turbine element chamber in which the pump and turbine
      vanes cooperate to produce power-transmitting vortices, to a
      clutch-disengaged position in which the pump and turbine vanes cannot
      cooperate to produce such vortices.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Fluid clutches which are specific embodiments of the invention will now be
      described, by way of example, with reference to the accompanying
      diagrammatic drawings, wherein:
PAR  FIG. 1 illustrates a first embodiment in which vane portions of the turbine
      element are moved axially, the FIGURE being a longitudinal cross-section
      in a plane containing the common rotational axis of the two coupling
      elements, and showing the clutch in engaged condition,
PAR  FIG. 2 is a similar view to FIG. 1 of part of the clutch of FIG. 1, and
      showing the clutch in disengaged condition,
PAR  FIG. 3 is a partial end view to show a detail of the vanes of one of the
      clutch elements,
PAR  FIG. 4 is a view similar to FIG. 1 and illustrating a clutch with another
      form of device for applying rotational friction to the clutch turbine,
PAR  FIG. 5 is a view similar to FIG. 1 and illustrating another form of clutch
      in which the turbine vanes are moved pivotally to engage and disengage the
      clutch, and
PAR  FIG. 6 is a view similar to FIG. 5 and illustrating a clutch in which the
      pump vanes are moved pivotally.
PAR  Similar parts are given the same reference in all the Figures of the
      drawing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The clutch particularly illustrated herein comprises a pump element 10
      connected to a power input shaft 11 that is in turn adapted to be
      connected to a prime mover, and a turbine element 12 connected to a power
      output shaft 13 that is in turn adapted to be connected to apparatus to be
      driven via the clutch. The pump and turbine interior together form the
      conventional toroidal-shaped working chamber. The pump interior is
      provided with the conventional fixed radially-extending vanes 14 while the
      turbine chamber is provided at its radially-inner end with fixed vane
      portions 15, each vane portion 15 being operatively associated with a
      respective movable vane portion 16. The cross-section of the toroidal
      working chamber in a plane containing the axes of the shafts 11 and 13 is
      an ellipse of relatively large eccentricity with the major axis thereof
      perpendicular to the shaft axes and the minor axes thereof parallel
      thereto. In this embodiment the immediately adjacent inner ends of the the
      two shafts 11 and 13 are mutually supported by a ball bearing 17, and a
      thrust bearing 18. An extension 19 of the pump element surrounds the
      turbine element in known manner to retain the working liquid in the
      coupling, a rotatable, fluid-tight joint 20 being provided between the
      radially-inner end 21 of the said extension 19 and an axially-movable
      tubular sleeve 22 to be described below.
PAR  The fixed vane portions 15 are mounted on a boss 23 fastened by bolts to a
      sleeve 24 surrounding the shaft 13 and rotatably connected thereto by
      splines 25. The above-described sleeve 22 is mounted around the sleeve 24
      and can slide freely axially thereon under the control of an operator's
      handle 26, one end of the handle being engaged in a circular groove 27 at
      the end of the sleeve 22.
PAR  An annular shell 28 of a shape to fit closely around the adjacent annular
      shell of the turbine element 12 is fastened at its radially inner end to
      the sleeve 22 to be movable therewith. Each of the movable vane portions
      16 is a close sliding fit in a respective slot 29 in the turbine element
      shell 12 and is fastened along the respective edge to the shell 28, so
      that the said vane portions are movable axially simultaneously with one
      another by operation of the handle 26. An annular shell 30 of a shape to
      extend with good clearance around the inner wall of the extension 19 is
      fastened to the shell 12 at their respective radially outermost ends.
PAR  In operation with the movable vane portions in the position shown in FIG. 1
      normal liquid vortices are established in the working chamber and transmit
      power between the pump and turbine elements. As the operator moves the
      handle 26 to move the vane portions 16 toward the position shown in FIG.
      2, less and less of the vanes are exposed to the action of the vortices
      and the power transmission capacity of the clutch is reduced
      progressively. At some point in the axial movement the vortices will
      collapse completely and the clutch is effectively disengaged. In this
      condition the working fluid gathers as an annulus at the
      radially-outermost part of the interior of the shell 28. The shell is
      provided with a circle of holes 32, spaced equidistantly from the axis of
      the coupling, which permits the working fluid to pass quickly and without
      resistance to the space between the shells 28 and 30, facilitating axial
      movement of the shell 28. In the absence of the holes 32 the fluid would
      find its way relatively slowly into the said space through the holes 31,
      causing great resistance to the axial movement.
PAR  Upon axial movement of the shell 28 and the vane portions toward the
      position shown in FIG. 1, at some point the vortices will become
      re-established and the clutch will become effectively engaged. As is usual
      with a clutch, the movable portion may be spring urged for engagement so
      that disengagement takes place against the action of the spring with
      automatic engagement upon release of the handle 26. Such spring means are
      well known in the art and are not illustrated.
PAR  The important function performed by the shell 30 is best explained by
      assuming that it is absent with the movable vanes in the withdrawn
      position and the turbine stopped. The mass of working liquid is rotated
      vigorously by the fixed pump vanes. Liquid present in the space between
      the shell 12 and extension 19 is carried along by friction with the inner
      wall of the extension. The turbine is therefore subjected to forces caused
      by the friction of the working liquid against its interior face, while the
      withdrawn vanes are subjected to forces from the rotating liquid in the
      said space. As will be seen from FIG. 2 there is a large opening through
      which this liquid can easily reach the vanes. The result is that a very
      large braking force would be required to hold the turbine stationary.
PAR  With the shell 30 present it encloses the withdrawn vanes and protects them
      from impingement by the liquid between the shell 12 and the extension 19.
      The amount of braking required consequently is considerably reduced,
      reducing the size of brake that must be provided. Moreover, there is no
      undesirable heating of the working fluid when the clutch is disengaged and
      the engine is running, owing to interaction within the working liquid and
      between the liquid and the parts of the clutch.
PAR  In the embodiment illustrated, the turbine vanes are divided into minor
      fixed and major movable portions, but in other embodiments all of the
      turbine vanes may be movable. The provision of the minor fixed portions
      does simplify the construction of the turbine element, since they add
      structural strength to the shell 12. Fixed minor portions may be provided
      at the radially-outer end, or at both ends, or elsewhere along the
      element, as long as the radial area thereof is not sufficient to maintain
      the vortices with the movable vane portions fully withdrawn. The pump
      vanes may instead, or in addition, be made axially movable, and may have
      one or more fixed portions, as described for the turbine vanes. In this
      embodiment all of the turbine element vanes have a portion which is
      movable, but it is envisaged that in some constructions some of the vanes
      in a set with movable portions do not themselves have movable portions,
      provided that such vanes are sufficiently spaced apart that the desired
      reduction and collapse of the vortices is obtained upon withdrawal of the
      movable portions.
PAR  It will be seen that the operation of the clutch for engagement and
      disengagement is effective for either direction of rotation and
      irrespective of the element carrying the movable vane portions. The
      engaging means of the clutch do not have to be held against the axial
      force operative between the pump and the turbine, and this pressure is
      taken by the turbine element shell 12 against the shaft shoulder provided
      for that purpose; also there is no engaging pressure on the turbine
      element shell 30. There is a force between the turbine element shell 12
      and the movable vane portions when disengaging, but this is low and lasts
      for only a short time. There is only low drag when the clutch is
      disengaged since the withdrawn vanes are shielded from the circulating
      fluid by the shell 30.
PAR  A common application for such a clutch is in a vehicle between a prime
      mover connected to the pump shaft 11 and a change-speed gear connected to
      the turbine shaft 13, and the above-mentioned drag on the turbine produced
      by the annulus of fluid in the working chamber may cause difficulty in
      obtaining optimum shifting of the gear while the vehicle is at rest, owing
      to the consequent rotation of the gear input shaft. In the embodiment of
      FIGS. 1 to 3 this difficulty is avoided by the addition of a device
      providing rotating frictional drag to the turbine when required in the
      gear-shifting operation.
PAR  An external casing for the clutch is indicated by the reference 33, this
      casing being connected to a gear casing 34, while a gear shaft 35 is
      connected by splines to the shaft 13. The adjacent ends of the casings 33
      and 34 are provided with respective axially-spaced radial partitions 36
      and 37 forming an annular chamber 38 filled with a viscous liquid, such as
      a silicone oil. A rotor comprises a boss 39 mounted on the shaft 13 for
      free rotation thereon, with a radially-extending disc 40 extending into
      the chamber 38, the boss face nearer to the clutch being provided with a
      ring of clutch teeth 41 engageable with a cooperating ring 42 on the
      sleeve 22.
PAR  The turbine should not be stopped when gear changing while the vehicle is
      moving, and the clutch can therefore be moved to the fully disengaged
      position without engaging the teeth 41 and 42. If however, the vehicle is
      stopped then the clutch control handle 26 is moved further to the right as
      seen in the figure, whereupon the rotor 39 rotates with the turbine,
      braking the rotor by the frictional drag with the viscous liquid and
      causing it to stop. The viscosity is made such that at the most the
      turbine will turn only slowly with the pump at its maximum speed. The
      additional movement of the handle 26 required to cause engagement of the
      teeth may take place against the urge of a spring device (not shown) so
      that the operator will be made aware of the position of the handle and
      must take positive action to obtain the desired effect.
PAR  In the embodiment of FIG. 4 another form of device is shown which will
      produce the desired rotating frictional drag. An auxiliary sleeve 43 is
      mounted around the shaft 13 and extends into the sleeve 22, the sleeve 43
      having a radially-extending disc 44 carrying an annulus 45 of friction
      material that is engageable with a corresponding face of the casing 34. A
      helical spring 46 urges a thrust bearing 47 against a cylindrical stop
      member 48 connected to the disc 44, the bearing 47 being engageable by an
      axially-adjustable member 49 fastened to the sleeve 22.
PAR  As with the embodiment of FIG. 1 the clutch can be fully disengaged without
      engagement of the teeth 41 and 42. Further movement of the sleeve 22 to
      the right engages the member 49 with the bearing 47, whereupon the spring
      is operative to urge the friction material 45 against the casing 34, while
      the teeth have engaged and the friction thereby provided is applied to the
      turbine.
PAR  In the embodiments of FIGS. 5 and 6 the movable vanes are moved into and
      out of the working chamber by pivoting about an axis close to the
      respective shaft; in the embodiment of FIG. 5 it is the turbine vanes 14
      which are so mounted, while in the embodiment of FIG. 6 it is the pump
      vanes that are movable. Thus each movable vane 14 (FIG. 5) or 16 (FIG. 6)
      is mounted by pivot pin 50 to the part 23 of the respective element boss
      and has a tail portion 16a and 14a respectively engaged by a thrust
      bearing 52 that is movable axially on the boss part 23 under the action of
      a plurality of circumferentially spaced push rods 54, that are in turn
      pushed by a ring 56 engaged by the handle 26. The vanes are urged to the
      clutch engaged position within the respective element working chamber by a
      compression spring 58 that is operative on the vane tails 16a or 14a via a
      thrust washer 60.
PAR  In the embodiment of FIG. 5 small fixed turbine vane portions 15 are
      provided to reinforce the shell 29 and the shell 30 extends parallel to
      pump shell extension 19, while in the embodiment of FIG. 6 fixed pump
      reinforcing vane portions 14b are provided and the shell 30 extends
      parallel to outer casing 33. As illustrated in FIG. 6 a radially-extending
      vane support member 62 may be provided in the space between the respective
      element shell and the shell 30, the member having a plurality of radial
      slots into each of which a respective one of the vanes enters as it pivots
      to its withdrawn position, so as to provide additional support thereto
      while they are in this position. Guide tabs 64 may be struck out or
      otherwise provided on the support member to guide the vanes into the slots
      as they move outwards. A brake is not illustrated for the embodiments of
      FIG. 5 and 6, but the manner in which this can be provided will be
      apparent to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid clutch of the kind specified comprising power input and output
      means (11, 13), a pump element (10) and a turbine element (12) connected
      respectively to the power input and power output means for rotation
      thereby and providing respectively cooperating pump and turbine chambers
      rotatable about the same axis and constituting a working chamber, a
      quantity of working liquid in the working chamber, each element comprising
      a respective annular element shell (10, 12) and a respective set of
      radially-extending vortex producing vanes (14, 16), the pump element
      having an axial extension (19) thereof surrounding the turbine element
      shell to form a compartment between the extension and the turbine element
      shell, the turbine element comprising another annular shell (30) fixed
      thereto, disposed within the said compartment axially spaced from and
      rotatable with the turbine element shell to form a corresponding enclosure
      of constant volume therebetween, at least a portion of some of the vanes
      of said turbine element being movable axially through slots formed in the
      wall of the respective turbine element shell out of and into the turbine
      element chamber and respectively into and out of the last-mentioned
      constant volume enclosure for movement of the movable vanes or vane
      portions into and out of vortex-producing operative cooperation with the
      vanes of the pump element, and means operatively connected to the said
      movable vanes or vane portions for moving them through the slots from a
      clutch-engaged position in the turbine element chamber in which the pump
      and turbine vanes cooperate to produce power-transmitting vortices, to a
      clutch-disengaged position in which the pump and turbine vanes cannot
      cooperate to produce such vortices.
NUM  2.
PAR  2. A clutch as claimed in claim 1, wherein the turbine element vanes or
      vane portions are movable axially thereof and are connected together for
      simultaneous movement by a respective member (28) which is mounted within
      the said enclosure for the corresponding movement thereof.
NUM  3.
PAR  3. A clutch as claimed in claim 1, wherein each movable turbine element
      vane or vane portions is fastened to an annular shell member (28)
      constituting connecting means therefor and mounted for axial movement
      within the said enclosure toward and away from the slotted turbine element
      wall.
NUM  4.
PAR  4. A clutch as claimed in claim 3, wherein the annular shell member
      constituting the connecting means is mounted on an axially-movable sleeve
      carried by a shaft on which the turbine element is mounted.
NUM  5.
PAR  5. A clutch as claimed in claim 1, wherein a plurality of apertures (31)
      are provided in the radially-outermost part of the said another annular
      shell to return working fluid trapped within the said enclosure to the
      clutch working chamber.
NUM  6.
PAR  6. A clutch as claimed in claim 1, wherein a plurality of apertures (32)
      are provided in the wall of the annular turbine element shell to permit
      fluid to pass from one side of the shell to the other as the movable vanes
      or vane portions respectively are moved through the slots in the wall
      thereof.
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ABST
PAL  In a central hydraulic system for marine deck machinery, fixed displacement
      hydraulic motors are utilized to drive anchor winches and standard mooring
      winches, and variable displacement hydraulic motors are utilized to drive
      automatic mooring winches. This permits individual regulation of the line
      pull or tension of the mooring line of each automatic mooring winch.
      Variable displacement pressure compensated over center pumps are utilized
      to supply hydraulic fluid for operating the hydraulic motors by means of a
      closed loop circuit, and charging pumps are utilized to supply hydraulic
      fluid at charging pressure.
PAL  Infinitely variable volume pressure compensated pilot operated four-way
      directional valves are used to regulate the flow of hydraulic fluid from
      the variable displacement pressure compensated over center pumps to the
      hydraulic motors, thereby regulating the speed of operation of each
      hydraulic motor and the marine deck winch driven thereby. In certain
      embodiments pressurized hydraulic fluid from the variable displacement
      pressure compensated over center pumps is directed to the control ports of
      the valves, and pressure reducing apparatus is utilized to provide
      hydraulic fluid at working pressure. In other embodiments control pumps
      are utilized to direct hydraulic fluid at control pressure to the pilot
      ports of the valves. In either case hydraulic circuitry including at least
      one infinitely variable volume four-way directional valve and adapted for
      actuation from spaced points on the deck of a vessel is utilized to
      selectively reduce the pressure in the pilot ports of each infinitely
      variable volume pressure compensated pilot operated four-way directional
      valve, thereby actuating the valve to direct a predetermined volume of
      hydraulic fluid to the associated hydraulic motor. Hydraulic fluid is
      continuously drained through each hydraulic motor and through the
      hydraulic circuitry associated with each infinitely variable volume
      pressure compensated pilot operated four-way directional valve, thereby
      preventing any possibility that the drive system will be disabled due to
      clogging of the hydraulic lines with low temperature oil.
PAL  A brake is utilized in conjunction with each marine deck winch, to prevent
      operation of the winch when the associated hydraulic motor is not
      operating. A hydraulic actuator is provided for disabling each brake
      whenever the associated infinitely variable volume pressure compensated
      pilot operated four-way directional valve is utilized to direct hydraulic
      fluid to the hydraulic motor that drives the marine deck winch. In certain
      embodiments pressurized hydraulic fluid directed from the valve to the
      motor is also directed through a relief valve to the hydraulic actuator of
      the associated brake to effect release of the brake. In other embodiments,
      pressurized hydraulic fluid is continuously supplied to the actuator and a
      valve is utilized to effect operation of the actuator to release the
      brake. In such cases the valve which controls the hydraulic actuator may
      either be coupled directly to the associated infinitely variable volume
      pressure compensated pilot operated four-way directional valve or may
      comprise a pilot operated valve connected in parallel with the infinitely
      variable volume pressure compensated pilot operated four-way directional
      valve for operation in synchronism therewith.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to central hydraulic systems for marine deck
      machinery, and more particularly to a system providing both infinitely
      variable control of the operating speed of deck winches and fully
      automatic mooring winch operation.
PAR  It has long been recognized that the mooring lines used to connect a vessel
      to an adjacent pier or the like must be either paid out or taken in as the
      positioning of the vessel changes relative to the pier under the action of
      tides and similar factors. It is also considered necessary to accommodate
      selection of the line pull or tension of each mooring line on an
      individual basis. This is to facilitate mooring of the vessel in such a
      way that certain portions of the vessel are substantially prevented from
      moving with respect to the pier while permitting at least limited movement
      of other portions of the vessel. The necessity of providing selectable
      line pull is especially pronounced in the case of large vessels of the
      type known as super tankers because the extreme length of such vessels
      functions to multiply the effect of any motion of the vessel relative to
      the adjacent pier.
PAR  Systems for providing automatic mooring winch operation have been known
      heretofore. In one type of prior art system mooring winches are driven by
      electric motors equipped with electromechanical servo systems to provide
      automatic operation. Due to safety considerations this type of drive
      system cannot be utilized on vessels designed to transport liquified
      natural gas (LNG) and similar materials unless the electric motors are of
      the explosion-proof variety. The latter possibility is considered
      impractical due to the cost of explosion-proof motors.
PAR  Steam driven motors equipped with mechanical servo systems have also been
      utilized to provide automatic mooring winch operation. This is
      advantageous in one respect because steam generation is necessary on board
      tankers and similar vessels in order to effect cargo heating, cleaning of
      empty holds, etc. However, steam driven systems are now considered to be
      outmoded and for all practical purposes are no longer being specified for
      use on U.S. built vessels.
PAR  The prior art also includes hydraulic drive systems for marine deck
      equipment. Heretofore, these systems have utilized special reducing valves
      and relief valves in order to control the line pull or tension that is
      applied to the mooring line by the winch. This is considered
      unsatisfactory because any malfunction in the operation of these
      components, particularly with respect to the proper settings of the
      valves, can result in a complete burnout of the system. Also, certain
      prior art hydraulic drive systems have utilized dump valves to return
      excess pressurized hydraulic fluid to the storage reservoir and have
      therefore been highly inefficient.
PAR  The present invention comprises a novel drive system for marine deck
      equipment which fulfills the above-described operating requirements of
      such a system and simultaneously provides superior operating performance
      when compared with the performance characteristics of prior art systems.
      In accordance with the broader aspects of the invention, each marine deck
      winch is driven by a reversible hydraulic motor. The flow of pressurized
      hydraulic fluid to each hydraulic motor is regulated by an infinitely
      variable volume pressure compensated four-way directional valve to afford
      precise control over the speed of operation of the associated hydraulic
      motor and the marine deck winch driven thereby. The hydraulic motors which
      drive automatic mooring winches are variable displacement hydraulic
      motors. This permits individual regulation of the line pull or tension of
      the mooring line of each automatic mooring winch.
PAR  In accordance with more specific aspects of the invention, one or more
      variable displacement pressure compensated over center hydraulic pumps are
      used to supply pressurized hydraulic fluid for operating the hydraulic
      motors by means of a closed loop circuit. The infinitely variable volume
      pressure compensated four-way directional valve comprises pilot-operated
      valves, and hydraulic fluid at control pressure is supplied to the pilot
      ports at both ends of each valve. In certain embodiments of the invention
      hydraulic fluid from the variable displacement pressure compensated over
      center pumps is applied directly to the pilot ports of the valves, and
      pressure reducing apparatus is utilized to supply hydraulic fluid at
      working pressure. In other embodiments of the invention separate control
      pumps are utilized to supply hydraulic fluid at control pressure to the
      pilots ports of the infinitely variable volume pressure compensated
      four-way directional valves.
PAR  Each infinitely variable volume pressure compensated pilot operated
      four-way directional valve has associated therewith hydraulic circuitry
      for reducing the pressure in a selected pilot port of the valve and
      thereby actuating the valve to direct hydraulic fluid at working pressure
      to the associated hydraulic motor. This hydraulic circuitry includes at
      least one infinitely variable volume four-way directional valve for
      bleeding hydraulic fluid from a selected pilot port. The circuitry may
      include multiple valves connected in parallel and situated at spaced apart
      points on the deck of the vessel. Alternatively, mechanical linkages may
      be provided for operating a single valve from spaced apart points on the
      deck of the vessel.
PAR  Each marine deck winch of the vessel is provided with a brake which
      functions to prevent operation of the winch whenever the associated
      hydraulic motor is not operating. Each brake is provided with a hydraulic
      actuator which functions to disable the brake whenever the associated
      infinitely variable volume pressure compensated pilot operated four-way
      directional valve is actuated to direct pressurized hydraulic fluid to the
      hydraulic motor. In certain embodiments of the invention the pressurized
      hydraulic fluid which is directed to the hydraulic motor is also directed
      to the hydraulic actuator of the associated brake through a sequence
      valve. In other embodiments of the invention pressurized hydraulic fluid
      is continuously directed to the hydraulic actuator of each brake and a
      valve adapted for operation in concurrence with the operation of the
      associated infinitely variable volume pressure compensated pilot operated
      four-way directional valve to pressurize the associated hydraulic motor is
      utilized to control operation of the hydraulic actuator. The valve which
      controls the operation of the hydraulic actuator may comprise either a
      valve mechanically linked to the infinitely variable volume pressure
      conpensated pilot operated four-way directional valve or a pilot operated
      valve coupled in parallel with the infinitely variable volume pressure
      compensated pilot operated four-way directional valve for operation in
      synchronism therewith.
PAR  The drive system further includes one or more charging pumps for supplying
      hydraulic fluid at charging pressure. In certain embodiments of the
      invention the infinitely variable volume pressure compensated pilot
      operated four-way directional valves comprise open center valves, in which
      case hydraulic fluid at charging pressure is supplied through the open
      center of the valve to the associated hydraulic motor whenever the
      hydraulic motor is not operating. In other embodiments the infinitely
      variable volume pressure compensated pilot operated four-way directional
      valves comprise closed center valves, in which case hydraulic circuitry is
      provided for directing hydraulic fluid at charging pressure to the
      hydraulic motors when they are not operating. In both embodiments
      hydraulic fluid is continuously drained from the motors and from the
      hydraulic circuitry which is utilized to operate the infinitely variable
      volume pressure compensated pilot operated four-way directional valves. By
      this means any possibility that the system will be disabled due to
      clogging by low temperature hydraulic fluid is completely eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a vessel having marine deck equipment
      and utilizing central hydraulic systems for marine deck equipment
      incorporating the invention;
PAR  FIG. 2 is a schematic illustration of a central hydraulic system for marine
      deck equipment incorporating a first embodiment of the invention;
PAR  FIG. 3 is a schematic illustration of an infinitely variable volume
      pressure compensated pilot operated four-way directional valve useful in
      hydraulic systems incorporating the invention;
PAR  FIG. 4 is a schematic illustration of a central hydraulic system for marine
      deck equipment incorporating a second embodiment of the invention;
PAR  FIG. 5 is a schematic illustration of a central hydraulic system for marine
      deck equipment incorporating a third embodiment of the invention; and
PAR  FIG. 6 is an illustration of a hydraulic interconnection system which may
      be used in conjunction with the systems of FIGS. 2, 4 and 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIG. 1 thereof, there is
      shown a vessel 10 equipped with marine deck equipment and utilizing
      central hydraulic systems for marine deck equipment incorporating the
      present invention. While the nature of the vessel and the type of cargo
      carried thereby are not directly involved in the present invention, the
      vessel 10 may be of the type known as a "super tanker" and may be adapted
      for the transportation of liquified natural gas (LNG). Such vessels are
      characterized by their extremely long length which necessitates the use of
      mooring winches in which the mooring line pull or tension is individually
      adjustable. Moreover, due to the extremely volatile nature of liquified
      natural gas, safety considerations dictate the use of a drive system for
      the deck winches and other equipment of such a vessel which is wholly
      incapable of generating any sort of electrical spark.
PAR  The deck equipment of the vessel 10 includes a plurality of winches which
      are divided into forward and aft sets. The forward set of deck winches
      includes four automatic mooring winches 12 each designated MA, two anchor
      winches 14 each designated W, and a standard mooring winch 16 designated
      MS. The aft set of mooring winches also includes four automatic mooring
      winches 12 designated MA and a standard mooring winch 16 designated MS.
      The aft set of deck winches may also include an optional anchor winch 14
      designated W. Those skilled in the art will appreciate the fact that the
      vessel 10 may include such additional deck winches as topping winches,
      hoist winches, and various other windlasses and winches designed to suit
      particular requirements. Moreover, the vessel may be equipped with such
      hydraulic devices as hose handling cranes, ballast pumps, fire pumps,
      davits, unloading equipment, etc. In any event, the vessel 10 further
      includes a forward central hydraulic system 18 operatively associated with
      all of the deck equipment comprising the forward set and an aft central
      hydraulic system 20 operatively associated with all of the deck equipment
      comprising the aft set.
PAR  Each deck winch of the vessel 10 is driven by a hydraulic motor individual
      to it. Moreover, each deck winch is equipped with a brake which functions
      automatically to prevent operation of the winch whenever its associated
      hydraulic motor is not operating. Within these limitations the present
      invention is adapted for use in conjunction with any commercially
      available marine deck winch.
PAR  Referring to FIG. 2, each anchor winch W of the vessel 10 is driven by a
      reversible fixed displacement hydraulic motor 22, and each standard
      mooring winch 16 MS is driven by a reversible fixed displacement hydraulic
      motor 24. On the other hand, each automatic mooring winch MA is driven by
      a reversible variable displacement hydraulic motor 26. Thus, by adjusting
      the displacement of a particular hydraulic motor 26, the line pull or
      tension of the mooring line of the associated automatic mooring winch 12
      of the vessel 10 may be individually regulated in accordance with
      particular requirements. It will be understood that the anchor winches W
      of the vessel 10 may also be equipped with reversible variable
      displacement hydraulic motors, if desired.
PAR  FIG. 2 further illustrates a central hydraulic system 28 which may be
      utilized in the vessel 10 either as the forward hydraulic system 18 or as
      the aft central hydraulic system 20, or both. The central hydraulic system
      28 includes a pair of charging pumps 30 each driven by an electric motor
      32 or other suitable prime mover. The charging pumps 30 each receive
      hydraulic fluid from a reservoir (shown schematically only) through a
      filter 34 and direct hydraulic fluid to a header 36 through a valve 38, a
      filter 40, and a check valve 42 at a predetermined charging pressure as
      regulated or by a relief valve 44. A pair of variable displacement
      pressure compensated over center pumps 46 are driven by a pair of electric
      motors 48 individual thereto or other suitable prime movers. The pumps 46
      each receive hydraulic fluid from the header 36 at charging pressure
      through a valve 50 and direct hydraulic fluid at control pressure to a
      header 52 through a valve 54. A check valve 56 is connected between the
      headers 52 and 36.
PAR  The central hydraulic system 28 further includes a pair of water-to-oil
      heat exchangers 58 which are utilized to return spent hydraulic fluid to
      the reservoir through a pair of valves 60. The case drain of each
      hydraulic motor is coupled to the inputs of the heat exchangers 58 through
      a pair of valves 62. Similarly, the outputs from the relief valves 44 and
      the case drains of the pumps 46 are returned to the reservoir through the
      heat exchangers 58. By this means the heat exchangers 58 function to
      maintain the hydraulic fluid in the system at working temperature.
PAR  The headers 36 and 52 are selectively connected to the hydraulic motors of
      the deck winches of the vessel 10 by combined speed control and brake
      control circuits 64. It will be understood that the circuit 64 illustrated
      in FIG. 2 is representative only, and that a similar combined speed
      control and brake control circuit is utilized to connect the headers 36
      and 52 to the hydraulic motor of each deck winch of the vessel 10.
PAR  The combined speed control and brake control circuit 64 includes an
      infinitely variable volume pressure compensated pilot operated four-way
      directional valve 66. The valve 66 may be of the type manufactured by
      Sanders Associates, Inc., Instrument Division, Greenier Field, Manchester,
      N. H., and identified by that company as a LeBus Valve. Other commercially
      available infinitely variable volume pressure compensated pilot operated
      four-way directional valves may also be utilized in the circuit 64, if
      desired.
PAR  The header 36 is connected to a first port 68 of the valve 66 through a
      filter 70. The header 36 is also coupled to both ports of the associated
      hydraulic motor 26 through an orifice 72 and a pair of check valves 74 and
      76. The header 52 is coupled to both pilot ports of the valve 66 through a
      filter 78. A pressure reducing apparatus 80 is coupled to the header 52
      and is utilized to direct hydraulic fluid at working pressure (typically
      about 200 psi below control pressure) to a second port 82 of the valve 66.
      The third and fourth ports 84 and 86 of the valve 66 are coupled to the
      ports of the associated hydraulic motor 26. By this means the valve 66
      functions to control the rate of flow of hydraulic fluid at working
      pressure to the hydraulic motor 26, and thereby regulates both the speed
      of operation of the motor 26 and the speed of operation of the automatic
      mooring winch 12 of the vessel 10 driven by the hydraulic motor 26.
PAR  The operation of the valve 66, and therefore the speed of operation of the
      associated hydraulic motor and the deck winch driven thereby, is regulated
      by a hydraulic circuit 88. The circuit 88 comprises pilot lines which
      connect the pilot ports of the valve 66 to three infinitely variable
      volume four-way directional valves 90. The valves 90 may comprise any
      commercially available infinitely variable volume three position four-way
      directional valve. However, the operating characteristics of the drive
      system are improved if the valves 90 are selected so as to have good
      metering characteristics.
PAR  Upon actuation, each valve 90 functions to reduce the hydraulic pressure in
      a selected pilot port of the valve 66, thereby causing the valve 66 to
      move off center. This allows hydraulic fluid at working pressure to flow
      through the valve 66 to the associated hydraulic motor, thereby effecting
      operation of the motor. The speed of operation of the motor and the winch
      driver thereby depends upon the extent to which the valve 66 has been
      opened which in turn is directly proportional to the extent to which one
      of the valves 90 has been opened.
PAR  Three valves 90 are utilized in the circuit 88 in order to facilitate
      operation of the deck winch driven by the hydraulic motor associated with
      the circuit from a point immediately adjacent the winch and from spaced
      apart points situated adjacent the deck rails on the opposite sides of the
      vessel 10. Those skilled in the art will appreciate the fact that the same
      result can be obtained by means of a single valve 90 situated at a
      predetermined location and mechanically linked to auxiliary control
      handles situated at spaced apart points on the deck of the vessel.
PAR  The combined speed control and brake control circuits 64 associated with
      the hydraulic motors 26 which drive the automatic mooring winches 12 of
      the vessel 10 differ somewhat from similar circuits associated with the
      hydraulic motors 24 and 22 which drive the standard mooring winches 16 and
      the anchor winches 14 of the vessel 10. Thus, at least one of the valves
      90 of each circuit 64 associated with the hydraulic motor of an automatic
      mooring winch is equipped with a detent 92 which functions to retain the
      valve 90 in the condition in which the valve 66 is operated to cause the
      associated hydraulic motor 26 to operate the automatic mooring winch in
      such a direction as to reel in its mooring cable. When the circuit 64 is
      operating in this mode, the mooring winch functions to continuously apply
      a predetermined line pull or tension to its mooring cable as determined by
      the setting of the associated variable displacement hydraulic motor 26.
PAR  Assuming that a change in the tide level or similar conditions necessitates
      reeling in of the mooring line, each hydraulic motor 26 operates as a
      motor to cause the associated winch to accumulate cable. The predetermined
      line pull is maintained on the mooring line both during and after the
      reeling operation. On the other hand, if such conditions necessitate the
      paying out of cable, the hydraulic motor 26 functions as a pump to return
      pressurized hydraulic fluid to the pressure compensated variable
      displacement over center hydraulic pumps 46 through the closed loop
      circuit interconnecting the motors and the pumps. The pumps 46 then shift
      over center to operate as motors and return energy to the associated prime
      movers while simultaneously operating as relief valves to maintain
      pressure in the closed loop circuit at compensator setting. In this
      manner, the automatic mooring winches 12 of the vessel 10 serve both to
      maintain a preselected line pull or tension and to reel in or pay out
      mooring line as needed.
PAR  Each deck winch of the vessel 10 has incorporated therein a brake which
      functions to prevent dropping of the load supported by the winch when the
      associated hydraulic motor is not operating. An actuator 94 is coupled to
      each brake and includes a piston 96 biased by a spring 98 to normally
      apply the brake and thereby prevent operation of the deck winch
      incorporating the brake. The piston is mounted for reciprocation in a
      hydraulic cylinder 100 and hydraulic fluid at charge pressure is
      continuously supplied to the cylinder 100 through an orifice 102. A valve
      104 normally connects the interior of the cylinder 100 to the reservoir,
      and thereby prevents any build-up of hydraulic pressure within the
      cylinder 100.
PAR  The valve 104 is mechanically linked to the infinitely variable volume
      pressure compensated pilot operated four-way directional valve 66. Thus,
      whenever the valve 66 is actuated to direct hydraulic fluid at working
      pressure to the associated hydraulic motor 26, the valve 104 is
      immediately moved off center, thereby preventing the flow of hydraulic
      fluid from the cylinder 100 to the reservoir, it being understood that the
      valve 66 functions to fully pressurize the motor 26 prior to closing of
      the valve 104. Hydraulic fluid flowing into the cylinder 100 through the
      orifice 102 thereupon operates the piston 96 to disable the brake and
      permit operation of the deck winch incorporating the brake under the
      action of the associated hydraulic motor.
PAR  An important feature of the present invention relates to the fact that
      hydraulic fluid is continuously drained from the pilot lines comprising
      the hydraulic circuit 88 through orifices 106. Similarly, whenever the
      associated hydraulic motor is not operating, hydraulic fluid continuously
      flows from the motor through the case drain and is returned to the
      reservoir through the heat exchangers 58. Finally, when the hydraulic
      motor is not operating hydraulic fluid continuously flows through the
      orifice 102 and is returned to the reservoir through the valve 104. By
      this means hydraulic fluid at working temperature is continuously
      circulated through all of the components of the combined speed control and
      brake control circuit 64. This prevents any possibility of disabling the
      circuit and hence the entire drive system due to clogging by cold
      hydraulic fluid, such as might otherwise occur during operation of the
      vessel 10 in arctic climates, or the like.
PAR  A more complete understanding of the operation of the infinitely variable
      volume pressure compensated pilot operated four-way directional valve 66
      of the combined speed control and brake control circuit 64 may be had by
      reference to FIG. 3, wherein the valve 66 is schematically illustrated.
      Assuming that a control plate 108 is initially centered, pressurized
      hydraulic fluid entering the valve 66 passes through a pair of fixed
      orifices 110 and then out of the valve to the reservoir.
PAR  However, if the plate 108 is pivoted to the right, pressure is reduced in
      the left-hand side of the valve and increased in the right-hand side of
      the valve. This causes the spool 112 of the valve to shift to the left,
      thereby permitting flow of hydraulic fluid through a passageway 114 and an
      outlet orifice 116. This tends to reduce the pressure in the right-hand
      side of the valve, whereupon the valve again comes into balance. Thus, the
      rate of flow through an orifice 116 depends directly on the extent of
      pivotal movement of the plate 108. The valve 66 illustrated in FIG. 2
      operates similarly except that the operation of the valve is regulated by
      the hydraulic circuit 88 rather than by the positioning of the control
      plate.
PAR  A drive system for marine deck winches incorporating a second embodiment of
      the invention is illustrated in FIG. 4. Many of the component parts of the
      drive system of FIG. 4 are equivalent in construction and function to
      component parts of the drive system illustrated in FIG. 2. Such equivalent
      parts are indicated by reference numerals identical to those utilized
      heretofore in connection with the description of the drive system shown in
      FIG. 2, but are differentiated therefrom by means of a prime (')
      designation.
PAR  One difference between the two drive systems relates to the fact that on
      the central hydraulic system 28' of the drive system shown in FIG. 4,
      double-ended electric motors 118 are utilized both to drive the variable
      displacement pressure compensated over center pumps 46' and the charging
      pumps 30'. The motors 118 also drive a pair of control pumps 120. The
      control pumps 120 each function to withdraw hydraulic fluid from the
      reservoir through a filter 122 and to direct hydraulic fluid through a
      check valve 124 and a filter 126 to the pilot ports of the infinitely
      variable volume pressure compensated pilot operated four-way directional
      valve 66' at a predetermined control pressure which is regulated by a
      relief valve 128. This eliminates the use of a pressure reducing apparatus
      to supply hydraulic fluid at working pressure to the port 82' of the valve
      66'.
PAR  A major distinction between the combined speed control and brake control
      circuit 64' of the drive system of FIG. 4 and the combined speed control
      and brake control circuit 64 of the drive system of FIG. 2 relates to the
      fact that the infinitely variable volume pressure compensated pilot
      operated four-way directional valve 66' comprises an open center valve.
      Thus, whenever the valve 66' is not actuated to direct hydraulic fluid at
      working pressure to the hydraulic motor 26', hydraulic fluid at charge
      pressure is directed from the header 36' to both ports of the motor 26'
      through the port 68', the open center connection 130, and the ports 84'
      and 86' of the valve 66'. This eliminates the necessity of providing a
      circuit path including an orifice and opposed check valves to direct
      hydraulic fluid at charge pressure to the hydraulic motor 26' when the
      motor is not operating.
PAR  The ports 84' and 86' of the infinitely variable volume pressure
      compensated pilot operated four-way directional valve 66' are connected to
      the valve 132. Whenever the valve 66' is actuated to direct hydraulic
      fluid at working pressure to the hydraulic motor 26, the valve 132 directs
      hydraulic fluid at working pressure to the cylinder 100' through a
      sequence valve 134. The piston 96' is thereby actuated to release the
      brake of the deck winch driven by the associated hydraulic motor 26'. When
      the valve 66' is substantially actuated to terminate operation of the
      motor 26', pressurized hydraulic fluid is drained from the cylinder 100'
      through a check valve 136, whereupon the spring 98' functions to apply the
      brake, thereby terminating operation of the deck winch. A counterbalance
      valve 138 is utilized in the circuit 64' to prevent the winch from
      dropping the load supported thereby until the brake is set.
PAR  A drive system for marine deck winches incorporating a third embodiment of
      the invention is illustrated in FIG. 5. Many of the component parts of the
      drive system of FIG. 5 are equivalent in construction and function to
      component parts of the drive system illustrated in FIGS. 2 and 4. Such
      equivalent parts are indicated by reference numerals identical to those
      utilized hereinbefore in connection with the description of the drive
      systems of FIGS. 2 and 4, but are differentiated therefrom by means of a
      double prime (") designation.
PAR  The primary distinction between the drive system of FIG. 5 and the drive
      systems of FIGS. 2 and 4, relates to the apparatus for actuating and
      releasing the brake of the deck winch driven by the hydraulic motor 26".
      The cylinder 100" of the brake actuator 94" is coupled to a pilot operated
      three postion two-way valve 140 which is coupled in parallel with the
      infinitely variable volume pressure compensated pilot operated three
      position four-way directional valve 66". Thus, the valve 140 functions to
      prevent any build-up of hydraulic pressure in the cylinder 100" whenever
      the valve 66" is not actuated to direct hydraulic fluid at working
      pressure to the hydraulic motor 26".
PAR  Actuation of the hydraulic circuit 88" to commence operation of the motor
      26" immediately moves both the valve 66" and the valve 140 off center. The
      valve 132" thereupon directs hydraulic fluid at working pressure to the
      cylinder 100" through the sequence valve 134". The piston 96" is thus
      actuated to release the brake, thereby permitting operation of the marine
      deck winch incorporating the brake under the action of the hydraulic motor
      26".
PAR  Actuation of the circuit 88" to stop the motor 26" causes both the valve
      66" and the valve 140 to return to the conditions schematically
      illustrated in FIG. 5. The valve 140 thereupon immediately exhausts the
      cylinder 100" of the brake actuator 94". The spring 98" then causes the
      piston 96" to set the brake, thereby preventing the deck winch
      incorporating the brake from dropping its load.
PAR  In FIG. 6 there is shown a system for interconnecting the forward and aft
      central hydraulic systems of a vessel utilizing drive systems for marine
      deck winches incorporating the present invention, and also providing both
      a reserve source of hydraulic fluid at operating pressure and a reserve
      source of hydraulic fluid at charge pressure. A forward central hydraulic
      system 142 includes a variable displacement pressure compensated over
      center pump 144 for supplying hydraulic fluid at operating pressure and a
      charge pump 146 for supplying hydraulic fluid at charge pressure. The
      pumps 144 and 146 are driven by a common prime mover, which may comprise
      an electric motor, a diesel engine, etc. Similarly, an aft hydraulic
      system 148 includes a variable displacement pressure compensated pump 150
      for supplying hydraulic fluid at operating pressure and a charge pump 152
      for supplying hydraulic fluid at charge pressure. The pumps 150 and 152
      may be driven by a common prime mover, such as an electric motor, a diesel
      engine, etc.
PAR  Hydraulic fluid at operating pressure is received from the pump 144 in a
      forward header 154 and is delivered thereby to the combined speed control
      and brake control circuit of the hydraulic motor associated with each deck
      winch at the forward end of the vessel. Similarly, hydraulic fluid at
      charge pressure is received from the charge pump 146 in a forward header
      156 and is directed thereby to the combined speed control and brake
      control circuit of the hydraulic motor of each deck winch at the forward
      end of the vessel. Hydraulic fluid at operating pressure is received from
      the variable displacement pressure compensated pump 150 in an aft header
      160 and is directed thereby to the combined speed control and brake
      control circuit of the hydraulic motor of each deck winch at the aft end
      of the vessel. Similarly, hydraulic fluid at charge pressure is received
      from the charge pump 152 in an aft header 162 and is directed thereby to
      the combined speed control and brake control circuit of the hydraulic
      motor of each deck winch at the aft end of the vessel. The forward header
      154 is connected to the aft header 160 by a normally closed manually
      operable valve 164, and the forward header 156 is connected to the aft
      header 162 by a normally closed manually operable valve 166. By means of
      the valves 164 and 166 hydraulic fluid at operating pressure and at charge
      pressure can be directed from the central hydraulic system 142 to the
      combined speed control and brake control circuits of the hydraulic motors
      of the deck equipment at the aft end of the vessel should the need arise,
      and likewise hydraulic fluid at operating pressure and at charge pressure
      can be directed from the aft central hydraulic system 148 to the combined
      speed control and brake control circuits of the hydraulic motors of the
      deck equipment at the forward end of the vessel, should the need arise.
PAR  FIG. 6 further illustrates a variable displacement pressure compensated
      over center pump 168 adapted to supply hydraulic fluid at operating
      pressure and a charge pump 170 adapted to supply hydraulic fluid at charge
      pressure. The pumps 168 and 170 are both driven by the service engine of
      the vessel. Thus, should the need arise, the pump 168 may be utilized to
      supply pressurized hydraulic fluid at operating pressure either to the
      forward header 154 or to the aft header 156. Similarly, the pump 170 may
      be utilized to direct hydraulic fluid at charge pressure either to the
      forward header 156 or to the aft header 162. All such connections are
      accommodated by means of a plurality of normally closed manually operable
      valves 172.
PAR  As will be appreciated by those skilled in the art the drive systems for
      marine deck engines illustrated in the drawings and described hereinbefore
      are adapted for numerous rearrangements and modifications. For example,
      the drive systems illustrated in FIGS. 4 and 5 may be provided with
      pressure reducing apparatus such as the pressure reducing apparatus 80 of
      the drive system of FIG. 2 for supplying hydraulic fluid at working
      pressure to the ports 82' and 82" of the valves 66' and 66", respectively.
      In such cases, the control pumps 120 and 120" would be eliminated from the
      drive systems of FIGS. 4 and 5, respectively. Conversely, the pressure
      reducing apparatus 80 of the drive system of FIG. 2 may be eliminated, in
      which case a pair of control pumps would be utilized to supply hydraulic
      fluid at control pressure to the pilot ports of the valve 66.
PAR  Another important potential rearrangement relates to the brake actuating
      and releasing systems of the three drive systems. It will be understood
      that the brake actuating and releasing systems described in conjunction
      with the drive systems of FIGS. 2, 4 and 5 may be interchanged between the
      three systems, if desired. Perhaps more importantly, the pilot operated
      two-way valve 140 of the drive system of FIG. 5 may be utilized in the
      drive system of FIG. 2 in lieu of the valve 104, if desired, and vice
      versa.
PAR  From the foregoing, it will be understood that the present invention
      comprises a drive system for marine deck winches incorporating numerous
      advantages over the prior art. Perhaps most importantly, the system
      provides fully automatic mooring winch operation and also provides
      complete control over the speed of operation of the deck winches of a
      vessle. Another important advantage in the use of the invention relates to
      the fact that drive systems constructed in accordance therewith are fully
      hydraulic in nature, thereby eliminating any possibility of electrical
      spark when the invention is used on vessels of the type adapted to
      transport liquified natural gas and similar volatile materials.
PAR  Although preferred embodiments of the invention have been illustrated in
      the Drawings and described in the foregoing Detailed Description, it will
      be understood that the invention is not limited to the embodiments
      disclosed, but is capable of numerous rearrangements, modifications, and
      substitutions of parts and elements without departing from the spirit of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A central hydraulic system for a plurality of marine deck equipment
      comprising:
PA1  variable displacement over center pump means for supplying hydraulic fluid
      at a predetermined pressure;
PA1  a plurality of hydraulic motors each individual to and drivingly connected
      to one of the marine deck equipment and each adapted for actuation by
      pressurized hydraulic fluid supplied by the variable displacement over
      center pump means to drive its associated marine deck equipment;
PA1  closed loop circuit means interconnecting the pump means and the motors;
PA1  a plurality of infinitely variable volume pressure compensated valves each
      individual to one of the hydraulic motors and each adapted to control the
      volume of pressurized hydraulic fluid flowing to its associated hydraulic
      motor and thereby regulate the speed of operation of the associated marine
      deck equipment;
PA1  a plurality of brake means each individual to one of the marine deck
      equipment and each for normally preventing operation of its associated
      equipment;
PA1  hydraulic actuator means individual to each brake means and adapted for
      actuation by pressurized hydraulic fluid supplied by the variable
      displacement pump means to disable the brake means and thereby permit
      operation of the associated equipment; and
PA1  hydraulic circuit means responsive to actuation of the associated
      infinitely variable volume pressure compensated valve to direct
      pressurized hydraulic fluid to the associated hydraulic motor for
      actuating the associated hydraulic actuator means and thereby disabling
      the associated brake means;
PA1  said hydraulic circuit means including valve means for receiving
      pressurized hydraulic fluid from the connections between the associated
      infinitely variable volume pressure compensated valve and the associated
      hydraulic motor and sequence valve means for directing pressurized
      hydraulic fluid to the hydraulic actuator whenever the differential
      between the hydraulic pressure in the connections extending from the
      infinitely variable volume pressure compensated valve and the hydraulic
      motor exceeds a predetermined level.
NUM  2.
PAR  2. A central hydraulic system for a plurality of marine deck equipment
      comprising:
PA1  variable displacement over center pump means for supplying hydraulic fluid
      at a predetermined pressure;
PA1  a plurality of hydraulic motors each individual to and drivingly connected
      to one of the marine deck equipment and each adapted for actuation by
      pressurized hydraulic fluid supplied by the variable displacement over
      center pump means to drive its associated marine deck equipment;
PA1  closed loop circuit means interconnecting the pump means and the motors;
PA1  a plurality of infinitely variable volume pressure compensated valves each
      individual to one of the hydraulic motors and each adapted to control the
      volume of pressurized hydraulic fluid flowing to its associated hydraulic
      motor and thereby regulate the speed of operation of the associated marine
      deck equipment;
PA1  a plurality of brake means each individual to one of the marine deck
      equipment and each for normally preventing operation of its associated
      equipment;
PA1  hydraulic means individual to each brake means and adapted for actuation by
      pressurized hydraulic fluid supplied by the variable displacement pump
      means to disable the brake means and thereby permit operation of the
      associated equipment; and
PA1  means responsive to actuation of the associated infinitely variable volume
      pressure compensated valve to direct pressurized hydraulic fluid to the
      associated hydraulic motor for actuating the associated hydraulic means
      and thereby disabling the brake means;
PA1  said hydraulic means being actuated by valve means mechanically coupled to
      the infinitely variable volume pressure compensated valve for actuation in
      conjunction therewith.
NUM  3.
PAR  3. A central hydraulic system for a plurality of marine deck equipment
      comprising:
PA1  variable displacement over center pump means for supplying hydraulic fluid
      at a predetermined pressure;
PA1  a plurality of hydraulic motors each individual to and drivingly connected
      to one of the marine deck equipment and each adapted for actuation by
      pressurized hydraulic fluid supplied by the variable displacement over
      center pump means to drive its associated marine deck equipment;
PA1  closed loop circuit means interconnecting the pump means and the motors;
PA1  a plurality of infinitely variable volume pressure compensated valves each
      individual to one of the hydraulic motors and each adapted to control the
      volume of pressurized hyraulic fluid flowing to its associated hydraulic
      motor and thereby regulate the speed of operation of the associated marine
      deck equipment;
PA1  a plurality of brake means each individual to one of the marine deck
      equipment and each of noramlly preventing operation of its associated
      equipment;
PA1  hydraulic means individual to each brake means and adapted for actuation by
      pressurized hydraulic fluid supplied by the variable displacement pump
      means to disable the brake means and thereby permit operation of the
      associated equipment; and
PA1  means responsive to actuation of the associated infinitely variable volume
      pressure compensated valve to direct pressurized hydraulic fluid to the
      associated hydraulic motor for actuating the associated hydraulic means
      and thereby disabling the brake means;
PA1  said hydraulic means being actuated by valve means hydraulically coupled to
      the associated infinitely variable volume pressure compensated valve for
      operation in conjunction therewith.
NUM  4.
PAR  4. A drive system for a marine deck winch comprising:
PA1  pressure compensated variable displacement over center pump means for
      supplying hydraulic fluid at a predetermined operating pressure;
PA1  charging pump means for supplying pressurized hydraulic fluid at a
      predetermined charging pressure;
PA1  an infinitely variable volume pressure compensated pilot operated four-way
      directional valve;
PA1  means for directing hydraulic fluid at control pressure to pilot ports at
      both ends of the valves;
PA1  pressure reducing means for supplying hydraulic fluid at working pressure
      to a first port of the valve;
PA1  means for connecting the output of the charging pump means to a second port
      of the valve;
PA1  a reversible hydraulic motor drivingly connected to the marine deck winch;
PA1  means connecting the ports of the hydraulic motor to third and fourth ports
      of the valve; and
PA1  hydraulic circuit means for selectively reducing the pressure in one of the
      pilot ports of the infinitely variable volume pressure compensated pilot
      operated four-way directional valve and thereby causing the valve to
      direct hydraulic fluid at working pressure and at a selected flow rate to
      the hydraulic motor so that the hydraulic motor drives the marine deck
      winch at a predetermined speed.
NUM  5.
PAR  5. The drive system according to claim 4 wherein the hydraulic circuit
      means includes hydraulic valve means for actuation to reduce pressure in
      the pilot port at one end of the infinitely variable volume pressure
      compensated pilot operated four-way directional valve at a predetermined
      rate and thereby actuating the valve to direct hydraulic fluid at working
      pressure at a predetermined rate to the hydraulic motor.
NUM  6.
PAR  6. The drive system according to claim 5 further characterized by means for
      actuating the hydraulic circuit means from spaced apart points on the deck
      of a vessel.
NUM  7.
PAR  7. The drive system according to claim 4 further including:
PA1  brake means for normally preventing operation of the marine deck winch;
PA1  hydraulic actuator means for disabling the brake means and thereby
      permitting operation of the marine deck winch under the action of the
      hydraulic motor; and
PA1  means responsive to operation of the infinitely variable volume pressure
      compensated pilot operated four-way directional valve to supply hydraulic
      fluid at working pressure to the hydraulic motor for actuating the
      hydraulic actuator means to disable the brake means.
NUM  8.
PAR  8. The drive system according to claim 4 wherein the hydraulic circuit
      means includes valve means for receiving pressurized hydraulic fluid from
      the connections between the infinitely variable volume pressure
      compensated pilot operated four-way directional valve and the hydraulic
      motor and sequence valve means for directing pressurized hydraulic fluid
      to the hydraulic actuator whenever the differential between the hydraulic
      pressure in the connections extending from the infinitely variable volume
      pressure compensated pilot operated four-way directional valve and the
      hydraulic motor exceeds a predetermined level.
NUM  9.
PAR  9. The drive system according to claim 7 wherein the hydraulic actuator
      actuating means comprises valve means mechanically coupled to the
      infinitely variable volume pressure compensated pilot operated four-way
      directional valve for operation in conjunction therewith.
NUM  10.
PAR  10. The drive system according to claim 7 wherein the hydraulic actuator
      actuating means comprises valve means hydraulically coupled to the
      infinitely variable volume pressure compensated pilot operated four-way
      directional valve for operation in conjunction therewith.
NUM  11.
PAR  11. The drive system according to claim 14 further characterized by means
      for continuously circulating hydraulic fluid at working temperature
      through the component parts of the system and thereby preventing
      malfunction of the system due to clogging due to low temperature oil.
NUM  12.
PAR  12. A drive system for a marine deck winch comprising:
PA1  pressure compensated variable displacement over center pump means for
      supplying hydraulic fluid at a predetermined working pressure;
PA1  charging pump means for supplying pressurized hydraulic fluid at a
      predetermined charging pressure;
PA1  control pump means for supplying hydraulic fluid at a predetermined control
      pressure;
PA1  an infinitely variable volume pressure compensated pilot operated four-way
      directional valve;
PA1  means for directing hydraulic fluid at control pressure from the control
      pump means to pilot ports at both ends of the valve;
PA1  means for directing hydraulic fluid at working pressure from the pressure
      compensated variable displacement pump means to a first port of the valve;
PA1  means for directing hydraulic fluid at charging pressure from the charging
      pump means to a second port of the valve;
PA1  a reversible hydraulic motor drivingly connected to the marine deck winch;
PA1  means connecting the ports of the hydraulic motor to third and fourth ports
      of the valve; and
PA1  hydraulic circuit means for selectively reducing the pressure in a selected
      on of the pilot ports of the infinitely variable volume pressure
      compensated pilot operated four-way directional valve and thereby causing
      the valve to direct hydraulic fluid at working pressure and at a selected
      flow rate to the hydraulic motor and thereby driving the marine deck winch
      at a predetermined speed.
NUM  13.
PAR  13. The drive system according to claim 12 wherein the hydraulic circuit
      means includes at least one infinitely variable volume directional valve
      for selectively bleeding hydraulic fluid from one of the pilot ports of
      the infinitely variable volume pressure compensated pilot operated
      four-way directional valve and thereby actuating the valve to direct
      hydraulic fluid at operating pressure to the hydraulic motor.
NUM  14.
PAR  14. The drive system according to claim 13 further characterized by means
      for actuating the hydraulic circuit means to in turn actuate the
      infinitely variable volume pressure compensated pilot operated four-way
      directional valve from spaced points on the deck of a vessel.
NUM  15.
PAR  15. The drive system according to claim 12 further including:
PA1  brake means for normally preventing operation of the marine deck winch;
PA1  hydraulic actuator means for disabling the brake means and thereby
      permitting operation of the marine deck winch; and
PA1  hydraulic circuit means responsive to actuation of the infinitely variable
      volume pressure compensated pilot operated four-way directional valve to
      direct hydraulic fluid at operating pressure to the hydraulic motor to
      actuate the hydraulic actuator, thereby disabling the brake means and
      permitting operation of the marine deck winch under the action of the
      hydraulic motor.
NUM  16.
PAR  16. The drive system according to claim 15 wherein the hydraulic circuit
      means includes valve means for receiving pressurized hydraulic fluid from
      the connections between the infinitely variable volume pressure
      compensated pilot operated four-way directional valve and the hydraulic
      motor and sequence valve means for directing pressurized hydraulic fluid
      to the hydraulic actuator whenever the differential between the hydraulic
      pressure in the connections extending from the infinitely variable volume
      pressure compensated pilot operated four-way directional valve and the
      hydraulic motor exceeds a predetermined level.
NUM  17.
PAR  17. The drive system according to claim 16 wherein the hydraulic circuit
      means is further characterized by means for directing pressurized
      hydraulic fluid to the hydraulic actuator, and valve means coupled to the
      hydraulic actuator for normally preventing operation of the hydraulic
      actuator and responsive to actuation of the infinitely variable volume
      pressure compensated pilot operated four-way directional valve to direct
      pressurized hydraulic fluid to the hydraulic motor to permit operation of
      the hydraulic actuator.
NUM  18.
PAR  18. The drive system according to claim 17 wherein the valve means for
      controlling operation of the hydraulic actuator comprises a valve
      mechanically connected to the infinitely variable volume pressure
      compensated pilot operated four-way directional valve for operation in
      conjunction therewith.
NUM  19.
PAR  19. The drive system according to claim 17 wherein the valve means for
      controlling the operation of the hydraulic actuator comprises a pilot
      operated two-way valve connected in parallel with the infinitely variable
      volume pressure compensated pilot operated four-way directional valve for
      operation in conjunction therewith.
NUM  20.
PAR  20. The drive system according to claim 12 further characterized by means
      for continuously circulating hydraulic fluid at working temperature
      through the component parts of the system and thereby preventing
      malfunction of the system due to clogging due to low temperature oil.
NUM  21.
PAR  21. A drive system for a marine deck winch comprising:
PA1  a hydraulic motor having inlet and outlet ports drivingly connected to the
      marine deck winch and adapted for actuation by pressurized hydraulic fluid
      to operate the marine deck winch;
PA1  pump means for supplying pressurized hydraulic fluid at a predetermined
      pressure;
PA1  valve means for controlling the flow of pressurized hydraulic fluid from
      the pump means to the hydraulic motor;
PA1  brake means for normally preventing operation of the marine deck winch;
PA1  hydraulic actuator means for disabling the brake means and thereby
      permitting operation of the marine deck winch;
PA1  means responsive to actuation of the valve means to direct pressurized
      hydraulic fluid to the hydraulic motor for actuating the hydraulic
      actuator means to disable the brake means;
PA1  said valve means comprising an infinitely variable volume pressure
      compensated four-way directional valve having four working ports connected
      to the ports of the hydraulic motor by hydraulic lines,
PA1  said hydraulic actuator actuating means including valve means having an
      inlet port for receiving pressurized hydraulic fluid from whichever of the
      hydraulic lines interconnecting the valve and the motor is at the higher
      pressure, and sequence valve means for directing pressurized hydraulic
      fluid to the hydraulic actuator whenever the hydraulic pressure within one
      of the lines interconnecting the valve and the hydraulic motor exceeds a
      predetermined level.
NUM  22.
PAR  22. A drive system for a marine deck winch comprising:
PA1  a hydraulic motor having inlet and outlet ports drivingly connected to the
      marine deck winch and adapted for actuation by pressurized hydraulic fluid
      to operate the marine deck winch;
PA1  pump means for supplying pressurized hydraulic fluid at a predetermined
      pressure;
PA1  first valve means for controlling the flow of pressurized hydraulic fluid
      from the pump means to the hydraulic motor;
PA1  brake means for normally preventing operation of the marine deck winch;
PA1  hydraulic actuator means for disabling the brake means and thereby
      permitting operation of the marine deck winch;
PA1  means responsive to actuation of the valve means to direct pressurized
      hydraulic fluid to the hydraulic motor for actuating the hydraulic
      actuator means to disable the brake means;
PA1  means for supplying pressurized hydraulic fluid to the inlet port of the
      hydraulic actuator means; and
PA1  second valve means connected to an outlet port of the hydraulic actuator
      for normally preventing a build-up of hydraulic pressure therein and
      responsive to actuation of the first valve means to direct pressurized
      hydraulic fluid to the motor and close the outlet port of the hydraulic
      actuator means whereby the hydraulic actuator means is operated under the
      action of hydraulic fluid received through the inlet port.
NUM  23.
PAR  23. The drive system according to claim 22 wherein the first valve means
      comprises an infinitely variable volume pressure compensated pilot
      operated four-way directional valve and wherein the second valve means for
      controlling the operation of the hydraulic actuator is mechanically
      coupled to the infinitely variable volume pressure compensated pilot
      operated four-way directional valve for operation in conjunction
      therewith.
NUM  24.
PAR  24. The drive system according to claim 22 wherein the first valve means
      for controlling the flow of pressurized hydraulic fluid to the hydraulic
      motor comprises an infinitely variable volume pressure compensated pilot
      operated four-way directional valve and wherein the second valve means for
      controlling the operation of the hydraulic actuator comprises a two-way
      directional valve connected in parallel with the infinitely variable
      volume pressure compensated pilot operated four-way directional valve for
      operation in conjunction therewith.
NUM  25.
PAR  25. In combination:
PA1  a ship having a deck;
PA1  a plurality of constant tension marine mooring winches mounted at spaced
      apart locations on the deck of the ship each for applying a line pull that
      is variable independently of the line pull setting of any other winch;
PA1  a plurality of variable displacement hydraulic motors each individual to
      and each operatively connected to one of the constant tension marine
      mooring winches on the deck of the ship;
PA1  means for supplying hydraulic fluid at a predetermined working pressure;
PA1  closed loop circuit means interconnecting the hydraulic fluid supplying
      means and each of the variable displacement hydraulic motors; and
PA1  a plurality of infinitely variable volume pressure compensated pilot
      operated valves each for controlling the flow of pressurized hydraulic
      fluid from the supplying means to one of the variable displacement
      hydraulic motors and thereby regulating the speed of operation of the
      associated hydraulic motor and the constant tension marine mooring winch
      operatively connected thereto;
PA1  whereby the line tension applied by each constant tension marine mooring
      winch depends on the setting of the displacement of the associated
      variable displacement hydraulic motor operatively connected thereto and
      the speed of operation of the constant tension marine mooring winch
      depends on the setting of the associated infinitely variable volume
      pressure compensated pilot operated valve.
NUM  26.
PAR  26. The combination according to claim 25 further characterized by:
PA1  at least one additional winch mounted on the deck of the ship;
PA1  a fixed displacement hydraulic motor associated with and operatively
      connected to the additional winch; and
PA1  means for controlling the flow of hydraulic fluid from the supplying means
      to the fixed displacement hydraulic motor and thereby regulating the speed
      of operation of the fixed displacement hydraulic motor and the additional
      winch operatively connected thereto.
PATN
WKU  039344177
SRC  5
APN  4059506
APT  1
ART  244
APD  19731012
TTL  Thermal responsive device with an adsorbent carbonaceous material
ISD  19760127
NCL  11
ECL  11
EXA  Shoon; Frederick
EXP  Woodiel; Donald O.
NDR  1
NFG  4
INVT
NAM  Wolfe; Denis G.
CTY  Santa Ana
STA  CA
INVT
NAM  Tyler; Hugh J.
CTY  Santa Ana
STA  CA
INVT
NAM  Jackson, deceased; Wilbur F.
CTY  late of Rolling Hills
STA  CA
INVT
NAM  Benton, trust administrator; by Linda A.
CTY  Long Beach
STA  CA
ASSG
NAM  Robertshaw Controls Company
CTY  Richmond
STA  VA
COD  02
CLAS
OCL   60516
XCL   733682
XCL  252421
XCL  252445
XCL  264 29
XCL  423449
EDF  2
ICL  F01B 1902
ICL  G01K  532
FSC   73
FSS  368.2
FSC  252
FSS  421;445
FSC  260
FSS  92.8 A
FSC  423
FSS  449
FSC   60
FSS  516
FSC  264
FSS  29;105
UREF
PNO  2868017
ISD  19590100
NAM  Beard
OCL   73368.2
UREF
PNO  3258363
ISD  19660600
NAM  Lieb
XCL  423449
UREF
PNO  3410141
ISD  19681100
NAM  Zurstadt
OCL   73368.2
UREF
PNO  3516791
ISD  19700600
NAM  Evans
OCL  423449
UREF
PNO  3639266
ISD  19720200
NAM  Battista
OCL  252421
UREF
PNO  3766783
ISD  19731000
NAM  Tortoso
OCL   73368.2
UREF
PNO  3843308
ISD  19741000
NAM  Graham et al.
XCL   73368.2
OREF
PAL  dacey, J. R. et al., Adsorbtion on Saran Charcoal, in Trans. Faraday Soc.
      Vol. 50, pp. 740-748 (1954).
PAL  Adams, L. B. et al. Adsorbtion of Organic Vapours by Saran-Carbon Fibres
      and Powders, in Carbon (1970), Vol, 8, pp. 761-772.
LREP
FR2  O'Brien; Anthony A.
ABST
PAL  A thermal responsive device employs gas, such as a noble gas, with an
      adsorbent carbon material which is a decomposed carbonaceous compound,
      such as decomposed polyvinylidene chloride or decomposed polyvinylidene
      fluoride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to thermal responsive devices, and in particular, to
      thermal responsive devices employing gas adsorbent materials.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified by U.S. Pat. Nos. 2,221,633, 2,426,663,
      2,627,911, 2,787,130, and 3,410,141, contains many thermal responsive
      devices which have enclosed chambers containing an activated material,
      such as activated charcoal, with a gas charge, such as
      difluorodichloromethane, dimethyl ether, carbon dioxide, argon, nitrogen,
      trifluoromonochloromethane, or fluoromethane. Activated charcoal is made
      by eroding funnel-like pores or cavities in carbonized organic materials
      such as wood, coal, coconut husks, bones, etc. by a reactive material,
      such as steam, carbon dioxide or the like. While gases in
      activated-charcoal-containing devices exhibit some increase in volume or
      pressure change per degree of temperature change over devices containing
      only gas, attempts to manufacture such activated charcoal devices in
      quantities have generally met with failure; it has been impossible to
      predict or avoid large variations in volume or pressure change per degree
      temperature change in different batches of activated charcoal; the
      increase in volume or pressure change per degree temperature change was
      not sufficiently large to warrant the added manufacturing cost; and the
      activated charcoal devices were substantially deficient in volume or
      temperature change per degree temperature change compared to alternate
      devices, such as liquid-vapor or mercury expansion devices.
PAR  The prior art, as exemplified in U.S. Pat. Nos. 1,744,735, 3,258,363;
      3,442,819; 3,516,791 and publication (USSR Academy of Sciences, M. M.
      Dubinin, "Thermal Treatment and Microporous Structure of Carbonaceous
      Adsorbents" Proceedings of the Fifth Conference on Carbon, Volume 1, 1962,
      pages 81-87), contains many adsorbent carbon materials including
      decomposed polyvinylidene chloride and polyvinylidene fluoride. Adsorbent
      carbon materials are widely used in removing contaminants, or the like,
      from gases or liquids. POlyvinylidene chloride and polyvinylidene
      fluoride, in particular, have been recognized for their "molecular sieve"
      property, that is, their ability to adsorb certain gaseous materials which
      have small molecular sizes while being incapable of adsorbing other
      gaseous materials which have larger molecular sizes.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in that a thermal responsive device includes
      means forming an enclosed chamber; an adsorbent carbonaceous material in
      the chamber; a charge of gas in the chamber; and means responsive to gas
      pressure in the chamber; said adsorbent carbonaceous material formed from
      a compound containing both carbon and a non-carbon component by removing
      the non-carbon component to form a carbonaceous skeletal structure having
      cavities of sufficient size to receive and adsorb the gas.
PAR  An object of the invention is to construct a thermal responsive device
      which is safe and which exhibits improved volume or pressure response to
      changes in temperature.
PAR  Another object of the invention is to provide an adsorbent-containing
      gas-charged sensor which is reliable and can be dependably manufactured in
      large quantities.
PAR  A further object of the invention is to construct a thermal responsive
      device which can be used as a substitute for present mercury containing
      sensing devices.
PAR  An advantage of the invention is the lower sensitivity to ambient
      temperature variations in non-sensing portions of the sensor.
PAR  Another advantage is the lower internal gas pressure at room or storage
      temperature which lessens the stress that can cause leaks over extended
      periods of time.
PAR  An additional feature of the invention is the provision of a sensing bulb
      containing a monatomic gas and an adsorbent carbon material having
      cavities with substantially uniform width through out the depth of the
      cavities or cavities with substantially uniform inlets, large enough to
      receive substantial quantities of the monatomic gas but small enough to
      provide a substantially improved volume or pressure response to changes in
      temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section view of a thermal responsive device in accordance
      with the invention.
PAR  FIG. 2 is a schematic of a pore formed in adsorbent carbon materials of
      prior art thermal resonsive devices.
PAR  FIG. 3 is a schematic of a pore in adsorbent material in the thermal
      responsive device shown in FIG. 1.
PAR  FIG. 4 is a graph with a curve of the force produced for different
      temperatures of the device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the invention is embodied in a thermal responsive
      device having a gas pressure responsive member generally indicated at 10
      connected by a capillary or tube 12 to a temperature sensing bulb
      indicated generally at 14.
PAR  The gas pressure responsive member 10 has a support member 16 with a
      threaded portion 18 having a bore 20 in which one end of the tube 12 is
      suitably secured. A flexible diaphragm 22 is secured to the periphery of
      the face of a flange portion 24 of the member 16 by suitable means such as
      an annular spacer 26 and a seam weld to form a chamber 28 which
      communicates with the bore 20. The flexible diaphragm 22 is made from a
      suitable flexible material such as a 0.127 millimeter (0.005 inch) thick
      sheet of 301 stainless steel. A plunger 30 has a head portion 32 which is
      biased against the diaphragm 22 by a Belleville spring 34 held by a lip 36
      of a tubular retainer 38 which is secured by welds to the flange portion
      24 of the support member 16. The Belleville spring is shaped to constantly
      bias, not necessarily with a constant force, the plunger 30 against the
      diaphragm 22. An evacuation and charging tube 40 is suitably secured
      within a bore 42 communicating with the chamber 22.
PAR  The other end of the tube 12 is suitably secured such as by welding in an
      opening 44 of the bulb 14. The bulb 14 has a thermal conductive wall 46,
      such as a metal wall forming an enclosed chamber 48 communicating with the
      tube 12. For high temperature application or flame sensing, the bulb 14
      and tube 12 can be made of Incoloy 800, Stainless Steel 304, or any other
      suitable high temperature material. The bulb 14 contains granules 50 of a
      porous carbonaceous material which has gas adsorbent properties. The
      chambers 28 and 48, and the tubes 12 and 40 contain a charge or quantity
      of gas, such as a noble gas selected from helium, neon, argon, krypton or
      xenon. Other gases which are non-reactive at the temperature of use can be
      employed so long as the gases have a molecular size which is readily
      adsorbed by the carbonaceous material 50. The particular gas used is
      selected by considering the cost and the desired pressure or volume change
      per degree temperature change, which pressure or volume change increases
      directly with the molecular weight of the gas; for example, xenon produces
      a greater pressure or volume change per degree temperature change than
      krypton.
PAR  The adsorbent carbon material 50 is made from granules of a compound
      containing carbon and a non-carbon component by removing the non-carbon
      component to leave a carbonaceous skeletal structure having cavities of
      sufficient size to receive and adsorb substantial quantities of the gas.
      Preferably, the compound is a synthetic polymer having volatile components
      such as hydrogen and a halogen, which can be driven off by heat leaving a
      carbonaceous skeletal structure which is porous. Suitable synthetic
      polymers are polyvinylidene chloride or polyvinylidene fluoride.
      Polyvinylidene chloride or polyvinylidene fluoride are formed into
      adsorbent carbons by carbonizing or pyrolytic decomposition in a purifying
      atmosphere, such as a vacuum or a purging flow of inert gas. Carbonizing
      is performed by heating to a temperature less than the melting point but
      greater than the temperature at which decomposition can be initially
      observed. For polyvinylidene chloride, carbonizing is performed at a
      temperature in the range from 138.degree.C (280.degree.F) to 177.degree.C
      (350.degree.F). The duration of heating required for complete
      carbonization of the synthetic polymer is dependent upon the size of the
      granules of the synthetic polymer and the temperature employed. Along with
      utilizing a predetermined temperature and duration for a certain size of
      granular synthetic polymer, observation of a reduction in gas being
      removed by a vacuum system or the gas being evolved from the granular
      material are methods of determining complete carbonization. During
      carbonization, the non-carbon components, that is hydrogen and the
      halogen, are volatilized and removed from the synthetic polymer structure
      leaving a carbon skeletal structure which is highly porous. After the
      synthetic polymer is carbonized, the carbonized polymer can be subjected
      to a higher temperature up to about 1510.degree.C (2750.degree.F) to
      outgas hydrogen and halogen gases which may have been adsorbed. Outgassing
      can be completed in a short duration, for example 15 minutes.
PAR  In manufacture of the thermal responsive device, the granular adsorbent
      carbon material 50 is placed within the bulb 14. The bulb 14, the tubes 12
      and 40, the support member 16, the diaphragm 22, the spacer 26, the
      plunger 30, the spring 34, and the retainer 38 are assembled. The
      unsecured end of the tube 40 is open and is connected to an evacuating and
      gas charging apparatus. The bulb 14 is heated to outgas air adsorbed by
      the carbon material 50 while it is evacuated. The temperature of the bulb
      is then adjusted to a predetermined setting-temperature or a critical
      temperature at which a control or other device is to be actuated. Then the
      charge of gas is supplied to the tube 40 until the desired operating
      pressure or volume as monitored by movement or force of the plunger 30 is
      reached. At this point the open end of the tube 40 is sealed and the
      thermal responsive device is completed. The thermal responsive device can
      then be assembled for use in a variety of temperature controlled or
      responsive apparatus, such as temperature indicators, temperature
      responsive values and switches, and the like.
PAR  In operation of the thermal responsive device, the pressure and/or volume
      of the gas in the chambers 50 and 28, and the tubes 12 and 40 changes with
      temperature changes of the bulb 14. The pressure and/or volume changes of
      the gas in the chamber 28 results in movement or a change in force exerted
      by the diaphragm 22 and the plunger 30. This movement or change in force
      is utilized to control the apparatus in which the thermal responsive
      device is employed.
PAR  It has been discovered that the volume or pressure change per degree of
      temperature change are substantially greater over a wider range of
      temperatures for the thermal responsive device containing the carbonized
      synthetic polymer than for thermal responsive devices containing activated
      charcoal; such increase is not apparent from the prior art. Carbonized
      polyvinylidene chloride and polyvinylidene fluoride have been mainly
      characterized for their inability or deficiencies in adsorbing certain
      materials.
PAR  The change in pressure or volume is due to (1) adsorption or desorption of
      gas in the carbon material 50 and (2) the increase or decrease in pressure
      or volume of non-adsorbed gas due to a change in temperature or kinetic
      energy. The effects of ambient temperature change of the tubes 12 and 40,
      and the pressure responsive member 10 on the gas pressure or volume is
      substantially minimal where compared to the change in gas pressure or
      volume due to temperature change of the bulb 14; this results from the
      greatly increased pressure or volume change per degree of temperature
      change attributable to the adsorption and desorption of gas in the carbon
      material 50 which is made from a carbonized polymer.
PAR  In a thermal responsive device containing carbonized polyvinlidene chloride
      and krypton with an operating temperature of 316.degree.C (600.degree.F),
      an internal pressure of 16.2 .times. 10.sup.6 dynes per square centimeter
      (235 pounds per square inch) and a heated to non-heated volume ratio of 10
      to 1, the ability of the gas charge to do work is increased approximately
      3.4 times that of a straight gas charge; while in a thermal responsive
      device containing activated charcoal with similar conditions, the ability
      of gas charge to do work is increased only about 1.5 times a straight gas
      charge. The large increase in thermal response or ability to do work of
      the carbonized synthetic polymer makes possible a practical
      adsorbent-carbon-containing temperature responsive device for use in a
      number of applications where devices utilizing vapor expansion from a
      liquid were the only fluid expansion devices capable of performing the
      desired function; increasing the sensing bulb size or the heated to
      non-heated volume ratio above 10 to 1 increases the ability to do work by
      only a small amount.
PAR  While the structural distinctions or properties of the carbonized synthetic
      polymer that cause its improved pressure volume change per degree
      temperature change can not be visually observed, various theories of the
      structural properties have been formulated by observation of other
      properties of the carbonized polymer. As shown in FIG. 2, activated
      carbons, such as activated charcoal, have pores or cavities 54 which are
      funnel-shaped or cone-shaped; whereas the carbonized synthetic polymer, as
      shown in FIG. 3, has cavities 56 which are slit-like or have substantial
      portions with relatively uniform width through out the depth of such
      portions. In making activated carbons, the eroding or activation process
      produces the funnel-shaped cavities; activating or eroding carbonized
      synthetic polymer with steam or the like will substantially deteriate and
      eventually destroy the improved volume or pressure change per degree
      temperature change of adsorbed gas in the carbonized synthetic polymer.
      The slit-like cavities 56 of the carbonized synthetic polymer are believed
      to result from the production of the cavities by removing or volatilizing
      the non-carbon components of the polymer while in a solid state.
PAR  It is also therorized that the width or diameter of the cavities or pores
      or their inlets, substantially effects the adsorbent properties of the
      carbon material. Using a Kelvin method of measuring pore size it has been
      determined that the pore size of carbonized polyvinylidene chloride ranges
      from 10 to 15 angstroms in width or diameter, while the diameter of pores
      in activated charcoal ranges from 15 to 200 angstroms with an average pore
      size much larger than 17 angstroms. An average cavity or inlet width in
      the range generally from about 9.2 angstroms to about 17 angstroms and
      preferrably from 12 to 15 angstroms in the carbonized synthetic polymer
      produces the improved volume or pressure change per degree temperature
      change. The cavity size of carbonized polymer can be reduced by heating in
      the range from 1510.degree.C (2750.degree.F) to 2205.degree.C
      (4000.degree.F). A brief activation with steam, carbon dioxide, or the
      like can be employed to enlarge the cavities.
PAR  Van der Waal's forces are theorized as being the main attractive force
      resulting in adsorption of gas molecules. The width of the cavities in the
      carbonized synthetic polymer being slightly larger than two diameters of
      the monatomic molecules of noble gas results in increased Van der Waal's
      forces within the cavities due to the closeness of several crystalline
      faces, carbon lattice structures, or walls in the cavities 56. Also, the
      Van der Waal's forces are generally greater for larger molecules which
      results in the heavier monatomic gases having a greater volume or pressure
      change per degree of temperature change than the lighter monatomic gases.
      Since Van der Waal's forces are attributed to weak dipoles, the carbon
      lattice arrangement produced by the carbonization of a synthetic polymer
      may have a stronger dipole than other atomic crystalline structures. The
      apparent Van der Waal's forces, as judged by internal pressure change per
      degree of temperature change of the carbonized synthetic polymer are
      approximately 1.8 times that of activated carbon.
PAR  Another structural distinction is found in the number of cavities in a unit
      weight of the adsorbent carbon material. Carbonized polyvinylidene
      chloride as measured by a BET method has a surface area of 1200 square
      meters per gram whereas activated charcoal has a surface area in the range
      from 500 to 1000 square meters per gram. The surface area is believed to
      be proportional to the number of pores. The formation of pores or cavities
      by removing the non-carbon components of a carbonaceous compound leaving a
      skeletal carbon structure is believed to result in a more porous structure
      than that formed by eroding or activating cavities in a carbon material.
PAR  One advantage of using a noble gas is that the noble gases will maintain
      their pressure for longer durations of time than more reactive gases. It
      has been observed there is substantially less diffusion of the noble gases
      into metal than for more reactive gases; thus the use of a noble gas
      results in less leakage of gas from the chamber 50 by diffusion through
      the wall 46 producing a longer lasting and more reliable temperature
      responsive device.
PAR  Another advantage of using an adsorbent unactivated carbonized compound as
      opposed to using an activated carbon is the uniformity that can be
      achieved in manufacturing thermal-responsive devices. Different batches of
      carbonized polyvinylidene chloride produced in different process runs have
      substantially identical adsorption properties, whereas different batches
      of activated charcoal vary widely in adsorption properties; thus the
      thermal responsive device employing an unactivated carbonized compound
      makes possible the practicle manufacture of large quantities of dependable
      thermal responsive devices which utilize adsorbent carbon and gas.
PAR  As an example of the manufacture of a thermal responsive device, SARAN 113,
      a copolymer including a substantial portion (approximately 90%) of
      polyvinylidene chloride, purchased from the DOW Chemical Company, Midland,
      Mich, and having a particle size distribution in the range from 100 to 500
      microns is heated within a vacuum oven at about 1000 microns of pressure
      at a temperature of about 160.degree.C (320.degree.F) for about 16 hours
      to completely carbonize the polyvinylidene chloride. After carbonization,
      temperature is gradually raised to about 900.degree.C (1650.degree.F) over
      a period of 8 hours. Then the vacuum oven is further evacuated to 250
      microns at 1650.degree.F for about 30 minutes to further outgas hydrogen
      and chloride gases from the carbonized synthetic polymer and complete the
      manufacture of a suitable adsorbent carbon.
PAR  A measured quantity of the carbonized synthetic polymer is placed in the
      bulb 14 and the thermal responsive device is assembled as shown in FIG. 1
      except that the free end of the tube 40 is open. The open end of the tube
      40 is connected to an evacuation and charging apparatus. The bulb 14 is
      heated to about 815.degree.C (1500.degree.F) and evacuated until a vacuum
      gauge reads about 18 microns to outgas a large portion of the air adsorbed
      by the carbonized synthetic polymer. The end of the plunger 30 is engaged
      against a force measuring instrument with a force of about 10 .times.
      10.sup.6 dynes (22.5lb). After evacuation and outgassing, the temperature
      of the bulb 14 is reduced to about 371.degree.C (700.degree.F) with a
      vacuum guage pressure of about 16 microns. The evacuation and charging
      apparatus is then operated to supply a charge of krypton gas through the
      tube 40 until the force measured by the force measuring instrument is
      equal to 14.2 .times. 10.sup.6 dynes (32 pounds). The open end of the tube
      40 is then sealed to complete the pressure responsive device. FIG. 4
      illustrates the force produced against a measuring instrument by the
      plunger 30 for different temperatures from 200.degree.C to 800.degree.C.
PAR  Since many variations, modifications and changes in detail may be made to
      the present embodiment, it is intended that all matter in the foregoing
      description and the accompanying drawings be interrupted as illustrative
      and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermal responsive device comprising
PA1  means forming an enclosed chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber; and
PA1  means responsive to gas pressure in the chamber;
PA1  said adsorbent carbonaceous material being formed from a synthetic polymer
      selected from the group consisting of polyvinylidene chloride and
      polyvinylidene fluoride by removing the hydrogen and halogen components to
      form a carbonaceous skeletal structure having cavities; and
PA1  said charge of gas including molecules which have widths smaller than the
      widths of the cavities so as to be readily adsorbed and desorbed in the
      cavities of the adsorbent carbonaceous material upon decrease and
      increase, respectively, of temperature.
NUM  2.
PAR  2. A thermal responsive device as claimed in claim 1 wherein
PA1  the adsorbent carbonaceous material has cavities with substantially uniform
      inlets in the skeletal structure of a size large enough to allow entrance
      and adsorption of monatomic gas in the cavities but small enough to retain
      substantial quantities of adsorbed gas, and
PA1  the charge of gas includes a monatomic gas.
NUM  3.
PAR  3. A thermal responsive device comprising
PA1  means, including thermal conductive means, forming an enclosed chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber; and
PA1  means responsive to gas pressure in the chamber;
PA1  said adsorbent carbonaceous material having cavities which have an average
      width in the range from about 9.2 to 17 angstroms;
PA1  said gas charge including gas molecules having widths smaller than the
      average width of the cavities so as to be readily adsorbed and desorbed in
      the cavities upon decrease and increase, respectively, in temperature.
NUM  4.
PAR  4. A thermal responsive device as claimed in claim 3 wherein the gas is a
      noble gas.
NUM  5.
PAR  5. A thermal responsive device as claimed in claim 3 wherein the average
      width of the inlets of the cavities in the adsorbent carbon is within the
      range of about 12 angstroms to 15 angstroms.
NUM  6.
PAR  6. A thermal responsive device comprising
PA1  means, including thermal conductive means, forming an enclosed chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber;
PA1  means responsive to gas pressure in the chamber;
PA1  said adsorbent carbonaceous material formed from a synthetic polymer
      including a material selected from the group consisting of polyvinylidene
      chloride and polyvinylidene fluoride, said adsorbent carbonaceous material
      formed by a process including the steps of subjecting the synthetic
      polymer to a purifying atmosphere and heating the synthetic polymer while
      subjected to the purifying atmosphere to a temperature above the
      decomposition temperature of the synthetic polymer but below the melting
      temperature of the synthetic polymer to form cavities at sites of
      volatilized components of sufficient size to receive molecules of the gas.
NUM  7.
PAR  7. A thermal responsive device comprising
PA1  means, including thermal conductive means, forming an enclosed chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber; and
PA1  means responsive to gas pressure in the chamber;
PA1  said adsorbent carbonaceous material being porous with cavities wherein a
      substantial majority of the cavities have substantially uniform widths in
      the range of about 9.2 to 17 angstroms throughout portions of the depths
      of the cavities; and
PA1  said charge of gas including gas molecules having widths which are smaller
      than the uniform widths of the majority of cavities so as to be readily
      adsorbed and desorbed in the cavities upon decrease and increase,
      respectively, in temperature.
NUM  8.
PAR  8. A thermal responsive device as claimed in claim 7 wherein the cavities
      have depths which are substantially greater than their widths.
NUM  9.
PAR  9. A thermal responsive device as claimed in claim 8 wherein the gas is
      selected from helium, neon, argon, krypton and xenon.
NUM  10.
PAR  10. A thermal responsive device as claimed in claim 7 wherein the average
      width of the cavities in the carbonaceous material is in the range of 12
      to 15 angstroms.
NUM  11.
PAR  11. A thermal responsive device comprising
PA1  means, including a metal bulb, forming an enclosed chamber;
PA1  porous carbonaceous granules in the metal bulb, formed by substantially
      complete pyrolytic decomposition of synthetic polymer granules containing
      polyvinylidene chloride in a purifying atmosphere at a temperature in the
      range of about 138.degree.C to 177.degree.C;
PA1  a charge of gas in the chamber, selected from the group consisting of
      helium, neon, argon, krypton, and xenon; and
PA1  expandable and retractable means responsive to the gas pressure in the
      chamber.
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ABST
PAL  A drive shaft for turning wheels of a vehicle or for operating other
      devices requiring rotary driving motion, has a pair of diametrically
      opposed compressors non-rotatively mounted upon it and also a dual
      channeled turbine mounted upon it with a rotor of the turbine keyed to the
      drive shaft to cause said shaft to turn with said rotor; separate duct
      means being provided between the two compressors and diametrically
      opposite points of the turbine's two channels for conducting ignited gas
      from the compressors to the turbine to drive said rotor and the drive
      shaft. Each compressor includes a piston, gas intake and exhaust valves,
      and means for igniting compressed gas in the compressor to charge the
      ignited gas into the turbine. A single piston cam is keyed to said shaft
      for operating the pistons of both compressors and two valve cams are keyed
      to said shaft for opening and closing the intake and exhaust valves of
      both compressors in timed interrelation with each other and with the
      reciprocation of the pistons of both compressors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has hitherto been common practice, in engines for turning a shaft, for a
      piston, partly defining a cumbustion chamber, to be mechanically connected
      directly to a crank or drive shaft thus utilizing the rapidly expanding
      ignited gas to directly turn the shaft. Even in recently developed rotary
      engines, equivalents of pistons have been employed, again however,
      applying gas engendered piston movements directly to the shaft.
PAR  The just mentioned practice has led to the use of engines with an excessive
      number of cylinders and pistons to provide added power and to yield a
      reasonably smoothe application of power to the drive shaft.
PAR  The principal objects of this invention are to provide improved, simplified
      means for utilizing the expansion of ignited gas to turn a shaft while
      being capable of providing increased power and smoother operation without
      the use of an excessive number of cylinders.
PAR  Those familiar with the art relating to engines operable through the use of
      ignited gas will readily recognize other advantages of this invention as
      hereinafter detailed.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a side view of an engine according to this invention; the
      compressor being shown in elevation and the turbine being shown in central
      vertical section.
PAR  FIG. 2 is a plan view of the compressor as seen from above FIG. 1; one of
      the compressor portions being shown in central horizontal section and an
      opposing portion of the compressor being shown in a plan view with broken
      line indications of positions of valves and a piston therein.
PAR  FIGS. 3 and 4 are partial elevational and partial sectional views of
      opposite side portions of the engine's turbine, approximately as seen,
      respectively, at lines 3--3 and 4--4 of FIG. 1.
PAR  FIG. 5 is an enlarged showing of the approximate shapes and relative
      angular positions on a common shaft of a cam for actuating a piston in the
      compressor and of cams for opening and closing intake and exhaust valves
      in the compressor.
PAR  FIG. 6 is a graph illustrating the operating relationships of the piston
      and valves which are operated by the cams shown in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION THE PARTS CONSTITUTING THE ENGINE
PAR  The essential parts of the engine of this invention are all included or
      indicated in FIG. 1; more particularly, a compressor 10 for compressing
      and igniting gaseous fuel to be conducted from the compressor by pipes 12a
      and 12b to a turbine 14 of which its rotor 16 is keyed at 18 upon a drive
      shaft 20 to turn the latter. The shaft 20 is shown as having two parts,
      20a related to the turbine 14 and 20b related to the compressor 10; these
      two parts being interconnected by a coupling 22 and being suitably
      supported in bearings 24a, 24b, 24c, and 24d. An engine cooling fan 26 is
      suitably keyed to shaft member 20a, in front of the turbine. The back end
      of shaft member 20b is connected by a coupling or universal joint 28 to a
      driven shaft 30 associated with a vehicle (not shown) or other apparatus
      to be operated by the engine.
PAC  THE COMPRESSOR (COMBUSTION GAS GENERATOR)
PAR  Compressor (combustion gas generator) 10, as best illustrated in FIG. 2,
      comprises two, similar, directly opposed gas processing mechanisms 32a and
      32b, unified by a central casing 34 through the center of which extends
      shaft member 20b with the mechanisms 32a and 32b disposed in 180.degree.
      opposition at opposite sides of said shaft member. As the mechanisms 32a
      and 32b are alike, the following description of mechanism 32a should be
      understood as similarly applicable to mechanism 32b.
PAR  Several of the more important parts of mechanism 32a are disposed within a
      compression block 36 suitably fixed, as for example by bolts 38, to the
      central casing 34. A head 40 is fixed by bolts 42 upon the compression
      block 36, thereby defining a combustion chamber 44.
PAR  The mentioned more important parts include a fuel intake valve 46
      controlling the flow of gaseous fuel to the chamber 44 from a suitable
      fuel supply (indicated but not shown) such as, for example, a carburetor
      or fuel injection mechanism. Mechanism 32a also includes a piston 48
      working in a cylinder 50, and an exhaust valve 52 controlling the flow of
      ignited and expended gas from the combustion chamber 44 through pipe 12a
      to the turbine 20.
PAC  VALVE ASSEMBLIES OF THE COMPRESSOR
PAR  The valves 46 and 52 are shown as alike but, within an engine designer's
      option, one may be somewhat larger. For present descriptive purposes, they
      are treated as alike, and the following description of valve 46 and its
      associated parts should be considered as applicable also to valve 52.
PAR  Valve 46 is of the tappet type, having a valve head 54 coacting with a
      valve seat 56 which opens into a fuel supply pipe 58, and an integral stem
      60 which is slidably guided within a guide tube 62 which extends through
      and is fixedly held by an integral web 64 of the compression block 36.
      Fixed to the stem 60 adjacent to its lower end is a spring saddle 66, and
      a compressed coil spring 68 extends about the tube 62 and valve stem 60
      and is compressed between the web 64 and the saddle 66 to bias the valve
      46 normally closed upon the valve seat 56. A push rod 70a is slidably
      guided within a guide tube 72 fixed in webs 74 and 76 of the compression
      block 36 and, in a manner hereinafter explained, coacts with a cam
      arrangement to operate the valve 46.
PAC  THE COMPRESSOR'S PISTON ARRANGEMENT
PAR  The piston 48 is provided with suitable piston rings 78, and the outer end
      of a connecting rod 80 extends into a recess of the piston where it is
      pivotally secured to a wrist pin 82 fixed within the piston. An
      intermediate portion 86 of the connecting rod is slidably guided within a
      guide plate 88 to hold said rod against other than rectilinear movement.
PAR  The inner end of the connecting rod is formed with an integral crosshead
      90; and strong expansion springs 92 are tensioned between said crosshead
      and a similar crosshead 90b of the piston assembly of the opposed gas
      processing mechanism 32b to bias the opposed pistons toward their
      innermost or retracted positions. The two crossheads 90 and 90b coact with
      a cam arrangement to operate the two opposed pistons in a manner
      hereinafter explained.
PAR  A spark plug 94a is fixed into the head 40 to ignite compressed gas in the
      combustion chamber 44, and a spark plug 94b is provided in the opposed
      mechanism for a like purpose. The timing of firing of these plugs is
      hereinafter explained.
PAC  THE COMPRESSOR'S CAM ARRANGEMENT
PAR  Three cams, about to be referred to in detail, function similarly with
      respect to the two gas processing mechanisms 32a and 32b, only excepting
      the fact that said cams function with respect to said mechanisms at
      directly opposite (i.e., 180.degree. removed) points in the rotation of
      drive shaft member 20b.
PAR  FIG. 2 shows edgewisely the three mentioned cams as an intake valve cam 96,
      an exhaust valve cam 98, and a piston cam 100; all three of these cams
      being suitably keyed upon the shaft member 20b to rotate therewith. FIG. 5
      includes side views of said cams to show their shapes; and said figure
      also shows the relative angular positions in which they are fixed upon the
      shaft member 20b.
PAR  As the shaft member 20b turns continuously under propulsion forces
      hereinafter explained, cams 96 and 98 open and close valves 46 and 52
      respectively through the media of said valves' push rods 70a and 70b; and
      cam 100 rides upon a rotative tappet 102, which is carried in a suitable
      bore in the inner end of the connecting rod 80; the cam 100 thus serving
      to reciprocate piston 48 within the cylinder 50.
PAC  OPERATION OF THE COMPRESSOR
PAR  Bearing in mind the mentioned similarity of gas processing mechanisms 32a
      and 32b (except for a 180.degree. operational variance), the following
      description of the operation of mechanism 32a should serve to afford an
      understanding of the operation of the compressor 10. FIG. 5 shows that the
      indicated axes x96, x98 and x100 of the three cams correspond with the
      axis of shaft member 20b. FIG. 5 also shows the fixed, relative, angular
      relationships of the three cams upon said shaft member with arrows
      indicating the direction of rotation of said shaft member and cams.
PAR  FIG. 6 indicates the movement of the piston 48 between fully advanced and
      fully retracted positions throughout four successive quarter turns of
      shaft member 20b and the cams thereon while, at the lower part of said
      figure, are shown the open and closed positions of the two valves 46 and
      52 throughout the same quarter turns of the shaft member.
PAR  In considering the operation of the compressor, it should be considered
      that, at a commencement of operation, the piston and valves are as
      indicated at vertical line 0.degree. in FIG. 6 and that the positions of
      the cams as shown in FIG. 5 correspond to the piston and valve conditions
      as indicated at said vertical line of FIG. 5.
PAR  During a gas intake or first operational cycle, wherein the shaft member
      and cams pursue a first quarter turn indicated as from said 0.degree.
      vertical line to the indicated 90.degree. vertical line of FIG. 6, the
      piston 48 pursues and completes a full retraction movement with the intake
      valve open and the exhaust valve closed, thereby drawing gaseous fuel from
      a suitable fuel supply, indicated in FIG. 1, into the combustion chamber
      44. The fuel may be supplied through a suitable carburetor or through more
      or less equivalent fuel supply means.
PAR  When the piston 48 has fully retracted as indicated at the 90.degree. line
      in FIG. 6, a full supply of fuel having been drawn into the combustion
      chamber 44 including the area in cylinder 50 above the then retracted
      piston, the intake valve closes while the exhaust valve remains closed.
PAR  During a second operational cycle, indicated between the 90.degree. and
      180.degree. lines of FIG. 6, the piston 48 is moved by cam 100 from its
      fully retracted position almost to its fully advanced position thereby
      substantially compressing the fuel charge in the combustion chamber 44,
      the two valves, meanwhile, being in closed condition
PAR  A third operational cycle, corresponding to a quarter turn from 180.degree.
      to 270.degree. of the shaft member 20b and the cams thereon, involves
      opening of exhaust valve 52 approximately simultaneously with the point of
      full advance of the piston 48. At about that instant, the compressed fuel
      charge in the combustion chamber 44 is ignited by the spark plug 94a and
      is substantially expanded, during which time the piston 48 moves to is
      partially retracted position indicated at the 270.degree. line in FIG. 6.
      The indicated timing of ignition is, of course, accomplished by any
      suitable known means by which an electric circuit to the spark plug is
      correlated, either directly or indirectly, by gearing, to the rotation of
      the shaft member 20b.
PAR  A fourth operational cycle, corresponding to a quarter turn from
      270.degree. to 360.degree. of the shaft member 20b and the cams thereon,
      involves movement of the piston 48 from its partial retract position to
      its full advance position at which it arrives just before completion of
      this quarter turn; the intake valve, meanwhile, remaining closed while the
      exhaust valve remains open.
PAR  The mentioned fourth cycle accomplishes scavenging or exhaustion of
      expanded gas from the combustion chamber 44, through open exhaust valve 52
      into pipe 12a through which the expanded gas is forcibly introduced into
      one side of the turbine 14 to drive the latter and the shaft members 20a
      and 20b connected thereto.
PAR  Consideration of FIGS. 5 and 6 shows that the described four cycle
      operation is repetitious to bring about continuous operation of the
      compressor 10. It should be apparent that the compressor and the turbine
      are operationally interdependent as the turning of the shaft members 20a
      and 20b gives rise to continued operation of the compressor which supplies
      gas to the turbine which turns said shaft members, which serve to drive a
      vehicle or other mechanism to which they are connected.
PAR  Assuming the use of a compressor 10 with two oppositely disposed gas
      processing mechanisms 32a and 32b as disclosed herein, the above described
      cyclic operations are identical for the two said mechanisms but occur at
      directly opposite points in the rotation of shaft member 20b and the cams
      thereon. It follows that the charging of gases into the turbine 14 through
      pipe 12a from mechanism 32a and through pipe 12b from mechanism 32b occur
      at opposite points in the rotation of shaft member 20b, assuring a quite
      steady supply of gas to the turbine and smoothe operation of the shaft
      assembly 20a and 20b.
PAR  In practicing this invention. the use of at least one pair of opposed
      compressors is preferable. However, the compressing means, within this
      invention, may have two or more pairs of compressor assemblies disposed
      preferably equidistantly about a common shaft member such as member 20b,
      all such assemblies being operated by a single set of cams such as cams
      96, 98, and 100.
PAC  THE TURBINE
PAR  Although various designs of turbines may lend themselves to use as a part
      of this invention, a turbine such as indicated at 14 in FIGS. 1, 3, and 4
      is considered to possess features peculiarly adapting it for receiving gas
      charges from the combustion chambers of two or more gas processing
      mechanisms such as those shown at 32a and 32b.
PAR  The turbine 14 comprises a stationary, generally annular housing 110
      suitably supported coaxially with reference to shaft member 20a. This
      housing is U-shaped in radial section and, within it is fixedly fitted an
      annular insert 114 which partially defines an annular radially outwardly
      facing gas receiving channel 116.
PAR  The turbine 14 also includes the already mentioned rotor 16 having a hub
      118 fixed by key 18 upon shaft member 20a, and spokes 120 radiating from
      said hub and integrally supporting, at their ends, a circular vane carrier
      122. The vane carrier comprises a cylindrical wall 124 from opposite sides
      of which planar skirts 126 project outwardly into annular grooves 128 with
      a close but free fit. Thus, the wall 124 and skirts 126 combine with an
      inner cylindrical surface 134 of the insert 114 to completely define the
      gas receiving channel 116.
PAR  The wall 124 is preferably provided with a planar, integral, outwardly
      extending central web 130, and separate circular series of uniformly
      spaced radial vanes 132 are fixedly and, preferably, hermetically secured
      to both sides of the web 130 and to the cylindrical wall 124 and the
      skirts 126.
PAR  The web 130 and the vanes 132 extend outwardly to a close clearance with
      respect to the inner cylindrical surface 134 of the insert 114. The web
      130 serves to strengthen the vanes but, more importantly, it serves to
      provide separate, but similar, gas receiving areas of the channel 116 at
      opposite sides of said web to separately receive gas charges from the two
      gas processing mechanisms 32a and 32b.
PAR  As illustrated, the pipe 12a carries expanded gases from gas processing
      mechanism 32a into one side or rear area of the gas receiving channel 116
      through a turbine inlet 136; and a turbine outlet 138 at the same side of
      the turbine exhausts the more or less energy-spent gases from that
      particular side area of the channel 116. Similarly, expanded gases
      introduced into the opposite or front side of the turbine from pipe 12b
      through a turbine inlet 140 are exhausted from the turbine through a
      turbine outlet 142.
PAR  It will be observed from FIGS. 3 and 4 that gases introduced into opposite
      sides of the turbine pass through about 320.degree. of the housing 110 so
      that the gases from the compressor 10 are efficiently used for turning the
      shaft assembly 20. It is also noteworthy that the power impulses from such
      gases are uniformly alternated from the opposed gas processing mechanisms
      32a and 32b, thus being effective in the turbine alternately at opposite
      sides of the shaft member 20a, resulting in smoothe application of power
      to the shaft assembly 20.
PAC  OPERATION OF THIS TURBINE ENGINE
PAR  The foregoing description of the operation of the compressor 10 and the
      details given as to the turbine 14 should afford an understanding of the
      over all operation of the engine of this invention.
PAR  Summarizing the engine operation, however, and referring to an engine
      having only one gas processing mechanism such as 32a, the engine is
      started by means of suitable hand or motor cranking means (preferably the
      latter) applied to the shaft assembly 20 to turn the latter.
PAR  The rotation of the shaft assembly causes the compressor 10 to go through
      the described four cycles of gas intake, gas compression, gas ignition,
      and gas scavenging. In the latter cycle, the advance movement of the
      piston supplements the expansion of the ignited gas to force such gases
      through pipe 12a into the turbine to turn shaft member 20a in the latter.
      Turning of the shaft member 20a brings about the described operation of
      the compressor so that operation of the engine becomes continuous.
PAR  Noting, however, that the engine includes a pair of radially oppositely
      disposed compressors, the just described operation occurs with respect to
      each compressor but at spaced points about the shaft assembly, yielding
      increased power and smoother operation of the engine.
PAC  GENERAL COMMENTS
PAR  The compressor's block 36 and head 40 are suitably provided with cooling
      fins 144 and 146, and the turbine housing 110 is suitably provided with
      cooling fins 148.
PAR  Those conversant with the art relating to this invention will readily
      understand the details of the invention and the manner of its operation as
      well as its stated advantages including the provision of four cycle
      operation in a single revolution of a driven shaft, possible minimizing of
      the number of pistons and cylinders required, and the yielding of smoother
      engine operation.
PAR  It will be realized that the described engine and the components thereof
      may be somewhat varied without departing from this invention as set forth
      in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A turbine engine comprising a rotary shaft for driving a related
      mechanism, a pair of similar compressors mounted diametrically opposite
      from each other upon said shaft, and a turbine having a rotor fixed to
      said shaft for rotation therewith and provided with a pair of
      side-by-side, integral, vaned, annular, gas-receptive channels; each of
      said compressors comprising a cylinder including a combustion chamber, a
      piston operative in said cylinder and partially defining said chamber,
      fuel intake valve means, gas exhaust valve means, ignition means for
      igniting fuel within said chamber, said pair of compressors including cam
      means fixed upon said shaft and coacting separately and alternately with
      said intake valve means of both compressors, with said exhaust valve means
      of both compressors, and with said pistons of both compressors to
      reciprocate said pistons; said engine further comprising ducts connecting
      the combustion chambers of the two compressors separately to diametrically
      opposite inlets of the two said channels of the turbine, whereby the force
      of exhaust gases from the combustion chambers of the two compressors is
      regularly, alternately applied to said turbine rotor at diametrically
      opposite points thereof to yield smoothe, efficient operation of the
      engine.
NUM  2.
PAR  2. A turbine engine according to claim 1, said two channels of the turbine
      having parallel side walls constraining gases introduced thereinto to
      travel in forceful coaction with the vanes of said rotor throughout a
      major circumferential part of each of the channels.
NUM  3.
PAR  3. A turbine engine according to claim 1, said ducts being of approximately
      uniform gas conductive capacity throughout their entire lengths from said
      exhaust valve means to the vanes of the turbine's rotor.
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ABST
PAL  The stages of a turbine system are independently controlled to produce a
      desired system power output by monitoring and comparing the power
      characteristics of each stage to the desired power output. Flow through
      each of the stages is adjusted until the desired power output is
      generated, while any flow that is passing through bypass lines about each
      of the turbine stages is varied inversely to the variations in the flow
      through the turbine stages. Non-linearities occurring in the system are
      offset by appropriate modification of the control of each stage and by
      comparison of the power output of the system with the power requirements
      to direct continuing control until the power requirements are met.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of Ser. No. 369,332, "Arrangement For
      Controlling The Loading of a Turbine System", filed June 12, 1973 and
      assigned to the same assignee, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an arrangement for controlling the
      loading of a steam turbine system after synchronous speed has been
      reached, and more specifically, this invention relates to a loading
      control arrangement for a steam turbine system having steam bypass lines
      around each of the turbine stages, such as in a turbine system interfaced
      with a high temperature gas cooled reactor (HTGR), in which a drive
      turbine for the HTGR cooling system is included in the main turbine steam
      path.
PAR  2. Description of the Prior Art
PAR  In some types of steam turbine applications, it is desirable to keep the
      steam flow going through the system even when the turbines are not being
      driven to produce a power output. Thus, in this type of turbine system, it
      is necessary to provide bypass lines for the power turbine stages when
      power is not being extracted from the system. A so-called "European type"
      steam turbine bypass arrangement is utilized for starting some types of
      turbine systems.
PAR  Another, and very important, type of bypass arrangement is that utilized
      with a steam turbine system interfaced with a nuclear reactor, such as a
      high temperature gas cooled reactor (HTGR). In such a system, the steam
      generation, superheating and reheating of the steam is achieved in the
      HTGR, while a turbine for circulating coolant in the HTGR cooling system
      is driven by the steam flow through the turbine system. In order to
      provide a drive flow for the circulator turbine even when power is not
      being extracted from the system, a main steam bypass line is connected
      across the high pressure turbine stage, as well as a throttle valve and a
      control valve connected in the flow path of the high pressure turbine.
      Also, a hot reheat bypass line is connected across the intermediate
      pressure and low pressure turbine stages, as well as a reheat stop valve
      and an interceptor valve connected in the flow path of the intermediate
      and low pressure turbines.
PAR  When the turbine system has been brought to operating speed (in the case of
      a generating system this would be the speed necessary to drive an
      electrical generator to produce an electrical signal having a frequency in
      synchronism with the power line frequency, known as "synchronous speed"),
      the system is ready for loading. At this time, practically all of the
      steam flows through the bypass lines. Normally, a minimum flow of about
      25% of the steam generated in the HTGR must be maintained to prevent steam
      generator instability and to drive the coolant circulator turbine.
      Therefore, prior to loading 25% of the HTGR generated steam is passing
      through the main steam bypass line, with the exception of approximately 3%
      to 4% passing through the main turbine to maintain synchronous speed.
      Also, this same amount of steam (approximately 25% of that generated)
      flows through the hot reheat bypass line, except for about 3% to 4%
      flowing directly to the intermediate and low pressure turbines through the
      hot reheat bypass line across the reheat stop valve and interceptor valve.
      This small flow through the intermediate pressure and low pressure
      turbines is for rotor cooling purposes in the low pressure turbine and
      turbine rotor heating in the intermediate pressure turbine.
PAR  In order to provide the desired power capabilities after synchronous speed
      has been achieved, it is desirable to transfer the steam flow through the
      bypass lines to the turbine stages as quickly as steam turbine thermal
      conditions and power system load demands permit. Loading is achieved by
      increasing the steam flow through the turbines while reducing steam flow
      through the bypass lines thereacross. To achieve this as quickly and
      efficiently as possible, it is necessary to simultaneously adjust the
      steam flow through the high pressure and intermediate and low pressure
      turbines, together with the bypass lines across these turbines.
PAR  One way of accomplishing this control is to mechanically gang the main
      steam control and interceptor valves so that these valves will be
      simultaneously opened or closed an equal or proportional amount. In
      addition, the valves in the main steam bypass and hot reheat bypass lines
      would also be ganged to close the valves in these lines to reduce the
      steam flow through the bypass lines by an amount equal to the increase in
      steam flow through the turbine stages. The problem with this approach is
      that if the valves utilized are not properly designed to perfectly match,
      the resulting non-linearity in the system may cause the power output
      generated by the system to vary considerably from that required. The
      design and manufacturing of the valves to minimize this error is extremely
      difficult. Further, even after the design problems have been overcome,
      there is always the chance that uneven wear or damage to the control
      system may introduce other non-linearities and corresponding undesired
      errors in the power generation.
PAC  SUMMARY OF THE INVENTION
PAR  In order to obviate the difficulties inherent in prior art arrangements,
      the present invention utilizes separate, but simultaneous, control of the
      first flow or main steam control and second flow or interceptor valves
      upon indication of the power required from the system. This indication of
      the power requirements is provided by an input signal, known in the trade
      as a megawatt demand signal. The input signal is provided by an input
      means, which may be activated directly by an operator or automatically,
      such as by an automatic dispatch system. A first detecting means, such as
      a pressure transducer, measures an applicable parameter, in this case the
      pressure, in the first or high pressure turbine stage and produces a
      signal indicative of the power output of that stage. Similarly, a second
      detecting means measures an applicable parameter (pressure) of a second
      turbine stage, such as the intermediate and low pressure turbines, and
      produces a signal indicative of the power output of that stage. The power
      signals derived from the first and second detecting means are then applied
      to first and second comparing means, respectively. Each of the comparing
      means also has the input signal applied thereto, and hence each of the
      comparing means determines the difference between the input signal and the
      power signal applied to that comparing means and produces an error signal
      representative thereof. A first error signal from the first comparing
      means and a second error signal from the second comparing means are then
      conveyed to first and second regulating means, respectively. The
      regulating means may be transfer circuits that transform the outputs of
      the comparing means into first and second control signals for adjusting a
      first flow valve (main steam control valve) and a second flow valve
      (interceptor valve), respectively.
PAR  Non-linearities in the system may be offset by utilizing correlating means
      to cause the adjustments made by the first and second regulating means to
      take into account these non-linearities, or by utilizing timing means to
      cause the first and second regulating means to continue adjustment of the
      first and second flow valves until the system generates the required
      power. For best performance, it is desirable to utilize both of these
      approaches to minimize the effects of non-linearities in the system. The
      correlating means may be in the form of first and second function
      generators that modify the input signal as applied to the first and second
      comparing means, respectively, to offset system non-linearities. The
      timing means may involve a comparison of the power actually generated with
      the power requirements to modify the input signal accordingly. Inasmuch as
      this modified input signal will then drive the turbine system to produce
      the desired power requirements, system non-linearities are offset. The
      timing means may include comparing means to compare the power generated
      and the input signal, an integrator circuit to produce a numeral
      designation in the vicinity of unity, and a multiplier circuit to modify
      the input signal by the numeral designation of the integrator.
PAR  In order to adjust first (main steam) and second (hot reheat) bypass valves
      upon adjustment of the main steam control and interceptor valves,
      respectively, appropriate first and second compensating means and provided
      for the main steam bypass valve and the hot reheat bypass valve,
      respectively. The first compensating means may include a third detecting
      means for determining a change in the conditions of the first turbine
      stage and comparing it with a reference to produce a third error signal
      that is applied to a third regulating means to produce a third control
      signal to adjust the main steam bypass valve. Similarly, the second
      compensating means may include a second detecting means for providing a
      fourth error signal to a fourth regulating means to produce a fourth
      control signal to adjust the hot reheat bypass valve. The first and second
      detecting means may include, respectively, third and fourth pressure
      transducers and third and fourth comparing means.
PAR  In order to speed the reaction of adjustment of the bypass valves and
      decouple the interaction effect between the flow valves and the bypass
      valves, the first and second control signals are applied to the first and
      second bypass valves, respectively. To achieve the feedforward control
      resulting from utilization of the first control signal on the first (main
      steam) bypass valve, the first control signal is passed through a first
      equalizing means which appropriately proportions the first control signal
      to be compatible with the third control signal, and is then connected to a
      fifth comparing means which determines the difference between this signal
      and the third control signal attained from the third regulating means. As
      a result, the first bypass valve is directly controlled concurrently with
      the first flow valve and is then trimmed or finally adjusted in accordance
      with the pressure upstream from the first flow valve and the first turbine
      stage. Similarly, a second equalizing means proportions the second control
      signal and applies it to a sixth comparing means with the fourth control
      signal obtained from the fourth regulating means.
PAR  From the foregoing discussion, it is clear that the present invention does
      away with the necessity of designing the various system valves to meet
      critical requirements. This is accomplished by appropriate controls to
      overcome any non-linearities that appear in the system. In addition, the
      control arrangement of this invention is such that modifications of this
      system as a result of wear or other influences during operation will be
      automatically compensated for, without disrupting the level of power
      generation such as might occur in prior art devices.
PAR  The foregoing and other objects, advantages and features of this invention
      will hereinafter appear, and for purposes of illustration, but not of
      limitation, exemplary embodiments of the subject invention are shown in
      the appended drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic illustration of a turbine system in which the present
      invention may be utilized;
PAR  FIG. 2 is a schematic illustration of a first embodiment of the present
      invention as utilized in the turbine system depicted in FIG. 1;
PAR  FIG. 3 is a schematic illustration of a second embodiment of the present
      invention, which involves a modification of the embodiment depicted in
      FIG. 2;
PAR  FIG. 4 is a schematic illustration of a third embodiment of the present
      invention; and
PAR  FIG. 5 is a schematic illustration of a fourth embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, a turbine system of the type with which the
      present invention is employed is illustrated. The following description
      will be of a turbine system such as that shown in FIG. 1, i.e., a steam
      turbine system interfaced with a nuclear reactor, specifically a high
      temperature gas cooled reactor (HTGR). Of course, this invention is
      equally applicable to any turbine system utilizing bypass lines around the
      turbine stages, such as the "European type" steam turbine bypass system
      utilized during start-up of some turbine systems.
PAR  The schematic illustration of FIG. 1 shows the elements included in the
      HTGR 11 that are relevant to the steam turbine 13 that is interfaced with
      HTGR 11. As turbine 13 utilized in this preferred embodiment is a steam
      turbine, HTGR 11 provides heat to boil water and superheat the steam in a
      steam generator 15. Also, HTGR 11 provides the energy for reheating the
      steam after it has been passed through first turbine stage. This reheating
      of the steam is accomplished in a reheater 17.
PAR  Steam from the steam generator 15 passes through a first flow valve 19 to a
      first turbine stage (high pressure turbine) 21. The first flow valve 19 is
      a main steam control valve utilized to determine the steam passing to the
      high pressure turbine 21. A throttle valve 23 is in the flow path of high
      pressure turbine 21, along with the control valve 19, and is primarily
      used to determine steam flow through the high pressure stage during
      initial startup.
PAR  A first or main steam bypass line 25 is connected across the high pressure
      turbine and its associated control throttle valves 19 and 23. Bypass line
      25 provides a shunt or bypass flow path to permit maintenance of steam
      flow through the system, even when control valve 19 is closed to prevent
      any flow through the high pressure turbine 21. To maintain stable HTGR
      operation, this flow will normally be a minimum of about 25% of the rated
      steam flow generated in the HTGR.
PAR  Bypass line 25 includes a first or main steam bypass valve 27. Bypass valve
      27 is utilized to control the flow through bypass line 25 and must be
      adjusted to insure that the steam flow through the high pressure turbine
      21 is supplemented sufficiently to maintain the flow needed to keep the
      HTGR in operation. At the same time, it is desirable that the steam flow
      through line 25 be held to a mininum, so that productive steam flow
      through the power producing high pressure turbine 21 is maximized.
      Accordingly, it is necessary to interrelate control valve 19 and bypass
      valve 27 to insure that no more steam flow occurs through bypass line 25
      than is necessary to keep the total steam flow above the minimum level
      necessary to maintain stable HTGR operation.
PAR  A flash tank 29 is included in bypass line 25. In addition to passing steam
      to the rest of the system, flash tank 29 conveys steam through a line 31
      to a condenser 33.
PAR  Additional steam may be introduced into the system from an auxiliary boiler
      35, when necessary. However, as auxiliary boiler 35 would introduce no
      steam during the portion of the operation that relates to the present
      invention, no further description of this aspect is necessary or included
      herein.
PAR  From the output of high pressure turbine 21 (and/or bypass line 25), the
      steam passes to a turbine 37. Turbine 37 is utilized to drive or circulate
      a coolant, such as helium, to remove the heat generated in the HTGR core.
      It is to maintain operation of this helium circulator turbine 37 during
      main turbine start up and shut down and to provide a flow path for the
      initial reactor flow that bypass lines around the turbine stages of this
      turbine system are required.
PAR  A helium circulator control valve 39 is in the flow path of turbine 37 to
      adjust the flow through turbine 37. In addition, a helium circulator
      bypass valve 41 is located in a helium circulator bypass line 43. Valves
      39 and 41 are utilized to adjust the flow through helium circulator
      turbine 37 to maintain proper operating conditions for this turbine. For
      the helium circulator turbine 37, the steam flow is through reheater 17 to
      a second turbine stage that may consist of an intermediate pressure
      turbine 45 and a low pressure turbine 47. Intermediate pressure turbine 45
      is shown as a single flow turbine, while low pressure turbine 47 is shown
      as a double flow turbine. These are, of course, merely illustrative of a
      common approach utilized in the turbine field and may be modified to
      fulfill the requirements of any particular application.
PAR  Steam flow through the intermediate and low pressure turbines 45 and 47 is
      basically determined by a second flow, or interceptor, valve 49. A reheat
      stop valve 51 is, along with interceptor valve 49, in the flow path of the
      second turbine stage and provides an on-off control of the steam flow
      through the intermediate and low pressure turbines 45 and 47. In addition,
      a bypass valve 53 is located in a bypass line 55 that provides a bypass
      around interceptor valve 49 and reheat stop valve 51. The bypass line 55
      is utilized to provide a small steam flow to the intermediate and low
      pressure turbines 45 and 47 for cooling purposes prior to loading of this
      stage. Both reheat stop valve 51 and bypass valve 53 are simple open-close
      valves with no position modulation. Reheat stop valve 51 is opened wide
      upon initiation of loading of the system, while bypass valve 53 is closed
      at that time.
PAR  A second or hot reheat bypass line 57 is connected across the intermediate
      and low pressure turbines, along with the interceptor and reheat stop
      valves 49 and 51. A second or hot reheat bypass valve 59 is located in hot
      reheat bypass line 57 to control the steam flow through bypass line 57.
      The purpose of hot reheat bypass valve 59 is similar to that of main steam
      bypass valve 27, and hence valve 59 must be interrelated with interceptor
      valve 49 to determine the flow through line 57 to produce a flow effect
      the inverse of that produced on the flow through the second turbine stage
      by valve 49.
PAR  The steam from the hot reheat bypass line 57 and from the low pressure
      turbine 47 is conveyed to condenser 33. The cooled steam in condenser 33
      is condensed and returned to the steam generator 15 for recycling.
PAR  As the present invention relates to the initial loading of the turbine
      stages after synchronous speed has been reached, it is desirable to
      understand the operation of the turbine system of FIG. 1 after the system
      has been brought up to synchronous speed. As indicated previously, a flow
      of approximately 25% HTGR generated steam is passing through the turbine
      system to maintain operation of the HTGR. Most of the steam flow is, of
      course, through the bypass lines 25 adnd 27. However, there is some steam
      flow through the high pressure turbine 21 (approximately 3%-4%) in order
      to maintain the synchronous speed of the system. At the second stage, an
      equally small proportion (approximately 3%-4%) is passing through the
      interceptor valve bypass line 55 to the intermediate and low pressure
      turbines 45 to 47 for rotor cooling purposes. Inasmuch as bypass line 55
      carries such a very small flow, as soon as loading of the intermediate and
      low pressure turbines is begun, the bypass valve 53 is closed and this
      line is essentially out of the system. Accordingly, the existence of this
      line may be ignored after initial loading is initiated.
PAR  The purpose of the present invention is to load the high pressure and
      intermediate and low pressure turbines as quickly as thermal conditions
      and power system load demand permit. In addition, it is desired to load
      the high pressure and intermediate and low turbine equally and in unison.
      The initial loading is achieved by transferring the steam flow through the
      bypass lines to the turbine stages before increasing the steam flow from
      the HTGR. The preferred embodiment of the present invention utilized in
      achieving these results may be seen in FIG. 2. Elements identified in FIG.
      1 are identified by primed numerals, corresponding to the numerals of FIG.
      1, in this FIG. 2.
PAR  In order to better comprehend the present invention, is should be
      understood that the control valve 19, the interceptor valve 49, the main
      steam bypass valve 27 and the hot reheat bypass valve 59 are electrically
      controlled valves. Each of these valves is hydraulically opened and
      includes a positive spring bias toward the closed position. Thus, in the
      event of an electrical failure, the valves would be closed and the system
      shut down.
PAR  The control arrangement of this invention is actuated in response to an
      input signal that indicates the power requirements that must be supplied
      by the turbine system. In the trade, this signal is frequently referred to
      as a "megawatt demand" signal. The input signal is provided by an input
      means 61. Input means 61 may be any appropriate device for indicating
      power requirements, such as a power indicator that may be manually set by
      an operator or by a remote signal from an automatic dispatch system.
PAR  The input signal for input means 61 is conveyed to a first comparing means
      63 and a second comparing means 65. Comparing means 63 and 65 may be any
      appropriate type of circuits that can compare two inputs and produce an
      output or error signal indicative of the difference between the two input
      signals. An example of such a circuit would be a sum or difference circuit
      employing an operational amplifier. Of course, although an analog approach
      is utilized in this preferred embodiment, a digital system could be
      utilized in which comparing means 63 and 65 would be an appropriate
      difference indicator, such as an up-down counter. Also, in appropriate
      computer program or "software" could be utilized to provide an appropriate
      control.
PAR  Another input signal to comparing means 63 is provided by a detecting means
      67. Detecting means 67 is schematically illustrated by the dotted line
      extending from high pressure turbine 21' to comparing means 63. The
      purpose of detecting means 67 is to measure a parameter of the high
      pressure turbine 21' and convert the measurement into a power signal
      representing the power output of turbine 21'. In this is preferred
      embodiment, detecting means 67 is a conventional pressure transducer that
      converts the pressure in high pressure turbine 21' to a power signal
      indicative of the power output of the turbine system. As may be seen by
      the indicated signs, the power signal from detecting means 67 is
      subtracted from the input signal. Hence, the error signal produced by
      comparing means 63 is actually an indication of the additional power that
      must be produced by the turbine system to meet the power requirements
      indicated by the input signal.
PAR  A second detecting means or pressure transducer 69 is schematically
      illustrated by a dotted line from intermediate pressure turbine 45' to
      comparing means 65. Detecting means 69 is also a conventional pressure
      transducer and operates in the same fashion as detecting means 67 to
      produce a second power signal. Hence, the error signal output of comparing
      means 65 also indicates the difference between the power requirements and
      the actual power output of the turbine system (although the system power
      output indicated by detecting means 69 may differ from that indicated by
      detecting means 67). To the extent that non-linearities exist in the
      system and in the detecting means 67 and 69, however, the outputs of
      comparing means 63 and 65 may differ.
PAR  The error signal from comparing means 63 is fed to a regulating means 71
      that transforms the error signal into a control signal to adjust the
      positioning of main steam control valve 19'. Regulating means 71 may be a
      transfer circuit of the type known as a proportional plus integral (PI)
      circuit. In such a proportional plus integral circuit the control valve
      19' is positioned in accordance with a signal that is the sum of a first
      component that is proportional to the output signal from comparing means
      63 and a second component that is proportional to the time integral of the
      output signal from comparing means 63. The integrator portion of
      regulating means 71 has a time constant sufficiently long (e.g., three or
      four seconds) to permit the power signal produced by detection means 67 to
      modify the error signal produced by comparing means 53 prior to complete
      adjustment of control valve 19'. In other words, as the control signal
      from transfer circuit 71 begins to adjust control valve 19', the pressure
      in high pressure turbine 21' will change and the power signal produced by
      pressure transducer 67 will reflect this change. As a result of the time
      delay in the transfer circuit 71, the adjustment of control valve 19' will
      be gradual. Such a continuous and gradual adjustment of control valve 19'
      is necessary to prevent the production of shock waves and other system
      problems that could result from discontinuity in the adjustment of the
      steam flow through the high pressure turbine.
PAR  A second regulating means 73, similar to regulating means 71, has the error
      signal from comparing means 65 applied to it. Regulating means 73 may be a
      proportional plus integral (PI) transfer circuit that produces a second
      control signal for adjusting the interceptor valve 49'. The proportional
      adjustment and the time constant of the integrator of the transfer circuit
      73 may differ from those of transfer circuit 71 in order to reflect
      differences between control valve 19' and interceptor valve 49'.
PAR  With the system described thus far, a workable control arrangement is
      produced. With the turbine system at synchronous speed, a power demand
      would produce an input signal that would result in the control valve 19'
      and the interceptor valve 49' being adjusted to produce a power output
      that would appear as the required power to both the high pressure turbine
      21' and the intermediate pressure turbine 45'. Of course, it would be
      necessary to provide adjusting means to inversely control the main steam
      bypass valve 29' and the hot reheat bypass valve 59'. This could be
      accomplished by a simple mechanical ganging arrangement, but a preferred
      embodiment of this control is described below.
PAR  Although the system described to this point would obviate errors resulting
      from non-linearities in the valves and some other portions of the system,
      the high pressure turbines 21', the intermediate pressure turbine 45', the
      detecting means 67 and 69, the comparing means 63 and 65, the regulating
      means 71 and 73, and the control valve 19' and the interceptor valve 49'
      would have to be carefully designed to have the first and second turbine
      stages respond identically, so that the system would generate the actual
      power required. Such careful designing would still be considerably simpler
      than the design and construction of mechanically ganged controls, but the
      present invention contemplates still further reduction of these tasks. If
      there were non-linearities present during initial loading, the flow
      through the high pressure turbine and the flow through the intermediate
      and low pressure turbines might not be identical, with the result that the
      power actually generated might differ somewhat from that required, but the
      system would reach a stable operating point.
PAR  To preclude the necessity of accurate design of certain of the system and
      control elements, correlating means have been included to cause the
      regulating means 71 and 73 to adjust control valve 19' and interceptor
      valve 49' to produce the same flow variations. In this preferred
      embodiment, the correlating means take the form of a pair of function
      generators 75 and 77. These function generators 75 and 77 may be any
      appropriate type of circuitry that will modify the input signal as
      required. Function generators 75 and 77 are used to modify the input
      signal to produce equivalent variations in the flow through the first and
      second turbine stages. As the requisite modification of the input signal
      may be empirically determined, the function generators may be set to
      accurately compensate for any non-linearities in the system with a minimum
      of effort.
PAR  Another approach to eliminate the effect of non-linearities on the output
      of the system, although it does not correct for internal inconsistencies,
      is to modify the input signal until the power output of the system equals
      the power requirements. A generator 79 driven by the turbine system is
      schematically shown in FIG. 2. The output of generator 79 is applied to a
      comparing means 81. Also applied to comparing means 81 is the input signal
      from the input means 61. Comparing means 81 is similar to the comparing
      means 63 and 65.
PAR  The output of comparing means 81, which is the difference between the input
      signal and the signal representing the power output of the turbine system,
      is conveyed to an integrator circuit 83. Integrator circuit 83 has a long
      time constant compared to the time constants of the regulating means 71
      and 73 (e.g., 20 seconds). As a result of this long time constant, the
      signal from comparing means 81 does not produce any appreciable result
      until the system has had an opportunity to complete its reaction to the
      initial application of the input signal.
PAR  From integrator circuit 83, an output signal is applied to a multiplier 85.
      The input signal is also applied to multiplier 85. As the integrator
      circuit 83 will produce the equivalent of a numerical "one" in the absence
      of a signal from comparing means 81, the output of multiplier 85 will be
      the input signal, unless an output is obtained from comparing means 81. If
      comparing means 81 produces an output, the input signal as applied to
      function generators 75 and 77, is modified to represent a power
      requirement higher or lower than that actually required. Thus, the turbine
      system will be controlled to produce the actual power requirements,
      although the input signal applied to function generators 75 and 77 would
      appear to represent a higher or lower power requirement.
PAR  Combination of comparing means 81, integrator circuit 83, and multiplier 85
      provides a timing means 87 that produces the control adjustment discussed
      immediately above. While this timing means, or the correlating means
      including function generators 75 and 77, may be utilized individually, the
      preferred embodiment of this invention incorporates both the timing means
      87 and the function generators 75 and 77, as shown.
PAR  As previously indicated, it is necessary to adjust the bypass valves 27'
      and 59' in accordance with, and inversely to, the adjustment of the
      control valve 19' and the interceptor valve 49', respectively. Preferred
      forms of a first compensating means 89 and a second compensating means 91
      are illustrated in FIG. 2. A third pressure transducer 93 and a third
      comparing means 95 form a third detecting means that measures a parameter
      of the high pressure turbine stage, compares it with a reference for that
      parameter and and produces a third error signal indicative of the
      difference between the reference and the measured signal. In this case, of
      course, the parameter measured is the pressure upstream from the high
      pressure turbine 21' and the control valve 19' (which is the pressure at
      the input to the throttle valve 29'). A reference signal indicating a
      reference level for the pressure at the point in the line where the
      pressure is measured by the pressure transducer 93 is provided by a
      reference source 97. The third error signal produced by the comparing
      means 95 is then applied to a third regulating means 99. Regulating means
      99 is a third proportional plus integral (PI) transfer circuit similar to
      the regulating means 71 and 73.
PAR  With this arrangement, a change in the pressure at the input to throttle
      valve 23', resulting from an adjustment of control valve 19', causes
      comparing means 95 to produce a third error signal, which in turn
      activates regulating means 99 to produce a third control signal to adjust
      main steam bypass valve 27'. The adjustment of main steam bypass valve 27'
      is such as to produce an effect on the flow through the bypass line 25'
      that is the inverse of the flow variation through the high pressure
      turbine 21'. In other words, if control valve 19' is opened to increase
      the flow through the high pressure turbine 21', main steam bypass valve
      27' will be closed to reduce the flow through the main steam bypass line
      25' and hence maintain the pressure at the input to throttle valve 23' at
      the reference level.
PAR  The compensating means 91 is similar to compensating means 89 and includes
      a fourth pressure transducer 101 and a fourth comparing means 103 that
      form a fourth detecting means to measure the pressure upstream from the
      intermediate pressure turbine and the interceptor valve 49', compare the
      signal representing that pressure to a reference level for the pressure at
      that point in the line, and produce a fourth error signal. A second
      reference source 105 produces the reference signal applied to comparing
      means 103. The fourth error signal from comparing means 103 is applied to
      a fourth regulating means 107, such as a proportional plus integral (PI)
      transfer circuit, which produces a fourth control signal to adjust hot
      reheat bypass valve 59'. Compensating means 91 operates in the same
      fashion as compensating means 89 to vary the steam flow through hot reheat
      bypass line 57' inversely to the variation of the steam flow through the
      intermediate pressure turbine 45' produced by adjustment of interceptor
      valve 49'.
PAR  Although the operation of the compensating means 89 and 91 are quite
      acceptable, they do not provide any method for decoupling the interaction
      between control valve 19' and the main steam bypass valve 27', or the
      interaction between interceptor valve 49' and hot reheat bypass valve 59'.
      Due to the fact that the bypass valves 27' and 59' are adjusted in
      response to a pressure change produced by adjustment of the flow valves
      19' and 49', this interaction results in a time delay in adjusting the
      bypass valves. Accordingly, a further improvement and modification of the
      arrangement of FIG. 2 is shown in FIG. 3.
PAR  In the arrangement of FIG. 3, there is a feed forward action of the control
      signals from regulating means 71 and 73 to the related bypass valves 27'
      and 59', respectively. This is accomplished by including a fifth comparing
      means 109 that receives the first control signal from regulating means 71
      and the third control signal from the third regulating means 99. An
      equalizing means 111 is utilized to make the first control signal from
      regulating means 71 comparable to the third control signal from regulating
      means 99. Equalizing means 111 may be a simple proportioning circuit that
      places the first control signal on the same scale as the third control
      signal. As a result of this arrangement, the main steam bypass valve 27'
      will be adjusted directly upon adjustment of the main steam control valve
      19' (albeit inversely thereto), in direct response to the input signal.
      The final setting of the main steam bypass valve 27' is then adjusted by
      the third control signal, as modified by the effect of the first control
      signal and comparing means 109. In this fashion, the main steam bypass
      valve 27' is adjusted more quickly and in direct inverse proportion to the
      adjustment of the control valve 19', while still being ultimately adjusted
      to maintain the desired pressure level upstream from the high pressure
      turbine 21'.
PAR  Similarly, a sixth comparing means 113 and a second equalizing means 115
      are utilized in controlling the adjustment of reheat bypass valve 59'. In
      this case, the adjustment of the hot reheat bypass valve 59' is controlled
      in direct inverse proportion to the adjustment of interceptor valve 49',
      while still being ultimately adjusted to maintain the desired pressure
      upstream from the intermediate and low pressure turbines 45' and 47'.
PAC  POWER SPLIT AND TURBINE FLOW EQUALIZATION OF EMBODIMENT OF FIGURE 2
PAR  More specifically, in the preferred more detailed operation of the
      embodiment of FIG. 2 it is assumed that the desired minimum steam flow
      through the steam generator 15' and the reheater 17' is sufficient to
      generate a power output equal to 25% of maximum plant power output when
      the desired minimum flow passes through the first turbine stage 21' and
      the second turbine stage comprising the intermediate and low pressure
      turbines 45' and 47'. It is understood that the desired minimum steam flow
      depends on the design of the steam generator 15' and the reheater 17' and
      that the operation of the present invention is not limited to a desired
      minimum steam flow of the value above stated.
PAR  A small steam flow passes through the turbines 21', 45' and 47' to maintain
      synchronous speed after synchronization and prior to initial loading.
      Prior to initial loading, the compensating means 89 positions the valve
      27' so that the sum of the steam flow through the turbine 21' to maintain
      synchronous speed, with the flow through the bypass line 25', is equal to
      the desired minimum flow through the steam generator 15'. Similarly the
      compensating means 91 positions the bypass valve 59' so that the sum of
      the steam flow through the turbines 45' and 47' to maintain synchronous
      speed, with the steam flow through the bypass line 57', is equal to the
      desired minimum flow through the reheater 17'. The reference source 97
      generates a desired value of the steam pressure at the outlet the steam
      generator 15' that is in accordance with the desired minimum flow through
      the steam generator 15'. The reference source 105 generates a desired
      value of the steam pressure at the outlet of the reheater 17' that is in
      accordance with the desired minimum flow through the reheater 17'. The
      desired minimum steam flows through the steam generator 15' and the
      reheater 17' are effectively equal.
PAR  To effect loading, the megawatt demand signal from the input means 61 is
      increased in accordance with thermal conditions and power system load
      requirements. In response to the signal that is generated by the
      multiplier 85, the correlating means 75 and 77 generate power demand
      signals that are transmitted respectively to the comparators 63 and 65.
      The regulating means 71 and 73 respectively position the valves 19' and
      49' to cause steam flows through the turbines 21' and 45' such that the
      output signal of the comparators 63 and 65 are reduced to zero. When the
      output signals of the comparators are reduced to zero, the power output
      signal of the detecting means 67 is equal to the power demand signal
      generated by the correlating means 75, and the power output signal of the
      detecting means 69 is equal to the power demand signal generated by the
      correlating means 77. Although the steam flows through the turbines 21'
      and 45' are equal when the bypass valves 27' and 59' are closed, such
      flows are not necessarily equal when the valves 27' and 59' are open.
      Preferably the correlating means 75 and 77 generate their respective power
      demand signals so that the steam flows through the turbines 21' and 45'
      are equal when the output signals of the comparators 63 and 65 are reduced
      to zero. In other words, the correlating means 75 and 77 generate output
      signals to cause the regulating means 71 and 73 to adjust the valves 19'
      and 49' to produce equal flows through the turbines 21' and 45'. The power
      demand signals generated by the correlating means 75 and 77 split the
      signal that is generated by the multiplier 85, i.e. the sum of the power
      demand signal generated by the correlating means 75 with the power demand
      signal generated by the correlating means 77 is equal to the signal
      generated by the multiplier 85. When the regulating means 71 and 73 vary
      the turbine steam flows to reduce to zero the output signals of the
      comparators 63 and 68, the total power detected by the detecting means 67
      and 69 is equal to the required power that is represented by the output
      signal of the multiplier 85.
PAR  The detected power output of the generator 79 is compared by the comparator
      81 with the desired power output represented by the megawatt demand
      signal. When the desired power output and the detected power output of the
      generator 79 are not equal, the output signal of the comparator 81
      represents a power error that is integrated by the integrator 83. The
      multiplier 85 multiplies the megawatt demand signal by the output signal
      of the integrator 83 to produce a required power signal that represents
      the desired power output modified in accordance with the integrated power
      error. The correlating means 75 and 77 vary their power demand signals in
      response to the required power signal from the multiplier 85, and the
      power error is reduced when the regulating means 71 and 73 vary the
      turbine steam flows to reduce the output signals of the comparators 63 and
      65. The output signals of the integrator 83 and of the multiplier 85
      continue to change until the power error signal is reduced to a steady
      state value of zero, as a result of adjustment of the turbine steam flows
      by the regulating means 71 and 73 in accordance with the output signals of
      the comparators 63 and 65.
PAR  Although the megwatt demand signal may be transmitted directly from the
      input means 61 to the correlating means 75 and 77, transmission of the
      megawatt demand signal through the timing means 87 to the correlating
      means 75 and 77 desirably monitors the value of the detected power output
      of the generator 79 against the value of the desired power output, and
      differences that develop between such values are reduced to zero.
PAR  When the megwatt demand requires turbine steam flows that are less than the
      desired minimum flow, the compensating means 89 and 91 control the steam
      flows through the bypass lines 25' and 57' to reduce to zero the output
      signals of the comparators 95 and 103. When the comparator output signals
      are reduced to zero, the pressure value detected by the pressure
      transducer 93 is equal to the desired pressure value represented by the
      output signal of the reference source 97, and the pressure value detected
      by the pressure transducer 101 is equal to the desired pressure value
      represented by the output signal of the reference source 105. Because the
      desired pressure values represented by the output signals of the reference
      sources 97 and 105 are in accordance with the desired minimum flow through
      the steam generator 15' and the reheater 17' respectively, the
      compensating means 89 and 91 thus adjust the steam flows through the
      bypass lines 25' and 57' to maintain the desired minimum flow through the
      steam generator and the reheater.
PAR  After synchronization and prior to initial loading a small portion of the
      desired minimum flow through the steam generator 15' passes through the
      turbine 21' to maintain synchronous speed while the compensating means 89
      positions the value 27' to cause the remainder of the desired minimum flow
      to pass through the bypass line 25'. Similarly a small portion of the
      desired minimum flow through the reheater 17' passes through the turbines
      45' and 47' for purposes of maintaining synchronous speed, while the
      compensating means 91 positions the valve 59' to cause the remainder of
      the desired minimum flow to pass through the bypass line 57'. As the
      megawatt demand signal is increased, the steam flows through the turbines
      21' and 45' are increased to cause the generator 79 to generate the power
      output that is desired. The turbine steam flows are increased equally, as
      heretofore discussed with respect to the function of correlating means 75
      and 77. As the turbine steam flows are increased, the compensating means
      89 and 81 decrease the steam flows through the bypass lines 25' and 57' to
      maintain the desired steam flow through the steam generator 15' and the
      reheater 17'. The compensating means 89 and 91 may be said to govern the
      steam flows through the bypass lines 25' and 57' inversely to the steam
      flows through the corresponding turbines.
PAR  When the megawatt demand requires turbine steam flows that are equal to the
      desired minimum steam flow through the steam generator 15' and the
      reheater 17' (as above stated, a megawatt demand equal to 25% of maximum
      plant power output) the compensating means 89 and 91 accordingly close the
      valves 27' and 59', as no flow through the bypass lines is required to
      maintain the desired minimum flow through the steam generator 15' and the
      reheater 17'. Preferably the valve 49' permits the desired minimum flow to
      pass through the turbines 45' and 47' when the valve 49' is fully opened
      and the pressure detected by the transducer 101 is equal to the desired
      pressure represented by the output signal of the reference source 105. If
      the valve 49' permits a flow greater than the desired minimum flow when
      the valve 49' is fully opened and the pressure transducer 101 detects the
      reference pressure generated by the reference source 105, then both the
      valve 19' and the valve 49' must be positioned to govern the power output
      of the generator 79 at megawatt demands that exceed 25% maximum plant
      power output. By sizing the valve 49' in the preferred manner, it is
      necessary only to position the valve 19' to control the power output when
      the megawatt demand exceeds 25% maximum plant power output.
PAR  Over the megawatt demand range 25% to 100%, the correlating means 77
      generates a power demand signal that exceeds the greatest output signal
      generated by the detecting means 69 over such range, causing the
      regulating means 73 to hold the valve 49' fully open. Over such megawatt
      demand range the reference source 105 generates a pressure reference
      signal that exceeds the greatest pressure signal that is generated by the
      pressure detecting means 101, to cause the regulating means 107 to hold
      the bypass valve 59' closed. Similarly, the reference source 97 generates
      a pressure reference signal that exceeds the greatest pressure signal that
      is generated by the pressure detecting means 93 over the megawatt demand
      range 25% to 100%, to cause the regulating means 99 to hold the bypass
      valve 27'closed. Between megawatt demands of 25% and 100%, the correlating
      means 75 transmits the output signal of the multiplier 85 to the input of
      the comparison device 63, while the signal generated by the detecting
      means 67 represents the power output of the entire turbine system, as
      hereinafter discussed. Therefore the regulating means 71 positions the
      valve 19' to cause a steam flow through the turbine system such that the
      power output of the turbine system as detected by the detecting means 67
      is effectively equal to the required power that is represented by the
      output signal of the multiplier 85.
PAR  As previously discussed, the timing means 87 compares the detected power
      output of the generator 79 with the desired power output represented by
      the megawatt demand signal. Between megawatt demands of 25% and 100%, the
      output signal of the multiplier 85 is varied to cause the regulating means
      71 to vary the steam flow through the turbine system in accordance with
      the output signal of the comparison device 63 to reduce a power error
      between the desired and detecting power outputs. In the steady state a
      power error is reduced to zero.
PAR  The detecting means 67 detects the pressure of steam in the impulse chamber
      of the high pressure turbine 21'. When the megawatt demand is less than
      25% maximum power output and steam flows through the bypass lines 25' and
      57', the detecting means 67 converts the detected impulse chamber steam
      pressure to an output signal that represents the power output of the high
      pressure turbine 21'. When the megawatt demand exceeds 25 maximum power
      output and no steam flows through the bypass lines 25' and 57', the
      detecting means 67 converts the detected impulse chamber steam pressure to
      an output signal that represents the power output of the turbine system
      comprising the turbines 21', 45' and 47'. The power output of the high
      pressure turbine 21' is related to the difference between the detected
      impulse chamber steam pressure and the steam pressure at the high pressure
      turbine exhaust. The detected pressure of steam in the impulse chamber may
      be converted to a signal that represents the power output of the high
      pressure turbine 21' by subtracting a constant value from the detected
      impulse chamber steam pressure, and generating turbine 21' that is in
      proportion to the pressure difference. The constant value represents the
      average pressure of steam at the exhaust of the high pressure turbine 21'
      at times when steam flows through the bypass lines 25' and 57'. Although
      the steam pressure at the outlet of the reheater 17' is regulated at a
      constant value when steam flows through the bypass line 57', the pressure
      difference between the exhaust of the high pressure turbine 21' and the
      outlet of the reheater 17' may vary. Therefore, the steam pressure at the
      high pressure turbine exhaust may vary at times when steam flows through
      the bypass lines 25' and 57'. The power output of the high pressure
      turbine 21' may be represented with greater accuracy by detecting the
      pressure of steam at the exhaust of the high pressure turbine, subtracting
      that detected pressure from the detected pressure of steam in the impulse
      chamber of the high pressure turbine and generating the signal
      representative of the power output of the high pressure turbine in
      proportion to the difference of detected pressures. At times when no steam
      flows through the bypass lines 25' and 57' and the valve 49' is fully
      opened, the power output of the turbine system is linearly related to the
      detected pressure of steam in the impulse chamber of the high pressure
      turbine 21'.
PAR  The detecting means 69 is connected to detect the pressure of steam in the
      first stage of the intermediate pressure turbine 45'. The detected first
      stage steam pressure is linearly related to the combined power output of
      the intermediate pressure turbine 45' and the low pressure turbine 47'.
      The signal that represents the combined power output of such turbines
      therefore is proportional to the detected first stage pressure. Although
      the output signal of the detecting means 69 represents the combined power
      output of the turbine 45' and 47' at all times during the operation of the
      turbine system, such output signal is utilized for purposes of positioning
      the valve 49' only when steam flows through the bypass line 57', as
      previously discussed.
PAC  TURBINE LOAD CONTROL WITH ALTERNATE BYPASS VALVE CONTROL
PAR  Referring now to FIG. 4 there is shown another embodiment of an arrangement
      for controlling the loading of the turbine system comprising the turbines
      21', 45' and 45', in which the position controls of the bypass valves 27'
      and 59' differ from such controls shown in FIGS. 2 and 3. A reference
      source 401 generates a constant output signal that is transmitted to a
      comparator 402. The output signal of the equalizing means 111 also is
      transmitted to the comparator 402. The output signal of the comparator 402
      represents a desired position of the bypass valve 27'. A valve positioning
      means 403 positions the bypass valve 27' according to the output signal of
      the comparator 402.
PAR  A reference source 404 generates a constant signal that is transmitted to a
      comparator 408. The output signal of the equalizing means 115 also is
      transmitted to the comparator 405. The output signal of the comparator 405
      represents a desired position of the bypass valve 59'. A valve positioner
      406 positions the valve 59' in accordance with the output signal of the
      comparator 405.
PAR  Prior to initial loading a small steam flow passes through the turbine 21'
      to maintain synchronous speed, and the position of the valve 19' is
      transmitted through the equalizing means 111 to the comparator 402, which
      substracts the output signal of the equalizing means 111 from the constant
      signal that is generated by the reference source 401, and transmits a
      signal representing the difference to the valve positioner 403. When the
      valve 27' is positioned according to such difference, the total flow
      through the turbine 21' and the bypass line 25' is effectively equal to
      the desired minimum flow, assuming that the steam pressure at the outlet
      of the steam generator 15' is controlled (by means not shown) at a value
      that corresponds to the desired minimum flow through the steam generator.
PAR  Prior to initial loading a small steam flow passes through the turbines 45'
      and 47'. The position of the valve 49' is transmitted through the
      equalizing means 115 to the comparator 405, which substracts the output
      signal of the equalizing means from the constant signal that is generated
      by the reference source 404, and transmits a signal representing the
      difference to the valve positioner 406. When the valve 59' is positioned
      according to such difference, the total flow through the turbine 45' and
      through the bypass line 57' is equal to the desired minimum flow through
      the reheater 17', assuming that the steam pressure at the outlet of the
      reheater 17' is controlled (by means not shown) at a value that
      corresponds to the desired minimum flow through the reheater.
PAR  As the megawatt demand signal from the input means 61 increases, the values
      19' and 49' are increasingly opened as previously described. When the
      megawatt demand is equal to 25% maximum plant power output, the valve 49'
      is fully open and the valve 19' is partially opened to a predetermined
      position, provided that the steam pressures at the outlets of the steam
      generator 15' and of the reheater 17' are maintained (by controls not
      shown) at those pressure values that correspond to the desired minimum
      flow through the steam generator and through the reheater. When such
      conditions prevail, the output signal of the equalizing means 111 is equal
      to the output signal of the reference source 401, and the valve positioner
      403 closes the bypass valve 27' in accordance with the zero output signal
      of the comparator 402. Similarly the output signal of the equalizing means
      115 is equal to the output signal of the reference source 404, and the
      bypass valve 59' is closed by the valve positioner 406 in accordance with
      the zero output signal of the comparator 405. Above 25% megawatt demand,
      the valve 49' is held open as previously discussed, and the valve 59'
      consequently is held closed by the positioner 406 in response to the zero
      output signal from the comparator 405. Above 25% megawatt demand, the
      output signal of the equalizing means 111 exceeds the output signal of the
      reference source 401, and the valve positioner 403 is arranged to hold the
      bypass valve 27' closed under such conditions. Between megawatt demands of
      0 and 25%, the positions of the valves 19' and 49' increase with
      increasing megawatt demand. Thus the output signals of the equalizing
      means 111 and 115 increase and the output signals of the comparators 402
      and 405 correspondingly decrease with increasing megawatt demand. In
      response the valve positioners 403 and 406 increasingly close the bypass
      valves 27' and 59' as the megawatt demand increases.
PAR  The control arrangements shown in FIGS. 2 and 3 position the bypass valves
      27' and 59' to maintain reference values of the steam pressures at the
      outlets of the steam generator 15' and the reheater 17'. In the
      arrangement of FIG. 4, the control of such pressures is performed by other
      controls (not shown). Control of the bypass valves 27' and 59' to maintain
      reference values of steam pressures at the outlets of the steam generator
      15' and of the reheater 17' preferably minimizes transient movement of the
      valves 19' and 49' and minimizes transient power errors between the
      desired and the detected power output of the turbine system that may
      result from deviation of such steam pressures.
PAC  DIGITAL COMPUTER IMPLEMENTATION OF HTGR TURBINE LOAD CONTROL
PAR  FIG. 5 shows a further embodiment of the control arrangement of FIG. 2 that
      utilizes a digital computer 500 that is associated with an analog to
      digital (A/D) converter 501, and with a digital to analog (D/A) converter
      502. The megawatt demand signal from the input means 61, the signal
      representing the detected power output of the generator 79, and the
      pressure reference signals from the sources 97 and 105 are connected to
      inputs of the A/D converter 501. Also connected to inputs of the A/D
      converter 501 are the power output signals of the detecting means 67 and
      69 and the pressure signals from the detecting means 93 and 101. The input
      signals of the A/D converter 501 are scanned periodically for entry into
      the computer. During one such scan the analog value of each input signal
      is converted to a digital representation that is stored in memory of the
      digital computer 500. Periodically the digital computer 500 uses the
      digital values of the scanned input signals to calculate digital power
      errors and digital pressure errors. Each calculated error is converted to
      an analog signal by the D/A converter 502. A power error signal is
      transmitted to the regulating means 71 on a line 503, and a power error
      signal is transmitted to the regulating means 73 on a line 505. A pressure
      error signal is transmitted to the regulating means 99 on a line 504, and
      a pressure error signal is transmitted to the regulating means 107 on a
      line 506. Because the operations of analog to digital conversion, digital
      program execution, and digital to analog conversion are performed
      periodically, the D/A converter 501 must hold the output signals on the
      lines 503-506 at constant levels during intervals between the periodic
      calculations of the above-mentioned digital power errors and digital
      pressure errors. This is accomplished by utilizing a digital to analog
      converter capable of storing the most recently calculated digital inputs,
      or by utilizing a converter that is capable of holding the analog values
      of the most recently calculated digital inputs.
PAR  In the digital computer 500 the digital representation of the detected
      power output of the generator 79 is subtracted from the digital
      representation of the megawatt demand, to generate a digital
      representation of the heretofore described power error. The digital
      representation of the power error is passed to a digital integration
      subroutine which numerically integrates the power error. The digital
      representation of the megawatt demand is multiplied by the digital
      representation of the integrated power error, the product being a digital
      representation of the required power.
PAR  The required power representation is used to calculate digital
      representations of the power demands related to the turbine 21' and to the
      turbines 45' and 47'. When the bypass valves 27' and 59' are open, the
      required power is split into first and second digital power demand
      representations whose sum is the required power. The digital
      representation of the power output of the turbine 21' is subtracted from
      the first power demand representation to generate a first power error
      representation that determines the position of the valve 19'. The first
      power error representation is converted by the D/A converter 502, and the
      analog value that corresponds to the first power error representation is
      transmitted on the line 503 to the regulating means 71, which positions
      the valve 19' in accordance with such analog value. Similarly the digital
      representation of the combined power output of the turbines 45' and 47' is
      subtracted from the second power demand representation to generate a
      second power error representation that determines the position of the
      intercept valve 49'. The second power error representation is converted by
      the D/A converter 502 to an analog signal that is transmitted on the line
      505 to the regulating means 73, which positions the valve 49' in
      accordance with the analog value of the second power error representation.
      The first and second power demands are such that the steam flows through
      the turbines 21' and 45' are equal when the first and second power error
      representations are zero and the bypass valves 27' and 59' are open.
PAR  When the bypass valves 27' and 59' are closed the second power demand
      representation is of such value that the regulating means 73 holds the
      valve 49' fully open in response to the analog value of the second power
      error representation. At such times, the required power and the first
      power demand representation are equated in the digital computer 500,
      whereby the power output of the turbine system is controlled by the valve
      19', as positioned by the regulating means 71 in accordance with the
      analog value of the first power error representation. When the bypass
      valves 27' and 59' are closed, the digital representation of the power
      output of the turbine system as detected by the detecting means 67 is
      subtracted from the first power demand to generate the first power error
      representation.
PAR  The pressure reference signal from the reference source 97 and the output
      signal of the pressure detecting means 93 are converted to digital
      representations by the analog to digital converter 501. The digital
      representation of the detected pressure is subtracted from the digital
      representation of the reference pressure to generate a first pressure
      error representation that is converted by the digital to analog converter
      502. The regulating means 99 positions the bypass valve 27' in accordance
      with the signal on the line 504 which represents the analog value of the
      first pressure error. Alternately the digital representation of the
      pressure reference value (when the megawatt demand is less than 25%
      maximum power output) may be stored as a constant in the digital computer
      500, in which case the pressure reference source 97 is not used. If the
      pressure reference source 97 is not used, another constant is stored in
      the digital computer 500 for utilization as the digital representation of
      the pressure reference when the megawatt demand exceeds 25%, the pressure
      reference that is used at such megawatt demand levels being greater than
      the greatest digital representation of the pressure detected by the
      detecting means 93, to ensure that the bypass valve 27' is held closed at
      megawatt demands in excess of 25%.
PAR  The pressure reference signal from the reference source 105 and the output
      signal of the pressure detecting means 101 are converted to digital
      representations by the analog to digital converter 501. The digital
      representation of the difference between such reference and detected
      pressure values is generated in the computer 500 and converted by digital
      to analog converter 502, which transmits the analog value of such
      difference to the regulating means 107 on the line 506. The regulating
      means 107 positions the bypass valve 59' in accordance with the analog
      value of the digital pressure error. Alternately, the digital
      representation of the pressure reference may be stored in the digital
      computer in the form of two constants, in which case the pressure
      reference source 105 is not required. The first such stored constant is
      the digital representation of the pressure reference value when the
      megawatt demand is less than 25% maximum plant power. The second such
      stored constant is the digital representation of the pressure reference
      when the megawatt demand exceeds 25%. The value of the second stored
      constant exceeds the greatest value of the digital representation of the
      signal generated by the pressure detecting means 101 over the full range
      of megawatt demands, to cause the regulating means 107 to hold the bypass
      valve 59' closed between megawatt demands of 25% and 100%.
PAR  The digital computer 500 and its associated converters 501 and 502 may be
      connected and utilized as in FIG. 5 to implement the control arrangement
      shown in FIG. 3, if the elements 109, 111, 113 and 115 of FIG. 3 are
      analog elements that are connected outside the digital computer and its
      converters. The connection of the digital computer 500 and its associated
      converters 501 and 502 as shown in FIG. 5 may be modified to implement the
      control arrangement shown in FIG. 4. In such case the signals from the
      elements 97, 93, 101, and 105 are disconnected from the inputs of the A/D
      converter 501 and the output lines 504 and 506 of the D/A converter 502
      are not used. The elements 401-406 shown in FIG. 4 are analog elements
      that are connected outside the digital computer and its converters. The
      digital computer 500 thus performs no calculations with respect to
      positioning the bypass valves 27' and 59'; rather such values are
      positioned by the valve positioners 403 and 406 in accordance with the
      output signals of the comparators 402 and 405 shown in FIG. 4.
PAR  It should be understood that various modifications, changes and variations
      may be made in the arrangement, operations adn details of construction of
      the elements disclosed herein without department from the spirit and scope
      of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a turbine system having a first turbine stage with a first flow valve
      to determine the flow therethrough, a first bypass line with a first
      bypass valve therein connected across the first turbine stage and the
      first flow valve, a second turbine stage with a second flow valve to
      determine the flow therethrough, and a second bypass line with a second
      bypass valve therein connected across the second turbine stage and the
      second flow valve, an improved control arrangement for simultaneously
      administering the loading of the first and second turbine stages
      comprising:
PA1  input means providing an input signal indicative of the power requirements
      of the turbine system;
PA1  first detecting means providing a first power signal indicative of the
      power output of the first turbine stage;
PA1  first comparing means for detecting the difference between the power
      requirements indicated by said input signal and the power output of the
      first turbine stage indicated by said first power signal and providing a
      first error signal indicative thereof;
PA1  first regulating means to adjust the first flow valve in response to said
      first error signal;
PA1  first compensating means to adjust the first bypass valve in response to
      adjustment of the first flow valve to produce an effect on the flow
      through the bypass line that is the inverse of the effect produced on the
      flow through the first turbine stage by adjustment of the first flow
      valve;
PA1  second detecting means providing a second power signal indicative of the
      power output of the second turbine stage;
PA1  second comparing means for determining the difference between the power
      requirements indicated by said input signal and the power output of the
      second turbine stage indicated by said second power signal and providing a
      second error signal indicative thereof;
PA1  second regulating means to adjust the second flow valve in response to said
      second error signal; and
PA1  second compensating means to adjust the second bypass valve in response to
      adjustment of the second flow valve to produce an effect on the flow
      through the second bypass line that is the inverse of the effect produced
      on the flow through the second turbine stage by adjustment of the second
      flow valve.
NUM  2.
PAR  2. A control arrangement as claimed in claim 1 and further comprising
      correlating means to cause the adjustments made by said first and second
      regulating means to offset non-linearities in the system.
NUM  3.
PAR  3. A control arangement as claimed in claim 2 wherein said correlating
      means comprises:
PA1  a first function generator connected to convey said input signal to said
      first comparing means; and
PA1  a second function generator connected to convey said input signal to said
      second comparing means, said first and second function generators
      modifying said input signal to offset non-linearities in the system.
NUM  4.
PAR  4. A control arrangement as claimed in claim 2 and further comprising
      timing means to cause said first and second regulating means to continue
      adjustment of said first and second flow valves, respectively, until the
      turbine system generates the power requirements indicated by said input
      signal.
NUM  5.
PAR  5. A control arrangement as claimed in claim 1 wherein:
PA1  said first detecting means comprises a first transducer in which a power
      related parameter of the first turbine stage is measured and the
      measurement is converted into said second power signal; and
PA1  said second detecting means comprises a second transducer in which a power
      related parameter of the second turbine stage is measured and the
      measurement is converted into said second power signal.
NUM  6.
PAR  6. A control arrangement as claimed in claim 1 wherein;
PA1  said first regulating means comprises a first transfer circuit that
      transforms said first error signal into a first control signal for
      adjustment of the physical setting of the first flow valve; and
PA1  said second regulating means comprises a second transfer circuit that
      transforms said second error signal into a second control signal for
      adjustment of the physical setting of the second flow valve.
NUM  7.
PAR  7. A control arrangement as claimed in claim 1, wherein said first and
      second compensating means comprises
PA1  third detecting means providing a third error signal indicative of a change
      in the operating conditions of the first turbine stage;
PA1  third regulating means to adjust the first bypass valve in response to said
      third error signal;
PA1  fourth detecting means providing a fourth error signal indicative of a
      change in the operating conditions of the second turbine stage; and
PA1  fourth regulating means to adjust the second bypass valve in response to
      said fourth error signal.
NUM  8.
PAR  8. A control arrangement as claimed in claim 7 wherein:
PA1  said third detecting means comprises a third transducer and a third
      comparing means to measure and convert the measurement of a parameter of
      the first turbine stage into a signal, to determine the difference between
      such signal and a signal representing a reference level for that
      parameter, and to produce said third error signal therefrom; and
PA1  said fourth detecting means comprises a fourth transducer and fourth
      comparing means to measure and convert the measurement of a parameter of
      the second turbine stage into a signal, to determine the difference
      between such signal and a signal representing a reference level for that
      parameter, and to produce said fourth error signal therefrom.
NUM  9.
PAR  9. A control arrangement as claimed in claim 7 and further comprising:
PA1  fifth comparing means to determine the difference between the output of
      said first regulating means and the output of said third regulating means
      and provide a modified third control signal to adjust the first bypass
      valve; and
PA1  sixth comparing means to determine the difference between the output of
      said second regulating means and the output of said fourth regulating
      means and provide a modified fourth control signal to adjust the second
      bypass valve.
NUM  10.
PAR  10. A control arrangement as claimed in claim 9 and further comprising:
PA1  first equalizing means to cause the output of said first regulating means
      to be compatible with the output of said third regulating means; and
PA1  second equalizing means to cause the output of said second regulating means
      to be compatible with the output of said fourth regulating means.
NUM  11.
PAR  11. A control arrangement as claimed in claim 10 and further comprising:
PA1  a first function generator connected to receive said input signal and
      convey a first modified input signal to said first comparing means; and
PA1  a second function generator connected to receive said input signal and
      convey a second modified input signal to said second comparing means, said
      first and second modified input signals causing non-linearities in the
      system to be offset.
NUM  12.
PAR  12. A control arrangement as claimed in claim 11 and further comprising
      timing means to modify said input signal if the power generated by the
      system does not conform to the power requirements indicated by said input
      signal within a predetermined time after initial production of said input
      signal by said input means.
NUM  13.
PAR  13. A control arrangement as claimed in claim 12 wherein:
PA1  said first detecting means comprises a first transducer in which a power
      related parameter of the first turbine stage is measured and converted
      into said first power signal;
PA1  said second detecting means comprises a second transducer in which a power
      related parameter of the second turbine stage is measured and converted
      into said second power signal;
PA1  said first regulating means comprises a first transfer circuit that
      transforms said first error signal into a first control signal for
      adjustment of the physical setting of the first flow valve;
PA1  said second regulating means comprises a second transfer circuit that
      transforms said second error signal into a second control signal for
      adjustment of the physical setting of the second flow valve;
PA1  said third detecting means comprises a third transducer and a third
      comparing means to measure and convert the measurement of a parameter of
      the first turbine stage into a signal, to determine the difference between
      such signal and a signal representing a reference level for that
      parameter, and to produce said third error signal therefrom;
PA1  said fourth detecting means comprises a fourth transducer and a fourth
      comparing means to measure and convert the measurement of a parameter of
      the first turbine stage into a signal, to determine the difference between
      such signal and a signal representing a reference level for that
      parameter, and produce said fourth error signal therefrom;
PA1  said third regulating means comprises a third transfer circuit that
      transforms said third error signal into a third control signal for
      adjustment of the physical setting of the first bypass valve, said third
      control signal being applied to said fifth comparing means; and
PA1  said fourth regulating means comprises a fourth transfer circuit that
      transforms said fourth error signal into a fourth control signal for
      adjustment of the physical setting of the second bypass valve, said fourth
      control signal being applied to said sixth comparing means.
NUM  14.
PAR  14. A control arrangement as claimed in claim 1 and further comprising
      timing means to cause said first and second regulating means to continue
      adjustment, respectively, of said first and second flow valves until the
      turbine system produces the power requirements indicated by said input
      signal.
NUM  15.
PAR  15. A control arrangement as claimed in claim 14 wherein said timing means
      compares said input signal and a signal indicating the power generated by
      the turbine system and modifies said input signal as applied to first and
      second comparing means if the power generated by the turbine system does
      not conform to the power requirements indicated by said input signal.
NUM  16.
PAR  16. A control arrangement as claimed in claim 14 wherein said first and
      second compensating means comprise:
PA1  third comparing means for producing a third error signal indicative of the
      difference between a signal representing a parameter of the first turbine
      stage and a signal representing a reference level for that parameter;
PA1  third regulating means to adjust the first bypass valve in response to said
      third error signal;
PA1  fourth comparing means for producing a fourth error signal indicative of
      the difference between a signal representing a parameter of the second
      turbine stage and a signal representing a reference level for that
      parameter; and
PA1  fourth regulating means to adjust the second bypass valve in response to
      said fourth error signal.
NUM  17.
PAR  17. A control arrangement as claimed in claim 16 and further comprising:
PA1  first equalizing means to cause the output of said first regulating means
      to be compatible with the output of said third regulating means;
PA1  fifth comparing means to determine the difference between the output of
      said first equalizing means and the output of said third regulating means
      and modify the adjustment of the first bypass valve accordingly;
PA1  second equalizing means to cause the output of said second regulating means
      to be compatible with the output of said fourth regulating means; and
PA1  sixth comparing means to determine the difference between the output of
      said second equalizing means and the output of said fourth regulating
      means and modify the adjustment of the second bypass valve accordingly.
NUM  18.
PAR  18. In a steam turbine system having a high pressure turbine with a main
      steam control valve to determine steam flow therethrough, a main steam
      bypass line with a main steam bypass valve therein connected across the
      high pressure turbine and the main steam control valve, intermediate
      pressure and low pressure turbines with an interceptor valve to determine
      the steam flow therethrough and a hot reheat bypass line with a hot reheat
      bypass valve therein connected across the intermediate and low pressure
      turbines and the interceptor valve, an improved control arrangement for
      simultaneously administering the loading of the high pressure turbine and
      intermediate and low pressure turbines comprising:
PA1  input means providing an input signal indicative of the power requirements
      of the turbine system;
PA1  a first function generator connected to said input means;
PA1  a first pressure transducer to measure the pressure in the high pressure
      turbine and convert the pressure reading into a first power signal
      indicative of the power output of the high pressure turbine;
PA1  first comparing means connected to said first function generator and said
      first pressure transducer to determine the difference between said first
      power signal and said input signal as modified by said first function
      generator and to provide a first error signal indicative thereof;
PA1  a first transfer circuit connected to said first comparing means to
      transform said first error signal into a first control signal for
      adjustment of the physical setting of the main steam control valve;
PA1  first compensating means to adjust the main steam bypass valve in response
      to adjustment of the main steam control valve to produce an effect in the
      flow through the main steam bypass line that is the inverse of the effect
      produced on the flow through the high pressure turbine by adjustment of
      the main steam control valve;
PA1  a second function generator connected to said input means, said first and
      second function generators adapted to modify said input signal to offset
      non-linearities in the system;
PA1  a second pressure transducer to measure the pressure in the intermediate
      pressure turbine and convert the pressure reading into a second power
      signal indicative of the power output of the intermediate and low pressure
      turbines;
PA1  second comparing means connected to said second function generator and said
      second pressure transducer to determine the difference between said second
      power signal and said input signal as modified by said second function
      generator and to provide a second error signal indicative thereof;
PA1  a second transfer circuit connected to said second comparing means to
      transform said second error signal into a second control signal for
      adjustment of the physical setting of the interceptor valve; and
PA1  second compensating means to adjust the hot reheat bypass valve in response
      to adjustment of the interceptor valve to produce an effect on the flow
      through the low reheat bypass line that is the inverse of the effect
      produced on the flow through the intermediate and low pressure turbines by
      adjustment of the interceptor valve.
NUM  19.
PAR  19. A control arrangement as claimed in claim 18 and further comprising
      timing means for comparing the power output of the turbine system with the
      power requirement indicated by said input signal and causing said input
      signal as applied to said first and second function generators to be
      modified if the power generated by the system does not conform to the
      power requirement indicated by said input signal.
NUM  20.
PAR  20. A control arrangement as claimed in claim 19 wherein said first and
      second compensating means comprise:
PA1  a third pressure transducer to measure the pressure upstream of the main
      steam control valve and the high pressure turbine and provide a signal
      representative thereof;
PA1  a first pressure reference source to provide a signal representative of a
      reference level at the point where the pressure is measured by said third
      pressure transducer;
PA1  a third comparing means connected to said third pressure transducer and
      said first pressure reference source to determine the difference between
      the signals therefrom and provide a third signal indicative of a desired
      change in the pressure at the point where the pressure is measured by said
      third pressure transducer;
PA1  a third transfer circuit connected to said third comparing means to
      transform said third error signal into a third control signal for
      adjustment of the physical setting of the main steam bypass valve;
PA1  a fourth pressure transducer to measure the pressure upstream of the
      interceptor valve and the intermediate pressure turbine and provide a
      signal representative thereof;
PA1  a second pressure reference source to provide a signal representative of a
      reference pressure level at the point where the pressure is measured by
      said fourth pressure transducer;
PA1  a fourth comparing means connected to said fourth pressure transducer and
      said second pressure reference source to determine the difference between
      the signals therefrom and provide a fourth error signal indicative of a
      desired change in the pressure at the point where the pressure is measured
      by said fourth pressure transducer; and
PA1  a fourth transfer circuit connected to said fourth comparing means to
      transform said fourth error signal into a fourth control signal for
      adjustment of the physical setting of the hot reheat bypass valve.
NUM  21.
PAR  21. A control arrangement as claimed in claim 20 and further comprising:
PA1  fifth comparing means to determine the difference between said first
      control signal and said third control signal and to provide a modified
      third control signal to adjust the main steam bypass valve in response to
      the power requirements indicated by said input signal;
PA1  first equalizing means connected between said first transfer circuit and
      said fifth comparing means to cause said first control signal to be
      compatible with said third control signal;
PA1  sixth comparing means to determine the difference between said second
      control signal and said fourth control signal and to provide a modified
      fourth control signal to adjust the hot reheat bypass valve in response to
      the power requirement indicated by said input signal; and
PA1  second equalizing means connected between said second transfer circuit and
      said sixth comparing means to cause said second control signal to be
      compatible with said third control signal.
NUM  22.
PAR  22. A control arrangement as claimed in claim 21 wherein said timing means
      comprises:
PA1  seventh comparing means to determine the difference between said input
      signal and a signal representing the power output of the turbine system;
PA1  an integrator circuit to integrate the output of said seventh comparing
      means; and
PA1  a multiplier circuit to modify said input signal in response to the output
      of said integrator circuit.
NUM  23.
PAR  23. A system for controlling the power output of a turbine-generator in a
      power plant that includes a steam source to derive heat from the coolant
      gas of the high temperature nuclear reactor to generate superheated and
      reheated steam in respective first and second steam passage portions, said
      turbine at least including a high pressure turbine and lower pressure
      turbine, first valve means connected to govern a first steam flow from the
      outlet of the first steam passage portion to the inlet of the high
      pressure turbine, a first bypass line connected across the first valve
      means and the high pressure turbine, second valve means connected to
      govern a second steam flow from the outlet of the second steam passage
      portion to the inlet of the lower pressure turbine, a second bypass line
      connected across the second valve means and the lower pressure turbine,
      first and second bypass valve means connected to control the steam flows
      through the respective first and second bypass lines, and auxiliary steam
      turbine means connected to use at least a portion of the steam flow from
      the exhaust of the high pressure turbine to the inlet of the second steam
      passage portion and rotatably coupled to drive a means for circulating the
      coolant gas through the reactor and the steam source, said control system
      comprising,
PA1  means to generate a representation of the desired power output of the
      turbine-generator,
PA1  means to position the first and second valve means to vary the first and
      second steam flows to control the combined power output of the high and
      lower pressure turbines in accordance with the representation of the
      desired power output of the turbine-generator,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite, change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  24.
PAR  24. A control system according to claim 23 wherein the first and second
      steam flows are equal at times when such flows are less than or equal to
      the desired minimum flow.
NUM  25.
PAR  25. A control system according to claim 24 wherein the second valve means
      is fully open when the first and second steam flows are equal to the
      desired minimum flow.
NUM  26.
PAR  26. A control system according to claim 23 wherein the means to position
      the first and second valve means include,
PA1  means to generate a representation of a desired power output of the high
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator,
PA1  means to generate a representation of a desired power output of the lower
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator, the sum of the desired power output of
      the high pressure turbine with the desired power output of the lower
      pressure turbine being in accordance with the desired power output of the
      turbine-generator,
PA1  means to position the first valve means to vary the first steam flow in
      accordance with the representation of the desired power output of the high
      pressure turbine, and
PA1  means to position the second valve means to vary the second steam flow in
      accordance with the representation of the desired power output of the
      lower pressure turbine.
NUM  27.
PAR  27. A control system according to claim 26 wherein the first and second
      steam flows are equal at times when such flows are less than or equal to
      the desired minimum flow.
NUM  28.
PAR  28. A control system according to claim 27 wherein the second valve means
      is fully open when the first and second steam flows are equal to the
      desired minimum flow.
NUM  29.
PAR  29. A control system according to claim 23 wherein the first power plant
      variable is the steam pressure at the outlet of the first steam passage
      portion, and the second power plant variable is the steam pressure at the
      outlet of the second stage passage portion.
NUM  30.
PAR  30. A control system according to claim 23 wherein the first power plant
      variable is the position of the first valve means, and the second power
      plant variable is the position of the second valve means.
NUM  31.
PAR  31. A system for controlling the power output of a turbine-generator in a
      power plant that includes a steam source to derive heat from the coolant
      gas of the high temperature nuclear reactor to generate superheated and
      reheated steam in respective first and second steam passage portions, said
      turbine at least including a high pressure turbine and a lower pressure
      turbine, first valve means connected to govern a first steam flow from the
      outlet of the first steam passage portion to the inlet of the high
      pressure turbine, a first bypass line connected across the front valve
      means and the high pressure turbine, second valve means connected to
      govern a second steam flow from the outlet of the second steam passage
      portion to the inlet of the lower pressure turbine, a second bypass line
      connected across the second valve means and the lower pressure turbine,
      first and second bypass valve means connected to control the steam flows
      through the respective first and second bypass lines, and auxiliary steam
      turbine means connected to use at least a portion of the steam flow from
      the exhaust of the high pressure turbine to the inlet of the second steam
      passage portion and rotatably coupled to drive a means for circulating the
      coolant gas through the reactor and the steam source, said control system
      comprising,
PA1  means to generate a representation of a desired power output of the
      turbine-generator,
PA1  means to generate a representation of a desired power output of the high
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator,
PA1  means to generate a representation of a desired power output of the lower
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator, the sum of the desired power output of
      the high pressure turbine with the desired power output of the lower
      pressure turbine being in accordance with the desired power output of the
      turbine-generator,
PA1  means to detect the power output of the high pressure turbine and generate
      a representation of the detected power output,
PA1  means to detect the power output of the lower pressure turbine and generate
      a representation of the detected power output,
PA1  means to position the first valve means in accordance with a difference
      between the representation of the desired and detected power output of the
      high pressure turbine to vary the first steam flow to reduce difference,
PA1  means to position the second valve means in accordance with a difference
      between the representations of the desired and detected power output of
      the pressure turbine to vary the second steam flow to reduce the
      difference,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  32.
PAR  32. A control system according to claim 31 wherein the first and second
      steam flows are equal at times when such flows are less than or equal to
      the desired minimum flow.
NUM  33.
PAR  33. A control system according to claim 32 wherein the second valve means
      is fully open when the first and second steam flows are equal to the
      desired minimum flow.
NUM  34.
PAR  34. A control system according to claim 31 wherein the first valve means is
      positioned in accordance with a signal comprising the sum of a first
      component that is proportional to a difference between the representations
      of the detected and desired power output of the high pressure turbine with
      a second component that is proportional to the time integral of such
      difference, and the second valve means is positioned in accordance with a
      signal comprising the sum of a first component that is proportional to a
      difference between the representations of the desired and detected power
      output of the lower pressure turbine with a second component that is
      proportional to the time integral of such difference.
NUM  35.
PAR  35. A control system according to claim 31 wherein the means to position
      the first bypass valve means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the first steam passage portion that corresponds to a desired
      minimum flow through the first steam passage portion,
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a representation of the detected steam pressure, and
PA1  means to position the first bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the first steam passage portion to reduce the
      difference, and wherein the means to position the second bypass valve
      means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to a desired
      minimum steam flow through the second steam passage portion,
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a representation of the detected pressure,
      and
PA1  means to position the second bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the second steam passage portion to reduce the
      difference.
NUM  36.
PAR  36. A control system according to claim 35 wherein the first and second
      steam flows are equal when such flows are less than or equal to the
      desired minimum flow, and the second valve means is fully open when the
      steam flows are equal to the desired minimum flow.
NUM  37.
PAR  37. A control system according to claim 31 wherein the first bypass valve
      means is positioned in inverse relation to the position of the first valve
      means, whereby a change of the first steam flow is compensated by an
      equal, but opposite, change of the flow through the first bypass line, and
      the second bypass valve means is positioned in inverse relation to the
      position of the second valve means, whereby a change of the second steam
      flow is compensated by an equal, but opposite, change of the flow through
      the second bypass line.
NUM  38.
PAR  38. A control system according to claim 37 wherein the first and second
      steam flows are equal when such flows are less than or equal to the
      desired minimum flow, and the second valve means is fully open when such
      steam flows are equal to the desired minimum flow.
NUM  39.
PAR  39. A system for controlling the power output of a turbine-generator in a
      power plant that includes a steam source to derive heat from the coolant
      gas of a high temperature nuclear reactor to generate superheated and
      reheated steam in respective first and second steam passage portions, said
      turbine at least including a high pressure turbine and a lower pressure
      turbine, first valve means connected to govern a first steam flow from the
      outlet of the first steam passage portion to the inlet of the high
      pressure turbine, a first bypass line connected across the first valve
      means and the high pressure turbine, second valve means connected to
      govern a second flow of steam from the outlet of the second steam passage
      portion to the inlet of the lower pressure turbine, a second bypass line
      connected across the second valve means and the lower pressure turbine,
      first and second bypass valve means connected to control the steam flows
      through the respective first and second bypass lines, and auxiliary steam
      turbine means connected to use at least a portion of the steam flow from
      the exhaust of the high pressure turbine to the inlet of the second steam
      passage portion and rotatably coupled to drive a means for circulating the
      coolant gas through the reactor and the steam source, said control system
      comprising,
PA1  means to generate a first representation of a desired power output of the
      turbine-generator,
PA1  means to detect the power output of the turbine-generator and generate a
      second representation of the detected power output,
PA1  means to position the first and second valve means to vary the first and
      second steam flows to reduce a difference between the first and second
      representations,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite, change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  40.
PAR  40. A control system according to claim 39 wherein the first and second
      steam flows are equal when such flows are less than or equal to the
      desired minimum flow, and the second valve means is fully open when such
      flows are equal to the desired minimum flow.
NUM  41.
PAR  41. A control system according to claim 39 wherein the means to position
      the first and second valve means include,
PA1  means to generate a third representation of the time integral of the
      difference between the representations of the detected and desired power
      output of the turbine-generator, and
PA1  means responsive to the first and the third representations to position the
      first and second valve means in accordance with the product of the time
      integral of the difference between the detected and desired power output
      of the turbine-generator with the desired power output.
NUM  42.
PAR  42. A control system according to claim 41 wherein the means responsive to
      the first and third representations comprise,
PA1  means responsive to the first and third representations to generate a
      fourth representation of the product of the time integral of the
      difference between the detected and desired power output of the
      turbine-generator with the desired power output,
PA1  means responsive to the fourth representation to generate a fifth
      representation of a desired power output of the high pressure turbine and
      a sixth representation of a desired power output of the lower pressure
      turbine, the sum of the fifth representation with the sixth representation
      being equal to the fourth representation,
PA1  means to detect the power output of the high pressure turbine and generate
      a seventh representation of the detected power output,
PA1  means to detect the power output of the lower pressure turbine and generate
      an eighth representation of the detected power output,
PA1  means to position the first valve means in accordance with the difference
      between the fifth representation and the seventh representation, and
PA1  means to position the second valve means in accordance with the difference
      between the sixth representation and the eighth representation.
NUM  43.
PAR  43. A control system according to claim 42 wherein the steam flows through
      the high pressure turbine and the lower pressure turbine are equal when
      such flows are less than or equal to the desired minimum flow, and the
      second valve means is fully opened when the turbine steam flows are equal
      to the desired minimum flow.
NUM  44.
PAR  44. A control system according to claim 39 wherein the means to position
      the first bypass valve means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the first steam passage portion that corresponds to a desired
      minimum flow through the first steam passage portion,
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a representation of the detected steam pressure, and
PA1  means to position the first bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the first steam passage portion to reduce the
      difference, and wherein the means to position the second bypass valve
      means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to a desired
      minimum steam flow through the second steam passage portion,
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a representation of the detected pressure,
      and
PA1  means to position the second bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the second steam passage portion to reduce the
      difference.
NUM  45.
PAR  45. A control system according to claim 39 wherein the first bypass valve
      means is positioned in inverse relation to the position of the first valve
      means, whereby a change of the first steam flow is compensated by an
      equal, but opposite, change of the flow through the first bypass line, and
      the second bypass valve means is positioned in inverse relation to the
      position of the second valve means, whereby a change of the second steam
      flow is compensated by an equal, but opposite, change of the flow through
      the second bypass line.
NUM  46.
PAR  46. A power plant that includes a steam source to derive heat from the
      coolant gas of a high temperature nuclear reactor to generate superheated
      and reheated steam in respective first and second steam passage portions,
      the coolant gas being circulated through the reactor and the steam source
      by a gas circulating means, said power plant comprising,
PA1  electric generating means,
PA1  a steam turbine rotatably coupled to drive said electric generating means,
      said steam turbine at least including a high pressure turbine and a lower
      pressure turbine,
PA1  first valve means connected to control a first steam flow from the outlet
      of the first steam passage portion to the inlet of the high pressure
      turbine,
PA1  a first bypass line connected between the outlet of the first steam passage
      portion and the exhaust of the high pressure turbine to permit a desired
      minimum flow through the first steam passage portion when the first steam
      flow is less than such minimum,
PA1  first bypass valve means connected to control the steam flow through the
      first bypass line,
PA1  second valve means connected to control a second steam flow from the outlet
      of the second steam passage portion to the inlet of the lower pressure
      turbine,
PA1  a second bypass line connected between the outlet of the second steam
      passage portion and the exhaust of the lower pressure turbine to permit a
      desired minimum flow through the second steam passage portion when the
      second flow is less than such minimum,
PA1  second bypass valve means connected to control the steam flow through the
      second bypass line,
PA1  auxiliary steam turbine means connected to pass at least a portion of the
      steam flow from the exhaust of the high pressure turbine to the inlet of
      the second steam passage portion and rotatably coupled to drive the
      reactor coolant gas circulating means,
PA1  means to generate a representation of the desired power output of the
      turbine-generator,
PA1  means to position the first and second valve means to vary the first and
      second steam flows to control the combined power output of the high and
      lower pressure turbines in accordance with the representation of the
      desired turbine-generator power output,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flow by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  47.
PAR  47. A power plant according to claim 46 wherein the first and second steam
      flows are equal when such flows are less than the desired minimum flow,
      and the second valve means is fully open when such flows are equal to the
      desired minimum flow.
NUM  48.
PAR  48. A power plant according to claim 46 wherein the means to position the
      first and second valve means include,
PA1  means to generate a representation of a desired power output of the high
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator,
PA1  means to generate a representation of a desired power output of the lower
      pressure turbine in response to the representation of the desired power
      output of the turbine-generator, the sum of the desired power output of
      the high pressure turbine with the desired output of the lower pressure
      turbine being in accordance with the desired power output of the
      turbine-generator,
PA1  means to position the first valve means to vary the first steam flow in
      accordance with the representation of the desired power output of the high
      pressure turbine, and
PA1  means to position the second valve means to vary the second steam flow in
      accordance with the representation of the desired power output of the
      lower pressure turbine.
NUM  49.
PAR  49. A power plant according to claim 48 wherein the means to position the
      first valve means comprise,
PA1  means to detect the power output of the high pressure turbine and generate
      a representation of the detected power output, and
PA1  means to position the first valve means in accordance with a difference
      between the representation of the desired and detected power output of the
      high pressure turbine to vary the first steam flow to reduce the
      difference, and the means to position the second valve means comprise,
PA1  means to detect the power output of the lower pressure turbine and generate
      a representation of the detected power output, and
PA1  means to position the second valve means in accordance with a difference
      between the representations of the desired and detected power output of
      the lower pressure turbine to vary the second steam to reduce the
      difference.
NUM  50.
PAR  50. A power plant according to claim 49 wherein the first valve means is
      positioned in accordance with a signal comprising the sum of a first
      component that is proportional to a difference between the representations
      of the detected and desired power output of the high pressure turbine with
      a second component that is proportional to the time integral of such
      difference, and the second valve means is positioned in accordance with a
      signal comprising the sum of a first component that is proportional to a
      difference between the representations of the desired and detected power
      output of the lower pressure turbine with a second component that is
      proportional to the time integral of such difference.
NUM  51.
PAR  51. A power plant according to claim 50 wherein the first and second steam
      flows are equal when such flows are less than the desired minimum flow,
      and the second valve means is fully open when such flows are equal to the
      desired minimum flow.
NUM  52.
PAR  52. A power plant according to claim 46 wherein the means to position the
      first bypass valve means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the first steam passage portion that corresponds to a desired
      minimum flow through the first steam passage portion,
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a representation of the detected steam pressure, and
PA1  means to position the first bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the first steam passage portion to reduce the
      difference, and wherein the means to position the second bypass valve
      means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to a desired
      minimum steam flow through the second steam passage portion,
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a representation of the detected pressure,
      and
PA1  means to position the second bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pessure at the outlet of the second steam passage portion to reduce the
      difference.
NUM  53.
PAR  53. A power plant according to claim 52 wherein the first and second steam
      flows are equal when such flows are less than the desired minimum flow,
      and the second valve means is fully open when such flows are equal to the
      desired minimum flow.
NUM  54.
PAR  54. A power plant according to claim 46 wherein the first bypass valve
      means is positioned in inverse relation to the position of the first valve
      means, whereby a change of the first steam flow is compensated by an
      equal, but opposite, change of the flow through the first bypass line, and
      the second bypass valve means is positioned in inverse relation to the
      position of the second valve means, whereby a change of the second steam
      flow is compensated by an equal, but opposite, change of the flow through
      the second bypass line.
NUM  55.
PAR  55. A power plant that includes a steam source to derive heat from the
      coolant gas of a high temperature nuclear reactor to generate superheated
      and reheated steam in respective first and second steam passage portions,
      the coolant gas being circulated through the reactor and the steam source
      by a gas circulating means, said power plant comprising,
PA1  electric generating means,
PA1  a steam turbine rotatably coupled to drive said electric generating means,
      said turbine at least including a high pressure turbine and a lower
      pressure turbine,
PA1  first valve means connected to control a first steam flow from the outlet
      of the first steam passage portion to the inlet of the high pressure
      turbine,
PA1  a first bypass line connected between the outlet of the first steam passage
      portion and the exhaust of the high pressure turbine to permit a desired
      minimum flow through the first steam passage portion when the first steam
      flow is less than such minimum,
PA1  first bypass valve means connected to control the steam flow through the
      first bypass line,
PA1  second valve means connected to control a second steam flow from the outlet
      of the second steam passage portion to the inlet of the lower pressure
      turbine,
PA1  a second bypass line connected between the outlet of the second steam
      passage portion and the exhaust of the lower pressure turbine to permit a
      desired minimum flow through the second steam passage portion when the
      second flow is less than such minimum,
PA1  second bypass valve means connected to control the steam flow through the
      second bypass line,
PA1  auxiliary steam turbine means connected to pass at least a portion of the
      steam flow from the exhaust of the high pressure turbine to the inlet of
      the second steam passage portion and rotatably coupled to drive the
      reactor coolant gas circulating means,
PA1  means to generate a first representation of a desired power output of the
      turbine-generator,
PA1  means to detect the power output of the turbine-generator and generate a
      second representation of the detected power output,
PA1  means to position the first and second valve means to vary the first and
      second steam flows to reduce a difference between the first and second
      representations,
PA1  means responsive to a first power plant variable to position the first
      bypass valve means to compensate a change of the first steam flow by an
      equal, but opposite change of the flow through the first bypass line, and
PA1  means responsive to a second power plant variable to position the second
      bypass valve means to compensate a change of the second steam flows by an
      equal, but opposite, change of the flow through the second bypass line.
NUM  56.
PAR  56. A power plant according to claim 55 wherein the means to position the
      first and second valve means include,
PA1  means to generate a third representation of the time integral of the
      difference between the representations of the detected and desired power
      output of the turbine-generator, and
PA1  means responsive to the first and third representations to position the
      first and second valve means in accordance with the product of the first
      and third representations.
NUM  57.
PAR  57. A power plant according to claim 56 wherein the means responsive to the
      time integral and desired power output representations comprise,
PA1  means responsive to the first and third representations to generate a
      fourth representation of the product of the time integral of the
      difference between the detected and desired power output of the
      turbine-generator with the desired power output,
PA1  means responsive to the fourth representation to generate a fifth
      representation of a desired power output of the high pressure turbine and
      a sixth representation of a desired power output of the lower pressure
      turbine,
PA1  means to detect the power output of the high pressure turbine and generate
      a seventh representation of the detected power output,
PA1  means to detect the power output of the lower pressure turbine and generate
      an eighth representation of the detected power output,
PA1  means to position the first valve means in accordance with a difference
      between the fifth representation and the seventh representation to reduce
      the difference, and
PA1  means to position the second valve means in accordance with a difference
      between the sixth representation and the eighth representation to reduce
      the difference.
NUM  58.
PAR  58. A power plant according to claim 57 wherein the first and second steam
      flows are equal when such flows are less than or equal to the desired
      minimum flow, and the second valve means is fully open when such flows are
      equal to the desired minimum flow.
NUM  59.
PAR  59. A power plant according to claim 55 wherein the means to position the
      first bypass valve means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the first steam passage portion that corresponds to a desired
      minimum flow through the first steam passage portion,
PA1  means to detect the steam pressure at the outlet of the first steam passage
      portion and generate a representation of the detected steam pressure, and
PA1  means to position the first bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the first steam passage portion to reduce the
      difference, and wherein the means to position the second bypass valve
      means comprise,
PA1  means to generate a representation of a desired steam pressure at the
      outlet of the second steam passage portion that corresponds to a desired
      minimum steam flow through the second steam passage portion,
PA1  means to detect the steam pressure at the outlet of the second steam
      passage portion and generate a representation of the detected pressure,
      and
PA1  means to position the second bypass valve means in accordance with a
      difference between the representations of the detected and desired steam
      pressure at the outlet of the second steam passage portion to reduce the
      difference.
NUM  60.
PAR  60. A power plant according to claim 55 wherein the first bypass valve
      means is positioned in inverse relation to the position of the first valve
      means, whereby a change of the first steam flow is compensated by an
      equal, but opposite, change of the flow through the first bypass line, and
      the second bypass valve means is positioned in inverse relation to the
      position of the second valve means, whereby a change of the second steam
      flow is compensated by an equal, but opposite, change of the flow through
      the second bypass line.
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ABST
PAL  Rock chambers are used for storing liquids and gases, e.g. natural gas, at
      low temperatures. To prevent leakage through cracks in the rock
      surrounding the rock chamber the invention provides a method of sealing
      the rock by injecting a sealing agent through drill holes in the rock. The
      sealing agent solidifies owing to the lower temperature of the rock and/or
      stored medium. The injection is continued as long as the cracks change
      owing to changes of temperature. Some of the drill holes or parts thereof
      are placed outside the zone where the sealing agent solidifies.
BSUM
PAR  The present invention relates to a method of sealing rock around a rock
      chamber which is arranged in the rock. The invention particularly relates
      to sealing rock around rock chambers, intended for storing a medium whose
      temperature is considerably below the natural temperature of the rock,
      particularly a medium which is colder than -40.degree..
PAR  Rock chambers are used to an increasing extent for storing liquids and
      gases at low temperatures, down to almost -260.degree.C. Normal bed-rock
      temperature varies within reasonable depths from +5.degree. to
      +30.degree.. Thus, there is a large difference in temperature between the
      rock layer nearest the rock chamber and the layers situated further away.
PAR  As no bedrock is faultless at normal temperatures but always flawed by more
      or less open cracks or faults, the rock around the rock chamber has to be
      sealed; this can be done according to conventional techniques by injecting
      cement into the rock, thereby filling the cracks and holes with cement.
PAR  For certain rock chambers situated near the surface the injecting can be
      carried out through long holes from the surface of the rock before
      blasting out the rock chamber, i.e. pre-injection. Pre-injection may also
      be carried out for deep-lying chambers in conjunction with the blasting,
      so that the blasting face is gradually sealed by pre-injecting or from
      tunnels round the planned rock chamber. It is, however, often impossible
      to seal rock chambers until they have been blasted out (after injection).
      Holes are then drilled from the inside of the rock chamber transverse to
      the planes of the cracks or from galleries outside the chamber.
PAR  When after-injecting, however, the compound which is injected may sometimes
      be forced out of the faces of the cracks in the chamber walls, which makes
      it difficult if not impossible to completely fill the cracks.
PAR  When cold media are introduced into the rock chamber, the rock shrinks. In
      these cases sealing in advance is thus not possible, as the thermo cracks
      have not yet been formed. It is thus only possible to seal the rock when
      the rock has re-stabilized after the change of temperature, i.e. when the
      temperature stresses have disappeared. At low temperatures and low
      stresses in the surrounding rock the rock will then have cracked and will
      allow gas and liquid to penetrate it.
PAR  In order to seal a rock chamber which cannot be entered, it is necessary to
      seal by injecting through holes drilled in the rock outside the actual
      rock chamber. There is then a risk that the injecting compounds will flow
      out into the rock chamber, as mentioned above, and cannot be contained.
PAR  The sealing problem is especially complicated when very cold media are to
      be stored. The contraction of the rock spreads as the cold face moves from
      the rock chamber out into the rock, forming new cracks and widening
      existing ones. As the refrigerating medium apreads in the cracks thus
      formed, the cooling process is accelerated and the cracks become both
      wider and longer until vaporization, i.e. the transfer of liquid medium
      into gas phase may become so great that storage is rendered impossible.
PAR  Consequently it has been necessary to abandon certain rock chambers in
      which it was planned to store media at temperature of lower than
      -40.degree.C.
PAR  The present invention makes it possible to seal the cracks which are
      formed, widened or lengthened during cooling, in order to prevent the
      medium from penetrating into the rock and stop further cracking.
PAR  The method according to the invention is characterized in injecting a
      sealing agent which solidifies because of the different temperature of the
      rock and/or medium, in continuing to inject the sealing agent into the
      cracks as long as they are developing to any appreciable extent because of
      changes in temperature within the sealing zone and in placing the drill
      holes so that at least some of them or some parts of the drill holes are
      outside the zone where the sealing agent solidifies during the injection
      period.
PAR  The rock nearest the rock chamber will contain solidified sealing agent. It
      is important that this inner zone is surrounded by an outer zone in which
      the cracks contain liquid sealing agent, so that if a new crack should
      develop through the inner zone, the medium flowing through this crack will
      meet liquid sealing agent, which will then solidify and seal the crack. In
      order to maintain an outer zone of liquid sealing agent it is important to
      ensure that at least some of the drill holes through which the sealing
      agent is supplied do not become plugged with solidified sealing agent.
      Drill holes may, for example, be provided at various distances from thr
      rock chamber so that the most distant ones are far enough away from the
      rock chamber to avoid any risk of the sealing agent solidifying.
      Alternatively, the drill holes may be bored straight towards or diagonally
      towards the rock chamber, and may be made so long that the outer part of
      each drill hole will certainly contain liquid sealing agent.
PAR  The injection of sealing agent into the rock is preferably started more or
      less at the same time as the rock chamber is filled with the cold or hot
      medium. If the injection were to be started earlier, there would be a risk
      of losing large quantities of sealing agent, as the sealing agent may run
      into the rock chamber through open cracks in the rock. If the injection is
      started later there is a risk of losing a considerable amount of the cold
      or hot medium. The injection of the sealing agent into the rock should
      then be continued until the rock around the rock chamber has almost
      reached a state of equilibrium. At this point the formation of cracks due
      to temperature stresses will have ceased. If the rock is of the kind in
      which cracks are not likely to form for other reasons, the injection of
      sealing agent may now be discontinued.
PAR  The sealing agent will solidify by freezing when meeting the cold medium or
      rock which has been cooled by the cold medium. The smaller the difference
      between the temperature of the cold medium and the freezing point of the
      sealing agent, the narrower the zone of rock which will be sealed. A
      sealing agent is preferably used whose freezing point differs by at most
      100.degree.C, preferably at most 60.degree.C, from the temperature of the
      cold medium. In rock chambers for storing liquid natural gas under
      pressure, for example at -120.degree.C, a sealing agent with a freezing
      point within the interval from -60.degree. to -130.degree.C is preferably
      used.
PAR  The sealing agent may consist of an organic liquid which if desired, may
      possibly be introduced into the rock in vapour form. The liquid should
      preferably be non-toxic and immiscible with water. The liquid should also
      preferably be incombustible and have a high flashpoint. Preferred liquids
      are hydrocarbons, chlorinated hydrocarbons, and esters and ketones having
      a molecule with a large hydrocarbon part. The following examples of useful
      liquids and their melting points are mentioned:
TBL  Dimethylformamide       -60.degree.C                                      

     Amyl acetate            -71.degree.C                                      

     Ethyl acetate           -84.degree.C                                      

     n-Heptane               -91.degree.C                                      

     Vinyl acetate           -93.degree.C                                      

     Methanol                -94.degree.C                                      

     Hexane                  -95.degree.C                                      

     Methylene chloride      -95.degree.C                                      

     Toluene                 -95.degree.C                                      

     Ethanol                 -117.degree.C                                     

     Acetaldehyde            -121.degree.C                                     

     Propanol                -126.degree.C                                     

     Pentane                 -130.degree.C                                     

PAR  In practising the invention the rock around the rock chamber is preferably
      cooled, before storing the medium, to a temperature which is lower than
      the working temperature by means of a different refrigerating medium from
      that which is to be stored, e.g. liquid nitrogen, which has a boiling
      point of -196.degree.C. The auxiliary cooling of the rock will further
      widen the cracks which have formed, and it will be easier to inject the
      sealing agent. When the temperature of the rock then rises to the
      temperature of the stored medium, a better sealing will be obtained as the
      rock expands again. The lower the temperature is, the better the sealing
      will be.
PAR  The method according to the invention may be combined with cooling the rock
      surrounding the proposed rock chamber before blasting out the rock
      chamber. This cooling may be carried out in a known manner, e.g. by
      introducing liquid nitrogen into drill holes. By this cooling the rock
      shrinks, existing cracks are widened and new cracks are formed. A sealing
      agent with a suitable freezing point according to the specification above
      may then be forced into the cracks and a sealed zone will be obtained
      around the planned chamber. The cooling should take place to a temperature
      corresponding to or preferably lower than the temperature which will be
      reached in the zone when stable conditions have been attained after
      starting to store the cold medium. Any new shrinkage cracks which may have
      formed from the walls of the cold storage chamber terminate when they
      reach the previously cooled and injected zone.
PAR  Several of the liquids mentioned above are fairly expensive and should thus
      only be used in rocks with fine cracks where little is needed. Most of the
      above-mentioned liquids are soluble in liquid natural gas but may
      nevertheless be used as sealing agent for liquid natural gas because the
      temperature is low and the contact surfaces between the natural gas and
      the sealing agent are small.
PAR  It has proved suitable to use a type of sealing agent the viscosity of
      which increases when it cools. Many of the above-mentioned organic liquids
      are of this kind. Alternatively, such sealing agents may be prepared by
      dissolving a polymer in a solvent, preferably in an amount of 25 - 100
      grams per liter of solvent. The solution will get a freezing point near
      the freezing point of the pure solvent. As examples of polymers which are
      soluble in aliphatic hydrocarbons may be mentioned the following:
      polyisobutene, polybutadiene, polyisoprene, natural rubber,
      styrene-butadiene rubber (SBR) and phenolic resin (novolac). Polymers
      which are not soluble in aliphatic hydrocarbons are, for example,
      cellulose acetate, polyvinyl alcohol, polyvenyl acetate (PVAc),
      polystyrene, polyvinyl chloride (PVC) and polymethyl metacrylate (PMMA). A
      few examples of useful combinations of polymer and solvent for various
      freezing point intervals are mentioned below:
     POLYMER - SOLVENT SYSTEM                                                  

     1.   Polymers, which are soluble in aliphatic hydrocarbons                

     ______________________________________                                    

     Temperature                                                               

     interval .degree.C                                                        

                    System                                                     

     -60 - -70      SBR - chloroform                                           

     -70 - -80      polyisobutene - butyl acetate                              

     -80 - -90      SBR - ethyl acetate                                        

     -90 - -100     polyisoprene - toluene                                     

                    natural rubber - hexane                                    

     -100 - -110    polyisoprene - 1,2-dichloro-propane                        

     -110 - -120    polyisobutene - carbon disulfide                           

     -120 - -130    natural rubber - pentane                                   

     2.   Polymers which are insoluble in aliphatic hydrocarbons               

     ______________________________________                                    

     Temperature                                                               

     interval .degree.C                                                        

                    System                                                     

     -60 - -70      polystyrene - chloroform                                   

     -70 - -80      polystyrene - butyl acetate                                

     -80 - -90      PVC - methyl ethyl ketone                                  

     -90 - -100     cellulose acetate - methyl acetate                         

                    polystyrene - toluene                                      

     -100 - -110    polystyrene - 1,2-dichloro propane                         

     -110 - -120    polystyrene - carbon disulfide                             

     ______________________________________                                    

PAR  If there are water-bearing cracks in the rock, the water will freeze during
      the cooling to ice which per se provides a certain sealing, but makes it
      more difficult for the sealing agent to penetrate. In certain cases it is
      therefore advisable first to inject a low-freezing liquid, e.g. the
      solvent used in the viscous sealing agent, and thus displace the water
      which would otherwise freeze when the rock is cooled. The solvent is later
      displaced by the sealing agent.
PAR  The sealing agent may also be changed during the cooling period in
      different freezing-points, e.g. stages at -100.degree., -60.degree.,
      -40.degree., 0.degree.C. In this case several rows of drill holes should
      be provided outside the walls of the rock chamber.
DRWD
PAR  In the following the invention will be further explained with reference to
      the attached drawings.
PAR  FIG. 1 shows a vertical cut through a rock chamber and the surrounding
      rock.
PAR  FIG. 2 shows a drillhole with means for supplying sealing agent to the rock
     .
DETD
PAR  According to FIG. 1 four galleries have been cut outside a rock chamber 1
      for liquid natural gas, two galleries 2 outside and above the rock chamber
      and two galleries 3 outside and below the rock chamber. Horizontal
      drillings 4, vertical drillings 5 and drillings 6, 7, diagonally inwards
      and downwards towards the rock chamber, have been made from galleries 2.
      From galleries 3 drill holes 8 - 11 have been bored in a similar manner.
      Other such drill holes have also been provided outside the end walls of
      the rock chamber.
PAR  The galleries 3 may also be placed approximately at the same level as the
      bottom of the rock chamber or be replaced by adjacent rock chambers, in
      which case the drillings are made diagonally downwards.
PAR  A liquid sealing agent is pumped through the drill holes and penetrates and
      fills cracks (not shown) in the rock. Around the whole rock chamber an
      inner zone 14 is formed in which the sealing agent is in solid form and
      seales the cracks in the rock to prevent the medium from leaking out of
      the rock chamber. An outer zone 20 is also formed, in which the sealing
      agent is in liquid form. If a crack 15 should break through zone 14, cold
      natural gas will penetrate through the crack in contact with liquid
      sealing agent in the outer zone 20. This liquid sealing agent will then
      solidify and form a local sealing area 16, which prevents leakage. If the
      liquid natural gas under pressure has a temperature of -120.degree.C the
      isotherm for -90.degree.C will follow the dotted line 13 when temperature
      equilibrium has been obtained. If the sealing agent has a melting point of
      -90.degree.C, the -90.degree.C isotherm will form the outer limit for zone
      14. The inner limit for zone 14 may be at the wall of the rock chamber or
      it may, as shown in FIG. 1, be at a distance from the wall of the rock
      chamber because the forcing of sealing agent into the rock will not have
      begun until a small zone of the rock nearest to the rock chamber has been
      cooled to a temperature below -90.degree.C. Galleries 2, 3 have been
      placed so that they will certainly lie outside the zone 14. Drill holes 4,
      5, 8, 9 are all outside the zone 14, whilst holes 6, 7, 10, 11 are partly
      inside and partly outside zone 14. There are thus drill holes or parts of
      drill holes in which the sealing agent is not frozen and it can thus be
      guaranteed that there will be a zone 20 of liquid sealing agent outside
      zone 14 of frozen sealing agent. The drill holes should be placed so close
      together that the outer zone 20 of liquid sealing agent forms a continuous
      zone surrounding zone 14.
PAR  FIG. 2 shows how liquid sealing agent is preferably introduced into the
      drill holes. From gallery 2 a tube 18 has been inserted into the vertical
      drill hole 5. A pump 17 for the sealing agent has been connected to the
      upper end of the tube. Near the lower end of the tube a sealing plug 19
      has been provided in order to seal the gap between the tube 18 and the
      wall of the drill hole. Liquid sealing agent will thus be forced into the
      cracks in the rock from the lower part 5b of the drill hole 5 but not from
      the upper part 5a.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for sealing a chamber surrounded by rock to adapt said chamber
      to store therein a substance having a predetermined storage temperature
      lower than the natural temperature of said rock comprising the steps of
      injecting into said surrounding rock a sealing agent having a melting
      point not more than about 100.degree.C higher than said storage
      temperature of said substance, bringing the temperature within said
      chamber to below the melting point of said sealing agent substantially
      simultaneously with commencement of injection of said sealing agent into
      said surrounding rock, and continuing injection of said sealing agent to
      form about said chamber and within said surrounding rock a layer of frozen
      sealing agent contiguous with said chamber and a liquid layer of said
      sealing agent extending about said frozen layer.
NUM  2.
PAR  2. A method according to claim 1 wherein said sealing agent is selected to
      have a melting point not more than 60.degree.C above said storage
      temperature.
NUM  3.
PAR  3. A method according to claim 1 wherein said sealing agent is a nonaqueous
      organic substance including a polymer.
NUM  4.
PAR  4. A method according to claim 1 wherein said bringing of the temperature
      within said chamber to below the melting point of said sealing agent is
      performed by injecting into said chamber substantially simultaneously with
      said injecting of said sealing agent said substance to be stored at a
      temperature below the melting point of said sealing agent.
NUM  5.
PAR  5. A method according to claim 1 including the step of forming a plurality
      of drill holes in said surrounding rock, said injecting of said sealing
      agent being performed by passing said sealing agent through said drill
      holes, with at least one of said drill holes extending within said
      surrounding rock completely within a portion of said rock where said
      liquid layer of said sealing agent is formed.
NUM  6.
PAR  6. A method according to claim 1 wherein during said injection of said
      sealing agent the temperature of said chamber is brought to a temperature
      which is lower than the storage temperature of said substance.
NUM  7.
PAR  7. A method according to claim 1 including the step of blasting out of rock
      to form said chamber after injecting of said sealing medium and after
      bringing of the temperature at which said chamber is formed to below the
      melting point of said sealing agent.
NUM  8.
PAR  8. A method according to claim 1 including the step of introducing into
      said surrounding rock a substance which is liquid at said storage
      temperature prior to injection of said sealing agent in order to displace
      subsoil water.
NUM  9.
PAR  9. A method according to claim 1 wherein said substance to be stored is
      liquid natural gas and wherein said sealing agent is an organic liquid
      having a melting point which is between about 60.degree.-100.degree.C
      higher than the storage temperature of said liquid natural gas.
NUM  10.
PAR  10. A method according to claim 9, characterized in that the sealing agent
      is a hydrocarbon, a chlorinated hydrocarbon or an ester or ketone having a
      molecule with a large hydrocarbon part.
NUM  11.
PAR  11. A method according to claim 1 wherein said sealing agent includes a
      polymer dissolved therein in an amount of about 25-100grams polymer per
      liter of said sealing agent.
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ABST
PAL  A matting comprised of a plurality of continuous amorphous synthetic
      thermoplastic filaments having an equivalent diameter of about 0.1 to 2.0
      millimeters is disclosed to be used for the ground stabilization of road
      beds. The filaments comprising the matting are arranged in a number of
      superimposed contacting rows with an overlapping intersection of the loops
      of adjacent filaments in at least the same row with superficial bonding of
      the filaments at their points of intersection.
PARN
PAR  This is a continuation of application Ser. No. 315,454, filed Dec. 15,
      1972, now abandoned.
BSUM
PAR  In certain terrains ground structure conditions have a tendency to become
      unsuitable for bearing loads of any degree. For example, the sandy surface
      found along most beaches can be difficult. The ability and readiness with
      which the grains of sand displace each other cause vehicles and
      pedestrians to sink into the sand when driving or walking on the sandy
      ground.
PAR  Soils with large clay content tend to shift laterally under the weight of
      vehicles or pedestrians when wet; and, in a short period of use, travel
      through the wet clay soil becomes almost impossible except with special
      vehicles designed for such conditions. It is the object of this invention
      to alleviate or eliminate the above conditions through the use of
      mechanical soil stabilization devices. U.S. Pat. No. 3,691,004 describes
      an elastic matting comprised of a number of looped, intersecting, large
      amorphous filaments of melt-spun synthetic polymers, the filaments
      cohering to each other at their points of intersection. In general, the
      loops are proportionately large and provide a very open structure in the
      matting. Adjacent filamentary loops overlap one another, and the finest
      diameter filaments should contain loops which extend for at least 1 mm and
      preferably 2mm or more, the larger filaments normally extending to a much
      greater degree. As a rule, the loop extension should be at least 10 times
      the individual filament diameter. The upper limit of this loop extension
      is preferably adjusted so that the overlapping between adjacent filaments
      is just sufficient to ensure adequate bonding at random points of
      intersection. It has been found that the use of the matting of the above
      disclosure increases considerably the load carrying capacity of soils with
      the above described conditions.
PAR  For present purposes, "clay" shall mean any of the plastic, soft, variously
      colored earths, formed generally by decomposition of the aluminum
      minerals; "sand" shall mean generally a natural aggregation of mineral
      matter, i.e. rock, that has undergone weathering and disintegration;
      "loose soil strata" shall mean said strata exposed to or near the soil
      surface, and normally incapable of sustaining heavy and/or repeated loads
      of a generally vertical nature. "Compatible soil" shall mean any soil
      capable of being mixed with the loose soil strata without deleterious
      effects.
PAR  The means in which the matting is incorporated into the soil is twofold.
      First, the matting may be laid in a flattened condition upon the soil in
      such a manner that traffic is directed over the matting. After a period of
      time, the travel conditions will cause the matting to work into the soil
      and largely disappear below the surface of the soil. In doing so, the
      matting fills up with the soil material until it is practically compactly
      filled. The looped structures of the matting tend to prevent lateral
      shifting of the soil particles so that the surface effect in the soil is
      to impart a substantial feeling to the soil and permit it to withstand
      comparatively strong elastic and/or dynamic loading.
PAR  Secondly, the matting may be laid out on the ground and filled with a
      suitable mixture of soil, clay, sand, etc., before the application of any
      load. In both instances, the matting will act as a weight distributing
      substructure. It has been found that the matting disclosed above can be
      used to reinforce roadbeds, runways, foundation areas for light buildings,
      and pedestrian paths along beaches and sand dunes.
PAR  In roadbeds of high natural moisture content, the matting may be used
      underneath the road structure for drainage purposes. In such instances,
      the matting is placed across the roadbed with at least one extension of
      the matting leading to an appropriate drainage area. The matting is then
      filled with a fine grannular sand and the road structure is constructed
      with otherwise conventional techniques. Excess moisture will now be
      drained from the surrounding roadbed into the porous matting structure and
      subsequently to the drainage area. The matting constructed in accordance
      with the above will have as great or greater vetical load capacity than
      the surrounding roadbed.
PAR  The advantage of using matting as in the above disclosure over conventional
      soil stabilizing techniques utilizing lime, cement, or other hardenable
      binders is that it has a very good permeability. Moreover, it permits the
      quick preparation of passable surfaces, which is important when installing
      emergency roads, paths or runways.
PAR  It has been found that filaments of a non-round, cross-section have a
      greater lateral load bearing capacity than round cross-section filaments.
      This is evidently caused by the surface area of each filament presented to
      the soil contained therein inhibiting lateral movement. Filaments that
      have an exceptionally large length to width ratio have a tendency to be
      difficult to fill with soil. For purposes of this invention cross-sections
      with an axis of symmetry in the range of 2 to 10 appear quite
      satisfactory.
PAR  The thickness of the matting may vary with the load requirement. A
      pedestrian walkway on a sandy beach may be as thin as 3 centimeters, while
      matting for heavy vehicular traffic may require a thickness of 25
      centimeters. Use of non-round, cross-section filaments may reduce this
      thickness, however, by two-thirds. A matting of non-round, cross-section
      filaments with a thickness of 5 to 8 centimeters has been found to be a
      multipurpose matting in most instances for both pedestrian and vehicular
      traffic.
PAC  EXAMPLE 1
PAR  A pipe with an inside diameter of 35 millimeters and having a surface
      contact area of roughly 2.94 square centimeters was placed in a vertical
      position on a layer of sand of 7 centimeters thickness. The grain size of
      the sand was from size 0 to 3 millimeters. Under a load of 3 kilograms,
      the pipe sank until it encountered a resistance below the layer of sand.
PAR  A matting comprising melt-spun polyamide filaments of an equivalent
      diameter of 0.01 to 2.0 millimeters and whose filaments were looped and
      bonded to the adjacent filaments at their points of intersections was
      filled with a similar sand. The thickness of the matting was 6
      centimeters. A pipe of similar dimensions was placed upright on the
      sand-filled matting and a load was applied to the pipe in a downward
      direction. The load was increased to 80 kilograms before any perceptible
      deformation of the surface could be observed.
PAC  EXAMPLE 2
PAR  An elastic matting of the thickness of 8 centimeters made of polyamide
      filaments of a diameter of 1.1 millimeters was laid out on a layer of sand
      of a grain size of 0 to 3 millimeters. The matting was filled with a
      similar grain size sand. This reinforced layer of sand was subjected to a
      dynamic vehicular load of 1500 kilograms. The reinforced layer of sand was
      repeatedly driven on with no perceptible surface deformation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vertical load bearing structure comprising the combination of a
      matting of looped, intersecting interbonded synthetic polymer filaments,
      and a compatible soil contained in the matting, said filament loops being
      at least one millimeter in diameter and having a loop extension of at
      least 10 times the individual filament diameter, the combination of
      matting and compatible soil having increased vertical load bearing
      capacity and resistance to lateral shifting over the individual elements
      of the combination.
NUM  2.
PAR  2. The vertical load bearing soil structure of claim 1 wherein said
      compatible soil is selected from the group consisting of clay, sand, and
      loose soil strata.
NUM  3.
PAR  3. The vertical load bearing structure of claim 1 wherein the compositon of
      said compatible soil is predominately clay.
NUM  4.
PAR  4. The vertical load bearing structure of claim 3 wherein the compatible
      soil is sand.
NUM  5.
PAR  5. The vertical load bearing soil structure of claim 1 wherein said matting
      has a thickness of 3 to 25 centimeters.
NUM  6.
PAR  6. The vertical load bearing soil structure of claim 5 wherein said matting
      has a thickness of 5 to 8 centimeters.
NUM  7.
PAR  7. The vertical load bearing soil structure of claim 1 wherein said matting
      is made of polyamide continuous filaments of an equivalent diameter of 0.1
      to 2.0 millimeters.
NUM  8.
PAR  8. The vertical load bearing soil structure of claim 1 wherein said
      synthetic polymer filaments are of a non-round, cross-section with an axis
      of symmetry between 2 and 10.
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ABST
PAL  Top and bottom segments of marine piling are spliced and reinforced in situ
      by surrounding them with an elongated cage of concrete mesh rebar stock or
      like material, surrounding the cage with an elongated concrete form bag,
      spacing the cage from the piling and the form bag from the cage, and
      pouring the form bag full of concrete mix thereby integrating the piling
      segments, the cage and the form bag into a repaired or spliced pile of
      substantial strength. Where the splice extends below the mud line, the
      area about the pile first is excavated down into the underlying solid
      ground to provide a concrete form basin which also is filled with concrete
      to provide a footing for the spliced pile.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus and method for splicing piles. It
      pertains particularly to apparatus and method for restoring to useful
      condition rotten and deteriorated marine piling such as are used to
      support docks, bridges, spans, trestles and like structures.
PAR  It is applicable particularly to the splicing of wooden piling although it
      conceivably could be applied to the strengthening or reenforcing of steel
      or concrete columns as well.
PAR  The piling used in harbors are along waterways to support docks, piers,
      bridges, trestles and like installations has a limited useful life because
      of the deteriorating effect of the elements, decay microorganisms, and, in
      particular, marine borers. When the piling has deteriorated to the point
      where the supported structure is dangerously weakened, the repair of the
      structure is made difficult because of its marine location and because of
      the fact that the defective piling are in an inaccessible location,
      beneath the structure they support. Accordingly, it is necessary in many
      instances to tear the structure down, replace the piling, and then rebuild
      the structure on the new piling. Where docks, warehouses and railroads are
      supported on the piling, a substantial inconvenience and economic loss
      result.
PAR  In the past it has been proposed to overcome this problem by cutting the
      involved sections from a defective pile, inserting a length of sound pile,
      and supporting the resulting patched pile by means of sleeves or other
      bracing elements placed about the joints. This practice has been
      unsatisfactory since it has been impossible to match the cuts of the pile
      segments so that uniform bearing across the meeting surfaces is obtained.
      As a result, the composite pile will tend to telescope, or slip sideways
      because of the angularity of the bearing faces, with resultant
      disadvantage to the supported structure.
PAR  It also has been proposed to splice piling by the use of various appliances
      placed about the pile and used as forms to cast concrete in situ about the
      deteriorated section of the pile, thereby strengthening and reinforcing
      it. However, the appliances used for this purpose have been cumbersome,
      expensive, difficult to use, and not productive of a splice of adequate
      strength. Furthermore, it has not been possible using the apparatus and
      method of the prior art to produce a concrete pile splice of uniform
      strength and dimensions in all of its areas.
PAR  It accordingly is the general purpose of the present invention to provide
      apparatus and method for splicing marine piling to produce a spliced pile
      of great strength, uniform properties, and accurate dimensions.
PAR  A further object of this invention is to provide apparatus and method for
      splicing piling which may be applied to any designated areas of piling, at
      substantial depths, and irrespective of the condition of the piling as
      long as it includes usable top and bottom segments.
PAR  Still another object of the present invention is the provision of apparatus
      and method for splicing piling which may be applied safely and
      inexpensively to piling or other supporting structures of diverse
      dimension, shapes, and degrees of deterioration.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of this invention are accomplished by the
      provision of a method for splicing in situ pile deteriorated by the action
      of the elements, microorganisms, or marine borers, which takes advantage
      of the fact that no matter how severely such piling has deteriorated above
      the mud line, there uniformly exists below the mud line a stud pile which
      usually extends into the mud a good many feet and which is perfectly
      sound. This stud accordingly is used as the base or foundation for
      building up a new pile including segments of the old pile by a method
      which includes the following steps:
PAR  Assuming that the deteriorated pile consists of a top segment underlying
      the dock or other structure, a sound bottom or stud segment buried in the
      mud, and an intermediate segment in various degrees of deterioration, the
      deteriorated segment may first be sawn away and a supporting post inserted
      in the resulting gap. An elongated concrete form bag of longitudinally
      collapsible, substantially fluid-concrete-impermeable material is fastened
      in collapsed condition to the upper segment.
PAR  An elongated cage of stiff, fluid-cement-permeable mesh material, such as
      mesh concrete form rebar, is wrapped around the piling, overlapping the
      top and bottom segments and bridging the gap between. A plurality of
      radially extending spacers are supported on the cage at predetermined
      intervals. If necessary, the cage may be spiked or otherwise secured to
      the top and bottom pile segments.
PAR  Next the bag is spread downwardly over the cage and fastened at its bottom
      end. Thereupon the spacers will bear on one end against the pile segments
      and on the other end against the inside surface of the form bag, spacing
      these members of the assembly from each other.
PAR  A concrete pouring hose then is introduced in the space between the cage
      and the form bag and wrapped spirally about the cage to the bottom of the
      assembly. Fluid concrete mix in unset condition is introduced into the
      form bag, the hose being withdrawn as the pour progresses. Because of the
      spiral application, a uniform distribution of the concrete is obtained.
PAR  Where the pile section to be treated extends to the vicinity of the mud
      line, the ground beneath the mud line preferably is jetted away to form a
      recess in a preliminary operation. This recess is filled with concrete to
      form a footing preliminary to filling the form bag.
PAR  The result is a finished spliced pile of uniform strength and contour from
      bottom to top and of great stability. This result is obtained without
      disturbing any of the superimposed structure and without the necessity of
      driving a new pile.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a foreshortened view in side elevation of a dock structure
      supported by a pile being spliced by the hereindescribed method with the
      apparatus employed for the purpose partly in position.
PAR  FIG. 2 is a fragmentary view in elevation similar to FIG. 1, the pile
      splicing operation being in a more advanced state.
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 2.
PAR  FIGS. 4 and 6 are fragmentary, detail views in side elevation and
      longitudinal section, respectively, of a spacing element employed in the
      hereindescribed pile splicing apparatus, illustrated in its open and
      closed positions, respectively; and
PAR  FIG. 5 is a fragmentary, detail perspective view further illustrating the
      spacing element of FIGS. 4 and 6.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the execution of the presently described pile splicing method, the
      defective pile section may either be retained, or in a preliminary
      operation it may be cut away, leaving an upper pile segment and a lower
      pile segment both of which are in relatively sound condition. In
      particular, the lower pile segment will be sound in the area below the mud
      line since microorganisms, crustaceons and other deteriorating agents are
      not active below the mud line, even over periods of many years. The
      embedded lower segment thus forms a stub upon which the repaired pile may
      be supported.
PAR  In another preliminary operation, the retained top and bottom segments are
      scraped to remove crustaceans and debris. In still a further preliminary
      operation, where the splice is to extend to the mud line, the area about
      the bottom of the pile is excavated by jetting or otherwise to provide a
      recess or hole 2 or 3 feet deep. As will be shown hereinafter, this serves
      as a form for casting a footing to be integrated with the spliced
      structure.
PAR  The result is the assembly in its preliminary phase illustrated in FIG. 1.
PAR  In this figure, the dock supported in part by the pile in question is
      indicated at 10. The upper segment of the pile, cut off and cleaned, is
      indicated at 12. The lower pile segment, also cleaned and extending
      downwardly into the mud, is illustrated at 14. The recess or hole to be
      used as a concrete footing form is shown at 16.
PAR  The top and bottom pile segments are separated by a gap, in the event that
      a deteriorated central section of the pile has been sawn away.
PAR  Where the top and bottom pile segments are separated by a space, they may
      be stabilized by the insertion of a support post 18 the ends of which are
      toe-nailed to the pile segments.
PAR  The three key components of the hereindescribed pile splicing apparatus are
      first, an elongated concrete form bag used to contain and form the
      concrete employed in splicing the pile; second, an elongated cage of stiff
      mesh material used to interconnect the top and bottom pile segments and
      provide a body for the apparatus preliminary to filling the form bag with
      concrete; and third, a plurality of radially extending spacers supported
      on the cage and serving the functions of spacing the cage from the pile
      segments and the concrete form bag from the cage.
PAR  Considering these in order:
PAR  The first of these, concrete form bag 20, comprises a length of
      longitudinally collapsible, substantially fluid-concrete-impermeable
      material dimensioned to extend the entire length of the pile section to be
      treated. This may be as much as 40 feet, or even more.
PAR  Since the form bag will contain several tons of concrete mix, it is
      essential that it be characterized not only by non-porosity, but also by
      great strength. Also, it should be resistant to the action of
      microorganism and sea animals over long periods of time, since it adds
      strength and stability to the piling even after the concrete has set.
PAR  Although various materials may be employed, a preferred material comprises
      non-porous, woven, Nylon fabric. This fabric is available in the form of
      woven cloth having a tensile strength of over 16 pounds per square inch on
      the warp and the same strength on the fill.
PAR  The concrete form bag may be supplied as a tube or hollow cylinder of the
      desired diameter. It may be either seamed or seamless. In certain
      situations, it may be more convenient to supply it as a flat sheet having
      a zipper along its longitudinal edges so that during construction of the
      apparatus, the form bag may be made by wrapping the sheet around the cage
      and closing the zipper.
PAR  In the form of the invention illustrated in FIGS. 1 and 2, the form bag 20
      comprises a tube of the selected fabric. It is applied in the preliminary
      stage by being collapsed longitudinally and slipped upwardly over the
      lower end of upper pile segment 12, before support post 18 has been
      inserted between the pile segments. The collapsed form bag is elevated to
      approximately the upper limit of the splice, which may or may not be above
      the water line 22. It is maintained there temporarily by means of ties 24
      tacked to the pile segment.
PAR  The second key component of the hereindescribed pile splicing assembly
      comprises a cage 30. This has a length sufficient to cover the entire
      splice area. It has a diameter greater than the pile segments to be
      spliced together, but less than that of form bag 20. Like the form bag, it
      normally is of cylindrical contour, though this is not necessarily so.
PAR  Cage 30 may be fabricated from various structural materials provided they
      are stiff, self-supporting and fluid-concrete-permeable. Wire mesh of
      substantial pore size is suitable, and number 9 concrete rebar mesh is a
      preferred material.
PAR  When the cage is made from wire mesh or concrete rebar, it may be fastened
      together through integral fasteners 32 comprising reversely bent and
      interlocked, horizontally disposed wire components of the mesh, FIG. 3.
PAR  The third principal component of the hereindescribed pile splicing assembly
      comprise the radially extending spacing elements indicated generally at
      40. These have for their function maintaining the pile segments, cage and
      concrete form bag properly aligned and in properly spaced relation to each
      other. Basically, the spacing elements comprise a first abutment section
      which bears against the pile segments, a second abutment section which
      bears against the form bag, and interlocking or fastening means which
      fasten the abutment sections to each other and to the cage. A preferred
      form of fastener and its manner of use are illustrated in FIGS. 3-6
      inclusive.
PAR  Thus each spacer 40 comprises a first abutment section 42 which bears
      against the pile segment and a second abutment section which bears against
      the form bag. These sections are dimensioned to provide the necessary
      bearing surface, and also to space apart the assembly components to the
      desired and predetermined extent. In a typical instance spacing elements
      42, may have lengths of 4 inches, thereby spacing the bag from the cage,
      and the cage from the piling, by like amounts.
PAR  Although each spacing element may be made of solid material, it is
      preferred to fabricate its outer areas from hollow sheet material for
      reasons of economy. A port 46 then may be provided in the hollow area to
      permit entry of fluid concrete mix.
PAR  Spacing elements 42, are interconnected by prong and socket type fasteners
      the construction and manner and application of which are shown
      particularly in FIGS. 4, 5 and 6.
PAR  Thus each spacing element 42 has a pair of spaced recesses 48 and also a
      pair of outwardly extending prongs or spurs 50 the heads of which are
      provided with retaining shoulders which match corresponding shoulders in
      the recesses. Recesses 48 and prongs 50 are arranged in a pattern such
      that when two of the spacing elements are arranged opposite each other,
      the prongs of one will register with the recesses of the other.
PAR  Prongs 50 are made of a deformable resilient material and accordingly when
      the two spacing elements are in their FIG. 4 position, one on each side of
      cage 30, they may be pressed together to assume the interlocked position
      of FIG. 6 with the wire mesh locked between the two elements. This
      supports the spacer in its radially extending position, ready for use.
PAC  OPERATION
PAR  The manner of splicing piling using the hereindescribed apparatus is as
      follows:
PAR  First the defective piling supporting a dock 10 is scraped clean of all
      marine growth and accumulations. Next, if necessary the defective central
      section is cut away to leave top pile segment 12 and bottom pile segment
      14. A recess 16 is hollowed out about the base of the piling, below the
      mud line, by jetting or otherwise. In a typical case, where there is an
      overlying mud layer two feet thick, the recess may be excavated to a total
      depth of about three feet to extend it into solid ground.
PAR  Tubular concrete form bag 20 is collapsed and inserted over top segment 12
      to a location marking the top of the splice. It is maintained temporarily
      in its collapsed position by means of ties 24.
PAR  Support post 18 is inserted between top and bottom pile segments 12, 14 and
      toe nailed to the latter for supporting and stabilizing the top segment.
      Spacers 40 are placed at predetermined intervals across the area of cage
      30.
PAR  The wire cage with the spacers in place is wrapped around the pile by a
      diver so that it encircles part of the top and bottom pile segments and
      bridges the space therebetween. The meeting ends of the cage are
      interlocked by integral fasteners 32, as shown in FIG. 3.
PAR  The cage is maintained in position either frictionally or, preferably, by
      nailing it top and bottom to the pile segments.
PAR  Next the collapsed form bag is released and guided by the diver over the
      cage and attached spacers until it covers the entire cage and area to be
      spliced. Its bottom margin normally will extend into recess 16. It is
      pulled tight and nailed top and bottom with nails 52 to the top and bottom
      pile segments.
PAR  In an alternate procedure, where a zipper-equipped flat sheath is employed,
      the foregoing procedure is modified by placing the cage with attached
      spacers and then wrapping the sheath around the cage. The zipper is closed
      to form a tube which then is tacked top and bottom as before.
PAR  The assembly then has the appearance illustrated in FIG. 2. Cage 30 is
      spaced from pile segments 12, 14 by the inner abutment elements 42 of the
      spacers. It is spaced the desired distance from form bag 20 by the outer
      abutment elements 42 of the spacers.
PAR  The assembly thus is ready to receive and be filled by the poured cement
      mix. To this end there is provided a fast curing cement which first is
      poured in recess 16 to provide a footing 54. Next, an opening 56 is cut in
      the top of form bag 20.
PAR  With the help of a diver, a trimming hose 58 is worked through the opening
      and spiraled around the cage inside the bag in the manner shown in FIG. 2.
      The pour then is started. During the pour, the hose is withdrawn in spiral
      fashion as the pour progresses. This insures that the concrete will be
      distributed uniformly about the piling segments.
PAR  As the pour bag is filled with concrete, the fluid, unset cement mixture
      fills the areas about the piling segments, between the separated ends of
      the piling segments, between the meshes of cage 30, and between the cage
      and the inner surface of the form bag. This extends the latter until it
      assumes the configuration 20 of FIG. 2. It is to be noted that in this
      configuration it extends downwardly into the still soft cement of footing
      54, thereby integrating the footing with the cement.
PAR  After pouring, the cement sets rapidly. In a typical instance, it developes
      a strength of 3,000 pounds break in 7 days, 4,000 pounds in 10 days and
      more than 5,000 pounds in 14 days.
PAR  The piling thus is restored to strength uniformly along its length. At the
      same time, cage 30 is protected by a substantial layer of concrete so that
      it does not space nor rust away. The surface of the concrete is protected
      from cracking by form bag 20a, which is left in position for the life of
      the piling.
PAR  This result is accomplished rapidly and with safety by a crew of but three
      men, who can splice as many as 15 piling a day. It is done without
      disturbing the pile-supported dock, warehouse, bridge or other
      installation, which can function in normal manner during the consummation
      of the splicing program.
PAR  Furthermore, the procedure is ecologically acceptable since it does not
      produce an environmental change in the water, and pilings, which are in
      short supply, are saved since new ones need not be used.
CLMS
STM  Having thus described our invention in preferred embodiments, we claim:
NUM  1.
PAR  1. Apparatus for splicing in situ top and bottom segments of marine piling,
      the bottom segment being embedded in the ground, the apparatus comprising
      in combination:
PA1  a. an elongated cage of stiff, fluid-cement-permeable mesh material
      dimensioned to surround and overlap both of the pile segments while
      bridging the space between the segments,
PA1  b. an elongated concrete form bag of longitudinally collapsible,
      substantially fluid-cement-impermeable material dimensioned to overlie the
      cage,
PA1  c. a plurality of radially extending spacers dimensioned to abut the pile
      segments on one side of the cage and the concrete form bag on the other
      side of the cage, thereby spacing the cage predetermined radial distances
      to opposite sides of the pile segments and form bag, respectively,
PA1  d. securing means securing the spacers to the cage, and
PA1  e. fastening means fastening the top and bottom of the concrete form bag to
      the top and bottom segments of the marine piling, respectively.
NUM  2.
PAR  2. The pile splicing apparatus of claim 1 wherein the pile segments are
      spaced from each other and including a post inserted in the space between
      the segments and bearing endwise against the same.
NUM  3.
PAR  3. The pile splicing apparatus of claim 1 wherein each spacer comprises two
      separate abutment sections and the securing means comprises at least two
      prongs and cooperating recesses on the confronting surfaces of the
      abutment sections, the prongs being spaced apart laterally for receiving
      the cage mesh material between them.
NUM  4.
PAR  4. The method of splicing in situ top and bottom segments of deteriorated
      piling which comprises:
PA1  a. mounting an elongated cage of stiff, fluid-cement-permeable mesh
      material about the piling, overlapping both of the pile segments,
PA1  b. mounting an elongated concrete form bag of longitudinally collapsible,
      substantially fluid-cement-impermeable material about the cage,
PA1  c. spacing the cage a predetermined radial distance outward from the piling
      and the concrete form bag a predetermined radial distance outward from the
      cage.
PA1  d. securing the top and bottom of the concrete form bag to the top and
      bottom segments of the piling, respectively,
PA1  e. filling the spaces between the cage and piling and concrete form bag and
      cage with unset, pourable cement mix and
PA1  f. permitting the cement mix to harden, thereby forming an integrated
      spliced pile including the piling segments, the cage, and the concrete
      form bag.
NUM  5.
PAR  5. The method of claim 4 including the step of cutting away a deteriorated
      central section of the piling and inserting a support post between the
      residual top and bottom segments thereof preliminary to placing the cage
      and concrete form bag.
NUM  6.
PAR  6. The method of claim 4 including the step of longitudinally collapsing
      the concrete form bag and attaching its upper end to the top pile segment
      preliminary to placement of the cage about the piling, and thereafter
      spreading the form bag downwardly about the cage and fastening its lower
      end to the bottom pile segment.
NUM  7.
PAR  7. The method of claim 4 including the step of digging a hole of
      predetermined depth and span about the bottom of the piling below the mud
      line, extending the concrete form bag into the hole and securing it to the
      piling, filling the hole with unset liquid cement mix, and thereafter
      filling the concrete form bag with unset liquid cement mix before the
      liquid concrete mix in the hole has set, thereby forming a concrete
      footing integrated with the pile.
NUM  8.
PAR  8. The method of claim 4 including the step of introducing unset fluid
      cement mix spirally about the pile in the space between the cage and the
      form bag.
NUM  9.
PAR  9. The method of claim 4 including the initial steps of cutting away a
      deteriorated central section of the piling, longitudinally collapsing the
      concrete form bag and inserting it upwardly over the top piling segment,
      and inserting a support post between the top and bottom piling segments.
NUM  10.
PAR  10. Apparatus for splicing in situ top and bottom vertically aligned
      segments of marine piling and comprising in combination:
PA1  a. a wire mesh cage dimensioned to surround and overlap both of the pile
      segments a spaced distance radially therefrom,
PA1  b. a substantially water-impervious-concrete form bag dimensioned to
      overlie the cage and
PA1  c. a plurality of radially extending spacers supported on the cage and
      dimensioned to space the cage a predetermined distance outward from the
      pile segments and the form bag a predetermined distance outward from the
      cage,
PA1  d. each spacer comprising
PA2  1. two abutment sections one disposed on each side of the cage and
PA2  2. prong and recess interconnecting means on the adjacent faces of the
      abutment sections arranged for mutual interengagement of the sections with
      each other and with the wire mesh of the cage.
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ABST
PAL  A power cylinder of the multiple stage telescoping type that is
      characterized by a plurality of telescoping piston and cylinder
      assemblies, each of which comprises a composite cylinder and piston sleeve
      construction and an end closure construction that provides an extension
      stop for the piston sleeve of the next adjacent stage. The apparatus is
      further characterized by a quickly detachable base plate construction
      which permits ready access to the interior components of the cylinder via
      the base end thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid actuated cylinders and more particularly to
      apparatus of this type that include a plurality of telescoping sections.
PAC  PROBLEMS IN THE ART
PAR  In the manufacture of telescoping power cylinders of the large industrial
      type, such as are used on truck dump bodies, there has been the practice
      in the art to fabricate the telescoping piston and cylinder assemblies
      from tubular members or uniform thickness throughout their axial length.
      Also such prior arrangements have been provided with separate stop rings
      mounted on the confronting cylinder and piston surfaces between each
      successive stage which stops rings function to limit the axial extension
      of each successive stage. Such structural arrangements have often been
      subject to early structural failure due to insufficient intersurface area
      between the piston and cylinder surfaces, as well as due to failure of the
      separate stop ring structures.
PAR  It has also been the practice in the art to fabricate such cylinders by
      welding base end plates directly to the cylindrical housing and such
      mounting practices have presented a problem in that heat imposed
      distortion of the cylindrical working surfaces has often occurred with
      resulting distortion of the interior cylindrical working surfaces. Hence
      remachining of such surfaces after welding has often been required.
PAR  Also in such prior power cylinder construction the end closures for the
      base end and ram end have generally been welded in place making access to
      the interior of the power cylinder by breaking of the welds relatively
      difficult when disassembly for servicing and repair becomes necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the power cylinder of the present invention comprises an outer
      tubular housing means within which are mounted a plurality of
      progressively extendable piston and cylinder assemblies arranged in
      telescoping relationship such that when the device is pressurized the
      cylindrical members progressively extend from the housing means so as to
      apply force to the load being actuated.
PAR  More particularly, the piston and cylinder assemblies are constructed in a
      novel manner wherein cylindrical members are provided with external piston
      sleeves, the latter serving to strongly reinforce the base ends of the
      cylindrical members to provide relatively large areas of piston to
      cylinder contact, and also form stop engaging shoulders for limitiing the
      movement of the assembly. In addition each of the piston and cylinder
      assemblies includes an end closure for the next successive stage that also
      functions as a stop for the stop engaging shoulder of the piston sleeve of
      such next successive stage.
PAR  The power cylinder construction further includes a base means for pivotally
      mounting the cylinder to a base pivot which base means includes a novel
      structural arrangement that makes possible means for pivotally mounting
      the cylinder to a base pivot, and includes a novel structural arrangement
      that makes possible forming a welded junction between the tubular housing
      means and the base means without causing heat imposed distortion of the
      cylindrical surfaces of the interior components of the power cylinder.
PAR  The components of the apparatus further include unique structure adapted
      for the rapid assembly and disassembly of the housing base means as well
      as the above mentioned piston and cylinder assemblies.
PAR  It is therefore an object of the present invention to provide improved
      telescoping power cylinders which include novel piston and cylinder
      assemblies with increased intersurface contact as well as integral piston
      stop arrangements of high structural strength.
PAR  It is another object of the present invention to provide a novel power
      cylinder that includes an improved base means construction that can be
      ruggedly mounted on the device by welding without causing heat imposed
      distortion of machined surfaces of the internal working components.
PAR  It is still another object of the present invention to provide a novel
      telescoping power cylinder that includes housing base means uniquely
      adapted for rapid assembly and disassembly.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a side elevational view, partially in section, of a power
      cylinder constructed in accordance with the present invention, the section
      being taken along a vertical plane through the centerline of the
      apparatus;
PAR  FIG. 2 is a partial enlarged sectional view corresponding to FIG. 1;
PAR  FIG. 3 is an end elevational view of the apparatus of FIG. 1; and
PAR  FIG. 4 is an end sectional view of the apparatus of FIG. 1, the section
      being taken along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in detail to the drawings, FIG. 1 illustrates a power cylinder
      constructed in accordance with the present invention which comprises an
      outer tubular housing means indicated generally at 20, and a base means
      indicated generally at 22, the latter including a unique base plate
      construction 140-142 removably attached with respect to the housing means
      in a manner later to be described.
PAR  Housing means 20 contains a plurality of piston and cylinder tube
      assemblies, the first stage being indicated generally at 24. The second,
      third, and fourth stage tube assemblies are indicated generally at 26, 28,
      and 30 respectively and a central ram assembly, comprising the fifth stage
      is indicated generally at 32.
PAR  Housing 20 includes an inner cylindrical surface 34 and the cylindrical
      inner surfaces of the successive stages are designated 36, 38, and 40.
PAR  Each of the above mentioned stages includes and outer piston sleeve 44, the
      end of which comprises ab abutment 46 that is arrested by a respective
      stop 48, 49, 51, 53, or 55 provided by permanently attached end caps 50,
      57, 59, 61, or 63, the latter including seals 52 and internal wear rings
      54.
PAR  It should be mentioned that the annular piston sleeves 44 are provided with
      seals 56 and wear rings 58.
PAR  Referring particularly to FIG. 2, each of the piston and cylinder tube
      assemblies 24 through 30 includes a respective transfer disc 62, 64, 66,
      and 68. Each transfer disc is secured to its respective cylindrical member
      by a snap ring such as the relatively large snap ring 70 used in the first
      stage.
PAR  Referring particularly to the first stage, transfer disc 62 comprises
      confronting disc members 72 and 74 joined together by a plurality of cap
      screws 76 and the surface 78 of disc member 74 is provided with an annular
      recess 80, which recess together with the surface 82 on disc member 72
      form a slot that confronts a second annular slot 86 with said confronting
      slots serving to mount the previously mentioned snap ring 70.
PAR  It will now be understood that when cap screws 76 are removed the disc
      member 74 can be pulled outwardly from cylindrical member 45 thereby
      permitting removal of snap ring 70 and the inner disc member 72.
PAR  Each of the succeeding second, third, and fourth stages are of the same
      construction. However, here the snap rings 90, 92, and 94 are of lighter
      construction since they are not required to resist axial stresses as high
      as those imposed on the larger diameter first stage.
PAR  It should next be mentioned that oil passages 91 are provided between the
      confronting faces of the transfer discs 62, 64, and 66 such that oil
      cannot be trapped between the stages, for example, in the annular space 93
      between the first and second stages. It will be understood that fluid is
      free to pass from the annular space 93 via oil passage 91 to a central
      chamber 95 formed by openings in the center of the transfer discs.
PAR  Referring next to the central ram indicated generally at 32, it should be
      pointed out that since the cylinder is of the double acting type it
      necessarily includes two oil inlet-outlet openings 102 and 104. When port
      102 is pressurized fluid will flow via passage 106, annular chamber 108
      and thence through the axial bores 110 to the end surfaces 46-53 of the
      piston sleeves of the various stages. Conversely when the other port 104
      is pressurized, oil will flow via passage 112 and chamber 95 and into
      pressurized engagement with the annular areas formed by the other ends of
      the piston and cylinder assemblies.
PAR  It should now be mentioned that as each of the various stages extend
      beginning with first stage 24, its movement will be arrested when the
      respective end surface or abutment 46 on its piston sleeve 44 engages an
      end stop 48-55. It should be mentioned that these end stops are integrally
      formed by the end closures 50, 57, 59, 61 and 63 of the various stages.
      Also, it should be noted that the piston and cylinder tube assembly of
      each stage utilizes its respective piston sleeve 44 and more particularly
      the end thereof as the stop engaging means for arresting the movement of
      the particular stage. Hence the need for any separate stop ring structure
      is completely eliminated by the present unique construction.
PAR  It will be noted from FIG. 1 that the central ram 32 is provided with a
      bore 120 which forms a bearing hole for the pivot pin on the load.
PAR  Reference is next made to the construction of the previously mentioned base
      means 22, which comprises an annular collar 126 provided with a recess
      surface 128 which is sized to slide over outer surface 130 on the end of
      the tubular housing. Annular collar 126 is provided with arcuate slots 132
      which provide access for forming weld beads 134 which secure collar 126 to
      the end of the cylindrical housing.
PAR  With continued reference to FIG. 1, collar 126 includes bearing bushings
      136, each of which includes a bearing hole 138 for receiving a pivot pin
      for mounting the base of the cylinder to the load.
PAR  At this point it should be pointed out that collar 126 is secured to
      housing means 22 only by welds 134 which are made at the very end of the
      housing means and on opposite sides thereof via the access slots 132, such
      that the only welding between the base collar 126 and cylindrical housing
      20 is remote from the machined inner surface of cylinder wall 34 of the
      housing means as well as remote from the operating components within the
      housing means.
PAR  Hence, it will be understood that the bearing surfaces and operating
      components are, due to the particular attaching means for the base, remote
      from the intense heat necessarily applied during the welding operation.
PAR  Referring particularly to FOG. 2, the base means 22 further includes an
      inner base plate 140 joined to an outer base plate 142 at confronting
      surfaces 144 and 146. The outer base plate 142 is provided with a bore 147
      and a cap screw 148 is extended through the bore and into threaded
      engagement with a hole 150 in inner base plate 140. It will be noted that
      outer base plate 142 includes a recess 152 that forms an annular groove
      that confronts an annular groove 154 in the cylindrical member in the
      housing member 20. A base snap ring 160 is removably disposed in the
      confronting grooves 152 and 154. Hence it will be understood that when the
      cap screws 148 are removed then outer base plate 142 can be pulled out of
      the bore. The base snap ring 160 is next contracted by gripping the ring
      at the leg holes 71 and pulled out of the bore. Hence the inner base plate
      140 is now free to be pulled out of the outer bore.
PAR  In operation, when the central passage 95 is pressurized via extension port
      104, then the fluid pressure exerted on the annular surfaces of the piston
      and cylinder assembly will cause all of the stages to move out together.
      When this occurs it will be understood that the major force is exerted on
      the first stage 24 and such fluid force is transmitted mechanically to the
      next successive stages 26, 28, and 30 and thence to the central ram 32.
PAR  The first stage 22 will continue to extend until its stop-engaging shoulder
      46 is arrested by stop 48 on front closure 50.
PAR  After extension of the first stage, stages two, three, four, and the center
      ram will start to extend and here the hydraulic stress imposed upon second
      stage 64 will be transmitted axially via stages three and four directly to
      the inner end 175 of central ram 32.
PAR  The stages will progressively extend from the central ram 32 moved to its
      full extension as the last movement of the assembly.
PAR  It will now be understood that due to the novel arrangement of the transfer
      disc 62-68 that the hydraulic forces exerted on the snap rings 70, 90, 92
      and 94 are reduced to a minimum thereby permitting the use of such snap
      rings for the beneficial advantages of ease of fabrication and disassembly
      for servicing.
PAR  While the form of embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple stage telescoping power cylinder comprising, in combination,
      housing means including a tubular housing member provided with a
      cylindrical inner housing surface, a removable housing base means, passage
      means for the flow of pressurized fluid to and from said housing means to
      effect telescoping of said cylinder, and a housing end closure including a
      shoulder forming a first stage stop and a housing end opening; a first
      stage piston and cylinder assembly mounted in said housing means and
      including a first stage cylindrical member provided with a first stage
      inner surface extended outwardly of said housing and opening, a first
      stage cylindrical piston sleeve surrounding said first stage cylindrical
      member and including an outer sleeve surface in sliding sealed engagement
      with said inner housing surface, said sleeve including an end shoulder for
      engagement with said first stage stop, and a first stage end closure
      including a shoulder forming a second stage stop; a second stage piston
      and cylinder assembly mounted in said first stage assembly and including a
      second stage cylindrical member provided with a second stage inner surface
      extended outwardly of said first stage end opening, a second stage
      cylindrical piston sleeve surrounding said second stage cylindrical member
      and including an outer sleeve surface in sliding sealed engagement with
      said inner first stage surface, said sleeve including an end shoulder for
      engagement with said second stage stop, and a second stage end closure
      including a shoulder forming a third stage stop; and a ram means slideably
      mounted in the inner stage of the piston and cylinder tube assemblies,
      each of said piston and cylinder assemblies includes a base end formed of
      outer and inner disc members removably fastened together at confronting
      surfaces, a peripheral annular groove in certain of said confronting
      surfaces in aligned relationship with an annular groove in a respective
      surrounding cylindrical surface, a snap ring in said annular grooves, and
      a removable fastener extended through said outer disc member and in
      threaded engagement with said inner disc member, said fastener being
      removable from said base end to provide access to said snap ring whereby
      said snap ring and inner disc member can be removed from said base end of
      the piston and cylinder assembly.
NUM  2.
PAR  2. The power cylinder of claim 1 wherein said base means includes an inner
      annular base member and an outer annular base member removably fastened
      together at confronting base member surfaces, certain of said surfaces
      including an annular groove confronting an annular groove in said housing
      means; and a snap ring removably mounted in said confronting annular
      grooves.
NUM  3.
PAR  3. A multiple stage telescoping power cylinder characterized by housing
      means including a removable housing base means and a housing end closure
      forming a first stage stop; a plurality of telescoping piston and cylinder
      assemblies in said housing means in surrounding relationship with a
      central ram, each of said assemblies including a cylindrical member
      provided with an end closure forming a stop for the next inward assembly,
      each of said piston and cylinder assemblies includes a base end formed of
      outer and inner disc members removably fastened together at confronting
      surfaces, a peripheral annular groove in certain of said confronting
      surfaces in aligned relationship with an annular groove in a respective
      surrounding cylindrical surface, a snap ring in said annular grooves, and
      a removable fastener extended through said outer disc member and in
      threaded engagement with said inner disc member, said fastener being
      removable from said base end to provide access to said snap ring whereby
      said snap ring and inner disc member can be removed from said base end of
      the piston and cylinder assembly.
NUM  4.
PAR  4. A telescoping type power cylinder comprising, in combination, an outer
      tubular housing means including a housing inner wall, a housing base end
      provided with a housing base opening, and a housing outer end provided
      with a housing outer opening; base means removably mounted on said housing
      base end and forming a closure for said base opening, said base means
      being removable from said base end to provide access through said base
      opening to the interior of said outer tubular housing means; a first stage
      piston and cylinder tube assembly including a first stage cylindrical
      member slideably mounted in said housing inner wall and including a first
      stage inner wall, a first stage base end provided with a first stage base
      opening, a first stage outer end provided with a first stage outer
      opening; a first stage transfer disc removably mounted on said first stage
      base end, said first stage transfer disc and base including confronting
      annular grooves; a first stage snap ring removably mounted in said
      confronting annular grooves; a second stage piston and cylinder tube
      assembly including a second stage cylindrical member slideably mounted in
      said housing inner wall and including a second stage inner wall, a second
      stage base end provided with a second stage base opening, a second stage
      outer end provided with a second stage outer opening; a second stage
      transfer disc removably mounted on said second stage base end, said second
      stage transfer disc and base end including confronting annular grooves; a
      second stage snap ring removably mounted in said confronting annular
      grooves, each of said transfer discs of each of said stages including
      inner and outer disc portions removably fastened together at confronting
      disc surfaces by threaded fasteners, said fasteners being accessible and
      removable through said base openings, one of said confronting annular
      grooves being formed by said confronting disc surfaces; and a third stage
      ram means including an outer wall slideably mounted in said second stage
      inner wall, an inner ram end, and an outer ram end, said transfer discs of
      said first and second stage cylindrical members being positioned in
      axially aligned contiguous force transmitting relationship with one
      another and with said inner ram end.
NUM  5.
PAR  5. The power cylinder defined in claim 4 that includes means forming a
      pressure release passage for the flow of fluid between the cylindrical
      members and a central chamber when the transfer discs are in said
      contiguous relationship.
NUM  6.
PAR  6. The power cylinder defined in claim 4 wherein said tubular housing means
      and base means include confronting annular grooves; and a snap ring
      removably mounted in said confronting annular grooves.
NUM  7.
PAR  7. The power cylinder defined in claim 4 wherein said base means includes
      an inner annular base member and an outer annular base member removably
      fastened together at confronting base member surfaces, certain of said
      surfaces including an annular groove confronting an annular groove in said
      housing means; and a snap ring removably mounted in said confronting
      annular grooves.
NUM  8.
PAR  8. A multiple stage telescoping power cylinder characterized by housing
      means including a housing base opening; a housing base means removably
      covering said base opening to provide access to the telescoping stages
      within said housing means; a plurality of telescoping piston and cylinder
      assemblies in said housing means and surrounding a central ram, each of
      said assemblies including a cylindrical member, transfer disc means on one
      end of the cylindrical member, and a snap ring disconnectably mounting
      said transfer disc means to said cylindrical member, said transfer disc
      means including inner and outer disc portions, and threaded fasteners
      accessible from said housing base opening removably securing said disc
      portions together at confronting disc surfaces, one of said annular
      grooves being formed by said confronting disc surfaces to permit access to
      and removal of said snap ring upon removal of said threaded fasteners.
NUM  9.
PAR  9. The power cylinder of claim 8 wherein said housing base means includes
      inner and outer base plates joined together at confronting base surfaces,
      a base snap ring retained between said base surfaces and extended into a
      groove in said housing means; and threaded fasteners accessible from said
      housing base opening removably securing said base plates together to
      permit access to and removal of said base snap ring.
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ABST
PAL  An expander compressor unit for a vapor compression refrigeration system is
      disclosed. The unit has a rotor which is provided with radial passageways
      terminating in tangentially oriented nozzles for expanding the
      high-pressure fluid and utilizing the kinetic energy of the expanding
      fluid to propel the rotor. The rotor is in driving engagement with a
      compressor which serves to compress fluid in the cycle. By this means the
      expander compressor unit substantially improves the efficiency of the
      cycle through efficient expansion of the refrigerant prior to
      evaporization and through reduction of the net work input into the system.
PARN
PAR  This is a division of application Ser. No. 422,759 filed Dec. 7, 1973, now
      U.S. Pat. No. 3,864,065 issued Feb. 4, 1975.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to refrigeration systems, and more
      particularly, to an expander compressor unit which utilizes the work
      expended in direct expansion of a refrigerant to power a turbine which
      drives a small compressor to aid the primary compressor of a refrigeration
      system in compressing gaseous vapors from evaporator pressure to condenser
      pressure.
PAR  Vapor compression refrigeration cycles and apparatus for carrying out these
      cycles are well known. In theoretical vapor compression refrigeration,
      saturated vapor refrigerants at low pressure enter a compressor and
      undergo isentropic compression. The high pressure vapor enters a condenser
      and heat is rejected from the fluid at constant pressure from the
      condenser. The working fluid leaves the condenser as a saturated liquid.
      An isenthalpic throttling process follows across an expansion valve or
      capillary tube. The working fluid is then evaporated at constant pressure
      with the working fluid absorbing heat to complete the cycle.
PAR  In the past, the design of direct expansion refrigeration units has not
      generally taken advantage of the energy or available work lost in the
      execution of the cycle through the throttling or free expansion of the
      liquid refrigerant into the evaporator of the refrigeration machine.
      Generally, only limited use has been made of the conversion into
      mechanical energy of the kinetic energy possessed by the refrigerant which
      flows from the high pressure side to the low pressure side of the
      refrigeration system. For example, it is known to power a compressor with
      the refrigerant discharged from the capillary tube. The compressor is
      arranged in the auxiliary circuit which includes a second evaporator. In
      this way, a two temperature system is provided in which the additional
      evaporator can be operated within a temperature range lower than that of
      the evaporator in the main circuit. Typical of systems of this type is the
      refrigeration system method shown in U.S. Pat. No. 2,519,010.
PAR  Other attempts at utilizing the kinetic energy of refrigerant expansion
      have concentrated mainly on pumping or recirculating refrigerant or
      lubricants. For example, U.S. Pat. No. 2,763,995 discloses the use of high
      pressure refrigerant directed against the blades of a turbine. The turbine
      has a shaft which is connected to a centrifugal pump. The pump serves to
      recirculate oil rich liquid refrigerant back to the compressor.
PAR  Generally, however, systems as described above which utilize or attempt to
      utilize the work expanded in the throttling or expansion process have not
      found wide acceptance. As pointed out, most of these systems attempt to
      utilize the kinetic energy to perform some auxiliary operation such as the
      circulation of lubricating fluid. Accordingly, the equipment necessary for
      its recovery has not been thought to be economically feasible. Very little
      work has been done in utilizing this energy to improve the performance and
      efficiency of the basic vapor compression refrigeration cycle.
PAR  The present invention provides an expander compressor in which the
      saturated liquid from the condenser is expanded and flashed through
      nozzles of a shaft mounted rotor causing a tangential propelling force to
      be applied to the rotor and an attached turbine shaft. The turbine shaft
      drives an axial compressor unit. On the compressor side, saturated vapor
      from the evaporator enters the vane chamber of the compressor and is
      compressed into the super heat region and is discharged into an annular
      chamber either to the primary compressor or directly to the condenser of
      the air conditioning unit. A small fraction of the saturated liquid
      refrigerant entering the unit is utilized to provide full film lubrication
      of the shaft bearings. The compressor section of the unit may include an
      appropriate inducer section to pull the refrigerant into the blades of the
      compressor section. The rotor can be modified for various capacity systems
      by changing the nozzle size or by adding more discharge passages to the
      expander section.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from reading the following claims, specifications and
      drawings in which:
PAR  FIG. 1 is a graphical representation of a vapor compression refrigeration
      cycle on the temperature (T) and entropy (S) coordinates;
PAR  FIG. 2 is a schematic representation of the vapor compression refrigeration
      cycle;
PAR  FIG. 3 is a longitudinal sectional view showing the expander compressor of
      the present invention;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view showing another embodiment of the
      expander compressor of the present invention; and
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  The theoretical ideal cycle for vapor compression refrigeration is shown in
      FIG. 1 and represented as cycle 1,2,3,4,1. The cycle of operation is shown
      in the T-S plane. Point 1 represents the state of the refrigerant entering
      the compressor. Usually in this state the refrigerant is nearly dry
      saturated vapor. The saturated vapor at low pressure enters the compressor
      and undergoes adiabatic compression 1-2. During the compression, the
      refrigerant is usually super-heated. In state 2, the super-heated vapor
      passes into the condenser and is cooled at constant pressure and then
      condensed at constant temperature. Heat is rejected in the process 2 to 3.
      The working fluid leaves the condenser as a saturated liquid. A throttling
      process follows from 3-4 and the working fluid is then evaporated in
      process 4 to 1, to complete the cycle. During the evaporation process, the
      refrigerant is vaporized. As is well known in thermodynamics, the amount
      of heat (QL) removed by the refrigerant is represented by the change in
      entropy occurring in the process 4 to 1 as projected on the horizontal
      coordinate as a-b. The work (W) expended in achieving this amount of heat
      removal represented along a-b is represented by the energy expended in
      compression from 1 to 2 as seen in FIG. 1. The coefficient of performance
      (COP) of a refrigeration cycle is represented by the equation:
      ##EQU1##
PAR  The present invention utilizes conversion of the kinetic energy of the
      refrigerant to mechanical energy to drive a turbine in the system located
      between the condenser and the evaporator. The high pressure refrigerant is
      expanded through nozzles located on a turbine rotor. The turbine is
      mechanically connected to drive a centrifugal compressor located
      downstream of the evaporator which serves to partially compress the
      refrigerant prior to entry at the intake of the main compressor. The
      schematic representation of the system of the present invention is shown
      in FIG. 2.
PAR  As can be seen in FIGS. 1 and 2 a small expander-compressor can boost the
      performance of the refrigeration cycle by two mechanisms. A discussion of
      the theoretical advantages derived from the present invention will assist
      in understanding the present invention. The first mechanism by which
      efficiency is improved is removal of energy from the saturated liquid
      vapor mixture during throttling prior entry to the evaporator to improve
      the heat absorbing capability of the mixture. As the vapor mixture reaches
      the evaporator at lower entropy, the vapor is able to absorb an additional
      amount of heat equal to the work dissipated by the fluid in reaching the
      evaporator to the expander turbine. Referring to FIG. 1, isentropic
      expansion through the nozzle is shown by the dotted line 3-4'. Thus the
      amount of heat which can be absorbed by the refrigerant in the evaporator
      is increased by the amount represented between a'-a on the entropy
      coordinate.
PAR  The second mechanism by which the overall efficiency or coefficient of
      performance of the refrigeration cycle is improved is through the
      reduction of the amount of external work brought in the system during
      compression of the refrigerant between 1 and 2'. Thus by compressing or
      partially compressing the gas exiting from the evaporator, the suction
      pressure on the compressor is increased and the amount of work brought
      externally into the system is reduced.
PAR  FIGS. 3 and 4 show in detail the expander compressor of the present
      invention. The machine of the present invention is generally designated by
      the numeral 10. The unit has cooperating housing members 12 and 14 which
      respectively define the expander section 13 and compressor section 15 of
      the machine. Housing sections 12 and 14 may be integrally joined or may be
      cooperatively fitted together at annular threaded section 16. Housing
      section 12 is formed with a projecting boss 18. Boss 18 is bored at 20 for
      reception of precision shaft bearings 21 which are pressed into the bore.
      Circular expansion chamber wall 33 is generally concentric with bore 20.
      The radial face 26 of housing portion 12 is provided with a concentric
      series of labyrinth seals 28 formed in the surface. Outlet port 30
      communicates with expansion chamber 24 near the periphery of the chamber.
PAR  Compressor chamber 34 is formed in housing member 14 by peripheral surface
      31 and generally convex surface 32. Boss 36 axially projects from housing
      member 14 and is counterbored at 38 for reception of precision shaft
      bearings 39. Axial inlet passageways 40 and 41 communicate with compressor
      chamber 34 through boss 36.
PAR  The turbine unit is generally designated by the numeral 44 and includes an
      expander rotor 46 and a compressor section 48. Turbine unit 44 is mounted
      on axial shaft 50 which has its opposite ends mounted for rotation in
      bearings 21 and 39 in the expansion and compression sections of the unit.
      Turbine 44 is preferably of steel or a high quality precision molded or
      machined synthetic such as nylon. An axial passageway 51 extends through
      shaft 50 communicating at the expander side with inlet 25 in boss 18.
      Inlet 25 is internally threaded to accommodate a refrigerant line fitting.
      Small radial clearance passageways 52 and 53 are provided in the bearing
      bores at the opposite end of shaft 50 to permit fluid within axial
      passageway 51 to be admitted to bearings 21 and 39 for lubrication.
PAR  Rotor 46 of turbine 44 has a generally circular peripheral edge 55 which,
      with housing wall 33, defines the annular expansion chamber 24. A
      plurality of radial passages 56 extend in rotor 46 and communicate with
      axial passageway 51. As best seen in FIG. 4, the ends of radially opposite
      passageways 56 terminate in oppositely directed tangential nozzles 58. The
      number and location of the passageways 56 and associated nozzles 58 will
      vary with the capacity of the refrigeration unit. It is to be understood
      that evenly spaced, oppositely disposed passageways and nozzles are
      required so that expanding fluid exerts a balanced tangential force to
      propel the turbine rotor. Expansion chamber 24 is sealed by labyrinth
      seals 28 and 29 provided on the parallel radial surfaces of housing
      section 12.
PAR  The compressor side of turbine 44 includes a generally circular impeller
      plate 60 which has one surface in sealing engagement with labyrinth seals
      28. A plurality of compressor vanes 62 are radially positioned on the
      opposite side of impeller plate 60. As seen in FIG. 3, the vanes are
      formed having outer converging edge 64 which closely cooperates with
      interior housing surface 32. The outer tip of the compressor vanes 62 and
      housing wall 31 define annular compressor chamber 34. Outlet 65
      communicates with chamber 34 and is adapted to be connected in the
      refrigeration system.
PAR  With the expander compressor unit connected in a refrigeration system as
      shown schematically in FIG. 2, the operation of the unit will be as
      follows. A saturated liquid refrigerant is supplied to the expander
      compressor unit 10 at inlet 25. The liquid refrigerant flows into axial
      passageway 51 and is admitted along radial passageways 52 and 53 to
      lubricate bearings 21 and 39 at the opposite ends of shaft 50. The high
      pressure saturated liquid refrigerant also flows through radial
      passageways 56 in the rotor and expands and flashes through nozzle
      openings 58 at the ends of passageways 56. The expansion through nozzles
      58 imparts a tangential force propelling turbine 44. The rotor and nozzle
      arrangement is a particularly efficient expansion device. The expansion
      through the nozzle is substantially isentropic. The energy normally lost
      by expansion through a valve or capillary is conserved in the instant case
      with the resulting two phase mixture having lesser velocity than a mixture
      having been expanded through an expansion valve. The discharge from the
      nozzle enters the annular exhaust chamber 24 at a lower quality than if
      the mixture had been expanded through a fixed nozzle. The mixture is
      discharged from chamber 24 at passage 30 where it enters the evaporator.
PAR  On the compressor side 15 of the unit, saturated vapor returning from the
      evaporator enters the compressor at passages 40 and 41. The rotating vanes
      62 compress the entering vapor into the superheat region and the vapor is
      admitted into annular compressor chamber 34 and is discharged at
      passageway 65. From discharge passageway 65 the pressurized vapor flows
      either to the primary compressor or directly to the condenser of the
      apparatus.
PAR  Another embodiment of the present invention is shown in FIGS. 5 and 6 and
      is generally designated by the numeral 70. The unit of embodiment 70
      includes a housing 71 enclosing expander section 72 at one end and a
      compressor section 73 at the other end. The interior of housing 71 has a
      generally cylindrical bore 74 enclosed by end plate 84. A series of
      annular labyrinth seals 76 are peripherally arranged in bore 74. An
      annular expander chamber 75 is provided in the housing wall.
PAR  In the compressor end of the unit, the interior of chamber bore 74 has a
      radially outwardly converging end wall 77 which defines compressor chamber
      94.
PAR  A turbine member 80 is rotatively mounted within housing 71 at opposite
      stub shafts 81 and 82 supported in appropriate non-friction bearings 83.
      The turbine rotor 85 has cylindrical outer surface 86 in close
      relationship with bore 74. An axial passage 88 in stub shaft 81
      communicates with radially extending passages 89. Bleed passageways 78 and
      79 provide for positive lubrication of bearings 83 with liquid
      refrigerant. The end of radial passages 89 communicate with chamber 75
      across nozzles 90 propelling turbine 80 with a tangential force. Nozzles
      90 preferably are in threaded engagement at the end of passage 89 to
      facilitate replacement with various other size nozzles to change the
      capacity of the unit.
PAR  Forwardly curved inducer blades 92 are located in compressor section 73
      immediately adjacent the inlet 93 to the compressor section. Inducer
      blades 92 serve to induce or pull the saturated vapor into the compressor
      section. Compression takes place by means of the rotating reversed-curved
      compressor blades 95 which impart energy to the fluid as it flows along
      the impeller blades. Discharge from compression chamber 94 is at outlet
      96.
PAR  In operation, the expander compressor of the present embodiment is similar
      to that described above with reference to the previous embodiment.
      Saturated liquid is supplied at inlet passage 81 to the unit. The
      saturated liquid expands and flashes through nozzles 90 causing a
      tangential force propelling the turbine 80. The flashed vapor liquid is
      discharged into annular chamber 75 and from there it enters the
      evaporator. A small fraction of the saturated liquid refrigerant may be
      diverted to the bearing annulus area through bleed passageways 78 and 79
      to provide for full film lubrication of the rotor bearings. On the
      compressor side, saturated vapor from the evaporator enters inlet 93
      assisted by the inducer blades 92. The saturated vapor is compressed into
      the superheat region by compressor vanes 95 and discharged into the
      compressor chamber and finally through discharge passageway 96 to either
      the compressor or directly to the condenser in the air conditioning unit.
      The high and low pressure side of the unit are separated by peripheral
      labyrinth seals 76.
PAR  It will be noted that in embodiment 70 of FIG. 5, the rotor section of the
      turbine is of greater diameter than the turbine compressor blades. Several
      considerations must be taken into account to insure that the expander can
      operate efficiently as an isentropic expander. For effecient operation
      there is also need for torque matching between the expander and the
      compressor.
PAR  The present compressor expander provides a unit which can substantially
      increase the efficiency of a vapor compression refrigeration cycle. As
      explained, a small expander boosts performance in cooling machines by two
      mechanisms: (1) removal of energy from the saturated liquid vapor mixture
      as it enters the evaporator to improve the heat absorbent capability of
      the mixture. (2) reduction of the amount of work required externally to
      the system. Thus, with the present invention the equation for coefficient
      of performances becomes
      ##EQU2##
      Note that with the present invention that should the turbine fail to
      function, there is no appreciable loss to the system. However, any work
      transferred through the turbine centrifugal compressor adds considerably
      to the performance of the cycle.
PAR  An example of the increased efficiency theoretically obtainable with the
      present invention has been worked out for a simple refrigeration cycle
      working between 140.degree. F and 40.degree. F, assuming reasonable
      efficiencies for all mechanical components:
      ##EQU3##
PAR  Thus from the foregoing, it will be seen that the present invention
      provides an expander compressor adaptable for use with conventional vapor
      compression refrigeration cycles. The unit is simple having an integral
      single piece expander and centrifugal compressor rotor without an
      intermediate bearing support. The expander turbine uses the flashed and
      saturated liquid propulsion energy that is generally not utilized in
      conventional systems. The use of the liquid refrigerant for simple full
      pressure general bearing lubrication adds to the efficiency of the unit.
PAR  It will be obvious to those skilled in the art to make changes and
      modifications to the device of the present invention. To the extent that
      these changes, alterations and modifications do not depart from the spirit
      and scope of the present invention, they are intended to be encompassed
      herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of improving the efficiency of a compression refrigeration
      system having a primary compressor, condenser and evaporator comprising:
PA1  passing high pressure fluid through the condenser;
PA1  directing the high pressure fluid from the condenser into an inlet
      passageway within an axially extending rotatable shaft;
PA1  channeling the high pressure fluid from the inlet passageway radially
      outwardly through at least one passageway formed in a rotary impeller
      mounted for rotation with the shaft;
PA1  expanding the high pressure fluid through nozzles substantially
      perpendicular to the radial passageway to impart rotary movement to the
      rotary impeller;
PA1  extracting the low quality expanded fluid to an evaporator;
PA1  evaporating the low quality fluid in an evaporator to low pressure gas;
PA1  removing at least a portion of the low pressure fluid to a secondary
      compressor, said secondary compressor being in driven engagement with said
      expander rotor whereby said removed low pressure fluid is at least
      partially compressed; and
PA1  returning said partially compressed fluid to said primary compressor.
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PAL  A condenser head pressure control for a flooded refrigerant system of the
      vapor compression type has a valve chamber with three ports spaced
      axially, two leading to the top and bottom of a condenser and an inlet
      port leading to the system compressor. A piston valve in the valve chamber
      is controlled by a spring-biased diaphragm responsive to inlet port or
      system compressor output pressure. The valve connects the compressor
      outlet to the top of the condenser at low output pressures and to the
      bottom of the condenser at high pressures. A capillary tube connects the
      top of the condenser to the valve inlet. The control achieves
      substantially constant head pressure while avoiding any need for critical
      charging of the refrigerant system or variable speed controls or dampers
      on the condenser fan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to control devices for mechanical refrigerating
      systems of the vapor compression type.
PAR  2. Description of the Prior Art
PAR  In prior art refrigeration systems of the vapor compression type, hot
      vapors are discharged from the compressor through a single line to the top
      or side of an air cooled condenser or to the top of a water cooled
      condenser. For such systems, the charging level of the refrigerant in the
      system may be critical and variable speed controls, face dampers, or
      cycling controls may be required on the condenser fans to maintain the
      system at optimum efficiency. My co-pending application, U.S. Ser. No.
      449,734, filed Mar. 11, 1974, entitled "Flooder Refrigerant Condenser
      Systems", discloses a condenser where hot vapors are introduced into the
      bottom of the condenser to equalize condenser temperature and heat
      transfer across its entire surface.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention, a control valve is
      provided with a cylindrical chamber having two outlet ports spaced axially
      therein and an inlet port located axially equidistantly between the two
      outlet ports. A piston movable axially in the valve chamber has a rod
      extending axially through a wall of the chamber and engaging a diaphragm
      within a pressure chamber which is exposed at one side to inlet port
      pressure and biased against said inlet port pressure by a spring. The
      inlet port of the device is connected with the discharge side of the
      system compressor. One outlet port is connected with the top of the system
      condenser, and the second port is connected with the bottom of the
      condenser. The rod and piston of the valve are structured in relation to
      the inlet and outlet ports and to the diaphragm to block communication
      between the inlet port and the second outlet port when the inlet vapor is
      at low pressure, and to block communication between the inlet port and the
      first outlet port, going to the top of the condenser, when there is high
      pressure in the inlet tube valve. A pressure-equalizing capillary tube is
      required between the inlet port of the control valve and the first outlet
      port in systems using an air-cooled condenser, but such pressure-equalizer
      is not needed where water cooling is employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows partly in schematic form a mechanical refrigerating system
      employing the control valve of the present invention.
PAR  FIG. 2 shows the control valve and condenser in cut-away detailed section,
      using an air-cooled condenser and showing the system in its pressurized
      state.
PAR  FIG. 3 shows the control valve of the present invention employed with a
      water-cooled condenser, with the system unpressurized.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a basic single stage vapor eompression refrigeration system
      employing five basic components, a compressor 11, a condenser 12, an
      expansion valve 13, an evaporator 14, and a control valve 15. As liquid
      refrigerant flows through the evaporator 14, heat is absorbed from the
      material being cooled and the refrigerant is boiled. The low pressure
      vapor from the evaporator 14 passes to compressor 11 and is compressed.
      The pressure and temperature levels of the refrigerant in compressor 11
      are increased to a point where the resulting super-heated refrigerant
      vapor can be compressed by the cooling media available, shown in FIG. 1 as
      air about the condenser 12.
PAR  In compressing the refrigerant gas, heat of compression is added to the
      vapor as the pressure is raised. The vapor flows through the valve 15 to
      the condenser 12 where the gas is liquidified. The liquid refrigerant
      flows from the condenser 12 to the expansion valve 13 where its pressure
      and temperature are reduced to those in the evaporator 14, thus completing
      the cycle. Hot vapor will be directed from the control valve 15 to the top
      of the condenser 12 when pressure in the line 16 from the discharge of the
      compressor 11 is low, and will go to the bottom of the condenser 12 when
      pressure in the line 16 is high.
PAR  The control valve 15 comprises a valve portion 17 and a pressure control
      portion 18, as shown in FIG. 2. The valve portion 17 comprises a
      cylindrical chamber 19 having first and second outlet ports 20 and 21
      spaced axially in the wall of the chamber 19, and one inlet port 22
      communicating with the line 16 from the compressor 11 in the wall of the
      chamber 19 axially equidistant between the two outlet ports 20, 21. A
      piston 23 is movable axially within the chamber 19 selectively to connect
      either of the outlets 20, 21 with the inlet port 22.
PAR  Position of the piston 23 is controlled by a rod 24 connected thereto. The
      rod 24 extends through the top wall 25 of the valve portion 17 and is
      sealed against pressure leakage by an O-ring 26 secured in the wall 25.
      the rod 24 extends into an unpressurized portion 27 of the control portion
      18 of the control valve 15 and is thereafter attached to the flexible
      diaphragm 28. The rod 24 and the diaphragm 28 are biased upwardly by a
      coil spring 29 which bears against the upper surface of the wall 25
      dividing the valve portion 17 of the control valve from the control
      portion 18.
PAR  A vent 30 in a wall of the unpressurized chamber 27 prevents pressurization
      of the chamber 27 due either to motion of the diaphragm 28 or to leakage
      of vapor past the O-ring 26.
PAR  The diaphragm 28 seals the lower side of a pressurized chamber 31 of the
      control portion 18. An inlet 32 at the top of the control portion 18
      communicates the pressure chamber 31 via a tube 33 with the conduit 16
      from the compressor 11 to the inlet port 22.
PAR  The first outlet port 20 communicates with the upper part of the condenser
      12 via a conduit 34. The second outlet port 21 communicates via a conduit
      35 to a vapor line 36 in the bottom portion of the condenser 12. As is
      described more fully in my co-pending application for U.S. Pat., Ser. No.
      449,734, the vapor tube 36 is perforated as at 37 to allow the rise of
      vapor bubbles into the conduits 38 of the condenser 12 in order to
      maintain the temperature of all parts of the condenser at a uniform level.
PAR  A capillary tube 39 is connected between the inlet port 22 and the outlet
      port 20 to insure that pressure may be equalized therebetween under
      conditions of high ambient air temperature which increases the pressure
      within the vapor discharged by the compressor 11. The capillary tube
      prevents the liquid in the condenser from being returned by suction to the
      compressor discharge line 16 wherein imperfect sealing of the compressor
      valves or non-uniform temperature of the discharge pipe allows
      condensation of the refrigerant upstream of the condenser.
PAR  FIG. 3 shows use of the control valve 15 with a water-cooled condenser 12'.
      In this embodiment, the low pressure discharge conduit 34' from the
      control valve outlet 20 is connected to the top of the cooling chamber,
      while the high pressure conduit 35'from the second outlet port 21 is
      connected vertically to the bottom of the cooling chamber of the condenser
      12', without use of the vapor tube 36. The refrigerant vapor is cooled by
      heat exchange with water carried in tubes 40 extending through the cooling
      area. No capillary tube pressure equalizer 39 is required in the
      water-cooled condenser application of the control valve 15 because ambient
      temperature of water in the tubes 40 generally does not allow the system
      to overheat.
PAR  Although various modifications might be suggested by those versed in the
      art, it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a condenser assembly for use in a mechanical refrigeration system of
      the vapor compression type and having a compressor with a discharge side
      and a condenser with top and bottom portions, a refrigerant condenser head
      pressure control comprising:
PA1  a pressure control housing;
PA1  a wall in said housing partitioning the interior thereof into a cylindrical
      valve portion and a control portion axially adjacent said valve portion;
PA1  the valve portion having two axially-spaced outlet ports and an inlet port
      spaced substantially axially equidistantly therebetween;
PA1  conduit means connecting said outlet ports with the top and bottom portions
      of the condenser;
PA1  the control portion having a flexible vapor-tight diaphragm sealing a
      pressurizable first portion from an unpressurizable second portion,
PA2  said first portion having means for communicating with the inlet port of
      the valve portion, and
PA2  said second portion containing means biasing said diaphragm against high
      pressure within said first portion; and
PA1  a piston movable axially in said valve portion and connected by a piston
      rod through said chamber wall to said pressure control diaphragm to be
      moved thereby,
PA2  said piston sealingly engaging the walls of said valve portion and in a
      first position blocking communication between a first one of said outlet
      ports and opening communication between said inlet port and a second of
      said outlet ports when the first portion of the control portion is
      pressized and in a second position blocking said second outlet portion and
      communicating said inlet with said first outlet port when the first
      portion of the control portion is not pressurized.
NUM  2.
PAR  2. In a condenser assembly for use in a mechanical refrigeration system of
      the vapor compression type and having a compressor with a discharge side
      and a condenser with top and bottom portions, a refrigerant condenser head
      pressure control comprising:
PA1  a pressure control housing;
PA1  a wall in said housing partitioning the interior thereof into a cylindrical
      valve portion and a control portion axially adjacent said valve portion;
PA1  the valve portion having two axially-spaced outlet ports and an inlet port
      spaced substantially axially equidistantly therebetween,
PA2  said inlet port accepting vapor from said discharge side of said mechanical
      compressor;
PA2  said second outlet port passing vapor to said upper condenser tank portion;
      and
PA2  said first outlet port passing vapor to said lower condenser tank portion;
PA1  the control portion having a flexible vapor-tight diaphragm sealing a
      pressurizable first portion from an unpressurizable second portion,
PA2  said first portion having means for communicating with the inlet port of
      the valve portion, and
PA2  said second portion containing means biasing said diaphragm against high
      pressure within said first portion; and
PA1  a piston movable axially in said valve portion and connected by a piston
      rod through said chamber wall to said pressure control diaphragm to be
      moved thereby,
PA2  said piston sealingly engaging the walls of said valve portion and in a
      first position blocking communication between a first one of said outlet
      ports and opening communication between said inlet port and a second of
      said outlet ports when the first portion of the control portion is
      pressurized and in a second position blocking said second outlet portion
      and communicating said inlet with said first outlet port when the first
      portion of the control portion is not pressurized.
NUM  3.
PAR  3. A refrigerator condenser head pressure control as defined in claim 2,
      further characterized by said inlet port having pressure equalization
      means communicating it with said first outlet port and operative when the
      piston is in its first position.
NUM  4.
PAR  4. A method of providing a constant condenser pressure head in a
      refrigeration system of the vapor compression type comprising the steps
      of:
PA1  driving a refrigerant through a closed refrigeration circuit;
PA1  at a first point in said circuit compressing hot vapor in a refrigerant
      compressor to add heat of compression and directing the compressed vapor
      in a stream at a variable pressure through the circuit,
PA1  at a second point in said circuit directing the heated vapor stream to a
      condenser to liquify the stream,
PA2  selectively diverting the heated vapor stream to the gravitational top of a
      vapor condenser unit when vapor pressure from the compressor is low and
PA2  selectively diverting the heated vapor stream to the gravitational bottom
      of the vapor condenser unit and bubbling it upwardly through the condenser
      to maintain the condensing temperatures at a uniform level when vapor
      pressure from the compressor is high; and
PA1  successively directing the liquified refrigerant through the circuit for
      expansion and evaporation.
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ABST
PAL  The invention relates to a thermostatic expansion valve assembly for
      refrigeration units. Condenser pressures are normally five to ten times
      greater in the summer than in the winter. In the assembly hereof the
      characterostic adjustment curve is made less dependent on the condenser
      pressure by reason of having two flow restricting zones in series in which
      one of the zones has a variable rate closing mode of operation which
      restricts flow at a constantly increasing rate as the condenser pressure
      rises.
BSUM
PAR  The invention relates to a thermostatic expansion valve for refrigeration
      installations, especially with an air-cooled condenser with an operating
      element which is dependent upon the superheat temperature of the
      evaporator and which influences a flow-restricting zone limited by a valve
      seat and a closing member.
PAR  Thermostatic expansion valves are fitted between the condenser and the
      evaporator of a refrigeration installation. Their function is to supply so
      much refrigerant to the evaporator that the superheat temperature at the
      end of the evaporator remains substantially constant. They must also be
      capable of providing a complete seal between the evaporator and the
      condenser. The operating element may also be acted upon by the suction
      pressure in order to achieve relief of pressure.
PAR  Whereas it can be assumed that the evaporator pressure is constant or
      undergoes only slight changes, the condenser pressure varies considerably
      in dependence upon the condenser temperature. In the case of air-cooled
      condensers, the condenser pressures that occur in summer are 5 - 10 times
      greater than those occurring in winter. Since a greater
      pressure-difference for a given position of the valve leads to a greater
      flow quantity, the factors upon which adjustment depends are quite
      different in summer from those occurring in winter. If the expansion valve
      is designed for summer-time operation, then in winter it lets through too
      little refrigerant even when fully open. If on the other hand the valve is
      designed for winter-time operation, the required flow-restriction
      cross-section is exceeded even at quite low superheat temperatures. In the
      case of expansion valves in which the inlet pressure is not compensated,
      there also occurs undesirable displacement of the closing member relative
      to the position dependent upon the superheat temperature, this
      displacement being dependent upon the condenser pressure.
PAR  The object of the present invention is to provide a thermostatic expansion
      valve of the initially described kind, the adjustment characteristic curve
      of which is considerably less dependent than heretofore upon fluctuations
      in the condenser pressure.
PAR  According to the invention this object is achieved by arranging in series
      with the first flow-restricting zone a second flow-restricting zone which
      restricts flow to a greater extent as the condenser pressure rises.
PAR  There is then provided the possibility of designing the first
      flow-restricting zone for, for example, operation at the lowest condenser
      pressure, since in this valve construction the entire pressure-drop
      between the condenser and the evaporator is distributed over two
      flow-restricting zones. Since, the higher the condenser pressure becomes
      the greater will be the restriction by the second flow-restricting zone,
      the pressure-drop occurring at the first flow-restricting zone can be kept
      relatively small. The first flow-restricting zone should therefore have a
      relatively large cross-section of opening even at high condenser
      pressures. This in turn means that, over the entire condenser pressure
      range, it is possible to maintain approximately constant superheat for
      example 6.degree.C, for the fully opened condition.
PAR  A further advantage resides in the fact that the fairly great wear on the
      parts limiting the flow-restricting zones, that occurs with rising
      condenser pressure, can be mainly confined to the second flow-restricting
      zone where however wear is considerably less important than in the first
      flow-restricting zone since the second zone does not perform any closing
      function and wear cannot therefore adversely affect the seal.
PAR  Considerable advantage is achieved if the second flow-restricting zone has
      a displaceable element which, in one of the displacement directions is
      loaded by the condenser pressure and, in the other, by the evaporator
      pressure and by a reference spring. This reference spring is therefore
      compressed in dependence upon the pressure-drop at the entire expansion
      valve. The flow-restricting zone can therefore assume a specific opening
      position dependent upon the pressure-drop, i.e., upon the condenser
      pressure.
PAR  In a preferred embodiment, the second flow-restricting zone is disposed
      upstream of the first. In many cases this simplifies the construction of
      the valve since the second flow-restricting zone has in any case to be
      dependent upon the condenser pressure. On the other side the first
      flow-restricting zone is subjected to only a slight pressure during the
      process of adjustment, so that undesirable displacement of the
      temperature-responsive closure member because of loading by the inlet
      pressure is relatively small even in the case of uncompensated valves.
PAR  In a first preferred construction, and for the purpose of forming the
      second flow-restricting zone, there is provided a bore, which is formed in
      the housing and accommodates the displaceable element and which has a
      first port for connection to the condenser, a second port for connection
      to the evaporator and, between these, a third port for connection to the
      first flow-restricting zone, the displaceable element having a guide
      piston, disposed between the second and third ports, and a
      flow-restricting member connected to the guide piston and disposed
      upstream of the third port, and a backing member for the reference spring
      being provided at that end of the bore associated with the second port.
      This leads to a compact construction. In particular, the backing member
      for the reference spring may be screwed into the bore. The
      pressure-dependent adjustment characteristic curve of the second
      flow-restricting zone can then be adjusted to suit the particular
      circumstances.
PAR  Advantageously, the flow-restricting member may be a ball which has a
      diameter approximately equal to the diameter of the guide piston and which
      co-operates with a part of the bore which tapers from the first to the
      third port. The ball and the guide piston then have approximately equal
      surfaces that are subjected to the various pressures. Good adjustment
      response is achieved with a very small construction.
PAR  In this connection it is advisable for the first flow-restricting zone to
      be provided with a closing member in the form of a piston which is
      displaceable in the housing and one of the end-faces of which forms a main
      passage with the seat integral with the housing, and the other end-face of
      which bounds an intermediate pressure chamber which is connected to one of
      the ends of the first flow-restricting zone by way of a constant
      flow-restricting duct, and to the other end of the first flow-restricting
      zone by way of an auxiliary valve which consists of an auxiliary closing
      member, coupled to the operating element, and of a seat formed on the
      piston. With a first flow-restricting zone constructed in this way,
      undesirable application of pressure to the operating element is only
      likely to occur by way of the auxiliary closing member. However, since
      this auxiliary closing member has a very small cross-section and
      furthermore is only loaded by the relatively low intermediate pressure,
      there is virtually no interference with the superheat adjustment.
PAR  In another embodiment, the displaceable element of the second
      flow-restricting zone is displaceable on a cylindrical guide of the
      closing member of the first flow-restricting zone, and the reference
      spring is supported on a surface firmly connected to the closing member.
      In this construction the two flow-restricting zones are disposed close
      together. The seats may be provided concentrically with each other in the
      housing and at a short distance apart. In this construction the second
      flow-restricting zone, in addition to displacement in dependence upon the
      condenser pressure, is also displaced jointly with the closing member of
      the first flow-restricting zone. The desired objects can likewise be
      achieved with this construction.
PAR  For example, the displaceable element constitutes the flow-restricting
      member and is inserted in a cup-like closing member, and the space formed
      between the displaceable element and the closing member communicates with
      the inlet side of the valve. Since the free end of the displaceable
      element is subjected to the evaporator pressure, the required dependence
      upon the pressure-difference is achieved. The displaceable element is
      preferably made of a plastics material such as polytetrafluoroethylene,
      and is provided with a lip seal at that of its ends facing the bottom of
      the cup-like closing member. This lip seal enables the space communicating
      with the inlet side to be sealed off in a simple manner.
PAR  In a further arrangement the displaceable element constitutes the
      flow-restricting member and overlaps a cup-like closing member, and the
      space formed between the displaceable element and the closing member
      accommodates the reference spring and communicates with the outlet side of
      the valve. The free end of the displaceable element then faces the inlet
      pressure so that the required dependence upon the pressure-drop is again
      achieved. Expediently, a rod which is connected to the closing member and
      carries at its free end a stop for the displaceable element extends
      through this element. Then, even when no inlet pressure occurs, the
      displaceable element cannot be pushed away from the closing member by the
      reference spring.
DRWD
PAR  The invention will now be described in greater detail by reference to some
      preferred embodiments illustrated in the annexed drawings, in which:
PAR  FIG. 1 is a longitudinal section through a first form of construction of
      the expansion valve in accordance with the invention,
PAR  FIG. 2 is a partial longitudinal section view through a second form of
      construction,
PAR  FIG. 3 is a partial longitudinal section view through part of a third form
      of construction, and
PAR  FIG. 4 is a schematic view of a conventional refrigeration system in which
      the expansion valve hereof is installed.
DETD
PAR  Referring first to FIG. 4, the thermostatic valve assembly is shown in a
      conventional refrigeration system which is shown schematically.
PAR  The system includes a compressor 110 connected by line 111 to a condenser
      112. An evaporator 113 has the outlet thereof connected by a line 115 to
      the inlet of compressor 110. The thermostatic valve assembly of the
      present invention, which is illustrated as having separate housings 3 and
      4, is connected to the outlet of condenser 112 by line 6 and to the inlet
      of evaporator 113 by a line 19.
PAR  A thermal sensing bulb 164 connected to the outlet of condenser 113 is
      connected to the unit 3 by line 33. Unit 4 is connected to the outlet end
      of condenser 113 by a line 7.
PAR  Referring now to FIG. 1, a thermostatic valve has two flow-restricting
      zones namely a first flow-restricting zone 1 and a second flow-restricting
      zone 2 which are disposed in two housings 3 and 4. These housings may be
      combined. Since the second flow-restricting zone 2 is disposed upstream of
      the first flow-restricting zone 1, it will be described first. The housing
      4 has a bore 5 which has a first port 6 for connection to the condenser, a
      second port 7 for connection to the evaporator and, between these ports, a
      third port 8 for connection to the second flow-restricting zone 1.
      Consequently the condenser pressure P.sub.k, the evaporator pressure
      P.sub.o and the throttled pressure P.sub.1 obtain at the ports 6, 7 and 8
      respectively. The bore is closed at the top by a screw 9 and at the bottom
      by a screw 10. At the top the bore has a screw-thread for receiving a
      backing surface 11 for a reference spring 12, and between the second and
      third ports it has a guide surface for a guide piston 13, whereas between
      the first and third ports it has a conical surface 14 which delimits the
      second flow-restricting zone 2. The guide piston 13 is connected to a
      spherical flow-restricting member 16 by a rod 15. The parts 13, 15 and 16
      form a displaceable element 17.
PAR  The housing 3 has an inlet port 18 which communicates with the third port
      8, and an outlet port 19 which communicates with the evaporator. Between
      the ports 18 and 19 is a valve seat 20 which forms part of the housing and
      which co-operates with a closing member 21. The closing member 21 is part
      of a piston 22 which is displaceable in the housing 3. Formed at the lower
      end of the piston is a space 23 which, by way of a constant
      flow-restricting gap 24, communicates with the space located outwardly of
      the valve seat 20, and by way of an auxiliary valve 25, consisting of a
      seat formed on the piston 22 and of an auxiliary closing member 26,
      communicates with the space located inwardly of the valve seat 20. The
      space 23 is sealed off by a sealing ring 27 on the piston 22. The
      auxiliary closing member 26 is connected by a rod 28 to a pressure plate
      29. The latter is loaded by a diaphragm 30 of an operating element 31, the
      pressure chamber 32 of which communicates through a capillary tube 33 with
      a sensor bearing against the outlet of the evaporator. The space 34 below
      the diaphragm receives the evaporator pressure P.sub.0 by way of a port
      35, so that this pressure, together with the pressure of the
      required-value spring 36, counteracts the pressure in the space 32.
PAR  The flow-restricting zone 1 occupies an open position which is virtually
      dependent only upon the superheat temperature. If the auxiliary closing
      member 26 moves downwards when the temperature is higher, the piston 22
      with the closing member 21 follows until the secondary stream of
      refrigerant, by way of the constant flow-restricting gap 24, the
      intermediate pressure chamber 23 and the auxiliary valve 25, has reached
      such an intermediate pressure P.sub.2 that a state of equilibrium is
      achieved. This is present when the intermediate pressure P.sub.2 times the
      entire area of the piston 22 is equal to the sum of the throttled pressure
      P.sub.1 times the piston area outwardly of the valve seat 20, and the
      evaporator pressure P.sub.o times the piston area inwardly of the valve
      seat 20. The flow-restricting zone 1 is so designed that it opens fully at
      a superheat temperature of 6.degree.C and, at the lowest condenser
      pressure to be expected, its opening is great enough to carry a sufficient
      quantity of refrigerant into the evaporator.
PAR  The displaceable element 17 is exposed to the effect of the condenser
      pressure P.sub.k at the lower face of the flow-restricting member 16, and
      to the effect of the evaporator pressure P.sub.0 at the upper face of the
      guide piston 13 of like diameter. The mutually facing surfaces of the
      flow-restricting member 16 and of the guide piston 13 are exposed to the
      effect of the throttled pressure P.sub.1, so that the action of this
      pressure is nullified. The displaceable element 17 is moved under the
      effect of the pressure-difference until equilibrium with the reference
      spring 12 is established. At the lowest condenser pressure the
      displaceable element 17 is moved so far downwardly that practically no
      flow-restricting action occurs. The greater the rise in the condenser
      pressure the farther is the flow-restricting member 16 pushed into the
      conical portion 14 and the greater is the throttling action of the
      flow-restricting zone 2. Suitable configuration of the flow-restricting
      zone 2, e.g., by the choice of a suitable taper in the conical portion 14,
      results in the pressure-drop at the second flow-restricting zone 2 for a
      given quantity, e.g., the maximum quantity of refrigerant being so great
      that the first flow-restricting zone 1 operates under approximately the
      same conditions irrespective of the condenser pressure P.sub.k. In this
      way the required adjustment characteristic curve is obtained which,
      irrespective of the condenser pressure, operates with approximately the
      same quantities of refrigerant and superheat openings.
PAR  Referring to FIG. 2, a first flow-restricting zone 41 and a second
      flow-restricting zone 42 are arranged one immediately behind the other in
      a housing 40. The first flow-restricting zone is bounded by a valve seat
      43 and a cup-like closing member 44. The second flow-restricting zone 42
      is constituted by a valve seat 45 and part of a piston-like displaceable
      element 47 that is formed as a flow-restricting member 46. The cup-like
      closing member 44 is secured to an extension 48 of a valve spindle 49
      which corresponds to the valve spindle 28 of FIG. 1. In the base of the
      closing member 44 is a hole 50 through which the space upstream of the
      first flow-restricting zone communicates with an inner space 51 between
      the closing member 44 and the displaceable element 47. The displaceable
      element 47 is made of a plastics material and has sealing lips 52 which
      also seal off the space 51. A reference spring 52a is supported at one end
      on the displaceable element 42 and at the other on a backing surface 53
      connected to the spindle 49 and therefore to the closing member 44.
PAR  The first flow-restricting zone 41 which also serves to close the valve is
      displaced in dependence upon the operating element 31. The displaceable
      element 47 also participates in this basic movement so that the second
      flow-restricting zone 42 is also changed. Since, because of the presence
      of the hole 50, the condenser pressure P.sub.k obtains in the space 51,
      the displaceable element 47 is acted upon by the pressure-difference at
      the valve and by the reference spring. Depending upon the condenser
      pressure this element therefore assumes a particular position relative to
      that of the closing member 44, so that the second flow-restricting zone is
      corrected in dependence upon pressure.
PAR  In the form of construction shown in FIG. 3, a first flow-restricting zone
      61 is disposed in a housing 60 and upstream thereof there is provided a
      second flow-restricting zone 62. The first flow-restricting zone is formed
      by a valve seat 63 and a closing member 64. The latter is connected to a
      valve spindle 65 which corresponds to the valve spindle 28 of FIG. 1. The
      second flow-restricting zone is formed by a valve seat 66 and a part of a
      displaceable element 68 that serves as a flow-restricting member 67, said
      element being guided on an extension rod 69 and being secured by a stop
      70. Between the closing member 64 and the displaceable element 68 there is
      formed a space 71 which accommodates the reference spring 72 and
      communicates through a bore 73 with the outlet on the evaporator side.
PAR  The first flow-restricting zone 61 is displaced in dependence upon the
      operating element 31. This leads to displacement of the second
      flow-restricting zone in the same direction. The displaceable element 68
      is loaded at the top by the evaporator pressure P.sub.o and by the
      reference spring 72, and at the bottom by the condenser pressure P.sub.k.
      Consequently this element 68 is displaced relatively to the closing member
      64 so that the second flow-restricting zone 62 is corrected in dependence
      upon pressure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermostatic expansion valve assembly for a refrigeration system
      having an evaporator and an air cooled condenser, comprising, an operating
      element dependent upon the superheat temperature of said evaporator, a
      first flow passage having a first valve unit operated by said operating
      element, a second flow passage having a second valve unit in series with
      said first valve unit which closes at a variable rate which increases as
      the condenser pressure rises, a reference spring and a displaceable
      element for operating said second valve unit, said displaceable element
      being biased in one direction by condenser pressure and in the other
      direction by evaporator pressure and said reference spring.
NUM  2.
PAR  2. A thermostatic expansion valve assembly according to claim 1 wherein
      said second valve unit is upstream from said first valve unit.
NUM  3.
PAR  3. A thermostatic expansion valve assembly according to claim 1 including a
      housing having a bore in which said displaceable element is disposed,
      first and second ports having fluid communication with said bore for
      respective connection to said condenser and said evaporator, a third port
      having fluid communication with said bore and said first valve unit, said
      displaceable element having a guide piston between said second and third
      ports, a flow restricting member connected to said guide piston and being
      disposed upstream of said third port.
NUM  4.
PAR  4. A thermostatic expansion valve assembly according to claim 3 wherein
      said flow restricting member is ball shaped with a diameter equal to the
      diameter of said guide piston, said bore having a taper between said first
      and third ports, said flow restricting member being cooperable with said
      taper.
NUM  5.
PAR  5. A thermostatic expansion valve assembly according to claim 1 wherein
      said first valve unit includes a valve seat, a cylindrical chamber and a
      valve piston displaceable in said cylindrical chamber and being cooperable
      with said valve seat, a flow restricting duct in said valve piston
      providing fluid communication between said cylindrical chamber and the
      upstream side of said first flow passage, an auxiliary valve in said valve
      piston providing fluid communication between said cylindrical chamber and
      the downstream side of said first flow passage, said auxiliary valve being
      coupled to said operating element.
NUM  6.
PAR  6. A thermostatic expansion valve assembly according to claim 1 wherein
      said second valve unit includes first and second valve seats, a cup shaped
      member cooperable with said second valve seat, a piston member slidably
      disposed in said cup shaped member to form an expansible chamber and being
      cooperable with said first valve seat, a flow restricting duct providing
      fluid communication between said expansible chamber and the upstream side
      of said second flow passage.
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ABST
PAL  The machine dispenses a ready-made milk shake. A freezing chamber has a
      dispensing valve having porting and a valve element so arranged that flow
      of the semi-frozen comestible and the flavoring material occurs
      simultaneously. A beater mixes the two during dispensing. A conduit for
      the flavoring material has a unique coupling to the valve block and a
      quick-release coupling intermediate its ends. Upon release of the latter,
      a manually operable sampling valve may be connected to the conduit to
      selectively draw a sample of the flavoring. A pump is provided for sucking
      in a liquid comestible and gas in a preselected proportion and delivering
      them to the bottom of the freezing chamber. A vent is located in the valve
      block to vent air from the freezing chamber upon start-up of the machine.
      The vent has an inlet located at a level so that the liquid and gas
      volumes in the chamber are about equal to the respective proportions
      pumped.
BSUM
PAC  BACKGROUND
PAR  The invention pertains generally to the art of dispensing and more
      particularly to dispensing a semi-frozen comestible.
PAR  Fast food service restaurants frequently install soft ice cream machines or
      unflavored shake machines. Milk shakes are often made in off-peak times
      and stored under refrigeration until sold. In practice, flavoring material
      is placed into a paper cup and the cup is filled with unflavored product.
      The cup is placed on a mixer from which it is removed, capped, and placed
      in a freezer. Time studies have shown that this operation takes 35-40
      seconds per shake. A faster operation would save employee's time and, if
      the separate mixer were eliminated, space could be saved. Additionally, if
      the shakes can be made fast enough, they can be made at the time of sale,
      thereby providing a more consistent product.
PAR  A machine having flavoring dispensed with the ice cream, is shown in U.S.
      Pat. No. 2,667,846, issued Feb. 2, 1954 to G. P. Grumbly.
PAC  SUMMARY
PAR  The present invention relates generally to dispensing a semi-frozen
      comestible.
PAR  It is an object of the present invention to provide a machine in which flow
      of a semi-frozen comestible and a flavoring material occur generally
      simultaneously.
PAR  Another object is to provide a machine in accordance with the above object
      in which a valve block has a porting arrangement which cooperates with a
      valve element to provide the simultaneous flow when the valve is opened.
PAR  Still another object is to provide the valve element in accordance with the
      foregoing object with a structure that seals the ports from each other
      when the valve is closed.
PAR  It is another object to provide a machine for dispensing a semi-frozen
      comestible and a flavoring material, in which the conduit for the
      flavoring material is readily disconnected from the valve block which has
      the dispensing valve.
PAR  Another object is to provide a machine in accordance with the foregoing
      object including a quick-release coupling intermediate the ends of the
      conduit.
PAR  Yet another object is to provide a machine in accordance with the foregoing
      object including a sampling valve connectable to the supply portion of the
      conduit at the location of the quick-release coupling to selectively
      sample the flavoring material.
PAR  It is another object of the invention to provide a machine for dispensing a
      semi-forzen comestible in which a liquid comestible and a gas are fed to a
      freezing compartment in predetermined proportions, and having means to
      maintain such proportions at start-up of the machine.
PAR  Another object is to provide a machine in accordance with the foregoing
      object in which a vent is provided at a level in the freezing compartment
      to divide the compartment into a liquid volume and a gas volume having
      said predetermined proportions.
PAR  These, and other objects and advantages of the present invention, will
      become apparent as the same becomes better understood from the following
      detailed description when taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevation of a machine constructed in accordance with the
      present invention, and having portions of the housing removed for better
      illustration of the parts;
PAR  FIG. 2 is a front elevation as seen from the left of FIG. 1 but on a
      slightly larger scale, and also having portions of the housing removed and
      the door opened for better illustration;
PAR  FIG. 3 is a fragmentary view, on a still larger scale, of the two valve
      blocks, one being shown in elevation and the other being along section
      line 3--3 of FIG. 4;
PAR  FIG. 4 is a horizontal section through the valve block taken along line
      4--4 of FIG. 3;
PAR  FIG. 5 is a partial section taken generally along line 5--5 of FIG. 3;
PAR  FIG. 6 is a view showing the sampling valve connected to the conduit; and
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 3.
DETD
PAC  DESCRIPTION
PAR  Reference is now made more particularly to the drawings which illustrate
      the best presently known mode of carrying out the invention and wherein
      similar reference characters indicate the same parts throughout the
      several views.
PAR  A semi-frozen confection machine 10 includes frame members 12 supporting a
      housing 14, portions of which are removed for better illustration of the
      parts. The machine 10 is one which produces a semi-frozen confection which
      is mixed with a syrup to form a milk shake when drawn from the machine.
PAR  A freezer unit 16, a drive motor 18, and a gear box 20 are disposed inside
      the housing. A valve block 22 is at the front of the machine. These parts
      are all duplicated, as suggested in FIG. 2, for a reason which will become
      apparent. The refrigeration system for freezer unit 16 includes compressor
      16c driven by motor 16m, and a condensor 16d cooled by fan 16f. As can be
      seen, this refrigerant system is duplicated for the other freezer unit
      (not shown). A door D at the front of the machine 10 leads to a
      refrigerated compartment 24 which holds a liquid confection storage hopper
      26. The refrigeration system for compartment 24 includes a compressor 24c
      and a condensor 24d which is cooled by fan 24f. In the embodiment
      illustrated, a pump P1, driven by drive motor 23, is provided with an
      inlet line 25 through which it can suck the liquid confection and pump it
      through conduit 27 to the freezer unit 16. A second pump P2 is provided
      for similarly pumping the liquid confection to the second freezer unit
      (not shown). Identical parts of the duplicated system are indicated by the
      same reference character on the drawings. The pumps P1 and P2 are
      advantageously of the type which delivers the liquid confection and air in
      a preselected proportion. One suitable type is disclosed in U.S. Pat. No.
      3,787,154, issued Jan. 22, 1974 to Richard M. Keyes and Bertel S. Nelson.
      Reference is made to that patent for a more complete description of the
      pump. It is contemplated that different types of pumps may be used to
      accomplish this function, and that other arrangements for feeding the
      confection and air to the freezing unit may be utilized with other
      features of the invention.
PAR  At the rear of the machine is another door R leading to another compartment
      which stores four tanks T each of which hold a different flavoring syrup
      or material. A manifold 61 is adapted for connection to a supply of
      pressurized gas (not shown) and distributes the gas to each tank via a
      pressure regulator 62 and an air line 63. The syrup is delivered under
      pressure to the valve block 22 through a syrup conduit including portions
      64 and 65. As used herein, the term "flavoring material" is intended to
      include a flavoring additive and/or a coloring additive.
PAR  Each freezing unit 16 may be of any construction well known in the art and,
      in the embodiment shown, includes a smooth stainless steel cylinder 17
      defining a freezing compartment having an outlet end as seen at the left
      in FIG. 7. A rotary beater 19, driven by motor 18, is provided with a
      scraper blade 19a and may, but need not be, provided with a helical blade
      19b which tends to feed the freezing mass toward the outlet end of the
      compartment. The valve block 22 is advantageously formed of
      poly(tetramethylene terephthalate) and is designed to provide a closure
      for the outlet end. It is held in place by a plurality of fasteners 28
      best illustrated in FIG. 3. Each valve block has a pair of outlet nozzles
      31 at the bottom of respective elongate chamber 32 which both communicate
      with a distributor chamber 33 which, in turn, communicates with the
      freezing compartment. Thus the two elongate chambers each has an inlet
      port 32a through which soft ice cream is fed from the freezing
      compartment. Generally opposite inlet port 32a is a second inlet port 32b
      through which the flavoring syrup is fed to the chamber 32. Ports 32a and
      32b are at about the same vertical level in the chamber 32 or, to put it
      another way, are spaced about an equal distance from the outlet of nozzles
      31.
PAR  Disposed within each elongate chamber 32 is a drive shaft 34 surrounded by
      a sleeve 36 of suitable bearing material. Sleeve 36 is surrounded by a
      valve element 40 which is reciprocably movable by means of lever 42. At
      the bottom end of drive shaft 34 is affixed a rotary beater 44 which
      blends the soft ice cream and flavoring material into a milk shake by the
      time it is dispensed through the outlet nozzle 31. A finger 45 engages the
      top of the valve element 40 and is arranged to throw a switch 46 (see FIG.
      5) when the valve element is raised. The switch 46 controls a drive motor
      47 having a driving connection to shaft 34 (see FIG. 2). Thus the beater
      44 is driven only when the valve member is raised to an open position.
PAR  Valve member 40 contains means operative in the closed position (FIGS. 3
      and 5) to block communication between the inlet ports 32a and 32b and to
      block flow to the dispensing outlet 31. For this purpose, a pair of
      parallel grooves 51 and 52 are located one below and one above the ports
      32a and 32b when the valve element is in the closed position. Grooves 51
      and 52 are arranged perpendicular to the axis of valve member 40. A third
      groove 53 is located intermediate grooves 51 and 52 and is canted or
      inclined relative to them. Each groove has a sealing ring in the form of
      an O-ring 54 disposed therein for sealing against the inside of the
      elongate chamber 32. Preferably, the intermediate groove 53 is shallower
      than grooves 51 and 52, and the O-rings are of identical size and made of
      elastomeric material. Obviously the circumference of groove 53 is longer
      than the others; however, the shallower depth compensates so that
      identical sized O-rings 54 can be used in all three grooves and are thus
      interchangeable. The arrangement of the third or intermediate groove 53 is
      such that, in the closed position, it is below one of the inlet ports and
      above the other. In this manner, the ports are sealed from each other when
      the valve member 40 is in closed position. In the open position of the
      valve member 40 indicated in phantom lines in FIG. 5, all the grooves are
      disposed above both inlet ports 32a and 32b. With the ports 32a and 32b
      being at the same level, and groove 51 being horizontal, flow of the
      semi-frozen comestible and the flavoring material occurs simultaneously
      when the valve member is in that open position. Conversely, the flow is
      stopped when the valve member is closed. With this valving arrangement, no
      additional shut-off valves are required to control the flow of the
      flavoring material.
PAR  As best shown in FIG. 4, second inlet port 32b for the syrup communicates
      with a passageway 71 which leads to a stepped chamber 72. On the end of
      conduit 65 and fitted into chamber 72 is a coupling, generally designated
      74. Coupling 74 is advantageously in the shape of an elbow (see FIG. 3)
      and has an external portion 75 larger than the stepped chamber 72 to
      engage the side of valve block 22. Another portion of the coupling is
      disposed within the stepped chamber 72, as best seen in FIG. 4. The
      coupling 74 has a passageway 76 which leads from the conduit 65 to a
      terminus end 77 located in the chamber 72 at a point inwardly of
      passageway 71. Outwardly of passageway 71 is an O-ring 78 which seals
      against the internal wall of chamber 72 to prevent leakage of syrup
      therepast. Between the terminus 77 and O-ring 78 is a lateral opening 79
      which intersects passageway 76 and provides an outlet closely adjacent the
      passageway 71. An enlarged portion of the coupling 74 is disposed in the
      larger portion of stepped chamber 72 and has a circumferential groove 81
      therein. A headed pin 82 fitted in a drill hole 83 passes through the
      groove 81 to retain the coupling 74 in position on the valve block 22.
      Upon withdrawal of pin 82, coupling 74 can be easily removed from the
      valve block 22 for cleaning purposes, for example.
PAR  As seen in FIG. 5, the connection between conduit portions 64 and 65 is
      adjacent the front of the machine at the surface of the housing 14. The
      connection is made by a quick disconnect coupling 88 of the double end
      shut-off type. As is conventional, such double end shut-off type quick
      disconnect couplings incorporate a check valve in both portions of the
      coupling which close when the coupling portions are uncoupled. This allows
      the two portions to be disconnected without releasing the pressure in tank
      T. To clean conduit portion 65 and/or the valve block 22, the disconnect
      coupling 88 is first released, pin 82 is withdrawn from the valve block
      22, and then coupling 74 is removed.
PAR  The quick disconnect coupling 88 serves another important function. As
      shown in FIG. 6, manually operable valve 90, having a mating coupling
      portion 91 can be attached to conduit 64 after conduit 65 is removed. The
      coupling portion 91 of the valve 90 incorporates means to open the check
      valve in the supply portion of the coupling when connected thereto. The
      valve 90 has an outlet spigot 92 and a button 94 to allow flow from the
      spigot when depressed. This permits a sample of the syrup to be easily
      taken.
PAR  The sampling valve 90 is used to calibrate the syrup fed into the valve
      block 22. The procedure for doing this is to first check the time it takes
      to draw a shake of the desired weight. After the draw time has been
      determined by a stopwatch, the sampling valve 90 is installed, and a
      calibrated cup indicated diagrammatically at C in FIG. 6 is held under the
      spigot 92. The button 94 is depressed for twice the amount of time it
      takes to draw a shake. Ideally, two ounces of syrup will be drawn in this
      time period or, in other words, one ounce of syrup will be fed to each
      eleven ounce shake. The pressure regulator 62 can be adjusted to achieve
      proper syrup flow if it is not correct.
PAR  The amount of syrup in the finished shake is important and accomplished as
      described above. Additionally, the percentage of air entrained in the milk
      shake is also important. As previously described, a percentage of air is
      drawn into pump P and delivered to the freezing chamber 16. At start-up,
      however, the freezing chamber is already filled with air and the present
      embodiment provides apparatus to assure that the proper ratio is obtained
      at that time. An exemplary amount of air is 75% of the amount of liquid
      confection and the pump may be arranged to deliver such a proportion to
      the freezing compartment 17.
PAR  In FIG. 7 there is shown a channel 100 which has an inlet at a level
      dividing the volume of the freezing compartment 17 into a liquid volume
      below the inlet, and a gas volume above the inlet. These two volumes have
      a ratio equal to the ratio of air to liquid delivered by the pump. The
      channel 100 has an outlet at a level below its inlet and, in the present
      embodiment, the outlet terminates at a bore 102. Bore 102 is
      advantageously located axially of the freezing compartment 17 and the
      terminus of channel 100 is inwardly of the outer surface of valve block
      22. Passing through the bore 102 is a central shaft 104, on which are
      fixed a plurality of arms 106. The shaft 104 and arms 106 operate to sense
      the viscosity of the material as it is frozen and, by means of a finger
      extending through a transverse bore 105, provide a control for a switch
      (not shown) which shuts off the motor 16m and thereby shuts down the
      refrigeration to the freezing unit 16. The manner in which this is
      accomplished is described in greater detail in U.S. Pat. No. 3,298,190
      issued Jan. 17, 1967 to Charles B. Harker and owned by the assignee of the
      present invention. Reference is made to that patent for a more detailed
      description.
PAR  In the present embodiment, the shaft 104 is movable longitudinally as
      indicated by arrow A in FIG. 7. It is intended that such movement can be
      easily accomplished manually. Two O-rings 108 and 109 are disposed in
      grooves in the shaft 104 outwardly of a collar 110 which provides a stop
      when the shaft is at the outermost position. Upon start-up, the shaft is
      pushed inwardly to the position shown in solid lines in FIG. 7. At this
      position, the outermost O-ring 108 seals against bore 102 inwardly of the
      outlet of channel 100. With the pump P operating, liquid confection and
      air is pumped into the freezing chamber 116 and the excess air is vented
      through channel 100. Since the air will separate from the liquid as it
      enters the freezing chamber, air will continue to be vented until the
      liquid level is at the inlet end of channel 100. Since this is positioned
      to divide the compartment into the desired percentages, the operator will
      know when this is accomplished when liquid starts flowing out around shaft
      104. The operator can then shut off the pump and pull shaft 104 to its
      outermost position. At this position, O-ring 108 seals outwardly of the
      channel 100 and O-ring 109 seals inwardly thereof. In this manner, there
      is provided consistency in the percentage of gas in the aerated
      semi-frozen ice cream being made in the freezing chamber both during
      start-up and subsequently thereto. Such a venting arrangement is
      particularly advantageous when the liquid comestible is fed to the
      freezing chamber at the bottom, as illustrated in FIG. 1. In other words,
      the supply conduit 27 is operatively connected to the freezing chamber at
      a level below the venting inlet 100.
PAR  In order to provide the desired consistency, it is necessary that the pumps
      P1 and P2 be provided with an adequate supply of liquid comestible in
      storage hopper 26. To assure this, a plurality of electrical probes
      121-123 are provided, as best seen in FIG. 2. As can be seen, these probes
      depend to three different levels adjacent the bottom of storage hopper 26.
      The lowermost probe 123 is a common line; the shortest probe 121 is
      operatively wired to control a warning light (not shown) which is switched
      on when the liquid level falls below probe 121. Probe 122, of intermediate
      length, is wired to controls for which are arranged to interrupt the
      functional operation of the machine when the liquid level falls below
      probe 122. In this manner, a warning light tells the operator when
      additional liquid comestible should be added to the storage hopper 16 and,
      if it is not added in time, the operation is shut down. By shutting down
      the machine, one is assured that it is operative only when the proper
      proportions of liquid comestible and air are fed to the freezing chamber
      16. This assures the quality of the milk shakes being dispensed and
      eliminates maintenance problems.
PAR  While a preferred embodiment of the invention has herein been illustrated
      and described, this has been done by way of illustration and not
      limitation, and the invention should not be limited except as required by
      the scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a machine for dispensing an aerated semifrozen comestible including a
      freezing compartment having an outlet; refrigeration means for
      refrigerating the surface of the freezing compartment; a reservoir for
      holding a liquid comestible; supply means for supplying the liquid
      comestible and a gas to the freezing compartment; and means in the
      freezing compartment for scraping the frozen comestible off the surface
      thereof, and for entraining the gas in the comestible; the improvement
      comprising:
PA1  a valve block at the freezing compartment outlet and having an elongate
      chamber therein; said chamber having a dispensing outlet, and first and
      second inlet ports at opposite sides of the chamber and spaced about an
      equal distance from the dispensing outlet so that the inlet ports are
      about the same level in the chamber; a first passageway connecting one
      inlet port to the freezing compartment; a supply of flavoring material; a
      second passageway connecting the other inlet port to said supply; feed
      means for feeding the flavoring material under pressure through the second
      passageway to said other inlet port; a valve member mounted in the chamber
      and reciprocably movable between an open position and a closed position;
      and means on the valve member operative in the closed position to prevent
      communication between the inlet ports and to block flow to the dispensing
      outlet, whereby flow of the aerated semi-frozen comestible and flavoring
      material occurs simultaneously when the valve member is in open position,
      and is stopped when the valve member is closed.
NUM  2.
PAR  2. A machine as set forth in claim 1 including a pair of spaced grooves on
      the valve member located one below and one above the inlet ports when the
      valve member is in closed position; a third groove on the valve member
      intermediate said pair and canted so that it is below one of the inlet
      ports and above the other when the valve member is in its closed position;
      and a sealing ring disposed in each groove; whereby the intermediate
      sealing ring seals the inlet ports from each other when the valve member
      is in closed position.
NUM  3.
PAR  3. A machine as set forth in claim 2 wherein the valve block is formed of
      thermoplastic resin of a type having characteristics similar to
      poly(tetramethylene terephthalate).
NUM  4.
PAR  4. A machine as set forth in claim 2 wherein the elongate chamber has a
      generally uniform diameter, the pair of grooves are in planes
      perpendicular to the axis of the elongate chamber, the intermediate groove
      is longer than the others, and the sealing rings are O-rings of identical
      size and of elastomeric material to fit into the grooves; whereby the
      O-rings are interchangeable.
NUM  5.
PAR  5. A machine as set forth in claim 1 wherein the second passageway includes
      conduit means leading from said supply of flavoring material to the valve
      block; a passageway in the valve block from said other inlet port to the
      exterior of the valve block; and having an enlargement adjacent said
      exterior; a connecting member on the conduit means and sized to fit into
      the passageway enlargement; the connecting member having a shoulder facing
      the upstream end thereof; and a releasable fastener in the valve block for
      engagement with the shoulder to releasably hold the connecting member in
      position.
NUM  6.
PAR  6. A machine as set forth in claim 5 including a quick-release coupling
      intermediate the ends of the conduit dividing the conduit into a supply
      portion and a valve block portion, whereby the valve block portion can be
      disconnected from both the supply portion and the valve block; a manually
      operable sampling valve having means for connecting to the supply portion
      of the conduit and operable for selectively drawing a sample of flavoring
      material therefrom; and means for adjusting the feed means to vary the
      amount of flavoring material dispensed per unit of time.
NUM  7.
PAR  7. A machine as set forth in claim 6 wherein: the supply means includes a
      pump which sucks in the liquid comestible and gas simultaneously, an
      electric motor for driving the pump, and a supply line having one end
      operatively connected to the pump and another end operatively connected to
      the freezing compartment; the quick-release coupling incorporates a check
      valve in both the supply portion and the valve block portion of the
      conduit to close the conduit when the portions are uncoupled; and the
      manually operable sampling valve incorporates means to open the check
      valve in the supply portion of the conduit when connected thereto; and
      including: three electrical probes in the liquid reservoir and depending
      to three different levels adjacent the bottom of the reservoir, the
      lowermost probe being a common line, the uppermost probe being operative
      to control a warning light when the liquid level falls below the uppermost
      probe, and the intermediate probe being operative to control the pump
      motor and arranged to interrupt current thereto when the liquid level
      falls below the intermediate probe; and a rotary beater positioned in the
      valve chamber between the valve member and dispensing outlet to blend the
      semi-frozen comestible and flavoring material before they are dispensed.
NUM  8.
PAR  8. In a semi-frozen confection machine including a freezing compartment
      having an outlet at its front end and adapted to freeze a liquid
      comestible; a reservoir communicating with the freezing compartment and
      adapted to hold and supply the liquid comestible to the freezing
      compartment; and a rotary beater in the freezing compartment to rotatably
      stir the comestible therein; and improvement comprising:
PA1  a valve block having a back side adjacent the freezing compartment outlet
      and having a valve chamber therein; said chamber having a dispensing
      outlet and first and second inlet ports; a first passageway connecting one
      inlet port to the freezing compartment; a second passageway leading from
      the other inlet port to the exterior of the valve block at one side
      thereof; a supply of flavoring material; a conduit connected to said
      supply and having an end at said one side of the valve block; a coupling
      on the end of the conduit and having a portion received in the second
      passageway; seal means on the coupling for sealing against the passageway;
      the valve block having a bore extending transverse of the passageway at a
      location between the seal means and the one side of the block; and a
      manually-removable fastener extending through the bore and engaged with
      the coupling to hold it in the passageway, means for feeding the flavoring
      material under pressure through the conduit to the valve chamber; a
      quick-release coupling intermediate the ends of conduit dividing the
      conduit into a supply portion and a valve block portion, whereby the valve
      block portion can be disconnected from both the supply portion and the
      valve block; and a manually operable sampling valve having means for
      connecting to the supply portion of the conduit and operable for
      selectively drawing a sample of flavoring material therefrom.
NUM  9.
PAR  9. In a semi-frozen confection machine including a freezing compartment
      having an outlet at its front end and adapted to freeze a liquid
      comestible; a reservoir communicating with the freezing compartment and
      adapted to hold and supply the liquid comestible to the freezing
      compartment; and a rotary beater in the freezing compartment to rotatably
      stir the comestible therein; and improvement comprising:
PA1  a valve block having a back side adjacent the freezing compartment outlet
      and having a valve chamber therein; said chamber having a dispensing
      outlet and first and second inlet ports; a first passageway connecting one
      inlet port to the freezing compartment; a second passageway leading from
      the other inlet port to the exterior of the valve block at one side
      thereof; a supply of flavoring material; a conduit connected to said
      supply and having an end at said one side of the valve block; a coupling
      on the end of the conduit and having a portion received in the second
      passageway; seal means on the coupling for sealing against the passageway;
      the valve block having a bore extending transverse of the passageway at a
      location between the seal means and the one side of the block; and a
      manually-removable fastener extending through the bore and engaged with
      the coupling to hold it in the passageway, a valve member mounted in the
      valve chamber and reciprocably movable between an open position and a
      closed position blocking flow through the inlet ports; a pair of spaced
      parallel grooves on the valve member located one below and one above the
      inlet ports when the valve member is in the closed position; a third
      groove on the valve member intermediate said pair and shaped so that it is
      below one of the inlet ports and above the other; and a sealing ring
      disposed in each groove and sealing against the valve chamber; whereby the
      intermediate sealing ring seals the inlet ports from each other when the
      valve member is in closed position.
NUM  10.
PAR  10. In a machine for dispensing a semi-frozen comestible and a flavoring
      material including a freezing compartment; refrigeration means for
      refrigerating a surface of the freezing compartment; a first reservoir for
      holding a liquid comestible; a first supply means for supplying the liquid
      comestible and a gas to the freezing compartment; means in the freezing
      compartment for mixing the frozen comestible and the gas therein; and a
      second reservoir for a flavoring material, the improvement comprising:
PA1  a valve block at the freezing compartment and having at least one generally
      upright elongate chamber therein; said chamber having a dispensing outlet
      at its lower end; and first and second inlet ports at opposite sides of
      the chamber and spaced about an equal distance above the dispensing outlet
      so that the inlet ports are about the same level in the chamber; a first
      passageway connecting one inlet port to the freezing compartment; a second
      passageway connecting the other inlet port to said second reservoir means;
      feed means for feeding the flavoring material under pressure through the
      second passageway to said other inlet port; an elongate valve member
      mounted in the chamber and reciprocably movable between an open position
      and a closed position; said valve member having upper and lower spaced
      sealing rings extending therearound in planes crosswise of the valve
      member respectively above and below said inlet ports when the valve member
      is in its closed position and an intermediate sealing ring extending
      around the valve member intermediate the upper and lower sealing rings and
      canted relative to the valve member so that it is below one of the inlet
      ports and above the other inlet port when the valve member is in its
      closed position to seal the inlet ports from each other, said upper, lower
      and intermediate sealing rings being disposed above said inlet ports when
      the valve member is moved to its open position whereby flow of semi-frozen
      comestible and flavoring material occurs simultaneously when the valve
      member is in open position and is stopped when the valve member is in its
      closed position.
NUM  11.
PAR  11. A machine as set forth in claim 10 wherein said second passageway
      includes a conduit leading from the second reservoir means for flavoring
      material to the valve block, a quick-release coupling intermediate the
      ends of the conduit dividing the conduit into a supply portion connected
      to the second reservoir means and a valve block portion connected to the
      valve block, whereby the valve block portion can be disconnected from the
      supply portion; a manually operable sampling valve having means adapted
      for connection to the supply portion of the conduit and operable for
      selectively drawing a sample of flavoring material therefrom; and means
      for adjusting the feed means to vary the amount of flavoring material
      dispensed per unit of time.
NUM  12.
PAR  12. A machine as set forth in claim 11 wherein: the quick-release coupling
      incorporates a check valve in both the supply portion and the valve block
      portion of the conduit to close the conduit when the portions are
      uncoupled and the sampling valve incorporates means to open the check
      valve in the supply portion of the conduit when connected thereto.
NUM  13.
PAR  13. A machine according to claim 12 including means in the lower portion of
      said generally upright elongate chamber for mixing said semi-frozen
      comestible and said flavoring material when the valve member is open.
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ABST
PAL  A flexible coupling is provided for use between the shaft of a screw pump
      rotor and that of a driving motor where the shafts are required to
      transfer considerable axial forces and are subject to rotating out of
      axial alignment with each other. The respective shaft ends are formed
      either as cones or sections of spheres and are held together by a
      screwspring which envelopes both ends and transfers much of the torque
      from one shaft to the other while reducing the possibility for lateral
      displacement of the shafts. The shaft ends are positioned to roll against
      each other to reduce wear when the shafts rotate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a coupling unit for use between two shafts. It
      relates particularly to a coupling unit for transferring torque between
      two shafts which may be aligned at varying angles with each other and at
      the same time may be loaded with strong axial pressures. The invention
      relates particularly to means for driving so-called screw pumps for which
      a coupling unit is desirable which is capable of transferring torque
      between shafts which vary in their alignment with each other.
PAR  2. Description of the Prior Art
PAR  A screw pump consists of a rotatable screw, a rotor, which usually is made
      of a metallic meterial and which is arranged within a cylinder with a
      screw shaped inner surface made of resilient material, called the stator.
PAR  Due to the construction of a screw pump the rotor, when rotating, makes an
      oscillating movement, which means that the rotor shaft and the drive shaft
      during rotation will form an angle with each other, which angle changes
      continuously.
PAR  When working, relatively strong axial forces also occur between the rotor
      and the stationary part which forces must be carried by the coupling
      between the rotor and the driving shaft.
PAR  In screw pumps having relatively small dimensions it is possible to
      transfer the turning torque by help of a rigid shaft, a so-called torsion
      bar. The torque and bending forces in such a pump are so limited, that a
      solid bar of this type may be acceptable.
PAR  In bigger screw pumps, however, other power transfer devices are needed. In
      such cases it is known to use universal joints of different sorts, Oldham
      Joints, Crass-slide Joints and others. Common to all these types of
      couplings is the fact that they can transmit relatively large forces. The
      disadvantages include the facts that they are relatively complicated,
      require a lot of space, and are expensive to manufacture. Even their
      durability in many cases is too poor to provide an acceptable
      dependability, especially when they are subjected to strong axial forces.
PAC  SUMMARY OF THE INVENTION
PAR  The problem of transferring rotary torque between the driving shaft and the
      pump rotor shaft by relatively big screw pumps is solved according to the
      invention. In preferred embodiments, the two heading end surfaces of the
      shafts are made conical or spherical so that, when the shafts are
      parallel, the end surfaces only make contact with each other at one single
      point in the center. On the other hand, when the shafts form an angle with
      each other, a rolling takes place, along the two end surfaces during
      rotation. The two ends of the shafts are prevented from moving radially
      relative to each other by help of another device which grips both of the
      shafts and transfers much of the turning torque between the two shafts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described more fully below with reference to the drawings,
      in which
PAR  FIG. 1 shows a coupling with spherical end surfaces in a non-bent position
      and
PAR  FIG. 2 shows a coupling with conical end surfaces in a bent position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, numbers 1 and 2 stand for two shaft ends with spherical end
      surfaces 3 and 4, and 5 stands for a screw spring serving as a driver
      between the shafts.
PAR  The function of the device is as follows. If no angle between the two
      shafts is at hand, that is if the two shafts are parallel and have a
      common center line, the two shaft ends will just touch each other in their
      centers, as indicated in FIG. 1.
PAR  If two shafts having spherical ends form an angle, the contact point will
      move along a circle formed on each end somewhat out from the center of the
      shaft; that is, the shaft ends will roll against each other. This
      embodiment is favorable when the bending angle .alpha. is varying, whereby
      the radius of the mentioned line will vary.
PAR  If the bending angle .alpha. is constant, the embodiment shown in FIG. 2
      may be suitable. The cone angle is then determined in accordance with the
      normal bending angle between the two shafts, which varies depending on the
      type of pump. By making this cone angle choice, rolling will be directed
      along the mantle surfaces of the cones which means a considerably
      diminished surface pressure and because of that a diminished wear.
PAR  For driving a screw pump it is suitable to arrange two couplings of this
      type in order to get good operation even when the driving shaft and the
      rotor shaft are parallel but have their center lines radially dislocated.
PAR  The torque transferring screw spring may be of either rectangular or
      circular cross section, but for special conditions, the rectangular form
      is preferred.
PAR  The invention disclosed is a simple and inexpensive coupling having special
      qualities, including the ability to transmit power through angular
      connections and ability to withstand strong surface pressures. It is very
      suitable for driving screw pumps but is useable in other different fields
      of application.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example and not as
      a limitation on the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coupling for two rotating torque transferring shafts which are subject
      to variations in the angles they rotate with respect to each other and are
      exposed to strong axial pressures comprising, prepared heading surfaces on
      the ends of two shafts formed as conical or spherical surfaces so that,
      when the shafts are parallel and the ends of the shafts are placed in
      contact with each other they make contact with each other at a single
      central point, and when the shafts form an angle of less than 180.degree.
      with respect to each other during a period of rotation, the two end
      surfaces roll against each other, and means for preventing the two ends of
      the shafts from moving radially relative to each other, said means serving
      also as a torque transfer device transferring a portion of the turning
      torque between the two shafts, where the torque transferring device is a
      screw spring which is arranged around the ends of the two shafts.
NUM  2.
PAR  2. The invention according to claim 1, in which the torque transferring
      device is a screw spring which is arranged around the ends of the two
      shafts.
NUM  3.
PAR  3. The invention according to claim 1, in which, when the heading surfaces
      are sections of spheres, rolling between the two surfaces occurs along
      circles formed along point contacts between the surfaces.
NUM  4.
PAR  4. The invention according to claim 1, in which when the heading surfaces
      are conical surfaces, the rolling normally occurs along line contacts
      between the mantle surfaces of the conical surfaces.
PATN
WKU  039344290
SRC  5
APN  4767039
APT  1
ART  345
APD  19740605
TTL  Constant velocity universal joint
ISD  19760127
NCL  3
ECL  1
EXA  Heald; Randall
EXP  Scott; Samuel
NDR  4
NFG  11
INVT
NAM  Takahashi; Koichi
CTY  Yokohama
CNT  JA
INVT
NAM  Hitomi; Nobuteru
CTY  Yokosuka
CNT  JA
INVT
NAM  Kizu; Taisuke
CTY  Fujisawa
CNT  JA
ASSG
NAM  Nissan Motor Company Limited
CTY  Yokohama
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730630
APN  48-73853
CLAS
OCL   64 21
XCL   64  8
EDF  2
ICL  F16D  330
FSC   64
FSS  21;8;7
UREF
PNO  3442095
ISD  19690500
NAM  Devos
OCL   64 21
UREF
PNO  3520152
ISD  19700700
NAM  Schmid
OCL   64 21
UREF
PNO  3557572
ISD  19710100
NAM  Aucktor et al.
OCL   64 21
UREF
PNO  3789626
ISD  19740200
NAM  Girguis
OCL   64  8
ABST
PAL  A cage having spherical inner and outer surfaces with their respective
      center points of curvature offset from joint center point to the opposite
      sides of same.
BSUM
PAR  The present invention relates to a constant velocity universal joint which
      utilizes a plurality of annularly arranged spaced balls mounted between
      outer and inner races and maintained in operating position by a retainer
      or cage through which torque is transmitted between the driver and
      follower.
PAR  The mechanical construction is such that the balls disposed between inner
      and outer races, transmitting the motion from the driver to the follower,
      always lie in a common plane bisecting the angle between the center axes
      of the driver and the follower, thus providing the velocity ratio of unity
      in this type of joint. In attempts to improve the application and
      transmission of forces between the outer and inner races and minimize the
      tendency of the balls to become off-set from the bisecting plane, several
      of the well known constant velocity joints of the foregoing type have
      accurate ball receiving grooves in the inner and outer races and/or
      grooves in the outer race intersecting the grooves of the inner race when
      the axes of the two races are parallel. Therefore, the ball location
      depends only on the disposition of the center lines of both grooves. The
      production of races with grooves of these types normally involves
      difficult and time consuming machining operations, and close tolerances
      are necessary in order to obtain satisfactory performance.
PAR  In other attempts to simplify machining operations in the production of
      races, another well known constant velocity joint has straight ball
      receiving grooves in the inner and outer races which are parallel and
      opposite to the grooves in the inner race when the axes of the two races
      are parallel. Although production of these grooves is easy, the tendency
      for the balls to become off-set increases when torque is transmitted from
      the driver to the follower through a relatively large angle, because a
      ball is located by grooves in the inner and outer races on the common
      plane of two axes and the ability of location is lower than three
      dimensional location. The angular movement of this joint is restricted to
      a limited range because of the short length of the ball retaining grooves.
PAR  In one prior universal joint well known in the art an annular ball
      retaining cage is used. The ball retaining cage has an outer spherical
      surface and an inner spherical surface having the center point of
      curvature common to that of the outer spherical surface. Outer and inner
      races have spherical inner and outer surfaces respectively, mating to the
      outer and the inner spherical surfaces of the ball retaining cage. The
      inner spherical surface of the outer race and the outer spherical surface
      of the inner race should have a center of curvature common to that of the
      ball retaining cage. The production of ball retaining cage, inner and
      outer races of this two dimensional location type normally involve
      difficult and time consuming machining operations, and close tolerances
      are required in order to obtain satisfactory performance. In case of the
      present invention, the ball location depends on the disposition of grooves
      and the off-set cage. Therefore, it is easy to fabricate a joint. Since
      the inner race has to be dimensioned to be assembled into the ball
      retaining cage, it is impossible to have the width of the inner race
      satisfactorily long. Thus the length of each of the ball retaining grooves
      which would be formed in the outer spherical surface of the inner race
      cannot be made long enough to enable the universal joint to transmit a
      torque through a relatively high degree of angular movement.
PAR  It is therefore one object of the present invention to provide a constant
      velocity universal joint which is simple and compact in construction,
      using three dimensional ball-engaging grooves each of which has the center
      line inclined at a small angle with respect to a hypothetical plane
      including the axis of the inner race, in case of a groove formed in the
      inner race, and the axis of the outer race, in case of a groove formed in
      the outer race, and hence economical production is possible, using
      standard machine tools and simple machining practices.
PAR  Another object of the present invention to provide a constant velocity
      universal joint which has a relatively high degree of angular movement
      without affecting the optimum operation of the joint.
PAR  A further object of the present invention is to provide a constant velocity
      universal joint which has a relatively high degree of rigidity, as
      compared to prior art constant velocity universal joint of the same
      dimensions.
PAR  A still another object of the present invention is to provide a constant
      velocity universal joint for use in a power transmitting line of an
      automobile.
DRWD
PAR  The other objects, features and advantages of the present invention will
      become apparent from the following description in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal cross sectional view of a constant velocity
      universal joint embodying the present invention;
PAR  FIG. 2 is an axial view of a ball-retaining cage used in the joint shown in
      FIG. 1;
PAR  FIg. 3 is a partial cross sectional view showing an inner race and the
      cage;
PAR  FIG. 4 is an axial view of FIG. 3;
PAR  FIg. 5 is a similar view to FIG. 3 showing the inner race in the operative
      position;
PAR  FIG. 6 is an axial view of FIG. 5;
PAR  FIG. 7 is a schematic illustration of two intersecting ball-engaging
      grooves with a power transmitting ball located at the intersection of the
      two grooves;
PAR  FIGS. 8 and 9 are diagrammatic illustrations showing the angular
      relationship of the universal joint components for achieving constant
      velocity;
PAR  FIG. 10 is a graph showing the relationship between the angle of angular
      movement and displacement of the center point of the joint; and
PAR  FIG. 11 is a similar view to FIG. 1 showing a prior constant velocity
      universal joint.
DETD
PAR  Referring to the accompanying drawings and particularly to FIGS. 1 to 7
      thereof, there is shown a constant velocity universal joint according to
      the present invention having an inner race 10 which may be splined by
      splines 12 onto a shaft (not shown). In the external peripheral surface 14
      of the inner race 10, six ball-engaging grooves 16 are machined, each
      having a center line 16' forming an angle with respect to a an axis 18 of
      the inner race 10. In FIG. 1, the grooves 16 are shown projected into the
      plane of the drawing for the sake of simplicity. In FIG. 7 the grooves are
      shown as angled with respect to the inner race axis 18.
PAR  The inner race 10 is surrounded by an outer race 20 concentrically
      connected to a second shaft 22 by suitable means. The outer race 20 is
      formed with grooves 24 on the inner surface 25, each groove having a
      center line 24' forming an angle .alpha. with respect to an axis 26 of the
      outer race 20, as illustrated diagrammatically in FIG. 7, but in a
      direction opposite to the angle of the center line 16' of the groove 16
      disposed opposite thereto in the inner race 10. The groove 24 in FIG. 1
      has also been projected onto the plane of the drawing for the sake of
      simplicity.
PAR  At the intersection of each cooperating pair of grooves 16 and 24 is a ball
      28 which, by cooperation with the grooves 16 and 24 transmits torque
      between the inner race 10 and the outer race 20. All of the balls 28 (only
      two being shown in FIG. 1) are respectively located in apertures 32 of a
      cage 34, which keeps all the balls 28 disposed in the bisecting plane or
      one plane P, extending substantially perpendicularly to the plane of the
      drawing in FIG. 1.
PAR  To enable that the inner race 10 to be angularly displaceable relative to
      the outer race 20 without substantial end motion, both the inner surface
      25 of the outer race 20 and the mating outer surface 36 of the cage 34 are
      spherical and have substantially the same radius Ro and a common center of
      curvature Oo lying on the axis 26 of the outer race 20. The inner surface
      38 of the cage 34 and the mating outer surface 14 of the inner race 10 are
      spherical and have a shorter radius Ri than that of the spherical outer
      surface of the cage 34 and a common center of curvature Oi lying on the
      axis 18 of the inner race 10. The center of radius Oo and the center of
      radius Oi are equidistant by a distance a from the center point O of the
      joint which is located at the common intersection of axes 18 and 26 and a
      ball plane P in which the balls 28 are always maintained.
PAR  The cage 34, as illustrated in FIG. 1, has on the inner edge thereof
      adjacent to the shaft 22 a greater thickness than on the outer edge
      thereof remote from the shaft 22. In another case, the thicker portion is
      able to dispose opposite side. Notwithstanding, in the universal joint of
      the present invention, the center point Oo of curvature of the spherical
      inner surface 25 of the outer race 20 and that Oi of the spherical outer
      surface 14 of the inner race 10 are equidistant by a  from the center
      point of the joint O, all the balls 28 are maintained on the circumference
      of the bisector plane P. FIG. 8 shows diagrammatically the condition of
      the joint of the invention when the axes 18 and 26 are relatively angled
      by Z/2 to the opposite directions. In this condition the bisector plane P
      wherein the balls 28 are disposed is in the same location. FIG. 9 shows
      diagrammatically the condition of the joint when the axis 18 is angled
      through an angle Z with the axis 26 stationary. In this condition the
      center point of curvature Oi of the spherical inner surface 10 moves to a
      point O'i lying on a line 40 which is angled through Z/2 about the center
      of point of curvature Oo. Then the axis 18 is angled through Z/2 about the
      point O'i in the same direction. It will be understood that the
      intersection between the axis 26, the axis 18' and the common plane P'
      bisecting an angle between the point Oo and O'i is now a new center point
      of joint O'  when the angle is Z. The length of displacement .DELTA. from
      the point O to O' can be expressed as follows.
      ##EQU1##
      It is now understood that in the joint of the present invention the center
      point of the joint moves as the obtuse angle varies. If .DELTA. is long
      vibration would result when torque is transmitted through the joint. FIG.
      10 shows the relation between the obtuse angle Z and the displacement
      length .DELTA.. When the joint of the present invention is to be used in a
      power transmitting line of an automobile, the vibration level is
      acceptable if .DELTA. is shorter than 0.2 mm. Thus if the maximum obtuse
      angle is to be 45.degree. the value of a should be shorter than 2.5 mm,
      this being determined from the graph of FIG. 10. This arrangement of the
      cage contributes to precise ball location in the constant velocity joint
      with assist of three dimensional location.
PAR  Since the cage 34 has on the edge adjacent to the shaft 26 a greater
      thickness than on the edge remote from the shaft, it has a greater radial
      rigidity as compared to a cage 34' used in a prior art universal joint
      illustrated in FIG. 11.
PAR  In case that a relatively wider, in axial length, inner race is to be
      mounted to obtain a joint having a higher degree of obtuse angle, two
      diametrically opposed notches 42 are formed in the edge of the cage 34
      which has a greater thickness (see FIG. 2) so that the inner race 10 can
      enter the cage 34 in the manner as shown in FIGS. 3 to 6. Since in the
      cage 34 of the present invention the cage has a greater thickness on the
      edge where the notches 42 are to be formed, therefore rigidity of the cage
      34 is increased and capable of accepting a wider inner race, as compared
      to the prior art cage 34' of the joint of FIG. 11. Thus it will now be
      appreciated that the present invention provides for rigidity of a cage and
      a joint having a higher degree of angular movement.
PAR  From the above description of the present invention it will be understood
      that in the constant velocity universal joint;
PAR  1. theoretically it can transmit power from a driver to a follower through
      a variable angular movement;
PAR  2. practically also it can transmit power between the follower and the
      driver through a variable degree of obtuse angle because the power
      transmitting balls are held in a common plane bisecting an angle formed by
      the axes of the driver and follower;
PAR  3. spiral angle of ball retaining grooves may be less than 10.degree.
      without affecting the ball locating performance of the joint;
PAR  4. vibration level is acceptable if a is less than 2.5 mm when the joint is
      to be used in a power transmitting line of an automobile;
PAR  5. the rigidity of the cage is superior to the prior art; and
PAR  6. a relatively wide, in axial length, inner race can be mounted in the
      cage, and thus the joint of the invention has a relatively higher degree
      of angular movement than those of prior art joints.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A constant velocity universal joint comprising an inner race and an
      outer race between which balls are mounted in grooves for transmitting
      torque therebetween, a ball retaining cage positioned between said inner
      and outer races retaining said balls in a common plane, said cage having
      an outer surface formed with a part-spherical surface, the centers of
      radius of curvature of said part-spherical surfaces being equidistant from
      and on the opposite sides of the joint center, the inner surface of said
      cage and the outer surface thereof being in sliding engagement with the
      outer surface of said inner race and the inner surface of said outer race,
      respectively, the outer surface of said inner race being formed with a
      part-spherical surface having substantially the same center of radius of
      curvature to that of the part-spherical surface forming the inner surface
      of said cage and the inner surface of said outer race being formed with a
      part-spherical surface having substantially the same center of radius of
      curvature to that of the part-spherical surface forming the outer surface
      of said cage, said inner race being provided in the part-spherical surface
      thereof with ball-engaging grooves which are angled with respect to the
      inner race axis and said outer race being provided in the part-spherical
      surface thereof with ball-engaging grooves which are angled with respect
      to the outer race axis in the opposite direction.
NUM  2.
PAR  2. A constant velocity universal joint as claimed in claim 1, wherein said
      cage has a greater thickness on the edge which is formed with
      diametrically opposed notches, said inner race being assembled in said
      cage by inserting said inner race axially into said cage through an
      opening defined by said notches.
NUM  3.
PAR  3. A constant velocity universal joint as claimed in claim 1, wherein each
      of the grooves of said outer race extends along a center line which is
      inclined with respect to a hypothetical plane including the outer race
      axis and each of the grooves of said inner race extends along a center
      line which is inclined with respect to a hypothetical plane including the
      inner race axis.
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ABST
PAL  The injection timing of a fuel injection pump is controlled by displacement
      of a helical splined sleeve interconnecting a driving shaft and an
      injection pump drive shaft to vary the angle between the shafts. According
      to this invention the displacement of the sleeve is effected by an
      hydraulic actuator controlled by an electronic circuit which is responsive
      to a number of engine operating parameters and which receives a feedback
      signal from a detector, preferably magnetic, of the actual relative
      angular displacement between the shafts to ensure that the actual angle
      between the shafts is that required by the operating parameters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for controlling the injection timing of
      fuel injection pumps in internal combustion engines. Such pumps are
      controlled to effect the injection of fuel into each cylinder of an
      internal combustion engine at a point in the cycle of the engine which is
      in advance of the top-dead-centre position of the respective piston in
      that cylinder, the amount of this advance being commonly expressed as the
      "advance angle" through which the engine crankshaft or flywheel rotates,
      after the injection of fuel into a cylinder, in order for the respective
      piston to reach the top-dead-centre position in that cylinder.
PAR  More particularly, the present invention relates to an electronic injection
      timing control device for a fuel injection pump in an internal combustion
      engine, in which the variation of the fuel injection timing is controlled
      in dependence upon a number of operating parameters of the engine.
PAR  In previously known fuel injection pumps the injection timing of the pump
      is controlled by a centrifugal governor responsive to the rotational speed
      of the shaft of the engine, the advance angle of the fuel injection being
      determined by the equilibrium position achieved by the governor. Such a
      centrifugal governor acts on the injection pump either directly or through
      a servo-control of the mainly hydraulic type. In modern engines with the
      need for low pollution of the atmosphere it is necessary to control the
      advance angle not only in dependence upon the rotational speed of the
      engine, but also in dependence upon other operating parameters, such as
      the temperature of the engine exhaust gases, the manifold pressure, or
      again, in the most elaborate systems, the chemical composition of the
      exhaust gases themselves.
PAR  For this purpose an electronic processing circuit is used, controlled by
      transducers which provide signals corresponding to the various parameters,
      the circuit giving an output signal which controls the variation of the
      fuel injection timing. This output signal must therefore be a function of
      the required advance angle of the fuel injection, and controls, usually
      through a proportional electrovalve, a metered flow of hydraulic fluid to
      an actuator which displaces axially a helically splined sleeve
      interconnecting the drive shaft of the pump shaft and a driving shaft, to
      vary the angle between these shafts until, when the optimum advance angle
      is reached, the parameters which control the system attain such values as
      to reduce the output signal to zero and therefore reduce or annul the flow
      of hydraulic fluid to the actuator.
PAR  This method of injection timing control is not very fast, due to the slow
      responses of the operating parameters of the engine to a variation of fuel
      injection timing, and moreover this method can cause instability in the
      system, because of the number of parameters involved and the sometimes
      strongly non-linear nature of their variations.
PAR  An object of this invention is to circumvent the aforementioned
      disadvantages by providing an electronic injection timing control device
      for a fuel injection pump which is of fast response and of high stability.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an injection timing
      control device for a fuel injection pump, comprising a pump drive shaft
      connected to a driving shaft through a helical splined sleeve coupling, an
      electronic circuit adapted to be responsive to a number of operating
      parameters of an associated engine to provide a first output signal, said
      circuit controlling hydraulic actuator means for effecting axial
      displacement of the sleeve to vary the relative angular displacement
      between the two shafts so as to vary the fuel injection advance angle of
      the pump as a function of the said parameters, detector means providing a
      second output signal representative of the relative angular displacement
      between the two shafts, and a differential amplifier which provides a
      third output signal representative of the difference between the first and
      second output signals, said third output signal being applied as a control
      signal to the hydraulic actuator means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the invention will now be described, by way of
      non-limiting example, with reference to the accompanying drawing, which
      represents in purely schematic form an injection timing control device
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing, a device 10 for varying the injection timing of a
      fuel injection pump (not shown) comprises a pump drive shaft 12 and a
      driving shaft 14. The two shafts 12, 14 are interconnected by a helical
      splined sleeve (not illustrated), in a known way, for example as described
      in U.S. Pat. No. 3,603,112.
PAR  A source 16 of hydraulic fluid under pressure, which may be constituted by
      the engine oil pump, feeds a conduit 18 through a proportional
      electrovalve 20, to apply a metered pressure to an inlet 22 of an
      hydraulic actuator of the injection timing control device 10. The sleeve
      coupling between the two shafts is displaced axially under control of the
      metered pressure applied to the inlet 22 to effect, through the helical
      splines of the sleeve, a relative angular displacement between the shafts
      12, 14, varying the injection timing of the pump, as described in the said
      patent specification.
PAR  An electronic processing circuit 24, also of the known type, is provided
      with a number of inputs 26, 28 30, upon which are received respective
      signals derived from different transducers (not shown), representing
      different physical parameters associated with the operation of the engine,
      as described previously and as known in the art. The electronic circuit 24
      processes the input signals to provide a first output signal on a line 32,
      representing the required fuel injection advance angle at any given
      instant.
PAR  According to this invention, the shafts 12 and 14 of the injection timing
      control device 10 are each connected to a respective toothed wheel 34, 36,
      each for example with thirty-three teeth, of ferromagnetic material. A
      respective magnetic pick-up 38, 40 is associated with each of the toothed
      wheels 34, 36 to detect the reluctance variations resulting from the
      rotation of the respective toothed wheels. The magnetic pick-ups 38, 40
      provide, on respective output lines 42, 44, respective pulse trains
      comprising one pulse for each passage of a tooth past the respective
      pick-up.
PAR  The two pulse trains on the lines 42, 44 are squared or clipped in
      respective monostable multivibrators 46, 48. The outputs 50 and 52 of the
      multivibrators 46, 48 control respectively the "set" and "reset" inputs of
      a flip-flop 54, the output of which is filtered by a low-pass filter 56 to
      obtain a substantially continuous (D.C.) output voltage, constituting a
      second output signal.
PAR  The mounting of the pick-ups 38, 40 is such that, when the engine is
      stationary, they are in correspondence with a tooth of the respective
      toothed wheels. Therefore, when the engine is started, the sequences of
      pulses on the lines 50 and 52 set and reset alternately the flip-flop 54,
      which will spend more time on one or in the other of its states according
      as a given part of one of the toothed wheels 34, 36 (and therefore of its
      associated rotating shaft 12, 14) is in advance of or retarded with
      respect to the corresponding part of the other wheel.
PAR  Therefore the D.C. or continuous voltage component of the output signal of
      the flip-flop 54 will be proportional to the relative angular displacement
      between the two shafts 12, 14 of the device 10 at any given instant. The
      output voltage of the low-pass filter 56, that is, the second output
      signal, on the line 58, represents therefore the actual fuel injection
      advance angle of the device 10 at that instant.
PAR  The output voltage on the line 58, representing the actual fuel injection
      advance angle, and the first output signal on the line 32, representing
      the desired advance angle, are compared in a differential amplifier 60,
      which provides a third output signal representative of the difference
      between the output signal on the line 32 and the output signal on the line
      58. This difference output signal controls the solenoid 21 of the
      electrovalve 20 through a line 62.
PAR  It will be apparent that, by comparing the first and second output signals
      from the electronic processing circuit 24 and from the low-pass filter 56
      respectively, one obtains a high rate of response in the ignition timing
      control of the device 10, avoiding on one hand the response delay of the
      prior art devices, on the other hand the instability or "hunting" due to
      over-corrections of advance, with successive countercorrections, which
      occurred with the prior art devices when attempts were made to shorten the
      response time beyond certain limits.
PAR  The use of a flip-flop 54 to compute the difference between the signals of
      the pick-ups 38, 40 gives an optimum protection from noise, and
      furthermore allows the system to maintain a given condition indefinitely
      whenever the relative angular displacement between the shafts 12, 14 is
      kept constant for long periods of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injection system comprising:
PA1  - an injection pump having a pump drive shaft;
PA1  - a driving shaft;
PA1  - a helical sleeve coupling interconnecting said pump drive shaft and said
      driving shaft;
PA1  - electronic circuit means adapted to be responsive to a number of
      operating parameters of an associated engine to provide a first output
      signal;
PA1  - hydraulic actuator means controlled by said circuit for effecting axial
      displacement of said sleeve to vary the relative angular displacement
      between said shafts and thereby vary the fuel injection advance angle of
      said pump as a function of the said parameters;
PA1  - a first ferromagnetic toothed wheel attached to said pump drive shaft so
      as to rotate therewith;
PA1  - a second ferromagnetic toothed wheel attached to said driving shaft so as
      to rotate therewith, said second ferromagnetic wheel having the same
      number of teeth as said first ferromagnetic tooth wheel;
PA1  - first magnetic pick-up means disposed adjacent said first ferromagnetic
      wheel to generate a signal proportional to the rotation of said wheel;
PA1  - second magnetic pick-up means disposed adjacent said second ferromagnetic
      wheel to generate a signal proportional to the rotation of said second
      wheel;
PA1  - means for deriving a second output signal proportional to the relative
      angular displacement of the pump drive shaft and the driving shaft
      comprising first and second monostable multivibrators having their inputs
      connected to said first and second magnetic pick-up means respectively, a
      flip-flop having "set" and "reset" inputs connected to the outputs of the
      first and second monostable multivibrators, and a low-pass filter means
      connected to the output of the flip-flop to provide the second output
      signal;
PA1  - differential amplifier means having its inputs connected to said
      electronic circuit means and said low pass filter means to provide a third
      output signal representative of the difference between said first and
      second output signals, said third output signal being a control signal to
      said hydraulic actuator means.
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ABST
PAL  A high speed continuous knitting machine wherein the cylinder has a
      substantially circular cam track for the needle butts having a
      substantially uniform slope and disposed at an oblique angle relative to
      the axis of the cylinder, and also including cam controlled axially
      moveable sliders disposed between the needles for assisting in castoff,
      which sliders are moved in a direction opposite to the direction of
      movement of the needles.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of U.S. patent application Ser. No. 821,447, filed
      May 2, 1969. now abandoned.
BSUM
PAC  SUMMARY
PAR  In conventional circular knitting machines, the needles travel vertically
      in their cylinder slots between two extreme positions. When a needle is at
      its highest point, the yarn loop formerly in its hooks has passed below
      ("cleared") the latches and new yarn is fed into the open hook. The needle
      is then carried down, in the "stitch drawing" phase, so that the newly fed
      yarn caught by the hook is pulled through the old loop. The latter causes
      the latch to close as the needle descends. At the lowest point, the top of
      the needle passes below the old loop which is thus "castoff".
PAR  In conventional systems, the yarn is drawn over the top of the radially
      extending fins or walls that form the slots for the needles. These walls,
      of course, are immoveable and are of a standard height.
PAR  In conventional systems, the needles are thus required to travel vertically
      a relatively great distance between clearing and castoff. As a general
      rule, needles are required to move vertically about at least
      three-quarters of an inch on such machines. The distance increases when
      the cams are adjusted to draw longer stitches or if needles with longer
      latches are used.
PAR  On conventional machines, the stitch cams utilized to draw needles down to
      castoff level are designed to provide a steep descending slope (about
      45.degree. plus or minus about 5.degree.). This relatively steep slope is
      necessary to insure that only a very few needles draw down upon the newly
      fed yarn at a given time. Otherwise, on such conventional machines, the
      force of many needles all drawing down at one moment would break the yarn.
      To my knowledge, no machine heretofore built has included stitch drawing
      cams having a slope more gradual than about 40.degree..
PAR  Thus, on conventional machinery, the needles are required to travel a
      relatively great vertical distance, and this travel must take place
      through a steep downward slope and in a small amount of angular space. It
      will be understood, therefore, that these factors present a definite
      practical limitation upon the speed at which the needles may rotate
      relative to the cams (or vice-versa). This, in turn, limits the amount of
      fabric that can be produced by the machine.
PAR  The foregoing observations, it should be noted, also apply generally to
      flat-bed and other types of warp knitting systems as to which the
      principles of the present invention also apply.
PAR  The object of the present invention is to design a knitting machine so that
      knitting can take place at several times the speed possible by
      conventional machinery.
PAR  To achieve the general object of this invention, I utilize a unique cam
      system for raising and lowering (i.e. projecting and retracting) the
      needles. That is, my invention includes the concept that, as applied to a
      circular machine, the needles should follow a path as close as possible to
      the horizontal and that, to the extent the path must be at an angle from
      the horizontal to provide the necessary height for clearing and castoff,
      that the path be substantially as uniform in slope as possible.
PAR  I have found that it is possible to utilize a cam track for the needles of
      substantially uniform slope and that such slope may be as small as about
      one degree from the horizontal and, in any event, substantially less than
      the conventional 40.degree.-45.degree. pitch of existing cam systems. In
      this connection, I have found that the castoff process is facilitated by
      the use of vertically moveable elements (which I call "sliders") disposed
      between the needles in the slots in the cylinder wall or other needle
      carrier or bed. The sliders are cam controlled so that those adjacent the
      needles descending to castoff are raised whereby the newly fed yarn is
      engaged by the ends thereof, thereby assisting the needles in drawing such
      yarn into new loops.
PAR  This invention has proved to be particularly valuable in connection with
      rotating cam circular machines of the type utilized in knitting fabrics in
      the so called knit-deknit procedures which are now employed by yarn
      processors. Thus, it has been discovered that the steps of dyeing and
      otherwise processing yarn are significantly facilitated if the yarn is in
      the form of a knitted fabric.
PAR  In the knit-deknit process, as the name implies, the yarn is first knit
      into a fabric. The fabric is then passed through the processing steps
      after which the fabric is unraveled (deknit) and wound about a suitable
      package.
PAR  When rotating cam circular knitting machines are employed, the fabric
      produced by the machine, of course, does not rotate (as it does on
      machines employing rotatable needle cylinders) so that the fabric drawn
      from the machine can be continuously passed into the processing operation.
      Thus, the speed of processing is tied to the speed at which knitting can
      take place. As indicated, one of the primary objects of this invention is
      to provide a circular knitting machine of the rotatable cam type which can
      produce fabric at several times existing speeds.
DRWD
PAR  Other objects and attendant features of the invention will be best
      understood by reference to the following written description and the
      drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of a knitting machine of this invention,
      with certain features illustrated in a schematic fashion.
PAR  FIG. 2 is a fragmentary elevational view taken in the direction indicated
      by the arrows 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary elevational view taken in the direction of the
      arrows 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary view in horizontal cross-section, taken along the
      line 4--4 of FIG. 3.
PAR  FIG. 5 is a diagrammatic view of the cams for the needle butts and the
      sliders, with the cylinder 21 and the tracks 37 and 38 laid out flat for
      convenience of explanation.
PAR  In the preferred embodiment, as illustrated herein, the invention is
      applied to a latch needle circular knitting machine of the rotating cam
      type. It is to be understood, however, that the invention is also
      applicable to rotating needle cylinder circular machines, to circular
      machines employing spring beard needles and to warp knitting machines
      using either type of such needles.
PAR  Referring to FIG. 1 there is shown a circular knitting machine, generally
      designated as 20, of the rotating cam type. Thus, the machine includes a
      stationary needle cylinder 21 which is mounted upon a suitable base B. The
      cylinder 21 is formed with radially outwardly extending fins 22 which are
      spaced apart to form slots for needles 23 and intervening sliders 24.
      Thus, a complement of needles 23 is disposed in the cylinder for vertical
      movement, and a complement of sliders is disposed in said cylinder in
      alternation with said needles. The top edge of the cylinder (or needle
      bed) 21 is indicated as 25.
PAR  Surrounding the cylinder 21 is a cylindrical cam ring or shell 26 which is
      supported for rotary movement about the cylinder 21 by ball bearings 27
      and 28.
PAR  Rotational movement is imparted to the cam ring 26 by a motor 29 positioned
      below the base B, as shown in FIG. 1. The motor shaft has a pulley 30
      which drives a toothed belt 31 which is trained about a suitable track in
      the ring 26.
PAR  Yarn Y is fed to the knitting machine from a source of supply 32, which is
      schematically shown in FIG. 1, through a feeding eye 33 and thence to the
      needles 23 where it is formed into a fabric 34 which is drawn from the
      machine by takeup rolls 35 and 36. As indicated, the fabric may then be
      passed through a knit-deknit process, if the machine is being used in that
      connection.
PAR  The needles 23 are of the latch type and include lower butts 23a. The
      sliders 24 are also equipped with lower butts 24a.
PAR  Cam ring 26 is formed with a curved upper race or track 37 for the needle
      butts 23a and a curved lower race or track 38 for the slider butts 24a.
      These tracks 37 and 38 extend around adjacent to the surface of cylinder
      21 on the surface of cam ring 26. In the device illustrated, the track 37
      is formed by upper and lower continuous rings 37a and 37b. Similarly, the
      upper part of track 38 for the slider butts is formed by upper and lower
      continuous rings 38a and 38b. Thus, a means is provided for longitudinally
      moving the needles and the sliders.
PAR  As indicated by the arrow in FIG. 4, the cam ring 26 normally rotates in a
      counter-clockwise direction. In FIG. 1, the needles at the far left are
      raised to the clearing height at which point they also are in a position
      to accept the new yarn Y which is being fed through the eye 33, as shown
      in FIG. 3. As the cam ring 26 rotates, the needle butts or cam followers
      23a follow the descending path of the track 37 and, accordingly, the
      needles 23 begin to descend in the stitch forming operation, which descent
      continues until the needles are drawn to the lowest or castoff level, a
      position which as shown, is occupied by by the needle at the far right of
      FIG. 1 and by the third needle from the left in FIG. 2.
PAR  With reference to the illustration of the cam track 37 shown in FIG. 5, the
      needles are in castoff position at the lowest point thereof, whereas they
      are in clearing position at the highest portion, which is in the center of
      FIG. 5
PAR  In connection with FIG. 5, it will also be observed that the slope of track
      37 is substantially uniform and is only approximately 10.degree. from the
      horizontal, as opposed to the typical 45.degree. of conventional machines.
      In fact, as shown herein, track 37 is a substantially circular path lying
      in a plane which has been tilted only 10.degree. from the horizontal.
PAR  The cam track 38 for the sliders 24 may be formed with a slope of
      approximately 6.degree., as shown in FIG. 5. This, of course, is a
      relatively shallow path which may be moved relative to the slider butts
      24a at high speeds.
PAR  As is apparent from FIG. 1 and particularly FIG. 5, when the needle cam
      track 37 is rising the slider cam track 38 is descending. Further, when
      the needle cam track 37 is descending, the slider cam track 38 is rising.
      Thus, each of the needles is moved in a direction opposite to the
      direction of movement of the sliders which are adjacent to said needle.
PAR  As shown in FIGS. 1 and 2, the sliders 24 are raised during the downward
      stitch formation action of the needles 23. The yarn Y is thus required to
      pass over the top edges of the sliders. As best shown in FIG. 2, the
      sliders thus assist in measuring out the yarn for the new loops.
PAR  It will be understood that the needles 23 would be required to descend
      substantially lower in the event the sliders 24 were not used. Thus, for
      example, with reference to FIG. 2, the needles would have to descend
      substantially below the top edges of the spacers 22 since the latter would
      then become the edges over which the new stitches would be drawn. Even if
      the spacers were as high as the top edge 25 of the cylinder 21, the
      needles would still be required to descend further, by an amount equal to
      the average distance between the tops of the second and third sliders 24
      shown in FIG. 2 and the third needle 23 shown therein, since it is this
      relative distance that determines the size of the new loops.
PAR  However, when the sliders 24 are employed the depth to which the needles
      must be drawn to effect stitch formation is reduced by the amount the
      spacers 24 rise. Using this concept, it is thus possible to substantially
      reduce the slope of the cam track 37 for the needle butts to as low as
      about one degree from the horizontal, depending upon cylinder diameter and
      the length of the needle latches, i.e., the greater the diameter and the
      shorter the latch, the smaller the angle may be. For example, a slope of
      about ten degrees has produced satisfactory results thus far on a 33/4
      inches hosiery machine with 7/16 inch needle latches of the type
      illustrated in the present drawings.
PAR  In any event, it will be understood that the present reduction in the slope
      of the cam track 37 for the needles enables the machine to be run at
      substantially higher speeds than in heretofore known machines, since the
      needles are no longer required to pass down a sharply descending
      45.degree. cam. The rate at which the present machine may run, moreover,
      is increased by the use of sliders 24 to provide the necessary relative
      distance for stitch-drawing action.
PAR  It is to be clearly understood that the terms and expressions used herein
      are employed as terms of description, and not of limitation, and that
      there is no intention in using such terms and expressions to exclude any
      equivalents of the methods described. It is also to be clearly understood
      that what is specifically shown and described herein represents a
      preferred embodiment only of the invention and that various changes and
      equivalents may be resorted to without departing from the principles of
      the invention or the scope of the claims hereof. Accordingly, it is
      intended to claim the present invention broadly, as well as specifically
      as indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circular knitting machine for knitting yarn into a fabric having a
      needle cylinder, a complement of needles disposed in said cylinder for
      vertical movement, a complement of sliders disposed in said cylinder in
      alternation with said needles, and cam means extending substantially
      completely around said cylinder for longitudinally moving said needles and
      said sliders back and forth so that essentially throughout the entire
      knitting cycle each of said needles moves in a direction opposite to the
      direction of movement of the sliders which are adjacent to said needle
      said cam means providing substantially continuous vertical movement to
      said needles and sliders.
NUM  2.
PAR  2. A circular knitting machine for knitting yarn into a fabric having a
      needle cylinder, a complement of vertically moveable needles disposed for
      movement back and forth in the cylinder having cam followers thereon, a
      cam ring surrounding said needle cylinder including means forming a
      substantially continuous cam track for said needle cam followers, said
      means extending around substantially the entire circumference of said
      ring, said track being of a slope of substantially uniform magnitude, a
      complement of sliders arranged in alternation between said needles, and
      cam means for moving said sliders back and forth essentially throughout
      the entire knitting cycle in a direction opposite to that of the adjacent
      needles.
NUM  3.
PAR  3. In a circular knitting machine for knitting yarn into a fabric having a
      needle cylinder with a complement of needles having cam following butts
      thereon, a cam ring surrounding said cylinder having a curved track
      extending around adjacent the periphery of said cylinder with a slope of
      substantially uniform magnitude for said butts formed on the interior wall
      of said cam ring, for moving said needles back and forth along said
      cylinder, said track being disposed within an angular range of about
      1.degree. to 30.degree. relative to a plane perpendicular to the cylinder
      axis, a complement of sliders arranged in alternation between said
      needles, and cam means for moving said sliders back and forth essentially
      throughout the entire knitting cycle in a direction opposite to the
      direction of movement of the needles which are adjacent to said sliders.
NUM  4.
PAR  4. In a knitting machine for knitting yarn into a fabric having a needle
      bed with a complement of needles having cam following butts thereon,
      needle cam means associated with said bed forming a needle cam track for
      said butts and arranged for moving said needles back and forth along their
      axes in said bed, said needle cam track traversing substantially
      continuously all of said bed and having a slope of substantially uniform
      magnitude and disposed at an angle within an angular range of about
      1.degree. to 30.degree. relative to a plane perpendicular to the axis of
      the needle bed, a plurality of sliders positioned between said needles for
      movement back and forth parallel to said needles, slider cam means
      associated with said bed forming a slider cam track for said sliders which
      traverses substantially continuously all of said bed; and said slider cam
      track being angled to move said sliders essentially throughout the
      knitting cycle in opposite directions to the directions of movement of
      said needles.
NUM  5.
PAR  5. The invention of claim 4 wherein said angular range is about 1.degree.
      to 10.degree..
NUM  6.
PAR  6. In a circular knitting machine for knitting yarn into a fabric the
      combination comprising:
PA1  a. a cylinder having a plurality of spaced vertical slots arranged about
      the outer periphery thereof,
PA1  b. a complement of needles disposed in cylinder slots for vertical movement
      back and forth therein, said needles having cam following butts,
PA1  c. a complement of vertically moveable sliders disposed in slider slots
      arranged parallel to and in alternation with said needle slots for
      movement of said sliders back and forth along their axes, said sliders
      having cam following butts and upper end portions for engaging yarn
      extending between adjacent needle hooks during stitch formation.
PA1  d. needle cam means for guiding vertical movement of said needle butts,
      said needle cam means comprising a cam track extending substantially
      continuously around substantially the entire circumference of said
      cylinder and having a slope of substantially uniform magnitude, said track
      being disposed at an angle within an angular range of 1.degree. to
      40.degree. relative to a plane perpendicular to the cylinder axis,
PA1  e. slider cam means for guiding vertical movement of said slider butts,
      and,
PA1  f. means for imparting relative movement between said cylinder and said cam
      means.
NUM  7.
PAR  7. The invention of claim 6 wherein said cam track slope subtends an angle
      of about 10.degree. relative to a plane perpendicular to the cylinder
      axis.
NUM  8.
PAR  8. A method of high speed knitting of yarn on a circular knitting machine
      having a cylinder for vertically moveable alternately disposed needles and
      sliders, cam means for moving said needles and sliders back and forth,
      means for moving the cam means and needles and sliders relative to one
      another, and a supply of yarn, comprising the steps of:
PA1  a. passing a strand of the yarn adjacent the needles.
PA1  b. raising needles to take the yarn in their hooks.
PA1  c. lowering the needles continuously around approximately one-half of the
      cylinder along a substantially uniform slope at an angle within an angular
      range of 1.degree. to 40.degree. relative to a plane perpendicular to the
      cylinder axis to form the yarn into downward loops while concurrently
      throughout essentially said one-half of the cylinder raising the sliders
      so that the latter engage and raise the yarn into upward loops on the
      sides of the lowering needles, to measure out a desired length of a new
      stitch, and whereby the old loop is cast-off.
NUM  9.
PAR  9. The invention of claim 8 wherein the needles are lowered along a
      substantially uniform path having a slope of about 10.degree. from a plane
      perpendicular to the cylinder axis.
NUM  10.
PAR  10. In a circular knitting machine the combination comprising:
PA1  a. a cylinder having a plurality of spaced vertical slots arranged about
      the outer periphery thereof,
PA1  b. a complement of needles disposed in cylinder slots for vertical movement
      therein, said needles having cam following butts,
PA1  c. a complement of vertically moveable sliders disposed in said slots in
      alternation with said needles, said sliders having cam following butts and
      upper end portions for engaging yarn extending between adjacent needle
      hooks during stitch formation,
PA1  d. needle cam means for guiding vertical movement of said needle butts,
      said cam means comprising a cam track extending substantially continuously
      around substantially the entire circumference of said cylinder and having
      a slope of substantially uniform magnitude, said track being disposed at
      an angle within an angular range of 1.degree. to 40.degree. relative to a
      plane perpendicular to the cylinder axis,
PA1  e. slider cam means for guiding vertical movement of said slider butts, and
PA1  f. means for imparting relative movement between said cylinder and said cam
      means, wherein the slider cam means includes a continuous slider track for
      guiding the slider butts and wherein said slider track has a slope of
      substantially uniform magnitude subtending an angle of about 6.degree.
      relative to a plane perpendicular to the cylinder axis.
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ABST
PAL  An apparatus for the continuous steaming, and more specifically shrinking,
      of fibrous material wherein a fibrous material is transported without
      tension on conveyor means through absolutely pure and air-free saturated
      steam within an open steamer housing defining a steam bell, the steam is
      caused to flow through the material, said saturated steam being produced
      under said steamer housing and owing to its relatively low specific weight
      automatically takes the place of the air which in its turn leaves the
      material owing to its higher specific weight.
PARN
PAR  This is a division of application Ser. No. 276,081 filed July 28, 1972, now
      U.S. Pat. No. 3,838,968.
BSUM
PAR  The present invention relates to an apparatus for treating -- more
      specifically shrinking -- man-made fibers, e.g. crimped synthetic fibers.
PAR  It is generally known that optimum shrinkage values are obtained if and
      when man-made fibers dwell absolutely tensionless in an absolutely
      air-free saturated steam atmosphere in a steamer. This steamer treatment
      method has resulted in residual shrinkage values of as little as 1
      percent. The achievement of an absolutely air-free steam atmosphere,
      however, presents a major problem. Even if the steamer is completely
      filled with steam before it is put into operation, the entering fibrous
      material will inevitably drag or otherwise introduce a certain volume of
      air along with it; this air therefore destroys the pure steam atmosphere.
PAR  It is the object of the invention to provide an apparatus which permit the
      steam treatment of the fibrous material without special auxiliary means
      and at a low steam consumption in an absolutely air-free steam atmosphere
      which is maintained without the requirement of any special and complicated
      sealing means.
PAR  According to the invention, this object and others are attained by
      providing at least one hood- or dome-type housing, i.e., a housing having
      a hermetically joined ceiling and side walls and an open base floor, or
      bottom portion. At least one sloped conveying installation or means for
      the fibrous material to be treated enters this dome-shaped housing at its
      entrance or intake end, and this means is positioned in an upward
      direction and at the delivery end this means -- or some other -- sloped
      conveying installation or means juts from the housing in a downward
      direction. It is also possible that the conveying installation means
      terminates in front of the rear wall of the housing and overlaps at least
      one other conveying installation means which is arranged underneath it and
      protrudes out of the housing. Preferably in the upper section of the
      dome-type housing steam producing and/or steam supplying means are
      installed.
PAR  One essential advantage of this type of open steaming apparatus is that the
      air which is contained in the fibrous material to be treated, e.g. the web
      or the like, can be made to escape from the material only by its own
      weight, and that the steam in the apparatus may immediately fill the pore
      spaces within the material which are thereby created. As a consequence,
      the fibrous material is entirely surrounded and even penetrated by steam
      without any action or aid from outside the steam housing. Incredible as it
      may seem, shrinkage values which are thus achieved come near to boiling
      shrinkage values. Residual shrinkage figures range between 0.1 and 0.4
      percent; experts would never have thought such figures could be attainable
      by a continuous process.
PAR  It is another characteristic of the apparatus of this invention that at
      least one continuously driven conveying installation or means is located
      in the bottom section of a hood-type or dome-type housing and fills a
      substantial part of this housing -- when the latter, i.e. the housing, is
      seen in horizontal cross section.
PAR  The dome-shaped housing may, for instance, have the form of a rectangular
      box with rounded edges, i.e., it may consist of two parallel side walls --
      when seen endwise -- and a vaulted top surface formed by an arched roof or
      like construction.
PAR  Steam producing and/or steam supplying means should preferably be located
      in the top section of the housing and at different heights. In particular
      such means should be arranged to be adjustable in height and/or to the
      sides.
PAR  It is another feature of the invention that the parallel side walls of the
      dome-shaped housing stand at each and every point at the same distance
      from the ground and that the housing walls overlap or rather extend
      downward beyond the conveying installation or installations which are
      located in the steamer housing.
PAR  The housing can be equipped with an inside and/or outside steam collecting
      installation such as a conduit or the like. Since the housing is to stand
      at a certain distance from the ground, stilt supports are provided which
      may reach into the chamber which the housing walls form and may even
      extend up to the top.
PAR  It is an essential aspect of the invention to provide for receptacles or
      box-like containers inside the housing which are filled with water and
      have no lids or covers. Generally known installations such as heating
      coils or the like serve for heating the water up to its evaporating point
      to provide steam within the housing.
PAR  It is possible to provide for several conveying installations which overlap
      each other and which run at different speeds; the running speeds should
      preferably decrease towards the delivery end, i.e., the discharge end of
      the apparatus.
PAR  Another embodiment of the invention relates to a combination of a generally
      known totally enclosed steaming device with the above-described open
      steamer which is the subject matter of the present invention.
PAR  According to yet another embodiment of this invention, a known totally
      enclosed steaming device may be used. In this embodiment, it is necessary
      to provide the floor of this steaming device with openings respectively,
      to equip the steaming device with a hinged floor plate, and to support the
      steaming device on stilts or pedestals or the like, at a certain distance
      from the ground. The opening in the floor can be shut by easily operable
      means such as flaps, slides, etc.
PAR  It is a decisive characteristic of the invention which should be expressly
      mentioned that the above-described apparatus and the processing phases
      specified below are suited for steam-treating all types of fibrous
      material, e.g. for shrinking man-made synthetic fibers as well as for
      steaming loose stock, tops, tows, knit fabrics, woven fabrics, non-wovens
      and the like material.
PAR  The invention further is concerned with steam conveying installations
      including fans or the like which are located inside or adjacent to the
      housing and produce a steam flow through the material to be treated, which
      is thereby more rapidly heated.
PAR  The invention is based on the finding that the material to be treated,
      especially if it is voluminous, drags a large volume of air into the
      steaming device and that there already is a certain quantity of air in the
      housing before the steaming apparatus is started; it is also based on the
      finding that, since air has a higher specific gravity than steam, the air
      can be easily caused to flow off in downward direction and that this air
      flow can be intensified by suction.
PAR  In this connection it is advantageous that the natural steam flow through
      the material and towards the open floor be reinforced by an artificially
      produced stream -- and that at least at the beginning of the steam
      treatment; the artificial stream must not impair the freedom of movement
      of the material during shrinkage, for instance, and must not reduce its
      voluminosity nor create any vorticity in the steam bell formed in the
      housing. A series of trials showed that a negative pressure of 0.1 to 0.5
      mm W. G. -- preferably of 0.2 mm W. G. -- is most advantageous for this
      purpose. By this negative pressure which is very low indeed and hardly
      noticeable, the time required for heating the material up is divided by 5
      -- as clearly proved by a number of tests. When adjusting the negative
      pressure, i.e., when creating the artificial stream, care has to be taken
      that the steam level inside and at the bottom of the steamer hood is not
      destroyed. In case vortices are produced, this may cause the outside air
      to enter the steamer hood. In accordance with the process of this
      invention, the fibrous material usually dwells in the steam atmosphere at
      saturated steam temperature for approximately one minute -- which clearly
      shows that the heating-up time represents a substantial part of the total
      steam-treating time.
PAR  With an apparatus for steam treating a material in this way it is
      advantageous to provide for a suction device underneath at least the front
      portion of the steam-permeable conveying installation, i.e., wire mesh
      belt or the like, which suction device is connected with a fan with very
      sensitive control which produces a low negative pressure. This negative
      pressure leads to a substantial abbreviation of the steaming time without
      adversely affecting the shrinkage values which would have been achieved
      without the influence of the fan.
PAR  Although it was found that this type of apparatus ensures the achievement
      of a very low residual shrinkage values, i.e., shrinkage values that are
      measured after the material has undergone the steam treatment, it was
      found that the adhesion characteristics of a treated fiber tuft are not
      always quite satisfactory. Adhesion is defined as the maximum pushing
      force -- relative to the weight per unit of length -- which is required to
      overcome the frictional force prevailing among the individual fibers of a
      tuft. Therefrom it follows that the adhesion largely depends on a
      coefficient of friction which on its part is influenced by quite a number
      of quantities such as the crimp of fibers, the staple length, titre, or
      the orientation of fibers.
PAR  The above-described apparatus not only ensures the abbreviation of the
      heating-up time but also permits the fibers of the web to shrink
      simultaneously. It is obvious that, while shrinking simultaneously, the
      fibers hinder each other in their movement because there necessarily
      results a certain friction between them. Adhesion could therefore be
      improved by reducing the friction during shrinkage, e.g., by compensating
      for the tensions which result from shrinkage.
PAR  This problem is solved by freeing the fibers from tensions at least once
      for a short time during the heating-up phase; this can be done, for
      instance, by subjecting the fibers to pressure.
PAR  The apparatus which conducts this aspect of this process is equipped with a
      pressure roller at the intake end, inside the steamer hood, which pressure
      roller is arranged above the conveying installation and compresses the
      fibers. Depending on the type of fibrous material to be treated, it is
      also feasible that several pressure rollers in tandem arrangement compress
      the fibers for a short time. The exact number of pressure rollers to be
      installed is to be found out by trials.
PAR  On having been heated up, i.e., on having been penetrated by steam at a
      relatively high steam velocity and on having been freed from inherent
      tensions, the material may then enter into the steam atmosphere in the
      form of a thicker and more dense layer.
PAR  The above-described apparatus is also suited for shrinking crimped staple
      fibers, and it is also advantageous to use it for shrinking endless,
      continuous fibers which are thereupon crimped and the crimp of which is
      finally fixed in a perforated drum machine.
DRWD
PAR  The apparatus of this invention will be further understood from the
      following detailed description and the accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal section through the steamer hood or housing of
      this invention;
PAR  FIG. 2 shows a steamer similar to that shown in FIG. 1 having a different
      arrangement of the conveying installation or means;
PAR  FIG. 3 shows a perforated drum steamer used with a preceding hood- or
      dome-type steamer;
PAR  FIG. 4 is a longitudinal section through a steamer hood with a suction unit
      at the intake end; and
PAR  FIG. 5 shows the steamer hood according to FIG. 4 which is equipped with
      pressure rollers at the intake end.
DETD
PAR  FIG. 1 shows an open steamer which consists of a dome-shaped housing
      without base plate in which a steam bell is produced. The fibrous material
      2 to be treated is guided into the steam atmosphere by an upward inclined
      belt conveyor means 18 on which the material then dwells for a certain
      variable time. As shown in FIGS. 4 and 5, the fibrous material 2 may then
      be transported downward out of the steamer by the same conveyor means or
      the material may fall onto another conveyor means 9 which is arranged
      underneath the first; this second possibility is shown in FIG. 1.
PAR  The longitudinal section through the steamer hood 5 in FIG. 1 shows that
      there is a topless box or open container means 3 provided at the bottom
      edges of the hood, which box serves as water sump means. The box 3 is
      continuously filled with water which is heated up to evaporation point by
      means of heated coils 4, for instance, in which superheated steam is
      circulated. In this way there is pure saturated steam instead of
      superheated steam produced in the steamer hood. The steam fills the free
      space inside the hood 5, and the steam level which is shown by the line 26
      in the FIGS. 4 and 5 is maintained constant by laterally positioned
      exhaust units which, however, are not shown in the drawings.
PAR  Since air has a higher specific gravity than steam there normally is the
      danger of the two gaseous media getting mixed; the heat transfer from the
      condensing steam to the material would thereby be reduced and the
      heating-up, shrinking and fixing effects respectively, would be adversely
      affected. The apparatus according to the invention eliminates this danger.
PAR  As shown in FIGS. 1 to 3, there is a collecting conduit 6 installed around
      the lower edges of the housing hood 5 from which the steam which tends to
      escape in downward direction from the housing is exhausted by appropriate
      means so that it does not flow off to the outside atmosphere. Steam
      generation from the water boxes 3 is preferably controlled in such a way
      that only the appropriate quantity of steam required for heating the
      fibrous material and compensating for heat losses is produced plus a small
      volume of surplus steam which can be exhausted from the collecting conduit
      6. This arrangement ensures that there is a pure saturated steam
      atmosphere inside and down to the lowest part of the housing 5 and that
      any air which may have been in the steamer or which may have been dragged
      in by the ingoing fibrous material 2 falls out, i.e., downward from the
      housing.
PAR  FIG. 2 shows an apparatus similar to that shown in FIG. 1, the only
      difference being that the intake conveyor means 10 is separated from the
      dwell conveyer means 11 inside the steamer. This provision permits the
      overfeeding of the material from the intake conveyor onto the dwell
      conveyor means and consequently, the shortening of the dwell conveyor
      means.
PAR  In principle, any other appropriate type of transporting means, e.g.,
      perforated drums or rollers, can be used for transporting fabrics, webs,
      etc. through the steamer.
PAR  FIG. 3 shows the combination of a totally enclosed steamer 13 with a
      pre-steamer that is without base plate 5. This pre-steamer is of the
      dome-type described heretofore and serves for removing the air from the
      fibrous material 2 which is thereupon guided into the enclosed steamer 13.
      This combination is advantageous in that the enclosed steamer 13 need not
      be equipped with a special sealing unit at its intake end because the
      fibrous material 2 entering it does not contain any air. The housing of
      the enclosed steamer has only to be provided with an opening near the
      floor through which the air contained in the steamer itself may be
      exhausted before operation starts. During actual operation this opening
      can be shut because there need not be any air removed from the material 2.
      It is another advantage of the combination of the two steamers that the
      treatment medium, i.e., the steam may also be circulated respectively
      superheated; with an open steamer this possibility is restricted because
      the superheated steam would be cooled down near the open bottom of the
      steamer and also, because circulated steam would escape from the steamer.
PAR  The drawing shows perforated drums 16, 17 which serve as transporting
      elements inside the enclosed steamer but it is also possible to provide
      for belt conveyors, rollers, or the like.
PAR  The present invention also relates to suction units at the front portion of
      the steamer, which serve for facilitating the removal of the air displaced
      by steam from the ingoing material. FIG. 4 shows such a suction unit. The
      steamer hood 5 is supported on stilts 19, at a distance from the ground
      20. An endless wire mesh conveyor 21 passes through the steamer after
      having been guided in slightly inclined upward direction by the deflector
      roller 22 at the intake end of the steamer. From the deflector roller 23
      inside the steamer hood 5, the conveyor then runs horizontally and is
      finally deflected downward by the deflector roller 24 and runs towards the
      roller 25. This provision ensures that the fibrous material 2 which is
      shown in the drawing to be a web is guided completely tension-free into,
      through and out of the steam atmosphere. This way of guiding the material
      has proven best because it guarantees that the material is not subject to
      any outside force during the steam treatment. The fibers may thus freely
      shrink down from their initial length X.sub.1 to the final length X.sub.2.
      The endless conveyor 21 is guided back to the deflector roller 22 in
      horizontal direction by the deflector roller 25. As shown, the thickness
      of the material on the conveyor is thus reduced.
PAR  The undisturbed and vorticity-free steam level 26 is a main prerequisite
      for the proper functioning of the open steamer. To ensure the rapid
      heating-up of the fibrous material entering the steamer hood, there is a
      suction unit 27 located underneath the front part of the endless conveyor
      21; this suction unit is immediately adjoined to the wire mesh belt 21.
      The suction unit 27 is combined with a fan 28 the sucking action of which
      is infinitely variable. By means of this fan 28 and the suction unit 27
      there is a very light suction draft, i.e., a slow steam flow towards the
      fan and through the material 2 is produced. Also, the displaced air is
      drawn by this draft. The negative pressure which the fan 28 creates must
      not be too strong in order to prevent any vorticity of the steam in the
      steam bell and the steam level 26 must not be changed. It is obvious that
      exact steaming conditions for the various types of material have to be
      determined by experimentation. It may be said, however, that the negative
      pressure usually ranges between 0.1 mm and 0.6 mm W. G. in apparatus of
      the type shown.
PAR  FIG. 5 shows an apparatus according to the invention with pressure rollers
      32 near the front part of the endless conveyor 21 which rollers compress
      the web for a short while to remove any tensions which may have been
      induced during the heating-up period, owing to the shrinkage that takes
      place at this stage.
PAR  This compression permits the fibers to change their position in relation to
      each other and at the same time any residual air is removed from the web.
      The roller 32 could be replaced by a pressure belt but the inventor
      advises against using the belt because of the low steam-permeability of
      the belt and because the belt hinders the fibers from re-orientation.
PAR  The exact location of the pressure roller in the heating-up zone is very
      important (The first roller is shown positioned approximately at the level
      of line 26.). The point where the web is first subject to a certain
      pressure influences the shrinkage. It should in any case be possible to
      vary the number of rollers and their location in accordance with the type
      of fibers to be processed.
PAR  Behind the delivery end of the steamer hood 5 (which is shown in FIG. 4)
      and in front of the deflector roller 25 there is a cooling or drying unit
      installed. If the basically dry material is only to be freed from steam,
      only the suction fan 30 is put into operation; otherwise the radiators 31
      are also switched on so that the sucked-in air is heated before coming
      into contact with the fibrous material 2.
PAR  While the novel embodiments of the invention have been described, it will
      be understood that various omissions, modifications and changes in these
      embodiments may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for the steam treatment of fibrous material which comprises
      at least one hood-shaped steamer housing that has side walls and is
      without a base plate, a steam supplying means provided at the side walls,
      and at least one conveying means for transporting the fibrous material to
      be treated located partially within said housing whereby the material
      enters the housing at an intake end and leaves the housing at a delivery
      end.
NUM  2.
PAR  2. The apparatus according to claim 1, in which said conveying means
      includes at least one sloped conveying means which enters the housing at
      the intake end and another conveying means that leaves the housing at the
      delivery end, the one conveying means ending inside the housing in front
      of a rear housing wall and the other conveying means with which the one
      conveying means overlaps protruding to the outside of said housing.
NUM  3.
PAR  3. The apparatus according to claim 1, in which said conveying means
      includes at least one driven conveying means that is arranged in a bottom
      section of the housing, so that the driven conveying means fills a
      substantial part of the housing in a horizontal section thereof.
NUM  4.
PAR  4. The apparatus according to claim 3, in which lower edges of the housing
      are located the same distance from a support means for said housing and
      the side walls extend downward beyond the driven conveying means.
NUM  5.
PAR  5. The apparatus according to claim 1, in which at least one steam
      collecting means is provided near the lower edges of the housing, at the
      inside of the housing side walls.
NUM  6.
PAR  6. The apparatus according to claim 1, in which the steam supplying means
      includes open boxes inside the steamer housing which are filled with water
      and equipped with heating coils for generating steam within said housing.
NUM  7.
PAR  7. The apparatus according to claim 1, in which said conveying means
      includes several conveyor means which overlap each other in the steamer
      housing, each of said conveyor means running at different speeds which
      decrease from the intake end towards the delivery end of the steamer
      housing.
NUM  8.
PAR  8. The apparatus according to claim 1, further comprising a conventional
      steaming device which is enclosed and which is preceded by the steamer
      housing without a base plate.
NUM  9.
PAR  9. The apparatus according to claim 8, in which the conventional steamer
      housing which is enclosed is provided with openings in its base plate and
      stands at a certain distance from the ground.
NUM  10.
PAR  10. The apparatus according to claim 9, in which the openings are equipped
      with easily operable covering means.
NUM  11.
PAR  11. The apparatus according to claim 1, in which the housing is suspended
      from a support means.
NUM  12.
PAR  12. The apparatus according to claim 1, in which the conveying means is a
      porous and steam-permeable belt, and at least near the intake end of the
      steamer housing, underneath the conveying means there is a suction unit
      closely adjoined to the conveying means, which suction unit is combined
      with a precisely adjustable fan which creates a low negative pressure.
NUM  13.
PAR  13. The apparatus according to claim 1, in which inside the steamer housing
      and near the intake end, there is a pressure roller installed above the
      conveying means for applying pressure to the fibrous material being
      transported on said conveying means.
NUM  14.
PAR  14. The apparatus according to claim 13, in which several rollers are
      installed above and in contact with the conveying means.
NUM  15.
PAR  15. The apparatus according to claim 13, in which the roller extends across
      a working width of the conveying means and is arranged at a right angle to
      the direction of material travel.
NUM  16.
PAR  16. An apparatus for the steam treatment of fibrous material which
      comprises at least one open hood-shaped steamer housing defining a steam
      bell and having an open bottom extending from a material intake end to a
      material delivery end of the housing, means for supplying steam into said
      housing, and at least one conveying means for transporting the fibrous
      material within said housing so that said material extends from below into
      the intake end of the housing and extends out of the delivery end of the
      housing at the bottom thereof.
NUM  17.
PAR  17. The apparatus according to claim 16, in which said means for supplying
      steam into said chamber comprises water sump means extending along a
      portion at the bottom of said hood-shaped housing, said water sump means
      including means for heating water contained therein to produce said steam.
NUM  18.
PAR  18. An apparatus for the steam treatment of fibrous material which
      comprises at least one open hood-shaped steamer housing defining a steam
      bell and having an open bottom extending across the housing, means for
      supplying steam within said housing, and means for transporting said
      fibrous material from outside of said housing into the steam contained
      within said housing and then outside of said housing.
NUM  19.
PAR  19. An apparatus for the steam treatment of fibrous material which
      comprises at least one open hood-shaped steamer housing having a bottom
      open to allow the flow of steam out of said housing extending from a
      material intake end to a material delivery end of said housing, means for
      supplying steam within said housing, and conveying means for transporting
      said fibrous material within said housing from said intake end to said
      delivery end, said conveying means comprising a steam-permeable conveyor
      means whereby steam within said housing may flow downwardly through a
      length of fibrous material and the conveyor means transporting the length
      of fibrous material to outside of said housing via the bottom of said
      housing.
NUM  20.
PAR  20. The apparatus according to claim 19, in which said conveyor means
      includes a sloped portion that extends upwardly into the intake end, a
      horizontal portion that extends within the housing and another sloped
      portion that extends downwardly through the delivery end.
NUM  21.
PAR  21. The apparatus of claim 19, wherein said conveyor means includes at
      least one sloped conveyor means which enters the housing at the intake end
      and another conveyor means that leaves the housing at the delivery ends.
NUM  22.
PAR  22. The apparatus according to claim 1, in which at least one steam
      collecting means is provided near the lower edges of the housing, at the
      outside of the housing side walls.
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PAL  A device for switching a d.c. motor of a washing machine. The drive means
      of the reversing device is connected in series with a pressostat. This
      circuit is connected in parallel with the terminals of the pump contact; a
      terminal of the pressostat contact and a terminal of the actuation contact
      of the supply module of the d.c. motor are connected. The motor of the
      reversing device is connected in series with the pump motor through which
      it is energized.
BSUM
PAR  The invention relates to a method of and a device for switching a d.c.
      motor to a high spin-drying speed. The motor drives the drum of a
      washing-machine in an alternating fashion at a low washing speed and
      continuously in a specific direction at a high spin-drying speed. A timer
      assembly controls the sequence and the duration of the washing operations
      and a reversing switch assembly which switches the electric supply unit of
      the drive motor of the drum at washing speed in an alternating fashion and
      at spin drying speed. Devices for switching on the motor of the draining
      pump, for switching the supply of the drive motor of the drum and for
      controlling the drive of the reversing switch assembly are associated with
      the timer assembly and can short-circuit devices which have the same
      functions but which are associated with the reversing switch assembly thus
      rendering these inoperative by means which are driven by the timer
      assembly. In the same way as similar devices which are associated with the
      reversing assembly can short circuit the said devices belonging to the
      timer assembly at a given instant determined by the reversal of the
      rotating direction at washing speed.
PAR  From French Pat. No. 2,058,524 a method is known of switching a d.c. motor
      to spin-drying speed by means of four contacts of a d.c. motor, which
      motor is powered from the a.c. mains via an electronic module, and drives
      the drum of a washing machine. Said method employs either a timer with one
      motor and electromechanical blocking of the reversing cams, or a timer
      with two motors: one for the programming section and one for the reversing
      section.
PAR  French Pat. No. 1,455,935 describes a device by means of which the
      reversing motor can be stopped and consequently the spin-drying contacts
      can be actuated at a precise instant of the reversing cycle and held in
      the actuated position. This is achieved by connecting the reversing switch
      motor in series with the spin-drying motor, which combination is connected
      in parallel with the washing motor. The contact which is connected to a
      branch of one of the phases of the supply mains, which branch is disposed
      between the reversing switch motor and the spin-drying motor, is locked to
      the energizing contact of the washing motor and functions oppositely.
PAR  The methods and devices described in the two patent specifications thus
      permit the spin-drying cycle to be started at a precise instant of the
      reversing cycle when the desired contacts of the reversing means are
      closed. The reversing means then stops in this position during the entire
      spin-drying cycle, thus ensuring a safe operation. Moreover, it is
      impossible to damage the machine assembly and the electronic module by an
      incorrect operation. As a matter of fact, the machine would become highly
      unstable when by operating the timer spin-drying is allowed while the
      preferred direction of rotation of the drum is not correct. The sudden
      reversal of the polarity of the motor and its power supply might lead to
      the immediate breakdown of the electronic components of the power supply
      unit. As the reversing means itself controls the acceleration to
      spin-drying, irrespective of the setting of the timer, this yields a
      greater mechanical and electrical safety.
PAR  However, there is still a risk if the reversing means is activated too soon
      after completion of the spin-drying cycle. One of the characteristics of a
      permanent-magnet motor is that it also constitutes a generator, that is it
      can produce a voltage which is proportional to the rotor speed. Thus,
      during the entire deceleration period after completion of spin-drying a
      voltage appears at the terminals of the brushes which decreases gradually.
      For example, in said French Pat. No. 2,058,524 the voltage at the motor
      terminals is of the order of 200 Volts. Immediately after the electronic
      module is switched off, the motor keeps rotating as a result of its
      inertia and that of the loaded drum. This period of deceleration may last
      several tens of seconds. Throughout said period the voltage at the
      terminals decreases gradually from 200 V to 0 V. If it is assumed that the
      reversing means when started again rapidly changes over the two opposite
      contacts, the supply voltages and the motor voltages are suddenly
      reversed. This results in a short circuit which is the more violent
      because the voltage is high.
PAR  The invention is based on the previously described devices and its object
      is to avoid short-circuits that would occur if the reversing switch means
      were started again while the drum had not yet stopped. Moreover, it has
      the advantage of greater simplicity because it employs existing elements
      of the washing-machine.
PAR  According to the invention, the switching method is characterized in that
      the control of the reversing switch assembly is applied in series with the
      pump motor drive.
PAR  According to the invention, a device for switching a d.c. motor of a
      washing machine to spin-drying speed, comprises a timer assembly and a
      reversing switch assembly whose drive means are independent, make or break
      contacts for the pump motor, for the electronic supply module, for the
      drive motor of the drum and for the drive of the reversing switch
      assembly, the circuits constituted by a contact of the pump motor which is
      controlled by the timer in series with said pump motor and by an
      energizing contact of the electronic d,c. supply module of the drive motor
      of the drum in series with said power supply being supplied in parallel
      from the a.c. mains, wherein a circuit formed by a delayed contact in
      series with the drive means of the reversing switch assembly is connected
      in parallel with the terminals of the contacts of the pump motor, the
      terminal of the delayed contact which also forms a terminal of the drive
      means of the reversing switch assembly and the terminal of the energizing
      contact of the electronic module, which terminals are not permanently
      connected to a phase of the a.c. mains, being interconnected.
PAR  The delayed contact is constituted by the device which senses the water
      level in the tub of the machine.
DRWD
PAR  In order that the invention be understood more fully reference is made to
      the following descriptions and Figures which are given by way of example.
PAR  FIG. 1 is a schematic diagram of a device for stopping the reversing means
      in a specific position in accordance with the prior art.
PAR  FIG. 2 is a schematic diagram of a device according to the invention.
DETD
PAR  FIG. 1 represents the device which controls the rotating direction of a
      permanent-magnet d.c. motor described in Franch Pat. No. 2,058,524, the
      reversing device being stopped during acceleration to spin-drying speed by
      selection of the contacts of the reversing switch means for a preferred
      direction of rotation.
PAR  The drive motor 1 of the drum is d.c. motor powered by an electronic module
      2 which consists of a semi-conductor rectifier bridge and a reversing
      switch assembly of contacts 3, 4, 5, 6.
PAR  To reverse the running direction, the polarity at the motor terminals is
      reversed by closing the contacts 3 and 5 or 4 and 6 respectively in the
      desired rhythm. To increase the speed of the drum from the washing speed
      (approx. 50 rpm) to the spin-drying speed (500 to 1000 rpm) the supply
      current at the terminals of the drive motor is varied and the reversing
      switch means is put out of action, which necessitates the use of
      independent drives for the timer and for the reversing switch means.
      Acceleration to spin-drying speed in a preferred direction is achieved by
      the following combination of contacts (the contacts represented by two
      dashes are associated with the reversing means and those represented by a
      single dash with the timer): the reversing contact 7 controls the power
      supply 2 of the motor 1, when 7 is closed the current which is supplied to
      the motor corresponding to the low washing speed; when it is open said
      current corresponds to the spin-drying speed. The contact is open at a
      specific position of the reversing cycle (for example when 3 and 5 are
      closed). In order to ensure a specific rotating direction during
      spin-drying, the motor 10 of the reversing switch means is stopped by
      opening contact 8. Reversing contact 9 which energizes the pump for
      draining the tub 11, is closed when the motor 10 of the reversing means
      has stopped. Contacts 7' 8', 9' are timer contacts which ensure normal
      operation if no spin-drying is required. Contact 12 is the timer contact
      which controls the draining cycle.
PAR  The operation of the device is as follows: during washing, contacts 7, 8, 9
      are short-circuited by contacts 7', 8', 9' which are controlled by the
      timer; while the reversing means rotates, the d.c. motor rotates in
      accordance with a specific rhythm and in the two directions of rotation.
PAR  During spin-drying, acceleration is effected in two steps. First of all,
      the timer contacts 7', 8', 9' open. Contact 8 of the motor of the
      reversing means remains closed, the d.c. motor is still supplied with the
      "washing" voltage, the motor of the reversing means keep rotating.
PAR  Subsequently, at a given instant of the reversing cycle (when 3 and 5 are
      closed) the motor of the reversing means stops because 8 is open and
      spin-drying commences because 7 is open.
PAR  From the above description of the operation it appears that if at the end
      of the spin-drying cycle the machine is immediately re-started, the motor
      of the reversing means will be re-energized and rapidly switches the two
      contacts opposite 3 and 5, that is 4 and 6, and the supply voltages and
      the motor voltage are suddenly reversed. This causes a short-circuit which
      becomes the more severe as the voltage supplied by the motor is higher.
PAR  The invention provides a method and a device which assure absolute safety
      when spin-drying is discontinued and which permit the previously described
      circuits to be simplified.
PAR  In FIG. 2 elements which are equivalent to those of the previous embodiment
      have the same reference numerals and functions.
PAR  The operation of the various elements is as follows:
PAR  During the washing-cycle, contacts 12 and 13 of the timer are open and a
      delay means 14 closes the circuit a certain time after the machine is
      started. The motor 1 is energized by the electronic module 2, whose one of
      terminals is connected directly to one phase of the mains, and the other
      terminal to the second phase of the mains through contact 14; contacts 7
      and 7' are open, thus allowing the motor to be energized with a voltage
      corresponding to the washing speed. The motor of the reversing means 10 is
      energized through contact 14 which is closed and the pump motor 11. As the
      impedance of the motor of the reversing means is high relative to the
      impedance of the pump motor, the pump motor cannot start. The motor 1
      alternately rotates in either direction at the washing speed.
PAR  When the timer advances to the spin-drying cycle, contact 12 which is
      controlled by the timer closes, pump motor 11 is started, contact 7 closes
      when contacts 3 and 5 which define the preferred direction of rotation are
      closed and, spin cycle contact 13 also closes and short-circuits contact
      14 which opens after a relatively short time. At the same instant the
      motor of the reversing means 10 is stopped and maintains the position of
      contacts 3 and 5 for the duration of the spin-drying cycle.
PAR  When the spin-drying cycle is discontinued because the electronic module 2
      is switched off, contacts 12 and 13 of the timer open, motor 10 of the
      reversing means remain stopped and pump motor 11 are stopped. The motor 10
      of the reversing means then cannot be started until after the delay
      contact 14 has closed the circuit. This allows motor 1 to come to a
      complete standstill before commencing with a new cycle of the revolutions.
PAR  In an embodiment of the washing-machine in which switching to spin-drying
      should take place with filled tub, the delay means is constituted by the
      pressostat contact.
PAR  Apart from the advantages of assuring change-over to spin-drying in a
      specific direction of rotation, independently of any change in timer
      setting, the pump motor 11 is switched on by a contact at a previously
      determined instant and without any other means short-circuits the motor 10
      of the reversing means. Consequently, it is not necessary to use one or
      two additional contacts as described in French Pat. No. 2,058,524. The
      pump contact 12 alone performs the functions of controlling the pump and
      blocking the reversing means.
PAR  A device embodying the method according to the invention employs the
      arrangement of the elements as shown in FIG. 2 and in said device the
      function of the delayed contact 14 is performed by the pressostat (in the
      case of a machine which changes over to spin-drying with filled tub),
      contact 12 of the timer being an existing contact because this serves for
      starting the pump motor.
PAR  Thus, connected in parallel with the mains terminals are the circuit formed
      by contact 12 of the pump motor in series with the pump motor 11 and the
      circuit formed by the spin cycle energizing contact 13 of the electronic
      module 2 and the electronic module. Parallel connected with contact 12 is
      the circuit with the delayed contact 14 (pressostat) in series with the
      motor 10 of the reversing means (or any other means which permits or
      prevents the reversing section of the timer from being driven. The delayed
      contact 14 and the motor of the reversing means 10 are consequently
      connected in series with the motor 11 of the draining pump. The terminals
      of contacts 13 and 14, which are not permanently connected to the phase of
      the mains, are connected.
PAR  This arrangement, compared with the arrangement described with reference to
      FIG. 1 allows four contacts (two reversing contacts and two timer
      contacts) to be dispensed with, which apart from providing operational
      safety results in a simplification of the timer-reversing device and
      consequently a substantially reduced cost price.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for switching a drum drive motor of a washing machine,
      comprising a pump motor having a first line connection and a switch
      connection; a drum drive motor; an electronic supply module having a first
      line connection and a switch connection, and output connections; timer
      contacts, including a pump motor contact having a second line and a motor
      connection, and a spin cycle contact having a second line and a module
      connection; a reversing switch assembly; means for connecting said drum
      drive motor to said electronic supply module output connections via said
      reversing switch assembly; means for driving the reversing switch assembly
      having first and second input connections; a delay contact having second
      line and motor connections; and means for connecting said first line
      connections together and said second line connections together and for
      connecting first and second line connections to a source of electric
      power; wherein said pump motor contact motor connection, pump motor switch
      connection and first input connection are connected together, and said
      delay contact motor connection, spin cycle contact module connection,
      electronic module switch connection and second input connection are
      connected together, whereby said delay contact and drive means for the
      reversing switch form a series circuit in parallel with the pump motor
      contact, and said delay contact and spin cycle contact are in parallel for
      supplying power to said electronic control module.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said delay contact is a contact
      of a device which senses water level.
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PAL  A key safe apparatus has a vertically slotted receptacle box which is
      locked onto a lid structure formed with vertical tongue capable of
      interengaging the slot in the receptacle box. The lid is fastened to the
      box by a code lock whose combination may be recoded. The key safe is
      structured to be fastened to a door whose key may be locked in the
      receptacle box. The fastening is accomplished by a bracket attached to the
      lid structure and fitted over a margin of the door. In another
      configuration, the key safe is locked around a door knob.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein concerns key safes into which a door key may
      be placed and securely locked. Conventional key safes employ key locks and
      hinged doors on removable key drawers. The object of this invention is to
      provide an easily fabricated, structurely sound key safe which may be
      securely attached to a door and which may be opened by any number of
      designated persons without the necessity of providing each person with a
      key for a key safe.
PAR  A collection of devices of the type known in the prior art is found in the
      Official United States Patent Office Classification of Patents,
      particularly in Class 70, subclasses 63, 58 and 57. Examples of such
      devices are found in U.S. Pat. Nos.: 1,613,813, 2,512,028, 2,911,814,
      3,204,436, 3,236,075, 3,347,069, 3,436,937, 3,636,742 and 3,695,067.
PAR  A prior invention described in U.S. Pat. No. 3,236,075 employs a key lock
      to fasten a protective housing to back plate on which a door key may be
      fastened. A rotatable projection on the key lock engages the back plate
      and maintains the housing in position. The key safe in this invention is
      attached to a U-shaped bracket which may be fitted on the margin of a
      door. In another configuration, the device is equipped with a U-bolt which
      may be clamped about a door knob by inserting a pin through the U-bolt and
      thereby pinning the U-bolt to the key safe at a point where the U-bolt
      passes through the key safe.
PAR  In the known invention described in U.S. Pat. No. 3,347,069, a security
      container is designed with a hinged lid which may be locked in a closed
      position by means of a built-in recodeable code lock or a built-in key
      lock.
PAR  In conventional key safe apparatus, a door key may be stored in a
      box-shaped drawer which may be inserted into a receptacle box. The drawer
      is locked in place by means of a key lock. The receptacle box is equipped
      with a U-shaped bracket to engage a margin of a door.
PAR  A need exists for an easily and cheaply fabricated key safe of great
      structural strength. A need also exists for a key safe which may be
      conveniently opened by any number of designated persons without the
      necessity of providing each person with a key for the key safe. Such a key
      safe must be equipped with means to firmly fasten the safe to a door so
      that the safe cannot be removed by unauthorized parties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a key safe apparatus which is employed to securely
      store a door key. The door key is retained in a receptacle box to which a
      cover structure is locked by means of a coded combination lock. The key
      safe is firmly attached to a door.
PAR  The invention concerns an item that fastens to the jam of a door, or almost
      any place on the exterior of a house or an apartment for the purpose of
      concealing a key to the main entrance to be used by real estate brokers,
      salesmen, etc. A conventional invention serves the same purpose but is
      operated by a master key. This key opens a small box which holds the front
      door key. The key that opens the box is kept by a real estate salesman,
      and this same key may open dozens of boxes attached to houses he has
      listed when the owners are out or away and don't want to leave the key
      under the mat.
PAR  The present invention replaces the key and lock mechanism with a
      combination lock.
PAR  In a preferred embodiment, the code combination lock may be recoded by
      adjusting the lock mechanism inside the receptacle box. The code
      combination is given to selected persons who need access to the particular
      structures whose keys are contained in the key safe. If a particular code
      combination becomes unusable because it is identical to another code
      combination in use or because the wrong persons have access to the
      combination, etc., then a pin that regulates the activating numbers on the
      lock may be changed, thereby changing the combination.
PAR  The code combination lock may be constructed with a single dial or a
      plurality of coaxial dials. The axes of rotation of the dials may be
      parallel or perpendicular to a face of the receptacle box.
PAR  In another preferred embodiment, the body of the key safe is composed of a
      vertically slotted receptacle box and tongued cover structure which is
      capable of interengaging with the slot in the receptacle box. The
      receptacle box has four, generally rectilinear, vertical side walls and a
      solid bottom. The box is of sufficient volume to enclose a door key. A
      rear vertical side wall is formed with a slot running vertically downward
      from an upper edge of the rear side wall. The slot is formed by an
      aperture in the rear vertical wall which has vertical edges bevelled in
      such a way that the slot is wider in a plane of the interior face of the
      rear vertical side wall than it is in the plane of the exterior face.
PAR  A tongued lid structure covers the upper mouth of the receptacle box. The
      lid structure is composed of a horizontal cover plate and a vertical back
      plate attached to the rear edge of the horizontal plate and extending
      generally perpendicularly downward therefrom. A vertical tongue member is
      welded to the vertical back plate. The tongue member is formed with
      bevelled vertical edges. The tongue member is wider in the plane of the
      front face than it is in the plane of its rear face. The slot in the
      receptacle box and the tongue member are so dimensioned that they may be
      interengaged by keying the tongue member into the slot and sliding it
      downward until the horizontal cover plate contacts the mouth of the
      receptacle box.
PAR  In one form of the preferred embodiment, the tongued cover and receptacle
      box are chrome plated.
PAR  In another preferred embodiment, the code lock is attached to a front
      vertical side wall of the receptacle box. A latching projection is welded
      to the cover plate and extends vertically downward therefrom. The latching
      projection is formed with hook-like ends which engage the code lock and
      prevent the key safe cover from being removed.
PAR  In another embodiment, the receptacle box is equipped with means for
      fastening the door key to one of its walls. In one form, a swivel-mounted,
      spring-loaded key retainer is attached to a wall of the receptacle box.
      The key can be disengaged from the retainer by compressing the retainer's
      spring-loaded member and slipping the key off of a shaft passing through
      the hole in the key. The key is blocked from slipping off the shaft when
      the spring member is in its relaxed configuration.
PAR  In another preferred embodiment, a U-shaped bracket is attached to the
      cover structure. The bracket is adapted to fit around the margin of a door
      and firmly fix the key safe to the door. A first member of the bracket is
      intended to contact a principal face of the door. A second member of the
      bracket is attached to an edge of the first member and extends
      perpendicularly from the second member in the same direction as the first
      member. The third member is intended to engage a principal face of the
      door opposite the principal face contacted by the first member.
PAR  In one form of the preferred embodiment, the bracket is made of spring
      steel, and the third member is bent in a dog leg so that the third member
      exerts pressure on the face of the door when the bracket is set in place.
PAR  In another form of the preferred embodiment, the bracket is chrome plated.
PAR  When the U-shaped bracket is employed, the key safe may be attached to the
      door in such a way that it can only be removed by a person with the lock
      combination. The bracket fitted about the margin of the door cannot be
      dislodged without first opening the door. Since access must be had to the
      door key in order to open the door, the key safe cannot be removed by
      unauthorized persons.
PAR  In another preferred embodiment, the key safe is fixed to the door by
      engaging the door's handle. In one form in which the tongued cover is
      employed, the slot in the receptacle box is made longer than the tongue so
      that an aperture remains in the rear wall of the key safe when the cover
      is locked on the receptacle box. A door knob may thus be enclosed by the
      receptacle box, and the door knob shaft may pass through the aperture in
      the rear wall. In this configuration, the kay safe cannot be detached from
      the door without removing the tongued cover.
PAR  In another form of the preferred embodiment, a vertical plate is attached
      to the rear edge of the cover and extends perpendicularly upward and
      downward. An aperture is formed in the upward extending portion of the
      vertical plate. The rear side wall of the receptacle box is elongated so
      that it extends beyond the lowest edge of the aperture when the cover
      assembly is locked in place. In this configuration, a broad portion of a
      door handle is passed through the aperture and then the aperture is
      constricted about a narrower portion of the door handle so that the key
      safe is locked onto the door handle.
PAR  In another form of the preferred embodiment, a generally U-shaped bolt has
      a first leg vertically and rotatably mounted to the cover structure. The
      U-shaped bolt extends upward from its rotatable mount, bends back on
      itself and extends downward through the cover plate so that a second leg
      of the bolt is parallel to the first leg. An elongated aperture is formed
      in the cover plate and extends to an edge of the cover plate. The second
      leg of the U-shaped bolt passes through the aperture. An annular bushing
      is attached to the lower end of the second vertical leg to prevent the leg
      from being withdrawn from the cover plate in a vertical direction. In this
      configuration, the U-shaped bolt may be locked about a shaft supporting a
      door knob by slipping the U-shaped bolt around the door knob shaft, by
      rotating the cover plate into a position wherein the second leg of the
      U-shaped bolt passes through the elongated aperture, and by locking the
      cover plate to the receptacle box so that a vertical side wall of the
      receptacle box serves as a stop for the second leg to prevent the U-shaped
      bolt from rotating to a position wherein the second leg no longer passes
      through the elongated aperture in the horizontal plate.
PAR  An object of this invention is to provide an easily fabricated and
      structurally sound key safe which may be attached to a door.
PAR  Another object of this invention is to provide a key safe with a code
      combination locking means.
PAR  Another object of this invention is to provide a key safe with a recodeable
      combination lock which may be opened only by designated persons possessing
      the combination.
PAR  Another object of this invention is to provide a code-locking key safe
      which can be firmly attached to the margin of a door.
PAR  Another object of this invention is to provide a code-locking key safe
      which may be locked onto a door knob.
PAR  These and other objects and features of the invention are apparent from the
      disclosure, which includes the specification with the foregoing and
      ongoing description and with the claims, and which includes the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective front elevation of the key safe apparatus of the
      present invention showing the position of the receptacle box and cover
      prior to locking.
PAR  FIG. 2 is a cross-sectional side elevation of the key safe apparatus locked
      and bracketed to a door margin.
PAR  FIG. 3 is a perspective rear elevation of the key safe apparatus showing
      the door knob enclosing modification of a preferred embodiment.
PAR  FIG. 4 is a perspective front elevation of the key safe apparatus showing a
      door knob encircling cover structure of a preferred embodiment.
PAR  FIG. 5 is a perspective front elevation of the key safe apparatus showing
      another door knob encircling cover structure of a preferred embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the figures, a key safe apparatus is denoted generally by the
      numeral 2. In FIG. 1, the receptacle box structure 4 and the cover
      structure 24 are shown in a detached position.
PAR  The receptacle box is composed of two vertical side walls 6, a vertical
      front wall 8, a vertical back wall 10 and a solid bottom 12. In a
      preferred embodiment, a recodeable combination lock 14 is mounted in the
      front wall. Movable dials 16 are accessible from the outside of the
      receptacle box. The combination lock body 18 is housed by the receptacle
      box and is capable of engaging latching projection 42.
PAR  The cover structure 24 is composed of a horizontal lid plate 30 which
      covers the receptacle box mouth and, in a preferred embodiment, a tongue
      member 26. The edges 28 of the tongue member are bevelled to key into a
      slot 20 in the receptacle box whose edges 22 are bevelled at an angle
      complementary to the angle of the edges of the tongue member.
PAR  In a preferred embodiment, a vertical plate 34 is fastened to the rear edge
      of the horizontal lid plate and extends vertically upward and downward
      therefrom. A door mounting bracket 32 is formed on the upper portion of
      the vertical plate. The bracket is composed of the vertical plate, a
      horizontal plate 36 attached to the upper edge of the vertical plate, and
      a second, generally vertical plate 35 formed with a dog leg 40. The
      bracket may be fitted over the margin of a door in order to secure the key
      safe to the door.
PAR  FIG. 2 is a cross-sectional side elevation of the key safe apparatus of
      FIG. 1 showing the bracket 32 engaging the margin of a door 44. The dog
      leg bend 40 in the spring steel bracket exerts pressure on a face of the
      door, maintaining the key safe in position.
PAR  The key safe of FIG. 2 is shown in a locked position. The latching
      projection 42 is engaged by the lock body 18.
PAR  A key 46 is fastened to a side wall of the key safe by a snap lock 48 with
      a spring-loaded member 50. The key and snap lock are mounted to the side
      wall by pivot mount 52.
PAR  FIG. 3 is a perspective rear elevation of a key safe showing the bevelled
      edges 28' of the tongue member 26' and the cooperating edges 22' of the
      slot 27 in the receptacle box, which edges are bevelled at an angle
      complementary to the angle of the bevel of the edges of the tongue member.
      The figure also shows a preferred embodiment of the key safe apparatus
      adapted to be mounted on a door knob. The receptacle box 4' can be slipped
      around a door knob and the cover structure 24' locked in place so that the
      shaft on which the door knob is mounted passes through an aperture in the
      key safe delineated by a curved edge 21 of the receptacle box and a second
      curved edge 25 of the tongue member.
PAR  FIG. 4 shows a perspective front elevation of a door knob engaging key safe
      apparatus.
PAR  A vertical plate 54 attached to the horizontal cover plate 30 is formed
      with an aperture 58 in its upper portion 56. The rear walls 60 of the
      receptacle box are elongated so that they extend beyond the lower edge 59
      of the aperture 58 when the cover plate is locked on the receptacle box.
      In this configuration a door knob may be passed through the aperture in
      the cover structure, and then the aperture may be constricted by locking
      the cover structure to the receptacle box. This prevents the key safe from
      being removed from the door knob.
PAR  FIG. 5 is a perspective front elevation of another embodiment of the key
      safe apparatus. A U-bolt 64 is fixed to a rotatable mounting 65 in the
      cover plate 30. The area encircled by the U-bolt 66 is sufficient to
      accommodate a shaft on which a door knob is mounted. The key safe
      apparatus may be locked to the door knob by slipping the U-bolt over the
      door knob shaft, rotating the cover plate 30 so that a second leg 67 of
      the U-bolt passes into an aperture 68 in the cover structure, and locking
      the cover structure to the receptacle box. When so assembled, the key safe
      cannot be detached from the door knob, because the second leg 67 of the
      U-bolt cannot be rotated out of the aperture 68. This is so because the
      rear wall 10 of the receptacle box restricts the rotational movement of
      the U-bolt. A bushing 70 restricts the upward vertical movement of the
      U-bolt.
PAR  While the invention has been described with reference to specific
      embodiments, it will be obvious that modifications and variations may be
      constructed without departing from the spirit and scope of the invention.
      The scope of the invention is described in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A key safe apparatus comprising:
PA1  a receptacle box of a volume sufficient to enclose a door key, with four,
      generally rectilinear, vertical side walls and a bottom wall wherein a
      vertical side wall is formed with a slot structure running vertically
      downward from an upper edge of the vertical side wall, which slot
      structure has vertical edges bevelled in such a way that the slot
      structure is wider in a plane of an interior face of the rear vertical
      side wall than it is in a plane of an exterior face of the vertical side
      wall,
PA1  a tongued cover structure comprising a plate capable of covering the
      receptacle box and a bevelled tongue member attached to the plate and
      extending therefrom, which tongue member is formed with bevelled edges and
      which tongue member is wider in a plane of one principal face of the
      tongue member than it is in a plane of another principal face of the
      tongue member so that the tongue member may be keyed into the slot
      structure of the receptacle box,
PA1  a latching projection attached to the plate of the tongued cover structure
      and extending therefrom, and
PA1  a code lock structure engaging the latching projection attached to the
      plate, whereby a door key is securely encased in a receptacle box with a
      tongued cover structure locked to a receptacle box by means of a code
      lock.
NUM  2.
PAR  2. The key safe apparatus of claim 1 wherein the code lock structure is
      recodeable when the cover structure is removed, whereby a combination code
      necessary to open the lock is changed by recoding the code lock when the
      lid structure is removed.
NUM  3.
PAR  3. The key safe apparatus of claim 1 further comprising a vertical back
      plate attached to the horizontal plate and extending vertically downward
      therefrom to which the tongue member is spot welded.
NUM  4.
PAR  4. The key safe apparatus of claim 1 further comprising a mounting means
      attached to the tongued cover structure formed in a generally U-shaped
      configuration and adapted to fit around the edge of a door, said mounting
      means comprising a first vertical member attached to the tongued cover
      structure capable of being located next to one principal face of the door,
      a second horizontal member connecting an upper end of the first vertical
      member to an upper end of a third vertical member, and the third vertical
      member of the mounting means capable of being located next to a second
      principal face of the door, whereby a door key is securely encased in a
      lockable, slotted receptacle box which may be fitted onto a margin of a
      door.
NUM  5.
PAR  5. The key safe apparatus of claim 4 wherein the mounting means comprises a
      vertical wall attached to the horizontal plate with an aperture so formed
      that when the tongued cover structure is locked to the receptacle box
      structure, the receptacle box structure constricts the aperture by
      obstructing a portion of it, whereby the key safe apparatus is fixed to a
      door handle and locked in that fixed position by locking the tongued cover
      structure to the receptacle box structure.
NUM  6.
PAR  6. The key safe apparatus of claim 5 wherein the vertical wall of the
      tongued cover structure is formed with an aperture in its principal face
      above a point of attachment with the horizontal plate of the lid structure
      and a rear, vertical side wall of the receptacle box is formed with a
      portion thereof extending vertically upward beyond the lower edge of the
      aperture when the tongued cover structure is locked to the receptacle box,
      whereby the key safe may be locked about a narrowed portion of a door
      handle by passing a door knob through the aperture in the tongued cover
      structure, by locating the aperture so that it encircles a shaft
      connecting the door knob to the door, and by constricting the aperture in
      the tongued cover structure to a size smaller than the door knob by
      locking the tongued cover structure to the receptacle box structure.
NUM  7.
PAR  7. The key safe apparatus of claim 5 further comprising:
PA1  a generally U-shaped bolt extending vertically upward from the horizontal
      plate of the tongued cover structure comprising a first, vertical leg
      rotatably mounted to the tongued cover structure and joined at its upper
      extremity to an upper extremity of a second, vertical leg, generally
      parallel to the first vertical leg, which second vertical leg passes
      through the lid structure,
PA1  an elongated aperture in the horizontal plate of the tongued cover
      structure extending to an edge of the horizontal plate, through which the
      second vertical leg of the U-shaped bolt passes, and
PA1  an annular bushing attached to the lower end of the second vertical leg to
      prevent the second vertical leg from being withdrawn from the horizontal
      plate in a vertical direction, whereby the U-shaped bolt may be locked
      about a shaft supporting a door knob by slipping the U-bolt over the shaft
      supporting a door knob, by rotating the horizontal plate into a position
      wherein the second leg of the U-shaped bolt passes through the elongated
      aperture, and by locking the horizontal plate to the receptacle box so
      that a vertical side wall of the receptacle box serves as a stop for the
      second leg to prevent the U-shaped bolt from rotating to a position
      wherein the second leg no longer passes through the elongated aperture in
      the horizontal plate.
NUM  8.
PAR  8. The key safe apparatus of claim 1 wherein the receptacle box is equipped
      with means for fastening a key to an interior face of a wall of the
      receptacle box.
NUM  9.
PAR  9. The key safe apparatus of claim 1 wherein the tongued cover structure is
      equipped with means for fastening a key to an interior face of the
      horizontal plate of the tongued cover structure.
NUM  10.
PAR  10. The key safe apparatus of claim 1 wherein the mounting means comprises
      an aperture in a vertical wall of the tongued cover structure so formed
      that when the tongued cover structure is locked to the receptacle box
      structure, the receptacle box structure constricts the aperture in the
      vertical wall of the tongued cover structure and obstructs the aperture,
      whereby the key safe apparatus is fixed to a door handle and locked in
      that fixed position by locking the tongued cover structure to the
      receptacle box structure.
NUM  11.
PAR  11. The key safe apparatus of claim 10 wherein the vertical wall of the
      tongued cover structure is formed with an aperture in its principal face
      above a point of attachment with the horizontal plate of the lid structure
      and a rear, vertical side wall of the receptacle box is formed with a
      portion thereof extending vertically upward beyond the lower edge of the
      aperture when the tongued cover structure is locked to the receptacle box,
      whereby the key safe may be locked about a narrow portion of a door handle
      by passing a door knob through the aperture so that it encircles a shaft
      connecting the door knob to the door, and by constricting the aperture in
      the tongued cover structure to a size smaller than the door knob by
      locking the tongued cover structure to the receptacle box structure.
NUM  12.
PAR  12. The key safe apparatus of claim 10 further comprising:
PA1  a generally U-shaped bolt extending vertically upward from the horizontal
      plate of the tongued cover structure comprising a first, vertical leg
      rotatably mounted to the tongued cover structure and joined at its upper
      extremity to an upper extremity of a second, vertical leg, generally
      parallel to the first vertical leg, which second vertical leg passes
      through the lid structure,
PA1  an elongated aperture in the horizontal plate of the tongued cover
      structure extending to an edge of the horizontal plate, through which the
      second vertical leg of the U-shaped bolt passes, and
PA1  an annular bushing attached to the lower end of the second vertical leg to
      prevent the second vertical leg from being withdrawn from the horizontal
      plate in a vertical direction, whereby the U-shaped bolt may be locked
      about a shaft supporting a door knob by slipping the U-bolt over the shaft
      supporting a door knob, by rotating the horizontal plate into a position
      wherein the second leg of the U-shaped bolt passes through the elongated
      aperture, and by locking the horizontal plate to the receptacle box so
      that a vertical side wall of the receptacle box serves as a stop for the
      second leg to prevent the U-shaped bolt from rotating to a position
      wherein the second leg no longer passes through the elongated aperture in
      the horizontal plate.
NUM  13.
PAR  13. The key safe apparatus of claim 1 wherein the cover means comprises a
      lid structure and a mounting means comprising a vertical wall attached to
      the lid structure with an aperture so formed that when the lid structure
      is locked to the receptacle box structure, the receptacle box structure
      constricts the aperture in the vertical wall of the lid structure by
      obstructing a portion of the aperture, whereby the key safe apparatus is
      fixed to a door handle and locked in that fixed position by locking the
      lid structure to the receptacle box structure.
NUM  14.
PAR  14. The key safe apparatus of claim 13 wherein the vertical wall of the lid
      structure is formed with an aperture in its principal face above a point
      of attachment with the horizontal plate of the lid structure, and a rear,
      vertical side wall of the receptacle box is formed with a portion
      extending vertically upward beyond a lower edge of the aperture when the
      lid structure is locked to the receptacle box, whereby the key safe may be
      locked about a narrowed portion of a door handle by passing a door knob
      through the aperture in the lid structure, by locating the aperture so
      that it encircles a shaft connecting the door knob to the door, and by
      constricting the aperture in the lid structure to a size smaller than the
      door know by locking the lid structure to the receptacle box structure.
NUM  15.
PAR  15. The key safe apparatus of claim 13 further comprising:
PA1  a generally U-shaped bolt extending vertically upward from the horizontal
      plate of the lid structure, comprising a first vertical leg rotatably
      mounted to the lid structure and joined at its upper extremity to an upper
      extremity of a second vertical leg, parallel to the first vertical leg and
      passing through the lid structure,
PA1  an elongated aperture in the horizontal plate, extending to an edge of the
      horizontal plate, through which the second vertical leg of the U-shaped
      bolt passes, and
PA1  an annular bushing attached to the lower end of the second vertical leg to
      prevent the second vertical leg from being withdrawn from the horizontal
      lid in a vertical direction, whereby the U-shaped bolt may be locked about
      a shaft supporting a door knob by slipping the U-bolt over the shaft
      supporting a door knob, by rotating the horizontal plate into a position
      wherein the second leg of the U-shaped bolt passes through the elongated
      aperture, and by locking the horizontal plate to the receptacle box so
      that a vertical side wall of the receptacle box serves as a stop for the
      second leg to prevent the U-shaped bolt from rotating to a position where
      the second leg no longer passes through the elongated aperture in the
      horizontal plate.
NUM  16.
PAR  16. A key safe apparatus comprising:
PA1  a receptacle box of a volume sufficient to enclose a door key with four,
      generally rectilinear, vertical side walls and a bottom wall where a
      vertical side wall is formed with a slot structure running vertically
      downward from an upper edge of the vertical side wall, which slot
      structure has vertical edges bevelled in such a way that the slot
      structure is wider in a plane of an interior face of the vertical side
      wall than it is in a plane of an exterior face of the vertical side wall,
PA1  a tongued cover structure comprising a plate capable of covering of the
      receptacle box and bevelled tongue member attached to the plate and
      extending therefrom, which tongue member is formed with bevelled edges and
      which tongue member is wider in a plane of one principal face of the
      tongue member than it is in a plane of another principal face of the
      tongue member so that the tongue member may be keyed into the slot
      structure of the receptacle box,
PA1  a latching projection attached to the plate of the tongued cover structure
      and extending therefrom,
PA1  a lock structure engaging the latching projection attached to the plate,
      and
PA1  a mounting means attached to the tongued cover structure, formed in a
      generally U-shaped configuration, and adapted to fit around an edge of a
      door, said mounting means comprising a first, vertical member attached to
      the tongued cover structure, capable of being located next to one
      principal face of the door, a second, horizontal member connecting an
      upper end of the first vertical member to an upper end of a third,
      vertical member, and the third, vertical member of the mounting means
      capable of being located next to a second principal face of the door,
      whereby a door key is securely encased in a receptacle box structure
      bracketed to an edge of a door.
NUM  17.
PAR  17. A key safe apparatus comprising:
PA1  a receptacle box structure of a volume sufficient to enclose a door key
      with four, generally rectilinear, vertical side walls and a bottom wall
      where a vertical side wall is formed with a slot running vertically
      downward, which slot structure has vertical edges extending from a plane
      of an interior face of the vertical side wall to a plane of an exterior
      face of the vertical side wall,
PA1  a tongued cover structure comprising a plate capable of covering the
      receptacle box slot and bevelled tongue member attached to the plate and
      extending vertically downward therefrom, which tongue member is formed
      with bevelled edges and which tongue member is wider in a plane of one
      principal face of the tongue member than it is in a plane of another
      principal face of the tongue member so that the tongue member may be keyed
      into the slot structure of the receptacle box,
PA1  a latching projection attached to the plate of the tongued cover structure
      and extending therefrom,
PA1  a code lock structure engaging the latching projection attached to the
      plate, and
PA1  a mounting means attached to the structure, formed in a generally U-shaped
      configuration, and adapted to fit around an element of a door, said
      mounting means comprising a first, vertical member attached to the
      structure, capable of being located next to one principal face of the
      door, a second, horizontal member connecting an upper end of the first
      vertical member to an upper end of a third, vertical member, and the
      third, vertical member of the mounting means capable of being located next
      to a principal face of the door, whereby a door key is securely encased in
      a receptacle box structure attached to a door.
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ABST
PAL  A lockset has a die cast, monolithic body pivotally supporting a lever
      handle which upon actuation and through fingers engages tabs of a lock
      bolt assembly for selective linear retraction of the latter. A rotatable
      knob carried by the body through a spindle and a guide plate mounts a cam
      plate which acts, upon rotation of the knob in either direction, to
      retract the bolt assembly. The bolt has opposed U-shaped guides which
      receive the guide plate and guide the bolt laterally and vertically. A
      lock has a lock lever which positively engages the bolt assembly to lock
      the latter in place. A follower lever and the lock lever are pivoted about
      a common axis. The follower responds to a barrel lock between two
      positions to lock and unlock the lock lever from the bolt assembly. The
      lock lever also responds to a latch pin independently of the follower on
      the opposite side of the lockset from the barrel lock, to lock and unlock
      the bolt assembly. A monolithic lock strike has lateral passages for
      receiving shanks of an interlock bar. Heads of the interlock bar interfere
      with the strike to resist forces separating the lock strike from the
      lockset.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to locksets and strikes and in
      particular to a lockset, a lock and a strike which are especially suitable
      for use with recreational vehicles, such as motor homes.
PAR  The requirements of a satisfactory lockset and strike for general
      application are well known. The lockset must provide security against
      unauthorized entry into a space it protects. It is preferably strong and
      tamper-proof, but of relatively modest cost. One should be able to lock
      and unlock from either side of the device. The lockset should be reliable
      and simple to operate.
PAR  In specialized applications, such as in recreation vehicles, the
      requirements of a lockset and a cooperating strike become more stringent.
      In such an application there are forces which tend to separate the lockset
      from the strike. These forces are associated with flexure of the sides of
      the vehicle over the road. Quite obviously, such separation can cause a
      door to open. To prevent door opening, various devices have been proposed
      which effect interference between a lockset and a strike in the plane of
      flexure. The most popular of these is a headed stud and keyhole
      arrangement where the head interferes with material surrounding the
      keyhole when the shank of the stud passes through the keyhole. One of the
      problems with the stud method is that the studs have a tendency to bend
      and become loose, reducing the effectiveness of the jamb-door interlock.
PAR  An ideal lock is one which can be locked from both sides of a door and
      which can be opened from both sides of a door, regardless of where the
      door was locked. A lock with this facility avoids the problem, for
      example, of children locking themselves into a space.
PAR  Locks should be thin, yet strong, to suit a recreational vehicle
      environment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved lockset of the type which is
      mounted in a door, say of a recreational vehicle. The lockset has a
      monolithic body preferably formed by die casting. This body mounts a lock
      bolt which is translational between an extended position with a tip or
      nose received in a mortise of a door jamb and a retracted position free of
      the mortise. The body has a head which defines a channel for the lock bolt
      proximate the jamb end of the lockset. The lock bolt itself has a pair of
      U-shaped, channel-like guides on the end thereof opposite the jamb, the
      interior end. These guides face the path of translation and receive a
      guide plate mounted on the body. The guide plate captures the lock bolt by
      overlying the channel and by the receiving of the guides. The guide plate
      preferably provides bearing for the nose end of the lock bolt. Means is
      provided to bias the lock bolt assembly into its extended position into
      the mortise. For this purpose, a spring housed in the body and bearing
      thereon can also directly bear on the lock bolt on the tab thereof. Means,
      such as a rotatable handle, engage the lock bolt from an inside side of
      the lockset for its selective retraction. Means, such as a lever, also
      engage the lock bolt from an outside side of the lockset for its selective
      retraction. Means is also provided to lock and unlock the lockset from
      either the inside or the outside.
PAR  Preferably, the means for retracting the lock bolt from the inside thereof
      includes a spindle rotatably mounted on the guide plate. Means, such as a
      handle or knob, is provided to turn the spindle in either direction about
      the latter's axis. A cam plate secured to the spindle has means for
      engaging and retracting the lock bolt assembly upon rotation caused by the
      turning means. Preferably the cam plate has a flange which is capable of
      bearing on the surface of a step of the lock bolt.
PAR  The means for retracting the lock bolt from the outside of the lockset
      preferably includes a lever pivotally secured to the body about an axis
      normal to the path of translation of the lock bolt. The lever has
      actuating fingers which extend toward the inside of the lockset for
      engagement of the flange. In a particular embodiment, the fingers
      selectively bear on depending tabs of the step which lie in the same plane
      as the step. Here, the cam plate and fingers are in the same plane when in
      repose. Preferably, the body has a pair of slots which parallel the path
      of the lock bolt and which receive the fingers of the lever.
PAR  The guide plate preferably is bent over the head on the jamb side of the
      lockset to provide a face. An aperture or passage in the face passes the
      lock bolt. The guide plate is attached to the head, as by fasteners. A
      shoe or tongue extends from the jamb end towards the interior end from the
      face to provide a bearing surface for the nose of the lock bolt. The guide
      plate confines the bolt between the tongue and a parallel portion of the
      plate, which is the portion that overlies the channel. Edges of the
      aperture which meet the tongue also provide bearing and guidance for the
      nose of the lock bolt.
PAR  The preferred lock bolt is an assembly of a solid nose and a thin plate.
      The latter is stepped in the manner described to provide a follower
      surface for the cam plate and actuating fingers.
PAR  The body provides the support for the other components of the lockset;
      preferably it also defines an escutcheon for the outside side of the
      lockset.
PAR  The lock of the lockset has a lock lever which selectively engages the lock
      bolt at the behest of an operator from either the inside or outside of the
      lockset. Means, such as a pin directly mounted to the lock lever, provide
      for its locking and unlocking from the inside. An eccentric lug, operable
      from outside the door, positions the lock lever in a locked and unlocked
      position, say through a key. The lug drives a follower lever which in turn
      operates the lock lever. Means, preferably a detent and slot in the
      levers, engage the lock lever with the follower lever in one of the
      positions of the latter and carry the lock lever with the follower to the
      alternate position. These means carry the lock lever between its locked
      and unlocked positions regardless of which position the lock lever was in
      originally.
PAR  Preferably, the lock lever and the follower are commonly pivoted to the
      body. Again the lock lever has a locked position, preferably with a nose
      or dog thereof in a notch of the lock bolt to interfere with retraction,
      and a free position away from the lock bolt where the lock bolt can
      translate. The follower lever again has two positions, one proximate the
      lock bolt and one remote from the lock bolt. The follower lever has an
      enclosed slot in receipt of the lug. The lug keeps the follower lever in
      either of its positions. A detent in one of the levers is engageable in
      either of a pair of detent slots in the other lever. One of the slots is
      close to the lock bolt and the other slot is further removed. The lug is
      operable, say by a key, to drive the follower lever and engage the remote
      slot and detent regardless of the position of the levers before
      engagement. When the lock lever is in the lock position, the detent
      engages the slot proximate the lock bolt even with the follower in the
      remote position. This engagement holds the lock lever locked.
PAR  The present invention contemplates a lock strike. The lock strike is of
      one-piece construction. It has ends adapted for mounting in a door jamb.
      The ends may be mounting tabs or bosses for receipt of fasteners. A medial
      section between the ends is raised from the ends. The medial section has a
      mortise for receipt of the nose of a lock bolt. Bearing surfaces of the
      mortise define primary and secondary keeper surfaces. The primary surface
      serves a normal keeping function to keep the lock bolt in the mortise.
      Upon failure of the primary surface, or perhaps more accurately the
      material backing the primary surface, the secondary surface serves to keep
      the lock bolt. A leading edge of the medial section is curled to present a
      convex outward curvature for transit bearing and retraction of the lock
      bolt during closure of the door. The medial section has retaining
      sections, each with a slot for receipt of a shank of an interlock mounted
      to the lockset. These retaining sections are on either sides of the curl.
      In use, the interlock has heads on each of the shanks which fall in behind
      the retaining section for interference with the retaining section upon
      loads tending to separate the door jamb and door in the plane of the door,
      and thus to keep the lock bolt in the mortise and the door from opening.
      Preferably, the interlock is constituted of a bar which, viewed along its
      length, is generally shaped like a U, with a bight which is flat and long
      relative to its legs. The bight provides mounting on a lockset and
      connects the legs. The legs are the shanks for receipt in the slots of the
      retaining sections of the strike. The shanks are capped by heads which
      extend away from each other for interference of the retaining sections.
      Preferably the strike has the curl ends beveled to guide the shanks of the
      interlock bar into the slots.
PAR  These and other features, aspects and advantages of the present invention
      will become more apparent from the following description, appended claims
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is an elevational view of a lockset and strike of the present
      invention installed, respectively, in a door and a jamb, with the area
      proximate the interface of the jamb and the door being partly broken away
      and in section;
PAR  FIG. 2 is a top view, partly in section, of the lockset and strike
      illustrated in FIG. 1;
PAR  FIG. 3 is a partial, fragmented sectional view taken generally along lines
      3--3 of FIG. 1;
PAR  FIG. 4 is a partial sectional view taken generally along lines 4--4 of FIG.
      1;
PAR  FIG. 5 is an elevational fragmentary view of the lockset of the present
      invention illustrating a lock cam plate and a lock bolt in cooperation,
      and a lock lever and a lock bolt locked;
PAR  FIG. 6 is a view similar to FIG. 5 illustrating the lock lever in an
      unlocked position with a follower lever out of coincidence with the lock
      lever;
PAR  FIG. 7 is a view similar to FIGS. 5 and 6 but illustrating the cam plate in
      action and the lock unlocked with the levers in coincidence; and
PAR  FIG. 8 is a bottom, fragmentary, sectional view, taken generally along
      lines 8--8 of FIG. 1 illustrating hand lever actuation of the lock bolt
      assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With initial reference to FIG. 1, a lockset 10 has an escutcheon 11 which
      is formed integrally with a monolithic body 12 and which presents an
      exterior face. The lockset is secured in a door 13, say of a recreational
      vehicle. A handle or lever 14 can retract a lock bolt 16 from a lock
      strike 18 secured in a jamb 20 of a wall, which may be a side wall of a
      recreational vehicle. A recess or pocket 22 in the monolithic body
      receives the lever so that the exterior surface of the latter is in the
      same plane as the surface of the escutcheon. A grip access opening 24 is
      defined by the recess for gripping the interior side of the lever. A
      standard barrel lock 26 is operable to lock and unlock the bolt, typically
      from the outside of a recreational vehicle.
PAR  A mounting plate 28 has mounting tabs 30 and 32 at its ends. A medial
      section 34 of the plate is stepped from these tabs to define a space for
      receipt of an interlock bar 36 with an outer facing surface of the bar
      flush with an inner facing surface of a protective apron 38 of the door.
      The inner facing surface of the bar abuts the medial section of the
      mounting plate. The apron and mounting plate abut at tabs 30 and 32 and
      share common fasteners 40. The fasteners with other fasteners (not shown)
      secure the apron to the door. Fasteners 40 alone secure the mounting plate
      to the door at tabs 30 and 32. Bar 36 is secured to body 12 by fasteners
      42 engaged in threads of bar mounting bosses 44, the latter being part of
      the monolithic body 12 and shown best in FIGS. 4 through 7.
PAR  Strike 18 is a monolithic piece of high strength metal. Its ends are
      mounting tabs 46 and 48 for securing the strike to the jamb as by
      fasteners 50. An apron 52 serves as the jamb equivalent to door apron 38.
      Mounted, tabs 46 and 48 underlie and abut the apron and share common
      fasteners 50. The strike steps away from the mounting tabs towards the
      door and then continues with a medial section 54, which generally
      parallels the mounting tabs. As seen in both FIGS. 1 and 2, a leading lip
      56 of the medial section is rolled over or curled back onto itself with an
      inner end of the curl in a plane of the interior surfaces of mounting tabs
      46 and 48. The lip defines a very stiff medial section to resist flexure
      loads in the plane of FIG. 1, that is, parallel to the sides of the door
      and wall in which the strike and the lockset are installed. As seen best
      in FIG. 2, the strike is mortised at 58 to receive a nose 60 of lock bolt
      16 of the lockset. The curl is rounded for smooth wiping of a bevel 61 of
      the lock bolt nose during door closing. The perimeter of the mortise
      defines primary and secondary keeper surfaces 62 and 64, respectively.
      Primary surface 62 interferes with nose 60 to keep the door closed.
      Surface 64 does the same job upon partial or complete failure of surface
      62.
PAR  With reference back to FIG. 1, strike 18 is slotted at 66 and 68 in medial
      section 54 to receive laterally extending shanks 70 and 72 of interlock
      bar 36. These shanks are capped by oppositely extending heads 74 and 76.
      These heads fall in behind retaining sections 78 and 80 of the strike. The
      sections interfere with the heads of the interlock bar when the jamb and
      the door are both experiencing loads tending to pull them apart. This
      interference prevents escape of lock bolt 16 from the keeper mortise in
      the strike. The strike is open adjacent the ends of medial section 54 for
      receipt upon closing door 13 of the interlock bar shanks 70 and 72 in
      slots 66 and 68 of the strike with heads 74 and 76 behind retaining
      sections 78 and 80 of the strike. The outwardly facing edges of the ends
      of the medial section may be beveled to pilot the shanks of the interlock
      bar.
PAR  As can be seen in FIGS. 1 and 2, the sectional depth of the strike against
      bending loads in a plane parallel to the major surfaces of the door and
      wall is improved by a transition section 82, which connects medial section
      54 with a longitudinal flange 84. The flange is in the plane of the
      mounting tabs and merges into them. The surface of the medial section
      adjacent the mortise may also be "creased" slightly to increase the
      effective section there and stiffen the strike.
PAR  With reference to FIG. 1, bar 36 is wide relative to its thickness to
      present a substantial surface of heads 74 and 76 to retaining sections 78
      and 80 of the strike and resist separation loading between a door and a
      jamb. The bar has a passage 86 for lock bolt 16.
PAR  With reference generally to FIGS. 2, 3 and 4, monolithic body 12 of the
      lockset is formed as by die casting. Lever 14 is pivotally mounted to the
      body through pin 88. The pin, in turn, egresses through pin bosses on
      either side of the lockset, one of which is shown at 90 in FIG. 2 and both
      are shown at 90 and 91 in FIG. 7. Lever 14 has a pair of spaced-apart
      lever fingers 92 and 93. As seen in FIGS. 5 through 7, these fingers are
      spaced along pin 88. Actual mounting of the lever to the pin occurs at the
      base of the fingers. As again seen in FIGS. 5 through 7, the fingers
      reside in longitudinal slots 95 and 99 in the body. As is appreciated from
      FIGS. 3 and 4, the slots extend through the body from pocket 22 and open
      at an inner surface 101 of the body. Gussets 94 extend along the length of
      the lever for reinforcement. The lever fingers act on depending tabs 96
      and 97 of a monolithic lock bolt assembly 98 (see FIGS. 3, 4 and 8). Lever
      14 has a grip 100 which joins at about a right angle lever fingers 92 and
      93 through a hub 111. The grip is pulled to operate the lever. The fingers
      have substantially flat surfaces adjacent surfaces of the tabs of the lock
      bolt assembly when the assembly and fingers are each in repose. (The
      repose position is with the lock bolt extended for receipt in the mortise
      of the strike.) The nose of each of the fingers is radiused for smooth
      actuation on an associated tab of the lock bolt assembly; see radius 102
      of finger 93 in FIG. 8. The lever and its lever fingers are primarily
      contained in recess 22, which is relatively deep and long and bounded by
      material of the body. As seen in FIG. 8, a leaf spring 103 urges lever 14
      closed and flush with the face of escutcheon 11. The spring bears on an
      offset from the hub of the lever to exert a counterclockwise force thereon
      (in the Figure). The spring is in a space 105 in body 12 provided for it.
      The spring bears on an upper wall bounding the space and is retained by a
      crooked end in a slot 109 in the body over pivot 88.
PAR  Lock bolt assembly 98 is shown in FIGS. 2 through 7 and includes nose 60
      secured to the balance of the assembly as through a rivet 104 (FIGS. 3 and
      7). As seen best in FIG. 3, the balance of the assembly extends generally
      horizontally from the rear of the nose and begins as thin flat section 106
      under the rear of the nose. The section continues to a vertical step 108.
      The step forms a structural web for tabs 96 and 97 and joins these tabs to
      the balance of the lock bolt assembly. A follower and guide section 110
      extends horizontally from the top of the step rearwardly with respect to
      the nose. The follower and guide section generally parallels section 106.
      Step 108 is generally at right angles to the sections it joins. As is
      apparent from the Figures, the follower and guide section has a pair of
      opposed, U-shaped in cross section, guides 112 and 114. Specifically, and
      with reference to guide 112 and FIGS. 2 and 7, an upper flange 116 extends
      inwardly over a base 118 of section 110 towards the line of motion of the
      lock bolt assembly. Flange 116 is spaced from the base by a vertical bite
      120. Thus, between the upper flange and the base of the follower and guide
      a slot is defined. This slot receives and guides on a guide plate 122
      which is fixed to the body. The slot also receives a cam plate 124 (see,
      for example, FIG. 6). Guide 114 is a mirror image equivalent of guide 112.
      Thus the guides track on guide plate 122 which defines a straight and
      horizontal path for the reciprocation of the bolt assembly.
PAR  As seen in FIG. 7, base 118 of lock bolt assembly 98 is notched at 125 for
      clearance of guide plate fastener mounting boss 127, the latter being part
      of body 12. A relatively long slot 129 in base 118 provides clearance for
      an upset end of a spindle 160 (to be described).
PAR  Nose 60, as is seen in FIGS. 3 and 7, is notched at 128 with a ramp-like
      notch for receipt of the nose or dog of a locking lever, to be described.
      As is seen in FIGS. 3 and 7, lock bolt assembly 98 through flat section
      106 and nose 60, guides in trough 126 of the monolithic body. Primary
      guidance and bearing of the lock bolt assembly is by guide plate 122, as
      will subsequently appear.
PAR  As seen in FIG. 3, a compression spring 130 is in a housing 132 of body 12.
      The spring bears on a vertical wall 134 of the recess. The opposite end of
      the spring bears on a downwardly struck pad 136 depending from section 106
      of the lock bolt assembly. The compression spring urges the lock bolt into
      a closed or extended position with the nose of the bolt received in the
      mortise of the strike.
PAR  As seen in FIGS. 2, 3 and 4, guide plate 122 is simply secured to body 12
      as through fasteners 138 received in threaded boss 140 and threads in a
      head 142 of the body. The guide plate is strong relative to body 12.
PAR  A face 144 of the plate bends around head 142 of the body from the major
      plane of the guide plate. This face faces the jamb. As seen in FIGS. 2 and
      3, face 144 is apertured at 150 for the passage of nose 60 of lock bolt
      assembly 98. Lateral stability of guide plate 122 is aided by interference
      with bosses 44 (FIG. 4). These bosses also take loading, in shear,
      occurring when the door in which the lockset is installed is closed and
      when there are forces which tend to open the door from its closed
      position. A shoe 152 of the guide plate extends inwardly from face 144 to
      provide a wear surface between nose 60 and body 12. The shoe is struck
      from the face and is integral with the face. The bearing provided by shoe
      152 complements the bearing provided for the lock bolt assembly by the
      major plane portion of the guide plate. The edges of the aperture in the
      face through which nose 60 extends, and extending from the shoe towards
      the major plane portion, also provide guidance and bearing for nose 60.
      The guide plate is relatively wide at the face and adjacent the face in
      comparison to a tail section 154 thereof. The tail section is relatively
      narrower to provide clearance for a pin 156 of a lock assembly 158 and to
      provide clearance for the travel of guides 112 and 114 of lock bolt
      assembly 98. Where the guides track, the guide plate sides are parallel to
      each other and the path of the guides and receive the guides.
PAR  With particular reference to FIG. 3, an acircular in cross section spindle
      160 extends through guide plate 122 and is rotatably secured there as
      through a standard spring clip 162 and an upset end 163 of the spindle
      bearing on cam plate 124. It is for upset end 163 that clearance slot 129
      in base 118 of lock bolt assembly 98 is provided. The slot is also shown
      in FIG. 7.
PAR  Cam plate 124 is secured to the spindle for rotation with it through a
      periphery complementing hole 166 in receipt of the spindle (see FIGS. 5
      and 6 also). The cam plate is sandwiched between upset end 163 and the
      guide plate. As seen in FIGS. 5 through 7, the cam plate as viewed along
      the axis of the spindle presents a generally semicircular posterior
      periphery at 168. This periphery joins two parallel sides which meet at
      downwardly extending anterior flange 170 (the flange is shown to best
      effect in FIGS. 3 and 8). The interior outer edges of this flange are
      disposed to bear on downwardly depending tabs 96 and 97 and the adjoining
      edge of the balance of base 118 of the lock bolt assembly. Flange 170
      retracts the lock bolt from the strike mortise upon rotation of the cam
      plate in either direction by bearing on and moving the lock bolt assembly.
      In repose, tabs 96 and 97 and flange 170 are in compressive engagement to
      provide and define the extended position of the lock bolt assembly.
      Compression is by spring 130. The semicircular periphery of the cam plate
      clears the U-shaped guides of the lock bolt assembly. More specifically,
      the cam plate overlies the lock bolt assembly, and the posterior end of
      the cam plate is received between the U-shaped guides of the former.
PAR  As can be seen from FIG. 2, spindle 160 mounts a handle 172 in a standard
      manner. An interior escutcheon 174 is mounted on the interior side of the
      lockset as by a plurality of fasteners 176. These fasteners are threaded
      into threaded bosses 178 of body 12. A hub 180 of escutcheon 174 spaces
      handle 172 from the balance of the exterior surface of the escutcheon.
PAR  The lockset of the present invention has a unique lock which enables the
      locking of the lock bolt in the mortise from either the inside or the
      outside of the lockset and the unlocking of the lock bolt from the side of
      the lockset opposite that from which locking was effected. The lock is
      shown best in FIGS. 2, 4, 5, 6 and 7. This characteristic avoids such
      circumstances as young children inadvertently locking themselves inside a
      space employing the lockset by unlocking with a key from the outside. This
      feature is effected with a very simple structure. The lock includes a
      standard plug lock in the form of a barrel lock 26 which egresses in the
      face of escutcheon 11. This barrel lock has a key-turned eccentric lug
      182. A recess 183 in the body provides a space around the interior end of
      the barrel lock and a shoulder of the body for a keeper to keep the lock
      in place. A follower lever 184 is slotted at 186 (see FIGS. 5 and 6). The
      edge of the slot defines a follower surface for following the eccentric.
      The follower lever is pivoted through a pivot pin 188 on body 12. A pair
      of detent slots 190 and 192 in follower 184 are spaced from each other
      along a circular band defined by inner and outer radii, each originating
      at the axis of pivot 188. The centers of both slots lie on a circle having
      a radius with an origin at the center of pivot 188. As viewed in FIG. 6,
      the edge of the follower facing lock bolt assembly 98 is notched at 194 to
      provide clearance with the lock bolt assembly. A lock lever 196 is pivoted
      at one of its ends at 188 on the same pivot pin as follower 184. The
      locking lever generally overlies the follower. A nose or dog 198 of the
      locking lever extends laterally inward towards notch 128 of nose 60 of
      lock bolt assembly 98. In the locked position this dog enters the slot and
      prevents, through interference with the nose, retraction of the lock bolt
      assembly by either handle 172 or lever 14. The dog is stepped up at 200
      from the balance of the locking lever, which is generally planar, to
      afford proper clearance for eccentric lug 182. The body has a recess 201
      (see FIGS. 2 and 4) to receive dog 198. The body and the guide plate over
      this recess prevent excessive bending of lock lever 196 by pulling or
      pushing on pin 156. A detent 202 is struck in the locking lever for
      engagement in either of detent slots 190 and 192 of follower 184. A spring
      clip 204 urges the two levers together for detent engagement in either of
      the detent slots. With particular reference to FIG. 5, spring clip 204 has
      a medial leg 206. A projection 208 of the leg extends at right angles from
      the leg and engages lever 196 in a hole 209 of the latter. Outer legs 210
      and 212 underlie and press against follower 184 but are not attached to it
      so that there can be sliding motion between the clip and follower. Again,
      the interior peripheral edge of the lock bar is notched for clearance of
      various of the lock bolt assembly components. Detent 202 can be in one or
      the other of detent slots 190 or 192, or outside the detent slots.
PAR  In operation, assuming the lockset is unlocked, and it is desired to open a
      door on which the lockset is mounted with lever 14, one merely grabs grip
      100 (FIG. 4) of the lever and pulls outwardly away from the exposed face
      of escutcheon 11. FIG. 8 shows the action of lever 14 on the lock bolt
      assembly and the latter retracted. Rotation of the lever around the axis
      of pivot 88 rotates actuating fingers 92 and 93 against tabs 96 and 97 to
      retract the bolt against the counteracting force of return spring 130. The
      opening of the latch bolt in this manner is done independent of cam plate
      124.
PAR  When the grip is released, the lock bolt assembly returns to its extended
      position because of the action of spring 130. (This spring and the
      assembly responsive to it are shown in FIG. 3.)
PAR  When it is desired to retract lock bolt assembly 98 by interior handle 172
      (FIG. 2), one merely turns the handle in either direction to bear one end
      edge or the other of anterior flange 170 of cam plate 124 against step 108
      of the lock bolt assembly (FIG. 3). Again the lock bolt will retract
      against the force of spring 130. Upon removal of the force on handle 172,
      which keeps the camming surfaces of cam plate 124 against step 108, the
      lock bolt assembly will extend under the action of spring 130.
PAR  Beginning with FIG. 6, the operation of lock assembly 158 will be
      described. (In this description directional words are with reference to
      the lock bolt assembly.) Detent 202 is outwardly of the outer edge of
      follower lever 184 and free of detent slots 190 and 192. Here dog 198 of
      the lock lever is outside notch 128 of nose 60 of lock bolt assembly 98,
      and the lock bolt assembly is free to respond to actuation by either lever
      14 or handle 172. Barrel lock lug 182 bears on the inside edge of the
      follower slot 186. When it is desired to lock the lockset from the side of
      lever 14 with a key, it is necessary to rotate the key so that lug 182
      rides on the outside side of slot 186 to force the follower more in line
      with the lock lever and the outside detent slot 192 into receipt of detent
      202. (The lever side of the lockset is normally the "outside" of a door
      equipped with a lockset.) When the outside detent slot receives the
      detent, follower 184 picks up lock lever 196. Turning the key in the
      opposite direction rotates lug 182 back into the position it had at
      initiation of the process. This time, however, lock lever 196 is carried
      with follower 184 and lug 182, and dog 198 is moved in notch 128 to effect
      an interference lock of the lock bolt assembly. The lock lever and
      follower are also in coincidence in this locked position. Just before this
      happens and at the pick-up of the lock lever by the follower, various
      parts have the orientations shown in FIG. 7, except that in this Figure
      the lock bolt is shown retracted rather than extended. Obviously, the lock
      bolt must be extended for receipt in notch 128 of nose 198. As seen there,
      the levers are in coincidence and both are in an outer position from the
      locked orientation just achieved.
PAR  If it is desired to unlock the lock from its lever side, one merely turns
      the key in the opposite direction, again so that lug 182 of the barrel
      lock carries follower 184 and detented lock lever 196 away from the lock
      bolt. (Again refer to FIG. 7.)
PAR  If instead of unlocking the lock assembly when the position of the lock
      lever and follower are in coincidence and locked from the lever side it is
      desired to unlock from the side of handle 172 of the lockset (typically
      the "inside" of a door equipped with the lockset), one merely moves lock
      lever 196 through pin 156 out of notch 128. This brings the mechanism back
      to the FIG. 6 position.
PAR  To lock from the FIG. 6 position from the handle side, one merely moves pin
      156 to rotate lock lever 196 on pivot 188 to detent it with follower 184,
      detent 202 being in slot 192. Dog 198 is dogged in notch 128.
PAR  Returning to the FIG. 7 orientation of the lock with the bolt assembly in
      its extended position, if it is desired to lock with pin 156, one merely
      moves the pin and rotates the lock lever for insertion of nose 198 in
      notch 128. Here, however, follower 184 is left in its starting position
      (see FIG. 5), and lug 182 of barrel lock 26 bears against the outside
      surface of follower slot 186. Detent 202 of lock lever 196 registers in
      interior detent 190 to keep the lock lever in its locked position. The
      lock lever and follower lever are out of coincidence.
PAR  To unlock from the side of lever 14 from the FIG. 5 position, one merely
      rotates barrel lock 26 to bring lug 182 to bear against the inside
      follower surface of slot 186 and move follower detent slot 192 into
      engagement with detent 202 in lock lever 196. In this position the lockset
      is locked from both "inside" and "outside" of a door. With the lock lever
      thus picked up, opposite rotation of the barrel lock lug brings dog 198
      out of notch 128 and the levers back to the FIG. 7 orientation.
PAR  To unlock from the FIG. 5 position (levers out of coincidence) with pin
      156, one merely forces the pin away from notch 128 to bring the levers to
      their FIG. 7 position once again.
PAR  The preferred embodiment of the present invention has been described from
      time to time with the aid of directional words appropriate for the
      Figures, such as lateral, horizontal, inside and outside. It should be
      appreciated that such words were used for convenience and clarity and were
      not meant to imply in-use configurations consistent with the directional
      terminology used. In addition, the spirit and scope of the appended claims
      should not, necessarily, be limited to the foregoing description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved lockset for mounting in a door and securing the door in a
      jamb, the lockset having a jamb end, an interior end opposite the jamb
      end, an outside for facing the outside of the door, and an inside for
      facing the inside of the door, the improvement comprising:
PA1  a. a monolithic body having a head with a straight line channel proximate
      the jamb end;
PA1  b. a lock bolt assembly in the channel of the body for translation along a
      path between a retracted and an extended position, the extended position
      having a portion of the lock bolt externally of the body on the jamb side
      thereof for receipt in a mortise of the jamb, the retracted position
      having the lock bolt withdrawn from the extended position for clearance of
      the mortise, the lock bolt assembly having U-shaped in cross section
      guides on the interior end of the lockset and facing the path;
PA1  c. a guide plte overlying the lock bolt assembly on the inside of the
      lockset, abutting the head of the body and secured to the body, capturing
      the lock bolt assembly in the channel, and received by the guides for
      maintaining the interior end of the lock bolt assembly along the path;
PA1  d. means for biasing the lock bolt assembly into its extended position;
PA1  e. means on the inside of the lockset for manually retracting the lock bolt
      assembly;
PA1  f. means on the outside of the lockset for manually retracting the lock
      bolt assembly; and
PA1  g. means for locking and unlocking the lockset from either side thereof.
NUM  2.
PAR  2. The improved lockset claimed in claim 1 wherein:
PA1  the guide plate has bearing means on the jamb end for sliding bearing of
      the lock bolt assembly around the perimeter thereof which is normal to the
      path.
NUM  3.
PAR  3. The improved lockset claimed in claim 2 wherein the means for manually
      retracting the lockset from the inside includes:
PA1  a. a spindle rotatably secured to the guide plate;
PA1  b. means on the spindle for rotating the spindle in either direction from
      the inside of the lockset; and
PA1  c. a cam plate secured to the spindle for rotation therewith, the cam plate
      having cam means for engaging and retracting the lock bolt assembly upon
      rotation of the spindle rotating means in either direction.
NUM  4.
PAR  4. The improved lockset claimed in claim 3 wherein:
PA1  a. the lock bolt assembly includes a step parallel to the axis of rotation
      of the spindle; and
PA1  b. the cam plate cam means includes a flange engageable with the step to
      retract the lock bolt assembly.
NUM  5.
PAR  5. The improved lockset claimed in claim 4 wherein:
PA1  a. the means for retracting the lock bolt assembly from the outside
      includes a lever pivotally secured to the body about an axis normal to the
      path; and
PA1  b. the lever has actuating fingers extending toward the inside of the
      lockset and engageable with the flange for retracting the lock bolt upon
      rotation of the lever about its pivotal axis away from the inside of the
      lockset.
NUM  6.
PAR  6. The improved lockset claimed in claim 5 wherein:
PA1  a. the body has a pair of parallel slots parallel to the path on either
      side of the lock bolt and between the flange and the pivot axis of the
      latch; and
PA1  b. the actuating fingers extend through the slots.
NUM  7.
PAR  7. The improved lockset claimed in claim 1 wherein the guide plate has a
      face overlying the head on the jamb end, the face having a passage for the
      lock bolt assembly, and a shoe extending from the face under the lock bolt
      assembly towards the interior end, the sides of the passage, the shoe and
      the overlying portion of the guide plate providing bearing and guiding
      surfaces for the lock bolt assembly.
NUM  8.
PAR  8. An improved lockset for mounting in a door and securing the door in a
      jamb, the lockset having a jamb end, an interior end opposite the jamb
      end, an outside for facing the outside of the door, and an inside for
      facing the inside of the door, the improvement comprising:
PA1  a. a monolithic body having a head with a straight line channel proximate
      the jamb end;
PA1  b. a lock bolt assembly in the channel of the body for translation along a
      path between a retracted and an extended position, the extended position
      having a portion of the lock bolt externally of the body on the jamb side
      thereof for receipt in a mortise of the jamb, the retracted position
      having the lock bolt withdrawn from the extended position for clearance of
      the mortise, the lock bolt assembly having guide means on the interior end
      of the lockset and facing the path;
PA1  c. a guide plate overlying the lock bolt assembly on the inside of the
      lockset, abutting the head of the body and secured to the body, capturing
      the lock bolt assembly in the channel, cooperating with the guide means
      for maintaining the interior end of the lock bolt assembly along the path,
      and having a face overlying the head on the jamb end, the face having a
      passage for the lock bolt assembly, and a shoe extending from the face
      under the lock bolt assembly towards the interior end, the sides of the
      passage, the shoe and the overlying portion of the guide plate providing
      bearing and guiding surfaces for the lock bolt assembly;
PA1  d. means for biasing the lock bolt assembly into its extended position;
PA1  e. means on the inside of the lockset for manually retracting the lock bolt
      assembly;
PA1  f. means on the outside of the lockset for manually retracting the lock
      bolt assembly; and
PA1  g. means for locking and unlocking the lockset from either side thereof.
NUM  9.
PAR  9. An improvement in locksets of the type adapted to be mounted in a door
      to keep the door tight with a door jamb, the lockset having a jamb end for
      facing the door jamb, an interior end opposite the jamb end, an inside for
      proximity to the inside of the door, an outside for proximity to the
      outside of the door, a lock bolt assembly translationally mounted in the
      lockset, the lock bolt assembly having a nose for insertion in a mortise
      of the jamb and the keeping of the door with the jamb, a handle on the
      inside of the lockset for retraction of the lock bolt assembly from the
      mortise and the freeing of the nose from the mortise upon rotation of the
      handle in either direction about an axis normal to the direction of
      translation of the lock bolt assembly, a lever on the outside of the
      lockset for retraction of the lock bolt assembly from the mortise and the
      freeing of the nose from the mortise upon rotation of the lever about a
      pivot axis normal to the direction of translation of the lock bolt
      assembly, and means for locking the lock bolt assembly with the nose in
      the mortise from either the inside or the outside of the lockset and for
      unlocking the lock bolt assembly from either the inside or the outside,
      the improvement comprising:
PA1  a. a monolithic body of the lockset, the body having a head at the mortise
      end, a channel in the head receiving the nose and defining the direction
      of translation of the lock bolt, and a pair of slots between the head and
      the interior end opening through the body on either side of the lock bolt
      assembly;
PA1  b. the lever having actuating fingers extended through the slots in the
      body for rotation with the lever;
PA1  c. the lock bolt assembly includes a thin plate secured to the nose, the
      plate being stepped between the slots and having a guide section extending
      toward the interior end from the step, the guide section having a pair of
      opposed channel shaped guides, the actuating fingers being engageable with
      the step to retract the lock bolt assembly from the mortise upon rotation
      of the lever;
PA1  d. a cam plate secured to the handle for rotation therewith and having a
      flange paralleling the axis of rotation of the handle, the flange being
      engageable with the step to retract the lock bolt assembly from the
      mortise upon rotation of the handle;
PA1  e. a guide plate overlying the cam plate and lock bolt assembly and being
      secured to the body, the guide plate overlying the nose for sliding
      engagement therewith to keep the nose in the channel, the guide plate also
      receiving the channel shaped guides to guide the interior end of the lock
      bolt assembly along the direction of translation; and
PA1  f. means for biasing the lock bolt assembly into an extended position for
      insertion of the nose in the mortise.
NUM  10.
PAR  10. The improvement claimed in claim 9 wherein the guide plate has a face
      extending over the jamb end of the body and passing the nose.
NUM  11.
PAR  11. The improvement claimed in claim 10 wherein a shoe extends inwardly
      from the face for sliding engagement by the nose on the opposite side
      thereof from the guide plate.
NUM  12.
PAR  12. The improvement claimed in claim 11 wherein the face has a passage
      which provides the pass for the nose, the shoe bounding a side of the
      passage, the remaining sides of the passage also providing for sliding
      engagement by the nose.
NUM  13.
PAR  13. The improvement claimed in claim 9 wherein the step has depending tabs,
      the tabs being engageable by the actuating fingers of the lever for the
      retraction of the lock bolt assembly.
NUM  14.
PAR  14. The improvement claimed in claim 9 wherein the nose of the lock bolt
      assembly is solid and one piece.
NUM  15.
PAR  15. The improvement claimed in claim 9 wherein the body defines an
      escutcheon on the outside of the lockset.
NUM  16.
PAR  16. In a lockset of the type having a translatable lock bolt for engaging
      in an extended position the mortise of a door jamb, means for retracting
      the lock bolt from the extended position to free the lock bolt from the
      mortise from the inside of a door equipped with the lockset, means for
      retracting the lock bolt from the extended position to free the lock bolt
      from the mortise from the outside of the door, and lock means for locking
      the lock bolt in the mortise from either side of the door and for
      unlocking the lock bolt from either side of the door regardless of from
      which side the door was originally locked, an improvement in the lock
      means comprising:
PA1  a. a lock lever pivotally secured in the lockset for movement between a
      first position in locking engagement with the lock bolt to prevent
      retraction thereof from the mortise and a second, unlocked position free
      from the lock bolt;
PA1  b. a follower lever pivotally secured to the lockset for movement between a
      first position and a second position;
PA1  c. a lug operable from outside the door to move the follower lever between
      its positions;
PA1  d. means for engaging the lock lever and the follower lever in the second
      position of each and upon operation of the lug in a first direction to
      carry the lock lever with the follower lever to the first position of each
      to lock the lock bolt and upon operation of the lug in the opposite
      direction to carry the two levers to their second position and unlock the
      lock bolt; and
PA1  e. means to lock and unlock the lock bolt directly from inside the door
      including a detent in one of the levers and a detent slot in the other
      lever positioned for engagement with each other when the lock lever is in
      its first position and the follower lever is in its second position to
      maintain the lock lever in the first position and the lock bolt locked.
NUM  17.
PAR  17. The improvement claimed in claim 16 wherein the engaging means includes
      a second detent slot in the lever of the first detent slot and engageable
      by the detent in the first position of the lock lever and the first
      position of the follower lever for moving the lock lever to its second
      position through operation of the lug and by carriage by the follower
      lever to the latter's second position.
NUM  18.
PAR  18. The improvement claimed in claim 17 wherein the detent is free from
      both detent slots when the lock lever is in its first position and the
      follower lever is in its second position.
NUM  19.
PAR  19. The improvement claimed in claim 18 including means for biasing the
      lock lever and the follower lever together, the biasing means comprising a
      spring attached to one of the levers and slidably engaging the other
      lever.
NUM  20.
PAR  20. The improvement claimed in claim 18 including means for accepting a key
      and with the key for operating the lug.
NUM  21.
PAR  21. The improvement claimed in claim 20 wherein the means for locking and
      unlocking the lock bolt directly from the inside of the door includes a
      manually actuatable pin secured to the lock lever to pivot it between its
      positions.
NUM  22.
PAR  22. The improvement claimed in claim 21 wherein the lock lever has a dog,
      the lock bolt has a notch, and the lock lever locks the lock bolt by the
      dog being inserted in the notch in the lock lever first position to
      interfere with the lock bolt in the direction of retraction thereof.
NUM  23.
PAR  23. In a lockset of the type having a lock bolt spring biased into an
      extended position for receipt in a mortise, means for retracting the lock
      bolt from the mortise from an inside side of the lockset, and means for
      retracting the lock bolt from the mortise from an outside side of the
      lockset, an improved lock comprising:
PA1  a. a lock lever pivotally mounted to the lockset on one side of the lock
      bolt, the lock lever having a locked position in interference engagement
      with the lock bolt in the direction of retraction thereof, and a free
      position out of interference with the lock bolt to permit the latter to be
      retracted by either of the retracting means;
PA1  b. a follower lever pivotally mounted to the lockset on the same pivot as
      the lock lever, the follower lever having an enclosed slot;
PA1  c. a detent on one of the levers;
PA1  d. a pair of spaced apart detent receiving slots in the other lever, each
      slot and the detent being equally spaced from the pivot, one of the slots
      being remote from the lock bolt and the other slot being proximate the
      lock bolt;
PA1  e. means to urge the detent into one detent receiving slot at a time;
PA1  f. a lug eccentrically mounted to the lockset and disposed in the enclosed
      slot, the lug being operable from a first side of the lockset to move the
      follower lever between a first position proximate the lock bolt and a
      second position remote from the lock bolt, the lug in either position
      holding the follower lever in that position;
PA1  g. means for moving the lock lever between its locked position and its free
      position independently of the follower lever and from the second side of
      the lockset opposite the first;
PA1  h. the lug being operable to drive the follower lever and engage the detent
      in the remote detent receiving slot regardless of the position of the
      levers before engagement and to carry the lock lever between its locked
      and free positions at the will of the operator of the lug; and
PA1  i. the detent engaging the proximate detent receiving slot when the lock
      lever is in its locked position and the follower lever is in its remote
      position to hold the lock lever in its locked position.
NUM  24.
PAR  24. For use in a door jamb to receive a lock bolt of a lockset mounted in a
      door, an improved strike comprising:
PA1  a one-piece member having ends adapted to be mounted to the door jamb, a
      medial section raised from a plane containing surfaces of the ends, a curl
      in the medial section for transit bearing with a lock bolt upon closing of
      the door,
PA1  the curl having a convex outward curvature, a mortise in the medial section
      having a primary and a secondary lock bolt bearing surface, the secondary
      surface being a redundant surface to keep a lock bolt upon failure of the
      primary surface, a pair of spaced apart retaining sections in the medial
      section, each retaining section having a slot for receipt of a shank of an
      interlock attached to the lockset, a head of the interlock residing behind
      the retaining section for interference therewith upon loads in the jamb
      and the door tending to separate the two.
NUM  25.
PAR  25. The strike claimed in claim 24 in combination with a one-piece
      interlock bar, the interlock bar including a bar medial section for
      mounting on a lockset, a pair of shanks extending outwardly from the ends
      of the medial section for receipt in the slots of the strike, and a pair
      of heads capping the shanks and extending away therefrom generally
      parallel with the bar medial section for receipt behind the retaining
      sections of the strike.
NUM  26.
PAR  26. The combination claimed in claim 25 wherein the ends of the curl are
      beveled and lead into the slots for piloting the shanks of the interlock
      bar into the slots.
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ABST
PAL  A standard for parking and locking a bicycle including an upright post, a
      clamp depending from the post to grip the frame of a bicycle and hold it
      alongside the post and a wire rope retractably carried within the post to
      be extended therefrom to lash the wheels and frame of the bicycle
      together. The clamp and cable may be locked together by a padlock to
      prevent the bicycle from being stolen.
BSUM
PAR  The present invention relates to apparatus for parking bicycles and more
      particularly to a bicycle parking standard of the type which permits a
      bicycle owner to secure his bicycle in an upright position and also to
      lock it in place. As such, the invention will be hereinafter called a
      "Standard for Parking and Locking a Bicycle."
PAR  The use of bicycles is constantly increasing throughout the country due to
      fuel shortages and other factors. As more bicycles are used, more bicycles
      are stolen and the problems relating to the prevention of bicycle theft
      are becoming more serious and vexing. The problem is aggravated because
      many popular types of bicycles, being sold today, include quick change
      wheel mounts which permit the wheels to be quickly and easily removed from
      a bicycle. Many conventional types of bicycle parking racks are provided
      with inadequate locking devices. If a lock secures the frame of the
      bicycle to a rack, the wheels may be stolen, or if the front wheel is
      locked to the rack, the body of the bicycle may be stolen. This has led to
      the use of chains and wire ropes which can be lashed about the bicycle to
      secure the wheels along with the frame. However, such chains or wire ropes
      are not ordinarily affixed to a rack and are usually carried by the
      cyclist. These are inconvenient expedients; nevertheless, chains or wire
      ropes, which are awkward and inconvenient for use as an accessory, are
      carried by the rider and attached to conventional bicycle stands.
PAR  The present invention was conceived and developed with such and other
      considerations in view and the invention comprises, in essence, an upright
      standard, preferably a tubular post, having a clamp to grip the bicycle
      frame and hold the bicycle in an upright position alongside the post. A
      wire rope within the post is extended therefrom to be interwoven about the
      bicycle, threaded through the wheels thereof, and extended to the clamp.
      The clamp and wire rope are locked together by a padlock to secure the
      same to the standard.
PAR  It follows that an object of the invention is to provide a novel and
      improved standard for parking and locking a bicycle which utilizes a rigid
      clamp to hold a frame member of the bicycle, a flexible wire rope to lash
      the wheels and body of the bicycle together and a lock to secure the clamp
      and rope, all to render theft of the bicycle extremely difficult.
PAR  Another object of the invention is to provide a novel and improved standard
      for parking and locking a bicycle, including a hollow post and a wire rope
      for lashing the frame and wheels of the bicycle together, all in an
      arrangement which neatly and conveniently retains the rope within the post
      until needed.
PAR  Another object of the invention is to provide a novel and improved standard
      for parking and locking a bicycle which includes a vertically movable
      clamp carried upon a post to grip and hold the bicycle frame in a fixed,
      upright position, alongside the post, and prevent the bicycle from falling
      sidewise onto the ground.
PAR  Another object of the invention is to provide in a standard for parking and
      locking a bicycle, including a clamp for gripping the frame of the bicycle
      and holding it in place, an arrangement which may be quickly and easily
      adjusted to accommodate various size bicycles.
PAR  Another object of the invention is to provide a novel and improved standard
      for parking and locking a bicycle which may be used for parking bicycles
      only, or which may be incorporated into a conventional parking meter for
      automobiles, or a parking meter for the bicycle.
PAR  Other objects of the invention are to provide a standard for parking and
      locking a bicycle, which is a simple, compact, neatappearing, low-cost,
      rugged and durable structure.
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PAR  With the foregoing and other objects in view, the present invention
      comprises certain constructions, combinations and arrangements of parts
      and elements as hereinafter described, defined in the appended claims and
      illustrated in preferred embodiment by the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a preferred embodiment of the improved
      bicycle parking standard with a bicycle being parked and locked therein;
PAR  FIG. 2 is a side elevational view of the standard shown at FIG. 1,
      including a bottom section embedded into concrete or the like, with
      portions of the standard being shown in section and with other portions
      broken away to conserve space;
PAR  FIG. 3 is a sectional plan view as taken substantially from the indicated
      line 3-3 at FIG. 2;
PAR  FIG. 4 is a side elevational view partly in section as taken from the
      indicated line 4-4 at FIG. 3;
PAR  FIG. 5 is a small scale perspective view of the standard incorporating a
      conventional parking meter; and
PAR  FIG. 6 is a fragmentary perspective view of a portion of the standard to
      illustrate a modified construction.
DETD
PAR  Referring more particularly to the drawings, the improved standard for
      holding and securing a bicycle combines a hollow post P, a body clamp B
      reciprocably carried upon this post, and a wire rope R which is normally
      within the post. The post P is a moderately heavy pipe 20 preferably three
      to four inches in diameter, and it is contemplated that a standard
      conventional pipe or tubing may be used for this purpose and, as
      hereinafter exemplified, this post may be the standard for a conventional
      parking meter. In the arrangement shown at FIGS. 1 and 2, the pipe 20 is
      mounted in the pavement or ground 21, preferably in a concrete base to
      upstand therefrom to a height of approximately four feet, somewhat higher
      than the largest types of bicycles, so that it may be used for all sizes
      of bicycles.
PAR  The passageway within this tubular post is used to retain portions of wire
      rope R, which is pulled from an orifice 22 in a cap 23 at the top of the
      post. It follows that the length of the post must be at least sufficient
      to provide for a suitable length of wire rope to permit the wire rope to
      be extended from the post and wrapped about a bicycle. If necessary, when
      the post is set in concrete or in the ground, the bottom of the post may
      be closed with a plug 24 to prevent concrete or dirt from filling this
      lower end of the post.
PAR  The body clamp B is mounted upon a collar 30 which slidably embraces this
      post so that the clamp may be shifted along the post to selected heights
      to accommodate bicycles of varying sizes. Ordinarily, this body clamp B
      will be secured to the upper, horizontal bar H of a bicycle, as
      illustrated at FIG. 1, and this horizontal bar H may vary in height from
      24 - 42 inches in different types of bicycles. To secure the clamp at any
      position along the reach of the pipe, a lock screw 31 may be provided in a
      threaded boss 32 at the back side of this collar 30 to bear against the
      pipe 20 when it is tightened.
PAR  The clamp B includes a strut 33 outstanding horizontally from the collar 30
      to carry a pair of pivoted, opposing, flat, strap-like arms 34 and 35 to
      form a clasp or frame clamp. Interfingered hinge eyes 36 and 37 are formed
      at the base of the clasp arms and these eyes embrace a pin lug 38 at the
      end of the strut 33 to be interlocked thereto by a pintle 39. This hinged
      connection of the arms 34 and 35 permits them to swing together and the
      center of each arm is arched to provide an offset 40 in the form of a half
      circle. The offset 40 of each arm opposes the offset of the other arm so
      that when the two arms swing together, a tubular bicycle frame H may be
      held in the offsets as illustrated.
PAR  The extended end of each arm includes a hole 41 which lies in registration
      with the corresponding hole 41 of the mating arm to receive a conventional
      padlock 42.
PAR  The wire rope R is preferably a very tough, standard type which will resist
      cutting with nippers, one type being termed aircraft cable. One end of
      this rope extends from the orifice 22 to be wrapped about or interwoven
      through the bicycle frame and wheels and this end includes a cable eye 50
      which is proportioned to be placed upon the clasp arms 34 and be secured
      by the padlock 42, all as illustrated at FIG. 1. The other end of the wire
      rope R, within the post, is connected to a moderately heavy cylindrical
      head 51 which is proportioned to freely slide within the post as
      illustrated at FIG. 2. This head is preferably a lead weight with the end
      of the wire secured to the weight, such as extended through it, spread and
      soldered at the bottom for a secure connection as at 52. The weight of the
      head 51 will ordinarily pull the wire rope into the post as shown, when
      not in use. Thus, whenever it is to be used, the wire rope is pulled from
      the post P so that it may be wrapped around and through portions of a
      bicycle. Preferably, this wrap-around operation will include threading the
      wire rope through each bicycle wheel and, also, through the bicycle frame
      and even about the post itself as illustrated at FIG. 1. This effectively
      lashes the bicycle in place. When the bicycle is to be lashed to the post
      in this manner, it is important that the wire rope be long enough for the
      purpose and as heretofore mentioned, the length of the post, including the
      portion embedded into the cement or ground surface, must be sufficient as
      to permit the wire rope R to be pulled into the post for storage when it
      is not used.
PAR  The manner in which this standard is to be used is apparent from the
      foregoing description. When a bicycle is to be parked and secured to the
      standard, the body clamp is first raised to the level of the horizontal
      frame member H of the bicycle and secured to the post by the lock screw
      31. The arms 34 and 35 are then folded together upon the bicycle frame
      member and the wire rope R is pulled from the cap 22 at the top of the
      post and wrapped around the bicycle frame, through a wheel, thence around
      the post through the other wheel and to the clamp arms. The padlock 42,
      which secures the rope eye 50 and the arms 34 and 35, will be owned by the
      bicycle owner so that no one else may remove the bicycle. The bicycle is
      held in an upright position while it is being parked and is ready for use
      as soon as released.
PAR  Several variations of the construction hereinabove set forth are possible.
      The apparatus may be incorporated into a conventional parking meter as
      shown at FIG. 5. Parking meters are commonly mounted upon upright
      standards or posts which are ideally suited to serve as the post P in the
      present invention. The collar 30 of a body clamp B can be fitted upon a
      parking meter post to hold a bicycle as heretofore described. A wire rope
      R can be retained within this post below the parking meter and extend from
      the post through a side outlet 22' as illustrated. Thus, the bicycle can
      be parked and locked against the post of the parking meter without
      interfering with the regular use of the parking meter for an automobile.
      If it becomes desirable, the parking meter can be used in connection with
      parking of the bicycle where it is required that a coin also be placed in
      the parking meter for parking the bicycle.
PAR  The arrangement shown at FIG. 6 is useful where space is at a premium. A
      compact body clamp B' is provided where a lug 38' is connected directly to
      the collar 30' to eliminate the horizontal strut 33 heretofore described.
      In this arrangement, the collar 30' is fitted upon a post P and the clasp
      arms 34 and 35 are the same as heretofore described. Also, a rope R
      extending from the post P will be used to lash the bicycle in place as
      heretofore described.
PAR  We have now described our invention in considerable detail. However, it is
      obvious that others skilled in the art can build and devise alternate and
      equivalent constructions which are nevertheless within the spirit and
      scope of our invention. Hence, we desire that our protection be limited
      not by the constructions illustrated and described, but only by the proper
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A standard for parking and locking a bicycle with a locking means
      comprising in combination:
PA1  a a tubular post upstanding from a surface and having a cable-attaching
      portion on the post;
PA1  b a body clamp means outstanding from the post to engage and clamp upon the
      tubular frame portion of a bicycle and including a locking hole means
      therein to receive said locking means, and
PA1  c cable means having one end extending from the cable-attaching portion and
      being of a length to be interwoven through both wheels of a bicycle held
      by the body clamp and to terminate at its extended end adjacent to said
      locking hole means, said cable means including an eye at the extended end
      of said cable means to receive said locking means when said locking means
      are inserted through said locking hole in said body clamp means.
NUM  2.
PAR  2. In the combination defined in claim 1 wherein:
PA1  said post is the post of a parking meter with an orifice at a side thereof
      in communication with the hollow interior of said post, and said cable
      means being extendable through the orifice.
NUM  3.
PAR  3. In the combination defined in claim 1 wherein:
PA1  the top of the post is closed with the cap and the orifice is in the cap.
NUM  4.
PAR  4. In the combination defined in claim 1 wherein:
PA1  the body clamp includes a pair of opposing hinge clasps adapted to swing
      against each other and having opposing socket portions to engage a frame
      and with the hole means comprising a hole at the end of each clasp in
      registration with the other.
NUM  5.
PAR  5. In the combination defined in claim 1, wherein
PA1  the body clamp means includes a collar about the post, an arm outstanding
      therefrom, a pair of opposing hinged clasps at the outstanding end of the
      arm adapted to swing together, opposing socket portions in the clasp to
      engage a bicycle frame, and said hole means including a hole at the outer
      end of each clasp in registration with the other.
NUM  6.
PAR  6. In the combination defined in claim 5 including:
PA1  a securing means on the collar to lock the collar onto the post at any
      selected height to match the height of a frame member of a bicycle.
NUM  7.
PAR  7. In the combination defined in claim 1 wherein:
PA1  the cable means comprises a wire cable of tough cutresistant strands.
NUM  8.
PAR  8. In the combination defined in claim 1 wherein:
PA1  the restraining means at the aforesaid other end of the rope comprises a
      cylindrical weight affixed to the end of the rope means, loosely fitting
      within the post and being adapted to drop to the base of the post to pull
      the cable means thereinto when it is not in use.
NUM  9.
PAR  9. In the combination defined in claim 8 where the length of the wire cable
      exceeds the height of the post, and wherein:
PA1  said post is extended into the ground below the pavement surface a distance
      sufficient to permit the bulk of the wire cable to be pulled into the post
      when it is not used.
NUM  10.
PAR  10. A standard for parking and locking a bicycle with a locking member
      comprising in combination:
PA1  a a tubular post upstanding from a pavement surface and extending to a
      height above the height of a bicycle frame and having an orifice opening
      at the top section of this post,
PA1  b a body clamp including a collar embracing the post and a lock means
      adapted to position the collar at any selected height on the post to
      accommodate the frame of a given bicycle,
PA1  c an arm permanently affixed to the collar and extending horizontally
      therefrom,
PA1  d a pair of opposing hinged clasps pivotally carried upon the outstanding
      end of the arm with each clasp having an opposing socket portion to engage
      the frame of a bicycle and a hole at its extended end in registration with
      a corresponding hole on the other clasp to receive a locking member for
      locking the same upon the bicycle frame, and
PA1  e a wire cable of tough, cut-resistant strands carried within the post with
      one end extending from the post orifice and formed as an eye and the
      opposite end within the post connected to a cylindrical weight loosely
      fitting in the post and being adapted to drop to the base of the post to
      pull the cable thereinto when not in use, said cable being of a length to
      be pulled from the post, wrapped about a bicycle and with its eye aligned
      with the holes on said clasps for connection to the clasp by the locking
      member.
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ABST
PAL  In a door bolt lock a tubular housing extends through a bore in the door
      near the edge thereof for housing at least one lock cylinder assembly
      coupled in mechanical operative association with a lock bolt assembly
      passing from the edge of the door into the tubular housing via an
      intersecting bore in the door. The tubular housing includes first and
      second axially separable coaxially aligned portions having flanges on
      their outer ends for capturing the door therebetween. The first and second
      tubular housing portions are threadably coupled together either directly
      or via a threaded insert, whereby the length of the housing is adjustable
      for accommodating doors of various thicknesses and whereby the two halves
      of the lock cylinder housing are coupled together by means of a relatively
      strong threaded tubular structure to make it more difficult to break apart
      the two halves of the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to door bolt locks and more
      particularly to an improved lock cylinder housing of the type including
      two axially separable outwardly flanged portions which are coupled
      together within a bore in the door for housing one or more lock cylinders.
PAC  RELATED CASES
PAR  The releasable catch structure for releasably capturing the lock cylinder
      within the lock cylinder housing forms the subject matter of and is
      claimed in my copending application U.S. Ser. 531,926 filed Dec. 12, 1974.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, door bolt lock assemblies have been fabricated wherein the lock
      cylinder housing structure included two axially separable portions
      mechanically coupled together inside a bore in the door by means of a pair
      of machine screws, there being one machine screw head accessible from each
      side of the door.
PAR  One of the problems with this arrangement is that one of the machine screws
      can be removed from the outside of the door leaving only one machine screw
      holding the lock cylinder housing together from the inside of the door.
      These machine screws are relatively fragile and can be easily broken by
      prying or twisting the exposed portion of the lock cylinder housing.
PAR  Therefore, it is desirable to provide an improved cylinder lock housing of
      the type wherein the housing fastening means are not accessible from the
      inside or the outside of the door. The fastening housing means preferably
      has increased strength so as to make it much more difficult to break the
      housing apart.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved door bolt lock and more particularly to such a lock having an
      improved means for fastening the lock cylinder housing together.
PAR  In one feature of the present invention, first and second axially separable
      portions of a lock cylinder housing of a door bolt lock assembly are
      coupled together by a tubular threaded coupling means so that rotation of
      the first half of the housing relative to the second half of the housing
      produces axial translation between the first and second portions of the
      housing to accommodate doors of various thicknesses and whereby the
      fastening means has substantial strength.
PAR  In another feature of the present invention, that portion of the lock
      cylinder housing which is to face the outside of the door includes a
      tubular portion extending into the door having a side opening therein to
      receive therethrough, at right angles thereto, the lock bolt assembly,
      whereby the lock bolt assembly serves to prevent rotation of the outer
      portion of the housing.
PAR  In another feature of the present invention, first and second portions of
      the cylinder housing are threadably coupled together by means of a
      threaded coupling insert receiving the threaded ends of the first and
      second axially separable portions of the cylinder lock housing.
PAR  Other features and advantages of the present invention will become apparent
      upon a perusal of the following specification taken in connection with the
      accompanying drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a horizontal cross sectional view, partly exploded, of a door
      lock assembly embodying the invention.
PAR  FIG. 2 is an exploded perspective view of a lock cylinder housing shown in
      FIG. 1 and forming particularly the subject matter of this invention.
PAR  FIG. 3 is an exploded perspective view of a dead bolt assembly and lock
      cylinder housing release means also shown in FIG. 1.
PAR  FIG. 4 is a fragmentary vertical section taken on line 4-4 of FIG. 1, with
      the dead bolt retracted.
PAR  FIG. 5 is a sectional view similar to FIG. 4 showing the dead bolt
      projecting in the door locking position.
PAR  FIG. 6 is a horizontal cross section through the door equipped with the
      invention, similar to FIG. 1, and showing the device in completely
      assembled form.
PAR  FIG. 7 is an end elevational view of the lock cylinder housing as depicted
      in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a dead bolt door lock assembly
      incorporating features of the present invention. The door lock assembly
      includes a lock cylinder housing 12 mounted within and passing through a
      cylindrical transverse bore 13 in a door 14. A dead bolt lock assembly 15
      is mounted within bore 16 extending towards and intersecting with
      transverse bore 13 from the side edge 17 of the door 14. The dead bolt
      lock assembly 15 includes a portion extending through the lock cylinder
      housing 12 and includes an actuating mechanism operatably coupled with
      rotatable plug portions 18 of lock cylinders 19 and 21 for moving a lock
      bolt 22 into and out of the door 14 for locking the door 14 to the door
      frame, not shown.
PAR  The lock cylinder housing 12 includes an outside or first cylindrical
      portion 23 having a conically flared flange 24 which, at its outer
      periphery catches the lip of the transverse bore 13 at 25. The outside
      portion 23 of the housing 12 includes an inner cylindrical bore 26 to
      receive the lock cylinder 19. The lock cylinder 19 includes an outer fixed
      annular portion 27 surrounding the unlockable and rotatable plug portion
      18 having the keyway therein. The cylindrical bore 26 is partially closed
      at its outer end by an inwardly directed flange portion 28 which at least
      partially covers the outer cylindrical portion 27 of the lock cylinder 19
      while leaving exposed, from the outside, the keyway passage of the plug
      18. The lock cylinder 19 is held in position within the outside housing
      portion 23 by means of a set screw 29 threaded through a tapped bore 31 in
      the housing portion 23. The tapped bore 31 registers with a radial bore 32
      in the annular portion 27 of the lock cylinder 19.
PAR  Referring now to FIGS. 1 and 2, the remaining portion of the lock cylinder
      housing 12 is more fully illustrated. The outside portion 23 of the lock
      cylinder housing 12 includes a tubular extension 33 extending axially of
      the bore 13. The tubular extension 33 is internally threaded at 34 to
      receive the external threads of a tubular threaded insert 35. In addition,
      the internal threaded extension 33 includes a pair of transversly aligned
      apertures or slots at 36 and 37 to allow passage of the bolt lock assembly
      15 therethrough.
PAR  The threaded insert 35 includes a notch 38 to receive a tool for turning
      insert 35 into the threaded extension of the outside portion 23 of the
      housing 12. The threaded insert 35 is threaded into the desired position
      and then the inside or second portion 39 of the housing 12 is threaded
      into a mating set of internal threads of the threaded insert 35. The
      inside half portion 39 is turned sufficiently by inserting a turning tool
      into hole 42 to pull the conically shaped outer flange portion 41 thereof
      down against the lip of bore 13 to capture the door 14 between the flange
      portions 24 and 41 of the opposite half portions of 23 and 39 of the lock
      cylinder housing 12.
PAR  The inside half 39 of the lock cylinder housing 12 includes an axial bore
      43 to receive a lock cylinder insert 44. The lock cylinder insert 44
      includes a conically flared flange portion 45 with a shoulder 46 at its
      outer periphery to receive and catch a lip 47 of the inside half 39 of the
      housing 12. A compression spring 48 is carried within the bore 43 and
      abuts at one end with an inner shoulder 49 of the housing section 39 and
      rides on an outer shoulder 51 of the lock cylinder insert 44 for spring
      biasing the insert 44 outwardly of the housing 12.
PAR  The inside lock cylinder 21 is retained within the cylinder insert 44 by
      means of a set screw 52 that is threaded through a tapped bore in the
      insert 44 and extends into an aligned radial bore in the outer annular
      portion 53 of the inside lock cylinder 21 for fastening the lock cylinder
      21 to the insert 44. An inwardly directed lip portion 54 of the insert 44
      serves to cover the outer cylindrical portion 53 of the lock cylinder 21
      while leaving exposed the rotable plug 18 and keyway therein.
PAR  Each of the lock cylinder plugs 18 includes a drive spline 55 and 56
      respectively, which is fixedly secured to the respective lock cylinder
      plug 18 as by screws, not shown, for rotation therewith. The respective
      drive splines 55 and 56 are axially telescoping one within the other in
      assembly, FIG. 6. The outside drive spline 55 telescopes within the inside
      drive spline 56. A bolt drive arm 57, as shown in FIG. 3, is splined at 57
      to the telescoped drive splines 55 and 56 such that rotation of the
      individual plug driven drive splines 55 and 56 serves to produce rotation
      of the lock bolt 22 via the bolt drive arm 57 which is pivotably secured
      via pin 61 to a lock bolt actuating link 58 which in turn is fixedly
      secured to the lock bolt 22 for effecting reciprocal translation of lock
      bolt 22 within a tubular lock bolt housing 59.
PAR  In the unlocked position of the lock bolt 22, the pin 61 rides in notches
      62 in the upper lip of lock bolt housing side plates 64, whereas in the
      locked position of the lock bolt 22, the pin 61 rides in notches 63 of the
      side plates 64. The side plates 64 include axially aligned central
      openings 65 to allow passage of the drive splines 55 and 56 therethrough.
      The outer end 66 of each of the side plates 64 is locked behind inwardly
      directed flange portions 67 at the inner end of the tubular lock bolt
      housing 59. The inside ends of the side plates 64 are locked together by
      means of locking tabs 68 which pass through aligned slots 69 in the side
      plate 64. The tabs 68 are bent over the outside of the side plates 64 for
      closing off and locking the inside ends of the side plates together. Two
      prongs 71 are formed on the inner ends of the side plates 64 so that the
      bolt lock housing can be driven into the wood of the door 14.
PAR  A lock cylinder catch structure 72 includes a pair of notched leg portions
      73 carried from a mounting ring 74 which is fixedly secured to the end of
      the outer cylindrical portion 53 of the inside lock cylinder 21. The
      notched legs 73 pass through a pair of rectangular slots 75 in each of the
      side plates 64 of the lock bolt housing assembly 15. A spring biased latch
      member 76 is pivotably mounted within the bolt housing assembly 15 by
      means of a pair of outwardly directed tabs 77 carried by the latch 76
      which ride in aligned apertures 78 in the side plates 64. The latch 76 is
      free to pivot about the tab supports 77 and is spring biased into latching
      engagement with the notched portions of the notched legs 73 of the catch
      structure 72 via a spring 79.
PAR  The spring 79 is mounted between the side plates 64 via pairs of tabs 81
      passing through pairs of aligned apertures 82 in the side plates 64. An
      actuating lever 83 is pivotably mounted between the side plates 64 via
      tabs 84 extending through aligned apertures 85 in the side plate
      structures 64. The upper end of the actuating lever 83 engages the upper
      end of the spring biased latch 76, FIGS. 4 and 5, for pivoting the latch
      76 about its pivotable support tabs 77 to a position out of latching
      engagement with the notched portion 73 of the catch 72.
PAR  The actuating lever 83 is actuated by means of an axially translatable
      actuating pin 86 contained within an axial bore of the lock bolt 22. The
      actuating pin 86 is captured within the lock bolt 22 and spring biased
      toward the outer end thereof via a compression spring 87 captured between
      a shoulder 88 of the pin 86 and a centrally apertured plug 89 threaded
      into the end of the lock bolt 22. The outer end of the lock bolt 22
      includes an inwardly directed centrally apertured flange 91 for capturing
      the actuating pin 86 within the lock bolt 22 against the spring bias of
      spring 87.
PAR  The lock cylinder 21 and its insert 44 are locked into position via the
      catch assembly 72 by pressing the insert 44 and retained lock cylinder 21
      into the cylinder housing 12 from the inside end so that the notched leg
      structure 73 passes through the aligned apertures 75 in the side plates 64
      of the bolt housing 15. The latch 76 is first rotated out of locking
      engagement during insertion of the catch structure by pressing the
      actuating pin 86 into engagement with the actuating lever 83 and tilting
      the latch 76 away from the notches 73. Any suitable tool, such as a nail
      or punch, may be utilized for pressing the pin 86 into engagement with the
      actuating lever 83.
PAR  After the notches of the catch structure 72 have moved to the fullest inner
      extent of travel, the inwardly directed pressure on the actuating pin 86
      is removed so that the spring 79 pivots the latch 76 into latching
      engagement with the catch structure 72, thereby locking the lock cylinder
      21 and its insert 44 in position against the outer end of the inside
      flared portion 39 of the cylinder housing 12. When the insert 44 is locked
      in position it serves like a lock nut to prevent rotation and thus removal
      of the inside portion 39 of the cylinder housing 12. The cylinder insert
      44 also protects the inside lock cylinder 21.
PAR  The inside lock cylinder 21 is released for removal only by opening the
      door 14 with a key and pressing the actuating pin 86 so as to release the
      spring loaded latch 76 allowing the cylinder insert spring 48 to push the
      insert 44 and attached lock cylinder 21 out of the lock cylinder housing
      12 for replacement.
PAR  The opposite side edges of the lock bolt 22 are flatened to pass through
      similarly flattened edges of an aperture in a door plate structure 93
      affixed to the outer end of the lock bolt housing 59. The door plate
      structure 93 is secured to the edge of the door via screws 94. The
      actuating pin 86 is freely rotatable within the lock bolt 22 and is
      preferable made of a hardened steel material to resist sawing. When a saw
      reaches the pin 86, the hardened pin 86 will rotate with movement of the
      saw thereby frustrating the sawing action.
PAR  Referring now to FIGS. 4 and 5, there is shown in FIG. 4, the position of
      the lock bolt actuating pin 86 when the lock is unlocked. It is seen that
      the inner end of the actuating pin 86 is relatively close to the actuating
      lever 83 so that only a relatively slight inner movement of the actuating
      pin 86 is required to engage the actuating lever 83 and unlock the spring
      biased latch 76.
PAR  FIG. 5 shows the lock bolt in the locked position. In this position it is
      seen that the inner end of the actuating pin 86 is removed sufficiently
      from the actuating lever 83 so that the spring biased latch 76 cannot be
      disengaged from locking engagement with the notched catch structure 73 by
      depression of the actuating pin 86.
PAR  It is only when the door 14 has been unlocked by means of a key that the
      inside lock cylinder 21 and cylinder insert 44 can be removed which then
      permits the lock 11 to be disassembled.
PAR  Although a separate threaded insert 35 has been employed for coupling the
      inside and outside halves of the lock cylinder housing 12 together, this
      is not a requirement and the inner ends of the two halves 23 and 39 may be
      directly threadably mated to effect the coupling directly when relatively
      thin doors are involved.
PAR  The advantage of the lock assembly of the present invention is that the
      inside half 39 and the outside half 23 of the lock cylinder housing 12 are
      coupled together by means of a threaded insert 35 which is a relatively
      strong member such that breaking of the lock apart, such as prying, is
      extremely difficult. In addition, the lock cylinders 19 and 21 are
      protected by means of the inwardly directed flange portions 28 and 54 and
      can only be removed by release of the spring biased catch 72 which in-turn
      can only be accomplished after the door 14 has been unlocked and is in the
      open position.
PAR  There are no machine screws or other coupling means accessible from the
      outside of the door for partially disassembling the lock structure.
      Furthermore, the lock cylinder housing 12 cannot be disassembled by
      unscrewing either the outer half 23 or the inner half 39 of the housing 12
      because the outer half 23 rotationally captured by the transverse bolt
      assembly 15 and the inner half 39 is captured, in lock nut fashion, by the
      captured lock cylinder insert 44. Additionally, the threaded insert
      coupler 35 for coupling together the two halves 23 and 39 of the lock
      cylinder housing 12 permits axial telescopic adjustment of the length of
      the housing 12 so as to accommodate doors 14 of widely differing
      thicknesses.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a door bolt lock:
PA1  lock cylinder housing means to be disposed within a transverse bore through
      a door near the edge thereof for housing at least one lock cylinder
      assembly in mechanical operative association with a lock bolt assembly to
      extend from the edge of the door;
PA1  said lock cylinder housing means including first and second flange means
      for capturing the lip portions of the transverse bore in the door
      therebetween and for securing said lock cylinder housing means within the
      transverse bore of the door;
PA1  said lock cylinder housing means having an aperture in the side thereof
      through which to receive the lock bolt assembly to be disposed in
      mechanical operative engagement with the lock cylinder assembly to be
      carried within said lock cylinder housing means;
PA1  said lock cylinder housing means having first and second axially separable
      housing portions including said first and second flange means,
      respectively; and
PA1  threaded coupling means for operative association with said first and
      second housing portions for coupling said first and second housing
      portions together and including mateable tubular threaded portions such
      that relative rotation between said mateable threaded portions produces
      axial translation of one of said housing portions relative to the other.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said aperture in the side of said lock
      cylinder housing means, through which to receive the lock bolt assembly,
      is elongated in a direction parallel to the direction of axial translation
      of said first and second portions of said lock cylinder housing means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said lock cylinder housing means
      includes a second elongated aperture being in transverse registration with
      said first aperture so that the lock bolt assembly may extend transversly
      through said lock cylinder housing means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said mateable threaded portions of said
      threaded coupling means includes first and second mateable cylindrical
      threaded portions of said first and second respective housing portions.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the lock cylinder to be received within
      said lock cylinder housing includes a plug portion having a keyway therein
      and an outer surrounding portion, and wherein said first lock cylinder
      housing portion includes a cylindrical bore extending axially thereof to
      receive the lock cylinder, and wherein the outer end of said bore is
      partially closed off by an inwardly direct lip portion of said first lock
      cylinder housing portion, said lip extending transverly of said
      cylindrical bore so as to partially cover the end of the lock cylinder
      while leaving exposed the plug portion of the lock cylinder for operator
      access to the keyway therein.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said threaded coupling means includes a
      threaded tubular insert for threadably mating with threaded inner end
      portions of said first and second portions of said lock cylinder housing
      means.
NUM  7.
PAR  7. In a door bolt lock, a lock cylinder housing adapted to be received
      within a through bore of a door near and inwardly of one door edge, said
      housing comprising an exterior housing section insertable into said
      through bore and having an exterior end conically tapered head adapted to
      abut the exterior face of a door and to lap the exterior end of the
      through bore, a key operated lock cylinder means within the exterior
      housing section and operable from the exterior side of a door provided
      with the door bolt lock, said exterior housing section having a transverse
      passage within the confines of the through bore and said passage adapted
      to receive a transverse lock bolt assembly mounted in an edge opening of
      said door in intersecting relation to the through bore, whereby the lock
      bolt assembly positively prevents rotation of said exterior housing
      section, an interior housing section insertable into said through bore
      from the interior side of a door and having an interior end conically
      tapered head adapted to abut the interior face of the door and to lap the
      interior end of the through bore, and interengaging coupling means for
      said exterior and interior housing sections within the confines of said
      through bore.
NUM  8.
PAR  8. The structure of claim 7, wherein the interengaging coupling means
      comprises screw-threaded means including screw-threaded portions on said
      exterior and interior housing sections.
NUM  9.
PAR  9. The structure of claim 8, and said screw-threaded means additionally
      comprising an intermediate screw-threaded coupling sleeve having threaded
      engagement with both the exterior and interior housing sections, whereby
      the latter may be adjusted to accommodate doors of varying thickness while
      remaining securely coupled.
NUM  10.
PAR  10. The structure of claim 7, and said interior housing section having a
      tubular body, an insert engageable telescopically within said tubular body
      and carrying a catch structure adapted to interlock with said transverse
      lock bolt assembly, whereby removal of the interior housing section is
      prevented while a door is in the closed position.
NUM  11.
PAR  11. The structure of claim 10, and said insert being conically tapered and
      matching the degree of taper of the head of the interior housing section
      and forming a smooth continuation thereof when assembled with the interior
      housing section.
NUM  12.
PAR  12. The structure of claim 11, and a second key operated lock cylinder
      means within said insert.
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ABST
PAL  A method of shape control for a tandem mill for rolling strip, wherein the
      shape of the rolled strip at the delivery side of the final stand is
      detected to provide a signal corresponding to the long-edge shape, whereby
      the pattern of roll bending force for two or more latter stands are
      adjusted according to the signal or signals obtained in order to effect
      desired shape control without causing variations in the thickness of the
      strip at the delivery side of the last stand.
PARN
     This is a continuation, of application Ser. No. 409,684, filed Oct. 25,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of shape control for a hot or
      cold tandem mill for rolling strips.
PAR  Methods of shape control for controlling the shape of product, particularly
      control of long-edge shape or long-middle shape (these shapes are shown in
      FIG. 1, the former by (a) and the latter by (b)) of the product of a strip
      mill, are known in the art, in which the rolls of a single stand in the
      mill are forcibly deformed externally by means of a roll bender or
      alternately the corrections of product shape are effected through control
      of tension by tension control means.
PAR  For example, the use of tension control means for this purpose is well
      known from pages 1214 to 1222 of "Stahl und Eisen" No. 90, Vol. 22.
      However, the application of control by such known shape control means is
      invariably confined to a single stand, and there is no known method of
      shape control which takes into account the relationship between the
      individual stands of a series of rolling stands constituting a tandem
      mill.
PAR  It is common knowledge that in a so-called tandem mill comprising a series
      of rolling stands, there exists interstand tension which acts on the
      material to be rolled. Therefore, if any of the known methods of shape
      corrrection are applied as such to a tandem mill, variations in the
      interstand tension between the stand selected for control and the
      preceding stand, as well as the interstand tension between this selected
      stand and the succeeding stand, result in variation in the rolling loads
      of the three stands, with resultant variations in the thickness and shape
      of the rolled product. In other words, this application of the known
      methods would give rise to unnecessary changes in the shape that would be
      added to the desired shape corrections effected at the delivery side of
      the respective stands, and thus the desired shape correcting effect would
      not be obtained. Secondly, if the selected stand is not the final stand,
      the shape correcting effect obtained at the selected stand will be
      successively reduced during the rolling at the succeeding stands. Thus,
      the desire shape control effect cannot be achieved at the delivery side of
      the final stand. Thirdly, and lastly, the change in the strip thickness
      due to the shape correcting action will bring into operation the automatic
      gauge control (AGC) system, which further changes the shape of the strip.
      Thus, there is the danger of not only interfering with the desired shape
      correcting action, but also causing the entire control system to hunt. For
      these reasons, it is apparent that the primary object of shape control
      cannot be achieved.
PAR  In other words, since the aforesaid known methods of shape control are
      designed for use on a single stand, these known methods are wholly
      inapplicable to tandem mills. There thus exists the need for a method of
      shape control for tandem mills, which takes into consideration the mutual
      effects of the stands and the relationship with other control systems such
      as the gauge control and the like.
PAC  OBJECT OF THE INVENTION
PAR  There are the following disturbances that may cause variations in the shape
      of the strip at the delivery side of the last stand in a tandem mill:
PAR  a. A change in the sectional profile of the material to be rolled due to a
      change in the incoming workpiece, such as a block, coil or the like.
PAR  b. A change in the roll opening setting for each stand due to roll bending.
PAR  c. A change in the rolling load for each stand due to a change in the steel
      grade or thickness of the material in the course of the rolling operation.
PAR  d. A change in the forward and backward tensions for each stand.
PAR  e. A change in the roll crown at each stand, such as, an increased heat
      crown due to thermal expansion of the rolls or a decrease in the crown,
      due to wear of the rolls.
PAR  It is therefore an object of the present invention to provide an improved
      method of shape control whereby in the rolling of strip in a tandem mill,
      variations in the shape of the strip due to the occurrence of any of the
      abovementioned disturbances are detected at the delivery side of the last
      stand and thus the predetermined roll bending force for the selected
      stands are altered effectively to perform the shape control with respect
      to the long-edge shape of the strip, and thereby to minimize the length of
      substandard shape strip.
PAR  It is another object of the present invention to provide an improved method
      of shape control which can be used in association with an automatic gauge
      control system without any inconvenience and which takes into
      consideration the effects of variations in shape arising at the respective
      stands on the succeeding stands, whereby to achieve maximum efficiency and
      thereby to obtain a product strip having a shape and thickness of greater
      accuracy.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a method of shape control for
      a hot-rolling or cold-rolling tandem mill wherein, during the rolling of
      strip by said tandem mill, the long-edge shape of strip at the delivery
      side of the final stand in said tandem mill is detected to produce a
      signal corresponding to said detected shape, and the roll bending force
      for at least two of the last stands in said tandem mill are adjusted in
      accordance with said detected signal to control the shape of the strip
      without producing variations in the thickness of strip at said delivery
      side of said final stand.
PAC  EXPLANATION OF THE INVENTION
PAR  The basic concept of this invention stems from the conclusion that the
      sub-standard shape of the strip results from a buckling phenomenon in the
      strip due to differences in longitudinal elongation at various points
      across the width of the strip. The strip was longitudinally divided
      through a given number of points across the transverse direction of the
      strip and the sub-standard shape of the strip was quantitatively
      considered in terms of the differences between the elongations at the
      respective dividing points and the average value of the elongations at
      these points.
PAR  In other words, a sub-standard shape, for example at the long-edge is due
      to the non-uniformity in the longitudinal elongations at different points
      in the direction of the width of strip, and to non-uniformity in the
      longitudinal tensions at these points which results in an elastic or
      plastic buckling of the strip. Taking the case for example of a
      long-middle variation in shape in single-stand rolling as an illustrative
      example, if a material having a uniform thickness in the direction of the
      width before the rolling operation shows, after rolling, an increase in
      longitudinal elongation of the rolled center of the strip in the direction
      of the width thereof, the distribution of the longitudinal tensions
      becomes non-uniform in accordance with the distribution of the
      longitudinal elongations at the different points in the direction of the
      width of the strip. As a result, the buckling of the rolled strip occurs
      in the center thereof and this results in a so-called long-middle
      variation in shape.
PAR  In defining the shape of strip in relation to non-uniformity in the
      longitudinal elongations at different points in the direction of the width
      of the strip, if l.sub.i,k represents the length at the kth dividing point
      in the direction of the width of the strip at the delivery side of the
      first stand, then the average value of length is given as
      ##EQU1##
      (where m is the number of divisions) and consequently the shape at the kth
      dividing point in the direction of width of the strip at the delivery side
      of the ith stand is expressed as follows:
      ##EQU2##
      In the steady state rolling operation of a tandem mill, it is generally
      known that the distribution of the strip thickness and the strip speed at
      the delivery side of the respective stands are determined in accordance
      with the law of constant mass flow. Since the product of the thickness and
      the rolling speed of the rolled strip at the delivery side of each stand
      is constant (mass flow constant) and since the movement of the material in
      the direction of its width is caused by the rolling, the product of the
      thickness and the length in the rolling direction of the material at each
      of the transversely minutely divided points of the material is the same
      both at the entry side and the delivery side of the stand. Consequently,
      if l.sub.o,k represents the length of strip at the kth dividing point at
      the entry side of the first stand and h.sub.o,k represents the strip
      thickness at that point, and if h.sub.i,k represents the strip thickness
      at the kth dividing point at the delivery side of the ith stand, then,
      with k = 1.about.m, the following relationships hold:
EQU  h.sub.o,k . l.sub.o,k = h.sub.i,k . l.sub.i,k ;
      ##EQU3##
PAR  This assumes l.sub.o,k is constant with k = 1.about.m; that is, there is a
      presupposition that the length of the incoming strip at each of the
      different points in the direction of the width thereof is fixed.
PAR  Substituting the above equation for l.sub.i,k into equation (1), we obtain:
      ##EQU4##
      Here h.sub.o,m and h.sub.i,m represent respectively the average strip
      thickness at the entry side of the first stand and at the delivery side of
      the ith stand.
PAR  Now considering the deviations of shape due to the previously mentioned
      disturbances, total differentiation of equation (2) results as follows:
      ##EQU5##
      In this case, if the sub-standard shape is considered to exist when
      h.sub.i,k or h.sub.o,k deviates by 0,2 percent from the respective average
      value h.sub.i,m or h.sub.o,m, then h.sub.i,k /h.sub.i,m and h.sub.o,k
      /h.sub.o,m respectively approximate unity. Therefore, .DELTA.S.sub.i,k is
      given as:
      ##EQU6##
      Where
      ##EQU7##
      Here, the above term .DELTA.s.sub.i,k is divided into .DELTA.s.sub.i,
      A.sub.k representing the variations of shape at the delivery side of the
      stand in respect of the effect of the disturbances at said stand, and
      .DELTA.s.sub.i, B.sub.k representing the variations of shape at the
      delivery side of the stand in respect of the change in the sectional
      profile of the incoming strip at the entry side of that stand, and thus we
      obtain:
EQU  .DELTA.s.sub.i,k = .DELTA.s.sub.i, A.sub.k + .DELTA.s.sub.i, B.sub.k 3
PAL  The above term .DELTA.s.sub.i, B.sub.k is a value that is possible only in
      a tandem mill and thus if W.sub.i,k represents the coefficient of
      influence on shape, then we obtain:
EQU  .DELTA.s.sub.i, B.sub.k = W.sub.i,k . .DELTA.s.sub.i.sub.-l,k 4
PAR  This shape influence coefficient W.sub.i,k is one that is dependent on the
      dimensions of the mill, the schedule of roll passes and so on, and it is
      obtained for each stand of a mill through a calculation made by taking
      into consideration the elastic deformation of the stand and the rolls. For
      example, it is determined, as shown in FIG. 2 of the latter described
      drawings, with the following dimensions of the mill and schedule of
      rolling passes:
TBL  Rolling mill:         five-stand cold-                                    

                           rolling tandem mill                                 

     Work roll diameter:   610 mm .phi.                                        

     Backup roll diameter: 1,455 mm .phi.                                      

     Roll barrel length:   1,370 mm                                            

     Distance between roll choke centres:                                      

                           2,330 mm                                            

     Roll neck diameter:   827 mm .phi.                                        

     Rolling schedules:                                                        

                 Strip thickness at                                            

                                Backward                                       

     Stand       entry side of  tension                                        

                 stand (mm)     (kg/mm.sup.2)                                  

     ______________________________________                                    

     No. 1       3.80           3.0                                            

     No. 2       3.06           16.0                                           

     No. 3       2.30           16.0                                           

     No. 4       1.72           16.0                                           

     No. 5       1.29           16.0                                           

     Delivery side of                                                          

     No. 5 stand 1.20           3.0                                            

     ______________________________________                                    

     Strip width:          959 mm                                              

     Number of divisions:  k = 28                                              

     ______________________________________                                    

PAR  Therefore, utilizing the above-mentioned influence coefficient W.sub.i,k ;
      .DELTA.s.sub.i,k is given from the above equation (2)', (3) and (4) as
      follows:
EQU  .DELTA.s.sub.i,k = .DELTA.s.sub.i-l,k + .DELTA.S.sub.i A.sub.k + (W.sub.i,k
      - 1).DELTA.s.sub.i-l,k                                    5
PAR  Thus, from the above equation (5), the variations of the shape out of the
      ith stand due to the disturbances can be obtained in terms of the sum of:
      (a) the deviations of shape out of the preceding stands, (b) the
      variations of shape out of the delivery side of the stand in respect of
      the effect of the disturbances on the stand consideration, and (c) the
      variations of shape out of the delivery sides of the preceding stands plus
      the degree of influence dependent on the dimensions of the stand under
      consideration, etc. In this way, the variations out of the preceding
      stands are taken into account.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIGS. 1(a) and 1(b) show representative types of bad strip shape, FIG. 1
      (a) indicating long-edge shape and FIG. 1 (b) long-middle shape;
PAR  FIG. 2 is a graph showing by way of example the influence coefficient for a
      five-stand cold rolling tandem mill;
PAR  FIG. 3 is a graph showing the variations of the long-edge shape out of the
      individual stands in the five-stand cold rolling tandem mill, caused by
      the stepped variations of strip thickness in the course of the rolling
      operation;
PAR  FIG. 4 is a graph showing the variations of the long-middle shape in an
      example similar to FIG. 2;
PAR  FIG. 5 is a block diagram of a control system according to one embodiment
      of the present invention, which effects the necessary shape corrections
      with respect to the long-edge shape and/or long-middle shape by altering
      the roll bending force;
PAR  FIG. 6 is a block diagram of a control system according to another
      embodiment of the present invention, which effects the necessary shape
      corrections with respect to the long-middle shape by changing the rolling
      load pattern;
PAR  FIG. 7 is a block diagram of a similar control system according to still
      another embodiment of the present invention;
PAR  FIG. 8 is a graph showing one form of the long-edge shape correction action
      in accordance with the shape control method of the present invention; and
PAR  FIG. 9 is a graph showing the variations of the forward tension for the
      individual stands during the long-edge shape correction action of FIG. 7.
DETD
PAR  The applicants have conducted detailed investigations into the factors
      which produce variations in the shape of material rolled in a tandem mill
      by applying the previously mentioned equation (5) to the case of a
      five-stand cold rolling tandem mill. These investigations were carried out
      in the following manner. In addition to simulating the factors which
      produce variations in material thickness in a tandem mill, the previously
      mentioned relationships showing the variations in shape and the mechanism
      of an AGC system were utilized to study the variations of long-edge shape
      and long-middle shape which took place when the material thickness changed
      in steps in a five-stand cold rolling tandem mill. The results obtained
      are shown in FIGS. 3 and 4. In FIG. 3 showing the patterns of variations
      in shape out of the individual stands due to the changes in material
      thickness, the abscissa represents the time (second) and the ordinate
      represents the deviation of shape function (.DELTA.S.sub.i,k)
      corresponding to the long-edge shape, while FIG. 4 shows similarly the
      deviation of shape function (.DELTA.S.sub.i,k) corresponding to the
      long-middle shape. As will be seen from FIGS. 3 and 4, where no shape
      control was effected, while the variations in shape caused by the
      disturbances at the entry side of the first stand were lessened in the
      succeeding stands, a certain degree of deviation of shape still continued
      to occur.
PAR  This is substantiated by the fact that, as will be seen from FIG. 2, the
      influence coefficient W.sub.i,k of each stand is greater than that of the
      preceding stand, and thus the last stand has the largest influence
      coefficient. Therefore, the shape control in tandem mills can be most
      effectively performed if the control is effected at the last stand.
      However, the AGC system is usually installed on the last stand in a tandem
      mill and therefore any change in the rolling load due to the shape control
      tends to cause the control system to hunt. In accordance with the present
      invention, therefore, in the case of long-edge shape control where the
      roll bending force is altered by the roll bender, the last stand is
      included in those subjected to the shape control since the range of
      variations of shape due to the benders is narrow. Thus taking into account
      these circumstances and the values of the above-mentioned influence
      coefficient W.sub.i,k, the control is effected, in general, on at least
      two latter stands where high control efficiency can be expected.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The shape control method according to the present invention will now be
      described with reference to the illustrated embodiments. The sub-standard
      shape such as the deviations in the long-edge shape or long-middle shape,
      are detected as the difference between the longitudinal elongations at the
      previously mentioned different dividing points across the width of strip
      and the average value thereof obtained at the delivery side of the final
      stand, as shown by the previously mentioned equations. The roll bending
      force or rolling load for the preselected stands is altered in accordance
      with the detected signal to effect the necessary shape control. The shape
      detector is one which is provided with a suitable number of sensing points
      arranged in the direction of the width of the strip, including sensing
      points at the edges of the strip for the long-edge shape and sensing
      points in the vicinity of the long-middle portion of the strip for the
      long-middle shape. In practice, a detector of the non-contact type, which
      detects the difference in the distribution of tension as variations of
      permeability, an air micrometer, or a detector of the type which measures
      the diffusion of light and detects the variations of shape in accordance
      with the irregularities in the strip surface, is preferred.
PAR  FIG. 5 is a block diagram of a control system designed to effect shape
      control for the long-edge shape or the long-middle shape, at the fourth
      and fifth stands, by altering their roll bending force. In FIG. 5, numeral
      1 designates an uncoiler. Numerals 2, 3, 4, 5 and 6 designate first,
      second, third, fourth and fifth stands, respectively, 7 a tension reel and
      8 a shape detector of the above-mentioned type. The output of the shape
      detector 8 corresponds to the long-edge shape or longmiddle shape as
      mentioned previously, and this is continuously detected from the strip
      delivered from the fifth or final stand 6. The detected signals are fed to
      each of differential bender output deviation generators 9 and 10 so that
      signals greater than the dead zone of the differential deviation
      generators 9 and 10 are fed out as differential deviations representing
      the variations from the desired shape and are respectively converted in
      integrators 11 and 12 into a signal representing the sum of the
      variations. The output signal of the integrators 11 and 12 is respectively
      applied to bender output signal control units 13 and 14.
PAR  Each of the bender output signal control units 13 and 14 comprises a
      proportioning circuit having a predetermined gain, an integrator and a
      differentiator. The output signals of the control units 13 and 14 are
      respectively supplied as bender outputs, by way of limiters 15 and 16, to
      bender actuation controllers 17 and 18 for the fourth and fifth stands.
      Consequently, the bender actuation controllers 17 and 18 respectively
      operate the roll benders of the fourth and fifth stands 5 and 6 to
      increase or decrease the roll bending force in accordance with the sign
      and magnitude of the deviations of the elongations detected by the shape
      detector 8. In this case, the invention is conveniently applied to a known
      rolling process control system in which roll speed controllers 21, 22, 23,
      24 and 25 and rolling load controllers 26, 27, 28, 29 and 30 for the
      respective stands are respectively controlled in accordance with a
      predetermined program by an on-line computer 31 in response to measurement
      inputs applied from X-ray gauges 19 and 20 which are respectively arranged
      at the delivery sides of the fifth and first stands to effect the gauge
      control. This method is utilized simultaneously to perform the relling
      operation so that the thickness at the delivery side of the fifth stand is
      maintained constant at the set point, in addition to providing the shape
      control.
PAR  FIG. 6 is a block diagram of a control system according to another
      embodiment of this invention in which the shape control is effected on the
      third and fourth stands to control the long-middle shape. In FIG. 6, those
      component parts designated by identical reference numerals as used in FIG.
      5 indicate the corresponding parts. In this control system, the output of
      the shape detector 8 is a signal corresponding to the long-middle shape of
      strip and the detected signals of the shape detector 8 are applied to
      differential set roll opening deviation generators 43 and 44 for the third
      and fourth stands 4 and 5, respectively, so that signals greater than the
      dead zone of the differential deviation generators 43 and 44 are fed out
      as differential deviations representing the variations from the desired
      shape and are respectively converted in integrators 45 and 46 into a
      signal representing the sum of the variations. The output signal of the
      integrators 45 and 46 is applied to set roll opening output signal control
      units 47 and 48.
PAR  The set roll opening output signal control units 47 and 48 respectively
      operate rolling load control elements 28 and 29 for the third and fourth
      stands 4 and 5 in response to the sign and magnitude of the input signals
      in accordance with the preliminarily predicted changes in the rolling
      conditions, so that the respective rolling load patterns of the third and
      fourth stands 4 and 5 are altered to maintain constant the thickness at
      the delivery side of the final stand. In fact, as described earlier, the
      effect of the shape control at each of the individual stands is greater
      than the preceding one, and therefore the rolling load control element 29
      for the fourth stand 5 plays the principal role in altering the rolling
      load for shape correction and the rolling load control element 28 for the
      third stand 4 alters the rolling load to compensate for the required
      alteration of rolling load for shape correction, whereby to maintain
      constant the thickness of the strip at the delivery side of the final
      stand. Since the control system of FIG. 6 alters the rolling load to
      effect shape control, the final stand is excluded from the application of
      the control, so that the interaction between this control system and the
      AGC system on the final stand does not give rise to hunting of the entire
      control system.
PAR  In the control system of FIG. 6, the shape control is effected on two of
      the last stands, i.e., the third and fourth stands, as described earlier,
      and at the same time provision is made to maintain the strip thickness at
      the delivery side of the final stand constant. However, if the previously
      mentioned on-line computer 31 is employed to maintain the strip thickness
      at the delivery side of the final stand constant, as shown in FIG. 7, the
      control system of FIG. 6 may be applied to the fourth stand only to
      achieve effective shape control.
PAR  The above-described control systems, particularly the control systems
      according to the embodiments shown in FIGS. 5, 6 and 7 and adapted for the
      control of long-middle shape, are designed to be selected in accordance
      with the predicted magnitude of the output signal of the shape detector 8.
      Thus, the control methods of FIGS. 5, 6 and 7 may be selected in this
      manner in order of the magnitude of the output signal of the shape
      detector 8. Indeed, the control circuitry is preferably constructed so
      that these control methods may be selected to deal with different coils in
      the rolling pass schedules.
PAR  Further, while in the embodiments so far described, the shape control is
      effected individually with respect to either the long-edge shape or the
      long-middle shape, if both of them are to be subjected to shape control
      simultaneously, it is possible to use the control method of FIG. 5 for
      controlling the long-edge shape and the control method of FIGS. 6 or 7 for
      controlling the long-middle shape, the control circuitry being arranged in
      such a manner that these control methods are combined and applied
      simultaneously.
PAR  FIG. 8 shows the results obtained when the shape control method (FIG. 5) of
      this invention was applied to a five-stand cold rolling mill.
PAR  In this case, though the ordinary AGC system was provided on each of the
      first and fifth stands, the deviations in long-edge shape caused by the
      previously mentioned disturbances imposed on the last stand were reduced
      considerably by the correcting action according to this invention. Thus,
      there was no deterioration of the control effect and no inconvenience such
      as hunting, which is usually encountered with conventional methods in
      which shape control is applied to one stand only. Further, as will be seen
      from FIG. 9, the range of variations of the interstand tension was narrow,
      i.e., it was, at the most, as low as about 1 percent of the ordinary
      tension.
PAR  While, in the embodiments described hereinbefore, the present invention has
      been applied to a cold rolling tandem mill, the shape control method of
      this invention is not limited thereto. For example, the present invention
      is applicable to all cold temper rolling mills wherein the rolling is
      effected through more than two stands by means of tension. Of course, the
      present invention may also be applied to hot rolling tandem mills. In the
      case of a hot rolling tandem mill, the uncoiler 1 is eliminated and a
      looper is provided between successive stands. The effects on the tension
      by such loopers are negligibly small and their effects on the tension can
      thus be ignored. However, other factors of a preceding stand affect the
      succeeding stands and in this sense there is the same phenomenon as in the
      case of cold rolling tandem mills. As a result the shape control method
      according to the present invention can be effectively applied to the hot
      rolling tandem mills without any disadvantages.
PAR  It will thus be seen from the foregoing description that with the shape
      control method according to the present invention, shape control can be
      effected to control the long-edge shape or long-middle shape individually
      or to control both of them simultaneously. Thus, contrary to the cases
      where the conventional single-stand shape control method is applied as
      such, the effects of variations in shape out of the individual stands are
      jointly taken into consideration and therefore it is possible to effect
      any required shape correction with minimum time. The control system of
      this invention can be used in combination with other control systems such
      as a gauge control system (e.g. an AGC system) without difficulty. The
      present invention can achieve remarkable shape modifying effects in
      addition to the control effects explained. The benefits of this invention,
      such as, the improved yield of product as well as the benefits in terms of
      the improved quality control, and the improved operational management, are
      therefore very substantial.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of product-shape control carried out during rolling of a strip
      by a tandem rolling mill having a plurality of tandem-arranged adjacent
      rolling stands, comprising:
PA1  determining a shape influence coefficient which is a function of at least
      the dimensions of the tandem mill, schedule of roll passes and elastic
      deformation of the stands and rolls;
PA1  detecting, during rolling, the long-edge shape of the strip at the delivery
      side of the final stand in stand tandem mill;
PA1  producing a signal corresponding to said detected long-edge shape; and
PA1  adjusting the roll bending force for at least two latter stands, but not
      all stands, in said tandem mill as a function of said signal and as a
      function of said shape influence coefficient to control the shape of the
      strip without producing variations in the thickness of the strip at said
      delivery side of said final stand, and without producing variations in the
      inter-stand tension between each pair of adjacent stands.
NUM  2.
PAR  2. A method of product-shape control according to claim 1 wherein the last
      stand of said tandem mill is included in the roll bending adjustment in
      accordance with said signal.
NUM  3.
PAR  3. A method of product-shape control according to claim 1 comprising
      adjusting the roll bending force for the last two stands of said tandem
      mill.
NUM  4.
PAR  4. A method of product-shape control according to claim 1 wherein said
      adjusting step comprises integrating said signal corresponding to said
      detected long-edge shape to produce a further signal representing the sum
      of the variations in the long-edge shape, and controlling the roll bending
      force for at least two latter stands as a function of at least said
      integrated signal.
NUM  5.
PAR  5. A method of product-shape control according to claim 4 wherein said
      integrating step comprises generating two integration signals which are
      respective functions of said signal corresponding to said detected
      long-edge shape, and adjusting the roll bending force for respective
      stands as a function of at least a respective one of said integration
      signals.
NUM  6.
PAR  6. A method of product-shape control according to claim 4 comprising
      passing said signal corresponding to said detected long-edge shape through
      a differential deviation generator to produce signals representing
      variations exceeding a predetermined deviation from a desired strip shape.
NUM  7.
PAR  7. A method of product-shape control according to claim 1 wherein said step
      of adjusting the roll bending force for at least two latter stands
      comprises adjusting said roll bending force as a function of said produced
      signal, the deviations of shape of the strip out of the preceding stands
      in said tandem mill and the variations of shape out of the delivery sides
      of the preceding stands of said mill modified by said shape influence
      coefficient.
NUM  8.
PAR  8. A method of product-shape control according to claim 1 wherein said
      adjusting step comprises generating a further signal which is a function
      of said shape influence coefficient, and adding said further signal with
      said produced signal to develop a control signal to control the shape of
      said strip without producing said variations in thickness of the strip and
      without producing said variations in the inter-stand tension.
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ABST
PAL  Draw-bending apparatus for bending portions of a continuous metallic member
      have spaced bending tables which are rotatable about their axes and which
      can be clamped to spaced portions of the member to be bent. The tables are
      then rotated to draw and bend the members to which they are secured. The
      tables are operated so that they rotate for the same length of time even
      though they rotate through different angles. Servo valve control means are
      provided to ensure a constant bending torque for each table and to control
      the rate of table rotation according to a pre-selected program.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a draw-bending apparatus and process, and more
      specifically relates to a metal bending apparatus in which two spaced
      rotatable bending tables, which are rotatable about parallel axes, rotate
      through different bending angles but rotate for the same length of time.
PAR  Draw-bending apparatus is well known and commonly consists of two spaced,
      rotatable tables which can be clamped to respective portions of a member
      which is to have bends placed therein adjacent each of the tables. The
      tables are then arranged to rotate and to move relative to one another, so
      that a drawing operation and a bending operation take place
      simultaneously.
PAR  Where the draw-bending process need not be accurately controlled, the draw
      bender can be a fully mechanical device. If the draw bender must draw and
      bend the work material with some accuracy, the tables commonly have a
      hydraulically driven mechanism which may be mechanically controlled. Where
      exceptionally high accuracy is desired, the individual bending tables may
      be moved by their own respective hydraulic systems.
PAR  Draw-bending apparatus is also arranged to operate either over a large
      bending angle or a small bending angle. The use of one type apparatus
      designed for a small bending angle cannot be easily used to obtain a large
      bending angle without very substantial modification of the equipment.
      Thus, devices in their present form are not easily interchangeable with
      one another.
PAR  In order to limit the angle of rotation of the table of the apparatus,
      mechanical stops are placed in each table to define the beginning and end
      of the table rotation and thus define the bend radius to be placed in the
      workpiece. Stops were necessary since one table may continue to rotate
      after the other is to stop, as when the bends to be formed by the
      different tables have different radii. Thus, simple braking action in the
      operating mechanism is usually insufficient to allow the completion of the
      bending process with good accuracy and so that the same bending radii are
      always reproduced by the equipment.
PAR  The use of stops is disadvantageous, however, since it reduces the useful
      life of the apparatus because the bearings which carry the worktables will
      be stressed at each stroke and at the same point in the stroke by the high
      inertia parts which are in movement. Note that the braking tables are
      brought to a stop by stops without any prior braking deceleration.
      Moreover, and because of the large shock forces involved when the
      apparatus reaches a stop position, extremely high forces are created in
      the clamping arrangement between the table and the workpiece and it
      becomes necessary to clamp the workpiece with greater force than would
      otherwise be necessary to withstand the reaction forces caused by the
      stopping impulse forces. The necesssity to clamp the workpiece tighter
      than would otherwise be necessary leads to excessive and undesirable
      stress in the clamp area on the workpiece.
PAR  The above problems are especially apparent when the rotating tables move
      through different angles. This is because the tables will move at the same
      angular velocity so that the table with the smaller angle of rotation
      completes its bend and reaches its stop position before the table which
      has to execute a larger angle of rotation.
PAC  BRIEF SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention, a novel apparatus and process for
      draw bending is provided wherein workpieces having different bending radii
      are bent within the same time period and with a system which creates a
      highly reproducible bend for a workpiece with a given configuration.
PAR  In accordance with the invention, a draw-bending apparatus is provided
      where spaced bending tables have a novel operating mechanism in which the
      angular movements of the bending tables are controlled relative to one
      another so that the rotation of the two bending tables is completed in the
      same time independently of the bending angle through which the bending
      tables must move.
PAR  It has been found that by moving the tables for the same period of time, so
      that one table has not completed its bend before the other table, that the
      bends produced in the workpiece will always be uniform. Moreover, by
      causing the bends to end at the same time, the bending process is
      completed without recoil which might be produced when one bend stops
      before another so that the clamping devices which clamp the workpiece to
      the tables can be lighter and can exert less pressure on the workpiece,
      thereby to reduce stresses applied to the workpiece.
PAR  In accordance with the invention the draw-bending apparatus of the
      invention has a bending angle greater than the angle heretofore used and
      is, for example, operable over an angle of 180.degree.. This makes it
      possible to bend a given workpiece at its opposite ends to form a
      symmetrically bent device which can be separated in the middle after
      bending, by way of example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the apparatus of the present
      invention.
PAR  FIG. 2 is a top view of the apparatus of FIG. 1.
PAR  FIG. 3 is a block diagram which schematically illustrates the operation and
      control of the apparatus of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIG. 1, the apparatus is carried on a base 1 which
      consists of a suitable framework of structural steel elements. Two
      carriages 2 and 2a are mounted on the base 1 and are identical in
      construction to one another. In the following, the construction of
      carriage 2 will be described in detail, it being understood that carriage
      2a will have identical components. A bending table 3 is rotatably carried
      on the carriage 2 and can receive bending tools which in turn clamp to a
      member to be bent (not shown) over a given bending angle.
PAR  The base 1 will be about table height for convenience of the operating
      personnel and has guide rails 4 extending longitudinally of the apparatus
      and which slidably receive carriage 2. The carriage 2 is movable for a
      limited longitudinal distance over the rails 4. Thus, the carriage 2
      contains a plurality of elongated slots 5 which receive corresponding
      fastening studs, such as the stud 5a of FIG. 2, which extend through slots
      5 to guide and limit the motion of carriage 2 for the length of the slots
      5. The studs, such as stud 5a,  may also have clamping members so that the
      carriage 2 can be securely locked in any desired position on the guide
      rails 4.
PAR  Carriage 2 is further provided with a carriage guide 6 which extends
      longitudinally of the apparatus and which receives the guide ribs of a
      pedestal 7. The pedestal 7 is a rotatable member and has a rotatable tool
      holder 8 mounted at its top and which is rotatable about the central axis
      of pedestal 7 and bending table 3. The tool holder 8 is then rotated by a
      hydraulic operating mechanism which is driven from hydraulic cylinder 9.
PAR  The hydraulic cylinder 9 is of any desired standard type and moves a piston
      type shaft which extends out of the cylinder 9 and which carries a
      rack-type gear surface (not shown). The rack member operated by hydraulic
      cylinder 9 then acts on a pinion gear (not shown) which is rigidly
      connected to shaft 10 which is fixed to the tool holder 8. Thus, as the
      hydraulic cylinder 9 is pressurized and depressurized, its rack will move
      to the right and to the left in FIG. 1, thereby to rotate the pinion gear
      on shaft 10 in order to rotate the tool holder 8. Clearly, other operating
      mechanisms for rotating table 3 could be of any other desired type.
PAR  The piston member carrying the rack teeth and which is moved by hydraulic
      cylinder 9 has an outer section which extends into the hydraulic cylinder
      11 (FIG. 1). The hydraulic cylinder 11 then operates a servo valve 12,
      whereby the motion of the piston driven by cylinder 9 is sensed by and
      monitored by hydraulic cylinder 11 which in turn controls the position of
      servo valve 12. The servo valve 12 is then further operated to control the
      pressure applied to the hydraulic cylinder 9 in conjunction with a
      suitable electronic control and programming system 20 (FIG. 3), thereby to
      permit exact control of the rotary movement of tool holder 8 so that a
      uniform angle of rotation is always obtained for a given setting of the
      electronic system 20.
PAR  It should be noted that servo valves, such as the servo valve 12 and its
      electronic control 20, are standard and well known commercially available
      components and typically could be a servo valve of the type HDSV
      Servoventile Zweistufig made by the Herion Company.
PAR  The electronic control may now cause the motion of the hydraulic cylinder 9
      with constant torque being applied to the tool holder 8 over some given
      angle of rotation as determined by the position of the hydraulic cylinder
      11. This, in turn, causes the servo valve 12 to discontinue the
      application of operating pressure to the hydraulic cylinder 9 when its
      final position is reached and to appropriately control the pressure during
      the rotation of the table 3. Therefore, the use of mechanical stops for
      the initial and final limitation of the angle of rotation of tool holder 8
      can be eliminated and the control of each individual tool holder 8 can be
      adapted at will to any particular requirement through the suitable
      electronic control and programming circuitry 20 for the servo valve 12.
      Thus, the two tool holders 8 of carriages 2 and 2a can be controlled
      individually, differing in the total angle of rotation and in the speed of
      rotation while the available torque applied from the tool holders 8 to the
      workpiece is applied for the same length of time, and can remain constant
      over the entire bending time.
PAR  The control arrangement is generally schematically shown in FIG. 3 where it
      is seen that a source 21 of high-pressure fluid, such as oil or the like,
      is connected to the hydraulic clinder 9 through the servo valve 12 and a
      reversing valve 22. The servo valve 12 can be accurately controlled to
      control the pressure on hydraulic cylinder 9 as determined by a hydraulic
      feedback path 23 from the servo operating cylinder 11 and as programmed by
      the electronic control and program circuitry 20. Reversing valve 22 causes
      the ram of hydraulic cylinder 9 to either advance or retract in order to
      rotate the tool holders 8 in one or in an opposite direction.
PAR  The hydraulic cylinder 9 then causes rotation of the tool holder 8 as
      previously described, and further positions a plunger or piston of the
      servo operating cylinder 11 in order to deliver a signal through conduit
      23 which is related to the position and movement of the ram of the
      hydraulic cylinder 9. At the same time, the hydraulic cylinder 9 causes
      the rotation of table 3 in order to cause the bending of the workpiece.
PAR  The individual bending tables 3 of carriages 2 and 2a may be provided with
      the same control loop, such as that shown in FIG. 3, so that they can be
      controlled separately and thus bend through respective workpiece elements
      to a given bending radius within some fixed time. If desired, the entire
      control loop for the carriage 2 could be used as a control arrangement for
      the entire assembly in order to simplify the control of the overall unit.
      Thus, the bending table of carriage 2a can be designed to be operated by a
      follow-up control system derived from the control of carriage 2. This
      arrangement is schematically illustrated in FIG. 3 by the dotted line
      connection from the servo operating cylinder 11 to the second servo valve
      12a of carriage 2a.
PAR  As a further feature of the invention, cam members 13 and 13a are fixed to
      rotating tool holders 8 where the cam members 13 and 13a bear against cam
      follower rollers 14 and 14a. The tool holder 8 can then move back and
      forth in a carriage guide, schematically shown by the dotted line 30 in
      FIG. 2, relative to the carriage 2 and the rails 4, and its cam 13 is
      normally pressed against the cam follower roller 14 by a pressure member
      which is placed under pressure by the auxiliary cylinder 15. Thus, as the
      tool holders 8 rotate and depending upon the draw stress and radii to
      which their respective workpiece portion is to receive, the cams will
      cause the axes of shafts 10 of carriages 2 and 2a to change according to
      the shapes of cams 13 and 13a. The cylinder 15 will provide a constant
      force pressing the cam surfaces of cams 13 and 13a against their
      respective rollers 14 and 14a.
PAR  FIGS. 1 and 2 further illustrate the use of a well known tensile stress
      relieving wedge 16 which may be moved upwardly by hydraulic cylinder 17 in
      order to relieve the stress applied to the workpiece by permitting cam
      rollers 14 and 14a to move closer to one another under given conditions.
PAR  Although there has been described a preferred embodiment of this invention,
      many variations and modifications will now be apparent to those skilled in
      the art. Therefore, this invention is to be limited, not by the specific
      disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the inventor in which an exclusive privilege or property
      is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for draw-bending a workpiece comprising, in combination:
PA1  first and second spaced bending tables each rotatable about respective
      spaced, parallel axes;
PA1  tool holder means connected to and rotatable with said first and second
      spaced bending tables; said tool holder means being connectable to a
      workpiece to be bent in response to the rotation of said first and second
      bending tables; the space between said tool holder means of said first and
      second spaced bending tables being free of intervening mechanism thereby
      to permit the free suspension of a workpiece between said tool holder
      means of said first and second bending tables;
PA1  operating means connected to said first and second bending tables for
      rotating said first and second bending tables;
PA1  control means connected to said operating means for establishing the angle
      of rotation of each of said first and second bending table;
PA1  said first and second bending tables being rotatable through different
      respective angles by said operating means;
PA1  means connecting said first and second bending tables to one another for
      rotating said bending tables through different angles of rotation
      simultaneously during an identical time period.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said operating means includes first and
      second hydraulic cylinders having respective output pistons; said output
      pistons connected to said first and second bending tables respectively.
NUM  3.
PAR  3. The apparatus of claim 1 which further includes a support frame and
      first and second spaced carriages adjustably secured to said support
      frame; said first and second bending tables being movably supported in
      said first and second carriages respectively.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said control means includes servo valve
      means for controlling the pressure applied to said hydraulic cylinders in
      response to the movement of said output pistons, and electronic control
      means for controlling and programming the operation of at least the said
      servo valve associated with said first hydraulic cylinder.
NUM  5.
PAR  5. The apparatus of claim 2 which further includes a support frame and
      first and second spaced carriages adjustably secured to said support
      frame; said first and second bending tables being movably supported in
      said first and second carriages respectively.
NUM  6.
PAR  6. The apparatus of claim 4 which further includes a support frame and
      first and second spaced carriages adjustably secured to said support
      frame; said first and second bending tables being movably supported in
      said first and second carriages respectively.
NUM  7.
PAR  7. The process of draw-bending a workpiece which is clamped to spaced first
      and second rotatable wortables and which is freely suspended between said
      first and second rotatable worktables, comprising the steps of applying a
      rotating torque to said first worktable for rotating said first rotatable
      worktable during a predetermined time interval at a first rate through a
      first given angle, corresponding to the radius at which a first portion of
      said workpiece connected thereto is to be bent, and simultaneously
      applying a rotating torque to said second worktable for rotating said
      second rotatable worktable during said time interval at a second rate,
      different from said first rate, through a second given angle,
      corresponding to the radius at which a second portion of said workpiece is
      to be bent, and simultaneously removing said rotating torque from said
      first and second worktables at the end of said time interval to stop the
      rotation of said worktables independently of fixed stop means.
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FRM  Lyon & Lyon
ABST
PAL  A means of and method of forming sheet metal by use of fluid pressure
      wherein an initially flat sheet metal work piece is placed on a backing
      plate with its margins clamped between the plate and a peripheral clamping
      ring. The clamping ring is clamped against the margin of the work piece by
      a plurality of fluid operated clamping units. the side of the work piece
      opposite from the backing plate and within the clamping ring is free to
      expand or distend without restraint except that provided by the metal
      comprising the work piece itself. Pressure fluid is introduced between the
      metal work piece and its backing plate to cause the work piece to distend
      away from the backing plate. A set of freely movable feeler strips engage
      the edge of the work piece at spaced points. The feeler strips control
      sensing units which, in turn, control the pressure exerted by the clamping
      units so as to permit predetermined slippage of the margin of the work
      piece with respect to the clamping rings.
PAL  If the dimensions of the work piece are critical and the undulated zone of
      the work piece is within the boundaries of the finished product, the work
      piece is placed on the same or second backing plate so that the margins of
      the work piece are between the backing plate and a clamping ring of
      predetermined increased internal dimension to clear the periphery of the
      distended portion of the work piece. A forming die overlies and clears the
      distended work piece and is joined at its periphery to the clamping ring.
      After removing air from the distended work piece, pressure fluid is
      applied to further distend the work piece, eliminating the undulations and
      presses the work piece into conformity with the die while its margin is
      clamped against slippage.
PAL  One embodiment of the means and method includes a valve sensitive to the
      pressure of the pressure fluid for varying the pressure in the clamp units
      in proportion to the change in pressure required to form the work piece as
      the work piece changes its shape.
PAL  Another embodiment utilizes a deformable membrane, which may be a second
      work piece, in place of the backing plate. A further embodiment involves
      the sandwiching of the part to be formed between sheets of expendable
      sheets. A still further embodiment includes the use of pressure fluid,
      heated or cooled to temperatures at which the forming of the metal is
      enhanced.
PARN
PAC  RELATED CASES
PAR  This application is a continuation of U.S. application Ser. No. 145,397
      filed May 20, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Shaping of sheet metal has been accomplished by applying pressure to the
      central portion of a sheet metal work piece while the work piece is
      overlying a backing disc and secured by a peripheral clamp ring so as to
      cause the central portion of the work piece to distend outwardly into a
      dome-shaped product. The operation has been repeated in stages, as shown
      in U.S. Pat. No. 3,285,045, in order to increase the depth of the dome. A
      material limitation in this method, or the apparatus used to perform this
      method, has been the work hardening of the narrow zone adjacent the
      secured margins, or zones if the shaping is done in stages, with the
      attendant need of annealing the work piece between operations.
PAR  Attempts have been made to permit some slippage of the clamped margin,
      which tends to increase the area subject to work hardening and to reduce
      the amount of work hardening per unit area. However, control over such
      slippage has been too erratic to produce favorable results.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a means and method of shaping sheet
      metal utilizing pressure fluid which is summarized in the following
      objects:
PAR  First, to provide a means and method of shaping sheet metal wherein the
      margins of the sheet metal work piece are clamped by a force which may be
      varied to permit controlled slippage of the margin as the central portion
      of the work piece is shaped by pressure fluid.
PAR  Second, to provide a means and method, as indicated in the preceding
      object, which incorporates a novel means and method wherein inward
      slipping of the margins of the work piece is detected and caused to
      control the clamping force in the corresponding region so as to obtain
      equal slipping around the periphery of the work piece, if the work piece
      is an essentially true circle, or to permit predetermined differences in
      the amount of slippage if the work piece is asymmetrical.
PAR  Third, to provide a means and method, as indicated in the other objects,
      whereby the area subject to work hardening is materially increased with
      corresponding reduction in the amount of work hardening occurring in any
      unit area.
PAR  Fourth, to provide a means and method, as indicated in the other objects,
      which is capable of producing large parts, for example, several feet, or
      even many feet, in diameter, while maintaining extreme accuracy, the work
      piece undergoing an initial forming operation while free of constraint,
      except for its clamped margins which are permitted to slip, then
      undergoing a final forming operation wherein the work piece is further
      stretched a limited distance into conformity with a fixed shaping die.
PAR  Fifth, to provide a means and method of shaping sheet material wherein the
      pressure fluid, preferably a liquid, is circulated during the forming
      operation, thus, by heating or cooling the pressure fluid, the work piece
      may be maintained at the most optimum temperature.
PAR  Sixth, to provide a means and method of shaping sheet material wherein the
      supply of pressure fluid may be controlled to predetermine the rate at
      which the work piece is distended even to the point that advantage may be
      taken of the "creep" characteristics of the material as well as its
      "stretch" characteristics.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view, showing one embodiment of the means for
      forming sheet metal.
PAR  FIG. 2 is an enlarged fragmentary sectional view, taken through 2--2 of
      FIG. 1, showing particularly one of the clamping units.
PAR  FIG. 3 is a further enlarged fragmentary sectional view, taken through 3--3
      of FIG. 2, showing one of the sensing elements.
PAR  FIG. 4 is an enlarged sectional view, taken through 4--4 of FIG. 1, showing
      the backing plate and clamping rings with a work piece in its distended
      condition.
PAR  FIG. 5 is a sectional view, similar to FIG. 4, showing the distended work
      piece within a die shell for further distention.
PAR  FIG. 6 is a further enlarged fragmentary sectional view, taken within
      Circle 6 of FIG. 5, showing the marginal zone of the distended work piece
      and adjacent portions of the clamping rings and die shell.
PAR  FIG. 7 is a fragmentary sectional view of a work piece, taken through 7--7
      of FIG. 6.
PAR  FIG. 8 is an enlarged fragmentary sectional view of a work piece,
      corresponding to FIG. 6, but showing extendable cover sheets on opposite
      sides of a work piece.
PAR  FIG. 9 is a longitudinal sectional view of the clamping pressure augmenting
      valve.
PAR  FIG. 10 is an enlarged sectional view, taken through 10--10 of FIG. 9.
PAR  FIG. 11 is a schematic view, showing a means for sensing extension of the
      work piece for the purpose of controlling the supply of pressure fluid.
PAR  FIG. 12 is a schematic plan view, showing the mechanism for sensing
      contraction of the work piece during the forming operation.
PAR  FIG. 13 is a diagrammatical view, showing the hydraulic or pneumatic
      components.
PAR  FIG. 14 is a plan view, at reduced scale, illustrating a modified
      embodiment of the sheet metal forming means, as adapted to work pieces of
      large size and of asymmetrical shape.
PAR  FIG. 15 is a longitudinal sectional view thereof, taken through 15--15 of
      FIG. 14, indicated by dotted lines a partially distended condition of a
      work piece.
PAR  FIG. 16 is a side view of a clamping unit for use in conjunction with the
      embodiment shown in FIGS. 14 and 15, and indicating fragmentarily and by
      section the clamping flanges, the work piece and its backing member.
DETD
PAR  The means for forming sheet metal includes an essentially cylindrical
      mounting ring 1, encompassing the area in which the forming operation
      occurs. The mounting ring is provided intermediate its ends with a
      radially outwardly extending mounting flange 2, dividing the mounting ring
      into an upper portion 4 and a lower portion 3.
PAR  Slidably disposed within the mounting ring is a backing plate 5, the
      periphery of which removably supports a lower marginal clamping ring 6 and
      an upper clamping ring 7, between which is received the margin of a sheet
      metal work piece 8.
PAR  The lower portion 3 of the mounting ring 1 is provided with a ring of
      depending mounting brackets 9, arranged in pairs, connected by pivot pins
      10, each of which pivotally supports a lever 11. Each lever is provided
      with a thrust knob 12 and a radially outwardly directed elongated lever
      arm 13. The thrust knob 12 is provided with an upwardly directed socket
      14, which journals the end of a corresponding thrust lever 15, the upper
      end of which receives a pivot pin 16, which is journaled in a clevis
      bracket 17, secured to the underside of the backing plate, adjacent its
      periphery. The ring of clevis brackets 17 and thrust levers 15 thus
      provided support the backing plate.
PAR  The radially outer end of each lever arm 13 is joined by a pair of link
      members 18 to a corresponding mounting clevis 19, secured to the underside
      of the mounting flange 2. The link members are connected to each other and
      to the lever arm 13 and mounting clevis 19 by pivot pins 20. Located above
      each lever arm 13 is a double acting thrust unit 21, one end of which is
      pivotally connected to a mounting clevis 22, secured to the lower portion
      4 of the mounting ring 1. The thrust unit 21 is preferably hydraulically
      operated, but may be pneumatically operated. The other end of the thrust
      unit is provided with an operating shaft 23, which is joined by a pivotal
      connection 24 to a lever arm 25, extending from one of the link members
      18.
PAR  Disposed vertically above each lever 11, in the upper portion 4 of the
      mounting ring 1, is a radial guide bore 26, which receives a slide bar 27.
      When each slide bar is in its radially inward position, as shown in FIG.
      2, the upper clamping ring 7 is restrained against upward movement, and
      when the slide bar is retracted radially outward, the clamping rings 6 and
      7, as well as the work piece 8, may be removed or installed. Each slide
      bar is moved by a thrust unit 28, which may be single acting; that is, the
      slide bar may be retracted by spring action. The radially outer end of
      each thrust unit is supported by a mounting bracket 29.
PAR  As it is apparent from FIG. 2, the force exerted by each hydraulic thrust
      unit 21 is multiplied so that a substantial clamping force is applied by
      each hydraulic unit in an upward direction when the upper clamping ring 7
      is restrained by the set of slide bars 27. Each thrust unit 21, and
      associated links and levers, as well as the corresponding slide bar and
      the portion of the mounting ring 1 between each slide bar 27 and lever 11
      forms a clamping unit of which the inner end of the slide bar and the
      corresponding clevis bracket 17 form clamping terminals. It is
      contemplated that a large number of clamping units be arranged about the
      work piece. In the construction illustrated, the clamping units are
      indicated as separated by 15.degree., thus indicating a total of 24
      clamping units.
PAR  The embodiment shown in FIGS. 1 and 2 is intended for the forming of a
      dome-shaped product from an initially flat sheet metal work piece. The
      diameter of the dome depends upon the internal diameter of the upper
      clamping ring 7, thus, by changing the internal diameter of the clamping
      ring, products of different diameters may be formed.
PAR  Referring to FIG. 4, and the diagrammatical view FIG. 13, the space between
      the backing plate 5 and the work piece 8 forms a pressure chamber 30.
      Under the backing plate 5 is a circular pressure fluid supply manifold 31,
      communicating with a ring of inlet ports 32, the diameter of which is
      determined by the minimum size of the product to be formed. The backing
      plate is also provided with a central outlet port 33. A pressure line 34
      extends from a reservoir 35 through a pump 36 and pressure control valve
      37 to the manifold 31. A temperature control unit 38 may be interposed
      between the valve 37 and the manifold 31. A return or drain line 39,
      having a throttle valve 40, extends between the outlet port 33 and the
      reservoir 35.
PAR  By applying fluid under controlled pressure to the pressure chamber 30, the
      central portion of the work piece within the clamping ring 7, is caused to
      distend, as suggested in FIG. 4. It is preferred to use a liquid as the
      pressure fluid to avoid an explosive effect if the work piece should
      rupture. However, for some forming operations, a gaseous pressure fluid
      may be used. It is essential to the means and method herein disclosed for
      forming sheet metal, that the margin of the work piece slip radially
      inward between the opposed clamping faces a controlled amount as the
      central portion of the work piece is distended. This is accomplished by
      sensing the position of the edge of the work piece at selected stations
      and utilizing this information to control the clamping pressure of a
      corresponding group of clamping units by regulating the pressure in their
      corresponding thrust units 21.
PAR  With reference to FIGS. 2, 3 and 12, a set of sensing strips 41, of lesser
      thickness than the sheet metal work piece 8, extend through guide sleeves
      42 provided in the upper portion 3 of the mounting ring 1. For purposes of
      illustration, four such sets of sensing strips are indicated, each
      controlling a flanking group of clamping units, in the construction
      illustrated, three on each side. Referring to FIG. 12, one sensing strip
      forms a part of a master control assembly 43, whereas, each remaining
      sensing strip forms a part of a corresponding slave control assembly 44.
PAR  Each control assembly 43 or 44 includes a rack member 45, extending through
      a gear housing 46, and engaging a gear 47. The gears 47 are connected by
      universal joints 48 and connecting rods 49 to the other control assembly
      so that the rack members move radially inward in unison.
PAR  The master control assembly 43 includes a thrust unit 50, which may be
      pneumatic or hydraulic, and includes a retraction spring, not shown.
      During operation, the thrust unit 50 maintains sufficient force against
      the corresponding sensing strip 41 to maintain it in contact with the edge
      of the work piece 8; the force required is nominal. The corresponding
      group of clamping units are preadjusted to permit a predetermined
      slippage. Tests have shown that such slippage can be predetermined within
      reasonable tolerance.
PAR  Interposed between the rack member of each slave control assembly 44 is a
      double pole switch 51 and a spring arm 52. As will be described more
      specifically hereinafter, each double pole switch 51 controls through
      solenoid valves its corresponding group of clamping units so as to relax
      the clamping force if the sensing strip indicates less movement than at
      the station sensed by the master control assembly, and increases the
      clamping force if a greater movement is detected. As the slipping movement
      need not continue throughout the forming operation, slippage of the work
      piece margin may be terminated at any time by means of a limit switch 53,
      associated with the master control assembly 43, which operates the
      solenoid valves to effect full clamping force by all of the clamping
      units.
PAR  Referring to FIG. 4, the work piece during the forming operation produces a
      distended portion 54 and a marginal flange 55, which, as indicated
      previously, diminishes in width as the work piece is distended. The inward
      movement of the marginal portion of the work piece produces a peripheral
      zone 56, adjacent the flange, in which may be formed undulations 57, as in
      FIGS. 6 and 7. The undulations are readily eliminated in a subsequent
      operation to be described. If the margin of the work piece were firmly
      clamped, high stress concentrations will occur at the junction between the
      distended portion and the flange.
PAR  By permitting controlled slippage, the increased stress is distributed
      throughout the zone 56 so that the unit stress is much less than would
      otherwise be the case. This is particularly important when forming metals
      which are not capable of withstanding high elongation; that is, localized,
      high stress produces localized excessive elongation; however, this is
      avoided by distributing the stress throughout the zone 56 and is readily
      maintained at an acceptable level. Tests have indicated that many of the
      so called exotic metals may be formed by the means and method herein
      described into shapes which were not otherwise capable of being produced.
      For example, test parts of titanium have been successfully produced.
PAR  In the forming of parts in which the surface finish is of primary
      importance and to further reduce the stress in the finished part, it has
      been feasible to cover the work piece with expendable cover sheets 58, as
      shown in FIG. 8. These cover sheets may be formed of aluminum or other low
      cost material.
PAR  Referring again to the control of the clamping force applied to the margin
      of the work piece, a limit switch 59 may be suitably supported above the
      center of the work piece for engagement when the work piece has been
      distended a predetermined distance. The limit switch 59 may serve the same
      purpose as the limit switch 53, or, may come into operation after the
      limit switch 53. In either case, the limit switch 59 terminates the
      forming operation by shutting off the supply of pressure fluid.
PAR  The rate at which the pressure fluid is supplied at various stages of the
      forming operation often affects the properties of the final product. For
      example, the initial portion of the forming operation may proceed more
      rapidly than the final stages of the forming operation. The forming rate
      may be varied by controlling the output of the pump 36, or by controlling
      the output pressure of the fluid passing the control valve 37. To
      accomplish this purpose, a sensing means, such as shown in FIG. 11, may be
      utilized. The sensing means includes a probe rod 60, which rests on the
      center of the work piece. Above the probe is a rack 61, carrying a double
      pole switch 62 and leaf spring 63, the latter engageable by the probe 60.
      The rack is driven by a gear 64, which in turn is driven by a motor 65,
      the speed of which is governed by a programming timer 66. The switch 62
      operating through solenoid valves increases or decreases the supply of
      pressure fluid as the probe and rack increase or decrease the distance
      therebetween.
PAR  In this regard, it should be noted that the master control assembly 43 is
      essentially a programming timer, and that an extraneous programming timer
      analagous to the arrangement indicated in FIG. 11 may be adapted to
      control marginal slippage of the work piece 8.
PAR  Reference is now directed to FIGS. 5 and 6 which illustrate the means and
      method whereby the work piece in the condition shown in FIG. 4 may be
      arranged for further distention to its final form. This is accomplished by
      using a final clamping ring 67 of larger diameter than the clamping ring
      7. Also, in this case, the clamping ring 67 is provided with a die shell
      68, the inner surface of which defines the final shape of the work piece.
      If a liquid pressure fluid is utilized, it is essential that air be
      removed from the initially distended work piece. This may be accomplished
      by a bleed tube 69, mounted in the central outlet port 33. The bleed tube
      is notched at its upper end and is urged upwardly by a spring 70. The
      lower end of the bleed tube extends through a packing gland 71, which at
      least under conditions of low pressure, permits the spring to hold the
      bleed tube 69 against the crown of the distended work piece. As the
      pressure fluid enters the air is driven out. When pressure fluid is
      detected in the bleed tube, the bleed line attached thereto is closed.
PAR  A sensing device, such as shown in FIG. 11, may be utilized to sense the
      distention of the work piece toward the die shell 68. Alternatively,
      another embodiment of the sensing means, indicated diagrammatically in
      FIG. 5, may be utilized. This embodiment includes a probe 72, which
      engages a double pole sensing switch 73, mounted on a lever arm 74,
      suitably supported on a bracket 75. The lever arm is raised by a control
      cam 76, operated by a drive motor 77. It has been found that an eccentric
      cam arranged so that the effective movement decreases as the work piece
      approaches the die shell provides the desired programming in most cases.
      However, a programming timer may be utilized to control the speed of the
      motor 77 if a different programming is desired.
PAR  It has been found that the accelerated rise in pressure as the work piece
      conforms to the die shell may be utilized to terminate the forming
      operation by shutting off the pump or the supply line. It has also been
      found that this rise in pressure may be detected at its early stages so as
      to minimize the force exerted against the die shell by the work piece,
      thus, enabling the die shell to be formed of relatively low strength
      material. In fact, a die shell of molded fiber glass has been found
      acceptable.
PAR  The undulations 57 serve a useful function, for when the work piece is
      further distended to the surface of the die shell 68, they reduce the
      amount of stretch or elongation which would otherwise occur in the metal.
      With regard to FIG. 8, it should be noted that the expendable cover sheets
      58 are removed before the work piece is subjected to its final forming
      operation.
PAR  In the forming of some metals, particularly those which have a minimum
      amount of springback, the second stage may be omitted and the die shell 68
      may be made a part of the clamping ring 7. In such case, any undulations
      occurring during the forming operation are eliminated as the forming
      operation is completed.
PAR  Reference is directed to FIG. 13, a portion of which illustrates
      diagrammatically a typical control for the clamping units. The thrust
      units of each group of clamping units is simultaneously controlled by
      thrust control valves 78, connected by a supply line 78a in parallel with
      a pressure control valve 79, supplied by the pump 36. A set of drain
      valves 80 companion to the control valve 78, connect the thrust units to
      the reservoir 35.
PAR  It is preferred to control the clamping pressure by providing control
      valves operating on the return or retraction side of the thrust units,
      rather than adjust the pressure at the thrust or extension side of the
      thrust units. Connected to the thrust units of each group of clamping
      units is a solenoid operated back pressure or return control valve 81, and
      a solenoid drain valve 82. The back pressure control valves operated by
      the slave control assembly 44 are connected by a supply line 83 through a
      pressure control valve 84 to a pump 85. It is preferred to use a second
      pump; however, the pump 36 may be used.
PAR  Interposed between the pair of valves 81 and 82, corresponding to the group
      of clamping units controlled by the master control assembly 43 is an
      adjustable pressure control valve 86 so that the pressure of this group of
      clamping units may be adjusted to exert a predetermined but constant
      clamping force.
PAR  The force required to distend the work piece increases as the work piece
      distends toward its final shape. Consequently, the pressure of the
      pressure fluid increases during the forming operation. The amount of the
      increase varies with the intended shape of the final product and also with
      the type of metal being formed. In some cases, the metal tends to work
      harden, increasing its resistance to the pressure fluid.
PAR  If the change in required pressure is substantial, the force tending to
      draw in the margins of the work piece increases as the work piece is
      distended. In such cases, it is necessary to increase the clamping
      pressure to compensate for the increased tendency of the margins of the
      work piece to slip. Compensation may be affected by programming the master
      and slave control assemblies 43 and 44; it is preferred, however, to
      accomplish such compensation by utilizing the change in pressure of the
      pressure fluid itself. This is accomplished by the clamping pressure
      augmenting valve 87. This valve includes a valve body 88, having an inlet
      port 89 and a drain port 90, separated by a valve seat 91, aligned with a
      bore 92, having a slidable valve member 93 which engages the valve seat.
      The valve member is provided with a spring cup 94, received in a mating
      converted spring cup 95. The spring cups receive a spring 96.
PAR  The spring cups are received in a counter bore 97, at one side of which a
      bracket 98, from which is pivotally supported a thrust lever 99 by means
      of a pivotal connection 100. A second pivotal connection 101 joins the
      thrust lever to a boss provided on top of the inverted spring cup 95. The
      thrust lever is provided with an arcuate slot 102.
PAR  The bracket 98 extends above the thrust lever and terminates in a hook
      portion, having a pivotal connection 103, joined to a thrust unit 104. The
      axis of the pivotal connection 103 is located approximately at the center
      defined by the arcuate slot 102. The thrust unit 104 is provided with a
      shaft 105, joined by a pivotal connection 106 to an adjustment bolt 107
      received in the arcuate slot and capable of being adjusted relatively
      thereto.
PAR  The thrust unit 104, as shown in FIG. 13, is so connected in the hydraulic
      system as to be subject to the pressure of the pressure fluid within the
      pressure chamber 30. The inlet port 89 is connected on the low pressure
      side of the pressure control valve 79, connected to the solenoid valve 78.
      The drain port 90 communicates with the reservoir 35. While the valve 87
      tends to reduce pressure downstream of the pressure control valve 79, it
      remains closed until the force of the spring 96 is overcome. Thus, under
      initial conditions, the maximum thrust pressure in the thrust units has a
      minimum value, but as the pressure builds up in the pressure chamber 30,
      the load on the spring 96 increases, increasing the maximum pressure
      exerted by the thrust units 21 so that the pressure, in effect, is
      augmented in proportion to the increased clamping requirements due to the
      increased pressure of the pressure fluid. By adjusting the angular
      position of the thrust unit 104, the amount of compensating force may be
      adjusted.
PAR  Operation of the means for shaping sheet metal is as follows:
PAR  Initially, the ring of slide bars 27 are retracted and the backing plate 5
      is in its lower position, indicated by dotted lines in FIG. 2. Also, the
      clamping ring 7 is removed. The sensing or probe strips 41 are retracted
      by means not shown, forming a part of the master and slave control
      assemblies 43 and 44. A flat, circular work piece 8 dimensioned to fit
      within the mounting ring 1 is placed on the backing plate 5, the clamping
      ring 7 is placed on the work piece. The slide bars 27 are extended
      radially inward to overlie the clamping ring, and initial pressure is
      applied to the thrust units 21 of the clamping units. The sensing strips
      41 are extended into contact with the edge of the work piece. A
      predetermined maximum pressure is applied to the thrust units of the
      clamping units, corresponding to the slave control assemblies 44 and the
      lesser pressure is supplied to the group of clamping units associated with
      the master control assembly 43 by adjustment of the pressure control
      valves 79, 84 and 86.
PAR  Pressure fluid is then applied at a controlled rate and pressure to the
      pressure chamber 30 formed between the backing plate 5 and the work piece
      8. As the central portion of the work piece distends, that portion of the
      margin held by the clamping units related to the master control assembly
      43 tends to contract or slide due to the fact that the back pressure in
      these thrust units is higher, resulting in a lesser clamping force.
      Predetermined slight initial movement of the margin of the work piece in
      this region causes a similar movement in the slave control assemblies 44,
      to activate the switches 51 in a manner to relieve pressure in the
      corresponding thrust units until slippage has occurred corresponding to
      that occurring in the region controlled by the master control assembly 43.
      This intermittent operation continues until the limit switch 53 is closed,
      causing the back pressure in all of the clamping units to be relieved, and
      locking the margin of the work piece against further slidmovement.
PAR  During the forming of the work piece, the augmenting valve 87 increases the
      effective clamping force to compensate for increased pressure within the
      pressure chamber 30.
PAR  The forming operation may terminate with the operation of the limit switch
      59, shown in FIG. 4, or may continue throughout the forming operation
      under control of the probe 60, shown in FIG. 11.
PAR  By reason of the fact that the forming operation may, if desired, take
      place relatively slowly, the work piece may be maintained rather
      accurately at a desired temperature. More specifically, the work piece may
      be heated to a substantial temperature, if need be, by using pressure
      liquid capable of withstanding the desired temperature, or even by the use
      of pressure liquids which are solids at normal temperature. Conversely,
      some materials are more workable at reduced temperatures, even in the
      cryogenic range. In such case, the pressure fluid may be one of the gases
      chilled to its liquid state, such as helium or hydrogen. In this case, a
      separate pump and reservoir are used for the cryogenic pressure liquid, or
      the extra high temperature pressure liquid.
PAR  While the present means and method of forming sheet metal is applicable to
      metals which are readily formed, and to work pieces of relatively small
      dimension, both the means and method are primarily directed to the forming
      of pieces of large size; that is, several feet or many feet in diameter.
      In fact, it is contemplated that a work piece as much as 200 feet in
      diameter may be formed by the herein described means and method. In order
      to provide a work piece of such large dimension, smaller pieces are, of
      course, welded together. The technique of automatically welding such
      pieces and preparing the junctures between such pieces so as to be as
      strong as the connected pieces is available. It is not essential that the
      work piece be circular in form. Furthermore, it need not be dome-shape;
      that is, its distended contour may be asymmetrical.
PAR  In the forming of products of large size, it is contemplated to use opposed
      clamping rings of the desired dimension and shape, a backing sheet which
      will distend in opposition to the work piece, and to provide a ring of
      independent, removable clamping structures.
PAR  More particularly, in this regard, reference is directed to FIGS. 14, 15
      and 16. For purposes of illustration, but not limitation, the means and
      method here shown is directed to the forming of a sheet metal boat hull. A
      pair of opposed clamping rings 108 and 109, delineating the shape of the
      product is provided. The clamping rings clamp therebetween a work piece
      110, indicated in its finished form, that is, having a flange 111 and a
      distended portion 112. The work piece is backed by a backing membrane 113,
      which may be sheet metal identical to the work piece, but preferably of
      somewhat greater thickness; that is, the membrane may be distendable, but
      not to the degree required of the work piece and may be reused.
PAR  The opposed clamping rings 108 and the margins of the work piece 110 and
      113 are clamped by a series of clamping structures 114. The clamping
      structures are placed relatively close together about the entire periphery
      of the clamping rings. In fact, if the size of the product requires
      several hundred clamping structures may be used. Each clamping structure
      includes a pair of opposed clamping levers 115 and 116, joined by a pair
      of connecting links 117, and pivot pins 118. One end of each clamping
      lever extends a short distance laterally of the connecting links and the
      confronting portions of the two levers are provided respectively with
      clamping jaws 119 and 120.
PAR  The opposite ends of the clamping levers extend a substantial distance from
      the connecting links 117 and are provided with clevis extensions 121 and
      122, respectively, which extend toward each other. The clevis extension
      122 is longer than the clevis extension 121 and is provided with a lever
      123, having a short lever arm 124, joined by a link member 125 to the
      other clevis extension 121, the parts being pivotally connected by pivot
      pins 126.
PAR  Extending between the connecting links 117 and the clevis extension 121 is
      a thrust unit 127, which may be hydraulic or pneumatically operated,
      preferably however, a pressure liquid rather than a pressure gas is used.
      The hydraulic unit 127 is joined between the connecting links by a pivotal
      connection 128. The thrust unit 127 includes a thrust shaft 129, joined by
      a pivotal connection 130 to the longer arm of the lever 123. Each clamping
      structure is provided with a suspension clevis 131 so that it may be
      manipulated into and out of its operating position.
PAR  In order to minimize the amount of movement required of the clamping jaws
      119, and the ensure relatively uniform clamping force, the transverse
      dimensions of the clamping rings 108 and 109 as well as the thickness of
      the work piece 110 and the backing membrane 113 are held to relatively
      close limits. This is also true of the clamping jaws 119 and 120 and the
      connecting links 117. As a result, a relatively small thrust unit 127 is
      capable, through the leverage provided, to exert a dependable clamping
      force. Reasonable tolerance is permitted, however, as the angular position
      of the lever 123 may vary when the structure is in its clamping position,
      such as shown in FIG. 16. Also, by reason of the large number of clamping
      structures used, when these are placed side-by-side about the clamping
      rings causes the force on the clamping rings to be averaged.
PAR  In the construction shown, the clamping ring containing the work piece is
      shown as provided with a die shell 132, suggesting that the work piece may
      be formed in a single operation. However, it is also contemplated that the
      product may be formed in two stages, as described in connection with the
      embodiment shown in the previous figures.
PAR  With regard to the backing membrane, it is constructed to have, for
      instance, twice the strength of the work piece. It will distend in
      opposition to the work piece a distance less than the distention of the
      work piece and once it has distended, it will tend to reach a condition of
      substantial equilibrium and may be used repeatedly.
PAR  It is contemplated that the effective pressure in the thrust units 127 will
      be controlled in the manner described in connection with the preceding
      embodiment and that the margins or flange 111 of the work piece will be
      permitted to slide relative to the clamping rings. However, the amount of
      sliding movement at different parts in the periphery of the work piece
      will vary according to the departure of the product from a symmetrical
      shape. Thus, for example, in the forming of a boat hull, more slippage may
      be required in the bow portion than in the stern portion, as indicated by
      the radial lines 133 of different lengths in FIG. 14. Each of these lines
      may represent the rotation of a sensing or probe strip 41 and a control
      assembly. Inasmuch as the inward movement of each portion of the periphery
      of the blank may be predicted, the control assemblies are electrically
      interconnected to an appropriate electrically operated program control,
      analagous to the mechanical control illustrated in FIG. 12.
PAR  The method of forming sheet metal is summarized as follows:
PAR  A sheet metal work piece is placed on a coextensive disc or membrane, or
      conversely, such disc or membrane is placed over the work piece. One or
      more clamping rings are placed over and under the margin of a work piece,
      or if the backing disc is of sufficient thickness, its margin may serve as
      a clamping ring. A plurality of clamping units are arranged about the
      clamping rings in closely spaced relation. The clamping units may be fixed
      relative to each other, or may constitute individual separately
      positionable clamping units. The margin of the work piece is held in
      sealed relation with the corresponding margin of the backing disc or
      membrane, to form therewith a pressure chamber. Pressure fluid, preferably
      a liquid, but which in some cases may be a gas, is introduced into the
      pressure chamber, preferably at a plurality of points adjacent the
      periphery of the work piece. An outlet for the pressure fluid is provided,
      which is throttled to permit buildup of pressure in the pressure chamber
      while permitting circulation of the pressure fluid.
PAR  Depending upon the properties of the work piece and the shape of the
      resulting product, the pressure fluid may be heated or cooled so as to
      transmit its temperature to the work piece. The pressure fluid is applied
      with increasing pressure to cause the work piece to distend from the
      backing disc or membrane initially without restraint except that provided
      by the work piece itself.
PAR  During the distention of the work piece, the clamping pressure about the
      periphery of the work piece is controlled to permit a predetermined
      slippage of the margin of the work piece with respect to the clamping
      rings. Such slippage may be uniform about the periphery of the work piece,
      or may be greater in one region with respect to another. Such slippage is
      controlled by sensing the inward movement or slippage of the margin of the
      work piece and utilizing the information to control the pressure exerted
      by the selected clamping units.
PAR  The distention of the work piece to its finished configuration may take
      place in a single operation, or, the work piece may be distended a
      predetermined amount after which a clamping ring of larger dimension
      forming the margins of a die shell may be substituted and secured by the
      clamping units, whereupon pressure fluid is again applied to force the
      work piece into conformity with the die shell.
PAR  During the course of distending the work piece, the extent of movement of
      the work piece may be probed and the information utilized to control the
      rate and pressure exerted by the pressure fluid, thereby to control the
      rate of distention of the work piece.
PAR  In order to control the shape of the finished piece, the initial thickness
      of the work piece may vary, as more fully described in U.S. Pat. No.
      3,339,311.
PAR  While particular embodiments of this invention have been shown and
      described, it is not intended to limit the same to the details of the
      constructions set forth, but instead, the invention embraces such changes,
      modifications and equivalents of the various parts and their relationships
      as come within the purview of the appended claims.
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STM  I claim:
NUM  1.
PAR  1. Means for shaping sheet metal, comprising:
PA1  a. a pair of opposed marginal members for receiving the margin of a sheet
      metal work piece therebetween;
PA1  b. a backing member for the work piece joined to one of the marginal
      members and forming with the work piece a pressure chamber;
PA1  c. guide means confronting the outer periphery of the marginal members and
      permitting translational movement of the marginal members and work piece
      as a unit relative thereto;
PA1  d. a plurality of clamp units disposed about the marginal members, each
      clamp unit including the guide means, a pair of opposed clamp members
      relatively movable to clamp the marginal members and the work piece
      therebetween, and means for effecting relative movement of the clamp
      members;
PA1  e. means for introducing pressure fluid into the pressure chamber to
      distend the work piece with respect to the backing member; and
PA1  f. means for individually controlling the clamping force exerted by each
      clamp unit to permit controlled slippage of the margin of the work piece
      with respect to the marginal members; including means for sensing slippage
      of the work piece in selected regions.
NUM  2.
PAR  2. Means for shaping sheet metal, as defined in claim 1, wherein;
PA1  a. a ring structure surrounds the marginal members, includes the guide
      means and forms a common support for the clamp units;
PA1  b. each clamp unit includes a first clamping member carried by the ring
      structure for engagement with one of the marginal members to limit
      movement of the marginal members and work piece with respect to the guide
      means; and a second clamping member movable toward the first clamping
      member thereby to clamp the marginal members and work piece.
NUM  3.
PAR  3. Means for shaping sheet metal, as defined in claim 1, wherein:
PA1  a. each clamp unit is independent of the other clamp units and is adapted
      to be placed individually in outwardly extending position with their
      respective guide means in confronting relation to the marginal members and
      their clamp members in position for engagement with the opposed surfaces
      of the marginal members.
NUM  4.
PAR  4. Means for shaping sheet metal, as defined in claim 1, wherein:
PA1  a. the backing member is formed of sheet material of greater strength than
      the work piece and tends in response to pressure in the pressure chamber
      to distend in the opposite direction from the work piece and to a lesser
      extend.
NUM  5.
PAR  5. Means for shaping sheet metal, as defined in claim 1, wherein:
PA1  a. the inner periphery of the second marginal member opposite from the
      backing member, defined the peripheral boundary of the distended work
      piece;
PA1  b. and an additional marginal member having a larger inner periphery than
      the second marginal member is adapted to be substituted therefor, for
      further peripheral expansion of the work piece.
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ABST
PAL  Metals such as titanium alloy blanks which are subject to contamination by
      air at elevated temperatures are precision formed into desired shapes in a
      controlled environment. The metal worksheet and a shaping member are
      located within an enclosure. An inert gas environment is provided in the
      enclosed area. The metal worksheet is heated to a suitable forming
      temperature and stretched substantially in excess of its original surface
      area under tensile stress from a fluid pressure loading and formed into
      the desired shape by interaction with the shaping member. Novel sealing
      arrangements for the enclosed area of the forming apparatus are provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The forming of titanium alloys into complex configurations by present day
      processes, for forming parts requiring large tensile elongations, is
      extremely difficult and in some cases cannot be achieved. Limited tensile
      elongations, high yield, and moderate modulus of elasticity impose
      practical limits for ambient temperature forming, and excessive
      spring-back frequency requires elevated temperature creep sizing. In some
      parts, forming is done in a 1200.degree.-1400.degree.F temperature range
      to increase the allowable deformation and to minimize spring-back and
      sizing problems. However, even with the use of these moderately high
      temperatures, an extremely expensive integrally heated double-action
      forming tool is required. Even with these advanced techniques, forming of
      titanium alloys is still severly limited and compromises in the design of
      structural hardware are often necessary with attendant decrease in
      efficiency and increase in weight.
PAR  For several years it has been known that titanium and many of its alloys
      exhibit superplasticity. Superplasticity is the capability of a material
      to develop unusually high tensile elongations with reduced tendency toward
      necking, a capability exhibited by only a few metals and alloys and within
      a limited temperature and strain rate range. Titanium and titanium alloys
      have been observed to exhibit superplastic characteristics equal to or
      greater than those of any other metals. With suitable titanium alloys,
      overall increase in surface area of up to 300 percent are possible.
PAR  The advantages of superplastic forming are numerous: Very complex shapes
      and deep drawn parts can be readily formed; low deformation stresses are
      required to form the metal at the superplastic temperature range, thereby
      permitting forming of parts under low pressures (as 15 psi) which minimize
      tool deformation and wear, allows the use of inexpensive tooling
      materials, and eliminates creep in the tool; single male or female tools
      can be used; no spring-back occurs; no Bauschinger effect develops;
      multiple parts of different geometry can be made during a single
      operation; very small radii can be formed; and no problems with
      compression buckles or galling are encountered. However, prior to
      applicants' invention superplastic forming of titanium and similar
      reactive metals was impractical because of the high forming temperatures
      required and the relatively long time in forming. Titanium at the
      superplastic forming temperature has a strong affinity for most elements.
      The heating and forming atmosphere is critical to titanium cleanliness
      which is particularly sensitive to oxygen, nitrogen, and water vapor
      content. Unless the titanium is protected, it becomes embrittled and its
      integrity destroyed. Coating materials cannot be used for protection at
      the superplastic forming temperatures as the coatings and associated
      binders react with and contaminate the titanium alloy in any type of
      environment.
PAR  The present invention relates generally to a method and apparatus for
      superplastic forming of metals in a controlled environment. More
      specifically, the present invention relates to superplastic forming of
      metal blank into a desired shape by heating the metal blank in a
      controlled environment and applying a fluid pressure loading to the metal
      blank causing it to form against a shaping member.
PAR  A method for superplastic forming of metals has been disclosed in U.S. Pat.
      No. 3,340,101 to Fields, Jr., et al. This patent discloses heating or
      otherwise conditioning a metal to exhibit its effective strain rate
      sensitivity and then placing the metal in an apparatus for forming.
      Forming is usually accomplished by a vacuum exerting tensile stress on the
      metal. However, a male die member can be utilized to initially deform the
      metal before application of the vacuum, or the male die member can be used
      in combination with the application of positive pressure. However, this
      method would not be suitable for superplastic forming of titanium because
      of the contamination that would result to the surface integrity of the
      metal due to the heating and forming without a controlled environment. In
      fact, the patent does not list titanium as one of the metals having
      superplastic properties and discusses forming temperatures in the range of
      600.degree. F. as opposed to the approximately 1450.degree.-1850.degree.
      F. required by titanium and its alloys. No mention is made in the patent
      as to protection from contamination. Additionally, forming time,
      especially with thicker metal sheet is quite lengthy as the amount of
      differential pressure is limited.
PAR  U.S. Pat. No. 3,605,477 to Carlson discloses apparatus for hot forming
      titanium alloy blanks where the blanks are coated with a high temperature
      lubricant, preheated to a forming temperature of about 1,000.degree. to
      1,500.degree. F., removed and placed in forming equipment in contact only
      with mated heated forming tools. The forming equipment is maintained at
      the forming temperature during forming. It is disclosed to use an argon
      atmosphere in the heater when preheating the titanium blanks to prevent
      contamination. However the blank is removed from the heater to separate
      forming equipment where it is formed into the desired shape without the
      benefit of the controlled environment. For protection, a high temperature
      lubricant is formed on the titanium sheet. This method while suitable for
      hot forming of titanium, would be impractical and unsuccessful for
      superplastic forming. In the superplastic forming temperature range of
      approximately 1450.degree. to 1850.degree. F, the high temperature forming
      lubricant itself contaminates the titanium sheet regardless of the
      environment. In any case, the heater is separate from the forming
      apparatus and once the titanium sheet is removed from the heater it would
      be contaminated.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to successfully deform
      metal blank against and into intimate contact with a die having a surface
      area extraordinarily greater than the original surface area of the sheet
      without contaminating the metal surfaces.
PAR  It is another object of the present invention to heat and form the metal in
      the same apparatus.
PAR  It is yet another object of the present invention to reduce the forming
      time in superplastic forming.
PAR  It is still another object of the present invention to efficiently seal the
      forming apparatus.
PAR  Briefly, in accordance with the invention, there is provided forming
      apparatus where a sheet metal diaphram is formed about a shaping member.
      The diaphram is located in an enclosure and is formed under tensile stress
      by a fluid pressure loading. Heating means such as press heating platens
      are provided to heat the metal diaphram to a suitable forming temperature.
      Means is provided to control the fluid pressure in the enclosure. Heating
      and forming of the diaphram takes place in a controlled environment of
      inert gas or inert gas on one side of the diaphram and vacuum on the
      other.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the basic forming apparatus employed in
      superplastic forming of metals in a controlled environment with portions
      broken away to show internal details;
PAR  FIG. 2 is a cross-sectional elevational view of the apparatus shown in FIG.
      1 mounted between heating platens of a press;
PAR  FIG. 3 is a cross-sectional elevational view of a portion of the forming
      apparatus below the metal diaphram of a modified apparatus illustrating
      the original position of the metal to be formed, an intermediate position,
      and the final position of the metal as formed;
PAR  FIG. 4 is a cross-sectional elevational view of a modified apparatus for
      forming the diaphram into a complex shape;
PAR  FIG. 5 is a detail view of a sealing method for the forming apparatus;
PAR  FIG. 6 is a detail view of an alternate seal arrangement for the forming
      apparatus.
DETD
PAR  While the invention will be described in connection with the preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to those embodiments. On the contrary, it is intended to cover
      all alternatives, modifications, and equivalents that may be included
      within the spirit and scope of the invention as defined by the appended
      claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order for superplastic forming to be successful, it is necessary to use
      a material that is suitable. The extent to which any material selected
      will exhibit superplastic properties is predictable in general terms from
      a determination of its strain rate sensitivity and a design determination
      of the permissible variation in wall thickness. Strain rate sensitivity
      can be defined as m where
      ##EQU1##
      and .sigma. is stress in pounds per square inches and .epsilon. is strain
      rate in reciprocal minutes. Strain rate sensitivity may be determined by a
      simple and now well recognized torsion test described in the article
      "Determination of strain -- Hardening Characteristics by Torsion Testing,"
      by D. S. Fields, Jr., and W. A. Backofen, published in the proceedings of
      the ASTM, 1957, Vol. 57, pages 1259-1272. A strain rate sensitivity of
      about 0.5 or greater can be expected to produce satisfactory results, with
      the larger the value (to a maximum of 1) the greater the superplastic
      properties. Maximum strain rate sensitivity in metals is seen to occur, if
      at all, as metals are deformed near the phase transformation temperature.
      Accordingly, the temperature immediately below the phase transformation
      temperature can be expected to produce the greater strain rate
      sensitivity. For titanium and its alloys the temperature range which
      superplasticity can be observed is about 1450.degree.F. to about
      1850.degree.F. depending on the specific alloy used.
PAR  Other variables have been found to affect strain rate sensitivity and
      therefore should be considered in selecting a suitable metal material.
      Decreasing grain size results in correspondingly higher values for strain
      rate sensitivity. Additionally, strain rate and material texture affect
      the strain rate sensitivity. It has been found that the m-value reaches a
      peak at an intermediate value of strain rate (approximately 10.sup..sup.-4
      in./in./sec.). For maximum stable deformation superplastic forming should
      be done at this strain rate. Too great a variance from the optimum strain
      rate may result in a loss of superplastic properties. The present
      invention is directed to metals whose surfaces would be contaminated at
      the elevated temperatures required for superplastic forming. Titanium and
      its alloys are examples of such metals.
PAR  Turning first to FIGS. 1 and 2, there is shown an example of the forming
      apparatus generally indicated at 10 for carrying out the invention. On a
      base plate 12 is suitably mounted, as by welding, support tooling frame
      14. Tooling frame 14 could also be integral with base plate 12. Tooling
      frame 14 is in the form of a ring which can be any desired shape, and with
      base plate 12 defines an inner chamber 18 and a female die surface or
      shaping member 20. The dimensions of tooling frame 14 and base plate 12
      are such that the shaping member 20 is complementary to the shape desired
      to be formed. One or more male die members 22 can be provided in chamber
      18 to vary the shape of the part to be formed. A primary consideration in
      selection of a suitable shaping member alloy is reactivity with the metal
      to be formed at forming temperature. When the metal to be formed is
      titanium or an alloy thereof, iron base alloys with low nickel content and
      modest carbon content (as 0.2-0.5% carbon) have been successful. Since
      forming loads are very low, creep strength and mechanical properties are
      relatively unimportant.
PAR  Metal blank 24, preferably in the form of a sheet having upper and lower
      opposed surfaces 26 and 28 respectively, is supported on tooling frame 14
      and covers chamber 18. Any metal blank that exhibits suitable superplastic
      properties can be used, but the present invention is particularly
      concerned with such metals that are subject to contamination at forming
      temperature, such as titanium or an alloy thereof at Ti-6A1-4V. The
      initial thickness of diaphram 24 is determined by the dimensions of the
      part to be formed. Upper support tooling frame 30 is mounted over the
      metal blank 24. Preferably upper frame 30 is dimensionally the same as the
      lower frame 14 and is mounted in alignment therewith. Tooling frame 30 and
      diaphram 24 define a chamber 32. Chamber 32 is covered by upper plate 34
      which is mounted on upper support tooling frame 30.
PAR  The weight of upper plate 34 and support tooling 30 acts as a clamping
      means for the metal diaphram 24. A single continuous edge of the diaphram
      24 is effectively constrained between upper support tooling frame 30 and
      lower support tooling frame 14. This insures that the final part will be
      stretched rather than drawn. Should it be desired, additional tightening
      means such as bolts (not shown) can be employed to more effectively
      constrain the diaphram 24. As shown in FIG. 2, an additional tightening
      means employed is a hydraulic press (not shown) having platens 40. The
      superplastic forming apparatus 10 is placed between platens 40 and
      compressed thereby assuring that the diaphram 24 is effectively
      constrained and the chambers sealed from the air. This arrangement is
      particularly advantageous as the platens can be made of ceramic material
      and resistance heated wires 42 can be provided in the platens 40 for
      heating the metal blank 24 to the forming temperature. Heat from the
      resistance wires 42 is transmitted through plates 12 and 34 to the metal
      diaphram 24. Other heating methods could be used with the forming
      apparatus 10 ordinarily surrounded by a heating means if the heating
      platens are not used.
PAR  For contamination prevention of the metal diaphram 24 while heating and
      forming, an environmental control system is provided. The purpose of the
      system is to expose the metal diaphram 24 only to inert gas or a vacuum
      while heating and forming. The metal diaphram 24 will not react with the
      inert gas due to the nature of the inert gas, even at elevated forming
      temperatures. In a high vacuum, there are substantially no elements for
      the diaphram 24 to react with. Thus, in this environment, contamination of
      the metal diaphram 24 will be prevented. Line 50 is connected to a source
      of pressurized inert gas at one end (not shown) and into a T-junction
      member 51 at the other end. The inert gas used is preferably argon in
      liquid form. Member 51 is connected to two parallel lines 52 and 54 by
      elbow joints 53 and 55. Line 52 is connected through an orifice 60 in
      upper tooling frame 30 to chamber 32. For governing the flow of inert gas
      through line 52 into chamber 32 a valve 56 is mounted in line 52. A
      pressure gage 62 is also provided in line 52 to indicate up-stream
      pressure. Line 54 is connected to chamber 18 through an orifice 64 in
      lower support tooling frame 14. A valve 58 is connected in the line 54 for
      regulating flow of inert gas into chamber 18. Line 70, which is connected
      to the opposite side of upper tooling frame 30, through orifice 72
      functions as an outlet for inert gas from chamber 32. A valve 74 is
      provided in the line 70 to govern flow of inert gas through the outlet. A
      pressure gauge 76 is also connected in line 70 to provide an indication of
      pressure downstream. Line 80 functions as either an inert gas vent or a
      vacuum inlet. Line 80 is shown mounted to lower tooling frame 14 through
      orifice 82. However, it could just as easily be mounted to base plate 12.
      If line 80 functions as a vacuum inlet, a suction pump (not shown) would
      be employed in line 80 for creating the vacuum in chamber 18.
PAR  Forming of the diaphram 24 is produced by the pressure differential between
      chambers 18 and 32. This pressure loading can be accomplished in a variety
      of ways. For example, a constant positive pressure can be maintained in
      chamber 32 while vacuum is applied to chamber 18, or positive pressure in
      chamber 32 can be increased to greater than the positive pressure in
      chamber 18, or positive pressure in chamber 32 could be increased at the
      same time a vacuum is applied to chamber 18. By using the metal blank 24
      as a diaphram which divides two pressure chambers, forming time can be
      reduced because a vacuum can be applied to one chamber and positive
      pressure to the other. This allows increase of the pressure differential
      which increases the strain rate. This is very significant with a thick
      diaphram. However, the usable strain rate should not be exceeded.
      Differential pressures used normally vary from 15 psi to 150 psi. Forming
      times, depending on diaphram thickness and differential pressure, may vary
      from 10 minutes to 16 hours.
PAR  FIG. 3 illustrates the forming of the metal diaphram 24. The original
      position of the diaphram is shown at a, intermediate positions at b and c,
      and the final position of the metal diaphram as formed at d. During
      forming, the pressure above the diaphram 24 in chamber 32 is greater than
      that below the diaphram 24 in chamber 18. Inert gas in chamber 18 is
      forced out through vents 90 as the metal diaphram 24 deforms due to the
      pressure differential.
PAR  FIG. 4 illustrates a modification of the present invention. The forming
      apparatus here employed is used to form a beaded or ridged shape of form
      from the diaphram. The base plate tool 100 is a preferably unitary
      structure that replaces the base plate 12 and lower support tooling frame
      14 of the FIG. 1 embodiment. Base plate tool 100 has a plurality of
      cavities 102 equal to the number of ridges desired to be formed in
      diaphram 24. Cavities 102 replace the chamber 18 of the embodiment in FIG.
      1. Inert gas is transmitted from line 54 to cavities 102 by a conduit 104
      formed in base plate tool 100. Conduit 104 has individual openings 106 for
      each cavity 102. Conduit 110 is a vacuum inlet to the cavities 106 and is
      connected to a suction pump (not shown). Separate channels 112 are
      provided in conduit 110 for drawing out the inert gas in cavities 106 and
      for application of vacuum to cavities 106. The diameters of openings 106
      and channels 112 are less than the thickness of the diaphram 24 as formed
      to minimize material flow therein.
PAR  Referring now to FIGS. 1, 5, and 6, there are shown three sealing methods
      for sealing chambers 18 and 32. These seal methods are optional in that
      the forming apparatus 10 is sealed by compression from the press platens
      40. However, especially when a vacuum is used, it is desirable to have
      very effective sealing to prevent entrance into chambers 18 and 32 of any
      contaminating air. Such contamination, if minimal, results in extra labor
      in cleaning the surface of the formed part, and if more than minimal, may
      result in the formed part being unsatisfactory for use. The technique
      illustrated in FIG. 1 uses a pure titanium O-ring 120 which can be
      combined with an elevated temperature glass base type sealant 122 such as
      Markal CRT-22 glass-coated sealant, both of which overlie the periphery of
      the upper side of the lower tooling support frame 14. The elevated
      temperature sealant can also be placed on the bottom and top sides around
      the periphery of the upper tooling frame 30 as shown at 124 and 125
      respectively in contact with the diaphram 24. The titanium O-ring is
      extremely soft at the forming temperatures and therefore affects a very
      good seal. Another technique shown in FIG. 5 uses sharp hard projections
      130 that run continuously around the perimeter of the tooling 14 and 30
      that penetrate into the softer diaphram 24 at the elevated forming
      temperatures thereby effecting a seal. In FIG. 6 is shown another method
      where only the lower tooling 14 is provided with an additional sealing
      feature. Tooling 14 is provided at its upper side with two sharp
      projections 140 and 142 which run continuously around the perimeter of the
      tooling 14 and which penetrate into the metal diaphram 24 at the forming
      temperature. These projections 140 and 142 contain inert gas in a cavity
      144. Inert gas is transmitted to cavity 144 via internal conduit 146 which
      is connected to line 148 leading to a source of pressurized inert gas.
      Various combinations of the illustrated sealing techniques are also within
      the scope of this invention.
PAC  OPERATION
PAR  Referring to FIGS. 1 and 2, base plate 12 and lower tooling 14 and
      associated gas lines 52 and 54 are assembled. Sealing means such as sealer
      122 and O-ring 120 are applied to lower frame 14 if desired. Shaping
      member 22 is positioned inside frame 14 and on base plate 12. A suitable
      metal blank 24 is placed over the frame 14 enclosing chamber 18.
      Optionally, sealant can be placed on the lower and upper sides of upper
      frame 30. Upper frame 30 with the connected gas lines 70 and 80 is placed
      over the metal blank 24. Upper plate 34 is placed over upper frame 30
      enclosing chamber 32. The entire forming apparatus 10 is placed inside a
      press with heated top and bottom ceramic platens 40. Pressure is applied
      by the press on the forming apparatus 10 for an effective seal. Inert gas
      is applied to both upper and lower chambers, 32 and 18 respectively, to
      protect the metal blank 24 from contamination during heating and forming.
      The temperature of the metal blank 24 is raised by the heating apparatus
      42 in platens 40 to a suitable forming temperature. A pressure
      differential across the principal surfaces of the metal blank 24 causes
      the metal blank 24 to form against the shaping member 22, and the
      uncovered portions of lower frame 14 and base plate 12 which may also be
      shaping members. The pressure differential can be generated by a vacuum in
      lower chamber 18, increased inert gas pressure in upper chamber 32, or
      both. The temperature in heating platens 40 is reduced and the metal blank
      24 is cooled with the inert gas atmosphere (or vacuum) retained though
      reduced. The press is raised, forming apparatus 10 disassembled, and the
      part removed and trimmed to size.
PAR  Thus, it is apparent that there has been provided, in accordance with the
      invention, a method and apparatus for controlled environment superplastic
      forming of metals that fully satisfies the objectives, aims, and
      advantages set forth above.
PAR  While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications,
      and variations, will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications, and variations as fall within the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making metallic forms in a controlled environment
      comprising:
PA1  providing at least one shaping member having a surface formed complimentary
      to the shape desired to be formed;
PA1  providing a metal blank having an effective strain rate sensitivity and two
      opposed principal surfaces;
PA1  enclosing an area around said metal blank and said at least one shaping
      member, said enclosed area being divided into first and second chambers by
      said metal blank, said metal blank being positioned as a diaphram between
      said chambers, said at least one shaping member being located in said
      first chamber;
PA1  providing an inert gas environment in said chambers;
PA1  heating said metal blank to a temperature suitable for superplastic
      forming; and
PA1  controlling the fluid pressure of said inert gas within said chambers to
      induce a pressure loading across the principal surfaces of said metal
      blank wherein the fluid pressure of said inert gas within said second
      chamber is greater than the fluid pressure of said inert gas within said
      first chamber, thereby causing said metal blank to deform into said first
      chamber and against, and into intimate contact with, said at least one
      shaping member.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said metal blank is positioned
      with its principal opposed surfaces in operative projection with respect
      to said at least one shaping member.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said pressure loading across
      said principal surfaces is applied for a substantial period of time
      inversely related to the induced tensile stress and said metal blank is
      stretched substantially in excess of its original surface area.
NUM  4.
PAR  4. The method as defined in claim 3 wherein said first chamber is vented to
      allow for efflux of inert gas as said metal blank deforms and thereby
      reduces the size of said first chamber.
NUM  5.
PAR  5. The method as defined in claim 3 wherein said pressure loading comprises
      application of vacuum to said first chamber while maintaining a constant
      pressure of inert gas in said second chamber.
NUM  6.
PAR  6. The method as defined in claim 3 wherein said pressure loading comprises
      application of vacuum to said first chamber and increased pressure of
      inert gas in said second chamber.
NUM  7.
PAR  7. The method of claim 3 wherein said inert gas is argon and said metal
      blank is titanium alloy sheet.
NUM  8.
PAR  8. The method as defined in claim 7 also including sealing said enclosed
      area to prevent influx of air into said enclosed area.
NUM  9.
PAR  9. Apparatus for making metallic forms from metal blank having an effective
      strain rate sensitivity in a controlled environment comprising:
PA1  at least one shaping member having a surface formed complimentary to the
      shape desired to be formed;
PA1  an enclosure around said metal blank and said at least one shaping member,
      said metal blank being positioned within said enclosure such that said
      enclosure is divided into first and second separate chambers, said at
      least one shaping member being located in said first chamber;
PA1  means for heating said metal blank to a suitable forming temperature; and
PA1  an environmental control means for providing an inert gas environment with
      said chambers during heating and forming of said metal blank and for
      regulating the inert gas pressure in said first and second chambers to
      induce a pressure loading across said metal blank to cause said metal
      blank to deform against, and into intimate contact with, said at least one
      shaping member.
NUM  10.
PAR  10. Apparatus as set out in claim 9 wherein said environmental control
      means includes a vent in said first chamber to allow for efflux of inert
      gas when the pressure in said second chamber is greater than said first
      chamber thereby causing said metal blank to deform and reduce the size of
      said first chamber.
NUM  11.
PAR  11. Apparatus as set out in claim 9 wherein said environmental control
      means includes a means for application of vacuum to said first chamber.
NUM  12.
PAR  12. Apparatus as set out in claim 9 also including sealing means for said
      enclosure to ensure that the portion of said metal blank to be formed is
      only exposed to the environment within said enclosure during heating and
      forming.
NUM  13.
PAR  13. Apparatus as set out in claim 12 wherein said sealing means includes a
      press.
NUM  14.
PAR  14. Apparatus as set out in claim 13 wherein said enclosure comprises upper
      and lower frame members; said metal blank is positioned between said frame
      members; and said seal means includes a metal O-ring and a high
      temperature sealant mounted between said metal blank and said lower frame
      member and in contact with a single continuous edge of said metal blank.
NUM  15.
PAR  15. Apparatus as set out in claim 13 wherein said enclosure includes upper
      and lower frame members; said metal blank is positioned between said frame
      members; and said sealing means includes a projection on said lower frame
      member in contact with a continuous edge of said metal blank.
NUM  16.
PAR  16. Apparatus as set out in claim 13 wherein said enclosure includes upper
      and lower frame members; said metal blank is mounted between said frame
      members; and said sealing means includes a pair of projections on said
      lower frame member in contact with a continuous edge of said metal blank,
      a cavity in said lower frame member between said projections, and means
      for providing inert gas to said cavity.
NUM  17.
PAR  17. Apparatus as set out in claim 12 wherein said inert gas is argon and
      said metal blank is titanium alloy sheet.
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ABST
PAL  In a press for hydrostatic extrusion which has a prestressed outer
      supporting member and an inner tube or liner, the end surfaces of the
      inner tube are inwardly inclined towards its center with an inclination of
      at least 1:20, and the seal holders which take up forces operating on the
      seals have inclined end surfaces which make contact with the inclined end
      surface of the inner tube. The sealing arrangement includes a first
      sealing ring with a cylindrical inner surface which contacts the punch and
      the die respectively, and an end surface making contact with the support
      ring, and a second sealing ring with an outer cylindrical sealing surface
      which makes contact with the inner tube and an inclined end surface which
      makes contact with the inclined end surface of the support ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to presses for hydrostatic extrusion.
PAR  2. The Prior Art
PAR  The present invention relates to a press for hydrostatic extrusion of the
      kind comprising a press stand in which there is arranged a pressure
      chamber formed from a high-pressure cylinder with an inner tube (liner)
      surrounded by at least an outer tube and/or a prestressed strip sheath, a
      pressure-generating punch insertable into the cylinder for generating a
      high pressure in a pressure medium enclosed in the pressure chamber, and a
      die insertable into the cylinder and having an opening with the
      cross-section which the extrusion product is to acquire. Between the inner
      tube (liner) of the cylinder and the pressure-generating punch and the
      die, respectively, there are seals, usually of the type containing a first
      sealing ring with a cylindrical surface making contact with the punch and
      the die, respectively, and an end surface making contact with a seal
      holder and a second sealing ring with an outer cylindrical surface making
      contact with the inner tube (liner) of the cylinder and an end surface
      making contact with said seal holder. Further the press comprises an
      operating device for inserting a billet into the high-pressure cylinder
      and for pushing in the pressure-generating punch into the cylinder for
      generating a pressure in a pressure medium surrounding the billet in the
      pressure chamber, which is required for extrusion, the billet material
      being pressed out through the die opening, thus obtaining a product having
      the desired cross-section. A press of the kind described above is
      described more fully in U.S. Pat. No. 3,620,059.
PAR  In hydrostatic extrusion the pressure in the pressure chamber is between 10
      and 15 kbar, which means that the stresses in the cylinder included in the
      pressure chamber will be very high. Furthermore, the pressure varies
      between 1 bar and the said high value for each work cycle, which results
      in risks of fatigue in the cylinder material. The corners of the inner
      surface of the cylinder and its end surfaces are subjected to the highest
      and most dangerous stresses and are thus most critical from the point of
      view of fatigue. In order to increase the life of the inner tube (liner) a
      reduction of the stresses in this critical part is necessary. Moving the
      seal inwards so that the outer part of the cylinder is not subjected to a
      radial pressure from the pressure medium is favourable from the point of
      view of fatigue. It is not possible to obtain a satisfactory support for a
      seal inside the cylinder at a distance from the end surface at the high
      pressure used because of the increase in diameter of the cylinder when the
      pressure is raised to the extrusion level. In order to obtain a
      satisfactory support, a support for the seal must be used which makes
      contact with the end surface of the inner tube and which bridges the whole
      gap between the cylinder wall and the pressure-generating punch and the
      die, respectively, both in case of unloaded and loaded pressure-chamber
      cylinder, apart from the necessary minor clearances.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention the stresses at the corner between the inner
      surface of an inner tube (a liner) and its end surfaces are reduced by
      making the end surfaces so that they incline towards the centre of the
      cylinder. To some extent a stress-reducing effect is then obtained similar
      to that obtained by moving seals in gaps between the cylinder and the
      pressure-generating punch and the die, respectively. The inclination of
      the end surface should be greater than 1:20, preferably greater than 1:10.
      In case of a tube thickness (liner thickness) of 50 mm, the end surface
      thus inclines 5 mm, i.e. the inner length of the tube will be 10 mm
      smaller than its outer length: The support of the seal may be in the form
      of a ring which forms part of a seal holder. The end surface of the ring
      facing the cylinder has substantially the same inclination as the end
      surface of the tube and makes contact with it. Usually the seal includes a
      first sealing ring having a cylindrical inner surface making contact with
      the punch and the die, respectively, and a second sealing ring having an
      outer cylindrical surface making contact with the inner tube (liner) of
      the cylinder and an inclined end surface making contact with the inclined
      end surface of the support ring.
PAR  The simple measure of making the inner tube of the cylinder with end
      surfaces inclined towards the centre of the cylinder instead of plane
      endsurfaces is surprisingly favourable from the point of view of strength.
      It appears to be possible to reduce the stress amplitude at the critical
      corner between the inner surface of the cylinder and its end surfaces by
      up to 20 percent and substantially to prevent the occurrence of tensile
      strains at the corner when maximum pressure prevails in the pressure
      chamber.
PAR  Theoretically a considerable increase of the life of the inner tube (liner)
      can be expected. A doubling, possibly a trebling of the life is feasible.
      Technically and economically, this is a great step forward, since the
      highpressure cylinder is an expensive press part and its length of service
      strongly influences the cost of the extrusion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is described more fully with reference to the accompanying
      drawings.
PAR  FIG. 1 shows schematically a high-pressure chamber in a hydrostatic
      extrusion press and
PAR  FIG. 2 on an enlarged scale the section of the highpressure chamber which
      is encircled in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, reference character 1 designates a press table, 2 a
      pressure-generating punch, 3 a die and 4 a high-pressure cylinder in a
      hydrostatic extrusion press the rest of which is not shown. The punch 2,
      the die 3 and the cylinder 4 form a pressure chamber 5. In the pressure
      chamber is a billet 6 which, under the influence of a surrounding pressure
      medium in the pressure chamber 5, is pressed out through the die opening 7
      and is formed into a rod 8 when the punch 2 is inserted into the pressure
      chamber by an operating cylinder (not shown).
PAR  The cylinder 4 is of the type which is built up of an inner exchangeable
      tube (liner) 10, a second tube 11 and a prestressed strip sheath 12, end
      pieces 13 and an outer protecting plate 14. The tube 11 and the strip
      sheath 12 are applied around the tube (liner) 11 in a prestressed manner,
      so that at atmospheric pressure the tube 11 is subjected to a radial force
      causing tangential compressive forces. By means of this prestressing the
      tensile strains in the inner tube (liner) 10 are limited to a permissible
      value when working pressure prevails in the pressure chamber 5. The end
      surfaces 15 of the tube (liner) 10 incline toward the centre of the
      cylinder 4. The corner 16 will then be located at a distance A from the
      corner 17. Between the end piece 13, which also forms part of a seal
      holder taking up axial forces operating on a seal, and the tube (liner) 10
      there is a support ring 18 which forms a second part of the seal holder
      for the seal 19, the end surface 20 of which facing the tube (liner) 10
      has completely or partly the same inclination as the surface 15 and makes
      contact with it. The seal 19 is of the type which includes two metal
      rings. A first sealing ring 21 has a cylindrical surface 22 making contact
      with the pressure-generating punch 2, a plane end surface 23 making
      contact with a plane part 24 of the side of the support ring facing the
      pressure chamber, and a conical surface 25 facing the tube 10. A second
      sealing ring 26 has a cylindrical surface 27 making contact with the tube
      (liner) 10, an inclined conical end surface 28 making contact with the
      inner part of the inclined surface 15 of the support ring 18, and a
      conical surface 29 facing the conical surface 25 of the ring 21. The axial
      position of the ring is thus fixed by the support ring and the sealing
      ring 26.
PAR  The dashed lines show how the dimensions of the high-pressure cylinder 4
      are widened when extrusion pressure prevails in the pressure chamber. This
      widening is important and involves considerable limitations when choosing
      the design of the seals and makes it practically impossible to locate the
      seal 19 inside the corner of the inner tube (liner) 10 in the gap between
      the tube (liner) 10 and the punch 2. The tube (liner) 10 is thus exposed
      to the extrusion pressure along its entire length. By making the end
      surface of the tube (liner) 10 inclined, a support is obtained which
      reduces the strains in the part which is most critical from the point of
      view of strength, namely the section around the corner 16.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high pressure apparatus with a pressure chamber having a high pressure
      cylinder comprising an inner tube 10 (liner) surrounded by a prestressed
      supporting member 11 and intended to enclose a pressure medium, a member
      projecting into the high pressure cylinder, a seal assembly comprising a
      seal holder 13, 18 at the end of the pressure chamber, first 21 and second
      26 sealing rings of metal, the first ring having an inner cylindrical
      surface 22 making contact with the member projecting into the cylinder and
      an end surface 24 making contact with the seal holder, the second ring 26
      having an outer surface 27 making contact with the cylinder wall and an
      end surface 28 making contact with the seal holder, the end surface of the
      inner tube being inwardly inclined towards the tube center and the seal
      holder having an inclined end surface abutting the inclined end surface of
      the inner tube.
NUM  2.
PAR  2. A high pressure apparatus according to claim 1, in which the end surface
      of the second sealing ring is inwardly inclined towards the tube center
      and abuts the inclined surface of the seal holder.
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ABST
PAL  An improved peening tool comprising a cylindrical body having a plurality
      of holes each adapted to receive a spherically shaped ball bearing. A
      sleeve member having a plurality of holes is located over the cylindrical
      body so that each hole in said sleeve is aligned with the hole in said
      cylindrical body. The diameter of the hole in the sleeve is less than the
      diameter of the spherically shaped ball. A rotatable driver body is
      located within said cylindrical body and contains an even number of
      individual rotatable hammers adapted to sequentially contact said
      spherical balls. During operation each hammer is free to rotate about its
      own axis thereby presenting a new contacting point for moving the
      spherical balls.
BSUM
PAR  This invention relates to an improved peening tool and more specifically to
      a peening tool that is constructed of a reduced number of parts and is
      more adapted to sustain punishment resulting from the peening activities.
PAR  The prior art has shown that the quality of surface metals is improved by
      the process of shot peening the surface of the metal. The process of shot
      peening requires that the surface material be impacted by spherically
      shaped steel ball bearings at right angles to the surface so as to impact
      the surface of the metal in a direction normal to the surface.
PAR  The specific techniques of shot peening large surfaces of metal have
      resulted in the surface metal being stronger and less resistent to
      fatigue, cracks and failures than surface metal that has not been
      subjected to shot peening methods. One theory indicates that the surface
      of the metal is compressed which has the effect of surface hardening the
      material by a plurality of hemispherical impressions. These hemispherical
      impressions not only harden the surface of the material but also prevent
      fatigue, cracks and other imperfections in the surface from propagating
      through the surface so as to cause a catastrophic failure of the metal.
PAR  Tests have shown that a peened surface has the effect of localizing cracks
      and fatigues at each spherical indentation. The net effect is that a
      peened surface can withstand more stress and fatigue without failure than
      an untreated surface material can stand.
PAR  The process of peening a metal surface to improve the strength of the
      material is not limited to a broad surface nor is it limited to any
      specific kind of metal. Peening of metal surfaces used in aircraft
      construction has been recognized as a necessary expedient which increases
      the strength of the aircraft without necessarily increasing or adding
      weight to the aircraft members.
PAR  The main structures of modern aircraft, which include both military and
      commercial, now includes special castings for joining the fuselage
      sections to the main spars and to the retractable wheel support members.
      These castings form the backbone of the aircraft and are subjected to the
      shot peening techniques mentioned above.
PAR  The benefits of shot peening a casting not only include the external
      surfaces of the casting but also include the internal diameters of the
      many blind holes located in any given casting. The problems associated
      with properly peening the internal diameters of the castings is the
      subject matter of the present invention.
PAR  The prior art has recognized that in order to properly peen the internal
      diameters of a blind hole in a casting that it is necessary to supply a
      hand-held tool having a plurality of spherical balls held in a preferred
      position that is normal to the walls of the hole to be peened. Proper
      peening action requires an internal hammer to selectively strike the ball
      and move the ball into contact with the internal diameter of the blind
      hole so as to produce the spherical indentation on the internal diameter
      which is necessary to obtain the benefits of the peening action.
PAR  A review of the prior art will show that on Oct. 5, 1971, U.S. Pat. No.
      3,610,008 entitled Peening Tool was issued to A. K. Foedisch. The Foedisch
      patent describes apparatus for peening the inside diameter of a hole. The
      problem of holding the individual steel ball bearings forming the peening
      tools is solved by Foedisch by creating a plurality of pair of raceways in
      which each pair traps a plurality of steel ball bearings. The assembly
      comprising the plurality of pairs of raceways is held together by pins in
      an attempt to create a unitary structure.
PAR  A centrally located hammer portion contains a scalloped edge in which the
      high points are adapted to contact the individual ball bearings thereby
      forcing the ball bearings radially into the internal diameter surface of
      the cylinder being peened.
PAR  The Foedisch patent represents a best state-of-the-art technique for
      peening the internal diameter of a cylinder. Unfortunately the large
      number of parts necessary to construct the Foedisch tool created a tool
      that was excessively expensive and had a limited useful life in the field.
      The forces generated by the hammer on the steel ball bearings continually
      loosen the pin structure holding the plurality of pairs of raceways
      together. Unfortunately the forces generated during the peening action
      tend to loosen the structure thereby reducing the efficiency of the
      peening tool and eventually allowing the individual ball bearings to move
      from their preferred position thereby disrupting operation of the peening
      device.
PAR  The prior art also discloses in U.S. Pat. No. 2,442,009, patented May 25,
      1948 to John E. Kline, a peening device also utilizing a plurality of ball
      bearings as the peening instrument. Here again the problem of holding the
      individual ball bearings is solved by utilizing a plurality of raceways
      bound together to hold the ball bearings in the defined relationship.
PAR  The peening operation should be differentiated from a burnishing or rolling
      operation which is used in the industry as a means of finishing either
      external surfaces or internal surfaces to a preferred diameter. A
      burnishing or rolling operation is more fully described in U.S. Pat. No.
      3,517,533 to J. Koznar which discloses the use of ball bearings in a
      rolling operation to finish outside diameter cylinders and also internal
      diameter cylinders to a predetermined diameter.
PAR  The peening operation requires an impacting of the peening tool at right
      angles or normal to the surface of the cylinder being peened. The surface
      must obtain a plurality of individual and discrete indentations caused by
      the peening tool in order to achieve the benefits resulting from the
      peening operation. The burnishing or rolling operation on the other hand
      is more akin to a cold rolling operation in which pressure of the
      individual ball bearings or rollers used against the surface of the
      material being treated is continuous and does not leave a plurality of
      individual discrete indentations as is so essential to the peening
      operation. It will be appreciated therefore that a peening operation must
      by necessity use discrete elements and cannot be achieved by a continuous
      application of a roller or continuous application of ball bearing
      elements.
PAR  In the present invention there is disclosed an improved peening tool
      utilizing a plurality of discrete ball bearing elements held in a single
      structural cylindrical body. The ball bearings are located in a plurality
      of individual holes of equal thickness located radially in the cylindrical
      body. The diameter of the individual holes is slightly larger than the
      diameter of the ball bearing in order to allow the ball bearing to move
      freely within the confines of the individual hole.
PAR  In the preferred embodiment a sleeve member having a plurality of reduced
      diameter holes is located coaxially over the cylindrical body. The sleeve
      is positioned so that each reduced diameter hole in the sleeve is
      juxtaposed over the corresponding larger diameter hole on the individual
      body. The reduced diameter of each of the holes in the sleeve member is
      slightly smaller than the diameter of the individual ball bearing thereby
      trapping the ball bearing within the hole located in the cylindrical body.
      The sleeve member is fixedly attached to the cylindrical body preferably
      by locating pins and by suitable soldering techniques to thereby insure
      that the sleeve member maintains a fixed and rigid position with respect
      to the cylindrical body. Other techniques such as creating an interference
      fit may be used to maintain the fixed relationship between the sleeve
      member and the cylindrical body.
PAR  A rotatable driver body is located within the hollow cylindrical body. The
      driver body contains a number of hammer members located in keyways on the
      periphery of the driver body. In the preferred embodiment each hammer
      portion is created in the form of a cylindrical steel pin located in a
      keyway that is slightly oversize with respect to the diameter of the steel
      pin.
PAR  The dimension of the steel hammer pins and the diameter of the driver body
      is chosen so that the individual hammer pins upon contacting the steel
      balls force the steel balls in an outward radial direction a distance
      beyond the external diameter of a sleeve member but at the same time
      without causing the steel ball to contact the reduced diameter hole
      located within the sleeve member.
PAR  It will be appreciated by those skilled in the art that the sleeve member
      forms the function of only trapping the steel ball and does not perform
      the function of holding the ball against the force exerted by the hammer
      pin when contacting the ball during the peening operation. In this fashion
      there is no wear upon the sleeve member and as a result the balls are held
      in place by the cylindrical body.
DRWD
PAR  Further objects and advantages of the present invention will be made more
      apparent by referring now to the accompanying drawings wherein:
PAR  FIG. 1 illustrates the portable improved peening tool;
PAR  FIG. 2 is a cross-sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a partial exploded view of the peening tool body;
PAR  FIG. 5 is a partial cross-sectional view illustrating the dimensional
      relationship between the hole in the cylindrical body, the hole in the
      external sleeve member and the hammer pins located on the driver body;
PAR  FIG. 6 is an exploded view illustrating the dimensional freedom of the
      individual ball bearing when not contacted by the hammer pins; and
PAR  FIG. 7 illustrates the peening action of the individual balls on the
      internal diameter of a cylinder when the balls are impacted upon by the
      hammer pins.
DETD
PAR  Referring now to FIG. 1, there is shown a peening tool 10 located within a
      cylinder 12 to be peened.
PAR  The peening tool 10 has a main body portion 14 containing a handle 16 which
      is threadedly engaged and locked to the main body portion by means of a
      suitable lock nut 18.
PAR  A suitable rotary driving device 20 which may be either a pneumatic
      operated device or an electrical operated device is connected to a shaft
      22 which forms an intrical portion of the peening tool 10.
PAR  Referring now to FIG. 2, there is shown a crosssectional view of FIG. 1
      taken along lines 2--2 of FIG. 1.
PAR  The main body portion 14 comprises at one end a relatively thick
      cylindrical portion containing a pair of split bearings 24 and 26. The
      other end of the main body portion 14 comprises a hollow cylindrical body
      28 constructed from the same block material forming the main body portion
      14.
PAR  The hollow cylindrical body 28 contains a plurality of equal diameter holes
      30 located radially in said cylindrical body. A spherically shaped ball,
      preferably a steel ball bearing 32, is located in each of the holes 30
      located in the hollow cylindrical body 28. The diameter of each of the
      balls 32 is less than the diameter of the holes 30 in order to allow the
      balls to freely move within the hole 30.
PAR  A relatively thin shelled hollow cylindrical sleeve member 34 having a
      plurality of reduced diameter holes 36 is located on the periphery of the
      main body portion 28. The sleeve member 34 contains the same number of
      holes 36 as contained on the hollow cylindrical body 28.
PAR  The sleeve member 34 has an internal diameter approximating the external
      diameter of the hollow cylindrical body 28 thereby allowing the sleeve
      member to be located coaxially over the cylindrical body and positioned so
      that each reduced diameter hole 36 on the sleeve member is juxtaposed over
      the larger diameter hole 32 located on the hollow cylindrical body 28. The
      sleeve member 34 is fixedly attached to the hollow cylindrical body 28 in
      a manner consistent with the state-of-the-art. In the preferred embodiment
      the internal diameter of the sleeve member 34 was made approximately two
      thousandths larger than the external diameter of the hollow cylindrical
      body 28 to facilitate a close fit of the sleeve member over the
      cylindrical body. Conventional silver soldering fixedly attaches the
      sleeve member to the body after the holes 36 on the sleeve member are
      aligned with the holes 30 located on the cylindrical body 28. It is also
      envisioned that an interference fit may be used while the sleeve member 34
      is heated and the cylindrical body 28 is cooled thereby providing a
      fixedly attached configuration without the necessity of soldering or other
      mechanical devices.
PAR  The reduced diameter holes 36 have a diameter that is smaller than the
      diameter of the balls 32 thereby effectively preventing the individual
      balls from falling out of the cylindrical body 28. The dimensional
      relationship is such that the diameter of the individual ball 32 must be
      greater than the combined thickness of the cylindrical body 28 and the
      thickness of the sleeve member 34.
PAR  Located within the peening tool 10 is a driver body 38 attached to the
      driving shaft 22 at one end and to a stud shaft 40 at the other end. The
      drive shaft 22 is supported by the bearings 24 and 26 located within the
      main body portion 14. The stud shaft 40 is supported by a bearing 42
      located within a collar 44. The bearing 42 is press fit within the collar
      44 so as to present a unitary structure and solid support for stud shaft
      40.
PAR  The collar 44 contains a circular shoulder 46 adapted to receive and hold
      the end portion of the hollow cylindrical body 28 and the sleeve member
      34. The shoulder 46 acts to centrally align the collar 44 within the
      cylindrical opening of the body 28 and assures the alignment of the stud
      shaft 40 with the drive shaft 22. The collar 44 is fixedly attached to the
      cylindrical body 28 and the sleeve 34 in order to insure a unitary
      structure that maintains alignment during operation of the peening tool.
      In a preferred embodiment the collar 44 is attached to the body 28 by
      means of soldering techniques or by means of suitably placed set screws
      located within the shoulder 44 engaging the end portions of the
      cylindrical body 28.
PAR  The drive body 38 contains a plurality of hammer pins that are adapted to
      contact the balls 32 as the driver body is rotated by means of the drive
      shaft 22. Details of the driver body and the plurality of hammer pins is
      more fully illustrated and described in connection with FIGS. 3, 5, 6 and
      7.
PAR  Referring now to FIG. 4, there is shown an exploded view of a portion of
      the hollow cylindrical body 28 and the sleeve member 34. The equal
      diameter holes 30 located in the cylindrical body 28 capable of accepting
      the balls 32 is more fully illustrated as is the reduced diameter hole 36
      located on the sleeve member 34. As mentioned previously the diameter of
      hole 30 is larger than the diameter of the ball to allow the ball free
      movement within the hole 30 whereas the diameter of the hole 36 is
      approximately twelve thousandths less than the diameter of the ball,
      thereby effectively preventing the ball from passing through the hole 36
      located in the sleeve member 34.
PAR  The problems overcome by the present invention are concerned primarily with
      the creation of a solid unitary cylindrical body 38 having a reduced
      opening on the periphery which effectively captures the balls within the
      openings in the body 28 without affecting or otherwise interfering with
      the movement of the balls within the openings provided. It is contemplated
      that in the further practice of the invention the sleeve 34 may be
      eliminated by creating a single hollow cylindrical body 28 having a
      reduced diameter along the external periphery that is sufficient to
      prevent the ball from passing through the opening in the body. Injection
      molding and casting techniques are presently within the state-of-the-art
      that would allow a single unitary structure to be cast having a reduced
      diameter on the peripheral portion and serving the function of the sleeve
      member 34.
PAR  Referring now to FIG. 3, there is shown a cross-section taken along lines
      3--3 of FIG. 1. The driver body 38 is shown located within the hollow
      cylindrical body 28 and the individual balls 32 are each shown located in
      position within the equal diameter holes 30 located along the periphery of
      the cylindrical body 28.
PAR  The driver body 38 consists of a single cylindrical body 48 having a
      plurality of keyways 50 located near the periphery of the body 50. The
      keyways 50 are preferably cylindrical and extend the length of the body
      38.
PAR  Located within each keyway 50 is a key 52 having the same general shape as
      the keyway 50. In the preferred embodiment the keyway 50 is constructed
      cylindrically and similarly the key 52 is constructed of the same
      cylindrical shape but having a diameter that is approximately two to three
      thousandths of an inch less than the diameter of the cylindrical keyway
      50. In this manner the individual cylindrical keys 52 nest within the
      cylindrical keyways 50 and are free to move when the body 48 is rotated.
      By constructing the cylindrical keys 52 of a smaller diameter than the
      cylindrical keyways 50 the individual keys are free to rotate within the
      cylindrical keyways during rotation of the body 38.
PAR  The external diameter 48 of the body 38 is selected to provide sufficient
      clearance between the internal diameter of the hollow cylindrical body 28
      and also large enough to contact the individual balls 32a so as to prevent
      the individual balls 32a from leaving the hole 30 located in the
      cylindrical body 28.
PAR  In addition, the position of the cylindrical keyway 50 and the diameter of
      the cylindrical key 52 is selected so that contacting of the periphery of
      the cylindrical key 52 on a corresponding ball 32 will forcibly move the
      ball 32 radially away in an outward direction, a distance that is less
      than the distance necessary to cause the ball to strike the reduced
      diameter hole 36 located on the sleeve 34.
PAR  In other words, during operation of the peening tool, the individual
      cylindrical keys 52, sometimes referred to as hammers or hammer pins,
      forcibly contact and move the individual balls 32 a given distance to
      produce the peening action on the internal wall of the workpiece being
      peened. The total movement of the ball 32 is such that the ball does not
      contact the reduced diameter 36 and hence it will be appreciated that the
      hole 36 located within the sleeve 34 only serves the function of
      restraining the ball when the peening tool is not in use and otherwise
      does not impede or interfere with the function of the peening tool when in
      operation.
PAR  In the preferred embodiment it was also found most desirable to use
      cylindrical keys 52 having a diameter equal to the diameter of the balls
      32. In the preferred embodiment the diameter chosen was 0.125 inches for
      both the balls 32 and the cylindrical keys 52.
PAR  The dimensional relationship between the thickness of the cylindrical body
      28, the diameter of the balls 32, the reduced diameter hole 36 located on
      the sleeve 34 and the diameter of the body 38 and the cylindrical keys 52
      will be more fully illustrated in connection with FIGS. 5, 6 and 7.
PAR  Referring now to FIG. 5, there is shown a cut-away cross-section
      illustrating the total movement of the ball 32 within the confines of the
      cylindrical body 28. The ball 32 is shown contacting the reduced diameter
      hole 36 located within the sleeve 34 so as to prevent the ball 32 from
      being removed or leaving the hole 30 located within the cylindrical body
      28. In the preferred embodiment the reduced diameter of the hole 36 is
      selected to allow a maximum projection of the ball 32 beyond the sleeve 34
      of approximately a one-third diameter of the ball. In this position with
      the ball 32 against the reduced diameter hole 36 it will be observed that
      the ball does not contact the cylindrical key 52 located within the driver
      body 38.
PAR  FIG. 5 is intended to illustrate only the dimensional relationship and
      shows the maximum movement of the ball 32 when the peening tool 10 is not
      located within a hole to be peened.
PAR  Referring now to FIG. 6, there is illustrated a partial cross-sectional
      view of the peening tool 10 located within a workpiece having a cylinder
      12 to be peened.
PAR  FIG. 6 illustrates the driver body 38 contacting the ball 32a in a similar
      fashion as illustrated in connection with FIG. 3. The purpose of FIG. 6 is
      to show the dimensional relationship between the diameter of the driver
      body 38 and the ball 32a so as to illustrate the fact that the ball 32a is
      still trapped within the hole 30 located in the cylindrical body 28. It
      will be observed that the ball 32 in contacting the external diameter of
      the driver body 38 is free to move within the confines of the hole 30 but
      is otherwise restricted.
PAR  Referring now to FIG. 7, there is shown an enlarged view of the peening
      tool 10 located within a workpiece having a cylinder 12 to be peened. The
      driver body 38 is located so as to force the cylindrical key 52 against
      the opposing balls 32 as more fully illustrated in FIG. 3.
PAR  The dimensions of the individual peening tool are of course proportioned to
      the internal diameter of the cylinder 12 to be peened. It will be
      appreciated that FIG. 7 is representative of the dimensional relationship
      that must exist between any size peening tool and any size diameter hole
      being peened. However, it will be appreciated that the same general
      dimensional relationship described in connection with these figures must
      exist for any given sized peening tool.
PAR  During the peening operation the driver body 38 is rotated causing the
      cylindrical key 52 to contact the balls 32 so as to force the balls
      radially outward and against the internal diameter of the cylinder 12. The
      total movement of the balls 32 will in the preferred operation cause a
      penetration depending on the material of the cylinder 12. It will be
      observed, however, that during the peening operation with the ball 32
      forced into the wall of the cylinder 12 that the ball does not contact the
      reduced diameter 36 located in the sleeve 34. The operator of the peening
      tool simply moves the tool 10 vertically in an up and down direction while
      the rotary driving device 20 rotates the driver body 38 through the shaft
      22. The resulting operation will produce a plurality of discrete
      hemispherical indentations in the internal diameter of the cylinder 12.
PAR  In the preferred embodiment, using steel ball bearings as the peening
      element having a diameter of 0.125 inch, it has been discovered that the
      external diameter of the complete peening tool should be approximately
      0.002 to 0.004 inch smaller than the internal diameter of the hole to be
      peened. The dimensions will of course vary depending on the size of the
      hole to be peened and the depth of the indentations required.
PAR  Experience has shown that utilizing a single body construction allows a
      maximum number of ball bearings to be used. For example, utilizing a 0.125
      inch diameter ball bearing allows a tool to have 15 holes on a circle that
      are located approximately 24.degree. apart. The length of the tool is of
      course optional but for any given length more ball bearings can be made to
      impact upon the workpiece thereby producing a more efficient peening
      operation and at lower cost.
CLMS
STM  I claim:
NUM  1.
PAR  1. A peening tool comprising:
PA1  a solid cylindrical body having a centrally located hollow portion defining
      a given body thickness,
PA1  a plurality of holes in said body thickness located radially in said
      cylindrical body,
PA1  said holes having a reduced diameter near the peripheral portion of said
      hollow cylindrical body,
PA1  a spherically shaped ball located in each of said holes and having a
      diameter less than the largest diameter of said hole but greater than said
      reduced diameter and greater than said body thickness, and
PA1  a rotatable driver body located within said hollow cylindrical body and
      having a plurality of individual rotatable hammers adapted to sequentially
      contact said balls.
NUM  2.
PAR  2. A peening tool according to claim 1 which includes a shoulder portion of
      reduced diameter near said external diameter.
NUM  3.
PAR  3. A peening tool according to claim 1 in which said spherically shaped
      ball is a steel ball bearing.
NUM  4.
PAR  4. A peening tool according to claim 1 in which said solid cylindrical body
      is comprised of a first portion and a second portion,
PA1  said first portion comprises a solid cylindrical body having an internal
      diameter and an external diameter defining a given thickness, and
PA1  which includes a plurality of equal diameter holes in said thickness
      located radially in said cylindrical body,
PA1  said second portion includes a plurality of axially aligned holes of
      reduced diameter.
NUM  5.
PAR  5. A peening tool according to claim 4 in which said second portion
      comprises a solid cylindrical sleeve coaxial with the solid cylindrical
      body of said first portion, and in which
PA1  said sleeve has a plurality of reduced diameter holes equal to and aligned
      with the equal diameter holes on the cylindrical body of said first
      portion.
NUM  6.
PAR  6. A peening tool according to claim 5 in which said sleeve is fixedly
      attached to said solid cylindrical body to maintain the alignment of said
      reduced diameter holes on said sleeve with said equal diameter holes on
      said cylindrical body to form a unified contiguous body structure.
NUM  7.
PAR  7. A peening tool according to claim 6 in which said sleeve has an internal
      diameter that is 0.002 to 0.003 inch greater than the external diameter of
      the cylindrical body of said first portion whereby said sleeve can slip
      over said first portion, and in which said sleeve is soldered in position
      onto said first portion to maintain said fixed relationship.
NUM  8.
PAR  8. A peening tool according to claim 4 in which the diameter of each of
      said balls is greater than the combined thickness of said first portion
      and said second portion, and less than the diameter of said equal diameter
      holes.
NUM  9.
PAR  9. A peening tool according to claim 1 in which said driver body contains a
      plurality of keyways each adapted to hold a key, and a key located in each
      keyway for contacting said balls.
NUM  10.
PAR  10. A peening tool according to claim 9 in which said keyways are circular
      and said keys are circular for nesting within said keyways.
NUM  11.
PAR  11. A peening tool according to claim 10 in which said circular keyways are
      located near the periphery of said driver body for allowing not more than
      a one-third diameter portion of said circular keys to extend beyond the
      diameter of said driver body.
NUM  12.
PAR  12. A peening tool according to claim 10 in which the diameter of said
      circular keyways is greater than the diameter of said circular keys
      whereby each of said keys is free to rotate within said keyway.
NUM  13.
PAR  13. A peening tool according to claim 10 in which the diameter of each of
      said balls and the diameter of each of said circular keys is the same.
NUM  14.
PAR  14. A peening tool according to claim 10 in which each of said circular
      keys is a cylindrical steel pin.
NUM  15.
PAR  15. A peening tool according to claim 1 in which the diameter of said drive
      body prevents removal of said balls between said plurality of hammers.
NUM  16.
PAR  16. A peening tool according to claim 1 in which said individual hammers
      contact and move said balls,
PA1  said total movement of said balls while being contacted by said individual
      hammers being less than the distance necessary to cause said balls to
      strike the reduced diameter of said hole.
NUM  17.
PAR  17. A peening tool according to claim 1 in which said cylindrical body
      includes a main body portion at one end containing bearings for supporting
      said rotatable driver body and a removably attached bearing member at the
      other end of said body for supporting the opposite end of said driver
      body.
NUM  18.
PAR  18. A peening tool comprising:
PA1  a solid cylindrical body having a centrally located hollow portion defining
      a given body thickness,
PA1  a plurality of cylindrical holes located radially in said body,
PA1  a spherically shaped ball located in each of said holes and having a
      diameter that is less than the diameter of said hole, and
PA1  a sleeve member having a plurality of reduced diameter holes located
      coaxially over said cylindrical body with said reduced diameter hole in
      said sleeve juxtaposed over said larger diameter hole in said cylindrical
      body.
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ABST
PAL  A vibration-resistant, thread-forming screw. The screw has an elongated
      shank made of a solid, one-piece body and provided with an interior core
      portion which, in any plane normal to the shank axis, has a circular
      configuration. Integral with and projecting radially from this core
      portion are a plurality of lobes uniformly distributed circumferentially
      about the shank axis and extending along spirals which progress angularly
      about the shank axis in a direction opposite to the thread. Each lobe has,
      in the direction in which the screw is turned into a body, an elongated
      leading leg which progresses gradually away from the shank axis in the
      latter direction of turning and a relatively short trailing leg which
      returns abruptly toward the shank axis before joining the leading leg of
      the next lobe. A specially shaped die for forming the screw.
PARN
PAR  This is a division of U.S. patent application Ser. No. 251,023, filed May
      8, 1972, now U.S. Pat. No. 3,850,074, which in turn is a
      continuation-in-part of U.S. patent application Ser. No. 54,716, filed
      July 14, 1970 and Ser. No. 007,280, filed Jan. 30, 1970, both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to screws and the formation thereof; and it
      relates to dies for forming self-thredding lobular screws.
PAR  In one particular, the present invention relates to vibration-resistant
      screws.
PAR  It is, of course, well known to design screws in such a way that they will
      resist vibrations and remain in the threaded bores into which they are
      turned. However, problems are encountered because such screws have shank
      portions which yieldably flex to a substantial degree because of the
      spring, yieldable nature of the structure. Because of this latter
      property, from which the characteristic of resistance to vibrations flows,
      it is difficult to achieve from such screws the additional capacity for
      efficiently forming a thread so that the screws can be considered as
      self-tapping as well as vibration-resistant.
PAR  On the other hand, self-tapping screws which form their own threads as they
      are turned into a bore have relatively rigid shanks and threads so that
      the threads and the remainder of the shank will be able to withstand the
      excessive torque to which the screw is subjected during the thread-forming
      operation.
PAR  It has already been proposed to provide a vibration-resistant screw
      structure which is also self-tapping by giving the shank a lobular
      configuration. However, at the present time, screws of this latter type
      are still sufficiently springy to yield undesirably under stress.
      Moreover, such screws are expensive to manufacture, requiring a plurality
      of operations in the manufacturing process.
PAR  A further difficulty is encountered in the formation of self-tapping screws
      having lobular thread formations in that certain lobular configurations do
      not lend themselves readily to formation by rolling between a pair of dies
      which move along in fixed parallel planes.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a vibration-resistant
      screw which is also capable of forming its own thread while at the same
      time being capable of resisting the torque to which the screw is subjected
      during the thread-forming operations.
PAR  In addition, the present invention serves to provide a screw of the above
      type which, while being robust, at the same time can be manufactured very
      simply and inexpensively in a single operation.
PAR  Furthermore, the present invention serves to provide a screw shank
      structure which will enable the screw to form a thread when the screw is
      turned into a body with minimal torque requirements.
PAR  Furthermore, the present invention serves to provide a screw of the above
      general type which functions more to displace the material of the body
      into which the screw is threaded while forming threads, as distinct from
      actually cutting the body, for achieving in the body which is formed with
      a thread by the screw of the invention, an engagement with the screw which
      will provide reliable resistance to pulling of the screw out of the body
      and which at the same time will achieve for the threaded bore which is
      formed in the body by the screw a minimal inner diameter.
PAR  Furthermore, the present invention serves to provide a screw which operates
      to form in the body of material into which the screw is threaded, a fuller
      thread formation to enhance the tightness and vibration-resistance of the
      screw in the body, and at the same time to provide clearance for
      unobstructed metal flow during threading so that threading torque is
      minimized.
PAR  Furthermore, the present invention, in one aspect thereof, provides novel
      arrangements for forming lobular threaded screws from round blanks.
PAR  Furthermore, the present invention, in another aspect thereof, provides
      novel die formations by which lobular self-tapping screws can be formed by
      rolling between dies in a smooth thread rolling operation.
PAR  Furthermore, the present invention provides novel methods for rolling
      self-tapping screw threads with lobular formations while the screw on
      which the threads of lobular configuration are being formed is
      automatically supported for smooth rolling movement between a pair of
      rolling dies, even though the lobular formations or lobes are
      non-symmetrical.
PAR  According to one aspect of the invention, there is provided a screw with a
      shank having an exterior thread formed along exterior non-symmetrical
      lobes distributed about the axis of the shank and progressing spirally
      there-along in an angular direction opposite to the thread. The shank has,
      in any plane normal to the shank axis, an inner core portion of circular
      cross-section with the lobes integrally projecting radially beyond the
      core. Each lobe is non-symmetrical in that it has, in the direction in
      which the screw is turned into a body, an elongated leading leg which
      progresses gradually away from the shank axis in the direction of turning
      in of the screw and a relatively short trailing leg which abruptly returns
      toward the axis of the shank before joining the leading leg of the next
      lobe. The thread depth is full and uniform throughout both the leading and
      trailing legs of each lobe.
PAR  The spiral arrangement of non-symmetrical lobes over which threads of full
      and uniform depth are formed provides a clearance for metal flow in an
      unobstructed manner so that threads of greater depth may be formed with a
      minimum of turning torque. This occurs because the highest point of each
      lobe, which causes maximum metal displacement, is immediately adjacent the
      lowest point of the next axially adjacent lobe, and the root of the lowest
      point of this next axially adjacent lobe being immediately contiguous with
      and considerably lower than the root of the lobe causing metal
      displacement, provides an unexpectedly large clearance to allow
      unobstructed metal flow for formation of maximum depth threads.
PAR  According to a further aspect of the present invention, both threads and
      lobes are formed on a screw shank in a single rolling operation. This
      permits the rolling of a screw shank of circular cross-section so that,
      following the rolling operation, the screw shank is not only threaded but
      the threads thereon follow lobular contours. Also according to this
      further aspect of the invention, because of the spiralled lobe
      arrangement, different portions of the different lobes along the screw
      length are formed at any one time during rolling. This permits a
      distribution of the lobe-forming pressures so that, during rolling, the
      overall rolling force remains substantially constant while the regions of
      maximum lobe-forming pressure shift axially along the length of the screw.
PAR  According to the present invention, there are also provided novel thread
      rolling dies having thread-forming indentations in a working surface
      thereof. The indentations are undulated with respect to the plane of the
      working surface; and the undulations in the adjacent thread-forming
      indentations define a group of adjacent columns, each extending across the
      die at an acute angle with respect to the direction of relative die
      movement. In the illustrative embodiments, this angle is chosen to be
      sufficiently acute so that a line drawn along the working surface of the
      die perpendicular to its direction of movement from any location
      therealong will cross corresponding points along the undulations in at
      least two different columns. This novel thread rolling die configuration
      provides stable support during the formation of lobes and threads even
      though the lobes themselves may be of non-symmetrical contour.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent construction as do not depart from the spirit and scope of the
      invention.
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a screw of the invention;
PAR  FIG. 2 is a somewhat schematic transverse section of the screw of FIG. 1
      taken along line 2--2 of FIG. 1 in the direction of the arrows;
PAR  FIG. 3 is an enlarged fragmentary view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a front elevational view of a thread rolling die according to the
      present invention;
PAR  FIG. 5 is a diagrammatic plan view illustrating thread rolling operation of
      thread dies as shown in FIG. 4; and
PAR  FIG. 6 is an enlarged section view illustrating the action of die
      undulations in forming screw thread lobes according to the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, it will be seen that the screw 10 of the
      present invention which is illustrated therein has a head 12 and an
      elongated shank 14. This shank 14 has an exterior thread 16. Also at its
      exterior, the shank has a plurality of lobes 18, shown on an enlarged
      scale in FIG. 2, and these lobes 18 are circumferentially distributed
      about the axis of the shank 14 and extend spirally therealong in an
      angular direction opposite from the thread 16, as apparent from FIG. 1.
PAR  As may be seen from FIG. 2, in any plane which is normal to the shank axis,
      the shank has an inner core portion 20 which is of circular configuration
      and concentric with such axis, within the dot-dash line circle 21. The
      lobes 18 project radially from and are integral with the core portion 20,
      as is apparent from FIG. 2, and thus the core portion constitutes the
      central shank portion within the generated circle 21 coaxial with the
      shank axis.
PAR  When the screw is turned into a body, the screw is turned in the direction
      of the arrow 22 indicated in FIG. 2. It will be seen that in this turning
      direction 22, the lobes are non-symmetrical. That is, each lobe 18 has an
      elongated leading leg 24 which progresses gradually away from the axis of
      the shank in the direction of turning 22. Also, each lobe has a trailing
      leg 26 which abruptly returns inwardly toward the shank axis and which is
      much shorter than the longer leg 24. Each leg 24 is convexly curved and
      merges smoothly into the trailing leg 26 which is concave only at its
      innermost region where it adjoins the circular core portion 20 and the
      leading leg of the next lobe, as is apparent from FIG. 2. The progression
      of each leading leg 24 away from the axis of the shank is continuous, as
      shown in FIG. 2, from the beginning of the leading leg up to its merger
      with the abruptly returning trailing leg 26. Moreover, as may be seen from
      FIG. 2, the thread 16 has between its crest 28 and its root 30 a uniform
      radial width. Thus, the configuration of the lobes 18 at the crests 28 of
      the thread 16 matches with the configuration of the lobes along the thread
      root 30.
PAR  In practice, it has been found best to provide, in any plane normal to the
      shank axis, three lobes uniformly distributed about this axis with each
      lobe extending over an arc close to 120.degree., as is apparent from FIG.
      2.
PAR  The above-described screw of the invention can simply and inexpensively be
      manufactured by using a thread roll-die, since the lobes are spiral, and
      the same pressure is used along the entire length of the screw, so that
      slippage in thread rolling is at a minimum. Moreover, roundness of the
      finished screw is maintained since there is no interruption in the rolling
      of the lobes, as would be the case if the lobes simply extended axially.
PAR  Thus, the screw is manufactured in one simple operation of rolling,
      simultaneously with the threading of the screw, as contrasted with various
      other thread-forming screws which must be made of pre-drawn trilobular
      wire headed by specially made trilobular heading dies and by various other
      specially shaped tools which are required to accommodate the trilobular
      blank.
PAR  Screws of the present invention have been found to perform well in a
      standard "pull-out" test. This is because the lobes are spirally situated
      and a high point of a lobe is always found at the exterior of the screw
      around the entire 360.degree. of the shank, a pull-out will engage
      360.degree. of the mating member. Thus, much more force will be required
      to pull out the screw of the invention than any other type of lobular
      screw which has all of the lobes distributed axially along the shank.
PAR  After the screw of the invention has been used to form the thread in a hole
      of a body into which the screw is turned, since the lobes are situated so
      as to "wipe" in a thread and simultaneously form spirally a thread which
      is tapped in smoothly around 360.degree. of the shank, an especially low
      torque results.
PAR  Each lobe on the screw has the configuration described above where it
      gradually, yet continuously, rises out to its maximum distance from the
      shank axis and then abruptly drops back in toward the axis, before the
      gradual rise which forms the next lobe. Each lobe thus progresses
      gradually away from the shank axis in the direction in which the screw is
      turned into a body. When the screw is backed out of the threaded bore, the
      abrupt heel formed by the shorter leg of each lobe will offer resistance
      to unscrewing, since the metal of the mating threaded part will tend to
      close in behind the heel or shorter leg of each lobe during formation of
      the thread.
PAR  Since the threads thus rise and fall according to the conformation of the
      lobes described above, it is possible to achieve the thread-forming
      operations in a much easier manner since a lower torque is required than
      would be the case with the use of, for example, three lobes each of which
      is of a symmetrical construction, as is encountered with other
      thread-forming screws.
PAR  Therefore, with the above-described screw of the invention, the starting
      torque is substantially lowered. It has also been found that for any given
      round hole into which the screw is tapped, a much fuller thread is formed.
      As is well known, thread-forming screws displace metal in the mating
      member so that the metal moves in both directions, moving to form both
      major and minor diameters. With the screw of the present invention, the
      effect is to displace metal to a greater degree, making for a smaller
      dimension of the major diameter in the part which is threaded. In other
      words, if a cylindrical plug gauge is inserted into the hole in which the
      thread has been formed by the screw of the invention, it will be found
      that a smaller plug gauge will be required to be inserted into the tapped
      hole than into any other tapped hole which has been thread-formed by a
      conventional screw. It follows, therefore, that with the screw of the
      invention, there is a much greater engagement with the threaded body and a
      much greater holding power.
PAR  Thus, the particular trilobular construction of the screw of the present
      invention allows the screw to form a thread. As is apparent from the above
      description, however, the thread-forming operations are greatly
      facilitated by the particular construction of the lobes referred to above.
      Inasmuch as the lobes are disposed about the shank axis in a spiral, the
      formation of the thread in a body into which the screw is turned is
      performed smoothly and without any interruption, thus further facilitating
      the thread-forming operation. Accordingly, the thread-forming screw is
      especially suitable to function as a tapping device and the definition
      thread-forming screw is intended to comprehend within its scope such
      tapping device having the characteristic lobular construction
      aforedescribed.
PAR  The manner in which the spiralled lobal arrangement and thread
      configuration of the present invention operates to obtain fuller depth
      threads with minimal interference can best be seen in the fragmentary
      section view of FIG. 3. The section shown in FIG. 3 is taken along a plane
      which passes through the axis of the screw. Since the lobes 18 are
      spirally arranged about the circumference of the screw, the plane of the
      section of FIG. 3 cuts the lobes on adjacent threads along the length of
      the screw at a different location thereon. Thus, whereas one lobe 18a is
      cut by the section plane at its highest point, successive lobes 18b, 18c,
      etc., on successively adjacent threads to the left of the one lobe 18a are
      cut at successively lower points along their respective gradually rising
      leading legs 28 (FIG. 2).
PAR  The lobe immediately to the right of the highest cut lobe 18a, i.e., lobe
      18d, however, is cut by the section plane at its lowest point, so that the
      thread formation thereon is closer to the axis of the screw. This occurs
      because the trailing leg 26 (FIG. 2) of the lobes drops abruptly so that,
      with the lobes being spiralled, the lowest point on the lobe 18d is in
      axial alignment with the highest point on the lobe 18a.
PAR  Continuing along to the right in FIG. 3, it will be seen that the section
      plane cuts each successive lobe to the right of the lobe 18d, i.e., lobes
      18e, 18f, etc., at successively higher points up to the highest point of a
      lobe 18g. The same section plane, however, cuts the next adjacent lobe,
      18h, at its lowest point for the reason set forth above in connection with
      lobe 18d.
PAR  Noted it will be noted from FIG. 3, that the threads on the screw maintain
      their full thread height and configuration at every location along each
      lobe irrespective of where the lobe is cut by the section plane. Because
      of this, it will be noted, in those situations where the highest point
      along one lobe is axially adjacent to the lowest point on another lobe,
      e.g., between lobes 18a and 18d and between lobes 18g and 18h, a clearance
      space 30 exists. This clearance space accommodates the flow of metal which
      is at a maximum in the region of the highest point of each lobe. This
      permits metal to flow unobstructedly in a manner which allows the
      formation of threads of maximum depth without the interference which
      usually accompanies swage-type thread-forming operations. The formation of
      full depth threads permits the screw to achieve maximum thread contact
      surface area so that the vibration-resistance of the screw is enhanced.
PAR  FIG. 4 shows a roll die 32 used to form the lobular screw threads described
      above. The roll die 32 comprises an essentially rectangular block of
      hardened metal having a working face 34 lying in the plane of the drawing.
      Alternate grooves 36 and ridges 38 are formed in the working face 34 and
      these grooves and ridges have a cross-sectional configuration
      corresponding in size and configuration to the cross-section of the thread
      to be formed. It will also be noted that the grooves 36 and the ridges 38
      extend at an angle .alpha. with respect to an upper edge 39 or direction
      of relative movement of the die, this angle corresponding to the pitch
      angle of the thread to be rolled.
PAR  The thread-forming grooves 36 and ridges 38 follow undulations 40 in the
      plane of the working face 34 of the die. These undulations rise gradually
      up out of the plane of the working surface in a direction moving from
      right to left in the drawing and then they drop abruptly back into the
      working surface and begin a subsequent gradual rise. The undulations 40 in
      each groove 36 and ridge 38 are shifted slightly to the left with respect
      to the undulations 40 in the groove and ridge immediately thereabove. As a
      result, undulations 40 are arranged in columns which form an acute angle
      .beta. with respect to the upper edge 39 or direction of relative movement
      of the die 32. The angle .beta., which corresponds to the spiral pitch of
      the thread lobes formed by the die, is small enough so that along any
      imaginary line (e.g., phantom line 42) drawn perpendicular to the upper
      edge 39 of the die, at any location therealong, such line will be
      intersected by the highest points (e.g., points 44 and 46) of the
      undulations in two different columns.
PAR  In operation, two of the dies 32 are positioned with their working faces 34
      parallel to each other and spaced apart, as shown in FIG. 5, by an amount
      sufficient to accommodate a shank 48 of a blank to be threaded and formed
      into the screw 10 of FIG. 1. The dies 32 are then moved in the planes of
      their working faces 34 in mutually opposite directions, as indicated by
      the arrows A and B in FIG. 5, so that the shank 48 is rotated clockwise,
      as indicated by the arrow C.
PAR  During the initial portion of the thread rolling operation, the
      non-undulated portions of the grooves 36 and ridges 38 in the dies 32 form
      threads about the shank 48 in conventional manner. Thereafter, however,
      the undulations 40 engage the shank 48 and these operate, as illustrated
      in FIG. 6, to form the lobes 18 in the screw threads.
PAR  Because the undulations 40 are formed at an angle .beta. with respect to
      the upper edge of the dies 32, or more particularly, with respect to the
      path of die movement, the shank 48 is engaged at all times by the highest
      points of at least two undulations 40 on the dies 32. Consequently, the
      dies support the shank in a stable manner and permit it to roll smoothly
      even though the dies are, during the rolling operation, imposing lobes on
      the screw.
PAR  In the present situation, the twisted or spiralled arrangment of the thread
      lobes permits them to be formed by rolling without the need for special
      arrangement for shifting the planes of the die element working surfaces.
      Also, with the present invention, it is possible to roll various lobular
      thread configuration without need for specially shaped screw blanks. In
      fact, circularly cross-sectioned screw blanks may be provided; and when
      these are rolled with dies according to the present invention, the blank
      axis remains stably supported equidistant between the two die surfaces.
PAR  By maintaining the blank axis in a fixed plane equidistant from the two die
      surfaces, the blank, when pretapered, may be formed with a point
      configuration having threads which are undistorted and which permit screw
      starting in previously drilled but untapped holes without need for
      excessive axial thrust on the screw.
PAR  It will be understood that while the dies shown herein are flat, the
      principles of the present invention are applicable to curved dies between
      which elements to be threaded move along an arcuate path.
PAR  Having described the invention with particular reference to the preferred
      forms thereof, it will be obvious to those skilled in the art to which the
      invention pertains, after understanding the invention, that various
      changes and modifications may be made therein without departing from the
      spirit and scope of the invention, as defined by the claims appended
      hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thread forming die for rolling lobed thread-forming screws from
      circular shanks, said die comprising a hardened block shaped along a
      working surface thereof with thread-forming indentations having
      cross-sections corresponding to a desired formed thread cross-section,
      said thread-forming indentations each being undulated with respect to the
      plane of said working surface, with the undulations being arranged in
      columns extending across the indentations, said columns extending at an
      acute angle with respect to the direction of die movement, said acute
      angle being related to the spacing of said undulations such that a line
      drawin perpendicular to the direction of die movement will intercept
      corresponding points along undulations in at least two different columns
      so that a screw shank rolled by said die will at all times be engaged by
      the highest points of at least two undulations.
NUM  2.
PAR  2. A thread-forming die according to claim 1, wherein said undulations are
      non-symmetrical in that, between adjacent columns, they rise gradually out
      of the plane of said working surface and return abruptly back toward said
      working surface.
NUM  3.
PAR  3. A tread-forming die according to claim 1, wherein the cross-sectional
      size and configuration of said indentations remains constant throughout
      said undulations.
NUM  4.
PAR  4. A thread-forming die according to claim 1, wherein siad undulations are
      located only in the trailing region of the die.
NUM  5.
PAR  5. A method of forming lobed thread contours on a cylindrical blank, said
      method comprising the step of rolling said blank between a pair of
      lobe-forming surfaces which apply pressure by different amounts to
      different circumferential regions of said blank at each axial location
      during rolling thereof while at each instant during rolling applying
      pressure by different amounts to different mutually adjacent axial regions
      of said blank and similar amounts to mutually separated axial regions of
      said blank, said lobe-forming surfaces applying a substantially constant
      total pressure against the entire length of said blank during rolling
      thereof to maintain a smooth rolling operation.
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PAL  A dual purpose spring coiling machine adapted for two point and single
      point coiling and particularly adapted for convenient and rapid
      convertibility from one form of coiling to the other. The machine
      comprises a coiling tool slide assembly mounted on a frame generally
      opposite a wire feed and guide means and adjacent a coiling station. The
      tool slide assembly comprises a coiling tool slide and a guide mountable
      selectively on the frame in three discrete positions. Right and left-hand
      two point coiling positions respectively employ mounting of the guide in
      first and second positions inclined upwardly and downwardly 221/2.degree.
      from the horizontal. Single point coiling is achieved with the guide
      mounted horizontally. Coiling tool holders mounted on the slide may be
      selectively moved from one position to another for right and left-hand
      coiling with a first holder mounted on and movable with the slide. A
      second holder is mounted indirectly on the slide with a lever pivotally
      connected with the slide at an intermediate portion, fixed at one end
      portion and carrying the tool holder an an opposite and free end portion.
      The said holder is movable with and relative to the slide along an arc
      during rectilinear sliding movement. With the slide and tool holder
      arrangement diameter adjustments and control is achieved simultaneously
      through slide adjustment and control. A manual control takes the form of a
      screw and lock nut engageable with the slide and entered through threaded
      openings in the frame selectively with the guide in each of its three
      positions. An automatic control comprises an actuating lever and link
      selectively connectible with the slide in each of the three guide
      positions. The control also includes cam and motion transmitting means for
      operation of the control in timed relationship with the feed means and for
      diameter adjustment during coiling. A third tool holder for single point
      coiling is mounted on the slide with the guide in the horizontal position
      and the holder includes adjustment means for positioning a coiling tool
      above and below the line of wire feed respectively for right and left-hand
      springs. The manual and automatic diameter adjustment and control means
      are also operable with the slide and guide in horizontal position for
      single point coiling. A pair of laterally spaced locating pins projecting
      rearwardly from the guide are entered selectively in three pairs of
      locating holes in the frame for convenience in changing from one position
      to another and/or from one form of coiling to another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved spring coiling machine of the
      general type which is adapted for the intermittent feeding of
      predetermined lengths of wire, the said lengths of wire being coiled
      during feeding to form springs and the wire being cut off on completion of
      feeding and coiling. While not necessarily so limited, the invention is
      particularly applicable to spring coiling machines of the type shown in
PA1  U.s. pat. No. 2,119,002 issued May 31, 1938 to Bergevin and Nigro.
PA1  U.s. pat. No. 2,455,863 issued Dec. 7, 1948 to E. W. Halvorsen.
PA1  U.s. pat. No. 2,820,505 issued Jan. 21, 1958 to E. E. Franks et. al.,
PA1  U.s. pat. No. RE24,345 issued Aug. 20, 1957 to C. R. Bergevin,
PA1  U.s. pat. No. 2,902,079 issued Sept. 1, 1959 to Costello et al.,
PA1  U.s. pat. No. 2,923,343 issued Feb. 2, 1960 to Franks,
PA1  U.s. pat. No. 2,925,115 issued Feb. 16, 1960 to Franks,
PA1  U.s. pat. No. 3.009,505 issued Nov. 21, 1961 to Franks,
PA1  U.s. pat. No. 3,068,927 issued Dec. 18, 1862 to Bergevin, and
PA1  U.s. pat. No. 3,402,584 issued Sept. 24, 1968 to Cavagnero.
PAR  More particularly, the invention relates to improved tooling in spring
      coiling machines of the general type mentioned and improvements in
      mounting elements etc. in the machine which relate to the tooling. Such
      improvements adapt the machine for both two point and single point coiling
      and, moreover, change over from one form of coiling to the other is
      achieved with a high degree of ease and convenience. As is well known,
      single point coiling is favored in the United States and two point coiling
      throughout much of the remaining areas of the world.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide a dual purpose
      spring coiling machine adapted for both two point and single point
      coiling, and adapted further for the ready change over from one coiling
      form or mode to another and from right to left-hand coiling in each
      coiling form or mode.
PAR  A further object of the invention involves the provision of an improved
      mounting means for first and second coiling tool holders carried by a
      single tool slide but mounted thereon in such manner as to provide for the
      simultaneous adjustment of coiling tools or points in different directions
      merely by adjustment of the slide.
PAR  A still further object of the invention is to provide for a mounting means
      on a tool slide whereby one tool holder may be adjusted approximately
      along a line which departs angularly a substantial extent from the line of
      movement of the slide.
PAR  A still further object of the invention resides in the provision of such a
      mounting means wherein the adjustment of said one tool holder occurs along
      a shallow arc approximating a straight line adjustment.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view in a somewhat schematic form and illustrating
      a dual purpose spring coiling machine constructed in accordance with the
      present invention.
PAR  FIG. 2 is an enlarged fragmentary front view of the machine of FIG. 1
      showing a coiling station, feed and guide means and a tool slide assembly
      constructed in accordance with the present invention, the tool slide
      assembly being positioned for two point right-hand coiling.
PAR  FIG. 3 is a fragmentary enlarged view similar to FIG. 2 but showing coiling
      tool holders and mounted means therefor removed from a front portion of
      the tool slide.
PAR  FIG. 4 is an enlarged fragmentary view similar to FIG. 2 but showing a tool
      slide assembly positioned for two point left-hand spring coiling.
PAR  FIG. 5 is a view similar to FIGS. 2 and 4 but showing the tool slide
      assembly mounted on the machine frame for single point coiling of
      right-hand springs.
PAR  FIG. 6 is an enlarged sectional view taken generally as indicated at 6--6
      in FIG. 2 and illustrating the detailed construction of a tool holder.
PAR  FIG. 7 is an enlarged fragmentary view of a portion of the coiling machine
      immediately behind the tool slide assembly with the said assembly removed
      from the machine and with an automatic diamter control means for the slide
      assembly illustrated partially in broken line form.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the specification hereinbelow and in the claims which follow, various
      terms directional and/or geometrical in nature such as "longitudinal",
      "horizontal", "front", "rear", "upwardly", "downwardly", etc. are
      employed. It is to be understood that such terminology is used in a
      relative sense only and is not to be taken in anyway as a limitation upon
      the present invention.
PAR  Referring particularly to FIG. 1, it will be observed that a spring coiling
      machine indicated generally at 10 comprises an upstanding main supporting
      frame or housing 12. At a front and left-hand portion of the frame or
      housing 12, a feed means is provided for intermittently advancing spring
      wire in a horizontal longitudinal direction. The said feed means takes the
      form of conventional feed rolls 14, 16 and it will be apparent that the
      line of wire feed extends horizontally from left to right and through a
      wire guide means 18, best illustrated in FIG. 2, to a coiling station A.
      At the coiling station A, a small arbor 20 is supported on the frame 12
      and projects laterally and generally horizontally forwardly so as to be
      engaged by wire advanced longitudinally past the guide means 18 by the
      feed rolls 14, 16. That is, the arbor 20, as is well known, forms a part
      of the coiling system in a single point coiling operation and is engaged
      by the wire during coiling of a spring. In a two point coiling operation,
      the arbor 20 is not necessarily engaged by the wire during coiling of the
      spring but may serve only as an anvil during a cut-off operation. Thus,
      the term arbor is used in a general sense and not in the limiting sense as
      employed in the trade in a single point coiling operation where the arbor
      forms a necessary part of the coiling system or geometry during coiling of
      the springs. As will be apparent, various sizes of arbors may be provided
      and adjustment of arbor position for coiling and/or cut-off use may be
      achieved in a conventional manner.
PAR  A cut-off tool 22 at the coiling station A may be conventional in
      construction and operation and as will be apparent, the said tool can
      cooperate with the arbor or anvil 20 in movement toward the spring for
      severing a spring after formation therof. A rectilinear movement of the
      cut-off tool 22 is provided for in a direction toward and away from a
      spring, but it is of course also possible to employ a pivotal cut-off
      tool. Referring particularly to FIG. 4, it will be observed that the
      cut-off tool 22 is moved to a lower position for the formation of
      left-hand springs. Means for accomplishing the selective upper or lower
      mounting of the tool may be conventional. In FIG. 4 it will also be
      observed that the arbor or anvil 20 is adjusted to a lower position for
      left-hand coiling.
PAR  There is also provided at the coiling station A, a pitch tool which may be
      conventional and which is supported by the machine frame and engages wire
      as it is advanced and coiled to spring form. The pitch tool is operable
      laterally to displace the wire whereby to "pitch" the spring. A pitch tool
      24 is illustrated in FIG. 2 in position for right-hand two point coiling
      and in FIG. 4 the tool 24 is shown in position for left-hand two point
      coiling. In FIG. 5, the pitch tool 24 is shown in position for right-hand
      single point coiling.
PAR  A coiling machine 10 as thus far described may be substantially
      conventional in form and reference may be had to one or more of the
      aforementioned patents for further detailed illustration and description.
PAR  In accordance with the present invention, a coiling tool slide assembly
      indicated generally at 26 is provided on a side of the coiling station A
      and arbor 20 generally opposite the feed means 14, 16 and the wire guide
      means 18. The coiling tool slide assembly is mountable selectively on the
      frame 12 in at least two discrete positions and as illustrated and further
      described hereinbelow and said assembly is mountable selectively on the
      frame in three discrete positions. The first position of the slide
      assembly 26 illustrated in FIG. 2 is employed when two point right-hand
      spring coiling is desired, the second position of FIG. 4 when two point
      left-hand spring coiling is desired, and the horizontal position of FIG. 5
      when single point right or left-hand spring coiling is desired. In
      accordance with conventional practice, the slide assembly in FIG. 2 is
      inclined upwardly at an angle of 221/2.degree. from the horizontal when
      viewed from the coiling station. Similarly, the assembly in FIG. 4 is
      inclined downwardly from the horizontal at an angle of 221/2.degree..
PAR  The coiling tool slide assembly 26 comprises a coiling tool slide 28 and a
      guide therefor indicated at 30. The guide 30 supports the slide 28 for
      rectilinear movement in one and an opposite direction generally toward and
      away from the coiling station A in each of the three positions of the
      slide assembly. The guide 30 may vary in construction but is preferably
      provided with upwardly and downwardly extending lugs 32, 34 best
      illustrated in FIG. 3. The lugs 32, 34 each contain a rearwardly
      projecting locating pin. Said pins are not visible behind the lugs but it
      will be apparent that they comprise a pair of laterally spaced locating
      pins cooperable with three pairs of locating holes in the frame 12, FIG.
      7. Thus, the locating pins at the rear of the guide 30 may be entered in
      locating holes 32, 34 with the tool slide assembly in the FIG. 2 position
      for two point right-hand coiling. For the mode of machine operation
      wherein two point left-hand coiling is desired as in FIG. 4, the locating
      holes 36, 38 are employed, and for single point right-hand or left-hand
      coiling locating holes 40, 42 are employed. Various means of attaching the
      guide 30 in each of its three positions may of course be provided. The
      presently preferred practice employs a plurality of bolts as at 44, 44 and
      appropriately spaced holes 46, 46 in the frame 12. As will be apparent,
      the locating pins on the lugs 32, 34 may be entered in the proper locating
      holes in the frames and the bolts then simply and conveniently threaded
      into the aligned bolt holes therebehind.
PAR  Further in accord with the present invention, at least two coiling tool
      holders are provided for selective mounting on the tool slide 28 and for
      movement therewith. A first tool holder indicated generally at 48 in FIGS.
      2 and 4 is mounted on and movable with the slide 28 in a rectilinear
      manner and in one and an opposite direction toward and away from the
      coiling station A. As illustrated, the tool holder 48 comprises a mounting
      bracket 50 adjustably secured on the slide 28 by suitable bolts 52, 52
      extending through elongated adjustment slots 54, 54. The bracket 50 may be
      so designed as to be reversible from the FIG. 2 to the FIG. 4 position or,
      as a matter of convenience, separate mounting brackets may be provided
      respectively for right and left-hand coiling. A principal or body member
      of the tool holder 48 illustrated at 56 may be substantially identical
      with a member 58 forming a part of a second tool holder. Thus, description
      of the said body 56 and associated adjustment means will suffice for
      description of the holder 58 as well.
PAR  With particular reference to FIGS. 2 and 6, it will be observed that the
      body 56 of the tool holder is adjustable about a pivot pin 59 in a plane
      perpendicular to the axis of a spring such as 61 being coiled at the
      coiling station A. An arcuate slot 63 provides for such adjustment and a
      binder screw 60 locks the body 56 in a desired position of adjustment. As
      will be apparent, a coiling tool or point 64 carried by the tool holder is
      swung arcuately at its free end by such adjustment of the body 56. A pivot
      pin 66 in FIG. 6 provides for the arcuate adjustment of a point or tool
      carrying element 68 in a plane in common with the axis of a spring such as
      61. Thus, the element 68 may be adjusted and locked in a desired poition
      of adjustment by binder screws 70, 70. Axial adjustment or adjustment of
      the coiling tool or point 64 toward and away from a spring such as 61 is
      provided for by an adjusting screw 72 threaded in a suitable opening 74 in
      the element 68 and the tool or point 64 may also be rotatably or angularly
      adjusted. Thus, small binder screws 76, 76 may be released to provide for
      such axial, rotatable or angular adjustment of the tool or point 64 and
      thereafter tightened to secure the tool or point in a desired position for
      coiling.
PAR  As will be apparent, a coiling tool or point 64 may be precisely located in
      a set-up operation and desired adjustments having been effected, the slide
      28 may be adjusted for spring diameter control. Thus, the coiling tool or
      point 64 will move approximately tangentially with respect to a spring
      such as 61 along a line inclined upwardly at an angle of 221/2.degree.
      from the horizontal. The slide 28 may be moved rightwardly and upwardly in
      FIG. 2 for larger diameter springs and, conversely, downwardly and
      leftwardly for smaller diameter springs.
PAR  A manual diameter control or adjustment means takes the form of an
      adjustment screw 78 connectible at a forward end portion with the slide 28
      and having an associated lock nut 80. A threaded opening 82 in the frame
      12 receives the screw 78 and a manually operable knob 84 may be provided
      for convenience of diameter adjustment. With the slide assembly 26 in the
      FIG. 4 position for left-hand two point coiling, the diameter adjustment
      screw 78 may be selectively entered in a threaded opening 86 aligned with
      the slide 28, and when a slide assembly is in a single point horizontal
      position of FIG. 5 a threaded opening 88 in the frame 12 may be similarly
      employed.
PAR  The aforementioned second tool holder is preferably mounted on the slide 28
      indirectly and by means of intermediate supporting means or device in the
      form of a lever 90. The lever 90 is fixed with respect to the guide 30 at
      a lower end portion by a pin 92. That is, the lever 90 pivots above the
      pin 92 but is fixed relative to the slide 28 so as to be driven in one and
      an opposite direction by a pin 94 at an intermediate portion thereof. The
      pin 94 projects forwardly from the slide 28, FIG. 3, and through a
      suitable opening 96 in the lever 90. At an upper or free end portion 98 of
      the lever 90 in FIG. 2, a bracket 100 forming a part of the second tool
      holder is adjustably secured by means of slots 102 and appropriate bolts
      104, 104. The bracket 100 has a slot 106 and a mounting bolt 108 for the
      aforementioned holder body portion 58. A pivot pin 110 similar to the
      aforementioned pin 59 provides for angular adjustment of the body 58 in a
      plane perpendicular to the axis of a spring 61. The body 58 of the holder,
      as mentioned above, may be otherwise identical with the body 56.
PAR  A coiling tool or point 112 held by the second tool holder is so arranged
      as to move along a shallow arc in one and an opposite direction when the
      side 28 is moved in one and an opposite direction whereby to drive the
      lever 90 through action of the pin 94. The arc of movement of the tool or
      point 112 approximates a straight line over the extent of movement
      required and lies approximately along a line inclined 221/2.degree. from
      the vertical and intersecting the radii of springs of varying diameter.
      Thus, when the slide 28 is adjusted along its guide 30 for diameter
      adjustment, the coiling tools or points 64, 112 are simultaneously
      adjusted for diameter control or adjustment. The tool or point 64 moves
      with the slide and the tool or point 112 moves both with and relative to
      the slide 28, as is required in two point coiling adjustment, and a
      simplified and yet highly efficient diameter control and adjustment
      operation is thus achieved.
PAR  As is conventional in coiling machines of the type under consideration, a
      means for automatically controlling spring diameter during coiling of the
      spring is provided. Referring particularly to FIG. 7, a cam 114 shown in
      broken line form is mounted on a shaft 116 and operates a follower 118 in
      turn operating an oscillable lever 120. The lever 120 drives the lever 124
      through an enlarged portion 122 on the latter. the lever 124 is pivotally
      connected at 126 and an adjustment screw 128 provides for longitudinal
      adjustment of the enlargement 122. A vertically extending rod 130 is
      pivotally connected at 132 with a lever 124 so as to be vertically
      reciprocable thereby and a tube 134 for adjustment of the diameter control
      extends upwardly from a stop member 135 on the lever 130 to an adjustment
      knob 136 above the frame 112 of the machine. The stop member 135 engages a
      lever 138 at a left-hand end portion and drives the same whereby to swing
      a slide actuating lever 140, a tension spring 142 being provided at a
      right-hand end portion of the lever 138. The automatic diameter control as
      thus far described is substantially identical with that of coiling
      machines illustrated and described in the aforementioned patents and
      reference may be had thereto for further explanation.
PAR  With the shaft 116 operating in timed relationship with the feed means and
      with remaining components of the coiling machine, it will be apparent that
      the actuator 140 will be swung by the lever 138 and its pinned connection
      142 leftwardly and rightwardly as may be desired for diameter control. A
      connecting link 144 is associated with the lever 140 and has a rearwardly
      projecting pin 146 at a left-hand end portion and a forwardly projecting
      pin 148 at a right-hand end portion thereof. Further, first second and
      third pin receiving openings 150, 152 and 154 are provided in the lever
      140. As will be apparent, the pin 146 may be entered selectively in the
      openings 150, 152 and 154 as required for the mounting of the tool slide
      assembly in its three discrete positions.
PAR  When the tool slide assembly is in the two point right-hand position of
      FIG. 2, the pin 146 at the left-hand end of the connecting link 144 is
      entered in the opending 150 in the lever 140. The forwardly projecting pin
      148, at the right-hand end of the connecting link is entered in an opening
      156 in the slide 28, FIG. 3. With the tool slide assembly in the left-hand
      two point coiling position of FIG. 4, the link 144 has its pin 146 entered
      in the opening 154 in the lever 140 and the pin 148 at the right-hand end
      of the link is entered in an opening 158 in the slide 28, FIG. 3. In the
      horizontal or single point coiling position of the tool slide, FIG. 5, the
      pin 146 on the link 144 is entered in the intermediate opening 152 in the
      lever 140 and the pin 148 is entered in the opening 156 in the slide 28.
      Thus, a driving connection between the link 144 and the slide 28 may be
      effected in each of the three positions of the tool slide assembly. As
      will be apparent, the slide 28 may be operated by the diameter control
      means in timed relationship with feed means whereby to vary the diameter
      of a spring during coiling. Such operation is of course employed with
      Barrel springs, taper springs, etc.
PAR  Referring particularly to FIG. 4, it will be observed that the lever 90 is
      reversed to provide its free end portion at a lower end thereof and the
      first and second tool holders are relatively reversed. As indicated above,
      it may be desirable as a matter of convenience to provide for separate
      bracket portions of the tool holders 50 and 100 or in the alternative, the
      brackets 50 and 100 may be adapted so as to be reversible and selectively
      mountable. The main body portions 56, 58 of the tool holders may be
      substantially identical and reversibly mounted as indicated above.
      Operation of the manual diameter control or adjustment means and the
      automatic diameter control or adjustment means is the same as described
      above and simultaneous adjustment of the two coiling tools or points 64,
      112 occurs as indicated above. As best illustrated in FIG. 6, a cap 160
      may be provided for the unused lug 32, 34. That is, when the lever 90 is
      pivoted at a lower end as in FIG. 2, the cap may be provided at the upper
      lug 32 and, conversely, when the lever 90 is pivoted at an upper end
      portionn as in FIG. 4, the cap 160 may be mounted at the lower lug 34 to
      cover the opening therein.
PAR  Single point coiling is conventional in most respects. With the tool slide
      assembly 26 mounted in the horizontal position as illustrated in FIG. 5, a
      third coiling tool holder 162 is pivotally connected to the slide 28 at
      the pin 94. Upper and lower adjusting screws 164, 166 provide for the
      movement of a coiling point or tool 168 angularly upwardly and downwardly
      for right-hand and left-hand coiling. That is, the coiling point 168 may
      be positioned as shown slightly above the line of wire feed for right-hand
      single point coiling. Conversely, the point may be moved downwardly below
      the line of wire feed for conventional single point left-hand coiling.
      With the manual and automatic diameter control means connected as
      described above, the desired diameter control and adjustment is achieved.
      Two caps 160, 160 are preferably provided for the lugs 32, 34 when the
      machine is adapted for the single point mode of coiling.
PAR  As will be apparent from the foregoing, a dual purpose coiling machine has
      been provided wherein a desirably simple and yet efficient construction is
      employed. Two point and single point coiling may be employed with springs
      of either hand and conversion from one mode of coiling and from right to
      left-hand or vice versa within a single mode of coiling is achieved with a
      high degree of ease and convenience.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a dual purpose spring coiling machine, the combination of an
      upstanding main supporting frame, feed means on said frame for
      intermittently advancing spring wire in a horizontal longitudinal
      direction, a spring coiling station at a front portion of said frame, a
      wire guide means on said frame between said feed means and coiling
      station, an arbor on said frame at said coiling station and projecting
      laterally and generally horizontally forwardly and which is adapted to
      engage wire advanced longitudinally past said guide means by said feed
      means, a pritch tool supported by said frame at said coiling station and
      engageable with and operable laterally to displace wire advanced
      longitudinally by said feed means, a spring cut-of tool supported by said
      frame and movable toward and away from said coiling station, and a coiling
      tool slide assembly arranged on a side of said arbor generally opposite
      said feed means and wire guide means, said assembly comprising a coiling
      tool slide, a guide mountable selectively on said frame in at least two
      discrete angularly related positions, said guide being adapted to support
      said slide for rectilinear movement in one and an opposite direction and
      toward and away from said coiling station at each of its said discrete
      positions, and at least two coiling tool holders carrying coiling tools
      and mountable selectively on said slide for different spring coiling
      functions.
NUM  2.
PAR  2. The combination in a spring coiling machine as set forth in claim 1
      wherein said frame and guide are adapted for selective mounting of the
      latter in first and second discrete positions respectively for coiling one
      and opposite hand springs, and wherein said slide and said first and
      second tool holders are adapted for selective mounting and concurrent use
      of the latter in first and second discrete positions, the said latter
      positions being relatively reversed and effective respectively for the
      two-point coiling of springs of one and an opposite hand.
NUM  3.
PAR  3. The combination in a spring coiling machine as set forth in claim 2
      wherein said first tool holder is mountable selectviely on said slide in
      first and second relatively reversed positions for rectilinear movement
      therewith toward and away from said coiling station, and wherein an
      intermediate support means is provided for mounting said second tool
      holder on said slide, said support means being reversibly mountable on
      said slide and movable both with and relative to said slide and toward and
      away from said coiling station whereby to provide for selective first and
      second relatively reversed positions of said second tool holder and for
      movement of the latter both with the relative to said slide and toward and
      away from said coiling station.
NUM  4.
PAR  4. The combination in a spring coiling machine as set forth in claim 3
      wherein said support means takes the form of a lever reversibly pivotably
      mountable on said slide and movable arcuately by the slide in one and an
      opposite direction when the slide is moved in said one and opposite
      directions rectilinearly, said second tool holder being mountable on a
      free end portion of said lever and an opposite end portion thereof being
      fixed against movement with said slide.
NUM  5.
PAR  5. The combination in a spring coiling machine as set forth in claim 4
      wherein a manually operable spring diameter control device is provided for
      selectively adjusting and fixing the position of said slide relative to
      said coiling station in each of said first and second guide positions, the
      positions of said first and second tool holders and their respective tools
      thus being simultaneously adjusted and fixed.
NUM  6.
PAR  6. The combination in a spring coiling machine as set forth in claim 5
      wherein said diameter control device comprises an adjusting screw and
      associated lock nut, the former having one end portion thereof connectible
      with said slide, and wherein said frame has first and second threaded
      openings alignable respectively with said slide with said guide in its
      said first and second positions, said screw being selectively entered in
      said openings and connected with said slide for adjustment and locking of
      the slide in a desired position.
NUM  7.
PAR  7. The combination in a spring coiling machine as set forth in claim 5
      wherein an automatically operabble spring diameter control device is
      provided for selective connection with said slide in each of said first
      and second positions of said guide, said controol device comprising a
      slide actuator means connectible with said slide with said guide in each
      of said first and second positions and adapted to effect rectilinear slide
      movement, and drive means connected with said actuator means and operble
      in timed relationship with said feed means whereby to effect rectilinear
      slide movement and thus to vary the diameter of a spring during coiling.
NUM  8.
PAR  8. The combination in a spring coiling machine as set forth in claim 7
      wherein said actuator means comprises an oscillable actuator lever and a
      conencting link extending therefrom and drivingly connectible with the
      slide, said lever having a plurality of openings and said connecting link
      having a lateral pin at one end for selective entry in said openings
      corresponding with said guide position.
NUM  9.
PAR  9. The combination in a spring coiling machine as set forth in claim 8
      wherein said connecting link has a second lateral pin at an opposite end,
      and wherein said slide has a plurality of openings for selective entry of
      said second pin corresponding with said guide position.
NUM  10.
PAR  10. The cobination in a spring coiling machine as set forth in claim 9
      wherein said drive means comprises a diameter control cam operable in
      timed relationship with said wire feed means, and motion transmitting
      means connected between said cam and said actuator lever for said slide.
NUM  11.
PAR  11. The combination in a spring coiling machine as set forth in claim 3
      wherein each of said first and second coiling tool holders is provided
      with adjsutment means for angular adjustment of a coiling tool held
      thereby about the axis of the tool, and for linear adjustment of the tool
      along ist axis toward and away from the coiling station.
NUM  12.
PAR  12. The combination in a spring coiling machine as set forth in claim 11
      wherein each of said tool holders is provided with means for adjustment of
      the free end of its coiling tool along an arc in a plane containing the
      axis of a spring at said coiling station.
NUM  13.
PAR  13. The combination in a spring coiling machine as set forth in claim 12
      wherein each of said tool holders is provided with means for adjustment of
      the free end of its coiling tool along an arc in a plane perpendicular to
      the axis of a spring at said coiling station.
NUM  14.
PAR  14. The combination in a spring coiling machine as set forth in claim 2
      wherein said supporting frame and guide are adapted for the selective
      mounting of said guide in a third discrete position, and wherein a third
      coiling tool holder is provided for mounting on said tool slide with said
      guide in said third position, said third tool holder being adapted for the
      single point coiling of springs.
NUM  15.
PAR  15. The combination in a spring coiling machine as set forth in calim 14
      wherein said first and second guide positions viewed from said coiling
      station are inclined respectively upwardly and downwardly from the
      horizontal through an angle of 221/2.degree., and wherein said third
      position of said guide is horizontal.
NUM  16.
PAR  16. The combination in a spring coiling machine as set forth in claim 14
      wherein said third tool holder includes adjustment means for selectively
      positioning a free end of a coiling tool held thereby above and below the
      line of wire feed respectively for the single point coiling of right and
      left-hand springs.
NUM  17.
PAR  17. The combination in a spring coiling machine as set forth in claim 16
      wherein a manually operable spring diameter control device is provided for
      selectively adjusting and fixing the position of said slide relative to
      said coiling station in each of said three guide positions, the positions
      of coiling tools in said tool holders thus being adjusted and fixed.
NUM  18.
PAR  18. The combination in a spring coiling machine as set forth in claim 17
      wherein an automatically operable spring diameter control device is
      provided for selective connection with said slide in each of said three
      positions of said guide, said control device comprising a slide actuator
      means connectible with said slide with said guide in each of said three
      positions and adapted to effect rectilinear slide movement, and drive
      means connected with said actuator means and operable in timed
      relationship with said feed means whereby to effect rectilinear slide
      movement and thus to vary the diameter of a spring during coiling.
NUM  19.
PAR  19. The combination in a spring coiling machine as set forth in claim 18
      wherein each of said first and second coiling tool holders is provided
      with adjustment means for angular adjustment of a coiling tool held
      thereby about the axis of the tool, for linear adjustment of the tool
      along its axis toward and away from the coiling station, for adjustment of
      the free end of the tool along an arc in a plane containing the axis of a
      spring at said coiling station, and for adjustment of the free end of the
      tool along an arc in a plane perpendicular to the axis of a spring at said
      coiling station.
NUM  20.
PAR  20. The combination in a spring coiling machine as set forth in claim 16
      wherein said guide is provided with a pair of laterally spaced rearwardly
      projecting locating pins, and wherein said supporting frame is provided
      with three laterally spaced pairs of locating holes, said three pairs of
      holes being positioned respectively for locating said guide in its
      aforesaid three positions with said locating pins entering a corresponding
      pair of locating holes in each of said positions.
NUM  21.
PAR  21. The combination in a spring coiling machine as set forth in claim 20
      wherein said frame is provided with three groups of guide mounting holes
      respectively for said three guide positions, and wherein said guide is
      provided with a group of mounting holes cooperable with each of said
      groups of mounting holes.
NUM  22.
PAR  22. In a two point spring coiling machine, the combination of an upstanding
      main supporting frame, feed means on said frame for intermittently
      advancing spring wire in a horizontal longitudinal direction, a spring
      coiling station at a front portion of said frame, a wire guide means on
      said frame between said feed means and coiling station, an arbor on said
      frame at said coiling station and projecting laterally and generally
      horizontally forwardly and which is adapted to engage wire advanced
      longitudinally past said feed means, a pitch tool supported by said frame
      at said coiling station and engageable with and operable laterally to
      displace wire advanced longitudinally by said feed means, a spring cut-off
      tool supported by said frame and movable toward and away from said coiling
      station, and at least one coiling tool slide assembly arranged on a side
      of said arbor generally opposite said feed means and wire guide means,
      said assembly comprising a coiling tool slide, a guide on said frame and
      supporting said slide for rectilinear movement in one and an opposite
      direction and toward and away from said coiling station, a first coiling
      tool holder mounted on said slide for rectilinear movement therewith and
      for similar movement of a coiling tool thereon toward and away from said
      station, a lever having one end portion fixed relative to said slide and a
      pivotal connection with said slide at an intermediate portion for arcuate
      movement in one and an opposite direction of an opposite and free end
      portion on rectilinear movement of said slide in said one and an opposite
      directions, and a second coiling tool holder mounted on said opposite and
      free end portion of said lever for arcuate movement of a coiling tool
      thereon with and relative to said rectilinear slide movement and toward
      and away from said station.
NUM  23.
PAR  23. The combination in a spring coiling machine as set forth in claim 22
      wherein a manually operable spring diameter control device is provided for
      selectively adjusting and fixing the position of said slide relative to
      said coiling station, the positions of said first and second tool holders
      and their respective tools thus being simultaneously adjusted and fixed.
NUM  24.
PAR  24. The combination in a spring coiling machine as set forth in claim 23
      wherein said diameter control device comprises an adjusting screw and
      associated lock nut, the former having one end portion thereof connected
      with said slide, and wherein said frame has at least one threaded opening
      alignable with said slide, said screw being entered in said opening and
      connected with said slide for adjustment and locking of the slide in a
      desired position.
NUM  25.
PAR  25. The combination in a spring coiling machine as set forth in claim 24
      wherein an automatically operable spring diameter control device is
      provided for connection with said slide, said control device comprising a
      slide actuator adapted to effect rectilinear slide movement, and drive
      means connected with said actuator means and operable in timed
      relationship with said feed means whereby to effect rectilinear slide
      movement and simultaneous movement of both tool holders and thus to vary
      the diameter of a spring during coiling.
NUM  26.
PAR  26. The combination in a spring coiling machine as set forth in claim 25
      wherein said drive means comprises a diameter control cam operable in
      timed relationship with said wire feed means, and motion transmitting
      means connected between said cam and said actuator lever for said slide.
NUM  27.
PAR  27. The combination in a spring coiling machine as set forth in claim 26
      wherein each of said first and second coiling tool holders is provided
      with adjustment means for angular adjustment of a coiling tool held
      thereby about the axis of the tool, for linear adjustment of the tool
      along its axis toward and away from the coiling station, for adjustment of
      the free end of the tool along an arc in a plane containing the axis of a
      spring at said coiling station, and for adjustment of the free end of the
      coiling tool along an arc in a plane perpendicular to the axis of a spring
      at said coiling station.
NUM  28.
PAR  28. The combination in a spring coiling machine as set forth in claim 22
      wherein said slide is arranged along a centerline inclined from the
      horizontal through an angle of 221/2.degree..
NUM  29.
PAR  29. The combination in a spring coiling machine as set forth in claim 28
      wherein said lever and second tool holder are arranged to provide for said
      arcuate movement of said coiling tool along an arc approximately on a line
      inclined from the vertical through an angle of 221/2.degree..
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ABST
PAL  Methods of and apparatus for the production of wire are presented.
      Previously, the most economic and popular process was drawing. In each
      pass, a small reduction was obtained and normally several dies in tandem
      were mounted on a single wire drawing machine. The process was continuous
      and precision wire was made. Also in the prior art, traditional rolling
      was a continuous process, but was limited to heavy and medium gauge, to
      small reductions per pass, and to poor dimensional and surface control. In
      comparison, traditional extrusion and hydrostatic extrusion are capable of
      large reductions, good dimensional control and surface finish, but are
      limited to finite wire or rod length. The more recent concepts of:
      continuous extrusion with viscous drag, continuous chamber extrusion,
      continuous extrusion forming, combined hydrostatic extrusion and drawing
      for fine wire and helical extrusion are compared and their advantages and
      shortcomings are discussed.
PAL  A family of new processes of and apparatus for combining extrusion and
      rolling, utilizing the friction drag provided by rolling with open chamber
      extrusion is described. A continuous process, with large reductions and
      good dimensional control, can be achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates methods of and apparatus for the production of wire.
      Accordingly, it is a general object of this invention to provide new and
      improved methods and apparatus of such character.
PAR  2. Description of the Prior Art
PAR  A. Forward
PAR  In the production of wire and rod of all shapes and cross sections, the
      processes of wire drawing, rod rolling and extrusion are the conventional
      production methods. One or the other of the following two limiting factors
      plagues each of these processes. By the processes of wire or rod drawing
      or rolling one can accomplish only small reductions per pass. For larger
      reductions, successive passes must be followed. The process, however, can
      then be done as a steady state continuous process with little
      interruptions. In the process of extrusion, larger reductions can be made
      in a single pass, but only finite lengths can be extruded and the process
      is intermittent.
PAR  In the search for a truly continuous process, with large reductions per
      pass, the following four recent processes were proposed and developed:
PA1  1. Continuous Extrusion with Viscous Drag by Fuchs -- See: Fuchs, F. J.,
      Wire Jr. 105 October, (1970)
PA1  2. Continuous Chamber Extrusion by Fuchs -- See: Fuchs, F. J., and Schmehl,
      G. L., "Continuous Hydrostatic Extrusion", presented and published,
      NEL/AIRAPT International Conference on Hydrostatic Extrusion, University
      of Sterling, Scotland, June 13-15, 1973.
PA1  3. Continuous Extrusion Forming by Green -- See: Green, D., "Continuous
      Extrusion - Forming of Wire Sections", Jr. of the Inst. of Metals, Vol.
      100, 1972.
PA1  4. Combined Extrusion Drawing for Fine Wire.
PAR  Eash process is described briefly, its concept explained and its
      shortcomings pointed out.
PAR  B. Continuous Extrusion with Viscous Drag
PAR  The development by Dr. Fuchs of Western Electric, as reported in Wire Jr.,
      105 (1970), utilizes viscous drag as the motivating force for the
      extrusion of continuous rod of aluminum or copper. In principle, the
      liquid passing through a narrow gap between a chamber and a rod drags the
      rod forward by viscous drag. To maintain flow, a pressure drop prevails
      between the pressure at an entrance on the back side of the chamber and an
      exit at the front. Only a small differential pressure can be maintained in
      each chamber. The difference in pressure between entrance and exit must be
      below the flow strength of the workpiece material to prevent pinch off.
      Thus, only low drag and small reductions can be made by the use of a
      single chamber. In one embodiment, the chambers are piggybacked in tandem
      to effect large reductions. The highest-pressure chamber is in front,
      discharging through a passage into a lower-pressure chamber behind it. The
      discharge from chamber to chamber proceeds, until at the last chamber, the
      exit pressure is atmospheric. Thus, if the entrance pressure to the first
      chamber is (say) 200,000 psi, a gradual drop prevails toward the entrance
      to the chamber at the back. Because of the forward motion of the rod, a
      small gap around the rod at the walls between chambers does not leak. A
      rolled or extruded rod could be reduced to final telephone wire size in a
      single die by a single pass.
PAR  This process was apparently abandoned due to poor efficiency. The applicant
      has calculated the expected power consumed by shear in the liquid itself
      and has determined that maximum efficiency expected theoretically is in
      the vicinity of 30%. This 30% efficiency could only be achieved when
      pressure approaches infinity and the gap between the rod and the chamber
      approaches zero. Such conditions can not exist in practice. Furthermore,
      approaching such conditions, the process becomes very unstable and any
      change in pressure or size of the rod throws the process out of balance.
PAR  Thus, due to inefficiency, such process becomes unacceptable for economical
      production application.
PAR  c. Continuous Chamber Extrusion
PAR  To avert the shortcomings of the continuous viscous drag extrusion, a
      continuous segmented chamber extruder, has been developed, as reported by
      Fuchs, F. J., and Schmehl, G. L., "Continuous Hydrostatic Extrusion",
      presented and published, NEL/AIRAPT International Conference on
      Hydrostatic Extrusion, University of Sterling, Scotland, June 13-15, 1973.
      The continuous chamber is made from matching segments moving in a
      chainlike manner. Four circumferentially segmented parts form together a
      short length of the chamber. Longitudinally, many segments form the length
      of the chamber which is open on both ends. The segments move together
      parallel to the axis of symmetry of the chamber. They separate at the exit
      in order to get away from the chamber they formed and then return to the
      entrance side where they meet again to form the chamber with their
      matching counter-parts. A die is set at the exit and a rod is fed at the
      entrance. The rod is squeezed and dragged by the segmented chamber, moving
      with it towards the die. To enhance the drag, the rod is coated with
      plastic material before entering the machine. The rod is machined to close
      tolerances before coating to fit snugly in the chamber. As the rod reaches
      the die, the drag produces enough pressure to force extrusion through the
      die. Very little relative motion is expected between the moving chamber
      and the rod, so that friction losses are minimized.
PAR  The motivation mechanism to mobilize the chamber components and the
      matching of the components requires a high degree of precision.
      Cleanliness must be maintained to avoid gaps between the matching
      segments, through which fins from the deforming workpiece might squeeze.
      Besides being precision made, the mechanism must be highly rigid to
      produce and withstand the high operating pressures and forces.
PAR  Preparation of the raw material to enter the machine (dimensioning and
      coating) and the watchmakers' precision, combined with massivity demands
      from the production machine parts and assembly, are the major shortcomings
      of such machines.
PAR  d. Continuous Extrusion Forming
PAR  A development by D. Green of the British Atomic Energy Agency, reported at
      "Continuous Extrusion-Forming of Wire Sections", Jr. of the Inst. of
      Metals, Vol 100, 1972, employs friction between a workpiece and a tool as
      the motivating force for continuous extrusion. There, in an explanatory
      model which describes the principles, a die with a hole is attached to a
      stationary platen. A top platen with a square groove is mounted over the
      bottom stationary platen. Together, they form a square chamber with a
      block closing the left end; the hole in the block is the die opening. The
      right end of the chamber is open. A round rod is placed in the chamber,
      touching at the four surfaces. Then, the top platen is made to slide
      towards the die. Friction from the three sides of the moving platen drags
      the rod toward the die, where the rod is blocked. Please note that
      friction from the top platen exceeds and overcomes resistance by friction
      from the bottom platen. The friction effect on the rod is to upset the
      rod. The more the rod is upset, the more effective the friction drag
      becomes. As it comes closer and closer to the die, more contact prevails
      between the workpiece and the four walls. At the die, the round original
      rod has already deformed into a square rod. Pressure is high enough to
      effect an extrusion through the die. As a bonus, the design is made so as
      to leave a small gap between the die block and the moving platen. Through
      this gap, a thin chip is discarded, removing the undesired surface of the
      rod. Standard extruded or rolled stock serves as the workpiece.
PAR  When the stationary platen is replaced by a stationary semi-circular
      member, and the moving platen by a rotating cylindrical tool, a continuous
      process is established.
PAR  The two major factors restricting the efficiency of such process are the
      redundant work of upsetting the incoming wire and friction losses. The
      redundant work is due to an upsetting of the original round wire to a
      square (and then starting from a square rather than a round -- through the
      die). This work is independent of the attempted reduction. The friction
      losses in the square channel depend both on friction values and on
      reduction.
PAR  e. Combined Extrusion Drawing for Fine Wire
PAR  One of the shortcomings of the process of hydrostatic extrusion is the
      finite length of an extruded billet. Since the process of wire drawing has
      the advantage of being a continuous process, the problem of overcoming the
      batch-interrupted nature of hydrostatic extrusion has long been with us.
PAR  When a spool of wire is inserted into a cylindrical chamber, longer runs
      can be made. Simple spools can be used, and spinning reels and standing
      reels have been explored at Battelle, as set forth in U.S. Pat. No.
      3,328,998, "High Reduction Drawing", By Sabroff, A. M., and Fiorentino, R.
      J. -- July, 1967, and by Pugh of the National Engineering Laboratories in
      Scotland, in "The Mechanical Behavior of Materials Under Pressure", FIG.
      41 of Chapter 9, "Hydrostatic Extrusion", Elsevier Materials Science
      Series, 1970, Pugh, H. Ll. D., (Editor). When the extrusion pressure is
      augmented by a pull, a Robertson process is provided, as described by J.
      Robertson at "Method of and Apparatus for Forming Metal Articles", British
      Pat. No. 19,356, October 14, 1893; U.S. Pat. No. 524,504, August 14, 1894.
      Hundreds of thousands of feet of fine wire, (&lt;0.001 inch), used in the
      solid state industries, can be spooled and inserted into a 3/4 inch bore
      chamber to provide very long runs between loadings. Delicate
      instrumentation to relate chamber pressure to augmenting tension controls
      is essential for such equipment. Development work along these lines is
      followed internationally. With present day limited chamber size, only very
      fine wire production is expected to be economically competitive for this
      process.
PAR  It should be noted that very long wire can be made, but the process is not
      a truly continuous process.
PAR  f. Helical Extrusion
PAR  Another process by Green is called Helical Extrusion. There, hydrostatic
      extrusion is combined with a chip forming process to produce a small gauge
      wire (of all shapes) directly from an ingot. Reductions of thousands to
      one are obtained. Because of the involved concept, this prior-art process
      is not described herein. Very long wire can be made, but the process is
      not truly continuous. Each ingot is loaded separately.
PAR  g. Comparisons of Alternate Processes
PAR  In Table I, the alternate possible processes for the production of wire and
      rod are tabulated vertically. Criteria for the comparison of major
      characteristics of those processes are listed horizontally, thus obviating
      the necessity for deliberation. The process of "extrolling" the newly
      proposed process of this invention, in included.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     COMPARISONS OF ALTERNATE PROCESSES                                        

                                Power                                          

                                     Design    Dimensional,                    

     Property  Product                                                         

                    Reduction   effi-                                          

                                     charac-   surface & in-                   

                                                         Other                 

     Process   length                                                          

                    possible                                                   

                          Speed ciency                                         

                                     teristics ternal damage                   

                                                         comments              

     __________________________________________________________________________

     Rolling   Un-  Small High  High Simple, few mov-                          

                                               Poor                            

               limited               ing parts, rugged                         

     Conventional                                                              

               Short                                                           

                    Large Moderate                                             

                                Moderate                                       

                                     Simple, few mov-                          

                                               Fair                            

     extrusion                       ing parts, rugged                         

     Wire      Un-  Small High  High Simple, reliable                          

                                               Good                            

     drawing   limited                                                         

     Continuous                                                                

               Un-  Large Very  Excess-                                        

                                     Complicated, but                          

                                               Good    *Limited only by        

                                                       ability                 

     extrusion with                                                            

               limited    high* ively                                          

                                     few moving parts  to collect product      

     viscous drag               poor                                           

     Continuous                                                                

               Un-   Large*                                                    

                          Moderate                                             

                                Claimed                                        

                                     Complicated, many                         

                                               Good    *Reported 300 to 1 in   

     chamber   limited    to high                                              

                                highest                                        

                                     moving parts**    copper at up to         

                                                       300,000                 

     extrusion                  in trade               psi pressure            

                                                       **Requires high         

                                                       precision               

                                                       combined with rigidity  

                                                       &                       

                                                       many moving parts that  

                                                       must fit one to each    

                                                       other                   

     Continuous                                                                

               Un-  Large High  Fair to                                        

                                     Simple, few mov-                          

                                               Good                            

     extrusion forming                                                         

               limited          poor ing parts, rugged                         

     Combined hydro-                                                           

               Very Moderate                                                   

                          Highly                                               

                                Poor Complicated and                           

                                               Very                            

     static extrusion                                                          

               long to large                                                   

                          re-   but not                                        

                                     delicate  good                            

     and drawing for      stricted                                             

                                a factor                                       

     fine wire                                                                 

     Helical   Very Sky   Moderate-                                            

                                  ?  Complicated, but                          

                                               Good                            

     extrusion long high  ly high    rugged                                    

     "Extrolling"                                                              

               Un-  Moderate-                                                  

                          High  Fair to                                        

                                     Simple, few mov-                          

                                               Good                            

               limited                                                         

                    ly high     high ing parts, rugged                         

     __________________________________________________________________________

PAC  SUMMARY OF THE INVENTION
PAR  Another object of this invention is to provide new and improved methods of
      and apparatus for the production of wire which can be produced in a
      continuous process with large reductions and with good dimensional
      control.
PAR  Yet another object of this invention is to provide new and improved methods
      of and apparatus for producing wire by combining rolling and extrusion,
      utilizing the friction drag provided by the rolling with an open chamber
      extrusion.
PAR  In accordance with this invention, wire can be formed by utilizing a pair
      of opposed rotating rollers for upsetting an incoming rod of material in a
      rolling manner, and then extruding the upsetted rod to form wire thereby.
PAR  In accordance with an embodiment of the invention, a method of producing
      wire includes initially, grasping an incoming rod of material by a groove
      of a first rotating member. The groove has a dimension less than that of
      the incoming rod so that the rod, when initially grasped by the groove, is
      deformed to fit thereunto. Then, a force is applied to an external surface
      of the grasped incoming rod. A normal component thereof urges the grasped
      rod further into the groove. A tangential component is provided by a
      second rotating member having a circumferential speed equal to that of the
      first rotating member. The rod, then, is pushed through a die to form wire
      therefrom.
PAR  In accordance with another embodiment of the invention, suitable apparatus
      for forming wire includes a first roller having a circumferential groove
      with a width somewhat less than that of an incoming rod to be worked. The
      incoming rod is frictionally held by the groove. A second roller,
      rotatable about an axis parallel to the axis of the first roller, has a
      circumferential projection thereon. The two rollers are so oriented so
      that the projection and the groove, when in cooperating relationship, form
      an opening therebetween. The opening, at a plane common to the two axes,
      has a cross-sectional area less than that of the cross-sectional area of
      the incoming rod. Thus, the incoming rod, when forced within the opening,
      becomes upset. Suitable means rotate the first roller. A die is fixed in
      location with respect to both rollers so that the upsetted rod, when fed
      between both rollers, is extruded through the fixed die to form wire
      therefrom. In accordance with other features of the invention, the second
      roller is rotated at the same linear velocity as that of the first roller.
      A third roller with an axis parallel to the two axes is oriented with
      respect to the first roller so as to initially engage the incoming rod and
      to force at least a portion of the rod into the groove of the first
      roller, prior to the incoming rod coming into contact with the projection
      of the second roller. The third roller can be rotated at a linear velocity
      in excess of that of the first roller. Other features include the groove
      of the first roller and the projection of the second roller having
      rectangualr configurations. The groove of the first roller can have a
      U-shape configuration and the projection of the second roller can have a
      concave configuration.
PAR  In accordance with an embodiment of the invention, apparatus for forming an
      incoming rod into a wire includes means for grasping the incoming rod at
      three contact points thereof, namely at two opposed sides and a bottom in
      a concave hold, and means for rotating the grasped rod about a first axis.
      Means rotatably apply a projection against the top surface of the grasped
      rod about a second axis parallel to the first axis. The central axis of
      the rod, at a point where grasped, is perpendicular to a plane common to
      both axis, whereby the rod becomes upset in a shape determined by the
      grasping means and the projection application means. The upsetted rod is
      pushed through a fixed die having a diameter less than a thickness of the
      rod so as to extrude a wire therefrom.
PAR  One concept of the invention includes apparatus for forming an incoming rod
      into a wire, wherein a first rotatable means includes a groove for
      grasping the rod. A protrusion on a second rotatable means contacts the
      grasped rod so as to upset the grasped rod into a shape determined by the
      protrusion and the groove. The upsetted rod is then pushed through a die
      so as to form wire thereby. The die has an opening therein having a
      dimension less than the smallest external dimension of the rod.
PAR  In still another embodiment of the invention, apparatus for forming wire
      includes means for passing an incoming rod of material having a first
      cross-sectional area through a pair of opposed members which rotate about
      parallel axes. The opposed rotating members have external cylindrical
      surfaces which cooperates so as to form a second cross-sectional area in
      the plane common to the axes. The second cross-sectional area is less than
      that of the first cross-sectional area so that the rotating members upset
      the incoming rod in a rolling manner. The upsetted incoming rod is passed
      through a fixed die, being extruded therethrough, to form wire at an
      external orifice thereof.
PAR  Wire can be formed by apparatus having first rotatable means with a groove
      thereon having a dimension less than that of an incoming rod to be grasped
      so that an incoming rod, upon being initially held against the groove, is
      deformed to fit thereinto. Second rotatable means, adapted to have a
      linear circumferential speed equal to that of the first rotatable means,
      forces the incoming rod further into the groove of the first rotatable
      means. The forced rod is extruded through a die to form wire therefrom.
PAR  Apparatus, in accordance with this invention, for forming wire can include
      a first circumferential member for grasping an incoming rod. The member
      has a groove with a dimension less than those of the rod to frictionally
      hold the rod. A second circumferential member, rotatable about its axis,
      has an exterior circumferential surface which cooperates with the grasping
      member, so that at least a portion of the incoming rod is held about its
      entire periphery. The grasping member is rotated so as to extrude the held
      rod through a die. In accordance with certain features of the invention,
      the apparatus includes means for rotating the circumferential member at
      the same linear speed as the grasping member. The apparatus can include a
      third circumferential member for urging the incoming rod against the first
      member prior to the rod coming into contact with the second member. The
      third circumferential member is rotated at a linear circumferential
      velocity greater than that of said first member.
PAR  In accordance with the invention, apparatus for forming wire can include a
      pair of opposed rollers for engaging an incoming rod of material and for
      frictionally grasping and for deforming the rod into a cross-sectional
      shape as determined by the configurations of the opposed rollers. The
      cross-sectional shape is less than that of the initial cross-sectional
      area of the incoming rod, thereby upsetting the incoming rod. Suitable
      means extrude the upsetted rod.
PAR  In accordance with a particular embodiment of the invention, wire is formed
      by feeding an incoming rod of material having a fixed diameter into a
      circumferential groove of a circular roller, wherein the width of the
      groove is less than the diameter of the rod. The incoming rod is deformed
      by forcing the incoming rod into the groove so that the incoming rod is
      frictionally held by the roller. The held rod is upset by applying a
      projection from an opposed roller which engages with an opposed surface of
      the held rod so that the rod is frictionally held by both rollers. The rod
      is extruded by applying an axial force to the held rod by the rollers. The
      axial, friction motivated force produces a bulge and creates a lateral
      force. This lateral force increases as the die is approached. At the die
      the lateral pressure is high enough to affect the extrusion through the
      die to form wire therefrom.
PAR  In accordance with the invention, a method for forming an incoming rod into
      wire includes grasping the rod about three contact points thereof, namely
      at two opposed sides and a bottom, by a rotating groove shaped member. A
      protrusion-shaped member is applied into mating contact with the incoming
      rod, at the top surface thereof, so as to upset the rod into a shape
      defined by the protrusion and the groove. The members are rotated at the
      same linear speed so as to frictionally push the upsetted rod through a
      die having a diameter less than the external dimensions of the incoming
      rod so as to extrude wire therefrom.
PAR  In accordance with an embodiment of the invention, wire is formed by
      rolling an incoming rod of material, having a first cross-sectional area,
      through a pair of opposed members which rotate about axes parallel to each
      other. The rotating members have external circumferential surfaces which
      cooperate so as to form a second cross-sectional area in a plane common to
      both axes. The second area is less than that of the first, so that the
      rotating members apply frictional forces to the incoming rod in a rolling
      manner, thereby upsetting the rod. Then, the upsetted rod is extruded
      through a fixed die to form wire therefrom.
PAR  In accordance with the invention, wire can be formed by grasping an
      incoming rod of material by a member having a groove therein with a
      dimension less than that of the incoming rod, so that, when grasped, the
      rod becomes deformed within the groove and is held thereby. The member is
      rotated so that the held incoming rod comes into contact with an opposed
      rotating member which has a protrusion thereon so as to further force the
      incoming rod further into the groove, whereby the rod is frictionally held
      by both members. The held rod is extruded by frictionally pushing the rod
      about its circumferential surfaces through a die to form wire therefrom.
PAR  In accordance with one version of the invention, wire is formed by grasping
      an incoming rod of material by a circumferential groove of a first
      rotatable member having a dimension less than the dimension of the
      incoming rod, so that the rod is frictionally held by the groove. The held
      portion of the rod is rotated passed a second rotatable member which has
      an exterior circumferential surface so as to cooperate with the incoming
      rod portion to hold the rod within the groove of the first member so that
      the rod portion is held about its entire periphery by both the groove of
      the first member and the circumferential surface of the second member. The
      rod is then extruded by pushing the rod through a die to form wire. In
      accordance with one feature of the invention, the second member is idle.
      In accordance with another feature of the invention, both members are
      rotated individually at the same linear circumferential speed. With a
      different feature of the invention, a third rotatable member urges the
      incoming rod against the first member prior to the rod coming into contact
      with the second member. The third member is rotated at a higher
      circumferential linear speed than the first member. Alternatively, the
      third member may be idled.
PAR  In accordance with the invention, wire is drawn and extruded by engaging an
      incoming rod of material with a pair of opposed rollers which are formed
      to frictionally grasp and deform the rod into a cross-sectional shape as
      determined by the rollers, the shape being less than, equal to, or larger
      than the cross-sectional area of the incoming rod, whereby the incoming
      rod becomes upset. The upsetted rod is extruded through a die to form
      wire.
PAR  In accordance with yet another embodiment of the invention, wire is formed
      by feeding an incoming rod of material which has a fixed diameter into the
      groove of a first circular roller wherein the width of the groove is less
      than the diameter of the incoming rod, deforming the incoming rod by
      forcing the rod into the groove so that the rod is frictionally held by
      the roller, upsetting the held rod by applying a projection from an
      opposed second roller which engages with an exposed surface of the rod so
      that the rod is frictionally held by both the first roller at the groove
      and by the projection of the second roller, and extruding the grasped rod
      through a die to form wire by applying an axial force to the held rod by
      the rollers. The axial, friction motivated force produces a bulge and
      creates a lateral force which increases as the die is approached. At the
      die, the lateral pressure is high enough to affect the extrusion through
      the die to form wire therefrom.
PAR  In yet another embodiment, an incoming rod can be formed into wire by
      grasping the incoming rod at three contact points thereof, namely at two
      opposed sides and a bottom in a concave hold, rotating the held rod about
      a first axis, rotatably applying a projection against a top surface of the
      incoming rod about a second axis parallel to the first axis, the central
      axis of the rod when grasped being perpendicular to a plane common to the
      other axes, whereby the rod is formed into a shape determined by the
      grasping and projection application, and pushing the formed rod through a
      fixed die having a diameter less than a thickness of the formed rod so as
      to form wire.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages, and features of this invention will become more
      apparent from a reading of the following description, when read in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of one embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2;
PAR  FIG. 4 is an elevational view, partly in section, taken along the line A of
      FIG. 1;
PAR  FIG. 5 is a view similar to FIG. 4, taken along the line A of FIG. 1, but
      showing a different embodiment of the invention;
PAR  FIG. 6 is a view similar to FIG. 3, taken along the lines 3--3 of FIG. 2,
      illustrating another embodiment of the invention;
PAR  FIG. 7 is a view taken along the lines 2--2 of FIG. 1 of still another
      embodiment of the invention;
PAR  FIG. 8 is a view of the embodiment shown in FIG. 7 taken along the line A
      of FIG. 1;
PAR  FIGS. 9a, 9b, and 9c are fragmentary sectional views, showing different die
      configurations in accordance with various embodiments of the invention;
PAR  FIG. 10 is a perspective view of yet another embodiment of this invention
      illustrating a multi-wireforming apparatus;
PAR  FIG. 11 is a sectional view taken along the lines 11--11 of FIG. 10;
PAR  FIG. 12 is a cross-sectional view taken along the lines 12--12 of FIG. 11;
PAR  FIG. 13 is a cross-sectional plan view taken along the lines 13--13 of FIG.
      12; and
PAR  FIGS. 14a and 14b are views of another embodiment of this invention.
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PAC  DESCRIPTION OF A PREFERRED EMBODIMENT IN GENERAL
PAR  The invention described herein combines the low friction losses and
      continuity of a rolling operation with the high reductions possible in
      extrusion. The deficiencies of rolling and extrusion, namely, small
      reductions per pass and finite length, respectively, are eliminated. The
      process materializes by combining the extrusion process with rolling,
      hence the name `Extrolling`.
PAR  Referring in particular to FIGS. 1 through 4, inclusive, there is depicted
      apparatus 20 for forming an incoming rod 21 into a wire 22.
PAR  The apparatus 20 includes a housing 23 which houses a first roller 24 and a
      second roller 26.
PAR  As depicted in FIGS. 2 and 3, the first roller 24 has a circumferential
      groove 27 having a width somewhat less than that of the incoming rod 21 to
      be worked upon; thus, the incoming rod 21 can be frictionally held by the
      groove 27 of the first roller 24. The roller 24 is rotatable about a first
      axis 28.
PAR  The second roller 26 is rotatable about a second axis 29 which is parallel
      to the first axis 28. The second roller 26 has a circumferential
      projection 31 thereon. The two rollers 24, 26, are so oriented that the
      projection 31 and the groove 27, when in co-operating relationship, form
      an opening 32 therebetween. The opening 32, at a plane common to the axes
      28 and 29, has a cross-sectional area less that, equal to, or larger than
      that of the cross-sectional area of the incoming rod 21 to be worked upon,
      so that the incoming rod 21, when forced within the opening 32, becomes
      upset.
PAR  The two, almost standard shape rollers 24, 26, with an almost standard
      rolling mill, provide the always forward moving chamber. While the round
      rod 21 enters the groove 27, it is being dragged forward by friction.
PAR  The first roller 24 can be positively rotated by suitable means, such as a
      motor 33 whose axial gear 34 drives a gear 36 of the first roller 24, as
      shown in FIG. 4. In the embodiment shown, the roller 26 is idled and is
      not positively driven by the motor 33. Referring to FIGS. 1 and 2, there
      is shown a die 37 which is fixed in location with respect to the two
      rollers 24 and 26, so that the unsetted rod, when fed between the two
      rollers 24, 26, is extruded through the die 37 to form wire 22 therefrom.
PAR  For the purpose of clarity in the drawings, the sizes of the workpiece and
      die 37 are exaggerated in comparison to roller diameter. For simplicity of
      illustration and for convenience of description, incidental details, such
      as an on-off switch, power-couplings, and the like, are not shown nor
      described, it being understood that such would be obvious to anyone
      ordinarily skilled in this art. In substance, as shown in the embodiment
      illustrated in FIGS. 1 through 4 inclusive, an incoming rod of material
      21, such as lead, copper, or other suitable metallic material, is
      utilized. This rod conventionally is of cylindrical shape, but, however,
      can take other forms such as rectangular or oval in cross-section. The rod
      is grasped by the groove 27 of the first roller 24 and is rotated by the
      roller 24, the roller 24 being positively driven by the motor 33. The rod
      21 is deformed within the groove 27 due to the projection 31 of the second
      roller 26 which is impressed against the rod 21. The roller 26 is free to
      rotate about the axis 29. The incoming rod 21 becomes upset and generally
      forms a rectangular cross-section, as depicted somewhat in FIG. 2. The rod
      is grasped about the bottom and side surfaces thereof by the groove 27 of
      the first roller 24 and by the top surface thereof by the projection 31 of
      the roller 26. Since all sides of the incoming rod 21 are being pushed by
      either the grooved surface 27 of the roller 24 or the projection 31 of the
      roller 26, the rod 21, in its upset condition, is forced through the die
      37, as shown in FIG. 2, to form wire 22 therefrom.
PAR  The width of the groove 27 (and each side of the square 32 formed between
      the groove 27 and the protrusion 31) is about 10% smaller, as an example,
      than the diameter of the incoming rod 21. With a reduced cross-section, a
      10% difference might not be needed. A slight chamfer, of say 15.degree.,
      at the top of the groove 27 aids the insertion of the larger diameter rod
      21 into the groove 27. The protrusion 31 from the opposing roller 26
      starts to squeeze and a change in shape of the rod 21 takes place so that
      friction drag becomes more effective.
PAR  It should be noted already, as will be shown later in more detail, that
      friction drag forward starts in the groove 27 even before the incoming rod
      21 is contacted by the protrusion 31, and so does the change in shape of
      the wire. As the rod 21 reaches the die 37, obstructing the exit, the
      pressure produced is high enough to cause extension through the die
      opening. Note that the existence of the die as an obstacle produces a
      lateral pressure in the groove which enhances the friction drag.
      Nevertheless, a certain minimum length of contact between the workpiece
      and the rollers 24, 26, should be maintained. The larger the roller
      diameter and size reduction through the rollers, the better the drag
      provided.
PAC  DESCRIPTION OF AN ALTERNATE EMBODIMENT
PAR  Referring in particular to FIGS. 1, 2, 4, and 6, there is shown an
      alternate embodiment, somewhat similar to the embodiment described above
      in connection with FIGS. 1 through 4 inclusive. However, in this
      embodiment, FIG. 6 is utilized in lieu of FIG. 3. As illustrated in FIG.
      6, the apparatus includes a first roller 40 having a U-shaped groove 38
      therewithin and a second roller 39 having an inverted concave projection
      41 protruding therefrom. As shown in FIG. 6, the projection 41 of the
      second roller 39 cooperates with the groove 38 of the first roller 40, so
      that, at a plane common to the axis 42 of the roller 40 and the axis 43 of
      the roller 39, the projection 41 and the groove 38 form a circular opening
      44 therewithin. The circular opening 44 has a cross-sectional area less
      than that of the incoming rod 21 to be worked upon. In a similar fashion
      as described in connection with the foregoing embodiment, the incoming rod
      21, when forced between the two rollers 40 and 39, undergoes an upsetting
      character, the rod 21 being forced in a forward direction due to the
      grooved surface 38 of the first roller 40 and due to the projection 41 of
      the second roller 39. The rod 21, hence, is pushed through the die 37 and
      extruded therefrom, as heretofore.
PAR  In both this and the foregoing embodiments, both rollers rotate at the same
      linear speed since the second roller is free to idle.
PAC  DESCRIPTION OF ANOTHER EMBODIMENT
PAR  Referring to FIG. 5, the second roller, whether it be the roller 26 as
      depicted in FIG. 3 or the roller 39 as depicted in FIG. 6, is positively
      driven by a gear 46, which gear 46 is driven by the gear 36, which is in
      turn coupled to the axial gear 34 of a motor 33. Thus, as depicted in FIG.
      5, both the first roller and the second roller are positively driven by
      the motor 33. Both the rollers 24, 26 of the embodiment shwon in FIG. 3,
      and the rollers 40, 39 of the embodiment shown in FIG. 6, are positively
      driven by the motor 33 in such a fashion that the external surface of the
      rollers, that is, the projection 31 of the roller 26 and a grooved portion
      27 of the roller 24 (and, likewise, the projection 41 of the roller 39 and
      the groove 38 of the roller 40) rotate at the same linear speed. Hence,
      the incoming rod 21, when fed within the openings 32 or 44, is grasped
      about its periphery and pushed forward through the die 37, the pushing
      being applied to all the surfaces of the incoming rod 21 being uniform,
      that is, the tangential speed of the roller at the bottom portion of the
      rod 21 is identical to the tangential speed at the top surface of a rod
      21.
PAC  THE ROLLERS
PAR  Two powered rollers, in the embodiment of FIG. 5, one rotating clockwise
      while the other rotates counter-clockwise, drag the rod 21 by frictional
      means into the narrowing gap between the rollers. Note that the same
      concept works also when one roller is powered and the other is idling, as
      in the embodiment of FIG. 4. While one roller 24 contains a groove 27, the
      other 26 contains a matching protruding cylindrical ring 31 that enters
      the groove 27 to close it from above (see FIG. 3). Between the groove 27
      and the protrusion 31, the gap is providing an open-ended chamber 32.
      Three walls of the chamber 32 are provided by the groove 31 and the fourth
      wall is provided by the outer surface of the protrusion (see FIG. 3). The
      incoming circular rod (workpiece) 21 contacts the walls of the chamber 32
      initially at the entrance only along four limited points of contact. But
      progressing towards the die block and encountering resistance to the
      forward motion, the rod is upset. The area of contact increases and drag
      becomes more effective. This is also due to increased pressure between the
      upset rod and the walls of the chamber. Approaching the die 37, the rod
      may completely conform to the shape of the groove, or the corners may
      remain rounded to varying degrees. At the die block, the friction drag is
      providing enough pressure to cause the rod to extrude through the die
      opening. The die block fits into the groove and the protrusion to provide
      a closure for the exit side of the extrusion chamber (FIG. 2). Clearance
      between the die block and the groove and protrusion is minimal. The front
      face of the die block is at the place connecting the axis of symmetry of
      the two rollers.
PAR  The groove may be rectangular (FIG. 3) or it may have a shaped bottom or a
      rounded bottom (FIG. 6). The die block is shaped accordingly. The outer
      surface of the protrusion can also be shaped.
PAR  Today, the most popular shape of raw material as a workpiece is a round
      rod, probably produced by rolling. Hence, the basics of the concept,
      conventionally, are introduced through the use of an original round
      workpiece. However, better economy and less redundant work can be achieved
      if one starts with a rod of square cross-section with a square groove and
      chamber. This square rod can easily be produced if one considers combining
      continuous casting as the first process preceding the Extrolling
      operation.
PAC  DESCRIPTION OF ANOTHER EMBODIMENT OF THE INVENTION
PAR  Referring to FIGS. 7 and 8, there is shown apparatus 50, including a
      housing 51, a bottom roller 52, a top roller 53, and a die 54, all of
      which operate in a manner similar to that described heretofore.
PAR  In addition, however, there is shown a third roller 56. The third roller 56
      is driven by a gear 57, which gear 57 is driven by a gear 58 affixed to
      the first roller 52. The gear 58 also drives a gear 59 attached to the
      second roller 53. The gear 58 is driven by the axial gear 60 of a motor
      61. The rollers 52 and 53 are driven so that their circumferential
      surfaces rotate at the identical linear speed as heretofore described
      above, but, however, the third roller 56 preferably, is driven at a higher
      linear speed than that of the two rollers 52 and 53. Alternatively,
      however, the third roller 56 may be driven at the same speed as the other
      two rollers 52 and 53, or may be idled.
PAR  In operation, an incoming rod 21 is fed into the groove of the first roller
      52. The groove of the first roller 52 can take any of various shapes,
      including U-shape or rectangular-shape, as described in connection with
      other embodiments. The third roller 56 pushes the incoming rod 21 into the
      groove of the first roller 52. The incoming rod 21, being frictionally
      held by the groove of the first roller 52, is rotated and is further
      grasped by the projection of the roller 53. The circumferential surface of
      the incoming rod 21 in its upset condition is pushed by the rollers 52 and
      53 through the die 54 to form wire 22 therefrom.
PAC  THE DIE
PAR  A suitable die 60 is illustrated in FIG. 9a having a particular
      configuration. Similarly, a die 61 and a die 62 is depicted in FIGS. 9b
      and 9c, respectively. The die 60, 61, 62, as depicted, have various
      different shaped entrances 64--64 to the respective orifices 66--66. The
      dies 60, 61, 62 can be oriented with respect to the two rollers as shown,
      and, alternatively, can be oriented displaced from the central axis
      thereof towards the left (not shown). Various alternatives will suggest
      themselves to those ordinarily skilled in the art.
PAR  The entrance to the die may be tapered or rounded, or a square die entrance
      may be used. Close fit of the die block to the groove and upper roller
      together with a square die and dead zozne formation may serve to seal the
      clearance and prevent material from escaping. On the other hand, a liberal
      clearance and tapered die can produce a scalp removed from the surface and
      discarded. Thus, the poor quality of the surface is shaved off and the
      wire produced does not contain residual surface defects.
PAR  A variety of shapes can be produced. Even several rods can be extrolled
      from a single original rod if the die block contains several die holes. By
      introducing several holes, the total reduction is reduced together with
      the required pressure, while a small size product is produced from the
      heavy gauge rod.
PAR  One disadvantage of the use of the concept of using several holes during
      conventional extrusion is the shorter individual rods. During a continuous
      process with this invention, however, each individual rod is still
      continuous and of unlimited length. The amount of work reduces and
      processing efficiency increases drastically as the total cross-section
      area of the individual rods increases.
PAC  ENHANCEMENT OF GRIP
PAR  This process depends for its success on utilization of friction between the
      rollers and the workpiece. It may be classified as a friction-aided
      process. The confines of the open ended chamber serves to exert wall
      pressure on the upset workpiece and thus enhance the friction drug. Means
      to affect increase in the grip are:
PA1  1. Larger ratio Larger ratio of roller diameter to the cross-section size
      of the workpiece.
PA1  2. Higher Friction Higher values of friction namely, rougher rollers and
      less lubrication.
PA1  3. Higher degree of change Higher degree of change in size and shape of the
      workpiece during the upsetting. Some freedom in adjustments of the height
      of the gap by screw-down of the rollers can be exercised.
PA1  4. Change in position of the die block One can position the die block at
      varying distances to the exit side from the line connecting the center
      lines of the rollers. Thus, the wire has longer contact with the rolls.
      The amount of expansion of the cavity is slight when the distance is
      short. The cavity is filled with the rod due to upsetting. The die can be
      placed even on the entrance side from the line connecting the center lines
      of the rollers.
PA1  5. Forward push By wrapping the incoming wire around part of the roller
      with the groove, contact is lengthened. Further enhancement of grip can be
      achieved by an additional roller (FIGS. 7 and 8) that can be powered to
      rotate at a circumferential velocity faster than that of the two rolls.
      The speed differential can be varied. The additional push by the roller
      helps upsetting and enhancing the firction grip. Friction grip can also be
      enhanced by a guard with conjunction with and/or without the auxiliary
      roller.
PAR  Workable Materials
PAR  Most materials that can be either rolled or extruded can also be extrolled.
      The process can also be adopted to processing at elevated temperatures.
PAR  As an ultimate goal, one can envision the use of the process where the
      starting material is a powder being compacted during extrolling. Even the
      production of fibrous and clad materials can be forseen. Continuous fibers
      can be fed through the powder so that the product will be a compacted
      matrix with fibers inside. As a consequence, it is desired that this
      invention be broadly construed to include such forseen materials.
PAC  ALTERNATE DESIGNS
PAR  Forward
PAR  In the foregoing sections, a new concept of friction motivated open ended
      extrusion chamber with continuous forward motion was introduced, termed
      "Extrolling". A square channel confined between the groove and a
      protrusion in the roller was employed. (Modified shapes were also
      introduced). Some shortcomings of this design may tend to limit the
      permissible pressure within this chamber since the edges and corners of
      the groove and the features of the protrusion are the weak links of this
      design. However, some modifications, within the scope of this invention,
      to provide a groove by assembling the components of the roller will
      suggest themselves to those skilled in the art. For example, the
      protrusion can be made as a separate part; if it falls it can be replaced
      without discarding the roller. Sleeves and protrusion can also be made
      from better, more expensive, material than the roller. A locking key and
      clamping sleeves can transfer the rotary motion and clamp the sleeves in
      the proper axial tight position, respectively. Such modifications, within
      the scope of this invention, are readily apparent to those skilled in the
      art. One design utilizing the same general concept, but with specific
      advantages in some ares, is presented next as a process called:
      "Extrolling Lined Up Multirods Product"
PAR  Extrolling Lined up Multirods Product
PAR  The Concept
PAR  The possibility of producing several rods from one incoming rod was
      mentioned hereinabove. The advantage of continuity is still maintained
      while much lower pressures are needed. There, the groove and incoming rods
      were of about equal width to height dimensions. With such a groove, the
      lateral pressure on the side walls of the groove is considerable. When
      several wires or a strip are rolled, the lateral axial pressure reduces.
      Theoretically, when width to thickness becomes infinity, the lateral force
      reduces to zero. Furthermore, when the radius of the rollers is much
      larger than the gap between the rollers, as large a reduction in area as
      desired, between raw material and the product can be achieved.
PAR  FIGS. 10 through 13, inclusive, depict a varation of applicant's invention,
      wherein an incoming sheet 70 of material is converted into a plurality of
      formed wires 71, 72, 72, 74, 75. Apparatus 76 for so converting the sheet
      of material 70 into a plurality of wires 70-75 includes a housing 77, a
      first roller 78, and a second roller 79, as depicted in FIGS. 10 and 11.
      The first roller 78 is positively driven by a motor 81, whereas the second
      roller 79 can be either positively driven by the motor 81 or permitted to
      be idled, whichever is preferred by the user. The first roller 78, as
      depicted in FIG. 12, includes a groove 82 therewithin for accepting the
      incoming sheet 70 of material. The second roller 79 operates with respect
      to the incoming sheet 70 to upset the sheet within the recessed opening 84
      formed by the roller 79 and the groove 82 of the roller 78.
PAR  The upsetted sheet 70 is forced forward, about the bottom, by the groove 82
      of the roller 78, and about the top by the roller 79, and forced through a
      plurality of orifices of a die 85 to form the wire 71-75 therefrom.
PAR  In essence, the operation is similar to the principles described above.
      Namely, a sheet of material is upsetted and formed into a plurality of
      wire. This can be achieved simply as described here. In addition, the
      upper roller 79 may be positively driven, and alternatively, a third
      roller may be provided to further aid in forcing the sheet 70 into the
      first roller 78.
PAR  In FIGS. 10-13, strip rolling to produce multiware is shown. The strip can
      be replaced by a row of wires (round or square) constraining each other.
      The side guard of the groove can be:
PA1  1. Part of the rollers,
PA1  2. A stationary side guard, or
PA1  3. Eliminated altogether when a strip is the raw material.
PAR  Side pressure for multiware rolling is negligible. There is no need for a
      protrusion on the opposite roll in this design, so one roller can be
      cylindrical.
PAR  The Raw Material
PAR  The raw material, as already suggested, can be a strip. In thin strip
      rolling, there is no limit to the reduction possible, as long as the
      rollers and mill can withstand the required pressures. Thus, a wide
      channel, open at the entrance, is constructed with as much pressure as
      needed produced at the die. The raw material can be a row of rods,
      constrained by the rollers on top and bottom, from the side, each rod is
      constrained by the neighboring rods, while the two extreme rods are
      constrained by the sides of the step in one of the rollers or by a side
      guard.
PAR  When multirod is used as the raw material, the incoming individual rods may
      be of the conventional round cross-section. The upsetting into squares
      occurs as described in the single rod arrangement in a square groove. On
      the other hand, square rods can serve as the original raw material.
PAR  When round rods are used, the advantages are;
PA1  1. The raw material is of a more readily available shape
PA1  2. Minimum prealignment of the individual rods is required.
PAR  The disadvantage is that some redundant work is wasted on the upsetting of
      the rods prior to their entrance to the die (and larger reduction).
PAR  A square rod is not so readily available, but can be rolled or even
      provided directly from a continuous casting process. When square rods are
      the raw material, precautions should be taken to prevent twisted
      positioning.
PAR  The Die(s)
PAR  The wide die permits a variety of design options. The support back portion
      of the die may have inserts of individual dies of carbide or harder
      material. Or, simply the front end of the die may be separate from the
      backing support. The front edge of the die assembly can be adjusted
      forwards or backwards as can the individual die in the preceding section.
PAR  No attempt is made here to describe details of all possible die assembly
      designs.
PAR  Augmentation
PAR  One difficulty with multirod extrusion is the uneven flow. Usually it is
      not to be expected that all outgoing wires (rods) will move freely at the
      same speed. One can adjust the equipment design and production practice to
      accommodate the said phenomena. On the other hand, augmented pull can be
      adopted to force all emerging individual rods to exit at identical speeds.
PAC  ALTERNATIVE EMBODIMENT
PAR  Earlier, in this specification, at Background of the Invention, 2.
      Description of the Prior Art, reference was made, under d. Continuous
      Extrusion Forming to work done by D. Green using a stationary
      semi-circular member, and a rotating cylindrical tool. That concept is
      best shown by FIG. 3, pages 295-300 of Journal of the Institute of Metals,
      1972, Vol. 100. In this latter concept, Green's stationary semi-circular
      member, or "shoe", is cylindrical and having a concentric axis of symmetry
      with the rotating shaft for the rotating cylindrical tool. Thus, the
      cross-section of the chamber formed by Green's tool and shoe is constant.
      In operation, the worked rod bulges to conform to the chamber cavity.
PAR  In a modification of Green's concept, by the applicant hereof, significant
      improvement is possible, as depicted in FIGS. 14a and 14b, by providing a
      shoe 90, eccentrically oriented in a spiral configuration, so that the gap
      91 formed by the rectangular groove 92 and the shoe 90 gradually reduces
      as the die 93 is approached.
PAR  Advantageously, the gradually narrowing gap 91 exerts pressure more
      effectively and through shorter contact lengths than in Green's
      embodiment. Furthermore, efficency of power can be optimized with the
      spiralling configuration.
PAC  SUMMARY
PAR  In these processes, initially, slight drag builds up by a chain reaction of
      higher pressure causing more upsetting, causing higher friction drag,
      which leads to higher pressures. The blocking at the exit and initial
      minimal contact are essential. The initial slight contact can be achieved
      through differential size between raw material and chamber. For example,
      smaller size groove or smaller gap between rolls than size of incoming raw
      material.
PAR  Another means to initiate contact at the entrance can be an extra provision
      to push the raw material into the chamber.
PAR  In the preferred mode, an incoming rod is formed into wire by initially
      grasping the incoming rod about various contact points thereof, namely, at
      the bottom and sides by a groove shaped member, the groove shaped member
      being rotated. A protrusion shaped member is applied into mating contact
      with the incoming rod at the top surface thereof, so as to upset the
      incoming rod into a shape defined by the protrusion and by the groove. The
      protrusion shaped member is rotated at the same linear speed as the groove
      shaped member so as to frictionally push the upsetted rod through a die
      which has a diameter less than the external dimensions of the incoming rod
      so as to extrude wire therefrom.
PAR  Essentially, a wire is formed by a combined process of rolling and
      extrusion, which the inventor hereof has termed "Extrolling " that is
      extrusion and rolling.
PAR  Insofar as the scope of the claims are concerned, it is desired that they
      be broadly construed to include single rod, plural rods, and strip or
      sheet material, whether of circular or rectangular configuration. The term
      "die" is intended to include such devices as contain a plurality of
      orifices for simultaneously producing a plurality of wire strands, in
      addition to the usual die containing but one orifice.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for forming wire comprising:
PA1  a. first roller means having a circumferential groove with a width somewhat
      less than that of an incoming rod to be worked upon, whereby said incoming
      rod can be frictionally held by said groove of said first roller means,
      said first roller means being rotatable about a first axis;
PA1  b. second roller means rotatable about a second axis, said second axis
      being parallel to said first axis, said second roller means having a
      circumferential projection thereon, said first and said second roller
      means being so oriented so that said projection and said groove, when in
      cooperating relationship, form an opening therebetween, said opening at a
      plane common to said first and said second axes having a cross-sectional
      area less than that of the cross-sectional area of said incoming rod to be
      worked upon whereby said incoming rod when forced within said opening
      becomes upset;
PA1  c. means for rotating said first roller means;
PA1  d. a die located in a zone with respect to both said roller means so that
      said upsetted rod may be fed by said roller means with sufficient force to
      extrude said rod through said die to form wire therefrom,
PA1  e. one extremity of said zone being a plane passing through the axes of
      rotation of said roller means, the other extremity of said zone being
      defined by a distance corresponding generally to the radius of one of said
      roller means, and
PA1  f. said die having an orifice whose axis is generally perpendicular to said
      plane.
NUM  2.
PAR  2. The apparatus as recited in claim 1 further comprising means for
      rotating said second roller means at the same linear velocity as that of
      said first roller means.
NUM  3.
PAR  3. The apparatus as recited in claim 1 further comprising:
PA1  e. third roller means having an axis parallel to said first and second
      axes, said third roller means being oriented with respect to said first
      roller means so as to initially engage said incoming rod and to force at
      least a portion of said rod into said groove of said first roller means
      prior to said incoming rod coming into contact with said projection of
      said second roller means.
NUM  4.
PAR  4. The apparatus as recited in the claim 3 further comprising:
PA1  f. means for rotating said third roller means at a linear velocity in
      excess of that of said first roller means.
NUM  5.
PAR  5. The apparatus as recited in claim 1, wherein said groove of said first
      roller means has a rectangular configuration.
NUM  6.
PAR  6. The apparatus as recited in the claim 5, wherein said projection of said
      second roller means has a rectangular configuration.
NUM  7.
PAR  7. The apparatus as recited in claim 1, wherein said groove of said first
      roller means has a U-shaped configuration.
NUM  8.
PAR  8. The apparatus as recited in claim 7, wherein said projection of said
      second roller means has a concave configuration.
NUM  9.
PAR  9. The apparatus as recited in claim 7, wherein said projection of said
      second roller means has a rectangular configuration.
NUM  10.
PAR  10. Apparatus for forming an incoming metal rod into a wire comprising:
PA1  a. means for grasping said incoming rod at three contact points thereof,
      namely at two opposed sides and a bottom, in a concave hold;
PA1  b. means for rotating said grasped rod about a first axis transverse with
      respect to the longitudinal axis of the rod;
PA1  c. means for rotatably applying a projection against a top surface of said
      grasped rod, about a second axis parallel to said first axis, the central
      axis of said rod at a point where grasped being perpendicular to a plane
      common to said first and said second axes, whereby said rod is upsetted
      into a shape determined by said grasping means and said projection
      application means;
PA1  d. a fixed die having an orifice whose axis is generally perpendicular to
      and adjacent said plane, said orifice having a diameter less than a
      thickness of said upsetted rod; and
PA1  e. means including said rotatable grasping means and said rotatable
      projection application means for pushing said upsetted rod through said
      fixed die so as to extrude a wire of small diameter.
NUM  11.
PAR  11. Apparatus for forming wire comprising:
PA1  a. Means for passing an incoming rod of material having a first
      cross-sectional area through a pair of opposed members which rotate about
      parallel axes, wherein said opposed rotating members have external
      cylindrical surfaces which cooperate so as to form a second
      cross-sectional area in the plane common to said axes, said second
      cross-sectional area being less than that of said first cross-sectional
      area so that said rotating members upset said incoming rod in a rolling
      manner; and
PA1  b. A die adjacent said plane and having an orifice aligned with said second
      cross-sectional area; said die orifice blocking discharge from said second
      cross-sectional area so that the rod moves directly into said die orifice,
      said die orifice being spaced from said plane by a distance substantially
      less than the radius of said members; said members having sufficient
      frictional contact with said rod so that said rod may be extruded through
      the die orifice to form wire.
NUM  12.
PAR  12. Apparatus for forming wire comprising:
PA1  a. first rotatable means, having a groove thereon with a dimension less
      than that of an incoming rod to be grasped, so that in incoming rod, upon
      being initially held against said groove, is deformed to fit into said
      groove;
PA1  b. second rotatable means, adapted to have a linear circumferential speed
      equal to that of said first rotatable means, for forcing said incoming rod
      further into said groove;
PA1  c. a die tangentially arranged with respect to said groove and having at
      least a portion thereof in said groove, and
PA1  d. means including said first and second means for extruding said deformed
      rod through said die to form wire therefrom.
NUM  13.
PAR  13. Apparatus for forming wire comprising:
PA1  a. first rotatable member for grasping an incoming rod of material, said
      member including a circumferential groove having a dimension less than
      those of said incoming rod so as to frictionally hold said rod;
PA1  b. a second rotatable member having an exterior circumferential surface
      positioned to cooperate with said groove so that at least a portion of
      said incoming rod is held about its entire periphery;
PA1  c. a die having an orifice aligned tangentially with a portion of said
      groove located opposite said second member; and
PA1  d. motor means for rotating said members at the same speed so as to force
      the rod into and extrude said rod through said die.
NUM  14.
PAR  14. Apparatus for forming wire comprising:
PA1  a. first circumferential member means for grasping an incoming rod of
      material, said means including a groove having a dimension less than those
      of an incoming rod so as to frictionally hold said rod;
PA1  b. a second circumferential member means adapted to be rotated about its
      axis having an exterior circumferential surface adapted to cooperate with
      said grasping means, so that at least a portion of said incoming rod is
      held about its entire periphery;
PA1  c. a die;
PA1  d. means for rotating said grasping means so as to extrude said held rod
      through said die;
PA1  e. third circumferential member means for urging said incoming rod against
      said first circumferential member means prior to said rod coming in
      contact with said second circumferential member means; and
PA1  f. means for rotating said third circumferential member means at a linear
      circumferential velocity greater than that of said first circumferential
      member means.
NUM  15.
PAR  15. Apparatus for forming wire comprising:
PA1  a. means for feeding an incoming rod of material having a fixed diameter
      into a circumferential groove of a first circular roller, wherein the
      width of said groove is less than the diameter of said incoming rod;
PA1  b. means for deforming said incoming rod by forcing said incoming rod into
      said groove so that said incoming rod is frictionally held by said roller;
PA1  c. a second roller for upsetting said held incoming rod by a projection on
      said second roller which engages with an opposed surface of said held
      incoming rod, so that said incoming rod is frictionally held by both said
      first circular roller and by said projection of said second roller; and
PA1  d. means including said rollers and a die for extruding said rod by
      applying an axial friction force to said rod by said rollers to produce a
      bulge and create a lateral force, said lateral force increasing as the die
      is approached, whereby at said die, the lateral pressure is high enough to
      affect the extrusion of said rod through the die to form wire therefrom.
NUM  16.
PAR  16. A method of forming an incoming rod into a wire comprising the steps
      of:
PA1  a. grasping an incoming rod about three contact points thereof, namely at
      two opposed sides and a bottom, by a groove-shaped member;
PA1  b. rotating said groove-shaped member so that the grasped rod lies along a
      portion of said groove;
PA1  c. applying a protrusion-shaped member into mating contact with said
      incoming rod at the exposed surface thereof, so as to upset said incoming
      rod into a shape defined by the juxtaposed surfaces of said protrusion and
      said groove;
PA1  d. providing a die having a diameter less than the external dimensions of
      said incoming rod and positioned at least partially in the groove with its
      orifice aligned with that portion of the groove juxtaposed to said member,
      and
PA1  e. rotating said protrusion-shaped member, at the same linear speed as said
      groove-shaped member, so as to frictionally push said upsetted rod through
      said die so as to extrude wire therefrom.
NUM  17.
PAR  17. A method of producing wire comprising the steps of:
PA1  a. grasping an incoming rod of material by a first rotating member having a
      groove therein, said groove having a dimension less than that of said
      incoming rod, so that said rod, upon being initially grasped by said
      groove, is deformed to fit into said groove;
PA1  b. applying a force to an external surface of said grasped incoming rod, a
      radial component of said force forcing said grasped rod further into said
      groove, said force including a tangential component, said force being
      provided by a second rotating member having a circumferential speed equal
      to that of said first rotating member; and
PA1  c. extruding a plurality of wires by said members which push said rod
      through a die having a plurality of orifices to form the wires therefrom.
NUM  18.
PAR  18. A method of forming wire comprising the steps of:
PA1  a. grasping an incoming rod of material by a member having a groove therein
      with a dimension less than that of said incoming rod so that, when
      grasped, said rod extends along a portion of and becomes deformed within
      said groove and held thereby;
PA1  b. rotating said member so that said held incoming rod comes into contact
      with an opposed rotating member having a protrusion thereon so as to
      further force said incoming rod further into said groove, whereby said rod
      is held frictionally by both said rotating members; and
PA1  c. extruding said held incoming rod by frictionally pushing said incoming
      rod about its circumferential surfaces through a die to form wire
      therefrom.
NUM  19.
PAR  19. A method of forming wire comprising the steps of:
PA1  a. grasping a portion of an incoming rod of material by a circumferential
      groove of a first rotatable member, said groove having a dimension less
      than a dimension of said incoming rod so that said incoming rod is
      frictionally held by said groove of said first member;
PA1  b. rotating the held incoming rod portion past a second rotatable member;
      said second rotatable member having an exterior circumferential surface so
      as to cooperate with the incoming rod portion, to hold said incoming rod
      portion within the groove of said first member and so that said incoming
      rod portion is held about its entire periphery by both said groove of said
      second member;
PA1  c. extruding said incoming rod by pushing said rod through a die to form
      wire therefrom,
PA1  d. causing a third rotatable member to urge said incoming rod against said
      first member, prior to said incoming rod coming into contact with said
      second member; and
PA1  e. rotating said third member at a higher circumferential linear speed than
      said first member.
NUM  20.
PAR  20. A method of forming an incoming rod into a wire comprising the steps
      of:
PA1  a. grasping said incoming rod at three contact points thereof, namely at
      two opposed sides and a bottom, in a concave hold of a rotatable member;
PA1  b. rotating said held rod about a first axis corresponding to the axis of
      rotation of said member,
PA1  c. rotatably applying a projection against a top surface of said incoming
      rod, about a second axis parallel to said first axis, the central axis of
      said rod when grasped being perpendicular to a plane common to said first
      and said second axes, whereby said rod is formed into a shape determined
      by said grasping and projection application; and
PA1  d. providing a die having an orifice smaller than transverse dimensions of
      the rod, locating said die in a zone defined at one extremity by a plane
      passing through said axes and the other extremity being spaced from said
      plane by a distance less than the radius of said member.
NUM  21.
PAR  21. Apparatus for forming wire comprising:
PA1  a. first roller means having a circumferential groove with a width somewhat
      less than that of an incoming rod to be worked upon, whereby said incoming
      rod can be frictionally held by said groove of said first roller means,
      said first roller means being rotatable about a first axis;
PA1  b. second roller means rotatable about a second axis, said second axis
      being parallel to said first axis, said second roller means having a
      circumferential projection thereon, said first and said second roller
      means being so oriented so that said projection and said groove, when in
      cooperating relationship, form an opening therebetween, said opening at a
      plane common to said first and said second axes having a cross-sectional
      area less than that of the cross-sectional area of said incoming rod to be
      worked upon whereby said incoming rod when forced within said opening
      becomes upset;
PA1  c. motor means connected to said first roller means for rotating said first
      roller means; and
PA1  d. a die fixed in location with respect to both said roller means so that
      said upsetted rod, when fed thereto by both said roller means, is extruded
      through said fixed die to form wire therefrom, said die location being
      immediately adjacent said opening so that the upsetted rod is fed directly
      from said opening to said die.
NUM  22.
PAR  22. In apparatus for extruding wire from an incoming rod of material,
      including
PA1  a circular, rotatable roller having a groove formed about its periphery,
      and
PA1  a fixed shoe having an inner curved surface arranged to fit closely up
      against said roller periphery opposite said groove so as to form a grooved
      container having an inlet end circumferentially spaced about said roller
      from an outlet end, said shoe carrying an extrusion die at the outlet end
      of said container, said surface being closer to the bottom of said groove
      adjacent said die as compared with the corresponding radial distance at
      said inlet end so that the gap between the bottom of said groove and said
      inner curved surface of said shoe gradually reduces as the die is
      approached from said inlet end.
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ABST
PAL  An apparatus is disclosed for moving an assembly of two vertical rolls and
      their respective upper and lower bearing chocks into and out of a roll
      housing in a rolling mill. The apparatus includes a central carrying
      member acting through oppositely extending adjustable link members
      pivotally connected to the upper bearing chocks of the roll assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to rolling mills, and is concerned in
      particular with an improved means for moving the combination of two
      vertical rolls and their respective upper and lower bearing chocks into
      and out of a roll housing.
PAR  In a rolling mill, periodic roll changes are required when the roll grooves
      become worn. In the past, various devices have been developed to assist
      operating personnel in making these changes, but for a variety of reasons,
      these devices have not proven entirely satisfactory. For example, none of
      the known prior art devices is capable of remaining attached to the
      bearing chocks during the rolling operation. Thus, valuable production
      time is lost during each roll change due to the fact that these roll
      changing devices must first be attached to the bearing chocks of the worn
      rolls prior to removing them from the housing, and further due to the fact
      that thereafter, these devices must be removed from the bearing chocks of
      the replacement rolls following their insertion into the roll housing.
      Mill down time is further lengthened in some cases because some of the
      prior art roll changing devices only operate on single rolls, thus
      doubling the time required to change each roll pair. Another drawback with
      many known roll changing devices lies in the fact that they are incapable
      of maintaining the work rolls in proper horizontal and vertical alignment
      during transfer from one location to another. This complicates the job of
      maintenance personnel, particularly at the stage when the replacement
      rolls are being inserted into the housing. With certain of the known roll
      changing devices, it is also possible for the roll cylinders to become
      demaged by banging against one another during transist to and from the
      roll housing. Still another known roll changing devices are not adjustable
      to accomodate different-sized rolls.
PAR  One object of the present invention is the provision of an improved roll
      changing device which can be employed to handle simultaneously two
      vertical rolls and their respective upper and lower bearing chocks, and
      which can remain attached to the upper bearing chocks during operation of
      the mill. This makes possible significant reductions in mill down time.
PAR  Another object of the present invention is the provision of a roll changing
      device which is readily adjustable to accommodate different-sized rolls.
PAR  Still another object of the present invention is the provision of a roll
      changing device which has the capability of maintaining the work rolls in
      proper horizontal and vertical alignment during transit, and of preventing
      the roll cylinders from coming into damaging contact with each other.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a lifting assembly
      which includes a central carrying member having a vertical axis along
      which are spaced two transversely extending pins. The uppermost of these
      pins provides a pivotal connection for oppositely extending overlapping
      link members which are in turn pivotally connected to the upper bearing
      chocks of the vertical rolls. The link members are provided with arcuate
      slots to receive the uppermost pin. These slots permit the link members to
      be adjusted to accommodate different-sized rolls. The link members are
      further provided with oppositely inclined surfaces which are engaged by
      the lowermost of the aforesaid pins when an upward force is exerted on the
      carrying member during a lifting operation. The inclination of these
      surfaces is such that when the roll assembly is lifted, the upward force
      on the carrying member is resolved into horizontal and vertical force
      components. The vertical force components lift the rolls and their
      respective chocks, while the horizontal force components maintain the
      rolls and their respective chocks properly separated and aligned.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described by way of example
      only, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a front elevational view of a typical vertical roll stand in a
      rolling mill, and having associated therewith a preferred embodiment of a
      roll changing device of the present invention;
PAR  FIG. 2 is an enlarged front elevational view of the roll changing device;
PAR  FIG. 3 is a side elevational view of the roll changing device; and,
PAR  FIG. 4 is a front elevation of the link members.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is generally depicted at 10 a typical
      vertical roll stand having a roll housing 12 containing a pair of grooved
      parallel vertical rolls 14 and 16. The roll necks of roll 14 are
      journalled respectively in upper and lower bearing chocks 18a, 20a, and
      likewise the roll necks of the roll 16 are journalled for rotation in
      upper and lower bearing chocks 18b, 20b. Each roll is driven from beneath
      the housing by means of a depending extension 22 which is axially received
      in a collar 24 on a drive spindle 26.
PAR  It will be understood that during a rolling operation, the upper and lower
      bearing chocks 18, 20 are retained in the housing 12 by conventional means
      including laterally adjustable rails and clamps (not shown). When the roll
      grooves become worn, thus necessitating a roll change, the chock clamps
      are released, thus freeing the rolls and their respective bearing for
      removal from the housing. This is accomplished through use of a roll
      changing device in accordance with the present invention, a preferred
      embodiment of which is generally indicated by the reference numeral 28.
PAR  The roll changing device 28 includes a preferably elongated and vertically
      arranged carrying member 30 having a longitudinal axis which is depicted
      by a reference line "a"  perpendicular to the mill center line "P" . A
      first pin 32 extends transversally through the carrying member 30 on
      reference line "a". Pin 32 provides the means at a common central location
      for connecting overlapping pairs of first and second links 34a, 34b and
      36a, 36b to the carrying member 30. Extension of pin 32 through the links
      34a, 34b is acommodated by arcuate slots 38 curving in one direction, and
      through links 36a, 36b by arcuate slots 40 curving in the opposite
      direction. The upper portions of the links 34a, 36a and their respective
      arcuate slots 38, 40 overlap each other on one side of the carrying member
      30, and the same relationship exists on the opposite side of the carrying
      member as regards the links 34b, 36b.
PAR  The links 34a, 34b are pivotally connected to an upstanding ear 20a' on
      upper bearing chock 20a by a second pin means 42. Likewise, the links 36a,
      36b are pivotally connected to an upstanding ear 20b' on upper bearing
      chock 20b by second pin means 42.
PAR  The links 34a, 34b are each provided with contact surfaces 44 inclined in
      one direction with respect to reference line "a", while the links 36a, 36b
      are provided with like but oppositely inclined contact surfaces 46. The
      contact surfaces 44, 46 are arranged for engagement with a third pin means
      48 on the carrying member 30. The third pin means 48 is located on
      reference line "a" and is spaced vertically below first pin means 32.
PAR  A lifting eye 50 is pivotally connected to the upper end of the carrier
      member 30 by a fourth pin means 52 which is also located on reference line
      "a" at a location spaced vertically above the first pin means 32. A pair
      of eye supports 54 may if desired be welded to opposite edges of the
      carrying member 30 to limit the extent to which the lifting eye 50 may
      pivot downwardly in either direction about pin 52.
PAR  In light of the foregoing, it will now be understood that the carrying
      member 30, the links 34a, 34b, 36a, 36b, the lifting eye 50, and the pins
      32, 48 and 52 are assembled as an integral carrying device or assembly
      which may be connected to the upper bearing chocks of any particular pair
      of work rolls. The carrying device will remain thus connected during the
      rolling operation. The arcuate slots 38, 40 will provide a range of
      adjustability which will permit the device to be employed with different
      diameter rolls. In other words, for larger diameter rolls, the distance
      between the pivotal connections established by the pins 42 will
      necessarily be greater, causing the pin 32 to be located in the upper
      regions of the arcuate slots 38, 40, and causing the pin 48 to engage the
      upper regions of the inclined surfaces 44, 46. With smaller diameter
      rolls, the reverse will be true.
PAR  During a lifting operation, when the rolls are being transported into or
      out of the housing, the hook of an overhead crane (not shown) or other
      like apparatus will engage lifting eye 50 and exert an upward force "F" on
      the carrying member 30 along axis "a" . As indicated diagrammatically in
      FIG. 4, Force "F.sub.1 " will be transmitted at "F" by pins 48 against the
      inclined surfaces 44, 46 of the links 34a, 34b and 36a, 36b. Each force
      F.sub.1 may be resolved into horizontal and vertical force components
      F.sub.h & F.sub.v at each of the pins 42 which connect the links to the
      upper bearing chocks. The vertical force components F.sub.v which are
      coincident with the roll axes will lift the rolls and their respective
      upper and lower bearing chocks, while the horizontal force components
      F.sub.h will serve to maintain the rolls and their respective chocks
      separated form each other. The pin 32 will exert opposite horizontal
      balancing forces F.sub.b on the links at the arcuate slots 38, 40, thereby
      maintaining the device in a balanced and stable condition. As the rolls
      and chocks are lifted, the carrying member 30 and its links 34, 36 will
      remain fixed in relation to each other, thereby maintaining the desired
      horizontal and vertical alignment of the rolls. In this manner, a worn set
      of rolls and their respective chocks can be removed from the housing and
      carried to the roll shop, and a replacement set of rolls and chocks with a
      duplicate carrying device already attached thereto can be returned by the
      same crane and reinserted into the housing. The roll changing device of
      the present invention permits this to be accomplished in a more rapid and
      efficient manner than would otherwise be possible with devices heretofore
      available.
PAR  It is my intention to cover all changes and modifications to the embodiment
      herein chosen for purposes of disclosure which do not depart from the
      spirit and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rolling mill having a housing containing a roll assembly which
      includes a pair of vertical rolls with the upper and lower roll necks of
      each roll journalled respectively in upper and lower laterally spaced
      bearing chocks, a carrying assembly for use in vertically moving the said
      roll assembly into and out of the said housing said carrying assembly
      comprising: a carrying member and first and second link members; first pin
      means for connecting said first and second link members to said carrying
      member at a common central location; second pin means for pivotally
      connecting said first and second link members to the upper bearing chocks
      of the roll assembly; and, third pin means on said carrying member at a
      lower central location spaced beneath said first pin means, said third pin
      means being engageable with oppositely inclined surfaces on said first and
      second link members.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein said first and second link
      members are provided respectively with oppositely curving arcuate slots
      which are arranged in an overlapping relationship at said common central
      location to accommodate extension therethrough of said first pin means.
NUM  3.
PAR  3. The apparatus as claimed in claim 1 wherein pairs of said first and
      second link members are employed with said carrying member, with one link
      member of a pair overlapping another link member of the other pair on
      opposite sides of said carrying member, and with each pair being connected
      respectively to one of the upper bearing chocks of the roll assembly by
      said second pin means.
NUM  4.
PAR  4. The apparatus as claimed in claim 1 further characterized by a lifting
      eye connected by fourth pin means to said carrying member at a location
      along said reference line spaced vertically above said first pin means.
NUM  5.
PAR  5. For use in moving a vertical roll assembly into and out of a roll
      housing, the said roll assembly including a pair of parallel vertical
      rolls with the upper and lower roll necks journalled for rotation in upper
      and lower bearing chocks, a carrying assembly comprising in combination: a
      carrying member having a vertically extending axis with vertically spaced
      upper and lower pin means extending transversally in relation thereto,
      oppositely extending link members connected to said carrying member by
      said upper pin means, other pin means for pivotally connecting said link
      members to the upper bearing chocks of the roll assembly, and oppositely
      inclined faces on said link members, said faces being engageable with said
      lower pin means, the inclination of said faces relative to said axis being
      such that a lifting force exerted on said carrying member along said axis
      will be resolved at each of said other pin means into vertical force
      components coincident with the roll axes and horizontal force components
      maintaining said rolls and their respective upper and lower bearing chocks
      in a laterally spaced relationship.
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ABST
PAL  A mobile base longitudinally slidably supports a platform and transversely
      supports an elongated winch cable and pipe reamer supporting trough, in
      elevated relation. Fluid operated cylinders moves the platform and axially
      aligns the trough with tubular members to be reamed. An elongated reamer
      moving rod is connected at its respective ends with winch cables in turn
      connected, respectively, with a pair of fluid motor sequence operated
      winches alternately pushing and pulling the rod and reamer into and out of
      tubular members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to tubular checking means and more
      particularly to an apparatus for running a reamer, or the like, through
      the bore of casing or pipe.
PAR  It has been common practice to transport tubular members, such as casing or
      pipe, to a service center for cleaning and other functions, such as
      checking its inside diameter for flattened or out-of-round condition by
      running a reamer, or the like, therethrough. While some of the operations
      performed on pipe when being reconditioned, such as rethreading or
      pressure testing, require the pipe to be placed in a shop having
      facilities for such operations it is usually unnecessary where the
      operations on the pipe are running a reamer therethrough to clean out
      easily dislodged obstructions or for checking the inside diameter for
      "flat"spots. These latter operations are preferably performed in the field
      and has usually been done by manually extending or pushing a "rabbit" or
      reamer-like tool coaxially connected to one end of an elongated rod
      through each joint of pipe. This is, at best, a time consuming operation.
PAR  This invention provides an apparatus for passing a reamer, or the like,
      through each joint of pipe, or the like, when the pipe or a plurality
      thereof is horizontally disposed, such as on a rack.
PAC  SUMMARY OF THE INVENTION
PAR  An elongated mobile frame forming a substantially horizontal base is
      disposed with its longitudinal axis normal to the axis of and spaced from
      the ends of a plurality of tubular members stacked or supported in
      vertical layers in pipe rack fashion. A platform overlies the base in
      slidable relation and is movable longitudinally by a pressure cylinder.
      Other upstanding pressure cylinders horizontallly support a trough means
      having its axis parallel with the axes of the racked pipe. The trough
      means is movable vertically for axial alignment with the respective pipe
      length by the other cylinders. An elongated rod is slidably supported by
      the trough means and is reciprocated therein by a pair of fluid motor
      driven winches connected, respectively, with opposing ends of the rod by
      flexible elements. A reamer, or the like, is coaxially connected with the
      end of the rod adjacent the racked pipe. Rotation of one of the winches
      pushes the reamer into and through the bore of one joint of pipe while the
      other winch "free-wheels" and permits an unwinding action of the flexible
      element wound on its drum. Rotation of the other winch, to withdraw the
      reamer by pulling the rod out of the pipe joint is an equal and opposite
      action of the winches. An engine operated compressor maintains pressure in
      a reservoir of cylinder operating fluid.
PAR  The principal object of this invention is to provide a mobile apparatus
      having vertically and horizontally adjustable guide means for
      reciprocating a reamer through a succession of joints of racked pipe.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top view of the apparatus;
PAR  FIG. 2 is a right side elevational view of FIG. 1;
PAR  FIG. 3 is a rear end elevational view with the seat, control panel and
      pressure tank removed for clarity;
PAR  FIG. 4 is a fragmentary top view, to an enlarged scale, of the push rod
      supporting trough, per se;
PAR  FIG. 5 is a vertical cross sectional view, to a larger scale, taken
      substantially along the line 5--5 of FIG. 4; and
PAR  FIG. 6 is a fragmentary elevational view, partially in section, of the push
      rod means and diagrammatically illustrating a pair of winches operatively
      connected therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Like characters of reference designate like parts in those figures of the
      drawings in which they occur.
PAR  In the drawings:
PAR  The reference numeral 10 indicates a wheel supported trailerlike device
      comprising a frame 12 provided with a trailer hitch 14 for towing behind a
      prime mover. The frame 12 is characterized by a horizontal base 16 having
      a plurality, three in the example shown, of longitudinally extending
      laterally spaced-apart parallel side rails 18 and a center rail 19 which
      slidably support a longitudinally movable platform 20. The forward end
      portion of the platform 20 is connected with the piston rod 22 of a
      platform moving pressure cylinder 24 for the purposes presently explained.
PAR  Trough means 26 is transversely supported for vertical movement above the
      frame 12 and comprises a trough support 28 secured to the depending end
      portion of a master cylinder 30 having its piston rod 32 secured to the
      platform 20 above the central rail 19. A pair of secondary or adjusting
      cylinders 34 and 36 are respectively disposed laterally of the master
      cylinder 30 and are similarly connected with the trough support 28 with
      their respective piston rods 38 and 40 similarly connected with the
      platform 20 above the respective rail 18. The trough support 28 supports a
      trough central section 42 whiich is V-shaped in cross section (FIG. 5) and
      formed by a plurality of extension sections 44 of angle iron, or the like,
      connected to the respective ends of the center section. Meeting ends of
      the sections 42 and 44 are secured or joined together by cooperating
      aligned centrally drilled lugs 46 arranged on each flange of the angle
      iron shape in interdigitated relation and secured by a pin 48. A support
      brace 50, connected with the upper end of the cylinder 36 and adjacent
      section 44, aids in supporting the axis of the trough horizontally.
PAR  An elongated threadedly connected sectional push rod 52 is slidably
      supported longitudinally by the trough. One end of the push rod is
      coaxially connected with a reamer 54, or the like, dimensioned for
      entering and passing through the bore of casing or pipe 56 supported by a
      rack 58 laterally of the frame 12. A pair of winches 60 and 62 are
      supported by the trough support 28 and are driven by a pair of air motors
      64 and 66, respectively. A flexible element, such as a cable 68, is
      connected, at one end, to one end of the rod member 52 and wound at its
      other end portion around the drum of the winch 60. Similarly, a second
      cable 70 is connected, at one end, to the other end portion of the rod 52
      adjacent the reamer and wound at its other end portion around the drum of
      the winch 62. Fluid pressure, such as air, is supplied to the cylinders
      and air motors from a reservoir 72 mounted on the forward end of the base
      16 including a gasoline driven engine and compressor 74 for maintaining
      the reservoir filled with air under a predetermined pressure. Flexible
      lines, not shown, connect the reservoir 72 to the respective cylinders and
      air motors through a control panel 76 mounted on the rearward end portion
      of the base 16 adjacent an operator's seat 78. Obviously hydraulic fluid
      may be used as a motor and cylinder operating medium.
PAC  OPERATION
PAR  In operation, the apparatus 10 is positioned with its longitudinal axis
      normal to the axis of the pipe 56 to be reamed or cleaned with the trough
      sections 44 assembled in place. Coaxial alignment of the rod 52, with the
      axis of a selected pipe 56, is achieved by forward or rearward movement of
      the platform 20 by the cylinder 24 and vertical movement of the trough
      means 42 by the master cylinder 30. The secondary cylinders 34 and 36 are
      selectively operated to position the axis of the trough means in
      horizontal alignment with the axis of the selected pipe in a tilting
      action of the trough support 28 to compensate for irregularities in the
      surface of the earth adjacent the pipe rack. The motor 64 operating the
      winch 60 winds the cable 68 thereon and pulls the rod end portion,
      opposite the reamer, longitudinally through the trough and extends the
      reamer and rod 52 into the pipe in a pushing action wherein the winch 62
      simultaneously unwinds its cable 70 in a free-wheeling action to permit
      the end portion of the cable 70, connected with the rod 52, to also enter
      the pipe. When the reamer 54 appears at the opposite end of the pipe, the
      motor 64 is stoppped and the motor 66 operated so that its winch 62 winds
      up the cable 70 and pulls the rod 52 and reamer out of the pipe while the
      winch 60 releases its cable 68. The reamer 54 is thus reciprocated at
      least once through each joint of pipe by repeating the above described
      cycle.
PAR  Obviously the invention is susceptible to changes or alterations without
      defeating its practicability, therefore, I do not wish to be confined to
      the preferred embodiment shown in the drawings and described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reamer for horizontally disposed racked tubular members, comprising:
PA1  an elongated mobile frame including a substantially horizontal base;
PA1  a platform longitudinally slidably overlying said base;
PA1  platform moving means for moving said platform relative to said base;
PA1  trough means extending transversely of said base in vertically spaced
      relation above said platform;
PA1  elevating means for raising and lowering said trough means;
PA1  a reamer rod slidably supported by said trough;
PA1  a reamer connected with one end of said rod;
PA1  a pair of winches each having a flexible element connected with one end of
      said rod in cooperative opposition; and,
PA1  means including motors for operating said winches, whereby operation of
      said winches in sequence alternately pushes said rod and reamer into and
      through and pulls it back out of the same end of a racked tubular member.
NUM  2.
PAR  2. The reamer according to claim 6 in which said platform moving means
      includes:
PA1  a fluid operated platform cylinder connected at one end with said base and
      connected at its other end with said platform.
NUM  3.
PAR  3. The reamer accordng to claim 4 in which said trough means includes:
PA1  a trough support; and,
PA1  a plurality of elongated trough sections longitudinally supported in end to
      end relation by said trough support.
NUM  4.
PAR  4. The reamer according to claim 1 in which said elevating means includes:
PA1  a source of fluid pressure; and,
PA1  a vertically disposed master cylinder having the depending end of its
      piston rod secured to said platform and having the depending end of its
      cylinder body secured in supporting relation to said trough means.
NUM  5.
PAR  5. The reamer according to claim 3 and further including: at least one
      secondary vertically disposed elevating cylinder having the depending end
      of its piston rod secured to said platform and having the depending end of
      its cylinder body secured to one end portion of said trough support for
      raising and lowering said one end portion of said trough support with
      respect to its opposite end portion.
NUM  6.
PAR  6. The reamer according to claim 5 in which said source of fluid pressure
      includes:
PA1  a reservoir; and,
PA1  pump means maintaining a supply of fluid under greater than atmospheric
      pressure in said reservoir.
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ABST
PAL  Copper tubing is drawn through a die by means of a rotating drum to which
      the front end of the tube is fastened and may remain fastened as the drawn
      tubing is coiled on the drum, or the front is released, so that frictional
      engagement of multiple coils on the drum provide for pulling. An annulus
      pushes the coils down, but is retracted or remains ineffective as long as
      the front end of the tube is fastened.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to drawing of elongated stock, such as copper
      tubing and using a drawing die, a rotating drum with clamp for drawing the
      tubing through the die.
PAR  Equipment of this type is constructed, for example, as to the following
      detail. In the so-called bull blocks, the tubing (or other elongated
      stock) is held by clamps throughout the drawing and is released only upon
      completion. The length of the drawn stock is limited here by
      circumferential and axial dimensions of the drawing drum.
PAR  The so-called spinner block differs from a bull block in that the stock is
      severed from the holding clamp after a few loops have been wound on the
      drum and frictional engagement of the drum by the loops provides for
      further pulling. The drum is vertically arranged and a disk pushes the
      loops down so that they drop into a container. Of course, a plurality of
      loops is always on the drum to provide for the necessary drawing force. It
      can thus be seen that this spinner block permits basically the processing
      of endless tubing.
PAR  Therefore, the bull block arrangement will be used for drawing e.g. tubes
      which are relatively light and short, so that all of it can be wound on
      the drum without having to provide for an excessively large (and heavy!)
      drum. One could wind tubing in two layers, but that is not too desirable,
      as the loops may become intertwined.
PAR  The spinner block has the added advantage of higher speed, but one has to
      start quite slowly, until, say, seven to nine loops have been wound, and
      they must be held against the periphery of the drum by rolls and to ensure
      transition of pulling by the clamp to pulling by frictional engagement
      when the end has been severed from the clamp.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide for equipment for
      drawing elongated stock which permits operation as bull block as well as
      spinner block.
PAR  In accordance with the preferred embodiment of the present invention, it is
      suggested to provide a drawing drum with an annulus or disk which is
      movably disposed thereon for changing the effective axial length of the
      drum, so that it can work as bull block, possibly followed by operation as
      spinner block. Basically then, the construction is a spinner block, but
      with retractible annulus. The retraction and advance of the annulus is
      carried out preferably hydraulically, but could be obtained by
      electromotors.
PAR  It can thus be seen that the drum may be used in bull block configuration,
      i.e. with retracted coil shifting annulus to use most or all of the drum's
      periphery for winding drawn stock when a certain length of such stock is
      drawn in the first stage or stages of drawing. As the same stock is drawn
      again, through a smaller die or dies, operation in the spinner block mode
      may become necessary whereupon the annulus is protracted to push the coils
      down in steps after, of course, the front end has been released.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic side elevation of equipment in accordance with the
      preferred embodiment of the invention, operating as bull block; and
PAR  FIG. 2 shows the same equipment but now operating as spinner block.
DETD
PAR  Proceeding now to the detailed description of the drawings elongated stock,
      such as copper tubing 1, is dispensed from an open container 6, a barrel,
      basket, or the like, wherein the tubing is stored in coiled configuration.
      Storing the tubing in this fahsion is an example only. Actually the tubing
      may be drawn or, better, withdrawn from a machine in which the tubing was
      first made (e.g. by continuous casting and/or press working) with
      subsequent pilgrim rolling to stretchroll the tubing for obtaining both, a
      reduction in wall thickness and elongation.
PAR  Presently, the tubing is to be drawn and for this, a drawing die 2 of
      conventional design is provided. The tubing is pulled and drawn through
      the die. Accordingly, a drawing drum 4 is provided, rotating on a vertical
      axis while being driven by a conventional drive (not shown).
PAR  The die 2 is suitably mounted on a thrust block and may be movable axially
      along the drum 4, or the drum may be movable axially relative to the die.
      In either case, relative axial movement between drum and die provides for
      placing of the drawn stock in spaced apart loops or coils onto the drum's
      periphery.
PAR  The drum has on its periphery a clamping mechanism 3, by means of which the
      front end of the tubing can be clamped and held, permitting pulling of the
      tubing upon rotation of the drum. Initially, the end of the tubing is
      sharpened and cut more or less to a point to permit easy threading through
      the die 2 for fasting that end to the clamp 3.
PAR  After the drum begins to rotate, the tube is drawn through the die 2 and
      the drawn tubing is coiled in spaced apart loops on the periphery of drum
      4. Drawing and coiling can begin immediately with the highest speed of the
      system, if the device operates as bull block; all of the drawn tubing will
      be coiled onto drum 4, while the front end is continuously held by clamp
      3. The coiling may be carried out with an opposite sense of winding as
      compared with the initial coil configuration in container 6. However, the
      drawing die will usually eliminate all elastic memory, so that the tubing
      is coiled on drum 4 from a straight configuration and is, therefore, under
      tension, tending to loosen the coils. Thus, as soon as the end of the
      stock 1 has passed through die 2, the tension relaxes and the coils are
      loosened. Upon opening the clamp 3 or severing the tubing 1 therefrom the
      coils drop into a basket 6'.
PAR  The operation above has been described with reference to bull block type
      operation which presumes that the stock to be drawn is of such length that
      it does, in fact, still fit onto the drum 4 after having been drawn. If,
      for example, the same tubing is drawn repeatedly through dies of
      respectively smaller opening, the resulting tubing will become longer and
      longer. In that case, it may become necessary to operate the equipment in
      the second or spinner block mode as shown in FIG. 2.
PAR  The equipment has additionally an annulus or ring 7, which is traversed by
      drum 4, but held by piston rods 9, which in FIG. 1 are not visible,
      because they are retracted in cylinders 10. In other words, upon operating
      the device in the bull block mode, more or less maximum storage capacity
      of the drum 4 is made available by partial or complete retraction of
      annulus 7, as shown in FIG. 1. It was assumed there that the end of the
      material to be drawn was reached not later than when the die 2 reached a
      position close to the retracted annulus 7.
PAR  The annulus 7 with actuating mechanism 9, 10 is mounted on drum 4 and
      rotates therewith, whereby particularly annulus or ring 7 is carried along
      by means of a follower pin arrangement or the like. Essential is that
      annulus or ring 7 can be advanced by protraction of the piston rods 9 as
      shown in FIG. 2.
PAR  Ring or annulus 7 has a conical surface portion 7a and a slight
      inclination, so that the tubing as running out of the drawing die meets
      that conical surface and is pushed down by annulus 7 during normal
      operation. The annulus 7 may actually undergo a wobble motion, i.e. the
      several piston rods protract and retract over a small span rhythmically,
      in synchronism with the rotation of drum 4, so that the "high" point of
      the oblique position is adjacent the point on which freshly drawn tubing
      runs on and towards drum 4, while the "low" point is located oppositely
      thereto, to obtain pushing down of the coils.
PAR  These "high" and "low" points of annulus 7 are about aligned in FIG. 2 in a
      direction transverse to the plane of the drawing because the stock runs
      tangentially to drum 4 in about the midpoint of the drum as drawn. These
      "high" and "low" points are, of course, fixed in space, i.e. in relation
      to die 2. Consequently, the center point of annulus 7 as visible is the
      high point, and the low point is at the far side, i.e. to the rear of the
      figure. These high and low points, however, in terms of axial dimensions
      are only very little apart, only by about one loop-to-loop spacing on the
      drum.
PAR  Initially, the operation is similar to bull block operation in that
      particularly the front end of the tubing 1 is prepared (sharpened) for
      threading through die 2 and fastened to clamp 3. The die 2 has lower-most
      position but moves up axially as coiling beings (or the drum moves down).
      The drum 4 rotates slowly at first and winds a few loops onto the lower
      portion of drum 4. The die 2 is moved up further and the next loops are
      wound while being held and additionally be pressure roll 8.
PAR  The die 2 stops when reaching the annulus or ring 7, so that the withdrawn
      tubing runs against the frustoconical surface 7a. Now clamp 3 is opened,
      or the tube end is just severed. Due to the resulting relaxation in
      coiling tension, the lower coils unwind and drop into basket 6'. However,
      not all coils drop but several are held by roll 8. Rotation of drum 4 is
      now sped up and as freshly drawn tubing is wound on drum 4, ring 7 pushes
      the loops down so that each loop freed from roll 8 will drop into basket
      6'. The drawing force is now provided through frictional engagement of,
      say, seven to nine loops on drum 4 as held by roll 8.
PAR  It can thus be seen that this operation can continue for any length of
      tubing as only a limited amount of tubing is on the drum in any instant.
      Newly drawn tubing is continuously accumulated in basket 6', in that with
      each new coil wound, the lowest one drops into the basket.
PAR  The drawing shows the annulus as being positioned by hydraulic drive
      elements. However, one could use electric motors or a motor instead. The
      parts 10 and 9 could be stationary as far as drum rotation is concerned
      and the front ends of rods 9 may run in ball bearings or the like in
      annulus 7. In this case the oblique disposition of annulus 7 is
      established stationarily through the position of the rods, while the
      annulus rotates on an oblique axis as it is caused to rotate by follower
      type engagement with the drum 4. The drum 4 may have a longitudinal groove
      or recess in which a pin projecting from annulus 7 is inserted to follow
      the drum's rotation.
PAR  The invention is not limited to the embodiments described above, but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a machine for drawing elongated stock such as copper tubing or the
      like and having a drawing die and a drum rotating on a vertical axial and
      onto which stock drawn by and through the die is wound and which draws the
      stock through the die, there being a clamp on the drum for holding the end
      of the stock, the improvement comprising a slightly obliquely positioned
      annulus, axially movably disposed on the drum; and
PA1  means for displacing the annulus to assume a first position in which it
      places the stock as drawn through the die for positioning on the drum,
      while pushing coiled stock down, and a second position of retraction to
      enlarge the capacity of the drum without dislodging the stock as coiled
      thereon.
NUM  2.
PAR  2. In a machine as in claim 1, wherein the means for displacing is
      hydraulically operated.
NUM  3.
PAR  3. In a machine as in claim 1, wherein the means for displacing is
      electrically operated.
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ABST
PAL  A method and apparatus is provided for bending elongated members such as
      pipe sections by the application of axial compression to both ends of a
      pipe section positioned between parallel guides. Preferably the apparatus
      comprises a pair of fittings with pivot mountings receivable in both ends
      of the pipe section, means for forcing the fittings toward each other in a
      direction axial of the pipe and for initially applying slight transverse
      pressure to the pipe section intermediate its ends in a direction radially
      outward with respect to the desired bend, and parallel planar guides on
      opposite sides of the pipe section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method and apparatus for bending elongated
      members, particularly those of tubular shape.
PAR  2. The Prior Art
PAR  Conventional methods of bending elongated members, such as pipe sections,
      consist of restraining the ends of the pipe section against transverse
      movement, placing the pipe section against a convex inner shoe, and moving
      the shoe radially outwardly of the desired bend. The application of this
      method to coated pipe is likely to damage the coating because of the
      necessary high pressure engagement of the shoe with surface portions of
      the coated pipe section surface.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides means for bending elongated members, such as pipe
      sections with minimum application of radial or transverse forces to the
      longitudinal surfaces of the pipe section. This is achieved by the
      application of axial compressive forces to the ends of a section of pipe
      held against any movement transverse to the plane of the arc through which
      it is to be bent, and initially biased radially outwardly with respect to
      the desired bend. Means is also provided to limit the curvature of the
      pipe.
PAR  This method and the apparatus for performing it are highly desirable for
      bending coated pipe, because of the absence of reliance principally on the
      application of transverse forces to the coated surface of the pipe to
      achieve the bending.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic longitudinal vertical sectional view of apparatus
      embodying the invention.
PAR  FIG. 2 is a transverse vertical sectional view along line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention utilizes apparatus comprising a base 1, mounting a pair of
      opposed horizontal, axially aligned hydraulic cylinders 3 at its ends.
      Each cylinder 3 includes a piston 5 having a rod 7 nonrotatable protruding
      from cylinder 3. A pair of axially spaced apart pivot pipe mounting
      fittings each comprises a clevis-like body 9 formed with transverse pivot
      pin holes 11 at one end and a reduced diameter cylindrical boss 13 at the
      other end, surrounded by a pipe end engaging annular shoulder 15.
PAR  Fittings 9-15 are pivotally secured by pins 12, respectively, to the ends
      of piston rods 7, for limited pivotal movement solely in the plane of the
      proposed bend and for axial movement toward each other when cylinders 3
      are activated.
PAR  Intermediate fittings 9-15, base 1 is formed with a vertical hydraulic
      cylinder 17 in which is vertically slidably mounted a piston 19 formed
      with an upwardly protruding enlarged head 21 having a slightly convex
      crown 23 adapted for tangential engagement with the midpoint of pipe P.
      Pipe section P is mounted on fittings 9-15 with bosses 13 snugly received
      within its ends and its end surfaces in abutting engagement with shoulders
      15.
PAR  To assure that pipe section P will bend only in desired directions,
      parallel guide members 25 are mounted on both sides of base 1 with inner
      plane surfaces 27 parallel to each other and spaced apart sufficiently to
      receive pipe section P between them. Plane surfaces 27 are normal to the
      axis about which the pipe section is to be bent and are recessed at 29 to
      accommodate enlarged head 21 of vertical piston 19 and to form shoulders
      31 limiting upward movement of head 21 to a height sufficient to engage
      the pipe only at the beginning of the bending operation and thus bias it
      in the direction of the desired bend, which is completed by the action of
      the longitudinal forces applied to the pipe by fittings 9, 15.
PAR  For limiting the curvature of pipe P, a concave die or other suitable means
      having a concavity of the same radius as the desired bend in pipe P is
      mounted between guides 25 in suitably spaced vertical relation with the
      top of base 1.
PAR  A hydraulic system for actuating cylinders 3 and 17 may include a reservoir
      35, pump 37 and suitable piping 39 including control valves 41 and 43 for
      cylinders 17 and 3 respectively.
PAR  The method of bending pipe section P comprises the steps of opening valve
      43 to actuate cylinder 3 and thereby apply pressure through fittings 9-15
      to the ends of section P, then opening valve 41 to actuate cylinder 17 and
      move pivton 19 upwardly so that in accordance with Euler's principle
      section P will begin to bend when the pressure on its ends reaches a
      critical value, the bending being in the direction of concave die 33 since
      the tangential engagement of vertical piston crown 23 with pipe P and the
      outward movement of piston crown 31 prevents bending inwardly and the
      engagement of pipe P with plane guide surfaces 15 prevents bending in
      directions parallel to the axis of die 33. The pipe will continue to bend
      until pressure is removed from its ends, or until its surface engages
      concave die 33.
PAR  Because of the principal reliance on axial forces and the minimal
      application of transverse forces (through vertical piston crown 23) to the
      pipe, no damage will be done to the pipe surface or, if the pipe is
      coated, to the coating.
PAR  It will be understood that details of the disclosed apparatus and method
      may be varied as will occur to those skilled in the art without departing
      from the spirit of the invention and the exclusive use of all
      modifications as come within the scope of the appended claims is
      contemplated.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of bending an elongated member comprising the steps of
      positioning the elongated member between a pair of parallel surfaces
      normal to the axis of the proposed bend and spaced apart sufficiently to
      closely receive the width of the elongated member between them, initiating
      application of longitudinal compressive loads to opposite ends of the
      elongated member, applying a transverse load in a direction radially
      outwardly of the direction of the proposed bend to the intermediate region
      of the elongated member, ceasing application of such transverse load prior
      to substantial bending of the elongated member, and continuing application
      of such longitudinal compressive loads after cessation of application of
      said transverse load, to complete the bending operation.
NUM  2.
PAR  2. The method according to claim 1 wherein the intermediate region of said
      elongated member is biased radially outwardly by a member engaging the
      radially inner longitudinal surface portion of said elongated member
      intermediate its ends, and arranged for limited movement in a direction
      radially outwardly of the proposed bend.
NUM  3.
PAR  3. The method according to claim 1 wherein the longitudinal compressive
      loads are applied to the elongated member ends by fittings each having a
      transverse surface portiion abuttingly engageable with an end surface of
      the elongated member and a portion matingly engageable with an end portion
      of the elongated member.
NUM  4.
PAR  4. The method according to claim 3 wherein each of said fittings includes a
      pivotal mounting with its axis parallel to the axis of the desired bend.
NUM  5.
PAR  5. The method according to claim 3 wherein the elongated member is of
      tubular shape and said matingly engageable portion is matingly receivable
      within the end of the elongated member.
NUM  6.
PAR  6. Apparatus for bending elongated members comprising spaced parallel
      surface means normal to the axis of the proposed bend engageable with
      opposite longitudinal surface portions of an elongated member to restrain
      the member from bending in the direction of either of said surface
      portions, compression-transmitting means engageable with the opposite end
      surfaces of the elongated member and means for forcing said
      compression-transmitting means toward each other in a direction generally
      axial of the elongated member, additional surface means engageable with
      the radially inward surface portion of the elongated member intermediate
      its ends, and means for moving said additional surface means radially
      outwardly a limited distance sufficient to engage the intermediate portion
      of the elongated member only at the beginning of the bending operation.
NUM  7.
PAR  7. Apparatus according to claim 6 including other surface means spaced from
      said additional surface means for engagement with the radially outward
      surface of said elongated member opposite said third surface after
      initiation of bending action to limit the extent of the bend.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said parallel surface means
      comprises parallel plate-like members having opposed plane surfaces.
NUM  9.
PAR  9. Apparatus according to claim 6 wherein said additional surface means
      comprises a piston member positioned for initial tangential engagement
      with the radially inward surface of said elongated member intermediate its
      ends and movable radially outwardly in the direction of the proposed bend,
      there being stop means limiting travel of said piston member to a stroke
      sufficient to engage the elongated member only at the beginning of the
      bending operation.
NUM  10.
PAR  10. Apparatus according to claim 6 wherein each said
      compression-transmitting means has a transverse surface abuttingly
      engageable with an end surface of the elongated member, a portion matingly
      engageable with the end portion of the elongated member, and a pivot
      mounting portion with its axis normal to the plane of the desired bend for
      pivotal connection to said forcing means.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein the elongated member is of
      tubular shape and said matingly engageable portion is a boss of similar
      cross section to the inner surface of the elongated member.
NUM  12.
PAR  12. Apparatus according to claim 7 wherein said other surface means
      comprises a concave arcuate die member concentric with the axis of the
      proposed bend.
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ABST
PAL  A method of detecting imperfections in a heat-insulating lining of foamed
      material of the wall of a space suitable for cryogenic uses by cooling the
      surfaces of the lining by scanning with a jet of cooled gas and observing
      the lining for imperfections in the cooled state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spaces within tanks or lines can be properly insulated against penetration
      of heat by one or more layers of foamed material on the inner surface of
      the walls. By foamed material is here meant a material having a cellular
      structure, the cells of which being open or closed. The material is
      preferably rigid. Suitable materials are organic foams which may be
      applied to the wall by spraying, such as polyurethane foam. The insulating
      lining is composed of adjacent strips and also often of several layers on
      top of each other. Other materials such as impermeable membranes may be
      used beneath and between the layers.
PAR  During use, cryogenic linings come into contact with cold liquid. As the
      result of cooling there is substantial shrinkage, with the result that
      cracks may occur in the foamed material. This problem becomes more acute
      as the liquid is colder, such as for example, with liquefied methane,
      natural gas or nitrogen. The occurrence of cracks as the result of
      shrinkage is promoted by hair cracks already present or by incomplete
      adhesion of adjacent strips of the foamed material, and it is of great
      importance to detect this imperfection in order to repair it before the
      space is taken into use. The present invention provides a method of so
      doing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention therefore relates to a method of detecting
      imperfections in a heat-insulating lining of foamed material of the walls
      of a space suitable for cyrogenic uses, in which the surface of the lining
      is temporarily and locally cooled by scanning with a jet of cooled gas and
      is evaluated for imperfections in that condition.
PAR  Within the framework of the above described method, the present invention
      not only solves the above mentioned problems of the prior art, but also
      achieves further significant advantages as will be apparent from the
      description of preferred embodiments following.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A very superficial cooling is sufficient to make an imperfection in a
      formed lining visible as a split, since the materials concerned are good
      heat-insulation materials. Scanning with a cooling agent may therefore be
      carried out rapidly. Evaluation can be done visually and should be
      effected immediately since any split formed disappears again when the
      material warms up, although the imperfection remains present. A simple and
      effective method involves immediately marking a split which has become
      visible so that the spots which must be repaired can be traced. Evaluation
      may also be effected with the aid of photographs taken immediately after
      cooling. An imperfection can then be located from the photographs, for
      example with the aid of a system of co-ordinates or of a pattern of marks
      already present. The latter method is very suitable for automatic
      inspection. Photographing may also be considered for inspection of less
      readily accessible linings.
PAR  A suitable cooled gas is vapor of liquid nitrogen. A nozzle may be
      connected with a flexible line to a storage tank with liquid nitrogen. A
      stream of cold gas may be provided by passing through air or nitrogen gas
      or by heating the liquid nitrogen.
PAR  It has been found that a tank aboard a ship for the transport of liquid
      natural gas by sea can be inspected in approximately three days by one man
      who systematically scans the lining manually with the nozzle and
      simultaneously provides marks at splits which become visible. The vessel
      with liquid nitrogen may be mounted on deck.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of detecting imperfections in a heat-insulating lining of
      foamed material of a wall enclosing a space suitable for cryogenic uses,
      comprising locally cooling the surface of the lining by scanning with a
      jet of cooled gas and observing the lining for imperfections in the cooled
      state.
NUM  2.
PAR  2. The method of claim 1 comprising utilizing vapors of liquid nitrogen for
      cooling.
NUM  3.
PAR  3. The method of claim 1 including photographing the imperfections in the
      cooled state for marking purposes.
NUM  4.
PAR  4. The method of claim 1 including marking the imperfection while it
      remains visible in the cooled state.
NUM  5.
PAR  5. A method for detecting a crack or split in a foamed lining on the inner
      surface of a wall of a tank utilized for transporting a cold liquid
      comprising temporarily and locally cooling the surface of the foamed
      lining with a jet of cooled gas in order to cause the surface to contract
      and thereby render the crack or split visible without magnification and
      marking the crack or split while it remains visible.
NUM  6.
PAR  6. A method for detecting a crack or split in a foamed plastic material in
      which the crack or split enlarges upon cooling of the material by
      subjecting the material to temporary and local cooling whereby the crack
      or split becomes visible as the plastic material shrinks and the crack or
      split widens, and marking the crack or split while the plastic is in the
      cooled state.
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PAL  Baldwin et al., Experimental Exam. of Statistical Theory of Rubber
      Elasticity, Low Extension Studies, J. of Applied Phys., Vol. 26, No. 4,
      June, 1955.
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ABST
PAL  A method for determining strain amplitudes in each component, during cyclic
      straining of a 2-component structure in which at least one component shows
      non-linear viscoelastic behavior. The heat generation rates of each
      component are determined experimentally, at various temperatures, as
      functions of the experimentally imposed strain amplitudes. These functions
      are used to solve, by computer, a heat balance equation involving
      temperature values through the structure. To find pairs of strain
      amplitudes which produce observed temperatures, the value of strain
      amplitude entering into the equations for one component is varied (for
      each value of a set of strain amplitudes of the other component) until the
      temperature at a selected point of the structure, thus calculated, matches
      the temperature determined experimentally; and likewise for a second
      selected point. The desired pair of strain amplitudes is thus identified
      as being a pair which produces a match of calculated vs. measured
      temperature at both selected points.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to determination of strains developed by cyclic
      deformation of structures such as pneumatic tires.
PAR  Analysis of the tire temperature rise is reported in the published
      scientific and patent literature. Such analysis can be found, for example,
      in the following articles:
PAR  P. Kainradl, G. Kaufmann and F. Schmidt, in Kautschuk Und
      Gummi-Kunststoffe, vol. 19, 27, (1966), discussing the relationship
      between temperature rise in pneumatic tires and viscoelastic properties of
      rubber;
PAR  J. M. Collins, W. L. Jackson and P. S. Oubridge, "Relevance of Elastic and
      Loss Moduli of Tyre Components to Tyre Energy Loss", in Transactions of
      the Rubber Industry, vol. 40 T239 (1964).
PAR  U.S. Pat. No. 3,553,307 to F. J. Kovac and G. W. Rye, "Treatment of
      Polyester Tire Cord", col. 5, lines 22-54.
PAR  When such cyclic dynamic experiments are conducted using a sinusoidal
      alteration of stress or strain, for so-called "linear" viscoelastic
      solids, the instantaneous stress (.sigma.) varies periodically with time
      (t) according to
EQU  .sigma.(t) = .epsilon..sub.o (E' sin .omega.t + E" cos .omega.t) (1)
PAL  Sin(.omega.E' is the dynamic modulus, E" is the loss modulus;
      .epsilon..sub.o is the strain amplitude; and .omega. is the frequency of
      cyclic straining in radians/sec. The variation of instantaneous stress
      with time during cyclic stressing can also be expressed for linear
      viscoelastic solids by means of the amplitude of the stress,
      .sigma..sub.o, and the phase angle .delta. between the stress and strain:
EQU  .sigma.(t) = .sigma..sub.o sin(.omega.t + .delta.) = .sigma..sub.o cos
      .delta. sin(.omega. t) + .sigma..sub.o sin .delta. cos (.omega.t) (2)
PAL  Consequently,
      ##EQU1##
      The important assumption in the linear viscoelastic theory is that the
      moduli E', E" and the phase angle .delta. are constant during the cycle.
DRWD
PAR  The annexed FIGS. 1(a), 1(b), 2(a), 2(b), 3(a), 3(b) are graphs described
      below; and FIG. 4 is a diagram of a radial cross-section of a vehicular
      pneumatic tire.
PAR  FIGS. 5(a), 5(b) and 5(c) illustrate the relationships between strains and
      temperatures at the center and at the wall surface of a cylindrical
      structure of a core material surrounded by a wall material, subjected to
      lengthwise cyclical straining and having strain amplitudes in the core
      differing from those in the wall; as more fully described in connection
      with Example 1 below.
PAR  The equations above approximate well the behavior of crosslinked rubbers,
      and glassy polymers under strain amplitudes of less than 0.1%. However, in
      the range of strain amplitudes of about 0.3% and greater, oriented,
      crystalline polymers of e.g., polyethylene terephthalate ("PET") and nylon
      used in tire cords exhibit behavior which in many respects significantly
      differs from that predicted by the linear viscoelastic theory. The
      magnitude of deviation, from the linear behavior, of a poly(ethylene
      terephthalate) cord in loss factor and dynamic modulus is illustrated in
      FIGS. 1(a) and (b). There, the solid lines represent the observed
      responses, and the dotted lines indicated the responses predicted assuming
      linear viscoelastic behavior. Considering that changes in loss factor or
      modulus which are greater than 5% usually lead to significant effects on
      tire performance, it can be concluded that analysis of tire temperature
      rise by means of linear viscoelastic equations leads to erroneous results.
PAR  Moreover, we have found that in fact the viscoelastic properties E', E" and
      tan .delta. vary cyclically during the cyclic straining of cords composed
      of oriented, crystalline polymers. This behavior is illustrated by the
      stress-strain cycle of a tensilized PET tire cord (denier .about. 3500)
      subjected to a cyclic strain amplitude of 1.14% at a null point tension
      (i.e., average tension or "pretension") of 5 Kg and at temperatures of
      120.degree.C. and frequency of 10 cps (cycles per second) as shown in FIG.
      2(a).
PAR  From the data of FIG. 2(a) we constructed a composite plot showing the
      variation of instantaneous strain and instantaneous stress each as
      function of time during the cycle, in particular as function of the angles
      (.omega.t) and (.omega.t + .delta.), of cyclic straining as shown along
      the hysteresis loop of FIG. 2(a). This is shown in FIG. 2(b).
PAR  The results of FIG. 2(b) show that the phase difference between the stress
      and strain is negligible during the elongating phases of the cycle, i.e.,
      between 0.degree.-90.degree. and 270.degree.-360.degree.; and large during
      the contraction phase, between 90.degree. and 270.degree.. In other words,
      the phase angle .delta. is a function of the angle of the cyclic strain.
      For a solid, such as crosslinked rubber, approximating linear viscoelastic
      behavior, on the other hand, the phase angle between the stress and strain
      is independent of the strain amplitude angle during the cycle.
PAR  On the basis of these results we concluded that the rate of heat generation
      for tire cords cannot be determined using tan .delta. and E" as mentioned
      in the publications cited above. In fact, because phase angle .delta. is
      not constant over the cycle, .delta. has no physical meaning for tire cord
      behavior in the sense used in linear viscoelastic behavior.
PAR  Finally, it must be recognized that under conditions of pretension, strain
      (or stress) amplitude, and temperature such as encountered in tires, the
      viscoelastic properties of cords depend on time, temperature and stress
      history, as seen in FIGS. 3(a) and (b). In FIG. 3(a) is shown the plot of
      loss factor as function of time for a PET cord at a pretension of 1.2
      g/denier and a frequency of 10 cps (cycles per second) in a dynamic
      experiment. The cord pretensions and strain amplitude are constant. (Loss
      factor is defined as ratio of energy lost as heat per cycle: energy input
      per cycle during cyclic deformation.) FIG. 3(b) shows the plot of loss
      factor of a nylon cord at 1.2 g/denier pretension and 10 cps frequency
      during the heating and cooling cycle in a temperature range encountered in
      bias and bias belted tires. The experiment started at 50.degree.C. There
      is seen to be a large difference between the loss factor at 50.degree.C.
      at the beginning vs. that at the end of the experiment. These results show
      that in order to carry out the tire self-heating and tire deformation
      analysis observed below, the cords must be subjected to conditioning
      treatments consisting of cyclic deformation, similar to that operating in
      tires during testing, continued long enough so that consistent results for
      heat loss are obtained in subsequent testing.
PAR  With accumulated data regarding the viscoelastic responses of tire cords it
      becomes possible to use tire temperature data to determine the cord and
      rubber strain amplitudes in tires as the tires are rolling, from
      temperature measurements. This is an important aspect of this invention.
PAR  The most frequently used method to measure stresses and strains in deformed
      articles involves incorporation of stress and strain transducers on the
      surface or in the body of the specimen. These techniques become very
      involved when applied to specimens consisting of several types of
      materials (composites) because the stress (strain) measuring devices must
      be placed in all components of the composite specimen. A very important
      class of composites are those in which a low modulus and low strength
      matrix is reinforced with high modulus, high strength material in
      filament, yarn or cord form. The determination of filament or cord
      stresses in the reinforced zone of such composites requires specially
      designed stress (strain) measuring devices which must be incorporated into
      the reinforced zone. This operation cannot be carried out without severe
      distortion of structure which may severely affect the deformation of the
      reinforcing composite in the vicinity of the measuring device. An
      important advantage of our invention is that it provides a method to
      determine the stress (strain) amplitude of the components within a
      composite structure during periodic deformation without implanting stress
      (strain) sensors in the reinforced zone thereof.
DETD
PAC  EXAMPLE A
PAR  This example illustrates methods used in accordance with this invention to
      determine relation between cyclic strain amplitude and observed
      temperature rise in a composite structure, occurring during a dynamic
      viscoelastic experiment. The particular structure consists of a
      cylindrical core of a material A and an outer wall of material B. The
      diameter of the core equals the inner diameter of the outer wall. In the
      preparation of the composite, a thin layer of adhesive is applied to the
      surface of the core to ensure good adhesion of the core to the outer wall.
PAR  By use of apparatus for lengthwise cyclically straining viscoelastic
      specimens and recording the instantaneous stress and strain, we determined
      at various strain amplitudes and at various temperatures the heat
      generation rate (defined as area within the closed loop of a cyclic
      stress-strain plot, as in FIG. 2(a) multiplied by frequency) for a
      material A, a uniaxially oriented PET monofil having a diameter D=0.076
      cm; and B, s crosslinked rubber tube having inner diameter D=0.076 cm and
      wall thickness W=0.152 cm. The values for the PET monofil were found for
      strain amplitudes of 0.61, 0.89 and 1.15%. Since rubber is a linear
      viscoelastic solid, a single curve applies for all strain amplitudes
      thereof in the range of 0.4-1.5%. The tests were at temperatures of
      50.degree., 70.degree., 90.degree., 105.degree., 120.degree., 135.degree.,
      150.degree. and 160.degree.C.
PAR  Then the composite specimen is subjected to strain amplitudes (in tension)
      of 0.4, 0.8 and 1.5% at frequencies of 10, 20 and 50 cps. The clamping of
      the specimen is such that both the core and the outer wall are subjected
      to the same strain amplitude. After the specimen reaches the steady state
      temperature conditions (in about 60 min.), the specimen surface
      temperature (T.sub.S) and the temperature (T.sub.B) at the boundary
      between the core and the outer wall are recorded.
PAR  The temperature profile across the specimen is determined by solving by
      computer the equation:*
FNT  (for the derivation of such heat balance equation, see, for example,
      Chapter 10, of Bird et al., "Transport Phenomena", J. Wiley, New York,
      1960.)
      ##EQU2##
      .rho. = density of PET or rubber as applicable Cp = heat capacity of PET
      or rubber as applicable
PA1  T = temperature
PA1  t = time
PA1  r = radial coordinate
PA1  K = thermal conducivity (PET or rubber as applicable)
PA1  Q = heat generation rate for cord or for rubber as applicable, when at the
      calculated temperature and subjected to a given strain amplitude;
PAL  under the following boundary conditions:
PAL  1.
PA1  At r = 0
PA1  .differential.T/.differential.r = 0.
PAL  2.
PA1  At r = D/2,
      ##EQU3##
      where D is core diameter and the subscripts P and R refer to the PET
      polymer and to the rubber regions, respectively.
PAL  3.
PA1  At r = D/2 + W,
      ##EQU4##
      where h = heat transfer coefficient, rubber to air
PA1  T.sub.a = ambient air temperature
PA1  W = wall thickness of rubber tube.
PAR  Digital computer determination of the temperature profile involves the
      numerical solution of the above heat transfer equation through the use of
      finite difference approximation technique.
PAR  A set of simultaneous equations in T.sub.i and Q.sub.i, one equation for
      each small volume element of the composite and for each successive small
      time interval is constructed assuming heat flow only along the radial
      dimension of the composite. The equations are solved by a general purpose
      digital computer, initially inserting unknown temperatures, T.sub.i, for
      each successive small volume interval through the structure and using the
      ambient temperature, T.sub.a, as the temperature at the preceding small
      time interval, so that the initial (.differential.T/.differential.t) is
      approximated at the i.sup.th volume element by (T.sub.i
      -T.sub.a)/.DELTA.t; (.differential.T/.differential.r) by (T.sub.i.sub.+1
      -T.sub.i)/.DELTA.r; and (.differential..sup.2 T/.differential.r.sup.2) by
      (T.sub.i.sub.+1 -2T.sub.i +T.sub.i.sub.-1)/(.DELTA. r).sup.2. An initial
      set of T.sub.i is thus calculated; and the calculation is then repeated
      using these T.sub.i 's for each volume element, instead of T.sub.a, to
      approximate (.differential.T/.differential.t). The values to be taken for
      Q.sub. i in each equation, at each calculated temperature T.sub.i, are
      derived from the experimentally determined values for heat generation
      rates at the various temperatures and at the various strain amplitudes
      above mentioned.
PAR  Polynomial expressions in (.epsilon.) (where .epsilon. represents the
      strain amplitude) are used to represent the various experimental heat
      generation rates as measured at various levels of temperature.
PAR  A value of (.epsilon.) is chosen, approximately the experimental value, for
      input to the computer. The computer solution using this value generates a
      radial temperature profile.
PAR  The values of Q.sub.i are then updated for the updated temperature at each
      volume element, proceeding as follows: The experimentally established
      polynomial expressions in (.epsilon.) are used to compute the experimental
      values of Q.sub.i for the nearest higher and lower temperature; then
      Q.sub.i at the intermediate temperature of interest is approximated by
      linear interpolation between these two experimental Q.sub.i values; all
      being done by computer. Eventually this process generates a steady state
      radial profile of temperature.
PAR  The resulting steady state temperature values are compared with the
      experimentally recorded values of T.sub.S (surface temperature) and
      T.sub.B (temperature at the boundary between core and wall). Small changes
      in (.epsilon.) are then made until finally the calculated steady state
      values and the experimental values of temperature match closely. The value
      of (.epsilon.) which was used in obtaining this last computer solution
      represents the strain which occurred in the experiment; and the final
      values of T.sub.i thus obtained represent the steady state temperature
      profile radially through the composite (at relatively large distance from
      the ends) when the composite is subjected to cyclic straining at the
      strain amplitude so determined and at the specified frequency, tension and
      ambient temperature.
PAR  When temperatures of the composite are known, it is evident that the strain
      applied thereto can be determined by interpolation between values given in
      Table I below.
PAR  The following values of physical parameters were used in this example for
      solving the above heat transfer equation:
     Symbol                                                                    

           Definition       Units        Value                                 

     ______________________________________                                    

           PET density      g/cc         1.38                                  

     .rho. rubber density   g/cc         1.15                                  

     C.sub.p                                                                   

           PET heat capacity                                                   

                            cal/g/.degree.C.                                   

                                         0.343                                 

           rubber heat capacity                                                

                              "          0.357                                 

     K     PET thermal conductivity                                            

                            cal.         6.5.times.10.sup.-.sup.4              

                            cm sec .degree.C.                                  

           rubber thermal conductivity                                         

                              "          6.8.times.10.sup.-.sup.4              

     h     heat transfer coefficient                                           

                            cal.         5.0.times.10.sup.-.sup.4              

                            cm.sup.2 sec .degree.C.                            

     T.sub.a                                                                   

           ambient air temperature                                             

                            .degree.C.   25.0                                  

     ______________________________________                                    

PAR  The calculated temperatures are listed in the table which follows. If
      actual temperature values have been recorded, a close match can be
      obtained by adjusting .epsilon. in the polynomial for each Q.sub.i as
      above described, until an effective value of .epsilon. is found which may
      differ somewhat from the experimental value. In the table below, the
      recorded temperatures at 20 cps were arbitrarily set at reasonable values
      and were then closely matched by interpolating on the computer, making
      small changes in .epsilon., until such effective value of strain
      amplitude, .epsilon..sub.eff, had been determined. Calculated values of
      temperature can then be established for the other frequencies using this
      same .epsilon..sub.eff, and will closely approximate recorded temperatures
      as indicated in Table I which follows.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     "RECORDED" TEMPERATURES (.degree.C.) vs.                                  

     CALCULATED STEADY STATE TEMPERATURES                                      

     OF CYLINDRICAL COMPOSITE DURING CYCLIC STRESSING                          

           Cyclic T.sub.c (at                                                  

                        T.sub.B (at core/                                      

                                   T.sub.s (at                                 

     Frequency                                                                 

           Strain center)                                                      

                        wall boundary)                                         

                                   surface)                                    

     cps   Amplitude, %                                                        

                  Calc. Calc. Recorded                                         

                                   Calc. Recorded                              

     __________________________________________________________________________

     10    0.4    25.07 25.02 --   25.01 --                                    

           0.8    27.13 26.40 --   26.61 --                                    

           1.5    36.13 34.95 35.0 34.44 33.5                                  

     20    0.4    25.04 25.04 --   25.02 --                                    

           0.8    29.24 28.72 --   28.21 --                                    

           1.5    47.17 44.82 45.0 41.81 42.0                                  

     30    0.4    25.11 25.10 --   25.08 --                                    

           0.8    35.58 34.45 --   33.02 --                                    

           1.5    127.21                                                       

                        116.62                                                 

                              116.0                                            

                                   102.72                                      

                                         103.0                                 

     __________________________________________________________________________

      D.sub.Core = 0.076 cm                                                    

      Wall thickness = 0.152 cm                                                

PAC  EXAMPLE B
PAR  This example illustrates that it is possible to predict by the above
      method, using data for a given specimen, the temperature rise for other
      specimens having like structure but different dimensions.
PAR  This second specimen has a core diameter D = 0.152 cm and wall thickness W
      = 0.304 cm. The experimental heat generation rates at various
      temperatures, used in this example, and also the effective value of
      .epsilon. were those used in Example A above. Under the conditions of
      strain amplitude and frequency listed below in Table II, we obtain the set
      of temperature data summarized in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     COMPARISON OF TYPICAL RECORDED TEMPERATURES (.degree.C.)                  

     OF CYLINDRICAL COMPOSITE DURING CYCLIC STRESSING                          

           Cyclic T.sub.c (at                                                  

                        T.sub.B (at core/                                      

                                   T.sub.s (at                                 

     Frequency                                                                 

           Strain center)                                                      

                        wall boundary)                                         

                                   surface)                                    

     cps   Amplitude, %                                                        

                  Calc. Calc. Recorded                                         

                                   Calc. Recorded                              

     __________________________________________________________________________

     10    0.4    25.07 25.06 --   25.04 --                                    

           0.8    30.30 29.40 --   28.25 --                                    

           1.5    53.24 48.40  48.5                                            

                                   42.26 42.0                                  

     20    0.4    25.12 25.10 --   25.08 --                                    

           0.8    35.55 33.75 --   31.45 --                                    

           1.5    128.31                                                       

                        111.28                                                 

                              112.0                                            

                                   88.56 89.0                                  

     50    0.4    25.29 25.24 --   25.18 --                                    

           0.8    51.34 46.84 --   41.09 --                                    

           1.5    172.61                                                       

                        147.41                                                 

                              148.0                                            

                                   115.11                                      

                                         115.5                                 

     __________________________________________________________________________

      D.sub.Core = 0.152 cm                                                    

      Wall thickness = 0.304 cm                                                

PAC  EXAMPLE I
PAR  This example illustrates our invention applied to a two-phase cyclindrical
      composite like those of Examples A and B above, in which the strain
      amplitude in one phase differs from that in the other phase. This example
      shows that the strain amplitudes of the two phases can be determined
      uniquely if the steady state temperatures at two locations in the
      composite are known.
PAR  The experimental heat generation and the physical parameters used are those
      used in Example A above. Diameter of the core: D = 0.32 cm; thickness of
      the wall: W = 0.48 cm; frequency of cyclic stressing = 10 cps.
PAR  In this example, four different combinations of temperatures (T.sub.c,
      T.sub.s) are taken as representing typical specimen core temperatures at
      the center (T.sub.c) and wall surface temperatures (T.sub.s) as listed in
      the table below:
TBL               T.sub.c    T.sub.s                                           

     ______________________________________                                    

     (A)            75.degree.   60.degree.                                    

     (B)            75.degree.   65.5.degree.                                  

     (C)            82.degree.   60.degree.                                    

     (D)            82.degree.   65.5.degree.                                  

     ______________________________________                                    

PAR  In order to determine the strain amplitudes, .epsilon..sub.c and
      .epsilon..sub.w which would lead at steady state temperature conditions to
      the pairs of temperatures (T.sub.c, T.sub.s) listed above, we proceed as
      follows:
PAR  1. The rates of heat generation (Q.sub.c) and (Q.sub.w) per unit volume of
      core material and wall material, respectively, due to cyclic stressing,
      are experimentally determined on a sample of each material at a series of
      temperatures, by hysteresis measurements at various strain amplitudes
      (.epsilon. .sub.c) for core material and (.epsilon. .sub.w) for wall
      material:
PAR  2. For each pair of a set of pairs of strain amplitudes, (.epsilon. .sub.c,
      .epsilon. ), finite difference approximations -- at successive positions
      through the whole structure and successive time intervals are constructed
      to solve by computer for the temperatures in the heat balance differential
      equation appropriate for a cylindrical structure, using the procedure and
      values of parameters shown in Example A above. The required heat
      generation rates per unit volume are found by expressing Q.sub.c and
      Q.sub.w as polynomials in .epsilon..sub.c and .epsilon..sub.w,
      respectivley, at the temperature calculated for each volume element dV,
      and inserting the given values of the strain amplitude pairs (.epsilon.
      .sub.c, .epsilon..sub.w).
PAR  The results of these calculations are tabulated in the table below:
PAC  TABLE III
PAR  Calculated steady state temperatures of the two-phase composition as
      function of the core and wall strain (.epsilon. .sub.c and
      .epsilon..sub.w). Frequency = 10 cps.
TBL  ______________________________________                                    

     .epsilon..sub.c                                                           

              .epsilon..sub.w                                                  

                            T.sub.c      T.sub.s                               

     %        %             .degree.C.   .degree.C.                            

     ______________________________________                                    

     0.4      0.5           25.084       25.052                                

              1             25.190       25.142                                

              5             28.515       27.934                                

              10            37.900       35.823                                

              20            64.806       58.487                                

              50            151.851      131.623                               

              100           221.697      192.911                               

     0.8      0.5           30.037       37.486                                

              1             30.141       27.573                                

              5             33.138       30.301                                

              10            42.548       38.004                                

              20            69.324       60.350                                

              50            155.465      132.816                               

              100           223.888      193.236                               

     1.2      0.5           40.151       32.455                                

              1             40.250       32.583                                

              5             42.583       35.132                                

              10            52.299       42.540                                

              20            81.770       65.471                                

              50            161.614      134.842                               

              100           228.573      193.932                               

     1.6      0.5           58.531       41.441                                

              1             58.697       45.554                                

              5             63.796       45.023                                

              10            86.020       58.279                                

              20            121.245      82.878                                

              50            173.160      138.648                               

              100           236.789      195.152                               

     ______________________________________                                    

PAR  3. Using the data of the above table, we represent the steady-state T.sub.c
      and the steady state T.sub.s each as a function of .epsilon..sub.c, for
      each .epsilon..sub.w of the series of .epsilon..sub.w 's; and each also as
      a function of .epsilon..sub.w, for the series of .epsilon..sub.c 's.
PAR  4. Using the resulting data, we represent .epsilon..sub.c versus
      .epsilon..sub.w for one of the recorded values of T.sub.c, viz., T.sub.c =
      75.degree. or 82.degree. and for one of the recorded values of T.sub.s
      (60.degree. or 65.5.degree.).
PAR  5. We determine the point of intersection of the curve (.epsilon..sub.c vs.
      .epsilon..sub.w) for a given T.sub.c, with the .epsilon..sub.c vs.
      .epsilon..sub.w  curve for a given T.sub.s. The coordinates of such point
      are a pair of strain amplitudes (.epsilon..sub.c, .epsilon..sub.w). Since
      there is only one such point of intersection found for each pair of
      temperatures, its coordinates are indicated to be the correct values of
      the strain amplitudes in core and wall for each pair (T.sub.c, T.sub.s) of
      temperatures examined.
PAR  The points of intersection thus determined for each of the above recorded
      temperature pairs (T.sub.c, T.sub.s) give the following values for the
      strain amplitudes (.epsilon..sub.c, .epsilon..sub.w) at the recorded
      temperatures:
TBL          (T.sub.c,T.sub.s)                                                 

                          .epsilon..sub.c (%)                                  

                                      .epsilon..sub.w (%)                      

     ______________________________________                                    

     (A)       75.degree., 60.degree.                                          

                              1.26        17.6                                 

     (B)       75.degree., 65.5.degree.                                        

                              0.78        22.0                                 

     (C)       82.degree., 60.degree.                                          

                              1.55        12.5                                 

     (D)       82.degree., 65.5.degree.                                        

                              1.20        20.0                                 

     ______________________________________                                    

PAR  FIGS. 5(a), 5(b) and 5(c) illustrate by graphs the relationships involved
      in steps (3), (4) and (5) above in this Example I. In the figures, for the
      sake of generality, .epsilon..sub.C is represented by .epsilon..sub.A ;
      .epsilon..sub.w is represented by .epsilon..sub.B, T.sub.C is represented
      by T.sub.P and T.sub.s is represented by T.sub.p.sub.'.
PAR  In FIG. 5(a), data from Table III above are plotted for .epsilon..sub.c =
      0.4, 0.8, 1.2 and 1.6%. Values of .epsilon..sub.w are the abscissae
      (designated .epsilon..sub.B in the figure) and corresponding values of
      T.sub.c in Table III are the ordinates (designated T.sub.p in the figure).
PAR  FIG. s(b) is similarly constructed from the data of Table III, except that
      the ordinates are the tabulated values of T.sub.S (designated
      T.sub.p.sub.' in the figure).
PAR  FIG. 5(c) is constructed by plotting as abscissae the values of
      .epsilon..sub.B (as read from FIG. 5(a)) at each intersection of a curve
      of FIG. 5(a) with the 75.degree. horizontal coordinate; and plotting as
      ordinates the value of .epsilon..sub.A along such curve. For example one
      data point in FIG. 5(C) is the circled point at .epsilon..sub.B = 7.8%
      .epsilon..sub.A = 1.6% on the curve marked T.sub.p = 75.degree.. A second
      curve in FIG. 5(c) is for T.sub.p.sub.' = 65.5.degree. and passes through
      the points (.epsilon..sub.B = 12.9%, .epsilon..sub.A = 1.6%),
      (.epsilon..sub.B = 20%, .epsilon..sub.A = 1.2%), and (.epsilon..sub.B =
      21.8%, .epsilon..sub.A = 0.8%). These points are marked by squares in FIG.
      5(C). The intersection of these two curves in FIG. 5(c) is at
      (.epsilon..sub.B = 22.0%, .epsilon..sub.A  = 0.78%); which point
      accordingly represents the values of the strain amplitude in the wall of
      the cylindrical composite and in the core thereof, such that the
      temperature reached at the surface will be 65.5.degree.C. and
      simultaneously the temperature reached in the core will be 75.degree.C.
      when the structure is cyclically strained at room temperature and a rate
      of 10 cycles per second for a time sufficient to establish steady
      temperatures. These results are shown as item (B) of the above tabulation
      of results in this Example I.
PAR  The other tabulated results (A), (C) and (D) above are obtained similarly
      to (B).
PAC  EXAMPLE II
PAR  This example illustrates our invention applied to determine interply shear
      strain in the sidewall of a vehicular pneumatic tire. Because more than
      one pair of strain amplitudes is found to give a match between calculated
      and measured temperatures at the inner and outer walls of the tire
      sidewall, two tires each having a different heat generation rate for its
      rubber component are analyzed. It is found that one pair of elongation
      values, i.e., one combination of strain amplitude with shear strain rubber
      between reinforced plies is unique in giving the match for both tires;
      indicating the value of this pair to be the correct value.
PAR  The procedure is generally as in Example I, for a flat wall structure with
      a cord-reinforced zone between inner and outer rubber layers. The heat
      flow is assumed to be normal to the side wall surface.
PAR  The heat balance equation used is of the form
EQU  .rho.C.sub.p (.differential.T/.differential.t) = K (.differential..sup.2
      T/.differential.x.sup.2) + Q.sub.c V.sub.c + Q.sub.R (1-V.sub.c),
PAL  where the symbols have the meanings shown in Example A, x is the thickness
      dimension, and c and R refer to cord and rubber respectively; V.sub.c
      stands for the volume fraction of cord material.
PAR  The calculation is by finite difference approximation on a computer, as
      follows: (.differential.T/ .differential.t) .apprxeq. (T.sub.i =T.sub.i
      *)/.DELTA.t where T.sub.i is temperature at a given point and T.sub.i * is
      temperature at the same point at the next preceding time, each time
      interval being (.DELTA.t). Also (.differential..sup.2
      T/.differential.x.sup.2) .apprxeq. (T.sub.i.sub.+1 -2T.sub.i +
      T.sub.i.sub.-1)/(.DELTA.x).sup.2 where i-1, i, i+1 designate successive
      points along the thickness dimension of the side wall, with interval
      between them of (.DELTA.x).
PAR  The boundary conditions are:
PAR  At x=O, K.sub.R (.differential.T/.differential.x).sub.R - h(T.sub.o
      -T.sub.g), where T.sub.g is the temperature of air inside the tire at the
      time under consideration, T.sub.o is the temperature at the inside surface
      of the tire (where x =O) and h is the heat transfer coefficient of rubber
      to air.
PAR  At x=b and x=b.sub.1, K.sub.R (.differential.T/.differential.x).sub.R =
      K.sub.m (.differential.T/.differential.x).sub.m, where x=b is at the inner
      border between rubber and composite zones, x=b.sub.1 is outer border
      between these zones, and R and m refer to the rubber and the composite
      zones, respectively.
PAR  At x=s, K.sub.R (.differential.T/.differential.x).sub.R = -h (T.sub.s
      -T.sub.a), where T.sub.s is the temperature at the outside surface of the
      tire (where x=s), T.sub.a is the temperature of the ambient air, and the
      other symbols have their previous meaning.
PAR  The initial conditions at all points are taken as T=T.sub.a, where T.sub.a
      = 25.degree.C.
PAR  The required values of physical properties, entering into the equation to
      be evaluated are as follows:
TBL  PHYSICAL PROPERTIES OF TIRE MATERIAL                                      

     Symbol                                                                    

           Description          Values                                         

     ______________________________________                                    

     .rho. density of core material, .rho.c                                    

                                1.39 gm/cc                                     

           density of rubber, .rho.R                                           

                                11.15 gm/cc                                    

     C.sub.p                                                                   

           specific heat capacity of cord, C.sub.c                             

                                0.343 cal/gm.degree.C.                         

           Specific heat capacity of rubber, C.sub.R                           

                                0.357 cal/gm.degree.C.                         

     K     thermal conductivity of cord, K.sub.c                               

                                6.49.times.10.sup.-.sup.4 cal/cm-              

                                 sec/.degree.C.                                

           thermal conductivity of rubber, K.sub.R                             

                                6.80.times.10.sup.-.sup.4 cal/cm-              

                                 sec/.degree.C.                                

     b     thickness of inner rubber layer                                     

                                0.12 cm                                        

     b.sub.1 -b                                                                

           thickness of composite zone                                         

                                0.13 cm                                        

     s-b.sub.1                                                                 

           thickness of outer rubber layer                                     

                                0.44 cm                                        

     V.sub.c                                                                   

           cord vol. frc. in composite zone                                    

                                0.334                                          

     h     surface heat transfer coefficient,                                  

                                5.5.times.10.sup.-.sup.4 cal/cm.sup.2 -        

           rubber to air         sec/.degree.C.                                

     REINFORCED COMPOSITE PROPERTIES                                           

     .rho..sub.m                                                               

         =     V.sub.c .rho..sub.c + (1-V.sub.c).rho..sub.R                    

                                 =   1.228 gm/cc                               

     C.sub.m                                                                   

         =     W.sub.c C.sub.c + (1-W.sub.c )C.sub.R                           

                                 =   0.3524 cal/gm.degree.C.                   

     W.sub.c                                                                   

         =     V.sub.c .rho..sub.c /[V.sub.c .rho..sub.c + (1-V.sub.c).rho..sub

               .R ]              =   0.336                                     

     K.sub.m                                                                   

         =     V.sub.c K.sub.c + (1-V.sub.c)K.sub.R                            

                                 =   6.697.times.10.sup.-.sup.4 cal/cm.-       

                                     sec/.degree.C.                            

     ______________________________________                                    

      Subscripts:                                                              

      c = cord;                                                                

      R = rubber;                                                              

      m = reinforced composite.                                                

PAR  The heat generation rates per unit volume of cord and rubber stock from
      these tires at various elongations and temperatures were determined by the
      previously described procedure, choosing average tension and cycling
      frequency to correspond to inflation pressure and speed of the tires
      subjected to testing. (The relation between average cord tension and
      inflation pressure depends on properties of the cord and on tire
      construction; and may be calculated from the construction geometry or
      estimated from a few tests using implanted transducers; and thereafter
      corrected to obtain best fit of measured temperatures vs. temperatures
      calculated as in our herein described method.)
PAR  In each tire, the strain amplitude of rubber in the reinforced zone (plies
      of cord embedded in rubber), and that of the outer layer of rubber, is
      taken as an approximation to be equal to the strain amplitude of cords in
      the cord/rubber plies. Five values of cord strain amplitude in the range
      of 0.6 to 1.4% are each combined with several values of shear strain for
      the rubber layers separating the cord/rubber plies (interply rubber), to
      establish strain amplitude-shear strain combinations which give a best
      match between the calculated temperatures and measured tire temperatures.
      In the calculation the heat flow is assumed to be only along the thickness
      dimension of the sidewall and tire side wall is assumed to be a flat slab
      in its geometry, when the above equations are used.
PAR  Two tires are tested under identical conditions and have identical
      construction except for the nature of the rubber stock used. The two
      rubber stocks have the same modulus but the heat generation rate of rubber
      stock B in tire B is three times the heat generation rate of rubber stock
      A in tire A. The results of this analysis are given in Table IV, under
      Tire A and Tire B.
PAR  As shown in the first part of each tabulation, the measured temperatures at
      the inner and outer walls of the tires can be matched by several
      combinations of strain amplitude and shear strain. However, as shown in
      the second part of each tabulation, strain amplitude -- shear strain
      combinations which give a best match for tire A do not match the measured
      temperatures of tire B, except at a single unique combination of strain
      amplitude (1%) and shear strain (15%), for which the calculated
      temperatures match the measured temperatures in both the tires. (This
      unique combination is marked with an asterisk in Table IV.)
TBL                                    TABLE IV                                

     __________________________________________________________________________

     TIRE A                  BEST FIT        Shear Strain  Inner               

                                                               Outer           

     Strain Amplitude                                                          

               Shear Strain  Inner Wall                                        

                                     Outer Wall                                

                                             (Rubber) Giving                   

                                                           Wall                

                                                               Wall            

     (Cord=Rubber)                                                             

               (Rubber)      Msd Calcd.                                        

                                     Msd.                                      

                                         Calcd.                                

                                             Best Fit For  Calcd.              

                                                               Calcd.          

     (%)       (%)           (.degree.C)                                       

                                 (.degree.C)                                   

                                     (.degree.C)                               

                                         (.degree.C)                           

                                             Tire B (%)    (.degree.C)         

                                                               (.degree.C)     

     __________________________________________________________________________

     0.6       50            85  85  71  71  38             77 65.5            

     0.8       32                85      71  24             79 66.5            

     *1.0      15                85      71  15             85 71              

      1.2)     NO FIT POSSIBLE AT THESE      NO FIT POSSIBLE AT THESE          

      1.4)     CORD STRAINS                  CORD STRAINS                      

     TIRE B                                  Best Fit for Tire A               

     0.6       38            95.5                                              

                                 95  79  78.5                                  

                                             50            116 94              

     0/8       24                96      79  32            107 87              

     *1.0      15                95.5    79  15              95.5              

                                                               79              

      1.2)     NO FIT POSSIBLE AT THESE      NO FIT POSSIBLE AT THESE          

      1.4)     CORD STRAINS                  CORD STRAINS                      

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  This example illustrates our invention applied to determine the cord and
      rubber layer strain amplitudes in the side wall of a vehicular pneumatic
      tire under rolling conditions. The values of strain amplitudes
      corresponding to a given loading and speed of the tire are obtained by our
      method, using the following parameters:
PA1  1. measured temperatures of the cord-reinforced zone and in the outer
      rubber layer, and the measured inside air temperature
PA1  2. ambient air temperature
PA1  3. construction geometry of the side wall
PA1  4. the physical properties of the cord and the rubber, and the volume
      fraction of cord in the cord-reinforced zone
PA1  5. rubber to air heat transfer coefficient
PA1  6. experimentally determined values of heat generation rate of the various
      tire constituents as a function of temperature and strain amplitude, and
      at given average tension and cycling frequency, chosen to correspond to
      inflation pressure and speed of tire, respectively.
PAR  Temperatures are measured by thermocouples embedded at the chosen location,
      near to but not in the reinforced zone, while the tire is being rolled on
      a test wheel at given loading and speed.
PAR  Heat generation rates are measured on cords pulled from the tire after it
      has been run on the test wheel. These cords are tested over a range of
      strain amplitudes from about 0.5 to 1.15% and a temperature range from
      about 40.degree. to 160.degree.C. The heat generation rates are calculated
      from the stress-strain hysteresis loop experimentally found upon cyclic
      straining of the cords at given amplitude, temperature, frequency, and
      average tension ("pretension") in a device for measuring stress vs.
      strain. (A preliminary period of cyclic straining should be allowed, to
      effect the conditioning necessary for consistent results.)
PAR  A typical set of values of heat generation rate, for PET cord measured at
      average tension of about 2.5 Kg and frequency of 10 cps, are given in
      Table V below as a function of temperature and strain.
PAR  The procedure used for the evaluation of cord and rubber strain amplitudes
      in the tire side wall is similar to the one described in Example II above.
      The physical properties are as shown in that Example.
PAR  In the first step, a series of values for the strain amplitude of cords in
      the reinforced zone of the side wall is chosen. Similarly, a series of
      values is assigned for rubber strain amplitudes. The rubber strain
      amplitude in the cord-rubber composite zone is taken to be equal to the
      cord strain amplitude in that zone; and that in the rubber layer outside
      the composite zone is assumed to increase linearly through the rubber
      layer from the value in the composite zone to a maximum value at the outer
      surface. Since rubber shows linear viscoelastic behavior, the resulting
      average strain amplitude will represent the behavior of this entire rubber
      layer. (In this Example, the interply rubber shear strain, discussed in
      Example II, is not separately considered; and therefore the resulting heat
      generation, to the extent it exceeds that of the rubber surrounding the
      cords, is included in the heat generation due to the cords when
      determining strain amplitude of the cords.)
PAR  Each of the cord strain amplitude values chosen is combined with the
      several assigned values of the maximum rubber strain amplitude. The
      resulting temperature profiles across the side wall thickness are
      calculated by finite difference approximation of the heat exchange
      equation,
EQU  .rho.C.sub.p (.differential.T/.differential.t)=K(.differential..sup.2
      T/.differential.x.sup.2) + Q.sub.c V.sub.c + Q.sub.R (1-V.sub.c) where the
PAL  symbols have the meanings shown in Example II, x is the thickness
      dimension, and c and R refer to cord and rubber, respectively. The cord
      and rubber strain amplitude combination which gives a best match between
      the calculated temperature profile and the measured temperatures then
      defines the cord and maximum rubber strain amplitude operative during the
      rolling of the tire at the given speed and load.
PAR  The results of Table VI(A) below illustrate a typical case in which the
      temperature profile through the side wall of a radial passenger tire
      having PET cords is analyzed. The tire is tested at 50 mph and a load of
      2046 lbs. The temperature at the inner side of the cord-reinforced zone
      and the temperature in the rubber layer close to the carcass, measured by
      thermocouples were 66.1.degree.C and 61.4.degree.C, respectively.
PAR  Cord strains were chosen in the range from 1.1 to 1.5% and maximum rubber
      strains in the range of 10.0 to 1.0%. Illustrative results of the
      calculation for the various combinations are shown in Table VI (A) below.
      The best combination, marked with an asterisk in Table VI(A) is that at
      which the calculated temperatures match the measured temperatures, at a
      cord strain amplitude of 1.09% and outer surface rubber strain amplitude
      of 5.0%. For the calculation the heat flow, as in Example II above, was
      assumed to be normal to the side wall surface; and the side wall was
      assumed to be a flat slab, i.e., the heat flow was assumed to be only
      along one rectangular coordinate (the thickness dimension).
PAR  The same procedure was followed to determine the strain amplitudes
      operative at other loads and speeds. The results obtained are summarized
      in Tables VI (B), (C) and (D) below.
TBL                TABLE V                                                     

     ______________________________________                                    

     Heat Generation Rates of a PET Tire Cord                                  

     (Average tension=2.5 Kg, frequency=10cps)                                 

              Heat Generation Rate (ergs/cm/sec)                               

              At Cord Strain Amplitude of                                      

     Temperature                                                               

     .degree.C  0.61%       0.89%       1.14%                                  

     ______________________________________                                    

      50        0.47 .times. 10.sup.4                                          

                            1.21 .times. 10.sup.4                              

                                        2.26 .times. 10.sup.4                  

      70        0.48        1.31        2.88                                   

      85        0.51        1.44        3.16                                   

     100        0.61        1.71        3.57                                   

     115        0.74        2.04        4.04                                   

     130        0.84        2.21        4.27                                   

     145        0.80        2.06        3.86                                   

     160        0.66        1.62        3.10                                   

     ______________________________________                                    

TBL                                    TABLE VI                                

     __________________________________________________________________________

     Cord and Rubber Layer Strain Amplutudes in                                

     Radial PET Tires                                                          

     ((A) Speed = 50 mph     Load = 2046 lbs.)                                 

     Strain Amplitudes                                                         

                 Inside                                                        

                      Wall  Outside                                            

                                 Wall                                          

     Cord  Rubber                                                              

                 Temp .degree.C                                                

                            Temp .degree.C                                     

     %     % (max)                                                             

                 Measured                                                      

                      Calculated                                               

                            Measured                                           

                                 Calculated                                    

     __________________________________________________________________________

     1.05  8.5   66.1 66.0  61.4 61.7                                          

     *1.09 5.0   "    66.1  "    61.4                                          

     1.10  3.0   "    65.9  "    61.1                                          

     1.11  1.0   "    66.1  "    61.2                                          

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

     ((B) Speed=30 mph, various loads)                                         

     Load on                                                                   

          Strain Amplitudes                                                    

                    Inside Inside                                              

                               Wall                                            

                                   Outside                                     

                                        Wall                                   

     Tire Cord Rubber                                                          

                    Air Temp.                                                  

                           Temp.                                               

                               .degree.C                                       

                                   Temp .degree.C                              

     lbs  %    %(max)                                                          

                    .degree.C                                                  

                           Measd                                               

                               Calcd                                           

                                   Measd                                       

                                        Calcd                                  

     __________________________________________________________________________

     1580 1.09 4.5  57.2   53.9                                                

                               53.9                                            

                                   51.4 51.4                                   

     1860 1.15 5.5  62.8   59.4                                                

                               59.3                                            

                                   56.4 56.4                                   

     2046 1.15 5.0  66.1   60.6                                                

                               60.5                                            

                                   57.1 57.2                                   

     2232 1.19 5.0  67.2   62.2                                                

                               62.4                                            

                                   58.8 58.7                                   

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

     ((C) Speed=50 mph, various loads)                                         

     Load on                                                                   

          Strain Amplitudes                                                    

                    Inside Inside                                              

                               Wall                                            

                                   Outside                                     

                                        Wall                                   

     Tire Cord Rubber                                                          

                    Air Temp.                                                  

                           Temp.                                               

                               .degree.C                                       

                                   Temp .degree.C                              

     lbs  %    %(max)                                                          

                    .degree.C                                                  

                           Measd                                               

                               Calcd                                           

                                   Measd                                       

                                        Calcd                                  

     __________________________________________________________________________

     1580 1.03 5.4  66.1   59.4                                                

                               59.4                                            

                                   55.7 55.6                                   

     1860 1.05 5.0  72.2   63.3                                                

                               63.1                                            

                                   58.7 58.8                                   

     2046 1.09 5.0  75.0   66.1                                                

                               66.1                                            

                                   61.4 61.4                                   

     2232 1.11 5.2  80.0   69.4                                                

                               69.5                                            

                                   64.4 64.4                                   

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

     ((D) Speed=65 mph, various loads)                                         

     Load on                                                                   

          Strain Amplitudes                                                    

                    Inside Inside                                              

                               Wall                                            

                                   Outside                                     

                                        Wall                                   

     Tire Cord Rubber                                                          

                    Air Temp.                                                  

                           Temp.                                               

                               .degree.C                                       

                                   Temp .degree.C                              

     lbs  %    %(max)                                                          

                    .degree.C                                                  

                           Measd                                               

                               Calcd                                           

                                   Measd                                       

                                        Calcd                                  

     __________________________________________________________________________

     1580 0.99 4.9  72.2   62.2                                                

                               62.2                                            

                                   57.6 57.6                                   

     1860 1.02 5.1  80.6   67.8                                                

                               67.6                                            

                                   62.3 62.4                                   

     2046 1.06 6.0  83.9   71.7                                                

                               71.6                                            

                                   65.7 65.8                                   

     2232 1.06 5.5  88.9   73.3                                                

                               73.3                                            

                                   67.1 67.0                                   

     __________________________________________________________________________

PAC  EXAMPLE IV
PAR  In this example, we show analyzing the tire temperature profile at the
      crown and shoulder region. Main difference between this region and the
      sidewall region which was discussed in Example III is that the
      one-dimensional approximation in the dynamic modelling which was good for
      the sidewall region is inadequate. The thickness of the tire wall varies
      significantly from position to position and the presence of grooves brings
      additional irregularity to the geometry.
PAR  Thus, the irregularity of the shapes of boundary surfaces makes the
      numerical simulation of the change of tire temperature profiles during the
      running of tires under a load much more complex in the crown and shoulder
      than for the sidewall.
PAR  In the sidewall, the boundary conditions applicable at the boundary
      surfaces are of the so-called von Neumann type in which the boundary
      conditions specify the rate of flux across the boundary surface. For
      example, at the exterior surface of sidewall, the boundary condition is
EQU  -K.sub.R (.differential.T/.differential.x) = h(T-Ta)
PAL  where K.sub.R is the thermal conductivity of rubber, x is the position
      coordinate and h is the heat transfer coefficient for heat transfer from
      the rubber to air (outside). The left hand side represents the heat flux
      at the interior side of the wall and the right hand side represents the
      heat flux at the outer side of the wall. The boundary condition means that
      the two fluxes are equal.
PAR  For an irregularly shaped boundary surface, application of boundary
      conditions of this type in the numerical simulation involves a complex
      procedure (See Sec. 20.10, p. 202 of Forsythe & Wasow - "Finite Difference
      Methods for Partial Differential Equations", John Wiley & Sons, Inc., New
      York (1960)). On the other hand, the boundary conditions of the so-called
      Dirichlet type, which specifies the values of the dependent variables at
      the boundary point, are much easier to handle (see Sec. 20.9, p. 198 of
      the same reference shown above) in the numerical simulation of the change
      of tire temperature profiled through crown and shoulder. For example, this
      type of boundary condition would specify the values of temperature T.sub.W
      at the outer side of the sidewall.
PAR  In order to avoid the complexities in analysis due to the von Neumann type
      boundary conditions on irregularly shaped boundary surfaces, we divide the
      crown and the shoulder region into three separate zones as shown in FIG. 4
      so that the irregular boundary surfaces become regular ones.
PAR  Thus, the inner zone surrounded by the solid line is represented by a polar
      coordinate system (r and .theta.) and the inner wall is then represented
      as a circular curve of radius R. The crown zone and shoulder zone are
      represented by rectangular coordinate systems (x, y) and then the outside
      surfaces and groove surfaces are represented as straight regular boundary
      lines.
PAR  Note that we let the three regions have the overlapping zones (indicated by
      the cross-shading) at the borders between them. Purpose of having these
      overlapping zones is to facilitate the application of Dirichlet type
      boundary conditions for iterative matching of the temperature at the
      boundary zones. This will be elaborated on further in the subsequent
      paragraphs.
PAR  Referring to FIG. 4, the heat transfer equation for the three zones are as
      follows:
PAC  INNER ZONE
      ##EQU5##
PAC  CROWN ZONE AND SHOULDER ZONE
      ##EQU6##
      The symbols have their previous significance.
PAR  Initial conditions are:
EQU  I (r, .theta.) = T.sub.o
EQU  T (x, y) = T.sub.o                                         (3)
PAR  The boundary conditions at the inner surface which is in contact with the
      inside air is given by a von Neumann type condition, i.e.
EQU  K(.differential.T/.differential.r) = h (T - T.sub.g)       (4)
PAL  where K is the thermal conductivity of the wall material, h.sub.i is the
      heat transfer coefficient at the inner wall, and T.sub.g is the measured
      inside air temperature under steady state conditions of testing.
PAR  At the crown surface and shoulder surface which is in contact with the
      outside air, the boundary conditions are given by
EQU  K.sub.R .differential.T/.differential.y = h (T - Ta)       (5)
PAL  where K.sub.R is thermal conductivity of rubber, Ta is ambient air
      temperature, and h is heat transfer coefficient of rubber to air.
PAR  At the boundary line where the shoulder zone meets the sidewall, and at the
      boundary line where the right hand half of the inner zone and crown zone
      meet the left hand half of these zones, the boundary conditions based on
      the no flux criterion are:
EQU  (.differential.T/.differential.x) = O
PAL  and
EQU  (.differential.T/.differential..theta.) = O
PAR  In the overlapping boundary regions between the three regions, the
      previously mentioned Dirichlet type boundary conditions are applied with
      iterations. At the time t, we assume that the boundary temperature of the
      inner region is that temperature in the neighboring regions (i.e., crown
      region and shoulder region) and proceed to apply Dirichlet type boundary
      conditions in solving the temperature profile of the inner region. After
      that, we go to the crown region or shoulder region and use the corrected
      values of temperature of the inner region as the basis for establishing a
      new boundary temperature for the region, This iterative procedure is
      repeated until the calculated boundary temperature does not change.
PAR  The heat transfer equations (1) and (2) are solved through finite
      difference approximation via the "implicit alternating direction method"
      (see e.g. Sec. 22.4, p. 272 of Forsythe and Wason, cited previously).
PAR  In making the calculation the cord strain amplitudes in the shoulder
      composite region are taken to be equal to the cord strain amplitudes in
      the sidewall composite region of the same tire and for the same load and
      speed. As in the case of sidewall, Ex. III, the cord strain amplitude in
      the shoulder is combined with several values for the rubber strain
      amplitude. Moreover, we treat the rubber strain amplitude at the composite
      region as equal to the cord strain amplitude at that region.
PAR  The rubber strain amplitude in the outer rubber layer is assumed to be
      different from that in the composite region and constant over the entire
      thickness of the shoulder region. This is in contrast to the sidewall
      case, described in Example III, where the rubber strain amplitude was
      taken as increasing to a maximum value at the outermost rubber surface.
      The reason for this is the difference in the mode of deformation of rubber
      at the two regions. Whereas in the sidewall the predominant rubber
      deformation mode is flexing so that outer layers are subjected to
      progressively higher strains, in the shoulder region, the principal
      deformation mode is compression. Therefore, in the shoulder region we
      believe that the assumption of equal strain amplitude over the whole
      thickness of the rubber layer is closer to the real case than a linear
      gradient as assumed for the sidewall.
PAR  The combination of cord strain amplitude (based on that in the sidewall)
      and constant rubber strain amplitude which best matches the calculated
      temperature to be measured temperature at the inside of the shoulder, then
      defines the rubber strain amplitude in the shoulder. The results in Tables
      VII(A) and VII(B) show that these rubber strains giving the best match
      vary from about 10-20% depending on the load and the speed.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     (A) PET Light Truck Tire                                                  

     Shoulder Strain Amplitudes                                                

         Load                     Measured                                     

         on  Strain Amplitudes                                                 

                        Inner Shoulder                                         

                                  Inside Air                                   

     Speed                                                                     

         Tire                                                                  

             %          Temp .degree.C                                         

                                  Temp .degree.C                               

     mph lbs Cord   Rubber                                                     

                        Measd                                                  

                             Calcd                                             

                                  (Steady State)                               

     __________________________________________________________________________

     35  1770                                                                  

             0.60   12.3                                                       

                         87.8                                                  

                              87.7                                             

                                  77.8                                         

         2060                                                                  

             0.63   14.4                                                       

                         93.9                                                  

                              93.9                                             

                                  83.9                                         

         2190                                                                  

             0.70   16.2                                                       

                        101.7                                                  

                             101.5                                             

                                  86.1                                         

         2310                                                                  

             0.72   16.4                                                       

                        104.0                                                  

                             104.1                                             

                                  90.5                                         

     50  1770                                                                  

             0.62   12.0                                                       

                         95.0                                                  

                              95.1                                             

                                  86.1                                         

         2060                                                                  

             0.65   14.6                                                       

                        110.0                                                  

                             110.2                                             

                                  93.8                                         

         2190                                                                  

             0.65   16.3                                                       

                        118.2                                                  

                             118.0                                             

                                  97.4                                         

         2310                                                                  

             0.69   16.8                                                       

                        123.2                                                  

                             123.4                                             

                                  101.1                                        

     65  1770                                                                  

             0.58   13.3                                                       

                        109.4                                                  

                             109.2                                             

                                  96.1                                         

         2060                                                                  

             0.58   16.5                                                       

                        129.2                                                  

                             129.0                                             

                                  105.7                                        

         2190                                                                  

             0.62   17.7                                                       

                        136.4                                                  

                             136.6                                             

                                  110.0                                        

         2310                                                                  

             0.65   18.5                                                       

                        141.9                                                  

                             141.5                                             

                                  115.4                                        

     __________________________________________________________________________

TBL                                    TABLE VII                               

     __________________________________________________________________________

     (B)  PET Light Truck Tire                                                 

     Shoulder Strain Amplitudes                                                

         Load                                                                  

             Strain              Measured                                      

         on  Amplitudes                                                        

                     Inner Shoulder                                            

                                 Inside Air                                    

     Speed                                                                     

         Tire                                                                  

             %       Temp .degree.C                                            

                                 Temp .degree.C                                

     mph lbs Cord                                                              

                 Rubber                                                        

                     Measd Calcd (Steady State)                                

     __________________________________________________________________________

     35  1770                                                                  

             0.57                                                              

                 15.0                                                          

                     90.0  90.1  75.6                                          

         2060                                                                  

             0.78                                                              

                 16.8                                                          

                     100.6 100.4 83.9                                          

         2190                                                                  

             0.82                                                              

                 17.3                                                          

                     103.3 103.0 86.1                                          

         2310                                                                  

             0.88                                                              

                 18.0                                                          

                     107.3 107.1 89.4                                          

     50  1770                                                                  

             0.62                                                              

                 14.0                                                          

                     98.3  98.5  86.7                                          

         2060                                                                  

             0.82                                                              

                 16.7                                                          

                     113.3 113.5 92.8                                          

         2190                                                                  

             0.84                                                              

                 17.7                                                          

                     119.3 119.0 97.2                                          

         2310                                                                  

             0.86                                                              

                 17.4                                                          

                     121.0 121.2 100.0                                         

     65  1770                                                                  

             0.60                                                              

                 13.9                                                          

                     111.1 111.0 95.6                                          

         2060                                                                  

             0.78                                                              

                 16.0                                                          

                     124.3 124.0 104.0                                         

         2190                                                                  

             0.81                                                              

                 16.5                                                          

                     129.2 129.5 107.3                                         

         2310                                                                  

             0.82                                                              

                 16.8                                                          

                     135.3 135.1 111.7                                         

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. Method of determining the strain amplitudes of the two principal
      components of a structure composed principally of two viscoelastic
      materials A and B at least one of which shows non-linear viscoelastic
      behavior under strain, due to cyclic straining of the structure with heat
      generation, comprising the following steps:
PA1  1. Experimentally determining rates of heat generation, Q, per unit volume
      of each material, due to cyclic straining, for each material at a series
      of temperatures by hysteresis measurements at various strain amplitudes
      (.epsilon..sub.A) for material (A) and (.epsilon..sub.B) for material (B);
PA1  2. calculating by computer for each pair of a set of pairs of strain
      amplitudes (.epsilon..sub.A, .epsilon..sub.B), the steady-state
      temperatures at two positions (P) and (P') in the structure, using finite
      difference approximations at successive positions through the structure,
      to solve the heat balance equation appropriate for the particular
      structure, having as its simplest form:
EQU  .sigma.C.sub.p .differential.T/.differential.t = K .differential..sup.2
      T/.differential.q.sup.2 + Q
PAL  where .differential./.differential.t indicates partial differentiation by
      time; .differential./.differential.q indicates partial differentiation by
      the space coordinate;
PA1  .sigma. = density
PA1  C.sub.p = heat capacity per unit volume
PA1  T = temperature
PA1  K = coefficient of thermal conductivity
PA1  Q = heat generation rate per unit volume, at the temperature calculated for
      each volume element dV and at the value of strain amplitude
      (.epsilon..sub.A) or (.epsilon..sub.B) imposed upon the material (A) or
      (B);
PAR  3. representing the calculated set of temperatures at (P) as a function of
      strain amplitudes, .epsilon., of one of the materials for each value of
      the other .epsilon., and likewise representing the calculated set of
      temperatures at (P');
PA1  4. experimentally determining steady-state temperatures TP and T.sub.P ' at
      positions (P) and (P') of the structure as it undergoes the specified
      straining cycle;
PA1  5. Representing the curve of .epsilon..sub.A vs. .epsilon..sub.B at the
      temperature T.sub.P and an likewise the .epsilon..sub.A vs.
      .epsilon..sub.B curve at the temperature T.sub.P ' using the data revealed
      by step (3) above;
PA1  6. Observing the intersections of the two curves revealed by step (5)
      above, thereby determining a pair of strain amplitudes ( .epsilon..sub.A,
      .epsilon..sub.B) imposed by the cyclic straining, which pair of amplitudes
      will give rise to the experimentally determined temperatures T.sub.P and
      T.sub.P '.
NUM  2.
PAR  2. Method of claim 1 wherein said structure is the side wall of a vehicular
      pneumatic tire composed principally of material showing linear
      viscoelastic behavior under strain, and of reinforcing material.
NUM  3.
PAR  3. Method of determining the strain amplitudes for each of the two
      constituent materials of a structure in accordance with claim 1, wherein
      more than one pair of strain amplitudes (.epsilon..sub.A, .epsilon..sub.B)
      corresponds to an intersection of the curves determined at step (5) of
      claim 1, which method comprises determining such curves for two such
      structures having a difference in heat generation rates of one of their
      components but being otherwise closely similar; and observing the
      intersection which applies to both structures.
NUM  4.
PAR  4. Method of claim 3 wherein said structure is the sidewall of a vehicular
      pneumatic tire composed of a reinforced zone of plies of material showing
      non-viscoelastic behavior embedded in rubber and separated by interply
      rubber layers, the whole being between an inner and an outer layer of
      rubber.
NUM  5.
PAR  5. Method of claim 1 wherein said structure is the shoulder region of a
      vehicular pneumatic tire composed principally of material showing linear
      viscoelastic behavior under strain, and of reinforcing material.
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ABST
PAL  A conservator system for transformers includes a conservator tank. The
      apparatus is filled with oil which is saturated with a non-combustible
      gas. The conservator tank is connected by conduits to the top and if
      suitable also to the bottom of the transformer tank, respectively. The top
      of the conservator tank is filled with free non-combustible gas. A bag of
      flexible material is arranged in the top of the conservator tank and the
      interior of this bag is connected to the atmosphere so that it separates
      the oil and the gas in the tank from the atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a conservator system for transformers,
      reactors and similar oil-filled and oil-insulated apparatus, in which the
      oil is saturated with a non-combustible gas such a nitrogen, carbon
      dioxide or the like. The conservator tank may be arranged for circulation
      of oil through an inlet from the upper portion of the transformer tank and
      an outlet to the lower portion of the transformer tank. This arrangement
      equilibrates continuously gas-in-oil content in the conservator tank and
      the transformer tank respectively.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a conservator tank is connected to the
      transformer or the like which is filled with oil which is saturated with a
      non-combustible gas. The saturated condition of the oil is maintained by
      conduits connecting the bottom of the conservator tank to the top and
      bottom of the transformer through which the oil can circulate. Above the
      oil in the conservator tank is the non-combustible gas. A bag of flexible
      material is arranged in the top of the conservator tank and the inside of
      this bag is connected to the atmosphere. The bag separates the oil and the
      free gas from the atmosphere.
PAR  A conservator system according to the invention has several advantages
      which contribute to make transformers reliable in service. Some of the
      advantages are the following:
PAR  1. Reduced risk of explosion because the oil is saturated with a
      non-combustible gas.
PAR  2. Gas release is avoided because the pressure on the oil is maintained at
      atmospheric pressure. In this way the gas bubbling effect due to
      supersaturated conditions is avoided and consequently also the inherent
      reduction of electric withstand strength.
PAR  3. Maintaining the atmospheric pressure in the oil in combination with oil
      being saturated with inert gas results in a considerably reduced risk of
      air intake, for example at low oil levels.
PAR  4. The proposed system combines the advantages of an inert gas system with
      the advantages of a breathing system, resulting in an inert gas system
      with constant atmospheric pressure and no gas consumption.
PAR  5. Maintaining free inert gas above the oil surface enables instruments
      known per se to be used for indicating combustible gas development in the
      transformer in operation.
PAR  6. The air is separated from the oil and this eliminates the risk that the
      oil will absorb moisture from the air.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing illustrates the invention as applied to a
      transformer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A transformer 1 has a lid 2 and a conservator tank 3. A conduit 4 with
      valves 5 and 6 conveys hot oil from the upper portion of the transformer
      tank to the conservator tank. The pipe can also include a gas bubble
      indicating device 7. Another conduit 8 with valves 9 and 10 may be
      inserted to lead oil from the conservator tank to the transformer tank,
      preferably to its lower part.
PAR  The oil is saturated with a non-combustible gas, such as nitrogen gas,
      carbon dioxide or the like. To avoid negative pressure in the system and
      the resultant risk that air will leak into it, primarily into the top of
      the conservator tank, there should always be a certain amount of free gas
      at the upper portion of the conservator tank and this is indicated by the
      numeral 11. The top opening 12 of the conservator tank is covered on the
      upper side by a lid 13. To the edge of the opening there is further
      connected a rubber diaphragm 14, forming a bag 15 located in the
      conservator tank, said bag communicating with the outside air through a
      tube 16. A drying apparatus 16' may be inserted in the tube 16 to reduce
      the moisture which may enter into the bag due to changes of the amount of
      air of the bag. Control of the amount of gas and any filling of gas can be
      performed through a tube 17 provided with a valve at the upper portion of
      the conservator tank. In the gaseous space above the oil there can be
      applied a device 17', known per se, for indicating the level of the oil
      surface. This device may be a floating body which influences an indicating
      device outside the conservator tank magnetically.
PAR  By the fact that the conservator tank is connected to the transformer tank
      through two tubes opening out at different levels in the tank, the
      temperature difference between the orifices of the tubes in the tank will
      maintain a continuous flow of oil in the system. This means that the oil
      is in permanent contact with the gas in the conservator tank and thus
      maintains a saturation equilibrium. Furthermore, a certain amount of
      cooling of the oil is obtained.
PAR  In the gas space above the oil a device 18, known per se, can be inserted
      for indicating development of combustible gas in the transformer during
      operation.
PAR  The conservator tank is designed in such a way that there is always a free
      surface between gas and oil. This can be achieved by inserting retainers
      in the form of at least one perforated wall 19 in the conservator tank to
      prevent the bag 15 from blocking gas interchange between oil and gas space
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. Conservator system for apparatus filled with oil which is saturated with
      a non-combustible gas, comprising a conservator tank, means connected with
      the conservator tank for circulation of oil through an inlet from the
      upper portion of the apparatus and an outlet to the lower portion of the
      apparatus, in which free non-combustible gas is present in an upper
      portion of the conservator tank above the oil level therein, an elastic
      diaphragm (14) in the conservator tank separating the oil and free
      non-combustible gas located above the oil level from the atmosphere,
      thereby providing a space on the side of the diaphragm facing away from
      the oil, and means connecting said space to the atmosphere.
NUM  2.
PAR  2. Conservator system according to claim 1, having a drying apparatus (16')
      in said last connecting means for drying air passing into said space.
NUM  3.
PAR  3. Conservator system according to claim 1, the conservator tank being
      provided with a valve means (17) for filling non-combustible gas into said
      upper portion of the conservator tank.
NUM  4.
PAR  4. Conservator system according to claim 1, in which said circulation means
      includes a conduit (4) which conveys hot oil to the conservator tank, and
      a gas bubble indicating device in said conduit.
NUM  5.
PAR  5. Conservator system according to claim 1, in which the conservator tank
      is provided with means for indicating the level of the oil surface in the
      conservator tank.
NUM  6.
PAR  6. Conservator system according to claim 1, said conservator tank being
      provided with means for indicating development of combustible gas in the
      apparatus, said means being connected with the upper portion of the
      conservator tank.
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ABST
PAL  A portable unit to maintain the dielectric integrity of the sulfur
      hexafluoride gas of a gas insulated metal-clad substation system without
      taking the substation out of service. The gas conditioner and analyzer
      provides the means for achieving the required control of the insulating
      gas by providing means for measuring the gas temperature, moisture and
      pressure, removal of moisture and products of decomposition from the gas,
      and, if necessary, replenishment of the gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A gas insulated metal-clad substation system, more commonly referred to as
      a mini-sub, is an assembly of fluid isolated compartmentalized components
      whose live parts are contained in and supported by electrically
      interconnected grounded housings. All live parts are mounted on solid
      insulators and insulated from their metal housing by pressurized SF.sub.6
      gas. The unique characteristics of this system pose special requirements,
      one of which is the control of the condition of the insulating gas. The
      dielectric integrity of the substation can be adversely affected by
      contaminants, particularly foreign particles, moisture and products of
      decomposition of the gas in the modular components. Control of moisture
      and products of decomposition can be partially achieved through interval
      molecular sieve materials which absorb the impurities. However, full
      control of the moisture and products of decomposition has not been
      possible and necessitates the complete evacuation of the insulating gas
      resulting in complete outage of the mini-sub.
PAR  It is desirable to provide a portable gas conditioner and analyzer which
      will permit the maintainence of the dielectric integrity of the sulfur
      hexafluoride insulating gas in a mini-sub without taking the mini-sub out
      of service.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the preferred embodiment of the present invention, a
      portable gas conditioner and analyzer is provided to circulate the
      insulating gas in the mini-sub, monitor the moisture content and
      temperature and pressure of the circulated gas, remove excess moisture and
      the products of decomposition from the gas and replenish the mini-sub with
      make-up gas when necessary.
PAR  Accordingly, it is a general object of the present invention to provide an
      improved novel gas conditioner and analyzer.
PAR  A more specific object of the present invention is to provide an improved
      gas conditioner and analyzer which is portable and particularly adaptable
      for use with a gas insulated metal-clad substation system that is capable
      of being used by a single operator.
PAR  Another object of the present invention is to provide an improved gas
      conditioner and analyzer which is capable of sensing and monitoring the
      moisture content and the temperature of the insulating gas in a mini-sub.
PAR  Still another object of the present invention is to provide an improved gas
      conditioner and analyzer which is capable of circulating the gas in a
      mini-sub system and filtering contaminants from the gas.
PAR  Yet another object of the present invention is to provide an improved gas
      conditioner and analyzer which includes provision for providing make-up
      gas to the mini-sub system.
PAR  A further object of the present invention is to provide an improved gas
      conditioner and analyzer which incorporates provisions for protecting a
      mini-sub system against underpressure and overpressure conditions.
PAR  Further objects and advantages of the present invention will become more
      readily apparent from the following specification taken in conjunction
      with the accompanying drawings:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a single-phase mini-sub system showing the
      improved gas conditioner and analyzer connected to a monitoring station of
      the mini-sub system;
PAR  FIG. 2 is an enlarged front view of the gas conditioner and analyzer with
      the access door and control panel removed to show the various components;
PAR  FIG. 3 is a view in right side elevation of the gas conditioner and
      analyzer showing the storage tank and hoses;
PAR  FIG. 4 is an enlarged plan view of the gas conditioner and analyzer with
      the control panel removed;
PAR  FIG. 5 is a view in rear elevation of the gas conditioner and analyzer;
PAR  FIG. 6 is an enlarged left side view of the gas conditioner and analyzer of
      the upper portion thereof with parts deleted to show the meter and sensor
      probes;
PAR  FIG. 7 is an enlarged rear view of the gas conditioner and analyzer with
      parts deleted to show the meter and sensor probes connected thereto; and,
PAR  FIG. 8 is a schematic representation of the improved gas conditioner and
      analyzer of the present invention connected to a mini-sub.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a single-phase mini-sub system 10 includes a circuit
      breaker module 11. The circuit breaker module 11 includes a circuit
      breaker means 12 which is operatively interposed between a power source
      and a load via a transmission bus 14 and a load bus 16. The protective
      arrangement of the circuit breaker means 12 includes a pair of disconnect
      switches operatively disposed within sealed housings 17 and 18 and which
      are connected to the transmission bus 14 and the load bus 16,
      respectively.
PAR  In order to service the circuit breaker means 12 without interrupting the
      circuit between the transmission bus 14 and the load bus 16, a bypass
      circuit 19 is provided and includes a bypass disconnect switch 23 disposed
      within a sealed housing. The bypass disconnect switch 23 is connected to
      the transmission bus 14 at a position to the line side of the disconnect
      switch housing 24. The opposite terminal of the bypass disconnect switch
      23 is connected to the load bus 16 at a position to the load side of the
      disconnect switch housing 24. Thus, whenever the circuit breaker means 12
      requires servicing or inspection, such work can be accomplished without
      interrupting the circuit to the load bus 16. This is accomplished by
      closing the bypass disconnect switch in housing 24 thereby establishing a
      maintaining circuit around the circuit breaker means 12. With the
      maintaining circuit through the bypass disconnect switch in housing 24
      established, the disconnect switches in housings 24 and 26, respectively,
      may both be opened to thereby isolate the circuit breaker means 12.
PAR  The components described above are enclosed in metal housings which are
      sealed and isolated from each other and which contain insulating medium
      such as SF.sub.6 dielectric gas at a relatively low pressure. The circuit
      breaker means 12 also uses the SF.sub.6 dielectric gas to extinguish the
      arc drawn between contacts upon the opening of the circuit breaker. The
      circuit breaker means 12, as well as the centrally disposed supporting
      housing, is disposed within a tank 31 in which the SF.sub.6 dielectric gas
      is contained at a relatively low pressure. The synchronous operation of
      the contacts (not shown) of the circuit breaker means 12 is accomplished
      by an operator 32 connected internally through suitable operating linkage
      to the contacts.
PAR  Gas at a relatively high pressure is contained within a supply tank 35
      which is secured in gas-tight relationship to the end of the circular
      support 36. From the high pressure tank 31, the gas is directed to the
      central support housing (not show) by means of a supply pipe which has
      gas-tight fitting relationship with the housing and the supply tank.
PAR  The transmission bus 14 is electrically connected to an electrical terminal
      connector carried at the outer end of a terminal bushing 37 and continues
      through the terminal bushing 37. Support for the terminal bushing 37 on
      the transformer housing 38 is afforded by means of a gas-sealed
      flange-to-flange relationship effected between the lower end of the
      bushing 37 with the upwardly facing end of the transformer housing 38. The
      lower flange end (not shown) of the current transformer housing 38 mates
      with and is bolted in gas-sealed relationship to a top circular flange
      (not shown) formed on the disconnect switch housing 26. The load bus 16
      extends through a terminal bushing 33 which is supported on the associated
      transformer housing in gas-tight relationship. A gas barrier (not shown)
      isolates the interior of the bushing 33 from the interior of the housing
      24. A cylindrical extension 41 is provided with a circular flange 42 which
      mates with and is bolted in gas-tight relationship to a circular flange 43
      formed on a leftwardly extending cylindrical extension 44 of the circuit
      breaker tank 31. A sealed relationship between the extension 44 is
      effected by means of a gas barrier 46 which also operates to isolate the
      interior of the tank 11 from the extension 41.
PAR  At the left end of the circuit breaker 12, an electrical conduit 47 is
      electrically secured thereto and extends horizontally in coaxial
      relationship through a horizontal housing extension 48 and through a
      supporting gas barrier member (not shown) similar to the gas barrier 46
      into the grounding switch housing extension 49. The gas barrier (not
      shown) associated with the extension 48 and 49 operates to isolate the
      interior of the tank 11 from the disconnect switch housing 24. The
      electrical continuity continues through the disconnect switch housing 18
      via an axially movable contact rod 51 which is actuated by an operator 52.
      The axial movable contact rod 51 is adapted to move through a bracket 53
      into electrical engagement with the contact end of the conductor 47.
PAR  As previously mentioned, a bypass circuit 19 is provided for establishing a
      maintaining circuit around the disconnect switches 17 and 18 whenever the
      circuit breaker means 12 is out of service for servicing or other reasons.
      To this end, a bypass disconnect switch 23 is located within a bypass
      disconnect switch housing 56. The bypass switch 23 includes an axially
      movable contact rod 57 that is operated by means of an operator 58 through
      a contact bracket 59 into and out of engagement with the contact end of a
      conductor 61. With the contact rod 57 in engagement with the contact of
      the conductor 61, an electrical circuit is established through the
      disconnect switch 18 to the bypass switch 23 to the conductor 61. The
      electrical conductor 61 extends through a connecting housing 62 which has
      sealed engagement with the flanged end of the bypass switch housing 56.
      Interposed between the intermediate connecting housing 62 there is
      provided an expansion and contraction housing portion 63 which is
      longitudinally adjustable in accordance with temperature variations in the
      environment in which the unit 10 will be located. The expansion and
      contraction housing portion 63 also serves to provide alignment and
      tolerance compensation. At its opposite end the expansion housing 63 is
      secured in sealed relation to an entrance port 66 of a corner housing 67
      in which an electrical bracket 68 is contained and to which the conductor
      61 is electrically secured. As shown, the conductor 61 is supported within
      the axially aligned housings 62 and 63 in coaxial relationship by
      operation of a gas barrier and insulator support 69. A similar arrangement
      is provided between the end of the expansible housing 63 and the housing
      67. To this end, a gas barrier and insulator support 71 is provided and is
      disposed within the housing 63 at the right end thereof and isolates the
      interior of the housing 67 from the interior of the housings 62-63.
PAR  The circuit breaker module 11 of the mini-sub system 10 is provided with a
      gas compressor, filters, gauges and pressure switches, all of which are
      housed within a control cabinet 13 located at the front of the mini-sub
      system 10. All other compartmentalized components are connected to the gas
      monitoring station 75. Thus, in a three-phase system, there will be as
      many monitoring systems or stations 75 as there are isolated compartment
      components. For example, the single-phase mini-sub system 10 is arranged
      to have seven individual gas isolated compartments; namely, the bushings
      33 and 37, each of the three disconnect switch housings 24, 26 and 56, the
      bypass circuit housing 62-63 and the corner housing 67. Since a mini-sub
      installation is normally a three-phase system, each phase will comprise a
      unit 10. Thus, the similar gas isolated compartments of each phase will be
      interconnected to a single monitoring station similar to the station 75.
PAR  The single-phase mini-sub system 10, shown in FIG. 1, is but one module of
      a three-phase modular system with all compartment components being
      interconnected with small diameter tubing (not shown) which are connected
      to the gas monitoring station 75. The arrangement of the gas tubing (not
      shown) is such as to permit circulation of the gas to all sections of a
      given compartment from fittings located in the gas monitoring station 75.
      As shown in FIG. 1, the gas monitoring station 75 includes a cabinet 76
      having a hinged closure door 77. For operator accessability, the cabinet
      76 is mounted on the supporting frame 78 of the mini-sub installation. The
      monitoring station includes a pressure gauge 81 and three pressure
      switches 82, 83 and 84. The three pressure switches are connected to the
      various isolated compartments of the mini-sub system 10 via a manifold 86
      that is connected to common output and input fluid lines or tubing,
      previously mentioned. Also included at the monitoring station 75 are a
      pair of manual valves 87 and 88 which are also connected to the various
      isolated compartments of the mini-sub via the manifold block 86.
      Quick-connect couplings 91 and 92 associated with the valves 87 and 88
      facilitate the coupling of a gas conditioner and analyzer 90 to the
      monitoring station 75.
PAR  The pressure switch 82 operates as an underpressure sensor and senses the
      pressure of the gas within the mini-sub system 10. Should the pressure in
      the particular gas compartment of the mini-sub system drop below a safe
      operating level, the switch 82 operates as an alarm and also as an
      isolation switch to trip associated isolating disconnect switches (not
      shown) and opens the breaker 12.
PAR  Switch 83 is an underpressure alarm switch and operates to sense low level
      pressure and alert personnel whenever the gas pressure in an associated
      compartment is below a predetermined safe level. On the other hand, switch
      84 is an overpressure sensor and operates to alert personnel when the gas
      pressure in an associated gas isolated compartment is too high.
PAR  The monitoring station 75 facilitates the operative connection of the gas
      conditioner and analyzer to the mini-sub system 10. The connection of the
      gas conditioner and analyzer 90 to the monitoring station 75 is via a pair
      of gas hoses 93 and 94 each having male quick-connect couplings. The gas
      conditioner and analyzer 90 includes a two-stage oil-less pump circulator
      96 that has metallic bellows-type pistons. The circulator 96 operates to
      circulate the gas through the connected compartment or compartments and
      the gas conditioner and analyzer 90 so that all the gas is conditioned and
      tested whenever the periodic checks are made. Two filter systems 97 and
      98, FIGS. 2, 4 and 6, on the output and input sides of the circulator 96
      operate to filter the gas as it is received from an isolated mini-sub
      compartment and also to filter the gas prior to its being pumped back into
      the compartment being tested.
PAR  A hygrometer-thermometer 100 having three electronic sensor probes, 101,
      102 and 103, FIGS. 4 and 8, is an essential component of the gas
      conditioner and analzyer 90. One probe 101 monitors the moisture content
      and temperature of the gas at the input side of the gas conditioner and
      analyzer. Sensor probe 102 monitors the moisture content and temperature
      of the gas before it is circulated back to the compartment being tested.
      The third probe 103 is used to measure the gas moisture content of the
      circuit breaker 11. This can be done by inserting the third probe 103 in a
      remote sampling manifold (not shown) associated with the circuit breaker
      and located in the control cabinet 13. The hygrometer is based on an
      aluminum oxide capacitor, the impedence of which changes as a function of
      vapor pressure. Its impedence is insensitive to gas temperature or flow
      rate. Thus, it can be used to measure moisture in a flowing or a static
      gas. The sensitivity of the hygrometer is such that moisture
      concentrations from 10 to 3000 parts per million by volume can be
      measured. The temperature sensor utilizes a thermistor as a transducer.
PAR  Sensor probes 101, 102 and 103 are selectively read on the meter 104 by
      means of a selector switch 105 located on the console panel. Thus, by
      positioning the selector switch to position 1, the sensor probe 101 is
      connected into the circuit of the meter 104. Similarly, position 2
      connects probe 102 into the circuit while position 3 connects probe 103
      into the meter circuit.
PAR  A common meter 104, marked with both moisture and temperature scales on the
      gas conditioner and analyzer cabinet 106, provides a readout for these
      functions. A spring biased switch 107 normally inserts the meter 104 in
      the hygrometer circuit and is actuated to read the temperature.
PAR  To this end, a sampling manifold 108 receives the probes 101 and 102 as
      depicted in FIGS. 2 and 4. The probes 101 and 102 are similar and the
      arrangement of the probe 101 will also apply to probe 102. As shown in
      FIGS. 2 and 4, the probe 101 is inserted within a suitable chamber in the
      manifold 108 and is at a right angle relative to the in-flowing gas that
      is directed to the manifold from the solenoid valve 109 via a connecting
      line 111. The probe 101 is electrically connected to the meter 104 via a
      cable 112 that includes a plug-in terminal end 114 compatible with a
      receptacle (not shown) on the meter 104, as shown in FIGS. 6 and 7.
PAR  The probe 103, FIG. 6, includes a fitting 116 which is connectable to the
      remote circuit breaker sampling manifold (not shown) located in the
      control cabinet 13. Thus, the gas sample from the circuit breaker will
      impinge the elements of the sensor 103 at right angles thereto. The sensor
      103 is electrically connected to the meter 104 by an extra length cable
      117 which includes a plug-in terminal 118 similar to the plug-in terminal
      114. The sensor 103 is also provided with its own manual operable purging
      valve 122. With this arrangement, gas temperature and moisture content can
      be measured directly at a monitoring station on the equipment or at a
      circuit breaker without circulating the gas.
PAR  The gas conditioner and analyzer includes a tank of compressed gas 120 and
      a regulator 121 that is used to replenish gas when needed.
PAR  The interrelationship of the gas conditioner and analyzer 90 components is
      illustrated schematically in FIG. 8. Solenoid valves 109 and 110 on the
      manifold 108 are opened automatically when the gas conditioner and
      analyzer is at normal pressure and electrically energized. When the
      circulator 96 is energized, the gas is circulated from port "B" of the
      monitoring station 75, to which the hose 94 is connected, into the gas
      conditioner and analyzer 90 through a manifold 123, shown in FIGS. 2, 3
      and 5. From the manifold 123, the gas flow is directed via a connecting
      line 124 to the solenoid valve 109. The gas then flows through the
      solenoid valve 109 into the chamber of the manifold 108 in which the
      sensor probe 101 is located and the temperature and moisture content of
      the incoming gas is measured. The flow of gas continues from the probe 101
      manifold chamber through the incoming filter 98 via a connected line 126.
      The gas flows through the filter 98 and via a line 127 into a distribution
      manifold 128. From the distribution manifold 128, the gas is directed to
      both ends of the circulator 96 via connection lines 129 and 131. The
      output sides of both ends of the circulator 96 are directed back to the
      distribution manifold 128 via lines 132 and 133. The gas from the
      circulator 96 flows via a line 134 through a tee 136 to which the purge
      valve 119 is connected via a line 138. In FIG. 2, the line 138 is not
      shown connected to the purge valve 119 but terminates in the area in which
      the valve is located. The valve 119 is shown in FIGS. 6 and 7, and its
      actuating handle 139 is shown located on the console 106. The gas flow
      continues through the tee 136 and through a check valve 141 and flows into
      the outgoing filter 97 via the connecting line 145. From the bottom of the
      outgoing filter 97, the gas continues to flow through a line 142 to a
      chamber in the manifold 108 in which the sensor probe 102 is located. The
      line 142 is connected to communicate with the chamber in which the probe
      102 is located in a manner that the in-flow of gas into the chamber
      impinges the sensing elements of the probe 102 at a right angle. The
      condition of the gas to the probe 102 is monitored by the probe and read
      on the meter 104. The monitored outgoing gas flowing through the manifold
      108 and through internal passages (not shown) flows into a connected line
      143, the opposite end of which is connected to a flow meter 144. From the
      flow meter 144, the gas flows through a connected line 146 and into a
      pressure gauge line 147 to a pressure gauge 148. The gas flow from the
      flow meter 144 also is directed into a line 149 and thence back to the
      manifold 108. The gas flow from the line 149 is directed into a connected
      line 151 which is connected to the inlet side of the solenoid valve 110.
      As the gas flows within the internal passage (not shown) in the manifold
      108 to the valve 110, the pressure is monitored by a low pressure cutoff
      pressure switch 152 and the high pressure cutoff pressure switch 153 which
      are connected to the internal flow passage in the manifold 108. From the
      solenoid valve 110, the gas is directed via a connecting line 154 to the
      manifold 123 and thence into the hose 93. The hose 93 is connected to port
      A of the gas monitoring station 75.
PAR  The pressure gauge 148 in the output line can be used to check the accuracy
      of the gauge 81 on the mini-sub. The flow meter 144 is also utilized to
      calculate the time it takes to complete a volumetric change of a gas
      compartment 10. The total volume of the compartment is indicated on the
      gas compartment nameplate (not shown) and by multiplying the volume by the
      reciprocal of the flow rate the gas conditioner and analyzer, the operator
      knows how long to run the gas conditioner and analyzer for one complete
      volumetric change. The operator also knows how many volumetric changes it
      takes to bring the gas compartment down to an acceptable moisture level.
      This type of information is of value to an operator in a gas insulated
      circuit breaker arrangement of complex gas chambers connected in series
      compressing compartment. Thus, flow meter 144 monitors the output flow
      providing a check on the performance of the circulator 96 and serves to
      guide the fillrate when the system is being replenished from the gas
      conditioner and analyzer gas bottle 120. The low pressure cutoff switch
      152 and the high pressure cutoff switch 153 are connected in the output
      line to close valves 109 and 110 automatically in the event of
      underpressure or overpressure. These switches also energize warning lights
      156 and 157 on the control panel of the cabinet 106. A safety valve 158 is
      connected into the manifold output passage and vents gas to the atmosphere
      in the event of extreme overpressure to protect the gas conditioner and
      analyzer components. The check valve 141 assures proper direction of gas
      flow when the gas conditioner and analyzer is being purged before use and
      during gas replenishment.
PAR  In operation, before the gas conditioner and analyzer 90 is connected to a
      mini-sub, a "short circuiting" hose 161, FIG. 5, is connected across the
      hoses 93 and 94 and the unit is filled from its own gas bottle 120. The
      purge valve 119 is opened long enough to assure that air and moisture are
      vented from the unit. The pressure of the gas in the gas conditioner and
      analyzer is adjusted to approximately that of the equipment to be
      monitored. Power is supplied to the gas conditioner and analzyer via the
      plug-in cord 145, and gas is circulated within the unit to assure that all
      impurities are removed by the filters. The "short circuiting" hose 161 is
      removed when the gas conditioner and analyzer is to be connected to the
      gas monitoring station 75. The gas conditioner and analyzer is maintained
      in the purged and pressurized state by means of the quick-connect two-way
      check valve couplings 91 and 92. Connections are then made to the
      respective mating quick-connect couplings on the gas monitoring station
      75. When manual valves 87 and 88 in the gas monitoring station 75 are
      opened, a check of the under and over pressure alarm lights 156 and 157
      and the pressure gauge 148 is made to assure that all components are in
      operating order. The circulator 96 is energized to pump gas from the
      mini-sub 10 through the gas conditioner and analyzer 90. The temperature
      readings, as indicated on the scale 104, should be less than 50.degree.C.
      above ambient, the actual level depending on load conditions and incident
      radiation.
PAR  Moisture readings should be well below the concentrations which will give
      condensation (dew point) at the lowest expected ambient temperature to
      which the mini-sub will be exposed. The meter reading can be converted to
      dew point in degrees Centigrade or degrees Fahrenheit with a conversion
      table 162 on the face of the console.
PAR  The remote sampling probe 103 can be used by attaching it directly to the
      sampling manifold of the circuit breaker as previously mentioned or to a
      gas monitoring station 75. The procedure for readout is the same as
      previously outlined except that the gas is not circulated through the gas
      conditioner and analyzer 90.
PAR  The requirement for filtering the gas normally occurs because the moisture
      in the gas has risen to a prohibited level. The procedure for filtering is
      essentially the same as for circulating the gas through the gas
      conditioner and analyzer for measurement. During a typical test run, the
      filters 97 and 98 lowered the moisture content in a test chamber
      representing a substation gas compartment from 4,000 to 125 parts per
      million per volume in approximately 7 hours. Filtration of the gas may
      also be necessary to remove products of gas decomposition. A build-up of
      such products can occur if disconnect switches are used frequently for
      interrupting capacitance current; that is, bus charging current or
      transformer magnetizing currents.
PAR  Replenishing the gas system becomes necessary when the gas density falls
      below 95% of the level stated on the nameplate of the equipment. With the
      hoses 93 and 94 connected for gas circulation and a valve 166 closed, a
      valve 167 is opened and valve 168 on the regulator 121 is adjusted to the
      proper pressure for delivery of gas, approximately 5 lbs. per square inch
      above the rated pressure. Solenoid valve 110 in the gas conditioner and
      analyzer 90 and manual valve 87 in the monitoring unit of station 75 must
      be opened. Gas can then be transferred to the substation compartment by
      opening valve 166. It is important to adjust the regulator valve for a
      safe rate of transfer and to allow the gas temperature in the compartment
      to stabilize before "topping off" to avoid overfilling the equipment.
PAR  The gas conditioner and analyzer 90 is designed to provide protection
      against both underpressure and overpressure conditions. An excessive drop
      in pressure activates the underpressure switch 152 to de-energize the
      circulator 96 and close the solenoid valve 109 and 110. This isolates any
      leaks within the gas conditioner and analyzer from the substation to
      assure continuous station operation. After correction of the problem and
      replenishing the gas in the gas conditioner and analyzer, operation can be
      restored by depressing an underpressure reset button 171 on the console to
      reenergize the control circuit. The overpressure protection system
      operates in a similar manner. The overpressure relief valve or safety
      valve 158 protects the units against extreme overpressures by venting gas
      to the atmosphere.
PAR  The gas conditioner and analyzer 90 is mounted on a lightweight two wheel
      dolly 175 which facilitates transporting the gas conditioner and analyzer
      90 to a mini-sub installation in subcellars or buildings in congested
      areas.
PAR  It is apparent that the gas conditioner and analyzer herein depicted and
      described is an important and versatile compact auxiliary for increasing
      the reliability and reducing the maintenance costs of gas insulated
      metal-clad substations.
CLMS
STM  The embodiments of the invention in which an exclusive property is claimed
      are defined as follows:
NUM  1.
PAR  1. A portable gas conditioner and analyzer for gas insulated substations
      comprising:
PA1  a two wheeled cart having handle means for facilitating the handling of the
      gas conditioner and analyzer by a single operator;
PA1  a cabinet mounted on said cart;
PA1  a gas circulator having an inlet side and an outlet side mounted within
      said cabinet;
PA1  an inlet gas circuit means connected to the inlet side of said gas
      circulator, said inlet gas circuit means being connectable to the gas
      insulated substation to provide a gas flow circuit between the substation
      and said circulator;
PA1  an outlet gas circuit means connected to the outlet side of said
      circulator, said outlet gas circuit means being connectable to the gas
      insulated substation to complete a closed gas circuit;
PA1  a first electronic sensor connected to said inlet gas circuit means
      operable to monitor the moisture content and the temperature of the gas as
      it flows from the gas insulated substation to said circulator;
PA1  a second electronic sensor connected to said outlet gas circuit means
      operable to monitor the moisture content and the temperature of the gas as
      it flows from said circulator to the gas insulated substation;
PA1  a first gas filter in the inlet gas circuit means, said first gas filter
      being operably disposed to filter the gas prior to said gas flowing to
      said circulator and after said gas is monitored by said first monitoring
      means;
PA1  a second gas filter in the outlet gas circuit means, said second gas filter
      being operably disposed to filter gas directly after the gas leaves said
      circulator;
PA1  a hygrometer-thermometer supported in said cabinet and having a moisture
      indicating scale and a temperature indicating scale including a switch
      normally positioned to connect said hygrometer-thermometer to indicate on
      one of said scales, said switch being operable when actuated to another
      position to connect said hygrometer-thermometer to indicate on the other
      of its scales; and,
PA1  individual means operably connecting said first and second electronic
      sensors to said hygrometer-thermometer.
NUM  2.
PAR  2. A portable gas conditioner and analyzer for gas insulated substations
      comprising:
PA1  a wheeled cart;
PA1  a cabinet mounted on said cart;
PA1  a gas circulator having an inlet side and an outlet side mounted within
      said cabinet;
PA1  an inlet gas circuit means connected to the inlet side of said gas
      circulator, said inlet gas circuit means being connectable to the gas
      insulated substation to provide a gas flow circuit between the substation
      and said circulator;
PA1  an outlet gas circuit means connected to the outlet side of said
      circulator, said outlet gas circuit means being connectable to the gas
      insulated substation to complete a closed gas circuit;
PA1  an inlet solenoid valve connected in said inlet gas circuit means and
      normally operable to permit gas flow therethrough, said inlet solenoid
      valve being operable when actuated to block the flow of gas therethrough;
PA1  an outlet solenoid valve connected in said outlet gas circuit means and
      normally operable to permit the gas flow therethrough, said outlet
      solenoid valve being operable when actuated to block the flow of gas
      therethrough;
PA1  a low pressure cutoff pressure switch operably connected in said outlet gas
      circuit means to sense the pressure of the gas flowing in said outlet gas
      circuit means, said low pressure cutoff pressure switch being operably
      connected to said inlet and outlet solenoid valves to automatically
      actuate said inlet and outlet solenoid valves to block the flow of gas
      when the pressure of the gas is below a predetermined value;
PA1  a high pressure cutoff pressure switch operably connected in said outlet
      gas circuit means to sense the pressure of the gas flowing in said outlet
      gas circuit means, said high pressure cutoff pressure switch being
      operably connected to said inlet and outlet solenoid valves to
      automatically actuate said valves when the pressure of the gas flowing in
      said outlet gas circuit means exceeds a predetermined value;
PA1  a first electronic sensor connected to said inlet gas circuit means
      operable to monitor the moisture content and the temperature of the gas as
      it flows from the gas insulated substation to said circulator;
PA1  a second electronic sensor connected to said outlet gas circuit means
      operable to monitor the moisture content and the temperature of the gas as
      it flows from said circulator to the gas insulated substation;
PA1  a first gas filter in the inlet gas circuit means, said first gas filter
      being operably disposed to filter the gas prior to said gas flowing to
      said circulator and after said gas is monitored by said first electronic
      sensor;
PA1  a second gas filter in the outlet gas circuit means, said second gas filter
      being operably disposed to filter gas directly after the gas leaves said
      circulator;
PA1  a hygrometer-thermometer supported in said cabinet and having a moisture
      indicating scale and a temperature indicating scale including a switch
      normally biased to connect said hygrometer-thermometer to indicate on one
      of its scales, said switch being selectively actuatable to connect said
      hygrometer-thermometer to indicate on the other of its scales; and,
PA1  individual means operably electrically connecting said first and second
      electronic sensors to said hygrometer-thermometer.
NUM  3.
PAR  3. A gas conditioner and analyzer according to claim 2 wherein there is
      provided a pressure gauge operably connected into the outlet gas circuit
      means to indicate the pressure of the gas flowing in said outlet gas
      circuit means; and and,
PA1  a flow meter operably connected to monitor the flow of gas in said outlet
      gas circuit means.
NUM  4.
PAR  4. A portable gas conditioner and analyzer according to claim 3 wherein
      said wheeled cart is a two-wheel vehicle having handle means for
      facilitating the handling of the gas conditioner and analyzer by a single
      operator.
NUM  5.
PAR  5. A portable gas conditioner and analyzer according to claim 4 wherein
      there is provided a bottle of compressed gas carried on said wheeled cart;
PA1  gas circuit means connecting said bottle of compressed gas to said outlet
      gas circuit means;
PA1  a regulator in said gas conducting means to regulate the pressure at which
      gas from said bottle to said outlet gas circuit means is delivered; and,
PA1  a valve interposed in said gas circuit means between said bottle of
      compressed gas and said outlet gas circuit means to block the flow of gas
      from said bottle to said outlet gas circuit means, said valve being
      operable to permit gas flow therethrough.
NUM  6.
PAR  6. A portable gas conditioner and analyzer according to claim 5 wherein
      there is provided a check valve in the outlet gas circuit means to prevent
      back flow of gas to said circulator.
NUM  7.
PAR  7. A portable gas conditioner and analyzer according to claim 6 wherein
      said compressed gas in said bottle is sulfur hexafluoride; and,
PA1  there is provided means operable to connect said bottle to said gas
      conditioner and analyzer in a closed system arrangement to purge and
      maintain the gas conditioner and analyzer charged with said sulfur
      hexafluoride gas.
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ABST
PAL  The apparatus disclosed herein is useful for testing unconsolidated sand
      samples from oil-bearing or gas-bearing earth formations. Basically, the
      device comprises a cylinder equipped with opposing pistons. The sand
      sample is placed in the cylinder between the pistons and then compacted by
      moving the pistons toward each other. The force for moving the pistons is
      supplied by a fluid, such as air or hydraulic oil, which is injected under
      pressure into a chamber defined in the cylinder behind each piston. The
      compacted sample is then subjected to various test procedures involving
      permeability measurements, consolidation tests, and flow studies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to procedures for effecting sand control in
      a sub-surface earth formation. More specifically, the invention concerns
      an apparatus useful for testing a sample of unconsolidated sand for the
      purpose of simulating actual consolidation of the sand body in the
      formation.
PAR  One of the problems encountered in obtaining oil or gas from a subsurface
      earth formation is unconsolidated sand, which can be carried into the well
      bore along with the oil or gas. The problem can be alleviated by treating
      the formation sand with various chemicals to consolidate the sand
      particles. Before actual consolidation treatment is begun, a sample of the
      unconsolidated sand is tested for fluid permeability and other
      characteristics. The sample is then treated with the appropriate chemicals
      under simulated formation conditions.
PAR  A common procedure for the simulated test involves placing a container,
      such as a metal cylinder which is closed at one end, on a vibrating table.
      With the table vibrating, 100cc of water (approximately 35% of capacity)
      is placed in the cylinder, and the unconsolidated sand is sifted into the
      cylinder until it is full of moist, compacted sand. The open end of the
      cylinder is then capped and the sample is checked for fluid permeability,
      using a light oil at residual water saturation. The sand sample is then
      treated to consolidate the particles and the permeability of the sample to
      diesel oil is determined.
PAR  The prior test procedure has several disadvantages. One drawback is that
      many of the unconsolidated soils to be tested contain high concentrations
      of silt, clay, or other non-sand fractions. When sand of this type is
      packed into the test container, the difference in texture of the sand and
      non-sand fractions causes a segregation within the sample. The result is
      that a uniform, isotropic sand pack cannot be obtained. In a sand pack of
      a non-uniform character, it is difficult to obtain an accurate flow
      profile in checking the sample for fluid permeability. Also, the sand pack
      will have low fluid permeability, which would require high injection
      pressures. When a treating fluid is forced through a low permeability
      sample, therefore, such as a sample containing non-sand fractions, the
      high pressure required to force the fluid through the sand pack will
      disturb the pack. This disturbance will alter the flow profile of the pack
      and thus result in incomplete coverage of the compacted sample by the
      treating fluids.
PAR  Another disadvantage of the vibration technique is that the amount of
      compaction which can be imparted to each sample is not always reproducible
      from one test to another. For example, reproducibility of compaction for
      sand which is clean of silt and clay is good. In a sand sample which
      contains silt and clay fractions (dirty sands), however, the compaction
      reproducibility is very poor. In fact, the compaction reproducibility
      becomes worse as the sand becomes dirtier. Since this test also requires
      compaction reproducibility for dirty sands, in order to get an accurate
      flow profile in the compacted sample, the objective was to find a way to
      solve the problem. The sampling apparatus of this invention achieves this
      objective.
PAR  Another reason which makes it difficult to obtain a uniform sand pack using
      the prior procedure is a natural occurrence known as the arching
      principle. An illustration of the arching principle is that when
      particulate matter, such as sand, is placed in a cylindrical vessel the
      particle mass will arch itself to the walls of the container if the ratio
      of the container diameter to the length is more than 1 to 1. As a specific
      example, if the ratio is about 1 to 3, or higher, several arched areas
      will be present in the compacted sample. Where the sample has distinct
      arched areas therefore, the porosity of the sample will vary enough so
      that there is a definite non-uniformity in the sand pack.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of this invention is useful for testing a sand sample from a
      subsurface earth formation. The apparatus includes a closed vessel having
      a first and second piston means, which are slidable toward each other
      within the vessel. Between the first and second piston means a sample
      space is defined within the vessel, which is adapted to contain a body of
      sand. A pressure chamber is defined within the vessel behind each piston.
PAR  A conduit in communication with the pressure chambers provides means for
      carrying a fluid under pressure into the pressure chambers. In operation,
      the fluid under pressure moves the piston means toward each other to
      compress the sand body. A second conduit communicates with the sample
      space. During the test procedure a liquid material is directed into the
      compressed sand body and then carried from the sand body through the
      second conduit.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical elevation view, mostly in section, of one embodiment
      of the test apparatus of this invention.
PAR  FIG. 2 is a cross section view, taken on line 2--2, which illustrates the
      distributor channels in the front face of a piston head in the test
      apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, the test apparatus of this invention is indicated
      generally by the numeral 10. Apparatus 10 comprises basically a closed
      vessel, as defined by a cylindrical section 11. The cylinder section 11
      includes a cap closure 12 at the upper end and a similar cap closure 13 at
      the lower end. Preferably, the closures 12 and 13 are screw-on caps.
      However, any type of closure which will provide an air-tight seal on the
      cylinder section 11 may be used.
PAR  An O-ring 14 enhances the sealing of cap 12 to the upper edge of cylinder
      11. Similarly, an O-ring 15 assures sealing contact of cap 13 to the lower
      edge of cylinder 11. Installed in the upper part of cylinder 11 is a
      slidable piston which comprises a piston head 16 and piston rod 17. The
      piston rod 17 extends from the piston head 16 upwardly through cap 12. In
      cap 12 the piston rod 17 is held in place by a threaded follower plug 18.
PAR  Follower plug 18 seats down against a metal ring 19 and an O-ring 20. The
      rings 19 and 20 provide an additional means for sealing of vessel 11
      against air leakage. Within vessel 11 a pressure chamber 21 is defined
      between the rear edge of piston head 16 and the inner wall surface of cap
      12. Additional means for sealing the vessel 11, so that pressure chamber
      21 can receive and hold a fluid under pressure, is provided by an O-ring
      22 on piston head 16.
PAR  A second slidable piston, comprising piston head 23 and piston rod 24, is
      installed in the lower part of the vessel 11. From the piston head 23, the
      piston rod 24 extends downwardly through cap closure 13. In cap 13 the rod
      24 is held in place by a follower plug 25. The follower plug 25, which is
      similar to follower plug 18, seats down against a metal ring 26 and an
      O-ring 27.
PAR  A second pressure chamber 28 is defined between the rear edge of piston
      head 23 and the inner wall surface of cap 13. Additional seal means for
      the pressure chamber 28 is provided by an O-ring 29 on the piston head 23.
      When the piston heads 16 and 23 are in operating position in vessel 11, a
      space is defined between the respective front faces of each piston head.
      The purpose of this space is to contain a body of unconsolidated sand 30,
      as indicated in the drawing.
PAR  As explained later in this text the sand body 30 is compacted between the
      piston heads for testing purposes. An inlet passageway 31 extends
      centrally through the piston rod 17 and piston head 16. Passageway 31
      provides a means for directing a liquid material into the sand body 30.
      Means for carrying the liquid out of sand body 30 are provided by a
      similar passageway, which is an outlet passageway, as indicated at 32.
      Passageway 32 extends centrally through the piston head 23 and piston rod
      24.
PAR  The view of FIG. 2 illustrates the front face of piston head 16. As shown,
      the front face of this piston head includes a series of shallow,
      interconnected channels 33. The channels 33, which form a spider web
      network, aid the distribution of the liquid into sand body 30. The front
      face of piston head 23 includes a similar set of channels (not shown),
      which help to drain the liquid from the sand body 30 into the outlet
      passageway 32.
PAR  In vessel 11 a screen 34 is fitted between the front face of piston head 16
      and the sand body 30. A similar screen 35 is sandwiched between the front
      face of piston head 23 and sand body 30. The function of the screens 34
      and 35 is to prevent the sand particles from plugging the liquid-carrying
      channels in the front faces of piston heads 16 and 23 when the sample is
      compacted.
PAR  One end of a tube conduit 36 connects into the pressure chamber 21 through
      an appropriate fitting and an opening into the chamber 21. The opposite
      end of conduit 36 connects into the pressure chamber 28 by a similar
      arrangement. Conduit 36, in turn, connects into a fluid source (not shown)
      through a branch line 37. Conduit 36 thus provides means of carrying a
      fluid into the pressure chambers 21 and 28, for moving the piston heads 16
      and 23 within vessel 11.
PAR  To illustrate the practice of this invention, a typical operation for
      testing an unconsolidated sand sample will now be described. First, a
      sample of unconsolidated sand from a subsurface earth formation is
      obtained. The sand body 30 is poured into the vessel 11 and confined
      between the piston heads 16 and 23. In one embodiment of the invention,
      air under a positive pressure is directed into the pressure chambers 21
      and 28 through conduit 36, to move the piston heads 16 and 23, and thus
      compress the sample.
PAR  In another embodiment, a liquid, such as hydraulic oil, can be injected
      into the pressure chambers 21 and 28 under high pressure, to move the
      piston heads, 16 and 23. In this arrangement, the hydraulic oil is the
      pressure fluid instead of air. Where oil is used as the pressure fluid,
      the caps 12 and 13 are provided with bleed valves to vent the air out of
      the pressure chambers as the oil is pumped in. This modification to the
      apparatus is not illustrated herein in order to simplify the drawing.
PAR  The sample is compacted sufficiently so that the unconsolidated sand has
      about the same density as it had in the earth formation. The next step is
      to determine flow permeability of the compacted sample. This is done by
      directing a fluid into the sand body 30 through the inlet passageway 31.
      In general, the fluid should be one which is chemically inert to the sand
      particles. Typical fluids which may be used are diesel oil, kerosene, and
      liquids of this type. The flow permeability is determined by computing the
      rate at which the particular fluid used will flow through the compacted
      sample at a given pressure.
PAR  The next phase is a simulated formation conditioning step. The first step
      here is to flush the sand body 30 with a scavenger material, such as a mud
      acid. The mud acid flush is directed through passageway 31 to dissolve the
      non-sand fractions, such as silt and clay, in the sand body 30. The
      purpose is to prepare the sand grains for accepting a treating fluid. The
      next step is to run an alcohol drying agent through the sand body 30 to
      dissolve the mud acid and pick up water trapped in the sand sample.
      Following this step, the sand body 30 is flushed with a liquid which will
      pick up the alcohol, such as a diesel oil.
PAR  The next phase involves the actual consolidation of the sand grains. In
      this procedure a liquid resin material is directed into the sand body 30
      through passageway 31 to adhere the sand particles together. Suitable
      resins are those materials known to the art which are typically employed
      in sand consolidation operations. The next step is to flush the sample
      with an oil which is immiscible with the resin. The purpose of this flush
      is to remove the resin material which becomes trapped in the pore space
      between the agglomerated sand grains.
PAR  The next step in the consolidation phase is to cure the resin material in
      sand body 30. This is done by immersing the closed vessel 11 containing
      the compacted sand body 30 in a hot water or hot oil bath. During the
      curing step the temperature of the bath is held within a range which
      approximates actual formation temperature conditions. This range will
      usually be from about 150.degree.F. to 180.degree.F.
PAR  After the resin curing step, the vessel 11 is removed from the hot bath to
      check the inlet passageway 31 and outlet passageway 32 for flow
      restriction. For example, when the resin is fed through the passageways 31
      and 32 the material will sometimes deposit in these passageways and harden
      during the curing step. The result is a restriction which impedes fluid
      flow through the passageways. The next step is a final permeability test.
      For checking final permeability, the test is conducted in the same manner
      as the initial permeability test described above.
PAR  The last step is a test to determine the strength of the compacted sand
      body under unconfined conditions. This is done by drilling out a small
      diameter core from each end of the compacted sample and then inserting the
      cores, one at a time, in a Tinius Olsen testing machine. Each core sample
      is then compressed in the machine to the point at which it crumbles. The
      strength reading of the core is taken at this point. The fluid flow
      readings obtained in the final permeability test are compared with those
      recorded for the initial test. A comparison of the readings is then made
      to determine whether the altered permeability which results from sand
      consolidation is within acceptable limits.
PAR  The test apparatus of this invention has several advantages over the prior
      apparatus. A major advantage is that the present test vessel can
      accommodate a larger sand sample than the prior apparatus without
      encountering the problem of the arching principle described above. To
      illustrate, assume that the cylindrical vessel 11 has an inside diameter
      of 2 inches, an overall length of 6 inches, and the opposing piston heads
      16 and 23 are each 2 inches in diameter. As installed in vessel 11, the
      opposing pistons are positioned so that when each piston reaches the end
      of its stroke the space between the piston heads 16 and 23 will not exceed
      4 inches.
PAR  In other words, the maximum compacted length for the sample 30 will be the
      4-inch space between the piston heads. Although the sample length is twice
      the distance of the vessel diameter (2 inches) the arching rule is not
      violated in that each piston will compact half (approximately 2 inches) of
      the total sample. Another advantage of the present apparatus is that the
      sand sample can be loaded into the vessel 11 and compacted without having
      to first clean the sample to remove non-sand fractions, such as oil,
      water, silt and clay. Another advantage is the use of mechanical force,
      such as fluid pressure, to achieve compaction of the sample. This permits
      the flow profile for low permeability soils to be uniform throughout the
      sample. Another advantage is that the compaction applied to the sample is
      reproducible and it can be varied to accommodate soils of different
      textures.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method for testing a sand sample from a subsurface earth formation,
      which comprises the steps of:
PA1  placing an unconsolidated sand sample in a rigid, closed cylindrical
      vessel;
PA1  compacting the unconsolidated sand sample within the vessel to obtain a
      uniform pack by compressing the sample between a first piston and a second
      piston, the pistons being slidable toward each other within the vessel;
      and the diameter of the vessel, as related to the length of the sand
      sample, being a ratio of not more than 1 to 2;
PA1  passing a first fluid through the compacted unconsolidated sand sample to
      determine flow permeability of the unconsolidated sand sample;
PA1  passing a second and third fluids through the compacted, unconsolidated
      sand sample to condition the sand particles for accepting a fourth fluid
      which defines a consolidating fluid;
PA1  directing the consolidating fluid into the sand sample to adhere the sand
      particles together, to thereby consolidate the sand sample;
PA1  flushing the consolidated sand sample with a fifth fluid to remove
      consolidating fluid which is trapped in pore spaces between the sand
      particles;
PA1  curing the consolidating fluid by heating the vessel to a temperature
      sufficient to cure the said consolidating fluid; and
PA1  passing a sixth fluid through the compacted, consolidated sand sample to
      determine the flow permeability of the said consolidated sample.
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ABST
PAL  Solvent gradient generating apparatus in a liquid column chromatography
      system. A multi-compartment vessel having an input/output port pair for
      each compartment is coupled between a high pressure pump and the column
      cell for providing both gradient generation and pulse damping. A piston,
      which is slidably contained within the vessel, sealably provides the
      compartments. Means external to the vessel are provided for controlling
      the rate of movement of the piston within the vessel. The volume of each
      compartment is controlled by the position of the piston, and the rate of
      movement of the piston controls mixing of the solvent components delivered
      to the column cell. Each compartment has input and output ports. In one
      embodiment, both input ports are coupled to the high pressure pump while
      only one output port is coupled to the column cell. In another embodiment,
      only one input port is coupled to the pump and the other input port and
      one output port are sealed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates, in general, to apparatus for precisely mixing
      liquids in high pressure systems and, more particularly, relates to
      solvent gradient generating apparatus in liquid chromatography systems.
PAR  Liquid chromatography pertains to a particular variety of equipment and
      techniques for analyzing the components of an unknown sample of liquid
      material, qualitatively and/or quantitatively. According to one liquid
      chromatographic system, a column cell is provided having a stationary
      liquid contained therein such that an immiscible mobile liquid percolates
      or flows therethrough. Such a liquid/liquid chromatography system may be
      characterized as a partition or solution system. The sample is retained by
      partitioning between the mobile liquid and the stationary liquid.
PAR  In another liquid chromatographic system, the column contains a solid
      instead of a stationary liquid. Such a system may be characterized as an
      absorption chromatography system. The mobile liquid is propelled through
      the solid absorbents, and variations in properties of the substance
      emerging from the column are detected and plotted.
PAR  In chromatography systems, mobile liquid flow rates and volumes must be
      precisely controlled if accurate analysis is to result. Constant flow rate
      systems are utilized for minimizing adverse affects of changes in
      uncontrolled variables on the constancy of the volumetric flow rate. Two
      primary classes of pumps are utilized in a constant flow rate system. A
      displacement type pump expels fluid contained within a limited reservoir
      by a piston under pressure. A displacement type pump advantageously
      provides nonpulsating flow, but provides only a limited amount of liquid
      due to its finite capacity. A reciprocating type pump, however, provides
      an unlimited reservoir and therefore an unlimited amount of liquid; but
      its flow is undesirably pulsating. Pulse damping apparatus must accompany
      reciprocating pump systems because detectors are usually flow rate
      sensitive. Detector noise levels are often determined by short term
      pulsations in flow from these reciprocating pumps. However, pulsating
      pumps are less expensive than displacement type pumps. It is therefore
      economically desirable to utilize the pulsating type pumps in combination
      with pulse damping apparatus.
PAR  Several pumping schemes have been proposed whereby solutions are mixed in
      precise amounts with respect to time. One proposed gradient generator
      utilizes a pair of high pressure displacement pumps which dispels fluid
      into a common conductor, such as a tee or mixing chamber, at controlled
      rates. Such a system however requires two high pressure pumps and is
      therefore relatively expensive.
PAR  Another pumping system heretofore proposed utilizes a first high pressure
      pump propelling its solvent into a second high pressure pump where the
      solvent is stirred with the contents of the second pump. The second pump
      acts as a variable volume mixing chamber to provide the desired mixture.
      As with the proposed system described above, a pair of expensive high
      pressure pumps is required.
PAR  Another proposed pumping system utilizes a low pressure metering pump
      dispelling its liquid into a calibrated volume of solvent of different
      composition. The mixture of solvent initially in the calibrated volume
      with liquid pumped in by the low pressure metering pump forms the feed
      solvent for the high pressure pump. The high pressure pump must have a
      small hold-up volume. Low hold-up volume, high pressure pumps are of the
      reciprocating type. An undesirably pulsating flow to the column is
      provided, unless pulse damping apparatus is supplied. Accordingly not only
      are two pumps required, but damping apparatus is also required.
PAR  Still another contemporary pumping arrangement in chromatography systems
      use a single high pressure pump in combination with a storage coil, a
      mixing tee, and a pair of solenoid valves coupled to the mixing tee. Each
      solenoid valve is alternately pulsed into the open position, and the
      relative time for each of the valves to open determines the mixture of the
      final solution delivered into the mixing tee. However, such pulse solenoid
      valves typically exhibit a relatively short life cycle. Furthermore,
      certain liquid combinations pose an unacceptable mixing problem at the
      mixing tee when passing through the valves. Still further, because such a
      system mixes the two components in the storage coil, part of the liquid
      solvent at the interface between the two components must be discarded.
PAR  It is therefore a general object of the present invention to provide an
      improved low-cost, high-pressure and constant volume flow rate solvent
      gradient generator in a chromatography system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the drawbacks of the prior art by providing
      solvent gradient generating apparatus in a liquid chromatography system
      which includes an enclosed vessel having a plurality of compartments. A
      piston is slidably contained within the vessel to sealably provide, in
      combination with the bore of the vessel, the compartments having varying
      volumes as controlled by movement of the piston. Each compartment has a
      pair of input and output ports, selected ones of which are sealed in
      accordance with particular system application.
PAR  A first embodiment provides a high pressure pump coupled to commonly
      provide a first liquid solvent to each input port. A first compartment has
      the piston displaced to provide less volume than that of the second
      compartment, and the output port of the first compartment is sealed. The
      second compartment has contained therein a second liquid solvent which is
      to be mixed with the first solvent in precise proportions. Upon movement
      of the piston at a predetermined rate to increase the volume of the first
      compartment and to decrease the volume of the second compartment, the
      first liquid solvent is mixed and in the second compartment with the
      second liquid solvent in the desired proportions, and the mixture is
      output from the second compartment to a chromatographic column. Stirring
      means are included in the second compartment for agitating the mixture.
PAR  A feature of the first embodiment is a low pressure seal circumscribing the
      piston in a manner contiguous with the vessel for separating the
      compartments and thereby retaining purity of the first solvent in the
      first compartment. Because substantially equal pressures are provided on
      opposing sides of the piston head, a low pressure seal suffices instead of
      a more expensive high pressure seal.
PAR  Another embodiment of the present invention couples the above described
      multi-compartmented vessel with a high pressure pump such that the pump is
      coupled to input a first liquid solvent into only one input port. The
      piston is initially displaced to minimize the first compartment's volume
      so as to provide a larger volume in the second compartment which is filled
      with a second liquid solvent. The high pressure pump outlet is also
      coupled to a mixing chamber such that its flow divides into the first
      compartment and into the mixing chamber. The output port of the second
      compartment is coupled to the mixing chamber such that, upon displacement
      of the piston at a controlled rate in a direction to force fluid from the
      second compartment, precise amounts of second solution and first solution
      are input into the mixing chamber.
PAR  A low pressure seal circumscribing the piston within the enclosed vessel is
      also a feature of the second embodiment, similar to the first embodiment.
      Furthermore, since each compartment encounters only one liquid component
      during a particular run, flushing either compartment of this embodiment is
      unneeded for repeated runs or for successive runs using the same
      solutions.
PAR  A common feature of both preferred embodiments is that the relatively large
      volume gradient generator also provides pulse damping to allow use of a
      reciprocating system pump.
PAR  Other advantages and features and a better understanding of the invention
      will be realized by reference the following detailed description in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a preferred gradient generator
      according to one aspect of the invention;
PAR  FIG. 2 depicts one embodiment of a chromatography system featuring the
      gradient generator of FIG. 1 in accordance with another aspect of the
      invention; and
PAR  FIG. 3 depicts still another embodiment of a chromatography system
      featuring the gradient generating device of FIG. 1 in yet another aspect
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there is depicted in FIG. 1 a preferred
      embodiment of a low cost, high pressure, constant volume flow rate solvent
      gradient generator shown 2. The gradient generating apparatus 2 comprises
      an enclosed vessel 3 having several pairs of input and output ports having
      openings sufficient to accommodate system flow. Piston means 7 is slidably
      contained within the vessel. The head 4 of piston means 7 and the bore of
      the vessel 3 provide first and second interior compartments 12 and 14,
      respectively. The instantaneous volumes of the respective compartments are
      defined by the instantaneous positioning of the piston. Input port 16 and
      output port 18 provide a flow path through the first compartment 12, while
      input port 20 and output port 22 provide a flow path through the second
      compartment 14. Compartments 12 and 14 are filled with mixture components
      or the final mixture in accordance with later described embodiments.
      Stirring means members 24 and 26 are provided for agitating fluid in the
      second compartment 14. Control means 8 responsive to operator inputs 9
      controls the rate of movement of the piston means 7 within the vessel to
      so as to control compartment volumes.
PAR  The enclosed vessel 3, having a bore accessible by several input/output
      ports, is constructed preferably of chemically inert materials capable of
      withstanding relatively high pressure operation. Examples of such inert
      materials are stainless steel, Teflon (TFE or FEP), kel F, and glass.
      Seamless precision bore stainless steel tubing appears to be quite
      acceptable. Due in part to the low pressure seal, the expense of precision
      grinding the cylinder walls is eliminated.
PAR  Piston means 7 comprises a sliding shaft 6 coupled to the piston head 4. A
      high pressure Teflon O ring seal 11 of relatively small diameter is
      disposed between the piston shaft 6 and the top of the enclosed vessel.
      Disposition of the seal 11 in the upper housing provides ready access for
      tightening a conventional packing gland nut (not shown). The piston head 4
      is circumscribed by a low pressure seal 10 such as a resilient Teflon
      coated rubber O ring or a flexible Teflon sealing ring. Seal 10 contacts
      the bore walls of the vessel 3 for sealing compartments 12 and 14 from one
      another so as to prevent mixture of the components contained in each
      compartment.
PAR  A conventional magnetic stirring means is provided for agitating the
      mixture in the second compartment 14. Magnetic member 26 disposed
      externally of the vessel 3 can be angularly displaced, causing the
      metallic stirring member 24 disposed withiin compartment 14 to rotate.
      Such agitation means is unnecessary, if the gradient generating apparatus
      is used in combination with a mixing chamber. See mixing chamber 33 in
      FIG. 3, discussed hereinafter.
PAR  The control means 8 comprises suitable drive means for controlling
      displacement of the piston means 7 within the vessel 3. Control means 8
      may suitably comprise a motor driver which is speed controlled in
      accordance with time. Such controls are now well understood. Operator
      inputs 9 control the rate of displacement of the piston head 4, which
      controls compartment volumes and therefore the proportions of component
      mixtures, as will be subsequently explained. The input and output port
      openings are of sufficient size so as to accommodate flows generated over
      the entire Piston displacement range of the control means 8.
PAR  Specific dimensions of the gradient generating apparatus 2 are chosen in
      coordination with specific system function.
PAR  FIG. 2 depicts a chromatography system featuring the apparatus of FIG. 1
      connected in a first preferred mode. A single high pressure pump 28, such
      as a Varian Model 8500 pump, is coupled via line 30 to the gradient
      generator 2. The output of the gradient generator 2 is coupled via means
      line 32 to a commercially available injector 34, which is coupled to
      column 36, which in turn is coupled to detector circuitry 38 for final
      analysis.
PAR  In the embodiment of FIG. 2, only specific ports are utilized. The output
      port 18 of the first compartment 12 is sealed by stopper means 29. Input
      port 16 of the first compartment 12 and input port 20 of the second
      compartment 14 are commonly coupled to receive the first component of the
      liquid mixture by way of line 30 from pump 28. The output port 22 of the
      second compartment 14 is coupled to provide a mixed solvent comprising the
      first component, which is introduced from the pump 28, and the second
      component, which is initially stored in compartment 14.
PAR  During initial operation of the chromatographic system of FIG. 2, the
      piston 7 is disposed at the top of the cylindrical vessel 3 at the start
      of the chromatographic run. The high pressure pump 28 supplies the first
      component to both compartments 12 and 14 where, compartment 14 is already
      previously filled with the second solvent component. High pressure pump 28
      injects the first component into both compartment 12 and compartment 14 in
      accordance with piston, displacement. The piston is displaced downwardly
      from its initial position at a preselected rate, thereby increasing the
      volume of the first compartment 12 while decreasing the volume of the
      second compartment 14. Depending upon the selected rate of movement of the
      piston 7, more or less of the first solvent component from pump 28 will
      enter the first compartment 12, and less or more of the first solvent
      component will enter the second compartment 14. Because the total volume
      of liquid in the two compartments 12 and 14 is constant, the volume flow
      rate out of the vessel 3 through output port 22 of the second compartment
      14 equals the sum of the volume flow rates into the input ports 16 and 20.
      The total volume flow is determined by the volume flow of the high
      pressure pump 28. As the first solvent component from pump 28 enters the
      second compartment 14, stirring means 26 thoroughly mixes the first and
      second solvent components.
PAR  The effect of the rate of displacement of the piston 7 on the composition
      of the mixed liquid flowing from output port 22 is seen from equation (1)
      below. Neglecting the cross sectional area of the piston shaft 6, which is
      small compared to the cross sectional area of the cylinder, and neglecting
      the volume of the stirring member 24, the volume of the second solvent
      component 14 initially in the second compartment at any point of time can
      be expressed as a fraction of the total volume of the first and second
      solvent components present in the second compartment 14 as follows:
      ##EQU1##
      where equation (1) assumes a linear rate of descent, x, for the piston of
      the term. V.sub.A is the volume of the second solvent component in the
      second compartment 14, and V.sub.B is the volume of the first solvent
      component in the second compartment 14, L is the inside length of the
      cylinder, A is the cross sectional area of the cylinder, V.sub.p is the
      volume rate of flow of the first solvent component from the high pressure
      pump 28, and t is the time from the start of the gradient.
PAR  A study of equation (1) indicates that the liquid gradient generating
      apparatus according to FIG. 2 is capable of generating a wide range of
      gradient profiles. Three cases, namely, where V.sub.p equals xA, where
      V.sub.p equals 2xA, and where V.sub. p /xA is less than 2 and V.sub. p /xA
      is greater than 2, are of special interest and characterize the system.
PAR  If the flow rate from the high pressure pump, V.sub.p, equals the product
      of the cross sectional area of the cylinder and the rate of displacement
      of the piston (xA), the exponent in equation (1) is O, and the solvent
      composition of the mixed liquid flowing from output port 22 is independent
      of time. Such a condition is commonly referred to as an isocratic
      operation. In other words, V.sub.B equals 0, and the entire volume of the
      first solvent component from the pump 28 is being input into the first
      compartment 12. Accordingly, only the second solvent component previously
      stored in the second compartment 14 is output via line 32.
PAR  If the flow rate from the high pressure pump 28 equals twice the volume
      swept out by the rate of displacement of the piston 7 times the cross
      sectional area of the cylinder, the exponent in equation (1) is unity and
      the gradient is linear with respect to time.
PAR  If the flow rate of the first solvent component from the high pressure pump
      28 is less than twice the volume rate of displacement of the piston 7,
      then the exponent in equation (1) is less than unity, and the rate of
      change in composition in the second compartment 14 decreases with time.
      That is, less of the first component from the pump 28 enters the second
      compartment 14 as the chromatographic run progresses. Conversely, if the
      volume flow rate from the high pressure pump 28 is greater than twice the
      displacement rate of the piston 7, then the exponent in equation (1) is
      greater than unity and the rate of change of composition in the second
      compartment 14 increases with time. Accordingly, as the chromatographic
      run continues, an increasing amount of the first component from the pump
      28 enters the second compartment to be mixed.
PAR  It is thus seen that a diverse range of gradients can be generated by the
      apparatus according to FIG. 2 using only a constant piston rate of
      displacement. Not requiring variance of the rate allows simpler control
      circuitry 8 (not shown) to be utilized than if the rate of displacement of
      the piston otherwise required varying.
PAR  Referring now to FIG. 3, another chromatographic system is shown wherein
      the gradient generator according to FIG. 1 is utilized in a second
      configuration. Like components in FIGS. 2 and 3 have like reference
      numbers and will not be further discussed with respect to FIG. 3. The
      solvent gradient generator 2 in FIG. 3 is coupled to the high pressure
      pump 28 and to a mixing chamber 33.
PAR  In the embodiment of FIG. 3, the gradient generating apparatus 2 has both
      the output port 18 in the first compartment 12 and the input port 20 in
      the second compartment 14 sealed. Line 30 conveys the first solvent
      component from the pump 28 to a tee junction at which the first component
      divides and is controllably input into the first compartment 12 by way of
      input port 16 and into the mixing chamber 33 via line 31. Output port 22
      of the second compartment 14 is coupled to the mixing chamber 33 by way of
      line 32.
PAR  Operation of the chromatographic system of FIG. 3 is as follows. Initially
      piston means 7 is displaced so as to minimize the volume of compartment 12
      and to maximize the volume of compartment 14. The second compartment 14 is
      filled with the second solvent component to be mixed, while pump 28
      introduces the first solvent component to be mixed. The control means 8
      displaces the piston 7 downwardly at a controlled rate to control rate and
      proportion of mixture. The volume of the second solvent component in the
      mixture entering the injector 34 through the mixer 33, expressed as a
      fraction of the total volume of the first and second solvent components
      present in the second compartment 14, is characterized by equation (2) as
      follows:
EQU  V.sub.A /V.sub.A +V.sub.B = xA/V.sub. p                    EQN. (2)
PAL  where the terms of equation (2) are the same as defined above in connection
      with equation (1). Analysis of EQN,(2) reveals that the mixing ratio
      within the chamber 33 is proportional to the rate of descent of the piston
      7 in the cylinder. A linear rate of descent and a linear flow rate provide
      constant composition. By varying the rate of descent of the piston
      proportionally to the square of time, a linear gradient profile is
      generated. As with the earlier described embodiment, a diverse range of
      gradients is can be generated in accordance with specific movement of the
      piston means 7.
PAR  One advantage of the system of FIG. 3 is that flushing of the second
      compartment 14 is not required between runs. Each of the two compartments
      12 and 14 in the gradient device is exposed to only one of the solvent
      components during the chromatographic run. Accordingly, when the gradient
      profile is repeated, or the same two solvent components are used during
      successive runs, the need to flush the two compartments of the gradient
      generating apparatus is obviated.
PAR  In each of the embodiments depicted in FIGS. 2 and 3, the pressures on the
      exposed areas of the two faces of the piston 7 are approximately equal.
      The opposing forces on the faces of the piston 7 thus tend to balance and
      cancel. Such equalization of pressures permits use of a low pressure seal
      10 between the piston and the cylinder wall. The low pressure seal 10
      allows use of a more flexible or resilient sealing member than if
      otherwise a high pressure seal were required. Use of such a flexible or
      resilient sealing member makes wall tolerances less critical. Furthermore,
      since the pressures are substantially equalized, the balance of force on
      the faces of the piston allows use of a low force driving mechanism 8 for
      driving the piston. The combination of relaxed wall tolerance and low
      driving force required to drive the piston reduces significantly the cost
      of the gradient generating apparatus.
PAR  Another advantage of the systems depicted in FIGS. 2 and 3 is the feature
      that a reciprocating type high pressure pump 28 may be utilized without
      the need for pulse damping means. As set forth in the introduction, a
      pulsating flow from a reciprocating pump is detrimental to the performance
      of liquid chromatography systems. However since reciprocating pumps are
      relatively inexpensive and are not limited to a finite reservoir, their
      use is economically and practically advantageous. The functions of the
      gradient generating apparatus 2 are therefore mutlifold, as it obviates
      the otherwise need for pulse damping apparatus.
PAR  It has been determined that an enclosed volume of liquid provides one of
      the more efficient types of pulse dampers in liquid chromatographic
      systems. In FIG. 2, the first compartment 12 in combination with the
      second compartment 14 provides the enclosed volume of liquid for pulse
      damping. In FIG. 3, the increasing volume of the first compartment 12 in
      the gradient generating apparatus 2 provides the enclosed volume of
      liquid. Furthermore, since the gradients are formed downstream of the pump
      28 in both embodiments of FIG. 2 and FIG. 3, mixing effects within the
      pump 28 are negligible.
PAR  It will thus be appreciated that a new and improved solvent gradient
      generating apparatus has been provided for a liquid chromatographic
      system. Not only is only a single high pressure pump required in both
      embodiments, but a reciprocating type pump is suitably utilized, thereby
      effecting considerable economic savings. Furthermore, since the need for
      pulse damping apparatus has been obviated, additional savings are
      realized. By utilizing a system interconnect scheme which substantially
      equalizes pressure on both sides of the driving piston, a low pressure
      seal may be used thereby allowing still additional cost savings by making
      construction tolerances less critical.
PAR  It is understood that although the preferred generator has been described
      having only two compartments, additional compartments could be formed.
      That is, several heads could be provided on piston 7, with appropriate
      ports in the bore for mixing additional components. Similarly, generators
      as described could be connected in parallel for mixing additional
      components.
PAR  Although the invention has been described in its preferred form with a
      degree of particularity, it is understood that the present disclosure has
      been by way of example only. Numerous changes in the details of
      construction and the specific combination of the gradient generating
      apparatus with other components in a chromatographic system will be
      apparent without departing from the spirit and the scope of the invention
      as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid chromatography system having a controlled component solvent
      comprising:
PA1  a. a pumping means for supplying under pressure a first solvent;
PA1  b. a multi-compartmented solvent gradient generating means comprising a
      vessel having a substantially cylindrically configured bore, said vessel
      being adapted to have a second solvent in one said compartment, said one
      compartment having a first input port and a first output port, and another
      said compartment having a second input port and a second output port,
      first stopper means being provided for sealing said first input port, and
      second stopper means being provided for sealing said second output port;
PA1  c. substantially cylindrically configured piston means, including sealing
      means, disposed within said bore and sealably extending outside said
      vessel, said piston means having a piston head slidably contained within
      said gradient generating means for defining in combination with said
      vessel said one compartment adjacent one side of said head and said
      another compartment adjacent the other side thereof;
PA1  d. column means, including injector means, for selectively interacting said
      controlled component solvent with a stationary reactive element disposed
      within said column means;
PA1  e. control means for controlling the rate of movement of said piston head
      within said bore; and
PA1  f. mixing means coupling said first output port commonly with said second
      input port and with said pumping means for supplying said solvent having
      controlled component mixtures to said column means.
NUM  2.
PAR  2. The chromatography system according to claim 1 and further including
      third stopper means for sealing said second output port, and including
      means commonly coupling said first input port and said second input port
      to said pumping means, said first output port being coupled to said
      injector means.
NUM  3.
PAR  3. A liquid chromatograph system for providing a controlled mixture of a
      first liquid and a second liquid, said system comprising:
PA1  a vessel having movable wall means for defining therewithin a first
      compartment and a second compartment;
PA1  said second compartment, in operation of said system, being a container for
      said second liquid;
PA1  sealing means adjacent said movable wall means for isolating the contents
      of said second compartment from said first compartment;
PA1  each of said first and second compartments having an inlet port;
PA1  pump means for supplying said first liquid via a common conduit to said
      first and second compartments through the respective inlet ports thereof;
PA1  said second compartment having an outlet port; and
PA1  control means for controllably moving said movable wall means, thereby
      causing a controlled mixture of said first and second liquids to flow out
      of said outlet port of said second compartment, the rate of flow of said
      mixture out of said second compartment being substantially determined by
      the rate of flow of said first liquid from said pump means.
NUM  4.
PAR  4. The system of claim 3 wherein said vessel is of substantially
      cylindrical configuration, and said movable wall means comprises a piston
      head.
NUM  5.
PAR  5. The system of claim 4 wherein said piston head is connected to a shaft
      slidably mounted within said first compartment, said shaft extending
      through an aperture in a fixed wall of said vessel to said control means.
NUM  6.
PAR  6. The system of claim 5 further comprising high-pressure sealing means
      disposed adjacent said aperture in said fixed wall of said vessel in
      contact with said slidably mounted shaft to accommodate the pressure
      differential between the interior and the exterior of said first
      compartment.
NUM  7.
PAR  7. The system of claim 6 wherein said high-pressure sealing means comprises
      an O-ring disposed circumjacent said shaft, said shaft being in sliding
      contact therewith.
NUM  8.
PAR  8. The system of claim 4 wherein said sealing means adjacent said movable
      wall means comprises an O-ring affixed to said piston head in sliding
      contact with a fixed wall of said vessel.
NUM  9.
PAR  9. The system of claim 3 wherein said second compartment, in operation of
      said system, can initially be filled with said second liquid.
NUM  10.
PAR  10. The system of claim 3 wherein said sealing means adjacent said movable
      wall means comprises a low-pressure sealing means affixed to said movable
      wall means in contact with a fixed wall of said vessel to accommodate
      substantially equal pressures on either side of said movable wall means.
NUM  11.
PAR  11. The system of claim 3 wherein said common conduit for supporting said
      first liquid from said pump means to said first and second compartments
      comprises a tee junction for dividing the outflow from said pump means
      into the inflow to said first compartment and the inflow to said second
      compartment.
NUM  12.
PAR  12. The system of claim 3 further comprising stirring means disposed within
      said second compartment.
NUM  13.
PAR  13. The system of claim 12 wherein said stirring means is metallic and is
      operated by a magnetic member disposed externally of said vessel.
NUM  14.
PAR  14. The system of claim 3 wherein said control means is programmable to
      selectively provide a desired gradient from a range of gradients for one
      of said liquids in said mixture flowing out of said second compartment.
NUM  15.
PAR  15. A liquid chromatograph system for providing a controlled mixture of a
      first liquid and a second liquid,
PA1  a vessel having movable wall means for defining therewithin a first
      compartment and a second compartment;
PA1  said second compartment, in operation of said system, being a container for
      said second liquid;
PA1  sealing means adjacent said movable wall means for isolating the contents
      of said second compartment from said first compartment;
PA1  said first compartment having an inlet port;
PA1  a mixing chamber located externally of said vessel;
PA1  said mixing chamber having a first inlet port and a second inlet port;
PA1  pump means for supplying said first liquid via a common conduit to said
      first compartment of said vessel through said inlet port thereof and to
      said mixing chamber through said first inlet port thereof;
PA1  said second compartment having an outlet port;
PA1  means for providing liquid communication from said second compartment
      through said outlet port thereof to said mixing chamber through said
      second inlet port thereof;
PA1  said mixing chamber having an outlet port; and
PA1  control means for controlling moving said movable wall means, thereby
      causing a controlled mixture of said first and second liquids to flow out
      of said outlet port of said mixing chamber, the rate of flow of said
      mixture out of said mixing chamber being substantially determined by the
      rate of flow of said first liquid from said pump means.
NUM  16.
PAR  16. The system of claim 15 wherein said vessel is of substantially
      cylindrical configuration, and said movable wall means comprises a piston
      head.
NUM  17.
PAR  17. The system of claim 16 wherein said piston head is connected to a shaft
      slidably mounted within said first compartment, said shaft extending
      through an aperture in a fixed wall of said vessel to said control means.
NUM  18.
PAR  18. The system of claim 17 further comprising highpressure sealing means
      disposed adjacent said aperture in said fixed wall of said vessel in
      contact with said slidably mounted shaft to accommodate the pressure
      differential between the interior and the exterior of said first
      compartment.
NUM  19.
PAR  19. The system of claim 15 wherein said second compartment, in operation of
      said system, can initially be filled with said second liquid.
NUM  20.
PAR  20. The system of claim 15 wherein said sealing means adjacent said movable
      wall means comprises a lowpressure sealing means affixed to said movable
      wall means in contact with a fixed wall of said vessel to accommodate
      substantially equal pressures on either side of said movable wall means.
NUM  21.
PAR  21. The system of claim 15 wherein said common conduit for supplying said
      first liquid from said pump means to said first compartment of said vessel
      and to said mixing chamber comprises a tee junction for dividing the
      outflow from said pump means into the inflow to said first compartment
      port thereof.
NUM  22.
PAR  22. The system of claim 15 wherein said control means is programmable to
      selectively provide a desired gradient from a range of gradients for one
      of said liquids in said mixture flowing out of said mixing chamber.
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PAL  Apparatus for on-site, non-destructive examination of the connection of a
      pipe to a vessel including a vessel-to-nozzle and nozzle-to-pipe weld
      seams, including an instrument carrying, remotely controlled vehicle with
      magnetic adherence means for scanning such connection.
BSUM
PAC  BACKGROUND
PAR  The attachment of pipes, for example, steam lines, feedwater lines and the
      like, to a vessel is commonly accomplished by the use of a separately
      formed annular sleeve or nozzle welded between the vessel and the pipe,
      the nozzle providing, in effect, a reinforcement of the vessel-to-pipe
      connection.
PAR  In some instances it is desirable to provide in-service inspection of the
      welds and other portions of such connections to verify their integrity or
      to discover any incipient defects so that appropriate repairs can be made
      before failure occurs.
PAR  In some cases, for example, where the vessel is relatively inaccessable or
      hazardous to humans, the use of conventional inspection techniques and
      equipment is undesirable or even impossible. A notable example is a
      pressure vessel containment for a nuclear reactor. Such a pressure vessel
      may be in the order of 60 feet in height and 20 feet in diameter with
      walls of steel 4 to 12 inches in thickness with a number of pipes, for
      example, from 4 inches to 28 inches in diameter connected thereto. In use,
      such a vessel and the adjacent portions of the pipes and the attachment
      nozzles are exposed to radioactive fields. Furthermore, such vessels are
      ordinarily closely surrounded (for example, as closely as 8 inches) by
      heat insulation and a biological shield wall. Limited access to the pipe
      attachment nozzles is usually provided by ports through which the pipes
      penetrate the shield wall, the space between the pipe and the port being
      normally closed by a shield door, hatch, shield blocks or the like. Thus,
      the foregoing conditions make it desirable to provide in-service
      inspection equipment which can be quickly installed and removed and which
      can be remotely operated to perform the desired examination. No previously
      known devices or equipment suitable to accomplish this purpose have been
      found.
PAR  It is an object of this invention to provide apparatus for the examination
      of the pipe attachments to a vessel which apparatus can be readily
      installed and removed and remotely controlled.
PAC  SUMMARY
PAR  This and other objects of the invention are achieved by an instrument
      carrying vehicle which travels a circular track removably secured to the
      attachment nozzle to be examined. The track is segmented to allow
      installation around and removal from the nozzle and it is removable held
      to the nozzle by a series of permanent magnets. The vehicle is fitted with
      a plurality of in-line wheels containing permanent magnets for adherence
      of the vehicle to the track. Secured to and extending from the vehicle
      frame are inner and outer arms. These arms form guides for translatable
      carriages to which are attached weld seam examination devices such as
      ultrasonic signal transducers which thus can be moved back and forth to
      scan the welds. Transducers carried by an intermediate carriage scan the
      inner radius region of the nozzle.
DRWD
PAC  DRAWINGS
PAR  Other features and further details of the invention are described
      hereinafter with reference to the accompanying drawing wherein:
PAR  FIG. 1 is a vertical cross-section view of a portion of a vessel wall with
      a pipe and nozzle attachment;
PAR  FIG. 2 is a perspective view of the nozzle inspection apparatus;
PAR  FIG. 3 is a perspective view of the outer and inner transducer blocks and
      carriages; and
PAR  FIG. 4 is a perspective view of the intermediate arm.
DETD
PAC  DESCRIPTION
PAR  Shown in FIG. 1 is a pipe attachment nozzle 11 connecting a pipe 12 to a
      curved wall 13 of a vessel 14. In a typical nuclear reactor pressure
      vessel, for example, the wall 13 is formed of welded-together plates of
      carbon steel in the order of 4-12 inches thick. The nozzle 11 is
      ordinarily a forging of carbon steel with a large diameter flange-like
      inner end 15, and inner radius or curved portion 16, a generally
      cylindrical body portion 20, an outer knee portion 17, and a small
      diameter outer end 18. The pipe 12, which may range in diameter from about
      4 inches to about 28 inches may be formed of stainless steel for nuclear
      reactor system use.
PAR  The nozzle 11 is attached at its inner end 15 to the vessel wall 13 by a
      weld 19 and at its outer end 18 to the pipe 12 by a weld 21.
PAR  The vessel 14 is ordinarily surrounded by a cylindrical shield wall 22,
      constructed, for example, of concrete and formed with an opening or port
      25 to provide a passage or penetration for the pipe 12 and to allow access
      to the region of the nozzle 11. (A layer of insulating material, not
      shown, is usually placed between the vessel 14 and the shield wall 22.)
PAR  It is desirable to examine three separate regions of the pipe-nozzle-vessel
      connection, namely, the region of the welds 19 and 21 and the region of
      the inner radius 16 (indicated by dashed lines as a region 23) which is a
      region of relatively high stress. It is further desirable that the
      inspection apparatus rapidly can be installed and removed (in the order of
      10 minutes or less) to avoid undue human exposure, for example, to the
      radio activity emanating from a nuclear reactor pressure vessel and its
      adjacent attachments.
PAR  To provide a support and guide for the inspection vehicle a circular,
      U-shaped, removable track 24 adapted to be mounted on the outer knee
      portion 17 of the nozzle 11 is provided. To provide removability, the
      track 24 is formed in two or more segments. These segments may be fitted
      with alignment pins or formed with mating tongues and grooves at their
      ends (see FIG. 2) and/or interconnected by suitable hinges, resilient
      hasps or the like. The track 24 is fitted with a plurality of spaced,
      triangular support and locating members 26 secured, as by welding, to the
      track 24, the edges of the members 26 having an angle and shape conforming
      to the surface of the knee portion 17. The members 26 assure that the
      track can be reinstalled in the same position on the nozzle each time the
      nozzle is examined. The track 24 is held securely in place on the nozzle
      11 by a plurality of spaced permanent magnets 27 attached to the track 24.
PAR  A nozzle inspection vehicle 30 in accordance with the invention is
      illustrated in FIG. 2. The vehicle 30 comprises a frame 31 (preferably
      formed of a non-magnetic material such as aluminum), an inner arm 32
      carrying an inner transducer block 38' for scanning the vessel-to-nozzle
      weld 19, an intermediate arm 34 carrying a transducer block 36 for
      scanning the inner radius region 23 and an outer arm 37 carrying a
      transducer block 38 for scanning the nozzle-to-pipe weld 21.
PAR  The frame 31 is removably supported on the track 24 by a plurality of
      in-line wheels 39(1)-39(4). The inner wheels 39(2) and 39(3) are
      journalled for rotation in the U-shaped portion of the frame 31. The outer
      wheels 39(1) and 39(4) are journalled for rotation in frames 41, the
      frames 41 being pivotally attached to end extensions 42 of the vehicle
      frame 31.
PAR  The wheels 39(1) - 39(4) are driven by respective gear-head reversible
      electric motors 43 by which the vehicle 30 may selectively and remotely
      driven around the track 24.
PAR  To provide removable adherence of the vehicle 30 to the track 24, the track
      24 is formed of a material having low magnetic reluctance, such as iron or
      steel, and the wheels 39(1) - 39(4) contain permanent magnets and are
      formed of a plurality of annular pole pieces 44 spaced by relatively thin
      spacers or washers 46 formed of non-magnetic material such as aluminum.
      Adjacent pole pieces 44 are oppositely poled so that strong magnetic
      fields are developed across the spacers 46 and hence through the track 24.
PAR  The outer arm 37 is attached to the frame 31 in cantilever fashion by a
      support rod 47 and a pair of support and guide rods such as rod 48
      connected between the frame 31 and an end plate 49. A drive screw 51 is
      supported for rotation between the frame 31 and end plate 49 and is
      selectively driven by a reversable electric motor 52 (which may be a
      stepping motor) through a gear box 53. The transducer block 38 is
      pivotally and resiliently attached to a carriage 54 which is slidably
      supported on the guide rods 48 and driven by the drive screw 51. Thus by
      remote and selective actuation of the drive or stepping motor 52, the
      carriage 54 and hence the transducer block 38 can be moved back and forth
      across the nozzle-to-vessel weld 18. (Further details of carriage 54 and
      transducer block 38 are given hereinafter with reference to FIG. 3).
PAR  Suitable limit switches 56 can be adjustably mounted, for example, on
      support rod 47, to engage carriage 54 and stop or reverse the drive motor
      52 at selected limits of travel.
PAR  A suitable rotation encoder 55 is coupled to provide a remote indication of
      the rotation of drive screw 51 by which the position of the carriage 54 on
      the arm 37 can be remotely determined.
PAR  The inner arm 32 is similar in most respects to the outer arm 37 described
      above. The arm 32 includes a pair of guide rods 48' connected between
      outer end plate 49' and an inner end plate 57. A drive screw 51' is
      supported for rotation between these end plates and is driven by a
      reversable motor 52' through a gear box 53'. Slidably mounted on the guide
      rods 48' and driven by the screw 51' is a carriage 54' which supports the
      inner transducer block 38' whereby the transducer block 38' may be moved
      back and forth across the vessel-to-nozzle weld 19. (Limit switches 56'
      adjustably mounted on guide rod 48' may be provided to determine limits of
      travel of carriage 54' and a rotation encoder 55' provides a remote
      indication of rotation of drive screw 51' and hence of the position of
      carriage 54'.) (Further details of the carriage 54' and transducer block
      38' are described hereinafter with reference to FIG. 3)
PAR  To allow maintenance of constant spacing between the outer end of arm 32
      and the vessel wall 13, the arm 32 is pivotally attached to the vehicle
      frame 31 by a bracket 58 and pivot pins 59. To maintain the arm 32 in its
      spaced position with respect to the vessel wall, a magnetic wheel 61 which
      may be similar to the vehicle wheels 39, is provided. The wheel 61 is
      supported for rotation in a frame 62 attached to the end plate 49',
      preferably by a pivotable connection. A reversible, geared electric drive
      or stepping motor 63 may be provided to drive the wheel 61 in synchronizm
      with the vehicle wheels 39(1) - 39(4).
PAR  To scan the inner radius area 23 (FIG. 1) the intermediate arm 34 comprises
      the transducer block 36 carried by a bracket secured to the frame 31 of
      the vehicle 30. Further details of the arm 34 are described hereinafter
      with reference to FIG. 4.
PAR  To provide an indication of the azimuth or attitude of the vehicle 30 and
      hence an indication of the position of the vehicle on the track 24, a
      pendulum 86 is provided. The pendulum arm is fixed to the movable element
      of a suitable position encoder 87, such as a potentiometer, the latter
      being supported on a bracket 88 extending from the vehicle frame 31.
PAR  An enclosure 60 mounted on the frame 31 is provided as a housing for
      terminal boards, relays, preamplifiers and the like and as a terminus for
      a remote control cable 65. The cable 65 contains the necessary electrical
      power, control and signal conductors. It also includes a flexible tube for
      providing a suitable coupling fluid (such as water) to the various
      acoustic signal transducers. For clarity of the drawing, the connections
      from cable 65 to the various devices on vehicle 30 are not shown. At its
      remote end the cable 65 is connected to suitable well-known supply,
      control, signal generating, receiving, processing, display and recording
      apparatus indicated schematically as a remote control unit 66.
PAR  Transducer blocks 38 and 38' and their carriages 54 and 54' are shown in
      FIG. 3. Since these blocks and carriages are similar, to avoid duplication
      of drawing, the features of both are shown herein and the differences will
      be explained.
PAR  The carriages 54 and 54' include a transverse member 67 to which is
      attached side members 68 to thus form an inverted U-shaped carriage. The
      member 67 is formed with holes 69 through which the guide rods 48 (FIG. 2)
      extend. Holes 69 may be fitted with suitable bushings (not shown). The
      member 67 is also formed with a hole 71 which may be threaded or fitted
      with a threaded bushing or nut to receive the drive screw 51 (FIG. 2).
PAR  The transducer blocks 38 and 38' include a body 72 formed of a non-metallic
      material such as a suitable plastic. The body 72 is pivotally attached to
      the carriage 54 by an arrangement which also allows limited relative
      movement between the carriage and the transducer block. This arrangement
      includes a pair of pivot pins, such as a pivot pin 73, secured to an
      extending from opposite sides of the body 72. The pins 73 are journalled
      in bores 74 in a pair of connecting blocks 76.
PAR  Fixed to the inside surfaces of the side members 68 are respective guide
      bars 77 and the connecting blocks 76 are formed with mating grooves 78 by
      which the guide bars 77 are slideably engaged. For the carriage 54 and
      transducer block 38, a pair of coil springs, such as a spring 79, are
      placed in the grooves 78 between the guide bars 77 and the connecting
      blocks 76 by which the transducer block 38 is urged away from the carriage
      54 to thereby maintain the face 81 of the transducer block in contact with
      nozzle outer end and pipe 12.
PAR  Fitted in cavities in the body 72 of the transducer block is a plurality of
      suitable transducers 82(1) - 82(7). These transducers are well-known
      devices for transmitting signals such as acoustic signals, into the metal
      under examination and for receiving reflected signals therefrom.
PAR  As shown in FIG. 3, transducers 82(1), 82(2) and 82(3) are mounted
      perpendicular to the face 81. Thus, for example, in examining the weld
      seam 21 (FIG. 1) one of these transducers can be used to examine the base
      metal of pipe 12, another can be used to examine the base metal of the
      nozzle outer end 18 while the other can be used for thorough examination
      of the weld 21. Transducers 82(4) and 82(5) are oriented at two different
      angles (for example 45.degree. and 60.degree.) from the face 81 in the
      direction of travel of the block 38 while the transducers 82(6) and 82(7)
      are oriented at different angles transverse to the direction of travel of
      the block 38. Thus transducers 82(4) - 82(7) can be used to examine the
      weld from two different directions at two different angles. In the
      transducer block 38' one of the transducers 82(1) - 82(3) can usually be
      omitted for examination of the vessel and nozzle inner end base metal
      since ordinarily they are both formed of similar metal, namely, carbon
      steel. The illustrated transducer arrangement is representative. Other
      suitable transducer arrangements can be used with the described inspection
      device as required.
PAR  For use in the inner arm 32, to assure close contact between the transducer
      block 38' and the vessel wall 13 and nozzle inner end 15 (and hence good
      coupling of the transducers), the body 72 may be fitted, at the corners of
      the face 81, with permanent magnets 83. In this case the springs 78 may be
      omitted. However, the magnets 83 are not effective for use in the
      transducer block 38 if the pipe 12 (FIG. 1) is formed of non-magnetic
      stainless steel.
PAR  The transducer blocks 38 and 38' are also provided with a tubular fitting
      84 fixed to the body 72 by which a suitable acoustic signal coupling fluid
      (for example, water) may be fed through suitable channels (not shown) in
      the body 72 to the faces of the transducers 82(1) - 82(7).
PAR  Additionally, the face 81 of the body 72 of the transducer block 38 may be
      formed with a suitable curvature for conformance with the curved surface
      of pipe 12 and nozzle outer end 18.
PAR  The intermediate arm 34 is shown in greater detail in FIG. 4. The
      transducer block 36 is attached to a U-shaped carriage member 91 by pins
      92 fixed to and extending from opposite sides of the block 36. The pins 92
      engage slots 93 in the sides of the carriage 91 by which limited movement
      of the block 36 toward and away from the carriage 91 is allowed as the
      block 36 is moved over the curved or inner radius surface 16 of the nozzle
      11 (FIG. 1).
PAR  The carriage 91 is pivotally attached to the vehicle frame 31 by brackets
      96.
PAR  The transducer block 36 is fitted with a pair of suitable acoustic signal
      transducers 97 oriented at angles with respect to the face 98 of the block
      36, the selected angle of orientation being suitable for examination of
      the inner radius region 23 of the nozzle 11.
PAR  A tubular fitting 99 is provided for attachment to a tube or hose for
      supplying a coupling fluid, through passages in block 36 (not shown), to
      the faces of the transducers 97. Permanent magnets 101 are fixed to the
      four corners of the transducer block face 98 to maintain the face 98 in
      close contact with the nozzle 11 and hence assure good transducer
      coupling. The face 98 of the transducer block 36 is preferably formed with
      suitable curvature to match the curvature of the outer surface of the
      inner radius or curved portion 16 of the nozzle 11.
PAR  (It is contemplated that separate tracks 24 and separate transducer blocks
      36 and 38 will be provided for the different sizes of nozzles and pipes to
      be examined.)
PAR  It is contemplated that the transducers carried by the transducer blocks
      36, 38 and 38' are operated in the well known "pulse-echo" manner, that
      is, each transducer operates as both a transmitter of pulses of acoustic
      signal and as a receiver of reflections back to the transducer of such
      signals. (As is well known, flaws or discontinuities in the metal under
      examination may be detected by the time and nature of the reflected
      signals.)
PAR  A suggested method of operation of the nozzle inspection apparatus is as
      follows: starting from a known location of the vehicle 30 on the track 24
      (as indicated by the pendulum operated encoder 87) and a known location of
      the carriages 54 and 54' on the outer and inner arms (as indicated by the
      encoders 55 and 55'), the carriages 54 and 54' (and hence the transducer
      blocks 38 and 38') are moved in discrete steps along their respective arms
      across the welds 19 and 21. At each such step, the transducers are
      sequentially pulsed with an acoustic signal (for example, of a frequency
      of 2.25 MHz) and the reflected signals from these pulses are received
      processed and recorded in known manner.
PAR  After the carriages 54 and 54' have been thus stepped the desired distances
      to one side or the other of the welds 19 and 21, the drive motors 43 of
      the vehicle wheels (and motor 63 of the inner arm) are actuated to drive
      the vehicle a predetermined step along the track 24 to thereby present
      another (preferably overlapping) scanning path for the transducers of
      transducer blocks 38 and 38'. The carriages 54 and 54' are then moved in
      discrete steps in the opposite direction across the welds 19 and 21 and
      the transducers are pulsed etc.
PAR  The transducers of the intermediate arm transducer block 36 are also pulsed
      and any reflected signals therefrom received and recorded at least once
      for each position of the vehicle 30.
PAR  In this manner a complete examination of the welds 19 and 21 and the inner
      radius region 23 can be accomplished.
PAR  Thus what has been described is readily installable and removable apparatus
      which can be remotely operated to examine the connection of a pipe to
      vessel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Remotely operable apparatus for inspecting the connection of a pipe to
      the wall of a vessel, said connection being formed by an attachment
      nozzle, said nozzle having a flange-like inner end welded by an inner weld
      within an aperture in said vessel, a generally cylindrical body portion
      extending outward from said vessel, a curved inner radius portion between
      said inner end and said body portion, and an outer end portion welded by
      an outer weld to said pipe, said apparatus comprising: a circular track
      positioned around said body portion of said nozzle, said track being
      formed of magnetic material; a vehicle adapted to run on said track said
      vehicle including a frame, a pair of wheels journalled in said frame, said
      wheels including permanent magnet means for adherence of said wheels to
      said track, selectively operable drive means for said wheels for driving
      said vehicle around said track, an outer arm attached to said frame and
      extending therefrom generally parallel to said pipe, a first carriage
      mounted on said outer arm, said outer arm including first guiding means
      for guiding said first carriage back and forth along said arm, a first
      transducer block including at least one transducer for transmitting and
      receiving inspection signals, first attachment means for attaching said
      first transducer block to said first carriage, said outer arm including
      selectively operable drive means engaging said carriage for moving said
      first transducer block back and forth along said first guiding means
      across said outer weld; an inner arm attached to said frame and extending
      therefrom generally parallel to said wall of said vessel, a second
      carriage mounted on said inner arm, said inner arm including second
      guiding means for guiding said second carriage back and forth along said
      arm, a second transducer block including at least one transducer for
      transmitting and receiving inspection signals, and second attachment means
      for attaching said second transducer block to said second carriage, said
      inner arm including selectively operable drive means engaging said second
      carriage for moving said second transducer block back and forth along said
      second guiding means across said inner weld.
NUM  2.
PAR  2. Apparatus according to claim 1 further including an intermediate arm
      attached to said frame and extending therefrom toward said curved portion
      of said nozzle, said intermediate arm including a bracket attached to said
      frame, a third carriage pivotally attached to said bracket, a third
      transducer block including at least one transducer for transmitting and
      receiving inspection signals, third attachment means for attaching said
      third transducer block to said third carriage, said third transducer block
      having a face engaging the outer surface of said curved portion of said
      nozzle for examination of said curved inner radius portion of said nozzle.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said first attachment means
      provides limited relative movement between said first carriage and said
      first transducer block and included resilient means urging said first
      transducer block in a direction away from said first carriage for
      maintaining a face of said first transducer block in contact with the
      surface of said pipe and the surface of said outer end portion of said
      attachment nozzle.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said face of said first
      transducer block is formed with a curvature substantially conforming with
      the curvature of said surfaces of said pipe and said outer end portion of
      said attachment nozzle.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said second attachment means
      provides limited relative movement between said second carriage and said
      second transducer block and wherein said second transducer block includes
      a face and at least one permanent magnet embedded in said face for
      slidable adherence of said second transducer block to the surface of said
      vessel wall and the surface of said inner end portion of said nozzle.
NUM  6.
PAR  6. Apparatus according to claim 2 wherein said third attachment means
      provides limited relative movement between said third carriage and said
      third transducer block and wherein said third transducer block includes a
      face and at least one permanent magnet embedded in said face for slidable
      adherence of said third transducer block to the outer surface of said
      curved portion of said nozzle.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said face of said third
      transducer block is formed with a curvature substantially conforming with
      the outer surface of said curved portion of said nozzle.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein an end of said inner arm is
      pivotally attached to said frame and the other end of said inner arm is
      supported by an inner arm wheel, said wheel containing permanent magnets
      for adherence of said wheel to said wall of said vessel.
NUM  9.
PAR  9. Apparatus according to claim 8 including a selectively operable electric
      drive motor for said inner arm wheel.
NUM  10.
PAR  10. Apparatus according to claim 1 further including a frame pivotally
      attached to one end of said vehicle frame and a third wheel journalled in
      said frame for rotation on said track, said third wheel containing
      permanent magnet means for adherence of said third wheel to said track.
NUM  11.
PAR  11. Apparatus according to claim 10 further including another frame
      pivotally attached to the other end of said vehicle frame and a fourth
      wheel journalled in said frame for rotation on said track, said fourth
      wheel containing permanent magnet means for adherence of said fourth wheel
      to said track.
NUM  12.
PAR  12. Apparatus according to claim 11 including respective selectively
      operable electric drive means for said third and fourth wheels.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said pair of wheels and said
      third and fourth wheels are formed of a plurality of spaced annular pole
      pieces energized by permanent magnets to form opposite magnetic poles at
      adjacent ends of said pole pieces.
NUM  14.
PAR  14. Apparatus according to claim 1 further including a pendulum arm
      pivotally attached to said vehicle and means operated by said pendulum arm
      for indicating the position of said pendulum arm with respect to said
      frame of said vehicle.
NUM  15.
PAR  15. Apparatus according to claim 1 wherein said selectively operable drive
      means for said first carriage includes a drive screw engaging said first
      carriage, selectively operable electric drive means for rotating said
      drive screw, and encoder means coupled to said drive screw for indicating
      rotation thereof.
NUM  16.
PAR  16. Apparatus according to claim 15 further including limit means mounted
      on said outer arm for controlling said drive means to limit travel of said
      first carriage along said outer arm.
NUM  17.
PAR  17. Apparatus according to claim 1 wherein said selectively operable drive
      means for said second carriage includes a drive screw engaging said second
      carriage, selectively operable electric drive means for rotating said
      drive screw, and encoder means coupled to said drive screw for indicating
      rotation thereof.
NUM  18.
PAR  18. Apparatus according to claim 17 further including limit means mounted
      on said inner arm for controlling said drive means to limit travel of said
      second carriage along said inner arm.
NUM  19.
PAR  19. Apparatus according to claim 1 wherein said track is segmented for
      removable attachment to said body portion of said nozzle.
NUM  20.
PAR  20. Apparatus according to claim 19 wherein said segments of said track are
      fitted with a plurality of permanent magnets for removable adherence of
      said segments to said body portion of said nozzle.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said track segments are formed
      with mating alignment at their ends.
NUM  22.
PAR  22. Apparatus according to claim 1 wherein said first transducer block
      includes a face for contacting the surface of said pipe and said outer end
      portion of said nozzle, said first transducer block including at least two
      acoustic signal transducers oriented substantially perpendicular to said
      face, at least two acoustic signal transducers oriented in a given
      direction at different angles to said face, and at least two acoustic
      signal transducers oriented in a direction substantially ninety degrees
      from said given direction and at two different angles to said face.
NUM  23.
PAR  23. Apparatus according to claim 1 wherein said second transducer block
      includes a face for contacting the surface of said vessel wall and said
      inner end of said nozzle, said second transducer block including at least
      two acoustic signal transducers oriented substantially perpendicular to
      said face, at least two acoustic signal transducers oriented in a given
      direction at different angles to said face, and at least two acoustic
      signal transducers oriented in a direction substantially ninety degrees
      from said given direction and at two different angles to said face.
NUM  24.
PAR  24. Apparatus according to claim 2 wherein said third transducer block
      includes at least two acoustic signal transducers oriented at different
      angles to said face of said third transducer block.
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ABST
PAL  Method and apparatus are provided for processing the successive echo pulses
      which result from the interrogation of a layered material by energy
      pulses, and include the direct provision from said echo pulses of the
      uncompensated coherent echo response of said material to thereby preserve
      phase information, the provision of the compensated impulse response of
      said material by modification of said echo response with a non-linear
      correction function, and the calculation of the RAYLOGRAM of said material
      from said impulse response. All of the above is accomplished in the
      complete absence of deconvolution, and said non-linear correction function
      includes a normalization factor to normalize the impulse response and
      provision for modifying the latter to compensate for energy pulse
      attenuation in the material to render it more accurate by satisfying the
      known boundary conditions of said layered material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to new and improved method and apparatus for the
      imaging of pulse echoes and is particularly adapted for use in acoustic
      interrogation systems for non-invasive biophysical diagnosis.
PAR  2. Description of the Prior Art.
PAR  Although a wide variety of prior art acoustic interrogation systems are
      available for non-invasive biophysical diagnosis, it may be understood
      that the same, in general will be found to be lacking in the provision of
      displays of good axial resolution since such systems are generally limited
      in operation to several cycles of transducer ring as determined by the
      transducer Q and the natural resonant frequency of the transducer. This is
      so since it is known that, for example, two boundaries separated in space
      by a distance S along the direction of acoustic energy propagation can
      only be resolved by a pulse envelope or pulse of width T when S= CT/2
      where C is the velocity of propagation of the acoustic energy in the
      ensonified materials. In addition, although detection can be traded off in
      the operation of the systems of the prior art to provide increased spatial
      resolution in the brightness mode by raising the detection threshold
      level, it is believed clear that this can only be accomplished at the
      expense of the detection of weak echoes to therefore result in incomplete
      images.
PAR  Many of these prior art systems operate through use of trains of relatively
      uncontrolled sinusoidal energy pulses of substantial width to produce a
      pulse echo envelope which is representative of the modulation effects of
      the acoustic boundaries of the material under interrogation, and this
      envelope is then utilized for conventional Z axis modulation of a CRT or
      like display device. Envelope detection of this nature is well known by
      those skilled in this art to be signal processing technique that maximizes
      the signal to noise ratio at the expense of discarding phase detection.
      Thus, and although phase information based on relative acoustic impedance
      ratio information at said acoustic boundaries of the material under
      interrogation is inherent in the pulse echo signals received by these
      prior art devices, the same is lost through the process of envelope
      detection to thus significantly detract from the readability of the
      provided display. Too, since the prior art devices under discussion effect
      Z axis modulation as described in proportion to the intensity of the
      detected echo envelope level which exceeds a predetermined threshold, it
      is believed clear that such echo levels are a function not only of the
      impedance ratio of interest at the material boundary, but also of the
      attenuation of the acoustic energy due to energy absorption, spreading and
      the like. As a result, the brightness of the provided CRT display in such
      prior art devices is not representative of said impedance ratios, only, as
      should be obvious. Further, the use as described of trains of relatively
      uncontrolled sinusoidal energy pulses of substantial width by these prior
      art devices renders the detection of phase information from the resultant
      echo pulses by simple integration impossible. Also, the combination of
      transducer ringing and increased threshold setting as discussed
      hereinabove will, in biophysical interrogation applications, almost
      inevitably produce artifactual tissue boundaries to significant diagnostic
      disadvantage as should be obvious. In addition, few if any of such prior
      art devices are known which can automatically apply a correction for the
      known input and output boundary conditions of the material under
      interrogation.
PAR  A further significant disadvantage of some of the prior art acoustic
      interrogation systems resides in the fact that the same require the use of
      the complex mathematical procedure of echo signal deconvolution to
      determine the impulse response of the medium under interrogation. More
      specifically, it may be understood that those prior art systems which do
      require the use of deconvolution will most likely require the use of a
      relatively complex digital computer in the echo signal processing
      circuitry, and will be somewhat limited in the types or shapes of input
      waveforms that can be utilized to insure that the impulse response does
      not simply oscillate around zero to no useful purpose as should be
      obvious. Too, the use of deconvolution gives rise to the further problem
      that small amounts of distortion in the input waveform, as can and will
      generally result from signal scattering, refraction, diffraction or the
      like, will increase exponentially during signal processing to result in
      not insignificant errors in the final impedance ratio calculations.
PAC  OBJECTS OF THE INVENTION
PAR  It is, accordingly, an object of this invention to provide new and improved
      method and apparatus for pulse echo imaging which function to provide a
      pulse echo display of significantly improved readability through retention
      of phase information at the boundaries of the material being
      pulse-interrogated, and the amplitude correction of the pulse echoes to
      compensate for the input pressure levels of the interrogating pulses and
      for attenuation losses in the material to satisfy known acoustic boundary
      conditions.
PAR  Another object of this invention is the provision of method and apparatus
      as above which do not require deconvolution to accomplish echo signal
      processing and arrive at the impulse response of the medium under
      interrogation.
PAR  Another object of this invention is the provision of method and apparatus
      as above which utilize carefully controlled pulses of narrow width
      representing essentially one cycle of transducer oscillation as can be
      provided by very low Q transducers to thereby improve the axial resolution
      of the display.
PAR  Another object of the invention is the provision of method and apparatus as
      above which provide a pulse echo display of material interfaces or
      boundaries having dimensions and form which are substantially less
      sensitive to signal processing circuitry threshold settings.
PAR  A further object of the invention is the provision of method and apparatus
      as above which are particularly though not exclusively, adapted for use
      with acoustic energy pulses in systems for non-invasive biophysical
      diagnosis.
PAC  SUMMARY OF THE INVENTION
PAR  As specifically disclosed herein, the method and apparatus of the invention
      comprise the ensonification of a layered material with carefully
      controlled acoustic energy pulses which are linear derivatives of unipolar
      pulses; the processing of the resultant echo signals by integration or
      logical switching to provide the uncompensated coherent echo response of
      said material to ensonification as described and thereby preserve phase
      information regarding the relative impedances of said material layers; and
      the modification of said echo response to provide the compensated impulse
      response of the layered material to such ensonification. This impulse
      response is then further signal processed to provide a waveform which
      accurately represents the RAYLOGRAM of the respective material layer
      impedance ratios, and this waveform is utilized to provide a display of
      improved readability of said impedance ratios, with the relative
      brightness of the respective portions of said display being directly
      related to said impedance ratios. The modification of the uncompensated
      coherent echo response to provide the compensated impulse response
      comprises the application of a normalized, non-linear and readily
      slope-adjustable correction function to the former to render the impulse
      response amplitude correct and compensate for the attenuation of the
      ensonifying pulses in the layered material to further render said impulse
      response more accurately indicative of the impedance ratios of interest by
      satisfying known material acoustic boundary conditions. No use is made of
      the complex mathematical procedure of deconvolution to arrive at said
      compensated impulse response.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of this invention are believed
      made clear by the following detailed description thereof taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a graph depicting various types of waveforms which may be used as
      the interrogating pulses by the method and apparatus of the invention;
PAR  FIG. 2 depicts the interrogation of a layered material by a pulse
      transmitter;
PAR  FIG. 3 is a block diagram of one embodiment of the pulse echo processing
      and display circuitry of the invention;
PAR  FIGS. 4 through 13, inclusive, depict the variety of waveforms that are
      produced by the pulse echoes as the same are processed for display by the
      processing circuits of the invention;
PAR  FIG. 14 is a block diagram of another embodiment of the pulse echo
      processing and display circuitry of the invention; and
PAR  FIGS. 15 and 16 are timing diagrams drawn to the same time scale and
      illustrating the operation of the logical switching circuitry of the
      embodiment of FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Essential advantageous features of the method and apparatus of the
      invention are that the same make use of a controlled acoustic pulse and
      appropriate signal processing means to extract a measure of the phase
      sense of the acoustic energy reflection factor r at each boundary of the
      ensonified material, and that the same further automatically correct the
      amplitude levels of the reflected energy pulses by detecting pulse entry
      and exit conditions at each such boundary so that the thusly corrected
      amplitude levels are a better or more accurate measure of the pressure
      reflection factor r at each boundary within a layered material. As a
      result, the amplitude of intensity of the provided display is a better or
      more accurate indicator of the acoustic impedance Z.sub.n /Z.sub.o of the
      respective material layers separated by each boundary and the display
      image bears a more recognizable relationship to the ensonified region of
      the material under interrogation. Of particular significance is the fact
      that the method and apparatus of the invention do not require
      deconvolution in the processing of the echo signals to arrive at the echo
      response and the impulse response of the material under interrogation.
PAR  As specifically disclosed herein, the method and apparatus of the invention
      make use of a carefully controlled linear derivative of a unipolar pulse,
      in the nature of a doublet or triplet, to ensonify the desired material
      region. A unipolar pulse, and a doublet and a triplet as are linearly
      derived therefrom are depicted respectively at 10, 12 and 14 in FIG. 1.
      Preferably, the ensonification pulses are limited in width to values of
      about one period of the natural frequency of the pulse transmitter.
PAR  Ensonification of a layered material region by pulses of the nature
      depicted in FIG. 1 may be understood to produce pulse echoes, the
      respective phase and amplitude of which are determined by the factors
      discussed hereinabove. More specifically, if a unipolar pulse or linear
      derivative thereof produces a positive echo in passing through a material
      boundary wherein the acoustic impedance ratio Z.sub.n /Z.sub.n -1 of the
      materials which form said boundary is greater than 1, it may be understood
      that the same pulse will produce a negative echo in passing through a
      material boundary wherein said acoustic impedance ratio is less than 1,
      and will produce no or zero echo if said acoustic impedance ratio is equal
      to 1, to thus establish, for example, in the latter instance that the
      respective acoustic impedances, and accordingly the acoustic-mechanical or
      physical properties of interest of the materials which form said boundary,
      are the same. Further, the acoustic impedance of any medium containing the
      transducer relative to the acoustic impedance of any layer of a parallel
      layered material within the same medium is a function of the acoustic
      reflection factors of the material boundary layers up to the boundary of
      the layer of interest. Thus, and for the transducer-layered material
      arrangement as depicted in FIG. 2, the acoustic impedance ratio at any
      boundary may be readily determined in accordance with Equation (1) as
      follows;
      ##EQU1##
      where the r.sub.n th reflection coefficient is related to the normalized
      pressure echo (y) as set forth in Equation (2):
      ##EQU2##
      wherein e is the base of the natural logarithm, S is the distance between
      boundaries and .alpha. is the absorption factor.
PAR  Equation (2) is believed to make clear that the reflection factor r can be
      determined by correcting the received echo pressure y.sub.n by the
      bracketed equation term.
PAR  In biophysical application, it may be understood that, in body tissue, the
      reflection factors are generally much smaller than one whereby the
      r.sub.i.sup.2 terms can be assumed to be zero to thus reduce the bracketed
      term of Equation (2) to the term of Equation (3) as follows:
      ##EQU3##
      wherein S is the distance between layers in the ensonified material. This
      term of Equation (3) corrects for absorption losses.
PAR  Thus Equation (2) may be rewritten as Equation (4) as follows:
      ##EQU4##
      and this r.sub.n term of Equation (4) can be substituted in Equation (1)
      to determine any Z.sub.n /Z.sub.o ratio given the appropriate y.sub.n and
      n values for the nth material layer. Thus, assuming some average
      absorption coefficient .alpha., r.sub.n can be defined as follows in
      Equation (5):
      ##EQU5##
PAR  Expanding Equation (1), for the condition r.sub.i &lt;&lt;1, results in:
      ##EQU6##
PAR  Now it can also be seen that for small values of .SIGMA. r.sub.i, Z.sub.n
      /Z.sub.o can be further approximated as below in Equation (7):
      ##EQU7##
      so that Equation (8) then becomes valid as follows:
      ##EQU8##
PAR  Equation (6) is believed to make clear that, when the acoustic pulses enter
      into a layered material from a surrounding material, such as water, having
      an acoustic impedance Z.sub.o, and exit from said layered material into
      the same or a somewhat different surrounding material having an acoustic
      impedance Z.sub.o or Z.sub.o ', and where the ratio Z.sub.o /Z.sub.o is,
      of course, unity, or the ratio Z.sub.o /Z.sub.o ' is known, the respective
      outer material boundary conditions will provide additional useful
      information for display as described hereinbelow.
PAR  A pulse echo imaging system constructed and operative in accordance with
      the teachings of this invention to take maximum advantage of the
      above-discussed acoustical phenomena is depicted in analog block diagram
      form in FIG. 3 and may be understood to function to advantageously retain
      phase information at the respective material layer boundaries, to correct
      the echo level for absorption losses and other potential loss functions,
      and to automatically apply an appropriate correction for the known input
      boundary acoustic impedance Z.sub.o and the known output boundary acoustic
      impedance Z.sub.o or Z.sub.o '.
PAR  More specifically, and referring now to FIG. 3 a layered material under
      acoustic interrogation is indicated generally at 16 and comprises layers
      18, 20 and 22 having respective acoustic impedances Z.sub.1, Z.sub.2 and
      Z.sub.3 wherein Z.sub.2 is greater than Z.sub.1, and Z.sub.3 is less than
      Z.sub.2. The layered material 16 is surrounded as shown by a medium which
      may, for example, be water and which has an acoustic impedance Z.sub.o
      which is smaller than Z.sub.1. Under these conditions, it is believed
      clear that four boundaries, or lines of substantially different acoustic
      impedance, will be presented to the interrogating acoustic energy pulses.
PAR  A transducer is indicated generally at 24 and comprises a transmitter 26
      and a receiver 28 with the former functioning to acoustically interrogate
      the layered material 16 with bipolar acoustic pulses of the nature
      depicted at 12 in FIG. 1, and the latter functioning to receive the
      resultant pulse echoes.
PAR  After appropriate reconversion to equivalent electrical signals in the
      transducer receiver, said echoes are applied as indicated to a
      pre-amplifier 30 for amplification, and therefore to a band pass filter
      32. The echo signal leaving the pre-amplifier 30 may be assumed to be time
      gated by timing circuit 29 within the window t.sub.1 - t.sub.2 and will
      take the spaced, bipolar pulse form of the waveform depicted at 34 in FIG.
      4. All subsequent signal processing effected by the system of the
      invention may be understood to be synchronized to this t.sub.1 -t.sub.2
      time window.
PAR  The band pass filter 32 exhibits appropriate predetermined high and low
      frequency roll-off characteristics which are designed to match the
      spectral content of the energy in the bipolar pulses of waveform 34, and
      functions to remove low frequency noise from the waveform 34 with maximum
      preservation of fidelity, with the result that the echo signal will take
      the form of the waveform 36 of FIG. 5 upon leaving said band pass filter.
PAR  The waveform 36 is then applied as indicated to a baseline clipper 38 which
      functions to remove all levels below a preset maximum allowable noise
      level to produce the essentially flat baseline output such as indicated by
      the waveform 40 of FIG. 6. Of particular significance with regard to
      waveform 40 is the fact that the same comprises spaced, bipolar pulses
      each of which includes a first-going pulse portion which clearly indicates
      the phase of the impedance change between the relevant material layers.
PAR  Waveform 40 is applied as indicated to integrator 42 which functions
      through integration to restore the pulse echo signal to unipolarity to
      provide the substantially noise-free waveform 44 of FIG. 7 at the output
      of said integrator. Waveform 44 represents the uncompensated coherent echo
      response of the layered material 16 to ensonification as described, and
      the sense or phase changes thereof may readily be seen to agree with the
      above-described impedance ratios in the layered material 16 and
      surrounding medium of FIG. 1, all as contained in the original pulse echo
      signal. As a result, phase information is preserved to significant
      advantage. Thus, in this instance, the echo response 44 may be understood
      to be that signal which results from bipolar ensonification and sufficient
      signal processing to transform the bipoles of the ensonifying energy
      pulses into coherent detectable impulses.
PAR  A function generator producing a waveform generally described by the
      bracketed term of Equation (3), and having manually adjustable slope, is
      indicated at 46, and a multiplier at 47, and the waveform 44 is applied as
      indicated from integrator 42 to said multiplier. Concomitantly, an
      appropriately slope-adjusted non-linear or exponential function, a
      representative variety of which are illustrated by the waveforms 48, 50
      and 52 of FIG. 8, is applied as indicated from said function generator to
      said multiplier for modification of the echo response 44 in order to
      compensate for attenuation of the acoustic energy pulse in the layered
      material due to energy absorption, spreading and the like as discussed
      hereinabove, and thus render the ultimate pulse echo display more
      accurately and truly representative of the material layer impedance ratios
      of interest. The time period t.sub.1 -t.sub.2 in  FIG. 8 is equal to the
      time period for the reflections of the acoustical pulses to be received by
      receiver 28, i.e., the two-way travel time of the acoustical pulses in the
      layered material 16. This correction function also includes a
      normalization factor F which converts the amplitude of the echo response
      to render the resultant waveform amplitude correct, and it may be
      understood that this normalization factor F is determined through
      knowledge of the pressure levels of the ensonification pulses at the first
      material layer boundary of interest.
PAR  The result of the multiplication in multiplier 47 of the echo response 44
      by the non-linear correction function of FIG. 8 results in the outputting
      of the waveform 56 from said multiplier, and said waveform 56 may readily
      be understood to represent the compensated impulse response of the layered
      material to ensonification as described. Phase information is preserved in
      this compensated impulse response, and it is significant that the same is
      arrived at in the complete absence of deconvolution.
PAR  A second integrator is indicated at 54 and the impulse response waveform 56
      of FIG. 9, which is provided at the output of the multiplier 47, is
      applied as indicated to the integrator 54 for further summation to result
      in the provision of the waveform 58 of FIG. 10 at the output of said
      integrator. Waveform 58 may be understood to represent the .SIGMA..sub.ri
      term from Equation (6).
PAR  The waveform 58 is then applied to an analog computer 60 which generates
      the function 1 +.SIGMA.r.sub.i /1 -.SIGMA.r.sub.i which fulfills Equation
      (6) and which is a very close approximation to the required Z.sub.n
      /Z.sub.o analog. This output from analog computer 60 is illustrated as
      waveform 62 of FIG. 11, and this waveform is applied as indicated to an
      oscilloscope 64 to appropriately brighten the swept beam of the latter for
      use thereof in a conventional TM or B mode. Thus may be appreciated that
      the relative brigtness levels of the provided display will be
      substantially independent of threshold level settings. Horizontal and
      vertical sweep inputs as illustrated by the waveforms 67 and 68 of FIGS.
      13 and 12 would, of course, be applied to the oscilloscope 64 as indicated
      to synchronize the operation thereof with the t.sub.1 -t.sub.2 acoustical
      interrogation time window as discussed hereinabove.
PAR  The area encompassed by the waveform 62 of FIG. 11, which is called a
      RAYLOGRAM after the RAYL or MKS unit of acoustic impedance, represents the
      summation as expressed hereinabove in Equation (6) of the acoustic energy
      reflection coefficient r.sub.i between the limits of i equal to 1 and i
      equal to n, or in this case 4; while the respective levels of the waveform
      62 will in turn be representative of the impedance ratio between material
      layer 22 and the medium, the impedance ratio between material layer 22 and
      the medium, the impedance ratio between material layer 20 and the medium,
      and the impedance ratio between material layer 18 and the medium.
PAR  Referring now to the displayed image 66 of the layered material 16 and
      surrounding medium on the oscilloscope 64 of FIG. 3, it may be readily
      seen that the respective increases in acoustic impedance between the
      medium and the material layers 22, 20 and 18 will be clearly indicated by
      the depicted increase in brightness in the apropriate areas of the
      correspondingly masked display, as will the substantial decrease in
      impedance between the material layer 18 and the medium, it being
      understood that increased shading in the depiction of display 66 in FIG. 3
      represents increased brightness, and vice versa. It is obvious that, in
      the event the layer being interrogated has an impedance less than that of
      the medium, the brightness level corresponding to such layer would be less
      than the brightness level of the medium. Thus, the brightness of the
      display is directly related to the respective material layer impedance
      ratios and substantially improved readability and intelligence is provided
      for the display as compared, for example, with that readability provided
      by the displays of the acoustic interrogation systems of the prior art
      wherein the brightness of the display is related only to acoustic energy
      reflection at the material layer boundaries, with the brightness level
      being the same whether or not the impedance of the layer being
      interrogated is greater or less than that of the medium. This improved
      display readability and intelligence would be of very significant
      advantage, for example, in anatomical interrogation applications of the
      system of the invention by in vivo anatomical location of a body organ
      under interrogation through the provision of greater recognizability for
      soft tissue landmarks. Too, the use as described of carefully
      shape-controlled bipolar acoustic pulses, and the limiting of the pulse
      width to a narrow value of about one period of the natural frequency of
      the transmitter to substantially inhibit ringing of the latter, will
      inherently provide for higher axial resolution of the display 66 to
      further significant advantage as should be obvious.
PAR  Another embodiment of the method and apparatus of the invention is depicted
      in block diagram form in FIG. 14 and it may be understood that like
      numerals identify functionally alike components in each of FIGS. 3 and 14.
      Thus, and with the layered material 16 again ensonified by energy pulses
      in the nature of the doublet 12 of FIG. 1, the waveform outputted from
      bandpass filter 32 in the embodiment of FIG. 14 will again be waveform 36
      of FIG. 5 and will again comprise spaced bipolar pulses, the respective
      first-going portions of which are indicative of the phase of the change in
      impedance between the relevant material layers. The baseline clipper 38 of
      FIG. 3 is not used in the embodiment of FIG. 14 since the function thereof
      is performed by an analog switching circuit as described in detail
      directly hereinbelow.
PAR  The waveform 36 is then applied as indicated to a logical switching circuit
      70 which comprises positive rectifiers 72 and 74, negative rectifiers 76
      and 78, time delays 80, 82 and 84, comparators 86, 88, 90 and 92,
      adjustable DC power supplies 94 and 96, "and" gates 98 and 100, "or" gate
      102, one shot multivibrator 104 and analog switch 106, respectively
      operatively interconnected as shown.
PAR  For instances wherein the acoustical impedances of the respective material
      layers are increasing, or going from low to high, as indicated by the
      first and second bipolar pulses of waveform 40, it may be understood that
      the concomitant application of waveform 40 as indicated to positive
      rectifier 72 and negative rectifier 76, and the delay for time .tau. (a
      time equal to 1/2T where T is the width of the pulse transmitted by
      transmitter 26) of the resultant positive-going portions of said waveform,
      will result in the positive and negative-going portions of the first two
      bipolar pulses of waveform 40 respectively arriving at substantially the
      same time at comparators 86 and 88 as illustrated at 108 and 110 in FIG.
      15. Assuming each of said positive and negative-going pulse portions to
      exceed the respective threshold levels as are applied to said comparators
      from power supplies 94 and 96, first and second pulses will be
      concomitantly applied from said comparators to twice enable "and" gate 98
      with resultant transmission of first and second pulses therefrom through
      "or" gate 102 to twice turn on one-shot multivibrator 104 for appropriate
      time periods. This will result in the twice repeated opening of analog
      switch 106 with resultant transmission of the positive-going portions,
      only, of the first two bipolar pulses of waveform 40, as have been
      appropriately delayed by delay 84, through said analog switch.
PAR  In like manner, the subsequent concomitant application of the negative and
      positive going portions of the third and fourth bipolar pulses of waveform
      40 (which indicate in each instance that the respective impedances of the
      relevant material layers are decreasing or going from high to low) to
      positive rectifier 74 and negative rectifier 78, the subsequent delay for
      time .tau. of the resultant negative-going pulse portions from rectifier
      78, and the resultant concomitant application of the positive and
      negative-going pulse portions to comparators 90 and 92 as illustrated at
      112 and 114 in FIG. 16, will, assuming each of said pulse portions to
      exceed the applied threshold level, result in the concomitant application
      as indicated of first and second pulses from said comparators to twice
      enable "and" gate 100 with attendant twice repeated further opening of
      analog switch 106 as described hereinabove and transmission of the
      negative-going portions only of said third and fourth bipolar pulses
      through said switch. The net result of all of the above will be the
      appearance at the output side of analog switch 106 of the waveform 44A of
      FIG. 7 which again represents the uncompensated coherent echo response of
      the ensonified layered material 16 as is here provided by logical
      switching. The respective pulses of waveform 44A would each have
      substantially the same configuration as the corresponding pulses of
      waveform 44, and this similarity would include substantial coincidence of
      the respective leading edges of said pulses as shown. The pulses of
      waveform 44A would, however, be of substantially less, or roughly half,
      the width of the corresponding pulses of waveform 44 for reasons which
      should be obvious to those skilled in this art.
PAR  Although the above description of the logical switching circuit 70 is
      directed toward the operation thereof in response to a waveform such as 40
      shown in FIG. 6 which comprises first and second bipolar pulses, the
      respective first-going portions of which are positive to indicate a
      decrease in impedance, it is believed made clear to those skilled in this
      art that said switching circuit will operate equally well in response to
      waveforms having other and different pulse arrangements and number.
PAR  The uncompensated coherent echo response waveform 44A of FIG. 7 is then
      signal processed as indicated in the embodiment of FIG. 14 by linear
      multiplier 47 and function generator 46 to provide the compensated impulse
      response waveform 56A at the output of said multiplier, and again in the
      absence of deconvolution. The relationship between waveforms 56 and 56A
      may readily be seen to be substantially the same as that described
      hereinabove with regard to waveforms 44 and 44A.
PAR  The waveform 56A is then signal processed in integrator 54 and analog
      computer 60, both of which again function as described in detail
      hereinabove with regard to the embodiment of a X through FIG. 3, to
      provide for Z axis modulation of the oscilloscope or like display device
      64 and attendant display of the respective material layer impedance ratios
      thereon, as indicated. Alternatively, the waveform 58 of FIG. 10 which is
      outputted from the integrator 54 in the embodiment of FIG. 14 may be
      applied as indicated to X2 multiplication circuit 116 and the resultant
      waveform utilized, therough appropriate positioning of switch 118, to
      provide a display of the 1n Z.sub.n /Z.sub.o.
PAR  For use of the method and apparatus of the invention in applications
      wherein the layered material 16 of interest is bordered on both sides by a
      medium having the same Z.sub.o acoustic impedance, it may be understood
      that the oscilloscope 64 would temporarily be operated in the A scan mode
      and the slope of the normalized, non-linear correction function generated
      by function generator 46 would be adjusted in manner as to return the
      displayed waveform 62 of FIG. 11 to the same level at t.sub.2 as it was at
      t.sub.1, to thus fulfill energy input and output boundary conditions and
      thereby accurately compensate for attenuation of the acoustic energy in
      the layered material 16 as discussed. Conversely, for use in applications
      wherein the medium to one side of the layered material 16 had a different
      acoustic impedance than the medium to the other side of said material, it
      may be understood that the slope of the generated function under
      discussion would be adjusted to provide a ratio level for waveform 62 at
      t.sub.2 and t.sub.1 which would correspond to the ratio of said different
      known impedances. Alternatively, with the oscilloscope 64 operated in the
      TM or B scan modes to provide the illustrated display 66, it may be
      understood that appropriate adjustment of the function generator 46 for
      instances wherein the respective impedances of the surrounding medium were
      equal would simply require function slope adjustment sufficient to render
      the spaced Z.sub.o impedance portions of the display of substantially
      equal brightness. Conversely, for TM or B scan mode operation wherein the
      respective impedances of the medium to either side of the layered material
      16 were different, function slope adjustment would be effected in such
      manner as to provide a brightness ratio which was substantially equal to
      the known medium impedance ratio.
PAR  As discussed hereinabove, other linear derivatives of the unipolar pulse 10
      of FIG. 1 in the nature of the triplet 14 may alternatively be used in the
      operation of the method and apparatus of the invention. However, it is
      believed clear that, for each derivative in the pulse as utilized beyond
      bipolarity, an additional integrator must be added to the signal
      processing circuitry to compensate therefor. Further, and although the
      generation of true unipolar pulses is known to be difficult in accordance
      with the current state of this art, method and apparatus in the nature,
      for example, of those disclosed in U.S. Pat. No. 3,656,012 are known which
      purport to be capable of such unipolar pulse generation. Accordingly, it
      is to be made clear that the respective circuit configurations of FIGS. 3
      and 14 would each be well suited for use in conjunction with a transducer
      transmitter 26 capable of generating unipolar pulses, and that the use of
      such pulses for material ensonification would require substantially only
      change in the operational characteristics of bandpass filter 32 so that
      the same could perform a differentiation function on the spaced, unipolar
      pulse waveform which would be outputted from pre-amplifier 30 under such
      conditions. The waveform resultiing from such differentiation would, of
      course, then take the general configuration of waveform 34 in comprising
      spaced, bipolar echo pulses.
PAR  Of further advantage with regard to the use as described of the linear
      derivatives of unipolar pulses as depicted in FIG. 1, is the fact that the
      same enables the accurate detection of phase information through the
      relatively simple processes of integration or logical switching. Thus, and
      although acoustic interrogation devices of the prior art may utilize
      pre-detection integration, it may be understood that the use in said
      devices of sinusoidal waveforms as the interrogation pulses, of necessity
      results in sinusoidal waveforms no matter how many times the pulse echo
      signals are integrated to thus render impossible the detection of phase
      information by integration in said devices.
PAR  As disclosed herein, it is believed made clear that the new and improved
      pulse echo imaging method and apparatus of the invention would be
      particularly adaptable for use with eminently safe acoustic energy pulses
      in the non-invasive, in vivo biophysical examination and diagnosis of body
      organs in the nature of, for example, the heart, lungs, liver, kidneys,
      brain and bladder.
PAR  Although disclosed herein as operable through the use of analog pulse echo
      signal processing circuitry, it is believed clear that the method and
      apparatus of the invention could also be practiced through use of the
      equivalent digital pulse echo signal monitoring circuitry and appropriate
      A/D and D/A conversion means at the analog signal input to said circuitry,
      and the digital signal output thereof, respectively, to provide for
      suitable Z axis modulation of the oscilloscope by said pulse echo signals.
      One problem that might arise, however, with the use of such digital
      circuitry resides in the probable somewhat greater complexity and cost
      thereof. Too, although disclosed herein as functioning to drive an
      oscilloscope or like CRT device, it is believed clear that the analog
      signal outputted by the signal processing circuitry of the invention could
      equally well be utilized to drive other and different pulse echo signal
      display means in the nature, for example, of a strip chart recorder.
PAR  Further, although disclosed herein as operating through the use of acoustic
      energy pulses, it is believed clear that the method and apparatus of the
      invention could alternatively operate through the use of pulses of other
      and different forms of energy in the nature, for example, of electrical
      energy, so long as the same will provide suitable pulse echoes for
      processing and display.
PAR  While we have shown and described the preferred embodiment of our
      invention, it will be understood that the invention may be embodied
      otherwise than as herein specifically illustrated or described, and that
      certain changes in the form and arrangement of parts and in the specific
      manner of practicing the invention may be made without departing from the
      underlying idea or principles of this invention within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for pulse echo processing comprising, the steps of,
      interrogating a layered material with energy pulses of controlled
      waveform, receiving the pulse echoes which result from the interrogation
      of said layered material, operating upon said pulse echoes to provide a
      pulse echo waveform comprising a plurality of echo pulses, each of said
      echo pulses including a pulse portion which indicates the phase of the
      change in impedance, if any, between said material layers, generating the
      echo response of said layered material to said energy pulses from said
      pulse echo waveform to thereby preserve said phase change indications,
      generating the impulse response of said layered material by compensating
      said echo response to satisfy at least two known impedance conditions of
      said layered material, and further processing said impulse response to
      produce a quantitative display of the relative impedances of said layered
      material.
NUM  2.
PAR  2. A method as in claim 1 wherein, the generation of said echo response
      comprises the integration of said pulse echo waveform.
NUM  3.
PAR  3. A method as in claim 1 wherein, the generation of said echo response
      comprises the selection of said echo pulse portions, only.
NUM  4.
PAR  4. A method as in claim 1 wherein, said energy pulses are linear
      derivatives of unipolar pulses.
NUM  5.
PAR  5. A method as in claim 1 wherein said echo pulses are spaced, multi-polar
      pulses and the generation of the echo response of said layered material
      comprises, the steps of, comparing the respective positive and negative
      going portions of each of said multi-polar pulses with respective positive
      and negative threshold levels, and selecting only said pulse portions
      which indicate the phase of the impedance change.
NUM  6.
PAR  6. A method as in 1 wherein, the generation of said impulse response
      comprises the application of a non-linear correction function to said echo
      response to normalize the amplitude level thereof and compensate for the
      attenuation of said energy pulses in said layered material by satisfying
      the known acoustic boundary conditions of said layered material.
NUM  7.
PAR  7. A method as in claim 6 wherein, said non-linear correction function is
      an exponential function, the slope of which is adjustable in accordance
      with the relationship between said known acoustic boundary conditions of
      said layered material.
NUM  8.
PAR  8. A method as in claim 1 further comprising, the steps of, calculating the
      impedance ratio of said material layers from said impulse response.
NUM  9.
PAR  9. A method as in claim 8 wherein, the calculation of said impedance ratio
      comprises the integration of said impulse response to provide a waveform
      which represents the term .SIGMA. r.sub.i, wherein r.sub.i is the acoustic
      energy reflection coefficient at each layered material boundary, and the
      modification of said waveform by a function which very closely
      approximates the term 1+.SIGMA. r.sub.i /1 -.SIGMA.r.sub.i to thereby
      provide the RAYLOGRAM of said layered material.
NUM  10.
PAR  10. Apparatus for pulse echo processing comprising, means for interrogating
      a layered material with energy pulses of controlled waveform, means for
      receiving the pulse echoes which result from the interrogation of said
      layered material and providing a pulse echo waveform comprising a
      plurality of echo pulses in response thereto, each of said echo pulses
      including a pulse portion which indicates the phase of the change in
      impedance, if any, between said material layers, means for generating the
      echo response of said layered material to said energy pulses from said
      pulse echo waveform to thereby preserve said phase change indications,
      means for generating the impulse response by compensating said echo
      response to satisfy at least two known impedance conditions of said
      layered material, and means responsive to said last mentioned means to
      provide a quantitative display of the relative impedances of said layered
      material.
NUM  11.
PAR  11. Apparatus as in claim 10 wherein, said means to generate the echo
      response comprise integration means for integrating said pulse echo
      waveform.
NUM  12.
PAR  12. Apparatus as in claim 10 wherein, said means to generate said echo
      response comprise means to select said echo pulse portions, only.
NUM  13.
PAR  13. Apparatus as in claim 10 wherein, said interrogating means are operable
      to generate linear derivatives of unipolar pulses.
NUM  14.
PAR  14. Apparatus as in claim 10, wherein said echo pulses are spaced,
      multi-polar pulses and said means for generating said echo response
      comprise, means for comparing the respective positive and negative going
      portions of each of said multi-polar pulses with respective positive and
      negative threshold levels, switch means for controlling the transmission
      of said pulse portions, and means operatively connected to said comparison
      means for controlling said switch means to transmit only said pulse
      portions which are indicative of the phase of the impedance change.
NUM  15.
PAR  15. Apparatus as in claim 10 wherein, said means for generating said
      impulse response comprise function generator means to generate a
      non-linear correction function for normalizing the amplitude level of said
      echo response to compensate for the attenuation of said energy pulses in
      said layered material by satisfying the known acoustic boundary conditions
      of said layered material, and means to apply said function to said echo
      response.
NUM  16.
PAR  16. Apparatus as in claim 15 wherein, said non-linear correction function
      is an exponential function, the slope of which is adjustable in accordance
      with the relationship between said known acoustic boundary conditions of
      said layered material.
NUM  17.
PAR  17. Apparatus as in claim 10 further comprising, means for calculating the
      impedance ratio of said material layers from said impulse response.
NUM  18.
PAR  18. Apparatus as in claim 17 wherein, said means for calculating the
      impedance ratio of said material layers from said impulse response
      comprise, means for integrating said impulse response to provide a
      waveform which represents the term .SIGMA.r.sub.i, wherein r.sub.i is the
      acoustic energy reflection coefficient at each layered material boundary,
      means to generate a function which very closely approximates the term
      1+.SIGMA.r.sub.i /1 -.SIGMA.r.sub.i, and means to apply said function to
      said waveform to provide the RAYLOGRAM of said layered material.
NUM  19.
PAR  19. A method for pulse echo processing comprising, the steps of, receiving
      the train of echo pulses which result from the interrogation of a layered
      material with energy pulses of controlled waveform which are linear
      derivatives of unipolar pulses and the detection of said reflected energy
      pulses from the boundaries of said material layers, and processing said
      train of echo pulses in the absence of deconvolution to provide the
      impulse response of said layered material by compensating said reflected
      energy pulses for energy losses in said layered material.
NUM  20.
PAR  20. A method as in claim 19 wherein, the processing of said echo pulse
      train comprises, the application of a non-linear correction function to
      said echo pulse train to normalize the amplitude level thereof and
      compensate for the attenuation of said energy pulses in said layered
      material by satisfying the known acoustic boundary conditions of said
      layered material.
NUM  21.
PAR  21. Apparatus for pulse echo processing comprising, means for receiving the
      train of echo pulses which result from the interrogation of a layered
      material with energy pulses of controlled waveform which are linear
      derivatives of unipolar pulses and the detection of said reflected energy
      pulses from the boundaries of said material layers, and means for
      processing said train of echo pulses in the absence of deconvolution to
      convert the same into the impulse response of said layered material by
      compensating said energy pulses for energy losses in said layered
      material.
NUM  22.
PAR  22. Apparatus as in claim 21, wherein, said means to process said echo
      pulse train comprise, means to generate a non-linear correction function
      to normalize the amplitude level of said pulse train and compensate for
      the attenuation of said energy pulses in said layered material by
      satisfying the known boundary conditions of said layered material, and
      means to apply said correction function to said echo pulse train.
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ABST
PAL  A monitor system is described which is capable of providing an output which
      indicates the oscillatory torque in each section of a multi-section shaft
      of a rotating system having plural masses. The system described is an
      electronic model of a mathematical analog of the rotating system and is
      based upon the assumption that the system may be represented as N inertias
      or masses interconnected by N-1 shafts -- represented as springs. For such
      a system there are n-1 primary frequency oscillatory torques. If the
      inertias are large, the frequencies of these torques are low. Electrical
      signals representing the torques are sensed at one or more shaft sections
      and are filtered, amplified, passed through a plurality of weighting
      network and recombined to provide an indication of the total oscillatory
      torque in each of the N-1 shaft sections. Such torque, or an electrical
      output signal from a generator, in the instance of a turbine-generator set
      may be used to actuate an operative means or actuate a system alarm.
BSUM
PAR  The present invention relates to torque measurement and, more particularly,
      to a method and apparatus for measurement of oscillating torque in a
      plurality of shaft sections of a rotating shaft system.
PAC  BACKGROUND OF THE INVENTION
PAR  In any system of discrete masses and interconnecting elements, if the
      physical characteristics of the elements of the system are known, a
      mathematical relationship can be derived defining the motion and
      instantaneous position of each of the elements as a function of system
      excitation. An example of such a system is one represented by a plurality
      of masses interconnected by a plurality of springs. In such a spring-mass
      system, if the masses and the spring constants are known, then the
      movement of each element of the system can be defined in terms of the
      system excitation.
PAR  A turbine-generator system including plural turbine stages and a generator,
      with or without a rotating alternator (which may not be necessary if a
      static alternator is used) constitutes a complex system of many masses,
      some of which are large, as for example a generator or a turbine stage. On
      the other hand, many smaller masses such as couplings, gears and auxiliary
      systems are present. The many masses in a turbine-generator set are
      interconnected with varying shaft sections, all of which make up a
      composite shaft system. The respective shaft sections also have mass and
      inertia, but may be considered as having spring constants and are
      characterizable as springs (with the appropriate assumptions). Similarly,
      with appropriate assumptions limiting the number of masses to the
      principal masses of the system and by properly quantizing spring and mass
      parameters, it is possible to utilize the spring-mass system to analyze,
      identify and utilize oscillatory torque on the respective major shaft
      sections of the turbine-generator system. The application of the
      spring-mass method of analysis to a turbine-generator set is, however, in
      no sense of the word straightforward nor uncomplicated, but the principle
      is applicable if carefully applied.
PAR  Other complex rotating systems, with appropriate simplifying assumptions,
      may be similarly analyzed.
PAR  Any mechanical system has certain mechanical natural frequencies of
      oscillation at which the system may respond strongly to external stimuli.
      In a shaft-mass system, the number of mechanical natural frequencies of
      oscillation of the shafts is infinite, but if modeled by appropriate
      assumptions and characterizations so as to be treated as having a discrete
      number of masses and springs the number of natural frequencies of
      oscillation of the system is a function of the number of springs and
      masses, i.e., for a system of N masses, and N-1 interconnecting springs
      there will be N natural frequencies of oscillation. With large rotating
      shafts the oscillations of interest are torsional oscillations and, in the
      example of a turbine-generator system, considering the major components as
      discrete masses and the major shafts as discrete springs the predominant
      torsional natural frequencies of oscillation are in the sub-synchronous
      frequency range i.e., less than the generated frequency, e.g., 60 Hz, due
      to the relatively large masses of the system.
PAR  It has been found that in large turbine-generator systems, very small
      torsional oscillations in the shafts can cause stresses which may damage
      the shafts and in some instances result in shaft breakage and destruction
      of the system. Such damaging oscillations may have a peak amplitude as
      small as 0.01.degree.. It has also been found that the oscillations which
      can reach destructive proportions tend to have high components at the
      predominant torsional natural frequencies of oscillation. The oscillatory
      stress or torque at any point on any shaft in the system is the algebraic
      sum of all instantaneous stresses or torques of all frequencies at that
      point and time. Furthermore, the stresses in any shaft is proportional to
      the oscillatory torque on that shaft. Therefore, by determination of
      oscillating torque on each interconnecting shaft, it is possible to
      determine the stress in the shaft.
PAR  Accordingly, the present invention provides a method and apparatus for
      determination of instantaneous torque in each interconnecting section of a
      rotating shaft system by measurement of the amplitude of torsional
      oscillations at one or more points in the system.
PAR  Additionally, since the electrical output of the generator of a
      turbine-generator set contains component signals proportioned to the
      relative motion of the rotor with respect to the stator, this electrical
      signal may be analyzed exclusively or in addition to the measurements made
      upon the rotating system; likewise to determine the instantaneous
      torsional oscillation of the generator. Similarly, such electrical
      measurement may be practiced for the same purpose with respect to any
      dynamoelectric machine.
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for determination of instantaneous torque in a rotating system.
PAR  It is a further object of the invention to provide a method and apparatus
      for determination of instantaneous torque in a rotating system by
      measurement of torsional oscillations at one or more points on the system.
PAR  It is yet another object of the invention to provide a method and apparatus
      for determination of instantaneous torque in each element of a plural
      element rotating system by measurement of instantaneous torsional
      oscillations at a chosen one of a plurality of available points in the
      system.
PAR  Another object of the invention is to provide a method and apparatus for
      analyzing the electrical output of a dynamoelectric machine to determine
      the instantaneous torsional oscillations thereof.
PAR  In carrying out the objects of this invention, in one form thereof, a
      turbine-generator viewed as a plurality of discrete masses and
      interconnecting shaft system together with torsional oscillation
      measurement arrangement therefor is shown. The torsional oscillation
      measurement arrangement in the described embodiment comprises apparatus
      for sensing instantaneous torsional oscillations in the system and
      developing a signal proportional to the amplitude of such oscillations and
      further comprises filters for extracting from the signal only those
      frequency components corresponding to the torsional natural frequencies of
      oscillation of the system. Such signals, whether representative of either
      electrical or shaft-mechanical measurements containing the component
      frequencies, can then be multiplied by appropriate constants in a
      plurality of electronic weighting networks to produce output signals
      proportional to oscillating torque. Each weighting network corresponds to
      a different shaft section and utilizes different multiplying constants
      which are dependent upon the characteristics of the total system.
      Recombining of the individual torque components caused by each individual
      frequency component results in signals proportional to total oscillating
      torque in each shaft section.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a better understanding of the invention, reference may be had to the
      accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a system according to the present invention
      for determining torque in a complex rotating turbine-generator system,
      simplified for clarity of explanation;
PAR  FIG. 2 is a more detailed diagram of the normalizing amplifier of FIG. 1;
PAR  FIG. 3 is a more detailed diagram of the buffer amplifier circuit of FIG.
      1; and,
PAR  FIG. 4 is a more detailed diagram of the weighting network of FIG. 1.
DETD
PAR  Referring now to FIG. 1, a typical steam turbine-generator assembly is
      indicated generally at 10 and comprises a plurality of turbine stages 11,
      12, 13 and 14, a generator 15 and an alternator 16, each of the
      aforementioned elements being interconnected by means of a composite shaft
      18. Shaft 18 is comprised of a plurality of mechanically interconnected
      shaft sections 18a, 18b, 18c, 18d, 19 and 20. Shaft 18 includes a front
      standard section 19 and an alternator end section 20. In a conventional
      steam turbine-generator set sections 19 and 20 are the most available
      sections of the composite shaft system and, hence the most available
      sections at which measurement may normally be made. It is however possible
      to adapt any such apparatus in order to take measurements in accord with
      this invention at other portions of the shaft system. Such other
      measurement points may be chosen in order to take advantage of the motions
      in the particular mode of vibration of the system. In the illustrated
      embodiment sensor means 21 and 22 are associated with shaft sections 19
      and 20, respectively. Sensor means 21 and 22 monitor rotation of the
      composite shaft 18 and output a signal proportional to the amplitude of
      all torsional oscillations in the system. Such sensor means are described
      in copending application Ser. No. 448,605, filed Mar. 6, 1974, now Pat.
      No. 3,885,420 issued May 27, 1975, and assigned to the present assignee,
      the disclosure of which is  incorporated herein by reference thereto.
PAR  Sensor means 21 and 22 are similar and the outputs of each of the sensors
      are applied to similar circuitry. Sensor means 22 may be considered for
      purposes of explanation as being used as a primary signal source and
      sensor means 21 used as a secondary signal source. For simplicity of
      explanation, only the signal processing path for the primary signal
      developed at the output of sensor means 22 will be described, it being
      understood that for each element in the signal processing path for sensor
      means 22 there exists a corresponding element in the signal processing
      path for sensor means 21.
PAR  An output terminal of sensor means 22 is connected to an input terminal of
      a normalizing buffer amplifier 24, which amplifier 24 divides the sensor
      output signal into five signals for application to five mutually exclusive
      band-pass filters 25, 26, 27, 28 and 29, each of the filters being of a
      maximally flat characteristic (Butterworth) type, well known in the art.
      Each of the band-pass filters is centered at a different mechanical
      torsional natural frequency of oscillation of the shaft-mass system 10. As
      explained previously, for a system of N discrete masses and N-1 shafts,
      there exists N natural torsional frequencies of oscillation. However, one
      of these frequencies corresponds to zero, i.e., the frequency at which all
      the shaft sections are rotating in phase. Only the N-1 non-zero
      frequencies are of interest and, since the system illustrated has six
      assumably discrete masses and five shaft sections, only five frequency
      components are of interest.
PAR  The output signals derived by band-pass filters 25, 26, 27, 28 and 29 are
      applied to buffer or unity gain amplifiers in amplifier circuit 30 in
      order to isolate the band-pass filters from the loading effects of the
      remaining circuitry and also to provide inversion, since some of the
      weighting coefficients may be negative. The output signals from the buffer
      amplifier are then applied to a plurality of weighting networks 31, 32,
      33, 34 and 35. Each of the weighting networks provides a predetermined
      amount of gain to each of the filtered signals and then recombines the
      weighted signals into one signal proportional to the oscillatory torque in
      each shaft. Each of the recombined signals is applied respectively by
      means of normally closed relay (assuming sensor means 22 to be the primary
      signal source) contacts Kla, Klb, Klc, Kld and Kle to a corresponding
      plurality of output terminals from whence the signals may be applied to
      apparatus such as, for example, a tape recorder 36 for future study or may
      be applied to some type of a measurement or alarm system or other
      utilization means, as for example a digital computer.
PAR  In the alternate signal system operating on signals received from sensor
      means 21, normalizing amplifier 37 corresponds to amplifier 24 and
      band-pass filters 38, 39, 40, 41 and 42 correspond to band-pass filters
      25, 26, 27, 28 and 29 in the primary system and are similarly tuned.
      Furthermore, buffer amplifier 43 corresponds to buffer amplifier 30 in the
      primary system. As can be seen, weighting networks 31, 32, 33, 34 and 35
      receive output signals from both buffer amplifier 30 and buffer amplifier
      43, the combined signals from buffer amplifier 43 being applied to the
      normally open contacts of relay Kl and the signals from buffer amplifier
      30 being applied to the normally closed contacts of relay Kl.
PAR  Activation of relay Kl is controlled by comparator 44, which comparator is
      connected by means of diodes 45 and 46 to receive the signals from the
      outputs of filters 28 and 29, for example, on a first input terminal and
      by means of diodes 47, 48 and 49 to receive the signals from the outputs
      of filters 38, 39 and 40, for example, on a second input terminal. So long
      as either of the signals from filters 28 and 29 are of greater amplitude
      than all the signals from filters 38, 39 and 40, the output of comparator
      44 remains at a logical level which will prevent activation of relay Kl.
      When any one of the signals from filters 38, 39 and 40 exceeds the
      amplitude of both of the signals from filters 28 and 29, the output of
      comparator 44 will go to a high state applying a signal to a timer 50,
      which timer in turn will apply a signal to a relay driver amplifier 51,
      thereby activating relay Kl. Timer 50 is provided to assure that Kl
      remains activated for a predetermined minimum time period, as for example
      5 seconds, which is long as compared with the period of the signals of
      interest to ensure inclusion of a sufficient number of cycles of all the
      alternative signals to assure correct evaluation thereof. A suppression
      diode 52 bypasses relay Kl to minimize voltage spikes when voltage is
      removed from the relay.
PAR  In operation, considering first the assumed primary signal flow path, the
      output signals representing torsional oscillations in shaft system 18 are
      applied from the output of sensor means 22 to normalizing amplifier 24,
      the output signal from sensor means 22 is separated into five individual
      signals, each of which have the same frequency spectrum but each having a
      different amplitude since, as is well known to those skilled in the art,
      the attenuation of an unnormalized band-pass filter is directly
      proportional to its frequency range and normalization is necessary to
      assure correct proportioning of the signals at the output of the filters.
      Alternatively, if normalized filters are used and the amplitudes of the
      respective filtered signals are equal normalizing amplifier 24 is not
      required. The normalized signals from amplifier 24 are then applied to
      band-pass filters 25, 26, 27, 28 and 29. Each of the band-pass filters is
      centered at a different torsional natural resonant frequency of the
      turbine-generator system 10. These frequencies are delivered to the
      respective input terminals of buffer amplifier 30, and are such that each
      of the five signals, so delivered, represents the amplitude of torsional
      oscillations at section 20 of shaft 18 at one of the N-1 frequencies. By
      means of buffer amplifier 30 these filtered signals are then applied to
      weighting networks 31, 32, 33, 34 and 35.
PAR  Since each mechanical torsional natural frequency signal affects each
      individual section of the shaft 18 differently, the weighting networks are
      designed to adjust the relative proportions of the amplitudes of the
      individual frequency components such that when the components are
      recombined the resultant signal is proportional to the instantaneous
      torque, in one of the N-1 sections of shaft 18, because of the total
      affect of all the natural resonant frequency components. For example,
      weighting network 31 may be proportioned to provide a resultant output
      signal representative of the torque in the shaft 18a between turbine
      sections 11 and 12. The output signal from weighting network 31 is then
      proportional to the oscillating torque in that portion of the shaft 18a
      between turbine sections 11 and 12 and is applied via normally closed
      contacts Kla to a monitoring apparatus 36. Each of the weighting networks
      performs a similar function for a different section of shaft 18.
PAR  In one specific turbine-generator set in which oscillating torque
      monitoring was desirable and to which the concept of the present invention
      is applicable it was found that the two lowest frequency signals produced
      the highest amplitude torsional oscillations in shaft 18 and that these
      oscillations were greatest at alternator shaft section 20; however, if the
      three higher frequency signals developed at front standard shaft section
      19 are of greater amplitude than the lowest frequency signals, the system
      is adapted to switch from utilizing the signals developed by sensor means
      22 to utilizing the signals developed by sensor means 21. This is
      accomplished by monitoring the output signals from filters 28 and 29 and
      from filters 38, 39 and 40. The signals from filters 28 and 29 are applied
      by means of diodes 45 and 46 to one input terminal of comparator 44 and
      the signals from filters 38, 39 and 40 are applied by means of a circuit
      comprised of diodes 47, 48 and 49 to a second input terminal of comparator
      44. If the three high frequency signals from sensor means 21 are of
      greater amplitude than the two low frequency signals from sensor means 22,
      comparator 44 will provide an output signal via timer 50 and relay driver
      51 to relay Kl thereby opening the normally closed contacts of relay Kl
      and closing the normally open contacts Klf, Klg, Klh, Klj and Klk. With
      these latter contacts closed, the signals developed by sensor means 21 are
      then processed through the secondary circuit and each of the weighting
      networks 31 through 35 to thereby develop input signals to monitor 36 from
      sensor 21. Obviously, any combination of measured signals to comparator 44
      from BPF outputs may be used in accord with the characteristics of the
      particular rotating system being monitored.
PAR  In addition to the above-described portions of the monitor system, a third
      portion is provided which monitors the generator output current or voltage
      wave form, whichever is desired, and uses the variations in phase of this
      signal, which occur at the system natural frequencies as an alarm or
      monitor signal. This third portion comprises a sensor means 53 connected
      to monitor the generator output voltage or current. Sensor means 53
      reduces the amplitude of the voltage or current wave form and rectifies it
      with a six phase rectifier. The second harmonic of the rectified signal is
      then sensed for phase variations as in sensor means 21 and 22. The
      resultant signal is then filtered by band-pass filters 54, 55, 56, 57 and
      58. Each of the band-pass filters 54 through 58 is similar to those
      band-pass filters used in the first and second monitoring systems and
      these filters are likewise centered at the known torsional natural
      frequencies of oscillation of shaft system 18. The outputs of filters 54
      through 58 are applied via potentiometers 59, 60, 61, 62 and 63 and
      respective diodes 64, 65, 66, 67 and 68 to a summing junction 69 from
      whence the signals are applied, for example, to an alarm circuit 70. The
      alarm circuit 70 may be simply a voltage detector which monitors the
      voltage at summing junction 69 and provides an alarm when the monitored
      voltage exceeds a predetermined level, for example, a voltage level
      corresponding to approximately 0.025 mechanical degrees, for example, of
      oscillation of the shaft 18. Alternatively, the output of sensor means 53
      may be processed as are the outputs of sensor means 21 and 22 to provide
      N-1 signals to monitor 36 representative of oscillating torque. Due to the
      difference of the input signal and its source a different set of weighting
      functions are used.
PAR  A calibration network 110 is used to calibrate the system by using a known
      input to the respective sensor means. The input comprises a carrier signal
      at the frequency of respective sensors. Each carrier is phase modulated a
      known arbitrary amount by each of N-1 sinusoidal oscillators having
      frequencies corresponding to the natural torsional frequencies. This
      signal is applied through switches 111 to the sensor means and their
      normal input removed by means of manually operable switches 112 and
      operated at will to calibrate and test the monitoring system from the
      respective sensor means 21, 22 and 53 to monitor 36. A secondary switch
      113 selects the output state of comparator 44 so that calibrator signals
      derived from either of respective sensor means 21, 22 or 53 goes to
      monitor 36. Switches 112 are operated only when switch 111 is operated.
      Additionally, the outputs of respective sensor means 21, 22 and 53 are
      directly fed to the monitor for recording and preservation. In order that
      the monitor/recorder input is associated with a known variable and may be
      correlated with the rotating system, a time-code generator 114 feeds a
      time reference signal into monitor 36.
PAR  Referring now to FIG. 2, there is shown a detailed embodiment of
      normalizing amplifier 24. Amplifier 24 comprises a linear amplifier 71 of
      a type well known in the art, including a biasing resistor 72 connected
      between a first input terminal of amplifier 71 and ground and a feedback
      resistor 73 connected between an output terminal of amplifier 71 and the
      first input terminal. A second input terminal of amplifier 71 is connected
      to receive the output signal from sensor 22. In order to provide the
      different amplitude output signals to be applied to the different filters
      in the system, the output signal developed by amplifier 71 is applied to a
      plurality of voltage divider networks 74, 75, 76, 77 and 78, each of which
      comprise first and second resistors. Each of the voltage divider networks
      is connected between the output terminal of amplifier 71 and a ground or
      common terminal 79. The output signals to be applied to the individual
      filters are then taken from the junction intermediate the first and second
      resistors of each  pg,15 of the voltage divider networks. By proper
      proportioning of the first and second resistors of each of the voltage
      divider networks 74 through 78, the amplitude of the signals applied to
      the respective band-pass filters 25 through 29 may be proportioned to
      overcome the amplification inherent in the filters themselves. Normalizing
      amplifier 37 is substantially identically constructed to amplifier 24;
      however, resistor valves are adjusted to compensate for the change in
      location of the sensor.
PAR  Referring now to FIG. 3, there is shown a detailed diagram of buffer
      amplifier 30. As can be seen the amplifier 30 actually comprises five
      individual amplifiers, each of which is of a type well known in the art
      comprising a first unity gain stage having a high impedance, as
      represented by amplifier 80, and a second inverting stage represented by
      amplifier 81. The output signal from amplifier 80 is connected by means of
      resistor 82 to the inverting input terminal of amplifier 81. A feedback
      resistor 83 in conjunction with resistor 82 provides proportion gain for
      amplifier 81. As can be seen, each of the individual amplifiers in the
      circuit 30 are identical; thus, as a signal from one of the filters is
      supplied to the positive high input impedance terminal of amplifier 80,
      the signal is buffered and then applied to the inverting input terminal of
      amplifier 81 and from amplifier 81 to the weighting networks.
PAR  Referring now to FIG. 4, there is shown a more detailed diagram of the
      weighting network of blocks 31 through 35. As can be seen, each of the
      weighting networks comprises two separate sections 84 and 85, section 84
      being connected to receive the output signals from buffer amplifier 30 and
      section 85 being connected to receive the output signals from buffer
      amplifier 43. Each of the weighting networks being identically arranged,
      the following discussion will be limited to a description of the network
      84. As can be seen, network 84 comprises a plurality of potentiometers 86,
      87, 88, 89 and 90, with a first terminal of each of these potentiometers
      being connected to a ground or common terminal 91 and a second terminal of
      each potentiometer being connected to respective ones of the output
      terminals of buffer amplifier 30. The movable tap on each potentiometer 86
      through 90 is connected via respective resistors 92, 93, 94, 95 and 96 to
      a first input terminal of amplifier 97. A high frequency noise bypass
      capacitor 98 is also connected between the first input terminal amplifier
      97 and ground terminal 91. A biasing resistor 99 is connected between a
      second input terminal of amplifier 97 and ground and a feedback resistor
      101 is also connected between the output terminal of amplifier 97 and the
      second input terminal. Resistors 99 and 101 are designed to control the
      gain of amplifier 97 in a manner well known in the art.
PAR  As is set forth above, with the appropriate assumptions and
      characterizations, a turbine-generator set can be represented by a system
      of N inertias or masses and N-1 springs, N being equal to or greater than
      the number of the highest natural frequency considered. This system can be
      represented as an undamped system in free vibration by a second order
      matrix differential equation of the form
EQU  M .PHI. + K .PHI. = 0                                      (1)
PAL  where M and K are the mass and stiffness matrices of order (N .times. N)
      respectively, and .PHI. is the vector of angular displacements and .PHI.
      its second derivative with respect to time, of order (N .times. 1) This
      equation can be put into the standard eigenvalue form and the solution
      will yield one natural frequency of zero, which will not be considered and
      (N-1) natural frequencies.omega..sub.j with their normal mode shape
      vectors .PHI..sub.j. If for example, the rotational displacement of
      inertia 11 is measured and is .theta. (t) and its modal component
      amplitudes are .alpha. 1, .alpha. 2, ........alpha..sub.N.sub.- 1, the
      rotational displacements at each inertia in the system may be calculated
      for each mode by means of the known normal mode shapes of the system. For
      example, if the normal mode shape for the system in the first mode is
      .PHI..sub.1, such that:
      ##EQU1##
      where .phi..sub.1 ... .phi..sub.i ... .phi..sub.N is the relative
      displacement of the respective inertias to a reference frame fixed to the
      foundation. If oscillation is measured at the i.sup.th location, then the
      torque mode shape referred to the value at that location becomes
      ##EQU2##
PAR  If shaft section i is defined to be between inertia i and i + 1 and the
      stiffness values for each shaft k.sub.l to k.sub.N.sub.-1 are known, the
      values of the weighting network constants for the first mode, i.e.,
      ##EQU3##
      can be found for use with measured vibration at the i.sup.th inertia by
      the equations
      ##EQU4##
PAR  A similar process can be gone through to find the weighting network values
      for the other modes. The values of w.sub.i,j  are the shaft spring
      constants multiplied by normalized angle factors which, when multiplied by
      the oscillating angle measured in a particular mode at inertia i, give the
      torques in each span for each mode. Thus, if the rotational displacement
      at inertia 11 is measured to be .theta. (t) with modal components
      .alpha..sub.1, .alpha..sub.2, ...... .alpha..sub.5 as determined by the
      band-pass filters, the torque in the shaft between inertias 15 and 16 for
      example, is calculated by the weighting network using the appropriate
      weighting function w.sub.i, j for each mode with the appropriate value of
      .alpha..sub.i :
EQU  .tau..sub.5 = .alpha..sub.i w.sub.5,1 +...+.alpha..sub.i w.sub.5,i
      +...+.alpha..sub.5 w.sub.5,5                              (6)
PAR  Each value of w.sub.5,j through w.sub.5,5, is used in the weighting
      networks to compute the values of the weighting resistors. For example, in
      weighting network 31, the values of w.sub.i,j would be used to compute
      values of resistors 92, 93, 94, 95 and 96, respectively. Each of these
      resistors attenuates or "weights" its input signal so that the sum of the
      weighted signals, when amplified by amplifier 97, represents a voltage
      proportional to the oscillatory torque in the appropriate shaft section.
      This torque may then be read by using the appropriate conversion factors.
      Potentiometers 86, 87, 88, 89 and 90 are used to provide for in-service
      adjustment of the weighting network, should revised calculations of the
      factors make this advisable.
PAR  It can be thus seen that the sensor circuits produce a signal proportional
      to the total oscillating shaft angle .theta. (t), the normalizing
      amplifiers separate this signal and supply it to the band-pass filters to
      develop the .alpha..sub.i components and the weighting networks perform
      the operation
EQU  .tau..sub.i = .alpha..sub.1 w.sub.i,1 +...+.alpha..sub.j
      w.sub.i,j+...+.alpha..sub.N.sub.-1 w.sub.i,N.sub.-1       (7)
PAL  for the turbine-generator system, which for this specific case is limited
      to six masses and five interconnecting shafts, to produce an electrical
      output voltage proportional to torque for each shaft section. The
      band-pass filters and weighting networks may be expanded to utilize a
      sensor at any location and to calculate torques for any number of inertias
      and interconnecting shafts in a system.
PAR  This invention has been described in connection with a turbine-generator
      system where it has particular applicability and its operation has been
      set forth with reference to such use. It will be understood, however, that
      the torque measurement system disclosed may be used in other environments
      where it is necessary to determine instantaneous torque in a rotating
      element. It is intended, therefore, that the appended claims not be
      limited to the specific embodiment described, but that they cover
      modifications falling within the spirit and scope of the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for producing a signal proportional to oscillating torque in a
      rotating shaft including a plurality of mass and shaft sections, said
      apparatus comprising:
PA1  sensor means for providing a first signal representative of torsional
      oscillations of said shaft;
PA1  filter means connected to receive said first signal for passing
      predetermined frequency components of said first signal; and,
PA1  means connected to said filter means for multiplying each of said
      predetermined frequency components by a constant to produce second signals
      proportional to torque at each of said shaft sections.
NUM  2.
PAR  2. A method for determining instantaneous torque in a rotating shaft
      including a plurality of mass and shaft sections comprising the steps of:
PA1  deriving a first signal proportional to instantaneous torsional
      oscillations in at least one shaft section;
PA1  separating said first signal into predetermined frequency components;
PA1  multiplying said predetermined frequency components by predetermined
      proportional constants to produce a set of second signals; and,
PA1  combining said second signals to produce a resultant signal proportional to
      oscillating torque at each of said shaft sections.
NUM  3.
PAR  3. In a turbine-generator system comprising a plurality of turbine stages
      and a generator and including a plurality of shaft sections
      interconnecting said turbine stages and said generator, a torque
      monitoring circuit comprising:
PA1  first sensor means associated with and sensing torque at a first shaft
      section for providing a first signal representative of torsional
      oscillations of said shaft section;
PA1  a first plurality of filters connected to receive said first signal, each
      of said filters passing a predetermined frequency component of said first
      signal; and,
PA1  a first plurality of weighting networks connected to receive said
      predetermined frequency components of said first signal from said first
      plurality of filters, each of said weighting networks multiplying the
      amplitude of each of said frequency components by a predetermined constant
      to form a first plurality of resultant signals, each of said weighting
      networks combining the corresponding resultant signals to produce a first
      output signal representative of torque of a corresponding one of said
      shaft sections.
NUM  4.
PAR  4. The invention as defined in claim 3 and including normalizing means
      operatively associated with each of said filters.
NUM  5.
PAR  5. The invention as defined in claim 3 and including a buffer amplifier
      connected between each of said filters and said weighting networks.
NUM  6.
PAR  6. The invention as defined in claim 3 and including:
PA1  second sensor means associated with a second shaft section for providing a
      second signal representative of torsional oscillations of said second
      shaft section;
PA1  a second plurality of filters connected to receive said second signal, each
      of said second plurality of filters passing a predetermined frequency
      component of said second signal; and,
PA1  a second plurality of weighting networks connected to receive said
      predetermined frequency components of said second signal from said second
      plurality of filters, each of said second plurality of weighting networks
      multiplying the amplitude of each of said frequency components by a
      predetermined constant to form a second plurality of resultant signals,
      each of said weighting networks combining the corresponding resultant
      signals to produce a second output signal representative of torque of a
      corresponding one of said shaft sections; and,
PA1  selection means having a first and a second plurality of input terminals,
      each of said first plurality of input terminals being connected to receive
      a corresponding one of said first output signals and each of said second
      plurality of input terminals being connected to receive a corresponding
      one of said second output signals, said selection means being effective to
      select either said first output signals or said second output signals to
      be supplied to corresponding output terminals of said selection means.
NUM  7.
PAR  7. The invention as defined in claim 6, wherein said selection means
      comprises:
PA1  a comparator having a first input terminal connected to monitor selected
      ones of said first plurality of filters and a second input terminal
      connected to monitor selected ones of said second plurality of filters,
      said comparator providing an output signal of first logical significance
      when the amplitude of said signals on said first input terminal exceed the
      amplitude of the signals on said second input terminal;
PA1  switching means including a first plurality of normally closed contacts and
      a second plurality of normally open contacts, said switching means being
      connected to receive said output signal from said comparator and being
      responsive thereto to control the state of said contacts, said normally
      closed contacts being connected between corresponding ones of said first
      plurality of input terminals of said selection means and corresponding
      ones of said output terminals of said selection means and said normally
      open contacts being connected between corresponding ones of said second
      plurality of input terminals of said selection means and corresponding
      ones of said output terminals of said selection means.
NUM  8.
PAR  8. The apparatus as defined in claim 6, and including:
PA1  third sensor means connected to monitor the electrical wave form from said
      generator for supplying a third signal proportional to the oscillatory
      frequency of the generator electrical output;
PA1  a third plurality of filters connected to receive said third signal from
      said third sensor, each of said filters passing a predetermined frequency
      component of said third signal; and,
PA1  means connected to monitor the oscillatory amplitude of the output signals
      of each of said third plurality of filters and responsive thereto to
      provide an electrical signal indicative of the state of said generator
      electrical output.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said output of said third set of
      filters is used to actuate an alarm when any one of said signals exceeds a
      predetermined level.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said output of said third plurality of
      filters is further processed through weighting networks to provide a
      signal representative of electrical oscillations in the electrical output
      of said generator.
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ABST
PAL  An apparatus employing ultrasonic waves includes an ultrasonic transducer
      to which a solid buffer rod is attached. The ultrasonic waves are focused
      by liquid-filled lenses placed between the transducer and buffer rod. The
      ultrasonic waves are collimated by either employing a buffer rod with a
      spherical tip or using a plurality of liquid-filled lenses appropriately
      arranged. The buffer rod may be constructed of polystyrene or aluminum and
      the liquid-filled lenses may be constructed of glycerin or mercury,
      respectively. An alternative form of the invention includes a
      liquid-filled buffer rod and focusing and collimating means of solid
      materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The invention is directed to a transducer apparatus and more particularly
      to means for focusing and collimating ultrasonic waves.
PAR  II. Description of the Prior Art
PAR  Testing systems employing ultrasonic waves are well known. These systems
      are generally of two types: contact testing systems in which a transducer
      for generating ultrasonic waves contacts a workpiece and the waves are
      transmitted through a liquid couplant layer, and immersion testing systems
      in which the transducer is spaced apart from the workpiece and the waves
      are transmitted into the workpiece through an intervening liquid in which
      the workpiece and transducer are immersed. Although it is possible with
      immersion testing to produce a narrow, focused, collimated beam of
      ultrasonic waves, efforts to realize such a result with contact testing
      generally have been unsuccessful.
PAR  Mere focusing of a rather large beam is possible with contact testing.
      Prior art devices generally employ a tube containing a column of water or
      other suitable fluid coupled to the transducer. An appropriate focusing
      device, such as a lens is disposed intermediate the transducer and the
      tube containing the water. The tube may be either sealed with a thin
      membrane at the end nearest a workpiece or the end nearest the workpiece
      may be open and a continuous flow of water may be discharged against the
      workpiece. There are many disadvantages with this type of testing. The
      amount of focusing obtainable is quite limited and in the second
      alternative mentioned above, the workpiece and surrounding area are
      exposed to a flow of water. Additionally, the lowest f number achievable
      is about 1.4. A further serious drawback is that this type of contact
      testing cannot produce a collimated beam of ultrasonic waves, which
      collimated beam of ultrasonic waves may be desirable for some test
      purposes.
PAR  To achieve high energy output and good sensitivity, prior art contact
      testing devices have relied on large transducers. However, the contact
      area of such transducers is very large. Further, the large beam produced
      by such large transducers makes testing more difficult, since the
      reflective area of a discontinuity is only a small percentage of the area
      of the cross-section of the beam.
PAR  In view of the above-mentioned problems, it is an object of the invention
      to provide an apparatus wherein a narrow, focused, collimated beam of
      ultrasonic waves is produced.
PAR  It is a further object of the invention to provide a focused and collimated
      beam of ultrasonic waves without using a coupling medium as the
      beam-forming vehicle.
PAR  It is another object of the invention to provide a contact testing
      apparatus wherein a focused and collimated beam of ultrasonic waves is
      produced and in which the beam forming vehicle need not contact the
      workpiece or the area surrounding the workpiece.
PAR  It is a still further object of the invention to provide a portable contact
      testing device.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the invention, in one form thereof, an apparatus employing
      ultrasonic waves is disclosed wherein a transducer for generating
      ultrasonic waves is disposed within a housing. In order to direct the
      ultrasonic waves to a desired position, a buffer rod of polystyrene or
      aluminum is coupled to the transducer. Intermediate the buffer rod and
      transducer, however, is disposed at least one lens element filled with a
      liquid, which liquid may be either glycerin or mercury. The buffer rod is
      provided with a converging tip in the form of a spheroid for collimating
      the ultrasonic waves. Another form of the invention includes a
      liquid-filled buffer rod and focusing and collimating means of solid
      materials.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of apparatus according to the invention showing
      a plurality of liquid-filled lens elements and a buffer rod provided with
      a converging tip.
PAR  FIG. 2 is a schematic view similar to that of FIG. 1, but with a single
      liquid-filled lens element and a buffer rod provided with a flat tip.
PAR  FIGS. 3A, 3B, and 3C are schematic views similar to that of FIG. 2, but
      showing the use of one or more liquid-filled lens elements with a buffer
      rod having a flat tip.
PAR  FIG. 4 is a schematic view similar to FIG. 2, with a plurality of
      liquid-filled lens elements arranged to form a plurality of liquid-filled,
      double convex spherical lenses.
PAR  FIG. 5 is a schematic view of another form of the apparatus according to
      the invention wherein a liquid-filled buffer rod is coupled to a
      transducer and both focusing and collimating are carried out by solid lens
      elements.
PAR  FIG. 6 is a schematic view of the apparatus according to the present
      invention wherein there is a liquid filled focusing lens and a liquid
      filled collimating lens in combination with a solid flat-tipped buffer rod
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, an ultrasonic transducer 10 is shown which includes a
      housing 11 within which an active element 12 is disposed. The transducer
      may be one of any well-known, commercially available types. Integrally
      formed with a buffer rod 13 is a first disk-like member 15 having a
      flanged portion 15a and including a spherical convex depression 16. When
      filled with a suitable liquid, convex depression 16 forms a lens element
      17a. Buffer rod 13 is coupled to transducer 10 by collar 14 which engages
      flange 15a and threadably engages housing 11. A second, single lens
      element 17b is shown stacked above disk-like member 15 and adjacent active
      element 12. Lens element 17b is formed of the same material as buffer rod
      13 and contains a spherical convex depression of the type of spherical
      convex depression 16. Thus, either a single or multiple liquid-filled lens
      capability may be provided merely by stacking disk-like lens elements atop
      disk-like member 15 prior to coupling buffer rod 13 to transducer 10.
PAR  Collimating of the ultrasonic waves generated by active element 12, which
      waves are indicated as bounded by dashed lines at 18, is accomplished by
      reducing buffer rod 13 to a converging tip 19 in the form of a spheroid
      20. Intermediate a workpiece 25 and spherical tip 20 is disposed a
      couplant film 26. These elements combine to form a plano-concave
      collimating lens which collimates the focused waves.
PAR  Many advantages accrue to the above-described system. The testing apparatus
      may be fabricated as a portable apparatus so that it may be carried from
      workpiece to workpiece. No immersion of the transducer and workpiece is
      required, nor is a flow of water employed. To utilize the apparatus
      incorporating the invention, in practice, it is only necessary to use a
      thin layer of couplant with the apparatus, which apparatus produces a
      collimated beam of utlrasonic waves. The couplant is not required to be
      the beam forming vehicle, nor is the beam forming vehicle in contact with
      the workpiece. This is because the liquid-filled focusing means are
      isolated from the workpiece, being securely disposed between buffer rod 13
      and transducer 10.
PAR  FIG. 2 shows the apparatus of FIG. 1 with certain distinguishing features.
      First, only a single lens element 17a is provided. As before, this lens
      element comprises disk-like member 15 with spherical convex depression 16,
      which depression is filled with a liquid. At the other end of buffer rod
      13, converging portion 19 does not reduce to a spherical tip, but is
      ground flat at 21. In use, a thin uniform couplant film is provided and
      the ultrasonic waves pass directly through workpiece 25 to a focal point
      27. This apparatus produces a focused, but not collimated beam of
      ultrasonic waves.
PAR  An alternative form of construction is shown in FIGS. 3A, 3B, and 3C
      wherein the length of a buffer rod 30 may be changed according to the
      number of lens elements employed. It is seen that this configuration may
      also employ a disk-like member integrally formed with buffer rod 30, and
      threadably couples buffer rod 30 to transducer 31 by means of overlying
      collar 32. In order to reduce spurious boundary interference, it is
      desirable to contain the ultrasonic waves within that area shown by dashed
      lines 33 of FIG. 3A. Thus, an appropriate converging angle .phi. is shown,
      which converging angle .phi. is related to the focusing power of
      liquid-filled lens element 17b. Referring to FIG. 3B, it is possible to
      shorten buffer rod 13 by one-half, provided a second lens element is added
      and converging angle .phi. is increased to 2 .phi.. Similarly, in FIG. 3B,
      buffer rod 13 is one-third its original length with the addition of a
      third lens element and the increase of converging angle .phi. to 3 .phi..
      Other relative lens structures and converging angles may be employed as
      dictated by the particular use to which the apparatus incorporating the
      invention is to be put. This system provides excellent versatility and is
      capable of being matched to virtually any testing requirements.
PAR  A different arrangement of lens elements 17a and 17b is shown in FIG. 4. A
      buffer rod similar to the buffer rod 13 of FIG. 1 and utilizing the same
      reference numbers hereat is employed with its disk-like member 15
      integrally formed therewith. A series of single lens elements 17b is
      stacked atop disk-like member 15, but are arranged face-to-face to form
      two, double convex, spherical, liquid-filled lenses 34a and 34b.
PAR  An alternative embodiment of the invention is shown in FIG. 5. The same
      transducer, housing, and active element shown in FIGS. 3A, 3B, and 3C are
      employed in this embodiment. However, a liquid-filled buffer rod 40 is
      employed in place of the solid buffer rod 30. This is accomplished by
      cylindrical means 41 which forms a liquid-tight seal with transducer 31 by
      means of O-ring 43. Cylindrical means 41 is held in place by flanged
      collar 44. A solid focusing lens 45 containing bleed holes 46 is
      translatably disposed within cylindrical means 41. Liquid within
      cylindrical means 41 is retained therein by collimating lens tip 47 which
      threadably engages cylindrical means 41 and makes a liquid-tight seal by
      means of O-ring 48. In operation, cylindrical means 41 is filled with
      liquid after focusing lens 45 has been adjusted to an appropriate
      position. Collimating lens tip 47 is screwed into cylindrical means 41 to
      retain the liquid therein. Ultrasonic waves generated by transducer 31 are
      directed through liquid-filler buffer rod 40 and are focused by focusing
      lens 45. The waves are indicated as bounded by dashed lines as at 49.
      Collimation of these waves is effected by collimating lens tip 47. As with
      other forms of the invention, this apparatus may be made portable and
      requires no immersion of the apparatus and workpiece, nor is a flow of
      liquid against the workpiece or the area surrounding the workpiece
      required. As with the first-mentioned embodiment, the coupling medium is
      not employed as a beam-forming vehicle, nor is the beam-forming vehicle in
      contact with the workpiece.
PAR  The particular materials employed with the invention are important and
      comprise a portion of the invention itself. In order to eliminate internal
      reflections within the lens and buffer rod, the invention requires that
      the acoustic impedance of the liquid within the lenses and the acoustic
      impedance of the solid material of the buffer rod and lens elements be
      very closely matched. One liquid-solid combination discovered by the
      inventors to work very well is glycerin-polystyrene. The planar
      interference reflection coefficient of these material is 0.003, which
      means that they are essentially non-reflecting. However, the minimum f
      number achievable is somewhat high at about 2.65. The invention overcomes
      this apparent defect by employing multiple lenses which reduce the f
      number of such a non-reflective lens system. Other advantages of this
      system include the capability to vary the focus by changing lens elements
      and the reduction of interference caused by spurious modes and echoes by
      utilizing viscous damping. Interference is also reduced by focusing the
      ultrasonic waves away from the buffer rod boundaries.
PAR  Another liquid-solid combination with excellent acoustic impedance
      characteristics is mercury-aluminum. The planar interference reflection
      coefficient of this combination is 0.06, which is more reflective than the
      glycerin-polystyrene combination. However, the index of refraction for
      mercury-aluminum is 4.40 compared to 1.23 for glycerin-polystyrene,
      showing that mercury-aluminum is a more efficient lens. Additionally, the
      minimum f number achievable with mercury-aluminum is 0.65. The
      above-mentioned materials apply equally well whether the liquid is
      employed within a lens, or, as shown in FIG. 5, within a buffer rod.
      Conversely, the solid materials work equally well whether employed in a
      buffer rod or, as shown in FIG. 5, in a focusing or collimating lens.
PAR  Although not specifically illustrated, many combinations of elements will
      be obvious to those skilled in the art. For example, liquid-filled lenses
      may be used at either end of a solid buffer rod, either singly or in
      multiples. Collimating may be accomplished not only by a converging buffer
      rod with a spheroid tip but may be done with a plurality of liquid-filled
      lenses in conjunction with a flat-tipped buffer rod. With a liquid buffer
      rod as shown, for example, in FIG. 6, a plurality of translatable solid
      lenses may be used.
PAR  While several specific embodiments of the invention have been described, it
      will be obvious to those skilled in the art that changes and modifications
      may be made without departing from the invention. Illustrative of this are
      the lastly mentioned examples, which are not intended to be by way of
      limitation. It is therefore intended in the appended claims to cover all
      such changes and modifications that fall within the true spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ultrasonic testing apparatus comprising a transducer including a
      planar active element for generating ultrasonic waves; focusing means
      adjacent said transducer for focusing said ultrasonic waves, said focusing
      means comprising at least one liquid-filled lens element; and, a buffer
      rod for transmitting said focused ultrasonic waves to a test piece without
      requiring said apparatus or test piece to be submerged in a liquid;
      wherein, said buffer rod is comprised of polystyrene and said
      liquid-filled lens element is comprised of glycerin.
NUM  2.
PAR  2. An ultrasonic testing apparatus comprising a transducer including a
      planar active element for generating ultrasonic waves; focusing means
      adjacent said transducer for focusing said ultrasonic waves, said focusing
      means comprising at least one liquid-filled lens element; and, a buffer
      rod for transmitting said focused ultrasonic waves to a test piece without
      requiring said apparatus or test piece to be submerged in a liquid;
      wherein, said buffer rod is comprised of aluminum and said liquid-filled
      lens element is comprised of mercury.
NUM  3.
PAR  3. An ultrasonic testing apparatus comprising a transducer including a
      planar active element for generating ultrasonic waves; focusing means
      adjacent said transducer for focusing said utlrasonic waves, said focusing
      means comprising a plurality of liquid-filled lens elements arranged to
      provide at least one liquid-filled double convex lens; and, a buffer rod
      for transmitting said focused utlrasonic waves to a test piece without
      requiring said apparatus or test piece to be submerged in a liquid;
      wherein, said buffer rod is comprised of polystyrene and said
      liquid-filled lens elements are comprised of glycerin.
NUM  4.
PAR  4. An ultrasonic testing apparatus comprising a transducer including a
      planar active element for generating ultrasonic waves; focusing means
      adjacent said transducer for focusing said ultrasonic waves, said focusing
      means comprising a plurality of liquid-filled lens elements arranged to
      provide at least one liquid-filled double convex lens; and, a buffer rod
      for transmitting said focused ultrasonic waves to a test piece without
      requiring said apparatus or test piece to be submerged in a liquid;
      wherein said buffer rod is comprised of aluminum and said liquid-filled
      lens elements are comprised of mercury.
NUM  5.
PAR  5. An ultrasonic testing apparatus for transmitting ultrasonic waves to a
      workpiece comprising:
PA1  a housing including a transducer comprising a planar active element for
      generating ultrasonic waves;
PA1  a buffer rod attached to said housing for contacting said workpiece; and,
PA1  means for focusing said ultrasonic waves, said focusing means disposed
      between said transducer and the end of the rod remote from the contact end
      of said buffer rod; said focusing means including at least one lens
      element having at least one liquid-filled depression and the acoustic
      impedance of the liquid closely matches the acoustic impedance of the
      buffer rod, said ultrasonic waves being transmitted to said workpiece
      without requiring said apparatus or the workpiece to be submerged in a
      liquid.
NUM  6.
PAR  6. An ultrasonic testing apparatus for transmitting ultrasonic waves to a
      workpiece comprising:
PA1  a housing including a transducer comprising a planar active element for
      generating ultrasonic waves;
PA1  a liquid-filled buffer rod coupled to said transducer for directing said
      ultrasonic waves to a desired position; and,
PA1  focusing means disposed within said liquid-filled buffer rod for focusing
      said ultrasonic waves, said liquid-filled buffer rod having a solid lens
      tip at the contact end thereof for collimating said ultrasonic waves.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said buffer rod is comprised of
      polystyrene and said liquid-filled lens element is comprised of glycerin.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said buffer rod is comprised of
      aluminum and said liquid-filled lens element is comprised of mercury.
NUM  9.
PAR  9. The apparatus of claim 5 wherein there are a plurality of liquid-filled
      lens elements arranged to provide at least one liquid-filled double convex
      lens.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said buffer rod is comprised of
      polystyrene and said liquid-filled lens elements are comprised of
      glycerin.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said buffer rod is comprised of
      aluminum and said liquid-filled lens elements are comprised of mercury.
NUM  12.
PAR  12. Ultrasonic testing apparatus comprising a transducer including a planar
      active element for generating ultrasonic waves; a buffer element
      containing at least one enclosed liquid-filled lens element for focusing
      said ultrasonic waves without requiring said apparatus or an object being
      tested to be submerged in a liquid; and means for collimating said focused
      ultrasonic waves prior to impingement upon a test sample.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said collimating means comprises a
      rounded spherical tip on said buffer means adapted to form with a couplant
      liquid film a collimating lens.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said collimating means comprises at
      least one collimating enclosed liquid-filled lens within said buffer means
      at the end thereof remote from said tranducer.
NUM  15.
PAR  15. The apparatus of claim 12 wherein said buffer rod is comprised of
      polystyrene and said liquid-filled lens element is comprised of glycerin.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said buffer rod is comprised of
      aluminum and said liquid-filled lens element is comprised of mercury.
NUM  17.
PAR  17. The apparatus of claim 4 wherein said focusing means comprise at least
      one solid lens element.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said solid lens element is capable of
      translation within said liquid-filled buffer rod.
NUM  19.
PAR  19. The apparatus of claim 17 wherein said liquid-filled buffer rod
      contains glycerin and said solid lens element and said solid lens tip
      comprise polystyrene.
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ABST
PAL  Apparatus and method wherein a photographic plate is doubly exposed by
      pulsed laser illumination to record successive instants in the history of
      an object under consideration. The doubly exposed plate is then developed
      and the photograph or hologram is used to reproduce the object in full
      three-dimensional detail including subtle changes in the object in the
      form of interference fringes where the hologram is illuminated with
      continuous laser illumination.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation, of application Ser. No. 29,555 filed Apr. 17, 1970,
      which is a continuation of the copending parent application to Lee O.
      Heflinger, et al., Ser. Number 513,115, filed on August 17, 1966, and
      entitled "Multiple Exposure Holographic Interferometer Apparatus and
      Method".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to holographic apparatus and method and
      more particularly relates to holographic interferometer apparatus and
      method capable of producing holograms of objects utilizing multiple
      exposure photography and reconstructing the holograms so produced.
PAR  The usefulness of a hologram lies in its ability to record and completely
      reconstruct the complex lightwave pattern scattered by an object
      illuminated by coherent radiant energy. In contrast to the limited object
      representation of a conventional photograph, the completeness of the
      hologram reconstruction allows observations to be made on the
      reconstructed waves in the same way they would be made on the waves
      scattered from the real object. In an optical sense, the hologram provides
      the closest substitute for having the real object itself available for
      examination. This becomes extremely important when the object is moving or
      changing too fast to make direct observations of it.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with one aspect of the invention there is provided
      novel method whereby a high resolution photographic plate doubly exposed
      by laser illumunation is used to record successive instants in the history
      of an object. After the doubly exposed plate is developed, the resulting
      laser photograph or hologram, when illuminated by laser illumunation on
      one side, is used to reproduce the object in full three-dimensional detail
      including subtle changes in the object in the form of interference
      fringes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram illustration of the apparatus of the invention;
PAR  FIG. 2 is a schematic diagram of the apparatus of FIG. 1 illustrating the
      arrangement of parts utilized in the making of one type of hologram in
      accordance with the teachings of the invention;
PAR  FIG. 3 is a schematic diagram of the apparatus of FIG. 1 illustrating the
      arrangement of parts utilized in the viewing of holograms produced by the
      arrangement of FIG. 2;
PAR  FIGS. 4 and 5 are similar showings of a portion of the arrangement of FIG.
      2 illustrating the making of another type of hologram in accordance with
      the invention; and
PAR  FIG. 6 is a showing of a portion of the arrangement of FIG. 3 illustrating
      the viewing of holograms produced by the arrangement of FIGS. 4 and 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and in particular to FIG. 1 wherein the numeral
      10 designates a solid state laser pulse generator capable of generating a
      beam of pulses of coherent light energy. The beam of light energy
      generated by the laser illuminator 10 is passed through a beam diverger 12
      to a beam selector 14. A gas laser designated by the numeral 16 serves to
      produce a beam of coherent continuous light energy which is directed
      through another beam diverger 18 to the beam selector 14. Beam selector 14
      serves to select either the beam generated by generator 10 or the beam
      generated by the gas laser 16 and passes the selected beam to a beam
      splitter 20. The beam splitter 20 splits the selected beam into a pair of
      beams and passes them to a beam matcher 22, which temporally and spatially
      matches the beams at a plane 24. A beam obstructor 26 is adapted for
      selective positioning in the path of one beam to obstruct passage of light
      to the plane 24. A beam diffuser 27 is positioned in the one beam.
PAR  Referring now to FIG. 2 wherein the apparatus of FIG. 1 is illustrated in
      greater detail for use in the making of holograms of one type in
      accordance with the invention, the laser pulse generator 10 could be a
      conventional "Q-switched" solid state laser pulse generator. Pulse
      generator 10 is preferably adapted to generate a pulsed beam 28 consisting
      of a pair of consecutive pulses 33 and 37 of coherent oscillatory light
      energy, with each pulse having a time duration of about 60 nanoseconds and
      an energy per pulse of the order of 3 joules.
PAR  The beam diverger 12 is preferably a negative lens which is constructed
      thinner at the center than at the rim such that the rays of the beam 28
      which pass therethrough on the way to the beam selector 14 are outwardly
      diverged.
PAR  Beam selector 14 is a mirror suitably mounted on a support (not shown) as
      by a pivot 29 for selective positioning. The mirror 14 can either be swung
      into one position, as shown, to intercept and direct the beam 28 along the
      path illustrated to the beam splitter 20, or it can be swung into the
      indicated dashed line position 31 out of the beam 28, if preferred, or for
      a purpose to be hereinafter more clearly explained.
PAR  The gas laser 16 is preferably a helium-neon continuous gas laser capable
      of generating a beam of continuous coherent light for a purpose to be
      hereinafter more clearly set forth. The beam diverger 18 can be of similar
      construction as the beam diverger 12 and serves to diverge the rays of the
      beam produced by laser 16.
PAR  Beam splitter 20 is illustrated as consisting of portions 21 and 23, the
      portion 21 having a rhomboidal cross section and fashioned from
      transparent material such as glass, or the like, with a totally silvered
      surface 30 which reflects the beam 28 toward a beam splitting surface 32.
      Surface 32 is partially silvered so that the beam 28 is split into a pair
      of beams, the first or scene beam 34 consisting of a pair of pulses 39 and
      41 which pass through the surface 32, and the second or reference beam 36
      consisting of a pair of corresponding pulses 43 and 45 which are reflected
      from the surface 32. The pulses 39, 41, 43 and 45 are substantially equal
      in intensity to each other and are equal to one-half the intensity of
      pulses 33 and 37. The portion 23 of the beam splitter is a 45.degree. -
      45.degree. - 90.degree. prism fashioned from the same transparent material
      as the portion 21 and serves to prevent the beam 34 from passing obliquely
      from one medium to another thus eliminating refraction of the beam.
PAR  The beam matcher 22 for use in the methods and apparatus of the invention
      could be any conventional beam matcher. One such beam matcher is
      illustrated in FIGS. 2 and 3 and briefly consists of normally fixed
      mirrors 38, 40, and 42 which serve to recombine the two split beams 34 and
      36 at the film plane 24. The mirrors 38, 40 and 42 are so arranged and
      positioned that the two beams 34 and 36 undergo the same number of
      reflections along substantially equal optical path lengths in traveling
      from the beam splitting surface 32 to the plane 24 which provides a
      superposition of the two beams 34 and 36 at the plane 24 matched both in
      space and time. Preferably, the mirrors 38, 40, and 42 are also arranged
      so that the two beams 34 and 36 form substantially equal angles .alpha.
      and .beta., respectively, with a plane 44 positioned normal to the plane
      24.
PAR  A photographic plate 46 preferably fashioned from glass and having a light
      sensitive emulsion surface 47 and an opposite surface 49 is adapted for
      positioning such that the emulsion surface 47 lies in the plane 24. A
      photographic plate which is suitable is a high resolution photographic
      plate such as the Eastman Kodak type 649-F. An object 48, to be
      photographed, may be placed in the beam 34, as shown.
PAR  The beam obstructor 26 can be in the form of a solid plate member which is
      preferably mounted as by a pivot 50 on a structure (not shown) for
      selective positioning such that it can be moved either into one position,
      as shown, in order not to interfere with the passage of beam 34, or it can
      be swung into the dashed line position 51 to obstruct passage of the beam
      34, as desired. Preferably the beam obstructor 26 is opaque and impervious
      to the transmission of the light energy generated by the gas laser 16 when
      in the position 51.
PAR  The beam diffuser 27 is a plate of ground glass adapted for positioning in
      the beam 34 whereby illumination of an object to be photographed
      positioned in the beam can be obtained over wider angles thus providing
      perspective and three dimensional characteristics to the reconstructed
      image of the object.
PAR  In operation, with the beam selector 14 and the beam obstructor 26
      positioned in the positions as shown in FIG. 2, one type of hologram or
      interferogram of transient events by means of holographic recording can be
      obtained. First, a comparison scene is recorded on the plate 46. This
      comparison scene may be nothing more than the object space which is
      subsequently disturbed. Thus the object space may consist of the
      undisturbed air which is subsequently disturbed by the passage of a bullet
      which generates a shock wave, hence creating a disturbed object space. Or
      the comparison scene can be the object 48 itself in some initial position
      or condition. Assuming now that the object space is initially undisturbed,
      a comparison scene under these conditions is produced by first exposing
      the emulsion surface of the plate 46 to the beams 34 and 36 during the
      generation of the first pulse 33. This exposure produces the first latent
      image photographic record on the plate 46 and is a record of the
      interference pattern formed by the beams 34 and 36. If now the object
      space is disturbed during the generation of the second pulse 37 of the
      beam 28, a second latent image photographic record or test scene is made
      on the same plate 46. This second record is also an interference pattern
      between the beams 34 and 36 but manifest changes in the optical path
      length traveled by the beam 34 resulting from the disturbance of the
      object space into the beam 34. Thus, two records in the form of
      interference patterns setting forth two instants in the history of the
      object space, are superposed on the single photographic plate 46.
PAR  Interferometric photography can also be realized with the arrangement of
      FIG. 2 by simply causing the object 48 to be present in the beam 34 during
      the generation of both pulses 33 and 37 of beam 28. In this manner any
      changes in the object 48 between the generation of the two pulses 33 and
      37 can also be interferometrically recorded on the same plate 46. The
      latent image photographic records thus produced on the plate 46, as set
      forth above, are then converted to visible images on the glass plate
      simply by developing the plate 46 with a suitable developer agent such as
      Kodak HRP, or the like, to produce a hologram.
PAR  Reference is now made to FIG. 3 wherein an arrangement of parts is shown
      whereby viewing of holograms produced by the arrangement of FIG. 2 can be
      accomplished. It is to be noted that the selector 14 and the beam
      obstructor 26 have been moved to the positions 31 and 51, respectively of
      FIG. 2. Preferably after the plate 46 has been doubly exposed and
      developed, it is carefully replaced so that the emulsion surface 47 of the
      plate occupies substantially the same position in the plane 24 that it
      occupied when the plate 46 was doubly exposed. The plate 46 is then
      illuminated on one side by a laser beam that occupies the same geometrical
      position that was occupied by the reference beam 36 during the recording
      of interferometric patterns with the arrangement of FIG. 2. This
      illumination can be obtained by arranging the laser 16 such that its
      output beam 52 is directed along the same path that the beam 28 was
      directed toward the beam splitter 20 by the beam selector 14 when it
      occupied the position shown in FIG. 2. The beam 52 is split into a pair of
      beams by the surface 32, the first beam 54 and the second beam 56
      corresponding to and located in the same geometrical positions as the
      beams 34 and 36 in the arrangement of FIG. 2, respectively. As in the case
      of beams 34 and 36 with the beam obstructor 26 positioned as shown in FIG.
      2, the beams 54 and 56 would normally be superposed at the plane 24
      matched both in space and time. But with the obstructor 26 positioned in
      the position 51 only the beam 56 arrives at the plane 24 to illuminate the
      plate 46 on the one side 47. Observation through the plate 46 from the
      opposite side 49 reveals the reconstruction image of the object 48
      complete with interference patterns. The reconstructed image of the object
      48 can thus be examined at leisure or photographed from different angles
      since the image is three dimensional.
PAR  FIGS. 4 and 5 illustrate the making of a composite type of hologram which
      consists of effecting multiple exposures of separate photographic plates
      60 and 62. As in the previous embodiment a plate 60 having an emulsion
      surface 64 and an opposite surface 66 is first positioned with its
      emulsion surface 64 located within the plane 24. As before, with the
      object space undisturbed, a first exposure of the plate 60 is made during
      the generation of a first pulse 33 of the beam 28 to produce a comparison
      scene latent image record. The plate 60 is then removed from its position
      and a plate 62 having an emulsion surface 68 and an opposite surface 70 is
      positioned with the emulsion surface 68 in a plane 72, as shown in FIG. 5.
      The plane 72 is substantially parallel to and separated from the plane 24
      by a distance equal to the thickness of the plate 60. Preferably the plate
      62 is positioned so as to be in alignment with the dashed rear line
      position 74 previously occupied by the surface 66 of the plate 60. In
      other words, each of the plates 60 and 62 should occupy the same location
      during exposure that it will occupy during reconstruction. If now the
      object space is disturbed during the generation of the second pulse 37, a
      second latent image record is made on the plate 62. It is to be
      appreciated that the object 48 could be present in the beam 34 during the
      generation of both pulses 33 and 37 with the result that an
      interferometric record of any changes in the object 48 between generation
      of the two pulses 33 and 37 would be recorded on a separate plate 62. The
      two plates 60 and 62 are then developed and the latent images converted to
      visible images to produce a composite hologram consisting of the plates 60
      and 62.
PAR  To view the object 48 and the interference pattern the two plates 60 and 62
      are positioned in precisely the same locations occupied during exposure
      and simultaneously reconstructed by the beam 56 formed as hereinbefore
      described as shown in FIG. 6. The reconstructed wave patterns from the
      composite holograms interfere producing an interference pattern which can
      thus be viewed or photographed. One advantage of having separate exposures
      on separate plates 60 and 62 is that either finite or infinite fringe
      patterns can be produced by slightly shifting the alignment of the plates
      during reconstruction. The finite and infinite fringe technique is quite
      well known and has been used in the past in connection with standard
      Mach-Zehnder interferometry.
PAR  Several possible alternate modifications and variations of the present
      invention will be apparent to those skilled in the art. For example, a
      sequence of many photographs documenting successive changes in an object
      can be made. Each of these photographs may then be compared with a single
      reference photograph to observe the successive changes in the interference
      pattern. By proper arrangement of the photographs it would be possible to
      not only compare each photograph to the reference photograph but also to
      compare any one photograph to any other photograph, which provides a high
      degree of flexibility in differential interferometry.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method comprising the steps of:
PA1  a. generating a pulsed laser energy beam;
PA1  b. splitting said laser energy beam into a pair of beams;
PA1  c. directing one of said pair of beams through an unperturbed object space;
PA1  d. superposing said pair of beams;
PA1  e. exposing radiation sensitive material to said pair of superposed beams
      during generation of one pulse of said pulsed laser energy beam to make an
      image record;
PA1  f. exposing radiation sensitive material to said pair of superposed beams
      during generation of another pulse of said pulsed laser energy beam to
      make another image record;
PA1  g. directing one of said pair of beams during generation of one of said
      pulses through a perturbed object space;
PA1  h. processing said radiation sensitive material to convert said image
      records to visible images to form a hologram;
PA1  i. generating a continuous laser energy beam;
PA1  j. splitting said continuous laser energy beam into another pair of beams;
PA1  k. superposing said other pair of beams to occupy positions corresponding
      to positions occupied by said pair of beams;
PA1  l. obstructing the beam of said other pair of beams corresponding to said
      one beam wherein said object space was positioned; and
PA1  m. positioning said hologram for viewing in the other beam of said pair of
      beams in the same position occupied by said radiation-sensitive material
      when exposed.
NUM  2.
PAR  2. In the method set forth in claim 1 wherein the step of exposing
      radiation sensitive material to said pair of superposed beams during
      generation of another pulse of said pulsed laser energy beam comprises:
PA1  exposing the same radiation sensitive material exposed during generation of
      said one pulse in one plane.
NUM  3.
PAR  3. In the method set forth in claim 1 wherein the step of exposing
      radiation sensitive material to said pair of superposed beams during
      generation of another pulse of said pulsed laser energy beam comprises:
PA1  exposing radiation sensitive material other than that exposed during
      generation of said one pulse in another plane.
NUM  4.
PAR  4. The method of performing holographically interferometric measurements in
      transmission of an object space comprising:
PA1  a. generating a coherent beam of radiant energy;
PA1  b. splitting said energy beam into a first and a second beam;
PA1  c. directing one of said beams toward a predetermined plane and the other
      beam to fall on said plane;
PA1  d. exposing during a first time radiation-sensitive material disposed in
      said plane to light from said beams for a predetermined length of time to
      produce a holographic record;
PA1  e. exposing during a second time radiation-sensitive material disposed in
      said plane to light from said beams for a predetermined length of time to
      produce another holographic record;
PA1  f. passing one of said first and second beams through an object space, the
      object space being at least partially transparent to said beams and being
      perturbed during one of said times to provide a record of the
      perturbations of the transparent object space thereby to permit
      interferometric measurements; and
PA1  g. scattering said one of said first and second beams ahead of the object
      space by a radiant energy diffuser.
NUM  5.
PAR  5. The method as defined in claim 4 wherein the holographic record is
      subsequently illuminated by a beam of light for reconstructing an image of
      the transparent object space previously recorded.
NUM  6.
PAR  6. The method as defined in claim 4 wherein the same radiation-sensitive
      material is exposed during said first and second time.
NUM  7.
PAR  7. The method of performing holographically interferometric measurements in
      transmission of an object space which comprises the steps of:
PA1  a. generating a beam of laser light;
PA1  b. splitting said laser beam into an object and a reference beam;
PA1  c. directing said reference beam toward a predetermined plane and said
      object beam to fall on said plane;
PA1  d. passing said object beam through an object space, said object space
      being at least partially transparent to said object beam;
PA1  e. scattering the light of said object beam ahead of the object space by a
      light diffuser;
PA1  f. exposing a radiation-sensitive material disposed in said plane to light
      from said object and reference beams for a predetermined period of time to
      generate a holographic record;
PA1  g. exposing a radiation-sensitive material in the same position to light
      from said object and reference beams at a later time for a predetermined
      period of time to generate another holographic record;
PA1  h. passing said object beam again through the transparent object space; and
PA1  i. distorting the object space during one of said exposures, whereby
      inspection of the reconstructed holographic image obtained from the
      radiation-sensitive material will permit interferometric measurements of
      changes of the object space.
NUM  8.
PAR  8. A method of measuring small dimensional changes through an object space
      by hologram interferometry in transmission, comprising the steps of:
PA1  a. illuminating an object space in first and second conditions to form
      first and second transmitted object beams respectively, the object space
      being at least partially transparent to said object beams;
PA1  b. generating a reference beam;
PA1  c. scattering the object beams ahead of the object space by a beam
      diffuser;
PA1  d. combining said first transmitted object beam with said reference beam
      and said second transmitted object beam with said reference beam to form
      individual first and second interference patterns respectively; and
PA1  e. recording said first and second interference patterns to detect any
      differences in said interference patterns as a measure of perturbations in
      the transparent object space.
NUM  9.
PAR  9. A method according to claim 8 in which after an exposure of a
      photosensitive medium to produce a hologram corresponding to said first
      condition at least one fresh exposure is made under at least said second
      condition before the photosensitive medium is processed, whereby a
      multiple hologram is produced which records diffraction patterns of at
      least two forms of the transparent object space and a pattern of fringes
      corresponding to the perturbations of the object space.
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ABST
PAL  A transducer, placed on an eye being tested, generates an analog signal
      representative of pressure. The analog signal is periodically converted to
      digital signals in binary coded decimal representation. Each test is
      carried out under control of a computer driven by a real time clock which
      is actuated in response to placing the tonometer in test position on an
      eye. The computer takes the tonometer measurements at predetermined times
      as determined by the real time clock, and stores the data in a random
      access memory, together with signals representative of other important
      test parameters. From this data, the computer calculates intraocular
      pressure, the coefficient of outflow value and the flow value, which are
      also stored in the memory. A visual display unit is associated with the
      memory for displaying the tonometer measurement data, test parameters and
      computed results. Test measurements and other test parameters may also be
      loaded into the system by a manually operated keyboard for computation and
      display. The computation takes into account many of the artifacts which
      previously has decreased accuracy. A pair of signal lights on the
      handpiece are energized by control logic for indicating to the clinician
      the exact status of the test whether the results being obtained are
      satisfactory, and whether current or old test data is stored in the
      memory, without having to divert his attention from the handpiece placed
      on the eye.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to an automatic computing tonometer system
      and method; and more particularly, it relates to a computerized ocular
      tonometer and a method of recording tonometry measurement data and
      computing the required test results which include the intraocular
      pressure, the "C" value and the flow value for an eye under test. The
      invention also relates to a unique tonometer handpiece which gives a
      clinician visual information relating to the test and results.
PAR  Electronic tonometers and tonographers are known in the art. Examples of
      currently available systems include the model OP9100 Inkles Tonographer
      and the Model OP9102 Electronic Tonometer, both manufactured by V. Mueller
      and Company, Chicago, Ill. Each of these instruments includes a tonometer
      handpiece which, as will be described in greater detail within, has a
      member, referred to as a "plunger" which rests on the eye under test. The
      weight of the plunger is known. The plunger will indent the surface of the
      eyeball under gravity, and the indentation is resisted by the intraocular
      pressure.
PAR  The handpiece includes a transducer which is an electro-mechanical device
      which generates an electrical signal, the phase of which is representative
      of the position of the plunger relative to its initial position.
PAR  As will be explained in more detail within, this signal is fed to a phase
      detector which generates an output signal having an amplitude
      representative of plunger displacement. This signal may be displayed on a
      meter having a scale measured in tonometric units, or it may be recorded,
      as on graph paper. In either case, it is not the actual measurement or
      graph which provides the useful or desired test results; rather, the test
      results such as intraocular pressure, P0, the C value CV, and flow value
      FV, are calculated from the displacement measurements, together with other
      information such as Corneal Curvature (CC), Ocular Rigidity (OR), and
      Aplanation Reading (AR). These other parameters are sometimes referred to
      herein as "Other Test Parameters". The actual calculation of the results
      may involve considerable table look-up, in addition to actual computation.
PAR  The test results may be greatly affected by various known artifacts, and if
      extreme accuracy is required, certain correction factors should be taken
      into consideration. One such artifact is a transient pressure within the
      eye caused by a temporary increase in blood pressure which may accompany
      placing the instrument on a subject's eye.
PAR  Because of the difficulty in eliminating the effects caused by these
      artifacts and the time required to determine the correction factors in
      using pencil and paper or a hand calculator, they usually are not made.
      The resulting computations of intraocular pressure, C value, and flow
      value are, therefore, not as accurate as they might be.
PAR  In its broader aspects, the present invention uses a high-speed digital
      computer with a conventional tonometer head (transducer) and measuring
      circuitry for computing very accurate results for interocular pressure, C
      value and flow value, eliminating artifacts and applying correction
      factors with or without operator intervention. For example, based upon
      Aplanation readings made before the test is conducted, the aplanation
      measurements may be fed into the system, and values of ocular rigidity,
      corneal curvature, and intraocular pressure may be computed accurately and
      rapidly. The more accurate results show up, of course, in the computed
      results for C value and flow value since these depend on the corrected
      test parameters and intraocular pressure. Thus, one of the principal
      advantages of the present invention is that the computer results are more
      accurate than have heretofore, in general, been produced in the past due
      to the extremely complex and difficult hand calculations required for
      correction factors. Further, a decision as to whether or not to include
      these correction factors is taken out of the hands of the clinician and
      automatically incorporated into the computation of end results. Still
      further, artifacts such as the initial pressure increase due to anxiety
      are eliminated automatically, as will be discussed. The speed of
      computation is so great that, for all practical purposes, the results are
      available immediately after test.
PAR  The digital computer used as an element in the inventive system is a
      programmed digital computer because such computers are readily available
      on the market at reasonable value and because of the great flexibility in
      the use of such computers. However, the programming is incorporated into
      the machine when sold, and even though it may be modified or replaced
      completely on a machine in the field, no programming is required of the
      clinician, although he may enter data by means of a keyboard. A
      fixed-wired computer may equally well by employed with the present
      invention, as persons skilled in the art will appreciate. However, some
      flexibility may be lost, and as mentioned, programmable computers with
      sufficient capacity are available at reasonable cost.
PAR  Each test is carried out under control of the computer which is driven by a
      real time clock. The clock is actuated in response to placing the
      tonometer in test position on an eye. The computer takes the tonometer
      measurements at predetermined times, as determined by the Real Time Clock,
      and stores the data in a Random Access Memory, together with signals
      representative of the other test parameters. From this data, the computer
      calculates interocular pressure, the C value and the flow value,
      incorporating correction factors as needed and eliminating artifacts.
      These computed results are also stored in the memory. An important aspect
      of the present system is that it is totally flexible and easily capable of
      adapting to new computations or corrections as the field progresses.
PAR  A keyboard which is used to enter the other test parameters into the system
      may also be used to enter tonometer test measurements, for example, from a
      previous test. In this case, the computer may likewise be used to compute
      interocular pressure, C value, and flow value. This feature may be
      invaluable to a research technician going back into medical archives in
      performing basic research.
PAR  Because the present invention contains a Real Time Clock which keeps track
      of the tonometer readings and records the time of each reading for
      calculating the end results, it is possible to abbreviate most tonograms
      from the conventional four-minute period to a shorter period, such as two
      minutes. This, of course, would reduce the overall time required for
      testing, and particularly that portion of the test in which a plunger
      rests on the patient's eye.
PAR  As mentioned, the measurements and results of a given test, together with
      the other test parameters, are stored in memory. This gives the clinician
      the ability to speculate on the results of a given test by altering the
      measurement values for other test parameters (to account for various
      correction factors) on a trial basis, then computing the end results
      again. By studying whether or not the various combinations of correction
      factors effect the end result, the clinician can assure himself that the
      interocular pressure, coefficient of outflow, and flow value or correct
      under varying conditions.
PAR  The invention also includes a novel handpiece which has a pair of signal
      lights, preferably one is red and one is green. These lights are energized
      by control logic circuitry for indicating to the clinician taking the test
      the exact status of the test, whether the results being obtained are
      satisfactory, and whether current or old test data is stored in the
      memory. This is done without requiring that the clinician divert his
      attention from the handpiece which, it will be appreciated, is in contact
      with an eye during test. Thus, in addition to the greater accuracy
      afforded by a high-speed digital computer, the substantially reduced
      computation time, the elimination of artifacts and the automatic
      incorporation of correction factors, the present invention has significant
      operational advantages over the prior art.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment accompanied by the attached drawing wherein identical
      reference numerals will refer to like elements in the various views.
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PAC  THE DRAWING
PAR  FIG. 1 is a functional block diagram of an automatic computing tonometer
      system incorporating the present invention;
PAR  FIG. 2 is front view of a console and keyboard used with the present
      invention;
PAR  FIG. 3 illustrates a representative tonograph;
PAR  FIGS. 4A-4C comprise a detailed functional block diagram of the system;
PAR  FIGS. 5A-5B are detailed flow charts illustrating the programming of the
      computer used in the present invention;
PAR  FIG. 6 is a diagrammatic sketch illustrating the visual signals on the
      tonometer handpiece; and
PAR  FIG. 7 is a table illustrating the various test readings, other test
      parameters, and computer results, together with their associated storage
      locations.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before turning to the details of the system, it is felt that an
      understanding of the invention will be facilitated if the overall system
      operation and functioning are understood, together with the desired
      results. Turning first to FIG. 3, there is shown a typical tonograph
      represented by the wavy dark line T. In this graph, the abscissa is time
      and the ordinate is tonometric units which, in the illustration, increase
      in a downward direction so as to be inversely related to pressure. As will
      be discussed more within, the graph T is a measure of plunger displacement
      in a conventional tonometer transducer after the output signal has been
      converted to analog form. The present system takes tonometer readings at
      four different times, these are indicated as R1, R2, R3 and R4
      respectively in FIG. 3. R1 is the initial reading--that is, it is taken
      when the test is begun, which as will be discussed, in the present system
      is when the circuitry detects that the tonometer transducer has engaged an
      eye being tested. The value at R2 is taken at a time after which any
      preliminary artifact, such as an elevated intraocular pressure due to
      anxiety, has subsided. This may vary depending upon experience, but a
      reading at about 15 seconds to 45  seconds after test intiiation would be
      useful without unduly prolonging the test. In other words, R2 is the first
      test reading under normal circumstances without anxiety or squeezing; and
      for purposes of illustration it has been taken to be 0.25 minutes after
      start.
PAR  The reading at R3 is the final test reading, and if current practice is
      followed, this reading will follow the reading at R1 by four minutes. One
      of the features of the present invention, however, is that the reading at
      R3 may be advanced or adjusted according to the clinician's desire. The
      reading at R4 is a non-standard reading which is taken 4 minutes after R2.
      It is taken primarily as a safety measure and may be used, for instance,
      when it is thought that the preliminary portion of a test reading may have
      been rendered useless for some reason or other.
PAR  The four readings R1, R2, R3 and R4 are collectively referred to as the
      "test measurements". The test measurements, together with data indicating
      the corneal curvature, ocular rigidity, and aplanation reading
      (collectively referred to as the "other test parameter") are used to
      compute the end results--namely, intraocular pressure (P0), the
      coefficient of flow or C value (CV), and the flow value (FV).
PAC  OVERALL SYSTEM DESCRIPTION
PAR  Referring now to FIG. 1, reference numeral 10 generally designates a
      tonometer transducer which generates an electrical signal, the phase of
      which represents the displacement of a plunger from an initial location.
      The displacement occurs as the weight of the plunger indents an eyeball
      upon which the transducer is placed in test position. This phase modulated
      signal is fed to analog circuitry 11 which generates an output signal
      having an amplitude which is representative of the displacement of the
      plunger, and the amplitude signal is similar to the graph T in FIG. 3
      which is a recording of the output of the analog circuitry 11.
PAR  An analog-to-digital converter 12 receives the output signal of the analog
      circuitry 11 and converts it to digital form, more particularly, to binary
      coded decimal form wherein the four most significant decimal digits are
      individually converted to binary representation. The system may easily
      accommodate more decimal places for greater accuracy, if desired. The
      binary coded decimal signals are temporarily stored in a Buffer Register
      13, the output signals of which are connected to one side of a Comparator
      Circuit 13A and to an Input/Output Register 14. The Comparator Circuit
      compares the output of the buffer register 13 with the output of the
      Input/Output Register 14, the former representing a current reading and
      the latter representing the immediately previous reading. The output of
      the Comparator Circuit 13A is a signal which is present only when the two
      input words are identical, thereby indicating that two successive
      tonometer readings are equal. This is taken as an indication that the
      tonometer plunger is stuck, and a signal is transmitted to the handpiece
      control logic, generally designated in the block 15 to generate a signal
      which is readily visible to the operator while conducting a test to
      indicate that the plunger may be stuck.
PAR  The output signals from the Input/Output Register 14 are stored in
      predetermined locations in a Random Access Memory 17. The storage
      locations within the Random Access Memory 17 are determined by a RAM
      Address Latch 18 and associated circuitry which includes a Read/Write
      Flip-Flop for determining whether the data signals are being written into
      memory or retrieved from memory. As will be explained in more detail
      presently, drive gates 19 control the address latch 18 for addressing
      locations within the Random Access Memory (RAM) 17.
PAR  The output signals of the RAM 17 are coupled to a visual display unit 20
      and to a Central Processing Unit 21 which contains the arithmetic and
      logic circuitry for computation and decision making. A Master Control
      Memory 22 contains the instructions for controlling the operation of the
      system, and these are fed to the Central Processing Unit 21. The timing
      for the execution of the instructions is determined by a Master Program
      Counter 23 which is initiated and started by a Clear Flip-Flop 24, and
      more particularly, the Q output thereof. The Q output of the Clear
      Flip-Flop 24 also initiates the Read/Write Flip-Flop associated with the
      Address Latch 18 for setting the Random Access Memory 17 to a READ
      condition, whereby the system is set to store new data from a test.
PAR  Turning now to the upper left-hand portion of FIG. 1, a Master Control
      Switch 25 is manually actuated by the clinician or technician taking the
      test to control the acquisition of test data, to feed information into the
      system, and to perform other test and control functions, as will be
      discussed. For example, prior to each test, the Master Control Switch will
      be set to a "clear" position for actuating the Clear Flip-Flop 24 to
      generate a signal on its Q output to reset the Master Program Counter 23,
      to initialize the Central Processing Unit 21, to reset the Address Latch
      18 and place the Read/Write Flip-Flop in a WRITE state. As this time, a
      signal is also generated by the Master Control Switch 21 to inhibit a gate
      circuit 27 from communicating the output of a 60 Hz. Clock 28 to the input
      of a Real Time Clock 29. A second inhibit input of the Gate Circuit 27 is
      received from a minimum current detector 30 which receives the output
      signal of the analog circuitry 11 as presently discussed.
PAR  In the next two positions, the Master Control Switch 30 enables the
      clinician to calibrate the analog circuitry 11. This will be discussed in
      further detail when the analog circuitry is disclosed further. Next, the
      Master Control Switch (which is controlled by a knob 32 in FIG. 2) is set
      to positions for respectively entering data representative of corneal
      curvature and ocular rigidity for the subject under test. The actual
      settings are made by switches controlled by the knobs 33 and 34
      respectively. The knobs 32, 33 and 34 are located on a faceplate panel P
      of a console generally designated 35 for housing the electronic circuitry.
      A keyboard generally designated 36 is coupled to the circuitry by means of
      a cord or cable 37, and it may be located as remotely as desired for
      convenience.
PAR  The panel P may be of a translucent material with an opaque packing except
      for two lines indicated in dash at 40 and 41. Continuous lines will be
      illuminated at the location indicated by 40 and 41 respectively when the
      Master Control Switch knob 32 is turned respectively to the "corneal
      curvature" and "ocular rigidity" positions, thereby indicating to the
      clinician that data has to be entered respectively by the knobs 33, 34.
PAR  Returning now to the functional block diagram of FIG. 1, the knob 33
      controls a Corneal Curvature Switch 33A, and the knob 34 controls an
      Ocular Rigidity Switch 34A, both of which feed a correction memory 44 for
      generating binary coded decimal words coupled to the Input/Output Register
      14 along a first bus 45 and for transmitting address information to the
      drive gates 19 along a second bus 46. Next, the Master Control Switch Knob
      32 is set to a position indicating the weight of the plunger being used in
      the tonometer transducer 10 which, as indicated, may be 5.5, 7.5 or 10
      grams since these are the three most common weights presently used. A
      heavier weight would be employed, if it were known that the ocular
      rigidity or intraocular pressure of the eye of the patient under test were
      relatively high. Persons skilled in the art are already familiar with
      these types of judgments which are made with conventional tonometers and
      tonographers.
PAR  The transmission of pulses from the 60 Hz. Clock 28 to the Real Time Clock
      29 are no longer inhibited by the Master Control Switch 25, but by the
      minimum current detector 30. When the tonometer transducer is placed in
      test position on an eye, the upward movements of the plunger will cause
      the analog circuitry 11 to generate an output signal which, in turn, will
      be sensed by the minimum current detector 30 to enable the gate circuit 27
      to transmit clock pulses to the real time clock 29, and this initiates
      data acquisition by advancing the Master Program Counter 23 which had been
      enabled by the previously received pulse from the Clear Flip-Flop 24,
      discussed above. The system then makes the tonometer measurement. That is,
      the analog circuitry 11 generates a signal having an amplitude
      representative of plunger displacement as discussed. This signal is
      periodically converted coded decimal signals, depending upon the sampling
      rate of the analog-to-digital converter 12, and at the times indicated,
      the binary coded decimal values are stored for the readings R1, R2, R3 and
      R4. These signals are stored at locations in the Random Access Memory 17.
      In between readings, the comparator circuit 13A monitors successive
      samples and signals the operator via handpiece control logic 15 if the
      plunger gets stuck. Alternatively, the readings R1, R2, R3 and R4 may be
      entered into the system by means of the keyboard panel 36 which transmits
      the data to the Input/Output Register 14 along bus 36A and the address
      information along a bus 36B to an Address Encoder 50, the output of which
      feeds the drive gates 19.
PAR  With all of the test measurement data stored in the Random Access Memory
      17, together with the other test parameters of corneal curvature (CC),
      ocularity rigidity (OR) and aplanation reading (AR), the clinician may now
      have any of the required end results computed by pushing respectively any
      one of the pushbuttons 51 for interocular pressure (P0), 52 for the
      coefficient of flow value (CV), or 53 for the flow value (FV). The Central
      Processing Unit 21 makes the required computation under control of the
      Master Control Memory 22 and transmits the results back to the
      Input/Output Register and stores the results in an appropriate location
      (as determined by the Drive Gates 19 and Address Latch 18) in the Random
      Access Memory 17. The results are displayed on the visual Display Unit 20,
      as seen in the upper right-hand corner of the panel P of FIG. 2.
PAC  TONOMETER TRANSDUCER
PAR  Turning now to FIG. 4A, the Tonometer Transducer 18 is seen in more detail
      as comprising a handpiece handle 60 which supports a retainer ring 61
      which holds a footplate 62. A bifilar coil including a first winding 63
      and a second winding 64 are held by the footplate 62, and a movable
      plunger 65 is slidably received in the footplate 62.
PAR  The lower portion of the footplate 62, designated 66, has a concave surface
      for engagement with the cornea of an eye under test. It will be observed
      that when a test is not being conducted, the plunger 65 is in its
      lowermost position, under force of gravity, with a shoulder 68 engaging
      the top of the footplate 62 and acting as a stop. When the concave surface
      66 of the footplate 62 is placed on an eye under test, the plunger is
      immediately moved to its uppermost position relative to the test block,
      and thereafter gradually begins to indent the eye, being displaced from
      its uppermost position. The magnitude of the signal from the base line in
      FIG. 3 is, therefore, proportional to displacement from the lowermost
      plunger position, but the tonometric units are measured in terms of
      displacement from the uppermost position. Calibration is achieved by
      placing the transducer on a standardization glass block diagrammatically
      illustrated at 70.
PAR  The lower position of the plunger 65, as is known in the art, is provided
      with a ferrite slug, and the winding 64 is energized with a 60 Hz.
      voltage. The relative position of the plunger 65 (and particularly the
      ferrite core contained therein) effects a change in the phase of the
      voltage induced in the secondary winding 63. As the plunger indents the
      cornea, its downward travel brings about a phase shift in the voltage at
      the secondary winding 63. This signal is fed through a phase shift bridge
      72 which comprises a part of the analog circuitry 11 of FIG. 1, which
      analog circuitry is enclosed within the closed dashed line 11a in FIG. 4A.
      The output of the phase shift bridge 72 is coupled to an AC operational
      amplifier 73, the output of which is fed to a gain control circuit 74, and
      in turn, to a phase detection circuit 75. As illustrated, the gain control
      circuit 74 may be a potentiometer.
PAR  Further details containing the analog circuitry just described may be
      obtained from co-owned U.S. Pat. 2,519,681, of M. Mages, entitled
      "Tonometer Head" issued Aug. 22, 1950. The resulting analog signal from
      the phase detection circuit 75 has an amplitude which is representative of
      the displacement of the plunger 65 from its lowermost position. This
      signal may be recorded on an analog recorder 78 which is switched into
      circuit by means of a record data switch generally designated 79. Also
      enclosed within the analog circuitry 11 is a Zero Set Control Circuit 80.
      This circuit, together with the Gain Control Circuit 74 which is referred
      to as a "Seven Set Control" are arbitrary settings known in the art for
      calibrating the tonometer transducer over a linear range. These
      calibrations correspond to the respective tonometric units. The zero
      position calibration is made with the tonometer head placed on a
      standardization glass block 70 referred to as a 16 mm. test block. In the
      present system, this calibration is made with the Master Control Switch 25
      in the "Zero Set" position, the circuit 80 being actuated along line BB.
      It will be observed that FIGS. 4A-4C, taken together, comprise a complete
      detailed functional block diagram; and when a signal line extends from one
      of these drawings to the other, it is indicated by a double capital
      letter, such as BB. The tonometer handpiece handle 60 is provided with two
      light-emitting diodes (LEDs), designated respectively 82 and 83, and
      comprising a green and red LED. The LEDs 82, 83 generate visual signals on
      the top end of the handpiece handle 60 for displaying the status of the
      system and the test to an operator without diverting his attention from
      the test--that is, while the transducer 10 is in testing relation to an
      eye. The LEDs 82, 83 are energized by the handpiece control logic of block
      15 of FIG. 1 and enclosed within the dashed line 15a of FIG. 4A, which
      will be discussed below.
PAR  The "zero" setting discussed above represents a start or initial position
      assumed by the plunger 65 when it is placed on the standardization block
      70. This position corresponds to an output current of the Phase Detector
      Circuit 75 of approximately one millamp. The "seven set" position
      corresponds approximately to the midpoint of the position of the plunger
      65 in its downward travel; and the corresponding current from the phase
      detector circuit 75 is approximately one-half milliamp. In general, there
      is a linear relation between the tonometer scale readings up to ten units
      (FIG. 3) and the output analog current of the Phase Detector Ciricuit 75.
      The magnitude of the output analog current decreases with the vertical
      position of the plunger 65, that is, the output current is at a maximum
      when the plunger 65 is in its uppermost position and the output current is
      at a minimum when the plunger 65 is at its lowermost, but the tonometric
      numbers increase.
PAC  DIGITAL SUBSYSTEM
PAR  The output analog signal from the Phase Detector Circuit 75 is fed to the
      input terminal of the Analog-to-Digital Converter 12 which may have a
      sampling rate of 60 cycles per second. As mentioned, the Analog-to-Digital
      Converter generates signals representative of the four most significant
      decimal digits in the illustrated embodiment, and each of these is
      converted to BCD representation. Hence, the output signals of the
      Analog-to-Digital Converter 60 are coupled by means of four separate
      four-bit buses 85a-85d to the input of the Buffer Register 13.
PAR  The Buffer Register 13 (which may comprise two 8-bit latch circuits such as
      those sold by Texas Instruments Incorporated of Dallas, Tex., under the
      designation SN 74100 integrated circuit) is enabled by a clock pulse along
      the line E from the A/D converter when the A/D Converter has data pulses
      to transmit to it. The Buffer Register stores a receiver digitalized word
      for one clock period, the clock pulses being received, the Real Time Clock
      29 for both the A/D Converter 12 and Buffer Register 13. It may be cleared
      by a single clock pulse. As the next clock period, the word being stored
      in Buffer Register 13 is transmitted via bus II to the Input/Output
      Register 14 (FIG. 4B) which feeds the RAM 15, as discussed. This word is
      stored at the input of the Input/Output Register 14, but not transmitted
      to the output until it, in turn, is enabled. The Input/Output Register 14
      is structurally similar to the Buffer Register 13 except in the manner in
      which it is cleared. The Buffer Register Comprises two 8-bit latch
      circuits with clear, such as those manufactured by Texas Instruments
      Incorporated of Dallas, Tex. under the designation SN 74116. That is, the
      latch circuits are arranged in series with two bistable circuits for each
      bit. An incoming bit is transferred to the first latch circuit, and a
      subsequent clock pulse transfers that bit to the output latch. It is
      sometimes referred to as a "dual quad latch" or 8-bit latch. The Buffer
      Register differs from the Input/Output Register principally in that the
      former can be cleared directly by the Clear Flip-Flop 24. The Input/Output
      Register 14, on the other hand, receives the output signals of the Buffer
      Register 13; and it is cleared when the cleared output (all 0's) of the
      Buffer Register are transmitted to its output stage.
PAR  The output signals of the Input/Output Register 14 are also coupled by
      means of a sixteen-bit parallel bus HH to one input of the Comparator
      Circuit 13A. The Comparator Circuit 13A may comprise four four-bit
      magnitude comparators such as those sold under the designation SN 7485 by
      Texas Instruments, Inc. Each individual comparator receives two four-bit
      inputs and generates an output signal only when the inputs are identical.
      The comparator 66 also receives, at its other input, the output of the
      Buffer Register 13, as discussed. The function of the Comparator Circuit
      13A is to generate an output signal at the lead 87 when the signals stored
      in the Buffer Register 13A are identical to those stored in the
      Input/Output Register 14. Since these two words comprise time sequential
      samples from the A/D Converter 12, the equality signal generated on line
      87 by the Comparator circuit indicates that the plunger 65 is not
      indenting properly, as will occur if it sticks. It will be appreciated
      that normally the plunger will ride up and down with the fluctuating blood
      pressure within the eyeball caused by a heartpulse with an overall down
      trend so that no two sequential samples are identical undernormal
      operating conditions. The lead 87 is coupled to the Handpiece Control
      Logid 15, the function of which will be discussed later.
PAR  In brief summary of the operation of the digital sub-system thus far
      described, the A/D Converter 12 generates BCD output signals of four
      bytes, each having four bits and sometimes collectively referred to as a
      "word". These are loaded sequentially into the Buffer Register 13 and
      thence fed to the comparator 13A. At the same time, the output words of
      the Buffer Register 13 are loaded sequentially by means of enable signals
      into four display sections 14A-14D associated with the Input/Output
      Register 14 and each representing a separate digit. The Input/Output
      Register 14 is also the point at which external data is entered into the
      system from the Keyboard Panel 36, as will be discussed.
PAR  The output signals of the Input/Output Register are coupled directly to the
      data input leads of the Random Access Memory 17 (RAM). The RAM 17 may
      comprise four nondestructive read-out transistor-transistor logic (TTL)
      array of flip-flop memory cells, such as type SN 7489, sold by Texas
      Instruments Incorporated. Such elements are designated respectively 17A,
      17B, 17C and 17D. Each memory element is a 64-bit Read/Write Memory
      wherein the memory cells are flip-flop circuits. Each memory element is
      organized into 16 words of four bits each. Thus, the entire RAM is a 16
      .times. 16 matrix, each memory element associated with a different digit
      display section 14A-14D of the Input/Output Register 14. Buffer Memory
      Inputs comprise four address lines (received from the RAM Address Latch
      18A in FIG. 4B), for data inputs (received respectively from the section
      14A-14D of the Input/Output Register 14) a Read Enable signal (the Q
      output of Read/Write Flip-Flop 18B), and a Write Enable signal (the Q
      output of Flip-Flop 18B). This permits the RAM 17 to be controlled for the
      entry and access of data. For reading the memory, once the address signals
      (for one of the 16 addresses) appear in binary form at the output of the
      RAM Address Latch 18A, and the address is decoded, the contents of that
      address only appear at the output lines of the RAM 17. The 16 output lines
      are again organized into four decimal digit locations, and these are
      denoted respectively 17a, 17b, 17c and 17d. The output lines 17a-17d are
      connected respectively to four digit locations 20A-20D of the Visual
      Display Unit 20, in order of decreasing significance. Immediately to the
      left of the digit display unit 20A is an algebraic sign indicator 20E,
      which may be fix-wired to indicate a "plus" sign permanently, since no
      negative numbers are encountered.
PAR  Each of the digit display units 20A-20D may be of the type sold under the
      designation MDA 6101, and the Digit Display Unit 20E may be of the type
      MDA 6001, sold by Monsanto Electronics Special Products, Cupertino, Calif.
      95014. The two remaining display sections, identified respectively as 20F
      and 20G, display the label for the numeric information being displayed at
      the same time. A list of the test measurements, other test parameters and
      computed results stored in the RAM 17, and the associated labels and
      binary code is illustrated in FIG. 7. The two display untis 20F and 20G
      are 5 .times. 7 dot matrices of individual light-emitting diodes for
      displaying alpha-numeric symbols. Units such as those sold by Monsanto
      Electronics Special Products under the designation MDA 111 may be used for
      the display sections 20F and 20G. Each of the display units 20A-20D
      includes a light-emitting diode read-out display having its own BCD to
      7-digit decoder and driver; and the units 20F and 20G are BCD to alpha
      characters, also with decoder and driver.
PAR  The output signals of the RAM 17 are also fed by means of bus LL to the
      Central Processing Unit 21 (FIG. 4C) for processing, as will be described
      later.
PAR  In summarizing the operation of the Random Memory Section, the RAM Address
      Latch 22 determins whcih of the 16 addresses or words of the RAM 17 is to
      be accessed for reading or writing. Each of these addresses or words of
      the RAM 17 may be thought of as extending into the plane of the page with
      wach address location being in a different plane parallel to the plane of
      the page. Hence, when a single address location is addressed all 16 bits
      for that address location appear on the output liens 17a-17d. That is, the
      same address location is selected for each of the four side-by-side bytes
      of the memory section 17A, 17B, 17C and 17D. The RAM Address Latch 18A
      includes an input labelled E for "enable" which is fed from the Master
      Control Memory 19 (FIG. 4C) along the line NM.
PAR  Once a particular address location (of the 16 available) is selected by the
      RAM Address Latch 18A, the state of the Read/Write Flip-Flop 18B
      determines whether the system will read out of the RAM 17 (Q output true)
      or right into the RAM 17 Q output true). As mentioned, the RAM 17 is a
      non-destructive memory, although the invention is not so limited.
PAR  Information being written into the RAM 17 is received from the data lines
      comprising the output lines of the Input/Output Register 14, as discussed.
      The output signals of the RAM 17 are fed directly to the individual
      display units 20A-20D where they are decoded and generate corresponding
      digital display signals. As mentioned, the Display Unit 20E is fix-wired
      to display a plus sign. The output signals of the RAM Address Latch 18A
      are fed to a label encodes 93 which decodes the incoming four-bit signal
      into an appropriate label as indicated in FIG. 7, and generates the
      corresponding binary coded signal to each of the inputs of the Display
      Units 20F and 20G. The label encoder 93 may be conventional diode decoding
      matrix or it may employ transistors for encoding and driving. Thus, the
      label encoder 93, together with the Unit Display Sections 20F and 20G
      informs the clinician of the reading, parameter or measurement whose value
      is being displayed in the remaining five display units 20A-20B. For
      example, if the third byte location is being read from the RAM 17, the
      label encoder 93 generates two sets of signals which uniquely display the
      alpha-numeric term R3, for example, in the units 20F and 20G respectively
      so that the operator knows that the value being displayed in the units
      20A-20D is the value for R3.
PAR  The RAM Address Latch 18A receives its input signals from the Drive Gates
      19, comprising four individual NAND gates designated respectively 19A,
      19B, 19C and 19D. This enables the addressing from three separate
      locations: (1) the Master Control Memory 22 via bus lines MM (FIG. 4C),
      (2) the Correction Memory 44 via four individual lines comprising bus KK
      (FIG. 4C), and the Address Encoder 50 (FIG. 4B) which enables input data
      to be fed into the system via keyboard panel 36 (FIGs. 1 and 4B). The
      encoder 50 may also employ conventional diode logic, as is known in the
      art.
PAR  The Master Control Memory 22 may be a READ ONLY memory; and it contains the
      instructions which are executed by the Central Processing Unit 21. The
      instruction signals are communicated to the Central Processing Unit 21 by
      means of bus 94. Since certain of the instructions call for reading or
      writing into the RAM 17, address information from the Master Control
      Memory 22 is transmitted along the four bus lines MM from FIG. 4C to the
      drive gates 19 of FIG. 4B. In addition, a READ/WRITE enable signal is
      transmitted along line NN to the READ/WRITE Flip-Flop 18B in FIG. 4B.
PAR  The instructions are sequenced according to the program as originally
      placed in the Master Control Memory 22, but the sequencing or indexing is
      caused by the Master Program Counter 23 which is stepped along by the Real
      Time Clock 29 (FIG. 4A) along line GG. The Master Program Counter 23 may
      be reset or cleared by the Q output of the Clear Flip-Flop 24 (which also
      clears the program READ ONLY Memory of the Central Processing Unit 21, as
      illustrated.
PAC  CENTRAL PROCESSING UNIT (CPU)
PAR  The CPU 21 may be, but need not necessarily be, a computer sold under the
      designation PPS 25 by Fairchild Semiconductor of Mountainview, Calif. The
      CPU includes an Arithmetic Unit 21A in which a plurality of predetermined
      arithmetic or logical functions such as adding, dividing, subtracting,
      table look-up, etc. may be performed. Input data is received from the RAM
      17 via 16-bit bus LL (FIG. 4B), and stored in Input Encoder 21B.
      Instructions are received from the Master Control Memory 22 and decoded in
      an Instruction Generator 21C. The resultants or outputs are then
      transmitted to an Output Buffer and Control Unit 21D, and coupled via bus
      PP directly to the signal inputs of the RAM 17 (FIG. 4B). The CPU also has
      a Master Program Counter which is driven by the Real Time Clock in the
      illustrated embodiment, and Look-Up Read Only Memories 21E which are
      internal to the CPU and used, for example, to perform the various
      individual steps required for each of the arithmetic functions capable of
      being performed within the unit.
PAC  MANUAL CONTROL CIRCUITRY
PAR  Turning now to the Master Control Switch 25 at the upper left-hand portion
      of FIG. 4C and as seen on the face-plate panel P of FIG. 2, it comprises a
      multi-deck rotary switch, one secondary deck being designated 25A. The
      second deck 25A is used to generate an inhibit signal (discussed
      presently) which is transmitted via line DD to one inhibit input of the
      gate circuit 37 of FIGS. 1 and 4A. Following in clockwise sequence are
      positions for OFF, CLEAR, ZERO SET and SEVEN SET which have all been
      explained except for the OFF position which is self-explanatory. The
      positions following the SEVEN set are labelled respectively CC and OR.
      These two positions are used respectively to enter the selected values of
      Corneal Curvature and Ocular Rigidity. These two values are selected by
      means of the knobs 33 and 34 in FIG. 2 which, in turn, control rotary step
      switches schematically shown respectively at 100A and 101A in FIG. 4C.
PAR  In either case, as will be discussed below, a first set of signals
      representative of the selected value of the parameter is coupled to the
      Correction Memory 44 and thence to the Input/Output Register 14 via bus JJ
      (FIG. 4B) for storage in the appropriate address location of RAM 15. A
      second set of signals, comprising fixed signals, represent the respective
      addressed into which the value data is to be stored in the RAM 15. The
      address information is generated by the Correction Memory 44 and fed to
      previously described Drive Gates 19 along bus KK.
PAR  Controls 100A and 101A, located on the front panel, are included as a
      convenience and must be relied upon in the absence of an external keyboard
      to input correction data for Corneal Curvature and Ocular Rigidity. The
      input correction factors from these controls is limited to the
      predetermined values labeled on the front panel. Should a more precise or
      intermediate correction figure be required, either of these two controls,
      or both, can be placed in the "enter data" position which effectively
      disables the automatic generation of a corresponding correction factors,
      and allows the corresponding RAM address to be directly accessed and
      programmed by the external keyboard. The CC, OR switches on the external
      keyboard address the Random Access Memory to the proper corresponding
      location for input of a specific correction factor for Corneal Curvature
      and Ocular Rigidity respectively. The function or the AR (applanation
      reading) serves a similar function.
PAR  When the Master Control Rotary Switch 25 is positioned in the CC position,
      a lamp 105 is also illuminated; and this lamp is located behind the
      translucent line 40 in the faceplate panel P in FIG. 2, connecting the CC
      position from the Master Control Switch to the knob 33 which sets the
      value for corneal curvature. This lamp also illuminates the various values
      that are capable of being set by the knob 33. Similarly, a lamp 106 (FIG.
      4C) illuminates the second translucent line 41 interconnecting the
      position OR on the Master Control Rotary Switch and the knob 34 for
      setting a selected value of Ocular Rigidity, again, the particular values
      capable of being selected by the knob 34 also being illuminated.
PAR  The next position for switch 25, designated "KEY", is the position in which
      data may be manually entered into the system by means of the external
      keyboard 36. A ground is supplied by switch 107 along line AA to the
      keyboard switches of FIG. 4B, to be discussed below.
PAR  It will be recalled that an inhibit signal is generated by the second deck
      25A of the switch 25. Such signal is generated when the switch 25 is in
      positions CLEAR, ZERO set and SEVEN set. The Gate Circuit 37 is a
      three-input NAND gate, and one signal input is the output of the 60 Hz.
      clock 27.
PAR  Turning now to the final three positions of the Master Control Rotary
      Switch 25, they are generally designated by reference numeral 108, and
      these comprise the three settable positions for selecting the test weight
      (i.e., weight of plunger 65), which informs the CPU 21 as to which weight
      value is being used during the test to indent the eye. These three
      positions are separate locations, as seen in FIG. 4C for the respective
      switch settings; and it will be appreciated that more weight positions
      could be used.
PAR  The selected weight value positions are wired directly to the CPU Input
      Encoder 21B by means of a bus generally designated 109. Having received
      the proper data for the selected weight, the system is now set up for
      making a computation if desired.
PAR  Assuming that the system is operating in the "normal" or "running"  test
      mode, it will be observed that when the switch 25A is turned clockwise
      beyond the SEVEN set position, one inhibit input on the Gate Circuit 37
      has been removed, but the Real Time Clock 29 is not yet running because
      the second inhibit input, received from the Minimum Current Detector 30 is
      still a ZERO signal--indicating, by virtue of less than a minimum current
      in the output of the phase detector 50, that the tonometer plunger 65 is
      fully extended, and resting on the shoulder 68. This, in turn, indicates
      that the transducer is not contacting the eye. A test begins when such
      contact is made by removing the inhibit signal from gate 37 and permitting
      clock pulses to be transmitted from the 60 Hz. Clock 27 to the Real Time
      Clock 29. The Minimum Current Detector 30 may incorporate conventional
      threshold circuit such as a Schmitt Trigger Circuit.
PAR  The Minimum Current Detector 30 has as its principal functions inhibiting
      operation of the Real Time Clock 29 until the Tonometer Transducer 10 is
      properly placed on the eyes, and terminating data acquisition at the end
      of a test. The first function is to be distinguished from the ZERO set
      position which is used to indicate that the plunger is in the upward
      position and to set the output current of the Phase Detector Circuit 75 to
      a normal one milliamp value. The clock is inhibited along the line DD when
      the switch 25A is in the ZERO set position in order to enable the operator
      to standardize the output signal of the phase detector 75. As the switch
      25 is moved to the other, non-inhibiting positions, starting of the system
      computation is inhibited until contact is made with the eye under test by
      means of the transducer 10. As discussed presently, the Handpiece Control
      Logic 15 is also fed by the Minimum Current Detector 30; and this signal
      eventually energizes the green LED 82 in the top of the handpiece 60.
PAC  HANDPIECE DISPLAY AND CONTROL LOGIC CIRCUITRY
PAR  As seen in FIG. 4A, the Minimum Current Detector 30 also feeds an Inverter
      Circuit 120 in the Handpiece Control Logic Circuitry which in enclosed
      within the dashed line 15a. The output of Inverter 120 feeds one input of
      a NOR gate 121A which feeds cathode of the green LED 82 through a resistor
      124. The other input of NOR Gate 121A is received from an AND Gate 127.
      Two inputs of the AND Gate 127 are received respectively from the
      comparator circuit 13A through an Inverter Circuit 128, and from the
      flasher circuit 122, which may be an astable multivibrator circuit
      triggered by the Real Time Clock 29. Ultimately, the Equality Signal on
      line 87 from Comparator 13A will, through the circuitry shown, energize
      the green LED 82 in the top of the handpiece 60. This light could either
      be flashing or continuous, as will be explained.
PAR  Still referring to FIG. 4A, reference numeral 130 denotes an Inverter
      Circuit which feeds NAND Gate 132, the other input of which is received
      from an AND Gate 131. The output of the NAND Gate 132 is connected by
      means of a resistor 134 to the cathode of the red LED 83. One input to the
      AND Gate 131 is received respectively from the Q output of the Clear
      Flip-Flop 24 (FIG. 4C) along line EE. The other input is received from the
      output of an Excessive Equality Circuit, designated by reference numeral
      135 which is a sequential digital counter which counts the number of
      "equality" pulses received from the comparator 13A along line 87. Upon
      summing a predetermined number of such equality pulses, it will generate
      an output signal indicating that there is sticking of the plunger weight
      to such an extent that it will interfere with the results of the test.
PAR  The Inverter Circuit 130 is fed by an Exclusive OR Gate 136. One input of
      Gate 136 is received from AND Gate 137 and the other is received from AND
      Gate 138. The Gate 137 receives a signal from the Program Read Only Memory
      along line JJ through an inverter 139, which signal feeds the Gate 138
      directly. The other inputs of Gates 137, 138 are received respectively
      from the 4.0 minute and 4.25 minute outputs of the Real Time Clock 29. The
      circuitry just described signals the end of a data acquisition period
      which, of course depends on whether the Central Processor has determined
      the presence of an artifact which will extend the test period the
      additional time of 0.25 minutes.
PAC  OPERATION OF HANDPIECE VISUAL INDICATORS
PAR  Normal operation prior to initiation of a test is indicated by both the red
      and the green LED lights 82, 83 being out. This indicates that the
      computer is clear and is illustrated on the top line LL1 of FIG. 6. When
      the handpiece is applied to an eye, the Minimum Current Detector 30
      generates a signal which enables NOR gate 121A to pass a flashing signal
      (initiated by the 1 Hz. signal from the Real Time Clock 29) to flash the
      green LED, see LL3 of FIG. 6. This will continue during a normal test,
      unless it is overridden by the occurrence of an equality signal which will
      disable the AND Gate 127 via Inverter Circuit 128 and thereby inhibit the
      flashing signal from passing through, as indicated by line LL4. In this
      situation, the green light will be on continuously (state 4). If this
      state continues for a predetermined time, the Excessive Equality Circuit
      135 generates an output signal (by virtue of having received too many
      equality signals), then the system passes to LL5 wherein the red LED
      flashes. The output of the Excessive Equality Circuit is derived from a
      free-running multivibrator to cause the red flashing.
PAR  Returning to state LL3, wherein the test is progressing normally, when a
      4.0 or 4.25 minute output signal is generated by the Real Time Clock 37
      (depending upon whether the computer has detected an artifact or the
      operator has specified the extended test period), the red LED 83 will be
      energized continuously (state LL6), indicating that the test period is
      over and the test has been successfully completed, but the gathering of
      information continues because the handpiece has not been removed from the
      eye. As soon as the handpiece is removed from the eye, the output of the
      minimum current detector 40 goes to zero, thereby disabling the green
      light completely, and it goes out; but the red light remains steadily lit
      (LL7) because the Clear Flip-Flop 24 (FIG. 4C) is in a Q state. The Clear
      Flip-Flop 24 will remain in this state until all data is cleared by means
      of the Master Control Switch 25.
PAR  If the system is in state LL7 and the normal clear positions are not
      effected by the operator to achieve state LL1, the red light stays on, but
      as s-on as the Minimum Current Detector is attached, the green light will
      flash, thereby placing this system in state LL2 of FIG. 6 and indicating
      to the operator that a test is in progress and everything is otherwise
      normal but the computer has not been cleared and that old data is still
      stored in the computer. This is an important advantage because the data
      stored in the computer may still be useful for the records of the subject
      just tested (not the new subject), and the operator is thus alerted to
      that fact. The Real Time Clock would not have been reset, and the system
      is not set up for a test because the program counters, etc. will also not
      have been reset.
PAC  KEYBOARD ENTRY OF DATA
PAR  Turning now to the external keyboard 36, it includes a conventional
      numerical keyboard section 140 (FIG. 4B), a BCD Encoder 141, and a
      plurality of manually actuated address switches, generally designated by
      reference numeral 142.
PAR  In order to enable the loading of data into the Input/Output Register 14 by
      the keyboard 140, there is provided an Input Pointer and Control indicated
      by the block 143 which receives strobe and clock pulses from the external
      keyboard 140. The keyboard 140 enables a person to load information into
      the system manually by pressing the keys which are representative of
      numbers, each key closing a switch when depressed. The Input Pointer and
      Control 143 (which may be a "count four" circuit of bistables) steps an
      enable signal sequentially along the four decimal digit sections 14A-14D
      of the Input/Output Register 14 to supply sequential enable pulses for
      loading those digit sections individually. The keyboard also has an erase
      key for correction of input errors. It will be recalled that the A/D
      Converter 12 generates all four BCD digits simultaneously for loading into
      the Input/Output Register 14.
PAR  The adress switches 142 are each associated with a different parameter,
      meausrement or calculated result of the system. Thus, each of the switches
      142 is directly wired to an input of a RAM Memory Address Encoder 50.
      There is one of the switches 142 associated respectively with each of nine
      parameters indicated in FIG. 7. In addition, there are four switches
      143-146 located on the faceplate panel P of FIG. 2, as distinguished from
      the keyboard panel 36. These switches are associated respectively with the
      remaining parameters and test results, and they represent respectively the
      calculated results T1 and T2 (collectively labeled TM and controlled by
      switched 143), FV (i.e., the Flow Value-Switch 144), CV (the coefficient
      of flow, switch 145), and P0 (the intraocular pressure, switch 146). The
      designator TM represents both parameters T1 and T2 (switch 143) and this
      switch signal is fed to a flip-flop 147 which converts it to a toggle
      signal so that the signals T1 and T2 may be transmitted alternately and
      exclusively along the lines which have been so designated to the RAM
      Memory Address Encoder 50.
PAR  Switches P0, FV, and CV as well as TM serve a dual purpose in that upon
      depression, each selects the corresponding address for P0, FV, etc., which
      enables the system to write into and concurrently read out data from the
      addressed location. Simultaneously, with the enabling of the corresponding
      computer address, the CPU reprocesses, computes and restores the
      information into the same address after processing. For example,
      depressing the P0 switch would allow the operator to input a P0 if nothing
      exists at that address. But once that data has been entered into the RAM,
      deparessing the same switch reprocesses all the information, redeposits it
      and makes correct corresponding RAM address and consequently displays it
      on the readout. The signal for starting computation is generated in the
      RAM Memory Address Encoder 50 (FIG. 4B) and coupled to the CPU Program ROM
      (FIG. 4C) via line KKa.
PAR  The remaining parameters, entered by means of the external keyboard 36, are
      also directly wired to the RAM Memory Address Encoder 50. Each of these
      switches is labelled with teh symbol of FIG. 7 for the measurement or
      parameter with which it is asociated. The RAM Memory Address Encoder 50
      receives the various inputs (numbering 14 out of a possible 16) indicated
      in Table I and generates a four-bit binary signal which is representative
      of the associated address in the RAM 17 for the particular parameter being
      accessed or entered. The output leads of the RAM Memory Address Encoder 77
      are coupled respectively to the four inputs of the NAND gates 19A-19D of
      the Drive Gates 19.
PAR  The encoded address signals are coupled from the Drive Gates 19 to the RAM
      Address Latch 18A which has already been discussed, and thence to the
      address portion of the RAM 17. The same signals are coupled to a RAM
      Address Decoder/Lamp Driver 150 which decodes the address information
      which actually appears at the RAM 17 and generates a signal along one of
      the 13 output leads, each of which is connected to a lamp associated with
      one of the switches 142, including both the keyboard switches and the
      panel switches 143-146. Thus, the clinician upon pressing one of the
      address switches 142 (either on the keyboard panel 36 or on the console
      panel P) is assured of proper addressing if the lamp associated with that
      particular address switch lights up because the information will have
      passed through the RAM Memory Address Encoder 50, the Drive Gates 19, the
      RAM Address Latch 18A, and the RAM Address Decoder/Lamp Driver 150.
PAR  In order to enter data, the clinincian first must turn the Master Control
      Switch Knob 32 to the KEY position to establish a ground for the
      pushbutton switches 142 along line AA (FIGS. 4B-4C). Next, he identifies
      the data if known that is being entered by pressing one of the pushbuttons
      142 on the external keyboard panel 36 or one of the switches 143-146
      located on the faceplate panel P of the console. This will generate an
      address signal in the manner already described for placement or
      replacement of the data in the preselected location in the Random Access
      Memory 17. After addressing the actual data is entered by pressing the
      individual numerical keys on the keyboard 140 in order of lesser
      significance so that the first digit pressed is the most significant, and
      it is routed through the BCD Encoder 141 and the Input/Output Register 14,
      and into the corresponding digit unit of the selected location of the RAM
      17, as determined by the stepping of the Input Pointer and Control 143.
      The external keyboard 143, as mentioned, can be used only when the Master
      Control Rotary Switch is in the KEY position as shown in FIGS. 4C and 2,
      which closes the switch designated 107 of FIG. 4C.
PAR  As mentioned, each of the address switches 142 and 143-146 is a lighted
      pushbutton switch wherein the lamp is separately energized. Further, the
      switches are of the momentary contact type. The address leads for the RAM
      15 are coupled to the RAM Address Decoder/Driver Section 150 which is a
      "one out of sixteen" Output Decoder/Lamp Driver--that is, each combination
      of binary input signal will energize a separate one of the output lines.
      The four right-hand output lines are coupled respectively to the lamps for
      the pushbuttons 143-146; and the remaining lines are coupled respectively
      to the lamps associated with the keyboard pushbuttons 142.
PAR  In addition to address checking, this enables an operator entering data
      manually to observe which data had last been entered. For example, if an
      entering data for R4, that pushbutton is depressed and the data entered,
      the RAM Address Decoder/Lamp Driver Section 150 will decode the address
      and energize the lamp associated with the switch R4, indicating to the
      operator that data had been entered or is being entered for that
      parameter. If the operator, knowing that the data entry has been
      completed, looks at the lighted switch, he knows that the next data to be
      entered is for the next-occurring unlighted switch. The Address
      Decoded/Lamp Driver Section 150 also transmits a signal from the RAM
      address encoder to the CPU to start computation of the selected function.
PAR  In the case of switch 143, the operator must also look to the alpha-numeric
      visual display sections 20F and 20G for information as to whether T1 or T2
      is being entered; and he may depress the switch 143 if he desires to enter
      data for that parameter which is not being displayed. T1/T2 SN could also
      be a split lighted switch indicating first T1, then T2. That is, switch
      143 together with the triggerable flip-flop 147 form a toggle action.
PAC  SYSTEM OPERATION AND DATA PROCESSING
PAR  Turning now to the system flow diagram of FIGS. 5A and 5B, there are
      initialization steps to be taken as represented by the block 200--Clearing
      and Reset the System. This is accomplished by means of the Master Control
      Switch 25 of FIG. 4C. In addition, a calibration is accomplished at 201.
      This includes the ZERO set and SEVEN set of the tonometer, as already
      discussed. Subsequently, the Corneal Curvature correction factor is
      entered and stored at CC in the RAM 17, as indicated by block 202. This is
      also accomplished in connection with the previously disclosed operation of
      the Master Control Rotary Switch, as are the steps in blocks 203 (Ocular
      Rigidity) and 204 (Aplanation Reading, if any). Entry of aplanation
      reading data, if available, is accomplished by means of the keyboard 140
      and Address Switch 142 (AR)--that is, when the Master Control Switch is in
      the KEY position and the switch 142 labeled AR is depressed, actual data
      is entered by means of the keyboard 142.
PAR  The clinician then makes a decision in the decision block 205, depending
      upon whether he is going to perform a test on a patient or whether he is
      going to enter prerecorded tonogram information manually through the
      keyboard 140. In the latter case he pursues the route along line 206, and
      in the former, he proceeds along line 207.
PAR  In the case of entering the information by keyboard, the steps of data
      entry are spelled out clearly in the blocks 208-215, after which the
      system goes to a main termination block labeled HALT and designated by
      reference numeral 216.
PAR  If an actual test is to be conducted, the operator first sets the value of
      the weight being used, again using the knob 32 on the faceplate panel to
      set the Master Control Switch 25, this step being designated in block 217.
      He then contacts the patient's eye with the transducer; and the system, by
      means of the Minimum Current Detector 30 initiates operation as indicated
      in block 218.
PAR  The system then turns on the green LED 82 in a steady condition (block
      219), and enables the Real Time Clock 29 in block 220.
PAR  The system then reads the stores the first sample of tonometric reading,
      block 221, identified R1.sub.0. These steps, as well as the remaining
      steps are taken under program control. There are three preliminary values
      taken of R1.sub.0, R1.sub.1, and R1.sub.2. These are taken at successive
      one-second intervals (the sampling period of A/D Converter 12) beginning
      at one second beyond t.sub.0, (the time at which the Minimum Current
      Detector is actuated and the Real Time Clock is enabled). The one-second
      timing interval is taken from the 1 Hz. output of the Real Time Clock 29
      which, as illustrated, generates a 1 Hz. timing signal on line 190 and a
      4-minute signal on line 191. The reason for taking the first two samples
      (R1.sub.0 and R1.sub.1) is to make a determination as to whether or not
      the system is operating properly (which is determined by the presence of
      variation--i.e., in the Comparator Register 13A.
PAR  In other words, even though the initial samples are taken at a highly
      transient and almost meaningless time, nevertheless, the success of the
      testing is dependent on the fact that the plunger 65 is moving relative to
      the foot plate 62. The transiency of the signal at the very beginning is
      caused by the resiliency of the eyeball, and its accommodation to the
      weight of the plunger as the transducer is placed on the eye. Subsequent
      variations are caused by heart pulse and the reduction of intraocular
      pressure due to net fluid outflow from the eye.
PAR  In block 222, a determination is made as to whether the value of R1.sub.0
      is the same as R1.sub.1. If they are the same, this is an indication that
      the plunger is not riding freely in the footplate, and a signal is
      generated to inhibit the blinking of the green LED, thereby indicating
      this to the operator. If the value of R1.sub.0 is not the same as the
      value of R1.sub.1, then the green LED is flashed by the Flasher Circuit
      122, and this blinking indicates to the operator that the test is
      proceeding normally.
PAR  As the next block, 223, (namely three seconds after t.sub.0), a reading is
      taken for R1 and this becomes the stored value of R1 (the initial
      tonometer reading in tonometric untis). Knowing this value of R1, an
      operator can go directly to a table and determine P0 provided the operator
      knows the value of the weight or has set the Master Control Switch to the
      proper position (5.5, 7.5 or 10), indicated in block 224, the look-up
      being denoted in block 225. These steps are performed by the computer, the
      table being stored in the Computer Look-Up ROM 21E, and the weight value
      having been fed into the computer at block 217 from RAM 17 under program
      control. The table just mentioned is a published table, well-known to
      those skilled in the art and sometimes referred to as the "Calibration
      Scale Approved by the Committee on Standardization of Tonometers of the
      Academy of Opthalmology and Otolaryngology"  or the "1956 Schiotz Table"
      for short.
PAR  The data is stored in the Look-Up ROM 21E of the CPU 21 of FIG. 4A. The
      weight value (block 224) is determined from the position of the three
      available at 108 in which the Master Control Switch 25 is left.
PAR  Turning now to the decision block 226, the operator has the option to use
      the tonographer as a simple tonometer (that is, to compute the value of
      P0), in which case he would just terminate the test by removing the
      transducer from the eye and the program would proceed to the HALT block
      216. If the test is to proceed, the program proceeds along the NO exit of
      block 226, and a reading is taken in block 227 at 15 seconds after T.sub.0
      (as determined by the Real Time Clock). This is in order to generate the
      measurement value for R2, the primary function of which is to eliminate
      any initial artifact that may have been caused by elevated intraocular
      pressure, usually due to anxiety. It will be observed that this 15-second
      delay from initiation may be varied, and in no way limits the invention.
PAR  In the next block 228, the 15-second reading is stored at location R2 in
      the RAM 17; and in block 229, a computation is made of the difference in
      tonometric units between the reading R2 and the reading R1; and this is
      stored as the value D1 in the RAM 17. In the next decision block 230, a
      determination is made as to whether the value R1 minut R2 is greater than
      a predetermined tonometric number such as 1.5. If the difference is not
      greater than 1.5 tonometric units, it indicates that the artifact is not
      present, and it is not necessary to re-evaluate the test. The operator, if
      he desires only to compute P0, may terminate the test by removing the
      transducer from test position, and the program exits by means of block
      231. On the other hand, if the difference R1 - R2 (sometimes called D1) is
      greater than 1.5 tonometric units, the computer initiates a signal,
      designated TM (i.e., T1/T2) which extends the tonogram readings for a
      15-second interval beyond the original 4-minute interval. The magnitude of
      the difference D1 is somewhat arbitrary and may be varied from the 1.5
      value of tonometric units indicated.
PAR  If the value of D1 is greater than 1.5, the computer program in block 232
      re-computes the value of P0, to P0.sub.corr.. This value is then stored at
      P0 location in the RAM 15, as indicated by block 233. For example, in the
      event that the difference D1 is greater than 1.5 tonometric units, thereby
      indicating the presence of an artifact at the initial point of the
      tonograph, the re-computed value of R1 for determining P0 may simply be
      the reading taken at R2 - 1.5 tonometric units, or re-evaluated on the
      basis of an aplanation reading (block 204), if available. The reason that
      1.5 units are subtracted from the uncorrected value for P0, referring to
      FIG. 3 is that the readings are displayed in inverse order of tonometric
      units--that is to say, as the tonograph proceeds with time, the values of
      tonometric units increase.
PAR  In block 231a, if the operator decides to exit the program, he can
      calculate a value for P0, accounting for the initial artifact, thereby
      providing a more precise value of P0 if that is all he is interested in.
PAR  If the operator decides to proceed with the tonogram, the system just
      continues to read and convert the measurements from the transducer, and
      when the Real Time Clock generates a four-minute signal, block 234, the
      value of that time is stored at T1, in block 235--normally 4 minutes,
      although again not limiting the invention.
PAR  It will be observed that after the value for R2 is taken at 15 seconds, the
      system continues to read the Real Time Clock and the values for R3, and
      stores them at alternate time slots in the RAM 17. Hence, for each
      corresponding value of R3 that is stored in the RAM (see block 236) there
      is associated with it a corresponding time T1 at which it was taken. This
      operation will continue until the Real Time Clock reaches 4 minutes, at
      which time the CPU Program Read Only Memory (ROM) generates a signal to
      finalize the recording of R3 values, and the value of time T1 becomes
      fixed at 4 minutes.
PAR  Turning now to the decision block 237, if it were determined that D1 is
      less than 1.5, indicating most probably that an initial artifact was not
      present, the red LED 83 is turned on (see the circle 238) indicating that
      the test is complete. This corresponds to line LL 6 of FIG. 6.
PAR  If, on the other hand, in block 237 it has been determined that the
      difference D1 is greater than 1.5, then it would be desirable to extend
      the tonogram for a predetermined time; at which time the program proceeds
      to the instruction block 239 to extend the termination of the readings
      until 4.25 minutes (4 minutes, 15 seconds). Then, the red LED is turned
      on, see block 240 and circle 241.
PAR  Even though the red light is turned on, the operator may continue to leave
      the transducer in position until he notices the continuous red light, and
      during this time the clock is continued to be read in block 242 until the
      transducer is removed, at which time values will be stored in the RAM for
      R4 and T2, see the blocks 243, 244, 245, 246, 247, 248 and 249. In other
      words, these things occur almost simultaneously: the last measurement R4
      is read; the green light 82 is turned off; the Real Time Clock 29 is
      stopped; the clock is read and stored at T2 in the RAM 17; a computation
      is made of the value R3 - R1 and stored at D1; and a computation is made
      of the value R4 - R2 and stored at D2 (see block 249).
PAR  At this time, the data-gathering is complete, and the HALT block 216 is
      encountered. The operator has the option of computing the various values
      or clearing the computer. In order to make the various computations, he
      presses a button on the faceplate panel (corresponding to one of the
      switches 143-146) according to what it is his desire to compute, such as
      FV or CV or P0. At this time, the operator can enter any correction values
      that he desires (see block 250)-- such as resetting the weight value or
      the Corneal Curvature or the like. With these values all stored in the
      system, then, the operator proceeds to the next operational block 251
      whereby he has two choices.
PAR  He can either clear the system (it will be observed that this is part of a
      loop and this provides a means of breaking the loop) at which time the
      loop is exited and the programs are ended, block 252. If the operator, on
      the other hand, decides to make a computation, depending upon the
      pushbutton (P0, CV or FV) that he presses, that value will be computed.
      However, before that time, certain recall functions are performed by the
      computer, retrieving data from the RAM. These are denoted collectively by
      the blocks 253, and include respectively reading values for CC, OR, AR,
      R1, R2, R3 and R4 into the computer, all from the RAM 15. In the next
      block, 254, the system determines whether the operator had set the TM
      switch to the T1 or the T2 position, T1 being indicative of his confidence
      that there is no initial artifact, and T2 being used if he thinks there
      was an initial artifact, conversely, he may use both of these positions,
      the information having been stored in either case.
PAR  If the time switch is set in the T1 position, the program proceeds along
      the line 255 to read T1 into the computer (block 256, read D1 into the
      computer, block 257, compute P0 at T1 and store the value in P0 of the RAM
      258, compute CV at T1 and store the value in the CV position of the RAM
      15, block 259, and compute the value of FV at T1 and store that value in
      the FV position of the RAM 15 (block 260). The program then cycles back
      through the HALT block 216, and the operator may again either insert
      additional corrections via block 50 or compute another value. The similar
      operation is conducted if the time switch is turned to the T2 position, as
      indicated correspondingly by the blocks designated 256A-260A.
PAR  As already discussed, the values stored in the RAM are displayed on the
      Visual Display Unit 20, as a function of the particular locations that are
      being addressed.
PAR  In summary, after the tonometer is placed on eye and R1 is measured, R1 is
      converted to P0 via the look-up table mentioned above, using the weight
      designation on which the master control switch is set. If P0 is in doubt,
      then an applanation reading can be entered via pushbutton AR which will
      override the R1 conversion to P0 and substitute P0 as measured by
      applanation. If CC and OR are set to normal then the computation proceeds
      as follows:
      ##EQU1##
      where: T1 = Time in minutes from Real Time Clock.
PA1  PV = Episcleral venous pressure which is programmed and stored in the
      computer at the factory. It is adjustable, but would be set to equal 11.7.
PA1  P0 = undisturbed intraocular pressure.
PA1  Av = change in Ocular Volume and is stored in a Table Look-up and depends
      on scale reading on plunger load (weight), both known quantities.
PA1  Ave. p.sub.t = average pressure during tonography which is also stored in a
      Look-up Table and depends on the scale reading and plunger load, both
      known quantities.
PAR  The flow, F, is computed from the following:
EQU  F = C (P0 - PV)
PAL  where:
PA1  C, p0, and PV are all stored in computer.
PA1  F = flow of aqueous in micro liters per/minute.
PAR  If CC or OR are not normal than one of several known methods for correction
      can be employed. Such tables and corrections are, as mentioned, well known
      in the art and additional details can be obtained from the SIMPLIFIED
      TONOGRAPHY, Robert A. Schimek, M.D., (1960), published by V. Mueller & Co.
      of Chicago, Ill., which is incorporated herein by reference.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic computing tonometer system comprising: tonometer transducer
      means including a plunger slidably received in a foot plate and adapted
      for placement on a patient's eye, and further including circuit means
      responsive to the position of said plunger for generating an analog signal
      representative of the position of said plunger relative to said foot
      plate; analog-to-digital converter means receiving said analog signal for
      converting the same to digital signals representative thereof; memory
      means for storing said digital signals; read-out means communicating with
      said memory means for selectively reading the contents thereof and for
      converting the same to visual indicia; and programmed data processor means
      including clock means for storing said digital signal representations of
      said analog signal at predetermined times in said memory means during a
      test, said memory means further storing signals representative of test
      parameters, corneal curvature and ocular rigidity, said data processor
      means computing intraocular pressure at a predetermined time from said
      digital signals stored in said memory means.
NUM  2.
PAR  2. The system of claim 1 wherein said data processor means further computes
      the coefficient of flow and the flow value from the data stored in said
      memory means and wherein said memory means further stores signals
      representative of an aplanation reading for the eye under test.
NUM  3.
PAR  3. The system of claim 2 wherein said data processor means includes a Real
      Time Clock for controlling the same and for controlling the storage of
      said digital signals in said memory means at predetermined times in said
      test including signals representative of an R1 reading taken at the time
      said transducer means is placed in test relation on an eye and an R2
      reading taken at a predetermined time thereafter, said data processor
      means computing a corrected value of intraocular pressure if the
      difference between said R1 and R2 measurements is greater than a
      predetermined amount, thereby indicating the presence of an artifact in
      the R1 reading, said artifact being representative of an elevated
      intraocular pressure.
NUM  4.
PAR  4. The system of claim 1 wherein said tonometer transducer means includes
      circuit means for setting the SEVEN value and the ZERO value thereof, and
      wherein said system further comprises master control switch means
      selectively positionable by an operator in a plurality of positions
      including a CLEAR position, a ZERO set position, a SEVEN set position, a
      "corneal curvature" position, an "ocular rigidity" position, and a
      "tonometer weight" position, said system further comprising: clear circuit
      means responsive to said master control switch's being placed in said
      CLEAR position for clearing said data processor means; ZERO set control
      circuitry in said transducer means for setting the ZERO position thereof
      when said master control switch is in said ZERO set position; SEVEN set
      gain control circuitry in said transducer means for setting the SEVEN
      position thereof when said master control switch is in said SEVEN set
      position; circuit means including a first manually settable switch for
      generating digital signals representative of corneal curvature when said
      master control switch is ins said corneal curvature position and for
      storing said signals in said memory means; second circuit means including
      a second manually settable switch for generating signals representative of
      ocular rigidity when said master control switch is in said ocular rigidity
      position; and third circuit means for generating signals representative of
      a tonometer weight as set by the operator when said master control switch
      is in said tonometer weight position, and for storing said signals in said
      memory means.
NUM  5.
PAR  5. The system of claim 4 wherein said master control switch futher
      comprises a KEY position, said system further comprising a manually
      actuated keyboard and circuit means responsive to keys depressed on said
      keyboard for entering data from said keyboard into said memory means
      representative of tonometric measurements and other test parameters.
NUM  6.
PAR  6. The system of claim 1 wherein said tonometer transducer comprises a
      handpiece including a handle for holding said foot plate and said plunger
      and analog circuit means for generating said analog signal representative
      of the location of said plunger relative to said foot plate, said system
      further comprising first and second signal lights located on said
      tonometer handpiece handle; and handpiece control logic circuit means
      responsive to said clock and said analog circuit means for selectively
      actuating said first and second handpiece lights to indicate to an
      operator the condition of said system and the progress of a test without
      the operator's having to divert his attention from the test.
NUM  7.
PAR  7. The system of claim 6 wherein said handpiece control logic circuit means
      turns off said first and second handpiece lights when said computer is
      clear and lights said first light steadily when said computer stores test
      values, and flashes said second light when a test is in progress.
NUM  8.
PAR  8. The system of claim 7 further comprising minimum current detector means
      responsive to said analog signal for controlling said handpiece control
      logic circuit means when said plunger is removed from rest position to
      flash said second light, thereby indicating a test is in progress.
NUM  9.
PAR  9. The system of claim 8 further comprising circuit means responsive to
      sequentially occurring digital signals of said analog-to-digital
      conversion means for inhibiting the flashing of said second light when
      sequentially occurring digital signal representations are equal.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising circuit means for flashing
      said first light when a predetermined number of said sequentially
      occurring digital signal representations are identical.
NUM  11.
PAR  11. The system of claim 1 wherein said analog to digital conversion means
      further comprises encoder means for generating binary coded decimal
      signals representative of said test readings, said system further
      comprising input/output register means receiving said binary coded decimal
      signals for transmitting the same to said memory means at predetermined
      times and predetermined address locations under control of said data
      processor means.
NUM  12.
PAR  12. The system of claim 11 wherein said memory means comprises a random
      access, READ/WRITE memory.
NUM  13.
PAR  13. The system of claim 1 wherein said read-out means comprises visual
      display means receiving signals from said memory means for displaying
      digital signals representative of data and alpha numeric symbols
      representative of the parameter or measurement or result whose numerical
      value is being displayed.
NUM  14.
PAR  14. In an automatic computing tonometer system, the improvement comprising:
      tonometer transducer means adapted to contact an eye under test for
      generating an analog signal representative of the indentation of a member
      placed on said eye;
PA1  real time clock means for generating signals representative of elapsed
      time; circuit responsive to said analog signals for starting said real
      time clock means when said analog signal is in a predetermined range
      indicative of said transducer means being placed in test relation in an
      eye; and digital circuit means under control of said real time clock means
      for converting said analog signals to digital representation and for
      storing the same at predetermined times in a test as determined by said
      real time clock means.
NUM  15.
PAR  15. The system of claim 14 wherein said digital circuit means comprising
      analog-to-digital conversion means receiving said analog signal for
      converting the same to binary coded decimal representation; random access
      storage means; and data processor means responsive to said output signals
      of said real time clock means for selectively storing said digital signals
      of said analog-to-digital conversion means in preselected locations of
      said random access memeory means.
NUM  16.
PAR  16. An automatic computing tonometer system comprising: transducer means
      including a plunger adapted for placement on an eye and slidably received
      in a footplate, and further including circuit means for generating an
      analog signal representative of the location of said plunger relative to
      said foot plate; analog-to-digital conversion means for converting said
      analog signal to digital signal representation at predetermined test
      readings, including an initial reading R1 and a second reading R2 taken a
      predetermined time after said initial reading, said predetermined time
      being longer than a normal period of artifact interference and shorter
      than a normal full test period; and data processing means responsive to
      said R1 reading and said R2 reading for comparing the same and for
      computing intraocular pressure based upon said R2 reading if the
      difference between said R1 reading and said R2 reading is more than a
      predetermined amount such as to indicate the presence of an artifact due
      to elevated intraocular pressure at the time said R1 reading was taken.
NUM  17.
PAR  17. In a tonometer system including a tonometer transducer having a plunger
      adapted for placement on an eye and a foot plate slidably receiving said
      plunger, and analog circuit means for generating a signal representative
      of the location of said plunger relative to said foot plate, the
      improvement comprising: a handpiece for use by a clinician in placing said
      transducer means in test relation to an eye; visual indicator means on
      said handpiece and readily observed by said clinician without diverting
      his attention from a test; and handpiece control logic circuit means for
      controlling said visual indicator means to indicate to a clinician the
      status of the test.
NUM  18.
PAR  18. The system of claim 17 wherein said visual indicator means comprises a
      first light and wherein said handpiece control logic circuit means
      comprises means responsive to said analog signal for lighting said first
      light when said transducer is placed in test relation on an eye.
NUM  19.
PAR  19. The system of claim 17 wherein said circuit means includes means for
      flashing said light on and off during said test.
NUM  20.
PAR  20. The system of claim 19 further comprising analog-to-digital conversion
      means for periodically converting said analog signal to digital
      representation, register storage means receiving said digital
      representations and for storing the same until said analog-to-digital
      conversion means converts the next sample to digital representation;
      comparison circuit means comparing the output signals of said
      analog-to-digital conversion means with said register storage means for
      generating an equality signal when said signals are identical, said
      handpiece control logic circuit means further comprising circuit means
      responsive to said equality signal for continuously lighting said first
      light.
NUM  21.
PAR  21. The apparatus of claim 20 further comprising excessive equality circuit
      means responsive to said equality signal for counting the occurrence of
      the same and for flashing said second light of said handpiece when the
      counts stored therein exceed a predetermined number.
NUM  22.
PAR  22. The system of claim 19 wherein said visual means further comprises a
      second light, said system further including memory means for storing test
      signals, said handpiece control logic means including cirucit means for
      continuously lighting said second light when said storage means is storing
      test data and for extinguishing said light when said storage means is
      clear.
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ABST
PAL  Hardness testing apparatus including a workpiece penetrator, a stop for
      interrupting movement of the penetrator after it has penetrated the
      workpiece to a predetermined depth, and mechanism for individually
      measuring the load on the penetrator when it has penetrated the workpiece
      to the predetermined depth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hardness tester and more particularly to a
      constant depression, variable force hardness tester.
PAR  Prior hardness testing devices generally comprise constant force, variable
      depression, indentation type hardness testers. Such devices rely on the
      principle that the force required to make a given depression varies
      directly with the hardness of the specimen. Such testing devices employ a
      spherical indenter of known diameter which bears against the workpiece to
      be tested under a specified load, to form an impression or indentation in
      the surface of the test piece. The hardness of the test piece is directly
      proportional to the depth of the indentation. It is difficult to
      accurately measure the penetration depth and thus the hardness
      measurements are frequently inaccurate.
PAR  One such prior art tester is known as the Brinell type tester and measures
      the depression after a spherical indenter ball has been removed from the
      specimen. Thus, elastic recovery of the material after removal of the
      indenter in this type of tester is another factor which adds to the
      measuring error. The indentations in the various specimens are
      geometrically dissimilar and this also adds to the measuring error. In
      addition, if lighter loads are used to provide a depression diameter which
      is less than 25% of the diameter of the indenting spherical ball, the
      depression diameter is quite shallow and is difficult to accurately
      measure. To form a depression diameter which is greater than 50% of the
      indenter ball diameter, the material passes so far up on the penetrating
      ball that minor changes in the hardness can no longer be interpreted
      accurately. The Brinell method is slow and the Brinell apparatus is
      cumbersome to operate. All of the established devices are slow and
      difficult to automate.
PAR  Another factor which must be considered in measuring hardness with the
      prior art tester is "skin effect." Due to different cooling rates,
      temperatures, etc., the "skin" of the material generally has a different
      hardness than the underlying portion of the material. Moreover, the outer
      surface of a cast workpiece is generally uneven or irregular due to
      different cooling rates and temperatures of the casting. If the material
      being tested is very hard and the skin relatively soft, the penetrating
      ball will easily penetrate the soft skin layer, but will make a very
      little indentation in the underlying hard material. If the thickness of
      the skin layer constitutes a substantial portion of the overall
      depression, the instrument will erroneously read "soft."
PAR  Prior to conducting a hardness test the the prior art testing devices the
      surface or skin material must generally be removed by grinding, for
      example, and this further slows the prior art testing procedures.
PAR  Another prior art hardness testing device utilizes an electrical control
      circuit having an electrical circuit path which includes a portion of the
      workpiece. This type of testing apparatus will test only electrically
      conductive workpieces.
PAR  An object of the present invention is to provide a hardness tester which
      will measure hardness with improved accuracy.
PAR  Another object of the present invention is to provide hardness testing
      apparatus which will enable the rate of testing to be increased.
PAR  Another object of the present invention is to provide a hardness testing
      apparatus for accurately measuring the hardness of a workpiece having an
      irregular surface.
PAR  It is another object of the present invention to provide hardness testing
      apparatus which will measure hardness by measuring the force or load
      required to provide a predetermined indentation in the material.
PAR  Another object of the present invention is to provide a hardness testing
      machine of the type described which provides a geometrically similar,
      constant-depth depression in various materials with variable loads being
      exerted on the penetrator.
PAR  Still another object of the present invention is to provide hardness
      testing apparatus which will measure the hardness of electrically
      conductive and non-conductive workpieces.
PAR  A further object of the present invention is to provide apparatus of the
      type described incorporating a stop which will positively interrupt
      movement of the penetrator into the test specimen after it has penetrated
      the workpiece to a predetermined depth.
PAR  Yet another object of the present invention is to provide hardness testing
      apparatus of the type described which will individually determine the load
      on the indenter when it has penetrated the test piece to a predetermined
      depth.
PAR  Another object of the present invention is to provide hardness testing
      apparatus of the type described which will individually determine the
      loads exerted on the workpiece penetrator and the stop.
PAR  Another object of the present invention is to provide hardness testing
      apparatus of the type described which will indicate whether the hardness
      for a test specimen falls within a predetermined range only after the load
      on the stop reaches a predetermined level.
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill in the art as the description thereof proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  A hardness tester, including a workpiece penetrator, a stop for
      interrupting movement of the penetrator into the workpiece, and mechanism
      for directly, individually measuring the force required to penetrate the
      workpiece.
DRWD
PAR  The present invention may more readily be understood by reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a compacting machine or press in which
      apparatus constructed according to the present invention is incorporated;
PAR  FIG. 2 is an enlarged, partly sectional, side elevational view of apparatus
      constructed according to the present invention;
PAR  FIG. 3 is a top plan view of the apparatus illustrated in FIG. 2;
PAR  FIG. 3A is a further enlarged view of the tip of the specimen penetrator
      which is encircled in chain lines in FIG. 2;
PAR  FIGS. 4 and 5 are diagrams graphically illustrating the loads on the
      various elements throughout a typical test;
PAR  FIG. 6 is a schematic diagram of an electrical control circuit incorporated
      in the present invention; and
PAR  FIG. 7 is a slightly modified embodiment.
DETD
PAR  Apparatus constructed according to the present invention is adapted for use
      in a hydraulically operated press or compacting machine, generally
      designed 10, including a frame F mounting a horizontally disposed work
      table 12 which supports a workpiece or specimen W to be tested. The frame
      F includes vertical ways 15 which mount a carriage 13 for vertical
      movement. A double acting, solenoid actuated, fluid pressure operated
      cylinder 14 is mounted on the frame F and includes a piston rod 14'
      connected to the carriage 13 for vertically moving the carriage 13 toward
      and away from a workpiece W. Mounted on the front of the carriage 13 is a
      support rod 16 having test apparatus generally designated 18, mounted
      thereon.
PAR  Turning now to FIG. 2, the test apparatus 18 includes a carrier, generally
      designated 20, threaded on the lower end of the support rod 16. A pair of
      load cells, generally designated 22 and 24, are clamped to the carrier 20
      by an underlying guide holder 28 and a plurality of vertically extending
      bolts 26 threaded in the carrier 20. Load cells of the type sold under the
      trademark STRAINSERT, manufactured under U.S. Pat. No. 3,365,689, which is
      incorporated herein by reference, have been found to be suitable for this
      purpose.
PAR  The load cells 22 and 24 are identical and the load cell 24, for example,
      comprises a body member of metal or other suitable material, having a
      generally overall flat, circular configuration including a hub portion 30,
      a rim portion 32, and an intermediate reduced axial thickness web portion
      34. A plurality of circumferentially spaced holes 36 in the rim 34 receive
      the vertical bolts 26. A series of circumferentially spaced, radially
      extending holes 38 are provided in the rib portion 34 for receiving strain
      gauges 37 as described in the referenced patent. The load cell 22 is
      identical to the load cell 24, and identical parts will be identified with
      identical reference characters followed by the letter a.
PAR  Threaded into the hub 30a of the load cell 22 is a load screw 42 having a
      reduced diameter stub shaft terminal portion 44 provided with a
      semi-spherical recess or socket 45 for a purpose to be immediately
      described. The upper end of the screw 42 is provided with an integral gear
      46 which is engaged by a reciprocal rack 48 (FIG. 3) slidably received in
      a slot 47 provided in the carrier 20. The recess 45 is provided for
      enabling the load screw 42 to be vertically adjusted as it is turned for a
      purpose to become immediately apparent.
PAR  Apparatus is provided for penetrating the workpiece and comprises a
      hardness punch or vertically extending penetrator rod 50 having a reduced
      diameter, semi-spherical upper end portion 52 received by the
      semi-spherical socket 45 in the lower end or the threaded screw 42. A
      slight gap g2 is provided between the upper end 52 and the socket 45 to
      permit the rod 50 to be "jiggled" as will be described more fully
      hereinafter. A spherical, carbide indenter or penetrator ball 54, having a
      diameter of 0.125-0.187 inches, for example, is partially received in a
      complementally shaped recess provided in the lower end of the penetrator
      rod 50. The penetrator ball 54 is fixed to the penetrator rod 50 by any
      suitable means such as silver brazing so that the center of gravity c of
      the ball 54 is disposed a substantial distance below the lowermost end of
      the penetrator rod 50. This will permit more than 50% of the ball to be
      used to create an impression I (FIG. 3A). When the carriage 13 is moved
      downwardly, the penetrator ball 54 is moved downwardly into penetrating
      engagement with the workpiece W to form an indentation I.
PAR  To measure harness consistently and accurately, it is important that the
      penetrator ball 54 consistently penetrate the specimens W to substantially
      the same effective depth. For this purpose, a tubular stop member,
      generally designated 60, is provided to engage the specimen W and
      positively interrupt movement of the penetrator ball 54 toward the
      workpiece W. The tubular stop member 60 is received for free vertical
      movement in a tubular guide member 64 which is threaded at its upper end
      66 in the guide holder 28. An annular flange 63 on the tubular stop member
      is supported by a shoulder 62a on the guide holder 28. The penetrator rod
      50 is received by said tubular stop member 60 for free vertical movement
      therein. The lower end 56 of the penetrator rod 50 is of reduced diameter
      and is vertically supported by an internal shoulder 58 at the lower end of
      the stop member 60. The enlarged diameter flange portion 62 and the upper
      end 58a of the tubular stop member 60 are separated from the guide holder
      28 and the load cell hub 30 by vertical gaps g and g1, respectively, when
      the tubular stop member 60 is not engaged with a workpiece W, as
      illustrated in FIG. 2. The gaps g and g1 permit the operator to vertically
      jiggle the tubular stop member 60 in the holder or tubular guide member 64
      to insure that it is freely movable. If material becomes wedged between
      the tubular guide member or holder 64 and the tubular stop member 60, the
      tubular stop member 60 will not be freely movable and inaccurate
      measurements will result. When the tubular stop member 60 bears against a
      workpiece W, as illustrated in FIG. 3A, the upper end 58a will move
      upwardly to bear against the load cell hub 30 and close the gap g1. The
      gap g is slightly greater than the gap g1 so that the enlarged diameter
      portion 62 will close the gap g and bear against the guide holder 28 a
      short time after the gap g1 is closed and after the web 34 has been
      deformed a predetermined amount. Any further vertical loading is
      transmitted to the support rod 16 via the stop member flange 62, the guide
      holder 28, the load cell rims 32, and the carrier 20. This will prevent
      permanent deformation of the web 34 which might otherwise result when a
      very hard specimen is tested.
PAR  If the skin s is very soft, the tubular stop member 60 will displace at
      least some of the skin material and will not interrupt movement of the
      penetrator ball 54 until the tubular stop member 60 bears against the
      underlying material with a sufficient predetermined force which is
      measured in a manner to be later described. The flat end surface 70 of the
      tubular stop will also, when penetrating the skin s to the depth T,
      flatten or even out the relatively irregular surface.
PAR  To measure hardness accurately it is also important that the load on the
      penetrator ball 54 be measured independently of any load on the tubular
      stop member 60. If the load on both the tubular stop member 60 and the
      penetration ball 54 are concurrently measured and totaled via one load
      measuring device, friction forces between various relatively moving
      portions of the overall system could significantly contribute to
      substantial measuring errors. It is likewise important, therefore, that
      the penetrator ball 54 and penetrator rod 50 be vertically movable
      independently of each other. It is important to note that the load exerted
      on the hub 30a of the load cell 22 by the penetrator rod 50 is
      substantially independent of the load exerted on the load cell 24 by the
      tubular stop 60. The load exerted on the penetrator rod 50 is equal to the
      load exerted by the penetrator ball 54 on the workpiece W and thus an
      accurate indication of hardness of the workpiece W. As will be described
      hereinafter, the loads exerted on the penetrator rod 50 and the tubular
      stop member 60 are individually measured.
PAR  When the tubular stop end surface 70 of the stop 60 does not bear against a
      workpiece W, as illustrated in FIG. 2, the lowermost penetrating surface
      position 54a of the penetrator ball 54 is disposed at a level below the
      end surface 70 by a distance D which is substantially greater than either
      of the gaps g and g1 so that the penetrator ball 54 may be used to
      penetrate the specimen W to a depth H (FIG. 3A) which is more than 50% of
      the ball diameter when the gaps g and g1 are closed. Generally, if the
      penetrator ball 54 is inserted into the workpiece W to a depth H which is
      equal to one-half the ball diameter the penetration is sufficiently below
      the outer surface of the specimen so that consistent readings may be
      obtained substantially unaffected by skin effect. Even though the overall
      penetration of the tubular stop member 60 will be greater if the specimen
      W has a relatively thick soft skin layer s, the effective penetration into
      the underlying material will be the same as for a specimen with a thin
      skin layer s.
PAR  As previously mentioned, for reliable, consistent, and accurate
      measurements, it is important that the penetrating ball 54 always be
      inserted into the specimens W to the same penetration depth H. When the
      penetrator ball 54 enters a specimen W a predetermined depth the lower end
      surface 70 of the tubular stop member 60 will engage the workpiece W and
      prevent further penetration of the penetrator ball 54 into the workpiece
      with the exception of any deformation T (FIG. 3A) of the relatively soft
      and uneven workpiece skin layer s, and any deformation of the load cell
      web 34. The lower end 70 of the stop is chamfered to reduce the surface
      area of the tubular stop member 60 which engages the surface so that in
      the event that a rough casting W includes large surface irregularities, as
      illustrated at L, the stop 60 may pass therebetween. The stop end surface
      70 must have sufficient area that the tubular stop member 60 will not
      penetrate the workpiece W beyond the relatively soft skin material s to a
      depth T. The end surface 70 of the tubular stop member 60 will tend to
      iron out any minor irregularities in the relatively soft skin material s
      of the "as is"  casting immediately surrounding the penetrator rod 50 so
      that the ball 54 will penetrate to substantially the same distance to
      obtain consistent measurements on specimens having irregular surfaces. As
      will be immediately described, when the penetrating ball 54 has entered
      the workpiece W and the end surface 70 of the stop 60 has slightly
      compacted the outer soft skin s, further penetration of the ball 54 in the
      workpiece will be positively interrupted by the tubular stop member 60.
PAR  Turning now more particularly to FIG. 6, a control circuit is illustrated
      and includes a pair of circuit lines L1 and L2 connected to suitable
      source of power such as 110 volt, 60 cycle, alternating current. A series
      of circuit and sub-circuit lines L4 through L18 are connected across the
      lines L1 and L2. Connected in line L4 is a hardness comparator and
      hardness meter, generally designated in block form at 82, for measuring
      the load on the penetrator rod 50 and includes a strain gauge resistor 38a
      connected in a bridge circuit B. When the rib 34a is deformed by the
      penetrator rod 50, the resistance of the strain gauge resistor 38a will
      change to unbalance the bridge circuit B which provides an output voltage
      at terminals t that is compared with a predetermined voltage to determine
      relative hardness. The hardness tester 82 includes normally open contacts
      82a (line L15) which close if the hardness of the specimen is within a
      predetermined range. The hardness tester 82 also includes a set of
      normally closed contacts 82b (line L15) and a set of contacts 82c (line
      L16) which open and close, respectively, if the hardness of the material
      being tested is out of an acceptable range to end the test as will be
      described more fully hereinafter. The tester portion of the tester and
      comparator device 82 may suitably comprise the type sold by Electronics
      Research Corporation (ERC), P. O. Box 913, Shawnee, Kan., as Model 3010
      B1000. The comparator portion of the device 82 may suitably comprise a
      dual channel, bi-directional, tracking comparator of the type sold by ERC
      as Model A2443.
PAR  Connected in line L5 is stop meter and comparator apparatus 84 which
      includes the strain gauge resistor, schematically designated 38 connected
      in a normally balanced bridge circuit B'. The resistance of the strain
      gauge resistor 38 is dependent upon the deflection of the rib 34 to change
      the balance of the bridge circuit B'. When the bridge circuit B' is
      sufficiently unbalanced, the output voltage at terminals t' will reach a
      predetermined level to close a set of normally open contacts 84a (line
      L17) when the tubular stop member 60 engages the workpiece W with a
      predetermined force. If, for example, the skin s of the workpiece is very
      soft, when the stop first engages the material, the contacts 84a will not
      close until the end surface 70 is sufficiently well seated against the
      underlying material to be tested. The stop meter and comparator apparatus
      84 is identical to the apparatus 82 (line L4).
PAR  The line L6 is connected to line L1 and includes a set of normally closed
      contacts LS-3a, which are opened when the limit switch LS-3 (FIG. 1) is
      actuated by a casting or workpiece W being moved into position on the work
      table 12. Connected across the lines L1 and L2 is a line L8 including a
      pair of normally closed, palm-actuated contacts 86 and the normally open
      contacts LS-1a which are closed when the support rod 16 is lowered from
      the position illustrated in FIG. 1 to the position illustrated in FIG. 3
      to trip the limit switch LS-1. Also connected in line L8 is a press
      opening relay R1, including a set of normally open contacts R1a (line L13)
      which close when the relay R1 is energized. Line L9 is connected across
      the lines L1 and L2 and includes a set of normally open, palm-actuated,
      pushbutton contacts 86a which are ganged to the palm-operated contacts 86
      and are closed when the contacts 86 are open. Also connected in line L9
      are a set of contacts R5a which close when a lock stop relay R5 (line L16)
      is energized. The contacts R5a  are connected to a set of normally closed
      limit switch contacts LS-1b, which open when the switch LS-1 is tripped,
      and a reset relay R2, including a set of normally open contacts R2a (line
      L17) which are closed when the relay R2 is energized.
PAR  A set of normally open limit switch contacts LS-3b is connected in line L7
      between the line L1 and a junction 88 (line L9) between the contacts R5a
      and the palm-actuated button contacts 86a (line L9). Circuit line L10 is
      connected between the junction 88 and the line L2 and includes a set of
      normally closed relay operated contacts R5b, which open when a "lock-stop"
      relay R5 (line L17) is energized, and a relay R3. The relay R3, when
      energized, is operative to close sets of contacts R3a (line L14) and R3b
      (line L17).
PAR  Circuit line L11 is connected across lines L1 and L2 and includes a set of
      normally open contacts R5c, which close when the lock-stop relay R5 (line
      L16) is energized, and a set or normally closed relay contacts R4a, which
      open when a "reject-accept" relay R4 (line L15) is energized, and a reject
      indicator lamp 90. Connected in circuit line L12, across the contacts R4a
      and indicator 90, is a set of normally open contacts R4b which close when
      the reject-accept relay R4 (line L15) is energized and an "accept"
      indicator lamp 92. Circuit line L13 is connected across the lines L1 and
      L2 and includes the normally open contacts R1a and a solenoid 14a which,
      when energized, directs operating fluid to the carriage lowering cylinder
      14 in a direction so as to move the piston rod 14' and carriage 13
      downwardly. Circuit line L14 is connected across the lines L1 and L2 and
      includes normally open relay contacts R3a, and a carriage raising solenoid
      14b which, when energized, directs operating fluid to the cylinder 14 in a
      direction so as to move the piston rod 14' and carriage 13 upwardly.
      Circuit line L15 is connected across the lines L1 and L2 and includes the
      normally open hardness meter contacts 82a, the normally closed hardness
      meter contacts 82b, and the hardness accept-reject relay R4. Energization
      of relay R4 occurs if the specimen tested is at an acceptable hardness
      level. Circuit line L16 is connected between the junction of the contacts
      82a and 82b and the line L2 and includes the set of hardness meter
      contacts 82c, the normally closed relay contacts R2a, which open when the
      reset relay R2 is energized, and the lock-stop relay R5 which, when
      energized, stops movement of the penetrator ball 54 toward the workpiece
      W. Connected in line L17, between the line L1 and the relay R5, are the
      normally open "stop meter" contacts 84a and the normally closed relay
      contacts R3b. A line 95 connects the junction of contacts R3b and the
      contacts 84a (line L17) and the junction j' of the contacts R2a and 82c
      (line L16) contacts R2a. The circuit line L18 is connected between the
      line L1 and the junction j and includes a set of relay operated, holding
      contacts R5b which close when the lock stop relay R5 (line L16) is
      energized.
PAC  THE OPERATION
PAR  The initial condition of the circuit is such that the relays R1, R3, R4 and
      R5 are released and the relay R2 is made. The limit switches LS-2 and LS-3
      are released and the limit switch LS-1 is made or tripped so that the
      elements of the circuit are in the positions illustrated in FIG. 6. A
      specimen W is then positioned on the work table 12 to make or trip limit
      switch LS-3 and open the switch contact LS-3c (line L6) and close the
      limit switch contacts LS-3b (line L7). When the contacts LS-3b (line L7)
      close, the relay R3 (line L10) is energized to close the contacts R3a
      (line L14) to energize the carriage lowering solenoid 14b which causes the
      carriage 13 and the testing apparatus 18 to be lowered. As the penetrator
      ball 54 penetrates the workpiece W, the web 34a on the load cell 22 will
      deflect and the resistance of the strain gauge resistor 38a will continue
      to change as the force or load exerted on the web 34a continues to rise.
      As indicated at 100 in FIGS. 4 and 5, for example, the load on the
      penetrating rod 50 increases substantially linearly until the stop 60
      engages the workpiece, indicated at 102 (FIGS. 4 and 5). The load on the
      penetrating rod 50 starts to decrease (see 103 - FIG. 5) as the stop 60
      assumes part of the load (see 104 - FIG. 5) as it engages the workpiece W
      and penetrates or compacts the relatively soft and uneven skin material s
      to a depth T. When the reaction force of the material equals the
      compacting force of the stop 60 and the stop 60 "bottoms out", the ball 54
      will have penetrated the specimen W to a depth H. If the load on the
      penetrator rod 50 is within an acceptable range, the hardness comparator
      82 will then close the contacts 82a (line L15) to energize the
      accept-reject relay R4, indicating an acceptable hardness. This opens the
      contacts R4a (line L11) and closes the contacts R4b (line L12). The
      indicator light 92, indicating acceptance, is not energized at this time
      however, because the contacts R5c (line L11) remain open.
PAR  It should be noted that as the penetrator ball 54 bears against a
      workpiece, it and the penetrator rod 50 are moved upwardly, relative to
      the stop 60, to close the gap g2 and create a gap g3 at the lower and
      thereof between the shoulder 58 (FIG. 3A) and the beveled flange 56. When
      the load on the stop 60 reaches a predetermined level (as indicated at 105
      in FIG. 5), the stop meter and comparator 84 (line L5) will close the
      contacts 84a (line L17) and cause the lock stop relay R5 (line L17) to be
      energized. The contacts R5c (line L11) close to trigger the light 92
      indicating acceptable workpiece. Thus, the system does not function to
      indicate an acceptable hardness until the load exerted on the stop 60 has
      reached a predetermined level. The indicator 92, of course, can provide a
      digital readout so that the hardness can be permanently recorded. The
      penetrator rod 50 is received in the stop 60 with an "air clearance"  fit.
      When the lower penetrator rod end 56 is raised off the stop shoulder 58
      this substantially eliminates any side loading by the stop 60 on the
      penetrator rod 50.
PAR  If the hardness of the workpiece W is above a predetermined level, i.e.,
      too hard, the hardness device 82 opens the contacts 82b and closes the
      contacts 82c which immediately energizes the lock stop relay R5 prior to
      the stop 60 reaching its lowermost position. This closes the contacts R5a
      (line L9) and completes the circuit through the contacts LS-1a (line L8)
      to the relay R1 (line L8) when the palm-actuated switches 86 (line L8) are
      released. This closes the contacts R1a (line L13) to energize the carriage
      retract solenoid 14a and withdraw the test apparatus 18. The energization
      of relay R5 also causes the relay contacts R5b (line L10) to open to
      release the relay R3 (line L10). This feature accelerates testing of
      workpieces which turn out to be unacceptable.
PAR  When the palm-actuated contacts 86 and 86a are again tripped, the cycle
      will be repeated.
PAC  THE ALTERNATE EMBODIMENT
PAR  The apparatus illustrated in FIG. 7 is generally similar to the apparatus
      illustrated in FIG. 2, and identical components are identified with
      idential characters followed by a prime designation. The apparatus
      illustrated in FIG. 7 differs from the apparatus illustrated in FIG. 2
      only in that the load cell 24 has been eliminated. In the operation of the
      apparatus illustrated in FIG. 4, the piston 16' is lowered and the stop 60
      bears against the specimen W to overcome the force of the cylinder 14 and
      interrupts the movement of the testing apparatus 18'. The structure also
      differs in that stop 60 is fixed to and does not extend through, the guide
      holder 28. The rod 50 is free to move as previously described.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      comtemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Hardness testing apparatus comprising:
PA1  workpiece penetrating means for penetrating a workpiece to be tested;
PA1  means mounting said workpiece and said penetrating means for relative
      movement between spread positions and engaged positions in which said
      penetrating means penetrates said workpiece;
PA1  load bearing stop means engageable with said workpiece for positively
      physically interrupting said relative movement of said penetrating means
      and said workpiece after said penetrating means has penetrated said
      workpiece to a predetermined depth by transmitting any additional force
      which tends to move said workpiece and penetrating means together directly
      to said workpiece via said stop means; and
PA1  means for determining the load exerted on said penetrating means by said
      workpiece independently of any load exerted by said workpiece on said stop
      means when said penetrating means is at said pedetermined depth.
NUM  2.
PAR  2. The hardness testing apparatus as set forth in claim 1 including means
      independent of said determining means for measuring the load exerted on
      the stop means when said penetrating means is at said predetermined depth,
      and means responsive to said measuring means for operating said moving
      means to move said workpiece and said penetrating means to said spread
      positions.
NUM  3.
PAR  3. The apparatus as set forth in claim 1 wherein said load determining
      means comprises a load cell having movable web means, said penetrating
      means being movable relative to said stop means between a position coupled
      to said web means for concurrent movement therewith and an uncoupled
      position in which said penetrating means moves independently of said web
      means.
NUM  4.
PAR  4. The apparatus as set forth in claim 1 wherein said penetrating means
      projects outwardly beyond said stop means in a direction toward said
      workpiece.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 wherein said penetrating means is
      movable independently of said stop means toward and away from said
      workpiece.
NUM  6.
PAR  6. The apparatus as set forth in claim 5 wherein said stop means comprises
      a tubular member slidably receiving at least a portion of said penetrating
      means.
NUM  7.
PAR  7. The apparatus as set forth in claim 5 wherein said load determining
      means comprises a load cell connected thereto including variable
      electrical resistor means having an electrical resistance value which is
      dependent upon the load exerted by said penetrating means on said
      workpiece.
NUM  8.
PAR  8. The hardness testing apparatus as set forth in claim 1 including:
      additional load determining means for individually measuring the load
      exerted on said stop means when said stop means is in engagement with said
      workpiece; said first mentioned load determining means including means for
      indicating whether the load exerted on said penetrating means is at a
      predetermined level; and means connected in circuit with said load
      determining means for permitting operation of said indicating means only
      after the load exerted on said stop means is at a predetermined level.
NUM  9.
PAR  9. The hardness testing apparatus as set forth in claim 8 wherein said
      first mentioned load determining means and said additional load
      determining means comprise a pair of stacked load cells having variable
      electrical resistance elements therein, and first and second reactor means
      is provided for reacting between said penetrating means and said stop
      means and portions of said load cells to deform said portion when a load
      is exerted thereon, one load cell bearing against one of said reactor
      means and including a passage therein which freely receives the other of
      said additional reactor means.
NUM  10.
PAR  10. The hardness testing apparatus as set forth in claim 8 wherein each of
      said load cells includes a load cell mounting portion and a deformable
      portion of reduced axial thickness; said stop means comprises aa tubular
      member adapted to bear axially against the deformable portion of said one
      load cell when it engages said workpiece, said penetrator means comprises
      an axial rod received within said tubular member and bearing against the
      deformable portion of said other load cell.
NUM  11.
PAR  11. The hardness testing apparatus as set forth in claim 10 including
      actuable means for axially adjusting the relative axial positions of said
      tubular member and said penetrating means.
NUM  12.
PAR  12. The hardness testing apparatus as set forth in claim 10 including
      holder means clamped to opposite ends of said stack of load cells, one of
      said holder means including an axial passage slidably receiving said
      tubular member, said tubular member having a portion, normally axially
      spaced from said holder means, movable into axial engagement with said one
      holder means after said tubular member deforms the deformable portion of
      said other load cell a predetermined amount.
NUM  13.
PAR  13. The hardness testing apparatus as set forth in claim 12 including an
      axially extending guide connected to said one holder means and slidably
      receiving said tubular member.
NUM  14.
PAR  14. The apparatus as set forth in claim 1 wherein said stop means mounts
      said penetrating means for movement therewith and for limited, free,
      reciprocal movement relative thereto.
NUM  15.
PAR  15. The apparatus as set forth in claim 14 wherein said stop means
      comprises a tubular member having an outer end surface for engaging and
      compacting the outer surface portion of said workpiece, said penetrating
      means comprising an elongate rod internally recieved by said tubular
      member and having an indenter member normally projecting outwardly beyond
      said outer end surface a predetermined amount but being movable with said
      rod relative to said tubualr member in a direction toward said end
      surface.
NUM  16.
PAR  16. Hardness testing apparatus comprising:
PA1  workpiece penetrating means for penetrating a workpiece to be tested;
PA1  means for relatively moving a workpiece and said penetrating means between
      spread positions and engaged positions, in which said penetrating means
      penetrates said workpiece;
PA1  stop means engageable with said workpiece for positively interrupting said
      relative movement after said penetrating means has penetrated said
      workpiece to a predetermine depth;
PA1  means for determining the load exerted on the penetrating means when said
      penetrating means is at said predetermined depth; and
PA1  additional means for individually determining the load exerted on said stop
      means when said penetrating means is at said predetermined depth;
PA1  said means for relatively moving said workpiece and said workpiece
      penetrating means operating in response to a predetermined load being
      exerted on said first mentioned load determining means and a predetermined
      load exerted on said additional load determining means.
NUM  17.
PAR  17. Hardness testing apparatus comprising:
PA1  workpiece penetrating means for penetrating a workpiece to be tested;
PA1  means for relatively moving a workpiece and said penetrating means between
      spread positions and engaged positions in which said penetrating means
      penetrates said workpiece;
PA1  stop means engageable with said workpiece for positively interrupting said
      relative movement after said penetrating means has penetrated said
      workpiece to a predetermined depth; and
PA1  means for determining the load exerted on the penetrating means when said
      penetrating means is at said predetermined depth;
PA1  said stop means mounting said penetrating means for movement therewith and
      for limited, free, reciprocal movement relative thereto, said penetrating
      means being movable relative to said stop means between an outwardly
      projecting position uncoupled from said load determining means and a less
      projecting position in which said penetrating means is coupled to said
      load determining means.
NUM  18.
PAR  18. The apparatus as set forth in claim 17 including a frame mounting said
      penetrating means and stop means for independent movement limited relative
      thereto and to each other, said stop means being movable relative to said
      frame as said stop means engages said workpiece between a position removed
      from said frame and a position engaging said frame.
NUM  19.
PAR  19. Hardness testing apparatus comprising:
PA1  workpiece penetrating means for penetrating a workpiece to be tested;
PA1  means for relatively moving a workpiece and said penetrating means between
      spread positions and engaged positions in which said penetrating means
      penetrates said workpiece;
PA1  load bearing stop means engageable with said workpiece and physically
      reactible between said workpiece and a portion of said penetrating means
      for positively physically interrupting said relative movement after said
      penetrating means has penetrated said workpiece to a pre-determined depth;
      and
PA1  means for determining the load exerted on said penetrating means by said
      workpiece independently of any load exerted by said workpiece on said stop
      means when said penetrating means is at said predetermined depth.
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ABST
PAL  A machine for testing the tensile properties of sections of pipe or tubing,
      incorporating a split post, with the post halves being displaceable
      relative to each other to apply a predetermined tensile stress to a ring
      segment cut from a length of pipe and placed over the split post. Pairs of
      removable, semicircular shoe discs sized to fit around the post and having
      different outside diameters may be selectively utilized on the post to
      test a wide range of sizes of pipe segments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various test methods are known and in use for testing the bursting strength
      and tensile properties of pipe sections. One such method for testing
      plastic pipe involves the use of water pressure applied to a closed end
      pipe section and is satisfactory for testing relatively small pipe on the
      order of 4 inches in diameter or less. However, this so-called quick burst
      test procedure is quite cumbersome and costly and entails a considerable
      waste of material when utilized to test larger diameter plastic pipe.
      Split disc test methods for applying tensile stress to a pipe ring segment
      by pulling the disc halves apart are also known. See, for example,
      American Society for Testing and Materials (ASTM) Publication Designation
      D2513-68, accepted July 16, 1968, originally published in 1966; and ASTM
      Publication Designation D2290-69, current edition effective Nov. 14, 1969,
      originally issued in 1964. The latter type of test method does not lend
      itself to the testing of large pipe ring segments of different diameters.
PAR  Having in mind the foregoing disadvantages and short-comings associated
      with known methods of testing pipe, I have developed a pipe ring test
      machine which can be efficiently utilized for testing segments of plastic
      pipe ranging in size from one inch up through at least 24 inches in
      diameter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The pipe ring testing machine of this invention is particularly
      characterized by a split post mounting fixture which can be quickly and
      easily utilized in such a way as to apply a predetermined tensile stress
      to a wide range of sizes of pipe ring segments so as to yield essentially
      the same results as previously achieved with quick burst pressure tests,
      but without the concomitant costly equipment and waste of pipe material.
PAR  These basic advantages and objectives are achieved by supporting a round
      post, split along a parting line, in an upright position on a test bed
      with the two half post segments securely mounted in a substantially
      horizontal plane on separate base plates movable relative to each other
      along a displacement line extending substantially perpendicular to the
      post parting line. Preferably, one of the post segment base plates is
      stationary and the other is movable back and forth along the displacement
      line by a power cylinder to which it is attached. A test ring segment cut
      from a pipe section of predetermined diameter corresponding to that of the
      split post may be readily placed over the upright split post and supported
      on the separate base plates. The power cylinder is utilized to shift the
      movable base plate and one post segment away from the stationary base
      plate and post segment, and thereby impose a predetermined tensile stress
      on the test ring segment.
PAR  A particularly advantageous feature of my improved pipe ring testing
      machine resides in the selective utilization of pairs of removable,
      semicircular shoe discs of different outside diameters around the split
      posts, on top of the aforesaid base plates, to permit the testing of pipe
      ring segments of different diameters, larger than that of the split post.
PAR  As a further beneficial aspect of my pipe ring tester, I provide an upright
      stub post segment of semicircular shape affixed to the top end of each of
      the aforesaid split post segments. These two stub post segments define
      together an upper, round stub post of lesser diameter than that of the
      split post on which relatively small pipe ring segments down to 1 inch in
      diameter may be placed and subjected to a tensile test.
PAR  These and other objects and advantages of my invention will become readily
      apparent as the following description is read in conjunction with the
      accompanying drawings wherein like reference numerals have been used to
      designate like elements throughout the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front, perspective view of the pipe ring test machine of this
      invention;
PAR  FIG. 2 is a vertical section view through a portion of the test machine
      taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary, top plan view of the test ring segment support
      portion of the machine shown in FIG. 1;
PAR  FIG. 4 is a top plan view of the test machine, similar to FIG. 3, and
      showing the removable disc arrangement utilized for testing relatively
      large diameter pipe ring segments; and
PAR  FIG. 5 is a vertical section view of the test machine setup of FIG. 4 taken
      along lines 5--5 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, I have shown in FIG. 1 a preferred
      embodiment of the pipe ring test machine of this invention. The machine is
      mounted on a test bed generally indicated by reference numeral 1. At one
      end of test bed 1 is an assembly for supporting and mounting a pipe ring
      segment to be tested. This assembly is comprised of mounting means in the
      form of a pair of separate, base plates 2 and 4. For reasons hereinafter
      explained, base plate 2 is stationary, and is secured to test bed 1 by a
      plurality of hold-down bolts 6. Three retention blocks 8 radially disposed
      around the periphery of semicircular base plate 2 serve to positively
      restrain it against displacement under the stress imposed during a testing
      operation.
PAR  Mounted on base plates 2 and 4 is a post 10 split along a parting line 12
      which is clearly shown in FIGS. 3 and 4. Split post 10 is comprised of two
      half post segments 10a and 10b. These two post segments are displaceable
      relative to each other by virtue of their being affixed to relatively
      shiftable base plates 2 and 4. As noted above, base plate 2 is preferably
      stationary, and post segment 10a is permanently affixed thereto. Post
      segment 10b is permanently affixed to the forward end of movable base
      plate 4. Post segments 10a and 10b can be formed integrally with their
      respective base plates 2 and 4 by casting these separate assemblies, or,
      if desired, the assemblies of post segment 10a and base plate 2 and post
      segment 10b and base plate 4 can be fabricated by welding and machining.
      To facilitate the ease of placement of a pipe ring test segment on split
      post 10, it is preferably disposed in the upright, free standing position
      shown in FIG. 1 with post segments 10a and 10 b lying in a substantially
      horizontal plane. As is noted below with respect to the description of the
      method of use and operation of the test machine, base plates 2 and 4,
      which abut along split post parting line 12, also extend in a horizontal
      plane and serve as a rest surface on which components of the test
      apparatus as well as test ring segments of pipe may be placed.
PAR  For reasons hereinafter explained, a pair of upright stub post segments 14a
      and 14b of semicircular shape project upwardly from the top of each of the
      split post segments 10a and 10b. These stub post segments are affixed to,
      or formed integrally with, split post segments 10a and 10b and defined
      together in their abutting relationship shown in FIG. 1 an upper, stub
      post 14 of lesser diameter than split post 10 on which pipe ring segments
      of small diameter may be mounted for testing.
PAR  Movable base plate 4 is connected to power actuating means, which
      preferably takes the form of a pressure operated power cylinder 16, for
      movement towards and away from stationary base plate 2. This is preferably
      accomplished by means of an upright connecting plate 18 positioned on the
      opposite end of base plate 4 from movable post segment 10b and connected
      to a coupling plate 20. A connector tongue 22 projecting horizontally from
      the rear face of coupling plate 20 is attached to the bifurcated end 24 of
      the piston 26 of hydraulic cylinder 16 by means of a connecting pin 28.
      Base plate 4 is slidably displaceable along a linear path, back and forth
      with respect to stationary base plate 2 by means of power cylinders 16. In
      order to ensure that base plate 4 will follow a straight, predetermined
      displacement line substantially at right angles to parting line 12 of
      split post 10, it is made in the form of an elongated, rectangular plate
      which, as shown in FIG. 1, is movable by cylinder 6 along its longitudinal
      axis. A pair or elongated guide rails or tracks 30 and 32 bear against the
      opposite, longitudinal sides of movable base plate 4 and restrain it
      against lateral displacement. Preferably, as is shown most clearly in FIG.
      2, guide rails 30 and 32 are of L-shape and overlap the top face of
      horizontally projecting shoulders 4a and 4b along the side extremities of
      base plate 4. Guide rails 30 and 32 thereby serve to restrain base plate 4
      against vertical displacement, as well as against lateral displacement,
      and to hold it along its predetermined displacement line at right angles
      to split post parting line 12 as it is pulled rearwardly by pressure
      cylinder 16 during a testing operation on a ring segment of pipe.
PAR  Power cylinder 16 is preferably of the double acting type, and has flexible
      hose lines 34 and 36 connected to its opposite ends for conveying
      actuating fluid to and from the opposite ends of cylinder 16 in a well
      known manner. A three-way control valve 38 is connected in fluid line 36
      for directing pressurized fluid, such as air or hydraulic liquid, to the
      rear end of cylinder 16. Valve 38 is hand operated, and has a spring
      return to a neutral position so that at all times when operated by hand
      the right or rear end of the hydraulic cylinder 16 is open to the
      atmosphere. This is, of course, the case when pressurized air is utilized
      as the actuating fluid through lines 36 to shift piston 26 to the left,
      and to close split post segments 10a and 10b in abutting relation with
      each other after a test operation had been completed.
PAR  Fluid line 34 is connected to pump means for actuating piston 26 to the
      right for the purpose of pulling post segments 10a and 10b apart during a
      test operation. Although various types of pump devices may be utilized,
      including a motor-driven, variable output hydraulic pump, I have shown a
      hand pump 40, which has proven to be satisfactory. Operating lever 42 on
      hand pump 40 is utilized to pump hydraulic fluid under pressure through
      line 34 into the left or forward end of hydraulic cylinder 16. A pressure
      gauge 44 having a maximum pressure indicator pointer is connected in fluid
      line 34 to show the maximum pressure obtained during a particular test.
PAR  In operation a pump bypass valve (not shown) which is provided with
      commercially available hand pump 40, is opened and air valve 38 is
      actuated to introduce pressurized air through line 36 into the right or
      rear end of cylinder 16. This will cause piston 26 to shift to the left
      and urge movable base plate 4 and post segment 10b mounted thereon to a
      closed position in abutting engagement with stationary base plate 2 and
      stationary post segment 10a. A ring segment cut from a section of pipe to
      be tested is then placed around split post 10 on top of base plates 2 and
      4. Split post 10 is preferably sized to accommodate the testing of pipe
      ring segments having an internal diameter of 3 inches. If a pipe of this
      size is to be tested, the test ring segment 46 is placed directly around
      split post 10 as illustrated in FIG. 3. The maximum reading indicator hand
      on pressure gauge 44 is then returned to zero, and the bypass valve on
      pump 40 is closed. The operator then starts pumping lever 42 at a rate
      such that the test ring 46 will fail in an elapsed time of between 1 and 2
      minutes. As piston 26 moves to the right by the application of pressurized
      fluid through line 34 to cylinder 16, it will pull split post segment 10b
      away from stationary post segment 10a to an open, separated position along
      the predetermined displacement line at right angles to parting line 12 of
      split post 10. As split post segment 10b moves away from its closed
      position of abutment against stationary post segment 10a, tensile stress
      will be imposed on pipe ring segment 46. FIG. 3 shows test ring 46 at the
      instant where its yield point has been reached, and it is being pulled
      apart. At this point, movable post segment 14b has been pulled to the
      right by power cylinder 16 in the direction indicated by the arrow in FIG.
      3, and separated from stationary post segment 14a.
PAR  In the practical use of this test machine, the minimum allowable pressure
      reading for a particular size and type of pipe is calculated in advance.
      The machine operator passes or rejects the pipe ring segment tested based
      on whether or not it yields under tensile stress at this predetermined,
      minimum pressure. It should be noted that this method of testing is
      actually more severe than burst tests because of the small bending moment
      placed on the pipe ring segment at the point where the post segments 10a
      and 10b separate along parting line 12. In actual practice, a pipe line in
      service has these additional stresses because of earth loads on the pipe
      and bending stresses in the line. Therefore, this ring test machine more
      adequately resembles actual conditions than the quick burst test
      heretofore utilized.
PAR  FIGS. 1, 4 and 5 illustrate the manner in which the test machine of this
      invention may be utilized to test pipe ring segments having a larger
      diameter than that of split post 10. This is accomplished by the use of
      pairs of semicircular shoe discs which may be removably placed around
      split post 10. Two pairs of such removable discs 48a, 48b and 50a, 50b are
      shown in exploded view above split post 10 in FIG. 1. A number of pairs of
      such shoe discs are provided, each having a different outside diameter to
      accommodate a particular large diameter pipe segment. Each of these pairs
      of discs has an inner, semicircular recess 52 of a diameter substantially
      equal to that of split post 10, whereby such removable discs may be
      snuggly fitted around split post 10. Such a pair of discs having an
      outside diameter substantially equal to the inside diameter of a
      particular large pipe segment to be tested is selected and placed around
      split post segments 10a and 10b on top of base plates 2 and 4 in the
      manner shown in FIGS. 4 and 5. It will thus be noted that base plates 2
      and 4 serve to support removable shoe discs 48a, 48b, as well as to
      support test ring segments fitted around split post 10. A particular pair
      of removable shoe discs such as those designated 48a and 48b are placed
      around split post 10 in the aforesaid manner, with their inner ends
      abutting each other along parting line 12 of split post 10. A particular
      ring segment cut from a section of pipe to be tested, having an internal
      diameter corresponding to the outer diameter of shoe discs 48a and 48b is
      placed on top of base plates 2 and 4 around discs 48a and 48b as
      illustrated in FIGS. 4 and 5. This is of course accomplished with movable
      base plate 4 actuated to its closed position in abutting contact with
      stationary base plate 2 by means of power cylinder 16. Power cylinder 16
      is then utilized in the same manner described above to impart a
      predetermined tensile stress to a relatively large test ring segment 54
      resting on base plates 2 and 4 around removable discs 48a and 48b. Thus,
      different pairs of removable discs may be selectively utilized on split
      post 10 to test a wide range of sizes of pipe ring segments greater in
      diameter than split post 10.
PAR  Upper, split stub post 14 may be utilized for testing pipe ring segments
      having a diameter less than that of split post 10. Upper stub post
      segments 14a and 14b are sized to provide a small, split stub post 14 on
      the order of 1 inch in diameter. Pipe segments of such a size may be
      directly fitted around split post 14 on top of the upper face of larger
      diameter, split post 10. Removable shoe discs similar to that illustrated
      at 48a, 48b and 50a, 50b, but having outside diameters in a size range
      between that of split posts 10 and 14 may be utilized around split post 14
      on top of post 10 to test pipe segments having a size range between that
      of posts 10 and 14. Such removable discs are also notched or recessed to
      fit snuggly around upper stub post 14.
PAR  In actual use, a hinged cover will be provided on top of test bed 1 to
      cover the entire test apparatus illustrated for safety purposes. For
      reasons of clarity, no such cover has been shown.
PAR  It is to be noted that the clevis type of connection 22, 24, 28 between
      piston 26 and movable base plate 4 advantageously functions as a flexible
      coupling. The relative pivotal movement permitted between coupling plate
      20 and piston end 24 about coupling pin 28 insures that any misalignment
      between plate 4 and hydraulic cylinder piston 26 will not result in
      binding of any portion of the slide mechanism. This would cause an
      erroneous reading on pressure gauge 44. The use of a flexible coupling
      such as the clevis connection disclosed herein to connect movable plate 4
      to piston 26 provides full freedom of movement of piston 26 through its
      full stroke without any binding.
PAR  I anticipate that the test machine described herein will find particularly
      widespread application for testing plastic pipe, which is extruded in
      sizes as great as 24 inches in diameter. Base plates 2 and 4 are sized to
      accommodate removable shoe discs ranging in size from slightly over 3
      inches up to 24 inches in outer diameter.
PAR  Those skilled in the art will appreciate that the testing machine disclosed
      herein can be quickly and effectively used to test a wide range of sizes
      of pipe segments ranging from very small diameters, up to diameters as
      large as 24 inches without undue cost and waste of pipe material. I
      anticipate that various changes may be made in the size, shape and
      arrangement of the various components of my test machine without departing
      from the spirit and scope of my invention as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test machine for simulating a burst pressure test and applying tensile
      stress to a ring segment cut from a pipe section comprising:
PA1  a round post split along a parting line to define two half post segments;
PA1  stationary mounting means to which a stationary one of said post segments
      is rigidly affixed;
PA1  movable mounting means to which the other, movable one of said post
      segments is affixed, said movable mounting means being connected to power
      actuating means for movement towards and away from said stationary post
      segment along a displacement line substantially perpendicular to said
      parting line, said movable post segment being shiftable with said movable
      mounting means between a closed position abutting against said stationary
      post segment and an open, extended position displaced therefrom by
      operation of said power actuating means, whereby a ring segment cut from a
      pipe section of predetermined diameter may be placed around said split
      post with said movable post segment in said closed position and subjected
      to tensile stress by moving said movable post segment towards said open
      position along said displacement line; and
PA1  said split post being in a free, upstanding position with said half post
      segments lying in a substantially horizontal plane, whereby a pipe ring
      segment to be tested may be readily placed over the top of said split post
      around said post segments; and
PA1  a pair of semicircular shoe discs removably placed around said split post
      on said base plates in abutting contact with each other along said split
      post parting line, each of said shoe discs having an inner, semicircular
      recess of a diameter substantially equal to that of said split post,
      whereby said shoe discs will fit snuggly around said split post, and each
      of said shoe discs having an outer diameter substantially equal to that of
      a particular pipe ring segment to be tested, whereby such shoe discs of
      varying outer diameters may be removably placed on said split post to
      permit the testing of a wide range of sizes of pipe ring segments greater
      in diameter than said split post.
NUM  2.
PAR  2. A test machine for simulating a burst pressure test and applying tensile
      stress to a ring segment cut from a pipe section comprising:
PA1  a round post split along a parting line to define two half post segments;
PA1  stationary mounting means to which a stationary one of said post segments
      is rigidly affixed;
PA1  movable mounting means to which the other, movable one of said post
      segments is affixed, said movable mounting means being connected to power
      actuating means for movement towards and away from said stationary post
      segment along a displacement line substantially perpendicular to said
      parting line, said movable post segment being shiftable with said movable
      mounting means between a closed position abutting against said stationary
      post segment and an open, extended position displaced therefrom by
      operation of said power actuating means, whereby a ring segment cut from a
      pipe section of predetermined diameter may be placed around said split
      post with said movable post segment in said closed position and subjected
      to tensile stress by moving said movable post segment towards said open
      position along said displacement line; and
PA1  said split post being in a free, upstanding position with said half post
      segments lying in a substantially horizontal plane, whereby a pipe ring
      segment to be tested may be readily placed over the top of said split post
      around said post segments; and
PA1  an upright stub post segment of semicircular shape projecting upwardly from
      the top of each of said split post segments and affixed thereto, said stub
      post segments defining together in the closed position of said movable
      post segment an upper stub post of lesser diameter than said split post on
      which pipe ring segments of lesser diameter than said split post may be
      placed and tested, the upper face of said split post serving as a rest
      surface for such lesser diameter test ring segments.
NUM  3.
PAR  3. A test machine for applying a tensile stress to a ring segment cut from
      a pipe section comprising:
PA1  a round, upright post split along a parting line to define two half post
      segments, said post segments being affixed to separate, horizontally
      oriented base plates movable relative to each other along a predetermined
      displacement line for displacing said post segments from a closed position
      wherein they abut against each other to an open, separated position;
PA1  power actuating means for separating said base plates and said post
      segments affixed thereto;
PA1  a pair of semicircular, shoe discs removably placed around said split post
      on top of said base plates in abutting contact with each other along said
      split post parting line, each of said shoe discs having an inner,
      semicircular recess of a diameter substantially equal to that of said
      split post, whereby said shoe discs will fit snuggly around said split
      post, and each of said shoe discs having an outer diameter substantially
      equal to that of a particular pipe ring segment to be tested, whereby such
      shoe discs of varying outer diameters may be removably placed on said
      split post to permit the testing of a wide range of sizes of pipe ring
      segments greater in diameter than said split post.
NUM  4.
PAR  4. A pipe ring test machine as defined in claim 3 wherein:
PA1  an upright stub post segment of semicircular shape projects upwardly from
      the top of each of said split post segments and is affixed thereto, said
      stub post segments defining together in the closed position of said split
      post segments an upper stub post of lesser diameter than said split on
      which pipe ring segments of lesser diameter than said split post may be
      placed and tested, the upper face of said split post serving as a rest
      surface for such lesser diameter test ring segments.
NUM  5.
PAR  5. A pipe ring test machine as defined in claim 3 wherein:
PA1  one of said post segments is permanently affixed to a stationary base
      plate, and the other one of said post segments is affixed to a movable
      base plate attached to a fluid pressure actuated cylinder operable as said
      power actuating means to pull said other post segment away from said one
      stationary post segment along said predetermined displacement line.
NUM  6.
PAR  6. A pipe ring test machine as defined in claim 5 wherein:
PA1  said movable base plate is attached to said cylinder by means of a flexible
      coupling having a vertically extending connecting element defining a
      pivotal axis about which said movable base plate and said cylinder are
      free to pivot relative to each other in a horizontal plane.
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ABST
PAL  The load cell disclosed is for detecting changes in tensile loading of a
      multiwire structural post-tensioning tendon for a concrete structure. The
      load cell has a pair of spaced end plates, an elastically deformable
      cylindrical steel member which extends between and is connected to the
      peripheral portions of the end plates, and a telemetric strain sensing
      device mounted between the end plates centrally within the cylinder. The
      cylindrical steel member carries the full load of the post-tensioning
      tendon, and because of the central location of the strain sensing device
      within the cylinder member, measurements will not be affected by
      eccentricity.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a load cell for measuring tensile load and
      changes in tensile load in a tendon. The invention has particular
      application to the monitoring of loads and changes in loads in tendons
      which extend through concrete structures and are tensioned to produce an
      initial compressive stress in the concrete structure. Such tendons may be
      constructed of a number of strands or "wires" which extend through a
      casing in the concrete structure and have their ends connected to stop
      members positioned on either side of the portion of the concrete structure
      being acted upon by the tendon. A tensile stress is applied to the tendon
      resulting in a corresponding compressive force on the concrete structure.
      The concrete structure is thereby post-tensioned in compression by the
      amount of tension that is present in the tendon which in turn will depend
      upon the average of the tensile loading of each of the wires comprising
      the tendon.
PAR  From the foregoing, it is apparent that the tendon acting through the stop
      members applied a compressive force to the concrete structure, and when a
      tensile loading is applied to the concrete this compressive force must be
      overcome before tensile stress develops in the concrete. Thus any changes
      in the tensioning of the tendon will alter the strength of the entire
      structure in tension. In many structures, such as secondary containment
      vessels for nuclear power plants, it is highly desirable to at least
      periodically monitor the tensioning in the tendon to make sure that no
      changes have occurred which would indicate a lessening of overall tensile
      strength of the reinforced structure.
PAR  Heretofore it has been common practice to periodically monitor the
      tensioning of the tendon by a post tensioning procedure involving the
      application of a tensile load to the stop member to determine the force
      required to overcome the tension in the tendon and to move the stop member
      away from the compressed structure. The force required to accomplish this
      would then be just slightly greater than the tension in the tendon being
      monitored. Such a procedure is cumbersome and time consuming, and it could
      be dangerous if there is a weakened wire in the tendon. Other procedures
      have been attempted. One such alternative procedure is to apply a number
      of bonded strain gages to the exterior wall of a spacing structure which
      has been positioned between one of the stop members and the concrete
      structure and has been placed in compression by the initial tension in the
      tendon. The readings of the strain gages would be averaged. Another
      alternative procedure involves the use of so-called "vibrating wires". The
      frequency of vibration of each wire varies with the tension in the wire.
      Such wires may be placed at various positions and again the readings
      averaged. However, all of these alternative procedures are complicated,
      cumbersome, and require an averaging of the readings taken.
PAR  The post-tensioning load cell constructed in accordance with this invention
      provides a less complicated, less expensive means of measuring the tensile
      load and variations in the tensile load on the tendon. The load cell is
      easy to install and easy to read and automatically averages the loads and
      changes of loads in the individual wires of the tendon. An important
      feature of the invention is that measurements are not affected by
      eccentricity in the components of the tendon or the components of the
      compressed structure or the components of the load cell.
PAC  SUMMARY OF THE INVENTION
PAR  The load cell constructed in accordance with this invention is for
      detecting changes in tensile loading of a multiwire structural
      post-tensioning tendon that extends between and is connected to stop
      members positioned on either side of the portion of the structure being
      placed under compression by the action of the tendon. The load cell
      comprises a pair of spaced end members. A tubular elastically deformable
      member extends between and is connected to the peripheral portions of the
      members. Means is provided for operatively connecting one end of said
      tubular member to one of the stop members with the axis of the tubular
      member being substantially coincidental with the axis of the tendon. Thus
      the forces applied to the stop member by the tendon will be transmitted to
      the tubular member. A telemetric means responsive to the dimension changes
      is provided, and means is carried by the spaced end members for mounting
      the telemetric means therebetween within the tubular member, with the
      central axis of the telemetric means being substantially aligned with the
      central axis of the tubular member. This central substantially coaxial
      positioning of the telemetric means is a feature of the invention and
      provides an automatic averaging of the tensile strain on the wires of the
      tendon.
PAR  In accordance with the preferred aspect of the invention, the spaced end
      members are plates which have identical discrete apertures therethrough
      corresponding to the number of wires or strands in the tendon, with the
      array of apertures being such that the wires of the tendon may pass
      through the spaced end members and the intermediate tubular member and
      will be disposed in a substantially balanced, uniform pattern circumjacent
      the telemetric means, whereby tension on the tendon will place the tubular
      member under corresponding compression.
PAR  In accordance with another aspect of the invention, the stop member
      connecting means at the one end of the tubular member is adapted to be
      disposed toward the structure being compressed by the tendon, and the
      tubular member is provided with a shoulder formation adjacent its other
      end. A tubular spacer means circumjacent the one end of the tubular member
      is positioned for engaging the shoulder formation on the tubular member
      and supporting the tubular member in spaced relationship with respect to
      the structure being compressed by the tendon, whereby tension on the
      tendon will place the tubular member under corresponding tension.
PAR  By locating the strain sensing meter centrally within the tubular steel
      element that carries the load of the post-tensioning tendon, the load cell
      eliminates the effects of eccentricity due to any and all causes, whether
      these be by unequal tension in the individual wires, irregularities in the
      wall thickness or the end conditions of the annular steel element, angular
      deviation of the base plate with respect to the direction of the tendon,
      or other causes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With reference to the drawings,
PAR  FIG. 1 is a cross-sectional view of a load cell constructed in accordance
      with one embodiment of the invention showing the load cell mounted in
      position on the post-tensioned tendon which extends through and places the
      concrete structure under compression.
PAR  FIG. 2 is a cross-sectional view taken substantially along line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view of the load cell removed from
      the tendon; and
PAR  FIG. 4 is a cross-sectional view of a load cell of a modified construction.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With further reference to the drawings and particularly to FIG. 1, there is
      shown a portion of a concrete structure 10 which is post-tensioned in
      compression by means of a steel multiwire structural post-tensioning
      tendon 12. In FIG. 1 the tendon 12 is illustrated schematically with only
      four strands, 12a, 12b, 12c and 12d being illustrated. In actual practice
      a tendon of this type would have on the order of perhaps 90 individual
      wires or strands, each wire being typically on the order of three-eighths
      of an inch in diameter, and either solid or stranded. The wires of the
      tendon 12 extend through a casing 14 in a concrete structure 10. The
      casing has a flared mouth or trumpet portion 14a adjacent one end and a
      similar flared mouth or trumpet portion 14b adjacent the other end.
      Between the trumpeted end portions 14a and 14b is an intermediate
      substantially cylindrical portion 14c. Cast into the concrete structure 10
      surrounding the trumpeted end 14a of the casing 14 is a base plate 16 and
      a similar base plate 18 is cast into the concrete structure 10 surrounding
      the trumpeted end 14b of the casing. The base plate 16 has blind, threaded
      apertures 16a and 16b which may be utilized for mounting of a standard
      tensioning jack (not shown) for purposes which will be more fully
      hereinafter described.
PAR  One end of each of the wires of the tendon 12 extends through an individual
      aperture in a heavy first stop plate 20 and, a buttonhead or other stop
      means is provided on the end of each of the wires exterior of the plate
      20. Thus, in FIG. 1 the wire 12a has a buttonhead 22a; the wire 12b has a
      buttonhead 22b; the wire 12c has a buttonhead 22c; and, the wire 12d has a
      buttonhead 22d. The buttonheads 22a-22d prevent the wires from being
      pulled out through the stop plate 20 even under the conditions of great
      tension to which the wires of the tendon 12 are subjected. The stop plate
      20 has external threads 24 and a central aperture 26. The threads 24
      permit the plate to be threaded onto the tensioning jack (not shown) in
      order to apply tension to the wires of the tendon 12. The opposite ends of
      the wires of the tendon extend through individual discrete apertures in a
      second stop plate 28, having a central aperture 30. At this end each of
      the wires is provided with a buttonhead or other stop means for preventing
      the end of the wire from being pulled out through the stop plate 28. Thus
      wire 12a has a buttonhead 32a; wire 12b has a buttonhead 32b; wire 12c has
      a buttonhead 32c; and, wire 12d has a buttonhead 32d.
PAR  The second stop plate 28 may be constructed identically to the first stop
      plate 20, although in the illustrated embodiment the plate 28 is somewhat
      thinner. This plate carries external threads 34, which also may be
      threaded into the tensioning jack (not shown) in order to apply the
      tension to the tendon 12 from this side of the tendon. In the particular
      embodiment illustrated in FIG. 1, it is preferred that the tensioning be
      applied from the right-hand side of the tendon, with the stop plate 28
      being pulled to the right in order to apply tension to the tendon 12.
      Tensioning will elastically elongate the tendon, and when the proper
      tension has been applied to the tendon, a shim 36 is inserted between the
      stop plate 28 and the base plate 18. Thus, the tension remaining in the
      tendon 12 will be the tension required to elongate the tendon by a length
      equal to the thickness of the shim 36. There may, of course, be several
      shims between the base plate 18 and the plate 28. Each of the shims is
      annular and is preferably formed of two separate semicircular sections so
      that the respective sections may be inserted from opposite sides beneath
      the peripheral edges of the plate 28 surrounding the wires of the tendon
      12. Only one of the semicircular portions of the shim 36 is illustrated in
      FIG. 1.
PAR  In many structures such as secondary containment vessels for nuclear power
      plants or dam structures, it is necessary to provide some means for
      testing the tension in the tendon 12 to make sure that it has been
      maintained at a sufficient level to properly exert the proper magnitude of
      compressive force upon the concrete structure. In order to accomplish
      this, the load cell 60 is positioned between the stop plate 20 and the
      base plate 16. This load cell is illustrated in detail in FIG. 3 and
      includes a pair of end plates 62 and 64 and an intermediate tubular
      support member 66 which is preferably cylindrical in shape having an
      inside diameter sufficient to accommodate the wires of the tendon 12 which
      pass through the device. On the exterior of the end plate 62 is an annular
      member or washer 68 which preferably has the same cross-sectional
      dimensions as the tubular support member 66 and is axially aligned
      therewith. A plurality of threaded fasteners 70 extend through the washer
      68 and then through the end plate 62 into the support member 66 to
      securely fasten these members together in properly aligned relationship.
      The purpose of the annular member or washer 68 is to engage the stop plate
      20 and to transmit the compressive forces directly through the peripheral
      portions of the plate 62 to the support member 66. The washer 68 serves to
      maintain the central portion of the stop plate 20 in spaced relationship
      from the central portion of the end plate 62, thereby assuring that any
      movement of the central portion of the end plate will be caused only by
      the uniform compressive forces applied through the washer 68.
PAR  On the exterior of the end plate 64 is a guide plate 72, and a plurality of
      threaded fasteners 74 extend through the guide plate 72 and then through
      the end plate 64 into the support member 66 to securely fasten these
      members together in proper alignment with each other and in alignment with
      the end plate 62 and washer 68 secured at the opposite end of the support
      member 66.
PAR  The support member 66 and the other load supporting portions of the load
      cell, including the end plates 62 and 64, the washer 68, and the guide
      plate 72, are all constructed of high-strength steel which will
      elastically deform but will not permanently deform under the tensile loads
      and compressive forces to which the tendon 12 and the load cell 60
      respectively may be subjected. In other words, the product of the yield
      strength (in pounds per square inch) and cross-section (in square inches)
      of the support member 66 and each of the aforementioned other load
      supporting portions of the load cell is greater than the design loads (in
      pounds) of the tendon. In effect, the support member 66 elastically
      separates the end plates 62 and 64. These end plates will be moved toward
      one another as the tension on the tendon 12 (and the compression on the
      load cell 60) increases, and the end plates will be moved away from each
      other as the tension in the tendon 12 (and the compression on the load
      cell 60) decreases.
PAR  The end plate 62 has a central aperture 76 which is internally threaded for
      purposes which will be more fully hereinafter described. A plurality of
      smaller apertures 78 extend through the end plate 62 and are arranged in a
      balanced, uniform array about the central aperture 76. The number, the
      spacing and the positioning of these apertures 78 is identical to the
      number, the spacing and the positioning of the apertures through the stop
      plate 20. A plurality of additional apertures 80 are provided in the end
      plate 62 for the passage of oil or hot grease as will be more fully
      described. The end plate 64 has a central spherical cavity 82, and a
      plurality of apertures 84 surround this spherical cavity 82 and are
      positioned precisely in alignment with the apertures 78 in the end plate
      62. Oil passageways 86 also extend through the end plate 64. The apertures
      78 and 84 in the end plates 62 and 64 precisely align so that the wires of
      the tendon 12 may pass through these apertures and thence through the
      apertures in the stop plate 20 prior to the formation of the buttonheads
      on the end of the individual wires. This precise alignment of the
      apertures 78 and 84 in the respective end plates also assures parallel
      disposition of the portions of the wires of the tendon which pass through
      the load cell thereby minimizing bending and twisting of the wires in the
      space between the end plates of the load cell.
PAR  In order to facilitate the insertion of the load cell 60 onto the wires of
      the tendon 12 and to make sure that no difficulty will be encountered in
      passing the wires of the tendon through the aligned apertures 78 and 80 in
      the respective end plates 62 and 64, it is preferred that a guide tube or
      sleeve 88 extend between and through each pair of corresponding apertures
      78 and 84 in the respective end plates. Thus the wires of the tendon will
      be guided through the load cell 60 by these tubes, and there will be no
      difficulty in making sure that all of the wires of the tendon stay in
      alignment with and pass through the proper apertures in the spaced end
      plates 62 and 64. The apertures 78 and 84 end plates are thus of
      sufficient diameter to accept the guide tubes 88, and the internal
      diameter of each of the guide tubes 88 is sufficient to readily permit the
      insertion and passage therethrough of one of the wires of the tendon 12.
PAR  The guide plate 72 has a central aperture 90, and around this central
      aperture in precise alignment with the apertures 84 in the end plate 64
      are a plurality of apertures 92. The central portion 72a of the guide
      plate is spaced from the end plate 64, and the annular peripheral portion
      72b of the plate is thicker and is in flat engagement with the peripheral
      portions of the end plate 64 and in substantial alignment with the support
      member 66 beneath the end plate 64. The thickened annular portion 72b may
      be entirely integral with the central portion 72a or the added thickness
      may be added by a separate annular washer. The purpose of the plate 72 is
      to transmit the compressive forces to the peripheral portions of the plate
      in line with the support member 66 and to permit a slight bend of the
      wires of the tendon 12 as they enter the flared end or trumpet portion 14a
      of the casing 14 through the concrete structure 10 without transmitting
      bending stresses or otherwise affecting the other portions of the load
      cell. It may be desirable to slightly angle the apertures 92 toward the
      central axis of the plate 72 in order to facilitate this bend. However,
      whether the apertures are slightly angled toward the center or not, the
      plate 72 will serve to absorb the bending stresses of the angled tendon
      wires on the load cell and prevent these stresses from being transmitted
      to the end plate 64.
PAR  Mounted centrally and preferably precisely on the central axis of the
      tubular support member 66 and aligned with the central axis of the array
      of apertures 78 and 84 in the end plate 62 and 64 and thus in alignment
      with the central axis of the tendon 12, is a strain measuring telemetric
      device 94. The particular telemetric device 94 illustrated in FIG. 3 is a
      Carlson strain meter of the type described and illustrated in U.S. Pat.
      No. 2,036,458 dated Apr. 7, 1936. Basically, this meter comprises two
      spaced anchoring members 96 and 98 connected by a framework 100 which
      carries a pair of coils of wire 102 and 104 under tension. As described in
      the aforementioned patent, the framework is arranged to increase the
      tension of one coil and decrease the tension of the other coil when the
      anchoring members move relative to each other. Various other types of
      strain measuring devices may be employed but the Carlson device has been
      found particularly useful in this application.
PAR  The telemetric device 94 is covered by means of a protective shell
      consisting of an axially apertured end piece 106 having an end recess 106a
      and a shoulder 106b at its outer end. The inner end of the end piece 106
      is internally threaded so that the anchoring member 96 of the telemetric
      device 94 may be screwed thereinto. A peripheral recess at this inner end
      carries an O-ring 108, and a thin cylindrical brass protective sleeve 110
      having pleats 110a for flexibility extends partially over the inner end of
      the end piece 106 and engages the shoulder 106b. This sleeve is sealingly
      engaged by the O-ring 108, and is staked to the end piece 106 by means of
      pins or wedges 112.
PAR  The other anchoring member 98 of the telemetering device 94 is screwed into
      an end piece 114 disposed within the opposite end of the brass protective
      sleeve 110. This end piece 114 also carries an O-ring 116 which sealingly
      engages the sleeve 110 and is staked to the sleeve by means of pins or
      wedges 118. Also disposed in the end of the protective sleeve 110 with the
      end piece 114 is a bearing member 120 having a shoulder portion 122 which
      bears against the end of the protective sleeve 110. The bearing member 120
      has a cylindrical recess which mates with a spherical ball bearing 124
      which also mates with and is partially accommodated within the spherical
      recess 82 at the center of the end plate 64. The bearing member 120, the
      ball bearing 124, and the recess 82 thus provide a self-centering mounting
      means for one end of the telemetering device 94.
PAR  The opposite end of the telemetering device 94 is mounted on the end plate
      62 also by means of a self-centering mounting system. This mounting system
      comprises an adjustable screw member 126 which is externally threaded to
      fit the threads of the aperture 76 in the center of the end plate 62. A
      groove 128 in the exterior end of the screw 126 facilitates manipulation
      of this screw member, and the screw member has an axial aperture 130 which
      extends completely therethrough. A lock nut 131 on the exterior of the
      screw member 26 locks the screw member 26 in its desired position of
      adjustment with respect to the end plate 62. Threaded onto the inner end
      of the screw member 126 is a bearing nut 132 having a spherical end
      portion which mates with a spherical washer 134 disposed in the recess
      106a of the telemetering device end piece 106. The mounting of the
      telemetering device 94 between the end plates 62 and 64 is thus a
      self-centering mounting for compressive loading of the load cell and of
      the telemetering device.
PAR  Since the load cell 60 is positioned between the stop member 20 and the
      base plate 16, the stop member 20 will bear against the washer 68 of the
      load cell and the guide plate 72 of the load cell will bear against the
      base plate 16. With the tendon 12 in tension, the load cell 60 will be
      under compression, and the compressive forces will be applied through the
      washer 68, the end plate 62, the intermediate tubular support member 66,
      the end plate 64 and the guide plate 72. As previously described, the
      compressive forces involved (caused by tension in the tendon) will cause
      the tubular high-strength steel support member 66 to elastically deform,
      so that the end plates 62 and 64 will move slightly toward each other as
      the compression is increased and slightly away from each other as the
      compression is decreased. Any such movement will be detected by the
      telemetering device 94 mounted between the end plates 62 and 64.
PAR  The wires 136 and the conduit 138 for these wires extend through the
      aperture 130 in the screw member 126 so that the ends of the wires may be
      connected to the telemetering device 94. After the load cell 60 has been
      completely assembled (as shown in FIG. 3) it is calibrated and then
      mounted on the tendon 12 (as shown in FIG. 1). Tensioning of the tendon is
      then done in the standard way with tensioning jacks (not shown) which may
      be mounted in place using the threaded holes 16a in the base plate 16 or
      base plate 18 (not shown).
PAR  The tendon 12 should be maintained free from corrosive environment in order
      to avoid eventual deterioration and necessitate replacement of the tendon.
      One means of sealing the tendon from the effects of the atmosphere is to
      surround the tendon with oil or grease. For this purpose, a container 140
      is positioned over the stop member 20 and the load cell 60. This is best
      illustrated in FIG. 1. The container 140 may have a flat end portion or
      plate 142 and a substantially cylindrical body portion 144. The end plate
      142 is provided with a tubular end fitting 146 through which grease or oil
      may be injected, and the substantially cylindrical body portion 144
      extends over the stop member 20 and load cell 60 and carries an annular
      end ring 148 at the bottom of which is a seal ring 150 for resiliently and
      sealingly engaging the base plate 16. A plurality of threaded fasteners
      151 extend through the plate 142 and into the stop member 20 thereby
      holding the container 140 in place covering the stop member and load cell.
PAR  Oil or hot grease may be injected through the tubular port or fitting 146.
      This oil or grease will first fill the space surrounding the stop member
      20 and load cell 60 and will then pass downwardly through the aperture 26
      in the stop member 20 and then through the oil passages 80 in the end
      plate 62 of the load cell. Although the load cell thus is filled with the
      oil or grease, the telemetering device 94 will be protected by the
      protective shell 110. The oil or hot grease will flow out through the
      passages 86 in the end plate 64 of the load cell, through the aperture 90
      in the load cell guide plate 72 and into the trumpeted casing 14. The
      material will pass through the passageway filling all of the parts thereof
      until it flows out of the casing, through the shim 36 and through the
      center aperture 30 in the stop member 28. At this end of the device there
      is also a container 152 constructed substantially identical to the
      container 140. This container 152 has an end plate 154 and a cylindrical
      body portion 156 which carries an end ring 158 having a resilient seal
      member 160 attached. The container 152 surrounds the shim 36 and stop
      member 28 and the seal member sealingly engages the base plate 18.
      Threaded fasteners 162 extend through the plate 154 of the container and
      into the stop member 28 to lock the container 152 in position and to
      retain the oil or grease in place surrounding the wires of the tendon 12.
      The tubular port 164 in the plate 154 permits the injection of hot grease
      or oil from this end to fill the tendon assembly (which includes the load
      cell 60). The conduit 138 for the load cell wires 136 extends through a
      seal 165 in the cylindrical wall 144 of the container 140 and thence into
      a junction box 166.
PAR  An important feature of the invention is the positioning of the strain
      meter or telemetering device 94 at the center of the load cell in coaxial
      alignment with the strands or wires of the tendon 12. This eliminates the
      effects of eccentricity and results in an automatic averaging by the
      telemetering device 94 of the compressive loading on the load cell by the
      tension in the individual strands and avoids the necessity of averaging
      several readings. Moreover, the telemetering device is protected within
      the load cell, and since the load cell may be precalibrated, all that is
      necessary in order to install the load cell is to insert the wires of the
      tendon 12 therethrough at the same time that they are being inserted into
      the stop member 20. The load cell is completely reliable and accurate in
      providing information concerning changes in the tension in the tendon 12.
PAR  In FIG. 4 there is illustrated an alternative embodiment of the invention
      wherein the telemetering device 94 is placed in tension between a pair of
      end plates 170 and 172. One of the anchoring members 174 of the
      telemetering device 94 is attached to a mounting plate 176 affixed to the
      end plate 170, and the other anchoring member 178 is threaded into or
      otherwise attached to the plate 180 affixed to the other end plate 172.
      The end plates 170 and 172 are staked, welded or otherwise affixed to the
      inner cylindrical surface of a cylindrical high-strength steel support
      member 182 so that the intermediate portion 183 between the end plates 170
      and 172 serves to elastically maintain the end plates a fixed distance
      apart. The cylindrical member 182 has an internally threaded lower portion
      184 of about the same outside diameter and an upper portion 186 of larger
      diameter and having a shoulder 186a. A cylindrical high-strength steel
      spacer 188 surrounds the lower cylindrical portion 184 of the member 182
      and engages the upper portion shoulder 186a of the member thereby
      elastically supporting the member outwardly from the base plate 16 of the
      structure 10. The support member 182 is of sufficient cross-section and is
      heat treated to have sufficient yield strength to elastically support the
      end elements in spaced relationship under all loads which may be applied
      to the tendon. In other words, under all design loading of the tendon (and
      of the support member 182) there should be no permanent deformation of the
      support member 182. The spacer 188 is preferably of the same material and
      similarly treated.
PAR  The externally threaded stop member 20, as described in connection with the
      previous embodiment, is apertured to accommodate the passage therethrough
      of the wires of the tendon 12. This stop member is threaded into the
      internally threaded lower end portion 184 of the cylindrical support
      member 182, so that when tension is applied to the wires of the tendon 12,
      the lower end portion 184 and intermediate portion 183 of the member 182
      will be placed in tension and the cylindrical spacer 188 will be placed in
      compression. Tension in the intermediate portion 183 will result in an
      elastic elongation of this portion of the steel cylindrical member 182 and
      cause the end plates 170 and 172 to move away from each other. In this
      manner, reduction in the tension in the wires of tendon 12 will permit the
      end plates 170 and 172 to move toward each other, and the changes in the
      relative position of the plates 170 and 172, i.e., the distance between
      the plates, will be detected by the telemetering device 94.
PAR  This particular embodiment may be employed where it is undesirable to have
      the strands or wires of the tendon 12 pass through the load cell or where
      alignment is a problem. A container 190 may surround the load cell to
      retain the protective oil or grease for the tendon, and this container may
      be constructed identically with the containers 140 and 152 of the
      previously described embodiment.
PAR  It is to be understood that the present disclosure has been made only by
      way of example and that many additional modifications and changes in
      various details may be resorted to without departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring changes in a structure being compressed,
      comprising in combination:
PA1  1. a tendon assembly comprising a multiwire structural post-tensioning
      tendon having a stop member mounted at each end thereof arranged to have
      the structure to be compressed by the action of the tendon positioned
      intermediate said stop members,
PA1  2. a load cell for detecting changes in tensile loading of said tendon,
      comprising an elastically deformable tubular support member having a pair
      of spaced-apart end elements mounted thereon, one of said stop members
      being operatively connected to one end of said support member, whereby
      force applied to said stop member by said tendon causes axial deformation
      of said support member, and
PA1  3. telemetric means responsive to dimensional changes operatively mounted
      on means carried by said spaced-apart end elements within said tubular
      support member, whereby said telemetric means is adapted to detect
      relative movement of said end elements caused by axial deformation of said
      support member produced by changes in the tensile loading of said tendon,
PAL  wherein both of said spaced end elements are apertured to accommodate the
      passage of the tendon through the cell, whereby the load cell may be
      positioned on the tendon between one of the stop members and the structure
      being compressed and tension on the tendon will place said support member
      under corresponding compression.
NUM  2.
PAR  2. A load cell for detecting changes in tensile loading of a multiwire
      structural post-tensioning tendon which extends between and is connected
      to stop members positioned on either side of the portion of the structure
      being compressed by the action of the tendon, said load cell comprising a
      pair of spaced end elements adapted to be positioned between one of the
      stop members and the structure compressed by the action of the tendon,
      said end elements being apertured to accommodate the passage therethrough
      of the wires of the tendon, an elastically deformable tubular support
      member disposed between said end elements and capable of elastically
      separating said end elements under loads applied thereto up to and
      exceeding the design loading of the tendon, said support member having an
      opening therethrough of a size sufficient to accommodate the passage
      therethrough of the wires of the tendon, and telemetric means responsive
      to dimensional changes mounted between said end elements for detecting
      relative movement of said end elements such as would be produced by
      changes in the tensile loading of the tendon.
NUM  3.
PAR  3. The load cell of claim 2 and further including mounting means carried by
      said end elements for mounting said telemetric means therebetween within
      the opening through said elastically deformable support member.
NUM  4.
PAR  4. The load cell of claim 3 wherein said elastically deformable support
      member is cylindrical, and said mounting means is effective for mounting
      said telemetric device in substantially coaxial relationship with resect
      to said cylindrical support member.
NUM  5.
PAR  5. The load cell of claim 2 wherein said telemetric means is mounted
      centrally within the opening through said elastically deformable element
      and the apertures in said end elements are so located that the wires of
      the tendon which pass through said end elements and said elastic element
      are disposed in a substantially balanced pattern about and in spaced
      relationship from said telemetric means.
NUM  6.
PAR  6. The load cell of claim 2 wherein the apertures in the end elements for
      the passage of the tendon wires therethrough are aligned, whereby the
      wires of the tendon will be substantially parallel as they extend between
      said end elements and means is provided affixing said end elements to the
      respective opposite ends of said support member, whereby the alignment of
      said apertures may be maintained.
NUM  7.
PAR  7. The load cell of claim 2 wherein guide means is provided between the
      corresponding apertures in said end elements, whereby the wires of the
      tendon will be guided through the load cell.
NUM  8.
PAR  8. The load cell of claim 7 wherein a guide plate is mounted in fixed
      position in front of one of said end elements for engagement with the
      structure being reinforced by the tendon, said guide plate having a
      central portion which is disposed in spaced relationship with respect to
      said one end element and has apertures which correspond to and are
      positioned and aligned with the apertures in said one element, whereby
      said guide plate may guide the wires of the tendon into the load cell and
      will shield said one end element from bending stresses.
NUM  9.
PAR  9. The load cell of claim 8 wherein said guide plate has an annular
      peripheral portion in engagement with said one end element and in
      substantial alignment with said support member.
NUM  10.
PAR  10. The load cell of claim 2 wherein an annular member is mounted in fixed
      position in front of the other of said end elements for engagement with
      the one stop member.
NUM  11.
PAR  11. The load cell of claim 10 wherein said annular member is affixed to
      said other end element in substantially aligned relationship with respect
      to said tubular support member circumjacent the tendon wire accommodating
      apertures in said other end element.
NUM  12.
PAR  12. The load cell of claim 11 wherein said annular member has substantially
      the same transverse cross-sectional dimensions as said support member.
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ABST
PAL  An improved free-point measuring system for indicating whether a pipe in a
      borehole is free or stuck at various locations within the borehole is
      disclosed. The system employs an improved free-point tool in which is
      mounted a variable resistor having a wiper arm adapted to be displaced
      with a movement of the pipe. Displacement of the wiper arm causes a change
      in the resistance of the variable resistor, and this change is detected by
      a surface unit provided with balancing and calibrating resistors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to free-point indicator apparatus
      for locating the point at which a pipe is stuck in a borehole, and more
      particularly to an improved free-point tool operating on direct current
      and employing only resistance measurements.
PAR  2. Description of the Prior Art
PAR  There are a number of applications such as, for example, in the drilling of
      wells or the like when a pipe becomes stuck in a borehole and it becomes
      desirable to ascertain the exact location in the borehole where the pipe
      is stuck. Measuring instruments known as free-point tools or indicators
      are in common use for this purpose. One such free-point indicator is
      disclosed in U.S. Pat. No. 3,004,427 which employs a variable inductance
      supplied with an alternating current. The variable inductance has a
      magnetic core divided into two portions which are separated by movement of
      the pipe when tension is applied, resulting in a change in inductance
      which can be measured at the surface. Other such free-point indicators use
      oscillators and determine by a charge of frequency whether or not a pipe
      is free or stuck.
PAR  While the prior art free-point indicators have been used with varying
      degrees of success in the past, the accuracy with which these instruments
      measure is often affected by the type, weight and magnetic properties of
      the metal of the pipe and, in some cases, by the earth's magnetic field.
      Furthermore, the prior art free-point indicators are typically rather
      complex devices requiring multiconductor electrical cables and expensive
      electronic circuitry.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      free-point tool in which the accuracy of the instrument is unaffected by
      the physical properties of the pipe.
PAR  It is another object of the invention to provide an accurate free-point
      measuring system of simple construction employing direct current
      measurements.
PAR  The foregoing and other objects of the invention are attained by providing
      an improved free-point tool in which is mounted a variable resistor having
      a wiper arm adapted to be displaced when the pipe is stretched as by
      pulling from the surface. Thus, if the pipe is free, the wiper arm will be
      displaced thereby causing a change in resistance of the variable resistor.
      Such a change in resistance is detected by a surface unit which includes
      balancing and calibrating resistors for balancing out the resistance of
      the cable extending to the variable resistor in the tool and for
      calibrating a meter in the surface unit. The important feature of the
      system is that it operates on direct current and employs only resistance
      measurements. As a result, the accuracy of the measurements made by the
      improved resistance-sensing free-point tool according to the invention is
      unaffected by the physical properties of the pipe or of the earth's
      magnetic field. Moreover, the simplicity of the construction of the tool
      constructed in accordance with the teachings of the invention requiring
      only a single conductor cable running to the variable resistor and
      requiring only the measurement of the difference of D.C. resistance
      greatly reduces the expense of manufacture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the accompanying drawings, in which:
PAR  FIG. 1 is a section view through a pipe in a borehole illustrating the
      resistance-sensing free-point tool according to the invention; and
PAR  FIG. 2 is a schematic diagram showing the circuits of the surface sensing
      unit in combination with the variable resistor in the free-point measuring
      system of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof, the
      pipe having a stuck section the location of which is to be measured is
      generally indicated by the reference numeral 10. The free-point tool which
      is lowered into the pipe comprises a first outer casing 11 which is
      divided approximately in half by a closure plate 12 having a cylindrical
      tube projecting downwardly therethrough. The lower end of casing 11 is
      provided with a flange which slidably engages a rod or tubular member 13.
      The upper end of the rod 13 is connected to the downwardly projecting tube
      in plate 12 by a flexible rubber bellows or boot 9. Thus, the bellows 9,
      the top of rod 13, and the portion of casing 11 above plate 12 define a
      chamber 19 which is preferably oil filled. The volume of this chamber
      remains constant with longitudinal displacement of the rod 13 by the
      horizontal expansion and contraction of bellows 9. The rod 13 carries
      conventionl friction bow springs 14 and 15 which engage the inner surface
      of pipe 10 and, while rod 13 is disposed to slide in and out of casing 11,
      this longitudinal movement is limited by limit screws 16 and 17.
PAR  A wiper rod 18 is threaded into the end of rod 13 that projects within the
      casing 11. The wiper rod 18 extends up through casing 11 to a chamber 19
      and is mechanically attached to, but is electrically insulated from, the
      wiper arm 20 of potentiometer 22. The winding 21 of the potentiometer 22
      is mechanically fixed within chamber 19 and movable therewith. One end of
      the winding 21 is grounded to the casing at 23, and the other end is not
      connected electrically. Thus, the potentiometer 22 is connected as a
      variable resistor.
PAR  An electrical connection to the wiper arm 20 of potentiometer 22 is made by
      a wire 24 which extends through the insulator 25 in end plate 26. The end
      plate 26 seals the upper end of casing 11 and is held in place by a
      tubular member 27 which is threaded into the upper end of casing 11 and
      abuts end plate 26. The tubular member 27 extends upwardly from the casing
      11 and carries conventional friction bow springs 28 and 29, similar to bow
      springs 14 and 15. The upper end of tubular member 27 extends into a
      second casing 30 through a flange 31. Casing 30 is divided into two
      chambers by an integral baffle or plate 32. Plate 32 thus defines the
      upper limit of travel of the tubular member 27 within casing 30. The upper
      end of tubular member 27 is provided with an annular flange 33 which
      operates as a stop which, in cooperation with the flange 31, defines the
      lower limit of travel of the tubular member within the casing 30. The
      structure just defined including the tubular member 27, the flange 31, the
      plate 32, and the annular flange 33 comprise a slack joint for the
      free-point tool.
PAR  Wire 24 is coiled within the tubular member 27 at 34 to account for
      movement of the slack joint. The wire 24 passes through an insulator 35 in
      plate 32 and through another insulator 36 in plate 37 which seals the
      upper end of the casing 30. The upper end of casing 30 is adapted by means
      (not shown), such as a cable, for raising and lowering the free-point tool
      within the pipe 10.
PAR  Referring now to FIG. 2 of the drawings, there is shown a schematic diagram
      of the free-point tool in combination with the surface sensing unit. The
      surface sensing unit comprises a potentiometr R.sub.1 having its wiper arm
      connected to a node 38. Two other potentiometers R.sub.2 and R.sub.3 have
      one end of their windings also connected to node 38. All three of these
      potentiometers, R.sub.1, R.sub.2 and R.sub.3, are connected as variable
      resistances by reason of the fact that only one end of their respective
      windings are connected in the circuit. A read-out meter, such as an
      ammeter, is represented by a fixed resistance R.sub.5 having one end
      connected to the node at 38 and the other end connected to ground. The
      wiper arm of potentiometer R.sub.3 is also connected to ground so that
      R.sub.3 acts as a variable resistance in parallel with the meter, R.sub.5.
PAR  The wiper arm of potentiometer R.sub.2 is connected to one terminal of a
      power supply preferably a battery 39, the other terminal of which is
      referenced to ground. One end of the winding of the potentiometer R.sub.1
      is connected to the wire 24, the line resistance of which is represented
      by the fixed resistor R.sub.4. The other end of wire 24, of course, is
      connected to the variable resistor R.sub.6 consisting of the potentiometer
      22 in the free-point tool. The dotted line enclosing the potentiometer 22
      schematically represents the casing, 11 for example, of the free-point
      tool which is grounded. Therefore, there is a common ground between one
      end of the winding 21 of the potentiometer 22 and the reference ground in
      the surface sensing unit which is provided by the cable, for example,
      which is used to raise and lower the free-point tool within the pipe.
PAR  In operation, the free-point tool according to the invention is anchored to
      the pipe by the bow springs 14, 15 and 28, 29. The slack joint comprising
      the tubular member 27, the flange 31, the plate 32, and the annular flange
      33 has a free travel space of, for example, 36 inches and is built for
      free travel. When the operator picks up on the free-point tool by means of
      a wire cable (not shown) from the surface, the slack joint will open if it
      is closed. When the slack joint is fully open, the free-point tool will
      then move up within the pipe 10. On the other hand when the slack joint is
      fully closed, the free-point tool will move downward under the combined
      weight of the upper and lower casings 30 and 11, respectively, which is
      sufficient to overcome the friction of the bow springs 14, 15, 28, and 29.
      If the slack joint is at an intermediate condition between fully open and
      fully closed, i.e. the upper casing 30 is supported by the cable to the
      surface, the lower casing 11 and tubular member 27 are supported within
      the pipe 10 by the bow springs 14, 15, 28, and 29.
PAR  To check if the free-point tool is working, the operator picks up on the
      supporting cable from the surface. The sensing unit will not move, of
      course, until the slack joint is fully open. However, once the slack joint
      is fully open, the tubular member 27, its bow springs 28 and 29, and
      casing 11 will move, but not rod 13 and its bow springs 14 and 15. As a
      result, the winding 21 will be moved with respect to wiper arm 20 of
      potentiometer 22, and this movement will be sensed on the surface.
PAR  Once the operator determines that the tool is working properly, he sets the
      slack joint at midtravel by lowering the supporting cable, say 18 inches
      or so. The distance of travel of the slack joint may typically be measured
      by an odometer driven by a pulley over which the supporting cable passes.
      Then, the only movement of the variable resistor consisting of
      potentiometer 22 occurs when the pipe 10 is stretched as by pulling on the
      pipe from the surface. Any change of resistance of the variable resistor
      comprising the potentiometer 22 is noted on the surface sensing unit. When
      the pipe is free at the location of the free-point tool, the pipe will
      stretch and move the winding 21 with respect to the wiper arm 20 causing a
      change in resistance in the variable resistor. By this means, the operator
      is able to tell that the pipe is free at that particular point where the
      free-point tool is located. On the other hand, when the pipe is stuck,
      there will be no stretch of the pipe due to a pulling of it at the surface
      and, as a result, there will be no change in resistance due to the fact
      that there will be no relative movement between the winding 21 and the
      wiper arm 20 of the potentiometer 22. The surface unit senses no change in
      resistance telling the operator that the pipe is stuck at the location of
      the free-point unit.
PAR  By adjusting the potentiometers R.sub.1 and R.sub.2 in the surface unit,
      the meter R.sub.5 will see the total amount of resistance of R.sub.4 and
      R.sub.6. When the meter sees the total amount of resistance R.sub.4 and
      R.sub.6, the meter will have a fixed amount of movement. This amount of
      meter movement is the line balance. The point on the meter where the line
      balance ends is the free-point zero. From the free-point zero on the meter
      to full calibrated reading is the range or amount of free points when the
      pipe is stretched by pulling. Different weight and sizes of pipes have
      different amounts of stretch. By adjusting potentiometer R3 on the surface
      unit, the operator can adjust the meter to read a range from, for example,
      zero to 100 points according to the size and weight of the pipe. When the
      line resistance R4 is balanced to the free-point zero on the meter, the
      only resistance the meter sees then is the amount of movement of the wiper
      20 on the winding 21 of the potentiometer 22 comprising the variable
      resistor R6 in the free-point tool.
PAR  As a particular example of the procedure used in adjusting the surface
      unit, suppose the line 24 (R4) has a resistance of 100 ohms. This
      resistance is in series with R6, R1 and the parallel connection of R3 and
      R5. The meter R5 having a fixed resistance may be considered as a load for
      the circuit. The meter is calibrated to read a change in R6 over a part of
      the meter face. If the line 24 (R4) is other than the 100 ohms for which
      the meter was calibrated, adjustment can be made by adjusting R1. R2 acts
      as a sensitivity control for the meter, and R3 in shunt with the meter
      provides a safety factor for the meter as well as making the meter a
      variable resistance meter permitting further calibration. By adjusting R1,
      R2 and R3 the meter can be adjusted to the free-point zero on the meter
      face. Thereafter, the only change in resistance which will reslt in a
      deflection of the meter movement will be a change in the resistance of R6.
PAR  The slack joint in the free-point tool itself serves as a means for
      calibrating a tool. By opening and closing the slack joint, the operator
      can tell that the tool is working or not working as earlier described. The
      tool is set to a place in the pipe that is thought to be free, and by
      pulling on the pipe from the surface the operator can calibrate the tool
      at this point if, indeed, the pipe is free at this point. If the pipe in
      fact is not free, the operator keeps trying until a free point in the pipe
      is found and then calibrates the tool. To calibrate the tool, the slack
      joint may be fully opened by raising the supporting cable causing the
      winding 21 of potentiometer 22 to move relative to wiper arm 20 to change
      the resistance of R and hence the resistance of the circuit.
      Alternatively, the slack joint may be fully closed by lowering the
      supporting cable resulting in an opposite change in resistance. The
      changes in resistance thus observed can be recorded at the surface as the
      free point units. When the pipe is found to be free at one point, the
      operator selects another place in the pipe and applies the same method to
      find if the pipe is stuck or free. By using this method the operator can
      find the deepest point where the pipe is free.
PAR  The amount of movement between the winding 21 and the wiper arm 20 of the
      potentiometer 22 depends on the size of the holes in the casing 11 of the
      tool where the limit screws 16 and 17 are threaded and the size of the
      limit screws themselves. The limit screws serve as a means of controlling
      the total amount of relative movement of the winding 21 and the wiper arm
      20. Thus, the amount of the change in resistance of R6 from low to high
      resistance is limited. The total travel of the wiper arm 20 with respect
      to the winding 21 may be, for example, 1 inch. Assuming the total
      resistance of R6 to be 1000 ohms, when the wiper 20 is moved 0.001 inch,
      the change in resistance will be 1 ohm; if R6 is 10,000 ohms, the change
      will be 10 ohms, and so forth. The choice of the resistance of R6 depends
      on the sensitivity of the surface sensing unit.
PAR  It will be appreciated from the foregoing, that the free-point tool
      according to the invention is characterized by many advantages over prior
      art free-point tools. More specifically, the sensing unit in the system
      according to the invention does not use any kind or form of a
      frequency-generating unit and thereby obviating the necessity of an
      oscillator which is characteristic of most prior art free-point indicator
      systems. The sensing unit measures only a difference in D.C. resistance;
      therefore, the size, weight and composition of the pipe has no effect on
      the free-point measurement. The embodiment shown is, of course, only
      exemplary and various modifications can be made in construction and
      arrangement within the scope of the invention as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A free-point indicator system for determining the elevations of stuck
      and free portions of a pipe in a borehole, comprising:
PA1  a. a free-point indicator tool including
PA2  i. an upper section and a lower section mounted for longitudinal movement
      relative to each other,
PA2  ii. frictional means on each of said sections for frictionally engaging the
      inside of a pipe to thereby cause said upper section to move upwardly
      relative to said lower section upon a stretching of the pipe,
PA2  iii. a variable resistance having a winding and a wiper arm, one of said
      winding or wiper arm being mechanically attached to said upper section for
      movement therewith and the other of said wiper arm or winding being
      mechanically attached to said lower section and fixed thereto, and
PA2  iv. slack joint means slidably connected to said upper section for limited
      relative movement therebetween, said slack joint means having fully open
      and fully closed positions and intermediate positions, said free-point
      indicator system being capable of being raised when said slack joint is in
      its fully open position or of being lowered when said slack joint is in
      its fully closed position but remaining stationary when said slack joint
      is in an intermediate position,
PA1  b. a single conductor wire line electrically connected to said wiper arm
      and extending to the surface, and
PA1  c. surface sensing means connected to said single conductor wire line for
      measuring the relative change in resistance due to the relative movement
      of said winding with respect to said wiper arm, said surface measuring
      means including,
PA2  i. an indicating meter,
PA2  ii. a D. C. power supply, said indicating meter and said D. C. power supply
      being connected with said single conductor wire line to a common node and
      electrically referenced to ground and
PA2  iii. balancing and calibrating means connected to said single conductor
      wire, said indicating meter and said D. C. power supply for balancing out
      the resistance of said single conductor wire and adjusting the free-point
      zero and range of said indicating meter, said balancing and calibrating
      means including a first variable resistance connected in series between
      said single conductor wire line and said common node, a second variable
      resistance connected in shunt with said indicating meter, and a third
      variable resistance connected in series between said D. C. power supply
      and said common node, said first variable resistance serving to balance
      out the resistance of said single wire line, said second variable
      resistance serving to adjust the range of said indicating meter, and said
      third variable resistance serving to adjust the sensitivity of said
      surface measuring means.
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ABST
PAL  In the representative embodiment of the present invention disclosed herein,
      a well bore flowmeter is provided with a fluid-driven spinner which is
      uniquely mounted on the closed end of a hollow shaft that is coaxially
      disposed over a spindle and rotatably journalled thereon by one or more
      bearings located in the enclosed annular chamber defined between the shaft
      and the spindle. To protect the bearings, the chamber is filled with a
      lubricant and the chamber is communicated with the exterior of the
      flowmeter only by way of a multi-directional passage which effectively
      serves to block the entry of well bore debris as the flowmeter is
      operating. As a further protection for the bearings, one or more valve
      members are also preferably provided for blocking communication with the
      bearing chamber as the flowmeter is moved into and out of a well bore.
      These valve members are preferably actuated by the extension and
      retraction of a centralizer provided for centering the flowmeter as it is
      operated in a well bore.
BSUM
PAR  As described in Pat. No. 3,630,078, one of the most successful techniques
      presently employed for determining the flow rate of fluids flowing in a
      well bore is to successively pass a so-called "spinner-type" flowmeter
      tool at selected constant speeds through the fluid-filled well bore. By
      successively recording the resulting rotational speeds of the flowmeter
      spinner at the corresponding depth locations of the tool, a continuous
      flow-survey or fluid-velocity log will be obtained from which the flow
      rates of the well bore fluids at different depth intervals of the well
      bore can be readily determined. Thus, where the well being surveyed is a
      production well having two or more producing intervals, the resulting log
      will clearly indicate the respective velocities or flow rates of the
      connate fluids which are being produced from each of the several producing
      intervals. On the other hand, where the well is an injection well in which
      fluids are being injected simultaneously into two or more formation
      intervals, the resulting flow survey will show what portion of the
      injection fluid is entering each formation interval.
PAR  Those skilled in the art will, of course, appreciate that the rotational
      speed of the spinner in a flowmeter of this nature is simply a linear
      function of the apparent or relative velocity of the well bore fluids in
      relation to the tool. Thus, at low flow rates, the spinner will inherently
      turn at correspondingly-low speeds so long as the well bore fluids are
      moving at a sufficient velocity to still turn the spinner. It is apparent,
      therefore, that for a given spinner, the minimum "operating threshold" for
      such a flowmeter is directly related to the amount of rotational friction
      which must be overcome before the spinner can turn. Accordingly, as fully
      explained in the aforementioned Bonnet patent, it was found that the
      unique magnetic suspension arrangement shown there significantly reduced
      the static and dynamic friction affecting the rotation of the flowmeter
      spinner.
PAR  Although flowmeters arranged in accordance with the Bonnet patent have met
      with considerable success, it has been found nevertheless that their
      loose-fitting magnetically-suspended spinners become unreliable, if not
      ineffective, in substantially deviated or non-vertical well bore interval.
      Attempts to use bushings or bearings of different types for maintaining
      these spinner shafts coaxially centered in the tool have not been too
      successful, however, in view of the additional friction. Moreover,
      fluid-borner debris such as sand grains or other solid particles will
      often enter the clearance spaces around or in such bearings and impair, if
      not totally disrupt, the operation of these bearings as well as other
      closely fitted movable elements of the flowmeter. It will, however, be
      recognized that these bearings cannot be totally enclosed without passing
      the spinner shaft through at least one fluid seal which will, of course,
      impose an unwanted frictional restraint on the rotating shaft. Those
      skilled in the art will appreciate, therefore, that no completely
      satisfactory solution has been proposed heretofore for effectively
      overcoming these significant problems so as to provide a spinner-type
      flowmeter which can be satisfactorily operated in debris-bearing fluids
      within inclined well bores and with a minimum of frictional drag on the
      spinner shaft.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved well bore flowmeter having a velocity-responsive flow-measuring
      element that is rotatably journalled on one or more bearings which are
      cooperatively isolated from the flowing well bore fluids in such a manner
      as to reliably protect them from both the corrosive effects of such fluids
      and any debris carried thereby.
PAR  This and other objects of the present invention are attained by uniquely
      arranging a velocity-responsive impeller or multi-bladed spinner on the
      closed-end portion of a hollow rotatable shaft which is coaxially disposed
      around a longitudinally extending depending portion of the flowmeter body
      and operatively journalled thereon by one or more bearings cooperatively
      arranged in a substantially enclosed annular chamber defined by the
      extended body portion and the interior walls of the hollow shaft. To
      lubricate the bearings as well as to protect them from any foreign matter
      carried by the well bore fluids, the chamber is filled with a lubricant
      and communicated with the well bore by a multi-directional or tortuous
      passage cooperatively arranged for trapping any fluid-borne debris which
      might otherwise enter the open passage end and pass on into the bearing
      chamber. In the preferred embodiment of the present invention, these
      objects are further attained by also providing at least one valve member
      which normally closes the communicating passage and is cooperatively
      opened only when the flowmeter is to be operated by means such as an
      actuator which is responsive to the extension of a centralizer arranged
      for maintaining the flowmeter centered in the well bore.
PAR  The novel features of the present invention are set forth with
      particularity in the appended claims.
DRWD
PAR  The invention, together with further objects and advantages thereof, may be
      best understood by way of the following description of exemplary apparatus
      employing the principles of the invention as illustrated in the
      accompanying drawings, in which:
PAR  FIG. 1 shows a preferred embodiment of a spinner-type flowmeter
      incorporating the principles of the present invention as it will appear
      while operating in a multi-zoned production well;
PAR  FIGS. 2A and 2B are successive enlarged cross-sectional views depicting the
      lower portion of the new and improved flowmeter shown in FIG. 1 while it
      is being moved through a small-diameter production string;
PAR  FIGS. 3A and 3B are similar to FIGS. 2A and 2B respectively but depict the
      flowmeter as it is either emerging from or re-entering the production
      string; and
PAR  FIG. 4 is similar to FIGS. 2B and 3B but illustrates the corresponding
      lower portion of the flowmeter as it is operating in a cased well bore
      interval.
DETD
PAR  Turning to FIG. 1, a preferred embodiment of a spinner-type flowmeter 10
      arranged in accordance with the principles of the present invention is
      depicted as it will appear while suspended from an electrical logging
      cable 11 and moving along a cased well bore 12. It will, of course, be
      appreciated that the new and improved flowmeter 10 can be successfully
      employed without regard to the direction in which the well bore fluids are
      flowing. However, simply for purposes of illustration, the well bore 12 is
      depicted in FIG. 1 as a typical production well that penetrates one or
      more producing formations 13-15 which have been respectively perforated,
      as at 16-18, for allowing connate fluids such as oil, gas or water
      contained in each formation into enter the well bore 12, as at 19-21, and
      flow together to the surface for collection. As is customary, a typical
      production packer 22 is set in the casing 23 above the formations 13-15
      and a string of small-diameter production tubing 24 is coupled to the
      packer for providing communication between the isolated interval of the
      well bore 12 and the surface.
PAR  As will be subsequently described in greater detail, the new and improved
      flowmeter 10 includes a multi-bladed propeller or velocity-responsive
      spinner 25 which is rotatively coupled to the lower end of the tool. To
      maintain the flowmeter 10 in a centered position in the casing 23,
      bow-spring centralizers, as shown generally at 26 and 27, are mounted at
      spaced intervals on the tool, with the springs of the uniquely arranged
      lower centralizer preferably being cooperatively disposed around the
      spinner 25 to prevent it from striking the casing even in highly deviated
      well bores.
PAR  Although other arrangements can, of course, be provided, the flowmeter 10
      preferably includes electronic circuitry 28 such as that described in the
      aforementioned Bonnet patent (which is hereby incorporated by reference
      herein) for providing electrical digital or analog signals which are
      functionally representative of the flow rates or velocities of the several
      well bore fluids as at 19-21. A collar locator 29 is also preferably
      included with the tool 10 and is coupled to the cable 11 for providing
      electrical depth-correlation signals as the flowmeter successively passes
      collars in the string of casing 23 in the well bore 12.
PAR  As previously described, the usual technique for operating a spinner-type
      flowmeter, as at 10, is to simply pass the tool at different travel speeds
      through the isolated interval of the well bore 12 against the direction of
      the fluid flow and then use the resulting measurements of the rotational
      speed of the spinner 25 for determining the overall flow rates in each
      zone. To accomplish this, the cable 11 is spooled on a winch (not shown)
      at the surface and cooperatively arranged for moving the tool 10 at
      selected travel speeds either upwardly or downwardly in the well bore 12.
      To record the output signals of the flowmeter 10 and the collar locator 29
      corresponding to the successive depth positions of the tool in the well
      bore 12, typical surface indicating-and-recording apparatus, such as a CRT
      or galvanometer recorder 30, is electrically connected to the cable 11 and
      adapted to be proportionally driven in response to its upward and downward
      movements by means such as a calibrated cable-engaging measuring wheel 31
      that is operatively coupled to the recorder as by a pulse generator or a
      suitable mechanical linkage 32.
PAR  Turning now to FIGS. 2A and 2B, successive cross-sectional views are shown
      of the lower section of the flowmeter 10 below the collar locator 29 as
      the new and improved flowmeter will appear while moving through a
      small-diameter pipe string such as the production tubing 24. Inasmuch as
      different mechanical arrangements can be employed by those skilled in the
      art without departing from the broad concepts of the present invention,
      the drawings have been somewhat simplified by omitting various minor
      constructional details to emphasize the significant and unique aspects of
      the invention. As illustrated, the body of the lower section of the
      flowmeter 10 is preferably formed of an outer tubular member 33 which is
      coaxially spaced around a smaller inner member 34 and secured thereto, as
      by threads 35, on an enlarged upper end portion 36 of the inner member.
      Instead of simply extending the inner member 34, it is preferred for
      purposes of assembly to dependently couple a second inner member 37 to the
      lower end of the first inner member by means such as one or more laterally
      extending pins or bolts, as at 38, which are projected through the wall of
      the outer member 33 and releasably secured to the second inner member.
PAR  As one aspect of the present invention, the lower centralizer 27 is
      uniquely arranged for providing a number of functions which either singly
      or collectively contribute to the overall success of the new and improved
      flowmeter 10. Accordingly, one significant function of the centralizer 27
      is to maintain at least the lowermost portion of the flowmeter 10
      centralized in the casing 23 as the tool is being moved along the well
      bore 12 below the packer 22 but without imposing an undue restraint on the
      downward movements of the tool. To accomplish this, the new and improved
      centralizer 27 includes at least three greatly elongated and somewhat
      arcuate or slightly bowed leaf springs, as at 39 and 40, which are
      distributed uniformly around the lower portion of the flowmeter 10 and
      respectively extended upwardly from a central member or common nose piece
      41 (FIG. 1) positioned well below the spinner 25 to individual
      transversely oriented pivots, as at 42 and 43, located at uniform
      intervals around the lower portion of the outer body member 33 (FIG. 2B).
PAR  Inasmuch as the upper ends of the centralizer springs, as at 39 and 40, are
      respectively fixed to the outer body member 33, means are provided for
      selectively urging the bow springs outwardly. In the preferred manner of
      accomplishing this, the outer ends of a corresponding number of rigid
      arms, as at 44 and 45, are each coupled to pivots, as at 46 and 47,
      located somewhat above the mid-points of each of the bow springs 39 and
      40; and the arms are respectively extended upwardly to suitable pivots, as
      at 48 and 49, which are symmetrically distributed around an
      enlarged-diameter collar 50 that is coaxially disposed around the
      lowermost portion of the lower body member 37.
PAR  To impose a downwardly directed force on the several arms, as at 44 and 45,
      a downwardly biased elongated mandrel 51 is coaxially mounted around the
      inner body members 34 and 37 and adapted for longitudinal movement between
      an upper position as determined, for example, by the engagement of the
      pins 38 with the bottom edges of a corresponding number of longitudinal
      slots, as at 52, in the mandrel and a lower position as determined by the
      upper face 53 of an inward enlargement of the outer body member 33 and the
      enlarged upper head 54 of the mandrel. In the preferred manner of
      providing a downwardly acting biasing force on the mandrel 51, a stout
      coil spring 55 is coaxially mounted around the inner body member 34 within
      the outer body member 33 and maintained in compression between the
      enlarged mandrel head 54 and a downwardly facing shoulder or, preferably,
      an adjusting nut 56 which is cooperatively mounted on the inner body
      member by threads 57 of sufficient length to permit at least limited
      adjustments to be made in the position of the nut. As best seen in FIG.
      2B, the downwardly acting biasing force of the spring 55 on the mandrel 51
      is preferably transferred to the collar 50 by dependently coupling an
      elongated tubular member 58 to the enlarged lower end 59 of the mandrel
      and engaging the lower end of this tubular member with the upper end of
      the slidable collar. Accordingly, it will be recognized that the combined
      spring forces of the bow springs, as at 39 and 40, and the compression
      spring 55 are effective for urging the collar 50 downwardly to move the
      lower ends of the rigid links, as at 44 and 45, outwardly against the bow
      springs.
PAR  As another significant aspect of the present invention, the lower end of
      the inner body member 37 is appropriately shaped as best seen in FIG. 4
      for defining an axially elongated spindle 60 on which a hollow shaft 61
      having a closed lower end wall 62 is cooperatively journalled by means
      such as a pair of longitudinally spaced ball or roller bearings 63 and 64.
      Inasmuch as it is preferred that the spinner 25 be of a maximum diameter
      commensurate with the size of the casing 23, the spinner is provided with
      two or more elongated blades, as at 65 and 66, which are pivotally mounted
      at uniform intervals around the lower end of the hollow shaft 61 and
      cooperatively arranged for selective movement between their respective
      retracted or running-in positions shown in FIG. 2B and their extended or
      operating positions shown in FIG. 4. Accordingly, to adapt the spinner
      blades 65 and 66 for movement between their extended and retracted
      positions, the inboard end of each of the blades is preferably secured to
      the lower edge of a vertically aligned or generally upright and outwardly
      projecting support plate or link, as at 67 and 68, and the upper and
      inboard corner of each of the links is pivotally coupled, as at 69 and 70,
      to the hollow shaft 61. To stabilize the several spinner blades 65 and 66
      in their respective unfolded positions, the inwardly directed base or
      edge, as at 71, of each of the blade-support links, as at 68, is
      complementally shaped for abutment against the adjacent exterior surface
      of the hollow shaft 61 when the blades are extended to their operating
      positions depicted in FIG. 4.
PAR  It will, therefore, be recognized that the movement of the spinner blades
      65 and 66 between their extended and retracted positions must be
      coordinated with the extension and retraction of the bow springs as at 39
      and 40. To accomplish this, an actuating member such as an elongated tube
      72 is coaxially mounted around the hollow shaft 61 and cooperatively
      arranged for limited longitudinal movement in relation to the shaft. A
      light spring, as at 73, is cooperatively arranged between opposed
      shoulders on the shaft 61 and the tubular blade-positioning member 72 for
      normally urging the latter member downwardly. The blade-positioning member
      72 is provided with an enlarged lower head 74 which, in the preferred
      embodiment of the flowmeter 10, is operatively coupled to the spinner
      blades, as at 65 and 66, by providing a number of longitudinal slots, as
      at 75, in the head which are respectively arranged to be slidably disposed
      over the outer portions of the several blade-support links, as at 67 and
      68. An outwardly opening circumferential groove 76 is formed around the
      enlarged head 74 and cooperatively arranged for loosely receiving
      transversely oriented pivots, as at 77 and 78, which are respectively
      mounted on the outer portions of the blade-support links as at 67 and 68.
PAR  Accordingly, when the blade-positioning member 72 is moved downwardly by
      the compression spring 73, the spinner blades, as at 65 and 66, will
      respectively swing downwardly to their extended positions as shown in FIG.
      4. Conversely, it will be recognized that upward movement of the
      blade-positioning member 72 in relation to the hollow shaft 61 will be
      effective for simultaneously swinging the blades 65 and 66 upwardly about
      their respective pivots 69 and 70 to their retracted positions illustrated
      in FIG. 2B. To shift the blade-positioning member 72 upwardly against the
      biasing force of the spring 73 as the centralizer springs, as at 39 and
      40, are being retracted, an elongated tubular member 79 is coaxially
      disposed around the blade-positioning member and extended upwardly through
      the collar 50 and the depending member 58 and exterior of the inner body
      member 37. A fairly stout compression spring 80 is coaxially disposed
      between opposed shoulders 81 and 82 on the depending tubular member 58 and
      the elongated tubular member 79, respectively, and operatively arranged
      for shifting the elongated tubular member 79 upwardly whenever the collar
      50 is moved upwardly. To shift the blade-positioning member 72 upwardly in
      relation to the shaft 61 as the centralizer springs 39 and 40 are being
      retracted, the lower end of the elongated tubular member 79 is inwardly
      enlarged to define a shoulder 83 which is cooperatively located in
      relation to an outwardly enlarged shoulder 84 on the blade-positioning
      member 72 for raising the latter member a sufficient distance to fully
      retract the spinner blades, as at 65 and 66, before the centralizer
      springs are fully collapsed against the flowmeter 10.
PAR  Accordingly, it will be appreciated that when the centralizer springs 39
      and 40 are fully retracted against the flowmeter 10 as illustrated in
      FIGS. 2A and 2B, the rigid arms 44 and 45 will have been moved to a nearly
      erect position for supporting the collar 50 against the downwardly
      directed biasing force which is imposed thereon by the spring 55 through
      the mandrel 51 and its depending sleeve 58. Moreover, in this fully
      retracted position of the flowmeter 10, the force of the fairly stout
      compression spring 80 will now be effective for urging the elongated
      tubular member 79 upwardly with sufficient force against the shoulder 84
      to support the blade-positioning member 72 in its depicted elevated
      position for retaining the spinner blades 65 and 66 in their respective
      folded or retracted positions.
PAR  It should be recognized that in the "running-in" position of the flowmeter
      10, the stout compression spring 55 will, at best, be imposing only very
      small outwardly directed forces against the bow springs 39 and 40 in view
      of the nearly vertical positions of the rigid arms as at 44 and 45; and,
      therefore, the only significant outwardly directed forces then acting on
      the wall of the tubing string 24 will be the limited flexural spring
      forces induced by the retraction or flattening of the bow springs. Thus,
      although the arms 44 and 45 will fully support the collar 50 against the
      downward force of the stout spring 55, the centralizer 27 will impose only
      a limited degree of frictional restraint which will oppose the movements
      of the flowmeter 10 through the production tubing 24.
PAR  Turning now to FIGS. 3A and 3B, the lower portion of the flowmeter 10 is
      shown as it is emerging from the lower end of the production tubing 24
      into the isolated interval of the well bore 12 below the packer 22. As
      illustrated, the spring 55 is now effective for urging the collar 50
      downwardly as the lower ends of the rigid arms, as at 44 and 45, begin
      moving outwardly to expand the several centralizer members as at 39 and
      40. Of particular interest, it will be noted that as the mandrel 51 is
      urged downwardly by the stout spring 55, the fairly stout spring 80 will
      remain slightly compressed for supporting the blade-positioning member 72
      until a downwardly facing shoulder 85 defined by the lower end of the
      mandrel contacts the upper end of the elongated tubular member 79 as an
      abutment 86 on the collar 50 also contacts an upwardly facing exterior
      shoulder 87 on the tubular member. Once this occurs, the fairly stout
      spring 80 will then be effectively immobilized or deactivated so that
      further downward travel of the mandrel 51 in response to the force of the
      stout spring 55 will now simultaneously shift the collar 50 and the
      elongated member 79 downwardly in relation to the body member 37. It will,
      of course, be recognized that as the collar 50 is moved further
      downwardly, the lower ends of the rigid arms, as at 44 and 45, will be
      swung upwardly and outwardly about their respective pivots 48 and 49 on
      the collar by the accompanying expansion of the centralizer springs, as at
      39 and 40.
PAR  Accordingly, as will be recognized by a comparison of FIGS. 3B and 4, by
      the time that the centralizer members, as at 30 and 40, are fully
      expanded, the elongated member 79 will have been moved downwardly a
      sufficient distance to disengage the shoulder 83 on its lower end from the
      external shoulder 84 around the blade-positioning member 72. Thus, as best
      seen in FIG. 4, the downward movement of the elongated member 79 by the
      mandrel 51 will be more than adequate for enabling the spring 73 to then
      shift the blade-positioning member 72 downwardly in relation to the hollow
      shaft 61 and simultaneously swing the spinner blades, as at 65 and 66,
      downwardly and outwardly to their respective extended or operating
      positions.
PAR  It will, of course, be appreciated that once the spinner blades, as at 65
      and 66, are extended, relative movement of well bore fluids past the
      blades will be effective for freely rotating the hollow shaft 61 about the
      bearings 63 and 64 on the spindle 60. Thus, in keeping with the
      aforementioned Bonnet patent, one or more magnets, as at 88, are
      cooperatively arranged on the upper end of the rotatable shaft 61 for
      inducing proportional electrical signals in a sensing coil, as at 89,
      which, in the preferred embodiment of the present invention, is wound
      about a transversely oriented axis and cooperatively connected to
      electrical conductors, as at 90, extended upwardly through suitable
      conductor seals in a passage 91 in the inner body members 34 and 37 for
      connection to the circuitry 28 (FIG. 1).
PAR  As still another aspect of the present invention, it should be particularly
      noted in FIG. 4 that the upper and lower shaft bearings 63 and 64 are
      fully enclosed within the hollow shaft 61 and that the only communication
      with the enlarged annular space or chamber 92 surrounding the bearings is
      by way of the relatively narrow annular clearance gap 93 defined between
      the upper portions of the shaft and the spindle 60. Thus, the enlarged
      bearing chamber 92 can be readily filled with a suitable lubricant (not
      shown) to fully protect the bearings 63 and 64 during the operation of the
      flowmeter 10.
PAR  Although other arrangements can, of course, be employed without departing
      from the scope of the present invention, it is preferred to provide a
      suitable "Zerk" fitting or the like, as at 94, in the lower end 62 of the
      hollow shaft 61 and communicate this normally closed valve fitting with
      the bearing chamber 92 by way of a passage 95. By arranging a normally
      closed port 96 in the lower portion of the mandrel 51, it can be assured
      that a lubricant introduced by way of the normally closed valve fitting 94
      will in time fill the spaces above the fitting and then flow out of the
      port. It should be noted in passing that by locating a so-called "linear
      bearing", as at 97, on the mandrel next to the port 96, this bearing will
      also be adequately lubricated to facilitate the longitudinal travel of the
      mandrel 51 in relation to the inner body member 37.
PAR  It will, of course, be appreciated from FIG. 4 that as the new improved
      flowmeter 10 is being operated in a well bore, as at 12, fluid-borne
      debris particles such as sand and the like can readily pass through the
      small annular gap 98 between the end of the inwardly turned shoulder 83
      and the exterior of the blade-positioning member 72. Thus, although the
      annular chamber 99 defined between the blade-positioning member 72 and the
      internal wall of the elongated tubular member 79 will be substantially if
      not altogether filled with the excess lubricant from the bearing chamber
      92, it is quite possible for fluid-borne debris to ultimately be driven
      into the bearing chamber and damage the bearings 63 and 64 in time.
      Accordingly, to be further assured that the bearing chamber 92 is well
      isolated from the chamber 99, in the preferred embodiment of the new and
      improved flowmeter 10 the upper end of the tubular blade-positioning
      member 72 is extended, as at 100, a substantial distance above the upper
      end of the shaft 61 and a depending tubular portion or skirt, as at 101,
      on the inner body member 37 is coaxially disposed within the tubular
      extension and extended downwardly around the upper end of the hollow
      shaft.
PAR  In this manner, the upwardly directed extension 100 and the downwardly
      directed skirt 101 together with the narrow shaft clearance space 93
      cooperate to define a multi-directional or tortuous communication passage,
      as shown at 102 generally, between the inner and outer chambers 92 and 99
      for effectively preventing the unwanted entry of foreign matter in the
      well bore fluids into the bearing chamber. Moreover, should any
      fluid-borne debris manage to enter the upper end of the tortuous passage
      102, an enlarged space 103 below the tubular skirt 101 will serve as an
      effective collection point for trapping the debris.
PAR  It will be recognized, of course, that although the chambers 92 and 99 as
      well as the intercommunicating passage 102 are preferably filled with a
      light-weight oil of relatively low viscosity, the greater density of most
      well bore liquids as well as their velocity will be operative for
      retaining the oil in at least most of the outer chamber 99 even though the
      lower end of the chamber 99 is open. Since only the upper end of the inner
      bearing chamber 92 is open, there will, of course, be no loss of oil from
      this chamber or the tortuous passage 102.
PAR  Those skilled in the art will, of course, appreciate that as the flowmeter
      10 is being moved through the small-diameter production string 24 (FIGS. 1
      and 2B), there will be a substantial increase in the velocity of the well
      bore fluids, as at 19-21, passing the flowmeter. Thus, any fluid-borne
      debris will be driven against the lower end of the flowmeter 10 with
      considerable velocity. Accordingly, as another significant aspect of the
      present invention, means are provided for closing off at least the bearing
      chamber 92 so long as the flowmeter 10 is not being operated. In the
      preferred manner of accomplishing this, valve means are provided such as a
      typical seal ring 104 which is mounted around the inner body member 37 and
      cooperatively arranged to be sealingly engaged with the upper end of the
      tubular extension 100 when it is moved to its elevated position for
      closing the outer end of the tortuous passage 102. Similarly, it is
      preferred that the new and improved flowmeter 10 also include additional
      valve means such as a typical seal ring 105 which is cooperatively mounted
      on the shoulder 84 and arranged for engagement by the shoulder 83 as the
      elongated tubular member 79 is shifted to its elevated position shown in
      FIG. 2B. It will be appreciated, therefore, that when the centralizer 27
      is fully retracted, the seals 104 and 105 will respectively cooperate for
      blocking entrance of fluid-borne debris into the inner and outer chambers
      92 and 99 as well as the passage 102. Undue loss of the lubricant in the
      outer chamber 99 will also be at least minimized by virtue of the seal
      105.
PAR  Accordingly, it will be recognized that the new and improved flowmeter 10
      of the present invention is particularly adapted for measuring the flow
      rates of debris-bearing well bore fluids. By virtue of its unique
      arrangement, the hollow shaft 61 is rotatably journalled on the spindle 60
      by the well lubricated bearings 63 and 64 and the rotation of the shaft is
      substantially umimpeded. Moreover, since the enclosed bearing chamber 92
      is communicated with the well bore 12 solely by way of the tortuous
      passage 102 and the outer chamber 99, fluid-borne debris entering the
      outer chamber will be effectively precluded from entering the isolated
      chamber. Those skilled in the art will also appreciate that this unique
      arrangement serves to pressure balance the rotatable shaft 61 either
      without requiring a fluid seal around the shaft or exposing the bearings
      63 and 64 to the deletorious effects of well bore fluids and fluid-borne
      debris.
PAR  As a further guard against the unwanted entry of fluid-borne debris, the
      new and improved flowmeter 10 also includes upper and lower valves as
      respectively represented by the seals 104 and 105 and the associated
      coengaging portions on the members 79 and 100 which together cooperate to
      close off the inner and outer chambers 92 and 99 whenever the flowmeter is
      in a small-diameter pipe string. Although actuation of these valve
      elements can be accomplished in other manners, it is preferred to
      cooperatively intercouple them to the centralizer 27 as described for
      selectively opening and closing communication with the chambers 92 and 99
      in response to the extension and retraction of the centralizer.
PAR  It will also be recognized that the centralizer 27 is uniquely arranged for
      centering the flowmeter 10 even in inclined well bore intervals. Thus, in
      an inclined well bore, the several rigid arms, as at 44 and 45, will
      cooperate to support the vertical component of the weight of the flowmeter
      10 since the arms are coupled together and must move as a unit. As a
      result, in any orientation of the flowmeter 10, the centralizer springs,
      as at 39 and 40, will always remain against the casing since no one arm,
      as at 44, can move independently of the other arms, as at 45.
PAR  While only a particular embodiment of the present invention has been shown
      and described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects; and,
      therefore, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including a lower portion
      providing an axially extending spindle member having an unsupported
      terminal end;
PA1  fluid-driven impeller means including a hollow shaft member coaxially
      disposed around said spindle member and having a closed lower end spaced
      below said terminal end of said spindle member for defining an upright
      lubricant chamber between said members and above said closed lower end of
      said shaft member, upper and lower bearing means coaxially disposed
      between said members in said lubricant chamber and cooperatively arranged
      for journalling said shaft member for rotation about said spindle member
      in response to the relative movement of well bore fluids past said
      impeller means;
PA1  means on said body cooperatively defining passage means communicating said
      lubricant chamber with the exterior of said body and including at least
      one multi-directional portion adapted for blocking the movement of
      unwanted substances through said passage means into said lubricant
      chamber; and
PA1  centralizer means on said body and including a plurality of wall-engaging
      members cooperatively arranged at circumferentially spaced intervals
      around said body and adapted for simultaneous lateral movement between
      retracted inward positions adjacent to said body and extended outward
      positions for centering said body in a well bore of at least a selected
      diameter.
NUM  2.
PAR  2. The well tool of claim 1 further including:
PA1  valve means operable in response to said lateral movements of said
      centralizing members for closing said passage means upon movement of said
      centralizing members toward their said retracted positions and for opening
      said passage means upon movement of said centralizing members toward their
      said extended positions.
NUM  3.
PAR  3. The well tool of claim 1 wherein said impeller means further include:
PA1  a plurality of impeller blades symmetrically arranged around said shaft
      member and respectively having their inboard ends movably coupled thereto
      for pivotal movement between radially extended operating positions and
      substantially upright retracted positions adjacent to said shaft member;
      and
PA1  blade-positioning means operable in response to said lateral movements of
      said centralizing members for pivoting said impeller blades inwardly to
      their said retracted positions upon movement of said centralizing members
      toward their said retracted positions and for pivoting said impeller
      blades outwardly to their said operating positions upon movement of said
      centralizing members toward their said extended positions.
NUM  4.
PAR  4. The well tool of claim 1 wherein said impeller means further include a
      plurality of impeller blades symmetrically arranged around said shaft
      member and respectively having their inboard ends movably coupled thereto
      for pivotal movement between radially extended operating positions and
      substantially upright retracted positions adjacent to said shaft member;
      and further including:
PA1  valve means cooperatively arranged for selectively controlling
      communication through said passage means; and
PA1  actuating means operable in response to said lateral movement of said
      centralizing members for pivoting said impeller blades outwardly to their
      said operating positions and operating said valve means to open said
      passage means upon outward movement of said centralizing members toward
      their said extended positions and for pivoting said impeller blades
      inwardly to their said retracted positions and operating said valve means
      to close said passage means against the entrance of unwanted substances
      upon inward movement of said centralizing members toward their said
      retracted positions.
NUM  5.
PAR  5. The well tool of claim 4 further including:
PA1  means on said body defining an outer lubricant chamber around said shaft
      member adapted to be communicated with the exterior of said body and with
      said upright lubricant chamber by way of said passage means; and
PA1  second valve means cooperatively coupled to said actuating means and
      operable thereby for communicating said outer lubricant chamber with the
      exterior of said body upon outward movement of said centralizing members
      toward their said extended positions and for isolating said outer
      lubricant chamber from the exterior of said body upon inward movement of
      said centralizing members toward their said retracted positions.
NUM  6.
PAR  6. The well tool of claim 5 further including:
PA1  circuit means on said body cooperatively arranged for producing electrical
      signals representative of the rotational speed of said impeller means.
NUM  7.
PAR  7. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including a depending
      axially-aligned spindle member having an unsupported terminal end;
PA1  fluid-driven impeller means including a hollow shaft member coaxially
      disposed around said spindle member and having a closed lower end spaced
      below said terminal end of said spindle member for defining a lubricant
      chamber between said members and above said closed lower end of said shaft
      member, upper and lower bearings disposed in said lubricant chamber and
      cooperatively arranged for supporting said shaft member on said spindle
      member for rotation thereabout, and a plurality of impeller blades
      symmetrically arranged around said shaft member and respectively having
      their inboard ends operatively coupled thereto for pivotal movement
      between substantially upright retracted inactive positions and radially
      extended operating positions for rotatively driving said shaft member at a
      rotational speed representative of the relative velocity of well bore
      fluids passing said impeller blades;
PA1  means cooperatively arranged on said body for defining a tortuous passage
      for communicating said lubricant chamber with the exterior of said body;
PA1  centralizing means on said body and including a plurality of upright
      bow-spring members circumferentially spaced around said body, first means
      cooperatively coupling the upper ends of each of said bow-spring members
      to said body for pivotal movement relative thereto, and second means
      movable on said body between spaced upper and lower positions and
      cooperatively coupled to another portion of each of said bow-spring
      members for enabling lateral movement of a selected outer portion of each
      of said bow-spring members between a retracted position when said second
      means are in one of said spaced positions and an outwardly extended
      wall-engaging position when said second means are in the other of said
      spaced positions; and
PA1  blade-positioning means cooperatively arranged between said impeller blades
      and said second means and operable upon movement thereof for pivoting said
      impeller blades inwardly to their said retracted positions upon movement
      of said second means toward said one spaced position and for pivoting said
      impeller blades outwardly to their said operating positions upon movement
      of said second means toward said other spaced position.
NUM  8.
PAR  8. The well tool of claim 7 further including:
PA1  circuit means on said body cooperatively arranged for producing electrical
      signals representative of the rotational speed of said impeller means.
NUM  9.
PAR  9. The well tool of claim 7 wherein said second means include:
PA1  a slidable member cooperatively arranged on said body for movement thereon
      between said spaced upper and lower positions, and a corresponding number
      of linking members cooperatively intercoupling said slidable member
      respectively to each of said other portions of said bow-spring members for
      at least moving said bow-spring members inwardly to their said retracted
      positions upon movement of said slidable member toward said one spaced
      position.
NUM  10.
PAR  10. The well tool of claim 9 wherein said linking members are rigid and
      further including:
PA1  biasing means normally urging said slidable member toward said other
      position for transmitting at least a portion of the force of said biasing
      means through said rigid linking members and outwardly against said outer
      portions of said bow-spring members.
NUM  11.
PAR  11. The well tool of claim 9 wherein said blade-positioning means include:
PA1  a blade-positioning member operatively intercoupled between each of said
      impeller blades and said slidable member and cooperatively arranged for
      movement relative to said body for pivoting said impeller blades inwardly
      to their said retracted positions upon movement of said slidable member
      toward said one spaced position and for pivoting said impeller blades
      outwardly to their said operating positions upon movement of said slidable
      member toward said other spaced position.
NUM  12.
PAR  12. The well tool of claim 11 wherein said linking members are rigid and
      further including:
PA1  biasing means normally urging said slidable member toward said other
      position for transmitting at least a portion of the force of said biasing
      means through said rigid linking members and outwardly against said outer
      portions of said bow-spring members.
NUM  13.
PAR  13. The well tool of claim 12 wherein the lower ends of each of said
      bow-spring members are joined together below said impeller means for
      providing a guard around said impeller blades.
NUM  14.
PAR  14. The well tool of claim 11 further including:
PA1  valve means responsive to movements of said blade-positioning member for
      selectively closing said passage means upon movement of said impeller
      blades and said bow-spring members toward their respective retracted
      positions and for selectively opening said passage means upon movement of
      said impeller blades and said bow-spring members towards their respective
      extended positions.
NUM  15.
PAR  15. The well tool of claim 14 further including:
PA1  circuit means on said body cooperatively arranged for producing electrical
      signals representative of the rotational speed of said impeller means;
PA1  surface means adapted for providing at least indications representative of
      said electrical signals; and
PA1  an electrical suspension cable connected to said body for moving said body
      through a well bore and having conductor means intercoupling said circuit
      means and said surface means for transmitting said electrical signals.
NUM  16.
PAR  16. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including a depending
      axially aligned spindle member having an unsupported terminal end;
PA1  fluid-driven impeller means including a hollow shaft member coaxially
      disposed around said spindle member and having a closed lower end spaced
      below said terminal end of said spindle member for defining a lubricant
      chamber between said members and above said closed lower end of said shaft
      member, upper and lower bearings disposed in said lubricant chamber and
      cooperatively arranged for supporting said shaft member on said spindle
      member for rotation thereabout, and a plurality of impeller blades
      symmetrically arranged around said shaft member and respectively having
      their inboard ends operatively coupled thereto for pivotal movement
      between substantially upright retracted inactive positions and radially
      extended operating positions for rotatively driving said shaft member at a
      rotational speed representative of the relative velocity of well bore
      fluids passing said impeller blades;
PA1  blade-positioning means including a tubular blade positioning member
      coaxially disposed around said shaft member and adapted for movement
      relative thereto between spaced upper and lower positions, a plurality of
      links intercoupling said blade-positioning member and each of said
      impeller blades and cooperatively arranged for pivoting said impeller
      blades inwardly to their said retracted positions upon movement of said
      blade-positioning member to its said upper position and for pivoting said
      impeller blades outwardly to their said operating positions upon movement
      of said blade-positioning member to its said lower position, and first
      biasing means normally urging said blade-positioning member toward its
      said lower position;
PA1  tool-centralizing means including a plurality of elongated bow-spring
      members distributed longitudinally about said body and around said
      impeller blades, means pivotally coupling the upper ends of each of said
      bow-spring members to said body above said impeller blades, means coupling
      the lower ends of each of said bow-spring members together below said
      impeller blades, a slidable collar coaxially disposed about said body and
      adapted for movement relative thereto between a lower position above said
      impeller blades and a higher upper position, second biasing means normally
      urging said collar toward its said lower position, and a corresponding
      number of rigid arms respectively having their opposite ends pivotally
      intercoupled between an intermediate portion of each of said bow-spring
      members and inclined upwardly and inwardly to said collar for transmitting
      the force of said second biasing means downwardly and outwardly through
      said rigid arms against each of said bow-spring members to move said
      bow-spring members outwardly to an extended position as said collar is
      moved downwardly toward its said lower position by said second biasing
      means and for transmitting an opposing force upwardly and inwardly through
      said rigid arms against said collar to move said collar toward its said
      upper position against said biasing means as said bow-spring members are
      moved inwardly to a retracted position adjacent to said body; and
PA1  actuating means cooperatively arranged between said blade-positioning
      member and said collar for moving said blade-positioning member upwardly
      toward its said upper position as said collar is moved toward its said
      upper position and for moving said blade-positioning member downwardly
      toward its said lower position as said collar is moved toward its said
      lower position.
NUM  17.
PAR  17. The well tool of claim 16 further including:
PA1  an upright tubular extension cooperatively arranged on said
      blade-positioning members and extended on above the upper end of said
      shaft member to define a restricted entrance into said lubricant chamber
      so long as said blade-positioning member is below its said upper position;
      and
PA1  sealing means cooperatively arranged for engagement between said tubular
      extension and said body only upon movement of said blade-positioning
      member to its said upper position for blocking said restricted entrance
      into said lubricant chamber against the entry of unwanted substances so
      long as said impeller blades are in their retracted positions.
NUM  18.
PAR  18. The well tool of claim 16 further including: a depending tubular
      extension cooperatively arranged on said body and coaxially disposed
      around the upper portion of said shaft member for defining a
      multi-directional passage communicating said lubricant chamber with the
      exterior of said body.
NUM  19.
PAR  19. The well tool of claim 16 further including:
PA1  a depending tubular extension cooperatively arranged on said body and
      coaxially disposed around the upper portion of said shaft member for
      defining a multi-directional passage in communication with said lubricant
      chamber;
PA1  an upright tubular extension cooperatively arranged on said
      blade-positioning member and extended coaxially in relation to said
      depending tubular extension and above its lower end for extending the
      length of said multi-directional passage; and
PA1  sealing means cooperatively arranged for engagement between said upright
      tubular extension and said body only upon movement of said
      blade-positioning member to its said upper position for selectively
      blocking said multi-directional passage so long as said impeller blades
      are in their retracted positions.
NUM  20.
PAR  20. The well tool of claim 19 wherein said upright tubular extension is
      exterior of said depending tubular extension.
NUM  21.
PAR  21. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including a depending
      axially aligned spindle member having an unsupported terminal end;
PA1  fluid-driven impeller means including a hollow shaft member coaxially
      disposed around said spindle member and having a closed lower end spaced
      below said terminal end of said spindle member for defining an inner
      lubricant chamber between said members and above said closed lower end of
      said shaft member, upper and lower bearings disposed in said inner
      lubricant chamber and cooperatively arranged for supporting said shaft
      member on said spindle member for rotation thereabout, and a plurality of
      impeller blades symmetrically arranged around said shaft member and
      respectively having their inboard ends operatively coupled thereto for
      pivotal movement between substantially upright retracted inactive
      positions and radially extended operating positions for rotatively driving
      said shaft member at a rotational speed representative of the relative
      velocity of well bore fluids passing said impeller blades;
PA1  blade-positioning means including a tubular blade-positioning member
      coaxially disposed around said shaft member and adapted for movement
      relative thereto between spaced upper and lower positions, a plurality of
      links intercoupling said blade-positioning member and each of said
      impeller blades and cooperatively arranged for pivoting said impeller
      blades inwardly to their said retracted positions upon movement of said
      blade-positioning member to its said upper position and for pivoting said
      impeller blades outwardly to their said operating positions upon movement
      of said blade-positioning member to its said lower position, and first
      biasing means normally urging said blade-positioning member toward its
      said lower position;
PA1  tool-centralizing means including a plurality of elongated bow-spring
      members distributed longitudinally about said body and around said
      impeller blades, means pivotally coupling the upper ends of each of said
      bow-spring members to said body above said impeller blades, means coupling
      the lower ends of each of said bow-spring members together below said
      impeller blades, a slidable collar coaxially disposed about said body
      above said impeller blades and adapted for movement relative thereto, and
      a corresponding number of upwardly and inwardly inclined rigid arms
      respectively having their opposite ends pivotally intercoupled between an
      intermediate portion of each of said bow-spring members and said collar;
      and
PA1  actuating means including a first actuating member slidably mounted on said
      body above said collar and adapted for longitudinal movement thereon
      between upper and lower positions, second biasing means between said body
      and said first actuating member and cooperatively arranged for urging said
      first actuating member downwardly against said collar to force said rigid
      arms downwardly and outwardly against each of said bow-spring members
      outwardly to an extended position as said first actuating member is moved
      toward its said lower position by said second biasing means and for
      retarding the upward movement of said first actuating member as said
      bow-spring members are contracted inwardly to a retracted position to
      force said rigid arms upwardly and inwardly to raise said collar until
      said first actuating member reaches its said upper position, a second
      actuating member slidably mounted on said body between said
      blade-positioning member and said first actuating member and defining an
      outer lubricant chamber in communication with the exterior of said body,
      third biasing means between said first and second actuating members
      normally urging said second actuating member upwardly in relation to said
      first actuating member, a first set of opposed shoulders on said second
      actuating member and said blade-positioning member cooperatively arranged
      for abutment as said first actuating member is moved above its said lower
      position and imposes an upwardly directed force through said third biasing
      means on said second actuating means sufficient for raising said
      blade-positioning member against the force of said first biasing means to
      said upper position of said blade-positioning member, and a second set of
      opposed shoulders on said first and second actuating members cooperatively
      arranged for being urged into abutment by said third biasing means until
      said first actuating member is moved further toward its said upper
      position after said blade-positioning member has reached its said upper
      position.
NUM  22.
PAR  22. The well tool of claim 21 further including:
PA1  an upright tubular extension cooperatively arranged on said
      blade-positioning member and extended on above the upper end of said shaft
      member to define a restricted entrance into said inner lubricant chamber
      so long as said blade-positioning member is below its said upper position;
      and
PA1  sealing means cooperatively arranged for engagement between said tubular
      extension and said body only upon movement of said blade-positioning
      member to its said upper position for blocking said restricted entrance
      into said inner lubricant chamber against the entry of unwanted
      substances.
NUM  23.
PAR  23. The well tool of claim 21 further including:
PA1  a depending tubular extension cooperatively arranged on said body and
      coaxially disposed around the upper portion of said shaft member for
      defining a multi-directional passage intercommunicating said inner and
      outer lubricant chambers.
NUM  24.
PAR  24. The well tool of claim 21 further including:
PA1  a depending tubular extension cooperatively arranged on said body and
      coaxially disposed around the upper portion of said shaft member for
      defining a first portion of a multi-directional passage intercommunicating
      said inner and outer lubricant chambers;
PA1  an upright tubular extension cooperatively arranged on said
      blade-positioning member and extended coaxially in relation to said
      depending tubular extension and above its lower end for defining a second
      portion of said multi-directional passage; and
PA1  sealing means cooperatively arranged for engagement between said upright
      tubular extension and said body only upon movement of said
      blade-positioning member to its said upper position for selectively
      blocking said multi-directional passage so long as said impeller blades
      are in their retracted positions.
NUM  25.
PAR  25. The well tool of claim 24 wherein said upright tubular extension is
      exterior of said depending tubular extension.
NUM  26.
PAR  26. The well tool of claim 24 further including second sealing means
      cooperatively arranged between said first set of opposed shoulders for
      closing communication between said outer lubricant chamber and the
      exterior of said body upon movement of said blade-positioning member to
      its said upper position.
NUM  27.
PAR  27. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including means for
      defining a spindle having an unsupported outboard end portion;
PA1  fluid-driven impeller means including a hollow hub member having a closed
      outboard end portion and an open inboard end portion coaxially disposed
      around said spindle, and bearing means in the enclosed space defined
      between said closed end portion of said hub member and around siad spindle
      and cooperatively arranged for journalling said impeller means to rotate
      about said spindle in response to the relative movement of well bore
      fluids past said impeller means;
PA1  passage means communicating said enclosed space with well bore fluids
      exterior of said body and having at least one change of direction adapted
      for trapping foreign matter borne by such fluids;
PA1  centralizer means on said body and adapted for movement from a retracted
      position to an extended position for centering said well tool in a well
      bore of at least a selected diameter;
PA1  valve means cooperatively arranged in said passage means for selectively
      controlling communication therethrough; and
PA1  actuating means cooperatively arranged between said valve means and said
      centralizer means for selectively opening said valve means only upon
      movement of said centralizer means toward said extended position.
NUM  28.
PAR  28. The well tool of claim 27 wherein said actuating means are further
      arranged for selectively closing said valve means upon movement of said
      centralizer means toward said retracted position.
NUM  29.
PAR  29. A well tool adapted for providing measurements representative of the
      flow rate of fluids in a well bore and comprising:
PA1  a body adapted for suspension in a well bore and including a depending
      axial spindle member having an unsupported outboard end portion;
PA1  fluid-driven impeller means including a hollow shaft member having a closed
      outboard end coaxially disposed around said spindle member for defining an
      inner lubricant chamber between said members above said closed shaft end,
      a plurality of impeller blades symmetrically arranged around said shaft
      member and having their respective inboard ends operatively coupled
      thereto for pivotal movement between laterally extended operating
      positions and generally longitudinal retracted positions, bearing means
      cooperatively mounted around said spindle member in said inner lubricant
      chamber for operatively journalling said shaft member for rotation about
      said spindle member upon relative movement of well bore fluids past said
      impeller means;
PA1  blade-positioning means including an actuating member coupled to said
      impeller blades and cooperatively arranged on said body for selective
      movement between one position operable for placing said impeller blades in
      their said operating positions and another position operable for placing
      said impeller blades in their said retracted positions;
PA1  means on said body defining an outer lubricant chamber in communication
      with the exterior of said body; and
PA1  passage means cooperatively arranged on said body for intercommunicating
      said inner and outer lubricant chambers and including at least one
      multi-directional portion adapted for at least retarding the movement of
      solid matter through said passage means into said inner lubricant chamber.
NUM  30.
PAR  30. The well tool of claim 29 further including:
PA1  centralizer means on said body and including a plurality of wall-engaging
      centralizing members cooperatively arranged around said body for
      simultaneous movement between retracted positions adjacent to said body
      and laterally extended positions for centering said body in a well bore of
      at least a selected diameter; and
PA1  means cooperatively intercoupling said actuating member to at least one of
      said centralizing members for moving said actuating member to its said one
      position to extend said impeller blades upon extension of said one
      centralizing member and for moving said actuating member to its said other
      position to retract said impeller blades upon retraction of said one
      centralizing member.
NUM  31.
PAR  31. The well tool of claim 30 wherein said centralizing members are
      cooperatively disposed around said impeller means for guarding said
      impeller blades.
NUM  32.
PAR  32. The well tool of claim 29 further including:
PA1  valve means cooperatively arranged between said body and said actuating
      member for selectively opening communication through said passage means
      upon movement of said actuating member to its said one position and for
      selectively closing communication through said passage means upon movement
      of said actuating member to its said other position.
NUM  33.
PAR  33. The well tool of claim 32 further including:
PA1  centralizer means on said body and including a plurality of outwardly
      biased bow spring centralizing members cooperatively arranged around said
      body for lateral movement between retracted positions adjacent to said
      body and extended wall-engaging positions for centering said body in a
      well bore of at least a selected diameter; and
PA1  means cooperatively intercoupling said actuating member to at least one of
      said centralizing members for moving said actuating member to its said one
      position to extend said impeller blades upon extension of said one
      centralizing member and for moving said actuating member to its said other
      position to retract said impeller blades upon retraction of said one
      centralizing member.
NUM  34.
PAR  34. The well tool of claim 33 wherein said centralizing members are
      cooperatively disposed around said impeller means and interconnected at
      their lower ends for guarding said impeller blades.
NUM  35.
PAR  35. The well tool of claim 29 further including:
PA1  circuit means on said body cooperatively arranged for producing electrical
      signals representative of the rotational speed of said impeller means.
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ABST
PAL  In the representative embodiment of the new and improved formation-testing
      apparatus disclosed herein, a wall-engaging sealing pad is arranged around
      the forward end of a normally open tubular probe which is adapted to be
      placed in communication with an adjacent earth formation and carries an
      extendible filter probe coaxially supported therein by a tubular valve
      member. If a formation being tested is relatively incompetent, the filter
      probe will be advanced into the formation without allowing further erosion
      of loose formation materials with the valve member acting to block
      communication through the outer probe. Alternatively, should a formation
      being tested be relatively competent, the filter probe will remain in its
      normal retracted position and the valve member will cooperatively block
      communication through the filter probe and instead provide an unrestricted
      flow passage through the outer probe to a sample-collecting system on the
      apparatus.
BSUM
PAR  Heretofore, the successful use of single-test wireline formation testers
      has generally depended upon knowing in advance the general character or
      stability of the particular formations which were to be tested. For
      example, where the formations to be tested are fairly competent and,
      therefore, not easily eroded during a test, prior-art testers such as that
      shown in Pat. No. 3,011,554 have been highly effective. On the other hand,
      where fairly incompentent or unconsolidated formations are to be tested,
      formation testers such as those shown in Pat. No. 3,352,361, Pat. No.
      3,530,933, Pat. No. 3,565,169 or Pat. No. 3,653,436 have been employed
      heretofore. As fully described there, each of those prior-art testing
      tools employs a tubular sampling member which is cooperatively placed in
      serial communication with a filter. In this manner, erosion of the
      borehole wall is avoided by preventing the continued entrance of
      unconsolidated formation materials into the testing tool. Since all of
      these prior-art testers can be operated only during a single trip into the
      well bore, it has, of course, been necessary to select in advance the
      particular size or type of filter which is hopefully suited for that
      specific operation.
PAR  It will, however, be recognized that there are often situations where the
      exact character of a given formation which is to be tested simply cannot
      be predicted in advance. For instance, where one of these testers is
      equipped with a filter capable of stopping exceptionally fine formation
      materials, it is not at all uncommon for the small filter openings to
      become quickly plugged by the normally large particles of the mudcake
      which usually lines the borehole wall adjacent to a potentially producible
      formation. Thus, a test under these conditions will often be inconclusive,
      if not misleading, since it will not be known for sure whether the
      formation is truly unproductive or if the filter was simply plugged at the
      outset of the test. On the other hand, where the tester either has no
      filter or is equipped with a filter having large openings, there will
      often be an excessive induction of fine formation materials into the
      tester when the tool is testing a highly unconsolidated formation. This
      action will, therefore, frequently result in a continued and rapid erosion
      of the formation wall around the sealing pad so that isolated
      communication with the formation is quickly lost. This action, of course,
      also causes an incomplete or inconclusive test.
PAR  Accordingly, it is an object of the present invention to provide new and
      improved formation-testing apparatus for reliably obtaining a measurement
      of one or more fluid or formation characteristics as well as for
      selectively collecting a sample of connate fluids, as desired, from earth
      formations of different and unknown competencies.
PAR  This and other objects of the present invention are attained by providing
      formation-testing apparatus having new and improved fluid-admitting means
      adapted for selectively establishing isolated communication with
      potentially producible earth formations of varying degrees of competency.
      The fluid-admitting means include a sealing pad with a central opening
      arranged for normally providing unrestricted communication with
      condition-measuring means and sample-collecting means on the testing
      apparatus so long as the isolated portion of the borehole wall remains
      intact. Should, however, the formation wall being eroding, a
      fluid-sampling probe with a closed forward end is operatiely advanced
      through the central opening into the formation well and, in cooperation
      with normally open valve means, blocks further communication around the
      probe and instead establishes communication with the condition-measuring
      and sample-collecting means on the tool by way of normally isolated filter
      means on the probe member.
PAR  The novel features of the present invention are set forth with
      particularity in the appended claims.
DRWD
PAR  The invention, together with further objects and advantages thereof, may be
      best understood by way of the following description of exemplary apparatus
      employing the principles of the invention as illustrated in the
      accompanying drawings, in which:
PAR  FIG. 1 depicts new and improved fluid sampling apparatus of the present
      invention as it might appear while operating within a borehole;
PAR  FIG. 2 is a somewhat-schematic representation of a preferred embodiment of
      the fluid-sampling apparatus shown in FIG. 1;
PAR  FIG. 3 illustrates the fluid-admitting means of the present invention as it
      will appear during a typical testing operation of a relatively-competent
      earth formation; and
PAR  FIG. 4 is a view similar to FIG. 3 but depicts the new and improved
      fluid-admitting means while operating during the testing of a
      highly-unconsolidated formation.
DETD
PAR  Turning now to FIG. 1, formation-testing apparatus 10 incorporating the
      principles of the present invention is shown suspended from a
      multi-conductor cable 11 in a well bore such as an uncased borehole 12
      penetrating one or more potentially producible earth formations as at 13
      and 14. As is customary, the cable 11 is spooled from a winch 15 at the
      surface and is terminated at typical surface equipment including a
      selectively controlled switch 16, a power source 17, and one or more
      indicating and recording devices as at 18-20. In its preferred embodiment,
      the new and improved tool 10 includes an elongated body 21 which carries
      fluid-admitting means 22 arranged in accordance with the present invention
      as well as a typical hydraulic control system 23 and a condition-measuring
      and fluid-sampling system 24 respectively enclosed in the upper and lower
      portions of the tool body. Accordingly, as illustrated, the new and
      improved apparatus 10 has been positioned adjacent to the formation
      interval 13 and is in readiness for measuring one or more fluid or
      formation characteristics and, if desired, subsequently collecting a
      sample of any producible connate fluids contained in that formation.
PAR  The selectively operable hydraulic system 23 of the new and improved
      formation-testing tool 10 is preferably arranged in accordance with the
      system described in Pat. No. 3,011,554 issued to Robert Desbrandes which
      patent is hereby incorporated by reference. As schematically illustrated
      in FIG. 2, therefore, the hydraulic system 23 includes pressure-responsive
      or hydraulic actuating means such as a piston actuator 25 that is coupled
      to a reduced-diameter piston 26 disposed in an oil-filled pressure chamber
      27 arranged in the upper portion of the tool body 21. A hydraulic line 28
      in the tool body 21 is preferably coupled to the pressure chamber 27 by
      means of a pressure-regulating valve 29 (such as that shown in FIG. 8 of
      the aforementioned Desbrandes patent) arranged for maintaining the
      hydraulic fluid in the hydraulic line at a selected elevated pressure
      above the hydrostatic pressure of the fluids in the borehole 12. To
      actuate the hydraulic system 23, a selectively-operated normally-closed
      valve 30 (such as that shown in FIG. 4 of the Desbrandes patent) is
      arranged in a conduit 31 for controlling the admission of borehole fluids
      to the piston actuator 25. As will be subsequently described in more
      detail, the hydraulic system 23 further includes two
      selectively-controlled normally-closed valves 32 and 33 (such as the one
      shown in FIG. 7 of the Desbrances patent) which are respectively connected
      to the hydraulic line 28 as well as a pressure-responsive transducer 34
      (such as shown in FIG. 9 of the Desbrandes patent) that is arranged for
      providing signals representative of the hydraulic pressure to the surface
      monitor 18 and the recorder 20 by way of a conductor 35 in the cable 11.
PAR  To anchor the new and improved formation-testing tool 10 while a selected
      formation, as at 13, is being tested, the tool is further provided with
      means such as a wall-engaging member 36 which is mounted on a pair of
      laterally movable hydraulic actuators, as at 37, and arranged for
      selective movement from the back side of the tool body 21 into anchoring
      engagement with an adjacent wall of the borehole 12. Although the new and
      improved fluid-admitting means 22 could just as well be fixed on the
      forward side of the body 21, in the preferred embodiment of the tool 10 a
      second pair of laterally movable hydraulic actuators, as at 38, are
      arranged on the tool body for selectively extending the fluid-admitting
      means into sealing engagement with an adjacent wall of the borehole 12.
      Alternatively, the wall-engaging member 36 and its hydraulic actuators 37
      could be omitted by arranging the hydraulic actuators 38 to have a
      sufficiently long stroke for anchoringly engaging the rear of the tool
      body 21 against one wall of the borehole 12 whenever the fluid-admitting
      means 22 are extended into sealing engagement with the opposite borehole
      wall. As illustrated, however, it is preferred that the fluid-admitting
      means 22 and the tool-anchoring member 36 are both arranged for extension
      so as to minimize the overall stroke lengths of the hydraulic actuators 37
      and 38.
PAR  The condition-measuring and fluid-sampling system 24 of the new and
      improved tool 10 includes an enlarged sample-collecting chamber 39 which
      is coupled to the fluid-admitting means 22 by means such as a flexible or
      pivoted conduit 40 and a flow passage 41 in the body 21 that is
      communicated to the sample chamber by way of a normally closed valve 42
      similar or identical to the hydraulic line valves 32 and 33. To provide
      measurements representative of one or more properties of a fluid within
      the passage 41, condition-responsive means are provided such as a pressure
      transducer 43 similar or identical to the transducer 34 which is coupled
      to the flow passage and connected by way of an electrical conductor 44 in
      the cable 11 to the surface monitor 19 and the recorder 20. As fully
      described in the aforementioned Desbrandes patent, the sample-collecting
      chamber 39 is divided by an orifice 45 arranged for regulating the rate at
      which a quantity of water initially disposed in the upper half of the
      chamber below a floating piston 46 will be discharged into the initially
      empty lower half of the chamber as entering connate fluids displace the
      floating piston downwardly. To seal off the chamber 39 once a sample is
      collected, a valve member 47 (such as shown in FIG. 10 of the Desbrandes
      patent) is arranged for being latched into seating engagement on a seat 48
      between the upper end of the sample chamber and the discharge end of the
      flow passage 41; and the normally closed hydraulic valve 32 is connected
      to a hydraulic actuator, as at 49, coupled to the valve member.
PAR  Turning now to FIG. 3, a preferred embodiment of the new and improved
      fluid-admitting means 22 is illustrated. As shown there, the
      fluid-admitting means 22 include an elongated sealing pad 50 which is
      mounted on the hydraulic actuators, as at 38, and cooperatively arranged
      to be moved into engagement with the wall of the borehole 12 for isolating
      the contacted portion of the borehole wall from the borehole fluids. An
      enlarged support body 51 mounted on the back of the pad member 50 is
      provided with a laterally aligned bore 52 cooperatively arranged for
      carrying an elongated tubular probe 53 having its open forward end
      projecting through a central opening 54 in the sealing pad and an
      outwardly enlarged rearward portion 55 sealingly engaged, as by an O-ring
      56, within an enlarged counterbore 57 at the rear of the lateral bore
      which defines spaced stops or shoulders 58 and 59 limiting the travel of
      the probe. A sealing member, such as an O-ring 60, is cooperatively
      arranged within the forward portion of the lateral bore 52 and engaged
      with the forward portion of the tubular probe 53 for defining an isolated
      annular space 61 in the lateral bore between the O-rings 56 and 60 which
      is communicated by way of a flow passage 62 in the support body 51 and the
      conduit 40 to the flow passage 41 in the tool body 21.
PAR  Of particular significance, it will be noted by comparison of FIGS. 3 and
      4, that the new and improved fluid-admitting means 22 further include a
      second or inner probe member 63 which is coaxially mounted within the
      first or outer probe 53 and cooperatively arranged for axial movement
      therein between retracted and extended positions as defined by spaced
      shoulders 64 and 65 on the outer member which are adapted for alternate
      engagement by an outwardly enlarged rearward portion 66 of the inner
      member. In contrast to the outer probe 53, however, the forward end of the
      inner probe 63 is blocked, as by a threaded plug 67; and that portion of
      the inner probe immediately behind the plug is arranged for carrying
      filtering means such as a plurality of small holes or slits 68 in the wall
      of the inner probe. For reasons which will be subsequently explained, the
      rearward end of the inner probe 63 is also blocked, as at 69, to define an
      enclosed chamber 70 in the forward portion of the probe which is
      accessible only by way of the filter passages 68 and a lateral port 71
      located to the rear of the passages.
PAR  To complete the new and improved fluid-admitting means 22, valve means are
      further included such as an elongated tubular member 72 which is coaxially
      mounted between the probe members 53 and 63 and provided with an
      inwardly-enlarged forward portion 73 carrying an internal sealing member,
      such as an O-ring 74, that is normally sealingly engaged with the exterior
      portion of the inner probe ahead of the filter passages 68. In a similar
      fashion, the rearward portion of the valve member 72 is inwardly and
      outwardly enlarged, as at 75, and arranged for carrying internal and
      external sealing members, such as O-rings 76 and 77, which, so long as the
      valve member is retracted, are respectively engaged with an
      enlarged-diameter intermediate portion 78 of the inner probe 63 located to
      the rear of the port 71 and an intermediate portion of the outer probe 53
      located between a spaced pair of lateral ports 79 and 80 arranged in the
      latter member. A forwardly facing shoulder 81 is suitably located on the
      outer probe 53 ahead of the port 80 for defining the retracted position of
      the valve member 72.
PAR  Those skilled in the art will, of course, recognize that with the new and
      improved fluid-admitting means 22 arranged as described so far, the
      O-rings 74 and 76 on the valve member 72 will serve to isolate the annular
      space 82 between the valve member and the inner probe 63 so long as the
      latter O-ring is engaged with the enlarged surface 78. This will mean,
      therefore, that so long as the probe members 53 and 63 and the valve
      member 72 are in their respective retracted positions as depicted in FIG.
      3, the annular space 82 as well as the chamber 70 within the inner probe
      will be at atmospheric pressure. Thus, as the new and improved
      formation-testing tool 10 is lowered into the borehole 12, the hydrostatic
      pressure of the fluids contained therein will be imposed on both ends of
      the valve member 72; and, by virtue of the differential area represented
      by the difference between the respective cross-sectional areas of those
      end portions 73 and 75 of the valve member carrying the O-rings 74, 76 and
      77, there will be a net pressure-derived force serving to bias the valve
      member rearwardly against the internal shoulder 81 on the outer probe
      member 53. This net pressure-derived force will, of course, be equal to
      the product of the above-identified differential area times the difference
      between the borehole hydrostatic pressure and the pressure within the
      annular space 82, which latter pressure will ordinarily be atmospheric
      pressure. Thus, both the valve member 72 and the outer probe 53 will
      normally be urged toward their respective retracted positions by this
      unbalanced pressure-derived force.
PAR  At the same time it will be recognized that the inner probe 63 will also be
      subjected to the same unbalanced pressure-derived force which will,
      however, tend to move it forwardly toward its extended position. This
      unbalanced force will be acting on the rear side of the enlarged shoulder
      78 on the inner probe 63.
PAR  Thus, to temporarily hold the inner probe 63 in its retracted position
      until the tool 10 is operated to place the fluid-admitting means 22 into
      communication with an earth formation, retaining means, as shown generally
      at 83, are cooperatively arranged for releasably securing the inner probe
      from movement in relation to the body 21 as a result of the aforementioned
      unbalanced pressure force. As depicted in FIGS. 2 and 3, one release
      arrangement for securing the inner probe 63 against movement from its
      retracted position until the nose of the probe is against the wall of the
      formation 13 includes a transversely oriented member 84 which is
      releasably attached to the base of the inner probe (as by a threaded stud
      85) and positioned with the opposite ends of that member bridging the
      counterbore 57 at the rear of the pad-support body 51 or straddling the
      enlarged end portion 55 of the outer probe 53 so as to normally hold the
      inner member in its retracted position. Then, by means of an actuating
      link, such as a short, initially relaxed cable 86 arranged between the
      tool body 21 and the retaining member 84, the stud 85 can be caused to
      fail, as at 87, as the sealing pad 50 is extended and tightens the cable.
PAR  It will, however, be appreciated that the cable 86 could be alternatively
      attached to the tool-anchoring member 36 to similarly accomplish the
      release of the inner member 63. This alternate arrangement would, of
      course, be necessary where the hydraulic actuators 38 are not employed
      with the tool 10 so that the fluid-admitting means 22 are not extendible.
PAR  A second alternate release arrangement could also be provided by
      eliminating the cable 86 and either leaving the transverse member 84 in
      its depicted position or else extending the member so it straddles the
      counterbore 57. In either case, the weakened portion 87 would have to be
      sized to initially secure the outer and inner probes 53 and 63 against
      movement under the effects of hydrostatic pressure before the tool 10 is
      anchored in the borehole 12. This would, of course, mean that with this
      arrangement, the effective cross-sectional area of the rear piston
      portions of the probes 53 and 63 would have to be adequately sized for
      driving the probes forwardly with sufficient force to break the weak point
      87 when the sealing pad 50 is sealingly engaged and the motivating
      pressure differential is only the difference between the hydrostatic
      borehole pressure and the formation pressure.
PAR  Accordingly, it will be appreciated that as the new and improved tool 10 is
      lowered into the borehole 12, the several elements of the fluid-admitting
      means 22 will remain in their respective positions as illustrated in FIG.
      3 inasmuch as the hydrostatic pressure of the borehole fluids will be
      imposed on both ends of each of the several elements and the retainer
      means 83 will hold the inner probe 63. It will, of course, be noted that
      since the forward end of the outer probe 53 is open, the borehole fluids
      will fill the flow passage 41 above the control valve 42 so that the
      pressure transducer 43 will be initially effective for providing
      indications on the surface monitor 19 and the recorder 20 of the
      hydrostatic pressure of the fluids in the borehole 12.
PAR  Once the formation-testing tool 10 reaches a position adjacent to a
      formation, as at 13, which is to be tested, the tool is halted and the
      control switch 16 is advanced to its first operating position. Advancement
      of the switch 16 will, of course, be effective for connecting the power
      supply 17 to the valve 30 by way of a cable conductor 88 to admit the
      borehole fluids to the pressure actuator 25. As fully described in the
      aforementioned Desbrandes patent, opening of the normally closed valve 30
      will enable the piston 26 to develop an increased hydraulic pressure in
      the hydraulic line 28 which, as determined by the setting of the regulator
      29, will be sufficiently greater than the borehole hydrostatic pressure to
      extend the fluid-admitting means 22 and the tool-anchoring member 36 with
      sufficient force for firmly anchoring the tool 10 in the borehole 12 and
      urging the sealing pad 50 against the adjacent borehole wall. The
      retaining means 83 will also have functioned to release the inner probe 63
      at this time.
PAR  Accordingly, as depicted in FIG. 3, once the sealing pad 50 is firmly
      seated against the wall of the borehole 12, it will be recognized that the
      forward space defined by the central opening 54 in the pad will be
      isolated from the fluids in the borehole. Thus, if the formation being
      tested, as at 13, contains producible connate fluids, the pressured
      borehole fluids initially trapped in the flow line 41 above the normally
      closed valve 42 will, in time, move into the formation until their
      pressure is at least about equal to the formation pressure of the connate
      fluids. This pressure equalization will, of course, be indicated by the
      surface monitor 19 and shown on the recorder 20.
PAR  Those skilled in the art will, therefore, appreciate that should the
      aforementioned pressure measurements indicate that the formation 13 is
      potentially productive, it will be advantageous to also obtain a
      representative sample of the connate fluids in the formation. Thus, to
      obtain a sample of such fluids, the control switch 16 is advanced to its
      next position for connecting the power supply 17 to a cable conductor 89
      and, thereby, opening the flow line valve 42. This action will, of course,
      be effective for coupling the initially empty sample chamber 39 to the
      flow line 41 and the now-isolated central opening 54 in the sealing pad
      50.
PAR  It should be noted at this point that ordinarily there is little or no
      difficulty in obtaining a pressure measurement of the connate fluids in a
      formation, as at 13 or 14, with the new and improved testing tool 10 since
      the flow passage 41 is filled with the pressured fluids in the borehole
      12. Thus, when the fluid-admitting means 22 are initially placed in
      communication with a formation, as at 13 or 14, the isolated portion of
      the wall of the borehole 12 will generally remain intact. As is recognized
      by those skilled in the art, however, opening of the flow line valve 42
      will immediately subject the isolated wall portion of the borehole 12 to a
      drastic pressure reduction since the sample chamber 39 is ordinarily at
      atmospheric pressure. If the formation, as at 13, is relatively competent,
      this sudden pressure reduction will cause any producible connate fluids in
      the formation to surge into the fluid-admitting means 22; but, except for
      an initial influx of mudcake particles trapped within the central opening
      54, there will ordinarily be no significant erosion of the formation wall.
      This, however, poses no particular operational problem since the several
      passages 40, 41 and 62 can be readily sized for allowing the dislodged
      mudcake particles to easily pass on through these passages and enter the
      sample chamber 39. Thus, if the formation 13 is firm or substantially
      competent so that few, if any, formation particles are eroded therefrom as
      the sample chamber 39 is filling, the new and improved fluid-admitting
      means 22 will remain in the general position illustrated in FIG. 3.
PAR  However, as previously discussed, it is not at all uncommon for a
      formation, as at 14, which is being tested to be so incompetent or
      unconsolidated that opening of the flow line valve 42 causes a rapid
      erosion of formation materials from the isolated wall portion of the
      borehole 12. In such cases, if it were not for the new and improved
      fluid-admitting means 22, the rapid surge of formation fluids would
      quickly erode the adjacent face of the isolated portion of the borehole
      wall and rapidly cause the sealing pad 50 to lose its sealing engagement
      before an adequate fluid sample can be obtained. Accordingly, to achieve
      the objects of the present invention, it will be appreciated that the
      several telescoped members 53, 63 and 72 are cooperatively arranged to
      move in relation to one another in response to a reduction in the pressure
      in the isolated central pad opening 54 and an accompanying influx of loose
      formation materials for allowing at least the inner probe 63 to
      correspondingly advance into the adjacent formation 14 and quickly halt
      further erosion of the borehole wall. It will be recognized, of course,
      that any mudcake particles initially confined within the central opening
      54 will have already passed on through the outer probe 53 before the inner
      probe 63 is extended and the valve member 72 functions to close off the
      outer probe. Thus, in keeping with the objects of the present invention,
      there is no opportunity for the loosened mudcake particles to plug the
      filter openings 68.
PAR  Thus, as best seen in FIG. 4, whenever there is a significant erosion of
      loosened formation particles which is sufficient to create a void of
      adequate size to accommodate the nose 67 of the inner probe 63, the
      hydrostatic pressure acting, as at 90, on the enlarged rearward portion 66
      of the probe will be effective for correspondingly advancing the probe
      into the isolated wall of the formation 14 as it is eroded. It should be
      noted that since the formation pressure must necessarily be less than the
      hydrostatic pressure at that depth in the borehole 12, the inner probe 63
      will be free to advance into the formation 14 once its nose 67 is no
      longer restrained by the borehole wall as was the case with the testing
      operation depicted in FIG. 3. Although the erosion of the borehole wall
      may initially allow only the inner probe 63 to move forward, it will, of
      course, be recognized that this erosion may also cause the cuter probe 53
      to simultaneously advance into the formation 14 by virtue of the
      hydrostatic pressure acting on the enlarged rear portion 55 of the outer
      member.
PAR  In any event, in keeping with the objects of the present invention, it will
      be appreciated that the advancement of the probes 53 and 63 will be
      effective for maintaining the fluid-admitting means 22 in isolated
      communication with the formation 14 thereby preventing the continued
      erosion of loose formation materials which would otherwise allow the
      higher-pressured borehole fluids to quickly bypass the pad 50.
      Accordingly, to further accomplish the objects of the present invention,
      should such erosion begin, the new and improved fluid-admitting means 22
      are cooperatively arranged for closing off further communication through
      the outer probe 53 and instead diverting any further flow of connate
      fluids through the inner probe 63. Thus, as will be recognized by a
      comparison of FIGS. 3 and 4, once the nose 67 of the inner probe 63 is no
      longer engaged against the wall of the formation 14, the inner probe will
      be immediately advanced into the formation by virtue of the hydrostatic
      pressure of the borehole fluids acting on the enlarged rearward portion 66
      of the probe. At the same time, it will be recognized that the formation
      pressure imposed on the forward end 73 of the valve member 72 will be
      effective for initially urging the valve member rearwardly against the
      shoulder 81 so that the advancement of the inner member 63 will serve to
      carry the filter openings 68 beyond the O-ring 74. Then, once the inner
      member 63 is fully advanced in relation to the valve member 72 (as will be
      established by the co-engagement of a shoulder 91 on the probe and the
      rear portion 75 of the valve member), the formation 14 will now be
      communicated with the flow passage 62 solely by way of the filter openings
      68, the port 71 in the inner probe, a suitably-located port 92 in the
      shoulder 91 and the port 79 in the outer probe 53. At the same time,
      further communication with the formation 14 through the outer probe 53
      will now be blocked by virtue of the preceding shifting of the O-ring 77
      ahead of the port 79 in the outer probe.
PAR  It should also be recognized that the inner probe 63 is free to advance
      into the formation 14 over a span of travel determined by the combined
      spacings between the shoulders 58 and 59 and the shoulders 64 and 65.
      Thus, although the inner probe 63 may not necessarily advance to its
      maximum extent, it will be free to do so should there be a substantial
      erosion of formation materials from the formation 14 before the outer
      probe 53 is closed. In any event, once the inner probe 63 is at least
      partially extended, further erosion of the formation 14 will be quickly
      halted since the loose formation particles can no longer pass through the
      filter openings 68. As a result, the sealing pad 50 will be able to retain
      its sealing engagement against the wall of the borehold 12 so as to
      continue to isolate the inner probe 63 from the borehole fluids as the
      sample chamber 39 is filling.
PAR  Once the pressure monitor 19 indicates that a sample has been collected in
      the sample chamber 39, the control switch 16 is advanced again for
      connecting a cable conductor 93 to the power supply 17 so as to open the
      hydraulic valve 32. This action will be effective for operating the
      actuator 49 to shift the valve member 47 to its latched position on the
      valve seat 48 to trap the collected sample in the chamber 39.
PAR  To retrieve the tool 10, it is, of course, necessary to retract the two
      wall-engaging members 36 and 50. It will be recognized, however, that
      since at least the face of the sealing pad 50 immediately surrounding the
      central opening 54 will be isolated from the fluids in the borehole 12,
      the sealing pad will often be retained against the borehole wall by a
      substantial pressure differential. Accordingly, in keeping with the
      Desbrandes patent, selective communication between the borehole fluids and
      the forward face of the sealing pad 50 is provided by a pressure-relief
      passage 94 which is extended through the body 51 and, as shown generally
      at 95, normally closed by a frangible plug which is adapted to fail upon
      detonation of an electrically initiated explosive. Thus, should it be
      believed or discovered that the sealing pad 50 is tightly held against the
      borehole wall by a pressure-derived force of such magnitude that the
      suspension cable 11 might be unduly tensioned in an attempt to pull the
      tool 10 free, the control switch 16 can be selectively operated to connect
      the power source 17 to a cable conductor 96 leading to the explosive plug
      95. This will, of course, communicate the forward face of the sealing pad
      50 with the fluids in the borehole 12 so as to equalize any pressure
      differential holding the pad against the borehole wall.
PAR  In any event, whether or not the explosive plug 95 is actuated, the two
      wall-engaging members 36 and 50 are retracted by operating the control
      switch 16 to connect the power source 17 to a cable conductor 97 connected
      to the hydraulic valve 33. Opening of the valve 33 will, therefore,
      communicate the hydraulic line 28 with an initially empty chamber 98 which
      is sized for accommodating a sufficient volume of the hydraulic fluid
      contained in the entire hydraulic system to allow the system pressure to
      drop to about atmospheric pressure. Thus, once the valve 33 is opened, the
      hydrostatic pressure of the fluids in the borehole 12 will be effective
      for retracting the hydraulic actuators 37 and 38 as the pressure is
      reduced in the hydraulic line 28. Once the wall-engaging members 36 and 50
      are retracted, the tool 10 is, of course, in readiness to be retrieved
      from the borehole 12 along with the entrapped fluid sample in the sample
      chamber 39.
PAR  Accordingly, it will be appreciated that the present invention has provided
      new and improved formation-testing apparatus for reliably obtaining one or
      more measurements of a fluid or formation characteristic, such as the
      pressure of formation fluids, as well as at least one sample of such
      fluids when desired. By arranging the new and improved fluid-admitting
      means on the testing tool of the present invention to include an
      unrestricted first sample probe, when the fluid-admitting means are
      initially placed into communication with a formation mudcake and other
      loose plugging materials will be free to pass through the probe to avoid
      premature disruption of subsequent measurements. Should, however, the
      formation being tested be of a relatively incompetent composition so that
      the production of connate fluids therefrom causes undue erosion of the
      isolated borehole wall, the new and improved fluid-admitting means of the
      present invention further include a second sample probe having filtering
      means arranged thereon which is cooperatively arranged to advance into the
      eroding borehole wall and valve means operative for blocking further flow
      through the first probe. In this manner, further pressure or flow
      communication will be diverted through the second probe with the filtering
      means thereafter being effective for halting further erosion of loose
      formation materials so that measurements and fluid samples can be
      subsequently obtained.
PAR  While only a particular embodiment of the present invention has been shown
      and described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects; and,
      therefore, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus adapted for testing earth formations of different degrees of
      competency and comprising:
PA1  a body adapted for suspension in a well bore penetrating such formations;
PA1  sample-collecting means cooperatively arranged on said body for receiving
      samples of connate fluids produced from such formations;
PA1  sealing means having a central opening therein cooperatively arranged on
      said body and adapted for sealing engagement with a well bore wall to
      isolate a portion thereof adjacent to said central opening from well bore
      fluids;
PA1  a tubular probe having a closed forward portion and cooperatively arranged
      for movement relative to said body from a normal retracted position to an
      extended position where said closed forward portion of said tubular probe
      is projected through said central opening and is ahead of said sealing
      means;
PA1  filtering means cooperatively arranged on an intermediate portion of said
      tubular probe and adapted for admitting connate fluids into the interior
      of said tubular probe and restraining loose formation materials from
      passing into the interior of said tubular probe whenever said tubular
      probe is in its said extended position;
PA1  first passage means adapted for providing communication between said
      sample-collecting means and said central opening;
PA1  second passage means adapted for providing communication between said
      sample-collecting means and the interior of said tubular probe;
PA1  probe-actuating means cooperatively arranged on said tubular probe and
      adapted for advancing said tubular probe toward its said extended position
      as loose formation materials are eroded away from an isolated wall portion
      of a well bore wall ahead of said closed forward portion of said tubular
      probe and enter said first passage means; and
PA1  valve means cooperatively arranged for normally blocking communication
      through said second passage means and operable in response to movement of
      said tubular probe toward its said extended position for successively
      blocking further communication through said first passage means and
      opening communication through said second passage means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said probe-actuating means include:
PA1  piston means on a rearward portion of said tubular probe and cooperatively
      arranged for advancing said tubular probe toward its said extended
      position in response to a pressure differential between well bore fluids
      and connate fluids entering said tubular probe as loose formation
      materials enter said first passage means.
NUM  3.
PAR  3. The apparatus of claim 2 further including:
PA1  means releasably securing said tubular probe in its said retracted position
      at least until said sealing means are engaged with a well bore wall.
NUM  4.
PAR  4. The apparatus of claim 1 further including:
PA1  pressure-monitoring means on said body and cooperatively arranged for
      providing signals representative of the pressure in said passage means.
NUM  5.
PAR  5. Apparatus adapted for testing earth formations of different degrees of
      competency and comprising:
PA1  a body adapted for movement through a well bore penetrating such formations
      and having a sample passage arranged thereon;
PA1  sample-collecting means cooperatively arranged on said body for receiving
      samples of connate fluids produced from such formations;
PA1  sealing means cooperatively arranged on said body and adapted to be placed
      in sealing engagement against a well bore wall for isolating a portion
      thereof from well bore fluids;
PA1  a first tubular probe having an open forward portion extending through said
      sealing means and cooperatively arranged for providing unrestricted
      communication between said open forward portion of said first probe and an
      outlet port in an intermediate portion of said first probe and fluidly
      coupled to said sample passage;
PA1  a second tubular probe having a closed forward portion and an intermediate
      portion with means thereon defining a plurality of restricted filter
      openings between the exterior and interior of said second probe, said
      second probe being coaxially mounted in said first probe and cooperatively
      arranged for movement therein between a normal retracted position to an
      extended position where said closed forward portion of said second probe
      is projected from said open forward portion of said first probe and ahead
      of said sealing means;
PA1  probe-actuating means cooperatively arranged on said second probe and
      adapted for advancing said second probe toward its said extended position
      in response to the erosion of loose formation materials from an isolated
      portion of a well bore wall ahead of said closed forward portion of said
      second probe; and
PA1  means including an annular valve member cooperatively arranged between said
      first and second probes and movable relative thereto between a first
      valving position covering said restricted filter openings and
      communicating said open forward portion of said first probe with said
      outlet port therein for selectively communicating said first probe with
      said sample passage whenever said second probe is in its said retracted
      position and a second valving position to successively block communication
      through said open forward portion of said first probe, uncover said filter
      openings, and communicate said interior of said second probe with said
      outlet port for selectively communicating said second probe with said
      sample passage whenever said second probe is moved toward its said
      extended position.
NUM  6.
PAR  6. The apparatus of claim 5 further including:
PA1  pressure-monitoring means in said sample passage and cooperatively arranged
      for providing electrical signals representative of the pressure of fluids
      therein.
NUM  7.
PAR  7. The apparatus of claim 5 further including:
PA1  means selectively operable for moving said sealing means into sealing
      engagement with a well bore wall.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said probe-actuating means include:
PA1  piston means on a rearward portion of said second probe and cooperatively
      arranged for advancing said second probe toward its said extended position
      in response to a pressure differential between well bore fluids and
      connate fluids entering said first probe as loose formation materials
      enter said sample passage.
NUM  9.
PAR  9. The apparatus of claim 8 further including:
PA1  means releasably securing said second probe in its said retracted position
      at least until said sealing means are engaged with a well bore wall.
NUM  10.
PAR  10. The apparatus of claim 8 further including:
PA1  means selectively operable for moving said sealing means into sealing
      engagement with a well bore wall; and
PA1  means releasably securing said second probe in its said retracted position
      and operable upon movement of said sealing means into sealing engagement
      with a well bore wall for releasing said second probe for advancement
      toward its said extended position should loose formation materials begin
      entering said sample passage.
NUM  11.
PAR  11. Fluid-sampling apparatus adapted for obtaining samples of connate
      fluids from earth formations of different degrees of competency and
      comprising:
PA1  a body adapted for suspension in a borehole penetrating one or more of such
      earth formations;
PA1  sample-collecting means on said body and including a sample chamber, a
      sample passage coupled to said sample chamber, and selectively operable
      valve means adapted for controlling communication through said sample
      passage to said sample chamber;
PA1  a wall-engaging sealing pad having a central opening therein and
      cooperatively mounted on said body for engagement with a borehole wall to
      isolate at least a portion thereof surrounding said central opening from
      borehole fluids;
PA1  fluid-admitting means coupled to said sample passage and cooperatively
      arranged for providing alternative communication paths between said sample
      passage and an isolated portion of a borehole wall, said fluid-admitting
      means including a first tubular probe having an open forward portion
      arranged in said central opening and an intermediately-located first
      outlet port therein cooperatively arranged for providing a substantially
      unrestricted first communication path, a second tubular probe having a
      closed forward portion and including intermediately located filter means
      thereon providing a plurality of filter passages into the interior of said
      second probe and a second outlet port located to the rear of said filter
      passages for providing a selectively restricted second communication path,
      said second probe being coaxially mounted in said first probe and
      cooperatively arranged for movement therein between a retracted position
      and an extended position where at least some of said filter passages are
      ahead of said forward open portion of said first probe, and valve means
      between said first and second probes and including an annular valve member
      coaxially arranged between said probes and movable relative thereto
      between a first valving position covering said filter passages and said
      second outlet port for coupling said first communication path to said
      sample passage and a second valving position for closing said open forward
      portion of said first probe and uncovering said filter passages and said
      second outlet port for coupling said second communication path to said
      sample passage; and
PA1  actuating means operable upon flow of loose formation materials from an
      isolated portion of a borehole wall through said first communication path
      for advancing said second probe toward its said extended position and
      moving said valve member to its said second valving position for blocking
      said first communication path and opening said second communication path.
NUM  12.
PAR  12. The fluid-sampling apparatus of claim 11 wherein said actuating means
      include:
PA1  piston means on a rearward portion of said second probe and cooperatively
      arranged for advancing said second probe toward its said extended position
      as loose formation materials enter said sample passage in response to a
      pressure differential between borehole fluids and connate fluids entering
      said first probe.
NUM  13.
PAR  13. The fluid-sampling apparatus of claim 12 further including:
PA1  means releasably securing said second probe in its said retracted position
      at least until said sealing pad is engaged with a borehole wall.
NUM  14.
PAR  14. The fluid-sampling apparatus of claim 11 further including:
PA1  pressure-monitoring means in said sample passage and cooperatively arranged
      for providing electrical signals representative of the pressure of fluids
      therein.
NUM  15.
PAR  15. The fluid-sampling apparatus of claim 11 further including:
PA1  means on said body selectively operable for moving said sealing pad into
      sealing engagement with a borehole wall.
NUM  16.
PAR  16. The fluid-sampling apparatus of claim 11 wherein said first probe is
      also movable in relation to said body between retracted and extended
      positions and said actuating means include:
PA1  first and second piston means respectively mounted on the rearward portions
      of said first and second probes and cooperatively arranged for advancing
      said probes to their said extended positions as loose formation materials
      enter said sample passage in response to a pressure differential between
      borehole fluids and connate fluids entering said first probe.
NUM  17.
PAR  17. The fluid-sampling apparatus of claim 16 further including:
PA1  means releasably securing said second probe in its said retracted position
      at least until said sealing pad is engaged with a borehole wall.
NUM  18.
PAR  18. Fluid-sampling apparatus adapted for obtaining samples of connate
      fluids from earth formations of different degrees of competency and
      comprising:
PA1  a body adapted for suspension in a borehole penetrating one or more of such
      earth formations;
PA1  sample-collecting means on said body and including a sample chamber, a
      sample passage coupled to said sample chamber, and selectively operable
      valve means adapted for controlling communication through said sample
      passage to said sample chamber;
PA1  fluid-admitting means incuding a support member mounted on said body and
      having a lateral bore extending between the forward and rearward faces of
      said support member, a wall-engaging sealing pad mounted on said forward
      face of said support member and having a central opening aligned with said
      lateral bore, a tubular first probe coaxially mounted in said lateral bore
      and having an open forward portion in said central opening and an
      intermediate portion with an outlet port therein, first and second sealing
      means between said support member and said first probe for defining an
      enclosed annular space around said intermediate portion of said first
      probe, a second probe having a closed forward end and an intermediate
      portion thereof defining a plurality of restricted filter passages and an
      outlet port therebehind opening into an enclosed chamber, said second
      probe being adapted for movement relative to said first probe between a
      normal retracted position and an extended position where said closed
      forward end of said second probe and said filter passages are at least
      partially projected from said open forward portion of said first probe, an
      annular valve member coaxially mounted between said first and second
      probes and having a rearward valve portion with outwardly facing and
      inwardly facing sealing means thereon sealingly engaged with said first
      and second probes respectively and a forward valve portion with inwardly
      facing sealing means thereon sealingly engaged with said second probe,
      said valve member being adapted for movement relative to said first probe
      upon extension of said second probe between a first valving position where
      said outwardly facing sealing means are to the rear of said outlet port in
      said first probe for communicating said annular space with said open
      forward portion of said first probe and said forward and rearward inwardly
      facing sealing means are respectively sealingly engaged with forward and
      rearward adjacent portions of said second probe ahead of and to the rear
      of said filter passages and said outlet port therein for blocking
      communication into said enclosed chamber and a second valving position
      where said outwardly facing sealing means on said valve member are ahead
      of said outlet port in said first probe for blocking communication between
      said annular space and said open forward portion of said first probe and
      said forward inwardly facing sealing means are between said filter
      passages and said outlet port upon extension of said second probe for
      opening a restricted communication path through said filter passages into
      said enclosed chamber and on through a bypass passage arranged in a
      portion of said extended second probe adjacent to said rearward
      inwardly-directed sealing means into said annular space by way of said
      outlet port in said first probe;
PA1  pad-actuating means operable for placing said sealing pad into engagement
      with a borehole wall for isolating a portion thereof surrounding said
      central opening from borehole fluids;
PA1  passage means intercoupling said annular space and said sample passage; and
PA1  probe-actuating means operable upon flow of loose formation materials from
      an isolated portion of a borehole wall for advancing said second probe
      toward its said extended position and carrying said valve member from its
      said first valving position to its said second valving position for
      halting the further flow of loose formation materials once said restricted
      communication path is opened.
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ABST
PAL  Two methods and two steam samplers are disclosed for sampling steam, as at
      the bottom of a steam injection well for determining the quality of the
      saturated steam just prior to penetrating the formation. The samplers each
      comprises an elongated cylindrical vessel with a tube having openings
      extending longitudinally internally of the vessel for forming an annulus
      between the vessel and the tube for trapping steam liquid phase while
      ejecting the steam vapor phase. The tube has a second internally sliding
      tube for closing the openings and a latch for releasably locking the tubes
      in closed position for sealing the steam liquid phase in the annulus for
      recovery at the surface. A method for sampling and a method for forming a
      sampler, as well as two latch combinations are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As an aid to improving steam flood efficiency in secondary recovery in old
      oil or depleted wells for example, it is greatly beneficial to know the
      steam quality at the bottom of the well or sandface of a steam injection
      well. It would be desirable to collect and trap a representative sample of
      the steam liquid droplets flowing to the sandface and retrieve this sample
      for analyzing. The sample could then be checked for either total dissolved
      solids or chloride content and compared to the steam generator feedwater
      total dissolved solids or chlorides. Hence, the quality may be determined
      from a ratio of the total dissolved solids or chlorides of the steam
      entering the wellhead to the total dissolved solids or chlorides in the
      steam liquid droplets from the sampler at any desired location in the
      well, as at the bottom of the well.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a primary object of this invention is to provide at least one
      method for collecting a sample of steam at the bottom of a well to
      determine the quality of the steam that has arrived at the bottom for
      injection purposes, for example, compared to the quality at the steam
      prior to entry into the well.
PAR  Another primary object of this invention is to provide at least one method
      for forming a sampler for sampling steam at the bottom of a well.
PAR  And still another primary object of this invention is to provide at least
      two samplers for sampling steam at the bottom of a well.
PAR  A further object of this invention is to provide a method for sampling
      steam at the bottom of a well, a method for forming a sampler for sampling
      steam at the bottom of a well, and at least two steam samplers, each of
      which is easy to operate, is of simple configuration, is economical to
      build and assemble, and is of greater efficiency for sampling steam at the
      bottom of a well just prior to penetrating the surface of a petroliferous
      strata of an oil well, for example.
PAR  Other objects and various advantages of the disclosed methods and steam
      samplers will be apparent from the following detailed description,
      together with the accompanying drawings, submitted for purposes of
      illustration only and not intended to define the scope of the invention,
      reference being had for that purpose to the subjoined claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings diagrammatically illustrate by way of example, not by way of
      limitation, two forms or mechanisms for carrying out the methods of the
      invention wherein like reference numerals have been employed to indicate
      similar parts in the several views in which:
PAR  FIG. 1 is a schematic longitudinal sectional view of the sampler while
      hanging from a wireline near the bottom of the well;
PAR  FIG. 2 is a schematic longitudinal sectional view of one embodiment of the
      sampler, per se;
PAR  FIG. 3A is an enlarged sectional view of the upper portion of the sampler
      of FIG. 2;
PAR  FIG. 3B is an enlarged sectional view of the middle portion of the sampler
      of FIG. 2;
PAR  FIG. 3C is an enlarged sectional view of the lower portion of the sampler
      of FIG. 2; and
PAR  FIG. 4 is a modification of FIG. 2.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention disclosed herein, the scope of which being defined in the
      appended claims, is not limited in its application to the details of
      construction and arrangement of parts shown and described for carrying out
      the disclosed methods, since the invention is capable of other embodiments
      for carrying out other methods and of being practiced or carried out in
      various other ways. Also, it is to be understood that the phraseology or
      terminology employed herein is for the purpose of description and not of
      limitation. Further, many modifications and variations of the invention as
      hereinbefore set forth will occur to those skilled in the art. Therefore,
      all such modifications and variations which are within the spirit and
      scope of the invention herein are included and only such limitations
      should be imposed as are indicated in the appended claims.
PAC  DESCRIPTION OF THE METHODS
PAR  This invention comprises a method for sampling steam at any location from
      the bottom to the top of a well for determining the quality of the steam
      just prior to injecting into the formation, a method for forming a steam
      sampler, and two mechanisms for practicing the methods.
PAC  METHOD FOR SAMPLING STEAM
PAR  A typical method of the invention for collecting a sample of steam at the
      bottom of a well to determine the quality of the steam that has arrived at
      the bottom for injection into the petroliferous strata formation relative
      to the steam quality input at the surface comprises the method steps of,
PAR  1. passing the steam that has arrived at the desired location in the well,
      such as but not limited to the well bottom through slots into the upper
      end of a cylindrical vessel,
PAR  2. passing the steam from the slotted upper end of the cylindrical vessel
      down into the upper end of a tube means positioned longitudinally
      internally of the cylindrical vessel,
PAR  3. passing a portion of the steam comprising vapor phase and liquid phase
      straight through the tube means to exit from the bottom of the cylindrical
      vessel,
PAR  4. passing the remainder of the steam vapor phase and liquid phase through
      an opening in the tube means out into an annulus formed between the tube
      and the cylinder,
PAR  5. passing the steam vapor phase portion that has entered the annulus back
      out of the annulus through holes in the tube means,
PAR  6. passing the steam vapor phase from the holes in the tube means out of
      the lower end of the cylindrical vessel,
PAR  7. collecting the steam liquid phase in the annulus until the liquid level
      reaches the lowest opening in the tube means for collecting a
      predetermined amount of liquid phase as about 200cc in the disclosed
      embodiments of the annulus,
PAR  8. flowing out of the annulus an amount of liquid phase equal to the new
      steam liquid phase collected thereafter to purge the annulus of the first
      formed steam liquid phase, and
PAR  9. sealing the sample of steam liquid phase in the annulus for recovery at
      the surface.
PAR  More briefly stated the method for collecting a sample of well bottom steam
      comprises,
PAR  1. passing the steam that has arrived at the well bottom through a tube
      means internally of a cylindrical vessel,
PAR  2. passing a portion of the steam vapor phase and liquid phase through an
      opening in the tube means out into an annulus formed between the tube
      means and the cylindrical vessel,
PAR  3. passing the steam vapor phase back into the tube means through openings
      therein and out the lower end of the tube means,
PAR  4. collecting the steam liquid phase in the annulus, and
PAR  5. sealing the annulus with a sample of steam liquid phase therein for
      recovery at the surface.
PAC  METHOD FOR FORMING A STEAM SAMPLER
PAR  A method for forming a sampler for collecting a sample of steam at the
      bottom of a well to determine the quality of the steam that has arrived at
      the bottom for injection into the petroliferous strata formation relative
      to the steam quality input at the surface comprises the method steps of,
PAR  1. forming an elongated cylinder having closed upper and lower ends with a
      diameter substantially less than that of the well to be sampled,
PAR  2. attaching a coupling means on the cylinder upper end for connecting
      support means thereto for lowering the cylinder to any desired position in
      the well, such as but not limited to adjacent the well bottom,
PAR  3. forming slots in the cylinder upper end for receiving steam,
PAR  4. fixedly mounting with an annular disk the top of an upper tube of two
      upper and lower co-axial, spaced apart tubes concentrically in the upper
      portion of the cylinder below the slots for receiving the steam from the
      slots and for sealing the top of the upper portion of an annulus formed
      between the tubes and the cylinder,
PAR  5. fixedly mounting with a second annular disk the lower end of the lower
      co-axial tube concentrically in the cylinder lower end for sealing the
      bottom of the lower portion of the annulus formed between the tubes and
      the cylinder,
PAR  6. spacing the two co-axial tubes axially from each other a substantial
      distance so that a portion of the steam including the steam liquid phase
      and the steam vapor phase passes out into the annulus,
PAR  7. perforating the upper end of the lower tube so that the steam vapor
      phase passes back into the lower tube through the perforations therein for
      exhausting from the cylinder bottom as the steam liquid phase collects in
      the annulus up to the perforations,
PAR  8. slideably mounting a sealing tube internally of the lower co-axial tube
      with a lower portion of the sealing tube protruding below the cylinder so
      that upon contact of the sealing tube lower portion with the well bottom
      the sealing tube is slid upwardly to its uppermost position to close the
      perforations and the spacing between the two tubes for sealing the annulus
      with steam liquid therein for recovery at the surface, and
PAR  9. said slideably mounted sealing tube has latch means for releasably
      locking the sealing tube in its uppermost position for sealing the steam
      liquid phase in the annulus for recovery at the surface.
PAR  One variation of the method above in the forming of a sampler comprises
      incorporation of the following method step,
PAR  1. mounting a corresponding latch on the cylinder lower end for connecting
      with the latch means on the sealing tube for locking the sealing tube in
      its uppermost position for sealing the liquid phase in the annulus.
PAR  Another variation of the method of forming a sampler above comprises the
      incorporation of the following method step,
PAR  1. mounting a corresponding latch on the upper co-axial tube for connecting
      with the latch means on the sealing tube for locking the sealing tube in
      its uppermost position for sealing the liquid phase in the annulus.
PAC  A STEAM SAMPLER
PAR  FIG. 1 illustrates schematically an injection well, 10 for example, having
      casing 11 in which steam is generated on the surface and injected under
      high pressure through valves 23 and 24 into the well, as down inside of
      tube 12, for example, to emerge at the bottom for penetrating a screen 13,
      gravel pack 14a, and for passing into the petroliferous formation 14b for
      displacing the oil therein toward product wells near by.
PAR  Further in FIG. 1 is the disclosed steam sampler 15 supported just above
      plate 16 on the bottom of screen 13 by a typical wireline 17 having a
      weight 18, a set of mechanical jars 19, and a suitable sucker rod coupling
      20. The bottom of the screen represents the location of the lower portion
      of the petroliferous formation strata, whether it be at the actual bottom
      of the well, as illustrated, or anywhere along the well. In this
      disclosure, the term "bottom of the well" refers to the bottom of the
      petroliferous strata, as illustrated. Also, plate 16, FIG. 1, may comprise
      instead a collar stop including cross-pins thereon for contacting the
      bottom of the sealing tube 35, FIG. 2, as it is lowered in the well, which
      contact actuates pin 37 up into latching position with the J-latch 36.
      Since the cross-pins offer little resistance to steam or oil flow through
      the well, they can be set at any location in the well between the top and
      the bottom, whereever the steam quality is desired.
PAR  While steam is supplied from a suitable source to steam valves 23 and 24
      internally of either the tube 12, or the annulus 22 formed between the
      tube and the casing 11 as controlled with valves 23 and 24, the steam must
      be supplied through tube 12 when the sampler is lowered in the tube for
      taking a sample.
PAR  FIG. 2, an enlarged longitudinal sectional view of one embodiment of the
      sampler 15, per se, and FIGS. 3A-3C are detailed views of the sampler. An
      elongated cylindrical vessel 25 FIGS. 2 and 3A is disclosed with slots 26
      in the walls of the upper end and with two coaxial, upper and lower tubes
      27, 28, FIG. 2, mounted concentrically in the cylindrical vessel extending
      from a position just under the slots to the bottom of the vessel to
      protrude therefrom.
PAR  The upper end of the cylindrical vessel 25, FIGS. 2 and 3A, consisting of
      upper portion 25A and 25B, FIG. 2, is closed with sucker rod coupling 20
      and the lower end of the cylindrical vessel is closed with a lower ring 31
      between the bottom of the lower tube 28 and the vessel. The ring member 31
      has formed thereon a short tube 30 for extending the exit of the lower
      tube 28 and for mounting a latch thereon, described hereinafter. Upper
      tube 27 FIGS. 2 and 3A, is mounted in the cylindrical vessel 25 just below
      the slots 26 in an upper ring member 29. This upper ring member likewise
      has a connecting portion 31a for interconnecting with screw threads, FIG.
      2, the upper cylindrical portion 25a with the cylindrical lower portion
      25b for ease of assembly and disassembly of the sampler. An intermediate
      ring 32, FIG. 2, provides added support for lower tube 28 internally of
      cylinder lower portion 25b and has openings 33 to permit both vapor and
      liquid phases to pass downwardly therethrough.
PAR  Thus, an annulus is formed between the walls of the cylinder 25 FIG. 2, and
      the co-axial tubes 27 and 28 with upper and lower ring members 29 and 31
      closing the ends of the annulus. Holes 34, FIGS. 2, 3A, 3B, and 3C, permit
      the steam vapor phase in the annulus to travel transversly into lower tube
      28 FIGS. 2, 3C, to exhaust from the lower end thereof while the downwardly
      travelling steam liquid phase continues downwardly to fill the lower end
      of the annulus up to a predetermined volume as set by the lowest of the
      tube holes 34, the volume being 200 cc for the disclosed embodiment.
PAR  A mandrel or sealing tube 35, FIG. 2, is slideable in both co-axial tubes
      27 and 28, it being illustrated in its open lowermost position wherein
      steam may pass straight through from upper tube 27, into lower tube 28,
      through sealing tube 35, and exhaust from the lower end of the sealing
      tube out into the well for penetration of the adjacent strata. Sealing
      tube 35 is raised to its uppermost position illustrated in enlarged
      details of FIGS. 3-B and 3-C to seal off the annulus from the tubes. In
      this position the upper end 35a with sealing O-rings 35b, FIG. 3-B, of the
      sealing tube has sealed the upper tube 27 therewith the sealing tube 35.
      Likewise, O-rings 38, FIG. 3-C, on the lower portion of the sealing tube
      35 seals the lower end of the lower tube 28 for preventing steam from
      traversing the holes 34 in the tube 28. Accordingly, the two spaced apart
      co-axial tubes 27 and 28 are interconnected to form one continuous tube to
      effectively seal off the annulus from the tubes.
PAR  FIGS. 2 and 3-C disclose one embodiment of the sealing tube 35 with a
      J-latch 36 on short tube 30 for guiding the relative upward movement of
      the sealing tube as it telescopes into the two co-axial tubes 27, 28 until
      the sealing tube reaches its uppermost sealing position where it is locked
      in this latter position. Tube 30, a short tubular extension extending
      downwardly from the lower ring member 31 has an upside down J-type of
      groove so that the converging opening of the J-latch guides a cross-pin 37
      on the lower end of sealing tube 35 into a locking slot where the cross
      pin is locked in the J-latch for maintaining the sealing tube protruding
      into both of the co-axial tubes 27, 28 FIG. 2, to accordingly seal them
      from the annulus therearound.
PAR  Briefly in operation, steam is injected at the top of the well into either
      the center tube 12, FIG. 1, or the annulus between well casing 11 and tube
      12 by opening either valves 23 and 24, respectively. After the well is
      preheated, the sampler 15 is lowered to a position adjacent the well
      bottom or well bottom plate 16 in the petroliferous strata where the steam
      is injected and permitted to fill the internal annulus and purge the
      annulus for collecting a typical sample. Then after the sampler is lowered
      to the bottom for actuating the sealing tube or mandrel 35 upwardly to
      lock it in the J-latch 36, the sampler is raised to the surface, allowed
      to cool, and disassembled for recovery of the steam liquid phase for
      analysis. The sample may then be checked for either total dissolved solids
      or chloride content and compared with the steam generator feedwater total
      dissolved solids or chlorides to determine the quality of the steam or
      ratio of the total dissolved solids or chlorides in the liquid phase at
      the well bottom or point of injection to the total dissolved solids or
      chlorides in the feedwater at the surface. Conductivity meters provide an
      easy and simple system for analyzing for total dissolved solids.
PAR  The quality "Q" of the steam of a typical sample may be determined as
      follows: (ppm-parts per million)
      ##EQU1##
PAR  Preferably the higher the quality of the steam at the point of injection
      into the earth, the greater the penetration and the greater the production
      of oil from the production wells.
PAC  MODIFICATION
PAR  FIG. 4, a schematic sectional view of a modification of FIG. 2, discloses a
      steam sampler 15a with a different means for latching the sealing tube in
      sealed position.
PAR  The upper end portion of sealing tube 35a, FIG. 4, is similar to that of
      sealing tube 35 of FIG. 2. However, below the O-rings 38a FIG. 4, are
      mounted two protruding sealed spring loaded buttons 39 for sliding into a
      J-latch groove similar to the J-latch 36 of FIG. 3-C for forming a
      modified J-latch 40, FIG. 4.
PAR  In operation of the modified sampler 15a of FIG. 4, the cylindrical vessel
      25 is hung adjacent the bottom of the well for 15 minutes, for example,
      and collect a full sample of steam liquid phase, the sampler is lowered to
      the well bottom or well bottom plate 16, FIG. 1. With further lowering of
      the sampler 15a, FIG. 4, the sealing tube 35a is telescoped upwardly into
      upper tube 27a with spring loaded buttons 39 guided in the J-latch groove
      to rotate to latched position. Then with the upward initial movement to
      recover the sample fluid, the buttons 39 become locked in the J-latch 40
      until arriving at the surface. Then after cooling of the sampler, the
      sealing tube 35a is gripped at the bottom, raised, then twisted and
      withdrawn simultaneously from the J-latch 40 and the liquid recovered by
      unscrewing the two upper and lower portions 41a, 41b, respectively, from
      each other.
PAR  Obviously other methods may be utilized for collecting steam samples and
      for forming a steam sampler like the embodiments of either FIG. 2 of FIG.
      4 than those listed above, depending on the particular information and
      liquid condensate desired.
PAR  Accordingly, it will be seen that at least one method for collecting a
      steam sampler at the bottom of a well, at least one method for forming a
      steam sampler, and at least two embodiments of a steam sampler have been
      described which will operate in a manner which meets each of the objects
      set forth hereinbefore.
PAR  While only two methods of the invention and two mechanisms have been
      disclosed, it will be evident that various other methods and modifications
      are possible in the arrangement and construction of the disclosed methods
      and steam collecting samplers without departing from the scope of the
      invention and it is accordingly desired to comprehend within the purview
      of this invention such methods and modifications as may be considered to
      fall within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for collecting a sample of steam at a desired location down in
      a well comprising the steps of,
PA1  a. passing the steam that has arrived at the desired location through a
      tube means internally of a cylindrical collecting vessel,
PA1  b. passing a portion of the steam vapor phase and liquid phase from the
      tube means through an upper opening in the tube means out into an annulus
      formed between the tube means, and the cylindrical collecting vessel,
PA1  c. passing the steam vapor phase back into the tube means through side
      openings therein and out an opening in the lower end of the tube means,
PA1  d. collecting the steam liquid phase in the annulus, and
PA1  e. sealing the annulus with a sample of steam liquid phase therein for
      recovery at the surface.
NUM  2.
PAR  2. A method as recited in claim 1 wherein the first method step comprises,
PA1  a. passing the steam that has arrived at the desired location through slots
      in the upper end of the cylindrical vessel, and
PA1  b. passing the steam from the slotted upper end of the cylindrical vessel
      down into the upper end of the tube means therein.
NUM  3.
PAR  3. A method as recited in claim 1 wherein the second method step comprises,
PA1  a. passing a portion of the steam downwardly straight through the tube
      means to exit from the bottom of the cylindrical vessel, and
PA1  b. passing the remainder of the steam vapor phase and liquid phase through
      the opening in the upper tube means out into the annulus.
NUM  4.
PAR  4. A method as recited in claim 1 wherein the third method step comprises,
PA1  a. passing the steam vapor phase portion that has entered the annulus back
      out of the annulus through the side openings in the tube means, and
PA1  b. passing the steam vapor phase from the side openings in the tube means
      down and out of the tube lower end opening.
NUM  5.
PAR  5. A method as recited in claim 1 wherein the fourth method step comprises,
PA1  a. collecting the steam liquid phase in the annulus until the liquid level
      reaches the lowest opening in the tube means for collecting a
      predetermined amount of liquid phase, and
PA1  b. flowing out of the annulus through the tube means side openings an
      amount of liquid phase equal to the new steam liquid phase collected
      thereafter to purge the annulus of the first formed steam liquid phase.
NUM  6.
PAR  6. A method as recited in claim 1 wherein the fifth step comprises,
PA1  a. inserting a hollow mandrel up into the lower end of the tube means with
      the lower end of the hollow mandrel protruding below the cylindrical
      vessel,
PA1  b. raising the hollow mandrel relative to the tube means to close the
      openings in the tube means to accordingly seal any steam liquid phase in
      the annulus,
PA1  c. raising the cylindrical vessel to the surface, and
PA1  d. cooling the cylindrical vessel for removal of the steam liquid phase.
NUM  7.
PAR  7. A method as recited in claim 6 wherein the second method step comprises,
PA1  a. lowering the cylindrical vessel until the protruding hollow mandrel
      contacts a collar stop at the desired location in the well,
PA1  b. lowering the cylindrical vessel slightly farther for telescoping the
      hollow mandrel farther into the tube means until the openings are sealed
      closed and the hollow mandrel locks in position.
NUM  8.
PAR  8. A method for forming a sampler for collecting a sample of steam at a
      desired location indicated by a collar stop in a well comprising,
PA1  a. forming an elongated cylinder having closed upper and lower ends with a
      diameter substantially less than that of the well to be sampled,
PA1  b. attaching a coupling means on the cylinder upper end for connecting
      support means thereto for lowering the cylinder to a position adjacent the
      collar stop,
PA1  c. forming slots in the cylinder upper end for receiving steam,
PA1  d. fixedly mounting with an annular disk the top of an upper tube of two
      upper and lower co-axial, spaced apart tubes concentrically positioned in
      the upper portion of the cylinder below the slots for receiving the steam
      from the slots and for sealing the top of the upper portion of an annulus
      formed between the tubes and the cylinder,
PA1  e. fixedly mounting with a second annular disk the lower end of the lower
      co-axial tube concentrically in the cylinder lower end for sealing the
      bottom of the lower portion of the annulus formed between the tubes and
      the cylinder,
PA1  f. spacing the two co-axial tubes axially from each other a substantial
      distance so that a portion of the steam including the steam liquid phase
      and the steam vapor phase passes out into the annulus,
PA1  g. perforating the upper end of the lower tube so that the steam vapor
      phase passes back into the lower tube through the perforations therein for
      exhausting from the cylinder bottom as the steam liquid phase collects in
      the annulus up to the perforations, and
PA1  h. slideably mounting a sealing tube internally of the lower co-axial tube
      with a lower portion of the sealing tube protruding below the cylinder so
      that upon contact of the sealing tube lower portion with the well collar
      stop the sealing tube is slid upwardly to its uppermost position to close
      the perforations and the spacing between the two tubes for sealing the
      annulus with the steam liquid phase therein for recovery at the surface.
NUM  9.
PAR  9. A method as recited in claim 8 wherein,
PA1  a. said slideably mounted sealing tube has latch means for releasably
      locking the sealing tube in its uppermost position for sealing the
      condensate in the annulus for recovery at the surface.
NUM  10.
PAR  10. A method as recited in claim 9 including the method step of,
PA1  a. mounting a corresponding latch on the cylinder lower end for connecting
      with the latch means on the sealing tube for locking the sealing tube in
      its uppermost position for sealing the liquid phase in the annulus.
NUM  11.
PAR  11. A method as recited in claim 9 including the method step of,
PA1  a. mounting a corresponding latch on the upper co-axial tube for connecting
      with the latch means on the sealing tube for locking the sealing tube in
      its uppermost position for sealing the liquid phase in the annulus.
NUM  12.
PAR  12. A sampler for collecting a sample of steam at a desired location
      indicated by a collar stop in well comprising,
PA1  a. cylindrical vessel means having a slotted upper end for receiving steam
      and a lower end for ejecting the steam,
PA1  b. coupling means on said upper end for attaching support means thereto for
      lowering the cylindrical vessel means to a position adjacent the desired
      location,
PA1  c. tube means extending internally of said cylindrical vessel means from a
      point below said slotted upper end down and out the lower end for
      receiving steam from said slotted upper end and for ejecting the steam
      from the lower end,
PA1  d. said cylindrical vessel means having closure means around each end of
      said tube means for forming a closed ended annulus around said tube means,
PA1  e. openings in said tube means for permitting steam vapor phase and liquid
      phase therein to pass out into said annulus whereby the steam vapor phase
      passes back into said tube means for ejecting from said lower end and the
      steam liquid phase liquid phase collects in the annulus, and
PA1  f. sealing tube means slideably mounted in said tube means responsive to
      contact with the collar stop for sealing said openings in said tube means
      for sealing said annulus with the steam liquid phase therein for recovery
      at the surface.
NUM  13.
PAR  13. A sampler as recited in claim 12 wherein,
PA1  a. said tube means comprises two upper and lower co-axial spaced apart
      tubes fixedly mounted in said cylindrical vessel means so that a
      substantial portion of said steam passes out into said annulus for
      separation of the steam liquid phase from the steam vapor phase.
NUM  14.
PAR  14. A sampler as recited in claim 13 wherein,
PA1  a. a plurality of holes are formed in an upper portion of said lower tube
      for permitting only the steam vapor phase to return to said lower tube
      thereby trapping the steam liquid portion in said annulus, and
PA1  b. said lowest hole being positioned in the lower tube to permit all excess
      steam liquid phase over a predetermined amount to flow out of the holes to
      exit downwardly through the tube.
NUM  15.
PAR  15. A sampler as recited in claim 12 wherein,
PA1  a. said sealing tube means comprises a hollow mandrel slideably mounted in
      said tube means and extending from the lower end of said tube means and
      said cylindrical vessel means,
PA1  b. said hollow mandrel being movable upwardly upon contact of its lower end
      with the well collar stop when the cylindrical vessel is lowered to the
      desired location in the well to seal all openings in said tube means to
      trap the steam liquid phase in said annulus, and
PA1  c. said hollow mandrel having latch means thereon for releasably locking it
      relative to said tube means when said hollow mandrel has moved to its
      uppermost position for recovery of the steam condensate at the surface.
NUM  16.
PAR  16. A sampler as recited in claim 15 wherein,
PA1  a. said latch means has corresponding latch means mounted on said lower end
      of said cylindrical vessel means for releasably locking said hollow
      mandrel in fixed relationship to said tube means for sealing said tube
      means openings and accordingly sealing said annulus with the steam liquid
      phase therein for recovery at the surface.
NUM  17.
PAR  17. A sampler as recited in claim 15 wherein,
PA1  a. said latch means has corresponding latch means mounted on said tube
      means for releasably locking said hollow mandrel thereto in fixed
      relationship for sealing said tube means openings and accordingly sealing
      said annulus with the steam liquid phase therein for recovery at the
      surface.
NUM  18.
PAR  18. A sampler for collecting a sample of steam at the bottom of a well
      comprising,
PA1  a. a cylindrical vessel having open upper and lower ends,
PA1  b. tube means extending longitudinally internally of said cylindrical
      vessel for receiving steam from said cylindrical vessel upper end and for
      ejecting it through a lower end of said tube means extending through said
      cylindrical vessel lower end,
PA1  c. closure means for forming a closed ended annulus between said tube means
      and said cylindrical vessel,
PA1  d. openings in said tube means for permitting the steam therein to pass out
      into said annulus for trapping the steam liquid phase in the annulus as
      the vapor phase passes back into said tube means for ejection, and
PA1  e. sealing hollow mandrel means slideably mounted in said tube means
      responsive to contact with the well bottom for actuating said sealing
      hollow mandrel means to its uppermost position for sealing said tube means
      openings for sealing said annulus with the steam liquid phase therein.
NUM  19.
PAR  19. A sampler as recited in claim 18 wherein,
PA1  a. said sealing hollow mandrel means has latch means for releasably locking
      said sealing hollow mandrel means in its uppermost position for
      maintaining said annulus sealed with its steam liquid phase therein.
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ABST
PAL  In a process for measuring the flow rate of a gas formed in an oxygen
      conversion process in which conversion process oxygen is introduced into
      an oxygen converter containing a material to be oxidized and gaseous
      effluent, including a gas formed in the oxygen converter, is withdrawn,
      the process is improved by including in the oxygen feed to the converter
      from 0.15 to 1% by volume argon, as a tracer, and determining the
      concentration of the argon in the gaseous effluent at the mouth of the
      converter or at a point before which the effluent gases are mixed with air
      or pollutant or before which the effluent gases are subjected to a
      combustion reaction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known how to measure the flow rate of the smokes, by using a tracer
      entering the system mixed with the blowing oxygen, and is subsequently
      defined in the smokes by means of a mass spectrometer.
PAR  By denoting with q.sub.A the flow rate of the marking gas and with C.sub.A
      the concentration thereof outcoming from the converter opening, the flow
      rate of the smoke Q.sub.F is given by:
EQU  Q.sub.F = q.sub.A / C.sub.A                                ( 1)
PAL  Said tracing gas is an inert gas which does not take part in the reactions
      occurring inside the converter during the refining, the gas used as a
      tracer being preferably formed by argon. The concentration of said tracer,
      when argon is used, is according to the known art not higher than 5%. That
      means that a concentration of argon up to 5% allows to use said
      measurement method, while a concentration higher than 5%, used with the
      only purpose of measuring the flow rate of the gases is not convenient
      either from the economic or the metallurgical point of view, and does not
      offer any improvement in the measurement exactness.
PAC  OBJECT OF THE INVENTION
PAR  The object of the present invention, based on tests performed, is to define
      the experimental conditions necessary for embodying said measurement
      method, with particular reference to the sampling and the exactness of the
      device allowing the use of the tracing gas down to the minimum
      concentration of 0.2%. The convenience of using such argon concentrations
      is obvious.
PAC  SUMMARY OF THE INVENTION
PAR  In the method for measuring the flow rate of the gases coming out of an
      oxygen converter anf therefore also for defining the distribution of
      oxygen among the various phases of the system wherein, according to the
      known art, the concentration of a tracing gas which does not take part in
      the refining reactions is measured and is fed to the converter together
      with the oxygen, said tracing gas being present in quantities between 1%
      and 0.15% by volume.
PAR  In the above method the argon contained in the oxygen in form of impurities
      is used as tracing gas.
PAR  In the above method the samples of the gases coming out of the converter
      are collected, according to a preferred embodiment, at the converter mouth
      or at another point in the gas column where reactions of combustion do not
      take place or where there is no mixing of air or other polluting gases
      with effluent.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing the relation between the percentage error in
      the measurement of the smoke flow rate and the typical difference in the
      precision of the final carbon for different values of the correlation
      coefficient, as described hereafter in detail;
PAR  FIG. 2 is a schematic diagram of an embodiment of the invnetion in
      operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Herebelow are reported the range of the exactness values obtainable by the
      above method, and of the exactness of the needed instruments. As for the
      sampling and analysis are still considered the test conditions already
      described in the known art, i.e.:
PA0  the gas sample are collected at the converter mouth or in another suitable
      point of the smoke conduit;
PA0  the gas analysis is effected by means of a mass spectrometer.
PAR  In the case that argon is the tracing gas, it is to be considered that the
      air of the surrounding place contains this gas too in a percent of 0.937%;
      in order to ascertain which part of the argon found in the smokes is
      coming from the blowing oxigen and which is brought by the air, an
      analysis of nitrogen in the smoke is employed and a simple system of
      equations reported herebelow is solved. It is to be appreciated in this
      case the advantage of collecting the gas at the converter mouth, as in
      such a way the air interferences are reduced to the minimum. The following
      symbols are used:
PA0  Q.sub.o.sbsb.2 : the flow rate of the blowing oxygen;
PA0  Q: the flow rate of the gases developing within the converter;
PA0  Q.sub.a : the flow rate of the "re-entering" air, that is of the air
      entering the converter and coming out therefrom mixed with the reaction
      gases;
PA0  Q.sub.f : the smoke flow rate resulting from the interference (reaction or
      simply addition) of the air with the gases developping within the
      converter.
PAL  And further:
PA0  [N.sub.2 ],[Ar]: the concentrations of N.sub.2 and Ar in the gases
      developing within the converter (fractions of Q);
PA0  [n.sub.2 ].sub.a,[ar].sub.A : the concentrations of N.sub.2 and Ar in the
      air (fractions of Q.sub.A);
PA0  [n.sub.2 ]sp,[Ar]sp: the concentrations of N.sub.2 and Ar measured on the
      gas samples (fractions of Q.sub.F);
PA0  [n.sub.2 ].sub.o.sbsb.2,[ar].sub.O.sbsb.2 : the concentrations of N.sub.2
      and Ar in the blowing oxygen (fractions of Q.sub.O.sbsb.2).
PAL  The balances of nitrogen and argon within the converter are expressed by:
EQU  Q.sub.O.sbsb.2 [N.sub.2 ].sub.O.sbsb.2 = Q[N.sub.2 ]       (2)
EQU  Q.sub.O.sbsb.2 [Ar].sub.O.sbsb.2 = Q[Ar]                   (3)
PAL  The balances of nitrogen and argon at the converter mouth are expressed by:
EQU  Q.sub.F [N.sub.2 ].sub.sp = Q[N.sub.2 ] + Q.sub.A [N.sub.2 ].sub.A (4)
EQU  Q.sub.F [Ar].sub.sp = Q[Ar] + Q.sub.A [Ar].sub.A           (5)
PAL  By dividing (5) by (4) and considering (2) and (3) there is obtained:
      ##EQU1##
      By solving (6) with respect to Q.sub.A and replacing the value found in
      (5), there is obtained:
      ##EQU2##
      As already said, the values of [Ar].sub.A and [N.sub.2 ].sub.A are known
      from the literature and may be considered as constant. Therefore, in order
      to know Q.sub.F it is necessary to measure:
PA0  - the flow rate of the blowing oxygen;
PA0  - the concentration of argon and nitrogen in the oxygen;
PA0  - the concentration of argon and nitrogen in the smokes.
PAR  In order to apply the measurement of the smoke flow rate to the control of
      the refining process by L.D. converter, it is necessary to draw some
      hypothesis of work:
PAL  At the base of the dynamic control of the L.D. process already defined in
      the known art is placed a method based on the differential carbometry,
      that is on the relation (dc/dt) = b C% valid in the final part of the
      refining for controlling the concentration (C) of carbon at the stop of
      the refining process, where (b) is a suitable coefficient.
PAR  Another method for the control of the process is the one based on the
      instantaneous balance of oxygen: such a method allows an operator to know
      at any moment which part of the blown oxygen was used for the
      decarburizing and which part was instead taken by other reactions like the
      slag oxidation and the oxidation of CO into CO.sub.2. To the instantaneous
      balance of oxygen method, there is entrusted a function of control on the
      lance height and of the oxygen flow rate, so as to be in position to lead
      the process through well defined paths to improve its reproducibility.
PAR  The measurement method for the smoke flow rate according to the invention
      (based on the balance of argon used as a tracing gas) and the use of the
      mass spectrometer (as analytic instrument) are the main components for the
      application of said two methods.
PAR  The measurement method according to the invention together with the gas
      collection at the converter mouth allows an operator to overcome some
      limitations of installation (e.g. auxiliary combustion, difficulty of
      keeping a given efficiency in the measurement system for the smoke flow
      rate by conventional methods) and at the same time to perform an opportune
      checking and thus is more suitable to the requirements of the process
      according to the known art.
PAR  The possibility of development of the checking method according to the
      invention is, however based on the experimental confirmation of certain
      hypothesis which may be resumed as follows:
PA0  A. inherent variability of the process, very low. Such a variability after
      tests effected is actually to be considered as modest;
PA0  B. variability due to the operative conduct, very low. Through the
      instantaneous balance of oxygen, such a variability may be reduced to
      acceptable limits.
PA0  C. variability in the calculated value of cD/dt, low. This variability
      depends mainly on the faults of sampling and on the faults inherent to the
      instruments used.
PAR  The possibility of obtaining a good correlation coefficient (which is
      supposed = 0.7) between dC/dt and the concentration of carbon in the bath,
      in the final step of the blowing, is closely related to the validity of
      the above hypothesis.
PAR  The possibility of use of the differential carbometry in function of the
      measurement faults is evaluated herebelow:
PAR  Starting from the main relation of the decarburizing speed dC/dt = bC.sub.1
      and solving with respect to C.sub.1, it is obtained:
      ##EQU3##
      where [CO]sp and [CO.sub.2 ] sp are the percents of CO and CO.sub.2 is the
      sample of smokes.
PAR  From (8) it is obtained the relative fault of determination of the smoke
      .epsilon.Q.sub.F as a function of the maximum relative fault
      .epsilon.C.sub.1 desired on the determination of C.sub.1 at the stop, of
      the relative fault .epsilon.b by which the determination of b is affected,
      and of the relative fault on [CO]sp + [CO.sub.2 ] sp
EQU  .epsilon.Q.sub.F =.epsilon.Cl - .epsilon..sub.b - .epsilon.(CO+CO.sub.2)
      (9)
PAL  Considering that:
      ##EQU4##
      where N is the number of observations and r the correlation coefficient,
      by supposing to work on a statistic sample of 100 casts, it is obtained:
      ##EQU5##
      The table of the values of .epsilon.b% for the various values of r is
      reported herebelow
TBL                TABLE I                                                     

     ______________________________________                                    

     r                .epsilon. b %                                            

     ______________________________________                                    

     0.5              51.96                                                    

     0.6              40.00                                                    

     0.7              30.61                                                    

     0.8              22.50                                                    

     0.9              14.53                                                    

     ______________________________________                                    

PAL  Note: by denoting with .sigma..sup.2.sub.c.sbsb.0 the residual variance of
      the equation of precision (8), it may be said that, in first
      approximation, the maximum precision fault percentual on C.sub.1 : carbon
      content present in the bath at the stop is given by:
      ##EQU6##
      For a level of C.sub.1 = 0.06% it is possible to draw a table connecting
      the values of .sigma.C.sub.1 to the corresponding values of
      .epsilon.C.sub.1 %
TBL                TABLE II                                                    

     ______________________________________                                    

     .sigma. C.sub.1  .epsilon. C.sub.1 %                                      

     ______________________________________                                    

     0.007            35                                                       

     0.008            40                                                       

     0.009            45                                                       

     0.010            50                                                       

     ______________________________________                                    

PAL  It is admitted that with .epsilon.(CO + CO.sub.2)% = 3 it is obtained, from
      (9) the table complete which connects the values of r, .sigma.C.sub.1 and
      .epsilon.Q.sub.F %; the percents and values of the table are also shown in
      the diagram of FIG. 1 wherein is reported the relation between the
      percentual fault on the measurement of the smoke flow rate and the typical
      difference in the precision of the final carbon for different values of
      the correlation coefficient.
TBL                TABLE III                                                   

     ______________________________________                                    

     r           .sigma. C.sub.1                                               

                               .epsilon. Q.sub.F %                             

     ______________________________________                                    

     0.5         0.007         -19.96                                          

                 0.008         -14.96                                          

                 0.009         - 9.96                                          

                 0.010         - 4.96                                          

     0.6         0.007         - 8.00                                          

                 0.008         - 3.00                                          

                 0.009         + 2.00                                          

                 0;010         + 7.00                                          

     0.7         0.007         1.40                                            

                 0.008         6.40                                            

                 0.009         11.40                                           

                 0.010         16.40                                           

     0.8         0.007         9.50                                            

                 0.008         14.50                                           

                 0.009         19.50                                           

                 0.010         24.50                                           

     0.9         0.007         17.47                                           

                 0.008         22.47                                           

                 0.009         27.47                                           

                 0.010         32.47                                           

     ______________________________________                                    

PAL  All the values corresponding to .epsilon.Q.sub.F negative are unacceptable;
      therefore, they are already incompatible with the value method of r = 0.5
      and r = 0.6, if a good precision on C.sub.1 is desired.
PAR  From the diagram it may be seen that, supposing a value .sigma.C.sub.1
      between 0.0085 and 0.0095 and a correlation coefficient r = 0.70, the
      admissible value of .epsilon.Q.sub.F varies between 8.9 and 13.8.
PAR  The precision range for the determination of the smoke flow rate depends on
      the value of (r) forecast and from the .sigma.C.sub.1 desired; on the
      other hand, by succeeding in obtaining a correlation coefficient higher
      than 0.70, it may be increased the determination precision on C.sub.1,
      being the determination precision of Q.sub.F unchanged. In fact, the
      diagram shows that for r = 0.75, it may obtained .sigma.C.sub.1 = 0.0085
      if .epsilon.Q.sub.F % = 13; for r = 0.65 it must be .epsilon.Q.sub.F % =
      9.4 for obtaining .sigma.C.sub.1 = 0.0095.
PAR  It is to be further pointed out that the correlation coefficient r depends
      on:
PA0  A. accuracy in the embodiment of the measurement system (opportuneness,
      sampling, conditioning, analysis);
PA0  B. the installation conditions, the operative practices of the steel mill
      and the variability of the process.
PAR  Now, it is evaluated the influence of the measurement faults on the
      precision for determining Q.sub.F.
PAR  By differentiating (7) it may be obtained the maximum absolute fault,
      .DELTA.Q.sub.F on Q.sub.F :
      ##EQU7##
      Denoting now with .epsilon.Q.sub.F the maximum relative fault of the smoke
      flow rate and with
      ##EQU8##
      the partial contribution of the relative fault of measurement of the
      generic magnitude x to the fault of determination of Q.sub.F, (11)
      becomes:
EQU  .epsilon..sub.Q.sbsb.f =
      .vertline.(.epsilon..sub.Q.sbsb.f).sub.Q.sbsb.o.sbsb.2.vertline.+.vertline
     .(.epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.o.sbsb.2.vertline.+.vertline.(
     .epsilon..sub.Q.sbsb.f).sub.[N.sbsb.2.sub.].sbsb.o.sbsb.2.vertline.+
      .vertline.(.epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.a.vertline.+.vertlin
     e.(.epsilon..sub.Q.sbsb.f).sub.[N.sbsb.2.sub.].sbsb.a.vertline.+.vertline.(
     .epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.s.sbsb.p.vertline.+
EQU  + (.epsilon..sub.Q.sbsb.f).sub.[N.sbsb.2.sub.].sbsb.s.sbsb.p.vertline.(12)
PAL  By effecting the calculations it is obtained:
EQU  (.epsilon..sub.Q.sbsb.f).sbsb.o.sbsb.2 = .epsilon..sub.Q.sbsb.e.sbsb.2(13)
      ##EQU9##
      In the formulae (14) - (19) appear two quantities which are independent of
      any modality of embodiment: they are [Ar].sub.A and [N.sub.2 ].sub.A
      which, according to the elements reported by the literature, are equal to
      0.00937 and 0.7806; the other quantites, that is [Ar].sub.0.sbsb.2,
      [N.sub.2 ].sub.0.sbsb.2, [Ar].sub.sp, [N.sub.2 ].sub.sp, depends closely
      on the kind of embodiment and the following statements concern the
      advantages and disadvantages of the various embodiments.
PAR  A. Blowing of oxygen containing argon in a percent of 1% and sampling of
      the gas at the converter mouth. This first point relates to what suggested
      by the known art. It is supposed to blow oxygen into the converter, with a
      percent of 1% of argon in the oxygen. Such a composition may be obtained
      either by adding argon to the pure oxygen, or operating the device
      producing oxygen in such a way as to provide oxygen with the desired
      percent of argon. It is not necessary that the argon percent is exactly
      1%, it is simply sufficient that it is known with a precision which will
      be indicated later on. The sampling at the converter mouth require that
      the probe is well immersed in the column of gas coming out of the
      converter; in these conditions, as the re-enterings of air inside the
      column are very low since only the outer part of the gas column is
      interested in the combustion, the gaseous sample is polluted by the air
      only in a minimum proportion. The statements are backed by tests effected
      on the converters of the applicants' steel mill.
PAR  Therefore, in the above case, it may be considered that in the critical
      portion of decrease in the decarburizing speed there is:
PAL  [Ar]sp = 1%, [N.sub.2 ]sp = 2%
PAL  and further:
PAL  [Ar]O.sub.2 = m%, [N.sub.2 ].sub.0.sbsb.2 = 0.1%
PAL  By replacing said values in formulae (14) - (19), it is obtained:
EQU  (.epsilon.Q.sub.F).sub.[Ar.sub.].sbsb.o.sbsb.2 =
      1.0012..epsilon..sub.[AR.sub.].sbsb.o.sbsb.2              (14')
EQU  (.epsilon.Q.sub.F).sub.[N.sub.2 .sub.].sbsb.o.sbsb.2 =
      0.0012..epsilon..sub.[N.sub.2 .sub.].sbsb.o.sbsb.2        (15')
EQU  (.epsilon.Q.sub.p).sub.[Ar.sub.].sbsb.a =
      0.0234..epsilon..sub.[Ar.sub.].sub..psi.                  (16')
EQU  (.epsilon.Q.sub.F).sub.[N.sbsb.o.sub.].sbsb.2  =
      0.0234..epsilon..sub.[N.sub.2 .sub.].sub..psi.            (17')
EQU  (.epsilon.Q.sub.F).sub.[Ar.sub.].sbsb.s.sbsb.p =
      1.0246..epsilon..sub.[Ar.sub.].sbsb.r.sbsb.p              (18')
EQU  (.epsilon.Q.sub.F).sub.[N.sub.2 .sub.].sbsb.s.sbsb.p =
      0.0246..mu..sub.[N.sub.2 .sub.].sbsb.s.sbsb.p             (19')
PAR  B. Blowing of oxygen containing argon in a percent of 0.2% and sampling of
      gas at the converter mouth. In the case it is blown oxygen containing
      argon at the impurity level (0.2%) and the sampling of gas is effected at
      the mouth, as for the sampling is concerned the same considerations
      reported in the above paragraph are valid.
PAR  It varies only the concentration of [Ar].sub.sp in the smokes that, in the
      critical portion of decrease in the decarburizing speed, may be considered
      with an average value of 0.2%.
PAR  By still putting [N.sub.2 ].sub.0.sbsb.2 = 0.1% and [N.sub.2 ].sub.sp = 2%,
      and replacing these values in the formulae (14) - (19), it is obtained:
EQU  (.epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.o.sbsb.2 =
      1.0060..epsilon..sub.[Ar.sub.].sbsb.o.sbsb.2              (14")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[N.sbsb.2.sub.].sbsb.o.sbsb.2 =
      0.0060..epsilon..sub.[N.sbsb.2.sub.].sbsb.oV              (15")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.a =
      0.1304..epsilon..sub.[Ar.sub.].sbsb.a                     (16")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[N.sbsb.2.sub.].sbsb.a =
      0.1304..epsilon..sub.[N.sbsb.2.sub.].sbsb.a               (17")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[Ar.sub.].sbsb.s.sbsb.p =
      1.1364..epsilon..sub.[Ar.sub.].sbsb.s.sbsb.p              (18")
EQU  (.epsilon..sub.Q.sbsb.f).sub.]N.sbsb.2.sub.].sbsb.s.sbsb.m =
      0.1364..epsilon..sub.[N.sbsb.2.sub.].sbsb.s.sbsb.p        (19")
PAR  C. Sampling of the gas in another point of the smoke conduit without any
      additional addition of argon.
PAR  In the case of a sampling of the gas at a point of a smoke conduit
      different of the converter mouth, the following three cases may be
      considered:
PAR  I. The sample is collected in a point where the column of the gas coming
      out of the converter is not yet interested in reactions of combustion with
      the re-entering air: in this case the same considerations stated for the
      sample collection at the converter mouth are valid.
PAR  II. The sample is collected in a point where in the smoke conduit the
      reaction of combustion between the converter gas and the air is still
      occurring: this possibility, owing to the obvious failure of homogeneity
      is to be avoided at all.
PAR  III. The sample is collected in a point where the reaction between the
      converter gas and the re-entering air is almost complete. About this case
      the following hypothesis are made:
PA1  a. Q being the flow rate of the smokes coming out of the converter and
      Q.sub.0.sbsb.2 the oxygen flow rate, in the critical period of decrease in
      the decarburizing speed, the mean value is Q = Q.sub.0.sbsb.2
PA1  b. Considering an installation with combustion of the smokes in the boiler,
      by denoting with Q.sub.v the sucker rate and Q.sub.R the re-entering air
      rate, it is obtained:
EQU  Q.sub.V .apprxeq. Q + Q.sub.R .apprxeq. 8 Q.sub.0.sbsb.2
PA1  c. The gas coming out of the converter consists of 85% of CO and 15% of
      CO.sub.2.
PAL  The ratio [AR].sub.sp [N.sub.2 ].sub.sp is given by:
      ##EQU10##
      The values of [Ar].sub.sp and [N.sub.2 ].sub.sp in the hypothesis of nerly
      complete combustion are:
PA0  [Ar].sub.sp = 0.008922
PA0  [N.sub.2 ].sub.sp = 0.7213
PAL  By using said numeral values and replacing them in the formulae (14) -
      (19), it is obtained:
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.Ar.sub.].sbsb.o.sbsb.2 =
      1.0060..epsilon..sub.[.sub.Ar.sub.].sbsb.o.sbsb.2         (14'")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.N.sbsb.2.sub.].sbsb.o.sbsb.2 =
      0.00060..epsilon..sub.[.sub.N.sbsb.2.sub.].sbsb.o.sbsb.2  (15'")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.Ar.sub.].sbsb.a =
      32,8134..epsilon..sub.[.sub.Ar.sub.].sbsb.a               (16'")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.N.sbsb.2.sub.].sbsb.a =
      32.8134..epsilon..sub.[.sub.N.sbsb.2.sub.].sbsb.a         (17'")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.Ar.sub.].sbsb.s.sbsb.p =
      33,8194..epsilon..sub.[.sub.Ar.sub.].sbsb.s.sbsb.p        (18'")
EQU  (.epsilon..sub.Q.sbsb.f).sub.[.sub.N.sbsb.2.sub.].sbsb.s.sbsb.p =
      32,8194..epsilon..sub.[.sub.N.sbsb.2.sub.].sbsb.s.sbsb.p  (19'")
PAL  Table IV shows the results of the calculations made above.
TBL                TABLE IV                                                    

     ______________________________________                                    

     .delta.Q.sub.F /.delta.X                                                  

           Sampling at the                                                     

                        Sampling at the                                        

                                     Sampling in the                           

           mouth;       mouth;       boiler                                    

           [Ar].sub.O.sbsb.2 = 0.01                                            

                        [Ar].sub.O.sbsb.2 = 0.002                              

                                     [Ar].sub.O.sbsb.2 = 0.002                 

     QO.sub.2                                                                  

           1            1            1                                         

     ______________________________________                                    

     [Ar]O.sub. 2                                                              

           1.0012       1.0060        1.0060                                   

     [N.sub.2 ]O.sub. 2                                                        

           0.0012       0.0060        0.0060                                   

     [Ar].sub.A                                                                

           0.0234       0.1304       32.8134                                   

     [N.sub.2 ].sub.A                                                          

           0.0234       0.1304       32.8134                                   

     [Ar].sub.sp                                                               

           1.0246       1.1364       33.8194                                   

     [N.sub.2 ].sub.sp                                                         

           0.0246       0.1364       32.8194                                   

     ______________________________________                                    

PAL  The table results are:
PA0  1. Tje fault of measurement of the oxygen flow rate is brought completely
      on the measurement of the smoke flow rate.
PA0  2. There is no remarkable difference between the three types of embodiment
      as for the coefficients on the fault of measurement of the quantities
      [Ar].sub.0.sbsb.2 and [N.sub.2 ].sub.0.sbsb.2.
PA0  3. the most considerable differences concern: the coefficient of the
      relative fault of measurement of the quantities [Ar].sub.A, [N.sub.2
      ].sub.A, [Ar].sub.sp, [N.sub.2 ].sub.sp.
PAR  To this end it is to be recalled that in case of a correlation coefficient
      between dC/dt and C.sub.1 of 0.7, for obtaining a .sigma.C.sub.1 between
      0.0085 and 0.0095 it is necessary that .epsilon.Q.sub.F % is comprised
      between 8.9 and 13.8. In the case of sampling in the boiler, the
      coefficient of the fault in the measurement of argon is 33.8;  considering
      the present status of the art, it is quite difficult that a mass
      spectrometer may measure the argon, at the level of 0.89% with a precision
      better than 1%; consequently, it is clear that the method cannot be used
      in such an embodiment.
PAR  The process control through a sampling of the smokes in the boiler is
      possible only in two instances:
PA0  1. Installation for recovering the smokes without any combustion (O.G.
      system): in this case the conditions already considered with the sampling
      at the mouth practically occur again.
PA0  2. Refining processes using high concentrations of argon, as for instance
      in the argon-oxygen processes for obtaining stainless steels.
PAR  On the contrary, in the case of the L.D. and L.D.-AC process, and with
      recovery installations comprising the combustion of the gas, it remains
      valid only in a case consisting of sampling the gas at the converter mouth
      or in another equivalent point with blowing of oxygen containing argon
      with a concentration from 0.2% up to 1% (and possibly up to 5%).
PAR  Now reference is made to the precision characteristics of the mass
      spectrometer necessary for performing the measurement of the smoke flow
      rate.
PAR  In the case oxygen containing argon with a concentration of 0.2% is blown,
      the conclusions are obviously valid even in the case oxygen with a higher
      concentration of argon is blown; in this case, with the same instruments,
      it is obtained a better precision on the measurement of Q.sub.F and thus
      of C.sub.1 or, with the same precision in the measurement of C.sub.1, it
      will be possible to use instruments with lower precision features.
PAR  Supposing that:
PA0  A. the fault connected to the variability of argon and nitrogen present in
      the air is negligible as the quantities [Ar].sub.A and [N.sub.2 ].sub.A
      are known and constant.
PA0  B. the fault concerning the gas sampling at the mouth is of 2%.
PA0  C. the maximum fault of measurement of the oxygen flow rate is of 3%.
PA0  D. the sampling fault in defining the argon in the oxygen is negligible.
PA0  E. the correlation coefficient between dC/dt and C.sub.1  reaches 0.7 on a
      group of 100 casts.
PAR  For the value of 0.9 of .epsilon.Q.sub.F %, considering only the most
      important contribution, it is obtained, on the ground of (12):
EQU  8.9 = 3 + 1.0060 .epsilon.[Ar].sub.O.sbsb.2 % + 1.1364.
      .epsilon.[Ar].sub.sp %
EQU  1.0060 .epsilon.[Ar].sub.O.sbsb.2 % + 1.1364 .epsilon.[Ar].sub.sp % = 5.9
PAL  Considering what supposed at point (B):
EQU  1.0060 .epsilon.[Ar].sub.0.sbsb.2 % + 1.1364 .epsilon.[Ar].sub.sp % = 3.9
PAL  The two quantities [Ar].sub.0.sbsb.2 % and [Ar].sub.sp %, once that
      .epsilon.[Ar].sub.sp % has been depurated of the sampling fault may be
      considered as sufficiently homogeneous and thus it may be said:
EQU  .epsilon.[Ar].sub.0.sbsb.2 % .apprxeq..epsilon.[Ar].sub.sp % = 1.8
PAL  However, in this case and with the value of Q.sub.F % = 8.9, there is not
      any margin of fault to face possible unexpected occurencies. Possible
      margins may be obtained only in the hypothesis of improving the precision
      of the analysis of [Ar].sub.O.sbsb.2, [Ar].sub.sp, [CO], and [CO.sub.2 ].
PAL  For the value of Q.sub.F % = 13.8, it is accordingly obtained:
EQU  1.0060 .epsilon.[Ar].sub.0.sbsb.2 % + 1.1364 .epsilon.[Ar].sub.sp % = 8.8
PAL  If it is desired to keep a fault margin of 3%, the average maximum relative
      percentual value is on [Ar].sub.sp and [Ar].sub.0.sbsb.2, and which may be
      considered of 2.7%. Therefore, the necessary precision range for the
      various components is:
TBL  .epsilon.[Ar].sub.O.sbsb.2 %                                              

                       1.8 + 2.7                                               

     .epsilon.[Ar].sub.sp %                                                    

     .epsilon.[CO]%    1.2 + 2                                                 

     .epsilon.[CO.sub.2 ]%                                                     

     .epsilon.[N.sub.2 ].sub.O.sbsb.2 %                                        

                       2 + 3                                                   

     .epsilon.[N.sub.2 ].sub.sp %                                              

PAL  The values .epsilon.[N.sub.2 ].sub.0.sbsb.2 % and .epsilon.[N.sub.2
      ].sub.sp % are given as orientative values, considering the low
      contribution to the fault of the definition of Q.sub.F as above said.
PAR  The valus of .epsilon.[CO]% and .epsilon.[CO.sub.2 ]% must satisfy, within
      the above mentioned range, the condition:
EQU  .epsilon.[CO]% + .epsilon.[CO.sub.2 ]% = 3.2
PAR  With reference to an example of the practice of the invention in connection
      with the L. D. process, in FIG. 2, a schematic representation, is
      illustrated, in cross section, an L. D. process vessel 10 (see, for
      example, Steel, 43:27, October, 1958) provided with a conduit 11 for
      effluent E. The charge 12 to be refined partially fills the vessel 10.
      Downwardly through a lance 13 into contact with the charge 12 is fed an
      oxygen stream. A conduit 14 communicates with the upper portion of the
      lance 13. Argon is fed through the conduit 14 and mixes and is carried
      with the oxygen through the lance 13 into the vessel 10. An analyzer 15
      for determining the concentration of the argon in the effluent is provided
      with a sampling inlet conduit which extends into the conduit 11 for
      sampling the effluent.
PAR  It is to be understood that the invention is not limited to the examples
      shown.
PAR  It is intended to cover all modifications and equivalents within the scope
      of the appended claims. What we claim is:
CLMS
NUM  1.
PAR  1.  In a process for measuring the flow rate of a gas formed in an oxygen
      conversion process which conversion process is carried out by introducing
      oxygen into an oxygen converter containing a material to be oxidized and
      gaseous effluent, including a gas formed in said oxygen converter, are
      withdrawn, the improvement which comprises including in the oxygen feed to
      said converter between 0.15 and 1% by volume argon, as a tracer, and
      determining the concentration of said argon in the gaseous effluent at the
      mouth of the converter or at a point before which the effluent gases are
      mixed with air or pollutant or before which the effluent gases are
      subjected to a combustion reaction.
NUM  2.
PAR  2. In a process according to claim 1, in the improvement in which the
      determining of the concentration of said argon in the gaseous effluent is
      at the month of the converter.
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ABST
PAL  The invention provides a novel form of mechanism for monitoring the rate of
      passage of a material dispersed in a fluid stream, which mechanism may be
      of use in the control of a plant for recovering the material from the
      fluid. The mechanism comprises means for measuring the flowrate of the
      fluid and means for measuring the concentration of the material in the
      fluid, the outputs from the two measurement means being fed to a device
      which gives an output proportional to the product of the signals from the
      measurement device, and thus proportional to the rate of passage of the
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to monitoring mechanisms, and in particular it
      concerns monitoring mechanisms for use in solvent recovery plants.
PAR  Many industrial processes use solvents, and often these solvents are
      discharged from the operating stages of the process in the form of an
      extremely diluted solvent-vapour-laden gas (the gas usually being air).
      For reasons of economy, or to avoid pollution, it is desirable to recover
      the solvents from the gas, and this can often be achieved by vapour-phase
      recovery using a material (for example, activated carbon) which will
      "strip" the solvent from the gas. The solvent is then recovered from the
      "stripping" material (in which it is present at concentrations
      considerably higher than it was in the discharged gas). In some instances
      a solvent-laden liquid may be discharged from an industrial process, and
      recovery of the solvent from the liquid may be effected by methods similar
      to those used in recovery from the gaseous phase. The recovery systems
      described hereinafter may be used to recover solvents from gases or
      liquids, but for convenience they refer only to recovery from
      solvent-laden gases.
PAR  One form of solvent recovery plant uses a two-stage recovery system. In the
      first stage, the solvent-laden gas is filtered, cooled or heated as
      necessary, and then passed through a bed of activated carbon, which
      "strips" the solvent from the gas; thus, the activated carbon gradually
      becomes loaded with solvent and will eventually extract no more solvent
      from the gas. The passage of the solvent-laden gas is then stopped, and,
      in the second stage of the recovery, steam is passed through the carbon
      beds to purge the solvent from the beds. The mixture of steam and solvent
      vapour so obtained is condensed, whereupon the liquid solvent and water so
      obtained is in most cases very easily separated.
PAR  In order for the solvent recovery to be a continuous process, a "two
      adsorber" recovery plant is used. While one adsorber is being charged with
      solvent, the other is being purged by steam, and when the bed of the first
      adsorber is loaded with solvent the solvent-laden gas supply is
      transferred to the second adsorber (the bed of which is now free of
      solvent), and the bed of the first adsorber purged with steam. This
      changeover procedure allows the solvent to be continuously extracted.
PAR  Control of the changeover of the functions of the adsorbers in a
      "two-adsorber" plant is important for efficient and economical running of
      the plant, and this control has previously been done in a number of ways.
      If the flowrate of solvent-laden gas into the system is steady, and the
      solvent-to-gas ratio is constant, the time for the bed to become loaded
      with solvent, which will be a constant, can be calculated, and the
      changeover of the adsorbers can be performed automatically or manually at
      fixed time intervals.
PAR  However, in practice the flowrate of gas into the recovery system may vary
      between wide limits, particularly if the system is taking, as its input,
      the outputs of solvent-laden gas from a number of sources. Nevertheless,
      if the solvent-to-gas ratio in the solvent-laden gas were constant then
      control could be effected by monitoring the flowrate of the incoming
      solvent-laden gas, and performing the changeover when a calculated amount
      of the solvent-laden gas had entered the recovery system. Unfortunately,
      however, in practice the solvent-to-gas ratio in the solvent-laden gas is
      very rarely constant and so this method too is of only very limited use.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a monitoring mechanism for
      controlling the operation of a solvent recovery plant, which monitoring
      mechanism will provide efficient monitoring even when the fluid flowrate
      and the proportion of solvent in the solvent-laden fluid fluctuate
      considerably.
PAR  Accordingly, in one aspect this invention provides a mechanism for
      monitoring the rate at which material dispersed in a fluid stream passes
      through a given region and for giving an output signal proportional to
      that rate, which control mechanism comprises:
PAR  a. fluid flowrate measurement means for measuring the rate of flow of the
      fluid through the said given region, and for providing an output
      proportional thereto;
PAR  b. material concentration measurement means for measuring the concentration
      of the material in the fluid stream passing through the said given region,
      and for providing an output proportional thereto; and, operatively
      connected to the said fluid flowrate measurement means and the said
      material concentration measurement means,
PAR  c. an integrative device for multiplying together the outputs from the said
      fluid flowrate measurement means and the said material concentration
      measurement means, and then summing the multiplied outputs, the
      integrative device incorporating a multiplying element for operating on
      the said electrical outputs from the said fluid flowrate measurement means
      and the said material concentration measurement means and producing a
      voltage output proportional to the product thereof, a voltage-to-frequency
      converter for converting said product to a pulsed constant amplitude
      signal, the frequency of the pulses thus being proportional to the rate of
      passage of said material, and a counting device for summing the pulses
      supplied thereto from the voltage-to-frequency converter.
PAR  Thus, the output of the integrative device at any time, is proportional to
      the rate at which the material dispersed in the fluid stream is passing
      through the given region at that time.
PAR  The term "dispersed" where used herein is intended to include the
      possiblities of the medium being dissolved, entrained or otherwise
      contained in the fluid stream.
PAR  It must also be emphasised that the term "proportional" where used herein
      includes the possibility of indirect proportionality - such as inverse
      proportionality or proportionality to the square - as well as direct
      proportionality.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The fluid flowrate measurement means can be any convenient device capable
      of measuring the likely range of fluid flowrates. It may, for example, be
      an electrical device such as a hot wire device, in which an
      electrically-heated wire is positioned in the fluid stream, the rate of
      cooling of this wire being proportional to the fluid flowrate. However, if
      flammable solvents were present in the fluid stream the hot wire device
      might be impracticable because of the possibility of the solvent being
      ignited. The fluid flowrate measurement means might alternatively be a
      mechanical device; for example it might comprise a fan positioned in the
      fluid stream and driven by the passage of fluid, the rotational speed of
      the fan being proportional to the fluid flowrate.
PAR  Most conveniently, however, the fluid flowrate measurement device
      incorporates a fluid pressure measurement device, such as a pitot tube,
      venturi meter or an orifice plate. These devices measure the velocity head
      of the fluid stream - that is to say, they measure that part of the total
      pressure head of the fluid stream which is caused by the movement of the
      fluid. The velocity head is the difference in pressure between the total
      pressure head of the fluid stream and the static pressure head (and thus
      is measured as a differential pressure between two pressure tappings in
      the measurement device), and is proportional to the square of the velocity
      of the fluid. In order to obtain an output signal from the measurement
      means in a form suitable for feeding to the input of the integrative
      device, when using a pressure measurement device the measurement means
      also incorporates a differential pressure transmitter, which given an
      output signal proportional to the differential pressure between the
      pressure tappings, and thus proportional to the square of the fluid
      flowrate.
PAR  A preferred pressure measurement device incorporates a pitot-venturi flow
      element, as this is more sensitive than a simple pitot tube or venturi
      meter. The pitot venturi flow element comprises two concentric venturi
      tubes, which, in use, are positioned in the fluid stream with their axes
      parallel to the direction of the fluid flow, and so arranged in relation
      to each other that the trailing end of the inner venturi tube is in the
      same vertical plane as the throat of the outer venturi tube. This
      arrangement of the two venturi tubes gives an appreciably greater fluid
      flowrate through the inner venturi than there would be if the outer
      venturi tube were absent, and thus makes the pitot-venturi flow element
      much more sensitive to changes in the fluid flowrate than a simple venturi
      meter.
PAR  The pilot-venturi flow element has two pressure tappings - one pressure
      tapping in the throat of the inner venturi perpendicular to the fluid flow
      through the venturi (the static head tapping), and a second pressure
      tapping situated in the main fluid stream, the mouth of the tapping facing
      in the opposite direction to the fluid flow (the total head tapping) - the
      differential pressure between these two tappings being the velocity head
      of the fluid.
PAR  Particularly preferred pitot-venturi flow elements are the instruments
      known as the Taylor 88578 and 88579 models, which are available from the
      Taylor Instrument Companies (Europe) Limited, of Stevenage, England.
PAR  The differential pressure transmitter may be any unit capable of giving an
      output signal - usually electrical or pneumatic - proportional to the
      differential pressure between the two pressure tappings of the pressure
      device employed. The transmitter conveniently comprises a diaphragm across
      which the differential pressure is applied, the distortion of the
      diaphragm caused by the differential pressure being used to control the
      output signal. A preferred type of transmitter in which the output
      pressure of an air supply is controlled by, and proportional to, the
      differential pressure between the tappings, comprises a sealed chamber
      bisected by a diaphragm; the high pressure tapping is connected to the one
      side of the chamber, and the low pressure tapping to the other side of the
      chamber, so that there is a high pressure region on one side of the
      diaphragm, and a low pressure region on the other side. Changes in the
      differential pressure cause movement of the diaphragm, which movement is
      transmitted to a control valve governing the flow of an air supply.
PAR  A preferred differential pressure transmitter particularly suitable for use
      with the Taylor 88578 or 88579 pitot-venturi flow element, is the
      instrument known as the Taylor 301T model A, which is also available from
      the Taylor Instrument Companies (Europe) Limited.
PAR  The material concentration measurement means can be any suitable device
      capable of detecting and measuring the likely range of concentrations of
      material in the fluid stream. The material concentration measurement means
      normally operate by measuring a physical property of the solvent-laden
      gas, which property varies with a change in solvent concentration.
      Suitable measureable properties of the solvent-laden gas are its
      resistance (or conductance) and its absorption of radiation. By comparison
      of the magnitude of the measured property for the solvent-laden gas with
      that for a sample of gas containing no solvent but under the same physical
      conditions as the solvent-laden gas (a reference sample), the change in
      the property of the gas due to the solvent, and thus the amount of solvent
      present, may be ascertained.
PAR  A preferred material concentration measurement device utilises the
      variation in the amount of infra-red radiation absorbed by the gas with
      the amount of solvent present in the gas. The device comprises two cells,
      one of which is the reference cell, which contains a sample of gas
      containing no solvent, and the other is the sample cell, through which a
      sample of the solvent-laden gas is fed. Two identical I.R. beams are
      directed to pass one along each cell, and an interrupter alternatively
      blocks the radiation to each cell. Situated at the opposite end of the
      cells to the sources is the detector, which is preferably in the form of a
      further cell, fitted with a diaphragm, which contains a gas. The
      interrupter alternatively allows radiation to pass along the reference
      cell and the sample cell, and so the detector alternatively receives
      radiation from each cell. When the absorbtion of the I.R. beam by the
      solvent in the solvent-laden gas causes the radiation entering the
      detector from the sample cell to decrease, the gas in the detector cell is
      alternately subjected to high and low intensity I.R. beams, and this
      causes corresponding expansions and contractions of the detector gas.
      These expansions and contractions cause movements of the diaphragm, which
      movements are used to control the output of the concentration measurement
      means. If the diaphragm is set up to form one plate of a capacitor, the
      movement will cause corresponding changes in capacity, which may be used
      to modulate an electrical signal. The modulated signal may then, if
      necessary, be fed to an amplifier to be amplified to a suitable level for
      the next stage in the control system.
PAR  A particularly preferred unit of the above type is the instrument known as
      the LIRA 300 infra-red analyser, which is available from M.S.A. of
      Pittsburgh, U.S.A.
PAR  The output signals from the measurement devices may not be suitable for
      feeding directly to the inputs of the integrative device. Thus, they may
      have to be changed either in type (for example, for an electrical to a
      pneumatic signal, or vice versa), in the relation between the output and
      the measured quantity (for example, the integrative device may require
      that the inputs are directly proportional to the measured quantities), or
      in magnitude (for example, they may require amplification).
PAR  The preferred flowrate measurement device of the invention has a pneumatic
      output proportional to the velocity head of the fluid stream - that is,
      proportional to the square of the fluid flowrate. The preferred
      integrative device, as described hereinafter, is an electronic device
      which requires an electrical input signal directly proportional to the
      fluid flowrate. The necessary modifications to the output from the
      flowrate measurement device are conveniently carried out by first
      converting the pneumatic output signal to a pneumatic signal directly
      proportional to the fluid flowrate (using a square root extractor), and
      then converting this pneumatic signal to an electrical signal.
PAR  The square root extractor is a device capable of giving an output
      proportional to the square root of its input. A preferred unit which may
      be used with pneumatic signals comprises a control valve which regulates
      the flow of an air supply, this control valve being operated by the
      movements of a number of bellows - an input bellows to which is connected
      the pneumatic input, and output bellows connected via a bleedline to the
      output of the air supply from the control valve - and the bellows
      movements are coupled to the control valve in such a way that the air
      supply output pressure is proportional to the square root of the input
      pressure. A preferred square root extractor, particularly suitable for use
      with the Taylor instruments described herein, is the instrument known as
      the Taylor 376N model A, which is available from Taylor Instrument
      Companies (Europe) Limited.
PAR  In a preferred embodiment, the pneumatic output signal from the square root
      extractor is then converted to an electrical signal. It may in other
      embodiments, of the invention be necessary or desirable to convert
      pneumatic signals to electric signals at other points in the monitoring
      system, and naturally the converter described hereinafter is equally
      applicable in these cases. The preferred unit for performing the
      conversion comprises a pneumatic servo motor, which converts variations in
      a pneumatic input signal into angular rotations directly proportional to
      the input pressure, which servo motor is coupled to a potentiometer in
      such a way that a change in input pressure alters the potentiometer
      setting. The potentiometer can be incorporated into an electrical circuit
      so that an electrical output proportional to the resistance of the
      potentiometer, and so proportional to the input pressure, is produced. A
      particularly preferred unit of this type is the unit known as the Taylor
      Transcope Transducer type 708T, which is available from Taylor Instrument
      Companies (Europe) Limited.
PAR  The integrative device has an input signal proportional to the fluid
      flowrate and an input signal proportional to the material concentration in
      the fluid; it combines these two signals to give an output proportional to
      the product of the input signals and thus to the rate of passage of
      material. Most conveniently this integrative device is an electronic
      device, and preferably it comprises an amplifier for each input, together
      with a multiplying element capable of giving the required output. The
      amplifiers are buffer amplifiers (or conditioning amplifiers) which filter
      off any noise or unwanted parts of the input signal (so protecting the
      computing element from spurious external effects), as well as amplifying
      the input signal. The signals from the buffer amplifiers are fed to the
      multiplying element, which is an element whose output voltage Z at any
      instant is related to the input voltages X and Y at that instant by the
      expression Z = KXY, where K is a constant. Thus, the output voltage from
      the multiplying element is proportional to the rate of passage of the
      dispersed material.
PAR  The output from the integrative device described above is in the form of a
      voltage the magnitude of which is determined by the rate of passage of
      material past the measurement means of the control mechanism. In a
      preferred embodiment, this output is used to provide an indication of the
      amount of material that has passed the measurement means in a given time.
      This is most conveniently acheived by first converting the varying voltage
      to a pulsed constant amplitude signal, the frequency of the pulses being
      proportional to the rate of passage of material - that is, each pulse
      corresponding to the passage of a fixed amount of material. Then by
      summing the pulses the amount of material which passes the measurement
      means in a given time can be found.
PAR  The conversion of the varying voltage signal to a pulsed constant-amplitude
      signal may be performed by any suitable voltage-to-frequency converter,
      which converters are well known in the art. As stated above, the mechanism
      preferably also contains a counting device capable of summing the pulses
      in the output from the converter. The counter is conveniently set up to
      count to a predetermined number, send out a "triggering signal," and then
      return to zero and recommence counting. By choosing the number of pulses
      at which the triggering signal is sent out to correspond to the optimum
      amount of solvent which may be adsorbed by the beds, this signal can be
      used either to indicate that the changeover is necessary or actually to
      effect the changeover. Thus, the signal may either trigger an audible
      and/or visual alarm to draw the plant operators attention to the necessity
      of changing over the adsorber, or the signal may be used to trigger
      automatic means for effecting the changeover. In the latter case, the
      mechanism would not require supervision, and could be set up to effect the
      changeover at the optimum time, and so act as a control mechanism for the
      recovery plant.
PAR  The counting device preferably also has a visual indication of the number
      of pulses counted so that an observer may see how much solvent has passed
      through the solvent recovery plant since the last changeover of adsorbers.
      Most conveniently this visual indication is in the form of a countdown to
      when the next changeover is required.
PAR  The integrative device, the voltage-to-frequency converter and the counting
      device could all be separate units, but in a preferred embodiment of the
      invention they are combined into one unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention will now be described, though by
      way of illustration only, with reference to the accompanying drawings, in
      which:-
PAR  FIG. 1 is a schematic diagram of a "two-adsorber" two-stage solvent
      recovery plant;
PAR  FIG. 2 is a schematic diagram of a control mechanism of the invention;
PAR  FIG. 3 is a cross-sectional diagram of a pitotventuri flow element for use
      in the control mechanism of the invention;
PAR  FIG. 4 is a schematic diagram of a simple differential pressure transmitter
      for use in the control mechanism of the invention;
PAR  FIG. 5 is a schematic diagram of a simple pneumatic square root extractor
      for use in the control mechanism of the invention;
PAR  FIG. 6 is a schematic diagram of a simple device for converting a pneumatic
      signal to an electrical signal for use in the control mechanism of the
      invention;
PAR  FIG. 7 is a schematic diagram of a solvent concentration measurement device
      for use in the control mechanism of the invention;
PAR  FIg. 8 is a block diagram of an integrative device for use in the control
      system of the invention; and
PAR  FIG. 9 is a circuit diagram of an integrative device as shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 1 shows a solvent recovery plant into which a solvent-laden gas is
      passed. The solvent-laden gas is passed through a filter 1, cooled in a
      heat exchanger 2, and driven through the rest of the system by a fan unit
      3. The solvent recovery plant has two adsorbers, comprising chambers 4a,
      4b containing activated charcoal beds 5, which chambers are provided with
      valves 6a, 6b, 7a, 7b, 8a, 8b, 9a, 9b, which enable either the
      solvent-laden gas or steam to be passed through the chambers. When valves
      8a, 9a are open, and valves 6a, 7a shut, the solvent laden gas is passed
      into chamber 4a, and through the bed 5, which strips the solvent from the
      carrier gas. The carrier gas then passes through valve 9a into the exhaust
      line 10. At the same time, valves 6b, 7b are open, and valves 8b, 9b are
      shut, and steam is passed into chamber 4b and through the bed 5, and the
      steam purges solvent from this bed. The steam and solvent mixture passes
      through valve 6b to a condenser 11, and the condensed mixture then passes
      to the product separator 12, where particular solvents can be separated
      out.
PAR  When bed 5 in chamber 4a is loaded with solvent, and can, therefore, strip
      no more solvent from the incoming gas, valves 8a, 9a, 6b, 7b are closed
      and valves 6a, 7a, 8b, 9b open. The solvent laden gas is then passed
      through chamber 4b, and the steam through chamber 4a. Thus, the bed 5 in
      chamber 4a is gradually purged of solvent, while the bed 5 in chamber 4b
      becomes loaded with solvent.
PAR  By interchanging the functions of the two chambers in this manner
      continuous solvent recovery can be achieved.
PAR  FIG. 2 shows a control mechanism of the invention set up to monitor the
      amount of solvent passing through a section 13 of the inlet pipe to the
      solvent recovery plant. A pitot-venturi flow element 14 is situated in the
      pipe section 13 to measure the flowrate of the solvent laden gas, and the
      pressure tappings in this pitot-venturi flow element 14 are connected to a
      differential pressure transmitter 15 which gives a pneumatic output
      proportional to the differential pressure between the pressure tappings.
      This pneumatic output is fed to a pneumatic square root extractor 16, and
      the output from this device (which output is proportional to the square
      root of the input) is fed to the transducer 17 which converts the
      pneumatic signal to an electrical signal which is then fed to the
      integrative device 18.
PAR  Also situated in the pipe section 13 is the probe 19 of a concentration
      measurement device 20, which measures the concentration of solvent in the
      solvent-laden gas. The electrical output from this concentration
      measurement device 20, which output is proportional to the concentration
      of solvent in the solvent laden gas, is fed to the integrative device 18.
PAR  The integrative device incorporates a voltage-to-frequency converter, and
      so the output therefrom is in the form of a pulsed signal, each pulse
      corresponding to the passage of a certain amount of solvent through the
      pipe section 13. A counter 21 sums the number of pulses it receives from
      the integrative device 18, and when a predetermined number of pulses have
      been received it sends out a triggering signal, which is used to trigger a
      alarm or to trigger the automatic changeover of the beds.
PAR  FIG. 3 shows a vertical cross-section of a pitot-venturi flow element 14.
      It comprises an inner venturi 22 and an outer venturi 23 mounted
      concentrically such that the trailing end 24 of the inner venturi 22 is in
      the same vertical plane as the thoat 25 of the outer venturi 23.
PAR  There is a static pressure head tapping 26 in the throat of the inner
      venturi 22, connected to a tube 27, which as well as communicating the
      static head to the low pressure terminal 28, also serves to support the
      inner venturi 22 in its correct position. Concentric to tube 27, is the
      larger diameter tube 29, which serves as a support for the whole
      pitot-venturi flow element. The total head tapping 30 is situated on the
      tube 29 facing in the opposite direction to the fluid flow, and therefore,
      the tube 29 also serves to communicate this total head to the high
      pressure terminal 31.
PAR  FIG. 4 shows a vertical cross-section of a much simplified example of a
      differential pressure transmitter. It comprises a chamber 32 bisected by a
      diaphragm 33 with pressure connections 34, 35. These pressure connections
      34, 35 are connected to the high and low pressure terminals, 31 and 28
      respectively, of the flowrate measurement device. A change in the
      differential pressure between the two sides of the chamber 32 gives rise
      to a movement of the diaphragm 33 which is coupled, by a lever 36,
      (pivoted at 41) and a lever 37, to the air supply control 38. This control
      comprises a valve 39 which is moved in relation to its seat 40 by the
      lever 37, and this movement regulates the flow of an air supply. The
      regulated air flow provides an output pressure proportional to the
      differential pressure across the diaphragm.
PAR  FIG. 5 shows a vertical cross-section of a much simplified example of a
      square root extractor. The pneumatic input is fed to the input bellows 42,
      the movement of which is transmitted by a rod 43 to a lever 44 (pivoted at
      45).
PAR  The lever 44 is connected by a lever 51 to valve 39 of an air supply
      control 38 (as described above). Bleedlines from the output of this
      control feed the bellows 46 and 49. The force on the lever due to the
      input bellows 42 is opposed by the force due to the bellows 46, the
      movement of which is transmitted to the lever 44 by means of rod 47 and
      roller 48. The position of roller 48 is governed by the bellows 49 which
      act on rod 47 by means of rod 50.
PAR  The combined action of the three sets of bellows 42, 46 and 49, is such
      that the output pressure from control 38 is proportional to the square
      root of the input pressure into bellows 42.
PAR  FIG. 6 shows a partially cut-away diagram of a much simplified example of a
      device for converting a pneumatic signal to an electrical signal. The
      pneumatic input is fed to a cylinder 52 containing a piston 53 with
      sealing rings 54. The movement of the piston 53, against spring 55, is
      converted by the flexible strip 56, in association with the flexible strip
      57 and spring 58, to an angular displacement of the shaft 59. The shaft 59
      is in turn coupled by means of pulley 60 and belt 61 to the spindle 62 of
      potentiometer 63.
PAR  Thus, a variation in the input pressure varies the potentiometer setting,
      and by incorporating the potentiometer in an electrical circuit, not
      shown, an electrical output proportional to the input pressure may be
      obtained.
PAR  FIG. 7 shows a vertical cross-section of a simplified example of a solvent
      concentration measurement device incorporating an infra-red analyser.
PAR  Two similar infra-red sources 71, 72 produce beams of I.R. radiation which
      pass through I.R. transparent windows 73 into parallel cells 74, 75. One
      cell 74 is the reference cell, and contains a sample of gas containing no
      solvent, the other cell 75 is the sample cell, and through this passes a
      stream of solvent-laden gas drawn off from the main flow by probe 19 (see
      FIG. 2). Interrupter 76 alternately blocks each beam to the cells 74, 75
      (the interrupter is in the form of a sectored disc 77 - shown in plan view
      in the inset - rotated by motor 78). Thus, a beam of I.R. radiation
      alternately passes along the sample cell 75 and along the reference cell
      74. The radiation leaves these cells by windows 73, and enters the
      detection cell 79 through windows 73. The gas in this detection cell
      alternately expands and contracts as the two beams are not of equal
      intensity due to the absorption by the solvent in the sample cell 75. This
      change in volume is converted into movements of the diaphragm 80, and this
      movement alters the capacity of the condenser microphone 81. The
      electrical signal generated, which is proportional to the solvent
      concentration in the solvent laden gas, is amplified by the amplifier 82,
      and then fed to the next stage in the control system.
PAR  FIG. 8 shows a block diagram of an electronic integrative device, in which
      one input - derived from the output of the fluid flowrate measurement
      device shown in FIG. 3 - is fed to a buffer amplifier 66, and the other
      input - derived from the output from the material concentration
      measurement device shown in FIG. 7 - is fed to a buffer amplifier 67;
      these buffer amplifiers 66 and 67 filter any unwanted "noise" from the
      signals, and also amplify the signals before they are fed, via signal
      leads 68 and 69, to the multiplying element 70. The multiplying element is
      such that its output voltage Z at any instant is related to the input
      voltages X and Y at that instant by the expression Z = KXY, where K is
      constant. Thus, the output voltage is proportional to the rate of passage
      of the dispersed material.
PAR  FIG. 9 is a circuit diagram of an integrative device, in which the
      components are identified as follows:
     Diodes                                                                    

     D1               Texas       TS2100                                       

     D2               "           "                                            

     D3               "           "                                            

     D4               "           "                                            

     D5               "           "                                            

     D6               "           "                                            

     D7               "           "                                            

     D8               "           "                                            

     D9               "           IN4148                                       

     Transistors                                                               

      TR1             Texas       TIS43                                        

      TR2             "           BC183L                                       

     Integrated Circuits                                                       

      IC1             Texas       SN72741P                                     

      IC2             "           "                                            

      IC3             ANOLOGUE    AD530J                                       

      IC4             MOTOROLA    MD7003A                                      

PAR  The output from the fluid flowrate measurement device is fed via input A to
      terminals 2 and 3 of ICl, and similarly the output from the material
      concentration device is fed via input B to terminals 2 and 3 of IC2. The
      integrated circuits IC1 and IC2 function as conditioning amplifiers,
      filtering off any noise from the signals, and amplifying the signals to a
      nominal 10 volts. The outputs from the terminals 6 of these amplifier
      circuits are fed to terminals 1 and 6 of IC3, which is a multiplier
      circuit and gives an output voltage at terminals 3/4 proportional to the
      product of the input signals. This voltage signal is converted to a pulse
      train by the unijunction transitor TR1. The pulsed output is then fed to a
      pulse counter (as was shown in FIG. 2) which sums the number of pulses in
      the output.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mechanism for monitoring the rate at which material dispersed in a
      fluid stream passes through a given region, and for giving an output
      signal proportional to that rate, which mechanism comprises:
PA1  a. fluid flowrate measurement means for measuring the rate of flow of the
      fluid through the said given region, and for providing an electrical
      output proportional thereto;
PA1  b. material concentration measurement means for measuring the concentration
      of the material in the fluid stream passing through the said given region,
      and for providing an electrical output proportional thereto; and,
      operatively connected to the said fluid flowrate measurement means and the
      said material concentration measurement means
PA1  c. an integrative device for multiplying together the outputs from the said
      fluid flowrate measurement means and the said material concentration
      measurement means, and then summing the multiplied outputs, the
      integrative device incorporating a multiplying element for operating on
      the said electrical outputs from the said fluid flowrate measurement means
      and the said material concentration measurement means and producing a
      voltage output proportional to the product thereof; the multiplying
      element producing an output voltage Z at any instant related to its two
      input voltages X and Y such that Z = KXY, where K is a constant, there
      being two buffer amplifiers, one of the said two buffer amplifiers
      operating on each of the said two inputs, a voltage-to-frequency converter
      for converting said product to a pulsed constant amplitude signal, the
      frequency of the pulses thus being proportional to the rate of passage of
      the said material, and a counting device for summing the pulses supplied
      thereto from the voltage-to-frequency converter.
NUM  2.
PAR  2. A mechanism as in claim 1, in which the said fluid flowrate measurement
      means incorporates a pitot-venturi flow element having two pressure
      tappings, the output from the said pitot-venturi flow element being in the
      form of a differential pressure between the said two tappings, a
      differential pressure transmitter having a pneumatic output, which
      transmitter includes a diaphragm across which the said differential
      pressure is applied, the distortions of the diaphragm caused by changes in
      the differential pressure being used to control the said pneumatic output
      of the differential transmitter, and a transducer device for converting
      the pneumatic output to the said electrical output proportional to fluid
      flowrate.
NUM  3.
PAR  3. A mechanism as in claim 2, which incorporates a pneumatic square root
      extractor having a pneumatic input and a pneumatic output, the pneumatic
      output being proportional to the square root of the pneumatic input, the
      said pneumatic output of the fluid flowrate measurement means being fed to
      the said pneumatic square root extractor, and the pneumatic output
      therefrom being converted to the said electrical output.
NUM  4.
PAR  4. A mechanism as in claim 1, in which the material concentration
      measurement means employs infra-red radiation and means for measuring the
      variation between the amount of infra-red radiation adsorbed by the said
      fluid with an amount of the said material present therein and the amount
      of infra-red radiation adsorbed by said fluid alone.
NUM  5.
PAR  5. A mechanism for monitoring the rate at which material dispersed in a
      fluid stream passes through a given region, and for giving an output
      signal proportional to that rate, which mechanism comprises:
PA1  a. fluid flowrate measurement means for measuring the rate of flow of the
      fluid through the said given region, said fluid flowrate measurement means
      incorporating a pitot-venturi flow element having two pressure tappings,
      the output from the said pitot-venturi flow element being in the form of a
      differential pressure between said two tappings, and a differential
      pressure transmitter having a pneumatic output, which transmitter includes
      a diaphragm across which the said differential pressure is applied, the
      distortions of the diaphragm caused by changes in the differential
      pressure being used to produce a further pneumatic output, a pneumatic
      input coupled to said further pneumatic output, the output from the square
      root extractor being proportional to the square root of the said further
      pneumatic output, and a transducer device for converting the extractor
      output to an electrical output proportional to the fluid flowrate;
PA1  b. material concentration measurement means for measuring the concentration
      of the material in the fluid stream passing through the said given region,
      said material concentration measurement means employing infra-red
      radiation and means for measuring the variation in the amount of infra-red
      radiation adsorbed by the said fluid with the said material present
      therein including a reference cell which contains a sample of fluid
      containing no dispersed material, a cell through which a sample of the
      fluid containing dispersed material is fed; means for directing two
      identical infra-red beams to pass one of said two beams through the said
      reference cell and the other of said two beams through the sample cell, an
      interrupter which alternately blocks the radiation to each of the said
      sample cell and the said reference cell, a detector incorporating a
      detector cell containing a gas and fitted with a diaphragm, the said
      detector cell being adapted to receive radiation alternately from each of
      the said sample cell and the said reference cell which in turn causes
      expansions and contractions of the said gas, and the said diaphragm
      forming one plate of a capacitor such that the movement of the said
      diaphragm caused by the said expansion and contraction of the said gas
      gives rise to corresponding changes in capacity serving to modify the
      operation of an electrical device to provide an electrical output
      proportional to said material concentration; and operatively connected to
      the said fluid flowrate measurement means and the said material
      concentration measurement means
PA1  c. an integrative device for operating on the electrical outputs derived
      from the said fluid flowrate measurement means and the said material
      concentration measurement means, the integrative device being an
      electronic device having two inputs and an output and comprising two
      amplifiers, one of said amplifiers for each of said two inputs and a
      multiplying element, which multiplying element is an element whose output
      voltage Z at any instant is related to its input voltages X and Y at that
      instant by the expression Z = KXY, where K is a constant, the integrative
      device further comprising a voltage-to-frequency converter and a counting
      device, the said output from the integrative device being converted to a
      pulsed constant amplitude signal by the said voltage-to-frequency
      converter, the frequency of the pulses thus being proportional to the rate
      of passage of the said material, and the pulses in said pulsed constant
      amplitude signal being summed by the said counting device.
NUM  6.
PAR  6. In an adsorbing installation comprising an adsorber having beds of
      adsorbent material through which a materialladen fluid is passed so as to
      adsorb the material from the fluid, the improvement of providing:
PA1  a. fluid flowrate measurement means for measuring the rate of fluid flow
      through a given region upstream of the adsorber, and producing an
      electrical output proportional thereto;
PA1  material concentration measurement means for measuring the concentration of
      material in the fluid stream passing through said given region, and
      producing an electrical output proportional thereto; and
PA1  an electrical integrative device for operating on the two electrical
      outputs from the fluid flowrate measurement means and the material
      concentration measurement means respectively, which integrative device
      includes a multiplying element and a summing element, the multiplying
      element producing an electrical signal proportional to the product of the
      said two electrical outputs and the summing element integrating said
      electrical signals to indicate the saturation state of the beds of the
      adsorber.
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ABST
PAL  A unitary molded venturi flume unit, for use in measuring liquid flow
      through a conduit, has a closed-end well section at one end of the flume
      throat and a connecting nipple section defining an access passage which
      extends from the lower portion of the well for sealed connection with a
      conduit. The walls of the throat and well sections extend substantially
      above the access passage and cause all liquid flowing through the conduit
      to flow through the throat. In use, a tranquil flow pool of the liquid is
      formed at the inlet side of the throat section. The depth of this tranquil
      flow pool exceeds the depth of normal rapid flow in the conduit, and may
      substantially exceed the height of the access passage and connecting
      conduit, for accurate measuring of flow through the conduit over a wide
      range of flow rates by sensing of the amplified liquid head on the inlet
      side of said throat.
BSUM
PAR  This invention relates to metering of liquids in open channel, venturi
      passage, head rise meters and more particularly to flume-type metering
      units for use in measuring flow of liquid into and out of conduits, such
      as in sewer manholes.
PAR  Often it is desirable or required that a flow of liquid be metered in an
      open channel or reservoir space as the liquid flows to or from a
      restricted conduit. A primary example, to which the embodiments
      illustrated herein are directed, is in metering the flow in sewer lines
      where access to the sewage conduits is in a manhole. The need for metering
      apparatus and procedures for such uses have been accentuated recently
      because of increased attention to pollution control and specifically by
      regulations and laws which require measurement of effluent flow from
      individual facilities connected to effluent treatment systems such as
      municipal sewage systems.
PAR  Measurement of variable liquid flow rates through open channels and in
      conduits which may flow less than full, such as in typical sewage lines,
      requires sensing of the depth of the flowing liquid. If this depth is
      measured in the normal flow channels at normal flow velocities very
      accurate depth measurements are required. In many installations velocity
      measurements also are required. By imposing a flow barrier with a flow
      passage of known configuration, such as a weir or a flume, a slower or
      tranquil flow zone of increased depth may be formed upstream of the
      barrier. Flow rate determinations can then be made with considerable
      accuracy from depth or static head measurements in the tranquil zone, in
      accordance with known principles of hydraulic flow.
PAR  Various metering devices and systems using the noted general principles
      previously have been prepared for insertion in a conduit such as a sewer
      line to assist in measuring flow through the line. These include, for
      instance, devices which impose full conduit flow, as in Bennett U.S. Pat.
      No. 2,283,906 and Montague U.S. Pat. No. 3,633,417open weirs and flumes
      within a channel, as in Clausen U.S. Pat. No. 2,028,273 and Gerlitz et al.
      U.S. Pat. No. 3,427,878, and other devices which rely upon measurement of
      the depth of flow within the cross-section of the conduit itself, as in
      McNulty U.S. Pat. No. 3,301,050 and Buettner U.S. Pat. No. 3,727,459.
      Portable dams for open channels, with limited flow passage openings, also
      are known, as in Waring U.S. Pat. No. 2,928,251.
PAR  Prior art devices which sought to utilize a restricted flow passage and to
      sense the depth of a tranquil flow pool in existing conduits and channels
      were limited to relatively low flow rates, as tranquil flow could not be
      obtained at hydraulic heads greater than the depth of the conduit or
      channel. Thus, measurements at high volume rates were not available or
      required measurements under rapid flow conditions, which normally required
      velocity measurements as well as depth or head measurements for accurate
      flow volume determinations.
PAR  Metering of flow in sewer lines imposes a number of particular operational
      parameters not found in other liquid flow metering circumstances. These
      include the requisite to handle effluent carrying solids materials of
      various forms and sizes without blockage or accumulation of debris. Use of
      moving metering elements in the flow stream preferably is to be avoided.
      The meter also should be self-cleaning to avoid accumulation of sand or
      grit. Moreover, the metering units preferably should be very simple and
      inexpensive to contruct and to install in existing field structures and
      yet should provide reliable and accurate flow measuring information in a
      manner facilitating remote read out.
PAR  It is an object of this invention to provide an improved arrangement for
      metering flow of liquid to or from a conduit.
PAR  It is another object of this invention to provide an improved device for
      use in metering open channel flow to or from a conduit, and particularly
      for use in measuring flow through a manhole in a sewage system.
PAR  It is a further object of this invention to provide an improved device in
      accordance with the foregoing objects and which will provide a tranquil
      flow zone of much greater potential depth than previous devices within the
      metering access area.
PAR  It is a more specific object of this invention to provide simple metering
      units of the flume-type which meet the aforestated objects and which
      provide high resolution of flow measurement by sensing of the hydraulic
      head over the full range of flow rates through a conduit.
PAR  It is a further object of this invention to provide a measuring unit which
      may be installed easily in existing manholes without substantial
      modifications.
PAR  It is a more specific object of this invention to provide a simple unitary
      "plug-in" metering unit which meets the other noted objects.
PAR  Further and additional objects and advantages will appear from the
      description, accompanying drawings and appended claims.
PAR  In carrying out this invention in one illustrative form, a flume unit is
      provided comprising a venturi throat section defined by bottom and side
      walls, a well section extending from one end of the throat section and
      including bottom, side and end walls delimiting a closed-end well in open
      communication with one end of the throat passage. An access opening is
      provided through the lower portion of the well walls for closed
      communication with a conduit to which the flume unit is to be joined. The
      venturi throat passage is of a width substantially less than the width of
      the access opening. In use, a tranquil flow pool is formed on the inlet
      side of the throat, which pool is of greater depth than the normal rapid
      flow stream in the connected conduit. The side and end walls of both the
      throat section and the closed-end well section are of a height
      substantially greater than and extend above the level of the top of the
      access opening and thereby preclude flow of liquid through said unit to or
      from such a connected conduit, except through the access opening and
      through the opposite end of the throat passage, up to a liquid level in
      the tranquil flow pool substantially above the top of said access opening.
PAR  For a more complete understanding of this invention, reference should now
      be had to the embodiments illustrated in greater detail in the
      accompanying drawings and described below by way of examples of the
      invention.
DRWD
PAR  In the drawings, FIG. 1 is a perspective view, partially broken away,
      illustrating the lower portion of a manhole with a metering assembly
      employing teachings of this invention installed for measuring the flow
      into the outlet conduit;
PAR  FIG. 2 is a perspective view of the measuring assembly comprising the flume
      unit and the head measuring transmitter components shown in FIG. 1;
PAR  FIG. 3 is a top view of the flume unit of FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken along line 4--4 of FIG. 3 and
      looking in the direction of the arrows;
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 3 and
      looking in the direction of the arrows; and
PAR  FIG. 6 is another view similar to FIG. 1 and showing an alternative
      installation for measuring the flow from the inlet conduit.
DETD
PAR  Referring now to the drawing, and more particularly to FIG. 1, there is
      shown the lower portion of a manhole construction comprising a cylindrical
      side wall 10 and a bottom wall 12 to which are connected a plurality of
      inlet conduits, such as at 14, 16 and 18, and an outflow conduit 20. The
      outlet conduit of most manholes is at the bottom of the manhole, either
      having its lower perimeter co-planar with the bottom floor 12, or axially
      aligned with a semicircular trough in the floor and thus having its center
      diametral plane approximately at the upper surface of the bottom floor as
      illustrated by the outlet 120 at the end of the trough 121 in FIG. 6. As
      will become apparent, the vertical location of the outlet conduit relative
      to the bottom of the manhole is not critical in the flow measuring
      operation of the illustrated metering units. However, the relative
      vertical position of the outlet will determine whether or not a residual
      pool of liquid will be retained over the bottom of the manhole when there
      is no flow, and the depth of any such retained pool.
PAR  A metering assembly 22 is connected to the exposed entrance end of the
      outlet conduit 20. The joint between the assembly 22 and the line 20 is a
      closed or sealed joint, and may be grouted if necessary to obtain a closed
      connection.
PAR  Referring also to FIGS. 2-5, the metering assembly 22 comprises a
      flume-type metering unit 24 on which is mounted a depth responsive
      transmitter 26. The metering unit 24 is a unitary molded body, such as of
      a glass fiber reinforced polyester resin, having an interior wall surface
      of a configuration to define a deep venturi flume generally similar to a
      Parshall flume.
PAR  The unit 24 includes a throat section 30 which is generally rectangular in
      cross-section, as best seen in FIG. 5, being defined by a horizontal
      bottom wall 32 and parallel vertical side walls 34 and 36. Sections 40 and
      42 extend from opposite ends of the throat section, in alignment with the
      throat passage, as illustrated. The end section 40 is an open ended
      transition section defined by outwardly flaring vertical side walls 44 and
      46 extending from side walls 34 and 36 and a curved bottom wall 48. The
      wall 48 is joined to the side walls 44 and 46, and its lower portion
      extends outwardly and downwardly from wall 32, as best seen in FIGS. 2 and
      4. The distal end of wall 48 is semi-circular in cross section and of a
      diameter corresponding to the inner diameter of a conduit with which the
      assembly 22 is designed to be used, to facilitate an option of in-trough
      installation as in FIG. 6.
PAR  Section 42 comprises a transition portion 50 and an end closure portion 52.
      The portion 50 includes outwardly flaring vertical side walls 54 and 56
      and a curved bottom wall 58 extending from the respective end of the
      throat section in the same general manner as section 40, though at
      somewhat different angles as best seen in FIGS. 2 and 4. End closure
      portion 52 includes an arcuate vertical end wall 60 extending from the
      side walls 54 and 56 and a horizontal arcuate bottom wall 62 which merges
      with the bottom wall 58 and with the end wall 60. The end portion 52 is
      formed with an opening 66 in its lower portion which is axially aligned
      with the vertical center plane of the throat section 30. A connection or
      mounting nipple 70 merges with the walls 60 and 62 around the opening 66,
      and is formed by a horizontal generally cylindrical wall which is
      concentric with and comprises an extension of the arcuate bottom wall 62.
PAR  The nipple 70 is designed for effecting a mating plug-in connection with an
      open end of a circular conduit such as the conduits 20 and 116 shown in
      FIGS. 1 and 6. To facilitate such a connection, the nipple is of slightly
      less outer diameter than the inner diameter of the connecting conduits. A
      pair of tapered mounting pads 72 are built up on the sides of nipple 70,
      and a similar but thicker pad 74 is provided at the top of the nipple.
      These pads have outer surfaces which extend in slightly converging angular
      relation to the center axis of nipple 70 and assure a firm supportive
      friction jam fit of the nipple in a conduit, with the lower portion of the
      nipple seated on the lower inner surface of the conduit end. The joint
      between the outer surface of the nipple 70 and the inner surface of the
      mating conduit 20 is grouted as necessary to obtain a closed or sealed
      joint connection, for purposes as will be described.
PAR  An outwardly protruding rib 76 is provided at the juncture of walls 58 and
      62. The rib is of a configuration similar to the outer end of wall 48, to
      fit within a trough 121 (FIG. 6). The lower outer edge of wall 48 and the
      rib 76 are reference support areas which are finished as necessary in
      post-molding operations to assist in assuring proper vertical and
      horizontal orientation of the unit 22, and particularly the supported
      transmitter 26, in a normal installation.
PAR  An internal tie bar 78 is provided for mutually reinforcing the side walls
      of unit 24 to maintain the desired throat width over the height of the
      meter unit. The bar 78 comprises a hollow tube, such as stainless steel,
      with each of its opposite ends being split, spread out in a fan shape and
      embedded in the respective wall during the molding operation.
PAR  It will be appreciated that the end section 42 defines a closed well which
      admits of ingress and egress of liquid only through the throat passage of
      section 30 and through the access passage 66, up to a liquid level
      corresponding to the tops of the side and end walls. Moreover, these walls
      extend substantially above the top of the passage 66 and the connecting
      conduit, as shown. Thus, when the unit 24 is installed in a normal
      horizontal position with the opening 66 in sealed connection with an
      outlet conduit 20 as in FIG. 1, the unit 24 precludes flow of liquid to
      the connected conduit other than through the throat of section 30
      throughout all liquid depths within the manhole pool P around the unit up
      to a maximum depth at which the surface elevation of the liquid is
      substantially above the conduit. In the installation of FIG. 1, the entire
      lower portion of the manhole 10 thus serves as a stilling pool for the
      metering assembly 22.
PAR  As previously noted, it is well known that the volume rate of flow of a
      liquid through a venturi flume of a given design and known throat width,
      such as the throat section of unit 24, is a predetermined function of the
      hydraulic head of the liquid on the inlet side of the throat. Thus, by
      measuring the depth of the liquid in the pool P on the inlet side of the
      throat section 30 when unit 24 is in use, or more technically by measuring
      the elevation or head of the free surface relative to the floor 32, the
      volume rate of flow to the conduit 20 at the time of measurement may be
      determined. Such a liquid level measurement may be made by a wide variety
      of techniques, including on-site visual observation.
PAR  However, assembly 22 is designed as a self-contained measuring assembly for
      use in obtaining continuous remote indication of the flow rate. To this
      end an electrical sensor-transmitter 26 is mounted on the unit 24. The
      sensor-transmitter 26 has a pivotal sensing arm 80 with a float 82 which
      floats on the upstream pool P (FIG. 1) such that the position of the arm
      80 corresponds to the elevation of the surface of the liquid in the
      tranquil flow area on the inlet side of the throat section. Such
      sensor-transmitters are known, see e.g., Melas U.S. Pat. No. 3,124,000.
      Two particular commercially available devices that are suitable for use as
      head measuring transmitter components are inductance bridge transmitter
      units sold by Badger Meter, Inc. of Milwaukee, Wisconsin, under the
      designations "ML" and "MN." The "MN" transmitter is preferred for integral
      measuring assemblies wherein the transmitter is mounted directly on the
      flume unit in the manner of transmitter unit 26. It will be appreciated
      that the sensor-transmitter unit also may be mounted apart from the flume
      unit, such as on the wall of the manhole or on an independent support,
      with appropriate correlation of the head read out to the elevation of the
      flume throat floor.
PAR  The metering unit 24 includes provision for conveniently mounting the
      transmitter 26 thereon and with predetermined correlated calibration. To
      this end, mounting blocks 84 and 86 are embedded in the side walls 34 and
      54 during the molding process. These blocks are of a material suitable for
      drilling and tapping e.g., blocks of wood or a compressed fibrous product
      such as "Benelex" sold by Masonite Corporation of Chicago, Illinois. The
      molding faces over these blocks may be finished to provide accurately
      oriented reference surfaces. A pair of mounting brackets 88 are attached
      to the unit 24 by screws or bolts 89 tapped into the blocks 84 and 86, and
      the sensor-transmitter 26 is mounted on the brackets 88. A
      telescopically-adjustable tubular support post 90 may be used to further
      support the unit 26. Electrical leads 92 extend from the transmitter to an
      appropriate remote read out and/or recording device.
PAR  Various flow conditions can occur in the metering unit 24. By way of
      example, typical free surface levels of the flow are indicated
      schematically by the irregular lines L.sub.1, L.sub.2 and L.sub.3 in FIG.
      4. Line L.sub.1 indicates the flow level pattern at a low rate, i.e., less
      than one-half the capacity of the connecting conduit under rapid or free
      flow velocity conditions. Line L.sub.2 indicates the flow level pattern at
      a medium flow rate which is greater than the flow volume capacity of a
      connecting conduit at a free flow depth of one-half the diameter of the
      conduit. If the flow rate exceeds the capacity of the access passage 66 or
      the connected conduit, a head rise will occur in the well and transition
      to a submergence flow condition will result. The flow condition then
      becomes similar to flow through a submerged outlet, with a flow pattern in
      unit 24 such as is indicated by line L.sub.3. The flow through a unit 24
      under such submergence flow conditions will follow a characteristic pool
      head versus flow rate relationship curve which extends for flow rates
      beyond the normal flume operation head versus rate curve. Moreover, the
      submergence flow rate relationship to head is determinable for each
      installation. Thus, a read out of flow rate may be obtained from the head
      sensed by unit 26 under submergence flow conditions as well as at free
      flume flow rates by appropriate calibration of the read out equipment if
      this is desired, such as where the submergence condition is likely to
      occur and specific measurement is desirable whenever those conditions do
      occur.
PAR  The horizontal cross-sectional area of the well section 42 should be
      adequate to permit free flow out of the throat up to the full flow
      capacity of the access passage 66 or the connected conduit, whichever is
      the lesser, so that the well does not constrict the rate of flow to cause
      a head rise at the downstream end of the throat. The well also should be
      of adequate area to avoid formation of a vortex in the well under
      submergence flow conditions.
PAR  Since the nipple 70 is a male telescopic connector designed for fitting
      within a connecting conduit, the inside diameter of the nipple inherently
      is less than the diameter of the conduit and the nipple normally will
      represent a more flow-restrictive zone than the conduit. Accordingly, a
      metering unit 24 will provide the same predeterminable flow rate-to-inlet
      heat head response in various installations, thereby avoiding any need for
      individual calibration of the sensor read out for most installations.
      However, other connecting joint arrangements, such as a butt joint or an
      over-fitting nipple, may be utilized to insure flow capacity of the
      metering unit equal to or greater than the capacity of the conduit if
      desired.
PAR  FIG. 6 illustrates an alternative embodiment and installation utilizing
      components of the same basic design as in FIG. 1. Accordingly, the various
      elements are identified by numbers in the 100 series corresponding to the
      number identifying the same elements in FIGS. 1-5. In this installation,
      there is shown a single inlet conduit 116 and a single outlet conduit 120,
      with the floor 112 of the manhole being formed with a semicylindrical open
      channel 121 extending between these conduits and which is intended to
      confine and carry the effluent flow across the manhole under normal flow
      conditions. The metering assembly 122 is installed with its lower portion
      disposed in the channel 121 and with the nipple 170 joined in the outlet
      end of the inlet conduit 116. The arcuate configuration of the bottom wall
      162, the nipple 170, and the outer end of the bottom wall 148 conform
      generally to the configuration of the trough 121, to facilitate
      positioning and connecting of the meter by a simple drop-in, plug-in and
      sealing operation.
PAR  With the metering unit 122 installed in the outlet end of an inlet conduit
      116 as in FIG. 6, the well defined by the end section 142 is at the inlet
      side of the throat section 130 and confines the inlet or stilling pool of
      the liquid. Thus, the closed end section 142 will cause all of the liquid
      from conduit 116 to flow through the throat of section 130 up to a flow
      rate at which the tranquil flow pool depth (head) therein exceeds the
      height of the well walls. By forming the walls of adequate height relative
      to the throat width and the flow capacity of the conduit, the unit 124
      will provide measurement of the flow rate throughout the rapid flow
      capacity range of conduit 116. Moreover, this measuring operation is
      assured even though the free head or free rapid flow capacity of trough
      121 is exceeded and the flowing liquid floods over the lower portion of
      the manhole.
PAR  The well section of unit 124 also should be of sufficient cross-section to
      avoid undue turbulence of the liquid in the well at normally expected flow
      rates. The length and slope of the side and bottom walls of the transition
      sections may be modified from those of unit 24, e.g., with section 150
      corresponding in design to the illustrated section 40 and section 140
      corresponding to the design of the illustrated section 50. The transmitter
      126 is mounted in a reverse position relative to the embodiment of FIG. 1.
      The sensing arm extends into the closed well, with the float 182
      positioned to follow the elevation of the free surface of the liquid in
      the well as this represents the hydraulic head causing flow through the
      metering throat.
PAR  In each of the meter units 24 and 124 the closed end section and flume
      throat section extend to a vertical elevation substantially above the top
      of the access opening for connecting with a conduit and hence above the
      uppermost portion of the connecting conduit. Accordingly, the metering
      unit separates the inlet and outlet flows to insure flow of all of the
      liquid through the throat section up to inlet pool depths substantially
      greater than the diameter of the access opening and of the connecting
      conduit, i.e., with the free tranquil surface substantially above the
      upper edges of the access passages and above the connecting conduits, see
      FIGS. 1 and 6.
PAR  Each of the metering units 24 and 124 provides a high static head rise
      relative to the depth of normal rapid free flow in the connected conduits
      and, thus, relative to the volume rate of flow. This head rise appears to
      be accumulated both from the hydraulic jump effect of slowing the rapidly
      free flowing liquid in the inlet conduit(s) to a slower flow in the
      stilling pool, thereby converting a portion of the kinetic flow energy to
      static head energy, as well as from the static head due to the higher
      elevation of remote portions of the inlet conduits into which the tranquil
      flow pool may accumulate. In any event, the large variations of static
      head on the inlet side of the units 24 and 124 relative to corresponding
      flow rate changes permits the use of conventional head measuring equipment
      for determining flow rate with high resolution of the flow rate
      measurements. Further, this accurate measuring function may be provided
      over the entire rapid flow rate range of the conduit, up to full conduit
      flow.
PAR  The subject units may be installed in a variety of environments, such as in
      manholes, wherein the conduit through which flow is to be measured may be
      in a wide variety of positions, without limiting or adversely affecting
      the manner in which the measuring assembly functions. A unit may be
      installed in a channel such as the channel 121, or in a conduit having its
      lower edge at the floor surface, or at a conduit opening disposed above a
      floor surface with appropriate means added to provide vertical support for
      the unit. The design of metering units 24 and 124 lends itself to
      one-piece units, as illustrated, which may be quickly and easily installed
      directly on the primary flow conduit. Moreover, such units may be lowered
      into a manhole and may be installed in the flow conduit system without
      major modification of the manhole structure, and a sensor-transmitter unit
      may be added simply and easily in any appropriate position to measure the
      liquid level on the inlet side.
PAR  The open throat flume-type design affords a self-cleaning or self-washing
      action in that the flow continually scours the bottom and sides of the
      flume, which avoids accumulation of sand, grit and other debris. Moreover,
      providing a flume with a raised floor, as at 32 and 132, insures that a
      reservoir of liquid will be maintained in the stilling pool so that the
      float 82 will remain afloat even if there is no flow through the throat,
      thereby providing a "live zero surface" operation. Finally, the subject
      metering units are very simple in design and thereby inexpensive to
      manufacture, and are compact, require only a short laying length, and are
      easily connected to the conduits, thereby providing simple and economical
      installations in existing facilities without modification of those
      facilities.
PAR  Several particular advantages are obtained with the preferred installation
      illustrated in FIG. 1. These include the fact that effluent flow from a
      plurality of collector lines, such as inlet conduits 14, 16 and 18, may be
      measured by a single metering assembly 22. Moreover, the elevation of the
      inlet openings relative to the outlet, relative to the floor of the
      manhole and relative to one another are not critical to accurate measuring
      of the total effluent flow. The size of the stilling pool provided by the
      manhole normally will preclude any need for any other steps to avoid
      current or dynamic flow effects on the meter. However, in the event any
      such effect is encountered, as from a high velocity inlet in alignment
      with and close to the throat passage, simple and appropriate baffling may
      be added.
PAR  An advantage of an installation as in FIG. 6 is that the bottom of the
      manhole is maintained in a "dry" condition under flow conditions up to the
      flow capacity of the channel 121, which normally is equal to about
      one-half of the free head capacity of the outlet conduit 120.
PAR  The width of the flume throat in the units 24 and 124 for use in sewage
      lines preferably is within the range of from about 1.5 inches up to about
      one-half the nominal diameter of the access passage 66 and of the conduit
      to which the unit is to be connected. The minimum throat size of about 1.5
      inches is desired in sewage metering applications to provide reasonable
      assurance of passage of solids materials without undue risks of
      accumulation of debris and blockage of the metering unit. Within the
      throat range indicated, a relatively high head rise will be obtained in
      the stilling pool as related to the flow rate through the metering unit.
      This in turn will provide the high degree of resolution for the depth
      sensing element and hence of the flow rate measurement noted above. The
      side walls should be of a height to insure separation of the stilling pool
      from the access connection without overflow of the side walls, up to rapid
      flow capacity of the connecting conduit. Thus, the required wall height is
      related to the selected throat width, and in all instances will
      substantially exceed the diameter of the connecting conduit. By way of
      particular examples, wall heights of about 20 inches, as measured from a
      horizontal reference plane defined by the outer edge of the wall 48 and
      the rib 76, have been found satisfactory for metering units 24 having
      outlet openings through the nipples 70 of 5 inches, 7 inches, 9 inches and
      11 inches for connection with 6 inch, 8 inch, 10 inch and 12 inch conduits
      20, respectively. Moreover, such  20 inch units readily pass through
      typical manhole access openings, thereby permitting installation of
      one-piece prefabricated units in existing manholes.
PAR  By way of further specific examples, the following table enumerates various
      other dimensions for the aforementioned 6 inch, 8 inch 10 inch and 12 inch
      metering units, having reference to the dimensions indicated by the
      letters A, B, C, D, F, H, T and W in FIGS. 3 and 4.
TBL                                    TABLE I                                 
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     (All Dimensions in Inches)                                                

         Throat                                                                

              Well Width                                                       

                      Throat                                                   

                          Horizontal                                           

                                Transition                                     

                                       Throat                                  

                                            Transition                         

                                                   Closure                     

     Size                                                                      

         Width                                                                 

              & Outlet Dia                                                     

                      Height                                                   

                          Floor Section 40                                     

                                       Length                                  

                                            Section 50                         

                                                   Length                      

         T    W       H   F     A      B    C      D                           

     __________________________________________________________________________

     6   1.5  5.0     1.75                                                     

                          4.1   6.0    3.0  3.0    3.5                         

     6   1.75 5.0     1.75                                                     

                          4.1   5.6    3.6  2.8    3.5                         

     6   2.0  5.0     1.75                                                     

                          4.1   5.3    4.1  2.6    3.5                         

     8   1.5  7.0     2.25                                                     

                          7.3   6.0    4.0  3.0    4.5                         

     8   2.5  7.0     2.25                                                     

                          7.3   4.9    5.6  2.5    4.5                         

     8   3.5  7.0     2.25                                                     

                          7.3   3.8    7.3  1.9    4.5                         

     10  1.5  9.0     2.75                                                     

                          9.2   6.0    5.0  3.0    5.5                         

     10  2.5  9.0     2.75                                                     

                          9.2   5.2    6.2  2.6    5.5                         

     10  3.5  9.0     2.75                                                     

                          9.2   4.4    7.4  2.2    5.5                         

     10  5.0  9.0     2.75                                                     

                          9.2   3.2    9.2  1.6    5.5                         

     12  1.5  11.0    3.25                                                     

                          10.3  6.0    6.0  3.0    5.5                         

     12  2.5  11.0    3.25                                                     

                          10.3  5.4    6.9  2.7    5.5                         

     12  3.5  11.0    3.25                                                     

                          10.3  4.7    7.9  2.4    5.5                         

     12  4.5  11.0    3.25                                                     

                          10.3  4.1    8.8  2.1    5.5                         

     12  6.0  11.0    3.25                                                     

                          10.3  3.2    10.3 1.5    5.5                         

     __________________________________________________________________________

PAR  It will be obvious that various modifications of the specific embodiments
      shown may be made without departing from the spirit and scope of this
      invention. For example, various head sensing and indicating devices may be
      used in place of transmitter 26, various flow restricting throat designs
      may be utilized in the metering unit, and various arrangements may be
      devised for effecting the closed or sealed joint connection between the
      access passage of the well and the conduit to which the metering unit is
      to be connected. The transition sections of the flume units may be of
      various configurations, dependent upon the flow conditions desired. The
      illustrated tapered design represents a hydraulically prudent approach
      intended to approximate smooth linear flow into, through and out of the
      throat.
PAR  It will thus be seen that a metering unit and metering assemblies have been
      provided which meet the objects of this invention.
PAR  While particular embodiments of this invention are shown and described
      herein, it will be understood, of course, that the invention is not to be
      limited thereto since many modifications may be made by those skilled in
      the art, particularly in light of the foregoing teachings. It is
      contemplated, therefore, by the appended claims, to cover any such
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flume unit for use in measuring liquid flow through a conduit, said
      flume unit comprising a throat section including bottom and side walls
      defining a venturi throat passage, a well section extending from one end
      of said throat section and including bottom, side and end walls defining a
      closed-end well in open communication with one end of said throat passage,
      said well section being formed with an opening through the lower portion
      of said section for liquid passage communication with such a conduit, and
      said side and end walls of said throat section and said well section being
      of a height substantially greater than and extending above the level of
      the top of said opening, said walls thereby precluding flow of liquid
      through said unit to or from such conduit, except through said opening and
      through the end of said throat passage opposite said well section, up to a
      liquid level substantially above the top of said opening.
NUM  2.
PAR  2. A flume unit as in claim 1 formed of a unitary body.
NUM  3.
PAR  3. A flume unit as in claim 2 wherein said body includes means for mounting
      a liquid level sensor thereon.
NUM  4.
PAR  4. A flume unit as in claim 1 including a cylindrical connector extending
      from said opening for closed communication with such a conduit.
NUM  5.
PAR  5. A flume unit as in claim 1 in which said well is of a width
      substantially greater than the width of said throat passage.
NUM  6.
PAR  6. A flume unit as in claim 5 in which said well is of a width of at least
      as great as the diameter of said opening.
NUM  7.
PAR  7. A flume unit as in claim 6 wherein said well includes a transition
      section defined by side walls diverging from one another outwardly from
      said throat section.
NUM  8.
PAR  8. A flume unit as in claim 1 wherein said well is of a size and
      configuration to accommodate free flow passage of a stream of fluid at a
      volume rate equal to or greater than the free flow capacity of said
      opening.
NUM  9.
PAR  9. A flume unit as in claim 7 wherein said well is of a horizontal cross
      section at least as great as the area of said opening.
NUM  10.
PAR  10. A metering assembly comprising a flume unit as in claim 1 including
      means for mounting a liquid level sensor thereon, and a liquid level
      sensor mounted on said means.
NUM  11.
PAR  11. In combination with a reservoir and at least one restricted conduit
      communicating at one end with said reservoir, a flume unit for use in
      measuring liquid flow through said conduit to or from said reservoir, said
      flume unit comprising a throat section including bottom and side walls
      defining a venturi throat passage, a well section extending from one end
      of said throat section and including bottom, side and end walls defining a
      closed-end well in open communication with one end of said throat passage,
      said well section being formed with an opening through the lower portion
      of said section, means forming a closed conduit connection between said
      opening and said one end of said conduit for liquid passage communication
      between said well and said conduit, and said side and end walls of said
      throat section and said well section being of a height substantially
      greater than and extending above the level of the top of said opening,
      said walls thereby precluding flow of liquid through said unit to or from
      said conduit, except through said opening and through the end of said
      throat passage opposite said well section, up to a liquid level
      substantially above the top of said opening.
NUM  12.
PAR  12. In a combination as in claim 11, said throat passage being of a width
      substantially less than the width of said opening and said side walls
      thereof being of a height to define a venturi passage having a free liquid
      flow capacity at least as great as the free liquid flow capacity of said
      conduit.
NUM  13.
PAR  13. In a combination as in claim 12, said well being of a width
      substantially greater than the width of said throat passage.
NUM  14.
PAR  14. In a combination as in claim 11, said bottom wall of said venturi
      throat passage being above the lowermost surface of said reservoir, and a
      liquid level sensor unit having a float sensor element disposed over said
      lowermost surface for floating in liquid thereover.
NUM  15.
PAR  15. A combination as in claim 11 wherein said reservoir is a manhole and
      said conduit is an outlet conduit from said manhole, said manhole around
      said unit forming a stilling well for said flume unit.
NUM  16.
PAR  16. A combination as in claim 15 including a liquid level
      sensor-transmitter mounted for sensing the level of the free liquid
      surface in said manhole outside of said unit and providing an output
      signal in accordance with such sensed level for remote read out of the
      flow rate to said conduit through said throat passage.
NUM  17.
PAR  17. A combination as in claim 11 wherein said reservoir is a manhole and
      said conduit is an inlet conduit to said manhole.
NUM  18.
PAR  18. A combination as in claim 17 including a liquid level
      sensor-transmitter mounted for sensing the level of the free liquid
      surface in said well and providing an output signal in accordance with
      such sensed level for remote read out of the flow rate from said conduit
      through said throat passage.
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ABST
PAL  A fluid flow meter with two independantly counter rotating turbine
      impellers is disclosed in which fluid characteristics and/or upstream flow
      disturbances cause minimal variations in volume flow rate measurements by
      the meter as a result of fluidynamic interaction between the impellers.
PAL  The angular velocities of each of the impellers are sensed in a
      conventional manner after which the velocity signals are added to indicate
      a total volume thruput, and/or rate of flow, and optionally compared to
      indicate an occurance of mechanical or electronic degradation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to fluid flow meters and more particularly to flow
      meters which incorporate independently counter rotating turbine impellers
      in the sensing mechanism.
PAR  2. Description of the Prior Art
PAR  A number of fluid flow meters utilizing rotating turbine impellers are
      known in the prior art. In these devices, the meter is placed in the line
      through which the flow is to be measured and the angular velocity of the
      turbine, driven by the fluid flow, is measured and correlated to the flow
      rate.
PAR  In prior art meters of this type, upstream disturbances in the flow pattern
      produced a non-linear rotational velocity as related to actual flow rate.
      This non-linearity reduced the reliability and usefulness of these meters
      or required additional electronic compensation to achieve an acceptable
      level of accuracy and range.
PAR  Also disclosed in the prior art are several designs in which an additional
      turbine impeller or turbine shaped stator is interposed in the flow path
      within the meter. One such prior art device, disclosed in U.S. Pat. No.
      3,241,366, adds a counter rotating impeller or rotor upstream from the
      measuring rotor. This upstream rotor functions only to direct the fluid
      flow on the blades of the principal or measuring rotor. This upstream
      rotor termed a "compensating rotor," requires a magnet and pins to effect
      a magnetic drag on the compensating rotor which can be adjusted to extend
      the accuracy of registration of the measuring rotor over an extended range
      of flow rates.
PAR  In this disclosure, only the downstream rotor is a measuring rotor and its
      performance curves will be substantially similar to those disclosed and
      illustrated hereinafter for a downstream rotor or impeller. The
      compensating rotor simply extends the measuring range for conditions of
      low flow. The disclosure of the present invention in which both impellers
      are measuring impellers, provides a simpler construction which will
      achieve measurements at least equally reliable and further includes self
      diagnostic means for early detection of a malfunction.
PAR  Also, U.S. Pat. No. 3,135,116 reveals a dual turbine design in which both
      rotors rotate in the same direction, one mounted piggyback fashion on the
      rotating shaft of the other. A flow straightener is interposed between the
      two turbines which acts, in contrast to the present device, to fluid
      dynamically decouple the rotors.
PAR  U.S. Pat. No. 138,657 discloses a meter having a dual augershaped screw
      arrangement in which the upstream screw is stationary and the forward or
      downstream screw revolves in response to flow through the meter.
PAR  U.S. Pat. No. 470,814 shows a similar arrangement including one fixed and
      one rotating turbine - shaped deviced in which the blades of each are
      angularly opposed to one another.
PAR  U.S. Pat. No. 3,710,622 discloses a dual rotor meter in which the rotors
      have different parameters, rotate in the same direction and are not fluid
      dynamically coupled.
PAR  The device described herein will be seen to be different in concept and
      operation from the above or any other presently known to the inventor.
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be summarized as a fluid flow rate meter utilizing two
      independantly counter rotating turbine impellers each of which is a
      measuring impeller to overcome the nonlinearity of the single impeller
      types resulting from upstream disturbances in the fluid flow. Such
      disturbances are described or classed variously as turbulent flow, viscous
      flow, velocity profile distortion, positive or negative upstream swirl,
      and fluid viscosity.
PAR  Velocity profile distortion affects the operation of turbine meters, and
      can speed up or slow down the angular velocity of impellers as related to
      the average linear velocity of the fluid. Thus it affects the calibration
      of the meter and can result in inaccurate meter readings. In the design of
      the present invention, any changes in angular velocity of the first
      impeller will result in an opposite and equal change in the angular
      velocity of the second impeller. Thus, averaging the angular velocity of
      both impellers will eliminate inaccuracies caused by distortion in
      velocity profile and yield a reasonably accurate reading within
      predetermined variances. Likewise, increases in viscosity impose
      contrasting forces on impellers, one of increasing the angular velocity as
      mentioned earlier, and the other of decreasing the angular velocity due to
      the viscous drag on the impeller blades. Viscous drag will slow each
      impeller, no matter which direction it is rotating. However, in the
      present invention, as the first impeller is being slowed by drag, the
      fluid will leave the impeller blades with an angular velocity component
      which will increase the speed of the second impeller. Thus, the averaging
      of the angular velocities of both impellers will affect most of the effect
      of increases in viscosity and minimize the calibration errors resulting
      therefrom.
PAR  The impellers are preferably of equal size but oppositely canted, the
      blades of one are arranged to produce a clockwise rotation, while the
      blades of the other produce a counterclockwise rotation. The impellers are
      mounted in proximity within a conduit such that a change in angular
      velocity in the first due to upstream disturbance produces an opposite
      change in the other. Adding the absolute value of the two angular
      velocities and scaling the sum produces a highly reliable flow rate
      measurement independant of any upstream disturbance.
PAR  The angular velocity signals may also be compared to indicate a failure of
      one impeller or the other due to bearing friction, clogging or other
      interference and the electronic signal detection - transmission system. If
      one signal output exceeds another by a predetermined amount during
      continuous comparison, a malfunction is indicated. Alarm or warning
      systems may be incorporated into the comparison circuitry to alert those
      monitoring the meter to the likelihood of impending inaccurate readings
      based on turbine mechanical degeneration, or electronic malfunction.
PAR  To explain the functioning of the meter of the present invention, for
      example, where W.sub.1 and W.sub.2 represent the angular velocity of each
      turbine impeller, W.sub. = W.sub.1 + W.sub.2, and, where K is the sensing
      element constant, V is the flow rate, the addition of W.sub.1 and W.sub.2
      and relating the total to a volume rate:
      ##EQU1##
      the result will have extreme reliability, in that loss of calibration can
      be easily detected and a fail safe circuit can easily be provided.
      Furthermore, it will be relatively insensitive to changes in viscosity,
      fluid swirl, and velocity profile.
PAR  Additionally, meter performance is critically related to various factors
      such as bearing drag, blade angle and internal continuity. A meter is
      calibrated before installation to determine the sensing element constant,
      K. For the meter to be useful in service, the meter must perform within
      certain predetermined limits. The utilization of dual independant counter
      rotating turbine impellers, each of which is a measuring impeller, in
      proximity to allow fluidynamic interaction overcomes these problems. Any
      slowing of the first impeller due to drag or bending of the impeller
      blades will have the effect of increasing the angular velocity on the
      second impeller. A slowing of the second impeller for the same reasons
      would minimize errors since only one half of the deviation would be seen
      in the calibrated resulting flow.
PAR  Also, the problem of malfunction is more readily determined in the meter of
      the present invention. A divergence between W.sub.1 and W.sub.2 is
      determined during calibration. Any further significant divergence can be
      discovered by monitoring the sensors, and if necessary, the determination
      of a divergence beyond a preset limit could be electronically connected to
      an alarm and/or control system.
PAR  The inherent features of the invention contribute substantially to the
      reliability of in-line meters while reducing the complexity of
      compensating necessary in prior art meters, thus yielding a more
      satisfactory device at lower cost. These and other features of the
      invention will become more apparent from the following description of the
      preferred embodiment and the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section A--A of a flow meter incorporating the present
      invention;
PAR  FIG. 2 is an end view of the meter of FIG. 1;
PAR  FIG. 3 is a schematic diagram of electrical circuitry used in conjunction
      with the meter;
PAR  FIG. 4 is a graphic representation of the flow rate of the meter subjected
      to turbulent flow;
PAR  FIG. 5 is a graphic representation of the flow rate of the meter subjected
      to viscous flow; and
PAR  FIG. 6 is a graphic representation of the flow rate of the meter subjected
      to a positive upstream swirl.
PAR  FIG. 7 is a graphic representation of the flow rate of a composite average
      of measured flow on two independent counter rotating turbine impellers as
      disclosed in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a vertical section of a flow
      meter utilizing the concept of the invention. A conduit is formed of
      annular shaft supports 12 and 14 having support veins 16 and 18
      respectively and turbine chamber ring 20 sealed to the shaft supports by
      O-rings 22 and 24. The shaft supports and turbine chamber ring are held in
      firm relationship by outer ring 26 and flanges 28 and 30 joined to
      supports 12 and 14 by machine screws 32 and 34. Flanges 28 and 30 are
      further used to join the meter to upstream and downstream portions of the
      flow line, not illustrated, in a conventional manner. For that purpose,
      grooves 36 and 38 are formed in shaft supports 12 and 14 to receive
      O-rings for sealing against faces of flanged upstream and downstream flow
      lines.
PAR  Veins 16 and 18 of the shaft support bearings 40 and 42, which veins and
      supports are tapered to prevent fluid turbulence within the conduit. Shaft
      44 may be left free to rotate on the bearings or alternatively may be
      locked firmly in the bearing bodies, or may be two separate shafts, one
      per impeller. If one shaft is used it may be of the straddle type or
      cantilever type and if of the cantilever type it may have either upstream
      support or downstream support. If two shafts are used, each may be of the
      straddle type or of the cantilever type and, if of the cantilever type,
      each may have either upstream support or downstream support. A first
      turbine impeller 46 having blades 48 is mounted on the shaft 44 and is
      arranged to rotate in response to fluid flow through the meter. A second
      turbine impeller 50 having blades 52 oppositely canted to blades 48 is
      mounted on shaft 44 and arranged to rotate oppositely from impeller 46.
PAR  One or the other impeller may be fixed to the shaft if the shaft is free to
      rotate within bearings 40 and 42 and the other impeller allowed to rotate
      on the shaft. Optionally both impellers may be left free to rotate on the
      shaft on bearings 54 and 56 as shown in the drawing.
PAR  There can be fluidynamic interaction between the impellers by their
      proximity in the conduit. By arranging them in this manner, it has been
      found that they react to upstream disturbances oppositely, that is, as one
      impeller falls below the velocity indicative of the true fluid flow, the
      other rises above the velocity in reaction. Sensors 58 and 60, magnetic
      sensors for example, function to count the number of blades passing the
      sensor position as the impellers rotate by emitting pulsed signals. The
      signals f1 and f2 are transmitted along lines 62 and 64 to electronic
      circuitry for analysis as shown in FIG. 3.
PAR  FIG. 2 illustrates the upstream end view of the meter incorporating
      reference numerals and components as described above.
PAR  FIG. 3 shows this exemplary electronic circuitry in block diagram format
      which may be used to determine total flow thruput, flow rate, and failure
      occurrence in the meter. Upstream line 66 leads into meter 10 and
      downstream line 68 out of meter 10. Sensors 58 and 60 produce pulse
      signals f1 and f2 indicative of the angular velocities of the impellers.
      The pulses are added by anti-coincidence circuitry 70 and scaled by scaler
      72.
PAR  The output of scaler 72 is fed to both totalizator indicator 82 and to rate
      of flow indicator 86 through the pulse/D.C. circuit 84. The totalizing
      indicator 82 and the rate of flow indicator 86 should give an accurate
      reading of the actual flow of fluids through meter 10 as shown in FIG. 7.
PAR  Alternatively signals f1 and f2 may be fed to pulse/D.C. circuits 74, 76,
      where the pulses from each sensor 58, 60 are converted to analog
      representations. Said representations are fed to alarm comparator 78. The
      comparator 78 may be set to activate a malfunction enunciator 80 when
      either signal deviates substantially from the other. As described above,
      the angular velocities of the impellers 46, 50 vary from each other in a
      plus - minus fashion to compensate for flow stream disturbance, but
      neither should vary beyond a predetermined amount which is sensed by the
      alarm comparator 78. When such a variation beyond the set limits is
      encountered, it is indicative that one of the turbines or electronic
      transmission circuits is reacting improperly to the flow through clogging,
      bearing friction or other irregularity, and that the likelihood of
      impending inaccurate readings is at hand.
PAR  Also indicated on FIG. 1 are two velocity profile lines, one for viscous
      fluid flow 90 and one for turbulent fluid flow 92.
PAR  Referring next to the graphs of FIGS. 4, 5, 6 and 7, the response of the
      impellers and the meter to various upstream disturbances is illustrated.
PAR  In each graph, it is evident that the independant and oppositely rotating
      impellers act to mutually compensate each other when subjected to upstream
      disturbance. As one speeds up, the other slows down to produce the average
      flow indication depicted in the graphs.
PAR  Modifications of the above described device will be apparant to those
      skilled in the art. Accordingly, the scope of the present invention is
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A meter for measuring fluid flow comprising:
PA1  a. A fluid conduit;
PA1  b. shaft support means mounted within said conduit;
PA1  c. a shaft axially mounted on said shaft support means;
PA1  d. a first turbine impeller having a plurality of blades rotatably mounted
      in said conduit on said shaft;
PA1  e. a second turbine impeller having a plurality of blades rotatably mounted
      in said conduit on said shaft, said second turbine impeller mounted
      proximate and downstream from said first turbine impeller, said second
      turbine impeller free to respond to any fluidynamic aberration developed
      from said first turbine impeller, said second turbine impeller arranged to
      rotate in a direction opposite that of said first turbine impeller;
PA1  f. first sensing means for sensing the angular velocity of said first
      turbine impeller; and
PA1  g. second sensing means for sensing the angular velocity of said second
      turbine impeller.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first turbine impeller is integral
      with said shaft, said shaft rotates on said support means, and said second
      turbine impeller rotates on said shaft.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said second turbine impeller is
      integral with said shaft, said shaft rotates on said support means, and
      said first turbine impeller rotates on said shaft.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said first and second sensing means
      produce electrical signals and wherein said apparatus further includes
      means to add said signals to produce an indication of the fluid flow range
      through said meter.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first and second sensing means
      produce electrical signals and wherein said apparatus further includes
      means to compare said signals to produce an indication of malfunction.
NUM  6.
PAR  6. The apparatus of claim 4 further including means to compare said signals
      to produce an indication of malfunction.
NUM  7.
PAR  7. The apparatus of claim 5 further including alarm means coupled with said
      means to compare said signals to produce a warning of said malfunction.
NUM  8.
PAR  8. The apparatus of claim 6 further including alarm means coupled with said
      means to compare said signals to produce a warning of said malfunction.
NUM  9.
PAR  9. A meter for measuring fluid flow comprising:
PA1  a. a fluid conduit;
PA1  b. a first shaft support means mounted within said conduit;
PA1  c. a second shaft support means mounted within said conduit;
PA1  d. a first shaft axially mounted on said first shaft support means;
PA1  e. a second shaft axially mounted on said second shaft support means;
PA1  f. a first turbine impeller having a plurality of blades rotatably mounted
      in said conduit on said first shaft;
PA1  g. a second turbine impeller having a plurality of blades rotatably mounted
      in said conduit on said second shaft, said second turbine impeller mounted
      proximate and downstream from said first turbine impeller, said second
      impeller free to respond to any fluidynamic aberration developed from
      first turbine impeller, said second turbine impeller arranged to rotate in
      a direction opposite that of said first turbine impeller;
PA1  h. first sensing means for sensing the angular velocity of said first
      turbine impeller; and
PA1  i. second sensing means for sensing the angular velocity of said second
      turbine impeller.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said first turbine impeller is
      integral with said first shaft, said first shaft rotates on said first
      support means, and said second turbine impeller rotates on said second
      shaft.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said second turbine impeller is
      integral with said second shaft, said second shaft rotates on said first
      shaft.
NUM  12.
PAR  12. The apparatus of claim 9 wherein said first and second sensing means
      produce electrical signals and wherein said apparatus further includes
      means to add said signals to produce an indication of the fluid flow rate
      through said meter.
NUM  13.
PAR  13. The apparatus of claim 9 wherein said first and second sensing means
      produce electrical signals and wherein said apparatus further includes
      means to compare said signals to produce an indication of malfunction.
NUM  14.
PAR  14. The apparatus of claim 9 further including means to compare said
      signals to produce an indication of malfunction.
NUM  15.
PAR  15. The apparatus of claim 13 further including alarm means coupled with
      said means to compare said signals to produce a warning of said
      malfunction.
NUM  16.
PAR  16. The apparatus of claim 14 further including alarm means coupled with
      said means to compare said signals to produce a warning of said
      malfunction.
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ABST
PAL  An apparatus for holding and monitoring an intravenous infusion container.
      A pulley wheel is rotatably mounted to a base and wrappingly receives a
      line which is connected to the intravenous infusion container for the
      suspended mounting thereof. The axle of the pulley wheel extends through a
      discshaped base having a plurality of markings thereon. A pointer is fixed
      and mounted to the axle adjacent to the base. The intravenous infusion
      container when full causes the axle to rotate so as to position the
      pointer adjacent to a marking. A spring returns the wheel and pulley wheel
      to an original position as liquid drains from the container.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my U.S. Pat. application, Ser. No.
      270,336, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of intravenous infusion, and particularly to
      a new and improved apparatus for holding and monitoring an intravenous
      infusion container.
PAR  2. Description of the Prior Art
PAR  Intravenous infusion containers previously were glass rigid bottles. In
      recent years, these bottles have been replaced by plastic containers which
      collapse as the liquid is drained from the container. Efforts have been
      made to mark the plastic containers so as to indicate the amount of liquid
      contained therein. These efforts have not been entirely successful since
      the configuration of the container changes as the liquid drains from the
      container. As a result, various devices have been provided for measuring
      the amount of liquid drained from the infusion containers. A typical
      device which employs a linear spring is disclosed in the U.S. Pat. No.
      3,425,415 issued to E. S. Gordon et al. The Gordon apparatus requires the
      container to be suspendedly mounted to a vertical spring. As the container
      empties, the weight of the container causes the indicator in the spring to
      move upwardly. In addition, the container and the tubes connected to the
      intravenous infusion container also move upwardly. In many cases, the
      container is moved a sufficient distance upwardly so that the nurse is
      unable to reach the hook for replacing the bottle. Similar devices are
      disclosed in the following U.S. Pat. Nos.: 3,242,924; 3,287,721; and
      3,469,574.
PAR  Disclosed herein is an apparatus which utilizes a helical spring for
      supporting the intravenous infusion container and as a result, the
      vertical movement of the container is much smaller as compared to the
      prior art devices. In addition, a pointer is mounted to the apparatus for
      indicating the weight of the container as the liquid is drained therefrom.
      A markable plastic sheet is mounted adjacent to the pointer allowing the
      nurse or other operator to mark thereon the predicted positions of the
      pointer thereby allowing the nurse or operator to later check to determine
      if the pointer is located at the right position corresponding to the
      appropriate liquid flow rate. Various gauges of interest are disclosed in
      the following U.S. Pat. Nos.: 849,807; 1,999,073 and 2,706,755.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is an apparatus for holding an
      intravenous infusion container and for allowing measurement of relative
      amounts of liquid within the container over a period of time comprising a
      base, a member mounted to the base and having a first marking and a second
      marking provided thereon, an axle extending through the member being
      rotatably mounted on the base and rotatable through an angle to and from
      the first marking and the second marking, a pointer removably mounted to
      the axle adjacent the member, the pointer movable through an arc, the
      pointer being positioned at one end of the arc when the axle is positioned
      at an end of the angle corresponding to the first marking with the pointer
      positioned at the other end of the arc when the axle is positioned at an
      end of the angle corresponding to the second marking, a line connectable
      to the container for suspendedly holding the container, the line being
      wrappingly received on the axle, and a spring mounted in the base being
      yieldable under the weight of the container when full to allow the axle to
      rotate through the angle to the first marking and to urge the axle to
      rotate back through the angle to the second marking as the container
      empties.
PAR  It is an object of the present invention to provide a new and improved
      apparatus for holding an intravenous infusion container.
PAR  It is the further object of the present invention to provide a new and
      improved apparatus for monitoring or measuring the relative amounts of
      liquid within the intravenous infusion containers over a period of time.
PAR  Related objects and advantages of the present invention will be apparent in
      the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of an apparatus incorporating the present invention
      with an intravenous infusion container suspendedly mounted thereon.
PAR  FIG. 2 is a fragmentary cross sectional view taken along the line 2--2 of
      FIG. 1 and viewed in the direction of the arrows.
PAR  FIG. 3 is a fragmentary enlarged rear view looking in the direction of
      arrows 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged cross sectional view taken along the line 4--4 of
      FIG. 2 and viewed in the direction of the arrows.
PAR  FIG. 5 is a front view of the preferred embodiment of the present invention
      with an intravenous infusion container suspendedly mounted thereon.
PAR  FIG. 6 is a side view looking in the direction of arrows 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged perspective view of the spool within the device of
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiments illustrated in
      the drawings and specific language will be used to describe the same. It
      will nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  Referring now more particularly to the drawings, there is shown an
      apparatus 10 for holding an intravenous infusion container 11 and for
      allowing measurement of the relative amounts of the liquid within
      container 11 over a period of time. Apparatus 10 includes a base 12 which
      is shaped like a disc having a hole 13 extending therethrough for receipt
      of a hook-shaped arm 14 connected to a floor stand 15. Bracket 16 has a
      bottom end 17 secured to base 12 with the top end 18 of the bracket spaced
      from the rear surface of base 12. Axle 19 is rotatably mounted on base 12
      and bracket 16. A pulley wheel 20 is integrally mounted to axle 19 and
      wrappingly receives line 21. The bottom end of line 21 has a hook 22
      connected thereto which extends through aperture 23 of the intravenous
      infusion container 11. Pulley wheel 20 is hollow having a recess 22'. A
      helical spring 23' is mounted within recess 22' having an inner end
      fixedly connected to axle 19 and an outer end 24 fixedly connected to base
      12. The helical spring as viewed in FIG. 4 extends from axle 19 in a
      clockwise direction to end 24. As a result, the pulley wheel is urged by
      spring 23' to rotate in the direction of arrow 25 whereas the weight of a
      full container 11 urges the pulley wheel to rotate in a direction opposite
      of arrow 25. In FIG. 1, the solid line position of pointer 33 and
      container 11 corresponds to when the container is full whereas the dashed
      line position of the pointer and container corresponds to when the
      container is empty.
PAR  A stop which is a protruding rod 26 is mounted to bracket 16 and is
      therefore connected to base 12. Rod 26 has a first stop surface 30 and a
      second stop surface 31. End 32 of axle 19 has a protruding portion 27 for
      abutting rod 26 thereby limiting the rotatable motion of the axle to an
      angle less than 360.degree. but more than 180.degree.. A pointer 33 is
      mounted to the opposite end of axle 19 and is secured thereon by pin 34.
      The pointer which is adjacent to base 12 is movable through an arc
      corresponding to the angle of rotation of axle 19. Base 12 is provided
      with a plurality of markings thereon for locating pointer 33. The weight
      of container 11 is sufficient when mounted to hook 22 to cause pointer 33
      to pivot to the marking 29. As the container empties, the helical spring
      will cause pointer 33 to rotate in a counterclockwise direction as viewed
      in FIG. 1 to the empty marking 28. A typical 1000 ml container holding 5
      percent dextrose in water weights approximately two and one-half pounds.
      In one embodiment, such a 1000 ml container would cause pointer 33 to
      pivot to marking 29. Pointer 33 moves through an arc from marking 29 to
      marking 28. The pointer is positioned adjacent to marking 29 when axle 19
      is positioned at one end of its angle of rotation which corresponds to
      protrusion 27 contacting stop surface 31 of rod 26. Pointer 33 is located
      adjacent marking 28 when the axle is rotated through the angle to the
      opposite end corresponding to protrusion 27 contacting stop surface 30 of
      rod 26. The helical spring is yieldable under the weight of the container
      when full to allow the axle to rotate through the angle of rotation so as
      to position protrusion 27 against stop surface 31. The helical spring
      normally urges the axle to rotate back through the angle of rotation so as
      to position protrusion 27 against stop surface 30 when the container is
      empty. Bracket 16 includes a hole 35 through which line 21 freely passes.
PAR  A markable transparent plastic member 36 which is disc configured is
      mounted over base 12 between the base and the pointer. As a result, the
      operator may mark the exterior surface of member 36 with an item such as a
      grease pencil. Member 36 may be marked adjacent pointer 33 when the liquid
      initially begins to flow from container 11. The predicted locations of
      pointer 33 may then be marked corresponding to the various times after the
      initiation of the liquid flow. For example, if a liquid flow rate is
      desired so as to empty the container sufficiently to position pointer 33
      at marking 37 after one hour of liquid flow, then a mark should be placed
      adjacent to mark 37. At the end of one hour, if the pointer has not
      reached marking 37, then the liquid flow rate should be increased. On the
      other hand, if the pointer has moved past marking 37, then the liquid flow
      rate should be decreased. A scale having markings 28, 29, 37 and the
      remainder of the markings shown on the base may be printed on paper and
      affixed to the base. Hole 13 extends both through base 12 and member 36 to
      facilitate the mounting of the apparatus to the stand 15.
PAR  Many variations are contemplated and included in this invention. For
      example, in one embodiment the pulley wheel and shaft were produced from a
      single piece of molded plastic whereas in another embodiment, the pulley
      wheel and shaft were connected but were separately produced. Likewise, in
      lieu of positioning the stop rod 26 on bracket 16, it is possible to
      position the stop on base 12 so as to contact pointer 33. The end of axle
      19 is tapered thereby allowing the pointer to be slipped on the axle.
PAR  It will be obvious from the above description that member 36 permits the
      inscribing of the hours that a particular volume of delivery of liquid
      should occur. It will be further obvious from the above description that
      the apparatus may be utilized for holding a variety of liquids such as
      blood, plasma, saline, glucose, and other agents.
PAR  The preferred embodiment of the apparatus is shown in FIGS. 5 and 6.
      Apparatus 50 includes a disc-shaped member 51 secured by screws 52 to a
      hollow hook-shaped member 53. Cavity 54 is provided in member 53 for
      containing helical spring 55, line 56 and spool 57. A plate 58' is secured
      to member 53 closing cavity 54.
PAR  Spool 57 (FIG. 7) has a pair of line receiving drums 58 and 59 separated by
      wall 60. Line 56 is attached to the bottom end of spring 55 and extends
      downwardly being wrapped around drum 58. Line 56 then extends through hole
      61 of wall 60 and is wrapped on drum 59 before extending downwardly from
      cavity 54 through passage 62 to hook 63. Line 56 is attached to hook 63
      which removably holds intravenous infusion container 11. The top end of
      spring 55 is fastened over pin 64 mounted to member 53.
PAR  Spool 57 includes a pair of axles 65 and 66 extending outwardly from the
      bearing side walls 67 and 68. Axle 66 is rotatably received in a socket
      provided in wall 69 of member 53 whereas axle 65 extends outwardly through
      member 51 with a pointer 70 mounted to the outer end of axle 65. Bearing
      boss 71 is provided between axle 65 and wall 67 and is rotatably received
      in a recess 72' in member 51.
PAR  Intravenous infusion container 11 is available in a 1000 cc size or a 500
      cc size. Member 51 is provided with suitable markings to allow the reader
      to determine the amount of liquid which has drained from the container.
      After the intravenous container is hung on hook 63, pointer 70 may be
      removed by pressing the thumb and forefinger under the pointer at the
      shaft location. The pointer is then aligned with either line 72 or 73
      depending upon whether container 11 is a 1000 cc container or a 500 cc
      container. The pointer is aligned with line 72 if a 1000 cc container is
      utilized whereas the pointer is aligned with line 73 for a 500 cc
      container. The pointer is then pressed back onto axle 65. Thus, the
      pointer has an original position aligned either with line 72 or 73 when
      the container is completely full. The flow is then adjusted in accordance
      with the flow rate desired. Ten markings 74 are provided on the outer
      circumferential edge portion of member 51 with each marking 74 indicating
      that an additional amount of 100 cc has drained from the container.
      Markings 74 are provided to allow the reader to determine the amount of
      liquid drained from the 1000 cc container. Additional markings 75 are
      provided on member 51 and are located inwardly of markings 74. Five of the
      markings 75 are provided to allow the reader to determine the amount of
      fluid drained from the 500 cc container. A black china marking pencil may
      be utilized to mark the anticipated hour of drainage of various amounts of
      liquid from the container thereby allowing for an easy check to determine
      if the liquid is draining in accordance with the desired schedule.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only a few embodiments have been shown and described and that all changes
      and modifications that come within the spirit of the invention are desired
      to be protected.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An apparatus for holding an intravenous infusion container and for
      allowing measurement of relative amounts of liquid within the container
      over a period of time comprising:
PA1  a base;
PA1  a markable sheet mounted to said base and having a first marking and a
      second marking provided thereon;
PA1  an axle extending through said sheet being rotatably mounted on said base
      and rotatable about an axis through an angle to and from said first
      marking and said second marking;
PA1  a pointer removably mounted to said axle adjacent said sheet, said pointer
      movable through an arc about said axis, said pointer being positioned at
      one end of said arc when said axle is positioned at an end of said angle
      corresponding to said first marking with said pointer positioned at the
      other end of said arc when said axle is positioned at an end of said angle
      corresponding to said second marking, said pointer having a vertically
      stationary axis of rotation;
PA1  a line connectable to said container for suspendedly holding said
      container, said line being wrappingly received on said axle;
PA1  a helical spring having one end connected to said base and an opposite end
      connected to said line being yieldable under the weight of said container
      when full to allow said axle to rotate through said angle to said first
      marking and to urge said axle to rotate back through said angle to said
      second marking as said container is emptied;
PA1  a spool rotatably mounted by said axle in said base, said line having one
      end connected to said spring and an opposite end connected to a hook upon
      which said container is removably mounted, said line being wrapped around
      said spool;
PA1  said spool includes a wall and a pair of drums spaced apart by said wall,
      said line is wrapped around one of said drums and then extends through
      said wall and is then wrapped around the other of said drums.
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PAL  A capacitance type material level detector for a hopper for particulate
      solid materials has a support that extends through an opening in a hopper
      sidewall to carry a detector unit for which it provides a hood. An
      electrically conductive sensor member of the detector unit is protected
      from contact with material in the hopper by a dielectric shield, and is
      sealed in a chamber defined by the shield and a mounting plate. A manually
      slidable and rotatable paddle hangs alongside the shield where it may be
      swung in front of the shield to check operativeness of the detector unit;
      and by moving the paddle rearwardly it may be used to break accumulated
      material off the face of the shield.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Capacitance type material detectors are well known as means for detecting
      the level of material in a hopper or bin, and their use in hoppers for
      particulate solid material is well established. An electrode in a support
      housing is inserted in the hopper wall, and the electrode and the hopper
      wall create an effective capacitance device. The capacitance value is a
      function of the presence or absence of material in the hopper, and is
      measured by a remotely located current sensing circuit which may be
      conveniently termed a capacitance unit. Such units are commercially
      available from several sources. The particular detector structure here
      disclosed has been used with a capacitance unit supplied by Robertshaw
      Controls.
PAR  Prior art capacitance type material level detectors have certain
      deficiencies which are eliminated by the apparatus of the present
      invention. We have learned that variations in moisture content or chemical
      composition of the stored material can produce deceptive readings by
      varying the capacitance value even though the same amount of material is
      in the hopper. The present invention eliminates this problem.
PAR  In addition, existing systems lack any simple means of checking to
      determine whether the device is functioning; and the present invention
      provides such means.
PAR  In addition, certain types of particulate material such as very fine
      powders can accumulate on the face of the detector unit and cause a false
      indication of the presence of material. The apparatus for verifying the
      functioning of the device is so arranged that it may also be used to break
      accumulated material from the face of the detector unit.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide an improved
      capacitance type material level detector for material hoppers. The
      apparatus is particularly useful in hoppers for the handling and storage
      of particulate solid materials, and most especially fine powders or ash
      which can collect on the forward face of the detector unit.
PAR  Another object of the invention is to provide a capacitance type material
      level detector in which the electrically conductive sensor member of a
      detector unit is protected from contact with material in the hopper by a
      dielectric shield, so that variations in moisture content and chemical
      composition of the material cause less effect upon capacitance value than
      is the case where there is direct contact between the material and the
      sensor element.
PAR  The detector unit is carried in a support which fits in a complementary
      opening in a hopper wall and which is so arranged that differences in
      hopper sidewall angle have no effect upon orientation of the detector unit
      with reference to a vertical plane. In addition, the upper portion of the
      support means provides a hood wich protects the detector unit from damage
      by material pouring into the hopper.
PAR  Finally, a rod which is rotatably and slidably mounted in the support
      carries a paddle which hangs alongside the detector unit, and a handle on
      the rear end of the rod permits the paddle to be swung back and forth and
      also moved forwardly and rearwardly with respect to the detector unit.
      Manual rotation of the paddle confirms the presence or absence of material
      in front of the detector unit; and if no material is present the
      positioning of the paddle in front of the detector unit causes a change in
      the capacitance level if the unit is functioning properly.
PAR  In addition, by swinging the paddle to its position in front of the
      detector unit and moving the mounting rod outwardly until the paddle is
      nearly in contact with the dielectric shield of the sensor unit, any
      material which may have accumulated upon the face of the shield can be
      broken up so it falls off.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the apparatus mounted in a hopper
      wall; and
PAR  FIG. 2 is a vertical central sectional view taken substantially as
      indicated along the line 2--2 of FIG. 1 with a remotely located
      capacitance unit being diagrammatically illustrated as electrically
      connected to the detector unit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The material level detector means of the present invention, indicated
      generally at 10, is illustrated as mounted in an opening in an inclined
      sidewall H of a hopper. The apparatus includes support means, indicated
      generally at 11, a detector unit, indicated generally at 12, and manually
      manipulable detector checking and cleaning means, indicated generally at
      13.
PAR  The support means 11 includes a section 14 of steel pipe which affords a
      principal support member that is welded in the wall H with the pipe axis
      horizontal. This pipe provides a continuous sidewall 15 which is tapered
      from a long upper end 16 to a short lower end 17 and has open ends 18 and
      19. An annular frame 20 is welded in an external web 21 by means of which
      it is welded into the pipe in a plane normal to the longitudinal pipe
      axis. The frame 20 includes a peripheral body 22 in which there are
      rearwardly extending short studs such as the stud 23, and rearwardly
      extending long studs such as the stud 24; and said studs provide the
      elements upon which the detector unit 12 is mounted.
PAR  The detector unit 12 includes a dielectric shield 25 which may conveniently
      be a slab of glass about 1/2 inch thick, and there are gaskets 26 and 27
      positioned on the front and rear faces, respectively, of the shield. A
      clamping ring 28 has a forwardly extending flange 29 which abuts the
      gasket 27, and a radially projecting rim 30 is provided with holes which
      are impaled by the short studs 23 which are threaded to receive nuts 23a
      by means of which the clamping ring 28 is firmly secured to the frame 20
      and forces the gasket 26 against the rear of an internal flange 22a of the
      frame 20.
PAR  The detector unit 12 also includes a mounting plate 31 provided with ears
      32 which are impaled by the threaded long studs 24 so that a pair of nuts
      24a may be used to connect the plate 31 to the frame 20 with a gasket 33
      providing an airtight connection between the mounting plate 31 and the
      clamping ring 28. A rearwardly extending tube 34 on the mounting plate 31
      is provided with internal, annular plugs 35 so that an electrically
      conductive sensor disc 36 may be supported in the plugs by means of an
      integral stem 37 which also serves to make an electrical connection with a
      capacitance unit C through a cable C1 which is connected to the stem 37 in
      a condulet 38 which screws onto the rear end of the tube 34 and is
      provided with a cap 39.
PAR  The detector checking and cleaning means 13 includes a rod 40 which is
      rotatable and slidably mounted in a sleeve 41 which is welded to the
      support web 21 and thus forms a part of the support means. Sleeve 41 is
      filled with standard commercially available packing and has a packing
      gland 42 so that the mounting of the rod 40 is air tight. As best seen in
      FIG. 1, the position of the rod 40 with respect to the frame 20 is such
      that a paddle 43 which is mounted on the inner end of the rod hangs
      alongside the frame. At the rear end of the rod 13 is a handle 44 by means
      of which the rod may conveniently be rotated to swing the paddle 43 back
      and forth, and by which the rod may also be moved endwise. If the paddle
      43 can be swung freely, of course, it indicates that there is no material
      in the hopper at the height of the paddle. Further, by swinging the paddle
      into the area in front of the shield 25 an operator can determine whether
      the apparatus is functioning. If the material level detector is showing
      the presence of material at the detector level when swinging the paddle 43
      shows that there is no material in that area, the commonest reason is an
      accumulation of material on the front of the shield 25. When this occurs,
      the paddle 43 may be swung to a position in front of the shield and then
      drawn rearwardly so that the rearwardly projecting portion 45 of the
      paddle may extend into the opening of the frame 20 and break up the
      accumulated material as the paddle is oscillated by the operator.
PAR  Very finely divided materials such as certain chemicals in powder form, or
      fly ash from a high efficiency coal burning furnace, can form a
      substantial buildup on the face of the shield 25 in spite of the fact that
      the detector unit 12 is recessed beneath the projecting forward end of the
      upper side 18 of the pipe, since the rise in material level as the hopper
      is filled can result in material entering the area beneath the overhanging
      upper portion of the pipe.
PAR  The foregoing detailed description is given for clearness of understanding
      only and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. Material level detector means for a hopper comprising, in combination:
PA1  a support having a closed sidewall and open ends, said support being
      mounted in a complementary opening in a hopper sidewall, and said support
      sidewall having an upper portion that projects into the hopper;
PA1   an annular frame which is in a plane substantially normal to the support
      sidewall, said frame having a continuous, peripheral web by which it is
      mounted in said support sidewall recessed beneath said projecting upper
      portion of the support sidewall;
PA1  and a detector unit mounted in said frame, said detector unit including,
PA1  a dielectric shield which has its periphery sealed to the frame, said
      shield having a forward face toward the material and a rear face toward
      the exterior of the hopper,
PA1  an electrically conductive sensor member adjacent the rear face of the
      shield, said sensor member having a stem adapted to be electrically
      connected to a capacitance unit,
PA1  and a mounting plate spaced rearwardly from the sensor member, said
      mounting plate and shield cooperating to encase the sensor member, and
      there being an opening in the mounting plate through which the stem
      projects.
NUM  2.
PAR  2. The combination of claim 1 which includes a clamping ring and means
      sealing the clamping ring to the shield and to the mounting plate.
NUM  3.
PAR  3. The combination of claim 1 in which the sensor member is in surface
      abutting relationship to the shield.
NUM  4.
PAR  4. The combination of claim 1 which includes manually manipulable detector
      checking and cleaning means comprising a paddle which hangs alongside the
      frame on a rotatable and slidable rod that extends through the web, said
      paddle being positioned and arranged to be swung into the area in front of
      the shield by rotation of the rod and to break accumulated material from
      within the frame by sliding the rod rearwardly.
NUM  5.
PAR  5. Material level detector means for a hopper comprising, in combination:
PA1  a detector unit including,
PA1  a dielectric shield having a forward face and a rear face,
PA1  an electrically conductive sensor member adjacent the rear face of the
      shield, said sensor member being adapted to be electrically connected to a
      capacitance unit,
PA1  and a mounting plate spaced rearwardly from the sensor member, said
      mounting plate and shield cooperating to encase the sensor member;
PA1  and support means embracing said detector unit and seated in an opening in
      a hopper sidewall with the forward face of the shield toward the interior
      of the hopper and substantially vertical, said support means sealing the
      periphery of said opening and being sealed to the shield.
NUM  6.
PAR  6. The combination of claim 5 in which the support means includes an
      annular frame which has an internal flange, and in which the forward face
      of the shield is peripherally sealed to said flange.
NUM  7.
PAR  7. The combination of claim 5 which includes manually manipulable detector
      checking and cleaning means comprising a paddle which hangs alongside the
      detector unit on a rod that is carried in the support means, said paddle
      being positioned and arranged to be swung into the area in front of the
      shield by rotation of the rod and to break accumulated material from the
      face of the shield by sliding the rod rearwardly.
NUM  8.
PAR  8. The combination of claim 5 in which the support means includes a
      forwardly projecting upper wall which extends a substantial distance
      forward of the plane of the shield which is recessed beneath said upper
      wall.
NUM  9.
PAR  9. Material level detector means for a hopper comprising, in combination:
PA1  a detector unit including an electrically conductive sensor member which is
      adapted to be electrically connected to a capacitance unit;
PA1  support means mounting said detector unit in an opening in a hopper
      sidewall, said support means sealing the periphery of said opening and
      being sealed to the detector unit;
PA1  and manually manipulable detector checking and cleaning means comprising a
      paddle which hangs alongside the detector unit on a rod that is carried in
      the support means, said paddle being positioned and arranged to be swung
      into the area in front of the detector unit by rotation of the rod and to
      break accumulated material from the face of said unit by sliding the rod
      rearwardly.
NUM  10.
PAR  10. The combination of claim 9 in which the manually manipulable means
      includes a sleeve mounted in the support means above and to one side of
      the detector unit, the rod being slidable and rotatable in the sleeve.
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ABST
PAL  A thermistor thermometer wherein one or more semiconductor diodes are
      electrically connected in series with the thermistor so that the exponent
      of the diode equation is proportional to the exponent of the thermistor
      equation and wherein a reference resistance in series with like number of
      identical diodes establishes a bridge circuit.
BSUM
PAR  This invention relates to a linear electronic temperature measuring device
      wherein the transducing element is a thermistor.
PAR  The previously known art consists of telethermometers which are non-linear,
      that is to say, which do not react proportionally to changes in
      temperature. The thermistor is, in itself, non-linear and therefore, the
      telethermometers, as presently known and used, are of necessity,
      non-linear. While it is possible to obtain linearity in the circuitry,
      this could only be accomplished by devising a more complex circuit which,
      it is apparent, would require more parts, more power, and which therefore,
      would be more expensive to manufacture and to sell.
PAR  While thermistor linearity may be achieved by increasing the complexity of
      the device, the cost is increased and the number of connections which have
      to be made to the device may also be increased. Various techniques using
      transistors and diodes as the transducing element have been developed,
      some exhibiting very good linearity over a wide temperature range. These
      devices are generally compromised by requiring three electrical
      connections for operation.
PAR  Accordingly, it is an object of this invention to achieve linearity in a
      novel telethermometer over a wide range of temperatures in a manner which
      is simple, efficient, and inexpensive.
PAR  It is a further object of this invention to provide a telethermometer using
      a small remote unit (the thermistor), which is linear over a wide range,
      which requires very little power, which is independent of nominal power
      supply variations, and which is insensitive to ambiant temperature
      variations.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is the basic divider circuit from which a nearly linear output may
      be obtained.
PAR  FIG. 2 is the basic bridge circuit which establishes a zero point and
      simplified the ambiant temperature sensitivity of the equations.
PAR  FIG. 3 is a graph of the output of the bridge for particular thermistor
      parameters.
PAR  FIG. 4 is a bridge circuit which incorporates thermal feedback to improve
      linearity.
PAR  FIG. 5 is a bridge circuit which incorporates voltage feedback to improve
      linearity.
DETD
PAR  Generally speaking, thermistors have an exponential resistance
      characteristic with respect to temperature. Solid state diodes have a
      logarithmic voltage characteristic with respect to current. The
      characteristic of the diode may be used in opposition to the
      characteristic of the thermistor in order to obtain a voltage which is
      nearly linearily related to temperature as follows.
PAR  Referring to FIG. 1, a source of potential 16 is connected to the series
      combinations of a thermistor 14 and semiconductor diodes 10 and 12 such
      that the diodes are forward biased. The source of potential 16 is greater
      than twice the magnitude of the combined voltage knees of the diodes and
      the resistance of the thermistor 14 is sufficiently large over the desired
      range of temperature to avoid self-heating. The variation in the output
      voltage v, is small compared to the corresponding variation in diode
      current. Therefore, the value of diode current is controlled primarily by
      the resistance of the thermistor 14. Since the resistance of the
      thermistor 14 varies exponentially with temperature, the current through
      the diodes 10, 12, must also vary exponentially with temperature. However,
      the exponential variation of current through diodes 10, 12, corresponds to
      a linear variation of the voltage measured by voltmeter 26 across these
      same diodes.
PAR  Referring again to FIG. 1, where the resistance of the thermistor 14 is
EQU  R.sub.T = R.sub.T.sbsb.o e .sup.-.sup..alpha..sup.(T.sup.-T.sbsp.o)/T
PAL  where
PA1  R.sub.t.sbsb.o = thermistor resistance at temperature T.sub.o
PA1  T = temperature
PA1  .alpha. = constant
PAL  and the current through the diodes 10, 12, is
      ##EQU1##
      where E = battery 16
PA1  v = output voltage
PA1  .lambda. = constant of the material
PA1  .lambda.v.sub.o = diode thermal voltage
PA1  I.sub.o = reverse saturation current
PAL  and v.sub.o = KT.sub. a /q, where K is Boltzman's constant, q is electronic
      charge, and T.sub.a is ambiant temperature. For silicon diodes at low
      forward bias .lambda..apprxeq.2 so that
      ##EQU2##
PAR  Now consider the bridge of FIG. 2, where V.sub.T.sbsb.1, the balancing
      voltage is, assuming all the diodes are identical,
      ##EQU3##
      where R.sub.T.sbsb.1 is the reference resistance 22. The output voltage of
      the bridge is v.sub.1 = v-v.sub.T.sbsb.1. The output is
      ##EQU4##
      If E is sufficiently large the logarithmic term of v.sub.1 may be
      neglected so that
      ##EQU5##
PAR  FIG. 3, shows graphically the value of v.sub.1 for .alpha. = 13.8, T.sub.a
      = 298.degree.K and T.sub.o 273.degree.K for two values of T.sub.1. As seen
      in the graph, an approximate linearity has been achieved over a relatively
      wide range of temperatures.
PAR  Thermal or voltage feedback may be applied to a portion of the reference
      resistance 22, to provide increased linearity.
PAR  Thermal feedback is shown in FIG. 4 where the fixed resistance 22 is
      replaced by a temperature sensitive resistance consisting of a basic
      temperature sensitive resistance 32 connected in parallel with a fixed
      resistance 30 and in series with fixed resistance 23 which has a positive
      temperature coefficient and which is placed in proximity with thermistor
      14.
PAR  Voltage feedback is shown in FIG. 5 where the fixed resistance 22 is
      replaced by a voltage sensitive resistance consisting of a basic voltage
      sensitive resistance 38 connected in parallel with fixed resistance 36 and
      in series with fixed resistance 34 which is regulated by control circuitry
      40 whose input is the voltage developed across diodes 10, 12 and whose
      output is such that the voltage variable resistance 38 increases as the
      measured temperature increases.
PAR  The simplicity of the basic circuit, the ease of calibration, the ease of
      establishing an indicator circuit and the simplicity of the ambiant
      temperature effect make the method ideal for a wide variety of temperature
      sensing applications.
PAR  The sensitivity of the method is directly dependent upon the number of
      diodes used in each branch. The power supply voltage should be a minimum
      of about 1.4 volts/diode.
PAR  If a resistance 24, and current meter 26 resistance or equivalent, of the
      form
EQU  R.sub.b = R.sub.1 + R.sub.T.sbsb.a = R.sub.1 + R.sub.T.sbsb.a.sbsb.o
      [1+.beta.(T.sub.a -T.sub.ao)],
PAL  where R, is a fixed resistance, R.sub.T.sbsb.a is a wire resistance with a
      positive temperature coefficient, T.sub.ao is the reference ambiant
      temperature, R.sub.T.sbsb.a.sbsb.o is the resistance of R.sub.T.sbsb.a at
      the reference temperature, and .beta. is a constant of the material, is
      placed across the bridge, then by proper selection of R.sub.1,
      R.sub.T.sbsb.a.sbsb.o and .beta., the current through R.sub.b will be
      totally independent of ambiant temperature. Since a current meter has an
      effective resistance (meter reading resistance), of the form R.sub.b -
      R.sub.1, an instrument with a meter read-out may be made independent of
      ambiant temperature. This is very important to a mobile instrument which
      has to operate over a range of environments. This is also important to
      critical instruments such as clinical thermometers.
PAR  The method of this invention permits a wide variety of circuit designs to
      accommodate a wide variety of applications. The power requirements of the
      basic circuit may be made very small permitting small mobile instruments.
PAR  The foregoing specification sets forth an embodiment of my invention but as
      it is possible that others skilled in this art may devise various
      adaptations, modifications and variations thereof, I therefore claim as my
      invention any changes, modifications or adaptions of my invention which
      may fairly fall within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nearly linear telethermometer device comprising a remote thermistor
      connected in series with one or more semiconductor diodes of any
      composition with a voltage-current relationship given by
EQU  i = I.sub.o (e.sup. v/n.sup..lambda.v.sbsp.o -1)
PAL  where n is the number of diodes and being either discrete or integrated
      circuit devices,
PA1  means for electrically connecting a biasing potential to said thermistor
      and diode(s) such that the diodes are forward biased,
PA1  means for electrically connecting across said diode(s) device for measuring
      the voltage produced across said diode(s) which varies according to
      changes in the temperature of said thermistor.
NUM  2.
PAR  2. A nearly linear telethermometer device comprising a remote thermistor
      connected in series with one or more (e.sup.diodes of any composition with
      a voltage-current relationship given by
EQU  i = I.sub.o (e.sup.v/n.sup..lambda.v.sbsp.o -1)
PAL  where i is the current through said diodes, I.sub.o is the reverse
      saturation current of said diodes, v is the output voltage, n is the
      number of diodes, and 2v.sub.o is the diode thermal voltage, said diodes
      being either discrete or integrated circuit devices, resistance whose
      value is selected to be that of said thermistor at any desired reference
      temperature with said resistance connected in series with the same number
      of identical diodes as are connected in series with said thermistor,
      wherein said reference resistance and associated diodes are electrically
      connected in parallel with said thermistor and associated diodes, thereby
      forming a bridge circuit,
PA1  means for connecting biasing potential to aforedescribed circuitry such
      that all diodes are forward biased,
PA1  means for electrically connecting a device between the junction common to
      said thermistor and associated diodes and the junction common to said
      reference resistance and associated diodes for measuring the voltage
      produced by the aforedescribed bridge circuitry which varies according to
      the temperature of the said thermistor.
NUM  3.
PAR  3. The nearly linear telethermometer device as described in claim 2,
      wherein increased linearity is obtained by means of thermal feedback to
      said reference resistance by making a portion of said reference resistance
      thermally sensitive with a positive temperature coefficient and placing
      that portion in proximity with the said thermistor.
NUM  4.
PAR  4. The linear telethermometer device as described in claim 2 wherein the
      output voltage of the bridge is taken across an output resistance with a
      positive temperature coefficient of the form
EQU  R.sub.b = R.sub.1 + R.sub.t.sbsb.a.sbsb.o (1 + .beta.(T.sub.a - T.sub.ao))
PAL  where R.sub.b is the value of said output resistance, R.sub.1 is a fixed
      resistance, T.sub.a is the ambient temperature, T.sub.ao is a reference
      ambient temperature, and .beta. is a constant of the material from which
      said wire is formed,  in order to develop an output current and related
      output voltage which are independent of the ambiant temperature
      sensitivity of the semiconductor diodes.
NUM  5.
PAR  5. The linear telethermometer as described in claim 2, wherein a portion of
      the output resistance is a current meter whose effective meter reading
      resistance contains the positive temperature coefficient.
NUM  6.
PAR  6. The nearly linear telethermometer device as described in claim 2,
      wherein increased linearity is obtained by means of voltage feedback to
      said reference resistance by making a portion of said reference resistance
      voltage sensitive whereby that portion is regulated by a control circuit
      whose input is the voltage developed across those diodes which are
      connected in series with the said thermistor and whose output is such that
      the voltage sensitive resistance increases as the measured temperature
      increases.
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PAL  A conductive heat transfer mechanism through which energy readily flows
      between two bodies or systems at different temperatures. The present
      mechanism is embodied in a temperature sensing network for determining and
      controlling the surface temperature of a xerographic fuser roll. The
      network includes a probe shoe containing at least one temperature sensing
      element with the shoe being positioned in close non-contiguous relation
      with the moving surface of a heated fuser roll. A magnetic flux field is
      created within the air gap between the heated roll surface and the probe
      shoe and a magnetic medium, preferably being in fluid form, having a
      relatively high coefficient of thermal conductivity is placed within the
      flux field through which a rapid and efficient flow of heat is maintained.
PARN
PAR  This is a division, of application Ser. No. 388,676, filed Aug. 15, 1973,
      now U.S. Pat. No. 3,888,622.
BSUM
PAR  This invention relates generally to a heat transfer device and, in
      particular, to apparatus for sensing the surface temperature of a fuser
      roll as conventionally utilized in the xerographic copying art.
PAR  Heretofore, most heat transfer systems for determining the temperature of a
      given body have been of the contact type wherein the sensing element is
      placed in direct physical contact with the body under investigation. In
      order to get a truly responsive sampling of the surface temperature, the
      probe should preferably encompass as much of the heated surface area as is
      practically possible. Maintaining the positive contact required for
      uniform and efficient heat flow between the two contacting surfaces over a
      large area has been difficult to accomplish particularly in the case where
      the heated surface is rough, irregular or arcuate in shape. When the
      heated surface under investigation is moving, as for example, as in the
      case of a moving heated pressure roll surface as conventionally utilized
      in the xerographic process, a good deal of surface resistance is also
      developed between the surface which leads to erroneous temperature
      information being transmitted therebetween. Similarly, a dissimilar
      temperature reading is normally generated for the same body temperature
      when the heated body is held in a stationary condition than when it is
      moving. Likewise. any contaminants such as dirt, toner, lint or the like
      coming between the contacting probe surface and that of the body under
      investigation further aggravates all of the problems herein alluded to. In
      short, it has heretofore been extremely difficult, if not impossible, to
      maintain an accurate flow of thermal information between two contacting
      surfaces.
PAR  It is therefore an object of the present invention to provide a media
      through which heat energy can be rapidly and efficiently transferred
      between two bodies regardless of the shape of the body or whether or not
      one of the bodies is in motion.
PAR  A further object of the present invention is to improve heat pressure roll
      image fixing systems.
PAR  Another object of the present invention is to provide a reliable mechanism
      for sensing the surface temperature of a heated pressure roll.
PAR  A still further object of the present invention is to control the input
      energy provided to a heated pressure roll in order to produce a uniform
      surface temperature at the roll surface under varied operating conditions.
PAR  Another object of the present invention is to reduce the contact resistance
      generated between a temperature sensing probe and a heated pressure roll
      surface.
PAR  These and other objects of the present invention are attained by means of a
      temperature sensing device arranged to provide information to a fuser
      control network, the sensor including a sensing probe shoe for supporting
      a sensing element and being positioned in close non-contiguous proximity
      with the surface of a heated pressure roll. A magnet is positioned
      adjacent to the probe shoe, preferably behind the probe surface, which is
      capable of establishing a flux field directed at the roll surface. A
      magnetic fluid having a low surface energy is introduced into the magnetic
      flux field to provide a thermal circuit between the roll surface and the
      sensing probe element which exhibits a low contact resistance in regard to
      the fuser roll surface through which energy is conductively transferred
      from the roll to the sensor.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof reference is had to the following detailed
      description of the present invention to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic elevation of an automatic xerographic copying machine
      utilizing the teachings of the present invention;
PAR  FIG. 2 is an enlarged sectional view illustrating a pressure roll heat
      fixing system utilized in the automatic copying machine shown in FIG. 1
      showing the sensing probe mounted in close proximity to the fuser roll
      surface;
PAR  FIG. 3 is an enlarged partial view of the probe shoe of the sensing element
      illustrating the conforming characteristics of the magnetic fluid
      positioned between the shoe and the fuser roll surface;
PAR  FIG. 4 is a diagramatic illustration of one embodiment of the magnetic
      arrangement utilized in the present invention.
DETD
PAR  Referring now to FIG. 1, there is illustrated a schematic representation of
      an automatic xerographic reproducing machine employing the temperature
      sensing device of the present invention. It should be noted that the
      apparatus of the present invention will be explained in conjunction with
      the reusable xerographic process. However, it should be clear to one
      skilled in the art that the apparatus of the present invention is not so
      limited and that the invention has wider application in any environment
      where it is desirous or necessary to accurately ascertain the surface
      temperature of a heated body.
PAR  Because the xerographic copying process is well known and used in the art,
      the processing steps herein employed will only be briefly described in
      reference to FIG. 1. Basically, the heart of the machine involves a
      photosensitive plate 10 which is formed in a drum configuration. The drum
      is mounted upon a horizontally aligned support shaft 12 and caused to
      rotate in the direction indicated so that the photosensitive plate passes
      sequentially through a series of processing stations. The drum shaped
      plate basically consists of an outer layer 13 of photoconductive material,
      such as selenium or the like that is placed over a grounded substrate 14.
PAR  In operation, the plate is initially charged to a uniform potential at a
      charging station A by means of a corona generator 15. The uniformly
      charged plate surface is then moved into an imaging station B wherein a
      flowing light image of the original document, which is supported upon a
      viewing platen 17 is projected onto the photoconductive plate surface by
      means of a moving scanning lens element 18 and a pair of mirrors 19 and
      20. As a result of the imaging process a latent electrostatic image
      containing the original subject matter is recorded on the photoconductive
      plate surface.
PAR  The latent image is next transported on the drum through a developing
      station C wherein the latent image is rendered visible by the application
      of specially prepared charge toner particles which are cascaded over the
      image plate surface. The now visible toner image is then transported into
      the next subsequent processing station, an image transfer station D,
      wherein a sheet of final support material is fed from either one of two
      supply tray areas, an upper supply tray 24 and a lower supply tray 25, via
      sheet registering and forwarding mechanism 30 in synchronous moving
      contact with the visible image carried on the plate surface. The support
      sheet and the charged toner image on the drum surface are moved together
      under a transfer corona generator 27 which serves to electrostatically
      transfer the toner images in image configuration from the drum surface
      onto the contacting side of the support sheet. The imaged sheet is then
      stripped from the drum surface by means of a pick off finger 28 and
      directed along a stationary vacuum transport 29 into the nip of a heat
      pressure roll system F. For further details concerning this type of fusing
      device, reference is had to U.S. Pat. No. 3,498,596 which issued in the
      name of Moser.
PAR  As noted above, the automatic copying device has the capability of
      producing either single sided copy, that is copy bearing a toner image on
      one side thereof or double sided copy. In a single sided mode of
      operation, the final support sheets are fed from either one of the two
      supply trays directly into the image transfer station via the sheet
      forwarding and registering mechanism 30. Upon the accomplishment of the
      transfer step, the image sheet is passed through the fuser roll assembly
      and forwarded directly into a copying tray 29 where the copies are stored
      and held until such time as the machine operator removes them. On the
      other hand, when a two sided copying mode of operation is selected,
      movable transport 26 within the circular paper path, is lowered to the
      dotted line position as shown in FIG. 1 and the upper supply tray, which
      has previously been emptied of all support material is automatically
      prepared to accept a copy sheet directed therein. The copy sheets are then
      fed from the lower support tray to the image transfer station and the
      image fusing station directly into the upper support tray area where the
      sheets are stored until the machine is further programmed for a second
      run. Upon the initialization of the second copy run, the movable transport
      26 is once again raised to solid line position as shown in FIG. 1 and the
      once imaged copy sheets are fed again directly from the upper supply tray
      through the transfer and fusing stations wherein a second image is created
      on the opposite or previously non-image side of the sheet. After fusing,
      the two sided copy sheets are fed directly into a copy tray in the manner
      herein described above.
PAR  Referring now more specifically to FIGS. 2-4 there is shown a preferred
      embodiment of the subject invention in a suitable environment such as that
      disclosed in the above noted patent to Moser. The preferred embodiment of
      the present invention includes two temperature responsive resistance
      elements 40 and 41 which can be of any commercially available type such as
      those supplied by Victor Engineering of Springfield, New Jersey. However,
      it should be clear that the invention is not limited to this specific type
      or number of sensing elements and any suitable sensor capable of producing
      either an ampere change or voltage change in response to a change in
      temperature sensed can be utilized herein without departing from the
      teachings of the present invention.
PAR  The temperature sensing elements are secured within a non-permeable
      circular probe shoe 45 mounted in the free end of a support arm 46 which
      is similarly constructed of a non-permeable material such as aluminum,
      plastic or the like. The support arm, in turn, is secured to the main
      machine frame (not shown) by means of a locating pin 47 so as to position
      the probe shoe adjacent to but in non-contiguous relation with the outer
      surface of the heated pressure fuser roll 50. A cut out 51 is provided in
      the back side of the support arm, that is, the side of the arm opposed to
      the fuser roll, to receive an annular magnet 52. As shown in FIG. 4, the
      magnet is preferably circular in shape, being approximate in shape with
      the probe shoe and having a clear aperture 53 running through the center
      thereof. The magnet is divided into two discrete halves along its vertical
      center line and is provided with two detent snaps 53 by which the two
      halves of the magnet can be conveniently joined together. Each half of the
      magnet is made up of a series of north and south pole pieces with opposite
      pole pieces being located adjacent to each other in the manner illustrated
      so that a relatively strong and continuous flux field is established about
      the magnetic structure.
PAR  In assembly, the two magnet segments are snapped together over a support
      shaft 55 extending outwardly from the lower portion of the support arm.
      The strong magnetic force field is thus passed through the non-permeable
      support arm and probe shoe into the air gap region between the probe shoe
      and the fuser roll surface. A magnetic medium 56, having a relatively high
      coefficient of thermal conductivity, is placed in the magnetic flux field
      within the air gap region. Preferably a magnetic fluid consisting of a
      fluidic silicone based oil containing ferrite or permeable particles which
      are coated with a non-coagulating material to prevent the particles from
      forming clusters within the fluid is herein employed. Such magnetic fluids
      are commercially available through the Ferro Fluidics Corp. of Bulington,
      Mass. It should be cleaar to one skilled in the art that the magnetic
      medium need not necessarily be in a truly fluidic form and the medium can
      be established in the manner herein disclosed by using permeable
      particles, such as ferrite or the like, which are coated with a low
      surface energy material such as silicone.
PAR  As can be seen in FIG. 3, the magnetic fluid is held within the flux field
      created in the air gap region and thus provides a floating interface
      between the probe shoe and the fuser roll surface which exhibits both an
      extremely low thermal contact resistance and low frictional
      characteristics to the roll surface while at the same time is capable of
      delivering an extremely efficient and fast thermal response to the sensing
      probe. It should also be further noted that the floating interface,
      because of its fluid-like characteristics, also provides a
      self-compensating structure capable of accommodating any changes in the
      air gap size caused by fuser roll run-out or other imperfections or
      irregularities found on the roll surface. Similarly, the free floating
      heat transfer medium insures a positive, highly efficient, flow of energy
      between the two bodies regardless of the shape or roughness of the bodies
      or the area of the flow zone involved. Furthermore, by selecting a
      magnetic fluid having a low surface energy, the probe is also provided
      with an inherent self-cleaning feature. Any foreign matter or toner
      material accumulated on the roll surface will thus pass through the
      magnetic fluid without being entrapped in the fluid thereby keeping the
      probe relatively clean under normal operating conditions. Since the probe
      and the fuser roll surface are maintained at the same temperature, there
      is no viscosity gradient presented to the foreign matter carried on the
      roll surface which would tend to draw this foreign matter to the probe
      shoe surface.
PAR  As illustrated in FIG. 1, the power input to the fusing system is provided
      by means of an elongated radient heat lamp 60 mounted in close proximity
      to the lower fuser roll surface 50 just downstream from the point where
      the roll surface enters the fuser nip. Power to the radient lamp is
      supplied by means of a variable power supply 61 via line 62. In practice,
      the sensing elements 40 and 41 mounted within the probe are arranged to
      send a voltage signal via line 66 to a comparator network 63, the
      amplitude of which varies as the surface temperature of the roll varies.
      It should be clear, however, that a current sensing network can be used
      equally as well in the present system without departing from the teachings
      of the present invention. The comparator network basically consists of a
      voltage comparator circuit which is arranged to compare the voltage
      information received from the probe to a predetermined reference voltage.
      When the compared voltage moves to either side of the reference voltage, a
      signal is sent via line 65 to the variable power supply of the fuser
      system which, in response thereto, charges the power output so as to hold
      the fuser roll surface temperature within a predetermined operating range.
PAR  While this invention has been described with reference to the structure
      herein disclosed, it is not confined to the details as set forth, and this
      application is intended to cover any modifications or changes as may come
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for sensing the surface temperature of a heated body including
PA1  a temperature sensing element mounted within a probe,
PA1  means to support the probe adjacent to the heated body in non-contiguous
      relation therewith so as to form an air gap therebetween,
PA1  magnetic means for establishing a flux field within the air gap between the
      probe and the heated body, and
PA1  a magnetic medium filling the air gap and having a relatively high
      coefficient of thermal conductivity and being supported within the
      magnetic flux field to effect low frictional characteristics while
      providing rapid thermal response.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said magnetic medium has a lower
      surface energy than the heated body whereby contaminants on the heated
      body are not attracted to the probe.
NUM  3.
PAR  3. Apparatus for sensing the surface temperature of a heated body including
PA1  a temperature sensing element mounted within a probe,
PA1  means to support the probe adjacent to the heated body in non-contiguous
      relation therewith so as to form an air gap therebetween,
PA1  magnetic means for establishing a flux field within the air gap between the
      probe and the heated body, and
PA1  a magnetic medium having a relatively high coefficient of thermal
      conductivity supported within the magnetic flux field,
PA1  wherein said probe is constructed of a non-permeable material and the
      magnetic means is arranged to direct a flux field through said probe into
      the air gap.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said magnetic medium is a liquid.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said magnetic medium includes magnetic
      particles.
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ABST
PAL  A speedometer magnet shaft assembly having a plastic magnet shaft and
      integrally formed annular wall moldably secured to the magnet and flux
      collector. A helical gear is moulded on the annular wall for transmitting
      movement to the odometer. The molded magnet shaft also has a recess formed
      therein at each end and a peripheral recess formed therein intermediate
      the ends. The end recesses receive the speedometer pointer shaft and
      flexible shaft ends, respectively. The peripheral recess receives a
      portion of the speedometer frame bracket to prevent axial movement of the
      magnet shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to an improved and more economical magnet
      shaft assembly for operating a speedometer and an odometer.
PAR  2. Brief Summary of the Prior Art
PAR  Speedometer and odometer assemblies incorporate a magnet shaft usually of
      bronze having a noncircular axially extending recess at one end. The
      recess receives the correspondingly shaped flexible shaft end that rotates
      the magnet shaft. The other magnet shaft end has a magnet and flux
      collector staked thereon and usually is provided with another recess for
      journaling one end of the speedometer pointer shaft.
PAR  The magnet shaft, in addition, must be provided with means to prevent axial
      movement when mounted in the speedometer boss. A helical gear is also
      formed on the magnet shaft or on the flux collector to transmit movement
      to the odometer, as, for example, shown in U.S. Pat. Nos. 3,693,459 and
      3,768,315.
PAR  As may be appreciated, numerous steps are involved in the above described
      assembly, several of which are usually performed manually, and
      consequently the assembly is relatively expensive. Additionally, the
      parameters of each assembly may vary widely to in turn render operation
      variable or inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes a plastic magnet shaft and annular wall
      moldably secured to the magnet and flux collector to provide greater
      economy, accuracy and uniformity. Thus, by eliminating the staking of the
      magnet and flux collector to the magnet shaft, a reduction in variations
      between assemblies is secured, together with reduced handling. Likewise,
      the simultaneous provision of appropriately sized axial recesses in the
      magnet shaft ends, during molding for receiving the flexible shaft and
      pointer shaft ends, provides both greater accuracy and eliminates any
      additional steps in forming the recesses. A deep recess in the axial end
      of the magnet shaft receiving the flexible shaft can thus be facilely
      formed to enable use of a longer squared tip on the flexible shaft and
      ensure good coupling therebetween, despite variations in the flexible
      shaft. Molding also enables the simultaneous provision of a peripheral
      recess in the plastic magnet shaft to enable the magnet shaft to be
      retained against axial movement when assembled in the speedometer.
PAR  A number of helical gear teeth are also molded on the periphery of the
      magnet shaft annular wall to provide improved transmission and eliminate
      the need for one cross shaft and respective gears between the magnet shaft
      and odometer, as described in the aforementioned patents. Molded plastic
      teeth, in addition to providing more accurate and reproducible gear teeth,
      contribute to longer gear life.
PAR  Besides the just described advantages, the molded plastic reduces noise
      normally resulting from movement between mating gear teeth and between
      metal shafts.
PAR  It is therefore a primary object of the present invention to provide an
      improved and more economical magnet shaft assembly for a speedometer and
      odometer.
PAR  Other objects and features of the present invention will become apparent on
      examination of the following specification, claims and accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a speedometer and odometer assembly
      incorporating the principles of the present invention;
PAR  FIG. 2 is a sectional view taken generally along the line 2--2 in FIG. 1
      with the housing omitted;
PAR  FIG. 3 is a fragmentary side elevational view similar to FIG. 2 showing the
      odometer drive arrangement;
PAR  FIG. 4 is a front elevational view of the magnet shaft assembly;
PAR  FIG. 5 is a side elevational view of the magnet shaft assembly;
PAR  FIG. 6 is a sectional view taken along the line 6--6 in FIG. 4; and
PAR  FIG. 7 is a rear view of the magnet shaft assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a speedometer and odometer assembly for use in a vehicle is
      indicated by the reference character 10, with the conventional bezel, lens
      and housing for the assembly omitted. The assembly 10 includes a
      speedometer pointer 12 for movement along a dial 14 marked with indicia
      for indicating vehicle speed. Dial 14 is provided with an opening through
      which an odometer 16 is seen having a plurality of conventional arranged
      dials marked for indicating the distance traveled.
PAR  The pointer 12 is secured on one end of a pointer shaft 18, seen in FIGS. 2
      and 3, which extends through a torsion spring assembly 20, serving to bias
      the pointer shaft 18 and pointer 12 to a zero position relative the dial
      indicia. Shaft 18 extends through a bearing 22 carried in a cross plate or
      bracket located between the end legs of a U-shaped speedometer frame
      bracket 24 and carries a conventional speed cup 26. The speed cup 26,
      together with the pointer shaft 18 and pointer 12, are conventionally
      rotated in response to the rotation of a magnet shaft assembly 28, to be
      described.
PAR  The dial 14 and odometer 16 are also supported between the end legs of
      frame bracket 24, whose back leg 30, as described in the aforementioned
      patents, is provided with a central opening 32, integrally formed tangs
      34, and a depending leg, which engages odometer brackets and rotatably
      supports one end of an odometer cross shaft 36.
PAR  The magnet shaft assembly 28 comprises a molded plastic magnet shaft 38, a
      generally cup-shaped flux collector 40, and a bar magnet 42. The shaft 38
      passes through central opening 32 and has an annular wall 44 spaced
      radially outwardly of the shaft 38 and integrally interconnected with one
      end of shaft 38 by means of radial walls 46. A peripheral recess 47 is
      formed in the outer surface of the shaft 38 adjacent the juncture with the
      radial walls 46 for receiving an edge portion of the central opening 32 to
      hold the shaft 38 against axial movement.
PAR  The shaft 38 has an axially extending noncircular recess or opening 48 at
      one end for receiving the noncircular or squared end of a flexible shaft
      or coupling tip (not shown) that rotates the shaft 38 in a bearing boss
      50. A pair of axially spaced peripheral recesses 52 are also formed in
      shaft 38, as seen in FIGS. 2 and 5, for retaining a lubricant.
PAR  The boss 50 has a threaded exterior surface for receiving the flexible
      shaft casing ferrule nut (not shown) and flange 54 at one end for abutment
      against leg 30 of the frame bracket. The flange 54 has recesses for
      receiving the tangs 34 to secure the boss 50 against frame bracket leg 30.
PAR  The flux collector cup 40 is formed of magnetically susceptible metal and
      has a rim or annular wall 56 and a radial wall 58, as seen in FIGS. 4, 6
      and 7. Annular wall 56 is spaced outwardly of the rim wall of speed cup
      26. The magnet shaft annular wall 44 is molded about the exterior surface
      of rim wall 56, with an annular lip 60 on wall 44 extending partially over
      the rear surface of wall 58.
PAR  Peripheral helical gear teeth 62 are molded on the outer periphery of
      annular wall 44. Teeth 62 engage the teeth of a worm gear 64 on shaft 36,
      journaled at the adjacent end in a tang extending from leg 30, as seen in
      FIG. 3. A helical gear 66, formed on shaft 36, engages the conventional
      odometer pinion gear 68 of the odometer 16 to drive the odometer dials in
      response to rotation of the magnet shaft 38 and helical gear teeth 62.
PAR  The flux collector back or radial wall 58 has a pair of diametrically
      opposed radially extending axially offset walls 70, which form channels or
      recesses in which the plastic radial walls 46 of the magnet shaft 38 are
      molded.
PAR  Channel walls 70 are each further provided with an additional axially
      offset portion 72, extending axially in the direction of cup 26. Each
      portion 72 has a folded back wall in overlapping engagement with a
      respective radially spaced face or wall of bar magnet 42, and terminating
      in engagement with the rear axial face or wall 74, of the magnet to
      provide a desirable magnetic circuit. The offset portion 72 defines a deep
      recess which is filled by a thickened portion of radial walls 46 adjacent
      the corresponding end of shaft 38.
PAR  Shaft 38, at the end adjacent the flux collector, extends through a central
      aperture in magnet 42 in the direction of cup 26 and terminates in a
      radial wall 76 engaged with the front face or wall 78 of the bar magnet.
      Offset portions 72 orient the magnet relative the flux collector, and
      together with the engaged transverse wall sections 44 and 70, prevent
      relative rotation between the shaft 38, the flux collector, and the
      magnet. The portion of shaft 38 extending through the central opening in
      the bar magnet is provided with a central recess or opening 80 for
      journaling the adjacent end of the pointer shaft 18.
PAR  In molding the magnet assembly, the magnet 42, together with cup 40 having
      locating holes in its back wall, are set in adjacent axial positions in
      the mold. The plastic, preferably nylon, is injected into the mold to
      simultaneously, accurately and reproducibly form shaft 38, the recesses
      47, 48, 52 and 80 together with radial walls 46 and 76, the annular wall
      44, and gear teeth 62. As the plastic sets, it moldably bonds or moldably
      secures the shaft 38 to the collector 40 and magnet 42.
PAR  In operation, the magnet 42 and the collector annular wall 56 complete a
      magnetic circuit through the rim wall of the aluminum speed or eddy cup 26
      to rotate cup 26 in response to the rotation of shaft 38 by a flexible
      shaft coupled in recess 48. This rotates the pointer 12 against the bias
      of spring 20 to move the pointer to a position corresponding to the speed
      of shaft 38. Simultaneously, teeth 62 rotate worm wheel 64 and helical
      gear 66 to in turn move the pinion gear 68 and the odometer dials through
      a distance corresponding to vehicle travel.
PAR  It will be noted that the plastic radial walls 46 filling the channels
      formed by the collector axially offset walls 70 and 72, prevent relative
      movement therebetween despite the load on the gear teeth 62. It will be
      further noted that the openings or recesses 48 and 80 are facilely formed
      to a considerable depth. In the case of recess 48, this permits a
      desirable improvement in the length of coupling between the corresponding
      flexible shaft end and the shaft 38.
PAR  Various modifications of the described magnet shaft assembly can be
      constructed without departing from the disclosed inventive concepts, which
      are set forth in the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      axially extending portion spaced radially outwardly of said speed cup rim
      wall, a bar magnet spaced radially inwardly of said rim wall, and a molded
      plastic magnet shaft having an integrally formed portion adjacent one end
      in molded engagement with said flux collector including the axially
      extending portion and bar magnet for securing said magnet and collector to
      said magnet shaft.
NUM  2.
PAR  2. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      annular portion spaced radially outwardly of said speed cup rim wall and a
      radial wall having an axially offset wall portion, a bar magnet spaced
      radially inwardly of said speed cup rim wall and engaged with said flux
      collector radial wall, a molded plastic magnet shaft extending through
      said flux collector radial wall and said magnet and in molded engagement
      with said magnet to resist movement therebetween, a radially extending
      wall integrally formed on said magnet shaft and in molded engagement with
      said flux collector axially offset wall portion to resist relative
      rotation therebetween, and an anular wall portion integrally formed on
      said magnet shaft radial wall and in molded engagement with said flux
      collector annular portion.
NUM  3.
PAR  3. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      annular portion spaced radially outwardly of said speed cup rim wall and a
      radial wall having an axially offset wall portion, a bar magnet spaced
      radially inwardly of said speed cup rim wall and engaged with said flux
      collector radial wall, a molded plastic magnet shaft extending through
      said flux collector radial wall and said magnet and in molded engagement
      with said magnet to resist movement therebetween, a radially extending
      wall integrally formed on said magnet shaft and in molded engagement with
      said flux collector axially offset wall portion to resist relative
      rotation therebetween, and an annular wall portion integrally formed on
      said magnet shaft radial wall and in molded engagement with said flux
      collector annular portion, and a helical gear integrally formed on said
      magnet shaft annular wall portion.
NUM  4.
PAR  4. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      annular portion spaced radially outwardly of said speed cup rim wall and a
      radial wall having an axially offset wall portion, a bar magnet spaced
      radially inwardly of said speed cup rim wall and engaged with said flux
      collector radial wall, a molded plastic magnet shaft extending through
      said flux collector radial wall and said magnet and in molded engagement
      with said magnet to resist movement therebetween, a radially extending
      wall integrally formed on said magnet shaft and in molded engagement with
      said flux collector axially offset wall portion to resist relative
      rotation therebetween, and an annular wall portion integrally formed on
      said magnet shaft radial wall and in molded engagement with said flux
      collector annular portion, said magnet shaft having an opening at opposite
      ends for engagement with a pointer shaft and flexible shaft respectively.
NUM  5.
PAR  5. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      annular portion spaced radially outwardly of said speed cup rim wall and a
      radial wall having an axially offset wall portion, aa bar magnet spaced
      radially inwardly of said speed cup rim wall and engaged with said flux
      collector radial wall, a molded plastic magnet shaft extending through
      said flux collector radial wall and said magnet and in molded engagement
      with said magnet to resist movement therebetween, a radially extending
      wall integrally formed on said magnet shaft and in molded engagement with
      said flux collector axially offset wall portion to resist relative
      rotation therebetween, and an annular wall portion integrally formed on
      said magnet shaft radial wall and in molded engagement with said flux
      collector annular portion, said flux collector axially offset wall portion
      engaging spaced radial faces of said bar magnet to resist relative
      rotation therebetween.
NUM  6.
PAR  6. An improved magnet shaft assembly for use in rotating a speedometer
      speed cup having a rim wall, comprising a metal flux collector having an
      annular portion spaced radially outwardly of said speed cup rim wall and a
      radial wall having an axially offset wall portion, a bar magnet spaced
      radially inwardly of said speed cup rim wall and engaged with said flux
      collector radial wall, a molded plastic magnet shaft extending through
      said flux collector radial wall and said magnet and in molded engagement
      with said magnet to resist movement therebetween, a radially extending
      wall integrally formed on said magnet shaft and in molded engagement with
      said flux collector axially offset wall portion to resist relative
      rotation therebetween, and an annular wall portion integrally formed on
      said magnet shaft radial wall and in molded engagement with said flux
      collector annular portion, said magnet shaft having an integrally formed
      radial wall in engagement with said magnet at a position spaced axially
      from the engaged flux collector radial wall and magnet.
NUM  7.
PAR  7. An improved magnet shaft assembly for operating a vehicle speedometer
      having a pointer shaft carrying a speed cup including a rim wall,
      comprising a plastic magnet shaft having a noncircular opening formed in
      one end of said shaft for receiving a rotating correspondingly shaped
      element, metal flux collector having an axially extending wall spaced
      radially outwardly of said speed cup rim wall, an annular plastic wall
      having an axially extending wall on said collector wall and an integrally
      formed radial wall portion integrally interconnected with said magnet
      shaft adjacent the opposite magnet shaft end and secured to said flux
      collector to secure said flux collector to said magnet shaft, a bar magnet
      having a first pair of axially spaced walls with said opposite shaft end
      passing through said bar magnet axially spaced walls toward said speed cup
      rim wall, a recess in said opposite magnet shaft end for receiving said
      pointer shaft, and a radial wall integrally formed on said opposite magnet
      shaft end in engagement with one of said bar magnet axially spaced walls
      for preventing axial movement in one direction of said magnet relative
      said magnet shaft.
NUM  8.
PAR  8. The magnet shaft assembly claimed in claim 7 in which said flux
      collector includes a radial wall terminating at the other bar magnet
      axially spaced wall.
NUM  9.
PAR  9. The magnet shaft assembly claimed in claim 8 in which said flux
      collector radial wall has an axially offset portion in overlapping axial
      engagement with said bar magnet.
NUM  10.
PAR  10. The magnet shaft assembly claimed in claim 7 in which a helical gear is
      integrally molded on said annular plastic wall.
NUM  11.
PAR  11. An improved combination speedometer and odometer including a pointer
      shaft having a speed cup for rotating a pointer to indicate vehicle speed
      and an odometer having a pinion gear for rotating a plurality of dials to
      indicate distance traveled, comprising a U-shaped frame bracket having a
      back wall in which an opening is formed, a bearing boss secured to said
      back wall, a plastic magnet shaft rotatably supported in said bearing boss
      and having a noncircular opening formed in one end of said magnet shaft
      for receiving a rotatable member to rotate said magnet shaft and another
      end passing through said back wall opening, a metal flux collector having
      an annular wall portion, an annular plastic wall portion integrally formed
      on said magnet shaft other end and molded around said flux collector
      annular wall portion to secure said collector to said magnet shaft in a
      position encircling said speed cup, a gear tooth integrally formed on the
      periphery of said annular plastic wall for rotating said odometer pinion
      gear in response to rotation of said magnet shaft, a bar magnet having
      opposite ends spaced radially inwardly of said speed cup, said magnet
      shaft opposite end projecting through said bar magnet and having a recess
      therein for receiving one end of said pointer shaft, and an integrally
      formed wall on the projecting end of said magnet shaft engaging said bar
      magnet to prevent axial movement of said bar magnet in one direction.
NUM  12.
PAR  12. An improved combination speedometer and odometer including a pointer
      shaft having a speed cup for rotating a pointer to indicate vehicle speed
      and an odometer having a pinion gear for rotating a plurality of dials to
      indicate distance traveled, comprising a U-shaped frame bracket having a
      back wall in which an opening is formed, a bearing boss secured to said
      back wall, a plastic magnet shaft rotatably supported in said bearing boss
      and having a noncircular opening formed in one end of said magnet shaft
      for receiving a rotatable member to rotate said magnet shaft and another
      end passing through said back wall opening, a metal flux collector havinng
      an annular wall portion, an annular plastic wall portion integrally formed
      on said magnet shaft other end and molded around said flux collector
      annular wall portion to secure said collector to said magnet shaft in a
      position encircling said speed cup, a gear tooth integrally formed on the
      periphery of said annular plastic wall for rotating said odometer pinion
      gear in response to rotation of said magnet shaft, a bar magnet having
      opposite ends spaced radially inwardly of said speed cup, said magnet
      shaft opposite end projecting through said bar magnet and having a recess
      therein for receiving one end of said pointer shaft, and an integrally
      formed wall on the projecting end of said magnet shaft engaging said bar
      magnet to prevent axial movement of said bar magnet in one direction, said
      magnet shaft having a peripheral groove for receiving an edge portion of
      said back wall opening.
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ABST
PAL  A measurement apparatus influenced by disturbing ambient temperature
      variations or fluctuations, said measurement apparatus having a limited
      volume filled with a medium subjected to such temperature fluctuations.
      Further, there is provided a compensation element which, under the
      influence of such disturbing temperature fluctuations, alters the size of
      a compartment which also contains the medium and thus also alters the
      aforementioned volume. The dimensions and the coefficient of thermal
      expansion of the compensation element, while taking into account the
      coefficient of thermal expansion and the quantity of medium contained in
      such compartment, are chosen such that the influence of the disturbing
      temperature fluctuations on the apparatus is compensated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      measurement apparatus which is influenced by disturbing ambient
      temperature fluctuations or variations and incorporating a limited volume
      which is filled with a medium subjected to such temperature fluctuations.
PAR  In a large number of mechanical temperature-measurement devices, the actual
      measurement of the temperature occurs by carrying out a pressure
      measurement. This pressure is produced in that a liquid, vapor, or gaseous
      medium enclosed within a temperature feeler, exerts a pressure upon the
      closed system either in accordance with its vapor pressure curve (with a
      liquid-vapor mixture), or however owing to its volume change (with
      liquids, gases and vapors). The system consists of an elastic measurement
      element, a transmission line and a feeler. The most frequently employed
      pressure measuring device is the so-called Bourdon-tube manometer or
      Bourdon gauge. This device is simple, inexpensive, accurate and reliable
      and is satisfactory for a great many applications. It is therefore obvious
      to use such device for temperature measurements by carrying out a pressure
      measurement. However, in practice it has been found that for this purpose
      there cannot be employed any standard Bourdon gauge. Quite to the
      contrary, there is employed as the measurement element a Bourdon-tube
      system possessing an extensively modified construction, there being
      provided a special construction which naturally has a decisive effect upon
      the price and therefore upon the market value of the device.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide, among other
      things, the possibility, through the provision of a simple supplementary
      or auxiliary device, of using a conventional and therefore inexpensive
      manometer for temperature a measurement purposes.
PAR  Another object of the present invention relates to an improved construction
      of measurement device influenced by surrounding or ambient temperature
      fluctuations which is relatively simple in construction and design,
      economical to manufacture, extremely reliable in operation and not readily
      subject to breakdown or malfunction.
PAR  It is to be understood that the reasons that it is not simply possible to
      employ a Bourdon gauge for measuring the pressure resides in the fact that
      the volume of the Bourdon-tube system or gauge in comparison to the volume
      of the feeler is large. Consequently, the Bourdon tube system itself
      becomes a temperature feeler for fluctuations in the ambient temperature.
      These fluctuations cause a considerable falsification of the measurement
      value of the feeler temperature. Conventional techniques for compensating
      the ambient temperature, such as the use of bimetallic elements, are no
      longer sufficient. As a direct measure, it was therefore strived to make
      as small as possible the internal volume of the Bourdon-tube system. The
      most frequent case is where the Bourdon-tube system is rolled to be
      completely flat, so that there only remains a minimum volume. It is also
      known to employ filling bodies in order to reduce the volume remaining for
      the medium. Apart from the drawback of the special construction which is
      required, it is necessary to work with high pressures and also sealing
      problems must be solved. Additionally, there is present a finite
      measurement error since of course the volume can be reduced to null.
PAR  It is in this regard that the teachings of the present invention are
      intended to provide advantageous measures. The invention is based upon the
      following concepts:
PAR  If it is possible to find an element which renders ineffectual the
      "positive" volume expansion of the liquid in the Bourdon-type system in
      that there is produced a "negative" volume of the same size or magnitude
      into which the liquid can escape, then the system becomes independent of
      the volume of the Bourdon-tube system and therefore there also can be
      employed a conventional Bourdon-tube manometer or Bourdon gauge.
PAR  Now in order to implement the above objects and others which will become
      more readily apparent as the description proceeds, the apparatus of this
      development is manifested by the features that it encompasses a
      compensation element which, under the influence of such disturbing
      temperature fluctuations, changes the size of a compartment or space which
      also contains the medium, and wherein the dimensions and the coefficient
      of thermal expansion of the compensation element, while taking into
      account the coefficient of thermal expansion of the medium contained in
      the aforementioned compartment or space, are chosen such that the
      influence of the disturbing temperature fluctuations upon the apparatus is
      compensated.
PAR  According to one physical manifestation of the equipment, it is
      contemplated that the compensation element possesses a sleeve which
      completely or partially bounds the compartment or space; furthermore it is
      contemplated that in the sleeve there is arranged a filling body
      surrounded by the medium contained therein, and wherein such filling body
      with regard to its coefficient of thermal expansion and its size is
      matched or accommodated to the sleeve and the medium surrounding such
      sleeve in a manner that the influence of the disturbing temperature
      fluctuations upon the apparatus is compensated.
PAR  In the description to follow, there will be disclosed exemplary
      embodiments, each of which possesses a separate compensation element
      connected by means of a capillary tube at a Bourdon-tube pressure
      measuring element which is part of the apparatus. For many practical
      applications wherein there must also be taken into account the volume of a
      long capillary tube along with the volume subjected to the temperature
      fluctuations, such separate compensation element is advantageous.
PAR  A particularly simple and inexpensive constructional embodiment containing
      a sleeve and filling body, in which the limited volume subjected to the
      temperature fluctuations is completely contained in a Bourdon
      tube-pressure measuring element, in other words the volume of the
      capillary tube is negligibly small, can be realized according to a further
      aspect of the invention in that the Bourdon tube-pressure measuring
      element itself forms the sleeve belonging to the compensation element.
      With such construction there can be advantageously provided that for a
      Bourdon tube-pressure measuring element which is fabricated from steel
      with a coefficient of expansion of about 11.10.sup.-.sup.6 mm/mm..degree.C
      and with the medium consisting of mercury, the filling body consists of a
      multiplicity of tablets formed of a metal alloy with a coefficient of
      expansion of about 1.10.sup.-.sup.6 mm/mm..degree.C, whereby its volume
      amounts to approximately 5/6 of the internal volume of the Bourdon
      tube-pressure measuring element. With such constructional embodiment there
      is realized a Bourdon tube manometer with a "built-in" thermal
      compensation. Apart from the advantage of the simplicity and
      inexpensiveness of the system, there is also realized for the manometer
      the advantage that disturbing temperature fluctuations are compensated at
      the location where they arise. The compensation therefore cannot lead or
      trail the temperature fluctuations and their measurement
      value-falsification effects.
PAR  There have already indeed been proposed Bourbon tube manometers in which
      the Bourdon tube, apart from containing the pressurized medium, also
      contains the filling body; such however only serve the purpose of reducing
      the quantity of the medium and therefore the magnitude of its disturbing
      influence. In contrast thereto with the construction proposed by the
      invention, the error is completely eliminated (compensated).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is an elevational view of a complete apparatus designed according to
      the teachings of the present invention, partially shown in sectional view;
PAR  FIG. 2 is a longitudinal sectional view of a modified embodiment of
      temperature compensation element;
PAR  FIG. 3 is an elevational view, partially in section, of an exemplary
      embodiment of apparatus constituting a Bourdon tube-manometer with
      "built-in thermal compensation";
PAR  FIG. 4 is a cross-sectional view of a detail of the apparatus depicted in
      FIG. 3, taken substantially along the line IV--IV thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIG. 1 the phantom line block 1
      schematically designates the housing of a pressure measuring device or
      apparatus in which there occurs the disturbing changes of the ambient
      temperature. Reference numeral 2 designates an ambient temperature
      measurement feeler, a pressure feeler or a moisture or humidity measuring
      feeler or some other type of feeler which contains a medium (liquid, vapor
      or gas), the delivered pressure being in a certain relationship to the
      cooled measurement magnitude. Reference numeral 3 designates a capillary
      tube which is filled with the same medium as for instance the Bourdon tube
      4 of a Bourdon tube manometer-measurement device of the pressure measuring
      apparatus. The interior of the Bourdon tube 4 and the capillary tube 3 is
      in free pressure transmitting communication with the internal space or
      compartment of the feeler 2; it has a volume V which is subjected to the
      disturbing ambient temperature fluctuations or variations. In lieu of the
      feeler 2 it would be possible to employ, for instance, a piston-cylinder
      unit operating with a pressurized liquid. The pressure transmission
      connection can consist in conventional manner of, for instance, a flexible
      membrane or diaphragm. In particular, when the feeler 2 constitutes a
      temperature measurement feeler, then the medium in this feeler, in the
      capillary tube 3 and in the bourdon tube 4, can be one and the same
      medium, for instance mercury or alcohol, in which case then the use of a
      membrane or diaphragm is no longer required.
PAR  The measurement unit of the measurement apparatus or device possessing the
      housing 1 incorporates in conventional manner a connection portion 5 which
      possesses the channel 5a filled with the medium subjected to the
      temperature fluctuations, the volume of which is part of the previously
      mentioned volume V.
PAR  At this volume V there is connected a temperature compensation element
      which has been collectively identified by reference numeral 6. In the
      embodiment according to FIG. 1 this element 6 comprises a sleeve 7, a
      filling body 8, the compensation medium 9a which surrounds the filling
      body 8 within the internal compartment or space 9 of the sleeve 7 and a
      nipple 10. The sleeve 7 is threaded so as to be pressure-tight seated at a
      threaded projection 5b of the connection portion 5 and upon a threaded
      connection 10a of the nipple 10 serving for the connection of the
      capillary tube 3.
PAR  The sleeve 7 is preferably formed of plastic because its coefficient of
      thermal expansion is very large; in fact this coefficient of thermal
      expansison can be so large that in certain cases there can be dispensed
      with the use of a filling body or filler 8. In any event, the coefficient
      of thermal expansion .alpha.1 of the sleeve 7, .alpha.3 of the
      compensation medium, and -- in the event that a filling body is present --
      .alpha.2 of the filling body 8, and on the other hand the volume Vk of the
      compartment or space 9 which is in free pressure transmission
      communication with the previously mentioned volume V, are chosen such that
      the influence of the disturbing temperature fluctuations upon the
      apparatus is compensated. This can be expressed in the form of the
      following equation:
      ##EQU1##
PAR  From the above explanations, it should be readily apparent that the
      compensation element 6 can serve for the compensation of the influences
      falsifying the measurement result of long capillary tubes 3 in devices of
      the above-described type, since the volume of such capillary tube is to be
      considered part of the volume V. Such compensation element also can be
      only used for the capillary conduit or sections thereof, so that the
      compensation element 6 is connected in a manner different than illustrated
      in FIG. 1, for instance by means of a T-connection element which is placed
      between sections of the capillary tube 3.
PAR  Furthermore, the compensation element as such can be differently
      constructed for instance as depicted in FIG. 2. The therein portrayed
      temperature compensation element 11 possesses two body members 12 and 13
      which are telescopically inserted within one another, the edges 12a and
      13a of which and appearing at their open ends being fixedly coupled with
      one another by a pipe or tubular element 14. At the base or floor of the
      outer pot-shaped body member 12 there is secured the one end wall 15a of
      an aneroid container or cell 15, for instance by soldering, the other end
      wall 15b of which is fixedly connected by a rod 16 with the floor or base
      13b of the inner pot-shaped body member 13. The internal space or
      compartment 17 of the aneroid container 13 is in free flow communication
      through the agency of the capillary tube 3 with the volume V of the
      Bourdon tube-pressure measuring element and contains the same medium, for
      instance mercury.
PAR  The pot-shaped bodies 12, 13 consist of a material, for instance, a plastic
      having a high coefficient of thermal expansion, whereas on the other hand
      the tubular element 14 and the rod 16 consist of a material with small
      coefficient of thermal expansion. The dimensions and coefficients of
      expansion of such components and the average diameter of the aneroid cell
      or container 15 are chosen such, while taking into account the coefficient
      of expansion of the medium contained in the internal space or compartment
      17 of the aneroid cell 15, that the influence of the disturbing
      temperature fluctuations upon the total apparatus is compensated. When
      such temperature change or fluctuation is constituted for instance by a
      temperature increase, then the pot-shaped body member 12, 13 experience a
      considerably greater expansion than the tubular element 14 and the rod 16.
      The difference of such expansion brings about an increase in the size of
      the internal compartment or space 17, which is of the same magnitude as
      the difference of the increase of the total volume of the medium brought
      about by the expansion less the increase of the total volume V of the
      Bourdon pressure tube 4 and the capillary tube.
PAR  Of course, such compensation element cannot only be employed in conjunction
      with a temperature measuring device (with external temperature feeler). It
      can be used in all those instances where the expansion of a liquid owing
      to temperature fluctuations acts in a disturbing manner upon the function
      of an instrument or apparatus, for instance apparatuses wherein a pressure
      feeler or moisture feeler is coupled with the Bourdon tube-pressure
      measuring element.
PAR  In FIGS. 3 and 4 there is designated by reference character 21 a housing,
      by reference character 22 a socket, by reference character 23 a connection
      nipple, by reference character 24 a primary Bourdon tube serving as a
      pressure measuring element, by reference character 25 collectively a
      measurement transmission- and indicating mechanism of a manometer. The
      internal compartment or space 26 of the Bourdon tube 24 which generally
      consists of spring steel or stainless steel with a linear coefficient of
      thermal expansion of about 11.10.sup.-.sup.6 mm/mm..degree.C, when there
      is present contact with mercury, contains the pressurized medium just as
      the very short channels in the nipple 23 and the socket 24 which have not
      been shown, and which pressurized medium consists of for instance mercury;
      additionally it contains as the filling body or filler a series of tablets
      27 which, for instance, consist of a steel alloy with 33% nickel, the
      linear coefficient of expansion of which amounts to about 1.10.sup.-.sup.6
      mm/mm..degree.C. The total volume of such tablets 27 amount to about 5/6
      of the internal compartment 26 of the Bourdon tube 24.
PAR  In this manometer, the Bourdon tube 24 not only acts as the pressure
      measuring element, but also as the sleeve of a thermal compensation
      element, to which belongs also the medium and the filling body surrounded
      by the medium and consisting of the plurality of tablets 27.
PAR  The dimensions and the coefficients of thermal expansion of such components
      are accommodated or matched to one another such that the influence of the
      disturbing temperature fluctuations upon the equipment is compensated.
      When using the above-mentioned materials, where in particular there is
      important that of the tablets 27 (filling bodies), such accommodation or
      matching is undertaken in compliance with the calculations which have been
      substantiated by a number of trials regarding the proportion of the volume
      of the filling bodies, in other words the total volume of all tablets 27,
      the volume of the Bourdon tube-internal compartment 26; such proportion,
      presupposing the above-indicated selection of materials, amounts to about
      5/6. Upon the occurrence of a disturbing temperature increase, the
      compensation is realized in that the expansion of the mercury which fills
      the residual portion of the internal compartment 26 is of the same
      magnitude as the increase of the total volume of such internal
      compartment.
PAR  In the event of a different tube material or medium, the dimensional
      relationships are correspondingly different. Thus, for instance, when
      using alcohol as the filling agent the filling body or bodies must fill
      out about 35/36 of the internal volume of the Bourdon tube.
PAR  The tablets possibly can be replaced by flexed sheet metal members or
      plates which are bent in accordance with the Bourdon tube.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A measurement apparatus influenced by disturbing ambient temperature
      fluctuations, said measurement apparatus comprising a limited volume which
      is filled with a medium subjected to said temperature fluctuations and
      having a coefficient of thermal expansion, a compensation element which,
      under the influence of said disturbing temperature fluctuations, alters
      the size of a compartment forming a part of said limited volume containing
      the medium and thus alters said limited volume, the dimensions and
      coefficient of thermal expansion of said compensation element being
      selected such that, taking into account the coefficient of thermal
      expansion and the quantity of filling medium contained in said
      compartment, the increase and decrease in total volume of the limited
      volume is substantially the same as the expansion and contraction
      respectively of the filling medium caused by the influence of the
      disturbing temperature fluctuations upon the apparatus.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein said compensation element
      comprises a sleeve which at least partially delimits said compartment.
NUM  3.
PAR  3. The apparatus as defined in claim 2, wherein said sleeve totally
      delimits said compartment.
NUM  4.
PAR  4. The apparatus as defined in claim 2, further including a filling body
      within the sleeve and surrounded by the medium contained therein, said
      filling body means being accommodated with respect to its coefficient of
      thermal expansion and size to the sleeve and the medium contained therein
      such that the influence of the disturbing temperature fluctuations upon
      the apparatus is compensated.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein said sleeve is formed of
      plastic.
NUM  6.
PAR  6. The apparatus as defined in claim 4, wherein the limited volume
      subjected to temperature fluctuations is approximately completely
      contained in a Bourdon tube-pressure measuring element, said Bourdon
      tube-pressure measuring element constituting the sleeve which is part of
      the compensation element.
NUM  7.
PAR  7. The apparatus as defined in claim 6, wherein the Bourdon tube-pressure
      measuring element is formed of steel with a coefficient of expansion of
      about 11.10.sup.-.sup.6 mm/mm..degree.C and the medium consists of
      mercury, and further wherein the filling body means comprises a plurality
      of tablets wherein the volume thereof approximately amounts to 5/6 of the
      internal volume of the Bourdon tube-pressure measuring element.
NUM  8.
PAR  8. The apparatus as defined in claim 6, wherein the Bourdon tube-pressure
      measuring element consists of steel having a coefficient of expansion of
      about 11.10.sup.-.sup.6 mm/mm..degree.C and the medium consists of
      mercury, and the filling body means comprises sheet metal strips bent in
      accordance with the Bourdon tube and composed of a metal alloy with a
      coefficient of expansion of about 1.10.sup.-.sup.6 mm/mm..degree.C,
      wherein its volume amounts to about 5/6 of the internal volume of the
      Bourdon tube-pressure measuring element.
NUM  9.
PAR  9. The apparatus as defined in claim 1, wherein said compensation element
      comprises at least two telescopically arranged substantially pot-shaped
      body members having open ends provided with edge means, a tubular element
      for connecting the body members with one another at their open edge means,
      an aneroid cell having an internal space defining said compartment, said
      aneroid cell having an end wall secured to a base of the outer pot-shaped
      body member and a further end wall fixedly connected by a rod with a base
      of the inner pot-shaped body member.
NUM  10.
PAR  10. The apparatus as defined in claim 9, wherein said body members are
      formed of plastic.
NUM  11.
PAR  11. A measurement apparatus adapted to be influenced by ambient temperature
      fluctuations comprising a limited volume which is filled with a medium
      subjected to said temperature fluctuations, said limited volume including
      the internal volume of a Bourdon tube pressure measuring element and a
      compensation element having a compartment forming a part of said limited
      volume and also containing said medium, the size of said compartment and
      thus the volume of said limited volume being variable under the influence
      of said temperature fluctuations, the dimensions and coefficient of
      thermal expansion of said compensation element being selected such that
      taking into account the coefficient of thermal expansion and the quantity
      of filling medium contained in said compartment, the influence of the
      temperature fluctuations upon the apparatus is compensated.
NUM  12.
PAR  12. The apparatus as defined in claim 11, wherein the volume further
      comprises the internal volume of a capillary tube, and a feeler which is
      connected by the capillary tube with the Bourdon tube-pressure measuring
      element.
NUM  13.
PAR  13. The apparatus as defined in claim 12, wherein said feeler defines an
      ambient temperature feeler.
NUM  14.
PAR  14. The apparatus as defined in claim 12, wherein said feeler defines a
      pressure feeler.
NUM  15.
PAR  15. The apparatus as defined in claim 12, wherein said feeler defines a
      moisture feeler.
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ABST
PAL  A connection of a rolling diaphragm to the inner one of two coaxially
      arranged piston and cylinder elements, the diaphragm having a thickened
      end accommodated in a groove in the wall of an annular face of the piston.
      An elastic ring clamped about the piston locks the thickened end of the
      seal in the groove.
BSUM
PAR  The invention relates to a device comprising a combination of two coaxially
      arranged elements which are axially movable with respect to each other in
      a reciprocating manner. The inner element comprises a structural part
      which is joined on the one side by a second structural part of larger
      diameter, with an annular face formed as a transition between the two
      parts. A rolling diaphragm is present as a seal between the two elements,
      with one end of said rolling diaphragm being connected to the inner
      element by means of an annular body which surrounds the structural part in
      a clamping manner.
PAR  Examples of known devices of the kind set forth are hot-gas reciprocating
      engines, cold-gas refrigerators, compressors, reciprocating expansion
      machines and combustion engines. The combination of the coaxially arranged
      elements may consist, for example, of a rod and an enveloping housing, a
      piston and a cylinder, a piston or piston rod and a displacer rod which is
      passed therethrough.
PAR  In a device which is known from U.S. Pat. No. 3,568,436, the rolling
      diaphragm is connected to the centre part of a rod by means of a sleeve
      which is fitted about the rod. The rolling diaphragm end is situated
      between the rod and the sleeve and is clamped against the rod by the
      sleeve.
PAR  A drawback of this construction is the cumbersome and time-consuming
      mounting and removal of the rolling diaphragm. In practice a one-piece
      metal sleeve is used, which is slid over the end of the rolling diaphragm.
      Subsequently, the assembly is mounted on the relevant rod part in a
      clamping manner. The sleeve is a one-piece construction because with the
      usually comparatively small rod diameters, lack of space precludes the use
      of two-piece sleeves. In the latter case additional space is required for
      coupling the sleeve pieces to each other, for example, by means of screws.
PAR  The one-piece metal sleeve can be slid to the centre part only over a rod
      part having the same or a smaller diameter than the centre part. In the
      known construction this means that the piston which is connected to the
      upper rod part of smaller diameter must be removed before mounting can
      take place. This is because the lower rod part has a diameter which is
      larger than that of the centre part.
PAR  Disassembly is cumbersome and unattractive because it can be effected only
      in a destructive manner by cutting open the clamping sleeve, so that the
      sleeve can no longer be used, while the rolling diaphragm is liable to be
      damaged during the cutting operation.
PAR  Furthermore, in the known construction the rolling diaphragm end is liable
      to slide along the rod surface together with the surrounding sleeve, or
      the rolling diaphragm end is liable to come loose from the sleeve. In most
      devices a pressure difference exists between the two sides of the rolling
      diaphragm, so that tensile forces are exerted on the rolling diaphragm end
      which stimulate disengagement.
PAC  SUMMARY OF THE NEW INVENTION
PAR  The invention has for its object to provide an improved construction in
      which the above drawbacks are eliminated. To achieve this object the
      device according to the invention is characterized in that the thickened
      rolling diaphragm end is accommodated in a groove in the wall of the
      annular face, the annular body being a ring of elastic material which is
      arranged directly against the wall of the structural part; the side of the
      said ring which faces the annular face locks the thickened rolling
      diaphragm end in the groove.
PAR  The elastic ring can be quickly and readily mounted and removed without the
      risk of damage because the ring can be readily slid over a thick
      structural part to a thinner part. The fitting of the ring via a thickened
      rod part, for example, can then be effected with prior removal of the
      piston from the rod end which is remote from the thickened rod part being
      necessary. One end face of the ring which is directly clamped onto the
      structural part ensures that the thickened rolling diaphragm end is
      reliably locked in the groove in the annular face.
PAR  In a preferred embodiment of the invention the other side of the structural
      part adjoins a third structural part whose diameter differs from that of
      the structural part, and a second annular face is formed as a transition
      between these two parts. The third structural part has a diameter which is
      larger than that of the structural part, with the ring extending over the
      entire free axial dimension of the structural part between the two annular
      faces.
PAR  Because both the second and the third structural part have a diameter which
      is larger than the structural part, and because the ring extends along the
      structural part over the free axial dimension of the annular duct thus
      formed, the ring cannot slide along the inner element and proper locking
      of the rolling diaphragm end is guaranteed under all circumstances.
PAR  In a further preferred embodiment of the device according to the invention,
      the ring has an outer diameter which is equal to the diameter of the third
      structural part; the ring constitutes, in conjunction with the third
      structural part, a continuous cylinder wall along which the rolling
      diaphragm can roll.
PAR  The absence of discontinuous transitions in the rolling of the rolling
      diaphragm benefits the service life of this diaphragm. The service life of
      the rolling diaphragm is further prolonged in that this diaphragm is at
      least partly in engagement with the elastic ring instead of with a rigid
      metal wall.
PAR  The invention will be described in detail hereinafter with reference to the
      diagrammatic drawings which are not to scale.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 are longitudinal sectional views of combinations of a
      piston/piston rod and a cylinder, between which a rolling diaphragm is
      connected.
PAR  FIG. 4 is a longitudinal sectional view of a cylinder in which a piston is
      movable, a displacer rod being passed through the piston. A
      liquid-supported rolling diaphragm is connected between piston and
      cylinder as well as between piston and displacer rod passed therethrough.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reference numeral 1a in FIG. 1 denotes a cylinder in which a piston 2a
      with piston rod 3a coupled thereto are movable in a reciprocating manner.
      Piston rod 3 comprises a structural part 3a, and also an adjoining second
      structural 13a of larger diameter. Present in the annular 4a, formed by
      the transition between the two parts 3a and 13a is a groove 5a in which
      the thickened end 17a of a rolling diaphragm 6a is accommodated. An
      elastic ring 7a is in clamping engagement with the structural part 3a. The
      lower side of ring 7a locks the thickened rolling diaphragm end 17a in
      groove 5a.
PAR  The rolling diaphragm can be very simply and quickly connected to and
      disconnected from the piston rod 3. The elastic ring 7a can be slid from
      the thicker structural part 13a to part 3a, so that disassembly of piston
      2a is not required. Due to the direct contact and the large contact area
      of the clamping elastic ring 7a and structural part 3a, the ring properly
      retains its place and the thickened rolling diaphragm end remains properly
      locked in groove 5a.
PAR  In FIGS. 2 and 3 the same references are used for most parts which
      correspond to those of FIG. 1 but with suffix designations a for FIG. 1, b
      for FIG. 2, c for FIG. 3, and d for FIG. 4. Rod 3x in FIG. 2 comprises a
      third structural part 14b which has a diameter which is larger than that
      of structural part 3b, and a second annular face 8b is formed. Elastic
      ring 7b extends over the entire free axial dimension of structural part 3b
      between the annular faces 4b and 8b thus precluding axial displacement of
      the ring. The ring has an outer diameter which is equal to the diameter of
      third structural 14b. This is advantageous because the rolling diaphragm
      now rolls down partly along elastic ring 7b and partly along part 14b.
PAR  Because of the constant diameter, rolling down is now continuous without
      transitions. This benefits the service life of the rolling diaphragm.
PAR  The convex side of rolling diaphragm 6c of the device shown in FIG. 3 faces
      the piston 2c the rolling diaphragm being supported by liquid in liquid
      space 9c. As a result of the suitably chosen surfaces of the annular faces
      10c and 11c, liquid space 9c has a constant volume at relative movement of
      rod 3y cylinder 1c. A constant pressure difference is maintained across
      the diaphragm by means of a control unit not shown, for example, as
      described in French Pat. Specification No. 1,326,063. published 1963,
      corresponding to U.S. Pat. No. 3,241,379.
PAR  The rolling diaphragm 6c rolls down mainly along elastic ring 7c which
      again cannot move in the axial direction as a result of the limitation
      formed by annular face 8c.
PAR  In the device shown in FIG. 4, the liquidsupported rolling diaphragms 6d
      are present, one between piston 2d and cylinder 1d and one between piston
      2d and a displacer rod 15d which is passed therethrough and which is
      connected to a displacer 16d.
PAR  The connection of the rolling diaphragm between cylinder and piston is
      identical to the connection of the rolling diaphragm to the piston rod as
      shown in FIG. 2d. To this end, piston 2 has a part 19d and a part 20d,
      each part having a diameter which is larger than that of the intermediate
      part 18d.
PAR  The rolling diaphragm between the piston and the displacer rod is also
      connected to the displacer rod in an identical manner. To this end, the
      displacer rod comprises a part 21d having a diameter which is smaller than
      that of the adjoining parts 22d and 23d.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus including a cylinder element, a piston element
      reciprocally movable in the cylinder, a rod extending axially from the
      piston with an annular space defined between said rod and cylinder
      element, and a rolling diaphragm seal and means for securing same between
      said rod and cylinder element for separating said annular space into two
      portions, the improvement in combination therewith wherein, said rod
      comprises a first part of first diameter, and an axially adjacent second
      part of second larger diameter, with a shoulder defined at the
      transitional area between said first and second parts and an annular
      groove extending lengthwise generally axially inward from the surface of
      said shoulder, said seal being a tubular member formed by a tubular wall
      with first and second ends, and having wall thickness along its length and
      greater thickness at the first end, said groove width being approximately
      the same as the thickness of said seal's first end, said first end being
      removably located in said groove and said second end being secured to said
      cylinder, said apparatus further comprising an annular member of elastic
      material movable between first and second positions on said rod, the first
      position of said annular member being spaced from said shoulder and thus
      defining therebetween a gap of smaller length than the thickness of said
      first end of the seal for locking said first end in said groove, said
      second position of the member being spaced axially farther from the first
      position and from said first end of the seal to permit removal of said
      first end from the groove.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said second part of the rod is
      axially spaced from said piston, and said first part is intermediate the
      piston and said second part.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said first part is axially spaced
      from said piston and said second part is intermediate the piston and said
      first part.
NUM  4.
PAR  4. Apparatus according to claim 8 wherein said rod further comprises a
      third part axially adjacent said first part and remote from said second
      part, said third part having diameter greater than said first part with a
      second shoulder defined at the transitional area between said first and
      third parts, said annular member having outer diameter generally equal to
      said third part diameter, whereby said annular member when in said first
      position has one end abutting said seal at said groove and its other end
      abutting and removably secured at said second shoulder.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said piston and cylinder elements
      have a common longitudinal axis and wherein said groove and said first end
      of the seal when in said groove, extend axially relative to said axis.
NUM  6.
PAR  6. In an apparatus including a cylinder element, a piston element
      reciprocally movable in the cylinder, a rod extending axially from the
      piston with an annular space defined between said rod and cylinder
      element, and a rolling diaphragm seal and means for securing same between
      said rod and cylinder element for separating said annular space into two
      portions, the improvement in combination therewith wherein, said rod
      comprises a first part of first diameter, and an axially adjacent second
      part of second larger diameter, with a shoulder defined at the
      transitional area between said first and second parts and an annular
      groove extending lengthwise generally axially inward from the surface of
      said shoulder the groove having radial width defined by an inner diameter
      and an outer diameter, the inner diameter being substantially the same as
      said first diameter, the seal being a tubular member formed by a tubular
      wall with first and second ends, and having wall thickness along its
      length and greater thickness at the first end, said groove width being
      approximately the same as the thickness of said seal's first end, said
      first end being removably located in said groove and said second end being
      secured to said cylinder, said apparatus further comprising an annular
      member of elastic material and movable between a first position on said
      rod and a second position, the first position of said annular member being
      spaced from said shoulder and thus defining therebetween a gap of smaller
      length than the thickness of said first end of the seal for locking said
      first end in said groove, said second position of the member being spaced
      axially farther from the first position and from said first end of the
      seal to permit removal of said first end from the groove.
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ABST
PAL  A transmission for a pedal-propelled vehicle has a drive shaft rotated by a
      crankset and disposed radially with respect to the driving wheel of the
      vehicle. A friction wheel is slidably connected to the shaft by a one-way
      clutch and is in engagement with a friction member connected to the
      driving wheel to rotate therewith. The friction wheel includes a tubular
      shaft through which the drive shaft extends. A shifting unit is connected
      to the friction wheel by means of the tubular shaft to slide along the
      drive shaft therewith but is held against turning. The shifting unit
      includes a gear train having a pinion in mesh with a fixed rack parallel
      to the drive shaft. First and second normally inoperative connections
      between the tubular shaft and the gear train are provided, the first to
      drive the gear train to rotate the pinion to shift the unit and the
      friction wheel towards the axis of the friction member and the second to
      drive the gear train to shift the unit and friction wheel towards the
      periphery thereof. The connections are made by a control including means
      responsive to the speed of the tubular shaft and means, adjustable by the
      operator, resiliently opposing the speed responsive means. When the speed
      responsive means is dominant, the first connection is rendered operative,
      when the resilient means is dominant, the second connection is rendered
      operative, and when neither means is dominant, a neutral is established
      with neither connection operative, the transmission thereby effecting
      ratio changes in relation to the wanted rate of pedalling or cadence that
      is established by the resilient means.
BSUM
PAC  BACKGROUND REFERENCES
PA1  U.s. pat. No. 1,185,616;
PA1  U.s. pat. No. 1,203,238;
PA1  U.s. pat. No. 2,956,443.
PAC  BACKGROUND OF THE INVENTION
PAR  In operating a conventional multi-speed bicycle, the experienced cyclist
      endeavors to maintain constant torque and pedalling cadence by selecting
      discrete gear ratios that approximately compensate for wide variations in
      vehicle momentum. Gear changes are accomplished by hand lever manipulation
      together with a specific pedalling attitude required by design type. This
      necessary shifting activity temporarily suspends free operator choices in
      pedalling cadence, requires positional displacement of one hand from its
      normally stabilizing grip position, and results in non-optimum gear
      selection during periods of changing vehicle momentum. In the lattermost
      circumstance, it is not uncommon to suffer loss of operational balance
      while changing gears under conditions of more rapidly changing vehicle
      momentum. A further difficulty common to multiple gear transmissions
      results from certain design limitations which operatively prohibit
      utilization of water resistant, high torque safety or coaster brakes.
PAC  THE PRESENT INVENTION
PAR  The general objective of the present invention is to provide an automatic
      shift capability for light weight vehicles using a friction drive,
      particularly but not necessarily for bicycles, that will increase
      operative efficiency and safety by eliminating the above generally
      indicated causes of operator difficulty with ratio changes occuring
      automatically to enable the rate of pedalling or cadence to be maintained
      substantially constant.
PAR  In accordance with the invention, this general objective is attained with a
      vehicle having a friction member mounted coaxially with the driving wheel
      to rotate therewith. A drive shaft, connected to the driving means,
      positioned close to and radially with respect to the friction member. The
      transmission includes a unit slidably mounted on the drive shaft with the
      shaft rotatable independently thereof and a friction wheel connected to
      said shaft to slide therealong and to rotate therewith when the drive
      shaft is rotated in a wheel-advancing direction. The friction wheel and
      the unit are connected so that they slide together along the drive shaft
      and the periphery of the friction wheel is in engagement with a face of
      the friction member with the ratio of revolution between the shaft and the
      friction member dependent on the radial position of the friction wheel
      relative to the friction member. The unit has means operable to shift the
      friction wheel and the unit along the shaft and includes first and seocnd
      engageable connections, the first, when operative, shifting the friction
      wheel and the unit towards the axis of the friction member. The unit also
      includes a control having means responsive to the speed of the friction
      wheel and means resiliently opposing the speed responsive means to provide
      a neutral with neither connection operative. The control renders the first
      connection operative if the speed responsive means is dominant and the
      second connection operative if the resilient means is dominant.
PAR  Another objective of the invention is to provide shifting means that are
      positive in operation, an objective attained by providing the transmission
      with a fixed rack parallel to the drive shaft and provide the unit with a
      gear train having a pinion in mesh with the rack. The unit includes a
      shifter operable to render either of the connections operative and the
      shifter is positioned by the control.
PAR  Another objective of the invention is to provide an effective control, an
      objective attained by providing the friction wheel with a tubular shaft
      through which the drive shaft extends and relative to which the drive
      shaft is rotatable. A sealed, liquid-filled turbine assembly includes a
      base provided with blades and secured to the tubular shaft to rotate
      therewith and an independently rotatable cylindrical housing provided with
      an internal series of stator blades with its rotation opposed by the
      resilient means of the control. The rotatable turbine housing is provided
      with a cylindrical portion on which is threaded a cylindrical actuator
      held against rotation and having a rotatable connection with the shifter
      so that the actuator moves axially as the turbine housing turns, in one
      direction by the speed responsive means and in the other direction by the
      resilient means and causes corresponding axial movement of the shifter.
      The shifter includes an external circular series of teeth that constitute
      the first or driving gear of the gear train and first and second axially
      spaced ring gears, the first, part of the first connection and the second,
      part of the second connection and the teeth of the driving gear are of
      substantial axial extent in order to permit either ring gear to complete
      the appropriate connection with the friction wheel as well as to provide a
      neutral position in which neither connection is operative.
PAR  Another objective of the invention is to provide appropriate first and
      second connections, the second connection including a ring gear fastened
      on the tubular shaft and disposed to engage and be coupled to the second
      ring gear of the shifter on appropriate forward movement of the shifter
      from its neutral position. The first connection including a ring gear
      rotatable independently of the tubular shaft through a gear train
      establishing its rotation in a direction counter to that of the tubular
      shaft and in a position to be engaged and be coupled to the first ring
      gear of the shifter on appropriate rearward movement of the shifter from a
      neutral position.
PAR  Another objective of the invention is to enable the resistance of the
      resilient means of the control to the operation of the speed response
      means thereof to be varied, an objective attained by providing the
      resilient means with a spring operated by a cable connected to a rotatable
      control, desirably in the form of a handlebar grip.
PAR  Another objective of the invention is to ensure non-slip rotational
      performance of the friction wheel, an objective attained at all speeds by
      a relationship between the drive shaft and the friction member such that
      the friction member engages with progressively greater pressure upon the
      friction wheel as the latter is caused to translate radially towards the
      circumference of the friction member during conditions of speed reduction.
PAR  A further objective of the invention is to provide assistance to the
      operator, in gaining momentum from condition of zero or lower speeds, by
      the utility of energy stored for translating the friction wheel towards
      positions of increased speed, an objective attained by providing that the
      gear train includes a gear mounted on the pinion gear shaft for rotation
      independently thereof but connected thereto by a friction clutch and by
      employing a coil spring that is connected to the pinion gear shaft in a
      manner such that its unwinding force so rotates the pinion gear shaft that
      the friction wheel is urged thereby towards the axis of the friction
      member when the gear train is driven in the appropriate direction.
PAR  Yet another objective of the invention is to provide dynamic braking that
      is directly proportional to desired vehicle speed reductions, an objective
      attained by the storing of energy in the above referred-to coil spring as
      an incident of the translation of the friction wheel towards the
      circumference of the friction member during which the coil spring is wound
      and the kinetic energy supplied by the driving wheel is reduced.
PAR  Yet another objective of the invention is to permit utilization of internal
      rear hub coaster or safety brakes, an objective attained by positioning a
      cog gear on the drive shaft in mesh with a rear wheel, hub-mounted slotted
      gear, the latter replacing the drive coaster brake sprocket gear of
      conventional chain driven single and three-speed bicycle designs. The cog
      gear includes a one-way clutch operable to connect it to the drive shaft
      to rotate therewith when the crankset is rotated in an attitude of back
      pedalling.
PAR  None of the patents previously referred-to is able to attain the objectives
      of the present invention. While both the patent to Bjorneby et al., U.S.
      Pat. No. 1,185,616, and the patent to Motley et al., U.S. Pat. No.
      1,203,238, disclosed variable friction drives, neither derived power from
      the friction wheel to cause its translation or caused translation in
      response to the speed of the drive member. The patent to Nelson, U.S. Pat.
      No. 2,956,443, related to an automatic variable speed transmission for a
      bicycle or motorcycle in which a friction wheel, driven by the rear wheel,
      actuated the shifting means to provide either a direct drive or two
      different speed drives, each of different fixed gear ratio.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings there are shown embodiments of the invention
      illustrative of these and other of its objectives, novel features and
      advantages and in the drawings,
PAR  FIG. 1 is a perspective view of rearward portions of a bicycle equipped
      with a transmission in accordance with the invention together with
      associated parts and coaster brake attachments;
PAR  FIG. 2 is a view, on a substantial increase in scale, taken approximately
      along the indicated line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary side view of the transmission and rear wheel, on a
      scale reduced from FIG. 2;
PAR  FIG. 4 is a perspective view, on an increase in scale of the transmission;
PAR  FIG. 5 is a perspective view of the framework of the unit on a further
      increase in scale relative to FIG. 4;
PAR  FIG. 6 is a section on the scale of FIG. 5, taken approximately along the
      indicated line 6--6 of FIG. 4;
PAR  FIG. 7 is a section taken approximately along the indicated line 7--7 of
      FIG. 6;
PAR  FIG. 8 is a fragmentary section taken substantially along the same line as
      FIG. 6 but on a further increase in scale and showing the shifter
      positioned by the speed responsive means of the actuator to render the
      first connection operative;
PAR  FIG. 9 is a somewhat similar view showing the shifter neutrally positioned
      by the actuator of the control;
PAR  FIG. 10 is a like view illustrating the shifter positioned by the resilient
      means of the actuator to render the second connection operative;
PAR  FIG. 11 is a fragmentary view of the two ring gears showing their teeth by
      which they become engaged to rotate together, the teeth being shown in
      their disengaged relation;
PAR  FIG. 12 is a view of the unit as seen from its forward end and partly
      broken away to show parts of the resilient means of the control and of the
      means by which its effectiveness may be varied;
PAR  FIG. 13 is a fragmentary view of the shifter taken transversely thereof and
      of the detent in control thereof;
PAR  FIG. 14 is a fragmentary view of the shifter taken lengthwise thereof also
      showing the position of the detent in the neutral position of the shifter;
PAR  FIG. 15 is a section taken approximately along the indicated line 15--15 of
      FIG. 6 but on an increase in scale;
PAR  FIG. 16 is a perspective view of one of the ratchets shown in FIG. 15;
PAR  FIG. 17 is a fragmentary section taken approximately along the indicated
      line 17--17 of FIG. 3;
PAR  FIG. 18 is a perspective view of the bicycle handgrip pace-setting or
      cadence control as mounted on the right portion of a handlebar; and
PAR  FIG. 19 is a section, on an increase in scale relative to FIG. 18, taken
      lengthwise of the handgrip control.
DETD
PAC  THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIGS. 1, 2, and 3 there are shown rearward portions of a bicycle
      equipped with a transmission in accordance with the invention.
PAR  A conventional crankset, generally indicated at 20 includes a bevel gear 21
      meshing with a bevel pinion 22 fast on the forward end of the section 23
      of drive shaft 24 extending radially with respect of the rear wheel 25 at
      one side thereof. The section 23 is rotatably supported by a bearing unit
      26 and an auxiliary support bearing 27, the latter clamped to the
      rearwardly directed, conventional bicycle strut 28 on the opposite side of
      the wheel 25 and the rear end of the drive shaft 24 is supported by a
      bearing unit 29 having an angularly disposed mount portion 30 secured to
      the axle 31 of the rear wheel by a nut 32 and having a stud 33 entrant
      into the hole 34 in the wheel-receiving support 35 receiving also the
      lower terminus of the strut 36 on the side of the wheel 25 on which the
      shaft 24 is located with the thus-supported shaft making unnecessary a
      strut on that side corresponding to the strut 28.
PAR  As may best be seen in FIG. 3, the rear end of the drive shaft section 23
      has a transverse slot 37 in which a tongue 38 from the forward end of the
      drive shaft 24 is secured by a pivot 39 with the tongue 38 butted against
      the bottom of the slot 37 but with its outer portion 40 of the butting end
      arcuate with respect to the pivot 39 thus enabling the shaft 24 to be
      swung away from the wheel once the nut 32 is removed and the anchoring
      screw 41 by which the tongue 38 is held against turning is also removed.
PAR  The drive shaft 24 has uniformly spaced, lengthwise indentations 42 with
      one set of their corresponding walls providing drive shoulders 43, best
      seen in FIGS. 15 and 17. A friction wheel 44 is supported by a bearing 45
      (FIG. 6) on the shaft 24 so that the shaft may rotate independently
      thereof and the friction wheel 44 includes a one way clutch, generally
      indicated at 46 and later detailed, operable to connect the friction wheel
      44 to the shaft 24 when the crankset 20 is forwardly pedalled. The
      periphery of the friction wheel 44 is in driving engagement with a
      friction disc or member 47 attached to the rear wheel 25 to rotate
      therewith so that forward pedalling rotates the rear wheel in a forward
      direction.
PAR  The friction member 47 is attached adjacent the wheel hub 48 by means of a
      clamp 49 adjacent one series of spokes 50 and having a flange 51 to which
      the friction member 47 is secured by a series of bolts 52 with the series
      of spokes 50 between the flange 51 and the friction member 47.
PAR  A second clamp 53 is secured to the wheel hub 48 adjacent the other series
      of spokes 54 and includes a series of radial arms 55 to the outer ends of
      which the friction member 47 is secured by bolts 56.
PAR  A cog gear 57, see also FIG. 17, is also rotatably mounted on the rear end
      of the shaft 24 and it includes a one way clutch, generally indicated at
      58 and later detailed, operable to connect the gear 57 to the shaft 24 on
      reverse pedalling. The gear 57 is in mesh with the slotted gear 59 of the
      hub coaster brake.
PAR  The rear wheel 25 may be removed by removing the nut 32 and the anchoring
      screw 41 and swinging the drive shaft 24 away from the wheel 25 to an
      extent such that the cog gear 57 and the friction wheel 44 are disengaged
      from the coaster brake slotted gear 59 and the friction member 47,
      respectively.
PAR  It will be apparent that the ratio of revolution between the shaft 24 and
      the rear wheel 25 depends upon the radial position of the friction wheel
      44 relative to the friction member 47 and in accordance with the
      invention, means are provided to shift the friction wheel radially,
      outwardly to provide a ratio providing for a lower rear wheel speed at the
      same drive shaft speed and inwardly to provide for a higher rear wheel
      speed at the same shaft speed.
PAR  A shifting unit, generally indicated at 60, includes framework, see FIG. 5,
      having end portions 61 and 62 with the end portion 61, as may be seen in
      FIG. 6, supported by a bearing 63 on a tubular shaft 64 through which the
      drive shaft 24 extends and which rotates with the friction wheel 44, and
      supported at the end portion 62 by bearings 65 and 65A on shafts 24 and 64
      respectively. The friction wheel 44 and extended tubular shaft 64 is
      additionally supported by bearing 63A affixed upon locations within end
      portion 61. The framework of the unit 60 includes side bars 66 and 67 in
      support of a shaft 68 extending at right angles to the shaft 24 and
      provided with a pinion 69, see FIGS. 7 and 12, in mesh with a rack 70
      supported parallel to the shaft 24. by end brackets 71 and 72. see FIG. 3.
PAR  As the indentations 42 also serve as splineways, rotation of the pinion 69
      in one direction is operable to move the unit 60 and the friction wheel 44
      forwardly along the shaft 24 and thus progressively varying the ratio of
      revolution between the shaft 24 and the rear wheel 25 to decrease the rate
      at which the rear wheel turns at a given rate of rotation of the shaft 24.
      With the pinion 69 rotated in the other direction, the unit 60 and the
      friction wheel 44 are moved rearwardly along the shaft to increase the
      rate at which the drive wheel 25 will be rotated by the shaft 24 at said
      given rate. Stops 73 and 74 adjustable lengthwise of the rack 70 limit the
      travel of the unit 60 and its friction wheel 44.
PAR  At this point, it should be noted that an important feature of the
      invention is that friction wheel to friction member ratio changes occur
      automatically with the bicyclist pedalling at a constant rate or cadence.
      The control of such ratio changes is effected by the coaction of means
      responsive to the speed of the shaft 24, a turbine unit generally
      indicated at 75, see FIG. 6, and means resiliently opposing the action of
      the turbine and shown as provided with a rotatable handgrip control 76
      operable both to turn the cable 77 within its flexible sheathing 78 and
      worm 79 fixed to the turning cable 77 and operable as it turns to
      translate the pointer 80 relative to the graduations 81 to indicate the
      relative increase or decrease in the automatically pedalling cadence
      wanted by the cyclist in relation to the centered, normal cadence, set
      position illustrated in FIG. 18.
PAR  Referring next to FIGS. 6 and 8, the turbine unit 75 includes a base 82 in
      the form of a sleeve encircling the shaft 64 and pinned thereto to rotate
      therewith. The turbine base 82 includes a series of radially disposed
      rotor blades 83 within a housing 84 provided with a set of radially
      disposed stator blades 85. The housing 84 is filled with a suitable liquid
      and is supported on the base 82 by leakproof bearings 86 and 87, and has a
      peripheral series of gear teeth 88.
PAR  The means opposing the operation of the turbine unit 75 that are adjustable
      by the handgrip control 76 includes a worm 89, see FIG. 12, within the
      unit 60 which is bearing supported in frame members 90 and 91 with its
      shaft 92 joined by a connector 93 to the proximate end of the cable 77.
      The worm 89 meshes with a worm gear 94, see FIG. 6, in turn supported by a
      bearing 95 on a shaft 96 to rotate independently thereof and the shaft 96
      has its bearings 97 and 98 secured in the walls 99 and 100 of the
      framework. A gear 101 and one end of a coil spring 102 are fast on the
      shaft 96 and the other end of the spring 102 is connected to the worm gear
      94 adjacent its periphery. A spin gear pair 103 and 104 is mounted on a
      shaft 105 by bearing 106 for rotation independently thereof and the shaft
      105 has its ends extending through the walls 99 and 107 of the framework
      with its shaft support bearings indicated at 108 and 109. The smaller gear
      103 is in mesh with the gear 101 and the larger gear 104 is in mesh with
      the gear teeth 88.
PAR  From the foregoing, it will be apparent that, with the handgrip control 76
      in its normal position, at a predetermined rate of rotation of the shaft
      24, the turbine 75 is operative to rotate the turbine housing 84 against
      the opposition of the spring 102 and if the shaft speed drops below said
      predetermined rate, the spring 102 becomes operative to rotate the housing
      84 in the opposite direction. In addition, it will be apparent that by
      rotating the handgrip control 76 in one direction or the other, the
      predetermined rate can be increased or decreased to provide the cadence
      desired by the cyclist.
PAR  In order that such rotations of the turbine housing 84 may be utilized to
      translate the unit 60 and its friction wheel 44 in the desired direction
      and to the desired extent to enable the selected cadence to be maintained,
      the housing 84 has a rearwardly disposed cylindrical extension 110 (at an
      increased scale in FIG. 8) provided with external threads 111 and
      supported by a bearing 112 on the shaft 64 between the turbine base 82 and
      a sleeve 113 pinned to the shaft 64 and including a ring gear 114, as
      means for controlling the direction of unit 60 translation.
PAR  An internally threaded cylinder 115 is threaded on the housing extension
      110, on threads 111 and includes an inwardly disposed annular extension
      116 at its rearward end and an upwardly disposed lug 117 slidable in the
      slot defined by the space between the proximate ends of the framework
      members 118 and 119, see FIG. 5. The annular extension 116 fits slidably
      within an annular channel 120 in the forward end of a cylindrical multiple
      gear shifter 121 and in order to permit assembly, the cylinder 115
      includes lengthwise sections detachably interconnected as at 122.
PAR  The shifter 121 is supported by bearings 123 and 124, the bearing 123
      secured between the ring gear 114 and the ring 125 concentric and affixed
      to the sleeve 113. The bearing 124 is supported on the shaft 64 rearwardly
      of the internal ring gear 126 of the shifter 121. At its rear end, the
      shifter 121 has a series of teeth establishing a ring gear 127. The
      rearward outer portion of the shifter 121 between the ring gears 126 and
      127 includes a relatively long series of teeth defining a gear 128.
      Adjacent to gear 128, the shifter 121 has a pair of annular shoulders 129
      of V-shaped section and between which there is a detent shoe 130, see
      FIGS. 13 and 14, yieldably urged into engagement therewith by a spring 131
      in a detent housing 132 and adjustably backed by a screw 133. The width of
      the channel 120 is greater than the thickness of the extension 116 in
      order to avoid interference with response to the functioning of the
      detent.
PAR  A spur gear 134 and a worm 135 are pinned to the shaft 105 between the
      frame members 107 and 99 with the gear 134 in mesh with the gear 128 and
      the worm 135 in mesh with a worm gear 136 connected to the shaft 68 by an
      adjustable friction clutch 137, see FIG. 7. A coil spring 138 is also
      connected to the shaft 68.
PAR  From the foregoing, it will be apparent that when the turbine is able to
      overcome the resistance of the spring 102, the housing 84 is so turned
      that the shifter 121 is moved rearwardly when the resistance of the detent
      130 is overcome and on such rearward movement, its gear 127 engages the
      ring gear portion 139 of the dual gear 140 supported by a bearing 141 on
      the shaft 64 to rotate independently thereof.
PAR  A ring gear 142, pinned to the shaft 64 to rotate therewith meshes with an
      idler gear 143 shaft journalled into a collared bushing 144 mounted in the
      wall 61 of the framework. A spur gear pair 145 and 146 is mounted on the
      bearing 147 on the end of the shaft 105 that is between the walls 148 and
      107 of the framework to rotate independently of the shaft 105. The smaller
      gear 145 is in mesh with the idler gear 143 and the larger spur gear 146
      is in mesh with the gear portion 149 of the dual gear 140. As a
      consequence, with the gear 127 engaged with the ring gear portion 139, and
      the shaft 24 pedal rotated in a forward direction, the shaft 105 is
      rotated in a direction such that the pinion 69 rotates to translate the
      shifting unit 60 and the friction wheel 44 rearwardly.
PAR  It will also be apparent that when the spring 102 is in control of the
      turbine housing 84, the housing 84 is rotated to pull the shifter 121
      forwardly, once the resistance of the detent 130 is overcome. Should the
      turbine and the opposition of the spring 102 be in balance, the detent 130
      will remain between the shoulders 129, a neutral is attained but should
      the spring 102 continue its dominance, the detent 130 yields and the
      shifter 121 is pulled further forwardly until the gears 126 and 114 thus
      couple the shifter 121 to the shaft 64 so that they rotate together, the
      shafts 105 and 68 then rotating in the reverse direction causing the
      pinion 69 to so rotate as to translate the unit 60 and the friction wheel
      44 forwardly.
PAR  It will be apparent that when the bicycle is stopped, the friction wheel 44
      will be as close to the periphery of the friction member 47 as the forward
      rack stop 73 permits.
PAR  Referring next to FIG. 15, the one way clutch 46 is shown as having a
      series of ratchets 150 supported by shafts 151 arranged circularly about
      the drive shaft 24 within the friction wheel 44 and journalled therein at
      locations 152 and 153, see FIG. 6. Each ratchet is trough shaped, see FIG.
      16, on its outer surface to accommodate radially directed pressure from
      the encircling spring 154, enabling any ratchet 150 to enter a lengthwise
      shaft indentation 42 and to bear upon its shoulder 43 thereby to cause the
      friction wheel 44 and the tubular shaft 64 to rotate together with the
      drive shaft 24 during forward pedalling.
PAR  The one-way clutch 58 by which the cog gear 57 is connected to the drive
      shaft 24 is shown in FIG. 17 and is generally similar to the one-way
      clutch 46 and accordingly will not be detailed, the corresponding parts
      being distinguished by the suffix addition A to the appropriate reference
      numeral. The only substantial difference between the clutches being that
      the ratchets 150A are reversed relative to the ratchets 150 and the shaft
      indentations 42A are reversed relative to the indentations 42.
PAR  From the above, it should be observed that rotational ratio changes between
      the driving friction wheel and its mating rear wheel occur in a
      continuously automatic manner in accordance with speed sensing devices
      and/or manual override regardless of pedalling conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transmission for a vehicle of the type having a wheel to which power
      is to be applied to rotate it and a drive to provide wheel-turning power,
      said transmission including a friction member coaxially mounted with
      respect to said wheel to rotate therewith, a drive shaft disposed close to
      and radially with respect to the friction member and connected to said
      drive, a unit slidably mounted on said shaft with said shaft rotatable
      independently thereof, a friction wheel, means connecting said friction
      wheel to said shaft to slide therealong and to rotate therewith when the
      shaft is rotated in a direction to advance the vehicle, said friction
      wheel and said unit connected to move together along said shaft, the
      periphery of the friction wheel in engagement with said friction member,
      the ratio of revolution between the shaft and the friction member
      dependent on the radial position of the friction wheel relative to the
      friction member, said unit including means operable to shift said friction
      wheel and said unit along said shaft and having first and second
      connections with said friction wheel, the first operable to cause said
      shifting means to move said friction wheel and said unit in a direction to
      increase said ratio and the second operable to cause said shifting means
      to move said friction wheel and said unit in the opposite direction to
      decrease said ratio, said unit also including a control to actuate said
      shifting means to maintain the rotation of the shaft substantially
      constant at a predetermined rate, said control including first means
      responsive to the speed of the friction wheel and second means providing
      predetermined yieldable opposition to the first control means, said first
      and second control means coacting to actuate said shifting means to render
      said first connection operative if the friction wheel speed is above said
      predetermined rate thereby to permit a decrease in shaft speed until it
      reaches said predetermined rate and to render said second connection
      operative if the friction wheel speed drops below said rate thereby to
      permit a higher shaft speed appropriate for the slower rate at which said
      vehicle wheel turns.
NUM  2.
PAR  2. The transmission of claim 1 in which the means to shift the unit and the
      friction wheel include a fixed rack parallel to said shaft and the
      shifting means includes a gear train having a shaft extending from the
      unit transversely of the rack and a pinion fixed on said shaft and in mesh
      with the rack.
NUM  3.
PAR  3. The transmission of claim 2 in which the friction wheel includes a
      tubular shaft through which the drive shaft extends and which is rotatable
      independently thereof, a shifter is slidably and rotatably mounted on said
      tubular shaft and includes a gear that is the driving gear of said train,
      the speed responsive means is connected to said tubular shaft to be driven
      thereby, and the control includes means connected to said shifter and
      operable to move it axially relative to a neutral position, rearwardly
      into a position rendering said first connection operative to drive the
      gear train in one direction and forwardly into a position rendering said
      second connection operative to drive said gear train in the opposite
      direction, said driving gear connected to said gear train in any of said
      positions of the shifter.
NUM  4.
PAR  4. The transmission of claim 3 in which the shifter has a cylindrical
      portion provided with two spaced annular shoulders and the unit includes a
      resilient detent normally confined between said shoulders but in said
      neutral position yieldable to permit axial movement of said shifter into
      either of its other positions.
NUM  5.
PAR  5. The transmission of claim 3 in which the first connection includes a
      gear train connected to the tubular shaft and a ring gear rotatable
      independently thereof and counter thereto, the second connection is a ring
      gear axially spaced from the first named ring gear and connected to the
      tubular shaft to rotate therewith, and the shifter includes first and
      second axially spaced ring gears, the first, interlocking with the ring
      gear of the first connection in the rearward position of the shifter and
      the second interlocking with the second ring gear in the forward position
      thereof.
NUM  6.
PAR  6. The transmission of claim 2 in which the shaft of the rack engaging
      pinion includes a second gear rotated by the gear train and a friction
      clutch connecting the second gear to the pinion shaft.
NUM  7.
PAR  7. The transmission of claim 6 in which the second gear is a worm gear and
      the gear train includes a worm in mesh therewith.
NUM  8.
PAR  8. The transmission of claim 7 in which the rack includes stops to limit
      the extent to which the friction wheel and unit can travel along the drive
      shaft and the friction clutch is yieldable when either stop is engaged.
NUM  9.
PAR  9. The transmission of claim 6 and a coil spring connected to said pinion
      gear shaft in a manner such that its unwinding force is operable to
      accelerate the turning of the pinion when the gear train is driven by the
      first connection and the spring is rewound when the gear train is driven
      by the second connection.
NUM  10.
PAR  10. The transmission of claim 1 in which the drive shaft and the proximate
      face of the friction member are so disposed relative to one another that
      the friction wheel is engaged by the friction member with progressively
      increasing pressure as it is translated radially towards the periphery of
      the friction member.
NUM  11.
PAR  11. The transmission of claim 1 and means operable to adjust the opposing
      means to vary said predetermined rate.
NUM  12.
PAR  12. The transmission of claim 3 in which the speed responsive means
      includes a member rotated in one direction thereof, said member
      surrounding the tubular shaft and rotatable independently thereof, the
      opposing means is connected to said member to rotate it in the opposite
      direction, the means connecting the control to the shifter is a
      cylindrical actuator threaded on said member having a rotatable connection
      with the shifter, and means holding said actuator against rotation but
      permitting its axial movement as said member is rotated in one direction
      or the other.
NUM  13.
PAR  13. The transmission of claim 12 in which the connection between the member
      and the shifter provides limited axial play and the unit includes a
      yieldable detent connected to the shifter to provide limited opposition to
      its movement from any of its positions.
NUM  14.
PAR  14. The transmission of claim 12 in which the speed responsive means
      includes a stator fixed on said tubular shaft and defining with said
      rotatable member a sealed, liquid-filled chamber, said stator and said
      member each having a series of blades within said chamber.
NUM  15.
PAR  15. The transmission of claim 12 in which the rotatable member of the speed
      responsive means has an external series of teeth defining a gear, and the
      opposing means of the control includes a gear train in mesh with said
      gear, and a coil spring connected to said gear train to drive said train
      counter to the speed responsive means.
NUM  16.
PAR  16. The transmission of claim 15 and operator controlled means to wind and
      unwind said spring thereby to vary the opposition to the speed responsive
      means.
NUM  17.
PAR  17. The transmission of claim 16 in which the operator controlled means
      includes a worm gear to which one end of the spring is anchored, a worm in
      mesh with the worm gear, a cable connected to said worm, and a rotatable
      handgrip to which the cable is connected.
NUM  18.
PAR  18. The transmission of claim 1 in which the vehicle wheel includes a
      coaster brake including a coaxial slotted gear, a cog gear is positioned
      on the drive shaft and includes a one way clutch operable to connect said
      cog gear to the drive shaft when the drive shaft is turned in the opposite
      direction.
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ABST
PAL  A cable traction sheave is described comprising a metal sheave body fixed
       a rotatable hydraulic motor housing and having a novel cable groove
      liner. The liner is formed of a solid elastomeric and has a band of
      pressure release material that permits deformation of the liner so as to
      increase lateral pressure on the cable to preserve the round shape thereof
      and increase gripping of the cable by the liner. An alternative embodiment
      comprises spring elements embedded in an elastomeric liner and configured
      to cause the liner to grip the cable in response to cable pressure.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to cable handling apparatus useful in deploying and
      retracting towing cables for underwater devices towed from submarines.
      More particularly, the invention relates to improved cable traction means.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Towing cables for underwater devices such as sonars, line hydrophones,
      magnetometers, and the like have been deployed and retracted through a
      submarine hull by means of power driven winches or capstans, and take-up
      reels. In may instances, particularly when the submarine is making
      substantial headway, the cable may be under a tension of several thousand
      pounds, or more. The traction device must necessarily be capable of
      exerting sufficient pull to overcome such tension, and this has generally
      been accomplished by means of a drum driven through reduction gearing, the
      drum carrying a plurality of turns of the cable to provide driving
      friction therewith. One example of such a traction device is described in
      U.S. Pat. No. 3,329,406 to H. J. Flair. Among the disadvantages of such
      multiple wrap, gear driven cable traction devices are the generation of
      noise and the increased likelihood of mechanical failure due to the
      complexity of the gearing, bearings and the like. Moreover, such devices
      tend to flatten or otherwise distort the cable, leading to early failures
      in strength members, electrical conductors, and/or sheathing thereof.
PAR  The generation of noise is a factor of great concern in the operation of
      military submarines and results from the use of gears, ball or roller
      bearings, and the necessary lateral slippage of the cable turns across the
      face of the drum as the drum turns. Even in non-military applications,
      such as in personal elevators in buildings, noise is regarded as
      objectionable and efforts have been made to provide quiet cable traction
      systems. In doing so, single wrap traction devices, in the nature of a
      driven, grooved sheave, have been used in which an elastomeric liner or
      insert is provided in the sheave groove to reduce noise, reduce cable
      wear, and to increase traction. U.S. Pat. No. 3,279,762 to W. H. Bruns is
      cited a representative of lined traction sheaves. While the lined traction
      sheave structures described therein may accomplish significant noise and
      wear reduction as well as improved traction in comparison to unlined
      sheaves, there remains room for improvement in all of those catagories.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims to further diminish the generation of noise,
      degree of cable distortion and wear, and to augment the tractive qualities
      of cable sheaves through the use of the novel sheave and liner
      constructions that increase the cable contact and support area and, in the
      case of driven sheaves, through the use of direct hydraulic motor drive of
      a hub that is resiliently coupled to the sheave rim.
PAR  With the foregoing in mind, it is a principle object of the invention to
      provide an improved cable traction sheave. Another object of the invention
      is the provision of a cable traction device that reduces cable machinery
      noise, reduces cable wear and distortion, and provides improved cable
      traction for a given amount of cable wrap in a grooved sheave.
PAR  Yet another object is to provide a cable sheave comprising an improved
      groove liner construction that increases cable support area.
PAR  Still another object is to provide a cable sheave and liner, of the
      foregoing character, that comprises means for causing resilient liner
      material to grip larger areas of the cable surface in response to
      increased tension in the cable.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of a submarine tow cable handling
      system including a cable traction sheave embodying the invention;
PAR  FIG. 2 is an enlarged plan elevational view of the cable traction sheave of
      the system of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view, on an enlarged scale, of a portion
      of the cable traction sheave of FIG. 2, taken substantially along line
      3--3 thereof;
PAR  FIG. 4 is a fragmentary sectional view of the cable traction sheave similar
      to FIG. 3 but taken at a location with the cable seated therein;
PAR  FIG. 5 is a fragmentary sectional view of an alternative sheave
      construction embodying the invention; and
PAR  FIG. 6 is a view similar to FIG. 5, but showing the sheave construction
      with a loaded cable thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the tow cable system 10 illustrated in FIG. 1, a cable 12 for towing
      some instrumentation, such as a sonar device, extends from a cable storage
      or take-up reel 14, through a hydraulically driven traction sheave 16
      embodying the invention, and through a suitable hull fitting or gland 18
      in the pressure hull 20 of a submarine vessel, for example. Outside of
      hull 20, cable 12 may be appropriately led through fairleads and flushing
      and snubbing means to the device to be towed, all as is well understood by
      those skilled in the art of underwater towing cable deployment. Cable
      take-up reel 14 is conveniently rotatable by a drive motor 22 of power
      sufficient to perform the tailing functions of maintaining the cable 12 in
      wrapped engagement with traction sheave 16, and of accumulating and paying
      out cable as required for deployment and retrieval.
PAR  The principal traction forces are imparted to cable 12 by sheave 16 which
      is driven by a hydraulic motor 24 supported by arm means 26. Arm means 26
      is swingably supported with respect to the hull structure by a cable guide
      unit 28 including a handle or lever 30 by which the arm means 26, motor 24
      and sheave 16 can be steered to effect level winding of cable 12 on
      take-up reel 14.
PAR  Referring to FIG. 2, arm means 26 comprises, in this example, a fork 26a
      that is fixed to opposite end portions 32a and 32b of the central shaft of
      motor 24. The housing 34 of motor 24 rotates about the shaft thereof, and
      carries traction sheave 16. The latter is of annular configuration
      surrounding motor housing 34, and is secured thereto by suitable brackets
      36 and screws 38. Hydraulic fluid is fed to and carried from motor 24 via
      flexible hydraulic lines 40 connected to the motor shaft portion 32a. A
      hydraulic brake caliper 42 is fixed on fork 26a and is cooperable with a
      brake disc 44 that rotates with motor housing 34 and sheave 16. This brake
      means is preferably adapted to operate in a fail-safe mode to halt
      rotation of sheave 16 in the event of hydraulic power failure to motor 24.
PAR  Hydraulic motor 24 may be any of various types, well known in the art, that
      are capable of variable speed, high torque operation. Examples include
      rotary vane, gear, and piston types of motors.
PAR  Referring now to FIG. 3, annular sheave 16 is seen to comprise a rigid
      metal body 50 having a groove 52, formed in the periphery thereof, that is
      generally rectangular in cross-section. Groove 52 is provided with an
      annular elastomeric liner 54 formed of rubber, neoprene, or other
      resilient, solid material capable of elastomeric displacement under
      pressure. Liner 54 has a generally U-shaped cable receiving groove 56
      therein having a bottom curvature of substantially the same radium as the
      cable 12 that is to ride therein.
PAR  An annular band 58 of elastomeric, pressure release material is disposed
      between the bottom of liner 54 and the bottom surface of groove 52 in
      sheave body 50. In distinction from liner 54, belt 58 is of a compressible
      material.
PAR  Band 58 allows the adjacent portion of liner 54 to deflect in response to
      cable pressure therein so that the distribution of reactionary pressures
      by the liner on the cable are such as to provide increased or higher
      pressures, as shown by the dotted pressure distribution curve 60 in FIG.
      4, that acts sideways on the cable and serve to preserve the circular
      shape of the cable. Vector arrows 62 indicate the relative pressure
      magnitudes around cable 12.
PAR  Moreover, the elastic flow of the liner material from under the cable,
      results in an increase in liner material around the sides of the cable,
      thereby actually increasing the area of contact, additionally improving
      tractive grip between the sheave and the cable.
PAR  Referring now to FIGS. 5 and 6, an alternative embodiment of tractions
      sheave 16' comprises a body 70 having a rectangular groove 72 in which is
      disposed a liner 74 formed of an elastomeric rubber of rubberlike
      material. Liner 74 is cemented or otherwise bonded to the bottom surface
      76 of the sheave groove and to a portion of the side walls thereof. For
      reasons which will presently be made apparent, the peripheral portions 72a
      of liner 72 are not bonded to the groove side walls. A plurality of spring
      metal elements 80 are embedded in the elastomeric material of liner 72.
      Each element 80 comprises an outwardly bowed bottom portion 80a and leg
      portions 80b extending generally radially of the sheave 16'  and within
      the side portions of the liner.
PAR  As is best illustrated in FIG. 6, pressure exerted by the cable 12, under
      load, flatens the bow portions 80a of elements 80, thereby causing the
      outer ends of leg portions 80b thereof to move toward one another. This
      movement causes non-bonded peripheral portions 72a of liner 72 to be
      pulled inwardly, away from the sheave groove walls, and thereby to
      increase the area of gripping contact between the liner and the cable. As
      the cable is led off of sheave 16', the springs 80 and liner 72 return to
      their FIG. 5 positions.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawing.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cable traction sheave of the character described, said sheave
      comprising:
PA1  a circular sheave body formed of rigid material and having a peripheral
      groove defined therein of larger cross-sectional area than the cable to be
      accommodated;
PA1  a groove liner comprising a solid elastomeric material bonded in said
      peripheral groove, said liner having a U-shaped cable receiving groove
      defined therein;
PA1  said liner comprising means, responsive to forces exerted on the bottom
      portion of said liner by a cable in said cable receiving groove, for
      causing said liner to increase lateral pressures on said cable;
PA1  said means for causing said liner to increase lateral pressures on said
      cable comprising a plurality of spring elements embedded in said solid
      elastomeric material, each of said spring elements comprising an outwardly
      bowed bight portion, disposed in the bottom portion of said liner, and a
      pair of radially extending leg portions disposed in the side walls of said
      liner, whereby flattening of said bight portion causes said leg portions
      to urge said side walls of said liner toward one another and into gripping
      relation with a cable in said cable receiving groove.
NUM  2.
PAR  2. A cable traction sheave as defined in claim 1, and further comprising:
PA1  motor means including a shaft and a motor housing rotatable anout said
      shaft;
PA1  said circular sheave body being annular and fixed in encircling relation to
      said housing for rotation therewith.
NUM  3.
PAR  3. A cable traction sheave as defined in claim 2, and wherein:
PA1  said peripheral groove is rectangular in cross-section; and
PA1  said line has its inner portions bonded to said sheave body and the
      peripheral portions of said side walls of said liner being free with
      respect to the side walls of said peripheral groove.
NUM  4.
PAR  4. A cable traction sheave as defined in claim 1, and wherein:
PA1  said peripheral groove is rectangular in cross-section; and
PA1  said liner has its inner portions bonded to said sheave body and the
      peripheral portions of said side walls of said liner being free with
      respect to the side walls of said peripheral groove.
NUM  5.
PAR  5. A cable traction sheave device, of the character described, comprising:
PA1  support arm means, for supporting sheave elements relative to other
      structure;
PA1  motor means including a stator portion, supported by said support arm
      means, and a rotor portion rotatable with respect to said stator portion;
PA1  an annular sheave body, formed of a rigid material, and connected to said
      rotor portion for rotation therewith, said sheave body being further
      characterized by a peripheral groove of rectangular cross-section and of
      greater width than the diameter of a cable to be used with said device;
PA1  a liner disposed in said peripheral groove and comprising a solid
      elastomeric material bonded to said sheave body at least at the inner
      portions of said peripheral groove;
PA1  said liner having a cable receiving, U-shaped groove therein and comprising
      pressure responsive means for causing said elastomeric material to grip
      the sides of a cable, when in said cable receiving groove, with a force
      dependent upon pressure of said cable on the bottom of said receiving
      groove;
PA1  said pressure responsive means comprising a plurality of meal spring
      elements embedded in said solid elastomeric materials, said elements being
      distributed along said cable receiving groove therein; and
PA1  each of said spring elements comprising an outwardly bowed bight portion
      interconnecting a pair of radially extending leg portions defined in said
      elastomeric materials so that deformation of said bowed portion will cause
      said leg portions to move toward one another and so cause said liner to
      grip said cable.
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ABST
PAL  A feed apparatus for displacing a movable part or component relative to a
      stationary part of component by means of a threaded spindle mounted at one
      part and a nut member arranged at the other part. Between the nut member
      and the part associated with the nut member there are provided two rings
      concentric to the spindle axis, each of said rings being supported to be
      radially displaceable upon a surface perpendicular to the spindle axis and
      extending into a substantially ring-shaped groove and hydraulically held
      in axial direction. Between the grooves and the ring members there is
      present sufficient play for inclinedly positioning the ring members in the
      grooves and the aforementioned surfaces are directed in opposite
      directions from one another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of feed
      apparatus for displacing a movable part or component relative to a
      stationary part or component with a threaded spindle mounted in one part
      or component and a nut member arranged at the other part or component.
PAR  With a known feed mechanism of this general type a threaded spindle is
      mounted at a machine tool bed and a nut member is rigidly secured to a
      carriage.
PAR  The rigid attachment of the nut member at the carriage is associated with
      the drawback that when the carriage is positioned at an inclination with
      respect to the spindle axis the spindle is deformed, since between the
      spindle and the carriage, apart from there being effective the axial force
      required for the feed movement, there is also effective undesired
      transverse forces. Consequently, the attained precision of the carriage
      movement is markedly impaired.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved construction of feed apparatus which is not associated with the
      aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention aims at the
      provision of an improved construction of feed apparatus which avoids the
      occurrence of the previously mentioned undesired transverse forces which
      act from the spindle upon the carriage, wherein there is overcome the
      rigid connection of the nut member and nonetheless there is guaranteed for
      high rigidity of the feed apparatus in the direction of movement.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates that between the nut member and the part or
      component associated with the nut member there are provided two ring
      members arranged substantially concentrically with respect to the spindle
      axis, of which ring members each is supported so as to be radially
      displaceable on the one hand at a surface perpendicular to the spindle
      axis and on the other hand extends into a substantially ring-shaped groove
      and is hydraulically retained in axial direction. Between the grooves and
      the ring members there is available sufficient play for the inclined
      positioning of the ring members in the grooves and the aforementioned
      surfaces are directed opposite to one another.
PAR  Also the rotational moment transmitted from the threaded spindle to the nut
      member, with the carriage located at an inclination, can exert a
      transverse force at the carriage with respect to the spindle axis. Also
      this transverse force generated by the rotational moment can be avoided in
      that preferably the nut member is provided with two diametrically
      oppositely situated projections having two respective surfaces parallel to
      one another and to the spindle axis for taking-up the rotational moment
      exerted by the threaded spindle upon the nut member and that the surfaces
      of one such projection bear against substantially spherical segments or
      semi-spherical members which are mounted at the part or component
      associated with the nut member and that the surfaces of the other
      projection bear through the agency of substantially spherical segments or
      semi-spherical members at two oppositely situated pistons which are
      arranged substantially perpendicular to the surfaces and which pistons are
      guided at the part or component associated with the nut member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a perspective view illustrating an arrangement of a threaded
      spindle mounted at a machine tool bed and a carriage equipped with a nut
      member and guided at such machine tool bed;
PAR  FIG. 2 is a cross-sectional view through the carriage with the nut member
      at the threaded spindle taken along the spindle axis;
PAR  FIG. 3 is a cross-sectional view of the arrangement depicted in FIG. 2,
      taken substantially along the line III--III thereof;
PAR  FIG. 4 is a cross-sectional view of the arrangement depicted in FIG. 2,
      taken substantially along the line IV--IV thereof;
PAR  FIG. 5 is a perspective cross-sectional view showing details of the
      arrangement of FIG. 2; and
PAR  FIG. 6 is a fragmentary sectional view showing in an exaggerated manner the
      mode of operation of the ring members when the threaded spindle is
      positioned at an inclination relative to the carriage.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, according to the showing of FIG. 1 a machine
      tool bed 1 is equipped with two guide tracks or guide ways 2 and 3. A
      carriage 4 is supported upon such guide tracks 2 and 3. A threaded spindle
      6 is rotatably mounted at both of its ends at the machine tool bed 1. As a
      matter of convenience in illustration there is only depicted the one
      rotatable support or mounting of one end of the threaded spindle. The
      carriage 4 possesses a nut member 5 which is threaded upon the threaded
      spindle 6.
PAR  According to the showing of FIG. 2 the nut member 5 has a substantially
      ring-shaped or annular flange 7 equipped with two end surfaces 8 and 9,
      upon which there is axially supported a respective ring member 10 and 11
      with six segment-like oil pockets 12 and 13 respectively. The ring members
      10 and 11 extend into substantially ring-shaped grooves 14 and 15
      respectively of the carriage 4. The ring members 10 and 11 which are
      equipped with seals delimit compartments 16 and 17 respectively in the
      grooves 14 and 15 respectively and which compartments are filled with oil
      or the like. Furthermore, the nut member 5 is provided with two
      diametrically oppositely situated projections or extensions 18 and 19. On
      the one hand at each surface 20 and 21 of the projection 18 which is
      perpendicular to the spindle axis and at the carriage 4 on the other hand,
      there bears a substantially spherical segment 22 and 23 respectively. The
      spherical segments 22 and 23 each respectively possess two oil pockets 24,
      26 and 25, 27. The oil pocket 26 of the spherical segment 22 is connected
      via a line or conduit 28 with the compartment or chamber 16, belonging to
      the ring member or ring 10 and which is supported in the same direction at
      the nut member 5 as the spherical segment 22. The oil pocket 27 of the
      spherical segment 23 is connected via a conduit or line 29 with the
      compartment or chamber 17, which belongs to the ring or ring member 11 and
      which is supported in the same direction at the nut member 5 as the
      spherical segment 23.
PAR  A suitable source of pressurized oil, which has not been particularly shown
      in the drawing to simplify the illustration, is connected via the
      pressurized oil supply lines or conduits 55, 56 and via throttles 51, 52
      with the oil pockets 24, 25, 26, 27 of the spherical segments 22, 23 and
      via the lines or conduits 28, 29 with the oil pockets 12, 13 and the
      compartments or chambers 16, 17 of the ring members 10, 11.
PAR  According to the showing of FIGS. 3 and 5, on the one hand there bears at
      each surface 30 and 31 of the projection 18 and which surfaces are
      parallel to the spindle axis, and on the other hand at the carriage 4, a
      respective substantially spherical segment 32 and 33. The spherical
      segments 32 and 33 each possess two respective oil pockets 34, 36 and 35,
      37. On the one hand, at each surface 40 and 41 of the projection 19, and
      which surfaces are parallel to the spindle axis, and on the other hand
      upon a respective piston 46 and 47 there bears a substantially spherical
      segment 38, 39. Each piston 46 and 47 is located in a cylindrical
      compartment or chamber 48 and 49 respectively of the carriage 4.
PAR  The oil pocket 36 of the spherical segment 32 is connected via a line or
      conduit 57 with the substantially cylindrical compartment or chamber 49 in
      which there is located the piston 47, which operates in the opposite
      rotational direction as the spherical segment 32.
PAR  The oil pocket 37 of the spherical segment 33 is connected via a line or
      conduit 58 with the substantially cylindrical compartment or chamber 48 in
      which there is located the piston 46, and which functions in the opposite
      direction of rotation as the spherical segment 33.
PAR  A source of pressurized oil, which has not been particularly shown in the
      drawing, is connected via the conduits or lines 59, 60 and via throttles
      53, 54 with the oil pockets 34, 35, 36, 37 of the spherical segments 32,
      33 and via the lines or conduits 57, 58 with the cylindrical compartments
      or chambers 48, 49.
PAR  The pistons 46, 47 each possess a bore, such as bore 70 shown in FIG. 5 for
      the piston 46, which flow communicates the cylindrical compartments 48 and
      49 with the oil pockets 44 and 45 of the spherical segments 38 and 39
      respectively. For all of the spherical segments of the entire apparatus
      both of their oil pockets are connected with one another via a respective
      not particularly visible bore. Also the ring members 10 and 11 possess a
      not particularly illustrated bore which connects the oil pockets 12 and 13
      with the compartments or chambers 16 and 17 respectively.
PAR  Having had the benefit of the discussion of the construction of the feed
      apparatus of this development its mode of operation will be now considered
      and is as follows:
PAR  If the carriage 4 is positioned at an inclination with respect to its
      threaded spindle 6, then the ring members 10 and 11 which are visible from
      the showing of FIG. 2 also accordingly position themselves at an
      inclination at the annular or ring-shaped grooves 14, 15 of the carriage 4
      as shown for instance in FIG. 6. Consequently, the transmission of forces
      from the threaded surface of the threaded spindle 6 to the threaded
      surface of the nut member 5 continues to occur uniformly.
PAR  An axial force, for instance in the direction of the arrow A of FIG. 5,
      occurring during feed or advance of the carriage 4 brings about
      corresponding changes in the gap heights and pressure conditions at the
      oil pockets 24, 25, 26, 27 of the spherical segments 22, 23 which bear at
      the projection 18. If, for instance, the axial force acts in a direction
      wherein the oil pressure is increased in the oil pocket 26 located between
      the spherical segment 22 and the carriage 4, then this increased pressure
      is transmitted from the oil pocket 26 via the line or conduit 28 into the
      compartment or chamber 16 between the ring member 10 and the carriage 4.
      Consequently, there is exerted upon the ring member 10 a counter force
      corresponding to the axial force. In the case of an axial force which acts
      in the other direction the oil pressure increases in the oil pocket 27
      which is located between the spherical segment 23 and the carriage 4 and
      this pressure is transmitted via the line or conduit 29 into the
      compartment or chamber 17 between the ring member 11 and the carriage 4.
      There is then exerted upon the ring member 11 a counter force
      corresponding to the axial force. Consequently, the axial rigidity of the
      feed apparatus is insured.
PAR  A rotational moment M (FIG. 5) transmitted from the threaded spindle 6 to
      the nut member 5 during feed of the carriage 4 brings about corresponding
      changes of the gap heights and pressure conditions at the oil pockets 34,
      35, 36, 37 of the spherical segments 32, 33 which bear at the projection
      18. If, for instance, a rotational moment M occurs in the direction of
      rotation which increases the oil pressure in the oil pocket 36 which is
      located between the spherical segment 32 and the carriage 4, in other
      words according to the showing of FIG. 3 a rotational moment in the
      clockwise direction, then this increased pressure is transmitted via the
      conduit or line 57 to the compartment 49 at the piston 47, and which acts
      in the opposite direction of rotation as the rotational moment exerted
      upon the nut member 5, in other words in FIG. 3 in the counter clockwise
      direction and as indicated in FIG. 5 by reference character M'. When there
      occurs a rotational moment M there is produced by the piston 47 a counter
      rotational moment M' of the same magnitude, so that no transverse forces
      act upon the spindle shaft or axis.
PAR  With opposite rotational direction of the rotational moment the oil
      pressure in the oil pocket 37 of the spherical segment 33 is increased and
      is transmitted via the conduit or line 58 to the compartment or chamber 48
      at the piston 46. The piston 46 generates, for the exerted rotational
      moment, a counter rotational moment of the same magnitude, so that no
      transverse forces act upon the spindle shaft or axis.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feed apparatus for displacing a movable component with respect to a
      stationary component by means of a threaded spindle mounted at one
      component and a nut member arranged at the other component, the
      improvement comprising two ring members substantially concentrically
      arranged with respect to the axis of the spindle, the nut member being
      supported in the other component by means of said two ring members, two
      surfaces arranged perpendicular to the axis of the spindle, each of said
      ring members being radially displaceably supported at a respective one of
      the surfaces and extending into a respective substantially ring-shaped
      groove, means for hydraulically retaining said ring members in axial
      direction, and wherein between the grooves and the ring members there is
      provided sufficient play for positioning each ring member at an
      inclination in the groove, and said surfaces are directed opposite to one
      another.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein said nut member possesses
      two diametrically oppositely situated projections each having two
      respective surfaces located substantially parallel to one another and to
      the lengthwise axis of the spindle for taking-up rotational moments
      exerted by the threaded spindle upon the nut member, said surfaces of one
      projection being supported against substantially spherical segments which
      are mounted at the other component associated with the nut member, and
      wherein said surfaces of the other projection bear via substantially
      spherical segments upon two oppositely situated pistons arranged
      substantially perpendicular to said last-mentioned surfaces and guided at
      the other component associated with the nut member.
NUM  3.
PAR  3. The apparatus as defined in claim 2, especially for a machine tool for
      displacing a carriage along a guide track, wherein the nut member is
      arranged at the carriage, said carriage defining said other component.
NUM  4.
PAR  4. The apparatus as defined in claim 1, wherein said surfaces are arranged
      at the nut member and said grooves are arranged at the other component
      associated with the nut member.
NUM  5.
PAR  5. The apparatus as defined in claim 1, wherein the ring members are
      hydrostatically supported at said surfaces.
NUM  6.
PAR  6. The apparatus as defined in claim 3, further including means for
      hydrostatically supporting the spherical segments associated with said one
      projection at said one projection and at the carriage.
NUM  7.
PAR  7. The apparatus as defined in claim 3, further including means for
      hydrostatically supporting the spherical segments associated with said
      other projection at said other projection and at said pistons.
NUM  8.
PAR  8. The apparatus as defined in claim 3, further including means for
      preventing axial displacement of the nut member with respect to the
      carriage, said axial displacement preventing means containing two
      substantially spherical segments which are hydrostatically supported
      axially at one of the projections and at the carriage, and hydraulically
      retaining means including means for hydraulically connecting the
      last-mentioned substantially spherical segments supported in one direction
      at the nut member with the ring members supported in the same direction at
      the nut member, oil pockets provided between the spherical segments and
      the carriage, said hydraulically connecting means including conduit means
      for connecting said oil pockets with compartments located between the ring
      members and the carriage.
NUM  9.
PAR  9. The apparatus as defined in claim 3, wherein each piston which acts in
      one direction upon the other projection is arranged in a respective
      substantially cylindrical compartment of the carriage, each of said
      compartments being hydraulically connected via a conduit with an oil
      pocket of the associated respective spherical segment which acts upon said
      one projection in the opposite direction of rotation as the associated
      piston.
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ABST
PAL  This invention pertains to tooth transmission members in which the tooth
      member is mounted to a support member and the tooth or pocket is used to
      drive or be driven by roller chains and the like. A base member is
      provided and is usually a form blank such as a disc or length of metal to
      which is secured assembled preforms in a linked array. Each preform
      provides a roller receiving tooth profile. The linked preforms are tightly
      retained on the previously prepared base members. Any selected number of
      preforms may be used and at least one is secured to the support blank upon
      which they are mounted. The support blank may be regularly or irregularly
      shaped depending upon the desired resulting transmission member.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This invention pertains to a transmission member similar to that shown in
      my U.S. patent application entitled, "Transmission Member Utilizing
      Pivotally Interconnected Preforms", Ser. No. 404,132, filed Oct. 5th, 1973
      and given U.S. Pat. No. 3,861,232 as issued on Jan. 21st, 1975.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  With reference to the classification of art as established in the U.S.
      Patent Office this invention is found in the general Class entitled,
      "Machine Elements and Mechanisms" (Class 74) and more particularly in the
      subclass entitled, "gearing roller" (Subclass 465).
PAR  2. Description of the Prior Art
PAR  Spur gears, tooth pulleys, gear racks, roller chains and sprockets are all
      well known in the power transmission art. In my U.S. Pat. No. 3,861,232,
      above-identified, a complete description of assembled preforms for use
      with toothed timing belts and the like have been both described and
      claimed. Not shown was the simplified method of providing roller chain
      sprockets which could be assembled and mounted in a manner similar to that
      shown for the transmission member in the above-identified patent. To the
      extent that it applies the information disclosed and claimed in my
      above-identified patent is incorporated by reference into this
      application.
PAR  The use of a length of roller chain mounted to a support blank is shown in
      U.S. Pat. No. 3,108,488 to HUSZAR as issued on Oct. 29th, 1963. In this
      and prior known art, insofar as is known, no attempt has been made to
      provide a tooth sprocket in which the teeth are pivotally connected and
      are removably mounted on the support member. The assembled sprocket has
      teeth whose spacing and shape are positive and precise.
PAR  The present invention provides a ready and inexpensive means for making and
      assembling positive tooth sprockets which may be utilized with single
      pitch or multipitch roller chains. Preformed tooth members are precisely
      spaced from each other by connecting links or by mating hinge portions and
      are supported and retained on a suitable support blank so that each
      preform is secured at the required relationship to a supplied support
      surface. The tooth preform is attached to the outer portion of the support
      blank to provide an established pitch line. Alternately the support blank
      may have a groove in which the preform is maintained in a similarly fixed
      and spaced relationship. A series of preforms when secured to the support
      blank provides a complete tooth sprocket. It is further contemplated that
      the preforms may be mounted upon an expanding-type support which would
      provide a variable tooth sprocket drive.
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be summarized at least in part with reference to its
      objects.
PAR  It is an object of this invention to provide, and it does provide, a
      transmission member providing a tooth sprocket profile in which the teeth
      are precisely spaced from each other by pivoting means or attached links
      and are secured to the support member by means of securing pins or a
      frictional engagement.
PAR  The positive drive member of this invention utilizes a preform which forms
      at least one tooth portion on its outer face. The underportion of this
      preform is precisely made so as to be positively positioned on a support
      surface. Several embodiments are shown to indicate the method by which
      these preforms may be precisely spaced, connected and mounted. The support
      member may be a disc, a cam-shaped member of a regular shape or irregular
      form or may be a rack. The support member is formed to provide a base for
      the preform so as to establish a desired pitch and configuration. In the
      embodiments to be hereinafter more fully described the preform is secured
      to the support member by means of a pin, an orienting pin, a locating pin
      or by forcing into a receiving groove or, of course, by adhesive means.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. There have been
      chosen specific embodiments of the preforms which provide a tooth profile
      which is compatible for use with roller chains of either single or
      multiple pitch. These specific embodiments have been chosen for the
      purposes of illustration and description as shown in the accompanying
      drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 represents a side view, partly fragmentary, and showing a connected
      series of like preforms some of which are attached and some are in the
      process of being attached to a support member;
PAR  FIG. 2 represents a fragmentary sectional view taken on the line 2--2 of
      FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 represents a fragmentary view taken on the line 3--3 of FIG. 1 and
      looking in the direction of the arrows;
PAR  FIG. 4 represents an alternate construction of a tooth preform, this
      assembly of tooth preforms adapted to drive roller chains having a
      multipitch as, for example, double pitch;
PAR  FIG. 5 represents a fragmentary plan view looking downwardly on the
      fragmentary view of FIG. 4, this view taken on the line 5--5 of FIG. 4 and
      looking in the direction of the arrows;
PAR  FIG. 6 represents an alternate tooth construction to that of FIG. 4 and in
      this tooth construction additional connecting links are employed;
PAR  FIG. 7 represents a fragmentary plan view of the tooth profile construction
      of FIG. 6, this view taken on the line 7--7 of FIG. 6 and looking in the
      direction of the arrows;
PAR  FIG. 8 represents a side view of yet another alternate tooth construction
      for multipitch sprockets having a low profile, and
PAR  FIG. 9 represents a plan view of the sprocket construction of FIG. 8, this
      view taken on the line 9--9 of FIG. 8 and looking in the direction of the
      arrows.
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience, these names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like members throughout the several figures of the
      drawing.
PAR  The drawing accompanying, and forming part of, this specification discloses
      a preferred construction but it should be understood that these details
      may be modified in various respects without departure from the concept and
      principles of the invention.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 1, 2 and 3
PAR  Referring now to the drawing and in particular to FIGS. 1, 2 and 3, there
      is depicted a support member 20 which, as shown, is a disc-like member
      preferably made with an outer diameter or periphery 22 of a precise
      measurement. Conventionally a hub 24 and a bore 25 are provided and these
      may be of a selected size for mounting and retaining on a shaft, not
      shown. Arcuate surfaces 26 are formed on the under or inner face of the
      preforms, to be hereinafter more fully described. For the sake of
      identification, in phantom outline are shown preforms 28 and 29 which are
      in a preassembled condition prior to their mounting on the support member
      20. Locking pins 30 pass through holes formed in the support member 20 to
      secure preform 32 which is typically, substantially identical or identical
      to the preforms 28 and 29, shown in phantom outline. Each preform is
      sequentially secured to the support member 20. The tooth preform 32 and
      like preforms have mounting side flange portions 34 which slidably engage
      the web portion of the support member 20. Mating hinge ears identified as
      tang portions 46 and leaf portions 48 are formed on the outer tooth
      portion of the preforms 32. Pivot pins 36 passed through holes in members
      46 and 48 are secured to the preforms in a fixed relationship to each
      other. As the preforms are positioned on the support member, locking pins
      30 are passed through the mounting flange portions 34 and through
      appropriately drilled holes in the web of the support member 20 to secure
      the preforms in position. As seen in FIG. 1, after preform 32 has been
      secured to the web portion of support member 20 by means of locking pin
      30, the preform 28, in preassembled position, is moved to the support
      member 20 and becomes preform 38 when mounted by pin 30. In a like manner,
      the preform 29, shown in dashed outline, is moved into seated condition on
      the support member 20 and is secured in position by means of locking pin
      30 to become an assembled preform 39. The hinge relationship of the tang
      portions 46 and leaf portions 48 is a sliding mating fit. The relationship
      of the tang and leaf is particularly seen in the sectional view of FIG. 3
      where the tang 46 and leaf 48 are retained by means of pivot pin 36.
PAC  EMBODIMENT OF FIGS. 4 AND 5
PAR  Referring next to the embodiment of FIGS. 4 and 5, it is to be noted that
      in FIGS. 4 and 5 there is represented a sprocket whose teeth are adapted
      to mate with a roller chain commonly identified as a multiple pitch, as
      for example, a double pitch or triple pitch. Assuming that the distance
      50, indicated on FIG. 4, has a spacing for double distance (double the
      normal spacing) roller chain, then the preform 72 may be formed so that
      instead of a sharp tooth a large space may be provided. This space is
      equal to the omitted roller of the roller chain. In this space is
      accommodated a locking pin 70 which retains preform 72 mounted to a
      support member 60. Instead of the sharply pointed tooth of FIG. 1, the
      hingedly joined preforms of FIG. 4 which are seated on the support member
      60 and on its outer periphery 62 provide the seating portions of the
      preform 72 as well as larger hinging portions. Locking pins 70 will retain
      these preforms to the support member 60. Pivot pin 76 will lock the
      several preforms and provide the pivotal connection of the preforms. The
      tang 86 and mating leaf portions 88 are hinged portions which are secured
      by means of the pivot pin 76. The tooth profile 80 and the trough profile
      82 of the preform are adapted to receive that roller of the chain having
      the extended spacing.
PAC  EMBODIMENT OF FIGS. 6 AND 7
PAR  Referring now to FIGS. 6 and 7, it is to be noted that an alternate
      construction to the preform of FIG. 4 is provided. Instead of a hinge
      connection of one preform to the next preform there is depicted on support
      member 90, having a periphery 92, mounted preforms having link connecting
      members. The arcuate support surfaces 96 of preforms 102 are seated on the
      surface 92. These preforms are secured to the support member by means of
      locking pins 100. Flange portions 104 straddle the web of this support
      member. Links 116 extend between the preforms 102 and into recesses formed
      in the upper leaf portion 118 of the tooth profile 110. The trough of the
      profile is identified as 112 and is adapted to receive the roller of a
      chain of multiple pitch. It is to be noted that the distance indicated as
      52 may be two, three or more pitches and the link distance 54 plus the two
      distances 56 establish the pitch of the roller chain to which this
      sprocket is adapted to operate and drive. The link distance is a function
      of the pitch distance, hence the link length may be shortened or
      lengthened to accommodate the different multiple pitch chains with no
      change in the preform 102.
PAC  EMBODIMENT OF FIGS. 8 AND 9
PAR  Referring next and finally to the embodiment of FIGS. 8 and 9, there is
      depicted a sprocket for a roller chain in which the tooth preforms have
      integrally formed male and female connecting portions. As seen in FIGS. 8
      and 9, a support member 120 has a periphery 122 which provides a support
      for the arcuate surfaces 126 of a preform 132. Locking pins 130 retain
      these preforms to the support member 120 and mounting flanges 134 formed
      on the preform straddle the web of the support member. The preform 132 has
      the upward extending tooth profile 140 and a trough profile 142 which is
      sized to receive the roller of a multipitch roller chain. Hinge pockets
      138 are formed on one of the upward extending portions of tooth profile
      portion 140 and on the other upward extending tooth profile portion there
      are formed hinge ear projections 136. The projections 136 seat in the
      hinge pockets 138 to form a pivoted connection which when the preforms 132
      are secured to the base 120 by means of locking pins 130 retain this
      multipitch sprocket configuration in a fixed position upon the support
      member 120. Relief portions are provided in the sides of the preforms to
      enable the projections 136 to be seated in pockets 138 as the last
      connection of a sprocket is secured. This embodiment discloses a low
      profile toothed sprocket which may be desirable in certain conveyar chain
      drives. This manner of connection can also be employed in the embodiments
      of FIGS. 1 and 4.
PAR  Although FIGS. 2, 4, 6 and 8 all suggest that the preform have exterior
      mounting flanges which slidably engage the web of a support member it is
      also to be contemplated that a reverse of this might be provided in which
      this support member might have a groove formed therein in which the tooth
      projection may be seated and by means of locking pins and hinge pins the
      preforms will be secured to the support member.
PAR  Terms such as "up", "down", "bottom", "top", "front", "back" and the like
      are applicable to the embodiments shown and described in conjunction with
      the drawing. These terms are merely for the purposes of description and do
      not necessarily apply to the manner in which the tooth transmission member
      may be constructed or used.
PAR  While particular embodiments have been shown and described modifications
      may be made within the scope of the accompanying claims and protection is
      sought to the broadest extent the prior art allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmission member which is sequentially assembled to provide the
      tooth engaging portions of a power transmission sprocket for use with
      roller chain and the like, said sprocket having a profiled intermediate
      section which in a mounted condition cooperatively engages the roller and
      like portions of a roller chain transmission member, said member
      including: (a) a support member having a prepared support means of
      selected configuration; (b) a preform having a midportion containing a
      positive power transmission profile formed in its outwardly facing
      portion, said profile providing a roller receiving contour, the preform
      having means for precisely engaging the support member; (c) retaining
      means provided on said preforms to cooperatively engage the support member
      and maintain this preform in a fixed condition on said member, and (d)
      hinge means formed in each of the two upwardly extending portions of the
      preform, said hinge means cooperatively secured to the next preform by a
      hinge retaining member, the hinge when connected forming a pivotal
      connection by which the preform is retained in a spaced relationship to
      the next adjacent preform.
NUM  2.
PAR  2. A transmission member as in claim 1 in which the preform has side
      portions providing flanges which slidably engage the sides of the support
      member and provide a transverse retention of the preform on the support
      member.
NUM  3.
PAR  3. A transmission member as in claim 2 in which the preform is adapted to
      receive a roller chain and at the upward end of the preform the end is
      connected by means of a hinge pin.
NUM  4.
PAR  4. A transmission member as in claim 3 in which the transmission member
      provides a sprocket for a regular pitch roller chain.
NUM  5.
PAR  5. A transmission member as in claim 2 in which the central portion of the
      preform is adapted to receive the roller of a multipitch roller chain and
      the upward extending portion of the preform and its hinge connection
      occupy the space of at least one missing roller of a multipitch roller
      chain.
NUM  6.
PAR  6. A transmission member as in claim 2 in which the preform has a
      midportion adapted to receive the roller of a multipitch roller chain and
      in which the upward extending portion of the preform is connected to the
      next preform by means of a link member, said upward extending portion of
      the preform and the connecting link occupying the space of at least one
      missing roller of a multipitch roller chain.
NUM  7.
PAR  7. A transmission member as in claim 2 in which the midportion of the
      preform is adapted to receive substantially one-half of the diameter of
      the roller chain and in which the upward extending end of the preform is
      formed with integral hinge portions, one of the ends of the upward
      extending preform having a pair of hinge sockets formed therein and in
      which the other upward extending portion of the upward projection of the
      preform has a hinged ear projection adapted to seat in the open upward
      pocket formed on the preform.
NUM  8.
PAR  8. A transmission member as in claim 7 in which the hinged ear projection
      and the hinge pockets lay substantially at the pitch line of the roller
      chain.
NUM  9.
PAR  9. A transmission member as in claim 8 in which the roller chain receiving
      preforms is spaced to receive only multipitch roller chains.
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ABST
PAL  An improved resistance-producing structure for producing operator feel when
      manually shifting the gear shift lever unit of a mechanical transmission
      toward a predetermined position wherein this structure includes support
      housing boss portions for retaining a pre-loaded yieldable means which is
      abutted and further loaded by projections extending from the gear shift
      lever unit upon the movement of the gear shift lever unit toward a
      predetermined position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which this invention pertains includes that of
      transmission controls and more particularly to an improved
      resistance-producing structure for a manual shifting mechanism used with a
      mechanical transmission.
PAR  2. Description of the Prior Art
PAR  While manual shifting mechanisms for mechanical transmissions utilize a
      great variety of different designs and structures, they generally utilize
      a plurality of longitudinally shiftable members, such as shift rails or
      members associated therewith. Many of these structures utilize a shift
      lever unit that is mounted within a support housing and includes a shift
      lever bracket or gimbal that is mounted within the support housing for
      transverse rocking or pivoting movement on a longitudinal axis. Generally,
      a shift lever is carried by the gimbal for transverse movement therewith
      and is pivoted within the gimbal and relative thereto for longitudinal
      fore-and-aft shifting movement about a transverse axis. The shift lever
      and gimbal are swingable as a unit transversely on the longitudinal axis
      when the shift lever is vertical and the longitudinally shiftable members
      are centered, with the shift lever being swingable longitudinally on the
      transverse axis and including a downwardly projecting shift element for
      selectively engaging and longitudinally shifting each of the
      longitudinally shiftable members. A general structure of the type
      described hereinabove, but not restricted thereto, is shown and described
      in U.S. Pat. No. 3,667,105 to Dence (also assigned to the assignee of this
      invention).
PAR  It is also well known that overspeeding of the prime mover can occur by
      improper downshifting and that extensive damage to the transmission can
      occur by attempting to shift to reverse gear during forward motion. Thus,
      it is well known to provide the shifting mechanism with a resistance,
      which is felt by and must be overcome, by the operator when selecting, for
      example, first and/or reverse gear. The resistance-producing structure
      often takes the form of a plunger which is spring pressed outwardly so as
      to contact the shift lever and prevents accidental lateral movement of the
      shift lever unit into engagement with, for example, the first and/or
      reverse gear shift rail. Overcoming the resistance of the spring requires
      a conscious effort on the part of the operator and prevents accidental
      movement of the shift lever into the associated longitudinally shiftable
      member. A somewhat similar structure is shown in FIG. 5 of the
      above-referred to prior art patent.
PAR  While the prior art devices perform very satisfactorily, the addition of
      plungers, machined bores for containing plungers, as well as threaded
      elements associated therewith, make many of these prior art units
      expensive to manufacture and expensive to install. In addition, most of
      the prior art units are also overly-complicated for the simple function
      they are called upon to perform.
PAC  SUMMARY OF THE INVENTION
PAR  The improved resistance-producing structure of this invention solves the
      previously-noted problems of complexity as well as cost and is very easy
      to install. In the improved structure of this invention the shift
      mechanism support housing includes transversely opposed pairs of
      longitudinally extending bosses, these bosses preferably forming an
      integral part of the housing and including spaced upper and lower portions
      that are located below as well as laterally oppositely spaced from the
      longitudinal pivot axis of the gimbal. Pre-loaded yieldable means, in the
      form of opposed facing cups and having a compression spring confined
      therebetween, is interposed between each pair of spaced upper and lower
      boss portions. In addition, the gimbal has oppositely and longitudinally
      extending projections located below and laterally and oppositely spaced
      from the longitudinal pivot axis of the gimbal. The gimbal projection can
      enter between the spaced upper and lower boss portions so as to abut and
      further load the yieldable means when the shift lever and gimbal are swung
      about the longitudinal axis from a first position, when the shift lever
      and gimbal are vertical, to a second position so as to bring the gimbal
      projections into abutment with the yieldable means. The resulting
      resistance, which is felt by and must be overcome by the operator, prior
      to the engagement with the associated longitudinally shiftable member,
      provides the operator with the knowledge that he is in the process of
      engaging a particular shiftable member.
PAR  The improved structure of this invention, thus utilizes bosses and
      projections that are readily integrated with their respective members at
      their initial state of manufacture, e.g., such as during the casting
      operation. The yieldable means, i.e., the spring-and-cups assembly is
      readily manually inserted between each pair of spaced boss portions and
      the initial slight compression or pre-loading of the spring serves to
      retain the assembly between the opposed bosses. Therefore, no machining
      whatsoever is required, no threaded members are utilized and the assembly
      is simple, quick and fool-proof.
PAR  Other features and advantages of the invention will become more readily
      understood by persons skilled in the art when following the detailed
      description in conjunction with the several drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical axial sectional view of a transmission shifting
      mechanism embodying the improvement of the present invention.
PAR  FIG. 2 is a horizontal sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a vertical sectional view taken along line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, particularly FIG. 1, there is
      shown a shifting mechanism for a mechanical transmission including the
      constructional details embodying the features of the present improvement.
PAR  The shifting mechanism, denoted by numeral 10, which is generally shown in
      FIG. 1 and in various sections in FIGS. 2 and 3, includes a plurality of
      longitudinally shiftable members, such as, for example, pistons 12, 14,
      and 16 (best shown in FIG. 3), working in cylinders 18, 20 and 22 for
      longitudinal shifting movement therein. These cylinders are connected with
      hydraulic lines 24 which lead to corresponding cylinders in a servo unit
      (not shown). The servo unit includes pistons corresponding individually
      with pistons 12, 14 and 16 in shifting mechanism 10, with the pistons in
      the servo unit operating the shift rails of the transmission. The
      provision of the pistons in shifting mechanism 10 and the pistons in the
      servo unit, as well as the hydraulic line connection therebetween,
      together with the actuation of the shift rails in the transmission, is of
      generally known construction. It should be understood that the
      longitudinally shiftable members could, of course, be the shift rails
      themselves, rather than the previously referred to pistons, since the
      present invention relates to a specific improvement within a shifting
      mechanism regardless of the exact shape of the actuating members.
PAR  As best seen in FIG. 1, shifting mechanism 10 includes a housing 28 which
      may be made up of two assembled halves 30 and 32. Shifting mechanism 10
      further includes a gear shift lever unit, generally designated by numeral
      36, which includes a gear shift lever or stick 38 and a shift lever pivot
      bracket or gimbal 40. For ease of understanding, shift lever unit 36 may
      be described as having a central or neutral position in which shift lever
      38 and gimbal 40 are vertical and the longitudinally shiftable members 12,
      14 and 16 within the shifting mechanism 10 are centered. Gimbal 40 has
      bearings members 42 journaled within housing 28 so as to permit a
      transverse rocking or pivoting movement of gimbal 40 on or about a
      longitudinal axis 44 parallel to the longitudinally shiftable members and
      disposed at the upper part of housing 28. Gimbal 40 is, of course,
      restrained against displacement longitudinally and includes a pair of side
      members or plates 46 and 48 in which shift lever 38 is pivotally mounted
      by pin 52. Shift lever 38 is thus carried by gimbal member 40 for
      transverse movement therewith and pivoted therein and relative thereto for
      longitudinal fore-and-aft shifting movement about a transverse axis 54.
      The inner or lower end of shift lever 38 forms an extension 58 beyond
      pivot axis 54 for selectively engaging each of pistons 12, 14 and 16, with
      each of these pistons having a fork 62 that has a notch 64 that opens
      transversely in both directions.
PAR  It should be clear at this time that, in a neutral position of the gear
      shift lever unit previously referred to, both gear shift lever 38 and
      gimbal 40 are vertically disposed. Thus, in the neutral position each one
      of pistons 12, 14 and 16 are centered in their respective cylinders and
      gear shift lever extension 58 is disposed within fork 62 of piston 16.
      Engagement of gear shift lever extension 58 with the forks of either
      piston 12 or 14 requires the transverse rocking or pivoting of gimbal 40
      about longitudinal axis 44. Once that fork 62 of the desired one of
      pistons 12, 14 and 16 has been engaged by shift lever extension 58, then
      gear shift lever 38 is pivoted, to the right or left, for longitudinal
      fore-and-aft shifting movement about transverse axis 54. For ease of
      understanding, the limits of the fore-and-aft shifting movement of shift
      lever extension 58 is indicated by the phantom line renditions of lever
      extension 58 in FIG. 1. The transverse movement of gimbal 40 is
      pictorially indicated on the right hand margin of FIG. 2 by arrows 66 and
      68 which schematically (not to scale) demonstrate the transverse pivotal
      movement of gimbal 40 from its vertical or neutral position, i.e., when
      lever extension 58 engages fork 62 of piston 16, to the positions when
      lever extension 58 engages forks 62 of pistons 12 and 14 respectively.
PAR  It should, of course, be understood at this time that the number of
      shiftable members that are utilized will depend upon the number of gear
      ratios that are desired. Each longitudinally shiftable member permits the
      selection of one or two gear ratios, depending on whether it is shiftable
      only fore or aft, or fore-and-aft from the neutral position. Shifting
      mechanism 10, by the use of pistons 12, 14 and 16 permits the selection of
      up to six gear ratios.
PAR  For discussion purposes, the assumption is made that one of the
      longitudinally shiftable members, namely, piston 12 controls first and
      reverse gear ratios; piston 16 controls second and third gear ratios; and
      piston 14 controls fourth and fifth gear ratios. Again, for the sake of
      discussion, most gear ratios are forward gear ratios and most of the
      shifting occurs from the second through the fifth ratios. It is also
      common knowledge that overspeeding of the prime mover can occur by
      improper downshifting and extensive damage to the transmission can occur
      by attempting to shift to reverse gear during forward motion. Therefore,
      it is well-known to provide the shifting mechanism with a resistance which
      must be overcome, by the operator, when selecting, for example, first
      and/or reverse gear.
PAR  In shifting mechanism 10 a yieldable means, generally denominated by
      numeral 72, in the form of one or more compression springs 74 and 76 are
      preloaded between two facing cups 78. This preloading is accomplished by
      interposing the facing cups and spring assemblies, i.e., yieldable means
      72, between a pair of longitudinally extending upper and lower spaced boss
      portions 82 and 84 respectively, with boss portions 82 and 84 located on
      housing 28 below and laterally as well as oppositely and equally spaced
      from longitudinal pivot axis 44 of gimbal 40. Thus, as best seen in FIGS.
      2 and 3, upper and lower boss portions 82 and 84 serve to confine
      yieldable means 72 against outward axial movement. However, as best seen
      in FIG. 3, upper and lower boss portions 82 and 84 respectively are
      vertically spaced apart so as to allow access, via opening 86, to
      yieldable means 72. In addition, each pair of boss portions 82 as well as
      boss portions 84 is transversely or laterally spaced apart so that their
      inner ends are separated by relief areas 90 whose function will be
      described later. Housing 28 is also provided with transversely extending
      rib portions 88 (best seen in FIGS. 1 and 2) that serve as radial abutment
      and locating means for facing cups 78.
PAR  As previously noted, gimbal 40 is shown in FIG. 2 in the vertical or
      neutral position, i.e., when shift lever extension 58 is engaged in fork
      62 of centered piston 16. FIG. 2, as well as FIGS. 1 and 3, shows that
      gimbal 40 is provided with longitudinally extending projections 92, with
      projections 92 longitudinally extending in opposite directions from gimbal
      side plate 48. Thus, projections 92 which are located below and laterally
      spaced from gimbal longitudinal axis 44 enter through opening 86 between
      housing upper and lower boss portions 82 and 84 so as to abut and further
      load or compress yieldable means 72 when gimbal 40 is shifted from its
      central or neutral position in the direction so as to bring projections 92
      toward a vertical plane passing through gimbal longitudinal pivot axis 44,
      i.e., when gimbal 40 is pivoted about its axis 44 so as to bring shift
      lever extension 58 into engagement with fork 62 of longitudinally
      shiftable member or piston 12. The resistance provided by yieldable means
      72 when projection 92 contacts one of cups 78, (as best seen in FIG. 3)
      provides the operator with the knowledge that he is biasing gear shift
      lever 38 to a particular longitudinally shiftable member, e.g., the shift
      member controlling, for example, first and reverse gear ratios. Relief
      areas 90 permit ready transverse movement of cups 78 even if the latter
      have sharp outer edges on their annular end faces, since these end faces
      extend into areas 90.
PAR  It should be understood that, depending on the location of the shiftable
      member the shifting into which operator feel is desired, that projections
      92 could, of course, instead be located on the opposite side plate 46 of
      gimbal 40 which would then provide for resistance when shifting toward
      longitudinally shiftable member or piston 14.
PAR  The improved resistance-producing structure of this invention thus
      basically includes the addition of at least one pair of
      longitudinally-extending upper and lower boss portions to the basic
      housing; interposing a pre-loaded yieldable means between a pair of the
      boss portions; and providing the gimbal with longitudinally-extending
      projections that can enter between the upper and lower boss portions so as
      to abut with and further compress the yieldable means when the shift lever
      is moved from the central position in one lateral direction. These boss
      portions and projections may readily be integrally incorporated into their
      respective members and co-act with the cups and springs of the yieldable
      means so as to produce a simple, fool-proof and inexpensive improved
      operator-feel-providing structure.
PAR  From the foregoing, it is believe that those familiar with the art will
      readily recognize and appreciate the novel concepts and features of the
      present invention. Obviously, while the invention has been described in
      relation to only one preferred embodiment, numerous variations, changes
      and substitutions of equivalents will present themselves to persons
      skilled in the art and may be made without necessarily departing from the
      scope and principles of this invention. As a result, the embodiment
      described herein is subject to various modifications, changes and the
      like, with the scope of this invention being determined solely by
      reference to the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a shifting mechanism for a mechanical transmission of the type
      including a support housing, a plurality of longitudinally shiftable
      members therewithin, a gear shift lever unit having a central position, a
      gimbal mounted within said support housing for transverse rocking or
      pivoting movement on a longitudinal axis but fixed against longitudinal
      movement, and a shift lever carried by said gimbal for transverse movement
      therewith and pivoted therein and relative thereto for longitudinal
      fore-and-aft shifting movement about a transverse axis, said shift lever
      having a downwardly projecting shift element for selectively engaging and
      longitudinally shifting each of said longitudinally shiftable members, the
      improvement comprising:
PA1  a. said support housing including at least one pair of
      longitudinally-extending as well as spaced upper and lower boss portions
      located below and laterally and oppositely spaced from the longitudinal
      pivot axis of said gimbal;
PA1  b. pre-loaded yieldable means interposed between said at least one pair of
      spaced upper and lower boss portions; and
PA1  c. said gimbal having at least one longitudinally extending projection
      located below and laterally spaced from said gimbal longitudinal pivot
      axis, said projection entering between said spaced upper and lower boss
      portions to abut and further load said yieldable means, and thereby
      provide operator feel, upon the pivoting movement of said gimbal from said
      shift lever central position to a direction bringing said projection
      laterally toward said gimbal longitudinal pivot axis.
NUM  2.
PAR  2. The improvement of claim 1 wherein said yieldable means includes a pair
      of spaced cup members having opposed open ends, with each of said cup
      members retaining one end of a compression spring interposed and preloaded
      therebetween.
NUM  3.
PAR  3. The improvement of claim 2 wherein each of said pairs of upper and lower
      boss portions is transversely spaced apart and includes relief areas
      therebetween, with the opposed open ends of said cup members extending
      into said relief areas.
NUM  4.
PAR  4. The improvement of claim 2 wherein said support housing further includes
      transversely extending rib portions, located between said upper and lower
      boss portions, that serve as a radial abutment and locating measn for said
      cup members.
NUM  5.
PAR  5. The improvement of claim 1 wherein said boss portions are equally spaced
      from said gimbal longitudinal axis.
NUM  6.
PAR  6. In a hydraulic shifting mechanism for a mechanical transmission of the
      type having a plurality of pistons longitudinally shiftable within a
      support housing for producing corresponding shifting movements in the
      transmission, a shift lever support bracket having an upper portion
      journalled in said support housing for transverse movement on a
      longitudinal first axis above said pistons, said support bracket including
      a pair of downwardly depending side plates, a shift lever extending
      between said support bracket side plates and pivoted therein on a second
      axis transverse to said first axis with the shift lever and support
      bracket being swingable as a unit transversely on said first axis when the
      shift lever is vertical and the pistons are centered, the shift lever
      being swingable longitudinally on said transverse second axis between said
      support bracket side plates and having a lower end extension below said
      second axis and being extendable into and selectively engageable with
      notches of respective ones of said pistons in response to transverse
      swinging movement of the shift lever and support bracket about said first
      axis and operative in response to longitudinal swinging of the shift lever
      about said transverse second axis for shifting a respective one of the
      pistons, wherein the improvement comprises:
PA1  a. one of said support bracket side plates having oppositely and
      longitudinally extending projections located below and laterally spaced
      from said first axis;
PA1  b. said support housing including transversely opposed pairs of
      longitudinally extending bosses, said bosses being located below said
      first axis and including spaced upper and lower portions so as to permit
      the passage therebetween of said support bracket side plate projections;
      and
PA1  c. yieldable means confined between said opposed pairs of bosses and
      offering resistance to the passage of said support bracket side plate
      projections upon the swinging movement of said shift lever and support
      bracket about said first axis from a first position when said shift lever
      and support bracket are vertical to a second position when said shift
      lever and support bracket are so swung about said first axis so as to
      bring said support bracket side plates between said spaced upper and lower
      support housing boss portions, said resistance, which is felt by and must
      be overcome by an operator prior to the engagement with the associated
      piston, providing the operator with the knowledge that he is in the
      process of engaging a particular piston.
NUM  7.
PAR  7. The improvement of claim 6 wherein said yieldable means includes a pair
      of facing cups and a compression spring interposed and retained
      therebetween, said spring biasing said cups against a pair of said opposed
      bosses, with said support bracket side plate, projecting upon entering
      between said upper and lower boss portions abutting one of said cups and
      laterally displacing same so as to further compress said spring, thereby
      imparting the desired operator feel.
NUM  8.
PAR  8. The improvement of claim 6 wherein said bosses are equally spaced from
      said first axis.
NUM  9.
PAR  9. In a manually operated shifting mechanism for a mechanical transmission
      of the type having a plurality of actuating members, longitudinally
      shiftable within a support housing, for producing corresponding shifting
      movement in the transmission, a shift lever gimbal having an upper portion
      journalled in said support housing for transverse movement on a
      longitudinal first axis above said actuating members, said gimbal
      including a pair of downwardly depending side plates, a shift lever
      extending between said side plates and pivoted therein and being swingable
      longitudinally on a second axis transverse to said first axis with the
      shift lever and gimbal being swingable as a unit transversely on said
      first axis when the shift lever is vertical, the shift lever having a
      lower end extending below said second axis and being extendable into and
      selectively engageable with notches of respective ones of said actuating
      members in response to transverse swinging movement of the shift lever and
      gimbal about said first axis and operative in response to longitudinal
      swinging of the shift lever about said transverse second axis for shifting
      a respective one of the actuating members, wherein the improvement
      comprises in combination:
PA1  a. one of said gimbal side plates having longitudinally-extending opposed
      projections located below and longitudinally spaced from said second axis;
PA1  b. said support housing including transversely opposed pairs of
      longitudinally extending bosses, said bosses being located below said
      second axis and including vertically spaced first and second portions so
      as to permit the passage therebetween of said gimbal side plate
      projections; and
PA1  c. resilient means confined between said first and second portions of said
      opposed pairs of bosses and offering resistance to the passage of said
      gimbal side plate projections upon the swinging movement of said shift
      lever and gimbal about said first axis from a first position when said
      shift lever and support bracket are vertical to a second position when
      said shift lever and support bracket are pivoted about said first axis so
      as to bring said gimbal side plate projections between said spaced first
      and second support housing boss portions and in contact with said
      resilient means, said resilient means providing a resistance which is felt
      by the operator and provides him with knowledge that he is engaging a
      particular actuating member.
NUM  10.
PAR  10. The improvement of claim 9 wherein said resilient means includes a pair
      of spaced cup members having opposed open ends, with each of said cups
      retaining one end of a compression spring interposed and preloaded
      therebetween.
NUM  11.
PAR  11. The improvement of claim 10 wherein said transversely opposed pairs of
      bosses include relief areas therebetween, with the opposed open ends of
      said cup members extending into said relief areas.
NUM  12.
PAR  12. The improvement of claim 10 wherein said support housing further
      includes transversely extending rib portions, located between said first
      and second boss portions, that serve as radial abutment and locating means
      for said cup members.
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ABST
PAL  A safety steering column for a vehicle comprises a rotatable composite
      shaft extending between the steering wheel assembly and the steering gear
      assembly for the vehicle. The composite shaft is divided intermediate its
      ends into two shaft parts and a relatively torsion-stiff joint couples
      adjacent ends of the two shaft parts. Two more relatively torsion-stiff
      joints couple opposite ends of the composite shaft to the steering wheel
      assembly and the steering gear assembly, respectively. The joint coupling
      together the two parts of the composite shaft is constructed to provide a
      pivot point radially offset from the central longitudinal axes of the
      shaft parts. Accordingly, upon application of an axial load on the
      composite shaft exceeding a predetermined axial load, the shaft parts will
      pivot relative to each other about the pivot point and the composite shaft
      will tend to buckle at the joint coupling the two parts of the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a collision involving a vehicle, such as an automobile, particularly in
      a serious head-on collision, the steering column that operatively couples
      the steering wheel assembly to the steering gear assembly and the axle for
      the front wheels, for example, may be forced into the passenger
      compartment of the vehicle due to the deformation of the front of the
      vehicle body. In order to avoid serious injuries to the operator of a
      vehicle resulting from the steering column being forced into the passenger
      compartment, steering columns have been proposed that are constructed in
      two parts capable of moving axially relative to one another. In a
      collision, therefore, such two-part steering columns can accommodate
      significant deformation of the front portion of a vehicle body without
      significant movement of the column into the passenger compartment.
PAR  In one type of a two-part steering column, one part of the column is hollow
      and has a larger diameter than the other part. Upon the application of an
      axial impact load, the part of the column having the smaller diameter
      telescopes into the part having the larger diameter. Such a two-part
      steering column is described and illustrated in Bogosoff et al. U.S. Pat.
      No. 3,394,612, for example.
PAR  In another type of a two-part steering column, the two parts of the column
      are separated and the resulting gap is bridged by a shock absorbing
      element. Two part steering columns of the second type are described and
      illustrated in Orlich et al. U.S. Pat. No. 3,482,466, German Patentschrift
      No. 1,298,010 and German Auslegeschrift No. 1,655,581. In a particular
      embodiment of a two-part steering column that includes an intermediate
      shock absorber portion, the opposite ends of the column are coupled to the
      steering wheel shaft and to a steering gear assembly by joints, such as
      universal joints, that are relatively torsion-stiff. During a frontal
      collision, the steering column deforms into a lightning-like shape. The
      construction of such a steering column is described and illustrated in the
      bi-weekly German magazine "Mot", at pages 50 and 52 of the Oct. 19, 1968
      issue.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a safety steering column for a
      vehicle, such as an automobile, which utilizes a two-part construction and
      is designed to buckle in the event of an accident, in a controlled
      direction away from the driver of the vehicle to avoid injuries, including
      foot and leg injuries. According to the invention, a safety steering
      column comprises a rotatable composite shaft extending between the
      steering wheel assembly for a vehicle and the steering gear assembly. The
      shaft is divided intermediate its ends into two parts and adjacent ends of
      the two shaft parts are coupled together by a relatively torsion-stiff
      joint. A second and a third relatively torsion-stiff joint couple opposite
      ends of the composite shaft to the steering wheel assembly and the
      steering gear assembly, respectively. The torsion-stiff joint that couples
      together the two parts of the composite shaft is constructed to provide a
      pivot point radially offset from the central longitudinal axes of the
      shaft parts. As a result, upon application of an axial load on the shaft
      exceeding a predetermined axial load, relative pivotal movement between
      the shaft parts about the pivot point will result and the composite shaft
      will tend to buckle at the first joint in the direction of the pivot
      point.
PAR  A safety steering column according to the invention may be constructed so
      that either one or both of the second and third torsion-stiff joints are
      constructed to provide additional pivot points about which adjacent shaft
      parts can pivot. The additional pivot points are radially offset from the
      central longitudinal axes of the parts of the composite shaft and are
      located on sides of the axes opposite the pivot point of the first joint
      coupling the two shaft parts together. Such a construction enhances the
      tendency of the steering column to buckle in the direction of the pivot
      point of the first torsion-stiff joint.
PAR  Torsion-stiff joints that provide pivot points, according to the invention,
      are preferably constructed of S-shaped metal members having three
      generally linear portions connected in series by two curved portions. In
      the first or middle torsion-stiff joint, for example, the two parts of the
      composite shaft are coupled to different ones of the two outer linear
      portions of the S-shaped metal member. An indentation is formed in the
      central linear portion of the metal member, at a position radially offset
      from the central longitudinal axes of the shaft parts, so as to function
      as a pivot point on the application of a critical impact load on the
      composite shaft.
PAR  The joints may also be constructed as hinges or of U-shaped metal members
      having two legs and a curved connecting portion joining adjacent ends of
      the legs. In a joint having a U-shaped member, the two parts of the
      composite shaft, for example, are coupled to different legs of the member
      and the pivot point is located in the curved connecting portion of the
      member. The free end of one leg of the U-shaped member can be configured
      to extend toward and bear on the other leg of the member and may be spot
      welded to the other leg in order to insure that relative lateral movement
      of the legs does not occur.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following description of several exemplary embodiments, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of a safety steering column according to the
      present invention, utilizing one embodiment of a relatively torsion-stiff
      joint according to the invention;
PAR  FIG. 2 is a diagrammatic view of a second embodiment of a safety steering
      column according to the invention;
PAR  FIG. 3 is a diagrammatic view of a third embodiment of a safety steering
      column according to the invention;
PAR  FIG. 4 is a diagrammatic view of a second embodiment of a relatively
      torsion-stiff joint according to the invention;
PAR  FIG. 5 is a diagrammatic view of a third embodiment of a relatively
      torsion-stiff joint according to the invention; and
PAR  FIG. 6 is a diagrammatic view of a fourth embodiment of a relatively
      torsion-stiff joint according to the invention.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  FIG. 1 of the drawings illustrates a part of a steering train for a
      vehicle, such as an automobile. Beginning at the right hand side of FIG.
      1, the steering train comprises a steering wheel assembly that includes a
      steering wheel 7 and a stub shaft 6 journaled on the automobile frame. The
      stub shaft 6 extends from the steering wheel 7 to a universal joint 3 that
      couples the stub shaft to one part 12 of a rotatable composite steering
      shaft. The universal joint 3 is relatively torsion-stiff, having a high
      resistance to torsion induced strain, which facilitates efficient transfer
      of rotational movement of the steering wheel 7 to the following parts of
      the steering train.
PAR  The rotatable shaft part 12 is coupled by a joint 4, which is relatively
      torsion-stiff, like the universal joint 3, and is discussed below in
      detail, to a second part 11 of the composite steering shaft. The central
      longitudinal axes of the two shaft parts 11 and 12 are substantially
      aligned and together define a central longitudinal axis A--A for the
      composite steering shaft. The other end of the second part 11 of the
      steering shaft is coupled by a second universal joint 2, which is also
      relatively torsion-stiff, to a conventional steering gear assembly. The
      steering gear assembly, including a steering gear 5, is connected in any
      conventional manner to the axle (not shown) for the front wheels, for
      example, of the automobile so that rotational movement of the steering
      wheel 7 is reflected in a related change in the orientation of the
      automobile wheels (not shown).
PAR  The relatively torsion-stiff joint 4 that couples together adjacent ends of
      the two shaft parts 11 and 12 is formed by a generally S-shaped member
      fabricated of a strip of sheet metal. The metal member or shackle includes
      three generally parallel and linear portions that are connected together
      in series by two curved portions to give the member its overall S-shape.
      As shown in FIG. 1, the outer linear sections of the S-shaped member are
      welded, for example, to the adjacent ends of the shaft part 11 and the
      shaft part 12, respectively. The central linear portion of the S-shaped
      member has an indentation or corrugation 41 that is radially offset from
      the central longitudinal axis A--A of the composite rotatable steering
      shaft.
PAR  In the event of a head-on collision involving the automobile in which the
      steering train of FIG. 1 is used, any axially directed force or load
      exerted on the composite steering shaft tends to compress the joint 4 so
      that the linear portions of the S-shaped member move toward each other.
      During such compression of the joint 4, however, the indentation or
      corrugation 41 contacts the adjacent linear portion of the S-shaped member
      before any other contact is made between the various linear portions of
      the member. As a result, the corrugation 41 functions as a pivot point or
      fulcrum about which the remainder of the S-shaped member pivots together
      with the two shaft parts 11 and 12. Since the two shaft parts 11 and 12
      are then no longer merely moving toward each other but are beginning to
      pivot about a point offset from the central longitudinal axis of the
      composite steering shaft, the composite shaft tends to buckle in the
      direction of the corrugation 41, as indicated by the arrow in FIG. 1.
PAR  In order to obtain the maximum advantage from the invention, the pivot
      point should be located so that the buckling of the composite steering
      shaft is away from the legs and feet of a driver of the automobile, which
      would ordinarily be located below the steering train as illustrated in
      FIG. 1. The pivot point could also be oriented so that the buckling of the
      composite steering shaft would be in a direction into or out of the plane
      of FIG. 1. In order to insure that the composite steering shaft does not
      buckle in non-emergency situations, the S-shaped member of the joint 4 is
      constructed to resist collapsing or compressing under axial loads on the
      composite shaft up to a predetermined maximum axial load. The
      predetermined maximum axial load should preferably be no greater than the
      axial load expected in a typical front end collision.
PAR  If the construction of the automobile permits, one or both of the universal
      joints 2 and 3 can be replaced by joints similar to joint 4, as
      illustrated in FIGS. 2 and 3. In FIGS. 2 and 3, reference numerals
      corresponding to the reference numerals of FIG. 1 have been used to
      designate corresponding parts of the steering train. The lower universal
      joint 2 of FIG. 1 is replaced, in FIG. 2, with a torsion-stiff joint 2'
      similar in construction to the torsion-stiff joint 4, while in FIG. 3,
      both the upper and lower universal joints 2 and 3 of FIG. 1 are replaced
      with joints 2' and 3' similar in construction to joint 4. As can be seen
      from FIGS. 2 and 3, the pivot points 21 and 31 defined by the S-shaped
      metal members of joints 2' and 3', respectively, are located on the side
      of the central longitudinal axis A--A of the composite steering shaft
      opposite the pivot point 41 of the joint 4 to insure buckling of the
      composite steering shaft in the direction of the arrows in FIGS. 2 and 3.
PAR  The S-shaped joint member illustrated in FIGS. 1-3 of the drawings is
      relatively simple in structure and can be produced quite economically.
      Nonetheless, the S-shaped member insures that the desired result of the
      invention can be achieved. FIGS. 4-6 of the drawings illustrate other
      relatively torsion-stiff joints that may be utilized in the invention.
PAR  In FIG. 4, the central joint 4' of the composite steering shaft is
      constructed like a hinge having its pivot point or hinge pin 41' radially
      offset from the longitudinal axis A--A of the shaft. The joint 4' is a
      compression joint in which the hinge pin 41' is bolt. By tightening the
      bolted connection, the joint 4' is made relatively resistant to pivotal
      movement so that buckling of the composite shaft does not occur until a
      critical axial load is applied on the shaft.
PAR  The central torsion-stiff joint 4", in FIG. 5, comprises a U-shaped member
      fabricated of a sheet metal strip. Adjacent ends of the two shaft parts 11
      and 21 are welded, for example, to different legs of the U-shaped member.
      The curved portion of the U-shaped member, which connects the two legs,
      acts as the pivot point or fulcrum of the joint 4". Since the apex of the
      U-shaped member is radially offset from the longitudinal axis A--A of the
      composite steering shaft, the shaft will buckle in the direction of the
      arrow in FIG. 5 under an axial load exceeding a predetermined maximum
      axial load. The extent to which the composite steering shaft can buckle
      outward in the embodiment of FIG. 5, however, is somewhat shorter than the
      extent of buckling possible with the embodiments of FIGS. 1-3, unless the
      U-shaped member is enlarged relative to the S-shaped member of FIGS. 1-3.
PAR  FIG. 6 of the drawings illustrates a central torsion-stiff joint 4'" having
      a U-shaped metal member generally similar to the U-shaped member of the
      joint 4" in FIG. 5. The end of one of the legs of the U-shaped member in
      FIG. 6 is bent towards the other leg of the member and bears on the other
      leg. The bent-over end of the leg may be connected to the other leg by
      light spot welding to insure against lateral displacement and to increase
      the torsional stiffness of the joint 4'". Since the curved connecting or
      apex portion of the U-shaped member is radially offset farther from the
      central longitudinal axis A--A of the composite steering shaft than the
      welded ends of the legs of the U-shaped member, the point at which the two
      ends are welded together acts as the pivot point or fulcrum 41'" in the
      embodiment of FIG. 6.
PAR  Although the joints 4', 4" and 4'" in FIGS. 4-6 have been illustrated as
      replacing the central torsion-stiff 4 of FIGS. 1-3, they may also replace
      the universal joints 2 and 3 of FIG. 1 or the joints 2' and 3' of FIGS. 2
      and 3. The metal members of the joints 4 and 41" in FIGS. 1-3 and in FIG.
      5, respectively, can be used in a composite steering shaft to compensate
      for alignment differences resulting from the mounting tolerances of the
      various portions of the steering train. For example, the metal members 4
      and 41" can be used to couple two shaft parts 11 and 12 that are not
      precisely aligned because the legs or linear portions of the members need
      not lie precisely parallel to one another.
PAR  It will be understood that the above described embodiments are merely
      exemplary and that persons skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be within
      the scope of the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A safety steering column for a vehicle having a steering wheel assembly
      and a steering gear assembly comprising a rotatable composite shaft
      extending between the steering wheel assembly and the steering gear
      assembly, the composite shaft being divided intermediate its ends into two
      shaft parts, a first relatively torsion-stiff joint coupling adjacent ends
      of the two shaft parts, and second and third relatively torsion-stiff
      joints coupling opposite ends of the composite shaft to the steering wheel
      assembly and the steering gear assembly, respectively, wherein at least
      the first joint includes an S-shaped metal member having three generally
      linear portions connected in series by two curved portions, an indentation
      being formed in a central one of the three linear portions of the metal
      member at a position radially offset from the central longitudinal axes of
      the shaft parts, the indentation being adapted to function as a first
      pivot point, the two shaft parts being coupled to different ones of the
      two outer linear portions of the S-Shaped metal member of the first joint.
NUM  2.
PAR  2. A safety steering column according to claim 1, wherein one of the second
      and third joints includes an S-shaped metal member having three generally
      linear portions connected in series by two curved portions, an indentation
      being formed in a central one of the three linear portions of the metal
      member at a position radially offset from the central longitudinal axes of
      the shaft parts, the indentation being adapted to function as a second
      pivot point, the first and the second pivot points being located on
      opposite sides of the central longitudinal axis of the one shaft part.
NUM  3.
PAR  3. A safety steering column according to claim 1, wherein the second and
      the third joints include S-shaped metal members each having three
      generally linear portions connected in series by two curved portions, an
      indentation being formed in a central one of the three linear portions of
      the metal member at a position radially offset from the central
      longitudinal axes of the shaft parts, the indentations being adapted to
      function as second and third pivot points and being located on sides of
      the central longitudinal axes opposite the first pivot point.
NUM  4.
PAR  4. A safety steering column for a vehicle having a steering wheel assembly
      and a steering gear assembly comprising a rotatable composite shaft
      extending between the steering wheel assembly and the steering gear
      assembly, the composite shaft being divided intermediate its ends into two
      shaft parts, a first relatively torsion-stiff joint coupling adjacent ends
      of the two shaft parts, and second and third relatively torsion-stiff
      joints coupling opposite ends of the composite shaft to the steering wheel
      assembly and the steering gear assembly, respectively, wherein at least
      the first joint includes a U-shaped metal member having two legs and a
      connecting portion coupling one end of one leg to the the corresponding
      end of the other leg, and wherein the other end of the one leg of the
      U-shaped metal member extends toward and bears on the other leg of the
      member, thereby providing a first pivot point radially offset from the
      central longitudinal axes of the shaft parts so that upon application of
      an axial load on the composite shaft exceeding a predetermined axial load,
      relative pivotal movement between the shaft parts about the first pivot
      point will result and the composite shaft will tend to buckle at the first
      joint.
NUM  5.
PAR  5. A safety steering column according to claim 4, wherein the other end of
      the one leg is connected to the other leg by light spot welding.
NUM  6.
PAR  6. A safety steering column for a vehicle having a steering wheel assembly
      and a steering gear assembly comprising a rotatable composite shaft
      extending between the steering wheel assembly and the steering gear
      assembly, the composite shaft being divided intermediate its ends into two
      shaft parts, a first relatively torsion-stiff joint coupling adjacent ends
      of the two shaft parts, and second and third relatively torsion-stiff
      joints coupling opposite ends of the composite shaft to the steering wheel
      assembly and the steering gear assembly, respectively, the first joint
      being constructed to provide a first pivot point radially offset from the
      central longitudinal axes of the shaft parts so that upon application of
      an axial load on the composite shaft exceeding a predetermined axial load,
      relative pivotal movement between the shaft parts about the first pivot
      point will result, the first pivot point being located so that the
      composite shaft tends to buckle at the first joint in a direction away
      from the interior of a passenger compartment for the vehicle.
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ABST
PAL  A steering column for a vehicle comprises two rotatable stub shafts coupled
      to a steering wheel for the vehicle and a steering gear for the vehicle,
      respectively. A rotatable steering shaft extends between the two stub
      shafts and couplings connect opposite ends of the steering shaft to
      different ones of the two stub shafts. At least one of the couplings is
      relatively torsion-stiff and couples the steering shaft to one of the stub
      shafts so as to define an angle between the shafts. The coupling includes
      at least two portions that are fabricated of metal plate. The two portions
      of the coupling are coupled together and are oriented transversely of each
      other. One of the portions of the coupling is rigidly connected to an end
      of the steering shaft and the other is rigidly connected to an end of the
      one stub shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In order to provide a steering wheel, in an automobile, for example, that
      can be tilted and otherwise adjusted for the convenience of the driver, it
      has been proposed to replace the conventional one-piece steering shaft
      that connects the steering wheel to the steering gear or steering box with
      a segmented column. Such a segmented steering column comprises a main
      shaft connected at its ends to two stub shafts that are joined to the
      steering wheel and to the steering gear, respectively. At the junctions
      between the main shaft and each of the stub shafts, universal joints
      facilitate the desired tilting and other adjustments of the steering
      wheel. Such universal joints are relatively resistant to torsion or
      torsion-stiff and prevent significant losses of rotational movement in
      transferring the movement from the steering wheel to the steering gear.
      Examples of a segmented steering column, as described above, are described
      and illustrated in Pitner U.S. Pat. No. 3,600,969 and in the Oct. 19, 1968
      issue of the popular German bi-weekly magazine "MOT", at pages 50 and 52.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a vehicle steering column that is
      segmented and utilizes joints or couplings that are relatively
      torsion-stiff but less expensive to manufacture than conventional
      universal joints. A steering column according to the invention comprises
      one rotatable stub shaft connected to the steering wheel for a vehicle,
      such as an automobile, and a second rotatable stub shaft connected to the
      steering gear for the vehicle. A rotatable steering shaft extends between
      the two stub shafts. Couplings join the ends of the steering shaft to
      different ones of the two stub shafts and at least one of the couplings
      joins the steering shaft to one of the stub shafts so as to define an
      angle between the shafts. This coupling is relatively torsion-stiff and
      includes at least two portions that are fabricated of metal plate. The two
      portions of the coupling are coupled together and are oriented
      transversely of each other. One of the two coupling portions is rigidly
      coupled to an end of the steering shaft and the other coupling portion is
      rigidly coupled to an end of the one stub shaft. The flexibility of the
      metal plate permits the steering shaft and the one stub shaft to be
      oriented at an angle to each other, just as with a conventional universal
      joint, providing that the angle is not too great.
PAR  In one embodiment of the invention, a coupling according to the invention
      includes a metal stamping having four arms that are interconnected at
      corresponding ends so that the stamping has a cross-like configuration.
      Each individual arm has a U-shaped configuration such that the two ends of
      the arm are spaced from each other. The free ends of two opposed arms of
      the cross-like stamping are located on one side of the interconnected ends
      of the stamping arms and are rigidly coupled to an end of the steering
      shaft. The free ends of the other two opposed arms of the cross-like
      stamping are located on the other side of the interconnected ends of the
      arms and are rigidly coupled to an end of one of the stub shafts.
PAR  In another embodiment of the invention, the inventive coupling includes two
      strips fabricated of metal plate. Each strip includes two spaced apart
      linear sections and at least one curved section interconnecting adjacent
      ends of the two linear sections. The two strips are oriented transversely
      of each other and one linear section of each strip is rigidly coupled to
      an adjacent linear section of the other strip so that together the two
      strips present a cross-like configuration. The linear sections of the two
      strips which are not joined together are located on opposite sides of the
      rigidly coupled linear sections and are rigidly coupled to an end of the
      steering shaft and to an end of one of the stub shafts, respectively.
PAR  The inventive coupling of a third embodiment of the invention includes a
      metal stamping having four arms disposed in a cross-like configuration. A
      metal strip is rigidly coupled intermediate its ends to an end of the
      steering shaft and is rigidly coupled at its ends to two opposed arms of
      the cross-like stamping. A second metal strip is rigidly coupled at its
      ends to two different opposed arms of the cross-like stamping and
      intermediate its ends to an end of the stub shafts. The first metal strip
      is located on one side of the cross-like stamping and the second metal
      strip is located on the other side of the cross-like stamping.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following description of exemplary embodiments, taken in conjunction with
      the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of an automobile steering column according to
      the invention;
PAR  FIG. 2a is a plan view of a metal stamping utilized in fabricating one of
      the joints in the steering column illustrated in FIG. 1;
PAR  FIG. 2b is a plan view of the stamping of FIG. 2a, after the stamping is
      bent into final form and installed in the steering column of FIG. 1;
PAR  FIG. 2c is a side sectional view of the stamping illustrated in FIG. 2b;
PAR  FIG. 3 is a perspective view of a second embodiment of a joint to be used
      in a steering column according to the invention; and
PAR  FIG. 4 is a perspective view of a third embodiment of a joint to be used in
      a steering column according to the invention.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  FIG. 1 of the drawings illustrates, in perspective, a segmented steering
      column for a vehicle, such as an automobile. The segmented column joins
      the automobile steering wheel 16 to the steering box or gear 15 so that
      rotational movement of the steering wheel is transmitted to the steering
      gear and thus to the front axle and wheels (not shown). The steering
      column includes an elongated, centrally located steering shaft 2 coupled
      at opposite ends by joints or couplings 1 and 18 to stub shafts 3 and 9,
      respectively. The stub shaft 3 is, in turn, connected to the steering gear
      15, while the stub shaft 9 is connected to the steering wheel 16 and is
      journaled in a mount 17 fixed to the automobile body (not shown). As can
      be seen in FIG. 1, the steering shaft 2 is oriented at a slight angle to
      both the stub shaft 3 and the stub shaft 9. The two joints 1 and 18 which
      couple the steering shaft 2 to the stub shaft 3 and 9, respectively, are
      relatively torsion-stiff and replace conventional universal joints, such
      as illustrated in Pitner U.S. Pat. No. 3,600,969. The two joints 1 and 18
      are substantially identical and will be described in detail hereinafter
      with reference to joint 1 only.
PAR  As shown in FIG. 2a, the torsion-stiff joint 1 is formed from a cross-like
      metal stamping having four interconnected arms 11, 12, 13 and 14. Each of
      the arms 11-14 is joined at one end to each of the other arms at the
      center of the metal stamping. In fabricating the joint 1, the arms 11-14
      are doubled over in U-shaped configurations with pairs of opposed arms 11,
      12 and 13, 14 on different sides of the central portion of the stamping.
      As illustrated in FIGS. 2b and 2c, the opposed arms 11 and 12 are doubled
      over so that the free ends of the arms overlap the central portion of the
      stamping and are spaced from the central portion of the stamping. The
      other two opposed arms 13 and 14 are also bent over so that the free ends
      of the arms lie on the side of the central portion of the stamping
      opposite the free ends of the arms 11 and 12. The free ends of arms 11 and
      12 are welded, for example, to an end of the stub shaft 3, while the free
      ends of the arms 13 and 14 are welded to an adjacent end of the steering
      shaft 2. Since the joint 1 is fabricated from metal plate, the completed
      joint is relatively resistant to torsion, yet may be flexed so that the
      two shafts 2 and 3 can be oriented at an angle (other than 180.degree.) to
      each other.
PAR  FIG. 3 of the drawings illustrates a second embodiment of a joint, suitable
      for use in the steering column of the invention, which includes two strips
      of metal plate 4 and 5. The two strips 4 and 5 are metal stampings that
      are joined together at their ends by welding, for example, to form closed
      loops that are oblong in cross-section. Each looped strip 4 and 5 has two
      opposed and generally parallel linear sections joined at their ends by two
      curved sections. As can be seen in FIG. 3, the two strips 4 and 5 are
      oriented transversely of each other when assembled into a joint or
      coupling, with adjacent linear sections of the strips rigidly connected
      together by welding or riveting, for example. The linear sections of the
      strips 4 and 5 which are not connected together are rigidly connected by
      welding, for example, to the steering shaft 2 and the stub shaft 3,
      respectively.
PAR  In FIG. 4, the joint 1 is composed of a cross-like metal stamping and two
      stamped metal strips 7 and 8. The cross-like stamping 6 has four
      interconnected arms 61, 62, 63 and 64. The metal strip 7 is rigidly
      connected at its ends by spot welding, for example, to the ends of two
      opposed arms 61 and 62 of the stamping 6. The length of the metal strip 7
      is such that when its ends are secured to the ends of the arms 61 and 62,
      the strip is bowed outwardly away from the stamping 6. The center portion
      of the strip 7 is welded or otherwise rigidly connected to the steering
      shaft 2. The metal strip 8, like the strip 7, is rigidly connected at its
      ends to the ends of two opposed arms 63 and 64 of the stamping 6. The
      metal strip 8 is also designed to be outwardly bowed from the stamping 6
      and is rigidly connected at its center to the stub shaft 3. The two strips
      7 and 8 are located on opposite sides of the stamping 6.
PAR  The joints illustrated in FIGS. 1-4 are all capable of transmitting rotary
      motion of one shaft to a second shaft having an axis that is not aligned
      with the axis of the first shaft, just as is a conventional universal
      joint. Inasmuch as metal plate, when subjected to torsional stresses,
      permits greater elastic deformation than when subjected to bending
      stresses, the joints of the present invention are designed so that the
      metal plate of the joints is predominately torsion-stressed.
PAR  While the use of the joints illustrated in FIGS. 1-4 is limited in
      comparison to more complicated and more costly conventional universal
      joints in that the illustrated joints can be employed only in shaft
      arrangements where two shafts are oriented at a relatively small angle to
      each other, the illustrated joints constitute a considerable technical
      advance because of their relatively simple structure and ease of
      production, and their advantageous minimal steering elasticity. Each of
      the illustrated joints or couplings can be produced by stamping, bending,
      and welding metal plate, specifically steel plate. The joints may be used
      as either one or both of the joints 1 and 18, illustrated in FIG. 1. Each
      rigid connection described and illustrated above as a spot weld, for
      example, may be achieved by any other conventional rigid connection such
      as a filet weld.
PAR  It will be understood that the above described embodiments are merely
      exemplary and that persons skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be within
      the scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steering column for a vehicle having a steering wheel and a steering
      gear comprising a first rotatable stub shaft coupled to the steering
      wheel, a second rotatable stub shaft coupled to the steering gear, a
      rotatable steering shaft extending between the first and second stub
      shafts, a first coupling means for coupling one end of the steering shaft
      to the first stub shaft, and a second coupling means for coupling the
      other end of the steering shaft to the second stub shaft, at least one of
      the coupling means coupling the steering shaft to one of the stub shafts
      so as to define an angle between the steering shaft and said one of the
      stub shafts, said at least one coupling means being relatively
      torsion-stiff and fabricated of metal plate and including a metal stamping
      having four arms disposed in a cross-like configuration, a first metal
      strip rigidly coupled intermediate its ends to an end of the steering
      shaft and at its ends to two opposed arms of the stamping, and a second
      metal strip rigidly coupled at its ends to two different opposed arms of
      the stamping and intermediate its ends to an end of said one of the stub
      shafts, the first strip being located on one side of the stamping and the
      second strip being located on the other side of the stamping.
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ABST
PAL  A steering control head with adjustable positioning means comprising a
      housing, a shaft supported in said housing, said shaft operatively
      attached to a steering system, said housing having thereon a radially
      extending shoulder, said shoulder having, at least on a part of its outer
      surface, a series of teeth, a collar having an opening therethrough for
      fitting over and around said housing, said collar having an annular
      counterbore surrounding said opening to accept said collar therein, the
      outer axially extending surface having, at least on a part thereof, a
      series of teeth for meshing with said teeth on said shoulder, said collar
      being provided with a fastening means to fasten said collar and said
      housing intermeshed therewith to a bulkhead member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a steering control head with
      adjustable positioning means. More specifically, the present invention
      relates to a steering control head particularly adapted for marine and
      related applications.
PAR  The present invention contemplates a steering control head with adjustable
      positioning means comprising a housing, a shaft rotatably supported in
      said housing, said shaft operatively attached to a steering system, said
      housing having thereon a radially extending shoulder, said shoulder
      having, at least on a part of its outer surface, a series of teeth, a
      collar having an opening therethrough for fitting over and around said
      housing, said collar having an annular counterbore surrounding said
      opening to accept said collar therein, the outer axially extending surface
      having, at least on a part thereof, a series of teeth for meshing with
      said teeth on said shoulder, said collar being provided with a fastening
      means to fasten said collar and said housing intermeshed therewith to a
      bulkhead member.
PAR  There are many different forms and varieties of boat and vehicle designs
      and, similarly, there are various boat and vehicle manufactures. In many
      instances, the different models of boats and vehicles have different
      dashboard configurations to which the various operator mechanisms are
      attached. Additionally, the areas behind and adjacent to the dashboard or
      bulkhead areas are somewhat confined and specially designed to accommodate
      different gauges, radios, heaters, etc. One of the operator mechanisms
      that must be fitted into the space and correctly positioned on the
      dashboard is the steering control by which the operator steers the boat or
      vehicle to which the steering system is operatively attached. Two matters
      of concern to the installer of the steering system are the areas behind
      and in front of the dashboard or bulkhead. With respect to the area behind
      the dashboard, the steering head or control must be so positioned so that
      it may be effectively attached to its associated steering system. With
      respect to the area in front of the dashboard, the shaft and the steering
      wheel which is attached thereto must be positioned such that it is in a
      convenient and comfortable operating position for the operator.
PAR  Furthermore, this positional flexibility should be achieved with a minimum
      number of parts so as to reduce the overall inventory of the boat or
      vehicle builder. A limited number of parts also reduces the possibility
      and probability of incorrect installation and thereby increases the safety
      characteristics of the steering control head or device.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      steering control head with adjustable positioning means comprising a
      housing, a shaft rotatably supported in said housing, said shaft
      operatively attached to a steering system, said housing having thereon a
      radially extending shoulder, said shoulder having, at least on a part of
      its outer surface, a series of teeth, a collar having an opening
      therethrough for fitting over and around said housing, said collar having
      an annular counterbore surrounding said opening to accept said collar
      therein, the outer axially extending surface having, at least on a part
      thereof, a series of teeth for meshing with said teeth on said shoulder,
      said collar being provided with a fastening means to fasten said collar
      and said housing intermeshed therewith to a bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said fastening
      means includes on said collar at least one generally longitudinally
      extending hole therethrough to accept bolts for fastening said collar and
      said housing member intermeshed therewith to a bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said bulkhead
      member is provided with at least one generally longitudinally extending
      hole therethrough in registration with said generally longitudinally
      extending holes through said collar to accept said bolts for attaching
      said collar and said housing intermeshed therewith to said bulkhead
      member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein a wedge member is
      interposed between said collar and said bulkhead member to vary the angle
      of the housing and said shaft rotatably supported therein with respect to
      said bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said fastening
      means includes at least one opening through said collar to accept bolts
      for fastening said collar and said housing member intermeshed therewith to
      said bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said bulkhead
      member is provided with at least one opening extending therethrough in
      registration with said opening through said collar to accept bolts for
      attaching said collar and said housing intermeshed therewith to said
      bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said wedge member
      is provided with at least one opening in registration with the openings
      provided in said collar and said bulkhead member to accept said bolts for
      attaching said collar and said housing intermeshed therewith to said
      bulkhead member.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said collar is
      manufactured from a plastic material.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said wedge member
      is manufactured from a plastic material.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said series of
      teeth on the outer axially extending surface of said collar continue in an
      uninterrupted fashion.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said series of
      teeth on said shoulder are in two oppositely disposed portions subtending
      an arc of at least 30.degree., said series of teeth on said collar and on
      said shoulder so sized to enable said positional adjustment of said
      housing with respect to said bulkhead member in approximately 5.degree.
      increments.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said wedge member
      is an angular radial section of a cylinder.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein said wedge member
      is provided with an opening therethrough for fitting over and around said
      housing, said opening in general registration with said opening in said
      collar.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means wherein there are three
      openings in said collar in registration with three holes in said wedge
      member which are in turn in registration with three holes in said bulkhead
      member, said collar having thereon at each of said openings a lock-washer
      means for locking the head of said bolt in place, said lock-washer means
      having an opening therethrough in registration with the opening in said
      collar, both of said openings combined in a frusto-ellipsoid form.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means being simplistic in design
      and adaptable to many and various forms of boat and vehicle dashboard
      and/or bulkhead configurations.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means which can be manufactured
      using automated high volume techniques.
PAR  It is still another object of the present invention to provide a steering
      control head with adjustable positioning means which can be inexpensively
      manufactured.
PAR  Still other objects, features and attendant advantages of the present
      invention will become apparent to those having skill in this art from a
      reading of the following detailed description of the preferred embodiments
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like parts in the
      several figures.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view partially in section showing a steering
      control head with adjustable positioning means in accordance with the
      present invention.
PAR  FIG. 2 is a front elevational view of a collar used in connection with the
      steering control head of FIG. 1.
PAR  FIG. 3 is a rear elevational view of the collar of FIG. 2.
PAR  FIG. 4 is a side elevational view partially in section showing a steering
      control head with adjustable positioning means in accordance with another
      embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and in particular to FIGS. 1 through 3, there
      is therein shown a steering control head 10 that might be used in marine
      or other vehicular applications. Steering control head 10, in terms of its
      internal working parts, may be of a number of prior art forms and the
      present invention does not deal with certain of these operative parts.
PAR  The major thrust of the present invention is directed to the adjustable
      positioning means of the steering control head 10. The control head 10 is
      provided with a housing 12 which may be formed from a series of parts or
      may be moulded, machined or otherwise formed from a single part. The
      housing 12 has rotatably supported therein a shaft 14 which has provided
      at one end thereof suitable fastening or attaching means such as a
      threaded portion 16. The threaded portion 16 is adapted to threadably
      receive a steering wheel or the like (not shown) which may be grasped
      and/or rotated by the operator. The rotation of the steering wheel which
      in turn rotates the shaft 14 will actuate the steering system which is
      operatively attached to the control head 10 at its operative end 18. More
      specifically, the steering system will be actuated by a gear means 20
      which is attached to or formed from shaft 14. The relative annular
      position of the shaft is maintained within the housing by suitable
      retaining means such as first clamp 22 and second clamp 24.
PAR  The housing 12 has provided thereon a radially extending shoulder 26. The
      radially extending shoulder 24 may be formed from the same material as the
      housing or may be fixedly attached to the housing 12 by suitable fastening
      means such as welding, brazing, threaded screw or the like. The radially
      extending shoulder 26 is provided with an outer surface 28. The outer
      surface 28 of the shoulder 26 may be substantially cylindrical in form
      whose axis is substantially coincident with the rotational axis of the
      shaft 14. The shoulder 26 is provided with a series of teeth 30 on its
      outer surface 28. The shoulder teeth 30 may be provided continually or
      discontinually about the outer surface 28 of the shoulder 26 or may be
      provided in separate portions which may be oppositely disposed on either
      side of said outer surface 28. Further, the shoulder teeth 30 may be
      provided in portions generally subtending an arc of approximately
      30.degree. or more.
PAR  The steering control head is further provided with a collar 32. The collar
      32 can best be seen in FIGS. 2 and 3. The collar 32 may be manufactured
      from a wide range of materials, including plastics such as Celcon. The
      collar 32 is provided with an opening 34 centrally therethrough. The
      collar 32 may be placed over and around the housing 12 at its opening 34.
      That is, the collar opening 34 is so sized as to generally accommodate the
      overall outside dimension of the front extension 35 of the housing 12. The
      collar 32 is further provided with an annular counterbore 36 which
      generally and uniformly surrounds the collar opening 34. The counterbore
      is best seen in FIG. 3. The annular counterbore 36 is provided with an
      axially extending surface 38. That is, the axially extending surface 38 of
      the annular counterbore 36 extends axially with respect to the axis of
      rotation of the shaft 14.
PAR  The axially extending surface 38 of the annular counterbore 36 is provided
      with a series of teeth 40. The collar teeth 40 are formed complementary
      with the shoulder teeth 30 for intermeshing therewith. It can be seen
      therefore that the collar 32 may be fitted over the front extension 35 of
      the housing 12 and nested in place over the radially extending shoulder 26
      with the shoulder teeth 30 intermeshed with the collar teeth 40. It can
      also be seen that in the nested position the annular counterbore 36
      generally captures the radially extending shoulder 26 such that the inner
      radially extending surface of the collar is flush with the inner radially
      extending surface of the shoulder 26.
PAR  The collar 32 may also be provided with at least one generally
      longitudinally extending hole 42. In a typical installation, there will be
      provided therein three of such holes 42 on the collar. The holes 42 are so
      sized and adapted to receive suitable fastening means such as bolts 44.
      The bolts 44 typically are provided with a head 46 and threaded portion
      48. The bolts 44 are adapted to fasten or attach the steering control head
      10 to a dashboard or bulkhead member 50. The bulkhead member 50 may also
      be provided with holes 52 to receive the bolts 44. The bolts 44 may have
      threadably attached thereto a nut 54 which effects the fastening of the
      control head 10 to the bulkhead member 50. More specifically, the nut and
      bolt arrangement fastens the collar 32 and the housing 12 which is
      intermeshed with a collar to the bulkhead member. Therefore, the
      intermeshing of the collar teeth 40 with the shoulder teeth 30 provides
      the anti-rotational fastening means and the bolt 44 and nut 54 arrangement
      which is disposed in the hole 42 in the collar 32 and the bulkhead hole 52
      effects the axial fastening means of the head 10 with respect to the
      bulkhead member 50.
PAR  Referring now to the operative end 18 of the housing 12, it can be seen
      that the gear means 20 is positioned in a particular position with respect
      to the bulkhead holes 52. As before mentioned, the specific position of
      the gear means 20 might change from application to application, yet it may
      be desirable to maintain the overall orientation of the bulkhead holes 52
      or certain attachment to the steering control head 10 (not shown). That
      is, it may become necessary to move the position of the gear means 20 with
      respect to the bulkhead 50 without disturbing the overall position of the
      collar 32 and any apparatus or devices attached thereto, such as rudder
      indicator means or the like. This may be accomplished by simply loosening
      the nut 54 from the bolt 44 or removing the bolt 44 entirely so that the
      collar 32 may be removed from the radially extending shoulder 26. Once
      removed, the housing 12 may be rotated freely to the desired position.
      Once the desired position of the housing has been reached, the collar 32
      can be intermeshed at its collar teeth 40 with the shoulder teeth 30 to
      fix the rotational position of the housing with respect to the bulkhead
      member 50.
PAR  A further embodiment of the present invention is shown in FIG. 4 wherein
      like parts are denoted by the same reference numerals. The steering
      control head 10 of FIG. 4 offers an additional dimension of flexibility.
      In particular, the steering control head 10 may not only have its
      rotational position changed or modified as indicated and described above
      with respect to the control head 10 of FIG. 1, but it also may have its
      angular position with respect to the bulkhead member 50 changed. This may
      become necessary and desirable in those situations where the dashboard or
      bulkhead member 50 is so disposed on the boat or vehicle such that the
      steering control if attached in a generally perpendicular fashion would
      present a totally undesirable and uncomfortable steering position to the
      operator. The member which primarily affects the angular adjustability of
      the steering control head 10 with respect to the bulkhead member 50 is a
      wedge member 56. The wedge member 56, as with the collar 32, may be
      manufactured from a wide variety of materials such as the above noted
      Celcon. The wedge member 56 is adapted to be interposed between the collar
      32, the radially extending shoulder 26 and the bulkhead member 50. That
      is, the wedge member 56 may be thought of as an extension of the bulkhead
      member 50. The wedge member 56 has a central opening therethrough 58 so
      sized to be fitted over the operative end 18 of the housing 12. The
      opening 58 of the wedge member 56 may also be sized as to coaxially
      accommodate an annular raised portion 60 of the housing 12. The annular
      raised portion 60 therefore positionally fixes the wedge member 56 on the
      housing 12. The wedge member 56 may be provided with at least one and
      typically more than two openings 62. It can be seen that the wedge member
      holes 62 are formed in the wedge member 56 such that they are in
      registration with the bulkhead holes 52. Accordingly, the openings or
      holes 42 in the collar must be suitably sized to accommodate the bolts 44
      when they are angularly positioned thereto. It may be said that the shape
      of the holes 42 are generally frusto-ellipsoid in form. The collar may
      also be provided with a lock-washer means 64 which accommodates the head
      46 of the bolt 44 when it is so angularly disposed with respect to the
      collar 32. Further, the lockwasher means 64 may be provided with ridges 66
      which abut the lands of the bolt head 46 to interlock them therebetween.
      Therefore, the lock-washer means 66 performs two functions:
PAR  1. To rotatably support the head 46 of the bolt 44 when it is annularly
      disposed to the collar 32; and
PAR  2. To mechanically interlock the bulkhead 46 on the lock-washer means 64.
PAR  The degree of rotational and/or angular adjustability can be varied upon
      the size and number of the shoulder teeth 30 and the collar teeth 40 and
      also with the overall angle of the wedge member. With respect to the
      latter point, the wedge member may be fashioned from a cylindrical shape.
      That is, it may be an angular section of a cylinder. Furthermore, a
      multiplicity of series of wedge member holes 62 may be provided such that
      the wedge member 56 can be rotated to various positions about the axis of
      the shaft 14 thereby varying the operational angle of the shaft with
      respect to the bulkhead 50.
PAR  Obviously, the present invention is not limited to the specific details as
      herein described, but is capable of other modifications and changes
      without departing from the spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steering control head with adjustable positioning means comprising a
      housing, a shaft rotatably supported in said housing, said shaft
      operatively attached to a steering system, said housing having thereon a
      radially extending shoulder, said shoulder having, at least on a part of
      its outer surface, a series of teeth, a collar having an opening
      therethrough for fitting over and around said housing, said collar having
      an annular counterbore surrounding said opening to accept said shoulder
      therein, the inner axially extending surface of said collar counterbore
      having, at least on a part thereof, a series of teeth for meshing with
      said teeth on said shoulder, said collar being provided with a fastening
      means to fasten said collar and said housing intermeshed therewith to a
      bulkhead member.
NUM  2.
PAR  2. A steering control head with adjustable positioning means in accordance
      with claim 1 wherein said fastening means includes on said collar at least
      one generally longitudinally extending hole therethrough to accept bolts
      for fastening said collar and said housing member intermeshed therewith to
      a bulkhead member.
NUM  3.
PAR  3. A steering control head with adjustable positioning means in accordance
      with claim 2 wherein said bulkhead member is provided with at least one
      generally longitudinally extending hole therethrough in registration with
      said at least one generally longitudinally extending hole through said
      collar to accept said bolts for attaching said collar and said housing
      intermeshed therewith to said bulkhead member.
NUM  4.
PAR  4. A steering control head with adjustable positioning means in accordance
      with claim 1 wherein a wedge member is interposed between said collar and
      said bulkhead member to vary the angle of the housing and said shaft
      rotatably supported therein with respect to said bulkhead member.
NUM  5.
PAR  5. A steering control head with adjustable positioning means in accordance
      with claim 4 wherein said fastening means includes at least one opening
      through said collar to accept bolts for fastening said collar and said
      housing member intermeshed therewith to said bulkhead member.
NUM  6.
PAR  6. A steering control head with adjustable positioning means in accordance
      with claim 5 wherein said bulkhead member is provided with at least one
      opening extending therethrough in registration with said opening through
      said collar to accept bolts for attaching said collar and said housing
      intermeshed therewith to said bulkhead member.
NUM  7.
PAR  7. A steering control head with adjustable positioning means in accordance
      with claim 6 wherein said wedge member is provided with at least one
      opening in registration with the openings provided in said collar and said
      bulkhead member to accept said bolts for attaching said collar and said
      housing intermeshed therewith to said bulkhead member.
NUM  8.
PAR  8. A steering control head with adjustable positioning means in accordance
      with claim 1 wherein said collar is manufactured from a plastic material.
NUM  9.
PAR  9. A steering control head with adjustable positioning means in accordance
      with claim 4 wherein said wedge member is manufactured from a plastic
      material.
NUM  10.
PAR  10. A steering control head with adjustable positioning means in accordance
      with claim 1 wherein said series of teeth on the inner axially extending
      surface of said collar continue in an uninterrupted fashion.
NUM  11.
PAR  11. A steering control head with adjustable positioning means in accordance
      with claim 1 wherein said series of teeth on said shoulder are in two
      oppositely disposed portions subtending an arc of at least 30.degree.,
      said series of teeth on said collar and on said shoulder so sized to
      enable said positional adjustment of said housing with respect to said
      bulkhead member in approximately 5.degree. increments.
NUM  12.
PAR  12. A steering control head with adjustable positioning means in accordance
      with claim 4 wherein said wedge member is an angular radial section of a
      cylinder.
NUM  13.
PAR  13. A steering control head with adjustable positioning means in accordance
      with claim 4 wherein said wedge member is provided with an opening
      therethrough for fitting over and around said housing, said opening in
      general registration with said opening in said collar.
NUM  14.
PAR  14. A steering control head with adjustable positioning means in accordance
      with claim 7 wherein there are three openings in said collar in
      registration with three holes in said wedge member which are in turn in
      registration with three holes in said bulkhead member, said collar having
      thereon at each of said openings a lock-washer means for locking the head
      of said bolt in place, said lock-washer means having an opening
      therethrough in registration with the opening in said collar, both of said
      openings combined in a frusto-ellipsoid form.
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ABST
PAL  A remote control for an exterior rear view mirror for vehicles in which the
      mirror is adjusted within a stationary housing by rotation of a single
      control member coupled to the mirror head and which provides adjustment of
      the head in at least two planes.
BSUM
PAR  This invention relates to an exterior rear view mirror for vehicles,
      primarily for motor vehicles, the mirror being of the type in which the
      angular position of the head of the mirror is adjustable from within the
      vehicle.
PAR  Mirrors of this kind are known, in which the mirror head is adjustable in
      two planes, i.e. in tilt and azimuth. It is known to do this with a single
      control lever or knob, for example by the use of a joystick acting through
      a group of three flexible cables that pass through the mounting arm of the
      mirror and carry plungers that bear against three symmetrically spaced
      points around a tilting disc on which the mirror is mounted. The use of
      three cables involves substantial cost, and friction problems can arise
      after a substantial period of use without lubrication. Also it creates
      problems in connection with vehicle safety regulations.
PAR  The aim of the present invention is to provide an improved form of
      single-knob remote control that allows the mirror to be adjusted in at
      least two planes.
PAR  Our invention comprises a rear view mirror of the kind set forth in which
      the mirror head is mounted within a stationary housing in which it is
      angularly adjustable by rotation of a single control member which provides
      scanning in at least two planes i.e. in tilt and in azimuth.
PAR  In one arrangement the control member comprises a spindle or shaft (which
      may be flexible) which, by its rotation effects an adjustment of the
      mirror head in a plane perpendicular to the axis of the spindle, that
      movement being repeated on each rotation of the spindle and which also has
      a screw-threaded engagement with a part of the mirror mounting so that
      rotation of the spindle also causes it to move axially and this axial
      movement effects an adjustment of the mirror head in a second plane.
PAR  Thus, provided the screw-threaded engagement is of relatively fine pitch,
      the shaft can be turned through a small arc to effect the first adjustment
      without significantly affecting the second. The second adjustment is
      effected by turning the shaft through an integral number of turns, leaving
      it in the same final angular position so as not to alter the first
      adjustment.
PAR  As only a single shaft or spindle is required to pass through the base of
      the mounting arm of the mirror, it is a relatively easy matter to design
      the mirror assembly to meet those vehicle regulations that require
      exterior mirrors to break off when struck. As well as the base being
      designed with a weak point to fracture easily, the spindle is also
      designed with a weak point or, better still, with a joint that comes apart
      easily, without leaving any objectionable or sharp residual parts. If
      required a flexible retaining cable can be incorporated to allow the
      mirror to remain attached to the vehicle after having been broken off.
PAR  In another arrangement a mirror is floatingly mounted in a housing in which
      it is resiliently urged towards an annular abutment and the mirror is
      engaged by a finger extending radially from a spindle in rotatable
      screw-threaded engagement with a part of the housing, which finger, as the
      spindle is rotated, produces a conical scanning movement of the mirror
      head which increases in angle as the spindle moves axially.
DRWD
PAR  Several forms of rear view mirror in accordance with our invention are
      illustrated by way of example in the accompanying drawings in which:-
PAR  FIG. 1 is a longitudinal section of one form of adjustable mirror,
PAR  FIG. 2 is an exploded view in perspective of the component parts of the
      mirror shown in FIG. 1,
PAR  FIG. 3 is a fragmentary view of the swivelling joint for the mirror head
      and the associated parts,
PAR  FIG. 4 is a longitudinal section of another form of mirror,
PAR  FIG. 5 is an exploded perspective view of the component parts of the mirror
      shown in FIG. 4,
PAR  FIG. 6 is a diagrammatic plan view of a third form of mirror,
PAR  FIG. 7 is an exploded perspective view of the principal parts of the mirror
      assembly shown in FIG. 6,
PAR  FIG. 8 is a horizontal section of the mirror assembly shown in FIG. 6,
PAR  FIG. 9 is a longitudinal section of yet another form of mirror, this form
      providing conical scanning of the mirror, and
PAR  FIG. 10 is a fragmentary section similar to FIG. 9 but showing the position
      of the mirror in the housing after some adjustment.
DETD
PAR  In the mirror shown in FIGS. 1, 2 and 3 a mirror head comprises a
      reflecting glass 1 mounted in a metal backing member 2 having a peripheral
      lip 3 to receive the glass. On the rear face of the backing member there
      is a part-spherical boss 4 which is received in a complementary socket 5
      in the free end of a bracket 6 rigidly secured to or forming part of a
      hollow mirror housing. The boss 4 is retained in frictional rocking
      engagement with the socket 5 by a compression spring 7 interposed between
      the socket and shoulders on a pressed metal lug 8 fixed to the boss and
      projecting from it at right angles to the plane of the mirror, the lug
      passing through an opening in the socket 5 of sufficient dimension to
      allow for adequate angular movement of the mirror head.
PAR  The housing is secured by screws 9 to a mounting 10 integral with a hollow
      sleeve 11 which extends into the housing, the mounting having on its outer
      end an aligned second sleeve part 12 which is adapted to pass through a
      door panel 13 in which it is secured by a nut 14. A spindle 15 having an
      operating knob 15 on its outer end passes axially through the sleeves 11
      and 12 and incorporates a screw-threaded part 16a in screwed engagement
      with a reduced part of the bore at the inner end of the sleeve 11.
PAR  On the inner end of the spindle there is a grooved eccentric 17 which is
      received in a clearance slot 18 in the free end of the lug 8.
PAR  It will be appreciated that when the spindle is turned the eccentric rocks
      the mirror head to and fro in one plane about the boss 4, performing a
      complete cycle to opposite sides of a mean central position for each
      complete revolution of the spindle. At the same time each revolution
      displaces the spindle and therefore the free end of the lug 8 along the
      axis of the spindle through a distance equal to the pitch of the
      screw-thread thereby tilting the mirror about an axis passing through the
      boss 4 perpendicular to the axis of the spindle.
PAR  Thus the user first adjusts the mirror in azimuth, i.e. about this second
      axis, which is usually substantially vertical, by several turns of the
      knob 16 and then adjusts the knob angularly to the exact angular position
      to give the desired tilt with respect to the horizontal.
PAR  If the mirror is located in such a position on the vehicle that the knob 16
      is not within easy reach of the driver the spindle can be rotated by a
      flexible shaft carried to a convenient point.
PAR  In the arrangement shown in FIGS. 4 and 5 a mirror glass 21 is carried by a
      backing plate 22 mounted to rock about an axis formed by pivot pins 23 and
      24. The pin 23 is freely mounted in a recess in one end of a housing 25
      and its rounded free end is received in a hole in a resilient folded metal
      strip 26 secured to the backing plate 22. The other pin 24 is fixed in a
      strip 27 secured to and extending away from the backing plate. The outer
      end of the pin 24 is received in a hole 28 in a cam follower bar 29 which
      extends at right angles to the mirror and is in sliding engagement with a
      wall 30 in the housing.
PAR  A spindle 31 of which the axis is parallel to the pivot axis of the mirror
      is rotatably mounted in a boss 32 on the outer side of the wall 30 and
      passes through a slot 33 in the bar 29. The inner end of the spindle
      carries a grooved scroll cam 34 and an eccentric peg 35. That peg is
      received in a slot 36 in the strip 27, and projections 37 on the inner
      side of the bar 29 are engaged in the groove in the cam.
PAR  The spindle is adapted to be rotated by a flexible shaft 38 from any
      convenient point, and on each revolution of the shaft the engagement of
      the peg 35 in the slot 36 rocks the mirror head about the axis formed by
      the pivot pins 23 and 24.
PAR  As the spindle is rotated the scroll cam progressively moves the bar 29 in
      a direction at right angles to the mirror head and takes with it the pivot
      pin 24 to adjust the mirror in a second plane at right angles to the
      first, the resilient mounting of the pin 23 allowing for this movement.
PAR  In the arrangement shown diagrammatically in FIGS. 6, 7 and 8 the various
      parts are designed to be moulded from plastics material.
PAR  A mirror head 41 is mounted on a channel shaped block 42 of which the inner
      end carries a ball 43 adapted to be received and to rock in a
      part-spherical socket 44 in the base of a U-shaped frame 45. The ball is a
      snapin fit in the socket. A spindle 46 has eccentric end portions 47 which
      are rotatably received in aligned slots 48 in the limbs of the frame 45.
      The central part 49 of the spindle is screw-threaded and passes through a
      screwthreaded bore in a nut 51 over which the block 42 fits. The block is
      pivotally connected to the nut 51 by projecting pegs 52 on the nut which
      are received in notches 53 in the block. The nut is retained in the block
      by the backing plate of the mirror.
PAR  Because of the eccentricity of the end portions of the spindle rotation of
      the spindle rocks the nut 51 and through it the block 42 and the mirror
      head abut the ball in one plane, this movement being repeated on each
      revolution.
PAR  Rotation of the screw also produces axial movement of the nut and hence
      angular movement of the block 42 and the mirror head in a plane at right
      angles to the first movement.
PAR  In a modification the block 42 and the frame 44 may be moulded in one piece
      in which case the ball 43 and the socket 44 can be replaced by a flexible
      neck connecting the parts 42 and 44.
PAR  In the arrangement shown in FIGS. 9 and 10 a mirror 61 is floatingly
      mounted in a housing 62 and is exposed in an opening 63 in one end of the
      housing. There is an inwardly curved peripheral lip 64 around the opening
      63. An internally projecting annular flange 65 is formed in the casing
      parallel to and spaced rearwardly from the lip 64. The mirror is
      resiliently urged towards the flange by a ring of springs 66 located
      between the peripheral portion of the mirror and the lip 64.
PAR  A boss 67 having an internally screw-threaded bore 68 is integral with the
      rear end of the housing, the axis of the bore being at right angles to the
      plane of the flange 65.
PAR  A screw-threaded spindle 69 is rotatably mounted in the bore and carries on
      its forward end a radially projecting and forwardly inclined finger 70 of
      which the rounded end 71 is adapted to bear on the back of the mirror.
PAR  When the spindle is rotated it moves forwardly owing to its screw-threaded
      engagement with the housing and the finger 70 presses the mirror away from
      the flange 65 against the action of the springs 66. The point of contact
      of the finger with the mirror travels in a circle and is spaced from the
      centre of the mirror so that the mirror is moved out of its normal plane
      against the action of the springs as shown in FIG. 10, the point on the
      periphery of the mirror which is displaced for the greatest distance from
      the flange travelling round as the spindle is rotated. This produces
      conical scanning by the mirror and the angular displacement of the mirror
      progressively increases as the spindle moves forwardly so that the
      adjustment covers a very wide range.
PAR  The spindle is rotated from a convenient point by a flexible shaft 72
      brought into the housing through a bush 73 screwed into the outer end of
      the bore 68.
PAR  The mirror may be provided with a metal back-plate or may be covered with
      any suitable material to prevent damage to the reflective coating by the
      friction of the finger 70.
PAR  Alternatively a roller may be mounted in the free end of the finger for
      contact with the glass.
PAR  The end of the flexible shaft is in sliding keying engagement with the
      spindle to allow for the axial movement of the spindle.
CLMS
STM  I claim:
NUM  1.
PAR  1. An exterior rear view mirror for vehicles in which a mirror located
      within a stationary housing is adjustable by remote control wherein said
      mirror is floatingly mounted in a housing and exposed in an opening in one
      end of the housing and is resiliently urged against an internal abutment
      flange in the housing set in from and parallel to the opening, and the
      rear face of the mirror is engaged by a radial finger carried by a
      rotatable spindle passing through and in screw-threaded engagement with a
      central boss in the housing at the end remote from the opening whereby the
      spindle on being rotated moves axially towards the mirror glass and the
      finger effects a rotating displacement of the edge of the mirror away from
      said abutment flange through a progressively increasing angle.
NUM  2.
PAR  2. An exterior rear view mirror for vehicles of the type wherein a mirror
      head is mounted in a housing for angular movement about a ball and socket
      joint; in combination therewith a remote control for adjusting said mirror
      comprising a spindle of which the axis is substantially parallel to the
      normal plane of the mirror, said spindle being rotatably mounted in a
      sleeve member rigid with the housing and with which the spindle is in
      screw threaded engagement, a grooved eccentric cam carried by said
      spindle, a lug extending from the mirror head at right angles to the axis
      of the spindle, said lug having a slot therein engaging said cam to effect
      rocking of said mirror about the ball joint in one plane on each
      revolution of the spindle and to rock said mirror in another plane at
      right angles to the first by axial movement of the spindle produced by its
      screw threaded engagement with the sleeve.
NUM  3.
PAR  3. An exterior rear view mirror for a vehicle of the type wherein a mirror
      head is mounted for angular movement about aligned pins in a housing, in
      combination therewith, a remote control for adjusting said mirror
      comprising a lineally moveable cam follower carrying one of said pins, a
      spindle rotatably mounted in the housing and carrying a scroll cam
      operatively engaging said cam follower, an arm having a slot therein
      extending from the mirror head in a direction substantially at right
      angles to the head, said spindle also carrying a peg engaged in the slot
      in said arm, said peg being arranged relative to the rotational axis of
      said spindle that upon rotation thereof said peg rocks the mirror about
      the axis formed by the pins and the cam displaces the one pin in a
      direction substantially at right angles to the plane of the mirror head
      whereby adjustment of the mirror in two planes at right angles to each
      other is provided by rotation of the spindle.
NUM  4.
PAR  4. In combination with an exterior rear view mirror for vehicles including
      a mirror head, a block carrying said mirror head and having a universal
      mounting means thereon, a base member connected to said mirror head
      through said universal mounting means, a rotatable spindle having
      eccentric ends working in aligned slots in said base member and having a
      screw threaded part, a nut located within and in rocking engagement with
      said block and in screw threaded engagement with the threaded part of said
      spindle, rotation of said spindle causing said eccentric ends to effect
      rocking of said head in one plane about said universal mounting means and
      also causing said screw threaded connection to move said head angularly
      about said universal mounting means in a plane at right angles to the
      first mentioned plane.
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ABST
PAL  An operating lever system for the brake system of a vehicle has a rod to
      actuate the brake system and the rod is connected to a pivotally mounted
      intermediate lever. A pivotally mounted actuating lever has a roller
      thereon engagable with the intermediate lever. A further roller is
      resiliently urged against a cam surface on the intermediate lever which
      guides this roller substantially concentrically of the pivot mount of the
      intermediate lever during actuation of the rod in the braking direction
      and at a decreasing distance from the pivot mount upon further moving of
      the rod in the braking direction.
BSUM
PAR  The present invention relates to a variable ratio operating lever system
      for the braking system of a vehicle, more particularly, to such an
      operating lever system which is spring-assisted.
PAR  The hydraulic brake system of a vehicle is operated by a master cylinder
      whose piston is displaced by a rod the end of which is pivotally connected
      to a pivotally mounted control or intermediate lever. A pivotally mounted
      actuating lever which may be operated by foot or manually by the operator
      of the vehicle applies a force to the lever, usually by a cam and roller
      arrangement. It is desirable that the force supplied by the operator be
      mechanically amplified so as to make more effective use of this force. It
      has also been proposed to utilize spring force to amplify the force
      supplied by the operator. It is generally desired that the force applied
      to the rod increase rapidly throughout a small initial movement of the
      operating lever so as to overcome any slack in the system. The force
      should then attain a maximum after the play in the brake operating system
      has been overcome and this ratio should then remain at the maximum in
      order to achieve the maximum brake effect in the hydraulic system.
PAR  Known variable ratio brake operators are generally unsatisfactory in that
      they occupy a considerable space in that part of the vehicle where space
      is at a premium and require considerable time by highly skilled personnel
      for their installation. Further, such operators should have an effective
      ratio which is at least as large as the average ratio that corresponds to
      the relationship between the maximum pivoting travel of the operating
      lever and the maximum travel of the piston rod of the master cylinder.
      However, previously known operators of this general type do not have this
      desirable characteristic.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved variable ratio operating lever system for the brake
      system of a vehicle.
PAR  It is a further object of the present invention to provide such an
      operating lever system which is spring-assisted, which is simple in
      structure so as to facilitate installation in a vehicle and which occupies
      a minimum of space.
PAR  According to one aspect of the present invention a variable ratio operating
      lever system for the brake system of a vehicle may comprise a rod which is
      adapted to actuate the brake system and a pivotally mounted actuating
      lever. A pivotally mounted intermediate lever is pivotally connected to
      the rod and is operatively engagable by the actuating lever. The
      intermediate lever is provided with a cam surface and roller means are
      resiliently urged against this cam surface so as to be guided
      substantially concentrically to the pivot mount of the intermediate lever
      during actuation of the rod in the braking direction and at a decreasing
      distance from the pivot mount upon further moving of the rod in the
      braking direction. Thus, the ratio between the distance travelled by the
      operating lever around its pivot and the travel of the rod initially
      increases and then decreases. This combined effect provides for a
      considerable increase in the mechanical amplification and also enables
      this operating lever system to be used in brake systems of vehicles having
      very large differences in the so-called displacement distances. Where the
      actuating force for the brake system is to be transmitted by a hydraulic
      system the operating lever system of the present invention can also be
      used with two separate hydraulic circuits.
PAR  The intermediate lever may be provided with two cam surfaces one of which
      is acted upon by a roller pivoted on the actuating lever and is convex in
      shape. As a result of this construction, a ratio of the travel of the
      actuating lever around its pivot and the travel of the rod can be selected
      as desired and adapted to given conditions.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein:
PAR  FIG. 1 is a side elevational view of an operating lever system according to
      the present invention with a portion thereof being shown in section;
PAR  FIG. 2 is a side elevational view of a modification of the operating lever
      system with its enclosure being shown in section; and
PAR  FIG. 3 is a side elevational view of the connection between the brake
      linkage and intermediate lever and showing and interchangeable insert for
      varying this connection.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment and
      modifications of the present invention will be described in detail.
PAR  As may be seen in FIG. 1, a brake push rod 1 acts upon a master cylinder
      (indicated in phantom lines in FIG. 2) as a component of a system for the
      hydraulic transmission of the operating force. The other end of rod 1 is
      connected by a pivot pin 2 to an intermediate lever 3 which is pivotally
      mounted about a pivot 4 in a frame 5. A lever 6 is pivoted at one end at 7
      on the frame 5 and carries a roller 10. A pretensioned spring 8 is
      connected between the other end of lever 6 and a fixed pin 9 on frame 5 so
      as to urge the roller 10 against a cam surface a on the intermediate lever
      3. The cam surface a is substantially concentric to the pivot 4 and
      continues to a second cam surface b which has a decreasing distance to the
      pivot point 4.
PAR  An actuating lever 11 is pivotally mounted on frame 5 at 12 and carries a
      roller 13 which is in contact with another cam surface c which is convex
      in shape. The cam path c is so shaped that the ratio of pivot travel of
      actuating lever 11 and the pivot travel of intermediate lever 3 is
      initially at a low value in the position as shown in FIG. 1 which is the
      release position. This ratio increases up to a maximum as the actuating
      lever pivots in a clockwise direction as seen in FIG. 1 and then
      decreases. As a result, the roller 10 will release the power of spring 8
      for assisting the force of operation only after the ratio between the
      actuating lever 11 and rod 1 begins to decrease. The ratio of forces,
      i.e., the relationship between the force on brake push rod 1 and the force
      of actuation applied to actuating lever 11 can thus be maintained at a
      constant even when the displacement ratio between the actuating lever 11
      and rod 1 begins to decrease after attaining its maximum value.
PAR  Two combined effects are thus obtained. The maximum value of the
      displacement ratio between actuating lever 11 and rod 1 can thus become
      larger without any increase in the total operating path of actuating lever
      11 since the additional displacement required for such an increase is
      saved because of the decreasing displacement ratio. The spring 8 can
      supply a large portion of its work for assisting the force of actuation,
      i.e., for mechanical amplification, without the necessity of applying a
      force to release the brake in the case of a large lifting displacement
      path for the brake push rod. Namely, the spring 8 is again tensioned
      automatically through the force of reaction in the brake linkage 1 when
      the actuating force is removed.
PAR  The above described effect of spring systems in the decreasing range of the
      ratio is possible and can be readily produced since the resilient roller
      does not act directly on the actuating lever 11 but on the intermediate
      lever 3. If the spring 8 acted upon actuating lever 11, this would not be
      possible or it would be possible only with great difficulties, since the
      action of spring 8 on actuating lever 11 would have to be carried out with
      a very steep increase in force in order to compensate for the decreasing
      displacement ratio. However, the spring force is reduced when the spring
      performs work while being compressed.
PAR  The cam paths on the intermediate lever 3 are such that the beginning of
      the decreasing distance of the roller 10 to the pivot 4 of intermediate
      lever 3 occurs simultaneously. This feature enables one to obtain a
      constant force ratio over a longer portion of the path of actuation.
PAR  In the modification of FIG. 2, actuating lever 11 carrying roller 13 is
      pivotally mounted on the pivot pin 7 upon which the lever 6 is pivotally
      mounted. A linkage 14 whose length can be adjusted pivotally connects the
      actuating lever 11 at the pivot mount for roller 13 to a foot pedal which
      is not illustrated and which is actuated by the operator of the vehicle.
      This connection saves both structural components and costs. This
      modification is particularly adapted in vehicles in which the master
      cylinder for the hydraulic system is located at a relatively great
      distance from the foot pedal, such as in the engine compartment of the
      vehicle or behind a wall structure. In such an application, a fixed stop
      17 is provided on frame 5 for limiting the pivoting movement of
      intermediate lever 3 in the release direction. Any tolerances between the
      foot pedal (not illustrated) and the pivot mount of roller 13 can thus be
      readily compensated during installation by means of the adjustable linkage
      14.
PAR  In the release position, roller 13 which transmits the force of actuation
      to intermediate lever 3 always has the same point of contact with its cam
      path on intermediate lever 3. As a result, the same low initial ratio is
      always achieved. This is obtained by connecting the pivot pin 2 between
      rod 1 and intermediate lever 3 and the pivot pin of roller 13 by a
      traction plate 15 having an elongated opening 16 at its end connected with
      the intermediate lever 3. The traction plate 15 is pulled against
      intermediate lever 3 by a pretensioned spring 21 having one arm resting
      against pivot pin 2 and the other arm attached to traction plate 15. The
      roller 13 is thus maintained in the release position against intermediate
      lever 3 by means of traction plate 15 and the intermediate lever 3 is
      urged by the same force of spring 21 against fixed stop 17. This is
      achieved by the convex shape of the cam path for roller 13. Vibration,
      wear and noises are thus avoided when the brake is not operated and
      simultaneously in the release position the rod 1 is always held in the
      same relative position to the frame 5 to which the master cylinder is
      attached. As a result, the required clearance between the piston of the
      master cylinder and rod 1 can be maintained in the release position.
PAR  Spring 8 can be again placed under tension by means of traction plate 15
      when the master cylinder is removed or no force of reaction is present
      with respect to the rod because of a lack of hydraulic fluid. In this
      situation, actuating lever 11 is pivoted in the release direction by means
      of the foot pedal by a force acting against the normal force of operation.
      As a result, a special tool for tensioning spring 8 is not required.
PAR  The mounting of the traction plate 15 to the pivot pin 2 and to the pivot
      for roller 13 eliminates the necessity of special pivot pins, reduces the
      manufacturing costs of the system and reduces the space required.
PAR  The frame 5 as seen in FIG. 2 consists of two U-shaped members, the open
      ends of which are directed toward each other and their flanges forming the
      ends of the frame and provided with installation bores. As seen in FIG. 2,
      the bores on the left are used for mounting of the master cylinder for the
      hydraulic system and the bores on the right end are used for attaching the
      operator system to a vehicle frame. Attached to the two ends of the frame
      5 are cup-shaped end caps 18 and 19 whose open ends are directed toward
      each other. A flexible bellows 20 is mounted on the end caps to enclose
      their open ends and to seal the interior of the housing against dust, dirt
      and water. The bellows may be provided with thickened portions or lips at
      the ends thereof with these lips resting in annular grooves at the ends of
      the end plates as shown in FIG. 2. In order to adjust the rod 1, the
      bellows 20 can be removed from end plate 18 and compressed to permit
      access to the rod 1.
PAR  The intermediate lever 3 may be provided with a slot 22 which extends
      substantially radially to the pivot 4 as seen in FIG. 3. The slot 22 is
      for the connection of rod 1 and receives an interchangeable insert 23 in
      which is a bore to receive the pivot pin 2 of rod 1. The insert 23 may be
      replaced by another insert having a different distance of the bore to
      pivot 4. As a result, the operating lever system can be readily adapted
      with a minimum of effort and expense to master cylinders having different
      lengths of distance stroke. The bore in insert 22 may be positioned
      eccentrically with respect to the insert so that two different lengths of
      paths of displacement of the rod 1 can be obtained merely by rotating the
      insert. Thus, different lengths of displacement of the rod 1 can be
      obtained with the same intermediate lever. Since the intermediate lever
      has precise cam paths for the rollers which significantly increases the
      cost of manufacturing the intermediate lever, the operating lever system
      of the invention can be adapted very economically to various master
      cylinders.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable ratio operating lever system for the brake system of a
      vehicle comprising a rod adapted to actuate the brake system, a pivotally
      mounted actuating lever, a pivotally mounted intermediate lever pivotally
      connected to said rod and engageable by said actuating lever, said
      intermediate lever having a cam surface, a frame, a first lever pivotally
      mounted on said frame, a first roller on said first lever and means for
      resiliently urging said first roller against said cam surface, and said
      first roller being guided substantially concentrically to the pivot mount
      of said intermediate lever at least through half of the pivoting path of
      the intermediate lever in the braking direction and at a decreasing
      distance from said pivot mount upon further actuation in the braking
      direction so that the ratio between the distance travelled by the
      actuating lever around its pivot and the travel of the rod initially
      increases and then decreases.
NUM  2.
PAR  2. A variable ratio operating lever system as claimed in claim 1 wherein
      said intermediate lever has a second cam surface thereon convex in shape,
      and a second roller on said actuating lever engaging said second cam
      surface.
NUM  3.
PAR  3. A variable ratio operating lever system as claimed in claim 2 wherein
      said cam surfaces are such that the beginning of the decreasing ratio and
      the beginning of the decreasing distance of said first roller to said
      intermediate lever pivot mount occurs simultaneously.
NUM  4.
PAR  4. A variable ratio operating lever system as claimed in claim 1 and
      comprising a second lever having a pivot mount at one end thereof and said
      first roller being mounted thereon, said actuating lever being pivotally
      mounted on said second lever pivot mount, adjustable linkage means
      connecting said actuating lever to a brake pedal, and stop means engagable
      by said intermediate lever to limit its pivoting movement in the release
      direction.
NUM  5.
PAR  5. A variable ratio operating lever as claimed in claim 2 wherein said
      linkage means is pivotally connected to the mount of said second roller on
      said actuating lever.
NUM  6.
PAR  6. A variable ratio operating lever system as claimed in claim 1 and
      comprising a traction plate pivotally interconnecting said actuating lever
      and said intermediate lever, the pivot connection of said traction plate
      at said intermediate lever comprising a slot, and spring means urging said
      traction plate toward said intermediate lever.
NUM  7.
PAR  7. A variable ratio operating lever system as claimed in claim 6 wherein
      said intermediate lever has a second cam surface thereon convex in shape,
      a second roller on said actuating lever and engaging said second cam
      surface, the pivot connection between said rod and said intermediate lever
      comprising a pin, one end of said traction plate connected to said pin and
      the other end thereof connected to said actuating lever second roller
      pivot mount.
NUM  8.
PAR  8. A variable ratio operating lever system as claimed in claim 1 and
      comprising a frame comprising a pair of U-shaped members with the open
      ends thereof facing each other and bores in the ends of the members, end
      caps on the ends of said frame, and a bellows mounted on said end plates
      to sealingly enclose the lever system.
NUM  9.
PAR  9. A variable ratio operating lever system as claimed in claim 1 wherein
      there is a radially extending slot in said intermediate lever at the pivot
      connection with said rod, and an interchangeable insert within said slot
      having a bore therethrough for a pivot pin.
NUM  10.
PAR  10. A variable ratio operating lever system as claimed in claim 9 wherein
      said insert bore is eccentrically located therein so as to be
      eccentrically positionable within said slot.
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ABST
PAL  A fuel delivery pump with a settable price variator with a center shaft
      driven by a fuel meter, volume counters driven by the variator center
      shaft for registering the volume of fuel delivered and cost counters for
      registering the cost of fuel delivered driven via a dual input drive
      transmission having inputs connected to the variator center shaft and to
      the output of the settable price gearing of the variator and operative to
      reduce the torque load on the settable price gearing.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to settable mechanical variators,
      for example, of the type conventionally employed in gasoline dispensing
      apparatus and having settable gearing for establishing the unit volume
      price of fuel and connected for driving the cost counters of the gasoline
      dispensing apparatus for registering the cost of the fuel delivered in
      accordance with the volume delivered and the unit volume price established
      by the setting of the variator gearing, and relates more particularly to a
      new and improved settable variator drive mechanism having notable use in
      gasoline dispensing apparatus for driving the cost counters of the
      dispensing apparatus with a lower torque load on the settable variator
      gearing.
PAR  The conventional mechanical computer employed in gasoline dispensing
      apparatus incorporates a mechanical register having a pair of counters on
      each of two opposite faces of the register for registering, on each of the
      two opposite faces, the cost and volume of fuel delivered. Such a register
      is shown and described in U.S. Pat. No. 2,814,444 of Harvey N. Bliss dated
      Nov. 26, 1957 and entitled "Register." The gasoline pump computer also
      conventionally incorporates a mechanical price variator of the type shown
      and described in U.S. Pat. No. 3,413,867 of Richard B. Hamlin dated Dec.
      3, 1968 and entitled "Variator", for establishing and posting the unit
      volume price of the fuel. The variator has a center shaft connected for
      being mechanically driven by a gasoline meter, and the variator center
      shaft is connected for driving the volume counters of the register for
      registering the the volume of fuel delivered. The price variator has
      settable gearing for establishing the unit volume price of the fuel, and
      the output of the settable gearing is connected for driving the cost
      counters of the register to register the cost of fuel delivered in
      accordance with the volume of fuel delivered and the unit volume price
      established by the setting of the variator gearing.
PAR  Because of the rapidly increasing price of gasoline and concomitant higher
      drive ratio setting of the variator gearing and increased rate of rotation
      of the cost counter and variator gearing for any given volume rate of
      delivery of gasoline, a greater torque load is transmitted through the
      variator gearing for driving the cost counters causing increased gear
      loading, gear wear and gear failure. It is, therefore, a principal aim of
      the present invention to provide a new and improved price variator drive
      mechanism for gasoline dispensing apparatus for driving the gasoline pump
      cost counters in a manner providing reduced torque load on the settable
      variator gearing and therefore reduced gear tooth loading, gear wear and
      gear failure.
PAR  It is another aim of the present invention to provide a new and improved
      settable variator drive mechanism of the type having settable variator
      gearing for establishing the variator drive ratio providing reduced torque
      load on the settable variator gearing.
PAR  It is a further aim of the present invention to provide a new and improved
      settable variator of the type described having a design permitting the
      variator to be compactly made and the variator gearing to be constructed
      out of plastic or other materials facilitating economical construction.
PAR  It is another aim of the present invention to provide a new and improved
      settable variator drive mechanism of the type described providing a long
      service-free life.
PAR  It is a further aim of the present invention to provide a new and improved
      settable variator drive mechanism for driving the cost counters of fuel
      dispensing apparatus which reduces inertiacaused overtravel and resulting
      counting inaccuracy of the cost counters at the end of a fuel delivery.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings of illustrative
      applications of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a generally diagrammatic front elevation view, partly broken away
      and partly in section, of a fuel delivery pump incorporating a variator
      drive mechanism in accordance with the present invention;
PAR  FIG. 2 is an enlarged partial elevation view, partly broken away and partly
      in section, of the variator drive mechanism; and
PAR  FIG. 3 is an enlarged partial elevation view, partly broken away and partly
      in section, of a modified variator drive mechanism in accordance with the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail wherein like reference numerals
      indicate like parts throughout the several figures, a fuel delivery pump
      10 incorporating an embodiment of a variator drive mechanism of the
      present invention is shown having a nozzle 14 for delivering fuel and a
      suitable nozzle storage receptacle 15 for storing the nozzle 14 between
      fuel deliveries. In a conventional manner, a meter 16 provided in the fuel
      delivery conduit has a rotary output shaft 17 rotated in accordance with
      the volume of fuel delivered. The meter shaft 17 is suitably coupled for
      driving a center shaft 18 of a price variator 19. The price variator 19
      may, for example, be of the type described in the aforementioned U.S. Pat.
      No. 3,413,867 and employs a cone gear 11 on the variator center shaft 18
      and three settable range arms 12 which can be selectively manually set
      into engagement with the gears of the cone gear 11 or in engagement with a
      respective fixed locking element (not shown) to establish the variator
      price gear ratio and thereby the desired unit volume price of fuel within
      a three place unit volume price range. The variator center shaft 18
      extends through the variator and is connected via a rotary drive train
      including bevel gears 20, 21 for driving the usual pair of rotary volume
      counters 22 of a resettable register 24 of the fuel pump for registering
      the volume of fuel dispensed.
PAR  A variator output gear 26 of the variator is rotatably mounted on the
      variator center shaft 18 and is driven by the meter 16 via the variator
      center shaft 18, cone gear 11, the settable variator range arms 12 and
      range arm summation gearing 13 and therefore in accordance with the unit
      volume price established by the variator gear ratio setting. The variator
      output gear 26 is connected (as hereinafter more fully described) to the
      usual pair of rotary cost counters 28 of the register 24 so that the cost
      counters 28 register the cost of fuel dispensed in accordance with the
      volume of fuel dispensed and the unit volume price established by the
      setting of the price variator 19.
PAR  The resettable register 24 may, for example, be of the type shown in the
      aforementioned U.S. Pat. No. 2,814,444 and is operable by a control handle
      32 positioned adjacent the storage receptacle 15 such that the handle 32
      has to be rotated to its vertical or "off" position to permit the nozzle
      to be placed in its storage receptacle at the completion of a fuel
      delivery, and the nozzle has to be removed from its storage receptacle to
      permit the handle 32 to be rotated to its horizontal or "on" position.
      Rotation of the handle 32 to its horizontal or "on" position provides for
      sequentially disengaging the cost and volume counters 28, 22 from their
      respective rotary drive trains, resetting the cost and volume counters and
      then re-engaging the cost and volume counters to their respective rotary
      drive trains. The register 24 is also connected in a known manner to
      provide for de-energizing a motor 36 for the usual fuel pump 38 when the
      handle 32 is turned to its "off" position and for re-energizing the motor
      36 after the volume and cost counters 22, 28 of the register 24 have been
      reset and their rotary drive trains have been re-engaged for driving the
      cost and volume counters.
PAR  The register drive train to the cost counters 28 comprises in a
      conventional manner a horizontal cost center shaft 40 driven via suitable
      bevel gearing 41, 42 by a vertical cost shaft 43. Gears (not shown) at
      opposite ends of the horizontal cost center shaft 40 are connected for
      driving the lowest order counter wheels of the cost counters 28. In a
      similar and conventional manner, and lower horizontal volume center shaft
      50 is connected to drive the pair of volume counters 22.
PAR  In accordance with the present invention, a dual input cost counter drive
      mechanism 60 is provided in the drive train between the variator 19 and
      the cost counters 28. A first or primary drive or control gear 62 of the
      dual input drive mechanism 60 is rotatably mounted on the vertical cost
      shaft 43 for engagement with the variator output gear 26. A secondary
      drive gear 64 is rotatably mounted on the vertical cost shaft 43 above the
      primary gear 62 and is connected to be directly driven by the variator
      center shaft 18 in the same angular direction as the primary gear 62. More
      particularly, the secondary drive gear 64 is driven by the price variator
      center shaft 18 via a gear 66 mounted on the center shaft 18 and an
      intermediate compound gear 67 having gears 68, 69 engaging the gears 64,
      66 respectively. The compound gear 67 is rotatably mounted on an
      upstanding fixed stub shaft 70 suitably mounted on the top 71 of the price
      variator 19.
PAR  The drive ratio from the center shaft 18 to the secondary drive gear 64 is
      established to provide that the secondary drive gear 64 rotates at a rate
      greater than the rate of rotation of the primary gear 62 at all variator
      settings (and therefore at a rate greater than the rate of the primary
      gear 62 at the maximum available unit volume price setting of the
      variator). Alternatively, if desired, manually settable gearing (not
      shown, but, for example, which is axially shiftable on the price variator
      center shaft 18 and/or stub shaft 70 and/or cost shaft 43) could be
      manually set in accordance with the variator setting for selectively
      driving the secondary drive gear 64 and whereby for the selected variator
      setting, the secondary drive gear 64 is driven at a rate of rotation
      slightly greater (e.g., 10 percent greater) than the rate of rotation of
      the primary gear 62.
PAR  The dual input drive mechanism 60 further comprises a first lower
      cylindrical drum 72 fixed to the vertical cost drive shaft 43 and a second
      upper cylindrical drum 74 depending from the secondary drive gear 64 and
      rotatably mounted on the vertical cost shaft 43. The upper drum 74 and
      secondary gear 64 are axially retained on the vertical cost shaft 43 with
      the upper drum 74 in contiguous association with the lower drum 72 by a
      retaining ring 75 and washer 76 mounted on the shaft 43. A helical coil
      torsion spring 78 is mounted to encircle the coaxial drums 72, 74 between
      the axially spaced primary and secondary gears 62, 64 respectively, and
      such that the helical coil spring 78 is axially retained in place between
      the drive gears 62, 64. Also, an outer coaxial internal cylindrical drum
      80 is provided on the primary gear 62 to surround and substantially
      entirely enclose the coil spring 78.
PAR  The helical coil spring 78 has a radially inwardly extending lower end 86
      received within an axial slot 88 in the lower drum 72 and a radially
      outwardly extending upper end 90 received within an axial slot 92 in the
      outer drum 80. Accordingly, the primary gear 62 is positively connected to
      the vertical cost shaft 43 via the torsion spring 78. The drive gear 62
      is, however, capable of rotating relative to the vertical cost shaft 43
      since the torsion spring 78 provides an angularly flexible drive coupling
      between the gear 62 and shaft 43. The coil spring 78 is coiled to extend
      helically from its upper end 90 in the opposite angular direction to the
      direction of rotation of the gears 62, 64, and vertical cost shaft 43 and
      such that the coil spring 78 contracts as the primary gear 62 rotates
      forwardly relative to the vertical cost shaft 43 and the coil spring 78
      expands as the vertical cost shaft 43 rotates forwardly relative to the
      primary gear 62. Thus, the angular displacement of the primary gear 62
      relative to the vertical cost shaft 43 is limited in the forward angular
      direction by the contraction of the torsion spring 78 into engagement with
      the inner drums 72, 74 and in the opposite angular direction by the
      expansion of the torsion spring into engagement with the internal
      cylindrical drum 80.
PAR  Referring to the embodiment of FIG. 2, the helical coil spring 78 has a
      first lower multiple-coil spring section 94 with a plurality of coils
      closely surrounding the lower drum 72. The helical coil spring 78 has a
      second upper multiple-coil spring section 96 (having, for example,
      approximately the same number of coils as the lower spring section 94)
      closely surrounding the upper drum 74. The helical coil spring 78, in its
      undisplaced condition, has an inner diameter which is very slightly
      greater than the diameter of the drums 72, 74. Also, in the undisplaced
      condition of the coil spring 78, the outer diameter of the coil spring may
      be slightly less than the diameter of the internal drum 80, in which case
      the coil spring 78 is also in an unstressed condition. Alternatively, the
      coil spring 78 may be held in its undisplaced condition in a partly
      contracted stressed condition by the internal drum 80. In either case, the
      coils of the torsion spring 78 are substantially out of frictional
      engagement with the drums 72, 74 with the torsion spring 78 in its normal
      or undisplaced condition and are adapted to be contracted onto the drums
      72, 74 by forward rotation of the primary gear 62 relative to the vertical
      cost shaft 43. In the embodiment of FIG. 2, the upper spring section 96
      surrounding the upper drum 74 is preferably angularly contracted into
      effective frictional engagement with the drum 74 within a few degrees of
      forward angular displacement of the primary drive gear 62 relative to the
      vertical cost shaft 43 and, for example, if desired, even before the
      torsion spring 78 is torsionally loaded sufficiently to drive the vertical
      cost shaft 43, it being seen that such torsional spring loading is
      dependent on the spring rate and the number of spring coils which are
      subject to being contracted and expanded by the relative angular
      displacement of the primary gear 62 and vertical cost shaft 43.
PAR  In the embodiment of the dual drive mechanism 60 shown in FIG. 3, the
      torsion spring 78 has an unstressed diameter less than the drums 72, 74
      and such that in its undisplaced condition it frictionally engages the
      drums 72, 74. The internal cylindrical drum 80 of the primary drive gear
      62 has a diameter for retaining the torsion spring 78 against undue
      expansion and such that a few degrees of forward rotation of the vertical
      cost shaft 43 relative to the primary drive gear 62 will expand the spring
      78 out of effective frictional engagement with the upper drum 74 and then
      subsequently into frictional engagement with the outer cylindrical drum
      80.
PAR  In both embodiments of FIGS. 2 and 3, the helical coil spring 78 is
      preferably formed of wire having a square cross section as shown and
      preferably so that each coil of wire has a flat area of contact with the
      friction drums 72, 74, 80.
PAR  During the delivery of fuel, the vertical cost shaft 43 will, through the
      contracting engagement of the spring coils with the upper friction drum
      section 74, be torsionally driven at least in part via the drum 74 by the
      price variator center shaft 18. The price variator center shaft 18
      therefore assists in directly driving the vertical cost shaft 43 by an
      amount established by the selection of a spring 78 having the desired
      spring rate, number of coils, and an unstressed diameter relative to the
      diameters of the drums 72, 74 and 80.
PAR  For example, in the embodiment of FIG. 2, a spring could be selected so
      that the upper secondary drum 74 is effective in delivering a share of the
      required torque load for driving the cost counters 28 at a very low
      initial RPM level of the vertical cost shaft 43 (e.g., 5 percent of the
      maximum RPM of the cost shaft 43) and therefore at a low required torque
      level. As the RPM of the vertical cost shaft 43 increases beyond that
      initial RPM level as the rate of the delivery of fuel increases, the
      secondary drum 74 delivers an increasing share of the required torque
      until the drum 74 delivers substantially all of the increased torque above
      a determinable torque or RPM level. That level can be established as
      desired by the selection of the torsion spring 78 and whereby a maximum
      torque transmitted via the variator gearing to the vertical cost shaft 43
      can be established. Accordingly, even at high unit volume price settings
      of the variator 19 and high fuel delivery rates, the torque transmitted
      via the variator gearing to the vertical cost shaft 43 can be held to
      within acceptable limits. Accordingly, gear tooth loading, gear wear and
      gear failure can be substantially reduced, the gears can be made smaller
      and the gears can be made out of plastic or other materials permitting
      economies of manufacture and a more compact assembly.
PAR  In the embodiment of FIG. 3, a torsion spring 78 can be selected so that
      the torsion spring is preloaded sufficiently to permit the secondary drum
      74 to provide all of the required torque for driving the vertical cost
      shaft 43 throughout part or the entire RPM operating range of the vertical
      cost shaft 43. During such operation, the friction drum 74 in effect
      drives the gear 62 and all or part of the remaining gears of the variator
      price setting gearing and whereby the opposite edges of the gear teeth of
      such gears are operative. Accordingly, there is no available forward play
      or backlash in the variator gear train which permits the cost counters to
      overtravel at the end of a fuel delivery due to inertia. Such
      inertia-caused overtravel of the cost counters is discussed in my
      copending U.S. Pat. application Ser. No. 432,577 filed Jan. 11, 1974 and
      entitled "Rotary Drive Antibacklash Device."
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a settable price variator drive train for a fluid delivery system for
      setting the unit volume price of the fluid delivered, comprising a price
      variator with a rotary input adapted to be rotated in accordance with the
      volume of fluid delivered, a rotary output, and gear means interconnecting
      the price variator input and output having settable price gear means
      settable for establishing the drive ratio between the variator input and
      output for establishing the unit volume price of the fluid, and a rotary
      drive mechanism for connecting the variator for registering the cost of
      fluid delivered in accordance with the volume of fluid delivered and the
      unit volume price established by the setting of the price gear means, the
      improvement wherein the rotary drive mechanism comprises a rotary drive
      output adapted to be connected for registering the cost of fluid delivered
      and first and second rotary inputs respectively connected for being driven
      by the variator output and by the variator input bypassing the settable
      price gear means, and selectively engageable intermediate drive control
      means controlled by said first rotary input for selectively connecting
      said second rotary input for rotating the rotary drive output in
      accordance with the rotation of said first rotary input whereby at least
      part of the torque load on the rotary drive output is transmitted thereto
      from the variator input via said second rotary input and bypassing the
      settable price gear means.
NUM  2.
PAR  2. A settable price variator drive train according to claim 1 wherein said
      rotary drive output and said first and second rotary inputs are coaxial
      and said second rotary input is driven by the variator input in the same
      angular direction as and at a rate of rotation greater than said first
      rotary input.
NUM  3.
PAR  3. A settable price variator drive train according to claim 1 wherein the
      selectively engageable intermediate drive control means comprises
      selectively engageable clutch means engageable for coupling said second
      rotary input to said rotary drive output, the clutch means being connected
      to said first rotary input for being selectively engaged thereby for
      rotation of said rotary drive output in accordance with the rotation of
      said first rotary input.
NUM  4.
PAR  4. A settable price variator drive train according to claim 1 wherein the
      selectively engageable intermediate drive control means comprises
      selectively engageable friction clutch means operable by said first rotary
      input for selectively frictionally coupling said second rotary input to
      said rotary drive output.
NUM  5.
PAR  5. A settable price variator drive train according to claim 1 wherein said
      first rotary input and said rotary drive output are coaxial and wherein
      the intermediate drive control means comprises a torsion spring coupling
      said first rotary input to said rotary drive output and permitting
      relative angular displacement therebetween.
NUM  6.
PAR  6. A settable price variator drive train according to claim 5 wherein the
      torsion spring is a generally helical coil spring generally coaxial with
      said first rotary input and said rotary drive output and having a first
      end connected to said first rotary input and a secondary end connected to
      said rotary drive output.
NUM  7.
PAR  7. A settable price variator drive train according to claim 6 wherein the
      intermediate drive control means comprises a friction drum coaxial with
      and engageable by said generally helical coil spring and connected to be
      driven by said second rotary input, the coil spring and friction drum
      providing selectively engageable clutch means operable by said relative
      angular displacement between said first rotary input and said rotary drive
      output for selectively coupling said second rotary input to said rotary
      drive output.
NUM  8.
PAR  8. A settable price variator drive train according to claim 1 wherein the
      intermediate drive control means is operative for coupling said second
      rotary input to said rotary drive output for transmitting substantially
      the entire torque load on said rotary drive output at least above a
      predetermined speed of the variator output from said variator input via
      said second rotary input bypassing the settable price gear means.
NUM  9.
PAR  9. A settable price variator drive train according to claim 1 wherein the
      intermediate drive control means is operative for connecting said second
      rotary input for rotating said first rotary input and said variator output
      and at least part of the variator gear means at least at above a
      predetermined speed of the variator output to remove at least part of the
      overtravel backlash in the variator gear means above said predetermined
      speed.
NUM  10.
PAR  10. A settable price variator drive train according to claim 2 wherein the
      intermediate drive control means comprises a rotatable drum affixed to
      said second rotary input having an annular friction surface coaxial
      therewith, and a generally helical coil spring generally coaxial with the
      rotatable drum having a friction spring section with a plurality of
      generally helical friction coils each adapted for frictional engagement
      with said annular friction surface, the helical friction section having a
      first end connected to said first rotary input and a second end connected
      to said rotary drive output, the helical friction coils of the friction
      spring section extending generally helically relative to said annular
      friction surface from said first end in an angular direction whereby upon
      relative rotation of the first rotary input ahead of the rotary drive
      output, the helical coils of the friction spring section are radially
      displaced into greater frictional engagement with the annular friction
      surface of the drum to provide a more effective friction coupling between
      the drum and the rotary drive output.
NUM  11.
PAR  11. In a settable price variator drive train for a fluid delivery system
      having a variator settable for establishing at least in part the unit
      volume price of the fluid and comprising a rotary input adapted to be
      rotated in accordance with the volume of fluid delivered, a rotary output
      and gear means interconnecting the variator input and output having
      settable gear means settable for establishing the drive ratio therebetween
      for establishing at least in part the unit volume price of the fluid, and
      a rotary drive mechanism driven by the variator for connecting the
      variator for registering the cost of fluid delivered in accordance with
      the volume of fluid delivered and the drive ratio setting of the variator,
      the improvement wherein the rotary drive mechanism comprises a dual input
      rotary drive mechanism with first and second rotary inputs respectively
      operatively connected to be driven by the variator output and by the
      variator input bypassing said settable gear means, a rotary drive output
      and intermediate means interconnecting said first and second inputs and
      said drive output for coupling said second rotary input for at least in
      part driving said rotary drive output whereby at least part of the torque
      load on said rotary drive output is transmitted from said variator input
      via said second rotary input bypassing said settable gear means.
NUM  12.
PAR  12. A settable price variator drive train according to claim 11 wherein the
      intermediate means comprises rotary coupling means between said first
      rotary input and said rotary drive output permitting relative angular
      rotation thereof and operative in accordance with said relative angular
      rotation to selectively couple said second rotary input to said rotary
      drive output.
NUM  13.
PAR  13. In a settable variator drive train for driving associated mechanism
      comprising a variator with a rotary input, a rotary output, and gear means
      interconnecting the variator input and output having settable gear means
      settable for establishing the drive ratio therebetween, and a rotary drive
      mechanism driven by the variator and having a rotary drive output for
      driving the associated mechanism, the improvement wherein said rotary
      drive mechanism comprises first and second rotary inputs respectively
      connected for being driven by said variator output and by the variator
      input bypassing the settable gear means, and intermediate drive control
      means interconnecting said first and second inputs and said rotary drive
      output for selectively coupling said second rotary input for rotating said
      rotary drive output in accordance with the rotation of said first output
      whereby at least part of the torque load on said rotary drive output is
      transmitted thereto from the variator input and via said second input
      bypassing the settable gear means.
NUM  14.
PAR  14. In a settable price variator drive mechanism for a fluid delivery
      system for setting the unit volume price of the fluid delivered comprising
      a variator with a rotary input adapted to be rotated in accordance with
      the volume of fluid delivered, a rotary output, and gear means with
      backlash interconnecting the variator input and output comprising settable
      price gear means settable for establishing the drive ratio therebetween
      for establishing the unit volume price of the fluid and for rotating the
      variator output in accordance with the cost of fluid delivered, and a
      rotary drive mechanism having a rotary drive output driven in accordance
      with the rotation of the variator output and adapted for being connected
      for registering the cost of fluid delivered, the improvement wherein said
      rotary drive mechanism comprises auxiliary rotary drive means operable
      separately from the variator gear means and coupling means coupling said
      auxiliary rotary drive means to said rotary drive output and said variator
      output for driving the rotary drive output in accordance with the rotation
      of the variator output and for back driving the variator output and at
      least part of the variator gear means at least above some predetermined
      speed of the variator output to at least partly eliminate overtravel
      backlash in the variator gear means above said predetermined speed.
NUM  15.
PAR  15. A settable price variator drive mechanism according to claim 14 wherein
      the coupling means couples said auxiliary rotary drive means to the
      variator output for back driving the variator output and variator gear
      means to eliminate overtravel backlash in the variator gear means.
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PAL  A variable speed "stiff-hub " drive adapted particularly to bicycles and
      comprised of a constant mesh infinitely variable gearing with an integral
      input crank shaft projecting axially from opposite ends of an enclosing
      case, with a drive sprocket at one side of the case and coaxially disposed
      over one of said crank shaft ends, and having a control means which
      operates in conjunction with a single lever which also comprises the
      braking force actuator.
PARN
PAR  This is a continuation of application Ser. No. 428,029, filed Dec. 26,
      1973, entitled Vehicle Transmission and Brake now abandoned.
BSUM
PAC  BACKGROUND
PAR  It is a general object of this invention to provide vehicular
      transportation capable of moving varied loads at varied speeds and under
      varied conditions, utilizing a prime mover having capabilities that
      require mechanical advantage, particularly when human powers are relied
      upon. Although the concepts herein disclosed are applicable to engine or
      motor powered vehicles and/or like devices, it is the human powered
      vehicle and/or device such as a bicycle in which this invention is
      advantageously embodied as hereinafter disclosed. Working pressure
      available from human power is substantial while continued muscular effort
      through the movement of human limbs is limited, and therefore efficient
      mechanical advantage is much to be desired, and it is to these ends that I
      have provided this improved and cooperatively related vehicle,
      transmission and braking.
PAR  Referring to the motivating power necessary to accelerate and to propel
      bicycles and the like, especially human powered vehicles, a multi-speed
      transmission is commonly employed, but limited to certain spaced gear
      ratios. Derailleur chain and sprocket gearing is commonly employed, and
      there are geared hubs, for implementing speed ratio changes between the
      foot pedal operated crank and the supporting drive wheel. The commonly
      accepted type of gear changer is the Derailleur type, with its speed ratio
      limitations and complexities which not only encumber the vehicle but which
      are vulnerable to damage. Therefore, it is an object of this invention to
      eliminate gear ratio limitations and to provide infinitely variable gear
      ratios within the range required. With the present invention, a variable
      ratio transmission is provided for changing the angular velocity from an
      input shaft to an output shaft; and in the particular case illustrated, to
      increase angular velocity from a bicycle crank shaft to a drive sprocket
      that rotates a drive wheel (the rear wheel).
PAR  Variable ratio transmissions of the prior art have not been positive, and
      in one way or another rely upon frictional engagement between the drive
      and driven members; reference being made to cone or V-belt pulley drives,
      disc and roller drives. Also, variable ratio transmissions exist in the
      form of both hydraulic and electric apparatus wherein current flow is
      controlling, but not absolutely positive in every application. On the
      contrary, meshed gear engagement is positive and it is therefore an object
      of this invention to provide positive in-mesh infinitely variable ratio
      transmission of rotative power having the advantages of direct and
      positive gear engagement between an input shaft and an output shaft. With
      the present invention, there is a constant mesh ratio changer and variable
      speed feedback to an element thereof adding to or subtracting from the
      output velocity, and in the preferred embodiment there are first and
      second stages of gearing and there is a variable speed feedback into one
      stage to add or substract angular velocity as may be required. A feature
      of the transmission is the feedback through non-reversible gearing which
      substantially reduces the torque requirement of the infinitely variable
      speed control means that governs the input-output speed ratio.
PAR  Transmissions involving gears and controls therefor are most often weighty
      and space consuming, it being an object of this invention to provide a
      variable ratio transmission of the character thus far referred to that is
      small and compact, and consequently of relatively light weight. The
      bicycle, for which the embodiment herein disclosed is designed, is a light
      weight competition cycle, in which case the input torque on the crank
      shaft is quite high. Therefore, it is also an object to provide a durable
      gearing that will withstand any and all mechanical pressures likely to be
      imposed thereon. In practice, the first and second gearing stages are of
      the planetary type with multiple pinions having wide faced toothed
      engagement, while the speed regulating control means includes a
      non-reversible worm and wheel feedback drive into the second stage gearing
      operating at lower torque value than the first stage gearing.
      Anti-friction bearings are used exclusively in the journaling of all
      torque transmitting and/or higher velocity elements.
PAR  The independent controllability of prior art bicycle transmissions and
      braking has involved separate manual controls, the former requiring
      selective positioning and the latter requiring forceful actuation. It is
      an object of this invention to combine the independent controllability of
      these two control functions into one control means by which both selective
      positioning and forceful actuation are manually applied. As will be
      described, the controlling means comprises a lever having distinct modes
      of actuation, one whereby it is rotatively positioned to effect
      selectivity of the variable output ratio of the transmission hereinabove
      referred to, and one whereby it is forcibly displaced to effect actuation
      of the brake.
PAR  The usual hanger assembly of the conventional bicycle is replaced in the
      present invention, it being an object to provide a frame adapted to accept
      the transmission of the character hereinabove referred to. In practice,
      the said transmission and its control means are combined in a casing
      adapted to be disassembled for accessibility, and for removal and
      replacement.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred form and
      application thereof, throughout which description reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of the vehicle transmission and brake of the
      present invention.
PAR  FIG. 2 is an enlarged detailed sectional view of the transmission taken as
      indicated by line 2--2 on FIG. 1.
PAR  FIGS. 3, 4, and 5 are sectional views taken as indicated by lines 3--3,
      4--4, and 5--5 on FIG. 2.
PAR  FIG. 6 is a sectional view of the variable speed feedback drive which
      characterizes the present invention, being a view taken as indicated by
      line 6--6 on FIG. 3.
PAR  FIG. 7 is an enlarged fragmentary and sectioned view of the single control
      means (removed from FIG. 1) provided for braking and to condition the
      transmission.
PAR  FIG. 8 is a sectional view taken as indicated by line 8--8 on FIG. 7.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The present invention involves, generally, a vehicle X and transmission Y
      and brake concept cooperatively combined as a bicycle adapted to be
      powered by a rider for motivation. The prerequisites of a high performance
      bicycle are light weight, strength, and a wide transmission range; and it
      is in each of these that the present invention provides improvements.
      Firstly, the constant mesh infinitely variable speed transmission Y is
      characterized by a casing of a type and configuration unprecedented in
      cycle frames, and in this respect the vehicle X is provided with a frame
      for the replaceable combining of said transmission Y therewith. Secondly,
      the variable speed controllability of the transmission Y is effected by
      control means C that simultaneously controls the independent actuation of
      the brake.
PAC  TRANSMISSION-FRAME
PAR  The vehicle X involves a frame to which the case of the transmission Y is
      removeably and/or replaceably secured. As will be hereinafter described,
      the transmission Y involves several interrelated gear means and a variable
      speed feedback, in which case there is a sizeable gear case 10 disposed on
      a transverse horizontal axis on which the crank shaft 11 projects
      therethrough to carry a pair of diametric crank arms 12 at its opposite
      projecting ends. There are pedals 13 at the working ends of the arms for
      conventional application of force by a rider. The interior of case 10 is
      to accommodate the said several gear means, there being carrier bearings
      14 and 15 at axially opposite ends of the case to carry the crank shaft 11
      through members telescopically engaged thereover; one end of the case
      being permanently closed by a wall 16 and the other end by a removeable
      plate 17. The carrier bearings 14 and 15 are journaled in the wall 16 and
      plate 17 respectively. The interior of the case 10 is open radially for
      the accessible installation of the variable feedback, and over which there
      is a removeable cover 18. In practice, the variable feedback and its cover
      18 are horizontally disposed to project forwardly, the cover 18 being
      detachably secured to the case housing 19 by means of a screw fastener 20.
PAR  In accordance with this invention, the case 10 hereinabove described is
      fastened into the frame of the vehicle X so that the one structurally
      complements the other. Although the frame type or configuration can vary,
      the preferred "diamond" frame is employed as shown, involving a center
      post 21, a head 22, upper and lower rails 23 and 24 extending between the
      upper and lower extremities of the post and head respectively, and
      convergent lower and rear forks 25 and 26 extending rearwardly from the
      bottom and top extremities of the center post respectively. The joinder of
      the bottom and lower extremities of the post 21, lower rail 24 and lower
      fork 25 is by means of a saddle 27 having a seat complementary to the
      exterior of housing 19 of the transmission case 10. In practice, the seat
      is an arcuate quadrant centered about the axis a of the crank shaft 11,
      there being widely spaced and parallel flanges 28 embracing the opposite
      faces of the saddle and fastened thereto by screw fasteners 29 in shear,
      as is clearly shown. Correspondingly, each of the frame elements 21, 24
      and 25 are comprised of monocoque tubes and by joinder at the head 22 and
      by joinder into the saddle 27. The member which comprises the saddle 27
      are of shell-form and become monocoque when secured into working position
      as by heli-arc welding.
PAC  CONTROL
PAR  The vehicle X involves a single control means C for governing the gear
      ratio of the transmission Y and for applying actuation force to the brake.
      As shown, the bicycle has a front fork 31 comprised of a header with an
      upstanding tube 33 and spaced depending tubes 34 on which the front wheel
      35 is journaled upon an anti-friction hub 36. The upstanding tube 33 is
      journaled within the head 22 by means of spaced anti-friction bearings,
      the tube 33 projecting upwardly to carry a transverse handle bar 32
      affixed thereto as shown. The front wheel has a tyred rim 37 that revolves
      forwardly beneath the header 33, and it is in this area of the bicycle
      structure that the front brake is installed. Also, the bicycle has the
      rear forks 26 on which the rear wheel 28 is journaled upon an
      anti-friction hub 39. The rear wheel has a tyred rim 37 that revolves
      forwardly within the upper extremity of forks 26, and it is in this area
      of the bicycle structure that the rear brake is installed.
PAC  TRANSMISSION
PAR  The single control means C for the vehicle X governs the gear ratio of the
      transmission Y for applying propelling force to the rear wheel 28. The
      transmission Y is uniquely a constant mesh infinitely variable speed
      transmission adapted in this instance to bicycle requirements wherein
      there is a high torque low velocity input and a low torque high velocity
      output and involves the case 10 mounted to the saddle 27 and in which the
      crank shaft 11 is journaled upon the bearings 14 and 15 as above
      described. The oppositely projecting crank shaft 11 is revolved by
      opposite end crank arms 12 at high torque and low velocity, and there is a
      drive sprocket 51 coaxially rotatable over the shaft 11 and exposed at the
      exterior of the case 10 to transport a chain 52 that extends to a driven
      sprocket 53 affixed to the hub of the rear wheel 28. The drive sprocket 51
      operates at infinitely variable angular velocity and corresponding
      variable torque, as compared with the input shaft 11; it being understood
      that said shaft 11 is operable at varied speeds and with the application
      of different torque values.
PAR  In accordance with this invention, the transmission Y comprises a constant
      mesh speed changer B and a variable speed feedback means F. The speed
      changer B is comprised of an input gear 55, an output gear 56, and a
      feedback gear 57. The output gear 56 is characteristically a planet gear
      that cycles around the input sun gear 55 and within the feedback ring gear
      57, or the equivalent gearing. The variable speed feedback F is a means
      that governs the angular velocity of the feedback gear 57 and is
      characteristically a non-reversible gear engagement and the intermeshed
      engagement of all gear teeth is constant, the variable speed feedback
      velocity being applied in relation to the output velocity and controlled
      so as to determine the velocity of the output gear 56. In carrying out
      this invention, the non-reversible gear engagement of the variable speed
      feedback F to the feedback gear 57 of the speed changer A is a worm and
      wheel engagement, wherein the worm gear 58 is operated at infinitely
      variable speed in governing the angular velocity of the worm wheel 59, and
      controlling the angular velocity of gear 57 connected therewith so that
      the input-output velocities are accordingly added to or subtracted from as
      may be required.
PAR  In accordance with this invention, the transmission Y comprises first and
      second stages of gearing with a consequent substantial reduction of torque
      requirement on the variable speed feedback F. As shown, the first stage
      gearing involves a speed changer A and the second stage gearing involves
      the speed changer B. Like the speed changer B, speed changer A is
      comprised of an input gear 65, an output gear 66, and a stationary ring
      gear 67. The input gear 65 is characteristically a planet gear that cycles
      around the output sun gear 66 and within the ring gear 67, or the
      equivalent gearing. In the case illustrated where torque reduction is to
      be established at the feedback gear 57, the primary ratio of gear change
      is obtained by step-up gearing in stage A and step-down gearing in stage
      B. For example, the ring gear 67 is three diameters of the output gear 66,
      in which case the step-up ratio is 4 to 1 with a corresponding reduction
      in torque; while the ring gear 57 is two diameters of input gear 55, in
      which case the step-down ratio is 3 to 1 with a correspondingly further
      reduction in torque and with the result that reduced force is required to
      control the angular velocity of the worm wheel 59 which drives the same at
      varied speeds. The 4 to 1 velocity increase will be divided by three when
      the ring gear 57 is stationary.
PAR  However, when the ring gear 57 is revolved with and at a velocity equal to
      that of the output gear 56, there is no reduction in the primary 4 to 1
      ratio. The worm gear 58 of feedback F can be employed to propel the worm
      wheel 59 and feedback gear 57 at any angular velocity slower or faster
      than that of the input gear 55, thereby to subtract or add to the output
      ratio of output gear 66 relative to input gear 55.
PAR  In carrying out this invention, the input planet gears 65 of speed changer
      A are journaled on bearing trunnions 60 disposed in a circumferential
      series projecting inwardly from a drive flange 61 on shaft 11 inward of
      and seated against the carrier bearing 14. The ring gear 67 is fixedly
      captured in the housing of case 10 by the plate 17, there being a retainer
      ring 62 embracing the trunnions 60 to hold the gears 65 in place. The
      output gear 66 of the first stage gearing is coupled directly to and
      preferably integral with the input gear 55 of the second stage gearing,
      these two gears being concentrically journaled by a common tubular hub
      over shaft 11 by needle bearings 63. The output planet gears 56 of speed
      changer B are journaled on bearing trunnions 64 disposed in a
      circumferential series projecting from a drive flange 68 on tubular drive
      shaft 69 journaled on needle bearings 70 upon shaft 11, there being a
      retainer ring 71 embracing the trunnions 64 to hold the gears 55 in place.
      The shaft 69 extends to the exterior of the housing wall 16, being seated
      against carrier bearing 15 to driveably support the drive sprocket 51 at
      the exterior of case 10. The feedback gear 57 is then journaled over the
      shaft 11 and tubular shaft 69 by means of a concentric hub 72 disposed
      between flange 68 and the bearing 15. In practice, needle bearings are
      employed therebetween and an anti-friction axial thrust bearing 73
      disposed against a drive gear 74 for means F projecting radially from the
      bearing 15 used as a positioning stop therefor. As will be apparent from
      the drawings, the aforementioned transmission elements are assembled into
      case 10 from the ends thereof and captured in working position by the
      plate 17 and a snap ring 75 respectively.
PAC  ROTATIONAL FEEDBACK
PAR  In accordance with this invention, the variable speed feedback means F is
      provided to govern the angular velocity of the controlling feedback gear
      57. As shown, the gear 57 is integral with the worm wheel 59, and the
      means F governs the angular velocity of worm gear 58 that is constantly
      meshed therewith. In practice, I employ a high velocity variable speed
      drive driven by the output velocity of the second stage gearing B and
      driving the worm wheel 59 through worm gear 58. Various types of variable
      speed drives can be employed, the most practical of which is a frictional
      drive as shown. Accordingly, the feedback means F involves drive cone 75,
      a driving cone 76, a belt 77 operable therebetween, and a positioning
      means 78 for operational placement of said belt. The drive cone 75 is
      driven by drive gear 74, while the driving cone 76 drives the worm wheel
      59.
PAR  The housing 19 of the transmission case 10 is provided with one or more
      openings to pass the drive and driving elements of the drive cone 75 and
      driving cone 76, said cones being journaled on spaced and parallel shafts
      80 and 81 extending laterally of the case in a plane normal to the housing
      of said case. The shafts 80 and 81 are carried by anti-friction ball
      bearings to extend between the side wall of the housing 19 and a header 82
      spaced therefrom by a post 83 disposed intermediate the two cones. A drive
      gear 74 is fixed to drive shaft 80 within the housing 19 and is a bevel
      gear constantly meshed with the gear 74, to have a speed increase of 1 to
      5. A driving gear 84 is fixed to driving shaft 81 within the housing 19
      and turns a feedback shaft 85 through a speed increasing gear 86. Although
      the driving of worm gear 58 can be direct from driving shaft 81, a speed
      increase of 1 to 2 is desired in the embodiment shown, wherein the worm to
      wheel ratio is 20 to 1 (a non-reversible ratio).
PAR  Referring now to the variable function of the cones 75 and 76, they are
      inversely tapered cones between which the belt 77 frictionally transmits
      angular velocity dependent upon the radius of engagement. Assuming the
      engaged radii of the two cones to be the same, the belt 77 will transmit
      equal angular velocity through both. However, as the engaged radius of one
      is increased and the other decreased, the angular velocity of the latter
      is increased relative to the former, and vice versa. In the embodiment
      shown, the drive cone is larger than the driving cone, proportioned to
      operate the latter between a speed reduction of 11/2 to 1 to a speed
      increase of 1 to 2. The positioning means 78 for operational placement of
      the belt 77 is shown as a fork 87 embracing the drive cone and having
      spaced fingers 88 projecting inwardly from each leg of the fork to guide
      the oppositely running portions of the belt. Fork 87 is pivoted at its top
      end, so that its free swinging ends move between the two cones. In
      practice, a return spring 89 retracts the free end of the fork toward the
      speed increasing ends of the cones while a pull cable 90 extending to the
      control means C is fixed thereto to draw the free ends of the fork toward
      the speed decreasing ends of the cones. The cover 18 attached to post 83
      encloses the feedback means F and supports the anchor and guide 92 for the
      pull cable 90. It will be seen that the angular velocity of the feedback
      shaft 85 varies infinitely according to placement of the belt 77 by
      frictionally engaging the inversely tapered cones.
PAC  BRAKE-TRANSMISSION CONTROL
PAR  Referring now to the control means C for applying the brakes and for
      conditioning the ratio determining element of the transmission feedback
      means F, the control means C is a handle 100 that is manually operable to
      simultaneously actuate the brakes and condition the transmission; being
      compressible to effect the former and rotatable to effect the latter. The
      handle 100 is carried by the handle bar 32 to depend from the conventional
      grip portion 101 of said handle bar, there being a base 102 attached to
      the grip by a clamp 103 so as to project laterally of and preferably
      forwardly from the handle bar and its conventional (race) configuration;
      downwardly and rearwardly turned. A feature of the control means is the
      swivel 104 disposed on the laterally extended axis of the base and to
      which the handle 100 is pivoted by a transverse pin 105. The handle 100 is
      a first class lever having a pull pin 106 spaced from pivot pin 105 and to
      which the actuation cable 50 of brake Z is affixed for movement through a
      sheath seated in the swivel; the usual manner of pulling such a brake
      cable. The swivel 104 is rotatably captured to the base 102 by a center
      shaft 107, there being a friction washer 108 disposed between the swivel
      and base, and a spring washer 109 cpatured by a nut so as to apply
      pressure thereto. It will be observed that the base 102 and swivel 104 are
      tubular and telescopically related for rotatable stability, there being a
      tangential opening 110 through the base with a seat for the sheath of pull
      cable 90. Accordingly, there is a peripheral channel 111 in the swivel
      104, and aligned with the opening 110, to accommodate the pull cable 90 as
      it extends to an anchor point within the swivel. Thus, the swivel draws in
      the cable as it is turned counter clockwise (as shown) and lets out the
      cable as it is turned clockwise, the former to increase speed of the
      feedback means F and the latter to decrease the same. It will be seen that
      independent control of the brakes and transmission Y is effected with the
      control means C, while the bicycle rider has but the one control member to
      be concerned with, and such that the braking function is ever present when
      the gear ratio changes are to be made.
PAR  Having described only a typical preferred form and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      or variations that may appear to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A low velocity high torque infinitely variable speed constant mesh
      transmission for bicycles and the like, including; a case with a crank
      shaft extending therethrough and with its opposite ends projecting from
      the case, a first stage speed changer comprising, a stationary ring gear
      and an input planet gear journaled on a carrier driven by the crank shaft
      and in constant mesh with said ring gear, and an output sun gear in
      constant mesh with said planet gear to be driven at increased angular
      velocity thereby; and a second stage speed changer comprising, an input
      sun gear driven by the first stage sun gear and a planet gear journaled on
      an output carrier rotatable over the crank shaft and in constant mesh with
      said second stage sun gear, and a rotatable ring gear in constant mesh
      with said planet gear; and an infinitely variable speed feedback drive
      means driven by the output carrier of the second stage and controlling the
      angular velocity of the rotatable second stage ring gear to effect a
      commensurate velocity change between the crank shaft and the output
      carrier.
NUM  2.
PAR  2. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1 wherein the feedback drive means is a non-reversible
      gear engagement with the second stage ring gear.
NUM  3.
PAR  3. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feedback is a high
      velocity drive rotating the second stage ring gear to reduce velocity in
      said second stage speed changer.
NUM  4.
PAR  4. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feedback comprises
      inversely tapered cones with an axially positioned belt engaged
      therebetween, one cone driven by the output carrier of the second stage
      speed changer and the other cone driving the rotatable ring gear of the
      second stage speed changer.
NUM  5.
PAR  5. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feedback comprises
      inversely tapered cones with an axially positioned belt engaged
      therebetween, one cone driven by the output carrier of the second stage
      speed changer and the other cone driving the rotatable ring gear of the
      second stage speed changer through a non-reversible worm and wheel drive.
NUM  6.
PAR  6. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the case has spaced end walls with carrier
      bearings through which the crank shaft projects with oppositely exposed
      ends.
NUM  7.
PAR  7. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the case has spaced end walls with carrier
      bearings through which the crank shaft and second stage carrier extend
      outside the case with the opposite ends of the crank shaft driveably
      exposed.
NUM  8.
PAR  8. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the case has spaced end walls with carrier
      bearings through which the crank shaft and second stage carrier extend
      outside the case with a drive sprocket exposed on the carrier and with
      opposite ends of the crank shaft driveably exposed.
NUM  9.
PAR  9. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feed comprises a
      right angle gear driven from the second stage carrier and on an axis
      parallel to feed back gearing into the second stage ring gear.
NUM  10.
PAR  10. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feedback comprises
      inversely tapered cones journaled on spaced parallel axes disposed normal
      to the crank shaft axis, an axially positioned belt engaged between the
      cones, one cone driven by the output carrier of the second stage speed
      changer and the other cone driving the rotatable ring gear of the second
      stage speed changer.
NUM  11.
PAR  11. The two-stage infinitely variable speed constant mesh transmission as
      set forth in claim 1, wherein the infinitely variable feedback comprises
      inversely tapered cones journaled on spaced parallel axes disposed normal
      to the crank shaft axis, an axially positioned belt engaged between the
      cones, one cone driven by the output carrier of the second stage speed
      changer and the other cone driving the rotatable ring gear of the second
      stage speed changer through a non-reversible worm and wheel drive.
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ABST
PAL  A gear hub for a bicycle has two co-operating epicyclic gear trains
      selectively connectable together to a drive input means and to the gear
      hub under the control of an axially fixed, manually actuable rotatable cam
      operating on various pawls through axially shiftable cam followers to give
      a requisite drive transmission path through the gear trains appropriate to
      the gear ratio selected.
BSUM
PAR  The invention concerns epicyclic change speed gear assemblies, and has more
      particular reference to epicyclic change speed gear hubs for bicycles,
      tricycles and other manually propelled vehicles.
PAR  The primary object of the present invention is to provide an improved
      epicyclic change speed gear hub as aforesaid.
PAR  According to the present invention an epicyclic change speed gear hub for a
      bicycle, tricycle or the like comprises first and second epicyclic gear
      trains arranged for operation about a common axis, uni directional clutch
      means between such gear trains adapted selectively drivingly to connect
      the same, first output uni directional clutch means adapted drivingly and
      selectively to connect the planet cages of the epicyclic gear trains with
      the hub shell, second output uni directional clutch means adapted
      drivingly and selectively to connect the gear rings of the epicyclic gear
      trains with the hub shell, input uni directional clutch means selectively
      co operable with the respective epicyclic gear trains, a driver drivingly
      connected with the input uni directional clutch means and adapted to
      transmit a forward drive motion to the hub through such means, and a cam
      and a cam follower mechanism adapted, according to position relative to
      the axis of the hub, to control the relative conditions of the input and
      output uni directional clutch means selectively to give a drive
      transmission path through the hub consistant with requirements.
PAR  According to a preferred feature the cam and cam follower mechanism
      includes a body rotatably adjustable about the axis of the hub, such body
      having at least one cam form thereon, and a rotationally fixed cam
      follower in respect of each cam form, each cam follower being adapted to
      control the position of a respective cam actuator itself adapted to
      control the condition of a related one of the input and output
      uni-directional clutch means.
PAR  Preferably, each cam actuator is displaceable axially of the hub in
      controlling the condition of the related unidirectional clutch means.
DRWD
PAR  The invention will now be described further by way of example only, with
      references to the accompanying drawings illustrating one embodiment
      thereof and in which:
PAR  FIG. 1 is a cut-away perspective view of a seven-speed gear hub constructed
      in accordance with the present invention, certain elements being omitted
      for ease of illustration;
PAR  FIG. 2 shows, at that part thereof lying above the centre-line, a
      longitudinal section through the hub shown in FIG. 1 for a relative
      disposition of parts corresponding to a given gear condition of the hub,
      whilst that part lying below the centre-line corresponds to a different
      gear condition;
PAR  FIGS. 3 and 4 are sections corresponding to lines A--A and B--B
      respectively, of FIG. 2;
PAR  FIG. 5 is an exploded perspective view of the cam and cam follower parts of
      the hub shown in FIG. 1;
PAR  FIG. 6 is a developed view of the cam forms provided on the rotating cam of
      the hub; and
PAR  FIG. 7 is a view corresponding to FIG. 2 and shows a modified form of the
      hub shown in FIGS. 1 to 6.
DETD
PAR  Referring now to the drawings, a seven speed hub comprises first and second
      epicyclic gear trains 11, 12 arranged in adjacent axial disposition upon
      an axle 13, a driver 14 drivingly connected with the first said epicyclic
      gear train 11, a first output pawl and ratchet means 15 between the planet
      cage 12a of the second epicyclic gear train 12 and the hub shell 16, a
      second such means 17 between the gear ring 12b of the second epicyclic
      gear train and the hub shell 16 and a third pawl and ratchet means 18,
      between the gear ring 11b of the first epicyclic gear train 11 and the
      gear ring 12b of the said second epicyclic gear train respectively. The
      hub also includes a first input pawl and ratchet means 19 between the
      planet cage 11a of the first epicyclic gear train and the planet cage 12a
      of the second such means, a second input such means 20 between the driver
      14 and the planet cage 11a of the first epicyclic gear train and a third
      such means 21 between the driver 14 and the gear ring 11b of the first
      epicyclic gear train. A manually actuated cam and cam follower assembly 22
      is provided coaxially with the hub and generally radially inwardly of the
      first and second epicyclic gear trains 11, 12 such assembly 22 being
      adapted, selectively, to control the operation of the various pawl and
      ratchet means 17, 18, 19 and 20.
PAR  The second epicyclic gear train 12 comprises the planet cage 12a and the
      gear ring 12b aforesaid, and further includes a plurality of the planet
      gears 12c rotatably supported in respective pockets in the planet cage and
      in mesh with a sun gear 12d formed on the hub axle 13. At its outer side
      face the planet cage is formed with an axial extension 12e to provide
      pockets to receive the pawls 15a of the first output pawl and ratchet
      means 15, such pawls cooperating with ratchet teeth 15b provided at an
      inner face of a ball cup 23 secured to the hub shell 16 at one end thereof
      as an end closure thereto. At its inner side face the planet cage 12a is
      formed with an axially extending peripheral flange 12f, the radially inner
      face of such flange being formed with ratchet teeth 19b for co-operation
      with the pawls 19a of the input pawl and ratchet means 19 between the
      planet cage of the first epicyclic gear train and the planet cage of the
      second such train. The gear ring 12b of the second epicyclic gear train is
      drivingly connected, via co-operating dogs, with a ratchet ring 24
      arranged coaxially therewith, (the gear ring 12b and ratchet ring 24 may
      be formed as a single component, if preferred), the said ratchet ring
      being of stepped sleeve-like configuration and having pockets therein to
      receive respective ones of the pawls 17a of the second output pawl and
      ratchet means, the said pawls co-operating with ratchet teeth 17b provided
      at the radially inner face of a ball race 25 secured to the hub shell as
      an end closure thereto. The pawls 17a have tails 17a' which extend
      inwardly of the ratchet ring. The ratchet ring 24 also has radially
      inwardly facing ratchet teeth 18b for co-operation with the pawls 18a of
      the pawl and ratchet means 18, as will hereafter be disclosed in greater
      detail. The first epicyclic gear train 11 comprises the planet cage 11a
      and gear ring 11b aforesaid, and further includes a plurality of planet
      gears 11c rotatably supported in respective pockets in the said planet
      cage and in mesh with a sun gear 11d splined to the axle 13. At that side
      thereof facing the planet cage 12a of the second epicyclic gear train, the
      planet cage 11a is extended and is provided with pockets in radial
      register with the ratchet teeth 19b, each such pocket receive a respective
      pawl 19a for co-operation with the said ratchet teeth 19b. The pawls 19a
      have tails 19a' which extend radially inwardly of the planet cage. At its
      opposite side the planet cage 11a is provided with an axially extending
      peripheral flange 11f, the said flange having radially inwardly facing
      ratchet teeth 20b. The gear ring 11b of the first epicyclic gear train is
      arranged coaxially with and radially inwardly of the gear ring 12b and the
      ratchet ring 24, and, at a location in axial register with the ratchet
      ring 18b in such ratchet ring, is provided with pockets in which are
      located respective pawls 18a, the said pawls having tails 18a' which
      extend inwardly of the gear ring. Intermediate its ends the gear ring 11b
      is provided with internal ratchet teeth 21b, such teeth forming a part of
      the pawl and ratchet means 21 between the driver 14 and the gear ring 11b.
PAR  The driver 14 comprises inner and outer parts drivingly connected by
      co-operating dogs on the respective parts. The outer part 14a has a chain
      sprocket 26 secured thereto outwardly of the hub, whilst the dogs 14a'
      provided at its inner extremity are of elongate form to define slots 14a"
      extending in the axial direction of the hub for a purpose hereafter to be
      made apparent. The inner part 14b has two axially spaced sets of pockets,
      one set of pockets being in axial alignment with the ratchet teeth 20b
      formed in the extension to the planet cage 11a and the other set being
      aligned with the ratchet teeth 21b provided inwardly of the gear ring 11b.
      That set of pockets aligned with the ratchet teeth 20b receives the pawls
      20a, whilst the other pockets receive respective ones of the pawls 21a.
      Pawls 20a have tails 20a' which extend inwardly of the driver for a
      purpose hereafter to be made apparent.
PAR  The cam and cam follower assembly 22 includes an input member 22a having a
      cable pulley 22b secured thereto outwardly of the hub, a sleeve-like body
      22c rotatably coupled to the input member by co-operating dogs 22a' 22c'
      on the two parts, a clock-type return spring 22d between the sleeve-like
      body and the hub axle, three cam forms 27, 28, 29 arranged at spaced
      locations axially of the body, cam followers 30, 31, 32 each co-operable
      with a respective one of the cam forms, and three pawl actuators 33, 34,
      35 each associated with a respective one of the said cam followers. If
      preferred, the return spring 22d may be provided externally of the hub.
PAR  Pawl actuator 33 consists of a control sleeve 33a slidably axially of the
      sleeve-like body 22c and axially positioned relative thereto by
      co-operation of cam follower 30 provided internally at one end thereof
      with cam form 27, and an actuator member 33b slidably supported on the
      driver 14 and coupled to the control sleeve by radial dogs 33b' which
      extend radially inwardly through the slots 14a" in the driver to engage a
      shoulder 33a' formed on control sleeve. The actuator member 33b is of
      sleeve-like form and has three peripheral ribs 36, 37, 38 at spaced axial
      locations thereon, the said ribs selectively co-operating with the tails
      17a', 18a' of the pawls 17a, 18a according to the position of the actuator
      member axially of the hub. The relative disposition of the ribs upon the
      actuator member is such that pawl 18a can be tripped whilst pawl 17a
      remains in engagement with its related ratchet teeth 17b both pawls can be
      tripped, or both remain in their positions of engagement with the related
      ratchet teeth according to the axial position of the actuator member. A
      return spring 39 is provided between the dogs 33b' and the inner driver
      part.
PAR  The control sleeve 33a has internal splines 40 at that end thereof remote
      from the cam follower 30, such splines co-operating with corresponding
      external splines 41 on pawl actuator 34.
PAR  Pawl actuator 34 is similarly of sleeve-like form and cam follower 31 is
      provided at the inner periphery thereof and at that end thereof closer to
      the input member 22a, that end of the actuator 34 remote from the input
      member 22a being of increased outside diameter, the extremity of such end
      being formed with a step 34a for co-operation with the tail 20a' of pawls
      20a to trip such pawl on axial shift of the actuator by the cam form 28
      and cam follower 31 in an appropriate sense. A return spring 42 is
      provided between a shoulder at the inner face of the actuator member and a
      suitable abutment on the sleeve-like body 22c.
PAR  That end of the actuator 34 remote from the cam follower 31 is provided
      with two diametrically opposed grooves 43 slidably to receive respective
      connecting links 35a of pawl actuator 35.
PAR  Pawl actuator 35 comprises the connecting links 35a aforesaid and a pawl
      actuator ring 35b, the actuator ring being displaceable axially of the hub
      by the connecting links, against the restraint of a return spring 44
      provided between the sun gear 12d and the actuator ring, into contact with
      the tails 19a' of pawls 19a so as to trip the same. If desired, the
      connecting links 35a may be joined together at that end thereof which
      engages pawl actuator 34. The radially inner face of each connecting link
      presents the cam follower 32 and the extent of axial engagement of the
      links with the pawl 34 is such that the cam follower 32 is co-operable
      with the related cam form 29, the axial position of the links, and thus of
      the actuator ring, being determined by the cam form and cam follower.
PAR  The sun gear 11d is apertured at diametrically opposed locations thereon to
      provide passage therethrough of the connecting links, the various cam
      actuators thereby being precluded from rotation about the hub axle.
PAR  The rotation of the sleeve-like body 22c about the axle is restricted by
      co-operating abutments 29 on the said body and on the connecting links
      35a.
PAR  The relative angular dispositions of the various cam forms are shown in
      FIG. 6 and are such as to adjust the pawl actuators to give the following
      combinations of pawl condition for the various gears, in indicating an
      engaged pawl and out a disengaged pawl and the controllable pawls 17a,
      18a, 19a and 20a being designated P2, P3, P4 and P5 respectively:
TBL            P2      P3        P4        P5                                  

     ______________________________________                                    

     GEAR 7 (High)                                                             

                 In        In        Out     In                                

     GEAR 6      In        Out       In      In                                

     GEAR 5      Out       In        Out     In                                

     GEAR 4      In        In        Out     Out                               

     GEAR 3      In        Out       In      Out                               

     GEAR 2      Out       In        Out     Out                               

     GEAR 1      Out       Out       In      Out                               

     ______________________________________                                    

PAR  The drive transmission paths for the various gears are as follows, pawls
      15a and 21a being designated P1 and P6:
PAR  GEAR 1 :- Driver 14 - Pawl P6 - Gear Ring 11b - Through first Epicyclic
      gear train - Planet cage 11a - Pawl P4 - Planet cage 12a - Pawl P1 - Ball
      Cup 23 - Hub Shell 16.
PAR  GEAR 2 :- Driver 14 - Pawl P6 - Gear Ring 11b - Pawl P3 - Gear Ring 12b -
      Through second epicyclic gear train - Planet Cage 12a - Pawl P1 - Ball Cup
      23 - Hub Shell 16.
PAR  GEAR 3 :- Driver 14 - Pawl P6 - Gear Ring 11b - Through first epicyclic
      gear train - Planet Cage 11a - Pawl P4 - Planet Cage 12a through second
      epicyclic gear train - Gear Ring 12b - Pawl P2 - Ball Ring 25 - Hub Shell
      16.
PAR  GEAR 4 :- Driver 14 - PAWL P6 - Gear Ring 11b - Pawl P3 - Gear Ring 12b -
      Pawl P2 - Ball Ring 25 - Hub Shell 16.
PAR  GEAR 5 :- Driver 14 - Pawl P5 - Planet Cage 11a - Through First Epicyclic
      Gear Train - Gear Ring 11b - Pawl P3 - Gear Ring 12b - Through Second
      Epicyclic Gear Train - Planet Cage 12a - Pawl P1 - Ball Cup 23 - Hub Shell
      16.
PAR  GEAR 6 :- Driver 14 - Pawl P5 - Planet Cage 11a - Pawl P4 - Planet Cage 12a
      - Through second Epicyclic Gear Train - Gear Ring 12b - Pawl P2 - Ball
      Ring - Hub Shell 16.
PAR  GEAR 7 :- Driver 14 - Pawl P5 - Planet Cage 11a - Through first Epicyclic
      Gear Train - Gear Ring 11b - Pawl P3 - Gear Ring 12b - Pawl P2 - Ball Ring
      - Hub Shell 16.
PAR  Adjustment between the various gears is effected by rotation of the input
      member 22a against the restraint of the clock-type spring between the
      sleeve and the axle, the provision of the spring avoiding the need to use
      two cables on a control mechanism, e.g. a gear lever.
PAR  In a modification of the hub a single cam follower is provided on each of
      the pawl actuators 33, 34 and 35, thereby permitting the use of a more
      favourable cam slope between successive gear positions, as distinct from
      the two symmetrically disposed followers provided on the relevant elements
      of hub illustrated in FIGS. 1 to 5.
PAR  A still further modification comprises the reversal of various of the
      spring actions against which the pawl actuators are shifted axially, this
      latter feature being apparent from FIG. 7 of the drawings, the relevant
      springs being indicated by like reference numerals to those of the springs
      in the embodiment of FIG. 1, with the suffix x applied thereto, and the
      related parts being appropriately modified to accommodate the changed
      spring action.
PAR  The invention is not restricted to the exact features of the embodiment
      described and illustrated, since alternatives will readily present
      themselves to one skilled in the art.
PAR  Thus, for example, whereas in the case of the embodiment illustrated, the
      drive path to the cam and cam follower assembly 22 passes between the axle
      cone 45 and the driver 14, it may be preferred, in some instances to
      control the angular position of the sleeve-like body 22c through the
      centre of the axle, in a similar manner to the gear selection in many
      conventional epicycle change-speed hubs.
PAR  It is to be understood that, instead of the various pawl and ratchet
      mechanisms, it may be found more convenient, in some instances, to use
      some alternative uni-directional clutch means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An epicyclic change-speed gear hub for a bicycle, tricycle or the like
      comprises first and second epicyclic gear trains arranged for operation
      about a common axis, uni-directional clutch means between such gear trains
      adapted selectively drivingly to connect the same, first output
      uni-directional clutch means adapted drivingly selectively to connect the
      planet cages of the epicyclic gear trains with the hub shell, second
      output uni-directional clutch means adapted drivingly and selectively to
      connect the gear rings, of the epicyclic gear trains with the hub shell,
      input uni-directional clutch means selectively co-operable with the
      respective epicyclic gear trains, a driver drivingly connected with the
      input uni-directional clutch means and adapted to transmit a forward drive
      motion to the hub through such means, and a cam and cam follower mechanism
      adapted, according to position relative to the axis of the hub, to control
      the relative conditions of the input and output uni-directional clutch
      means selectively to give a drive transmission path through the hub
      consistent with requirements.
NUM  2.
PAR  2. An epicyclic change-speed gear hub as claimed in claim 1, wherein the
      cam and cam follower mechanism includes a body rotatably adjustable about
      the axis of the hub, such body having at least one cam form thereon, and a
      rotationally fixed cam follower in respect of each cam form, each cam
      follower being adapted to control the position of a respective cam
      actuator itself adapted to control the condition of a related one of the
      input and output uni-directional clutch means.
NUM  3.
PAR  3. An epicyclic change-speed hub as claimed in claim 2 wherein the body of
      the cam and cam follower mechanism has three cam forms arranged in axially
      spaced disposition thereon.
NUM  4.
PAR  4. An epicyclic change-speed hub as claimed in claim 2 wherein each cam
      actuator is adapted to be displaceable axially of the hub in controlling
      the condition of the related uni-directional clutch means.
NUM  5.
PAR  5. An epicyclic change-speed hub as claimed in claim 2, wherein a plurality
      of cam actuators is present and such cam actuators are relatively movable
      in the axial direction of the hub.
NUM  6.
PAR  6. An epicyclic change-speed gear hub as claimed in claim 2, wherein each
      cam follower is resiliently biassed into contact with its respective cam
      and is maintained in such contact for all conditions of the hub.
NUM  7.
PAR  7. An epicyclic change-speed gear hub as claimed in claim 1 wherein the
      uni-directional clutch means drivingly connecting the first and second
      epicyclic gear trains comprises a uni-directional clutch means between the
      planet cages of the respective epicyclic gear trains, and the cam and cam
      follower mechanism is adapted selectively to control the condition of such
      clutch means.
NUM  8.
PAR  8. An epicyclic change-speed gear hub as claimed in claim 7, wherein the
      cam and cam follower mechanism includes an actuator ring co-operable with
      such uni-directional clutch means to control the condition thereof.
NUM  9.
PAR  9. An epicyclic change-speed gear hub as claimed in claim 8, wherein the
      actuator ring is located between the respective sun gears of the epicyclic
      gear trains in the axial direction of the hub and the cam actuator for
      such ring extends through one sun gear in the said axial direction.
NUM  10.
PAR  10. An epicyclic change-speed gear hub as claimed in claim 1 wherein each
      cam follower comprises two cam follower elements at a respective common
      axial location, the said elements being arranged in diametrically opposed
      disposition relative to the axis of the hub.
NUM  11.
PAR  11. An epicyclic change-speed hub as claimed in claim 1 wherein the cam and
      cam follower mechanism includes a cam body rotatably adjustable about the
      axis of the hub, rotation of the said cam body relative to the hub axle
      being adapted to be effected by means extending outwardly of the hub
      between the driver and hub axle.
NUM  12.
PAR  12. An epicyclic change-speed hub as claimed in claim 11, wherein the said
      means comprises an input member operatively connected with a manually
      actuable adjustment means.
NUM  13.
PAR  13. An epicyclic change-speed hub as claimed in claim 12, wherein the
      manually actuable adjustment means comprises a control cable co-operable
      with a pulley connected with the input member and adapted to effect
      rotation of the latter upon longitudinal adjustment of the control cable.
NUM  14.
PAR  14. An epicyclic change-speed hub as claimed in claim 1, including a return
      spring between the cam of the cam and cam follower mechanism biassing such
      cam to a datum position.
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ABST
PAL  Disclosed is a power ventilator attached to a roof for ventilating an attic
      or the like. The power ventilator is provided with a base which attaches
      to the roof adjacent an opening in the roof. The base has a hollow
      cylindrical housing which forms an air duct. A plurality of wire supports
      are used to attach a generally dome-shaped cover and an electrically
      powered fan and motor to the cylindrical flange. Each wire support has a
      curved portion which conforms with and contacts an arcuate portion of the
      cover. Each wire bracket has a flange which extends into the interior of
      the cylindrical flanged portion to support the fan motor. A screen is
      attached across the opening between the cover and the cylindrical flanged
      portion. A thermostat means is connected to the exhaust fan to operate the
      fan when the temperature in the attic exceeds a first predetermined
      temperature and disengages the fan when the temperature falls below a
      second predetermined temperature. A fire prevention means is provided to
      disengage the fan when the temperature in the attic exceeds a third
      predetermined temperature and engages the fan when the temperature falls
      below a fourth predetermined temperature.
PARN
PAR  This is a division of application Ser. No. 335,073, now U.S. Pat. No.
      3,862,218, filed Feb. 23, 1973.
BSUM
PAR  The present invention relates to a ventilator for ventilating a space such
      as an attic, or the like, and more particularly to an improved power
      ventilator which is thermostatically controlled.
PAR  In the cooling of buildings in warmer climates, it has been a common
      practice to provide ventilators in the roof or upper portion of the
      structures to allow the escape of hot air therefrom. This escape of hot
      air from the building provides a circulation which reduces the temperature
      therein.
PAR  In some situations where the natural circulation through the ventilator
      does not provide adequate cooling of the structure, it is desirable to
      place a fan or blower to assist in the circulation of air through the
      ventilator. To prevent the necessity of operating the fan or blower
      continuously, it is desirable to attach a thermostat to the fan or blower
      to selectively engage the fan or blower during portions of the day when
      the additional circulation is required. These thermostats increase the
      efficiency of the system, and are normally operable when the temperature
      in the structure exceeds a first predetermined temperature. Since
      thermostats engage the fan when the temperature in the structure exceeds a
      first set minimum, the existence of a fire in the structure would cause a
      thermostat to operate the fan or blower. This operation of the fan would
      produce an undesirable result, in that, the increased circulation of air
      through the structure would tend to cause the fire to spread at a faster
      rate, increasing property damage and risk of injury by the fire.
PAR  The general purpose of the present invention is to provide an improved
      thermostatically controlled power ventilator which eliminates the adverse
      effect of the ventilator in the presence of a fire. To attain this, the
      present invention contemplates the use of an improved ventilator structure
      with a unique control means which will engage the fan or blower when the
      temperature in the structure exceeds a first set minimum, but will
      disengage the blower when fire is present in the structure.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore, a primary object of the present invention to provide an
      improved power ventilator.
PAR  Another object of the present invention is the provision of an improved
      power ventilator with a fire sensing safety shut off.
PAR  A further object of the present invention is the provision of an improved
      power ventilator with improved strength.
PAR  Still another object of the present invention is the provision of an
      improved power ventilator which is simple and inexpensive to manufacture
      and install.
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated by those of ordinary skill in the art as the
      same becomes better understood by reference to the following Detailed
      Description, when considered in connection with the accompanying Drawings
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a perspective view of the improved power ventilator of
      the present invention;
PAR  FIG. 2 is an enlarged partial section of the power ventilator taken on line
      2--2 of FIG. 1, looking in the direction of the arrows;
PAR  FIG. 3 illustrates a perspective view of the wire structure used in the
      construction of the housing;
PAR  FIG. 4 illustrates a perspective view of the wire bracket used to attach
      the cover to the housing; and
PAR  FIG. 5 is a schematic wiring diagram for the power ventilator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the Drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 a power ventilator which for purposes of description, is
      identified by reference numeral 10.
PAR  The power ventilator 10 is of the type which is mounted over an opening in
      the roof 11 of a building, or the like to force air to flow from the
      inside to the outside of the building. The power ventilator 10 is of the
      type which utilizes an electrically powered fan which is selectively
      controlled to force air to flow through the opening in the roof and out of
      the ventilator.
PAR  The power ventilator 10 has a generally dome-shaped cover assembly 12,
      which protects the interior of ventilator 10 from exposure to weather when
      the ventilator 10 is mounted on a roof 11. The ventilator 10 is
      illustrated as being attached to a flat roof 11, but it should be
      understood that the ventilator could be attached to inclined roof
      surfaces. The cover assembly 12 is attached to the housing assembly 14,
      which is in turn attached to a roof. The details of the construction of
      the housing assembly 14 will be described hereinafter and it is only
      important to note at this point that the housing assembly 14 is provided
      with a square flange 16, which is designed to lay flush on a roof surface
      to attach and support the power ventilator 10 in place.
PAR  In FIG. 2, the power ventilator 10 is illustrated in vertical section
      attached in position over a circular opening 18 in the roof 11. As
      previously described, the flange 16 is attached flush on the roof and can
      have the shingles 22 overlapping the flange 16 to assist in sealing the
      power ventilator 10 against the weather. The flange 16 has a cylindrical
      portion 24, which extends transverse to the plane of the flange 16. The
      interior of this cylindrical portion 24 forms an air duct 26, which is
      aligned with opening 18 in the roof 11.
PAR  The housing assembly 14 is constructed from a sheet of polyethylene
      material 27, which is heat-shrunk onto a wire frame assembly 28. This wire
      frame assembly 28 is formed from galvanized steel material and is
      illustrated in detail in FIG. 3. This frame assembly 28 has a first wire
      ring 30 with three downwardly extending connecting loops 32 integrally
      formed thereon. These three connecting loops 32 are attached as by welding
      to a second wire ring 34, which has three outwardly extending feet 36. As
      can be seen in FIG. 2, these feet 36 extend under the flange 16, and can
      be used to anchor the power ventilator assembly 10 to the roof 11 by means
      of screws 38. In addition, the flange 16 may be attached to the roof by
      conventional roofing nails, or the like.
PAR  The cover assembly 12 is also formed from polyethylene material 40, which
      is heat shrunk onto a wire frame. This wire frame consists of a pair of
      parallel spaced galvanized steel wire rings 42, which extend around the
      periphery of the cover. The polyethylene material 40 is formed with a flat
      top portion 44 and an arcuate portion 46, extending around the edge
      thereof.
PAR  The cover assembly 12 is attached to the housing assembly 14 by means of a
      plurality of attachment brackets 50, which are shown in detail in FIG. 4.
      The support bracket 50 is formed from a length of galvanized steel
      material with the ends welded together to form a continuous structure as
      shown in FIG. 4. More particularly, each of the support brackets 50 have a
      foot 52, which is formed by two parallel extending portions of wire.
      Extending transverse to the foot 52 is a portion 54. This portion 54
      cooperates with the parallel extending portion 56 for use in attaching the
      support bracket 50 to the housing assembly 14, as will be hereinafter
      described in detail. Extending transverse to the portion 54, is a portion
      58. An arcuate portion 60 connects the portions 56 and 58 and has a shape
      which generally conforms with the interior of the arcuate portion 46 of
      the polyethylene material 40 of the cover assembly 12. A motor support
      portion 62 extends from the portion 56 in a direction transverse to the
      length thereof.
PAR  Three support brackets 50 are used to attract the cover assembly 12 to the
      housing assembly 14. These support brackets 50 are circumferentially
      spaced around the housing and two of said support brackets 50 are
      illustrated in FIG. 2, it being understood, of course, that the third
      bracket is not shown due to the fact that FIG. 2 is a sectional view. It
      is apparent that more brackets 50 could be used if necessary for the
      particular size and shape of the ventilator 10.
PAR  The support brackets 50 are aligned on the housing assembly 14 with the
      portions 54 and 56 adjacent to the portions 32 of the frame 28. A nut and
      bolt assembly 70 is inserted through the space between the wires forming
      the portions 32, 54 and 56 to rigidly attach the support brackets 50 to
      the housing assembly 14. If desired, a screw 64 similar to screw 38 may be
      inserted through the foot 52 to further rigidly attach the support bracket
      50 in place. Nut and bolt assemblies 72 are likewise inserted through the
      space formed between the two wire rings 42 and the space formed between
      the wires forming the arcuate portion 60. In this manner, the cover
      assembly 12 is rigidly attached to the support brackets 50 to hold the
      same in place. By attaching the cover in this manner, additional strength
      to resist environmental loading can be obtained while using a relatively
      thin polyethelene material.
PAR  A conventional electric motor 80 with a fan blade assembly 84 attached to
      the output shaft 82 is positioned in the air duct 26 to cause air to flow
      therethrough. The housing of the motor 80 is provided with three
      circumferentially spaced flanges 86, which are spaced 120.degree. apart
      and align with the motor support portions 62 of the support brackets 50.
      These flanges 86 are suitably attached by means of rubber bushings 88 and
      nut and bolt assemblies 90 to the motor support portion 62.
PAR  The electric motor 80 has a power cable 92 which extends to a control means
      94. This control means 94 is mounted on the interior of the roof 11 in a
      position adjacent to the power ventilator 10. The control means 94 is also
      connected to a power supply such as 110 volts AC power by means of a power
      cable not shown.
PAR  A schematic wiring diagram of the control means 94 is illustrated in FIG.
      5. This control means 94 is supplied with 110 AC power through lines 96 to
      input terminals 98 and 100. The input terminal 100 is in turn connected to
      output terminal 102, which is in turn connected to the motor 80 through
      power cable 92. The terminal 98 is connected in series with switches 104
      and 106 to an output terminal 108. This output terminal 108 is in turn
      connected through power cable 92 to motor 80. The switch 104 is normally
      closed, whereas the switch 106 is normally open. Switch 106 is a
      thermostatically-controlled switch which is set to close when the
      temperature adjacent to the control means 94 exceeds 110.degree.F., and
      will open when the temperature falls below 96.degree.F. This switch can be
      any thermostatic switch which is commercially available such as those
      having part no. 40T1, manufactured by Therm-O-Disc Inc., Mansfield, Ohio.
      The control means 94 will energize the fan motor 80 when the temperature
      at the control means 94 exceeds 110.degree.F. and will disconnect the fan
      motor 80 when the temperature falls below 96.degree.F.
PAR  Connected in series with thermostatic switch 106 is a fire control switch
      104. This fire control switch 104 is normally closed and is set to open
      when the temperature adjacent the control means 94 exceeds a third set
      temperature of 350.degree.F. This switch will remain open until the
      temperature falls below a fourth set temperature of 125.degree.F. A
      typical example of this type of switch is 60T11, manufactured by
      Therm-O-Disc Inc., Mansfield, Ohio. Thus it can be seen that an excessive
      temperature such as those present during the presence of a fire in the
      area to be ventilated will open switch 104 and override the operation of
      the thermostatic switch 106 to disconnect the fan motor 80. In this
      manner, the fire control or protection aspect of the control mmeans 94
      reduces the adverse effects of a thermostatically controlled power
      ventilator in the presence of fire.
PAR  It is to be understood that the switch 104 could be of the type which locks
      in the open position and requires a manual reset to allow the fan to
      operate.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention, and that numerous
      modifications or alterations may be made therein by those of ordinary
      skill in the art without departing from the spirit and the scope of the
      invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ventilator for installation on horizontal and inclined surfaces of
      roofs having an opening connected with a space to be ventilated,
      comprising:
PA1  a hollow support base with the interior of said base, communicating with
      said opening, said support base having a first square-shaped flanged
      portion resting on the surface of said roof, a second cylindrical flanged
      portion extending transverse to the plane of said first flange, said first
      and second flanges being constructed from flexible material, a rigid frame
      reinforcing said first and second flange, a plurality of rigid feet
      extending from said frame, said rigid feet being attached to said roof;
PA1  a generally dome-shaped cover for said support base, said dome-shaped cover
      having arcuate portions adjacent the periphery thereof, said cover being
      formed from a flexible material and a rigid frame;
PA1  a plurality of bracket means for attaching said cover to said support base,
      said bracket means having an arcuate portion for contacting the arcuate
      portion of said cover, said bracket means being attached to the rigid
      frame of said cover and the rigid frame of said base, rigid feet extending
      from said bracket means, said rigid feet being attached to the roof, a fan
      support flange extending from one end of each of said bracket means into
      the interior of said cylindrical flange of said base;
PA1  a fan attached to said fan support flanges of said bracket means and the
      interior of said cylindrical flange causing air to flow from said base
      through said ventilator; and
PA1  screen means extending across the opening between said cover and said base
      for preventing undesirable objects from entering said ventilator.
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ABST
PAL  Paint-laden air extracted from a paint-spraying booth is scrubbed by
      passing the paint-laden air together with a flow of water through at least
      one tube which extends downwards from the floor of the booth to a position
      spaced from the bottom of a water-container. A perforated baffle is
      located between the bottom of the water-container an an air velocity
      control opening associated with the tube, or one with each tube, the
      opening being of lesser cross-section than the tube and the perforations
      small as compared with the opening. A first stage separation of paint from
      air is effected by impingement against the baffle, a second stage by
      impingement of paint-laden air which passes through the perforations
      against water on the bottom of the water-container, and a third stage by
      passage of air through an annular curtain of water formed between the
      control opening and the surface of water in the water-container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to booths in which paint is sprayed on to articles
      to be coated and in particular is concerned with apparatus for scrubbing
      paint-laden air extracted from such booths.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 3,421,293, granted Jan. 14, 1969 there is described a
      paint-spraying booth which comprises a water-containing trough located
      beneath and spaced from the floor of the booth, air-extractor means
      connected with air exhaust ducts which extend lengthwise of and beneath
      the floor of the booth, at least one tube which extends downwardly from
      the floor and has the lower end thereof disposed above and spaced from the
      level of water in the trough, and means arranged to cause a flow of water
      over the floor and into the tube or tubes. In this arrangement the
      interior of the tube is provided with vanes arranged to create in air and
      water passing through the tube a gyratory turbulence which forms the water
      into small droplets to which at least some of the paint entrained in the
      air adheres. This arrangement has been found in practice to give very
      satisfactory scrubbing but the construction of the vanes must be very
      precise.
PAR  It has also been proposed to effect scrubbing of paint-laden air by causing
      the extractor means to draw the paint-laden air through one or more
      curtains of water but, as is well understood, water curtains are
      notoriously difficult to maintain in a continuous state and scrubbing
      efficiency falls rapidly where there is discontinuity of the curtain or
      curtains.
PAR  It is an object of the invention to provide an improved form of the
      apparatus first referred to above whereby by the use of a simple
      construction it is possible to reduce maintenance cleaning to a minimum,
      to reduce to a minimum the use of water curtains for scrubbing, to provide
      precise control of operating efficiency to an extent which makes it
      possible to obtain a more efficient scrubbing than has hitherto been
      possible, and to provide an apparatus which is capable of scrubbing very
      small solids particles, for example particles having a size of less than
      5.mu., without the use of increased power.
PAC  SUMMARY
PAR  According to the invention there is provided in a paint-spraying booth
      apparatus for scrubbing paint-laden air, which apparatus comprises a
      water-container located beneath and spaced from the floor of the booth,
      air extractor means connected with exhaust ducts which extend lengthwise
      of and beneath the floor of the booth, at least one tube which extends
      downwardly from the floor and has the end thereof nearest the bottom of
      the water-container disposed above and spaced from the level of water in
      the water-container, and means arranged to cause a flow of water over the
      floor and into said tube or tubes, wherein between the end of the tube, or
      of each tube, nearest the bottom of the water-container there is located a
      perforated baffle provided with a plurality of perforations, said baffle
      being spaced from the bottom of the water-container and from an air
      velocity control opening of lesser cross-section than that of the tube
      associated with said end of the tube and co-axial therewith and with the
      baffle, said perforations being small as compared with said opening, the
      arrangement being such that in use of the apparatus the baffle provides by
      impingement thereon a first stage separation of paint particles from
      entraining air, water on the bottom of the water-container immediately
      below the baffle provides, by impingement thereon of paint entraining air
      which passes through the baffle perforations, a second stage separation,
      and an annular curtain of water formed between said control opening and
      the surface of water in the water-container provides a third stage
      separation by the passage of paint entraining air therethrough.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan of a paint-spraying booth provided with
      apparatus according to the invention,
PAR  FIG. 2 is a section on line II--II, FIG. 1, and illustrates a tube and
      baffle as employed in the apparatus of FIG. 1,
PAR  FIg. 3 is a plan of a part of FIG. 2,
PAR  FIG. 4 is a section similar to that of FIG. 1 but illustrates an
      alternative form of tube and baffle,
PAR  FIG. 5 is a top plan of FIG. 4,
PAR  FIG. 6 illustrates, to an enlarged scale, one of a number of vanes
      associated with the tube and baffle of FIG. 4,
PAR  FIG. 7 is a section on line VII--VII, FIG. 6,
PAR  FIG. 8 diagrammatically illustrates the mode of operation of the apparatus
      of FIG. 4,
PAR  FIG. 9 is a section similar to that of FIG. 1 but illustrates a further
      alternative form of tube and baffle,
PAR  FIg. 10 illustrates a modification to the apparatus of FIG. 9,
PAR  FIG. 11 illustrates another form of modification to the apparatus of FIG.
      9, and
PAR  FIG. 12 illustrates the mode of operation of the apparatus of FIGS. 9 to 11
     .
DETD
PAR  In the drawings like or similar parts will be indicated by like reference
      numerals.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 diagrammatically illustrates a
      paint-spraying booth which includes side walls 1, and end walls and a roof
      not shown, and has a floor 2 which extends lengthwise of the booth and
      may, although not illustrated, slope downwards from the opposite sides 1
      towards the centre. Circular openings 3 in the middle of the floor are
      spaced apart lengthwise of the booth and communicate with tubes 4 which
      are supported to extend downwards from beneath the floor. The tubes 4,
      which may be of circular, rectangular, elliptical or polygonal
      crosssection, form part of a water-circulating system the water in which
      may be chemically treated to assist the adherence of paint particles to
      water droplets and the subsequent cleansing of the water. The said system
      includes pipes 5 located on the top of the floor, a water-container 6
      which extends lengthwise of the booth and into which the tubes 4 depend, a
      circulating pump 7 and water-cleansing means 8, of any suitable known
      kind.
PAR  The water-container 6 communicates with air exhaust ducts 9 which also
      extend lengthwise of the booth and which are located beneath the floor.
      The ducts 9 at one end thereof are each connected with an air extraction
      means 10, for example fans, which extract air from the booth through the
      tubes 4. In operation, water is circulated round the water-circulating
      system by the pump 7, as indicated by the arrows 11 and flows over the
      floor into the tubes 4. Air is drawn, as indicated by the arrows 12, from
      the booth into the tubes 4, and is exhausted through the ducts 9.
PAR  Referring to FIG. 2 the lower end of each tube 4 is disposed above and is
      spaced from the level 13 of water in the water-container 6 and has at or
      near its lower end an air flow-constricting opening 14 which is of lesser
      cross-section than that of the interior of the tube. Between the opening
      14 and the bottom of the water-container there is located a perforated
      baffle 15, the shape of which corresponds to the cross-section of the tube
      4. The baffle 15 has a plurality of perforations 16 each of which is small
      as compared with the opening 14. The opening 14, the baffle 15, and the
      bottom of the water-container are so spaced axially relative one to the
      other that when paint entrained in air is drawn through the tube by the
      extractor means with concomittant flow of water 17 through the tube, paint
      entrained in air and some of the paint adhering to water droplets impinges
      against the baffle 15 and some passes through the perforations 16 and
      impinges against the water layer 21 on the bottom of the water-container
      and there is formed between the opening 3 and the surface of water in the
      water-container an annular curtain 19 through which air is drawn, as
      indicated by the arrows 24, by the extractor means into the exhaust ducts
      9. The zone beneath the perforated baffle 15 is not swept clear of water
      as would be the case if the baffle were not present and so a layer 21 of
      water is retained beneath the baffle on the bottom of the water-container.
      As can be seen from FIG. 2, the perforated baffle 15 provides a number of
      recirculatory volumes 22 beneath the baffle between columns 23 of
      air/paint/water mixture formed in passing through the perforations 16. The
      solid portions of the baffle 15 form impact surfaces which provide a first
      stage separation of paint particles from the air, and a second stage
      separation is provided by the passage of paint particles entrained in air
      and paint adhering to water droplets through the perforations 16 and the
      impingement thereof against the water layer 21 on the bottom of the
      water-container. A third stage separation is provided by forming between
      the opening 14 and the surface of the water in the water-container the
      annular curtain 19 of water through which air, as indicated by the arrows
      24, is drawn by the extractor means into the exhaust ducts 9. Very fine
      paint particles entrained in air passing through the curtain 19 are washed
      from the air by the water curtain.
PAR  In the embodiment illustrated in FIGS. 2 and 3 the perforated baffle 15
      rests on a spider having vertically disposed legs 25 and horizontally
      disposed arms 26 provided with cut-out portions 27 on which the baffle
      rests. The opening 14 is formed by the smaller end of a frusto-conical
      member 28 which is a continuation of the tube 4. The member 28 may, as
      illustrated in FIG. 2, be integral with the tube 4 or it may be a separate
      member secured to the tube 4 in which case it can be separable from the
      tube so that members 28 having openings 14 of differing sizes can be
      selectively secured to the tube.
PAR  In a preferred form thereof the spider is formed in two parts each of which
      consists of two legs 25 and two arms 26 which are at right-angles one to
      the other. The two parts are welded, or otherwise secured one to the
      other, at the junction of the angles as indicated at 29, FIG. 3.
PAR  In the embodiment illustrated in FIGS. 4 to 8 the control opening 14 is
      formed by an annular plate 30 which rests on projections 31 extending into
      the tube 4 and the perforated baffle 15 is connected to the plate 30 by a
      plurality of vanes 32 which are equi-spaced around the plate. The vanes
      are secured to the plate 30 and baffle 15 in any desired manner, for
      example by welding. The lower ends of the vanes 32 are formed by portions
      33 which are substantially perpendicular to and are secured to the baffle
      15.
PAR  Each vane 32 has a downwardly extending portion 34 which is of arcuate
      form, FIG. 7, directed outwardly from the vane. The portions 34 of the
      vanes impart to the air/paint mixture a swirling action which results in
      highly atomised droplets of water which are thrown outwards to form the
      curtain 19.
PAR  Referring to FIG. 8, the air, water, and paint which impacts against the
      baffle 15 does so, as is the case in each embodiment, at a high velocity,
      for example a velocity of about 7000 feet per minute. In the embodiment of
      FIG. 8, air which impacts against the baffle 15 changes direction to one
      which initially is substantially along the plane of the upper face of the
      baffle 15 and has an initial velocity which is substantially the same as
      the velocity before impact. This causes atomisation of the water into
      droplets which form the curtain 19 together with the atomised droplets
      formed by the swirling action of the arcuate portions 34 of the vanes 32.
      Below the baffle 15 atomisation caused by impact of the water against the
      water layer 21 creates the recirculatory volumes 22.
PAR  The plate 30 and baffle 15 can be readily removed from the tube 4 as a unit
      for servicing.
PAR  In the embodiment of FIG. 9 the annular plate 30 and the baffle 15 are
      supported by legs 35, which may be three in number. The legs 35 are common
      to the plate and baffle and rest on the bottom of the water-container 1.
      The baffle 15 rests on projections 36 carried by the legs 35. In the
      alternative arrangement of FIG. 10 the annular plate 30 rests on
      projections 31 and the baffle is supported by projections 36 carried by
      the legs 35, and in the arrangement of FIG. 11 the annular plate 30 rests
      on projections 31 and is connected to the baffle 15 by struts 37, or the
      like, so that the baffle 15 depends from the plate 30.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a paint-spraying booth of the type including a floor, apparatus for
      scrubbing paint-laden air, said apparatus comprising a water-container
      located beneath and spaced from the floor of the booth, air extraction
      means connected with exhaust ducts which extend lengthwise of and beneath
      the floor of the booth, at least one tube which opens through and extends
      downwardly from the floor and has the end thereof nearest the buttom of
      the water-container disposed above and spaced, when the apparatus is in
      use, from the level of water in the water-container, and means arranged to
      cause a flow of water over the floor and into said tube, the end of the
      tube nearest the bottom of the water-container having associated therewith
      means defining an air flow-constricting opening which is co-axial with the
      tube, said opening being substantially parallel to the bottom of the water
      container, and a baffle positioned between said air flow-constricting
      opening and the bottom of the water-container and spaced from each thereof
      in substantially parallel relationship with the air flow-constricting
      opening and the bottom of the water-container, said baffle being
      substantially co-axial with the air flow-constricting opening and having a
      plurality of perforations extending therethrough, said perforations being
      small as compared with said air flow-constricting opening, the arrangement
      being such that in use of the apparatus the baffle provides by impingement
      thereon a first stage separation of paint particles from entraining air,
      and water in the water-container immediately below the baffle providing by
      impingement thereon of paint entraining air which passes through the
      baffle perforations a second stage separation, and an annular curtain of
      flowing water formed between the end of the tube nearest the bottom of the
      water-container and the surface of water in the water-container providing
      a third stage separation by the lateral passage of paint entraining air
      therethrough.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said means defining the air
      flow-constricting opening comprises the smaller end of a frusto-conical
      member arranged in continuation of a cylindrical tube, and the baffle is
      supported by a spider depending from said frusto-conical member.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the spider comprises vertically
      disposed legs and horizontally disposed arms, the arms being provided with
      cut-out portions on which the baffle rests.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said means defining the air
      flow-constricting opening is formed by an annular plate supported by
      projections which extend from and into a cylindrical tube near the end of
      the tube nearest the bottom of the water-container, and the baffle is
      supported by a plurality of vanes which are spaced apart around the plate
      and are connected to the plate and to the baffle.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein each vane includes a downwardly
      directed portion of arcuate form directed out of the plane of the
      remainder of the vane.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the tube is a cylindrical tube
      and said means defining the air flow-constricting opening is formed by an
      annular plate located in the tube at a position near the end of the tube
      nearest the bottom of the water-container, the plate being supported by
      legs which stand on the bottom of the water-container and the baffle being
      supported by projections carried by the legs.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the tube is a cylindrical tube
      and said means defining the air flow-constricting opening is formed by an
      annular plate which is located in the tube at a position near the end of
      the tube nearest the bottom of the water-container by projections
      extending from and into the tube and wherein the baffle is supported by
      projections carried by legs standing on the bottom of the water-container.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein the tube is a cylindrical tube
      and said means defining the air flow-constricting opening is formed by an
      annular plate which is located in the tube at a position near the end of
      the tube nearest the bottom of the water-container by projections
      extending from and into the tube, and wherein the baffle is supported by
      struts depending from the plate.
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ABST
PAL  A counterbalance for a fume hood is located behind the back of the hood and
      is connected to each side of the sash by a pair of cable portions which
      are routed from the counterblanace over the top of the hood by pulleys on
      the top of the hood. The counterbalance comprises a container which can be
      filled with a desired amount of weight material, and a roller on the
      container is engageable with the back of the hood to prevent sliding
      contact between the counterbalance and the hood. The weight of the sash
      can be adjusted to equal the weight of the counterbalance by inserting
      weights into a weight-receiving receptacle formed in the frame member
      attached to the upper edge of the sash glass.
BSUM
PAC  BACKGROUND
PAR  Fume hoods which are equipped with sashes conventionally include sash
      counterbalances to facilitate raising and lowering the sash and to
      maintain the sash in the desired position. A typical sash counterbalance
      arrangement includes two sash weights which are concealed within opposite
      front corners of the fume hood and connected to the sash by cables which
      are routed over pulleys at the top of the hood. Such sash weights often
      bump and scrape inside surfaces of the fume hood as the sash is raised or
      lowered, causing irritating noises. Further, if one of the connecting
      cables breaks, the remaining single sash weight is insufficient to balance
      the weight of the sash, and the sash drops.
PAR  At least one fume hood uses a single sash weight concealed in a front
      corner post which is connected to both sides of the sash by cables. If one
      of the cables breaks, the counter-balance is maintained. However, the sash
      weight can still bump and scrape the inside of the corner post as it moves
      up and down.
PAC  SUMMARY
PAR  The invention provides a silent, smoothly operating sash which maintains
      the counterbalance in the event of cable breakage. The counterbalance
      mechanism also includes an adjustment feature which compensates for
      differences in the weight of the sash caused by varying thickness of the
      glass, etc. and which permits equalization of the sash weight with the
      counterbalance weight. The counterbalance is provided by a container which
      is located behind the hood and which is equipped with rollers to prevent
      sliding contact with the back of the hood. The ends of a single cable are
      connected to opposite sides of the sash and are routed over the top of the
      hood by pulleys. The middle of the cable is attached to the container, and
      if one of the cable branches breaks, the other branch will maintain the
      counterbalance. The weight of the counterbalance can be varied as desired
      by adding weight material such as scrap metal, and during final assembly
      the weight of the sash may be equalized with the weight of the
      counterbalance by adding weights to the channel-shaped frame member which
      is attached to the upper edge of the sash glass. In single weight
      counterbalance systems, the entire counterbalance weight works against
      sash cocking. In twoweight counterbalance systems, only one-half of the
      counterbalance weight works to prevent cocking. A single weight system
      therefore provides smoother operation.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be explained in conjunction with an illustrative
      embodiment shown in the accompanying drawing, in which
PAR  FIG. 1 is a perspective view of a fume hood equipped with a sash
      counterbalance mechanism formed in accordance with the invention;
PAR  FIG. 2 is a fragmentary rear perspective view of the fume hood;
PAR  FIG. 3 is a fragmentary front elevational view of the lower left corner of
      the sash with the front access panel of the fume hood removed;
PAR  FIG. 4 is a perspective view of the lower left corner of the sash;
PAR  FIG. 5 is a fragmentary sectional view of the sash counterbalance taken
      along the line 5--5 of FIG. 2;
PAR  FIG. 6 is a perspective view of the upper right corner of the sash; and
PAR  FIG. 7 is a view similar to FIG. 6 showing one of the compensating weights
      being inserted.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  FIG. 1 illustrates a conventional fume hood 10 which includes a
      superstructure 11 mounted on a counter 12 above a support cabinet 13. The
      superstructure includes right and left walls 14 and 15, top wall 16, rear
      wall 17, and a relatively short front panel 18 which terminates above the
      counter top to provide an access opening 19. A sash 20 is slidably mounted
      in the side walls and is movable vertically between a fully lowered
      position in which it closes the access opening and a fully raised position
      in which its lower edge is adjacent the bottom of the front panel 18.
      Since the structure of such a fume hood is well-known, a detailed
      description thereof is unnecessary.
PAR  A light opening 21 is provided through the top wall 16, and an exhaust tube
      22 communicates with the working chamber formed by the walls of the hood.
      In use, the exhaust tube is connected to an exhaust blower to exhaust
      fumes from the working chamber.
PAR  The side walls 14 and 15 are secured to right and left corner posts 23 and
      24, respectively, and right and left front access panels 25 and 26 are
      also secured to the corner posts substantially perpendicularly to the side
      walls. In the completed hood, a finished end panel (not shown) would
      generally extend rearwardly from the outer edge of each front access panel
      parallel to the adjacent side wall. Similarly, upper enclosure panels
      would extend across the front and the sides of the fume hood to conceal
      the top of the hood.
PAR  The sash includes a rectangular glass panel 28 and upper and lower edge
      mounts or frame members 29 and 30 (see also FIGS. 3, 4, 6, and 7), and
      each side edge of the sash glass is slidably received in a vertical
      channel or sash guide 31 (FIG. 3) secured to each corner post.
PAR  Referring now to FIGS. 3 and 4, the lower edge mount 30 includes an
      upwardly opening channel portion 32 which is clamped over the lower edge
      of the sash panel, a generally U-shaped intermediate portion 33, and an
      L-shaped lower portion 34 which engages the counter top 11 when the sash
      is fully lowered. A somewhat V-shaped cable-attaching finger 35 is secured
      to each end of the lower edge mount and extends outwardly and in front of
      the sash guide 31 and then rearwardly. An L-shaped cable slot 36 is
      provided in the rearwardly extending portion of each finger and receives
      the looped end of a sash cable 37. An L-shaped bumper support 38 is
      mounted below the slot, and upper and lower bumper stops 39 and 40 are
      cemented to the bumper support to cushion the upper and lower stops of the
      sash.
PAR  Referring again to FIG. 1, pulleys 42 and 43 are rotatably mounted on the
      upper ends of the right and left corner posts for rotation about a
      horizontal axis, and rear pulleys 44 and 45 are rotatably mounted for
      rotation about a vertical axis. Each of the rear pulleys is mounted on a
      support bracket 46 attached to the top wall 16. A third pair of pulleys 47
      and 48 is also mounted at the rear of the top wall in the middle of the
      hood, and these pulleys are mounted for rotation about horizontal axes
      which extend parallel to the midplane of the hood by brackets 49.
PAR  The three pairs of pulleys are used to route the sash cable 37 upwardly
      from each of the cable tightening attaching fingers 35, rearwardly over
      the top of the hood to the pulleys 44 and 45, laterally inwardly to the
      pulleys 47 and 48, and then downwardly behind the back wall 17 to a
      counterbalance 50. In the embodiment illustrated, the two ends of a single
      cable are used to connect the sides of the sash to the counterbalance, and
      the middle of the cable is attached to the counterbalance. The cable is
      thus divided into right and left cable portions or branches, each of which
      connects one side of the sash to the counterbalance.
PAR  The counterbalance includes a relatively narrow, elongated container 51
      having front and rear walls 52 and 53 (FIG. 5), a pair of narrow side
      walls 54 and 55, a bottom wall 56, and a top wall 57. A lug 57a extends
      upwardly from the midportion of the top wall slightly behind the front
      wall 52, and the midpoint of the cable 37 extends around a bolt 58 which
      extends through the front wall 52 and the lug 57a and which is secured by
      a nut 58a. Both branches of the cable are securely clamped to the
      counterbalance by a U-shaped clamp 59 which is secured by screws 59a to a
      lug 52a which is formed as an upward extension of the front wall 52. A
      pair of rollers 60 and 61 are rotatably mounted on the bottom wall of the
      container by mounting brackets 62. The axle of each roller extends through
      slots 63 in the mounting bracket, and the axle is spring-loaded toward the
      front of the slots in the conventional manner. The weight of the
      counterbalance can be adjusted as desired by filling the container with
      ballast or weight material such as scrap metal or the like.
PAR  A final adjustment of the counterbalance mechanism is provided by the upper
      edge mount 29 (FIGS. 6 and 7) of the sash glass. This edge mount includes
      a downwardly opening channel 65 provided by a pair of spaced-apart legs 66
      and 67 and a middle leg 68 and a forwardly opening channel 69 provided by
      an upwardly extending back wall 70, a top wall 71, and a depending front
      wall 72. The upper edge mount is secured by crimping the legs 66 and 67
      about the upper edge of the sash glass, and the total weight of the sash
      can be equalized with the weight of the counterbalance by sliding one or
      more weights 73 into the channel or receptacle 69 as illustrated in FIG.
      7. When the desired weight of the sash is obtained, the weights can be
      retained within the channel 69 by crimping the walls 70 and 72 against the
      weights.
PAR  The thickness of the glass used in the sash may vary, and on large hoods
      the difference in glass thickness can result in a difference in total sash
      weight of as much as five pounds. The upper edge mount permits
      compensation for this weight variance.
PAR  The adjustable weight feature of the sash counterbalance mechanism not only
      ensures equalization of the weights of the sash and the counterbalance but
      facilitates assembly of the fume hood. The counterbalance containers 51
      are prepared before the hoods are assembled, and enough ballast is added
      to make the weight of the counterbalance greater than the expected total
      weight of the sash. After the hood is assembled, compensating weights 73
      of a sufficient number and/or size are inserted into the upper edge mount
      to make the total weight of the sash equal to the weight of the
      counterbalance.
PAR  It is generally more convenient during assembly to add weight to the sash
      than to add weight to the counterbalance, and this is permitted by the
      upper edge mount. However, before the hood is installed, ballast could
      also be added to or removed from the counterbalance container as desired.
PAR  The weight adjustment feature also facilitates replacement of the sash
      glass. The weight of the new sash glass may be different than the weight
      of the old glass, and this difference can be compensated for by adding or
      removing weights 73 from the edge mount. In the case of a replacement sash
      glass it may be difficult to obtain access to the counterbalance
      container, which is located behind the hood.
PAR  The operation of the sash and the counterbalance mechanism will be apparent
      from the foregoing. Once the weights of the sash and the counterbalance
      are equalized, the sash can be raised and lowered silently and smoothly,
      and the sash will be maintained in any desired position. The
      counterbalance is located behind the hood, and the cable branches are
      routed upwardly alongside the corner posts and over the top of the hood by
      the rotating pulleys. The middle pulleys 47 and 48 are positioned slightly
      rearwardly of the back wall of the hood by the mounting brackets 49, and
      the counterbalance container is suspended away from the back wall (FIG.
      5). The container is thus generally raised and lowered without contacting
      the hood, and scraping noises are eliminated. In the event that the
      container swings into contact with the back wall, the spring-loaded
      rollers 60 and 61 will cushion the impact and will provide rolling contact
      with the back wall rather than scraping or sliding contact.
PAR  Although in the embodiment illustrated a single cable is used to connect
      the sash to the counterbalance, the middle of the cable is clamped to the
      counterbalance. Thus, if one of the branches of the cable breaks, the
      other branch will remain connected to the counterbalance, and the sash
      will not drop. Since the counterbalance weight will be exerted on only one
      side of the sash, the sash will cock, thereby alerting the user to replace
      the cable.
PAR  While in the foregoing specification a detailed description of a specific
      embodiment of the invention was set forth for the purpose of illustration,
      it is to be understood that many of the details herein given may be varied
      considerably by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fume hood having a top, a back, and right and left sides forming a
      working chamber and a sash mounted for movement between raised and lowered
      positions for opening or closing the working chamber, an improved sash
      counterbalance apparatus comprising a single cable having a pair of ends,
      each end of the cable being attached to the sides of the sash to provide
      right and left portions of the cable, cable routing means on the top of
      the fume hood for routing the right and left portions of the cable over
      the top of the hood and down the back thereof, a counterbalance behind the
      back of the hood, and a clamp on the counterbalance clampingly securing
      the right and left portions of the cable whereby if one of the right and
      left cable portions breaks the other cable portion remains attached to the
      counterbalance.
NUM  2.
PAR  2. The structure of claim 1 in which the counterbalance comprises a
      container and weight material within the container whereby the weight of
      the counterbalance can be varied by adding or removing weight material to
      or from the container.
NUM  3.
PAR  3. In a fume hood having a top, a back, and right and left sides forming a
      working chamber and a sash mounted for movement between raised and lowered
      positions for opening or closing the working chamber, an improved sash
      counterbalance apparatus comprising right and left cable means attached to
      right and left sides of the sash for operatively connecting a
      counterbalance to the sash, cable routing means on the top of the fume
      hood for routing the cable means over the top of the hood and down the
      back thereof, a counterbalance behind the back of the hood attached to the
      right and left cable means, the sash including a glass panel and a frame
      member attached to the upper edge of the glass panel, the frame member
      having a receptacle for receiving weights whereby the total weight of the
      sash can be adjusted relative to the weight of the counterbalance by
      inserting one or more weights into the receptacle.
NUM  4.
PAR  4. The structure of claim 3 in which the receptacle is formed by a
      generally channel-shaped portion of the frame member.
NUM  5.
PAR  5. In a fume hood having a top, a back, and right and left sides forming a
      working chamber and a sash mounted for movement between raised and lowered
      positions for opening or closing the working chamber, an improved sash
      counterbalance apparatus comprising right and left cable means attached to
      right and left sides of the sash for operatively connecting a
      counterbalance to the sash, cable routing means on the top of the fume
      hood for routing the cable means over the top of the hood and down the
      back thereof, a counterbalance behind the back of the hood attached on the
      right and left cable means, and a roller rotatably mounted on the
      counterbalance and engageable with the back of the hood for preventing
      sliding contact between the counterbalance and the back of the hood as the
      sash is raised and lowered.
NUM  6.
PAR  6. The structure of claim 5 in which the counterbalance comprises a
      container and weight material within the container whereby the weight of
      the counterbalance can be varied by adding or removing weight material to
      or from the container.
NUM  7.
PAR  7. In a fume hood having a top, a back, and right and left sides forming a
      working chamber and a sash mounted for movement between raised and lowered
      positions for opening or closing the working chamber, an improved sash
      counterbalance apparatus comprising right and left cable means attached to
      right and left sides of the sash for operatively connecting a
      counterbalance to the sash, cable routing means on the top of the fume
      hood for routing the cable means over the top of the hood and down the
      back thereof, a counterbalance behind the back of the hood attached to the
      right and left cable means, the sash including a glass panel and a frame
      member attached to the upper edge of the weights whereby the total weight
      of the sash can be adjusted relative to the weight of the counterbalance
      by inserting one or more weights into the receptacle.
NUM  8.
PAR  8. The structure of claim 7 in which the counterbalance comprises a
      container and weight material within the container whereby the weight of
      the counterbalance can be varied by adding or removing weight material to
      or from the container.
NUM  9.
PAR  9. In a fume hood having a top, a back, and right and left sides forming a
      working chamber back of a sash mounted for movement between raised and
      lowered positions for opening or closing the working chamber, an improved
      sash counterbalance apparatus comprising right and left cable means
      attached to right and left sides of the sash for operatively connecting a
      counterbalance to the sash, cable routing means on the top of the fume
      hood for routing the cable means over the top of the hood and down the
      back thereof, a counterbalance behind the back of the hood attached to the
      right and left cable means, and a roller rotatably mounted on the
      counterbalance and engageable with the backof the hood for preventing
      sliding contact between the counterbalance and the back of the hood as the
      sash is raised and lowered.
NUM  10.
PAR  10. In a fume hood having a top, a back, and right and left sides forming a
      working chamber and a sash mounted for movement between raised and lowered
      positions for opening or closing the working chamber, an improved sash
      counterbalance apparatus comprising right and left cable means attached to
      right and left sides of the sash for operatively connecting a
      counterbalance to the sash, cable routing means on the top of the fume
      hood for routing the cable means over the top of the hood and down the
      back thereof, a counterbalance behind the back of the hood attached to the
      right and left cable means, the routing means including a first pair of
      pulleys mounted on the hood above the sash and generally aligned with the
      sides of the sash, a second pair of pulleys mounted on the top of the hood
      adjacent the back of the hood, and a third pair of pulleys mounted on the
      top of the hood adjacent the back of the hood and generally aligned with
      the middle of the hood, each of the right and left cable means being
      routed over one of the pulleys of each pair of pulleys.
NUM  11.
PAR  11. The structure of claim 10 in which each pulley of the first pair of
      pulleys is mounted for rotation about a generally horizontal axis
      extending generally parallel to the back of the hood, each pulley of the
      second pair of pulleys is mounted for rotation about a generally vertical
      axis, and each pulley of the third pair of pulleys is mounted for rotation
      about a generally horizontal axis extending generally perpendicularly to
      the back of the hood.
NUM  12.
PAR  12. The structure of claim 10 in which the right and left cable means
      comprise a single cable having each end thereof attached to the sides of
      the sash and the middle thereof attached to the counterbalance to provide
      the right and left portions of the cable.
NUM  13.
PAR  13. The structure of claim 10 in which the counterbalance comprises a
      container and weight material within the container whereby the weight of
      the counterbalance can be varied by adding or removing weight material to
      or from the container.
NUM  14.
PAR  14. The structure of claim 13 including a roller rotatably mounted on the
      container and engageable with the back of the hood for preventing sliding
      contact between the container and the back of the hood as the sash is
      raised and lowered.
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ABST
PAL  An apparatus for cooking fruit and the like products includes a tank or
      cooking chamber disposed for receiving a quantity of such products and a
      quantity of water sufficient to cover the products therein and sufficient
      enough to create the necessary back pressure for a hydraulic head and
      sufficient enough to provide an adequate medium for agitation. Steam is
      supplied to the lower portion of the tank to raise the temperature of the
      water to a cooking temperature of the products submerged therein, which
      temperature may be the boiling point of water. Steam or moisture laden
      vapor which escapes to an upper surface of the body of water is
      recirculated under pressure to a lower portion of the tank, such that it
      will be redirected into the cooking area. Such recirculation is performed
      by a conduit and a blower or pump mounted in the path of the conduit. The
      conduit has an inlet above the level of the water in the tank and an
      outlet below the level of the water adjacent a bottom wall of the tank.
      The pump effectively increases the pressure of the steam and thereby
      increases its temperature. A method of cooking fruit and the like products
      includes submerging such products in a body of water, passing steam
      through the body of water until it is heated to the cooking temperature of
      the products, and recirculating under pressure the steam or moisture laden
      vapor which escapes from an upper surface of the body of water to a lower
      level thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an apparatus for and a method of
      cooking fruit and the like products, and more particularly to such a
      cooking apparatus and method which employs steam as a heat exchange medium
      and as an agitating agent.
PAR  2. Prior Art
PAR  Steam has been employed extensively for heating and cooking various
      products. Steam has also been employed in the past for cooking fruit and
      similar products, such as dates, figs and prunes, for the purpose of
      liberating the sugar content of such products. The cooking process softens
      the fruit until it ruptures and exposes the pulp of the fruit to boiling
      or hot water, thereby liberating, over a predetermined cooking time, the
      sugar content of the fruit to the water. The resultant homogeneous mixture
      is refined and dehydrated to a desired fixed level for various commercial
      purposes. Examples of cooking apparatus which employ steam as a heat
      exchange medium are found in U.S. Pat. Nos. 1,174,721; 2,885,294;
      1,565,282; 474,009; 1,711,729; 1,539,309; 2,020,309; 2,143,903; 2,589,288;
      2,654,734; 3,374,096; 3,224,881; 3,764,708; Re.19,868; 3,139,345; and
      1,955,289.
PAR  Previous methods of cooking fruit and the like products with the steam as
      the heat exchange medium have been either excessively expensive because of
      fuel costs or exceedingly slow. In order to obtain a high volume of
      production, such products must be cooked at the boiling point of water
      under turbulent conditions for short periods of time. If the cooking time
      is enlarged, it is likely that the products being cooked will be scorched,
      thereby effecting the flavor of the finished product. Although this method
      of cooking fruit produces a relatively high volume production, it requires
      and consumes relatively large amounts of fuel.
PAR  In the cooking of fruit and the like products, the heat may be applied as
      live steam in direct contact with the products or may be applied
      indirectly through a heat exchanger. Such indirect heating methods
      include, for example, the use of closed steam coils, heating compartments
      in the bottom of a tank, or jacketed tanks. Closed steam coils and
      jacketed type cooking chambers have distinct disadvantages in that the
      coil or jacket tends to collect and burn the products being cooked on the
      heated surface thereof. Furthermore, such devices contribute very little
      to the agitation that is required to rupture the fruit and expose its pulp
      to the boiling or hot water in which it is submerged. Accordingly, such
      devices require mechanical means for producing agitation of the product
      slurry. Such mechanical agitation is generally unsuccessful due to the
      presence of a foreign material and pits generally found in raw fruit which
      material may cause damage to the agitation elements.
PAR  By applying live steam which passes through the water in which the products
      are submerged and by maintaining such water at its boiling point,
      agitation is enhanced. The velocity of steam escaping from jets in a
      bottom portion of a cooking tank and the turbulence caused by boiling
      water generates sufficient agitation to aid in the rupture of the fruit to
      expose its pulp. This cooking method is capable of producing a relatively
      high yield in a relatively short time period. It also requires and
      consumes relatively large amounts of fuel, since a considerable amount of
      heat is lost by evaporation from the surface of the slurry. Moisture laden
      vapor or steam necessarily escapes from the surface of the slurry and is
      vented to the atmosphere, thereby creating a relatively large heat loss.
      This heat loss must, of course, be resupplied to the slurry to maintain
      its cooking temperature.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, one of the primary objects of the present invention to
      provide an apparatus for and method of cooking fruit and the like
      products, which apparatus and method recover heat losses and reapply such
      heat to the cooking chamber.
PAR  Another object of the present invention is to provide a cooking apparatus
      for fruits and the like products which is capable of performing the
      cooking process in a minimum amount of time and with a minimum amount of
      fuel for generating heat.
PAR  Still another object of the present invention is to provide a cooking
      apparatus for fruit and the like products which does not require the use
      of any mechanical means for agitating the slurry being cooked.
PAR  A further object of the present invention is to provide a cooking apparatus
      for fruit and the like products in which heat is applied thereto in the
      form of live steam in direct contact with the slurry containing the
      products to be cooked.
PAR  These and other objects of the present invention are obtained by the
      provision of a closed tank which is disposed for receiving a slurry
      containing the products to be cooked and a quantity of water, means for
      introducing steam into the slurry contained in the tank, and means for
      recovering heat loss resulting from evaporation from the surface of the
      slurry and the steam or the moisture laden vapor escaping therefrom and
      reapplying such heat under pressure to the slurry.
PAR  A feature of the present invention resides in the provision of
      recirculating means for transporting any steam or moisture laden vapor
      which escapes from an upper surface of the slurry to a lower portion of
      the tank and introducing such moisture laden vapor or steam under pressure
      to the slurry, such that the heat contained therein is transferred
      thereto.
PAR  Another feature of the present invention resides in the provision of means
      for increasing the temperature of any steam or moisture laden vapor which
      is recirculated, such as a fluid pump which increases the temperature of
      the steam or moisture laden vapor by increasing the pressure thereof.
PAR  It is readily apparent that the present invention provides the distinct
      advantage of recovering heat losses and resupplying such heat to the
      slurry being cooked, such that a considerable savings can be realized in
      the amount of fuel required to produce the heat necessary for the cooking
      process.
PAR  The invention, however, as well as other objects, features advantages
      thereof which will be more fully realized and understood from the
      following detailed description, when taken in conjunction with the
      accompanying drawing, wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of an elevation view, partially in section and partially
      broken away, of a cooking apparatus constructed in accordance with the
      principles of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the single FIGURE in the drawing, there is shown a
      cooking apparatus constructed in accordance with the principles of the
      present invention, which is generally designated with the reference
      numeral 10. The cooking apparatus includes a tank 12 which forms a cooking
      chamber and is disposed for receiving a quantity of fruit and the like
      products therein and a quantity of water to form a slurry which is
      designated with the reference numeral 14. The tank 12 is only partially
      filled with the slurry 14 to a level which is designated with the
      reference numeral 16, such that a chamber 18 is provided in an upper
      portion of the tank 12. A bottom wall 20 and a top wall 22 of the tank 12
      are conically shaped. A door 24 is provided in the top wall 22 to permit
      the tank 12 to be filled with the slurry 14. A conduit 26 extends from the
      bottom wall 20 and may be provided with a valve or plug 28 therein
      permitting the removal of the slurry 14 from the tank 12 after it has been
      cooked.
PAR  A conduit 30 is provided with a valve 32 therein and extends into the tank
      12 through the bottom wall 20 thereof. The conduit 30 is disposed for
      supplying steam from a steam supply (not shown) into the tank 12 to heat
      the slurry 14. A by-pass conduit 34 having a by-pass valve 36 therein is
      connected in parallel with the valve 32 and is disposed for supplying
      steam at a reduced rate after the valve 32 has been closed.
PAR  A conduit 38 extends from the wall 22 to the inlet of a positive rotary
      blower or pump 40. The outlet of the blower 40 is connected to one end of
      a conduit 42 which extends through the bottom wall 20 to a lower portion
      of the tank 12 and is provided with a check valve 44 therein. An end of
      the conduit 42 which is mounted within the tank 12 is provided with a
      plurality of apertures 46. Any steam or moisture laden vapor which
      accumulates within the chamber 18 is withdrawn via the conduit 38 and the
      blower 40 and is advanced into the lower portion of the tank 12 and
      released into the slurry 14 through the apertures 46. A release valve 48
      is provided in the upper wall 22 for bleeding any excess of pressure which
      may result within the chamber 18.
PAR  The conduits 38 and 42 and the blower 40 form a recirculation system which
      permits the recovery of heat which is lost in the form of evaporation and
      steam or moisture laden vapor escaping from an upper surface of the slurry
      14 to be resupplied to the slurry 14. It has been the practice in the past
      to employ a stack or chimney which extends from the upper wall 22 of the
      tank 12 to permit the escape of steam or moisture laden vapor from the
      cooking slurry. A heat loss occurs by virtue of the escaping steam or
      moisture laden vapor. The present invention, however, accumulates such a
      steam or moisture laden vapor within the chamber 18 and recirculates such
      steam or moisture laden vapor into the slurry 14 to recover that heat
      loss.
PAR  In operation, after the slurry 14 has been supplied to the tank 12, the
      valve 32 is open to introduce the steam under pressure into the slurry 14
      and the blower 40 is energized to initiate the recirculation process. When
      the slurry 14 begins to boil, the valve 32 is closed and the valve 36 is
      open, such that the rate of steam supplied via the conduit 30 to the
      slurry 14 is reduced to an amount which is sufficient to compensate for
      any radiant heat loss. The blower 40 compresses the steam or moisture
      laden vapor in the conduit 42, thereby increasing its temperature.
PAR  In a constructed embodiment of the present invention, the level 16 of the
      slurry 14 is at the height of 5 feet above the portion of the conduit 42
      which is within the tank 12. The steam or moisture laden vapor in the
      conduit 42 will be presented with a hydraulic head of approximately 5 feet
      of liquid. At 0.433 psig per foot, a compression of 2.17 psig will result.
      For every one psi compression, an increase in temperature of approximately
      16.degree. Fahrenheit will result. Accordingly, with 5 feet of liquid as
      the hydraulic head, the steam or moisture laden vapor in the conduit 42
      will be increased in temperature by approximately 35.degree. Fahrenheit.
      Should the blower 40 advance the steam at a rate of 150 cubic feet per
      minute, it can be readily appreciated that a substantial amount of heat
      increase will result. With the above example, such a heat increase is
      substantially sufficient to maintain the slurry 14 at a boiling
      temperature.
PAR  It can be readily appreciated that the steam or moisture laden vapor
      escaping from the apertures 46 produce agitation which is necessary for
      rupturing the fruit and exposing its pulp to the boiling or hot water in
      which it is submerged. It has been found that less steam is required to
      produce the same yield by employing the apparatus and method of the
      present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for cooking fruits and the like products in which said fruits
      are immersed in a body of water to form a slurry, said body of water being
      sufficient to cover said products to form said slurry and to create the
      necessary back pressure for an hydraulic head and of sufficient quantity
      to provide an adequate medium for the agitation of said slurry, said
      apparatus comprising:
PA1  a. a closed tank disposed for receiving said slurry in a lower portion
      thereof,
PA1  b. first means for introducing steam into the slurry contained in said tank
      for bringing said slurry approximately to a cooking temperature,
PA1  c. recirculating means for recirculating under pressure any moisture laden
      vapor which escapes from an upper surface of the slurry to a lower portion
      of said tank and into the slurry for heating said slurry and for agitating
      said slurry, said recirculating means being separate and apart from said
      first means.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said tank includes a confined space
      above the upper surface of the slurry contained therein; and said
      recirculating means includes a conduit extending from said space to a
      lower portion of said tank, and means for advancing moisture laden vapor
      under increased pressure through said conduit for increasing the
      temperature of the advancing moisture laden vapor.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said advancing means includes a pump
      mounted in the path of said conduit.
NUM  4.
PAR  4. The apparatus of claim 3 and further comprising a check valve mounted in
      the path of said conduit between said pump and the lower portion of said
      tank.
NUM  5.
PAR  5. The apparatus of claim 2, wherein said recirculating means includes a
      member mounted in the lower portion of said tank and having a plurality of
      apertures therein, said member being secured to the end of said conduit
      extending to the lower portion of said tank, such that moisture laden
      vapor will be introduced into said slurry at spaced locations.
NUM  6.
PAR  6. The apparatus of claim 1, wherein said first means includes a conduit
      having a first valve for controlling the flow of steam therethrough, and a
      by-pass conduit having a second valve for controlling the flow of steam
      therethrough and connected in parallel with said first valve.
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ABST
PAL  An improved compacter for flattening or compacting metal cans and the like
      wherein the can is initially positioned between a pair of spaced gripping
      members, the gripping members being subsequently moved toward each other
      compacting the can disposed therebetween. The gripping members grippingly
      engage the can and secure the can in a stationary position with respect to
      each of the gripping members and one of the gripping members is initially
      rotated as the gripping members are moved toward each other thereby
      twisting and weakening the structural integrity of the can to facilitate
      the compacting thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an improved compacter and, more
      particularly, but not by way of limitation, to an improved compacter
      wherein the object to be compacted is twisted during the compacting
      thereof.
PAR  2. Brief Description of the Prior Art
PAR  In the past, various container flattening or compacting devices have been
      constructed for flattening metal cans or the like, such as a soft drink or
      a beer can, for example. One such device was shown in the U.S. Pat. No.
      2,638,957, issued to Danielson, which disclosed a hand-operated can
      crusher for crushing cans such as oil cans, for example. The can crusher
      disclosed in the Danielson patent included a pair of plates and an angle
      member was formed on each of the plates, the angle members initially
      engaging the can and enhancing the crushing action as the plates were
      moved toward each other flattening the can therebetween.
PAR  The U.S. Pat. No. 2,800,160, issued to Wilson, disclosed a can flattening
      device having two plates hinged together for flattening a can-like member
      therebetween. The U.S. Pat. No. 3,416,439, issued to Tezuka, disclosed a
      hydraulically operated metal compressor having an upper element which was
      rotated during one aspect of the crushing operation, the rotation of the
      element moving certain protrusions to different positions for engaging
      selected portions of the metal during the crushing stroke of the metal
      compressor.
PAR  The U.S. Pat. No. 3,580,167, disclosed a motor-operated can crusher, and
      the U.S. Pat. No. 3,732,804, issued to Moller, disclosed a can compacter
      wherein portions of the can near the top and the bottom were initially
      depressed by plungers and one plate was subsequently moved toward the
      other effecting the crushing action.
PAR  Other can flattening or crushing devices were disclosed in the U.S. Pat.
      Nos. 2,905,079, issued to Brock; 3,011,429, issued to Kuslich; 3,043,212,
      issued to Hasselquist; 3,299,802, issued to Black; 3,411,722, issued to
      Webber; and 3,667,386, issued to Workman.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved compacter for
      flattening or compacting metal cans or the like wherein the structural
      integrity of the object to be compacted is weakened during the initial
      portion of the compacting stroke.
PAR  Another object of the invention is to provide an improved compacter for
      compacting metal cans and the like wherein the object is compacted or
      flattened in a manner requiring less force or effort.
PAR  One other object of the invention is to provide an improved compacter which
      can be utilized in cooperation with existing can opener mechanisms to
      provide a more economical and more efficient integrated can opener-can
      compacter assembly. A still further object of the invention is to provide
      a can compacter which is more economical in the construction and the
      operation thereof.
PAR  Other objects and advantages of the invention will be evident from the
      following detailed description when read in conjunction with the
      accompanying drawings which illustrated various embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a compacter constructed in accordance with
      the present invention.
PAR  FIG. 2 is a cross sectional view of the compacter of FIG. 1.
PAR  FIG. 3 is a cross sectional view, similar to FIG. 2, but showing a modified
      compacter.
PAR  FIG. 4 is a sectional view of the modified compacter of FIG. 3.
PAR  FIG. 5 is a cross sectional view, similar to FIG. 3, but showing still
      another modified compacter.
PAR  FIG. 6 is a diagrammatic, schematic view of still another modified
      compacter, connected and operating in cooperation with a can opener
      mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in general and to FIGS. 1 and 2 in particular,
      shown therein and designated via the general reference numeral 10 is a can
      compacter constructed to collapsingly compact cylindrically shaped metal
      cans of the type commonly utilized to contain various liquid drinks such
      as soft drinks or beer or the like, a can being shown in dashed-lines in
      FIG. 2 and designated via the reference numeral 12. The can 12 has a top
      14 and a bottom 16 andd the compacter 10 is particularly constructed to
      substantially flatten the can 12, the compacter 10 twisting the can 12
      about the can center line axis extending generally between the top 14 and
      the bottom 16 as the can 12 is compactingly flattened in a manner to be
      described in greater detail below.
PAR  The compacter 10 includes a cylindrically shaped housing 18 having an upper
      end 20, a lower end 22 and an outer peripheral surface or wall 24. A
      chamber 26 is formed in the housing 18 extending generally between the
      upper end 20 and the lower end 22, and a can receiving opening 28 is
      formed through the wall 24 intersecting the chamber 26, the can receiving
      opening 28 being disposed generally near the lower end 22 and extending a
      distance generally toward the upper end 20. The can receiving opening 28
      is sized to receive the can 12 during the operation of the compacter 10.
PAR  A cylindrically shaped lower gripping member 30 is disposed in the chamber
      26 generally near the lower end 22, the lower gripping member 30 having an
      upper face 32, a lower face 34, and an outer peripheral surface 35. The
      lower face 34 is disposed near the lower end 22 of the housing 18 and the
      lower gripping member 30 is secured to the housing 18 in a stationary
      position in the chamber 26. A recess 36 is formed in the upper face 32 of
      the lower gripping member 30 forming an annular wall 38 extending about a
      central portion of the lower gripping member 30. In a preferred form, the
      annular wall 38 is formed at an angle to the center line axis of the lower
      gripping member 30 and a knurled, gripping surface 40 is formed on the
      annular wall 38, thereby forming an annular, angularly extending gripping
      surface 40 in the lower gripping member 30 for reasons to be made more
      apparent below.
PAR  A cylindrically shaped upper gripping member 42 is disposed in the chamber
      26 generally between the upper and the lower ends 20 and 22, the upper
      gripping member 42 having an upper face 44, a lower face 46 and an outer
      peripheral surface 47. The diameter of the upper gripping member 42 is
      less than the diameter of the chamber 26 and the upper gripping member 42
      is slidingly disposed in the chamber 26, the outer peripheral surface 47
      slidingly engaging the peripheral surface formed in the housing 18 via the
      chamber 26. A recess 48 is formed in the lower face 46 of the upper
      gripping member 42 forming an annular wall 50 extending about a central
      portion of the upper gripping member 42. In a preferred form, the annular
      wall 50 is formed at an angle to the center line axis of the upper
      gripping member 42 and a knurled, gripping surface 52 is formed on the
      annular wall 50, thereby forming an annular, angularly extending gripping
      surface 52 in the upper gripping member 42 for reasons to be made more
      apparent below.
PAR  A post 54 is disposed in the chamber 26 and one end of the post 54 is
      secured to the inner peripheral surface of the housing 18 formed via the
      chamber 26, the post 54 extending a distance from the housing 18 and
      having a portion forming a downwardly facing stop surface 56 in the
      chamber 26. The stop surface 56 is positioned in the chamber 26 to engage
      a portion of the upper gripping member 42 and limit the sliding movement
      of the upper gripping member 42 in a direction generally from the lower
      end 22 toward the upper end 20 of the housing 18, the upper gripping
      member 42 being shown in FIG. 2 engaging the stop surface 56 of the post
      54.
PAR  The upper gripping member 42 is aligned with the lower gripping member 30
      and the gripping surface 40 generally faces the gripping surface 52. In
      the start position, the upper gripping member 42 is engaged via the stop
      surface 56, and the upper gripping member 42 is spaced a distance 58 from
      the lower gripping member 30, the space between the lower and the upper
      gripping members 30 and 42 forming a can receiving space 60 in the start
      position of the compacter 10. The can receiving opening 28 in the housing
      18 communicates with the can receiving space 60 so an object to be
      compacted such as a can is insertable through the can receiving opening 28
      into the can receiving space 60 generally between the gripping surfaces 40
      and 52 of the upper and the lower gripping members 42 and 30 for placing
      the can 12 in a compacting position wherein the can bottom 16 engages the
      gripping surface 40 of the lower gripping member 30 and the can top 14
      engages the griping surface 52 of the upper gripping member 42. The
      gripping surfaces 40 and 52 engage the can and cooperate to secure the can
      in a substantially stationary position relative to the upper and the lower
      gripping members 42 and 30 as the can is simultaneously rotated or twisted
      during the compacting stroke of the compacter 10, in a manner and for
      reasons to be described in greater detail below.
PAR  One end of a cylindrically shaped rod 62 is secured to a central portion of
      the upper face 44 of the upper gripping member 42 and the rod 62 extends
      perpendicularly upwardly from the upper face 44 toward the housing 18
      upper end 20 terminating with an upper end 64. A portion 66 of the rod 62
      near the upper end 64 thereof has a smaller diameter as compared to the
      remaining portion of the rod 62 forming an annular ledge 68 between the
      upper end 64 and the end of the rod 62 secured to the upper gripping
      member 42. A flange 69 is formed on the upper end 64, for reasons to be
      made more apparent below.
PAR  One end of a return spring 70 is secured to the housing 18 upper end 20 and
      the opposite end of the return spring 70 is secured to the upper end 64 of
      the rod 62. The return spring 70 biases the rod 62 and the upper gripping
      member 42 in a return direction 62, the upper gripping member 42 being
      slidingly moved in the chamber 26 in a compacting direction 74 via a
      handle 76 against the biasing force of the return spring 70 and slidingly
      moved in the return direction 72 to the start position via the return
      spring 70 in a manner to be made more apparent below.
PAR  The handle 76 has opposite ends 78 and 80 and the end 80 is moveably or
      pivotally secured to the post 54 at a pivot connection 82, the handle 76
      being pivotally moveable in a first pivot direction 84 and a second pivot
      direction 86, as shown in FIG. 2. The handle 76 includes a first handle
      member 88 and a second handle member 90, one end of the second handle
      member 90 being hingedly connected to one end of the first handle member
      88 via a hinge 92. The hinge 92 is positioned on one side of the first and
      the second handle members 88 and 90 such that the second handle member 90
      is hingedly moveable in one direction 94 and in the opposite direction 96,
      the second handle member 90 being moveable in the direction 94 to a
      position wherein the ends of the first and the second handle members 88
      and 90 abut and the first and the second handle members 88 and 90 are
      disposed in a substantially coplanar disposition, as shown in FIG. 2. The
      abutment of the ends of the first and the second handle members 88 and 90
      limits the movement of the second handle member 90 in the direction 96
      positioning the first and the second handle members 88 and 90 in the
      coplanar extending disposition. A handle opening 98 is formed through the
      outer periphery or wall 24 of the housing 18 intersecting and
      communicating with the chamber 26. The handle 76 is moveably disposed
      through the handle opening 98. One end of the handle opening 98 intersects
      the can receiving opening 28 and the handle opening 98 extends generally
      axially upwardly toward and terminates near the housing 18 upper end 20.
      The first handle member 88 is sized such that the handle 76 is moveable in
      the second pivot direction 86 to a position wherein a portion of the first
      handle member 88 near the end thereof, opposite the end pivotally
      connected to the post 54, engages a portion of the upper end 20 of the
      housing 18, and the engagement between the first handle member 88 and the
      upper end 20 of the housing 18 is generally near the hinge 92.
PAR  After the engagement between the first handle member 88 and the upper end
      20 of the housing 18, the second handle member 90 is further moveable
      about the hinge 92 in the direction 94 to a position wherein the second
      handle member 90 is disposed generally adjacent the upper end 20 of the
      housing 18. In one preferred form, a handle recess 100 is formed in the
      upper end 20 of the housing 18 and is sized to receive the second handle
      member 90, the second handle member 90 being moveable in the direction 94
      to a position wherein the second handle member 90 is storingly disposed
      within the handle recess 100. In the stored position of the second handle
      member 90 in the handle recess 100, the upper surface of the second handle
      member 90 is disposed in a substantially coplanar disposition with the
      upper surface of the housing 18 upper end 20 and thus the handle 76 is
      particularly constructed to be stored in a nonobstructing, convenient
      position when the compacter 10 is not being operated to compact cans.
PAR  An elongated opening 102 is formed through the handle 76 and, more
      particularly, through and extending between the opposite ends of the first
      handle member 88. The smaller diameter portion 66 of the rod 62 is
      disposed through the opening 102 and a portion of the second handle member
      90 near the opening 102 engages the ledge 68 formed on the rod 62. As the
      handle 76 is moved in the first pivot direction 84, the first handle
      member 88 engages the ledge 68 and moves the rod 62 in the compacting
      direction 74 thereby slidingly moving the upper gripping member 42 in the
      compacting direction 74, the portion 66 of the rod 62 moving within the
      opening 102 between the opposite ends of the first handle member 88 as the
      handle 76 is moved in the first and the second pivot directions 84 and 86
      during the operation of the compacter 10.
PAR  The flange 69 is sized to engage portions of the first handle member 88
      generally adjacent the opening 102 and prevent the movement of the rod 62
      through the opening 102 in one direction. In the event the return spring
      70 breaks, the engagement between the flange 69 and the handle 76 prevents
      the downward movement of the upper gripping member 42 and cooperates to
      maintain the connection between the rod 62 and the handle 76.
PAR  A cam projection 104 is secured to the outer peripheral surface 47 of the
      upper gripping member 42 and extends a distance generally radially
      therefrom. The end of the cam projection 104, opposite the end secured to
      the upper gripping member 42, is slidingly disposed in a cam recess 106
      formed in a portion of the inner peripheral surface of the housing 18
      formed via the chamber 26. As shown more clearly in FIG. 2, the cam recess
      106 extends generally between the upper and the lower ends 20 and 22 of
      the housing 18, and an upper curved portion 108 of the cam recess 106 is
      formed along a curved path, a lower, substantially straight portion 110 of
      the cam recess 106 extending in a generally straight, axial direction
      along the housing 18.
PAR  The cam recess 106 forms a guide path guiding the upper gripping member 42
      via the cam projection 104 connected thereto along a predetermined path of
      travel as the upper gripping member 42 is slidingly moved in the chamber
      26 in the compacting direction 74 and in the return direction 72. The
      upper curved portion 108 of the cam recess 106 guides the cam projection
      104 along a curved path rotating the upper gripping member 42 as the upper
      gripping member 42 is moved in the compacting direction 74 from the start
      position when the upper griping member 42 is engaged via the stop surface
      56 of the post 54 toward the lower end 22 of the housing 18. After the
      upper gripping member 42 has been rotated following a path of travel
      defined via the cam projection 104 and the cam recess 106, the path of
      travel of the upper gripping member 42 is defined via the substantially
      straight portion 110 of the cam recess 106 and the upper gripping member
      42 is thus slidingly moved in the compacting direction 74 generally along
      a straight or axial path of travel.
PAR  The initial rotation of the upper gripping member 42 defined via the curved
      portion 108 of the cam recess 106 causes the object to be compacted or the
      can to be initially twisted as the can is being compacted via closing the
      distance between the upper and the lower gripping members 42 and 30. It
      has been found that the initial rotation of the upper gripping member 42
      resulting in the initial rotating or twisting of the can during the
      compacting thereof facilitates the compacting of the can and results in a
      decreased amount of energy being required for the compacting of the can.
      In a preferred form, it has been found preferable to initially rotate the
      upper gripping member 42 thereby twisting the can to be compacted via an
      amount less than ninety degrees, and preferably less than 45.degree.. The
      initial rotation of the upper gripping member 42 and the resulting initial
      twisting of the can to be compacted functions to weaken the structural
      integrity of the can and facilitate the compacting of the can in a manner
      which requires less energy and the can is compacted in a faster and more
      convenient manner.
PAR  It should be noted that a spiral thread can be formed on the rod 62 and the
      rod 62 can then be threadedly disposed through a threaded opening formed
      through an extended portion of the post 54 in lieu of the cam projection
      104 and cam recess 106. The threaded rod 62 and cooperating threaded
      opening function to rotate the upper gripping member 42 as the gripping
      member is moved in the compacting direction 74 via the handle 76 engaging
      the rod 62 in a manner described before.
PAC  OPERATIONS OF FIGS. 1 AND 2
PAR  In the initial or start position of the compacter 10, the second handle
      member 90 is disposed in the handle recess 100 formed in the housing 18
      upper end 20 and the upper gripping member 42 is positioned adjacent and
      abutting the stop surface 56 of the post 54, the upper gripping member 42
      being positioned a maximum distance from the lower gripping member 30
      forming the can receiving space 60 between the upper and the lower
      gripping members 42 and 30. In this position, a can to be compacted is
      inserted through the can receiving opening 28 into the can receiving space
      60 to a position wherein the lower end 16 of the can 12 is grippingly
      engaged via the gripping surface 40 of the lower gripping member 30 and
      the can top 14 is disposed generally below the gripping surface 52 of the
      upper gripping member 42, the can being positioned in the can receiving
      space 60 substantially as shown via the dashed-line can 12 in FIG. 2.
PAR  After the object or can to be compacted has been positioned in the can
      receiving space 60, the handle 76 is then moved to an operating position
      by first moving the second handle member 90 in the direction 96 to a
      position wherein the ends of the first and the second handle members 88
      and 90 generally adjacent the hinge 92 engage positioning the first and
      the second handle members 88 and 90 in a substantially coplanar
      disposition, the second handle member 90 being moved to the coplanar
      disposition as indicated via the dashed-line segment of the second handle
      member 90 shown in FIG. 2. In this position, the handle 76 is supported in
      an angularly extending position via the engagement between the handle 76
      and the ledge 68 of the rod 62, a portion of the handle 76 generally
      opposite the end pivotally connected to the post 54 extending through the
      upper portion of the handle opening 98 formed through the housing 18.
PAR  The handle 76 is then moved in the first pivot direction 84 thereby moving
      the upper gripping member 42 in the compacting direction 74 via the
      engagement between the handle 76 and the ledge 68 of the rod 62. As the
      upper gripping member 42 is slidingly moved in the compacting direction
      74, the gripping surface 52 of the upper gripping member 42 is moved into
      gripping engagement with the can top 14. Further, as the upper gripping
      member 42 is slidingly moved in the compacting direction 74 via the handle
      76, the cam projection 104 is guided along the curved portion 108 of the
      cam recess 106 thereby rotating the upper gripping member 42 about a
      rotational axis substantially corresponding to the axial center line of
      the housing 18 chamber 26. The gripping engagement between the upper
      gripping member 42 gripping surface 52 and the can top 14 and between the
      lower gripping member 30 gripping surface 40 and the can bottom 16 secures
      the can and prevents rotation of the can about the can center line axis
      relative to the upper and the lower gripping members 42 and 30 while the
      upper gripping member 42 is moved in the compacting direction 74 toward
      the lower gripping member 30 thereby compacting or flattening the can 12.
PAR  Since the rotation of the can 12 relative to the upper and the lower
      gripping members 42 and 30 is substantially prevented via the gripping
      engagement between the can 12 and the gripping surfaces 52 and 40, the can
      12 is twisted about the can center line axis as the upper gripping member
      42 is rotated via the movement of the cam projection 104 within the curved
      portion 108 of the cam recess 106. As mentioned before, the curved portion
      108 of the cam recess 106 is disposed generally near the upper end of the
      cam recess 106 and thus the can 12 is twisted about the can center line
      axis during the initial portion of the compacting stroke, the cam
      projection 104 being subsequently guided into and through the straight
      portion 110 of the cam recess 106 as the upper gripping member 42 is moved
      further in the compacting direction 74 to a position wherein the upper
      gripping member 42 is disposed generally near the lower gripping member 30
      and the can 12 is substantially compacted or flattened generally between
      the upper and the lower gripping members 42 and 30.
PAR  After the handle 76 has been moved in the compacting direction 74 to a
      position wherein the can is substantially flattened or compacted between
      the upper and the lower gripping members 42 and 30, the handle 76 is
      released and the upper gripping member 42 is biasingly pulled in the
      return direction 72 via the return spring 70. The upper gripping member 42
      is slidingly moved in the return direction 74 via the biasing force of the
      return spring 70 to a position wherein the upper face 44 of the upper
      gripping member 42 engages a portion of the stop surface 56 of the post 54
      thereby positioning the upper gripping member 42 in the predetermined
      start position within the housing 18 chamber 26. After the upper gripping
      member 42 has been repositioned in the start position, the compacted or
      flattened can is then removed from the can receiving space 60 via the can
      receiving opening 28 and the compacter 10 is thus positioned to receive
      and compact another can.
PAR  The elongated opening 102 formed in the handle 76 facilitates the movement
      of the reduced diameter portion 66 of the rod 62 generally within the
      opening 102 between the end of the handle 76 pivotally connected to the
      post 54 and the opposite end of the handle 76 as the handle 76 is moved in
      the first pivot direction 84 moving the upper gripping member 42 in the
      compacting direction 74 and as the handle 76 is moved in the second pivot
      direction 86 as the return spring 70 biasingly pulls the upper gripping
      member 42 in the return direction 72. The ledge 68 on the rod 62 is
      positioned to support the handle 76 in an angularly extending position
      such that the hinge 92 connection between the first and the second handle
      members 88 and 90 is disposed generally near the upper end 20 of the
      housing 18 in the start position of the upper gripping member 42, the
      handle 76 being thus positioned so that the second handle member 90 can be
      quickly and conveniently moved in the direction 94 to a storage position
      disposing the second handle member 90 generally within the handle recess
      100 formed in the upper end 20 of the housing 18.
PAC  EMBODIMENTS OF FIGS. 3 AND 4
PAR  Shown in FIGS. 3 and 4 is a modified compacter 10a having a modified
      housing 18a with a modified lower and upper gripping members 30a and 42a
      disposed in the housing 18a chamber 26a, the upper gripping member 42a
      being moveable in a return direction 72a and in a compacting direction 74a
      via a modified handle 76a. The compacter 10a is constructed such that the
      object to be compacted such as the can 12 shown in dashed lines in FIGS. 3
      and 4 is rotated or twisted about the can's center line axis as the lower
      and the upper gripping members 30a and 42a are moved to a compacting
      position for reasons described before with respect to the compacter 10
      (shown in FIGS. 1 and 2) and in a manner to be described in greater detail
      below with respect to the modified compacter 10a.
PAR  The housing 18a is constructed similar to the housing 18, described in
      detail before, and includes an upper end 120, lower end 122, an outer
      periphery or wall 124 and a chamber 126 formed therein and extending
      generally between the housing upper and lower ends 120 and 122. The
      housing 18a has a generally square-shaped cross section and a can
      receiving opening 128 is formed through a portion of the outer periphery
      124, the can receiving opening 128 communicating with a portion of the
      chamber 126 and being positioned for receiving the objects to be compacted
      in a manner similar to that described before with respect to the housing
      18 chamber 26 and the can receiving opening 28. More particularly, the
      housing 18a includes a first and a second side 130 and 132 and a front and
      a rear side 134 and 136, the can receiving opening 128 being more
      particularly formed through the front side 134.
PAR  A first channel 138 is formed on the first side 130 and a second channel
      140 is formed on the second side 132 the first channel 138 being disposed
      generally on a central portion of the first side 130 and extending
      generally between the upper and the lower ends 120 and 122 of the housing
      18a and the second channel 140 being disposed generally on a central
      portion of the second side 132 and extending generally between the upper
      and the lower ends 120 and 122 of the housing 18a. The first channel 138
      is aligned with the second channel 140 and the first and the second
      channels 138 and 140 are each disposed within a portion of the chamber 126
      and extend axially through the chamber 126, for reasons which will be made
      more apparent below.
PAR  A slide bar 142 is secured to a central portion of the upper face 44a of
      the upper gripping member 42a, the slide bar 142 extending diametrically
      across the upper face 44a and each of the opposite ends of the slide bar
      142 extend a distance radially beyond the outer peripheral surface 47a of
      the upper gripping member 42a. One end of the slide bar 142 is slidingly
      disposed in the first channel 138 and the opposite ends of the slide bar
      142 is slidingly disposed in the second channel 140, the slide bar 142
      being thus slidingly retained within the first and the second channels 138
      and 140 and the first and the second channels 138 and 140 cooperate with
      the slide bar 142 to prevent the upper gripping member 42a from rotating
      about the housing 18a center line axis as the upper gripping member 42a is
      moved in the compacting direction 74a and the return reduction direction
      72a during the operation of the compacter 10a.
PAR  An annular recess 144 is formed in the lower end 122 of the housing 18a and
      the lower gripping member 30a is rotatingly disposed within the annular
      recess 144. A circularly shaped gear 146 is secured to a central portion
      of the lower face 34a of the lower gripping member 30a and a shaft 148 is
      secured to a central portion of the gear 146, the shaft 148 extending the
      distance radially from the gear 146 and being journally disposed in a
      shaft recess 150 formed in the lower end 122 of the housing 18a. A
      plurality of gear teeth 152 are formed on the outer periphery of the gear
      146 forming the annular geared surface extending about the lower gripping
      member 30a.
PAR  A handle opening 156 is formed through the central portion of the rear side
      136 of the housing 18a and the handle opening 156 extends generally
      axially between the upper and the lower ends 120 and 122 of the housing
      18a. The handle 76a, more particularly, comprises a plate 158 having an
      upper plate face 160 and a lower plate face 162, a flange 164 being
      secured to a central portion of the lower plate face 162. One end of the
      flange 164 extends a distance beyond the plate 158 and is movably disposed
      generally within the handle opening 156 formed in the housing 18a. The end
      of the flange 164 extending through the handle opening 156 is secured to a
      slide member 166, to the plate 158 via the flange 164, the flange 164
      being secured to a central portion of the slide member 166.
PAR  A rail 168 is secured to the first side 130 of the housing 28a and the rail
      168 extends generally between the upper and the lower ends 120 and 122 of
      the housing 18a, the rail 168 being spaced a distance from the rear side
      136 forming a first slide channel 170 disposed generally near the rear
      side 136 and the first side 130 of the housing 18a. Another rail 172 is
      secured to the second side 132 of the housing 18a, the rail 172 extending
      generally between the upper and the lower ends 120 and 122 of the housing
      18a. The rail 172 extends a distance from generally perpendicularly from
      the second side 132 and is spaced a distance from the rear side 136 of the
      housing 18a forming a second side channel 174 disposed near the second
      side 132 and near the rear side 136 of the housing 18a.
PAR  The second slide channel 174 is aligned with the first slide channel 170,
      the first slide channel 170 being sized and disposed to slidingly receive
      one end of the slide member 166 and the second slide channel 174 being
      sized and disposed to slidingly receive the opposite end of the slide
      member 166. Thus, the slide member 166 is retained in a predetermined
      guide path via the first and second slide channels 170 and 174 and the
      slide member 166 is slidingly disposed in the first and the second slide
      channels 170 and 174 for sliding movement therein generally between the
      upper and the lower ends 120 and 122 of the housing 18a.
PAR  A pair of first guide pulley wheels 176 and 178 are secured to a shaft 180,
      one end of the shaft 180 being journally and rotatingly connected to the
      first side 130 via a bearing 181 and the opposite end of the shaft 180
      being journally and rotatingly connected to the second side 132 via a
      bearing 183. The shaft 180 thus extends generally between the first and
      the second sides 130 and 132 and is disposed generally within the chamber
      126 spaced a distance above the upper gripping member 42a and generally
      near the housing upper end 120. The first guide pulley wheels 176 and 178
      are spaced apart a predetermined distance on the shaft 180, the first
      guide pulley wheel 176 being disposed generally on one side of the upper
      gripping member 42a and the other first guide pulley wheel 178 being
      disposed generally on the opposite side of the upper gripping member 42a.
PAR  A pair of second guide pulley wheels 182 and 184 are secured to a shaft
      186, the shaft 186 being disposed generally near the lower end 122 of the
      housing 18a. More particularly, the shaft 186 is journally supported via a
      pair of bearings 188 and 190, the bearing 188 being secured to the first
      side 130 and journally supporting one end of the shaft 186 and the bearing
      190 being secured to the second side 132 and journally supporting the
      opposide end of the shaft 186. The shaft 186 is, more particularly,
      disposed generally within the annular recess 144 formed in the housing 18a
      lower end 122 as shown more clearly in FIG. 3. A drive gear 192, which is
      preferably constructed in the form of a worm gear, as shown in FIG. 4, is
      secured to a central portion of the shaft 186 and the shaft 186 is
      disposed with respect to the circularly shaped gear 146 such that the
      drive gear 192 gearingly and drivingly engages the circularly shaped gear
      146 as the shaft 186 is rotated during the operation of the compacter 10a.
PAR  A pair of third guide pulley wheels 194 and 196 are secured to a shaft 198,
      the third guide pulley wheels 194 and 196 being spaced apart a
      predetermined distance axially along the shaft 198, as shown more clearly
      in FIG. 4. One end of the shaft 198 is journally supported via a bearing
      (not shown) secured to the first side 130 of the housing 18a and the
      opposite end of the shaft 198 is journally supported via bearing (not
      shown) secured to the second side 132 of the housing 18a, the shaft 198
      extending across and being journally supported within the housing chamber
      126 near the housing lower end 122.
PAR  The first guide pulley wheel 176, the second guide pulley wheel 182 and the
      third guide pulley wheel 194 are each generally aligned within the chamber
      126 and a cable 204 is disposed over each of the guide pulley wheels 176,
      182 and 194. The first guide pulley wheel 178, the second guide pulley
      wheel 184 and the third guide pulley wheel 196 are also generally aligned
      and supported within the housing chamber 126 and a cable 206 is disposed
      generally over the guide pulley wheels 178, 184 and 196. One end of the
      cable 204 is secured to the slide member 166 and the opposite end of the
      cable 204 is secured to the slide bar 142 attached to the upper gripping
      member 42a, the cable 204 thereby connecting the handle 76a and the upper
      gripping member 42a. One end of the cable 206 is secured to the slide
      member 166 on the opposite end of the cable 206 secured to the slide bar
      142, the cable 206 thereby connecting the handle 76a and the upper
      gripping member 42a.
PAR  The drive gear 192 is gearingly connected to the gear teeth 152 of the gear
      146 on the lower gripping member 30a and the gear 192 thus drivingly
      rotates the gear 146 and lower gripping member 30a connected thereto in a
      driven position of the gear 192 wherein the shaft 186 is drivingly
      rotated. The cables 204 and 206 are each connected to the handle 76a and
      to the second guide pulley wheels 182 and 184 on the shaft 186 such that,
      when the handle 76a is slidingly moved in the compacting direction 74a,
      the cables 204 and 206 are each moved in the cable direction 208, as shown
      in FIG. 3 with respect to the cable 206. The movement of the cables 204
      and 206 in the cable direction 208 drivingly rotates the shaft 186 via the
      connection between the cable 204 and the second guide pulley wheel 182 and
      the connection between the cable 206 and the second guide pulley wheel 184
      thereby drivingly rotating the gear 192 causing the rotation of the lower
      gripping member 30a via the gearing connection between the gear 192 and
      the gear 146. Further, when the handle 76a is moved in the compacting
      direction 74a, the upper gripping member 42a is pulled in the compacting
      direction 74a due to the connection between the handle 76a and the upper
      gripping member 42a via the cables 204 and 206. Thus, the cables 204 and
      206 are each connected between the handle 76a, the upper gripping member
      42a and the lower gripping member 30a such that, when the handle 76a is
      moved in the compacting direction 74a, the upper gripping member 42a is
      pulled in the compacting direction 74a and the lower gripping member 42a
      is rotated via the gearing connection between the gears 192 and 146, the
      compacter 10a thus operating to compact the can and simultaneously cause
      the can to be rotated in a manner and for reasons similar to that
      described before with respect to the compacter 10.
PAR  One end of a return spring 220 is connected to the upper end 120 of the
      housing 18a and the opposite end of the return spring 220 is connected to
      the upper face 44a of the upper gripping member 42a or, more particularly,
      to the slide bar 142. The return spring 220 biases the upper gripping
      member 42a in the return direction 72a, and thus the handle 76a is moved
      in the compacting direction 74a against the biasing force of the return
      spring 220. After the object has been compacted, the return spring 220
      biasingly pulls the upper gripping member 42a in the return direction 72a
      toward the start position.
PAC  OPERATION OF FIGS. 3 and 4
PAR  The compacter 10a, will operate to substantially compact or flatten an
      object such as a metal can or the like in a manner similar to that
      described before with respect to the compacter 10 (shown in FIGS. 1 and
      2). In the initial or start position of the compacter 10a, as shown in
      FIGS. 3 and 4, the upper gripping member 42a is disposed generally near
      the upper end 120 of the housing 18a and spaced a predetermined distance
      210 from the lower gripping member 30a thereby forming a can receiving
      space 212 generally between the upper and the lower gripping members 42a
      and 30a. The can receiving space 212 is generally aligned with the can
      receiving opening 128 formed through the housing 18a, in a manner and for
      reasons described before with respect to the can receiving space 60 and
      the can receiving opening 28. Further, in the initial or start position of
      the compacter 10a, the handle 76a is slidingly disposed within the first
      and the second slide channels 170 and 174 and positioned generally near
      the upper end 120 of the housing 18a.
PAR  In this start position of the compacter 10a, the object to be compacted is
      inserted through the can receiving opening 128 into the can receiving
      space 212 generally between the upper and the lower gripping members 42a
      and 30a. As shown in FIG. 3, the can 14 has been placed in the compacting
      position between the upper and the lower gripping members 42a and 30a, the
      bottom 16 of the can 14 being grippingly engaged via the gripping surface
      40a formed on the lower gripping member 30a.
PAR  After the object to be compacted or the can has been placed in the initial
      compacting position between the upper and the lower gripping members 42a
      and 30a, the handle 76a is moved in the compacting direction 74a against
      the biasing force of the return spring 220, the handle 76a being slidingly
      retained via the first and the second slide channels 170 and 174 as the
      handle 76a is being moved in the compacting direction 74a. The movement of
      the handle 76a in the compacting direction 74a causes the upper gripping
      member 30a to be slidingly moved in the compacting direction 74a due to
      the connection between the handle 76a and the upper gripping member 42a
      formed via the cables 204 and 206. The ends of the slide bar 142 are
      slidingly disposed in the first and the second channels 138 and 140 and
      the slide bar 142 cooperates to retain the upper gripping member 42a in a
      predetermined path of travel as the upper gripping member 42a in a
      predetermined path of travel as the upper gripping member 42a is moved in
      the compacting direction 74a, the sliding connection between the slide bar
      142 and the first and the second slide channels 138 and 140 also
      cooperating to prevent the rotation of the upper gripping member 42a in
      the chamber 126 during the movement of the upper gripping member 42a in
      the compacting direction 74a.
PAR  The upper gripping member 42a is thus moved into gripping engagement with
      the top 14 of the can 12 via the movement of the handle 76a, the top 14 of
      the can 12 being grippingly engaged via the gripping surface 52a of the
      upper gripping member 42a. After the initial gripping engagement between
      the top 14 of the can 12 and the gripping surface 52a of the upper
      gripping member 42a, the handle 76a is further moved in the compacting
      direction 74a thereby further moving the upper gripping member 42a in the
      compacting direction 74a and compacting the can 12 generally between the
      upper and the lower gripping members 42a and 30a. The gripping engagement
      between the bottom 16 of the can 12 and the gripping surface 40a of the
      lower gripping member 30a and the gripping engagement between the top 14
      of the can 12 and the gripping surface 52a of the upper gripping member
      42a prevents the rotation of the can 12 about the can center line axis
      relative to the upper and the lower gripping members 42a and 30a or, in
      other words, the ends 14 and 16 of the can 12 are each secured in a
      stationary position relative to one of the upper and the lower gripping
      members 42a and 30a via the gripping engagement therebetween.
PAR  As the handle 76a is moved in the compacting direction 74a, the shaft 186
      is rotated via the cables 204 and 206 connected to the second guide pulley
      wheels 182 and 184, respectively, thereby rotating the lower gripping
      member 30a due to the gearing interconnection between the gear 192 and the
      gear 146 formed on the lower face 34a of the gripping member 30a. Since
      the bottom 16 of the can 12 is secured in a stationary position relative
      to the lower gripping member 30a via the gripping engagement between the
      gripping surface 40a and the bottom 16 of the can 12, the rotation of the
      lower gripping member 30a rotates the can 12 about the center line axis of
      the can thereby rotating or twisting the can about the can center line
      axis as the can is being compacted between the upper and the lower
      gripping members 42a and 30a. The twisting of the can 12 as can 12 is
      being compacted functions to weaken the structural integrity of the can
      and enhance and facilitate the compacting of the can in a manner described
      before with respect to the compacter 10.
PAR  The degree or amount of rotation of the lower gripping member 32a is
      primarily a function of the gear 192 and 146 and the size of the second
      guide pulley wheels 182 and 184. In a preferred form, the can is rotated
      approximately ten degrees about the can center line axis during the
      compacting thereof, the can being preferably rotated less than 45.degree.,
      for reasons and in a manner described in detail before with respect to
      compacter 10a.
PAC  EMBODIMENT OF FIG. 5
PAR  Shown in FIG. 5 is another modified compacter 10b which is constructed
      exactly like the compacter 10a, shown in FIGS. 3 and 4 and described in
      detail before, except the compacter 10b includes a pair of return springs
      220b, one of the return springs 220b being disposed in the first slide
      channel 170 and the other return spring 220b being disposed in the second
      slide channel 174 (the last-mentioned return spring 220b in the second
      slide channel 174 not being shown in FIG. 5). Each of the return springs
      220 biasingly engages the slide member 166 of the handle 76a and
      cooperates to bias the handle 76a in the return direction 72a.
PAR  The compacter 10b also includes a pair of fourth guide pulley wheels 230
      rotatingly secured to a shaft 232 whiich is disposed in the chamber 126
      and secured to the housing 18a generally above the upper gripping member
      42a near the housing upper end 120. The fourth guide pulley wheels 230 are
      spaced a distance apart on the shaft 232 and one of the fourth guide
      pulley wheels 230 is generally aligned the guide pulley wheels 176, 182
      and 194, the other fourth guide pulley wheel 230 being generally aligned
      with the guide pulley wheels 178, 184 and 196. It should be noted that
      only one of the fourth guide pulley wheels 230 is shown in FIG. 5 for the
      purpose of clarity.
PAR  The compacter 10b also includes a pair of return cables 242, only one of
      the return cables 242 being shown in FIG. 5. One end of each of the return
      cables 242 is connected to the slide member 166 of the handle 76a and the
      opposite end of each of the return cables 242 is connected to the slide
      bar 142 attached to the upper gripping member 42a. One of the return
      cables 242 (shown in FIG. 5) is disposed over the aligned pulley wheels
      182, 176 and 230 and the other return cable 242 (not shown in FIG. 5) is
      disposed over the aligned pulley wheels 184, 178 and 230.
PAR  The compacter 10b will operate in a manner exactly like the compacter 10a
      except the handle 76a is moved in a compacting direction 74a against the
      biasing force of the return spring 220b and the return cables 242 each
      move in the cable compacting direction 246 allowing the upper gripping
      member 42a to be pulled in the compacting direction 74a via the cables 204
      and 206. After the object has been compacted, the handle 76a is released
      and the return spring 220b biases the handle 76a in the return direction
      72a. As the handle 76a is biased in the return direction 72a, the cables
      204 and 206 are each pulled in the cable direction 208 in a manner
      described before, and the return cables 242 are each pulled in a cable
      direction 248 pulling the upper gripping member 42a in the return
      direction 72a to a start position.
PAC  EMBODIMENT OF FIG. 6
PAR  Schematically and diagramatically shown in FIG. 6 is another modified can
      compacter 10c and the compacter 10c is constructed and operates in a
      manner similar to that described before with respect to the compacter 10b,
      except the compacter 10c is constructed to be utilized in cooperation with
      a can opener mechanism such as a can opener mechanism of an existing can
      opener or modification thereof, for example, and the motor utilized to
      drive the existing can opener mechanism is also utilized to drive the
      compacter.
PAR  As diagramatically and schematically shown in FIG. 6, the compacter 10c
      includes a motor 260 having an output drive shaft 262 connected to a main
      drive gear 264, the motor 262 drivingly rotating the main drive gear 264
      in an actuated on position thereof. The motor 260 is connected to a motor
      control 266 and the motor control 266 is constructed to position the motor
      260 in the "on" position drivingly rotating the output drive shaft 262 in
      one position thereof and to position the motor 260 in the "off" position
      in one other position thereof. Motors and motor controls operated in a
      manner described before with respect to the motor 260 and the motor
      control 266 are well-known in the art and commercially available, a
      further description of the construction and operation of the motor 260 and
      the motor control 266 not being deemed necessary.
PAR  In one preferred form, the main drive gear 264 is constructed in the form
      of a bevel gear and a bevel type compacter drive gear 268 is gearingly
      connected to one portion of the main drive gear 264 and a bevel type can
      opener drive gear 270 is gearingly connected to one other portion of the
      main drive gear 264. The main drive gear 264 drivingly rotates the
      compacter drive gear 268 and the can opener drive gear 270 in an "on"
      position of the motor 260 drivingly rotating the main drive gear 264.
PAR  The can opener drive gear 270 is connected to a can opener mechanism 272
      via a drive shaft 274, a clutch 276 being interposed in the drive shaft
      274 between the can opener mechanism 272 and the can opener drive gear
      270. The clutch 276 has an "engaged" position and a "dis-engaged" position
      and is constructed to mechanically connect the can opener mechanism 272 to
      the can opener drive gear 270 in the "engaged" position via the drive
      shaft 274, the can opener mechanism 272 being disconnected from the can
      opener drive gear 270 in the "disengaged" position of the clutch 276.
PAR  The clutch 276 is connected to a clutch control 282 and the clutch control
      282 is constructed to position the clutch 276 in the "engaged" position in
      one position of the clutch control 282 and the position of clutch 276 in
      the "disengaged" position in one other position of the clutch control 282.
      The clutch 276 and the clutch control 282 may be mechanically connected in
      one preferred form or electrically connected in one other preferred form
      depending upon the various design and manufacturing considerations of a
      particular compacter application.
PAR  Clutches and clutch controls constructed for and operating in a manner
      similar to that described before with respect to the clutch 276 and the
      clutch control 282 are well-known in the art and commercially available.
      Further, can opener mechanisms constructed to automatically open cans by
      severing one end of the can in a manner allowing the severed end of the
      can to be removed are well-known in the art and commercially available.
PAR  As mentioned before the compacter 10c is constructed similar to the
      compacter 10b, one other difference being that the compacter 10c does not
      include a handle similar to the handle 76a, rather the moving of the upper
      gripping member 42a to a compacting position, the return of the upper
      gripping member 42a to the start position and the rotation of the lower
      gripping member 30a are each automatically accomplished in the compacter
      10c. The shaft 186c is rotatingly supported in the chamber 126 of the
      housing 18a and the shaft 186c is connected to the compacter drive gear
      268, the shaft 186c being rotatingly driven via the compacter drive gear
      268 when connected thereto.
PAR  A clutch 288 is interposed in the shaft 186c and the clutch 288 has an
      "engaged" position and a "disengaged" position similar to the clutch 276,
      described before. The clutch 288 is mechanically or electrically connected
      to the clutch control 282, and the clutch control positions the clutch 288
      in the "engaged" position in one position of the clutch control 282, the
      clutch control 282 positioning the clutch 288 in the "disengaged" position
      in one other position of the clutch control 282. The clutch control 282 is
      particularly constructed, in one preferred form, to position the clutch
      276 in the "engaged" position and simultaneously position the clutch 288
      in the "disengaged" position in one position of the clutch control 282,
      and to position the clutch 276 in the "disengaged" position and
      simultaneously position the clutch 288 in the "engaged" position in one
      other position of the clutch control 282.
PAR  Thus, the clutch control 282 is connected to the clutches 276 and 288 such
      that the drive shaft 274 connects the can opener drive gear 270 and the
      can opener mechanism 272 via the clutch 276 and the compacter drive gear
      268 is disconnected from the shaft 186c in one position of the clutch
      control 282, and the can opener drive gear 270 is disconnected from the
      can opener mechanism 272 and the compacter drive gear 268 is drivingly
      connected to the shaft 186c in one other position of the clutch control
      282. The can opener mechanism 272 is operated in a nonoperative position
      of the compacting mechanism, and the compacting mechanism of the presesnt
      invention is particularly constructed to be utilized in cooperation with
      an existing can opener mechanism with a minimum of modification, both
      being driven independently via the same driving force or motor., i.e. the
      motor 260, for example.
PAR  The guide pulley wheels 182c and 184c are each secured to the shaft 186c in
      a manner described before, and a pair of spaced guide pulley wheels 286
      are also secured to the shaft 186c. One end of a cable 204c is secured to
      the guide pulley wheel 182c, one end of each of the return cables 242c is
      secured to one of the guide pulley wheels 286, and one end of the cable
      206c is secured to the guide pulley wheel 184c.
PAR  The cable 204c is disposed over the guide pulley wheel 194 and the end of
      the cable 204c, opposite the end connected to the guide pulley wheel 182c,
      is connected to the slide bar 142. The cable 206c is disposed over the
      guide pulley wheel 196 and the end of the cable 206c, opposite the end
      connected to the guide pulley wheel 184c, is connected to the slide bar
      142. Each of the return cables 286 is disposed over one of the guide
      pulley wheels 176 and 178 and over one of the guide pulley wheels 230, and
      the end of each return cable 286, opposite the end connected the guide
      pulley wheels 286, is secured to the slide bar 142. It should be noted
      that additional guide pulley wheels can be located on the shafts 180 and
      232 to accommodate the return cables 286.
PAR  The guide pulley wheels 182c, 184c and 286 are each secured to the shaft
      186c and each is constructed in the form of a reel for reeling in a cable
      connected thereto in one rotating direction of the shaft 186 and for
      releasing a cable therefrom in one other rotating direction of the shaft
      186c. In a preferred form, the motor 262 is, more particularly, a
      reversable motor rotating the drive shaft 262 in one direction drivingly
      rotating the shaft 186c in compacting direction at rotation 290 via the
      main drive gear 264 and the compacter drive gear 268 and rotating the
      drive shaft 262 in a reverse direction drivingly rotating the shaft 186c
      in a return direction of rotation 292 via the main drive gear 264 and the
      compacter drive gear 268.
PAR  When the shaft 186c is driven in the direction of rotation 290, the cables
      204c and 206c are each reeled about one of the guide pulley wheels 182c
      and 184c  thereby pulling the upper gripping member 42a in the compacting
      direction. Further, when the shaft 186c is driven in the direction 290,
      the return cables 242c are each released from one of the guide pulley
      wheels 286 and 286 allowing the upper gripping member 42a to be moved or
      pulled in the compacting direction 74a. When the shaft 186c is driven in
      the opposite direction of rotation 292, the cables 204c and 206c are each
      released from one of the guide pulley wheels 182c and 184c and the return
      cables 242c are each reeled about one of the guide pulley wheels 286
      thereby pulling the upper gripping member 42a in the return direction 72a
      to the start position.
PAR  A micro-switch or some other form of appropriate switch can be positioned
      in the chamber 126 of the compacter 10c engaging the upper gripping member
      42a in the start position thereof and another switch can be positioned to
      engage the upper gripping member 42a in the compacting position thereof.
      The switches can be connected to the motor control 266 to position the
      motor 260 in the "off" position when either switch is engaged via a
      portion of the upper gripping member 42a. In this manner, the operation of
      the compacter 10c including the can opener mechanism 272 is essentially
      automatic and the manual controls for operating the clutch control 282 and
      the motor control 266 can be conveniently located on the compacter
      housing.
PAR  The compacters described herein thus provide a quick, convenient and
      economical apparatus for substantially flattening objects such as metal
      cans and the like. Further, the method of flattening or compacting objects
      described herein provides an efficient and economical method for
      compacting objects such as metal cans and the like. In either event, the
      securing of the object to be compacted in a substantially stationary
      position with respect to the upper and the lower gripping members while
      simultaneously rotating at least one of the gripping members to rotate or
      twist the object during the compacting stroke has been found to enhance
      and facilitate the compacting of the object.
PAR  Changes may be made in the construction of the various elements and
      assemblies of the compacters described herein and in the steps of the
      method of compacting objects as described herein without departing from
      the spirit and the scope of the invention as defined via the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compacter for compacting objects such as metal cans and the like,
      comprising:
PA1  a housing having an upper end, a lower end, a chamber formed in a portion
      thereof, and a handle opening disposed near the upper end and intersecting
      a portion of the housing chamber;
PA1  a lower gripping member disposed in the housing chamber, having an upper
      face, a lower face, an outer periphery and a gripping surface formed in
      the upper face;
PA1  an upper gripping member disposed in the housing chamber, having an upper
      face, a lower face, an outer periphery and a gripping surface formed in
      the lower face, the gripping surface of the upper gripping member and the
      gripping surface of the lower gripping member each being grippingly
      engageable with a portion of the object to be compacted for securing an
      adjacent portion of the object to be compacted in a substantially
      stationary position relative to the upper gripping member and the lower
      gripping member in gripping engagement therewith during the compacting of
      the object to be compacted, the upper gripping member being spaced a
      predetermined distance from the lower gripping member in a start position
      for receiving the object to be compacted therebetween, the upper gripping
      member being slidingly disposed in the housing chamber and movable in a
      compacting direction toward the lower gripping member to a compacting
      position reducing the space between the upper gripping member and the
      lower gripping member and compacting the object to be compacted, and the
      upper gripping member being removable in a return direction away from the
      lower gripping member;
PA1  means having a portion connected to at least one of the gripping members
      rotating the gripping member connected thereto thereby rotating the object
      to be compacted in gripping engagement with the gripping members for
      facilitating the compacting thereof; and
PA1  a handle having opposite ends, one end movably secured to a portion of the
      housing and a portion engageable with a portion of the upper gripping
      member, the end of the handle opposite the end movably secured to the
      housing extending through the handle opening, and the handle movable in
      one direction engaging a portion of the upper gripping member slidingly
      moving the upper gripping member in the compacting direction, the handle
      including:
PA2  a first handle member, having opposite, ends, one end being movably
      connected to the housing; and
PA1  a second handle member, having opposite ends, one end hingedly connected to
      the end of the first handle member movably connected to the housing, the
      second handle member movable in one direction to a position extending in
      substantially the same plane as the first handle member and the first and
      the second handle members movable in one direction engaging a portion of
      the upper gripping member in this position at the first and the second
      handle members, and the second handle member movable in one other
      direction to a position generally adjacent the housing upper end.
NUM  2.
PAR  2. A compacter for compacting objects such as metal cans and the like,
      comprising:
PA1  a housing having an upper end, a lower end and a chamber formed in a
      portion thereof;
PA1  a lower gripping member disposed in the housing chamber, having an upper
      face, a lower face and a gripping surface on the upper face;
PA1  an upper gripping member disposed in the housing chamber, having an upper
      face, a lower face and a gripping surface formed on the lower face, the
      gripping surface of the upper gripping member and the gripping surface of
      the lower gripping member each being grippingly engageable with a portion
      of the object to be compacted for securing an adjacent portion of the
      object to be compacted in a substantially stationary position relative to
      the upper gripping member and the lower gripping member in gripping
      engagement therewith during the compacting of the object to be compacted,
      the upper gripping member being spaced a distance from the lower gripping
      member in a start position for receiving the object to be compacted
      therebetween, at least one of the upper gripping member and the lower
      gripping member being movably supported in the housing chamber for moving
      the upper and the lower gripping members to a compacting position reducing
      the space therebetween and compacting the object to be compacted; and
PA1  means, having a portion connected to at least one of the upper gripping
      member and the lower gripping member, for rotating the one of the upper
      gripping member and the lower gripping member connected thereto during the
      initial movement of the one of the upper and the lower gripping members
      toward the compacting position, the upper gripping member and the lower
      gripping member each grippingly engaging the object to be compacted and
      the rotation by said means of the one of the upper gripping member and the
      lower gripping member twisting the object to be compacted for weakening
      the structural integrity of the object to be compacted.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the means rotating at least one of the
      upper and the lower gripping members is defined further as rotating the
      one of the upper and the lower gripping members connected thereto less
      than forty-five degrees during the initial movement of the upper and the
      lower gripping members toward the compacting position twisting the object
      to be compacted thereby weakening the structural integrity and
      facilitating the compacting thereof.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the upper gripping member and the lower
      gripping member are each defined further as including an outer periphery,
      and wherein the upper gripping member is slidingly disposed in the housing
      chamber movable in a compacting direction toward the lower gripping member
      and movable in a return direction away from the lower gripping member.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the upper gripping member includes:
PA1  a recess formed in the lower face thereof having a portion extending at an
      angle to the center line axis of the upper gripping member, the recess
      forming an annular, angularly extending wall in the upper gripping member,
      the gripping surface being formed on the annular wall for grippingly
      engaging objects having varying widths; and
PA1  wherein the lower gripping member includes a recess formed in the upper
      face thereof having a portion extending at an angle to the center line
      axis of the lower gripping member, the recess forming an annular,
      angularly extending wall in the lower gripping member, the gripping
      surface being formed on the annular wall for grippingly engaging objects
      having varying widths.
NUM  6.
PAR  6. The apparatus of claim 4 defined further to include:
PA1  a handle having opposite ends, one end moveably secured to a portion of the
      housing and a portion engageable with a portion of the upper gripping
      member, the handle moveable in one direction engaging a portion of the
      upper gripping member slidingly moving the upper gripping member in the
      compacting direction.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the handle includes an opening formed
      therethrough between the opposite ends thereof; and wherein the apparatus
      includes:
PA1  a rod having one end secured to the upper face of the upper gripping member
      and extending a distance therefrom, the end of the rod, opposite the end
      secured to the upper gripping member extending through the opening in the
      handle and an annular ledge formed on the rod engageable with a portion of
      the handle, a portion of the handle generally near the opening
      therethrough engaging the annular ledge moving the upper gripping member
      in the compacting direction in the one moving direction of the handle.
NUM  8.
PAR  8. The apparatus of claim 6 defined further to include:
PA1  a return spring having opposite ends, one end of the return spring
      connected to the housing upper end and the opposite end of the return
      spring connected to the upper gripping member, the return spring biasing
      the upper gripping member in a return direction generally toward the start
      position; and
PA1  a post disposed in the housing chamber, secured to the housing and having a
      stop surface engageable with a portion of the upper gripping member
      limiting the movement of the upper gripping member in the return direction
      and positioning the upper gripping member in the start position.
NUM  9.
PAR  9. The apparatus of claim 4 wherein the housing includes a cam recess
      formed in a portion thereof and disposed in the housing chamber; the cam
      recess having a curved portion and as straight portion; and wherein the
      apparatus is defined further to include:
PA1  a cam projection connected to the upper gripping member and extending a
      distance therefrom, a portion of the cam projection being disposed in the
      cam recess and the cam projection following the cam recess during the
      movement of the upper gripping member in the compacting direction, the
      upper gripping member being rotated via the cam projection following the
      cam recess during the movement of the upper gripping member in the
      compacting direction.
NUM  10.
PAR  10. The apparatus of claim 4 wherein the lower gripping member is defined
      further as being journally supported in the housing chamber and includes a
      bearing member connected to a portion thereof; and wherein the apparatus
      includes:
PA1  a drive gear journally supported in the housing chamber gearingly connected
      to the bearing member, the drive gear rotating the lower gripping member
      via the gearing connection between the drive gear and the bearing member
      in a drive position of the drive gear; and
PA1  means connected to the drive gear rotatingly driving the drive gear in one
      position thereof thereby rotating the lower gripping member to facilitate
      the compacting of the object to be compacted.
NUM  11.
PAR  11. The apparatus of claim 10 defined further to include:
PA1  a handle slidably connected to the housing;
PA1  cable means connected to the handle and to the upper gripping member, a
      portion of the cable means connected to the means rotatingly driving the
      drive gear, the upper gripping member being moved in the compacting
      direction and means rotatingly driving the drive gear being driven via the
      cable means during the sliding movement of the handle in one direction.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the housing includes a pair of
      channels formed in a portion thereof and disposed generally in the housing
      chamber; and wherein the apparatus includes:
PA1  a slide bar connected to the upper face of the upper gripping member, one
      end of the slide bar slidingly disposed in one of the pair of channels and
      the opposite end of the slide bar slidingly disposed in the other of the
      pair of channels, the sliding connection between the slide bar and the
      pair of channels maintaining the upper gripping member in a predetermined
      path of travel during the movement of the upper gripping member in the
      compacting direction.
NUM  13.
PAR  13. The apparatus of claim 11 defined further to include:
PA1  return cable means connected to the handle and to the upper gripping
      member, the return cable means pulling the upper gripping member in the
      return direction, generally opposite the compacting direction, during the
      sliding movement of the handle in one direction.
NUM  14.
PAR  14. The apparatus of claim 2 defined further to include:
PA1  a motor having an "on" position and an "off" position;
PA1  a motor control connected to the motor positioning the motor in the "on"
      position in one position of the motor control and positioning the motor in
      the "off" position in one other position of the motor control;
PA1  a main drive gear connected to the motor, the main drive gear being
      rotatingly driven in an "on" position at the motor;
PA1  a compacter drive gear gearingly connected to the main drive gear and being
      rotatingly driven via the main drive gear in a rotatingly driven position
      of the main drive gear, the compacter drive gear being connected to the
      means rotating one of the gripping members and the means rotating one of
      the upper and the lower gripping members rotating the one of the upper
      gripping member and the lower gripping member connected thereto when
      connected to the compacter drive gear and in a driven position of the
      compacter drive gear;
PA1  a clutch interposed between the compacter drive gear and the means rotating
      one of the upper and the lower gripping members, and connecting the
      compacter drive gear and the means rotating one of the upper and the lower
      gripping members in one position of the clutch;
PA1  a can opener drive gear gearingly connected to the main drive gear and
      being rotatingly driven via the main drive gear in a rotatingly driven
      position of the main drive gear;
PA1  a can opener mechanism driven via the can opener drive gear when connected
      thereto;
PA1  a clutch connected to the can opener drive gear and the can opener
      mechanism connecting the can opener drive gear and the can opener
      mechanism in one position of the clutch; and
PA1  a clutch control connected to the first mentioned clutch and to the second
      mentioned clutch positioning the first mentioned clutch in an position
      connecting the compacter driven gear and the means rotating one of the
      upper and the lower gripping members in one position of the clutch control
      and positioning the second mentioned clutch in a position connecting the
      can opener drive gear and the can opener mechanism in one other position
      of the clutch control.
NUM  15.
PAR  15. A method for compacting objects such as metal cans and the like between
      a pair of gripping members comprising the steps of:
PA1  spacing the gripping members a predetermined distance apart for receiving
      the object to be compacted therebetween;
PA1  placing the object between the two gripping members;
PA1  moving at least one of the gripping members toward the other gripping
      member into engagement with the object to be compacted;
PA1  holding the object to be compacted in a relatively stationary position with
      respect to each of the gripping members;
PA1  moving at least one of the gripping members toward the other gripping
      member thereby moving the gripping member toward a compacting position
      compacting the object between the two gripping members; and
PA1  rotating at least one of the gripping members for twisting the object to be
      compacted as the gripping members are moved toward the compacting
      position, thereby rotating and weakening the structural integrity of the
      object to be compacted during the movement of the gripping members toward
      a compacting position.
NUM  16.
PAR  16. A method for compacting objects such as metal cans and the like between
      a pair of gripping members comprising the steps of:
PA1  spacing the gripping members a predetermined distance apart for receiving
      the object to be compacted therebetween;
PA1  moving at least one of the gripping members toward the other gripping
      member into engagement with the object to be compacted;
PA1  hold the object to be compacted in a relatively stationary position with
      respect to each of the gripping members;
PA1  moving at least one of the gripping members toward the other gripping
      member thereby moving the gripping members toward a compacting position
      compacting the object between the two gripping members; and
PA1  rotating at least one of the gripping members for twisting the object to be
      compacted as the gripping members are moved toward the compacting
      position, thereby rotating and weakening the structural integrity of the
      object to be compacted during the movement of the gripping members toward
      a compacting position.
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ABST
PAL  A shredding system for reducing automobiles and other large pieces of metal
      scrap to fragments includes a feed chute for receiving the scrap and a
      shredder to which the chute directs scrap. A track feeder is located above
      the chute for both crushing the scrap and for controlling the speed at
      which it is introduced into the shredder. The vertical position of the
      track feeder is adjusted by a hydraulic system which enables the track
      feeder to float on the scrap and exert a predetermined yet variable force,
      to raise or lower under command, or to remain in a fixed position. The
      shredder has a cutter bar with four cutting edges so that when one is no
      longer effective the bar can be turned to place another cutting edge
      opposite the paths of the hammers in the shredder. Also, the cutter bar is
      adjustable toward and away from the hammer paths to maintain optimum
      spacing. In addition, the bar can be moved longitudinally so that grooves
      worn in it are moved out of alignment with the hammer paths. The hammers
      are retained on hammer shafts extended through noncircular holes in disks
      carried by the rotor shaft. The portions of the holes located farthest
      from the rotor shaft are reduced and the shaft fits snugly in these
      portions when the rotor revolves. The portions of the holes located
      closest to the rotor shaft are enlarged to permit easy withdrawal of the
      hammer shafts from the disks. The liners of the shredder housing are held
      in place by special bolt fasteners which do not shake loose under the
      heavy vibrations to which the shredder is subjected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to reducing machines and more particular
      to a shredding unit for shredding large pieces of metal scrap.
PAR  The steel from junk automobiles, applicances, and the like is valuable for
      making new steel, provided it is in an acceptable condition. Steel
      companies prefer shredded or reduced scrap which is substantially free
      from impurities such as other metals, elastomers and plastics. Heretofore,
      shredding devices have been developed for converting automobile bodies,
      frames, and large appliances into relatively small fragments, but these
      machines have required an excessive amount of maintenance and are
      difficult to repair. For example, seat covers, upholstery, plastics,
      undercoating and the like tends to pack in the clearance areas surrounding
      the hammershafts and make these shafts extremely difficult to withdraw
      which is necessary in order to replace the hammers. The problem is
      compounded by the fact that the shafts are sometimes bent or otherwise
      distorted. Also, the hammershafts are often used to hold the rotor
      together in the axial direction so that once removed, the fine fits of the
      initial assembly are lost and the rigidity of the rotor is impaired.
      Furthermore, it is desirable to have the cutter bar, over which the scrap
      is fed into the rotor, located an optimum distance from the paths
      described by the hammers, but as the hammers wear this distance changes,
      reducing the efficiency of the machine. In addition, once the cutting edge
      on the cutter bar is lost, the entire bar must be replaced. Moreover, the
      bolts which hold the liners in place shake loose and a bolt tightening
      schedule must be undertaken usually once a day.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of the present invention is to provide a
      shredding unit or system for automobiles and other large pieces of metal
      scrap which requires a minimum amount of maintenance and is substantially
      trouble free. Another object is to provide a shredding unit which is
      serviced easily and with a minimum amount of personnel. A further object
      is to provide a shredding unit which compresses the scrap to an optimum
      height before it is shredded into fragments. An additional object is to
      provide a shredding unit which can withstand substantial vibrations
      without having the bolts therein shake loose. These and other objects and
      advantages will become apparent hereinafter.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the specification and
      wherein like numerals and letters refer to like parts whenever they occur:
PAR  FIG. 1 is an elevational view of a shredding system for reducing large
      metal objects such as automobiles;
PAR  FIG. 2 is a sectional view of a shredder forming part of the overall
      shredding system;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view taken along lines 4--4 of FIG. 2 and
      showing the cutter bar of the shredder;
PAR  FIG. 5 is a fragmentary sectional view taken along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary sectional view taken along lines 6--6 of FIG. 2 and
      showing the primary grinding plate of the shredder;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 2 and showing
      elevated and depressed secondary grinding plates of the shredder;
PAR  FIG. 8 is a fragmentary sectional view of a portion of the rotor for the
      shredder;
PAR  FIG. 9 is a fragmentary sectional view of the shredder housing and showing
      fasteners for securing liners to the housing;
PAR  FIG. 10 is a sectional view of the track feeder for advancing scrap to the
      shredder;
PAR  FIG. 11 is a sectional view taken along lines 11--11 of FIG. 10;
PAR  FIG. 12 is a schematic view of the hydraulic circuit for positioning the
      track feeder, the circuit being in its manual mode for start up;
PAR  FIG. 13 is a schematic view of the hydraulic circuit in the manual mode for
      raising the track feeder;
PAR  FIG. 14 is a schematic view of the hydraulic circuit but in the manual mode
      for lowering the track feeder;
PAR  FIG. 15 is a schematic view of the hydraulic circuit when in the balance or
      automatic mode with the scrap forcing the track feeder upwardly; and
PAR  FIG. 16 is a schematic view of the hydraulic circuit in the balance mode
      with the track feeder descending under its own weight due to inadequate
      resistance offered by the scrap beneath it.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings (FIG. 1), A designates shredding unit or
      system primarily for reducing automobiles, appliances, and other large
      objects fabricated from steel to relatively small metal fragments which
      are suitable for use in current steel making processes. Basically, the
      shredding unit A comprises a shredder S, a feed chute C for directing
      scrap automobiles and the like into the shredder S, and a track feeder F
      for crushing the scrap and for controlling the speed at which it is
      introduced into the shredder S. The foregoing basic components are
      supported on a poured concrete foundation P.
PAC  The Shredder
PAR  The shredder S (FIGS. 2-9) includes a housing 2 and a rotor 4 which
      revolves in the housing 2. The housing 2 rests on the foundation P and has
      sidewalls 6 and end walls 8 and 10, as well as an open bottom through
      which reduced or fragmentized scrap is discharged from the shredder S. One
      end of the housing 2 is closed by a cover assembly of 12 (FIG. 2) which is
      hinged to the housing 2 by means of hinge pins 14 located adjacent to the
      end wall 8. The cover assembly 12, likewise has sidewalls 6 and an end
      wall 8. Normally, the cover assembly 12 is in a lowered or closed
      position, but it may be swung backwardly about the hinge pins 14 to expose
      the interior of the housing 2. Extended between the cover assembly 12 and
      the portion of the housing 2 on which the assembly 12 rests are hydraulic
      cylinders 16 for lifting the cover assembly 12 and thereby moving it to
      its open position. The end wall 10 at the opposite end of the housing 2 is
      interrupted by an inlet opening 18 which aligns with the feed chute to
      permit the introduction of scrap metal into the shredder S.
PAR  Positioned outwardly on the housing 2 from the sidewalls 6 are supports 20
      (FIG. 3) to which bearing assemblies 22 are secured, and the bearing
      assemblies 22 in turn support the rotor 4 which extends through the
      housing 2.
PAR  Attached to the inwardly presented surfaces of the sidewalls 6 on the
      housing 2 and likewise to the sidewalls 6 on the cover assembly 12 are
      grate bar supports 24 (FIGS. 2 and 4) having arcuate edges presented
      toward the rotor 4. Other portions of the sidewalls 6 on the housing 2 and
      cover assembly 12 are provided with side liners 26 having arcuate edges
      presented toward but spaced from the arcuate edges of the grate bar
      supports. These arcuate edges are of a smaller radius than the edges of
      the supports 24 so that an arcuate channel 28 exists between the grate bar
      supports 24 and the liners 26 on each of the sidewalls 6. The channels 28
      extend for about 180.degree. and are accessible when the cover assembly 12
      is open. The end walls 8 of the housing 2 and cover assembly 12 are
      provided with end liners 30 as is that portion of the end wall 10 located
      above the inlet opening 18.
PAR  At the lower and inner end of the inlet opening 18, an anchor or bed plate
      12 (FIG. 2) extends transversely across the housing 2 from the one
      sidewall 6 to the other and indeed projects laterally beyond the sidewalls
      6. The bed plate 32 is welded firmly to the sidewalls 6 and to the end
      wall 10 and is inclined downwardly toward the interior of the housing 2 at
      an angle of between 25.degree. and 45.degree. with 30.degree. being
      preferred. Along the rear or upper edge of the bed plate 32 a backing
      plate 34 projects upwardly from it for a short distance, and this plate 34
      is fixed firmly in position with respect to the end plate 32. The portions
      of the bed plate 32 which project beyond the sidewalls 6 are located
      behind stop blocks 36 (FIG. 4) which are fixed firmly to the housing 2.
      The intermediate portion of the bed plate 32 located between the two
      sidewalls 6 is provided with elongated bolt holes 38 (FIG. 4) arranged in
      pairs with the longitudinal axes of all the holes 38 being parallel to the
      sidewalls 6.
PAR  The bed plate 32 supports a cutter bar 40 (FIGS. 2 and 5) which is
      rectangular in cross-section and has four longitudinal cutting edges 42.
      However, only one cutting edge 42 is effective at a time, that cutting
      edge being the upper and innermost edge 42. This cutting edge 42 is
      located below the axis of rotation for the rotor 4. The cutter bar 40 has
      bolt holes 44 (FIGS. 2, 4 and 5) which extend through it and each bolt
      hole 44 aligns with one elongated bolt hole 38 of each pair in the bed
      plate 32. Thus, only one elongated bolt hole 38 of each pair is occupied
      at a time. The holes 44 are countersunk at both ends to receive the heads
      of the bolts 46 which extend through them and through the bed plate 32 to
      secure the cutter bar 40 to the bed plate 32. The nuts for the bolts 46
      are not tightened down directly against the bed plate 36, but instead are
      tightened against springs 48 which bear against the underside of the bed
      plate 32. The ends of the cutter bar 40 are provided with elongated bolt
      holes 50 (FIGS. 4 and 5) the longitudinal axes of which are likewise
      parallel to the housing sidewalls 6, and these bolt holes 50 receive end
      bolts 52 which project upwardly through the exposed ends of the bed plate
      32. Again, the nuts for the bolts 52 are not tightened down directly
      against the cutter bar 40 but instead are tightened down against springs
      48 which bear against the upper surface of the bar 40. The bolts 52 may be
      moved to laterally offset positions with the spacing between the original
      and offset positions being equal to the spacing between the elongated
      holes 38 of each pair in the bed plate 32.
PAR  Since the bolt holes 38 in the bed plate 32 and the bolt holes 50 at the
      end of the cutter bar 32 are elongated, the bolts 46 and 52 which extend
      through them do not locate the cutter bar 40 in a fixed and determined
      position on the bed plate 32. On the contrary, the position of the cutter
      bar 40 is determined by front and back filler bars 54 (FIGS. 2 and 4). The
      front filler bars 54 are located between the stop blocks 36 and the front
      face of the cutter bar 40 and are disposed completely outwardly from the
      sidewalls 6. The rear filler bar 54 is located between the backing plate
      34 and the rear face of the cutter bar 40 and extends the entire length of
      that face. Hence, the position of the cutter bar 40 on the bed plate 32
      can be changed by varying the sizes of the filler bars 54, and this of
      course will move the effective cutting edges 42 of the bar 40 either
      closer to or farther from the rotor 4. Also, since the elongated holes 38
      are arranged in pairs and the end bolts 52 can be moved to offset
      positions, the cutter bar 40 may be moved sideways, that is parallel to
      the axes of the rotor 4, a distance equalling the spacing between the
      elongated holes 38 of each pair and then again anchored in such a
      position.
PAR  That portion of the bottom of the inlet opening 18 located outwardly from
      the cutter bar 40 is defined by a bottom liner 56 which aligns with the
      bottom of the chute C and is located slightly above the cutter bar 40.
      Indeed, the bottom liner 56 extends completely over the backing plate 34,
      the rear filler bar 54, and a small portion of the cutter bar 40. Scrap
      metal is introduced into the machine along the bottom liner 56, and as it
      advances it passes over the cutter bar 40. The portion of the scrap which
      projects beyond the effective cutting edge 42 of the bar 40 is engaged by
      the rotor 4 and torn from the remainder of the scrap generally along the
      cutting edge 42. In short, the effective cutting edge 42 of the cutter bar
      40 serves as a bed knife.
PAR  The front face of the cutter bar 40 is located at the lower ends of the
      arcuate channels 28 which are along the sidewalls 6. Extended across the
      housing 2 adjacent to the front face of the cutter bar 40 is a primary
      grinding plate 58 (FIGS. 2 and 6) having reduced ends which fit into the
      arcuate channels 28. The intermediate portions of the plate 58 are
      substantially thicker to provide strength. The upper surface of the
      primary grinding plate 58 is convex and is located below the effective
      cutting edge 42 of the cutter bar 40 so that the scrap cut at the bar 40
      is driven downwardly against that surface. Thus, the primary grinding
      plate 58 functions as an anvil in that it takes repeated blows from the
      scrap which is cut. The primary grinding plate 58 is symmetrical so that
      it can be turned end for end when excessive wear develops along a portion
      of its convex surface.
PAR  Located beyond the primary grinding plate 58 are a series of secondary
      grinding plates 60 and 62 (FIGS. 2 and 7) which likewise have reduced ends
      fitted into the arcuate channels 28 and enlarged intermediate portions to
      provide adequate strength. The grinding plates 60 are elevated in that
      they project inwardly beyond the upper surfaces of the grinding plates 62
      which are depressed. The two types of grinding plates 60 and 62 alternate
      so as to provide a somewhat staggered or uneven grinding surface beyond
      the cutter bar 40 and primary grinding plate 58. As scrap is drawn over
      this staggered surface by the rotor 4, it tends to snag on the elevated
      bars 60 and curl up into an extremely compact configuration. Also, the
      staggered surface causes oversize fragments to be further torn apart as
      they pass over the surface. The grinding plates 60 and 62 may be turned
      end for end, and the elevated plates 60, when worn down, may be
      substituted for the depressed plates 62 so that only the elevated plates
      60 need be replaced when the shredder S is overhauled.
PAR  Beyond the staggered surface created by the grinding plates 60 and 62 the
      rotor 4 is enclosed by a grate formed by a plurality of grate bars 64
      (FIG. 2). The ends of the grate bars 64 are disposed within the arcuate
      channels 28 where the sides of adjacent grate bars 64 abut. The
      intermediate portions of the grate bars 64, that is the portions spanning
      the space between the sidewalls 6 of the housing 2, are reduced in the
      circumferential direction so that spaces or openings exist between
      adjacent grate bars 64. The shredded material passes through these spaces.
PAR  The rotor 4 includes (FIGS. 2 and 4) a rotor shaft 70, which extends
      through the interior of the housing 2 and is supported at its ends in the
      bearing assemblies 22. One end of the rotor shaft 70 is connected to a
      suitable motor (not shown) for rotating the rotor 4. At one sidewall 6 the
      shaft 70 has an integral shoulder 72, while at the other sidewall 6 the
      shaft 70 is provided with threads over which a lock nut 74 is threaded.
      The portion of the shaft 70 which is within the housing 2, that is the
      portion between the shoulder 72 and nut 74, has a keyway machined into it
      and this keyway receives a key 76.
PAR  Fitted against the shoulder 72 and the lock nut 74 are end disks 78 (FIG.
      3) which rotate adjacent to the sidewalls 6 of the housing 2. Between the
      two end disks 78, the shaft 70 carries a plurality of intermediate or
      center disks 80 and spacers 82 which separate the center disks 80 from one
      another and from the end disks 78 so that the rotor has a plurality of
      outwardly opening hammer slots at each spacer 82. The end disks 78, center
      disks 80, and spacers 82 are prevented from rotating on the shaft 70 by
      the key 76 and are all clamped tightly together by the lock nut 74 and
      also by a pair of tie rods 84 which extend through the disks 78 and 80
      slightly outwardly from the spacers 82. In this regard, the ends of the
      tie rods 84 should be welded or peened over to prevent the nuts from
      working loose under the vibrations to which the rotor 4 is subjected.
      Also, during assembly, care should be exercised to insure that dirt or
      metal fragments do not become lodged between the spacers 82 and center
      disks 80 and thereby impair the rigidity of the rotor 4.
PAR  Outwardly from the tie rods 84 the end disks 78 and center disks 80 are
      provided with four sets of hammershaft holes 86, with the sets of holes
      being located 90.degree. from one another. Each set receives a separate
      hammershaft 88. The hammershafts 88 are of circular configuration, whereas
      the holes 86 are generally pear-shaped in configuration (FIG. 8). In
      particular, the portion of each hole 86 which is located farthest from the
      rotor shaft 70 is about the same radius as the shaft 88 or slightly
      larger, while portions located closest to the shaft 70 is considerably
      larger than the shaft 88. When the rotor 4 revolves, the centrifugal
      forces on the shafts 88 will cause them to move outwardly and fit snugly
      in the small portions of the holes 86. The holes 86 in the end disks 78
      retain plugs 70 which prevent the hammershafts 88 from moving axially, and
      these plugs have integral fillers 91 which occupy the enlarged portions of
      the holes 86 in the end disks 78 and prevent the hammershafts 88 from
      entering the enlarged portions of all the holes 86. When the rotor 4 is at
      rest and the plugs 90 are removed, the hammershafts 88 may move into the
      large inner portions of the holes 86. This facilitates removal of the
      shafts 88, particularly where a shaft 88 is bent or otherwise distorted in
      some manner. Also, in contrast to conventional shredders where debris
      tends to lodge in the small clearance areas surrounding hammershafts,
      thereby making them extremely difficult to remove, the extremely large
      clearance areas afforded by the holes 86 do not as easly retain such
      debris. Even if debris collects and cakes in the enlarged portions of the
      holes 86, it can be easily chiseled out of those portions.
PAR  The hammershafts 88 pass through hammers 92 which are contained in the
      outwardly opening slots between center disks 80 and also between the end
      disks 78 and the center disks 80 located immediately inwardly from them.
      The hammers 92 are free to swing backwardly and forwardly on the
      hammershafts 88, and when the rotor 4 revolves they assume an outwardly
      directed portion in which they project beyond the center disks 80. As the
      hammers 92 rotate, they define hammer paths or circles h (FIG. 2) which
      pass close to the effective cutting edge 42 of the cutter bar 40, as well
      as by the primary grinding plate 58, the secondary grinding plates 60 and
      62, and the grate bars 64. The filler bars 54 which position the cutter
      bar 40 on the bed plate 32 should locate the effective cutting edge 42
      about 1/2 inch from the hammer circle h.
PAR  The side faces of the hammers 92 are flat (FIG. 2) and the spacers 82 along
      their peripheries have flat surfaces located immediately inwardly from the
      hammers 92. These surfaces are positioned such that should a hammer 92
      swing inwardly as a result of striking a heavy piece of scrap or as a
      result of the rotor 4 slowing down, the side faces of the hammers 92 will
      come against the flat surfaces of the spacers 82 so that the impact is
      spread over a relatively large area.
PAR  In operation, scrap is introduced into the inlet opening 18 of the housing
      2 and as it passes over the effective cutting edges 42 of the cutter bar
      40, the hammers 92 tear into it and rip it into fragments. These fragments
      are driven against the grinding plates 58, 60 and 62 where they are
      reduced still further, and as the fragments are dragged across the
      staggered surface created by elevated and depressed grinding plates 60 and
      62, they tend to curl or roll up into an extremely condensed
      configuration. Those fragments which are small enough to pass through the
      spaces between the grate bars 64 do so while oversize fragments are
      carried around until they are that small.
PAR  The shredding action causes the hammers to wear and thereby reduce the
      diameter of the hammer circle h, and in order to compensate for this
      reduction in the size of the hammer circle h, the cutter bar 40 may be
      moved forwardly to again bring its effective cutting edge 42 to the proper
      distance from the hammer circle h. This is achieved by loosening the bolts
      46 and 52 and replacing the filler bars 54 with filler bars 54 of
      different thickness. The bolts 46 and 52 are then retightened. In time,
      the abrasive action of the scrap being drawn across the cutter bar 40 will
      create grooves in the cutter bar 40 directly opposite the paths described
      by the hammers. However, the cutting edge 42 will remain relatively sharp
      directly opposite the center disks 80 which are between the hammer paths
      h. These sharp portions of the cutting edges 42 are then utilized by
      moving the cutter bar 40 laterally a distance equal to the spacing between
      the hammer paths h. In this connection, it should be noted that the
      spacing between the elongated bolt holes 50 of each pair in the bed plate
      32 equals the spacing between adjacent center disks 80 on the rotor 4 so
      that when the bolt 46 are removed from the holes 50 of a pair and placed
      in the other holes 50 of the pair and the bolts 44 are likewise removed
      and placed in offset holes, the cutter bar 40 is repositioned to make use
      of the sharp portions of the cutting edges 42 remaining on it. When those
      portions wear the cutter bar 40 may be turned, and the procedure is
      repeated until all four of the cutting edges 42 are worn down, at which
      time the cutter bar 40 must be replaced.
PAR  The elevated and depressed grinding plates 60 and 62 will also wear, and
      when the clearance between them and the hammer circle h becomes too great,
      the depressed grinding plates 62 are removed and replaced by the worn
      elevated grinding plates 60. The worn elevated grinding plates 60 are in
      turn replaced by new elevated grinding plates 60. In this regard, the wear
      on the elevated grinding plates 60 tends to reduce them to the size of the
      depressed grinding plates 62 so that only the elevated grinding plates
      need be replaced.
PAR  When the hammers 92 wear to the extent that they are no longer serviceable,
      the hammershafts 88 are pulled axially from the rotor 4 without
      disassembling the rotor 4. Hence, the rigidity or alignment of the rotor 4
      is not disturbed. Since the hammershaft holes 86 are substantially larger
      than the hammershaft 88, the shaft 88 is easily withdrawn from them even
      if it is bent or otherwise distorted. Should any debris become lodged in
      the enlarged portions of the hammershaft holes 86, that material may be
      easily removed with a hammer and chisel.
PAR  The shredder S generates tremendous vibrations in operation, particularly
      at the side liners 26 and end liners 30 as a result of the shredded
      fragments coming against them. In order to eliminate down time for
      tightening the bolts which hold the liners 26 and 30 in place, special
      bolt fasteners 94 (FIG. 9) are employed. Each fastener 94 includes a bolt
      96 formed from forged steel which is heat treated to a specific hardness.
      The head of the bolt 96 is of countersunk variety and is provided with
      three longitudinally extending ribs 98 on the beveled surfaces thereof.
      These ribs sink into the liner and prevent the bolt 96 from turning. The
      shank of the bolt 96 has national fine threads over which a conventional
      nut 100 is threaded. The steel of the nut 100 is substantially softer than
      the steel of the bolt 96, and the nut 100 is tightened until a partial
      distortion of its threads occurs. For a 11/2 inch diameter bolt, this
      requires about 2000 ft. lbs. torque. The nut 100 will not shake loose and
      should not be disturbed until the liners 26 and 30 are replaced. The bolts
      96 are most easily removed with a torch. Since the countersunk heads of
      the bolts 96 wear with the liners 26 and 30, the bolts 96 should be
      reused.
PAC  The Chute
PAR  The chute C (FIGS. 1 and 10) leads to the inlet opening 18 of the shredder
      housing 2, and is defined by a bottom ramp 110 and sidewalls 112. The
      spacing between the sidewalls 112 should be great enough to accommodate
      the object to be shredded which is usually an automobile body. The bottom
      ramp 110 is flat and aligns with the bottom liner 56 of the shredder S. It
      is inclined at the same angle as the bottom liner 56 which angle is
      preferably 30.degree.. The chute C should have substantial length and when
      used with automobiles it should be long enough to accommodate three
      automobiles. The chute C is supported on a framework 114 which rests on
      the foundation P.
PAC  The Track Feeder
PAR  The track feeder F is supported on both the framework 114 for the chute C
      and on the foundation P and includes a movable frame 120 (FIGS. 1 and 10)
      which extends along each side of the chute C as well as under and over it.
      The frame 120 pivots near its rear end on a bearing 122 secured to the
      framework 114 for the chute C, while its forward end is supported by
      hydraulic cylinders 124 which rest on a pier 126 projecting upwardly from
      the foundation P. Thus, extension or retraction of the cylinder 124 will
      cause the frame 120 to pivot about its bearings 122.
PAR  The portion of the frame 120 which is located above the bottom ramp 110 of
      the chute C has two sets of aligned bearings 128 (FIGS. 10 and 11) which
      support two parallel end shafts 130 having sprocket wheels 132 on them.
      Trained over these sprocket wheels 132 is an endless track 134 which may
      be several tractor tracks positioned side by side. In any event, the track
      134 extends substantially the full width of the chute C, that is its width
      is about equal to the spacing between the sidewalls 112 (FIG. 11). At the
      upper or rear end of the framework 114, the lower pass of the track 134
      should be about as high as the object to be shredded which is usually an
      automobile. The height of the lower or forward end is controlled by the
      cylinders 124. Usually, the lower pass of the track 134 slopes downwardly
      toward the ramp 110 so that objects caught between it and the ramp 110
      will be crushed. The lower pass on the track 134 is backed by several
      longitudinal skid bars 136 and idler rollers 138 located between the skid
      bars 136, all prevent that pass from bowing upwardly around an object
      instead of crushing it. Most of the idler rollers 138 are located at the
      upper end of the track feeder F since that is where most of the crushing
      occurs. The upper pass of the track 134 is supported by more idler rollers
      138. The track 134 has teeth or lugs 140 which project outwardly from the
      exposed surface thereof and bite into material conveyed along the chute C.
      Thus, the track 134 firmly engages scrap located beneath it and can
      control the advance of the scrap on the chute C. Hence, the track feeder F
      is also referred to as advancing means or crushing means.
PAR  The portion of the frame 120 which extends below the chute C carries a
      platform 142 on which a reversible electric motor 144 (FIG. 1) is mounted,
      and this motor is connected to the lower of the two end shafts 130 through
      a suitable drive train 146 which includes a gear reduction and a chain.
PAC  OPERATION
PAR  In operation, an automobile or other large piece of scrap is placed on the
      chute by means of a crane, and once the crane releases the automobile it
      slides downwardly toward the lower pass of the track 134 on the feeder F
      (FIG. 1). The lower pass moves toward the inlet opening 18 of the shredder
      S and as it does, the lugs 140 on it bite into the automobile and move it
      forwardly along the ramp 110. Moreover, the lower pass of the track 134
      converges toward the ramp 110 so that as the automobile moves forwardly it
      is compressed or crushed downwardly against the ramp 110. The cylinders
      124 are adjusted to place the lower end of the track 134 about 24 inches
      above the bottom ramp 110 so that the automobile upon emerging from the
      track feeder F is reduced to a height of about 24 inches.
PAR  Upon emerging from the track feeder F, the automobile enters the inlet
      opening 18 of the shredder S. When the automobile passes over the cutting
      edge 42 of the cutter bar 40, the hammers 92 tear into it and reduce it to
      fragments. The track feeder F controls the rate at which the automobile
      enters the inlet opening 18. In particular, the track 134, being engaged
      with the automobile through the lugs 140, feeds the automobile at a
      uniform rate and thereby prevents the automobile from being drawn too
      quickly into the shredder S by the rotating hammers 92. This eliminates
      jams and further increases the life of the various parts within the
      shredder S. The track feeder F also prevents the rotor 4 from expelling or
      refusing to accept an automobile in that the track 134 forces the
      automobile into the inlet opening 18. By reversing the motor 144, the
      track 134 is reversed, and this feature is useful in clearing jams.
PAC  THE HYDRAULIC SYSTEM
PAR  The cylinders 124 which control the position of the track feeder F above
      the bottom ramp 110 of the chute C are connected into a hydraulic system H
      (FIG. 12-16) which affords two modes of operation for the cylinders 124,
      namely a manual or direct control mode and a balance or automatic floating
      mode. The cylinders 124 are of the double acting variety and are
      positioned with their barrels connected to the pier 126 and their piston
      rods connected to the track feeder F. Hence, when fluid is formed into the
      cap ends of the cylinders 124, the cylinders 124 will exert an upwardly
      directed force on the track feeder F.
PAR  The hydraulic system H includes a high pressure pump P1 and variable volume
      pump P2, both of which are powered by a single motor M. The pumps P1 and
      P2 draw hydraulic fluid from a reservoir R. Moreover, the pump P2 is
      adjustable much the same as an adjustable relief valve so that when it
      works against a pressure greater than its own setting the fluid is merely
      discharged through the drain line d of the pump. In addition to the pumps
      P1 and P2, the hydraulic system H includes four solenoid operated valves,
      V1, V2, V3 and V4 and four adjustable relief valves RV1, RV2, RV3 and RV4.
      The solenoid valve V1 is operated by two solenoids A and B, the solenoid
      valve V2 by a single solenoid C, the solenoid valve V2 by two solenoids D
      and E, and the solenoid valve V4 by a single solenoid F. In a typical
      installation the relief valve RV1, RV2, RV3 and RV4 are set at 1400, 400,
      950, and 150 psi, respectively, and the relief valve RV3 is always set
      higher than the pump P2. The four lines leading into the ends of the
      cylinders 124 have flow control valves FC in them to control the rate at
      which fluid leaves the cylinders 124. Each flow control valve FC is
      shunted by a check valve CV which permits the fluid to bypass the flow
      control valve FC as it enters the cylinders 124. The pumps P1 and P2, the
      check valves V1, V2, V3 and V4 the relief valves RV1, RV2, RV3 and RV4,
      the flow control valves FC and the check valves CV are all connected
      together and with the cylinders 124 as illustrated in the drawings (FIGS.
      12-16 in which solid lines indicate fluid in motion and interrupted lines
      indicate fluid at rest).
PAC  1. Manual Mode -- Start Up (FIG. 12)
PAR  The motor M should not be loaded until it reaches operating speed. Thus,
      for start-up the operator energizes only the solenoid F. As a result,
      fluid discharged from the pump P1 is circulated through the valve V3 and
      back to the reservoir R (solid lines in drawings indicate fluid in
      motion). The valve V3 diverts the fluid around the relief valve RV1,
      thereby keeping the pressure at the discharge port of the pump P1 minimal.
      The fluid discharged by the pump P2 is also circulated back into the
      reservoir R, since the energized solenoid F holds the valve V4 open, thus
      creating a shunt around the relief valve RV3.
PAR  Since both of the valves V1 and V2 are completely closed the hydraulic
      fluid is in effect trapped in the cylinders 124 and the track feeder F can
      neither be raised nor lowered by external forces applied to it.
PAC  2. Manual Mode -- Raise (FIG. 13)
PAR  To raise the track feeder the operator presses a control button which
      energizes the solenoids B, E and F. As a result, the fluid is no longer
      diverted around the relief valve RV1 by the valve V3, but instead the
      valve V3, when energized by the solenoid E, in effect blocks bypass around
      the relief valve RV1. Hence, any excess fluid discharged by the pump P1
      passes through the relief valve RV1 before flowing back into the reservoir
      R. This raises the pressure at the discharge side of the pump R1 to the
      setting of the relief valve RV1.
PAR  The valve V1 when actuated by the solenoid B permits the high pressure
      fluid to flow through it to the cap ends of the cylinder 124, thus causing
      the piston rods to extend and lift the track feeder F. The return fluid
      from the rod ends of the cylinders 124 flows through the valve V1 to the
      reservoir R. The flow control valves FC at the rod ends of the cylinders
      124 are adjustable and control the rate of discharge from the cylinders
      124, thus regulating the speed at which the track feeder F rises. The
      pressure at the cap ends of the cylinders 124 is dependent on the setting
      of the relief valve RV1 and that relief valve has the highest setting of
      all the relief valves.
PAR  The energized solenoid F keeps that valve V4 open so that fluid from the
      pump P2 is circulated back into the reservoir R without having an effect
      on the cylinders 124.
PAC  3. Manual Mode -- Lower (FIG. 14)
PAR  Sometimes a stubborn automobile or the other item of scrap overcomes the
      weight of the track feeder F and lifts it upwardly to the extent that the
      item will not be crushed sufficiently by the shredder S. To supplement the
      weight of the track feeder F, high pressure fluid is supplied to the rod
      ends of the cylinders 124, so that the cylinders 124 force the track
      feeder F downwardly.
PAR  The foregoing crushing effect is achieved by energizing the solenoids A, E
      and F. The solenoid E causes the valve V3 to block the path of return to
      the reservoir R. The solenoid A on the other hand causes the valve V1 to
      divert the high pressure fluid to the rod ends of the cylinders 124 and
      force the track feeder F downwardly. However, the downwardly directed
      force is not as great as the upwardly directed force since the relief
      valve RV2 which is set lower than the relief valve RV1, is in the high
      pressure line between the valve V1 and the rod ends of the cylinders 124.
      As a result, the pressure at the rod ends of the cylinders 124 never
      exceeds the setting of the relief valve RV2. As an example, if the relief
      valve RV1 as set at 1400 psi, the relief valve RV2 should be set at 400
      psi.
PAR  The return fluid from the cap ends of the cylinders 124 passes through the
      flow control valves FC and then through the valve V1 to the reservoir R.
      The flow control valves FC prevent the fluid from discharging too rapidly
      from the cylinders 124 which in turn prevents the feeder F from dropping
      too rapidly.
PAR  The valve V4, which is actuated by the energized solenoid F, continues to
      circulate the fluid from the pump P2 back to the reservoir R, thus
      rendering the pump P2 ineffective.
PAC  4. Balance Mode -- Track Feeder Elevated by Scrap (FIG. 15)
PAR  In normal operation it is desirable to have the track feeder apply a
      predetermined force to the scrap items passing beneath it in the chute.
      The constant force applied by the track feeder should be somewhat less
      than the weight of the track feeder F so that the track feeder F floats
      over the scrap passing beneath it, crushing that scrap as it does.
PAR  To achieve this constant force floating condition, the operator turns a
      selector switch which energizes only the solenoids C and D.
PAR  The solenoid C opens the valve V2 so that fluid from the pump P2 flows
      through the valve V2 to the cap ends of the cylinders 124 and exerts an
      upwardly directed force on the track feeder F. The force exerted is
      dependent on the setting of the pump P2 and that setting is always less
      than the setting of the relief valve RV3.
PAR  When an automobile causes the track feeder to move upwardly, fluid from the
      pump P2 flows into the cap ends of the cylinders 124. The return fluid
      from the discharge ends of the cylinders 124 flows back through the valve
      V2 and then through the valve V3 which is held open by the solenoid D. The
      valve V3 directs the return fluid through the relief valve RV4 which
      discharges into the reservoir R. The relief valve RV4 has the lowest
      setting of all the relief valves in the system, and hence the return fluid
      does not escape through the relief valves RV2 and RV1. Likewise, the
      supply fluid does not escape through the relief valve RV3.
PAR  The pump P1 has no function when the feeder rises and all of its fluid
      passes through one relief valve RV4 and back into the reservoir R.
PAC  5. Balance Mode -- Track Feeder Descending Under Own Weight (FIG. 16)
PAR  When the weight of the track feeder F overcomes the strength of the scrap
      supporting it, the track feeder F moves downwardly and fluid is forced
      from the cap ends of the cylinders 124. Since the balance mode is purely
      automatic only the solenoids C and D remain energized as before. The fluid
      from the cap ends of the cylinders 124 flows back through the valve V2 and
      into the reservoir R through the relief valve RV3. In this regard, the
      relief valve RV3 is always set higher than the discharge pressure of the
      pump P2 so that fluid discharged from the pump P2 is merely directed back
      to the reservoir R through the drain line d.
PAR  Makeup fluid is supplied to the rod ends of the cylinders by the pump 1,
      that fluid being directed through the valve V2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feeder for feeding large items of bulk scrap to a reducing machine
      which reduces the scrap to segments, said feeder comprising: a chute for
      receiving bulk scrap and having a bottom surface on which the scrap is
      supported; advancing means located above the supporting surface of the
      chute for engaging the scrap and moving it along the chute; at least one
      fluid operated cylinder for supporting the advancing means above the
      supporting surface of the chute; first and second pumps for supplying
      fluid to the hydraulic cylinder, the first pump being capable of elevating
      the pressure of the fluid sufficiently to overcome the weight of the
      advancing means, the second pump supplying fluid to the cylinder at a
      pressure less than that required to overcome the weight of the advancing
      means so that the advancing means will float on the scrap, exerting a
      force thereon less than; the force required to hold it away from the
      bottom surface of the chute whereby the feeder is supported by both the
      scrap and the cylinder; first valve means between the first pump and the
      cylinder for directing high pressure fluid to the cylinder such that it
      will raise the advancing means; and second valve means between the second
      pump and the cylinder for directing pressure to the cylinder to exert a
      force on the advancing means in opposition to the weight of the advancing
      means.
NUM  2.
PAR  2. A feeder according to claim 1 wherein the first valve means is also
      capable of directing fluid to the cylinder such that the force exerted by
      the advancing means on the scrap is greater than the weight of the
      advancing means.
NUM  3.
PAR  3. A feeder according to claim 1 wherein a first relief valve is interposed
      between the second pump and the second valve means, the relief valve being
      set at a pressure greater than the discharge pressure of the second pump
      so that when the second valve is open and the advancing means descends the
      fluid displaced from the cylinder will escape through the first relief
      valve.
NUM  4.
PAR  4. A feeder according to claim 3 wherein the first pump is also connected
      to the second valve means to supply makeup fluid to the cylinder through
      the second valve means as the advancing means descends.
NUM  5.
PAR  5. A feeder according to claim 4 including a second relief valve connected
      to the second valve means for receiving return fluid from the cylinder
      when the second valve means is open, and third valve means for isolating
      the second relief valve from the first pump and the second valve means.
NUM  6.
PAR  6. A feeder according to claim 5 wherein a third relief valve is connected
      to the first pump and wherein the third valve means in one condition
      directs fluid around the third relief valve and in another condition
      causes fluid to flow through the third relief valve.
NUM  7.
PAR  7. A machine for advancing material and for crushing the material as it is
      advanced, said machine comprising: a chute along which the material is
      advanced and having a bottom surface on which the material is supported;
      crushing means located above the bottom surface of the chute for exerting
      a downwardly directed force on the material on the chute so as to crush
      the material, the crushing means having a downwardly presented surface
      which faces the bottom surface of the chute and contacts the material as
      it moves along the chute; fluid operated cylinder means connected to the
      crushing means for exerting a vertically directed force on the crushing
      means; first pump means connected to the cylinder means for supplying
      pressurized fluid to the cylinder means at a pressure sufficient to
      overcome the weight of the crushing means and thereby move its downwardly
      presented surface away from the bottom surface of the chute; second pump
      means also connected to the cylinder means for supplying pressurized fluid
      to the cylinder at a pressure less than that required to overcome the
      weight of the crushing means, whereby the crushing means exert a reduced
      force on the material; and valve means between the first and second pump
      means and the cylinder means for directing fluid from the first and second
      pump means to the cylinder means.
NUM  8.
PAR  8. A machine according to claim 7 wherein the cylinder means is capable of
      exerting a force on the crushing means which supplements the weight of
      crushing means so that a force supplementing the weight of the crushing
      means may be applied to the material; and wherein the valve means controls
      the vertical direction in which the force exerted by the cylinder means is
      applied.
NUM  9.
PAR  9. A machine according to claim 7 wherein the downwardly presented surface
      of the crushing means moves in the direction the material is advanced and
      assists in advancing the material.
NUM  10.
PAR  10. A machine according to claim 9 wherein the crushing means pivots about
      a horizontal axis which is fixed which respect to the chute, and the
      cylinder means is connected to crushing means remote from the horizontal
      axis.
NUM  11.
PAR  11. A machine for advancing material and crushing the material while it is
      advanced, said machine comprising: a chute having a bottom surface on
      which the material is supported; advancing means located above the bottom
      surface of the chute for advancing the material along the chute and for
      crushing the material as it is advanced, the advancing means having a
      downwardly presented surface which faces the bottom surface of the chute
      and moves in the direction of advance for the material so that material
      which comes in contact with the downwardly presented surface is moved
      along the chute, the advancing means being movable in the vertical
      direction so that the spacing between its downwardly presented surface and
      the upwardly presented surface can be varied; fluid operated cylinder
      means connected to the advancing means for exerting a force on the
      advancing means in opposition to the weight of the advancing means and for
      also exerting a downwardly directed force on the advancing means to
      supplement the weight of the advancing means; pump means for supplying
      pressurized fluid to the cylinder means at at least two different
      pressures so that an upwardly directed force is exerted on the advancing
      means and including a first pump capable of producing the one pressure and
      a second pump capable of producing the other pressure, the one pressure
      being great enough to create a force sufficient to overcome the weight of
      the advancing means and thereby cause the downwardly presented surface of
      the advancing means to move away from the bottom surface of the chute, the
      other pressure creating a force less than that required to raise the
      advancing means whereby the force exerted on the material is reduced; and
      valve means between the pump means and the cylinder means for causing
      fluid to be directed to the cylinder means at either one of the pressures,
      the valve means including a first valve between the first pump and the
      cylinder means and having a setting which prevents the flow of fluid
      through it, another setting which permits high pressure fluid to flow to
      the cylinder means such that the cylinder means exerts an upwardly
      directed force on the advancing means, and still another setting which
      permits high pressure fluid to flow to the cylinder means such that the
      cylinder means exerts a downwardly directed force on the advancing means,
      and a second valve between the second pump and the cylinder means and
      having a setting which blocks the flow of fluid from the second pump to
      the cylinder means and another setting which permits fluid to flow from
      the second pump to the cylinder means such that the cylinder means exerts
      an upwardly directed force on the advancing means.
NUM  12.
PAR  12. A machine according to claim 11 and further comprising a first relief
      valve connected between the second pump and the second valve and having a
      setting higher than the discharge pressure of the second pump, and a third
      valve shunting the first relief valve so that the first relief valve can
      be by-passed.
NUM  13.
PAR  13. A machine according to claim 12 wherein the first pump is also
      connected to the cylinder means through the second valve to supply make-up
      fluid to the cylinder means when the cylinder means is descending against
      an upwardly directed force generated by the second pump.
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ABST
PAL  A machine for printing on containers in ultra-violet-light-setting ink has
      a turret fitted with rotatable mandrels for supporting the containers, the
      axes of the mandrels being radial relative to the axis of the turret,
      indexing mechanism for intermittently turning the turret to register each
      mandrel in succession with printing cylinders spaced around the turret,
      and gear unit for rotating the mandrels and printing cylinders in
      synchronism. The turret has a cylindrical rim with flat annular upper and
      lower surfaces, and each mandrel is mounted in a recess in the rim with
      the recess opening through the lower surface to permit engagement with the
      printing cylinders and opening through the periphery of the rim to enable
      containers to be mounted on the mandrels. Ultra-violet light sources are
      arranged to direct light into the recesses to set ink printed on
      containers on the mandrels, and the light sources are provided with
      shrouds which co-operate with the rim to prevent escape of the ultra
      violet light except into a recess. The light sources may be fixed in which
      case the shrouds are spaced close to the surfaces of the rim.
      Alternatively, the light sources and shrouds may be fixed on the turret.
      The printing cylinders are twice the diameter of the containers and fitted
      with a printing plate which extends only half way around the cylinder, the
      surface of the cylinder being spaced below the lower surface of the turret
      rim, the printing plate having a thickness such that it extends into the
      recess during printing, and the indexing mechanism being synchronised with
      rotation of the cylinders so that the printing plate is on the underside
      of the cylinder during indexing movements of the turret. The recesses may
      open through the upper surface of the turret rim and a light source
      arranged to direct light downwards onto a container while the container is
      being printed through the opening in the lower surface of the rim, so that
      the ink on the leading edge of an image printed on the container will be
      cured before the trailing edge is printed, whereby the trailing edge can
      overprint the leading edge without risk of smudging the ink.
BSUM
PAR  This invention relates to machines for printing on the surfaces of
      cylindrical or frusto-conical containers, and is concerned more
      particularly with multi-cylinder printing machines of the kind described
      in British Pat. Specification No. 1,316,272 and comprising a frame, a
      turret rotatably mounted on the frame, the turret having a plurality of
      rotatable mandrels for supporting cylindrical or frusto-conical containers
      to be printed, indexing means operable to turn the turret intermittently
      so as to index each mandrel in succession with printing stations around
      the turret, a plurality of printing cylinders rotatably mounted one at
      each of the printing stations, means for applying ink to the printing
      cylinders, and gear means for rotating the mandrels and printing cylinders
      in synchronism to ensure registration of the successive images printed by
      the printing cylinders on containers supported on the mandrels.
PAR  The object of the invention is to provide a multi-cylinder printing machine
      of the above-mentioned kind which is suitable for use with inks which set
      when subjected to ultra violet light. Such inks have the advantage that
      they set in a very short time, typically a fifth of a second or less, when
      subjected to ultra violet light, so that a machine using such inks could
      be operated at very high speed. Moreover, the ink does not set under
      normal atmospheric conditions so that there would be no need to wash off
      the ink from the printing mechanism when the machine was closed down.
      Hitherto use of such ink has not been possible in multicylinder printing
      machines of the above-mentioned kind due to the difficulty in preventing
      escape of the ultra violet light. An operator subjected to such light may
      suffer skin or eye damage, and any light which fell on part of the
      printing mechanism would cause premature setting of the ink therein and
      block the flow of ink to the printing cylinders.
PAR  According to the present invention there is provided a multi-cylinder
      printing machine of the above-mentioned kind and adapted to print in ultra
      violet light setting inks on containers mounted on the mandrels, wherein
      each mandrel is mounted in a recess in the turret with at least one side
      of the mandrel exposed to permit printing engagement between the printing
      cylinders and a container on the mandrel, and at least one ultra violet
      light source is arranged to direct light into the recesses to cure ink
      printed on the containers, the light source being provided with a shroud
      co-operating with the turret to prevent escape of light except into a
      recess.
PAR  The ultra violet light setting inks may be fluid for use with flexographic
      or rotagravure printing systems or they may be of the high viscosity type
      for use with offset letterpress printing systems.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional elevational view of a multi-cylinder flexographic
      printing machine adapted to print on cylindrical containers in ultra
      violet light setting inks in accordance with the invention,
PAR  FIG. 2 is a plan view of part of the turret of the machine of FIG. 1,
      showing mandrels in register with a loading station A, a printing station
      B, and a drying station C,
PAR  FIG. 3 is a part-sectional elevation view taken along a curved line
      III--III in FIG. 2
PAR  FIG. 4 is a sectional view through the drying station C, taken along the
      line IV--IV in FIG. 3 and showing a container mounted on the mandrel,
PAR  FIG. 5 is an end elevation view of the part of the machine at the drying
      station C, taken in the direction of the arrow V in FIG. 4,
PAR  FIG. 6 is a sectional view through the loading station A, taken along the
      line VI--VI in FIG. 3 and showing a container being mounted on the
      mandrel,
PAR  FIG. 7 is a sectional view through the printing station B, taken along the
      line VII--VII in FIG. 3 and showing a container mounted on the mandrel,
PAR  FIG. 8 is a plan view of part of the turret of a modified construction of
      the machine of FIG. 1, showing the loading station A, the adjacent
      printing station B and the adjacent drying station C,
PAR  FIG. 9 is a part-sectional elevation view taken along the curved line
      IX--IX in FIG. 8,
PAR  FIG. 10 is a sectional elevation view, similar to that of FIG. 9, of part
      of the turret of a further modified construction of the machine of FIG. 1,
      showing only the parts of the machine at the loading station A, the
      adjacent printing station B, and the adjacent drying station C,
PAR  FIG. 11 is a sectional view through a printing station of another modified
      construction of the machine of FIG. 1 in which drying of the ink is
      carried out at the printing station,
PAR  FIG. 12 is a sectional elevation view of part of the turret of yet another
      modified construction of the machine of FIG. 1 in which drying of the ink
      is carried out at the printing stations, and
PAR  FIG. 13 is a diagrammatic view of offset printing mechanism which may
      replace the flexographic printing mechanism in the machine of FIG. 1.
DETD
PAR  The multi-cylinder flexographic printing machine shown in FIG. 1 is
      substantially the same as the printing machine shown and described in
      British Pat. Specification No. 1,316,272 except that the turret is fitted
      with cylindrical mandrels and modified to co-operate with mechanism for
      setting ultra violet light setting inks at the drying stations in
      accordance with the present invention. A brief description of the
      construction and operation of the printing machine is given hereinafter to
      facilitate understanding of the ultra violet light ink setting mechanisms
      illustrated in the drawings, but the same reference numerals have been
      used to identify similar parts of the two printing machines and reference
      may be made to British Pat. Specification No. 1,316,272 for a fuller
      description of the parts of the machine not connected with the ink setting
      mechanism.
PAR  Referring now to the drawings of the present application, the machine shown
      in FIG. 1 comprises a base 10 having a peripheral wall 11, several
      printing cylinders 12 mounted one at each of separate printing stations B
      spaced apart around the outside of the wall 11, several sources 100 of
      ultra violet light mounted in separate shrouds 101 at drying stations C
      spaced around the outside of the wall 11 and associated one with each
      printing station B, a turret 13 rotatably mounted on a vertical spindle 14
      on the base 10, the turret having a plurality of mandrels 15 spaced at
      equal angular intervals around the periphery of the turret, a master gear
      unit 16 rotatably mounted on the turret and adapted to rotate the printing
      cylinders 12 and mandrels 15 in synchronism, and a Geneva indexing
      mechanism 17 operable to index the turret in one direction of rotation to
      register each mandrel in turn at a loading station A (FIG. 2), each of the
      above-mentioned printing stations B and drying stations C, each drying
      station C following the associated printing station B in the direction of
      rotation of the turret, and then at an unloading station (not shown). The
      sectional elevation view in FIG. 1 is taken through a printing station B
      shown on the right hand side and a drying station C shown on the left hand
      side, and the plan view in FIG. 2 shows the loading station A, the
      adjacent printing station B and the associated drying station C.
PAR  The turret 13 comprises a sleeve 20 supported in roller bearings (not
      shown) on the spindle 14, and a top plate 23 secured by bolts 24 on a
      shoulder on the upper end of the sleeve 20. The top plate 23 has a
      circular rim formed with flat upper and lower surfaces 103, 104 and
      rectangular recesses 105 which accommodate the mandrels 15, each recess
      105 opening through the upper and lower surfaces 103, 104 and also opening
      through the outer peripheral wall 106 of the turret. Each of the mandrels
      15 is secured on the outer end of a drive shaft 26 rotatably mounted in a
      bush 60 secured to the top plate 23 of the turret, the axis of the shaft
      26 being radial relative to the vertical axis of the spindle 14, and a
      bevel gear 29 is secured on the inner end of the shaft 26. The bush 60 is
      formed with passageways adapted to connect ducts in the mandrel either to
      air extractor means through a pipe 69 or to a source of compressed air
      through a pipe 71 in order to grip or release respectively a container 55
      on the mandrel in a manner not forming part of the present invention.
PAR  Each of the printing cylinders 12 is secured on the outer end of a drive
      shaft 32 rotatably mounted in a bearing housing 34 vertically adjustable
      in guides on the wall 11 of the base, the axis of the shaft 32 being
      radial relative to the vertical axis of the spindle 14, and a bevel gear
      37 is drivably connected to the shaft 32 by means of a universal joint 36,
      the gear 37 being supported in a bearing block 38 secured on the base. The
      universal joint 36 enables the housing 34 which supports the printing
      cylinder to be lowered to disengage the printing cylinder from a container
      on the mandrel in a manner not forming part of the present invention.
PAR  The master gear unit 16 comprises a main gear 40 rotatably mounted on the
      sleeve 20 of the turret, and two bevel gears 41, 42 secured to the gear 40
      on opposite sides thereof for rotation therewith. The gear 40 meshes with
      a gear 50 on a vertical shaft 47, the bevel gear 41 meshes with the bevel
      gears 29 drivably connected to the mandrels 15, and the bevel gear 42
      meshes with the bevel gears 37 drivably connected to the printing
      cylinders 12. The vertical shaft 47 is driven by a worm wheel 48, and a
      worm 49.
PAR  The indexing mechanism 17 comprises a Maltese Cross plate 45 secured to the
      turret for rotation therewith, and an interlocking driver 46 on the
      vertical shaft 47, the driver 46 being adapted to engage successive teeth
      on the plate 45 in successive revolutions of the shaft 47 in the manner
      known per se and not forming part of the present invention. The indexing
      mechanism is arranged to turn the turret during part only of each
      revolution of the shaft 47 to register each mandrel with the next
      succeeding station. During the remainder of each revolution of the shaft
      47, the turret is held stationary by ball detent mechanism 51.
PAR  Each printing cylinder 12 is fitted with a flexographic printing plate 54
      which extends around only one half of the peripheral surface of the
      cylinder, the cylinder 12 being of a size such that the radius of the
      printing plate 54 is twice the radius of the container to be printed, and
      the ratios of the gears 50, 40, the gears 29, 41 and the gears 37, 42 are
      selected so that during each revolution of the vertical shaft 47, each
      mandrel 15 rotates through two revolutions, each cylinder 12 rotates
      through one revolution in the opposite direction whereby the peripheral
      speed of the container on the mandrel and the flexographic plate on the
      cylinder is exactly the same, and during the stationary period of the
      turret each container on a mandrel in register with a printing station
      rotates a full revolution along the full length of the flexographic
      printing plate on the printing cylinder 12. The printing plate 54 on each
      cylinder is supplied with ultra violet light setting ink by inking
      mechanism 90, 91.
PAR  The ultra violet light source 100 at each drying station C is mounted on
      the wall 11 as shown in FIG. 4, and the shroud 101 comprises a
      semi-cylindrical housing 110 secured to the wall 11, the housing 110
      having horizontal flanges 111, 112 spaced close to the lower surface 104
      of the turret, an arcuate end plate 113 which closed off the outer end of
      the housing and extends upwards close to the peripheral wall 106 of the
      turret, and a horizontal plate 114 integral with the end plate 113 and
      spaced close to the upper surface 103 of the turret. The flanges 111, 112
      and plates 113, 114 are of a size such that they overlap a wide margin of
      the top plate 23 surrounding each recess 105 when the mandrel in the
      recess is in register with the drying station C, so that the shroud 101
      co-operates with the top plate of the turret to form a closed chamber 115
      which prevents escape of light from the source 100. The housing 110 is
      provided with inlet and outlet ports 116, 117 for circulating air
      therethrough to cool the light source. The internal surfaces of the shroud
      101 which face into the chamber 115, when a mandrel is in register with
      the drying station, are preferably reflective so as to reflect the maximum
      amount of light onto a container on the mandrel, but the surfaces of the
      shroud 101 which overlap the top plate 23 of the turret when a mandrel is
      in register with the drying station are preferably painted black or
      otherwise made light-absorbing to prevent escape of light therethrough by
      reflection from these surfaces. For the same reason, the upper and lower
      surfaces 103, 104 of the turret are preferably painted black and the walls
      of the recesses 105 made reflective.
PAR  In the operation of the machine, the vertical shaft 47 drives both the gear
      unit 16 and the indexing mechanism 17 so that the mandrels 15 and printing
      cylinders 12 rotate continuously in synchronism with one another and in
      synchronism with the intermittent indexing movements of the turret. A
      container 55 is fitted on each of the mandrels whenever the mandrel comes
      into register with the loading station A, as shown in FIG. 6. Thereafter
      the turret is turned by the indexing mechanism to register the container
      at the printing station B, the printing plate 54 on the cylinder prints an
      image in ultra violet light setting ink on the container as the cylinder
      and container rotate during the period of dwell of the container at
      station B, the turret is turned again to register the container at the
      drying station C, and the ink on the container is set by the ultra violet
      light when it is subjected to the light upon rotation of the container
      during the period of dwell at station C. It will be noted that the
      container must lie wholly within the recess 105 since otherwise it would
      strike the shroud 101 upon movement into station C, and the printing
      cylinder 12 must lie below the lower surface 104 of the turret since
      otherwise the turret would strike the cylinder during its indexing
      movements. The printing plate 54 is however made of a thickness such that
      it will make contact with a container at station B, and the indexing
      mechanism is arranged so that the movement of the turret takes place
      during passage of the printing plate 54 below the axis of the cylinder 12.
      The turret is of course indexed further to register each container with
      each printing station B and with a drying station C following each
      printing station B. The provision of a separate drying station C for each
      printing station B has the advantage that the printed images on a
      container can be contiguous or overlapped without risk of smudging of the
      images. If however the images are to be spaced from one another only one
      drying station C need be provided.
PAR  As shown in FIGS. 8 and 9, the turret may have a top plate 120 which is
      shaped to form radially extending recesses 121 which are open only at the
      undersides and at the outer ends thereof, the parts of the turret between
      the recesses having a flat lower surface 104. The mandrels are mounted in
      the recesses and the shroud for the light source 100 consists only of the
      semi-cylindrical housing 110 formed with flanges 111, 112 spaced close to
      the flat lower surface 104 of the turret and an end plate 123 which closes
      off the outer end of the housing 110 and extends upwards across the open
      outer end of the recess 121 with only a small gap between the outer rim of
      the turret and the end plate 123 so as to prevent escape of light.
PAR  The light source 100 may be mounted above the turret as shown in FIG. 10,
      in which case the turret has a flat upper surface 103 and the light source
      has a shroud consisting of a part-cylindrical housing 125 formed with flat
      horizontal flanges 126, 127 spaced close to the upper surface 103 of the
      turret, and an end plate (not shown) which closes off the outer end of the
      housing 125 and extends downwards across the open outer end of the recess
      129 containing the mandrel with only a small gap between the outer rim of
      the turret and the end plate. The recesses 129 must of course be open at
      the top to provide access to the ultra violet light, and in addition must
      be open at the bottom to provide access to the printing cylinder. The
      walls of each of the recesses 129 are curved and spaced close to the
      mandrels to prevent escape of light through the bottom opening of the
      recess, and in addition these walls are light-absorbing to prevent escape
      of light by reflection through the bottom opening.
PAR  FIG. 11 shows a modification of the arrangement of FIG. 10 in which the
      light source 100 is provided at the printing station B, thereby
      eliminating the need to provide a separate drying station C for each
      printing station.
PAR  This arrangement has also the advantage that, during printing of an image
      which extends around the full circumference of a container, the leading
      edge of the image on the rotating container passes below the light source
      and is cured, that is set, by the ultra violet light before the trailing
      edge of the image is printed. There is thus no risk of the printing
      cylinder smudging the leading edge of the image during printing of the
      trailing edge, and in fact the printing cylinder can conveniently be
      arranged so that the trailing edge of the image overprints the leading
      edge so as to ensure that there is no gap unprinted between the leading
      and trailing edges of the image.
PAR  FIG. 12 shows an arrangement in which the light sources 100 are mounted on
      the turret, one above each mandrel 15. The mandrels are mounted in
      recesses 135 in the top plate of the turret, the recesses being open at
      the top and bottom, and the light sources are provided with
      part-cylindrical shrouds 136 for directing the light downwards into the
      recesses. The shrouds 136 can be integral with the top plate of the turret
      as shown in FIG. 12. The radially inner ends of the recesses 135 and
      shrouds 136 are closed, and their outer ends are screened by an annular
      plate (not shown) mounted on the frame of the machine and extending across
      the ends of the recesses and the shrouds. This annular plate is cut away
      at the loading and unloading stations to enable the containers to be
      fitted on and removed from the mandrels and the power supply for each
      light source is cut off automatically during movement of the light source
      across the cut away portion of the annular plate. As in the arrangement of
      FIG. 10, the walls of the recesses 135 must be curved, spaced close to the
      mandrels and provided with a light-absorbing coating to prevent escape of
      light through the bottom openings of the recesses. This arrangement also
      has the advantage of the arrangement of FIG. 11 that the trailing edge of
      an image can be overprinted on the leading edge.
PAR  The flexographic printing unit 90, 91 may be replaced by an offset printing
      unit as shown diagrammatically in FIG. 13. The offset unit comprises an
      ink duct 140 one wall of which is formed by the surface of metering roll
      141. Ink on the roll 141 is transferred to a transfer roll 142 by a
      pick-up roll 143 which oscillates between the rolls 141, 142. An idler
      roll 144 assists in spreading the ink on roll 142 which is then
      transferred to an inkling roller 145. The ink on roller 145 is transferred
      to a printing plate 146 mounted on a cylinder 147 which rotates in unison
      with an offset cylinder 148 carrying an offset printing blanket 149. An
      ink image on the plate 146 is transferred to the blanket upon rolling of
      the plate over the blanket, and the image on the blanket is in turn
      transferred onto a container 55 mounted on a mandrel of the machine, the
      cylinder 148 corresponding to the cylinder 12 of the machine shown in FIG.
      1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A multi-cylinder printing machine for printing on the surfaces of
      cylindrical or frusto-coincal containers in ultra-violet-light-setting
      inks, comprising a frame, a turret rotatably mounted on the frame, the
      turret having a plurality of rotatable mandrels for the containers to be
      printed, indexing means operable to turn the turret intermittently so as
      to index each mandrel in succession with printing stations around the
      turret, a plurality of printing cylinders rotatably mounted one at each of
      the printing stations, means for applying the ultra-violet-light-setting
      inks to the printing cylinders, and gear means for rotating the mandrels
      and printing cylinders in synchronism to ensure registration of the
      successive images printed by the printing cylinders on containers
      supported on the mandrels, wherein each mandrel is mounted in a recess in
      the turret with at least one side of the mandrel exposed to permit
      printing engagement between the printing cylinders and a container on the
      mandrel, and at least one ultra violet light source is arranged to direct
      light into the recesses to cure ink printed on the containers, the light
      source being provided with a shroud co-operating with the turret to
      prevent escape of light except into a recess.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein the recesses for the mandrels
      open through an annular surface on the turret, each mandrel lies wholly
      within its recess, each printing cylinder is fitted with a printing plate
      which extends partially around the cylinder, the cylinder being arranged
      with its peripheral surface spaced from the plane of said annular surface
      on the turret and the printing plate having a thickness such that it is
      adapted to extend into each recess to print on a container on the mandrel
      therein when the mandrel is in register with the printing cylinder, and
      the rotation of the printing cylinders is synchronised with the indexing
      movement of the turret so that the printing plate on each cylinder is on
      the side of the cylinder remote from said annular surface during index
      movements of the turret.
NUM  3.
PAR  3. A machine as claimed in claim 1, wherein said light source is fixed
      relative to said frame, and the recesses for the mandrels open through an
      annular surface on the turret, the shroud for the light source
      co-operating with the annular surface to prevent escape of light.
NUM  4.
PAR  4. A machine as claimed in claim 3, wherein the shroud has surfaces spaced
      close to and overlapping a wide margin of said annular surface surrounding
      each recess when the mandrel in the recess is in register with the light
      source, said overlapping surfaces on the shroud and said annular surface
      being provided with a light absorbing coating to prevent escape of light
      by reflection therefrom.
NUM  5.
PAR  5. A machine as claimed in claim 3, wherein the shroud for the light source
      comprises a part-cylindrical housing formed with flanges spaced close to
      said annular surface, the flanges overlapping a wide margin of said
      annular surface surrounding each recess when the mandrel in the recess is
      in register with the light source.
NUM  6.
PAR  6. A machine as claimed in claim 5, wherein the recesses open through a
      circular peripheral surface of the turret, and the shroud includes a
      curved end plate which closes off the outer end of said housing and
      extends with small clearance across the circular peripheral surface to
      close the open end of a recess in register with the light source.
NUM  7.
PAR  7. A machine as claimed in claim 3 wherein the turret has a circular rim
      formed with flat upper and lower surfaces, the recesses for the mandrels
      are formed in said rim and open through the upper and lower surfaces and
      through the circular peripheral surface of the turret, and the shroud has
      plates which overlap wide margins of each of said surfaces surrounding
      each recess when the mandrel in the recess is in register with the light
      source.
NUM  8.
PAR  8. A machine as claimed in claim 7, wherein said upper, lower and
      peripheral surfaces of the turret are formed with a light absorbing
      coating and the surfaces of the plates of the shroud facing said surfaces
      of the turret are also provided with a light absorbing coating to prevent
      escape of light by reflection therefrom.
NUM  9.
PAR  9. A machine as claimed in claim 3 wherein the turret has a circular rim
      formed with annular upper and lower surfaces, the recesses for the
      mandrels are formed in said rim and open through said upper and lower
      surfaces and through the circular peripheral surface of the rim, the light
      source is arranged to direct light into a recess through the opening in
      one of said annular surfaces, and each printing cylinder is arranged to
      print on a container through the opening in the other annular surface, the
      shroud co-operating with said one annular surface and the circular
      peripheral surface of the turret to prevent escape of light therebetween,
      and the walls of the recess being spaced close to the mandrel and provided
      with a light-absorbing coating to prevent escape of light through the
      opening in said other annular surface.
NUM  10.
PAR  10. A machine as claimed in claim 9, wherein the light source is arranged
      to direct ultra violet light into a recess when the mandrel therein is in
      register with a printing cylinder whereby, during the printing of an image
      which extends around the full circumference of a container on the mandrel,
      the leading edge is set by the light prior to the trailing edge of the
      image being printed.
NUM  11.
PAR  11. A machine as claimed in claim 9, and including a plurality of light
      sources associated one with each of the printing cylinders, wherein the
      printing cylinders are mounted below the lower surface of the rim of the
      turret and the light sources are mounted above the upper surface of the
      rim and each arranged to direct light into the recess of a mandrel in
      register with the associated printing cylinder.
NUM  12.
PAR  12. A machine as claimed in claim 1 and including a plurality of light
      sources associated one with each of the printing cylinders, each light
      source being mounted on the frame of the machine and provided with a
      separate shroud co-operating with the turret to prevent escape of light.
NUM  13.
PAR  13. A machine as claimed in claim 1 and including a plurality of light
      sources mounted on the turret and adapted to direct light into each of
      said recesses for the mandrels, the recesses opening through a surface of
      the turret remote from the light sources to expose the mandrels for
      printing engagement between the printing cylinders and containers on the
      mandrels, and the walls of the recess being spaced close to the mandrel
      and provided with a light-absorbing coating to prevent escape of light
      through the openings.
NUM  14.
PAR  14. A machine as claimed in claim 1, wherein the means for applying ink to
      the cylinders comprises an ink duct one wall of which is formed by the
      surface of a metering roll, a transfer roll spaced from the metering roll,
      a pick up roll spaced between the metering and transfer rolls, means for
      reciprocating the pick-up roll to bring it alternately into rolling
      contact with the metering roll and the transfer roll, and idler roll in
      rolling contact with the transfer roll, an inking roller in rolling
      contact with the transfer roll, a cylinder having a printing plate thereon
      adapted to make rolling contact with the inking roller upon rotation of
      the cylinder, an offset cylinder having an offset printing blanket adapted
      to make rolling contact with the printing plate, and means for rotating
      said cylinders in unison and rotating the metering roll, the printing
      blanket being adapted to print on to a container mounted on a mandrel an
      image transferred to the blanket from the printing plate.
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ABST
PAL  A demountable document receiving tray or gauge member is provided with
      means for adjusting the lateral location of a document relative to the
      printing position of a MICR imprinting apparatus so as to position the
      document at any one of a multiple set of full field MICR printing
      positions. Structure operably associated with the document receiving tray
      permits automatic actuation of the MICR printing mechanism by insertion of
      a document. Also included is structure providing a time delay preventing
      accidental actuation of the document printing structure after withdrawal
      of the document.
PARN
PAR  This is a continuation of application Ser. No. 412,780, filed Nov. 5, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to automatic alignment and actuating
      apparatus for business machines of the type capable of printing both
      numerical and symbol information onto a document for subsequent handling
      by automatic character recognition equipment.
PAR  Banking documents of the type with which the present invention is most
      useful are usually encoded along the lower bottom edge portion in the
      so-called clear band area of the document, e.g. check, with magnetic ink
      character recognition (MICR) numbers and symbols in accordance with the
      requirements of the American Banking Association. On a check, for example,
      the numbers and symbols are or may be placed in four different locations
      called "fields" along the aforementioned clear band. These four fields are
      designated (auxiliary "on-us"), (transit number), (on-us) and (amount).
      The first three fields are usually preprinted when the checks are supplied
      to a customer with the amount field being filled in during a posting
      operation.
PAR  Many times a check will enter the automatic sorting and handling apparatus
      without the MICR encoding. These checks, which are commonly referred to as
      "exception items", must then be processed so that they will flow through
      the automatic equipment with a minimum amount of handling and expense.
PAR  Another source of such exception items are new checking accounts. When a
      checking account is opened, the band ordinarily provides 5 or 10 checks
      for use until the customer receives a supply of personalized pre-encoded
      checks. Each time the customer uses one of these temporary checks, it must
      be handled as an exception item by the bank. The bank must encode each of
      the checks with automatic MICR numbers and symbols to enable the checks to
      be processed automatically. Ordinarily the banks suffer this expense for
      the goodwill of the customer, however, these checks present an expensive
      and time consuming handling problem.
PAR  The present application is related to U.S. Pat. No. 3,712,211, entitled
      "Alignment Means for a Bed and Platen Printing Machine", filed Oct. 30,
      1970, Ser. No. 85,445 issued Jan. 23, 1973, in the name of Paul J. Thut.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention which is an improvement over the aforementioned
      patented MICR encoding apparatus relates to means for automatically
      aligning a document adjacent to a MICR printing position and
      simultaneously actuating the MICR printing apparatus to print the MICR
      encoded information on the aligned item. The apparatus includes oppositely
      disposed switch means against which the lower edge of the item must abut
      and an edge alignment switch carried by the document tray against which
      the vertical edge of the item must also abut. The three switch means
      operate conjointly thereby to prevent accidental "cocking" or misalignment
      of the item adjacent to the printing station. The item receiving and
      holding tray or gauge member is provided with a laterally adjustable item
      receiving throat permitting the item to be encoded with MICR information
      in any selectable one of four recongnized MICR encoding fields. The
      electrical switching of the apparatus is provided with time delay means
      preventing accidental misalignment and inopportune actuation of the
      printing mechanism until a preset time has elapsed after any individual
      printing operation.
PAR  The present invention permits the MICR encoding apparatus to be
      automatically actuated and cycled upon the entry of the item and its
      alignment within the item receiving throat of the device.
PAR  This invention also permits the selective choice of multiple MICR encoding
      fields by simply laterally repositioning the item receiving throat portion
      of the item carrying tray while automatically adjusting the lateral
      contact switch means.
PAR  The present apparatus provides highly accurate registration and alignment
      of the MICR printing to the extent that repeated actuation of the printing
      mechanism without removal of the item is undetectable to the human eye.
PAR  The present apparatus is automatically cyclicable without operator
      intervention with respect to keyboard controls.
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages, will be best understood by
      reference to the detailed description taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of the right hand side of the MICR
      encoding apparatus showing the document receiving tray or gauge member in
      place;
PAR  FIG. 2 is a view similar to that of FIG. 1 of the same side of the machine
      with the cover removed and with the document receiving tray dismounted;
PAR  FIG. 3 is an elevational view similar to FIG. 2 with the right hand side
      plate removed to expose the key actuating mechanism and the switch camming
      means of the invention;
PAR  FIG. 4 is a left hand side elevational view of the machine with portions
      broken away to expose various electrical contacts and mechanical
      subassemblies;
PAR  FIG. 5 is a left hand side elevational view illustrating the platen
      actuating mechanism and the control switching apparatus;
PAR  FIG. 6 is a schematic wiring diagram for the present invention;
PAR  FIG. 7 is a top plan view partially in section of the document bottom edge
      switch mechanism;
PAR  FIG. 8 is a side elevational view partially in section of the mechanism of
      FIG. 7 but including the ribbon spool, ribbon path and print actuating
      mechanism;
PAR  FIG. 9 is a rear elevational view partially in section of the switch
      mechanism of FIG. 8;
PAR  FIG. 10 is a side elevational view partially in section of the automatic
      trip lever actuating mechanism;
PAR  FIG. 11 is a rear elevational view of the mechanism of FIG. 10;
PAR  FIG. 12 is a top plan view partially in section of the document receiving
      tray end stop switch mechanism;
PAR  FIG. 13 is an elevational view of the left end of the document guide tray
      of FIG. 12; and,
PAR  FIG. 14 is a detail view of the document end stop switch of FIG. 12 with
      the cover removed to expose the interior to view.
DETD
PAR  The invention will be described in conjunction with a preferred embodiment.
      However, it should be understood that it is not intended to thereby limit
      the invention to that embodiment. On the contrary, it is intended to cover
      all alternatives, modifications and equivalents as may be included within
      the spirit and scope of the invention as defined by the appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a document encoding machine of the type described and
      claimed in U.S. Pat. 3,712,211 assigned to the same assignee as the
      present invention and modified in accordance with the present invention is
      indicated generally at 10. The machine has a cover 12 and a base 14. A
      keyboard indicated generally at 16 is located on the sloping forward front
      portion of the machine. The keyboard has a plurality of number and symbol
      keys 18 which are divided into individual keybanks. The keyboard also has
      a repeat bar 20 for reencoding the same information on several documents.
      A clear bar (not shown) adjacent to the repeat bar is provided to manually
      clear the keyboard.
PAR  Above the keyboard and in clear view of the operator is a window (not
      shown) through which the operator can observe a signal flag which
      indicates to the operator that only a relatively small amount of inking
      ribbon remains on the supply spool and that the end of the ribbon is
      approaching.
PAR  A removable document receiving and holding tray 22 referred to as a gauge
      member in U.S. Pat. No. 3,712,211 is mounted within a recess 24 across the
      top portion of the machine 10. The holder 22 has a laterally movable tab
      stop switch actuator member 26 for aligning the document to be printed
      relative to the print wheels in the machine. A window (not shown) in the
      document holder indicates to the operator the field in which the document
      is being encoded and the location of the resultant printing relative to a
      clear band portion along the lower edge of the document.
PAR  The document tray 22 is retrained in operating position within the machine
      by a spring biased bail 28 which is pivotally mounted on the side frames
      of the machine as at 30, FIG. 2. The bail 28 has a projecting portion 32
      which cooperates with a surface 34 on the tray 22 to retain the tray in
      the machine. When it is desired to remove the tray 22 from the machine,
      for example, to place a new inking ribbon in the machine, the bail 28 is
      pushed toward the rear of the machine allowing tray member 22 to be lifted
      vertically clear of the machine.
PAR  Secured to the rear upper exposed portion of tray 22 and operably
      associated with movable tab 26 is an adjustably, positionable snap-action
      switch 36, FIGS. 12 and 14, adapted to be actuated by the edge of a
      document, as will be explained later on herein. The switch actuating
      members for switch 36 are enclosed by cover member 38. Electrical leads
      40, FIG. 14, from the switch 36 are fed to a junction block 42 secured to
      the tray 22 permitting the same to be easily and efficiently, eletrically
      and mechanically dismounted.
PAR  in FIG. 2, the right hand side of the machine 10 (as viewed from the front)
      is shown with the cover 12 removed for observation of the working parts.
      In the description which follows, a part will be biased forward when it is
      drawn toward the front of the machine and rearward when it is drawn toward
      the rear or back of the machine.
PAR  The machine has right and left side frame members 44 and 45, FIGS. 2 and
      11, made of heavy gauge steel and a lighter gauge steel right hand
      keyboard support frame 46, FIG. 2, only one of the two frames being shown
      in FIG. 2. When a document, e.g. check 48, FIG. 3, is present and properly
      positioned in the tray member 22, a series of electrical and mechanical
      interlocks are automatically actuated permitting the machine to cycle so
      as to cause the check to be printed with appropriate MICR information in
      the selected field. These interlocks include electrical and mechanical
      apparatus as will be described in detail hereinafter.
PAR  The subject apparatus, as seen in FIG. 2, is electrically operated by means
      of a drive motor 50 located in the rear lower portion of the machine.
      Motor 50 is coupled to a large drive pulley 52 through a notched drive
      belt 54. A gear train 56, FIG. 3, carried by a pair of irregularly shaped
      brackets 58 (only one of which is shown) is rotatably engaged with a
      rotary overrunning clutch 60. Clutch 60 is driven by drive pulley 52
      through a gear train (not shown). Motor 50 is adapted to be cycled
      automatically, intermittently by insertion of a document or an item 48,
      e.g. check into the document receiving throat of tray 22. To this end,
      there is disposed on opposite sides of frame 44 and 45 of the machine,
      forwardly of the printing platen assembly 62, two adjustably positionable
      snap-action switches 64 and 66, FIGS. 3 and 5. The method of adjusting
      snap-action switches 64 and 66 is as follows: Switches 64 and 66 are
      fastened integrally with switch brackets 194 which allow switch actuators
      64A and 66A to line up with projecting arm 72 through lateral tang 72A.
      The switch brackets 194 are fastened adjustably to frame 44 and 45 of the
      machine, by means of slotted holes 198 and screws 200 pivoted about screw
      202 attached to side frames 44 and 45. By pivoting the switch bracket
      assemblies 196, the switch actuators 64A and 66A can be positioned to
      allow the switch actuating position to be changed. This adjustment allows
      both switches 64 and 66 on both side frames to be actuated or tripped at
      precisely the same time. This adjustment insures a document registration
      in the vertical plane of 0.025 .+-. 0.010 inches. The actuators 64A and
      66A of switches 64 and 66 are adapted to extend vertically upwardly into
      the path of movement of oppositely disposed document sensing switch
      actuating interposer members 68, FIG. 8.
PAR  Interposers 68 are each provided with three projecting members; a forwardly
      projecting arm 70, a downwardly projecting arm 72 and a rearwardly
      projecting arm 74. The interposer 68 is pivotally mounted for rocking
      movement on the MICR symbol wheel shaft 78 which carries symbol wheels 80
      used for printing the MICR symbols on the items as will appear more
      clearly hereinafter.
PAR  The fowardly extending arm 70 of each interposer 68 acts as a
      counterbalance for the mechanism and its extreme forward end abuts a stop
      member 76. The rearwardly extending interposer arm 74 is arranged to
      extend into the path of movement of the document which is receivable in
      the document receiving tray 22. The document tray is received over the
      switch actuators and is retained in place by the upper edges of the
      vertical side frame members 44 and 45, FIG. 11. The lower portion of the
      tray is notched or cut away (not shown) so that the document can extend
      below the bottom edge of the tray through the notched opening and into
      contact with the upper edges of the interposer arms 74 (when the tray is
      in place in the machine).
PAR  A center bottom document support 77 rockably pivoted on shaft 79 extending
      between side frames 44 and 45 is disposed beneath the document tray 22 so
      as to be located within the notch or cutout area of the document tray when
      the latter is in place in the apparatus. Member 77 forms a document bottom
      limit member providing support for the otherwise flimsy paper document
      intermediate the two oppositely disposed interposer arms 74. As seen in
      FIG. 8, the upwardly projecting edge of arm 74 in its rest position is
      angled slightly with respect to the V-shaped notch 81 in the document
      support 77. This arrangement permits the document to strike the arm 74
      depressing this member and thereafter bottoming in the V-notch 81 of the
      support 77. This clockwise movement of member 74 about shaft 78 causes
      member 72 to move the switch actuators 64a and 66a, the latter extending
      upwardly through holes in the lateral tang 72a, FIG. 9, of each arm 72,
      closing and energizing these snap-action switches for purposes to be
      explained presently.
PAR  As seen in FIGS. 10 and 11, adjacent to gear train 56 and clutch mechanism
      60 is a trip lever actuating solenoid 82 provided with a vertically
      reciprocable plunger 84 which is spring biased by spring 86 in a downward
      or a retracted position. A four armed trip lever switch actuating means 88
      is rockable about pivot shaft 90 extending between side frames 44 and 45.
      The left forwardly extending arm 92 (FIG. 10) is pivotally linked to the
      solenoid plunger 84 by means of a pin 94 and provides means for rockably
      moving switch trip lever 88 about shaft 90. Intermediate arm 98 and
      vertically projecting arm 100 provide means to maintain certain of the
      switch means activated as well as providing a positive return means for
      the solenoid plunger 84 in case the spring 86 should fail or jam.
PAR  Lower depending arm 102 of trip lever 88 carries a transverse tang 104
      extending normal to the plane of the drawing provided with a pair of
      contacts 106 and 108 only one of which is shown in FIG. 10. As seen in
      FIG. 11, disposed to the rear of the contact carrying arm 102 of the trip
      mechanism, are two "non-repeat" snap-action switches (NRSW1 and NRSW2) 110
      and 112, respectively. The actuator 110a of switch 110 projects leftwardly
      (FIG. 10) into the path of movement of the switch contact 106. Each switch
      contact is adjustable by means of set screw 114 to control any overtravel
      with respect to the trip switches.
PAR  Intermediate the arms 92 and 98 on trip lever arm 88 is a projecting tang
      116 which operates in conjunction with clutch trip cam 118 on main cam
      shaft 120 to cause the clutch mechanism 60 to engage and drive. This
      permits the drive motor 50 to cycle the apparatus causing it to print the
      desired MICR symbols on the item disposed within the document tray 22 in
      the manner described in U.S. Pat. No. 3,712,211. Mounted adjacent to cam
      118 on shaft 120 is a cam assembly 122 including a kick-off cam 124 and a
      switch holding cam 126. Kick-off cam 124 operates in conjunction with
      follower roller 128 to return the solenoid plunger to its inactive rest
      position should the spring 86 fail or the solenoid itself hang-up for some
      inexplicable reason. Cam 126 operating in conjunction with follower roller
      130 acts to maintain snap-action switches 110 and 112 actuated for
      purposes still to be described.
PAR  With particular reference to FIGS. 12 through 14, inclusive, of the
      drawings, it is seen that snap-action switch 36 is secured as by bolts
      within the rectangular box-like structure formed by cover 38 and base 132
      to which the cover is secured. This assembly 134 is longitudinally
      slidably, adjustably, movable in the direction of the double headed arrow
      136 so as to permit MICR printing of the item in any desired one of a
      number of field positions located along the lower border or band of the
      item. The actuating tab stop member 26 is a substantially "L" shaped
      non-conductive plastic formed or molded piece, the tab stop portion of
      which is exposed to the operator as seen in FIGS. 12 and 13 to form a
      lateral or transverse abutment or stop against which the check item is
      received. The concealed portion 138, integral with the tab stop member, is
      mounted to the base 132 by means of slotted holes 140 and bolts 142. The
      leftward end 144 (as viewed in FIG. 14) of member 138 forms an operating
      contact surface for the switch actuator 146 of switch 36. The longitudinal
      movement of concealed portion 138 is adjustably limited by two eccentric
      sleeves 182 and 184 and locked into position by screws 186 and 188. When
      eccentric 182 is secured in place by screw 186 against surface 190 of
      concealed portion 138, the rightward movement of 138 is limited. In the
      same manner, when eccentric 184 is secured in place by screw 188 against
      surface 192 on extended tab of concealed portion 138, the leftward
      movement of 138, which is integral with the tab stop member 26 is limited.
      With the above two adjustments the travel of switch actuator 146 can be
      limited precisely to a minimum, producing consistent printing accuracy on
      the document, within .+-.0.010". Electrical switch contact leads 40 are
      brought out from a switch contacts 150 to the pluggably demountable
      junction block 42, FIG. 1, for interconnection to a fixed receptacle 152
      secured to the machine frame in known manner. The assembly 134 is
      adjustably mounted to a transverse slide member 154 as by bolts 156
      through elongated holes 153 for movement leftwardly and rightwardly of the
      printing position for purposes previously described.
PAR  The operation of the present invention, with reference to circuit diagram
      FIGS. 6, 8, 10 and 11 is simple, fast and efficient. The operator first
      inserts the exception item 48 FIG. 3 to be MICR encoded into the throat of
      the document receiving tray 22 FIG. 1 so that the item bottoms against the
      rearward arm 74 of the document sensor interposer arm 68, FIG. 8, rotating
      the interposer and closing item trip switches 64 and 66. As the document
      is slid rightwardly in the tray to complete the insertion movement
      (leftwardly as viewed in FIG. 12) its rightward edge abuts the tab stop
      26, FIGS. 1, 12, 13 and 14 energizing document trip snap-action switch 36.
      This conjoint switch action energizes solenoid 82, FIGS. 6, 10 and 11,
      from a source of B+ over lines 160 and 162 through fuse 163. Energization
      of solenoid 82 rocks trip lever actuating mechanism 88, FIG. 10,
      counterclockwise from the full to the dotted line position causing arm 102
      to contact and close non-repeat switches 110 and 112.
PAR  Tang 116 of the lever arm 88 is withdrawn from the clutch trip cam lobe 178
      permitting the clutch to rotate. Cam 126 and its enlarged cam lobe 180
      engages and moves follower roller 130 from the full to the dotted line
      position maintaining switch arm 102 rightwardly holding switches 110 and
      112 closed. Solenoid 82 is now out of the circuit and the switches are
      controlled by the cam action of arms 98 and 100 (switch trip lever 88).
      Non-repeat switch 110 initiates a time delay for engagement and actuation
      of clutch 60 through time delay circuit including diode 164, resistance
      166, capacitance 168, time delay relay coil 170 and contacts 170a and
      170b. Non-repeat switch 112 applies electrical potential (B+) through fuse
      172 and speed regulating switch 174 to drive motor 50. Energization of
      motor 50 engages the clutch ratchet (not shown) of clutch 60 causing a
      print cycle to take place and MICR printing to be applied to the item.
PAR  At this point in time as seen in FIGS. 10 and 11 trip cam 124 moves in the
      direction of arrow 176. With solenoid 82 out of the circuit non-repeat
      switches 110 and 112 are energized and are controlled mechanically through
      trip cam 124. At the completion of the time delay cycle non-repeat
      switches 110 and 112 open, non-repeat switch 112 shuts off the motor. The
      relay 170 stays energized through the trip switches preventing a repeat
      cycle.
PAR  The time delay mechanism employs an RC circuit FIG. 6 across the time delay
      relay coil 170. Since a DC coil is used the diode 164 is employed to
      provide halfwave rectification while resistance 166 introduces a time
      constant to charge capacitance 168. When capacitance 168 charges up to the
      pick or energization voltage of relay 170, relay coil 170 is energized
      opening up closed contact 170b of the solenoid circuit energizing relay
      170 through the document trip switches 36, 64 and 66 and closed contact
      170a. Thus if a document is left in the tray 22 accidentally or otherwise
      relay 170 remains energized and there is no way to trip or actuate the
      machine drive until or unless the document is removed.
PAR  Now the machine completes its cycle. Kick-off cam 124 rotates far enough to
      permit the lever 88 to rock clockwise moving arm 100 rightwardly FIG. 10
      opening switches 110 and 112 removing power to motor 50. This interrupts
      the alternate power circuit to time delay relay 170 but the relay is still
      held in by virtue of the document trip switches. Removal of the document
      starts the time delay to prevent accidental tripping of the machine. At
      the end of the time period relay 170 is deenergized permitting a new cycle
      of operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Control apparatus for printing devices comprising:
PA1  printing means for printing MICR encoding on an item such as a check,
PA1  demountable, removable item receiving means receivable in said printing
      means for positioning an item adjacent to the printing mechanism of said
      printing means,
PA1  electrical signal means in said item receiving means for producing a signal
      signifying the item is accurately side edge aligned within said receiving
      means,
PA1  additional electrical signal means within said apparatus effective to
      produce a signal signifying the item is properly bottomed relative to said
      printing mechanism,
PA1  electromagnetic means including means actuatable in response to the signals
      from said first and second mentioned signal means for actuating means for
      preventing cycle repetition and for printing upon said item,
PA1  said printing means including cam means for controlling and terminating the
      printing cycle of said apparatus and,
PA1  electrical time delay circuit means interconnecting the first and second
      mentioned signal means and said means preventing machine cycling for
      preventing a second or unwanted printing on said item.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein said time delay circuit
      means includes a diode and resistance electrically coupled to a
      capacitance across a relay coil effective to deenergize said
      electromagnetic means preventing premature machine cycling in response to
      operator action.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein said additional
      electrical signal means are provided with eccentric means enabling the
      actuators of said signal means to be adjusted effective to control the
      MICR encoding location within a narrow and precise tolerance range.
NUM  4.
PAR  4. Control mechanism for printing apparatus comprising;
PA1  document receiving and supporting means,
PA1  first switch means operably associated with said document receiving means
      and against which said document is side edge aligned,
PA1  printing apparatus including means demountably, removably supporting said
      document receiving means,
PA1  second switch means operably associated with said printing apparatus and
      against which same document is bottom edge aligned,
PA1  means operably engagable with said printing apparatus and responsive to
      conjoint signal output from said first and second switch means to produce
      an electrical signal indicating said document is properly oriented in said
      document receiving means for printing, and,
PA1  means controlling said printing apparatus responsive to said electrical
      output signal and including cam means for actuating said printing
      apparatus and causing printing on said document.
NUM  5.
PAR  5. The invention in accordance with claim 4 wherein said controlling means
      comprises an electromagnetically reciprocable solenoid and a rockable
      linkage operably associated with said cam means and said switch means to
      prevent accidental actuation of said printing apparatus and suitable
      actuation thereof in response to a properly positioned document.
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ABST
PAL  A screen printing machine which includes a frame, a backing member
      supported by the frame, and at least one rotary screen assembly carried by
      the frame in adjustable relationship with respect to the backing member.
      Each rotary screen assembly includes an inner elongated support member, an
      outer hollow screen rotatably supported about the inner elongated support
      member for rotation thereabout, and elongated applicator means which
      engages the inner surface of the hollow screen and which is supported by
      the elongated inner support means. Pressure adjusting means are carried
      within the interior of the hollow screen, comprising a plurality of
      individually inflatable elongated tubes positioned behind the elongated
      applicator means. In one embodiment, the outermost tubes extend beyond the
      extremities of the applicator means.
PAL  Various adjusting capabilities are provided, including first adjusting
      means for rotating the inner elongated support member about its own axis
      from a location outside of the associated hollow screen. Second adjusting
      means are provided for effecting longitudinal motion of the inner
      elongated support member of the rotary screen with respect to the frame.
      Additionally, third adjusting means are provided for effecting
      circumferential movement of the inner support member with respect to the
      backing drum.
PARN
PAC  RELATIONSHIP TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application 326,396,
      filed Jan. 24, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rotary screen printing machines are well known and typically include a
      frame, backing means supported by the frame, and at least one, and usually
      a plurality, or rotary screen assemblies which are carried by the frame in
      adjustable relationship with respect to the backing means. Typically, each
      rotary screen assembly includes an inner elongated member, an outer hollow
      patterned screen supported about the inner elongated support member for
      rotation thereabout, and an elongated applicator, such as a conventional
      squeegee, which is supported on the elongated support member and engages
      the inner surface of the screen to press the coloring paste or ink through
      the perforated pattern thereof as the fabric being printed is passed
      between the respective hollow screen and the backing means. In a rotary
      type screen printing machine, the backing means comprises a large drum and
      the plurality of rotary screen assemblies are supported circumferentially
      thereabout. In a flat bed screen printing machine, it is normal practice
      to provide the rotary screen assemblies in a common plane with each screen
      assembly being provided with a cooperating back-up roller associated
      therewith.
PAR  Since the pressure of the applicator (i.e., squeegee) plays such an
      important role in controlling the quality of the printing, various prior
      art techniques have been suggested for permitting adjustment of the
      squeegee with respect to the inner surface of the screen. For example,
      U.S. Pat. Nos. 3,196,784; 3,216,349, 3,566,784; 3,592,132; and 3,596,595
      disclose magnetic attraction techniques for selectively drawing the
      squeegee into contact with the interior surface of the screen. As another
      approach, U.S. Pat. Nos. 2,928,340 and 3,186,339 disclose the use of fluid
      actuated pistons which are connected to the squeegee to be controlled
      thereby. As another approach, U.S. Pat. Nos. 2,292,602; 2,571,064; and
      3,229,624 employ springs to bias the squeegee against the interior surface
      of the screen.
PAR  More recently, it has been suggested to employ an elongated inflatable tube
      to control the pressure of the squeegee against the inner surface of the
      printing screen. In this prior art device, an inflatable tube
      corresponding to the length of the printing screen is supported on the
      inner support shaft of the rotary screen assembly and located behind the
      squeegee member. By controlling the inflation of the tube, the amount of
      squeegee pressure against the inner surface of the screen may be varied.
      As will be pointed out below, an important aspect of the instant invention
      is to provide an improvement over this type of squeegee pressure
      adjustment technique.
PAR  It has also been appreciated with respect to the above-described type of
      screen printing machine that it is desirable to provide an adjusting
      mechanism for varying the angle at which the squeegee engages the inner
      surface of the screen. In prior art machines, however, such adjustment can
      only be accomplished by removing the hollow screen so as to expose the
      squeegee and the mechanism for varying the angular position thereof. In
      addition, such adjusting mechanism of the prior art machines has been
      rather complex.
PAR  Similarly, prior art machines have been provided with adjusting mechanisms
      for varying the position of the screen of each rotary screen assembly with
      respect to its associated backing member. Unfortunately, the various
      techniques provided in the prior art machines are rather complex and no
      simple mechanism has been developed to provide all the desired degrees of
      motion of the screen. As noted below, a section aspect of the invention is
      to provide a screen printing machine with improved mechanisms for
      achieving the various desirable movements of the screens with respect to
      their associated backing member.
PAC  SUMMARY OF THE INVENTION
PAR  With respect to that aspect of the invention directed to controlling the
      squeegee pressure, the instant invention provides that in a screen
      printing machine of the aforedescribed type, the pressure adjusting means
      carried in the interior of the hollow screen of each rotary screen
      assembly comprises a plurality of individually inflatable elongated tubes
      positioned behind the applicator means. In most simple manner, selected
      amounts of pressure may be applied to selected portions of the applicator.
      Of course, it will be appreciated that the number and length of such
      portions will correspond to the number and length of inflatable tubes
      employed.
PAR  It should be noted that this system of selective pressure application to
      various portions along the length of the squeegee has been found to be
      particularly advantageous in printing machines of this type which are
      especially wide. That is, it has been found that the wider the machine,
      and the longer the rotary screen assembly, the more there is a tendency
      for the screen to bow away from its respective backing member near the
      center thereof. This occurs because the rotary screen assembly is
      supported with respect to the frame at its opposite ends thereof; and with
      a relatively long rotary screen assembly, there is no fixed support
      provided at the center thereof. With the instant invention, by inflating
      the centrally located inflatable tube or tubes at a greater pressure than
      the inflatable tubes located adjacent the ends of the squeegee, the
      increased pressure at the center of the squeegee will compensate for the
      bowing effect which naturally occurs.
PAR  With respect to that aspect of the invention directed to selecting the
      angle of squeegee engagement with the inner surface of the respective
      screen, the instant invention provides extremely simple adjustment means
      which are located externally of the rotary screen assembly such that the
      squeegee angle can be varied without removing the hollow screen from the
      assembly.
PAR  Finally, with respect to that aspect of the instant invention directed to
      improving the ability to adjust the rotary screen with respect to its
      backing member, simple, novel adjustment means are provided for effecting
      longitudinal movement of the hollow screen with respect to its associated
      backing member as well as for providing circumferential movement of the
      hollow screen with respect to its associated backing member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a screen printing machine constructed in
      accordance with the teachings of the instant invention.
PAR  FIG. 2 is a partial, exploded, perspective view of a rotary screen assembly
      employed in the instant invention.
PAR  FIG. 3 is a perspective view, partly in section, of the rotary screen
      assembly shown in FIG. 2.
PAR  FIG. 4 is a side view, partially in perspective and partially in section
      illustrating the feature of the instant invention relating to the use of a
      plurality of elongated individually inflatable tubes for selectively
      appling pressure to different portions of the length of the squeegee shown
      therein.
PAR  FIG. 5 is a partial elevational view of a portion of a novel rotary screen
      assembly hereof as well as a portion of the associated adjusting mechanism
      therefor.
PAR  FIG. 6 is a partial view of a portion of the apparatus of the instant
      invention.
PAR  FIG. 7 is a partial perspective view similar to the view of FIG. 6 but
      illustrating the manner in which one of the novel rotary screen assemblies
      hereof is supported in adjustable relationship in respect to the frame.
PAR  FIG. 8 is a side view, partially in perspective and partially in section,
      illustrating an improvement of the instant invention in which the
      individually inflatable tubes extend beyond the ends of the elongated
      squeegee.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning to the figures, there is shown in FIG. 1 a screen printing machine
      broadly designated 10. The machine 10 includes a frame 12 having side legs
      14 and 15 which are provided at their respective upper ends thereof with
      circular end blocks 16 and 18 respectively. Journaled for rotation between
      the end blocks 16 and 18 is a backing drum 20. Supported circumferentially
      about the drum 20 by support arrangement broadly designated 22 which
      project out from the respective circular end blocks 16 and 18 are a
      plurality of identical rotary screen assemblies 24. The construction of
      the rotary assemblies 24 will be presented in further detail, but
      sufficient for present understanding, it is well known that such rotary
      screen assemblies include a hollow screen 26 having finely apertured
      patterns through which ink or coloring paste is forced by an internal
      squeegee arrangement so as to print corresponding patterns on the material
      28 passing between the backing drum 20 and the rotary screen assemblies
      24. In this connection, a sun gear 30 is rotatably supported on the same
      shaft (not shown) upon which the back-up drum 20 rotates, and the teeth of
      gear 30 engage corresponding teeth on gear 32 associated with each rotary
      assembly 24 whereby rotation of the drum 20 and the gear 30 cause
      corresponding rotation (but in opposite direction) of the screen 26.
PAR  Before turning to the specific improvements of the instant invention, it
      will be appreciated from the above discussion that the invention hereof is
      being illustrated in the environment of a rotary screen printing machine,
      that is one which includes the large rotating back-up drum assemblies 24.
      However, the invention hereof is not to be deemed limited to such
      environment since as it will become apparent, the principles hereof will
      be applicable to a conventional flat bed screen printing machine in which
      the plurality of rotary screen assemblies are located in the same plane
      and each is provided with an individually associated back-up roller.
PAR  Considering FIGS. 1, 2, 3, and 5, it will be seen that each rotary screen
      assembly 24 includes an inner elongated support member 36 provided at each
      end with a support block 38 (only one of which is visible in FIGS. 3 and
      5). Extending from opposite ends of the inner elongated support member 36
      are first and second hollow shaft members 40 and 42 respectively (the
      shaft member 42 being visible only in FIG. 1) which include a hollow
      interior 44, the purpose of which will be explained in greater detail. As
      seen in FIG. 5, the hollow screen 26 is freely rotatably supported with
      respect to the inner elongated support member 36 by being carried by a
      pair of circular end plates 48 (only one of which is shown in FIG. 5)
      which are freely rotatable with respect to the associated shaft member 40
      (or 42 at the other end) with the aid of ball bearings 50. It will be
      appreciated that a retaining ring 52, together with a step portion 54 of
      the respective shaft 40 (or 42) prevents longitudinal motion of the end
      plate 48 while still permitting rotation thereof.
PAR  The inner elongated support member 36 supports an elongated applicator
      which in the illustrated embodiment is a conventional squeegee 56, the
      edge of which engages the inner surface of the screen 26 to force ink
      through the patterned regions provided therethrough. As best seen in FIGS.
      2 and 3, the squeegee 56 actually protrudes from a generally rectangular
      squeegee holder 58 which at opposite ends thereof include outwardly
      directed lip portions 60 across which is disposed a bar 62 which is biased
      by springs 64 and 66 so as to normally urge the squeegee holder 58
      together with the squeegee 56 in a downward position as viewed in FIGS. 2
      and 3. The squeegee holder 58 is constrained to vertical motion by a
      generally U-shaped channel member 68, the bight portion 70 of which is
      appropriately secured on a supporting plate 72 carried by the end block 38
      in turn carried by the inner elongated support member 36.
PAR  As is well known, the orientation is such that the point of engagement of
      the squeegee 56 with respect to the inner surface of the screen 26 is on
      the periphery of the back-up drum 20. In other words, with respect to FIG.
      3, the squeegee lies perpendicular to the flow path of the fabric passing
      between the screen 26 and the back-up roller 20. (Of course, it has been
      suggested in the prior art that it is sometimes desirable to vary the
      angle at which the squeegee engages the inner surface of the screen 26;
      and in fact, to be subsequently described is a particularly advantageous
      feature of the instant invention by which the angle of the squeegee may be
      varied from a location outside of the screen 26).
PAR  In accordance with a particular advantageous feature of the invention, and
      with reference to FIGS. 3 and 4, novel pressure adjusting means are
      provided in the interior of the hollow screen by which the pressure
      applied to the squeegee 56 (and hence the pressure of engagement between
      the squeegee 56 and the interior of screen 26) may be selectively varied
      along the length thereof. Such pressure adjusting means comprises a
      plurality of individually inflatable elongated tubes 74, 76 and 78
      positioned behind the squeegee holder 58 within the confines of the
      U-shaped channel member 68. Such inflatable tubes are constructed of
      rubber or similar elastic material and function much like individual
      elongated balloons. By suitable fluid or air conveying hoses 80, 82 and
      84, respectively, and appropriate pressurizing means (such as a
      conventional compressor, not shown, appropriately valved to permit
      selective distribution of compressed fluid to the tubes 80, 82 and 84),
      the individual inflatable tubes 74, 76 and 78 may be selectively inflated
      to vary the pressure behind the squeegee along its length. As noted
      previously, this has been found particularly advantageous when dealing
      with wide screen printing apparatus wherein there is a tendency for the
      center of the rotary screen to slightly bow away from the associated
      back-up roller 20. With the instant invention one can compensate by
      inflating center tube 76 slightly more than the end tubes 74 and 76
      thereby applying greater pressure behind the squeegee 56 along the center
      region thereof. Of course, the aforedescribed example is intended to
      merely illustrate the versatility of the plurality of selectively inflated
      tubes 74, 76 and 78 and the instant invention is not intended to be
      limited thereby. Indeed, the selective pressure along the length of the
      squeegee which is made possible by this aspect of the instant invention is
      very useful at all times to properly establish the proper squeegee
      pressure along its length and thereby properly control the flow of
      coloring paste or ink passing through the screen 26 into engagement with
      the fabric to be printed. Also, it is to be appreciated that although
      three such inflatable tubes 74, 76 and 78 have been illustrated in the
      instant application, any number of such tubes, greater than one, may be
      employed depending only upon the extent of selective control which is
      desirable for a particular application.
PAR  As noted previously, the instant invention further includes adjusting means
      for rotating the inner elongated support member 36 of each rotary screen
      assembly about its own axis from a location outside of the respective
      hollow screen 26 whereby the angle of the applicator means (i.e., angle of
      engagement of the squeegee 56) can be selectively varied from a location
      outside of such hollow screen. Thus, and as it will be best appreciated
      considering FIG. 1 together with FIGS. 6 and 7, it will be seen that for
      each rotary screen assembly 24, the frame includes a pair of outstanding
      projections 86 and 88 respectively. Slidably mounted on the projections 86
      and 88 are saddles 90 and 92, respectively, which include forwardly
      extending screw threaded portions 94 which engage internally threaded
      passageways provided in outstanding studs 96 provided on the projections
      86 and 88, respectively. On the screw threaded portions 94 are hand wheels
      98 which may be rotated to cause the saddle 90 to travel inwardly or
      outwardly on the projections 86 with respect to the back-up drum 20.
PAR  As best seen in FIGS. 6 and 7, the carriage 90 includes upstanding wall
      portions 100, 102 which defines a receptacle for rotatable shaft holders
      104 and 106 (holder 106 being visible in FIG. 1 only) which receive and
      carry the respective shaft members 40 and 42 which extend from opposite
      ends of the respective rotary screen assembly 24. For effecting rotation
      of holders 104, an arm 105 is secured to wall portion 102 by fastening
      means 108 with arm 105 having a screw threaded aperture at the end thereof
      through whcih passes an externally threaded adjusting screw 110. Secured
      on one face of the holder 104 there is a horseshoe shaped plate 112 having
      an extension 114, the teeth 116 of which are engaged by the teeth of the
      adjusting screw 110 in a worm and gear fashion. Rotation of the screw 110
      causes corresponding rotation of holder 104.
PAR  As noted previously, the holders 104 and 106 of the rotary screen assembly
      24 receive and support the respective shaft members 40 and 42 extending
      from opposite ends of the inner elongated support member 36 of the rotary
      screen assembly 24. As best seen in FIGS. 2 and 5, a portion 118 of the
      respective shaft members 40 and 42 is externally threaded and that same
      portion 118 includes an outwardly directed key 120 which is received in a
      somewhat longer keyway slot 122 provided in the rotatable holder 104 (FIG.
      6). When the shaft members 40 and 42 are placed into the holders 104 and
      106, it will be appreciated that the key and the keyway arrangement 120
      and 122, respectively, drive the shaft member 40 for simultaneous rotation
      with the holder 104 while the longer length of the slot 122 with respect
      to the key 120 permits the shaft member 40 to be moved longitudinally with
      respect to the holder 104 for purposes which we will further describe. As
      best seen in FIG. 5, a pair of internally threaded adjusting nuts 124 and
      126 are threaded on portion 118 of shaft 40 and may be tightened up
      against the plate 112 and the rear end of holder 104.
PAR  From the above, it can be seen that by rotating the adjusting screws 110,
      the holder 104 (shaft member 40 and the inner elongated member 36,
      together with the block 38) will be rotated to vary the angular position
      of the squeegee 56 with respect to the inner surface of the screen 26. As
      is well known, varying the angle of the squeegee 56 varies the degree to
      which the squeegee forces paste or coloring ink through the finely
      apertured pattern provided in the screen 26 as it rotates past the
      squeegee edge and is a useful and desirable adjustment feature. In
      accordance with the instant invention, the aforedescribed arrangement
      makes possible selective angular change of the squeegee 56 from a point
      outside of the screen 26.
PAR  Also suggested above, is the fact that the instant invention may include
      adjusting means for effecting longitudinal motion of the rotary assemblies
      24 with respect to the backing drum 20. In the instant invention, this is
      effected in a most simple and advantageous manner by utilization of the
      aforedescribed internally threaded adjusting nuts 124 and 126 in the
      following manner. Specifically, and with reference to FIG. 5, let it be
      assumed that it is necessary to move the screen assembly 24 to the right.
      One merely has to rotate adjusting nut 124 a few turns so that it backs
      away from the plate 112 (FIG. 6), then rotate the adjusting nut 126. Since
      nut 126 cannot move to the left as viewed in FIG. 5 (because it abuts
      against holder 104), the entire shaft member 40 and the remainder of the
      screen assembly 24 will, therefore, move longitudinally to the right. In
      like fashion, if it is necessary to move screen assembly 24 to the left,
      one merely unloosens adjusting nut 126 and rotates adjusting nut 124.
      Since this adjusting nut 124 cannot move to the right, the entire shaft
      member 40 together with the rotary screen assembly 24, must then move to
      the left.
PAR  In accordance with the invention, it is also possible to move the
      individual screen assembly 24 circumferentially (i.e., up or down) with
      respect to the back-up drum 20 to get the pattern in register. As it will
      be understood, moving the screen assembly 24 circumferentially with
      respect to the back-up drum 20 will vary the relation of the pattern
      tangentially on the respective hollow screen 26 with respect to the drum.
      With respect to FIG. 5, the aforementioned gear 32 is capable of both
      rotation and longitudinal motion with respect to the shaft member 40 by
      virtue of ball bearings 130 and 132. Gear member 32 is provided with at
      least one through passageway 134 which freely receives an elongated pin
      136 having a threaded reduced diameter neck portion 138 which passes
      through end plate 48 engaging with nut 140. Thus, rotation of the gear 132
      in response to rotation of the main gear member 30 will be transmitted by
      pin 136 to rotate the plate 48 and screen 26 about the inner elongated
      support member 36.
PAR  As it can best be appreciated by considering FIG. 2 and FIG. 6, the gear
      teeth of the gear member 32 are helically oriented as are the
      corresponding teeth 144 of the main gear 30 which teeth 144 are
      substantially longer than the corresponding teeth 142 of each assembly 24.
      Thus, should the individual gear member 32 be longitudinally moved along
      the shaft 40, the coaction of the helically oriented teeth 142 and 144
      will cause not only longitudinal motion, but also a certain degree of
      vertical motion (depending on which way the gear member 32 moves along the
      shaft member 40). As stated, in other words, the helical pitch of the
      threads 142 and 144 cause vertical motion of the gear member 32 (in or out
      of the plane of the paper upon which FIG. 5 is drawn) as well as
      corresponding longitudinal motion. Of course, the longitudinal motion of
      gear member 32 has no effect on the end plate 48 or the screen 26 (because
      of the freely sliding motion of the pin 136 in the passageway 134) but,
      the vertical motion of the gear member 32 causes the entire screen
      assembly 24 to move tangentially up or down with respect to the backing
      drum 20, thereby permitting a variation in the tangential relation of the
      patten on the hollow screen 26 with respect to the back-up drum 20.
PAR  To effect the desired longitudinal motion of the gear 32, it was previously
      mentioned that the shaft member 40 include a hollow interior 44 which is
      internally threaded. Shaft member 40 also includes a transverse elongated
      passageway 146, the purpose of which will be explained. Provided within
      the interior 44 of the shaft member 40 is an externally threaded shaft 148
      which transversely carries a pin 150 therethrough. As seen in FIG. 5, the
      opposite ends of pin 150 pass through the elongated passageway 146 and
      into engagement with the hub portion 152 of the gear 32. Thus, rotation of
      the externally threaded shaft 148 within the internally threaded interior
      44 of the outer shaft member 40 will longitudinally move the pin 150 (and
      hence the gear 32) to the right or left as viewed in FIG. 5 depending upon
      the direction of rotation. To effect such rotation, there is provided at
      the left most end of the shaft member 40 of FIG. 5 a rotatable knob 154
      which includes a cylindrical portion 156 which is secured to theshaft 148.
      This cylindrical portion includes a step shoulder 158 which may engage a
      ball bearing 160 which is retained in position by retaining ring 164 held
      by sleeve 166. Thus, by rotating the knob 154, the externally threaded
      shaft 148 is rotated with respect to the mating internally threaded
      interior 44 of the shaft member 40 to effect the desired longitudinal
      motion of the shaft 148. As noted, this longitudinal motion is transmitted
      by pin 150 to the gear member 32 and causes the helically oriented teeth
      142 and 144 to move the gear 32 vertically as well as longitudinally. By
      virtue of the freely sliding pin 136, the vertical motion of the gear 32
      is accompanied by vertical motion of inner elongated member 36 and the
      screen 26 while the horizontal motion of the gear 32 effects no horizontal
      motion of the screen 26 and the support member 36 about which it rotates.
PAR  The embodiment illustrated in FIG. 8 represents an alternative embodiment
      with respect to the embodiment initially discussed and disclosed with
      respect to FIG. 4. In the embodiment of FIG. 8, the squeegee 56 and
      squeegee holder 58 terminate at first and second ends 300 and 302,
      respectively, and the outermost tubes 74 and 78 extend beyond such ends.
      In this manner, and as illustrated in FIG. 8, when tubes 74 and 78 are
      inflated, they become somewhat overinflated at their respective end
      portions 304 and 306. This overenlargement of the ends 304 and 306
      guarantees that the respective ends 300 and 302 of the squeegee will be
      firmly and properly engaged with the inner periphery of the screen and
      compensates for any tendency of the ends of the squeegee to separate from
      the screen. It should be noted that the U-shaped channel 68 is also
      extended in the embodiment of FIG. 8 to provide support regions 308 and
      310 for the portions 304 and 306 of the bags 74 and 78.
PAR  Above has been described the rotary screen printing machine which includes
      a plurality of individually inflatable tubes to selectively vary the
      pressure which is supplied to different portions of the length of the
      squeegee while at the same time such machine includes a simple adjusting
      mechanism which makes it possible for (1) angular adjustment of the
      squeegee from a location outside of the hollow screen associated
      therewith; (2) longitudinal motion of the rotary screen assembly with
      respect to its back-up member; and (3) circumferential adjustment of the
      rotary screen assembly with respect to the back-up member.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising:
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  and further including pressure adjusting means in the interior of said
      hollow screen, said pressure adjusting means comprising a plurality of
      axially spaced, individually inflatable elongated tubes positioned between
      said inner elongated support and said elongated applicator means for
      selectively urging said applicator means toward the inner periphery of
      said screen, whereby pressure applied to said applicator means may be
      selectively varied along the length thereof.
NUM  2.
PAR  2. The screen printing machine of claim 1 wherein said plurality of
      inflatable tubes comprises three inflatable tubes.
NUM  3.
PAR  3. The screen printing machine of claim 1 and further including biasing
      means interposed between said elongated applicator means and said inner
      elongated support for urging said elongated applicator means and said
      inner elongate support toward one another.
NUM  4.
PAR  4. The screen printing machine of claim 1 wherein said rotary screen
      assembly further includes a generally U-shaped channel member carried by
      said inner support, said channel member having a base portion and
      upstanding side walls extending toward said inner periphery of said
      screen; said tubes positioned within the confines of said channel member
      between said applicator means and said base portion; and further including
      biasing means normally urging said applicator means toward said base
      portion of said channel member against said tubes.
NUM  5.
PAR  5. The screen printing machine of claim 1 wherein said elongated applicator
      means has first and second ends; at least one of said tubes extending
      beyond said first end.
NUM  6.
PAR  6. The screen printing machine of claim 5 wherein a second one of said
      tubes extends beyond said second end of said elongated applicator means.
NUM  7.
PAR  7. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising:
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  further including first and second shaft members exending from opposite
      ends of said inner elongated support;
PA1  first and second holders carried by said frame for supporting said first
      and second shaft members;
PA1  further including first adjusting means for rotating said inner elongated
      support about its said axis from a location outside of said hollow screen;
PA1  wherein said first adjusting means includes selectively operable means for
      rotating at least one of said first and second holders and
PA1  wherein said at least one holder includes an elongated slot therein and
      said respective shaft member including an outstanding key member which is
      removably received in said slot; said slot being longer than said key
      member whereby said key member, said inner support and screen are capable
      of axial motion with respect to said at least one holder while said
      respective shaft member is keyed thereto for rotation therewith;
PA1  and further including second adjusting means for effecting longitudinal
      motion of said respective shaft member with respect to said one holder.
NUM  8.
PAR  8. The screen printing machine of claim 7 wherein said frame includes first
      and second outstanding projections; said first and second holders being
      carried on saddle members movably positionable with respect to said
      projections.
NUM  9.
PAR  9. The assembly of claim 7 and further including pressure adjusting means
      in the interior of said hollow screen, said pressure adjusting means
      comprising a plurality of longitudinally spaced, individually inflatable
      elongated tubes positioned between said inner elonaged support and said
      elongated applicator means for selectively urging said applicator means
      toward the inner periphery of said screen, whereby pressure applied to
      said applicator means may be selectively varied along the length thereof.
NUM  10.
PAR  10. The screen printing machine of claim 9 wherein said support surface
      comprises a rotary drum mounted on a main shaft, and further comprisisng a
      sun gear mounted on said main shaft, said sun gear having helically
      oriented teeth circumferentially thereabout; and further including third
      adjusting means cooperating with said helically oriented teeth for
      effecting circumferential movement of said hollow screen with respect to
      said rotary drum.
NUM  11.
PAR  11. The screen printing machine of claim 10, said third adjusting means
      comprising a gear rotatably and slidably supported on one of said first
      and second shaft members, said gear having helically oriented teeth which
      engage said helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of same while allowing free axial motion
      of said gear along said one shaft member;
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum.
NUM  12.
PAR  12. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  further including first and second shaft members extending from opposite
      ends of said inner elongated support;
PA1  first and second holders carried by said frame for supporting said first
      and second shaft members;
PA1  and further including first adjusting means for rotating said inner
      elongated support about its said axis from a location outside of said
      hollow screen;
PA1  wherein said first adjusting means includes selectively operable means for
      rotating at least one of said holders and means for keying said one holder
      to its associated shaft member for simultaneous rotation;
PA1  wherein one of said shaft members is externally threaded along a portion
      thereof, said portion being greater in length than the length of its
      associated holder;
PA1  and further including second adjusting means for effecting axial motion of
      said inner elongated support, whereby the axial position of said screen
      with respect to said support surface is adjustably positioned;
PA1  said second adjusting means comprising a pair of internally threaded
      adjustment rings, said rings threadably engaging said portion on opposite
      sides of said associated holder.
NUM  13.
PAR  13. The assembly of claim 12 wherein aid support surface comprises a rotary
      drum mounted on a main shaft and further comprising a sun gear mounted on
      said main shaft, said sun gear having helically oriented teeth
      circumferentially thereabout; and further including third adjusting means
      for effecting circumferential movement of said hollow screen with respect
      to said rotary drum; said third adjusting means including;
PA1  a gear rotatably and slidably supported on one of said first and second
      shaft members, said gear having helically oriented teeth which engage said
      helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of same while allowing free axial motion
      of said gear along said one shaft member; and
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum.
NUM  14.
PAR  14. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated application means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  further including first and second shaft members extending from opposite
      ends of said inner elongated support to locations outside of said hollow
      screen;
PA1  first and second holders carried by said frame for supporting said first
      and second shaft members; and
PA1  wherein one of said shaft members is externally threaded along a portion
      thereof, said portion being greater in length than the length of its
      associated holder;
PA1  and further including adjusting means for effecting axial motion of said
      inner elongated support, whereby the axial position of said screen with
      respect to said support surface may be adjustably positioned;
PA1  said adjusting means comprising a pair of internally threaded adjustment
      rings; said rings threadably engaging said portion on opposite sides of
      said associated holder.
NUM  15.
PAR  15. The assembly of claim 14 wherein said frame includes first and second
      outstanding proojecitons; said first and second holders being carried on
      saddle members movably positionable with respect to said projections.
      projections;
NUM  16.
PAR  16. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame, to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  and further including first adjusting means for rotating said inner
      elongated support about its said axis from a location outside of said
      hollow screen;
PA1  and further including second adjusting means for effecting axial motion of
      said inner elongated support, whereby the axial position of said screen
      with respect to said support surface is adjustably positioned;
PA1  further including first and second shaft members extending from opposite
      ends of said inner elongated support;
PA1  first and second holders carried by said frame for supporting said first
      and second shaft members;
PA1  wherein said support surface comprises a rotary drum mounted on a main
      shaft, and further comprising a sun gear mounted on said main shaft, said
      sun gear; having helically oriented teeth circumferentially thereabout;
      and further including third adjusting means for effecting circumferential
      movement of said hollow screen with respect to said rotary drum; said
      third adjusting means comprising;
PA1  a gear rotatably and slidably supported on one of said first and second
      shaft members, said gear having helically oriented teeth which engage said
      helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of same while allowing free axial motion
      of said gear along said one shaft member;
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum;
PA1  wherein said hollow screen is supported about said elongated support by
      first and second end plates freely rotatable with respect to said first
      and second shaft members and prevented from axial motion therealong; and
      wherein said connecting means includes at least one elongated pin member
      passing freely through said gear and fixed with respect to one of said
      first and second end plates.
NUM  17.
PAR  17. The screen printing machine of claim 16 wherein said one of said shaft
      members is hollow and additionaly includes an elongated passageway
      therethrough located adjacent the portion of said one shaft member on
      which said gear is situated; said selectively operable means for effecting
      axial motion of said gear including an elongated shaft axially movable
      within said one shaft member and pin means passing through said elongated
      passageway for connecting said elongated shaft to said gear.
NUM  18.
PAR  18. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationshp with respect to said support surface; said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  and further including first adjusting means for rotating said inner
      elongated support about its said axis from a location outside of said
      hollow screen;
PA1  and further including second adjusting means for effecting axial motion of
      said inner elongated support; whereby the axial position of said screen
      with respect to said support surface is adjustably positioned;
PA1  further including first and second shaft members extending from opposite
      ends of said inner elongated support;
PA1  first and second holders carried by said frame for supporting said first
      and second shaft members;
PA1  wherein support surface means comprises a rotary drum mounted on a main
      shaft, and further comprising a sun gear mounted on said main shaft, said
      sun gear having helically oriented teeth circumferentially thereabout; and
      further including third adjusting means for effecting circumferential
      movement of said hollow screen with respect to said rotary drum; said
      third adjusting means comprising;
PA1  a gear rotatably and slidably supported on one of said first and second
      shaft members, said gear having helically oriented teeth which engage said
      helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of same while allowing free axial motion
      of said gear along said one shaft member;
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum; and
PA1  wherein said one of said shaft members is hollow and additionally includes
      an elongated passageway therethrough located adjacent the portion of said
      one shaft member on which said gear is situated; said selectively operable
      means for effecting axial motion of said gear including an elongated shaft
      axially movable within said one shaft member, and pin means passing
      through said elongated passageway for connecting said elongated shaft to
      said gear.
NUM  19.
PAR  19. The screen printing machine of claim 18 wherein the hollow interior of
      said one shaft member is internally threaded and said elongated shaft is
      externally threaded and maintained in threaded engagement with said
      interior.
NUM  20.
PAR  20. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support;
PA1  and further including first adjusting means for rotating said inner
      elongated support about its own longitudinal axis;
PA1  wherein said support surface comprises a rotary drum mounted on a main
      shaft, and further comprising a sun gear mounted on said main shaft, said
      sun gear having helically oriented teeth circumferentially thereabout; and
      further including circumferential adjusting means for effecting
      circumferential movement of said hollow screen with respect to said rotary
      drum;
PA1  further including first and second shaft members extending from opposite
      sides of said inner elongated support; said circumferential adjusting
      means comprising:
PA1  a gear rotatably and slidably supported on one of said first and second
      shaft members, said gear having helically oriented teeth which engage said
      helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of same while allowing free axial motion
      of said gear along said one shaft member; and
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum;
PA1  wherein said hollow screen is supported about said elongated support by
      first and second end plates freely rotatable with respect to said first
      and second shaft members and prevented from axial motion therealong; and
      wherein said connecting means includes at least one elongated pin member
      passing freely through said gear and fixed with respect to one of said
      first and second end plates.
NUM  21.
PAR  21. The screen printing machine of claim 20 wherein said one of said shaft
      members is hollow and additionally includes an elongated passageway
      therethrough located adjacent the portion of said one shaft member on
      which said gear is situated; said selectively operable means for effecting
      axial motion of said gear including elongated shaft axially movable within
      said one shaft member, and pin means passing through said elongated
      passageway for connecting said elongated shaft to said gear.
NUM  22.
PAR  22. A screen printing machine comprising:
PA1  a frame;
PA1  backing means supported by said frame to provide a support surface for
      material;
PA1  at least one rotary screen assembly carried by said frame in adjustably
      spaced relationship with respect to said support surface; said rotary
      screen assembly comprising;
PA1  an inner elongated support;
PA1  an outer hollow screen rotatably supported about said inner elongated
      support for rotation about an axis defined thereby;
PA1  elongated applicator means engaging the inner surface of said screen and
      supported by said elongated inner support; and wherein said support
      surface comprises a rotary drum mounted on a main shaft, and further
      comprising a sun gear mounted on said main shaft, said sun gear having
      helically oriented teeth circumferentially thereabout;
PA1  and further including first and second shaft members extending from
      opposite sides of said inner elongated support;
PA1  further including adjusting means for effecting circumferential movement of
      said hollow screen with respect to said rotary drum; said adjusting means
      comprising:
PA1  a gear rotatably and slidably supported on one of said first and second
      shaft members, said gear having helically oriented teeth which engage said
      helically oriented teeth of said sun gear;
PA1  connecting means interconnecting said gear and said hollow screen for
      effecting simultaneous rotation of said screen while allowing free axial
      motion of said gear along said one shaft member; and
PA1  selectively operable means for effecting axial motion of said gear to
      thereby effect circumferential movement of said screen with respect to
      said drum;
PA1  wherein said hollow screen is supported about said elongated support by
      first and second end plates freely rotatable with respect to said first
      and second shaft members and prevented from axial motion therealong; and
      wherein said connecting means includes at least one elongated pin member
      passing freely through said gear and fixed with respect to one of said
      first and second end plates.
NUM  23.
PAR  23. The screen printing machine of claim 22 wherein said one of said shaft
      members is hollow and additionaly includes an elongated passgeway
      therethrough located adjacent the portion of said one shaft member on
      which said gear is situated; said selectively operable means for effecting
      axial motion of said gear including an elongated shaft axially movable
      within said one shaft member, and pin means passing through said elongated
      passageway for connecting said elongated shaft to said gear.
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ABST
PAL  A blank for forming a stencil screen for silk screen or electrostatic
      stencil printing is disclosed. The screen includes a resilient, high
      tensile strength, porous substrate such as a monofilamentary nylon or
      stainless steel 200-mesh screen. A light radiation absorbent,
      self-combustible, ink-resistant, ink-impervious and tough film is applied
      to the screen, suitably a combustible black nitrocellulose film or a black
      cellulose ether film containing finely dispersed nitrate or perchlorate.
      The film is selectively removed by directly pulsing high-intensity light
      of over 10 joules per square inch for a short duration of 1 to 50
      milliseconds in the form of an image pattern to ignite and completely
      combust the film only in said areas during the duration of the pulse.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of an application Ser. No.
      648,861 filed June 26, 1967, now abandoned, which in turn is a
      continuation-in-part of an application Ser. No. 457,658 filed May 21,
      1965, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to printing devices, and more particularly,
      to a novel stencil screen and to methods and means for its manufacture and
      use.
PAR  2. Description of the Prior Art:
PAR  In screen printing, a stencil is prepared on a porous base having mesh
      openings of a size sufficient to pass liquid or solid toner particles to a
      surface to be copied. The non-image areas of the screen are blocked with a
      suitable ink-impervious material in a pattern corresponding to a negative
      of the open image printing pattern. Ink is applied to the screen and is
      directly transferred to the substrate through the porous base or may be
      accelerated to the substrate by electrostatic forces. The use of a metal
      screen in the case of an electrostatic printing process, such as described
      in U.S. Pat. No. 3,081,698, Childress et al, enables one to utilize the
      stencil screen as one electrode of the electrostatic field for
      accelerating the toner to the substrate.
PAR  There are three principal methods of commercially preparing the stencil. By
      far, the most common and popular technique is the so-called "direct
      process" in which a light-sensitized hydrocolloid, for example, gelatin or
      polyvinyl alcohol, is coated directly onto the mesh by means of a
      reservoir-type coater. After the coating is dried, a second coating is
      applied in a similar manner to avoid pinholes. Though the coating is
      simple to apply, it is rather slow-drying, and the use of higher
      temperatures can cause bubbling or premature hardening of the colloid.
PAR  The stencil is prepared by exposing the colloid selectively to an arc lamp
      which tans and hardens the illuminated areas. The untanned material is
      removed by washing with water jets at a carefully controlled temperature.
      This operation is delicate and requires an experienced operator. The
      screen must be again dried before it is ready for use. The direct process
      screen has the advantage that the stencil is exposed and developed after
      the coating is applied to the screen. However, the coating emulsion fills
      the spaces between the filaments which tend to adjust to a location midway
      between the front and rear surface. Therefore, the quality of resolution
      obtainable is limited.
PAR  The second process is the so-called "transfer method" in which a
      presensitized film coating, such as a bichromated polyvinyl alcohol, is
      similarly exposed and developed while on a support. The residual emulsion
      is hardened in acetic acid and the developed coating is then transferred
      to the screen and allowed to dry. Presumably, the coating is somewhat
      swollen and contracts and adheres to the filaments of the screen. The
      adhesion to the screen is quite poor, and consequently, multifilament
      threads, such as silk, are usually utilized. Silk does not perform very
      well as an electrostatic stencil since the pores between the filaments
      tend to become clogged quite easily. Again, an extremely skilled operator
      is required in the transfer method, and it is very easy to wasy away too
      much of the emulsion in the development step. In fact, whole chunks may
      break away, destroying the stencil coating. An even more serious problem
      is the fact that the dimensional tolerances are very difficult to maintain
      during transfer of the developed stencil to the screen which results in
      distortions of the image.
PAR  The third process is not photographic and is confined to drawing images
      directly on the stencil and cutting them out or drawing them in a material
      that is overcoated and leached out. This is called the "Tusche method" and
      is confined primarily to artists and other highly skilled craftsmen and is
      utilized to achieve unusual effects by screen printing techniques. The
      Tusche method has the advantage that a cut-out stencil can be prepared
      without the requirement of any chemical developing steps. It, of course,
      suffers a disadvantage that copy cannot be formed as a stencil by direct
      application of light to the stencil blank.
PAR  Thermal reactions have been suggested as a means of forming patterns in
      stencil surfaces for reproduction by mimeograph or other related
      techniques. However, the resolution of these thermal images is extremely
      low with conventional heating sources. The coatings are of a soft and waxy
      nature and are not adaptable for printing by either electrostatic screen
      printing or conventional silk screen processes, and furthermore, the
      substrates are typically formed of randomly oriented fibrous material,
      such as paper. The openings formed through paper backings are of a
      non-uniform dimension and, therefore, wet and dry ink particles are not
      uniformly passed through the backing.
PAR  Furthermore, in the silk screen and electrostatic screen processes, it is
      usually necessary to stretch the screen onto a frame to provide
      dimensional stability to the image or to bend the frame into an arcuate or
      curvilinear shape to print on correspondingly shaped objects. The tension
      in silk screen printing is sufficient to cause the screen to snap back
      after deflection in wet ink printing. In electrostatic printing, the
      screen is stretched with at least sufficient tension to resist deflection
      by the D.C. electrostatic field. This requires the use of a resilient
      support having a high tensile strength which is not the case with the
      wide-mesh paper-back stencils utilized in the mimeograph and related arts.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is the provision of a rapid and
      dry processing technique for the direct production of printing plates,
      stencil screens and the like having high resolution patterns on
      ink-pervious, high tensile strength and resilient substrate materials.
PAR  A further object of the invention is the provision of stencil screen blanks
      having ink-impervious films of high abrasion resistance adherent to
      ink-permeable, high-strength substrate materials, the coating having the
      property of being readily removable in highly resolved patterns.
PAR  Yet another object of the invention is to provide a direct and reliable
      method of preparing stencil screens for electrostatic or silk screen
      printing processes.
PAR  A still further object of the invention is to provide a method of making
      printing screens of the type described in which the screens are
      characterized by simplicity, dependability, long wear life and low cost
      and which can be prepared with a minimum amount of technical skill and in
      a minimum amount of time.
PAR  These and other objects and many attendant advantages of the invention will
      become apparent as the description proceeds.
PAR  In accordance with this invention, a printing plate screen or the like
      comprises a sheet of substrate material, such as a porous film or screen
      which has a plurality of substantially uniform openings extending
      therethrough from one face to the other to enable the passage of ink
      therethrough, and applied to one face of said sheet is a film material
      which is impervious and resistant to ink and blocks all of the passages in
      said sheet. The sheet material has high tensile strength and resiliency.
      The coating material has the property of being self-combustible and being
      completely consumed only in selected areas exposed to high-intensity,
      short-duration light energy and comprises a readily combustible
      film-forming binder material, a fuel component, an oxidizer component and
      a photothermal pigment material. The components of the coating are present
      in such amounts that the absorptivity of the coating to said
      high-intensity, short-duration is sufficient to raise the coating to the
      threshold for ignition and to completely pyrolyze and consume the binding
      phase of the coating material in said short duration substantially in a
      pattern corresponding to the projected light without propagating the
      reaction linearly to any of the adjacent coating material.
PAR  To prepare a stencil image, a transparency having areas transparent to said
      light in a pattern corresponding to the desired image to be printed and
      having areas opaque to said light in the areas not desired to be printed
      is interposed between said light sources and said coating, preferably in
      contact therewith. A high-intensity, short-duration light source, suitably
      a photoflash lamp, is illuminated to project said light through the
      light-transmitting areas of said transparency onto said coating. The
      energy of the light passing through said areas raises the coating to
      ignition temperature and causes a complete, highly-resolved removal of the
      coating material in said areas which receive the directly projected light.
      Since the coating contains its own supply of oxygen, the process can be
      carried out in vacuum in absence of an external source of oxygen as well
      as at atmospheric pressure and in the presence of oxygen. There, thus,
      remains a printing screen which can be utilized with either liquid or
      powdered ink to form images by passing the ink through said imaged surface
      to a substrate to form a print.
PAR  The invention will now become better understood by reference to the
      following detailed description when considered in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a stencil screen blank according to the
      invention;
PAR  FIG. 2 is a top view of the blank of FIG. 1 partially broken away to
      illustrate the substrate mesh;
PAR  FIG. 3 is a schematic illustration of an arrangement for forming a stencil
      screen according to the invention;
PAR  FIG. 4 is a cross-sectional view of a formed stencil screen; and
PAR  FIG. 5 is an enlarged partial top view of the screen of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a printing plate or screen 10 comprises a
      substrate 12 in the form of a screen woven of filaments 14 to form a
      rectangular matrix having openings 16. A coating 18 is applied to one face
      of this screen so as to block all of the openings thereof.
PAR  As discussed previously, the substrate is preferably a material having
      resiliency and high tensile strength so that it has the ability to be
      stretched or can be bent to adapt to the requirements of the printing
      system. Though the screen can be formed of woven multi-filaments, such as
      silk, it is further preferred that the substrate be formed of
      monofilamentry material woven into a uniformly sized mesh. The filaments,
      of course, must be resistant to the components of the ink composition and
      to the pyrolyzation reaction and are suitably formed of organic polymers
      such as nylon, a polyamide, or dacron, a polyester, polyethylene or vinyl
      resins, such as polyvinyl chloride, or a corrosion-resistant metal such as
      stainless steel.
PAR  The mesh size of the woven material is adapted to freely pass the ink
      droplets or particles and is typically at least 100-400 meshes to the
      linear inch, though for lower resolution printing, such as printing on a
      rug or a poster, the mesh openings may be larger. The substrate need not
      be in woven form and can be prepared by forming evenly spaced and sized
      openings in a film or sheet, such as by etching holes into a metal or
      plastic, or by forming the hole pattern by radiation, suitably by pulsing
      with a collimated laser beam which scans the sheet surface. The thickness
      of the substrate can be varied widely from 1 to 50 mils in thickness but
      is preferably from 1 to 20 mils in thickness.
PAR  The light-decomposible coating can be essentially characterized as an
      explosive combustible composition formulated into a film having high tear
      strength, abrasion resistance and structural strength and having the
      ability to ignite explosively when directly pulsed with a very short and
      highly intense pulse of light and be completely consumed in the areas
      pulsed without propagating the reaction to adjacent areas. The explosive
      reaction is extinguished immediately upon discontinuance of the radiated
      light photons. The coating should have high resistance to dissolving
      effects of the ink, and this may be an inherent property of the coating or
      the solvent resistance may be enhanced by overcoating the areas remaining
      on the screen with a lacquer or sealer to improve the resistance to
      solubility of the coating in the ink formulation.
PAR  In order for the film to exhibit these multiple properties, it has been
      discovered according to the invention that the coating must contain as
      essential ingredients a combustible film-forming binder, a photothermal
      pigment, a fuel component, and an oxidizer for the fuel component. The
      film-forming binder preferably forms a film having a high tensile strength
      suitably of from about 5000 to 20,000 psi and most preferably, from about
      7000 to 15,000 psi. The film desirably exhibits high abrasion resistance
      and resistance to cracking on flexure such that it exhibits a value for
      flexure of at least 40 and preferably above 60 on the MIT Folding
      Endurance Tester. The film must be free from pores which would permit
      passage of ink through the final coating and must strongly bond to the
      filaments of the substrate.
PAR  The film-forming binder may be either thermoplastic or thermosetting in
      nature. It is preferably a soluble resin so that the other ingredients of
      the coating may be worked in by mixing, milling or other slurry or
      solution procedures to form a uniformly compounded material. If the
      oxidizer and pigment are not uniformly dispersed throughout the coating,
      the material will behave very erratically when pulsed with light above the
      threshold intensity for ignition.
PAR  The fuel ingredient will usually be identical with the film-former and is
      typically the combustible part of the organic resin binder. Though it is
      considered within the scope of the invention to include additional fuel
      materials, such as organic combustible materials, to further enhance the
      combustible nature of the coating, typical binder materials are organic
      resins having a high percentage of carbon and hydrogen. Preferably, these
      fuel materials are carbohydrates such as cellulose derivatives, e.g.,
      ethers, esters or nitrates. Other suitable film-forming fuels are
      polyvinyl alcohol, polyvinyl acetate, vinyl or vinylidine chlorides or
      fluorides, lactams, polyamides or polycarbonates.
PAR  The combustible film is of the low explosive type, that is, a compound that
      deflagrates by burning over a relatively short but sustained period to
      convert the fuel and binder component in this period into gaseous
      by-products. The oxidizers, as used in the invention, are thermally
      sensitive and when raised to ignition temperature, release free oxygen
      that combines with hydrogen and carbon or other combustible elements of
      the fuel to release at a rapid but controlled rate gaseous by-products to
      eliminate the coating in these areas.
PAR  The combustible film may be a mono-propellant type, such as nitrocellulose
      which acts both as fuel and oxidizer, or the film may be of the composite
      propellant type such as an organic or inorganic oxidizer compound
      suspended or dissolved in the organic fuel and film former, such as a
      nitrate, perchlorate, chlorate, oxide or peroxide. Nitrocellulose is the
      most preferred material due to its lower temperature of ignition and
      excellent film-forming properties, but effective films may also be
      formulated from other explosive materials. The mono-propellant materials
      can be used in combination by dissolving or suspending particles of one in
      the other. The inorganic oxidizer for the composite-type fuel is usually
      an ammonium or alkali metal nitrate, chlorate, perchlorate or peroxide
      though lower energy oxidizers, such as oxides or chlorates, can be used
      but require higher power to initiate and ignite the coating.
PAR  The photothermal pigment is present uniformly dispersed throughout the
      coating in an amount sufficient to raise the absorptivity of the coating
      to a level at which sufficient light energy is absorbed and converted to
      the thermal threshold for ignition of the coating in a very brief period.
      Actually, it has been found that the amount present under each unit area
      of surface is more important than the amount present per unit volume. This
      is demonstrated by the fact that a coating of a minimum thickness having a
      certain minimum loading of photothermal pigment will be initiated at the
      same threshold with the same light pulse when the coating is extended to 3
      to 4 times its thickness with a clear, unpigmented film-forming
      composition.
PAR  The pigment may either be consumed by the reaction of the coating or some
      may remain on the negative as fine powder but is completely removed from
      the holes through the stencil screen by the force of the combustion gases.
      The pigments most preferred are those exhibiting the highest absorptivity
      for broad-band light sources. Black pigments, such as carbon black, having
      a very high blackness index are very efficient black bodies and absorb
      broad band radiation and efficiently convert it to thermal energy. Another
      limitation on the amount of the photothermal pigment is at very high
      loading, the tendency to propagate the decomposition reaction can be
      seriously reduced and, in fact, can terminate the reaction before it can
      penetrate completely through the film since the high density of pigment
      renders the surface layer fairly opaque, and, therefore, the
      transmissivity to the underlying portions of the layer is effectively
      terminated. Since the highly loaded film does not have a high enough
      thermal conductivity to carry the absorbed surface heat down, the reaction
      is thermally quenched and does not propagate through the complete
      thickness of the film.
PAR  The pigment may be a dark blue or black organic dye or a dark metal oxide,
      such as copper oxide, ferric oxide or manganese dioxide. The preferred
      pigment is a finely divided carbon, such as a photothermal black as
      contrasted to conductive carbon blacks. The amount of photothermal pigment
      can be varied over fairly wide ranges, suitably, 2 to 25% by weight and
      preferably 5to 20% by weight of the film-forming binder. Furthermore, it
      is preferred to utilize a finely divided carbon black, suitably having an
      average arithmetic mean diameter of about 10 to 70 millimicrons, suitably
      27 millimicrons, so that the finely dispersed particles can act as
      nucleating agents for the oxidizer component. In the presence of the
      carbon black, the oxidizer will crystallize during drying of the film into
      very finely dispersed crystals rather than large aggregate crystals which
      will tend to disrupt the film and interfere with its combustion
      properties.
PAR  It has been found that the film can have a thickness as low as 0.1 mil and
      still provide the desired strength characteristics and response to
      high-intensity, short-duration light. Film thicknesses of over 1 mil are
      usually not necessary, and as the film thickness increases, the power
      requirement for the lamp is also raised. The oxidizer is present in
      sufficient quantity to convert the film-forming binder solids to gases so
      that the film is completely disrupted in areas exposed to light. Though
      this is not necessarily a stoichiometric quantity, fairly large levels of
      oxidizer are present, and it has been found that the ratio of film former
      to oxidizer should be at least 1:4 to 4:1 by weight and is preferably
      maintained as low as possible so that the presence of these solids does
      not interfere with the film properties.
PAR  Referring now to FIG. 3, a printing plate or stencil is prepared in
      accordance with this invention by placing a transparency 20 having light
      opaque regions 22 and light transmitting regions 24 in the form of the
      desired image in between a light source 26 and the coating 18 of the
      printing stencil blank 10. Suitably, the transparency is placed in direct
      contact with the coating 18 in order to obtain higher resolution. The
      flashlamp 26 is provided with a reflector 28, and on pulsing of the lamp
      to emit a pulse of short-duration, high-intensity light, the light
      traverses the transparent areas 24 of the transparency, raises the
      underlying areas of the coating 18 to the threshold of ignition and
      ignites and consumes these areas during the duration of the pulse of
      light.
PAR  As shown in FIGS. 4 and 5, the substrate has remaining thereon portions 30
      of the coating 18 which coincide substantially exactly with the opaque
      portions 22 of the transparency which did not transmit light, and the
      areas 32 corresponding to the transparent regions 24 of the transparency
      have been completely removed. In FIG. 5, an enlarged portion of the
      finished printing plate obtained in accordance with the invention is
      illustrated and better shows the selective removal of the coating 18 in
      the form of the desired image pattern 32. The screen openings 16 through
      the substrate are visible, and as shown, the resolution is so fine that
      partial areas 33 of a single square of the screen remain rather than the
      complete removal of each square of coating 18 as would be expected.
PAR  While the transparency has been described in terms of a mask or member
      having substantially opaque areas and substantially transparent areas, the
      transparency may have shades of grey which reduces the amount of energy
      reaching the coating. Ignition, combustion and removal of the coating will
      be dependent upon whether or not the light energy reaching the coating
      exceeds the ignition threshold. The transparency can be prepared to have a
      dot pattern in the well known photographic screen methods to represent
      shades of grey. The transparency can be a metal member having openings cut
      out or etched out in the desired pattern or may be formed of any other
      suitable opaque material having high reflectivity or absorptivity for the
      lamp light energy and having a high thermal resistance to destruction by
      said light energy. To obtain the very best resolution, it is preferred
      that the stencil screen blank and transparency be held in contact under
      pressure as in a vacuum frame during the period that the short pulse of
      light is applied to the light-removable coating. The opaque image pattern
      can also be provided by printing or drawing a pattern onto the film 18
      with high reflective compositions, either white or metallic or the film 18
      can be coated with silver or aluminum and a reflective pattern formed by
      conventional photoetching techniques.
PAR  The image pattern formed in the transparency or masking member may be in
      the shape of letters, character symbols, pictures in line, dot or other
      form. The image may be in either negative or positive form and may be
      direct reading or reverse reading depending on the desired final use of
      the printing plate or screen.
PAR  The intensity and duration of the photoflash are preferably selected so as
      to assure photographic grade resolution and fidelity of the final printing
      screen element. The intensity of the lamp is sufficient to supply enough
      radiation to the printing screen blank to raise the temperature of the
      coating to ignition temperature threshold. For example, in the case of a
      nitrocellulose coating loaded with 10 to 20% of carbon black, the ignition
      temperature is 190.degree.C and this requires at least about 10 joules per
      square inch of coating surface. When using contact imaging techniques, the
      intensity of the flash should not exceed about 100 joules per square inch
      so that the opaque areas of the masking member are not raised to high
      enough temperature to deteriorate the ink-impermeable areas of the
      underlying printing screen. The intensity will be correspondingly higher
      with films having higher ignition requirements. The duration of the flash
      pulse can be varied from 0.1 to 50 milliseconds and is preferably from 1
      to 5 milliseconds. At shorter pulse duration, it is found that the
      resolution of the final screen is superior.
PAR  One of the principal purposes of the invention is to provide a technique
      for preparing stencil screens having a quality comparable to fine
      photograph resolution of at least 100 and preferably up to 400 or more
      lines per square inch. This criterion can be measured by comparing the
      line quality of a final printing screen to that of known standards. A
      further measure of the resolution or fidelity of the final printing screen
      can be obtained by observing the extent to which grey scale dots of the
      Bynum Company's Bychrome scale are reproduced.
PAR  The light source preferably has a large percentage of visible wavelengths
      compared to ultraviolet and infrared. This is because the window areas of
      the transparency and of the glass cover of the vacuum frame have low
      transmittance to infrared and ultraviolet energy, and therefore, the large
      visible component is necessary to reach the decomposible coating and raise
      it to ignition threshold temperature at reasonable power levels.
      Commercially available electronic flash units can readily be utilized in
      the practice of the invention. For example, a relatively simple electronic
      flash unit comprises a Xenon-filled quartz tube which is connected to a
      large capacitor which is charged from a high-voltage D.C. source. The lamp
      is fired by discharging a small capacitor through a step-up transformer
      connected to a third electrode placed around the flash tube. In addition,
      a pluality of capacitors can be utilized, each of which is charged during
      operation to 4000 volts or less. The light emanating from this lamp can be
      varied to have a pulse length of below one millisecond to about 30
      milliseconds, and a flash intensity was rated at 500 to 3000 joules.
PAR  Although the above has been described with reference to electronic flash
      units, the present process may likewise be carried out with other sources
      of short, intense pulses of light including exploding wire sources, spark
      discharges or magnesium and zirconium flash bulbs. For simplicity and ease
      of repetition, the electronic system is preferred in the practice of the
      invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The essential discovery of the invention is the preparation of high
      strength films of explosive compositions in a manner that they can be
      decomposed in accurate patterns or images with short pulses of light.
PAR  There are three main classes of combustion. The first class of combustible
      materials are thermally combustible and will not support combustion in
      absence of continued application of a heat source. The second category of
      materials are oxidatively combustible and will support combustion in air
      but will not burn without access to oxygen. The third category of
      materials are self-combustible. These materials have a built-in supply of
      oxygen and continue to burn once ignited under most circumstances. The
      materials of the invention belong to the third class.
PAR  It is, in fact, quite remarkable that these self-combustible explosive
      materials can be ignited for a brief period of time and extinguish the
      combustion reaction without propagating the reaction laterally to remove
      the whole film. In initial experiments, a block of black cellulose nitrate
      approximately 1/8-inch thick and having a 2 inch .times. 2 inch face was
      exposed to a pulse from a flash bulb of 30-millisecond duration. Under
      this illumination, the block completely combusted. When the pulse length
      of the flash lamp was reduced to the order of 0.2 millisecond, only 0.5
      mils of the surface layer of the black nitrocellulose was removed. These
      experiments were conducted in the open. When a thin film of black
      nitrocellulose of the order of 0.3 to 0.5 mils is ignited with a match,
      the thin film burns rapidly and completely in air. Thus, the reason for
      limitation of propagation of combustion of the illuminated thin film is
      not that the film is too thin to propagate combustion.
PAR  The completely unique and unexpected termination of propagation is caused
      by other factors. The rate of nitrocellulose combustion is proportional to
      the pressure at the surface of the burning site. When the black film
      absorbs the photoflash energy in selected areas, there is an extremely
      rapid rise in temperature which heats the gas next to the surface even in
      the absence of combustion and forms a shock wave. After ignition, the
      gases formed by combustion expand with such a velocity due to this very
      sudden heating that a partial vacuum is created which is believed to
      extinguish the combustion. During the same instant, the pulse of radiation
      has passed the point where it is supplying sufficient energy to maintain
      combustion, and the nitrocellulose is thus extinguished.
PAR  It makes little difference whether this phenomenum is observed at
      atmospheric pressure in the pressence of oxygen or in a partial vacuum
      created in a vacuum frame though the presence of the glass plate of the
      frame in contact with the mask which is in contact with the coating also
      contributes to limiting propagation of the combustion reaction. In
      experiments in which the stencil screen blank was held in contact with a
      transparency by mechanical pressure without the use of a vacuum pump, no
      observable difference was encountered in the selected decomposition of
      portions of the coating.
PAR  With respect to the thick block experiment, only the outer surface of the
      block is raised to ignition temperature, and the underlying thick volume
      is not raised to a temperature sufficient to promote a sustained
      propagating reaction unless the photoflash energy is continuously
      projected onto the surface for a time longer than the shock wave to reheat
      the underlying exposed surface to ignition temperature. Furthermore, with
      the stencil screens in which the thin film is present on a high void
      substrate, the screen substrate exhibits a definite inhibiting effect on
      combustion. However, this cannot be the principal factor since, as
      described, entire square areas of the screen are not completely burned
      out. Therefore, the combustion pattern appears to exactly follow the
      pattern of the projected light.
PAR  Those skilled in the propellant art would expect that self-combustible
      explosive materials having oxidizer distributed throughout the material
      would continue to burn once ignited. Though it has not been clearly
      established why the entire coating of the blank stencil does not burn out,
      the pressure front forming a vacuum is believed to contribute to quenching
      the reaction. Thus, though the material of the invention usually should be
      considered a self-combustible ignition-type of material, in the form in
      which it is used in the invention, it actually behaves more like a
      thermally combustible material which requires a continuous source of
      ignition heat to sustain combustion.
PAR  These properties and other characteristics of the substrate screens of the
      invention will now be illustrated in the following detailed description of
      embodiments of the invention, it being understood that these examples are
      only offered by way of exemplification and that numerous substitutions,
      alterations and modifications can readily be made without departing from
      the scope of the invention.
PAR  The coating method can have substantial effect on fidelity, resolution and
      possibly the threshold voltage of the coated screen. The coating can be
      applied to the substrate by direct casting or pre-casting methods. With
      the direct casting methods, the screen is clamped over a support, and the
      coating is doctored on from the ink side of the screen and allowed to dry.
      The coating can penetrate the mesh, and the pyrolysis or combustion is
      influenced to a greater degree by the thermal effect of the filaments.
      However, in the pre-cast method, the film is formed on a support from
      which it can be stripped, such as polyethylene, polyesters such as Mylar
      or glass. When the pre-cast film is transferred to the screen, most of the
      film is on one side of the mesh, that is, the print side, and thus the
      mesh will have less influence on the pyrolytic reaction.
PAC  EXAMPLE I
PAR  A coating having the following composition was coated onto a porous
      200-mesh stainless steel screen:
TBL  30 second nitrocellulose  100 grams                                       

     (12.2% nitrogen)                                                          

     Carbon Black (having a    5 grams                                         

     blackness index of 166,                                                   

     and a surface area of                                                     

     190 sq. meters/gram and                                                   

     a mean particle diameter                                                  

     of 20 m.mu.)                                                              

PAR  The coating was prepared by dissolving the indicated composition in 2,000
      grams of commercial lacquer thinner which was then ball milled for 24
      hours. Following dissolution and milling, the film was then cast in a wet
      thickness of 9 mils on a chrome-plated surface in order that the final dry
      film be approximately 0.0003 inch thick. When the cast film reached a
      tacky state, the steel screen was firmly pressed down on the
      nitrocellulose film. Drying continued until the residual solvent was
      removed, at which point the steel screen, with nitrocellulose film
      thereon, was peeled from the chrome plate. The coating was then force
      dried in an oven at a temperature of 140.degree.F for one hour.
PAR  Following this, a transparency of the subject matter to be printed was
      placed in contact with the nitrocellulose film in a vacuum frame and was
      subjected to photoflash energy of 75 joules per square inch of plate area.
      The flash lamp, rated at 3000 watt-seconds, was held at a distance of four
      inches from the nitrocellulose coating and flash duration was 1 msec. The
      printing plate produced was then used for printing an image of the
      transparency on a sheet.
PAC  EXAMPLE II
TBL  ______________________________________                                    

     COMPONENT           AMOUNT, g                                             

                       Dry Basis                                               

                                Wet Basis                                      

     ______________________________________                                    

     DuPont Nitrocellulose (600 to                                             

     1000 sec, in 30% ethanol)                                                 

                         11.5       16.6                                       

     Hercules Nitrocellulose (35 sec,                                          

     in 30% isopropanol) 6.0        8.6                                        

     Black Nitrocellulose (Coblak                                              

     Industrial - Columbian Carbon)                                            

     (12.9 g), consisting of:                                                  

     Nitrocellulose (1/2 sec)                                                  

                         5.0                                                   

     Carbon Black        5.0                                                   

     Plasticizer (Dibutyl phthalate)                                           

                         2.9                                                   

     TOTAL SOLIDS        30.4                                                  

     ______________________________________                                    

PAR  The dry film comprises 74.0% by weight nitrocellulose, 16.4% by weight
      carbon black and 9.6 weight per cent dibutyl phthalate.
PAR  The following solvent mixtures were prepared:
TBL  COMPONENT           VOLUME, ml WEIGHT, g                                  

     ______________________________________                                    

     Part A: Nitrocellulose solvents                                           

      Butyl Acetate      525.0      464.0                                      

      Methyl Isobutyl Ketone (4-                                               

       methyl-2-pentanone)                                                     

                         70.5       56.5                                       

      Amyl Acetate       60.0       52.6                                       

     Part B: Cosolvents and diluents                                           

      Isopropanol        278.0      217.0                                      

      Xylene             227.0      194.0                                      

      Toluene            407.0      354.0                                      

     ______________________________________                                    

PAR  The solid ingredients of Example II were added to 274 g (325 ml) of Part B
      and thoroughly stirred for 10 minutes to remove entrained air. Then 211 g
      (246 ml) of Part A was added and stirred or shaken until solution was
      complete, usually after 1 to 2 hours, depending on the method of
      agitation. The solution had a viscosity of 1100 to 1200 centipoises after
      aging about 48 hours and the composition of the solution was then:
TBL  COMPONENT            WEIGHT, g  WEIGHT %                                  

     ______________________________________                                    

     Nitrocellulose       22.5       4.30                                      

     Carbon Black         5.0        .96                                       

     Plasticizer          2.9        .55                                       

     Alcohols from nitrocellulose                                              

                          7.7        1.47                                      

     Solvent              486.0      92.72                                     

                          524.1      100.00                                    

     ______________________________________                                    

PAR  The diluted solution was cast to a thickness of about 10.0 mil on a
      10-mil-thick sheet of polyethylene. After drying, the final film thickness
      was about 0.3 to 0.4 mil. The polyethylene sheet was cut to the desired
      size. The coating was then transferred to a stretched screen. The screen
      was clamped in tight contact with the coated side of the polyethylene
      sheet. With the film supported on a flat surface, such as a glass plate, a
      felt or sponge applicator saturated with acetone was drawn across the ink
      side of the screen. After blowing dry, the polyethylene backing can
      readily be peeled off and the screen is ready for use. This operation can
      be conducted in less than a minute.
PAC  EXAMPLE III
PAR  To establish the voltage threshold limits, a stencil was prepared with the
      formulation of Example II in which the lacquer was back cast through a
      stainless steel screen and against a glass plate. The doctor rod used for
      applying the coating material was placed 4 mils above the screen to give a
      4-mil wet thickness of the coating above the mesh. After drying to a dry
      thickness of about 0.4 mil, the stencil screen was flashed in a vacuum
      frame adjacent a photographic transparency at four levels of flash
      intensity. Only partial burn-through was evidenced at 2000 volts on a By
      Chrome 85-line grey scale. The resolution and intensity of grey increased
      as the voltage was raised to the levels of 2200, 2400 and 2600 volts. The
      best prints were made from stencils flashed at the higher voltage. These
      experiments were all conducted at a constant flash pulse period of 1
      millisecond. A series of experiments were then conducted in which the
      flash duration at the 2600-voltage level was varied from 1 millisecond to
      10 milliseconds. It was discovered that at constant voltage, the best
      burn-out and resolution was obtained at the shorter flash durations of 1
      to 5 milliseconds.
PAR  To establish the operative limits for the use of photographic
      transparencies as the image-forming medium, the screen stencil of Example
      II was placed in a vacuum frame in intimate contact with a photographic
      film transparency. This assembly was subjected to a photoflash pulse
      having an energy of 1330 watt-seconds for a duration of 1 millisecond. The
      energy was confined to a 81/2 .times. 101/2inch area by a semi-cylindrical
      reflector coated white with a metal oxide pigmented epoxy paint. The
      reflector held the flashtube three inches from the surface of the vacuum
      frame. The screen stencil was pyrolyzed in areas corresponding exactly
      with the transparent areas of the film negative. Areas of the screen
      stencil coating adjacent to the black areas of the film negative were
      totally unaffected as were the silver grains forming the black areas.
PAR  The experiment was repeated by increasing the energy to 1980 watt-seconds
      for 1 millisecond. The film was bleached almost white but no emulsion was
      removed. The film is still capable of being reused in the process of the
      invention since the white areas still reflect or absorb the energy without
      transmitting it to the film of the invention.
PAR  Another sheet of film was placed 21/4 inch from the light and flashed at
      1980 watt-seconds for 1 msec. with no removal of emulsion. Finally, a
      further piece of film was placed 11/4 inch from the lamp and flashed at
      1980 watt-seconds for 1 msec. At this level and distance, some of the dots
      of the black areas of the film were removed but line images were only
      partially removed. Since the intensity varies inversely as the square of
      the distance from the source, the intensity was more than eight times that
      required in the first experiment to pyrolyze the stencil coating. At the
      first level at which the coating of the invention is pyrolyzed, the same
      photographic transparency may be repeatedly exposed and reused to form
      printing screens and no damage to the transparency or pyrolyzation or
      adverse reaction of the substrate coating in the areas adjacent to the
      silver grains will occur.
PAR  When the reflector surface was coated with a reflective aluminized
      polymeric film, the energy requirement for threshold was reduced by factor
      of 200-300 volts in threshold energy. Using the formula E=1/2 CV.sup.2,
      where E is the energy in joules or watt-seconds, C is the capacitance in
      microfarads and V is the voltage, the pyrolysis reaction requiring 3000
      volts with the metal oxide pigmented reflector now requires 2800 volts.
      This reduces the energy requirement from about 1370 watt-seconds to about
      960 watt-seconds representing a 30% decrease in energy.
PAC  EXAMPLE IV
PAR  The black nitrocellulose solution of Example II was diluted in one part
      with two parts of a clear nitrocellulose solution having a composition
      similar to that of Example II except that the 12.9 grams of black
      nitrocellulose was replaced with 4.5 grams of 1/2 second clear
      nitrocellulose. When the film of Example IV was applied to a screen in a
      wet thickness of 15 to 18 mils, the film exhibited the same sensitivity
      and threshold to photoflash as the coated screen of Example II. This
      demonstrates that a film thickness of three times that of Example II will
      have the same pyrolyzation characteristics since the transmission is
      constant, that is, as long as the total carbon black content in the film
      is the same, the film will behave in a similar manner even though the
      thickness is substantially increased. Therefore, th absorptivity or
      transmittance of the film is a true parameter for measuring the desired
      level of loading of the photothermal pigment. Transmittance of the 0.3-mil
      film attached to a 200-mesh screen was measured by interposing the screen
      at a distance of 2 inch from a 150-watt tungsten filament G.E. lamp and
      measuring the transmitted radiation on a Weston Master III light meter.
      The transmittance measured 25 to 150 units depending on the degree of
      carbon black dispersed in the film.
PAR  Incorporation of plasticizers in an amount of 10 to 20% by weight have been
      found to improve the flexure properties of nitrocellulose coatings while
      exhibiting no detectable adverse effect on the pyrolyzation properties of
      the film. Plasticizers containing halogen and phosphorous should be
      avoided due to the flame retardant characteristics of these compounds.
      Preferred plasticizers for nitrocellulose are phthalate esters such as
      dibutyl phthalate.
PAR  A completely esterified cellulose nitrate contains about 14% nitrogen and
      the cellulose nitrate usually utilized in explosive contains about 13%
      nitrogen. However, optimum viscosity for handling and the best plastic and
      film properties are obtained with a nitrocellulose of 600 to 1000 sec. and
      having a nitrogen content of about 10% to about 12.5% by weight,
      preferably 10.3% to 12.2% by weight.
PAR  Among the highly flammable thermoplastics, cellulose nitrate exhibits
      excellent toughness, is easy to fabricate, has excellent dimensional
      stability, resilience and low water absorption. By flammable film former
      is meant a material that ignites readily and is consumed almost
      instantaneously by oxidative combustion to completely disrupt the film in
      areas exposed to light as contrasted with film formers that do not ignite
      readily and/or burn slowly with dripping, cracking or other mechanism that
      does not result in removal or disruption of the film or adversely affects
      adjacent portions of the film.
PAR  A measure of flammability of these materials is provided by differential
      thermal analysis in which the material is heated in a calorimeter to
      decompositon and ignition at different temperatures over different
      periods. Differential thermal analysis indicates an ignition temperature
      of about 190.degree.C for nitrocellulose.
PAC  EXAMPLE V
PAR  A film stencil was formulated by replacing 15 weight per cent of the
      nitrocellulose of Example I with nitroglycerin. Nitroglycerin is soluble
      in nitrocellulose. A wet coating thickness of 4 mils was applied to a
      200-mesh stainless steel screen and dried. After drying, the stencil
      screen was flashed at four voltage levels of 2000 v, 2200 v, 2400 v and
      2600 v. Eight distinct shades of grey and very good burn-through at 2000 v
      were evident. Though the presence of nitroglycerin lowered the flash
      energy requirement and provided a sharper cut-off point between burn and
      no-burn, and, therefore, better detail, the pure nitrocellulose material
      provided a film having superior mechanical properties.
PAR  The stencil screens prepared according to the procedures of Examples I and
      II have been found to print well electrostatically or with wet ink, and
      metal screens are quickly cleaned by flaming and can be used repeatedly.
      Resolution as measured on National Bureau of Standards charts show
      resolutions above 250 lines per inch (1pi) for the stencil, about 225 1pi
      for the electrostatic print and about 150 1pi for the wet ink print.
PAR  The 250-1pi resolution screen of Example II was compared to the best
      conventional stencil screens available, one prepared by the so-called
      direct method which is widely used in the industry, and another prepared
      by the transfer-film method which is used in the industry to obtain the
      highest resolution and sharpness of line. The stencil prepared according
      to the invention was prepared by the transfer-film method, was clearly
      superior to the direct process stencil and was at least equal to the print
      obtained with the conventional transfer-film specimen. However, as
      discussed above, the transfer-film specimens of the prior art have poor
      adhesion. Therefore, they are generally applied to natural silk screen
      fabric rather than to monofilament. Consequently, the filaments, being of
      multiple twisted fibers, are not quickly saturated with ink thus leading
      to the relatively poor quality of the print over the few prints made.
      Furthermore, the requirement of the conventional transfer film that it be
      exposed and developed before the transfer to the screen poses a serious
      handicap in terms of high-quality precision such as is needed in
      multi-color printing. The other drawback is poor adhesion which limits the
      type of mesh that can be used and is a severe drawback to the use of the
      prior art transfer film-type of screen.
PAR  Another very important characteristic of the stencil screen of Examples I
      and II is the excellent resistance it exhibits to water-base inks and
      conventional oil- and synthetic-base inks. The capability of the
      nitrocellulose stencil screen in printing with water-base inks was
      demonstrated by printing copies with water-base inks and then soaking the
      screen in water for a period of 7 days and again forming prints with the
      screen. After this treatment, there was no indication of any kind of
      separation or loss of adhesion due to immersion in water. The print was
      compared to that of a direct process stencil containing a waterproof
      emulsion, and both screens were printed with a water-soluble aqua poster
      screen printing ink (Black Pak-700, Advance Process Supply Co.). The
      screen according to the invention exhibited better print copy. The direct
      process screen accentuated the inherent faults of the direct process
      method in regard to sharpness and resolution.
PAR  The nitrocellulose stencil screen does not exhibit sufficient resistance to
      lacquer-base inks. These inks constitute only a very small portion of use
      in the industry and, in any case, a composition resistant to lacquer-base
      inks can be formulated according to the invention. The lacquer-resistant
      formulation is based on one of the composite-type of materials, that is,
      one containing a separate oxidizer dispersed throughout the film
      former-fuel coating.
PAC  EXAMPLE VI
PAR  The following composition was prepared and coated on 305-mesh nylon screen:
TBL  COMPONENT                AMOUNT, g.                                       

     ______________________________________                                    

     Dow Methocel (methyl-cellulose)                                           

                              0.79                                             

     Potassium Nitrate (KNO.sub.3)                                             

                              1.77                                             

     Carbon Black             0.60                                             

     Distilled Water          50.00                                            

     ______________________________________                                    

PAR  The mixture was milled overnight without the potassium nitrate. Potassium
      nitrate was then added, and the mixture was milled for another 6 hours.
      The resulting composition was then coated by conventional screen stencil
      coating techniques on the 305-mesh nylon screen. Two coats were applied
      with a scoop coater, air drying between coats. When the composition was
      prepared without the carbon black, the potassium nitrate crystallized to
      form large crystal which disrupted the film. When the carbon black is
      milled into the mixture, there is no evidence of segregation, and this
      demonstrates the nucleating effect of the carbon particles which act as
      crystallization centers for the potassium nitrate to promote formation of
      finely divided potassium nitrate crystals thoughout the film. The crystal
      growth may also be controlled by the addition of small quantities of
      crystal growth inhibiting material, such as finely divided silica to act
      as nucleating centers. Alternatively, when water is used as the solvent
      for the film former, water-insoluble oxidizers, such as lead oxide,
      manganese dioxide and silver oxide, could be preground and incorporated
      into the formulation.
PAC  EXAMPLE VII
PAR  The following composition was prepared and coated onto a 200-mesh stainless
      steel screen:
TBL  COMPONENT                  AMOUNT, g.                                     

     ______________________________________                                    

     Methyl Cellulose (400 cps, Dow)                                           

                                 1.54                                          

     Carbon Black (Excelsior)    1.20                                          

     KNO.sub.3 (200-mesh)        3.54                                          

     Water                      100.00                                         

     ______________________________________                                    

PAR  The methyl cellulose, carbon black and water were ball milled for 20 hours,
      then the potassium nitrate was added and milling was resumed for an
      additional 6 hours. The slurry was back-coated to a 4-mil wet thickness on
      the stainless steel screen and allowed to dry. The screen was flashed at
      various energy levels and a cut-off level of about 3250 volts at 1 msec.
      was established when the stencil was held in a Polycop vacuum frame. On
      differential thermal analysis, the potassium nitrate-Methocel mixture
      ignited at a temperature of about 375.degree.C. This material ignited
      substantially as easily as the nitrocellulose film of Example II. The
      differential thermal analyses further indicated that the self-sustained
      combustion of oxidizer-fuel mixture closely follows the melting point of
      the oxidizer. The stencil prepared in Example VII was utilized in an
      electrostatic screen printing process and produced prints having a
      relative resolution of about 125 1pi.
PAC  EXAMPLE VIII
PAR  The formulation of Example VII was modified by decreasing the amount of
      water and carbon black by 50%. This formulation was ball milled for 45
      hours and cast onto a polyethylene film by use of a No. 10 wire wound
      doctor rod. The dry film thickness was approximately 0.3 mil. The film was
      attached to a 200-mesh stainless steel stencil screen by a water transfer
      procedure. After drying, the film was flashed at 3200 volts for one
      millisecond. A good stencil resulted and prints of acceptable quality were
      produced with lacquer-based inks.
PAR  This formulation was modified by replacing the potassium nitrate with an
      equivalent weight of ammonium nitrate. Good films were produced which
      readily pyrolyzed under the same conditions to form stencil screens. The
      film of this example was found to have a higher sensitivity to threshold
      but was found to be somewhat more sensitive to high relative humidity
      during storage.
PAC  EXAMPLE IX A further composite propellant composition based on ethyl
      cellulose having the following composition was prepared and coated onto a
      200-mesh stainless steel screen:
TBL  COMPONENT               AMOUNT, g.                                        

     ______________________________________                                    

     Ethyl cellulose (EC N-300,                                                

     Hercules Ink)           14.0                                              

     Toluene (Technical grade)                                                 

                             160.0                                             

     Ethanol (190 proof)     40.0                                              

     Carbon Black (Columbian Carbon Co.,                                       

     Excelsior)              10.9                                              

     KNO.sub.3 (200-mesh)    24.7                                              

     Naphtha                 70.0                                              

     ______________________________________                                    

PAR  All ingredients except the potassium nitrate were shaken together for 1/4
      hour on a paint shaker, then ball milled for 20 hours. The potassium
      nitrate was added and milling was continued for an additional 3 hours. A
      4-mil wet film was backcast onto a stainless steel screen adjacent a glass
      plate. Release from the glass plate was obtained by wetting the film with
      naphtha. The dried stencil was pyrolyzed at 3500 volts for 1 millisecond.
      Prints made by electrostatic means had a resolution of 125 lines per inch.
PAC  EXAMPLE X
PAR  A further composite propellant-type of formulation comprising ammonium
      perchlorate and methyl cellulose was cast onto a 200-mesh stainless steel
      screen.
PAL  Step 1: A black methyl cellulose film was cast 24 mils wet (about 0.4 mil
      dry) onto 10-mil polyethylene sheet. The composition consisted of the
      following:
TBL  COMPONENT                   WEIGHT                                        

     ______________________________________                                    

     Methyl cellulose (Dow Methocel HG-                                        

     type 65HG Standard - 4000 cps)                                            

                                  11.8 g                                       

     Aquablack K                  7.8 g                                        

     Water                       700.0 ml                                      

     ______________________________________                                    

PAR  "Aquablack K" is an aqueous dispersion containing a non-ionic wetting agent
      and consists of 30% Raven 15 carbon black. Raven 15 grade has a mean
      particle diameter of 27 millimicrons and a specific surface of 145 m.sup.2
      /g.
PAR  The methyl cellulose was dispersed in one-third the total water which was
      first brought to boiling before adding the methyl cellulose. After a
      smooth dispersion was formed, the balance of the water (cold) was added
      with stirring. The solution was then cooled 5-10.degree.C to achieve
      complete solution and clarity. Then the Aquablack K was added, and the
      mixture was allowed to warm to room temperature. Stirring was continued
      for 1 hour to insure complete homogeneity.
PAL  Step 2: After the film was dried on the support, a 10 .times. 14 inch I.D.
      screen process stencil frame with tautly stretched 200-mesh stainless
      steel screen fabric was clamped in tight contact with the film on the
      "print side", i.e. the side that will be next to the material to be
      printed.
PAR  Ammonium perchlorate in aqueous solution appears to adversely affect the
      methyl cellulose and on solidifying tends to recrystallize in coarse
      crystals which affect resolution and uniform combustion. This can be
      minimized by encapsulating the oxidizer grains in a metal soap or a wax
      such as carnauba wax.
PAL  Step 3: The following water-repellent oxidizer composition was quickly
      mixed and blade coated 2 mils above the screen on the "ink side", i.e.,
      the side of the stencil which will receive the ink.
TBL  Ammonium Perchlorate (coated with a                                       

     thin film of ferric stearate)-                                            

     325-mesh                 2.5 grams                                        

     Black Methyl Cellulose film compos-                                       

     ition (described in Step 1)                                               

                              15.0 grams                                       

PAR  The encapsulated grains were prepared by adding to the grains 1% of the
      weight of oxidizer of ferric stearate dissolved 10 ml Xylol and
      evaporating to dryness on a water bath with continuous stirring.
PAR  After coating, the film was force dried with a hot air gun until nearly
      dry; cool air was then applied until fully dry. Residual moisture was
      removed by heating 30 minutes at 102.degree.C. The polyethylene support
      was then peeled from the screen.
PAR  A photographic negative transparency with a reversed image, i.e.,
      "right-reading" when viewed from the emulsion side, was placed in the
      vacuum frame and exposed to flash energy at 1150 watt-seconds. The
      resultant stencil possessed excellent resolution and printed lacquer-and
      oil-base inks without dissolving or detectable deterioration.
PAR  The film of Example X combined the excellent film properties of methyl
      cellulose with the oxidizer properties of NH.sub.4 C10.sub.4 without
      diminishing the former. In effect, the methocellulose film is heated to
      the point of combustion with the underlying adjacent oxidizer-rich
      adhering film. The ratio of total film former (methyl cellulose) to
      oxidizer in the foregoing example was approximately 1:2.5 by weight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blank for forming a printing screen comprising in combination:
PA1  a flexible, porous substrate having a high tensile strength and having
      openings which extend between opposite faces and of a size to permit
      passage of ink therethrough;
PA1  a thin film on said substrate having high flexural and tensile strength,
      said thin film being uniform in cross section and including a combustible
      film former composed of an organic resin having a high percentage of
      hydrogen and carbon, a solid oxidizer uniformly dispersed throughout said
      film, and a fuel component, being resistant and impervious to said ink,
      said film being self-combustible, having a light-absorbing pigment in
      sufficient quantities per unit of surface area of said film to be
      ignitable and completely consumed in selected areas directly exposed to a
      high-intensity, short-duration pulse of light which raises the thin film
      to ignition threshold.
NUM  2.
PAR  2. A blank according to claim 1 in which said oxidizer is an alkali metal
      or ammonium compound of a member selected from nitrates, oxides,
      chlorates, perchlorate, peroxides.
NUM  3.
PAR  3. A blank according to claim 1 in which the weight ratio of film former to
      oxidizer is from 1:4 to 4:1. pg,44
NUM  4.
PAR  4. A blank according to claim 1 in which said film-forming binder is methyl
      cellulose, said ratio is 1:3 to 2:1 and said oxidizer is selected from
      ammonium perchlorate and potassium nitrate.
NUM  5.
PAR  5. A printing screen blank comprising in combination:
PA1  a mesh substrate having a mesh size of from 100 to 400 mesh, said substrate
      having high tensile and flexural strength and being woven from plastic or
      metal materials; and
PA1  a light energy-absorbent, self-combustible thin film attached to said
      substrate comprising a film of a nitrocellulose containing about 10 to
      12.3% by weight nitrogen and containing 10 to 20% by weight of a light
      absorbing pigment.
NUM  6.
PAR  6. A printing screen blank comprising in combination:
PA1  a mesh substrate having a mesh size of from about 100 to 400 meshes per
      linear inch, said substrate having high tensile and flexural strength;
PA1  a light energy-absorbent, self-combustible 0.1- to 1-mil-thick film
      attached to said substrate comprising a lower alkyl cellulose ether
      containing an intimate dispersion of 10 to 20% by weight of carbon black
      and of an alkali metal or ammonium nitrate or perchlorate.
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ABST
PAL  To improve the detail on screen printing, in which images are applied to a
      printing grid or screen in which a photo-sensitive layer is utilized to be
      exposed in accordance with the image or composition to be printed, and the
      non-exposed image portions are removed before printing, the screen is
      pre-processed to provide it with a smooth surface so that the
      photo-sensitive layer can, itself, be applied on the screen with a smooth
      surface of uniform and controllable thickness directly over the printing
      grid; in a preferred form, the interstices of the printing grid or screen
      are filled with a filler, and the surface of the grid and the filler is
      then treated to remove that portion of the filler which is above the grid
      elements, leaving the filler within the interstices, and a smooth surface
      over which the photo-sensitive layer can be applied. A plurality of such
      applications can be made, the photo-sensitive surface itself being exposed
      to form a lattice screen, which is treated to provide a smooth surface on
      which a further photo-sensitive layer which is to be exposed with the
      image, can then be applied.
PARN
PAR  This is a continuation of application Ser. No. 241,609, filed Apr. 6, 1972.
BSUM
PAR  The present invention relates to a method of photo-mechanically composing
      the pattern to be applied on screens or grids for film and screen
      printing, and more particularly for rotary screen printing, in which a
      light-sensitive layer is removed in accordance with an image which is
      exposed on the photo-sensitive layer.
PAR  The term "composition" of an image on the screen, for purposes of the
      present application, is to be so interpreted that the screen will have a
      pattern thereon which consists of open or closed interstices or spaces
      between the meshes of the screen, in accordance with the image to be
      reproduced. Screens or grids of this type may be used to print on various
      materials, such as textiles, paper or the like.
PAR  Rotary film printing is a special process of the more generally known film
      or screen printing, in which screens or sieves in form of a hollow
      cylindrical stencil are used. The method of composition utilized is
      principally a galvanic composition process in which the sieve-like
      portions of a hollow, cylindrical round stencil are first galvanically
      built up in one operation, and then coated in which the galvanically
      produced sieve, grid, or screen is covered with a photo-sensitive plastic
      layer, or paint coating which is removed, in the course of the further
      process steps, at areas determined by the image to be reproduced. In those
      portions which are not to be printed, the coating remains; in the portions
      which are to be printed, the layer or coating of the photo-sensitive
      material is removed. For a general discussion of this process, reference
      is made to "The Way Things Work", Simon and Schuster, 1967.
PAR  The present invention relates to the screen or grid printing method in
      which a photo-sensitive coating is removed from the screen where printing
      is to be carried out, and is left on the screen where no print is to be
      made. In spite of the high state of the art in this field, the method has
      some disadvantages, one of them being that the sharpness of reproduction
      is not as high as might be desired -- see also comment in the above
      referred to literature reference. It has been found that the lack of
      sharpness or accuracy in reproduction is due to a step, or sawtooth-like
      edge at the ends or terminal limits of the figures; this has led to the
      concept of sawtooth edge formation, or distortion in connection with lack
      of sharpness of reproduction in this process. To a certain extent, this
      undesirable effect can be reduced by printing manipulation and handling;
      however, some distortion and lack of sharpness has been accepted in this
      field as a disadvantage which cannot be avoided.
PAR  It is an object of the present invention to provide a method of
      photo-mechanical composing of matrices for use in rotary printing in which
      the lack of sharpness, and particularly the so-called sawtooth distortion
      at the edges of portions to be printed is eliminated or at least reduced
      to be completely unnoticeable.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the photo-sensitive layer is applied to the underlying screen or
      grid as a surface having constant and controllable thickness of its layer
      when applied to the grid stencil. In accordance with an embodiment of the
      invention, the interstices between the grid are first filled with a
      material which can be later on removed, the filler and the surface of the
      grid then being prepared to have a uniform top surface so that the
      photo-sensitive layer to be applied thereover likewise will have a smooth
      surface of controlled and uniform thickness.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIGS. 1 to 5 and FIG. 7 illustrate various steps in the composition of the
      image to be screen-printed;
PAR  FIG. 6a illustrates an intermediate step or result in accordance with the
      prior art; and
PAR  FIG. 6b the same step in accordance with the present invention;
PAR  FIG. 8 is a schematic representation of a method used to reproduce a fine
      line;
PAR  FIG. 9 is a cross section along line IX--IX of FIG. 8;
PAR  FIG. 10 is a perspective view of a grid stencil with a stencil layer having
      a fine raster;
PAR  FIG. 11 is a cross-sectional view, in highly schematic form, through a
      stencil having a fine raster;
PAR  FIG. 12 is a schematic top view of a stencil with a pattern or composing
      layer, partly broken away, and in which rasters on stencil layers of
      different fineness have been applied; and
PAR  FIG. 13 is a perspective view of a stencil with two photo-sensitive layers,
      in which the second layer is the composed layer.
DETD
PAR  The formation of unsharp edges, that is, the sawtooth formation is believed
      to be due to the interaction of two causes.
PAR  After drying, or polymerization of the emulsion layer, it has been noted
      that the layer has a clearly defined top wavy layer, or undulating
      surface, entirely independent of the type of photographic emulsion which
      is being used. This waviness or undulation appears to be due to the
      usually used rubber doctor blades during application of the
      photo-sensitive emulsion. In connection with this technology, more
      emulsion is applied in the interstices between the grids of the screen
      than on top of the grid elements themselves. The still soft and deformable
      emulsion may be smooth; upon the subsequent following physical drying
      step, however, the surface will become wavy since those areas which have a
      greater volume of emulsion, that is, between the interstices, will shrink
      more than the ones which are thin.
PAR  These zones, after drying no longer flat, are then exposed through a
      negative, or through a slide. The light penetrates under various angles
      into the emulsion layer and, within the layer, is diffused in various
      directions. It is thus basically impossible to provide an edge of the
      image which is three-dimensionally congruent with the negative, or
      projected image from a slide, within the emulsion layer. This rather
      theoretical fact becomes material in actual practice since exactly in the
      interstice or opening of the rasters at which, for reasons of printing
      technology the highest accuracy in imaging is required, the greatest
      volume of underlying layer is present, resulting as above noted, in the
      greatest inaccuracy of imaging. Thus, if a raster opening is not
      penetrated by light, that is, is imaged from a light impervious or opaque
      portion of the negative, that is, if a bridge across the interstice would
      be formed, a complete closure of this opening will result. Thus, the edge
      of the image does not follow the theoretical or ideal line of the negative
      but the various intersticial openings of the rotary matrix and thus the
      raster formation at the edge of the image.
PAR  Even if it would be possible to use collimated or parallel light for
      imaging, the desired ideal projection would not be achieved.
      Concomitantly, the bridging of the raster openings by the emulsion would
      result. The sawtooth effect in printing would, however, still be visible
      (as can be seen, for example, in rotary matrices of low mesh number). Thw
      waviness of the emulsion layer does not permit best optimal contact at the
      cross-over points of the raster openings between the emulsion layer and
      the substrate. This leads to an excess amount of printing ink, and
      flooding at the edge of the figure in the region of just these raster
      openings, so that the raster opening prints as if it would be completely
      open.
PAR  The sawtooth effect is due to two causes. The waviness of the emulsion does
      not permit accurate and adequate imaging of the negative, or slide to be
      projected, even if customary technology permits some bridging of the
      interstices; the waviness does not permit a tight sealing between the
      emulsion surface and the substrate. Further, the interaction of the
      non-uniform emulsion layers and the inclined, or non-parallel projection
      with non-collimated light -- as is customary, does not permit a sharp
      congruent imaging of the negative during exposure.
PAR  Within the region of the screen printing with flat matrices, the referred
      to sawtooth effect can be avoided by forming a so-called printing
      shoulder. In accordance therewith, the edge of the image which is not to
      be printed is formed slightly raised. The angle at the edge of the image
      should be as close to a right angle as possible, and should be sharp, so
      that rounded corners are avoided, if at all possible. The raised,
      non-printing portion of the matrix should be capable of closely contacting
      the material to be printed, such as a paper sheet, or textile material.
      This, then, results in optimum sealing between the portion on which
      printing is to be carried out, and the non-printing portion with respect
      to the printing ink which, as above referred to, is not usually possible
      in the customary composing system for rotary stencils. When printing flat,
      various methods which are well known have been proposed -- the pure
      indirect methods, such as cut film, (pigmented paper methods) and the
      like; pure direct methods such as additional layering, Supernylonsol
      process (trademark) and the like, and mixed systems in which the pure
      direct method and the pure indirect method are mixed, that is so-called
      combined processes. All these methods and processes can be used with a
      printing edge, or printing projection and permit printing without the
      sawtooth distortion. The disadvantage, however, resides that layers are
      produced which have low adhesion to the grid or mesh, or screen and have
      low chemical and mechanical stability as is necessary for rotary screen
      printing and permit only shallow screens to be applied to the printing
      cylinders. The specific loading of the stencil in rotary printing is
      substantially higher than in flat printing so that use of the above
      referred to processes is not possible even if the cylinders, and the
      stencils are not of large size. In order to compose images on rotary
      stencils, emulsions have been developed which meet the requirements with
      respect to loading which, however, since used in direct processes which do
      not permit additional layering, result in the aforementioned sawtooth
      formation.
PAR  It is thus an object of the invention to avoid the disadvantages of the
      prior art, while being able to use the characteristic advantages of the
      methods referred to which are known within the technology of the flat
      screen printing, that is, which utilize a precise printing shoulder or
      raised section, and still utilize a direct system in which a high strength
      emulsion can be utilized.
PAR  Referring now to the drawings and particularly to the series of FIGS. 1 to
      7, in which the process is described, and contrasted with that of the
      prior art.
PAR  A screen surface, such as a cylindrical stencil is coated with a layer 32
      which can be dissolved in a known solvent, such as a filler lacquer (FIG.
      1). The screen itself is shown schematically in cross section, and has
      grid or mesh lines 1 separated by raster or grid interstices 2
      therebetween.
PAR  The surface of the screen, coated with the lacquer 32 is then buffed or
      ground so that the grid surfaces, at their top, are freed from the lacquer
      32, the interstices, however, remaining filled to form a composite, level,
      smooth continuous surface -- see FIG. 2. FIG. 3 illustrates the next step,
      in which a photo-sensitive layer 33 is applied over the ground and smooth
      surface formed of the combination of grid or mesh elements 1 and the
      filled interstices 32. Layer 33 is dried, as customary. As schematically
      indicated in FIG. 4, a negative 5 is then exposed by light beams 8.
      Negative 5 has transparent regions 7 and opaque regions 6.
PAR  After exposure, the layer 33 is developed -- see FIG. 5 -- and the exposed
      non-soluble regions 9' will remain on the surface of the screen. Comparing
      FIGS. 4 and 5, it will be seen that the light beams 8 which penetrate
      under various angles cannot have deforming effects at the edge of the
      transition region between a grid and a grid interstice, since the layer 33
      is of uniform thickness, and, further, the thickness of layer 33 can be
      held at a predetermined desired thickness with respect to the width of the
      raster interstice 2. Thus, the previously referred to three-dimensional
      imaging or composing process is controlled. The formation of the so-called
      printing shoulder can also be effected, permitting optimal sealing between
      printing and non-printing regions or zones.
PAR  The remaining, photo-sensitive and exposed layer 9' is dried and
      polymerized. This layer will shrink. Referring to FIG. 6a, which shows
      this step in accordance with the prior art in which the interstices 2 do
      not have a filler 32, it will be seen that the shrunk region 9 has a
      shrinking zone 35. Comparing FIG. 6a with FIG. 6b, where the method in
      accordance with the present invention is illustrated, it will be seen that
      the photosensitive layer in known composing method shrinks
      three-dimensionally, and, further, that the deformation process due to the
      shrinking of the emulsion layer is enhanced. In contrast, the emulsion
      layer 9' (FIG. 6b -- present invention) can shrink essentially only in a
      two-dimensional direction, that is, sideways of the top surface layer
      formed by the grid 1 and the filler 32, as illustrated at 35', since that
      portion of the emulsion 9' which overlies an intersticial area, as seen at
      4', will be supported from below by the layer 32. Thus, vertical (with
      respect to FIG. 6a or 6b) shrinkage of the exposed portion, as illustrated
      in FIG. 6a is not possible in accordance with the present invention.
PAR  After polymerizing, an additional step is carried out in accordance with
      the present invention, namely removal of the filler material 32 -- see
      FIG. 7. The polymerized layer 9' is chemically highly stable and it has
      been found from experience that the usual solvents to remove the layer 32
      do not affect photo-sensitive layer 9'. The printing shoulder 9" is flush
      with the top surface of the layer 9'. Only photo-sensitive material is
      removed from the layer 33 in the developing step, to leave the exposed and
      later polymerized photo-sensitive portions 9'. The filler material is
      later removed in a removal step which does not affect the remaining
      portions 9' of the photo-sensitive material.
PAR  The process in accordance with the present invention provides for edges of
      the figures which are free of sawtooth formation. Not only is it possible
      to provide sharper reproduction, but fine detail, with fine lines can be
      reproduced which was not heretofore possible.
PAR  The process in accordance with the present invention can also be used to
      reproduce half tones. The image to be composed is photographically broken
      into a line raster, for example, by a grid, a dot pattern or the like,
      which is utilized in the form of a screen, or the like upon exposure of
      the image.
PAR  In usually known composing methods for rotary stencils, the width of the
      smallest line which can be composed and readily printed, by experience,
      extends between two interstices and one grid line. It can readily be seen
      that the width of the line depends on the fineness of the mesh of the
      screen of the stencil. In other words, coarse rasters, if used, permit
      only wide lines, and fine rasters permit thin lines. In accordance with
      the present invention, the width of the line need only have the width of
      one of the grid lines themselves, measured at the outer edge of the
      stencil.
PAR  In order to be able to compose even smaller lines and to print these
      smaller lines, which are essentially independent of the fineness of the
      raster and the stencil, the method can be modified, as explained
      particularly in connection with FIGS. 8 and 9.
PAR  Let is be assumed that the grid has been filled with a filler substance,
      and then ground to form a smooth surface, to which a photo-sensitive layer
      was applied which is thereafter exposed, in other words, that the steps in
      connection with FIGS. 1 to 5 have been done. The line which is formed
      after washing and drying is indicated in FIG. 8 at 40 which, as is clearly
      apparent, is less wide than the width of a screen element 1. In those
      cases in which the line falls congruent with a raster grid, a direct
      connection between a raster intersticial space is not provided, which
      provides for poor inking, and poor printing such a point.
PAR  In accordance with a feature of the invention, a communication can be
      provided with the stencil after the polymerizing step of the
      photo-sensitive layer has been carried out, but before the material 32,
      filling the intersticial spaces, has been removed or dissolved. Before
      such dissolving, the exposed stencil is etched, but only from the side of
      the grid at which the polymerized emulsion is placed. An etch bath is
      selected which has high lateral etching effects, but low depth etching.
      The filler substance which, during the etching step, is located only in
      the intersticial spaces between the grid lines permits application of the
      etch material only to those points where it is needed, that is, where it
      can etch away some of the grid lines, where required, which contributes to
      the stability of the entire stencil. The etching process is terminated
      when openings 41 (FIG. 9) are formed by removal of some material from the
      grid 1, that is, beneath or between the imaged line 40 and the respective
      adjacent raster opening 2 which, at that stage of the process, is still
      filled with the material 32.
PAR  After termination of etching, the filler substance 32 is dissolved or
      washed out, and the stencil is ready for printing.
PAR  The usual grid material for rotary screens utilizes nickel -- almost
      exclusively -- and thus iron chloride, in an acqueous solution is a good
      etch substance.
PAR  If the mesh openings are wide, that is, if the raster is quite coarse, such
      as 40 or 60 mesh, or if thick emulsions are to be used in the printing,
      then high requirements are placed on the strength and sturdiness of the
      emulsion layer, due to the large bridges of emulsion over the raster
      openings. To obtain error-free printing also in such a case, and in spite
      of the high mechanical loading, the inner side of the stencil, ready for
      printing, may have a lacquer applied thereto which, immediately after
      application and while still somewhat flowable, is removed from the
      emulsion side of the stencil by suction. After a suitable drying, that is,
      after chemical hardening, the emulsion layer is reinforced on the side
      which does not print, without interfering with the quality of the
      print-ready stencil.
PAR  In accordance with a feature of the invention, finest image details can be
      reproduced, independent of the fineness of the grid material itself.
PAR  Referring to FIG. 10, a grid or screen material 51 of any predetermined
      fine, or coarse mesh size is used and, as above described, is filled with
      filler material so that the grid lines are blank, but the interstices are
      completely filled, so that the grid with filler material forms a smooth
      continuous surface. In a second process step, a suitable pattern carrier
      is used, for example one of the known photo emulsions which can be
      hardened, to copy a line raster on the smooth surface. This raster is
      developed and hardened. The pattern to be composed, and then to be printed
      is carried out in a third step, analogous to the second. The stencil
      surface which now has projecting grid lines has a suitable lacquer applied
      thereto, to fill the spaces between the grid lines. This lacquer is then
      removed, for example by grinding or buffing until the raster lines 58 of
      the pattern are free at their upper surfaces 59 of any filler lacquer; the
      interstices 60, however, between the pattern lines 58 are filled and,
      together with the filling, form a smooth surface.
PAR  The printing stencil which is so prepared then has the hardened photo
      emulsion applied thereover, which is exposed, in accordance with the steps
      explained in connection with FIG. 4, and the hardened photo emulsion is
      then developed, dried and hardened. The last stencil layer 62 (FIG. 10)
      then defines therebetween the open spaces 61 of the print stencil, where
      printing is to take place. In a last step, the filler lacquer is washed
      out by a suitable solvent.
PAR  The dimensioning of the line raster 58, that is, the auxiliary pattern, as
      well as the distance of the lines from each other depend on the
      photographic resolving power of the stencil material which is to be used.
      Within the limits given by the stencil material, thin and high raster
      lines define a large quantity of ink available for printing; flat and wide
      raster lines provide only little printing ink. In order to change the
      relationship of ink available for printing, that is, to match the printing
      form to the substrate on which the printing is to be carried out, the
      thickness of the stencil layer, that is, of the first grid pattern, can be
      changed by changing the thickness of the layer of which the grid pattern
      is made, and the pattern itself can be suitably varied, by selectively
      using different photographic patterns.
PAR  The line raster, which is photographically applied, can thus be changed to
      control the volume of printing ink, and thus to vary the base stencil on
      which the image is composed. This line raster may have a further function.
      It may be desired, for example, to reproduce details which are smaller
      than the free width of the interstices of the screen. In accordance with
      the usual methods, these details, when exposed on the screen and if they
      are on a screen opening, could not initially have any connection with the
      underlying screen material, thus, could not be secured thereto. As
      illustrated in FIG. 11, details 52', if they were to be reproduced, are
      not secured to the underlying grid material, schematically indicated at 1,
      and corresponding to the grid 51 of FIG. 10. These elements 52' would thus
      fall through the interstices between the grids. In irregularly arranged
      details, the reproduction of the composed image would thus be different
      from the image actually exposed. In regularly recurring patterns, for
      example in cross rasters, a moire effect would invariably result.
PAR  In accordance with the described embodiment, these effects can be avoided.
      It is only necessary to make the line raster of the first, lower pattern
      on the stencil so fine that even the finest details of the image to be
      composed will find support on the underlying grid pattern.
PAR  FIG. 12 illustrates the combination of a photographically resolved image,
      broken up into a 60-line raster which can be combined with a 32-line
      raster (80 mesh) screen, without being subjected to a moire effect.
PAR  The filled screen material 51 first has a first line raster 58, for example
      at 40 lines per centimeter applied thereto. Thereafter, and in accordance
      with the previously described process steps, a second line raster 63 of,
      for example, 60 lines per centimeter and arranged at an angle of, for
      example, approximately 90.degree. with the first line raster, is applied.
      A third layer 64 of the stencil material is then applied; the image is
      composed over the raster of the last stencil material layer, in this
      instance, in a 60-mesh cross raster. Of course, the structure of the last
      preceding line raster 63 previously was levelled, so that the next layer
      could be applied thereto; the structure of the first line raster 58 also
      previously had been ground or flattened or levelled. The cross raster,
      with horizontal grid lines 67 and vertical row lines 68 is so arranged on
      the last preceding line raster therebeneath that the ink impervious,
      horizontal line rasters 67 of the cross raster always fall on the lines of
      the second line raster 63 which are immediately therebeneath. The vertical
      row lines 68 of the cross raster are freely self-supporting.
PAR  Some raster opening 69 may fall in the region of a raster line 58' of the
      first stencil layer 58. This is immaterial. The ink which is supplied
      during printing fills the line raster system which, in this embodiment,
      has three layers of material. In view of the raster grid lines 58, 63, it
      can enter the raster opening 69 of the last stencil layer 64 due to the
      interstices, even those which are apparently covered. As a result, a
      screen printing system is developed which, in the light of the state of
      the art, provides an extremely fine break-up of the image to be
      reproduced, by providing a very fine cross raster therefor.
PAR  The actual layer which is formed in accordance with the image is not
      applied to the basic grid raster, but rather on layers of material which
      themselves are formed in a raster stencil, before the final layer on which
      the composition is imaged, has been applied. Thus, the amount of ink which
      is needed can be accurately controlled by controlling the so-called ink
      volume of the raster, or underlying screen in accordance with design
      requirements, that is, by forming the underlying rasters at spacings and
      in arrangements to match the ink which is needed. Further, by the
      combination of various rasters, the detail of the image to be reproduced
      becomes essentially independent of at least the bottom-most of the
      underlying grid layers, and the detail of the image to be reproduced can
      thus approach the limits of the photographic resolving capacity of the
      stencil material. The detail is thus independent of the material and grid
      raster size of the basic grid and screen or grid printing of color tones
      or scale which are resolved into a broken-up image can be obtained,
      without a moire effect.
PAR  In accordance with the process described in connection with FIGS. 10 to 12,
      the first light-sensitive layer is exposed and then processed, by
      developing, hardening, and the like before the second light-sensitive
      layer is applied thereover. This process can be simplified in that the
      first light-sensitive layer is not completed, that is, is not developed
      and hardened and, likewise, preparation of the first light-sensitive layer
      by filling with filler material and subsequent flat grinding and polishing
      is not done before application of a second photo-sensitive layer. Rather,
      after exposure of the first light-sensitive layer, a second stencil
      material layer is applied thereover. This substantially reduces rejects
      and errors, as well as work time and material and thus results in lower
      costs. The printing shoulder is formed in somewhat simpler manner than in
      the process in accordance with FIGS. 10 to 12, and the ink penetration of
      the screen grid material can be limited. This modification of the process
      is illustrated in connection with FIG. 13.
PAR  A base screen having grids 71, with openings 72 therebetween is the base
      material, filled with a filler in such a manner that, on the one hand, the
      grid raster lines are not covered and, on the other, the grid openings are
      completely filled. In other words, the initial filler is applied to the
      base grid which is then ground or polished to a smooth surface.
PAR  In a second stage of the process, the smooth flat grid material, with the
      interstices filled, has a photo-sensitive stencil layer applied thereto,
      which is then dried. This stencil layer is exposed through a mask which
      may only show lines, that is, through a line-ruled mask, negative, or
      slide. In a third step of the process, the now exposed stencil material
      layer has a second photo-sensitive stencil material layer 75 applied
      thereto. Since the underlying surface is flat and smooth, the second
      stencil material layer 75 will likewise be flat and smooth.
PAR  The second stencil material layer 75 is then exposed through an image
      negative, which carries the composition to be applied to the screen grid.
      In a fourth stage, the second layer 75 is exposed which, again, also
      exposes those portions of the first photo-sensitive layer which receive
      light through the slide or negative carrying the composition, and which
      were not exposed during the first exposure. The already exposed portions,
      however, which are again exposed by the second exposure receive twice the
      light; this is no disadvantage when the known and easily polymerized photo
      emulsions are used.
PAR  In a last step of the process, the entire stencil material is developed,
      hardened, and thereafter the filler material in the interstices 72 is
      removed, so that the final printing screen or grid is finished.
PAR  The line raster 73 permits reduction of the ink penetration in the grid
      material, as desired. The dimension of the remaining lines 73' (FIG. 13)
      can be changed, and the thickness of the layer of these line rasters,
      indicated at 76, can likewise be changed, to provide a controllable
      reservoir for ink. The width of the lines of the line raster, and their
      orientation of course is determined by the mask which is used for its
      exposure; the thickness by the thickness of the photo-sensitive layer. The
      second photo-sensitive layer 75 has a thickness indicated at 77 (FIG. 13)
      which again can be varied as desired. It is applied on the exposed first
      layer, the two photo-sensitive layers having a combined thickness
      indicated at 78. The difference in height 77 of the second light-sensitive
      layer 75 with respect to the thickness 76 of the first layer 73 provides
      for the desired shoulder 80 at the edges of the image.
PAR  Exposure of the second layer 75 over the image carrying negative exposes
      all regions 79 of the first photo-sensitive layer 73, which were not
      provided to permit ink to penetrate in the first place. By this exposure,
      the stable and sturdy interconnection of the two layers, as indicated at
      74, will result, both with respect to each other as well as with respect
      to the underlying grid material. Good stability is obtained also on the
      bridge points of the raster opening 72.
PAR  The substance which has been referred to as filler, or filler lacquer, to
      be used in the present invention must have these characteristics: ease of
      application by usual application techniques; non-foaming; hardening and
      capability to be ground or polished by utilization of usual and
      customarily available grinding and polishing techniques; non-solubility in
      water; freedom from shrinking, also over longer periods of time (12 months
      and longer); freedom from shrinking over short periods of time upon
      heating, for example in the region of 200.degree. C, and for periods of
      from 3- 4 hours; good adhesion to the usual grid or screen materials
      utilized in rotary screen printing technology, particularly nickel, and
      independent of aging and temperature up to 200.degree. C; low
      thermoplastic flow, even if heated to temperatures to 200.degree. C; good
      solubility before and after heat treatment in solvents which do not attack
      the polymerized layer; chemical resistance with respect to usually used
      etching solutions, such as ferrous chloride, and, additionally,
      nonpoisonous in use. Such a substance having the required characteristics
      are known as Plusodur 230, 60% Xylol, hardened with Maprenal RT, in a
      mixture of about 9 parts Plusodur 230 and 1 part Maprenal RT (by weight).
      As solvents, ketones and esters can be used.
PAR  The invention has been described particularly in connection with rotary
      stencils for rotary presses, but can be used equally for flatbed presses
      and flatbed stencils.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method to make stencils having a stencil layer on printing grids having
      interstices between the grid lattice thereof, in which a photo-sensitive
      layer is utilized to be exposed in accordance with an image to be composed
      or printed, the non-exposed image portions being removed before printing,
      the method comprising
PA1  forming a level, smooth continuous composite surface of exposed grid
      lattice and a soluble filler located only in the interstices between the
      grid lattice, by
PA1  applying a filler material over a side of the printing grid, and
      penetrating the interstices between the lattice of the grid and
PA1  removing that portion of the filler material which extends over the
      printing grid to leave a smooth surface of grid lattice and intersticial
      filler material;
PA1  applying a continuous single photo-sensitive layer of sufficient thickness
      to form the stencil directly over the smooth surface of the exposed grid
      lattice and the filler in the interstices between the lattice with
      constant, controllable thickness,
PA1  exposing the photosensitive layer with the image to be composed;
PA1  selectively removing a portion of the layer of photo-sensitive material in
      accordance with the image to which the layer was exposed to develop the
      exposed photo-sensitive layer;
PA1  and thereafter removing all the filler material by a solvent.
NUM  2.
PAR  2. Method according to claim 1, for reproduction of fine details or lines,
      comprising the step of forming said printing grid of metal and etching the
      side of the grid which has the photo-sensitive layer applied with an etch
      attacking the grid but not said photo-sensitive layer until sufficient
      grid material is etched away from the portion of the grid beneath the line
      or detail, to form a connection beneath the photo-sensitive layer with an
      adjacent interstice.
NUM  3.
PAR  3. Method according to claim 1, further comprising the step of applying a
      lacquer to the side of the grid remote from the side covered by the
      photo-sensitive layer;
PA1  and removing excess lacquer by suction from the side of the photo-sensitive
      layer of the screen while the lacquer is still in flowable condition.
NUM  4.
PAR  4. Method to make stencils having a stencil layer on printing grids having
      interstices between the grid lattice thereof, in which a photo-sensitive
      layer is utilized to be exposed in accordance with an image to be composed
      or printed, the non-exposed image portions being removed before printing,
      the method comprising
PA1  forming a level, smooth continuous composite surface of exposed grid
      lattice and a soluble filler located only in the interstices between the
      grid lattice, by filling only the interstices between the lattice grid
      with the filler, said filler being a material removable from the grid
      lattice independently of the photo-sensitive layer;
PA1  applying a continuous single photo-sensitive layer of sufficient thickness
      to form the stencil directly over the smooth surface of the exposed grid
      lattice and the filler in the interstices between the lattice with
      constant, controllable thickness;
PA1  exposing the photo-sensitive layer with the image to be composed;
PA1  selectively removing a portion of the layer of photo-sensitive material in
      accordance with the image to which the layer was exposed to develop the
      exposed photo-sensitive layer while leaving substantially all of the
      filler material in place;
PA1  and thereafter removing all the filler material by a solvent.
NUM  5.
PAR  5. Method according to claim 4, for reproduction of fine details or lines,
      comprising the step of forming said printing grid of metal and etching the
      side of the grid which has the photo-sensitive layer applied with an etch
      attacking the grid but not said photo-sensitive layer until sufficient
      grid material is etched away from the portion of the grid beneath the line
      or detail, to form a connection beneath the photo-sensitive layer with an
      adjacent intersticee.
NUM  6.
PAR  6. Method according to claim 4, further comprising the step of applying a
      lacquer to the side of the grid remote from the side covered by the
      photo-sensitive layer;
PA1  and removing excess lacquer by suction from the side of the photo-sensitive
      layer of the screen while the lacquer is still in flowable condition.
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ABST
PAL  A method and apparatus are disclosed wherein a signal proportional to the
      speed of a moving web is compared with a signal proportional to the speed
      of a motor driven rotary, printing member, and a resultant corrective
      signal is transmitted to the control for the motor, so that the linear
      speed of the rotary printing member is made equal to the web speed. A
      plurality of printing members are provided so that the linear speed of
      each of the printing members is made equal to the web speed and in
      synchronization one with the other. The method and apparatus as aforesaid
      are specifically adaptable for rotary screen printing of fabrics, wherein
      the fabric contactingly engages a plurality of rotating screens in series,
      and a color is passed through each screen in selected predetermined areas,
      so that the composite screen printings provides a repetitive design on the
      fabric.
BSUM
PAR  This invention relates to synchronous printing of a plurality of printing
      members. Specifically this invention relates to the electronic
      synchronization of a plurality of rotary screens for printing a design on
      a moving fabric web.
PAR  In rotary screen printing of fabrics, a fabric web is moved tangentially
      across and in contact with a series of spaced rotary screens. Each screen
      is provided with a pump to pass a dye into the screen. The dye is then
      forced through the screen in respective predetermined areas, so that a
      composite multi-colored design is obtained. It is necessary for the rotary
      screens to be in synchronized operation so that the several colors are
      accurately positioned according to the particular design. This
      synchronization is necessary both at constant speed operation and during
      changes in operating speed, in order to economically produce acceptable
      printed fabric.
PAR  Heretofore rotary screens were mechanically interconnected by gearing so as
      to provide the necessary synchronized rotation of the screens. Such
      gearing while generally providing the necessary synchronization, was
      costly and often difficult to maintain. This was particularly so with
      several screens in series, that is, where the gear train was extensive.
PAR  A particular problem encountered in rotary screen printing is one wherein
      the web is adhered to an endless belt, and the belt is subject to slippage
      and/or stretching. This slippage and/or stretching of the belt must be
      compensated for to ensure proper synchronous printing. In the prior art
      apparati elaborate adjunct devices such as friction compensation gear
      boxes were necessary to compensate for these belt variances.
PAR  Now there is provided by the disclosure herein, an apparatus and method for
      electronic synchronization of rotary screens for fabric printing.
PAR  It is therefore an object of this invention to provide a method and
      apparatus for electronic synchronous printing of rotary printing members
      on a moving web.
PAR  It is a further object of this invention to provide a method and apparatus
      for improved registration for multi-color web printing.
PAR  It is a further object of this invention to provide a method and apparatus
      as aforesaid wherein synchronous printing is maintained at varying
      printing speeds, and by changing speeds.
PAR  It is another object of this invention to eliminate the need for mechanical
      registration adjustment gearing in rotary screen printing.
PAR  It is a further object of this invention to provide an apparatus for
      electronic synchronous printing with rotary screens which obviates the
      need for adjunct devices to compensate for belt slippage and stretching.
PAR  It is a further object of this invention to provide an apparatus and method
      as aforesaid wherein the web speed is electronically compared with the
      speed of each of a plurality of rotary printing members and a corrective
      electrical signal transmitted to each of the rotational control units for
      each respective printing member.
PAR  It is a further object of this invention to provide a method and apparatus
      as aforesaid wherein a first electronic signal proportional to the speed
      of a belt to which a web is adhered, and a second electronic signal
      proportional to the phase angle difference between a master syncho
      transmitter and a printing screen synchro transmitter, are summed and
      compared with a signal proportional to the printing screen speed, and a
      resultant corrective signal transmitted to the control means for driving
      the printing screen.
PAR  It is still a further object of this invention to provide an apparatus for
      rotary screen printing which is practical and efficient in design and
      operation and which is readily maintained.
DRWD
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being made to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a side elevational schematic view of the apparatus of this
      invention;
PAR  FIG. 2 is a front elevational view of the first rotary printing screen
      assembly;
PAR  FIG. 3 is a side elevational view of the rotary printing screen assembly of
      FIG. 2;
PAR  FIG. 4 is a rear view of the master synchronization assembly;
PAR  FIG. 5 is an electrical schematic of the overall electronic synchronization
      depicting one rotary screen;
PAR  FIG. 6 is a schematic illustration of the electronic synchronization
      process for one rotary printing screen;
PAR  FIG. 7 is a schematic of the rectifier bridge circuit for the motor control
      for one rotary printing screen; and
PAR  FIG. 8 is a plan view of the master roller synchronization assembly of FIG.
      4.
DETD
PAR  Referring now to FIG. 1, there is shown a side elevational view of the
      rotary screen printing apparatus of this invention generally shown as 10.
      Rotary screen printing assemblies 20 and 21 of the five rotary screen
      printing assemblies, 20-24, are shown in full line drawing and the
      remaining three are depicted in representational form. All of the five
      rotary screen printing assemblies 20-24, are similar in design and
      construction. In FIG. 1 the parts of screen assemblies 22-24 corresponding
      to the similar parts in screen assemblies 20 and 21 are not so referenced
      for purposes of clarity.
PAR  An endless belt 11 is movably mounted to forward cylinder 12 and rear
      cylinder 13. A 20 horsepower (h.p.) d.c. motor 14 is mounted through
      reduced coupling to rear pulley or cylinder 13 so as to drive the belt 11
      from and to cylinder 12 and from and to cylinder 13. A tachometer 104 is
      mounted in connection with motor 14. A web of fabric 16 is supplied from a
      feed roll 17 and is glued to the top surface 18 of belt 11 by means of
      conventional glue feed apparatus, designated as 19, at a point upstream of
      the printing screens. The glued web portion is shown as 16a and after
      printing, pulled away from the belt by the oven nip roll 51 as at 16b,
      downstream of the printing screens. In this manner, the glued fabric web
      16a travels with the belt 11. After being released from the belt, the
      fabric web is transferred to oven 50 for drying.
PAR  Suitable glues useful pursuant to this invention include by way of example,
      water soluble glues, pressure sensitive glues and thermoplastic glues.
PAR  A series of five cylindrical rotary printing screen assemblies 20, 21, 22,
      33, 23 and 24 are mounted above the glued web portion 16a and transversely
      disposed to belt 11. The printing screens per se and the mountings
      therefore may be of conventional design and construction. The mounting of
      the screens is performed in the conventional manner. The screen mounting
      is generally shown as 20f-24f.
PAR  Each of said screen assemblies comprises a printing screen 20a-24a which is
      an electroformed metal screen, formed in a cylindrical shape. Each of the
      screens 20a-24a has fine perforations therein which define a portion of a
      design. The screens are each rotatably driven by means of a 1/2 h.p., d.c.
      motor 20e-24e, and interconnected by gearing therewith. Each screen
      assembly further comprises a screen or slave synchro 170a, (typical) as
      will be further discussed hereinafter.
PAR  A color is supplied to the interior of the cylindrical screen by means of a
      color supply tank 20b-24b and a color pump 20c-24c, for each of the
      respective printing screens. By the term "color" as used hereinbefore and
      hereinafter throughout the specification and claims, it is broadly defined
      as to mean a dye, ink, pigments or the like. Liquid colorants in the form
      of solutions or suspensions as well as fine particulate colorants are
      useful within the broad contemplation of this invention.
PAR  As each screen is rotated clockwise as in FIG. 1, and in such rotation the
      outer periphery 20d-24d of each respective screen 20a-24a, contactingly
      engages web 16a and a color is passed through the rotating screen onto the
      moving web, thereby laying down the respective design and color for each
      individual printing screen. That is the first printing screen 20a will
      provide one part of the design in a first color, and the second screen, a
      second part in a second color and so forth until a composite multi-color
      design is provided. It is therefore of course desirable that the screens
      rotate at the same speed with the speed of the fabric web in contact
      therewith.
PAR  To provide proper registration of the respective parts of a fabric design,
      each respective part being printed by one each of the rotary screens,
      synchronization of the belt speed, fabric web speed and printing screen
      speed is accomplished as will be explained hereinafter in further detail.
PAR  In FIGS. 2-3, specific reference is made to the first rotary printing
      screen assembly 20 but it is of course understood that this construction
      is typical for screen assemblies 21-24 as well.
PAR  Each screen assembly 20-24 is mounted to a common frame 26. Frame 26 is
      bolt-mounted to the floor (not shown).
PAR  A motor support frame generally shown as 28 is bolt-mounted to guard member
      29 which in turn is bolted to frame 26. Motor support 28 is angularly
      disposed to frame 26. Support frame 28 is formed of first flange 30
      disposed outwardly from the screen assembly and a second flange portion 31
      perpendicularly disposed to said first flange portion.
PAR  A local operating control panel 52a (typical of 52a-52e for each screen
      assembly 20-24 respectively) is shown mounted so that the operator can
      effectuate stopping and starting of each of the rotating screens at the
      screen location (panels 52c-52e are not shown). Of course a master control
      panel 300 is provided for operation control at one centralized location.
      At the local control panel 52a, there is an on-off switch 167 and on-off
      indicating lamp 168 and a positioning control 171a for transformer 171.
PAR  In FIG. 1 there is shown the electrical signal lines to and from master
      control panel 300. Two, 20 and 21, of the five rotary screen printing
      assemblies 20-24 are shown interconnected to master control panel 300. A
      web speed signal from tachometer 104 is transmitted through line 301 to
      master control panel 300. Line 301 comprises electrical line connections
      156, 157a and 158 as shown in FIG. 5. A second web speed input signal is
      transmitted from master synchro transmitter 106 to master control panel
      300 via electrical signal line 302. Line 302 comprises lines 172a, 173a
      and 174a as shown in FIG. 5. The signal transmitted by line 302 is
      distributed to each local control panel 52a-52e for each respective rotary
      screen assembly 20-24. For example line 303 provides the master control
      synchro signal to panel 52a, or more specifically to transformer 171 of
      panel 52a (FIG. 5). Likewise line 304 provides the master control signal
      to panel 52b of rotary screen printing assembly 21. By way of example line
      303 comprises electrical lines 172, 173 and 174 (FIG. 5).
PAR  It is of course understood that the signal line interconnection of any one
      screen assembly is typical for each screen assembly 20-24.
PAR  Each screen or slave synchro, 170a-170e for each respective rotary screen
      assembly 20-24, provides a signal to the master control panel, which
      signal is eventually summed with the signal from the d.c. tachometer 104
      and the armature feedback signal for the respective d.c. motor 20e- 24e.
      For example electrical signal line 305 connects the first screen synchro
      170a to master control panel 300 and electrical signal line 306 likewise
      connects the second screen synchro 170b to master control panel 300, and
      so forth. Electrical signal line 305 comprises electrical signal lines 181
      and 182 (FIG. 5).
PAR  Further each screen synchro, d.c. motor 20e-24e respectively, is
      interconnected to master control panel 300, through an electrical line, as
      by way of example line 307 for motor 20e and line 308 for motor 21e. Line
      307 comprises armature feedback signal 126 (FIG. 6) as well as corrective
      signal input to the armature of the respective d.c. motor (e.g. FIG. 6).
PAR  Referring now to FIGS. 1 and 4, there is shown, the master synchronization
      roller assembly comprising, a hollow rotatable roller 175, rotatably
      mounted to and transversely disposed between a pair of opposed mounting
      brackets 202a and 202b. A cylindrical gear 203 is mounted to roller 175 so
      that as to be rotatable therewith. A rotatable shaft 204 is rotatably
      housed and transversely disposed to brackets 202a and 202b. Gear 205 is
      fixedly supported on shaft 204 so as to be rotatable therewith. Further
      the teeth of ear 205 mesh with the teeth of cylindrical gear 203 so as to
      permit translation of rotation from roller 175 to shaft 204. Shaft 204 is
      in turn coupled by coupling 206 to the input side of master synchro
      transmitter 106. A suitable master synchro transmitter pursuant to this
      invention WER Model 777-20 of the WER Industrial Corporation, Grand
      Island, New York.
PAR  The cylindrical periphery 175a of roller 175 contactingly engages the top
      18 of endless belt 11. A belt contact adjustment bolt 207 is provided. One
      end of bolt 207 is mounted by means of nuts and washers shown as 207a, to
      plate 208 which plate is in turn mounted to each of the brackets 202a and
      202b. The opposing head end of bolt 207 is fixedly mounted to plate 210a
      of support frame 210 as shown as 207b as seen in FIG. 8. Frame 210 is
      inturn fixedly bolt-mounted to frame 26. By adjusting the nuts 207a, the
      bolt 207 distance between plate 208 and plate 210a of frame 210 is varied
      and brackets 202a and 202b and roller 175 are caused to rotate about shaft
      204. In this manner of construction the roller-to-belt contact may be
      adjusted to the desired suitable degree.
PAR  As belt 11 moves, roller 175 and cylindrical gear 203 are caused to rotate.
      This rotational motion is in turn translated to gear 205 and
      concommitantly to shaft 204 and through coupling 206 to master synchro
      transmitter 106. Master synchro transmitter 106 translates this rotational
      movement to a phase angle related electrical signal which is eventually
      transmitted to each screen or slave synchro.
PAR  It has been found advantageous to pressingly engage surface 175a of roller
      175 into top 18 of endless belt 11, thereby locally deforming the rubber
      endless belt 11.
PAR  Each screen or slave synchro 170a-170e is coupled by a helical spring type
      coupling 170a1 (typical) to an angularly disposed, minimum back-lash gear
      box 170a2 (typical). The gear box 170a2 is in turn connected to the shaft
      of d.c. motor 20e. On the output end of gear box 170a2 is a drive shaft
      20a1 which in turn is axially mounted to the drive gear 20a2 of screen
      20a.
PAR  As stated each screen 20a-24a is mounted above the belt by means of
      mounting 20f-24f. A suitable mounting is the Stork Brabant (VMF Corp.)
      RD3HD 1850 mm cross arm.
PAR  Control panel 52a is shown mounted in FIGS. 2 and 3 as being mounted to
      flange 30 adjacent one end of screen 20a. It is to be noted however that
      insofar as the synchronization control is electrical as opposed to
      mechanical the control panel 52a may be located at any desired location
      for ease of operation, unlike prior art mechanical synchronization
      apparatus. As such this degree of selection of location of control panels
      constitutes a further object and advantage of the apparatus of this
      invention.
PAR  As used hereinbefore and hereinafter throughout the specification and
      claims by the terms, "signal proportional to the speed of the moving web",
      it is to mean a signal emanating from the movement of the belt to which
      the web is adhered; as by way of the examples herein, to wit, the belt
      speed d.c. tachometer signal inasmuch as the moving web is adhered to the
      belt, or the roller speed master synchro signal inasmuch as the moving
      belt contactingly tangentially engages the roller and causes rotation
      thereof.
PAR  Referring now to FIG. 5, there is shown the motor control for the belt
      drive generally shown as 150. A suitable belt drive motor control is the
      Electrostat 225, 20 h.p., 230 VAC, D.C. motor control No. 1060-112 of the
      WER Industrial Corporation, Grand Island, New York ("Electrostat", is a
      registered trademark of WER Industrial Corporation, Grand Island, New
      York).
PAR  Belt drive motor contol 150 comprises line source power input lines 151,
      152, 153 from a power source not shown. An on-off switch 154 is mounted
      with the belt drive D.C. motor 14. The armature 14a of d.c. motor 14 is
      interconnected to a 50 volt/1000 rpm d.c. tachometer 104. The tachometer
      104 thereby transmits a signal proportional to the belt speed through
      lines 156, 157a and 158. Meter calibration control switch 159 and meter
      160 for tachometer 104 are interconnected to lines 156, 157a and 158. Also
      a second belt line speed switch 161 is interconnected to motor control 150
      through lines 162, 163 and 164. Switch 161 is mounted in tandem to a
      similar switch for the oven nip roll motor control circuit (not shown) so
      that the belt line speed will be proportional to the oven nip roll speed
      so as to assure a smooth travel of the web from the belt to the oven 50.
PAR  Output line 156a is connected to an inverter 262 to effect a -1/10 signal
      inversion which is transmitted through line 157 with the corresponding
      part of the signal 156 and 158, to one rotary screeen drive motor control
      circuit, generally shown as 200 (typical for each screen assembly) as will
      be further discussed more fully hereinafter. It is of course understood
      that belt speed signal lines 156, 157 and 158 provides the same signals to
      the motor control circuit for all the rotary screens as indicated by lines
      156b, 157b and 158b to the next screen drive, and so on.
PAR  The motor control circuit 200 comprises interconnected motor control,
      circuits 100 and 101, which sub-circuits are in turn connected to power
      source through transformer 165, by power lines 152 and 153. A first on-off
      type switch 166 is mounted directly to the control circuits 100 and 101
      and a seond on-off type switch 167 is located at the rotary screen local
      control panel 52a. A light indicator 168 indicates when the power is on to
      the motor control circuits 100 and 101. Switch 167 and indicator 168 are
      interconnected to d.c. power lines 152a and 153a. The armature 105 of the
      d.c. motor for the rotary screen is interconnected to circuit 101 of the
      motor control circuit. The armature is in turn connected to a synchro
      transmitter 170a. Synchro transmitter 170a comprises rotors R1 and R2 and
      stators S1, S2 and S3. Stators S1, S2 and S3 are line connected to
      corresponding stators TS1, TS2 and TS3 of differential transformer mounted
      171 at local control panel 52. The input side of differential transformer
      171 is interconnected through lines 172, 173 and 174 to the stators MS1,
      MS2 and MS3 of master synchro 106. By this manner of interconnection the
      output signal from master synchro 106 is isolated to each individual
      synchro transmitter for each rotary screen assembly. This permits the same
      undisturbed master synchro signal to be transmitted to the synchro
      transmitter for each rotary screen assembly.
PAR  Master synchro 106 is interconnected to belt speed pick-up roller 175. The
      circumference 175a of roller 175 of course tangentially contacts the belt
      top 18. The master synchro rotors MR1 and MR2 are connected to d.c. line
      source through lines 152a and 153a.
PAR  In this manner of construction roller 175 drives master synchro 106 through
      stators MS1, MS2 and MS3 which transmits a signal through main lines 172a,
      173a and 174a to lines 172, and 174 to differential transformer 171 where
      the signal is transmitted to stators S1, S2 and S3 of screen synchro 170
      and then voltage signal proportional to the phase angle of the armature
      105 is transmitted through rotors R1 and R2 and lines 181 and 182 to
      discriminator 180. A d.c. line source is supplied to discriminator 180
      through lines 152a and 153a. An output voltage signal proportional to the
      phase angle difference between the rotors of the synchro transmitter 170
      and the rotors of master synchro transmitter 106, that is an angular
      position signal is transmitted as an input signal through lines 183 and
      184 to the summation or comparison circuit 102 of motor control circuit
      100 (See FIG. 6). A suitable synchro 170 is WER No. 777-1.
PAR  The belt speed input signal through lines 156b, 157b and 158b, is also
      transmitted from tachometer 104 to the summation or comparison circuit 102
      of motor control circuit 100.
PAR  To complete the summation input, armature reference signal 126 is
      transmitted to the summation circuit of motor control circuit 100 for
      comparison with the belt speed signal and the aforesaid rotary screen
      signal.
PAR  A color supply circuit 190 is interconnected to feed lines 152a and 153a,
      and which color supply circuit comprises a color pump starter 191, a color
      supply level control 192, and a color pump switch 193.
PAR  Referring now to FIG. 6, there is schematically shown the electronic
      synchronization for typically any one rotary printing screen operation
      200, which comprises two sub-circuit assemblies 100 and 101; said circuits
      100 and 101 being electrically interconnected.
PAR  A suitable commercially available circuit board assembly for circuit
      assembly 100 is P.C. Board 1082-1B2, and for circuit assembly 101 it is
      P.C. Board 1082-1B1, of the 100 ARG, 115 VAC, Regenerative d.c. Motor
      Control, manufactured by WER Industrial Corporation, Grand Island
      (Buffalo) New York.
PAR  Assembly 100 is shown as having a summation circuit 102 which sums the
      signal from discriminator 180, the signal from belt drive d.c. tachometer
      104 and the signal 126 from the armature 105 of the d.c. motor, for
      typically each of the rotary screens 20-24.
PAR  The signals from the discriminator 180, belt drive d.c. tachometer 104, and
      armature 105 are proportionally scaled so that if the linear screen speed
      is proportionally equal to the belt speed, and the rotor phase angle of
      the armature 105 is in agreement with rotor phase angle of the master
      synchro 106, then the summation output signal 107 will approach zero. If
      however the web speed (i.e. d.c. tachometer signal) is greater or lesser
      than the screen speed (i.e. armature signal), or the screen synchro is not
      in agreement with the master synchro, so as to instantaneously initiate a
      corrective signal to the armature 105 of the screen motor for motoring
      (advance the screen, in one rotational direction) or braking (retard the
      screen, in the other rotational direction) the rotating printing screen.
PAR  Summation output signal 107 is fed to the input side of the first
      operational amplifier 108 in series with a second operational amplifier
      109, which second operational amplifier is in sign inversion with the
      first operational amplifier, so that a positive d.c. ramp signal 110 will
      be emitted from first operational amplifier 108 or alternatively a
      positive d.c. ramp signal 111 will be emitted from second operational
      amplifier 109. By convention d.c. ramp signal 111 will be considered the
      motoring signal and d.c. ramp signal 110 will be considered the braking
      signal.
PAR  D.C. signal 111 is transmitted to motoring pulse positioning circuit 112
      and d.c. signal 110 is transmitted to braking pulse positioning circuit
      113. A rectified line source d.c. reference signal 114 is transmitted to
      motoring pulse positioning circuit 112, and a rectified line source d.c.
      reference signal 115 is transmitted to braking pulse positioning circuit
      113.
PAR  In the aforesaid pulse positioning circuits, for any given half-wave cycle,
      the d.c. ramp signal from one respective amplifier is summed with the line
      source d.c. reference signal and a resultant time displaced signal is
      transmitted to a threshold switch 118 (for motoring) or alternatively but
      not coincidentally a resultant time displaced signal is transmitted to
      threshold switch 119 (for braking). The threshold switch 118 or 119, is
      set to cut off the signal from the pulse positioning circuit 112 or 113,
      respectively, as to provide a trigger corrective signal 116 (motoring) or
      alternatively but not coincidentally 117 (braking) to the driver circuits
      120 (motoring) and 121 (braking) of circuit assembly 101. It is of course
      understood that corrective signals 116 and 117 as depicted in FIG. 6 are
      merely illustrious and the magnitude and time displacement, that is the
      point in a half-cycle where the pulse is initiated, will vary with the
      input signals to summation circuit 102.
PAR  Driver circuit 120 is connected by transformer circuit 122 to thyristors
      such as silicon rectifier SCR's 1, 4, and 2, 3 of silicon rectifier bride
      125, and driver circuit 121 is connected by transformer circuit 123 to
      thyristors such as silicon rectifiers SCR's 6, 7 and 5, 8 of said silicon
      rectifier bridge 125.
PAR  The armature 105 is interconnected with the silicon rectifier bridge 125
      and an armature feedback signal 126 is transmitted to summation circuit
      102 to close the loop so as to provide a servo type control for the rotary
      printing screen operation.
PAR  Referring now to FIG. 7 there is shown the silicon rectifier bridge circuit
      125, comprising 2 sets of four thyristors such as gated silicon rectifiers
      SCR 1-8, the first SCR set being SCR's 1, 4 and SCR's 2, 3 for motoring,
      and the second SCR set being SCR's 6, 7 and SCR's 5, 8 for braking. SCR's
      1 and 4 are gated to permit current to flow in one direction in one
      half-cycle when line source reference point A is positive with respect to
      line source reference point B. Counterpart motoring SCR's 2 and 3 will
      permit current flow in the same direction during the next immediate
      half-cycle when line source reference point B is positive with respect to
      A. Similarly SCR's 6, 7 and SCR's 5, 8 will provide current to the
      armature 105 in the other direction for full wave rectification in braking
      as opposed to motoring.
PAR  The gates of SCR's 1 4 and 2, 3 are connected through transformer circuit
      122 to drive circuit 120. And the gates of SCR's 6, 7 and 5, 8 are
      interconnected through transformer circuit 123 to drive circuit 121.
PAR  The corrected current to the armature may therefore either be in motoring
      130 direction or in braking 131 direction. The armature in turn provides a
      reference signal 126 to the summation circuit 102 so as to close the motor
      control loop as hereinbefore described.
PAR  In other words the master synchro provides a first signal proportional to
      the speed of the moving web and this signal is transmitted through each
      screen synchro or slave synchro to provide voltage signal proportional to
      the phase angle differential (angular error) between the master synchro
      and screen synchro, which is transmitted to the summation or comparison
      circuit of the motor control circuits. And the belt drive d.c. tachometer
      provides a second signal proportional to the belt speed, and therefore the
      web speed inasmuch as the web is glued to the belt, also to the summation
      or comparison circuit of the motor control circuits. The aforesaid first
      and second signals are summed in comparison to the armature reference
      signal proportional to the actual position of the rotary screen. In
      comparing the web speed signals with each rotary screen signal, a
      resultant corrective signal is then transmitted to each respective
      armature to bring each screen speed into accord with the web speed and
      therefore all the screens into synchronization.
PAR  The second web speed signal being derived from the belt drive provides a
      gross signal for comparison with each screen signal in contradistinction
      to the first web speed signal derived from the master roller in direct
      contact with the belt, and as such accounts for local mechanical
      variances, such as belt slippage or stretching, and electrical
      perturbations which would otherwise put the screens out of
      synchronization.
PAR  It has been found that this combination of signal inputs to the motor
      control circuit provides a method and apparatus for quick response to both
      the gross changes in line speed as well as to localized changes in the
      printing operations, so that synchronization is effected and maintained
      under varying conditions.
PAR  Of course the armature of the motor continuously provides feedback to the
      motor control circuit and is continuously matched against the belt speed
      signal and the web speed signals to provide a servo type control.
PAR  It will be clear that there is provided a method and apparatus which
      accomplishes the objective heretofore set forth.
PAR  While the invention has been disclosed in its preferred forms, it is to be
      understood that the specific embodiments thereof, as described and
      illustrated herein, are not to be considered in a limiting sense, as there
      may be other forms or modifications of the invention which should also be
      construed to come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for synchronous printing on a moving fabric web comprising:
PA1  a. moving a fabric web on an endless belt across a first rotating
      cylindrical printing screen and then across a second rotating cylindrical
      printing screen;
PA1  b. transmitting a first electrical signal proportional to the speed of said
      web from said belt to a first signal comparator;
PA1  c. transmitting a second electrical signal proportional to the speed of
      said web from means moving said belt to said first signal comparator;
PA1  d. transmitting an electrical signal proportional to said first printing
      screen speed to said first signal comparator;
PA1  e. transmitting a corrective signal from said first signal comparator to
      control means for rotating said first printing screen;
PA1  f. transmitting said first electrical signal proportional to the speed of
      said web to a second signal comparator;
PA1  g. transmitting said second electrical signal proportional to the speed of
      said web to said second signal comparator;
PA1  h. transmitting an electrical signal proportional to said second printing
      screen speed to said second signal comparator;
PA1  i. transmitting a corrective signal from said second signal comparator to
      control means for rotating said second printing screen; so that the speed
      of each of said printing screens is made equal to the web speed and in
      synchronization with the other.
NUM  2.
PAR  2. The method of claim 1, wherein the step of transmitting a second
      electrical signal proportional to the web speed comprising tangentially
      contacting the endless belt with a rotatable cylinder so as to rotate the
      cylinder, and converting the mechanical rotation to an electrical signal
      proportional to the web speed.
NUM  3.
PAR  3. The method of claim 1, further comprising the last step of releasing the
      printed web from said endless belt after printing said web.
NUM  4.
PAR  4. An apparatus for synchronous screen printing on a moving fabric web
      comprising in combination: endless belt means to move said fabric web
      comprising means to support said moving web so that said web is
      tangentially disposed to the printing screens and means to bond said web
      to said means to support said web, means to drive said endless belt means,
      means to transmit an electrical signal proportional to the speed of said
      moving web, a first printing screen and a second printing screen
      transversely disposed to said web and spaced one from the other along said
      web, means to rotate the first printing screen and means to rotate said
      second printing screen, means to transmit an electrical signal
      proportional to the speed of said first printing screen and means to
      transmit an electrical signal proportional to the speed of said second
      printing screen, means to compare said first printing screen speed signal
      with said web speed signal and transmit a resultant signal to said means
      to rotate said first printing screen, and means to compare said second
      printing screen speed signal with said web speed signal and transmit a
      resultant signal to said means to rotate said second printing screen,
      wherein said means to transmit an electrical signal proportional to the
      speed of the moving web comprises means to transmit a first signal
      comprising a rotatable cylinder, the rotational surface of said cylinder
      pressingly engaging said endless belt and being rotated with the movement
      of said endless belt and further comprising master synchro transmitter
      means to transmit said electrical signal proportional to the speed of the
      moving web, and means to interconnect said master synchro transmitter
      means to said cylinder, and slave synchro transmitter means for each of
      said printing screens operably connected to said means to compare said
      signals and means to electrically interconnect said master synchro
      transmitter means with each of said slave synchro transmitter means, and
      means to transmit a second signal proportional to the speed of the web
      from said means to drive said endless belt means, whereby the speed of
      each of said printing screens is made equal to said web speed so that said
      printing screens are in synchronization.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said means to transmit the web signal
      is spaced from said first screen in the upstream direction of the moving
      web.
NUM  6.
PAR  6. The apparatus of claim 4, wherein said means to transmit said second
      signal comprises a tachometer, said tachometer being interconnected to the
      armature of said endless belt motor.
NUM  7.
PAR  7. The apparatus of claim 4, wherein said cylinder is spaced from one edge
      of said web and wherein said cylinder is spaced from said first screen in
      the upstream direction of the moving web.
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ABST
PAL  An apparatus for imprinting intermittently advanced webs has a carriage
      mounted for reciprocal displacement parallel to the web on a support. The
      web passes between a backup plate and a print roller rotatably mounted on
      the carriage. The carriage is displaced in one direction while the web is
      at rest, the print roller being coupled to the support for rotation during
      displacement of the carriage to effect printing by engaging the web
      against the backup plate. Printing is effected during displacement of the
      carriage in both directions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to marking apparatus, and in particular, to
      apparatus for imprinting intermittently advanced webs. Many packaging
      techniques utilize intermittently advanced webs of material. These webs
      may be formed of plastic, paper, foil and the like. Frequently, two sheets
      of such web material are intermittently fed to the packaging machine, the
      material to be packaged is fed between the sheets, and the periphery of
      the sheets or compartments within the sheet are sealed to define a
      plurality of separate packages. It is frequently necessary to insure that
      certain imprinting appears in proper registration on each of the packages
      thus formed, such as trademarks, instructions for use, and lot and dating
      information. Imprinting after the formation of the package is generally
      not practical, and accordingly, it is necessary to imprint on one or both
      of the webs defining the package at particular predetermined locations on
      the web, which locations are selected in coordination with the operation
      of the packaging machinery.
PAR  In the art, several methods have been attempted in order to perform such
      imprinting in coordination with the packaging machinery. Such attempts
      have included printing using rollers operating during displacement of the
      webs and flat plate printing operating while the web is stopped. Neither
      of these approaches have proved fully satisfactory in all applications.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a marking apparatus
      for imprinting webs advanced intermittently therepast is provided,
      including carriage means mounted for reciprocal displacement parallel to
      the path of the web on a support means. Marking means is mounted on the
      carriage means and includes a rotatably mounted print roller operatively
      coupled to the support means for rotation during the linear displacement
      of the carriage means. The web passes between the carriage means and a
      backup plate for engagement against the backup plate by the print roller
      during each displacement of the carriage means to effect printing while
      the web is at rest.
PAR  The backup plate is provided with adjustable mounting means to insure
      uniform engagement of the print roller against the backup plate. The
      marking means includes first and second inking means positioned on opposed
      sides of said print roller for respectively inking said print roller
      during displacement of said carriage means in each of the reciprocal
      displacement directions. Each of the inking means includes a well formed
      with inwardly and downwardly projecting upper wall portions for receiving
      excess ink and formed with an opening through which an ink roller extends.
      Ink is supplied to the ink roller from an ink carrying roller. Ink is
      transferred from the ink roller to the print roller by a metering roller.
      The metering roller is supported on the carriage by rotatable eccentrics
      permitting adjustment of the engagement between the print and metering
      rollers. In addition, a wiper roller engages the metering roller to insure
      even distribution of ink thereon.
PAR  The print wheel is coupled to the support through a rack mounted on the
      support parallel to the path of the web and a gear mounted on the same
      shaft as the print roller and positioned for engagement with the rack.
      Means is provided for longitudinally positioning the rack to thereby
      adjust the registration of the imprinting relative to the web.
PAR  Piston means is provided for the reciprocal displacement of said carriage
      means under the control of fluid control means. Switch means is positioned
      in the path of said carriage means in advance of both rest positions
      thereof for actuating said fluid control means to decelerate and cushion
      the stopping of said carriage means.
PAR  Accordingly, it is an object of this invention to provide an improved
      printing device for imprinting at precise locations on an intermittently
      advanced web.
PAR  A further object of the invention is to provide an improved printing device
      for imprinting on an intermittently advanced web wherein printing is
      effected by a flexographic ink roller while the web is at rest.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification and drawings.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a partially sectioned, partially schematic side elevational view
      of the marking apparatus in accordance with the invention;
PAR  FIG. 2 is still another partially sectioned, partially schematic side
      elevational view of the marking apparatus of FIG. 1;
PAR  FIG. 3 is a top plan view of the marking apparatus of FIGS. 1 and 2 with
      portions broken away;
PAR  FIG. 4 is an enlarged sectional view of the marking means in accordance
      with the invention during imprinting;
PAR  FIG. 5 is a sectional view taken along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a partial sectional view of the inking system of another
      embodiment of the marking apparatus in accordance with the invention;
PAR  FIG. 7 is an enlarged sectional view of the rack adjusting mechanism in
      accordance with the invention; and
PAR  FIG. 8 is a perspective view of a web imprinted in accordance with the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3, the marking apparatus 10 depicted is provided
      with an essentially rectangular support frame 12 having a pair of side
      beams 14 and a pair of end beams 16. A corner post 18 extends upwardly
      from each corner of support frame 12. A bearing shaft 20 extends above and
      substantially parallel to each side beam 14 between each opposed pair of
      corner posts 18.
PAR  Mounted on said pair of bearing shafts, by means of bearings 22, is a
      carriage 24 provided with a pair of end walls 26 interconnecting bearings
      22 and a pair of side walls 28 bridging end walls 26 inwardly of said
      bearing shafts.
PAR  Carriage 24 is reciprocally displaceable along bearing shafts 20 by means
      of a pneumatic or hydraulic piston assembly 30 mounted on a pair of piston
      support beams 32. Said piston support beams extend substantially parallel
      to side beams 14 and support frame 12 above carriage 24 midway along the
      length of end beams 16 of said support frame. Said piston support beams
      are pivotably coupled at pivot 34 to bracket 36 mounted to one of said end
      beams. The other end of said piston support beams rests on a cross bar 38
      supported on a pair of corner posts 18 and is releasably secured to block
      40 mounted on said cross bar by pin 42. While the cylinder of piston
      assembly 30 is fixedly mounted to piston support means 32, the piston 44
      thereof is releasably coupled to carriage 24 by bracket 46 and pin 48. By
      releasing pins 42 and 48, piston support beams 32, carrying piston
      assembly 30, can be pivoted upwardly to provide free access to carriage
      24. As best seen in FIG. 1, the web 50 to be imprinted passes in the
      direction of arrows 52 between a pair of corner posts 18, one of end beams
      16 and cross bar 38, beneath the path of carriage 24 and across the upper
      surface of back-up plate 54. From said back-up plate, the web passes
      around guide rollers 56, reversing direction and passing beneath the
      above-mentioned end beam 16.
PAR  Back-up plate 54 is supported on a pair of angle brackets 56 bridging side
      beams 14. As more particularly shown in FIG. 4, back-up plate 54 is
      supported at each corner by a set screw 55, the adjustment of which
      permits leveling and vertical positioning of said back-up plate. The
      back-up plate is further positioned and retained by four bolts 57
      extending through apertures 59 in the horizontal web of angle brackets 56
      and threadably engaged in the respective corners of back-up plate 54. Each
      of bolts 57 is provided with a spring 61 biased between the head thereof
      and the horizontal web of said angle bracket to bias set screws 55 against
      said horizontal web.
PAR  As best shown in FIGS. 1-4, a marking assembly 58 is mounted in and carried
      by carriage 24. This marking assembly includes a print roller 60 rotatably
      mounted on shaft 62, which is journaled through and supported by carriage
      side walls 28. As best shown in FIGS. 2 and 3, spur gear 64 is mounted on
      shaft 62 outside of carriage side wall 28 for rotation with print roller
      60. A rack 66 positioned for meshing engagement with spur gear 64 is
      mounted on the corresponding side beam 14 in the path of displacement of
      carriage 24. As more particularly shown in FIG. 7, rack 66 is
      longitudinally displaceable through rotation of knob 68 coupled to
      threaded rod 70 journaled through plate 72, which is in turn mounted on an
      end beam 16. A pair of stop nuts 74 are secured to threaded rod 70 to
      retain the longitudinal positioning of said threaded rod. Said rod is
      threaded into a corresponding aperture 76 in the end of rack 66 so that
      the rotation of knob 68 serves to fine-position rack 66 for a purpose more
      particularly described below.
PAR  Marking assembly 58 also includes a pair of inking assemblies 78 and 78'
      positioned on opposed sides of print roller 60. The respective inking
      assemblies each include an ink well 80 (80') mounted on carriage 24 for
      receipt of a suitable quantity of ink 82. Each of said ink wells is
      provided with inward and downwardly extending top walls 84 for retaining
      ink 82 within the respective wells during the displacement of carriage 24.
      Said top walls define an opening through which an ink roller 86 (86')
      extends into ink 82. Said ink rollers are respectively mounted on shafts
      88 and 88' journaled through and supported by carriage side walls 28. A
      respective spur gear 90 (90') is mounted on each ink roller shaft. Ink is
      transferred from ink roller 86 (86') to print roller 60 through metering
      roller 92 (92') which is likewise mounted on a shaft 94 (94') journaled
      through carriage side walls 28. A spur gear 96 (96') is mounted on
      metering roller shaft 94 for meshing engagement with both spur gears 88
      (88') and 64.
PAR  As best seen in FIGS. 1 and 4, a wiper roller 98 (98') is rotatably mounted
      on a shaft 100 (100'), which is in turn rotatably supported on brackets
      102 (102'). Said brackets are pivotably supported on carriage side wall 28
      by pivots 104 (104'). Wiper roller 98 (98') spreads and uniformly
      distributes the ink on metering roller 92 (92') to insure the even
      application of ink to print roller 60. Wiper roller 98 (98') is maintained
      in engagement with metering roller 92 (92') by adjusting bolt 106 (106')
      threaded through block 108 (108'), which is in turn mounted on carriage
      side wall 28. Be positioning adjusting bolt 106 (106'), the engagement of
      wiper roller 98 (98') against metering roller 92 (92') can be adjusted to
      apply controlled amounts of ink to the print roller.
PAR  An anti-puddling roller 110 (110') is rotatably mounted on a shaft 112
      (112'), which is in turn mounted on a pair of brackets 114. Said brackets
      are pivotably mounted on carriage side walls 28 by means of pivots 116
      (116'). A second adjusting bolt 118 (118') is threaded through block 120
      (120') for engagement against one of brackets 114 (114') to forceably
      engage anti-puddling roller 110 (110') against ink roller 86 (86') to
      prevent in from being carried out of well 80 (80') and into the pocket
      defined by metering roller 92 (92') and ink roller 86 (86') when the
      respective ink roller is rotated in the reverse direction as will be more
      particularly described below.
PAR  As is more particularly shown in FIG. 5, the degree of engagement between
      metering roller 92 (92') and ink roller 60 may be selectively adjusted by
      rotation of eccentric cam 122 by means of lever 124, shaft 94 being
      journaled through and supported by said eccentric cam in carriage side
      wall 28.
PAR  As is best shown in FIG. 4, print roller 60 is provided with a removable
      marking plate 126 having projecting indicia 128 thereon representative of
      the indicia to be imprinted. Said marking plate is releasably retained on
      print roller 60 by means of brackets 130. Controlled amounts of ink are
      supplied to wells 80 and 80' through conduits 132 (132') from an ink pump
      134. Said ink pump is automatically controlled to provide the desired
      amounts of ink to the respective wells by a control device 136.
PAR  Said control device is actuated by a signal received from the web feed
      mechanism of the parent device such as a packaging machine. Thus, after
      each incremental advance of web 50, control 136 would be actuated to
      displace carriage 24 between the two positions depicted in FIGS. 1 and 2,
      one in solid lines and one in chain lines. During each rest interval of
      the web, the carriage is displaced either from left to right or from right
      to left. As seen in FIGS. 2 and 3, microswitches 138 and 140 are mounted
      by means of supports 142 on side beam 14 in the path of displacement of
      carriage 24 but spaced from the respective rest positions of said
      carriage. Thus, microswitch 138 is tripped by trip plate 144 mounted on
      carriage 44 before said carriage reaches the extreme left (as viewed in
      FIGS. 1-3) rest position. Similarly, microswitch 140 is tripped by trip
      plate 146 as the carriage traverses from left to right but before the
      carriage reaches the extreme right rest position. Microswitches 138 and
      140 are coupled to control device 136 which actuates the fluid system of
      piston assembly 30 to cushion and decelerate the carriage before reaching
      the respective rest positions.  The traverse of the carriage as indicated
      by control 136 also actuates the ink pump to provide ink to the respective
      wells to compensate for the ink consumed during operation.
PAR  The marking apparatus in accordance with the invention operates as follows.
PAR  As shown in FIG. 8, a web 50 may be divided into segments by a packaging
      machine as indicated by dashed lines 148. It is necessary to provide
      markings 150 at precisely registered positions on each segment during the
      intermittent feeding of web 50. This is achieved by the printing apparatus
      in accordance with the invention by the traverse of carriage 24 either
      from left to right or right to left after each incremental advance of web
      50. Such traverse causes spur gear 64 to ride on rack 66 to rotate print
      roller 60, which in turn rotates ink roller 86 (86') and metering roller
      92 (92'). As can be seen from FIGS. 1 and 4, the indicia 128 occupies less
      than the entire surface of the print roller so that at the respective rest
      positions, the metering rollers 92 and 92' are out of engagement with
      indicia 128. However, for example, as the carriage is traversed from right
      to left as viewed in the figures, print roller 60 rotates in the direction
      of arrow 152 to engage indicia 128 against the portion of web 50 supported
      by back up plate 54. Ink is transferred from ink roller 86 to metering
      roller 92 and spread and made uniform by wiper roller 98 for transfer to
      indicia 128. During the next cycle, when the carriage moves from left to
      right, ink would tend to be carried by ink roller 86 into the pocket
      defined between said ink roller and metering roller 92. Adjusting knob 68
      permits fine positioning of rack 66, and therefore print roller 60,
      relative to backup plate 54. This adjustment permits precise registration
      of the markings relative to predetermined regions of web 50.
PAR  While the inking apparatus depicted in the embodiment of the drawings
      includes an ink well, other inking arrangements can be utilized, such as
      ink rollers pre-impregnated with ink for dispensing upon contact.
PAR  Referring to FIG. 6, an alternate inking arrangement in accordance with the
      invention is depicted, corresponding in structure to the inking
      arrangement depicted in FIG. 4, but differing in that the ink is not
      supplied from the well 80, but rather, from an ink carrying roller 160
      mounted on shaft 162. The ink carrying roller 160 may consist of a roller
      impregnated with ink, which ink is transferred to ink roller 86, or may
      contain a central reservoir of ink which passes through the surface
      material of ink carrying roller 160. Said ink carrying roller would be
      removably mounted on the printing device for the substitution of new ink
      carrying rollers as required. This arrangement avoids the necessity of the
      relatively complicated ink feeding mechanism of the embodiment of FIGS.
      1-3 and also minimizes the likelihood of ink spillage. The removably
      mounted ink carrying roller can be pivotably mounted in the same manner as
      the anti-puddling roller 110 for the selective adjustment of the pressure
      of engagement between said ink-carrying roller and ink roller 86. Well 80
      is provided to receive excess ink and to prevent the spillage thereof.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marking apparatus for imprinting webs advanced intermittently
      therepast comprising support means; back up plate means carried by said
      support means on one side of the path of said web; carriage means mounted
      on said support means for linear reciprocal displacement parallel to said
      web on the side thereof opposed to said back up plate means; marking means
      carried by said carriage means and including a print roller positioned for
      operative engagement of said web against said back up plate means during
      displacement of said carriage means to effect printing, at least one ink
      carrying roller for supplying ink for said print roller and transfer
      roller means for supplying ink to said print roller from said ink carrying
      roller; means for coordinately linearly displacing said carriage means and
      rotatably displacing said print roller in opposite directions parallel to
      the direction of advance of said web alternately during successive periods
      of rest of said web, said means for displacing said print roller including
      rack means mounted on said support means in the path of said carriage
      means and sput gear means operably coupled to said print roller for
      coordinate rotation therewith and positioned for meshing engagement with
      said rack means for rotational displacement thereby during the linear
      displacement of said carriage means and means for selectively linearly
      displacing said rack means relative to said support means for fine
      positioning said print roller relative to said backup plate; switch means
      positioned in the path of displacement of said carriage means in advance
      of each of the two respective rest positions thereof for actuation by said
      carriage means in advance of reaching said rest positions; and control
      means for decelerating and cushioning the stopping of said  carriage means
      in advance of each of said rest positions in response to the actuation of
      said switch means.
NUM  2.
PAR  2. A marking apparatus as recited in claim 1, wherein said marking means
      includes first and second of said ink carrying rollers and transfer roller
      means mounted on said carriage means on opposed sides of sais print roller
      for respectively inking said print roller during displacement thereof in
      each direction.
NUM  3.
PAR  3. A marking apparatus as recited in claim 2, wherein said marking means
      includes first and second well means, said first and second transfer
      roller means each including an ink roller engaging the associated ink
      carrying roller for receiving ink therefrom and extending into said well
      means, said well means receiving excess ink therefrom, and a metering
      roller in pressing engagement with both said ink roller and print roller
      for the transfer of ink to said print roller.
NUM  4.
PAR  4. A marking apparatus as recited in claim 3, wherein both said well means
      are provided with inwardly and downwardly projecting top walls for
      retaining ink therein during displacement of said carriage means and
      defining an opening through which said respective ink rollers extend.
NUM  5.
PAR  5. A marking apparatus as recited in claim 3, wherein said ink carrying
      rollers are each pivotably mounted on said carriage means, and including
      adjusting means for adjusting the pressure of each of said ink carrying
      rollers against said ink roller.
NUM  6.
PAR  6. A marking apparatus as recited in claim 3, including a wiper roller
      engaging each of said metering rollers at a point thereon intermediate the
      respective ink and print rollers viewed in the direction of rotation of
      said metering roller during inking of said print roller thereby.
NUM  7.
PAR  7. A marking apparatus as recited in claim 6, wherein said wiper roller is
      pivotably mounted on said carriage, and including means for adjusting the
      pressure of engagement of said wiper roller against said metering roller.
NUM  8.
PAR  8. A marking apparatus as recited in claim 3, including eccentric cam means
      for supporting each of said metering rollers, and means for selectively
      rotating said eccentric cam means for selectively determining the
      engagement pressure between said metering roller and print roller.
NUM  9.
PAR  9. A marking apparatus as recited in claim 1, wherein said print roller is
      provided with a removable marking plate bearing indicia to be imprinted
      and means for releasably securing said marking plate on said print roller.
NUM  10.
PAR  10. A marking apparatus as recited in claim 9, wherein the outer diameter
      of said print roller outside of the region of said indicia is less than
      the outer diameter of said print roller in the region of said indicia,
      said indicia occupying a portion of the circumference of said print roller
      such that the respective metering rollers do not engage said print roller
      at the respective rest positions of said carriage means.
NUM  11.
PAR  11. A marking apparatus as recited in claim 1, including means for
      selectively adjusting the level and height of said backup plate means.
NUM  12.
PAR  12. A marking apparatus as recited in claim 11, wherein said backup plate
      adjusting means includes a set screw at each corner of said backup plate
      means supporting said backup plate means, and means biasing said
      supporting set screws against said support means.
NUM  13.
PAR  13. A marking apparatus as recited in claim 1, wherein said means for
      displacing said carriage means includes fluid actuated piston means
      operatively coupled to said control means.
NUM  14.
PAR  14. A marking apparatus as recited in claim 13, including piston support
      means pivotably mounted above said carriage means on said support means
      pivotably mounted above said carriage means on said support means and
      carrying said fluid actuated piston means, said fluid actuated piston
      means being releasably coupled to said carriage means.
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ABST
PAL  A marking gun for printing adhesive labels with pricing and the like having
      a printing head directly connected to an operating trigger for impressing
      the labels, a drive wheel is linked to the operation trigger by a ratchet
      and pawl assembly for incremental advancing of the labels carried on a
      backing tape, the tape being transported by radial drive teeth which
      engage perforations in the backing tape, separation of the labels from the
      tape being aided by a cam operated pressure shoe, and threading of the
      tape through the gun being aided by a retractable spring biased guide
      member which holds the backing tape against the drive wheel during
      operation, and guides the tape around the drive wheel during threading
      when retracted by a thumb trigger that projects from the casing of the
      marking gun.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Mass marketing of retail goods requires the repetitious marking of
      individual items with price or other information. Marks may either be
      directly stamped on the goods or first imprinted on adhesive labels and
      the labels affixed to the goods. The subject marking tool is of the latter
      category and contains a supply of adhesive labels and a printing head with
      a variety of selectable characters which may be impressed on the labels.
PAR  Although numerous marking tools of this type are presently available, they
      are cumbersome and expensive. A primary problem in constructing a label
      marker is in accurately advancing the labels to printing position. Some
      devices employ friction drive rollers to advance labels. However, when the
      rollers pull on silicone coated backing tape of the adhesive labels,
      silicone eventually coats the rubber rollers and the rollers cease to
      operate properly. Other devices employ conveyer belts or shuttle
      mechanisms to advance the labels but the very complexity of these
      mechanisms often leads to their high cost and inefficiency.
PAR  The subject marking tool carries a supply of adhesive labels in a molded
      plastic casing having a pistol grip and trigger. The trigger is directly
      connected to the printing head by a long pivot arm. Connected to the pivot
      arm by a ratchet and pawl assembly is a tape drive mechanism which
      advances the labels by engaging drive teeth in perforation slits in the
      backing tape of the adhesive labels. The positive drive mechanism for
      advancing the tape insures that the printing head properly marks each
      label without drifting.
PAR  The positive drive mechanism to which the present improvements relate is
      described in the application of William Martin, entitled "Merchandise
      Marking Gun," Ser. No. 361,480, filed May 18, 1973, now U.S. Pat. No.
      3,800,701, and continued from an application of the same title, Ser. No.
      134,346, filed on Apr. 15, 1971, (now abandoned) and assigned to the
      assignee of the present application.
PAR  This invention relates to an improved drive mechanism having a cam operated
      pressure shoe for controlled tension in the backing tape and a retractable
      guide member which when engaged maintains the backing tape against the
      drive wheel in engagement with the drive teeth and when retracted allows
      the backing tape to be threaded around the drive wheel.
PAR  The cam operated pressure shoe is selectively depressed against the label
      tape on a printing guide plate during label transport to impart a
      momentary increase in tension in the backing tape at the point a label
      approaches a sharp reverse or switchback in the direction the backing tape
      advances through the marking gun. This temporary increased tension
      materially aids the separation of the label from the backing tape and is
      particularly effective when the label has lost its original stiffness
      through absorption of atmospheric moisture.
PAR  Additionally, the cam system allows the use of tamper proof labels with
      partial cross cuts that cause tearing of the label when an attempt is made
      to remove the label from the article to which is is attached. Such tamper
      proof labels require a more controlled handling by a transport mechanism
      to prevent jamming of these sensitive labels in the marking gun caused by
      incomplete separation from the backing tape.
PAR  The retractable guide member comprises a guide member which maintains the
      backing tape against the drive wheel such that the teeth pass through
      perforations in the backing tape. Since the marking gun of the type
      described is used by general clerical personnel, threading of the tape
      when replacing an exhausted roll must be accomplished quickly and easily
      without the use of tols. To facilitate threading, the guide member is
      retracted from the drive wheel by a thumb trigger which projects through
      the casing of the marking gun for threading of the tape without
      interference by the drive teeth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partially in cross-section, of the marking
      gun with a side cover removed.
PAR  FIG. 2 is an exploded view of the marking gun and tape supply.
PAR  FIG. 3 is an enlarged fragmentary view of the marking gun with side cover
      removed.
PAR  FIG. 4 is a cross-sectional view taken on the lines 4--4 in FIG. 3.
PAR  FIG. 5 is a cross-sectional view taken on the lines 5--5 in FIG. 4.
PAR  FIG. 6 is a cross-sectional view taken on the lines 6--6 in FIG. 3.
PAR  FIG. 7 is a cross-sectional view taken on the lines 7--7 in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the marking gun 10 is illustrated with a side
      access cover 12 removed to reveal the internal elements of the drive
      mechanism. The marking gun has a molded outer casing 14 with a pistol grip
      handle 16 and operating trigger 18. With the cover snapped into place by
      flexible tabs 20 (one shown in FIG. 2), the unit comprises a compact
      enclosed marking tool that is simple to operate. When the trigger 18 is
      squeezed as shown in FIG. 1, a printing head 22 impacts on a label 24
      carried on a separable backing tape 26 which in the area of printing is
      oriented and supported against a printing guide plate 28. When the trigger
      15 is released, the printed label is partially emitted between a guide tip
      roller 30 and an applicator roller 32. By lightly pressing the applicator
      roller 32 to the item to be labeled and downwardly moving the marking gun
      10, the marked label is removed from the gun and rolled onto the item.
PAR  The marking labels 24 have an adhesive on one side which retains the label
      on the backing tape 26. However, the backing tape is silicone coated to
      allow separation of the label from the tape. When the tape is sharply
      reversed in direction around the guide tip roller, the relatively stiff
      precut labels are unable to negotiate the switchback and thereby partially
      separate from the backing tape instead of following the backing tape
      around the roller. When rolled onto an item by pressure from the
      applicator roller, the label adheres to the item and separates completely
      from the backing tape and is removed from the marking gun.
PAR  The exploded view of FIG. 2 and the view of FIG. 1 depict the path that the
      adhesive labels 24 and backing tape 26 traverse as they unwind from a
      storage roll 34 which stores a supply of labels within the marking gun.
      While the labels 24 are emitted between the two rollers, the backing tape
      26 continues through the gun to exit from a slot 36 at the back of the gun
      above the handle 16.
PAR  The tape storage roll 34 is carried on a plastic core 38 which includes
      three asymmetrically arranged slots 40 to fit over a three-pronged flange
      42 at the end of a support spindle 44. The prongs of the flange are
      flexible and flared slightly outwardly to provide a slight drag to the
      core when the core is rotated thereby imparting a tension to the tape
      during operation as described in greater detail in copending application
      entitled "Merchandise Marking Gun," Ser. No. 361,480, filed May 18, 1973,
      referred to above. In this manner, the likelihood of the roll 38 falling
      off the spindle when the cover is removed is remote since the slots 40 and
      three pronged flange must be precisely mutually aligned.
PAR  Referring again to FIG. 1, the trigger 18 is attached to a long rigid pivot
      arm 46 which directly connects the printing head 22 to the trigger. The
      pivot arm partially shown in phantom in FIG. 1 is partially concealed by a
      rigid plate 48 which provides a support base for the principal drive
      elements in the marking gun. Mounted on the plate is a pivot pin 50 on
      which the pivot arm pivots. The pivot arm 46 is spring biased to a
      preoperative position by a spring 52 located in the handle 16 and attached
      at one end 54 to the pivot arm and at the other end to the casing 14. At
      the distal end of the pivot arm 46 is the printing head 22 which contains
      a plurality of printing characters 56 which are selectable by rotation of
      selection wheels 58 in a conventional manner. The characters are inked by
      an inking roller 60, which is positioned above thhe characters in the
      preoperative position of the printing head as shown in FIG. 2, and is
      rolled across the characters during traversal of the printing head and
      positioned below the printing head in the printing position as shown in
      FIG. 2. The inking roller 60 is porous containing a supply of ink and is
      displaceable in coordination with the displacement of the printing head by
      a pivoting inker arm 62 on which it is carried. The arm 62 is biased to
      the preoperative position by a spring clip 64 connected to the arm.
PAR  Of particular importance and the elements comprising the positive drive
      mechanism which insure that the backing tape is incrementally advanced for
      accurate positioning such that the individual labels are properly marked.
PAR  Considering again the path of the adhesive labels 24 and backing tape 26
      from the supply roll 34, the tape and labels unwind from the bottom of the
      roll and pass under a spring biased guide 66. The guide 66 includes a
      pressure shoe 68 with a serrated surface which maintains the backing tape
      and labels against the printing guide plate 28 as shown in FIG. 1. The
      spring biased guide 66 is pivoted on a pin 70 and is biased by a spring 72
      connected to a tab 74 in the mounting plate 48. The guide 66 is pivoted by
      a cam surface 76 which engages a pin 78 fixed to the rigid pivot arm 46.
      The pin 78 projects through an opening 79 in the mounting plate and moves
      from the preoperative position shown in FIG. 3 to the printing position
      shown in FIG. 1.
PAR  The cam surface 76 is designed to operate by close cooperation with the
      transport of the labels. During the printing stroke, the backing tape 26
      and labels 24 are not transported and the effect of the pin 78 on the cam
      surface 76 and pressure shoe 68 is of marginal importance, the shoe
      operating to generally maintain the tape in position until the printing
      head 22 contacts and prints a label, for example, label 25 shown in FIG.
      1. In the position shown in FIG. 1, the pressure shoe 68 is raised
      slightly from the tape and labels.
PAR  As the trigger is released and the drive mechanism commences to advance the
      backing tape 26 and labels over the guide plate 28, the pressure shoe 68
      by design of the cam surface descends on the tape and labels exerting a
      maximum pressure against the tape just after the lead edge 25 of the
      printed label 25 has reached the forward edge of the guide tip roller 30
      at the end of the plate 28. At this point, the pressure shoe forces any
      slack in the tape between the pressure shoe and a drive wheel 84 to be
      taken up and thereby imparts an increased tension in the tape. The guide
      tip roller 30, the guide plate 28 and additional guides described
      hereafter which direct the sharp reversal in the direction the tape is
      transported provide the basic guide means for separating the printed label
      from the backing tape.
PAR  As the tape advances, the pressure shoe is momentarily retracted as the pin
      78 moves over a terminal projection 76a on the cam surface. This momentary
      retraction allows the supply roll to advance under direct metering by the
      drive mechanism.
PAR  As the advance of the label approaches its termination, the pin 78 rides
      down the terminal projection 76a and again exerts full pressure on the
      labels and tape. This tension aids in further separation of the label from
      the tape and leaves the printed label 25 projecting from the top of the
      marking gun as shown in phantom in FIG. 1. The label is then in a position
      to be rolled onto an article to be labeled.
PAR  For labels of greater length then those shown in the preferred embodiment,
      the cam surface may be designed to intermittently retract the shoe at one
      or more points to provide periodic tension relief during separation of the
      printed label from the tape.
PAR  After the backing tape 26 without labels switches back around the guide tip
      roller 30, the tape is deflected by a free end 80 of the printing guide
      plate 28. The printing guide plate 28 is formed by bending a portion of
      the fixed mounting plate 48. A part of the guide plate 28 is undercut to
      allow the free end 80 to be manually deformed to permit adjustments to be
      made in the tape path.
PAR  From the free end of the guide plate, the backing tape passes over the
      pivot pin 50 for the pivot arm 46 and is guided by retractable spring
      biased guide member 82 around a tape drive wheel 84. The drive wheel 84
      includes a plurality of symmetrically arranged drive teeth 86 which engage
      perforations in the backing tape for advancing the tape in the marking
      gun. Since the drive wheel 84 is spacially displaced from the area of
      printing on the guide plate 28, the positioning of labels is determined by
      the effective length of the tape path between the printing guide plate 28
      and the drive wheel. This effective length is adjustable by deformation of
      the free end 80 of the guide plate, which deflects to a greater or lesser
      extent the backing tape after passing around the guide tip roller 30. In
      this manner, by adjustment of the free end 80, the printing characters 56
      on the printing head 22 can be properly centered on the labels. Once an
      initial adjustment is made, centering will generally be maintained for the
      life of the marking gun for uniform supplies of labels and backing tape.
PAR  The retractable guide member 82 is spring biased against the drive wheel 84
      by a spring 88, such that the backing tape is firmly maintained against
      the drive wheel in engagement with the drive teeth 86. Since the drive
      teeth will interfere with initial threading of the backing tape from a new
      supply roll, the guide member 82 is retracted from the drive wheel by
      displacement of an integral thumb trigger 90 at the end of the guide
      member 82. The thumb trigger 90 projects through the casing 14 for
      convenient operation and is displaceable in the direction indicated in
      FIG. 3. The guide member 82 is pivotally connected to the pivot pin 50 and
      swings away from the drive wheel when the thumb trigger 90 is displaced.
      The backing tape can then easily be threaded around the drive wheel and
      adjusted such that the drive teeth project through perforations in the
      backing tape. The perforations comprise pairs of spaced slits 92 in the
      center of the backing tape which are visible in the explosed view of FIG.
      2.
PAR  Referring to FIGS. 3, 4, 6 and 7, the cooperation between the drive wheel
      84 and the retractable guide member 82 is illustrated. The radial drive
      teeth 86 project from the drive wheel 84 and are arranged in spaced pairs
      as shown in FIG. 4. To allow the guide member 82 to maintain the backing
      tape against the surface of the drive wheel, the guide member is provided
      with recessed channels 94 as shown in FIG. 6 which provide a clearance for
      passage of the drive teeth 86 as shown in the cross sectional view in FIG.
      7. The configuration of the guide member is designed to provide a
      contoured member that can be fabricated from plastic with sufficient
      strength and stiffness to function reliably. Thus, while the main portion
      of the guide member 82 comprises a contoured flat surface 96, a central
      rib 98 which in part forms the thumb trigger 90 adds to the overall
      strength of the member. For convenience, connected ends 100 of the guide
      member do not completely encircle the pivot pin 50 such that the end 100
      can be snapped on the pin during assembly of the gun.
PAR  The drive wheel 84 is directly linked to the pivot arm 46 and hence to the
      printing head 22 and trigger 18 by a ratchet and pawl assembly shown
      clearly in FIGS. 1, 3, 4 and 5. A ratchet wheel 102 comprises an integral
      part of the drive wheel 84 as shown in FIG. 4. A pawl 104 is pivotally
      connected to a finger extension 106 of the pivot arm 46 by a pin 108 and
      retainer clip 110 as shown in FIGS. 3 and 5. The pawl 104 includes a foot
      112 at the distal end which incrementally engages one of a plurality of
      seats 114 on the drive wheel as shown in FIG. 5.
PAR  When the trigger 18 is squeezed as shown in FIG. 1, the pawl 104 moves to
      the position shown. The foot 112 of the pawl 104 snaps in engagement with
      the next adjacent seat of the ratchet wheel by bias from a coil spring 116
      wrapped around the pin 108 and fixed at one end to the pawl 104 and at the
      other end to the finger extension 106 as shown in FIG. 5. Overshoot of the
      pawl is prevented by stop 118. A flexible plastic detent 120 prevents the
      drive wheel from backwardly rotating while the pawl 104 is disengaged from
      the ratchet wheel by engaging a seat 114 of the ratchet wheel as shown in
      FIG. 5. The flexible plastic detent 120 essentially forms a pawl which is
      spring biased by its inherent flexibility to trip over each seat and
      engage the next adjacent seat with each incremental rotation of the drive
      wheel.
PAR  When the trigger is released the drive wheel is rotated an increment on a
      spindle 122 transporting the backing tape the distance of a single label.
      Since the drive teeth 86 on the drive wheel firmly engage the backing tape
      through the perforation strips, it is necessary to peel the backing tape
      away from the drive wheel and guide it out the exit slot 36 in the casing
      14 as shown in FIG. 1. This is accomplished by an elongated member 124,
      shown in FIG. 7, which extends into a circumferential channel 126 in the
      center of the drive wheel 84 betwen the spaced pairs of drive teeth 86 as
      shown in FIG. 4. In this manner, the elongated member 124 projects under
      the backing tape and lifts it from the surface of the drive wheel as the
      drive wheel rotates. Guiding is aided by a flat projection 128 adjacent
      the exit slot 36 as shown in FIG. 3.
PAR  The flexible detent 120, the elongated member 124 and the flat projection
      128 are all fabricated from a single plastic member which is anchored in a
      molded slot 130 in the casing 14.
PAR  The operation of the marking gun is remarkably simple. When the trigger is
      squeezed, a label is printed and partially ejected. The label could then
      easily be applied to an article by the applicator roller. However, it was
      experienced that operators of a device substantially identical to the
      present device had difficulty replacing an exhausted tape supply roll with
      a new roll, particularly in feeding or threading the end of the tape
      through the marking gun. The problem was largely caused by spring biased
      guides, one which maintained the tape against the printing plate, and most
      significantly one which maintained the tape against the drive wheel. By
      arranging these guides such that they are retractable from the tape path,
      the tape can be threaded with relative ease. This is accomplished by the
      cam operated pressure shoe and the thumb operated guide member as
      described above. By manipulating the printing trigger, the pressure shoe
      can be displaced from the printing plate and by operating the thumb
      trigger attached to the guide member, the member can be displaced from the
      drive wheel. In these positions, the tape has a substantially unobstructed
      path through the marking gun.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an adhesive label printer having a printing head operably connected
      to an operating trigger, a casing, a drive assembly contained within the
      casing and adapted to incrementally transport a label tape having precut
      adhesive labels carried on a separable backing tape, and a printing plate
      on which individual labels are sequentially printed by said printing head
      and incrementally advanced by said drive assembly in a direction across
      said printing plate, said printing plate having a cooperating label
      separating means for sharply reversing the direction of the backing tape
      for separating printed labels from the backing tape, each label having a
      lead edge that is first separated from the backing tape at the label
      separating means, an improvement comprising:
PA1  pressure means adapted to engage said tape upstream from said label
      separating means and bias means urging said pressure means against the
      tape at each incremental advance and releasing after each separation, said
      bias means cooperatively engaged to said trigger, whereby the backing tape
      passes the label separating means under sufficient tension to separate a
      label from the backing tape.
NUM  2.
PAR  2. The adhesive label printer of claim 1 wherein said pressure means for
      imparting increased tension in said backing tape comprises a pressure shoe
      and said bias means comprises a spring.
NUM  3.
PAR  3. The adhesive label printer of claim 2 wherein said spring is opposed by
      a retraction means for selectively retracting said shoe from said guide
      member, said retraction means comprising a cam operatively connected to
      said shoe, said cam engaging a cam follower in said drive assembly to
      increase tension on the backing tape when printed labels are in a position
      to be separated from the tape.
NUM  4.
PAR  4. The label printer of claim 1 wherein said casing includes a pistol grip
      handle, said trigger being arranged with respect to said handle for finger
      operation and said guide member having a distal end arranged with respect
      to said handle for thumb operation.
NUM  5.
PAR  5. The adhesive label printer of claim 1 wherein said means for retracting
      the guide member from the drive wheel comprises a distal end integral with
      said guide member said distal end projecting through said casing for
      manual operation of said guide member from an engaged position to a
      retracted position.
NUM  6.
PAR  6. The adhesive label printer of claim 1 wherein the backing tape has
      spaced perforations and the drive assembly includes a cylindrical drive
      wheel operably connected to the operating trigger for incremental advance
      of the backing tape, the cylindrical drive wheel having a peripheral
      surface with radially disposed drive teeth arranged to engage the spaced
      perforations in the backing tape, and a retractable guide member having
      means for maintaining the backing tape against the drive wheel in
      engagement with the drive teeth and means permitting retraction of the
      guide member from the drive wheel for threading the backing tape around
      the drive wheel without engaging the drive wheel.
NUM  7.
PAR  7. The adhesive label printer of claim 1 wherein said bias means has two
      positions, a first position normally at rest out of contact with the label
      tape and a second position urging the pressure means to engage the tape
      only when separating labels from backing tape.
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ABST
PAL  In a printing press including a first roller which is rotatable about a
      stationary axis and an adjustably positionable second roller spaced from
      the first roller, a third roller is adjustably positionable into contact
      with the first and second rollers initially by positioning it in contact
      with the first roller and fixing the relative positions of the two rollers
      and then by placing the third roller into contact with the second roller
      while maintaining the fixed relationship between the first and third
      rollers.
BSUM
PAR  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the adjustment of rollers in a
      printing press and, more particularly, it is concerned with the adjustment
      of one roller into contact with two separate rollers.
PAR  In printing presses, particularly in letter press and offset printing
      machines, a great number of rollers cooperate to provide a thin,
      sufficiently homogeneous color film for application on the printing plate.
      Usually, the ink flows over hard surfaced rollers, generally metallic
      rollers, which alternate with soft surfaced rollers, generally
      rubber-coated rollers, where the hard surfaced rollers are spaced apart at
      a fixed center distance, while the soft surfaced rollers are forced into
      contact with a pair of hard surfaced rollers and the distances from the
      center of the soft surfaced rollers to the centers of the hard surfaced
      rollers must be variable. The contacting engagement is effected under a
      selected pressure so that the soft surfaced rollers are flattened and a
      contact strip is formed at the area of contact. In making contact, the
      pressure of force applied must not be too high, since it would impair the
      printing quality and would generate unnecessary heat, however, the
      pressure also must not be too low, otherwise the contact friction will not
      be sufficient to set the soft rollers in rotation and to assure that
      unavoidable faulty concentric running does not result in periodic loss of
      roller contact.
PAR  These conditions can be met with a simple arrangement as long as the
      rollers to be placed in contact are true cylindrical surfaces. However,
      plate cylinders in letter presses and offset printing machines have
      longitudinal grooves in their surface for clamping the printing plates in
      position. These longitudinal grooves provide an unprinted strip on the
      printed product which is known as the white edge.
PAR  When the soft surface inking roller travels over the longitudinal grooves
      of the plate cylinder, it has the tendency to be displaced into the groove
      and then be forced out again by the following edge of the printing plate.
      Such a result must be avoided under any circumstances. It is important
      that the position of the soft surfaced roller be rigid and very accurately
      adjustable. Where the contact strip formed between the rollers has a width
      of 10 mm, for example, the amount of flattening is only about 0.2 mm and
      it requires great skill on the part of the printer to make such an
      adjustment, and in particular because the work involved is dirty, due to
      the presence of the ink. Another problem results because the soft surfaced
      roller expands more than the hard surfaced or metallic rollers and the
      machine frame and due to this the amount of flattening increases as the
      roller heat increases with extended printing time. Further, during
      operation the plate cylinder must be shifted relative to the printing
      cylinder and, therefore, its position relative to the inking rollers
      changes and the amount of flattening also varies. Under such circumstances
      it is necessary for the printer to adjust the inking rollers constantly.
      In the past this was not done or was only done haphazardly by manually
      operated micrometer screws.
PAR  Therefore, it is the primary object of the present invention to provide
      part or complete automatic adjustment of the rollers where the problems
      experienced in the past are overcome and accurate adjustment of the
      rollers is assured.
PAR  In accordance with the present invention, the adjustment of the rollers is
      subdivided into separate adjustment steps which are carried out in a
      series arrangement. Initially, a first roller is automatically positioned
      against a second roller under a given load and the center distance between
      the two rollers is fixed. Next, a stop surface on the first roller is
      moved into contact with a corresponding stop on the third roller while the
      center distance between the first two rollers is maintained the same as
      originally set.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this specification. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawing and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a side view of the adjustment arrangement for a plurality of
      rollers in accordance with the present invention;
PAR  FIG. 2 is a view similar to FIG. 1, however, providing an additional
      automatic feature of the adjustment;
PAR  FIG. 3 is a view, similar to FIGS. 1 and 2, illustrating an arrangement for
      completely automatic adjustment in accordance with the present invention;
PAR  FIG. 4 is a view of the roller arrangement shown in FIG. 3 with the roller
      surfaces in spaced relationship; and
PAR  FIG. 5 is a view of the roller arrangement shown in FIG. 3 with two of the
      rollers adjusted into contacting relationship.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a plate cylinder 1 has clamped-on printing plates 2 separated
      from one another by a longitudinal groove 3 on the surface of the
      cylinder. The plate cylinder 1 is mounted in an eccentric bearing bush 4
      which can be turned so that the position of the plate cylinder relative to
      the printing cylinder, not shown, can be varied.
PAR  In addition to the relatively hard surfaced plate cylinder 1, another hard
      surfaced roller 5 is spaced from the plate cylinder and is rotatably
      mounted on an axle 10 which is held in a stationary position in the
      machine frame, not shown. An inking roller 6 with a soft surface or coat 7
      must be adjusted relative to both the plate cylinder 1 and the roller 5
      and, as shown in FIG. 1, a contact strip a must be provided between the
      soft roller 6 and the hard roller 5 with a second contact strip b between
      the soft roller and the plate cylinder.
PAR  The soft surfaced roller 6 is rotatably mounted in a bearing 8 which is
      mounted in the form of a slide in a lever 9. The lever 9 is pivoted on the
      axle 10 of the roller 5 and the slide or bearing 8 can be moved in the
      lever for varying the distance between the center of the roller 6 and the
      surface of the roller 5. A working cylinder 11, located at a fixed
      position, is connected over a reciprocating rod 11a to the end of the
      lever 9 spaced outwardly from the stationary axle 10. In the lever, a
      spring 12 or any other biasing means, adjustable by a screw 13, biases the
      bearing 8 toward the hard surfaced roller 5 to provide the desired contact
      between the two rollers 5, 6. The combination of the force of the spring
      12 and the weight of the roller afford a flattening of the surface of the
      roller 6 so that a contact strip of the width a is provided between the
      two rollers. After the bearing 8 has been displaced through the lever into
      position with the desired contact established between the two rollers, a
      fixing device 14 mounted on the lever, usually a pressing device, is
      actuated for holding the bearing 8 in position so that the relative center
      distance between the rollers does not change.
PAR  To provide contact between the roller 6 and the plate cylinder 1, a stop 15
      is pivotally connected by a pin 16 to the lever 9. The stop 15 is an
      angular-shaped or two-arm lever member 15a, 15b with the lever arm 15a
      arranged to contact a stop member 18 on the plate cylinder 1. As the rod
      11a is extended outwardly from the working cylinder 11, the lever 9 pivots
      about the stationary axle 10 until a portion of the lever arm 15a on the
      stop 15 contacts the stop member 18, which contact coincides with the
      contact between the roller and the printing plates 2 on the plate cylinder
      1. By exerting a certain excess force, the working cylinder forces the
      roller 6 against the printing plate 2 so that a contact strip having a
      width b is established between the roller and the plate. The ratio of the
      lever arms 15a, 15b can be selected so that the width of the contact strip
      b is achieved when the stop 15 and the stop member 18 are in contact. The
      end of the lever arm 15b spaced from the pin 16 is connected by a pin 19
      to a link member 17 and the other end of the link member is secured by an
      eccentric bolt 20 to the bearing 8. The distance between the bearing 8 and
      the pin 19 can be varied by selectively rotating the eccentric bolt 20 and
      such variation effects a change in the width of the contact strip b.
      However, changing the dimension between the bearing 8 and the pin 19 does
      not influence the width of the contact strip a which depends only on the
      load applied by the weight of the roller 6 and the force of the spring 12.
PAR  If the diameter of the roller 6 changes, because of heat, or if the
      eccentric bearing bush 4 of the plate cylinder 1 is changed for printing
      reasons, the position of roller 6 can be adapted to the new conditions by
      retracting the rod 11a into working cylinder 11, briefly loosening fixing
      device 14 by hand, and again extending the rod 11a to achieve the desired
      contact. This operation can be performed, if necessary, without stopping
      the printing machine, because the inking mechanism usually involves more
      than one inking roller and the inking is ensured by the other inking
      roller or rollers during the brief period of contact interruption as one
      roller after the other is maneuvered into position. To avoid any manual
      adjustment of the fixing device 14, the arrangement in FIG. 2 can be used
      in providing an adjustment between the roller 6 and printing plate 2. As
      the roller 6 is moved toward the printing plate 2 by means of the working
      cylinder 11 and its rod 11a, a roller 21 contacts a cam surface 22
      positioned on the machine frame, not shown. The roller 21 is positioned at
      one end of a lever 21a while the other end of the lever is connected by a
      pin 23 to the lever 9. Further, a tie rod 25 extends outwardly from the
      end of the lever 21a, at which the roller is located, along the lever 9 to
      a point with its opposite end adjacent the fixing device 14. A stop 26 is
      located on the outer end of the rod 25 and an angled lever 27 is connected
      by a pin 28 to the lever 9 and extends about the rod 25 just inwardly of
      the stop 26. Further, a spring 24 is wound around the rod 25 and extends
      between the lever 21a and the lever 27. The spring 24 biases the lever 27
      against the fixing device 14 so that the fixing device is locked and holds
      the bearing 8 in place. As the fixing device is locked, stop 26 is lifted
      upwardly from the lever 27 by an amount c, note FIG. 2, so that seizing is
      made ineffective, for example, by heat, even in longitudinal variations.
PAR  If roller 6 requires adjustment, it is only necessary to retract the rod
      11a briefly at which time the roller 21 moves over the cam surface 22. Cam
      22 is shaped so that during retraction of the rod 11a the movement of the
      roller 21 causes the stop 26 to rest on the lever 27, releasing the lever
      and, in turn, unlocking the fixing device 14. With the fixing device free
      of the bearing 8, the spring 12 can move roller 6 into an adjusted
      position corresponding to the changed conditions. At the same time, the
      position of the stop 15 is also corrected. When the working cylinder 11
      again extends the rod 11a, roller 6 is fixed in a new position relative to
      roller 5 and, when stop 15 strikes against stop member 18, the roller 6 is
      in adjusted contact with the printing plate 2 in accordance with the
      changed conditions. At times it is also desirable to lift the roller 6
      from roller 5. To afford such a lifting action, as illustrated in FIGS. 3,
      4 and 5, a cam surface 29 is secured on the machine frame, not shown.
      Further, the arm 15b of the stop 15 is extended by another lever arm 30
      beyond the point of pin connection of the link member 17 to the stop, and
      a roller 31 is positioned on the end of the lever arm 30 adjacent the cam
      surface 29. If, after the fixing device 14 has been unlocked, a further
      retraction of the rod 11a takes place, then the roller 31 rides up on cam
      surface 29 and displaces the roller 6 over the link member 17 and the
      bearing 8 from contact with the roller 5, this displacing action takes
      place against the action of the spring 12.
PAR  In FIG. 3, the roller 6 is shown in contact with both the roller 5 and the
      printing plate 2 on the plate cylinder 1 while in FIG. 4 the roller 6 is
      shown displaced from contact. In moving the roller 6 into contact starting
      from the position shown in FIG. 4, the roller 6 has been lifted from the
      roller 5 by an amount f due to the contact of the roller 31 with the cam
      surface 29. Further, with the rod 11a completely retracted into the
      working cylinder 11, the roller 6 is lifted from the printing plate 2 by
      an amount g1. As the rod is extended from the working cylinder, the
      position of the rollers as shown in FIG. 5 is attained. Initially, the
      roller lifts off the cam surface 29 by an amount d and the roller 6, under
      the action of the spring 12 biasing the bearing 8 toward the stationary
      axle 10, produces the contact strip a between the rollers 5 and 6, as
      shown in FIG. 3. At this point, as shown in FIG. 5, the roller 6 is spaced
      at a distance g2 from printing plate 2. As the extension of the rod
      continues, the position of the roller 6 illustrated in FIG. 3 is reached.
      In the position shown in FIG. 3, the fixing device secures the bearing 8
      due to the position of the roller 21 on the cam surface 22. With the
      fixing device locked, the contact strip a is set and will not change and
      the contact strip b is established when the stop 15 moves into contact
      with the stop piece 18. With the working cylinder maintaining the position
      of the roller 6 relative to the printing plate 2, the positions
      established are held until the rod 11a is again retracted into the working
      cylinder.
PAR  No more than one inking roller 32 can cooperate with roller 5, since lever
      33, which positions inking roller 32 relative to roller 5, is arranged
      about the same center as the lever 9, though it is independent of it. If
      additional inking rollers are to cooperate with printing plate 2, the
      number of rollers 5 must be increased, which increase is readily
      understandable and need not be represented.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for adjusting the positions of rollers in a printing machine
      comprising a first roller, a stationary axle rotatably mounting said first
      roller, a second roller spaced from said first roller, a movably
      displaceable third roller arranged to contact said first and second
      rollers, first means connected to said stationary axle and supporting said
      third roller and fixably positioning it relative to said first roller so
      that a fixed distance is maintained between the axle of said third roller
      and the axle of said first roller and a fixed area or strip of contact is
      established between said first and third rollers, said first means
      includes a stop surface connected to said third roller and spaced from the
      strip of contact between said first and second rollers, said second roller
      having a stop thereon, second means operatively connected to said first
      means for movably displacing said first means about said stationary axle
      for placing said stop surface connected to said third roller into contact
      with said stop on said second roller and for establishing a strip of
      contact between said second and third rollers while maintaining the
      distance between the axle of said third roller and the axle of said first
      roller, said first means comprises a first lever pivotally mounted on said
      stationary axle and extending outwardly therefrom, a bearing rotatably
      mounting said third roller and slidably mounted on said first lever for
      movement toward and away from said stationary axle, a biasing member
      positioned on said first lever for forcing said bearing and third roller
      toward said first roller, a fixing device on said first lever for fixably
      positioning said bearing and said third roller relative to said first
      roller, said stop surface on said first means comprises an angle-shaped
      second lever pivotally connected intermediate its ends to said third
      roller, said second lever having a first arm and a second arm each
      extending from the point of pivotal connection to said third roller and
      angularly disposed relative to the other, said first arm forms said stop
      surface for contact with said second roller, a link, a pin connecting said
      link at one end to said second arm of said second lever at a position
      spaced from the pivotal connection of said second lever to said third
      roller, and an eccentric bolt connecting the other end of said link to
      said bearing for said third roller so that the distance between said
      bearing and the pin connection of said link to said second arm can be
      varied by rotating said eccentric bolt.
NUM  2.
PAR  2. A device, as set forth in claim 1, wherein said second means comprises a
      working cylinder stationarily mounted and including a rod arranged in and
      extending outwardly from said working cylinder for movement inwardly and
      outwardly relative to said working cylinder, the end of said rod extending
      outwardly from said working cylinder being secured to said first lever and
      said rod being secured to said first lever at a position spaced outwardly
      from said stationary axle.
NUM  3.
PAR  3. A device, as set forth in claim 2, wherein a first cam is adapted to be
      mounted on the frame of the printing machine, third means connected to
      said third roller and disposed in operative engagement with said fixing
      device, said third means arranged to contact said first cam so that as
      said third roller is placed in contact with said first roller said third
      means are displaced for locking said fixing device into position for
      fixing said bearing.
NUM  4.
PAR  4. A device, as set forth in claim 3, wherein said third means comprises a
      third lever pivotally connected to said first lever, a roller mounted on
      said third lever in spaced relationship from the point of pivotal
      connection of said third lever to said first lever, said roller arranged
      to contact said first cam, a rod attached to said third lever and
      extending therefrom in the direction of said fixing means, a stop member
      positioned on the end of said rod spaced from said third lever, a fourth
      lever pivotally mounted on said third lever and having a pair of angularly
      disposed arms with one of said arms located adjacent said rod and
      positioned between said stop member and the end of said rod attached to
      said third lever, a spring encircling said rod and extending between the
      end of said rod attached to said third lever and said arm on said fourth
      lever adjacent said rod for pivoting said fourth lever about its point of
      pivotal connection to said first lever, the other of said arms of said
      fourth lever arranged to contact said fixing device as set fourth lever is
      pivotally biased by said spring so that said fixing device fixes the
      position of said bearing for said third roller, and said stop member
      arranged to contact said one of said arms of said fourth lever and to
      pivot said fourth lever against the biasing action of said spring for
      releasing said fixing device from locking action with said bearing for
      said third roller.
NUM  5.
PAR  5. A device, as set forth in claim 4, wherein a second cam is adapted to be
      mounted on the frame of said printing machine, an extension connected to
      and extending outwardly from the end of said second arm of said second
      lever and connected to said link, a roller mounted on the end of said
      extension at its opposite end from said second arm, said roller on said
      extension arranged to travel over said second cam and to lift said third
      roller by means of said link member and bearing out of contact with said
      first roller.
NUM  6.
PAR  6. A method for adjusting a soft surfaced roller into contact with a pair
      of spaced hard surfaced rollers with the axes of the three rollers
      disposed in substantially parallel relation, comprising the steps of
      pivotally supporting the soft surfaced roller about the axis of one of the
      hard surfaced rollers and linearly biasing the soft surfaced roller in its
      pivotally supported position into contact with the one of the hard
      surfaced rollers and establishing under a predetermined load a
      two-dimensional strip of contact therebetween, locating a stop surface on
      the soft surfaced roller in spaced relation to a stop on the other of the
      hard surfaced rollers, fixing the relative position between the soft
      surfaced roller and the one of the hard surfaced rollers to maintain the
      contact strip under a predetermined load therebetween, automatically
      pivoting the soft surfaced roller through the arc of a circle with the
      axis of the one of the hard surfaced rollers as its center toward the
      other of the hard surfaced rollers for moving the stop surface on the soft
      surfaced roller into contact with the stop on the other of the hard
      surfaced rollers while maintaining unchanged the dimension between the
      axes of the soft surfaced roller and the one of the hard surfaced rollers,
      establishing a two-dimensional strip of contact under a predetermined load
      between the soft surfaced roller and the other hard surfaced roller and
      fixing the relative positions between the soft surfaced roller and the
      other hard surfaced roller for maintaining the contacting relationship
      therebetween.
NUM  7.
PAR  7. A device for adjusting the positions of rollers in a printing machine
      comprising a first roller, a stationary axle rotatably mounting said first
      roller, a second roller having its axis in parallel relation with and
      spaced from said first roller, a movably displaceable third roller
      arranged to contact said first and second rollers, a movable axle
      rotatably mounting said third roller, first means pivotally connected to
      said stationary axle and supporting said axle of said third roller and
      fixably positioning the axle of said third roller in the radial direction
      relative to said axle of said first roller so that a fixed distance is
      maintained between the axle of said third roller and the axle of said
      first roller and a fixed area or strip of contact under a predetermined
      load is established between said first and third rollers, said first means
      includes a stop surface connected to said third roller and spaced from the
      strip of contact between said first and third rollers, said second roller
      having a stop thereon, second means operatively connected to said first
      means for automatically movably displacing said axle of said third roller
      in a circular arc centered about said stationary axle for placing said
      stop surface connected to said third roller into contact with said stop on
      said second roller and for establishing a strip of contact under a
      predetermined load between said second and third rollers while maintaining
      the fixed distance between the axle of said third roller and the axle of
      said first roller and the predetermined load of said third roller on said
      first roller, said first means comprises a first lever pivotally mounted
      on said stationary axle and extending radially outwardly therefrom, a
      bearing rotatably mounting the axle of said third roller, said bearing
      slidably mounted on said first lever for movement in the radial direction
      of said first roller toward and away from said stationary axle, a biasing
      member positioned on said first lever for forcing said bearing and third
      roller toward said first roller and for establishing a predetermined load
      of said third roller on said first roller, and a fixing device on said
      first lever for fixably positioning said bearing and said third roller
      under its predetermined load relative to said first roller.
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ABST
PAL  Mounting means for mounting a printing plate on a printing plate cylinder
      are provided. The mounting means include a mounting member or sheet made
      of a plastic sheet material which is solvent resistant, strong,
      dimensionally stable, conforms truly to the printing plate cylinder, and
      is of uniform thickness. The leading edge of the mounting member is turned
      back to form a structurally-integral lip thereon which is readily
      connected to a mounting flange on the printing plate cylinder. The
      mounting means further include a mounting strap which affixes the mounting
      member on the cylinder with the lip engaged with the flange of the
      cylinder. The mounting strap has a first portion received in an opening of
      the mounting member and a second portion having an integral lip which
      engages another mounting flange of the printing cylinder. A resilient band
      connects the first and second portions and is in tension when the first
      portion is connected to the mounting member and the second portion is
      connected to the cylinder flange. Preferably two resilient bands are used
      so that one will still hold the mounting member if the other breaks. The
      two mounting portions of the mounting strap preferably are made of plastic
      sheet material so that if they become loose, they will not damage the
      inking rolls employed with the cylinder.
BSUM
PAR  This invention relates to mounting means for mounting printing plates on
      printing plate cylinders.
PAR  Mounting means for mounting printing plates on cylinders heretofore have
      consisted basically of a mounting member or sheet on which the printing
      plate is affixed, and straps for holding the mounting sheet and printing
      plate on the printing plate cylinder. The mounting sheets heretofore used
      for printing plates have been made of rubber-impregnated cloth or of a
      paper-plastic laminate. In order to produce mounting lips on such mounting
      sheets, separate elongate lip or flange members have had to be stapled or
      sewn to edges of the sheet. A lip member of this nature required separate
      parts which had to be inventoried, stored, cut to length, and affixed in
      separate operations. Such lip members also had a tendency to work loose
      from time-to-time during the printing operation, requiring a shut down
      thereof.
PAR  A printing plate mounting member or sheet, constituting part of the
      mounting means according to the invention, is made of a plastic sheet
      material which is solvent resistant, strong, dimensionally stable,
      conforms truly to the printing plate cylinder, and is of precise, uniform
      thickness. A mounting lip is provided on the leading edge of the mounting
      member which is formed by sequentially heating and bending the leading
      edge of the member, and is structurally integral therewith. The
      structurally-integral lip is low in cost to produce and is strong, not
      tending to pull away or loosen as separate lips heretofore employed have
      done. The integral lip also eliminates extra parts and extra labor
      required to cut separate lip members to proper lengths and to affix them
      to the mounting sheet.
PAR  The mounting means according to the invention also include an improved
      mounting strap for the mounting sheet. Mounting straps heretofore have
      employed metal clips or hooks connected by a rubber strap. If the strap
      broke, the metal hooks would often become caught between the mounting
      plate cylinder and an inking cylinder or roll employed therewith, damaging
      the surface of the inking cylinder and rendering it unsuitable for further
      use.
PAR  The mounting strap in accordance with the invention is made of two plastic
      portions preferably connected by two resilient bands. If either band
      should break, the other will hold the mounting strap and the printing
      plate mounting sheet in place until the equipment can be shut down to
      replace the broken band. Further, the plastic portions of the mounting
      strap cannot cause damage to the inking cylinder or other portions of the
      printing apparatus. One portion of the new mounting strap has an elongate
      strip which is inserted into an opening in the mounting sheet and bent
      back on itself at the desired length, so that one mounting strap can be
      used for almost any application. In contrast, heretofore, the mounting
      straps were made in a number of different sizes, each only being suitable
      for a relatively short range of lengths, e.g. 13-16 inches. The new
      mounting strap is also considerably less expensive than those heretofore
      known.
PAR  It is, therefore, a principal object of the invention to provide improved
      mounting means for mounting a printing plate on a printing plate cylinder.
PAR  Another object of the invention is to provide an improved mounting sheet
      and mounting strap for mounting a printing plate on a printing plate
      cylinder.
PAR  A further object of the invention is to provide an improved mounting strap
      employing two resilient bands, either of which will hold a mounting sheet
      in place in the event the other breaks.
PAR  Yet another object of the invention is to provide an improved mounting
      strap having end connecting portions made entirely of plastic material.
PAR  Still a further object of the invention is to provide an improved mounting
      strap which is suitable for substantially any length required.
DRWD
PAR  Many other objects and advantages of the invention will be apparent from
      the following detailed description of a preferred embodiment thereof,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a view in perspective of a printing plate cylinder having a
      mounting member or sheet fastened thereto by mounting straps in accordance
      with the invention;
PAR  FIG. 2 is an enlarged, fragmentary view in perspective of the mounting
      sheet of FIG. 1;
PAR  FIG. 3 is a detailed, enlarged view in transverse cross section taken along
      the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged view in perspective of a mounting strap in accordance
      with the invention;
PAR  FIG. 5 is an enlarged, detailed view in transverse cross section taken
      through part of the printing plate cylinder, the mounting sheet, and one
      of the mounting straps of FIG. 1;
PAR  FIG. 6 is a view in perspective of a mounting strap extension useable with
      the mounting strap of FIG. 4; and
PAR  FIG. 7 is a view in perspective of a known mounting sheet having a
      connecting strip affixed thereto.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, a printing plate
      cylinder 20 has a mounting member or sheet 22 fastened thereto, with a
      rubber printing plate 24 mounted thereon. These assembled components are
      used in a rotary printing press to print indicia on sheet material, such
      as corrugated board, which is directed between the printing plate cylinder
      20 and another roll located thereunder (not shown). One or more inking
      cylinders or rolls are also associated with the printing plate cylinder 20
      to apply ink to the printing plate 24. Typically, the cylinder 20 has
      longitudinally-extending channels or grooves 26 having first mounting
      flanges 28 and second mounting flanges 30 affixed to the cylinder in a
      flush manner with the flanges extending toward one another over portions
      of the channels 26.
PAR  Referring particularly to FIG. 2, the mounting member 22 comprises a single
      sheet 32 of plastic material of predetermined size and shape. The plastic
      material can be a general purpose, calendered, rigid, polyvinyl chloride
      sheeting which is commercially available. The material can be obtained,
      for example, from Tenneco Chemicals, Inc. under the designation V.C.H.
      8001. Typically, the sheet is 0.030 inch thick with a variation of only
      .+-. 0.001 inch. However, the sheet also is available in a thickness of
      0.050 inch which is suitable for the invention, a thickness range of 0.020
      to 0.070 inch being satisfactory. The sheet 32 has a front, convex surface
      34 and a back, concave surface 36 and can be formed with the cruve or can
      simply assume the curve of the cylinder 20 when mounted thereon.
PAR  A leading edge portion 38 of the mounting member has a
      structurally-integral lip or flange 40 connected thereto. The lip 40 is
      generally parallel to the sheet 32 and is spaced therefrom a distance
      substantially equal to the thickness of the first flange 28. A trailing
      edge portion 42 of the mounting member 22 has spaced openings 44 for
      mounting the member on the cylinder 20 through the use of straps. The
      sheet 32 is sufficiently strong that the openings 44 can be employed
      therein without the necessity of using grommets therewith as has been the
      case with mounting sheets heretofore known.
PAR  The printing plate 24 can be of molded rubber with suitalbe indicia
      indicated at 46 in FIG. 1 formed thereon. The printing plate 24 can be
      mounted on the outer surface 34 of the mounting member 22 by means of
      adhesive or other suitable means.
PAR  Referring to FIGS. 4 and 5, the mounting member 22 is mounted on the
      printing plate cylinder 20 by means of mounting straps 48. Each of the
      mounting straps 48 includes a first portion 50 which connects to the
      mounting member 22 and a second portion 52 which connects to the second
      mounting flange 30 associated with the channel 26. The first and second
      portions 50 and 52 are connected by two resilient or rubber bands 54.
PAR  The first mounting strap portion 50 is made of a thin, plastic material
      which can be similar to that used for the mounting member 22 but is
      preferably thinner so that it will not extend too far outwardly from the
      cylinder 20 and possibly pick up ink from the inking roll. The portion 50
      includes an enlarged end 56 having two pair of slots 58 connected by a
      slit 60 by means of which an end of each of the bands 54 can be pushed
      through so as to extend through both of the slots 58, as shown in FIG. 4.
      The first portion 50 of the mounting strap also includes a long strip 62
      having a width less than the lengths of the openings 44 in the mounting
      member 22. To connect the first portion 50 with the mounting member 22,
      the strip 62 is inserted through the opening 44 with an end 64 bent back
      on itself, as shown in FIG. 5. The extent of the folding back of the strip
      62 is determined by the particular application, the length being
      controlled such that the second portion 52 of the mounting strap 48 will
      engage the mounting flange 30 of the cylinder 20 with the bands 54 being
      under tension and with the two portions 50 and 52 being spaced apart, as
      shown in FIGS. 1 and 5. After the bent-back portion 64 is straightened,
      the strip 62 can subsequently be bent or folded back at the same or other
      location for a different application. The strip 62 can be bent a large
      number of times without breaking due to the nature of the plastic material
      of which it is made. Thus, one of the mounting straps 48 can be used for
      virtually every application so that the requirement that a number of
      mounting straps of different lengths be purchased and stored is
      eliminated.
PAR  The second portion 52 of the mounting strap 48 includes a wide, plate-like
      portion 66 and a structurally-integral lip 68 which can fit over the
      mounting flange 30. The plate-like portion 66 has two pairs of slots 70
      therein connected by a slit 72 to receive an end of each of the bands 54.
      The portion 52 is thicker than the portion 50 to provide adequate strength
      for the lip 68.
PAR  In the event that the length of the strip 62 of the first portion 50 of the
      mounting strap 48 is insufficient for a particular application, a mounting
      strap extension indicated at 74 in FIG. 6 can be employed. The extension
      74 includes a strip 76 having a portion 78 folded back as desired to any
      required length. The extension also includes an enlarged end 80 having an
      opening 82 therein. In use, the strip 76 is inserted in the opening 44 of
      the mounting member 22 and folded back and the strip 62 of the mounting
      strap 48 is then inserted through the opening 82 and folded under at the
      desired point.
PAR  The mounting strap 48 can also be used with the older type mounting member
      or sheet as shown in FIG. 7. In this instance, a mounting member or sheet
      84 is made of an impregnated fabric material and has s separate plastic
      lip 86 suitably affixed thereto, as by staples 88. The lip 86 is intended
      to cooperate with the flange 28 of the cylinder 20 in the same manner as
      the integral lip 40 of the mounting member 22. To provide the openings for
      the strip 62 of the first portion 50 of the mounting strap 48, a separate
      plastic connecting strip 90 is employed. This strip has openings 92
      therein similar to the openings 44 of the mounting member 22 and the strip
      90 is affixed to the trailing edge of the mounting member 84 by stitching
      and/or adhesive. The strips 62 are then inserted into the openings 92 and
      bent back in a manner similar to that shown in FIG. 5.
PAR  From the above, it will be seen that the mounting means for a printing
      plate in accordance with the invention has a number of advantages. All of
      the parts are plastic including the portions 50 and 52 of the mounting
      strap 48 so that no damage can result to the inking cylinder in the event
      the tension bands break and the printing plate comes off the printing
      plate cylinder. The use of the two resilient bands 54 also enables the
      operator to stop the operation of the printing press in the event one of
      the two bands should fail, with the other band still holding the mounting
      member 22 and the printing plate 24 in position. The foldable strip 62 of
      the first portion 50 enables a single length of mounting strap to be
      employed for almost any application, thus reducing inventories and related
      costs greatly. The extension 74 enables the same mounting strap 48 to be
      used in the rare instance where longer straps might be required. The
      mounting strap 48 is also less expensive than those heretofore used. The
      mounting strap 48 can also be employed with the older type mounting
      members 84 by use of the plastic connecting strip 90.
PAR  Various modifications of the above-described embodiment of the invention
      will be apparent to those skilled in the art and it is to be understood
      that such modifications can be made without departing from the scope of
      the invention, if they are within the spirit and the tenor of the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for printing indicia on surfaces, said apparatus comprising a
      printing plate cylinder having at least two mounting flanges affixed
      thereto, a mounting sheet having a downwardly-turned lip along one edge
      thereof engaged with one of said mounting flanges, said mounting sheet
      also having a plurality of openings formed along an edge of said sheet
      opposite the edge having said lip, a printing plate mounted on said
      mounting sheet between said lip and said openings, and a mounting strap
      affixing said mounting sheet on said cylinder with said lip engaged with
      one of said mounting flanges, said mounting strap having a first portion
      received in one of said mounting sheet openings and having a second
      portion with a lip engagable with another of said mounting flanges of said
      cylinder, and resilient means connecting said two strap portions and being
      in tension when said first portion is connected to said mounting sheet and
      said second portion is connected to the mounting flange, said first
      portion of said mounting strap having an elongate strip of a width less
      than the width of one of said mounting sheet openings, a portion of said
      elongate strip being received through said one mounting sheet opening with
      said strip portion folded back between the remaining portion of said
      elongate strip and the surface of said printing plate cylinder, said
      elongate strip being made of a plastic material which can be folded by
      hand back on itself repeatedly at substantially any location along its
      length, said elongate strip being sufficiently rigid to hold said mounting
      sheet on said printing plate cylinder when folded back and said resilient
      means is under tension, said first portion of said mounting strap also
      having an enlarged portion at the end of said elongate strip opposite said
      elongate strip portion which is folded back, said enlarged portion having
      means for receiving and holding said resilient means connected with said
      second portion of said mounting strap.
NUM  2.
PAR  2. Apparatus according to claim 1 characterized by said elongate strip
      having a thickness between 0.020 inch and 0.070 inch.
NUM  3.
PAR  3. Apparatus according to claim 1 characterized by said resilient receiving
      and holding means comprising two sets of two slots each, said resilient
      means comprising two elongate endless resilient bands.
NUM  4.
PAR  4. Apparatus according to claim 3 characterized by said second portion of
      said mounting strap having two sets of two slots each receiving portions
      of said bands which are spaced from said first portion.
NUM  5.
PAR  5. Apparatus according to claim 1 characterized by said resilient means
      comprising two parallel resilient endless bands, each having spaced
      portions connected to said first and second portions of said strap.
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ABST
PAL  A proximity fuse comprising at least two frequency selective amplifiers
      having different band-pass characteristics and both receiving the same
      input signals. The first amplifier, having the narrower band-pass filter,
      will activate a detonator upon receipt of a signal which lies within the
      pass-band of said filter and which exceeds a given value. If a signal
      appears in the pass-band of the second amplifier which has the broader
      pass-band, and said signal exceeds a certain level, the output of said
      second amplifier will change said level which a signal in said first
      amplifier must exceed in order to activate the detonator.
PAL  The output terminal of said first amplifier is connected to a first level
      detector, and the output terminal of said second amplifier is connected to
      a second level detector. Said first and second level detectors are
      interconnected so that the threshold value of said first level detector is
      changed in pace with the output signal from said second level detector
      when the latter detector receives a signal from the second amplifier. In
      order to prevent the proximity fuse from coming into operation until after
      a certain time after the launching of a projectile, the second level
      detector comprises delay elements. These delay elements are also utilized
      to prolong the change of the threshold value of the first level detector
      after said signal in the pass-band of said second amplifier has vanished.
PARN
PAC  RELATED CASE
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      340,034, filed Mar. 12, 1973, now U.S. Pat. No. 3,802,343 of Apr. 9, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art discloses a proximity fuse which comprises an electronic
      circuit which is sensitive to signals in given frequency bands. The
      circuit, which may be an integral part of a projectile, responds to
      signals transmitted from the designated target, or it responds to
      reflected signals originally transmitted from the launched projectile,
      e.g. doppler signals.
PAR  Proximity fuses of this type are, however, subject to the risk of being
      influenced by spurious signals, which may cause false detonation of the
      projectile.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a proximity fuse which
      blocks undesired noise signals that might occur and thereby prevents
      unintentional detonation of the projectile, and is a further development
      of the invention which is the subject of patent application Ser. No.
      340,034 of the 12th Mar. 1973 now U.S. Pat. No. 3,802,343 of Apr. 9, 1974.
PAR  Thus, the present invention relates to a proximity fuse comprising at least
      two frequency selective amplifiers having different band-pass
      characteristics and both receiving the same input signals, as disclosed in
      the specification of said patent application. According to the said
      application, the primary characteristic feature of the proximity fuse
      consists in that the first amplifier having the narrower band-pass filter,
      upon receiving a signal exceeding a given level, activates a detonator,
      while the second amplifier, having the broader band-pass filter, blocks
      the input of the other amplifier if a signal exceeding a given level
      appears in the band-pass filter of the second amplifier.
PAR  It is, however, desirable to prevent unintentional detonation of the
      projectile by letting the signal which appears in the pass-band of the
      second amplifier, influence the first amplifier in a more direct manner
      and at a point in the signal path of the first amplifier, which is closer
      to the firing circuit.
PAR  According to the present invention this may be achieved in the proximity
      fuse disclosed in the said prior application, which comprises two
      frequency selective amplifiers having different band-pass characteristics
      and both receiving the same input signals, and wherein the amplifier
      having the narrower pass-band activates a detonator upon receiving a
      signal exceeding a certain level within this pass-band. The proximity fuse
      according to the invention is primarily characterized in that the
      amplifier having the broader pass-band, changes the level which a signal
      in the first amplifier must exceed in order to activate the detonator, if
      a signal exceeding a certain level appears in the pass-band of the second
      amplifier.
PAR  The desired change may be achieved by connecting a first level detector to
      the output of the first amplifier, and connecting to the output of the
      second amplifier, a second level detector connected to the first level
      detector, the threshold value of the first level detector thereby being
      changed in pace with the output signal from the second detector when the
      latter receives signal from the second amplifier.
PAR  Arming of the proximity fuse after launching may be prevented by providing
      the second detector with delay elements consisting of a resistor and a
      capacitor so that the level detector comes into operation a certain time
      after the launching of a projectile.
PAR  The change of the threshold value of the first level detector has a
      prolonged effect after the signal in the pass-band of the second amplifier
      has ceased, due to the fact that the capacitor constituting the delay
      element of the second level detector is discharged so as to change the
      threshold value.
PAR  In the following the invention will be further described with reference to
      the drawings, which show a preferred embodiment of the proximity fuse
      according to the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the main components included in the proximity
      fuse.
PAR  FIG. 2 shows the connection between the components of the second level
      detector.
PAR  FIG. 3 shows the voltage U.sub.o at the output of the amplifier K2 and the
      reference voltage U.sub.r which is supplied to the first level detector
      11, and
PAR  FIG. 4 shows the frequency response curve of amplifiers K1 and K2
      respectively.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is shown an A.C. generator 1 driven for example by a wind
      turbine (not shown). The generator 1 supplies current to a filter 2. From
      the filter 2 a smoothed rectified voltage is supplied to a regulator 3,
      from which the smoothed D.C. voltage feeds the remaining circuit.
PAR  When the regulator 3 supplies voltage to the remaining components, high
      frequency waves are transmitted by an oscillator in the
      oscillator-mixer-unit 6 via a bipolar antenna 7. The interference between
      the transmitted and received signals (doppler signals) which is produced
      in a mixer in the unit 6, is amplified by frequency selective low
      frequency amplifiers 4 and 8 having different band-pass characteristics.
      If the signal from the mixer 6 lies within the pass-band of the amplifier
      4, a first level detector 11 will pass the first oscillations of the
      amplified doppler signal on if the same has a given value. The height of
      detonation or the distance from the target is determined by the setting of
      the level detector 11 and the low frequency amplifier 4. A trigger 13
      closes a firing circuit 5 upon receipt of the first signal from the level
      detector 11. An electro-mechanical percussion switch 14 is connected in
      parallel with the firing circuit 5.
PAR  If the signal from the mixer 6 includes frequencies which also lie within
      the pass-band of the amplifier 8, a second level detector 12 will pass the
      first oscillations of the signal on if the same has a given value. The
      reference level in the level detector 11 will thereby be changed, and the
      signal which appears in the first amplifier 4, must exceed a higher
      threshold value in order to allow the level detector 11 to deliver a
      signal to the trigger 13.
PAR  In FIG. 2 there is shown an example of a level detector 12 consisting of a
      diode D3, a zener diode Z, a capacitor C5 and a resistor R6, and the
      electrical course of operation of such a level- or peak-detector 12 and
      the remaining main components in FIG. 2 will be described in the
      following.
PAR  At the launching of the projectile the turbine (not shown) starts to rotate
      and drives the generator 1 so that the latter delivers current to the
      regulator 3 via the filter 2. At P1 the regulator 3 then supplies the
      correct voltage which at P5 constitutes a reference voltage U.sub.r for
      the level detector 11 when the capacitor C5 is fully charged. The zener
      diode Z contributes in placing the reference voltage U.sub.r at a suitable
      level, and this level determines the threshold value of the level detector
      11 which a signal in the amplifier 4 must exceed in order to allow the
      level detector 11 to pass a signal from the amplifier 4 on to the trigger
      13.
PAR  The capacitor C5 and the resistor R6 constitute delay elements, and the
      level detector 11 will only come into operation a certain time T5 after
      the launching of a projectile, the reference voltage U.sub.r being
      proportional with the voltage across the capacitor C5. A diode D3 is
      connected between the point P5 in the peak detector 12 and the amplifier
      8, and the connection between the amplifier 8 and the diode D3 will be at
      the potential U.sub.o when the capacitor C5 is fully charged and no signal
      is present in the amplifier K2.
PAR  The two amplifiers K1 and K2 have an identical design and a common
      frequency input. This means that the input to the amplifier K2 includes
      the same signals as the input to amplifier K1. The only difference between
      the amplifiers resides in their band-pass characteristics.
PAR  In FIG. 4 it is shown that the sensitivity of the blocking amplifier K2 is
      high within a relatively broad frequency band which covers signals having
      frequencies lying above the pass-band of the doppler amplifier K1. The
      gain of the doppler amplifier is in this instance chosen to be lower than
      that of the blocking amplifier.
PAR  When the projectile approaches the target, a doppler signal will normally
      arrive at the common low-frequency input (L-F). The doppler signal is
      amplified in the doppler amplifier K1, and the level detector 11 lets
      through the first oscillations of the amplified doppler signal exceeding a
      given level.
PAR  The blocking amplifier has in this case no function as the gain of the same
      does not cover the doppler frequencies.
PAR  The trigger circuit 13 operates the firing circuit 5, which is closed, and
      the detonation capsule is fired by the discharging of a firing capacitor
      through a resistor, in the same manner as described in the specification
      of the prior application. There often appear disturbing signals, such as
      noise, radar and others, which influence the firing circuit. If these
      signals have frequency components in the doppler band and also a signal
      level exceeding a given value, they may cause detonation at an undesired
      location in the trajectory of the projectile. In most instances, however,
      such disturbing signals also have frequency components lying beyond the
      doppler band. Here, the blocking amplifier comes into operation, since it
      has a high sensitivity within a broad band which covers frequencies lying
      above the doppler band. The signals are amplified in the blocking
      amplifier, which amplification, it is true, is parallel to the
      amplification of signals with doppler frequencies in the doppler
      amplifier. However, the amplification in the blocking amplifier takes a
      more rapid course than the amplification in the doppler amplifier. When an
      amplified blocking signal from the blocking amplifier K2 appears at the
      output terminal thereof, the output potential U.sub.o  will change, for
      example as illustrated in FIG. 3. In the time interval t.sub.o -t.sub.1 no
      output signal is present on the output terminal of the blocking amplifier
      and the output voltage then has a given reference value U.sub.o '. In the
      time interval t.sub.1 -t.sub.5 disturbing signals appear in the pass-band
      of the blocking amplifier, and the output voltage from the amplifier K2
      will therefore deviate from U.sub.o '. This involves that if a signal
      which exceeds a certain level relatively to the reference voltage U.sub.o
      ', appears in the blocking amplifier K2 as indicated at the points of time
      t.sub.2, t.sub.3 and t.sub.4 in FIG. 3 a change in the reference voltage
      U.sub.r of level detector 11 will occur, and a signal which appears in the
      doppler amplifier K1, must exceed a higher threshold in the level detector
      11 in order to permit the detonator to be activated.
PAR  The change of the reference voltage U.sub.r and hence of the threshold
      voltage of the level detector 11 has a prolonged effect even if the signal
      in the blocking amplifier K2 ceases, because the capacitor C5 is
      discharged through the diode D3 when a signal with a given value appears
      in the blocking amplifier K2. Thereby, an effective change of the
      reference voltage of the level detector is maintained for a certain period
      of time, thereby avoiding undesired detonation. If, after this time there
      still remain frequency components outside the doppler band, the change of
      the reference voltage of the level detector is maintained if the level of
      the noise signals is above a certain value. At the worst the change will
      be maintained till the projectile hits the target. However, the blocked
      proximity fuse will then operate as a sensitive percussion fuse.
PAR  In the circuit shown the mutual interference between K1 and K2 may be
      varied by changing the respective gains and band-widths.
PAR  The upper cut-off frequency of K2 is established by means of an internal
      circuit in the embodiment described above (FIG. 4), but may be reduced or
      increased as desired, and the effect of K2 with respect to noise is
      greatest when the pass-bands of K1 and K2 are separated and the gain of K2
      is larger than that of K1.
PAR  The circuit shown in FIG. 2 is a special version among a plurality of
      varieties and may easily be adapted to the circuitry which is described in
      the specification of the main patent, wherein special emphasis is placed
      on the double security delay of the firing system the first seconds after
      launching.
PAR  In one instant the second amplifier may have a pass-band which covers
      signals including frequencies lying below, within and above the pass-band
      range of the first amplifier, the gain of said second amplifier being
      substantially constant throughout the frequency range but less than the
      gain within the pass-band of the first amplifier. The gain of the second
      amplifier is then relatively low in the frequency range of the first
      amplifier.
PAR  Another embodiment of a proximity fuse according to the present invention,
      may comprise several frequency selective amplifiers receiving the same
      input signals. One of the amplifiers, having a given narrow pass-band,
      activates the detonator upon receiving signals having amplitudes above a
      given level in its pass-band. The remaining amplifiers, which may be
      equipped with pass-bands covering signals which include frequencies
      ranging above and below the pass-band of said amplifier, change the level
      which a signal in this amplifier must exceed in order to activate the
      detonator.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Proximity fuse, comprising at least two frequency selective amplifiers
      having different band-pass characteristics and both receiving the same
      input signals, said first amplifier (K1) including a relatively narrow
      band-pass filter and being connected to activate a detonator upon
      receiving a signal exceeding a given level within the pass-band thereof,
      said second amplifier (K2) including a relatively broad band-pass filter
      and being adapted to change the level which a signal in the first
      amplifier (K1) must exceed in order to activate the detonator, if a signal
      exceeding a certain level appears in the pass-band of the second
      amplifier.
NUM  2.
PAR  2. Proximity fuse as claimed in claim 1, characterized in that the output
      terminal of said first amplifier (K1) is connected to a first level
      detector (11), that to the output terminal of said second amplifier (K2)
      there is connected a second level detector (12) which is connected to said
      first level detector (11), so that the threshold value of said first level
      detector (11) is changed in pace with the output signal (U.sub.o) from
      said second level detector when the latter receives a signal from said
      second amplifier (K2).
NUM  3.
PAR  3. Proximity fuse as claimed in claim 2, characterized in that said second
      level detector (12) comprises delay elements consisting of a resistor (R6)
      and a capacitor (C5) so that said first level detector (11) comes into
      operation a certain time (T1) after the launching of a projectile.
NUM  4.
PAR  4. Proximity fuse as claimed in claim 3, characterized in that the change
      of the threshold value of said first level detector (12) has a prolonged
      effect after the signal in the pass-band of said second amplifier (K2) has
      ceased, by discharging the capacitor (C5) which constitutes the delay
      element of said second level detector so as to change the threshold value.
NUM  5.
PAR  5. Proximity fuse as claimed in claim 1, characterized in that the
      pass-band of said second amplifier (K2) covers signals including
      frequencies lying below, within and above the pass-band range of said
      first amplifier, the gain of said second amplifier being substantially
      constant throughout the frequency range but less than the gain within the
      pass-band of said first amplifier.
NUM  6.
PAR  6. Proximity fuse as claimed in claim 5, characterized in that the gain of
      said second amplifier is relatively low in the frequency range of said
      first amplifier (K1).
NUM  7.
PAR  7. Proximity fuse as claimed in claim 1, characterized in that the
      pass-band of said second amplifier (K2) substantially covers only signals
      including frequencies above the upper cut-off frequency of said first
      amplifier.
NUM  8.
PAR  8. Proximity fuse as claimed in claim 7, characterized in that the gain of
      said second amplifier is higher than that of said first amplifier.
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ABST
PAL  A large warhead explosive is provided with a metal liner having
       longitudi corrugations. The shape of the liner causes the warhead to
      deliver concentrated amounts of energy to targets at some distance from
      the point of detonation. This energy is in the form of hypervelocity
      fragment beams produced by what is known as "Monroe effect" caused by the
      jetting of the liner as the detonation wave front progresses along the
      warhead.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to large destructive warheads and particularly to
      warheads intended to destroy specific "hard" target structures. The
      invention particularly is related to the incorporation into such a warhead
      the principle of the linear shaped charge.
PAR  It is now well known that when explosive charges have the forward end
      hollowed out in the shape of a cone, it is possible to have much of the
      explosive force directed away from such end in a jet of explosive force.
      Recent experiments have also shown that a linear jet of explosive force
      can be accomplished by grooving the explosive or by providing a liner
      which causes the warhead to assume a grooved shape.
PAR  The present invention relates to a practical embodiment of the linear
      shaped charge principles to a large warhead explosive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a preferred embodiment of the invention
      with parts broken away for clarity;
PAR  FIG. 2 is a fragmentary view of the device of FIG. 1, illustrating the
      geometry of the liner; and
PAR  FIG. 3 is a diagrammatic view illustrating the collapse of the liner.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A linear shaped charge warhead according to the present invention is shown
      designated by the numeral 20 in FIG. 1. The warhead 20 generally comprises
      an outer casing 22 surrounding one or more warhead units, each comprising
      an explosive mixture 26 surrounded by a liner 24.
PAR  The explosive 26, which may be cyclotol, for example, is advantageously set
      off by a detonator 32 augmented by a booster 30. The detonator 32 may be
      fired in any well known manner as by electrical devices, for example,
      through leads 33.
PAR  Considering the geometry of the device, it is noted that each unit has a
      length L and a diameter D and that adjacent sides of the liner 24 form a
      concave angle .alpha.. As shown in FIG. 2, the liner 24 also has a
      thickness t and each section has a width W. As may be noted in FIG. 2 the
      sides of the liner do not form an acute angle at the apex of angle .alpha.
      but preferably are formed by bending with a radius r of approximately 0.4
      inches.
PAR  The mechanism of liner collapse and jet formation illustrated in FIG. 3 can
      be compared to that of a conventional conical shaped charge. Liner
      collapse occurs in the same manner, in that the liner is compressed by the
      shock wave produced by the detonation front. Under pressure of the shock
      wave, the walls of the liner 24 collapse toward the center line of the
      angle .alpha., which results in the characteristic formation of a forward
      jet 40 and a slower moving slug 42.
PAR  It should be noted that, in order to yield best results: (1) the warhead
      should be end-initiated with an adequate booster system (2) the apex angle
      of each jet-forming liner should be about 120.degree. for the
      end-initiated system (3) the charge to metal ratio (per unit length of
      constant geometry) should be from about 1.8 to 2.25 and (4) the length to
      diameter ratio should be at least three.
PAR  FIG. 3 illustrates liner collapse along a single vane of a multivaned
      device shortly after the initiation of the explosvie. The vane metal flows
      toward the center (vane vortex), and the jet element 40 begins to form
      above, while the slug element 42 forms below. The upward pressures cause
      the vane to fracture from the other portions of the liner, and this
      fracturing or tearing process causes the noticeable downward droop at the
      end of the vane wings.
PAR  With the flow of vane metal towards the center, the jet 40 and slug 42
      become more massive and the vane wings shorten. The velocity gradient
      within the massive fragment results in vertical stretch, causing the
      fragment to fracture, or tear. In the final phase the velocity gradient
      produces longitudinal fracturing within the once single, massive fragment:
      the jet elements 40 fracture into a massive leading element and
      intermediate fragments, and the slug elements 42 fracture into a massive
      slug and intermediate fragments. At this stage, what remains of the vane
      wings also fracture from the jet and slug elements and separate into
      smaller fragments.
PAR  The jet leading element and slug are single, massive, rod-like fragments.
      The jet leading element travels at the highest velocity and the velocity
      of subsequent fragments progressively decreases down to the slug which
      travels at the lowest velocity.
PAR  The comparative effectiveness of a linear shaped charge and a blast warhead
      was measured for a volume limited system. In addition to the effectiveness
      comparison, other interesting phenomena were observed. Of particular
      interest were the apparent increased effects of blast produced by the
      linear shaped charge (for a given weight of explosive).
PAR  At a 25-foot standoff, the linear shaped charge demonstrated ability to
      destroy light structures such as 1/4-inch steel angles, also the ability
      to do considerable damage against 3/8-inch steel angles.
PAR  On a 4-inch-thick witness plate, the linear shaped charge cut a line 2
      inches deep and 2 inches wide across the 3-foot length. The plate was
      moved backward 60 feet. Damage from the blast head was limited to case
      fragment impacts. These impacts varied form 1/2 inch to 1 inch in diameter
      and to a maximum depth of 3/4 inch.
PAR  Against two types of concrete structures, the linear jets caused severe
      localized damage. The damage from the blast head was equally spread over
      the surface of the target as it spalled 11/2 inches of concrete off the
      face of the target.
PAR  On subsequent tests, targets were placed 10 feet from the warhead. Both
      types of warheads demonstrated ability to damage beyond use, steel
      structures with 1/4-inch angles as major structural members. The linear
      shaped charge severely weakened steel structures using 3/8-inch angles as
      major structural members. The blast head did not damage the heavy steel
      structure sufficiently to cause ultimate failure.
PAR  In one test a 4-inch thick steel plate, 10 feet from the warhead, was
      severed into two pieces by a jet. Case fragments from the blast heads
      caused pits which varied from 1/2 inch to 1 inch deep when fired against
      steel plates 10 feet from the warhead.
PAR  From the above summations, it may be concluded that the linear
      shaped-charged warhead exhibits a superior capability against the targets
      investigated. It should also be stated, however, that such a warhead must
      be delivered to the targets in such a manner as to take advantage of the
      highly concentrated beams of fragments produced by jetting action. This
      advantage may be retained when the weapon is delivered at relatively small
      miss distances against large, hard targets.
PAR  Segmenting the warhead does not appreciably effect the jet formations, but
      a loss of fragment density, or total energy delivered to the target by any
      one jet, would necessarily accompany such a system.
PAR  The efficiency of transfer of energy into air from a detonated explosive
      charge has previously been considered to be 10%. This low efficiency is
      necessarily imposed upon a blast head because of the poorly matched
      acoustic impedances of the explosion and the surrounding atmosphere. If
      these impedances can be more closely matched, a greater efficiency of
      energy transfer will be realized.
PAR  Pressures recorded during this test series have indicated an increase in
      blast efficiency in specific areas surrounding the linear shaped-charged
      warhead. It is believed that this phenomena may be contributed to a
      "conditioning" of the atmosphere surrounding the warhead by the
      hypervelocity jets that supersedes the blast wave. The kinetic energy
      given up by the Mach 15 to 11 jets, due to aerodynamic drag, results in a
      heated atmosphere which is more closely matched acoustically to the
      emergent shock wave of the warhead.
PAR  The average intensity of peak pressure from the conventional head was 68
      psi, while the pressure from the linear shaped charge varied from 52 to 72
      psi.
PAR  Peak pressures from a linear shaped charge according to the invention thus
      indicate a substantial increase in explosive-to-air coupling, particularly
      in the zone adjacent to the jets. It must be remembered that, in the
      geometry limited approach used in these tests, the explosive weight of the
      conventional head was 533 lbs. of Composition B, while the explosive
      weight of the linear shaped charge was 377 lbs. of Composition B.
PAR  The first conclusion that one might draw from such data is that the air
      blast scaling laws have been defeated. However, the efficiency of transfer
      of shock energy from one media to the next is dependent upon the
      relationship of their acoustic impedances, which is the product of their
      densities and shock wave propagation rates. Heating the surrounding air
      through energy given up by aerodynamic drag will result in a higher
      acoustic impedance, more closely matched to that of the products of
      detonation. Therefore, the increased blast effects are the result of more
      efficient energy transfer, made possible by a prior "conditioning" of the
      atmosphere by the high-density, hypervelocity fragment beams. In this
      sense, the warhead does exceed results anticipated by the scaling laws.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A destructive warhead comprising;
PA1  an explosive charge of generally cylindrical formation having
      longitudinally extending corrugations formed in the periphery thereof;
PA1  said corrugations being defined by vanes having, side walls meeting at
      apices, and open mouths;
PA1  with a side wall of one groove meeting the side wall of the next adjacent
      groove;
PA1  the angle between the side walls relative to each apex being on the order
      of approximately 120.degree.;
PA1  said explosive charge being a homogeneous mass of high order explosive
      material;
PA1  said charge being uniformly covered with metal to the extent that the ratio
      of charge to metal per unit length is in the range of about 1.8 to about
      2.25; and
PA1  the length to diameter ratio of the charge is at least three.
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ABST
PAL  This invention is a rocket which has a thrust stage located at the
      lowermost stage and an arbitrary number of propellant stages which are cut
      off in turn from a propellant stage located at the uppermost stage after
      exhausting fuel therein.
BSUM
PAR  The present invention relates to a liquid fuel multistage rocket and more
      particularly to a multistage rocket wherein a plurality of propellant
      stage bodies are provided to cut off in turn after exhausting liquid fuel
      contained in each body of the propellant stages thereby to launch a load,
      such as a satellite, an intercontinental ballistic missile, or the like,
      which is provided on a thrust stage body disposed in the lowermost stage
      of the rocket.
PAR  Generally, in order to obtain sufficient speed in such a rocket, it is
      necessary to cut off in turn the exhausted fuel tanks, oxidant tanks,
      casings or the like from the rocket because of the reduction in speed
      caused by these unnecessary masses.
PAR  Accordingly, the rocket can obtain a sufficient speed by increasing its
      stage number and can reduce failure of launching. However, in the
      multistage rocket in the prior art, each of the rocket bodies provides a
      combustion chamber, a fuel supply pump, an oxidant supply pump, a drive
      turbine, a propellant igniting device, a control device and an inducing
      device (hereinafter called a thrust generating device) in respective tail
      portions and the launching of a load contained in the rocket body of the
      uppermost stage is carried out by exhausting fuel in turn from the rocket
      bodies disposed at the lower stage and cutting off them.
PAR  Therefore, since the multistage rocket has as many thrust generating
      devices as stages, the whole mass of the rocket is not effectively reduced
      because the number of the thrust generating devices increases according to
      the addition of the stage number. Further, the launching cost becomes
      enormous with many loadings of the thrust generating devices which occupy
      a large rate to the whole weight of the rocket and it was obliged to use a
      small-sized thrust generating device because of being not capable of
      increasing a mass ratio (a ratio of a mass when the propellant was loaded
      and a mass when it was exhausted). Particularly, because the rocket can
      not obtain a high output power due to a minute drive turbine and is
      impossible to supply large amounts of fuel into the fuel chamber, its
      combustion effeciency was remarkably lowered since the combustion time was
      long and the loss caused by gravity acting during the combustion was
      large.
PAR  In addition, since the rocket is provided with the thrust generating device
      at each stage and the failure of the launching is brought by any trouble
      occurring from their devices, they have caused the rocket to have a lower
      launch reliability.
PAR  To avoid the above disadvantages, one object of the present invention is to
      provide a liquid fuel multi-stage rocket wherein the rocket can
      effectively obtained a high speed in spite of not loading increased thrust
      devices according to an addition of the stage number and a sufficient
      space and a design mass of the thrust generating device are maintained
      therein so as to utilize a thrust generating device which is large in size
      and high in output power, as well as the gravity loss can be remarkably
      reduced by a drive turbine having a high output power.
PAR  Another object of the present invention is to provide a liquid fuel
      multistage rocket wherein an open and closed valve of a propellant having
      a simple structure can be securely controlled in the connecting portion of
      each stage when the propellant of the uppermost stage is supplied into a
      combustion chamber of a thrust generating device located at the lowermost
      stage in order to perform the above object.
PAR  A further object of the present invention is to provide a liquid fuel
      multistage rocket wherein propellant bodies connected in an arbitrary
      number of stages can be mass-produced as a unit and many kinds of
      multistage rockets can be manufactured only by connecting necessary stage
      numbers according to a desired air distance.
PAR  A still further object of the present invention is to provide a liquid fuel
      multistage rocket from which expensive devices, such a thrust generating
      device, rocket engine or the like can be recovered on the ground.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      during the following discussion of the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram showing a basic principle of the present
      invention;
PAR  FIG. 2 is a whole explanatory view of a three stage rocket adopting the
      present invention, but a housing being abbreviated therein;
PAR  FIG. 3 is an exploded perspective view showing a connecting portion between
      superior and subordinate stage;
PAR  FIG. 4 is a longitudinal elevation showing only the connecting portion;
PAR  FIG. 5 is an explanatory view of an open and closed valve for propellant
      disposed in the connecting portion in a open position;
PAR  FIGS. 6 and 7 are sectional views taken along lines W -- W and X -- X in
      FIG. 5, respectively;
PAR  FIG. 8 is an explanatory view of the valve for propellant disposed in the
      connecting portion in a closed position;
PAR  FIGS. 9 and 10 are sectional views taken along lines Y -- Y and Z -- Z in
      FIG. 8, respectively;
PAR  FIG. 11 is an explanatory view of an electrical control device according to
      the present invention;
PAR  FIG. 12 is an explanatory view of a rocket applying the present invention.
DETD
PAR  Referring now to FIG. 1, the basic principle of the present invention is
      described with a block diagram. In the figure, there are provided within a
      thrust stage body C of the lowermost stage a combustion chamber 1, an
      oxidant tank 3C, a fuel tank 2C, a pressurized gas tank 4C and a load shed
      portion (not shown), in addition to a usual thrust generating device, for
      example, a fuel supply pump 5, an oxidant supply pump 6 and a drive
      turbine 7 for driving the pumps. Above an upper portion of the thrust
      generating device a second propellant stage body B and a first propellant
      stage body A are connected in turn in an upstream direction by an
      explosive bolt (described hereinafter) and the first and second propellant
      stage bodies A and B are provided with fuel tanks 8A and 8B, oxidant tanks
      9A and 9B, and pressurized gas tanks 10A and 10B therein.
PAR  The fuel and oxidant tanks in each of the propellant stage bodies A and B
      are respectively connected to the combustion chamber 1 of the lowermost
      stage through intermediary of connecting devices 11A, 11B, 12B and 12C
      having an open and closed valve (described hereinafter). Also, there are
      two small-sized rockets 13A, 13B, 14A and 14B for cut off on peripheral
      walls of the propellant stage bodies A and B, the small-sized rocket
      devices 13A, 13B, 14A and 14B being constructed to inject with an
      electrical signal to cause when flow meters 15A, 15B, 16A and 16B for the
      fuel and oxidant tank in the propellant stage bodies A and B indicate an
      empty condition of the tanks.
PAR  The rocket, then, is launched by feeding the fuel and oxidant contained in
      the first propellant body A located at the uppermost stage into the
      combustion chamber 1 of the lowermost stage and by igniting them. In this
      condition, a pressurized gas tank is connected to the fuel tank 8A and the
      oxidant tank 8B to fill a space portion formed in the tanks. When the fuel
      tank 8A and the oxidant tank 9A in the first propellant stage body A of
      the uppermost stage become empty, the flow meters 15A and 16A first detect
      it to intercept the connection between the combustion chamber 1 and the
      fuel and oxidant tanks 8A and 9A in the first propellant stage body A
      through an electrical control device 17B in the second propellant stage
      body B. And then, the connection between the first and second propellant
      stages A and B is released by an explosive bolt there between and at the
      same time two small-sized rockets 13A and 14A for cut off in the first
      propellant stage body A are injected. Hereupon, only the first propellant
      stage body A is rapidly accelerated to separate from the second propellant
      stage body B and the thrust stage body C. In this case, since the
      small-sized rocket, for example, is so constructed that they have
      different combustion times each other, the first propellant stage body A
      deviates from the orbit of the sequent propellant stage body B and the
      thrust stage body C. The second propellant stage body B, also, is cut off
      from the thrust stage body C in the same manner just above mentioned.
PAR  Thus, according to the present invention, it is not necessary to equip the
      rocket with a thrust generating device in the tail portion of each stage
      as a conventional multistage rocket, and the rocket can perform an
      expected object since it is provided with a thrust generating device only
      in the thrust stage body C.
PAR  The structure, further, will describe in detail with reference to FIGS. 2
      to 12. Equipped in the propellant stage bodies A and B the thrust stage
      body C are the fuel tanks 8A, 8B and 3C, the oxidant tanks 9A, 9B and 2C,
      the pressurized gas tanks 10A, 10B and 4C. The fuel tanks 8A, 8B and 2C
      and the oxidant tanks 9A, 9B and 3C are connected extending above and
      below, and the pressurized tanks 10A, 10B and 4C of each stage are
      connected to the fuel tanks 8A, 8B and 2C and oxidant tanks 9A, 9B and 3C
      located at the same stages, respectively. Referring to the first and
      second propellant stage bodies A and B, there are connected, through the
      intermediary of a rotating drum valve 18 provided in the connecting
      portion between the first and second propellant stage bodies A and B, the
      liquid fuel tank 8A in the first propellant stage body A to the liquid
      tank 8B in the second propellant stage body B, the oxidant tank 9A in the
      first propellant stage body A to the oxidant tank 9B in the second
      propellant stage body B, and the pressurized gas tank 10B in the former to
      the liquid fuel tank 8B and oxidant tank 9B in the second propellant stage
      body B, respectively. The rotating drum valve 18 is rotatably constructed
      by a proper rotating mechanism 18' so as to communicate and close a
      connection between the propellants for the first and second liquid fuel
      tanks 8A and 8B and oxidant tanks 9A and 9B and a filling connection
      between the second pressurized gas tank 10B and the second liquid fuel
      tank 8B and oxidant tank 9B, in opposite relationship to each other.
PAR  Namely, the rotating drum valve 18 is constructed by a fourway valve as
      shown in FIGS. 3 to 10 and is adapted rotatably to fit with a valve seat
      ring 19 fixed to the second propellant body B and with an annular
      connecting portion 20 formed on the first propellant stage body A and
      having communicating bores 21 and 22 perforated in two portions of
      opposite side walls. A fuel pipe 23A and an oxidant pipe 24A of the first
      fuel tank 8A are connected to the annular connecting portion 20 fixed to
      the first propellant stage body A and the annular connecting portion 20 is
      adapted to fit with a neck portion 25 of the second propellant stage body
      B. Also, two communicating bores 26 and 27 are formed in the neck portion
      25. The valve seat ring 19 is connected with the fuel pipe 23B of the
      second fuel tank 8B at a side of the fuel pipe 23A and at a side of the
      oxidant pipe 24A, with an oxidant pipe 24B of the second oxidant tank 9B.
      At a position having a distance of 45.degree. from the above, a second
      pressurized gas tank 10B is connected by gas pipes 28 and 29 to
      communicate with the fuel pipe 23B and the oxidant pipe 24B. Becesses 30
      and 31 are longitudinaly provided at a position having a distance of
      180.degree. on an upper portion of the rotating drum valve 18 fitting with
      the valve seat ring 19 so as to communicate with the fuel pipe 23B and
      oxidant pipe 24B of the valve seat ring 19 and a cam valve 32 are provided
      at a lower portion of the rotating drum valve 18. In a condition that the
      pipes 23A and 23B which are a passage of the liquid fuel and the pipes 24A
      and 24B which are a passage of the oxidant are communicated therewith, the
      gas pipes 28 and 29 are closed (FIGS., 5, 6, 7) and inversely, in a
      condition that the passages of the propellant are closed, the gas pipes 28
      and 29 are opened (FIGS. 8, 9, 10), accordingly, the passages of the
      propellant and the passage for filling the tank are inversely opened and
      closed each other. Further, a character S in the figure shows a check
      valve and pressure adjusting device and numeral 33 a distributing valve.
      The following is a description with reference to a control of rotation of
      the rotating drum valve 18. As a rotating mechanism 18' of the drum valve
      18, there may adopt a solenoid, a mechanism that a stopper to urge and
      maintain a spring engaging the rotating drum valve 18 is released by an
      explosion of a small-sized cartridge or an operation of an electromagnetic
      valve in a hydraulic device, or the like, but a solenoid mechanism is
      shown in the figure. Further, perforating bores for lead wires are
      perforated in a rotating center of the rotating drum valve 18 and the
      first and second propellant stage bodies A and B are constructed to have
      the following electrical connection.
PAR  Namely, a live portion 36 of an electric conductor is provided, for
      example, by a shrinkage fit or a threaded engagement and a contact plate
      37 of the lead wire 34A in the first propellant stage body A is forced to
      contact by a spring from the upper side of the live portion so as to
      electrically connect the first and second propellant stage bodies A and B.
PAR  Referring now to FIG. 11 showing the electrical diagram, the flow meters
      15A, 15B, 16A and 16B are provided on the fuel tanks 8A and 8B the oxidant
      tank 9A and 9B of the propellant stage bodies A and B and the rocket body
      C. When the liquid fuel of the oxidant is exhausted, the amplified current
      actuates the solenoid 18' of the rotating drum valve 18 in the first
      propellant stage body A through the intermediary of a control mechanism
      17B for electric system in the second propellant stage body B and then a
      microswitch (not shown) operates with the rotation of the drum valve 18 so
      as to ignite and explode an explosive bolt 39 and the small-sized rockets
      13A and 14A of the first propellant stage body A. The first and second
      propellant stage bodies A and B in this electric system are connected by
      the contact plates 37 and to the live portion 36 mentioned above.
PAR  Further, in the rocket body C located at the lowermost stage, the liquid
      fuel tank 2C is connected to the combustion chamber 1 through the fuel
      pump 5 and the oxidant tank 3C is similarly connected to the combustion
      chamber 1 through the oxidant pump 6. A drive turbine 7 is connected to
      the pumps 5 and 6. They, further, are provided with a usual thrust
      generating device of the liquid fuel rocket, a compressed nitrogen bomb
      47, a hydrogen peroxide tank 40, a catalyzer tank 41 and a gas generator
      42. The rotating drum valve 18 communicates above and below the
      propellant, i.e., the fuel tanks 8A, 8B and 2C and the oxidant tanks 9A,
      9B and 3C and the pressurized gas tanks 10B and 4C of each stage are set
      at the closed condition but only the pressurized gas tank 10A of the
      uppermost stage leaves to communicate with the liquid fuel tank 8A and the
      oxidant tank 9A.
PAR  Thus, when the propellant is supplied into the combustion chamber 1 and
      ignited therein, the first and second propellant stage bodies A and B and
      the thrust stage body C are launched and the liquid fuel and oxidant
      contained in the first propellant stage body of the uppermost stage is
      first exhausted. In this condition, the spaces which are formed in the
      liquid fuel tank 8A and oxidant tank 9A are filled with gas from the
      pressurized gas tank 10A of the uppermost stage. If either of the liquid
      fuel and oxidant in the first propellant stage body A is exhausted, either
      of the flow meters 15A and 16A actuates and its actuation transmits to the
      lead wire 34B so as to actuate the solenoid 18' of the second propellant
      stage body B thereby to rotate the rotating drum valve 18 for 45.degree..
      Hereupon, the connections are closed (FIG. 8) between the fuel pipes 23A
      and 23B and between the oxidant pipes 24A and 24B, respectively and the
      pressurized gas tank 10B in the second propellant stage body B and the
      fuel and oxidant tanks 8B and 9B in the second propellant stage body B are
      communciated. When the rotating drum valve 18 rotates, the microswitch
      (not shown) actuates and the explosive bolt and small-sized rockets 13A
      and 14A in the first propellant stage body A which was empty are exploded.
      By exploding the explosive bolt, the connection between the first
      propellant stage body A and the second propellant stage body B is released
      and only the first propellant stage body A is rapidly accelerated by the
      small-sized rocket devices 13A and 14A so as to separate from the second
      propellant stage body B and the thrust stage body C. Since the small-sized
      rocket devices 13A and 14A, for example, are so constructed to have
      different combustion times, the first propellant stage body A which was
      cut off deviates from the orbit of the lower propellant stage body B and
      the thrust stage body C. Similarly, the second propellant stage body B is
      cut off after the propellant was exhausted and a satellite (not shown) in
      the final thrust stage body C is launched.
PAR  As understood from the above description, since the rocket according to the
      present invention cuts off the propellant stage body A of the uppermost
      stage by accelerating with the small-sized rocket devices 13A and 14A
      after the liquid fuel in the body A was exhausted, the thrust generating
      device is desirable to provide only in the thrust stage body C of the
      lowermost stage and can occupy a sufficient space and a design mass upon
      designing, as well as can use a large-sized and high output turbine as a
      drive turbine 7 to thereby extremely reducing the combustion time.
PAR  Further, since the rocket is not necessary to provide many thrust
      generating devices according to addition of the stage number for cutting
      off, a high speed is obtained in proportion to the addition of the stage
      number and can effectively increase the stage number of the rocket.
PAR  In addition, the present invention will include the following advantages.
PAR  Namely, the propellant system, such as the liquid fuel, the oxidant, the
      pressurized gas or the like is securely opened and closed by providing the
      rotating drum valve 18 at the connecting portion of the first and second
      propellant stage bodies A and B, and since the construction only rotates
      the rotating drum valve 18 with a proper rotating mechanism 18', the
      control is very simple and sure as compared with a case that opens and
      closes various valves, the reliability of the valve being remarkably high.
      As shown in FIG. 12, the thrust stage body C has a load shed portion 43 in
      which a launcher is formed by, for example, a fuel pipe 44 and an oxidant
      pipe 45, a load rocket 46 being provided in the launcher. A load is housed
      in the load rocket 46 and after launching the load rocket 46 is ejected
      from the thrust stage body C which is recovered on the ground.
      Furthermore, according to the present invention, various kinds of liquid
      fuel multistage rockets can be manufactured by connecting a proper stage
      number of the propellant stage bodies A and B mass-produced by the same
      standard according to a desired distance.
PAR  As many apparently widely different embodiments of the present invention
      may be made without departing from the spirit and scope thereof, it is to
      be understood that the invention is not limited to the specific
      embodiments thereof except as defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A liquid fuel multistage rocket comprising:
PA1  a thrust stage body located at the lowermost stage and having a thrust
      generating device, a combustion chamber, a thrust stage fuel tank, and a
      thrust stage oxidant tank;
PA1  a propellant stage body disposed above said thrust stage body and having a
      propellant stage fuel tank and a propellant stage oxidant tank;
PA1  an open and close valve means coupling said fuel tanks to each other and
      coupling said oxidant tanks to each other, whereby said propellant stage
      fuel and oxidant tanks are emptied of their propellant prior to emptying
      said thrust stage fuel and oxidant tanks; and
PA1  small-sized rocket means on said propellant stage body to separate said
      propellant stage body from said thrust stage body when said propellant
      stage fuel and oxidant tanks are empty.
NUM  2.
PAR  2. A liquid fuel multistage rocket according to claim 1 wherein, said
      thrust stage body contains a launcher therein.
NUM  3.
PAR  3. The liquid fuel multistage rocket as claimed in claim 1, including:
PA1  a plurality of said propellant stage bodies arranged one above the other;
PA1  a plurality of said valve means coupling said fuel tanks of adjacent bodies
      to each other and said oxidant tanks of adjacent bodies to each other,
      whereby the uppermost of said propellant stage fuel and oxidant tanks are
      empties of their propellant prior to emptying the adjacent lower fuel and
      oxidant tanks; and
PA1  a plurality of said small-sized rocket means, one of each of said
      small-sized rocket means on each of said propellant stage bodies for
      separating each of said propellant stage bodies from an adjacent lower
      body when the tanks of each propellant stage body are empty.
NUM  4.
PAR  4. A liquid fuel multistage rocket comprising:
PA1  a thrust stage body located at the lowermost stage and having a thrust
      generating device, a combustion chamber, a thrust stage fuel tank, a
      thrust stage oxidant tank, and a thrust stage pressurized gas tank;
PA1  at least one propellant stage body disposed above said thrust stage body
      and having a propellant stage fuel tank, a propellant stage oxidant tank,
      and a propellant stage pressurized gas tank connected to said propellant
      stage fuel and oxidant tanks;
PA1  a connecting portion between said bodies having a rotating drum valve
      coupling said fuel tanks to each other and coupling said oxidant tanks to
      each other, said rotating drum valve having a rotating mechanism for
      rotating said valve to a propellant open position in which propellant can
      flow between the coupled tanks, and a propellant closed position in which
      propellant cannot flow between the coupled tanks, said rotation drum valve
      communicating with said thrust stage pressurized gas tank to permit
      pressurization of said thrust stage fuel and oxidant tanks when said valve
      is in said propellant closed position, whereby said propellant stage fuel
      and oxidant tanks are emptied of their propellant prior to emptying said
      thrust stage fuel and oxidant tanks; and
PA1  small-sized rocket means on said propellant stage body to separate stage
      body from said thrust stage body when said propellant stage fuel and
      oxidant tanks are empty.
NUM  5.
PAR  5. A liquid fuel multistage rocket comprising:
PA1  a thrust stage body located at the lowermost stage, a thrust generating
      device and a combustion chamber provided in said thrust stage body;
PA1  at least one propellant stage body disposed above said thrust stage body;
PA1  a fuel tank and an oxidant tank connected to said combustion chamber
      through the intermediary of a proper open and closed valve; and
PA1  small-sized rocket means provided on said propellant stage body to cut off
      the latter from said thrust stage body, said thrust stage body and said
      propellant stage body including a rotating drum valve in a connecting
      portion there between liquid fuel tanks and oxidant tanks of said thrust
      and propellent stage bodies being respectively connected to each other,
      said propellant stage body including a pressurized gas tank connected to
      said liquid fuel tank and oxidant tank of said propellant stage body, said
      rotating drum valve being so constructed that it is rotatable with a
      proper rotating mechanism so as to communicate and close in opposite
      relationship with each other a propellant connection between said liquid
      fuel tanks and said oxidant tanks and a tank filling connection between
      said pressurized gas tank and said liquid fuel and oxidant tanks of said
      propellant stage body.
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ABST
PAL  The invention pertains to a device for firing a grenade or similar
      projectile using a weapon such as a gun, of the type which comprises a
      tubular case affixed to the rear of the grenade, a bullet trap being
      inserted into the said tube, said trap consisting of a steel mass,
      sub-calibrated to correspond to the said tube and having, near each of its
      ends, one or more centering edges resting on the inner wall of the said
      tube, or on a corresponding portion of the body of the grenade.
BSUM
PAR  This invention concerns a device for firing a grenade or similar projectile
      at the end of the barrel of a weapon such as a gun.
PAR  Various designs have already been proposed for the type of device in which
      the energy necessary for launching the projectile is produced by the use
      of special or blank ammunition, or of bullets such as are generally used
      in the weapon envisaged.
PAR  The invention concerns principally, but not exclusively, a firing device of
      the latter type.
PAR  More specifically, the invention concerns a bullet trap for use in this
      type of device, the main purpose of which is to prevent the bullet from
      damaging the grenade when fired.
PAR  In one particular form of the device, according to the invention, the
      firing can also be done through the use of blank or non-bullet ammunition.
PAR  There have already been various types of bullet trap proposed, consisting
      of a mass of rubber, plastic, felt or similar material. These devices are
      in general unsatisfactory, at least in cases where the force of the bullet
      to be stopped exceeds a certain level.
PAR  Decelerating tubes have also been proposed, which would contain metallic
      baffle plates or a liquid, designed in each case to slow the bullet down
      progressively. Such tubes have the disadvantage of being necessarily long
      and cumbersome and not being able to accommodate an additional propellant
      as a supplementary charge. Moreover, they can cause a certain risk to the
      person firing, since fragments are expelled when the grenade is launched.
PAR  The aim of the invention is to provide a device of the type envisaged but
      without the disadvantages mentioned above.
PAR  To this end, a firing device of this type is proposed, comprising a tubular
      case affixed to the end of the grenade, a bullet trap being inserted into
      the said tube, the trap consisting of a steel mass sub-calibrated to fit
      the said tube and having, near each of its ends, one or more centering
      edges resting on the inner wall of the said tube or on a corresponding
      portion of the body of the grenade.
PAR  The said mass is preferably of the hardest steel obtainable, the degree of
      hardness being determined by the appearance of cracks in the said
      mass-cracks which should be avoided if possible.
PAR  At its front extremity the said mass rests on any suitable portion of the
      tubular case or against the edge, with a washer of relatively ductile
      material, such as copper, coming between as shock absorber. This washer is
      preferably annular and in the form of a truncated cone.
PAR  In one type of construction, the head of the tubular casing can be formed
      by the rear part of the body of a fuse and by a bolt, moving axially,
      contained within this fuse. In this case, the above-mentioned washer rests
      on the body of the fuse and encircles the said bolt.
DRWD
PAR  Preferably, a supplementary charge will be included in the said tube,
      encompassing at least one part of the said mass. The above-mentioned
      details, and other features and advantages of the invention, will emerge
      more clearly from the description of one method of construction which is
      given below by way of example, though not binding in all details; it
      relates to the annexed diagrams, in which:
PAR  FIG. 1 shows a partial and diagrammatic cross-section of a grenade fitted
      with the device according to the invention; and
PAR  FIG. 2 is a larger-scale view of the section of FIG. 1 marked F2.
DETD
PAR  The whole model represented, which is designed for use with an army rifle
      as shown schematically at R, is composed of a grenade 1, the body of which
      is extended at the rear by a fuse 3, the body of which is likewise
      extended by a tubular case (5) fitted with four stabilizing blades 6 and
      adapted to fit over the barrel of rifle R.
PAR  In this example, the fuse 3 contains a bolt 7, which moves axially and one
      part of which 8 protrudes at the rear into a hollow section in the body 4
      of the fuse 3.
PAR  The bullet trap, according to the invention, is composed of a steel mass 9,
      in this case a truncated cone in form, the broad base of which is placed
      towards the rear of the tube 5. This broad base contains a circular hollow
      section 10, leaving an annular rim 11. This rim rests against a shoulder
      12, included for this purpose in the tube 5, when the device is at rest.
PAR  The mass 9 has, at its narrow end, a radial, annular projecting piece 13
      which fits into the aforesaid hollow section of the body 4.
PAR  A copper washer 14 is placed between the narrow end of the mass 9, or its
      projecting piece 13, and the mouth 15 of the said hollow section. This
      washer serves as a shock absorber. It is annular and of conical tendency
      in shape.
PAR  A slight supplementary cushioning effect can be achieved by making the free
      end of section 8 of the bolt 7 conical in shape.
PAR  A washer 16 of elastic material -- for instance felt -- is placed at the
      opening of the body 4 to take up the tolerances of construction.
PAR  To reduce the increase in diameter of the mass 9 on penetration by the
      bullet, a conical blind hole 17 is provided at the rear of the mass, this
      hole opening into the aforesaid hollow section 10. The diameter d of the
      entrance to this hole is similar to the calibre of the bullet used.
PAR  This hole 17 also has the effect of reducing -- if not completely
      eliminating -- the projection of lead backwards on impact by the bullet.
PAR  It is preferable to provide a supplementary charge 18 in the tube 5, around
      at least part of the mass 9. Shafts 19 in the annular rim 11 enable the
      propulsive gases to reach the said supplementary charge 18, whilst vents
      20 enable the gases to escape at the front of the mass 9. These gases help
      to actuate the bolt 7, by moving it axially.
PAR  Discs 21 and 22, of paper or another combustible material, are placed at
      the two ends of the steel mass 9 and delimit the volume available for the
      supplementary charge 18.
PAR  As stated above, the steel selected for the mass 9 will be as hard as
      possible, the degree of hardness being determined by the appearance of
      cracks in the mass. It is thus easy to determine the hardness through
      experimentation.
PAR  It is clear that other designs could also be envisaged, in which the said
      trap would be immobile in relation to the tube 5, the bolt 7 then being
      actuated solely by the movement of the gases. In this case, the free end
      of section 8 of the bolt 7 must not be conical in tendency.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for firing a grenade or the like from a weapon such as a gun,
      comprising: a tube affixed to the rear of the grenade, a bullet trap in
      the said tube, said trap comprising a steel mass, dimensioned to
      correspond to the said tube and having, near each of its ends, at least
      one centering edge resting on at least one of the inner wall of the said
      tube and a portion of the body of the grenade; a supplementary propellant
      charge in said tube adjacent said mass, the said mass being provided with
      vent passages, enabling a propelling gas from a gun to pass from the rear
      of the said mass to the said supplementary charge and, from there, to the
      front of the said mass.
NUM  2.
PAR  2. A device for firing a grenade or the like from a weapon such as a gun,
      comprising: a tube affixed to the rear of the grenade, a bullet trap in
      the said tube, said trap comprising a steel mass, dimensioned to
      correspond to the said tube and having, near each of its ends, at least
      one centering edge resting on at least one of the inner wall of the said
      tube and a portion of the body of the grenade, the front portion of the
      said mass resting on one of a suitable section of the said tube and the
      grenade, with a washer of ductile material, such as copper, placed
      therebetween.
NUM  3.
PAR  3. A device according to claim 2, characterized by the fact that the said
      washer is annular and essentially conical in tendency.
NUM  4.
PAR  4. a device for firing a grenade or the like from a weapon such as a gun,
      comprising: a tube affixed to the rear of the grenade, a bullet trap in
      the said tube, said trap comprising a steel mass, dimensioned to
      correspond to the said tube and having, near each of its ends, at least
      one centering edge resting on at least one of the inner wall of the said
      tube and a portion of the body of the grenade, said mass being essentially
      a truncated cone in shape having its broad base placed towards the rear of
      the said tube.
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PAL  Electrical timing and control apparatus for sequentially activating a
      plurality of electrical load circuits at predetermined and controllable
      successive timing intervals after the occurrence of a first starting
      signal wherein the activation sequence is automatically halted whenever
      any one of the electrical load circuit fails to be successfully activated.
BSUM
PAR  This invention relates to a signalling device and in particular it relates
      in one embodiment to an electrical signalling device whereby two or more
      electrical circuits may be activated in a preselected sequence at
      preselected time intervals.
PAR  Our device in a general form is one capable of transmitting signals from an
      original point in a system to a multiplicity of locations in a manner such
      that said signals reach the said locations in a preselected sequence at
      preselected time intervals. The signals may be of differing types. Thus
      for example they may be pressure signals transmitted in a fluidic system
      for example a system operated by a liquid such as water, or a system
      operated by a gas such as air or nitrogen. Alternatively they may be
      signals created by a change of temperature in a system which for example
      causes variations in pressure within such a system or activates a
      mechanical or electrical signalling means within a system. Yet again the
      signals may be created by varying the conditions within an electrical
      circuit. Still further the signals may be created by variations made in a
      source of wave borne energy for example from a source of visible,
      ultraviolet or infra red light or X-rays, or from a source of sound or
      from a laser beam.
PAR  Accordingly we provide a device comprising in combination a first component
      actuated by a first transient signal and on actuation capable of
      transmitting a second transient signal capable of actuating a first
      apparatus external to the device said first component also being capable
      of transmitting for a selected period of time-commencing at the time
      whereat said second signal is transmitted-a third signal to a second
      component; a third component actuated by actuation of said first apparatus
      which third component on actuation is capable of transmitting a fourth
      signal for a selected period of time to said second component actuated by
      the change from a first condition imposed by the simultaneous receipt of
      said third and fourth signals to a second condition imposed by the
      cessation of either of said third or fourth signals and wherein on
      actuation of said second component said second component produces a
      transient fifth signal capable of actuating a second apparatus external to
      the device.
PAR  It is known that electricity can be supplied to two or more electrical
      circuits at varying time intervals, but hitherto difficulty has been
      experienced when the time interval required has been small for example a
      time interval of the order of 10 milliseconds. Furthermore with the
      circuitry of the prior art difficulties have been experienced in
      maintaining the accuracy of the required time interval within tolerable
      limits. Still further the solution to the problem of providing a
      "fail-safe" condition in a multiplicity of circuits or locations by which
      we mean the requirement that if a circuit or location within a system has
      not been activated, then subsequent circuits or locations in the system
      will remain unactivated, has not been achieved in a reliable manner,
      particularly in the instance where the system is part of a device of small
      dimensions, for example a portable electrical device.
PAR  We have now discovered that by a suitable choice and arrangement of
      components used to form an electrical circuit the difficulties encountered
      with prior art devices may be minimized or in some instances overcome
      completely.
PAR  Accordingly in one embodiment of our invention we provide an electrical
      device comprising a first time switch capable of changing the potential of
      a first conducting means from a positive potential to zero potential and
      simultaneously changing the potential of a second conducting means from
      zero potential to a positive potential for only a selected first period of
      time and wherein said first time switch is capable of being actuated by a
      change of potential from positive to zero in the output of an actuating
      device and wherein said first conducting means is connected to a component
      which is capable of switching on an output circuit when the potential of
      said first conducting means changes from positive to zero; a second time
      switch actuated by potential change in said output circuit which seecond
      time switch when actuated changes the potential of a third conducting
      means from zero to positive for only a second selected time period; a
      logic switch which maintains a positive potential in a fourth conducting
      means only if the potential of both the second and third conducting means
      is also positive and maintains the potential of said fourth conducting
      means at zero potential if the potential of either or both of second and
      third conducting means is zero.
PAR  In the foregoing description reference has been made for ease of
      description to changes in potential from positive to zero and vice versa.
      However it will be readily apparent to those skilled in the art that such
      changes in potential need not be restricted to such limits and that other
      changes in potential may be used if desired. Devices as hereinbefore
      described but using such differing changes in potential lie within the
      scope of our invention.
PAR  Our device may be constructed from components which are well known. Thus
      the time switch may be for example a mechanical device such as a shaft and
      cam operated switching devices: alternatively the time switch may be
      formed from mechanical and electrical components in combination. We prefer
      that the time switch be an electrical component for example a mono-stable
      multi-vibrator. Such electrical components are advantageous in that they
      are of small dimensions. An added advantage is that such time switches are
      adjustable to provide time intervals which may vary over a wide range and
      the accuracy of reproduction of a desired time range is comparatively
      independent of the length of the chosen time interval. For example certain
      of the commercially available mono-stable multi-vibrators are capable of
      maintaining time intervals over prolonged periods of usage within 1
      millisecond and often within 0.1 millisecond of the desired time interval
      which may be varied from as long as several minutes to as short as a
      millisecond or even less. We have found that such mono-stable
      multi-vibrators are particularly useful in our device when the time range
      required is from 5 to 500 milliseconds say from 10 to 100 milliseconds.
PAR  The conducting means used in our device are those means normally used to
      conduct electricity within an electrical device. Thus such means may be
      for example metal conductors in the form of wire or alternatively they may
      be part of a so-called printed circuit.
PAR  Suitable actuating devices are devices which provide a means of changing a
      potential in a circuit. From amongst the many actuating devices known
      there may be mentioned for example the so-called "on-off" switches,
      rheostats and the like. Such actuating devices have been developed in many
      forms, sizes and shapes to suit the requirements of a particular purpose;
      for example for blasting purposes in the mining industry such devices are
      often in the form of the well known firing buttons or plungers.
PAR  The component used for switching on a circuit external to our device may be
      varied dependent of the characteristics of the external circuit. Thus for
      example in the instance where it is desired to apply a high voltage and a
      high current to switch on such a circuit it is convenient to use a
      capacitor in conjunction with suitable switching means for example a relay
      or a solid state device such as a silicon controlled rectifier.
PAR  The logic switch used in our device should be a device which does not allow
      electricity to proceed from its outlet to subsequent parts of a circuit
      until the switch has received a requisite number of signals from prior
      portions of the circuit to allow it to be activated. Typical of such
      devices are the well known and so-called "AND" gates.
PAR  Where desired our device may also contain within its circuitry other
      conventional devices found in electrical circuits, for example current
      flow or isolation of circuits may be controlled by inclusion of
      appropriate resistors.
PAR  Our device may be operated from either a direct or alternating current
      source of electrical power and the voltages of such a source may vary.
      Thus for example a source of electrical power may be a low voltage direct
      current source, for example a series of 11/2 volt dry cells connected so
      as to provide a 12 volt source. Alternatively an alternating current power
      supply may be transformed and rectified to provide a low voltage, say 5
      volts, direct current source of power.
PAR  Our device is particularly useful for transmitting signals to a
      multiplicity of locations in such a manner that said signals reach the
      said locations in a preselected sequence at preselected times. In the
      instances where signal transmission to two locations is desired only one
      logic switch is required. However a series in combinatin of devices
      according to our invention may be used if signal transmission to more than
      two locations is desired. Accordingly we provide a process of transmitting
      signals in a preselected sequence at preselected times to two or more
      locations wherein said process is characterized in that said process
      comprises transmitting said signals to said locations by means of our
      device as hereinbefore described. Our process may be characterized further
      in that the forward transmission of signals within our device is halted if
      compliance of said signals with preselected conditions within our device
      is not obtained. Thus a fail-safe condition within our process may be
      achieved.
PAR  Our device is particularly useful when used in mining operations,
      particularly in operations involving blasting of orebodies wherein a
      blasting operation comprises the detonation in sequence of a series of
      explosive charges located in an orebody. In modern mining practice it is
      desirable to locate and detonate a series of explosive charges in a
      pattern designed to produce a maximum of broken ore body of a desired size
      with the minimum usage of explosive material and a minimum of vibration in
      the area of the explosion. One typical method used is the so-called ring
      blasting technique wherein a multiplicity of explosive charges, say 4, 10,
      40, 200 or even more charges, is located in an ore body; the charges are
      primed individually with delay detonating devices; the detonating devices
      are then all activated simultaneously by an electrical pulse; and the
      activated detonators then detonate the explosive charges. However for such
      a technique to be successful commercially it is desirable that the
      detonation of the explosive charges occur in a predetermined sequence at
      appropriate time intervals. Since all the detonators are activated at the
      same time, the required range of delay detonators is considerable for any
      one blasting operation if the appropriate sequence and time intervals are
      to be achieved. Thus for example if four rings each of five explosive
      charges are required to be detonated in sequence with a delay between each
      detonation then 20 detonators each having a different delay period will be
      required. This creates difficulties in the supply, storage and segregation
      of detonators and also adds to problems of safety in ensuring that the
      appropriate detonators are used in the desired sequence. A further
      disadvantage of the ring blasting technique as currently performed wherein
      all the detonators are activated simultaneously, is that even in the event
      of a non-detonation of one or more explosive charges the residual
      explosive charges will still be detonated. This results in undetonated
      explosive charges being buried within the broken ore body obtained as a
      result of the blasting operation and provides a safety hazard when the
      broken ore is to be recovered for further treatment. A still further
      disadvantage is that because of the inherent variation from the optimum in
      the delay characteristics of individual detonators, there is a cumulative
      variation in the overall delay with a number of detonators; this
      cumulative variation will increase with the number of detonators and where
      the number is large, say from 100 to 200, the variation may become
      commercially unacceptable. Yet again the minimum time delay between
      detonations is sometimes greater than would be desirable for certain
      purposes. The difficulties and disadvantages outlined above may be
      overcome or minimized if the detonators in a blasting system, particularly
      in a ring blasting system, are activated by apparatus comprising our
      device or a multiplicity of our devices in an electrical embodiment as
      hereinbefore described in combination. Thus for example if in a ring
      blasting system there are four rings each of five explosive charges
      requiring detonation then by activating each ring independently at
      appropriate time intervals by means of our device the number of different
      delay detonators is reduced to 5 instead of 20 as described hereinbefore.
      Furthermore because our device contains a logic switch the possibility of
      the occurrence of detonations of explosive charges subsequent to a
      non-detonation of a charge is eliminated.  Since each ring is activated
      individually in sequence the cumulative variation in the overall delay
      over the entire system may be reduced substantially in comparison with
      that obtained by the use of prior art procedures.
PAR  Accordingly we provide in a process of blasting wherein the detonation of a
      series of explosive charges is initiated by activated detonating means in
      a preselected sequence at preselected time intervals the improvement
      comprising the step wherein said detonating means are activated consequent
      of transmission to said detonating means of a sequence of activating
      signals from an apparatus comprising one or more devices according to our
      invention.
PAR  Devices in an electrical embodiment of our invention are eminently suitable
      for use in processes of sequential blasting. Accordingly we provide a
      process of blasting which process comprises the steps of firstly, placing
      explosive charges in a series of locations; secondly, connecting suitable
      detonating means to each of said explosive charges in a manner such that
      said detonating means when activated by an electrical signal is capable of
      initiating detonation of said explosive charge; thirdly, connecting said
      detonating means to an apparatus comprising one or more electrical devices
      according to our invention; and fourthly actuating said device or devices
      so as to transmit a sequence of electrical signals to said detonating
      means whereby said detonating means are activated thereby initiating
      detonation of said explosive charges in a preselected sequence at
      pre-selected time intervals. Since our device is provided with a logic
      switch which is operative if there is a malfunction of a detonation means
      whereby a particular explosive charge is not detonated and thereby
      transmission of signals of detonating means subsequent to the
      non-detonated charge is halted our processes of blasting as hereinbefore
      described comprise the additional step of preventing the detonation of
      further explosive charges subsequent to the non-detonation of an explosive
      charge.
PAR  By means of our device the control of delay periods of time used in
      sequential blasting operations has been enhanced. Hitherto such operations
      were normally performed by means of delay detonators. Such detonators
      usually limited the delay periods to a minimum of about 20 milliseconds
      since they commonly contained both a chemical and an electric detonating
      means. By the use of our device we have now found that sequential blasting
      processes may be performed satisfactorily when the commonly used delay
      detonators are replaced by electric detonators and the delay in initiating
      the detonation of an explosive charge is controlled by means of sequential
      signals at appropriate time intervals transmitted to the electric
      detonators. Accordingly we provide a process of sequential blasting as
      hereinbefore described wherein the detonating means is a non-delay
      detonating means, preferably an electric detonator. Such a process is
      particularly useful when the desired time interval between successive
      detonations is small say from 1 to 25 milliseconds, and can also be useful
      where greater time intervals are desired although in such an instance
      delay detonators would more commonly be used. A combination of delay and
      non-delay detonating means may be used if desired to achieve a combination
      of time intervals beyond the range of delay detonating means. By suitable
      choice of time switches in our device, not only can the desired time delay
      be achieved accurately but the variation from the optimum time required
      may also be maintained within small limits. It will be appreciated that in
      our blasting processes a single detonating means may be connected to one
      of our devices or alternatively a series of detonating means, for example
      a ring of detonators, may be connected. In the latter instance the initial
      delay in detonation is provided by our device and subsequent delays within
      such a ring is provided by means of conventional delay detonating means.
PAR  In the foregoing description the use of our device has been illustrated by
      reference to blasting processes. It will be appreciated that the use of
      our devices is in no way limited to such processes and that it finds
      application in many other processes where a series of operations is
      required. Thus for example it is useful as an aid in weaving operations
      where a complicated pattern is to be produceed by the programmed
      introduction and withdrawal of yarns of differing types. It may also be
      used in controlling chemical processes involving for example the addition
      of reagents to a reaction mixture. Yet again it finds application in
      industries involving repetative operations such as mechanical grinding or
      polishing of metal or glass surfaces. An advantage of our device lies not
      only in the facility with which signals of desired duration, accuracy and
      time interval may be transmitted to a location to activate an apparatus or
      to control a mechanism but in the ease by which a sequence of steps in an
      operation may be halted if one of the steps is not performed as desired. A
      further advantage is that by suitable construction our device may be
      incorporated into a portable detonating apparatus useful in underground or
      open cut mining operations. Portability is increased when our device is
      constructed by means of printed circuit boards and encapsulation of the
      components of the device. A very practical advantage of our device when
      used in mining lies in the reduction of vibration in a mining area
      subsequent to a series of detonations by means of our device. It is
      believed that this reduction, an important factor in mine safety, is
      related to the accuracy with which the delay periods between successive
      detonations may be controlled.
DRWD
PAR  The invention will be further described by way of example with reference to
      the accompanying drawings which illustrate one embodiment of the invention
      by which delay detonators in each of two rings of detonators, each ring
      comprising 50 "L" series delay detonators connected in series with one
      another via 80 foot leads each separate detonator being placed at the toe
      end of a bore hole drilled in an ore body and loaded with 100 lbs of an
      ammonium nitrate slurry explosive composition, were detonated in sequence
      at fifty millisecond time intervals, the activation of the first ring
      occurring simultaneously with the pressing of the firing button and the
      second ring being activated 50 milliseconds later. It will be seen that a
      further ring or rings of detonators may also be activated from the second
      ring by way of a signal output obtained when the second ring is fired.
PAR  FIG. 1 is a block schematic diagram showing the sequential connection of
      units to give the required delayed outputs to the rings of detonators and
      the output circuit from which a signal may be obtained to trigger further
      delay circuits if more than two circuits are to be fired in the one
      sequence.
PAR  FIG. 2 is a timing diagram illustrating certain waveforms and sequences
      obtained in the operation of the elements of FIG. 1.
PAR  FIG. 3 is a detailed circuit diagram of one form of firing circuit which
      may be used to activate the timing unit of FIG. 4.
PAR  FIG. 4 is a detailed circuit diagram of a timing unit from which one signal
      output can be obtained to actuate a switch and subseqently activate a ring
      of detonators simultaneously with the application of the signal from the
      firing circuit, a second signal being generated to activate a second ring
      of detonators after a time delay and providing that current has flowed in
      the first ring of sufficient amplitude to have activated the detonators in
      the first ring. Providing that the same conditions regarding current flow
      in the first ring No. 1 of detonators applies to a second ring No. 2, then
      a third signal will be generated and will be available to trigger a
      subsequent circuit if required at a predetermined time interval after the
      firing of ring No. 2. Any number of these units may be interconnected to
      control any number of detonator rings as required.
PAR  FIG. 5 is a detailed circuit diagram of the energy storage, switching and
      detonator ring current monitoring circuit for one detonator ring only. The
      operation of the circuits will now be described by reference to the
      individual detailed circuit diagrams and the timing diagram and waveforms.
      No details of power supplies have been given, voltages being obtained from
      a series of dry cells connected to provide a voltage of 12 volts to the
      apparatus. The output of these cells is fed firstly to a suitable series
      voltage regulator to provide the required voltage to operate the
      integrated circuits and associated components and secondly to a DC to DC
      transistorised converter to provide the charging supply for the supply
      capacitors for the detonator firing circuits.
DETD
PAR  Operation of the circuit is then as follows:
PAR  Pressing a firing button FB (FIG. 3) causes the potential at point A in the
      circuit to be shifted from a potential approximately equal to + Vcc to
      approximately earth potential, generating a negative-going electrical
      pulse or first starting signal as shown in FIG. 2 A. The duration of this
      pulse will be determined by the time constant of a capacitor C1 and a
      resistor R2 in combination and is chosen so that it is not possible to
      generate a second pulse at point A until such time as the complete
      sequence of pulses to the detonators has been generated.
PAR  The pulse at point A is applied to the input of a first timing means which
      in the exemplary embodiment is an integrated circuit IC2 (FIG. 4) which is
      a monostable multivibrator the circuit of which is arranged so that it
      will switch only with the application of a negative-going pulse at the
      input. Two outputs (one the reciprocal of the other) are available from
      IC2. One output is applied to activate the first electrical load circuit
      via the base of a transistor Q1, FIG. 4 through R4 turning Q1 on to
      saturation and causing a differentiated output to appear at the output of
      transformer T1, FIG. 4 between points B and B.sup.1 in the circuit of
      sufficient amplitude to trigger the gate circuit of a silicon controlled
      rectifier SCR1, FIG. 5. The negative pulse appearing at the output of T1,
      coinciding with the turn-off of IC2, is clipped by a diode D1 to a value
      which is below any figure which would damage the gate circuit of SCR1. The
      second output is a timed output signal which defines a first preselected
      timing interval and is applied to an input of a first logic means
      comprising an integrated circuit IC3 (an "AND" gate) biasing this input of
      IC3 to an on-state for the duration of the pulse generated by IC2. The
      duration of this pulse is determined by the values of a capacitor C3, a
      resistor R3 and a variable resistor VR1 in combination and the duration of
      this pulse will determine the time interval between the firing of
      detonator ring No. 1 and detonator ring No. 2.
PAR  As capacitor C6 (FIG. 5) has been previously charged to the required high
      voltage, (determined by the number and type of detonators to be fired in
      the external ring) when the silicon controlled rectifier SCR1 is switched
      on by the application of the pulse between points B and B' at time
      t.sub.0, providing the detonator ring circuit is complete, current will
      flow through the ring and through resistor R13 (in series) FIG. 2C,
      activating the detonators and generating a voltage across R13. This
      voltage is applied to the input circuit of integrated circuit IC6, FIG. 5
      which is another monostable multivibrator, the circuit of which is
      connected in such a way that the multivibrator switches when a positive
      going pulse such as that obtained from R13 is applied. The switching
      period of IC6 is adjusted to exceed the time period (t.sub.1 - t.sub.0)
      FIG. 2 by at least 10%. Only one output from IC6 is used (FIG. 2D) and is
      applied as a first feedback signal to the second input of the "AND"-gate
      (IC3). Both inputs of the "AND"-gate are now biased to an on-state and an
      output signal from the "AND"-gate will be obtained as depicted in FIG. 2E.
      It should be noted that the output from the "AND"-gate will switch off at
      time t.sub.1 as the input from IC2 will turn off at this time, thereby
      closing the gate.
PAR  This output (FIG. 2E) is then fed to the input of a second timing means
      comprising integrated circuit IC4, FIG. 4 (connected as for IC2 and
      therefore responsive only to negative-going pulses). IC4 will now switch
      on at time t.sub.1 and output will be obtained as depicted in FIG. 2F,
      repeating the sequence which occurred for detonator ring No. 1, for
      detonator ring No. 2, but with the actuating pulse or second starting
      signal now originating at time t.sub.1 instead of t.sub.0, resulting in
      ring No. 2 being activated (t.sub.1 - t.sub.0) seconds after ring No. 1
      has been activated. If a third external circuit is required a similar
      monitoring circuit, as used in conjunction with detonator ring No. 1, must
      be used in conjunction with the circuit for ring No. 2, the output pulse
      (FIG. 2H) of which is fed to the second input of integrated circuit IC5
      (FIG. 4), the first input of which is already switched on by the
      reciprocal output of IC4, output from IC5 (FIG. 2J) thus being obtained to
      be used to trigger a further input circuit at time t.sub.2.
PAR  We have so far considered that in the case of both detonator rings No. 1
      and No. 2 that both circuits were complete and that sufficient current
      flowed from the supply capacitor (in ring No. 1 this capacitor was C6) to
      activate all the detonators in the ring. Let us now consider that
      detonator ring No. 1 is faulty in that it is either completely
      open-circuited or that the resistance of the ring is too high to allow
      sufficient current to flow through the detonators to cause efficient
      activation of the fuse heads. In either of the above two cases, the
      voltage generated across R13 will be too low to switch IC6 and no output
      from IC6 will be obtained. This now means that no input to input No. 2 of
      the "AND"-gate IC3, will be obtained and the gate will not be opened, thus
      preventing the output pulse from IC2 being applied to the input of IC4 and
      thereby preventing detonator ring No. 2 from being activated. If No. 2
      ring was not activated no output would be available to No. 3 ring or
      subsequent rings. Similarly if ring No. 1 was satisfactory but ring No. 2
      was faulty, ring No. 1 would be activated but ring No. 2 and all
      subsequent rings would not be activated.
PAR  The following examples further illustrate, but in no way limit, the devices
      of our invention and processes wherein they may be used.
PAC  EXAMPLE 1
PAR  An apparatus comprising a device according to our invention substantially
      as hereinbefore described and depicted in the accompanying figures and
      wherein the values of the following components were as follows:- R1 = 680
      ohms, R2 = 10 megohms, R3 = 680 ohms, R7 = 680 ohms, R11 = 6800 ohms, R12
      = 100 ohms, R13 = 0.5 ohms, C1 = 0.1 microfarad, C3 = 15 microfarad, C5 =
      15 microfarad, C6 = 6 microfarad, C7 = 15 microfarad, VR1 = 2000 ohms, VR2
      = 2000 ohms and ZD1 was a 4.3 volt, Zener Diode, was constructed and
      connected to two series each of three delay detonators in a ring
      configuration, the said detonators being capable on activation by an
      electric charge of initiating the detonation of a series of six explosive
      compositions. The detonators in ring No. 1 had delay periods of 25, 50,
      and 75 milliseconds respectively. An identical set of detonators was used
      in ring No. 2. The apparatus was actuated whereby a first electrical pulse
      was transmitted to ring No. 1 and 55 milliseconds after the transmission
      of the first pulse a second pulse was transmitted to ring No. 2. It was
      observed that sequential detonation of the explosive compositions was
      obtained at times of 25, 50, 75, 80, 105 and 130 milliseconds after the
      apparatus has been actuated.
PAC  EXAMPLE 2
PAR  Each of a series of five electric, non-delay, detonators A, B, C, D and E
      was attached as a detonating means to a small explosive charge and covered
      with sand. The primed charges were separated from each other by a distance
      of about 20 yards and were then connected by means of conducting wires
      each to a device substantially as hereinbefore described and depicted in
      the accompanying figures. The component values in each device were as in
      Example 1. The devices were electrically connected to each other and the
      time switch on each device was set so that on actuation of the detonating
      apparatus comprising the devices electrical energy was transmitted to the
      detonators as follows. A received its energy immediately the apparatus was
      actuated; B 60 milliseconds later than A; C 70 milliseconds after B; D 55
      milliseconds after C; and E 40 milliseconds after D. The apparatus was
      actuated and it was observed by means of calibrated cine photography that
      each of the explosive charges was detonated in the expected sequence of A,
      B, C, D and finally E, within 1 millisecond of the desired time.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated but detonator D was not connected
      to the apparatus. It was observed that whilst the explosive charges
      connected to detonators A, B and C were detonated in the expected sequence
      there was no detonation of the charge connected to detonator E.
PAC  EXAMPLE 4
PAR  The procedure of Example 2 was repeated but the values of capacitors C3 and
      C5 were each reduced to 1.5 microfarads and the elapsed time period
      between each detonation was adjusted to 5 milliseconds. On activation of
      the apparatus, the explosive charges were detonated in the expected
      sequence at approximately 5 millisecond intervals.
PAC  EXAMPLE 5
PAR  This example demonstrates the use of one embodiment of our device in ring
      blasting operations in a mine. From six drives in an underground copper
      mine there were bored 160 cylindrical holes in a first part of the orebody
      which extended from a face of the orebody to a distance about eight feet
      into the body. The holes ranged in length from 10 feet to 72 feet and had
      a nominal diameter of 21/4 inches. These holes were each then primed in
      the vicinity of their toe with an L series delay detonator attached to
      conducting wires, the said detonators having delay times ranging from 227
      to 714 milliseconds. Into each borehole there was placed a charge of an
      explosive composition in the form of a gelled aluminized ammonium nitrate
      slurry. The conducting wires attached to the detonators in 80 of the holes
      were connected in series so that the detonators in proximity to the
      explosive charges in these holes were connected to form part of a first
      ring and the part ring so formed was then connected by further conducting
      wire to a first apparatus comprising a device according to our invention
      and described in Example 1. The conducting wires attached to the
      detonators in the remainder of the holes were connected in a similar
      manner to form the residual part of a first ring and the residual part
      ring so formed was then connected by further conducting wire to a second
      apparatus comprising a device according to our invention and described in
      Example 1. In a similar manner to further 160 holes in a second part of
      the orebody, extending into the orebody for about a further 8 feet from
      the first part of the orebody referred to above, were primed, loaded with
      an explosive composition and the detonators therein connected as a second
      ring to the first apparatus and second apparatus referred to above. The
      first apparatus and second apparatus were then interconnected and
      simultaneously actuated from a common firing line whereby a first
      electrical pulse was transmitted from each apparatus to the part of the
      first ring to which each apparatus had been connected and 55 milliseconds
      after the transmission of the first pulse a second electrical pulse was
      transmitted in a similar manner to the second ring. The detonators in each
      ring were thus activated and caused the explosive charges to explode in a
      desired sequence and at desired time intervals. By this means
      approximately 45,000 tons of broken ore was obtained in one blasting
      operation. It was observed the broken ore so obtained was generally of
      better fragmentation than that obtained by conventional blasting
      techniques. It was also observed that the degree of vibration subsequent
      to the explosion described above was noticeably less than the vibration
      induced by conventional blasting operations in the same orebody.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electrical timing and control apparatus for sequentially activating a
      plurality of electrical load circuits at predetermined and controllable
      successive timing intervals after the occurrence of a first starting
      signal wherein the activation sequence is automatically halted whenever
      any one of the electrical load circuits fails to be successfully
      activated, said apparatus comprising:
PA1  first timing means connected to receive said first starting signal and to
      produce a first timed output signal which defines a first preselected
      timing interval,
PA1  first activation means connected to activate a first electrical load
      circuit at a first time corresponding to the time occurrence of saidi
      first starting signal,
PA1  first feedback means connected to detect the successful activation of said
      first electrical load circuit and to produce a first feedback signal in
      response thereto,
PA1  first logic means connected to receive both said first timed output signal
      and said first feedback signal and to produce a second starting signal
      occurring at a time interval subsequent to said first starting signal as
      determined by said first preselected timing interval, said second starting
      signal only being produced if both said first feedback signal and said
      first timed output signal are received by said first logic means, and
PA1  second activation means connected to activate a second electrical load
      circuit at a second time corresponding to the time occurrence of said
      second starting signal.
NUM  2.
PAR  2. Apparatus as in claim 1 further comprising:
PA1  second timing means connected to receive said second starting signal and to
      produce a second timed output signal which defines a second preselected
      timing interval,
PA1  second feedback means connected to detect the successful activation of said
      second electrical load circuit and to produce a second feedbacck signal in
      response thereto,
PA1  second logic means connected to receive both said second timed output
      signal and said second feedback signal and to produce a third starting
      signal occurring at a time interval subsequent to said second starting
      signal as determined by said second preselected timing interval, said
      third starting signal only being produced if both said second feedback
      signal and said second timed output signal are received by said second
      logic means, and
PA1  third activation means connected to activate a third electrical load
      circuit at a third time corresponding to the time occurrence of said third
      starting signal.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said first and second timing means each
      include adjustment means for independently varying and controlling said
      first and second preselected timing intervals respectively.
NUM  4.
PAR  4. Apparatus as in claim 2 wherein said electrical load circuits comprise
      explosive detonator devices.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein each of said electrical load circuits
      comprises a plurality of detonator devices.
NUM  6.
PAR  6. Apparatus as in claim 5 whereing the plurality of detonator devices in
      each of said electrical load circuits includes timing devices for causing
      successive activation of the individual detonator devices once the
      corresponding load circuit is activated by its respectively associated
      activation means.
NUM  7.
PAR  7. Apparatus as in claim 2 wherein said feedback means includes means
      responsive to the magntidue of electrical current flowing in the
      respectively associated electrical load circuits.
NUM  8.
PAR  8. Apparatus as in claim 1 wherein said first means for producing a first
      starting signal comprises a manually actuated firing button switch means.
NUM  9.
PAR  9. Apparatus as in claim 1 wherein said first timing means comprises a
      monostable multivibrator.
NUM  10.
PAR  10. Apparatus as in claim 1 wherein each of said activation means comprises
      a normally charged capacitor and an electrically controlled switch for
      connecting the corresponding electrical load circuit into a discharge
      circuit with said capacitor.
NUM  11.
PAR  11. Apparatus as in claim 1 wherein said first feedback means comprises a
      monostable multivibrator connected for triggering in response to the flow
      of at least a predetermined amount of electrical current in the first
      electrical load and producing the first feedback signal having a time
      duration overlapping that of said first preselected timing interval.
NUM  12.
PAR  12. Apparatus as in claim 1 wherein said first logic means comprises a
      logic gate which produces the second starting signal as an output in
      dependence upon the concurrence and non-concurrence of input signals
      thereto.
NUM  13.
PAR  13. Electrical timing and control device for sequentially activating a
      plurality of electrical load circuits at predetermined and controllable
      successive timing intervals wherein the activation sequence is
      automatically halted whenever any one of the electrical load circuits
      fails to be successfully activated, said device comprising:
PA1  first means for producing a first starting signal,
PA1  first timing means connected to receive said first starting signal and to
      produce a first timed output signal which defines a first preselected
      timing interval,
PA1  first activation means connected to activate a first electrical load
      circuit at a first time corresponding to the time occurrence of said first
      starting signal,
PA1  first feedback means connected to detect the successful activation of said
      first electrical load circuit and to produce a first timed feedback signal
      which defines a second preselected timing interval in response thereto,
PA1  first logic means connected to receive both said first timed output signal
      and said first timed feedbaack signal and to produce a second starting
      signal occurring at a time interval subsequent to said first starting
      signal as determined by the change from concurrence to non-concurrence of
      the input signals to the first logic means, and
PA1  second activation means connected to activate a second electrical load
      circuit at a second time corresponding to the time occurrence of said
      second starting signal.
NUM  14.
PAR  14. Apparatus comprising the combination of two or more devices according
      to claim 13 connected in series so that the second activation means of one
      device is the first means for producing a first starting signal of the
      next device.
NUM  15.
PAR  15. Apparatus as in claim 14 wherein each device includes an adjustment
      means for independently controlling the preselected timing intervals of
      each device.
NUM  16.
PAR  16. Apparatus as in claim 13 wherein said second preselected timing
      interval finishes after the termination of the first preselected timing
      interval.
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ABST
PAL  A transportation system is comprised of a first closed loop passenger and
      cargo transporter section with such section being ideally intended to
      operate at a substantially constant speed, and a second closed loop
      passenger transfer section with such section being intended to operate,
      generally between the first closed loop and a related stationary passenger
      platform, as to cyclically maintain a speed equivalent to the constant
      speed of the first closed loop, then decelerate until it is stationary
      with respect to the related stationary passenger platform and then
      accelerate until it is again at the speed of the first closed loop
      transporter section. Passengers and cargo may, during the time that the
      transfer section is stationary with respect to the passenger platform,
      transfer from the platform onto the then stationary transfer section (or
      if getting off of the system, transfer from the then stationary transfer
      section onto the platform). After the second closed loop transfer section
      has accelerated and attained the speed of the moving first closed loop
      transporter section, the passengers on the transfer section may, during
      the time that both sections are of the same speed, transfer from the
      transfer section onto the transporter section (or, if in the process of
      getting off of the system, transfer from the transporter section onto the
      transfer section). After the second closed loop transfer section has
      decelerated and again becomes stationary with respect to the stationary
      passenger platform, such passengers getting onto or getting off the system
      may again, as the case may be, transfer from the stationary platform onto
      the transfer section or transfer from the transfer section onto the
      platform. The above cycle of operation continues during operation of the
      overall transportation system.
PARN
PAR  This is a division of application Ser. No. 304,903 filed Nov. 9, 1972.
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PAC  BACKGROUND OF THE INVENTION
PAR  It is an established fact that large cities and congested urbanized areas
      have long needed systems for the mass transportation of their inhabitants.
      The increased use of buses operating on city streets has not even begun to
      show any solution to the problem of mass transportation.
PAR  Heretofore various so-called "new" concepts in mass transit systems have
      been offered. Such prior art proposed "new" systems have included subway
      installations, surface track systems, and mono-rail systems. However, none
      of such prior art systems are really new in that all of them employ either
      the conventional train (composed of a plurality of interconnected rail
      cars) or individual and separate rail cars (sometimes referred to as
      "cabs") each provided with its own motor means.
PAR  The only real difference between such above prior art systems and the
      earliest forms of transit systems is that electronic computers are now
      often employed in an attempt to control such operating parameters as, for
      example, the speed of the trains and individual motorized rail cars, the
      spacing between succeeding trains or individual motorized rail cars, the
      stopping of such trains and motorized rail cars at various areas for
      passenger boarding and de-boarding, and, often, maintaining an electronic
      record of the ever-changing location of the trains, and especially, the
      individual motorized rail cars within the overall transit system. Aside
      from other problems, experience has proven that such electronic computers
      are, for various reasons, less than reliable in the performance of their
      intended functions.
PAR  The main deficiency of such prior art systems resides in the fact that they
      still fail to provide a transit system that: (a) is relatively cheap to
      build, operate and maintain; (b) is safe in its operation; and (c) has a
      passenger capacity which not only meets the present needs of any urbanized
      area--which the prior art systems fail to do--but also provide the added
      capacity needed to accommodate future growth of any such urbanized area.
PAR  More specifically, each of the prior art systems employ transporter
      containers (the term, containers, being used generically to include either
      or both trains or individual motorized rail cars) which have to stop to
      permit boarding and de-boarding of passengers. This, of course, means that
      other passengers within the container also have to experience the
      deceleration, waiting for other passengers to board and de-board, and then
      undergo acceleration. If a particular passenger, for example, boarded the
      container at one end of the system with the destination being the other
      end of the system, such particular passenger would have to experience
      stopping for every passenger station along the system. Such cyclic
      stopping and starting, aside from being an inconvenience to the passengers
      not boarding or de-boarding, is wasteful of energy in that energy is
      consumed during both deceleration and acceleration of the transporter
      container and all the passengers therein even though only a single
      passenger may wish to de-board at a particular station.
PAR  Such prior art systems, in attempting to compensate for the time lost
      during such cyclic deceleration, stopping and acceleration of the
      transporter containers, have increased the maximum speeds of such
      transporter containers. However, in so doing, because of safety reasons,
      the spacing between succeeding transporter containers has been drastically
      increased in an attempt to prevent a following transporter container from
      colliding with a disabled transporter container in its path. As a
      consequence of such increased spacing, the total number of transporter
      containers in the overall system has to be reduced thereby significantly
      reducing the passenger-carrying capacity of the entire system.
PAR  Accordingly, the invention as herein disclosed and described is directed
      primarily to the solution of the above and other attendant problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a transportation system comprises a first
      closed loop transporter means effective for continuously moving in said
      closed loop, at least a plurality of stationary stations, second closed
      loop transfer means located as to be generally between at least certain of
      said stations and said transporter means, and propelling means, said
      propelling means being effective to cause said transporter means to
      continuously move at a generally constant speed and to cause said transfer
      means to cyclically maintain a speed substantially equivalent to the speed
      of said transporter means for a first period of time then to cause said
      transfer means to decelerate until it is at least substantially stationary
      with respect to said at least certain of said stations for a second period
      of time then to cause said transfer means to accelerate until it is again
      at a speed substantially equivalent to the speed of said transporter
      means.
PAR  Various general and specific objects and advantages of the invention will
      become apparent when reference is made to the following detailed
      description considered in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein for purposes of clarity certain details or
      elements may be omitted from one or more views:
PAR  FIGS. 1, 2, 3 and 4 are each schematic illustrations of a transportation
      system embodying the teachings of the invention;
PAR  FIG. 5 is an enlarged perspective view of a fragmentary portion of the
      transit system of, for example, FIG. 1;
PAR  FIG. 6 is an enlarged cross-sectional view taken generally on the plane of
      line 6--6 of FIG. 5 and looking in the direction of the arrows;
PAR  FIG. 7 is a further enlarged view taken generally on the plane of line 7--7
      of FIG. 6 and looking in the direction of the arrows;
PAR  FIG. 8 is a view taken generally on the plane of line 8--8 of FIG. 7, with
      certain elements removed for purposes of clarity, and looking in the
      direction of the arrows;
PAR  FIG. 9 is a cross-sectional view taken generally on the plane of line 9--9
      of FIG. 7 and looking in the direction of the arrows;
PAR  FIG. 10 is a view taken generally on the plane of line 10--10 of FIG. 7
      with certain portions removed for purposes of clarity;
PAR  FIG. 11 is an enlarged perspective view of one of the elements shown in
      FIG. 10;
PAR  FIG. 12 is an enlarged fragmentary cross-sectional view taken generally on
      the plane of line 12--12 of FIG. 10 and looking in the direction of the
      arrows;
PAR  FIG. 13 is an enlarged cross-sectional view, of one of the elements shown
      in FIG. 10, taken generally on the plane of line 13--13 of FIG. 10 and
      looking in the direction of the arrows;
PAR  FIG. 14 is a view taken generally on the plane of line 14--14 of FIG. 7 and
      looking in the direction of the arrows;
PAR  FIG. 15 is a view taken generally on the plane of line 15--15 of FIG. 14
      and looking in the direction of the arrows;
PAR  FIG. 16 is partly a schematic and partly diagrammatic illustration of the
      general electrical wiring arrangement employable in the invention;
PAR  FIGS. 17, 18, 19, 20, 21 and 22, each based on a view as that of FIG. 7 but
      greatly simplified for purposes of clarity, typically illustrate various
      modified forms of the invention.
PAR  FIG. 23, a view generally similar to that of FIG. 7, illustrates a modified
      form of propulsion means;
PAR  FIG. 24, an axial cross-sectional view, illustrates a modified form of a
      suspension wheel assembly;
PAR  FIG. 25, a view generally similar to that of FIG. 7, illustrates another
      modified form of suspension means; and
PAR  FIG. 26 is a fragmentary cross-sectional view taken generally on the plane
      of line 26--26 of FIG. 25 and looking in the direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in greater detail to the drawings, FIG. 1 schematically
      illustrates the transportation system 10 as comprising an inner closed
      loop transporter means 12 and cooperating closed loop transfer means 14. A
      plurality of station areas are schematically illustrated at 16, 18, 20 and
      22. As shown, the system 10 may comprise end portions 24 and 26 the
      function of which is to complete the loop configuration. Intermediate such
      end portions 24 and 26 may be an elongated section, as generally
      designated at 28, with what may be termed run portions effectively
      interconnecting the end portions 24 and 26 and moving in directions
      opposite to each other. The entire transit system 10 may be enclosed in
      suitable housing means as generally diagrammatically depicted by the long
      dash lines 30, 32 and 34. Such housing means may, of course, take the form
      of a subway, ground level system or an elevated system or, in fact, even a
      combination of all or any of such systems.
PAR  In such an arrangement as depicted by FIG. 1, the interconnecting run
      section 28 could easily be enclosed within a relatively narrow housing
      section as to thereby have the two run portions in close proximity to each
      other (as, for example, within a single tube of a subway system) but
      moving in opposite directions.
PAR  The first closed loop transporter means 12 is, in the preferred form of the
      invention, comprised of a plurality of pallets, platforms, cars or
      carriers 36, preferably of modular construction, which are serially
      interconnected to thereby form the closed loop configuration. The second
      closed loop transfer means 14 is, somewhat similarly comprised of a
      plurality of platforms or carriers 38, preferably of modular construction,
      which also are serially interconnected to thereby form the second closed
      loop configuration.
PAR  Further, even though 16, 18, 20 and 22 have been employed to designate
      station areas, this does not mean that there are only a limited number of
      areas where passengers may board or de-board the moving portion of the
      transit system. On the contrary, in the preferred form of the invention
      there would be a stationary platform area extending about the entire
      system. For purposes of illustration and ease of recognition, such has
      been shown in phantom lines at 40 and 42 defining therebetween such
      continuous platform area 44. (It should, of course, be apparent,
      especially as the description of the invention progresses, that in actual
      installations of a transit system employing the teachings of the
      invention, for reasons which may arise during actual design and
      installation, such a continuous platform area 44 could not be achieved.
      Such would not in any way be a departure from the scope of this
      invention.) Accordingly, for purposes of discussion, such station areas as
      16, 18, 20 and 22 are better thought of as being particular areas where
      passengers may enter and leave the overall transit system. These areas
      could be designated as by names of city streets in close proximity
      thereto.
PAR  The operation of the invention as generally depicted in FIG. 1 is as
      follows. First, let it be assumed that both the first closed loop
      transporter means 12 and the second closed loop transfer means 14 are
      moving in a direction as indicated by arrow A and that each are traveling
      at a constant speed of 30.0 mph. During this period of synchronous
      operation, any passengers on the first closed loop transporter means 12
      who wish to de-board may step from means 12 onto the second closed loop
      transfer means 14. After a preselected elapsed time, the transfer means 14
      undergoes deceleration, with respect to the platform area 44, until it
      finally becomes stationary with respect to such platform area 44. During
      the time that transfer means 14 is thusly stationary, those passengers in
      the process of de-boarding, and who have previously transferred from the
      transporter means 12 to the transfer means 14 during synchronous operation
      thereof, may now step from transfer means 14 onto the platform or loading
      means 44, and subsequently walk out of one of the station areas 16, 18, 20
      or 22. At the same time, while the transfer means 14 is still stationary,
      those on the platform area may start their boarding process by stepping
      from the platform area 44 onto the transfer means 14. During the time that
      the transfer means 14 is thusly stopped alongside the platform area 44,
      the transporter means 12, of course, continues moving at the assumed speed
      of 30.0 mph.
PAR  After a preselected interval of time, the transfer means 14 starts
      accelerating until such time as its speed is again that of the transporter
      means 12 so that there is, for all practical purposes, no relative motion
      as between transfer means 14 and transporter means 12. When this
      synchronous condition is attained, those who previously started their
      boarding operation by stepping onto transfer means 14 from the stationary
      platform area 44, now complete their boarding operation by stepping from
      the transfer means 14 onto the transporter means 12 while those who wish
      to de-board step from transporter means 12 and onto transfer means 14. The
      cycle then repeats itself in the manner described.
PAR  In view of the preceding it should be apparent that the boarding and
      de-boarding of passengers can take place over the entire length of the
      closed loop system because whenever the transfer means 14 comes to a stop,
      it is stopped throughout its closed loop. Accordingly, the loading and
      unloading capacity of the transit system 10 far exceeds the capacity of
      any other transit system heretofore proposed. Moreover, such extremely
      great loading capacities attainable by the invention are not achieved with
      any resulting reduction in either the number of passengers transported per
      unit of time by the transporter means 12 or the speed at which such
      passengers are being transported by the transporter means 12 because the
      loading-unloading function and the transporting function of the transit
      system are separate and not dependent upon each other.
PAR  In the schematic view comprising FIG. 2, all elements which are like or
      similar to those of FIG. 1 are identified with like reference numerals
      with a suffix "a". The main difference between the drawings of FIGS. 1 and
      2 is that the structure of FIG. 1 contemplates the possibility of having
      at least some part of the medially disposed section 28 situated within a
      common housing as to have, within such section, movement of passengers
      both to the left and right while in the FIG. 2 arrangement the housing
      means, identified as at 30a and 32a, also forms a single closed loop.
PAR  The FIG. 1 arrangement might better lend itself to, for example, the median
      of an automobile expressway while the arrangement of FIG. 2 might be one
      where, for example, the transporter means 12 moves to the right along one
      particular traffic corridor of a city and moves to the left along another
      traffic corridor of that city where such corridors are spaced one or more
      city blocks from each other. The overall operation of the transit system
      10a of FIG. 2 is like that described with reference to FIG. 1.
PAR  FIG. 3, in which all elements like or similar to either FIGS. 1 or 2 are
      identified with like reference numerals provided with a suffix "b",
      illustrates a transit structure like that of FIG. 2 except that it
      contemplates a transit system which might well form a relatively large
      closed loop within, for example, a major city so as to provide a belt-like
      major transit system which might, in turn, cooperate with other satellite
      type transit systems for completing an overall integrated urban transit
      system. The operation of the overall transit system 10b is like that
      described with reference to FIG. 1.
PAR  FIG. 4, in which all elements like or similar to FIG. 2 are identified with
      like reference numerals provided with a suffix "c", illustrates a transit
      system 10c which is like that of FIG. 2 with the exception that the closed
      loop transfer means 14c is placed peripherally inwardly of the closed loop
      transporter means 12, and the station areas 16c, 18c, 20c and 22c as well
      as the platform area 44c are placed peripherally inwardly of the closed
      loop transfer means 14c. This is merely to illustrate that the practice of
      the invention is not limited to having such transfer means 14 and platform
      areas peripherally outwardly of the transporter means 12. The overall
      operation of the transit system 10c is like that described with reference
      to FIG. 1.
PAR  FIG. 5 illustrates in perspective a fragmentary portion of the transit
      system 10 as might occur, for example, in that portion of section 28 of
      FIG. 1 moving to the right. Further, merely for sake of illustration, it
      is assumed that the transit system 10 is at least partly a subway
      (subterranean).
PAR  Referring in greater detail to FIG. 5, it can be seen that the modular
      cars, pallets or carriers 36 are serially connected to each other so that,
      functionally, such serially connected carriers 36 define closed loop
      conveyor means. Preferably, each of the carriers 36 comprise a base
      portion 46 and an integrally formed generally vertically extending wall
      portion 48. The base portions 46 of each of the carriers 36 may, in turn,
      carry a plurality of chairs 50 which are illustrated as being preferably
      integrally formed with the carrier.
PAR  As also can be seen, the transfer carriers or sections 38 are serially
      connected to each other so that, functionally, such serially connected
      modular sections 38 define closed loop conveyor-like means.
PAR  As will become more apparent later, in the preferred embodiment of the
      invention two gate or barrier systems are employed with the first such
      system being carried by the transporter means 12 and the second system 52,
      comprised of for example gates 54, being carried by transfer means 14. In
      FIG. 5, the transit system is illustrated as being in a condition of
      operation wherein the velocities of the transfer means 14 and transporter
      means 12 are the same (as previously described with reference to FIG. 1).
      At this condition of operation the gate or barrier system carried by the
      transporter means 12 is opened and, in the form of the invention shown,
      the opening of either gate system is achieved by having that particular
      gate system move downwardly until the top or railing of the gate is
      generally level with the floor or walking surface of the carriers 36 or
      38.
PAR  Although not essential to the practice of the invention, it is nevertheless
      contemplated that if need should arise, suitable means such as a
      vertically extending post 56 would, in turn, be provided with suitable
      means, such as ring portion 58 and a plurality of hand straps 60 which
      passengers on the transfer means 14 and in the process of either boarding
      or de-boarding the transit system can grasp in order to stabilize
      themselves.
PAR  FIG. 6 is an enlarged fragmentary view of a portion of FIG. 5 taken
      generally on the plane of line 6--6 of FIG. 5 and looking in the direction
      of the arrows. (Many of the elements shown in FIG. 6 are illustrated as
      being sectioned in planes parallel to each other merely because such
      better illustrates their relative relationships.)
PAR  As typically shown in FIG. 6, the base 46 of each carrier 36 has an upper
      floor surface 62 and lower downwardly depending rail-carrying portions 64
      and 66 situated in spaced relationship to each other generally at opposite
      sides of the carrier 36. A suitable base or support structure 68, which,
      as illustrated, may comprise a concrete bed surface 70, provides support
      for a pair of rails 72 and 74 laterally spaced from each other and
      respectively extending in a generally closed loop manner for the length of
      the entire closed loop transporter means 12. A second pair of rails 76 and
      78 are respectively suitably secured to rail supports 64 and 66. Rails 76
      and 78 as well as rails 72 and 74 are spaced from each other like
      distances in order to have rolling engagement with spaced wheels 80 and 82
      of a wheel assembly or structure 84 which includes an interconnecting
      shaft portion 86 preferably formed integrally with the wheels 80 and 82.
PAR  FIG. 7, an enlarged cross-sectional view taken generally on the plane of
      line 7--7 of FIG. 6 and looking in the direction of the arrows,
      illustrates that in the preferred embodiment, each of the track rails is
      formed to have the same effective cross-sectional configuration. For
      example, as typically illustrated by track or rail 72, each rail is
      provided with a base portion 88 defining tread surfaces 90 and 92 with a
      continuous upstanding guide portion 94 formed between such tread surfaces.
PAR  Wheel 80 is, in turn, provided with circumferential or cylindrical surfaces
      95 and 96 which respectively rollingly engage tread surfaces 90 and 92 of
      upper and lower tracks 76 and 72, while a circumferentially formed groove
      or recess 98 receives therein guide portions 94 of the same rails.
PAR  Similarly, wheel 82 is provided with circumferential or cylindrical
      surfaces 100 and 102 which respectively rollingly engage tread surfaces 90
      and 92 of upper and lower tracks 78 and 74 while a circumferentially
      formed groove or recess 104 receives therein guide portions 94 of such
      rails 78 and 74.
PAR  As illustrated in FIG. 7, the wheel structure 84 is preferably formed as to
      have the interconnecting shaft portion 86 hollow and the disc portions of
      wheels 80 and 82 generally dished thereby to some degree enhancing the
      resiliency of the wheels. In addition, a plurality of annular V-type
      grooves 106 and 108 are formed in shaft portion 86 near one end thereof
      while a second plurality of annular V-type grooves 110 and 112 are formed
      near the other end of shaft portion 86. Such V-type grooves accommodate
      the placement generally thereabout of coacting endless belt means as are
      typically illustrated in, for example, FIGS. 6, 7 and 8.
PAR  Referring now in greater detail to FIG. 8, which illustrates only a few of
      the wheel assemblies 84, it can be seen that a first plurality of
      continuous spacer belts 114 are operatively engaged with the wheel
      assemblies 84 in one set of V-grooves while a second plurality of
      continuous spacer belts 116 are operatively engaged with the wheel
      assemblies 84 in the opposite set of V-grooves.
PAR  For example, one of the first plurality of continuous belts 114 is shown
      being looped about the axle 86 of the left-most wheel assembly 84, within
      V-groove 112, and similarly looped about the axle 86 of the middle wheel
      assembly 84, also within that wheel assembly's V-groove 112. A second of
      the first plurality of continuous belts 114 is shown being looped about
      the axle 86 of the middle wheel assembly 84, within V-groove 110, and
      similarly looped about the axle 86 of the right-most wheel assembly 84,
      also within that wheel assembly's V-groove 110.
PAR  A one of the second plurality of continuous spacer belts 116 is shown being
      looped about the axle 86 of the left-most wheel assembly 84, within
      V-groove 106, and similarly looped about the axle 86 of the middle wheel
      assembly 84, also within that wheel assembly's V-groove 106. A second of
      the second plurality of continuous spacer belts 116 is shown being looped
      about the axle 86 of the middle wheel assembly 84, within V-groove 108,
      and similarly looped about the axle 86 of the right-most wheel assembly
      84, also within that wheel assembly's V-groove 108.
PAR  As indicated by the fragmentary portions of continuous belts 114 and 116,
      such are connected to both trailing and leading wheel assemblies as to
      thereby define a continuous closed-loop wheel-belt assembly for supporting
      the carriers 36.
PAR  Ideally, the center-to-center spacing of succeeding wheel assemblies 84 is
      such as to result in at least two such wheel assemblies 84 always being
      beneath every one of the carriers 36.
PAR  At this time it might be best to point out that in the preferred embodiment
      of the invention the carriers 36 would be of a one-piece construction
      molded as by foamed plastic process employing any suitable material. The
      tracks or rails 72, 74, 76 and 78 would be preferably formed of
      elastomeric material such as a tough and durable urethane, as by
      extrusion. Similarly, although the wheel assemblies 84 may be formed of
      any suitable material, it is also preferred that such be molded from a
      suitable plastic material.
PAR  FIG. 9, a cross-sectional view taken generally on the plane of line 9--9 of
      FIG. 7, illustrates, generally, the placement of the wheel assemblies 84
      beneath the carriers 36. As can be seen, in the preferred embodiment of
      the invention, the wheel assemblies 84 are not journalled to the carriers
      36 but instead are in rolling engagement with the lower tracks 72 and 74
      as well as the upper tracks 76 and 78. Consequently, if the carriers 36
      are assumed to be traveling at 30.0 mph, the velocity of the center of
      wheel assemblies 84 will only be half of the speed of carriers 36 (15.0
      mph).
PAR  The inner gate or barrier means 118 is shown as being comprised of
      individual gate means 120 having banister-like portions 122 slideably
      received in cooperating guide passages 124 formed in each of the carriers
      36. The banister portions 122 in turn support a generally horizontally
      disposed railing 126. In FIG. 7 the gate means 120 is illustrated in a
      partly lowered position whereas in FIG. 9 the same gate means 120 is shown
      in a fully raised position. With reference to FIG. 7, it can be seen that
      in the preferred form of the invention, the railing 126 is of such a
      cross-sectional configuration as to be accommodated within a chamfered
      portion 128 of carrier 36 when the gate means 120 is fully lowered thereby
      causing the top surface of railing 126 to be an extension of the floor
      surface 62. The same applies to rail 54 of gate means 52 and the chamfered
      portion 130 of transfer carrier 38. Of course, any suitable means can be
      employed for raising and lowering the gate means 120 and 52 as generally
      schematically illustrated at 132 of FIG. 9. Such means may take the form
      of electric or pneumatic motors, for example, and, if desired, using any
      such appropriate motor in combination with negator type springs. Such
      negator springs are well known in the art for use in areas where it is
      desired to effectively off-set or counter-balance the weight of a related
      member which, in this case, would be the gate means. The precise means by
      which such barrier means are raised and lowered forms no part of this
      invention and, of course, the practice of this invention is not limited to
      any such specific actuating or control means.
PAR  Referring again to FIGS. 6 and 7, it can be seen that each of the modular
      carriers 36 is provided with an integrally formed laterally extending
      flange or support platform portion 134. Suitable ribs or gussets 136 may
      also be integrally formed therewith as to provide additional rigidity.
      Similarly, reinforcing ribs or members 138 may be provided on the
      underside of and integrally with the modular carrier 36 in a manner
      strengthening rail support portions 64 and 66. The platform portion 134,
      in turn, supports and carries the transfer means 14 in a manner to be
      described.
PAR  FIG. 10, a fragmentary top plan view taken generally on the plane of line
      10--10 of FIG. 7 with certain elements and portions omitted or removed for
      purposes of clarity, illustrates the manner in which two succeeding
      modular carriers 36 may be operatively connected to each other. For
      example, the forward or leading end of each of the carriers 36 may be
      provided with a socket-like bearing surface or recess 140 with a first end
      surface 142 blending therefrom and inclined with reference to a transverse
      plane normal to the carrier 36. A second leading end surface 144,
      generally blending with the recess 140, comprises a plurality of
      finger-like projections or extensions 146 with such extensions being
      formed in the laterally extending support portion 134.
PAR  The trailing end of each of the carriers 36 may be provided with an arcuate
      projection 148 pivotally received in and cooperating with recess 140. A
      first trailing end surface 150 blends with projection 148 and extends
      therefrom as to be generally inclined with reference to a transverse plane
      normal to the carrier 36. A second trailing end surface 152, generally
      blending with projection 148, comprises a plurality of finger-like
      projections or extensions 154, with such extensions being formed in the
      laterally extending support or flange portion 134 of carrier 36.
PAR  As can be best seen in FIG. 10, the leading edge fingers 146 and trailing
      edge fingers 154 are so spaced and of such effective lengths as to place
      such fingers or extensions in a generally interleaved relationship and to
      permit substantial arcuate or pivotal motion of succeeding carriers
      generally about the axis of recess 140 or bearing means defined by 140 and
      148. As will become even more evident, such generally interspersed fingers
      or extensions 146 and 154 serve to provide a continuous supporting surface
      for wheel or roller means 156 of the transfer means 14 while still
      enabling a degree of relative arcuate movement as between succeeding
      carriers 36.
PAR  The respective succeeding pairs of carriers 36, as best illustrated in FIG.
      10, are effectively joined to each other as by spaced connecting members
      158 and 160. Typically, such connecting members are comprised as
      illustrated by 158 shown in perspective in FIG. 11.
PAR  Referring to both FIGS. 10 and 11, it can be seen that each of the
      connectors is comprised of a main generally elongated body 162 having
      integrally formed anchoring portions 164 and 166 coextensive with the
      length of the body 162. Further, in the preferred form, the connector has
      an aperture 168 formed in the body portion 162. Each of the connectors 158
      and 160 are formed of a suitable elastomeric material.
PAR  Referring to FIG. 10, a first contoured cut-out or opening 170, formed in
      the leading end of the trailing carrier 36, closely conforms to the outer
      configuration of connector 158 and accepts therein a portion of body 162
      as well as anchor portion 164; another portion of body 162 and the
      opposite anchor portion 166 of the same connector 158 are similarly
      received in a cut-out or opening 172 formed in the trailing end of
      juxtaposed leading carrier 36. The trailing carrier 36 has a second
      cut-out or opening 174 which closely conforms to the outer configuration
      of connector 160 and accepts therein a portion of body 162 as well as its
      anchoring portion 164 of such connector 160; another portion of body 162
      and the opposite anchoring portion 166 of connector 160 are similarly
      received in a cut-out or opening 176 formed in the trailing end of the
      leading carrier 36.
PAR  When such elastomeric connectors 158 and 160 are so assembled to any two
      succeeding carrier modules, such connectors are at least to some degree
      preferably placed in tension tending to pull such leading and trailing
      carriers 36 toward each other thereby maintaining pivotal integrity of the
      respective pivot means 140 and 148. Further, each of the elastomeric
      connectors have their respective lower end surfaces 178 in operative
      abutting engagement with the base portions of upper elastomeric tracks 76
      and 78 (also typically illustrated in FIG. 9) as to thereby provide
      vertical support for the portions 76' and 78' of the tracks 76 and 78
      which bridge the space between succeeding carriers 36.
PAR  In order to prevent items from falling downwardly through the space between
      succeeding carrier modules, as well as to prevent any person from
      catching, for example, the heel of his shoe in such space, tread plate or
      cover means 180 are provided generally as between such succeeding carriers
      36 in order to cover the spaces therebetween. One of the tread plates 180
      is fragmentarily illustrated in FIG. 10 with remaining portions thereof,
      for purposes of overall clarity, illustrated in phantom line.
PAR  FIG. 12, an enlarged fragmentary view taken generally on the plane of line
      12--12 of FIG. 10, with certain portions thereof in cross-section and
      other portions shown in elevation, illustrates a preferred arrangement for
      anchoring the tread plate 180. That is, each of the tread plates is of a
      width sufficient to cover the space between succeeding carriers 36, even
      when such carriers are undergoing articulated motion, and are of a length
      sufficient to cover the space across the width of the carrier floor 62.
      Further, a pair or pins or anchor rods 182 (one of which is shown in FIG.
      12) are carried by the tread plate 180 at the underside thereof. The
      anchor rods 182 are spaced from each other a distance substantially equal
      to the spacing between apertures 168 of mounted connectors 158 and 160 and
      are of a cross-sectional configuration and size permitting the insertion
      of such anchor rods 182 respectively in apertures 168 as typically
      depicted in FIG. 12. The use of such cooperating pins 182 and apertures
      168 enables the associated tread plate to simultaneously and
      correspondingly alter its relative position in accordance with any induced
      tension or contraction experienced by the connectors 158 and 160 during
      articulation of joined carriers 36.
PAR  Referring to FIGS. 6, 7 and 10, it can be seen that, somewhat similar to
      the wheel assemblies 84 supporting the carriers 36, roller or wheel means
      156 are employed for rollingly supporting the transfer carrier sections or
      modules 38. That is, a first plurality of V-like annular grooves 184 and
      186 are formed near one axial end of each of the wheel means 156 while a
      second plurality of V-like annular grooves 188 and 190 are formed near the
      other axial end of each of such wheel means 156. Such V-type grooves
      accommodate the placement generally thereabout of coacting endless belt
      means 192 and 194 as typically illustrated in FIG. 10.
PAR  For example, referring in greater detail to FIG. 10, which illustrates only
      two of the wheel means 156, it can be seen that a first plurality of
      endless belts 192 are operatively engaged with the wheel means 156 in one
      set of V-grooves while a second plurality of continuous spacer belts 194
      are operatively engaged with the wheel means 156 in the opposite set of
      grooves.
PAR  That is, a one of the first plurality of continuous belts 192 is shown
      being looped about and in the V-groove 186 of the uppershown wheel means
      156 as well as being looped about and in the V-groove 186 of the
      lower-shown wheel means 156. Similarly, a one of the second plurality of
      continuous belts 194 is shown being looped about and in the V-groove 188
      of the upper-shown roller means 156 as well as being looped about and in
      the V-groove 188 of the lower-shown roller means 156.
PAR  A second of the first plurality of continuous spacer belts 192 is shown
      being rollingly engaged in V-groove 184 of the uppershown roller means 156
      and extending to the next trailing roller means (not shown) for operative
      engagement therewith while a third of the first plurality of continuous
      spacer belts 192 is shown being rollingly engaged in V-groove 184 of the
      lower-shown roller means 156 and extending to the next leading roller
      means (not shown) for similar operative engagement therewith.
PAR  Further, a second of the second plurality of continuous spacer belts 194 is
      shown being rollingly engaged in V-groove 190 of the upper-shown roller
      means 156 and extending to the next trailing roller means (not shown) for
      operative engagement therewith while a third of the second plurality of
      continuous spacer belts 194 is shown being rollingly engaged in V-groove
      190 of the lower-shown roller means 156 and extending to the next leading
      roller means (not shown) for similar operative engagement therewith. As
      generally described above and depicted in FIG. 10, the series of spacer
      belts 192 and 194, which are preferably elastomeric, function to, in turn,
      interconnect the roller means 156 into a functionally closed loop rolling
      support system for supporting the transfer carriers 38. It should be
      mentioned that the center-to-center distance of succeeding roller or wheel
      means 156 is such as to result in at least two wheel or roller means 156
      being beneath each transfer carrier 38 at any particular time.
PAR  The preferred embodiment of the wheel means 156 is typically illustrated in
      greater detail in FIG. 13. That is, the wheel or roller means 156 is shown
      as being of a hollow configuration with V-groove annular recesses 184 and
      186 formed near one end thereof and similar V-groove annular recesses 188
      and 190 formed near the other end thereof.
PAR  Preferably, the ends 196 and 198 of each of the roller means 156 are formed
      to have a generally spherical configuration as to thereby be guidingly
      received generally within mating surfaces 200 and 202 of each of the
      support platforms 134 for supporting the transfer carriers 38, as best
      shown in FIG. 7. As also illustrated in FIG. 7 (as well as in FIGS. 6 and
      10) the contoured guide or end surfaces 200 and 202 blend with a lower
      planar support surface 204.
PAR  FIG. 14, a fragmentary top plan view of the transfer sections or carriers
      38, taken generally on the plane of the 14--14 of FIG. 7, illustrates the
      sections 38 as being comprised of a generally laterally extending body 206
      defining an outer walk or floor surface 208 as well as a planar support
      surface 210 (also see FIGS. 7 and 15) effective to be in rolling
      engagement with the roller means 156 (FIGS. 7, 10 and 13). Further,
      similar to contoured surfaces 212 and 214 which blend with planar surface
      210.
PAR  FIG. 14 also illustrates the manner in which two succeeding modular
      transfer carriers 38 may be operatively connected to each other. For
      example, the forward or leading end of each of the transfer carriers 28
      may be provided with a socket-like bearing surface or recess 216 with a
      first end surface 218 generally blending with the recess 216 and
      comprising a plurality of finger-like projections or extensions 220. A
      second leading end surface 222, generally inclined with respect to a
      transverse plane normal to the carrier 28 (as is the first end surface
      218), also comprises at least one finger-like projection 224.
PAR  The trailing end of each of the transfer carriers 38 may be provided with
      an arcuate projection 226 pivotally received in and cooperating with
      recess 216. A first trailing end surface 228 blends with arcuate
      projection 226, in a manner as to be generally inclined with respect to a
      transverse plane normal to the carrier 38, and may comprise at least one
      finger-like projection 230. A second trailing end surface 232, also
      inclined with respect to a transverse plane normal to the carrier 38, may
      comprise a plurality of finger-like projections 234.
PAR  As illustrated, the leading fingers 220, 224 and trailing edge fingers 230,
      234 are so spaced and of such effective lengths as to place such fingers
      or extensions in a generally interleaved relationship and to permit
      substantial arcuate or pivotal motion of succeeding carriers generally
      about the axis of recess 216 or bearing means defined by 216 and 226. As
      could be evident, such interspersed fingers or extensions serve to provide
      an effectively continuous supporting surface for rolling engagement across
      the top of the wheel or roller support means 156 while still enabling a
      degree of relative arcuate movement as between succeeding transfer
      carriers 38.
PAR  The respective succeeding pairs of carriers 38, as also best illustrated in
      FIG. 14, are effectively joined to each other as by spaced connecting
      members 236 and 238. Typically each of such connectors 236 and 238 may be
      comprised of a main generally elongated body 240 having integrally formed
      anchoring portions 242 and 244 coextensive with the vertical length of
      such body 240. Further, in the preferred form, each of the connectors has
      an aperture 246 formed in the body portion 240. Each of the connectors 236
      and 238 are formed of a suitable elastomeric material.
PAR  Still referring to FIG. 14, a first cut-out or opening 246, formed in the
      leading end of the trailing transfer carrier 38, closely conforms to the
      outer configuration of connector 236 and accepts therein a portion of body
      240 as well as anchor portion 242; another portion of body 240 and the
      opposite anchor portion 244 of the same connector 236 are similarly
      received in a cut-out or opening 248 formed in the trailing end of
      juxtaposed leading carrier 38. The trailing transfer carrier 38 has a
      second cut-out or opening 250 which closely conforms to the outer
      configuration of connector 238 and accepts therein a portion of body 240
      as well as its anchoring portion 242; another portion of body 240 and the
      opposite anchoring portion 244 are similarly received in a cut-out or
      opening 252 formed in the trailing end of the leading transfer carrier 38.
PAR  When such elastomeric connectors 236 and 238 are so assembled to any two
      succeeding transfer carriers 38, such connectors are at least to some
      degree preferably placed in tension tending to pull such leading and
      trailing carriers 38 toward each other thereby maintaining pivotal
      integrity of the respetive pivot means 216 and 226.
PAR  In order to prevent items from falling downwardly through the space between
      succeeding transfer carriers 38, as well as to prevent any person from
      catching, for example, the heel of his shoe in such space, tread plate or
      cover means 254 are provided generally as between such succeeding carriers
      38 in order to cover the spaced therebetween. One of the such tread plates
      is illustrated, for purposes of clarity, partly in phantom line.
PAR  Preferably, each of the cover plates 254 is provided with a pair of
      downwardly depending pins or anchor rods 256 (one of which is shown in
      FIG. 15) which are spaced from each other a distance substantially equal
      to the spacing between apertures 246 of mounted connectors 236 and 238
      and, further, are of a cross-sectional configuration and size permitting
      the insertion of such anchor rods 256 respectively in apertures 246 as
      typically depicted in FIG. 15. The use of such cooperating pins 256 and
      apertures 246 enables the associated tread plate to simultaneously and
      correspondingly alter its relative position in accordance with any induced
      tension or contraction experienced by the connectors 236 and 238 during
      articulation of joined transfer carriers 38.
PAR  As illustrated in each of FIGS. 7, 10, 14 and 15, each of the transfer
      carriers 38 is preferably provided with an outer downwardly extending side
      wall 258 which has a plurality of guide passages 260 formed therein as for
      the slideable reception therein of banisters 262 of the gate or barrier
      means 52. Just as with respect to barrier means 120, any suitable means
      can be employed for raising and lowering gate means 52 as generally
      schematically illustrated at 132' of FIG. 15. Such means may take the form
      of electric or pneumatic motors, for example, and, if desired, using any
      such appropriate motor in combination with negator-type springs. Such
      negator springs are well known in the art for use in circumstances where
      it is desired to effectively off-set or counter-balance the weight of a
      related member which, in this instance, would be the gate means 52. The
      precise means by which such barrier means are raised and lowered forms no
      part of this invention and, of course, the practice of this invention is
      not limited to any such specific actuating or control means.
PAR  Various propulsion means may be employed for propelling both the closed
      loop transporter means 12 as well as the related closed loop transfer
      means 14. However, in the preferred embodiment of the invention, it is
      contemplated that linear induction type electrical motor means would be
      employed. For example, referring in greater detail to FIGS. 6 and 7, first
      linear induction motor means may be provided as generally depicted at 264
      while second linear induction motor means may be provided as generally
      depicted at 266.
PAR  Generally, linear induction motors are known in the art and therefore such
      need not be here described in detail. However, it should be mentioned that
      generally, there are two related functional sections one of which is often
      referred to as the stator and the other, the armature or rotor. The stator
      is usually provided with an electrically energizeable winding, which, when
      so energized, creates a magnetic field about such winding and at the same
      time induces a current into armature which, in turn, produces its own
      resulting second magnetic field. The two magnetic fields react or repel
      each other thereby creating relative linear motion as between the stator
      and the armature or rotor. For purposes of reference, and not by way of
      limitation, the terms stator and armature will be used in combination with
      induction motor means 264 and 266.
PAR  As depicted, motor means 264 may be comprised of a stator 268 suitably
      fixedly mounted on a support 270 which, in turn, may be carried as by a
      related structure as, for example, a wall 272. The stator means 268 would
      extend, in a generally closed loop fashion, as to be coextensive with the
      closed loop transporter means 12. However, as should be apparent, such
      stator means 268 may be comprised of a plurality of linearly juxtaposed
      stator sections which, for practical reasons would almost certainly be
      required in order to enable ready manufacturing and installation thereof.
PAR  In comparison the armature means 274 would be suitably fixedly secured to
      the moving transporter means 12 as by related support means 276. Similar
      to the stator means 268, the armature means 274 would also extend, in a
      generally closed loop fashion, as to be coextensive with the closed loop
      transporter means 12 and the stator means 276. Further, the armature means
      274 may also be sectionalized into modular lengths (for example, lengths
      generally equal to the length of a carrier 36) and thusly carried by the
      individual modular carriers 36.
PAR  Motor means 266 may be comprised of a stator 278 suitably fixedly mounted
      on rib-like support means 136 while the armature means 280 would be
      fixedly secured to and carried by the depending wall 258 of the transfer
      carrier modules 38. As explained with regard to motor means 264, the
      stator means 266 and armature means 280 may be similarly sectionalized and
      placed generally linearly juxtaposed to define respective cooperating
      closed loops.
PAR  The current for the motor means 264 may be obtained as through suitable
      conductor means generally schematically shown at 282 and 284 while the
      current for motor means 266 may be obtained through suitable conductor
      means generally schematically shown at 286 and 288 cooperating with, for
      example, a sliding rolling or wiper contact arrangement leading to a
      related source of electrical potential.
PAR  FIG. 16, partly schematically and partly diagrammatically, illustrates the
      general electrical wiring arrangement as might be applied to the preferred
      embodiment of the invention as typified by its application to a single
      transporter carrier 36 and a coacting single transfer carrier 38.
PAR  Referring in greater detail to FIG. 16, a few of the linearly juxtaposed
      stator means 268 are typically shown as being in electrical circuit with a
      suitable source of electrical potential 300 as by conductor means 302 and
      304 cooperating with leads 282 and 284, respectively. The remaining
      stators 268 would be placed in a closed loop fashion as generally
      schematically depicted by the phantom line 306 (which, as should be
      apparent, is coextensive with the closed loop transporter means 12
      represented in FIG. 16 by the single carrier 36).
PAR  A plurality of fixed or stationary rail-like electrical contact means may
      also be provided in a manner whereby each of such plurality defines a
      separate closed loop configuration generally coextensive with the other
      closed loops of the transit system. Such stationary electrical contact
      means are respectively fragmentarily schematically depicted at 314, 316,
      318, 320, 322 and 324. Suitable control means 308 may be electrically
      connected as via conductor means 310 and 312, to source 300, is also
      electrically connected to stationary contacts 314, 316, 318, 320, 322 and
      324 as by conductor means 326, 328, 330, 332, 334 and 336, respectively.
PAR  Electrical conductors 338 and 340, leading to the actuator means 132 of
      diagrammatically illustrated barrier or gate means 120, are respectively
      electrically connected to movable (for example, rolling or sliding)
      electrical contacts 342 and 344 which are in operative engagement with
      fixed contact means 314 and 316, respectively. Conductors 288 and 286
      leading to the stator 278 are respectively electrically connected to
      moveable electrical contacts 346 and 348 which are in operative electrical
      engagement with fixed contact means 318 and 320, respectively, while
      electrical conductors 350 and 352 leading to the actuator means 132' of
      diagrammatically illustrated barrier or gate means 52, are respectively
      electrically connected to moveable electrical contacts 354 and 356 which
      are in operative electrical engagement with fixed contacts 322 and 324,
      respectively.
PAR  As generally depicted by the phantom lines, suitable feedback means 358,
      360, 362 and 364 may also be provided. For example, feed-back means 358
      may be employed for providing a feed-back signal to control means 308
      indicative of the speed of the carrier 36 (which would in effect be the
      speed of the closed loop transporter means 12); feed-back means 362 may be
      employed for providing a feed-back signal to control means 308 indicative
      of the speed of transfer carrier 38 (which would in effect be the speed of
      the closed-loop transfer means 14); feed-back means 360 may be employed
      for providing a feed-back signal to control means 308 indicative of the
      position of gate means 120; while feed-back means 364 may be employed for
      providing a feed-back signal to control means 308 indicative of the
      position of gate means 52.
PAR  Referring to, for example, FIGS. 1 and 16, the operation of the invention
      would be as follows. Source of electrical potential 300 (whether such be a
      single source or a plurality of sources) would cause continuous
      energization of stator means 268 of first motor means 264 thereby causing
      the transporter means 12 and the transfer means 14 carried thereby to
      undergo motion in their respective closed loop paths. Assuming that both
      means 12 and 14 are at the same or substantially same velocity, control
      means 308 would energize the actuator means 132 causing gate means 120 to
      become opened and thereby permitting passengers on transfer carriers 38 to
      step onto transporter carriers 36 as well as permitting passengers on the
      transporter carriers 36 to step onto transfer carriers 38. After an
      appropriate length of time (for example, 15.0 seconds) control means 308
      would cause gate means 120 to again become closed and then start to
      energize stator means 278, of second motor means 266, so as to cause such
      motor means 266 to start to propel the transfer means 14 in a direction
      reverse to the direction of travel of transporter means 12. By so doing,
      the apparent effect to anyone, for example, on the stationary platform
      means 44 would be that the transfer means 14 was undergoing deceleration
      with respect to such stationary platform means 44. Such deceleration of
      transfer means 14 would continue until its velocity with respect to
      transportor means 12 resulting in transfer means being stationary with
      respect to the stationary platform means 44. Such period of deceleration
      may consume, for example, another 15.0 seconds.
PAR  At this point it should be brought out that theoretically there is no
      energy loss because of the deceleration of the closed loop transfer means
      14 because whatever force is generated to start propelling such transfer
      means 14 in a direction opposite to the travel of the closed loop
      transporter means 12 results in an oppositely directed reaction from which
      assists in maintaining the propulsion of the transporter means 12, and, in
      fact, may actually generate a greater forward propulsion force in
      transporter means 12 than that which is generated by its own normal
      propulsion means.
PAR  When the transfer means 14 is finally stationary relative to the stationary
      platform means 44, control means 308 then energizes actuating means 132'
      of gate means 52 causing the gate means 52 to open thereby permitting any
      passengers on the transfer means 14 to step onto the stationary platform
      44 as well as permitting any persons wishing to board the transit system
      to step from the stationary platform means 44 onto the carriers 38 of the
      closed loop transfer means 14. After an appropriate length of time (for
      example, 15.0 seconds) control means 308 would again close gate means 52
      and energize the second motor means 266 as to cause the transfer means 14
      to start to reduce its speed relative to the continuously moving
      transporter means 12 thereby creating the apparent effect of accelerating,
      in the same direction of travel as that of transporter means 12, with
      respect to the stationary platform means 44. Such apparent acceleration
      would continue (for example, 15.0 seconds) until transfer means 14 was
      again at substantially the same velocity as the transporter means 12. At
      this time control means 308 would again energize actuating means 132 and
      the previously described cycle would start to repeat.
PAR  As shown in, for example, FIGS. 6 and 7, the entire transit system may also
      be provided with a suitable ventilation system comprised of a source 366
      effective for supplying temperature regulated air to cooperating ducting
      368. The ducting or passage means 368 may be contained as generally
      illustrated so as to effectively extend for the entire length of the
      transit system.
PAR  Cooperating passage means 370, 372, provided at spaced intervals along the
      transit system, werve to communicate between the interior of passage means
      368 and the space below the transporter means 12 and transfer means 14.
      Air thusly supplied for the climate control of the interior of the entire
      transit system would flow from beneath the closed loop means 12 and 14,
      through the relatively small spaces as between moving components and
      stationary structure and into the area generally above the closed loop
      means 12 and 14. In so doing, there would be a slight pressure
      differential created generally vertically across the closed loop means 12
      and 14 tending to lift such means 12 and 14. The lifting action thereby
      created would reduce the loading on the suspension system and further
      soften the ride characteristics of the transit system as well as reduce
      frictional losses.
PAR  Although not necessary to the practice of the invention, FIG. 5,
      nevertheless, illustrates the contemplated possibility of employing a
      belt-like continuously moving side-walk system 374 employing a moving
      portion 376 carrying seating means 378 thereon. This could be an advantage
      especially in situations where the transit system in either elevated or
      subterranean thereby otherwise requiring those using the transit system to
      enter and leave the transit system via conventional stairways which, as is
      common knowledge, create difficulties for the aged and completely make it
      impossible for anyone, for example, confined to a wheelchair to use the
      transit system. The moving side-walk system 374, moving from one level to
      another, would of course, enable such persons to enjoy the full benefits
      of the transit system.
PAR  FIGS. 17, 18, 19, 20, 21 and 22, each based on a view as that of FIG. 7 but
      greatly simplified for purposes of clarity, typically illustrate various
      modifications of the invention. Further, for ease of reference and
      correlation, elements in FIGS. 17-22 which are like or similar to those of
      FIG. 7 are identified with like reference numbers.
PAR  In comparing FIGS. 17 and 7, it can be seen that the main difference
      therebetween resides in the elimination of the support flange 134,
      provided by the carrier 36 in FIG. 7, and the substitution therefor of a
      stationary support track or flange 400 carried as by the platform means
      44.
PAR  FIG. 18 corresponds to the arrangement depicted by FIG. 17 with the
      exception that an additional motor means 402 may be provided, as shown,
      and comprised of stator means 404 and coacting armature means 406. In this
      arrangement motor means 266 could be employed for decelerating closed loop
      transfer means 14 with respect to platform means 44 while motor means 402
      could be employed for accelerating the transfer means 14 with respect to
      platform means 44.
PAR  FIG. 19 corresponds to the arrangement shown in FIG. 18 with the exception
      that motor means 266 of FIG. 18 is eliminated. In this arrangement the
      acceleration and deceleration of transfer means 14 is achieved by motor
      means 402 with the reaction force being against the stationary platform
      means 44 or some such stationary structure.
PAR  FIG. 20 corresponds to, for example, the arrangement shown in FIG. 17 with
      the exception that instead of motor means 266 brake means 408 and 410, as
      respectively schematically depicted by coacting brake shoes 412, 414 and
      416, 418. In this arrangement, the brake means 410 would be energized in
      order to accelerate transfer means 14 with respect to platform means 44
      and to thereafter hold the transfer means 14 at a constant speed or in
      unitary motion with transporter means 12, while brake means 408 would be
      energized to decelerate transfer means 14 with respect to platform means
      44 and to thereafter hold the transfer means 14 stationary with respect to
      platform means 44 during appropriate portions of the overall operating
      cycle.
PAR  FIG. 21 corresponds to the arrangement of FIG. 20 with the exception that
      the stationary support 400 has been replaced by the moveable support 134
      for the transfer means 14. Otherwise the operation is as described with
      reference to FIG. 20.
PAR  The structure of FIG. 22 may be considered as somewhat a combination of the
      arrangements of FIGS. 7 and 21 with the exception that brake means 408 of
      FIG. 21 has been eliminated. In the arrangement of FIG. 22, the motor
      means 266 could be employed, as described with reference to FIG. 7, for
      decelerating transfer means 14 with respect to stationary platform means
      44 and to eventually maintain transfer means 14 stationary with respect to
      platform means 44, while brake means 410 could be energized, as described
      with reference to FIG. 21, to accelerate transfer means 14 with respect to
      platform means 44 and eventually hold such transfer means 14 in unitary
      motion with transporter means 12.
PAR  It should, of course, be apparent that the various motor means 406 and
      brake means 408, 410 of FIGS. 17-22 may be connected in suitable control
      circuits generally consistent with FIG. 16.
PAR  FIG. 23, a view generally similar to that of FIG. 7, illustrates another
      modified form of propulsion. All elements in FIG. 23 which are like or
      similar to those of FIG. 7 are identified with like reference numbers. In
      comparing FIGS. 7 and 23, it can be seen that the basic difference
      therebetween resides in the elimination of the linear induction motor
      means 264 and the substitution therefor of rotary type electric motor
      means as generally depicted at 420. A plurality of such motor means 420
      may be respectively situated generally in combination with selected wheel
      assemblies 84 so as to drive the wheels 80 and/or 82 and thereby provide
      propulsion from the transit system. In such an arrangement it is
      contemplated that a plurality of electrical rail-like conductors 422 and
      424 would provide the electrical current to motor means 420 via rolling
      wheel-like contacts 426 and 428 carried as by axle means 430 and 432. In
      such an arrangement, the reaction torque of the motor means 420 may be
      applied through the axle means 430, 432 and contacts 426, 428 to the rails
      422, 424.
PAR  It should be apparent that the invention is not limited to the use of wheel
      assemblies which are unitary or integrally formed throughout. Accordingly,
      FIG. 24 is presented merely to pictorially illustrate that the wheels 80
      and 82 may be journalled with respect to each other and that further, if
      desired, the axle section 86' thereof may be comprised of generally
      telescoped and relatively rotatable portions 87 and 89.
PAR  FIG. 25, a view similar to that of FIG. 7, illustrates the fact that wheel
      assemblies need not be in free rolling engagement with the carriers 36 but
      may be journalled as by suitable bearing means 440, 442 carried within
      downwardly depending journal box structures 444, 446. Further, as
      previously indicated, it is not essential that wheels 80 and 82 be
      relatively rotatable with respect to each other.
PAR  In addition to the preferred embodiment and the various modifications
      herein specifically disclosed other modifications and embodiments are
      possible. For example, it is entirely possible that the various carriers
      herein disclosed could be situated atop railroad-type truck assemblies
      instead of the various forms of wheel assemblies herein disclosed.
PAR  Accordingly, although only one preferred embodiment of the invention and a
      limited number of modifications of the invention have been disclosed and
      described, it is apparent that other embodiments and modifications of the
      invention are possible within the scope of the appended claims.
PAR  I claim:
CLMS
NUM  1.
PAR  1.  A method of transporting an entity to be transported from a first
      stationary station area to a second stationary station area, comprising
      the steps of transferring said entity from said first stationary station
      area to a second area defined by first means standing in stationary
      relationship to said first stationary station area, accelerating said
      first means until said first means attains a velocity substantially
      equivalent to the existing velocity of second means defining a third area
      contiguous to said second area, transferring said entity from said second
      area to said third area, transporting said entity on said third area at
      said existing velocity for a distance less than the distance between said
      first stationary station area and said second stationary area,
      transferring said entity from said third area while at said existing
      velocity to said second area, controllably decelerating said first means
      from said existing velocity until said first means attains a stationary
      relationship with respect to said second stationary station area, and
      transferring said entity from said second area to said second stationary
      station area.
NUM  2.
PAR  2. A method of transporting an entity to be transported according to claim
      1 and further comprising the step of positively preventing the transfer of
      any such entity from said first stationary station area to said second
      area whenever said first means is not standing in stationary relationship
      to said first stationary station area.
NUM  3.
PAR  3. A method of transporting an entity to be transported according to claim
      1 and further comprising the step of positively preventing the transfer of
      any such entity from said second area to said third area whenever said
      first means is not at said existing velocity.
NUM  4.
PAR  4. A method of transporting an entity to be transported according to claim
      1 and further comprising the steps of positively preventing the transfer
      of any such entity from said first stationary station area to said second
      area whenever said first means is not standing in stationary relationship
      to said first stationary station area, and positively preventing the
      transfer of any such entity from said second area to said third area
      whenever said first means is not at said existing velocity.
NUM  5.
PAR  5. In a method of transportation coordination wherein entities are to be
      transported from one station to another, the improvements comprising the
      steps of supporting said entities on a primary carrier, supporting said
      entities on a secondary station, supporting said entities on a tertiary
      carrier, first imparting translation at substantially constant non-zero
      speed on said primary carrier with respect to said tertiary carrier,
      secondly imparting translation on said secondary carrier with respect to
      said primary carrier such that said secondary supporting means translates
      at the same speed as said primary carrier during a first phase and said
      secondary carrier translates at the same speed as said tertiary carrier
      during a second phase, conditioning said secondly imparted translation
      cyclically from accelerating from said second phase to said first phase
      and controllably decelerating from said first phase to said second phase,
      limiting the path of translation of said primary carrier to being fixed at
      a closed perimeter, maintaining said path and said primary carrier to
      being simultaneously substantially contiguous throughout their respective
      lengths, limiting the path of translation of said secondary carrier to
      being fixed to a closed perimeter, and maintaining said second mentioned
      path and said secondary carrier to being simultaneously substantially
      contiguous throughout their respective lengths.
NUM  6.
PAR  6. The method of claim 5 and maintaining said first and second paths as
      substantially parallel and separated from one another by a substantially
      non-varying displacement throughout their respective lengths.
NUM  7.
PAR  7. The method of claim 5 and maintaining said tertiary carrier as
      stationary with respect to said one station.
NUM  8.
PAR  8. The method of claim 5 and arranging said first mentioned path to being
      curved in part and straight in another part thereof.
NUM  9.
PAR  9. The method of claim 5 and arranging said primary carrier to have one
      portion thereof translating in a direction opposite to the direction of
      translation of another portion thereof with said one portion being
      immediately adjacent said another portion.
NUM  10.
PAR  10. The method of claim 5 and separating said tertiary carrier from said
      primary carrier with said second mentioned path.
NUM  11.
PAR  11. The method of claim 5 and separating at a substantially non-varying
      displacement said tertiary carrier and said primary carrier throughout
      their respective lengths.
NUM  12.
PAR  12. The method of claim 5 and blocking transfer of said entities from said
      primary carrier to said secondary carrier during said second imparting
      during said second phase and acceleration and deceleration between said
      first and second phases.
NUM  13.
PAR  13. The coordination of claim 12 and transferring of said entities from
      said tertiary carrier to said secondary carrier during said blocking.
NUM  14.
PAR  14. The method of claim 5 and blocking transfer of said entities from said
      tertiary carrier to said secondary carrier during said second imparting
      during said first phase and acceleration and deceleration between said
      first and second phases.
NUM  15.
PAR  15. The method of claim 14 and transferring of said entities from said
      primary carrier to said secondary carrier during said blocking.
NUM  16.
PAR  16. The method of claim 5 and transferring of said entities from said
      tertiary carrier to said secondary carrier during said second phase.
NUM  17.
PAR  17. The method of claim 5 and transferring of said entities from said
      primary carrier to said secondary carrier during said first phase.
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ABST
PAL  A device for use in a conventional conveyor system which enables trolleys
      to be batched, accumulated and individually dispatched into the conveyor
      system is disclosed. The invention comprises a batching portion and
      dispersing assembly. Flexible exciter dogs are used to drive the trolleys
      through the batching portion and dispersing assembly, and are capable of
      bending and thereby sliding over the top of the trolleys as they
      accumulate. A system of solenoid switches and mechanical stops permit
      accumulation and individual dispatching by the dispersing assembly of
      trolleys as desired, such as at inclines, declines, distribution points
      and dispatching points.
BSUM
PAC  BACKGROUND OF THE INVENTION.
PAR  1. Field of the Invention
PAR  The present invention relates to improvements in a conveyor system which
      utilizes trolleys to transport hanging merchandise, such as garments, said
      improvements relating to automatic batching, accumulating and individually
      dispersing features.
PAR  2. Prior Art
PAR  Conveyor systems employing an upper driving track and a lower riding track
      are well known in the art for use in transporting hanging goods, such as
      garments, in retail, manufacture and storage warehouse facilities. The
      conveyor systems are designed for moving large quantities of merchandise
      from one point in a storage warehouse to other points within that
      warehouse for various purposes. For example, after a new shipment of goods
      is received at the warehouse, they may be immediately placed on the
      conveyor system and dispatched to a storage location. Later, those goods
      may be placed back onto the conveyor system and transported to dispatch
      points for checking, marking, packaging or for other purposes. In most
      prior art devices, the individual trolleys are automatically dispatched
      throughout the entire conveyor system. In these prior art systems the
      trolleys are driven along the lower track by a unique pair of drive
      capturing dogs which trap the end of the trolley therebetween and drive it
      throughout the system. The drive capturing dogs are normally spaced apart,
      in a longitudinal direction by a distance of approximately 10 feet. This
      spacing enables the individual trolleys to be: dispatched at various
      points, placed onto the system, and transported up or down inclines.
PAR  One problem encountered in prior art conveyor systems is that it is not
      possible to introduce a large group of trolleys into the conveyor system
      at one time, but instead the trolleys must be handled individually into
      the system. Thus, if a train of trolleys is ready to be placed on the
      system for distribution to various points, an operator is required to
      individually place each trolley on the system whenever a free pair of
      drive capturing dogs is available. These systems are very inefficient
      because of the large areas of unused space in the conveyor and because of
      the inability to batch handle large groups of trolleys. If more than one
      trolley is placed onto the system without individually being captured by a
      unique pair of dogs, the trolleys will bind and knock each other from the
      track whenever an incline, decline or accumulation point is reached. Thus,
      it becomes imperative that an operator individually place trolleys onto
      the system.
PAR  Some prior art systems employ automatic feed-in devices. These devices
      enable a number of trolleys to be placed on a separate line which is
      declined so as to provide an accumulation of trolleys to the automatic
      feeder. The feeder places trolleys onto the system one at a time as the
      drive capturing dogs become available. However the problems in this system
      are; that separate trolley lines are required for the automatic feeder
      system; the device is very expensive; and the basic conveyor system is
      still inefficient in its space utilization.
PAR  The present invention solves these problems and provides a device which
      allows, batch feeding onto the conveyor system from any point along the
      conveyor, provides for train-like end to end transportation of the
      trolleys in the conveyor system, permits stopped accumulation of the
      trolleys within the conveyor system and allows for individual dispatching
      of the trolleys from the system at distribution points.
PAC  SUMMARY OF THE INVENTION.
PAR  The present invention provides a batching portion and dispersing assembly
      for use in a conventional conveyor system, comprising; an upper track
      containing a driving chain with drive capturing dogs, and a lower trolley
      carrying track. The batching portion comprises upper and lower tracks
      spaced apart such that the drive capturing dogs pass over the trolleys and
      do not force them along the track. Flexible exciter dogs are coupled to
      the driving chain for pushing trolleys along the track and through the
      batching portion and the dispersing assembly. The dispersing assembly
      provides for accumulating a train of trolleys from the batching portion
      and for individually dispatching the trolleys so as to be captured and
      carried by the spaced apart rigid drive capturing dogs. The dispersing
      assembly comprises a system of stops and solenoid switches. A stop
      accumulates the trolleys and is activated by the solenoid switches so as
      to release one trolley at a time into the conveyor system at each
      appropriate time.
PAR  An object of the invention is to provide a batching and dispersing system
      which is capable of being incorporated in a functional conveyor system at
      a low cost.
PAR  Another object of the invention is to provide a batching system for a
      functional conveyor system which enables maximum space usage and minimizes
      manual loading and the time to load.
PAR  Still another object of the invention is to provide a dispersing assembly
      which can accumulate trolleys arriving in a batch form and in turn
      individually dispatch these trolleys through the remainder of the conveyor
      system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is an elevation view of a portion of a conveyor system containing
      the batching portion and dispersing assembly of the present invention;
PAR  FIG. 2 is an expanded view of the dispersing assembly shown in FIG. 1;
PAR  FIG. 3 is a bottom view of the dispersing assembly shown in FIG. 2
      illustrating the mechanical stop in an open position;
PAR  FIG. 4 is a partially cut away, expanded elevation view of a portion of the
      dispersing assembly of FIG. 1, with a trolley thereon;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 4
      illustrating the upper and lower tracks with a trolley on the lower track;
PAR  FIG. 6 is a bottom view taken along line 6--6 of FIG. 4 illustrating a
      trolley contacting the first set of activating switches;
PAR  FIG. 7 is a bottom view taken along line 3--3 of FIG. 2 illustrating the
      stop in the closed position;
PAR  FIG. 8 is an expanded sectional view taken along line 8--8 of FIG. 4;
PAR  FIG. 9 is an elevation view of the dispersing assembly of FIG. 1
      illustrating an accumulation of trolleys;
PAR  FIG. 10 is an expanded sectional view taken along line 10--10 of FIG. 9
      illustrating a flexible exciter dog passing over the top of the trolley;
PAR  FIG. 11 is an expanded sectional view of the flexible exciter dog of FIG.
      10 and upper and lower tracks;
PAR  FIG. 12 is a cross-sectional view of the flexible exciter dog taken along
      the line 12--12 of FIG. 11;
PAR  FIG. 13 is an elevation view of the dispersing assembly of FIG. 1 showing
      the drive capturing dogs contacting the upper activating switches
      releasing the leading trolley;
PAR  FIG. 14 is a cross-sectional view taken along line 14--14 of FIG. 13;
PAR  FIG. 15 is an elevation view of the drive capturing dogs of FIG. 13
      capturing the trolley released from the dispersing assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is for use in combination with a conventional
      conveyor system, well known in the art, which is comprised of an upper
      track containing a driving chain and a lower supporting track for carrying
      trolleys. Such trolleys are often used for carrying hanging goods such as
      garments or boxed and or flatfold goods on shelf carriers and thus the
      preferred embodiment will be described with respect to such systems. Such
      conveyor systems are manufactured by Pace Systems of North Hollywood,
      California. The present invention is comprised of two assemblies which may
      be employed either separately or in combination as described throughout
      this application. The first assembly is the batch assembly portion of a
      conveyor system which permits the transportation of a single trolley or of
      a train of trolleys. In the batching portion, the trolleys may move as a
      train and are not necessarily individually propelled along the track by
      individual drive capturing dogs. The batching portion employs flexible
      exciter dogs coupled to the driving chain to move the trolleys along the
      track through the batching portion and dispersing assembly. The upper and
      lower tracks in the batching section are spaced apart at a greater than
      normal distance so as to permit the individual drive capturing dogs to
      pass above the top of the trolleys without capturing or propelling the
      trolleys. The dispersing assembly which permits trolleys to accumulate at
      designated locations, normally at the end of the batching portion, permits
      individual dispatching of the trolleys into the system for distribution or
      to negotiate inclines and declines.
PAR  The batching portion 16, FIG. 1, of the present invention is formed by
      spaced apart upper and lower tracks 20 and 30 respectively of a
      conventional conveyor system. For example, the distance in a typical prior
      art conveyor system between the bottom of the upper track 20 and the top
      of the bottom track 30 is 21/2 inches. A typical trolley employed with
      these conveyor systems has rolling heads, such as heads 73 and 74, FIG. 4,
      which ride along the top of the lower track such as lower track 30,
      extending upwards approximately 11/2 inches therefrom. The drive capturing
      dogs, such as dogs 22 and 23 extend downward approximately 2 inches and
      are thus capable of capturing the rolling heads of the trolleys. The drive
      capturing dogs are coupled to a chain such as chain 21, FIG. 4, which is
      contained within the upper track and propels the drive capturing dogs
      throughout the system. Thus, in the prior art the drive capturing dogs
      captured the rolling head of a trolley and forced it to move along the
      system as is done in sections of the present invention as shown in FIG.
      15.
PAR  The drive capturing dogs are formed from a rigid material to insure
      positive capturing and motivation of the rolling heads. Under normal
      operating conditions, each pair of drive dogs are spaced apart
      approximately 10 feet to permit proper functioning of the system. This use
      of known conveyor systems is very inefficient both as to space usage and
      the amount of necessary manual operation. Excessive manual labor time is
      required since each of the trolleys must be individually placed into the
      system only at intervals when free drive capturing dogs are available.
PAR  The batching portion 16 of the present invention employs a track of a
      conventional type, however, portions of the upper track are spaced from
      the lower track by an additional increment of approximately one inch in
      the presently preferred form. The increased spacing of the tracks is
      accomplished by bending the the upper track as shown in FIG. 1, or
      alternatively by bending the lower track downward. This increased spacing
      permits the drive capturing dogs 22 and 23 to pass over the rolling heads
      73 and 74, FIG. 4, of each trolley 70, and hence an entire train of
      trolleys can be placed on the batching portion of the track without the
      necessity of being spaced apart.
PAR  The upper and lower tracks 20 and 30 respectively are shown best in the
      cross sections of FIGS. 4 and 5. The upper track 20 is generally
      rectangular in cross section, having an open lower portion through which
      the drive capturing dogs 22 and 23 extend. A chain 21 is contained within
      the track and is used to drive the drive capturing dogs throughout the
      system. The lower track 30 is generally tubular in shape such that the
      wheels 75 of rolling head 73 of trolley 70 can engage the upper portion of
      the track 30 and easily roll thereon. The tracks are disposed in parallel
      disposition one above the other. The lower track 30 is secured to and
      supported from the upper track 20 by a plurality of fastening members 24
      which are generally `C` shaped. The upper track 20 is suspended from the
      ceiling 26 by a series of structural members 25 which are coupled to the
      upper track by welding or other known fastening means.
PAR  The intermediate support member 31 is disposed horizontally between the
      upper and lower tracks 20 and 30 respectively and is used to support
      switches 49, 61, 62, 55 and 56, the solenoid valves 90 and the mechanical
      stop assembly 40. The intermediate support member 31 is supported from the
      upper track 20 by a plurality of supporting members 32 as best illustrated
      in FIG. 2.
PAR  The trolleys are moved along the batching portion 16 of the system by
      flexible exciter dogs 28 illustrated best in FIGS. 11 and 12. These
      exciter dogs 28 are formed from a flexible rubber belting which may be
      reenforced with nylon or other material and which, in the presently
      preferred form, is 1/4 inch to 5/16 inches thick. The flexible dogs are
      coupled to the driving chain 21 in the upper track by a rigid metal
      coupling 29 and the flexible portion 28 is secured thereto by bolts or
      other known fastening means along the top edge thereof. The flexible dog
      28 has an aperture 37 cut in the lower end which extends around a major
      portion of the lower track 30 as shown in FIG. 12. Aperture 37 permits the
      flexible exciter dog 28 to be aligned with lower track 30 so as to push
      the roller heads 73 and 74 of the trolleys without contacting the lower
      track 30. The flexible dogs 28 are spaced one from another a sufficient
      distance to permit driving a train of trolleys along the system. The
      spacing distance may vary since the weight and size of the trolleys may
      vary along with the average number of trolleys contained in a train. If
      the train becomes long and heavy, the flexible dog will ride over the
      rolling heads 73 and 74 of the trolleys and will not force them through
      the system. Thus, additional flexible exciter dogs 28 may be required to
      be added to the system to drive longer and heavier trains. The flexible
      dogs 28 provide sufficient force to drive the trolleys, yet when the
      trolleys reach an accumulation point, where they are forceably stopped,
      the flexible dogs will ride over the top of the rolling head of the
      trolley as best shown in FIG. 10.
PAR  If a train of trolleys is pushed along the tracks by the drive capturing
      dogs, a jam will occur at distribution points, accumulation points, or at
      inclines and declines. The same results will occur if the batching portion
      16 of the present invention is attempted to be utilized without a
      dispersing assembly at either an accumulation point, distribution point or
      at an incline or decline. Thus, a dispersing assembly 17 which is capable
      of individually dispatching trolleys back into the conveyor system at
      these distribution points.
PAR  Referring now to FIGS. 1 and 2, the dispersing assembly will be described.
      The dispersing section shown in FIG. 2 is capable of accumulating a train
      of trolleys within a batching portion of a conveyor system and thereafter
      individually dispatching the trolleys back into a conventional conveyor
      system having individual drive capturing dogs. The dispersing assembly is
      normally disposed immediately before an incline or distribution point but
      may be used at various other points within the system and is normally used
      to connect a batching portion to an existing conveyor system. Thus, the
      space between the upper and lower tracks must narrow at the exit of the
      dispersing assembly to match that of the conventional system.
PAR  The trolleys that are referred to in this disclosure are of the
      conventional type that are employed with the prior art conveyor systems.
      The dispersing assembly is described in reference to these trolleys,
      however, the dispersing system can be modified to operate with different
      trolleys. The trolleys referred to herein are disposed on the lower track
      such that the load carrying portion 71 is beneath the lower track 30 and
      parallel to both the upper and lower tracks. Vertical members 72 and 82
      extend from the forward and rear roller heads 73 and 74 respectively to
      the end of the load carrying member 71 to the rolling heads. Vertical
      members 72 and 82 are coupled eccentrically from the rolling heads and
      load carrying members so as to pass freely along the system without
      contacting the lower track as best shown in FIG. 5.
PAR  The dispersing assembly 17 (FIG. 2) operates by projecting a mechanical
      stop 41 into the path of the rolling head 73 of a first trolley 70, which
      causes that trolley to stop and the following trolleys to accumulate
      therebehind forming a train. The assembly employs a system of switches to
      control a solenoid valve for actuation of a premature piston assembly to
      control the stop and release one trolley at a time into the system such
      that it is captured by a pair of drive capturing dogs. This system is
      described in detail below.
PAR  Referring first to FIGS. 6, 7 and 8 the mechanical stop assembly 40 which
      accumulates trolleys from the batching portion and releases them one at a
      time back into the conveyor system is shown. Referring specifically to
      FIG. 6, the mechanical stop assembly 40 is shown in its open position. In
      the open position, the trolleys are free to pass along the lower track
      without encountering the mechanical stop 41. The mechanical stop 41 is
      rotably mounted on shaft 46 and is integral with actuating arm 44. Arm 44
      is coupled to piston rod 42 which is secured to a pneumatic piston 43
      capable of being driven forward and backward by a double acting solenoid
      valve 90 such that rod 42 drives arm 44 which causes stop 41 to rotate
      from the open to closed position. Solenoid valve 90 is activated by a
      series of switches, the operation of which is disclosed hereinafter. The
      pneumatic piston and solenoid valve are cooperatively arranged in a
      conventional manner such that the piston, once driven to one position,
      will remain until driven to the opposite position.
PAR  An anti-reversing lever 34 is disposed beneath the lower track 30 in a
      groove in the bottom surface of member 33 which is secured to the bottom
      of track 30, as shown in FIG. 8. (A bottom view taken along line 8--8 of
      FIG. 4). The lever 34 engages the back edge of the vertical portion 82 of
      the trolley and thereby prevents it from reversing its path of travel. The
      anti-reversing lever 34 is formed so as to project from the side of the
      track toward the vertical member 82 of the trolleys, and is mounted
      rotably on pin 35. A spring 36 is disposed between end 38 of lever 34 and
      a hook 37 so as to cause the anti-reversing lever 34 to be urged such that
      it's tip projects outward toward the trolley. A stop 83, formed by the
      edge of the groove in member 33, limits rotation and allows the tip of the
      lever 34 to project so as to engage the trolleys. Lever 34 is generally
      curved on its rearward portion such that an approaching trolley may cause
      it to rotate about point 35 and permit the trolley to pass thereover in a
      forward direction. However, when the trolley passes the lever, the spring
      urges the lever to rotate back into its projecting position exposing a
      perpendicular surface which engages the backside of vertical member 82 of
      trolley 70. The trolley is thereby prohibited from rolling backwards, but
      is permitted to travel forward until engaging stop 41.
PAR  The dispersing assembly contains five interconnected solenoid switches
      which activate the solenoid valve and positions the mechanical stop
      assembly 40 causing one trolley at a time to be dispatched into the
      conveyor system and carried along by the individual drive capturing dogs
      22 and 23. A pair of upper switches 61 and 62 have actuating members 57
      and 58 respectively, disposed beneath the upper track as illustrated in
      FIGS. 13 and 14. The switch actuating members are spring loaded so as to
      be urged in position to engage the drive capturing dogs. Switch actuating
      members 57 and 58 are spaced apart a distance such that the forward part
      of forward dog 22 engages member 57 at the same time that the forward
      portion of the rear dog 23 engages member 58. A third switch 49 is
      provided having an actuating member 48 (FIG. 13) disposed so as to engage
      member 82 of a trolley to indicate the proper position of a trolley ready
      for release by the dispersing assembly. The solenoid switches 49, 61 and
      62 are all electrically coupled in series to the solenoid valve 90 such
      that activation of one or two of the switches will not generate a signal
      to the solenoid valve, but simultaneous activation will activate the valve
      to drive the stop 41 to the open position shown in FIG. 6, and remain in
      that position until (double acting) solenoid valve 90 is activated to
      drive the pneumatic piston in the reverse direction.
PAR  A pair of switch actuating members 51 and 52 are disposed beneath the lower
      track 30 and project outward therefrom so as to be capable of engaging the
      vertical members 72 and 82 of the trolley 70 as best illustrated in FIGS.
      2 and 6. The actuating members 51 and 52 are coupled to switches 53 and 54
      respectively and are spaced apart such that the forward member 52 is
      capable of engaging the forward part of vertical member 72 at the same
      time that the member 51 engages the forward part of the rear vertical
      member 82. The switches are spring loaded so as to urge the actuating
      members into position to contact the vertical members of the trolley. The
      switches 53 and 54 are electrically coupled in series to the solenoid
      valve 90 to drive the pneumatic piston to the reverse position thus,
      activation of one of the switches at any time will not generate a signal
      to the system. However activation of both switches simultaneously will
      activate solenoid valve 90 to drive the stop 41 to the position shown in
      FIG. 7. As shown in FIG. 6, a trolley 70 is engaging both of the members
      51 and 52 at the same time and thereby causing solenoid switches 53 and 54
      to couple power to the solenoid valve.
PAR  Having now described the physical components of the dispersing assembly,
      the operation of those components will now be described in reference to
      their use. In the operating mode, the conveyor system is in continual
      movement. However trolleys are not always present in the batching portion
      and flexible exciter dogs 28 continually pass through the dispersing
      assembly without pushing trolleys. The mechanical stop 41 remains open
      during these periods since it is opened by the passage of a pair of dogs
      and is not closed until a trolley is in position. If the mechanical stop
      41 is projected over the lower track 30, the flexible dogs 28 would ride
      over the mechanical stop 41 similar to the manner they ride over the
      trolley as shown in FIG. 10, which would cause the flexible dogs to wear
      unnecessarily. Thus, the system is designed as described to operate with
      stop 41 in the open position until a trolley is available for dispatching.
PAR  The procedure for opening and closing the mechanical stop and operating the
      dispersing assembly will now be described in detail. Referring to FIG. 1,
      a trolley 70 containing hanging merchandise 80 is shown approaching the
      dispersing assembly 17 through the batching portion 16. In the position
      shown, the vertical member 72 is approaching switch actuating member 51.
      However, since member 52 is not activated at precisely the same instant,
      the solenoid valve 90 will not be activated. As trolley 70 continues into
      the dispersing assembly, being pushed by flexible dog 28, the forward
      vertical member 72 of trolley 70 contacts the switch actuating member 52
      while the rear vertical member 82 of trolley 70 contacts switch actuating
      member 51 as illustrated in FIG. 4. At this point, the forward rolling
      head 73 of trolley 70 has passed stop 41 and is continuing into the
      dispersing assembly. In FIG. 6, the trolley is shown contacting switch
      actuating members 51 and 52 and causing them to simultaneously activate
      their respective solenoid switches 53 and 54 so as to activate solenoid
      valve 90 thereby driving the pneumatic cylinder 43 to the extended
      position, causing stop 41 to rotate to block the path of oncoming trolley
      70. As trolley 70 proceeds into the dispersing assembly, the rear rolling
      head 74 contacts stop 41 while the flexible exciter dog 28 bends and slips
      over the top of the rolling heads 72 and 74 as shown in FIG. 10. Prior to
      the rear rolling head contacting stop 41, the rear vertical member 82 of
      the trolley passes over antireversing lever 34 and contacts the switch
      actuating member 48. Anti-reversing lever 34 prevents the trolley from
      rolling backwards thereby trapping rolling head 74 between stop 41 and
      lever 34, causing switch 49 to remain in the closed position.
PAR  When solenoid switch 49 is activated, it enables the stop release
      electrical circuit and permits the paired solenoid switches 61 and 62
      disposed beneath the upper track 20, shown in FIG. 13, to control. Thus,
      when the first driving dog 22 engages member 57 while dog 23 engages
      member 58 closing switches 61 and 62 respectively, and solenoid switch 49
      is activated, power is coupled to solenoid valve 90 to cause the pneumatic
      cylinder 43 to be activated and rotate the mechanical stop 41 to the open
      position shown in FIG. 6, thereby permitting trolley 70 to be forced
      through the dispersing assembly by flexible dogs 28. As the trolley
      proceeds forward, the upper track slopes downward such that the upper
      rolling head 73 is capable of being captured between the drive capturing
      dogs 22 and 23 as shown in FIG. 15. The drive capturing dogs individually
      propel the trolley up or down the incline or through the distribution
      point. After the first trolley has left the dispersing assembly, the
      mechanical stop 41 remains in the open position until the next trolley 70
      is driven forward and simultaneously actuates switches 53 and 54, thereby
      causing the mechanical stop 41 to rotate into the closed position, to
      confirm the respective trolley to a position in readiness for individual
      release.
PAR  The dispersing assembly permits the accumulation of trolleys from the
      batching assembly as shown in FIGS. 9 and 13 and will individually permit
      the trolleys to be dispatched into the system. After the trolley has
      passed through the distribution point or up or down the incline, a
      separate batching portion can be employed by a simple diversion of the
      upper and lower tracks to accumulate and batch handle trolleys and thereby
      make a more efficient utilization of the space and conveyor system.
PAR  A safety feature of the present invention results from the fact that the
      mechanical stop 41 is driven into position by a pneumatic cylinder 43. The
      air pressure supplied by the pneumatic cylinder can be controlled such
      that when a certain pressure is exerted against a train of trolleys
      sufficient to cause jamming, the mechanical stop will open and permit a
      trolley to pass therethrough without causing a major jamming.
PAR  Thus, the present invention discloses a method for improving a conventional
      conveyor system such that batch processing may be employed to handle a
      train of trolleys while the dispersing assembly accumulates and
      individually dispatches them through distribution points, or up or down
      inclines. The invented structure minimizes the time an operator spends
      feeding the trolleys into the system, while providing efficient space
      usage of the conveyor system. The flexible dogs which propel the trolleys
      are capable of bending and passing over trolleys as they accumulate yet
      supply sufficient force to drive the trolleys. However, while the
      preferred embodiment of the present invention has been described in detail
      herein, it will be understood by those skilled in the art that various
      changes in form and detail may be made therein without departing from the
      spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for batching and dispersing trolleys in a conveyor system
      having an upper track containing a driving chain coupled to at least one
      trolley drive capturing driving means, and a lower track spaced a first
      distance from said upper track for supporting trolleys, said system for
      batchings and dispersing comprising:
PA1  a. a batching portion wherein a plurality of trolleys may be transported in
      a group, said batching portion being formed by spacing said lower track
      from said upper track a second distance, said second distance being
      greater than said first distance;
PA1  b. a dispersing assembly for accumulating said trolleys and for
      individually dispatching said trolleys into said conveyor system, said
      dispersing section comprising a stop means for blocking the path of said
      trolleys;
PA1  c. a sensing means for activating said stop means;
PA1  d. a driving means for forcing batched trolleys through said batching
      portion and dispersing assembly.
NUM  2.
PAR  2. The system of claim 1, wherein said driving means comprise flexible dogs
      coupled to said driving chain, said flexible dogs being a means for
      yieldably encouraging said trolleys along said lower track.
NUM  3.
PAR  3. The system of claim 2, wherein said flexible dogs are fabricated from
      nylon reinforced rubber belting having a thickness of 1/4 to 5/6 inches.
NUM  4.
PAR  4. The system of claim 1, wherein said second distance between said upper
      and lower tracks is formed so that said trolley drive capturing means pass
      over said trolleys.
NUM  5.
PAR  5. The system of claim 1, wherein said stop means is activated between
      first and second positions by a pneumatic cylinder and is capable of being
      disposed into the path of a trolley when in said first position to stop
      the progress of said trolley through said dispersing assembly.
NUM  6.
PAR  6. The system of claim 1, wherein said sensing means is comprised of:
PA1  a. a first sensing means for sensing a trolley entering said dispersing
      assembly and for activating said stop means into said first position
      blocking the path of said trolley;
PA1  b. a second sensing means for sensing said drive capturing means as it
      leaves said dispersing assembly and for activating said stop means into
      said second position such that the stopped trolley is individually
      released and driven forward by said driving means and captured by said
      drive capturing means.
NUM  7.
PAR  7. A system for batching and dispersing trolleys, in a conveyor system
      having an upper track containing a driving chain coupled to a trolley
      drive capturing means, and a lower track spaced a first distance from said
      upper track for supporting said trolleys, said trolleys having a first and
      second end, said system for batching and dispersing comprising;
PA1  a. a batching portion wherein a plurality of trolleys may be transported in
      a group, said batching portion being formed by spacing said lower track
      from said upper track a second distance, said second distance being
      greater than said first distance and sufficient to permit said drive
      capturing means to pass over said trolleys;
PA1  b. a dispersing assembly for accumulating said trolleys from said batching
      portion and for individually dispatching said trolleys into said conveyor
      system, said dispersing section comprising a stop means for blocking the
      path of said trolleys;
PA1  c. a plurality sensing means for activating said stop means;
PA1  d. a driving means for forcing batched trolleys through said batching
      portion and disbursing assembly, said driving means being flexible and
      coupled to said driving chain and capable of bending and sliding over said
      trolleys as said trolleys accumulate;
PA1  e. an anti-reversing means for preventing a stopped trolley from
      disengaging said stop means.
NUM  8.
PAR  8. The system of claim 7, wherein said plurality of sensing means
      comprises:
PA1  a. a first sensing means comprising a spaced pair of first elongated
      members coupled to at least a first solenoid switch, said at least a first
      solenoid switch being activated only when both of said first elongated
      members are simultaneously displaced by said first and second end of said
      trolley, said activated first solenoid switch causes said stop means to be
      activated, said stop means thereby blocking the path of an oncoming
      trolley;
PA1  b. a second sensing means comprising of a spaced pair of second elongated
      members coupled to at least a second solenoid switch, said at least second
      solenoid switch being activated only when both of said elongated members
      are simultaneously contacted by said drive capturing means, said activated
      second solenoid switch causing said stop means to be activated thereby
      causing said stop means to unblock the path of said trolley.
PA1  c. a third sensing means coupled to said second sensing means comprised of
      a third elongated member coupled to at least a third solenoid switch, said
      third sensing means for closing a switch thereby completing a circuit and
      permitting said second sensing means to activate said stop means, said
      third sensing means activated when said trolley is positioned between said
      stop means and said anti-reversing means, said third sensing means
      activated by said third elongated member contacting said trolley.
NUM  9.
PAR  9. In a conveyor system which includes an upper track containing a driving
      chain coupled to at least one drive capturing means, and a lower track
      spaced a first distance from said upper track for supporting trolleys, the
      improvement wherein a batching portion is formed by spacing said lower
      track from said upper track a second distance, said second distance being
      greater than said first distance and sufficient to permit said drive
      capturing means to pass over said trolleys, said trolleys in said batching
      portion propelled along by flexible driving means coupled to said driving
      chain.
NUM  10.
PAR  10. The system of claim 9 wherein said flexible driving means comprise
      flexible dogs coupled to said driving chain, said flexible driving means
      being a means for yieldably encouraging said trolleys along said lower
      track.
NUM  11.
PAR  11. The system of claim 10 wherein said flexible dogs are fabricated from
      nylon reinforced rubber belting having a thickness of 1/4 to 5/16 inches.
NUM  12.
PAR  12. In a conveyor system which includes an upper track containing a driving
      chain coupled to at least one drive capturing means, and a lower track
      spaced a first distance from said upper track for supporting trolleys, the
      improvement comprising a dispersing assembly for accumulating said
      trolleys and for individually dispatching trolleys into said conveyor
      system, said dispersing assembly comprising at least one stop means
      activated by sensing means having
PA1  a. a first sensing means for sensing a trolley entering said dispersing
      assembly and for activating said stop means into said first position
      blocking the path of said trolley;
PA1  b. a second sensing means for sensing said drive capturing means as it
      leaves said dispersing assembly and for activating said stop means into
      said second position such that the stopped trolley is individually
      released and driven forward by said driving means and captured by said
      drive capturing means.
NUM  13.
PAR  13. The system of claim 12 wherein said stop means is activated between a
      first and second position by a pneumatic cylinder and is disposed into the
      path of a trolley when in said first position to stop the progress of said
      trolley through said dispersing assembly.
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ABST
PAL  A cable connection with slack cable-brake release for an aerial cableway,
      wherein a traction cable and possibly a counter cable are secured to the
      travelling mechanism or carriage of the aerial cableway and a brake
      mechanism of the aerial cableway is automatically released by a brake
      release mechanism influenced by the cable traction upon decrease of the
      cable traction to a predetermined minimum value. The tensioned or traction
      cable is guided over a damping mechanism arranged at the travelling
      mechanism for overcoming the oscillations of the cable and after wrapping
      about a cable drum is attached to the travelling mechanism. The traction
      cable in an oscillation-free range is deflected by a force measuring
      device which for a predetermined value of the cable-contact force which is
      proportional to the cable traction brings about the response of the brake
      release mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved construction of cable
      connection with slack cable-brake release at an aerial cableway wherein a
      traction cable and possibly a counter cable are secured to the travelling
      mechanism or carriage of the aerial cableway and the brake mechanism of
      the aerial cableway is automatically released by a brake release mechanism
      influenced by the tension or traction of the cable upon decrease of the
      cable traction to a predetermined minimum value.
PAR  The most important attachment means for wire cables are cast cable sleeves,
      collars, clamps and cable grommets of the most different constructions.
      These attachment means are also used at aerial cableways for connecting
      the tensioned or traction cable and counter cable to the travelling
      mechanism or carriage. In order to ensure for a satisfactory operational
      reliability, it is necessary that the aerial cableway be equipped with
      catch brakes which automatically and immediately are released when the
      cable traction or tension drops to a minimum value and especially upon
      disappearance of the tension in the cable owing to rupture of the cable.
      Simple, robust and positive means for determining the cable tension or
      traction are measurement springs (spring sets or packages) by means of
      which the cable traction can be converted into a proportional spring
      displacement. For the catch brakes there then can be provided brake
      release mechanisms which contain such measurement springs, wherein the
      spring displacement directly or indirectly determines the release
      criterium.
PAR  In the case of aerial cableways there is thus usually connected the
      traction cable and, if present, also the counter cable, while
      intermediately interposing a brake release mechanism containing a
      measuring spring arrangement, with one of the aforementioned attachement
      means at the travelling mechanism. The cable attachment (collars, clamps,
      grommets) and the measuring spring arrangement in this case accommodates
      the entire cable traction and must be appropriately dimensioned. The
      required dimensioning does not, however, have associated therewith any
      difficulties and also does not lead to increased costs. Additionally,
      there is to be characterized as advantageous the simple construction and
      small spatial requirements of this known cable connection with slack
      cablebrake release. However, these advantages are also counteracted by
      certain disadvantages, and specifically with regard to the cable
      attachment as well as the brake release. For the operational reliability
      the tension strength of the cable connection location is decisive. It is
      just the cable connection which, however, is markedly loaded mechanically
      and owing to the manipulations which occur for the attachment at the
      tension or traction cable such is rather sensitive to the influences of
      the surroundings. Thus, for instance, the cable, due to the continually
      present oscillations of the cable at the connection locations owing to the
      forced oscillations of the considerable collar mass due to the full load
      is subjected to bending loads, and the frequent temperature changes,
      water, ice and industrial waste gases easily lead to the formation of rust
      and changes in the structure of the material at the connection location,
      so that it is only possible to detect the presence of defects and faults
      from the surface properties of the connection location. Additionally, the
      expenditure in work is considerable as concerns shortening of the cable
      which is required at periodic intervals. The same is more or less also
      true for the measurement spring arrangement. The adjustment of the
      measurement springs, which are markedly dimensioned owing to the full
      load, to the release criterium is difficult and inaccurate and
      furthermore, pronounced cable oscillations can bring about erroneous
      release operations. Such heretofore known fully loaded cable connections
      with slack cable-brake release are accordingly associated with a certain
      unreliability which becomes greater with increasing load and in the case
      of fully-loaded cable installations leads to risks in safety.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved cable connection with slack cablebrake release for an aerial
      cableway which is not associated with the aforementioned drawbacks and
      limitations of the prior art constructions.
PAR  Another and more specific object of the present invention aims at the
      provision of a cable connection with slack cablebrake release wherein the
      aforementioned drawbacks are avoided and which also ensures for
      satisfactory safety in the case of heavily loaded aerial cableways.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates that the traction cable is guided over a damping
      mechanism arranged at the travelling mechanism or carriage and which
      overcomes the oscillations or vibrations of the cable, and after wrapping
      about a cable drum is secured to the travelling mechanism. Further, the
      traction cable in an oscillation-free region is deflected by a force
      measuring device which for a predetermined value of the cable contact
      force which is proportional to the cable traction causes the brake release
      mechanism to respond. With the inventive cable connection with slack
      cable-brake release the cable attachment is completely relieved, and the
      force measuring device which detects the cable tension or traction via the
      cable deflection need only be dimensioned for a small deflection force
      which ensures for a positive release of the brake release mechanism. The
      cable attachment can be any known construction, preferably one allowing
      for an effortless shortening of the cable, and can be of light
      construction owing to the fact that it is extensively relieved. Similarly,
      for the force measuring device, which deflects the cable, there can be
      employed any known pressure- or tension measuring device. There is
      preferably however used a two-part deflection shoe, by means of which the
      cable is deflected out of the cable traction direction upwardly towards
      the cable drum, wherein the one deflecting shoe part or portion is
      constructed as an oscillation damper and the other deflecting shoe part or
      portion is pivotably mounted at one end about a stationary axis of
      rotation and with its free end acts upon a force measuring device. As the
      force measuring device there can be employed a measuring spring which is
      supported at one end at the travelling mechanism or carriage and at the
      other end at the pivotable deflection shoe portion. Advantageously, the
      deflection shoe portion which dampens the cable oscillations possesses a
      large deflection radius and the pivotable deflection shoe portion a small
      deflection radius. The deflection shoe portion which dampens the cable
      oscillations can be mounted at the travelling mechanism by means of a
      rubber elastic mounting or bearing and additionally the cable can be
      supported in front of this deflection shoe portion by means of a shock
      absorber. The deflection shoe is preferably covered with a plastic lining
      which possesses a groove for receiving the tension or traction cable. If
      the vehicle is equipped with a counter cable, then advantageously also the
      counter cable is guided over a dampening device, preferably of the same
      construction, and after wrapping about a cable drum, is secured at the
      travelling mechanism. The traction cable and the counter cable in this
      case can be wrapped oppositely about a common cable drum, so that there
      can be realised in a very simple manner a compensation of the cable
      tension or traction.
PAR  The invention is especially applicable for aerial cableways using a support
      or carrier cable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a schematic illustration of the principle construction of a cable
      connection with slack cable-brake release according to the invention;
PAR  FIG. 2 is a side view of the travelling mechanism or carriage of an aerial
      cableway with support cable, the travelling mechanism containing for the
      traction cable and the counter cable a respective cable connection with
      slack cable-brake release according to a preferred embodiment;
PAR  FIG. 3 is a side view of the cable connection with slack cable-brake
      release of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along the line III--III of FIG. 3;
      and
PAR  FIG. 5 is a cross-sectional view taken along the line IV--IV of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, as shown in FIG. 1 with the exemplary cable
      connection with slack cable-brake release of this development the cable 1
      is guided at the travelling mechanism or carriage 2 of the aerial cableway
      through the agency of a damping device 3 which eliminates cable
      oscillations or vibrations occuring during operation. This cable 1 leads
      to a cable drum 4 which is rotatably mounted at the travelling mechanism 2
      for rotation about an axis of rotation or shaft 5 which is located in a
      horizontal plane and perpendicular to the infeed direction of the cable 1.
      Cable 1 is wrapped around the cable drum 4 a number of times and then
      secured by means of a conventional cable attachment or fastening means 6
      at the travelling mechanism or carriage 2. In the oscillation free-range
      of the cable 1 there is disposed between the damping device 3 and the
      cable drum 4 a force measuring device 7 which deflects the cable 1 out of
      its direction. This force measuring device 7 measures the contact pressure
      which is proportional to the tension or traction of the cable 1 deflected
      out of its direction and at a predetermined value thereof, namely, the
      release criterium, releases the brake release mechanism 8. Since the cable
      1 is first attached at the travelling mechanism or carriage after being
      wrapped around the cable drum 4, the cable attachment 6 is completely
      relieved when the cable drum 4 is blocked and accordingly can be
      constructed and arranged exclusively for a satisfactory resistance against
      the surrounding or ambient influences, can be easily controlled and the
      cable can be rapidly shortened. For rapid cable shortening the cable
      attachment can be constructed as a clamping head. Due to the deflection of
      the cable 1, which is practically free of oscillations during operation
      between the damping device 3 and the cable drum 4, by means of the force
      measuring device 7 there is obtained a force proportional to the cable
      tension or traction, the intensity of which is appropriately selected to
      the momentary requirements and can be considerably smaller than the
      traction force of the cable 1. As a result there are also realised
      advantages for the slack cable-brake release since the force measuring
      device can be constructed for an easy and exact adjustment of the release
      criterium, as well as likewise for a satisfactory resistance against the
      ambient effects and for good control purposes. Additionally, cable
      oscillations do not have any influence upon the brake release action.
PAR  A preferred exemplary embodiment of such cable connection with slack
      cable-brake release for an aerial cableway with tensioned or traction
      cable and counter cable will be described in detail hereinafter.
PAR  The travelling mechanism or carriage illustrated partially in FIG. 2 will
      be seen to possess travelling rollers 11 which are mounted at a main
      carrier or support 12 and travel upon a carrier or support cable 13. In
      the lengthwise center of the main carrier 12 there is illustrated a
      carrier pin 14 which carries the pendulum arm with the cabin, both of
      which have not been illustrated as a matter of convenience.
PAR  Reference character 15 designates the traction or tension cable which
      drives the travelling mechanism or carriage and the cabin hanging thereat.
      This traction cable like the counter cable 16 is wound about a cable drum
      17 which is centrally mounted in a recess of the main carrier or support
      12. The ends of both the traction cable 15 as well as also the counter
      cable 16 are attached by means of clamping heads 18 and 19 respectively,
      at the main carrier or support 12. Owing to this arrangement the mounting
      of the cable drum 17 is not loaded by forces in the traction cable 15 and
      in the counter cable 16. Due to the described traction cable connection
      the strength of the traction cable is not reduced. Furthermore, the
      traction cable connection is protected by a covering 20 against damaging
      weather influences.
PAR  Both the traction cable 15 as well as the counter cable 16, prior to
      running onto the cable drum 17, are guided over a twopart deflection shoe.
      Since this deflection shoe is identically constructed for both the
      traction cable and the counter cable it will only be described once for
      the traction cable 15 based upon the showing of FIGS. 3 to 5. The
      deflection shoe designated in FIG. 2 in its entirety by reference
      character 21 will be seen to comprise both deflection shoe components or
      parts 22 and 23. The deflection shoe part 22 is pivotably mounted about a
      pivot bearing 24 at the main carrier or support 12. As best seen in FIG.
      4, the deflection shoe part 22, which is constructed as a welded structure
      and of U-shaped cross-sectional configuration, is designed with two legs
      25 and 26, each of which takes up a pivot pin 24' and 24" of the pivot
      bearing 24. The space between both legs 25, 26 and the web 27 is lined
      with a plastic lining 28 which is equipped with a groove for receiving the
      traction cable 15. At the end of the deflection shoe portion or part 22
      remote from the pivot bearing 24 such is equipped with a support surface
      29 for a measuring spring, the brake release spring 30. This brake release
      spring 30 bears at its other end at the main carrier or support 12. The
      deflection shoe portion 22 cooperates with not particularly illustrated
      means for releasing a likewise not illustrated brake between the
      travelling mechanism or carriage and the support cable. The arrangement is
      undertaken such that the brake release spring 30, which is compressed
      together by the deflection force of the normally tensioned traction cable
      15, when the cable is slack, for instance owing to cable rupture, rocks
      the deflection shoe portion 22 in the clockwise direction about the pivot
      bearing 24 and thus releases the means for actuating the brake.
PAR  The traction cable at the region shortly before the deflection tends in
      operation to oscillate. In order to prevent the bending stresses in the
      cable which are brought about by these oscillations, there is stationarily
      provided neighboring the deflection shoe portion 22 the other deflection
      shoe portion 23, however, connected so as to be resilient or to give at
      two points 31 and 32 with the main carrier or support 12. The resilient
      mounting, for instance at the bearing point 32, by means of a two-part
      rubber bushing or sleeve 33 can be recognized in FIG. 5. The deflection
      shoe portion 23 likewise has a U-shaped configuration when viewed in
      cross-section, and is equipped with a receiver having a plastic lining 34
      and a groove intended to take-up the traction cable 15. This groove in the
      lengthwise direction (FIG. 3) has a comparatively large radius of
      curvature in order to maintain small the bending stresses in the cable,
      whereas the groove in the plastic liner 28 of the deflection shoe portion
      22, at which region the cable practically does not oscillate or vibrate in
      operation, for reasons of space has a comparatively small radius.
PAR  For the additional damping of the traction cable oscillations the traction
      cable 15 is supported through the agency of a shock absorber 37 at the
      main support or carrier 12.
PAR  As mentioned, the counter cable 16 is guided over an identically
      constructed deflection shoe 21, so that during impermissible slackening or
      rupture of the counter cable 16 the brake is likewise automatically
      released. The traction cable 15 and the counter cable 16 are oppositely
      wound about the cable drum 17 which is mounted to be rotatable, so that
      there automatically occurs a compensation or balancing of the cable
      tension or traction.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an aerial cableway having a travelling mechanism, a traction cable
      secured to said travelling mechanism and a brake release mechanism
      operatively connected to said traction cable and operable in response to a
      drop of the tension in the traction cable below a predetermined minimum
      value, the improvement comprising: a damping mechanism arranged at said
      travelling mechanism, said traction cable being guided over said damping
      mechanism to counteract oscillations in said cable, a cable drum, said
      traction cable being wrapped around said cable drum and secured to said
      travelling mechanism, a force measuring device for deflecting the traction
      cable in an oscillation free-range thereof between said damping mechanism
      and said cable drum, said force measuring device being operatively
      connected to said brake release mechanism so as to cause said brake
      release mechanism to respond upon a predetermined value of the force of
      the cable exerted upon said force measuring device.
NUM  2.
PAR  2. The combination as defined in claim 1, wherein said damping mechanism
      includes a two-part deflection shoe by means of which the cable is
      upwardly deflected towards the cable drum out of the cable traction
      direction, one deflection shoe part being constructed as an oscillation
      dampening device and the other deflection shoe part being pivotably
      mounted at a stationary axis of rotation and having a free end which acts
      upon the force measuring device.
NUM  3.
PAR  3. The combination as defined in claim 2, wherein the force measuring
      device comprises a measuring spring which is arranged between the
      travelling mechanism and the free end of the pivotably mounted deflection
      shoe part.
NUM  4.
PAR  4. The combination as defined in claim 3, wherein the deflection shoe part
      which dampens the cable oscillations possesses a large deflection radius
      and the pivotable deflection shoe part a small deflection radius.
NUM  5.
PAR  5. The combination as defined in claim 2, wherein the deflection shoe part
      dampening the cable oscillations is mounted at the travelling mechanism
      through the agency of rubber-elastic mounting means.
NUM  6.
PAR  6. The combination as defined in claim 2, wherein the cable which enters
      the deflection shoe is supported at the travelling mechanism by a shock
      absorber.
NUM  7.
PAR  7. The combination as defined in claim 2, wherein the two-part deflection
      shoe is equipped with a plastic lining having a groove for receiving the
      cable.
NUM  8.
PAR  8. The combination according to claim 1, in which said aerial cableway
      comprises a counter cable, a further damping mechanism, said counter cable
      being guided over said further damping mechanism, and a further cable drum
      secured to said travelling mechanism, said counter cable being wrapped
      around said further cable drum.
NUM  9.
PAR  9. The combination as defined in claim 8, wherein the traction cable and
      the counter cable are wrapped in opposite directions about a common cable
      drum rotatably mounted about a shaft.
NUM  10.
PAR  10. The combination as defined in claim 9, wherein the counter cable in the
      oscillation-free range is deflected by means of the force measuring device
      which for a certain value of the cable-contact force which is proportional
      to the cable traction causes the brake release mechanism to respond.
NUM  11.
PAR  11. The combination according to claim 8, wherein said cable drum and said
      further cable drum form one single cable drum.
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ABST
PAL  A hopper car roof is provided with a plurality of hatch covers positioned
      over an elongated trough through which materials are loaded into the car.
      The hatch covers are locked over the trough by means of a hatch cover
      locking device which includes a hinge strap adapted to engage adjacent end
      portions of the trough hatch covers with the strap having an outwardly
      projecting tab engaged by a locking bar which is tightly held in a closed
      locking arrangement by means of an improved foot operated latch secured to
      the hopper roof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to railway hopper cars and in particular to cars
      having a longitudinally extending hatch opening which is closed off by a
      trough hatch arrangement. In this particular arrangement the adjacent end
      portions of each of the individual trough hatch covers are closed off by a
      locking strap which is securely held in place by a locking bar adapted to
      be easily and and effectively operated by foot engagement of an operator
      situated on top of the hopper car.
PAR  2. Description of the Prior Art
PAR  The prior art is disclosed in U.S. Pat. Nos. 3,552,324; 2,873,696 and
      3,800,714. The present invention is an improvement over the structure
      shown in the foregoing patents.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for restraining the locking
      handle or arm used to secure and seal trough hatch covers in the closed
      position. The present design includes the conventional hinge strap
      assembly having an outwardly projecting tab which is held in the closed
      position by means of a hinged arm engaging the tab and the same being
      connected to a keeper for locking the tab and arm in the closed and
      sealing position. The keeper includes a vertically extending first guide
      member which is rigidly secured to the roof outwardly of the hatch cover
      and is connected to a diagonally extending second guide member having a
      downwardly and inwardly sloping surface. A suitable resilient seal of
      conventional type is supported between the hatch covers and the coaming
      defining the elongated trough hatch opening. The hinged arm which is moved
      into position for securing the tab of the hinge strap in position is
      provided with a foot engageable plate at one end thereof. During the
      locking action the arm is rotated downwardly first into engagement with
      the inner sloping guiding surface of the second guide element whereupon
      the operator presses down on the foot engageable plate further holding the
      arm downwardly and the same thereby being guided inwardly underneath a
      hook portion provided by the vertically extending first guide. The arm is
      moved downwardly and may move laterally since it has a loose pivotal
      mounting with respect to a deck bracket to permit such limited lateral
      displacement. Upon release of the foot plate by the operator, the arm is
      urged and moved upwardly by means of the resilient seal into position,
      locked underneath the hook shaped member supported on the vertical guide.
      It is thus a primary object of the invention to provide an improved foot
      operated latch device for locking the hatch covers of a trough hatch
      arrangement into a closed position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a railway hopper car employing a trough hatch
      locking arrangement;
PAR  FIG. 2 is an enlarged cross sectional view taken substantially along the
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial elevational view taken substantially along the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a side elevational view taken substantially along the line 4--4
      of FIG. 2;
PAR  FIG. 5 is a side elevational view partially in cross section taken
      substantially along the line 5--5 of FIG. 4; and
PAR  FIG. 6 is a cross sectional view taken substantially along the line 6--6 of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a railway hopper car 10 disclosed in FIG. 1,
      includes an elongated metal roof structure 11 having stepped roof sheets
      12, as best shown in FIG. 2. The stepped roof sheets 12 are provided with
      elongated vertical coaming walls 13 adjacent to which operator walk ways
      14 are positioned substantially the length and width of the car. The
      vertical coaming walls 13 are coextensive in rectangular relation
      throughout the length of the stepped roof sheets 12 and include the
      upwardly extending coaming walls 13 which are provided at their upper ends
      with outwardly and downwardly projecting arcuate flanges 15. The arcuate
      flanges 15 define substantially longitudinally extended elongated roof
      openings 16.
PAR  As indicated in FIG. 1, the elongated roof openings 16 are adapted to be
      covered by means of a plurality of hatch covers 17. The hatch covers 17
      are positioned in longitudinally contiguous relation and are connected in
      a locked position by hinged locking straps to be described. This
      arrangement is disclosed in U.S. Pat. No. 3,800,714, patented Apr. 2,
      1974. As best shown in FIG. 1, the hatch covers 17 are hingedly connected
      to the roof sheets 12 by means of conventional hinge connections
      designated at 17', the same being further disclosed in the aforementioned
      patent.
PAR  The roof sheets 17 and coaming walls 13 further are provided with upwardly
      projection hinge brackets 18, as best shown in FIG. 2. The hinge brackets
      18 pivotally or hingedly support hinge brackets 19 by means of
      transversely extending hinge pins 20. Hinge brackets 19 are rigidly
      secured to U-shaped hinge straps 21 which, as best shown in FIGS. 1 and 2,
      are adapted to extend over the hatch covers 17. The U-shaped hinge straps
      21 also include resilient gaskets 21' which are adapted to engage adjacent
      edges of the hatch covers 17 (not shown) in sealing relation. The hatch
      covers 17 include downwardly extending rear flanges 22 and downwardly
      extending front flanges 23 suitably engaged by the gaskets 21'. The
      arcuate flanges 15 of the coaming walls 13 have in sealing contact
      therewith resilient seals 24 which with the hatch cover 17 provide a
      sealed arrangement. The resilient gasket 21' is in the closed position of
      the hatch cover, as shown in FIG. 2 in a compressed condition. As best
      shown in FIGS. 2, 5 and 6, a locking bracket designated 25 includes a
      horizontal outwardly extending tab 26 which is positioned to extend
      outwardly adjacent to a keeper assembly generally referred to at 27. The
      keeper assembly 27 includes a vertical guide member 28 suitably supported
      on a vertical bracket 29. The vertical bracket 29 is also being reinforced
      by a laterally extending reinforcing bracket means 30. A vertically
      extending gusset 31 further secures the vertical guide member 28 in
      position on the stepped roof sheet 12 and is connected to the coaming wall
      13, as disclosed. As best shown in FIGS. 4 and 6, the upper end of the
      guide member 28 supports a stop block 32 having a longitudinally laterally
      disposed opening 33. The lower portion of the stop block 32 is provided
      with a horizontal stop surface 34. A hook is rigidly connected to the top
      portion of the guide element 28 and extends diagonally downwardly, the
      same including a vertically extending hook element 36 which projects
      downwardly from the stop block 32 to provide a keeper retaining means. The
      hook portion or element 36 is also provided with a tapering surface 36'.
PAR  A second guide element is designated at 37, the same being formed
      integrally with the vertical guide element 28 and including a connector
      portion 38 which extends diagonally upwardly relative to the lower end of
      the element 28. The connector portion 38 then is joined by an integral
      upwardly and outwardly extending guide portion 39 having an inner guide
      surface 40. Thus, the elements 28, 38 and 39 form in effect a V-shaped
      type of keeper assembly.
PAR  As best shown in FIGS. 3 and 4, a hold-down arm generally designated at 41
      comprises a relatively narrow plate element 42 having substantial height
      compared to its cross sectional dimension. The arm 42 is disposed between
      upstanding ears 43 which are suitably supported on a vertically extending
      connector plate 52 disposed between the brackets 29 and associated
      structure, which in turn is supported on the roof sheet 12. The hold-down
      arm 41 further includes a pivoted end portion 45 which is hingedly secured
      by means of hinge bolt 46 to the upstanding ears 43. The pivoted end
      portion 45 is provided with an oversize hole 47 so that the arm 41 may be
      moved or tilted laterally as shown in FIG. 3.
PAR  As shown in FIG. 3, the upper surfaces of the arm 41 are also provided with
      a pair of longitudinally spaced vertical nut shaped elements 48, having
      openings 49 which are adapted to be placed in registry with the opening 33
      of the stop block 32. As best shown in FIGS. 3 and 6, the upper surface of
      the arm 41 disposed between the nut elements 48 is provided with upper
      beveled portions 50. The arm 21 is also provided with a flat horizontally
      disposed foot engageable tread or plate 51. In the closed position shown
      in FIG. 2, a car seal 53 is connected through the openings 49 and 33, thus
      blocking the arm 41 in the closed position.
PAR  As best shown in FIG. 1, the hatch covers 17 which are disposed at opposite
      ends of the car may be provided with an additional foot operated latching
      device 54 which is not provided with the hinge straps 21 but may include a
      similar keeper and lock arm arrangement for foot operation and providing a
      central lock for the end covers 17.
PAC  THE OPERATION
PAR  In the completely open position of the trough hatch the covers 17 are in a
      position overlying one side of the roof. The hatch covers, after the
      hoppers have been filled, are then moved to the closed position shown in
      FIG. 2 and the straps 21 are also moved to the position indicated, thereby
      engaging the adjacent ends of the covers in sealing relation by virtue of
      the gaskets 21'. In the open position the arms 41 are supported on the
      deck to one side of the hinge brackets 43 on the roof structure. To close
      the hold-down arms 41 they are rotated approximately 180.degree. into the
      position shown in FIG. 4 wherein they are in a locked position. During
      this rotation the operator merely places the arms 41 in the broken line
      position of FIG. 6 and thereupon then places his foot on the foot
      engageable plate 51 forcing the narrow plate element 42 downwardly. The
      latter engages the guide surface 40 of the guide member 39 and the plate
      member is then moved downwardly on said converging surface, pressure of
      operator's foot then serving to compress the resilient seal 24 as downward
      pressure is exerted by the arm 42 on the tab 26 of the hinged straps 21.
      Further continued downward pressure on the arm 41 caused the arm to move
      downwardly and laterally underneath the hook portion 36, the beveled
      surfaces 36 and 50 facilitating the movement of the upper end of the plate
      element 42 into the position shown in FIGS. 5 and 6. The operator then
      releases his foot from the plate 51 and the seal thereby exerts an upward
      moving force on the tab portions 26 which in turn further moves the plate
      element 42 of the arm 41 upwardly until the upper end of the plate 42
      engages the stop surface 34 and is captured in said position by means of
      the hook 36.
PAR  Thus, it can be seen that the V-shaped arrangement of the guide elements 28
      and 37 with the arrangement of the hook portion provides for a simple,
      quick and effective manner in which to lock the holddown arm in the keeper
      position indicated. Therefore, this does not require the operator to
      utilize wrenches, tools or other means for effecting locking engagement of
      the hold-down arm by latching mechanism disclosed in the prior art. The
      latching mechanisms of the prior art become corroded, utilize rotating
      parts, and are often frozen so that they cannot be readily operated. The
      present arrangement solves the problem of locking hold-down arms of hatch
      covers since the arrangement is greatly simplified, requires no other
      moving parts except the hold-down arm which is always easily moved in
      position by simply utilizing the foot operated plate arrangement.
PAR  In order to release the arms, it is a simple matter to place the foot and
      weight of the operator on the foot engageable plate 51 and thereby
      slightly forcing the plate 42 downwardly and laterally whereupon the same
      is immediately and effectively released by the upward pressure of the
      compressed seal 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hopper hatch structure with a roof having an opening surrounded by a
      hatch coaming and a hatch cover means movably mounted on said roof for
      engagement with said hatch coaming to close said hatch opening,
PA1  a locking bracket connected to one side of said hatch cover in the closed
      position of said cover extending outwardly of said coaming,
PA1  said locking bracket having a horizontally extending element projecting
      outwardly of said coaming over said roof, the improvement comprising:
PA1  a latching mechanism for securing said cover in the closed position
      including;
PA1  a hold down arm,
PA1  means pivotally connecting said arm to said roof whereby said arm is
      swingable into hold down engagement over said horizontal projecting
      element,
PA1  keeper means for securing said arm in said hold down position comprising;
PA2  a first vertical guide member supported on said roof,
PA2  hook means projecting laterally outwardly and downwardly from said first
      guide member,
PA2  a second vertical guide member laterally disposed with respect to said
      first guide member for guiding said arm in a lateral direction,
PA2  said arm having limited lateral movement with respect to said guide members
      and being movable into locked position downwardly in engagement with said
      second vertical guide member, then laterally into engaging relation with
      said hook.
NUM  2.
PAR  2. The invention in accordance with claim 1, said second guide member
      extending diagonally upwardly relative to said first guide member.
NUM  3.
PAR  3. The invention in accordance with claim 1, said arm having a foot
      engageable portion projecting longitudinally outwardly from said keeper.
NUM  4.
PAR  4. The invention in accordance with claim 1, said second vertical guide
      member including an inner guiding surface converging toward and underneath
      said hook for guiding said arm into engaging relation therewith.
NUM  5.
PAR  5. The invention in accordance with claim 4, including resilient seal means
      between said hatch cover and said coaming, said resilient means biasing
      said engaged arm into engagement with said hook.
NUM  6.
PAR  6. The invention in accordance with claim 1, said hook including a
      horizontal stop portion on said first vertical guide member engaged by an
      upper surface of said arm, and
PA1  said hook including a downwardly projecting lip extending below said
      horizontal stop portion.
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ABST
PAL  A core structure is provided for assembling a plurality of tubular or
      rod-like supporting members for a table or other articles.
BSUM
PAR  It is known to make various assemblies, for example, furniture, while
      utilizing as a part of the furniture an assembly of tubes which makes it
      possible to obtain unusual and satisfactory esthetic effects. This is true
      in particular for tables, the supporting structure of which advantageously
      consists of an assembly of curved tubes, all of which are identical and
      are assembled together and disposed in a regular fashion around the same
      axis. The same is true for diverse objects such as coat stands, lamps and
      the like. One of the difficulties encountered in the manufacture of such
      assemblies of tubes is the necessity for assembling the tubes with respect
      to each other in definitely fixed positions so that solidarity is
      perfectly assured. It is well known to carry out such operations by
      welding but in this case the operation of assembling the tubes is
      relatively long and troublesome and the presence of welds on the tubes
      does not permit obtaining a satisfactory finish. Moreover, when the
      assembly is effected by welding, the resultant assembly cannot be taken
      apart which in certain cases causes an inconvenience particularly if it is
      desired to remove one of the tubes of the assembly for repair.
PAR  The present invention has for an object a process of assembling tubes
      permitting, on the one hand, perfect positioning of the tubes with respect
      to one another, and, on the other hand, assuring a solid fixation of the
      tubes with one another while giving a satisfactory appearing finish, and
      finally, permitting demounting the assembly for replacement of one or more
      tubes, if desired. In addition to the satisfactory nature of the assembly
      obtained in accordance with the process of the invention with respect to
      the finish, it should also be mentioned that the cost of making such an
      assembly is relatively small and the result is accomplished without the
      use of skilled manual labor.
PAR  The present invention has for an object a process of assembly of at least
      two tubes where the assembly zone of the finished assembly provides for
      rotation around the same axis characterized by the fact that there is
      disposed on the exterior side of each area of the tube to be assembled a
      tongue or lug projecting from the exterior of the tube; the said tongue or
      lug engages in slots or openings formed in the periphery of an assembly
      core, said slots communicating with a hollow portion in the central part
      of the assembly housing so that the lugs or tongues of the tubes can be
      inserted through the openings to the central hollow portion of the core
      and locked in place by means of a locking piece which is fixed to the
      core.
PAR  In a preferred method of practicing the invention each lug or tongue is
      secured to the central part of the core by cooperation between a
      projection on the lug or tongue with an area bordering on the side of the
      core which surrounds the slot or opening where the lug or tongue has been
      introduced into the central hollow portion of the core and locking of the
      lugs or tongues is effected after the said operation; the locking piece is
      a plate which is brought to bear against all of the lugs or tongues when
      the said lugs or tongues have been positioned in the interior of the
      hollow central portion of the core, the securing of the plate to the core
      being obtained by means of a threaded bolt secured to the core which
      passes through the plate so that the plate is held in position by means of
      a nut screwed onto said bolt. The present invention also has for an object
      provision of a new industrial product comprising a core assembly which
      permits carrying out the assembly procedure as hereinafter defined, the
      said core being characterized by the fact that it comprises around its
      periphery at least as many openings as there are tubes to be assembled,
      the said openings communicating with the exterior approximately centrally
      of the hollow portion of the core, a means of fixation being provided in
      the interior of the hollow portion of the core to permit securing at least
      one locking piece to the core.
PAR  According to a preferred method of practicing the invention the core
      comprises exteriorly channels or grooves permitting the placement of tubes
      for assembly; the core comprises a symmetrical axis; the channels or
      grooves for positioning the tubes for assembly are disposed regularly
      around the axis of the core; a plane passing through the axis of symmetry
      of the core and the median line of the groove in the plane is an arc of a
      circle; the right section of a groove in the median plane of the core
      which is perpendicular to the axis of symmetry of said core is an arc of a
      circle; each groove comprises an elongated slot or opening which
      communicates with the central hollow portion of the core, the size of said
      slot or opening being slightly greater than the size of the lug or tongue
      fixed to each tube to be assembled; the length of each slot or elongated
      opening is of at least equal to the length of the lugs or tongues of the
      tubes to be assembled.
PAR  The present invention also has for an object a new industrial product which
      consists of an assembly of tubes obtained by the process hereinafter
      defined and/or utilizing an assembly core such as hereinafter defined,
      characterized by the fact that each of the tubes to be assembled is
      disposed along the periphery of the assembly core, the tongue or lug
      affixed to the exterior side of each tube to be assembled penetrates
      transversely into the opening or slot of the core to the central hollow
      portion of the core, the locking piece associated with the core assembly
      being disposed in the interior of the hollow central portion of the core
      and simultaneously locking all of the lugs or tongues of the tubes
      together and to the side of the core.
PAR  In another preferred way of practicing the invention, the assembly
      according to the invention comprises a core having an axis of symmetry
      according to which is disposed a threaded bolt, a locking piece being a
      plate which, by sliding on the threaded bolt, can be applied to all of the
      lugs or tongues of the tubes, the said plate being maintained in place
      against the lugs or tongues by a nut cooperating with the said threaded
      bolt; the core comprising exteriorly positioning grooves or channels for
      assembling the tubes, the grooves or channels having outlets in the form
      of openings through which the lugs or tongues penetrate into the central
      portion of the housing of the core; the central portion of the housing of
      the core containing zones approximately in the form of truncated cones on
      which occurs locking of the projecting parts formed on each of the lugs or
      tongues.
PAR  The present invention finally has for an object the production of a new
      industrial product consisting of a table comprising a top supported by a
      central pedestal characterized by the fact that the pedestal consists of
      an assembly such as that hereinafter defined.
PAR  The invention will be better understood but is not limited by the following
      description illustrated by way of example in conjunction with the
      accompanying drawings, of one mode of practicing the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 represents, in elevation, a table according to the invention
      comprising a central pedestal formed from an assembly of tubes;
PAR  FIG. 2 represents a plan view, taken along the line II,II of FIG. 1, of an
      assembly core used for assembling the tubes of the pedestal of the table
      of FIG. 1, the said tubes not being shown;
PAR  FIG. 3 represents a sectional view taken along the line III,III of FIG. 2;
PAR  FIG. 4, in elevation, illustrates the connecting zone of one of the
      assembly tubes attached to the core of FIGS. 2 and 3;
PAR  FIG. 5 represents a view taken along the line V,V of FIG. 4;
PAR  FIG. 6 represents a sectional view taken along the line VI,VI of FIG. 2,
      the tubes corresponding to the slots or openings in the assembly core
      being shown in the assembly position;
PAR  FIG. 7 represents a plan view of the clamping or locking plate which
      cooperates with the core of FIGS. 2 and 3; and
PAR   8 represents a section taken along the lines VIII,VIII VIII of FIG. 7.
DETD
PAR  Referring to the drawings, the top of the table 1 has a supporting
      structure consisting of an assembly of eight tubes 2. Each tube 2 has a
      circular section and is curved in such a way that its axis has a
      curvilinear form, the central part of the axis of each tube being curved
      approximately according to an arc of a circle. The eight tubes 2 are
      assembled in their central area by means of an assembly core 3; the core 3
      has an axis of symmetry coinciding, when the table is completely
      assembled, with the axis of symmetry of the table. In the assembly zone
      with the core 3, each tube 2 comprises exteriorly a lug or tongue
      projecting on the tube.
PAR  Each tube 2 is curved in a manner such that its axis has the form of a
      curved plane. The lug or tongue 4 projects on the tube in the plane of the
      curve which forms the axis of the tube and contains in the upper part a
      projecting area 4a and in the lower part a face inclined toward the bottom
      4b. The projecting area 4a is defined, adjacent the tube 2, by an inclined
      face 4c forming an angle of about 15.degree. with the axis of tube 2 in
      the fastening zone of the lug or tongue 4.
PAR  The assembly core 3 comprises exteriorly eight channels or grooves 5
      disposed regularly about 45.degree. apart around the periphery. A threaded
      rod 6 is disposed at the axis of symmetry of core 3. The channels or
      grooves 5 are all identical and make 45.degree. angles around the axis of
      the bolt 6. In the median of the plane of core 3 which is perpendicular to
      the axis of the bolt 6 each channel or groove 5 consists of a section of
      an arc of a circle of at least 180.degree.; in a plane passing through the
      axis of the bolt 6 the channels or grooves 5 have a mean line
      corresponding approximately to the mean line of an arc of a circle of
      tubes 2 in the zone where they must be assembled with the core 3.
PAR  In each channel or groove 5 is an elongated opening or slot 7 which
      lengthwise is parallel to the axis of the bolt 6 and longer than the
      length of the lug or tongue 4; the size of openings 7 is greater than that
      of the size of lugs or tongues 4. The openings 7 communicate in each
      channel or groove 5 with the hollow central portion 8 formed in the
      interior of core 3; the hollow central portion 8 extends almost the entire
      height of core 3, opening exteriorly on its lower face and being closed by
      the portion 9 in the upper part of the core. The threaded bolt 6 is fixed
      by screwing it into an embossment 10 formed in the central area of the
      upper portion 9. The part 8a of the hollow portion 8 which forms a
      passageway in the portion 9 is approximately the form of a truncated
      pyramid whose faces are inclined at approximately a 15.degree. angle with
      respect to the axis of rod 6. In the zone where there is no pyramidal
      shape the hollow central portion 8 constitutes approximately a right prism
      having a square base whose angles are rounded; the median line of each
      face of this prismatic zone has arranged parallel to the axis of the bolt
      6 cylindrical grooves 11 having a right section in the form of an arc of a
      circle; the openings 7 are disposed on each face of the right prism formed
      by the hollow portion 8 in a symmetrical manner with respect to grooves
      11.
PAR  In order to accomplish the assembling according to the invention, a tube 2
      is assembled with the core 3 in a manner such that the lug or tongue 4 is
      face to face with opening 7 and the lug 4 is forced into opening 7 until
      the tube 2 is applied to the base of the corresponding channel 5. The tube
      2 is then slid along with respect to the core 3 in a manner such that the
      face 4c of the lug 4 comes to rest against the pyramidal part 8a which
      assures locking of the tube on the core 3. In the same way all of the
      tubes 2 are assembled with respect to the core 3 until the eight tubes
      have been placed in their eight channels 5. Then the locking plate 12
      having a form corresponding to the section of the prismatic part of hollow
      portion 8 is applied to the threaded bolt 6. The plate 12 has in its
      central zone a bore 13 which permits the passage of the threaded bolt 6
      and its face 12a, which opposes the inclined faces 4b of lugs 4, comprises
      on its periphery a slope corresponding to the slope of the edges 4b; as a
      result, the locking plate 12 must come to rest simultaneously on all of
      the ridges or edges 4b of all of the lugs 4, thus insuring the locking
      without play of the lugs 4 with respect to core 3. The locking position of
      the plate 12 is maintained by means of a nut 14 which is screwed on the
      threaded bolt 10. When the nut 14 is tightened, the eight tubes 2 are
      slideably fixed to core 3 and their assembly in a relatively predetermined
      position is perfectly assured without any play.
PAR  It will be recognized that the assembly herein described does not
      necessitate the use of any specialized manual labor and is de-mountable if
      it becomes necessary to replace one of the tubes 2. The tubes 2 and the
      core 3 permit an assembly finishing operation designed to give an esthetic
      appearance, the kind of finishing operation that can be accomplished on
      individual elements and not on the complete supporting structure of the
      table which presents a certain economic advantage.
PAR  It will be understood that the manner of practicing the invention herein
      described is not limited to the specific description and may be modified
      in certain respects without departing from the spirit of the invention.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. An assembly comprising a core structure and a plurality of tubular or
      rod-like supporting members for a table or other article, said core
      structure comprising a core member having a top, a bottom, a side
      connecting the top and bottom, and a hollow interior portion open at the
      bottom, a plurality of external grooves in the side extending generally in
      a top to bottom direction, a side opening in each of said external side
      grooves communicating with said hollow portion, the hollow portion of said
      core member having inclined side surfaces sloping inwardly and upwardly
      from an area adjacent the upper ends of the interior of said side openings
      toward the top of the hollow portion of said core member, said tubular or
      rod-like supporting members each comprising a lug projecting from and
      affixed thereto, each of said lugs having an inwardly and upwardly
      inclined surface complemental to the inclined side surface of the hollow
      interior of said core member, said lugs being inserted in said side
      openings of said core member with said inwardly and upwardly inclined
      surfaces of said lugs in engagement with said inclined side surface of the
      hollow interior portion of said core member, and with the sides of said
      tubular or rod-like supporting members positioned in said external grooves
      each of said lugs on said supporting members also having a downwardly and
      inwardly sloped surface, clamping means comprising a plate, the upper
      edges of which have a sloping surface complemental to the downwardly and
      inwardly sloping surfaces of said lugs, and means for holding said plate
      in locked position with the sloping surfaces of said plate clamped against
      the downwardly and inwardly sloping surfaces of said lugs.
NUM  2.
PAR  2. An assembly as claimed in claim 1 wherein said external side grooves
      have an arcuate cross section.
NUM  3.
PAR  3. An assembly as claimed in claim 1 wherein the upper part of said hollow
      portion of said core member has the general shape of a truncated cone.
NUM  4.
PAR  4. An assembly as claimed in claim 1 wherein the lower part of said hollow
      portion of said core member has a generally rectangular cross section.
NUM  5.
PAR  5. An assembly as claimed in claim 1 in which said external side grooves of
      said core are curved from top to bottom and said tubular or rod-like
      supporting members are complementally curved.
NUM  6.
PAR  6. An assembly as claimed in claim 1 comprising a table having a table top
      supported by the ends of said tubular or rod-like supporting members which
      in turn are held in position by said core structure disposed
      intermediately between the ends of said supporting members.
NUM  7.
PAR  7. An assembly as claimed in claim 1 in which said means for holding said
      plate in locked position comprises a threaded bolt fixed at one end to the
      central upper part of said core member passing downwardly to the lower
      part of the hollow portion of said core member through an aperture in said
      plate and secured to said plate by a nut.
PATN
WKU  039345203
SRC  5
APN  5137675
APT  1
ART  344
APD  19741010
TTL  Charcoal starter
ISD  19760127
NCL  6
ECL  1
EXP  Sprague; Kenneth W.
NDR  1
NFG  7
INVT
NAM  Brennan; Martin J.
CTY  Bethel Park
STA  PA
INVT
NAM  Klawonn; Vernon D.
CTY  Bethel Park
STA  PA
INVT
NAM  Browne; Edward K.
CTY  Pittsburgh
STA  PA
ASSG
NAM  K & B Industries, Inc.
CTY  Bethel Park
STA  PA
COD  02
CLAS
OCL  110  1F
XCL  126 25B
EDF  2
ICL  F23Q 1300
FSC  110
FSS  1 F
FSC  126
FSS  25 B
UREF
PNO  3062200
ISD  19621100
NAM  Miller
OCL  126 25
UREF
PNO  3121408
ISD  19640200
NAM  Haning
OCL  126 25
UREF
PNO  3177826
ISD  19650400
NAM  Cohen
OCL  110  1
UREF
PNO  3191556
ISD  19650600
NAM  Hottenroth et al.
OCL  110  1
UREF
PNO  3216379
ISD  19651100
NAM  Durfee
OCL  126 25
UREF
PNO  3296984
ISD  19670100
NAM  Durfee
OCL  126 25
UREF
PNO  3453975
ISD  19690700
NAM  Gunter
OCL  110  1
UREF
PNO  3739732
ISD  19730600
NAM  Graham
OCL  126 25
UREF
PNO  3848577
ISD  19741100
NAM  Storandt
OCL  126 25
LREP
FR2  Price, Jr.; Stanley J.
ABST
PAL  A charcoal starter used with a conventional charcoal barbecue grill for
      outdoor cooking includes a tapered housing formed by interconnecting
      quadrilateral sidewalls that are arranged to rest vertically on the
      supporting surface of the charcoal grill. The sidewalls define open top
      and bottom portions with the area of the bottom opening being greater than
      the area of the top opening. A row of air inlet apertures and a pair of
      openings are provided in each of the sidewalls adjacent the lower end
      portions and the upper end portions thereof respectively. A handle member
      is detachably engageable with a pair of openings for lifting the housing
      into and out of position on the barbecue grill supporting surface. A grate
      having a plurality of apertures extending therethrough is positioned in
      the housing and is supported at an elevation above the sidewall air inlet
      apertures by support members secured to the grate. Ignitable material such
      as paper is received within the housing below the grate, and charcoal
      briquets are supported on the grate. The combustion gases from the burning
      of the ignitable material flow upwardly through the grate to thereby
      ignite the charcoal. The handle also functions to lift the grate from the
      grill by engagement with one of the apertures in the grate and to disperse
      the heated charcoal briquets into the grill. After use the charcoal
      starter is conveniently stored by extending the handle down through the
      open top portion of the housing to engage the grate by the apertures.
      Vertically lifting the grate by the handle within the housing urges the
      edge portions of the grate into frictional engagement with the housing
      sidewalls. Thus, by suspending the handle above the housing the grate
      remains secured to the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a charcoal starter for use in igniting charcoal
      briquets burned in a barbecue grill and more particularly to a charcoal
      starter that is efficiently operable to ignite charcoal briquets in a
      barbecue grill without the aid of starter fluid and is efficiently
      arranged as a unitary assembly during storage.
PAR  2. Description of the Prior Art
PAR  Apparatus for igniting charcoal in a conventional barbecue grill for use in
      outdoor cooking is well known in the art. U.S. Pat. Nos. 3,116,704 and
      3,167,040 disclose charcoal starters that include a tapered tubular
      housing having a plurality of air intake apertures provided at the lower
      portion thereof and adapted to rest upon the pan of a conventional
      charcoal barbecue grill. A grate comprising a plurality of parallel
      supporting rods extending through openings in the wall of the tubular
      housing is arranged to partition the tubular housing into a first portion
      for receiving ignitable material positioned below the grate and a second
      upper portion for supporting the charcoal briquets to be ignited on the
      grate. The combustion of the ignitable material when ignited by a match
      creates an intense heat below the charcoal briquets supported on the
      grate. The combustion of the charcoal briquets is aided by the draft of
      air flowing through the apertures in the tubular housing and upward
      through the grate and out of the open upper end portion of the tubular
      housing. After the charcoal briquets have become ignited the grate is
      disengaged from connection with the tubular housing allowing the burning
      charcoal briquets to be deposited within the pan of the charcoal grill.
PAR  U.S. Pat. No. 3,167,040 illustrates a handle that is pivotally secured to
      the upper end portion of the tubular housing and has a lower end portion
      that is releasably engageable with the grate within the tubular housing.
      When the charcoal briquets have become ignited the handle is released from
      engagement with the grate to permit the grate to fall free at one end
      portion within the tubular housing so that the ignited charcoal briquets
      will fall into the pan of the charcoal grill. Further, the handle is
      operable to lift the tubular housing having the grill connected thereto
      away from the pan of the charcoal grill.
PAR  A combination grate and chimney for igniting charcoal briquets in a
      conventional charcoal grill is disclosed in U.S. Pat. No. 3,296,984. The
      triangular grate composed of a grid of longitudinal wires supports the
      chimney, and the area above the grate within the chimney is filled with
      charcoal briquets. A combustible material is placed below the grate, and
      burning the combustible material ignites the briquets within the chimney
      which provides updraft through the mass of briquets on the grate. One the
      briquets have become ignited removing the chimney from the grate
      distributes the ignited briquets within the pan of the charcoal grill.
PAR  Fuel igniters are disclosed in U.S. Pat. Nos. 1,959,473 and 3,453,975 and
      include a chimney of a selected geometric configuration having a grate
      positioned within the chimney to partition the chimney into a first
      section for receiving the fuel such as charcoal briquets to be ignited and
      a second section positioned below the grate for receiving combustible
      material that upon ignition produces intense heat that ignites the
      charcoal briquets. Spaced apart openings provided in the lower portion of
      the chimney admit air thereto for increasing the rate of combustion. U.S.
      Pat. No. 3,240,172 discloses a charcoal briquet starter having an
      open-ended cylindrical body with a handle secured thereto and provided
      with vent holes around the lower end portion of the body. The vent holes
      provide a draft that promotes the ignition of charcoal within the interior
      of the cylindrical body. When the briquets have been ignited lifting the
      cylindrical body by the handle permits the hot briquets to be spaced out
      in the barbecue grill.
PAR  There is need for an apparatus for starting combustion of charcoal briquets
      in a conventional barbecue grill which efficiently and safely ignites the
      charcoal briquets without the aid of a liquid starter fuel and is further
      operable to disperse the ignited charcoal briquets within the charcoal
      grill and is conveniently stored after use. While it has been suggested to
      provide a chimney of a tubular configuration having a grate positioned
      therein for supporting the charcoal to be ignited above the ignitable
      material, the prior art devices require dispersing of the ignited charcoal
      briquets in the barbecue grill by either lifting the chimney by a handle
      that is integral with the chimney and exposed to the intense heat of both
      the ignited charcoal and the ignitable material or by manipulating the
      heated grate to disconnect it from the chimney so that the ignited
      charcoal falls upon the pan of the charcoal grill.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a charcoal
      starter that includes a tapered housing that is arranged to rest
      vertically on a supporting surface and is formed by interconnecting
      quadrilateral sidewalls to define open top and bottom portions with the
      bottom opening being larger than the top opening. A plurality of spaced
      apart air inlet apertures extend through each of the sidewalls at the
      lower portions thereof. Openings extend through each of the sidewalls at
      the upper portions thereof. A handle member having end portions detachably
      engageable with the openings in the upper end portions of the sidewalls is
      adaptable for lifting the housing into and out of position on the
      supporting surface. A support member retains the charcoal within the
      tapered housing at an elevation above the air inlet apertures of the
      housing sidewalls. The charcoal supporting member includes a plurality of
      apertures extending therethrough and has a diagonal dimension less than
      the diagonal dimension of the lower end portion of the housing and greater
      than the diagonal dimension of the upper end portion of the housing.
PAR  Ignitable material is positioned beneath the charcoal supporting member
      with the charcoal positioned on the upper surface of the supporting
      member. Combustion of the ignitable material is prompted by the flow of
      air through the air inlet apertures of the housing sidewalls. Thus, an
      upward draft of air and combustion gases flow through the apertures of the
      supporting member into intimate contact with the charcoal to raise the
      temperature of the charcoal above its kindling temperature. In addition
      the intense heat generated by the ignitable material is confined within
      the chimney by the upwardly tapering sidewalls. After the charcoal has
      ignited the handle member is engaged to the openings in one of the
      sidewalls to lift the chimney from the supporting structure. Hereafter the
      handle member is also utilized to extend through the apertures in the
      charcoal supporting member to lift the charcoal supporting member from the
      supporting structure and thereby disperse the ignited charcoal thereon.
PAR  Provision is made to secure the charcoal supporting member to the housing
      by the handle member for storage of the charcoal starter as a unitary
      assembly. The handle member is extended downwardly through the open top
      portion of the housing to pass the handle end portions through the
      apertures of the charcoal supporting member to thereby secure the handle
      member to the supporting member. The handle member is vertically raised
      out of the housing open top portions lifting the charcoal supporting
      member within the housing. When the supporting member reaches a position
      in the housing where the diagonal dimension of the supporting member is
      equal to the diagonal dimension of the housing the edge portions of the
      supporting member frictionally engage the housing sidewalls to resist
      further upward movement of the supporting member within the housing. Thus,
      by supporting the handle member from an elevated support to retain an
      upward lifting force upon the supporting member the weight of the housing
      exerts a downward force upon the supporting member to thereby secure the
      supporting member to the housing by the handle member.
PAR  Accordingly, the principal object of the present invention is to provide a
      charcoal starter for use with a conventional barbecue grill and operable
      to efficiently support a quantity of charcoal at an elevation above the
      barbecue grill for ignition by combustible material without the need for
      liquid hydrocarbon starter fuel.
PAR  Another object of the present invention is to provide a charcoal starter
      that includes a tapered housing that surrounds a grate for supporting a
      quantity of charcoal above ignitable material and is easily maneuvered
      into place on the barbecue grill by a detachably engageable handle member.
PAR  Another object of the present invention is to provide a charcoal starter
      that includes a handle member that is detachably engageable to the chimney
      for lifting the chimney from the charcoal grill when heated to an elevated
      temperature by the ignition of the charcoal and is further adaptable as an
      implement in dispersing the charcoal from the grate into the bowl of the
      barbecue grill.
PAR  A further object of the present invention is to provide a charcoal starter
      that includes a chimney, a grate and a handle member that may be
      efficiently assembled as a unitary structure for storage of the charcoal
      starter when not in use.
PAR  These and other objects of the present invention will be more completely
      disclosed in the following specification, the accompanying drawings and
      the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the charcoal starter positioned within the
      bowl of a conventional barbecue grill for igniting charcoal briquets
      contained therein in accordance with the present invention.
PAR  FIG. 2 is an enlarged isometric view of charcoal starter, illustrating the
      arrangement for igniting the charcoal briquets by the waste material
      positioned below the grate and the handle that is detachably engageable
      with the sidewalls of the chimney.
PAR  FIG. 3 is a top plan view of the charcoal starter, illustrating the grate
      positioned within the chimney having an open upper end portion with a
      diagonal dimension less than the diagonal dimension of the grate.
PAR  FIG. 4 is an isometric view of the charcoal starter, illustrating the
      arrangement for securing the grate to chimney by the handle for convenient
      storage of the charcoal starter when not in use.
PAR  FIGS. 5-7 are schematic representations of the charcoal starter,
      illustrating additional embodiments of the grate for supporting the
      charcoal briquets to be ignited within the chimney by ignitable material.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and more particularly to FIGS. 1-3, there is
      illustrated the charcoal starter generally designated by the numeral 10
      adapted to be positioned within a bowl 12 and a conventional charcoal
      barbecue grill 14 that is supported by leg members 16 secured to the
      bottom surface of the bowl 12. The charcoal starter 10 comprises a tapered
      housing or chimney 18 that rests upon the surface of the bowl 12. The
      chimney 18 includes interconnecting quadrilateral sidewalls 20. The
      sidewalls 20 are fabricated from an incombustible noncorroding sheet
      material such as stainless steel or aluminum and are secured together at
      their adjacent edge portions by suitable fastening means. Each of the
      sidewalls 20 includes a lower edge 22 that is parallel to an upper edge 24
      with upwardly converging side edges 26 connecting the lower and upper
      edges 22 and 24. With this arrangement, the chimney 18 forms a
      pyramid-like shape having an open rectangular base portion 28 and an open
      rectangular top portion 30 that has an area smaller than that of the base
      portion 28.
PAR  Each of the chimney sidewalls 20 includes a row of spaced air inlet
      apertures 32 or a single elongated slot (not shown) that is arranged
      adjacent and parallel to the lower edge portion 22 of each of the
      sidewalls 20. Located adjacent the upper edge portion 24 of each of the
      chimney sidewalls 20 are pairs of spaced openings 34. A handle 36 having
      arm members 38 and 40 with bent end portions 42 and 44 respectively, is
      adapted to be detachably engageable with the sidewalls 20. The bent end
      portions 42 and 44 extend through the selected pair of the openings 34 and
      abut the inside surface of a sidewall 20 to permit lifting of the chimney
      18 by the handle 36 into and out of position on the supporting surface of
      the barbecue grill bowl 12. Thus, the provision of the detachable handle
      36 facilitates handling of the heated chimney 18 once the charcoal
      briquets are ignited in a manner hereinafter explained.
PAR  A grate generally designited by the numeral 46 is adapted to be positioned
      within the chimney 18 for supporting the charcoal briquets above the
      surface of the bowl 12. As illustrated in FIGS. 1-3 the grate 46 is a
      rectangular plate having a plurality of parallel spaced rows of apertures
      48 extending through the plate. The grate 46 is maintained within the
      chimney 18 at an elevation above the air inlet apertures 32 by support
      members 50. Each of the support members 50 includes an upper extension 52
      that overlaps and is secured intermediately to the grate 46. A lower
      extension 54 depends vertically downwardly from each of the upper
      extensions 52 having the lower end portion of extension 54 resting upon
      the supporting surface of the barbecue grill bowl 12.
PAR  Each of the lower extensions 54 is provided with an aperture 56 that
      facilitates the flow of combustion air through the air inlet apertures 32
      and below the grate 46. Accordingly, the flow of air through the air inlet
      apertures 32 is not impeded by the lower extensions 54 of the support
      members 50. With this arrangement the grate 46 divides the interior volume
      of the chimney 18 into a first section for receiving ignitable material
      below the grate 46 on the grill bowl 12 and a second section for
      supporting charcoal to be ignited on the grate 46.
PAR  The charcoal is ignited within the bowl 12 of the barbecue grill 14 by
      initially placing the grate 46 on the supporting surface of the bowl 12 in
      overlying relationship with ignitable material, such as paper or other
      waste material. The chimney 18 is then positioned on the bowl 12 in
      surrounding relationship with the grate 46. Charcoal briquets are then
      introduced into the chimney 18 through the open top portion 30 and are
      collected within the chimney 18 on the upper surface of the grate 46.
PAR  The ignitable material below the grate 46 is suitably ignited as by a
      lighted match. The draft of air entering the chimney 18 through the air
      inlet apertures 32 is directed below the grate 46 to promote combustion of
      the ignitable material. The combustion gases circulate upwardly within the
      chimney 18 through the apertures 48 in the grate 46. The pyramid-like
      shape of the chimney 18 promotes flow of the combustion gases into
      intimate contact with the charcoal briquets. The intense heat of
      combustion of the ignitable material is confined within the chimney 18 to
      thus raise the temperature of the charcoal briquets above its kindling
      temperature without the aid of liquid hydrocarbon starter fuel.
PAR  After the charcoal briquets have become ignited the end portions 42 and 44
      of the handle 36 are extended through the openings 34 in one of the
      sidewalls 20 to thereby lock the handle 36 to the chimney 18. The chimney
      18 is then lifted by the handle 36 from surrounding relationship with the
      grate 46 avoiding contact with the chimney 18 heated by the combustion of
      the charcoal briquets. With the chimney 18 removed from surrounding
      relationship with the grate 46 the charcoal briquets are then dispersed
      from the grate 46 into the barbecue grill bowl 12 by engaging one of the
      end portions of the handle 36 with an aperture 48 of the grate 46
      (preferably an aperture adjacent an edge portion of the grate 46). By
      vertically lifting the grate 46 the ignited charcoal briquets fall upon
      the surface of the bowl 12. The handle 36 may then be utilized to suitably
      arrange the ignited charcoal briquets within the bowl 12. Thus the handle
      36 functions both to lift the heated chimney 18 and grate 46 from the
      barbecue grill 14 and to arrange the ignited charcoal briquets within the
      bowl 12.
PAR  After use the chimney 18, the grate 46 and the handle 36 may be
      conveniently stored as a unitary assembly by the arrangement illustrated
      in FIG. 4. With the grate 46 positioned within the chimney 18 the end
      portions 42 and 44 of the handle 36 are extended downwardly through the
      open top portion 30 of the chimney 18. The handle end portions 42 and 44
      are passed through a selected pair of apertures 48 in the grate 46 to
      thereby securely engage the handle 36 to the grate 46. The handle 36 is
      raised vertically and out of the open top portion 30 of the chimney 18. In
      this manner, the grate 46 is lifted by the handle 36 upwardly within
      chimney 18 until the edge portions of the grate 46 are urged in abutting
      relation with the sidewalls 20 of the chimney 18.
PAR  As hereinabove stated and as illustrated in FIG. 3, the diagonal dimension
      of the grate 46 is less than the maximum diagonal dimension of the chimney
      at the base portion 28 and is less than the minimum diagonal dimension of
      the chimney at the top portion 30. Thus, upward movement of the grate 46
      within the chimney 18 is restrained between the base and top portions 28
      and 30 at a point where the diagonal dimension of the chimney 18 is equal
      to the diagonal dimension of the grate 46. As long as the grate 46 is
      maintained in this position within the chimney 18 the grate 46 and the
      chimney 18 are connected as a unitary assembly by the handle 36.
PAR  By suspending the closed end portion of the handle 36 above the chimney 18,
      such as by a hook 58 that may be secured to a wall or any other supporting
      structure, an upward lifting force is exerted upon the grate 46 to
      maintain the grate engaged to the chimney sidewalls 20. The weight of the
      chimney 18 acts downwardly against the upward force applied to the grate
      46 by the hook 58 to retain the edge portions of the grate 46 in
      frictional engagement with the sidewalls 20. As illustrated in FIG. 4, the
      grate 46 is maintained in substantially horizontal position within the
      chimney 18 by the handle 36; however, one edge portion of the grate 46 may
      be positioned at an elevation above an opposite edge portion and still
      maintain the grate edge portions in frictional engagement with the chimney
      sidewalls 20.
PAR  Alternative embodiments of the grate configuration of FIG. 2 are
      illustrated in FIGS. 5-7. Referring to FIG. 5 an arcuate grate 60 is
      illustrated having end portions 62 and 64 that depend downwardly from the
      crown of the grate 60. The end portions 62 and 64 are arranged to abut the
      lower edge portions of opposed sidewalls 20 of the chimney 18. The arcuate
      grate 60 includes a plurality of apertures 66 through which the hot
      combustion gases pass. As with the rectangular grate 46 illustrated in
      FIG. 2, the arcuate grate 60 partitions the chimney 18 into a first
      section beneath the grate 60 for receiving ignitable material and a second
      section above grate 60 for supporting the charcoal briquets to be ignited.
PAR  In a similar arrangement, a triangular shaped grate 67 having leg members
      68 and 70 is illustrated in FIG. 6. The leg members 68 and 70 are arranged
      to abut opposed sidewalls 20 of the chimney 18. With this arrangement the
      triangular grate 68 divides the interior of the chimney 18 into a first
      section for receiving charcoal briquets on the upper surface of the grate
      68 and within the space defined by the upper surface of the grate 68 and
      the chimney sidewalls 20 and a second section beneath the grate 68 for
      receiving ignitable material.
PAR  With both embodiments illustrated in FIGS. 5 and 6 the diagonal measurement
      extending between opposite corners of the end portions of each of the
      grates 60 and 68 is less than the diagonal dimension of the open base
      portion and less than the diagonal dimension of the open top portion of
      the chimney 18. Thus, the handle 36 is adapted to engage the apertures of
      either grate 60 or 68 positioned in the chimney 18 so that upon lifting
      the grate 60 or 68 by the handle 36 the grate edge portions will
      frictionally engage the chimney sidewalls 20 and secure the respective
      grate to the chimney 18 by the handle 36 suspended from an elevated
      supporting structure.
PAR  Referring to FIG. 7, there is illustrated a conical grate 72 that is
      positioned within the chimney 18. The conical grate 72 has a hollow
      interior portion and apertures 74 extending through the grate 72. The
      circular base portion of the grate 72 is positioned adjacent the lower
      edge portions of the chimney sidewalls 20 to position the chimney 18 into
      a first section confined within the conical grate 72 for receiving
      ignitable material. A second section is formed between the outer surface
      of the grate 72 and the inside surface of the sidewalls 20 for receiving
      the charcoal briquets to be ignited. As hereinabove discussed ignitiion of
      the ignitable material within the conical grate 72 produces hot gases
      which are directed upwardly through the apertures 74 and the chimney 18 to
      heat the charcoal briquets so that they in turn ignite. In addition, the
      handle 36 is adaptable to engage the apertures 74 and lift the grate 72
      upwardly within the chimney 18 to engage the sidewalls 20 for storage of
      the chimney 18, handle 36 and grate 72.
PAR  According to the provisions of the patent statutes, we have explained the
      principle, preferred construction and mode of operation of our invention
      and have illustrated and described what we now consider to represent its
      best embodiments. However, it should be understood that, within the scope
      of the appended claims, the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A charcoal starter comprising,
PA1  a tapered housing arranged to rest vertically on a supporting surface and
      being formed by interconnecting quadrilateral sidewalls to define an open
      top portion and an open base portion with said base portion having an area
      greater than said top portion,
PA1  a plurality of spaced apart air inlet apertures extending through each of
      said sidewalls at the lower portions thereof and openings extending
      through each of said sidewalls at the upper portions thereof,
PA1  handle means having end portions detachably engageable with said openings
      of one of said housing sidewalls for lifting said housing into and out of
      position on said supporting surface,
PA1  means for supporting charcoal to be ignited within said housing above said
      air inlet apertures of said housing sidewalls, said charcoal supporting
      means positioned for vertical movement within said housing,
PA1  said handle means including means for securing said charcoal supporting
      means within said housing for storage of said charcoal starter when said
      handle means is detached from engagement with said openings in one of said
      sidewalls, and
PA1  said charcoal supporting means having a plurality of apertures extending
      therethrough and a diagonal dimension greater than the diagonal dimension
      of said open top portion of said housing.
NUM  2.
PAR  2. A charcoal starter as set forth in claim 1 which includes,
PA1  said handle means end portions arranged to engage said openings of one of
      said housing sidewalls to lift said housing from surrounding relationship
      with said charcoal supporting means.
NUM  3.
PAR  3. A charcoal starter as set forth in claim 1 in which said charcoal
      supporting means includes,
PA1  a plate member having support members secured to said depending downwardly
      therefrom to horizontally position said plate member within said housing
      above said supporting surface,
PA1  said plate member being supported by said support means independently of
      said housing above said air inlet apertures.
NUM  4.
PAR  4. A charcoal starter as set forth in claim 3 which includes,
PA1  said plate member having a rectangular configuration with a diagonal
      dimension less than the diagonal dimension of said housing open base
      portion and greater than the diagonal dimension of said housing open top
      portion such that upward movement of said plate member within said housing
      urges the edge portions of said plate member into abutting relation with
      sidewalls of said housing open top portion.
NUM  5.
PAR  5. A charcoal starter as set forth in claim 1 in which said means for
      securing said charcoal supporting means within said housing for storage
      includes,
PA1  said handle means having arm members with said end portions and a closed
      end portion,
PA1  said arm members being operable to extend downwardly through said housing
      open top portion and having said end portions arranged to engage certain
      of said apertures in said charcoal supporting means,
PA1  said arm members operable to be supported by said closed end portion above
      said housing to raise said charcoal supporting means upwardly within said
      housing to urge said charcoal supporting means into engagement with said
      housing sidewalls and thereby secure said charcoal supporting means to
      said housing.
NUM  6.
PAR  6. A charcoal starter as set forth in claim 1 in which said charcoal
      supporting means includes,
PA1  a conical housing having a plurality of apertures extending therethrough
      and a circular base portion arranged to abut the lower portions of said
      sidewalls within said housing to define a section between said sidewalls
      and the surface of said conical housing for retaining charcoal to be
      ignited,
PA1  said circular base portion having a diameter less than the diagonal
      dimension of said housing open base portion and greater than the diagonal
      dimension of said housing open top portion.
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ABST
PAL  An incinerator comprises a pre-drying grate, a combustion grate or drum
      following the pre-drying grate, and a drop intermediate the pre-drying
      grate and the combustion grate or drum. The drop is the front wall of an
      air distribution box extending over the width of the pre-drying grate,
      this wall including air throughflow apertures whereby air passes from the
      box to a combustion chamber above the combustion grate or drum. The speed
      of the air flow from the apertures varies over the wall, with the highest
      speed flows being adjacent to the side walls of the chamber.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a combustion apparatus, more particularly an
      incinerator for the burning of refuse.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A known incinerator for the burning of refuse comprises a pre-drying grate,
      a combustion device, and an air-cooled, stepped, grate drop arranged at
      the end of the grate, down which the material to be combusted descends
      suddenly onto the combustion device which follows the grate.
PAR  In known incinerators of this kind wherein, as is known, the combustion
      device arranged downstream of the grate is formed either by a combustion
      grate or by a rotating combustion drum, in spite of the intensive efforts
      which the technical world has made for a long time, there are still the
      important disadvantges that, owing to the continually fluctuating
      composition of the refuse, the firing action in the region of the
      combustion device in non-uniform and also the material is not completely
      burned, and at the side walls, especially in the vicinity of the grate
      drop, slag accretions readily occur, and over the combustion chamber
      instead of having as uniform a temperature as possible, high temperature
      peaks occur locally, whereby those constructional parts of the incinerator
      affected thereby are subjected to very high thermal stress, which reduces
      the working life of these parts.
PAR  In an already known incinerator of the kind initially mentioned, the
      pre-drying grate is constructed as a mechanical feed grate, and the
      stepped grate drop is formed by a relatively steeply descending, so-called
      "drop grate" down which the refuse for burning descends suddenly to a
      horizontal combustion grate, a so-called "furnace bottom grate," the drop
      grate being cooled by combustion-supporting air supplied to it as an
      under-grate blast, with simultaneous preheating of this air (Swiss Pat.
      Specification No. 231,039).
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as its object to eliminate the aforesaid disadvantages in
      as simple, inexpensive and reliable a manner as possible.
PAR  According to the present invention, there is provided a combustion
      apparatus, comprising a grate, a combustion device following the grate, a
      combustion chamber above said device, and a drop which is intermediate the
      grate and the combustion device and down which material to be combusted
      falls, wherein the improvement comprises forming at least part of said
      drop as a front wall of an air distribution box extending over
      substantially the whole width of the grate and connected to air supply
      means for supplying air to said box, the outer surface of said wall facing
      said combustion chamber, and said wall being provided with air throughflow
      apertures forming zones of different air speed when air passes from said
      box to said chamber.
PAR  The size and distribution of the throughflow apertures is such as to
      provide zones of higher speed air flow along the side walls of the chamber
      and an intermediate zone of lower speed air flow. In one form of the
      invention, a zone of medium speed air flow, at the top of the chamber
      between the two lateral zones of higher speed air flow and of the zone of
      lower speed air flow.
PAR  In a preferred construction, the front wall of the box is constructed as a
      hollow wall, whose rear part comprises plates provided with a first set of
      the throughflow apertures and whose front part is composed of cast front
      plates spaced from one another to leave free gaps around their edges,
      forming another set of the throughflow apertures. One or both of these
      sets of apertures may be used for establishing the desired air speed zones
      by making the apertures larger where the air speed is to be greater. The
      plates of the rear part of the hollow wall in this preferred form of
      construction are detachably fastened to a supporting frame of the air
      distribution box and the plates of the front part are removably hung on
      horizontal support rods mounted on the box frame. The plates of the rear
      part of the wall preferably have throughflow apertures in the form of
      vertical slots, in which case the plates of the front part are provided
      with horizontal cooling ribs extending towards the interior of the hollow
      wall. The rear wall of the box is preferably provided with removable
      panels, on one of which an air supply means is connected. Vertical air
      partition means, either a single one in V-form provided with perforations
      or separate partitions, are arranged in the air distribution box to direct
      the flow of air and preferably vertical partitions are also provided in
      the hollow wall between the air speed zones. Where vertically adjacent
      zones of different air speed are used in the mid-portion of the front wall
      of the box, horizontal partitions may similarly be used.
PAR  In another form of construction, the air distribution box is formed of a
      single bent metal plate or sheet provided with end walls and open at the
      front and cast front wall plates are hung in front of the opening having
      air throughflow apertures in the form of horizontal slots protected with
      an overhanging brow formed on the front plates.
PAR  The combustion device, at the bottom of the chamber, in front of the front
      wall of the air box, may comprise a second grate or it may comprise
      instead a rotatable drum. Instead of a single drop between the pre-drying
      grate and the combustion device, there may be a first drop between the
      pre-drying grate and a combustion grate, followed by a second drop leading
      to another combustion grate or to a rotatable drum, both drops being, in
      this case, air-colled, a second air distribution box being provided across
      the full width of the second drop, in the same manner as the first air
      distribution box is located behind the first drop, with its apertured
      front wall providing the desired air flow.
PAR  The air supply means may be divided into two or more portions individually
      controlled for operating the desired air speed zones.
PAR  Further details are given in the following decription of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more clearly understood, reference is
      made to the accompanying drawings, wherein:
PAR  FIG. 1 shows a longitudinal vertical section through an incinerator, in
      particular through a discharge region of a pre-drying grate thereof, an
      air distribution box forming a drop thereof, and an entry region of a
      combustion device thereof,
PAR  FIG. 2 shows a rear elevation of the air distribution box taken in the
      direction of arrow II of FIG. 1.
PAR  FIG. 3 shows a front elevation of the front wall of the air distribution
      box in the absence of the removable front plates 13 and with the
      suspension members 26 for the front plates 13 omitted.
PAR  FIG. 4 shows a fragmentary front elevation of the front wall taken in the
      direction of the arrow IV of FIG. 1, with the front plate in place,
PAR  FIG. 5 shows a sectional side elevation of a gront plate of the front wall,
PAR  FIG. 6 shows a rear elevation of the front plate taken in the direction of
      the arrow IV of FIG. 5,
PAR  FIG. 7 shows a horizontal section through the air distribution box,
PAR  FIG. 8 shows a longitudinal vertical section through a modified version in
      which the air distribution box has a vertical front wall,
PAR  FIG. 9 shows a horizontal section through another modified version in which
      the air distribution box has lateral air supply,
PAR  FIG. 10 shows a detail of FIG. 8,
PAR  FIG. 11 shows in a diagrammatical perspective view the distribution of
      speeds of entry of the air front wall into the combustion chamber in the
      version of FIGS. 1, 8 or 9,
PAR  FIG. 12 shows a horizontal section through a further modified version
      having a double pre-drying grate and a double combustion grate,
PAR  FIG. 13 shows a diagrammatic longitudinal vertical section through a yet
      further modified version in which the distribution box is constructed
      mainly from a bent steel plate,
PAR  FIG. 14 shows a fragmentary front elevation of a front plate of the box
      taken in the direction of the arrow XIV of FIG. 13,
PAR  FIG. 15 is a front elevation view of a modified form of aperture plate for
      the rear part of a double front wall of an air distribution box of the
      general type shown in FIG. 1,
PAR  FIG. 16 is a diagrammatic longitudinal section of a modified form of
      combustion apparatus according to the invention in which there is a first
      aerated drop from the pre-drying grate through a first combustion grate,
      followed by a second aerated drop to a second combustion grate,
PAR  FIG. 17 is a diagrammatic longitudinal section of part of a modified form
      of combustion apparatus in which there is a first aerated drop to a
      combustion grate, followed by a second aerated drop to a rotatable drum
      forming part of the combustion device, and
PAR  FIG. 18 is a horizontal cross-section of a modified form of air
      distribution box with air-tight vertical partitions and individual air
      supply means for the respective chambers of the air distribution box,
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 is seen the discharge end 1 of the predrying grate which is
      constructed as any suitable kind of inclined grate or mechanical step or
      feed grate. Below a discharge shoulder of the grate 1 in the form of a
      discharge beam 2 there is arranged an air distribution box 3 whereof the
      length dimension extends trasversely to the longitudinal axis of the grate
      1 over substantially its entire width g 1 (see FIGS. 3, 7 and 11). Here,
      the air distribution box 3 includes a skeleton frame made from T-section
      members 4 welded together, and the box is mounted on I-sections 6
      belonging to the incinerator structure. A front wall 7 of the distribution
      box 3 adjacent the combustion chamber 100 (see FIG. 7) and provided with
      air throughflow apertures 17, 17a and 23 and slightly inclined relative to
      the vertical, forms a grate drop 8 down which the material to be burned
      descends suddenly on to a combustion device 9 which follows the pre-drying
      grate 1 and which is here also constructed as an inclined grate. Flat box
      walls of steel plate are so secured to the frame 5 that the air
      distribution box 3 which is thus formed is closed on all sides in an
      air-tight manner except for air inlet and outlet apertures. These flat box
      walls are at least partly removable from the frame 5. The air distribution
      box 3 comprises the shape and dimensions of a conventional brickwork grate
      drop such as is used more particularly in refuse incinerators. The rear
      wall 10 of the air distribution box 3 is inclined and is subdivided into
      three portions 11 which are constructed as detachable covers and are
      suspended on the frame 5 (see FIG. 2). Inside the box 3 there are mounted
      vertical air guiding and distributing partitions 27 in the form of steel
      plates provided with air throughflow holes 28 (see FIG. 7). The front wall
      7 is constructed as a hollow wall and comprises rear vertically or
      horizontally slotted plates 12 and front plates 13 spaced therefrom. A
      suspension structure, not shown in FIG. 1 in order to leave the
      illustration clear, is welded securely to the frame 5 of the box 3 and is
      used for the suspension of the front plates 13 which are spaced apart from
      one another. The central rear wall cover 11 is provided with a rearwardly
      projecting pipe union 14 the axis of which lies in the central vertical
      longitudinal plane of the grate 1 and to which there is connected by means
      of a flange connection 16 an air inlet conduit 15. The air introduced
      through conduit 15 into the box 3 flows through vertical slots 17 and 17a
      of the slotted plates 12 and posses through free spaces 23 between the
      front plates 12 and passes through free spaces 23 between the front plates
      13 and through spaces 23a, 23b and 23c (FIG. 4) at the top, bottom and
      sides of the plate array into the combustion chamber 100 where the air is
      used, in a heated condition owing to its cooling of the grate drop 8, as
      preheated combustion-supporting air and for cooling the brickwork.
PAR  FIG. 2 shows the inclined rear wall 10 of the box 3 which comprises the
      three covers 11. These three covers are provided with asbestos seals, and
      are locked closed by wing nuts 19 or locking bolts 20. They comprise
      handles 21 so that they can easily be detached from the box 3. This allows
      easy access for operations within the box 3, so that the air guiding and
      distributing means provided in its interior can easily be adapted to
      particular conditions.
PAR  FIG. 3 shows the slotted plates 12 from the front of the box 3. Here, the
      slotted plates are arranged in a common plane and attached securely by
      screwing to the frame 5 so that, by detaching these plates, the interior
      of the box 3 is also accessible from the front, i.e. from the combustion
      chamber 100. In addition to the vertical slots 17 which are identical to
      one another as regards length and width, there are arranged in the regions
      of the incinerator side walls 22 the slots 17a of greater width through
      which the air is blown along the masonry of the side walls 22 and cools
      the masonry. Owing to their considerably greater width, with identical
      slot length to the slots 17, the quantity of cooling air blown out through
      the slots 17a is correspondingly greater. Thus, over the width of the
      grate drop 8, different zones are formed with varying air quantity and
      speed, as will be discussed in more detail hereinafter with reference to
      FIG. 11.
PAR  FIG. 4 shows the front surface of the grate drop 8 with the front plates 13
      which consist for example a high-alloyed, heat-resistant cast steel. The
      front plates 13 are so suspended on the suspension structure welded to the
      frame 5 that all round each rectangular front plate 13 there remains free
      a relatively narrow slot-like throughflow aperture 23 which is for example
      about 5 to 10 mm. in width and extends horizontally and vertically. The
      front plates 13 cover the entire front surface, facing towards the
      combustion chamber, of the grate drop (see FIG. 1) and are arranged in
      three transverse rows one above another (see FIG. 1). The front plates 13
      are supplied with the cooling air at their rear sides, this cooling air
      flowing through the slots 17 and 17a of the slotted plates 12 into the
      hollow space in the front wall 6 of the box (see FIG. 1 and FIG. 7). To
      increase the cooling effect, the front plates 13 are provided at their
      rear sides with cast-on ribs as will be explained in more detail with
      reference to FIGS. 5 and 6.
PAR  In FIG. 5 a front plate 13 is shown in side view. The front plate comprises
      cast-on, rearwardly projecting ribs 24 which extend horizontally (see FIG.
      6), whereas the slots 17 and 17a of the slotted plates 12 extend
      vertically, which results in a lively whirling movement of the cooling air
      in the hollow interior of the front wall 7 between the slotted plate 12
      and the front plates 13. Thus turbulent flow is produced at the rear sides
      of the front plates 13, which are heated to a high temperature by the heat
      from the combustion chamber, and this turbulent flow substantially
      increases the rate of heat transfer (kcal/m.sup.2 h.degree.C) and thus
      also the cooling effect. Hook-like projections 25 are cast on the rear
      side of each front plate 13 and are used for attaching the latter to the
      suspension structure welded to the frame 5.
PAR  FIG. 6 shows that at the upper region of the rear side of the front plate
      13 there are provided two hookshaped cast-on projections 25 by means of
      which the front plate is hooked onto a tube 26 of the suspension
      structure. The tubes 26 are welded onto forwardly projecting flanges 5a at
      the sides of the array of slotted plates 12, i.e., extending along the
      wall 22 and affixed to the frame 5. At the lower region of the front plate
      13 only a single, central, rear-wardly projecting suspension hook 25 is
      cast-on, this engaging over another horizontal tube 26 of the structure.
      Therefore the front plate 13 can be removed from the suspension structure
      by lifting it and then pulling it forwards, such ready removal being
      important for easy replacement of worn front plates by new plates. It
      should be noted that the front plates 13 do not require for fastening them
      any additional securing elements such as for example screws, locking bolts
      or clips.
PAR  FIG. 7 shows that the two air guiding and distributing partitions 27 are
      arranged at an angle to each other, and also that there are two vertical
      partition plates 29 in the hollow wall 7, so that in the combustion
      chamber 100 above the combustion grate 9, which is used as an
      after-burning grate, there are formed over the width thereof three zones
      with air speeds v1 and v2. Situated respectively at the two side walls 22
      of the incinerator are two laterally outer zones with a greater air speed
      v1 than the air speed v2 in the middle zone. This takes into account the
      fact that the two outer zones require an additional quantity of air to
      cool adequately the masonry of the two walls 22, whereas in the middle
      zone it is simply necessary to supply a quantity of air for cooling the
      front plates 13 and for the secondary air requirements for after-burning.
PAR  Thus in the combustion chamber 100 there is formed, in front of the grate
      drop 8, a so-called "speed profile" which is represented in FIG. 7 by
      different lengths of speed vectors v1 and v2. Further details of this
      speed profile will be explained later in connection with FIG. 11. The two
      partition plates 29 are each arranged in a vertical plane so that the
      hollow interior of this front wall is divided, between the slotted plates
      12 and the front plates 13, into three adjacent chambers which correspond
      in their widths to the three zones in the combustion chamber. These two
      vertical partition plates 29 can comprise for example angle irons and can
      be secured for example to the slotted plates 12, for example by screwing.
PAR  FIG. 8 shows a version in which the air distribution box 3a has a vertical
      front wall 7a. The vertical grate drop formed thereby is designated as 8a
      and the air guiding and distributing plates as 27a. Otherwise the
      construction and arrangement of the incinerator is the same as already
      explained with reference to FIGS. 1 to 7.
PAR  FIG. 9 shows a version in which the air distribution box 3b has lateral air
      supply through inlet apertures 30 and 30a in the two side walls 22 of the
      incinerator and the two end walls of the box 3b. Two air guiding and
      distributing partitions 27b constructed as perforated steel plates and
      spaced from one another act as vertical partitions dividing the interior
      of the box 3b into three chambers and again form, in conjunction with the
      two vertical partition plates 29, in front of the grate drop 8 in the
      combustion chamber 100, three zones of which two laterally outer zones in
      the vicinity of the incinerator side walls 22 have a higher air speed v1
      than the middle zone which has the speed v2.
PAR  FIG. 10 shows that partitions can be situated horizontally in the hollow
      front wall 7b of the box. Here a horizontal partition plate 31 of this
      kind is welded to a U-section member 32 which itself is welded to the
      frame 5 of the box, which frame comprises the T-section members 4. By one
      or more such horizontal partition plates 31 there are formed in the hollow
      interior of the front wall 7b between its closed plates 12 and its front
      plates 13 chambers which are situated one above another and are used for
      forming air speed zones situated one above another in a corresponding
      manner in the combustion chamber 100 after the grate drop 8, as will be
      explained hereinafter in more detail with reference to FIG. 11.
PAR  Perforated covering plates 33 with relatively narrow, round, throughflow
      apertures 33a are arranged within the front wall 7b in front of the
      slotted plates 12 and welded to these, so that vertical slots 17 of the
      slotted plates 12 are covered at the front. This causes an increase in
      flow resistance in the relevant air paths and thus also a corresponding
      pressure drop in the cooling air flowing along these, and this in turn
      results in a correspondingly lower blowing-out speed in the spaces between
      the neighbouring front plates 13. Such perforated plates 33 at the slotted
      plates 12 are preferably used only for a specific lower middle zone,
      situated between the two laterally outer zones, with a particularly low
      speed of flow as will also be explained in detail hereinafter with
      reference to FIG. 11.
PAR  The perforated plates 33 are only tacked to the slotted plates 12,
      preferably by means of short weld seams, so that they can easily be
      replaced by others having a higher or lower resistance to throughflow.
PAR  The front plates 13 in FIG. 10 are suspended by means of their hook-shaped
      rear projections 25 from round-section rods 26a which are held by vertical
      flat irons 34 and 35 respectively which are welded to the U-section
      members 32. The horizontal partition plate 31 is welded not only to one of
      the U-section members 32 but also to the flat irons 34.
PAR  FIG. 11 shows a perspective view of the speed profile for the speed
      distribution after the grate drop 8 or 8a in the versions of FIGS. 1 to
      10. This speed profile can be broken down into four prismatic boxes 37,
      37a, 38 and 39 which, starting from a common substantially vertical plane
      40 formed by the front surfaces of the front plates 13, extend to various
      distances forwards and thus represent zones of different flow speeds on
      the part of the air previously already used over the entire frontal area
      of the grate drop 8 as cooling air for plate cooling. In two laterally
      outer zones adjoining the two side walls 22 (see FIGS. 3, 7 and 9), these
      zones being represented by the two profile boxes 37 and 37a, prevails the
      highest flow speed v1 which occurs, a specific portion of the air flowing
      at this speed along the two side walls 22 and thus being used for cooling
      the side walls. In an upper middle zone represented by the profile box 38
      a further portion of the air flows at a relatively low speed v2 o which is
      used as secondary air for the after-burning of the gaseous products of
      combustion above the fire bed, whilst in a lower middle zone represented
      by the profile box 39 a constant proportion of air flows at a still lower
      speed v2u, this being used as combustion air for the main combustion.
PAR  The three horizontal zones 37, 38/39, and 37a are formed by the vertical
      air guiding and distributing partitions (27 in FIGS. 1 and 7; 27a in FIG.
      8; or 27b in FIG. 9) in conjunction with the vertical partition plates (29
      in FIGS. 7 and 9); whilst the zones 38 and 39 are situated one above the
      other are formed by the horizontal partition plate (31 in FIG. 10) in
      conjunction with the perforated covering plates (33 in FIG. 10).
PAR  It will be appreciated that the various zones of the speed profile can be
      varied not only as regards their air speeds but also as regards their
      number, position, cross-sectional shape and cross-sectional size, that is
      to say width and/or height, so that the air economy in the combustion
      chamber in front of the grate drop can be adapted to the particular
      conditions desired there. Thus the speed profile composed of the
      individual profile boxes can be arranged three-dimensionally over the
      entire frontal area of the grate drop, like a mountain landscape. The
      individual cooling air fractions of the various zones can be determined as
      regards volume rate of flow V in m..sup.3 /h. and therefore also in % of
      the total air requirements both by calculation, assuming specific
      directional speeds v in m/sec. for the individual zoner, and also for
      control purposes experimentally by measuring these air speeds for example
      by means of a bladed wheel anemometer held in front of the front plates
      13, from the equation V = v .times. F in m..sup.3 /h., F being the
      throughflow area of the relevant zone in m..sup.2.
PAR  A determining factor for the effective speed at which the air is blown out
      between adjacent front plates 13 into the combustion chamber is not only
      the size of the total throughflow area of the spaces 23 among the front
      plates 13 of the zone being considered, but also the pressure drop which
      is produced in the slotted plates 12 arranged on the path of flow of the
      air upstream of the front plates 13, and in the perforated plates 33 if
      used, and also for the zones 38 and 39 additionally in the vertical air
      guiding and distributing plates 27 and 27a. Thus for example the smallest
      speed v2u of the speed profile shown in FIG. 11 which prevails in the
      lower middle zone 39 results in the first instance from the pressure drop
      produced by the air guiding and distributing plates 27, 27a and 27b, and
      also, on the further advance of the air, from the pressure drop which is
      produced owing to the presence of the slotted plates 12, and finally from
      the increased resistance produced by the fact that the relevant vertical
      slots 17 of the slotted plates 12 are also covered by the perforated
      plates 33.
PAR  FIG. 12 shows a version having an air distribution box 3c for a so-called
      "double grate" DR1, that is to say two grates 1a and 1b which are situated
      side-by-side directly adjacent each other, followed here by a double grate
      DR9 comprising two grates 9a and 9b also situated side-by-side directly
      adjacent one another and acting as the combustion device. The front wall
      7c of the box 3c adjacent the combustion chamber 100 forms the grate drop
      8c down which the material to be combusted descends suddenly from the
      discharge end of the double grate DR1 to the double grate DR9 which
      follows it. The distribution box 3c in this case comprises substantially a
      straight ducting box 50 preferably made from sheet metal and extending
      transversely of the central vertical longitudinal plane LA of the double
      grate DR1, and has a length equal to the overall width b2 of the double
      grate DR1, the ducting box 50, however, extending through the two side
      walls 22 of the incinerator and being connected at both ends by way of a
      duct leg 51 in each case to an air supply conduit 52. The two duct legs
      51, which are preferably also made from sheet metal, can be connected by
      flange connections to the box 50 and the air supply conduits 52 as
      indicated at 53 in FIG. 12. A longitudinal partition plate 54 is arranged
      upright in each duct leg 51, and is continued into the relevant end
      portion of the straight box 50 and is connected there by a rearwardly bent
      portion to the rear wall 10c of the box 50. Each plate 54 forms in the
      relevant duct leg 51 and the adjoining end portion of the straight box 50
      two part-ducts 55 and 56 which are situated one behind the other and of
      which the rear part-duct 56 is connected, by way of a throughflow hole 57
      provided in the rear wall 10c, with a guide box 58 which is preferably
      also made of sheet metal and is connected in an air-tight manner to the
      rear wall 10c of the box 50. By means of two vertical transverse
      partitions 60 provided with throughflow holes 59 and also three vertical,
      transverse air-impervious partitions 61, there are formed within the box
      50 four adjacent duct portions 62, 63, 64 and 65 which are adjoined to
      right and left, by a further duct portion 55a which on the one hand is
      bounded by the partition 60 and on the other hand is connected with the
      forward part-duct 55. Thus the grate drop 8c is supplied with air by way
      of a series of altogether six duct portions 55a, 62, 63, 64, 65 and 55a,
      and thus six part-flows of cooling air situated adjacent one another are
      blown out into the combustion chamber 100 over the entire double grate
      width b2 through the front wall 7c which is provided with throughflow
      apertures 50a and forms the grate drop 8c. The two external portions 55a
      receive their air directly from the two associated front part-ducts 55,
      whilst the two duct portions 62 and 65 which follow next are also supplied
      with air from the front partducts 55 through the partitions 60. On the
      other hand, the two middle duct portions 63 and 64 receive their air from
      the two rear part-ducts 56 by way of the associated guide boxes 58, as
      illustrated in FIG. 12 by suitable flow direction arrows. For in the rear
      wall 10c in addition to the throughflow holes 57 further throughflow holes
      66 are also provided communicating with the guide boxes 58, so that the
      air can flow into the middle duct portions 63 and 64 from the rear
      part-ducts 56 by way of the guide boxes 58. In each of the two duct legs
      51 there are provided in the entry regions of its two part-ducts 55 and 56
      regulating elements -- in this case there are preferably regulating flap
      valves 55b and 56b which can be adjusted independently of each other --
      with which the two air fractions flowing through the two part-ducts 55 and
      56, and thus on the one hand the air quantities flowing through the duct
      portions 55a and 62 at the left or 55a and 65 at the right, and on the
      other hand flowing duct portion 63 or 64, can be regulated substantially
      independently of each other.
PAR  Cast rectangular front plates 13 are again hung, without additional fixing
      elements such as screws, locking bolts, or clips, or fixing by welding, on
      a suspension structure secured to the front portion of the duct box 50.
      Here again the front plates 13 are spaced from one another so that
      slot-shaped throughflow apertures 23 are left free between them.
PAR  In front of the grate drop 8c, that is to say downstream of the drop
      relatively to the air flow path, the six duct portions 55a, 62, 63, 64, 65
      and 55a feed six adjacent zones with different air speeds, forming a speed
      profile with the speed vectors v1 -v2-v3-v3-v2-v1. With this speed
      profile, the highest air speed v1 again occurs in the region of each of
      the two side walls 22 of the incinerator. The object of this speed
      profiling and the formation of the speed profile have already been
      explained with reference to FIGS. 7 and 11. It should be noted that for
      the right-hand grate 9b of the double grate DR9 the associated profile
      part is the mirror-image of that profile part which is associated with the
      left-hand grate 9a. The entire speed profile which extends over the width
      b2 of the double grate DR9 is thus symmetrically shaped in relation to the
      longitudinal plane LA thereof, so that in its two middle zones which are
      associated with the two adjacent middle duct portions 63 and 64, the same
      air speed v3 prevails which is the lowest speed of the entire profile.
      This symmetry in relation to the central vertical longitudinal plane of
      the grate was also present in the profile shown in FIG. 7 and in the
      three-dimensional profile shown in FIG. 11. If temporarily different
      conditions prevail in the combustion chamber above the two grates 9a and
      9b of the double grate DR9, by appropriately different adjustment of the
      regulating elements 55b and 56b it is possible to make the speed profile
      asymmetrical to meet the particular requirements. An automatic control of
      the regulating elements 55b and 56b in accordance with predetermined
      operating values of the incinerator or in dependence on the particular
      deviations from predetermined operating values of the incinerator is
      possible.
PAR  FIG. 13 shows a version in which the air distribution box 3d includes a
      body 71 bent from steel plate. This body is closed at the rear and has
      front plates 13d hung at the front which in this case are themselves
      provided with throughflow apertures 13s for the air. Here the air
      distribution box 3d comprises a self-supporting housing 70 whereof the
      body 71 bent from a single metal plate forms the front, the rear, the roof
      and the floor. The housing 70 is closed at its two ends by respective flat
      end plates 72 welded onto the ends of the body 71. One of the two end
      plates 72 or, if there is lateral air introduction at both ends of the box
      3d, each end plate 72 is provided with a rectangular aperture 73 for the
      entry of the cooling air into the housing 70. The housing 70 which
      comprises at the front welded-in vertical reinforcements 74, comprises
      simply at the front a relatively large rectangular aperture 75 through
      which not only is cooling air blown through and between the front plates
      13d into the combustion chamber 100 after the grate drop 3d, but also --
      after removal of the plates 13d -- the interior of the air distribution
      box 3d is accessible. The air guiding and distributing partitions which
      have already been explained and are therefore not shown in FIG. 13 are
      again arranged within the air distribution box 3d. A U-shaped bent plate
      76 provided with a rectangular aperture 76a is bolted to the front of the
      body 71 at the points 77 and provided with welded-on, forwardly projecting
      flat iron sections 78 and 79 which carry two round -- section iron rods
      26d welded thereto. The front plates 13d which in this case are simply
      arranged in a single horizontal row, are hung on the two rods 26d in such
      a manner as to be readily removable. FIG. 13 again shows a discharge beam
      2 of the pre-drying grate which is not shown here and also the I-sections
      6 belonging to the furnace structure, the air distribution box 3d being
      adapted in its cross-sectional form to the furnace structure.
PAR  The front plates 13d are themselves provided with throughflow apertures in
      the form of horizontal slots 13s which are thus parallel to the cooling
      ribs 24, so that in this case the cooling air can be blown not only
      between adjacent front plates 13d but also through these plates themselves
      into the combustion chamber 100. Directly above the horizontal slots 13s,
      rib-like protective projections 13n are cast on to the front plates 13b
      and project in roof-like manner over the slots 13s and thus keep them free
      from downwardly trickling particles of ash or fuel.
PAR  FIG. 14 shows a view from the front of one of the front plates 13d of FIG.
      13. Here the slots 13s arranged in pairs at three different heights can be
      seen, and also the three protective projections 13n which are arranged
      immediately above them. Horizontal slots may also be used for the plates
      12 of the rear portion of the double wall of the air box in the type of
      construction shown in FIG. 1. FIG. 15 illustrates a plate 12 for such a
      structure, showing horizontal slots 17b serving as air throughflow
      apertures. The plate illustrated is one at the lateral ends of the array
      and has additional slots 17c near one edge to provide a higher speed air
      flow zone at the edge of the combustion chamber.
PAR  Several other versions different from those described hereinbefore are
      feasible. For example, the combustion device 9 following the grate 1 can
      consist of a rotary drum instead of consisting of a second grate, the
      discharge end of the grate 1 projecting into the drum. Instead of only a
      single inclined grate 9 following the grate 1, two inclined grates 9 and
      9x could be provided as shown in FIG. 6, in which case the grate 9
      following the grate 1 is also provided at its discharge end with an
      aerated drop 8x provided by a second air distribution box 3 or of a kind
      already described. As diagrammatically shown in FIG. 16, the first air
      distribution box 3m, supplying air to the perforated front wall 8, is
      provided with air supply means 15m and the second air distribution box 3n,
      supplying air to the second perforated front wall 8x, has its own air
      supply means 15n. Between the first grate 1 and a rotary drum, it would
      also be possible, as shown in FIG. 7, to interpose a second inclined grate
      9 whose discharge end projects into the rotary drum 9y and is provided
      within the drum with such an air distribution box forming a grate drop.
      The air distribution boxes supplying air for aerating the drop walls 8 and
      8x have been omitted in FIG. 17 in order to simplify the illustration.
      Similarly, three or more grates can be arranged to precede a rotary drum
      with a grate drop in each case between the grates and between the last
      grate and the rotary drum, and each drop can be provided by such an air
      distribution box.
PAR  Instead of the two air guiding and distributing plates 27 arranged at an
      angle to each other in FIG. 7, it is possible to use a single air guiding
      and distributing plate bent at a suitable angle.
PAR  To form zones which are adjacent one another horizontally, it would be
      sufficient to use the vertical air guiding and distributing partitions (27
      and 27b in FIGS. 7 and 9) arranged within the air distribution box or the
      vertical partition plates (29 in FIGS. 7 and 9) arranged in the hollow
      front wall (7 in FIGS. 7 and 9), by themselves in each case. However, the
      use of both of these kinds of partitioning is advantageous in the
      interests of substantial channelling of the various air flows for forming
      zones, especially since each of the two kinds involves only slight
      material, production and fitting costs. In any case, the pressure drop
      which takes place in the individual air paths, and therefore the increased
      resistance which is produced there, are determining factors for the
      effective air speed v and thus for the quantitative air fraction in
      m.sup.3 /h in each zone.
PAR  If the interior of the box 3 shown in FIG. 1 is to be accessible at its
      rear as well as at its front to carry out work in this interior, the frame
      5 should be welded to be self-supporting. Instead, the box may be made
      accessible only at its rear or at its front.
PAR  Instead of providing the air distribution box with a frame welded together
      from section members as explained with reference to FIG. 1, it could be
      made self-supporting and mounted on bearing brackets of the I-section
      members 6, in which case the frame would be longer be necessary.
PAR  Instead of providing the air guiding and distributing partitions with
      throughflow apertures for the cooling air as shown in FIG. 1 and FIG. 7,
      these partitions could be made impervious to air; in that case, however,
      as shown in FIG. 18, it would be insured by several appropriately arranged
      air supply conduits 14a that the chambers formed in the air distribution
      box by the air guiding and distributing partitions 27c receive their
      shares of air in spite of this.
PAR  Instead of welding the suspension structure for the front plates to the
      frame of the air distribution box, as has been explained with reference to
      FIG. 1, it could be welded to the slotted plate (12 in FIGS. 1 and 7) and
      assembled jointly therewith on the air distribution box, preferably by
      screwing.
PAR  Instead of producing the uppermost front plates 13 and the discharge
      shoulder as separate members and providing an air gap between the plates
      and the shoulder (see FIG. 1), the shoulder can be made of discharge
      blocks integral with these respective front plates, that is to say, each
      block together with a front plate can be made as a single casting, with a
      slot cast-in instead of the air gap.
PAR  Instead of arranging the front plates in several rows, for example, three
      rows one above the other, as shown in FIG. 1, it is possible to provide
      only a single horizontal row of front plates.
PAR  In the construction shown in FIG. 7, the vertical partition plates 29 could
      also be taken through the air distribution box 3 and sub-divide the box
      into chambers situated side by side. In this case the air guiding and
      distributing partitions 27 in FIG. 7 would be omitted. The chambers thus
      formed would then be supplied individually with cooling air through
      separate air inlet conduits which are connected to the rear wall 10 of the
      air distribution box 3. In the case of FIG. 7 the two partition plates 29
      would form in this way three box chambers and, therefore, three separate
      air inlet conduits would have to be connected to the rear wall 10, as
      shown in FIG. 18 with regard to the partitions 27c and the inlet
      conditions 14a. The air inlet conduits for the two external chambers,
      however, could instead be connected to the ends of the air distribution
      box.
PAR  The step forward in technical progress achieved by the combustion apparatus
      described consists in that, in the region of the combustion device
      arranged downstream of the pre-drying grate, owing to the speed profile
      for the cooling air which can even be differentiated three-dimensionally,
      a uniform firing effect can be obtained and the material can be completely
      burned out, and by the particularly effective selective cooling of the
      apparatus side walls it is now possible to obviate slag accretions which
      can readily occur particularly in the region of the grate drop, and a
      uniform temperature field can be obtained in the combustion chamber, that
      is to say there is obviated the risk of local high temperature peaks which
      tend to subject the constructional parts concerned to undesirably high
      thermal stresses, having a very bad effect on the working life of such
      parts. These advantages are all the more important since they can be
      achieved with a really economical and very sparing air budget, relatively
      large quantities of air being provided only at those places where it makes
      sense to use them from the cooling point of view, so that as regards the
      actual burning operation it is only necessary to provide the total air
      requirements which are necessary, avoiding disadvantageously high surplus
      quantities of air. As regards the cooling effect achieved it should be
      noted that this is due not only to the quantity of air concerned but also
      the speed of the air, since with a high speed with appropriately high
      turbulence in the flow the heat transfer rate (in Kcal/m.sup.2 h.degree.C)
      and thus the cooling effect are correspondingly high. Not the least
      important advantage is that the components required involve only a small
      outlay as regards material and expense, since they can be produced for the
      greater part from metal plate or sheet.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustion apparatus, comprising a pre-drying grate (1, DR1), a
      combustion device (9, DR9) following the grate (1, DR1), a combustion
      chamber (100) above said device (9, DR9), and a drop (8, 8a, 8c, 8d) which
      is intermediate the grate (1, DR1) and the combustion device (9, DR9) and
      down which material to be combusted falls, wherein there is the
      improvement that:
PA1  at least part of said drop (8, 8a, 8c, 8d) is constituted as a front wall
      (7, 7a, 7b, 7c) of an air distribution box (3, 3a, 3b, 3c, 3d) extending
      over substantially the whole width (b1, b2) of the grate (1, DR1) and
      connected to air supply means (14, 15, 30, 51, 52) for supplying air to
      said box (3, 3a, 3b, 3c, 3d), and
PA1  said wall (7, 7a, 7b, 7c) is provided with air throughflow apertures (13s,
      17, 17a, 23, 33a, 50a, 75, 76a) so dimensioned that air passes from said
      box (3,3a, 3b, 3c, 3d) to said chamber (100) in zones of different air
      speed, including zones of relatively higher air speed on each lateral side
      of said combustion chamber.
NUM  2.
PAR  2. A combustion apparatus according to claim 1, wherein air guiding
      partition means (27, 27a, 27b, 60, 61) are provided in said box (3, 3a,
      3b, 3c).
NUM  3.
PAR  3. A combustion apparatus according to claim 2, wherein said air guiding
      partition means (27, 27a, 27b, 60) are formed with perforations
      therethrough (28, 59).
NUM  4.
PAR  4. A combustion apparatus according to claim 2, wherein said air guiding
      partition means (27, 27a, 27b, 60, 61) are substantially vertical, whereby
      the formation of first and second horizontally adjacent air flow zones
      (37, 38/39, 27a, 55a, 62, 63, 64, 65) of different air flow velocity in
      said chamber (100) in front of said front wall (7, 7a, 7b, 7c) is
      fostered.
NUM  5.
PAR  5. A combustion apparatus according to claim 2, wherein said air guiding
      partition is substantially impervious to air and divides said box (3, 3a,
      3b) into first, second and third chambers, and said air supply means
      communicates with said first, second and third chambers.
NUM  6.
PAR  6. A combustion apparatus according to claim 1, wherein said front wall (7,
      7a, 7b, 7c) is a hollow wall.
NUM  7.
PAR  7. A combustion apparatus according to claim 6, wherein first and second
      substantially vertical partitions (29) are arranged in said hollow all (7,
      7a, 7b), whereby first, second and third horizontally adjacent air flow
      zones (37, 37a, 38/39) are formed in said chamber (100) in front of said
      hollow wall (7, 7a, 7b).
NUM  8.
PAR  8. A combustion apparatus according to claim 6, wherein a substantially
      horizontal partition (31) is arranged in said hollow wall (7b), whereby
      first and second vertically adjacent air flow zones (38, 39) of different
      air flow velocities are formed in said chamber (100) in front of said
      hollow wall (7b).
NUM  9.
PAR  9. A combustion apparatus according to claim 6, wherein air guiding and
      distributing means (17, 17a, 23, 27, 27a, 27b, 28, 31, 33, 33a)
      partitioning the interior of said box (3, 3a, 3b) and the interior of said
      front wall (7, 7a, 7b) and formed in said front wall (7, 7a, 7b) form in
      said chamber (100) in front of said front wall (7, 7a, 7b) the following
      air flow zones:
PA1  i. two laterally outermost zones (37, 37a) of highest air flow speed,
PA1  ii. and upper middle zone (38) of intermediate air flow speed, and
PA1  iii. a lower middle zone (39) of lowest air flow speed.
NUM  10.
PAR  10. A combustion apparatus according to claim 6, wherein a rear part of
      said hollow wall (7, 7a, 7b) comprises upwardly extending plate means (12)
      formed with some (17, 17a) of said air throughflow apertures (17, 17a, 23,
      33a).
NUM  11.
PAR  11. A combustion apparatus according to claim 10, wherein the air
      throughflow apertures (17, 17a) formed in said plate means (12) are slots.
NUM  12.
PAR  12. A combustion apparatus according to claim 11, wherein said slots (17,
      17a) are substnatially vertical.
NUM  13.
PAR  13. A combustion apparatus according to claim 11, wherein said slots (17b,
      17c) are substantially horizontal.
NUM  14.
PAR  14. A combustion apparatus according to claim 10, wherein some of the air
      throughflow apertures (17, 17a) formed in said plates (12) are covered by
      covering members (33) formed with further air throughflow apertures (33a).
NUM  15.
PAR  15. A combustion apparatus according to claim 10, wherein laterally
      outermost parts of said plate means (12) have a greater air throughflow
      capacity per unit area than do middle parts of said plate means (12).
NUM  16.
PAR  16. A combustion apparatus according to claim 6, wherein a front part of
      said hollow wall (7, 7a, 7b, 7c) comprises an assembly of upwardly
      extending front plates (13, 13d) hung by frame means (26, 26a, 26d).
NUM  17.
PAR  17. A combustion apparatus according to claim 16, wherein said front plates
      (13) are spaced apart so as to leave thereamong air throughflow gaps (23)
      forming some of said air throughflow apertures (17, 17a, 23, 33a, 50a).
NUM  18.
PAR  18. A combustion apparatus according to claim 16, wherein said front plates
      (13, 13d) are provided with substantially horizontal cooling ribs (24) at
      their rears.
NUM  19.
PAR  19. A combustion apparatus according to claim 16, wherein said grate (1,
      DR1) terminates in a transverse discharge shoulder (2) at said drop (8,
      8a, 8c, 8d), and said front plates (13, 13d) are so constituted that they
      can be removed from and re-hung on said frame means (26, 26a, 26d) without
      detachment or unseating of said discharge shoulder.
NUM  20.
PAR  20. A combustion apparatus according to claim 16, wherein, at said drop (8,
      8a, 8c, 8d) said grate (1, DR1) terminates in a transverse discharge
      shoulder (2) having a substantially vertical front face, said assembly of
      upwardly extending front plates (13, 13d) adjoining said front face
      immediately below said front face but being spaced from said front face so
      as to leave an air throughflow aperture (23a) of said apertures (13s, 17,
      17a, 23, 23a, 23b, 23c, 33a, 50a, 75, 76a).
NUM  21.
PAR  21. A combustion apparatus according to claim 16, wherein each of said
      upwardly extending front plates (13d) has formed therethrough an air
      throughflow aperture (13s) of said appertures (13s, 75, 76a).
NUM  22.
PAR  22. A combustion apparatus according to claim 21, wherein each of said
      upwardly extending front plates (13d) has formed on the front side thereof
      a protective projection (13n) covering said air throughflow aperture (13s)
      from above.
NUM  23.
PAR  23. A combustion apparatus according to claim 16, wherein the front plates
      (13, 13d) of said assembly are arranged in at least one transverse
      horizontal row.
NUM  24.
PAR  24. A combustion apparatus according to claim 1, wherein an air inlet
      conduit (15) is connected to a rear wall (10) of said box (3, 3a)
      substantially centrally of the width (b1) of said box (3, 3a).
NUM  25.
PAR  25. A combustion apparatus according to claim 1, wherein first and second
      air inlet conduits (30, 52) are connected to respective opposite ends of
      said box (3b, 3c).
NUM  26.
PAR  26. A combustion apparatus according to claim 1, wherein said box (3, 3a)
      comprises a skeleton frame (5) and walls (7, 7a, 10) including said front
      wall (7, 7a) mounted on said frame (5).
NUM  27.
PAR  27. A combustion apparatus according to claim 26, wherein a rear wall (10)
      of said walls (7, 7a, 10) comprises cover means (11) hingedly connected to
      said frame (5), and locking means (19, 20) for locking said cover means
      (11) in a closed condition.
NUM  28.
PAR  28. A combustion apparatus according to claim 26, wherein said walls (7,
      7a, 10) are at least partly detachable readily from said frame (5).
NUM  29.
PAR  29. A combustion apparatus according to claim 28, wherein said front wall
      (7, 7a) comprises upwardly extending rear plate means (12) formed with
      some of said apertures (17, 17a, 23) and readily detachable from said
      frame (5), and upwardly extending front plates (13) formed with others of
      said apertures (17, 17a, 23) and hung on a suspension structure (26)
      connected to said frame (5).
NUM  30.
PAR  30. A combustion apparatus according to claim 26, wherein said frame (5) is
      self-supporting and said front wall (7, 7a) and a rear wall (10) of said
      walls (7, 7a, 10) are readily detachably mounted on said frame (5).
NUM  31.
PAR  31. A combustion apparatus according to claim 1, wherein said combustion
      device (9, DR9, 9x, 9y) comprises a drum (9y).
NUM  32.
PAR  32. A combustion apparatus according to claim 1, wherein said combustion
      device (9, DR9, 9x, 9y) comprises a second grate (9, DR9).
NUM  33.
PAR  33. A combustion apparatus according to claim 32, wherein said combustion
      device (9, DR9, 9x, 9y) comprises a third grate (9x), a second drop (8x)
      which is intermediate the second grate (9, DR9) and the third grate (9x)
      and down which said material falls from said second grate (9, DR9) to said
      third grate (9x), a second air distribution box (3n) extending over
      substantially the whole width of the second grate (9, DR9), and second air
      supply means (15n) connected to the second box for supplying air thereto,
      a front wall of said second box forming at least part of said second drop
      and having its outer surface facing said combustion chamber (100), said
      front wall of said second box being provided with air throughflow
      apertures whereby air passes from said second box to said chamber (100).
NUM  34.
PAR  34. A combustion apparatus according to claim 32, wherein said combustion
      device (9, DR9, 9x, 9y) comprises a drum (9y), a second drop (8x) which is
      intermediate the second grate (9, DR9) and the drum, and down which said
      material falls, a second air distribution box (3n) extending over
      substantially the whole width of the second grate (9, DR9), and second air
      supply means (15n) connected to the second box for supplying air thereto,
      a front wall of said second box forming at least part of said second drop
      and having its outer surface facing said combustion chamber (100), said
      front wall of said second box being provided with air throughflow
      apertures whereby air passes from said second box to said chamber (100).
NUM  35.
PAR  35. A combustion apparatus according to claim 1, wherein said box (3d)
      comprises a tubular part (70) extending transversely of said grate and
      formed by bending a single metal plate (71), and end parts (72) at the
      ends of said tubular part (70) and formed by end plates (72).
NUM  36.
PAR  36. A combustion apparatus according to claim 1, wherein said grate (1,
      DR1) is a double grate (DR1); said box (3c) is connected at its ends to
      respective air supply ducts (51) of said air supply means (51, 52); said
      box (3c) is divided by transverse partitions (60, 61) into duct portions
      (55a, 62, 63, 64, 65); said air supply ducts (51) are each divided by a
      longitudinal partition (54) into first and second part-ducts (55, 56); and
      the first part-ducts (55) are connected to laterally outer duct portions
      (55a, 62, 65) of said duct portions (55a, 62, 63, 64, 65), and the second
      part-ducts (56) are connected to laterally inner duct portions (63, 64) of
      said duct portions (55a, 62, 63, 64, 65).
NUM  37.
PAR  37. A combustion apparatus according to claim 36, wherein said laterally
      outer duct portions (55a, 62, 65) comprises first and second laterally
      outer duct portions (55a, 62) to each side of said laterally inner duct
      portions (63m 64) and separated by one of said transverse partitions (60,
      61) which one partition (60) is formed with through holes (59).
NUM  38.
PAR  38. A combustion apparatus according to claim 36, wherein an air flow
      regulating element (55b, 56b) is provided in each of said part-ducts (55,
      56).
NUM  39.
PAR  39. A combustion apparatus according to claim 6, wherein air guiding and
      distributing means (17, 17a, 23, 27, 27a, 28) partitioning the interior of
      said box (3, 3a) and formed in said front wall (7, 7a) form in said
      combustion chamber (100) in front of said front wall (7, 7a) the following
      air flow zones:
PA1  i. two laterally outermost zones (37, 37a) of highest air flow speed,
PA1  ii. an upper middle zone (38) of intermediate air flow speed, and
PA1  iii. a lower middle zone (39) of lowest air flow speed.
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ABST
PAL  A system for burning fuel particles in which the particles are suspended in
      a stream of air and projected into the firebox of a heat exchanger. In
      order to spread the fuel-air mixture, air is directed transversely, and
      preferably outwardly of the flowing mixture. The fuel is preferably
      powdered coal.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Fuel in the form of particles of small size, particularly solid fuel, such
      as coal which has been pulverized as in a ball mill, is suspended in a
      stream of air and is projected into the firebox of a heat exchanger such
      as a boiler. In practice, the air stream is confined in a pipe or conduit,
      herein referred to as a burner barrel, having an open discharge end facing
      an opening in the firewall of the firebox. In order to spread the mixture
      of powdered fuel and air, it has, in the past, been the practice to
      provide an assembly of conically inclined blades, referred to as an
      impeller, so as to create an efficiently enlarged and controlled flame
      from the fuel supply conduit.
PAR  Although the fuel, which for the purpose of this disclosure may be
      considered to be coal, is in the form of a very fine powder, it is
      nevertheless abrasive in nature, and over a period of time, the impeller
      became worn and inefficient.
PAR  According to the present invention, an air supply tube is provided which is
      supplied with air under elevated pressure and which extends along the axis
      of the burner barrel and has a closed end adjacent the discharge end of
      the burner barrel. A multiplicity of air passages are provided adjacent
      the closed end of the tube. The passages are preferably inclined
      rearwardly with respect to the direction of flow through the barrel, and
      are adapted to form a multiplicity of air jets which have the effect of
      spreading the fuel-air mixture into a shape which produces an efficient
      flame.
PAR  The air supply tube is longitudinally adjustable to permit adjustment of
      the flame to its most efficient condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical section through a single burner.
PAR  FIG. 2 is an enlarged fragmentary sectional view of the outlet end of the
      air tube.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings there is shown a portion of a firewall 10 of
      a firebox of a heat exchanger. For purposes of illustration, the burner is
      illustrated as for use with a boiler, and the firewall of the firebox is
      illustrated as comprising water tubes 12 surrounding an opening 14 through
      the firewall. The space between inner wall 10 and an outer wall 16
      constitutes a wind box 17 containing air at above atmospheric pressure for
      supply to the firebox as secondary air to ensure complete combustion of
      the fuel.
PAR  A burner barrel 18 is provided which extends through the outer wall 16 and
      terminates adjacent the opening 14 in line therewith and in position to
      project the fuel-air mixture into the firebox. As shown in FIG. 1, the
      burner barrel 18 is surrounded by a tubular partition 20 provided with
      secondary air dampers 22 hinged as indicated at 24.
PAR  Powdered fuel, such as coal, is produced by a device such as a ball mill
      (not shown) and is suspended in a stream of air which flows upwardly
      through a vertical pipe 26 and around an elbow connection 28 which is
      bolted or otherwise secured to the outer end of burner barrel 18. The
      elbow 18 is provided with a removable plate 30 which carries air supply
      tube 32. Tube 32 is longitudinally adjustable in a support 34, so as to
      provide for adjustment of the flame produced in the firebox, and means 36
      are provided for fixing it in adjusted position.
PAR  Tube 32 is connected to a supply of air at a pressure substantially above
      that in the burner barrel, and flow of air through the tube can further be
      controlled by an adjustable valve 38.
PAR  Mounted in a removable register cover 40 at the outer wall 16 is an igniter
      42 in which gas or an atomized liquid fuel projects a flame through
      opening 14 to ignite the fuel-air mixture delivered by burner barrel. Also
      carried by cover 40 is a view tube 44 through which the flame of the
      burning fuel-air mixture projected by burner barrel 18 may be viewed for
      adjustment thereof by adjustment of air tube 32 longitudinally of the
      burner barrel 18, by adjustment of valve 38, by adjustment of secondari
      air dampers 22, or by adjustment of the fuel-air mixture supplied from
      pipe 26.
PAR  Within the burner barrel adjacent its inner end is a guide bushing 46
      carried by tripod legs 48 fixed to the burner barrel. Bushing 46 slidably
      supports air tube 32 for adjustment of the flame as previously described.
PAR  Preferably, burner barrel 18 is provided with a fuel directing conical
      baffle 49 which tends to concentrate the fuel-air mixture adjacent the
      perforated end of air tube 32.
PAR  Referring now to FIG. 2, there is shown a preferred construction for the
      inner end of tube 32. The end of the tube is closed, as by end closure
      plug 50, and a multiplicity of air passages 52 are formed to extend into
      the interior of the tube 32 from the exterior thereof. As shown, the
      passages are provided in three rows of sixteen each, and are inclined
      rearwardly and radially outwardly to project deflecting air jets into the
      flowing fuel-air mixture in a direction partly opposed to the flow in the
      burner barrels. As is apparent from this Figure, passages 52 are
      restricted and their transverse dimension is substantially less than their
      length. As a consequence the air is directed in jets whose direction
      follows closely the direction of the passages.
PAR  In a practical embodiment of the invention, the air tube 32 is a 2 inch
      tube, and the passages 52 are 1/32 inch drilled holes inclined at about
      45.degree. from the axis of the tube. Three rows spaced 1/2 inch apart are
      provided and with sixteen holes in the 2 inch tube, circumferential
      spacing of adjacent holes in each row is about 0.4 inch. The fuel-air
      mixture flow through the burner barrel is at about 80-90 feet per minute.
      Secondary air in the wind box 17 is maintained at a pressure of about 5
      inches of water. Air pressure within the air supply tube 32 is at about 45
      psi. It is of course to be understood that these values are given merely
      to suggest possible operating parameters, and may be varied widely in use.
PAR  In practice a single firebox may contain several rows of burner units, and
      in one operating example some sixteen burners are provided in a single
      firebox.
PAR  The construction disclosed herein, where air jets are used as the means for
      spreading the fuel-air mixture to produce the most efficient shape of
      flame, represents an important advance over prior practice, affords better
      control of the shape and size of the flame, and eliminates replacement of
      wornout deflectors or impellers as has previously been necessary.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A firebox, a generally tubular burner barrel having an inner end
      adjacent the inner wall of said firebox and positioned to project fuel
      particles in a stream of primary air into the firebox for combustion
      therein a tube extending axially within said barrel for supplying fuel
      deflecting air under pressure to a zone adjacent the inner end of said
      burner barrel, said tube having a closed end, and a plurality of
      restricted air jet passages extending through the wall of said tube and
      inclined rearwardly and outwardly thereof and opening into the path of
      flow of the fuel-air mixture.
NUM  2.
PAR  2. A firebox as defined in claim 1 comprising in addition generally conical
      fuel directing means within said barrel and shaped to direct the fuel
      generally inwardly of said barrel toward the nozzle means adjacent the end
      of said tube.
NUM  3.
PAR  3. A firebox as defined in claim 1, said barrel having a tube supporting
      bushing located generally on the axis of the barrel and dimensioned to
      provide for axial sliding adjustment of the tube in said barrel.
NUM  4.
PAR  4. A generally cylindrical burner barrel through which a stream of primary
      combustion air is adapted to carry fuel particles suspended therein to a
      combustion zone and to project the mixture of air and fuel particles from
      its inner end into the combustion zone, a tube extending axially of said
      barrel and having a closed end adjacent the inner end of said barrel, said
      tube having a multiplicity of outwardly and rearwardly inclined air jet
      openings adjacent its closed end to direct air jets outwardly into the
      stream of air and fuel particles in a direction opposed to the direction
      of the stream flow of air and fuel particles.
NUM  5.
PAR  5. A burner barrel as defined in claim 4 comprising a tube guide bushing
      located on the axis of said barrel, and dimensioned to provide for axial
      adjustment of the tube, in which the inner end of said tube is of the same
      diameter as intermediate portions thereof to provide for insertion and
      removal of air tubes through said bushing.
NUM  6.
PAR  6. A burner barrel as defined in claim 4, said barrel having a transverse
      wall adapted to be located outside a firebox provided with the barrel,
      said transverse wall having an opening therethrough in alignment with the
      barrel, the portion of said tube within said barrel being of uniform
      diameter to provide for axial adjustment and removal and/or replacement of
      the tube while the burner remains in service.
NUM  7.
PAR  7. A burner as defined in claim 6 comprising a tube guide bushing located
      on the axis of said barrel, and dimensioned to provide for axial
      adjustment of the tube, in which the inner end of said tube is of the same
      diameter as intermediate portions
NUM  8.
PAR  8. A burner barrel as defined in claim 4, said barrel having a generally
      conical deflector spaced outwardly from the inner end of said tube shaped
      to direct the fuel-air mixture in said barrel generally toward the inner
      end of said tube.
NUM  9.
PAR  9. The method of controlling the shape of a flame within a firebox which
      comprises directing a stream of air-fuel particle mixtures through a
      tubular barrel having an inner end through which the mixture is projected
      into the firebox, and spreading the mixture as it emerges from the inner
      end of said barrel by projecting mixture-deflecting air into the mixture
      stream transversely thereof in directions having components rearward with
      respect to flow of the mixture stream.
NUM  10.
PAR  10. The method as defined in claim 9 which comprises projecting the mixture
      deflecting air from a zone within the mixture stream in directions
      outwardly from the axis thereof.
NUM  11.
PAR  11. The method of burning powdered fuel which comprises directing a stream
      of air in which powdered fuel particles are suspended toward a firebox,
      restricting the stream to form the stream into a column of uniform
      cross-section, modifying the shape of the column to concentrate the stream
      of air and suspended fuel particles at a zone adjacent to an entry port
      into the firebox, and providing in said zone supplementary air jet means
      directed transversely of the direction of flow of said stream from a
      location substantially within the zone at which the air and suspended fuel
      particles are concentrated to produce controlled scattering of said
      powdered fuel to produce a flame of desired shape and dimensions.
NUM  12.
PAR  12. The method as defined in claim 11 which comprises directing the
      multiplicity of air jets outwardly from the zone and rearwardly with
      respect to the direction of flow of the stream of air and suspended
      particles.
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ABST
PAL  A body including a discharge passage and a runner surface extending into
      the passage fits in an opening provided adjacent the bottom of a furnace
      wherein solid material is exposed to hot gas in a manner forming a liquid
      waste which flows along a bottom surface of the furnace for removal. The
      discharge passage communicates with an outlet for removing liquid waste,
      and the runner surface meets the furnace bottom surface with a substantial
      portion of the runner surface being within the furnace. A conduit
      arrangement is connected to the furnace bustle pipe for supplying hot gas
      through a passage in the body which is directed toward the runner surface,
      and auxiliary fuel can be supplied to the conduit. The liquid waste
      material flows along the furnace bottom surface and along the runner
      surface through the discharge passage to the outlet, and the location of
      the runner surface minimizes heat loss from the liquid material. The hot
      gas supplied to the liquid waste material keeps it in a flowing state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of furnaces for liquifying
      non-combustible materials, and more particularly to a new and improved
      method and apparatus for removing molten material from such furnaces.
PAR  One area of the use of the present invention is in slagging pyrolysis solid
      waste disposal systems although the principles of the invention can be
      variously applied. In these and other systems to which the present
      invention is applicable, non-combustible material such as solid wastes or
      materials including metal, glass and mixtures of organic and inorganic
      material is charged into a furnace or combustion chamber wherein it is
      reduced to a slag which then is removed therefrom. One approach of the
      prior art to the problem of slag removal, known as tapping, was to plug a
      drain hole in the bottom of the furnace or combusion chamber with a
      refractory plug and remove the plug periodically to drain the molten
      material. Another approach was to continuously drain the furnace using a
      refractory lined trough, also known as a runner, to direct the material to
      some collection point. In this approach, if the trough is not thoroughly
      heated, some of the molten material is allowed to cool thereby increasing
      the viscosity and sometimes solidifying, causing build-ups in the
      horizontal runs and staliactite formations at vertical dropping points. On
      a continuously draining furnace, the formations can cause serious
      interruption to normal operations.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of this invention to provide a new and
      improved method and apparatus for removing molten or liquid material from
      a furnace which liquifies noncombustible materials.
PAR  It is a more particular object of this invention to provide such method and
      apparatus whereby a low viscosity of molten material is maintained during
      removal.
PAR  It is a more particular object of this invention to provide such method and
      apparatus which minimizes heat loss from the molten material.
PAR  It is a more particular object of this invention to provide such method and
      apparatus which maintains the necessary heat input to the molten material
      to keep the viscosity low thereby preventing solidification.
PAR  It is a further object of this invention to provide such method and
      apparatus for continuously removing molten material in a manner which does
      not interfere with furnace operation.
PAR  It is a further object of this invention to provide such method and
      apparatus which is relatively simple in construction and convenient and
      economical to operate and maintain.
PAR  The present invention provides a method and apparatus for removing liquid
      waste material from a furnace which liquifies non-combustible materials
      wherein a discharge path is provided for directing the liquid waste
      material to flow from the interior of the furnace to an outlet and hot gas
      is supplied to the liquid waste material flowing along the path to
      maintain the material in a flowing state. The apparatus has a body shaped
      to fit in an opening adjacent the bottom of the furnace and includes a
      runner surface operatively associated with the furnace bottom surface and
      a discharge passage in the body communicating with the outlet, a
      substantial portion of the runner surface being within the furnace whereby
      heat loss from the liquid waste material is minimized as the material is
      removed from the furnace. A conduit means directs hot gas, which can be
      obtained from the furnace supply, onto the liquid waste material flowing
      along the runner surface to the discharge passage, and auxiliary fuel can
      be added to the hot gas.
PAR  The foregoing and additional advantages and characterizing features of the
      present invention will be clearly apparent from a reading of the ensuing
      detailed description together with the included drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a fragmentary elevational view of a furnace provided with the
      apparatus of the present invention;
PAR  FIG. 2 is a fragmentary sectional view taken about on line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view taken about on line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevational view of one end of the apparatus of the present
      invention; and
PAR  FIG. 5 is an elevational view of an end of the apparatus of the present
      invention opposite the end shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, a vertical combustion chamber or furnace, also
      known in the art as a gasifier, is partially shown at 10 and has an
      opening at the top (not shown) into which materials can be charged for
      movement downwardly through the chamber in a direction indicated by the
      arrow designated 12. A hearth 14 is located at the bottom of the
      combustion chamber 10 to which air at an elevated temperature and pressure
      is supplied so that the air moves upwardly in chamber 10. In particular, a
      conduit 16 is connected to a source of heated process air flowing in the
      direction indicated by arrow 17, the temperature of which is controlled or
      regulated by cold air flowing along a conduit 18 in the direction of arrow
      19 which connects to conduit 16 thereby mixing controlled amounts of cold
      air with the heated air in conduit 16. Conduit 16 is connected to a
      distribution conduit or manifold 20 known in the art as a bustle pipe
      positioned adjacent the bottom of the gasifier 10. The flow of the hot air
      blast through conduit 16 is controlled by a valve 22 located in conduit 16
      between bustle pipe 20 and the connection of conduit 18 to conduit 16.
      Valve 22 preferably is of the gate type including a gate housing 23 and a
      suitable control unit or mechanism 24, all of which is readily familiar to
      those skilled in the art. A plurality of tuyere stocks or feed lines 28
      are connected to bustle pipe 20 circumferentially therearound, and the
      tuyere stocks 28 are connected to corresponding injection nozzles 29
      which, in turn, are circumferentially spaced around the base of the
      gasifier 10 and communicate with the interior hearth 14 thereof. The air
      supplied to the hearth 14 is at a temperature sufficient to cause
      combustion in the chamber 10 not only for considerable burning of the
      waste material but also for melting of metal, glass and other solid
      materials so that they can move downwardly to the hearth 14 in the form of
      a molten material or slag which is withdrawn therefrom through a conduit
      32 in the direction indicated by arrow 33 leading therefrom in FIG. 1.
PAR  The combustion in chamber 10 is incomplete and results in a gas, generally
      in the form of a combustible producers gas and vapors, which is tapped
      from the furnace 10 by an arrangement including a gas collection ring 36
      and a conduit 38 leading therefrom. The flow of gas product, indicated by
      arrow 40, can be subjected to further treatment or combustion.
PAR  Molten material or slag is removed from gasifier 10 according to the
      present invention in the following manner. Referring now to FIG. 3, the
      furnace hearth 14 is defined in part by an upstanding or vertical
      insulating wall portion 44 of refractory material and an outer metal shell
      or lining 46 of steel. The hearth is completed by a base or bottom
      provided by a refractory portion 48 and an outer plate 50 of metal such as
      steel in a similar manner. The base portion 48 is disposed generally
      horizontally in use and has an inner surface 52 disposed in a downwardly
      sloping manner toward a slag tap opening provided in hearth 14 whereby the
      molten material or slag is caused by gravity to flow along surface 52 for
      removal from furnace 10. Refractory wall and base portions 44 and 48 and
      the respective metal liners 46 and 50 are provided with a suitable opening
      or passage therethrough for receiving a slag tap insert, generally
      designated 56, according to the present invention. Insert 56 is
      constructed so as to define a runner portion which meets surface 52 within
      the interior of hearth 14 and which directs or leads the flow of molten
      material or slag to a passage leading to the conduit 32 for removing the
      molten material or slag from furnace 10.
PAR  The slag tap insert 56 is of a shape and construction so as to removably
      fit into the opening provided in the furnace hearth adjacent the slag tap
      or collection point. Insert 56 has an inwardly tapered or somewhat
      wedge-shaped portion which extends into the furnace 10 when installed for
      use, and it has a portion which extends outwardly a relatively small
      distance from the furnace outer wall. In particular, slag tap insert 56
      comprises a body 58 of refractory material provided with an internal
      discharge passage for connecting the interior of the furnace hearth 14 to
      the slag outlet 32. In preferred form the internal passage includes a
      first portion 60 adapted to be connected in a suitable manner to outlet
      32, a second portion 62 of relatively smaller cross-sectional area in
      about the center of body 58 and a third portion 64 which opens to the
      hearth interior. Portion 62 is defined in part by a relatively smooth wall
      portion or surface 66 disposed generally vertically when insert 56 is in a
      position of use which surface 66 terminates at the bottom end as viewed in
      FIG. 3 in a relatively sharp edge portion 68. Edge 68 is located at the
      junction between passage portion 62 and the larger diameter passage
      portion 60. The upper end of surface 66 as viewed in FIG. 3 joins a runner
      surface 70 at a relatively smooth corner or junction 72. The runner
      surface 70 is disposed so as to be generally coplanar with the hearth
      bottom surface 52 whereby the molten material or slag flows smoothly
      downwardly along the surfaces 52 and 70 as viewed in FIG. 3 over the
      smooth edge 72 and downwardly whereupon the material drips from or
      otherwise leaves the edge 68. Runner surface 70 preferably is disposed at
      a relatively small acute angle relative to a horizontal plane and
      terminates in a relatively sharp edge where it meets a flat end face 74 of
      body 58 which end face is disposed generally vertically and in contact
      with a corresponding surface of the opening provided in the furnace
      hearth, in particular in base portion 48. Another end face 76 is offset
      outwardly of surface 74, the two surfaces being joined by a horizontally
      disposed ledge 78. In a similar manner, surface 76 and ledge 78 are in
      contact with corresponding surfaces in the opening formed in base portion
      48.
PAR  The body 58 of insert 56 is provided with another end face 80 inwardly
      offset from end face 74 by an amount such that end face 80 preferably is
      flush with the interior surface of furnace wall 44. End face 80 extends
      toward runner surface 70 and meets an outwardly extending and inclined
      surface 82 which meets another surface 83 which terminates at the runner
      surface 70. The opposite end of surface 80 meets an outwardly inclined
      surface 84 at the top of body 58 as viewed in FIG. 3. Surface 84, in turn,
      meets a generally horizontal top surface 86 leading therefrom and
      extending outwardly of the hearth shell 46. Surfaces 84 and 86 abut or
      contact corresponding surfaces of the opening formed in furnace wall 44.
PAR  The upper portion of body 58 adjacent end face 80 and surface 84 is
      provided with a region or chamber which is enclosed by a housing 88 of
      suitable heat conducting material such as metal. The interior of housing
      88 is supplied with cooling liquid, preferably water, from conduits 90, 92
      for cooling this portion of body 58 during use. In a similar manner, the
      lower portion of body 58 is provided with passages in communication with
      conduits 94, 96 for conducting cooling liquid such as water through this
      portion of the body. The portion of the insert body 58 which extends
      forwardly or outwardly of the furnace wall 44 and shell 46 is of
      sufficient size or depth to include a hot gas supply passage 100 formed
      therein which communicates with the region between discharge passage
      portions 62 and 64. Supply passage 100 opens to the discharge passage at a
      location generally opposite or disposed toward the edge or corner 72
      between runner 70 and surface 66. Passage 100 terminates at the opposite
      end thereof in a pipelike, cylindrical extension 101 of the refractory
      body 58. The portion of body 58 including passage 100 and extension 101 is
      provided with an outer shell 102, similar to furnace shell 46, which shell
      102 also encloses pipe 101 and terminates in an annular flange 104 at the
      end of pipe 101.
PAR  Hot gas from bustle pipe 20 is supplied to passage 100 so as to be directed
      onto the slag or molten material flowing along runner 70 and over edge 72
      and along surface 66 in the following manner. The furnace is equipped with
      one additional tuyere stock or feed line assembly connecting bustle pipe
      20 to passage 100. In particular, bustle pipe 20 as shown in FIG. 3 has an
      internal wall or lining 110 of suitable refractory material which is
      enclosed by an outer shell 112 of steel or similar metal. Bustle pipe 20
      is provided with a depending conduit 114 which in the present instance is
      an integral extension of the refractory material and metal shell forming
      bustle pipe 20. Conduit 114 is connected through a spherical coupling
      generally designated 116 to an elbow-like connecting element generally
      designated 120. Elbow 120, in turn, is connected to pipe 101. In
      particular, elbow 120 includes a first passage 122 in the arm thereof
      connected to coupling 116, and passage 122 communicates through coupling
      and conduit 114 with the interior of bustle pipe 20. In the position of
      use shown in FIG. 3, the arm of elbow 120 having passage 122 in disposed
      generally vertically. Elbow 120 also includes a second passage 124 in the
      arm thereof connected to pipe 101, the passage 124 being in communication
      with passage 122 and connected to passage 100 of pipe 101. The abutting
      ends of pipe 101 and elbow 120 are provided with mating concave and convex
      surfaces, respectively, to provide a self-aligning or spherical coupling
      in a known manner. The other arm of elbow 120 connects to coupling 116 in
      a similar manner. Coupling 116 and elbow 120 both are formed preferably of
      refractory material and provided with an outer metal shell, the shell
      being formed into annular flanges at the connecting ends thereof.
PAR  The portion of elbow 120 containing passage 124 is closed at the outer end,
      i.e. the end opposite the connection to pipe 101, by a cap or closure
      element 126. Element 126 is provided with a central hub 128 which receives
      and supports a fuel supply conduit 130 which extends into passage 124
      where it connects to a nozzle element 132 for introducing auxiliary fuel
      to the hot gas supplied to passage 100 whenever operating conditions
      require this to be done. Control of the flow of auxiliary fuel through
      conduit 130 to nozzle 132 is provided by a conventional valve element 134
      positioned on conduit 130 at a location for manual operation.
PAR  Body 58 is provided with an opening or hole 136 in discharge passage
      portion 62 adjacent surface 66 and a passage or bore 138 found in body 58
      and communicating with opening 136 allows external access to or inspection
      of this portion of the discharge passage with a tool or implement such as
      a rod. Passage 138 is extended from body 58 by a pipe or conduit 140 which
      is provided with a removable cap or closure 142. Another access hole or
      opening 144 is provided in discharge passage portion 60, opposite edge 68,
      and a passage 146 allows external access or inspection. Passage 146 is
      extended from body 58 by a conduit or pipe 148 provide with a cap or
      closure 150.
PAR  Molten material or slag is removed from furnace 10 in the following manner.
      Exposure of the waste material to the heated process air supplied to
      hearth 14 forms a flowable material in a molten form known in the art as
      slag. The material flows along the downwardly sloping inner surface 52 of
      the hearth base or bottom under the influence of gravity and then further
      along runner surface 70 into the discharge passage of the slag tap insert
      56. The flow of molten material or slag continues along runner surface 70
      and then around the smooth edge or corner 72 whereupon it flows generally
      vertically downwardly along passage surface 66 and then leaves edge 68 to
      flow through passage portion 60 and ultimately into conduit 32 shown in
      FIG. 1.
PAR  While the molten material or slag flows from the furnace 10 in the
      foregoing manner, it is exposed to pre-heated gas in a manner which
      maintains the material in a molten or low viscosity, flowable state. In
      particular, heated process air from bustle pipe 20 is conveyed and
      directed by the apparatus of the present invention onto the flow of molten
      material or slag leaving the furnace hearth 14 and flowing toward outlet
      conduit 32. The heated process air flows from bustle pipe 20 along
      passages 122 and 100, into discharge passage portions 62 and 64, and then
      onto and along edge 72 and runner surface 70. Passage 100 preferably is
      disposed at a relatively small angle, for example about 10.degree.,
      relative to a horizontal plane in the position of use. Auxiliary fuel can
      be added by nozzle 132 to the flow of process air or gas through passages
      100, 101 to raise the temperature if additional heat is required.
PAR  The runner surface 70 provided by the apparatus of the present invention is
      relatively short, preferably about 18 inches in length, and it is located
      within the furnace thereby providing a runner extending a relatively short
      distance between the furnace melting zone to the discharge point. As a
      result, the furnace liquid discharge point is located within the boundries
      of the refractory lined furnace walls so that lower heat loss from the
      molten material or slag results. In some situations, it may be
      advantageous to provide runner surface 70 with a liner of metal.
PAR  Providing the pre-heated gas, i.e. the heated process air, directly over
      runner surface 70 according to the present invention adds the necessary
      heat input to the molten material or slag to keep its viscosity low and
      prevent solidification. The arrangement of the present invention,
      including the relatively short, enclosed runner surface 70, makes possible
      the introduction of preheated air directly onto the entire length of the
      runner. The foregoing is accomplished with a relatively simple
      construction. The arrangement of bustle pipe 20 and tuyere assemblys 28 is
      included in many existing furnaces of the type to which the present
      invention is applicable. Installation of the slag tap insert apparatus of
      the present invention in an existing furnace merely requires the addition
      of one more tuyere assembly 120 at the location of the liquid discharge
      point for directing a portion of the heated process air over the molten
      flow.
PAR  The fact that body 58 is of refractory material and is provided with an
      outer metal liner 102 together with the sealing arrangement of the
      inwardly tapered shape of body 58, stepped wall surfaces 74, 76 and 78,
      and peripheral flange of the liner makes possible continuous draining of
      molten material or slag from the furnace 10 without disturbing the
      chemical process occurring therein. In other words, the apparatus of the
      present invention is constructed and installed in a manner maintaining
      internal furnace pressure. The slag tap insert apparatus 56 of the present
      invention is removable as a unit to facilitate maintenance. The furnace is
      shut down, and removing apparatus 56 merely involves disconnecting tuyere
      assembly 120, removing the bolts or fasteners, and then pulling the insert
      56 out from the opening in the furnace.
PAR  Another advantage of the method and apparatus of the present invention is
      that the heat contained in the waste material, i.e. the heat value
      thereof, is utilized to provide heat to the heated process air which is
      directed onto runner surface 70 to keep the slag molten. In particular,
      the waste material undergoing combustion in chamber 10 gives off a heated
      gas product which is tapped from the furnace through conduit 38 for
      further treatment or combustion, as previously described, whereupon the
      resulting heated gas product can be fed back or recycled for use as the
      heated process air flowing in conduit 16 to bustle pipe 20 and ultimately
      to the slag tapping region including runner 70 and the discharge passage
      as previously described. Thus heat from the process itself advantageously
      is supplied to the liquid waste material being discharged from the
      furnace, as opposed to obtaining the heat from an external or separate
      source.
PAR  It is therefore apparent that the present invention accomplishes its
      intended objects. While a single embodiment of the invention has been
      described in detail, this is for the purpose of illustration, not
      limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a furnace wherein solid material is exposed to hot gas in a manner
      forming a liquid waste, said furnace including means for distributing hot
      gas to the interior of said furnace, apparatus for removing said liquid
      waste from said furnace to an outlet comprising:
PA1  a. means for defining a discharge passage directing the liquid waste
      material from the interior of said furnace to the outlet; and
PA1  b. means for supplying hot gas to the liquid waste material flowing from
      the interior of said furnace through said discharge passage to the outlet
      to maintain the liquid waste material in a flowing state said means for
      supplying hot gas to the liquid waste material comprising conduit means
      having an inlet connected to said hot gas distributing means of said
      furnace and an outlet in communication with said discharge passage and
      located so as to direct hot gas onto the flow of liquid waste material.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said furnace includes a base
      having a surface disposed so as to cause the liquid waste material to flow
      toward the outlet and wherein said apparatus further comprises means
      defining a runner surface operatively associated with said base surface
      for directing the flow of liquid waste material to said discharge passage.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said discharge passage is
      disposed generally vertically and said base surface and said runner
      surface are located above the outlet and are disposed in a downwardly
      inclined direction from the interior of said furnace to said discharge
      passage.
NUM  4.
PAR  4. Apparatus according to claim 2, wherein said base surface has a portion
      terminating within the interior of said furnace and said runner surface
      extends into said furnace to meet the terminating portion of said base
      surface whereby said runner surface is exposed to heat from said furnace
      so as to provide heat to the flow of liquid waste material along said
      runner surface.
NUM  5.
PAR  5. Apparatus according to claim 2, wherein said means supplying hot gas is
      positioned so as to direct hot gas onto the liquid waste material flowing
      along said runner surface to said discharge passage.
NUM  6.
PAR  6. Apparatus according to claim 5, further including means operatively
      associated with said hot gas supplying means for adding fuel to the hot
      gas.
NUM  7.
PAR  7. Apparatus according to claim 1, further including means operatively
      associated with said conduit means for adding fuel to the hot gas directed
      onto the flow of liquid waste material.
NUM  8.
PAR  8. Apparatus according to claim 3, wherein said runner surface terminates
      at an edge in said discharge passage above the outlet and wherein said hot
      gas supplying means is positioned so as to direct hot gas onto said runner
      surface and said edge.
NUM  9.
PAR  9. A device for installation in an opening provided adjacent the bottom of
      a furnace wherein solid material is exposed to hot gas in a manner forming
      a liquid waste which flows along a bottom surface of said furnace for
      removal therefrom, said device comprising:
PA1  a. a body shaped to fit in said opening in a manner closing the same;
PA1  b. a discharge passage provided in said body for removing liquid waste
      material from the interior of said furnace; and
PA1  c. a runner surface provided in said body in a manner so as to be in
      communication with said discharge passage and in operative relationship to
      said furnace bottom surface, said runner surface meeting said furnace
      bottom surface inwardly of said opening in a manner such that a
      substantial portion of said runner surface is within the interior of said
      furnace inwardly of said opening and said runner surface meeting said
      discharge passage within the outer surface of said furnace whereby heat
      loss from said liquid waste material is minimized as said material is
      removed from said furnace.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said discharge passage is
      disposed generally vertically and wherein said furnace bottom surface and
      said runner surface are sloped in a downward direction whereby said liquid
      waste material flows under the influence of gravity along said surfaces
      into and along said discharge passage.
NUM  11.
PAR  11. Apparatus according to claim 9, wherein said body has inwardly tapered
      wall portions and said opening has tapered surface portions for abutting
      said body wall portions.
NUM  12.
PAR  12. Apparatus according to claim 9, further including sealing means on said
      body for sealing engagement with said furnace adjacent said opening.
NUM  13.
PAR  13. Apparatus according to claim 9, further including heat transfer means
      in said body.
NUM  14.
PAR  14. Apparatus according to claim 9, wherein the lateral dimension of said
      runner surface is greater than the corresponding lateral dimension of said
      discharge passage where said surface and said passage are in
      communication.
NUM  15.
PAR  15. Apparatus according to claim 9, further including means for supplying
      hot gas to said liquid waste material flowing from said furnace through
      said discharge passage to maintain said liquid waste material in a flowing
      state.
NUM  16.
PAR  16. Apparatus according to claim 15, further including fuel supplying means
      operatively connected to said hot gas supplying means for adding fuel to
      the hot gas supplied to said liquid waste material.
NUM  17.
PAR  17. A method of removing liquid waste material from a furnace wherein hot
      gas is supplied to the furnace and solid material is exposed to said hot
      gas in a manner forming said liquid waste material, comprising the steps
      of:
PA1  a. providing a discharge path for directing said liquid waste material to
      flow from the interior of said furnace to an outlet; and
PA1  b. withdrawing a portion of said hot gas before it is supplied to the
      furnace and conveying said hot gas to said liquid waste material flowing
      from said furnace along said discharge path to maintain said liquid
      material in a flowing state.
NUM  18.
PAR  18. A method according to claim 17, further including adding fuel to the
      hot gas supplied to said liquid waste material.
NUM  19.
PAR  19. A method according to claim 17 further comprising the steps of:
PA1  a. withdrawing from said furnace heated gas product evolved when said
      liquid waste material is formed from said solid material upon exposure to
      said hot gas; and
PA1  b. conveying said heated gas product to said liquid waste material to
      augment the hot gas supplied to said liquid waste material to maintain
      said liquid material in a flowing state.
NUM  20.
PAR  20. In a furnace wherein solid material is exposed to hot gas in a manner
      forming a liquid waste which flows along a bottom surface of the furnace
      for removal therefrom, said furnace including means for distributing hot
      gas to the interior of said furnace and having an opening adjacent said
      bottom surface, apparatus for removing said liquid waste material
      comprising:
PA1  a. a body shaped to fit in said opening in a manner closing the same;
PA1  b. a discharge passage provided in said body for removing liquid waste
      material from the interior of said furnace;
PA1  c. a runner surface provided in said body in a manner so as to be in
      communication with said discharge passage and in operative relationship to
      said furnace bottom surface, said runner surface meeting said furnace
      bottom surface inwardly of said opening in a manner such that a
      substantial portion of said runner surface is within the interior of said
      furnace inwardly of said opening and said runner surface meeting said
      discharge passage within the outer surface of said furnace whereby heat
      loss from said liquid waste material is minimized as said material is
      removed from said furnace; and
PA1  d. means for supplying hot gas to the liquid waste material flowing from
      the interior of said furnace through said discharge passage to the outlet
      to maintain the liquid waste material in a flowing state, said means for
      supplying hot gas to the liquid waste material comprising conduit means
      having an inlet connected to said hot gas distributing means of said
      furnace and an outlet in communication with said discharge passage and
      located so as to direct hot gas onto the flow of liquid waste material.
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ABST
PAL  Apparatus and method of making a very dense tufted fabric using a
      programmed intermittent backing fabric feed in combination with means for
      changing the relative lateral displacement of the point of needle
      penetration into the backing fabric. The method in general comprises
      feeding a backing fabric through the machine, tufting stitches into the
      backing, stopping the fabric feed and initiating relative lateral
      displacement between the backing fabric and the needles, tufting
      additional stitches into the backing fabric and either initiating further
      relative displacement between the backing fabric and the needles and
      tufting again or feeding the fabric forward and repeating the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to tufting machines, and more particularly,
      to a novel method and apparatus for inserting more tufts into a backing
      fabric to produce a novel fabric of very high pile density.
PAR  In the past it has been known to use an intermittent step-by step feeding
      mechanism for the feeding of the backing fabric longitudinally through a
      tufting machine. One such arrangement is shown in U.S. Pat. No. 2,411,267,
      but as in other such arrangements the fabric is fed each time the needle
      bar is raised. Thus, each needle makes one penetration in each lateral or
      transverse row.
PAR  It is also been known to initiate relative lateral movement between the
      backing fabric and the needles of the machine in order to relatively
      laterally displace longitudinal rows of stitching and thereby provide
      patterning effects. Examples of this method are disclosed in U.S. Pat.
      Nos. 2,411,267, 3,026,830 and 3,301,205. However, when using such relative
      lateral displacement with a continuous feeding or with the known
      intermittent step-by-step mechanisms, the gauge of the fabrics, i.e., the
      spacing between adjacent needle penetrations in each lateral or transverse
      row, is not different than the gauge or distance between adjacent needles.
      The density of the finished fabric is related to the gauge of the fabric
      and this in turn has been limited by the needle gauge.
PAR  Two approaches to increasing the density are disclosed in U.S. Sts. Pat.
      Nos. 3,577,943 and 3,596,617. In the former patent the spacing of the
      tufts are spaced less than the full needle gauge by shifting the needle
      plate while maintaining the loops on the loopers and while penetrating the
      needles into the backing fabric so as to restrain the lateral shifting of
      the backing fabric while the shifting mechanism continues to shift
      relative thereto. This machine, however, requires a critical timing of the
      needles, loopers and shifting mechanism. In the latter patent the needle
      can be shifted a distance less than its actual gauge by simultaneously
      shifting the other gauge parts, i.e., the looper and cutting knife, so
      that the gauge parts remain in registry during relative movement. However,
      construction of this mechanism was found to be extremely complex.
PAR  In all these known prior art attempts to increase the fabric density each
      needle effects a zig-zag penetration of the backing fabric and thus even
      though there is a gauge reduction of the finished fabric, the density is
      not as great as a machine incorporating a smaller needle gauge equal to
      the transverse spacing of the penetrations. However, it was the space
      limitations of such a small gauge machine that created the necessity to
      look to other arrangements in the first place.
PAC  SUMMARY OF THE INVENTION
PAR  To overcome the limitations of the prior art the present invention provides
      an apparatus and method for producing very dense fabric by a programmed
      incremental feeding of the backing fabric and thereafter penetrating the
      backing fabric while it is stationary to deposit at least two laterally
      spaced series of tufts. Relative lateral movement between the needles and
      the backing fabric may be initiated between successive needle penetrations
      in the same transverse row while the backing fabric feed is stationary.
      When this relative movement is less than the needle gauge not only is the
      fabric gauge increased, but since there are more tufts formed per
      transverse row, the density is increased accordingly. Thus, the effect is
      the same as a machine having a correspondingly smaller needle gauge. For
      example, a 3/8 inch gauge machine can make 1/8 inch gauge fabric by
      relatively transverse shifting in three steps of 1/8 inch for each step
      forward. Each yarn thus forms a substantially open rectangular form on the
      underside of the backing fabric. Moreover, the inventive concept may be
      used to produce novel patterning effects by relative lateral shifting
      between the needles and backing fabric only in selective transverse rows
      and not shifting of shifting a greater or lesser amount in other
      transverse rows. This would create a specially unique pattern when various
      needles are threaded with different color yarn. Furthermore, by
      penetrating and depositing two or more tufts in selected points of
      penetration, unique effects are also possible.
PAR  It is therefore a primary object of this invention to provide a novel
      method and apparatus for producing a high density tufted fabric.
PAR  Another object of this invention is to provide apparatus for controlling a
      tufting machine to tuft fabric of a gague less than the nominal gauge of
      the tufting machine.
PAR  A further object of this invention is to provide a method of tufting fabric
      in a multi-needle tufting machine by which more tufts are inserted in each
      transverse row of the backing fabric than there are needles transversely
      across the machine.
PAR  A yet further object of this invention is to provide a method by which more
      rows extending in the direction of feed may be produced by a tufting
      machine than there are needles in the machine transverse to the direction
      of feed.
PAR  A still further object of this invention is to provide a method which can
      produce more longitudinally rows of tufts in every transverse row of
      fabric than heretofore possible.
PAR  A yet still further object of this invention is to provide a tufted fabric
      having a plurality of transverse rows extending longitudinally and in
      which a single strand of yarn forms at least two tufts in each transverse
      row.
PAR  Another object of the invention is to provide apparatus and method in which
      the needles of a tufting machine deposit a first series of transversely
      spaced tufts in a backing fabric, thereafter initiate relative lateral
      movement between the needles and the backing fabric for depositing a
      second series of transversely spaced tufts laterally spaced from the first
      series and thereafter either initiating further relative lateral movement
      between the needles and the backing fabric one or more times to deposit a
      third or more series of transverse tufts laterally spaced from the first
      two, or longitudinally feeding a discrete increment of feed lengths, and
      repeating the operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The particular features and advantages of the invention as well as other
      objects will become apparent from the following description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary perspective view of a tufting machine embodying the
      present invention;
PAR  FIG. 2 is a fragmentary sectional view taken through the tufting machine of
      FIG. 1;
PAR  FIG. 3 is an elevational view of the feed transmission box with the end
      plate removed;
PAR  FIG. 4 is a fragmentary perspective view of the tuft forming elements of
      the machine of FIG. 1 illustrating one form of increased density pattern
      on the backside of a backing fabric;
PAR  FIGS. 5a and 5b are diagrammatic views of the backside of a tufted fabric
      of the prior art showing the points of penetration and yarn of a single
      needle of a tufting machine, FIG. 5a illustrating the stitches of a
      conventional tufting machine while FIG. 5b illustrates the stitching made
      by a machine in which relative lateral shifting movement between the
      needles and the backing fabric occur in combination with a continuous feed
      of the backing fabric; and
PAR  FIGS. 6a and 6b are diagrammatic views of two possible needle penetration
      arrays of only one needle and the yarn inserted thereby in accordance with
      the teachings of the present invention, FIG. 6a illustrating the effect
      when there is a first penetration of the needle into the backing fabric to
      create a first series of tufts, thereafter initiating relative lateral
      shifting movement between the needles and the backing fabric with no
      longitudinal feed, penetrating and depositing a second tuft and thereafter
      feeding the backing fabric a discrete increment of feed length, while FIG.
      6b illustrates the stitching effect when there is a second relative
      lateral shifting between the needles and backing fabric prior to the
      feeding step.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the accompanying drawings there is illustrated a portion
      of a frame 11 of a tufting machine incorporating a preferred form of the
      invention. The frame includes, as illustrated in FIG. 2, a head 12 in
      which a main drive shaft 14 is journaled laterally thereof. The drive
      shaft 14 is driven by a motor 16 mounted on the frame and connected
      thereto by means including belts 18. Mounted on the main drive shaft are a
      plurality of eccentrics 20, only one of which is shown. Each of the
      eccentrics is connected by a link 22 to a push rod 24 mounted vertically
      for endwise sliding in the lower portion of the head 12. The lower ends of
      push rods 24 are connected to a needle bar 26 which carries a plurality of
      yarn-carrying needles defining a needle bank substantially aligned
      laterally of the machine. Thus, upon rotation of the main shaft 14 endwise
      reciprocation is imparted to the needles 28 for penetrating the backing
      fabric B and to project loops of yarns therethrough.
PAR  The frame 11 also includes a bed 30 having a needle plate 32 including a
      plurality of fingers 34 seated and secured in grooves in the needle plate
      32 and extending in cantilever fashion therefrom toward the free ends
      which are shown as broken away and cross-sectioned for clarity. Beneath
      the needle plate 32 there is provided in the bed 30 an oscillatory hook
      shaft 36 securely carrying a plurality of hooks 38, each of which is
      adapted to cooperate individually with one of the needles 28 to seize the
      loop L of yarn presented by the needle and to hold the same as the needle
      is withdrawn to conventionally form loop pile fabric. To tuft cut pile
      fabric there may be provided adjacent and parallel to the hook shaft 36 an
      oscillatory knife shaft 40 carrying a plurality of knife brackets 42 in
      each of which is secured a knife 44. If it is desirable to manufacture
      both cut pile and loop pile in the same row of stitching a spring clip, as
      disclosed in U.S. Pat. of Card, No.3,084,645, may be secured to the looper
      and biased against the bill of the looper at its free end as taught in
      said patent.
PAR  The backing fabric feeding mechanism includes a conventional pair of feed
      rolls 46 and 48. The picker feel roll 46 is mounted on a shaft 50
      journaled on each end in brackets 52, only one of which is shown, and is
      driven by a transmission, hereinafter described, within a transmission boy
      54 attached to the end of the frame 11 and which in turn is driven by a
      belt 56 from the main shaft 14. The feed guide roll 48 is driven off the
      shaft 50 by means of a pair of inter-meshing gears 58 and 60. A pair of
      front feed rolls, not shown, may be positioned in the front of the machine
      to guide the backing fabric as it is being pulled through the machine by
      the rear feed rolls, or may be driven in timed relation with the rear feed
      rolls by conventional means.
PAR  In accordance with the principles of the present invention the feed rolls
      46 and 48 are driven in a programmed step-by-step intermittent manner by
      any one of a number of known drive arrangements, only one of which is now
      to be described in connection with FIG. 3. Mounted on a stud shaft 62
      journaled in the transmission box 54 is a pulley 64 on which the belt 56
      is trained so as to drive the same. Also mounted on the stud shaft 62 but
      within the transmission box 54 is a cam 66 having a plurality of lobes 68
      separated by low surfaces 70. Journaled in the transmission box housing 54
      is a second stud shaft 72. A follower arm 74 is fixedly secured to the
      shaft 72 and includes at its free end a journaled follower 76 adapted to
      ride on the periphery of the cam 66. A pulley 78 is loosely mounted on the
      shaft 72. Fixed to the shaft 72 is a disk member 80 having one or more
      slanting notches 82 in which rollers 84 are adapted to loosely rest. A cup
      shape annular member 86 secured to, or integral with the pulley, and which
      may include an annular flange 88, confines the rollers within the notches
      82. A spring 90 or any other conventional biasing member acts on the
      follower arm 74 to bias the same against the action of the cam 66 which is
      rotated continuously. With the direction or rotation of the shaft 62
      counterclockwise as illustrated in FIG. 3 the follower 76 is driven
      downwardly as it is engaged by the leading surface of each lobe 68 of the
      cam. Thus, the roller 84 is forced into the narrow portion of the notch 82
      and is wedged between the annular member 86 and the disk 80 to rrurn the
      annular member and the pulley 78 in a clockwise direction. The spring 90
      acts on the follower arm to pull it upwardly in a counterclockwise
      direction when the follower 76 has passed the apex of each lobe of the
      cam. During this motion the roller 84 loosely moves into the wide portion
      of the notch 82 and does not transmit any motion between the disk 80 and
      the annular member 86 secured to the pulley 78. An intermittent
      step-by-step motion comprising drive and no drive intervals is thus
      transferred from the main drive shaft 14 to the pulley 78. The cam 66
      determines the relationship between the rotation of the shaft 14 and the
      rotation of the pulley 78. The cam 66 may, of course, be selectively
      interchangeable so that the relation between the drive and no drive
      portions are possible. A second pulley 92 is fixed to the shaft 50 within
      the transmission box 54. Trained about both pulley 78 and pulley 92 is a
      flexible drive member such as a belt 94 which transmits the intermittent
      motion from the pulley 78 to the picker roll shaft 50 so that the feed
      rolls are driven in an intermittent step-by-step manner to effect a feed
      and stop motion to the backing fabric. Thus, the backing fabric can be fed
      in a stop and go manner according to the program defined by the contour of
      the cam 66, that is selected.
PAR  In order to effect relative lateral shifting movement between the needles
      and the backing fabric while the backing feed is stationary, the needle
      plate 32 is illustrated as mounted on the bed for sliding movement
      laterally of the machine. Other means for effecting this relative lateral
      shifting movement such as a step over needle bar as illustrated in U.S.
      Pat. No. 3,026,830 or a fabric shifter may be utilized in place of a
      sliding needle plate. For illustration purposes, however, a sliding needle
      plate in accordance with the teachings of U.S. Pat. No. 3,301,205 is shown
      in the preferred embodiment of the present invention. The needle plate 32
      is guided by a bar 96 secured to the bed 30 and abutting the edge of the
      needle plate opposite the edge from which the fingers 34 extend. At one
      end of the needle plate 32 there is provided an upstanding lug 98 to which
      is pivotably connected one end of a link 100. The opposite end of the link
      is pivotably connected to the lower end of a cam follower lever 102
      pivotably mounted intermediate its ends at 104 on the head 12. On the
      upper end of the lever 102 there is a stud 106 which extends into a cam
      track 108 of a cam 110, which stud thus constitutes a cam follower. The
      cam 110 is mounted on a shaft 112 journaled on a bracket 114 on the head
      12 and is rotated by a worm wheel 116 on the shaft 112. The worm wheel is
      driven by a worm 118 on the countershaft 120 which in turn is driven by a
      chain 122 entrained about a sprocket 124 on the countershaft 120 and a
      sprocket 126 on the main shaft 14 of the machine.
PAR  The cam track 108 is formed with concentric or rest portions 128 disposed
      at varying radii from the axis of the shaft 112 with active portions 130
      intermediate of and smoothly connecting the rest portions 128. The cam 110
      is timed such that the stud 106 tracks a concentric portion 128 while the
      needles are down and will track an active portion 130 when the needles are
      withdrawn. When the stud is in cooperation with the concentric portion 128
      no motion is imparted thereto and the needle plate 32 is thus at rest.
      When the stud 106 is moved by an active portion 130, which is while the
      needles are withdrawn, the needle plate 32 is shifted laterally to a new
      position determined by a rest portion 128 which the studs 106 then tracks.
      The increment of motion imparted to the needle plate 32 by the active
      portions 130 of the cam track 108 is a multiple of and preferably, to
      insure responsiveness of mechanism, equal to the spacing between the
      fingers 34 so that the needles 28 will always descend between the fingers.
      As disclosed in the aforesaid U.S. Pat. No. 3,301,205 a presser foot 132
      is carried by the head 12 to not only act to prevent the backing fabric B
      from following the fabric as the needles are withdrawn, but also functions
      to hold the backing fabric B down on the fingers 34 to hold the pile
      between the fingers. Thus, the backing fabric B is secured to the needle
      plate 32 for unitary lateral movement therewith while providing for
      intermittent longitudinal movement of the fabric relatively to the
      fingers.
PAR  It is to be understood that the cams 66 and 110 are not to be limited to
      the specific shapes illustrated in the drawings, but may be individually
      selectively changed to cams of different configurations so as to give
      various combinations of patterning and density effects to the fabric.
PAR  As an illustration of the increase in density capable with the present
      invention reference may be had to FIGS. 5 and 6. FIG. 5a illustrates the
      backside of a backing fabric made by a single needle of a conventional
      tufting machine having no relative lateral shifting movement between the
      needle and backing fabric and having a continuous feed. FIG. 5b
      illustrates a similar view in which there is a relative lateral shifting
      movement of one or less gauge shifts and having a continuous backing
      fabric feed. It can be seen from the zig-zag penetration pattern of the
      backing fabric that although there is a gauge reduction in the finished
      fabric, the density of the product is not as great as a machine having a
      smaller needle gauge equaled to the transverse spacing of the
      penetrations. For example, for each ten needle penetrations made by a
      single needle in a conventional machine FIG. 5a illustrates that there is
      a single row in the direction of fabric feed A, while in FIG. 5b although
      penetrations 2, 4, 6, 8 and 10 are laterally displaced from penetrations
      1, 3, 5, 7 and 9 there is still the same number of penetrations made by a
      single needle in the longitudinal direction of feed. If a machine
      incorporates a needle gauge equal to the lateral spacing between
      penetrations 1 and 2, for example, such a machine, would produce a fabric
      having substantially twice the density as that illustrated in FIG. 5b,
      since it would have made twice as many penetrations in the same increment
      of feed.
PAR  On the other hand, a fabric produced using the method and apparatus of the
      present invention can have a density much higher than that previously
      possible. Two such examples are illsutrated in FIG. 6. FIG. 6a illustrates
      the backside of the backing fabric when the cams 66 and 110 are selected
      such that the needle penetrates the backing fabric at two laterally spaced
      locations while the backing fabric feed is stationary, i.e., relative
      lateral movement between the needles and the backing fabric is initiated
      when the needles are raised and there is no longitudinal feed between
      successive penetrations of the needle through the backing fabric. The feed
      is thereafter activvated through means, such as disclosed in FIG. 3, to
      move the backing fabric one discrete increment of feed length, whereupon
      it is again stopped and the backing fabric is again then penetrated by the
      needles to form a tuft and lateral shifting movement is thereafter again
      initiated while the backing fabric feed is stationary. Thus, a single
      needle, and consequently a single strand of yarn, forms two tufts in each
      illustrated transverse row. The effect on the density of the finished
      product is therefore the same as a machine having a needle gauge
      equivalent to the spacing between for example penetrations 1 and 2. Thus,
      the density is substantially twice that of the fabric disclosed in FIG.
      5b. FIG. 6b illustrates the effect when the cams 66 and 110 are selected
      so that there are two relative lateral shifting movements between the
      needles and backing fabric for each discrete increment of feed length. In
      this case a single strand of yarn deposited by a single needle forms three
      tufts in each transverse row, with a corresponding increase in the density
      of fabric produced. It should thus be clear that the present invention
      provides apparatus and a method for greatly increasing the density of a
      finished product produced by a tufting machine. It should also be
      understood that a tufting machine has a great many needles transversely
      spaced thereacross so that each needle penetration illustrated in FIGS. 6a
      and 6b represent a series of tufts and not merely a single tuft.
PAR  Numerous alterations of the structure and method herein disclosed will
      suggest themselves to those skilled in the art. For example, many novel
      patterning effects may be obtained by changing the program placed into the
      machine by the cams 66 and 110. Only a general idea of the many
      possibilities are suggested above. It is to be understood that the present
      disclosure relates to a preferred embodiment of the invention which is for
      purposes of illustration only and not to be construed as a limitation of
      the invention. All such modifications which do not depart from the spirit
      of the invention are intended to be included within the scope of the
      appended claims.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed therein
      is:
NUM  1.
PAR  1. In a tufting machine including a bank of laterally spaced needles, a
      needle plate for supporting a backing fabric relative to said needles,
      means for actuating the needles to penetrate the needle plate and the
      backing fabric thereon and to insert a series of tufts of yarn into the
      backing fabric upon each penetration of the needles, means for feeding the
      backing fabric longitudinally of the needle plate, control means for
      selectively rendering the feeding means inoperative during at least two
      successive penetrations of the needles into the backing fabric in
      accordance with a pattern, and means operative while the feeding means is
      inoperative for imparting relative lateral movement between said needles
      and said backing fabric in accordance with a pattern, whereby more than
      one series of tufts may be selectively inserted laterally into the backing
      fabric on successive penetrations of the backing fabric by the needles
      while the feed is inoperative.
NUM  2.
PAR  2. In a tufting machine as recited in claim 1, wherein said means for
      imparting relative lateral movement between said needles and backing
      fabric comprises means for shifting the backing fabric laterally of the
      machine and relative to the needles.
NUM  3.
PAR  3. In a tufting machine as recited in claim 2, wherein said means for
      shifting the backing fabric comprises means for supporting said needle
      plate for lateral movement, and means for imparting lateral movement to
      the needle plate.
NUM  4.
PAR  4. In a tufting machine as recited in claim 1, wherein said means for
      imparting relative lateral movement between said needle and backing fabric
      comprises means to move said needle-bank laterally with respect to the
      longitudinal direction of backing fabric feed.
NUM  5.
PAR  5. In the method of forming a tufted pile fabric by a tufting machine
      having a bank of reciprocating needles and means for feeding a backing
      fabric in a longitudinal direction for penetration thereof by said
      needles, the improvement comprising the steps of selectively stopping the
      longitudinal feeding movement of the backing fabric, penetrating the
      backing fabric with said needles to insert a first series of tufts
      therein; shifting one of said needle bank and said backing fabric
      laterally with respect to the other while said feed is stationary,
      penetrating the backing fabric with said needles to insert a second series
      of tufts therein laterally displaced from said first series, and
      thereafter feeding said backing fabric at least one discrete increment of
      feed length.
NUM  6.
PAR  6. The improved method recited in claim 5 including the steps of shifting
      one of said needle bank and backing fabric laterally with respect to the
      other at least a second shift while said feed is stationary, and
      penetrating the backing fabric with said needles after each lateral shift
      to insert a series of tufts.
NUM  7.
PAR  7. A method of forming a dense pile tufted fabric by a tufting machine
      having reciprocating needles and means for feeding a backing fabric in a
      longitudinal direction for penetration thereof by said needles, said
      method comprising, feeding said backing fabric at least one discrete
      increment of feed length and then stopping the feed, penetrating said
      backing fabric with said needles and depositing a first series of tufts
      therein, initiating relative lateral movement between said needles and
      said backing fabric at least one discrete shifting increment while said
      backing fabric feed is stationary, again penetrating said backing fabric
      with said needles and depositing a second series of tufts therein
      laterally spaced from said first series of tufts, feeding said backing
      fabric at least a second discrete increment of feed length and then
      stopping the feed, and repeating at least the steps of penetrating,
      initiating relative lateral shifting and penetration again while said
      backing fabric feed is stationary.
NUM  8.
PAR  8. In the method recited in claim 7, the additional steps of initiating
      relative lateral movement between the needles and backing fabric a second
      discrete shifting increment while the feed is stationary subsequent to
      depositing said second series of tufts and prior to feeding said fabric
      said second increment of feed, and thereafter again penetrating said
      backing fabric with said needles and depositing a third series of tufts
      laterally spaced from said second series of tufts.
NUM  9.
PAR  9. A method of forming a dense pile tufted fabric by a tufting machine
      having reciprocating needles and means for feeding a backing fabric in a
      longitudinal direction for penetration thereof by said needles said method
      comprising, penetrating the backing fabric with the needles and depositing
      a first series of tufts of yarn therein, feeding said backing fabric at
      least one discrete increment of feed length and then stopping the feed of
      fabric, again penetrating the backing fabric with the needles and
      depositing a second series tufts of yarn therein longitudinally spaced
      from said first series of tufts, initiating relative lateral shifting
      movement between said needles and said backing fabric at least one
      discrete shifting increment while said backing fabric feed is stationary,
      again penetrating the backing fabric with the needles and depositing a
      third series of tufts of yarn therein, feeding said backing fabric at
      least a second discrete increment of feed length and then stopping the
      feed of the fabric, and again repeating the steps of needle penetration,
      initiating relative lateral shifting and needle penetration while said
      fabric is stationary before advancing the fabric at least a third discrete
      increment of feed length.
NUM  10.
PAR  10. A method of forming dense pile tufted fabric as recited in claim 9,
      wherein intermediate the steps of depositing a third series of loops and
      feeding a second discrete increment of feed length there is included the
      steps of initiating relative lateral shifting movement between said
      needles and said backing fabric at least one other discrete shifting
      increment, and penetrating the backing fabric with the needles and
      depositing a fourth series of tufts therein.
NUM  11.
PAR  11. In a method as recited in claim 9 wherein the lateral shifting in
      alternate steps of initiating relative lateral shifting occurs in opposite
      directions.
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ABST
PAL  A seam is set by pressing while the seam allowances are folded to lie flat
      against the fabric reverse sides while the fabric face sides are facing
      each other by running the fabric through a seam allowance separator and
      folder with the seam constrained against lateral displacement. The
      constraint may comprise the needle, presser foot and feeder of a sewing
      machine producing the seam.
PARN
PAR  This application is a continuation-in-part of Ser. No. 428,051 filed Dec.
      26, 1973, now abandoned.
BSUM
PAR  The invention relates to setting seams joining two plies of fabric having
      face sides and reverse sides similarly orientated with respect to the
      seam, and seam allowances.
PAC  BACKGROUND TO THE INVENTION
PAR  Seams are produced during garment fabrication by sewing or perhaps, in the
      case of thermoplastic material, welding or otherwise joining together two
      plies of material face side to face side along a line adjacent their
      edges. (It is not, of course, necessary for the face side to be
      distinguishable from the reverse side of either ply, although it is
      commonly so in textile fabrics.) The narrow strip of each ply between the
      sewing, welding or other joining line and the edge of the material is the
      "seam allowance." It is usual to press these seam allowances, as by a flat
      iron, in a separate pressing operation after the garment has been
      fabricated, the seam being opened out for this purpose so that the two
      joined face sides are face downwards on the ironing table, the flat iron
      being laid on the opened-out seam allowances to press them flat against
      the fabric reverse sides, so that the seam allowances do not stick up from
      the fabric reverse side, which would lead to bulky, unsightly seams.
PAR  Various proposals have been made to carry out this seam setting operation
      mechanically, continuously with the production of the seam. However, such
      mechanical methods have not been used to the fullest extent in garment
      manufacturing.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved method and means whereby seams can be
      set, continuously, if desired, with their production, eliminating the
      disadvantages of prior art mechanisms which limit the usefulness thereof.
PAR  The invention comprises a method and apparatus for setting a seam joining,
      along a seam line, two plies of fabric having face sides and reverse sides
      similarly orientated with respect to the seam, and further having seam
      allowances, so that when the plies are separated the seam allowances will
      tend to remain in contact each with the reverse side of its own ply, in
      which the plies are fed together along the seam line, the seam allowances
      are separated and folded back, the fabric is set during the said
      separating and folding back thereof, and the seam is constrained against
      lateral displacement during said separation and folding.
PAR  The setting may be by heat and steam setting, or by adhesive or other
      bonding, or by thermoplastic deformation, to cause the seam allowances to
      lie against the fabric reverse side or adhere thereto on either side of
      the seam.
PAR  Although the method can be carried out on a seam which has already been
      made, it is especially suitable for setting the seam continuously with the
      production of the seam, and will be so described herein.
PAR  As in prior art proposals, the seam may be guided by a blade between the
      adjacent fabric plies into a folder which turns the seam allowances in
      opposite directions against the fabric reverse sides, and pressure may be
      exerted on the seam when the seam allowances have been folded back with
      the fabric face sides in contact (or separated by the said blade.)
PAR  However, unlike the prior art proposals referred to, the setting action is
      preferably performed within a relatively short lengthwise extent, while
      the seam is under the control of a constraint against lateral displacement
      enabling more sharply curved seams to be set. Prior art proposals have
      been generally suitable only for relatively straight, long seams, such as
      a seam joining opposite edges of an open-width fabric to make a tubular
      fabric, or the seams of trouser legs, whereas the method according to this
      invention permits the setting (continuously with the sewing) of the seams
      of a raglan or other sleeve. The method becomes therefore of general
      interest to the entire garment trade.
PAR  When the method is used to set machine sewn seams continuously with their
      production, the constraint of the seam against lateral displacement is
      preferably effected by the sewing needle, throat plate, foot and feeder.
      To enable the setting apparatus to be as short as possible, the separation
      and turning-back of the seam allowances begin before the plies reach the
      needle, and a side iron co-operates with the presser foot and the edge of
      the throat plate to define a first narrow space, substantially
      perpendicular to the fabric plane, in which the upper seam allowance is
      guided, and a second such space for the lower seam allowance.
PAR  A practical form of apparatus for attachment to a sewing machine has a base
      plate carrying a temperature controlled heater and a source of steam, such
      as a water reservoir out of which water can be forced by air pressure,
      controlled by an adjustable valve, through a pipe coiled around the heater
      (which is preferably an electric heating element), or perhaps the water
      reservoir is mounted so as to feed gravitationally into the coil, and
      steam admitted to the folded seam by a treadle-operated valve between coil
      and seam presser. Conveniently, the plate may also carry a pair of output
      feed rollers (which may be knurled, better to grip the fabric) connectible
      to the main drive of the sewing machine, but these may well be mounted on
      the bed plate of the sewing machine to simplify the drive connection. To
      accommmodate different fabric thicknesses, there may be provided a
      resilience between the blade aforementioned and the fabric folder. Such
      blade may be held rigidly in position (although pivotable away completely
      to one side to facilitate removal of a partly sewn seam from the sewing
      machine, and to enable the machine to be used without the setting
      attachment operative, without having to remove the same completely from
      the machine) while a co-operating folding and pressing member is spring
      loaded for movement towards and away from the blade on the base plate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The method of setting a seam and embodiments of apparatus therefor
      according to the invention will now be described with reference to the
      accompanying drawings in which:
PAR  FIGS. 1a to 1e illustrate somewhat diagrammatically successive stages in
      the simultaneous sewing and pressing of a seam
PAR  FIG. 2 is a plan view of the seam pressing attachment shown in FIG. 1,
      showing its position relative to the sewing needle, and
PAR  FIG. 3 is a side elevation of part of the embodiment shown in FIGS. 1 and 2
     .
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1a to 1e, which are views of successive positions in the progress of
      the fabrics through the seaming and setting operations, taken along the
      seam line, show the seam to be produced on a conventional sewing machine
      having a needle 13, a feeder 13a and a presser foot 13b. Two plies of
      fabric 11, 12 with their face sides in contact are sewn together (FIG. 1a)
      along the seam line, leaving seam allowances 11a, 12a. At the needle 13
      position, these seam allowances are already being separated by a leading
      edge of a tongue 14. The face sides of the fabrics 11, 12 on the other
      side of the seam line are separated a little distance from the seam line
      by an arm 15a of a blade at this needle position. It will be appreciated
      that the feeder 13a, presser foot 13b and needle 13 co-operate to
      constrain the fabrics 11, 12 against any relative lateral displacement at
      this point.
PAR  In FIG. 1b, which shows the position immediately after the needle position
      of FIG. 1a, the seam allowances 11a, 12a are each folded back 90.degree.
      by a side iron portion 14a of the tongue 14, one, 11a to lie against the
      edge 13c of the presser foot 13b, the other, lower, seam allowance 12a to
      lie against an edge 10a of the sole plate 10. The entire tongue 14 is
      heated, and it is also resiliently biassed towards the edge 13c and the
      edge 10a, which are both fixed against lateral movement, so that the seam
      is here pressed open. This resilient biassing of the tongue 14 enables
      occasional bulges and thickenings of the fabrics to be accommodated, as,
      for example, when belts or loops are to be incorporated into the seam. At
      this point, or somewhere between this point and the position shown in FIG.
      1a, steam is injected into the seam (see FIGS. 2 and 3.)
PAR  Immediately after leaving the edges 13c and 10a, the seam allowances are
      folded further back by the tongue 14, which now has a channel 14b (defined
      between a base 14d and a resiliently mounted upper iorn 16) into which the
      blade 15 holds the seam. The blade 15 is, like the edges 13c and 10a,
      fixed against lateral displacement, and the resilient bias on the tongue
      14 urges the seam on to the blade 15.
PAR  Directly after this, the channel 14b widens into a slot between the base
      14d and the upper iron 16, which is mounted on the tongue 14 and biassed
      down towards the base 14d, but with an adjustable minimum spacing fixed by
      a stop 17. The blade 15 still holds the seam between base 14d and upper
      iron 16, which presses the seam on to the blade 15 while allowing, through
      the mutual resilience, for the occasional thick parts of the seam as
      before.
PAR  The tongue 14 and the iron 16 are in good thermal contact with a
      thermostatically controlled electric heating element as will be explained
      below.
PAR  When the seam is opened out, as shown in FIG. 1e, after removal from the
      apparatus, the seam allowances 11a, 12a lie flat against the fabric
      reverse sides the whole length of the seam, and need have no further
      pressing.
PAR  The short distance, preferably no more than about 70 to 100 mm between the
      production fo the seam at the position of the needle 13 and the completion
      of the pressing process in the irons 14d and 16 ensure that the seam is
      constrained the whole time against lateral displacement. Beginning the
      pressing operation between presser foot 13b and throat plate edge 10a on
      the one side, and side iron 14a on the other side further discourages any
      tendency of the seam to lateral displacement and the final setting step
      with the seam allowances folded back against the fabric reverse sides
      between the irons 14d and 16 is carried out to set a crease along the seam
      line, rather than to one side, which would result in an unsightly seam
      which would require to be pressed again after the garment had been
      partially finished. The apparatus enables the degree of control over the
      pressing action to be maintained even on sharply curved seams.
PAR  The stop 17 and, if desired, a similar adjustable spring biassing
      arrangement 18 limiting movement of the tongue away from the presser foot
      edge 13c and the throat plate edge 10a, allow the apparatus to be
      correctly adjusted to accommodate different fabric thicknesses or numbers
      of plies.
PAR  The plan view in FIG. 2 shows the balde 15 pivoted on a post 15b. It can be
      locked in operative position by a tag (not shown) engaging a notch on a
      separate base plate to which it is fixed. This pivotal mounting is
      provided to facilitate removal of the fabrics 11, 12 from the apparatus
      when they have been partially sewn, and, in addition, means that the blade
      can be swung away quite clear of the needle to permit ordinary sewing not
      requiring seam pressing to be carried out easily without dismantling the
      entire apparatus.
PAR  The heating element for the processing apparatus comprises a block 21 of
      heat conductive material mounted on the base 22 with an electric
      resistance wire fixed to it and a temperature sensing device 23 connected
      to a controller 24 for the supply of current to the element. Around the
      block is wrapped a stainless steel tube 25 connected by a flexible tube 26
      to the nozzle 14c (FIGS. 2 and 3) and fed with water from a reservoir 29.
      Steam is admitted to the nozzle by a treadle-operated valve 28, which is
      actuated at the start of each sewing operation. The valve can, of course,
      be rendered inoperative for ordinary sewing, when steam is not required.
PAR  The base 22 carrying the tongue 14, heating element 21 and other components
      is slidably retained on the sewing machine bed plate by channels 20
      engaged on posts 19, enabling the apparatus to be displaced to the side to
      permit ordinary sewing, not requiring seam pressing, to be carried out
      again without completely removing the apparatus from the sewing machine.
PAR  The positions corresponding to FIGS. 1a to 1d are shown on FIG. 2, from
      which it can be seen that the arrangement is lengthwise very compact.
PAR  Output rollers 27 mounted on the bed plate of the sewing machine are
      connected to be driven from the main drive shaft of the sewing machine
      (not shown).
PAR  Further to enable the overall length of the apparatus to be as small as
      possible, a special high speed feeding presser foot has been devised, in
      which the springing of the fabric contacting portion is effected by a
      compression spring mechanism 31 carried on the mounting body 32 in front,
      rather than behind, as is conventional, thus enabling the rest of the
      apparatus to be brought closer to the needle.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for setting a seam joining, along a seam line, two plies of
      fabric having face sides and reverse sides similarly orientated with
      respect to the seam, and further having seam allowances, so that when the
      plies are separated the seam allowances will tend to remain in contact
      each with the reverse side of its own ply, comprising the steps of:
PA1  a. feeding the plies together along the seam line;
PA1  b. separating and folding back the seam allowances;
PA1  c. setting the fabric during the said separating and folding step; and
PA1  d. constraining the seam against lateral displacement during said
      separating and folding step.
NUM  2.
PAR  2. A method according to claim 1, also comprising the step of producing the
      seam continuously therewith.
NUM  3.
PAR  3. A method according to claim 2, in which the step of producing the seam
      comprises sewing the seam.
NUM  4.
PAR  4. A method according to claim 3, in which the said lateral constraining of
      the seam is effected by the action of sewing the seam.
NUM  5.
PAR  5. A method according to claim 1, in which the setting step comprises
      heating the fabric.
NUM  6.
PAR  6. A method according to claim 1, in which the setting step comprises
      heating the fabric in the presence of moisture.
NUM  7.
PAR  7. A method according to claim 1, in which steam is supplied to the fabric
      during the said setting step.
NUM  8.
PAR  8. A method according to claim 3, in which the said separating and folding
      step begins before the fabric reaches the seaming step.
NUM  9.
PAR  9. A method according to claim 8, in which the said setting step begins
      before the fabric reaches the said seaming step.
NUM  10.
PAR  10. Apparatus for setting a seam joining, along a seam line, two plies of
      fabric having face sides and reverse sides similarly orientated with
      respect to the seam and further having seam allowances, so that when the
      plies are separated the seam allowances will tend to remain in contact
      each with the reverse side of its own ply, comprising
PA1  a fabric edge folder comprising tongue means adapted to divide adjacent
      edges of the two plies of fabric fed thereto, guide means adapted to turn
      said edges so that said edges lie against the outwardly facing reverse
      sides of the plies, and pressing means adapted to press the thus turned
      edges together; setting means adapted to set the fabric edges in said
      turned back condition; and seam constraining means adapted to locate the
      seam against lateral displacement in said setting means.
NUM  11.
PAR  11. Apparatus according to claim 10, further comprising fabric feeding
      means adapted to feed the fabric through said folder and setting means.
NUM  12.
PAR  12. Apparatus according to claim 10, further comprising seam producing
      means adapted to produce said seam continuously with the folding and
      setting thereof.
NUM  13.
PAR  13. Apparatus according to claim 12, in which said seam producing means
      comprise sewing apparatus.
NUM  14.
PAR  14. Apparatus according to claim 13, in which said sewing apparatus
      comprises a sewing needle, a feed dog and a presser foot.
NUM  15.
PAR  15. Apparatus according to claim 10, in which said setting means comprise
      heatable parts of said folder and heating means to heat the same.
NUM  16.
PAR  16. Apparatus according to claim 10, in which said setting means comprise
      steam supply means comprising a steam generator and steam supply tubing
      disposed to deliver steam from said generator to said folder.
NUM  17.
PAR  17. Apparatus according to claim 13, in which said sewing apparatus is
      located between said tongue means and said pressing means.
NUM  18.
PAR  18. Apparatus according to claim 15, in which all the parts of said folder
      are in good thermal connection with said heating means whereby said tongue
      means and said guide means can be heated so as to participate in said
      setting in addition to said pressing means.
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ABST
PAL  An ultrasonic cutting apparatus comprising a tuning fork or U-shaped
      flexural member having legs on which cutting means are mounted, and an
      ultrasonic drive connected to the flexural member for inducing ultrasonic
      vibrations in the flexural member. Also disclosed herein is an ultrasonic
      drive member having a "folded over" resonant holder, and a piezoelectric
      crystal compressively mounted in the holder by coupling means for
      transmitting the ultrasonic excitation from the drive to the flexural
      member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for use in cutting material. More
      particularly this invention relates to a ultrasonically vibrated cutting
      apparatus suitable for cutting fibers or threads. Such apparatus is useful
      as a thread cutting mechanism in conjunction with industrial sewing
      machines. During such applications, a thread cutter functions to sever the
      needle thread and the bobbin thread when stitching in a fabric is
      completed or to sever the "thread chain" during overstitching. The former
      application is generally referred to as a thread trimmer, or more
      appropriately as an under-bed thread trimmer where the mechanism is
      located below the sewing machine plate supporting the fabric. The latter
      application is referred to as an overedge chain cutter. At present
      conventional under-bed thread trimmers are of two types. In one type a
      high velocity knife edge cuts threads upon contact. A second type operates
      in a shearing manner similar to scissors. For either type, the needle and
      bobbin threads are displaced from normal to cutting position by a "picker"
      so as to insure that sufficient lengths of thread remain at the needle and
      bobbin. Among the disadvantages of such high-velocity knife thread cutters
      is their relative mechanical complexity. Such complexities, besides being
      expensive, lead to maintenance and adjustment problems particularly the
      latter where the thread characteristics change.
PAR  Similarly, a shearing cutter employing either rotary, rectilinear or
      pivotal motion between two cutting edges is usually a rather complex
      apparatus (device) and as a result lacks desirable reliability and results
      in excessive maintenance. For instance, adjustments and maintenance of
      edge sharpness is critical in such devices.
PAC  SUMMARY OF THE INVENTION
PAR  We have invented an ultrasonic cutting apparatus for cutting threads and
      thread chains. The cutting apparatus of this invention comprises a
      U-shaped flexural member having two opposing legs; cutting means mounted
      on the aforesaid legs and ultrasonic drive means connected to the flexural
      section whereby ultrasonic vibrations are induced in the cutting means.
      Preferably, each of the opposing legs of the flexural member has opposing
      projections thereon whereby the legs come into impacting contact during
      vibration thereby inducing the exicitation of vibration modes in addition
      to the driven mode of vibration. The ultrasonic drive means comprises a
      resonant holder having a closed end, a tubular ceramic piezo electric
      crystal mounted within the holder, and compressive coupling means for
      compressively securing the crystal between one end of the coupling means
      and the holder's closed end. The coupling means extends through the holder
      closed end and is fixedly secured to the flexural member.
PAR  Accordingly, it is an objective of this invention to provide a device for
      cutting threads; thread chains; fabrics; and similar materials.
PAR  More particularly, it is an objective of this invention to provide a device
      for cutting moving threads and thread chains in combination with sewing
      machines.
PAR  Another objective of this invention is to provide a novel device in
      combination with a sewing machine for cutting material which device is
      simple, effective and reliable in operation.
PAR  Still another objective of this invention is to provide an ultrasonic
      cutting device which does not require an anvil.
PAR  Yet another objective of this invention is to provide a device having
      various modes of vibration induced therein for ultrasonically cutting
      material.
PAR  Another objective of the present invention is to provide a novel ultrasonic
      drive.
PAR  Other objectives and advantages of the device according to the present
      invention will become apparent from the brief description of the drawings
      and the preferred embodiments which follow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the preferred embodiment of the present invention
      incorporated in a partially shown sewing machine;
PAR  FIG. 2 is a view of cutting apparatus shown in FIG. 1 of the drawing;
PAR  FIG. 3 is a cross-sectional view of section 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of the flexural member and drive member of the
      present invention;
PAR  FIGS. 5a and 5b are sectional views along section 5--5 of FIG. 4;
PAR  FIG. 6 is a view of a modified version of the flexural member of this
      invention; and
PAR  FIGS. 7 to 10 are simplified views of various embodiments of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The application relates to a novel method and apparatus for cutting threads
      and more particularly to a novel and advantageous apparatus for use in
      combination with various types of sewing and stitching machines. The
      cutting apparatus is preferably an ultrasonically excited U-shaped
      flexural section having two opposing legs on which are mounted cutting
      means for severing any suitable material, i.e., threads, which contact
      same. Basically, the cutting device comprises a mounting block, an
      ultrasonic driving member attached to the mounting block, a U-shaped
      flexural member connected to the driving member and excited thereby in the
      ultrasonic range, and cutting elements mounted on the U-shaped flexural
      member for contacting and severing material. The ultrasonic cutting device
      is utilized in combination with means for drawing material into contact
      with the cutting elements and in conjunction with a sewing or stitching
      machine wherein the material which is cut ultrasonically is the sewing
      thread or thread chain.
PAR  With reference to FIG. 1 of the drawings, a preferred embodiment of the
      chain cutter 12 of the present invention is shown as part of the machinery
      of an over-edge stitcher, not shown. A portion of the cast base 14 of the
      over-edge stitcher is illustrated on which the various components of the
      cutter 12 are mounted. Specifically, a drive member 16 is clamped to the
      case base 14 by a mounting block holding the driving member. The mounting
      block 18 is securely fixed to the base by screws inserted through a hole
      20 and 22 and attached to a plate 23 on the base 14. The drive member is
      an ultrasonic piezoelectric transducer, more specifically illustrated in
      FIGS. 2 and 3 of the drawings.
PAR  Referring now to FIG. 2 of the drawings, the drive member 16 is shown in a
      cut-away top view which member appears to be novel by employing a
      folded-over resonant holder 25 in conjunction with a piezoelectric tublar
      shaped ceramic crystal 26 and a compressive coupling means 27 dynamically
      coupling the ceramic crystal 26 and the holder 25 to a flexural member 36.
      More specifically the resonant holder 25 is a hollow tubular shaped metal
      structure having a specific length and inertia with a thin walled section
      28a and a somewhat shorter thick walled section 28b. The resonant holder
      is secured within the mounting block 18 at its nodal point (i.e. point of
      least amplitude) by the clamping action of the mounting blocks 18, as
      illustrated in FIG. 3 showing a slot 19 in the block securing the clamping
      force. The end of the holder outside the mounting block is closed by end
      wall 29 having an internally threaded collar 30 through which a long
      coupling screw 31 extends. The ceramic crystal 26 is held at one end
      against the end wall 29 by the compressive force of a washer 32 at the
      other end of the crystal and a nut 33 threadedly fastened to the coupling
      screw and compressively holding the washer 32. Structurally the crystal
      26, the resonant holder and the coupling screw and attendant washer and
      nut form a unitary vibratory system when dynamically energized by the
      piezoelectric response of the crystal to a suitable electronic current.
      The ceramic crystal which may be made of lead zirconate titanate is
      internally and externally silvered, not shown, to provide electrical
      contact surfaces for the electrical conductor 70.
PAR  The coupling screw extending beyond the end wall 29 is threadedly attached
      to the flexural member 36 on one side thereof.
PAR  The flexural member as previously discussed is a tuning fork U-shaped
      member having two legs 38 and 39, each leg having opposing raised surfaces
      40 and 41 each respectively adjacent a pair of cutting tips 42 and 43.
PAR  The cutting tips 42 and 43 are fixedly mounted respectively on the end of
      each leg of the flexural member thereby forming a cutting throat 44 in the
      space between them.
PAR  The opposing raised surfaces 40 and 41 on each of the legs which cause the
      legs to impact on each other when the flexural member is vibrated serve to
      induce secondary modes of vibration in addition to the driving mode. The
      secondary modes of vibration exhibit larger amplitudes than the driving
      mode and this is believed to aid in drawing the thread between the cutting
      tips 42 and 43 thereby effectively improving the operation thereof.
      Additionally, the life of the cutting tips is also increased since the
      raised surfaces act to prevent undue wear to the cutting tips.
PAR  Also mounted on the stitcher frame 14 are means for drawing the thread
      chain into the cutting throat 44. Briefly the means for drawing the thread
      chain in the cutting throat comprises a suction means having a suction
      port 45 which is adjacent a thread guide opening 46 located in plate 50 of
      the sewing machine. The thread guide opening narrows toward the area which
      is positioned over the suction port 45 and to cutting throat 44. This
      allows the thread chain, which is either trailing or leading the stitched
      fabric, to be drawn automatically into the cutting throat by the suction
      applied through the openings as the edge of the stitched fabric passes
      over the cutting throat.
PAR  The suction means is additionally formed of suction tube 54 one end of
      which is the port 45 inclined downwardly from the thread guide opening
      below the flexural member and curving around the drive member in a
      multiple bend, then upwardly to a cutout 60 in the frame. The tube 54 is
      there attached to a suction fitting interface 62. The interface 62 is
      connected to another tube 63 and from there to a source not shown capable
      of producing sufficient vacuum pressure to maintain sufficient suction.
PAR  Not shown in the drawings is an enclosure in the form of a multi-walled
      enclosure which may enclose the flexural member and which effectively
      protects and shields the flexural member from inadvertent damage. Various
      plates are mounted on the stitcher frame 14, the stitcher table plate 23
      being generally located over the ultrasonic cutting apparatus and having
      the thread guide opening plate 50 thereon. Also shown but not comprising a
      part of the invention is a movable feed dog plate 68. A number of saw
      toothed-feed dogs, not shown, are located on the top surface of the feed
      dog plate as are several slotted openings through which needles may
      reciprocally move, as for instance an over-edge needle and a safety sewing
      needle.
PAR  While the preferred embodiment according to this invention has been
      described above, various embodiments, variations, modifications and modes
      of operation are regarded as part of this invention, and are described
      hereinafter.
PAR  A major part of this invention is the U-shaped flexural member and its
      various modes of operation. Basically the cutting device of this invention
      as shown in FIGS. 4-10 of the drawings is a U-shaped or tuning fork shaped
      flexural member (comprising two opposingly located legs on the open end
      thereof, and a drive member for providing ultrasonic vibrations in the
      range of from about 15,000 Hertz to 100,000 Hertz, though 20,000 to 40,000
      Hertz is preferred. Preferably the opposing legs of the flexural member
      are at a spaced distance from each other whereby projecting opposing
      surfaces thereof impact on each other during energization of the flexural
      member. Additionally a cutting tip is fixedly mounted adjacent each
      projection on the end of each leg of the flexural member.
PAR  Such projections on the opposing surfaces of each leg serve two extremely
      important functions. The first is that the impacting of the legs induces
      additional modes of vibration which aids in cutting and in drawing the
      thread into the cutting throat. It is believed that as some of the
      additional modes of vibration have larger amplitudes than the primary
      mode, this allows the thread to more easily enter between the cutting
      tips. The second function is that the two projections prevent undue wear
      of the cutting tips. Without the presence of such projections, the cutting
      tips would continue to wear rapidly.
PAR  Such cutting device according to the present invention is illustrated in
      FIG. 4 of the drawing having a U-shaped flexural member 102 with two legs
      104 and 106 and impacting projection surfaces 110 and 112 on the inside of
      each respective leg 104 and 106. A rod shaped extension is used to
      illustrate the drive member 114 described hereinabove and is fixedly
      connected to the flexural member at the hereinafter described drive
      points.
PAR  A pair of cutting tips 116 and 118 are mounted on the end of each of the
      respective legs 104 and 106. The cutting tips each have inwardly directed
      semi-circular forward edges functioning in guiding materials into the
      space between the two tips. The area defined by the two semi-circular
      edges is designated herein as the cutting throat 120. While two different
      versions of cutting tips are preferred, the two tips may be opposingly
      symmetrical.
PAR  Specifically shown in FIG. 5a of the drawings is a cross sectional view of
      a pair of tips designated herein as pounding tips. Basically the pounding
      tips type of cutting structure comprises an anvil tip 126 having a groove
      128 therein in the cutting face parallel to the axis of the legs and a
      hammer tip 130 having an upstanding ridge 132 facing the groove 128 and
      adapted to fit in the groove as the tips contact each other.
PAR  A second version of a pair of cutting tips is shown in cross-sectional view
      in FIG. 5b and is called shearing tips. One tip has a rectangular channel
      134 and the opposing tip has an upstanding bar 136 fitting into the
      channel as the tips contact each other and functions in a manner akin to
      scissors. Each of the aforesaid tips may be preferable in different modes
      of operation and with various different materials.
PAR  While the preferred embodiment of the cutting apparatus as illustrated in
      FIGS. 1 and 2 of the drawings show a driving member in an off center
      position relative to the symmetrical axis of the flexural member, such
      driving member may be located in any desired position in reference to the
      flexural member. The modes and amplitude of vibration and excitation of
      the flexural member will be different depending on location, size of the
      structure as well as shape and taper of such structure.
PAR  In addition it is possible to bend the legs of the flexural member in
      another plane at a desired angle as illustrated in FIG. 6 of the drawings
      where the legs, while still parallel as before are bent along their long
      axis. Such a structure does not change the functional mode of operation of
      the flexural member yet allows the flexural member to be bent to
      accommodate the spatial requirements of apparatus in which the cutting
      device is incorporated.
PAR  It is well known in the art of ultrasonically vibrated solid systems that
      length, shape, material and frequency are interrelated and that various
      design factors are considered in obtaining the desired vibratory and
      amplitude factors. Thus FIGS. 7 through 10 illustrate various different
      arrangements of flexural member 102 and driving member 114. FIG. 9 of the
      drawings is illustrative of the device also illustrated in FIG. 4 and
      illustrates a flexural member and drive having composite resonance and a
      symetrical vibratory excitation or drive. FIG. 7 illustrates a similar
      configuration but with a drive member having a length which is equivalent
      to one half the resonant symmetrical vibrational drive. FIG. 8 illustrates
      a version of the cutting device having the extension connected to the
      flexural member at an angle perpendicular to the axis of symmetry of the
      flexural member. As such, the system or device illustrated functions as a
      self-resonant flexural and extensional section with a symmetrical drive.
      Similarly, the system illustrated in FIG. 10 of the drawings differs from
      that shown in FIG. 8 in that the length of the extensional section does
      not induce self resonance in the flexural and extensional sections but
      rather induces a composite resonance. By composite resonance applicants
      mean the resonance exhibited by the flexural and driving member assembly
      as a unit.
PAR  The invention described herein appears to possess unique qualities in terms
      of function and has demonstrated effective application in the cutting of
      threads, thread chains, fabrics, paper and several other materials.
      Therefore with the flexural member and cutting throat, the long axis of
      the transducer drive may be at any of the various desired angles to the
      direction of movement of the material being cut. In the preferred
      application, such as in combination with certain conventional sewing and
      stitching machines, such ability to orient the long axis of the transducer
      parallel to the direction the movement of material being worked on allows
      simpler and more practical installation of the cutting device in a sewing
      machine. Secondly, a rigidly mounted anvil is dispensed with and cutting
      is achieved at the cutting throat between the tips mounted on the legs of
      the flexural member. The two legs are preferably vibrating 180 degrees out
      of phase with each other, that is the two legs are vibrating towards one
      another at the same moment and away from each other in point of time. The
      arrangement and proximity of the vibrating legs affects an impacting
      action between their opposing surfaces thereby inducing vibrational modes
      in addition to the driven mode.
PAR  Further, for purposes of explanation, the flexural member as previously
      described resembles a tuning fork with the two legs forming the open end.
      The flexural member can preferably be manufactured to a length in excess
      of two flexural wavelengths, and to exhibit either self-resonance or
      composite resonance together with the driving section. The flexural member
      wavelength for a member having a cross-section with a small actual size
      compared to the wavelength (thus allowing one to disregard rotary initial
      effects) is approximately computed by the equation: Wavelength = constant
      C.sub.L t/f
PAL  where C.sub.L is the velocity of a longitudinal wave; t is the thickness of
      the section in the direction of flexural displacements; and f is the
      frequency of vibration.
PAR  Typically with metal members and sections having a 0.1 inch thickness and
      at a frequency of 25 Kilohertz (KHz) the flexural wavelength is in the
      range of from 1 to about 11/4 inches. Further the ratio of the amplitude
      of vibration at the ends of the legs of the flexural member to that at the
      driving point, i.e., the point of connection of the flexural member and
      the extension is dependent upon the driving point location. With no
      loading at the vibrating legs, the amplitude ratio is about 1.4 with the
      driving point at an antinodal point of flexural member vibration. The
      ratio is larger when the driving point is not at such anti-nodal point.
      Secondly the amplitude ratio may be further influenced by tapering the
      legs of the flexural member along their axis. An understanding of the
      various theoretical basis for the above description discussion can be had
      in VIBRATION ANALYSIS TABLES by R. E. Bishop and D. C. Johnson (Cambridge
      Univ. Press. 1956).
PAR  An important factor of the present invention appears to result from the
      impacting of the vibrating legs upon each other. When such impacting
      occurs, lower-frequency flexural vibrations are also induced, some of
      which exhibit higher amplitudes than the driven mode. When such impacting
      occurs the cutting efficacy of the device is significantly increased.
PAR  Having thus fully disclosed our invention and wishing to cover those
      variations and modifications which would be apparent to those skilled in
      the art, but without departing from either the scope or spirit of the
      invention,
CLMS
STM  We claim:
NUM  1.
PAR  1. An ultrasonic cutting apparatus comprising
PA1  a U-shaped flexural member having two legs in opposing relationship;
PA1  ultrasonic drive means connected to said flexural member for
      communicatingly exciting said flexural member; and
PA1  cutting means mounted on each of said legs in an opposing relationship to
      each other for cutting material placed therebetween.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said legs have projecting
      surfaces in opposing and spaced relationship to each other, said surfaces
      contacting and impacting upon each other when ultrasonic vibrations are
      induced in said flexural member whereby the impacting action induces
      secondary modes of vibration to said flexural member.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said ultrasonic drive means
      comprises
PA1  a resonant holder connected to said flexural member
PA1  a piezoelectric crystal mounted in said holder, and responsively excited in
      the ultrasonic range by electrical excitation means,
PA1  a coupling means compressively coupling said crystal to said holder.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said piezoelectric crystal is
      a hollow tube, said holder has a closed end abutting one end of said
      crystal, said holder being folded over said crystal, and said coupling
      means compressively holding the other end of said crystal against said
      abutting closed end whereby the vibrations of said crystal are transmitted
      to the holder.
NUM  5.
PAR  5. The apparatus of claim 4 which additionally comprises,
PA1  a frame, a mounting block, fixedly mounted on said frame, said block
      securely clamping said holder at a nodal point thereof;
PA1  a plate mounted on said frame above said frame, said plate having an
      opening adjacent said cutting means; and
PA1  suction means mounted on said frame below said plate and communicating with
      said plate opening for applying a suction force to material placed over
      said opening whereby the material is drawn into contact with said cutting
      means.
NUM  6.
PAR  6. The apparatus according to claim 1 wherein said cutting means comprises
      a first cutting tip mounted on a first of said two legs of said flexural
      member, and
PA1  a second cutting tip mounted on the second of said two legs in opposing
      relationship to said first cutting tip.
NUM  7.
PAR  7. The apparatus according to claim 1 wherein said ultrasonic drive means
      induces said two legs to vibrate 180.degree. out of phase.
NUM  8.
PAR  8. The apparatus of claim 2 wherein said ultrasonic drive means induces
      said two legs to vibrate 180.degree. apart.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein said ultrasonic drive means
      is connected to said flexural member parallel to the axis of symmetry
      thereof.
NUM  10.
PAR  10. The apparatus according to claim 5 wherein said plate and said frame
      are incorporated in a sewing machine.
NUM  11.
PAR  11. The apparatus according to claim 6 wherein said first cutting tip
      comprises an anvil tip having a rectangular slot and said second cutting
      tip comprises a base and a rectangular bar mounted on said base in
      opposing relationship to said slot.
NUM  12.
PAR  12. The apparatus according to claim 6 wherein said first cutting tip
      comprises an anvil having a groove and said second cutting tip comprises a
      base and a ridge shaped projection on said base in opposing relationship
      to said groove.
NUM  13.
PAR  13. The apparatus according to claim 1 wherein said ultrasonic driving
      means is connected to said flexural member at about an anti-nodal point
      thereof.
NUM  14.
PAR  14. The apparatus according to claim 1 wherein said ultrasonic drive means
      is connected to said flexural member at about a nodal point thereof.
NUM  15.
PAR  15. The apparatus according to claim 5 wherein said connecting means is
      connected to said flexural member at an oblique angle to the axis of
      symmetry of said flexural member.
NUM  16.
PAR  16. The apparatus according to claim 6 wherein each of said cutting tips
      has a semi-circular forward edge, the circular edges inclining inwardly
      toward each other and forming a cutting throat therebetween.
NUM  17.
PAR  17. The apparatus according to claim 1 comprising
PA1  impact means intermittently contacting at least one of said legs for
      inducing secondary modes of vibration to said flexural member when
      ultrasonic vibrations are induced in said flexural member.
NUM  18.
PAR  18. The apparatus of claim 1 comprising impact means mounted on at least
      one of said legs, and
PA1  fixed means mounted adjacent said impact means inducing secondary modes of
      vibration to said flexural member when ultrasonic vibrations are induced
      in said flexural member.
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PAL  By predetermined selection of tin coating weight in the manufacture of
      electrolytically tinplated continuous steel strip, cup formation of sheet
      metal blanks cut from such tinplated flat rolled steel with the selected
      tin coating weight disposed internally, selective reduction of sidewall
      gage and coating weight, maintenance of tin coating weight on the interior
      surface of the bottom wall, and selective organic coating, the present
      invention enables production of special container packs, previously
      limited to three-piece containers, from unitary seamless can bodies.
      Selected tin coating weight on the interior surface of the bottom wall of
      the can body is maintained throughout the manufacturing process and this
      surface is exposed to container contents. The sidewall interior surface of
      the can body is protected from exposure to container contents by an
      organic coating.
BSUM
PAR  This invention is concerned with manufacture of a unitary flat rolled steel
      can body having surface areas of selective coating characteristics and
      with containers for special food products.
PAR  In the canning of certain fruits and vegetables, such as pineapples,
      asparagus, celery, and others, special container pack characteristics
      require an exposed tin surface in contact with container contents in order
      to maintain proper coloration by means of a bleaching action. One
      objectionable feature is that the exposed tin surface can acquire a
      mottled appearance which, although harmless, is unattractive. In the past,
      the inner surface of the top closure panel, and usually the bottom closure
      panel, had been coated with an organic coating in an attempt to at least
      partially overcome this objectionable appearance aspect.
PAR  However this approach of the prior art required that a large surface area,
      i.e., the sidewall, be coated with a heavy coat of tin to provide adequate
      shelf life. This substantially increased the cost of such containers.
      Further, these special container packs were, for economic reasons
      explained later, limited to three-piece containers with seamed sidewalls
      and chime seams at the top and bottom endwalls.
PAR  Novel concepts of the present invention make special container pack
      characteristics available in two-piece containers utilizing a seamless
      unitary can body and a single end closure. More specifically, the
      invention makes possible utilization of a drawn and ironed container body
      while maintaining desired product protection and shelf life. Moreover,
      such special surface characteristics are available with significant
      savings in tin.
PAR  Part of the invention resides in overcoming technical and economic
      obstacles in order to make drawn and ironed unitary can bodies practicable
      for the special container packs of interest. The special container packs
      of interest had been manufactured from three-piece containers and the
      inner sidewall had a heavy coat tin layer to provide adequate shelf life.
      Also, it was established that unitary can bodies could not provide
      sufficient tin coating weight for all types of container contents because
      of the sidewall reduction during ironing. The sidewall ironing reduced not
      only the thickness gage of the sidewall sheet metal but also reduced the
      thickness of the tin coating in an amount corresponding to the reduction
      in thickness gage of the sidewall sheet metal. In effect, the reduction in
      the thickness of interior sidewall tin coating ruled out use of drawn and
      ironed unitary can bodies for the special container packs of interest.
      That is, the heavy tin coating required on an entire blank, in order to
      allow for the reduction in thickness during ironing while still providing
      protective tin coating of sufficient thickness for adequate shelf life,
      made an otherwise desirable product economically impractical.
PAR  More pointedly, the tin coating weights available on flat rolled steel
      played a part in blocking development prior to the present invention. For
      example, it would not have been possible, with the tinplated steel
      available from continuous strip steel electrotinplating lines, to obtain a
      sufficiently thick tin coating so that an adequate tin coating could be
      maintained, after ironing, to provide required shelf life for certain
      types of container contents.
PAR  The present invention overcomes these obstacles by providing a uniformly
      and adequately coated tin surface, of reduced surface area, available for
      exposure to container contents while otherwise protecting the larger
      remaining surface area of the container body interior. As a result,
      economic and appearance advantages of the unitary can body are available
      for the special container products of interest while, at the same time,
      providing for adequate shelf life.
DRWD
PAR  The accompanying drawings which form part of a more detailed presentation
      of the invention include the figures briefly described below:
PAR  FIG. 1 is a schematic perspective view of a sheet metal blank used in
      forming the container body of the present invention,
PAR  FIG. 2 is a schematic cross-sectional view of a cup drawn from the sheet
      metal blank of FIG. 1,
PAR  FIG. 3 is a schematic cross-sectional view of a unitary container body in
      which the sidewalls have been ironed with an endwall closure shown in
      dotted lines,
PAR  FIG. 4 is an exploded cross-sectional view of a portion of the bottom wall
      of a unitary container body embodying the invention, and
PAR  FIG. 5 is an exploded cross-sectional view of a portion of the sidewall of
      a unitary container body embodying the invention.
DETD
PAR  In practice of the present invention a sheet metal blank 8 as shown in FIG.
      1 is cut from flat rolled steel which has been coated in a continuous
      strip electrotinplating line. The tinplated coating of the sheet metal
      blank is substantially uniform on each surface, however the strip can be
      differentially coated. That is, the blank can have a differing coating
      weight of tin on each surface and, the invention can be carried out with
      coating on only one surface of the flat rolled strip.
PAR  In accordance with the invention, a preselected tin coating is applied to
      one surface of the flat rolled steel. The sheet metal blank 8 of FIG. 1 is
      then drawn by known means and methods into a cup-like configuration while
      maintaining a preselected tin coating weight on the interior bottom wall.
      Cup 10 of FIG. 2 comprises a unitary sidewall 12 and bottom wall 14.
      Interior surface 16 of the bottom wall 14 has a substantially uniform tin
      coating of the same preselected thickness as existed on the original
      blank.
PAR  FIG. 3 illustrates the unitary can body resulting after ironing of the
      sidewall 12 of the drawn cup 10 of FIG. 2. The drawn and ironed unitary
      can body 20 of FIG. 3 has substantially the same internal diameter as that
      of the drawn cup 10 of FIG. 2. Only the sidewalls have been lengthened
      (changed in thickness) by ironing. The ironing of the sidewalls is carried
      out by a known method which reduces the thickness of the cup sidewall, to
      produce the increased height sidewall 22 of the drawn and ironed container
      body 20, while maintaining the preselected tin coating weight on the
      interior surface of the bottom wall.
PAR  In accordance with the invention, neither the drawing process in forming
      the cup 10 of FIG. 2 nor the ironing process forming the unitary can body
      20 of FIG. 3 change the uniform, heavy-coat, preselected tin coating
      existing on the interior bottom wall surface 16. However, inherently,
      ironing of the cup sidewall to produce the elongated sidewall 22 of
      unitary can body 20 of FIG. 3 substantially reduces the tin coating weight
      on the interior sidewall surface 24, as well as any coating on the
      exterior surface. The tin coating on the sidewall 22 is reduced in
      thickness in proportion to the reduction in thickness of the flat rolled
      base metal of the sidewall during the ironing process. In practice, this
      reduction of thickness is in the range of about 25% to about 75% of the
      original thickness.
PAR  Practical limitations imposed by continuous strip steel electroplating
      lines limit the amount of tin coating available on flat rolled steel. The
      maximum tin coating weight generally available, as published by steel
      producers, is 1.35 pounds of tin per base box (217.78 sq. ft.) on both
      surfaces of the substrate. Assuming a heavier tin coating of about 1.50
      pounds per base box could be produced, would result in a coating thickness
      of tin on one surface of about 90 micro-inches. Reducing the sidewalls at
      some locations by about 75% during ironing would reduce the effective tin
      coating weight, on at least a major portion of the sidewall, below that
      required for certain container products to provide adequate shelf life. It
      should be noted that shelf life is limited by the thinnest tin coating
      existing on any exposed interior portion of the container. Therefore a
      food product requiring 30 micro-inches of tinplate coating on one surface
      (about a half pound per base box) for adequate shelf life could not be
      canned in a unitary drawn and ironed can body by the prior art practices
      which exposed the interior sidewall to container contents. A 75% reduction
      in the sidewall thickness of flat rolled steel, coated with the maximum
      electrolytic tin coating weight available, would have left insufficient
      tin on the interior sidewall for adequate shelf life.
PAR  To overcome the various obstacles which blocked utilization of drawn and
      ironed containers in this field, the invention provides for presentation
      of a uniform, heavy-coat, tinplated surface of preselected coating
      thickness for contact with container contents. The preselected coating is
      not disturbed during manufacture of the can body. In addition, the exposed
      tin surface is a smaller area than that of the prior art thus providing an
      overall saving in tin and, the larger surface area normally exposed in the
      prior art is otherwise protected from exposure to container contents. In
      the practice of the present invention the desired tin coating thickness
      for shelf life of a particular food product is preselected from the
      outset, e.g. from the start of the continuous strip electrolytic
      tinplating operation.
PAR  Further this preselected coating weight is maintained during the
      manufacturing process. After selection of the required tin coating weight
      for desired shelf life, the sheet metal surface with this coating weight
      is maintained on the interior surface of the container during the
      manufacturing process. In the drawing operation to form the cup 10 of FIG.
      2, this preselected coating weight covers the interior of the bottom wall
      surface. This coating weight on the interior bottom wall surface is
      maintained during the drawing operation. Also, during the sidewall ironing
      steps this preselected tin coating weight on the interior bottom wall
      surface is maintained so that the required coating weight for the selected
      shelf life is maintained on the interior bottom wall surface throughout
      the manufacturing process. In practice this coating weight is selected to
      vary between a minimum of about 10 micro-inches of tin on this interior
      surface to a maximum coating thickness of about 90 micro-inches.
PAR  In the manufacturing process, after ironing, the interior sidewall surface
      is selectively lacquered with a protective coating, such as a clear or
      pigmented organic coating. Typical protective organic coatings include
      oleo-resinous lacquers, epons, phenolics, modified epon-phenolics, vinyls,
      and acrylics. This protective coating to prevent exposure of the interior
      sidewall is selectively applied while maintaining the interior bottom wall
      tinned surface exposed. Applying the organic coating to the interior
      sidewall can be carried out by known means, for example by selective
      spraying of the protective coating on only the interior sidewall surface.
      The interior bottom wall tin surface is not coated and provides a
      heavy-coat tin coating for exposure to container contents to provide the
      special characteristics necessary for the product packs of interest.
PAR  The sheet metal from which the blank is cut can be differentially coated in
      accordance with the invention so that the exterior surface of the unitary
      can body can have a very light (flash) tin coating or be substantially
      free of tin coating. The economies resulting from this additional savings
      of tin are obvious. In addition the present invention makes unitary can
      bodies practicable for the special product packs of interest. In one
      embodiment of the present invention, the entire exterior surface is
      protected with outside coating, e.g. with the final exterior enamel or
      printing coat. In this way the advantages in appearance and economics of a
      seamless can body are available for the special product packs of interest
      which had previously been limited to three-piece cans.
PAR  The closing of the remaining end of the unitary container body can be
      carried out by conventional chime seaming operations. Top endwall closure
      28 is shown in dotted lines in FIG. 3. Endwall closure 28 is protectively
      coated on its interior surface with an organic coating for appearance and
      also for economic purposes, i.e., saving of tin coating. Only the interior
      bottom wall tin is exposed to container contents and this tin coating
      weight is preselected and maintained during manufacture to provide the
      necessary protection and shelf life.
PAR  After ironing, the sidewall is trimmed to be of uniform height and the open
      end of the container body is, preferably, necked-in. This accommodates the
      chime seam and provides a uniform diameter container throughout the height
      of the container. The chime seam secures endwall 28 to the necked-in
      portion of the sidewall.
PAR  The expended cross-sectional view of FIG. 4 shows in detail the results of
      the invention on the bottom endwall of the drawn and ironed container. The
      flat rolled steel base metal 32 will have its original gage which, in
      practice, is selected to be in the range of about .010 inches to about
      .015 inch thickness. The steel base metal is conventional drawing and
      ironing container stock, i.e., a flat rolled steel of very low carbon
      content. Exposed interior surface tin coating layer 34 will have its
      original coating thickness of tin, i.e., in the range of about 10
      micro-inches to about 90 micro-inches.
PAR  Selection is available on the exterior surface of the bottom wall. Tin
      coating layer 36 can be substantially thinner than interior tin coating
      layer 34 through use of differential plating of the flat rolled steel.
      This exterior surface may have a flash coating of tin or can be
      substantially free of tin coating since; in at least one embodiment, this
      exterior surface can be protected by coating 38 such as enamel. In
      practice the exterior coating on the steel substrate can be tin only,
      exterior enamel only (although a flash coating of steel is generally
      desirable for rust-free handling of flat rolled steel stock), or a
      combination of tin and enamel. This exterior bottom surface can be readily
      and adequately protected with tin only since the coating weight applied
      originally will not change during the can manufacturing steps described as
      part of the present invention.
PAR  FIG. 5 shows results of the invention in a cross-sectional view of the
      ironed sidewall of a unitary drawn and ironed can body of FIG. 3. The
      steel base metal 42 has been substantially reduced in thickness gage by
      the ironing to a thickness in the range of about 25% to about 75% of the
      thickness of the original gage presented by the bottom wall substrate 32
      of FIG. 4. Similarly the interior sidewall tinplated coating 44 has been
      reduced 25% to 75% by the ironing operation. An organic protective coating
      46 is applied over the thinned tin coating on the interior surface to
      prevent exposure of such thin tin coating to container contents. On the
      exterior surface a light tin coating 48 remaining from an original
      differential coating operation, or substantially no tin coating, may
      remain. This exterior surface of the sidewall can be protected with
      exterior enamel coating 50. The options on the exterior surface of the
      sidewall could encompass those enumerated in relation to the exterior
      surface of the bottom wall, however, because of the thinning of any
      sidewall tin coating, a protective enamel coating is preferred and
      generally required for long-term appearance requirements.
PAR  Various selections are available in the light of the above disclosure,
      therefore the scope of the invention is to be defined from the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of manufacturing a one-piece container body to provide a
      uniformly tin coated surface for exposure to container contents while
      protecting remaining interior surfaces from exposure to container contents
      comprising the steps of
PA1  providing a flat rolled steel sheet metal blank having a surface
      substantially uniformly coated with tin by blanking electrotinplated flat
      rolled steel which has been electrotinplated in continuous strip form with
      a tin coating thickness on the substantially uniformly coated surface in
      the range of 10 micro-inches to about 90 micro-inches,
PA1  forming the tin coated sheet metal blank into a cup having a bottom wall
      and unitary sidewall with such tin coating on interior bottom wall and
      interior sidewall surfaces, such forming step being carried out while
      maintaining the tin coating thickness on the interior bottom wall surface
      in the range of 10 micro-inches to about 90 micro-inches in thickness
      during forming,
PA1  Ironing the sidewall of such unitary cup to provide a reduction in the
      thickness gage of the sidewall sheet metal over a major portion of its
      area in the range of about 25% to about 75% and a corresponding reduction
      in the thickness of the tin coating on the interior surface of the
      sidewall, such ironing step being carried out while maintaining the tin
      coating thickness on the interior bottom wall surface in the range of 10
      micro-inches to about 90 micro-inches in thickness, and
PA1  applying a protective coating to the thinned tin coating on the ironed
      interior sidewall surface to substantially eliminate possible contact of
      such thinned tin surface with container contents while maintaining
      exposure of the tin coating maintained on the interior bottom wall surface
      for direct contact with container contents.
NUM  2.
PAR  2. The method of claim 1 in which, after ironing of the sidewall of the
      unitary cup, the remaining longitudinal end of the sidewall opposite to
      the closed bottom wall is prepared for receiption of a closure lid by
      trimming to make the sidewall of substantially uniform longitudinal
      dimension measured from the bottom wall and further including necking-in
      of sidewall sheet metal contiguous to such remaining longitudinal end of
      the sidewall to accommodate a chime seam to enable production of a closed
      container of substantially uniform external diameter.
NUM  3.
PAR  3. The method of claim 1 in which the sheet metal blank is differentially
      tinplated, including the step of applying a protective coating such as
      enamel to at least a portion of the exterior surface of the container
      body.
NUM  4.
PAR  4. The method of claim 3 in which one surface of the differentially tin
      plated sheet metal blank is substantially free of tin coating and the
      protective coating is applied to the entire exterior surface of the
      container body.
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ABST
PAL  An apparatus and method for anchoring an offshore tension leg platform
      which includes a platform supported above an ocean surface by buoyant
      supports comprising at least three vertical buoyant support members. Each
      vertical support member includes a central axial conductor tube for
      passage of drill pipe adapted to be connected to anchor members carried at
      the bottom of the vertical support member, the drill pipe providing a for
      lowering the anchor member, for drilling beneath the anchor member to pin
      the anchor member in the ocean bottom, and for transfer of ballast from
      the vertical support member to the anchor member. Each vertical support
      member includes longitudinally extending anchor line casings spaced from
      the axial tube to provide passageways for anchor tension lines connected
      to the anchor and adapted to be tensioned at the upper end of the vertical
      support member or at the platform. A method of anchoring a tension leg
      platform wherein anchor members are substantially empty when lowered and
      are filled with ballast material at or near the sea floor. A method which
      includes advantages in mobility, installation, and anchoring of a tension
      leg platform under varying weather and sea conditions.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In general, offshore well operations have been conducted from floating
      vessels, semi-submersible vessels, and platforms having rigid structural
      legs resting on the sea floor. Each of the above types of offshore
      apparatus provides certain advantages and disadvantages depending upon the
      location of the well operation. The quantum and order of disadvantages of
      such apparatus tend to increase as the water depth at a selected location
      becomes greater. The disadvantages include both operational or functional
      disadvantages as well as economic or more costly disadvantages. For
      example, a rigid fixed leg platform may be practical and feasible in
      shallow waters of up to about 300 to 400 feet. Such a platform is
      impractical and difficult to build and install in deep waters in the order
      of 600 to 2,000 feet. Floating vessels including semi-submersibles are
      subject to movement from wind and wave forces which impose three
      dimensional forces on the vessel in relation to a fixed stationary subsea
      installation. Maintenance of a vessel's position relative to such a fixed
      subsea installation and the adaptability or accommodation of well
      equipment to small changes of vessel position is very difficult and
      presents numerous problems. Changes in movement of a vessel with respect
      to a riser connection is one example.
PAR  To avoid many of the disadvantages of such prior proposed offshore well
      apparatus, platforms identified as tension leg platforms have been
      proposed because the installation of such a platform provides many
      advantages in deep water well operations. Tension leg platforms utilize
      cables extending from an anchor at the sea bottom to the platform, the
      buoyant support means of the platform being controlled so that a tension
      force is imparted to the cables which will prevent the cables from
      becoming slack under all conditions of loading and operation of the
      platform. Such tension leg platforms have been disclosed in U.S. Pat. Nos.
      3,154,039, 3,648,638, 3,540,396, and 3,780,685. Seadromes of somewhat
      similar structure are shown in U.S. Pat. Nos. 2,399,656 and 2,399,611. In
      a preferred tension leg platform shown in U.S. Pat. No. 3,780,685 the
      buoyant supporting means includes horizontally disposed buoyant members
      and vertically disposed buoyant members in which the displacement ratio
      between the horizontal buoyant members and the total displacement of the
      platform apparatus is between about 0.30 and 0.60 whereby under certain
      expected wave and weather conditions, vertical force components acting
      upon the platform apparatus are substantially neutralized and cancelled. A
      substantially stable tension leg platform apparatus is thereby afforded.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the present invention relates to a tension leg platform
      apparatus embodying the structure generally described above in which a
      novel method and means are provided for anchoring such an apparatus and
      for imparting and maintaining a desired tension in the anchoring cables.
PAR  An object of the present invention is to provide a tension leg platform
      apparatus constructed for effective mobility to bring the platform
      apparatus to a selected site and for rapidly and easily anchoring the
      platform apparatus at such a site.
PAR  Another object of the invention is to provide a tension leg platform
      apparatus in which vertical buoyant support members are especially
      constructed and designed to facilitate anchoring of the apparatus
PAR  Another object of the present invention is to provide a tension leg
      platform apparatus wherein vertical buoyant support members of the
      apparatus are adapted to carry in close association therewith anchor
      members or shells which are virtually empty to facilitate transport to a
      location and for initial installation on the ocean bottom.
PAR  A further object of the present invention is to disclose and provide a
      vertical buoyant support member constructed and arranged to permit
      lowering of an empty anchor shell by means of drill pipe, to then employ
      the drill pipe to drill a hole in the ocean floor beneath the anchor shell
      to pin the anchor shell to the ocean floor, and to then employ the drill
      pipe for transport of ballast material to the anchor shell to provide a
      selected anchor deadweight to permit desired tensioning of the tension
      cables connecting the anchor member with the platform apparatus.
PAR  A still further object of the present invention is to provide a buoyant
      support for a tension leg platform apparatus in which means are provided
      for convenient rapid transfer of ballast material from the platform
      apparatus to a virtually empty anchor shell or member at the sea bottom.
PAR  A still further object of the present invention is to provide a tension leg
      platform apparatus utilizing virtually empty anchor members for setting
      said anchor members on the floor bottom.
PAR  A still further object of the invention is to provide a novel method of
      installing deadweight anchors for a tension leg platform and to recover
      said anchors when the platform apparatus is moved to another location.
PAR  The invention contemplates such a novel method of installing deadweight
      anchors and for positioning a tension leg apparatus at a selected location
      whereby the tension leg apparatus is maintained in a stable seaworthy
      condition during such installation.
PAR  Various other objects and advantages of the present invention will be
      readily apparent from the following description of the drawings in which
      exemplary embodiments of the invention are shown.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective elevational view of a tension leg platform
      apparatus embodying this invention and illustrating the apparatus anchored
      at a location in the ocean.
PAR  FIGS. 2a and 2b are vertical sectional views taken in the plane indicated
      by line II--II of FIG. 1 the sections being enlarged to show the structure
      of the vertical buoyant support column member.
PAR  FIG. 3 is a transverse sectional view taken in the plane indicated by line
      III--III of FIG. 2a.
PAR  FIG. 4 is a transverse sectional view taken in the plane indicated by line
      IV--IV of FIG. 2a.
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view of the area
      designated by the phantom circle V of FIG. 2b.
PAR  FIG. 6 is an enlarged fragmentary sectional view of the area indicated by
      the phantom circle VI of FIG. 2b.
PAR  FIG. 7 is a fragmentary transverse sectional view taken in the plane
      indicated by line VII--VII of FIG. 6.
PAR  FIG. 8 is an enlarged top plan view of an anchor member taken in the plane
      indicated by line VIII--VIII of FIG. 1.
PAR  FIG. 9 is an enlarged vertical sectional view of the anchor member shown in
      FIG. 8, the section being taken in the plane indicated by line IX--IX of
      FIG. 8.
PAR  FIGS. 10a, 10b, 10c, 10d and 10e show successive steps in installation of
      the anchor means of this invention each step being correlated to the load
      and ballast conditions as indicated in the chart below said FIGS. 10a -
      10e inclusive.
PAR  FIGS. 11a, 11b, 11c, 11d, 11e are schematic elevational views of a tension
      leg apparatus embodying this invention and illustrating the steps of an
      alternate method of installation, the several steps being correlated with
      load and ballast conditions as indicated by the charts therebelow.
PAR  FIG. 12 is a fragmentary elevational view, partly in section, schematically
      showing anchor hoisting and lowering means at a vertical column.
DETD
PAR  In FIG. 1 is generally illustrated a tension leg platform of the type which
      may include the structure and displacement characteristics of Horton U.S.
      Pat. No. 3,780,685 which is owned by an assignee common to this
      application and the patent. The tension leg platform apparatus 20
      generally comprises a platform 21 having a deck 22 upon which may be
      supported necessary wall equipment such as a derrick 23, booms 24 and
      various other types of well equipment and housing facilities (not shown)
      for personnel. Platform 21 is supported a selected distance above the
      surface 25 of the ocean by buoyant supporting means including vertical
      support buoyant columns 26 and horizontal buoyant support columns 27. The
      horizontal support members 27 may be interconnected by horizontal buoyant
      members 28 arranged internally of the triangular arrangement of the
      horizontal members 27. Such internal arrangement of horizontal buoyant
      members 28 may also correspond with the internal triangular arrangement
      shown in Horton U.S. Pat. No. 3,577,946. Horizontal buoyant members 27 may
      also be interconnected with platform 21 by upwardly extending diagonal and
      vertical buoyant members 29 and 30 respectively. It will be understood of
      course, that in the event the platform apparatus 20 is constructed in
      accordance with the teaching of Horton U.S. Pat. No. 3,780,685, that the
      horizontal component of the buoyant forces acting on the upstanding
      diagonal members 29 will form a part of the displacement ratio of the
      horizontal buoyant members to the total buoyancy of the platform
      apparatus. In this example of the invention, the buoyant horizontal
      support members 27, 28 and the diagonal buoyant members 29 may be of any
      suitable construction, and the converging of the members 28, 29 and 30
      toward and at the central portion of the side horizontal buoyant member 27
      may be for structural convenience.
PAR  The platform apparatus 20 also generally includes a plurality of anchor
      line means 32 extending from the vertical buoyant support members 26 to
      anchor members 33 adapted to be transported and carried at the bottom end
      of vertical buoyant members 26 and lowered and adapted to be seated and
      pinned by pile members 34 on and in the ocean floor. The anchor line means
      32 may be generally vertical or may be provided with relatively small
      outward scope in which the pattern of the anchors 33 corresponds in
      slightly enlarged configuration to the configuration of platform 20.
PAR  Each vertical buoyant support member 26 is of a construction and
      arrangement shown in FIGS. 2 - 7 inclusive. Each vertical member 26 is of
      the same construction and only one will be described. Vertical member 26
      comprises a cylindrical vertical wall 36 of selected diameter and height
      such as 28 foot diameter and 200 feet in height. At selected vertically
      spaced intervals the vertical member is provided with horizontal bulk
      heads 37 dividing the vertical member into vertical compartments 38. Walls
      36 are provided suitable structural reinforcement in well known manner by
      circular T section structural shapes 39 welded to the internal surface of
      wall 36.
PAR  Concentrically arranged within cylindrical wall 36 is a vertically
      extending inner cylindrical wall 41 which extends for virtually the entire
      length of vertical member 26. Inner cylindrical wall 41 defines the inner
      wall of chambers 38 and establishes an annular shape for each chamber 38.
      Within inner cylindrical wall 41 and commencing at approximately the
      bottom of the upper annular chamber 38 is a coaxial casing 42 of
      substantially less diameter and which is provided with a bottom opening 43
      at the bottom of member 26 and an upper opening 44 at the lower portion of
      the uppermost chamber 45 defined by a bulk head 37 which extends entirely
      across the inner cylinder member 41. Upper chamber 45 provides an
      elongated storage or supply chamber for vertically racked drill pipe 46
      and 47 which may be of different length and diameter. As illustrated in
      FIGS. 2a and 2b, lengths of drill pipe 46 may be connected together and
      may extend downwardly through casing 42 and below the bottom opening 43 of
      the casing for purposes later described. The upper pipe length 46 may be
      connected to a suitable power swivel 48 which may be hydraulically driven
      through fluid conducting tubes 49. Power swivel 48 is carried from a hook
      50 on a traveling block 51 connected to a suitable top sheave means 52
      from which the block sheave line 53 is connected to a suitable power
      driven winch 54. It will thus be apparent that drill pipe 46 and 47 may be
      connected or disconnected in well known manner and lowered or raised in
      casing 42 by the power swivel and traveling block described above.
PAR  Each vertical column 26 is provided with three equiangularly spaced
      vertically extending guide casings or pipe 57 which provide a through
      opening from approximately upper chamber 38 to the bottom of vertical
      member 26. Each guide pipe 57 passes through the horizontal bulk heads 37
      and may be held in desired radially spaced relation to the inner
      cylindrical wall 41 and outer wall 36 by longitudinally and radially
      extending walls 58, (FIG. 4). Diametrically opposite each wall 58 attached
      to guide pipe 57 may be a vertically and radially extending reinforcing
      wall 59. Such longitudinally or vertically extending radial walls 58 and
      59 may extend in chambers 38 for a selected length of vertical member 26
      or may be provided at spaced intervals depending upon the structural
      strength requirements of the vertical buoyant member 26. At the top of
      each guide pipe 57 is a horizontal wall 60 which extends between the outer
      and inner walls 38 and 41 and which is provided with a port 61 through
      which an anchor cable 62 passes. The upper end of cable 62 may be provided
      with a cable head or stop element 63 adapted to seat upon one or more
      vertically stacked spacer discs 64 assembled within open ended cylinder
      65. Spacer discs 64 are selected in number to maintain a measured
      predetermined tension in anchor cable 62 as later described.
PAR  At the bottom end of guide pipe 57, FIG. 6, a cable guide shoe 70 is fitted
      in the bottom open end of guide pipe 57 and secured therein by suitable
      means. Guide shoe 70 has a through passageway 71 having a top outwardly
      flaring and enlarged opening 72, a narrow intermediate throat portion 73
      of generally uniform diameter greater than the cable diameter and
      relatively short length, and a longitudinally extended downwardly and
      outwardly flaring passage 74 of predetermined radius. The outwardly
      flaring configuration of passageway portion 74 merges smoothly at 75 with
      a continuation of said outwardly and downwardly flaring passageway 74 to
      provide a wide open portion 76 provided in a relatively thick section
      guide or hawse member 77. Hawse member 77 includes a recessed annular
      seating 79 for the bottom end of tube 57. Hawse member 77 may be secured
      as by welding to inner wall 41, to spaced bottom walls 78, and to inclined
      portions 36a of vertical member 26. The curvature of outwardly flaring
      portion 76 in member 77 is of somewhat less radius than the radius of
      portion 74 to limit the bending stress imposed on the cable. For example,
      the radius of portion 74 may be 150 feet and the radius of portion 76 may
      be 100 feet. The downwardly outwardly flaring bell shape of the cable
      passageway in guide shoe 70 and hawse member 77 permits limiting of the
      cable bending stress while reducing the overall size of the bell
      configuration of the guide shoe and hawse members.
PAR  The horizontal bulk heads or floors 37 which divide the vertical buoyant
      member 26 into compartments or chambers 38 permit such compartments to be
      used for various purposes such as for the storage of suitable ballast
      material as well as other types of material. As exemplarily shown in FIG.
      5 the bottom-most compartment 38 may contain a suitable ballast material
      80 which may be formed of particulate flowable high density material such
      as taconite or granular hematite. As shown in FIG. 5, such ballast
      material 80 may be directed by a suitably inclined passageway means 81
      provided with a gated opening 82 and an outlet 83 for transfer and
      transport of ballast material to the interior of drill pipe 46 as later
      described.
PAR  Other compartments 38 and the axial chamber provided by the inner wall 41
      may be suitably fitted and equipped with valves and gated inlets and
      outlets to permit use thereof for ballast purposes or other storage or
      operational purposes depending upon the use of the platform.
PAR  Each anchor member or shell 33 is adapted to be normally transported with
      the apparatus 20 at the bottom of a column 26 as shown in FIG. 10a. Each
      anchor member 33 includes a cylindrical wall 85 (FIGS. 8 and 9), a bottom
      wall 86, and an open top 87. Wall 85 is reinforced by vertically extending
      longitudinal ribs 88 which may be connected to a plurality of angularly
      spaced diametrically arranged beams 89 of suitable structural section.
      Beams 89 intersect at the axis of the cylindrical wall 85 and at said
      intersection is provided a conductor pipe 91 which extends through the
      bottom wall 86 of the anchor member. Conductor pipe 91 includes a top
      thick-sectioned portion 92 having an upwardly and outwardly flaring
      opening 93, the thick section providing sufficient metal for welding of
      the inner ends of beams 89 to the conductor pipe. The lower end of
      conductor pipe 91 is also provided with a bottom thick sectioned end
      portion 94 to provide sufficient metal section for welding of bottom wall
      86 thereto. Centrally between the axis of anchor member 33 and its
      cylindrical wall 85 a radial leg 96 of each beam 89 is provided with cable
      connector means 98. Each connector means 98 includes a vertical load
      member 99 secured at its bottom end to bottom wall 86 by gussets 100
      welded thereto and at its upper end by gussets 101 secured as by welding
      to beam 89 and member 99. Extending upwardly from the bottom flange of the
      beam 89 are unstanding parallel clevis members 102 secured as by welding
      to beam 89. Clevis members 102 provide pivotal support for a pivot pin
      103. Between clevis members 102 a link member 104 is welded to pin 103 and
      is provided with a pivotal connection at 105 to clevis arms 106 formed
      integrally with a cable termination, sleeve member 107. The clevis type
      connector means 98 provides a universal joint for each cable which allows
      pivotal movement in two directions. The construction and size of the
      clevis connector means 98 may be in accordance with conventional bridge
      strand socket design practice. In such practice, excessive wear at the
      pivotal joints is reduced by using wear resistant metal such as sleeves or
      inserts made of Hadfield manganese steel at the contact surfaces. It is
      understood that such pivotal connections for the connector means 98 may
      also include suitable sealed and lubricated bearing means.
PAR  Each anchor member 33 also includes a predetermined thickness and weight of
      concrete 110 covering and sealing the interior surfaces of the bottom wall
      86. The concrete floor 110 may be provided with a cove 111 extending
      upwardly for a short distance along the cylindrical wall 85. The weight of
      the concrete 110 is determined in accordance with the required initial
      ballast to lower the anchor members 33 to the ocean floor at the selected
      site for the apparatus 20.
PAR  The top end 92 of the conductor pipe 91 may be provided with a J slot 114
      to provide a releasable connection to a drill pipe having a pin 115 when
      the anchor member is lowered to the sea bed. To facilitate handling of
      anchor member 33 a plurality of upwardly extending ported cleats 116 may
      be provided at opposite ends of each beam 89.
PAR  The releasable J slot and pin connection between the top end of the
      conductor pipe 91 and drill pipe 46 permits lowering of the anchor shell
      by the drill pipe as later described and also permits the drill pipe to be
      used for drilling a hole of selected depth in the sea bed to provide
      installation of a pile member to pin the anchor member to the sea floor or
      to permit other types of down hole operations such as cementing the pile
      member in the sea floor.
PAR  Drill pipe 46 is also used to introduce or remove ballast from the anchor
      member 33. After the anchor member 33 has been set in selected location on
      the sea floor, drill pipe 46 is withdrawn until its bottom end clears the
      top of the anchor member 33. A closure member or plug may be placed in the
      top end of conductor pipe 91 and ballast material carried by the vertical
      column 26 may then be introduced into the drill pipe and into the anchor
      member. The means for introducing ballast material into the drill pipe is
      best shown in FIG. 5.
PAR  In FIG. 5 ballast material 80 is illustrated as flowing from a ballast
      compartment 38 along an inclined passageway means 81 to the openings 83 in
      the quide tube 42. Drill pipe 46 is provided with a ballast packer means
      120 which may comprise a sub member 121 having a threaded connection 122
      at its top end to an upper section of drill pipe 46 and having a bottom
      threaded connection 123 to a bottom section of drill pipe 46. Sub member
      121 includes a central portion 124 having an enlarged diameter to provide
      top and bottom annular seats 125 and 126 for annular top and bottom packer
      members 127 and 128 secured against relative axial movement by top and
      bottom collars 129 and 130 having threaded connection at 131 and 132 to
      sub member 121. Packer members 127 and 128 are expandable and include
      packer chambers 133 and 134 in fluid communication with each other by
      passageways 135 at the top of packer member 127 and a longitudinally
      extending passageway 136 to the bottom packer chamber 134.
PAR  Between top and bottom packer members 127 and 128 sub member 121 is
      provided with a transverse opening 140 for communication with the interior
      of guide tube 42. When the packing means 120 is longitudinally positioned
      with the opening 140 opposite the guide tube outlet 83 it will be apparent
      from FIG. 5 that ballast material flowing through passageway 81 will enter
      the guide tube 42 and the opening 140 for flow downwardly through the
      drill pipe 46. The packer members 127, 128 prevent flow of ballast
      material between the guide tube 42 and the drill pipe 46.
PAR  To facilitate flow of the ballast material 80 into and through the drill
      pipe 46, packer sub 121 includes a nozzle member 141 which extends into
      the opening 140 and which has a discharge opening 142 located above the
      inclined axis of the passageway means 81. Fluid such as sea water
      introduced into the top end of drill pipe 46 by means of a pump will
      provide a liquid vehicle for flow of ballast material through the bottom
      sections of the drill pipe 46 to the anchor member 33. In addition, such
      fluid through passageways 135 and 136 will serve to pressurize the packer
      chambers 133 and 134 to provide a seal between the packer members and the
      internal surfaces of the guide tube 42. Such fluid will also pass through
      downwardly inclined passageways 144 into the annular space between the sub
      member 121 and the guide tube 42 and serve to flush the annular space
      surrounding the central portion of the sub member between the packer
      members.
PAR  When the flowable ballast material emerges from the bottom end of drill
      pipe 46 above the top opening 87 of the anchor member 33, the ballast
      material will flow into the anchor shell and fill the anchor shell with a
      selected amount and weight of ballast material so that the anchor can
      function as a deadweight anchor.
PAR  The drill pipe 46 may also be used in somewhat similar manner to introduce
      a pressure fluid such as sea water into the top opening of a filled anchor
      shell in order to flush and remove from said shell the previously
      deposited ballast material to that the anchor member 33 may be lifted and
      raised to transport position at the bottom end of vertical column 26.
PAR  The tension cables 62 may be of a structural bridge wire rope type
      including wire rope of selected tension and strength characteristics. For
      example, ultimate strength of each cable may be 5,000 Kips, a diameter
      excluding jacket of about 7 inches, a modulus of elasticity of 21 .times.
      10.sup.6 psi, a shipping bending diameter of 16 feet. To protect such a
      cable from corrosion caused by the sea water, the cable may be encased in
      an unbroken sealed polyethylene jacket of approximately 1/2 inch thick.
      The cables 62 are designed to be under tension load at all times because
      the selected buoyancy of the platform and its loads must always exert a
      tension force on the cables under all conditions of operation. The tension
      cables 62 are subjected to the static load resulting from the excess
      buoyancy of the platform and its loading and also are subject to variable
      loads resulting from wind and current and the superimposed cyclic load
      caused by wave induced motion. Such cyclic loads are reduced to a minimum
      when the platform is designed and installed in accordance with the
      teaching of U.S. Pat. No. 3,780,685.
PAR  In installation and operation of the apparatus 20 described above and with
      particular reference to FIGS. 10a, b, c, and d, and FIG. 12, anchor
      members 33 are attachable to the cables 62 near the shipyard where the
      tension leg platform is being constructed. A convenient way of attaching
      the anchor members 33 is to first lower and set anchor members on the sea
      floor in approximately 160 feet of water with the anchor members arranged
      in a pattern which corresponds generally to the arrangement of the
      apparatus vertical columns 26. The apparatus is floated over the anchors
      and the tension cables are lowered and attached to the anchor members by
      divers. The anchor cables 62 are initially attached to power operated
      winches located on the platform deck, a winch being provided for each of
      the three cables at each vertical column 26. The cables are passed down
      through the guide tube 57 and through the hawse member 76. The winch
      storage drums for the cable are equipped with brakes sufficient to control
      the running out of the cables during the lowering procedure.
PAR  After the bottom ends of the cable are connected as previously described to
      the anchor member, the drill pipe is lowered and connected by the J slot
      and pin connection to the anchor member. The anchor member is then raised
      by means of the drill pipe until the anchor member reaches the bottom of
      the column 26, the cables being rewound on the winches.
PAR  Other equipment such as the pile sections, drill pipe, anchor ballast
      material may then be loaded on the platform in the space provided
      therefor. The apparatus 20 is then ready to be towed to its location at
      sea.
PAR  In transport condition as shown in FIG. 10a, the apparatus may be towed at
      a depth of 122 feet. Load and ballast conditions during this stage of
      installation are indicated in the chart below the respective figure, FIG.
      10a, in which an exemplary test platform is provided with a weight of hull
      and machinery of 18,000 Kips, anchor ballast tanks are dry and their
      weight is about 9,500 Kips, the anchor members are empty and their weight
      is approximately 900 Kips and variable loading on the platform is
      estimated at approximately 600 Kips. A total weight and displacement of
      29,000 Kips is thus provided and a draft of 122 feet is indicated.
PAR  Apparatus 20 is held over the platform site during further installation by
      tugs. Ballast tanks in the vertical columns 26 are partially flooded and
      the anchor ballast tanks are full flooded to lower the platform apparatus
      to a selected depth, in this example 142 feet, or normal operating draft
      of 140 feet plus an additional 2 feet. The weight in Kips of ballast and
      total weight is shown in FIG. 10b. Anchor members 33 are then lowered by
      means of drill pipe 46 and as they are lowered the anchor tension cables
      62 are permitted to be paid out from the storage winch drums.
PAR  The length of the tension cables are set for a draft of 140 feet. The cable
      ends may be stopped at the upper end of guide tubes or hawse pipe 57 at
      such preselected final cable length which allows approximately 2 feet of
      cable slack when anchor members 33 touch the sea floor. Upon further
      lowering of anchor members 33, the weight of the empty anchor members is
      transferred from the anchor members to the sea floor. Because of the
      additional relative buoyancy produced by the resting of the anchor members
      on the sea floor, the apparatus is permitted to rise in the ocean until
      slack is taken out of the cables and the cables are extended to their full
      preselected length of 140 feet. Such condition is indicated in FIG. 10c
      and the chart therebelow where it will be apparent that the total weight
      of the apparatus has been reduced by the weight of the anchor members and
      the total weight is now 31,800 Kips; the displacement being indicated at
      32,340 Kips. The difference between the prior weight of 32,700 is
      represented by the anchor force on the sea floor of 360 Kips and cable
      tension is indicated at 540 Kips. The draft of the apparatus is 140 feet.
PAR  In this method of setting the operating draft and cable length, each cable
      length may be the same or different length depending upon the horizontal
      or irregular condition of the sea bed upon which the anchor members rest.
      Any irregularity in the sea floor can be readily compensated for by making
      one anchor line longer than the others. Empty anchor members also
      facilitate slight changes in position or location of the members on the
      sea floor. Also the entire platform may be easily relocated by raising the
      anchor members prior to transferring the ballast material.
PAR  When all three anchor members 33 are located on the sea floor and the
      apparatus is in the condition indicated as shown in FIG. 10c, ballasting
      of the anchor members is commenced. Ballast material 80 carried in the
      storage compartments 38 in the vertical columns 26 is transferred to the
      drill pipe 46 at the opening 83 as defined by the ballast packer means 120
      previously described. The ballast material is flushed down the drill pipe
      to the anchor member until the anchor member is filled with a selected
      amount of ballast. Transfer of ballast from the vertical columns to the
      anchor member increases the anchor deadweight to 3,100 Kips. Since ballast
      has been transferred to the anchor members 33 which rest upon the sea
      bottom, the ballast in the vertical columns must be increased at the same
      time. Such increase in ballast tanks in the vertical columns 26 may amount
      to 5,340 Kips. Thus as shown in FIG. 10d and the chart thereunder, the
      total weight of the apparatus is indicated at 27,040 Kips, the total
      displacement is the same as in FIG. 10c, namely 32,340 Kips and the cable
      tension forces have increased to 5,300 Kips.
PAR  After the ballast has been transferred to the anchor members 33 which now
      serve as deadweight anchors, a pile member 34 may be installed by
      conventional drilling and cementing operations. Drill pipe 46 which served
      to lower the anchor members and to transfer ballast thereto, may be
      inserted into and extend through the conductor pipe 91 in the anchor
      member 33. Power swivel 48 provides the necessary rotary power source to
      turn the drill pipe to drill the hole underneath the anchor member.
PAR  The pile member 34 may be installed by several well known methods depending
      upon the condition of the sea bed. If the sea bed is relatively soft, a
      drill bit may be attached to the end of the pile member and the entire
      unit drilled in and cemented in one operation, the drill bit being
      expendable. If the sea bed is hard, a pilot hole may be first drilled by
      the drill pipe and a suitable drill bit after which the pile member would
      be landed and cemented in well known manner.
PAR  In alignment of the drill pipe with the conductor pipe 91, and installation
      of the pile member under both procedures, the tensioned anchor cables or
      lines may be used as a line guidance means for entering the conductor pipe
      and hole. The design length of a pile member depends upon the soil
      conditions at the site and may be between 150 to 250 feet.
PAR  After the deadweight anchor members 33 have been ballasted and the pile
      member 34 installed, tension in the cables is adjusted. Cable tension is
      adjusted by modifying the amount of ballast in the vertical column ballast
      tanks and the anchor ballast tanks. It will be apparent that if all of the
      anchor ballast material in chambers 38 is used to fill the anchor members
      33 on the sea floor, apparatus 20 will have been fully relieved thereof
      and the entire weight thereof transferred to the deadweight anchor member.
      The ballast tanks in vertical column 26 may be flooded with ballast water
      until a desired weight of ballast is provided taking into account
      variations in loads on the platform and other factors in order to tension
      legs 32 to a selected stress.
PAR  In FIGS. 10e of this example, variable loads are increased to 6,300 Kips,
      the partial ballast load decreased to 2,740 Kips while the total weight of
      the apparatus remains the same, FIG. 10d, namely at 27,040 Kips. The
      tension in cables 62 is unchanged. Under such exemplary conditions, the
      apparatus could be subject to ocean waves of up to 15 feet before tension
      cables 62 would become slack or anchor members 33 lifted off the sea
      floor.
PAR  In such a method of installation of the anchors and positioning the tension
      leg platform at a selected site, it will be noted that the anchor members
      may be rapidly installed without requiring assistance of other large
      pieces of equipment such as a barge or a pile driver. The internal
      arrangement of each vertical buoyant column with drill pipe, anchor line,
      and ballast facilities provides convenient effective means for placing the
      platform apparatus in operative condition over a selected work site. It
      will be understood that operation of separate drill pipe, anchor line, and
      ballast facilities in the several vertical columns will be coordinated and
      that the lowering of empty anchor members in the above described method
      simplifies such coordination. Moreover, during installation the tension
      leg platform remains seaworthy and stable.
PAR  In FIGS. 11a - 11e there is shown another method of installing the anchors
      of a tension leg platform described above and positioning it at a selected
      site over a sea bed. In this modification of the anchoring system, the
      anchor members 33 are filled with anchor ballast material prior to setting
      the anchor members on the sea bed.
PAR  In detail, FIG. 11a indicates conditions of an apparatus 20 having vertical
      buoyant support members 26 carrying anchor members 33 in identical fashion
      to that illustrated in FIG. 10a.
PAR  At the platform site and while the platform is held in position by tug
      boats, sea water may be flooded into the anchor ballast tanks until they
      are at full flooded condition. The empty anchor members 33 may then be
      lowered on drill pipe 46 with the tension cables 62 following the anchor
      member until cables begin to take the empty weight of the anchor members.
      In FIG. 11b the anchor ballast tanks are indicated as full flooded with a
      weight of 10,740 Kips, and the anchors 33 are spaced above the sea floor
      about 11 feet.
PAR  Cable length for each of the tension cables 62 is then set to a 140 feet
      operating draft for the platform apparatus. When the tension cable length
      has been established, anchor ballast from the anchor ballast tanks is then
      transferred to the lowered empty anchor members through drill pipe 46.
      When the anchor ballast is transferred to the anchor members while the
      apparatus is at the draft of 129 feet and the anchor members are above the
      sea floor, the ballast conditions of the apparatus 20 remain the same
      except for the change in location of the anchor ballast material from
      support members 26 to the new location of the anchor members 33 just above
      the sea floor.
PAR  To set the anchor members on the bottom of the sea floor, and such will
      occur virtually simultaneously since the three anchor members have been
      ballasted and are at preselected cable length, the ballast tanks may be
      partially flooded until the entire apparatus settles to a lower draft of
      140 feet and the anchor members rest upon the sea bottom. The anchor cable
      tension is adjusted by flooding the ballast tanks so that, as illustrated
      in FIG. 11d, the ballast tanks include a weight of 5,200 Kips, the anchor
      force on the sea floor is 3,100 Kips and the cable tension is about 5,300
      Kips. After the anchors are set upon the floor and the cable tension
      adjusted, the anchor piles may be drilled beneath each anchor member by
      means of the drill pipe as previously described.
PAR  Further adjustments in ballasting and cable tension may be required by
      modifying the variable loads on the platform deck and by adjusting the
      anchor cable tension by pumping the ballast tanks. As indicated in FIG.
      11e the ballast tanks may weigh 2,740 Kips, the variable loads have
      increased to 6,300 Kips and the remaining factors are the same as in the
      previous FIG. 11d.
PAR  One of the advantages of the modified method of anchoring the apparatus is
      that the amount of flooding of the anchor ballast chambers could be preset
      so that by merely opening the flood valves, the exact amount of ballast
      would be taken on thereby insuring correct final anchor cable tension.
      Thus once the already ballasted anchor members are seated on the sea
      floor, full anchor cable tensions are quickly achieved on all three
      tension legs 32. Such rapid lowering of the anchor members and the
      establishment of anchor cable tension also serves to eliminate a tendency
      of anchor members from bounding off the sea floor. The modified anchor
      system may be made of lighter construction since they are not required to
      act as deadweight anchors while they are ballasted. In the previous
      embodiment of the anchor system, it will be apparent that since the anchor
      members are placed upon the sea bottom in unballasted condition, they are
      readily laterally movable and adapted to be precisely located at a
      selected anchor site.
PAR  In both methods of installation of anchor systems as described above, drill
      pipe carried in each of the vertical buoyant support members 26 is used to
      lower anchor members to the sea floor. In the first method of
      installation, the anchor member may be relatively light weight because the
      anchor member is lowered in empty condition until it rests upon the sea
      floor where ballast material fills the anchor member. Thus standard drill
      pipe may be employed and extra strong drill pipe is not required.
PAR  In the second method of installation it should also be noted that the
      anchor members are lowered in empty condition to a location above the sea
      floor where the anchor member is additionally supported by the tension
      cables. Thus in the second method of installation, the drill pipe, to
      provide a means for transfer of ballast material to the anchor shell, is
      relieved of its load in supporting the anchor shell by disconnecting the
      drill pipe at the J slot and the anchor shell is supported by the tension
      cables during the ballasting operation.
PAR  Since the lower end of the drill pipe is located adjacent the anchor member
      after the anchor member has been lowered, the drill pipe is used to
      transfer ballast material to the anchor member and to drill any pile
      setting hole through the conductor pipe in the anchor member as desired.
      Thus the step of raising the drill pipe and replacing it with some other
      drilling equipment is not required by the methods of installation of an
      anchor member as described above.
PAR  While both methods of installation described above contemplate drilling of
      a hole beneath the anchor member for purposes of installing a pile member
      therein, connected to the anchor member, it will be understood that in
      some installations and under certain circumstances it may be desirable to
      prepare the pile member anchoring part prior to the positioning of the
      tension leg platform apparatus thereover as described above. Such preset
      separately drilled in pile members may be connected with suitable lines
      held in vertical orientation by upper float members so that the upper end
      of the line may be found and connected to a platform apparatus of this
      invention at the hawse openings at the bottom of each buoyant vertical
      support member. The pile member is not only useful in preventing lateral
      movement of an anchor member on the sea floor, but also is characterized
      with a pull-out force which must be exceeded before the pile member fails
      to serve as part of the anchoring system. Thus in the above example, the
      pinning of the deadweight anchors by pile members enhances the anchoring
      characteristics of the anchor members and the magnitude of force required
      to lift up a ballasted anchor member.
PAR  The method of handling the ballast material from the vertical buoyant
      support member 26 to the anchor member 33 affords gravitational flow of
      ballast material whether it is granular material or fluid such as sea
      water. If the ballast material is of flowable granular form and remains in
      such form after placement in the anchor member, the anchor member may be
      recovered if desired by subjecting the flowable ballast material to jet
      fluid action which would wash the ballast material out of the anchor
      member to sufficiently lighten the anchor member so that it can be raised
      by drill pipe.
PAR  The use of three tension lines 62 as a mooring line or tension leg line is
      also advantageous because the several lines may be employed as guide lines
      to facilitate access to the conductor pipe in the anchor member and may
      also be individually adjustable to accommodate the anchor member to a sea
      floor with irregularities.
PAR  In each of the above methods of installations, the tension leg platform
      apparatus is seaworthy and stable during the entire installation
      operation.
PAR  It will also be readily apparent that the ballasting and tensioning of the
      cables in each of the methods of installation described above may be
      accomplished under controlled conditions so that the anchor members may be
      substantially located in accordance with a selected pattern at a well site
      and that tensioning of the anchor lines to a preselected value may be
      readily and quickly accomplished.
PAR  Various changes and modifications may be made in the apparatus and the
      exemplary methods of the invention described above, which may come within
      the spirit of this invention, and all such changes and modifications
      coming within the scope of the appended claims are embraced thereby.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of anchoring a floating offshore platform apparatus having
      tension anchor lines, said anchor lines being generally vertically
      disposed and the offshore platform apparatus having a buoyant support
      means including an upstanding buoyant support member, a supply of flowable
      ballast material on said apparatus, and an anchor means having anchor
      compartments therein for said ballast material, said anchor means being
      transportable at the bottom of said buoyant support member;
PA1  flooding ballast tanks in said buoyant support means to lower said
      apparatus to a selected depth;
PA1  setting tension lines to a selected depth;
PA1  lowering said anchor means with substantially empty anchor compartments by
      drill pipe;
PA1  and transferring said ballast material from the supply of ballast material
      through said buoyant support member and drill pipe to said anchor
      compartments.
NUM  2.
PAR  2. In a method as stated in claim 1 wherein the step of lowering the anchor
      includes suspending said anchor on the lower end of drill pipe carried by
      and extending through said buoyant support member.
NUM  3.
PAR  3. In a method as stated in claim 2 including the steps of
PA1  drilling with said drill pipe and a hole in the sea floor centrally of the
      anchor and after the anchor compartments are filled with ballast material.
NUM  4.
PAR  4. In the method as stated in claim 3 including the step of setting a pile
      member in said drilled hole, and
PA1  cementing the pile member therein,
PA1  said pile member being interconnected with said anchor.
NUM  5.
PAR  5. In a method as stated in claim 1 wherein
PA1  said tension lines are set for a selected operating depth;
PA1  said anchor means are lowered to the sea floor;
PA1  and said ballast material is transferred to said anchor means at the sea
      floor.
NUM  6.
PAR  6. In a method as stated in claim 1 including the steps of:
PA1  fixing the length of said anchor lines to provide a selected operating
      depth for said apparatus; and
PA1  flooding ballast chambers in said support member to lower the apparatus a
      selected distance below said operating depth.
NUM  7.
PAR  7. In a method as stated in claim 1 including the step of:
PA1  communicating a ballast packer sub in said drill pipe with said supply of
      ballast material; and
PA1  moving said ballast material through said drill pipe by introducing fluid
      into said drill pipe to cause aspiration of ballast material at said
      packer sub and to cause said ballast material to readily flow through said
      drill pipe.
NUM  8.
PAR  8. In a method as stated in claim 1 including the step of:
PA1  providing each anchor compartment with an opening;
PA1  and introducing a jet stream of fluid into said compartment to flush said
      ballast material from said compartment to permit lifting of said anchor
      from the sea floor.
NUM  9.
PAR  9. In a method as stated in claim 1 wherein the support member comprises a
      vertical buoyant column having a central through bore for drill pipe;
      comprising the step of:
PA1  carrying said anchor at the bottom of said vertical column, said anchor
      having a conductor tube in alignment with said drill pipe through bore.
NUM  10.
PAR  10. In a method as stated in claim 1 wherein
PA1  said tension lines are set for a selected operating depth;
PA1  said anchor means is lowered until said tension lines hold said anchor
      means suspended above the sea floor;
PA1  said ballast material being transferred to said anchor means while
      suspended above said sea floor;
PA1  and flooding said ballast tanks in said buoyant support means until said
      anchor means are set upon said sea floor.
NUM  11.
PAR  11. In a method as stated in claim 10 including the step of:
PA1  disconnecting the drill pipe from said anchor means while said tension
      lines hold said anchor means above the sea floor.
NUM  12.
PAR  12. In a method as stated in claim 10 including the step of:
PA1  presetting the flooding of said anchor means and said ballast tanks whereby
      selected tension in said tension lines is achieved when said anchor means
      is set on said sea floor with a predetermined weight.
NUM  13.
PAR  13. Means for anchoring a floatable tension leg platform having buoyant
      support members comprising in combination:
PA1  means including a ballast chamber adapted to carry a supply of ballast
      material in a buoyant support member;
PA1  an anchor means having a ballast compartment;
PA1  means detachably carrying said anchor means from said buoyant support
      member;
PA1  a plurality of anchor line means guided in said buoyant support member and
      connected to said anchor means;
PA1  drill pipe means carried by said buoyant support member and adapted to be
      connected to said anchor means;
PA1  said anchor means including a conductor pipe therethrough to communicate
      with said drill pipe means;
PA1  and means for transferring ballast material from said ballast chamber
      through said drill pipe means to said ballast compartment in said anchor
      means whereby said anchor means may be transported by said tension leg
      platform without said ballast material therein, set on a sea floor without
      said ballast material, and filled with said ballast material to a selected
      weight after location of the anchor means on the sea floor.
NUM  14.
PAR  14. In a means as stated in claim 13 wherein said anchor ballast
      compartment has an opening at its top;
PA1  and means for jetting fluid into said anchor ballast compartment to move
      anchor ballast material through said opening to lighten said anchor means
      for lifting from the sea floor.
NUM  15.
PAR  15. In a means as stated in claim 13 including means including said drill
      pipe for drilling into said sea floor through said conductor pipe;
PA1  and a pile member movable through said conductor pipe and into said drilled
      hole for restraining said anchor means against lateral movement relative
      to the sea floor.
NUM  16.
PAR  16. In a means as stated in claim 13 wherein buoyant support member
      includes
PA1  a vertically disposed column structure having an axial casing for said
      drill pipe means and in alignment with said conductor pipe;
PA1  and means for connecting said anchor means to said drill pipe.
NUM  17.
PAR  17. In a means as stated in claim 16 including
PA1  a ballast packer sub between said casing and said drill pipe means adjacent
      said ballast chamber for transferring ballast material from said ballast
      chamber into said drill pipe means and into said anchor ballast
      compartment.
NUM  18.
PAR  18. In a means as stated in claim 13 wherein said support member includes a
      vertically disposed column structure;
PA1  an axial conductor tube means extending for substantially the length of
      said column structure;
PA1  a plurality of equally angularly spaced anchor line casings for said
      tension anchor lines adjacent the periphery of said column structure;
PA1  a pipe rack chamber at the top of said column structure;
PA1  said ballast chambers being located at the lower portion of said column
      structure,
PA1  attachment means for carrying said anchor means at the bottom of said
      column structure;
PA1  and means providing communication between said ballast chamber and said
      axial conductor tube means.
NUM  19.
PAR  19. In a means as stated in claim 13 wherein said anchor means includes
PA1  a bottom wall and a cylindrical side wall upstanding therefrom;
PA1  a pipe conductor means coaxial with said cylindrical side wall;
PA1  radially extending frame members connecting said pipe conductor and said
      side walls;
PA1  universal means for connecting one end of an anchor line to said anchor
      means on said frame members;
PA1  and solid ballast material at the bottom of said anchor means;
PA1  said cylindrical wall providing said anchor ballast compartment and an
      opening for reception of said ballast material.
NUM  20.
PAR  20. In a method of anchoring an offshore platform apparatus having
      generally vertically disposed tension anchor lines and carrying an anchor
      shell separable from said apparatus and connected to said tension anchor
      lines, said apparatus having ballast chambers, said anchor shell having a
      ballast compartment, including the steps of:
PA1  connecting a length of drill pipe to said anchor shell,
PA1  lowering to a selected depth said anchor shell by adding lengths of said
      drill pipe, said tension anchor lines being connected to and following
      said anchor shells during such lowering,
PA1  setting said anchor shell on the sea floor,
PA1  and transferring ballast material from said ballast chambers through said
      drill pipe to said anchor shell ballast compartment.
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ABST
PAL  A procedure and a novel vessel are provided for breaking ice. The procedure
      comprises the cyclical steps of firstly pretensioning an ice-sheet by
      plowing under a portion of the ice-sheet with the bow of an icebreaking
      vessel; secondly superimposing on that pretensioned ice-sheet, a massive
      momentum force due to the reaction of an impulse force due to accelerating
      water rapidly downwardly from within a bow chamber; and finally refilling
      the bow chamber with water. Preferably the impulse force is created by the
      high pressure exhaust gases from a combustion chamber, e.g. an explosive
      combustion chamber being applied directly to the water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates to vessels for use in icecovered waters, such as,
      for example, icebreaking ships, and to novel procedures for breaking ice.
      More particularly, it pertains to an improved icebreaking vessel equipped
      with a plow-type bow and a means for supplying an impulse force downwardly
      from the bow.
PAR  B. Description of the Prior Art
PAR  Icebreakers traditionally break ice in two alternative ways, namely: either
      by plowing continuously through the ice sheet relying on the downward
      force applied by a specially configured, highly raked bow structured to
      break the ice; or by a technique known as "boxing" or "ramming."
PAR  In plowing, a specially configured highly raked bow structure acts like a
      plow blade that runs under the ice sheet. The displacement of the vessel
      is that the bow runs under the ice sheet and the vessel is thus displaced
      downwardly. A moment is presented to the underside of the ice sheet. When
      the moment becomes sufficient to cause rupture of the ice, complete
      failure of the ice sheet occurs. This action causes the ice to plow over.
      This provided a very effective icebreaker as long as the thrust that was
      supplied by the power plant was sufficient to cause the bow to displace
      itself under the water, and thus to exert this moment. However, when the
      bow hits a pressure ridge it can no longer penetrate the ice because it is
      completely dependent upon the thrust produced by the power plant on the
      screws.
PAR  In boxing, an icebreaker runs its bow onto an ice sheet too thick to be
      broken by continuous plowing until the ship breaks through the ice at
      about which time the ship is either at rest in the ice or nearly so; after
      the ice is at least partially broken, the icebreaker is backed off the ice
      into the track of broken ice until it is clear of the ice sheet, and again
      driven to ram into and to ride up onto the ice.
PAR  Conventional ice breakers rely upon the mass of the vessel to accomplish
      breakage of the ice during both continuous plowing and boxing modes of
      operation. The forward end of an icebreaker may be ballasted to increase
      the effective portion of the overall mass of the vessel applied to the ice
      sheet, especially where the vessel becomes stuck on the ice during boxing
      of very thick ice sheets.
PAR  The effectiveness of an icebreaker, measured in terms of the thickness of
      ice capable of being broken during boxing mode operation, has been
      determined primarily by the displacement (total weight) of the vessel and
      by the efficiency with which the specially configured bows of these
      vessels transferred forward momentum and weight of the vessel downwardly
      to the ice. The basic objective has been to apply sufficient force
      downwardly to the ice or by the use of an upwardly acting icebreaker bow
      structure to cause the ice to break into pieces and to separate from the
      ice sheet.
PAR  The ratio of propulsive horsepower to displacement in icebreakers
      traditionally has been rather limited considering the task expected of
      such vessels. Propulsive horsepower has been limited to prevent the vessel
      from being driven so far up onto a thick ice sheet during boxing mode
      operation that the vessel cannot be backed off the ice. Bows for
      icebreakers also are designed to limit hull advance onto an ice sheet to
      the point where the vessel can be backed off if beached.
PAR  Other types of icebreakers have been described in Waas, et al, U.S. Pat.
      No. 2,902,964 in which weight was transferred cyclically in the vessel to
      induce pitching and other movements of the hull purportedly in resonance
      with the corresponding natural periods of the vessel in such movements.
      The patent describes the use of counterrotating eccentric weights in the
      vessel, and the shifting of water ballast fore and aft in the vessel;
      comment is also made therein that water can be pumped into and out of the
      vessel, all to pitch the vessel, purportedly in resonance with the natural
      period of the hull.
PAR  It is known that icebreakers which are equipped with rotating weight
      systems may operate to produce cyclic induced motion of the vessel at a
      frequency of 30 cycles per minute and preferably much greater. Induced
      pitch experienced at these frequencies by such mechanisms increased the
      icebreaking efficiency of such vessels. It has been found, for example,
      that when the induced motion system was operated, the bow of the vessel
      experienced vertical excursions of 10cm. (total amplitude) at the rate of
      30 times a minute.
PAR  Thus, it has been discovered that the induced motion frequencies far
      exceeds the natural motion frequencies of usual icebreaking vessels. Such
      frequencies had no relation whatever to the natural frequencies of the
      hulls in question. It has been suggested that much higher frequencies (on
      the order of 120 cycles per minute) of induced motion would be even more
      effective. It is highly significant the such induced pitching motions are
      of small amplitude. It is also known that ballast systems, while effective
      to produce pitch in a ship under static conditions, cannot be used
      effectively to produce forces with sufficient rapidity to attain something
      of a ship's natural rythm of pitch. Thus, prior practical experience with
      induced hull movements for icebreakers involved high frequency, low
      amplitude movements resulting from effects internal to the hull.
PAR  In a different area pertaining to icebreakers, attempts have been made
      reliably to predict the areas in which energy is expended by an icebreaker
      operating during both continuous and boxing modes. It has been estimated
      that of the total energy expended by an icebreaker in breaking ice, 5% of
      the energy is consumed in actually breaking the ice, 80% is consumed in
      moving the ice out of the way of the vessel and in overcoming the buoyancy
      of the ice, and 15% is consumed in overcoming conventional hull
      resistance.
PAR  Another icebreaker proposal is the so-called RESOD system, based on a
      combustion explosion. The high pressure exhaust gases from a combustion
      chamber are emitted under the ice-sheet, and are caused to impinge on the
      bottom of the ice-sheet. This process has the principal disadvantage that
      the spacing of the exhaust outlets is exceptionally critical. If the
      exhaust outlets are spaced at exactly the right point, the energy is
      received in the ice-sheet and failure does occur. If the exhaust outlets
      are too close to the ice-sheet, the exhaust literally blows a hole through
      the ice. If the exhaust outlets are too far beneath the ice-sheet, the
      energy is absorbed in the water, and there is no fracture in the
      ice-sheet.
PAR  In the Anders Canadian Pat. No. 950,278 issued July 2, 1974 an economical,
      effective and efficient icebreaker was provided including a pneumatically
      biased pitch-inducing system which operated at a frequency selected to
      correspond to the optimum pitch energy transfer characteristic which
      exists between the vessel, and adjacent ice-sheet, and of broken ice
      between the ice-sheet and the vessel. Pitching is induced by effectively
      shifting the center of buoyancy of the vessel, rather than by shifting
      mass within the vessel. Such prior icebreaker was stated to be efficient
      in terms of required pitching horsepower because it relied upon the
      natural dynamic properties of the vessel to accomplish a significant
      portion of the buoyancy shifting, whereas prior pitch-inducing systems had
      to work against the dynamic properties of the vessel.
PAR  Such icebreakers differed from prior pitching icebreakers by providing low
      frequency, high amplitude movements of the bow. These high amplitude ship
      movements involve movement of substantial volumes of water, and water
      movement was controlled directly and indirectly to assist in moving ice
      out of the way of the hull in a track formed through an ice sheet. As a
      result, such icebreaker was able to exert a greater portion of the
      available power to the ice to be broken and effectively to break greater
      thicknesses of ice faster than had previously been possible. Such
      icebreaker operated more efficiently to move ice out of the way of the
      vessel, thereby significantly reducing what is now the major draim of
      energy available from the icebreaker.
PAR  Also, the bow of such icebreaker was arranged to apply pitching and forward
      momentum of the vessel to the ice-sheet during both upward and downward
      movements of the bow. Prior icebreakers operated to apply force only
      downwardly or upwardly to an ice-sheet.
PAC  AIMS OF THE INVENTION
PAR  An object of a broad aspect of this invention is to provide an icebreaker
      taking advantage of the desirable features of a plow-type bow, while
      greatly minimizing or even avoiding completely the disadvantage thereof.
PAR  An object of an another aspect of this invention is to provide an
      icebreaker operating efficiently and yet avoiding the complexities of a
      traditional pitching icebreaker.
PAC  SUMMARY OF THE INVENTION
PAR  a. Broad Statements of the Invention
PAR  By one broad aspect of this invention a procedure is provided for breaking
      ice, which comprises: the cyclical steps of pretensioning an ice-sheet by
      plowing under a portion of the ice-sheet with the bow of an icebreaking
      vessel; superimposing on that pretensioned ice-sheet, a massive momentum
      force due to the reaction of an impulse force due to accelerating water
      rapidly downwardly from within a bow chamber; and refilling the bow
      chamber with water. In a preferred embodiment of such procedure, the
      impulse force is created by the high pressure exhaust gases from a
      combustion chamber being applied directly to the water.
PAR  By another aspect of this invention, an improved vessel is provided for use
      in ice-covered waters, comprising: (a) a hull having (1) a bow portion of
      plow-like, highly raked icebreaking configuration and (2) a water chamber
      therein and communicable through the hull below the waterline; (b) a
      source of forced impulses of high pressure gas communicating with the
      water chamber for cyclically displacing water contained therein rapidly
      downwardly, thereby creating a reactive force applied to the bow, the
      cycle having a period measured in terms of seconds and amplitude at the
      ends of the hull of magnitude of less than one foot; (c) apertures in the
      crown of the bow communicating directly with the water chamber, to permit
      water to refill the water chamber, and (d) means for cyclically admitting
      forced impulses of the high pressure gas to the water chamber at a
      selectable frequency within a range of frequencies having a period of
      several seconds.
PAR  b. Variants of the Invention
PAR  By yet another aspect of this invention, a procedure is provided for
      breaking ice which comprises: the cyclical steps of pretensioning an
      ice-sheet by plowing under a portion of the ice-sheet with the bow of an
      icebreaking vessel; superimposing on that pretensioned ice-sheet a massive
      force due to the reaction of an impulse force created by the high pressure
      exhaust gases from a combustion chamber being applied directly to water
      thereby causing water to accelerate rapidly downwardly from within a
      chamber in the bow; refilling the bow chamber with water; and directing
      the flow of high velocity high pressure, expanding gas at the bottom
      periphery of the bow in a radial direction, thereby tending to create a
      negative pressure in the area from the crest of the bow out to the outer
      periphery of the bow, to minimize the buoyancy of the ice-sheet.
PAR  By still another aspect of this invention, an improved floating vessel for
      use on ice-covered waters is provided, comprising: (a) a hull having a bow
      portion of plow-like, highly raked icebreaking configuration; and (b)
      means operatively associated with the hull and operated by forced impulses
      of high pressure, high velocity gases at a selectable frequency which is
      within a range of frequencies each of which has a period of several
      seconds, the means including a water chamber in the hull adjacent the bow
      thereof in direct communication with the ambient water through the hull
      below the waterline, such forced impulses of high pressure, high velocity
      gases serving explosively to discharge substantially all the water from
      the chamber, and means for re-admitting water to such chamber.
PAR  The present invention also provides auxiliary icebreaking action by causing
      the ice to break itself. Thus, when the gases, at seven to eight hundred
      pounds per square inch pressure reach the bottom of the bow, i.e., where
      they are no longer contained within the enclosure of the bow, then they
      will expand in a radial direction, i.e., in a horizontal direction in
      addition to the vertical expansion downwardly. At this point, with the
      high velocity, high pressure gas expanding radially outwardly at the
      bottom of the bow, a negative pressure tends to be set up in the area from
      the crest of the plow out to the outer periphery of the bow. In other
      words, water tends to be moved away from the ice-sheet so that the
      buoyancy of the ice-sheet is minimized. This minimization tends to cause
      the ice-sheet to fail under its own weight. By carefully directing the
      flow of gas at the bottom periphery of the bow, it is possible again to
      capitalize on the remnants of the gas energy that is left in the gas
      bubbles. Thus, the present invention provides for the accurate control of
      the gas expansion process after gaining the benefit from the acceleration
      portion.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAL  Brief Descriptions of the Drawings
PAR  In the accompanying drawings, the single FIGURE is a side elevational view,
      partially in cross-section, of the forward end of an improved icebreaker
      of one aspect of this invention and shows in simplified form, the improved
      structure.
DETD
PAC  SPECIFIC DESCRIPTION OF THE DRAWING
PAR  As shown in the drawing, the improved icebreaking vessel 10 according to
      one embodiment of this invention includes a positively buoyant hull 11 of
      generally conventional configuration and arrangement, and including a bow
      of plowlike, highly raked structure to be described in greater detail
      hereinbelow. The hull 11 includes the conventional stern portion (now
      shown) i.e., conventional screw-type propellers and a conventional rudder.
      The vessel also includes a keel 16 and a main deck 17.
PAR  The bow structure is of generally plow-like configuration and is highly
      raked and includes a stem 18, a portion of high positive rake 19 and a
      portion of high negative rake 20, defining therebetween a curved nose 21
      in the bow. Also included is a central ridge blade 35.
PAR  Disposed within the bow 12 is a water chamber 22 communicating via vents 23
      to the crown of the bow 12 at the raked portion. Vents 23 are preferably
      provided with valves 24. The water chamber 22 is open to the bottom to
      communicate with the water. Also communicating directly with the water
      chamber 22 is the exhaust duct 24 of a combustion chamber 25, which
      preferably provides an explosive combustion. The combustion chamber is of
      the explosivetype combustion chamber and includes a compressed air inlet
      36. Fuel inlets (not shown) are also provided. The exhaust duct 24 is
      provided with suitable valve means 26 at the inlet to the upper gas
      chamber portion of the water chamber 22. The combustion chamber is
      resiliently insolated by rubber 37 within the hull 11 of the vessel 10.
PAC  DESCRIPTION OF THE OPERATION OF THE SPECIFIC EMBODIMENT OF THIS INVENTION
PAR  The operation of the novel icebreaker of this apsect of the invention is a
      follows, reference being made to the drawing.
PAR  The bow 12 of the vessel first pretensions the icesheet 27 floating on the
      water 28 by ramming the ice-sheet 27 while simultaneously breaking the ice
      and scooping it up from under the water 28. At this time, the high
      pressure, high velocity, exhaust gases from the combustion chamber 25 are
      admitted to the water chamber 22, which is filled with water to the water
      line 37. This causes the water 31 in the water chamber 22 to be
      explosively, violently and very rapidly expelled from the water chamber
      22. This provides a great upward force which tends to lift the vessel 10
      out of the water. The high velocity, high pressure, gas at point F is
      caused to be directed radially outwardly, i.e., downwardly as arrow F1,
      rearwardly as arrow F3 and forwardly, under the floating ice-sheet 27 as
      arrow F2. This tends to destroy the buoyancy of the ice-sheet 27, which
      tends to fail, fissure and rupture under its own weight. The vessel 10 is
      moving all this time and again moves to a forward position to pretension
      the ice-sheet 27. The vents 23 are in communication with water 28 and with
      valves 24 open the water chamber 22 is permitted to refill with water 31
      in the second half of the cycle. The explosive discharge of gas into the
      water chamber 22 then commences the next cycle. Thus, a basic concept of
      the present invention resides in combining an explosive device with a
      plow-type bow, and to provide a water chamber in the bow, so that the
      water therein is expelled as a free piston.
PAR  When the explosion occurs, the water that is trapped in the bow chamber 22
      is displaced very very rapidly downwardly. This results in a downward
      acceleration force, the upward reactive force of which is applied to the
      bow and consequently is transmitted to the ice-sheet 22. There is thus an
      almost direct transfer of momentum from the force due to the water 31
      being exploded out the bottom of the water chamber 22 in a time of the
      order of a microsecond, to a positive force against the ice-sheet, in
      addition to the prestress which has already been put to the ice-sheet due
      to the plow action of the bow.
PAR  It is, of course, essential to refill the bow chamber 22 with water 31
      after each explosive cycle. In other words, when the water 31 is blown out
      of the bottom of the water chamber 22 the water acts as a free piston. The
      explosive force, of the order of 700 or 800 pounds per square inch of gas
      pressure acting over the cross-sectional area of the water chamber 22
      accelerates the water downwardly in a piston effect. The piston must
      thereafter be returned to its original position. For that reason, the
      vents 23 are provided in the crown area, i.e., the plow 19 of the bow 12.
      These vents 23 are small, but are of sufficient size to permit a minimum
      of the high pressure gas to escape at the end of the compression process,
      but which are, however, of sufficient size to permit the water chamber to
      refill with water so that a new working surface is again provided.
PAR  It will also be observed that, as an optional feature, the vents 23 are
      valved 24 to provide the ability to be opened or closed.
PAC  COMPARISON WITH RELEVENT PRIOR ART
PAR  It will be observed that Canadian Pat. No. 950,278 provides a pitching
      chamber coupled with a static displacement due to the water being expelled
      from and admitted into, a pitching chamber. In the present invention, the
      action is of the impulse-type, while water is being displaced, but the
      volume of water displaced is insignificant to the force that is gained
      from the acceleration using the internal energy from the combustion
      process. In the present invention, the movement provided is very small but
      has tremendous forces.
PAC  SUMMARY
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions. Consequently, such charges and modifications are properly,
      equitably, and "intended" to be, within the full range of equivalence of
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A procedure for breaking ice which comprises the cyclical steps of:
      pretensioning an ice sheet by plowing under a portion of the icesheet with
      a plow portion of the bow of an icebreaking vessel; providing a mass of
      water within a chamber disposed within said plow portion of the bow of
      said vessel; and applying, to the mass of water in said chamber, exhaust
      gases from a combustion chamber, said gases having a pressure of at least
      about 700 psi thereby rapidly expelling said mass of water, in the form of
      a single free piston, and superimposing on said pretensioned ice sheet, a
      massive upward momentum force due to the upward reaction of the downwardly
      expelled water.
NUM  2.
PAR  2. The procedure of claim 1 including the step of directing the flow of
      said high velocity, high pressure, expanding gas at the bottom periphery
      of said plow portion of the bow in a radial direction, thereby tending to
      create a negative pressure in the area from the crest of the bow out to
      the outer periphery of the bow, to minimize the buoyancy of the ice sheet.
NUM  3.
PAR  3. An improved vessel for use in ice-covered waters comprising:
PA1  a. a hull having
PA2  1. a bow portion of plow-like, highly raked icebreaking configuration and
PA2  2. a single water chamber disposed within said plow-like bow portion and
      communicable through the hull below the waterline;
PA1  b. a source of forced impulses of high pressure, a combustion chamber
      providing high velocity exhaust gases having a pressure of at least about
      700 psi communicating directly with the water chamber, for cyclically
      displacing water contained therein rapidly downwardly,
PA1  c. apertures in the crown of the bow communicating directly with the water
      chamber, to permit water to refill the water chamber; and
PA1  d. means for cyclically admitting forced impulses of the high pressure gas
      to the water chamber, the cycle having a period measured in terms of
      seconds and an amplitude at the forward end of the hull of less than one
      foot.
NUM  4.
PAR  4. The vessel of claim 3 wherein said apertures (c) are provided with
      valves, which are closed during the part of the cycle when said high
      pressure gas is being admitted to the water chamber, and are opened to
      readmit water to the water chamber.
NUM  5.
PAR  5. A vessel according to claim 3 wherein the combustion chamber is
      resiliently isolated within the hull of the vessel.
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ABST
PAL  A vessel for transporting floatably onloaded and offloaded cargo (typically
      barges) is disclosed. A hull having a well deck surrounded on three sides
      by the bow, port and starboard vessel's sides has a plurality of ballast
      tanks adapted to be filled with sea water. When the ballast tanks are
      flooded, the hull is in a loading configuration wherein the well deck is
      submerged so that cargo can be floated over the well deck and positioned
      thereon. At this submerged position of the well deck, the continuous
      sidewalls of the vessel are interrupted by a series of horizontally
      elongate water level ports constituting a large interruption of the water
      plane of the vessel. These ports are concentrated in the area of the
      forward well deck bulkhead and impede the formation of standing waves
      within the vessel whereby destructive motion between the carrier vessel
      and the floating cargo can be prevented from damaging the carrier vessel,
      floating cargo, or both. As the vessel is raised to bring the well deck in
      contact with the floating cargo, these surge ports are raised above the
      waterline and no longer communicate the well deck to the sea. Thereafter,
      communication to the sea for drainage only is provided by vertical freeing
      ports, constituting a relatively small interruption to the water plane of
      the vessel.
BSUM
PAC  SUMMARY OF THE PRIOR ART
PAR  Various designs of carrier vessels which are partially submersible are
      known. These vessels are partially submersible so that cargo, typically in
      the form of barges, can be floated onto and off of a carrier vessel.
      Heretofore, the maintenance of a large, enclosed well deck interior of a
      vessel filled with water resulted in the establishment of dynamic motion
      of the water contained within the well deck. The cargo being onloaded or
      offloaded can only be controlled with difficulty because of the relative
      motion between the vessel and cargo.
PAR  Some solutions have been attempted by doing away with or interrupting the
      vessel sidewalls. In these latter cases, the longitudinal girder strength
      fore and aft of the ship is seriously interrupted. Moreover, where
      discontinuous deck surfaces are provided along the sides of the vessel,
      the practical operation of a working crew for onloading and offloading
      cargo barges is not possible.
PAR  Finally, and most importantly, it has been found that providing a
      completely submerged ship side segment permitting the passage of water
      thereover constitutes a serious interruption of the "water plane" of the
      vessel. This results in a serious impairment of the reserve roll stability
      of a vessel, especially when it is being onloaded or offloaded with cargo.
      In particular, at the moment the well deck is about to rise above the
      level of the ambient sea, a maximum impairment of its resultant reserve
      roll stability occurs.
PAC  SUMMARY OF THE INVENTION
PAR  A vessel for transporting floatably onloaded and offloaded cargo (typically
      barges) is disclosed. A hull having a well deck surrounded on three sides
      by the bow, port and starboard vessel's sides has a plurality of ballast
      tanks adapted to be filled with sea water. When the ballast tanks are
      flooded, the hull is in a loading configuration wherein the well deck is
      submerged so that cargo can be floated over the well deck and positioned
      thereon. At this submerged position of the well deck, the continuous
      sidewalls of the vessel are interrupted by a series of horizontally
      elongate water level ports constituting a large interruption of the water
      plane of the vessel. These ports are concentrated in the area of the
      forward well deck bulkhead and impede the formation of standing waves
      within the vessel whereby destructive motion between the carrier vessel
      and the floating cargo can be prevented from damaging the carrier vessel,
      floating cargo, or both. As the vessel is raised to bring the well deck in
      contact with the floating cargo, these surge ports are raised above the
      waterline and no longer communicate the well deck to the sea. Thereafter,
      communication to the sea for drainage only is provided by vertical freeing
      ports, constituting a relatively small interruption to the water plane of
      the vessel. As the cargo is raised from the floating disposition by the
      vessel, the roll stability of the vessel becomes critical, these freeing
      ports providing minimal interruption of the vessel water plane with
      resultant maximum stability. At the full, deballasted and cargo-carrying
      disposition of the vessel wherein the well deck is above the waterline, a
      stern gate water barrier hinged at the back of the well deck is raised to
      prevent inadvertent cargo floatation due to penetration of following seas
      while, at the same time, permitting the well deck to drain under the stern
      gate.
PAC  OTHER OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  An object of this invention is to provide a stabilizing communication to
      the sea to prevent standing waves within the enclosed well deck of a
      submersibly loaded vessel only at drafts where floatation of the interior
      cargo occurs. According to this aspect of the invention, the vessel
      sidewalls separating the well deck from the ambient sea is provided with a
      group of horizontal surge ports constituting at least a 30% communication
      to the sea.
PAR  An advantage of the surge ports of this invention is that where the ports
      are raised above the ambient water level by deballasting of the vessel,
      the "water plane" of the vessel is not interrupted to an appreciable
      degree. As a result, at the point where the cargo is partially supported
      on the well deck of the vessel and the resultant roll stability of the
      vessel and supported cargo critical, substantial interference with the
      water plane of the vessel is avoided. Vessel roll stability is improved.
PAR  A further advantage of this invention is to provide sidewalls of the vessel
      at a normal full height above the ship bottom so that the vessel has a
      longitudinal girder of full depth. Fore and aft bending strength of the
      vessel for supporting cargo is improved.
PAR  Yet another advantage of this invention is to provide a vessel with a
      submerged well deck with full and uninterrupted port and starboard working
      decks for the loading and offloading of barge cargo.
PAR  Yet another advantage of the continuous and uninterrupted port and
      starboard sidewalls of the well deck is that fendering systems for fending
      off cargo from destructive collision with the vessel sidewalls can be
      conveniently installed and monitored on a continuous basis. Interruption
      of the fendering system by correspondent interruption of the vessel sides
      is avoided.
PAR  An additional advantage of the well deck and vessel sidewall construction
      of this invention is that venting of ballast tanks along the vessel
      sidewalls is conveniently provided. The provision of separate towers to
      provide such venting is not required.
PAR  A further object of this invention is to disclose a positioning of the
      surge ports where they will impede to a maximum degree any resonant wave
      motion interior of the vessel. According to this aspect of the invention,
      the surge ports are concentrated in the vicinity of the bow of the vessel.
PAR  An advantage of this aspect of the invention is that maximum communication
      to the sea is provided where the standing waves can interfere with the
      vessel motion and stability, cargo stability, or both, to the maximum
      extent.
PAR  Still a further object of this invention is to disclose a design and
      configuration of freeing ports. These freeing ports are substantially at
      and immediately above the well deck of the vessel for draining the well
      deck through the vessel sidewalls. The freeing ports are given a
      vertically elongate configuration which impairs to a minimum degree the
      critical stability of the vessel when it is at a draft with the surface of
      the well deck on or near the level of the ambient sea.
PAR  An advantage of these vertically elongate freeing ports is that water
      outflow through the sidewalls of the vessel are provided with a minimum of
      stability impairment. At the drafts where the well deck supports the cargo
      at or near the ambient water level (and the correspondent roll stability
      of the vessel is reduced to a minimum), these vertical ports result in
      minimum interference to the vessel water plane. This minimum interference
      to the vessel water plane constitutes minimal interference with the
      critical roll stability of the vessel at such vessel drafts.
PAR  Yet a further object of this invention is to provide such freeing ports
      with a baffle system to impair high velocity flow from the exterior of the
      vessel into or out of the well deck.
PAR  An advantage of this aspect is that drainage during deballasting can occur
      without high velocity flow into and out of the well deck.
PAR  Yet a further advantage of the baffle obstructed freeing ports is that when
      the vessel is at sea, the water-tight integrity of the interior bay is
      substantially preserved. Ambient seas cannot appreciably penetrate
      interior of the well deck to float and dislodge carried cargo where it
      might damage the cargo, vessel, or both, or otherwise impair the stability
      of the vessel.
PAR  Yet a further object of this invention is to disclose a stern water barrier
      for protection of the cargo against floating seas. According to this
      aspect of the invention, a non-watertight gate presenting a barrier to
      following seas is provided at the stern of the vessel. The gate is drained
      at its hinge axis over the stern of the vessel between the well deck and
      the upper portion of the gate.
PAR  An advantage of this aspect of the invention is that inadvertent floating
      of cargo on the well deck due to the penetration of following seas is
      prevented.
PAR  A further advantage of this gate at the stern of the vessel is that
      drainage of the interior well deck can easily occur between the gate and
      well deck while the vessel is underway.
DRWD
PAR  Other objects, features and advantages of this invention will become more
      apparent after referring to the following specification and attached
      drawing in which:
PAR  FIG. 1 is a perspective view of the vessel of this invention;
PAR  FIG. 2 is a side elevation section of the vessel at an amidships location
      illustrating floatation of barge cargoes at various vessel drafts; and,
PAR  FIG. 3 is a plan sectional view of the vessel side in the vicinity of a
      typical freeing port illustrating the placement of baffles within the port
     .
DETD
PAR  Referring to the perspective view of FIG. 1, hull A is illustrated
      including bow section 14, stern section 16, with internal well deck B. It
      will be noted that well deck B is bounded by forward bulkhead 17 at the
      forward end, port side 18 and starboard side 19, and opened at an opening
      20 at the stern of the vessel. It should be noted with reference to FIGS.
      1 and 2, that port side 18 defines over the surface thereof a continuous
      port working deck 21 which extends the full fore and aft length of the
      vessel. Likewise, starboard side 19 defines thereover continuous working
      deck 22 which again extends the full length of the vessel. These
      respective working decks with cargo snugger capstans 25 permit working
      crews to easily traverse the full length of the vessel on the respective
      port and starboard sides to enable barges for cargo to be conveniently
      positioned and landed during deballasting of the vessel.
PAR  An internal fender system is provided above the well deck B. Fenders 30
      extend along the port and starboard sides of the vessel at preselected
      intervals to prevent damage to the interior of the bay during the cargo
      loading and offloading.
PAR  Forwardly of the bay and before forward bulkhead 17 of the well deck B is
      reached, there is provided an elevated superstructure 32. This
      superstructure is conventional and provides for standard control of the
      vessel such as steering consoles and engine order telegraph and for
      housing of crew.
PAR  Referring to FIGS. 1 and 2 simultaneously, the construction of the surge
      ports C and the freeing ports D can now be set forth. Referring to surge
      port C, it will be noted that these ports are horizontally elongate being
      at least five times as long as they are wide. These respective surge ports
      are positioned so that the top wall 40 of the surge port lies just above
      the waterline at the maximum ballasted draft of the vessel.
PAR  The bottom of the surge ports 42 is constructed so that if level is at or
      near the anticipated grounding draft for cargo floated onto the well deck.
      The bottom surface 42 of the freeing port C is constructed so that some
      water communication between the well deck B and the exterior of the vessel
      exists at the anticipated grounding of cargo being floatably onloaded onto
      the surface of the well deck. Thus, just as the cargo grounds itself on
      the well deck, the surge ports with decreasing vessel draft will rise
      above the ambient water level.
PAR  Referring to FIG. 1, it will be noted that surge ports 44-52 are positioned
      along the port side of the vessel. Similarly, surge ports 54-62 are
      positioned along the starboard side of the vessel.
PAR  In the forward one third of the well deck of this carrier vessel, it should
      be noted that the respective surge ports constitute an interruption of at
      least 50% of the sidewall surface plane area of the vessel. It is
      preferred that the interruption of the surge ports constitutes an
      interruption in the range of 30% to 60% of the sidewall water plane area.
PAR  In the mid third of the vessel or amidship third of the vessel sidewall
      length, the surge ports constitute an interruption of 30% of the water
      plane. It is preferred that the interruption of the water plane by the
      horizontally elongate surge ports be in the range of 20% to 40% of the
      water plane level in the mid third of the vessel.
PAR  In the stern third of the vessel's longitudinal sidewalls, the surge ports
      interrupt 20% of the vessel's water plane. Specifically, it is preferred
      that interruption here be between 10% and 30% of the water plane at the
      vessel sidewalls.
PAR  Referring to FIG. 2, the construction of freeing ports D can now be set
      forth. Freeing ports D are vertically elongate, being five times as high
      as they are wide. As distinguished from surge ports C, these ports D
      constitute a minimal interruption in the sidewalls of the vessel.
      Preferably, the ports have an upper limit 72 which is below the lower
      surface 42 of the surge ports C and transpierce each of the port and
      starboard sides at a draft wherein the well deck still provides
      appreciable buoyant support to the cargo. The bottom surface 74 of the
      freeing port D is flush with the bottom surface B of the well deck.
PAR  Referring to the top elevation view FIG. 3 of the freeing port D, it is
      preferred that a system of baffles be placed interior of the freeing port.
      Baffle 76 functions to inhibit high velocity head flow through the
      respective freeing ports during loading and offloading. Thus, drainage is
      permitted, but high velocity surge of water into and out of the well deck
      is inhibited.
PAR  Referring to FIG. 1, surge ports 80-88 are shown on the port side of the
      vessel; freeing ports 90-98 are shown on the starboard side of the vessel.
PAR  At the stern of the vessel there is provided a stern gate 100. Stern gate
      100 is provided with hinges 103-104 to the stern section of the vessel. It
      is raised and lowered by winch 106 on the port side, and winch 107 on the
      starboard side, through respective cables 108, 109.
PAR  It is important to note three separate aspects about gate 100. First, the
      gate, in the raised position, does not form a watertight barrier. Rather,
      it is merely a wave barrier against following seas.
PAR  Second, the gate, in the vicinity of hinges 102-104, is provided with a
      drain. Water can freely flow vertically and thereafter under and between
      the gate 100 and the well deck B to drain the interior of the well deck.
PAR  Finally, the gate 100 is not buoyant. This is so in the onloading position
      it can extend into and under the ambient level of the seas.
PAR  Referring to the section of FIG. 2, it will be noted that the distance
      between well deck B and the bottom 120 of the vessel is occupied by four
      ballast tanks at the section herein illustrated. Specifically, port
      ballast tanks 121 and 123 and starboard ballast tanks 122 and 124 are
      shown. These tanks are provided with longitudinally extending flooding
      tunnels 125 on the port side and 126 on the starboard side. By the
      expedient of opening sea cocks (not shown), rapid flooding of the ballast
      volumes can occur. As is conventional, the ship is equipped with a pump
      (also not shown) to deballast the vessel.
PAR  Provision is made for in excess of 6% reserve buoyancy. Specifically,
      selected tanks are provided at permanent voids. These voids are incapable
      of being flooded and are permanently sealed as by conventional shipboard
      manhole covers and the like. Port voids 131 and 133 are shown by
      respective broken lines in ship sidewall 18. Similarly, starboard voids
      132 and 134 are shown at broken lines in the starboard sidewall 19.
PAR  Having set forth the construction of the invention, its operation can now
      be explained. Referring to the section of FIG. 2, it will be noted that
      the port side of the figure illustrates the well deck flooded at the
      maximum draft of the mother ship with a barge cargo 140 fully afloat. The
      starboard section of FIG. 2 illustrates the vessel at the load line draft
      with a barge cargo 142 fully drydocked.
PAR  Referring to the barge cargo 140 in the afloat disposition, it will be
      noted that at the fully ballasted down draft of the vessel surge port C
      communicates across the port sidewall 18 to provide full communication to
      the ambient sea through the sidewall of the vessel. This communication
      cuts down standing waves in the interior well deck of the vessel to
      provide a sheltered and similar water level in the interior of the well
      deck B as exists in the surrounding and ambient sea.
PAR  When the vessel is deballasted, the barge will commence to be drydocked. At
      this level, the water level on the outside will be at or near the bottom
      42 of the surge port C. It should be noted in this disposition that there
      still will remain substantial floatational forces on the barge 140. Thus,
      the barge, interior of the well deck B, will contribute to the roll
      stability of the vessel. The water plane through the vessel will include
      that plane transpierced by the barge as it rests on the well deck. Thus,
      the barge itself will contribute to the roll stability of the vessel.
PAR  As the vessel is further deballasted, the drydocked barge 140 will approach
      the condition illustrated at 142. The barge 142 will not contribute to the
      stability of the vessel. As the ambient waterline approaches the level of
      the well deck B the roll stability of the vessel will become critical.
      Typically, the partially flooded hull will have a minimum of stability
      against roll. Conversely, the barge, which is no longer submerged, will
      have no floatational resistance to roll. Consequently, the only areas of
      the vessel providing substantial resistance to roll will be the areas of
      the water plane penetrated by the respective port wall 18 and starboard
      wall 19.
PAR  It should be noted at this point that the freeing ports 72 being vertically
      elongate constitute a minimum interruption to the water plane of the
      vessel at the respective walls 18, 19.
PAR  As the vessel is further deballasted, the entirety of the vessel including
      the well deck will raise above the waterline. At this juncture, the entire
      cross-sectional area of the vessel will provide roll stability. Well deck
      D will drain through the respective freeing ports D.
PAR  When the vessel is fully deballasted to the loading draft, underway high
      speed transportation of the cargo can occur.
PAR  It should be understood that this vessel can be constructed in any number
      of actual proportions. By way of example, the dimensions of this vessel
      are herein set forth. The length overall of the vessel is in the range of
      670 feet. The respective well deck has a dimension of 600 feet .times. 80
      feet with the stern gate closed. It is preferred to load the vessel with
      three barges, the barges being 200 feet long .times. 80 feet wide.
      Preferably, the barges are standard flat bottom barges and rest with their
      respective bottoms on a block (not shown) attached to the well deck. The
      vessel has a height from keel to well deck of approximately 31.5 feet. The
      height from the working decks 21, 22 on the sidewalls to the keel is 56
      feet.
PAR  The full draft of the vessel is 48 feet, giving the respective working
      decks a 10 foot freeboard above the ambient sea. The load line draft of
      the vessel is approximately 21 feet, 6 inches, giving the well deck a
      freeboard of approximately 10 feet against following seas.
PAR  It will be appreciated that a number of modifications can be made. For
      example, it is not required that a stern gate be provided. Likewise, the
      dimensions and areas of the ports can be altered within the ranges herein
      disclosed. Likewise, other modifications can be made without departing
      from the spirit and scope of the invention herein disclosed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vessel for transporting floatably onloaded and offloaded cargo
      comprising: a hull having a raised bow section for providing buoyant
      support forward of said vessel at all drafts thereof; a well deck mounted
      interiorly of said hull extending substantially horizontally parallel to
      the waterlines of said hull, said well deck adapted to support on said
      hull said cargo; at least one ballast volume defined within said hull for
      permitting said hull to float at a first shallow draft when said ballast
      volume is empty, said ballast volume when empty being of sufficient
      displacement with respect to said hull to maintain said well deck above
      the waterline of said vessel with said well deck fully loaded with cargo,
      and at a second deeper draft when said ballast volume is full of ballast,
      said well deck submerged at said second draft to provide for floating of
      the cargo thereover to place said cargo thereon; means for flooding and
      emptying said ballast volume of ballast; a wall extending upwardly from
      said well deck at the bottom to a preselected elevation above said well
      deck, said wall extending from the bow along the port side of the vessel,
      the starboard side of the vessel, and defining a fixed continuous open
      passage through the stern of said vessel for the entry and exit of cargo
      extending substantially the width of said well deck; a series of
      horizontally elongate ports transpiercing the wall of said vessel; and
      said ports positioned with respect to said vessel to become partially
      submerged to establish uninterrupted communcation between the surface of
      the ambient sea and the surface of the water within said well deck at said
      second draft to impede the formation of standing waves within the vessel
      when said vessel is at said second draft and to raise above communication
      to the sea upon support of said cargo on said well deck.
NUM  2.
PAR  2. The invention of claim 1 and wherein said horizontally elongate ports
      interrupt the said wall 30 to 60 percent in the forward third of said
      vessel, 20 to 40 percent in the middle third of said vessel, and 10 to 30
      percent in the aft third of said vessel.
NUM  3.
PAR  3. The invention of claim 1 and wherein said vessel includes a stern gate
      for opening and closing said well deck.
NUM  4.
PAR  4. The invention of claim 1 and wherein said vessel includes a series of
      vertically elongate ports transpiercing the port and starboard walls of
      said vessel from an elevation at said well deck to an elevation below said
      horizontally elongate ports.
NUM  5.
PAR  5. The invention of claim 4 and wherein said vertically elongate ports
      contain baffles to impart a circuitous path to water passing between said
      well and the exterior of said vessel through said vertically elongate
      ports.
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PAL  An elongated flat bottom, vertical side cargo unit vessel with a specially
      configured high-speed bow featuring a forwardly cantilevered horizontal
      bottom panel of full hull width, predetermined projecting length and
      vertical thickness controlling bow wave of the hull, with a multi-skeged
      upsloped stern bottom. A plurality of detachably connected power module
      vessels and a single control module vessel arranged abreast are detachably
      connected to each other and to the stern. Submerged to adjustable depths,
      torpedo-shaped drive units of the power module vessels support upright
      housings thereon projecting above water level and pass through flotation
      collars which provide flotation and stability for the power module vessels
      as independent craft when detached from the cargo unit vessel. An
      elevatable helm house with monitor and control apparatus on the control
      module vessel provides control for the power module vessels and cargo unit
      vessel from a suitable vantage point. The control module vessel and power
      module vessels when detached from the cargo unit vessel hull become
      independent sea-going vessels capable in a group or separately of serving
      as life saving vessels, work boats or otherwise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in ocean going cargo transport
      systems and more particularly concerns an improved cargo carrier of the
      type employing a cargo unit vessel and detachable control module and power
      module vessels. The invention is herein illustratively described by
      reference to the presently preferred embodiment thereof; however, it will
      be recognized that certain modifications and changes therein with respect
      to details may be made without departing from the essential features
      involved.
PAR  It has long been recognized that oceanic cargo ships of conventional design
      sufficiently large for economic operation on long voyages lose much of
      those savings in loading and unloading costs and tie-up time; also in the
      limitation on ports accessible to them, primarily the major deep water
      ports. Moreover, not only does the typical ship's displacement type hull
      necessary for efficient safe crossings require an extreme draft for these
      huge vessels, but the shape and depth of the hull, together with the
      presence and arrangement of propulsion plants and other ship's machinery,
      quarters and gear, makes the resulting storage space configurations and
      arrangements quite ill-suited to the efficient and versatile utilization
      of the net tonnage hold capacity of the vessel, particularly for general
      cargo ships as distinguished from tankers wherein storage space
      configuration is obviously of lesser importance.
PAR  A major effort in recent years to reduce loading and unloading costs is
      seen in the advent of containerized cargo ships and barges. However, with
      barges, speed is limited and travel time becomes excessive over long
      distances. Furthermore, a large container ship cannot enter many of the
      shallow-water ports, so that additional trans-shipping costs are incurred
      in those cases. Somewhat similar problems are encountered in the large
      roll-on, roll-off ships such as are used to transport automobiles and the
      like.
PAR  The lighters-aboard-ship type vessels (referred to as LASH) permit
      servicing of shallow-water ports, such as upriver ports, but again, as in
      the case of container ships of conventional design, these also are not
      highly versatile and are incapable of fully utilizing hold space.
PAR  All of these ships in the larger sizes are very expensive to build because
      of the multiple complex curvatures in virtually all portions of a
      displacement type hull as well as the requirements of complex framing, and
      providing for the accommodation and mounting of heavy and bulky power
      plants and other machinery, quarters, and ship's equipment. Moreover the
      requirements of a large on-board crew to man such vessels not only imposes
      expensive space and facilities requirements, but also adds operating costs
      both in terms of wages, fringes and supplies and in terms of lost cargo
      space otherwise available.
PAR  A broad object of the present invention is to devise a high-speed,
      high-capacity, oceanic cargo carrier of shallow draft configuration
      readily and efficiently adaptable to substantially any of the specialized
      or general purpose cargo, container, lighter or tanker vessel applications
      heretofore utilized. More specifically, it is an object to provide a
      vessel of such shallow draft yet such relatively large load capacity as
      will permit the same to navigate in shallow harbors without penalizing its
      capability of operating safely and efficiently on the high seas.
PAR  A further object hereof is to devise an ocean transport system wherein a
      cargo carrier vessel hull having the desirable box-like or rectangular
      basis cross-sectional configuration somewhat characteristic of a "barge"
      is achieved for efficient and versatile utilization of hold and deck
      space. Yet it will be equipped with such a bow and stern configuration and
      related propulsion means as to safely attain the high cruising speeds
      expected of modern ships in trans-oceanic service.
PAR  The combinational effect of the general hull configuration having the novel
      bow form of this invention reduces accumulative pitch and roll tendencies
      experienced with conventional ship's hulls; also yaw reactions to pitch
      and roll in quartering seas. Thus held in more nearly level trim laterally
      in a variety of sea conditions higher cycle loading can be safely
      permitted. Likewise, because of the decreased pitching tendency and the
      special bow effects achieved, the improved vessel attains an increased
      driving efficiency in heavy seas.
PAR  It is also an object to devise an ocean going transport system wherein
      effective utilization of separate propulsion module vessels and control
      module vessel, detachable from the cargo unit vessel, makes possible use
      of a smaller crew to man the overall system than with a ship of
      conventional design and comparable capacity. Moreover, safety of the crew
      is enhanced by the independent sea-going capability of the detachable
      power module and control module vessels when decoupled from the cargo unit
      vessel.
PAR  A related objective hereof is to devise an ocean going transport system of
      the nature indicated which may be of relatively low cost, sturdy
      construction, yet because of the special bow configuration, capable of
      withstanding the heavy impact forces of waves and swells on the bow at
      high cruising speeds. Furthermore, the special bow and stern
      configurations of the cargo unit vessel hull permits utilizing a
      flat-bottomed straight vertical-sided midship or waist section over most
      of the length of the hull, simplifying the lofting framing, plating,
      jigging and general construction of the overall vessel.
PAR  Still another object hereof is to devise an improved transport system with
      novel control module vessel having a helm station arrangement enabling the
      helmsman and crew to observe and monitor all parts of the system and to
      operate from an elevated vantage point with good visibility over the
      loaded cargo unit vessel ahead of it.
PAR  More specific objects relate to a novel and improved construction for the
      power module vessels, which are to be detachably coupled with the cargo
      unit vessel to propel the same. Special low cost drive unit, housing and
      flotation collar arrangements, together with vertical adjustability of the
      drive units in relation to the cargo vessel hull enables the propulsion
      line of forces to be raised and lowered and thereby vary the trim of the
      cargo unit vessel fore and aft for greatest safety and efficiency in
      cruise. Adjustable couplings between the power module vessels and the
      cargo unit vessel accommodate or permit such variations in thrust line
      produced by the propulsion vessel propellers.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, the substantially flat bottom of the
      cargo unit vessel which extends across substantially its full width and
      most of its length, continues into the bow section where it merges with a
      forwardly projecting cantilevered bottom panel of vessel width. This bow
      section bottom panel extends forwardly beyond the bow plates and has
      predetermined thickness and lengths which under normal cruise conditions
      with the vessel suitably trimmed fore and aft, produces its own "bow
      wave," the trough of which present in the limited upper "layer" of water
      severed or sheared off by the bow panel, is presented to the bow plates.
      As a result of the action of this bottom panel in the bow section of the
      vessel, forward resistance to motion is minimized and water forces acting
      on the bow due to wave impact are greatly reduced by the intercepting or
      shielding effect of the cantilevered bow bottom panel.
PAR  As a further feature of the improved cargo unit vessel comprised in the
      composite cargo transport system of the invention, the substantially flat
      bottom of the vessel hull is sloped upwardly to the stern end thereof from
      a location just forwardly thereof and is provided with a series of
      transversely spaced skegs extending aft to upright terminal edges adjacent
      the transom. A plurality of power module vessels, each detachably joined
      to the stern end of the cargo unit vessel hull, preferably have vertically
      shiftable locking connections with skegs and the transom (or fixed
      connections on the transom and adjustability within the power module
      vessel itself). When placed in operative side-by-side relationship abreast
      across the transom the power module and control module vessels are also
      interconnected laterally with each other for rigid unitization of the
      composite.
PAR  Further features reside in the novel power module vessels comprising
      torpedo-like submerged drive units housing engines and propeller and
      rudder gear and upon the upper side of which is mounted an upright
      streamlined housing or "sail" extending above water level. A flotation
      collar structure surrounding and traversed by the sail is adjustable
      vertically in relation to the sail and thereby permits raising and
      lowering the drive unit in the water and thereby the fore and aft trim of
      the cargo vessel hull. The flotation collar structure serves also as a
      means for supporting locking elements preferably of a rotary cam
      construction cooperating with mating elements on the adjacent power module
      vessel collars, the control module vessel and with mating elements on the
      transom of the cargo unit vessel hull. Similar locking elements on the
      stern edges of the skegs are engaged by locking elements on the power
      module drive unit.
PAR  Cable connectors and other control umbilicals from the control module
      vessel to the power module vessels and to the cargo unit vessel enable
      controlling all of the latter from a central helm station on the control
      module vessel. The helm station is supported on an elevation platform to
      raise the crew and with them the various monitor and control devices
      needed to navigate and control the entire system from a favorable vantage
      point.
PAR  These and other features, objects and advantages of the invention will
      become more fully evident from the following description thereof by
      reference to the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the ocean going composite cargo transport of
      the present invention viewed from a forward location above the cargo unit
      vessel;
PAR  FIG. 2 is an isometric view of the composite cargo transport on a somewhat
      larger scale than in FIG. 1 and viewed from a location to the rear and
      above the transport to show the stern portion of the cargo carrier unit
      vessel with control module vessel and propulsion module vessels detachably
      coupled thereto;
PAR  FIG. 3 is a side elevation view of the stern portion of the composite cargo
      transport;
PAR  FIG. 4 is a front elevation view of the cargo unit vessel illustrating the
      basically rectangular cross-section of the hull and the bow bottom panel;
PAR  FIG. 5 is an enlarged isometric view similar to FIG. 1 showing only the bow
      portion of the cargo unit vessel;
PAR  FIG. 6a is a side elevation view of the bow portion of the cargo vessel
      depicted in level trim when motionless; FIG. 6b is a similar view with the
      vessel in trim underway; and FIG. 6c is a similar view with the vessel
      underway and trimmed bow high, depicting the unique functions of the
      hydrodynamic bow bottom plate feature;
PAR  FIG. 7 is an isometric view of the underside of the cargo unit vessel stern
      portion as seen from below and aft to one side of the vessel;
PAR  FIG. 8 is an isometric view of a single power module vessel of the present
      invention;
PAR  FIG. 9 is an isometric view of a power module vessel as seen from an
      elevated location forward and off to one side of the vessel, illustrating
      intervessel locking mechanisms used in coupling the unit vessels together
      in the composite carrier;
PAR  FIG. 10 is a top isometric view of the upper portion of the power module
      vessel comprising flotation collar and upper said portions;
PAR  FIG. 11 is a top, forward isometric view of the control modules vessel with
      its extensible bridge elevated;
PAR  FIG. 12 is a side elevation view of the control module vessel showing the
      extensible bridge in dotted lines elevated and in solid lines lowered in
      the stowed position;
PAR  FIG. 13 is an isometric view of a typical stern-type intervessel locking
      coupler mechanism mounted on the cargo unit vessel;
PAR  FIG. 14 is a cross-sectional view taken on line 14--14 in FIG. 13;
PAR  FIG. 15 is an isometric view of the opposing halves of the thwart-type
      intervessel locking coupler, with sectioning and with its cooperating
      parts (designated A and B) swung apart for illustrational convenience;
PAR  FIG. 16 is a cross-sectional view taken on line 16, 17--16, 17 in FIG. 15
      showing the complemental coupler parts as they appear prior to engagement
      and locking; and
PAR  FIG. 17 is a similar cross-sectional view showing the coupler parts as they
      appear in a fully locked state.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As depicted in FIG. 1 the ocean going composite cargo transport 10
      comprises three types of interconnected functional elements or unit
      vessels. These are the cargo unit vessel 12, one or more motor powered
      propulsion module vessels 14 and a control module vessel 16. The
      propulsion and control module vessels are detachably coupled to the main
      cargo unit vessel 12 and to each other in side-by-side relationship.
      Preferably each is seaworthy of itself as an independent vessel.
PAR  The primary system element is the flat-bottomed, shallow-drafted motorless
      cargo unit vessel 12, differing in nature from but comparable in physical
      size, displacement and carrying capacity to conventional large merchant
      ships presently in use. Its unique bow makes possible safely achieving
      commercially competitive water speeds in heavy seas despite the bluntness
      of the bow plates and boxiness of the hull over most of its length.
      Because of its generally rectangular cross-section and uninterrupted
      interior over most of its length this simple hull configuration makes the
      vessel relatively inexpensive to produce, gives it a very shallow draft
      affording access to many ports not safely reached by conventional ships,
      and in addition, provides maximum efficiently usable cargo hold and deck
      space uncluttered by engines, crew quarters or superstructure. Moreover,
      it permits the hull to be adapted and fitted for any conventional merchant
      carrier cargo loading and storage system applications.
PAR  The cargo unit vessel 12 is propelled from the stern by detachable power
      module vessels 14. These of themselves are preferably independent
      seaworthy vessels capable of making port and of transporting crew when
      necessary. Two or more (typically two, four or five) power module vessels
      are detachably coupled in positions abreast of each other to the stern of
      the cargo unit vessel as shown in FIGS. 1, 2 and 3. When the power module
      vessels 14 are locked onto the stern of the vessel 12 they are themselves
      interlocked by coupling their mutually adjacent sides together so as to
      make up structurally integral composite units. As with the cargo vessel
      itself, the power module vessels are of a relative simple low cost design.
      When decoupled and free to move independently, each can carry the system's
      crew to and from port and can carry enough provisions (and fuel) for a
      long sea voyage if necessary in case of emergency. The system thus
      inherently has a number of "life boats."
PAR  The final element of the composite cargo transport system 10 is the
      detachable control unit vessel 16 which in itself also is capable of
      operation as an independent seaworthy vessel. It also couples to the stern
      of the cargo vessel 12 abreast of and preferably between power module
      vessels with which it is directly coupled so as to become an integral part
      of the structural composite. The control unit vessel 16 provides the main
      bridge or control center for mounting and controlling operations of the
      total system and all of its major parts. In addition to its control and
      monitor functions, the control unit vessel provides the main crew quarters
      on ocean passages and with the power module vessels it also can function
      as a life boat or work boat if the need arises. Optimally, when the power
      module vessels are connected with the control module vessel, and all are
      decoupled from the cargo unit vessel, they together can be made to serve
      as a ship.
PAR  Under law and for reasons relating crew size, hence safety, to ships size
      and types, the present invention having detachable independent power
      module and control module vessels affords a great degree of back-up safety
      with all of its requirements met by a very small crew. For example, the
      control unit vessel 16 may be treated as the only "manned" vessel, defined
      as a "work boat,"  which normally need be manned only by a crew of seven
      to nine. The cargo unit vessel itself, however large, does not demand an
      independent crew. In effect therefore, a crew of seven to nine will
      suffice for a transport system of this invention comparable in size, net
      tonnage and performance to existing merchant vessels that require a crew
      of 25 to 40 men. This reduction by three-quarters in the number of crew
      makes more space available for cargo and greatly reduces operating cost.
      Moreover the crew aboard have more safety and back-up safety facilities
      than in the conventional ship.
PAR  Since the cargo unit vessel is motorless and essentially unmanned (that is,
      not manned in the conventional sense by onboard crew), space normally
      taken up by engine rooms, fuel tanks, steering, crew accommodations,
      stores and other facilities in conventional vessels may be utilized as
      cargo space. The cargo-carrying midships or waist section is of a constant
      substantially rectangular cross-section throughout, hence all deck space
      and hold area is readily organized and fitted to greater advantage for
      accessibility and storage of cargo. Since virtually all of the hull
      interior is uninterrupted efficiently shaped cargo space, uncomplicated by
      complex hull curves and internal equipment common in conventional ships,
      i.e., revenue producing space, it represents a very high percentage such
      as 95% of the deadweight tonnage; the ship's total carrying capacity. By
      comparison, in conventional cargo vessels, net tonnage averages only about
      75% of the deadweight tonnage.
PAR  The cargo unit vessel 12 of the present invention is also attractive from a
      production standpoint. The inherently simple physical design void of
      complex hull curves and unencumbered by costly above-deck superstructure,
      crew facilities, engines, machinery and ancillary systems yields a vessel
      that can be produced quickly and at a fraction of the cost of a
      conventional cargo ship.
PAR  Typically the basic hull in the preferred embodiment of the cargo unit
      vessel is about 635 feet stem-to-stern with a beam of about 105 feet and a
      hull depth, deck to bottom plates, of about 34 feet. Bow plates are flared
      6 to 8 feet above the deckline 20 as shown in FIG. 4. The hull is so
      proportioned that the no-load waterline 22 describes 31/2  feet of draft.
      The load waterline 24 is 191/2  feet above the no-load waterline 22
      yielding a 23 foot draft with 11 feet of freeboard in a fully-loaded
      condition. The waist or midships section of the vessel presents a cargo
      storage section approximately 450 feet long of a constant 34 foot by 105
      foot substantially rectangular cross-section. The bow and stern sections
      26 and 48 are each about 100 feet in length.
PAR  The midships section of this vessel is or may be of conventional
      construction requiring no special illustration herein. Typically it will
      comprise ribs or frames at intervals, joined and held in position by
      longitudinal beams or stringers. Additional bracing can be provided
      athwartships and/or running fore and aft depending upon design. Tanks,
      linear walls, insulation multi-level decking, ramps, cranes, etc. may
      obviously be incorporated selectively as desired. The skin of the vessel
      may be conventional steel plating welded to the skeletal frame structure.
      According to the preferred cargo configuration, full width interior
      watertight transverse bulkheads are installed at intervals along the
      length of the hull. These bulkheads further stiffen the hull and divide
      the cargo space into watertight compartments. Additional hull strength may
      be gained by attaching interior wall and deck structures directly to the
      insides of the ribs and tops of the longitudinal stringer beams. Ballast
      tanks and related valves and pumps (not shown) are preferably laid out
      inside the double bottom of the vessel as are off and on-loading pumps for
      tanker applications.
PAR  The absence of complex curves prevalent in conventionally designed hulls
      eliminates the need for commonly required lofting and resulting generation
      of full-size plans as a prerequisite to construction. The flat-plate
      right-angle construction of the hull also drastically reduces the costly
      furnace work required to shape heavy hull plates and in addition
      simplifies the design and installation of ancillary systems required for
      the variety of cargo configurations. For the shipbuilder the construction
      cradle, scaffolding and launching way, normally high outlay items, are
      vastly simplified due to the flat-bottomed, flat-sided, box-like
      simplicity of the hull. Additionally the nearly plain rectangular
      cross-section of the midships hull is ideally suited to the prefabricated
      construction techniques used in most modern shipyards. Finally, a
      conventional cargo ship is only 70-90% complete when it is launched and
      must undergo extensive outfitting thereafter. When the cargo unit vessel
      of the present invention is launched, however, it is essentially ready to
      use.
PAR  The bow section 26 of the vessel as seen in FIG. 5 may be constructed by
      conventional ship building techniques. Though unique, it is of simple
      design which eliminates most of the costly compound curve ribbing and
      plating inherent in the bow sections of conventional vessels. Its
      uniqueness derives primarily from its submerged hydrodynamic plate-like
      bow bottom panel 28 which effectively reduces the bow wave and
      accompanying drag and protects the otherwise vulnerable blunt bow plates
      above water to excessive punishment of heavy seas when underway at cruise
      speeds.
PAR  Basically, the bow is formed by singly curved converging side plates 30
      (FIG. 5) which fair smoothly aft into the vertical sides 32 of the hull
      18. The curved bow plates 30 flare outward and continue above deck level
      20 into raised gunwales 34 about the forward periphery of the bow for wave
      deflection. The lower extremity of the curved bow plates 30 intersect top
      surfaces of the submerged hollow plate-like panel 28, the under surface of
      which is substantially coplanar with the flat bottom of the hull 18. A
      smoothly curved concave fillet or corner fairing 36 extends between the
      upper surface 38 of the plate-like element 28 and the curved bow plates
      30. This stiffens both the bow plates and bottom panel as a cantilevered
      element.
PAR  The three-foot thick, hollow, horizontally disposed plate-like hydrodynamic
      element 28 of the bow 26 projects forward and laterally from the bow
      section at the bottom of the vessel. Apart from adding buoyancy because of
      its hollow form and massive size, this full-width bottom panel has a
      variable hydrodynamic effect governed by fore and aft trim of the hull.
      FIGS. 6a and 6b illustrate the vessel trimmed level first motionless then
      underway with normal bow wave 40 and a predictable area of wetted bow
      plates 30 with accompanying drag. Under most load conditions when cruising
      the vessel is trimmed slightly bow high (established by lowering the
      propulsion vessel drive units) which elevates the forward rim 42 of the
      plate 28. This is illustrated in FIG. 6c with the vessel trimmed
      aproximately at 2.degree. bow high. As the vessel is propelled through the
      water, a pre-bow wave 44 is formed above the elevated forward rim 42 of
      the plate 28 resulting in a depression 46 in the area of the bow plate
      fairing 36. The net result is less wetted bow area as the vessel moves
      through the water, with less water meeting the hull head-on and more
      flowing smoothly beneath the flat bottom. Thus drag is reduced, permitting
      a higher cruise speed than would be possible for a flat-bottomed hull of
      rectangular cross-section equipped with an otherwise conventional bow or
      with a scow shaped bow. Moreover water impact forces on the bow plates 30
      are reduced by the shielding effect of the panel 28, "slicing off" a
      selected depth of water at the surface that gains access to the bow plates
      30.
PAR  The stern section 48 of the cargo unit vessel 12, shown to advantage in
      FIGS. 3 and 7, begins 80-100 feet forward of the stern at a point where
      the flat bottom 50 of the midships section of the hull 18 rounds into a
      low-drag shallow incline plane 52, sloping upward toward the transom or
      stern. The inclined bottom plane 52 intersects the flat, vertical,
      full-width transom 54 at a point approximately 11/2  feet below the load
      waterline 24. Stabilizer skegs 56 extend downwardly from the inclined
      bottom plane 52 of the stern section 48 and their vertical trailing edges
      lie in a common transverse plane at or adjacent the transom.
PAR  As will more fully be apparent later herein, the power module vessels 14
      connect to the stern section 48 of the cargo vessel 12 via locking coupler
      mechanism 58 incorporated in their flotation collars 60. These couple to
      vertical locking rails 62 on the cargo unit vessel transom 54. Additional
      connections are provided by similar locking coupler mechanisms 64 in the
      bows 66 of the power module vessels' submerged hulls 68. These couple
      vertical locking rails 63 on the trailing edges of the skegs 56 beneath
      the stern 48. The smooth transition from the main horizontal bottom to the
      inclined bottom 52 of the stern section 48 allows water flowing
      longitudinally beneath the hull 18 to flow smoothly upward along the
      incline and between the skegs 56 to the stern where it exits from beneath
      the hull at the foot of the transom 54. The water is then channeled along
      the undersurfaces 72 of the power module vessels' flotation collars 60 and
      along the torpedo-shaped submerged hulls 68 of these power module vessels
      to their stern screws 74.
PAR  Designers of tug boats and work boats in general have traditionally
      incorporated ship-shaped forms for hulls with bow and stern lines having
      compound curvature of shell plating. Such forms result in high
      construction costs whereas straight-framed sections of simple geometric
      form are much less expensive to construct. The torpedo-like hulls 68 of
      the power units employed in the power module vessels 14 of the present
      invention, as shown in FIGS. 3 and 8, generally comprise three assembled
      shapes each of geometrically simple form and inexpensive construction.
      Thus each hull 68 housing an engine 76 and other machinery, is comprised
      of an intermediate cylindrical section 78 which fairs aft into a conical
      after-section 80 and forwardly into a hemispherical bow section 66, thus
      forming a torpedo shape. In the illustration, each power unit hull 68 is
      16 feet in diameter and 85 feet long. It operates entirely submerged and
      is of a shape similar to that of modern submarine and has excellent
      hydrodynamic characteristics. The "sail portion" 82 of the power module
      vessel 14 rising above the hull 68 is somewhat similar in physical
      appearance to the conning tower of a submarine but different in function.
      In the illustration, the sail 82 rises some 28 feet above hull 14, and has
      a 21 foot fore and aft dimension with a streamlined hydrodynamic shape of
      constant cross-section at all elevation points. The flotation collar 60,
      the third and final main component of the power module vessel 68,
      comprises a rectangular flat-sided box-like structure surrounding and
      mounted upon the sail 82 intermediate its top and bottom. Measuring
      approximately 17 feet wide, 25 feet long and 12 feet in overall height in
      the illustrated case, the flotation collar 60 has a normal draft of 11/2
      feet. All the edges of the collar are rounded to a constant radius. The
      central watertight channel 84 in the flotation collar 60 in which the sail
      82 resides conforms to the shape of the sail and is also of constant
      cross-section.
PAR  Preferably the hull 68 of the power module vessel 14 houses a single
      conventional marine engine 76 typically of 3000 to 7,000 h.p. which drives
      a single shaft 86 and reversible pitch screw 74 which is housed in a
      tunnel-type cowl 88. The engine 76 may be equipped with conventional
      transmission and electrical power generation equipment. A battery bank for
      engine start and emergency electrical operation is also located inside the
      hull 68 and is maintained in a charged state by the engine generator.
      Baffled fuel tanks of a capacity to operate the engine at cruise speed for
      a trans-oceanic passage are situated within the hull 68 with positioning
      in design dictated by obvious trim and ballast requirements.
      Longitudinally segmented ballast (and/or flotation) tanks 90 of elongated
      form are accommodated inside the hull 68 along opposite sides thereof. One
      or more segments of tanks 90 can be filled or emptied as required to
      maintain the hull at essentially neutral buoyancy and also to manipulate
      forward and aft trim of the hull, via a system of control valves and
      pumps. Steering linkages and related booster equipment for control of the
      submarine-type rudder 92 are housed in the conical after section 80 of the
      hull 68.
PAR  A set of four intervessel couplings 64, seen in FIGS. 3 and 9, housed in
      the hemispherical bow section 66 adjacent to a nearly rectangular
      positioning channel 94 are driven from a single drive mechanism 96 also
      housed in the bow section 66. The intervessel couplers 64, it should be
      noted, can be manually operated from within the hull 68 and are normally
      operated in conjunction with similar intervessel couplers 58 in the
      forward section of the flotation collar 60. The intervessel bow couplers
      64, steering, ballast pumps and valves, bilge pumps and maintenance
      lighting are powered primarily by the engine generator although they can
      be operated on an emergency basis from the battery bank.
PAR  The sail portion 82 of the power module provides an above-water structure,
      affords access for crew members to the interior of the hull 68 and
      supports the flotation collar 60. Access to various systems and equipment
      within the sail, collar and engine units are provided through watertight
      hatches and passages, details which require no present description or
      illustration. The same is true of the many other functional elements
      employed in the vessel which are or may be of straight forward design. For
      instance, while not shown, engine exhaust ducting is channeled vertically
      from the engine compartment in the hull 68 through the sail 82 and is
      vented through a capped, water-proof funnel 98 mounted on the top of the
      sail. Likewise ventilation shafts for conducting fresh air to the engine
      compartment are routed parallel to the access shaft from waterproof
      ventilators on top of the sail. Fans to drive the ventilation system may
      be mounted adjacent to the shafts and powered from the engine generator or
      battery bank.
PAR  A watertight hatch 100, seen in FIG. 10, in the forward portion of the
      upper surfaces 102 of the sail 82 provides access to a conning station 101
      which is utilized when the power module vessel 14 is operated as an
      independent vessel. The upper surface of the sail also mounts navigation
      lights as required under Maritime Law for independent operation and a
      utility mast 104 (which can be of a plug-in type) for lights and signals.
PAR  Vertically oriented gear-tooth racks 106 mounted in three, four, or more
      locations on the sides of the sail 82 function to engage power-driven
      pinions 108 in the flotation collar 60. The racks form part of a system
      housed primarily in the collar which provides a mechanical means for
      adjusting the position of the collar 60 in elevation relative to the sail
      82. This system will be discussed in more detail later herein.
PAR  Umbilical cable plug-in connectors 110 mounted in the side walls of sail 82
      are adapted to couple with mating connectors of the control and monitor
      umbilical cables 112 from the control module vessel 16. It is through
      these cables and connectors that personnel aboard the control module
      vessel 16 are able to monitor and control all systems and functions within
      the individual power module vessels 14. An obvious alternate method of
      interconnecting the control module vessel 16 with the power module vessels
      14 is to provide busses connected to the control module vessel and
      extending across the stern of the cargo vessel 12. These are topped by
      umbilical cable connections from the individual power module vessels. This
      latter type of umbilical arrangement has advantages in a composite cargo
      transport system configuration in which the control module vessel 16 is
      replaced by a fifth power module vessel and control of all the power
      modules is achieved through the use of a portable control console operated
      aboard one power module.
PAR  Inside the sail 82 the umbilical connectors 110 are connected directly to a
      junction box 114, seen clearly in FIGS. 3, 9 and 10 which distributes
      control singals received from the control module vessel 16 to systems
      throughout the power module 14. At the same time, the junction box 114
      receives monitor signals from power module systems and transmits them
      through the umbilical 112 to the control module vessel. The main signal
      channel within the sail is a branched cable bundle 116 which extends from
      the junction box 114 to various systems and mechanisms in the sail 82,
      flotation collar 60, and hull 68.
PAR  The foregoing description assumes that the control or monitor signals are
      channeled through an umbilical to and from a control vessel 16. It should
      be noted, however, that the power module vessel 14 is capable of operation
      as an independent vessel. In this mode, the sealed conning station 101 on
      the top of the sail 82 is activated by a portable, suitcase-type plug-in
      control and monitor unit 118. The control and monitor unit 118 plugs into
      the sail umbilical connector 110 as shown in the FIG. 10 or to a connector
      within the conning station itself which is in turn linked directly to the
      junction box 114. Signals to control the power module vessel thus
      originate at the conning station within the sail. The junction box routes
      necessary monitor signals to the portable suitcase unit for display. The
      portable suitcase unit has a definite advantage in that it eliminates the
      necessity of installing costly control and monitor circuits and devices in
      all of the power modules. A single suitcase module can be used with many
      power module vessels since the power modules are normally operated
      independently only in port for short runs to switch from one cargo vessel
      to another.
PAR  The box-like flotation collar 60 of the power module vessel 14 supports and
      stabilizes the hull in the water by maintaining the vertical orientation
      of the sail 82 which is slidably mounted in a central vertical channel 84
      in the collar. In addition to its stabilizing function, the flotation
      collar provides the means of interlocking the modular vessels of the
      system. Sets of cam-type intervessel couplers 120, FIGS. 3, 8 and 9,
      housed on each side of the collar 60 facilitate the interconnection of
      each power module vessel with the flotation collars of adjacent power
      module vessels and/or the side of the control module vessel 16. Two
      additional sets of cam-type locks 58 are housed in the forward face 122 of
      the flotation collar 82 adjacent to two vertical positioning channels 124.
      These forward intervessel lock sets working in conjunction with the locks
      64 of similar type housed in the hemispherical bow section 66 of the hull
      68 permit the power module 14 to be firmly connected to the stern of the
      cargo vessel 12. A recess 126 running along the upper forward edge of the
      collar 60 forms an abuttment which engages the ledge-like stop 128 on the
      stern 48 of the cargo vessel 12 which holds the two vessels in the proper
      relative vertical position when the locks are activated. All of the
      intervessel locks in the flotation collar are driven by mechanisms housed
      in the collar and powered via a floating cable from the junction box 114
      in the sail 82. The locks can be selectively remote-controlled from the
      control vessel 16, power module portable controls, or via manual crank or
      lever-type mechanical means through access ports in the deck of the
      flotation collar.
PAR  The deck area of the flotation collar 60 provides those fixtures which are
      required to operate the power module 14 as a sea-going vessel.
PAR  In addition to the intervessel locking system, the flotation collar 60 also
      houses automatic bilge pumps, maintenance lighting, ballast tanks with
      associated control valves and pumps and a system for mechanically changing
      the vertical position of the collar 60 on the sail 82. This latter system
      consists of power-driven pinions 108 (FIG. 10) in engagement with the
      previously described racks 106 mounted on the sides of the sail 82. The
      system functions to compensate for changes in relative buoyancy between
      the collar and the sail/hull assembly resulting from consumption of fuel,
      changes in hull and collar ballasts and intake of water to the hull and
      collar bilges. The capability of physically changing the relative vertical
      position of the collar on the sail is additionally necessary when the
      power module 14 is attached to the cargo vessel 12 to compensate for
      changes in cargo vessel longitudinal trim. The adjustment feature is also
      valuable to some extent in compensating for sea conditions during
      independent operations of the module and to facilitate the alignment and
      engagement of intervessel locks with mating mechanisms on adjoining
      vessels.
PAR  The flotation collar 60 as heretofore described is primarily a functional,
      mechanical assembly containing basic operating systems. In such a
      configuration it is desirable that unused space within the collar be
      compartmented and fitted with flotation material such as unicellular foam.
      Another embodiment of the flotation collar must be considered, however,
      which would meet the requirements of another operating mode of the cargo
      system. That mode being short haul operation in which a minimum of crew
      accommodations are required, such as coastwise navigation, allowing the
      control vessel 16 to be replaced by a fifth power module to increase the
      water speed of the system. In this configuration, one or more of the
      flotation collars on the power modules can be outfitted on the interior
      with minimum crew accommodations accessible from the deck through
      watertight hatches.
PAR  The control module vessel 16 is a self-contained module also capable of
      independent self-propelled operation, yet its primary intended use is that
      of being connected to the cargo unit vessel of this invention, as shown in
      FIGS. 1, 2 and 3, to provide overall control of the cargo transport system
      10. The central feature of the control vessel is a control and monitor
      complex through which it functions as the modulized bridge of a merchant
      ship. In this capacity the control vessel 16 directs and operates the
      unmanned, motorless cargo vessel 12 and the attached power modules 14 as
      an ocean going cargo system comparable in capability and function to a
      large conventional merchant ship.
PAR  The hull 128, shown to advantage in FIGS. 11 and 12, of the control module
      vessel is of simple flat-bottomed, flat-sided design with a simple
      contoured bow 130. In the example it is 42 feet long with an 18 foot beam.
      It should be noted that the power plant in the control module vessel 16
      driving screw 134 is not intended to contribute motive power to the cargo
      unit vessel 12 but only to provide propulsion for its own independent
      operation. Underway as an integral cargo system element, the control
      vessel receives electrical operating power from the generators aboard one
      or more of the power modules 14.
PAR  The umbilical cables 142 which interconnect the vessels of the composite
      cargo transport are, in the preferred embodiment, integrally connected to
      and housed in the control vessel. They can be reel-mounted or coiled below
      decks to provide protected storage and facilitate extension to the other
      vessels of the cargo system, as specifically shown in FIG. 2, through
      watertight apertures. Cable connectors 144 can be of the capped waterproof
      type and deck stowed. The cables connect within the control vessel to a
      master junction box (not shown) which appropriately routes control and
      monitor signals.
PAR  Control module vessel 16 has an elevatable bridge assembly 146 which
      provides good visibility to its operators at least comparable to the
      bridge of a conventional merchant ship. Extension of bridge 146 from its
      stowed position atop the cabin 152 is affected by hydraulic actuators 154.
PAR  For physical connection to the cargo vessel 12, the flat stern plates 138
      of the control module vessel interface with the flat vertical transom 54
      of the cargo unit vessel 12. Spaced coupling rails 62 (FIG. 7) mounted
      vertically on the transom mate with correspondingly spaced vertical
      channels 156 on the stern 138 of the control module vessel 16. Two massive
      rotative locking cams in each stern channel 156 are driven by an
      electrical or hydraulically powered mechanism to firmly engage locking
      grooves on the cargo vessel locking rails 62. A ledge-like overhang 158 at
      the upper edge of the cargo vessel transom 54 functions as a stop to limit
      the vertical travel of the cargo unit vessel's stern on the locking rails.
      When the cargo unit and control module vessels are properly positioned and
      locked together the ledge-like stop 158 is received in a complemented
      thwart-running channel 160 on the stern of the control vessel.
PAR  Thus the control module and cargo unit vessels are firmly locked together
      and essentially become a single unit until separated at the end of the
      voyage. As in the case of the power module vessel couplings, the locking
      mechanisms are sufficiently strong and so designed that once interlocked,
      even heavy seas will not cause relative movement between the two vessels.
      All the modulized units thus attached to the cargo vessel are then
      interconnected laterally, that is, with adjacent units to form a single
      rigid structure which effectively becomes part of the cargo vessel and
      forms the system of this invention. Thwart ship intervessel locks 162
      mounted in the sides of the control module vessel and anchored deep in its
      hull are identical to those in a flotation collars 60 of the power modules
      14. They are arranged in patterns on both sides of the hull 128 so as to
      mate with corresponding port and starboard power module vessel locks.
      Ideally, four of the massive cam-type locks are situated at each
      interface. All of the intervessel locks aboard the control vessel, those
      on the sides and those on the stern, are electrically or hydraulically
      powered for remote control from the bridge or by on-deck manual crank or
      lever operation. A detailed description of the intervessel locks is
      provided later in this text.
PAR  The control vessel 16 via umbilical cables provides system control signals
      through which the control vessel can individually or synchronously operate
      the engines, transmissions and steering of the power modules propelling
      the cargo vessel. A typical example of synchronous control is the
      generation of a single steering signal for control of the steering systems
      aboard all the power modules to operate their individual rudders 92 in
      unison. Power module system functions under the direct influence of the
      control vessel bridge complex include: engine start and stop, engine
      throttle, engine transmission mode, steering direction, electrical
      generation and storage system operation, ballast system pumps and valves,
      bilge pumps, and selective control of intervessel locks.
PAR  Semi-cylindrical cam couplers or locks of the type illustrated in FIGS. 9,
      13 and 14 are housed in the stern of the control vessel 16, in the forward
      face 122 of the power module flotation collar 60 and in the hemispherical
      bow section 66 of the power module vessel hull 68. These locks, each with
      complemental parts 58 and 64, are used to secure the detachable control
      module vessel and power module vessels of the system to the stern section
      of the cargo vessel 12. For the purposes of this description, these locks
      58 and 64 shall be called stern locks. The other cam-type couplers or
      locks employed in the system shown in FIGS. 9, 15, 16 and 17 are termed
      thwart locks since they laterally interconnect the power module vessels 14
      and control module vessel 16 once they are attached to the cargo vessel's
      stern section 48. The thwart locks employ disc-like cams.
PAR  Stern locks 58 and 64 comprise semi-cylindrical cams 164 mounted on
      rotatable shafts 166 within recesses 168 on either side of a positioning
      channel 94 and 124 in the vessel structure. Rotatable shafts 166 are
      driven through gearing 170 and 172 by an electric or hydraulic motor unit
      173.
PAR  The positioning channels 156 (FIG. 11) housing the locks on the control
      module vessel stern 138, and the positioning channels 124 in the forward
      faces 122 of the power module flotation collars 60 receive the vertical
      locking rails 62 (FIG. 7) on the transom 54 of the cargo vessel stern
      section 48. The positioning channels 94 in the bows of the power module
      hulls 68 receive locking rails 63 on the trailing edges of the skegs 56
      mounted on the inclined bottom 52 of the cargo vessel stern section 48.
      All of the locking rails 62 and 63 are sculptured on either side with
      vertically running rounded grooves 174 (FIGS. 13 and 14). When the vessels
      are brought together in positional registry the semi-cylindrical cams 164
      of the locks housed in the recesses 168 on either side of the positioning
      channels 94 and 124 are made to rotate on shafts 166 into the grooves 174
      in the locking rails 62 and 63 to effect the locking engagement. As shown
      in FIG. 14, the openings of the cam recesses 168 and the locking rail
      grooves 174 are relatively offset and the cams 164 are mounted
      eccentrically. Thus as a cam 164 is rotated into a groove 174 its outer
      curved surface 176 engages the interior surface 178 of the groove 174 such
      that the farther it is rotated in a locking direction, the tighter it
      wedges and tends to force the vessels closer together. The flange 180 on
      the innermost edge of the opening of the cam recess 168 operates as a
      two-way stop. It prevents overdriving cam 164 when locking, and stops the
      cam 164 when disengaging the lock in a position that will note
      interference with separation of the locking rails 62 and 63 from the
      positioning channels 94, 124.
PAR  In the preferred embodiment, sets of four thwart lock components 120 (FIG.
      9), 162 (FIG. 11) are installed on each side of the power module flotation
      collar 60 and on each side of the control vessel hull 128. The four
      components in a set are arranged in a complemental matching pattern such
      that the starboard side lock component of any power module vessel or the
      control module vessel will couple with the lock components on the port
      side of any other such vessel. In FIG. 9 the thwart lock devices shown are
      representative of the lock arrangement on both sides of the flotation
      collars 60 and on both sides of the control vessel hull 128. As with the
      stern locks, the thwart locks can be selectively controlled either from
      the control vessel 16 or by portable control from a power module 14.
      Manual operation of the locks is also possible by mechanical crank or
      lever means through on-deck access ports.
PAR  The female or socket component 182 of each lock, shown in FIGS. 9, 15, 16
      and 17, has a curved recess 184 with an entrance 186. The recess 184 lying
      behind protrusions 188, receives the semi-circular disc cam 190 of the
      complemental lock component 192. The cam 190 is mounted on a rotatable
      shaft 194 in a recess 196 in the side 198 of the vessel. The shaft 194 is
      driven through a gearing 200 by an electric or hydraulic motor unit 202.
      The cam disc 190 includes raised members 204 on each side of the central
      disc portion 206 which, when the lock halves 182 and 192 are aligned and
      positioned face to face, are rotated into the female recess 184 behind the
      protrusions or shoulders 188, thereby effecting locking engagement. Note
      that the leading edge portion 208 of both raised members 204 of the cam
      190, that portion that enters the female recess 184 first, has a chamfered
      area 210 on its top surface and another chamfer 212 on its inside curved
      surface 213. These chamfers on the raised members 204, along with the
      acute rounding 214 of the ends of the retaining fixtures 188 of the female
      lock half 182 insure that the cam 190 will easily enter and rotate into
      the recess 184. The cam and recess are engineered for tight fit, however,
      and as the end surfaces 216 of the raised members 204 abut the limiting
      surfaces 218 inside the recess 184, the concave inside surfaces 213 of the
      raised members 204 wedge tightly against the convex inside surfaces 220 of
      the retaining fixtures 188. Thus, the two detachable elements of the
      systems are locked together laterally.
PAR  The previously described cargo unit vessel 12 provides a hull 18 which can
      be adapted to any of the variety of merchant ship configurations. Power
      for the onboard systems for almost any configuration to which the hull 18
      is adapted can be supplied by an onboard diesel auxiliary power unit or by
      umbilicals from the control vessel 16 or a power module 14, or both. Some
      systems require only dockside power for on and off-loading operations such
      as for power doors and hatches, elevators, winches, derricks and cranes.
      Onboard lighting, ballast, and bilge pumping systems and seawater fire
      extinguishing systems are of conventional type and can be modified and
      adapted to meet any of these requirements. Any conventional stabilizing
      system to reduce rolling at sea, such as of the underwater fin type, can
      be adapted to the hull. Likewise, in-hull underwater thrusters (sides, bow
      and stern, if desired) for tight maneuvering can be adapted with or
      without the power module vessels operative. Navigation lighting and ondeck
      hardware for mooring and securing purposes can be of any standard type.
PAR  The traditional general cargo ship has been and still is the most common
      merchant ship configuration. It is used to carry package goods and
      freight, that is, items that are contained in packages of all sizes or
      that form a package in themselves. This ship configuration is
      characterized by individual compartments or holds with a separate hatch
      over each. Cranes or derricks mounted on the deck between the holds are
      used for on and off-loading. Among it applications, the cargo unit vessel
      18 of this invention, having a constant rectangular cross-section between
      the bow and stern sections 26 and 48 respectively, is ideal for general
      cargo ship application. Watertight bulkheads spaced at intervals along the
      length of the hull divide the cargo area into a series of identical
      perfectly rectangular holds in which there is no lost space due to
      curvature or incline of the hull. Loading and unloading operations are
      unhampered by above-deck superstructures. Hatches, winches, cranes, and
      derricks are powered from an onboard auxiliary power unit, dockside power,
      or from a power module by umbilical.
PAR  Traditional general cargo ships as just described are declining in use,
      however, due to high operating costs resulting from the time and labor
      required to load and unload a mixture of items of varying shapes and
      sizes. They are being replaced by container ships which are specially
      designed to carry standard 8 foot .times. 8 foot .times. 20 foot or 8 foot
      .times. 8 foot .times. 40 foot cargo containers. The container ship is
      extremely economical to operate since it requires only a few men, a short
      time to on and off-load using power equipment specifically designed to
      handle standard size cargo containers. In a container ship, the individual
      hatches and holds and the derricks which service them are eliminated. The
      container ship hull is simply an enormous warehouse divided into cells by
      vertical guide rails within which the cargo containers are stacked. Since
      the cargo containers are rectangular, their adaptation to the perfectly
      rectangular cargo section of the hull of the present invention is a simple
      matter. The containers can even be stacked more efficiently than in the
      conventional container ship since there is no space lost due to hull
      curvature or incline. Since most port facilities as common practice on and
      off-load container ships using giant dockside cranes, virtually no powered
      onboard systems for on and off-loading are required in this hull
      configuration.
PAR  Deep-drafted container ships presently in operation are nominally 700 feet
      long, do about 22 knots, carry a crew of 25 and transport approximately
      1,200, 20-foot containers at one time. A composite cargo transport of the
      present invention in a container ship configuration, in the 635 foot by
      105 foot by 34 foot hull embodiment of the cargo unit vessel, will
      comfortably carry 1,380 20-foot containers (23 long by 10 wide stacked 6
      deep). It will operate efficiently at speeds in excess of 20 knots and
      with a crew of just seven. Moreover it will safely move into extremely
      shallow ports. The economic benefits will be evident.
PAR  Another type of cargo vessel to which the cargo hull of the present
      invention is ideally adapted is the roll-on, roll-off ship configuration.
      Like the container ship the cargo is unitized, that is, is made up of
      individual cargo packages or containers of relatively standard size. The
      roll-on, roll-off ship receives such cargo unit containers mounted on
      wheels, motor vehicles or any other cargo that can be rolled aboard. The
      roll-on cargo unit is driven aboard or on-loaded through side or stern
      openings and then by way of ramps and elevators to assigned places on
      higher or lower decks. Most common of the roll-on, roll-off ships are
      automobile carriers.
PAR  The interior of the roll-on, roll-off ship hull is divided into a number of
      deck levels interconnected by ramps and elevators. The uninterrupted
      rectangular box shape of the cargo unit vessel hull of the present
      invention lends itself ideally to this adaptation since decks, ramps,
      elevators, and support systems can be fitted with less cutting and fitting
      than is required in a conventionally contoured ship's hull. The cargo
      vessel hull size specified in the preferred embodiment of the invention
      described herein provides speed and carrying capacity more than comparable
      to existing roll-on, roll-off ships of slightly larger size (nominally 700
      feet in length).
PAR  LASH [or Lighters (barges) Aboard Ship] vessels are very similar in concept
      to the container ships in that the 60-foot lighters are stacked within the
      hull in layers to a height above the deck. The lighters are normally
      loaded at upriver ports with any kind of cargo and then towed downriver by
      tug to the seaport where they are lifted aboard the LASH ship as a cargo
      container. LASH ships normally unload in river ports from which their
      lighters are towed upriver. However, the relatively shallow draft of the
      cargo unit vessel of the present invention lends itself ideally to the
      shallow-water river operations replacing the need for special LASH type
      merchant carriers.
PAR  The uninterrupted box-like simplicity of the hull 18 of the cargo unit
      vessel 12 also lends itself for adaptation to the entire spectrum of uses
      for conventional merchant ships classed as bulk carriers. These include
      dry bulk carriers which transport ore, grain, fertilizer or any cargo that
      can be piled loose into a hold; the O/O carriers which haul either ore or
      oil; and the O/B/O ships which haul ore, light bulk cargo such as grain or
      fertilizer, or oil. These vessels are simply large cargo containers and
      require a minimum of onboard powered systems or complex hardware.
      On-loading and off-loading of these vessels is normally accomplished using
      dockside equipment and power.
PAR  Just as the improved transport of the invention is readily adapted to most
      merchant ship applications, it is also readily adapted to applications to
      carry petroleum products or any other liquid cargo such as liquid natural
      gas, molasses, vegetable oils and wines. Tanker hulls are divided into
      giant tank cells with elaborate plumbing for one and off-loading and
      inter-tank transfer. In conventional petroleum and natural gas tankers the
      superstructure and engine room is set far aft to reduce the danger of fire
      and explosions. From this it can be seen that the detachable remote power
      modules of the present invention are ideal for tankers designed to carry
      flammable and explosive cargoes. The tanker version of the cargo vessel of
      this invention requires virtually no powered systems relative to cargo on
      and off-loading or transfer.
PAR  No configuration or commercial vessel has undergone more change in recent
      years than the tanker which in its most prominent role carries crude oil.
      Technological changes have been significant, however, these have been
      overshadowed by changes in size; from large to gargantuan. The tremendous
      size of the supertankers has dramatically reduced the cost of shipping
      petroleum and revolutionized shipbuilding concepts.
PAR  Modern supertankers are typically 1,100 feet long, 175 feet wide, 105 feet
      deck to keel with a 70-80 foot draft. The vessels can carry 375,000 tons
      of crude oil and their problems are commensurate in magnitude with their
      enormous size. Among the most prominent of these problems is the cost of
      producing one unit one-fifth of a mile long with engines developing 40,000
      horsepower, dozens of complex ancillary systems and accommodations for a
      crew of 40. Its exaggerated draft bars it from virtually every existing
      port in the world and necessitates the development of deepwater pumping
      anchorages miles at sea. It takes the engines over an hour at full power
      to push the loaded vessel to its 15 knot cruise speed at which it produces
      a 12 foot drag-producing bow wave. It takes 23 minutes and 3 miles with
      the engines in full reverse to bring the same loaded vessel to a complete
      stop, and maneuverability is virtually nonexistent. It takes a 20,000
      gallons per minute pumping rate with back-up seawater ballast pumping,
      both controlled by a computer which monitors internal hull stresses, more
      than 4 days of nonstop pumping to on or off-load the vessel while its
      machinery and crew stand idle. And last but certainly not least, the
      specter of ecological disaster sails with each supertanker.
PAR  A cargo hull of the type described by the present invention, sized and
      configured as a shallow-drafted supertanker, would be somewhat less
      expensive to build than its conventional counterpart due to the
      elimination of engines, full tanks, steering, crew accommodations and many
      complex systems. The vessel would be powered by the standard sized
      detachable power module vessels 14 described herein. Six of the modules
      would generate 42,000 horsepower, more than adequate power for the vessel
      according to existing supertanker requirements. In tight maneuvering
      situations one or more of the power modules can be detached and reattached
      along the hull to act as thrusters. As previously noted, detachable power
      modules vessels external to the vessel's hull are a particularly desirable
      feature in a tanker configuration where the danger of fire and explosion
      is more prevelant than in any other type of vessel.
PAR  The control vessel for the supertanker would of necessity be of unique
      design incorporation not only control and monitor systems for the power
      modules, but also all of the unique systems functionally required for the
      operation of a tanker-type vessel of super size. The control vessel would
      be umbilically linked to the tanker and would computer monitor the
      internal hull stresses present when carrying great loads. The control
      vessel would also control and monitor liquid cargo and seawater ballast
      pump and valve systems and seawater systems for firefighting and tank
      cleaning. A system for channeling diesel engine exhaust to the tanker for
      purging of petroleum cells, to reduce the chance of explosion during
      cleaning, can also be controlled by the control vessel.
PAR  The relatively shallow draft of the supertanker configuration of the
      present invention would, of course, yield relatively less net tonnage than
      a conventional supertanker. However, some of the net tonnage lost through
      reduction in hull depth would be offset somewhat by net tonnage gained
      through revenue utilization of space normally occupied by engines, fuel
      tanks and crew accommodations. The overall loss of net tonnage in the
      shallow drafted supertanker is also largely offset, by the ability of the
      vessel to use most existing ports and port facilities. It is also
      estimated that the shallow drafted supertanker hull powered by six power
      modules and utilizing the previously described special bow would be
      capable of speeds comparable to its conventional counterparts.
PAR  As mentioned, loading and unloading of a supertanker idles the ship and
      crew for more than four days at each end of a voyage. This factor can be
      considerably reduced with a supertanker system of the present invention.
      The crew, who live and work primarily on the control module vessel end
      power module vessels of the composite transport can deliver an empty or
      full cargo unit tanker vessel to its destination, detach, and immediately
      reconnect to a similar vessel, full or empty waiting to be moved. The turn
      around time would be the less than full day required to refuel and
      reprovision. The resulting time savings would be seven days per round
      trip.
PAR  Another area of possible time reduction results from the shallow draft
      feature of this invention which allows the vessel to enter port and moor
      at dockside where a massive onshore pumping system can be brought to bear
      for loading and unloading. With deepwater pumping anchorages miles at sea,
      this type of pumping may not be possible. Chances of oil spill is also
      substantially reduced with dockside pumping and those which do occur are
      considerably easier to control.
PAR  The substantially uniform basically rectangular cross section extending the
      full length of the midship's cargo section of the cargo unit vessel hull
      18 also permits consideration of an alternate functional embodiment of the
      hull configuration. This embodiment comprises segmenting the midship
      section of the hull to yield interchangeable, interlocking hull sections
      65 as shown in FIG. 1, each nominally 150 feet long in the illustrated
      case. The sections, completely watertight, can be individually loaded at
      various dock facilities, each for a specific future port of call, and then
      be rigidly interconnected with watertight bow and stern sections 26 and 48
      respectively to form a complete cargo hull ready for ocean passage. As
      successive ports along the route of the vessel are called upon, cargo
      segments, loaded specifically for their respective ports, are disconnected
      from the hull system and replaced by preloaded (or empty) segments
      destined for projected ports of call.
PAR  Any suitable coupling devices may be employed for detachably
      interconnecting the hull segments and the hull end segments to the bow and
      stern. Also any different locking mechanisms can be employed in the
      couplings. Saltwater ballast systems in each hull segment facilitate
      segment alignment during connecting and disconnecting of the segments.
PAR  It will therefore be seen that the invention provides an improved ocean
      going composite cargo transport of efficient versatile characteristics
      suiting it for substantially any kind of service now being provided by
      large conventional ships, container ships, roll-ons, roll-off ships,
      lighter onboard ships and tankers of various types. Moreover, the improved
      transport system lends itself to various means of propulsion and control
      including a preferred means herein disclosed as part of the present
      invention. It is not intended that the novel concepts disclosed be limited
      in form to the specific details of the illustration and description of the
      preferred embodiment, but can assume a number of different forms within
      the intended scope of the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ocean going cargo transport comprising a cargo vessel hull having an
      elongated generally flat-bottomed midship section, and stern and bow
      sections joined to the respective aft and forward ends of said midship
      section, and propulsion means operable to propel said hull at cruising
      speed, said midship section having substantially vertical sides extending
      downwardly substantially to the plane of its bottom, said bow section
      having upright sides merging with the respective sides of said midship
      section, converging together forwardly therefrom, and sloping laterally
      outward and upward to form a tapered bow with outward flare, said bow
      section having a bottom comprising a submerged forwardly projecting
      substantially horizontal bottom panel which in planform has side edges
      that extend generally forwardly in substantial alignment with the sides of
      the midship section, said submerged bottom panel being cantilevered from
      the hull and having a substantially flat horizontal bottom surface
      generally coplanar with the midship section bottom, said panel having a
      substantially flat horizontal top surface, the forwardly projecting length
      and vertical thickness of the bow bottom panel being predetermined to
      create a wave ahead of the bow during forward cruising speed of the
      vessel, the trough of which wave is presented to the converging sides of
      the bow.
NUM  2.
PAR  2. The cargo transport defined in claim 1, and propulsion means comprising
      at least one propulsion module vessel detachably connected to the stern of
      the cargo vessel hull and itself comprising an independent seaworthy
      vessel when detached from said hull.
NUM  3.
PAR  3. The cargo transport defined in claim 2 wherein the bow bottom panel in
      platform has a forward leading edge curved convexly across the width of
      the bottom panel.
NUM  4.
PAR  4. The cargo transport defined in claim 3 wherein in planform the leading
      edge curvature of the bottom panel approximates a circular arc.
NUM  5.
PAR  5. The cargo transport defined in claim 4 wherein the bow section includes
      concave fillet plating in the juncture between the top surface of the
      bottom panel and the bow sides.
NUM  6.
PAR  6. The cargo transport defined in claim 1 wherein the propulsion means
      comprises a plurality of propulsion module vessels detachably secured to
      the stern section of the vessel hull at spaced locations across the width
      of the hull to push the same forwardly, said propulsion module vessels
      being detachably secured to each other in side-by-side relationship and
      when detached from the vessel hull constituting an independent seaworthy
      means of transportation for crew members.
NUM  7.
PAR  7. The cargo transport defined in claim 6 wherein the stern section of the
      vessel hull has a bottom merging with the flat bottom of the midship
      section and sloping upwardly to the aft end of the stern section, said
      upwardly sloping bottom having a plurality of skegs thereon with upright
      trailing edges to which the propulsion module vessels are detachably
      secured.
NUM  8.
PAR  8. The cargo transport defined in claim 6 and a separate control module
      vessel detachably secured to the stern section of the vessel hull and
      including control means with connecting elements extending between said
      control module vessel and the propulsion module vessels to permit
      controlling the latter from said control module vessel.
NUM  9.
PAR  9. The cargo transport defined in claim 8 wherein the control module vessel
      includes a variably elevatable helm house mounted thereon with monitor and
      control means therein to permit monitoring and controlling operation of
      the cargo transport from a selectively elevated vantage point.
NUM  10.
PAR  10. The cargo transport defined in claim 6 wherein the control module
      vessel is stationed between propulsion module vessels and is detachably
      secured thereto in side-by-side relationship, said control module vessel
      including a helm house thereon with monitor and control means therein for
      the propulsion module vessels, and means on the control vessel operable to
      variably elevate said helm house above vessel hull to afford navigational
      visibility.
NUM  11.
PAR  11. The cargo transport defined in claim 2 wherein the propulsion module
      vessels each comprise an elongated submerged torpedo-shaped horizontally
      disposed drive unit having propulsion and steering elements thereon,
      streamlined housing means projecting upwardly to above water level from
      the top side of said drive unit, and flotation collar means at least
      partially surrounding said housing means at a location intermediate the
      top and bottom thereof providing flotation and stabilization of the power
      module vessel when detached from and operated independently of the cargo
      transport vessel hull.
NUM  12.
PAR  12. The cargo transport defined in claim 11 including detachable coupling
      means situated forwardly on the flotation collar means and complemental
      coupling means engageable therewith on the stern of the cargo vessel hull.
NUM  13.
PAR  13. The cargo transport defined in claim 12 wherein the power module
      vessels further each include coupling means on at least one laterally
      facing side of the flotation collar means adapted for detachable
      securement to complemental coupling means on the flotation collar means of
      an adjacent propulsion module vessel likewise detachably coupled to the
      cargo vessel hull stern.
NUM  14.
PAR  14. The cargo transport defined in claim 13 wherein the cargo vessel hull
      stern section has a bottom merging with the bottom of the midship section
      and sloping upwardly therefrom to the aft end of said stern section, said
      stern section having a plurality of upright skegs located thereon at
      spaced intervals across the width of the stern section, said skegs having
      upright trailing edges with detachable coupling means thereon, and said
      propulsion module vessels each having on their respective drive units
      detachable coupling means complemental to the first-mentioned coupling
      means, for interconnecting the drive units with the respective skegs.
NUM  15.
PAR  15. The cargo transport defined in claim 12 wherein the upright housing of
      the power module vessel is adjustably movable vertically in and relative
      to the flotation collar means and the drive unit and skeg coupling means
      permit relative vertical movement between each such drive unit and skeg to
      vary the depth of submersion of the drive unit below the flotation collar
      means, hence in relation to the cargo vessel hull.
NUM  16.
PAR  16. The cargo transport defined in claim 12 including means to adjustably
      vary the depth of submersion of the drive unit in relation to the cargo
      vessel hull.
NUM  17.
PAR  17. The cargo transport defined in claim 14 wherein detachable coupling
      means comprise rotary lock elements and complemental socket elements.
NUM  18.
PAR  18. An ocean going cargo carrier comprising an elongated cargo vessel hull
      having a bottom which is substantially flat across substantially the full
      width of the hull and extends forwardly substantially to the forward
      bottom extremity of the hull, the sides of the hull extending upwardly
      substantially from the level of the hull bottom to form a generally
      rectangular hull cross section over the major portion of its length in the
      waist to a location displaced aft of said forward bottom extremity by a
      small fraction of the hull length, at which location said sides converge
      forwardly and undergo outward and upward slope to form an outwardly and
      forwardly flared bow, said flared bow having a central forward end at its
      top which substantially directly overlies said forward bottom extremity,
      and said flared bow further having a central forward end at its bottom
      which lies aft of said forward bottom extremity, and substantially
      horizontal panel means having a generally flat bottom surface
      substantially coplanar with the hull bottom, extending across
      substantially the full width of the hull and projecting forwardly from the
      bottom of the flared bow in substantially congruent relationship with the
      forward end of the hull, said panel means having an upper surface spaced
      above its bottom surface a small fraction of the height of the hull at the
      bow thereof, said panel means and hull bottom forward end being
      interconnected at least partially around their commonly congruent
      perimeter so as to form a forwardly projecting cantilevered bottom panel
      at the bow end of the vessel submerged at all loadings of the vessel and
      operable by producing a separate bow wave ahead of the flared bow to
      reduce hull drag and protect the hull bow during cruising in heavy seas.
NUM  19.
PAR  19. The ocean going cargo carrier defined in claim 18 wherein the hull
      bottom slopes upwardly to the stern end thereof from a location displaced
      a small fraction of the length of the hull forwardly of said stern end.
NUM  20.
PAR  20. The ocean going cargo carrier defined in claim 19 wherein the sloping
      bottom portion at the stern of the vessel hull has a plurality of upright
      longitudinally extending skegs positioned at spaced intervals across the
      width of the vessel hull.
NUM  21.
PAR  21. The cargo carrier defined in claim 20, and a plurality of power module
      vessels operable to propel the cargo vessel hull, detachably connected to
      said hull at selected stations abreast spaced across the stern of said
      hull, and wherein the cargo vessel hull has a generally flat and
      uninterrupted open upper deck upon which to store cargo, and substantially
      uninterrupted internal hold space beneath said upper deck for stowage of
      cargo.
NUM  22.
PAR  22. The cargo carrier defined in claim 21 wherein the cargo vessel hull is
      sectioned lengthwise thereof, by transversely disposed divider walls, each
      such section comprising a watertight enclosure detachably coupled to one
      or more adjacent sections so as to form a composite elongated hull of said
      sections connected in series arrangement.
NUM  23.
PAR  23. A vessel hull comprising, in combination with a bow portion thereof
      including forwardly convergent sides joined to a generally horizontal
      bottom, a generally horizontally disposed wave-making plate, of a
      thickness a small fraction the height of the bow portion positioned
      generally coplanar with and forwardly of the hull bottom, said plate
      having a forward edge portion forwardly convexly curved in plan, said
      plate extending aft therefrom and laterally outward symmetrically from the
      longitudinal centerline of said hull, and faired stiffener means joined to
      the bow portion structurally supporting said plate in said position, said
      strut means being formed and located for permitting water flowing
      relatively aft over the plate to diverge outwardly into parallel laminar
      flow relative to water flowing past the hull portion, whereby water
      flowing relatively aft over the top of said plate forms a separate bow
      wave effectively reducing the drag of the bow portion and wave impact on
      the bow portion.
NUM  24.
PAR  24. The combination defined in claim 23, wherein the plate is joined at its
      after end portion to the hull portion sides adjacent the chine of the
      hull.
NUM  25.
PAR  25. The combination defined in claim 24, wherein the bow portion is pointed
      above water level and the stiffener means is wedge-shaped in horizontal
      section, having an upright forward apex continuing vertically into the
      upper portion of the bow point and having upright sides which diverge
      rearwardly and form a filleted juncture with the bow portion sides.
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ABST
PAL  A marine transport system encompasses at least three ports. A plurality of
      modular hold units are releasably engageable with any one of a plurality
      of vessels and are so sized that, when loaded with cargo, each hold unit
      consumes a substantial fraction of the load-carrying capacity of any one
      of the vessels. A dock facility is located in each port for supporting a
      hold unit, independently of any of the vessels, so that cargo can be
      worked into and out of the hold unit through at least one side of the hold
      unit. The hold units are loaded into and removed from the docks by
      ballasting a vessel up or down into or out of load-transferring relation
      to a hold unit. Each vessel is arranged to operate normally only between
      two adjacent ports in the system. To move a hold unit between two
      non-adjacent ports, the hold unit is transferred by use of the
      corresponding dock facility, from vessel to vessel at each intermediate
      port so as to be passed from vessel to vessel.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 187,537 filed Oct. 7, 1971, which application was filed as a
      continuation-in-part of prior (now abandoned) application Ser. No. 794,938
      of Jan. 29, 1969. This application describes the same subject matter as is
      described in one or both of its predecessor applications. U.S. Pat. No.
      3,793,974 has been issued upon application Ser. No. 187,537.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to marine transport systems and to procedures and
      structures in furtherance thereof. More particularly, the invention
      relates to a marine transport system in which modularization of cargo
      holds, docks, and transport vessels is maximized, the cargo holds
      preferably defining the entire cargo carrying capacity of a given vessel
      in the system and being interchangeable between vessels.
PAC  BACKGROUND OF THE INVENTION
PAC  THE STATE OF THE ART
PAR  At the present time, transport of cargo by water is, as a general rule, the
      most economical mode of transport available. In many instances, however,
      the cost differentials between sea and land transport, or between sea and
      air transport, in combination with the time differentials similarly
      involved, render land or air transport preferable to sea transport. If the
      cost of sea transport can be substantially reduced, the use of sea
      transport in preference to land or air transport would be increased to the
      advantage of the substantial maritime investment in the nation, as well as
      to the long term military advantage of the country.
PAR  The most significant single factor contributing to the total cost of
      transport of goods and materials by sea lies in cargo-handling expense. In
      break-bulk shipment of cargo by sea, wherein individual containers or
      small combinations or pallets of individual boxes, bags or other
      containers are loaded separately onto the transport vessel, manual
      handling of cargo occurs at many different points in the shipping process.
      In break-bulk shipment procedures, cargo is manually assembled and
      classified at a warehouse such as a manufacturers' warehouse or cartage
      broker's warehouse. Next the cargo is transferred to surface transport
      vehicles, another cargo handling operation, for transport to a transit
      shed located in the dock area. Upon arrival of the vehicle at the transit
      shed, the cargo is again handled as it is transferred from the vehicle to
      storage locations in the transit shed. Subsequently, the cargo is
      transferred from the transit shed to dockside; in this process, the cargo
      is handled both upon removal from the transit shed and upon deposit at
      dockside. Still later, the cargo is removed from dockside to the cargo
      hold of the ship by the use of the cargo handling gear located either at
      dockside or upon the vessel; this procedure involves two additional cargo
      handling operations. Upon deposit of the cargo within the vessel, it is
      frequently moved within the vessel by stevedores since the cargo handling
      gear of a conventional shelterdeck vessel, for example, does not provide
      access to all cargo stowage locations of the vessel. Upon arrival of the
      vessel at its destination, a reverse cargo handling procedure is involved.
      Therefore, it is seen that approximately sixteen separate cargo handling
      procedures are involved in the marine transport of cargo from original
      source to ultimate destination. Each cargo handling operation involves
      manual labor performed with or without the assistance of mechanized cargo
      handling devices. It is well known that labor cost, rather than equipment
      cost, is the single most expensive item in any process performed
      practically anywhere in the world at the present time, particularly so in
      the U.S.
PAR  In view of the above-described uneconomical characteristics of break-bulk
      cargo handling procedures, and in an effort to reduce the overall cost of
      marine transport, advances in the containerization of cargo have been
      realized in the U.S. as well as abroad. By these advances, the cargo
      handling process from manufacturer's warehouse to ship and from ship to
      destination warehouse has been simplified by the elimination of the
      transit shed. In this process, cargo is transferred directly from the
      manufacturer's warehouse, e.g., to dockside in a container which
      conventionally is the cargo van of a tractor-drawn cargo trailer
      (semi-truck trailer), the van being removable from its supporting wheels
      in the most advanced containerization operations presently in commercial
      use. These truck vans ultimately are loaded directly aboard the vessel,
      but in the interim between dispatch from the manufacturer's warehouse and
      loading aboard ship or barge, the vans must be assembled in a staging area
      adjacent to dockside from which they are later moved to the vessel.
      According to current containerization practices, cargo handling procedures
      involving manual labor occur fourteen times, as opposed to sixteen times
      with break-bulk cargos, in transport of a given item of cargo from
      manufacturer's warehouse or the like to destination warehouse. The basic
      practical advantage over break-bulk cargo handling techniques of
      containerization systems of the type described above is the reduction in
      the extent to which individual cargo packages are handled. That is,
      greater quantities of cargo are dealt with in each cargo handling
      operation with the result that handling costs per individual commercial
      unit of cargo are reduced to a greater extent that the reduction in the
      total number of cargo handling operations involved.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a unique and highly efficient marine transport
      system which takes utmost advantage of the structures and methods
      described in my prior U.S. Pat. Nos. 2,371,149 and 3,139,197 and
      3,349,742, if desired.
PAR  My prior U.S. Pat. Nos. 2,371,149 and 3,139,197 describe marine transport
      structures in which containerization of the cargo is maximized in that the
      vessel described in each of these patents features a cargo hold volume
      which is detachable as a unit from a self-propelled buoyant base which is
      basically the machinery and non-cargo-carrying aspect of a marine vessel.
      These prior patents teach that the cargo hold unit may be transferred to
      or received from a suitable dock structure, configured to cooperate with
      the hold unit, merely by ballasting the vessel per se into and out of
      mating engagement with the cargo hold unit. In practical effect, then, the
      cargo hold unit functions much like a movable transit shed or warehouse,
      reference in this respect being had to the foregoing description of
      conventional break-bulk cargo handling techniques; it will be understood,
      however, that the cargo hold unit does not comply with the technical
      definition of a transit shed as concerns aisle spaces and the like.
      Therefore, in a complete routing of cargo pursuant to the system
      contemplated herein, cargo is handled once to transfer cargo from a
      manufacturer's warehouse to a surface vehicle, a second time to transfer
      the cargo from the vehicle to the cargo hold unit, and twice again in the
      transfer of the cargo from the hold unit to a surface vehicle at the
      destination port and from the surface vehicle to the destination
      warehouse; in total, then, the present cargo handling system contemplates
      only four cargo handling operations in which manual effort is involved to
      any significant respect. In the system provided by this invention,
      handling costs attendant to transfer of a hold unit to or from the transit
      vessel involves minimum personnal and manual effort and is, therefore,
      insignificant in terms of contribution to the total cost of shipment of
      cargo by this system.
PAR  In addition to the foregoing direct cost saving advantages provided by this
      invention, additional advantages are obtained in that, by maximizing the
      volume of the container (the hold unit may be regarded as the ultimate
      container) to a degree far beyond that contemplated by existing
      containerization systems, the cost of the container per ton of cargo
      capacity is considerably lower than the corresponding cost associated with
      existing truck-type container modules. Further, inasmuch as the time
      involved in transferring the hold unit to a vessel like those described in
      the earlier two of my three above-mentioned patents is small, the vessel
      contemplated by this system is in productive motion from port to port for
      a considerably greater percentage of its useful life than is a container
      vessel of the type presently enjoying commercial exploitation.
PAR  The basic element or module of the present marine transport system is the
      ship-size container or cargo hold unit. The hold unit is standarized
      (i.e., modularized) in certain of its basic external dimensions and
      configurations, but its internal structure and remaining external features
      may be varied to accord with the specific requirements of particular
      commodities and cargo types. That is, while a cargo hold unit specifically
      tailored for use in shipping newsprint, for example, may appear externally
      to be essentially identical to a cargo hold unit tailored specifically for
      the transport of, say, bananas, internal cargo handling devices and
      environmental control facilities would be markedly different between these
      two basic containers. If desired, a cargo hold unit for use in a system of
      this invention may be constructed essentially as an automated warehouse
      for essentially automatic receipt and discharge of individual cargo units.
PAR  Further, the system contemplated by this invention permits variation in the
      design and outfitting of the vessels of the system to comply with the
      requirements of the ports between which they would normally operate, and
      also to conform to the particular sea-keeping criteria pertinent to the
      routes along which the particular vessels would normally be operated. In
      this regard, it is a feature of this invention that a given transit ship,
      especially where this invention serves commercial rather than military
      purposes, would run cyclically between two adjacent ports, say, from Los
      Angeles to San Francisco, Calif., and that a separate vessel would be
      operated on a shuttle route between San Francisco and Portland, Ore., for
      example. In essence, then, the system of this invention contemplates that
      individual transit vessels would merely cycle back and forth between
      adjacent ports on a particular shipping route, whereas the cargo hold
      units may be moved serially along a greater route from port to port,
      picking up or discharging cargo in each port as desired. Such usage of a
      given transit vessel between only two specified ports has significant and
      substantial benefits in terms of shipboard operating personnel; ship crews
      may spend most of their nights ashore rather than aboard ship, thereby
      permitting a simplification of the crew facilities aboard the transit
      vessel and providing a substantial net reduction in operating cost to the
      ship owner.
PAR  Further, the system of this invention contemplates the use of specially
      designed in-port vessels suited for receiving a cargo hold unit from a
      transit dock facility located in an outer harbor, for example, to a
      working dock facility located at the inner harbor, at which location cargo
      is actually worked, i.e., taken from or placed in the individual cargo
      hold unit. The in-port transit vessel may have propulsion machinery
      designed to produce a highly maneuverable, but rather low speed vessel,
      whereas the port-to-port transit vessels may be designed and equipped for
      maximum speed and sea-keeping ability, but only nominal maneuverability.
      The transfer dock facility which forms the interface between the
      port-to-port transit vessel and the in-port transfer vessel preferably is
      located at the outer harbor of a given port and is configured to permit
      economic usage thereof by both the transit vessel and the in-port vessel.
      The working dock facility at any given port need only be configured to
      mate with a particular in-port vessel and the standarized, molularly
      designed cargo units. In-port vessels and tranfer docks of the type
      contemplated above are described in my U.S. Pat. No. 3,793,974.
PAR  In the present system, therefore, it is seen that the cargo hold unit is
      the basic module involved, and that the transit vessels, in-port vessels,
      and the transfer dock and the working dock facilities are all
      cooperatively structured and arranged to cooperate with the cargo hold
      unit but may otherwise be varied in structure, proportions and arrangement
      to meet the peculiar limitations imposed by their own environment and
      specific use.
PAC  GENERAL RESUME OF CLAIMS
PAR  Generally speaking, in terms of a marine transport system, this invention
      includes, in combination with each other, a plurality of modular cargo
      hold units and plurality of self-propelled shuttle vessles. The system
      encompasses an overall route which is composed of a plurality of
      subroutes. The subroutes are substantially serially connected. Each
      subroute is defined to exist only between two adjacent ports in the
      system; the overall route of the system encompasses at least three ports,
      so there are at least two subroutes in the system. The number of shuttle
      vessels is large enough so that there is at least one shuttle vessel for
      each subroute. The shuttle vessels are provided for moving the hold units
      between the several ports of the system as desired.
PAR  The modular hold units are generally of uniform external configuration and
      dimensional arrangement over at least the lower portions thereof. The
      shuttle vessels are arranged to mate with any one, and at least one of the
      hold units and to support the hold units so engaged. The relative sizing
      between the hold units and the shuttle vessels is such that, when a loaded
      hold unit is mated to and supported by a shuttle vessel, the hold unit
      occupies a substantial portion of, if not all of, the load carrying
      capacity of the vessel. Each shuttle vessel includes a ballast system
      which can be operated to buoyantly raise and lower the vessel into and out
      of mating and load transferring relation to a hold unit which is supported
      above the vessel at a dock facility in the system.
PAR  A characteristic dock facility is provided in each port encompassed by the
      system, and the dock cooperates with the hold units and with the vessels
      of the system operating in that port. Each dock facility is arranged, in
      cooperation with the vessels of the system which operate in that port, for
      receiving and discharging hold units from and to the vessels and for
      supporting, in the absence of a vessel at the dock, the hold unit for the
      loading and unloading of cargo to and from the hold unit.
PAR  Each shuttle vessel is assigned to operate primarily on a specified
      subroute only between the two ports which are the opposite terminals of
      the subroute. Each shuttle vessel is arranged and equipped, in the areas
      of propulsive machinery, crew accommodations, hull form and proportion,
      and similar areas, with regard to and in consideration of the factors
      (such as navigational, meterorological and operational factors) which are
      pertinent to the particular subroute to which the vessel is primarily
      assigned. As a result, each of the vessels most likely is different from
      most or all of the other vessels in the system.
PAR  The result of the foregoing is that the hold units, if being moved between
      non-adjacent ports in the system, are shuttled bodily from first one to a
      second shuttle vessel, and so on, in each intermediate port through which
      the hold unit moves. The shuttling of the hold units from vessel to vessel
      is accomplished by use of the dock facilities in the interemediate ports.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features of this invention are more fully set
      forth in the following detailed description of preferred embodiments of
      the invention, which description is presented with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 illustrates, relative to the U.S., a commercial marine transport
      system according to this invention;
PAR  FIG. 2 is an enlarged illustration of the portion of FIG. 1 which pertains
      to the West Coast of the U.S.;
PAR  FIG. 3 is an elevation view of a port-to-port transit vessel for use in the
      system depicted in FIGS. 1 and 2; and
PAR  FIG. 4 is an elevation view of a working dock facility according to this
      invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  FIG. 1 illustrates the general functioning of a commercial marine transport
      system 10 serving the West Coast 11 and the East Coast 12 of the U.S. As
      will be made clear from the following description, this system is not
      restricted to service of coastal ports, nor is it restricted only to
      commercial service. The system also may service inland areas via rivers,
      and it may be combined with military transport systems operating according
      to similar principles as set forth in the following description. With
      reference to the West Coast of the U.S., reference numerals 13-19
      designate, respectively, the following ports relative to which system 10
      is described in detail:
PA1  13                                                         San Diego,
      Calif.
PA1  14                                                         Long Beach-Los
      Angeles, Calif.
PA1  15                                                         Greater San
      Francisco Bay Area, Calif.
PA1  16                                                         Astoria-Portland
     , Ore.
PA1  17                                                         Seattle, Wash.
      and Vancouver, B.C.
PA1  18                                                         juneau, Alaska
PA1  19                                                         Seward-Anchorage
     , Alaska
PAR  It will be understood that more or less ports on the West Coast of the U.S.
      may be included in system 10 as desired, the ports listed above having
      been identified merely for the purposes of example.
PAR  As suggested above, system 10 includes a plurality of port-to-port transit
      vessels 20 (see FIG. 3) which cooperate with a greater plurality of
      modular, i.e., generally dimensionally and functionally standardized,
      cargo hold units 22 (see FIGS. 3 and 4).  The system also includes, in
      each port comprehended by the system, at least one and preferably several
      working dock facilitites, a transfer dock facility, and an in-port
      transfer vessel. At least is many transit vessels 20 are provided as there
      are shipping runs between adjacent ports. Each run between adjacent ports
      in the system is a subroute of the overall route encompassed by the
      system. That is, FIG. 1 illustrates a transport system comprehending a
      total of twenty-two ports which correlate to twenty-one adjacent pairs of
      ports. Additional transit vessels may be required on shipping runs where
      cargo traffic is particularly heavy, or on runs where the distance between
      adjacent ports is large, as on the shipping run via Panama Canal 23
      between San Diego 13 and Corpus Christi, Tex. 24.
PAR  Cargo hold units 22 of system 10 are all standardized as to selected
      external dimensions, arrangements and configuration. Each hold unit
      defines a structural shell 25 (see FIG. 4) which encloses a cargo space
      26. The cargo space is horizontally subdivided by internal decks 27 within
      the shell, and closable access openings 28 (FIG. 3), sized to admit
      fork-lift trucks 29 or the like, are provided to the decks from the
      exterior of the shell. Because certain of their external features are
      standardized, the hold units are modular in design.
PAR  Each hold unit defines means which cooperate with a transit vessel to
      secure the hold unit in place on the transit vessel during ocean passage
      of the vessel. As shown in FIG. 4, such means includes a rib 30 which
      depends from the lower extent of the hold unit, and which cooperates in a
      correspondingly contoured recess 31 (FIG. 3) within the deck of the
      transit vessel which supports the hold unit when the hold unit and the
      vessel are mated. The interior of the rib defines a portion of cargo space
      26.
PAR  The cargo hold units are made as large as possible. Preferably the hold
      units have capacity to receive at least 5000 tons of average density
      cargo. The transit vessels are sized to be large enough to receive and
      support at least one cargo hold unit (see FIG. 3), to provide sufficient
      ballast capacity 32 that the vessel may be buoyantly raised and lowered
      into and out of engagement with a loaded cargo hold unit as described
      below, to provide suitable accommodations 33 for operating personnel, and
      to provide space for propulsive machinery 34 and ballast pumps 35. It is
      preferred that the majority of the transit vessels present in system 10 be
      like vessel 20 (FIG. 3), namely, a carrier for a single hold unit which,
      when mated with the vessel, defines the entire cargo carrying capacity of
      the vessel. The cargo hold unit, therefore, will be seen to resemble a
      movable cargo warehouse.
PAR  It will be understood from the following text that this invention also
      comprehends, in the context of a commercial transport system, port-to-port
      transit vessels capable of receiving a plurality of modular cargo hold
      units 22. Such multi-unit transit vessels may be used to advantage in
      servicing the San Diego to Corpus Christi segment of system 10, or the
      Seattle to Juneau segment of the system where the distance between
      adjacent ports greatly exceeds the distance between adjacent pairs of
      ports elsewhere in the system.
PAR  Each transit vessel, consistent with the requirement that it be
      standardized to mate with the modular cargo hold units, preferably is
      adapted specifically to the particular subroute along which it operates in
      system 10. Thus, the transit vessel which operates between, say, Los
      Angeles 14 and San Francisco 15 may possess different propulsion and
      maneuvering equipment, hull form, and personnel accommodations than the
      transit vessel which operates between, say, Boston 37 and Portland, Maine
      38 in view of the different average sea and weather conditions and the
      peculiarities, such as effective water depth, of the harbors serviced.
PAR  Referring still to FIGS. 1 and 2, and also to FIG. 4, each port serviced by
      system 10 includes at least one working dock facility 40, and it is
      preferred that each port be equipped with a plurality of such dock
      facilities. Preferably, the working dock facilities are located in an
      inner harbor area where surface vehicles may have ready access to the dock
      facilities; a working dock facility may constitute a portion of a
      manufacturing operation located within the port area. The term "working
      dock facility" is used to describe a dock structure where cargo is worked
      (loaded or unloaded) relative to a cargo hold unit engaged with and
      supported by the dock structure.
PAR  Working dock 40, shown in FIG. 4, defines a vessel slip 41 between two
      parallel piling arrays 42. The pilings 43 in each array are all vertical
      and are driven into harbor bottom 44 to have their upper ends located well
      above water surface 45. The pilings of each array preferably are arranged
      in two rows of pilings disposed parallel to the length of slip 41, which
      rows in each array are spaced apart a distance greater than the width of a
      ballastable buoyant unit 46 located between the rows. Each buoyant unit
      carries a plurality of rollers 47 which cooperate with the opposed faces
      of the pilings in the two rows of the corresponding array for maintaining
      the buoyant unit in place between the pilings and for guiding the buoyant
      unit in vertical movement along the pilings. The buoyant units are caused
      to move vertically in the dock structure by operation of ballast pumps 48
      located in each unit, which pumps are operable to cause water to be pumped
      into or out of the units. If desired, each buoyant unit 46 may be defined
      by a midship vessel bottom section according to the disclosures of my
      prior U.S. Pat. No. 3,349,742; such a practice enables maximum possible
      standardization of the structures used in system 10 and thereby results in
      minimum cost to install and operate the system.
PAR  Piling arrays 42 are spaced sufficiently far apart that slip 41 is wide
      enough to accommodate a vessel, possibly a port-to-port transit vessel 20
      but preferably an in-port transfer vessel 49 described below, which
      carries a cargo hold unit 22. An access deck 50 is supported by the upper
      ends of the pilings in each array, and preferably both decks 50 of the
      dock structure are located in a common plane. The access decks are
      sufficiently strong that they can support fork-lift trucks 29 and such
      other vehicles and equipment as may be used to work cargo in a hold unit
      engaged with the dock structure. It is preferred that the opposing edges
      51 of the access decks be spaced apart a distance which is only slightly
      greater than the width of cargo hold unit 22.
PAR  Each buoyant unit 46 carries means which are engageable with a cargo hold
      unit to support the hold unit above water surface 45 upon removal from
      slip 41 of the vessel which conveyed the hold unit to the working dock
      facility. As shown in FIG. 4, each buoyant unit 46 carries a plurality of
      retractable beams 53 which are disposed transversely of the length of slip
      41. The beams are movably mounted to the upper extent of each buoyant unit
      for movement between (1) a retracted position in which the adjacent ends
      54 of the beams are disposed outwardly of access deck edges 51 from the
      slip, and (2) an extended position in which (a) the beams extend in
      cantilever fashion inwardly of the slip and (b) ends 54 of opposing beams
      are spaced apart a distance less than the width of a cargo hold unit but
      greater than the maximum width of the depending rib 30 of a cargo hold
      unit. In their extended position, the beams are arranged for supporting a
      cargo hold unit by engagement with the downwardly open marginal
      flange-like surfaces 55 of the hold unit outwardly of and parallel to rib
      30. Suitable bearings 56 are disposed between the beams and the buoyant
      units to movably support the beams on the buoyant units.
PAR  Pilings 43 need have only sufficient strength to support access decks 50
      and to withstand whatever lateral loads may be imposed upon the pilings by
      the buoyant units. The basic function of the pilings is to support decks
      50 and to guide buoyant units 46. The pilings do not support the weight of
      the cargo hold unit, this junction being served by the buoyant units.
PAR  It is preferred that the internal ballast spaces and the ballast machinery
      of buoyant units 46 be arranged so that the buoyant units may be
      controllably ballasted to impart desired conditions of trim (fore and aft
      inclination) and heel (transverse inclination) to the buoyant units. This
      capability is desired since this invention includes the provision of cargo
      hold units equipped with automatic or semi-automatic loading and unloading
      devices sensitive to gravity. That is, the cargo hold units may be fitted
      with gravity operated roller conveyors so that when the hold unit is
      tilted in one direction cargo is automatically induced to move within the
      hold unit toward access doors 28, and when tilted in the opposite
      direction cargo is moved in the hold unit away from the access doors,
      thereby to reduce the time and effort required to work cargo to or from
      the cargo hold unit.
PAR  System 10, the presently preferred commercial system-embodiment of this
      invention, also includes a transfer dock facility at least one of which is
      located in each port encompassed by the system; see my U.S. Pat. No.
      3,793,974. It is preferred that the transfer dock facilities for each port
      be located in the outer harbor area of the port where the average water
      depth over the harbor bottom 44 is greater than in the inner harbor area.
      It is understood that an outer harbor area is within such breakwaters as
      may be associated with the particular port.
PAR  The purpose of each transfer dock facility is to receive a cargo hold unit
      from a port-to-port transit vessel and to discharge a received hold unit
      to an in-port transfer vessel (and vice versa), the transfer vessel being
      used to move the hold unit to a selected working dock facility in the
      port.
PAR  In view of the foregoing, it is apparent that transit vessels 20 operate as
      much as possible in shuttling cargo hold units between adjacent ports of
      system 10, thereby to serially advance the hold units from port to port in
      the system. The vessel is idle only those short intervals when it is
      either discharging or taking on a cargo hold unit in either of the ports
      between which it operates. As a result, the vessel is engaged in
      productive effort during substantially the entire length of its useful
      life; this fact is of extreme economic significance.
PAR  In view of the foregoing, the manner in which system 10 functions to permit
      efficient handling and shipment of cargo should be apparent. Thus, with
      reference to FIG. 2, ship A is a transit vessel operating between Seattle
      17 and Portland, Oregon 16. Ship B is a similar transit vessel which
      operates between Portland and San Francisco 15. Inasmuch as the distance
      by water from Portland to San Francisco is greater than the distance
      between Portland and Seattle, and also because different weather
      conditions may be expected within these two different areas, the details
      of ship B may be different from the details of ship A to permit the
      particular ships to be tailored specifically to the requirements of their
      runs. Similarly, ships C and D operate between San Francisco and Los
      Angeles 14 and between Los Angeles and San Diego 13, respectively. In no
      case is any one ship in this portion of system 10 required, under normal
      circumstances, to operate on any run different from that illustrated in
      FIG. 2. Since there are more cargo hold units in use in the portion of
      system 10 shown in FIG. 2 then there are transit vessels, the hold units
      may be moved from port to port only as required, or only when all cargo in
      the port has been loaded, or according to an established schedule. At any
      given port, cargo may be loaded directly into the hold unit from the
      vehicle which has transported the cargo from a manufacturer's factory or
      the like to the harbor. Thus, handling of cargo between the source of
      manufacture and a hold unit is minimized, and even this degree of handling
      may be eliminated if the working dock facility constitutes a portion of
      the factory of the manufacturer.
PAR  It will be further understood that at least one cargo hold unit is
      available in a given port at a transfer dock facility at the time of
      arrival of the transit vessel in that port from the next adjacent port in
      the system. The particular cargo hold unit which must be so available is
      flexible in view of the large number of hold units which may be present in
      the port at that time; it is preferred that there be at least two cargo
      hold units in port at any given time, one of which is being loaded with
      cargo and the other of which is being unloaded. As cargo hold units are
      filled at the working docks, they are transferred to the transfer dock
      facility in the outer harbor and are replaced by another hold unit from
      the transfer dock facility. It is apparent, therefore, that stevedores may
      work regular eight hour days, instead of odd hours, with the result that
      overtime wages to stevedores may be minimized. Also, the transfer vessel
      in a given port is engaged in productive activity almost at all times.
      Deliveries of cargo to the port may be scheduled for normal working hours
      with the result that overtime wages for teamsters and the like also are
      minimized.
PAR  Thus, upon arrival at Seattle, say, of transit vessel A, the vessel would
      deposit the cargo hold unit it has brought from Portland and would pick up
      a cargo hold unit as to which the working of cargo has been completed.
      Ship A would spend minimum time in the Port of Seattle and maximum time in
      transit between Seattle and Portland. Upon arrival in Portland, transit
      vessel A would deposit the cargo hold unit it has brought from Seattle,
      collect a loaded cargo hold unit at the Portland transfer dock facility
      and depart for Seattle, all within minimum time. Also, at Portland the
      crew of ship A might be changed. In this latter regard, it is apparent
      that the crew of ship A may live in Portland and be gone from home only
      that time required to make one round trip from Portland to Seattle. This
      means that the home life of the individuals comprising the separate crews
      of ship A may be as normal as possible, with the result that wages paid to
      such crewment may be at a reasonable level and crew performance levels may
      be high.
PAR  When a southbound cargo hold unit, brought by vessel A to Portland from
      Seattle, has been loaded at Portland and returned to the transfer dock
      facility at Portland, such cargo hold unit is ready to be picked up by
      transit vessel B which operates between Portland and San Francisco. In
      this manner, a given cargo hold unit is moved from port to port through
      system 10 from transit vessel to transit vessel. The result is that cargo
      is transported efficiently via system 10 with minimum handling, minimum
      expense and minimum damage. Also, it is inherent in system 10 that cargo
      need not vacuumulate for long periods at dockside awaiting the arrival of
      a particular vessel in port. Rather, the cargo moves directly through the
      port to and from cargo hold units, thereby minimizing the congestion of
      surface traffic in the port.
PAR  In some instances, it may be desired to move a cargo hold unit from Seattle
      to Los Angeles, say, without working cargo to or from the unit at Portland
      and San Francisco. In such cases, the hold unit is not removed from the
      transfer dock facilities at Portland and San Francisco, but instead is
      picked up by vessels B and C at Portland and San Francisco, respectively,
      as soon as possible following arrival of vessels A and B at Portland and
      San Francisco, respectively. This mode of handling of a cargo hold unit
      may occur where all of the cargo loaded at Seattle is destined for Los
      Angeles, as might be the case with newsprint, for example, which might be
      manufactured in the vicinity of Seattle, but consumed in Los Angeles.
PAR  In commercial system 10, it is preferred that there be at least three
      working dock facilities in each port within the system so that, at each
      port, one cargo hold unit may be in a state of unloading cargo, and a
      second may be in a state of loading cargo. The third dock facility is open
      to receive the cargo hold unit which next arrives at the port from either
      port adjacent thereto in the system. As it is desired that there be at
      least two cargo hold units in any given port at any given time for maximum
      operating efficiency of the transport system, it is apparent that there
      are substantially more containers present in the system than there are
      ports.
PAR  This invention also permits economic and efficient transport of specialized
      cargos, such as fruits or newsprint and the like, by sea. In order that
      newsprint may be handled on highspeed offset printing presses, it is
      necessary that the newsprint have a specified water content. If the water
      content of the newsprint is too high, ink will not be transferred properly
      to the paper; if the water content is too low, the strength of the paper
      is diminished and the paper may tear during passage through the printing
      press. The maintenance of proper moisture levels in bulk newsprint has
      long been a costly problem both to newsprint manufacturers and to
      newsprint users.
PAR  This invention, however, comprehends the provision of cargo hold units
      which externally would be like all other cargo hold units used in the
      system, but which internally would be equipped to maintain a specified
      environment for a specific class of cargo. Thus, for newsprint, a cargo
      hold unit would be equipped with moisture and temperature control
      machinery. Newsprint loaded onto such a cargo hold unit at Seattle, say,
      would be the responsibility of the manufacturer and would have proper
      moisture content. During transit of the cargo hold unit from Seattle to
      Los Angeles, say, the relative humidity and temperature within the cargo
      hold unit would be controlled to maintain the newsprint moisture content
      at optimum levels. Since the hold unit could be sealed immediately upon
      completion of the loading process at Seattle, the manufacturer would be
      assured that the newsprint would reach Los Angeles in the proper
      condition. At Los Angeles, the hold unit may serve as a holding warehouse
      for newsprint prior to its actual use by customer newspaper, for example.
PAR  The same cargo hold unit used to transport newsprint from Seattle to Los
      Angeles might be used to transport citrus fruits from Los Angeles to
      Seattle. On the return trip to Seattle, the climate control equipment
      provided in the cargo hold unit would be adjusted to provide the relative
      humidity and temperature which is optimum for transport of citrus fruit.
PAR  It was mentioned above, in conjunction with a description of flooding duct
      72 of transit vessel 20 shown in FIG. 3, that cargo hold units 22
      preferably have watertight integrity at least over their lower extremity
      such that the hold units themselves may be floated. This feature of the
      hold units adapts them for use as barges. Such capability of a hold unit
      is particularly significant where transport system 10 is to serve not only
      the seaboard coasts of the U.S., but also the Mississippi river complex
      100, for example (see FIG. 1). Accordingly, system 10 may include a
      transit vessel 20 for operation between New Orleans, Louisiana 101 and St.
      Louis, Missouri 102, for example. From St. Louis, cargo hold units may be
      moved in the upper Mississippi River 103 along the Missouri River 104 or
      the Ohio River 105, for example, by existing push-type river towboats
      exemplified by the vessels manufactured by Dravo Corporation. Such
      towboats may be used to maneuver either a single cargo hold unit or a raft
      of hold units lashed together in the same manner as river barge flotillas
      are assembled at the present time. Alternatively, cargo hold units may be
      moved from New Orleans to and from St. Louis by riverboats instead of by
      transit vessels, if desired.
PAR  The foregoing text contains a description of the use of an in-port transfer
      vessel for the purposes of shuttling cargo hold units between a transfer
      dock facility located in an outer harbor and a working dock facility
      located in an inner harbor. In the case of Astoria and Portland, Oregon,
      for example, the transfer dock facility may be located at Astoria and the
      working dock at Portland. the transfer vessel would shuttle the hold units
      between Portland and Astoria along the Columbia River. Transit vessels
      operating in system 10 in the vicinity of Portland would not be required
      to negotiate the river upstream of Astoria. This particular situation
      clearly illustrates the versatility of the commercial system heretofore
      described and the benefits which flow from use of such system.
PAR  In view of the foregoing description, it is apparent that marine
      transportation system 10 makes it possible for the cargo units described
      above to be treated in much the same manner that railroad flatcars,
      gondola cars, tank cars or box cars are processed. The economic advantage
      of a railroad is that the expensive locomotives and diesel engines used by
      the railroads are kept constantly in motion for the purposes of moving
      cargo units from place to place and are not tied up in an idle condition,
      like the conventional ship, while the cargo carrying units are being
      loaded or unloaded. This invention allows the expensive vessels 20, 49,
      90, 125, 130 or 209, described above, to be kept in service for a maximum
      portion of their useful life in actually moving cargo from port to port,
      rather than sitting idle in the port as cargo is loaded into or out of the
      hold units. This invention also makes it possible for the hold units to be
      loaded or unloaded over extended periods during normal working hours.
PAR  It should also be apparent from the foregoing description that the
      ballastable units of a working dock may be operated separately or in
      cooperation with each other to adjust the position of a hold unit in the
      dock either in trim or heel as well as vertically relative to the dock
      structure.
PAR  It should be understood that the specific systems and operations described
      above have been set forth merely by way of example to illustrate the
      features and benefits provided by this invention. Specific structural
      arrangements have been set forth by way of example; each such arrangement
      may be varied to incorporate the features of other disclosed arrangements
      without departing from the scope of this invention. In short, then, the
      foregoing description of numerous examples and illustrative structures has
      been presented in furtherance of a comprehensive and complete description
      of the invention rather than for purposes of limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine transport system comprising, in combination, a plurality of
      modular cargo hold units of generally uniform external configuration and
      dimension over at least the lower portions thereof, a plurality of
      self-propelled shuttle vessels for moving cargo hold units between a
      plurality of at least three ports in the system, the system encompassing a
      route composed of a plurality of substantially serially connected
      different subroutes each of which is defined between two adjacent ports in
      the system whereby the system includes at least one port common to two
      subroutes, each shuttle vessel being configured to mate with at least any
      one of the hold units and to support the same, each hold unit being sized
      relative to the shuttle vessels when loaded and mated with any one of the
      shuttle vessels to consume a substantial fraction of the load-carrying
      capacity of the shuttle vessel, each vessel including ballasting means for
      buoyantly raising and lowering the vessel into and out of mating and load
      transferring relation to a hold unit supported above the vessel at a dock
      facility in the system, each shuttle vessel being defined and equipped as
      to propulsive machinery, and crew accommodations, hull form and
      proportion, and similar features in consideration of the navigational,
      meteorological, and operational factors pertinent to a particular system
      subroute in the system to which the shuttle vessel is assigned and on
      which the vessel is primarily operated whereby each vessel is different
      from most or all of the other vessels in the system, and a dock facility
      in each port in the system, each dock facility being cooperatively
      configured and arranged in cooperation with the vessels assigned to the
      subroutes common to the port and with the cargo hold units for receiving
      from and discharging to a shuttle vessel a loaded cargo hold unit and for
      supporting a received hold unit for the loading and unloading of cargo to
      and from the hold unit in the absence of a vessel at the dock facility,
      whereby, in moving a hold unit from one port on one subroute in the system
      to a second non-adjacent port on another subroute in the system, the hold
      unit is movable bodily from shuttle vessel to shuttle vessel at each port
      in the system intermediate the one port and the second port via the dock
      facilities in the intermediate ports.
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PAL  A reversible aerofoil or hydrofoil has a central panel with lateral panels
      hinged thereto. The section of the central panel is symmetrical on either
      side of a central axis and the lateral panels are of similar section to
      each other. Either of the lateral panels can be folded in to lie against
      the central panel or the other lateral panel or both, while the other
      lateral panel is extended, the combined panels thereby forming a
      non-symmetrical aerofoil or hydrofoil section. By extending the folded-in
      lateral panel and folding in the extended one, the section is reversed.
BSUM
PAR  This invention relates to aerofoils and hydrofoils of non-symmetrical
      section. It is especially applicable to rigid aerofoil sails for use with
      sailing vehicles, which may be water or land craft. It has as an object to
      provide a reversible aerofoil or hydrofoil section.
PAR  The present invention provides an aerofoil or hydrofoil, comprising a
      central panel and lateral panels hingedly connected at each side thereof,
      the lateral panels on the two sides being of similar cross-section and the
      central panel of symmetrical cross-section on either side of a central
      axis, the cross-sections of the panels being such that the lateral panels
      on either side can be folded inwardly to lie against the central panel or
      the opposite lateral panel or both, the combined panels thereby forming a
      nonsymmetrical aerofoil or hydrofoil in cross-section, the mirror-image of
      which can be produced by alternatively folding in the lateral panels of
      the other side.
PAR  More than one lateral panel may be provided on each side, hinged one to the
      next, but preferably only a single lateral panel is provided on each side.
PAR  The lateral panels may be interconnected by tie means adapted so that they
      move in concert between the alternative positions. In this form,
      adjustment of the aerofoil or hydrofoil can be made merely by rotation of
      the central panel about its axis, the shape of the section being changed
      automatically, if appropriate, by the pressure of the relatively moving
      flow of air on the lateral panels.
PAR  The aerofoil may be supplied for mounting to an existing craft, or sailing
      craft may be purpose-built to incorporate the aerofoil. The invention
      therefore includes sailing craft incorporating such an aerofoil.
DRWD
PAR  In order that the invention may be more clearly understood, various
      embodiments will now be described with reference to the accompanying
      drawings wherein:
PAR  FIG. 1 shows an exploded view of a first embodiment of aerofoil,
PAR  FIG. 2 shows a perspective view of the assembled aerofoil in one
      configuration,
PAR  FIG. 3 shows the aerofoil section in the opposite configuration,
PAR  FIG. 4 shows the aerofoil section in an intermediate position of the
      lateral panels, and indicates diagrammatically the tie means which
      interconnect the lateral panels,
PAR  FIG. 5 shows a special open configuration of the aerofoil,
PAR  FIG. 6 shows one configuration of a modified form of the aerofoil of FIGS.
      1 to 5,
PAR  FIG. 7 shows a perspective view of a sailing craft incorporating the
      aerofoil of FIGS. 1 to 5,
PAR  FIGS. 8 to 10 show diagrammatic plan views of the sailing craft with the
      aerofoil in various configurations,
PAR  FIG. 11 shows in perspective an exploded view of another embodiment of
      aerofoil,
PAR  FIG. 12 shows a perspective view of the assembled aerofoil in one
      configuration,
PAR  FIG. 13 shows the aerofoil section in the opposite configuration,
      indicating diagrammatically the tie means which interconnects the lateral
      panels,
PAR  FIG. 14 shows the manner in which the configuration of the aerofoil is
      altered by the direction of the prevailing wind,
PAR  FIG. 15 shows a modified aerofoil configuration, and
PAR  FIG. 16 shows a modification of the aerofoil of FIGS. 1 to 5.
DETD
PAR  Referring to the drawings, and firstly to FIGS. 1 to 4, the aerofoil sail
      consists of three rigid parts, a central panel 10 and two lateral panels
      12 hinged through brackets 14 one to each side of the central panel 10.
      The two lateral panels 12 have similar aerofoil cross-sections, as can be
      seen from the drawings, and are hinged to the central panel at the leading
      edge of the aerofoil. The central panel is symmetrical on either side of a
      longitudinal axis 16. The front face of the central panel has a continuous
      convex surface 18, while the rear face of the central panel has two
      concave surfaces 20 meeting at a shallow central ridge 22. The width of
      each lateral panel is such that is can be folded inwardly, as indicated in
      FIGS. 2 and 3, to lie against the rear face of the central panel with the
      trailing edge of the lateral panel meeting the central ridge 22 and
      forming a smooth transition between the concave surface face of the
      folded-in lateral panel and the exposed concave surface face 20 of the
      central panel. The result is a composite aerofoil section made up from the
      three panels, as indicated in FIGS. 2 and 3.
PAR  To ensure that the two lateral panels move in concert, that is to say one
      moves in as the other moves out and no position arises in which both are
      simultaneously folded-in, the lateral panels are linked by a pair of
      straps 24, 26 which interconnect their rear and front faces respectively,
      the straps passing slidably through channels provided in the central
      panel. Thus, if the prevailing wind bears upon the extended lateral flap,
      tending to fold it inwardly, this force is transmitted through the strap
      26, thereby causing the other lateral flap to open at the same time as the
      first flap is folded inwardly. The rear strap 24 prevents both lateral
      flaps from being simultaneously opened outwardly. This latter condition,
      however, can be useful when sailing before the wind, and accordingly the
      rear strap can be arranged so that its length can be increased the
      required amount when necessary, to allow both flaps to be opened, as shown
      in FIG. 5. Shortening of the rear strap once again will restore the flaps
      to their former condition, and the panels will assume one or other of the
      appropriate aerofoil shapes. This variation in the effective length of the
      rear strap 24 can be effected by a cam 17, as shown in FIGS. 4 and 5. The
      cam is rotatable about the axis 16 to bear upon the rear strap.
PAR  To incorporate the aerofoil in a sailing craft, the central panel is
      pivotally mounted about the axis 16 to the hull of the craft, with the
      axis vertical. Conveniently, the central panel can be rotatably carried on
      a longitudinally extending spindle which is then mounted at its lower end
      to the hull of the sailing craft in place of the conventional mast.
PAR  FIGS. 7 to 10 show the aerofoil mounted in this way. The craft is of the
      catamaran type, comprising twin hulls 40 rigidly interconnected by decking
      42 and having depending stabiliser boards 44, twin rudders 46 and a
      self-steering vane 48 linked in conventional manner to the rudders. In
      place of the conventional mast, the central panel 10 of the aerofoil is
      pivotally mounted about the axis 16 at its lower end to the composite hull
      of the craft on its centre line. A rigid cruciform frame 50 is secured to
      the central panel immediately above the decking 42. The central panel 10
      lies along two arms 52 of the frame and is secured thereto, thereby giving
      it lateral stabilisation, and stabilisation at right angles to this
      direction is provided by lines 54, 56 connecting the front and rear faces
      respectively of the central panel to the other two arms of the frame 58,
      60 respectively. The arm 60 is longer than the other arms, and can
      conveniently provide a means by which the central panel can be rotated
      about its axis. Its free end can be slidably connected to an arcuate guide
      rail 61 (see FIGS. 8 to 10) to provide additional support and facilitate
      operation.
PAR  FIG. 7 shows a perspective view from the front starboard quarter, with the
      aerofoil in the configuration indicated in FIG. 2. FIG. 8 shows a plan
      view of the craft with the aerofoil in the configuration of FIGS. 2 and 7.
      FIG. 9 shows the aerofoil in the opposite configuration, as in FIG. 3.
      FIG. 10 shows the arm 60 in the fore-and-aft position and the aerofoil
      released into the fully open configuration of FIG. 5. In this form, the
      aerofoil acts as a spinnaker sail, and not strictly speaking as an
      aerofoil at all. It should be appreciated that in all the configurations
      shown, the angle of the central panel relative to the hull is determined
      by the person sailing the craft, or by such automatic control means as may
      be provided, just as the angle of the boom of a conventional sail is
      controlled during sailing. This angle is varied at will to suit the
      conditions, and the direction of the wind relative to the desired
      direction of the craft. The configuration of the lateral panels is,
      however, determined entirely by the flow of the air past the aerofoil. If
      the relative direction of the wind changes, it may act upon the open
      lateral panel and close it inwardly, thereby opening the other lateral
      panel and reversing the aerofoil shape. Since this is automatic, the
      sailor does not have to worry about the aerofoil configuration of the
      sail, unless he wishes to change to the spinnaker configuration.
PAR  FIG. 6 shows a development in which there is a pair of lateral flaps 30, 32
      respectively, hinged at each side of a central panel 34. The smaller outer
      aerofoil-section lateral panel 32 is hinged at its leading edge to the
      trailing edge of the larger inner aerofoil-section lateral panel 30, which
      in turn is hinged at its leading edge to the edge of the central panel 34.
      Appropriate straps or other linkages are used to interconnect the panels
      so that they move between one composite aerofoil configuration, as shown
      in FIG. 6, and the other mirror-image configuration.
PAR  Referring now to FIGS. 11 to 14; this shows a development of the present
      invention, in which the aerofoil sail comprises a central panel 60 and two
      lateral panels 62 hinged thereto by means of hinge pins 64 on the lateral
      panels which pivotally engage in somewhat elongated recesses 66 in the
      central panel. This is most clearly seen in FIG. 13. Thus, the axes of
      pivotal connection between the central panel and the lateral panels are
      slightly adjustable, for the reason which will be explained below. The
      central panel 60 has a central mast 68 extending longitudinally through
      it, which provides a pivot axis for the central panel relative to the hull
      to which the aerofoil sail is to be mounted. The two lateral panels are
      interconnected by means of endless straps 70, each of which passes in a
      loop through the lateral panels and the central panel in the manner shown
      in FIG. 13. The rear face of the central panel is provided with a pair of
      somewhat elliptical surfaces 72 flanking a central trough surface 74. The
      surfaces 72 provide bearing surfaces around which similarly elliptical
      concave portions of the lateral panels can slide. Each lateral panel is in
      addition formed with a rib 76 which fits into the channel surface 74 of
      the central panel when that lateral panel is in the inwardly folded
      condition, as shown in FIGS. 12 and 13. In this condition, the trailing
      edge of the inwardly folded lateral panel meets the rear surface of the
      other lateral panel, and forms a smooth rear surface to the aerofoil. The
      straps 70 ensure that the two lateral panels hinge in concert relative to
      the central panel when moving between the two opposite aerofoil
      configurations shown in FIGS. 12, 13 and 14. FIG. 14 shows also the
      intermediate position of the lateral panels between the two opposite
      extreme positions. In the two extreme positions, the three panels are
      rigidly locked together. This comes about because the rear surfaces of the
      three panels are shaped so as to mate when in the extreme positions shown
      in FIGS. 12 and 13, and also because of the adjustability of the pivotal
      connections 64, 66. The recesses 66 are elongated in a direction which
      allows the somewhat elliptical adjacent surfaces of the central and
      lateral panels to slide past each other during pivoting, and in each of
      the extreme positions the somewhat elliptical surfaces of the extended
      lateral panel mates with that of the central panel and, together with the
      tightening of the strap, locks these two panels in the correct
      configuration. Thus, in the absence of any wind the three panels give the
      appearance of being somewhat loosely interconnected, whereas when the wind
      is acting on the panels and holding them in one of the aerofoil
      configurations, three panels are tightly held in a rigid composite
      aerofoil configuration against the constraint of the straps 70.
PAR  It will be seen that this type of aerofoil differs from that of the earlier
      embodiments in that a single aerofoil section is produced as against the
      double aerofoil section of the earlier embodiment. This provides a cleaner
      air flow and greater efficiency. The mounting of the aerofoil to the hull
      of the craft, and its mode of use, is generally similar to that already
      described for the earlier embodiment. As shown in FIG. 14; for a given
      position of the central panel 60, the shape of the aerofoil will change in
      accordance with the wind direction, as indicated by the three arrows. A
      spinnaker-type configuration can be arranged, if desired, using an
      extendable or releasable strap interconnection between the lateral panels.
PAR  An important feature of the aerofoil sails of the present invention is
      their high efficiency; that is a high lift to drag ratio. The best
      efficiency is normally obtained by an aspect ratio of greater than 2:1,
      but by putting a "fence" at the tops of the panels, as indicated at 80 in
      FIG. 7, thus reducing air spillage from the tip of the sail, a high
      efficiency can be obtained with an aspect ratio of less than 2:1, which
      obviously provides greater stability in the craft.
PAR  Various additional features may be incorporated in the sailing craft to
      assist in its control. For example, rather than use a long arm 60 as shown
      in FIGS. 7 to 10, for altering the position of the central panel, this arm
      could be shortened and a semi-circular steering bar provided to extend
      between the extremities of the two arms 52 and around the end of the arm
      60. This steering bar could then be easily handled by a person sitting in
      the middle of the craft, rather in the manner of a vehicle steering wheel.
      As an alternative arrangement, particularly on single hull craft where it
      is desired to use a person's weight to help balance the craft, the arm 60
      could be linked to a sliding seat which is movable along a track extending
      from side to side of the craft and even beyond the sides of the craft.
      Thus, the angle of the central panel will be adjusted by the person on the
      seat moving himself along the track, and his outwardly moving weight will
      help in counterbalancing the increasing sideways force of the wind on the
      sail as the central panel is swung from a transverse position towards a
      fore-and-aft position.
PAR  In a modified construction, the central panel can be joined to the lateral
      panels by flexible webs of material, thus forming an unbroken surface at
      the leading part of the section. The central panel may comprise a rigid
      framework over which a single flexible web joining the lateral panels is
      stretched when the lateral panels have assumed the foil section.
PAR  Although the panels are preferably substantially rigid, a small amount of
      resilient flexibility may be incorporated in at least the lateral panels.
      This can result in better mating of the panels, tighter securing by the
      straps or other tie means, and may also enable the overcamber or
      undercamber or both of the section to be increased by tightening the tie
      straps.
PAR  The foil can have a variable thickness to chord ratio if there are various
      alternative folded-in positions for the lateral flaps. FIG. 15 shows the
      panels can be mated in an alternative position to that shown in FIG. 13,
      and give a higher thickness to chord ratio. The panels are locked in this
      position by shortening the tie straps.
PAR  Although the invention has been particularly described in relation to
      aerofoils for sailing craft, the aerofoils can be similarly applied for
      example to land yachts, and for other applications. Also, the invention
      can be equally applied to produce reversible hydrofoils, for example in
      ship stabilisers or sluices.
PAR  FIG. 16 shows a modification of the aerofoil of FIGS. 1 to 5, in which the
      lateral panels 12 have slots 13 near their leading edge, which operate in
      known manner to transfer some of the air from the low pressure side to the
      high pressure side of the aerofoil and thereby help to maintain an
      attached airflow over the low pressure surface. This increases the lift
      and reduces the drag of the aerofoil. The drawing shows the extended
      lateral panel as having a variable angle with respect to the central panel
      10. This is effected by shortening or lengthening the connecting straps,
      and does not alter the reversibility of the aerofoil, only its shape. The
      slot 13 becomes particularly important at high angles of deflection of the
      extended lateral panel 12. The gap between the extended lateral panel 12
      and the central panel 10 also acts as a slot, both in this form and in the
      forms shown in FIGS. 1 to 6, so that the slot 13 provides an auxiliary
      effect. The edge portions 15 of the central panel 10 are made of
      resiliently flexible material which bears upon the leading edges of the
      lateral panels. This maintains an effective seal and smooth surface over
      the leading edge of the aerofoil. To provide the slot between the extended
      lateral panel 12 and the central panel, the leading edge of the lateral
      panels 12 are provided with cams 17 at intervals, which lift the adjacent
      resilient edge 15 when the lateral panel is extended, but allow the
      resilient edge to abut the lateral panel when in the folded-in condition.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aerofoil or hydrofoil, comprising:
PA1  a central panel having a central axis extending spanwise, said central
      panel being of symmetrical cross section of each side of said axis and
      having two opposite side edges;
PA1  at least two lateral panels each having first and second side edges;
PA1  means hinging each of said two lateral panels adjacent said first side edge
      thereof to said central panel at a respective one of said two opposite
      side edges of the central panel, to provide two alternative leading edges
      so that each lateral panel may pivot between an extended condition and a
      folded condition wherein the respective lateral panel is doubled back upon
      at least one of the central panel and the respective other lateral panel,
      to provide two alternative leading edges, the two lateral panels being of
      similar cross-section, and generally symmetrical with respect to said
      central axis, so that when said one lateral panel is extended and the
      other is folded an aerofoil or hydrofoil that is nonsymmetrical in
      cross-section is formed, which is substantially a mirror image of the
      aerofoil or hydrofoil which may be formed by extending said other lateral
      panel and folding said one lateral panel, tie means interconnecting the
      lateral panels to move in concert, as follows: said one lateral panel
      folds as said other lateral panel extends and said other lateral panel
      folds as said lateral panel extends;
PA1  the effective leading edge of the aerofoil or hydrofoil incorporating said
      first side edge of whichever of the lateral panels as is in said folded
      condition.
NUM  2.
PAR  2. An aerofoil or hydrofoil according to claim 1 wherein the tie means are
      adjustable so as to give more than two possible sections.
NUM  3.
PAR  3. An aerofoil or hydrofoil according to claim 1, wherein the trailing edge
      of the inwardly folded lateral panel lies against the opposite lateral
      panel, the lateral panels providing thereby a substantially continuous
      undersurface to the section.
NUM  4.
PAR  4. An aerofoil or hydrofoil according to claim 3, wherein the panels have
      mutually interfitting parts which mate when the panels are in the
      alternative configurations.
NUM  5.
PAR  5. An aerofoil or hydrofoil according to claim 4 wherein hinge joints
      between the panels have a limited amount of play, and mutually
      interengaging parts on the panels are adapted to urge the hinge joints in
      a direction tending to oppose the constraint of the tie means as the
      panels move into one or other of the alternative configurations so that
      the panels are held rigidly together in said configuration.
NUM  6.
PAR  6. An aerofoil or hydrofoil according to claim 1 wherein a gap occurs
      between the central panel and extended lateral panel which provides a slot
      allowing some transfer of fluid from the high pressure surface to the low
      pressure surface.
NUM  7.
PAR  7. An aerofoil or hydrofoil according to claim 1, wherein the central panel
      is provided with resilient edge portions which bear upon the leading edge
      of the adjacent lateral panel when in the folded-in condition.
NUM  8.
PAR  8. An aerofoil or hydrofoil according to claim 7, wherein cam elements are
      provided on the leading edge of the lateral panels adapted to lift the
      adjacent resilient edge of the central panel when the lateral panel is in
      its extended condition and thereby provide a slot allowing some transfer
      of fluid from the high pressure surface to the low pressure surface.
NUM  9.
PAR  9. A sailing vehicle incorporating as an aerofoil sail an aerofoil
      according to claim 1, the central panel being pivotally mounted about its
      central longitudinal axis to the body of the vehicle, means being provided
      for controlling the angular position of the central panel about its axis
      relative to the body of the vehicle, the aerofoil being adjustable
      relative to the prevailing wind by rotation of the central panel about its
      pivot axis.
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ABST
PAL  Anti-roll apparatus for a marine vessel. A plurality of fins are carried by
      the vessel. Each fin is operatively moved by motor mechanism which is
      connected thereto by means of clutch mechanism. The motor mechanism is in
      continuous operation. A roll sensor unit is mounted in a position to
      detect roll motion of the vessel. The roll sensor unit transmits signals
      to the clutch mechanism in response to roll motion of the vessel. The
      clutch mechanism joins the motor mechanism to the fins for movement
      thereof in accordance with operation of the roll sensor unit. The fins are
      thus operatively moved to reduce and/or eliminate the roll action of the
      vessel.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of co-pending Application Ser. No. 273,331,
      filed July 19, 1972, now U.S. Pat. No. 3,842,777.
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous marine vessels have been provided with apparatus to reduce or to
      overcome roll action of the vessel. Some of the apparatus has included
      gyroscope devices which are usually rather expensive and/or difficult to
      maintain in proper operating condition. Some of the anti-roll apparatus
      has included valves, or pistons, or the like, which lack speed and
      accuracy of operation. Some of the anti-roll apparatus has included means
      for controlling operation of motors directly in response to roll action of
      the vessel. Such systems are usually slow and/or inaccurate in response.
PAR  It is therefore an object of this invention to provide marine vessel
      anti-roll apparatus which does not require the use of gyroscopes or the
      like.
PAR  It is another object of this invention to provide such apparatus which has
      a minimum number of moving parts.
PAR  It is another object of this invention to provide such apparatus which has
      very rapid response to roll action so that roll action can be readily
      prevented or reduced.
PAR  Another object of this invention is to provide such apparatus which
      functions properly even if the vessel controlled is listing.
PAR  Another object of this invention is to provide such apparatus which
      includes means for testing thereof when the vessel is not rolling, to
      insure that the apparatus is functioning properly or will function
      properly.
PAR  Another object of this invention is to provide such apparatus which is
      capable of sensing and controlling relatively low degrees of roll and
      which is also capable of sensing and controlling relatively high degrees
      of roll.
PAR  Another object of this invention is to provide such apparatus which is
      basically electrical-mechanical in operation, which is relatively simple
      in construction and which does not include any devices of the "electronic"
      type.
PAR  Another object of this invention is to provide such apparatus which does
      not include fluid conduits, valves, pistons, pumps, or the like.
PAR  Another object of this invention is to provide such apparatus which rapidly
      operates in response to roll action for correction action, and which is
      capable of anticipating roll action but which does not "over correct".
PAR  Other objects and advantages reside in the construction of parts, the
      combination thereof, the method of manufacture, and the mode of operation,
      as will become more apparent from the following description.
BSUM
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PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view showing a marine vessel provided
      with apparatus of this invention.
PAR  FIG. 2 is a perspective exploded view of roll sensor mechanism of this
      invention.
PAR  FIG. 3 is a front view, with parts shown in section, of the roll sensor
      mechanism of FIG. 2.
PAR  FIG. 4 is a sectional view taken substantially on line 4--4 of FIG. 3.
PAR  FIG. 5 is a front elevational diagrammatic type of view showing a position
      of operation of roll sensor mechanism of this invention.
PAR  FIG. 6 is a front elevational diagrammatic type of view, similar to FIG. 5,
      showing further operation of roll sensor mechanism of this invention.
PAR  FIG. 7 is a front elevational diagrammatic type of view, drawn on smaller
      similar scale than the other views, illustrating the list adjustment
      mechanism of the roll sensor mechanism of this invention. FIG. 8 is a
      fragmentary elevational view, taken substantially on line 8--8 of FIG. 4.
PAR  FIG. 9 is a perspective diagrammatic type of view showing a portion of the
      electrical and mechanical elements of this invention.
PAR  FIG. 10 is a diagrammatic type of view showing a portion of the control
      mechanism of this invention.
PAR  FIG. 11 is a diagrammatic view of electrical circuitry of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a marine vessel 20 and shows the general location of a
      sensing unit 22, and stabilizer fins 24 and 26. FIG. 9 shows motors 28 and
      30 for operation of the fin 26 and motors 32 and 34 for operation of the
      fin 24. FIG. 9 also shows a clutch 38, which joins the motor 28 to a gear
      assembly 39, and a clutch 40 which joins the motor 30 to the gear assembly
      39. A shaft 42 is rotatably supported by any suitable means, not shown,
      and joins the gear assembly 39 to the fin 26. The motor 32 is joined by a
      clutch 44 to a gear assembly 46, and the motor 34 is joined by a clutch 48
      to the gear assembly 46. A shaft 49 is rotatably supported by any suitable
      means, not shown, and joins the gear assembly 46 to the fin 24.
PAR  The sensor unit 22 comprises a housing 50, shown in FIGS. 2, 3, and 4,
      which, as shown in FIG. 4, is rigidly attached to a portion of support
      structure 53 of the vessel 20 by means of bolts 52. The housing 50 of the
      sensor unit 22 is preferably located in or adjacent a control station 54
      of the vessel 20, as illustrated in FIG. 1.
PAR  The housing 50 comprises a base plate 51 and a cover member 55.
PAR  Secured to the base plate 51 is a bracket member 56 which has spaced-apart
      aligned bearing support portions 57 and 58. Within the bearing support
      portion 57 is a bearing 60, and within the bearing support portion 58 is a
      bearing 62. A shaft 64 is rotatably supported by the bearings 60 and 62. A
      pendulum 63 is attached to the shaft 64 and comprises spaced apart stems
      65 and 66, which are carried by the shaft 64, and a weight member 67. The
      stem 65 has a frictional disc 68 secured thereto, and the stem 66 has a
      frictional disc 70 secured thereto. A pin 74 extends through a portion of
      the disc 68 and into the shaft 64 so that the stem 65 is non-rotatably
      attached to the shaft 64. A weight member 67 is attached to the stems 65
      and 66 at the lower ends thereof. Rotatably mounted upon the shaft 64 and
      disposed between the frictional discs 68 and 70 is a connector member 80.
PAR  A leg member 84 and a leg member 86 are also pivotally supported on the
      shaft 64. The lower ends of the legs 84 and 86 have a pedestal 90 attached
      thereto by any suitable means, such as by means of screws 92. The pedestal
      90 supports a dampener member 94 which is provided with an arcuate groove
      96. A pin 97 pivotally attaches the dampener member 94 to the pedestal 90.
      Rotatably movable upon the floor of the groove 96 of the dampener member
      94 is a roller 100 which is rotatably attached to the weight member 67 by
      means of a pin 102. The arc of the groove 96 has a lesser radius than the
      distance from the bottom of the roller 100 to the shaft 64. Therefore,
      when there is relative movement between the dampener member 94 and the
      pendulum 63, the roller 100 urges the dampener member 94 to pivotally
      move. A pair of resilient members 104 are disposed between the dampener
      member 94 and the pedestal 90 and urge the dampener method 94 to maintain
      a symmetrical position with respect to the pedestal 90.
PAR  Above the shaft 64 the leg member 84 supports a liquid level member 106
      which is attached to the upper part of the leg member 84 by suitable
      means, such as screws 108. A window 109 in the front portion of the cover
      55, permits a view of the liquid level member 106.
PAR  The upper portion of the leg 86 supports switch members 110, 112, 114, and
      116, each of which has an actuator stem 120 extending therefrom. The
      switch members are arranged so that the switch members 110 and 112 are in
      juxtaposition one with the other and spaced from the switch members 114
      and 116, which are also in juxtaposition. Positioned between the pairs of
      switch members 110 and 112, and 114 and 116 is an actuator member 124. The
      actuator member 124 is pivotally attached to a shaft 126 which extends
      into the actuator member 124 and which also extends into the upper portion
      of the connector member 80. The actuator member 124 is also pivotally
      connected to the upper portion of the leg 86 by means of a pin 130 which
      extends into the actuator member 124 above the shaft 126 and which also is
      secured within an opening 132 which is located immediately above the shaft
      64 in the leg 86. A leaf spring 134 is attached to the pin 130 and is
      positioned within the actuator member 124 for urging axial alignment of
      the actuator member 124 with the connector member 80.
PAR  The shaft 64 extends through the cover 55 and has attached thereto a handle
      136. The handle 136 has a notch 138 in the lower portion thereof into
      which a toggle 140 of a switch 142 is movable. When the handle 136 is
      positioned as shown in FIG. 8, the toggle 140 may be pivotally moved
      upwardly so that a portion of the toggle 140 is positioned within the
      notch 138 to prevent rotative movement of the handle 136.
PAR  A block 143 is attached to the base plate 51 adjacent the leg 84 and
      carries a rod 145 which is axially movable with respect thereto and which
      is urged by a spring 146 into engagement with the left side of the leg 84,
      as shown in FIGS. 3 and 7. On the right hand side of the leg 84 is a rod
      148 which is threadedly supported by a flange 150 at the edge of the base
      plate 51. The rod 148 is also threadedly attached to a block 152 which is
      attached to the base plate 51. The rod 148 is engageable with the right
      hand side of the leg 84, as shown in FIGS. 3 and 7.
PAR  The shaft 49, which operates the fin 24, has a cam 160 attached thereto for
      rotation therewith. Adjacent the cam 160, for operation thereby, are
      switches 162, 164, 166, 168, and 170. The shaft 42, which operates the fin
      26, has a cam 180 attached thereto for rotation therewith. Adjacent the
      cam 180 for operation thereby are switches 182, 184, 186, 188, and 190.
PAR  FIG. 11 shows digrammatically the electrical circuitry of this invention,
      including the switches discussed above which are operated by the cams 160
      and 180. Also shown in FIG. 11 are the electrical portions of the clutches
      38, 40, 44, and 48 which operate to cause rotative movement of the fins 26
      and 24. Also shown in FIG. 11 are contacts of the switches 110, 112, 114,
      and 116 which operate by engagement with the actuator member 124. Also
      shown in FIG. 11 are lamps 210, 212, 214, 230, 232, and 234, which
      indicate the rotative position of the fins 24 and 26. These lamps may be
      located at any suitable positions adjacent the housing 50 or may be
      mounted upon the cover member 55 of the housing 50.
PAC  OPERATION
PAR  While the vessel 20 is tied up at dock or is otherwise substantially
      stationary, level member 106 is adjusted to level position as illustrated
      in FIGS. 7 and 8. Such adjustment is made by rotatively or threadedly
      moving the rod 148, which is in engagement with the right hand side of the
      leg 84. The leg members 84 and 86 are attached together through the
      pedestal 90, and the pedestal 90 pivotally supports the dampener member
      94. Adjustment of the rod 148 thus pivotally moves the legs 84 and 86
      about the shaft 64. Such adjustment is made until the liquid level member
      106 is level as it appears through the window 109. When the liquid level
      member 106 shows a level position, the legs 84 and 86 are vertical,
      regardless of the angular position of the vessel 20. For example, as
      illustrated in FIG. 6, the vessel 20 may be in a starboard list condition
      when the liquid level member 106 is adjusted to a level position. It is to
      be observed that such an adjustment of the liquid level device 106 moves
      the leg members 84 and 86 which carry therewith the pedestal 90 and the
      dampener member 94. Thus, the entire roll sensing mechanism is adjusted by
      adjustment of the rod 148, as the pendulum 63 and the weight member 67
      remain in a substantially vertical position.
PAR  However, as discussed above, the shaft 64 is attached to the handle 136,
      and the stems 65 and 66 of the pendulum 63 are attached to the shaft 64
      for rotative movement therewith. When the toggle 140 of the switch 142 is
      in an upward position, and the handle 136 is in alignment therewith, the
      toggle 140 is disposed in the notch 138 of the handle 136. Thus, the
      toggle 140 prevents pivotal movement of the handle 136 when the toggle 140
      is in an upward position. When the toggle 140 is in the upward position,
      the switch 142 is in an off position or open position.
PAR  Because the handle 136 is attached to the shaft 64 and because the shaft 64
      is attached to the pendulum 63, when the toggle 140 is in its downward
      position the handle 136 can be pivotally moved. Such pivotal movement of
      the handle 136 causes pivotal movement of the shaft 64 and the pendulum
      63. Pivotal movement of the pendulum 63 causes operation of the switches
      110, 112, 114, and 116. Thus, the operation of the roll sensor mechanism
      can be tested when desired, without roll movement of the vessel 20.
PAR  The switch 142 is preferably a double-pole single-throw switch and is
      positioned within main control conductor members 250 and 252 of the
      electrical control circuitry of the invention. Therefore, when the switch
      142 is in an open position, the circuitry shown in FIG. 11 is
      de-energized. Furthermore, when the toggle 140 of the switch 142 is in the
      raised position, the shaft 64 is secured against rotation, because the
      handle 136 is secured against rotative movement, the pendulum 63 is
      secured in position. Thus, when the toggle 140 of the switch 142 is in an
      upward position, the pendulum 63 is mechanically restrained from movement,
      and the roll sensor mechanism is inoperative.
PAR  The motors 28, 30, 32, and 34 are continuously rotating, as they are
      energized from any suitable source of electrical energy. However, the
      clutches 38, 40, 44, 48 are normally deenergized, and the shafts 42 and 49
      and the fins 26 and 24, respectively, are normally maintained in neutral
      position. Thus, in order to energize the control circuitry of this
      invention, shown in FIG. 2, the toggle 140 of the switch 142 is moved to
      its lowermost position, as illustrated in FIG. 8. When the toggle 140 is
      so positioned, the switch 142 is closed and the conductors 250 and 252
      shown in FIGS. 9 and 11 are energized.
PAR  Thus, as the marine vessel 20 is moving, the control circuitry of FIG. 11
      and the roll sensor mechanism of FIGS. 2, 3, 4, 5, 6, and 7 are in
      condition to operate. The lamps 212 and 232 are energized and lighted
      through the switches 166 and 186, respectively. If the marine vessel 20
      should roll to the starboard, a condition exists as illustrated in FIG. 5.
      In this condition there is relative rotative movement between the pendulum
      63 and the base plate 51. Because there is frictional engagement between
      the conductor 80 and the stems 65 and 66, the connector 80 normally
      remains aligned with the stems 65 and 66, as shown in FIG. 5. However,
      with starboard roll of the vessel 20, there is pivotal movement of the
      actuator member 124 about the axis of the pin 130. Thus, the actuator
      member 124 pivotally moves into engagement with the switches 114 and 116,
      as shown in FIG. 5. Thus, the switches 114 and 116 are actuated. Actuation
      of the switch 114 causes closing of the contacts 114A and opening of the
      contacts 114B of the switch 114. When the contacts 114A are closed, a
      circuit is established from the conductor 250, through the contacts 114A
      to the clutch 38. The contacts 184B of the switch 184 are normally open
      but due to the fact that the cam 180 is in engagement with the switch 184
      at this time, the contacts 184B are closed.
PAR  Thus, the clutch 38 is energized, and through the gear assembly 39, the
      shaft 42 is rotatively moved, and the fin 26 is rotatively moved in a
      direction to tend to overcome the roll of the vessel 20 to the starboard.
      For example, the shaft 42 and the cam 180, as shown in FIG. 10, rotatively
      move clockwise. When this occurs, the switch 186 which is normally in a
      recess 260 of the cam 180 is engaged by the cam 180 and the switch 186
      opens and a circuit through the switch 186 is broken. Thus, the lamp 232
      which is normally energized and lighted, to indicate neutral position of
      the fin 26, is opened and the lamp 232 is deenergized. At the same time
      the cam 180 engages the switch 182 and the switch 182 is thus closed.
PAR  If the vessel 20 continues its starboard roll, there is further relative
      movement between the pendulum 63 and the base plate 51. Thus, there is
      further movement of the actuator member 124 with respect to the pendulum
      63. Due to the fact that the connector 80 is frictionally but slidably
      retained between the stems 65 and 66 of the pendulum 63, there is relative
      rotative movement between the connector 80 and the stems 65 and 66, as
      illustrated in FIG. 6.
PAR  During the relative rotative movement between the pendulum 63 and the base
      plate 51 during roll movement of the vessel 20, there is relative movement
      between the roller 100 and the dampener member 94, as illustrated in FIGS.
      5 and 6. Due to the fact that the arc of curvature of the groove 96 is
      less than the distance from the shaft 64 to the bottom of the roller 100,
      pressure is exerted upon the dampener member 94 as relative rotative
      movement between the pendulum 63 and the base plate 51 occurs. This
      pressure increases as relative movement toward the position shown in FIG.
      6 occurs. This pressure is absorbed by the resilient members 104. Thus,
      dampening action occurs with regard to relative movement between the base
      plate 51 and the pendulum 63 as roll of the vessel 20 occurs.
PAR  As the fin 26 rotatively moves, the cam 180 is rotatively moved, because
      the fin 26 and the cam 180 are both rotatively moved with rotative
      movement of the shaft 42. When the cam 180 has rotatively moved to a given
      degree from its neutral position, for example to a 30 degree position, the
      recess 260 of the cam 180 is aligned with the switch 184 and the switch
      184 is operated so that the normally-open contact 184B is opened. Thus,
      the clutch 38 is deenergized and the shaft 42 and the fin 26 cease to
      rotatively move. At the same time, the normally closed contact 184A is
      closed, and the lamp 234 is lighted to indicate that the fin 26 has
      rotatively moved to its maximum rotative position.
PAR  When the vessel 20 ceases its starboard roll and commences to roll back
      toward the port side, the actuator member 124 disengages the actuator
      stems 120 of the switches 114 and 116, and the actuator member 124 engages
      the stems 120 of the switches 110 and 112. Thus, the normally-open
      contacts 114A open and the normally-closed contacts 114B close. Due to the
      fact that the switch 182 was previously closed when the shaft 42 began
      rotative clockwise movement, and due to the fact that the contacts 188B
      are closed by the cam 180, a circuit is established through the clutch 40
      for energization thereof. Thus, the shaft 42 and the fin 26 immediately
      begin rotative movement in the counterclockwise direction. Thus, the fin
      26 rotatively moves toward a position to oppose port roll of the vessel 20
      during the time the vessel 20 is rolling from the starboard side toward
      the port side. Thus, when the vessel 20 rolls from a starboard angle to a
      port angle, the fin 26 is already prepared to oppose port roll of the
      vessel 20.
PAR  However, prior to assuming a position to overcome roll of the vessel 20 to
      the port, the fin 26 moves to its neutral position shown in FIG. 10 and
      the switch 186 again moves into the recess 260 of the cam 180 and closes,
      lighting the lamp 232, indicating neutral position of the fin 26. Also,
      when the fin 26 rotatively moves to its neutral position, the switch 182
      is disengaged from the cam 180 and opens, deenergizing the clutch 40. The
      clutch 40 is not again energized unless the vessel 20 continues its roll
      toward the port side, and if such port roll occurs, the actuator 124
      engages the switches 110 and 112 and causes operation thereof. Thus, the
      contacts 110B and the contacts 112B are closed.
PAR  It is to be understood that during operation of the fin 26 as described
      above, the same operation is occurring with regard to the fin 24, as a
      result of the operation of the circuitry shown in FIG. 11. Thus, when port
      roll occurs, the clutches 40 and 48 are energized, causing rotative
      movement of the fins 26 and 24 in a direction to oppose port side roll of
      the vessel 20. Thus, during roll to the port side, operation of the
      circuitry of FIG. 11 and operation of the fins 26 and 24, and operation of
      the cams 180 and 160 and the switches operated thereby occur in a manner
      similar to that stated above with respect to starboard roll of the vessel
      20.
PAR  If there is no roll of the vessel 20, the fins 24 and 26 are maintained in
      a neutral position by the circuitry of FIG. 11.
PAR  Thus it is understood that the stabilizer apparatus of this invention
      provides means by which roll movement of the vessel 20 is quickly and
      effectively opposed.
PAR  Other objects and advantages reside in the construction of parts, the
      combination thereof, the method of manufacture, and the mode of operation,
      as will become more apparent from the following description.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. Roll sensor mechanism for a marine vessel for sensing roll movement
      thereof, of the type having support structure, a pendulum pivotally
      supported by the support structure, the pendulum being pivotally supported
      about a given pivotal axis, the improvement comprising:
PA1  means for increasingly resisting relative pivotal movement between the
      pendulum and the support structure, including an engagement member having
      an arcuate surface, engagement means carried by the pendulum and in
      engagement with the arcuate surface and movable with respect thereto
      during relative pivotal movement between the pendulum and the support
      structure, the arcuate surface forming an arc having a radius less than
      the spacing between the pivotal axis of the pendulum and the arcuate
      surface, the center of the arc being spaced between the arcuate surface
      and said pivotal axis of the pendulum,
PA1  means pivotally supporting the engagement member so that relative pivotal
      movement between the engagement means and the arcuate surface causes
      pivotal movement of the engagement member,
PA1  resilient means resisting pivotal movement of the engagement member and
      thus resisting relative pivotal movement between the pendulum and the
      support structure,
PA1  and means responsive to relative movement between the pendulum and the
      support structure for control of roll of the marine vessel.
NUM  2.
PAR  2. The roll sensor mechanism of claim 1 which includes a connector member
      which is pivotal about the given pivotal axis, means joining the
      engagement member to the connector member for support thereby.
NUM  3.
PAR  3. The roll sensor mechanism of claim 1 which includes means for adjusting
      the pivotal position of the engagement member with respect to the support
      structure to adjust for list of the marine vessel.
NUM  4.
PAR  4. The roll sensor mechanism of claim 1 which includes a shaft which is
      attached to the pendulum at the pivotal axis thereof for pivotal movement
      therewith for operation of a sensing element.
NUM  5.
PAR  5. Roll sensor mechanism for a marine vessel of the type having support
      structure for attachment to a marine vessel,
PA1  a rigid member supported by the support structure for pivotal movement
      about a given substantially horizontal axis, the improvement comprising:
PA1  a connector member supported by the support structure and pivotal about
      said given axis, means for adjusting and maintaining the pivotal position
      of the connector member with respect to the support structure to
      compensate for list of the marine vessel,
PA1  means increasingly resisting relative pivotal movement between the rigid
      member and the support structure including a dampener member, the dampener
      member being supported by the connector member and pivotal about a
      substantially horizontal axis, the dampener member having an arcuate
      surface positioned below the rigid member, the arcuate surface being an
      arc taken from a center which is located below the said given axis,
PA1  resilient means operably urging the dampener member to assume a pivotal
      position in which the center of the arc forming the arcuate surface is
      directly below said given axis,
PA1  the rigid member including engagement means engaging the arcuate surface of
      the dampener member and movable along the arcuate surface,
PA1  roll movement of the marine vessel thus causing relative pivotal movement
      between the connector member and the rigid member, such relative pivotal
      movement causing relative movement between the engagement means and the
      arcuate surface of the dampener member, the dampener member thus being
      urged to pivotally move against the forces of the resilient means, the
      dampener member and the resilient means thus providing increasingly
      greater resistance to such pivotal movement as such pivotal movement
      increases.
NUM  6.
PAR  6. Roll sensor mechanism for a marine vessel of the type having a pendulum
      member supported for pivotal movement about a substantially horizontal
      axis, the improvement comprising:
PA1  a pivotal dampener member positioned below said horizontal axis and having
      an arcuate surface, the arcuate surface being an arc taken from a given
      center and having a given radius, the center of the arc being spaced
      between the arcuate surface and said substantially horizontal axis,
PA1  the pendulum member including engagement means engageable with the arcuate
      surface and movable therealong, the distance from the arcuate surface to
      the horizontal axis of the pendulum member being greater than the given
      radius of the arcuate surface,
PA1  roll movement of the marine vessel causing relative movement between the
      engagement means and the arcuate surface of the dampener member, relative
      movement between the engagement means and the arcuate surface of the
      dampener member causing pivotal movement of the dampener member,
PA1  resilient means resisting pivotal movement of the dampener member, action
      of the arcuate surface of the dampener member and the resilient means thus
      creating increasingly greater resistance to such pivotal movement of the
      dampener member as such pivotal movement of the dampener member increases,
PA1  and means responsive to relative movement between the pendulum member and
      the marine vessel for control of roll of the marine vessel.
NUM  7.
PAR  7. The roll sensor mechanism of claim 6 which includes support structure,
      the pivotal member being supported by the support structure, a carrier
      member pivotally carried by the support structure, the dampener member
      being carried by the carrier member.
NUM  8.
PAR  8. The roll sensor mechanism of claim 7 in which the carrier member is
      pivotally movable about the same axis as the axis about which the pivotal
      member is pivotally movable.
NUM  9.
PAR  9. The roll sensor mechanism of claim 6 in which the dampener member is
      pivotally movable and which includes means resisting pivotal movement of
      the dampener member.
NUM  10.
PAR  10. The roll sensor mechanism of claim 6 which includes a carrier member
      pivotally movable about the axis of pivotal movement of the pivotal
      member, the dampener member being pivotally carried by the carrier member.
PATN
WKU  039345351
SRC  5
APN  4699505
APT  1
ART  315
APD  19740515
TTL  Roll stabilizer for a boat
ISD  19760127
NCL  9
ECL  1
EXA  Frankfort; Charles E.
EXP  Blix; Trygve M.
NDR  3
NFG  7
INVT
NAM  Culver; Irven H.
CTY  Playa Del Rey
STA  CA
ASSG
NAM  Southwestern Industries, Inc.
CTY  Los Angeles
STA  CA
COD  02
RLAP
COD  72
APN  360668
APD  19730515
PSC  03
CLAS
OCL  114124
EDF  2
ICL  B63B 3902
FSC  114
FSS  122;124;125
FSC  188
FSS  1 B;317
UREF
PNO  2629462
ISD  19530200
NAM  Peek
OCL  188317
UREF
PNO  3422782
ISD  19690100
NAM  Ripley
OCL  114125
UREF
PNO  3437332
ISD  19690400
NAM  Lee
OCL  188  1B
UREF
PNO  3557735
ISD  19710100
NAM  Dreyfus
OCL  114124
FREF
PNO  20,711
ISD  19150400
CNT  UK
OCL  114124
LREP
FRM  Christie, Parker & Hale
ABST
PAL  A passive roll stabilizer for a boat in which a freely movable weight is
      supported for movement athwartships at a substantial distance above the
      deck on a mast or other superstructure. The weight is freely movable along
      an axis substantially parallel to the deck between widely spaced limits.
      The limits are defined by energy dissipating stops, such as spring-loaded
      dash pots or self-restoring plastic foam material.
PARN
PAC  RELATED INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 360,668,
      filed May 15, 1973, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to passive roll stabilizers for boats, and more
      particularly to a stabilizer utilizing a laterally moving mass which is
      freely movable from side to side by the roll of the boat.
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of arrangements for inhibiting or damping the rolling motion
      of a floating vessel have heretofore been proposed. Such arrangements can
      be generally categorized as active and passive systems. Active systems
      include such things as gyro stabilizers, servo controlled fins, and
      various types of ballast transferring mechanisms which forcibly reposition
      ballast weight to counteract the rolling motion of the vessel.
PAR  Passive systems are systems which utilize the motion of the boat itself to
      move a mass in such a way as to set up counteracting forces. In known
      systems of the passive type, a mass is caused to oscillate back and forth
      under the action of gravity as the ship tips one way and then the other
      during the rolling action. The excitation force driving the mass back and
      forth laterally of the ship is the lateral component of the force of
      gravity produced by the roll angle of the boat. Thus when the boat tips in
      one direction, the weight is pulled by gravity from the high side to the
      low side of the vessel and then when the vessel tips in the other
      direction the weight is pulled back by gravity. Some combination of
      springs for tuning the natural frequency of the oscillating system near
      resonance with the roll frequency of the ship together with some damping
      arrangement to maintain the correct phasing between the movement of the
      weight and the movement of the ship is required to achieve a correcting
      action.
PAR  Such a system is described, for example, in prior art U.S. Pat. Nos.
      3,422,782 and 3,557,735. In such known systems, the weight is part of a
      tuned oscillating system, that is, the system is designed such that the
      weight is self-centering, either by springs or by inclining of the guides
      for the weight toward the center. Thus the weight is driven into
      oscillation by the rolling action of the vessel against the restoring
      force of the centering means. The frequency of this oscillation is tuned
      to the natural roll frequency of the vessel and damping is provided to
      control the relative phase between the motion of the weight and the motion
      of the vessel. While limits on the amplitude are imposed by the structure,
      normal operation is for the damped weight to oscillate within these
      limits. The limiting structure is not designed to dissipate the kinetic
      energy of the moving mass but merely acts to redirect the weight back
      toward the center of the guide structure.
PAR  Any mechanical oscillating system operating at a condition of constant
      amplitude requires that the energy used to drive the system must equal the
      energy being absorbed by damping factors in the system. This means that
      the maximum damping possible is proportional to the integral of the
      driving or excitation force maintaining the oscillation multiplied by the
      amplitude or distance through which the mass is moved. In conventional
      mechanical systems for damping rolling of a ship, the driving force is
      equal to the force of gravity times the sine of the roll angle, which
      means that the driving force available is substantially less than the
      force of gravity. Since the driving force is limited, the only way that
      substantial damping of the system can be achieved is by using a very large
      value of mass or by tuning the system to very near resonance to achieve a
      larger distance of travel for the mass, or by using a combination of more
      mass plus close tuning to resonance.
PAR  To increase the mass of the moving system has the obvious disadvantage that
      it increases the dead weight of the vessel and takes up added space.
      Trying to tune the system to match the roll frequency of the boat so as to
      drive the oscillating system near the resonance point also has a number of
      disadvantages. Must hulls do not have a linear relationship between the
      righting movement versus the roll angle, so that the rolling frequency
      changes with the degree of roll. An even more serious problem is that
      changing the load or the load distribution of the vessel can substantially
      change the roll frequency. This means that the natural frequency of the
      oscillating system must be retuned to keep the resonance frequency near
      the roll frequency.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides an improved roll stabilizer utilizing a
      dynamic mass which requires no energy source other than the rolling motion
      of the vessel being stabilized. The present system has the advantage that
      it does not have to be tuned to a particular roll frequency, thus the
      system is effective over a wide range of roll frequencies without any
      modification to the stabilizing apparatus to change the natural frequency
      of the system. Much higher acceleration forces are achieved than in
      systems relying primarily on the force of gravity, permitting a relatively
      light moving mass to stabilize the vessel. For example, a mass of less
      than a half percent of the weight of the vessel provides effective
      damping. The stabilizer does not take up useful space in the vessel and it
      is extremely simple in its construction and installation.
PAR  The above advantages are achieved by providing a roll stabilizer in which a
      mass is supported for substantially unrestricted movement between energy
      absorbing and dissipating limit stops. This system is mounted at
      substantial height above the deck of the ship to provide a large moment
      arm for the mass acceleration and mass damping forces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, reference should be
      made to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic drawing of an end view of a vessel having the roll
      stabilizer of the present invention mounted thereon;
PAR  FIG. 2 is a sectional view showing the details of the roll stabilizer
      apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view taken substantially on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial sectional view showing the lock mechanism;
PAR  FIG. 5 is a partial sectional view showing an alternative form of damping
      mechanism;
PAR  FIG. 6 is a schematic showing of an alternative embodiment of a roll
      stabilizer utilizing the principles of the present invention; and
PAR  FIG. 7 is a diagram useful in explaining the operation of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the numeral 10 indicates the hull of a floating vessel
      which, when floating in water, tends to roll about a fore and aft axis
      called the roll center (R.C.). In the absence of any roll stabilizer, the
      vessel tends to roll about the roll center at a frequency which is
      determined by various design factors, such as the mass of the vessel and
      its distribution, how high the center of flotation is above the center of
      gravtiy, and the shape of the hull. This frequency can also vary, for
      example, depending upon the way the vessel is loaded. In the past, roll
      stabilizers utilizing a mass which oscillates transversely of the vessel
      in a manner to counteract the normal rolling action of the vessel have
      usually been positioned below the deck or on the deck so as to be close to
      the roll axis. The primary exciting force acting on the mass to cause it
      to move back and forth with the rolling of the vessel in such prior art
      arrangements is the force of gravity, and more particularly, the component
      of the force of gravity acting along the direction parallel to the path of
      movement of the mass. Assuming the mass acts along the path substantially
      parallel to the deck, the component of force acting on the mass is zero
      when the ship is level and increases in proportion to the sine of the roll
      angle as the vessel rolls to either side of the normal.
PAR  As shown in FIG. 1, the roll stabilizer assembly, indicated generally at
      12, is mounted atop a mast 14 which may be part of the superstructure of
      the vessel. The roll stabilizing assembly 12 includes an elongated tube 16
      or other suitable guidance structure supported on top of the mast 14 and
      extending laterally of the vessel and substantially parallel to the deck.
      Movably supported within the tube 16 is a weight 18 which may be provided
      with guide wheels 20 that provide very low friction support for the weight
      18 within the tube 16. Thus the weight 18 is free to move laterally of the
      vessel within limits provided by a pair of limit stops 22 and 24 at either
      end of the tube 16. As hereinafter described in more detail, the limit
      stops 22 and 24 are designed with low resilience so as to absorb energy
      from the impact of the weight against either stop as heat rather than as
      energy tending to accelerate the weight 18 back in the opposite direction.
      In other words, the limit stops 22 and 24 act as shock absorbers for
      damping the reciprocal motion of the weight 18.
PAR  In operation, the weight 18 normally moves to position itself against one
      or the other of the limit stops 22 and 24. The rolling motion of the ship
      or vessel in moving the tube 16 causes one of the stops and the weight to
      come together. The weight 18 is then accelerated with the stop by the
      lateral acceleration of the tube. The accelerating force acting on the
      weight therefore is the angular acceleration .phi. of the rolling vessel
      times the lever arm or height h, where .phi. is the roll angle as a
      function of time. The greater the height, the greater can be the force
      applied to the weight 18. As the vessel reaches its center position in the
      roll cycle, the weight achieves its maximum velocity. As the vessel rolls
      beyond the center position, the tube velocity decreases to zero as the
      boat reaches its maximum roll angle in the other direction. Because of its
      low friction, however, the weight 18 moves at substantially constant
      velocity along the length of the tube 16 at the maximum velocity until it
      strikes the limit stop at the other end of the tube. Substantially all of
      the energy of impact is then dissipated by the limit stop.
PAR  As the ship rolls in the opposite direction, the weight is again
      accelerated by the limit stop until the center position is restored and
      the weight again moves along the length of the tube toward the first limit
      stop. With each impact of the weight against the alternate limit stops,
      substantial energy is dissipated by the limit stops, thereby greatly
      damping the rolling movement of the vessel.
PAR  For effective operation of the stabilizer of the present invention, the
      unit should be mounted at a height above the roll center at which the
      lateral component of acceleration of the housing, due to the long lever
      arm above the roll center, exceeds the acceleration of the weight by
      gravity due to the incline of the housing with roll. Using small angle
      theory (the sine and tangent of small angles is approximately equal to the
      angle in radians) the angular accelerations of the housing can be
      expressed as
EQU  .PHI. = .OMEGA..sub.R.sup.2 .PHI.
PAL  where .phi. is the roll angle and .OMEGA. R is the natural roll frequency
      in radians per second. The lateral acceleration A.sub.L of the housing
      with roll is then
EQU  A.sub.L = h .PHI. = .OMEGA..sub.R.sup.2 . .PHI..sup.. h
PAL  The lateral acceleration due to gravity can be expressed
EQU  A.sub.g = .PHI. g
PAL  where g is the acceleration of gravity. For A.sub.L &gt; Ag,
      ##EQU1##
      The height h is preferably made as large as practical, since the greater
      the value of h, the greater the acceleration of the weight by the end of
      the housing and therefore the greater the energy on impact of the weight
      with the opposite end of the housing.
PAR  Referring to FIGS. 2, 3, and 4, the preferred embodiment of the invention
      is shown in more detail. The tube 16 is preferably in the form of an
      extruded plastic or metal tube which is oval-shaped in cross-section. The
      weight 18, which is also oval-shaped in cross-section, is smaller than the
      internal dimension of the tube 16 so as to be freely movable within the
      tube. The weight is supported by a pair of lower guide wheels 20 which are
      journaled in slots 26 in the lower center of the weight 18. The two lower
      wheels 20 are guided by a pair of integral flanges 28 formed in the bottom
      interior of the tube 16. Upper guide wheels 21, rotatably supported by the
      weight 18, lightly engage the upper interior wall surface of the tube 16
      to center the weight and maintain effective clearance with the interior of
      the tube.
PAR  The limit stops 22 and 24 preferably include a length of plastic foam
      material, such as polyurethane foam, which is deformed on impact and which
      returns to its original shape in time to absorb the next impact. In other
      words, the polyurethane absorbs all the energy of impact, transforming the
      mechanical energy of the moving weight, dissipating it substantially in
      heat and not returning it to the weight as would a resilient spring. The
      weight and polyurethane stay in contact until the housing decelerates as
      it passes through the center position of the roll cycle. It may be
      desirable to make the polyurethane stop in several sections so that the
      material adjacent the point of impact is more easily crushable than the
      material more remote from the point of impact, thus providing a graduated
      stopping action which automatically accommodates itself to different
      impact velocities resulting from various degrees of rolling action. The
      polyurethane stops are held in place by end plates 30 and 32 which are
      removably mounted in the ends of the tube 16. The stabilizer assembly is
      mounted on top a mast or other suitable support high above the deck, such
      as by a mounting bracket 34 at the center of the tube 16 and by suitable
      guy wires which are secured to either end of the tube 16.
PAR  When not in use it is desirable that the weight be locked in a fixed
      position, preferably midway between limit stops 22 and 24. To this end a
      latch mechanism, as shown in FIGS. 3 and 4, may be provided. The latch
      mechanism includes a lock member 40 pivoted at one end to the inside of a
      housing 42 mounted on top of the tube 16 by means of a shaft 43 and a
      shock absorbing rubber bushing 45. The lock member 40 is urged downward by
      a spring 44 through a slot 46 in the top of the tube 16. The lock member
      40 has a notch 48 along the lower margin thereof, which engages the
      portion of the weight 18 formed by a recess 50 formed in the weight. The
      lower margins of the lock member 40 extend at an angle, as indicated at 52
      and 54, so that the lock member is wedged upwardly by the ends of the
      weight as the weight moves into the locking zone from either direction.
      When the weight reaches the position shown in FIG. 4, the locking member
      40 drops down into the recess 50 under the action of the spring 44,
      securing the weight 18 from movement in either direction. The spring is
      made light enough so that if the weight is moving very fast past the
      locking member, the locking member unit engages the weight. Only when the
      velocity of the weight drops below a safe speed will the latch engage,
      halting the movement of the weight.
PAR  The locking member 40 is released by a release lever 56 mounted on a shaft
      58 journaled in the walls of the housing 42. One end of the shaft 58
      extends outside of the housing and is attached to a control arm 60. Lines
      attached to opposite ends of the control arm 60 are used to rotate the
      control arm 60 from the base of the mast or other convenient location. The
      lines are secured around a cleat 62 to hold the arm 60 in either of two
      operative positions. Rotation of the shaft 58 by the arm 60 causes the
      release lever 56 to push the locking member 40 upwardly and out of
      engagement with the weight 18, thereby releasing the weight 18 for free
      movement within the tube 16.
PAR  An alternative shock absorber arrangement for absorbing and dissipating
      energy from the moving weight 18 is shown in FIG. 5. This arrangement
      includes a dash pot which includes a piston 70 having an orifice 72
      providing a fluid passage between regions on the front and back of the
      piston 70. The piston is actuated through a plunger 74 which extends
      through an opening in an end wall 76. The space on either side of the
      piston 70 is filled with a suitable hydraulic fluid. The plunger 74
      terminates in an end plate 78 to which is attached a coil spring 80. A
      second coil spring 82 is positioned between the end of the piston 70 and
      the wall 30 at the end of the tube 16. As the weight moves along the
      length of the tube, it strikes against the spring 80, forcing the piston
      against the spring 82 and squeezing the fluid out through the orifice 72.
      In the process, the fluid absorbs energy from the system which is
      dissipated in the form of heat.
PAR  An alternative embodiment of the roll stabilizer is shown in FIG. 6. In
      this arrangement a weight 84 is mounted on top of a long mast 86 which is
      pivotally supported at its lower end to the deck of the vessel 10 by a
      bracket 88. This inverted pendulum arrangement is unstable and tends to
      move over against one or the other of two stops. The stops are in the form
      of supporting leaf springs 90 and 92, anchored to the deck on either side
      of the bracket 88 and terminating at their upper ends with friction pads
      94 and 96, which are engaged by the mast 86. The momentum of the mast 86
      striking against the pads 94 and 96, as the weight 84 is thrown back and
      forth by the rolling action of the ship, results in a friction loss
      between the pad and the engaging mast 86 during the deflection of the
      supporting springs 90 and 92. A pair of coil springs 98 and 100 are
      connected between the mast 86 and the deck of the vessel 10 in a manner to
      produce a centering action on the mast 86. However, the coil springs 98
      and 100 are only just stiff enough to effectively neutralize the action of
      gravity in moving the weight and associated mast over against one or the
      other of the stops when the deck is level. This insures that the slightest
      rolling action will cause the weight in the mast 86 to be thrown back and
      forth between the two stops to achieve a damping action from the energy
      dissipated by the friction pads 94 and 96.
PAR  FIG. 7 is a plot of the excitation force F acting on the weight as a
      function of the movement of the weight from side to side against the
      energy absorbing stops. The curve 104 shows a hysteresis curve for the
      roll stabilizer according to the present invention. Between the limits of
      the two stops (a) there is substantially zero force (other than the force
      of gravity) acting on the weight 18. The length of a is solely a function
      of the distance d (see FIG. 2) that the weight moves along the tube
      between the points of contact with the stops. The weight moves an
      additional distance (b) relative to the vertical plane through the roll
      center RC because the tube moves with the rolling of the ship. This
      distance b is a function of the size of the roll angle .phi. and the
      height h. When the weight makes contact with either polyurethane stop, the
      force acting on the weight 18 builds up until the polyurethane is
      compressed to the point that the weight is no longer moving within the
      tube. This distance c is a function of the roll angle .phi. and the roll
      frequency f. The force then drops abruptly down to a level corresponding
      to the relatively small restoring force produced by the polyurethane. Once
      the weight 18 begins to move along the tube in the other direction, the
      force acting on the weight (other than the force of gravity) drops to
      zero. The total area under the hysteresis loop at either end of the travel
      of the weight represents the energy absorbed by the system. As the roll
      angle decreases, b decreases, resulting in the hysteresis curve of .psi.'.
      For a larger roll angle the hysteresis curve is as indicated at 104 ". It
      will be seen that the system absorbs more energy as the roll angle
      increases.
PAR  In contrast to the other passive stabilizer systems in which the weight
      oscillates about the center of its movement relative to the ship, the
      weight 18 is not self-centering but moves unstably against one limit stop
      or the other. It remains in contact with one or the other of the limit
      stops during a substantial portion of each roll cycle of the vessel,
      namely, from the time of impact with a stop, usually near either extreme
      of the roll, until the vessel returns to the mid roll or fully upright
      position. Thus the time of contact of the weight with the limit stops may
      be of the order of half the roll period of the vessel.
PAR  It has been found that a 70-pound weight moving through an 8 1/2 foot long
      tube with 20 inches of foam damping material at either end, when
      positioned 16 feet above the roll center of a 27 foot boat having a 10,000
      pound displacement, can reduce the roll angle from a 15.degree. to
      20.degree. roll with the weight locked in the Off position down to
      1.degree. to 2.degree. roll maximum with the weight free to move back and
      forth in the tube. Thus it will be seen that the invention is extremely
      effective in stabilizing the roll of a vessel. The device is equally
      effective whether the boat is underway or at rest. It is effective over a
      wide range of wave and roll frequencies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A passive non-linear energy absorbing dynamic mass system for limiting
      the roll of a floating vessel comprising a moving mass, a longitudinal
      guide member, means movably supporting the mass on the guide member for
      substantially free and undamped movement along the full length of the
      guide member, mounting means for mounting the guide member on the vessel
      with the path of movement of the mass extending transversely to the roll
      axis of the vessel, the energy absorbing means secured to the guide member
      and positioned at separated points along said path for limiting the length
      of free movement of the mass, the energy absorbing means absorbing
      substantially all the kinetic energy of the mass from impacts with the
      moving mass and dissipating it as heat to prevent recoil acceleration of
      the mass on impact, the amount of free movement of the mass along the
      guide means between the energy absorbing means being substantially greater
      than the motion accommodation distance of the energy absorbing means, the
      mass when the vessel is in a static level position being free along the
      full length of the guide member between the energy absorbing means of any
      forces tending to restore the mass to a central position.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the weight of the moving mass is of the
      order of 1/2% of the displacement weight of the vessel.
NUM  3.
PAR  3. Apparatus of claim 1 further including releasable locking means secured
      to the guide member and engageable with the mass for securing the mass
      against movement along said guide member thereby to disable the system.
NUM  4.
PAR  4. Apparatus of claim 1 wherein the energy absorbing means comprises blocks
      of polyurethane foam.
NUM  5.
PAR  5. Apparatus of claim 1 wherein said energy absorbing means includes a
      hydraulic shock absorbing device engaged by the mass at the limits of
      travel at either end of said guide member.
NUM  6.
PAR  6. Apparatus of claim 1 wherein said energy absorbing means includes a body
      of self-restoring plastic foam material engaged and compressed by the mass
      at either end of said guide member.
NUM  7.
PAR  7. Apparatus of claim 6 wherein the body of plastic foam varies in
      stiffness throughout the length of the body in the direction of the moving
      mass.
NUM  8.
PAR  8. Apparatus of claim 1 wherein the mounting means supports the guide
      member at a height above the roll axis of the vessel that is substantially
      greater than the ratio of the acceleration of gravity to the square of the
      natural roll frequency of the vessel.
NUM  9.
PAR  9. Apparatus for stabilizing a rolling vessel, comprising:
PA1  means supporting a weight from a vessel above the roll center for free and
      undamped movement relative to the vessel,
PA1  means restricting the movement of the weight relative to the vessel to a
      path transverse to the roll axis of the vessel,
PA1  stop means spaced along the path for limiting the movement of the weight
      along said path, said supporting means providing unstable support of the
      weight when the vessel is in a static level position, whereby the weight
      tends to move toward and remain against the stop means at either end of
      the path of the weight with the slightest tilt of the vessel in either
      direction, said restricting means affording free undamped transverse
      motion of the weight between the stop means,
PA1  the stop means including mechanical energy absorbing and dissipating means
      having very low resilience so that the weight does not rebound along the
      path following impact with the stop means, the total motion accommodation
      distance of the stop means being substantially less than the distance
      along the path between the stop means whereby the weight is free of
      contact with the stop means during a substantial portion of its movement
      along said path.
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ABST
PAL  A support arm is provided including base and outer ends and mounting
      structure is provided on the base end for mounting the support arm from a
      boat in a generally horizontally disposed position with the outer end of
      the support arm projecting outwardly of one side portion of the boat. The
      outer end of the support arm structure is bifrucated to provide an endwise
      outwardly opening vertical slot and the support arm includes outer end
      downwardly projecting and inwardly curving guide structure. Flexible
      tension member guide structure is mounted on the outer end of the support
      arm above the slot and guidingly receives an elongated flexible tension
      member extending generally lengthwise of the support arm. One free end
      portion of the flexible tension member depends downwardly through the slot
      and is equipped with anchor member attaching structure on its lower free
      end. The anchor member attaching structure is engageable with the lower
      end of the guide structure upon upward movement of the lower free end of
      the tension member for outward displacement of the anchor member attaching
      structure and an anchor attached thereto upon further upward movement of
      the tension member free end and the anchor member attaching structure
      supported therefrom. Upon final upward movement of the anchor member
      attaching structure to the upper extremity of the guide structure, further
      tension of the tension member is operative to inwardly displace the anchor
      member attaching structure to a position bridging the furcations of the
      outer end of the support arm for support of the anchor member attaching
      structure, and thus the anchor member, therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of anchor handling equipment has been heretofore designed for
      use on both large and small boats as well as much larger ships. Some of
      these previously designed structures are constructed in a manner whereby
      they must be manually operated and other structures of this type are
      designed whereby they may be remotely operated by a suitable power source.
      Still further, some previously designed anchor handling structure is
      operative merely to raise an associated anchor and does not include
      structure for supporting the raised anchor in a substantially motionless
      position against shifting into contact with adjacent portions of the
      associated boat.
PAR  Examples of previously designed anchor handling structure are disclosed in
      U.S. Pat. Nos. 1,640,672, 2,831,450, 2,845,039 and 3,242,894.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The anchor handling structure of the instant invention is constructed in a
      manner whereby it may be readily constructed in various sizes for use in
      conjunction with various size boats ranging from a small runabout boat to
      a larger ship. In addition, the anchor handling structure of the instant
      invention may be readily modified for manual operation or for operation
      from a remote location. Still further, the anchor handling structure of
      the instant invention is capable of supporting an associated anchor in a
      raised condition against shifting relative to the anchor handling
      structure and therefore against shifting into contact with adjacent boat
      surfaces which might be damaged by contact of an anchor therewith.
PAR  Also, the anchor handling structure includes automatic latching structure
      for releasably latching the associated anchor in a raised position and
      operable from a remote location in order to release a raised anchor for
      lowering into the water.
PAR  The main object of this invention is to provide an anchor handling
      structure which will be capable of raising an associated anchor and
      supporting the raised anchor in an outboard position relative to an
      associated boat and in a stationary manner relative to the anchor handling
      structure.
PAR  Another object of this invention is to provide an apparatus in accordance
      with the preceding object and which will be capable of modification for
      either manual operation or operation by a suitable prime mover from a
      remote location.
PAR  A still further object of this invention is to provide an anchor handling
      structure including automatic latching structure for latching a raised
      anchor in a fully raised position against lowering relative to the anchor
      handling structure.
PAR  A further object of this invention, in accordance with the immediately
      preceding object, is to provide a latching structure including automatic
      release features whereby the latching structure may be automatically
      released when desired in order to lower an associated anchor.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide an anchor handling structure in accordance with the preceding
      objects and which will conform to conventional forms of manufacture, be of
      simple construction and easy to use so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of the bow portion of a boat with the
      anchor handling structure of the instant invention operatively associated
      therewith;
PAR  FIG. 2 is an enlarged fragmentary, longitudinal, vertical sectional view,
      taken substantially upon the plane indicated by the section line 2--2 of
      FIG. 1, and with an alternate position of a shiftable portion of the
      anchor handling structure illustrated in phantom lines;
PAR  FIG. 3 is a transverse, vertical sectional view, taken substantially upon a
      plane indicated by the section line 3--3 of FIG. 2; and
PAR  FIG. 4 is an exploded perspective view of the anchor handling structure.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates the bow portion of a boat 12. The bow portion 10 includes an
      upper deck surface 14 and the anchor line guide and support or anchor
      handling structure of the instant invention is referred to in general by
      the reference numeral 16. The structure 16 includes an elongated upwardly
      opening generally channeled shaped support arm 18 including opposite side
      upstanding vertical longitudinal flanges 20 and 22 interconnected along
      their lower marginal edge portions by means of a horizontal bight portion
      26. The Support arm 18 includes an inner end 28 and an outer end 30 and
      the upper marginal edge portions of the longitudinal flanges 20 and 22
      terminate in integral inwardly directed horizontal flanges 32 and 34,
      respectively. Also, the outer ends of the longitudinal flanges 20 and 22
      include inwardly directed flanges 36 and 38 having bores 40 and 42 formed
      therethrough, the flanges 36 and 38 extending between vertically spaced
      portions of the horizontal flanges 32 and 34 and the outer end marginal
      portion of the bight portion 26. Also, from FIG. 4 of the drawings, it may
      be seen that the outer end of the bight portion 26 is provided with an
      endwise outwardly opening slot 44 whose opposite side marginal edges are
      spaced inwardly of the inner ends of the corresponding flanges 36 and 38.
PAR  A sleeve-type mounting bracket 46 is provided and is snugly telescoped over
      the inner end 28 of the support arm 18 with a transverse pin 48 being
      passed through opposite side horizontally registered bores 50 in the
      mounting bracket 46 and corresponding horizontally registered bores 52
      formed in the flanges 20 and 22 to thereby secure the support arm 18 to
      the mounting bracket 46. In addition, the mounting bracket 46 includes a
      pair of opposite side horizontal mounting flanges 54 having bores 56
      formed therethrough by which the mounting bracket 46 may be secured to the
      upper deck surface 14 by means of suitable fasteners 58 secured through
      the bores 56. The end of the mounting bracket 46 remote from the outer end
      30 of the support arm 18 is notched as at 59 and includes an inverted
      U-shaped mount 60 between whose legs 62 a guide pulley wheel 63 is
      journaled by means of a pivot shaft 64 secured through the lower ends of
      the legs 62.
PAR  As may be seen from FIG. 2 of the drawings, the support arm 18 is supported
      from the bow portion 10 of the boat 12 by means of the mounting bracket 46
      with the outer end 30 of the support arm 18 projecting outwardly from the
      forward extremity of the bow portion 10.
PAR  The outer end 30 of the support arm 18 includes a pair of transversely
      spaced depending and inwardly curving guide members 65 whose upper ends
      are notched along their inner sides as at 66 and secured to the flanges 36
      and 38 by means of fasteners 67. The lower ends of the members 65 are
      interconnected by means of a horizontal transverse brace member 68
      extending and rigidly secured therebetween.
PAR  The channel member comprising the support arm 18 includes an internal
      transverse abutment member 70 extending between the flanges 20 and 22 and
      secured to the latter by means of suitable fasteners 72. Also, the flanges
      32 and 34 include apertures 74 centrally intermediate their opposite ends.
PAR  A slide sleeve 76 is slidingly telescoped over the outer end 30 of the
      support arm 18 and includes opposite sides 78 interconnected by means of
      top and bottom panel 80 and 82. The forward end of the top panel 80
      includes an inverted U-shaped mounting bracket 84 including upstanding
      legs 86 between whose vertical mid portions a guide wheel 88 is journaled
      by means of a pivot shaft 90. Also, the forward end of the slide sleeve 76
      includes a horizontally disposed U-shaped bail 92 including opposite side
      legs 94 whose free ends are secured to the outer sides of the opposite
      sides 78 of the sleeve 76 in any convenient manner, such as by welding.
      The bail 92 includes a bight portion 96 spaced outwardly of the forward
      end of the slide sleeve 76 defining a vertical opening enclosed by the
      bail 92 for a purpose to be hereinafter more fully set forth and the top
      panel 80 is centrally apertured as at 98 immediately rearward of the legs
      86 of the mounting bracket 84 and also transversely slotted as at 100 a
      spaced distance rearward of the aperture 98.
PAR  An L-shaped mounting bracket 102 includes an upper horizontal flange 104
      secured to the underside of the top panel 80 by means of a suitable
      fastener 106 and a depending forward vertical flange 108 received between
      the flanges 32 and 34 and having a compression spring 110 secured to its
      rear face and projecting rearwardly therefrom. The rear end of the
      compression spring 110 is engageable with the abutment member 70 as will
      be hereinafter more fully set forth and a second L-shaped mounting bracket
      112 is provided and includes a horizontal flange 114 secured to the
      flanges 32 and 34 rearward of the slide sleeve 76 by means of suitable
      fasteners 116 secured through apertures 118 formed in the flange 114 and
      the apertures or bores 74 formed in the flanges 32 and 34. The mounting
      bracket 112 also includes an upstanding flange 120 provided with a
      transverse slot 122 and a hooked latch member or lever 124 is pivotally
      attached to the flange 120 by means of a hinge 125 and includes a forward
      down turned and slightly rearwardly and dowardly inclined hook flange 126
      engageable in the slot 100 in a manner to be hereinafter more fully set
      forth.
PAR  An elongated flexible tension member 128 is trained over the pulley wheels
      or guide wheels 63 and 88 and includes a base end 130 which may be
      manually pulled or wound about a winch drum (not shown), if desired. The
      tension member 128 also includes a free end 132 which may be downwardly
      directed through the slot 44 and between the guide membes 65 forward of
      the brace member 68. The free end 132 of the tension member 128 includes
      anchor attaching structure 140 to which the upper end of the shank 142 of
      an anchor 144 may be removably attached in any convenient manner such as
      by a retaining bolt 139 secured through the spaced arms 141 of the clevis
      defined by the structure 140. The free end portion 132 of the tension
      member 128 passes beneath a transverse guide pin 143 secured between the
      upper ends of the arms 141 and is directed upwardly and secured to the
      upper bight portion 145 of structure 140 by means of a fastener 147.
PAR  In operation, and with the assumption that the anchor 144 is attached to
      the free end 132 of the tension member 128 by means of the anchor
      attaching structure 140 and that the anchor 144 is disposed below the
      lower end of the guide members 65 with the free end 132 of the tension
      member 128 extending downwardly through the slot 144 and between the guide
      members 65, the compression spring 110 (assuming that the latch lever has
      its hook flange 126 disengaged from the slot 100) serves to yieldingly
      bias the slide sleeve 76 toward the outermost position thereof illustrated
      in phantom lines in FIG. 2 of the drawings with the guide wheel 88
      disposed substantially fully outwardly of the upper ends of the guide
      members 65 and the bail bight portion 96 displaced considerably outwardly
      of the end of the support arm 18. Then, with the compression spring 110
      maintaining the slide sleeve 76 in its outer position, an inward pull is
      applied, either manually or by means of a winch assembly, to the tension
      member 128 whereby the free end 132 thereof, the anchor attaching
      structure 140 and the anchor 144 will be raised upward toward the guide
      structure comprising the guide members 65 and the brace member 68 for
      receiving the structure 140 upwardly through the opening bounded by the
      bail 92. As the upper end of the shank portion 142 approaches the lower
      ends of the guide members 65, the anchor attaching structure 140, which is
      of greater width than the spacing between the guide members 65, will
      engage the forward surfaces of the lower ends of the guide members 65 and
      thus be cammed outward together with the upper end of the shank portion
      142 of the anchor 144, upon further upward movement of the anchor member
      attaching structure 140. Then, the shank portion 142 of the anchor 144
      will be received between the guide members 65 and as the anchor member
      attaching structure 140 is raised to the elevation of the notches 66, the
      inward pull on the free end 132 of the tension member 128 will be
      sufficient to inwardly advance the anchor member attaching structure 140
      between the upper ends of the guide members 65 and the forward ends of the
      flanges 32 and 34 and over the upper surface portions of the bight portion
      26 disposed on opposite sides of the slot 44. In this manner, the weight
      of the anchor member attaching structure 140 and the anchor 142 will be
      supported from the bight portion and a further inward pull on the free end
      132 of the tension member 128 will cause the bight portion 145 of the
      anchor member attaching structure 140 to engage the bracket 84 and to thus
      inwardly displace the latter as well as the slide sleeve 76 from which the
      guide wheel 88 is journaled.
PAR  As the guide sleeve 76 is inwardly displaced along the support arm 18, the
      compression spring 110 is compressed against the abutment member 70 and
      the slot 100 is moved into registry with the lower end of the hook flange
      126 of the latching lever 124, thus allowing the hook flange 126 to drop
      downwardly through the slot 100. At this point, further inward pull on the
      free end of the tension member 128 may be terminated and the anchor member
      attaching structure as well as the anchor 144 supported therefrom will be
      supported by the upper surface portions of the bight portion 26 disposed
      on opposite sides of the slot 44 against downwardly displacement relative
      to the support arm 18 and the latch lever 124 will maintain the slide
      sleeve 76 in its inwardly displaced position, the bight portion 96 of the
      bail 92 serving to prevent outward movement of the anchor member attaching
      structure 140 from the bifurcated end of the support arm 18 defined by the
      slot 44.
PAR  When it is desired to release the anchor 144, further inward force is
      applied to the tension member 128 in order to cam the hook flange 126
      upwardly and out of the slot 100. Thereafter, tension on the tension
      member 128 is quickly released whereby the slotted portion of the slide
      sleeve 76 will quickly pass beneath and outwardly beyond the lower
      extremity of the hook flange 126 as the compression spring 110 yieldingly
      biases the slide sleeve 76 to the outer position thereof, illustrated in
      phantom lines in FIG. 2 of the drawings. When in this outer position, the
      slide sleeve 76 has outwardly displaced the anchor member attaching
      structure 140 from the slot 44 whereby release of the tension on the
      tension member 128 is sufficient to allow the anchor member attaching
      structure 140 as well as the anchor 144 to drop by gravity down into the
      water.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An anchor raising and support structure comprising a support arm
      including inner and outer ends, mounting structure on said inner end for
      mounting said support arm from a boat in generally horizontal position
      with the outer end of said support arm projecting outwardly of one
      marginal portion of the boat, the outer end of said arm including means in
      the form of opposite side outer terminal ends defining an endwise
      outwardly opening slot between said terminal ends, slide structure mounted
      on said arm including means defining a vertically extending window
      therethrough, said slide structure being freely shiftable along said arm
      between a first outward shifted position with said window disposed above
      the level of said terminal ends and disposed outwardly of said slot and a
      second inward shifted position with said window having at least a major
      portion thereof shifted inwardly of the outer extremity of said slot, said
      slide structure including guide structure elevated above said window, an
      elongated flexible tension member extending along said arm and having one
      free end portion passed over said guide structure and downward through
      said window and provided with anchor attaching structure on its terminal
      end shiftable vertically through said window and being elevatable by said
      tension member upwardly through said window to a position disposed
      juxtaposed to and forward of said guide structure for engagement with the
      latter upon inward displacement of said anchor attaching structure along
      said arm, said anchor attaching structure being of a width to bridge said
      terminal ends above the latter when said anchor attaching structure is
      elevated upwardly through said window, means yieldingly biasing said slide
      structure toward the first position thereof, depending second guide
      structure carried by the outer end of said arm for engagement by said
      anchor attaching structure from below when the anchor attaching structure
      is raised upward by said tension member toward the outer end of said arm
      when said slide is in the first position thereof, said second guide
      structure being operable to cause said anchor attaching structure, when
      the latter is being elevated upwardly through said window, to be retained
      outwardly of the first mentioned guide structure and to thereafter allow
      said anchor attaching structure to move inwardly over said slot and said
      terminal ends and into engagement with the first mentioned guide
      structure, whereby the slide structure may be displaced inwardly along
      said arm toward said second position thereof upon upward displacement of
      said attaching structure above the second mentioned guide structure, and
      releasable latch means carried by said arm for releasably latching said
      slide in said second position, said anchor attaching structure, after said
      tension member is slackened subsequent to said slide structure being
      inwardly shifted to said second position thereof, being operable to bridge
      said terminal ends for support therefrom.
NUM  2.
PAR  2. The combination of claim 1 wherein said means defining said vertically
      extending window includes a portion thereof disposed outwardly of said
      anchor attaching structure when the latter is in the raised position
      disposed in said window and operable, when said slide structure is in said
      second position to prevent outward displacement of said anchor attaching
      structure relative to said slide structure along said support arm toward
      said terminal ends.
NUM  3.
PAR  3. The combination of claim 1 wherein said second guide structure comprises
      a pair of depending arcuate members supported from said terminal ends,
      said arcuate members being disposed in spaced side-by-side relation with
      their convex surfaces facing outwardly of the free end of said support
      arm, said tension member being receivable between the upper ends of said
      arcuate members.
NUM  4.
PAR  4. The combination of claim 3 including a horizontal member extending and
      secured between the lower ends of said arcuate members.
NUM  5.
PAR  5. The combination of claim 1 wherein the first mentioned guide structure
      comprises a pulley wheel journaled from said slide structure and over
      which said tension member is passed, the axis of rotation of said pulley
      wheel being horizontally disposed and extending transversely of said arm.
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ABST
PAL  Disclosed herein is vibration isolating arrangement for an outboard motor
      having a propulsion unit mounted rearwardly of the steering axis of the
      outboard motor and including a powerhead, a drive shaft housing having a
      drive shaft, and a lower unit carrying a propeller. The mounting
      arrangement includes an upper mount and a pair of lower mounts secured to
      the propulsion unit in vertically spaced relation and rearwardly of or
      behind the drive shaft. The top mount includes a cross bar which has a
      wedged-shaped cross section with the upper and lower surfaces thereof
      converging in the direction of propeller thrust, which is supported by a
      resilient bushing within a casing, and which has outer ends extending from
      the casing transversely to the direction of propeller thrust for
      connection to a swivel bracket. The lower mounts are mounted in laterally
      spaced recesses provided in the drive shaft housing. Each of the lower
      mounting units includes an insert which has a wedge-shaped cross section
      with the upper and lower surfaces thereof diverging in the direction of
      forward propeller thrust and which is supported by a pair of resilient
      pads disposed between a pair of spacer members which fit snugly into
      opposed grooves provided in each drive shaft housing recess.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The isolation of a boat hull from vibration emanating from a propulsion
      unit of an outboard motor has conventionally been accomplished by a
      plurality of mounts. Exemplary prior art constructions for such mounts are
      disclosed in the following United States patents:
PAR  Irgens et al U.S. Pat. No. 2,740,368, issued Apr. 3, 1956
PAR  Kiekhaefer U.S. Pat. No. 2,911,936, issued Nov. 10, 1959
PAR  Kiekhaefer U.S. Pat. No. 2,916,007, issued Dec. 8, 1959.
PAR  Watkins U.S. Pat. No. 3,002,489, issued Oct. 3, 1961.
PAR  Mohr U.S. Pat. No. 3,127,866, issued Apr. 7, 1964.
PAR  Post U.S. Pat. No. et al 3,358,668, issued Dec. 19, 1967.
PAR  Taipale U.S. Pat. No. 3,599,594, issued Aug. 17, 1971.
PAR  Haft U.S. Pat. No. et al 3,750,615, issued Aug. 7, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a vibration mounting arrangement including upper and
      lower mounts for connecting a propulsion unit of an outboard motor to a
      swivel bracket.
PAR  In accordance with the invention, the upper mount includes a cross bar
      which is disposed transversely to the direction of propeller thrust and in
      connected to one of the propulsion unit and the swivel bracket. The cross
      bar includes a portion which has a wedge-shaped cross section with upper
      and lower surfaces converging in the direction of forward propeller thrust
      and is encircled by a resilient bushing which is connected to the other of
      the propulsion unit and the swivel bracket.
PAR  Also in accordance with the invention, the lower mount includes at least
      one mounting unit disposed in a recess provided in the lower portion of
      the drive shaft housing. The lower mounting unit includes an insert
      connected to the swivel bracket and having a wedge shape with the upper
      and lower surfaces thereof diverging in the direction of forward propeller
      thrust and a resilient pad disposed between each of the insert surfaces
      and the walls of opposed grooves provided in each drive shaft housing
      recess.
PAR  A primary feature of the invention is the provision of a vibration
      isolating mounting arrangement for an outboard motor, which arrangement is
      capable of providing increased load capacity in the forward direction and
      low rates of shear in both the fore and aft and lateral modes.
PAR  Another primary feature of the invention is the provision of a mounting
      device for mounting and vibrationally isolating vibrating equipment from a
      support.
PAR  Other features, aspects and advantages of the invention will become
      apparent upon reviewing the following detailed description, the drawings
      and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an outboard motor with portions broken
      away to show the vibration mounting arrangement.
PAR  FIG. 2 is a fragmentary top view of a portion of the outboard motor
      partially broken away to show the upper mount.
PAR  FIG. 3 is a side view, in section, of the upper mount in the propulsion
      unit.
PAR  FIG. 4 is a perspective view of the upper mount.
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 2.
PAR  FIG. 6 is a top view, in section, of the lower mount positioned within the
      drive shaft housing of the propulsion unit.
PAR  FIG. 7 is a side view, in section, of a lower mount unit.
PAR  FIG. 8 is a sectional view taken along the line 8--8 in FIG. 7.
PAR  FIG. 9 is a perspective view of a lower mount unit.
DETD
PAR  Before explaning the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangements of the components set forth in the following
      description or illustrated in the drawing. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purposes of description and should not be regarded as
      limiting.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Illustrated in the drawings is an outboard motor 10 shown mounted on the
      transom 12 of a boat hull. The outboard motor 10 conventionally includes a
      clamp or transom bracket 14 and a steering or swivel bracket 16 secured to
      the transom bracket 14 for vertical tilting movement by means of a pivot
      pin 18. Mounted on the swivel bracket 16 is a propulsion unit 20 including
      a power head 22 which has an engine 23 with a cylinder block and pistons
      24 and which is carried on a lower unit 26 having a drive shaft housing 28
      rigidly supporting the power head 22 and a gear case 30 rigidly attached
      to the bottom of the drive shaft housing 28. Rotatably supported inside
      the drive shaft housing 28 is a vertically disposed drive shaft 34 which
      is drivingly connected to the engine 23 and also drivingly connected to
      the propeller shaft 36 through a reversing transmission 38 to drive a
      propeller 40 carried on the aft and of the propeller shaft 36. The drive
      shaft housing 28 includes a pair of mounting openings or recesses
      (generally designated at 41) located some distance above the gear case 30.
PAR  Engines of various types can be employed. However, the disclosed vibration
      isolating arrangement is most effective with V-type engines which do not
      produce a rocking couple such as produced by an oppositely acting, two
      cylinder, internal combustion engine.
PAR  The propulsion unit 20 is mounted for pivotal steering movement on the
      swivel bracket 16 by means of a king pin assembly 42 which includes a
      pivot shaft 44 journalled in the swivel bracket 16. Secured to the upper
      end of the pivot shaft 44 is an upper yoke 46 having a forwardly extending
      steering bracket 48 and rearwardly extending arms 50. Secured to the lower
      end of the pivot shaft 44 is a lower yoke 52 having rearwardly extending
      arms 53.
PAR  The propulsion unit 20 is subject to various vibrations including torsional
      or oscillatory vibration set up by the power impulses of the engine. These
      torsional vibrations occur about a roll or neutral axis which is generally
      indicated at 55 and which extends approximately vertically through the
      center of mass of the propulsion unit 20 and is generally spaced from the
      drive shaft 34 on the same side as the pistons 24. Forward and reverse
      thrust forces are also set up in the propulsion unit 20 by the motion of
      the propeller 40.
PAR  In accordance with the invention, the vibrations generated in the
      propulsion unit 20 are isolated from the boat hull by an upper resilient
      mount 54 and a lower resilient mount designated at 56. The upper and lower
      mounts 54 and 56 are vertically spaced, are connected between the
      propulsion unit 20 and the king pin assembly 42, and are located generally
      rearwardly of the drive shaft 34. The upper mount 54 and the lower mount
      56 provide the principal support for the weight of the propulsion unit 20
      and transmit the thrust force of the propeller to the boat hull. When a
      forward thrust is produced by the propeller 40, the principal force acting
      on the upper mount 54 occurs on the forward side thereof and the principal
      force acting on the lower mount 56 occurs on the aft side thereof.
PAR  More particularly, referring to FIG. 2 through 5, the upper mount 54
      includes a wedge-shaped bushing 60 formed from a resilient material such
      as natural rubber and an elongated, rigid insert or cross bar 62 having a
      threaded mounting hole 64 on each end. The cross bar 62 is encircled or
      imbedded in the bushing 60 and extends outwardly from each end of the
      bushing 60. The bushing 60 is enclosed in a wedge-shaped casing 66 which
      is secured to the outer surface of the bushing 60 and has mounting holes
      68 for connecting the upper mount 54 to the propulsion unit 20 such as by
      bolts 70 extending through the mounting holes 68 and threaded into the
      drive shaft housing 28. The bushing 60 can be molded in situ and
      integrally bonded to the cross arm 62 and the casing 66 or formed as a
      separate part and suitably bonded to the cross arm 62 and to the casing
      66. The upper mount 54 is connected to the upper yoke 46 by studs 72
      extending through mounting holes 74 provided on the ends of the upper yoke
      arms 50 and threaded into the mounting holes 64 on the cross bar 62.
PAR  In order to provide low rates of shear in both the fore and aft and the
      lateral modes, the portion of the cross bar 62 encircled by the bushing 60
      has a generally wedge-shaped cross section with the upper and lower outer
      surfaces 76 and 78 thereof diverging rearwardly, (i.e., converging in the
      direction of forward propeller thrust). Such an arrangement also provides
      an increased load capacity in the forward direction for handling the
      principal thrust force on the upper mount 54 occurring on the forward side
      of the bushing 60.
PAR  To more effectively damp vibrations emanating from the propulsion unit 20,
      it is desirable that the bushing 60 be softer in the lateral direction
      than in the forward direction. This is accomplished in part by means of
      open-ended, elongated slots 80 and 82 provided in the bushing 60 on the
      opposite sides of the cross arm 62. The slots 80 and 82 extend through the
      entire length of the bushing 60 in generally parallel spaced relation to
      the cross arm 62. The slots 80 and 82 accomodate fore and aft movement of
      the cross bar 62 relative to the casing 66 thereby insuring that the
      bushing 60 is principally or substantially entirely in shear under normal
      operating conditions.
PAR  Referring to FIGS. 6 through 9, the lower mount 56 includes a pair of
      transversely spaced, resilient mounting units 84, each including a rigid
      insert 86 having threaded mounting holes 88 on the front face 90, a pair
      of cushion or pads 92 formed from a resilient material such as natural
      rubber and secured to the upper and lower outer surfaces 94 and 96 of the
      insert, and a pin 98 having opposite end portions 100 which extend
      outwardly from the outer sides of the insert 86 and beyond the outer edges
      of the pads 92. The outer surfaces of the insert 86 (except for the front
      face 90) and the pin 98 are covered or encased with a resilient shield or
      coating 102. Secured to the outer surfaces of the pads 92 are a pair of
      rigid spacer members 104 having inner surfaces 105 which are located in
      spaced, parallel relation to the upper and lower surfaces 94 and 96 of the
      insert 86. The spacer members 104 preferably are covered or encased by a
      resilient shield or coating 106.
PAR  The resilient coatings 102 and 106 and pads 92 preferably are molded in
      situ as an integral part of the mounting unit 84, in which case the
      coatings 102 and 106 are continuous. However, if desired, the pads 92 can
      be formed separately and suitably bonded to the insert 86 and to the
      spacer members 104, and the coatings 102 and 106 thereafter molded
      integrally over the insert 86, the pin 98 and the spacer members 104 or
      molded as separate parts and suitably bonded to the outer surfaces of the
      insert 86, the pin 98 and the spacer members 104.
PAR  Each of the lower mounting units 84 is connected to the lower portion of
      the drive shaft housing 28 by being positioned in respective openings or
      recesses 41 which are located on the opposite sides of the drive shaft
      housing 28 and generally rearwardly of the drive shaft axis. The spacer
      members 104 of the mounting unit 84 are received within respective
      vertically spaced grooves 108 provided in each recess 41 with the
      resilient coating 106 fitting snugly against the walls of the grooves 108
      (See FIG. 7 and 8).
PAR  A cap plate 110 overlying each recess 41 is secured to the drive shaft
      housing 28 such as by screws (not shown) and together with the recess 41
      forms a cavity in which a lower mounting unit 84 is disposed. When
      installed, the cover plate 110 engages portions of the coating 106
      covering the outer edges of the spacer members 104 and cooperates with the
      walls 114 of the grooves 108 to limit transverse movement of the mounting
      unit 84 relative to the drive shaft housing 28. (See FIGS. 6 and 8). Each
      mounting unit 84 is connected to a respective arm 53 of the lower yoke 52
      by bolts 115 which extend through the mounting holes 116 provided on the
      ends of the lower yoke arms 84 and which are threaded into the mounting
      holes 88 on the insert 86.
PAR  In order to provide low rates of shear in both aft and fore and lateral
      modes, the insert 86 has a wedge-shaped cross section with the upper and
      lower surfaces 94 and 96 diverging forwardly, (i.e., diverging in the
      direction of forward propeller thrust). Similarly, the inner surfaces 105
      of the spacer members 104 diverge forwardly and generally in parallel
      spaced relation to the upper and lower surfaces 94 and 96 of the insert 86
      (See FIG. 7). Provided in each drive shaft housing recess 41 and in each
      cover plate 110 are opposed notches 120 and 122 (see FIGS. 6 and 8) which
      receive the respective outer end portions 100 of the pin 98 and are
      dimensioned to limit fore and aft movement of the pin, and thus the insert
      86, relative to the spacer members 104 so as to prevent structural failure
      of the pads 92.
PAR  It is desirable that the mounting units 84 be softer in the lateral
      direction than in the fore and aft directions in order to more effectively
      damp vibrations emanating from the propulsion unit 20. This is
      accomplished by arranging the mounting units 84 so that they are
      principally or substantially entirely in shear during normal operations.
      The notches 120 and 122 are dimensioned to accommodate some transverse or
      lateral movement of the pin 98, and thus the insert 86, relative to the
      drive shaft housing 28, and, in addition, the drive shaft housing recess
      41 is provided with an offset portion 124 at the aft end (See FIG. 7) for
      accommodating some rearward or aft movement of the insert 86 relative to
      the drive shaft housing 28. Also, the transfer of mechanical vibrations
      from the drive shaft housing 28 to the lower mounting units 84 is
      minimized because the only possible mechanical contact therebetween is
      through the resilient coatings 102 and 106.
PAR  If desired, the lower mounting units 84 can be rotated 90.degree. from the
      position illustrated in FIGS. 6 through 8.
PAR  Various of the features of the invention are set forth in the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An outboard motor comprising a transom bracket, a swivel bracket mounted
      on said transom bracket for vertical tilting movement, a propulsion unit
      including a drive shaft housing having a lower portion and a rotatably
      mounted propeller shaft carrying a propeller, means for mounting said
      propulsion unit from said swivel bracket including a lower mount including
      an insert connected to said swivel bracket and having a wedge-shaped cross
      section with upper and lower outer surfaces diverging in the direction of
      forward propeller thrust, and a resilient pad disposed between each of
      said insert surfaces and said propulsion unit.
NUM  2.
PAR  2. An outboard motor comprising a transom bracket, a swivel bracket mounted
      on said transom bracket for vertical tilting movement, a propulsion unit
      including a rotatably mounted propeller shaft carrying a propeller, means
      for mounting said propulsion unit from said swivel bracket including an
      upper mount having a cross bar which is disposed transversely to the
      direction of the propeller thrust, which is connected to one of said
      swivel bracket and said propulsion unit, and which includes a portion
      having a wedge-shaped cross section with upper and lower surfaces
      converging in the direction of forward propeller thrust, and a resilient
      member which engages said upper and lower surfaces and is connected to the
      other of said swivel bracket and said propulsion unit.
NUM  3.
PAR  3. An outboard motor comprising a transom bracket, a swivel bracket mounted
      on said transom bracket for vertical tilting movement, a propulsion unit
      including a rotatably mounted propeller shaft carrying a propeller, means
      for mounting said propulsion unit from said swivel bracket including an
      upper mount having a cross bar which is disposed transversely to the
      direction of the propeller thrust, which is connected to one of said
      swivel bracket and said propulsion unit, and which includes a portion
      having a wedge-shaped cross section with upper and lower surfaces
      converging in the direction of forward propeller thrust, and a resilient
      bushing which encircles said cross bar portion and is connected to the
      other of said swivel bracket and said propulsion unit.
NUM  4.
PAR  4. An outboard motor according to claim 3 wherein said cross bar is
      connected to said swivel bracket and said bushing is connected to said
      propulsion unit.
NUM  5.
PAR  5. An outboard motor according to claim 4 including a casing enclosing said
      bushing and connected to said propulsion unit.
NUM  6.
PAR  6. An outboard motor according to claim 3 including a vertically disposed
      drive shaft and wherein said cross bar is disposed rearwardly of said
      drive shaft.
NUM  7.
PAR  7. An outboard motor according to claim 3 wherein said bushing includes an
      elongated slot disposed on each of the opposite sides of said cross bar
      and extending through the entire length of said bushing in generally
      parallel spaced relation to said cross bar.
NUM  8.
PAR  8. An outboard motor comprising a transom bracket, a swivel bracket mounted
      on said transom bracket for vertical tilting movement, a propulsion unit
      including a drive shaft housing having a lower portion and a rotatably
      mounted propeller shaft carrying a propeller, means for mounting said
      propulsion unit from said swivel bracket, said mounting means including a
      recess located in said lower portion of said drive shaft housing and
      having opposed grooves, a a lower mount connected to said swivel bracket
      and disposed in said recess grooves, said lower mount including an insert
      connected to said swivel bracket and having a wedge-shaped cross section
      with upper and lower outer surfaces diverging in the direction of forward
      propeller thrust, and a resilient pad disposed between each of said insert
      surfaces and said recess grooves.
NUM  9.
PAR  9. An outboard motor according to claim 8 wherein said lower mount includes
      a pair of spacer members respectively located in said grooves and having
      respective inner surfaces located in parallel spaced relation to said
      insert surfaces, and said pads are disposed between and bonded to said
      spacer members inner surfaces and said insert surfaces.
NUM  10.
PAR  10. An outboard motor according to claim 9 including means associated with
      said lower mount for limiting fore and aft movement of said insert
      relative to said spacer members.
NUM  11.
PAR  11. An outboard motor according to claim 10 wherein said motion limiting
      means comprises a plate member overlying said recess and mounted on said
      drive shaft housing, pin means extending outwardly from each of the
      opposite sides of said insert, and a pair of opposed notches in said drive
      shaft housing recess and said plate member for receiving respective outer
      end portions of said pin means and permitting limited fore and aft
      movement of said insert relative to said spacer members.
NUM  12.
PAR  12. An outboard motor according to claim 11 including means for preventing
      transmission of mechanical vibrations from said drive shaft housing to
      said swivel bracket.
NUM  13.
PAR  13. An outboard motor according to claim 12 wherein said insert includes a
      face adjacent said swivel bracket and said last mentioned means comprises
      a coating of resilient material covering the outer surfaces of said pin
      means, said spacer members, and said insert, except for said face.
NUM  14.
PAR  14. An outboard motor comprising a transom bracket, a swivel bracket
      mounted on said transom bracket for vertical tilting movement, a
      propulsion unit which includes a drive shaft housing having a vertically
      disposed drive shaft, a lower portion, and a rotatably mounted propeller
      shaft carrying a propeller, means for pivotally mounting said propulsion
      unit on said swivel bracket for steering movement rearwardly of said
      swivel bracket and including an upper yoke and a lower yoke, an upper
      mount having a cross bar which is disposed transversely to the direction
      of the propeller thrust, which is connected to said upper yoke, and which
      includes a portion having a wedge-shaped cross section with upper and
      lower surfaces converging in the direction of forward propeller thrust, a
      resilient bushing encircling said cross bar portion and connected to said
      propulsion unit, a pair of laterally spaced recesses located in said drive
      shaft housing lower portion, each of said recesses having vertically
      opposed grooves, a pair of lower mounts connected to said lower yoke and
      disposed in respective of said recesses, each of said lower mounts
      including an insert connected to said lower yoke and having a wedge-shaped
      cross section with upper and lower surfaces diverging in the direction of
      forward propeller thrust, and a resilient pad disposed between each of
      said insert surfaces and respective of the walls of said recess grooves.
NUM  15.
PAR  15. An outboard motor according to claim 14 including a casing enclosing
      said bushing and connected to said propulsion unit, and wherein said
      bushing includes an elongated slot disposed on each of the opposite sides
      of said cross bar and extending through the entire length of said bushing
      in generally parallel spaced relation to said cross bar.
NUM  16.
PAR  16. An outboard motor according to claim 15 wherein each of said lower
      mounts includes a pair of spacer members respectively located in said
      grooves and having respective inner surfaces located in parallel spaced
      relation to said insert surfaces, said pads are disposed between and
      bonded to said spacer members inner surfaces and said insert surfaces, and
      said outboard motor further includes a plate member overlying each of said
      recesses and mounted on said drive shaft housing, pin means extending
      laterally outwardly from each of the opposite sides of each of said
      inserts, and a pair of opposed notches in each of said drive shaft housing
      recesses and said plate members for receiving respective outer end
      portions of said pin means and permitting limited fore and aft movement of
      said insert relative to said spacer members.
NUM  17.
PAR  17. A device for mounting and vibrationally isolating vibrating equipment
      from a support comprising a wedge-shaped member adapted to be connected to
      said support and having opposed outer surfaces which converge in a
      direction away from said support, a pair of spacers having inner surfaces
      located in parallel spaced relation to respective of said member surfaces,
      a resilient pad disposed between each of said spacers and said member
      surfaces, and means for connecting said spacers to said equipment.
NUM  18.
PAR  18. A device according to claim 17 wherein said pads are molded integrally
      with said spacers and said member.
NUM  19.
PAR  19. A device according to claim 18 including means for limiting movement of
      said member relative to said pads in a direction away from and toward said
      support.
NUM  20.
PAR  20. A device for mounting and vibrationally isolating vibrating equipment
      from a support, which equipment has a neutral axis extending substantially
      proximate its center of mass and about which said equipment tends to
      oscillate, comprising a casing adapted to be mounted on said equipment, a
      cross bar disposed in said casing and having opposed outer ends extending
      transversely of said neutral axis and outwardly from said casing for
      connection to said support, said cross bar including a central portion
      disposed inside said casing and having a wedge-shaped cross section with
      the opposite outer surfaces thereof diverging in a direction away from
      said support, and a resilient bushing having a wedge-shaped cross section
      disposed inside said casing and encircling said cross bar central portion.
NUM  21.
PAR  21. A device according to claim 20 wherein said bushing includes an
      elongated slot located in parallel spaced relation to each of the opposite
      sides of said cross bar and extending the entire length of said bushing.
NUM  22.
PAR  22. A device according to claim 21 wherein said bushing is molded
      integrally with said casing and said cross bar.
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ABST
PAL  A boat propulsion system having a downwardly-facing, openbottomed recess at
      the front of a circumferentially-enclosed propellor which accelerates the
      inlet water flow to the propellor without, however, requiring the water to
      change direction abruptly. A venturi throat just behind the propellor
      causes water to be drawn into the slipstream through auxiliary passages. A
      valve in the propellor discharge passage may be closed, so as to cause the
      water displaced by the propellor to flow through the auxiliary passages to
      produce a reverse thrust on the boat. Either auxiliary passage may be
      closed selectively. Arcuate rudders pivoted on opposite sides of the back
      end on the propellor discharge passage control the steering.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional propellor-operated boat propulsion systems, the centrigual
      movement imparted to the water by the rotating propellor tends to reduce
      the overall efficiency of the propulsion system. To offset this, various
      propellor shrouds have been proposed for circumferentially confining the
      water displaced by the propellor, but many such shroud arrangements have
      increased appreciably the drag on the boat.
PAR  In recent years boats have been provided with various jet propulsion
      systems which have the disadvantage that the water used for propulsion
      must undergo an abrupt change in direction, with a consequent waste of
      power.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel and improved boat propulsion
      system which largely overcomes the disadvantages of prior propellor-driven
      and jet propulsion systems.
PAR  In the present system, a downwardly-facing, open-bottomed recess on the
      bottom of the boat conducts water with progressively increasing velocity
      and without abrupt change in direction to the inlet side of a propellor.
      The propellor is circumferentially enclosed in a passage having a venturi
      throat close behind the propellor. The venturi action of the water
      displaced by the propellor draws in water through auxiliary passages to
      increase the effectiveness of the slipstream in propelling the boat
      forward. A valve in the discharge passage behind the propellor may be
      closed, causing the water displaced by the propellor to flow through the
      auxiliary passages and be discharged forwardly to produce a reverse thrust
      on the boat. Either auxiliary passage may be closed, in which case the
      flow of the propeller-displaced water through the other will produce a
      turning thrust on the boat. Pivoted arcuate rudders at the back end of the
      propellor discharge passage act to confine the slipstream and they
      effectively determine the steering of the boat. Preferably, the valve in
      the propellor discharge passage has vertical stabilizers which reduce
      swirling of the slipstream.
PAR  It is a principal object of this invention to provide a novel and improved
      boat propulsion system.
PAR  Another object of this invention is to provide a novel propellor-operated
      boat propulsion system which substantially avoids any abrupt change in the
      direction of the water displaced by the propellor.
PAR  Another object of this invention is to provide a novel propellor-operated
      boat propulsion system in which an open-bottomed water intake recess
      provides a positive flow of water to the inlet side of the propellor.
PAR  Another object of this invention is to provide a novel propellor-operated
      boat propulsion system in which the water displaced by the propellor
      produces a venturi action for drawing in additional water to the
      slipstream behind the propellor.
PAR  Another object of this invention is to provide a novel propellor-operated
      boat propulsion system which is readily reversible in a novel and
      convenient manner.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following detailed description of certain presently-preferred embodiments
      thereof, which are illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary longitudinal sectional view taken at the stern of a
      boat along the bottom, along the line 1 -- 1 in FIG. 2, showing the
      principal parts of the present propulsion system;
PAR  FIG. 2 is a top plan view of the propulsion arrangement shown in FIG. 1;
PAR  FIG. 3 is a perspective view showing the back end of the propellor
      discharge passage in this propulsion system, with the valve therein in its
      fully-open position;
PAR  FIG. 4 is a view similar to FIG. 3, but showing the valve almost fully
      closed in the propellor discharge passage;
PAR  FIG. 5 is an end view looking into the propellor discharge passage having a
      valve therein with vertical stabilizers;
PAR  FIG. 6 is a longitudinal section through the propellor discharge passage in
      FIG. 5;
PAR  FIG. 7 is a perspective view showing pivoted, arcuate rudders on the back
      end of the propellor discharge passage;
PAR  FIGS. 8, 9 and 10 are top plan views showing the present propulsion system
      with the arcuate rudders of FIG. 7 in different steering positions;
PAR  FIG. 11 is a rear elevational view of a boat having stabilizers operated
      hydraulically from the present propulsion system;
PAR  FIG. 12 is a perspective view showing a boat provided with trim tabs
      operated hydraulically from the present propulsion system; and
PAR  FIG. 13 is a fragmentary longitudinal section showing the inboard-outboard
      mounting of a propellor in the present boat propulsion system.
DETD
PAR  Before explaining the disclosed embodiments of the present invention in
      detail, it is to be understood that the invention is not limited in its
      application to the details of the particular arrangements shown, since the
      invention is capable of other embodiments. Also the terminology used
      herein is for the purpose of description and not of limitation.
PAR  Referring to FIGS. 1 and 2, in the propulsion system of the present
      invention a casting 20 on the bottom of the boat toward the stern provides
      a downwardly-facing, open bottomed recess 21 that extends lengthwise
      centrally along the bottom of the boat to a propellor 22. The propellor is
      on a shaft 23 that is driven by the boat engine (not shown). The shaft
      extends through a longitudinal streamlined fin 24 on the casting 20 that
      extends down into the recess 21. The fin 24 encloses the propellor shaft
      23 for most of the latter's extent inside the casting 20 to avoid the
      additional drag on the boat that a rotating shaft would exert if exposed
      to the water in the recess 21.
PAR  Alternatively, as shown in FIG. 13, the propellor may be driven through a
      conventional inboard-outboard drive having a streamlined housing 25
      attached to the roof of the casting 20 near the rear end of the latter's
      open-bottomed recess 21.
PAR  As best seen in FIG. 1, the curved top of the casting 20 at the front end
      of the recess 21 extends at an angle of not more than 25 degrees to the
      bottom surface 26 of the boat immediately in front of it, so that there is
      no abrupt change of direction for the water entering this recess as the
      boat moves forward in the water. Rearward from the front end of its recess
      21 the top of the casting 20 curves very gradually to extend substantially
      horizontal for most of its extent.
PAR  As shown in FIG. 2, the casting 20 has a marginal, substantially horizontal
      lip 27 extending along its opposite sides and at its front end. This lip
      engages directly beneath the bottom surface 26 of the boat at these
      locations. At each side the casting 20 curves upward gradually from this
      marginal lip 27. The lateral width of the recess 21 (from side-to-side
      transverse to the longitudinal axis of the boat) gradually decreases
      rearward along the casting 20, so that the rearwardly-flowing water in
      this recess gradually increases in velocity as it approaches the propellor
      but without undergoing any significant directional change. The velocity
      increase is accompanied by a pressure decrease, and the pressure
      differential insures a continual flow of water rearwardly to the
      propellor. The positive water pressure against the inlet side of the
      propellor insures that the propellor is not required to suck water.
PAR  The propellor is enclosed circumferentially by an annular shroud 28 (FIG.
      1) which is an integral part of the casting 20 that provides the
      downwardly-facing recess 21. This shroud provides a passage 29 which
      closely surrounds the propellor 22 and is of gradually decreasing diameter
      rearwardly to an inwardly projecting, rounded lip 30. Immediately behind
      this lip 30 the passage diameter increases abruptly at 31 and then merges
      smoothly with a uniform diameter cylindrical portion 32 of the passage
      that is substantially the same size as the largest diameter portion of the
      passage 29 at the entrance side of the propellor.
PAR  A separately formed casting 33 is attached to the back end of casting 20 at
      their respective abutting, upstanding end flanges 34 and 35. This casting
      33 presents a uniform diameter passage 36 that is an elongated extension
      of the uniform diameter portion 32 of the passage provided by the
      propellor shroud 28. A flat, plate-like, circular valve member 37 is
      pivoted on a horizontal axis 38 for movement between a vertical position
      in which it completely closes the passage 36 and a horizontal position in
      which it opens this passage as fully as possible.
PAR  The passage 29-32 in the propellor shroud 28 provides a venturi throat at
      lip 30, a converging passage portion 29 at the inlet side of this throat,
      and a diverging passage portion 31 at the outlet side of the throat.
      Consequently, water flowing through this passage undergoes a progressive
      increase in its velocity as it approaches the venturi throat, and at the
      outlet side of this throat it undergoes a progressive decrease in its
      velocity and an increase in its pressure.
PAR  The propellor shroud has a plurality of circumferentially spaced openings
      39 that are located close enough behind the lip 30 to be subjected to the
      venturi action of the water displaced by the propellor. That is, the water
      displaced by the propellor and flowing longitudinally through the passage
      32, 36 tends to draw water in through the openings 39 when the valve 37 in
      passage 36 is open.
PAR  These openings 39 register with corresponding openings 40 formed in a
      hollow, generally C-shaped housing 41 that straddles the rear end of the
      casting 20. This housing presents a water-receiving chamber 42 outside the
      openings 40.
PAR  A pair of tubes 43 and 44 extend down from the chamber 42 on opposite sides
      of the casting 20, as best seen in FIG. 2. These tubes terminate at their
      lower ends in forwardly-facing openings 45 and 46, respectively, located
      at the bottom of the boat and forward beyond the propellor 22 for either
      taking in water or discharging it, as explained hereinafter. These
      openings 45 and 46 are inclined laterally outward at an angle on the order
      of 35 degrees to the centerline of the boat.
PAR  At the upper end of each tube 43 and 44, where it communicates with the
      chamber 42, is located a respective valve V-1 or V-2, which may be closed
      to block off the upper end of the respective tube. In FIG. 1 the valve V-1
      is shown schematically as simply a pivoted plate, but it is to be
      understood that any suitable valve construction may be provided. Each of
      the valves V-1 or V-2 may be closed or opened individually through a
      suitable control linkage operated by the pilot of the boat.
PAR  In the use of the propulsion system as thus far described, for normal
      operation of the boat in a forward direction the valve 37 in the propellor
      discharge passage 36 is fully open and the valves V-1 and V-2 for tubes 43
      and 44 are fully open. The venturi action of the water displaced by the
      propellor 22 draws water up through the auxiliary passages provided by the
      openended tubes 43 and 44 and through the openings 39 into the discharge
      passage. This venturi action increases the mass of water flowing toward
      the rear of the boat through the discharge passage 36 and thereby
      increases the effectiveness of the slip-stream in propelling the boat
      forward.
PAR  If the discharge valve 37 is closed and valves V-1 and V-2 are open, the
      water displaced by the propellor will flow out through the openings 39, 40
      into the chamber 42 and then down and forward through the auxiliary
      passages provided by the tubes 43 and 44. The water is discharged at the
      forwardly-facing openings 45 and 46 at the lower ends of these auxiliary
      passages to produce a rearward thrust on the boat.
PAR  If the discharge valve 37 is closed and one or the other auxiliary passage
      valves V-1 or V-2 is closed, the flow of water down through the other
      (open) laterally-inclined auxiliary passage will produce a turning thrust
      on the boat.
PAR  If desired, with valves V-1 and V-2 open, the valve 37 may be turned to a
      partly-closed position in which forward and reverse thrusts on the boat
      are balanced while the engine power is increased. Then, when valve 37 is
      opened fully or closed fully, a very quick forward or reverse movement of
      the boat is obtained.
PAR  Referring to FIGS. 5 and 6, the valve 37 in the propellor discharge passage
      36 preferably carries upper and lower stabilizer fins 50 and 51. These
      fins extend transverse to the valve 37 and are disposed respectively on
      opposite sides of the latter's pivot 38 in a direction lengthwise of the
      boat. At their respective inner ends, immediately adjacent the valve 37,
      the stabilizer fins extend substantially perpendicular to it. Their outer
      ends, however, are curved circumferentially in the same direction
      (counterclockwise in FIG. 5). These stabilizer fins 50 and 51 reduce the
      swirling of the water that is displaced into the discharge passage 36 by
      the propellor 22, and they tend to maintain a coherent stream of water
      flowing longitudinally of this passage for maximum effectiveness in
      propelling the boat. If desired, the opposite edges of the valve 37 may be
      curved circumferentially in the same direction for enhancing this effect.
PAR  As shown in FIG. 7, preferably a pair of arcuate rudders 52 and 53 are
      pivoted on opposite sides of the open back end of the discharge passage 36
      in the body 33 for angular adjustment in unison about respective vertical
      axes. The pivoted mountings of these arcuate rudders and the actuating
      mechanism for turning them are omitted from FIG. 7 for simplicity since
      these details are not a significant part of the present invention. These
      rudders are concave toward each other, and their concave inner faces
      conform closely to the cylindrical outside surface of the body 33 at the
      discharge passage 36. Each rudder has an appreciable arcuate extent, and
      together they tend to confine the slipstream laterally as it emerges from
      the discharge passage 36. The rudders are directly exposed to opposite
      sides of the slipstream for maximum steering effectiveness.
PAR  As shown in FIGS. 8, 9 and 10, the rudders 52 and 53 may extend straight
      back or they may be tilted at an angle in either direction laterally to
      direct the slipstream accordingly and thereby steer the boat.
PAR  Preferably, the valves V-1 and V-2 at the upper ends of the auxiliary
      passages provided by the tubes 43 and 44 may be operated by the same
      control linkage as the rudders 52 and 53 in the following manner:
PAR  a. when the rudders extend straight back (FIG. 8) both valves V-1 and V-2
      are open, and water is drawn up through both auxiliary passages;
PAR  b. when the rudders are tilted clockwise, viewed from above (FIG. 9), valve
      V-1 is closed and valve V-2 is open, and the water drawn up through tube
      44 produces an additional counterclockwise component of thrust on the
      boat; and
PAR  c. when the rudders are turned counterclockwise (FIG. 10), valve V-2 is
      closed and valve V-1 is open, and the water drawn up through tube 43
      produces an additional clockwise component of thrust on the boat.
PAR  The control linkage for valves V-1 and V-2 and the slipstream rudders 52
      and 53 is designated schematically by the dashed line 54 in FIGS. 8, 9 and
      10.
PAR  With the present propulsion system, water may be diverted from the
      slipstream flowing through the discharge passaage 36 to operate
      stabilizers 55 and 56 (FIG. 11) or pivoted trim tabs 57 and 58 on the
      stern of the boat (FIG. 12) for adjusting the running angle of the boat
      under various conditions of weight distribution and speed. Alternatively,
      the water pressure in chamber 42 (FIG. 1) may be used for such purposes so
      that a separate power source for operating these accessories will not be
      required.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a propulsion system on a boat having:
PA1  means defining a downwardly-facing, open-bottomed recess extending
      lengthwise along the bottom of the boat and gradually converging to
      provide a progressively smaller cross-section rearwardly; the improvement
      which comprises:
PA1  an annular shroud defining a passage that is closed at the bottom of the
      boat and merges smoothly with the back end of said open-bottomed recess
      and provides a rearward extension of said recess, said passage presenting
      a venturi throat and having an abruptly increased cross-section behind
      said throat and terminating in an open back end;
PA1  a propellor circumferentially enclosed in said passage just in front of
      said venturi throat;
PA1  means defining one or more openings in said shroud leading into said shroud
      immediately behind said venturi throat;
PA1  auxiliary passage means open at one end thereof to the outside of the boat
      and communicating at the other end thereof through said openings with the
      interior of said shroud immediately behind said venturi throat for passing
      water into said shroud by the venturi action of the water displaced
      through said throat by the propellor;
PA1  said recess providing substantially horizontal and non-turbulent flow of
      intake water along the bottom of the boat with gradually increasing
      velocity to the inlet side of the propellor;
PA1  and a plate-like valve member in said shroud behind said openings, said
      valve member being pivoted and movable between an open position
      substantially parallel to the direction of water flow from said propellor
      through said shroud and a closed position substantially transverse to said
      direction.
NUM  2.
PAR  2. A boat propulsion system according to claim 1, and further comprising a
      pair of stabilizers extending transverse to said plate-like valve member
      on opposite sides of the latter to extend upward and downward,
      respectively, in said first-mentioned passage when said valve member is in
      its open position.
NUM  3.
PAR  3. A boat propulsion system according to claim 2, wherein said stabilizers
      have their outer ends curved circumferentially in the same direction.
NUM  4.
PAR  4. In a propulsion system on a boat having:
PA1  means defining a downwardly-facing, open-bottomed recess that extends
      lengthwise along the bottom of the boat, said recess converging
      rearwardly;
PA1  and a propeller at the back end of said recess; the improvement which
      comprises:
PA1  a shroud enclosing said propeller circumferentially and defining a
      discharge passage with a venturi throat behind the propeller, said
      discharge passage having an abruptly increased cross-section behind said
      throat, said shroud having openings therein behind the propeller for
      passing water into said discharge passage by the venturi action of the
      water displaced into said discharge passage by the propeller;
PA1  means defining one or more auxiliary passages, each having a
      forwardly-facing, open, front end located forward of said propeller;
PA1  means for providing fluid communication between the rear end of each of
      said auxiliary passages through said openings to the interior of said
      shroud for passing water into said discharge passage by the venturi action
      of the water displaced into said discharge passage by the propeller;
PA1  and a plate like valve member in said shroud behind said openings and
      movable between an open position substantially parallel to the direction
      of water flow from said propeller rearward and a closed position
      transverse to said direction.
NUM  5.
PAR  5. A boat propulsion system according to claim 4, wherein there are two of
      said auxiliary passages located respectively on opposite sides of said
      venturi throat, and a valve in each auxiliary passage controlling the flow
      of water therethrough to determine the direction of the boat's movement
      when said valve means closes said discharge passage behind the propeller.
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ABST
PAL  A signal device combining a fluorescent or phosphorescent light tube and a
     ovel base to be thrown or dropped from a vehicle as a warning marker. The
      light tube may be of the chemically actuated type and the base preferably
      has four pivotally attached resilient legs serving to ensure that the
      device will assume an angular position of about 45.degree. when dropped.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to Assignees' prior U.S. Pat. No. 3,764,796  and
      co-pending application Ser. No. 340,434 filed 12 Mar. 1973, now U.S. Pat.
      No. 3,819,925 each disclosing chemical lighting devices usable with the
      Signal Device of the present invention.
PAR  Reference is also made to Assignees' co-pending applications Ser. Nos.
      454,876 and 454,878 filed of even date which disclose similar signal
      devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many kinds of emergency flares, flags, reflectors and the like have been
      devised and used, for example, to warn approaching motorists that a
      disabled vehicle is present along a highway. All of the known devices,
      however, take considerable time to deploy, many are fire hazards, and most
      are susceptible to the destruction of their effectiveness when struck or
      run over by passing vehicles.
PAR  According to the present invention a device is provided which may be
      dropped or thrown from a vehicle or otherwise placed on the roadway
      without the necessity for taking time to "set up" the device. When used
      with a chemically actuated light tube, for instance, the signal device may
      be easily seen at great distances, is fire proof, and is not easily
      rendered ineffective by being struck or run over by passing vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross sectional view of a typical bi-reactant
      chemical illuminating device usable in carrying out the present invention;
PAR  FIG. 2 is a perspective view of a preferred embodiment of the invention
      with legs folded;
PAR  FIG. 3 is a perspective view of the device of FIG. 2 deployed; and
PAR  FIG. 4 is an enlarged side elevational detail view of a portion of the
      holder of FIG. 2 partly in section.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Shown in FIG. 1 generally designated by numerial 10 is a chemical lighting
      device having an outer cylindrical tube 12 of translucent plastic material
      and containing a frangible ampoule 14 positioned inside the cylinder. The
      ampoule 14 is maintained in position by an indentation 13 in tube 12.
PAR  Tube 12 is made of a durable non-breakable material such as clear
      radiation-crosslinked polyolefinic plastic tubing. The ends 17 of the tube
      are flattened and sealed by application of heat and the flattened ends may
      be pierced and fitted with a grommet at 19. The ampoule 14 contains an
      activator material and is preferably made of glass which may be easily
      broken to effect mixing with the chemiluminescent material 18 which
      substantially fills the remainder of the tube 12.
PAR  A chemical lighting device suitable for use in the present invention is
      disclosed in assignees co-pending application, Ser. No. 340,434, by
      Herbert P. Richter and Ruth E. Tedrick now U.S. Pat. No. 3,819,925.
PAR  The lighting device may also be of the type disclosed in assignee's prior
      U.S. Pat. No. 3,764,796 issued 9 Sept. 1973 to Clarence W. Gilliam and
      Thomas N. Hall. The chemical lighting device of U.S. Pat. No. 3,764,796
      comprises two ampoules. In other words, one ampoule contains a
      chemiluminescent material and the other ampoule contains an activator
      agent. A chemiluminescent material usable in the light tube might be an
      oxalate ester such as bis (2, 4, 5-trichloro-6-carbopentoxyphenyl)
      oxalate, and a fluorescer such as 9, 10 bis (phenylethynyl) anthracene as
      stated in the patent. Since these lighting devices are the invention of
      others, applicants make no claim to invention of these devices per se.
PAR  According to the present invention, a light tube 10 is fastened to a base
      22 as shown generally at 20 in FIGS. 2 and 3. In FIG. 2, the device is
      shown in a folded or storage position ready for deployment. In the
      condition shown in FIG. 2, the device takes up no more room than a
      conventional flare now in general use.
PAR  In this position the legs may be taped or banded to hold them together for
      storage. Alternatively, the legs may be folded in the other direction
      alongside the tube and the assembly packaged in a tube similar to those
      used for packaging fine cigars.
PAR  As shown in FIG. 3, the base 22 carries four legs 26 each hinged and biased
      to assume a position orthogonal to light tube 10. When in deployed
      position, therefore, the legs assure that the light tube will be held at
      an angle to the roadway of about 45.degree. for better visibility.
PAR  The light tube 10 may be pinned to the base member 22 through a tubular
      extension 24 as shown in FIG. 4. Legs 26 may be fastened to base 22 in any
      suitable manner for mass production but are here shown fastened by a
      continuous spring 28 threaded through the base of each of the legs and
      through tabs 30 on base member 22. Any movement of the legs from the
      position shown in FIGS. 3 and 4 will result in stretching coiled spring
      28. When the legs are folded in either direction, therefore, they are
      biased toward the outstretched position shown in FIG. 3.
PAR  The ampoule or ampoules are broken by bending tube 12 at 13 to snap the
      neck 15 of the ampoule and allow the chemicals to mix. The device is then
      thrown, dropped or otherwise placed on or near the roadway or may be
      placed on the roof of cab or van. The device will then give off light for
      the duration of the life of the chemicals.
PAR  The light tube is not extinguished by wind, rain or by being run over by
      passing cars. When placed upon a flat surface the device will be
      maintained in an upright position and, or course, the device could land in
      that position even when dropped or thrown from a vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use as a signal device to be deployed upon a supporting surface, the
      combination comprising:
PA1  an elongated plastic tubular chemiluminescent light member;
PA1  a detachably connected support means effective to maintain said light
      member at an angle of 45.degree. or more to the surface upon which it is
      deployed;
PA1  said support means comprising;
PA2  a tubular cup shaped portion receiving one end of said light member;
PA1  a generally square base portion orthogonal to said cup portion; and
PA1  said square base portion having four elongated legs pivotally fastened to
      the four sides thereof and biased to a position orthogonal to said cup
      portion so that said legs may be folded together for convenience in
      storage and yet when said legs are deployed they present four points
      extending orthogonal to said cup portion.
NUM  2.
PAR  2. The device of claim 1 wherein said light member comprises manually
      actuable chemiluminescent means.
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ABST
PAL  A barrier for use as a breakwater or highway safety divider having a
      reinforced concrete base in which are embedded a plurality of tires
      extending outwardly of said base and means for joining a plurality of said
      bases in line.
BSUM
PAR  The present invention is concerned with an improvement in barriers.
PAR  The principal object of the invention is to provide a barrier which can be
      of any desired length and can be readily mounted on a beach as a
      breakwater or can equally as well be positioned along a roadway as a
      traffic divider or safety zone on curves of both single and dual lane
      highways.
PAR  Another important object of the invention is to provide a barrier with a
      heavy base in which are embedded portions of tires, preferrably used
      vehicle tires, which extend from the base at an angle to provide for the
      passage of waves between the tires when the barrier is used as a groin or
      as a resilient bumper when used as a road divider or safety rail.
PAR  A still further object of the invention is to provide a barrier consisting
      of sections which can be joined longitudinally of one another without the
      use of tools or special knowledge, to form any desired length of barrier.
DRWD
PAR  Further objects of the invention will be pointed out in or obvious from the
      following description of the accompanying drawings, in which,
PAR  FIG. 1 is an end view of a section of the present barrier,
PAR  FIG. 2 is a side elevation of said section,
PAR  FIG. 3 is a top view of said section with a portion of a second section
      shown in dotted line, attached thereto,
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 2,
PAR  FIG. 5 is a longitudinal section, partly broken away, taken on line 5--5 of
      FIG. 3,
PAR  FIG. 6 is an end view of a modified form of the barrier section,
PAR  FIG. 7 is a side elevation of the section of FIG. 6,
PAR  FIG. 8 is a top view of the modified section,
PAR  FIG. 9 is an enlarged detail sectional view of the connection of two of
      said sections, and,
PAR  FIG. 10 is a modified view of the section of FIGS. 6 to 8.
DETD
PAR  Referring now more particularly to the accompanying drawings wherein like
      and corresponding parts are designated by the same reference numerals, 1
      generally indicates a concrete block having sides 2 and 6, ends 3 and 4,
      bottom 5 and top 7 with said sides and ends extending substantially normal
      to said bottom and top.
PAR  A plurality of tires, preferrably used pneumatic vehicle tires, are
      partially embedded in said concrete block with their lower portions 9
      completely encased in said concrete which also fills the interior portions
      10 of said tires in said block fixedly supporting said tires extending
      upright and across said block.
PAR  A pair of tie rods 11 and 12 extend longitudinally in said block just below
      the tire treads, while a second pair of tie rods 13 and 14 extend
      longitudinally of said block through the center openings of said tires
      adjacent the beads thereof. A plurality of plates 15 and 16 are also
      embedded laterally of and in said block with said tie rods 11-14 extending
      therethrough.
PAR  In end 3 of said block there is partially embedded a pair of L-shaped dowel
      pins 16 and 18 whose bases 17 and 19 respectively extend laterally of said
      block while their legs extend longitudinally from said block. End 4 of
      each block has recesses 20 each positioned and sized for receiving a dowel
      pin 16 or 18 therein as shown in FIGS. 3 and 9 for joining two of said
      blocks together in line and as many of said blocks 1 can be similarly
      joined together to form a barrier as long as desired.
PAR  Each barrier section of FIGS. 6-8 is similar to that previously described
      in that it has concrete block 21 with sides 22 and 23, bottom 24, ends 25
      and 26 and top 27. However sides 22 and 23 incline inwardly from bottom 24
      to top 27 so that a greater portion of abutting tires 28 extend outside of
      said block and particularly beyond sides 22 and 23.
PAR  Tie rods 29-32, dowel pins 32 and end recesses 33 are the same as for the
      same elements of section of FIGS. 1-5.
PAR  In FIGS. 2, 3 and 5 the tires 8 are shown spaced apart so that when the
      barrier is used as a breakwater waves can move between the tires without
      being impeded. In FIGS. 7 and 8 the tires 28 are abutting one another to
      provide a resilient bumper at each side so that when the barrier is used
      as a safety divider alongside a road a vehicle striking the same would be
      diverted with minimum damage back on to the roadway. As indicated in FIG.
      10 tires 28 can also be positioned on an acute angle to block 21.
PAR  To produce the above described barriers blocks 1 or 21 can be molded in
      forms, not shown, either at the site of use or elsewhere by positioning
      tires 8 or 28 in the open top of the form, tie rods 11-14 or 29-33
      suspended in said form, plates 15 likewise suspended in said form with the
      tie rods therethrough and dowel pins 16 and 18 or 32-33 suspended in said
      form whereupon concrete can be poured into the form to complete the
      barrier section. End openings 20 or 33 can be formed during said molding
      by collapsible pins being suspended in the form.
PAR  In the preferred form of the barrier section, for example, tires 8 or 28
      can be used automobile or earth mover tires so as to provide a use for
      these tires which are in many instances discarded. Blocks 1 or 21 could be
      2 feet thick by 31/2 feet wide by 2 feet high, tie rods 11-14 and 29-33
      can be 3/4 inch or heavier rod material while plates 15 can be 1/2 inch
      thick and placed 2 to 3 feet apart as needed. Dowel pins 16 and 18 can be
      11/20 inch in diameter and extend 18 inches from each block. The length of
      blocks 1 or 21 can be of any desired length such as 30 feet in length.
PAR  For example, blocks 1 could be placed end to end with dowel pins 16 and 18
      of each block in openings 20 of the next block with the entire barrier set
      on a beach extending into the water to form a breakwater.
PAR  Blocks 21 can likewise be placed end to end with dowel pins 32-33 of each
      block in openings 33 of the next block and the resulting barrier
      positioned alongside a road particularly at a curve thereof or between
      dual lanes or a single block 21 so positioned to prevent vehicles from
      running off the road at those locations.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable barrier section comprising a concrete block and a plurality
      of tires partially embedded in said block.
NUM  2.
PAR  2. A portable barrier section as claimed in claim 1 including tie rods
      extending in said block.
NUM  3.
PAR  3. A portable barrier section as claimed in claim 1 wherein said block is
      of an elongated configuration and said tires are positioned laterally of
      said block and partially extend above the same.
NUM  4.
PAR  4. A portable barrier section as claimed in claim 1 wherein said block is
      of an elongated configuration and said tires partially extend beyond the
      sides of said block.
NUM  5.
PAR  5. A portable barrier section as claimed in claim 1 wherein said block is
      of an elongated configuration and said tires are positioned along the
      length of said block and extend at an angle thereto.
NUM  6.
PAR  6. A portable barrier section as claimed in claim 5 wherein said tires are
      spaced apart.
NUM  7.
PAR  7. A portable barrier section as claimed in claim 5 wherein said tires are
      positioned side by side.
NUM  8.
PAR  8. A portable section as claimed in claim 1 wherein a plurality of said
      blocks are positioned end to end, dowel pins extend from one end of each
      block and openings are provided in the opposite end of each block for
      receving the dowel pins of the adjacent block.
NUM  9.
PAR  9. A portable barrier section as claimed in claim 2 including plates
      embedded in said block with said tie rods extending therethrough.
NUM  10.
PAR  10. A portable barrier section as claimed in claim 8 wherein each dowel pin
      is L-shaped and has its base end embedded in said block.
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ABST
PAL  The disclosed triangular folding reflective marker comprises a reflective
      base member and a pair of reflective side members which are pivotally
      connected to opposite ends of the base member and are swingable between
      folded positions, adjacent the base member, and inclined erected
      positions, in which the side members and the base member form an upright
      triangular reflective warning device, for use in warning motorists of the
      presence of a disabled automobile or other vehicle. Latching elements are
      provided to fasten the upper ends of the side members together in their
      erected positions. Such latching elements may comprise latching pins
      projecting laterally from flanges on the side members, such flanges being
      adapted to overlap. Portions of the flanges may be formed with latching
      slots adapted to receive the latching pin elements with a detent action.
      The side members may be formed with end elements which are adapted to
      project beyond the edges of the opposite side members when they are
      erected. By applying a squeezing force between the end elements, it is
      easy to disconnect the latching elements. The end elements may also
      cooperate with detent elements on the base member to detain the side
      members in their folded positions.
BSUM
PAR  This invention relates to a triangular folding reflective marker, sometimes
      referred to in the trade as a reflective flare, adapted to be used as a
      warning device in connection with an automobile or other vehicle, to warn
      approaching motorists of the presence of a disabled vehicle.
PAR  Reflective markers of this type comprise a reflective base member and two
      reflective side members which may be erected to form a triangle. A brace
      or cross member is generally employed in connection with the base member
      so that the reflective marker will stand upright and will not be blown
      over, even in a strong wind.
PAR  One object of the present invention is to provide a new and improved
      triangular folding reflective marker in which the folding side members are
      easy to erect and are provided with means for securely latching the upper
      ends of the side members together in their erected positions.
PAR  A further object is to provide such a new and improved marker having means
      whereby the upper ends of the side members may easily be unlatched or
      disconnected, so that the flare can be folded for future use.
PAR  Another object is to provide such a new and improved marker having detent
      means for retaining the side members in their folded positions for compact
      storage.
PAR  It is a further object to provide such a new and improved marker in which
      the side members have two sets of elements adapted to overlap in opposite
      senses.
PAR  To achieve these objects, the present invention preferably comprises a
      reflective base member and a pair of reflective side members which are
      pivotally connected to the opposite ends of the base member, so as to be
      swingable between folded positions adjacent the base member and inclined
      erected positions in which the side members and the base member form a
      triangle. Latching elements are provided to fasten the upper ends of the
      side members together in their erected positions. Such latching elements
      may comprise latching pins projecting laterally from flanges on the side
      members. Such flanges are adapted to be overlapped when the side members
      are erected. Portions of the flanges may be formed with slots for
      receiving the opposite latching pins with a detent action. Additional
      slots may be formed in the flanges on opposite sides of the latching
      slots, to provide resilient fingers adjacent the latching slots.
PAR  To facilitate the disconnection of the latching elements, the side members
      preferably include end elements which project beyond the opposite side
      members when they are erected. The latching elements may easily be
      disconnected by applying a squeezing force between the end elements.
PAR  Detent elements are preferably provided to detain the side members in their
      folded positions. Such detent elements may comprise resilient fingers or
      the like on the base member, adapted to engage and retain the end elements
      on the side members.
PAR  The side members preferably have half-lap portions adapted to overlap when
      the side members are in their erected positions. The overlapping of the
      half-lap portions is in the opposite sense to the overlapping of the
      flanges to produce an interlocking action.
DRWD
PAR  Further objects and advantages of the present invention will appear from
      the following description, taken with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a triangular folding reflective marker to
      be described as an illustrative embodiment of the present invention, the
      marker being shown in its fully erected condition.
PAR  FIG. 2 is a front elevation of the marker, with the cross member of the
      base shown in section.
PAR  FIG. 3 is a front elevation showing the marker with the cross member folded
      and one of the side members partially folded.
PAR  FIG. 4 is an enlarged fragmentary front elevation showing additional
      details of the latching elements on the upper ends of the side members.
PAR  FIG. 5 is a front elevation showing the marker in its fully folded
      condition.
PAR  FIG. 6 is a fragmentary enlarged front elevation showing the upper ends of
      the side members in disconnected positions.
PAR  FIG. 7 is a fragmentary section along either of the lines 7--7 in FIG. 6.
PAR  FIG. 8 is another framentary section along either of the lines 8--8 in FIG.
      6.
PAR  FIG. 9 is a plan view showing the marker in its fully folded condition.
PAR  FIGS. 10, 11 and 12 are fragmentary vertical sections taken generally along
      the lines 10--10, 11--11 and 12--12 in FIGS. 2, 3 and 5, respectively.
PAR  FIG. 13 is a front elevation of one of the side members, shown detached
      from the marker.
PAR  FIG. 14 is a front elevation of the reflective base member, detached from
      the marker.
PAR  FIG. 15 is a fragmentary enlarged front elevation showing details of the
      detent elements for holding the side members in their folded positions.
PAR  FIG. 16 is an end view of the reflective base member, taken generally as
      indicated by the line 16--16 in FIG. 14.
DETD
PAR  As just indicated, FIGS. 1-3 illustrate a triangular folding reflective
      marker or flare 20 adapted to be carried in an automobile or any other
      vehicle in a folded condition, as shown in FIG. 5 so that the marker can
      be erected and placed along the roadway behind the vehicle as a warning to
      approaching motorists, in the event that the vehicle becomes disabled. The
      marker 20 reflects the lights of the approaching vehicles so that the
      drivers of such vehicles will see the marker as a brilliant triangle.
PAR  The illustrated marker 20 comprises a reflective base member 22 and a pair
      of reflective side members 24 and 26 which are pivotally connected to the
      opposite ends of the base member 22, so that the side members can be swung
      upwardly to their inclined erected positions, as shown in FIGS. 1 and 2.
      Pivot pins or rivets 28 and 30 may be provided between the base member 22
      and the side members 24 and 26. The side members 24 and 26 are swingable
      downwardly to their folded positions, adjacent the base member 22, as
      shown in FIGS. 5, 9 and 12.
PAR  The illustrated base member 22 has downwardly projecting feet 32 and 34
      near the opposite ends of the base member, for engaging the ground or some
      other supporting surface. To enable the flare 20 to stand erect in a
      strong wind, the base member 22 is preferably fitted with a heavy folding
      cross member 36, which may be in the form of a bar made of some heavy
      material, such as steel, for example.
PAR  A swivel connection is preferably provided between the base member 22 and
      the cross member 36 so that the cross member can be folded into a position
      in which it is parallel to the base member, as shown in FIGS. 3 and 5. In
      the illustrated construction, such swivel connection is provided by a
      swivel bolt 38, extending through openings in the cross member 36 and in a
      horizontal flange 40 of the base member 22. The swiveling movement of the
      cross member 36 is preferably limited by a pair of stop elements 42
      projecting downwardly from the base member 22. As shown in FIGS. 3 and 5,
      the cross member 36 is engagable with the sides of the stop elements 42
      when the cross member 36 is folded so as to extend parallel to the base
      member 22. The cross member 36 engages the ends of the stop elements 42
      when the cross member is unfolded so as to extend at right angles to the
      base member 22, as shown in FIG. 1.
PAR  To prevent the marker 20 from sliding along a pavement surface, it is
      preferred to provide the cross member 36 with non-skid feet, which may
      take the form of end caps 44 made of natural or synthetic rubber, or some
      other similar material.
PAR  The base member 22 and the side members 24 and 26 are preferably made of
      some durable yet inexpensive material, such as various resinous plastic
      materials. The material may be brightly colored for a high degree of
      visability. For example, the base and side members 22, 24 and 26 may be
      made of a plastic material having a bright fluorescent orange color.
PAR  To provide high visibility at night, the base and side members 22, 24 and
      26 are preferably fitted with reflectors 46 which may be of the many
      faceted prismatic lens type. Thus, the illustrated reflectors 46 are in
      the form of plates made of transparent material, such as a suitable
      resinous plastic material. The reflectors 46 may be of a red color, or
      some other bright color. The rear sides of the lenses 46 may be molded or
      otherwise formed with a multitude of prism facets which produce total
      internal reflection of incident light.
PAR  As shown to best advantage in FIGS. 10-12, the base member 22 is preferably
      provided with two of the reflective lens plates 46, mounted on opposite
      sides of the base member 22, in recesses 48 formed by border flange 50
      projecting laterally from a vertical flange or web 52. As shown, a series
      of vertical ribs 54 extend between the horizontal flange 40 and the lower
      portions of the border flanges 50 on the base 22. The lens plates 46 are
      suitably fastened into the recesses 48 in the base member 22, as by means
      of ultrasonic welding, heat sealing, or by the use of cement.
PAR  Similarly, each of the side members 24 and 26 may have a main vertical
      flange 56 from which border flanges 58 project laterally to form recesses
      60 for the reflective lens plates 46, which may be secured within the
      recesses by the means indicated above, or in any other suitable manner.
PAR  The upper end portions of the illustrated side members 24 and 26 have
      mating half-lap portions 62 and 64 which are adapted to overlap so as to
      form a half-lap joint when the side members 24 and 26 are erected and
      joined together, as shown in FIGS. 1, 2 and 4. In FIGS. 2, 3 and 4 the
      side member 24 is to the rear of the base member 22, while the side member
      26 is in front of the base member. It will be evident, however, that the
      halp-lap portions 62 and 64 overlap in the opposite sense. Thus, the
      half-lap 62 is adapted to extend in front of the half-lap portion 64 when
      these portions are overlapped.
PAR  In addition to the half-lap portions 62 and 64, the joint between the side
      members 24 and 26 utilizes longitudinal flanges or fins 66 and 68
      extending along the lower edges of the side members 24 and 26,
      respectively. These fins 66 and 68 are also adapted to overlap, as will be
      evident from FIGS. 1, 2 and 4. The fins 66 and 68 overlap in the opposite
      sense from the half-lap portions 62 and 64. Thus, the fin 68 on the side
      member 26 is adapted to extend in front of the fin 66 on the side member
      24. A highly secure joint is formed between the side members 24 and 26 as
      the result of arranging the half-lap portions 62 and 64 and the fins 66
      and 68 so as to overlap in opposite senses.
PAR  Latching elements are preferably provided on the side members 24 and 26 to
      latch them together in their erected positions. The arrangement of the
      latching elements is such that they hold securely yet are easy to connect
      and disconnect. In the illustrated construction, the latching elements
      comprise pin elements 70 and 72 projecting laterally from the fins or
      flanges 66 and 68. It will be seen that the pin element 70 projects
      forwardly from the fin 66, while the pin element 72 projects rearwardly
      from the fin 68. As will be evident from FIGS. 6, 7 and 8 the pin elements
      70 and 72 may be molded in one piece with the fins or flanges 66 and 68.
PAR  In addition to the pin elements 70 and 72, the fins or flanges 66 and 68
      are preferably formed with latching clip elements 74 and 76, comprising
      slots 78 and 80 which are adapted to receive the pin elements 72 and 70 on
      the opposite side members. The slots 78 and 80 are preferably shaped to
      provide a detent action with the pin elements 70 and 72 so that the pin
      elements will be detained in the slots. In the illustrated construction,
      such detent action is obtained by providing a pair of detent elements 82
      projecting from the opposite edges of each slot.
PAR  To make it easier to move the pin elements 70 and 72 into the slots 80 and
      78, it is preferred to provide resilient fingers 84 and 86 on opposite
      sides of both slots. The fingers 84 and 86 may be molded in one piece with
      the fins 66 and 68. The compliance of the fingers 84 and 86 is increased
      by providing additional slots 88 and 90 in the fins 66 and 68 on the
      opposite sides of the latching slots 78 and 80.
PAR  The latching joint between the side members 24 and 26 can be assembled very
      easily by overlapping the fins 66 and 68 and pushing the side members
      together so that the pin element 70 enters the latching slot 80, while the
      pin element 72 enters the latching slot 78. The side members 24 and 26 are
      shown in a preliminary stage of assembly in FIG. 6, while being shown
      fully assembled in FIGS. 1, 2 and 4.
PAR  The disconnection of the latching joint between the side members 24 and 26
      may be facilitated by providing end elements or tabs 92 and 94 which
      project from the ends of the side members 24 and 26 and are adapted to
      extend beyond the opposite side members, as will be evident from FIGS. 1,
      2 and 4. The latching joint between the side members 24 and 26 can easily
      be disconnected by applying a squeezing force between the end elements 92
      and 94, as indicated by the arrows in FIG. 4. The squeezing force causes
      the side members 24 and 26 to swing apart, so that the pin elements 70 and
      72 are withdrawn from the latching slots 80 and 78.
PAR  It will be seen from FIG. 12 that the fins or flanges 66 and 68 on the side
      members 24 and 26 are off-center, to facilitate the overlapping of the
      fins. Thus, the fin 66 is offset rearwardly from the center of the side
      member 24, while the fin 68 is offset forwardly from the center of the
      side member 26.
PAR  On the other hand, the base member 22 has an upwardly projecting vertical
      fin or flange 96 which is centered, relative to the flange or web 52. The
      fin 96 extends between the side members 24 and 26 when they are folded, as
      shown in FIG. 12.
PAR  The flare 20 is preferably provided with detent elements for detaining the
      side members 24 and 26 in their folded positions. The detent elements are
      provided on the base member 22, and also on the side members 24 and 26. In
      this case, the end elements or tabs 92 and 94 are utilized as the detent
      elements on the side members 24 and 26. Resilient elements are provided on
      the base member 22 to engage the tab elements 92 and 94 with a latching or
      detaining action. As shown to best advantage in FIGS. 5, 14 and 15, such
      resilient elements may take the form of resilient fingers 98 and 100,
      extending upwardly from the opposite ends of the base member 22. The
      fingers 98 and 100 are preferably molded in one piece with the base member
      22, which may be made of a suitable resinous plastic material, as
      previously indicated.
PAR  FIG. 15 shows the manner in which the tab or projection 94 on the end of
      the side member 26 is engagable with the detent finger 98. The tab 94
      displaces the resilient finger 98 with a camming action and then snaps
      past the fingers so that it will latch or detain the tab 94. A flange or
      retainer 102 is preferably provided on the base member 22 near the detent
      finger 98, to prevent the side member 26 from escaping laterally from the
      detent finger 98. A similar flange or retainer 104 is provided near the
      flexible detent finger 100 to prevent the tab 92 from escaping laterally
      from the detent finger.
PAR  The detent fingers 98 and 100 detain the tabs 92 and 94 with sufficient
      strength to keep the side members 24 and 26 folded against accidental
      opening movement. However, it is easy to overcome the detaining action of
      the fingers 98 and 100 when it is desired to erect the side members 24 and
      26.
PAR  The marker 20 has the ability to stand upright with a high degree of
      stability, even when the flare is subjected to strong winds. The heavy
      cross member 36 and the feet 32 and 34 on the base member 22 prevent the
      flare 20 from tipping over. The rubber or rubber-like feet 44 on the cross
      member 36 prevent the marker from slipping along a pavement surface, or
      any other supporting surface. The side members 24 and 26, in conjunction
      with the base member 22, provide a high degree of rigidity, so that the
      side members will not be flexed or displaced laterally to any
      objectionable extent by strong winds. The rigidity of the side members 24
      and 26 is enhanced considerably by the border flanges 58 and the
      reflective lens plates 46.
PAR  In addition, the base member 22 and the side members 24 and 26 have
      interlocking elements which minimize the flexure of the base member and
      the side members in the portions thereof which are adjacent the pivot pins
      or rivets 28 and 32. Thus, each side member has a tail portion 106 which
      is formed with a projection or tab 108, adapted to interlock with an
      opening 110 in the base member 22. There are two such openings 110 near
      the opposite ends of the base member 22. The openings are formed in
      horizontal flange elements 112. The fit between the projections 108 and
      the openings 110 is sufficiently close to prevent any substantial lateral
      deflection of the tail portions 106 when the side members 24 and 26 are
      erected.
PAR  When the side members 24 and 26 are closed or folded, so as to extend
      alongside the base member 22, the projections 106 are withdrawn from the
      openings 110. When the side members 24 and 26 are swung upwardly to erect
      the marker 20, the projections 108 enter the openings 110 so as to prevent
      lateral displacement of the tail portions 106.
PAR  The upper ends of the side members 24 and 26 may be joined together by
      overlapping the half-lap portions 62 and 64, while simultaneously
      overlapping the fins 66 and 68 in the opposite sense. The latching pin
      elements 70 and 72 are moved into the slot elements 80 and 78. By virtue
      of the detent projections 82, the pin elements are detained in the slot
      elements against accidental disconnection. Lateral movement of the pin
      elements 70 and 72 out of the slot elements 80 and 78 is prevented by
      enlarged heads or flanges 114 on both of the pin elements 70 and 72.
PAR  The side members 24 and 26 can easily be folded by squeezing the tabs 92
      and 94 so as to swing the side members away from each other. In this way,
      the pin elements 70 and 72 are withdrawn from the latching slots 80 and
      78, as shown in FIG. 6. The side members 24 and 26 can then be folded
      downwardly so that they are parallel to the base member 22. The side
      members 24 and 26 are detained in their folded positions by the engagement
      of the projecting tabs 92 and 94 with the flexible detent fingers 98 and
      100 at the opposite ends of the base member 22. The folding of the marker
      20 can be completed by swiveling the cross member 36 into its folded
      position, parallel with the base member 22.
PAR  It will be seen from FIGS. 5, 9 and 12 that the illustrated marker 20 folds
      very compactly. The thickness of the folded marker is only slightly
      greater than the combined thicknesses of the side members 24 and 26. When
      the marker is folded, the reflective lens plates 46 on the side members 24
      and 26 are disposed on opposite sides of the relatively thin fin or flange
      96 on the base member 22, so that the thickness of the folding flare at
      this point corresponds to the combined thicknesses of the side members 24
      and 26, plus the relatively small thickness of the fin 96 and the minimal
      working clearances between the fin 96 and the side members 24 and 26.
PAR  It should be noted that the illustrated marker 20 is symmetrical in
      construction so that the opposite sides of the flare are identical in
      appearance. Moreover, the latching joint between the upper end portions of
      the side members 24 and 26 is mechanically symmetrical so that the joint
      may be connected and disconnected from either side of the flare with equal
      facility. One of the latching pin elements 70 and 72 projects toward one
      side of the marker, while the other projects toward the opposite side. It
      is equally easy to move the pin elements 70 and 72 into the latching slots
      80 and 78 from either side of the marker. Thus, it is particularly easy to
      erect the marker under emergency conditions when the user of the marker
      may be hurried and hampered by darkness. The symmetrically disposed pin
      elements 70 and 72, when latched in the slots 80 and 78, provided two
      points of connection between the upper ends of the side members 24 and 26,
      so that the rigidity of the latched joint is greatly increased.
PAR  Existing government specifications for triangular reflective markers
      require that the marker be able to withstand a wind of 40 miles per hour
      without tipping over or sliding, and without deflecting more than
      10.degree.from the vertical. The illustrated marker easily meets and
      exceeds these requirements. The heavy cross member 36, with its rubber
      feet 44, provides sufficient weight to prevent the marker from tipping
      over or sliding along any supporting surface. The joints between the
      reflective base member 22 and the side members 24 and 26 are sufficiently
      rigid to minimize the deflection of the marker under high wind conditions,
      so that the governmental standard is easily met. Each joint provides two
      points of interlocking engagement between the members. Thus, the pivot
      pins or rivets 28 and 30 provide one point of engagement for each joint.
      The projections or tabs 108 interlock with the openings 110 to provide a
      second point of interlocking engagement for each joint. It will be seen
      that the illustrated rivets 28 and 30 extend through openings 115 and 116
      formed in reinforcing bosses 118 and 120. Two of the bosses 118 are formed
      on the base member 22 near the opposite ends thereof, while one of the
      bosses 120 is formed on each of the side members 24 and 26. The rivets 28
      and 30 are sufficiently long to extend through the bosses 118 and 120. The
      long rivets provide exceptionally rigid joints between the base member 22
      and the side members 24 and 26.
PAR  The governmental specifications for such marker also require that the
      reflective lens plates 46 be moisture proof. The illustrated marker 20
      easily meets this requirement. It will be seen from FIGS. 10-12 that each
      lens plate 46 has a smooth outer surface 122 which is exposed to the
      weather and is not affected by moisture. Each lens plate 46 has a rear
      surface with a multitude of cube corner facets 124 to provide the desired
      reflex action, in that the light which is incident upon the front surface
      122 is reflected internally by the cube corner facets 124.
PAR  It will be recalled that the lens plates 46 on the base member 22 are
      mounted in the recesses 48 formed by the border flanges 50 projecting from
      the vertical flare 52. Similarly, the lens plates 46 on the side members
      24 and 26 are mounted in the recesses 60 formed by the border flanges 58
      on the vertical flanges 56. The lens plates 46 are sealed to the members
      22, 24 and 26 by ultrasonic welding, heat sealing, or cement. Ultrasonic
      welding provides an exceptionally effective seal against the entry of
      moisture, so that the lens plates 46 will be fully moisture proof. Thus,
      moisture will be excluded from the cube corner facets 124 of the lens
      plates. It will be impossible for moisture to affect the ability of the
      reflex lens plates 46 to reflect light.
CLMS
STM  We claim:
NUM  1.
PAR  1. A triangular folding reflective marker, comprising a reflective base
      member, and first and second reflective side members having pivotal
      connections to opposite ends of said base member, said side members being
      swingable from horizontal folded positions adjacent said base member to
      inclined erected positions to form the sides of a triangle, said side
      members having upper end portions with longitudinal flanges adapted to
      overlap when said side members are in their erected positions, each of
      said flanges having a latching pin element and a latching slot therein
      adapted to receive the pin element on the other flange to retain said side
      members in their erected positions, each of said flanges having detent
      means adjacent the corresponding slot and forming a detaining fit with the
      other pin element, whereby said pin elements can be snapped into said
      slots for retention therein against accidental disconnection, each of said
      side members including an end element projecting from the outer end
      thereof and extending beyond the other side member when said pin elements
      and slots are latched together, said end elements projecting away from the
      locations of said pin elements and slots and facilitating the overcoming
      of said detent means and the disconnection of said pin elements and slots
      by the application of a manually exerted squeezing force between said end
      elements on said side members.
NUM  2.
PAR  2. A reflective marker according to claim 1, in which said base member
      includes a pair of additional detent elements on the opposite ends thereof
      for engaging and detaining said projecting end elements on said side
      members when said side members are moved to said folded positions.
NUM  3.
PAR  3. A reflective marker according to claim 2, in which said additional
      detent elements take the form of resilient fingers engageable and
      displaceable by said end elements and having a detaining fit therewith.
NUM  4.
PAR  4. A triangular folding reflective marker, comprising a reflective base
      member, first and second reflective side members having pivotal
      connections to opposite ends of said base member, said side members being
      swingable from horizontal folded positions adjacent said base member to
      inclined erected positions to form the sides of a triangle, and latching
      elements on the upper ends of said side members for holding said side
      members together in their erected positions, each of said side members
      including an end element extending beyond the other side member when said
      side members are latched together, said end elements projecting away from
      the locations of said latching elements and facilitating the disconnection
      of said latching elements on said side members by the application of a
      manually exerted squeezing force between said end elements.
NUM  5.
PAR  5. A reflective marker according to claim 4, in which said base member
      includes a pair of additional detent elements on the opposite ends thereof
      for engaging and detaining said end elements on said side members when
      said side members are moved to said folded positions.
NUM  6.
PAR  6. A reflective marker according to claim 5, in which said additional
      detent elements take the form of resilient fingers engageable and
      displaceable by said end elements.
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ABST
PAL  A triagnular folding reflective flare is disclosed, of the type having a
      reflective lower member and two reflective side members which are
      connected together for relative movement between a triangular erected
      position and a folded position with the side members compactly folded
      relative to the lower member. A heavy base is movably connected to the
      lower member for movement between folded and unfolded positions. The base
      comprises a hollow member with a heavy material retained therein. The
      weight of the heavy material enhances the stability of the flare. The
      heavy material is preferably a highly economical material having
      considerable weight, such as concrete. However, the heavy material may
      comprise any suitable heavy aggregate mixed with any suitable binder, such
      as Portland cement, any other suitable mineral cement, an epoxy plastic or
      various other suitable plastic materials. The hollow member of the base
      may comprise two channel-shaped half-shells joined together to form a
      hollow tube for retaining the heavy material. The hollow member may also
      comprise a channel-shaped member having a cover for retaining the heavy
      material. If desired, the hollow member may comprise a channel-shaped
      member having an inwardly projecting flange or the like for interlocking
      with the heavy material.
BSUM
PAR  This invention relates to a triangular folding reflective flare of the type
      comprising a lower reflective member and two reflective side members which
      are foldably connected thereto for movement between a triangular erected
      position and a folded position, with the side members compactly folded
      relative to the lower member. A heavy base may be foldably connected to
      the lower member, so that the flare will stand upright with sufficient
      stability to resist being tipped over by high winds.
PAR  Heretofore, folding reflective flares have generally employed base members
      made of solid steel, which provides sufficient weight, but is quite
      expensive.
PAR  One object of the present invention is to provide a new and improved
      folding reflective flare having a new base construction which affords
      sufficient weight for great stability, yet is much more economical than
      solid steel or the like.
PAR  A further object is to provide such a new and improved folding reflective
      flare having a base construction utilizing materials which are plentiful
      and readily available, as well as being highly effective and economical.
      Thus, the present invention preferably comprises a triangular folding
      reflective flare comprising a lower reflective member and two reflective
      side members foldably connected thereto for movement between a triangular
      erected position and a folded position, in which the side members are
      compactly folded relative to the lower member. A heavy base is foldably
      connected to the lower member, for movement between folded and unfolded
      positions. The base preferably comprises a hollow member with a heavy
      material retained therein to give the base sufficient weight for the
      required stability. It is preferred to employ a heavy material which is
      highly economical, such as concrete. However, the heavy material may
      comprise any suitable heavy aggregate mixed with a suitable binder, such
      as Portland cement, any other suitable mineral cement, an epoxy plastic,
      or various other plastic materials, for example. The heavy material may
      also comprise a granular aggregate or any other loose material.
PAR  The hollow member to hold the heavy material may comprise a pair of
      half-shells joined together to retain the heavy material. The half-shells
      may be made of a resinous plastic material or any other suitable material.
      The hollow member may also be channel-shaped, with a cover to retain the
      heavy material. Alternatively, the hollow member may be channel-shaped and
      may be provided with an inwardly projecting flange or some other element,
      adapted to interlock with the heavy material.
DRWD
PAR  Further objects, advantages and features of the present invention will
      appear from the following description, taken with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a triangular folding reflective flare to be
      described as an illustrative embodiment of the present invention, the
      flare being shown in its fully erected condition.
PAR  FIG. 2 is a front elevation of the flare, with the foldable base shown in
      section.
PAR  FIG. 3 is a front elevation showing the flare with the base folded, and
      with one of the side members partially folded.
PAR  FIG. 4 is an enlarged fragmentary front elevation showing additional
      details of the side members, including the latching elements on the upper
      ends thereof.
PAR  FIG. 5 is a front elevation showing the flare in its fully folded
      condition.
PAR  FIG. 6 is a fragmentary enlarged perspective view showing additional
      details of the weighted base for the flare.
PAR  FIGS. 7 and 8 are fragmentary sectional perspective views showing modified
      base constructions for the flare.
DETD
PAR  As just indicated, FIGS. 1-3 illustrate a triangular folding reflective
      flare 20 adapted to be carried in an automobile or any other vehicle in a
      folded condition, as shown in FIG. 5, so that the flare can be erected and
      placed along the roadway behind the vehicle as a warning to approaching
      motorists, in the event that the vehicle becomes disabled. The flare 20
      reflects the lights of the approaching vehicles so that the drivers of
      such vehicles will see the flare as a brilliant triangle.
PAR  The illustrated flare 20 comprises a reflective lower member 22 and a pair
      of reflective side members 24 and 26 which are foldably connected to the
      opposite ends of the lower member 22, so that the side members can be
      swung upwardly to their inclined erected positions, as shown in FIGS. 1
      and 2. Pivot pins or rivets 28 and 30 may be provided between the lower
      member 22 and the side members 24 and 26. The side members 24 and 26 are
      swingable downwardly to their folded positions, adjacent the lower member
      22, as shown in FIG. 5.
PAR  The illustrated lower member 22 has downwardly projecting feet 32 and 34
      near its opposite ends, for engaging the ground or some other supporting
      surface. To enable the flare 20 to stand erect in a strong wind, the lower
      member 22 is preferably fitted with a heavy folding weighted base or cross
      member 36, which may be in the form of a hollow member or shell 36a
      containing a heavy material 36b, such as concrete, cement, epoxy or other
      plastic materials mixed with a heavy aggregate or filler material, various
      other binders mixed with a filler, or a loose granular or liquid filler,
      for example, as will be described in greater detail presently. The hollow
      shell 36a may be made of a resinous plastic material, metal or any other
      suitable material.
PAR  A swivel connection is preferably provided between the lower member 22 and
      the base 36 so that the base can be folded into a position in which it is
      parallel to the lower member, as shown in FIGS. 4 and 5. In the
      illustrated construction, such swivel connection is provided by a swivel
      bolt 38, extending through openings in the base 36 and in a horizontal
      flange 40 on the lower member 22. The swiveling movement of the base 36 is
      preferably limited by a pair of stop elements 42 projecting downwardly
      from the lower member 22. As shown in FIGS. 3 and 5, the base 36 is
      engageable with the sides of stop elements 42 when the base 36 is folded
      so as to extend parallel to the lower member 22. The base 36 engages the
      ends of the stop elements 42 when the base is unfolded so as to extend at
      right angles to the lower member 22, as shown in FIG. 1.
PAR  To prevent the flare 20 from sliding along a pavement surface, it is
      preferred to provide the base 36 with non-skid feet, which may take the
      form of end caps 44 made of natural or synthetic rubber, or some other
      similar material.
PAR  The lower member 22 and the side members 24 and 26 are preferably made of
      some durable yet inexpensive material, such as various resinous plastic
      materials. The material may be brightly colored for a high degree of
      visibility. For example, the lower member 22 and the side members 24 and
      26 may be made of a plastic material having a bright fluorescent orange
      color.
PAR  To provide high visibility at night, the lower and side member 22, 24 and
      26 are preferably fitted with reflectors 46 which may be of the many
      faceted prismatic lens type. Thus, the illustrated reflectors 46 are in
      the form of plates made of transparent material, such as a suitable
      resinous plastic material. The reflectors 46 may be of a red color, or
      some other bright color. The rear sides of the lenses 46 may be molded or
      otherwise formed with a multitude of prism facets which produce total
      internal reflection of incident light.
PAR  The upper end portions of the illustrated side members 24 and 26 have
      mating half-lap portions 62 and 64 which are adapted to overlap so as to
      form a half-lap joint when the side members 24 and 26 are erected and
      joined together, as shown in FIGS. 1, 2 and 4. In FIGS. 2, 3 and 4, the
      side member 24 is to the rear of the lower member 22, while the side
      member 26 is in fromt of the lower member. It will be evident, however,
      that the half-lap portions 62 and 64 overlap in the opposite sense. Thus,
      the half-lap 62 is adapted to extend in front of the half-lap portion 64
      when these portions are overlapped.
PAR  In addition to the half-lap portions 62 and 64, the joint between the side
      members 24 and 26 utilizes longitudinal flanges or fins 66 and 68
      extending along the lower edges of the side members 24 and 26,
      respectively. These fins 66 and 68 are also adapted to overlap, as will be
      evident from FIGS. 1, 2 and 4. The fins 66 and 68 overlap in the opposite
      sense from the half-lap portions 62 and 64. Thus, the fin 68 on the side
      member 26 is adapted to extend in front of the fin 66 on the side member
      24. A highly secure joint is formed between the side members 24 and 26 as
      the result of arranging the half-lap portions 62 and 64 and the fins 66
      and 68 so as to overlap in opposite senses.
PAR  Latching elements are preferably provided on the side member 24 and 26 to
      latch them together in their erected positions. The arrangement of the
      latching elements is such that they hold securely yet are easy to connect
      and disconnect. In the illustrated construction, the latching elements
      comprise pin elements 70 and 72 projecting laterally from the fins or
      flanges 66 and 68. It will be seen that the pin element 70 projects
      forwardly from the fin 66, while the pin element 72 projects rearwardly
      from the fin 68. The pin elements 70 and 72 may be molded in one piece
      with the fins or flanges 66 and 68.
PAR  In addition to the pin elements 70 and 72, the fins or flanges 66 and 68
      are preferably formed with latching clip slots 78 and 80 which are adapted
      to receive the pin elements 72 and 70 on the opposite side members. The
      slots 78 and 80 are preferably shaped to provide a detent action with the
      pin elements 70 and 72 so that the pin elements will be detained in the
      slots.
PAR  The latching joint between the side members 24 and 26 can be assembled very
      easily by overlapping the fins 66 and 68 and pushing the side members
      together so that the pin element 70 enters the latching slot 80, while the
      pin element 72 enters the latching slot 78. The side members 24 and 26 are
      shown fully assembled in FIGS. 1, 2 and 4.
PAR  The disconnection of the latching joint between the side members 24 and 26
      may be facilitated by providing end elements or tabs 92 and 94 which
      project from the ends of the side members 24 and 26 and are adapted to
      extend beyond the opposite side members, as will be evident from FIGS. 1,
      2 and 4. The latching joint between the side members 24 and 26 can easily
      be disconnected by applying a squeezing force between the end elements 92
      and 94, as indicated by the arrows in FIG. 4. The squeezing force causes
      the side members 24 and 26 to swing apart, so that the pin elements 70 and
      72 are withdrawn from the latching slots 80 and 78.
PAR  This invention provides an improved, inexpensive weighted base used on any
      triangular flare, to hold down the flare in order to withstand a 40 mile
      per hour wind, in conformity with Federal Standard No. 125.
PAR  With the advent of the federal regulations on a triangle warning device, a
      variety of designs have been introduced into the market. Due to the 40
      m.p.h. wind requirement, they all have the common requirement of a certain
      weight, approximately 2.5 pounds, to give the device enough stability so
      that it will withstand a 40 m.p.h. wind.
PAR  Up until the present time, it has been the prevailing practice to construct
      triangular folding reflective flare devices with bases made of solid
      steel, to provide the desired weight. If this construction is continued,
      huge amounts of steel will be required to produce the large number of
      flare devices to be required by federal safety standards. However, steel
      is expensive and in short supply. To solve this problem, the flare
      construction of the present invention eliminates the use of steel to
      provide the needed weight in the base of the flare. The present invention
      utilizes much more abundant and economical materials, to afford great
      savings in cost.
PAR  As previously indicated, the construction of the illustrated base 36
      involves a hollow member or shell 36a, made of any desired inexpensive
      material. The shell 36a contains or is filled with an inexpensive yet
      heavy filler material 36b such as concrete, cement or any other suitable
      material, which may be in solid or liquid form.
PAR  It is recognized that there are few inexpensive materials with a specific
      gravity greater than that of steel. However, due to the availability of
      space, materials with lower specific gravities can be employed to fill up
      the shell, thus making a base which weighs as much as a steel base, but
      with a larger volume.
PAR  The base construction of the present invention thus utilizes a hollow
      member or shell, containing or filled up with any heavy inexpensive
      available filler, such as cement, concrete, or any other known or suitable
      material.
PAR  The shape of the base 36 will ordinarily be determined by the most
      desirable physical shape required by the design of the triangular
      reflective flare. Whatever the shape, however, the base comprises the
      hollow shell 36a, which can be produced either in one piece or in two or
      more pieces, fused or otherwise secured together, so as to create a hollow
      container. The hollow member or shell 36a may be molded or otherwise
      formed of a suitable resinous plastic material, or may be made of metal or
      any other suitable material.
PAR  The heavy filler material 36b can be introduced into the shell 36a either
      before or after encapsulation. Thus, the filler material can be poured or
      otherwise inserted into the shell while the filler material is in a fluid
      or semifluid state, following which the material is allowed to set or
      harden. Alternatively, the filler material can be precast or preset in a
      convenient shape and then inserted into the shell in a set or solid
      condition. The encapsulation of the shell is then completed.
PAR  In the case of a filler material supplied in a pourable state, the base
      container 36a may have an opening 36c at one end, such that the container
      can be filled like a bottle.
PAR  Rather than being made of concrete or some other material which solidifies
      after being poured, the filler material 36b may comprise a granular
      material, such as sand, or any other suitable loose material. The filler
      material may also comprise a liquid material, such as water, for example,
      either by itself, or mixed with a solid granular or loose material. In the
      case of a solid material, the filler may comprise any suitable heavy
      aggregate, such as sand, gravel, metal filings, metal pieces or the like,
      mixed with any suitable binder, such as Portland cement, any other
      suitable mineral cement, an epoxy plastic material, any other suitable
      plastic material, or any suitable mastic or adhesive material.
PAR  As illustrated in FIG. 6, the hollow member or shell 36b of the base 36 is
      made of a resinous plastic material and is in the form of an elongated
      tube having a rectangular cross section. The illustrated shell 36b
      comprises two channel-shaped half-shells 36d which are fused, cemented or
      otherwise joined together. The filler material 36b may be cast in place
      within the hollow tubular member or shell 36a, or may be precast and
      inserted between the half-shells 36d, before they are welded, heat sealed,
      cemented or otherwise joined together. The opposite ends of the base 36
      are closed and covered by the rubber end caps 44, which also prevent the
      base from slipping or skidding along a supporting surface.
PAR  FIG. 7 illustrates a modified base 136, comprising a hollow member 136a
      which is channel-shaped in cross section. A heavy filter material 136b is
      contained within the hollow elongated member 136a. As before, the filler
      material 136b is preferably concrete, but any other suitable filler
      material may be employed. In the case of concrete, the filler material
      136b is cast in place within the channel-shaped hollow member 136a. The
      concrete is poured into the hollow member 136a while the concrete is still
      in a plastic state. The concrete is then allowed to harden or set within
      the hollow member 136a.
PAR  To retain the filler material 136b, the hollow channel-shaped member 136a
      is preferably formed with one or more inwardly projecting elements 136e,
      adapted to interlock with the filler material. In this case, the inwardly
      projecting elements 136e are in the form of longitudinal flanges or fins,
      projecting inwardly from the side walls 136f and g of the channel-shaped
      member 136a.
PAR  FIG. 8 shows a base construction which is the same as that of FIG. 7,
      except that the hollow channel-shaped member 136a is closed by a cover
      136h which is also channel-shaped. The cover 136h may be made of a
      resinous plastic material, or any other suitable material. Preferably, the
      cover 136h is snugly fitted around the open edge of the channel-shaped
      member 136a and may be fused, heat sealed, welded, cemented or otherwise
      secured in place.
PAR  The cover 136h encloses and conceals the heavy filler material 136b and
      permits the use of a granular, loose or liquid filler material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A triangular folding reflective flare,
PA1  comprising a lower member and two side members movably connected thereto
      for folding and unfolding movement between a triangular erected position
      and a folded position with said side members compactly folded relative to
      said lower member,
PA1  and an elongated base having a pivotal connection to said lower member for
      swinging movement relative thereto between folded and unfolded positions,
PA1  said base comprising a hollow member in the form of a pair of elongated
      generally channel-shaped half shells made of a resinous plastic material
      and joined together to form a hollow tube,
PA1  and a heavy material in the form of concrete retained within said hollow
      member.
NUM  2.
PAR  2. A triangular folding reflective flare,
PA1  comprising a lower member and two side members movably connected thereto
      for folding and unfolding movement between a triangular erected position
      and a folded position with said side members compactly folded relative to
      said lower member,
PA1  and an elongated base having a pivotal connection to said lower member for
      swinging movement relative thereto between folded and unfolded positions,
PA1  said base comprising a generally channel-shaped member having two opposite
      side walls and a connecting wall extending therebetween with an open side
      opposite said connecting wall,
PA1  a heavy material comprising a heavy aggregate mixed with a binder and
      received within said channel-shaped member,
PA1  and a cover wall secured to said channel-shaped member and closing said
      open side to retain said heavy material.
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ABST
PAL  An apparatus for monitoring the condition of a fluid filter comprises a
      flexible diaphragm exposed to the upstream, downstream or differential
      pressure acting on the filter and indicator means for monitoring the
      condition of the filter as a function of movement of the diaphragm in
      response to said pressures. A unique, low friction indicator mechanism,
      means for adjusting the sensitivity of the device and means for resetting
      the device are also disclosed.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  Attempts have been made in the past to provide means for monitoring the
      condition of a filter in a fluid system to determine whether the filter
      has become clogged. The prior art discloses devices for such applications
      in both liquid and gas flow systems.
PAR  In recent years, with the advent of fuel shortages and attendant increases
      in fuel prices, a growing interest in the efficiency of forced air heating
      and air conditioning systems has been noted. One problem in such systems
      is that the filters commonly in use tend to clog with dirt and dust after
      a rather short time, which results in reduced efficiency of the system due
      to lower air flow, poor filter performance, wasted fuel and related
      effects. Thus, it is evident that there is a need for an inexpensive,
      simple means for monitoring filter conditions and providing an indication
      of the need to change or clean the filter.
PAR  As mentioned, numerous prior art devices are known which are nominally
      suited for this purpose; however, problems have arisen with many of these.
      Frequently, the sensitivity of such devices is so low that they provide an
      indication for the user only when the filter has become hopelessly
      clogged. Thus, it is desirable that such a device be sensitive to small
      changes in filter condition and that its sensitivity be adjustable within
      limits chosen for a particular application. For example, the level of
      clogging permissible in a hospital may be considerably lower than in a
      private home. Also, it is desirable to provide a low friction mechanism
      which will actuate with repeatable reliability in response to low pressure
      changes in the system in some applications, as well as large pressure
      changes in other applications.
PAR  In addition, most prior art devices require rather involved modifications
      to an existing forced air system to permit their installation. So, a need
      exists for a filter monitor which may be simply installed by the user with
      minimum of modification to his air conditioning system.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a simple, inexpensive monitoring
      device for the filter in a fluid flow system which may be easily installed
      with a minumum of alteration of the system.
PAR  Another object of the invention is to provide such a device which may be
      easily assembled by relatively unskilled labor.
PAR  Yet another object of the invention is to provide a monitoring device
      having low friction forces among its elements, whereby increased
      sensitivity may be obtained.
PAR  A further object of the invention is to provide a filter monitoring device
      which may be simply, reliably adjusted for various applications requiring
      more or less sensitivity to filter clogging.
PAR  Still another object of this invention is to provide a filter monitoring
      system including means for remotely indicating the filter condition.
PAR  Another object of this invention is to provide such a device which will
      indicate an acceptable filter condition until a predetermined state of
      filter clogging is achieved and thereafter will indicate an unacceptable
      condition.
PAR  A still further object of the invention is to provide means for resetting
      the device after the filter condition has been corrected.
PAR  A further object of the invention is to provide a filter monitoring device
      sensitive to loss in pressure downstream of the filter, increase in
      pressure upstream of the filter or change in differential pressure across
      the filter.
PAR  The above objects of the invention are intended to be examplary, and other
      desirable results not specifically mentioned herein but actually achieved
      by the invention may occur to those in the art; however, the scope of the
      invention is to be limited only by the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  The above-mentioned object and other desirable results are acheived by the
      invention which may comprise, when adapted for use in a forced air system
      having means for drawing air through this system, an enclosed chamber
      adapted to be connected in fluid communication with the air system at a
      location between the filter and the means for drawing air through the
      system. The enclosed chamber is mounted on a base member and includes one
      wall comprising a flexible diaphragm to which is pivotally attached an
      elongated arm pivotally mounted to the base member. An indicator flag
      mechanism is mounted for rotation on the base member in response to the
      movement of the elongated arm. Means are provided for resisting rotation
      of the indicator flag from a first position indicative of a clean filter
      until the pivoted arm has rotated the flag a predetermined distance in
      response to changes in the pressures acting on the filter; and then for
      aiding movement of the flag to a second position indicative of a dirty
      filter after the flag has rotated through the predetermined distance.
      Means also are provided for adjusting the predetermined distance through
      which the signal flag must be rotated before its movement to the second
      position may be affected. Finally, means are provided for returning the
      signal flag to the first position after the filter condition has been
      corrected.
PAR  In other embodiments of the invention, means are provided for giving a
      remote indication that the filter has become clogged. Such remote
      indication may be visual, audible or a combination of the two, as desired.
      In addition, the rotating or translating elements of the invention are
      designed so as to minimize friction, whereby the sensitivity of the device
      to pressure changes is enhanced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view, partially in phantom, of a filter
      monitoring device according to the invention.
PAR  FIG. 2 shows a perspective, exploded view of the device shown in FIG. 1,
      with the exception of the cover member shown in phantom in FIG. 1, which
      has been omitted.
PAR  FIG. 3 shows an elevation section taken along line 3--3 of FIG. 1,
      indicating the cooperation between the diaphragm pivot element and pivot
      arm slot, according to the invention.
PAR  FIG. 4 shows an elevation view taken along line 4--4 of FIG. 1, indicating
      the cooperation among the upstanding peripheral wall surrounding the
      diaphragm chamber, the diaphragm, the diaphragm retaining ring and related
      structure.
PAR  FIG. 5 shows a section view taken along line 5--5 of FIG. 1, indicating the
      cooperation among the elongated pivot arm and the indicator flag.
PAR  FIG. 6 is a view taken along section line 6--6 in FIG. 5, indicating the
      geometry of the indicator flag.
PAR  FIGS. 7a and 7b show views taken along line 7--7 of FIG. 1, indicating the
      movement of the signal flag biasing spring relative to the center of
      rotation of the signal flag.
PAR  FIGS. 8a and 8b show views, partially cut-away, taken along line 8--8 of
      FIG. 1, indicating the movement of the sensitivity adjustment mechanism
      whereby the biasing force of the spring may be varied.
PAR  FIGS. 9 and 10 are schematic illustrations of alternate application of the
      monitoring device according to the invention, in systems wherin the means
      for forcing air through the filter is located either up or downstream of
      the filter itself.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There follows a detailed description of a preferred embodiment of the
      invention, reference being had to the drawings in which like reference
      numerals identify like elements of structure in each of the several
      Figures.
PAR  FIG. 1 shows a perspective view of a filter monitoring device according to
      the invention. A base member 10 is provided upon which are mounted a
      pressure responsive flexible diaphragm 12, an elongated pivot arm 14, and
      an indicator flag 16, acutated by elongated pivot arm 14 in response to
      movement of pressure responsive flexible diaphragm 12. Also provided are a
      sensitivity adjustment mechanism 18 and an indicator flag return mechanism
      20. Illustrated in phantom are a box like cover 22 which encloses the
      previously described apparatus as indicated and includes a window 24
      therein through which the position of indicator flag 16 may be observed.
      Cover 22 should be relatively air tight to minimize pressure losses from
      above diaphragm 12.
PAR  FIG. 2 shows an exploded view of the apparatus depicted in FIG. 1, with the
      exception of cover member 22 which has been deleted for clarity. Base
      member 10 includes a circular recess 30 which is surrounded by an
      upstanding peripheral wall 32. A central recess 31 is provided in the
      bottom of recess 30. Located at equally spaced stations around the
      exterior of upstanding peripheral wall 32 are a plurality of mounting
      stubs 34 having enlarged diameter seating surfaces 35 along their lower
      portions. Base members 10 also includes low pressure inlet 11 within
      recess 30 and high pressure inlet 13 outside recess 30, either or both of
      which may be used to supply acutating pressure to the device, as will be
      discussed. Connection to inlets 11 and 13 may be made from beneath base
      member 10 using flexible tubing connectors (not shown).
PAR  A retainer ring 38 is provided having, as shown in FIG. 4, an inwardly
      directed flange 38, an axially directed wall 40 and a plurality of
      radially directed tabs 42 having bores 44 located therein. Diaphragm 12
      includes a centrally located aperture 46 in which is mounted a pivot
      member 48 as shown in FIG. 3. Pivot element 48 comprises a pivot post 50
      having a radially extending terminal flange 52 and a radially extending,
      tapered base flange 54. Depending downwardly from base flange 54 is a
      mounting boss 55. Pivot element 48 is assembled to diaphragm 12 by
      inserting mounting boss 55 through aperture 46 in diaphragm 12, placing
      mounting washer 56 over mounting boss 55 and deforming mounting boss 55 to
      provide a retaining flange 58, which ensures a tight joint between washer
      56, diaphragm 12 and base flange 54. The deformation of mounting boss 55
      may be affected by any suitable means as ultrasonic staking, heat
      application and similar techniques.
PAR  In practice, it has been found preferable to size diaphragm 12 to be from
      10 to 30 percent larger in diameter than the diameter of upstanding
      peripheral wall 32. A 20 percent difference in size is preferred.
      Diaphragm 12 may be made of any suitable flexible material such as 0.00025
      inch Mylar film, a product of the Dupont Company. During assembly, the
      peripheral edge of diaphragm 12 is placed on the upper surface of
      upstanding peripheral wall 32 and retaining flange 58 and mounting washer
      56 are permitted to drop into central recess 31 so that essentially no
      tension is placed upon the diaphragm during it attachement to the
      upstanding peripheral wall 32. After the diaphragm has been so located,
      retainer ring 36 is placed over the peripheral edge thereof as indicated
      in FIG. 4, with the bores 44 in radially directed tabs 42 receiving the
      upper end of mounting studs 34. The retainer ring may be held in place by
      ultrasonic staking of the upper ends of mounting studs 34 to form a
      retaining flange 37, as indicated; however, other attachement means such
      as screws, rivets, heat deformation and the like may be used. It has been
      found that the joint geometry disclosed in FIG. 4 obviates the need for a
      glue or heat seal of the joint between diaphragm 12 and upstanding
      peripheral wall 32 and yet provides a reasonably air-tight peripheral
      attachement for the diaphragm 12. Nonetheless, one skilled in the art will
      recognize that such additional measure as gluing or heat sealing may be
      applied without departing from the spirit of this invention.
PAR  Elongated pivot arm 14 comprises an actuating portion 60 for indicator flag
      16, a transverse pivot axle 62 and a diaphragm contacting portion 64. An
      offset portion 66 joins portions 64 and 60 as indicated to provide
      adequate clearance for pivot arm 14 above upstanding peripheral wall 32.
      An axial slot 68 located in the end of diaphragm contacting portion 64
      loosely engages pivot post 50, as indicated in FIGS. 1 and 3, when
      transverse pivot axle 62 is snapped into location in upstanding plain
      bearing supports 69. Supports 69 are of the familiar type which deform
      slightly to receive axle 62 and spring back to provide a secure, rotating
      joint.
PAR  Located on either side of elongated pivot arm 14 are electrical contacts 70
      which comprise an essentially flat base portion 72 having through holes 74
      and 76 located at axially spaced locations therein. Extending from base
      portion 72 is an angularly upstanding spring portion 78 which projects
      toward chamber 30 and diaphragm 12 along a path essentially parallel to
      pivot arm 14. Upstanding spring portions 78 are elevated approximately
      20.degree. above the plane of base portions 72. Electrical contacts 70 are
      attached to base element 10 by suitable fasteners such as rivets 80
      through holes 74 in contacts 70 and holes 82 in base member 10. Holes 76
      in contacts 70 receive bosses 84 located on base member 10, to ensure
      lateral stability of the contacts 70.
PAR  Also located on either side of elongated pivot arm 14 and outboard of
      electrical contacts 70 is a pair of upstanding plain bearing supports 86
      into which are snapped the pivot stub axles 88 of indicator flag 16.
      Indicator flag 16 comprises a tumbler element 90 having a cross section of
      a sector of a circular cylinder, as indicated in FIGS. 5 and 6. It has
      been found that approximately a 60.degree. cylindrical sector is suitable
      for use in this invention. One skilled in the art will recognize that
      other forms for tumbler 90 may be used, such as two flats subtending arcs
      of approximately 30.degree. each. Extending radially inwardly from tumbler
      element 90 are spaced wall sectors 92 of wedge-shaped configuration which
      include at the center of curvature of tumbler element 90 the pair of
      integral, axially extending stub axles 88 of signal flag 16. Attached to
      spaced wall sectors 92 and extending axially therefrom are a pair of crank
      annuluses 94 and 96 which are coaxial with stub axles 88 and, when signal
      flag 16 is assembled to plain bearing supports 86, extend into recesses 97
      in base element 10, as indicated in FIG. 1. Extending axially from crank
      annulus 94 is spring mounting finger 98 which extends in a direction
      approximately parallel to that of pivot stub axles 88 and is displaced at
      an angle alpha of approximately 35.degree. to 40.degree. from the axis of
      symmetry of tumbler element 90, as indicated in FIG. 2. A signal flag
      returning finger 100 extends from crank annulus 96 along an axis
      essentially parallel to the axis of stub axle 88 and located essentially
      on the axis of symmetry of tumbler element 90, as indicated in FIGS. 2 and
      6.
PAR  Centrally located between spaced wall sectors 92 is radially extending wall
      sector 102 having a lower surface 104 positioned to contact actuating
      portion 60 of elongated pivot arm 14, as best seen in FIG. 5. An
      electrical contact strip 105 of U-shaped cross section is attached to
      leading edge 107 of tumbler element 90, as indicated, and is of sufficient
      width to bridge contacts 70.
PAR  Adjacent the recess 97 which receives crank annulus 94 is located
      upstanding guide track 106 at either end of which are located plain
      bearing supports 108 which rotatably receive the sensitivity adjustment
      mechanism 18. See FIG. 2. Mechanism 18 includes a lead screw 110 upon
      which is mounted a traveller 112. Lead screw 110 is rotatably snapped into
      bearing supports 108. Traveller 112 comprises of an essentially
      rectiangular frame element 114 having a passage 116 therethrough, through
      which lead screw 110 is inserted. A traveller nut pocket 118 is located
      coaxially with passage 116 and receives traveller nut 122 which is
      threadingly mounted on lead screw 110. Depending from the lower surface of
      rectangular frame 114 are a pair of spaced legs 122 and 124 which are
      adapted to locate on either side of guide track 106. Thus, as lead screw
      110 is turned, traveller nut 120 will cause traveller 112 to move along
      the lead screw without rotating rectangular frame 114. Laterally extending
      from the rectangular frame element 114 at an upper location thereof is
      travelling spring mounting finger 126, the position of which may be
      adjusted by movement of traveller 112. Finally, an indicator flag biasing
      spring 128 is stretched between finger 98 on indicator flag 16 and finger
      126 on adjustment mechanism 18.
PAR  Adjacent the recess 97 which receives crank annulus 96 are upstanding plain
      bearing supports 130. Plunger rod 132 of flag return mechanism 20 is
      slidably snapped into supports 130. Plunger rod 132 includes an enlarged
      diameter portion 134 which prevents plunger rod 132 from sliding out of
      its proper location in supports 130. Depending from enlarged diameter
      portion 134 are a pair of spaced prongs 136 and 138 which are adapted to
      locate on either side of flag returning finger 100. Thus, as indicator
      flag 16 rotates under the influence of elongated pivot arm 14, flag
      returning finger 100 will cause plunger rod 132 to slide in bearing
      supports 130 due to the force applied to prongs 136 and 138 until end 139
      of plunger rod 132 extends sufficiently far from the housing 22 to permit
      a manual reset of the device. Although these features are not shown,
      housing 22 may include interior depending retaining bosses which lightly
      contact the upper ends of bearing supports 108 and 130, to prevent
      accidental ejection of lead screw 110 and plunger rod 132, respectively.
PAR  FIGS. 7a and 7b illustrate the movement of indicator flag 16 in response to
      movement of diaphragm 12. In FIG. 7a, the invention is illustrated in the
      position which it would normally occupy when the filter being monitored is
      still relatively clean. In this position, the axis of spring 128 is
      located on the side of the axis of rotation of indicator flag 16 closest
      to transverse pivot axis 62 of elongated pivot arm 14. Thus, the force
      applied by spring 128 will tend to rotate indicator flag 16 in a
      counter-clockwise direction, thereby maintaining contact between lower
      surface 104 of centrally located wall sector 102 and causing elongated
      pivot arm 14 to raise diaphragm 12 to the elevated position shown in FIGS.
      1 and 7a. As the pressure beneath diaphragm 12 drops or the pressure above
      diaphragm 12 rises, the diaphragm will begin to be pulled or pushed
      downward as viewed in FIG. 7a awhich results in a gradual rotation of
      indicator flag 16 in a clockwise direction. Until the time that the axis
      of spring 128 crosses the axis of rotation of indicator flag 16 defined by
      pivot stub axles 88, the force applied by spring 128 will resist the force
      applied by elongated pivot arm 14. As soon as the force transmitted to
      pivot arm 14 due to the pressure acting on diaphragm 12 is sufficient to
      move the axis of spring 128 past the center of rotation of indicator flag
      16, the force applied by spring 128 will aid the further rotation of
      indicator flag 16 in the clockwise direction. In fact, the force applied
      by spring 128 then serves to overcome the inertia and friction of the
      mechanism and to move the indicator flag 16 rapidly from the position
      shown in FIG. 7a to the position shown in FIG. 7b, where the change in
      position of the axis of spring 128 relative to the center of rotation of
      indicator flag 16 may be most clearly seen. In the position shown in FIG.
      7b, electrical contact is established between spring portions 78 and
      contact strip 105, as indicated. Spring portions 78 and spring 128 act
      oppositely to ensure good electrical contact. FIGS. 7a and 7b also
      indicate, in phantom, the approximate location of housing 22 and window 24
      relative to indicator flag 16.
PAR  FIGS. 8a and 8b illustrate the operation of sensitivity adjustment
      mechanism 18. In FIG. 8a, traveller 112 has been adjusted on lead screw
      110 so that the axis of spring 128 is located relatively close to the
      center of rotation of indicator flag 16 as defined by pivot stub axle 88.
      In this position, a relatively small downward movement of diaphragm 12 in
      response to pressure changes will be sufficient to move the axis of spring
      128 over the center of rotation of indicator flag 16 and thereby to cause
      the indicator flag 16 to move to the dirty filter position shown in FIG.
      7b. If it is desired to adjust the device so that it will not actuate
      until a substantially larger displacement of elongated pivot arm 14 is
      caused by movement of diaphragm 12, lead screw 110 may be turned to cause
      traveller 112 to move the position of finger 126 from that shown in FIG.
      8a. Obviously, the force on diaphragm 12 must be larger to effect the
      larger displacement. It may be seen that in this position, spring 128 has
      been extended considerably whereby additional biasing force is applied to
      indicator flag 16. Thus, a greater force must be applied by diaphragm 12
      to elongated pivot arm 14 in order to move the axis of spring 128 past the
      center of rotation of indicator flag 116 in opposition to the increased
      biasing force of spring 128.
PAR  FIGS. 9 and 10 shown schematic illustrations of forced air systems adapted
      for monitoring by the present invention. The forced air system 140
      includes a filter element 142 through which heated or cooled air is drawn
      (FIG. 9) or forced (FIG. 10) by a fan 144 located downstream (FIG. 9) or
      upstream (FIG. 10) of element 142. An upstream line 146 may be directed
      from the upstream side of filter element 143 to high pressure inlet 13, or
      a downstream pressure line 148 may be directed from the downstream side of
      filter element 142 to low pressure inlet 11 below diaphragm 12. If
      desired, both inlets 11 and 13 may be used, to actuate the device on
      differential pressure. Conductors 150 are connected to electrical contacts
      70, power source 152, such as a battery or the like, and alarm device 154,
      such as a light bulb, bell, horn or combination of alarms. If desired, the
      mechanism enlcosed within housing 22 may be located directly on the
      ducting of the forced air system 140 and the alarm element 154 may be
      placed at a remote location such as in the living spaces of a private
      home.
PAR  In operation, the device is connected to a forced air system as indicated
      in FIGS. 9 and 10 and is set to indicate a clean filter by depressing
      plunger 132. During the course of operation of system 140, filter element
      142 will gradually become filled with dust and other contaminates which
      will result in the development of a partial vacuum on the downstream side
      of filter 142 in the system shown in FIG. 9 or in the development of a
      super atmospheric pressure on the upstream side of filter 142 in the
      system shown in FIG. 10. In either of these events, the change in pressure
      acting on filter element 142 will cause diaphragm 12 to move downwardly.
      This causes elongated pivot arm 14 to apply a rotating force to indicator
      flag 116, as discussed with regard to FIGS. 7a and 7b. When the applied
      force is large enough, indicator flag 16 will rotate the position in FIG
      7b. As soon as indicator flag 16 has been rotated to the position shown in
      FIG. 7b, an electrical circuit is completed in the system shown in FIGS. 9
      and 10 and the alarm element 154 is actuated. After the clogged filter has
      been changed or cleaned, plunger 132 is depressed again to return the
      device to the configuration shown in FIG. 7a. System operation then is
      continued.
PAR  Except as previously noted, the components of the invention may be
      manufactured from well-known thermal plastics such as polycarbonates,
      acetyl resins and the like; however, other suitable materials may occur to
      those skilled in the art. To minimize rotating and sliding friction
      between the various elements of the invention, applicant prefers to use
      plastics which have been impregnated with molybdenum disulfide or Teflon.
      Specifically, the elongated pivot arm, signal flag anad reset arm should
      preferably be made of such materials or other materials having a high
      degree of inherent lubricity, which will minimize friction in use. The
      spring contact and contact strip may be manufactured from 0.005 inch
      beryllium copper or other suitable materials.
PAR  The diaphragm actuator according to the invention provides a substiantial
      actuating force applied to the elongated pivot arm. Using a diaphragm of
      0.00025 inch, 25 Gauge Type S Mylar film having a diameter of 2.273
      inches, the partial vacuum under the diaphragm was varied from 0.1 to 1.0
      inches of water and the force applied to the pivot arm measured as
      follows:
     Inches of Water    Pivot Arm Force-grams                                  

     ______________________________________                                    

     0.1                5                                                      

     0.2                8                                                      

     0.3                11                                                     

     0.4                13                                                     

     0.5                15                                                     

     0.6                17                                                     

     0.7                18                                                     

     0.8                19                                                     

     0.9                20                                                     

     1.0                21                                                     

     ______________________________________                                    

PAR  The device exhibits excellent repeatability of results, with less than 1
      gram variation in applied force even with sudden changes in system flow
      rates.
CLMS
STM  Having described my invention in sufficient detail to enable one skilled in
      the art to make and use it, I claim:
NUM  1.
PAR  1. Apparatus for indicating the condition of a filter in a forced air
      system comprising:
PA1  a base member;
PA1  an enclosed chamber mounted on said base member, one wall of said chamber
      comprising a flexible diaphragm having an interior surface within said
      chamber and an exterior surface;
PA1  means operatively associated with said base member for directing fluid
      pressure from either the upstream or the downstream side of said filter to
      either the interior or the exterior side of said diaphragm;
PA1  an elongated arm mounted to pivot relative to said base member;
PA1  means for pivotally connecting said arm to said flexible diaphragms;
PA1  indicator flag means mounted for rotation relative to said base member,
      said elongated arm contacting said flag means to cause rotation thereof in
      response to movement of said diaphragm due to changes in the pressure in
      said system; and
PA1  means connected to said indicator flag means for resisting movement of said
      flag means from a first position indicative of a clean filter until said
      arm has rotated said flag means a predetermined amount in response to said
      changes in pressure, and for aiding movement of said flag means to a
      second position indicative of a dirty filter after said flag means has
      moved said predetermined amount.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, further comprising means operatively
      connected to said means for resisting and aiding movement for adjusting
      said predetermined amount.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, further comprising means operatively
      connected to said flag member and said base element for returning said
      flag member to said first position.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, further comrpising, a pair of
      electrical contacts mounted on said base member;
PA1  an electrical contactor strip mounted on said flag means in position to
      bridge said contacts when said flag means is in said second position;
PA1  an electrical circuit connected across said contacts, said circuit
      including a source of electrical power and signalling means to be acutated
      when said flag means is in said second position.
NUM  5.
PAR  5. Apparatus as claimed in claim 2, wherein said means for resisting and
      aiding movement of said flag means comprises an elongated spring connected
      at its one end to said flag means at a radial distance from the axis of
      rotation of said flag means and connected at its other end to said base
      member at a location chosen to cause said elongated spring to stretch and
      to pass over said axis of rotation as said flag means moves said
      predetermined amount and to contract as said flag means moves to said
      second position; and said adjusting means is adapted to move said chosen
      location to vary the force applied by said spring when said flag means has
      rotated said predetermined amount.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said adjusting means comprises
      a lead screw rotatably mounted on said base member and a traveler element
      mounted for axial movement on said lead screw in response to rotation
      thereof, the other end of said elongated spring being attached to said
      traveler element.
NUM  7.
PAR  7. Apparatus as claimed in claim 3, wherein said returning means comprises
      a finger element extending from said flag member in a direction
      essentially parallel to the axis of rotation of said flag member, plunger
      means slidably supported on said base member for movement in a direction
      essentially transverse to said axis of rotation and a pair of spaced
      prongs extending from said plunger means and slidably receiving said
      finger element therebetween.
NUM  8.
PAR  8. Apparatus as comprises in claim 4, wherein each of said electrical
      contacts comrises an essentially flat base portion for attachement to said
      base member and an angularly upstanding spring portion for engagement with
      said contactor strip.
NUM  9.
PAR  9. Apparatus as claimed in claim 1, wherein said chamber is recessed in
      said base member and has an upstanding peripheral wall extending above an
      upper surface of said base member, said flexible diaphragm being sealing
      joined to an upper edge of said upstanding peripheral wall.
NUM  10.
PAR  10. Apparatus as claimed in claim 1, wherein said flexible diaphragm
      includes an upstanding pivot post located essentially centrally thereof,
      said pivot post having a radially extending terminal flange thereon; and
      said elongated arm includes an axial slot slidably engaging said pivot
      post between said flexible diaphragm and said terminal flange.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein said flexible diaphragm
      comprises a centrally located aperture; said pivot post comprises a
      radially extending base flange and an axially extending mounting boss,
      said mounting boss extending through said aperture into said chamber;
      further comprising washer means and retaining flange means for holding
      said flexible diaphragm to said base flange.
NUM  12.
PAR  12. Apparatus as claimed in claim 1, wherein said indicator flag comprises
      a tumbler element of cylindrical shell crossection having inner and outer
      curved surfaces; a pair of spaced walls extending radially inwardly from
      said inner curved surface; and at least one pivot axle mounted on said
      spaced walls and extending essentially axially of said cylinder for
      mounting said tumbler element for rotation relative to said base.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, further comprising crank annulus
      means extending from at least one of said pair of spaced walls essentially
      coaxially with said pivot axle, said means for resisting and aiding
      movement of said indicator flag being connected to said crank annulus.
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ABST
PAL  An ultrasonic wave transmitter employs a resonant rod to generate an
      ultrasonic wave in response to the striking of an end thereof by means of
      a striking member. A striking member support employed for controlling the
      movement of the striking member relative to the end of the rod is
      selectively positioned in contact with the end of the rod to provide for
      damping thereof following each striking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an ultrasonic wave transmitter for remote control
      systems and more particularly to a structure for the production and
      damping of ultrasonic waves.
PAR  Mechanical transmitters of the type which consist of a rod of a metallic
      material having a natural resonant frequency which transmits an ultrasonic
      wave by vibrating in a longitudinal mode when struck on one end thereof
      have been utilized for performing remote control functions in apparatus
      such as television receivers. To provide acceptable performance of this
      type of transmitter, it is essential that the rod be struck sharply enough
      so that the amplitude of the ultrasonic waves be large enough to actuate
      an associated remotely located receiver (for example, 20 to 30 feet away).
      Further, it is desirable that the duration of vibration of the rod be
      controllable by means of a damping element selectively coupled to the rod
      to effect an appropriate duration of signal as received by the remote
      control receiver. A variety of means has been used to strike and damp the
      rod to produce the desired result. One type of such apparatus may be found
      in U.S Pat. No. 3,777,700 -- Lazzery. The reduction of the complexity of
      components required to accomplish the aforementioned functions is
      desirable to reduce the cost of the transmitter without undesirably
      compromising its performance and reliability.
PAC  SUMMARY OF THE INVENTION
PAR  An ultrasonic wave transmitter comprises a resonant rod responsive to a
      striking of an end thereof by means of a striking member for producing an
      ultrasonic wave. A striking member support means is positionable in
      contact with the end of the rod for damping the rod and is positionable
      out of contact with the end of the rod for controlling the trajectory of
      the striking member. Resilient means is disposed relative to the support
      means and to the striking member for storing energy when the striking
      member is moved away from the end of the rod and relative to the support
      means. Actuating means is operatively associated with the support means
      for moving the support means out of contact with the end of the rod and
      for moving the striking member away from the end of the rod and relative
      to the support means. The support means movement relative to the actuating
      means movement is such that upon a predetermined movement of the actuating
      means the striking member is released from the actuating means, thereby
      releasing the energy of the resilient means for driving the striking
      member into momentary contact with the end of the rod. Upon release of the
      actuating means, the support means provides for damping of the rod by the
      support means being brought into contact with the end of the rod.
PAR  The invention will be further understood from the following description of
      a preferred embodiment thereof, when considered in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of an ultrasonic transmitter embodying the invention
      wherein a section of the housing is cut away to expose a portion of the
      mechanism;
PAR  FIG. 2 is a side view of the mechanism of FIG. 1 shown in an unactuated
      state as viewed via the cut away section of the housing;
PAR  FIG. 3 is a side view of the mechanism of FIG. 1 shown in a partial state
      of actuation; and
PAR  FIG. 4 is a side view of the mechanism of FIG. 1 shown in a state of full
      actuation.
DETD
PAC  Detailed Description
PAR  Referring to the drawing wherein like elements are designated by like
      reference characters throughout the various FIGURES, the ultrasonic wave
      transmitter shown includes a housing 10 of a suitable material such as
      metal or plastic, and of a size adapted to be held in the hand by an
      operator. The transmitter is provided with suitable function actuator
      buttons 12, 14 and 16 which are movable vertically (as shown in FIGS. 2, 3
      and 4). Each button, for example, operates an ultrasonic wave generating
      mechanism of the resonant rod type with longitudinal mode operation. Any
      suitable number of mechanisms may be provided, depending upon the number
      of remote functions to be controlled. A description of the mechanism for
      one such operating element will be provided.
PAR  As indicated in FIGS. 2-4, the housing 10 is constructed in two separable
      complementary parts comprising a top closure member 18 and a bottom
      portion 20. A base plate 23 for a mechanism 22 associated with button 16
      is secured and laterally oriented in the top 18 by means of a front
      support 24 and a rear support 26. The mechanism 22 is oriented front to
      back in the top 18 by means of a locating rib 28 which extends downwardly
      from top 18 to engage base plate 23. A resonant rod 30 is supported at a
      node point 32 by means of a rod support 34. The rod support 34 is mounted
      on the base plate 23 in a manner placing an end 36 of the resonant rod 30
      in contact with an end 38 of a striking member guide pin 40. The guide pin
      40 is mounted at a point 42 on a striking member mounting flange 44. An
      extension 45 of flange 44 is pivotally mounted on the base plate 23 by,
      for example, a rivet 46. A cantilever spring 48, which maintains the end
      38 of guide pin 40 in contact with the rod 30, is supported at one end,
      for example, by means of a rivet 50 attached to base plate 23 and
      approximately at its midpoint by means of a projecting element 52 of the
      base plate 23. The other end of the cantilever spring 48 is in contact
      with the mounting flange 44 and provides for a clockwise torque (as viewed
      looking into the paper) about the rivet 46, urging guide pin 40 against
      rod 30.
PAR  A striking member 54 is provided, for example, of a tubular form and having
      a radial flange 56 approximately midway between its ends. The striking
      member 54 is mounted concentric with the striking member guide pin 40 and
      is resiliently coupled to the mounting flange 44 at the point 42 by means
      of a striking member spring 58. In this manner, the striking member 54 may
      be moved relative to the end 38 of guide pin 40 and the mounting point 42
      by compressing or extending the striking member spring 58. The end of the
      striking member 54 nearest the end 38 of the guide pin 40 is set back from
      the end 38 to insure that when the striking member spring 58 is in its
      free state, only the guide pin 40 will contact the rod 30.
PAR  The actuator button 16 is pivotally mounted on base plate 23 at a point 59.
      Clockwise rotation of the actuator button 16 relative to the point 59 is
      prevented by a flange 60 which contacts the top 18. A link 62 is pivotally
      mounted at one end on the base plate 23 by means of a rivet 64. The other
      end of the link 62 is coupled by means of a rivet or pin 66 to an actuator
      slide 68. The pivot point determined by the rivet 66 is urged toward the
      pivot point 59 by means of an actuator slide return spring 70 coupled
      between the actuator slide 68 and the actuator button 16. Movement of the
      pivot point determined by the rivet 66 relative to the pivot point 59 is
      limited by a tab 72 on the base plate 23. The end of the slide 68 opposite
      the end secured to the link 62 is slideably mounted to the base plate 23
      by means of a rivet 74 which is firmly affixed to the slide 68 and is free
      to move in a slot 76 in the base plate 23. A pawl 78 is rotatably mounted
      on the slide 68 by means of a rivet 80. The pawl 78 is biased in a
      counterclockwise direction by means of a generally U-shaped wire pawl
      spring 82 having one end in contact with the pawl 78 and the other end in
      contact with the slide 68. The maximum counterclockwise rotation of the
      pawl 78 is determined by a stop flange 84 on the slide 68. The stop flange
      84 therefore is one of the factors in determining the position of the end
      86 of the pawl 78 relative to the striking member 54.
PAR  An inclined flange 88 on the end of the slide 68 remote from the link 62
      provides for engagement with a protrusion on flange 44, which includes,
      where desired, a striking member release point adjustment screw 90. This
      engagement creates a counterclockwise rotation of the flange 44 relative
      to the rivet 46.
PAR  The actuator button 16 has an inclined surface 92 which engages a roller 89
      axially mounted on the rivet 66 on the end of the link 62 to convert
      motion of the actuator button 16 downward relative to the top 18 to motion
      of the slide 68 to the left.
PAR  Since there are various stages of operation through which the mechanism 22
      must go in order to provide for the production of ultrasonic waves in
      response to an actuation of the actuator button 16 and the damping of any
      remaining ultrasonic wave product upon the release of the actuator button
      16, FIGS. 2-4 showing various stages of operation of the mechanism 22 will
      be described together.
PAR  In operation, the actuator button 16 is depressed relative to the top 18.
      The roller 89 follows the inclined surface 92 of the actuator button 16
      thereby moving the actuator slide 68 away from pivot point 59. As the
      actuator slide 68 moves away from the pivot point 59, the end 86 of the
      pawl 78 engages the flange 56 of the striking member 54 and initiates a
      compression of the striking member spring 58. As the striking member
      spring 58 is further compressed, the inclined flange 88 contacts the
      adjustment screw 90 on the flange 44. Further depression of the actuator
      button 16 creates a counterclockwise rotation of the mounting flange 44
      relative to the rivet 46, thereby withdrawing the end 38 of the guide pin
      40 away from the end 36 of the resonant rod 30. This stage of depression
      of the actuator button 16 is illustrated in FIG. 3.
PAR  The end 86 of the pawl 78, throughout the various stages of operation of
      the mechanism 22, is maintained in a plane virtually parallel to the axis
      of the guide pin 40 prior to depression of actuator button 16.
PAR  Due to the counterclockwise rotation of the mounting flange 44 relative to
      the rivet 46 created by the force applied by the inclined flange 88
      against the adjustment screw 90, the radial flange 56 of the striking
      member 54 is carried downward away from the end 86 of the pawl 78 at one
      point in the depression of the actuator button 16, as can be seen in FIG.
      4. The energy stored in the striking member spring 58 is released,
      propelling the striking member 54 toward the end 36 of the rod 30. Kinetic
      energy imparted to the striking member 54 in the release of the energy
      from striking member spring 58 carries the striking member 54 beyond the
      point determined by the free length of the striking member spring 58. The
      maximum excursion of the striking member 54 carries it into contact with
      the end 36 of the resonant rod 30 which creates a longitudinal mode
      oscillation of the resonant rod 30. Preferably, the spring constant for
      striking member spring 58 is selected to insure a single contact with the
      rod 30 upon the release of energy stored in the striking member spring 58.
      The ultrasonic wave produced by the rod 30 then decays exponentially with
      time in the absence of outside influences. The amount of energy stored in
      the spring 58 prior to the release of the striking member 54 which
      determines the maximum amplitude of the ultrasonic wave produced by the
      mechanism 22 can be adjusted by means of adjustment screw 90.
PAR  To effect a controlled damping of the rod 30, the actuator button 16 is
      released as shown in FIG. 2, thereby allowing the inclined flange 88 of
      the actuator slide 68 to be withdrawn from the adjustment screw 90 by
      means of return spring 70. As the inclined flange 88 is withdrawn from the
      adjustment screw 90, the mounting flange 44 is caused to rotate clockwise
      relative to the rivet 46, by the urging of cantilever spring 48. A
      clockwise rotation of flange 44 causes end 38 of the guide pin 40 to come
      in contact with the end 36 of the rod 30. The contact of the guide pin 40
      damps the oscillation of the rod 30, thereby quickly stopping the
      production of ultrasonic waves.
PAR  Thus, the duration of transmission of the ultrasonic waves is controlled by
      the operator in terms of how quickly the button 16 is released after it is
      depressed. The system described provides the desired results of operator
      controlled damping at one end of the wave generating rod.
PAR  It should be recognized that various modifications of the particular parts
      and arrangements hereinbefore described may be made within the scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic wave transmitter comprising:
PA1  a rod responsive to striking thereof mounted for producing an ultrasonic
      wave;
PA1  a striking member;
PA1  a pivotally mounted means including a guide pin for slidably supporting
      said striking member for movement relative thereto, said pivotally mounted
      means rotatable to a first position with an end of said guide pin in
      contact with an end of said rod for providing damping controlled thereto
      and a second position with said end of said pin out of contact with said
      rod;
PA1  an actuating means movable from an initial position to a final position for
      moving said supporting means from said first position to said second
      position;
PA1  means coupled to said actuating means for engaging and moving said striking
      member away from said rod during initial motion of said actuating means
      and, upon a predetermined movement of said actuating means, for releasing
      said striking member;
PA1  a resilient means coupled to one end of said striking member and subject to
      a compression when said striking member is moved away from said rod, said
      resilient means imparting a force to drive said striking member when it is
      released into contact with said end of said rod and thereby generates said
      waves; and
PA1  means coupled to said supporting means and responsive to return of said
      actuating means to said initial position for moving said pin to said first
      position in contact with said rod for damping said waves.
NUM  2.
PAR  2. The combination as in claim 1 wherein said means for supporting said
      striking member comprises:
PA1  a mounting flange pivotally mounted at one end and having said guide pin
      secured thereto at the other end.
NUM  3.
PAR  3. The combination as in claim 2 wherein said means for supporting said
      striking member further comprises a striking member release point
      adjustment means coupled to said mounting flange for adjusting said
      predetermined movement of said actuating means.
NUM  4.
PAR  4. The combination as in claim 2 wherein said striking member is slideably
      mounted on said guide pin and said resilient means is coupled between said
      striking member and said mounting flange.
NUM  5.
PAR  5. The combination as in claim 4 wherein said resilient means is a
      compression spring having a first end coupled to said mounting flange and
      a second end coupled to said striking member.
NUM  6.
PAR  6. The combination as in claim 4 wherein said means coupled to said
      supporting means is a spring coupled to said mounting flange and mounted
      with respect to said rod for uging said guide pin against said rod.
NUM  7.
PAR  7. The combination as in claim 4 wherein said striking member is of a
      tubular form being disposed about said guide pin and having a radial
      flange extending therefrom for engagement with said actuator means.
NUM  8.
PAR  8. The combination as in claim 1 wherein said means coupled to said
      actuating means for engaging said striking member comprises:
PA1  a pawl pivotally mounted on said actuating means; and
PA1  a bias spring for maintaining said pawl in engagement with said striking
      member during initial motion of said actuating means.
NUM  9.
PAR  9. An ultrasonic wave transmitter comprising:
PA1  a base plate;
PA1  a rod responsive to striking thereof mounted for producing an ultrasonic
      wave and being supported on said base plate;
PA1  a striking member;
PA1  a pivotally mounted flange including a guide pin for slidably supporting
      said striking member for movement relative thereto, said flange rotatable
      to a first position with an end of said pin in contact with one end of
      said rod for damping said rod and in a second position with said pin out
      of contact with said end of said rod;
PA1  an actuator slide slideably mounted on said base plate;
PA1  a pawl pivotally mounted on said actuator slide and engageable with said
      striking member during an initial motion of said actuator slide and upon a
      predetermined movement of said actuator slide for releasing said striking
      member;
PA1  an actuator button pivotally mounted on said base plate and in engagement
      with said actuator slide to impart a sliding motion to said actuator slide
      for engaging said pawl with said striking member and said actuator slide
      with said supporting means to move said striking member and said
      supporting means away from said rod upon a pivotal movement of said
      actuator button from an initial position;
PA1  resilient means disposed relative to said supporting means and to said
      striking member for storing energy when said striking member is moved away
      from said end of said rod and for imparting energy to drive said striking
      member into contact with said end of said rod for generating said waves
      when said striking member is released; and
PA1  means coupled to said supporting means and responsive to the return of said
      actuator button to said initial position to return said supporting means
      to said second position for damping said waves.
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ABST
PAL  An apparatus for enrobing discrete objects. The device includes a
      perforated drum adapted to receive and tumble a charge of discrete objects
      to be coated and which is rotatable about its horizontal axis. The
      tumbling charge is periodically wetted with coating material and is dried
      by a stream of selectively conditioned air passed through the charge.
      During the initial phase of each drying operation a high velocity
      conditioned air stream employing a high percentage of reconditioned air is
      employed that effects rapid drying without deleteriously affecting the
      surface of the coated objects. During the final phase of each drying
      operation velocities are reduced and higher percentages of unrecirculated
      conditioned air is employed to assure continuity of drying with a
      concomitant production of an optimum surface of coating material thereon.
PARN
      EFFECT ECONOMICS
PAR  This is a continuation-in-part of my copending application Ser. No. 198,847
      filed Nov. 15, 1971, now abandoned.
BSUM
PAR  This invention relates to enrobing or candying apparatus for the
      manufacture of coated confectionery tablets, medicinal pills or the like.
PAR  Confectionery tablets are traditionally coated by introducing a charge of
      tablets or the like base material into a rotatable drum and rotating the
      drum whereby the charge is tumbled and maintained as discrete entities,
      spraying or otherwise discharging a syrup or other coating material onto
      the charge, and passing a stream of air past the wetted tablets or other
      objects during tumbling to dry the wetted surfaces thereof.
PAR  The character and appearance of the resultant product is extremely
      sensitive to process variations. For example, the amount of moisture in
      the drying air stream will materially affect the rate of drying of the
      wetted charge and the economies of the operation. Likewise, the presence
      of coating material dust in the drying air stream will often result in the
      surface of the dried and coated tablets being "pimpled" and if the
      temperature and velocity of the drying air stream are not controlled,
      varying types of surface imperfections will result in the finished
      coatings. For example, excess air velocity normally results in undue
      agitation of the wetted charge and production of a finished surface having
      an appearance very similar to that of an orange peel. Since, in
      conventional practice, the drying process inherently results in moisture
      being evaporated from the wetted charge into the drying air stream and
      since the tumbling of the charge inherently results in the production of
      dust in the form of dried syrup being entrained in the drying air stream,
      conventional apparatus and practice have dictated that the drying air
      stream be exhaused from the apparatus. The costs of conditioned air, the
      hazards of air pollution and the maintenance of a controlled plant
      environment in the vicinity of fabricating machines of the type herein of
      concern, coupled with ever increasing demands for greater outputs of high
      quality products, have created serious economic problems for enrobing
      operations which have not been satisfied by modifications and adjuncts to
      existing apparatus.
PAR  This invention may be briefly described as an improved method and apparatus
      for the enrobing of tablets and other discrete objects in which a
      contained charge of wetted objects is subjected to controlled velocity
      flows of selectively conditioned air to effect high speed quantity
      production of high quality enrobed objects in an economic manner.
PAR  The primary object of this invention is the provision of an improved method
      and apparatus for enrobing tablets or like articles.
PAR  Accordingly, it is a further object of the present invention to reduce the
      duration of the drying cycle by increasing the velocity of the drying air
      stream substantially beyond that of conventionally utilized air streams
      for at least a portion of the drying cycle without detrimentally affecting
      the surface of the coated tablets.
PAR  A further object of this invention is the provision of a highly economic
      drying cycle through the utilization of relatively large quantities of
      recirculated air during at least a substantial portion of the drying
      cycle.
PAR  A still further object of this invention is the provision of improved
      enrobing apparatus and mode of operation thereof that permits marked
      reduction in the periods of time required to produce high quality enrobed
      products with consequent economic benefits attendant therewith.
PAR  It is also an object of the present invention to efficiently utilize the
      air stream by forcing it through the mass or charge of wetted tablets
      whereby the scrubbing action thereof will reduce the duration of the
      drying cycle.
PAR  It is a further object of the present invention to provide an enrobing or
      coating apparatus in which the charge of uncoated tablets and the charge
      of enrobed tablets can be quickly loaded thereinto and unloaded therefrom.
PAR  It is yet a further object of the present invention to provide an air
      classifier whereby dust particles which become entrained in the drying air
      stream can be separated therefrom with extremely high efficiency.
PAR  Among the advantages of the present invention is the provision of an
      enrobing apparatus in which a substantial portion of the drying air stream
      can be recycled for a major portion of the drying cycle thereby minimizing
      the required supply of conditioned air and the volume of air exhausted by
      the environment with attendant economics of operation.
PAR  Other objects and advantages of the present invention will become apparent
      from the following portion of this specification and from the accompanying
      drawings which illustrate, in accord with the mandate of the patent
      statute, a presently preferred embodiment incorporating the teachings of
      the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a perspective view of the enrobing apparatus of the present
      invention;
PAR  FIG. 2 is an end elevational view in crosssection of the enrobing apparatus
      illustrated in FIG. 1;
PAR  FIG. 3 is a front elevational view in cross-section of the enrobing
      apparatus illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is an elevational view in cross-section of the air classifier
      illustrated in FIG. 2.
DETD
PAR  Referring to the drawings and initially to FIGS. 1, 2 and 3 an apparatus
      for coating or enrobing discrete objects, which may be in the form of
      confectionery tablets, medicinal pills or the like and incorporating the
      principles of this invention is illustrated. The apparatus includes a
      substantially cylindrical drum 10 disposed so that the axis thereof is
      substantially horizontal. The drum is rotationally supported by four
      driving wheels 12. The driving wheels are fixedly secured to a parallel
      pair of horizontal drive shafts 14 which are rotationally driven through a
      conventional linkage (not shown) by a motor 16. The drum accordingly
      "floats" on the driving wheels 12 and is rotated about its substantially
      horizontal axis at any selected speed. The drum includes opposing end
      plates or covers 18, 20 and each of these end plates preferably includes
      an opening 22, 24, which is concentric to the axis of the drum. Uncoated
      pills or tablets can then be introduced into the drum through one of these
      end plate openings 22 and a conduit 26 can be passed through the other end
      plate opening 24 and extended axially along the drum for directing liquid
      coating material 28, which may be a sugar slurry or other syrup, from a
      suitable source 30 to a plurality of apertures 32 or spray nozzles located
      along the conduit. The quantity of syrup or slurry poured, sprayed, or
      otherwise discharged into the drum is controlled by a valve 34 which may
      be integrated into a computerized control system.
PAR  The cylindrical portion of the drum 36 intermediate the two end plates is
      perforated with a plurality of holes 37 which are sufficiently small in
      cross-sectional area to prevent the tablets or pills from passing
      therethrough but which, when taken as an entirety, provide an area
      sufficiently large to allow air to pass therethrough in the desired
      manner. A pair of peripheral tracks 38, 40 are located at either end of
      the perforated cylindrical portion 36 to provide suitable surfaces for the
      driving wheels 12 to engage for rotating the drum 10.
PAR  The operation of the described unit, preselected mass or charge of uncoated
      pills, tablets or the like, suitably at room temperature (75.degree.F) or
      the like is introduced into the drum 10. The drum 10 is rotated at a
      relatively slow speed whereby the charge of discrete objects will
      continually tumble in the form of a bed or pile 42. Portions of this
      tumbling bed will fall into contact with the interior peripheral surface
      of the perforated drum during each revolution thereof and any relative
      motion between the portion of the bed engaging the drum surface and the
      surface of the rotating drum can be minimized by the utilization of
      louvers (not shown) or other elements which project inwardly from the
      interior surface of the drum. Such louvers prevent the undersurface of the
      bed from sliding down the interior surface of the drum and also serve to
      axially throw the charge in selected directions as it commences to tumble
      whereby the most desirable circulation patterns can be achieved.
PAR  In the operation of the unit the tumbling bed of tablets or the like is
      periodically wetted with liquid coating material intermediate the
      hereinafter described drying cycles. As illustrative of the improved
      results attendant operation of the subject unit such a tumbling bed can
      now be wetted with a selected amount of syrup as often as every three to
      five minutes with the overall processing time being reduced from the
      presently conventionally practiced norm of six or more hours to three
      hours or less and concomitantly produce a high quality product having the
      desired coating thickness thereon.
PAR  The operation of the described enrobing machine will be further described
      for one of these drying cycles but it is to be appreciated that the same
      principles will apply to each of the many drying cycles (one after each
      wetting) required to produce coated tablets having a desired coating
      thickness.
PAR  Air which is selectively conditioned, by conventional means 49, to have
      approximately 90.degree.F temperature and a dew point of approximately
      25.degree.F is delivered under pressure via a conditioned air supply duct
      50 and an inlet manifold 51 to an air inlet 52. The air inlet axially
      traverses the perforated section of the drum and extends peripherally
      around the entire leading lower quadrant thereof.
PAR  The charge of uncoated discrete particles is selectively sized so that, as
      the bed 42 is rotated through the leading lower quadrant, the charge will
      completely block the air inlet 52 for at least a brief period of time. It
      is presently perferred that the charge peripherally extend over an arc of
      approximately 110.degree. while it is carried by the rotating drum and
      that the air inlet extend over an arc of approximately 80.degree. so as to
      assure passage of the air through the tumbling charge with a minimization,
      if not total avoidance, of any bypassing thereof.
PAR  The bed 42 of coated particles is dried, intermediate each wetting thereof,
      in two phases. During the first phase of each of the drying cycles, and
      which first phase will usually comprise the major time portion thereof, a
      mixture of conditioned and recirculated air will be introduced through the
      air inlelt 52 and is passed inwardly through the drum surface and through
      the charge at relatively high velocities. During the initial portion of
      the first phase of the drying cycle moisture will be removed from the
      charge at a relatively high rate due to the essential identity of
      characteristics between the conditioned air and recirculuated air
      components of the air stream. Such rate of moisture pick-up will however,
      progressively decrease, as the recirculated air component of the air
      stream accumulates moisture. During the second phase of each of the drying
      cycles, which normally will comprise the last and minor time portion of
      the drying cycle, preferably only conditioned air is employed with little
      or no recirculation and such is passed through the charge at markedly
      reduced velocities.
PAR  I have found that the above described drying cycle not only materially
      reduces the overall time required for enrobing, but concomitantly effects
      the same with a marked avoidance of deleterious "orange peel" surface
      defects in the finished product (believed to be effected by high air
      velocity) and does so with marked economic savings due to minimized use of
      conditioned air.
PAR  In the first phase of the drying cycle, a major portion of the drying air
      stream which passes through the drum 10 into the discharge manifold 54,
      which is formed by the casing 55 of the apparatus, is recycled to again
      and repetitively pass through the rotating drum. This recycled air will
      have a moisture content at least slightly higher than the moisture content
      of the conditioned air entry stream and accordingly the moisture content
      or the merged flow of conditioned and recycled air tends to incrementally,
      but slowly increase.
PAR  The amount of air to be recirculated through the drum is controlled by the
      flap valve or shutter 56 which is pivotally mounted intermediate the
      recirculating air conduit 58 and the air exhaust conduit 60 and which can
      be selectively positioned so as to sub-divide the discharged drying air
      stream in any desired ratio. Preferably during the first phase of drying
      cycle, 80% of the merged drying air stream directed to the air inlet 52
      will be constituted by recirculated air. The specific ratio of recycled to
      conditioned air in the merged air stream is determined and controllable so
      that the moisture content of the composite drying air stream which
      initially had a low dew point (25.degree.F) will not increase beyond a
      predetermined maximum value (say, about 40.degree.F) during the time when
      the drying air is being at least partially recycled through the drum 10.
      This assures that the drying rate of the wetted tablets will not be
      substantially retarded during this high velocity first phase of the drying
      cycle.
PAR  To step up the velocity of the recirculated air stream and to thereby
      substantially step up the velocity of the composite drying air stream
      passing through the drum 10 during the first phase of the drying cycle, an
      adjustable blower 62 is located upstream of the exhaust duct 60 and
      recirculating conduit 58. Preferably the blower 62 is arranged so that a
      negative pressure will be created within the drum so that the drying air
      stream will be pulled therethrough.
PAR  As pointed out above, the velocity of the merged or composite drying air
      stream in the first phase of the drying cycle is markedly increased in
      order that the impact of this stream against the wetted charge while the
      charge is blocking the air inlet will be of sufficient magnitude to cause
      the air stream to force its way completely through the bed or charge 42.
      The bed is accordingly scrubbed by a high velocity air stream during first
      phase of the drying cycle and such high velocity scrubbing substantially
      shortens the duration of such first phase operation.
PAR  During the described first phase of the drying cycle, a considerable amount
      of dust, emanating from the drying coating material in the tumbling
      charge, becomes entrained in the drying air stream. Such dust particles,
      if recycled in conjunction with the reconditioned air would deleteriously
      mar the surface of the coated objects. In order to remove such dust
      particles, the drying air stream, after its removal from the drum, is
      passed through an air classifier or dust separator 64 wherein these
      entrained particles are effectively removed.
PAR  The details of a preferred construction for such dust separator 64 are
      illustrated in FIG. 4. Such separator is generally of the so-called
      cyclone type and has a substantially cylindrical casing 66 defining the
      separating chamber 67, an air inlet 68 in the form of a skew or tangential
      passage, and a deflector bar 70 for directing the air stream introduced
      into the separating chamber downwardly and into the axial outlet duct 72.
      A separating vortex is accordingly established which effectively throws
      the entrained particles outwardly against the sides of the cylindrical
      casing 66. These particles therefor substantially escape the separating
      vortex and drop downwardly towards the cylindrical collecting chamber 74.
PAR  A conical baffle member 76 is coaxially positioned at the base of the
      casing 66 with the apex thereof extending into the separating chamber 67
      and the baffle 76 is sized so as to provide a small annular spacing 78
      between the periphery of the conical baffle member 76 and the casing wall
      66. By flaring the wall of the casing, as at 82, proximate the lowermost
      periphery of the conical member, outwardly directed small currents of air
      which inherently flow from the separating chamber to the collecting
      chamber and which often become redirected back into the separating chamber
      67 carrying therewith dust particles which have already been separated
      from the drying air stream, react to this outwardly flaring casing very
      much as if such currents were passed through a divergent nozzle. Sudden
      expansion results and the entrained particles fall to the bottom of the
      collecting chamber since the velocity of these stray air currents has
      suddenly been reduced to zero.
PAR  In conventional funnel shaped collecting chambers of the cyclone type high
      efficiency has only been achieved with large particles. For example, a
      conventional high velocity, high efficiency cyclone will separate
      particles of five microns or larger at a 90% efficiency. Three micron
      particles will be separated at a 40% efficiency factor and particles two
      microns or smaller in size are separated at less than as 10% efficiency
      rate. It is believed that the reason for this decrease in efficiency rate
      with decrease in particle size is due to the fact that these smaller
      particles accumulate about the funnel shaped collector in well defined
      orbital patterns whereby they can be easily entrained in the above
      described stray currents which are returned to the separator. By replacing
      the conventional collecting chamber having funnel shaped walls with a
      collecting chamber 74 having perfectly vertical walls the presence of such
      orbitally patterned accumulation of dust are eliminated and cyclone
      efficiency is increased. With the air classifier of the present invention
      a 97% efficiency is achievable with two micron particles and separation
      can be effected with particles as small as 1/2 micron.
PAR  As will now be apparent, the inclusion of the air classifier or dust
      separator assembly in the exhaust air stream from the drum 36 insures
      recirculation of a substantially particulate free drying air stream with a
      consequent minimization of pitting or "pimpling" of the tumbling charge
      with its deleterious effect on the surface characteristics thereof.
PAR  After the conclusion of the first phase of each of the drying cycles, the
      velocity of the drying air stream through the tumbling charge is
      materially reduced to minimize, if not avoid the detremental effects
      thereof on the tablet surfaces. In conjunction therewith, preferably all
      or substantially all of the drying air streams, after passage through the
      drum, is externally vented through the exhaust duct 60 and conditioned air
      is essentially used for the drying air stream. At the initiation of the
      second phase of the drying cycle and due to the use of conditioned air as
      the drying stream a further substantial moisture transfer will take place
      from the charge. Conveniently, an instrument such as a hygrometer 63 can
      be positioned within the discharge manifold 54 so that the transitions in
      moisture content can be observed and the shutter or flaps 56 can be
      displaced accordingly.
PAR  To remove the dried tablets or the like from the coating apparatus, the
      drum 10 is rotated until the axially extending discharge hatch or door 80
      (FIGS. 2 and 3) is rotated into interior engagement with the drum and the
      drum is rotated until the discharge opening 80 is located at the bottom of
      the drum. The coated tablets can then be easily dumped into the funnel
      like bottom 84 of the apparatus casing and through the clam shell gate 86
      into a suitable pick up hopper 88.
PAR  To clean the drum, water, under pressure, can be sprayed through the drum
      from the inside to the outside thereof. This wash water will also be
      discharged from the clam shell gate 86 into a suitable receptacle.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. An apparatus for enrobing discrete objects comprising,
PA1  a housing,
PA1  perforated drum means rotatable about a horizontal axis within said housing
      and adapted to receive a charge of discrete objects to be enrobed,
PA1  means for rotating said drum means at a presettable speed to selectively
      tumble a received charge therein over a predetermined portion of the
      surface thereof,
PA1  means for periodically introducing liquid coating material into said drum
      means to wet the surface of the discrete objects forming said received
      charge therein,
PA1  a source of selectively conditionable air,
PA1  inlet conduit means connected to said source of conditionable air for
      selectively directing a stream of conditioned air onto said predetermined
      portion of the surface of said perforated drum means for directed passage
      thereof through said charge being tumbled therein to remove moisture
      therefrom,
PA1  discharge conduit means for directing the flow of moisture enhanced air
      emanating from said drum means exteriorly of said housing,
PA1  blower means connected to said discharge conduit means for inducing a
      selectively directed flow of air through said inlet conduit means, drum
      means and discharge conduit means and for varying the velocity of said
      flow of air,
PA1  means disposed intermediate said blower means and said inlet conduit means
      for effecting direct reintroduction, at a point downstream of said source,
      of selected portions of the moisture enhanced air passing through said
      discharge conduit means into said inlet conduit means and conditioned air
      flowing therethrough to permit a control of its drying characteristics
      through controlled recirculation thereof, and
PA1  whereby said objects being enrobed are subject to controlled variations in
      drying environment intermediate successive application of liquid coating
      materials thereto.
NUM  2.
PAR  2. An apparatus for enrobing discrete objects comprising,
PA1  a housing,
PA1  perforated drum means rotatable about a horizontal axis within said housing
      and adapted to receive a charge of discrete objects to be enrobed,
PA1  means for rotating said drum means at a presettable speed to selectively
      tumble a received charge therein over a predetermined portion of the
      surface thereof,
PA1  means for periodically introducing liquid coating material into said drum
      means to wet the surface of the discrete objects forming said received
      charge therein,
PA1  a source of selectively conditionable air,
PA1  inlet conduit means connected to said source of conditionable air for
      selectively directing a stream of conditioned air onto said predetermined
      portion of the surface of said perforated drum means for directed passage
      thereof through said charge being tumbled therein,
PA1  discharge conduit means for directing the flow of air emanating from said
      drum means exteriorly of said housing,
PA1  blower means connected to said discharge conduit means for inducing a
      selectively directed flow of air through said inlet conduit means, drum
      means and discharge conduit means and for varying the velocity of said
      flow of air,
PA1  means disposed intermediate said blower means and said inlet conduit means
      for effecting reintroduction of selected portions of the air passing
      through said discharge conduit means into said inlet conduit means to
      permit controlled recirculation thereof, and further comprising hygrometer
      means disposed in said discharge conduit means for indicating the moisture
      content of the air stream emanating from said drum, and
PA1  whereby said objects being enrobed are subject to controlled variations in
      drying environment intermediate successive application of liquid coating
      materials thereto.
NUM  3.
PAR  3. An apparatus for enrobing discrete objects comprising,
PA1  a housing,
PA1  perforated drum means rotatable about a horizontal axis within said housing
      and adapted to receive a charge of discrete objects to be enrobed,
PA1  means for rotating said drum means at a presettable speed to selectively
      tumble a received charge therein over a predetermined portion of the
      surface thereof,
PA1  means for periodically introducing liquid coating material into said drum
      means to wet the surface of the discrete objects forming said received
      charge therein,
PA1  a source of selectively conditionable air,
PA1  inlet conduit means connected to said source of conditionable air for
      selectively directing a stream of conditioned air onto said predetermined
      portion of the surface of said perforated drum means for directed passage
      thereof through said charge being tumbled therein to remove moisture
      therefrom,
PA1  discharge conduit means for directing the flow of air emanating from said
      drum means exteriorly of said housing,
PA1  blower means connected to said discharge conduit means for inducing a
      selectively directed flow of air through said inlet conduit means, drum
      means and discharge conduit means and for varying the velocity of said
      flow of air,
PA1  means disposed intermediate said blower means and said inlet conduit means
      for effecting reintroduction of selected portions of the air passing
      through said discharge conduit means into said inlet conduit means to
      permit controlled recirculation thereof, and
PA1  whereby said objects being enrobed are subject to controlled variations in
      drying environment intermediate successive application of liquid coating
      materials thereto, and further comprising air classifying means for
      separating particulate matter entrained in the air stream emanating from
      said drum, said classifier including
PA1  a cylindrically shaped operating chamber,
PA1  tangential air inlet conduit means,
PA1  axial and concentric air outlet conduit means,
PA1  means for directing the air introduced into said separating chamber to
      rotate thereabout in a predefined flow path whereby a separating vortex
      will be formed and the entrained particulate matter will be thrown
      radially outwardly towards the walls of said separating chamber,
PA1  a cylindrical collecting chamber coaxial with said separating chamber
      wherein the diameter of said collecting chamber is substantially larger
      than the diameter of said separating chamber,
PA1  a flared out skirt member joining said collecting and separating chambers,
PA1  conical baffle means concentric with and positioned at the bottom of said
      separating chamber with the apex thereof projecting thereinto,
PA1  said conical baffle means defining an annular opening with said flared out
      skirt member whereby stray current created by the separating vortex become
      suddenly expanded when passed therethrough, releasing any particulate
      matter entrained therein thereby assuring that the separated particulate
      matter will fall to the bottom of said collecting chamber.
NUM  4.
PAR  4. An apparatus for enrobing discrete objects according to claim 3 wherein
      the base of said conical baffle lies in substantially the same plane as
      the top of said flared out skirt member.
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ABST
PAL  Apparatus for fixing solvent vapors in electrophotography comprising a
      housing retained in a horizontal position, a tray located within said
      housing and movable into and out of said housing through an opening
      provided at one side thereof, a solvent vaporizing medium located in a
      horizontal position within said housing and provided with grooves, a
      plurality of rod members accommodated within each of said grooves of said
      solvent vaporizing medium, a solvent feeding means located overhead said
      solvent vaporizing medium for feeding a solvent dropwise to said rod
      members in said grooves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fixing devices for electrophotographic duplicator
      machines, and more particularly to a solvent vapor fixing apparatus
      wherein fixing is effected by the use of a vaporized solvent.
PAR  In the fixing device of the nature mentioned above, it has been the usual
      practice to extend, as shown in FIGS. 1 and 2, a solvent vaporizing medium
      e made of felt with a pendant lower end portion d within a slantingly
      disposed housing a, leaving a space for accommodating a tray c which
      carries a fixing paper sheet b. A solvent is fed to the solvent vaporizing
      medium e through a solvent replenishing port f in the housing a, allowing
      the solvent to impregnate into and vaporize from the solvent vaporizing
      medium e thereby effecting the fixing. The existing fixing devices of such
      nature have drawbacks in that the solvent cannot be soaked into the
      solvent vaporizing medium 4 in a satisfactorily sufficient amount and that
      the solvent which has a relatively large specific gravity tends to
      accummulate at the lower end of the housing a, with the result that it
      becomes difficult to effect the fixing in an uniform manner and the
      solvent vapor is allowed to escape from the housing every time the tray is
      inserted into or drawn out of the duplicator machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its object the elimination of the
      aforementioned drawbacks inherent to the conventional devices, by
      providing a solvent vapor fixing device comprising a housing retained in a
      horizontal position, a tray located within the housing and movable into
      and out of the housing through an opening provided at one side thereof, a
      solvent vaporizing medium located in a horizontal position within the
      housing and provided with a groove, a plurality of rod members accomodated
      within the groove of the solvent vaporizing medium, and a solvent feeding
      means located over the solvent vaporizing medium for feeding a solvent
      dropwise to the rod members through a suitable means such as a pipe,
      thereby uniformly dispersing and infiltrating the solvent into the solvent
      vaporizing medium.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS
PAR  FIG. 1 is a perspective view showing a conventional solvent vapor fixing
      device;
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a perspective view showing the general construction of the
      solvent fixing device of the invention;
PAR  FIG. 4 is a cross-sectional view taken along line IV--IV of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken along line V--V of FIG. 3 showing a
      tray in a drawn-out position; and
PAR  FIG. 6 is a cross-sectional view taken along line VI--VI of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described more specifically with
      reference to FIGS. 3 through 6. There is indicated at 1 a housing which
      accommodates a tray 3 for carrying a fixing paper sheet 2, a solvent
      vaporizing medium 4 such as of felt which is located in a position above
      the tray 3 and a dispenser 5 which is located in a position over the
      solvent vaporizing medium 4 and held in communication with a solvent
      replenishing port 6 positioned outside the housing 1.
PAR  The above-mentioned tray 3 is supported on support guide rollers 7 which
      are supported at opposite ends thereof on the housing 1 and may be
      inserted into or drawn out of the housing 1 through an opening 1.sub.1
      provided at one side thereof.
PAR  A movable shutter 8 is provided in the passage of the tray 3 at a position
      adjacent to the opening 1.sub.1 of the housing 1. The shutter 8 is held in
      an open position when the tray 3 is inserted within the housing 1 as shown
      in FIG. 4. However, as shown in FIG. 5, when the tray 3 is drawn out of
      the housing 1, the shutter 8 is held in a closed position to shield the
      interior of the housing 1 from the outside.
PAR  The solvent vaporizing medium 4 mentioned hereinabove is provided with a
      plurality of grooves 9 and supported at opposite ends by the housing 1 to
      extend horizontally within the inner space of the housing 1, each of the
      grooves 9 accommodating therein a plurality of rod members 10.
PAR  The dispenser 5 mentioned above serves to distribute the solvent which has
      been supplied in a predetermined amount from the solvent feeding port 6
      and is adapted to feed the solvent dropwise onto the plural number of rod
      members 10 within the grooves 9.
PAR  The reference numeral 11 indicates leg members for supporting the housing
      1.
PAR  With the above construction, a predetermined amount of solvent is fed
      through the solvent feeding port 6 of the housing 1 which is held in a
      horizontal position. Thus, the fed solvent is distributed by the dispenser
      5 dropwise onto the respective rod members 10 as shown in FIG. 6, allowing
      the solvent to flow and disperse over the surfaces of the rod members 10
      for impregnating with the solvent the entire area of the solvent
      vaporizing medium 4 which is extended horizontally within the housing 1.
PAR  On the contrary, for example, if the solvent is dropped directly onto the
      solvent vaporizing medium 4 from the dispenser 5, the speed of
      impregnation of the solvent is lower as compared with the amount of the
      supplied solvent so that the portions of the solvent vaporizing medium 4
      on which the solvent is dropped becomes saturated with the result that the
      solvent is allowed to flow over the solvent vaporizing medium without
      being soaked into the entire area of the solvent vaporizing medium.
      However, on the other hand, if the predetermined amount of solvent from
      the dispenser 5 is dropped onto the rod members 10 in the manner as
      described hereinbefore, the solvent is fed to the solvent vaporizing
      medium giving uniform fixing effects on the fixing paper sheet 2.
PAR  In summary, the solvent vapor fixing device according to the present
      invention is particularly suitable for use in electrophotographic
      duplicator machines and comprises a housing 1 retained in a horizontal
      position, a tray 3 located within the housing 1 and movable into and out
      of the housing 1 through an opening provided at one side thereof, a
      solvent vaporizing medium 4 located in a horizontal position within the
      housing 1 and provided with grooves 9, a plurality of rod members
      accommodated within the grooves 9 of the solvent vaporizing medium 4, and
      a solvent feeding means located in a position over the solvent vaporizing
      medium for feeding dropwise a solvent onto the rod members 10 in the
      grooves 9. With this fixing device construction, the solvent dropped from
      the solvent feeding means flows along the surfaces of the rod members 10
      in the grooves 9 and uniformly dispersed and impregnates into the entire
      area of the solvent vaporizing medium 4 to ensure uniform vaporization
      thereof. Thus, it becomes possible to carry out uniform fixing of the
      fixing paper sheet on the tray 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fixing apparatus comprising:
PA1  a housing having an opening in one side therein and retained in a
      horizontal position,
PA1  a tray located within said housing and movable into and out of said
      opening,
PA1  a solvent vaporizing medium located in a horizontal position in said
      housing, said medium being formed with at least one groove,
PA1  a plurality of rod members within said groove, and
PA1  solvent feeding means located above said medium for feeding solvent onto
      said rod members.
NUM  2.
PAR  2. The combination recited in claim 1 wherein said feeding means comprises
      means for feeding said solvent in drops onto said rods.
NUM  3.
PAR  3. The combination recited in claim 2 wherein said medium comprises a
      plurality of grooves.
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ABST
PAL  A contact fuser assembly for use in an electrostatic reproducing apparatus
      including an internally heated fuser roll structure comprising a rigid,
      thermally conductive core which is coated during operation of the assembly
      with a thin layer of a normally solid thermally stable material with
      subsequent application of a liquid release agent to the coated core. In
      the preferred embodiment of the invention the coating material comprises a
      fluorocarbon telomer such as Vydax 1000 and the liquid release agent
      comprises a liquid silicone oil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to xerographic copying apparatus and, more
      particularly, to a contact fusing system for fixing electroscopic toner
      material to a support member.
PAR  In the process of xerography, a light image of an original to be copied is
      typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can be either fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  In order to permanently affix or fuse electroscopic toner material onto a
      support member by heat, it is necessary to elevate the temperature of the
      toner material to a point at which the constitutents of the toner material
      coalesce and become tacky. This action causes the toner to be absorbed to
      some extent into the fibers of the support member which, in many
      instances, constitutes plain paper. Thereafter, as the toner material
      cools, solidification of the toner material occurs causing the toner
      material to be firmly bonded to the support member. In both the
      xerographic as well as the electrographic recording arts, the use of
      thermal energy for fixing toner images onto a support member is old and
      well known.
PAR  One approach to thermal fusing of electroscopic toner images onto a support
      has been to pass the support with the toner images thereon between a pair
      of opposed roller members, at least one of which is internally heated.
      During operation of a fusing system of this type, the support member to
      which the toner images are electrostatically adhered is moved through the
      nip formed between the rolls with the toner image contacting the fuser
      roll to thereby effect heating of the toner images within the nip. By
      controlling the heat transferred to the toner, virtually no offset of the
      toner particles from the copy sheet to the fuser roll is experienced under
      normal conditions. This is because the heat applied to the surface of the
      roller is insufficient to raise the temperature of the surface of the
      roller above the "hot offset" temperature of the toner whereat the toner
      particles in the image areas of the toner would liquify and cause a
      splitting action in the molten toner to thereby result in hot offset.
      Splitting occurs when the cohesive forces holding the viscous toner mass
      together is less than the adhesive forces tending to offset it to a
      contacting surface such as a fuser roll.
PAR  Occasionally, however, toner particles will be offset to the fuser roll by
      an insufficient application of heat to the surface thereof (i.e. "cold"
      offsetting); by imperfections in the properties of the surface of the
      roll; or by the toner particles insufficiently adhering to the copy sheet
      by the electrostatic forces which normally hold them there. In such a
      case, toner particles may be transferred to the surface of the fuser roll
      with subsequent transfer to the backup roll during periods of time when no
      copy paper is in the nip.
PAR  Moreover, toner particles can be picked up by the fuser and/or backup roll
      during fusing of duplex copies or simply from the surroundings of the
      reproducing apparatus.
PAR  One arrangement for minimizing the foregoing problems, particularly that
      which is commonly referred to as "offsetting", has been to provide a fuser
      roll with an outer surface or covering of polytetrafluoroethylene,
      commonly known as Teflon, to which a release agent such as silicone oil is
      applied, the thickness of the Teflon being on the order of several mils
      and the thickness of the oil being less than 1 micron. Silicone based
      oils, which possess a relatively low surface energy, have been found to be
      materials that are suitable for use in the heated fuser roll environment
      where Teflon constitutes the outer surface of the fuser roll. In practice,
      a thin layer of silicone oil is applied to the surface of the heated roll
      to thereby form an interface between the roll surface and the toner images
      carried on the support material. Thus a low surface energy layer is
      presented to the toner as it passes through the fuser nip and thereby
      prevents toner from offsetting to the fuser roll surface.
PAR  A fuser roll construction of the type described above is fabricated by
      applying in any suitable manner a layer of abhesive material to a rigid
      core or substrate, such as the Teflon outer surface or covering of the
      aforementioned arrangement. The application of the layer of Teflon is
      followed by curing at high temperatures (740.degree.F) and preceded by
      numerous process steps to prepare the core for the application of the
      Teflon. Not only is the fabrication process complicated and relatively
      expensive but the resulting roll structure is subject to degradation due
      to continued operation at elevated temperatures and also to damage from
      accidental gouging by stripper fingers conventionally employed in such
      systems. The foregoing in many instances necessitates replacement of the
      fuser roll which is quite costly when a larger number of machines are
      involved.
PAR  Moreover, since a several mil thickness of polytetrafluoroethylene along
      with the coating of silicone oil constitutes a thermal barrier, longer nip
      dwell and higher fuser roll temperatures are required to deliver the
      fusing energy required. Also, control of the surface temperature of the
      roll presents a problem due to large temperature variations occurring
      before and after contacting of the substrate carrying the images.
PAR  Accordingly, the principal object of this invention is to provide a new and
      improved electrostatic copying apparatus.
PAR  Another object of this invention is to provide a new and improved fusing
      apparatus for use in fixing toner images to a copy sheet.
PAR  Another object of this invention is to provide, for use in a photocopying
      apparatus, a fuser that is self-repairing and therefore has a continuously
      renewable surface.
PAR  Still another object of this invention is to provide a new and improved
      contact fuser wherein an interfacial layer is formed, during the operation
      of the fuser, intermediate the core surface and a release substance
      applied thereto whereby offsetting of toner to the core surface is
      minimized.
PAR  Another object of this invention is to provide, in a photocopying
      apparatus, a fusing device for toner images wherein a coating is formed
      during operation of the fuser at the interface of a fuser roll core and a
      release agent.
PAR  Still another object of this invention is to provide a new and improved
      apparatus and method for fusing toner images to a substrate wherein toner
      barrier and toner release coatings are formed on a thermally conductive
      core and wherein the combined thickness of the coatings represents a
      minimal thermal barrier to the energy to be utilized for the core.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the above-cited objects are accomplished by the provision of a
      contact fuser assembly preferably comprising an internally heated roll
      fuser structure having a rigid thermally conductive core. The fuser
      assembly as contemplated is utilized for fixing toner images to support
      sheets by moving the sheets through a nip formed between the fuser roll
      structure and a deformable backup roll, the fuser roll core and backup
      roll being supported for rotational movement in a xerographic reproducing
      apparatus.
PAR  Structure is provided adjacent the heated fuser roll core for coating it
      with a thin layer of normally solid, thermally stable material, for
      example, a fluorocarbon telomer such as Vydax 1000.
PAR  Means for applying a liquid release agent or toner offset prevent material
      is also positioned adjacent the fuser roll core for applying a thin layer
      of the release agent, which is preferably silicone oil, to the coated core
     .
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the novel contact fuser of this invention;
PAR  FIG. 2 is a side elevational view of a fuser system incorporated in the
      apparatus of FIG. 1; and
PAR  FIG. 3 is a fragmentary view of a fuser roll during operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reproducing machine illustrated in FIG. 1 employs an image according
      drum-like member 10 the outer periphery of which is coated with a suitable
      photoconductive material 11. One type of photoconductive material is
      disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. The drum 10
      is suitably journaled for rotation within a machine frame (not shown) by
      means of a shaft 12 and rotates in the direction indicated by arrow 13, to
      bring the image retaining surface thereon past a plurality of xerographic
      processing stations. Suitable drive means (not shown) are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material such as
      paper or the like.
PAR  Since the practice of xerography is well known in the art, the various
      processing stations for producing a copy of an original are herein
      represented in FIG. 1 as blocks A to E. Initially, the drum moves
      photoconductive surface 11 through a charging station A. At charging
      station A an electrostatic charge is placed uniformly over the
      photoconductive surface 11 of the drum 10 preparatory to imaging. The
      charging may be provided by a corona generating device of a type described
      in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B where the charged
      photoconductive surface 11 is exposed to a light image of the original
      input scene information, whereby the charge is selectively dissipated in
      the light exposed regions to record the original input scene in the form
      of a latent electrostatic image. A suitable exposure system may be of the
      type described in U.S. patent application Ser. No. 259,181 filed June 2,
      1972.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      the photoconductive surface 11 to development station C, wherein a
      conventional developer mix is applied to the photoconductive surface 11 of
      the drum 10 rendering the latent image visible. A suitable development
      station is disclosed in U.S. patent application Ser. No. 199,481 filed
      Nov. 17, 1971. This application describes a magnetic brush development
      system utilizing a magnetizable developer mix having carrier granules and
      toner comprising electrophotographic resin plus colorant from dyes or
      pigments. A developer mix is continually brought through a directional
      flux field to form a brush thereof. The electrostatic latent image
      recorded on photoconductive surface 11 is developed by bringing the brush
      of developer mix into contact therewith. The developed image on the
      photoconductive surface 11 is then brought into contact with a sheet of
      final support material 14 within a transfer station D and the toner image
      is transferred from the photoconductive surface 11 to the contacting side
      of the final support sheet 14. The final support material may be plain
      paper, gummed labels, transparencies such as Polycarbonate, Polysulfane
      and Mylar, etc., as desired.
PAR  After the toner image has been transferred to the sheet of final support
      material 14, the sheet with the image thereon is advanced to a suitable
      fuser assembly 15 which fuses the transfer powder image thereto. After the
      fusing process, the final support material 14 is advanced by a series of
      rolls 16 to a copy paper tray 17 for subsequent removal therefrom a
      machine operator.
PAR  Although a preponderance of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material 14. The residual toner particles remaining on
      the photoconductive surface 11 after the transfer operation are removed
      from the drum 10 as it moves through cleaning station E. Here the residual
      toner particles are first brought under the influence of a cleaning corona
      generating device (not shown) adapted to neutralize the electrostatic
      charge remaining on the toner particles. The neutralized toner particles
      are then mechanically cleaned from the photoconductive surface 11 by
      conventional means as for example, the use of a resiliently biased knife
      blade as set forth in U.S. Pat. No. 3,660,863 issued to Gerbasi in 1972.
PAR  The sheets of final support material 14 processed in the automatic
      xerographic reproducing device may be stored in the machine within a
      removable paper cassette 18. A suitable paper cassette is set forth in
      U.S. patent application, Ser. No. 208,138 filed Dec. 15, 1971.
PAR  The copier can also have the capability of accepting and processing copying
      sheets of varying lengths. The length of the copy sheet, of course, being
      dictated by the size of the original input scene information recorded on
      the photoconductive surface 11. To this end, the paper cassette 18 is
      preferably provided with an adjustable feature whereby sheets of varying
      length and width can be conveniently accommodated therein.
PAR  In operation, the cassette 18 is filled with the stack of final support
      material 19 of pre-selected size and the cassette 18 is inserted into the
      machine by sliding along a baseplate (not shown) which guides the cassette
      18 into operable relationship with a pair of feed rollers 20. When
      properly positioned in communication with the feed rollers 20 the top
      sheet of the stack 19 is separated and forwarded from the stack 19 into
      the transfer station D by means of registration rollers 21.
PAR  It is believed that the foregoing description is sufficient for purposes of
      present application to illustrate the general operation of an automatic
      xerographic copier which can embody the teachings of the present
      invention.
PAR  The fuser assembly 15 comprises heated roll structure 30 including a hollow
      cylinder or core 31 having a suitable heating element 32 disposed in the
      hollow portion thereof which is co-extensive with the cylinder. The
      heating element 32 may comprise any suitable type heater for elevating the
      surface temperature of the heated roll structure to operational
      temperatures, therefore, 250.degree.-400.degree. F. For example, it may be
      a quartz lamp. The core 31 is fabricated from any suitable material
      capable of accomplishing the objects of the present invention. Typical
      materials are aluminum and alloys thereof and copper. The resulting
      structure has an outside diameter on the order of 1.5 to 3.0 inches and
      has a length on the order of 10 to 15 inches. Power requirements for the
      foregoing are 500-2500 watts peak power with an average power of 300-2000
      watts and 75-250 watts for standby.
PAR  The surface temperature of the fuser roll structure may be controlled by
      contacting the surface thereof with a thermistor probe 45 as described in
      U.S. Pat. No. 3,327,096, issued in 1967 to Bernous and incorporated herein
      by reference.
PAR  The fuser assembly 15 further comprises a backup roll structure 33 which
      cooperates with the fuser roll structure 30 to form a nip 34 through which
      a copy paper or substrate 35 passes such that toner images 36 thereon
      contact the fuser roll structure. The backup roll structure may comprise
      any suitable construction, for example, a steel cylinder, but preferably
      comprises a rigid steel core 37 having a Viton elastomer surface or layer
      38 thereon. A suitable backup roll has a core approximately 1.8 inches in
      diameter with a 0.1 inch cover or layer structure of Viton elastomer or
      other suitable high temperature elastomeric layer structure, for example,
      silicone rubber and a combination of Viton or silicone rubber with Teflon
      thereon. Viton is the trademark of Dupont Co. The specific dimensions of
      the members making up the backup roll will be dictated by the requirements
      of the particular copying apparatus wherein the fuser assembly 15 is
      employed, the dimensions being greater or less depending upon the process
      speed of the machine.
PAR  Means (not shown) for applying a loading force in a conventional manner to
      the fuser assembly 15 serves to create nip pressures on the order of 15 to
      150 psi average. The durometer of the backup roll is chosen such that
      "dwell times" of 5 to 100 milliseconds can be obtained with loading forces
      within the aforementioned range of pressures. Dwell time is proportional
      to the ratio of the nip length to the surface speed of the rolls. For a
      given angular velocity the surface speeds will vary depending upon the
      diameter of the rolls. For example, with a 2 inch fuser roll speeds of 0
      to 30 inches per second are attainable and for a 3 inch fuser roll speeds
      of 0 to 45 inches per second have been attained. Accordingly, it can be
      seen that the aforementioned dwell times can be obtained by varying one or
      the other or both of the dwell time relationships. Durometers of 20-90
      Shore A have been found to provide satisfactory results.
PAR  The aforementioned materials from which the fuser roll core 31 may be
      fabricated are relatively high surface energy materials, consequently, hot
      toner material contacting such surfaces would readily wet the surface of
      the fuser roll. Accordingly, there is provided a bar of material 43
      consisting of a fluorocarbon telomer, for example, Vydax 1000 manufactured
      by E. I. Dupont. Bias means 46 are provided for urging the bar of Vydax
      into pressure engagement with the fuser core 31 to thereby effect coating
      of the core with a layer of Vydax. The bias means is effective to coat the
      core with a Vydax layer having a lamellar structure which is on the order
      of 10-10,000A. It will be appreciated that such a layer cannot withstand
      abrasion. However, this does not present a problem because the coating is
      continuously renewed. A sump 39 containing liquid release material 40,
      preferably 60,000 cp silicone oil, which is applied to the coating 39 is
      provided for applying a thin layer of silicone oil on the coating 43.
PAR  A metering blade 41 preferably of silicone rubber is mounted to the sump 39
      by conventional means such that an edge 42 thereof contacts the fuser roll
      structure and serves to meter the release agent 40 in its liquid state
      onto the fuser roll. In the preferred embodiment, a blade 0.060 inch thick
      and having a width of 1.05 inch and length of 15 inches has been employed.
      By means of such a construction a 0.1-0.5 u thickness of release agent is
      applied to the surface of the fuser roll. The blade 41 also aids in
      cleaning the fuser roll of toner.
PAR  A pair of end seals 47, preferably of sponge rubber, are provided to
      contain the release agent in the sump 39. One or more stripper fingers 50
      are provided for ensuring removal of the substrate from the fuser roll.
PAR  The toner that forms the images 36 is comprised of an electrophotographic
      resin plus colorant from dyes and pigments such as carbon black and
      furnace black. The developer material of which the toner forms a portion
      may contain cleaning materials and plasticisers in accordance with the
      desired formulation. Typical toners comprises a copolymerized mixture of
      styrene or a blend of styrene homologs with 10 to 40 percent of one or
      more methacrylate esters selected from the group consisting of ethyl,
      propyl and butyl methacrylates, as described in U.S. Pat. No. 3,079,342
      and incorporated herein by reference.
PAR  The effectiveness of a fuser assembly of the type hereinabove described has
      been demonstrated by buffing Vydax 1000 onto a copper core with subsequent
      application of silicone oil over the Vydax. The core was heated to a
      temperature of about 300.degree. to 340.degree. F. during application of
      the Vydax and the silicone oil. Unfused copy was then passed through a nip
      formed by the fuser roll structure and a Viton backup roll with the toner
      images contacting the heated fuser roll structure. Fused copy was obtained
      without offsetting of toner onto either the paper or the fuser roll
      structure.
PAR  While the invention has been described with respect to a preferred
      embodiment it will be apparent that certain modifications and changes can
      be made without departing from the spirit and scope of the invention and
      is therefore intended that the foregoing disclosure be limited only by the
      claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for fusing toner images to support sheets, said apparatus
      comprising:
PA1  a heated fuser structure including a thermally conductive core;
PA1  means for applying a solid low surface energy coating to said core by
      contacting said core with a bar of low surface energy material, said
      coating preventing toner from contacting said core;
PA1  means for applying a low viscosity release agent to said low surface energy
      coating for facilitating release of said support sheets from said heated
      core; and
PA1  a deformable backup member forming a nip with said core member through
      which said support sheets move with said toner images contacting the low
      viscosity release agent.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said low surface energy coating
      comprises a fluorocarbon telomer.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said coating is on the order of
      10-10,000 A thick.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said low viscosity release agent
      comprises silicone oil.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein said silicone oil is applied
      continuously.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said means for applying low
      surface energy material is effected continuously.
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ABST
PAL  A tumbling drum assembly includes a freely rotatable barrel having an
      opening in the side thereof and disposed within a driven cage member
      including a panel closure for said opening. In one direction of cage
      rotation, the panel is carried to a position to seal said opening and
      means cooperate to subsequently rotate the barrel. In a reverse direction
      of cage rotation the panel is carried away from the sealing position and
      means rotate the barrel in said reverse direction whereby to locate the
      opening for a discharging operation.
BSUM
PAR  The invention concerns a barrel for treatment in dipping baths, especially
      a plating barrel, with a door part which closes the filling and unloading
      opening of the barrel shell. Known for example is a polygonal plating
      barrel made of plastic material, where the panels which form the barrel
      shell are connected with one another by ribs at the corners, and where one
      panel is formed as a two-parted door with lap joints. The door parts are
      fixed to the cylinder by toggles. For unloading the barrel the toggle has
      to be unlocked and the door panels taken away. Those plating barrels are
      either driven by tooth gears that are situated on the end walls or by a
      rotating shaft. The task of the invention exists in forming a treatment
      barrel for automatically locking the filling and unloading opening without
      the necessity of an extra drive for moving the door part.
PAR  A solution of this task of the invention is proposed by a treatment barrel,
      which is characterized by a reversibly driven barrel cage, situated
      concentrically on the freely rotatable barrel, whereby the barrel cage
      drives the barrel when rotating. A shell section of the barrel cage forms
      the door part of the barrel, which dependent on the direction of
      revolution of the barrel cage closes or opens the barrel opening. In a
      favored execution the barrel cage consists of two end walls that are
      connected by rods parallel to the axis. Between the end walls the door
      part is fixed. Thereby stop catches on the barrel shell are provided,
      against which the door part pushes, when the barrel cage rotates, and thus
      drives the barrel. In accordance with the invention the stop catch on one
      side of the barrel opening is situated in a position, that when the barrel
      cage rotates in direction towards this stop catch, the barrel opening is
      being locked, whereas the second stop catch is in a position that with the
      opposite direction of revolution of the barrel cage the barrel opening is
      being opened.
PAR  According to the rotating direction of the barrel cage, which drives the
      barrel, the opening of the treatment barrel is automatically locked or
      opened.
DRWD
PAR  Following an explication of the invention by a principally represented
      example of the execution. It shows:
PAR  FIG. 1 A perspective drawing of the treatment barrel and the barrel cage
      situated abreast,
PAR  FIG. 2 A cross-sectional view of the locked barrel,
PAR  FIG. 3 A cross-sectional view of the line I--I of FIG. 2, and,
PAR  FIG. 4 A cross-sectional view of the barrel in opened position.
DETD
PAR  The treatment barrel 1 principally shown in FIG. 1 consists of a barrel
      shell 11 and both end walls 13. Often plating barrels made of plastic
      material have a polygonal form. Ribs or connecting rods are situated
      between the end walls, between the ribs and end walls the panels are
      fixed, which form the barrel shell. The barrel shell 11 is designed for a
      filling and unloading opening 12 parallel to the axis. It appeares form
      the FIGS. 2 and 4 that the treatment barrel 1 is concentrically surrounded
      by a barrel cage 2. Whereas the barrel cage is driven from outside, the
      treatment barrel is freely rotatable. The treatment barrel 1 is provided
      with hollow shaft ends 14 on the end walls 13, which grab into the bores
      25 in the end walls 23 of the barrel cage 2. The end walls 23 have a tooth
      rim 24 and are connected by rods 21 parallel to the axis. Also situated
      between both end walls 23 is the door part 22 with the form of a section
      of the barrel shell parallel to the axis. The width of this door part 22
      is wider than the filling opening 12 on the barrel shell 1.
PAR  When the barrel cage 2 is being driven by the tooth rim 24 of the end walls
      23, the door part 22 depending on the direction of revolution strikes
      against one of the stop catches 15 or 16 on the barrel shell, as can be
      seen in FIGS. 2 and 4.
PAR  With the chosen direction of revolution in FIG. 2 (as indicated by the
      arrow 26) the door part knocks against the stop catch 15 and locks the
      barrel opening 12 sufficiently tight, and drives the barrel 1 with its own
      rotating movement. With this direction of revolution the treatment barrel
      1 always stays locked.
PAR  When the barrel cage 2 is driven in the opposite direction, as indicated in
      FIG. 4 with arrows 27, the barrel cage 2 at frist rotates within a certain
      angular range, that is determined by the stop catches 15 and 16, without
      influencing the treatment barrel 2. With this movement the door part 22
      opens the barrel opening 12 in the barrel shell 11. The treatment barrel
      is opened. The rotation of the barrel cage after opening the filling and
      unloading opening 12 may be stopped for example by terminal switches.
PAR  There is the possibility of separating the treatment barrel into chambers
      by one or more partition walls for the treatment of different articles at
      the same time. According to this execution the door part also may be
      separated into several different doors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tumbling drum assembly for treating articles by immersion in a fluid
      medium comprising:
PA1  a horizontally arranged, freely rotatable barrel member having an opening
      in a side portion thereof, whereby to load and unload the barrel with
      respect to articles to be treated and fluid treating medium, and disposed
      within a cage member concentric with said barrel;
PA1  a panel forming part of and extending between the ends of said cage;
PA1  stop elements disposed on said barrel and associated with said opening on
      each side thereof;
PA1  a drive element disposed on said cage and operatively associated with said
      stop elements; and
PA1  means to reversably rotate said cage; whereby in one direction of cage
      rotation said panel is carried to a sealing relationship with respect to
      said opening and simultaneously therewith said drive element engages one
      of said stop elements and on further rotation in said one direction the
      barrel is rotated whereby to tumble the barrel contents, and
PA1  in a subsequent other direction of cage rotation the panel is removed from
      opening, the drive element engages the other of said stop elements and the
      barrel is subsequently rotated in a reverse direction whereby to locate
      said opening in an unloading position.
NUM  2.
PAR  2. A tumbling drum assembly as in claim 1 wherein said stop elements are
      disposed on the side structure of the barrel and the edges of said panel
      are adapted to contact said stops and comprise said drive element.
NUM  3.
PAR  3. A tumbling drum assembly as in claim 1 wherein said stop elements are
      disposed on an end surface of said barrel and said drive element is
      disposed on a corresponding end of said cage.
PATN
WKU  039345491
SRC  5
APN  4935942
APT  1
ART  352
APD  19740801
TTL  Transfer apparatus
ISD  19760127
NCL  8
ECL  1
EXA  Salser; Douglas
EXP  Stein; Mervin
NDR  3
NFG  4
INVT
NAM  Davidson; James R.
CTY  Rochester
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  118637
XCL  355 15
EDF  2
ICL  G03G 1516
FSC  118
FSS  637;639
FSC  117
FSS  17.5
FSC  355
FSS  3 R;15
FSC   96
FSS  1.4
UREF
PNO  2959153
ISD  19601100
NAM  Hider
OCL  355 15
UREF
PNO  3413063
ISD  19681100
NAM  Young
OCL   96  1.4
UREF
PNO  3548783
ISD  19701200
NAM  Knapp
OCL  118637
UREF
PNO  3834804
ISD  19740900
NAM  Bhagat et al.
OCL  355 15
UREF
PNO  3838918
ISD  19741000
NAM  Fisher et al.
OCL  355  3R
LREP
FR2  Fleischer; H.
FR2  Ralabate; J. J.
FR2  Green; C. A.
ABST
PAL  An apparatus in which one component of at least a two component mix
      deposited on a support surface is transferred to a sheet of support
      material. Initially, the attractive force between the support surface and
      mix is reduced, preconditioning the mix. Thereafter, the other component
      of the pre-conditioned mix is removed from the support surface. The
      remaining one component of the pre-conditioned mix is then transferred
      from the support surface to the sheet of support material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrostatographic printing
      machine, and more particularly concerns an improved transfer system for
      use therein. In the process of electrostatographic printing, an
      electrostatic latent charge pattern is reproduced in viewable form. The
      field of electrostatography includes electrophotography and electrography.
      Electrophotography employs a photosensitive medium to form, with the aid
      of electromagnetic radiation, an electrostatic latent charge pattern.
      Electrography utilizes an insulating medium to form, without the aid of
      electromagnetic radiation, the electrostatic latent charge pattern.
      Transfer, which is the act of transferring toner particles deposited on
      the electrostatic latent charge pattern, in image configuration, to a
      sheet of support material, may be employed in either electrophotography or
      electrography. Hereinafter, an electrophotographic printing machine will
      be described as an illustrative embodiment of the foregoing process. This
      printing machine incorporates the features of transfer apparatus of the
      present invention.
PAR  In the process of electrophotograpic printing, for example, as disclosed in
      U.S. Pat. No. 2,297,691 issued to Carlson in 1942, and image bearing
      member or photosensitive element having a photoconductive insulating layer
      is charged to a substantially uniform potential in order to sensitize its
      surface. Thereafter, the charged photoconductive surface is exposed to a
      light image of an original document. As a consequence of the exposure, the
      charge is selectively dissipated in the irradiated areas in accordance
      with the light intensity projected onto the photoconductive surface
      creating an electrostatic latent image thereon. Development of the
      electrostatic latent image recorded on the photoconductive surface is
      achieved by bringing a developer mix into contact therewith. Typical
      developer mixes generally comprise dyed or color thermoplastic particles,
      known in the art as toner particles, which are mixed with coarser carrier
      beads, such as ferromagnetic granules. The developer mix is selected such
      that the toner particles acquire the appropriate charge relative to the
      electrostatic latent image recorded on the photoconductive surface.
      Frequently, some undesired carrier beads adhere to the photoconductive
      surface after the development of the electrostatic latent image. These
      adhering carrier beads are transferred to the sheet of support material
      contaminating and distorting the copy image. Consequently, it is highly
      desirable to minimize the number of carrier beads transferred to the sheet
      of support material.
PAR  Various prior art techniques have been developed to achieve this. For
      example, U.S. Pat. No. 3,287,150 issued to Lehman in 1966 describes a
      cascade development system wherein carrier beads as well as toner
      particles are deposited on the photoconductive surface. Thereafter, a
      magnetic member positioned closely adjacent to the photoconductive surface
      removes the carrier beads without disturbing the toner powder image
      deposited thereon. Similarly, co-pending application Ser. No. 312,554
      filed in 1972 describes a cylindrical pick off roller positioning adjacent
      to a photoconductive surface to remove carrier beads deposited thereon
      during the development cycle. In addition, magnets have frequently been
      employed as seals for developer housings. One such example of this is
      described in co-pending application Ser. No. 477,946 filed in 1974.
      Finally, U.S. Pat. No. 3,713,736 issued to Sargis in 1973  discloses a
      magnetic cleaning roller covered with magnetizable particles positioned
      adjacent to the photoconductive surface after the transfer station. The
      magnetic cleaning roller removes residual toner particles from the
      photoconductive surface after the transfer of the toner particles to the
      sheet of support material.
PAR  None of the foregoing prior art references disclose pre-conditioning the
      carrier beads and toner particles adhering to the photoconductive surface
      prior to transferring the toner particles to the sheet of support
      material. It has been found that when the toner particles and carrier
      beads are pre-conditioned so as to reduce their attractive force between
      the photoconductive surface and subsequently subjected to a magnetic
      attraction, carrier beads are removed more completely than by either
      element alone or by both elements but with the magnetic attraction
      occurring prior to the pre-conditioning. In tests of one specific
      embodiment of this invention on an electrophotographic printing machine a
      significant reduction in carrier beads transferred to the support sheet
      was obtained. Without magnetic attraction and pre-conditioning
      approximately 3 times the acceptable number of carrier beads was
      transferred to the sheet of support material. With just pre-conditioning,
      this level was reduced somewhat. However, with the introduction of
      pre-conditioning and magnetic attraction the number of carrier beads
      transferred to the sheet of support material was reduced to a range of
      about 10 to 25 percent of the acceptable amount. Thus, it is necessary to
      pre-condition the toner particles and carrier beads prior to removing the
      carrier beads from the photoconductive surface if the carrier beads
      adhering to the support material are to be reduced reliably to an
      acceptable level.
PAR  Accordingly, it is a primary object of the present invention to improve the
      transfer apparatus by pre-conditioning the carrier beads and toner
      particles adhering to the photoconductive surface and removing the
      pre-conditioned carrier beads therefrom prior to transferring the toner
      particles to a sheet of support material.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for transferring one component of at least a two
      component mix from a support surface to a sheet of support material.
PAR  In the particular apparatus illustrated, this is achieved by reducing
      means, removing means and transferring means. Reducing means is adapted to
      decrease the attractive force between the mix and the support surface
      pre-conditioning the mix. Removing means is arranged to separate the other
      component of the pre-conditioned mix from the support surface. Thereafter,
      the transferring means shifts the remaining one component of the
      pre-conditioned mix from the support surface to the sheet of support
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view of a multicolor electrophotographic
      printing machine incorporating the features of the present invention
      therein;
PAR  FIG. 2 is a schematic perspective view of the transfer apparatus employed
      in the FIG. 1 printing machine;
PAR  FIG. 3 is a fragmentary perspective view of the corona generator and
      magnetic member used in the FIG. 2 transfer apparatus; and
PAR  FIG. 4 is a fragmentary elevational view of the magnetic member shown in
      the FIG. 2 transfer apparatus.
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of an electrophotographic printing machine in
      which the present invention may be incorporated, reference is had to FIG.
      1 which depicts schematically the various system components for a color
      electrophotographic printing machine. Throughout this description, like
      reference numerals will be employed to designate like elements. Although
      the transfer apparatus of the present invention is particularly well
      adapted for use in the electrophotographic printing machine depicted in
      FIG. 1, it should become evident from the following discussion that it is
      equally well suited for use in a wide variety of electrostatographic
      printing machines and is not necessarily limited in its application to the
      particular embodiment shown herein.
PAR  As in all electrophotographic systems of the type illustrated, an image
      bearing member having a drum 10 with a photoconductive surface 12 adhering
      to the exterior circumferential surface thereof is rotated in the
      direction of arrow 14 through a series of processing stations. One type of
      suitable photoconductive material is described in U.S. Pat. No. 3,655,377
      issued to Sechak in 1972.
PAR  Initially, photoconductive surface 12 passes through charging station A
      which sensitizes its surface. Charging station A has a corona generating
      device, indicated generally at 16, positioned closely adjacent to
      photoconductive surface 12. Corona generating device 16 charges
      photoconductive surface 12 to a relatively high substantially uniform
      potential. One type of suitable corona generating device is described in
      U.S. Pat. No. 2,778,946 issued to Mayo in 1957.
PAR  Thereafter, photoconductive surface 12 is rotated to exposure station B. At
      exposure station B, a color filtered light image of the original document
      is projected onto charged photoconductive surface 12 recording an
      electrostatic latent image thereon. Exposure station B includes a moving
      lens system, generally designated by the reference numeral 18, and a color
      filter mechanism shown generally at 20. A suitable moving lens system is
      disclosed in U.S. Pat. No. 3,062,108 issued to Mayo in 1962, and a
      suitable color filter mechanism is described in U.S. Pat. No. 3,775,006
      issued to Hartman in 1973. In the illustrated machine, an original
      document 22 such as a sheet of paper, book or the like is placed face down
      upon a transparent viewing platen 24. Lamp assembly 26, filter mechanism
      20 and lens 18 move in a timed relation with drum 10 to scan successive
      incremental areas of original document 22 disposed upon platen 24. In this
      manner, the charge pattern on photoconductive surface 12 is selectively
      discharged to record an electrostatic latent image corresponding to a
      single color of the original document.
PAR  After exposure, drum 10 rotates the single color electrostatic latent image
      recorded on photoconductive surface 12 to development station C.
      Development station C includes three individual developer units, generally
      indicated by the reference numerals 28, 30 and 32, respectively. A
      suitable development station employing a plurality of developer units is
      disclosed in co-pending application Ser. No. 255,259 filed in 1972. Each
      of the developer units comprises a magnetic brush roller adapted to
      position a developer mix of carrier beads and toner particles in contact
      with the electrostatic latent image. The carrier beads are generally made
      from a ferromagnetic material such as steel or nickel, while the toner
      particles are usually made from a heat settable thermoplastic material.
      The distinctions between each of the developer units resides primarily in
      the fact that they contain different colored toner particles therein. For
      example, developer unit 28 may contain yellow toner particles, developer
      unit 30 magenta toner particles, and developer unit 32 cyan toner
      particles. Each developer unit is activated sequentially so as to deposit
      toner particles on the electrostatic latent image complementary in color
      to the filtered light image. Thus, an electrostatic latent image formed
      from a green filtered light image is rendered visible by depositing
      magenta toner particles thereon. Similarly, latent images formed from blue
      and red light images are developed with yellow and cyan toner particles,
      respectively. A developed electrostatic lagent image is transported on
      drum 10 to transfer station D.
PAR  At transfer station D, the toner powder image adhering electrostatically to
      photoconductive surface 12 is transferred to a sheet of support material
      34. Support material 34 may be plain paper or a sheet of thermoplastic
      material, amongst others. Transfer station D includes corona generating
      means, indicated generally at 36, and a transfer member, depicted
      generally by the reference numeral 40. Corona generator 36 is excited with
      an alternating current and arranged to spray ions on photoconductive
      surface 12 so as to pre-condition the toner particles and carrier beads
      adhering thereto. Pre-conditioning substantially reduces the electrostatic
      attraction between the photoconductive surface and the toner particles and
      carrier beads deposited thereon. It should be noted that not only are
      toner particles deposited on photoconductive surface 12 but carrier
      granules are deposited thereon as well. This is due to the fact that the
      sealing arrangement of the developer system is not ideal. Thus, each sheet
      of support material will include carrier beads as well as toner particles
      of the respective color. Carrier beads, on the sheet of support material,
      serve to mar or distort the copy of the original document. Thus, it is
      highly desirable to remove the carrier beads prior to their transfer to
      the sheet of support material. To this end, magnetic means 38 is
      positioned closely adjacent to photoconductive surface 12 between corona
      generator 36 and transfer member 40 so as to remove carrier beads on the
      photoconductive surface 12 prior to their transfer to the sheet of support
      material. After the carrier beads have been removed from photoconductive
      surface 12, the toner powder image is transferred to the sheet of support
      material 34. Support material 34 is secured releasably on transfer member
      40. Transfer member 40 is a roll adapted to rotate in synchronism with
      drum 10. Thus, a plurality of toner powder images may be transferred to
      the sheet of support material in superimposed registration with one
      another. The transfer apparatus heretofore described will be discussed in
      greater detail with reference to FIGS. 2 and 3.
PAR  Support material 34 is advanced from a stack 42 of the sheets. Feed roll
      44, in operative communication with retard roll 46, advances and separates
      successive uppermost sheets from the stack 42 disposed on tray 48. Each
      advancing sheet moves into chute 50 which directs it into the nip between
      register rolls 52. Thereafter, gripper fingers, indicated generally at 54,
      mounted on transfer roll 38 secure releasably thereon support material 34
      for movement in a recirculating path therewith. After a plurality of toner
      powder images have been transferred to support material 34, gripper
      fingers 54 release support material 34 and space it from transfer roll 38.
      Stripper bar 56 is then interposed therebetween to separate support
      material 34 from transfer roll 38. An endless belt conveyor 58 advances
      support material 34 from transfer roll 38 to fixing station E.
PAR  At fixing station E, a fuser, designated generally by the reference numeral
      60, permanently affixes the transferred toner powder image to support
      material 34. One type of suitable fuser is described in U.S. Pat. No.
      3,498,592 issued to Moser et al. in 1970. After the fusing process,
      support material 34 is advanced by endless belt conveyors 62 and 64 to
      catch tray 66 for subsequent removal from the printing machine by the
      operator.
PAR  Invariably some toner particles remain on photoconductive surface 12 after
      the transfer thereof to the sheet of support material 34. These residual
      toner particles are removed at cleaning station F. Initially, toner
      particles are brought under the influence of a corona generating device
      (not shown) adapted to neutralize the remaining electrostatic charge on
      photoconductive surface 12 and the residual toner particles. The
      neutralized toner particles are cleaned from photoconductive surface 12 by
      a rotatably mounted fibrous brush 68 in contact therewith. A suitable
      brush cleaning device is described in U.S. Pat. No. 3,590,412 issued to
      Gerbasi in 1971.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to depict the general operation of a multi-color
      electrophotographic printing machine incorporating the teachings of the
      present invention therein.
PAR  Referring now to FIGS. 2 and 3, it can be seen that magnetic means 38
      includes bar magnet extending across the width of photoconductive surface
      12. Preferably, magnet 70 is made from a rubber matrix of magnetizable
      material secured to corona generating device 36 by means of a bracket
      indicated generally by the reference numeral 72.
PAR  Transfer roll 40 includes an aluminum tube 74 preferably having about
      1/4-inch thick layer of urethane 76 cast thereabout. A polyurethane
      coating 78, preferably of about 1 mil thick, is sprayed over the layer of
      cast urethane 76. A direct current bias voltage is applied to aluminum
      tube 74 via suitable means such as a carbon brush and brass ring assembly
      (not shown). Voltage source or power supply 80 excites transfer roll 40 at
      about 3000 volts. However, this voltage may range from about 1500 to about
      4500 volts. Transfer roll 40 is sustantially the same diameter as drum 10
      and is driven at the same speed. Support material 34 is interposed between
      transfer roll 40 and photoconductive surface 12 of drum 10. A synchronous
      drive motor rotates transfer roll 40 and drum 10. A flexible metal
      coupling 82 permits lowering and raising of transfer roll 40.
PAR  The discharge electrode of corona generator 36 is excited by high voltage
      AC power supply 84 at about 100 micro-amperes and at about 4400 volts RMS.
      This may range from about 80 micro-amperes at about 3000 volts RMS to
      about 200 micro-amperes at about 5000 volts RMS. The portion of this
      alternating current output from the discharge electrode of corona
      generator 36 impinging upon the toner powder image and photoconductive
      surface 12 may range from about 1 to about 5 micro-amperes.
PAR  Referring now to FIG. 3, corona generator 36 and magnetic means 38 are
      shown therein in greater detail. Corona generator 36 includes an elongated
      shield 86 preferably made from a conductive material such as an aluminum
      extrusion. Elongated shield 86 is substantially U-shaped and may be
      grounded or, in lieu thereof, biased to a suitable electrical voltage. A
      discharge electrode 88 is mounted in the chamber defined by the U-shaped
      shield 86. Discharge electrode 88 is preferably a coronode wire
      approximately 0.0035 inches in diameter and extends longitudinally along
      the length of shield 86. Coronode wire 88 is made preferably from
      platinum. As hereinbefore indicated power supply 84 excites discharge
      electrode 88 so as to produce a flow of ions therefrom. The ion flow is
      adapted to pre-condition the toner particles and carrier beads deposited
      on the electrostatic latent image of photoconductive surface 12. This
      reduces the electrostatic force securing the toner particle and carrier
      beads to photoconductive surface 12. In this way, magnetic means 38 may
      readily remove the carrier beads prior to the transfer of the toner powder
      image to the sheet of support material. The detailed structural
      configuration of the corona generating device and transfer member are
      described more fully in U.S. Pat. No. 3,838,918 issued to Fisher, et al.
      in 1974 the relevant portions of that disclosure being hereby incorporated
      into the present application.
PAR  With continued reference to FIG. 3, it can be seen that magnetic means 38
      includes a bar magnet 70 which is mounted in a two piece bracket 72.
      Bracket 72 is secured adjustably to shield 86 of corona generator 36 by
      means of fasteners such as bolts or other suitable means. Bracket 72
      includes plate 90 secured to shield 86. Plate 96 is integral with plate
      90. Magnetic bar 70 is interposed between plates 96 and 92. Plates 92 and
      96 are secured to one another by bolts passing from plate 92 through
      magnetic bar 70 to plate 96. Bracket 72 precisely locates magnetic bar 70
      relative to photoconductive surface 12. It should be noted that the
      distance between the upper surface of plates 92 and 96 and photoconductive
      surface 12 is highly significant. If the spacing is too great, the
      magnetic field at photoconductive surface 12 may be too weak to remove
      carrier beads therefrom. Contrawise, if the spacing is too small, the
      accumulated carrier beads on magnetic member 70 and plates 92 and 96 may
      scrape and distort the toner powder image deposited on photoconductive
      surface 12. A satisfactory spacing has been found to be in the range of
      from 0.030 to 0.100 inches.
PAR  Turning now to FIG. 4, there is shown magnetic means 38 operatively
      associated with photoconductive surface 12. Magnetic member 70 cooperates
      with plates 92 and 96, which are made from a magnetically permeable
      material, to form a magnetic field structure commonly referred to in the
      art as a "horseshoe magnet". In this way, the lines of magnetic flux 94
      are directed in a substantially arcuate path between plates 92 and 96 at
      their upper edges. This configuration of magnetic field lines strongly
      attracts magnetic particles, i.e. carrier beads from photoconductive
      surface 12 to magnetic means 38.
PAR  In recapitulation, it is apparent that the transfer apparatus of the
      present invention includes a corona generating device adapted to
      pre-condition toner particles and carrier beads deposited on a
      photoconductive surface so as to reduce the attraction between the carrier
      beads and photoconductive surface. In view of the fact that the carrier
      beads are magnetic, magnetic means positioned after the corona generating
      device will remove a significant portion of the carrier beads from
      photoconductive surface 12. Thereafter, the toner particles are
      transferred from the photoconductive surface to the sheet of support
      material. This technique avoids image defects which are caused by carrier
      beads transferred from the photoconductive surface to the sheet of support
      material.
PAR  It is therefore evident that there has been provided, in accordance with
      this invention, an apparatus for transferring a toner powder image
      developed on a photoconductive surface which substantially reduces image
      defects produced by carrier beads. The foregoing apparatus satisfies the
      objects aims and advantages set forth above. While this invention has been
      described in conjunction with specific embodiments thereof, it is evident
      that many alternatives, modifications and variations will be apparent to
      those skilled in the art. Accordingly, it is intended to embrace all
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for transferring one component of at least a two component
      mix from a support surface to a sheet of support material, including:
PA1  corona generating means disposed adjacent the support surface for applying
      an alternating charge potential to the support surface and mix adhering
      thereto to reduce the attractive force between the mix and the support
      surface so as to pre-condition the mix thereon;
PA1  a transfer member having the sheet of support material secured thereto,
      said transfer member being positioned closely adjacent to the support
      surface;
PA1  means for applying an electrical biasing potential to said transfer member
      to attract one component of the preconditioned mix from the support
      surface to the sheet of support material; and
PA1  magnetic means interposed between said corona generating means and said
      transfer member to remove the other component of the pre-conditioned mix
      from the support surface so as to prevent the transfer thereof to the
      sheet of support material.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said corona generating means
      includes:
PA1  an elongated shield defining an open ended chamber;
PA1  a corona discharge electrode mounted in the chamber of said shield; and
PA1  means for energizing said discharge electrode to generate ions for charging
      a support surface and mix adhering thereto.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said transfer member
      includes:
PA1  a cylindrical core of electrically conductive material;
PA1  a first layer of resilient material entrained about said cylindrical core
      and being substantially in contact therewith; and
PA1  a second layer of resilient material entrained about said first layer of
      resilient material and being substantially in contact therewith.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein said magnetic means includes
      a magnetic bar positioned closely adjacent to the support surface and
      extending across the support surface such that during relative movement
      therebetween the entire support surface communicates with the magnetic
      field generated by said magnetic bar.
NUM  5.
PAR  5. An electrostatographic printing machine of the type wherein toner
      particles and carrier beads are deposited on a surface having an
      electrostatic latent image recorded thereon with the toner particles being
      subsequently transferred to a sheet of support material, including:
PA1  corona generating means disposed adjacent the surface for applying an
      alternating charge potential to the surface, and toner particles and
      carrier beads adhering thereto to reduce the attractive force therebetween
      so as to pre-condition the toner particles and carrier particles thereon;
PA1  a transfer member having the sheet of support material secured thereto,
      said transfer member being positioned closely adjacent to the surface;
PA1  means for applying an electrical biasing potential to said transfer member
      to attract the pre-conditioned toner particles from the surface to the
      sheet of support material, and
PA1  magnetic means interposed between said corona generating means and said
      transfer member to remove the pre-conditioned carrier beads from the
      surface so as to prevent the transfer thereof to the sheet of support
      material.
NUM  6.
PAR  6. A printing machine as recited in claim 5, wherein said corona generating
      means includes:
PA1  an elongated shield defining an open ended chamber;
PA1  a corona discharge electrode mounted in the chamber of said shield; and
PA1  means for energizing said discharge electrode to generate ions for charging
      the toner particles and carrier beads on the image bearing member.
NUM  7.
PAR  7. A printing machine as recited in claim 6, wherein said transfer member
      includes:
PA1  a cylindrical core of electrically conductive material;
PA1  a first layer of resilient material entrained about said cylindrical core
      and being substantially in contact therewith; and
PA1  a second layer of resilient material entrained about said first layer of
      resilient material and being substantially in contact therewith.
NUM  8.
PAR  8. A printing machine as recited in claim 7, whrein said magnetic means
      includes a magnetic bar positioned closely adjacent to the image bearing
      member and extending across the image bearing member such that during
      relative movement therebetween the entire image bearing member surface
      having the carrier beads and toner particles deposited thereon
      communicates with the magnetic field generated by said magnetic bar.
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ABST
PAL  Machine milking of the cow is effected by subjecting the teats of the udder
      continuously to a constant vacuum so as to extract the milk, the teats
      also being massaged by subjecting them to impulses in the form of pressure
      impulses and/or electric impulses with a frequency of about 5 to 50 Hz,
      preferably about 10 Hz. The teat cup comprises a resilient annular sealing
      head located at the upper end of a cylindrical rigid shell and adapted to
      lie against the teat base, and means within the shell for transmitting
      these impulses to the teat.
BSUM
PAR  This invention relates to a method for machine milking of cows, in which
      the teats of the udder with their gland openings are subjected
      continuously to a constant vacuum, so as to extract the milk, and also to
      impulses so as to effect a circulatory relieving (massage) of the teats.
      The invention also relates to a teat cup suitable for carrying out the
      method.
PAR  It is known that the present-day machine milking of cows is carried out
      according to the interval system, whereby the teats of the udder
      alternately are subjected to a suction stroke and a relieving stroke. In
      this case, the conventional inner space of the teat cup liner in each teat
      cup is permanently connected to a vacuum of a milk-discharging system,
      whereas the pulsation chamber between the teat cup liner and the teat cup
      shell is connected alternately to vacuum and atmospheric air during each
      pulsation stroke.
PAR  In these known milking machines, for reasons depending on the kind of
      milking system, the capacity of the vacuum generator, the cross section as
      well as the length of the pipelines, and the number of the milking units,
      there will be irregular variations of the milking vacuum, although these
      variations today can be almost completely avoided in principle. On the
      other hand, the magnitude of the cyclic variations caused by the pulsation
      of the milking vacuum is determined by the milk flow as well as by the
      diameter, length and tension of the teat cup liner and can amount, below
      the teats, to as much as 60 percent of the milking vacuum. These cyclic
      variations depend on the interval principle of present milking systems and
      lead, together with a back-flow of milk or milk droplets, to a
      transmission of udder-pathogen microorganisms, said back-flow being caused
      by the increase of the inner space of the teat cup liner each time when a
      relieving stroke is followed by a suction stroke.
PAR  An object of the present invention is to eliminate, in machine milking,
      cyclic variations of the vacuum below the teat and to attain a continuous
      milk extraction from the teats during the milking period. According to the
      invention, this object is achieved by a method in which the previously
      mentioned impulses for effecting a circulatory relieving of the teats are
      used in the form of pressure impulses and/or electric impulses with a
      frequency of about 5 Hz to about 50 Hz, preferably 10 Hz (Hz is the
      well-known unit of frequency, one cycle per second).
PAR  Consequently, the interval milking is abandoned and the gland openings of
      the teats remain connected to a constant vacuum during the entire milking
      time; and the impulses which act on the teats before the beginning of the
      milk flow will lead to a stimulation of the animal, so that the latter
      remains prepared to emit the milk continuously and rapidly. Further
      advantages of the new method are that there is no back-flow of the milk
      (no transmission of microorganisms to the teats), there are no traumatic
      injuries of the teats, and the stripping yield of milk can be recovered
      without manual help.
PAR  The electric current impulses give a corresponding heat development
      (electro-massage) in the teats and thereby generate the desired relieving
      of the teats.
PAR  According to tests of the present method, the magnitude of the cyclic
      variations below the teat amounts (independently of the milk flow) to less
      than 1/10 of the magnitude of the variations in the known milking systems.
      It is thus possible to reduce the usual milking vacuum of 0.50 kp/cm.sup.2
      or to accelerate the milk extraction. Furthermore, the transmission of the
      udder-pathogen microorganisms is reduced to a minimum, and the extraction
      of the milk takes place in such a manner that the stripping yield of milk
      can be effected by means of the machine, i.e., without manual action.
      Heretofore, such stripping has been an obstacle to economical milking.
PAR  It will be apparent that with the new method, pulsators and ducts necessary
      for their operation are eliminated. The claw in existing milking systems
      will now have for its object only to collect the milk and no longer to
      distribute the pulsation air. On the other hand, central vibration
      generators and means for transmitting vibrations to the teats are
      necessary. Said generators and means can be simple designs of an electric,
      electromagnetic, pneumatic or hydraulic kind, as will be explained
      presently.
DRWD
PAR  The invention is explained in more detail below in conjunction with the
      accompanying drawings, in which
PAR  FIGS. 1, 2 and 4 are longitudinal sectional views of different embodiments
      of the new teat cup, and
PAR  FIG. 3 is a cross section along the line III--III in FIG. 2.
PAR  In the different figures, corresponding details have the same reference
      numerals.
DETD
PAR  As already mentioned, an object of the invention is to eliminate cyclic
      vacuum variations below the teats in machine milking and, by means of the
      kind of the circulatory relieving (massage) of the teats, to effect a
      continuous milk extraction from the teats during the milking time.
PAR  To this end, the embodiment according to FIG. 1 comprises a rigid teat cup
      shell 1 provided at its upper end with a resilient, annular sealing head
      2, which effects the sealing of the shell against the teat base and can be
      designed in any suitable manner. The inner space of the shell 1 is
      connected at its reduced lower end 3 to the constant vacuum of the
      milk-discharging system. A resilient, cylindrical foam plastic layer 4
      with a smooth inner surface is joined in the shell 1 with the sealing ring
      2. The layer 4 extends preferably along the whole inner length of the
      shell and is so resilient that it can adjust itself to the diameter of the
      teats. A cylindrical, yielding electrode 5 is provided at the upper part
      of the inside of the foam plastic layer 4, the inside of which is formed,
      for instance, of a thin film, or is provided at the sealing head 2; and a
      cylindrical yielding electrode 6 is provided at the lower part of the
      inside of the layer 4, the electrode 6 preferably having a greater length
      than the electrode 5. The cylindrical electrodes 5 and 6 may consist of
      electrically conducting plastic or rubber (impregnated with graphite or
      carbon black).
PAR  Teat cups of the kind shown in FIG. 1 are pushed onto the teats, while
      being connected to the vacuum of the milk-discharging system, until the
      sealing ring 2 of each teat cup lies against the base of the teat. A
      further upward climbing of the teat cup liner does not take place,
      contrary to the case in the known milking machines operating according to
      the interval method. The electrodes 5 and 6 are then connected to an
      electric impulse generator (not shown), which advantageously operates at a
      frequency of about 10 Hz, so that current impulses act directly on the
      teats and effect the circulatory relieving of the teat and also lead to a
      stimulation of the animal. The latter will then remain prepared to emit
      the milk continuously, the milk being extracted by means of the constant
      vacuum of the milk-discharging system connected to the lower end 3 of each
      teat cup shell 1.
PAR  In the embodiment according to FIGS. 2 and 3, the transmission of the
      vibrations to the teats, so as to effect circulatory relieving, takes
      place by mechanical means. To this end, resilient, springlike vibration
      arms 7 are fixed at their upper ends to points below the sealing ring 2 in
      the shell 1 and extend freely downwards. These arms, which engage against
      the teat, are brought into vibratory movement by means of a vibration
      generator (not shown), for example, electromagnetically. This vibratory
      movement is transmitted to the teat and leads again to said circulatory
      relieving. Also in this case, it is preferred to operate at a frequency of
      about 10 Hz, so as to put the milk gland and the teat area into resonance
      vibration.
PAR  In the embodiment according to FIG. 4, an inner cylindrical, resilient
      diaphragm 8, which is securely fastened at the top and at the bottom and
      forms an annular space 9 with the shell 1, joins with the sealing ring 2.
      This space 9 can be filled with air or a liquid and communicates, via a
      conduit 10, with a vibration generator (not shown) which puts air or the
      liquid into vibration. Thus, the diaphragm 8 is put into a vibration which
      is transmitted to the teat and consequently leads to a circulatory
      relieving of the teat, whose continuous milk emission is continuously
      discharged by means of the vacuum of the milk-discharging system.
PAR  Consequently, according to the invention it is possible to lead electric
      current impulses directly into the teats or to generate vibrations
      electrically and to lead them electromagnetically, pneumatically or
      hydraulically to the teats. It is also possible to generate the vibrations
      pneumatically or hydraulically and to transmit them pneumatically,
      hydraulically or mechanically to the teats.
PAR  As will be apparent from the foregoing, each of the teat cups, when applied
      to the cow, forms a milk flow passage leading from the corresponding teat
      to the source of constant vacuum via a region of minimum throughflow area
      defined by the reduced portion 3. Since the latter is formed by the rigid
      shell 1, the milk flow passage is maintained with a substantially constant
      minimum throughflow area while the high frequency massaging impulses are
      applied to the teat. In this way, the teats with their gland openings are
      subjected to a substantially constant vacuum while being subjected to
      these massaging impulses.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for machine milking of cows, in which the teats of the udder
      with their gland openings are subjected continuously to a constant vacuum
      so as to extract the milk and are subjected to impulses so as to massage
      the teats, the method being characterized in that the impulses are in at
      least one of the forms selected from pressure impulses and electric
      impulses and have a frequency of about 5 Hz to about 50 Hz.
NUM  2.
PAR  2. The method of claim 1, in which said frequency is about 10 Hz.
NUM  3.
PAR  3. The method of claim 1, in which said impulses are electric and are
      transmitted directly to the teats by contacting the teats with electrodes.
NUM  4.
PAR  4. The method of claim 1, in which the impulses are generated electrically
      and are transmitted to the teats electromagnetically.
NUM  5.
PAR  5. The method of claim 1, in which the impulses are generated electrically
      and are transmitted to the teats pneumatically.
NUM  6.
PAR  6. The method of claim 1, in which the impulses are generated electrically
      and are transmitted to the teats hydraulically.
NUM  7.
PAR  7. The method of claim 1, in which the impulses are generated
      pneumatically.
NUM  8.
PAR  8. The method of claim 1, in which the impulses are generated
      hydraulically.
NUM  9.
PAR  9. A method of milking a cow with the use of teat cups applied to the cow's
      udder and each forming a milk flow passage from a corresponding teat to a
      source of constant vacuum, said method comprising the steps of subjecting
      the teats to massaging impulses having a high frequency of about 5 Hz to
      about 50 Hz while maintaining each said flow passage with a substantially
      constant minimum throughflow area, whereby the teats with their gland
      openings are subjected continuously to a substantially constant vacuum
      while being subjected to said massaging impulses.
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ABST
PAL  A milking system for cows which includes an intermittently substantially
      annular platform onto which cows may walk over an outer periphery into a
      milking station and from which a cow may depart by a descending chute over
      an inner periphery of said platform. The platform is intermittently
      rotated in use by a novel rope drive with automatic movements occuring
      after a preselected period which allows at least a minimum period of time
      for a cow to enter onto or depart from the platform. Automatic means are
      provided to detect when a cow is likely to cause an obstruction to the
      movement of said platform. When such an obstruction is detected the
      automatic advancement of the platform is delayed until such time as the
      obstruction ceases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a substantially annular platform for milking
      cows, which is intermittently moveable in order to advance various milking
      stations around the rotational axis of said platform, there being controls
      to automatically advance said platform as desired but to prevent
      advancement thereof where an obstructing cow is likely to injure itself or
      prevent the easy advancement of the platform.
PAR  2. Description of the prior art
PAR  U.S. Pat. No. 1,968,564 to Kramer Luks discloses the use of a substantially
      annular milking platform which is rotatable so as to bring milking
      stations containing a milked cow into alignment with an egressing ramp
      which extends downwardly from the inner periphery of said annular
      platform. The same movement brings a vacant milking station into alignment
      with an access way whereby a cow to be milked may move forwardly into said
      milking station by passing over the outer periphery of said platform. U.S.
      Pat. No. 1,968,564 also discloses the use of various automated servicing
      stations such as washing, stimulating and drying stations disposed about
      the rotational axis of said rotatable platform whereby the outwardly
      facing rear end of a cow may be acted upon in order to minimise the number
      of operators.
PAR  More recently automatic cup detachers and the like have been used in order
      to minimise still further the number of operators who are disposed about
      the outer periphery of such a platform on depressed walkways.
PAR  British Patent specification No. 1,115,895 discloses the use of a
      substantially annular platform in conjunction with various cow detection
      means disposed about the outer periphery thereof. Such detection apparatus
      is used to vary the speed of rotation of a motor and hence the platform.
      The preferred detection apparatus includes the use of a photo-electric
      system which is arranged to alter the speed of the motor only after a cow
      or person has operated the photo-electric system for a predetermined
      period of time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is adapted to make the intermittent movements of a
      rotatable substantially annular platform of the type herein defined where
      a cow walks on over the outer periphery and descends over the inner
      periphery occur as soon as possible without however, causing unnecessary
      harm to cows which may be only partially over said platform.
PAR  Accordingly in one aspect the present invention comprises: in a milking
      system for cows which includes a rotatable substantially annular platform
      having means for locating cows at various milking stations thereon, means
      for intermittently rotating and thus advancing sequentially said milking
      stations on said platform to various positions disposed around the
      rotational axis of said platform, access means for a cow to be milked to
      enter onto said platform into a milking station at a certain rotational
      position while said platform is stationary, any such access being over the
      outer periphery of said substantial annular platform, and egressing means
      for allowing a cow that has been through a milking cycle to depart from
      said platform while stationary by passing over the inner periphery of said
      substantial annular platform from whence it may subsequently pass under a
      portion of said platform,
PAR  The combination with said system of:
PA1  a. means for automatically advancing said rotatable platform from a first
      stationary position to a second stationary position with the result that
      milking stations are moved to a position occupied previously by a
      neighbouring milking station, said automatic advancement occuring after
      the elapsing of a predetermined base period which has been preselected to
      allow at least a minimum period of time for an unmilked cow and a milked
      cow to enter onto and to depart from said platform respectively,
PA1  b. means for automatically detecting when a cow over said platform is
      causing an obstruction to rotation of said platform by spanning a
      periphery thereof and,
PA1  c. means actuable at the control of the means for automatically detecting
      obstructions capable of over-riding said means for automatically advancing
      said platform when an obstruction is detected with the result that if
      after the elapsing of said base period an obstruction is detected, no
      automatic rotation of the platform will occur until such time as said
      means for automatically detecting an obstruction no longer detects and
      obstructing cow whereupon said platform is automatically advanceable
      immediately by said means for automatically advancing.
PAR  In a further aspect the present invention comprises, means for
      automatically advancing intermittently a rotatable substantially annular
      milking platform having a plurality of milking stations thereon, said
      means comprising:
PAR  guide means, which include a plurality of guiding members mounted
      underneath said substantially annular platform in a manner such that they
      are disposed substantially concentrically about the rotational axis of
      said platform,
PAR  an endless driving rope frictionally engaged with said guide means,
PAR  a capstan actuable to drive said endless driving rope thereby in turn
      causing the substantially annular platform to rotate by virtue of the
      frictional engagement between said rope and said guide means,
PAR  and means to actuate said capstan, said means including a timing mechanism
      which automatically prevents the actuation of said capstan until after the
      elapsing of a predetermined base period, and,
PAR  means for automatically detecting an obstruction likely to prevent the easy
      rotation of said platform and preventing the actuation of said means for
      automatically advancing said platform until such time as said obstruction
      is no longer likely to prevent the easy rotation of said platform.
PAR  In yet a further aspect the present invention comprises, a method of
      controlling the entrance and departure of cows on to an intermittently
      rotatable substantially annular milking platform which has means for
      admitting a cow over the outer periphery of said substantially annular
      platform while said platform is stationary and means to allow the exit of
      a milked cow over the inner periphery of said platform whilst the platform
      is stationary from whence the cow may then pass underneath a portion of
      said platform, said method including the steps of
PAR  a. providing an automatic advancing control for said rotatable platform so
      that said rotatable platform is moved from a first stationary position to
      a second stationary position after the elapsing of a preselected base
      period which gives at least a minimum period of time sufficient for a cow
      to clear either periphery of said platform,
PAR  b. providing means for automatically detecting when a cow over said
      platform is causing an obstruction to rotation of said platform by
      spanning a periphery thereof and,
PAR  c. providing an automatic over-riding control actuable by said means for
      automatically detecting an obstructing cow which will prevent the
      automatic advancement of said platform until such time as such an
      obstruction to rotation of said platform ceases whereupon immediately
      movement of said platform occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiments of the present invention are shown in the
      accompanying drawings in which:
PAR  FIG. 1 is a plan view of apparatus used in a milking system according to
      the present invention,
PAR  FIG. 2 is a partly diagrammatic sectional view through A--A of FIG. 1,
PAR  FIG. 3 is a side elevation view of a capstan used for driving an endless
      driving rope in accordance with the present invention,
PAR  FIG. 4 is a diagrammatic plan view showing the manner in which such an
      endless driving rope is used, and
PAR  FIG. 5 shows a schematic arrangement of a suitable control circuit for use
      in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the preferred form of the present invention a substantially annular
      rotatable platform 1 in which cows are to be moved during milking is
      supported upon a structural framework 2 shown in more detail in FIG. 1.
      This structural framework includes a plurality of legs 3 and 4 with
      supporting wheels 5 and 6 attached which engage upon two circular rails 7
      and 8 embedded in a suitable concrete foundation 9, said circular rails
      being substantially concentric with the axis of rotation of said platform.
      The rails 7 and 8 are preferably angle iron members embedded in a concrete
      foundation and accurately set in place so that the rails are horizontal
      with the minimum of variation from the horizontal plane.
PAR  Locating means are provided between one set of wheels and the associated
      rail. As illustrated in the drawings the wheel 6 is flanged and the angle
      iron 7 includes two bearing faces to thereby locate the platform. Such a
      means of location is preferable bearing in mind the practicable
      impossibility of locating said platform at a central pivot point owing to
      the fact that the egressing means comprises a downwardly descending ramp
      from the inner periphery of the substantially annular platform.
PAR  The structural form of the platform can be varied but it has been found
      that a particularly suitable form is provided by channel iron transverse
      members 10 shown in a partially cut away portion of the platform
      illustrated in FIG. 1. These transverse members 10 are connected to a
      substantially circumferential angle iron member 11 substantially towards
      the mid-point of the channel members. Checker plate decking 12 is provided
      thereon having a peripheral strengthening band 13. Such a construction
      allows for the wheels carried by the transverse members 10 to bear upon
      the rail evenly and results in the minimum distortion during construction
      which has considerable economic advantages.
PAR  Also the platform may be constructed in four equal sections with the
      quadrants being joined at 14 to thereby allow the platform to be moved
      into a prepared site easily and quickly.
PAR  Mounted on the deck 12 of the platform are the various members adapted to
      locate a cow or cows at a milking station. The embodiment shown in FIG. 1
      includes bail forming members 15 which are inclined in the direction of
      rotation slightly, but are generally radially arranged so that cows will
      be standing radially facing inwards when positioned on a platform. It
      should be realized however that in other forms of the present invention
      each milking station may include more than a single set of cups, i.e. with
      a large diameter annular platform, two or more cows may enter onto or
      depart from said platform at any one stationary position.
PAR  The platform is associated with the loading yard 16 which may include any
      convenient means of ensuring the cows are presented to move across the
      ramp 17 and into the available stall 18, during the particular sequence of
      operation of the machine. During the same operation, the cow which has
      previously been milked and is in stall 19 is ready for discharge down the
      ramp.
PAR  It has been found particularly convenient to discharge the animal down the
      ramp 20 as shown in FIG. 2 which passes downwards from the inner periphery
      of the platform down through the centre of rotation of the platform and
      via a tunnel 21 passes under the opposite side of the platform to a
      discharge point, e.g. up a ramp and into a discharge yard or the like. It
      should be realized however that the ramp 20 could be returned backwards
      towards the direction of the axis ramp 17. The ramp 20 includes gripping
      ribs 22 to ensure each animal has an adequate grip when moving from the
      platform.
PAR  A circular barrier 23 provides the front which completes the bail spaces
      until the cow in the bail 19 is ready to move down the egress ramp 20. It
      is possible an operator may wish to move a cow past the egress ramp for
      example, if a cow is a particularly slow milker. In such an instance it
      may be convenient to provide gates such as at 24 provided with a
      mechanical control, for example a hydraulic or pneumatic cylinder 25 so
      that the gate can be closed upon an appropriate control switch being
      operated to ensure the animal will be moved past the egress ramp.
      Alternatively the operator could use some over-riding control to prevent
      the stopping of that particular stall in correspondence with the egress
      ram 20. However in such a case it would not be possible to load up a
      vacated milking station.
PAR  FIG. 3 shows a preferred form of drive for a platform in accordance with
      the present invention. This drive includes an electric motor 26 connected
      through an electro-magnetic clutch 27 to a transmission unit or gear box
      28 which in turn is connected to a capstan 30 about which a drive rope 31
      is passed. The type of preferred drive is shown in more detail in FIG. 4
      which is a gross over-simplification but which clearly shows and assists
      in an explanation of how the driving mechanism works.
PAR  Located on one side and preferably underneath said annular platform or in
      close proximity thereto is said driving capstan 30 about which the rope 31
      is wound perhaps up to 5 times. In the preferred form of the present
      invention a milking platform capable of up to 28 cow units uses a 13
      millimetre wire rope prestretched to 6,000 lbs. Larger sheds will use a 16
      millimetre steel cord wire rope which has been pre-stretched to 11,000 lbs
      approximately. It should be realized however that other types of rope may
      be employed. Also it should be realized that a person skilled in the art
      will readily visualize that a flexible belt or the like could be used
      instead of a wire rope. It is most desirable however for reliability to
      use any such rope or belt after it has been prestretched in accordance
      with the manufacturer's ratings. The diameter of the driving capstan 30
      will depend upon the manufacturer's rating for the wire rope with which
      the capstan is to be employed in use. A person skilled in the art however,
      would have little difficulty in deciding upon a suitable diameter bearing
      in mind the ratings of the motor 26 and the gear box or the like 28 and
      also the relative diameter of the capstan 30 to the guides attached
      underneath the annular platform.
PAR  The wire rope passes from said capstan 30 around the guide means. In a
      smaller rotatable platform the rope 31 will be passed around the capstan
      up to about 5 times and around the guide means 3 times. The path shown in
      FIG. 4 shows the rope passed around the guide means once. It should be
      realized however that any additional circuits of said rope around said
      guide means would not need to pass around the capstan 30 or through the
      rope tensioning means 32 associated with the rope adjacent said guide
      means. FIG. 4 shows the path of such windings that do not go to the
      capstan or the tensioning means 32 as a dotted line marked 31 with a
      dotted connecting line. The drive mechanism as previously described
      depends upon frictional contact between guide means and the rope 31. For
      this reason it is essential that the rope be kept under the required
      tension to ensure the maximum frictional contact. To this end, output and
      input tensioning means are associated with said driving capstan 30. In the
      preferred form of the present invention automatic tensioners 33 and 34 are
      mounted pivotally from the mounting of said capstan or some other member
      associated therewith and are each biassed so as to bear against the rope
      31 as it passes nearby. The automatic tensioning means incorporates sheave
      members to bear against the rope. The required tension is obtained by
      employing a spring member or other suitable biassing means having the
      desired rating, for example a spring of 150 foot pounds force. It is not
      essential in understanding the present invention to fully describe how
      such automatic tensioning means are constructed, however a perusal of FIG.
      3 shows the output sheave mounted on a channel member 29 pivotted at that
      end remote from said sheave to a mounting of said capstan 30. A spring
      mechanism (not shown) would then bear at an angle against the pivotted
      member in order to force said sheave against said rope 31 as required. The
      arrangement of the other automatic tensioning means viz. 34 would be
      somewhat similar.
PAR  The tensioning means 32 comprises a plurality of sheaves mounted on a base
      plate or the like. These members would be adjustable in order to take up
      any slack in the rope 31. The tensioning shown in FIG. 4 could be improved
      upon in order to enhance the rope life, i.e. the tensioning throughout
      could be arranged so that the rope is always twisted in a single
      direction.
PAR  The guide means shown in FIG. 4 is located between the inner periphery 35
      and the outer periphery 36 of the platform, and preferably comprises
      guiding channel member 37 in addition to guiding blocks 38. A person
      skilled in the art would readily visualize how the various arrangements
      would be set out in order to ensure the best use of the apparatus. The
      channel members 37 are preferably disposed intermittently around said
      annular platform so that a substantially constant amount of contact
      between said rope 31 and a said channel member 37 occurs, no matter at
      what stage said platform has reached during its rotation.
PAR  Various safety mechanisms will be provided, i.e. the clutch 27 could be
      used as a brake having various controls associated therewith which will be
      described in more detail later.
PAR  It is interesting to note that a great deal of torque is necessary to
      initiate the starting up of each intermittent movement of a platform of
      the type hereindescribed. This torque loading is the starting torque which
      recurs frequently during a milking period. For an 18 to 20 cow unit the
      torque loading is approximately 448 foot lbs force, while for a 28 cow
      unit and for a 50 cow unit the torque loading is increased to 780 and 1100
      foot lbs force respectively. These loadings clearly indicate the tensions
      and the like and the strength for various materials that would be
      necessary to ensure the reliability of operation which is a prime
      requirement bearing in mind the fact that if one milking is missed, milk
      production for the whole year may be decreased by 5 percent or a figure of
      that significance.
PAR  Already, it has been found that the use of an annular milking platform
      whereby cows move forwardly onto and forwardly off the platform is far
      faster than having to train cows to back out or move sideways off a
      platform. A suitable platform which embodies this advantage has been
      described. However, it will be clear that some controls must be provided
      whereby the intermittent movement of the rotatable platform is controlled
      so that no cow is crushed between for example a bail defining member 15
      and an edge of the inner peripheral barrier 23. This feature of the
      present invention will now be described. It is fitting to note at this
      point that the intermittent nature of the movement of the preferred form
      of the present invention enhances the milk flow as the cows have been
      found to be more relaxed bearing in mind the movement that occurs on such
      an intermittent platform. Also, the use of an intermittent platform
      whereby the platform is stationary when a cow is to make a movement on or
      off the platform indicates to the cow when a movement should be initiated.
      This leads to marked increases in the rates at which movements occur on or
      off the platform over comparitive continuously moving platform. However,
      there is a tendency where an intermittently moving platform is used to set
      the period between movements sufficiently long to enable almost all cows
      to move. For this reason, the present invention has been devised so that a
      minimum period or the like can be provided to enable a cow to move with a
      safeguard such that if complete movement has not occurred the platform
      will not move until such a time as the cow is no longer obstructing the
      easy movement of the platform. The present invention preferably makes no
      allowance for a cow that does not wish to leave the platform. Where such a
      cow repeatedly refuses to leave the platform when it has had several
      opportunities to do so an operator could use an over-riding control and
      manually force the cow from the platform. However, in use it is found that
      cows are generally willing to co-operate after an initial training period.
PAR  The present invention has a photo-electric sensing device located parallel
      or substantially parallel to the inner periphery 35 at the top of the
      egress ramp 20 and another substantially parallel to the outer periphery
      36 in the access way 17. Such photo-electric sensing mechanisms or
      alternatively pressure sensitive foot plates or the like would determine
      when the cow is spanning a periphery of said platform and is likely to
      cause an obstruction to the easy movement of the platform. Depending upon
      the various members that are disposed about and on the platform the
      sensing mechanisms could be varied in order to ensure the best use
      thereof.
PAR  In the preferred form the clutch 27 would be manipulated by various control
      signals. The control signals would be dependent upon a timing circuit
      which intermittently moves said platform 1. Movements between milking
      stations would occur at a constant rate because the motor 26 is operating
      at a constant speed in the preferred form of the invention. These
      actuating signals can be of two types, (1) a signal from the timer circuit
      or the like after the elapsing of a minimum base period sufficient to
      provide at least a minimum period of time for a cow to move on to or move
      off the platform and, (2) a signal from an over-riding circuit actuable by
      said sensing mechanism which prevents the movement of said platform after
      the elapsing of said base period until such time as a cow obstructing the
      easy movement of said platform is no longer causing an obstruction
      whereupon immediate movement occurs.
PAR  FIG. 1 shows photo-electric sensors 39 guarding the entrance to a milking
      station and photo-electric sensors 40 guarding the exit from milking
      station 19. A control panel 41 is positioned in a walkway 42 surrounding
      the rotary platform at a convenient position for the operator. The control
      panel includes a variable timer unit 43 and a push button 44 for manual
      operation. A mechanical operated de-activating switch 45 actuated by
      movement of the platform is preferably incorporated to ensure the
      photo-electric elements 39 and 40 cannot interrupt the drive cycle once it
      is initiated.
PAR  Using a control means according to the present invention, it is possible
      for the operator to vary the base delay period in the cycle of operations
      by adjusting control knob 43. For example the platform may be stopped for
      a base period of 6 to 7 seconds or up to a time of half a minute or more.
      For normal operation the delay would be varied between 7 and 15 seconds.
      The actual drive time during which the platform is moved one milking
      station space would again depend to some extent on the drive means used
      but would ordinarily be between 5 and 7 seconds, and this drive time would
      not be varied whenever the base time is varied. By using this control the
      operator can select the speed of operation most convenient at the
      particular time. For example two operators may be available for a period
      and accordingly the rate of operation can then be considerably increased.
      Similarly for any reason should one of a plurality of operators have to
      leave the rate of operation can be reduced accordingly to allow the
      remaining operator or operators to cope during that period.
PAR  The rate selected can reduce the time delay to an absolute minimum because
      of the control circuit of the present invention. The sensors 40 and 39
      guarding the exit and entrance respectively allow the time which the
      platform is at rest to be varied beyond the base time period delay
      selected, depending upon the time taken for the cows to change, but for an
      absolute minimum time outside the base period. Hence for example, if a
      base period of 8 seconds was selected, at the end of that time the timer
      unit would cause the switch actuated thereby to close and provided there
      was no obstruction in the sensors 39 and 40 the clutch 27 would operate.
      Should however the sensors detect an obstruction in either of the sensors
      operation would be held up until the obstruction was cleared at which
      stage the clutch would immediately be engaged and the drive commence.
PAR  In this way the speed of the operation of the platform is increased and an
      18 cow platform has a capacity considerably above that of a platform
      having a comparable size without the control mechanism. Also the means of
      drive and the means by which the animal is discharged from the platform
      ensures a considerable saving of time.
PAR  No mention will be made herein of how various mechanical servicing
      appliances could be disposed about the annular platform for example, udder
      cleaners, stimulators and dryer, cup attaching devices and cup detaching
      devices.
PAR  Only the preferred rope drive has been disclosed. It should be realized
      however that many other types of intermittent movement drives could be
      used. For example, pneumatic or hydraulic rams which actuate the various
      detents or the like in said platform, or for example a series of actuable
      drive wheels, cogs or the like could be used. The use of the rope and
      capstan however allows the platform to be reversed as a manual reversing
      switch can be engaged which will cause the cow loaded on a stall 18 to be
      reversed so that it is ready to be discharged down the ramp 20, if for any
      reason there are dry cows which are not to be milked with the herd.
PAR  A person skilled in the art will readily visualize the many different types
      of circuitry or the like that could be used in order to provide an annular
      platform embodying the spirit of the present invention. It should be noted
      however, that a milking system in accordance with the present invention
      provides one of the most efficient milking systems available bearing in
      mind the number of cups and operators to be used with a particular number
      of cows.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a milking system for cows which includes a rotatable substantially
      annular platform having means for locating cows at various milking
      stations thereon, means for intermittently rotating and thus advancing
      sequentially said milking stations on said platform to various positions
      disposed around the rotational axis of said platform, access means for a
      cow to be milked to enter onto said platform into a milking station at a
      certain rotational position while said platform is stationary any such
      access being over the outer periphery of said substantial annular
      platform, and egressing means for allowing a cow that has been through a
      milking cycle to depart from said platform while stationary by passing
      over the inner periphery of said substantial annular platform from whence
      is may subsequently pass under a portion of said platform,
PAR  the combination with said system of:
PA1  a. means for automatically advancing said rotatable platform from a first
      stationary position to a second stationary position with the result that
      milking stations are moved to a position occupied previously by a
      neighbouring milking station, said automatic advancement occuring after
      the elapsing of a predetermined base period which has been preselected to
      allow at least a minimum period of time for an unmilked cow and a milked
      cow to enter onto and to depart from said platform respectively,
PA1  b. means for automatically detecting when a cow over said platform is
      causing an obstruction to rotation of said platform by spanning a
      periphery thereof and,
PA1  c. means actuable at the control of the means for automatically detecting
      obstructions capable of over-riding said means for automatically advancing
      said platform when an obstruction is detected with the result that if
      after the elasping of said base period an obstruction is detected, no
      automatic rotation of the platform will occur until such time as said
      means for automatically detecting an obstruction no longer detects an
      obstructing cow whereupon said platform is automatically advanceable
      immediately by said means for automatically advancing.
NUM  2.
PAR  2. A combination of claim 1 wherein each said milking station has a single
      set of cups and is adapted to contain one cow only.
NUM  3.
PAR  3. A combination of claim 1 wherein each said milking station includes a
      plurality of cups and is adapted to locate on said platform a plurality of
      cows corresponding to the number of sets of cups.
NUM  4.
PAR  4. A combination as claimed in claim 1 wherein said means for automatically
      detecting when a cow over the platform is causing an obstruction to
      rotation of said platform by spanning a periphery thereof, includes a
      photo electric sensing mechanism interruptible operatively by a cow
      causing such an obstruction.
NUM  5.
PAR  5. A combination of claim 1 wherein manual over-riding controls are
      provided capable of instantaneously starting and stopping the rotation of
      said platform.
NUM  6.
PAR  6. A combination of claim 1 wherein a cow when located for milking in a
      milking station has its rear facing outwardly from the rotational axis of
      said rotatable platform.
NUM  7.
PAR  7. A combination as claimed in claim 1 wherein said substantially annular
      platform is rotatably located using a plurality of flanged wheels which
      engage with a circular rail which is located underneath said platform.
NUM  8.
PAR  8. A combination of claim 1 wherein said means actuable at the control of
      the means for automatically detecting obstructions includes an electronic
      circuit having the required switching characteristics.
NUM  9.
PAR  9. A combination of claim 1 wherein said means for intermittently rotating
      said substantially annular platform includes an endless driving rope which
      is frictionally engageable with guides located underneath the said
      substantially annular platform which are substantially concentric with the
      rotational axis thereof.
NUM  10.
PAR  10. A combination of claim 1 wherein said predetermined base period may be
      adjusted manually by an operator without affecting the rate at which said
      rotatable platform is rotated between said first and second stationary
      positions.
NUM  11.
PAR  11. Means for automatically advancing intermittently a rotatable
      substantially annular milking platform having a plurality of milking
      stations thereon, said means comprising:
PA1  guide means, which include a plurality of guiding members mounted
      underneath said substantially annular platform in a manner such that they
      are disposed substantially concentrically about the rotational axis of
      said platform,
PA1  an endless driving rope frictionally engaged with said guide means,
PA1  a capstan actuable to drive said endless driving rope thereby in turn
      causing the substantially annular platform to rotate by virtue of the
      frictional engagement between said rope and said guide means,
PA1  and means to actuate said capstan, said means including a timing mechanism
      which automatically prevents the actuation of said capstan until after the
      elapsing of a predetermined base period, and,
PA1  means for automatically detecting an obstruction likely to prevent the easy
      rotation of said platform and preventing the actuation of said means for
      automatically advancing said platform until such time as said obstruction
      is no longer likely to prevent the easy rotation of said platform.
NUM  12.
PAR  12. A method of controlling the entrance and departure of cows on to an
      intermittently rotatable substantially annular milking platform which has
      means for admitting a cow over the outer periphery of said substantially
      annular platform while said platform is stationary and means to allow the
      exit of a milked cow over the inner periphery of said platform whilst the
      platform is stationary from whence the cow may then pass underneath a
      portion of said platform, said method including the steps of;
PA1  a. providing an automatic advancing control for said rotatable platform so
      that said rotatable platform is moved from a first stationary position to
      a second stationary position after the elapsing of a preselected base
      period which gives at least a minimum period of time sufficient for a cow
      to clear either periphery of said platform,
PA1  b. providing means for automatically detecting when a cow over said
      platform is causing an obstruction to rotation of said platform by
      spanning a periphery thereof and,
PA1  c. providing an automatic over-riding control actuable by said means for
      automatically detecting an obstructing cow which will prevent the
      automatic advancement of said platform until such time as such an
      obstruction to rotation of said platform ceases whereupon immediately
      movement of said platform occurs.
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ABST
PAL  An animal shelter suitable for protecting a pet from loud and/or sudden
      external noises. The shelter comprises preferably a bag-like housing
      having at least one entrance and/or exit opening and is constructed of at
      least one sound absorbing layer and one sound barrier layer of flexible,
      non-rigid material. The preferred wall structure for the shelter consists
      of a flexible outer bag member of pliable, weather-resistant vinyl, an
      intermediate layer of sound and heat insulating material such as a natural
      or synthetic fibrous product, and an inner layer of fabric or leaded
      vinyl. The shelter is provided with means for attachment to a rigid base
      member to facilitate entrance and exit by the animal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an animal shelter and more especially to
      an animal shelter which is suitable for protecting a domestic pet such as
      a dog from loud and/or sudden external noises such as percussion noises or
      explosions.
PAR  A great many common household pets, and particularly many breeds of dogs,
      are extremely sensitive to any loud or sudden noises which may occur in
      the animal's environment. The noises from which the animal shelter
      according to the present invention is designed to protect a pet may arise
      from any number of sources, and this number is constantly growing in our
      modern technologically oriented society wherein the problem of noise
      pollution becomes ever more serious each year. For example, noises which
      arise from outside the home include noises from vehicular traffic,
      construction work and the like, whereas noises arising within the home may
      range from any of today's noise-generating appliances to the slamming of
      doors and even to noisy children. Other special circumstances can also be
      envisioned where the animal shelter according to the present invention
      would find utility such as, for example, a hunting or other environment
      wherein the sound of gunfire must be tolerated, or the especially
      sensitive profession where highly bred dogs are shown and otherwise placed
      in competition.
PAR  Pet shelters constructed in the form of a covered dog bed have been
      proposed in the past, but these designs have had a number of
      disadvantageous features. For example, U.S. Pat. No. 1,879,473 discloses a
      thin, flexible blanket which is attached to a rigid base having a single
      door frame. The shelter does not provide complete protection of the pet
      from external noises and cold, and it requires that the pet turn around
      once inside the shelter in order to find his way out. U.S. Pat. No.
      2,775,222 discloses a dog bed which has a blanket comprising two sheets of
      flexible material with insulating material therebetween attached to a
      pillow and a spring-closable opening for entrance and exit. The
      disadvantages of this dog bed are readily apparent. The opening defined by
      the spring is very limited in size, thereby making it very difficult for
      the dog to enter and leave the shelter. In addition, the bed in use would
      be difficult to manage due to the tendency of the bed to move when the dog
      is trying to enter the same. The bed of this patent has no base member as
      such, other than the pillow which is of the same external dimensions as
      the blanket. A number of improvements in the dog beds shown in the art
      have been proposed by applicant in her U.S. patent application Ser. No.
      339,372. The subject of the present invention comprises even further
      useful and novel improvements in pet shelters of the same general kind
      shown in the aforementioned U.S. application.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an animal
      shelter which can be used to suitably house a variety of domestic pets and
      at the same time provide protection for these pets from loud and/or
      startling noises which occur in the pet's environment.
PAR  Another object of the present invention resides in providing an animal
      shelter which is of extremely simple construction and is formed of
      lightweight materials.
PAR  It is yet another object of the present invention to provide an animal
      shelter, particularly for dogs, wherein the shelter can be employed either
      as a stationary fixture or an easily portable device.
PAR  A further object of the present invention is to provide an animal shelter
      in which an untrained pet can enter into and exit from with a minimum of
      effort.
PAR  Still another object of the present invention is to provide an animal
      shelter which combines the effects of both sound and heat insulation.
PAR  In accomplishing the foregoing objects, there has been provided according
      to the present invention an animal shelter suitable for protecting the
      occupant from loud and/or sudden external noises which comprises a housing
      member having an integral outside surface layer, and contiguous to this
      outside surface layer, at least one sound absorbing layer and at least one
      sound barrier layer. The housing member is preferably formed of a
      flexible, non-rigid material and in the form of a bag or pouch having at
      least an entrance and/or exit opening. Outside the housing, provision is
      made for removable attachment to a solid base member of rubber or the
      like. The housing member preferably has a heat insulating substance in
      addition to the sound barrier and sound absorbing material.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the detailed description of the invention which follows when
      taken together with the application drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE APPLICATION DRAWINGS
PAR  FIG. 1 is a vertical longitudinal sectional view of the animal shelter
      according to the present invention illustrating a preferred construction
      of the structure;
PAR  FIG. 2 is a vertical longitudinal sectional view illustrating an
      alternative embodiment having an elasticized exit opening;
PAR  FIG. 3 is top view of the exit opening embodiment of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, wherein like numbered parts are referred to
      by like numerals, in FIG. 1 is illustrated an animal shelter in accordance
      with the present invention designated generally by reference numeral 60.
      The preferred shelter consists of flexible, bag-shaped housing 62 resting
      upon and secured to a base member 68. The bag member is itself formed from
      a pliable, weather-resistant layer 63 of vinyl material as its outside
      layer, an intermediate layer 64 of sound and heat insulating material such
      as a natural or synthetic fibrous product, e.g., dacron, wool, etc., and
      an inside layer 65 of fabric, leaded vinyl or the like which serves both
      to confine the intermediate layer 64 and also to act as a sound barrier
      layer. Bag 62 is secured at its extremities, by means of nails 66, to base
      member 68 which is constructed preferably of wood. To permit entrance of a
      pet, the open ends of bag 62 are held permanently open by means of
      upstanding frames 70 which are also secured to base 68. An extending
      portion 72 of base 68 is provided in front of the bag opening for the
      purpose of stabilizing the entire bag when a pet is in the process of
      entering or leaving the shelter. An intermediate layer 69 of cushioning
      and/or insulating material may also be provided between base 68 and the
      bottom wall of bag 62.
PAR  In FIGS. 2 and 3 is illustrated another possible configuration for one of
      the openings. One open end of bag member 62 is provided with an elastic
      member 50 which extends across the width of the pet shelter, and around it
      is folded the outside layer 63 of the bag member. If desired, the inside
      layer 65 may extend under the elastic member as shown in FIG. 2 and the
      layers of elastic and fabric may be sewn or cemented to hold them securely
      together. FIG. 3 illustrates a top view of the embodiment of FIG. 2.
      Elastic members 50 extends beyond the edges of bag member 62 and on each
      side of the shelter is folded downwardly and fastened by a nail 66 to the
      edge of base 68. Thus, the opening is biased in the closed position by
      elastic member 50, but is easily opened by lifting the top layered
      assembling of the bag member to stretch the elastic member. It is intended
      that when the elasticized opening of FIGS. 2 and 3 is provided at one end
      of the pet shelter, a second opening as shown in FIG. 1 is provided at the
      opposite end. In operation, the pet enters through the opening which is
      supported in open position by frame member 70 and exits through the
      elasticized opening by nosing its way out under the elastic member.
      Whether the shelter is provided with two openings held in a permanently
      open position, as shown in FIG. 1, or whether one opening is permanently
      open and the other is biased in a generally closed position, it will be
      seen that in no case must the pet turn around inside the shelter in order
      to exit easily. Therefore, the shelter can be constructed relatively
      narrow in width.
PAR  While the present invention has been described with reference to preferred
      embodiments thereof, it is apparent that other embodiments utilizing the
      inventive concepts of the present invention will be readily perceivable by
      those of ordinary skill in the art. For example, additional layers of
      sound insulating material might be employed in constructing the bag member
      or a freely swingable door might be provided at one or both of the
      openings supported by frame member 70 so as to further isolate the pet
      from external noises. Accordingly, it is to be understood that the
      concepts of the present invention are not to be limited except by the
      following claims.
CLMS
STM   I claim:
NUM  1.
PAR  1. An animal shelter suitable for protecting the occupant from loud and/or
      sudden external noises, comprising a housing member having a solid
      integral outside surface layer, and contiguous thereto at least one sound
      absorbing layer and at least one sound barrier layer, said housing member
      comprising a non-rigid bag-like member having more than one opening and
      being rigidly attached to a base member a portion of which extends
      laterally from said housing member to form a threshold entrance area to
      said housing, and rigidifying means associated with said housing member in
      the region of at least one of said openings for maintaining such housing
      member permanently open for entrance to and exit from said shelter, said
      rigidifying means comprising a rigid frame attached to said base member
      and extending vertically therefrom for supporting the open end of said
      bag-like member and holding said member open, said rigid frame defining an
      opening aligned with said opening in said housing member, said opening in
      said frame being sufficiently large to permit substantially unrestricted
      movement of said animal to and from said shelter.
NUM  2.
PAR  2. An animal shelter according to claim 1, wherein said sound absorbing
      layer comprises a heat insulating material.
NUM  3.
PAR  3. An animal shelter according to claim 1, wherein one of said openings in
      said housing member has resilient biasing means for biasing said opening
      into closed position.
NUM  4.
PAR  4. An animal shelter according to claim 3, wherein said resilient biasing
      means comprises an elastic member.
NUM  5.
PAR  5. An animal shelter according to claim 1 wherein there are two openings in
      said bag-like member, one at each end of the shelter, said openings being
      aligned with openings defined by a rigid frame at each said end, said
      forms being rigidly attached to base.
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ABST
PAL  In a combined cycle power plant, gas turbine exhaust gas is passed through
      a heat recovery steam generator (HRSG) wherein it may be reheated upstream
      from a boiler tube section prior to passing through the boiler tube
      section in a non-contact heat exchange relation with a feedwater supply to
      produce steam for driving a steam turbine. A plurality of air-atomized,
      liquid fuel wall burners are utilized, each in combination with a
      "vee"-shaped flameholder to heat the gas turbine exhaust gas. Each wall
      burner may be disposed in a recessed opening in the HRSG duct wall and
      each wall burner has a nozzle portion which may be directed upstream
      relative to the exhaust gas flow. Each flameholder is approximately
      parallel to its respective wall burner nozzle axis having one end fixed to
      the duct wall, upstream from the nozzle axis, and a free end disposed
      within the HRSG duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to combined cycle power plants; and, in
      particular, this invention is directed to a means for raising gas turbine
      exhaust gas temperatures in a heat recovery steam generator upstream from
      a steam generating boiler tube section.
PAR  One application of the present invention is found in a heat recovery steam
      generator (HRSG) of a combined cycle power plant wherein gas turbine hot
      exhaust gases are passed through a duct containing a boiler tube section
      whereby a heat transfer is effected between the hot exhaust gases and the
      fluid in the boiler tube section to produce steam for driving a steam
      turbine. Moreover, it is sometimes desirable to raise the temperature of
      the hot exhaust gas, either intermittently or continuously, upstream from
      the boiler tube section in which case the HRSG is referred to as being
      "fired". One prior art means for firing an HRSG is a grid burner of the
      type shown in U.S. Pat. No. 3,830,620 to Frederick J. Martin, issued Aug.
      20, 1974. In general, a grid burner includes a network of fuel supplied
      pipes which are disposed within and across the cross-sectional area of the
      HRSG duct. Each pipe includes a plurality of fuel outlet ports on the
      downstream circumference of the pipe. In a grid burner, fuel is delivered
      through the grid pipes and ignited at the outlet ports on the downstream
      circumference of the pipe by pilot burners which are mounted transversely
      and adjacent to the grid pipes downstream therefrom.
PAR  One limitation inherent in the grid burner system is the possibility that
      the fuel pipes in the grid burners may become plugged. This is because
      temperature affects fuel viscosity and the fuel pipes are disposed in the
      HRSG duct which is subject to wide temperature variations dependent upon
      gas turbine operating conditions. Solutions to this problem are available
      in the form of purging means and/or insulation means for the fuel pipes;
      and, limiting the fuel used to distillate oils or natural gas. In the
      event that fuel pipe clogging should occur, maintenance requires access to
      the HRSG duct or, in the alternative, a solution such as that shown in
      U.S. Pat. No. 3,843,309 to Lambiris, issued Oct. 22, 1974 wherein the fuel
      pipe is removable from the burner pipe.
PAR  According to the present invention, the disadvantages of the grid burner
      system are obviated by providing a wall burner system for heating gas
      turbine exhaust gases whereby all fuel delivery means are disposed outside
      the HRSG duct. The wall burners are provided in combination with
      flameholders which are disposed within the HRSG duct but the flameholders
      do not contain any fuel delivery pipes and therefore are not susceptible
      to fuel pipe clogging. Moreover, the wall burners may be operable on
      relatively inexpensive residual fuel oils. The wall burners may be
      directed upstream into the exhaust gas flow and each wall burner includes
      an associated vee-shaped flameholder which may also be directed upstream
      into the exhaust gas flow approximately parallel to the burner axis.
      Ignition occurs within the wall burner and the flameholder attracts the
      emitted flame along the flameholder length thereby preventing the flames
      from being lifted downstream to the boiler tube section by the turbine
      exhaust gas flow. The directing of the wall burner upstream into the
      exhaust gas flow allows the flame length to be maximized across the HRSG
      duct. Moreover, a shorter duct is required between the combustion section
      and the boiler tube section since the flames are directed away from the
      boiler tubes.
PAR  It is one object of the present invention to provide a means for firing an
      HRSG which obviates the occurrence of fuel pipe clogging.
PAR  It is another object of the present invention to provide a means for firing
      an HRSG which may be operated on residual fuels.
PAR  It is another object of the present invention to provide a means for firing
      an HRSG which is more economical to construct, operate and maintain than
      prior art devices.
PAR  The novel features believed characteristic of the present invention are set
      forth in the appended claims. The invention itself, however, together with
      further objects and advantages thereof, may best be understood with
      reference to the following description taken in connection with the
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of an HRSG including gas turbine and steam
      turbine fluid connections.
PAR  FIG. 2 is an elevation cross-section of an HRSG combustion section with the
      present invention incorporated therein.
PAR  FIG. 3 is a plan cross section of an HRSG combustion section looking
      upstream into the exhaust gas flow.
PAR  FIG. 4 is a cross-section view of a flameholder.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a heat recovery steam generator 11 of the type which is used
      in combined cycle power plants. At one end, a gas turbine (not shown)
      provides hot exhaust gas into an exhaust gas inlet 13. The exhaust gas
      flow may be divided between a main HRSG stack 15 and a bypass stack 17 in
      proportions determined by an isolation damper 19 and a bypass damper 21.
      The desired proportion of gas to the HRSG stack will depend upon the gas
      turbine exhaust temperature and flow volume; and, the steam turbine (not
      shown) operating demands. The exhaust gas passing through the isolation
      damper into the HRSG stack is channeled through a combustion section 25
      where it is heated according to the present invention. The combustion
      section may be fired continuously or intermittently. Heated gas is then
      passed through a lower transition duct 27 to a boiler section 29.
PAR  The boiler section may be comprised of an economizer, an evaporator and a
      superheater with the economizer receiving feedwater and the superheater
      being connected to a steam header which, in turn, is connected to a steam
      turbine (not shown). The heated gas turbine exhaust gas is passed in a
      non-contact heat transfer relation with the feedwater to provide steam for
      a steam turbine (not shown). Also, a steam evaporator drum 31 and
      recirculation pump 33 are provided in conjunction with the boiler tube
      section. The foregoing is a general description of one environment in
      which the present invention may be advantageously employed.
PAR  Referring now to FIGS. 2 and 3, which are respectively elevation and plan
      cross-sections of the combustion section 25, it is apparent that the
      combustion section may be a rectangular duct 41, through which gas turbine
      exhaust gases are channeled. In one embodiment, the shorter sidewalls of
      the duct are formed with recessed opposite openings 43 for accommodating a
      plurality of opposite wall burners 45. The wall burners may be
      air-atomized, liquid fuel wall burners, each burner including a liquid
      fuel supply manifold 47 and an atomizing air supply manifold 49. According
      to the present invention, each wall burner is used in combination with a
      vee-shaped flameholder 51. Each wall burner has a nozzle axial centerline
      53 which may be directed upstream into the exhaust gas at an angle .alpha.
      from a horizontal plane normal to the direction of the exhaust gas flow.
      Each flameholder may also be directed upstream into the exhaust gas flow
      approximately parallel to its respective burner axial centerline and hence
      at an angle approximately equal to .alpha. with respect to a plane normal
      to the direction of the exhaust gas flow. The upstream orientation of the
      wall burner centerline and the flameholder effects at least two important
      results. One result is that the flameholder length and therefore the flame
      length is maximized because, in effect, the flameholder is the hypotenuse
      of a right triangle, the other two legs being a horizontal line normal to
      the exhaust gas flow and a vertical line connecting the horizontal line
      and the free end of the flameholder. The other result is that since the
      burner and flameholder are directed away from the boiler tube section,
      then the length of the lower transition duct 27 may be minimized (FIG. 1).
      The angle .alpha. may generally be any convenient angle between 0.degree.
      and 45.degree., although the present invention is not limited to this
      range.
PAR  The burners are air-atomized, liquid fuel burners capable of operating on
      residual fuels. One example of such a burner is a "Gasiform" burner
      obtainable from Voorheis Industries Inc. of Caldwell, N.J. In the Gasiform
      burners, oil and air are mixed in an inner chamber 55 and ignited by a gas
      or oil igniter (not shown) contained within each wall burner. After
      ignition, the combustion products including flame and unburned fuel and
      air are directed through the burner throat 57 upstream into the exhaust
      gas flow along the flameholder length.
PAR  Each flameholder 51 is an elongated vee-shaped trough attached at one end
      to the burner wall by means of pin 59 and bracket 61. The free end of each
      flameholder is movably supported by a bracket 63 attached to a pipe
      support fixture 65 extending across the combustion section duct.
PAR  Referring to FIG. 4, each flameholder functions to attract the combustion
      products from its respective wall burner by providing a low-pressure
      trough upstream from the wall burner. Moreover, each flameholder must
      provide sufficient primary air to support combustion of burned combustion
      products along the length of the flameholder. Pupsuant to these
      requirements each flameholder comprises a main support beam configuration
      comprising an angle 73 running the entire length of the flameholder and
      reinforced by a flat bar rib 71, also along its length. A plurality of
      radiation shields 75 are mounted across the open vee of the angle to
      reflect heat from the wall burner flame. The underside of each radiation
      shield is cooled by the relatively cool gas turbine exhaust gas through a
      plurality of cooling holes 77 along the length of the angle 73.
PAR  A plurality of divergent inner wings 85, outer wings 87, and brackets 79
      are attached along the length of the angle 73 and rib 71 to comprise the
      flameholder. Each bracket is formed with an inner and outer seat, 81 and
      83 respectively to accommodate the inner and outer wing 85 and 87
      respectively. The inner and outer wings in combination with the radiation
      shields define the vee-shaped trough. The inner and outer wings are each
      formed with primary air holes 89 and 91 respectively along the entire
      length of the flameholder. As is shown in FIG. 3, the primary air holes in
      inner and outer wings are staggered relative to one another. An inner gap
      93 is defined between the inner wing and the angle member 73 and an outer
      gap 95 is defined between the outer wing and inner wing to further cool
      the flameholder.
PAR  Referring to FIGS. 2 and 3, each flameholder may also include a flameholder
      extension 97 interposed between the flameholder and the burner wall. The
      flameholder extension may be formed from a wire mesh screen and is
      positioned adjacent to and immediately upstream from the burner throat 57.
      The flameholder extension acts as a baffle between the wall and the
      flameholder to reduce the velocity of exhaust gases flowing between the
      wall and the flameholder thereby contributing to the stability of the
      burner flame.
PAR  The performance of the invention as practiced in one embodiment may be
      described as follows. Gas turbine exhaust gas at 860.degree. entered an
      HRSG combustion section duct at a velocity of 37.4 feet per second. The
      inlet temperature of the exhaust gas into the combustion section could
      vary from 400.degree. to 900.degree.F. The nominal dimension of the
      combustion section duct was 10 feet by 25 feet and a total of six wall
      burners were used in the configuration shown in FIG. 3. The angle .alpha.
      was on the order of 27.degree. from the horizontal plane. The burners
      employed were Voorheis Gasiform wall burners which are operable with
      light-to-heavy fuels including residual oil. Under the aforementioned
      conditions the exhaust gas temperature was raised approximately
      540.degree. to 1400.degree.F.
PAR  While there is shown what is considered, at present, to be the preferred
      embodiment of the invention, it is, of course, understood that various
      other modifications may be made therein. It is intended to claim all such
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a heat exchange apparatus of the type including an exhaust gas inlet
      and an exhaust gas outlet interconnected by a duct; said duct including a
      boiler tube section for passing a fluid in a non-contact heat exchange
      relation with the exhaust gas for raising the temperature of said fluid;
      and, improved combustion means for raising the temperature of said duct
      exhaust gas upstream from said boiler tube section, the improvement
      comprising:
PA1  a. a plurality of wall burners arranged about the perimeter of said duct;
      each wall burner including a nozzle portion having an axial centerline
      directed into said duct;
PA1  b. each wall burner having, associated therewith, a flameholder comprising
      an elongated trough having one end disposed adjacent one duct wall
      upstream from said burner nozzle portion; and, the other end directed
      toward an opposite duct wall; each flameholder being approximately
      parallel to its respective wall burner nozzle axial centerline.
NUM  2.
PAR  2. In a heat recovery steam generator comprising an exhaust gas inlet and
      an exhaust gas outlet interconnected by a duct containing a boiler tube
      section for passing a fluid in a non-contact heat exchange relation with
      said exhaust gas for raising the temperature of said boiler tube fluid;
      means for raising the exhaust gas temperature upstream from said boiler
      tube section comprising:
PA1  a. a combustion section defined by said duct and including a plurality of
      wall burners disposed in at least one duct wall, each wall burner
      including a nozzle portion having an axial centerline directed upstream
      with respect to the exhaust gas flow;
PA1  b. an elongated flameholder associated with each burner, and disposed
      within said duct; each flameholder having one end adjacent said burner
      nozzle and the other end directed toward an opposite duct wall; and, each
      flameholder approximately parallel to its respective burner nozzle portion
      axial centerline and upstream from said wall burner with respect to the
      exhaust gas flow.
NUM  3.
PAR  3. The device recited in claim 2 wherein there are recessed openings in at
      least two opposite duct walls, each opening having a wall burner disposed
      therein.
NUM  4.
PAR  4. The device recited in claim 2 wherein each wall burner is an
      air-atomized, liquid fuel burner and wherein combustion is initiated
      upstream of the burner nozzle with respect to the liquid fuel supply.
NUM  5.
PAR  5. The device recited in claim 2 wherein the combustion section is a
      rectangular duct upstream from said boiler tube section and said wall
      burners are disposed on two opposite walls.
NUM  6.
PAR  6. The device recited in claim 2 wherein each burner nozzle centerline axis
      is at an angle .alpha. with respect to a plane perpendicular to the
      exhaust gas flow.
NUM  7.
PAR  7. The device recited in claim 6 wherein the angle .alpha. is in a range of
      from 0.degree. to 45.degree..
NUM  8.
PAR  8. The device recited in claim 2 wherein each flameholder is substantially
      a vee-shaped trough.
NUM  9.
PAR  9. The device recited in claim 2 wherein each flameholder comprises:
PA1  a. an elongated support comprising an angle and a support rib;
PA1  b. a plurality of bracket pairs attached to said support rib and said angle
      and spaced apart along the length of said flameholder;
PA1  c. inner and outer wings attached to each bracket pair; and
PA1  d. a plurality of radiation shield flat plates attached across the vee of
      said angle and disposed along the length of said flameholder, said plates
      included between said bracket pairs and said inner and outer wings
      defining substantially a vee-shaped trough.
NUM  10.
PAR  10. The device recited in claim 9 wherein each bracket is formed with an
      inner and outer seat for accommodating respectively inner and outer wings
      in a discontinuous, overlapping, substantially parallel relation.
NUM  11.
PAR  11. The device recited in claim 9 wherein the inner and outer wings are
      formed with primary air holes to support combustion along the length of
      said flameholder.
NUM  12.
PAR  12. The device recited in claim 9 wherein cooling gaps are defined between
      the angle and the inner wings; and, wherein cooling gaps are defined
      between the inner and outer wings.
NUM  13.
PAR  13. The device recited in claim 9 wherein the angle includes a plurality of
      cooling holes formed therein for cooling the radiation plates.
NUM  14.
PAR  14. The device recited in claim 9 further including a porous screen element
      between the flameholder end adjacent the duct wall and the burner nozzle.
NUM  15.
PAR  15. In a heat recovery steam generator including an exhaust gas inlet and
      an exhaust gas outlet interconnected by a substantially rectangular duct
      including a boiler tube section for passing a fluid in a non-contact heat
      exchange relation with said exhaust gas for raising the temperature of
      said boiler tube fluid; means for raising the exhaust gas temperature
      upstream from said boiler tube section comprising:
PA1  a. a plurality of recessed openings formed within at least two opposite
      duct walls upstream from said boiler tube section;
PA1  b. a wall burner disposed in each opening having a nozzle portion axial
      centerline directed upstream into the exhaust gas flow;
PA1  c. an elongated flameholder associated with each burner and disposed in
      said duct; each flameholder comprising a substantially vee-shaped trough
      having one end adjacent said burner nozzle and a free opposite end
      extending approximately to the duct centerline; and, each flameholder
      approximately parallel to its respective burner nozzle portion axial
      centerline upstream from the burner with respect to the exhaust gas flow.
NUM  16.
PAR  16. The device recited in claim 15 wherein the burner is an air-atomized,
      liquid fuel wall burner.
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ABST
PAL  A water and room heating unit for extracting heat from combustible
      material. The heating unit includes a firebox chamber formed from a
      plurality of water chambers that are arranged in a U-shape and are
      interconnected by a first network of pipes which also function as grates
      and a second network of heat extracting pipes having radial fins
      projecting therefrom. The firebox includes an air combustion control and a
      flue for extracting heat from the combusted gases to heat the surrounding
      atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to heating unit combustion chambers and,
      more specifically, to a combustion chamber for extracting heat from
      combustible materials to heat water and the surrounding atmosphere.
PAR  2. Description of the Prior Art
PAR  The concept of utilizing a fire chamber having water pipes running through
      the fire chamber to heat water is old in the art. The present invention
      comprises an improvement to these types of water heaters to provide a more
      efficient and effective way for extracting the heat from the combustion
      chamber and for also extracting the heat from the combusted gases to heat
      the surrounding atmosphere. Thus, the present invention provides not only
      a unit for heating water and the like but a unit for heating the
      surrounding atmosphere. That is, the present invention has its ideal
      application for cabins, basements and the like in which an intermittent
      amount of heat is required. The unit comprises a firebox chamber which has
      two networks of pipes and three water jackets surrounding the fire chamber
      and a flue chamber for extracting heat from the combusted gases to heat
      the surrounding atmosphere.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a heating unit having side walls comprised
      of three interconnected water jackets which are formed into a U-shape. A
      first network of pipes connect the bottoms of two of the water jackets to
      one another and also functions as a set of grates. A second network of
      pipes having radial fins projecting therefrom and alternately spaced
      therein connect the tops of two of the water jackets to one another.
      Located on the flue pipe of the combustion chamber is a heat extractor for
      removing heat from the flue gases to heat the surrounding atmosphere. The
      heating unit further includes means for providing combustion air to the
      combustion chamber and means for controlling the amount of combustion air
      entering the combustion chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a pictorial view of my heating unit with the front door open;
PAR  FIG. 2 is a sectional view revealing the alternate spacing of fins on the
      heat extractor pipes;
PAR  FIG. 3 is a partial sectional view of the air inlet; and
PAR  FIG. 4 is a pictorial view of the flue gas heat extractor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, reference numeral 10 generally designates my heating
      unit with door 26 open. The water heater comprises a first side chamber or
      water jacket 11, a second side chamber or water jacket 12 which is
      connected to the first chamber by a back chamber or water jacket 13. These
      three chambers are arranged to form U-shaped, vertical walls of the
      firebox. Projecting vertically outward from the metal water jackets 11, 12
      and 13 are a plurality of vertical spaced ribs 16 which conduct the heat
      from the firebox chamber to the water located in the water jackets 11, 12
      and 13. Typically, the ribs 16 project approximately 1 inch from the water
      jacket which is made of 3/16 inch boiler plate. In the preferred
      embodiment, the ribs are welded to the water jacket and spaced at
      approximately 2 inch intervals.
PAR  Located at the bottom portion of the firebox is a plurality of grates which
      is a network of water pipes that connect first side chamber 11 to second
      side chamber 12. The grates perform a dual function as they act as a fire
      bed as well as transferring heat to the water contained in the pipes.
      Similarly, located at the top of firebox 10 is a plurality of heat
      extractor pipes 15 having spaced, circular heat conducting fins 17 located
      thereon. The heat extractor pipes 15 comprise a network of pipes that are
      spaced parallel to one another from the front of the firebox to the back
      of the firebox. This network of heat extractor pipes connects the first
      side chamber to the second side chamber. Located on each of the heat
      extractor pipes are annular radial fins 17 which are approximately 3 inch
      diameter and parallel spaced along the 1 inch diameter heat extractor
      pipes. In the preferred embodiment the fins are welded to the heat
      extractor pipes and are spaced so that the fins project into the region
      between fins on adjacent heat extractor pipes as shown in FIG. 2.
PAR  Located at the top of firebox 10 is a smoke outlet 20 for discharging the
      combusted gases and an exhaust fan 29. Located at the bottom of firebox 10
      is an ash drawer 21 which has a handle 22 thereon for sliding out to
      remove ashes, etc. and the material that falls through the grates and into
      ash drawer 21.
PAR  A door 26 is hingedly mounted to water jacket 12 by hinges 28. Door 26 is
      provided with a glass section 27 to allow one to look inside the firebox
      without opening door 26. When door 26 is closed the approximate inside
      dimensions of my firebox are vertical 20 inch, horizontal 16 inch and
      depth 30 inch.
PAR  Located in the side of second chamber 10 is a lower cold water inlet 24 and
      a higher hot water outlet 25. Similarly, a cold water inlet and hot water
      outlet can be located on first side chamber 11 or back chamber 13. Spaced
      along the side of firebox 10 are combustion air inlet control devices 30.
      In the preferred embodiment I utilize three air inlet devices on each side
      and one in front and one in back, however, more or less units could be
      used depending on the amount of entering air required. Reference to the
      cross-sectional view of FIG. 3 shows the details of air inlet device 30 to
      comprise a gravity held flapper valve 31 which can be pulled upward by
      creating a lower pressure in firebox 10. To control the amount of air
      entering the firebox, an exhaust fan 29 is connected to the smoke
      collector and outlet 20 to lower the pressure in firebox 10. Lowering the
      pressure in the firebox will open the flappers and allow more fresh air or
      oxygen into the firebox chamber. Conversely, lowering the pressure will
      close the flappers and allow less oxygen into the firebox. In the
      preferred embodiment, the exhaust fan 29 is connected to a thermostat so
      that a greater or lesser pressure will be created in the firebox according
      to the temperature of the water in the water jackets.
PAR  Referring to FIG. 4, reference numeral 40 generally designates my flue gas
      heat extractor which comprises a flue gas inlet 41 that is connected by
      suitable pipes to firebox vent 20. Located below inlet 41 is an ash drawer
      43 that slides out for easy removal of flue ash. After the hot flue gases
      enter inlet 41, the flue gas passes through a parallel network of pipes 45
      which have radial fins projecting therefrom. As the pipes and fins are
      identical to pipes 15, they will not be described in detail. After passing
      through the network of pipes 45, the flue gases enter a plenum chamber 44
      where they are exhausted to outside of the building. The purpose of using
      a set or network of smaller pipes with fins thereon is to capture some of
      the heat in the hot flue gases and use it to heat the room. Thus, it is
      envisioned that my heating unit comprises both a room heater and a water
      heater. As a water heater, the unit heats the water or liquid within the
      firebox network of pipes and water jackets and any excess heat is radiated
      to the room. In addition, a portion of the heat in the flue gases are
      recovered and circulated in the room through the use of the vertically
      extending heat extractor located in the flue. In the preferred embodiment
      I utilize twenty-one 11/4  inch vertical heat extractor pipes which is
      equivalent to slightly over 6 inch round vent pipe.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved water heater and room heater for more efficiently utilizing
      the combustion heat of cumbustible materials and the like comprising a
      firebox having a top and a bottom, said firebox including a first metal
      water chamber, a second metal water chamber, and a third metal water
      chamber arranged to form U-shaped, vertical walls, said first water
      chamber, said second water chamber and said third water chamber each
      having a plurality of solid, metal, elongated, vertically spaced ribs
      projecting therefrom and into the firebox for thereby transmitting the
      heat from the combustion of materials in the firebox to the water located
      in said first water chamber, said second water chamber and said third
      water chamber; a plurality of metal grates for supporting the combustible
      material, said plurality of metal grates connecting said first water
      chamber to said second water chamber, said plurality of grates providing a
      first network for passage of water from said first water chamber to said
      second water chamber, and for extracting heat from the combustion of
      materials in said firebox; a plurality of heat extracting members located
      at the top of the firebox, said heat extracting members including a
      plurality of metal heat extracting pipes having a plurality of radial
      projecting fins located thereon, said radial fins alternately spaced on
      said metal heat extracting pipes, said plurality of heat extracting pipes
      thereby providing a second network for passage of water between said first
      water chamber and said second water chamber, said plurality of radial
      projecting fins coacting with said heat extracting pipes to more
      efficiently extract heat from the combustion of materials in said firebox;
      said first water chamber, said second water chamber, said third water
      chamber, said network of grates and said network of heat extracting pipes
      thereby coacting to provide a firebox that is operable for receiving the
      heat of combustion from the combustible material from at least five
      different sides, a cold water inlet located at the bottom of said water
      chamber and a hot water outlet located at the top of said water chamber,
      said firebox further including means for receiving the combustion ash,
      means for allowing the entrance of combustion air, means for controlling
      the amount of combustion air to the firebox chamber, and means for
      discharging the combusted gases.
NUM  2.
PAR  2. The invention of claim 1 wherein said means for the discharge of
      combusted gas includes a network of flue pipes having radial fins
      projecting therefrom for radiating a portion of the heat from the
      combustion gases to the surrounding atmosphere, said radial fins
      alternately spaced on said network of flue pipes.
PATN
WKU  039345556
SRC  5
APN  4856236
APT  1
ART  344
APD  19740703
TTL  Boiler using combustible fluid
ISD  19760127
NCL  4
ECL  1
EXP  Sprague; Kenneth W.
NDR  3
NFG  6
INVT
NAM  Baumgartner; Henri
CTY  Bernex, Geneva
CNT  CH
INVT
NAM  Meier; John G.
CTY  Geneva
CNT  CH
ASSG
NAM  Battelle Memorial Institute
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730711
APN  10085/73
CLAS
OCL  122225R
XCL  122136R
XCL  431173
EDF  2
ICL  F22B 2500
FSC  122
FSS  134;136;210;223;225
FSC  431
FSS  173
UREF
PNO  2038122
ISD  19360400
NAM  Olsen
OCL  122225
UREF
PNO  2136175
ISD  19381100
NAM  Waudby
OCL  122210
UREF
PNO  2278699
ISD  19420400
NAM  Jorolemon
OCL  122225
UREF
PNO  2370145
ISD  19450200
NAM  Carter
OCL  122136
UREF
PNO  2560076
ISD  19510700
NAM  Bloomer
XCL  431173
UREF
PNO  3048215
ISD  19620800
NAM  Huckabee
XCL  431173
UREF
PNO  3080119
ISD  19530300
NAM  Shutkufski
OCL  237 66
UREF
PNO  3187726
ISD  19650600
NAM  Van Der Meulen
OCL  122149
UREF
PNO  3434660
ISD  19690300
NAM  Brumme et al.
OCL  237 66
UREF
PNO  3676060
ISD  19720700
NAM  Bedetti
XCL  431173
LREP
FR2  Burns; Robert E.
FR2  Lobato; Emmanuel J.
FR2  Adams; Bruce L.
ABST
PAL  A modular boiler having a cylindrical combustion chamber made of three
      modules and a module comprising a cover and a module comprising an
      expansion vessel mounted coaxially on the boiler adjacent the combustion
      chamber at opposite ends thereof. The cover has a frustro-conical
      configuration with the inner walls thereof diverging from an opening in
      the cover toward the interior of the combustion chamber at an angle of
      between 15.degree. and 55.degree.. The combustion chamber is formed of
      three castings that define the cylindrical combustion chamber and six
      axial hot gas flow paths spaced circumferentially from each other and
      disposed axially of and radially of the combustion chamber. Hot gases from
      the downstream end of the combustion chamber are recirculated to the
      upstream end of the combustion chamber to improve the combustion. Hot gas
      is diverted from these hot gas flow paths and flowed spirally of these
      flow paths along axially spaced flow paths immersed in the water circuit
      of the boiler to improve heat transfer. Liquid fuel is fed into the
      combustion chamber from a burner at the opening of the cover. The fuel is
      mixed with air to which a rotation has been imparted about the axis of the
      arrangement and entering the opening of the cover. The cover is jacketed
      and the jacket defines part of the inlet cold water circuit and the heated
      hot water circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to boilers and more particularly to a new and
      improved modular boiler.
PAR  The combustion chamber of a boiler is closed by a cover to which the burner
      is fastened. This cover is formed by a cast iron plate which is generally
      solid. When the gases or the gas-liquid mixture is introduced into the
      combustion chamber with a slight turbulent movement, a dead eddy is formed
      at the corner formed by the sidewall of the chamber and the cover. This
      dead eddy increases the total loss in the head of the boiler and decreases
      the transfer of heat by radiation by forming a screen between the flame
      and the wall of the cover. This is why the cover is generally solid, as
      there is no reason to provide water circulation at this point of the
      combustion chamber.
PAR  The presence of the dead eddy is also harmful to the stability of the flow
      of the gases in the combustion chamber and to the flame itself.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to remedy the drawbacks of the
      aforementioned solutions, at least in part. For this purpose, the present
      invention relates to a fluid fuel boiler comprising a combustion chamber
      formed of sidewalls, a bottom, and a cover which has an opening for a
      burner shaped to impart the mixture introduced into said chamber a
      pre-rotation coaxial to said opening, a water circulation circuit
      surrounding said chamber and connecting a source of cold water to a hot
      water collector, and a burned-gas circulation circuit in contact with the
      water circulation circuit and connecting the combustion chamber to at
      least one exhaust collector. This boiler is characterized by the fact that
      the cover is shaped in such a manner as to form the wall of the chamber,
      gradually flaring out from the opening towards the inside of the chamber,
      forming an angle with the axis thereof of between 15.degree. and
      55.degree., and by the fact that the wall of the cover is hollowed and
      communicates on the one hand with the source of cold water and on the
      other hand with the hot water collector.
PAR  Although in the following description the cover to which the present
      invention more particularly relates is associated with a boiler of a
      specific type which forms the object of other inventions, it should be
      pointed out that this cover may be used with any type of known boiler,
      providing said boilers with the same advantages as those enumerated in the
      following description. It is, for example, obvious that the invention
      applies to boilers which do not have an expansion vessel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing shows, by way of example, one embodiment of the
      boiler forming the object of the present invention.
PAR  FIG. 1 is a sectional view along the section line I--I of FIG. 2.
PAR  FIG. 2 is a sectional view along the section line II--II of FIG. 1.
PAR  FIG. 3 is a sectional view along the section line III--III of FIG. 1.
PAR  FIG. 4 is a sectional view along the section line IV--IV of FIG. 1.
PAR  FIG. 5 is a developed view along the section line V--V of FIG. 2.
PAR  FIG. 6 is a sectional view through a convection duct shown on a larger
      scale, in which the secondary movements of the gaseous mixture have been
      shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The boiler shown in FIG. 1 is a modular boiler which comprises a hollow
      cover 1, a bottom 2, three intermediate elements 3, and an expansion
      vessel 4 fastened to the bottom 2. The cover 1 has an opening 5 adapted to
      receive a burner 6. This opening 5 communicates with a combustion chamber
      7 formed by the inner walls of the cover 1 and of the bottom 2 as well as
      by the central openings 8 provided through each of the intermediate
      elements 3. The inner wall of the cover 1 has a shape whose aerodynamic
      properties have been designed for a purpose which will be explained
      further below.
PAR  The bottom of the boiler, which closes off the combustion chamber 7, gives
      access to six ducts 9 having the shape of annular segments, which are
      concentric to the longitudinal axis of said chamber 7.
PAR  Before describing the boiler in further detail, we shall describe an
      intermediate element 3, with reference to FIG. 2. This element, shown in
      plan view, is of generally annular shape. On this element there can be
      noted the central opening 8 as well as the six ducts 9. The opening 8 and
      the ducts 9 pass through the element 3 which extends between two parallel
      planes perpendicular to the axis of the opening 8. This element is a
      hollow cast iron body produced by casting. The inner space 3a (FIGS. 1 and
      5) of this hollow element communicates with two openings 10 and 11 which
      are diametrically opposite each other with respect to the opening 8 and
      pass through the element 3 parallel to the axis of the central opening 8.
      The opening 10 is connected to the cold water feed circuit while the
      opening 11 is connected to the hot water distribution circuit. Six radial
      segments 12 provided between the ducts 9 connect the body of the element
      3, that is to say the portion located outside the ducts 9, to an inner
      ring 13 which surrounds the central opening 8. These radial segments 12
      and the ring 13 are hollow on the inside so that they communicate with the
      inner space 3a located at the periphery of the ducts 9.
PAR  As shown in FIG. 1, the ring 13 extends over the entire width or length of
      the intermediate element 3 so that these rings 13 are assembled alongside
      of each other. This is not true of the portion of these elements 3 which
      extends along the periphery of the ducts 9. In this portion, the hollow
      space does not extend over the entire width or length of the element, the
      rest of this width or length being occupied by the three ribs 16, 19 and
      20 provided on each of the two faces of the element and intended to form
      convection conduits 17 and 18 between the ducts 9 and the exhaust gas
      collectors 14 and 15 respectively which are diametrically opposite each
      other with respect to the axis of the combustion chamber 7. These
      collectors are closed by covers only some of which, 15', are visible in
      FIG. 1. As can be seen from this figure, the convention conduits 17, 18
      alternate with the inner spaces 3a of the elements 3.
PAR  If one refers again to FIG. 2, it will be noted that the provision of the
      conduits 17 and 18 is obtained by means of two spiral ribs 19 and 20 which
      are 180.degree. apart from each other and extend around a circular rib 16
      forming the periphery wall of the ducts 9. Each of these ducts is
      connected to the conduits 17 or 18 or even to both of these conduits by
      two injection nozzles 21 extending over a portion of the length of the
      conduit, for the purposes which will be explained subsequently.
PAR  From FIGS. 1 and 3 it can be noted that a series of spaces 22, distributed
      over the same circumference, is formed between the cover 1 and the inner
      ring 13 of the modular element 3 adjacent the cover. These spaces 22 cause
      the downstream ends of the ducts 9 to communicate with the combustion
      chamber 7, so as to permit the reinjection of a certain amount of hot
      gases upstream in the combustion chamber and better balance the pressure
      in the ducts 9. The temperature of the burned gases thus becomes more
      uniform in these ducts, so that the heat transfer is better distributed.
      This reinjection favors blue-flame combustion which gives better
      efficiency and is less noisy than yellow-flame combustion.
PAR  This film of gas is thus reinjected along the wall of the chamber 7 in a
      zone which is particularly exposed by virtue of the temperature of the
      flame. As the reinjected gases are not as hot as the flame, they form a
      protective film locally. This is of particular importance when the boiler
      is provided with a cover such as that shown, which, as will be seen
      subsequently, causes the flame to hug the wall of the chamber. In this
      case, particularly if the boiler is powerful and has numerous intermediate
      elements 3, it is advisable that the film of reinjected gas at least
      partially prevent the flame from coming into contact with this wall and
      make it possible to avoid reactions between the flame and the carbon of
      the cast iron of the walls of the combustion chamber.
PAR  Finally, the internal recirculation of the burned gases causes a diluting
      of the gases in the boiler and leads to a reduction in the rate of
      formation of NO.sub.x.
PAR  The bottom 2 of the boiler also has an inner ring 23. The six ducts 9
      having the shape of annular segments, commence between said ring 23 and
      the wall 24 which closes off the chamber 7. Like the other rings 13, the
      ring 23 communicates on the one hand with an opening 10' and on the other
      hand with an opening 11'. These openings are located in the extension of
      the openings 10 and 11 respectively, thus forming a conduit for the
      distribution of cold water to the boiler and a hot water collector
      respectively.
PAR  The bottom 2 also has an annular wall 25 which extends around the wall 24
      and creates a communication with the openings 10' and 11'.
PAR  This annular wall 25 is intended for the attachment of the expansion vessel
      4. This expansion vessel 4 has a wall 26 provided with a small opening 27
      and is fastened in airtight manner to the end of the annular wall 25 thus
      forming, except for the opening 27, a closed space between the walls 24
      and 26. The expansion vessel also has a diaphragm 28 whose edges are
      clamped between the edge of the wall 26 and the edge of a receptacle 29.
      These three elements are assembled on the annular wall 25 by a fastening
      collar 30. A guide ring 31 is fastened to the back of the wall 26,
      concentrically to the sidewall of the receptacle 29, and constitutes a
      guide support when the diaphragm 28 is folded towards the wall 26. This
      expansion vessel 4 also has an opening 32 through the wall of the
      receptacle 29, which serves to introduce a fluid between the diaphragm 28
      and the receptacle in order to exert a certain pressure on the diaphragm
      28.
PAR  The burner 6 is mounted coaxially to the chamber 7. It has a spiral supply
      well 36 fastened in the opening 5 of the cover 1. This well 36 is provided
      with vanes 37 intended to impart a pre-rotation to the jet of recirculated
      gases and air entering the chamber 7, the well being connected to the
      recirculation device for the burnt gases (not shown), which is connected
      to one of the exhaust collectors 14 and 15.
PAR  In operation, the combustion gases produced in the chamber 7 penetrate into
      the six ducts 9 having a shape of annular segments and flow in the
      direction towards the cover 1. As they advance in the ducts 9, the
      combustion gases enter the spiral conduits 17 and 18 via the injection
      nozzles 21 provided through the circular ribs 16. These spiral conduits 17
      and 18 guide the combustion gases towards the exhaust collectors 14 and 15
      respectively. One of the collectors is connected to the stack while the
      other is connected to the burner by a recirculation circuit (not shown).
      As has already been stated, the downstream ends of the channels of the
      ducts 9 communicate with the combustion chamber 7 via spaces 22. Thus a
      part of the combustion gases is reinjected into the combustion chamber
      through the spaces 22. This reinjection, as well as the recirculation of
      the gases in the burner, assures blue-flame combustion.
PAR  Various works have shown the curvature effect of a conduit of a given
      length on the flow of a fluid in said conduit. This curvature effect
      causes secondary movements within the flow in a plane perpendicular to the
      direction of advance of the fluid. The arrows included in the sectional
      view of such a conduit, shown on a larger scale in FIG. 6, indicate the
      path of these secondary movements. Now, these secondary movements greatly
      increase the heat transfer between the fluid and the walls of the conduit.
      They come from the centrifugal effect caused by the curvature, which
      effect is substantial only if the Dean's number of the flow is greater
      than a certain maximum. This maximum is a function of the Prandtl (Pr)
      number of the fluid, given by the ratio of the kinematic viscosity of the
      fluid to the thermal diffusivity of this fluid. The Dean's number is
      defined by the formula:
      ##EQU1##
      in which Re is the Reynolds number of the flow D.sub.H is the hydraulic
      diameter of the duct Rc is the radius of curvature of the duct.
PAR  By way of example, it may be stated that for a gas or a gaseous mixture in
      which Pr is of the order of 0.7, the minimum Dean's number which must be
      present in order for the secondary movements to be substantial is about
      10. If Pr is about 5 (as in the case of water) De min is about 5 and if Pr
      is about 30 (as in the case of a light oil), De min is about 1.
PAR  The presence of injection nozzles 21, located along the inner face of the
      spiral convection conduits, has the effect of locally reinforcing these
      secondary movements by a factor which is a function of the difference
      between the velocities produced by the curvature, along the direction of
      the radius of curvature, and the velocity of injection. It can be said
      that if a flow of gas is injected through the nozzles extending through
      the inner face of the curvature (see FIG. 6) at a velocity 20 times
      greater than the secondary velocities produced by the curvature, the
      reinforcement factor of the curvature effects is of the order of 2, which
      is considerable.
PAR  The secondary movements effectively distribute the injected gases and make
      the temperature field at the periphery of the spiral duct more uniform.
      This results in a greater transfer of heat and a decrease in the thermal
      stresses in the metal.
PAR  It has been stated that the cross section of the different injection
      nozzles 21 decreases from nozzle to nozzle, in the downstream direction of
      the spiral convection conduits 17 and 18. This feature takes into account
      the losses in head present upon going from the upstream end towards the
      downstream end of these conduits and makes it possible to obtain uniform
      rates of flow for all of the injection nozzles.
PAR  Aside from the curvature of the convection ducts, the existence of the
      nozzles has several advantages, particularly the advantage of making the
      weight rate of flow uniform between the different elements 3 so that the
      last element will have substantially the same rate of flow as the first
      element, and moreover of maintaining an intense turbulence in the
      convection conduits, thus increasing the heat transfer coefficient, and
      finally of reinjecting hot gases into the gases which have already cooled
      down, which increases the average temperature of the gases and therefore
      the flow of heat transferred from the gases to the water.
PAR  One will also note the equiangular arrangement of the nozzles with respect
      to the longitudinal axis of the combustion chamber 7, which distributes
      the hot points in the metal uniformly, better distributing the thermal
      stresses.
PAR  It will furthermore be noted from FIG. 5 that the cross section of the
      convection ducts decreases from one nozzle 21 to the next, then increases
      suddenly again at each nozzle. This cross-section is selected so as to
      take into account the decrease in volume of the gases as a result of the
      cooling down thereof and the new conditions resulting from each
      reinjection. This cross-section is therefore calculated so as to maintain
      a substantially constant velocity of flow of the gases in the convection
      ducts.
PAR  While the combustion gases flow spirally in two separate streams between
      each element 3, the flow of the water takes place within these elements
      from the opening 10 to the opening 11. A part of the cold water entering
      into the inner space 3a of the intermediate elements 3 passes into the
      ring 13 via the radial segments 12 connecting the body of the element 3 to
      said ring.
PAR  Upon the placing in operation of the boiler, a certain pressure is created
      in the expansion vessel 4 between the receptacle 29 and the diaphragm 28
      by introducing a gas under pressure through the opening 32, which is then
      hermetically closed. When the water is introduced, the pressure within the
      expansion vessel 4 is equalized via the opening 27. This arrangement of
      the expansion vessel is advantageous due to the fact that it makes it
      possible to integrate it in the boiler, thus forming a more compact
      installation.
PAR  During the course of the description mention has already been made of
      certain advantages of the boiler which is the object of the present
      invention. Still others may be mentioned which make is possible to solve
      many problems posed by the boilers today on the market.
PAR  Among such advantages, we may first of all mention the fact that the flow
      of the combustion gases between the ducts 9 and the collectors 14 and 15
      takes place via convection conduits 17, 18, connected in parallel to the
      ducts 9. This arrangement of the convection conduits in parallel is
      extremely important due to the fact that it makes it possible to adapt the
      area of the cross-sections of passage of the combustion gases to the power
      of the boiler.
PAR  Each modular element is provided with two convection conduits 17, 18 which
      lead to two exhaust collectors 14 and 15, which makes it possible to
      effect the recirculation of the exhaust gases coming from one of the two
      collectors.
PAR  As can be noted particularly well from the cross-sectional views of the
      boiler, its geometry is symmetrical both with respect to the water, feed,
      and discharge conduits and with respect to the convection conduits and the
      exhaust collectors. This symmetry makes it possible to have uniformly
      distributed specific heat loads, thus avoiding strong internal stresses in
      the cast iron.
PAR  From these same cross-sectional views of the boiler it can also be seen
      that the second half of each convection conduit, located downstream of the
      nozzles 21 which discharge into said conduits, decreases in cross section
      as one approaches the exhaust collectors 14 and 15. As the cooling of the
      gases leads to a decrease in their specific volume, their absolute
      pressure remaining substantially constant, this decrease in cross-section
      makes it possible to make the velocity of these gases uniform and
      contributes to a good heat transfer. Turbulence generators (not shown) can
      also be placed in these conduits. This measure is however optional.
PAR  FIG. 1 shows that the ribs 16, 19 and 20 forming the convection conduits 17
      and 18 constitute heat transfer vanes for the water circulation ducts.
PAR  It has been mentioned that the inner wall of the hollow cover 1 is of a
      special shape which, starting at the opening 5, provides a space of
      progressively increasing cross section of generally frusto-conical shape
      with an angle of between 30.degree.0 and 110.degree.. This cover 1 closes
      the combustion chamber 7 which is cylindrical. The conical portion
      connecting the opening 5 to the cylindrical chamber 7 is cooled by the
      circulation of water within the hollow cover. Moreover, the pre-rotation
      imparted to the feed gases by the vanes of the spiral well 36 imparts to
      these gases or to the gas-liquid mixture a turbulent movement which
      follows the conical portion of the cover. The value of the angle .theta.
      is selected as a function of the angular speed imparted to these gases or
      to the gas-liquid mixture. The inner shape of the cover 1 has the
      advantage of eliminating the dead eddyings which occur in the corners of
      boilers with flat covers. This conicity makes it possible to stabilize the
      flow and to elongate the flame, which spreads out on the periphery of the
      combustion chamber, located in the extension of the conical portion of the
      cover. The temperature of the flame is made more uniform and the volume of
      radiating burned gases is greater, which increases the heat transfer to
      the wall of the combustion chamber 7.
PAR  The elimination of the dead eddy which takes place in boilers with a flat
      cover at the corner between said cover and the combustion chamber,
      decreases the total loss in head of the boiler and increases the transfer
      of heat by radiation. This is due to the fact that the dead eddy is
      relatively cold and constitutes a screen against the radiation of the
      flame.
PAR  The suppression of this dead eddy therefore makes it possible to utilize
      the volume provided within the hollow cover in order to increase the total
      exchange surface of the boiler. Another reason for this circulation of
      water in the cover is that the water lowers the temperature of the surface
      of the cover. This cooling of the wall of the cover reduces the formation
      of nitrogen oxides NO.sub.x by the action of heat and reactions between
      the flame and the carbon of the cast iron of the cover.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluid fuel boiler comprising, a combustion chamber, a cover on said
      combustion chamber having an opening for introducing a combustion
      supporting gaseous fluid through said opening, means to impart rotation to
      the gaseous fluid about an axis of said combustion chamber, a burner for
      introducing a fluid fuel into the chamber mixed with said gaseous fluid
      for combustion thereof, said cover having a generally frustro-conical
      configuration diverging from said opening toward the interior of said
      chamber at an angle of between 15.degree. and 55.degree.; means defining
      said combustion chamber having means defining a plurality of axial hot gas
      flow paths from a downstream portion of said combustion chamber to flow
      hot gases into an upstream portion of said combustion chamber, and means
      for diverting some of said hot gas flow along paths in a direction
      circumferentially of said combustion chamber, said latter paths being
      immersed in the flow path of said water thereby to improve heat transfer
      and terminating in a gas outlet, said combustion chamber comprising at
      least one modular element, joined axially to said frustro-conical cover
      and coaxial therewith, said modular element comprising an inner ring and
      said means defining said plurality of axial hot gas flow paths defining a
      plurality of axial flow paths disposed circumferentially spaced from each
      other and radially of each ring thereby radially of said combustion
      chamber, said modular element comprises said means diverting hot gas flow
      circumferentially of said combustion chamber, and the last-mentioned means
      comprising means defining a spiral flow path about each said ring.
NUM  2.
PAR  2. A fluid fuel boiler according to claim 1, in which the spiral flow paths
      are disposed axially spaced on said combustion chamber, means defining
      nozzles for introducing gas flow from said axial hot gas flow paths into
      said spiral flow paths.
NUM  3.
PAR  3. A fluid fuel boiler comprising, a combustion chamber, a cover on an end
      of said combustion chamber having an opening for introducing a
      combustion-supporting gaseous fluid through said opening, said cover
      having a generally frustroconical internal configuration with interior
      surfaces diverging from said opening and axis of the cover toward the
      interior of said combustion chamber at an angle of between 15.degree. and
      55.degree., means defining spiral flow paths for said gaseous fluid
      upstream of said opening of said opening of said cover to impart a swirl
      to said gaseous fluid as it enters through said opening and about a common
      longitudinal axis of said cover inner surfaces and said combustion
      chamber, said cover having a water jacket defining an annular space for
      water therein, the water jacket having interior surfaces diverging from
      said opening in a direction toward said combustion chamber so that said
      space is generally frustro-conical in configuration, and said water jacket
      having an inlet for cold water and an outlet for hot water, remote, from
      each other, whereby dead eddies in the flow of said gaseous fluid are
      eliminated and said cover is cooled to reduce the formation of nitrogen
      oxides.
NUM  4.
PAR  4. A fluid fuel boiler according to claim 3, in which said cover is made of
      cast iron, and a burner is mounted coaxial with said opening for
      discharging fuel in the swirled gaseous fluid upstream of said opening.
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ABST
PAL  A modular boiler having a cylindrical combustion chamber made of three
      modules and a module comprising a cover and a module comprising an
      expansion vessel mounted coaxially on the boiler adjacent the combustion
      chamber at opposite ends thereof. The cover has a frustro-conical
      configuration with the inner walls thereof diverging from an opening in
      the cover toward the interior of the combustion chamber at an angle of
      between 30.degree. and 110.degree.. The combustion chamber is formed of
      three castings that define the cylindrical combustion chamber and six
      axial hot gas flow paths spaced circumferentially from each other and
      disposed axially of and radially of the combustion chamber. Hot gases from
      the downstream end of the combustion chamber are recirculated to the
      upstream end of the combustion chamber to improve the combustion. Hot gas
      is diverted from these hot gas flow paths and flowed spirally of these
      flow paths along axially spaced flow paths immersed in the water circuit
      of the boiler to improve heat transfer. Liquid fuel is fed into the
      combustion chamber from a burner at the opening of the cover. The fuel is
      mixed with air to which a rotation has been imparted about the axis of the
      arrangement and entering the opening of the cover. The cover is jacketed
      and the jacket defines part of the inlet cold water circuit and the heated
      hot water circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to boilers and more particularly to a new and
      improved modular boiler.
PAR  The water circulation circuits of central heating systems are provided with
      an expansion vessel which is capable of containing the maximum volume of
      water produced by the heating and which is placed at the highest part of
      the water circulation circuit.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to make a substantial simplification
      in the water circulation circuits of these heating systems.
PAR  For this purpose an object of the present invention is to provide a fluid
      fuel boiler which comprises a combustion chamber formed of sidewalls, a
      bottom, and a cover provided with an opening for a burner, a water
      circulation circuit surrounding the said chamber and connecting a source
      of cold water to a hot water collector, and a burned-gas circulation
      circuit in contact with the water circulation circuit connecting the
      combustion chamber to at least one exhaust collector. This boiler is
      characterized by the fact that the bottom of the chamber is surrounded by
      an annular hollow space communicating on the one hand with the said water
      circulation circuit and on the other hand with a first compartment of an
      expansion vessel fastened to the outside of the bottom, a second
      compartment of which, separated from the first by a movable partition,
      contains a gas under a given pressure.
PAR  The advantage of this boiler is that it makes the installation more
      compact. The fastening of the expansion vessel to the boiler itself is
      advantageous, particularly in the case of small systems in which the
      volume of the expansion vessel is not too great as compared with that of
      the boiler.
PAR  Although a boiler of a special type which forms the object of several
      inventions is described below, the present invention is applicable to any
      other type of boiler provided that the bottom thereof is shaped for the
      attachment of an expansion vessel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing shows, by way of example, one embodiment of the
      boiler forming the object of the present invention.
PAR  FIG. 1 is a sectional view taken along the section line I--I of FIG. 2.
PAR  FIG. 2 is a sectional view taken along the section line II--II of FIG. 1.
PAR  FIG. 3 is a sectional view taken along the section line III--III of FIG. 1.
PAR  FIG. 4 is a sectional view taken along the section line IV--IV of FIG. 1.
PAR  FIG. 5 is a developed view taken along the section line V--V of FIG. 2.
PAR  FIG. 6 is a sectional view through a convection duct shown on a larger
      scale, in which the secondary movements of the gaseous mixture have been
      shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The boiler shown in FIG. 1 is a modular boiler which comprises a hollow
      cover 1, a bottom 2, three intermediate elements 3, and an expansion
      vessel 4 fastened to the bottom 2. The cover 1 has an opening 5 adapted to
      receive a burner 6. This opening 5 communicates with a combustion chamber
      7 formed by the inner walls of the cover 1 and of the bottom 2 as well as
      by the central openings 8 provided through each of the intermediate
      elements 3. The inner wall of the cover 1 has a shape whose aerodynamic
      properties have been designed for a purpose which will be explained
      further below.
PAR  The bottom of the boiler, which closes off the combustion chamber 7, gives
      access to six ducts 9 having the shape of annular segments, which are
      concentric to the longitudinal axis of said chamber 7.
PAR  Before describing the boiler in further detail, we shall describe an
      intermediate element 3, with reference to FIG. 2. This element, shown in
      elevation view, is of generally annular shape. On this element there can
      be noted the central opening 8 as well as the six ducts 9. The opening 8
      and the ducts 9 pass through the element 3 which extends between two
      parallel planes perpendicular to the axis of the opening 8. This element
      is a hollow cast iron body produced by casting. The inner space 3a (FIGS.
      1 and 5) of this hollow element communicates with two openings 10 and 11
      which are diametrically opposite each other with respect to the opening 8
      and pass through the element 3 parallel to the axis of the central opening
      8. The opening 10 is connected to the cold water feed circuit while the
      opening 11 is connected to the hot water distribution circuit. Six radial
      segments 12 provided between the ducts 9 connect the body of the element
      3, that is to say the portion located outside the ducts 9, to an inner
      ring 13 which surrounds the central opening 8. These radial segments 12
      and the ring 13 are hollow on the inside so that they communicate with the
      inner space 3a located at the periphery of the ducts 9.
PAR  As shown in FIG. 1, the ring 13 extends over the entire width or length of
      the intermediate element 3 so that these rings 13 are assembled alongside
      of each other. This is not true of the portion of these elements 3 which
      extends along the periphery of the ducts 9. In this portion, the hollow
      space does not extend over the entire width or length of the element, the
      rest of this width or length being occupied by the three ribs 16, 19 and
      20 provided on each of the two faces of the element and intended to form
      convection conduits 17 and 18 between the ducts 9 and the exhaust gas
      collectors 14 and 15 respectively which are diametrically opposite each
      other with respect to the axis of the combustion chamber 7. These
      collectors are closed by covers only some of which, 15', are visible in
      FIG. 1. As can be seen from this figure, the convection conduits 17, 18
      alternate with the inner spaces 3a of the elements 3.
PAR  If one refers again to FIG. 2, it will be noted that the provision of the
      conduits 17 and 18 is obtained by means of two spiral ribs 19 and 20 which
      are 180.degree. apart from each other and extend around a circular rib 16
      forming the periphery wall of the ducts 9. Each of these ducts is
      connected to the conduits 17 or 18 or even to both of these conduits by
      two injection nozzles 21 extending over a portion of the length of the
      conduit, for the purposes which will be explained subsequently.
PAR  From FIGS. 1 and 3 it can be noted that a series of spaces 22, distributed
      over the same circumference, is formed between the cover 1 and the inner
      ring 13 of the modular element 3 adjacent the cover. These spaces 22 cause
      the downstream ends of the ducts 9 to communicate with the combustion
      chamber 7 so as to permit the reinjection of a certain amount of hot gases
      upstream in the combustion chamber and better balance the pressure in the
      ducts 9. The temperature of the burned gases thus becomes more uniform in
      these ducts, so that the heat transfer is better distributed. This
      reinjection favors blue-flame combustion which gives better efficiency and
      is less noisy than yellow-flame combustion.
PAR  This film of gas is thus reinjected along the wall of the chamber 7 in a
      zone which is particularly exposed by virtue of the temperature of the
      flame. As the reinjected gases are not as hot as the flame, they form a
      protective film locally. This is of particular importance when the boiler
      is provided with a cover such as that shown, which, as will be seen
      subsequently, causes the flame to hug the wall of the chamber. In this
      case, particularly if the boiler if powerful and has numerous intermediate
      elements 3, it is advisable that the film of reinjected gas at least
      partially prevent the flame from coming into contact with this wall and
      make it possible to avoid reactions between the flame and the carbon of
      the cast iron of the walls of the combustion chamber.
PAR  Finally, the internal recirculation of the burned gases causes a diluting
      of the gases in the boiler and leads to a reduction in the rate of
      formation of NO.sub.x.
PAR  The bottom 2 of the boiler also has an inner ring 23. The six ducts 9
      having the shape of annular segments, commence between said ring 23 and
      the wall 24 which closes off the chamber 7. Like the other rings 13, the
      ring 23 communicates on the one hand with an opening 10' and on the other
      hand with an opening 11'. These openings are located in the extension of
      the openings 10 and 11 respectively, thus forming a conduit for the
      distribution of cold water to the boiler and a hot water collector
      respectively.
PAR  The bottom 2 also has an annular wall 25 which extends around the wall 24
      and creates a communication with the openings 10' and 11'.
PAR  This annular wall 25 is intended for the attachment of the expansion vessel
      4. This expansion vessel 4 has a wall 26 provided with a small opening 27
      and is fastened in airtight manner to the end of the annular wall 25 thus
      forming, except for the opening 27, a closed space between the walls 24
      and 26. The expansion vessel also has a diaphragm 28 whose edges are
      clamped between the edge of the wall 26 and the edge of a receptacle 29.
      These three elements are assembled on the annular wall 25 by a fastening
      collar 30. A guide ring 31 is fastened to the back of the wall 26,
      concentrically to the sidewall of the receptacle 29, and constitutes a
      guide support when the diaphragm 28 is folded towards the wall 26. This
      expansion vessel 4 also has an opening 32 through the wall of the
      receptacle 29, which serves to introduce a fluid between the diaphragm 28
      and the receptacle in order to exert a certain pressure on the diaphragm
      28.
PAR  The burner 6 is mounted coaxially to the chamber 7. It has a spiral supply
      well 36 fastened in the opening 5 of the cover 1. This well 36 is provided
      with vanes 37 intended to impart a pre-rotation to the jet of recirculated
      gases and air entering the chamber 7, the well being connected to the
      recirculation device for the burnt gases (not shown), which is connected
      to one of the exhaust collectors 14 and 15.
PAR  In operation, the combustion gases produced in the chamber 7 penetrate into
      the six ducts 9 having a shape of annular segments and flow in the
      direction towards the cover 1. As they advance in the ducts 9, the
      combustion gases enter the spiral conduits 17 and 18 via the injection
      nozzles 21 provided through the circular ribs 16. These spiral conduits 17
      and 18 guide the combustion gases towards the exhaust collectors 14 and 15
      respectively. One of the collectors is connected to the stack while the
      other is connected to the burner by a recirculation circuit (not shown).
      As has already been stated, the downstream ends of the channels of the
      ducts 9 communicate with the combustion chamber 7 via spaces 22. Thus a
      part of the combustion gases is reinjected into the combustion chamber
      through the spaces 22. This reinjection, as well as the recirculation of
      the gases in the burner, assures blue-flame combustion.
PAR  Various works have shown the curvature effect of a conduit of a given
      length on the flow of a fluid in said conduit. This curvature effect
      causes secondary movements within the flow in a plane perpendicular to the
      direction of advance of the fluid. The arrows included in the sectional
      view of such a conduit, shown on a larger scale in FIG. 6, indicate the
      path of these secondary movements. Now, these secondary movements greatly
      increase the heat transfer between the fluid and the walls of the conduit.
      They come from the centrifugal effect caused by the curvature, which
      effect is substantial only if the Dean's number of the flow is greater
      than a certain maximum. This maximum is a function of the Prandtl (Pr)
      number of the fluid, given by the ratio of the kinematic viscosity of the
      fluid to the thermal diffusivity of this fluid. The Dean's number is
      defined by the formula:
      ##EQU1##
      in which Re is the Reynolds number of the flow D.sub.H is the hydraulic
      diameter of the duct Rc is the radius of curvature of the duct.
PAR  By way of example, it may be stated that for a gas or a gaseous mixture in
      which Pr is of the order of 0.7, the minimum Dean's number which must be
      present in order for the secondary movements to be substantial is about
      10. If Pr is about 5 (as in the case of water) De min is about 5 and if Pr
      is about 30 (as in the case of a light oil), De min is about 1.
PAR  The presence of injection nozzles 21, located along the inner face of the
      spiral convection conduits, has the effect of locally reinforcing these
      secondary movements by a factor which is a function of the difference
      between the velocities produced by the curvature, along the direction of
      the radius of curvature, and the velocity of injection. It can be said
      that if a flow of gas in injected through the nozzles extending through
      the inner face of the curvature (see FIG. 6) at a velocity 20 times
      greater than the secondary velocities produced by the curvature, the
      reinforcement factor of the curvature effects is of the order of 2, which
      is considerable.
PAR  The secondary movements effectively distribute the injected gases and make
      the temperature field at the periphery of the spiral duct more uniform.
      This results in a greater transfer of heat and a decrease in the thermal
      stresses in the metal.
PAR  It has been stated that the cross section of the different injection
      nozzles 21 decreases from nozzle to nozzle, in the downstream direction of
      the spiral convection conduits 17 and 18. This feature takes into account
      the losses in head present upon going from the upstream end towards the
      downstream end of these conduits and makes it possible to obtain uniform
      rates of flow for all of the injection nozzles.
PAR  Aside from the curvature of the convection ducts, the existence of the
      nozzles has several advantages, particularly the advantage of making the
      weight rate of flow uniform between the different elements 3 so that the
      last element will have substantially the same rate of flow as the first
      element, and moreover of maintaining an intense turbulence in the
      convection conduits, thus increasing the heat transfer coefficient, and
      finally of reinjecting hot gases into the gases which have already cooled
      down, which increases the average temperature of the gases and therefore
      the flow of heat transferred from the gases to the water.
PAR  One will also note the equiangular arrangement of the nozzles with respect
      to the longitudinal axis of the combustion chamber 7, which distributes
      the hot points in the metal uniformly, better distributing the thermal
      stresses.
PAR  It will furthermore be noted from FIG. 5 that the cross section of the
      convection ducts decreases from one nozzle 21 to the next, then increases
      suddenly again at each nozzle. This cross-section is selected so as to
      take into account the decrease in volume of the gases as a result of the
      cooling down thereof and the new conditions resulting from each
      reinjection. This cross-section is therefore calculated so as to maintain
      a substantially constant velocity of flow of the gases in the convection
      ducts.
PAR  While the combustion gases flow spirally in two separate streams between
      each element 3, the flow of the water takes place within these elements
      from the opening 10 to the opening 11. A part of the cold water entering
      into the inner space 3a of the intermediate elements 3 passes into the
      ring 13 via the radial segments 12 connecting the body of the element 3 to
      said ring.
PAR  Upon the placing in operation of the boiler, a certain pressure is created
      in the expansion vessel 4 between the receptacle 29 and the diaphragm 28
      by introducing a gas under pressure through the opening 32, which is then
      hermetically closed. When the water is introduced, the pressure within the
      expansion vessel 4 is equalized via the opening 27. This arrangement of
      the expansion vessel is advantageous due to the fact that it makes it
      possible to integrate it in the boiler, thus forming a more compact
      installation.
PAR  During the course of the description mention has already been made of
      certain advantages of the boiler which is the object of the present
      invention. Still others may be mentioned which make it possible to solve
      many problems posed by the boilers today on the market.
PAR  Among such advantages, we may first of all mention the fact that the flow
      of the combustion gases between the ducts 9 and the collectors 14 and 15
      takes place via convection conduits 17, 18, connected in parallel to the
      ducts 9. This arrangement of the convection conduits in parallel is
      extremely important due to the fact that it makes it possible to adapt the
      area of the cross-sections of passage of the combustion gases to the power
      of the boiler.
PAR  Each modular element is provided with two convection conduits 17, 18 which
      lead to two exhaust collectors 14 and 15, which makes it possible to
      effect the recirculation of the exhaust gases coming from one of the two
      collectors.
PAR  As can be noted particularly well from the cross-sectional views of the
      boiler, its geometry is symmetrical both with respect to the water, feed,
      and discharge conduits and with respect to the convection conduits and the
      exhaust collectors. This symmetry makes it possible to have uniformly
      distributed specific heat loads, thus avoiding strong internal stresses in
      the cast iron.
PAR  From these same cross-sectional views of the boiler it can also be seen
      that the second half of each convection conduit, located downstream of the
      nozzles 21 which discharge into said conduits, decreases in cross section
      as one approaches the exhaust collectors 14 and 15. As the cooling of the
      gases leads to a decrease in their specific volume, their absolute
      pressure remaining substantially constant, this decrease in cross-section
      makes it possible to make the velocity of these gases uniform and
      contributes to a good heat transfer. Turbulence generators (not shown) can
      also be placed in these conduits. This measure is however optional.
PAR  FIG. 1 shows that the ribs 16, 19 and 20 forming the convection conduits 17
      and 18 constitute heat transfer vanes for the water circulation ducts.
PAR  It has been mentioned that the inner wall of the hollow cover 1 is of a
      special shape which, starting at the opening 5, provides a space of
      progressively increasing cross-section of generally frusto-conical shape
      with an angle of between 30.degree. and 110.degree.. This cover 1 closes
      the combustion chamber 7 which is cylindrical. The conical portion
      connecting the opening 5 to the cylindrical chamber 7 is cooled by the
      circulation of water within the hollow cover. Moreover, the pre-rotation
      imparted to the feed gases by the vanes of the spiral well 36 imparts to
      these gases or to the gas-liquid mixture a turbulent movement which
      follows the conical portion of the cover. The value of the angle .theta.
      is selected as a function of the angular speed imparted to these gases or
      to the gas-liquid mixture. The inner shape of the cover 1 has the
      advantage of eliminating the dead eddyings which occur in the corners of
      boilers with flat covers. This conicity makes it possible to stabilize the
      flow and to elongate the flame, which spreads out on the periphery of the
      combustion chamber, located in the extension of the conical portion of the
      cover. The temperature of the flame is made more uniform and the volume of
      radiating burned gases is greater, which increases the heat transfer to
      the wall of the combustion chamber 7.
PAR  The elimination of the dead eddy which takes place in boilers with a flat
      cover at the corner between said cover and the combustion chamber,
      decreases the total loss in head of the boiler and increases the transfer
      of heat by radiation. This is due to the fact that the dead eddy is
      relatively cold and constitutes a screen against the radiation of the
      flame.
PAR  The suppression of this dead eddy therefore makes it possible to utilize
      the volume provided within the hollow cover in order to increase the total
      exchange surface of the boiler. Another reason for this circulation of
      water in the cover is that the water lowers the temperature of the surface
      of the cover. This cooling of the wall of the cover reduces the formation
      of nitrogen oxides NO.sub.x by the action of heat and reactions between
      the flame and the carbon of the cast iron of the cover.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid fuel boiler having a combustion chamber having sidwalls and a
      bottom, a cover having an opening for a burner for introducing a fluid
      fuel into said combustion chamber, means defining a water circulation
      circuit surrounding said combustion chamber, means defining an exhaust gas
      circulation circuit in communication with said combustion chamber and in
      contact with the water in said water circulation circuit, an annular
      member disposed defining an annular space around said combustion chamber
      in communication with said water circulation circuit and forming a part
      thereof, the improvement comprising an expansion vessel connected to said
      annular member opposed to the bottom of said combustion chamber, said
      expansion vessel comprising a wall opposed to said bottom and spaced from
      said bottom defining a space therebetween defining a part of said water
      circulation chamber and having an opening therein in communication with
      said water circulation circuit, a flexible diaphragm dividing said
      expansion vessel into two compartments comprising a water-receiving first
      compartment defined for receiving water through the last-mentioned opening
      and a gas-containing second compartment containing a compressible gas
      opposing water pressure against said flexible diaphragm from water in said
      first compartment.
NUM  2.
PAR  2. A fluid fuel boiler, according to claim 1, in which the last-mentioned
      opening is disposed closer to the bottom of said wall of said expansion
      vessel than the top thereof.
NUM  3.
PAR  3. A fluid fuel boiler according to claim 2, including a ring in said first
      compartment against which said diaphragm can bear, said ring being
      disposed to retain said diaphragm from contacting said wall of said
      expansion vessel.
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ABST
PAL  A control rod driven in correspondence with another regulating device may
      be independently extended to different positions corresponding to a
      selected condition while the other control arm remains at a fixed length
      and moves in correspondence with the driving means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein has been developed in order to alleviate certain
      problems relative to the firing rates of multiple boiler marine power
      generating combustion control systems. Typically, a steam regulator
      responsive to electrical output characteristics of the boiler(s), operates
      fuel oil regulating valves controlling the pressure to burners for each of
      the boilers being controlled. The steam pressure regulator also provides a
      control for the air mixture which properly corresponds to the particular
      fuel oil pressure rating.
PAR  One of the problems associated with the control system of the prior art is
      that the steam pressure regulator utilized has fixed linkages which
      control the respective fuel regulating valves for each of the boilers in
      exact corresponce. Modification of the system to provide independent
      control of the fuel oil regulating valves is difficult to achieve in terms
      of both apparatus and economic requirements.
PAR  If independent control of the linkages for the respective fuel requlating
      valves is provided, one valve and corresponding boiler could be operated
      under normal firing conditions, whereas the other valve and boiler could
      be operated in light-off mode without first bringing the first operational
      boiler into correspondence with the boiler to be actuated.
PAR  Because many of the boilers in operation have over the years been modified
      by automation, a system for regulating the pressure to each of the boilers
      is desirable so that full advantage may be obtained from the automatic
      controls now available.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with an illustrative embodiment demonstrating features and
      advantages of the present invention, there is provided a control system
      for independently operating linkages for controlling output devices driven
      from a primary regulator. The linkages are extended in response to
      actuating means which provides motive force for shifting the relative
      positioning of the linkages between light-off and normal operating
      conditions. The linkages may thereafter be operated by the requlating
      means in either of their normal or extended positions so that control of
      one boiler is vertually independent of the other. For a better
      understanding of the present invention together with other and further
      objects thereof, reference is directed to the following description taken
      in connection with the accompanying drawings while its scope will be
      pointed out in the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of the prior art utilizing the linkages normally
      associated therewith.
PAR  FIG. 2 is a view of the apparatus of the present invention with appropriate
      notation as to its relationship with FIG. 1.
PAR  FIG. 3a and 3b show a side view of the apparatus of FIG. 2 in respective
      retracted and extended positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a marine power generating system 10 having at
      least two boilers A and B. Each of the boilers are fired by a plurality of
      burners 11 and 12, respectively. In addition, each of the boilers A and B
      have damper controls 13 and 14 driven by air volume regulators 15 and 16
      over respective cables 17 and 18.
PAR  A steam pressure regulator 19 is responsive to the steam pressure output of
      the boilers for controlling the amount of fuel pressure to the boilers A
      and B over fuel oil regulating valves 20 and 21, respectively. The fuel
      oil regulating valves 20 and 21 are driven by power arm 22 over vertical
      linkage arm 23 and horizontal linkages 24.
PAR  The steam pressure regulator 19 also controls a feedback arm 26 which is
      coupled by a linkage 27 and 28 and 29 to vary the operation of the air
      volume regulators 15 and 16, respectively. The system is known as a system
      for regulating and testing furnace pressure at 30 and 31 and windbox flow
      at 32 and 33 for the respective boilers which control diaphragms 34 and
      35, which in turn govern the air volume regulators 15 and 16,
      respectively.
PAR  In operation, steam pressure regulator 19, in response to the selected
      operational characteristics of the power generating system responds to
      actuate power arm 22 for driving linkages 23 upwardly or downwardly for
      controlling the fuel regulating valves 20 and 21 which in turn control the
      amount of fuel pressure to the boilers. It is clear from the illustration
      of the prior art, that the linkages 23 must move in correspondence for
      regulating the actuation of the fuel oil regulating valves 20 and 21 at
      the same rate. The apparatus of the present invention, on the other hand,
      is designed so that fuel oil regulating valves 20 and 21 may be actuated
      at different rates such that if boiler A is operating at a certain output,
      boiler B may be on stand-by for light-off in the event that that boiler is
      called into service.
PAR  Referring to FIG. 2, a one hundred series of reference numerals will be
      utilized to correlate corresponding elements of Fig. 1. Power arm 122 and
      linkages 123 operate in a similar manner to the power arm 22 and linkages
      23 of FIG. 1. Linkage arms 124 are similar in function to those
      corresponding arms 24 in FIG. 1 as well as feedback arm 126 and 127 etc.
PAR  In the present invention relay controls 40 are separately actuated from a
      normally closed position to an open position upon a control signal from
      independent control means not shown. In the normally closed position,
      relays 40 have no effect on the system which operates as previously
      described; however, if it is desired to operate one boiler under full load
      condition and the other in light-off mode, one of the relays 40 will be
      actuated to an open position so as to change the effective operating
      length of its respective linkage 123.
PAR  An example of an operation of the present invention is discussed below,
      wherein boiler A is operating under full load with its control arm 123
      (left) positioned so as to regulate the fuel oil valve 124 (left)
      associated therewith at a selected pressure; however, boiler B if in a
      light-off condition requires a substantially lower pressure for the
      corresponding burners 12. Under these conditions, relay 40 (right) is
      actuated so as to provide pressure through pneumatic lines 42 and 43 to
      actuate pneumatic cylinders 123 (right linkage) and 45, respectively.
      Fluid pressure from lines 42 and 43 causes the respective pneumatic
      cylinders 123 and 45 to extend, i.e. control arm 123 associated with
      actuating line 42 piston 44 extends downwardly whereas the piston 45 and
      head assembly 46 extends upwardly. Stop member is 47 associated with
      piston 44 engages with head assembly 46. In FIGS. 3a and 3b, this
      relationship can be shown such that in FIG. 3a the pneumatic cylinder 44
      is in the normal position with relay 40 closed and stop member 47
      displaced away from the head assembly 46. Whereas in FIG. 3b the relay 40
      having been actuated to the open position causes the respective cylinder
      members 44 and 45 to extend downwardly and upwardly in accordance with
      their degrees of freedom. Thereafter, the steam pressure regulator may
      actuate both left and right arms 123 in correspondence in accordance with
      the requirements of the operational control characteristic but the linkage
      123 (right) remains in the downwardmost position shown in FIG. 3b so that
      the boiler B may be prepared for light-off whereas the boiler A may be
      controlled in accordance with the requirements for fuel pressure under
      normal conditions. It should be noted power arm 122 drives the linkage 123
      through trunion apparatus 48.
PAR  Under the system of the present invention the versatility of a multiple
      boiler power generating system may be fully achieved in view of the
      advances made in the area of automatic boiler control systems with a
      reliable and relatively easily adapted modification of existing systems.
      While there has been described what at present is considered to be the
      preferred embodiment of the present invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is intended in the
      following claims to cover all such changes and modifications as fall
      within the true scope and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling a plurality of fuel fired vapor generators for
      powering a marine propulsion system wherein each vapor generator may be
      operated in a low fire lightoff mode for ignition and a power mode for
      driving the propulsion system comprising:
PA1  control means operatively coupled to each vapor generator for controlling
      operation thereof in said respective power and lightoff modes, a regulator
      responsively coupled to said control means for delivering drive control
      outputs, a common drive coupled to the regulator and responsive to the
      drive control outputs, fuel regulator means for each vapor generator
      responsively coupled to said common drive for delivering fuel to each of
      said vapor generators in accordance with the drive control outputs, a
      variable displacement linkage arm coupling said common drive with each of
      said fuel regulator means, each linkage arm capable of being actuated to
      respective first and second retracted and extended lengths, and selection
      means operatively coupled to each linkage arm for selectively actuating
      each linkage arm to said respective first and second retracted and
      extended lengths, said selection means responsively coupled to said
      control means to actuate said linkage arm to said respective first and
      second retracted and extended lengths in accordance with the respective
      power and lightoff mode of each of the power generators, whereby each
      vapor generator may be operated in either mode by the common drive without
      affecting the operation of the other.
NUM  2.
PAR  2. The apparatus as described in claim 1 wherein each variable linkage arm
      includes:
PA1  main pneumatic cylinder means having one end coupled to the common drive
      and another end telescopically connected to and associated with one of
      said fuel regulator means, said main pneumatic cylinder means responsive
      when actuated by the selection means to assume said respective first and
      second retracted and extended lengths.
NUM  3.
PAR  3. The apparatus as described in claim 2 wherein said selection means
      includes:
PA1  a pneumatic relay valve coupled to an associated one of each of the main
      pneumatic cylinder means, each responsively coupled to the control means
      to be operative when actuated thereby to deliver a working fluid to its
      associated main pneumatic cylinder means for actuating same to said
      respective first and second retracted and extended lengths.
NUM  4.
PAR  4. The apparatus as described in claim 3 further comprising:
PA1  auxiliary pneumatic cylinder means for engaging an associated one of each
      of said linkage arms having a fixed end and a telescopically controlled
      movable free end, said auxiliary pneumatic cylinder means coupled to the
      relay valve associated with the main pneumatic cylinder means likewise
      responsive to the delivery of the working fluid upon actuation of said
      relay valve, said auxiliary pneumatic cylinder means telescopically
      extending and engaging with the telescopically movable end of the
      associated main pneumatic cylinder means in its extended position for
      maintaining a limit thereto, each of said auxiliary pneumatic cylinder
      means being controlled in correspondence with the main pneumatic cylinder
      means.
NUM  5.
PAR  5. The apparatus as described in claim 1 further including: a trunion
      assembly for each linkage arm engaging with said common drive output, and
      the associated linkage arm.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said main pneumatic cylinder means and
      said auxiliary pneumatic cylinder means are spring-biased to the retracted
      length and wherein the actuation of said corresponding relay valve to an
      open condition delivers the working fluid under pressure and causes
      telescopic extension of each of said cylinders in opposition to said
      spring bias and wherein actuation of the relay to a closed condition
      releases said pressure against the bias of the spring so as to
      telescopically retract the pneumatic means.
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ABST
PAL  A rotary internal combustion engine of trochoidal type, having a fuel-air
      intake port in a side wall thereof, with a rotary valve disposed
      immediately adjacent to the port and serving as a throttling means as well
      as controlling the timing of port closing.
BSUM
PAC  BACKGROUND
PAR  This invention relates to rotary internal combustion engines of the
      trochoidal type, and more particularly to throttling means for such
      engines, as well as means for controlling the intake port timing.
PAR  Engines of this type have a peripheral shell having a multilobed trochoidal
      inner surface and a pair of side walls defining an engine cavity, with a
      rotor of generally polygonal profile mounted for rotation on an eccentric
      portion of a shaft within the cavity, the rotor also performing a
      planetary motion therein. The apex portions of the rotor continuously
      sweep the inner trochoidal surface of the shell in sealing relation,
      forming with the cavity walls a plurality of chambers of variable volume
      in which the phases of induction, compression, expansion, and exhaust take
      place.
PAR  Intake and exhaust ports may be disposed either in the peripheral shell and
      controlled by the rotor apexes, or in one or both side walls and
      controlled by the side faces of the rotor sliding over the ports, or in
      some combination of the two systems. When a side intake port is provided
      in at least one side wall and controlled by the rotor side face,
      comparatively good idling and partial-load performance can be obtained,
      but there is the difficulty that the throttling device is normally
      disposed in the induction channel at a considerable distance from the port
      opening in the engine chamber. Therefore, there exists some unmixing of
      the fuel-air mixture and condensation of small droplets of fuel on the
      walls of the induction channel. Even if a throttle flap were disposed
      relatively close to the port, its axis must be positioned at a distance of
      at least half the diameter of the flap from the port in order that the
      flap should not protrude into the engine cavity. Even this arrangement
      leaves some length of channel, and particularly for idling and
      partial-load operation the mixture arriving at the port may not be
      adequately prepared. Further, such an expedient would necessarily require
      that the port be circular rather than elongated in the direction of rotor
      motion, as is preferable.
PAR  The foregoing defects and disadvantages are corrected by the throttling
      device of the present invention.
PAC  SUMMARY
PAR  The fundamental concept of this invention is to provide a rotary internal
      combustion engine having a side intake port with a throttling device of
      such design and disposed in such proximity to the induction port that
      preparation of a good mixture is obtained at the port opening, and that
      there is provided favorable port timing for each load range.
PAR  The problem is solved by providing a rotary valve disposed with its axis of
      rotation perpendicular to the longitudinal axis of the housing and also
      approximately perpendicular to the lengthwise elongation of the intake
      port in the direction of rotor motion, the valve being positioned in close
      juxtaposition to the port opening, and of such configuration that on
      pivoting the valve on its own axis it progressively increases the
      effective cross-section of the induction channel and progressively alters
      the timing at the port in the direction of later closing.
PAR  By the use of the rotary valve of this invention, which fulfills the
      function of the usual throttling device, the space between the throttling
      device and the intake port can be decreased to such an extent during
      operation of the engine the fuel-air mixture flowing through the induction
      channel, after passing the throttling gap formed by the rotary valve, is
      prepared right at the induction port and at its entry into the operating
      chamber. Thus there are no detrimental deposits of fuel particles on the
      walls of the induction channel.
PAR  A further advantage is that since the rotary valve opens directly at the
      port, it functions, in effect, to vary the area of the port opening and
      the position of the open area in correspondence to the engine load. With
      the valve in a nearly closed position, corresponding approximately to a
      setting for idling or low partial load range, the open cross-section of
      the induction port is not only small but is disposed relatively upstream
      with regard to rotor direction, resulting in earlier closing and
      diminished volumetric efficiency of the operating chamber, that is,
      relatively smaller delivery of fuel-air mixture thereto. As the valve is
      opened more widely it increases the port cross-section in the downstream
      direction, resulting in higher volumetric efficiency or greater fuel
      delivery, and also in later closing of the port.
PAR  It is therefore an object of this invention to provide a rotary throttling
      valve for a side-ported internal combustion engine of trochoidal type.
PAR  It is another object to provide such a throttling valve immediately
      adjacent to the intake port to vary the cross-section of the port opening.
PAR  A further object is to provide a rotary internal combustion engine with a
      throttling valve which prepares the fuel mixture at the intake port
      opening.
PAR  Other objects and advantages will become apparent on reading the following
      specification in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary longitudinal cross-section through a trochoidal
      rotary engine, taken along line I--I of FIG. 2;
PAR  FIG. 2 is a fragmentary cross-section transverse to the engine axis along
      line II--II of FIG. 1, and showing the rotary throttling valve in relation
      to the intake port;
PAR  FIG. 3 is a schematic showing of an actuating system for the rotary valve;
      and
PAR  FIG. 4 is a schematic showing of another system for actuating the rotary
      valve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will be described in terms of an engine having a trochoidal
      peripheral shell having a plurality of lobes, and a single rotor disposed
      between a pair of side walls, with an intake port in one side wall.
      However, it is to be understood that the invention may also be used in an
      engine having an intake port in each side wall, and that it is also
      equally applicable to engines having two or more rotors, with side walls
      disposed between rotors.
PAR  In FIG. 1 there is shown a rotary internal combustion engine having a
      housing comprising a peripheral shell 1 with a multilobed inner peripheral
      surface 2, and two side walls 3 and 4, the housing defining an internal
      engine cavity 5. A rotor 6 of generally polygonal profile is rotatably
      mounted within the engine cavity, with its apex portions 7 continuously
      sweeping the inner peripheral surface 2 in sealing relationship therewith
      as the rotor turns in the direction shown by the arrow D. One side wall 3
      has disposed therein an induction channel 9 communicating with an intake
      port 10 disposed in the inner surface 8 of the side wall, which port is
      controlled by the side face of the rotor 6. In the induction channel 9
      there is disposed a throttling device comprising a rotary valve 12 which
      is rotatable about its axis 11. The valve 12 is disposed immediately
      adjacent to the port 10, and fulfills the function of the usual throttle
      flap for metering the fuel-air mixture.
PAR  As will be seen in FIG. 2, the intake port 10 is elongated in the direction
      of rotor rotation. The rotary valve is disposed with its axis 11
      approximately transverse to the long dimension of the port, and also
      perpendicular to the housing axis 13 (FIG. 1), the valve 12 being
      positioned within a bore 14 which forms a portion of the induction channel
      9. The shaft 15 which turns the valve has its inner end seated in a
      bearing 16 supported in the side wall 3, its outer end being journaled in
      a guidepiece 17 disposed in the outward end of bore 14. The guidepiece 17
      closes the cylindrical bore 14 and seals it from leakage by an O-ring 19.
      The valve member 12 has a cylindrical surface 18 which closely fits the
      wall of bore 14. Guidepiece 17 also has a portion 20 forming part of the
      wall of induction channel 9 leading inward to the chamber directly above
      the valve.
PAR  The induction channel 9 is fed by a tube or manifold 22 leading from a
      carburetor or fuel-injection device, the manifold abutting the outer
      surface 21 of the side wall. The manifold may also cover a stud or pin 23
      which prevents the guidepiece 17 from turning, the manifold restraining
      the guidepiece from withdrawal from the bore 14. The outer end of shaft 15
      protrudes through the guidepiece and is surrounded by a seal 19', with a
      lever member 24 attached to the outer end of the shaft. Lever 24 is
      connected to a schematically shown linkage 25 having an actuating lever or
      accelerator pedal 26.
PAR  The valve member 12 is of generally cylindrical form, but has an arcuate
      portion of the cylinder cut away to form an arcuate cavity 27 between the
      body of the valve 12 and the wall of the bore 14. When the valve is
      rotated in the direction shown by the arrow S (FIG.1), the portion of the
      valve defining one circumferential end of cavity 27 forms a leading edge
      28, and the portion defining the other circumferential end of the cavity
      forms a lagging edge 29, both such edges being parallel to the valve axis
      11 and transverse to the long dimension of port 10. The valve member 12 is
      disposed so that its circumferential surface 18 is very close to the inner
      surface 8 of side wall 3 at the induction port. This is shown by the
      spacing A in FIG. 1, much exaggerated in the drawing, the cylindrical
      surface of valve 12 being very nearly tangent to the inner wall surface 8,
      distance A being only such as is necessary for manufacturing reasons of
      tolerance and the like.
PAR  During operation of the engine when idling or under light load the rotary
      valve 12 assumes approximately the position 12' shown in dashed line in
      FIG. 1, and the edge 28 changes position to that shown as 28'. Fuel-air
      mixture passing through the induction channel 9 and the chamber above the
      valve passes through the throttling gap formed between edge 28' and the
      upstream edge 10' of the intake port, which is the opening edge of the
      port as the rotor 6 travels in the direction of arrow D, whereupon the
      mixture enters the expanding operating chamber 5. The position 12' of the
      valve sets the timing of gas entry relatively early. The open
      cross-section diminishes as the trailing edge of the rotor crosses the
      upstream edge 10' of the port and approaches the tangency point of the
      valve body; the port is closed and gas entry ends, at the latest, when the
      tangency point is reached. The gap A, although shown relatively large for
      clarity of illustration, has a dimension of only a few thousandths of an
      inch and only an insignificant quantity of fresh gas can pass through it.
PAR  With increasing load the valve 12 is turned further in the direction of
      arrow S, which displaces its opening edge downstream in the rotor
      direction D, thus increasing both the throttling gap and the effective
      cross-section of the intake port. When the valve body takes the position
      12" shown in dotted line, the intake port is approximately half open,
      between its upstream edge 10' and the valve edge 28", which is now about
      at the tangency point and approximately across the center of port opening
      10. The closing time of the port has now been correspondingly delayed.
PAR  To reach full load and high speed operation, the valve 12 is turned still
      further in the direction arrow S to the position shown hatched in FIG. 1.
      The intake port is now open to its fullest extent, from upstream edge 10'
      to downstream edge 10", and will close only when the trailing portion of
      the rotor 6 crosses edge 10".
PAR  In any position of valve 12 the throttling gap is thus formed right at the
      port itself, by those portions of the valve and the port edges between
      which the mixture passes. This provides a particularly good preparation of
      the mixture directly at the port through which it enters the operating
      chamber 5, and obviates the undesirable deposit of fuel particles on the
      walls of the induction channel downstream of the throttling device in
      prior art systems. In addition, the present invention provides
      progressively later port closing time, that is, a longer open time, as
      load and/or speed increases, in contradistinction to the prior art wherein
      the port time was fixed and the fuel feed could be varied only by a
      throttling device remote from the port.
PAR  In FIG. 3 there is shown schematically a throttle control system. The
      rotary valve 12 is shown installed in the induction channel 9 of a rotary
      engine 30, which valve may be operated by the lever 24 through a pushrod
      25. An accelerator pedal 26 acts through a compression spring 37 upon an
      intermediate lever 34 which is connected to the pushrod 25. An overriding
      device 32 is provided, comprising an underpressure line 31 having an
      orifice in the induction channel 9 downstream from the valve 12, and its
      other end communicating with the interior of an expansible chamber 33,
      Such as a Sylphon bellows, diaphragm case, or the like. The bellows 33 is
      resiliently loaded, either by its own elastic construction or by an
      internal compression spring, in the direction of expansion.
PAR  The bellows 33 is positioned adjacent to the intermediate lever 34 and
      cooperating therewith to limit the amount of travel of the lever. During
      operation of the engine 30 and when suction exists in the induction
      chanel, the internal suction on the bellows 33 shortens it by an amount
      corresponding to the degree of underpressure in line 31, and clearance for
      the travel of lever 34 is increased so that preponderantly direct
      operation of the valve 12 by pedal 26 is possible. When the underpressure
      diminishes, as by falling engine speed but with the valve 12 fully open,
      the bellows re-expands with a decrease of the clearance for intermediate
      lever 34, so that the lever is eventually pushed back by the bellows far
      enough that the valve is moved into the closed position through pushrod 25
      which is linked to lever 34. If the pedal 26 is still held fast, the
      spring 37 between the pedal and lever 34 will be compressed, so that
      regardless of the failure to release the pedal the position of valve 12
      will still move toward the closed position. Thereby the supply of fuel
      mixture to the engine is throttled and the control time of the intake port
      reverts to early closing, so that an optimum chamber intake occurs for
      this operating condition.
PAR  In the arrangement of the overriding device 32' shown in FIG. 4 the same
      numerals as in FIG. 3 are used for similar parts. In the arrangement of
      FIG. 4 the underpressure line 31' has an orifice disposed in the induction
      channel 9 upstream of the rotary valve 12. The pushrod 25' is divided by a
      pivot joint 35, which also engages one end of a rod 38 rigidly connected
      to the bellows 33'. As in FIG. 3, the bellows 33' is also resiliently
      loaded in the direction of expansion, so that the two parts of pushrod 25'
      run angularly from the rod 38 and are thus somewhat shorter in total
      length than when extended in a straight line.
PAR  During operation of the engine 30 and with the accelerator pedal 26 fully
      against the fixed stop member 36, the valve 12 is not fully open and the
      fuel mixture is throttled to some extent, resulting in a relatively early
      closing time of the induction port 10. If suction in the induction channel
      now rises, as at increased engine speed or increased load, the bellows 33'
      is contracted and pulls upon the joint 35, thereby reducing the angle of
      pushrod 25' to a straighter line, and consequently the valve 12 is turned
      to a larger opening. Complete opening of valve 12 and late closing of the
      intake port are thus possible only when at high engine speed a
      correspondingly higher suction is produced to act on the overriding device
      32'.
PAR  The advantage of the overriding devices 32 and 32' consists in that through
      indirectly influencing the position of the rotary valve 12, and depending
      on the load and engine speed, there is always a corresponding throttle
      adjustment to optimum mixture intake or volumetric efficiency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary internal combustion engine of trochoidal type, having a housing
      comprising at least one peripheral shell having a multilobed inner
      peripheral surface and at least two parallel side walls with the shell
      disposed between the side walls, the housing defining an engine cavity
      having a longitudinal axis, a rotor rotatably disposed within the cavity
      and having a generally polygonal profile with a plurality of apex portions
      which sweep the inner peripheral surface in sealing relation thereto, at
      least one side wall having in its inner surface an intake port for
      supplying fresh gas, the port having a greater lengthwise dimension in the
      direction of rotor rotation than in the radial direction and being opened
      and closed by a side face of the rotor, wherein the improvement comprises:
PA1  a. the side wall having an induction channel therein communicating with the
      intake port;
PA1  b. a rotary valve disposed in the induction channel adjacent to the intake
      port, the axis of rotation of the valve being disposed perpendicularly to
      the housing axis and also approximately perpendicularly to the lengthwise
      dimension of the intake port;
PA1  c. the valve cooperating with the upstream edge of the port to form a
      throttling gap and progressively increasing the cross-section of the open
      area of the port as the valve turns in the opening direction, and
      progressively delaying the closing time of the port with increasing valve
      opening.
NUM  2.
PAR  2. The combination recited in claim 1, wherein the rotary valve has a
      cylindrical valve body having an arcuate recess therein communicating with
      the induction channel, the arcuate recess being defined at each end by a
      surface extending generally radially to the axis of rotation of the valve,
      each of said surfaces having an edge at the perimeter of the valve body
      and approximately parallel to the valve axis, one of said edges being the
      leading edge and the other surface being the lagging edge in the direction
      of valve opening, the leading edge forming a throttling gap with the
      upstream edge of the intake port and progressively delaying the closing
      time of the port with increasing valve opening.
NUM  3.
PAR  3. The combination recited in claim 2, wherein the side wall has a
      cylindrical bore therein in which the rotary valve is disposed, the bore
      having its radially outer end closed by a guidepiece which positions the
      valve member, the guidepiece having an inner surface forming a portion of
      the induction channel.
NUM  4.
PAR  4. The combination recited in claim 3, wherein there is provided an
      accelerator pedal and a linkage system operated by the pedal and operating
      the rotary valve, and an overriding device disposed in the linkage system
      and producing a closing moment on the valve with decreasing engine speed,
      independently of the positioning of the accelerator pedal.
NUM  5.
PAR  5. The combination recited in claim 4, wherein the overriding device
      includes a resilient bellows member, an underpressure tube having one end
      communicating with the interior of the bellows and the other end
      communicating with the induction channel, lowered pressure in the
      induction channel causing a corresponding shortening of the effective
      length of the bellows member and allowing further opening of the valve.
NUM  6.
PAR  6. The combination recited in claim 5, wherein the linkage system between
      the accelerator pedal and the valve includes a pushrod having one end
      attached to the valve, the pushrod being in two parts joined by a pivot
      joint with the two parts angularly disposed to each other, one end of the
      bellows member being attached to the rod at the pivot joint so that
      shortening of the bellows in response to lower pressure in the induction
      channel increases the angle between the two rod parts in the direction of
      straightening the rod, thereby increasing the effective length of the
      pushrod and further opening the valve.
PATN
WKU  039345599
SRC  5
APN  5567076
APT  1
ART  343
APD  19750310
TTL  Anti-pollutant spherical rotary engine with automatic supercharger
ISD  19760127
NCL  40
ECL  1
EXA  Koczo, Jr.; Michael
EXP  Freeh; William L.
NDR  9
NFG  22
INVT
NAM  Cohen; William A.
CTY  Brooklyn
STA  NY
ASSG
NAM  Sphero International Company
CTY  West Long Branch
STA  NJ
COD  02
CLAS
OCL  123  845
XCL  418 68
EDF  2
ICL  F02B 5300
FSC  123
FSS  8.45;43 R
FSC  418
FSS  68
UREF
PNO  1880131
ISD  19320900
NAM  Gray
OCL  418 68
UREF
PNO  2043544
ISD  19360600
NAM  Kempthorne
XCL  418 68
UREF
PNO  2069646
ISD  19370200
NAM  Cohen
OCL  123  8.45
UREF
PNO  3176667
ISD  19650400
NAM  Hammer
OCL  123 43R
UREF
PNO  3549286
ISD  19701200
NAM  Moriarty
XCL  418 68
ABST
PAL  The rotary engine includes a casing having a spherical cavity, or working
      sphere, therein and an engine shaft rotatably mounted in the casing. A
      driven cylindrical member, or drum, having four combustion chambers
      therein is rotatably mounted within the casing bisecting the spherical
      cavity, and said driven member is connected to the engine shaft. A hollow
      driving circular member, or plate, operatively connected to the driven
      cylindrical member by passing through the center thereof and is mounted
      within the spherical cavity, or working sphere, of the casing. The
      intersection of the driven cylindrical member by the driving circular
      member forms four spherical wedge-shaped variable volumes referred to as
      "compression-expansion" chambers, within the working sphere. It is the
      expansion of the ignited gases within the compression-expansion chambers
      that drives the circular member, or plate, which in turn rotates the
      driven cylindrical member, or drum, that drives the engine shaft. Within
      the hollow circular driving member are four variable volume air "intake
      compartments" supplied with fresh air through rotating valves on
      stationary air intake tubes. Air in the intake compartment, after being
      compressed, is forced into the compression-expansion chamber through plate
      transfer port holes. The maximum expanded volume of air drawn into the
      intake compartment is considerably greater than the rated displacement of
      the combined volumes of the combustion chamber plus the
      compression-expansion chamber in the working sphere. Part of this air is
      used to scavenge the combustion chamber of residual burnt exhaust gases,
      which in passing through the exhaust manifold fosters the process of
      "after-burning" that reduces pollutants in the exhaust to the outer air.
      The remaining volume of air in the intake compartment, (still greater than
      the rated displacement) is then compressed in the combustion chamber,
      thereby maintaining a high level of "volumetric efficiency" even at high
      engine speeds.
BSUM
PAR  Recent developments in engine design and widespread fuel shortages coupled
      with the rising cost of fuel have increased the efforts in this country
      and abroad in the area of developing a more efficient power plant for use
      in automobiles and the like. It is well known that the piston type
      reciprocating engine in common use today is a relatively inefficient
      system of converting the potential energy stored in fossil fuel into the
      kinetic energy required to propel an automobile.
PAR  One of the factors which contributes significantly to the inefficiency of
      the reciprocating engine is that this type of engine requires a crank type
      mechanism to convert the linear motion of a piston reciprocating within a
      cylinder into rotary motion to drive the engine shaft. In a rotary engine
      such a conversion is not required because this type of engine converts the
      potential energy of the fuel directly into rotary motion. This is an
      inherent advantage of rotary engines in general. However, certain
      difficulties have arisen with respect to particular features of certain
      rotary engines, such as the methods of sealing the rotor with respect to
      the cavity walls which have, up until now, reduced the efficiency of such
      engines.
PAR  One approach which eliminates the sealing problem is a rotary engine of
      spherical design such as the one invented by the inventor of the present
      invention and which became subject matter of U.S. Pat. No. 2,069,646
      issued Feb. 2, 1937. This engine consisted of a driving plate which was
      rotatable within a hollow working sphere. The plate was variably
      intersected by a rotatable drum, the plate and drum dividing the hollow
      sphere into four "compression-expansion" chambers in the form of spherical
      wedges of varying dihedral angle. In this arrangement, the parts had a
      unidirectional rotation in contrast with the complete reversal of movement
      in reciprocating engines and thus provided a variety of important
      advantages inherent in the rotary engine.
PAR  This rotary engine, however, had certain disadvantages in that it required
      a complex system of chambers, manifolds and valves to provide for the
      required flow of air and exhaust. Also, internal heating was a problem.
      Adequate provision for cooling of the internal engine parts was not
      provided. Thus, difficulties because of the breakdown of the lubricant due
      to the extreme internal engine temperatures and the resultant overheating
      and destruction of the engine were present in this design.
PAR  In addition, no provision was made in the engine for maintaining the
      pressure of the air intake charge when the engine operated at high speeds,
      thereby causing the volumetric efficiency to be reduced. This adversely
      affected the performance of the engine. Moreover, no "after-burning"
      effect was inherent in the engine to reduce pollutants in the exhaust.
PAR  These difficulties stem mainly from the manner in which air flow is
      achieved within the engine. In the present invention, the air flow has
      been increased to assist in cooling the internal engine parts, maintain
      the air pressure of the air charge in the compression-expansion chamber,
      even at high speeds, and reduce pollutants by scavenging the
      compression-expansion chambers as well as the combustion chambers and to
      foster "after burning".
PAR  It is, therefore, a prime object of the present invention to provide a
      spherical rotary engine which, in general, is designed to increase the
      power output for a given displacement, decrease engine weight and bulk for
      a given displacement, increase engine efficiency, reduce vibration, and
      simplify the construction of an internal combustion engine.
PAR  Another object of the present invention is to provide a spherical rotary
      engine of the type having a plate, and a drum, both of which are movable
      within a hollow working sphere wherein the plate acts as the drive member
      and the drum the driven member, which when coupled to the engine shaft
      causes it to rotate about an axis parallel to the axis of rotation of the
      drum.
PAR  It is a second object of the present invention to provide a spherical
      rotary engine having a plate and a drum rotatable within a hollow working
      sphere wherein increased air flow is achieved without a complicated system
      of intake and exhaust manifolds in the engine casing.
PAR  It is a third object of the present invention to provide a spherical rotary
      engine having a plate and a drum rotatable within a working sphere wherein
      the plate is provided with an air intake compartment therein.
PAR  It is a fourth object of the present invention to provide a rotary
      spherical engine wherein means are provided in the intake compartment of
      the drive member which varies the volume of the intake compartment in
      accordance with the position of the drive member.
PAR  It is another object of the present invention to provide a spherical rotary
      engine wherein novel valve means are provided between the intake
      compartment and the compression-expansion chamber.
PAR  It is a further object of the present invention to provide a spherical
      rotary engine which is internally cooled by the intake of fresh air.
PAR  It is still another object of the present invention to provide a spherical
      rotary engine wherein the excess amount of intake air automatically
      supercharges the compression-expansion chamber.
PAR  It is still further object of the present invention to provide a spherical
      rotary engine wherein the exhaust gases are "after-burned" to reduce
      pollution.
PAR  In accordance with the present invention a spherical rotary engine is
      provided including a casing having a spherical cavity, or working sphere,
      therein and an engine shaft rotatably mounted in the casing. A driven
      cylindrical member, or drum, containing four combustion chambers therein
      is mounted for rotation within the casing, bisecting the spherical cavity,
      or working sphere. The driven cylindrical member, or drum, is connected to
      the engine shaft and causes it to rotate. A driving member in the shape of
      a hollow circular plate is rotatable within the spherical cavity, or
      working spere, and intersects the driven member passing through its
      center, thereby forming four variable volume spherical wedge-shaped
      compression-expansion chambers adjacent to the four combustion chambers in
      the driven member. Expansion of the ignited gases in the combustion
      chamber enlarges the volume of the compression-expansion chamber thereby
      causing the driving member, or plate, to rotate, which rotates the driven
      member, or drum, which then rotates the engine shaft.
PAR  The hollow circular driving plate is divided into four variable volume
      "intake compartments" which communicate with air intake tubes by means of
      rotating plate intake valves that cause a variation in the volume of the
      intake compartments according to the relative position of the driving
      plate with respect to the driven drum. In this manner air is sucked into
      the plate intake compartment as the volume thereof is increased by
      rotation of the driving plate. The rapid movement of this fresh air cools
      the internal surfaces of the driving member thereby preventing overheating
      of the engine. When an intake compartment is fully expanded and filled
      with fresh air, the intake valve closes, sealing off the compartment from
      the intake tube. Further rotation of the driving member, or plate, causes
      a decrease in the volume of the air intake compartment thereby compressing
      the air within and, at the proper time, air transfer portholes in the
      plate are uncovered permitting the compressed air to escape into the
      compression-expansion chamber of the working sphere thereby forcing the
      residual burnt cases therein, from the previous combustion cycle, out
      through an exhaust port in the housing.
PAR  The expanded maximum volume of the plate intake compartment is considerably
      larger than the maximum volume of the exterior compression-expansion
      chamber in the working sphere. In the air transfer process, a portion of
      the fresh air is used in scavenging the combustion chamber of the residual
      burnt gases therein (as mentioned above) out through the exhaust port in
      the housing into the exhaust manifold connected thereto. The mixture of
      fresh air with the incompletely burnt exhaust gases fosters the process of
      "after-burning" which reduces the amount of undesirable pollutants.
PAR  Subsequent rotation of the plate and drum closes the exhaust port and when
      the plate decreasing intake compartment approaches its minimum volume, the
      transfer of the remaining fresh air into the compression-expansion chamber
      is completed, and the transfer portholes are closed. The
      compression-expansion chamber is in the shape of a spherical wedge bounded
      by the interior of the spherical surface of the working sphere and the two
      semi-circular sides of the intersecting plate and drum. The dihedral angle
      (and volume) between plate and drum changes from a minimum to a maximum,
      and vice versa, during each half revolution of the drum. When the dihedral
      angle is maximum and the chamber is filled with the maximum volume of
      fresh air, the following contraction of the spherical wedge will
      ultimately compress the fresh air totally within the adjacent combustion
      chamber in the drum. At this point fuel is injected into the compressed
      air in the combustion chamber and then ignited by an electric spark plug.
      The resulting spontaneous explosive combustion increases the compressed
      pressure of the gases about four-fold and the ignited gas expands very
      rapidly forcing the enlargement of the compression-expansion chamber which
      causes rotation of the plate and consequently rotation of the drum which
      then drives the engine shaft.
PAR  The spherical rotary engine of the present invention has four combustion
      chambers within the drum, or cylindrical member, which operate in pairs.
      Two of the combustion chambers deliver a combined driving impulse in each
      half revolution of the cylindrical member, or two combined impulses in one
      revolution, thus, a comparable reciprocating engine would be a
      two-cylinder, two-stroke cycle type.
PAR  The spherical rotary engine of the present invention has an extremely
      smooth, vibrationless operation. There are no adverse inertial forces of
      reciprocating pistons, tappet rods, valves, valve lifters, springs, etc.,
      all of which are sources of vibration and noise in the reciprocating
      engine. Also, there is no torsional vibration which is sometimes present
      in reciprocating engines due to the torque impulses impressed alternately
      on the front and rear ends of a lengthy crankshaft, which causes a slight
      windup and then unwinding of the shaft during its rotation.
PAR  In the rotary engine of the present invention, all moving parts rotate in a
      single direction. They are symmetrical in shape and therefore can be
      balanced individually so that when assembled, the total rotating mass will
      be dynamically balanced. Furthermore, the weight of the rotating drum can
      be made heavy enough to serve as a flywheel, storing the energy of the
      fluctuating torque impulses impressed on the driving plate during each
      half revolution and returning it to the engine shaft as a usable uniform
      torque during each full revolution of the drum.
DRWD
PAR  To the accomplishment of the above and other objects as may hereinafter
      appear, the present invention relates to an improved spherical rotary
      engine as defined in the appended claims and as described in the
      specification, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of the spherical rotary engine of the present
      invention;
PAR  FIG. 2 is a top cross-sectional view taken along plane 2-2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along plane 3--3 of FIG. 1;
PAR  FIG. 3a is a cross-sectional view taken along line 3a--3a of FIG. 3;
PAR  FIG. 4 is a side cross-sectional view along plane 4--4 of the engine shown
      in FIG. 1;
PAR  FIG. 5 is a vertical cross-sectional view of the engine along lines 5--5
      shown in FIGS. 1 and 3;
PAR  FIG. 6 is an exploded isometric view of a portion of the engine, namely,
      the plate and drum of the present invention; and
PAR  FIGS. 7-21 are schematic views of a portion of the engine of the present
      invention as the cylindrical drum is rotated throughout a
      360.degree.cycle.
DETD
PAR  As best seen in FIG. 1, the spherical rotary engine of the present
      invention consists of a main engine housing or casing, generally
      designated A, comprising two halves, 10 and 12 which are rigidly bolted
      together at the outer circumference thereof by a plurality of housing
      bolts 14. A water-tight and oil-tight gasket 16 is utilized to achieve a
      complete seal between the exterior of the housing A and the hollow
      interior thereof which when the housing is assembled, forms a spherical
      cavity, or working sphere.
PAR  The housing A is provided with a number of ports and openings to permit
      entrance and egress of various fluids to and from the interior of the
      casing. A pair of exhaust ports 37 and 39 (FIG. 4) in the housing are
      connected to a pair of exhaust manifold conduits 18 and 20 (FIG. 2), one
      on either side of the casing, to permit the egress of burnt gases from the
      various combustion chambers within the drum and spherical cavity. A water
      inlet pipe (not shown) and a water outlet pipe 26 are provided to permit
      the flow of water through the engine to keep the temperatures thereof at a
      desired level. An oil inlet port 28 and an oil outlet port 30 are provided
      on the bottom and top, respectively, of the casing A to permit the flow of
      oil through the interior of the casing. A pair of fuel injection nozzles
      25 are provided in the housing to permit the introduction of fuel into the
      combustion chambers. Adjacent to each fuel injection nozzle is an electric
      spark plug 29 which are utilized to ignite the fuel and air mixture in the
      combustion chambers at the appropriate instant.
PAR  As is best seen in FIGS. 2, 3, 4 and 5, the engine is provided with a
      plurality of water passages 22 through which water, introduced through the
      water inlet pipe, may flow through the engine to permit cooling of same.
      The water passages 22 are operably connected to water outlet pipe 26
      through which the water will flow to the radiator (not shown) and after
      being cooled, will return to the water inlet pipe (not shown). A pair of
      cover plates 24 are bolted, one on either side of the engine, to provide
      access to the water passages 22 if necessary. The removable cover plates
      24 are provided with the appropriate gaskets and stud bolts such that a
      water-tight seal is achieved.
PAR  It should be noted here that the rotary engine of the present invention
      would function just as efficiently if it were designed to be an air-cooled
      engine instead of water cooled. There are certain types of small vehicles
      including motorcycles where air-cooled rotary engines would be preferred.
PAR  Another desirable object of the present invention is to provide a spherical
      engine which is internally cooled by the intake of an excessive amount of
      fresh air which automatically supercharges the combustion chambers. This
      operation would be improved by conduits (not shown in these drawings for
      the sake of simplicity) connecting the intake tubes to a rectangular
      box-like plenum chamber which has on the opposite face an oval-shaped
      funnel. The funnel side of the plenum is placed in front of the engine's
      cooling fan so that part of the fan's discharge is directed into the
      funnel and plenum. This will pressurize the intake tubes thereby assisting
      the suction of the expanding intake compartment and which will therefore
      fill them with a larger volume of air at a higher pressure before the
      inlet valve closes. Thus, the combustion chambers would be supercharged to
      an even higher degree. Also, since the speed of the engine cooling fan and
      air discharge is proportional to engine speed, the degree of supercharging
      would be proportional to engine speed so that the high level of
      supercharging would remain fairly constant throughout a wide range of
      engine speeds.
PAR  As best seen in FIG. 6, within the spherical cavity, or working sphere, of
      housing A, is the driven cylindrical member, or drum, generally indicated
      B, which bisects the working sphere. Also shown, passing through the
      center of the drum is the driving circular member, or plate, generally
      indicated C. Drum B rotates on an axis line perpendicular to the plane of
      the drum, which passes through its center and the center of the spherical
      cavity, or working sphere. The drum consists of symmetrical halves 32 and
      34 which are rigidly bolted together by bolts 62 after the plate assembly
      C has been inserted therebetween. One half of the drum contains the first
      and third combustion chambers 36 and 40, respectively, and the other half
      34 of the drum contains the second and fourth combustion chambers 38 and
      42, respectively.
PAR  Combustion chambers 36, 38, 40 and 42, located in the side faces of the
      drum are oval-shaped cavities extending from an opening at the top in the
      cylindrical outer face of the drum to an opening in the splayed face of
      the drum adjacent to the concave recess for the plate's cylindrical
      projection, wherein the compressed charge of air and fuel is ignited.
      After expansion of the burning gases into the adjacent
      compression-expansion chamber, or spherical wedge, which causes rotation
      of the driving plate C, the burnt gases are then expelled through the
      combustion chambers into the communicating exhaust ports 37 and 39 in the
      housing.
PAR  As can best be seen in FIGS. 2 and 5, each of the combustion chambers 36,
      38, 40 and 42 in drum B is provided with a combustion chamber seal 44
      which is in the form of an oval-shaped spring steel expansion ring in a
      matching groove around the combustion chamber opening in the outer
      cylindrical surface of the drum B. Seals 44 provide a gas-tight sliding
      fit against the cylindrical surface of housing A. Drum B is supported
      within the housing by roller bearings 46, each consisting of two hardened
      steel ground races keyed into annular matching grooves in the drum B and
      housing A with the rolling balls bearing on diagonally opposite points in
      the races so as to support both radial and axial loads of the rotating
      drum while holding it perfectly centered in the working sphere.
PAR  A drum ring gear 48 is provided with raised spiral angle teeth on the
      cylindrical surface of each half 32, 34 of drum B. When the two halves of
      the drum 32 and 34 are bolted together, the gear teeth form a
      "herringbone" gear, which will mesh with corresponding teeth 49 on the
      outer surface of engine shaft 51 which is rotatably mounted in the casing
      along an axis parallel to the axis of rotation of cylindrical member, drum
      B. Thus, the rotation of cylindrical member, drum B serves to rotate
      engine shaft 51.
PAR  As shown in FIGS. 2 and 3, a drum gear oil circulation space 50 is provided
      in the form of an annular channel in the housing A surrounding the drum
      ring gear 48 and connected to the oil well 53 (FIGS. 4 and 5) surrounding
      the engine shaft gear 49. Lubrication for the gears and cooling oil for
      the interior spaces of the drum are supplied by this oil circulation
      space. Drum oil seal rings 52, in the form of two circular spring steel
      expansion rings in annular grooves in the housing on both sides of the
      drum gear oil circulation space 50, provide a gas-tight and oil-tight
      sliding fit against the cylindrical surface of drum B.
PAR  As shown in FIG. 4, drum B is provided with a plurality of radial oil holes
      54 which are located in the cylindrical face of the drum, between the
      teeth of the drum ring gear, which permit oil under pressure in the drum
      gear oil circulation space 50 to enter and leave the interior spaces 55 of
      the drum for cooling purposes. The drum oil groove passages 56, as shown
      in FIG. 3, are located in the cylindrical face of drum B leading from the
      two plate trunnion bearing spaces therein outwardly to the edges of the
      drum and provide lubricating oil to the cylindrical surfaces of the drum
      and the housing and also to the drum roller bearings 46.
PAR  The cylindrical opening in the middle of drum B, with wedge-shaped edges is
      provided with plate sleeve valve seals 58, which are spring steel
      expansion strips in matching linear grooves in the drum's cylindrical
      concave edges which provide a gas-tight sliding fit against the convex
      faces of the plate sleeve valves 92 and 94. As shown in FIGS. 2 and 4, the
      interior of the drum is provided with drum circulating oil spaces 55 which
      are internal spaces in the drum through which oil circulates for cooling
      purposes. As shown in FIG. 3, a pair of drum seals 60 in the form of two
      circular spring steel expansion rings in matching annular grooves in the
      sides of both drum and housing provide a gas-tight sliding fit against the
      drum.
PAR  The hollow circular plate assembly C is the driving element of the
      spherical rotary engine of the present invention. Plate C passes through
      the center of the drum and rotates on its center line axis which coincides
      with the center line axis of the intake tubes 108, and which is oblique to
      the plane of the drum and its axis. The center point of the plate C, drum
      B and working sphere coincide.
PAR  As best seen in FIGS. 5 and 6, the plate assembly C consists of two outer
      circular discs 64 and 66, spaced apart and each has a cylindrical
      projection, 68 and 70, respectively, on the outside face thereof along the
      diameter of each disc. Further, each disc is provided with a
      hemi-spherical recess centered on the inside face and fitting into the
      aforementioned outside cylindrical projection. On the periphery of the
      circular outer discs are provided plate seals 65, which are circular
      spring steel expansion rings (similar to piston rings) recessed in
      matching grooves in each disc. These seals provide a gas-tight sliding fit
      against the spherical surface of the working sphere.
PAR  As best seen in FIG. 3, between the outer discs 64, 66 of plate C is a
      steel plate partition member 72, situated perpendicular to the discs.
      Member 72 is integrally attached to discs 64, 66 by bolts 106, thereby
      providing an air-tight fit such that the hollow space between the discs is
      divided into two equal semi-circular volumes. Across the center of
      partition 72, perpendicular to the discs 64, 66 are two semi-circular
      cylindrical projections extending between the hemi-spherical recesses on
      the inside of the circular discs, one on each side of partition 72,
      against which the concave surfaces of the two intake valves 78, 80, slide
      with an air-tight fit. These interior semi-circular volumes between the
      discs are subdivided by the intake valves 78, 80, into two variable volume
      intake compartments 74a and 74b, on one side of partition 72, and two
      variable volume intake compartments 76a and 76b on the other side of
      partition 72. In the position shown in FIG. 3, the plate is perpendicular
      to the drum and in this position intake compartments 74b and 76b are at
      their minimum volume, approximately zero, while intake compartments 74a
      and 76a are at their maximum volume. Intake compartment 74a serves
      combustion chamber 36, and intake compartment 74b serves combustion
      chamber 40. On the other side of partition 72, intake compartment 76a
      serves combustion chamber 38, and intake compartment 76b serves combustion
      chamber 42. Thus, the hollow plate C contains four variable volume fresh
      air intake compartments, each serving one of the four combustion chambers
      in the drum.
PAR  Referring again to FIG. 3 wherein the position of plate C is perpendicular
      to drum B, rotation of the plate and drum in the clockwise direction,
      (when viewed from the right side of the engine), will start increasing the
      volume of intake compartment 74b, between the intake valve 78 and the
      center partition 72, and valve port opening 82b will start traversing
      intake tube port opening 110, thereby sucking fresh air into the expanding
      intake compartment 74b. At the same time, intake compartment 74a which is
      at its maximum volume filled with fresh air, previously drawn in, will
      start contracting in volume, thereby compressing the air within while
      valve port opening 82a starts traversing the blank side of intake tube
      108. Similarly, on the other side of partition 72, the intake compartment
      76b will start increasing in volume and the valve port opening 84b will
      start traversing the other intake tube port opening 110, sucking in fresh
      air into the expanding intake compartment 76b, and at the same time intake
      compartment 76a, which is at its maximum volume, filled with fresh air,
      previously drawn in, will start contracting in volume thereby compressing
      the air within while the valve port opening 84a starts traversing the
      blank side of intake tube 108. The contracting intake compartments 74a and
      76a, compressing a charge of air within will subsequently discharge the
      compressed air through plate transfer portholes 88a, 90a, respectively,
      into the compression-expansion chambers or spherical wedges 120 and 124,
      (FIG. 5) respectively, outside of the plate within the working sphere,
      communication with combustion chambers 36 and 38, respectively. In the
      following half revolution of the drum, intake compartments 74b and 76b
      will similarly supply air to combustion chambers 40 and 42, respectively.
PAR  Valve transfer port openings 82a, 82b, and 84a, 84b are oval shaped and
      have oval shaped spring steel expansion insert seals 86 (FIG. 3a) which
      press against the cylindrical surface of the inlet tube providing a
      gas-tight sliding fit around the valve port openings. Each of the
      cylindrical projections 68 and 70 of the circular discs 64 and 66 are
      provided with two sets of plate transfer holes 88a, 88b and 90a, 90b,
      respectively. These sets of holes are located adjacent to the interior
      plate partition member 72 and permit the transfer of compressed air from
      the plate intake compartments into the spherical wedges of the working
      sphere.
PAR  Plate sleeve valves 92 and 94 in the form of thin cylindrical steel plates
      with outwardly extending bent edges are provided to fit snugly over the
      convex cylindrical projections 68 and 70 of the plates outer circular
      discs 64 and 66 and against the concave cylindrical edges of the drum.
      These sleeve valves have a gas-tight sliding fit on their concave and
      convex surfaces. The sleeve valves 92 and 94 slide around on the
      cylindrical portions of the plate discs first covering one set of the
      transfer portholes to one plate intake compartment and then uncover
      another set of transfer portholes to the other plate intake compartment
      located on the opposite side of the interior partition member 72.
PAR  A pair of plate sleeve valve seals 58 are provided for each of the plate
      sleeve valves 92, 94, respectively. These plate sleeve valve seals are
      spring steel expansion strips in linear grooves in the concave edges of
      drum B, and provide a gas-tight sliding fit against the convex surfaces of
      the plate sleeve valves. Centered on the cylindrical projections of the
      plates circular discs and located between plate transfer portholes 88a,
      88b and 90a, 90b, are two spring steel expansion strip seals, 96 and 98,
      in recessed linear grooves which provide a gas-tight sliding fit against
      the concave surfaces of the plate sleeve valves 92 and 94.
PAR  As best seen in FIG. 4, a pair of plate trunnions 100, which are
      cylindrical extensions from the wedge-shaped ends of the plate partition
      member 72, and which fit into cylindrical babbit lined bearings 102,
      recessed in drum B, support the plate assembly C in the drum. These
      trunnions permit the plate assembly to oscillate on the center line axis
      of the plate's cylindrical projections which lies in the center line plane
      of the drum, as both the plate and drum rotate on their respective axes
      within the working sphere.
PAR  Plate C is provided with plate oil holes 105, best seen in FIG. 4, which
      are located in the center of the plate partition member 72 longitudinally
      from trunnion to trunnion, receiving oil from drum oil holes 54, and
      distributing it through cross-way holes leading through plate sleeve valve
      seals 96 and 98 to provide lubricating oil to the convex and concave
      cylindrical surfaces of the plate cylinders 68 and 70, and the plate
      sleeve valves 92 and 94. The plate oil holes 105, at the cylindrical
      projection at the center of the partition member 72, best seen in FIG. 3,
      lead to the concave surfaces of the plate valves, and thence into
      communicating oil holes 105 in the face of the concave surfaces of the
      plate valves, which lead to the ends of the intake tubes and there,
      through radiating oil grooves, lubricate the sliding surfaces between the
      plate valves 78 and 80 and the intake tubes 108.
PAR  The plate assembly is held together by four plate assembly bolts 106, best
      seen in FIG. 4, which are located behind the expansion strip seals
      centered on the cylindrical projections of the plate discs. These bolts
      are preferably of the hexagon socket type which screw into tapped holes in
      the center partition member 72 and when drawn up tightly make air-tight
      joints between the partition member and the plate outer discs. It should
      be appreciated, however, that though the circular discs 64 and 66 and the
      partition member 72 are rigidly bolted together, the plate valves 78 and
      80 rotating on the ends of the intake tubes 108 are free to move between
      the plates outer discs in a semicircular path with an air-tight sliding
      fit against the inner surfaces of the plate discs.
PAR  As indicated above, fresh air enters the engine of the present invention by
      means of a pair of cylindrical air intake tubes 108 which are held
      stationary by set screws 27, in the engine housing A on a common axis
      line. The plate valves 78 and 80 rotate on the ends of the air intake
      tubes 108 thereby permitting the entire plate assembly to rotate on the
      center line axis of these tubes. Each of the tubes is provided with an
      intake port opening 110 preferably rectangular in shape, best seen in FIG.
      3, over which traverse the oval-shaped valve port openings 82a, 82b, of
      plate valve 78, and oval-shaped valve port openings 84a, 84b, of plate
      valve 80, thus permitting fresh air to be drawn into the plate's intake
      compartments 74a, 76 a, shown fully expanded, and 74b, 76b, shown fully
      contracted.
PAR  As shown in FIG. 3, annular oil wells 112, supplied by inlet pipes 112a,
      are located in the engine housing around intake 108 and which supply
      lubricating oil to the sliding surfaces between the plate valves 78, 80,
      and the intake tubes, as well as the inside faces of the plates discs 64,
      66, and also the sliding surfaces between the circular edges of the discs
      and the spherical surface of the working sphere. Intake oil seal packing
      rings 114, are located in the housing around the intake tubes and are
      provided with pressure adjusting threaded nuts 114a, for adjusting the
      pressure of the packing rings around the intake tubes so as to prevent oil
      leakage outward beyond the oil seal packing rings.
PAR  As shown in FIG. 5, the engine shaft 51 is provided with needle-type roller
      bearings 51a, in hardened steel ground races. The outer races are keyed to
      the housing and the inner races are keyed to the engine shaft. Engine
      intake oil well 53, around the engine shaft 51 and its gear 49, supplies
      oil to the oil circulating space 50 around the drum ring gear 48, and the
      engine shaft bearings 51a. The oil grooves 116 in the housing adjacent to
      the needle bearings 51a, lead to the drum roller bearings 46 and to the
      sliding surfaces between the drum and housing. Engine shaft oil seal
      packing rings 118 are located in the housing around the engine shaft and
      are provided with pressure adjusting threaded nuts 118a, for adjusting the
      pressure of the packing rings around the engine shaft so as to prevent oil
      leakage outward beyond the oil seal packing rings.
PAR  FIGS. 7-21 are schematic representations of the relative positions of
      certain key elements of the spherical rotary engine of the present
      invention as the engine goes through one complete cycle of operation which
      corresponds to a 360.degree. revolution of the cylindrical member, or drum
      B, and the circular member, or plate C. For ease of understanding the
      sequence of operations taking place in only a single combustion chamber
      42, which communicates with the variable volume spherical wedge, or
      compression-expansion chamber 126, within the working sphere, and said
      wedge communicates with the plate's variable volume intake compartment
      76b, through plate transfer portholes 88b uncovered by sleeve valve 92 and
      said intake compartment communicates with fresh air intake tube 108
      through valve intake port opening 84b of the plate valve 80, which
      traverses over intake tube port opening 110, will hereafter be described.
      However, it should be noted that diagonally opposite sets of combustion
      chambers, compression-expansion spherical wedges of the working sphere,
      and air intake compartments within the plate, go through the same
      operations simultaneously. Thus, what is happening in one set of these
      related spaces is equally applicable to the opposite set of related
      spaces.
PAR  Consider combustion chamber 42, located in the upper left hand corner of
      the diagrams. The variable volume wedge-shaped compression-expansion
      chamber 126 communicates with combustion chamber 42. The plates intake
      compartment 76b, which is on the far side of the plate valve 80, is the
      air intake compartment which feeds compression-expansion chamber 126
      through plate transfer portholes 88b. The intake tube 108 is shown as
      having a rectangular port opening 110 which communicates with the
      oval-shaped plate valve intake port opening 84b (shown in dash lines) in
      the intake compartment 76b. The plate sleeve valve 92 regulates the
      passage of air from the intake compartment 76b through transfer portholes
      88b into the spherical wedge-shaped compression-expansion chamber 126,
      which communicates with combustion chamber 42. It should be understood
      throughout the following explanation that combustion chamber 40,
      compression-expansion chamber 122, and air-intake compartment 74b, will
      operate in the precise fashion at the same time as the previously
      mentioned related spaces connected with combustion chamber 42. The other
      diagonally opposite set of combustion chambers 36 and 38, and their
      respective combustion-expansion chambers 120 and 124, and their air intake
      compartments 74a and 76a operate in the same manner but 180.degree. out of
      phase, that is, one-half cycle behind the described operations.
PAR  It should be noted in FIGS. 7 to 21, which show the successive positions of
      the drum and plate, that the driving plate is the active member causing
      the variations in the dihedral angle it makes with respect to the plane of
      the drum which causes the increase and decrease in the volume of the
      exterior compression-expansion chambers, or spherical wedges, and
      simultaneously the corresponding volume changes in the plate's interior
      intake compartments.
PAR  When drum B is at position zero degrees of rotations, (FIG. 7), an axis
      line drawn longitudinally through the center of the plate, perpendicular
      to the plate partition member 72 (hereinafter referred to as the reference
      line), makes an angle of 45.degree. with the vertical. From this reference
      line the dihedral angle between plate and drum is measured in the counter
      clockwise direction. The compression-expansion chamber, or spherical wedge
      126 is at its minimum volume, the combustion chamber 42 opening onto the
      working sphere is flush against the flat face of the driving plate and the
      combustion chamber 42 contains a compressed charge of air into which
      liquid fuel is just being injected and the combustible charge ignited by
      the electric spark plug 29. The resulting explosive pressure of the gas
      presses against the flat face of the plate and also the extended edge of
      the plate's transfer port sleeve valve 92 and begins to rotate the plate
      and sleeve valve in the counter clockwise direction relative to the plane
      of the drum, while the plate rotates the drum in the clockwise direction,
      when viewed from the right side of the diagrams. In the meantime, intake
      compartment 76b which is half expanded continues to expand sucking in a
      new supply of fresh air through the valve port 84b which is traversing the
      intake tube port opening 110.
PAR  FIG. 8, shows the engine when drum B has advanced to the 30.degree.
      position. The reference line has moved 4.degree. 05' in the counter
      clockwise direction which means the dehedral angle between plate and drum
      has increased from 0.degree. to 40.degree. 05', due to the expansion of
      burning gases in combustion chamber 42 and its communicating
      compression-expansion chamber 126, which no longer is at a minimum volume,
      but is now expanding and driving the plate. The plate's intake compartment
      76b is now slightly more than half expanded and continuing to expand
      sucking in a new supply of fresh air through the valve port 84b traversing
      the intake tube port opening 110.
PAR  It should be noted that the pressure of the expanding burning gases in
      chamber 126m as it drives the plate, holds the extended edge of the sleeve
      valve 92 hard against the flat face of the plate until the time when the
      opposite extended edge comes up against the sloping wall of combustion
      chamber 36. Until this point is reached sleeve valve 92 remains stationary
      relative to the plate's cylinder and together both rotate in the counter
      clockwise direction. The sleeve valve can only be in one of two positions
      relative to the plate and drum. The extended edge will move with flat face
      of the plate because of the expanding gas pressure holding it there, until
      slightly before the 90.degree. position of the drum is reached (FIG. 10)
      at which time the opposite extended edge of the sleeve valve 92 comes up
      against the sloping flat face of combustion chamber 36, and thereafter the
      extended edge will be held there until the 180.degree. position of drum
      rotation is reached (FIG. 14) at which point combustion chamber 36 will be
      fired and the explosive gas pressure of combustion will hold that extended
      edge of sleeve valve 92 hard against the opposite flat face of the plate.
PAR  FIG. 9, shows the cylindrical member, or drum B in the 60.degree. position.
      The reference line has moved 18.degree. 23' from the original position.
      The burning gases in combustion chamber 42 and its communicating spherical
      wedge 126 continues to expand driving the plate in the counter clockwise
      direction. The plates intake compartment 76b is now considerably more than
      half expanded and continuing to expand sucking in a new supply of fresh
      air through the valve port 84b traversing the intake tube port opening
      110. Sleeve valve 92 continues to cover plate transfer portholes 88b, thus
      isolating the intake compartment from the compression-expansion chamber
      126.
PAR  FIG. 10, shows the cylindrical member or drum B in the 90.degree. position.
      The reference line has moved 45.degree. from the original position. The
      burning gases in combustion chamber 42 and its compression-expansion
      chamber 126 continue to expand driving the plate in the counter clockwise
      direction. The opposite extended edge of the sleeve valve 92 is now hard
      against the splayed wall of combustion chamber 36 and from now on the
      plates cylindrical projection will be moving in the counter clockwise
      direction relative to the sleeve valve 92, so that transfer portholes 88b
      will now move towards the extended edge on the left side of sleeve valve
      92. In this position the plate intake compartment 76b is at its maximum
      volume and thus filled with fresh air and further counter clockwise
      rotation of the plate will cause contraction thereof. Valve port 84b is no
      longer aligned with intake tube port opening 110, but will now traverse
      the blank side of the intake tube. However, after further counter
      clockwise rotation of the plate valve port opening 84a (shown in solid
      lines) will begin to traverse the intake tube port opening 110 thereby
      filling intake compartment 76a (on the near side in FIG. 10) with fresh
      air for combustion chamber 38.
PAR  FIG. 11, shows the cylindrical member, drum B, at the 120.degree. position.
      The reference line has moved 71.degree. 37' from the original position.
      Combustion chamber 42 is now aligned with an exhaust port in the engine
      housing to permit exhaust of the expanded burnt gases in the
      compression-expansion chamber 126 through combustion chamber 42. Plate
      intake compartment 76b is contracting and compressing the complete charge
      of fresh air therein. Valve port 84b is traversing the blank side of the
      intake tube thereby isolating intake compartment 76b.
PAR  FIG. 12, shows the cylindrical member, drum B, at the 135.degree. position.
      The reference line has moved to 80.degree. 16' from the original position.
      Combustion chamber 42 is still aligned with the exhaust port and the burnt
      gases in the compression-expansion chamber 126 continue to flow through
      combustion chamber 42 into the exhaust port. Plate intake compartment 76b
      continues to contract and compress the charge of fresh air, while valve
      port 84b continues to traverse the blank side of the air intake tube.
PAR  FIG. 13, shows the cylindrical member, drum B, at the 150.degree. position.
      The reference line has moved 85.degree. 55' from the original position.
      Combustion chamber 42 is still aligned with the exhaust port and exhaust
      is continuing. The plate cylinder in rotating counter clockwise has
      uncovered plate transfer portholes 88b from under the left edge of plate
      sleeve valve 92, and the transfer of compressed air in intake compartment
      76b into the compression-expansion chamber 126 has begun, thereby helping
      to scavenge the residual burnt gases through the combustion chamber 42
      into the exhaust port 37 and its connected exhaust manifold, where the
      mixture of fresh air with the burnt gases go through the process of
      "after-burning", which, by oxidation of the unburnt carbon particles
      transforms the carbon monoxide, a poisonous pollutant, into carbon
      dioxide, a harmless gas. Valve port 84b continues to traverse the blank
      side of the intake tube 108.
PAR  FIG. 14, shows the drum B, at the 180.degree. position.  The reference line
      has moved 90.degree. from the original position, which is the maximum
      dehedral angle and volume of expansion of the spherical wedge or
      compression-expansion chamber 126. Combustion chamber 42 is no longer
      aligned with exhaust port 37, and exhaust cycle is finished. Plate intake
      compartment 76b is half contracted and continues to push fresh air into
      the compression-expansion chamber 126, and valve port 84b continues to
      traverse the blank side of the intake tube 108. The plate has now reached
      its maximum counter clockwise position and future rotation of the drum
      will cause the plate to reverse its direction of rotation relative to the
      drum into the clockwise direction.
PAR  FIG. 15, shows the drum B at the 210.degree. position. The reference line
      has moved back from 90.degree. to 85.degree. 55' from the original
      position. The plate C has reversed its direction and is now moving in the
      clockwise direction relative to the plane of drum B. Combustion chamber 42
      and its compression-expansion chamber 126 are filled with fresh air and
      the remainder of the air in the intake compartment 76b is being pushed
      into the compression-expansion chamber 126. Both the intake compartment
      and the compression-expansion chamber are now contracting at the same
      time. Valve port 84b continues to traverse the blank side of the intake
      tube.
PAR  FIG. 16, shows the drum B, at the 240.degree. position. The reference line
      is now 71.degree. 37' from the original position. Combustion chamber 42
      and its compression-expansion chamber 126 are filled with fresh air and
      the remaining portion of air in the plate intake compartment 76b is being
      pushed into the compression-expansion chamber 126. Both the intake
      compartment and the compression-expansion chamber are still contracting.
      Valve port 84b continues to traverse the blank side of the intake tube.
PAR  FIG. 17, shows the drum B, at the 270.degree. position. The reference line
      is now 45.degree. from the original position, and moving in the clockwise
      direction. Contracting plate intake compartment 76b has now reached its
      minimum volume position and fresh air transfer from plate intake
      compartment to compression-expansion chamber 126 has been completed.
      Further rotation of drum and plate will cause sleeve valve 92 to cover
      transfer portholes 88b, thereby closing the communication between plate
      intake compartment 76b and compression-expansion chamber 126, and valve
      port 84b will start traversing the intake tube port opening 110.
PAR  FIG. 18, shows drum B, at the 300.degree. position. The reference line is
      now 18.degree. 33' from its original position. Sleeve valve 92 has moved
      relative to transfer portholes 88b so as to close them completely, thereby
      isolating the intake compartment 76b from compressionexpansion chamber
      126, which continues to contract, compressing the charge of air therein
      into combustion chamber 42. Intake compartment 76b is beginning to expand,
      sucking in a new supply of fresh air through valve port 84b which is now
      traversing intake tube port opening 110.
PAR  FIG. 19, shows drum B, in the 315.degree. position. The reference line is
      9.degree. 44' from its original position. The charge of air within
      compression-expansion chamber 126 and combustion chamber 42 is being
      further compressed. Intake compartment 76b is expanding sucking in a new
      supply of fresh air through valve port 84b which is traversing intake tube
      port opening 110.
PAR  FIG. 20, shows drum B, in the 330.degree. position. The reference line is
      now only 4.degree. 05' from its original starting position. The charge of
      fresh air within compression-expansion chamber 126 and combustion chamber
      42 is nearing completion of the compression cycle. The plate intake
      compartment 76b continues to expand sucking in a new supply of fresh air
      through valve port 84b which is traversing intake tube port opening 110.
PAR  FIG. 21, shows drum B, in the 360.degree. position. The reference line has
      returned to its original starting position. The new charge of fresh air
      which was in compression-expansion chamber 126 has now been compressed
      entirely into combustion chamber 42. The plate intake compartment 76b is
      now half expanded and continues sucking in a new supply of fresh air
      through valve port 84b which is traversing the intake tube port opening
      110. At this point liquid fuel will be injected into combustion chamber 42
      and the combustible charge ignited by spark plug 29, thus starting anew
      the complete cycle just described in FIGS. 7 through 21.
PAR  It should again be noted that combustion chamber 40 is diametrically
      opposite to the combustion chamber 42 and is similarly disposed with
      respect to the driving plate and thereof will go through the same cycle
      that combustion chamber 42 goes through and simultaneously therewith.
      Further, after a 180.degree. rotation, combustion chambers 36 and 38 will
      be similarly disposed with respect to the opposite face of the driving
      plate and will likewise be ready to follow through the same cycle of
      operation simultaneously as the combustion chambers 42 and 40 did
      previously.
PAR  Therefore, in the single working sphere of this engine, two combustion
      chambers impart one combined impulse to the engine shaft in one-half
      revolution and the four combustion chambers impart two combined impulses
      in one complete revolution.
PAR  In the engine shown in the drawings, each of the four spherical wedges has
      a displacement of 5.25 cu. in. and a combined displacement of 21 cu. in.
      Each combustion chamber has a volume of 0.65625 cu. in. and the
      compression ratio is 5.90625 .div. 0.65625 = 9:1. the height of the plate
      cylinder is 3.42 in., the diameter of the cylinder is 3.42 in., and the
      width of the driving plate is 1.875 in. The plate's intake compartment
      volume is approximately 7.5 cu. in., or 1.44 times the displacement of one
      spherical wedge.
PAR  Since two combustion chambers deliver a combined driving impulse in each
      half revolution, or two combined impulses in one revolution, a comparable
      reciprocating engine would be a two-cylinder, two-stroke cycle type having
      a total displacement of 21 cu. in., or 10.50 cu. in. per cylinder. The
      bore of each cylinder would be 2.375 in., and the stroke 2.375 in., so
      that the cylinder's volume equals 10.50 cu. in. The combustion space at
      the top of the cylinder would have a volume of 1.3125 cu. in., so that
      compression ratio would be 11.8125 .div. 1.3125 = 9:1. The equivalent
      four-stroke cycle type engine would have four such cylinders two of which
      would deliver two impulses in each revolution and the displacement rating
      would be 42 cu. in.
PAR  It is known that the compression ratio is extremely important to the
      efficiency of an engine, and in particular the higher the compression
      ratio, the higher the thermal efficiency of the engine, the higher the
      fuel economy, and the greater the torque and the power obtained from an
      engine of given displacement. However, when the compression ratio exceeds
      certain limits, there is a possibility of self-ignition due to the heat of
      compression which results in knocking or detonation. In the operation of
      both the reciprocating and spherical engines, there is a positive pressure
      caused by the combustion of the charge and simultaneously a negative
      pressure due to the compression of a fresh air charge in either the second
      sylinder of the two-cylinder engine or the two spherical edges on the
      opposite side of the driving plate in the rotary engine. Therefore, the
      negative pressures must be subtracted from the positive pressures in order
      to derive the net positive pressure causing rotation. Computations show
      that the compression ratio in the reciprocating engine drops more rapidly
      than the compression ratio in the rotary engine, especially in the early
      stages of volume expansion, and that the rate of drop does not slow down
      to equal the rate of drop in the rotary engine until after the 120.degree.
      position of rotation.
PAR  This indicates that the volume expansion for each 15.degree. interval of
      rotation is more rapid in the cylinder than in the spherical wedge and the
      more rapid expansion of a gas means a more rapid drop in its pressure,
      especially the explosion pressure of combustion. The slower rate of volume
      expansion in the spherical wedge is one of the inherent kinetic advantages
      of the spherical wedge over the cylinder.
PAR  Another advantage of the spherical wedge is the area of the driving plate
      exposed to the combustion pressure within. In the case of the piston head,
      its area is constant at 4.43 sq. in., whereas in the driving plate, the
      area varies from 3.800 sq. in. at the zero position to 16.764 sq. in. at
      the 120.degree. position, an average exposed area of 8.77 sq. in. It
      should be noted that this area is twice the area of one side of the plate
      because the opposite sides are being acted upon by the combustion pressure
      in the two diametrically opposed wedges simultaneously. Also, when
      computing plate area exposed to gas pressure, the area of cylindrical
      portion of the plate is figured as a flat projected area adjacent to the
      flat circular segment area of the plate. The greater plate area multiplied
      by higher compression pressures per sq. in. result in a higher total
      combustion pressure acting on the plate than that acting on the piston.
PAR  Only in the length of the moment arm from the axis of rotation does the
      reciprocating engine exceed that of the rotary engine. The average moment
      arm of the crank in a reciprocating engine equals 0.9102 in. and that of
      the center of gravity of the plate equals 0.7036 in. The average
      turning-moment or torque of the reciprocating engine is 411 in. lbs., and
      that of the rotary engine is 598 in. lbs., which is a 45% increase over
      the reciprocating engine.
PAR  These torque figures are based on an assumed pressure of 13 lbs. sq. in.
      for the initial intake charge of air, which is the probably pressure at
      slow speeds. But as the engine speed increases, the pressure drops due to
      the greater resistance of air flow through the intake manifolds and
      valves. This is referred to as a drop in "volumetric efficiency" which is
      the ratio of the intake air pressure just before compression to
      atomospheric pressure of 14.7 lbs. sq. in. When volumetric efficienty
      drops, so does compression pressure and consequently, combustion pressure
      even more so, being a multiple of the first.
PAR  For this reason, high performance engines are sometimes equipped with
      superchargers, a pumping device operated off the engine shaft which forces
      air into the cylinder so that the initial charge is at atmospheric
      pressure or slightly above, thereby maintaining the volumetric efficienty
      at 100%. In racing engines, the cylinders are sometimes supercharged to 10
      lbs. above atmospheric pressure.
PAR  In the spherical rotary engine of the present invention, supercharging is
      part of its design. It has been noted above that the volume of the plate's
      intake compartment is 7.5 cu. in., or 1.44 times the 5.25 cu. in.
      displacement of one spherical wedge. A portion of this air is used to
      scavenge the wedge near completion of exhaust and the remaining portion is
      then compressed prior to ignition. Depending on the timing of exhaust port
      closing, a condition predetermined in the design of a specific rotary
      engine, the volume of remaining air to be compressed can be such that the
      volumetric efficiency would be 100%, even at high engine speeds.
PAR  It should be noted that the displacement of the rotary engine of the
      present invention is a function of the height of the cylinder only and
      that it is a constant for a given displacement. Therefore, to see the
      effect of a change in the dimensions of the plate will have on the
      previously computed torque, a second computation has been made for a
      rotary engine of equal displacement and cylinder height but increasing the
      diameter of the cylinder from 3.42 inches to 4.00 inches and increasing
      the width of the driving plate from 1.875 inches to 2.25 inches. This
      increase in the diameter of the cylinder increased the diameter of the
      working sphere from 4.837 to 5.263 inches.
PAR  These changes increased the average area of the plate exposed to gas
      pressure from 8.77 sq. in. to 9.28 sq. in. It increased the average length
      of the plate moment arm from 0.7036 inches to 0.7642 inches and increased
      the theoretical torque from 598 in. lbs. to 658 in. lbs., a 10% increase
      in torque between the two equal displacement rotary engines; and a 60%
      increase in torque compared with the reciprocating engine. Also, the
      volume of the plate intake compartment increased from 7.5 cu. in. (1.44
      times displacement) to 10.50 cu. in. (two times displacement) which makes
      possible a higher degree of supercharging than before, in this particular
      rotary engine.
PAR  Another very important aspect of the excess volume of fresh air drawn into
      the plate assembly for supercharing is its cooling effect on the inside
      surface of the plate. The outside surfaces of the plate are exposed to the
      intense heat of combustion and in order to prevent excessive expansion and
      possible seizure of the rotating elements, it is essential that the excess
      heat be drawn off and this is an additional function of the in-rushing
      fresh air.
PAR  There are several other desirable features inherent in the spherical rotary
      engine, one of which is the turbulence of the charge at the moment of
      ignition. It is well known that the rate of flame propagation through the
      combustible charge is increased by turbulence and that the rate of
      propagation is proportional to the degree of turbulence. The quicker
      complete combustion occurs in the early stages of expansion of the charge,
      the greater will be the amount of heat energy liberated which can be
      converted into mechanical energy. Also, with turbulence, the charge has
      less tendency to knock or detonate upon ignition, and therefore, higher
      compression ratios can be used which result in both higher combustion
      pressures and thermal efficiency.
PAR  Referring now to FIG. 3, it should be noted that the plate transfer
      portholes 88a, 88b, 90a and 90b are provided with spiral vanes which are
      an integral part of a thin wall cylinder, slightly tapered, which is
      pressed into the drilled portholes. When fresh air is transferred from the
      plate intake compartment to the spherical wedge, it is being pushed
      through these holes at a fairly high velocity whereby the spiral vanes
      impart a whirling motion to the air. This not only assists in the
      scavenging of the spherical wedge of the burnt gases but sets up the
      desired turbulence on compression which also aids dispersion and
      vaporization of the fuel injected into the compressed air prior to
      ignition.
PAR  It should be further noted that the fresh air dispersed in the hot burning
      gases during scavenging of the spherical wedge, upon entering the exhaust
      manifold also fosters "after burning", a process of further oxidation of
      the unburnt carbon particles transforming the carbon monoxide (a poisonous
      pollutant) into carbon dioxide, a harmless gas. This action is similar to
      that taking place in a thermal reactor, a device attached to the exhaust
      systems of some engines which receive the necessary fresh air from an
      external pump driven off the engine shaft.
PAR  Another desirable feature of the present invention is the movement of the
      compressed charge past the fuel injection nozzle and spark plug during
      approximately 35.degree. of each 180.degree. rotation. This means that the
      nozzle and spark plug are exposed to intense heat of combustion for only a
      short period of time during each revolution and this should therefore
      increase the useful life of these parts.
PAR  Another advantage of the spherical rotary engine of the present invention
      is the simplicity of the valve arrangement. Only two inlet valve pieces,
      rotating on stationary intake tubes, plus two plate transfer sleeve valves
      are required for operation. Further, these valves are each self-activated
      with respect to timing, and no auxiliary shafts, gears, springs, etc. are
      necessary to operate them.
PAR  However, the main overall advantage of the spherical rotary engine of the
      present invention is its smooth, vibrationless operation. There are no
      adverse inertia forces of reciprocating pistons, tappet rods, valves,
      valve lifters, springs, etc., all of which are sources of vibration and
      noise in reciprocating engines. In addition, there is no torsional
      vibration which is sometimes present in reciprocating engines due to the
      torque impulses impressed alternately on front and rear ends of a lengthy
      crank shaft which causes a slight windup and then unwinding of the shaft
      during its rotation.
PAR  In the rotary engine of the present invention, all moving parts rotate in a
      single direction. They are symmetrical in shape and therefore can be
      balanced individually so that when assembled, the total rotating mass will
      be dynamically balanced. Further, the weight of the rotating drum can be
      made heavy enough to serve as a flywheel, storing the energy of the
      fluctuating torque impulses impressed on the driving plate during each
      half revolution and returning it to the engine shaft as a usable uniform
      torque during each full revolution.
PAR  Another comparable advantage of the spherical rotary engine is its smaller
      bulk and weight for a given displacement, which is approximately 40% less
      than a comparable reciprocating engine. The saving in bulk and weight
      should be especially helpful in developing the rotary engine for diesel
      operation.
PAR  The engine of the present invention could also be operated as a diesel
      engine with obvious modifications. The operating pressures in a diesel
      engine are much higher and therefore, its construction must be made much
      heavier and stronger with a higher factor of safety. No electric spark
      plugs and ignition system is needed in a diesel engine because the high
      compression of air raises its tempature to about 1000.degree.F, sufficient
      to cause spontaneous ignition when the fuel is injected. Also, because of
      the high compression pressure, the thermal efficiency of the diesel engine
      is much higher, which together with the less costly type of fuel it uses,
      should make a rotary diesel engine even more economical to operate.
PAR  While a single preferred embodiment of the present invention has been
      disclosed herein for purposes of illustration, it is obvious that many
      variations and modifications could be made thereon. It is intended to
      cover all of these variations and modifications which fall within the
      scope of the invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary engine comprising a casing having a cavity therein, said casing
      having air intake, fuel inlet and exhaust ports therein communicating with
      said cavity, an engine shaft rotatably mounted in said casing, a
      cylindrical member mounted for rotation in said casing, said cylindrical
      member being directly drivingly connected to said shaft and having a
      combustion chamber defined in the wall thereof, said combustion chamber
      registering with said fuel inlet port in at least one operative position
      thereof, and said exhaust port in at least one other operative position
      thereof, and a drive member movably mounted on said cylindrical member to
      drive same, said cylindrical member, said drive member and the inner wall
      of said casing defining a compression-expansion chamber, means operably
      connecting said air intake port to said compression-expansion chamber,
      said compression-expansion chamber being operably connected to said
      combustion chamber and being expandable by the combustion of gases within
      said combustion chamber to move said drive member.
NUM  2.
PAR  2. The engine of claim 1 wherein the axis of rotation of said drive member
      is different from the axis of rotation of said cylindrical member.
NUM  3.
PAR  3. The engine of claim 1 wherein the axis of rotation of said cylindrical
      member is parallel to the axis of rotation of said shaft.
NUM  4.
PAR  4. The engine of claim 3 wherein the axis of rotation of said drive member
      is different from the axis of rotation of said cylindrical member.
NUM  5.
PAR  5. The engine of claim 1 wherein said means operably connecting said air
      intake compartment to said compression-expansion chamber comprises an air
      intake compartment in said drive member, said air intake compartment being
      in communication with said compression-expansion chamber.
NUM  6.
PAR  6. The engine of claim 5 wherein said air intake port comprises an intake
      conduit extending into said casing from the exterior thereof.
NUM  7.
PAR  7. The engine of claim 6 wherein said drive member is rotatable about said
      air intake conduit.
NUM  8.
PAR  8. The engine of claim 7 wherein said means operably connecting said air
      intake compartment to said compression-expansion chamber comprises valve
      means operatively connecting said air intake port to said air intake
      compartment.
NUM  9.
PAR  9. The engine of claim 5 wherein said means operably connecting said air
      intake compartment to said compression-expansion chamber comprises valve
      means operatively connecting said air intake port to said air intake
      compartment.
NUM  10.
PAR  10. The engine of claim 5 wherein the maximum volume of said intake
      compartment is greater than the maximum volume of said
      compression-expansion chamber.
NUM  11.
PAR  11. The engine of claim 5 wherein said compression-expansion chamber has a
      variable volume.
NUM  12.
PAR  12. The engine of claim 11 wherein the maximum volume of said intake
      compartment is greater than the maximum volume of said
      compression-expansion chamber.
NUM  13.
PAR  13. The engine of claim 1 wherein said compression-expansion chamber has a
      spherical wedge shape.
NUM  14.
PAR  14. A rotary engine comprising a casing having a cavity therein, said
      casing having air intake, fuel inlet and exhaust ports therein
      communicating with said cavity, a cylindrical member mounted for rotation
      in the wall of said casing adjacent said cavity and having a combustion
      chamber therein, said combustion chamber registering with said fuel intake
      port in at least one operative positive thereof and said exhaust port in
      at least one other operative position thereof, a drive member movable
      within said casing and drivingly connected to said cylindrical member to
      rotate same, a compression-expansion chamber defined by the wall of said
      casing, said cylindrical member and said drive member, said
      compression-expansion chamber being operably connected to said combustion
      chamber, an air intake compartment in said drive member, said air intake
      compartment being operatively connected to said intake port and means for
      connecting said intake compartment to said compression-expansion chamber.
NUM  15.
PAR  15. The engine of claim 14 wherein said intake compartment has a variable
      volume and said compression-expansion chamber has a variable volume and
      wherein the maximum volume of said intake compartment is larger than the
      maximum volume of said compression-expansion chamber.
NUM  16.
PAR  16. The engine of claim 14 wherein said compression-expansion chamber
      communicates with said combustion chamber while said combustion chamber is
      in communication with said exhaust port.
NUM  17.
PAR  17. The engine of claim 14 wherein said connecting means comprises
      turbulence imparting means for imparting turbulence to the air charge as
      said charge moves from said intake compartment to said semicircular
      cavity.
NUM  18.
PAR  18. The engine of claim 17 wherein said turbulence imparting means
      comprises spiral vanes.
NUM  19.
PAR  19. The engine of claim 14 said connecting means comprises valve means
      operatively connecting said intake-compartment and said
      compression-expansion chamber.
NUM  20.
PAR  20. The engine of claim 19 wherein each of said circular members has a
      cylindrical projection thereon for engagement with said cylindrical
      member.
NUM  21.
PAR  21. The engine of claim 20 wherein said valve means is situated adjacent
      said cylindrical projection.
NUM  22.
PAR  22. The engine of claim 21 wherein said valve means comprises a cylindrical
      plate sealingly engaging said cylindrical portion.
NUM  23.
PAR  23. The engine of claim 22 wherein said plate is interposed between said
      drive member and said cylindrical member.
NUM  24.
PAR  24. The engine of claim 23 wherein said plate has an outwardly extending
      peripheral lip.
NUM  25.
PAR  25. The engine of claim 24 wherein the expansion of gases in said
      compression-expansion chamber pushes said lip to displace said plate
      relative to said cylindrical portion.
NUM  26.
PAR  26. The engine of claim 14 wherein said drive member has an annular portion
      sealingly engaging the wall of said cavity.
NUM  27.
PAR  27. The engine of claim 26 wherein said drive member comprises a pair of
      spaced circular members, a partition member operatively connected said
      circular members and dividing the circular space therebetween into two
      substantially semicircular cavities.
NUM  28.
PAR  28. The engine of claim 27 wherein each of said circular members has a
      cylindrical projection thereon for engagement with said cylindrical
      member.
NUM  29.
PAR  29. The engine of claim 28 wherein said partition member has a cylindrical
      projection thereon.
NUM  30.
PAR  30. The engine of claim 26 further comprising means for operatively
      connecting said air intake port to one of said semi-circular cavities.
NUM  31.
PAR  31. The engine of claim 30 wherein said connecting means comprises valve
      means for intermittently connecting said intake port and said semicircular
      cavity.
NUM  32.
PAR  32. The engine of claim 31 wherein said valve means divides said
      semicircular cavity into two air intake compartments.
NUM  33.
PAR  33. The engine of claim 32 wherein each of said air intake compartments has
      a variable volume.
NUM  34.
PAR  34. The engine of claim 32 wherein said valve means is movable within said
      semicircular cavity to vary the volume of said intake compartments,
      respectively.
NUM  35.
PAR  35. The engine of claim 34 wherein said partition member has a cylindrical
      projection thereon.
NUM  36.
PAR  36. The engine of claim 35 wherein said valve sealingly engages said
      cylindrical projection as it is moved within said semicircular cavity.
NUM  37.
PAR  37. The engine of claim 14 further comprising an air intake conduit
      operatively connected to said air intake port.
NUM  38.
PAR  38. The engine of claim 37 wherein said connecting means comprises valve
      means for intermittently connecting said intake port and said semicircular
      cavity.
NUM  39.
PAR  39. The engine of claim 38 wherein said valve means is rotatable about said
      conduit.
NUM  40.
PAR  40. The engine of claim 37 wherein said drive member is rotatable about
      said conduit.
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ABST
PAL  In an internal combustion engine having a cylinder, a working piston
      reciprocally located therein and a cylinder head cooperating to define a
      combustion chamber, the incorporation therein of a precombustion chamber
      formed in the space of the main combustion chamber and further dividing
      the main combustion chamber into secondary combustion chambers. Apertures
      in the precombustion chamber provide for communication between the
      precombustion chamber and the secondary combustion chambers to promote
      flame front propagation therebetween. The intake and exhaust ports as well
      as ignition means are located in the precombustion chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates generally to internal combustion engines and,
      more particularly, to precombustion chambers for internal combustion
      engines.
PAR  II. Description of the Prior Art
PAR  Although the present invention is adapted for use with various kinds of
      internal combustion engines having either a fixed piston or a two-part
      variable compression ratio (VCR) piston, particular advantage is realized
      by utilizing the invention in cooperation with a variable compression
      ratio piston similar to the type disclosed in U.S. Pat. No. 3,303,831 to
      Clarence A. Sherman, issued Feb. 14, 1967.
PAR  Precombustion chambers are provided for delivering an ignited fuel mixture
      to the main combustion chamber to aid in combustion. It has been found
      that optimum performance may be obtained in the operation of internal
      combustion engines when the volume of the precombustion chamber is
      maintained at some predetermined ratio of the volume of the main
      combustion chamber.
PAR  If a VCR piston is employed in an internal combustion engine, the volume of
      the main combustion chamber constantly varies throughout the operation as
      there is relative movement between the two parts which make up the VCR
      piston, and, thus, there will be a constant, incremental change in the
      volume of the main combustion chamber. Since there is a change in the
      volume of the main combustion chamber, the use of conventional
      precombustion chambers with a VCR piston is not favored as the
      aforementioned optimum proportion of the volume of the precombustion
      chamber to the main combustion chamber cannot be maintained as the volume
      of the main combustion chamber is variable while the volume of the
      precombustion chamber is constant.
PAR  It is therefore desirable to provide an internal combustion engine
      employing a VCR piston with a precombustion chamber, the volume of which
      is changed to maintain a predetermined constant volume ratio between its
      volume and the changing volume of the main combustion chamber.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a precombustion chamber for an internal
      combustion engine having a cylinder, a piston reciprocally located in the
      cylinder, and a cylinder head closing the top of the cylinder which
      cooperate to form a combustion chamber, the volume of which varies as the
      piston reciprocates in the cylinder. Means defining a precombustion
      chamber interior to the main combustion chamber and dividing the balance
      of the main combustion chamber into at least two secondary combustion
      chambers is structurally associated with the cylinder head and piston
      crown. Apertures provide communication between the precombustion chamber
      and the secondary combustion chambers.
PAR  The precombustion chamber of the present invention can be utilized in both
      compression ignition and spark ignition engines. In a spark ignition
      engine, the inlet and exhaust ports, as well as the ignition means or
      spark plug, are preferably disposed within the precombustion chamber. In a
      compression ignition engine, the inlet and exhaust ports as well as the
      fuel injection nozzle are preferably disposed within the precombustion
      chamber.
PAR  It is an object of the present invention to provide an improved
      construction for a precombustion chamber of an internal combustion engine
      having a volume maintained at a predetermined proportion of the volume of
      the secondary chambers, and therefore the main combustion chamber, formed
      from the main combustion chamber.
PAR  It is another object of the present invention to provide a precombustion
      chamber for an internal combustion engine adapted to be utilized in
      conjunction with a two-part variable compression ratio (VCR) piston and
      providing a volume of the precombustion chamber maintained at a
      predetermined constant volume ratio between the precombustion chamber and
      the secondary chambers formed from the main combustion chamber.
PAR  It is a further object of the present invention to provide a precombustion
      chamber in an internal combustion engine which is relatively simple and
      inexpensive to manufacture.
PAR  Other objects, advantages, and applications of the present invention will
      become apparent to those skilled in the art upon reading the following
      disclosure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The description herein makes reference to the accompanying drawings wherein
      like reference numerals refer to like parts throughout the several views,
      and in which:
PAR  FIG. 1 is a fragmentary sectional view through a cylinder of an internal
      combustion engine having a piston and cylinder head constructed in
      accordance with the principles of the present invention and illustrating
      its use with a VCR piston;
PAR  FIG. 2 is a sectional view of the piston taken substantially along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a top view of the piston of FIG. 1;
PAR  FIG. 4 is a bottom view of the cylinder head of FIG. 1; and
PAR  FIG. 5 is a view in the direction of 5--5 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a portion of an internal combustion engine, generally
      denoted as 10, comprising a cylinder 11, a working piston 12 reciprocally
      disposed in the cylinder 11, and a cylinder head 14 which closes the top
      of the cylinder 11. The cylinder 11, piston 12 and cylinder head 14
      cooperate to define a main combustion chamber 16.
PAR  As best seen in FIG. 1, the piston 12 is illustrated as a variable
      compression ratio (VCR) piston. The VCR piston comprises two main
      components; a piston shell 18, or outer component, having grooves around
      its outer surface to carry piston rings 22; and a piston pin carrier 24,
      or inner component. The carrier 24 is linked to a crankshaft (not shown)
      of the internal combustion engine 10 by a connecting rod 26 and a piston
      pin 28. The carrier 24 always moves between fixed upper and lower limits,
      whereas the piston shell 18 is free to move within certain limits relative
      to the carrier 24. This relative movement provides for a variable height
      from the center of the piston pin 28 to the top of the piston or crown 30,
      thus effecting a variation of the compression ratio through a change in
      the distance between the crown 30 of piston 12 and a bottom surface 32 of
      the cylinder head 14, all of which is well known and conventional in
      construction.
PAR  The movement of the piston shell 18 is restrained hydraulically by oil
      contained within an upper chamber 34 formed between inner surface 36 of
      the crown 30 and the top of the carrier 24 and by oil contained in an
      annular lower chamber 40 formed between the carrier 24 and a ring 42
      carried by the piston shell 18. The relative positions of the piston shell
      18 and the carrier 24 with respect to each other is determined by the
      quantity of oil in, and thus the volumes, of the upper and lower chambers
      34 and 40.
PAR  The chambers 34 and 40 are filled with lubricating oil supplied through
      non-return inlet check valves 44 and 46. Oil from the engine lubrication
      system of the engine is fed to the valves 44 and 46 by a series of
      interconnected passageways comprising a bore 48 in the rod 26, a groove 49
      encircling the pin 28, an outlet 50 at the top of the rod 26, a spring
      loaded slipper collector 52 in the piston carrier 24, a spring chamber 54,
      and passages 56 and 58 within the carrier 24. Oil is discharged from the
      upper chamber 34 when it exceeds a predetermined pressure therein by means
      of a preset spring loaded discharge valve 60, all of which are described
      in greater detail in the aforementioned U.S. Pat. No. 3,303,831. During
      compression and firing, the discharge valve 60 limits the maximum
      allowable pressure in the upper chamber 34 which, in turn, assures that
      the engine peak firing pressure does not exceed a predetermined maximum
      pressure.
PAR  Oil may be controllably discharged from the lower chamber 40 through a
      fixed orifice 62 in the ring 42 to thereby control the amount of relative
      movement between the piston shell 18 and the carrier 24 on the exhaust
      intake stroke. Oil discharged from orifice 62 and discharge valve 60
      returns directly to the crankcase of the engine 10. It should be noted
      that as oil is bled from the orifice 62 to thereby permit a decrease in
      the volume of the lower chamber 40, the volume of the upper chamber 34
      increases and is filled with oil from inlet valve 44. Conversely, when oil
      is bled from the discharge valve 60 to permit a decrease in the volume of
      the upper chamber 34, the volume of the lower chamber 40 increases and is
      filled with oil from the inlet valve 46.
PAR  During the latter part of each upward stroke of the VCR piston 12 and the
      early part of each downward stroke, the inertia of the oil in the
      connecting rod 26 acting upwardly creates a pressure in the passageways 56
      and 58. This pressure tends to open the inlet valves 44 and 46 and pumps
      oil into the upper and lower chambers 34 and 40. At the same time, the
      inertia of the piston shell 18, also acting upwardly, tends to raise the
      piston shell 18 relative to the carrier 24. During the compression and
      power strokes, this tendency is less than the tendency for opposite motion
      caused by the gas pressure acting on the piston crown 30. During the
      compression and power strokes, the gas pressure acting on the piston crown
      30 is transmitted to the carrier 24 through the oil in the upper chamber
      34 creating a high oil pressure in the chamber 34. Whenever the gas
      pressure exceeds a selected upper limit, sufficient oil pressure is built
      up on the upper chamber 34 to open the discharge valve 60 and release some
      of the oil allowing the shell 18 to move downwardly relative to the
      carrier 24, thus decreasing the compression ratio in the cylinder 11.
      Thus, as the piston 12 is in a compression stroke approaching the cylinder
      head 14, the volume of the main combustion chamber 16 will vary because of
      the aforementioned relative movement between the piston shell 18 and
      carrier 24.
PAR  Two spaced apart parallel projections 70 and 72, having surfaces 71 and 73
      respectively, are connected to and extend upwardly a predetermined
      distance from the crown 30 of the piston 12; and two spaced apart
      projections 74 and 76, having surfaces 75 and 77 respectively, are
      connected to and extend downwardly a predetermined distance from the
      bottom surface 32 of the cylinder head 14 closing the cylinder 11.
      Preferably, the projections 70 and 72 are integral with the piston crown
      30, and the projections 74 and 76 are integral with the cylinder head 14.
PAR  As can be best seen in FIGS. 1, 3 and 5, the projections 70 and 72 are
      preferably, but not necessarily, spaced equidistant to opposite sides of
      the center of the bore of the cylinder 11, and each has opposite ends 78
      and 80. The projections 70 and 72 do not extend across the entire surface
      of the piston crown 30, but terminate a predetermined distance from the
      periphery of the piston such that the ends 78 and 80 of each projection 70
      and 72 are spaced from the wall of the cylinder 11. Thus, the space
      defined between the pair of projections 70 and 72 is open at its opposite
      ends 78 and 80.
PAR  Likewise, as can be best seen in FIGS. 1, 4 and 5, the projections 74 and
      76 are spaced equidistant to opposite sides of the center of the bore of
      the cylinder 11, and each has opposite ends 82 and 84. The projections 74
      and 76 do not extend completely across the bore of the cylinder 11, but
      terminate a predetermined distance from the wall of the cylinder such that
      the ends 82 and 84 of each projection 74 and 76 are spaced from the wall
      of the cylinder 11. Thus, the space defined between the pair of
      projections 74 and 76 is open at its opposite ends 82 and 84.
PAR  Preferably, the intake and exhaust ports 86 and 88 (FIG. 4), respectively,
      and the spark plug 89 of a spark ignition engine are disposed between the
      projections 74 and 76. In the case of a compression ignition engine, the
      injection nozzle is disposed between the projections 74 and 76. Locating
      the intake and exhaust ports between the projections 70, 72 and 74, 76
      eliminates interference between the projections, takes advantage of the
      valve pockets in the piston, when they are provided, by making them part
      of the precombustion chamber, utilizes the air flow during intake and
      exhaust valve overlap to cool the precombustion and secondary combustion
      chambers and provides for complete scavenging of the precombustion
      chamber.
PAR  Referring to FIGS. 1, 2 and 3, when the piston 12 is proximate top dead
      center of its stroke in the cylinder 11, the sealing surfaces 71 and 73
      mate in sealing juxtaposition with the sealing surfaces 75 and 77, thus
      defining a precombustion chamber 90 (FIG. 1) and two secondary combustion
      chambers 92 and 94 in the main combustion chamber 16, i.e., the main
      combustion chamber 16 is divided into a precombustion chamber 90 and two
      secondary combustion chambers 92 and 94. Simultaneously, four apertures or
      throats 96, 98, 100 and 102 (FIG. 5) are formed. Throats 96 and 98 are
      each defined by the ends 78, 82 of projections 70, 74, and 72, 76,
      respectively, and the wall of the cylinder 11. Throats 100 and 102 are
      each defined by the ends 80 and 84 of the projections 72, 76 and 70, 74,
      respectively, and the wall of the cylinder 11. These throats 96, 98, 100
      and 102 provide for communication between the precombustion chamber 90 and
      the secondary combustion chambers 92 and 94 to allow for flame front
      propagation from the precombustion chamber 90 to the secondary combustion
      chambers 92 and 94.
PAR  The number of throats can be changed by extending any of the projections
      such that the ends thereof are located at the periphery of the piston 12
      immediately adjacent the wall of the cylinder, thus eliminating the throat
      defined therebetween. Furthermore, the area of the throats are controlled
      in the same manner, i.e., by changing the length of the projections.
PAR  An alternative construction of the preferred embodiment comprises extending
      the projections 70 and 72 across the entire crown of the piston and
      extending the projections 74 and 76 across the bore of the cylinder into
      juxtaposition with the wall of the cylinder, thereby eliminating the
      throats 96, 98 and the throats 100 and 102, and spacing the sealing
      surface 75 from the sealing surface 77. The spaces between the sealing
      surfaces 71 and 73 and between the sealing surfaces 75 and 77 constitute
      the required apertures or throats between the precombustion chamber and
      secondary combustion chambers.
PAR  Other modifications to the shapes and contours of the projections 70, 72,
      74, 76 may be made to vary the number, size and/or shape of the throats,
      or to effect a variable rather than a straight progressive opening and
      closing thereof. For instance, projections 70 and 72 may be one continuous
      projection in the shape of an oval with or without straight sides. The
      projections 74 and 76 then would also be oval shaped to mate with the
      projections 70 and 72. The clearance space between the piston projection
      and the cylinder head projection when in juxtaposition constitutes an
      interconnecting throat between combustion chambers. Aligned
      discontinuities could be provided in the piston and the cylinder head
      projections to constitute a throat between the combustion chambers.
PAR  Referring once again to FIG. 1, it can be seen that the projections 70 and
      72, and the projections 74 and 76, have a depth, or dimension, in the
      direction of travel of the piston 12 sufficient to form the precombustion
      chamber 90 and secondary chambers 92 and 94 before and after the piston 12
      reaches top dead center of its stroke. This attribute in a compression
      ignition engine provides for the formation of the precombustion chamber 90
      and secondary combustion chambers 92 and 94 at, or just before, the
      injection of fuel, and in an ignition system engine it provides for the
      formation of the precombustion chamber 90 before, or at the time, of
      ignition.
PAR  The projections 70 and 72, and their associated sealing surfaces 71 and 73,
      are, for example, machined from the piston crown 30, while the projections
      74 and 76 are, for example, formed by the addition of bar members to the
      cylinder head.
PAR  The projections on the piston and the cylinder head may be aligned square
      with respect to the wrist pin 28 rather than parallel to it as shown in
      FIG. 1. With the projections square to the centerline of the wrist pin 28,
      the sealing clearance dimension between mating projection surfaces changes
      very little during piston rock-over at top dead center.
PAR  The foregoing detailed description is given primarily for clarity of
      understanding and no unnecessary limitations should be understood
      therefor, for modifications will be obvious to those skilled in the art
      upon reading this disclosure and may be made without departing from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an internal combustion engine wherein a
      reciprocating piston moves in a cylinder, and wherein a cylinder head
      cooperates with the cylinder and piston to define a combustion chamber,
      the improvement comprising:
PA1  means extending from the crown of the piston into the combustion chamber;
PA1  means extending from the cylinder head into the combustion chamber;
PA1  said means extending from the piston and said means extending from the
      cylinder head cooperating to define at least one precombustion chamber and
      at least one secondary combustion chamber interior to the combustion
      chamber;
PA1  at least one aperture for providing communication between the precombustion
      chamber and the secondary combustion chamber;
PA1  said means extending from the piston comprising two generally elongated
      projections in spaced apart relationship, each of said projections having
      two ends;
PA1  said means extending from the cylinder head comprising two generally
      elongated projections in spaced apart relationship, each of said
      projections having two ends;
PA1  one of said projections of the piston being in sealing juxtaposition to one
      of said projections of the cylinder head, and the other of said
      projections being in sealing juxtaposition to the other of said
      projections of the cylinder head when the piston is proximate top dead
      center of its stroke, thereby defining said precombustion chamber and said
      secondary combustion chamber;
PA1  at least one end of one of said projections of the piston being spaced
      inwardly from the periphery of the piston and at least one end of said
      projection of the cylinder head adjacent said one end of the piston being
      spaced from the wall of the cylinder bore, thereby defining said aperture
      between said adjacent ends of said projections and the wall of the
      cylinder.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein said two projections of
      the piston are substantially parallel and equally spaced from the center
      of the piston; and said two projections of the cylinder head are
      substantially parallel and equally spaced from the center of the cylinder
      bore.
NUM  3.
PAR  3. The improvement as defined in claim 1 including an inlet port and an
      exhaust port opening into the cylinder interior to said precombustion
      chamber.
NUM  4.
PAR  4. The improvement as defined in claim 1 wherein the space between the two
      projections of the piston is less than the space between said two
      projections of the cylinder head.
NUM  5.
PAR  5. The improvement as defined in claim 1 including an inlet port and an
      exhaust port opening into the cylinder and disposed between said two
      projections of the piston.
NUM  6.
PAR  6. The improvement as defined in claim 1 wherein said projections of the
      piston and said projections of the cylinder head project a sufficient
      distance into the combustion chamber to form said precombustion chamber
      during a predetermined distance of travel of the piston in the cylinder
      before and after the piston reaches top dead center of its stroke.
NUM  7.
PAR  7. The improvement as defined in claim 1 including means to introduce fuel
      into the cylinder interior to said precombustion chamber.
NUM  8.
PAR  8. The improvement as defined in claim 1 including ignition means interior
      to said precombustion chamber.
NUM  9.
PAR  9. The improvement as defined in claim 1 wherein the piston is a variable
      compression ratio piston.
NUM  10.
PAR  10. The improvement as defined in claim 1 wherein said means extending from
      the piston is integral with the piston, and said means extending from the
      cylinder head is integral with the cylinder head.
NUM  11.
PAR  11. An internal combustion engine including a piston having first and
      second parts movable relative to one another in a cylinder in response to
      reciprocation of the piston with respect to the combustion chamber of an
      engine whereby said relatively movable parts of said piston comprise a
      variable compression ratio piston, a cylinder head cooperating with the
      cylinder and the first and second parts of said piston to define the
      combustion chamber, the improvement comprising a first projection means
      extending from said second part of said piston into the combustion
      chamber;
PA1  a second projection means extending from a cylinder head into the
      combustion chamber closely adjacent to said first projection means;
PA1  said first projection means extending from the said second part of said
      piston and said second projection means extending from the cylinder
      cooperating to define at least one precombustion chamber and at least one
      secondary combustion chamber interior to the combustion chamber; and
PA1  at least one aperture for providing communication between the precombustion
      chamber and the secondary combustion chamber.
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PAL  To reliably permit closing of a switch controlling operation of a fuel
      supply pump which provides pressurized fuel to a fuel injection system,
      even under low air flow conditions in the induction pipe of an internal
      combustion engine, an auxiliary spring is arranged to counteract the force
      of a reset spring against which a deflection flap or disk in the induction
      pipe of the engine is deflectable. The auxiliary spring is active only
      over a limited range of deflection, from rest position, and immediately
      adjacent thereto, so that the fuel pump will not be dis-connected under
      low air flow conditions.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENT
PAR  U.S. Pat. No. 483,851, Reichardt
PAR  The present invention relates to fuel injection systems for internal
      combustion engines, and more particularly to such systems in which the
      amount of fuel being injected for each injection stroke depends on the
      amount of air being sucked in by the internal combustion engine through an
      air inlet, or induction pipe, which includes a device to provide an output
      signal representative of the quantity of air passing to the engine, such
      as a deflection flap valve, deflectable against a spring.
PAR  Various types of fuel injection systems have been proposed; in one such
      system, a flap valve is included in the induction pipe, or inlet tube to
      the internal combustion engine, which is deflectable against a spring and
      which controls the setting of the slider of an electrical potentiometer.
      Upon change in the position of the flap valve, as the air sucked in by the
      engine changes, the position of the slider on the potentiometer likewise
      changes. A voltage impressed across the potentiometer thus, at the slider,
      provides an output signal which is representative of the quantity of air
      being sucked in by the engine. The flap, or vane, in the induction pipe
      is, preferably, also connected to a switch controlling operation of a fuel
      supply pump. When the flap or vane is in quiescent or rest condition, the
      switch is opened, so that the fuel supply pump need not operate, since no
      fuel is demanded. The flap or vane in the induction tube to the engine is
      reset by a reset spring which is so arranged that it provides an
      essentially constant reset force to the vane throughout the entire range
      of deflection of the flap, or vane. The condition may, therefore, arise
      that when very small quantities of air are to be sucked in, the deflection
      disk will not deflect from rest condition due to the relatively high reset
      force of the reset spring. The fuel pump will then be disconnected,
      although the engine would require fuel.
PAR  It is an object of the present invention to improve a fuel injection system
      in such a manner than an air flow meter, located in the induction pipe of
      an internal combustion engine, will provide an indication, by deflection
      of a flap or vane or the meter even if the quantity of air required by the
      engine is very small so that, upon even small air requirements, the flap
      will deflect and reliably control switching of circuits, for example
      operate the switch of the fuel pump.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, an additional, auxiliary force is provided in addition to the
      reset force which is directed counter the reset force, and so arranged
      that it is effective only in a small range adjacent the rest, or quiescent
      position of the flap; preferably, an additional, or auxiliary spring is
      provided, the spring force of which is effective upon small deflections of
      the deflecting flap, vane, or disk of the air flow apparatus to counter
      the force of the reset spring.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic representation of an electrically controlled
      intermittent fuel injection system having a mass air flow meter in the
      induction pipe thereof;
PAR  FIG. 2 is a highly schematic and fragmentary diagram of the electronic
      portion of the fuel injection system which controls the quantity of fuel
      being injected as a function of air flow; and
PAR  FIG. 3 is a detailed schematic view, drawn to an enlarged scale, of the air
      quantity, or mass air flow measuring apparatus in accordance with the
      present invention.
DETD
PAR  The present invention will be explained in connection with a four-cylinder
      four-cycle internal combustion engine 10 (FIG. 1). Engine 10, essentially,
      has four electromagnetically operated fuel injection valves 11, receiving
      pressurized fuel from a fuel distributor 12, and distributing fuel, under
      pressure, over individual fuel supply lines 13 to the injection valves 11.
      A fuel supply pump 15 takes fuel from a tank T and supplies it through a
      pressure regulator 16 to the distributor 12. A pulse signal source 18 is
      controlled from the crankshaft 17 (shown schematically only) of the engine
      to provide two essentially square wave pulses for each rotation of the
      crankshaft. The pulses in turn control the electronic fuel injection
      control system which provides output pulses to the valves 11 to open the
      valves 11 for a predetermined fuel injection time period Ti. The time of
      opening of the valves, then, controls the quantity of fuel being injected,
      that is, the quantity of fuel which is emitted from the valves 11,
      provided the fuel is at a standard normal pressure. The pressure in the
      distributor 12 and hence lines 13 is approximately 2 atm gauge.
      Electromagnetically operating windings 19 of the valves are connected in
      series with a decoupling resistor 20, each, and, in turn, are connected to
      a common amplification and power stage 21. Power stage 21 includes at
      least one power transistor 22, having its emitter-collector path connected
      in series with the de-coupling resistors 20, which, in turn, are connected
      in series with coils 19, the other terminal of which is grounded.
PAR  The amount of air being sucked into the cylinders upon each suction stroke
      determines the quantity of fuel which can be completely combusted during
      the subsequent working stroke. For good combustion efficiency of the
      engine it is necessary that the relationship of fuel and air be accurately
      controlled, for example that excess air is present after each working
      stroke. An air quantity meter LM is located in the induction tube 25 of
      the internal combustion engine 10, behind air filter 26 (with respect to
      air flow) but in advance of throttle 28, the position of which can be
      controlled by the accelerator pedal 27. The air quantity meter 30 provides
      an output signal which permits accurate setting of the width Ti of the
      fuel injection pulse so that the quantity of air and fuel being supplied
      to the cylinders of the engine will have the desired predetermined
      relationship. The air quantity meter LM, basically, comprises a disk, vane
      or flap 30, in the form of a back-pressure disk coupled to a variable
      resistor R. The slider or tap 31 of the resistor R, which, then, forms a
      potentiometer, is moved along the resistor in accordance with the
      deflection of the flap or disk 30 from a rest, or quiescent position. The
      air quantity meter LM is connected to a transistorized circuit TS which
      provides controlled pulses S for the power stage 21 of the fuel injection
      system.
PAR  The transistorized circuit TS has two transistors T.sub.1, T.sub.2 (see
      FIG. 2) which are so connected that they are in mutually exclusive
      conditions of conduction; if the input transistor T.sub.1 is conductive,
      then the output transistor T.sub.2 is non-conductive. Conduction of the
      transistor T.sub.2 , to distinguish the non-conductive state of transistor
      T.sub.1 is indicated in FIG. 2 by shading. The circuit further includes an
      energy storage device, typically a capacitor C, which forms a memory; an
      inductance coil could also be used. The duration of the release of stored
      energy, that is, discharge of the capacitor C determines the opening time
      Ti of the fuel injection valves 11 (FIG. 1). Before the capacitor may
      discharge, however, it must be charged before each discharge event in a
      predetermined manner.
PAR  The discharge duration is a representation, in time, of information
      representative of the quantity of air sucked in at each suction stroke.
      The capacitor C, therefore, is charged during a charge pulse LJ (FIG. 2)
      which extends during a predetermined constant angle of rotation of the
      crankshaft, by connection to a source of charging current A (FIG. 2) which
      provides a predetermined, fixed charge current J.sub.A. The charge placed
      on the capacitor, to be representative of the quantity of air during each
      suction stroke, is controlled by the signal source 18, which forms a
      charge control switch, and which rotates synchronously with the crankshaft
      of the engine. In the present case, the signal source 18 provides signals
      which close the switch during a 180.degree. angle of the crankshaft and,
      thereafter, open the switch during a similar angular rotation of
      180.degree. of the crankshaft. This switch is shown, schematically, by a
      cam-operated simple switch. In actual practice, it may be a bistable
      multivibrator, controlled to change state by the ignition pulses being
      supplied to the internal combustion engine from the ignition control
      system of the engine.
PAR  A trigger pulse K initiates the discharge of the capacitor. In accordance
      with FIG. 2, the capacitor discharges immediately after the charge
      thereof, that is, at angular crankshaft positions of 0.degree.,
      360.degree., 720.degree., respectively, and immediately after termination
      of the charge event. Discharge is initiated by blocking the output
      transistor T2 which, previously, was conductive. Simultaneously, the
      previously blocked input transistor T.sub.1 is switched over into
      conductive state. Due to blocking of the output transistor T.sub.2,
      sufficient base current is applied over the collector resistor 35 and the
      coupling resistor 36 to the base-emitter path of the input transistor
      T.sub.1. The charge, stored during the charging time, can now flow in the
      direction of the conductive diode 37 and the collector-emitter path of the
      input transistor T.sub.1. The discharge current J.sub.E will be of
      constant, even oven value, and maintained constant by the constant current
      control circuit E (FIG. 2). Such circuits are known, and indicated only
      schematically. The voltage U.sub.C across the capacitor C drops linearly
      during the discharge thereof. During discharge, the voltage on the diode
      38, connected to the base of the output transistor T.sub.2, drops to such
      a point that the output transistor T.sub.2 becomes conductive. The time
      from discharge until the voltage has dropped to the point that the output
      transistor becomes conductive, determines the discharge time Ti. This time
      is also the time during which the input transistor T.sub.1 is conductive,
      and then blocks. Diode 37 prevents current flow from the capacitor
      discharge over collector resistor 39 when the input transistor T.sub.1 is
      blocked; thus, the next charge cycle only commences at the beginning of
      the next charge pulse LJ, that is, when the crankshaft of the engine has
      rotated by 180.degree., or 540.degree., respectively, at which time the
      charge source A is again connected.
PAR  At low engine speeds, in a four-cylinder automotivetype engine, for example
      at speeds less than 2,000 rpm, and at high loading, the air being sucked
      into the engine is subject to substantial pulsations. As a result, the
      flap in the inlet inducation tube may be subject to excessive movement,
      and swings about a central position, which is not representative of the
      actual average value of air Q.sub.1, with respect to time. In order to
      prevent mismatch of quantity of air with the amount of fuel injected, a
      damper arrangement 40 (FIG. 3) is associated with the air quantity meter
      LM (FIG. 1). The damper 40, on the one hand, prevents swings of the flap
      30 beyond a position which is not representative of the time-average of
      the quantity of air being sucked in by the engine and, on the other hand,
      permits the flap 30 to follow any changes in average air being sucked in
      by the engine with sufficient rapidity so that the output signal will be
      representative of actual air requirements.
PAR  Referring now specifically to FIG. 3, in which the air meter is shown: A
      housing, for example made of a zinc pressure casting, is formed to have a
      central base plate, to which lateral side walls are fixed, which, together
      with a cover for example of sheet metal, form a measuring duct 41 and a
      damping chamber 42. The vane or flap disk 30 is located in the measuring
      duct 41. Flap 30 is unitary with a damping vane 43. The flap 30 and the
      damping vane 43 are secured to a common hub 44, to be rotatable with
      respect to the housing. The damping vane 43 and the metering flap 30 form
      an angle of about 100.degree. with respect to the flow direction of the
      air, indicated by the arrows A. The measuring duct 41 is, for example, of
      rectangular cross section (but it may have different cross section) and
      forms a portion of the inlet induction pipe directing air from the filter
      26 to the various respective inlet manifold stubs of the cylinder. A
      flange (not shown) is secured to the duct 41 for connection to the filter
      26. A second flange, likewise not shown, is provided to connect the duct
      41 (at the left side of the drawing of FIG. 3) to that portion of the
      induction tube which includes the throttle 28. The upper closing wall 45
      of the duct 41 is so shaped, within the deflection region of the flap 30,
      that the crosssectional area for air passing by the flap increases
      exponentially as the flap 30 deflects in counter-clockwise direction due
      to air flow. This relationship permits linearization of the relative
      indicating error .DELTA.Q.sub.L /Q.sub.L within the range of deflection of
      the flap 30; the relative indication error thus remains constant.
PAR  Deflection of the flap 30 and, consequently, of the damping vane 43 is
      effected against an essentially constant force of a reset spring 46.
      Spring 46 is attached at an attachment point 47 to hub 44, and further at
      an attachment point 48 to the housing of the air quantity meter LM. The
      spring force of the reset spring 47 is preferably adjustable by means,
      well known in the spring setting art, for example by an elongated slot,
      offset from the attachment 48, and the like, and not specifically shown. A
      slider 70 is connected to the hub 44, sliding on a resistance track 49. An
      electrical signal is derived from resistance track 49 which is
      representative of the position of the flap 30 within the duct 41. A
      conductor 50, connected to the hub, provides an output signal
      representative of slider position; terminals 53, 54 are connected to a
      source of operating voltage. The slider 70 on the resistance track 49 thus
      forms a potentiometer, with varying slider positions, the slider position
      being representative of the deflection of the flap 30. The line 50,
      providing the slider position signal, is connected to the transistorized
      control circuit TS (see FIG. 1), to control the source of charge current
      A, so that the charge current can be varied in dependence on slider
      position or, if desired, to change the circuit parameters of the constant
      current discharge circuit, so that the discharge rate of the capacitor
      will be varied in accordance with air quantity being required by the
      engine, thus, respectively, changing the time Ti of the output pulses
      being applied to the injection valves 11.
PAR  The pump 15 (FIG. 1) providing fuel under pressure is operated only when
      fuel is required. To connect the pump 15, a pair of contact terminal
      strips 55, 56 are provided, carrying contacts 58, 59. The contact strip 55
      is rigidly secured; contact strip 56 can be moved by means of an
      engagement element 57, thus separating contacts 58, 59 from each other. In
      an angular range in which the flap 30 is deflected, the element 57 is
      carried along, so that contacts 58, 59 are closed, thus energizing the
      fuel supply pump 15 (FIG. 1). If, however, flap 30 is in its quiescent or
      rest position (as shown in FIG. 3), the strength of the reset spring 46 is
      great enough to cause the operating arm 57 to bear against the movable,
      resilient strip 56 and lift contact 59 from contact 58. This is a
      condition in which no air is required, so that the pump is disconnected.
      The force of the reset spring 46 is relatively great. In some operating
      conditions of the engine, particularly when operated as an automotive
      vehicle in which only very small quantities of air are required, the force
      of the reset spring 46 can so control the flap 30 that the contacts 58, 59
      are separated, thus disabling pump 15, although a small quantity of air is
      still required, thus also requiring some fuel. The pump 15 itself is
      connected over terminals 60, 61 to the strips 55, 56. It is undesirable
      that the pump 15 is disabled so long as the engine is operating, thus
      requires some air. Fuel supply should be maintained under such operating
      conditions as well.
PAR  In accordance with a feature of the invention, and to permit reliable
      operation of the pump under all operating conditions of the engine, an
      additional spring 62 (FIG. 3) is provided. The inner end of spring 62 is
      retained in a projection 64 formed on a holding plate 63, and secured to
      the housing. The outer end 65 of the auxiliary spring 62 is in engagement
      with a projection 66, connected to the hub 44. The spring 62 is so
      arranged with respect to the spring 46 that it counteracts the reset force
      of the reset spring 46. At low deflection positions of the flap 30,
      therefore, the reset force is less and the arrangement ensures that even
      small quantities of air being sucked in by the engine permit deflection of
      the flap 30; in such small deflection ranges, the reset force of spring
      46, effectively, is decreased. This range of deflection, in which the
      reset force of spring 46 is decreased, is limited by a stop 67, against
      which the outer end 65 of additional spring 62 can bear upon subtantial
      deflection of the flap 30 and hence of hub 44 and of arm 66.
PAR  In accordance with the invention, therefore, the reset force of spring 46
      does not act uniformly throughout the deflection range of flap 30 but,
      rather, in a low deflection range of flap 30, the reset force of spring 46
      is effectively decreased. In the main deflection range of flap 30,
      however, the reset force is determined by the spring 46 which can be
      accurately adjusted and calibrated, for example by moving spring 48 on the
      housing, by adjustment screws bearing against the spring at selected
      positions, and the like. In the critical range of a small deflection angle
      of the flap 30, however, deflection of the flap 30 and, hence, reliable
      operation of the contacts 58, 59 is ensured.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. Fuel injection system for an internal combustion engine (10) comprising
PA1  a source of fuel (T);
PA1  a fuel supply pump (15);
PA1  electromagnetically operated fuel valve means (11) hydraulically connected
      to receive pressurized fuel from said fuel supply pump (15);
PA1  electrical pulse generating means (TS, 22) connected to the injection vlave
      means (11) for controlling the operating time (Ti) thereof and hence, for
      controlling the amount of fuel injected during such opening time;
PA1  and air quantity sensing means (LM) located in the induction pipe (25, 41)
      of the engine, connected to and providing an electrical control signal to
      said pulse generating means for controlling the pulse duration thereof in
      accordance with air flow through the induction pipe, said sensing means
      including a deflection member (30) located in the path of air flow through
      the induction pipe and means (46) acting on the deflection member for
      providing a reset force against deflection of the deflection member under
      air flow conditions,
PA1  switch means (55, 56; 58, 59) and a switch operating means (57) connected
      to said flap or disk (30), said switch means being located with respect to
      said switch operating means to be opened when the flap or disk (30) is at
      rest position and to be closed when the deflection member (30) moves away
      from rest position, said switch means being connected to the fuel supply
      pump (15) for de-energizing the fuel supply pump when the engine does not
      require fuel, as sensed by absence of air flow in the induction pipe;  and
PA1  auxiliary force means (62) acting on the deflection member in a limited
      range of deflection from rest to open position and tending to decrease
      said reset force when the deflection member is at, or close to rest
      position,
PA1  said auxiliary force means being operable for decreasing the reset force to
      permit movement of said deflection member away from rest position and
      hence reliable closing of the switch upon small air flow conditions in the
      induction pipe and for preventing the overriding of the deflection force
      of said small air flow by the reset force.
NUM  2.
PAR  2. System according to claim 1, wherein said reset force means comprises a
      reset spring (46), and said auxiliary force means comprises an auxiliary
      spring (62) engaging said deflection member (30) only during a limited
      range of deflection thereof.
NUM  3.
PAR  3. System according to claim 2, further comprising a stop means (67)
      located with respect to the auxiliary spring (62) to prevent engagement of
      said auxiliary spring with the deflection member (30) beyond a range of
      deflection exceeding said limited range.
NUM  4.
PAR  4. System according to claim 2, wherein the auxiliary spring (62) is of
      sufficient spring force to counteract the spring force of the reset spring
      (46) and reliably permit deflection of the deflection member (30) under
      small air flow conditions in the induction pipe of the engine, and hence
      closing of the fuel supply switch.
NUM  5.
PAR  5. System according to claim 2, wherein the auxiliary spring (62) comprises
      a spiral spring; and said deflection member (30) is formed with an
      extension (66), the auxiliary spiral spring (62) being located to engage
      said extension (66).
NUM  6.
PAR  6. System according to claim 1, wherein said deflecting member is a flap.
NUM  7.
PAR  7. System according to claim 1, wherein said deflecting member is a disk.
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PAL  A two-cycle engine system of the crankcase precompression type comprising
      the combination of a first engine, a second engine and a combustion
      chamber provided with an ignition plug constructed in such a manner that
      the second engine is mounted in parallel and adjacent to the first engine
      with the combustion chamber interconnecting the first and second engines,
      whereby the construction becomes very compact. A rich air-fuel mixture is
      supplied into the combustion chamber through the second engine for
      ignition and a lean mixture (or air) is supplied into the first engine for
      scavenging and combustion so that the system provides a very compact
      design as well as a satisfactory performance in the reduction of the
      amount of harmful components in the exhaust gases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a two-cycle engine system, more particularly a
      two-cycle engine system of the crankcase precompression type in which a
      first engine, a second engine, and a combustion chamber having an ignition
      plug therein are provided.
PAR  2. Prior Art
PAR  It has been known that the amount of harmful components in exhaust gases
      from an internal combustion engine can be reduced by stratifying two types
      of air-fuel mixtures, rich and lean, inside the combustion chamber, and
      igniting the rich mixture, flames of which propagates through the lean
      mixture.
PAR  Regarding four-cycle engines, the prior art discloses torch ignition
      internal combustion system and modifications thereof which include an
      auxiliary chamber having an ignition plug. In such systems a nozzle may be
      employed for supplying a rich mixture in an auxiliary ignition chamber to
      avoid ignition failures. The flames of the rich mixture in the auxiliary
      chamber thus ignited burst into the main combustion chamber and fire the
      lean mixture therein. The improvements of such prior art substantially
      exist in the ignition process employing an auxiliary chamber (or auxiliary
      ignition chamber) as an efficient torch ignition device. Accordingly, a
      fuel injection nozzle is used to supply the rich mixture and the volume of
      the auxiliary chamber is small in comparison with the main combustion
      chamber. In fact it can be generally observed that the nozzle to inject
      the fuel does not guarantee a sufficient effect in the atomization and
      vaporization of the fuel in the auxiliary chamber, which causes failures
      in igniting and firing the fuel. Moreover, the construction of such a
      device to supply the fuel is so complicated that it requires a very high
      precision in manufacturing and it may lead to possible mechanical
      difficulties. It should be further noted that in the case of a two-cycle
      engine of the crankcase precompression type, the burnt gases must be
      scavenged with the new mixture supplied, and the unburnt fuel may blow by
      through the exhaust port together with the burnt gases in order to obtain
      a sufficient scavenge performance. Thus, the prior art devices cannot be
      applied to a two-cycle engine.
PAR  With respect to a tow-cycle engine, other prior art teaches that an
      ignition chamber with a spheroidal structure and a passage to supply a
      rich mixture into the ignition chamber may advantageously be employed to
      attain an improved ignition and combustion by inducing a toroidal flow of
      the rich mixture in the chamber. In accordance with this system a certain
      extra time elapses in the combustion stroke because of the facts that the
      ignition process is effected in the toroidal flow of the rich mixture
      prior to the main combustion and that the majority of the fuel in the
      combustion chamber is the lean mixture which gives a relatively slower
      burning velocity. Accordingly, there remain some drawbacks unsolved such
      as the reduction of the thermal efficiency and of the speed of revolutions
      causing less power and overheating.
PAR  This invention solves those problems which the devices disclosed by the
      prior art have failed to resolve. The combination of a first engine, a
      second engine and a combustion chamber has enabled the minimization of the
      drawbacks described above in a most compact manner.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a twocycle engine system of
      the crankcase precompression type which provides reliable ignition and
      combustion to restrict the amount of harmful components in the exhaust
      gases to a minimum, by supplying an air or lean mixture from a first
      engine and a rich mixture from a second engine, separately to a combustion
      chamber.
PAR  It is another object of this invention to provide a two-cycle engine system
      of the kind set forth which is very compact in structure by arranging the
      second engine in parallel with the first cylinder of the first engine.
PAR  It is still another object of this invention to provide a two-cycle engine
      with an improved operational efficiency or a higher performance.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to its construction and operation, together with
      further objects and advantages thereof, will be better understood from the
      following description considered in  connection with the accompanying
      drawings in which a presently preferred embodiment of the invention are
      illustrated by way of example. It is to be expressly understood, however,
      that the drawings are for the purpose of illustration and description only
      and are not intended as a definition of the limits of the invention.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIGS. 1 and 2, the engine system of this invention will
      now be described in detail. In FIG. 1 there is shown a cross-sectional
      view of the basic form of this invention comprising first and second
      engines and a combustion chamber. A first two-cycle engine A has a first
      cylinder 3 with an exhaust port 1 and a pair of first scavenging ports 2
      (only one of which is shown in FIG. 1) furnished in the wall thereof.
      Under said cylinder 3 is located a first crankcase 5 which includes a
      first crank chamber 4 with a first intake port 9 for supplying a lean
      air-fuel mixture (or air). A first piston 10 reciprocates inside said
      cylinder 3 to open and close the exhaust port 1 and scavenging ports 2.
      The piston 10 is connected to a first crankshaft 13 through a first crank
      pin 12 and a first connecting rod 11. A pair of first scavenging passages
      14 connect the crank chamber 4 to the scavenging ports 2. An auxiliary
      scavenging passage 15 is furnished in a first intake passage 8 at a point
      downstream of a first reel valve 7 provided therein. The intake passage 8
      for a lean mixture has a first throttle valve 6 and is open to said crank
      chamber 4.
PAR  A second engine B is mounted substantially in parallel with the first
      cylinder 3 and is adjacent to the upper portion of said cylinder at the
      opposite side of the exhaust port 1 and at the upper side of the first
      intake passage 8 of the first engine A. Engine B has a second cylinder 22
      having a pair of second scavenging ports 21, a second crankcase chamber 23
      positioned under the cylinder 22, and a second piston 24 reciprocating
      inside the cylinder. The second piston 24 is connected to a second
      crankshaft 27 through a second crank pin 26 and a second connecting rod
      25. The second scavenging ports 21 are connected to the second crankcase
      chamber 23 through a pair of second scavenging passenges 28 (only one of
      which is shown in FIG. 1). A second intake passage 30 for a rich mixture
      has a second throttle valve 29 and a second reel valve 31, and is open to
      said crankcase chamber 23.
PAR  A combustion chamber C with an ignition plug 33 is mounted adjacent to the
      top portions of the first cylinder 3 and the second cylinder 22 so that it
      interconnects said first and second cylinders. The combustion chamber C is
      constructed as a spherical swirl chamber and is connected both to the
      inside of the first cylinder 3 through a wide and short passage 17 and to
      the inside of the second cylinder 22 through a passage 18. The second
      crankshaft 27 of the second engine B is connected (e.g., cooperatively
      coupled) to the first crankshaft 13 of engine A by toothed timing pulley
      34, toothed timing belt 35, guide pulleys 36 and 37, and toothed timing
      pulley 38 so that pistons 10 and 24 reciprocate with approximately the
      same timing. The timing of the second engine may be retarded a little. In
      addition, the opening and closing timing of the scavenging ports 2 and 22
      is set to be much the same. A first carburetor 19 is mounted to supply air
      at low load and a lean air-fuel mixture at high load in the intake passage
      8 and a second carburetor 20 is mounted to provide a rich air-fuel mixture
      in the second intake passage 30. Only air may be drawn into the first
      crank chamber 4 at high load under the control of the valves 6 and 7.
PAR  The combustion chamber C in this invention improves the efficiency of the
      ignition and quick and effective burning of the fuel with a less amount of
      harmful components among exhaust gases. In this regard, the volume of
      combustion chamber C may preferably be large enough to allow the majority
      of the rich gas supplied through second cylinder 22 to remain in said
      combustion chamber for the subsequent combustion. More specifically, the
      preferred ratio of the volume of combustion chamber (X.sub.1) to the total
      volume of C.sub.1 and the volume of upper part 16 of first cylinder
      (X.sub.2), or the volume left in the first cylinder 3 when the first
      piston 10 is at the top dead center, is given to meet the range of:
      ##EQU1##
      and most preferably the range of:
      ##EQU2##
      It is also preferable to provide a wide and short throttled passage 17 in
      combustion chamber C adjacent to the upper part 16 of the first cylinder 3
      in order that the rich mixture more likely remains in said chamber C. For
      example, the chamber is more than hemispherical and tending toward being
      spherical, that is, the opening is toroidal rather than diametrical. It
      should be noted, however, that the size of the throttled passage 17, the
      cross-sectional  area and the length of the passage 17, also concerns the
      power of the engine, and the size should be so settled as not to reduce
      the power. Further in this connection, to maintain an efficient ignition
      and quick burning, said combustion chamber C may preferably be shaped
      spherically so that an effective stratified swirl of the rich mixture and
      lean mixture is enabled. The rich mixture is closer to the wall having
      ignition plug 33 so ignition is more effective and reliable.
PAR  In order to make the construction simpler, it may be proposed that the
      first cylinder (sleeve) 3 is fixed to a common cylinder body 40 (for
      example, by an integral casting), while the second cylinder (sleeve) 22 is
      fixed to a common cylinder head 39 removable from said common cylinder
      body 40.
PAR  With respect to the running, a rich air-fuel mixture is sucked into the
      second crankcase 23 through the second intake passage 30 and the second
      reel valve 31 in a usual way for a two-cycle engine and the rich mixture
      can flow through the second scavenging passages 28 anad the scavenging
      ports 21 into the second cylinder 22 which can further flow into the
      combustion chamber C through the passage 18, while the combustion gas in
      the combustion chamber C can be pushed out into the first cylinder 3. In a
      similar manner, air or a lean air-fuel mixture can be sucked into the
      first crankcase 5 through the first intake passage 8 and the reel valve 7,
      which air or lean mixture can be transferred through the first scavenging
      passages 14, the first scavenging ports 2 and the auxiliary scavenging
      passage 15 into the first cylinder 3, while combustion gases can flow out
      of the first cylinder 3 through the exhaust passage 1. The adjustment and
      the relative coupling of the carburetors are such that always a
      comparatively rich mixture is fed to the second engine B, whereas only air
      or a comparatively lean mixture is fed to the first engine A. The
      adjustment may be chosen so that in the region of a low load or low
      numbers of revolution only air is fed to the first engine, whereas in the
      region of a high load or high numbers of revolution a comparatively lean
      mixture is fed to the first engine.
PAR  So the second engine B acts more or less as a pump by means of which
      substantially the biggest part of the fuel, mixed with air, is fed to the
      combustion chamber C, while scavenging is mainly done by means of the
      first engine A which supplies only air or lean mixture of air and fuel to
      the first cylinder.
PAR  During the upward stroke of the first and second pistons 10 and 24, the
      rich mixture from the second engine B and a part of air or lean mixture
      from the first engine A are compressed in the combustion chamber C to form
      a swirled and stratified charge with richer portion closer to the chamber
      wall. Ignition will take place about 20.degree.before the first piston 10
      has reached its topmost dead point. The mixture compressed in the
      combustion chamber C is ignited and as the first piston 17 moves back to
      its lowermost dead point, the burning gas in the combustion chamber C will
      flow out into the first cylinder 3, be mixed with air or lean mixture
      there and burns almost completely.
PAR  The first piston 10 will release the exhaust port 1 at a given instant so
      that the combustion gases can flow away. An effective scavenging of the
      first cylinder 3 is produced by the air or the comparatively lean mixture
      admitted through the scavenging passages 14 and 15. The comparatively rich
      mixture injected into the second cylinder 22 through the second scavenging
      passages 28 will push in front of it the combustion gases contained in the
      combustion chamber C towards the first cylinder 3 so that these combustion
      gases can also be conducted away in an effective manner through the
      exhaust port 1 of the first cylinder 3. Since the rich mixture from the
      second engine B has to cover a fairly long path before reaching the first
      cylinder 3, this rich mixture will not be conducted away through the
      exhaust port 1 and is left at least mainly in the combustion chamber C, in
      which the rich mixture is joined with the air or lean mixture from the
      first engine A and compressed during the next compression stroke to form a
      swirled and stratified charge with richer portion outside.
PAR  The embodiment of the two-cycle engine system according to the invention
      shown in FIG. 2 corresponds at least largely with the above-described
      first embodiment of the two-cycle engine system, and corresponding parts
      are, therefore, designated by the same reference numerals. In this
      embodiment, however, the axis Y of the second cylinder 22 is located
      closer to the first cylinder 3 than the axis Z of the second crankshaft
      27, or the distance between the axis of the first cylinder 3 and the axis
      Y of the second cylinder 22 is smaller than the distance between the axis
      of the first cylinder 3 and the axis Z of the second crankshaft 27 by a
      distance d. Due to the eccentric arrangement of the second cylinder 22
      with respect to the second crankshaft 27, a very compact construction of
      the engine system can be obtained as the second cylinder can be placed
      very close to the first engine. A further advantage of this arrangement is
      that the passage 18 between the second cylinder 22 and the combustion
      chamber C can be very short in order to obtain a higher performance.
PAR  In the second embodiment it is preferably proposed that an auxiliary
      scavenging port 46 coupled to the first crankcase 5 through a scavenging
      passage 47 in the cylinder wall and an opening 30 in the first cylinder,
      whereby the flow of a lean mixture from the auxiliary scavenging port 46
      may decrease the pressure below the opening of the combustion chamber C,
      so that the burnt gases in said chamber C can likely be sucked into the
      upper part of first cylinder 3. Thus, the auxiliary scavenging port 46
      will permit a more efficient scavenging.
PAR  As detailed in the foregoing, this invention improves ignition and
      combustion with a less amount of harmful components among the exhaust
      gases in a most compact construction by arranging two engines in parallel
      and a combustion chamber having an ignition plug which interconnects the
      two engines, wherein a rich mixture introduced in the second engine
      circulates into the combustion chamber for ignition and combustion, while
      a lean mixture supplied into the first engine scavenges the exhaust gases.
      Accordingly, the invention provides a long-wanted compact type two-cycle
      engine system with an improved pollution performance by utilizing the
      space above the intake passage of the first engine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A crankcase precompression type two-cycle engine system comprising:
PA1  a crankcase precompression type first two-cycle engine including a first
      cylinder having, in the wall thereof, an exhaust port and at least one
      scavenging port, a first piston reciprocating in said cylinder to open and
      close said exhaust and scavenging ports, a first crankcase connected with
      said scavenging port through at least one scavenging passage and an intake
      passage to supply air or lean air-fuel mixture to said first crankcase;
PA1  a crankcase precompression type second two-cycle engine, including a second
      cylinder mounted substantially in parallel with the first cylinder and
      having, in the wall thereof, at least one second scavenging port, a second
      piston reciprocating in said second cylinder to open and close said
      scavenging port therein, a second crankcase connected with said scavenging
      port in said second engine through at least one second scavenging passage,
      and a second intake passage to supply a rich air-fuel mixture to said
      second crankcase, said second piston being cooperatively coupled to said
      first piston so that said pistons move approximately at the same timing;
      and
PA1  a combustion chamber provided with an ignition plug and positioned between
      the first and second engines, interconnecting the cylinders of said
      engines.
NUM  2.
PAR  2. An engine system according to claim 1, wherein the second engine is
      positioned on the opposite side of the exhaust port of the first engine.
NUM  3.
PAR  3. An engine system according to claim 1, wherein the second engine is
      positioned adjacent to the upper portion of said cylinder of the first
      engine at the upper side of said intake passage of the first engine.
NUM  4.
PAR  4. An engine system according to claim 1, wherein said intake passage of
      the first engine is provided with a reel valve means.
NUM  5.
PAR  5. An engine system according to claim 4, wherein said intake passage of
      the first engine is connected to an intake port open to the lower portion
      of the first cylinder.
NUM  6.
PAR  6. An engine system according to claim 5, further comprising an auxiliary
      scavenging passage connected to said intake passage of the first engine at
      a point downstream of said reel valve means.
NUM  7.
PAR  7. An engine system according to claim 1, wherein the combustion chamber is
      provided with a throttled passage as a part of said chamber being adjacent
      to the upper part of the first cylinder.
NUM  8.
PAR  8. An engine system according to claim 1, wherein the combustion chamber is
      spherically shaped to expedite a swirl of the mixture.
NUM  9.
PAR  9. An engine system according to claim 1, wherein the combustion chamber
      has such a volume enough to keep the majority of the rich mixture supplied
      therein.
NUM  10.
PAR  10. An engine system according to claim 1, wherein the ratio of the volume
      of the combustion chamber (X.sub.1) to the total volume of X, and the
      volume of the upper part of the first cylinder (X.sub.2) when the piston
      being at the top dead center falls in the range of:
      ##EQU3##
NUM  11.
PAR  11. An engine system according to claim 10, wherein the ratio falls in the
      range of:
      ##EQU4##
NUM  12.
PAR  12. An engine system according to claim 1, wherein an auxiliary scavenging
      port communicated with the first crankcase by and through a scavenging
      passage is furnished in the cylinder wall of the first engine.
NUM  13.
PAR  13. An engine system according to claim 1, wherein at least the top portion
      of said second cylinder is located closer to said first cylinder than the
      axis of the crankshaft of said second engine.
NUM  14.
PAR  14. An engine system according to claim 1, wherein the axis of said second
      cylinder is located closer to said first cylinder than the axis of the
      crankshaft of said second engine.
NUM  15.
PAR  15. An engine system according to claim 1, wherein said second engine is
      arranged adjacent to the upper portion of said first cylinder at the
      opposite side of the exhaust port and at the upper side of the intake
      passage of the first engine.
NUM  16.
PAR  16. An engine system according to claim 15, wherein said first and second
      cylinders are formed in a common cylinder body.
NUM  17.
PAR  17. An engine system according to claim 1, wherein said intake passage of
      the second engine is provided with a carburetor to supply the rich
      air-fuel mixture.
NUM  18.
PAR  18. An engine system according to claim 17, wherein said intake passage of
      the first engine is provided with a carburetor to supply the air or the
      lean air-fuel mixture.
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ABST
PAL  A method and an apparatus for speed-dependent control of the ignition angle
      of an internal combustion engine with external ignition includes markings
      on a rotating element of the engine, and receiving elements associated
      with such markings which control an integrator within a predetermined
      interval by an electric signal. An accurately timed ignition signal is
      obtained from the integration result present at the end of the interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a solution of the problem of control of the
      instant of ignition, and thereby the ignition angle, measured in relation
      to a fixed reference point in time, usually top dead center in an internal
      combustion piston engine. The solution of this problem is important, not
      only in the context of satisfactory functioning of the internal combustion
      engine, but also for decreasing the proportion of noxious substances in
      the exhaust gases of the engine.
PAR  One known approach to the solution of this problem operates digitally
      thereby avoiding additional mechanical adjustment elements, such as
      centrifugal governors. This approach, disclosed in U.S. Pat. No. 3,696,303
      utilizes two pulse trains which are produced synchronously with the
      periodic revolutions of an element of the internal combustion engine.
      These two pulse trains are generated by means of a rotating toothed disk.
      The pulses of one pulse sequence are stored during a predetermined time
      interval so that, at the end of such time interval, there is stored (as an
      integration reault in a counter) a pulse number which is proportional to
      the speed of revolution of the engine. The pulses of the second pulse
      sequence, likewise synchronous with the rotation of the element of the
      engine, are counted and stored until a predetermined sum value is attained
      for the two stored pulse numbers. As soon as this predetermined sum value
      is attained, the known method produces an accurately timed ignition
      signal.
PAR  With this known method, it is not feasible, at least without considerable
      expenditure, to achieve a non-linear functional relation between the
      ignition angle and the speed of revolution of the internal combustion
      engine. This disadvantage is avoided by a method in accordance with the
      invention which is characterized in that the predetermined interval is a
      constant angle interval extending between a first and a second marking,
      and in that the electric quantity and/or the integration constant of the
      integrator is varied speed-dependently to achieve a non-linear dependence
      of the ignition angle on the speed.
PAR  A first essential characteristic of the invention may be found in the fact
      that unlike the state of the art dealt with above, it does not use a
      constant time interval, but rather uses a constant angle interval.
      Accordingly, the integration result is inversely proportional to the
      specific speed of the engine. If a digital arrangement, i.e., an
      arrangement operating with pulses, is used to execute the method in
      accordance with the invention, the rotating element of the engine need not
      be supplied with means for pulse generation, such as teeth, but only with
      markings defining the constant angle interval. Another characteristic,
      made possible only by the first essential characteristic, consists in
      that, generally speaking, the integration process during the constant
      angle interval is controlled as a function of engine speed. In an analog
      method in accordance with the invention, the integrator is controlled by
      an electric voltage whose amplitude is varied for given speed values.
      Moreover, it is also possible to obtain by means of these given speed
      values (which would have to be rapidly determined, e.g., by means of a
      tachometer) the signals to switch the integration constant of the
      integrator within the integrator circuit.
PAR  Another possibility of the method in accordance with the invention provides
      that the integrator is a pulse counter and operates on a pulse train
      produced outside the engine whose frequency is modified as the number of
      pulses within the angle interval increases. Accordingly, as soon as the
      pulse number stored in the pulse counter during the fixed angle interval
      attains a given value, switching to a higher frequency occurs. The
      position and the extent of these sudden changes of frequency or frequency
      steps determines the non-linear function by which the rotational speed
      influences the ignition angle. In the final analysis, an approximation of
      the non-linear shape of this curve is a polygon.
PAR  As a rule, the optimum ignition angle is a function, not only of the speed
      of revolution of the engine, but is also a function of the engine load.
      This load dependency can be taken into account in accordance with the
      invention by taking the difference between the integration result and a
      load-dependent signal, and producing the ignition signal when the
      difference assumes a given value. To this effect, following termination of
      the angle interval, the integrator can be discharged at a constant rate
      which is independent of the rotational speed, and the ignition signal can
      be generated on comparison of the storage value of the integrator with the
      load-dependent signal. This variant of the method in accordance with the
      invention is likewise applicable for an analog as well as digital
      embodiment for practicing the method. The speed-independent time constant
      can be achieved, e.g., in a digitally operated embodiment, by causing the
      pulse counter to count pulses of a constant frequency in a backward
      counting direction.
PAR  As we have seen, taking into account the functional relation of the
      ignition angle and the speed of the engine, the invention provides for an
      approximation of the non-linear shape by a polygon curve. In accordance
      with a further development of the invention, the correction required by
      the effect of engine load on the optimum ignition angle is made by
      providing a load-dependent signal which is modified in steps by a load
      sensor. Each of the steps causes a modification of the adjustment of the
      ignition angle by the same value. In this effect, an additional integrator
      can be controlled in the angle interval by a further electric quantity and
      the latter and/or the integration constant can be modified by a load
      sensor. In such a case, the integration result of the second integrator at
      the end of the angle interval is used as a load-dependent signal. Here
      again, the method can be executed with simple means by both an analog and
      a digital arrangement. For example, in an analog solution, the second
      integrator is controlled by an additional electric voltage, the amplitude
      of which is varied for given load values. Moreover, the additional
      integrator can also be an additional pulse sequence generated outside the
      engine whose frequency is modified when given load values are reached
      within the angle interval. These sudden changes in frequency occur, as in
      the case of the frequency changes produced by engine speed changes, to
      produce an actual ignition angle-engine load curve formed of straight line
      segments whhich approximates the ideal shape of the curve of the
      functional relation of the ignition angle and the engine load.
PAR  The arrangement in accordance with the invention for execution of the
      method, independent of whether the arrangement functions analoguely or
      digitally, is characterized in that the rotating element of the engine is
      provided with two markings angularly displaced to define the angle
      interval. The position of the markings are defined in relation to the
      positions of the element at a given operating phase of such element which,
      for a piston engine, is preferably at top dead center. With the engine
      running, the markings pass the stationary receivers or pick-ups designed
      as proximity switches in a time interval inversely proportional to the
      rotational speed. In this way, control signals are generated in the
      pick-ups for the connected integrators which are provided in a number and
      arrangement determined by the number of different ignition points of the
      engine. At this point, it becomes quite clear that the invention avoids
      pulse-generating elements, e.g., a toothed disk, driven by the internal
      combustion engine. Rather, it is merely necessary to provide markings on a
      rotating element of the engine which, while rotating, pass stationary
      pick-ups. As these markings pass these stationary pick-ups, they produce
      pulses or signals which, in turn, initiate or terminate the delivery of
      electrical quantities to the integrators. The markings can be obtained in
      a simple manner by local modifications of material, e.g., pins or holes,
      in the rotating element of the engine. For example, the markings can be
      provided on the flywheel of the engine while the pick-ups are located on
      the gear box flange and on the crankcase of the engine. Suitably, the
      markings and the pick-ups will be arranged on the same radius. The fact
      that only a small number of markings is required, two markings are
      sufficient to define the constant angle interval, makes unnecessary a
      reconstruction of available engine parts in order to form the markings.
      Nor need there be provided any additional moving parts, such as a toothed
      disk. This is all the more true because the markings, such as indicated
      above, can be obtained in a simple manner by local material modifications.
PAR  In accordance with the preferred embodiment of the invention, the
      aforementioned two markings are arranged, insofar as a piston engine is
      concerned, 80.degree. and 40.degree., respectively, before top dead center
      in relation to the pick-ups. The number and the arrangement of the
      pick-ups will depend upon the number of ignition points of the engine. In
      a four cylinder engine in which two cylinders each are fired
      simultaneously, two pick-ups will be arranged offset by 90.degree. with
      respect to top dead center and 180.degree. with respect to each other. In
      such a case, the markings are associated with each pair of simultaneously
      firing cylinders.
PAR  It may be advisable to include a third marking on the rotating element such
      that, in case of failure of the other parts of the arrangement, an
      emergency ignition is brought about, e.g., in a piston engine in top dead
      center.
PAR  A plurality of embodiments for execution of the method in accordance with
      the invention can be employed. Therefore, the invention is not to be
      construed as limited to the particular digitally functioning preferred
      embodiment disclosed.
PAR  This preferred embodiment of the invention is characterized in that an
      oscillator with constant frequency is connected to a first network which
      steps up or steps down the frequency of the pulses produced by the
      oscillator. The network feeds a first pulse counter and also receives from
      it switching signals for producing frequency modifications on attainment
      of the given pulse numbers. After switching initiated by the control
      signal produced by the second marking pulses with a constant gating
      frequency are delivered to the first pulse counter for the purpose of
      gating the integration result over the first network at a constant rate.
PAR  Pulse generation is obtained here by means of oscillators, e.g., a quartz
      oscillator, so as to ensure the desired precision of the ignition timing
      within a wide temperature range and over long periods of operation.
      Mechanical parts subject to wear and tear are avoided, especially since
      the cooperation of markings and pick-ups occurs without mechanical
      contact, but merely by the proximity of the markings from the pick-ups.
PAR  The modification of the frequency of the pulses delivered to the pulse
      counter to achieve speed dependence is obtained in a simple manner by
      switching within the network. These switchings are suitably obtained by
      electronic switches of known construction.
PAR  The influence of the engine load on the optimum ignition angle is achieved
      by connecting a second network to the oscillator for stepping up or
      stepping down the frequency of the pulses produced by the oscillator. The
      second network receives switching signals from the load sensor for
      producing the frequency variations at the given load values. On the output
      side, the second network is connected with a second pulse counter. Both
      pulse counters feed a comparator circuit which produces an ignition signal
      whenever the integration result in the first pulse counter had been
      modified to a value which is a function of the load-dependent signal.
      Accordingly, pulse generation for speed dependence and load dependence
      occurs in one oscillator and two networks are provided to derive from this
      single generated pulse frequency the different frequencies required both
      for achieving rotational speed dependence and load dependence.
PAR  In one embodiment of the invention which was tested, an oscillator with a
      frequency of 1 MHz was found to be useful. The influence of engine speed
      change on ignition angle is achieved by providing three switchings,
      namely, at approximately 4000 rpm to 200 kHz, at approximately 1550 rpm,
      to approximately 500 kHz and at approximately 1150 rpm to approximately
      830 kHz. The influence of engine load change on ignition angle is achieved
      by providing ten steps of 12.5 kHz each. Each frequency step causes a
      modification of the firing angle by 1.degree. crankshaft angle.
PAR  Furthermore, the preferred embodiment of the invention is designed such
      that the second marking switches the first pulse counter to count backward
      (for the pulses with the gating frequency) and the comparator circuit
      produces the firing signal on equality of both pulse counter states. It is
      possible as a matter of principle to undertake upwards counting with the
      first pulse counter after completion of the constant angle interval. In
      this embodiment of the invention, the circuits become especially simple.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention will be described below with the
      help of the drawings wherein:
PAR  FIG. 1 is an elevation of the gearbox flange side of a crankcase on which
      two pick-ups are positioned 180.degree. apart;
PAR  FIG. 2 is a sectional elevation through lines 2--2 in FIG. 3;
PAR  FIG. 3 is an elevation of an engine flywheel on which three marks are
      positioned;
PAR  FIG. 4 is a block diagram of a circuit of the preferred embodiment of the
      invention;
PAR  FIGS. 5a and 5b are is a detailed circuit diagram of the circuit outlined
      in block diagram form in FIG. 4;
PAR  FIG. 6 is a graph showing, in the upper and lower curves, stored pulse
      numbers in the first and second pulse counter, respectively, plotted
      against time t; and
PAR  FIG. 7 illustrates the change of the ignition angle z with increasing speed
      n.
DETD
PAR  Viewing initially FIG. 1, the gearbox flange side of the crankcase 1 has
      two pick-ups 2 and 3 arranged diametrally opposite each other. These
      pick-ups may be proximity switches which are well known and are therefore
      not shown in detail. Nor is the crankcase structure illustrated further
      inasmuch as it is of interest to this invention only as a suitable
      mounting for the proximity switches.
PAR  Looking now at FIGS. 2 and 3, the flywheel 4 of the internal combustion
      engine carries three markings 5, 6 and 7 at the same radius as the
      pick-ups 2 and 3. When the engine is running, the markings 5, 6 and 7 pass
      the pick-ups 2 and 3 in sequence and generate signals therein. The signals
      are offset with respect to each other by a crankshaft angle of 180.degree.
      so that they define two ignition points which are likewise offset by a
      180.degree. crankshaft angle with respect to each other. Accordingly, the
      pick-ups 2 and 3 in each case serve to produce ignition signals for
      cylinders of the engine which are fired at the same point in time.
PAR  As shown in FIGS. 2 and 3, the markings 5, 6 and 7 in this example of an
      embodiment are constituted by pins inserted into the flywheel 4. However,
      it would also be possible to use holes or cavities as marks in place of
      the accumulation of material caused locally by the pins in the flywheel 4.
PAR  In this embodiment, the markings are displaced from one another by a
      crankshaft angle of 40.degree. so that marking 5 is placed at 80.degree.
      and marking 6 at 40.degree. before top dead center. Marking 7 is placed
      directly on the top dead center angle position. It constitutes an
      emergency marking with is to cause ignition at TDC in the event that the
      other parts of the ignition adjustment arrangement should fail.
PAR  In the block circuit diagram in FIG. 4, we again find the pick-ups 2 and 3
      whereas the markings 5, 6 and 7 are not shown. The signals produced by the
      markings in the pick-ups 2 and 3 are forwarded over a storage 10 and 11
      each to an ignition device 12 and 13, respectively, each one likewise
      associated individually with only one of the pick-ups. The signals cause
      triggering of only respective ignition device 12 or 13 associated with
      that signal.
PAR  The other elements of the circuit shown in FIG. 4 are associated with both
      pick-ups 2 and 3 in common. Inasmuch as we are dealing here with a digital
      arrangement, the integrators are designed as pulse counters. Two pulse
      counters 14 and 15 are provided here of which the first pulse counter 14
      serves to take into account the speed dependence and the second pulse
      counter 15 serves to take into account the load dependence of the ignition
      angle. The pulses are generated by a 1 MHz oscillator 16 which is followed
      by a first network 17 and a second network 18. In this example of an
      embodiment, the two networks are switchable frequency dividers whereby the
      first network 17 serves to produce the frequency change taking into
      account the speed dependence, and the second network 18 serves to produce
      the frequency change taking into account the load dependence. As indicated
      by the circuit element 19, the frequency divider 18 is switched by a load
      sensor known in itself, e.g., a vacuum box in the suction pipe. In
      contrast thereto, switching in the frequency divider 17, as indicated by
      the line 20, occurs by way of the first pulse counter 14 associated with
      it whenever on attainment of a given pulse number by the first pulse
      counter 14 within the constant angle interval it is indicated that a given
      rotational speed has been exceeded.
PAR  Both counters 14 and 15 count initially within the constant angle interval
      represented in FIG. 3 by the angle between the two markings 5 and 6. The
      forward counting of both counters 14 and 15 is terminated by a signal
      generated in the pick-ups 2 and 3 by the second marking. In the counter 15
      no further counting occurs, however, a switching occurs in the first pulse
      counter 14 to counting backwards with a constant pulse frequency, e.g.,
      500 kHz, which is obtained by switching in the first frequency divider 17.
      The pulse numbers stored in each of the counters 14 and 15 are delivered
      to a comparator circuit 21 which then forwards to the firing devices 12
      and 13 the firing signal whenever the backward counting by the pulse
      counter 14 of the pulses with the constant gating frequency causes the
      level of the pulse counter 14 to become identical with the counting level
      of the second pulse counter 15. Accordingly, the ignition angle is
      determined by the difference between the possibly non-linearly
      speed-dependent state of the pulse counter 14 and the likewise possibly
      non-linearly load-dependent counting level of the second pulse counter 15.
PAR  At this point, it should be mentioned that additional controlling
      magnitudes may be added. For example, it is feasible on cold starting to
      provide, as a function of the engine temperature, for a displacement of
      the timing characteristic of the ignition angle control in the direction
      for a delayed or advanced ignition.
PAR  Turning now to the circuit shown in FIGS. 5a and 5b soon as the first
      marking 5 (see FIG. 3) passes by the pick-up 2, e.g., designed as
      proximity switch, this pick-up gives off a pulse to an operation amplifier
      22 which pulse is forwarded over a Schmidt trigger 23 and an EXCLUSIVE-OR
      gate 24 to a shift register representing the storage 10. The storage 10 in
      preparation puts an ignition coil 30 under voltage by way of gates 25 and
      26 and the transistors 27, 28 and 29. Counters 34 to 37, constituting the
      first pulse counter 14, and counters 31, 32 and 33, constituting the
      second pulse counter 15, have been set back by the last ignition pulse.
PAR  At this point, mention should be made only that the other ignition device
      13, which is to generate ignition pulses offset by a 180.degree. crank
      angle with respect to the pulses produced by the ignition coil 30, has a
      structure identical to that of the ignition device 12.
PAR  In this example of an embodiment, the first pulse counter 14 contains four
      counters, 34 to 37 which are likewise controlled by way of the storage 10
      designed as shift register. As soon as the first signal, as mentioned
      above, has arrived from the pick-up 2, the storage 10 causes pulses with a
      first frequency to be forwarded into the counters 34 to 37. These pulses
      are derived from a pulse series obtained in the quartz oscillator 16. As
      soon as a given pulse number had been reached in the pulse counter 14, a
      frequency switch occurs by way of the frequency divider 17. The pulses
      being counted in the first pulse counter 14 are now arriving at a
      different frequency. As a rule, this frequency switching will occur
      several times so that the ideal curve is closely approximated by the
      actual straight line segment curve for the ignition angle obtained as a
      function of the rotational speed.
PAR  After a rotation of the flywheel by a 40.degree. crankshaft angle, the
      second marking 6 becomes effective and generates a second signal in the
      proximity switch 2. This signal, too, is forwarded over the operation
      amplifier 22, the Schmidt trigger 23 in the form of an integrated circuit
      and the EXCLUSIVE-OR gate 24 to the shift register 10 which now switches
      the oscillator to the constant gating frequency and at the same time
      switches the counters 34 to 37 to counting backward.
PAR  In order to obtain a load-dependent counting value, a vacuum box 38
      connected to the intake manifold actuates the ten step switch 19 operating
      as per a code. This switch is placed in the control circuit of four gates
      39 to 42 which, in turn, form the frequency divider 18. Thus, the
      frequency of the pulses being delivered to the pulse counter 15 is a
      function of the specific position of the switch 19. In this way, the
      influence of engine load on the automatic adjustment of ignition angle is
      achieved. As explained above, the individual frequencies are chosen in
      such a manner that each causes a modification of the position of the
      ignition point by 1 unit of the ignition angle, thus, e.g., 1.degree..
PAR  The working time of the second pulse counter 15 is limited to the constant
      angle interval. Accordingly, as soon as the second marking 6 (see FIG. 3)
      has passed the pick-up 2 and generated a signal in it, a second counting
      in the pulse counter 15 is prevented.
PAR  Both pulse counters 14 and 15 feed the comparator circuit 21 which is
      equipped with several gates, of which the gates 43 to 52 undertake the
      comparison proper of the stored pulse numbers, and the gates 53 to 58
      activate the monoflop 59 whenever the first pulse counter 14, counting
      backwards, has reached a counting level which is identical with the stored
      counter level of the second pulse counter 15.
PAR  The ignition spark proper is produced when the shift register 10, operating
      through the transistors 27, 28 and 29, disconnects the voltage from the
      ignition coil 30.
PAR  In the event that electronic ignition breaks down, the marking 7 (see FIG.
      3) becomes operative and causes ignition at TDC. In such a case, the shift
      register 10 (or 60 insofar as the second pick-up 3 is concerned)
      disconnects the battery voltage from the ignition coil 30 and thereby
      produces the ignition spark at TDC.
PAR  The purpose of the Schmidt trigger 23a is the undertaking of a
      preprogrammed adjustment of the shift registers 10 and 60 when the
      pick-ups 2 and 3 are placed between the markings 5, 6 and 7.
PAR  If we now view the diagrams in FIGS. 6 and 7, we find that they present a
      summary of the principle of the invention.
PAR  In FIG. 6, the upper curve represents the stored pulse number s in the
      pulse counter 14, and the lower curve represents the stored pulse number s
      in the pulse counter 15, both plotted against the time t. At a given
      rotational speed, the constant angle region which is determined by the
      first two markings 5 and 6 (see FIG. 3) can be represented by a constant
      time interval a. (It should be emphasized that this applies only to a
      given speed value.) The ignition angle z is determined by the interval
      value a and the further value b, determined by the charges in the two
      pulse counters at the end of the interval a.
PAR  The speed-dependent charging of the first pulse counter 14 (see FIG. 4)
      occurs initially as per the run 70 until at point 71 a pulse number s1 is
      stored. This means that the engine is running no faster than a given speed
      value n1. (see FIG. 7) At point 71, in accordance with the dependence of
      the ignition angle z on the speed n a deviation from the linear curve
      occurs. In order to take into account this non-linearity, i.e., in order
      to represent the shape of the curve z against n in the diagram in FIG. 6,
      there now occurs the switching to another pulse frequency so that a charge
      curve 72, which in this example of an embodiment is steeper, results. This
      switching as a rule will occur several times so that the shape of s within
      the interval a represents a curve formed of straight line segments.
PAR  At the end of the interval a, i.e., when the second marking 6 becomes
      effective, the first pulse counter commences to count backward until the
      equality of the pulse numbers stored in the two pulse counters 14 and 15
      is achieved. This backward counting is suggested in FIG. 6 by the branch
      of the curve 73. As soon as, in this case, such branch intersects with the
      line corresponding to the pulse number stored in the second pulse counter,
      the aforementioned condition for the generation of the ignition pulse is
      present so that it is produced offset from TDC by the advanced ignition
      angle z.
PAR  As shown by these observations, it is to be understood that non-linear
      dependence of the ignition angle on the rotational speed encompasses not
      only a continuous curve but also a curve showing a break. The application
      of the invention is not limited to reciprocating cylinder engines but is
      also possible for rotating combustion engines and whenever an ignition
      point is to be timed as a function of other parameters such as the
      rotational speed. Fundamentally, it is evidently also possible to take
      into account the load dependence continuously rather than in steps. Here
      again, an analog electric quantity, e.g., a voltage amplitude, can be
      delivered to an integrator, which amplitude is changed continuously or in
      steps as a function of the load. In order to obtain an electric quantity
      continuously modified as the load is modified, there be provided, e.g., a
      heated wire element in the suction pipe of the internal combustion engine
      whose resistance is modified as a function of the suction pressure and
      accordingly, becomes an indication of the mode of operation of the engine.
      Finally, simplifications of the circuits indicated as examples of
      embodiments of the invention are possible, e.g., such that the two
      counters are combined in one single counter selectively acted on, in case
      of a digital arrangement by both pulse sequences, by means of a switching
      circuit associated with it on the input side.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for speed-dependent control of the ignition angle of an
      internal combustion engine with external ignition, wherein an integrator
      for accumulating an electric quantity is controlled within a predetermined
      interval by an electric signal produced by markings on a rotating element
      of the engine and receiving elements associated with such markings, and
      from the integration result present at the end of the interval there is
      obtained an accurately timed ignition signal, the improvement comprising:
PA1  determining said predetermined interval with a constant angle interval
      extending between a first and a second marking on an engine part rotating
      relatively to another engine part; and
PA1  modifying the rate of accumulating said electric quantity in said
      integrator speed-dependently according to a non-linear dependence of the
      ignition angle on the speed.
NUM  2.
PAR  2. A method as in claim 1, wherein the integrator is controlled by an
      electric voltage, the amplitude of which is changed at predetermined speed
      values.
NUM  3.
PAR  3. A method as in claim 1, wherein the integrator is a pulse counter and is
      controlled by a pulse sequence produced outside the engine whose frequency
      is modified on attainment of given pulse numbers within the angle
      interval.
NUM  4.
PAR  4. A method as in claim 1, wherein the integration result is associated
      with a load-dependent signal, and the ignition signal is produced when the
      difference assumes a predetermined value.
NUM  5.
PAR  5. A method as in claim 4, wherein following the termination of the angle
      interval, the integrator is discharged at a predetermined rate which is
      independent of the rotational speed, and the ignition signal is produced
      on equality of the storage value of the integrator with the load-dependent
      signal.
NUM  6.
PAR  6. A method as in claim 4, wherein the load-dependent signal is modified in
      steps by a load sensor, each of which steps causes a change in the
      adjustment of the ignition angle by the same value.
NUM  7.
PAR  7. A method as in claim 6 wherein a second integrator for accumulating an
      electric quantity is controlled in the angle interval by a second electric
      signal, and the rate of accumulating the electric quantity in the second
      integrator is modified by the load sensor; and the integration result from
      said second integrator at the end of the angle interval comprises said
      load dependent signal.
NUM  8.
PAR  8. A method as in claim 7, wherein said second electric quantity comprises
      a voltage whose amplitude is changed at predetermined load values.
NUM  9.
PAR  9. A method as in claim 7, wherein said second integrator is a second pulse
      counter and is controlled by a second pulse sequence produced outside the
      engine whose frequency is modified at predetermined load values within the
      angle interval.
NUM  10.
PAR  10. An apparatus for controlling the ignition angle of an internal
      combustion engine comprising:
PA1  an internal combustion engine;
PA1  at least two proximity switches mounted on a member of the engine;
PA1  two markings placed on an element of the engine which rotates with respect
      to said member of said engine, said markings being angularly displaced
      from each other by an angle which defines an angle interval, the position
      of said markings on said element being defined relative to an operating
      phase of the engine;
PA1  said markings closely passing said switches when the engine is running in a
      time interval inversely proportional to the rotational speed of said
      element and thereby generating in said switches control signals;
PA1  a number of integrators controlled by said control signals, said number
      being determined by the number of different ignition points of the engine;
PA1  means for producing an electrical quantity;
PA1  means connecting said electrical quantity producing means to said
      integrators during said angle interval; and
PA1  means for modifying, as a non-linear function of engine speed, the rate at
      which said electrical quantity is accumulated in said integrators.
NUM  11.
PAR  11. An apparatus as in claim 10, wherein the markings are formed on the
      rotating element by local modifications of the material of the element.
NUM  12.
PAR  12. An apparatus as in claim 10, wherein the markings are provided on the
      flywheel of the engine.
NUM  13.
PAR  13. An apparatus as in claim 12, wherein said switches are arranged on the
      gearbox flange side on the crankcase of the engine.
NUM  14.
PAR  14. An apparatus as in claim 10, wherein said engine is a piston engine,
      and the two markings are arranged at 80.degree. and 40.degree.,
      respectively, before TDC relative to the switches.
NUM  15.
PAR  15. An apparatus as in claim 10, wherein a third marking is provided to
      produce in said switches an emergency ignition signal in the event that an
      ignition signal is not produced by the other markings.
NUM  16.
PAR  16. An apparatus as in claim 10, wherein an oscillator of constant
      frequency is connected a first network stepping up or stepping down the
      frequency of the pulses produced by the oscillator, said first network
      feeding a first pulse counter and also receiving from it switching signals
      in order to produce the frequency modifications when a predetermined pulse
      number is reached, said first pulse counter receiving pulses with a
      constant gating frequency after switching through the control signal
      produced by the second marking, for discharging the integration result at
      a predetermined rate.
NUM  17.
PAR  17. An apparatus as in claim 16, wherein a second network is connected to
      the oscillator for stepping up or stepping down the frequency of the
      pulses produced by the oscillator, said second network receiving switching
      signals from said load sensor for producing the frequency modifications
      for predetermined load values, said second network being connected on the
      output side to a second pulse counter, both first and second pulse
      counters feeding a comparator circuit which produces the ignition signal
      whenever the integration result in the first pulse counter has been
      modified, by means of the pulses with the constant gating frequency, to a
      value which is a function of the load-dependent signal.
NUM  18.
PAR  18. An apparatus as in claim 17, wherein the second marking causes
      switching of the first pulse counter to counting backwards, and the
      comparator circuit produces the ignition signal on equality of both pulse
      counter levels.
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ABST
PAL  In apparatus associated with an internal combustion engine for recycling
      exhaust gas and including at least one device for converting an operating
      parameter of the engine into mechanical regulating movement, a valve
      controls the quantity of exhaust gas recycled. The valve includes a
      housing having an inlet and an outlet for the exhaust gas. At least one
      perforated member is disposed between the inlet and the outlet. A
      rotatable axis mounts the perforated member such that a hole in the member
      can be moved into and out of alignment with an opening in a portion of the
      housing to open and close the opening and control a flow of exhaust gas
      through the valve. The axle is coupled to the converting device of the
      recycling apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  To reduce the quantity of atmospheric pollutants in exhaust gases from
      internal combustion engines and to meet the increasingly stringent
      regulations regarding the content of such gases, various methods and
      associated apparatus have been developed to purify exhaust gases. One such
      method is to recycle a portion of the exhaust gas from an engine back
      through the engine. Particular apparatus used to practice the recycling
      method of emission control is described and discussed in paper No. 720123
      published by the Society of Automotive Engineers, Inc. (SAE). The paper is
      entitled "Exhaust Recirculation and Spark Control -- A Speed Governed and
      Vacuum Modulated System" and is authored by E. J. Martin and D. R. Vance.
PAR  Each version of the apparatus described in SAE paper No. 720123 includes a
      conduit extending from an engine exhaust line to a point in the engine
      air/fuel intake system. A valve in the conduit regulates the flow of
      exhaust gas from the exhaust line to the air/fuel intake system. The valve
      is operated in response to an operating parameter of the engine, such as
      the pressure in the engine intake manifold, by an actuator device that
      converts the operating parameter into mechanical regulating movement. In
      at least one embodiment of the apparatus, the regulating valve is also
      initially held shut, by the operation of a speed switch and a solenoid
      valve, until a minimum speed is attained by the vehicle driven by the
      engine. The regulating valves used are either flap type or poppet type
      valves. As is pointed out in the paper, flap or butterfly type valves, in
      particular, are difficult to construct and seal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a regulating or control valve for use
      in exhaust gas recycling apparatus, such as described above, which
      includes at least one device for converting an operating parameter of an
      engine into mechanical regulating movement. The valve, according to the
      invention, comprises a housing having an inlet and an outlet for the
      exhaust gas. At least one perforated member is disposed between the inlet
      and the outlet. A rotatable axle mounts the perforated member such that a
      hole in the member can be moved into and out of alignment with an opening
      in a portion of the housing. Movement of the perforated member thus can
      close the opening or open it to any desired degree to control the flow of
      exhaust gas through the valve. The axle mounting the member is coupled to
      the converting device of the recycling apparatus. The hole in the
      perforated member may be configured, relative to the configuration of the
      opening in the portion of the housing, so as to ensure control in
      accordance with a particular characteristic curve for the engine.
PAR  The housing portion having the opening may be an end wall including either
      the inlet or the outlet, where the inlet or outlet is the opening. The
      housing portion may also be a partition disposed between the inlet and the
      outlet and dividing the housing into two chambers. If a partition is
      utilized, the valve is particularly suited to include at least two
      perforated members, at least one of which is located in each housing
      chamber. The members are mounted on different axles that are coupled to
      different devices for converting operating parameters of the engine into
      mechanical regulating movement. The holes in both plates may then be
      configured, relative to the configuration of the opening in the partition,
      so as to ensure control in accordance with a performance graph for the
      engine. As is well known, such a performance graph may be the dependence
      of the power or the medium cylinder pressure of the engine from intake
      manifold pressure and engine speed or from throttle position and engine
      speed or from the air quantity supplied to an engine with fuel injection
      and engine speed. On the other hand, the invention equipped with two or
      more plates may be used to control the recycled quantity of exhaust gas in
      dependence from operating parameters of the engine not defining a
      performance graph in its usual sense, for instance from throttle position
      and intake manifold pressure or from exhaust gas back-pressure and
      throttle position or from intake throttle position and oil temperature or
      from exhaust gas back-pressure and intake manifold pressure. The desired
      control can be determined during manufacture by appropriate selection of
      the dimensions of the hole in the perforated valve member both
      circumferentially and radially of the member. Thus the invention allows
      control of exhaust gas recycling in dependence from more than one
      parameter, the effects of these parameters on the control being
      independent from each other though only one valve is necessary.
PAR  As can be seen from the above description, the components of the valve,
      according to the invention, have uncomplicated configurations and minimal
      critical tolerances, thus making the valve as a whole relatively easy to
      produce. The construction of the valve also permits the use of
      uncomplicated mechanisms for rotating the mounting axle or axles to adjust
      the valve as quickly as may be required by the operating conditions of the
      engine. Cam plates acting on the axle or axles, for example, can be used
      to effect quick closing of the valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following descriptions of two exemplary embodiments, taken in conjunction
      with the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a valve according to the invention, installed
      in a line for recycling exhaust gas from an internal combustion engine;
PAR  FIG. 2 is a sectional view taken along view line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view of a second embodiment of a valve according to
      the invention, installed in a line for recycling exhaust gas from an
      internal combustion engine; and
PAR  FIG. 4 is a sectional view takten along view line 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  FIGS. 1 and 2 of the drawings illustrate a valve according to the
      invention, generally designated 1, installed in a line or conduit for
      recycling exhaust gas from an internal combustion engine (not shown). The
      part of the line extending from the exhaust system of the engine is
      designated 2 and the part of the line leading to the intake system of the
      engine is designated 3. The valve 1 includes a cylindrical valve housing 4
      having end walls 5 and 6. Aligned openings in the end walls 5 and 6
      adjacent corresponding edges thereof receive the ends of line parts 2 and
      3, respectively, and thereby define a valve inlet and a valve outlet. A
      circular partition 8, provided with an opening 7 located adjacent an edge
      of the partition diametrically opposite the valve inlet and outlet,
      divides the housing 4 into two chambers 9 and 10.
PAR  Two perforated plates 11 and 12 are disposed within the valve housing 4
      adjacent the partition 8 and generally parallel to the end walls 5 and 6
      and the partition. The portions of the plates 11 and 12 adjacent the
      partition opening 7 are provided with holes, designated 13 and 14,
      respectively, and cutouts are provided in the edge portions of the plates
      nearer the inlet and the outlet. The perforated plate 11 is mounted in the
      chamber 9 on a rotatable axle 15 which passes through the end wall 5 of
      the valve housing 4. The plate 12 is similarly mounted in the chamber 10
      on another rotatable axle 16 passing through the end wall 6 of the housing
      4.
PAR  Outside the valve housing 4, the axles 15 and 16 are coupled to appropriate
      devices for converting operating parameters of the engine into mechanical
      regulating movement. The devices may be of any conventional type having
      pneumatic, hydraulic, electrical or mechanical drives, and may respond to
      any desired parameters, like the devices described in SAE paper No.
      720123. In the embodiment of the invention illustrated in FIGS. 1 and 2,
      however, the axle 15 is coupled to a conversion device, generally
      designated 41, responsive to pressures in the intake manifold (not shown)
      for the engine. The axle 16 is coupled to device, generally designated 51,
      responsive to engine temperature.
PAR  The pressure responsive device 41, which is shown in reduced size for
      simplicity, includes a pair of chambers 43 and 44 separated by a flexible
      diaphragm 42. The chamber 43 is connected to the engine intake manifold
      and the pressure in the chamber follows the manifold pressure. The
      pressure in the chamber 44, on the other hand, is maintained at
      atmospheric pressure. One end of an operating rod 48 projects into the
      chamber 44 and is spring biased into constant contact with the diaphragm
      42. The biasing spring 45 encircles the operating rod 48 and is held
      between an interior wall of the housing 46 for the device 41 and a collar
      47 fixed on the rod adjacent its end contacting the diaphragm 42. The
      exposed end of the rod 48 is provided with gear teeth to define a rack
      that meshes with a pinion gear 49 carried by the shaft 15.
PAR  In operation, changes in intake manifold pressure flex the diaphragm 42.
      The operating rod 48 follows the flexing of the diaphragm 42 and the axial
      movement of the rod produces rotating movement of the shaft 15 and the
      plate 11. An increase in manifold pressure, for example, will cause the
      diaphragm to flex upwardly, as viewed in FIG. 1, and will result in
      clockwise rotation of the plate 11, as viewed in FIG. 2.
PAR  The temperature sensitive device 51 is coupled to the axle 16 by an
      operating rod 52 having a rack that engages a pinion gear 53 carried by
      the axle 16. The device 51 may have any conventional construction and may
      include, for example, an expansible bellows filled with a fluid that
      expands and contracts in response to temperature changes. The temperature
      sensitive device might alternatively include a temperature gauge producing
      an electrical output that is converted into movement of the operating rod.
PAR  In operation of the valve 1, the positions of the holes 13 and 14 in the
      perforated plates 11 and 12, respectively, relative to the opening 7 in
      the partition 8 control the cross-sectional flow area for and, hence, the
      quantity of recycled exhaust gas passing through the valve. The flow area
      thus may be either linearly or non-linearly related to the angles of
      rotation of the plates 11 and 12, depending upon the configurations of the
      holes 13 and 14 in the plates. As shown in FIG. 2, the hole 13 in the
      plate 11 is approximately kidneyshaped to give a particular non-linear
      relationship between the angle of rotation of the perforated plate 11 and
      the effective flow area provided by the opening 7 and the holes 13 and 14.
      Other shapes may be selected for the holes 13 and 14 according to the
      control relationship desired.
PAR  Since the effective cross-sectional flow area of the valve 1 is related to
      the angular position of the plates 11 and 12 determined by the operation
      of the conversion devices 41 and 51, the flow area is also related to the
      values of the operating parameters to which the conversion devices 41 and
      51 are responsive. Appropriate configuration of the holes 13 and 14,
      therefore, results in the flow area of the valve 1 being controlled in
      accordance with a particular characteristic curve or family of
      characteristic curves defined by plotting values of flow area against
      values of one operating parameter. A family of curves results from the
      independent influence of the other operating parameter on the flow area of
      the valve.
PAR  In another embodiment of the invention, as illustrated in FIGS. 3 and 4,
      the valve housing 20 includes end walls 22 and 24 that receive the parts 2
      and 3, respectively, of the exhaust gas recycling line. Unlike the housing
      4 of the embodiment of FIGS. 1 and 2, however, the valve housing 20 does
      not include a partition. Likewise, there is only a single circular
      perforated plate 26 mounted on a rotatable axle 30. A hole 28 formed in
      the plate 26 is positioned so that the hole can be moved into and out of
      alignment with the inlet and outlet openings in the housing end walls 22
      and 24, respectively.
PAR  As in the embodiment of FIGS. 1 and 2, the axle 30 of FIGS. 3 and 4 is
      coupled to a pressure responsive device 31 for converting intake manifold
      pressure into mechanical regulating movement. The construction of the
      device 31 is identical to the construction of the device 41 of FIGS. 1 and
      2 and corresponding elements are designated with reference numerals
      derived by subtracting ten from the reference numerals of FIGS. 1 and 2.
PAR  The operation of the valve of FIGS. 3 and 4 is similar to the operation of
      valve 1, except that only one operating parameter determines the valve
      operation. The valve may be provided with one or more additional plates
      coupled to different conversion devices, just as the valve 1 of FIGS. 1
      and 2 may have additional plates and also additional partitions, if
      desired.
PAR  It will be understood that the above-described embodiments are merely
      exemplary and that those skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be within
      the scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for recycling exhaust gas and including two devices for
      converting operating parameters of an internal combustion engine into
      mechanical regulating movement, the improvement of a valve for controlling
      the quantity of exhaust gas recycled comprising a housing having an inlet
      and an outlet for the exhaust gas and a stationary partition disposed
      between the inlet and the outlet and dividing the housing into two
      chambers, said partition having an opening therethrough for the passage of
      exhaust gas; two perforated plate members, each disposed in one of said
      chambers between said partition and the inlet and the outlet,
      respectively; and two rotatable axles, each axle mounting a different one
      of said two perforated members such that a hole in the respective
      perforated member can be moved into and out of alignment with said opening
      in said partition thereby to open and close said opening and control a
      flow of exhaust gas through the valve, each of the axles being adapted for
      coupling to a different one of the converting devices of the recycling
      apparatus.
NUM  2.
PAR  2. The improvement of claim 1, wherein holes in both perforated members are
      configured relative to the configuration of the opening in the partition
      so as to ensure control in accordance with a family of characteristic
      curves for the engine.
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ABST
PAL  A mechanism is provided whereby the opening of an automatic choke valve is
      controlled by means of pressure in a diaphragm chamber with the chamber
      being selectively communicated with a vacuum pickup tube or an atmospheric
      pressure pickup tube through operation of a solenoid controlled valve. A
      switch actuatable in response to vehicle speed and another switch
      actuatable in response to engine temperature operate to selectively
      connect the solenoid controlled valve to a power source thereby to
      determine the operating mode of the valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an automatic choke mechanism for
      an internal combustion engine, and more particularly to an automatic choke
      unit which is effective in overcoming exhaust gas pollution problems
      without adversely affecting stable engine operation during idling or while
      cruising at a low speed before the engine is sufficiently warmed up.
PAR  When an internal combustion engine is cold, insufficient vaporization of
      fuel is compensated by enriching the fuel-air mixture during the
      warming-up operation of the engine. The optimum air-fuel ratio which
      should be provided may vary depending upon changing operating conditions
      of the engine such as might occur when the engine is operated during
      starting, idling, cruising at a constant speed, acceleration and the like.
      An optimum ratio will also be dependent upon surrounding temperature
      levels and operation of the engine during its warm-up stages. Automatic
      choke valves have been heretofore used in order to obtain an optimum
      air-fuel ratio for an engine under various changing operating conditions.
PAR  Recently, various improvements have been made in automatic choke systems in
      order to decrease the time required during warm-up so that operation of
      the choke valve is required to a lesser extent. As a result, when during
      the operation of the vehicle the engine has been warmed up to some extent,
      operation of the choke valve is not required and the choke valve may be
      opened immediately thereafter.
PAR  Conventional automatic choke valves are usually operated by a bimetallic
      spring member or the like which is responsive to temperatures of the
      exhaust gases, engine cooling water or an electric heater. Accordingly, it
      is likely that sufficient engine heat to rapidly open the choke valve may
      not be obtained. As a result, harmful pollutants such as CO and HC will be
      discharged from the engine for a relatively long period of time.
PAR  In order to overcome these problems, there has been proposed a choke opener
      mechanism which is adapted for use with an internal combustion engine
      having improved warming-up characteristics. As in the case of conventional
      automatic choke valves, the opening of the choke valve is controlled by a
      diaphragm mechanism which is, in turn, controlled in response to the
      vacuum of the intake manifold of the engine. The intake manifold pressure
      changes in response to engine temperature and vehicle speed and,
      accordingly, a rich fuel-air mixture may be supplied. However, when the
      vehicle is running after the engine has been warmed up to some extent, the
      choke valve will be forced to the fully opened position.
PAR  Conventional carburetors are usually provided with a fast idle mechanism of
      the type which cause opening of the throttle valve to an excess degree in
      response to a small opening of the choke valve so that stable idling may
      be ensured when the engine has not as yet been sufficiently warmed-up.
      However, when the choke valve is forced to the fully open position while
      the vehicle is running, the fast idle mechanism is deactivated before the
      engine is sufficiently warmed up thereby resulting in unstable engine
      idling and stalling. Thus, engine operation will be adversely affected.
PAR  The present invention is directed to provision of an automatic choke valve
      having a choke opener mechanism of the type which permits operation of the
      fast idle mechanism even after the choke opener mechanism has been
      actuated. In the operation of the present invention, the choke valve may
      be forcibly opened to a position short of the fully opened position when
      vehicle speed and engine temperature reach predetermined levels with the
      choke valve being thereafter moved to the fully opened position by the
      normal operation of a bimetallic spring member after the engine has been
      sufficiently warmed-up.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as an automatic choke
      system for an automotive vehicle internal combustion engine comprising a
      choke valve operable between a fully opened and fully closed position,
      temperature sensitive bimetallic spring means for controlling opening and
      closing of said choke valve, a choke valve control mechanism adapted to
      move the choke valve in the direction of opening to a limited position
      short of the fully opened position but proximate thereto, means for
      generating a first signal representative of the temperature of the engine,
      means for generating a second signal representative of the speed of the
      vehicle, and means for applying both said first and second signals to said
      control mechanism to cause the choke valve to be opened to said limited
      position when the temperature of the engine and the speed of the vehicle
      reach predetermined levels, respectively, said control mechanism being
      arranged to permit independent operation of the bimetallic means beyond
      said limited position of said choke valve whereby the choke valve may be
      moved to the fully opened position by said bimetallic means when the
      engine has reached a fully warmed-up condition.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a schematic diagram of a device including the automatic choke
      mechanism of the present invention; and
PAR  FIG. 2 is a graph showing the relationship between the degree of opening of
      a choke valve and the opening of a throttle valve in the case of fast
      idling.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a carburetor 1 having a venturi 2 is controlled by
      operation of a throttle valve 3 and a choke valve 4 which is actuated by a
      temperature sensitive bimetallic spring member 26, shown schematically in
      FIG. 1. The choke valve 4 is mounted upon a shaft 5 and a lever 6
      operatively coupled to the shaft 5 is arranged to move with the choke
      valve 4. An elongated slot 7 is formed in the lever 6 and extends
      concentrically about the shaft 5.
PAR  A diaphragm box 8 defining a diaphragm chamber 12 has mounted therein a
      diaphragm 9 which is connected to one end of a linkage rod 10 with the
      opposite end of the rod 10 being arranged to extend within the elongated
      slot 7 of the lever 6. A coiled spring 11 is located within the diaphragm
      chamber 12 and operates to urge the diaphragm 9 toward the right thereby
      normally urging the linkage rod 10 toward a position in which its movement
      is not restrained by the lever 6.
PAR  A stopper 13 located within the diaphragm chamber 12 operates to limit
      leftward movement of the diaphragm 9. Although in the preferred embodiment
      described herein, the stopper 13 is shown as attached to the diaphragm box
      8, it is to be understood that other arrangements may be provided, for
      example, by affixing the stopper 13 upon the diaphragm 9. Alternatively,
      in place of the stopper 13, a stopper which limits movement of the linkage
      rod 10 or of the lever 6 may be provided.
PAR  An intake manifold 14 is located adjacent a water jacket 15 formed
      integrally with the lower side thereof in order to pass cooling water from
      the engine thereby to warm the intake manifold 14.
PAR  The diaphragm chamber 12 is communicated through a pressure line 17 with a
      vacuum pickup tube 18 or with an atmospheric pressure admission tube 19. A
      solenoid controlled three-port valve 20 is arranged so that the diaphragm
      chamber 12 may be selectively communicated either with the negative
      pressure tube 18 or with the atmosphere pressure tube 19. A preferred
      embodiment of valve 20 is shown and described on page 3--1 of the Toyota
      Manual of 1973.
PAR  A vehicle speed responsive switch 21 is provided, with the switch 21 being
      adapted to close when the speed of the vehicle exceeds a predetermined
      speed, for example, 10 or 20 km/h. Instead of the switch 21, a switch
      which is actuatable in response to a signal representing the rotational
      speed of the engine, which in turn represents the speed of the vehicle,
      may be provided.
PAR  A temperature sensitive switch 22 is also provided, with the switch 22
      being closed when the temperature of the cooling water 16 rises in excess
      of a predetermined temperature, for example 20.degree. or 30.degree.C.
      Instead of the temperature switch 22, there may be provided a switch which
      is actuatable in response to the temperature of lubricating oil or to the
      temperature of the wall of the intake manifold 14.
PAR  A battery 23 is electrically connected in a series circuit which includes
      the speed responsive switch 21, the temperature sensitive switch 22 and a
      solenoid (not shown) of the three-port solenoid valve 20. In the operation
      of the present invention, when engine warm-up has not been sufficiently
      achieved and the temperature of the cooling water 16 is low, or the speed
      of the vehicle is low, the switches 21 and/or 22 will be in the OFF
      position and, therefore, the solenoid valve 20 will not be energized.
      Under such conditions, the solenoid valve 20 will interconnect the line 17
      with the atmospheric pressure pickup tube 19 so that the diaphragm 9 will
      be displaced to the right under the force of the spring 11. As a result,
      the linkage rod 10 will be pushed to the right or in the direction in
      which the rod 10 will not actuate the lever 6. When this occurs, the end
      of the rod 10 will move freely within the slot 7 and the choke valve 4
      will be controlled only by the bimetallic spring device.
PAR  When after a period of operation the engine has become somewhat warmed-up
      and the temperature of the cooling water rises or the speed of the vehicle
      is increased, both the switches 21 and 22 are closed to cause the solenoid
      valve 20 to be energized thereby communicating the line 17 with the
      negative pressure pickup tube 18 and disconnecting it from the atmospheric
      pressure pickup tube 19. As a result, negative pressure is transmitted
      into the diaphragm chamber 12 and the diaphragm 9 is displaced to the left
      against the force of the spring 11. Accordingly, the linkage rod 10 will
      be displaced to the left a sufficient distance to cause the end of the rod
      10 to engage the end of the slot 7 thereby causing the lever 6 to rotate
      in a counterclockwise direction. This movement of the lever 6 will cause
      the choke valve 4 to move toward its opened position. However, the stroke
      of the diaphragm 9 is limited by the stopper 13 in such a way that the
      choke valve 4 will not be moved to its fully opened position in response
      to movement of the diaphragm 9. The choke valve 4 will, therefore, be
      moved to a limited position short of its fully opened position but
      proximate thereto. For example, if the angle of the choke valve at its
      fully opened position, at which the choking effect of the valve is
      considered to be ineffective, is 70.degree., the choke valve 4 will be
      opened to an angle of about 55.degree. by the diaphragm 9 which may be
      taken to be the limited position to which the valve 4 may be moved by
      operation of the opening mechanism.
PAR  Under these conditions, when the vehicle acceleration pedal is released,
      the opening of the throttle valve 3 will be at a position indicated by B
      in FIG. 2 so that the vehicle will be decelerated. With the vehicle
      stopped and the engine idle, the opening of the throttle valve 3 is
      greater than the opening A when the engine is idling after it has been
      warmed up. Therefore, air intake may be sufficiently increased before the
      engine is warmed-up so that smooth engine performance may be ensured.
PAR  In a conventional choke opening mechanism, when the vehicle is decelerated
      with the choke valve in its fully opened position, the opening of the
      throttle valve will be at a position labelled A in FIG. 2 when the vehicle
      is stopped. The opening of the throttle valve is, however, too small for
      an engine which has not been sufficiently warmed up and unstable idling
      will occur. However, according to the present invention, the choke valve
      is not fully opened when the vehicle is running with the engine not
      sufficiently warmed up. That is, the choke valve is opened only to such an
      extent where no choking effect is obtained. Thus, a satisfactory
      counter-measure overcoming increase of pollutants in the exhaust gases may
      be employed without modifying the conventional fast idling mechanism of
      the engine and without adversely affecting engine idling before complete
      engine warm-up is achieved.
PAR  After the engine is sufficiently warmed up, the choke valve will be moved
      to its fully opened position by operation of the bimetallic spring as
      indicated by A in FIG. 2 so that normal idling may be effected.
PAR  As described hereinbefore, in accordance with the automatic choke valve
      mechanism of the present invention, a satisfactory choking effect may be
      obtained when an engine is started or is idling, or when the vehicle is
      operating at a low speed. However, when the engine is sufficiently warmed
      up and the vehicle is started, the choking effect may be immediately
      eliminated in order to avoid exhaust gas pollution problems. Furthermore,
      the fast idling mechanism of the engine is not released so that stable
      engine idling may be provided. Moreover, problems of engine operation and
      exhaust gas pollution may be satisfactorily solved without modification of
      conventional automatic choke units. Since the movement of the diaphragm of
      the present invention is limited by the stopper means in order to prevent
      the choke valve from being moved to the fully opened position, undesirable
      or unnecessary forces are not applied to the choke valve or its shaft and
      a longer service life thereof may be ensured.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic choke system for an automotive vehicle internal combustion
      engine comprising a choke valve operable between a fully opened and a
      fully closed postion, temperature sensitive bimetallic spring means for
      controlling opening and closing of said choke valve, a choke control
      mechanism adapted to move said choke valve in the direction of opening to
      a limited position short of said fully opened position but proximate
      thereto, means for generating a first signal representative of the
      temperature of said engine, means for generating a second signal
      representative of the speed of said vehicle, and means for applying both
      said first and said second signals to said control mechanism to cause said
      choke valve to be opened to said limited position when the temperature of
      said engine and the speed of said vehicle reach predetermined levels,
      respectively, said control mechanism being arranged to permit independent
      operation of said bimetallic means beyond said limited position of said
      choke valve whereby said choke valve may be moved to said fully opened
      position by said bimetallic means when said engine has reached a fully
      warmed-up condition.
NUM  2.
PAR  2. An automatic choke system for an automotive vehicle internal combustion
      engine comprising a choke valve operable between a fully opened and fully
      closed position, temperature sensitive bimetallic spring means for
      controlling opening and closing of said choke valve, a choke valve shaft,
      a lever fixed to said choke valve shaft, said lever having an elongated
      slot formed therein, a linkage member having a pair of ends, with one of
      said ends arranged for sliding engagement within said elongated slot, a
      diaphragm fixed to the other end of said linkage member, a diaphragm box
      including a diaphragm chamber and having said diaphragm disposed therein,
      a spring adapted to urge said diaphragm toward a position at which said
      one end of said linkage mechanism will slide within said elongated slot
      without actuating said lever, a stopper for limiting the stroke of said
      lever, said linkage member and said diaphragm, a vacuum pickup tube
      connected to an intake manifold of said engine, an atmospheric pressure
      pickup tube connected to a source of atmospheric pressure, a solenoid
      controlled valve adapted to selectively communicate either said negative
      pressure pickup tube or said atmospheric pressure pickup tube with said
      diaphragm chamber of said diaphragm box, a first switch actuatable in
      response to the temperature of said engine, a second switch actuatable in
      response to the speed of said vehicle, a power source and means connecting
      said first switch, said second switch and said power source in series
      through said solenoid controlled valve whereby said choke valve may be
      moved in the direction of opening to a limited position short of said
      fully opened position but proximate thereto in response to intake manifold
      vacuum applied in said diaphragm chamber when the vehicle speed and engine
      temperature reach predetermined levels.
NUM  3.
PAR  3. A system according to claim 1 wherein said control mechanism includes
      diaphragm means connected to move said choke valve in response to pressure
      applied to said diaphragm means, and valve means responsive to said first
      and second signals for controlling the pressure applied to said diaphragm
      means.
NUM  4.
PAR  4. A system according to claim 3 wherein said valve means are connected
      between said diaphragm means on one side thereof and the intake manifold
      of said engine and a source of atmospheric pressure on the other side
      thereof, said valve means operating to selectively apply to said diaphragm
      means either the pressure in said intake manifold or atmospheric pressure
      in response to said first and second signals.
NUM  5.
PAR  5. An assembly according to claim 3 wherein said diaphragm means include
      stopper means limiting movement of said diaphragm means in one direction
      at a location corresponding to said limited position of said choke valve.
NUM  6.
PAR  6. An assembly according to claim 3 including means interconnecting said
      diaphragm means with said choke valve, said interconnecting means being
      configured to effect movement of said choke valve in response to movement
      of said diaphragm means only in the direction of opening of said choke
      valve, with said choke valve being movable further in the direction of the
      opening thereof independently of said diaphragm means between said limited
      position and said fully opened position of said choke valve.
NUM  7.
PAR  7. A system according to claim 6 wherein said interconnecting means include
      a linkage rod having a pair of ends with one of said ends connected to
      said diaphragm means, a lever mounted to rotate with said choke valve, and
      an elongated slot formed in said lever with the opposite end of said
      linkage rod being slidably engaged within said slot.
NUM  8.
PAR  8. A system according to claim 3 wherein said valve means comprise a
      solenoid actuated valve, wherein said means for generating said first
      signal and said means for generating said second signal comprise,
      respectively, a first and second switch, and wherein said system includes
      a power source and means for connecting said power source, said solenoid
      actuated valve, and said first and second switches in a series circuit.
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PAL  The Effect of Electric Fields on the Burning Velocity of Various Flames,
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ABST
PAL  A technique for increasing the efficiency, and for decreasing the exhaust
      emissions, of an internal combustion type engine in which substantially rf
      energy (e.g., 10.sup.6 Hz to 10.sup.12 Hz) is generated and coupled to a
      combusting plasma airfuel mixture (preferably at a plasma frequency) so as
      to enhance both pre-combustion conditioning of the mixture and combustion
      reactions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains generally to apparatus and a method for increasing
      efficiency and/or decreasing exhaust emissions of an internal combustion
      engine.
PAR  2. Discussion of the Prior Art
PAR  The concern over air pollution and the dwindling of petroleum resources has
      resulted in legislation which has caused a shift in emphasis from
      powerful, high compression engines to small, low compression ones. As the
      degree of pollution which an automobile introduces into the air is
      measured in parts per mile, a smaller, lower compression engine, burning a
      leaner mixture (i.e., a higher ratio of air to fuel) can more readily
      satisfy the pollution requirements.
PAR  It is known on the one hand that the level of CO (carbon monoxide) produced
      by the internal combustion engine decreases as the air-fuel ratio is
      increased, and continues to decrease beyond the "chemically ideal" ratio
      of 14.7, and the decrease extends to the "lean limit", i.e., the limit at
      which flame speed drops to zero and at which the air-fuel mixture does not
      ordinarily ignite. The production of NO.sub.x (oxides of nitrogen), on the
      other hand, is most sensitive to the time at which the spark is fired
      (given in degrees before top dead center, BTDC). The production of
      NO.sub.x in parts per mile, jumps from approximately 1,000 to 3,000 parts
      when the spark timing is advanced over a 20.degree. range. In order to
      reduce carbon monoxide, oxides of nitrogen and also other hydrocarbons,
      therefore, one must operate the internal combustion engine with an
      air-fuel ratio lying at the lean end of the scale, and ignite the mixture
      as close to TDC as possible. The difficulties associated with these
      conditions are two-fold: firstly, as the mixture is made leaner, it will
      become increasingly more difficult to ignite with the spark, since the
      spark constitutes a contant external energy source of approximately 0.1
      joule/spark energy capacity, and secondly, the resultant drop in flame
      speed along with spark timing near TDC will result in late combustion of
      the mixture and hence reduced efficiency as well as increased discharge of
      unburnt hydrocarbons through the exhaust. (On the other hand it is known
      that in order to increase engine efficiency as well as decrease exhaust
      emissions it is very desirable to ignite and sustain combustion of a lean
      mixture in an internal combustion engine.)
PAR  One approach to this problem has been the so-called "CVCC" engine, which
      utilizes a pre-ignition chamber and an extra carburetor. However this
      technique has the disadvantage in that mechanical modification of the
      cylinders and engine is required.
PAR  Another approach is discussed in U.S. Pat. No. 2,457,973 issued Jan. 4,
      1949 and entitled Ionizing Means and Methods of Ionization. This patent
      teaches how to effect ionization of a gaseous mixture in the combustion
      chamber of an internal combustion engine by utilizing in combination with
      a conventional spark plug a radium cell in close proximity to the firing
      electrodes and an auxiliary electrode. It can readily be appreciated that,
      while such a device may reduce the firing potential near the vicinity of
      the electrode and perhaps extend spark plug life, flame velocity is not
      increased and it appears that flames propagating in air fuel mixtures
      below the lean limit will be quenched.
PAR  Another apparatus for producing an electric space charge or ionization in
      the combustion chamber of reciprocating piston type or turbine type
      combustion engines is disclosed in U.S. Pat. No. 2,766,582 issued Oct. 16,
      1956, entitled Apparatus for Creating Electric Space Changes in Combustion
      Engines. This patent teaches the production of electric space charges in
      combustible fuel and air mixtures by electrically charging a dielectric
      type liquid fuel previous to jet spraying from an engine carburetor nozzle
      or from a spray nozzle in the combustion chamber proper. The electrically
      charged fuel is subsequently evaporated in space in the combustion
      chamber. A particular disadvantage of this technique is the generation of
      space charges in the fuel prior to its injection in the cylinder. This
      leads to a complex charge generating mechanism and a complex fuel
      transporting and injecting mechanism into the combustion chamber so as to
      maintain the charges that were generated in the fuel. Also additional
      insulating mechanisms are required to prevent charge leakage.
PAR  Another prior art device, which provides another means of sparking in an
      internal combustion engine, is the internal combustion engine ignition
      system disclosed in U.S. Pat. No. 2,617,841 issued Nov. 11, 1952. This
      patent discloses an ignition system for internal combustion engines which
      utilizes "voltages of ultra-high frequency for sparking."  (Column 1,
      lines 3-4.) The teaching of this patent "contemplates that an internal
      combustion engine be fired by the method comprising the steps of
      generating high frequency energy, applying the energy to a resonator or
      resonant circuit, and tuning to the frequency of this energy the resonant
      circuit in timed relationship with the movable wall member to cause a
      spark to leap a spark gap in the circuit at resonance of the resonator."
      (Column 2, lines 43-50, and column 3, line 1.) The main disadvantages of
      this approach are as follows: (1) since its purpose is to produce the
      initial breakdown of the air-fuel mixture very high power high frequency
      devices are necessary to initiate ignition in the cylinder, and
      accordingly pulse type peak power ignition is necessary, as a practical
      matter, to handle the power required, and therefore flame speed or
      avoidance of flame quenching is not necessarily enhanced because of the
      short duration of the high frequency energy for ignition; (2) energy is
      coupled to a tuned resonant cavity in which resonance varies, thus
      requiring precise and complicated timing mechanisms; (3) extensive
      modification of cylinder design and engine design is necessary; and (4)
      since ignition occurs as the cylinder volume is decreasing, and not
      increasing, one will encounter many cavity resonant frequencies before
      reaching the desired one and considerable pains will have to be taken to
      insure that ignition does not occur as these other resonant modes are
      passed.
PAR  In view of the foregoing it is a principal object of the present invention
      to provide a system which increases the efficiency and also reduces the
      exhaust emissions of an internal combustion engine which can be installed
      in existing internal combustion engines, with a minimum of engine
      modification, and is relatively cheap and easy to manufacture and install,
      and requires relatively low power in operation.
PAR  Other objects are to enhance combustion and increase flame speed in the
      combustion chambers of internal combustion engines and to provide an
      improved ignition support system for an internal combustion engine.
PAR  Other objects and advantages of the invention will become apparent from the
      following description of particular preferred embodiments of the invention
      when read in conjunction with the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect the invention features a system for use with an internal
      combustion engine having a combustion chamber, means for producing a
      combustible mixture therein, and means for igniting the mixture. The
      system comprises an energy source for generating electromagnetic energy at
      an operating frequency, f.sub.o, of the order of (i.e., within two orders
      of magnitude) the plasma frequency, f.sub.ps, of a species, s, of charged
      particles of the mixture, where
      ##EQU1##
      and where n.sub.s is the species number density of the mixture, m.sub.s is
      the species mass, e is the charge of an electron, and .epsilon.o is the
      dielectric constant of free space. The system also includes conductor
      means for conducting the energy from the source to the chamber to couple
      the energy to charged particles of that species in the mixture during its
      combustion. Preferably, the species, s, consists of electrons; the energy
      source generates continuous wave (cw) energy which is conducted to the
      chamber substantially without interruption; the operating frequency,
      f.sub.o, is a weighted average of the plasma frequency of the species in
      the initial flame front of the combusting mixture and the plasma frequency
      in the fully developed flame front and/or is a weighted average of the
      plasma frequency of electrons in the flame front and the electron-neutral
      collision frequency in the flame front.
PAR  In another aspect, such system may comprise an energy source for generating
      rf electromagnetic energy (where rf energy is energy having a frequency in
      the range of about 10.sup.6 Hz to about 10.sup.12 Hz), means for
      generating a substantially DC (i.e., frequency &lt;&lt;10.sup.6 Hz) voltage, and
      means for conducting the rf energy and the DC voltage to the combustion
      chamber to precondition the air-fuel mixture for combustion, ignite the
      mixture, and enhance combustion reactions.
PAR  In another aspect, the invention features an apparatus for use with an
      internal combustion engine having n combustion chambers for the combustion
      of an air-fuel mixture, where n is an integer greater than zero. The
      apparatus comprises a plurality of spark plugs, one communicating with
      each combustion chamber for igniting the air-fuel mixture in each chamber;
      a source of substantially DC voltage; rf generating means for generating
      electromagnetic energy having a frequency in the range of from about
      10.sup.6 Hz to about 10.sup.12 Hz; rf coupling means electrically
      connected to the rf generating means for coupling the energy to the
      combusting air-fuel plasma mixture in each of the combustion chambers; and
      distributor means coupled to each of the voltage source, the rf source,
      the spark plugs, and the rf coupling means for controllably distributing
      the DC voltage and the rf energy to the spark plugs and the rf coupling
      means respectively, in a predetermined timed sequence. The distributor
      means may take various forms. One embodiment comprises a DC distributor
      with n additional electrical conductors located for sequential
      communication with the distributor rotor and a control unit connected to
      receive as inputs signals from each of those additional conductors. The
      control unit controls the distribution of the rf energy to the appropriate
      portion of the rf coupling means for transmission to the appropriate
      combustion chamber dependent upon the inputs received from the additional
      conductors. In another embodiment the distributor means comprise a coaxial
      transmission line E1 section having inlet and outlet ports and being
      rotatable about the axis of the E1 segment including said inlet port. The
      E1 section is connected to receive both the DC voltage and the rf energy
      from connections disposed along the axis of rotation and to distribute
      them sequentially to conductor means disposed around the path of rotation
      of the outlet port, the E1 section being rotationally driven in timed
      relation with the operation of the engine.
PAR  In one preferred embodiment of the invention apparatus as discussed above
      comprises a housing internally segmented into n compartments (for use with
      an engine having n combustion chambers) and a rotor disposed in the
      housing and having a portion which successively sweeps through each of the
      compartments during its rotation in timed relation with the operation of
      the engine and being electrically connected to a source of DC voltage.
      Each compartment of the housing contains: a source of rf energy; a coaxial
      conductor for conducting both the DC voltage and the rf energy to a
      combustion chamber of the engine; conductor means coupling the source of
      RF energy to the coaxial conductor and including DC blocking means; a
      communication point which electrically connects the rotor with the inner
      conductive means of the coaxial conductor; actuating means for actuating
      the source of rf energy at a predetermined orientation of the rotor with
      respect to the compartment; and rf energy filtering means disposed in the
      electrically conducting path between the source of rf energy and the
      rotor.
PAR  In another aspect, the invention features the method of operating an
      internal combustion engine comprising the repeated steps of, for each
      combustion chamber, supplying an air-fuel mixture to the chamber, the fuel
      component of which comprises a fuel having a permanent electric dipole
      moment having resonances in the rf frequency region, compressing the
      mixture, coupling rf energy to the mixture at frequencies which include at
      least one of the resonances, igniting the compressed mixture, and
      exhausting the combustion products from the chamber. Preferably, the fuel
      component comprises methanol and the coupling continues throughout all of
      the other recited steps.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described with reference to the accompanying drawings
      wherein:
PAR  FIGS. 1-7 are somewhat schematic drawings of different types of spark plug
      tips which are utilized in the invention to produce an igniting spark as
      well as couple rf energy to the air-fuel mixture;
PAR  FIG. 8 is a schematic drawing of one embodiment of the invention installed
      on a four cylinder internal combustion engine;
PAR  FIG. 9 is a detailed drawing of the distributor 25 of FIG. 8;
PAR  FIG. 10 is a detailed schematic drawing of the control box 21 of FIG. 8;
PAR  FIG. 11A is a detailed schematic drawing of a modified distributor utilized
      in the invention for conveying rf energy as well as DC energy;
PAR  FIG. 11B is a view taken at 11B--11B of FIG. 11A;
PAR  FIG. 12 is a detailed drawing of a capacitively loaded section of a
      transmission line utilized in the invention as an rf filter;
PAR  FIG. 13 is a partially schematic detailed drawing of a spark plug for
      coupling RF energy directly to the spark plug rather than the DC cable of
      the engine;
PAR  FIG. 14 illustrates another embodiment of the invention for coupling rf
      energy to a cylinder of an internal combustion engine utilizing a separate
      port from that utilized by the spark plug;
PAR  FIG. 15 is a partially scematic drawing of still another embodiment of the
      invention which eliminates the need for bias insertion units (i.e., a DC
      block) or coaxial switches;
PAR  FIG. 16 is a partially schematic drawing of still another embodiment of the
      invention which elminates the need for bias insertion units or coaxial
      switches and which contains the rf source in a compact manner;
PAR  FIG. 17 is a partially schematic drawing of a probe coupling device
      utilized in the invention;
PAR  FIG. 18 is a partially broken away plan view of a solid state rf energy
      control and rf energy distribution unit utilized in the invention;
PAR  FIG. 19 is a schematic diagram of a magnetron rf generating unit used in
      the invention and having a coaxial cable directly coupled to the magnetron
      cavity; and
PAR  FIG. 20 is a schematic drawing of yet a further embodiment of the invention
      which dispenses with the need for the distributor.
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PAC  DESCRIPTION OF PARTICULAR PREFERRED EMBODIMENTS
PAC  General
PAR  In accordance with the present invention, high frequency electromagnetic
      energy denoted as "rf" or "RF" (e.g., about 10.sup.6 Hz to about 10.sup.12
      Hz), preferably of order 10.sup.2 watts CW (i.e., 10.sup.1 watts to
      10.sup.3 watts) power level, is coupled into the engine cylinder of a
      conventional internal combustion engine either through the spark plug
      itself or in the vicinity of the spark plug tip, and by operating in such
      a manner requires no mechanical modification of the internal combustion
      engine, with the exception of minor changes in the design of the
      distributor and associated wiring.
PAR  The energy is preferably produced by magnetrons or microwave solid-state
      devices in the microwave region of the spectrum, although other high-power
      RF sources such as travelling wave tubes, other cross-field devices, and
      power klystrons could be utilized. In the lower frequency range (1-500
      MHz) the more conventional tube oscillators could be used. They will not
      be specifically discussed as the emphasis will be on the microwave region
      of the rf spectrum, but it is to be understood that the lower frequency
      devices would replace the cavity type devices (e.g., magnetrons), or the
      solid-state devices, whenever lower frequency operation is preferred, and
      the replacement is made without modification of the circuit configuration
      except in the cases where the characteristic shape or size of the
      microwave source constitutes an essential element of the circuit.
      Furthermore, the operation of two or more different devices at different
      frequencies (e.g., 30 MHz and 3 GHz), and perhaps under different
      operating conditions (pulsed and CW), simultaneously to further enhance
      combustion in various circumstances is, of course, within the scope of the
      present invention.
PAR  The microwave energy source can act in conjunction with the mechanically
      linked action of the distributor rotor shaft and obtain its timing
      information thereform. The microwave energy is coupled in turn into each
      combustion chamber for an interval of time containing the instant at which
      that combustion chamber is fired, or for a period of time before, after,
      or before and after the instant the combustion chamber is fired by means
      of the spark at the spark plug tip. The presence of the microwave energy
      at or near the spark plug tip modifies the voltage required for firing. It
      may even be possible to eliminate the spark altogether by using microwave
      sources in the pulsed mode, and by designing the spark plug tip in such a
      manner that it both couples microwave energy efficiently to the air-fuel
      plasma mixture as a whole as well as produce large electric fields at a
      highly localized region of the spark plug tip. However, in such a method
      of operation the distributor or other devices such as the harmonic
      balancer, camshaft, or crankshaft are essential as timing devices to
      trigger the microwave generator into both a pulsed (high power) mode of
      operation and CW mode at the time when the spark is to occur. This
      invention concentrates on the method of coupling CW microwave energy to a
      combusting plasma mixture. In order to better understand the effects that
      the invention will produce on a combusting air-fuel plasma mixture, a
      brief discussion of the interaction of the RF fields and the plasma
      particles will be given below.
PAR  When a DC potential is applied between two electrodes, electrical forces
      will act to dissociate, excite and ionize the atoms and molecules of a gas
      between the electrodes as well as accelerate any charged particles
      present. The gas goes through various states of activation as the voltage
      is increased, most notably the Townsend discharge, Corona, Normal Glow and
      Arc. The onset of these processes will be lumped together in the generic
      term "breakdown". Therefore, electrical fields are spoken of as initiating
      breakdown of the gas, and sustaining it by accelerating ions and electrons
      which interact with atoms and molecules to dissociate, excite and ionize
      the gas. The breakdown field E.sub.b as a function of pressure (Paschen
      curve) has a minimum which is weakly dependent on various parameters
      including frequency. But for the present purposes (pressure p &gt; 100 torr),
      Eb increases substantially linearly with pressure and one may write the
      approximation: E.sub.b (volts/cm) = 30p (torr)
PAL  which gives an E.sub.b of approximately 20 kvolts/35 mil at a pressure of
      10-15 atmospheres. But according to the present invention microwave energy
      is employed in both enhancing breakdown and increasing the speed of
      phenomena associated with the resultant breakdown in a combustible
      mixture, most notably the propagation of the flame front. Therefore a
      brief discussion of the advantages of high-frequency over DC electrical
      energy will be given before proceeding with these more detailed
      discussions. (The term "DC", as used herein includes low frequency,
      f.sub.dc, where that low frequency f.sub.dc satisfied the condition
      f.sub.dc &lt;&lt;10.sup.6 Hz.)
PAR  As one increases the frequency of the electric field, initially no
      unexpected change in the characteristics of the discharge is observed.
      However, a critical frequency, fc.sub.i, is reached at which the ions no
      longer have time to drift to the cathode and be lost, but instead will
      oscillate in the gap continuously producing dissociation, excitation and
      ionization. This type of breakdown is known as "mobility controlled."
      After a further increase in the frequency, fc.sub.e, the frequency at
      which the electrons are no longer lost to the wall, is reached. This type
      of breakdown is known as "diffusion-controlled," and is believed the one
      which governs the electron-field interaction in this invention, although
      the mean free path of the electrons is further reduced due to collisions
      with the neutrals. Now, it is known that the concentration of ions and
      electrons in combusting mixtures at atmospheric pressure is approximately
      10.sup.10 charged particles/cm.sup.3 (G. Wortberg (1965), 10.sup.th Int.
      Symp. Combust., p. 651), and varies with the composition of the fuel.
      Furthermore, the mole fraction of ions is virtually independent of
      pressure (J. Lawton and F. J. Weinberg, (1969), Electrical Aspects of
      Combustion, p. 215). The electron and ion plasma frequencies associated
      with these charge densities lie in the microwave and vhf frequency range
      respectively; the electron-neutral collision frequency lies in the
      microwave range. The plasma frequency, f.sub.ps, of a charged species, s,
      is defined as:
      ##EQU2##
      where n.sub.s, m.sub.s are the species number density and mass
      respectively, e is the electronic charge, and .epsilon.o is the dielectric
      constant of free space. In addition the plasma and collision frequencies
      in the vicinity of the flame front fall off with a smooth profile. Once
      the spark produces the initial breakdown, the microwave energy penetrates
      the electron density profile, the depth of penetration depending on the
      operating frequency, plasma frequency and collision frequency. In the
      process of penetration of the wave, the electrons will be accelerated and
      will in turn collide with the neutral particles and the combusting plasma
      mixture will present a large, low Q load to the microwave energy, where Q
      of a system may be defined as:
      ##EQU3##
      where f is the frequency of the microwaves. In fact, if an electrically
      short cylindrical probe (e.g. probe 10 of FIG. 5) is used to couple the
      microwave energy to the plasma, it will see an input impedence Z.sub.in,
      where
      ##EQU4##
      where f.sub.pe, .nu..sub.en are the electron plasma and collision
      frequencies respectively, and j=.sqroot.-1.
PAL  In this way microwave energy will be coupled to the combusting plasma
      mixture and will aid in sustaining combustion in a lean mixture, and
      increase the flame speed. One can picture an initial flame front, which
      would ordinarily quench, being sustained by the microwave energy which
      penetrates the plasma associated with and tied to the flame front, and
      which accelerates the electrons which in turn collide with the combustible
      molecules and produce excitation (electronic and mechanical) and
      dissociation from which further combustion exothermal reactions result.
      The optimim effect, it is believed, obtains when RF power near the
      frequency corresponding to approximately the peak electron-plasma
      frequency is coupled to the plasma at the flame front. This peak will vary
      between that corresponding to the initial combusting mixture and that of
      the fully developed flame front. By choosing the operating frequency to
      correspond to the electron plasma frequency between those two extremes,
      but closer to the lower frequency initial plasma, one probably obtaines
      optimum enhancement of the combustion. On the average, this frequency
      corresponds to a value roughly midway down the electron plasma frequency
      profile where flame enhancement is desirable. Finally the combustion
      process is enhanced when one can excite vibrational rotational or other
      resonances of the petroleum molecules directly with the microwave energy
      by operating the microwave sources at frequencies corresponding to the
      molecular resonances. Most petroleum molecules are non-polar and do not
      exhibit microwave resonances. However, alternative fuels such as methanol
      do possess a permanent electric dipole moment and exhibit many resonances
      in the microwave region. Furthermore, methanol is a substantially cheaper
      fuel than gasoline and, in the form of a gasoline-methanol mixture,
      performs as well as the more expensive pure gasoline. Thus, by exciting
      the gasoline-methanol mixture with microwave energy, one can enhance the
      breakdown of the fuel mixture and improve its combustion properties.
PAR  As already stated, the existence of microwave energy at or near the spark
      plug tip will improve the characteristics of the spark. Defining the
      component of the microwave energy found at the spark plug tip as the
      "non-resonant component", and that which exists in the main volume of the
      cylinder as the "resonant component", the resonant component depends on
      the coupling efficiency of the loop or probe to the combusting plasma
      mixture.
PAR  The spark is initiated when the contact points open and the order of 10
      kilovolts is applied across the plug gap. This is known as the capacitive
      component of the spark; it is of very short duration, and is responsible
      for the breakdown of the mixture and initiates combustion in a well
      distributed mixture with an ignitable air-fuel ratio. The capacitive
      component is followed by the inductive component, which lasts
      approximately 20.degree. of crankshaft rotation and is characterized by a
      reduced voltage of order 1 kilovolt and by the presence of current which
      gives rise to the visible spark one commonly sees. The inductive component
      contains most of the energy of the spark, and is important in the ignition
      of a wet cold mixture or a lean mixture.
PAR  Now, it is expected that the non-resonant component of the microwave energy
      will produce large, non-uniform time-variant field gradients at the spark
      plug tip which will effectuate production of Corona type discharge
      characterized by streamers of ionization at the plug tip. These streamers
      reduce the breakdown voltage which is associated with the capacitive
      component of the spark, and the resultant drop in the peak voltage
      required to initiate combustion will simplify the design and production of
      the circuits which are necessary to isolate the high secondary voltage
      from the RF source. Moreover, by appropriate choice of plug gap size and
      shape, mode of operation of microwave source, and frequency, one can
      increase the energy capacity and density of the inductive component, which
      results in more efficient and cleaner operation by virtue of improved
      combustion of wet cold mixtures and more important, by improved combustion
      of lean mixtures, since most efficient operation of the internal
      combustion engine is known to occur at air-fuel ratios of approximately
      17. In addition, if power microwave sources are used in the moderate power
      pulse mode (but with large pulse widths), then one can maintain the high
      power, high voltage fields for a few degrees of crankshaft rotation as
      compared to the very short lived high voltage capacitive component of the
      DC spark, and hence maintain the breakdown fields for a considerably
      longer time. This factor is further multiplied since one can supply a
      substantially larger total spark energy with the microwave source, e.g., 1
      joule/spark instead of just .1 joule/spark.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIGS. 1-7 there are shown several different types of spark
      plug tips that may be utilized with the invention to produce the spark as
      well as introduce the microwave energy into each combustion chamber. In
      general, there are two principle methods utilized to couple rf energy to
      this plasma within the cylinder: loop and probe coupling. FIGS. 1-4 are of
      the loop coupling variety whereas FIGS. 5-7 are of the probe coupling
      variety. Referred now to FIG. 1 there is shown the engine cylinder head 1
      having a normal spark plug opening which is threaded to receive the
      outer-casing 2 of the spark plug. The inner conductor 3 is separated from
      the outer casing 2 by a space which is partially filled by insulating
      material 4 such as a ceramic. The loop portion 5 forms a continuation of
      the outer conductor 2 and provides an air gap between the tip 7 of inner
      conductor 3 and the tip 6 of loop 5. The gap between tips 6 and 7 provides
      the large electric field gradients produced by the DC voltage and
      microwave energy which ignite the air-fuel mixture and the loop 5 couples
      the microwave energy to the combusting plasma mixture to enhance
      combustion.
PAR  FIGS. 2 and 3 are similar to FIG. 1 and have similar components wherein the
      threaded outer casing of the spark plug in FIGS. 1, 2 and 3 are number 2,
      2a and 2b respectively; the inner conductor of the spark plug of FIGS. 1,
      2 and 3 are numbered 3, 3a, and 3b respectively; and the insulation of
      FIGS. 1, 2 and 3 are numbered 4, 4a and 4b respectively. Note, however,
      that there is a difference in shape between tips 6 and 7 of FIG. 1, tips
      7a and 8 of FIG. 2 and tips 6a and 7b of FIG. 3. FIG. 2 has tip 8 of loop
      5a pointed whereas FIG. 3 has tip 7b of inner conductor 3b pointed. This
      arrangement provides for lower DC sparking voltage by providing a greater
      concentration of charges at the pointed tip thus inducing corona discharge
      at a lower voltage.
PAR  FIG. 4 is also similar to FIGS. 1, 2 and 3 and has corresponding components
      2c, 3c and 4c; however it will be noted that the spark gap is at the
      bottom of loop 5c since the location of the spark gap along the loop is
      immaterial. It is to be understood that the cross section of the inner and
      outer conductors may be circular as in spark plugs currently available or
      of any other convenient shape.
PAR  FIGS. 5-7 show the probe coupling type of plug wherein the center conductor
      3d, 3e and 3f, of FIGS. 5, 6 and 7 respectively are each separated from
      their outer conductors 2d, 2e and 2f by a space partially filled by an
      insulator 4d, 4e and 4f respectively. FIGS. 5-7 are essentially the same
      with the exception that in FIG. 6 the tip 12 of outer conductor 2e is
      pointed whereas in FIG. 7 the pointed tips 13 are incorporated within the
      center conductor 3f. The probe portion of the spark plug 10, 10a and 10b
      of FIGS. 5, 6 and 7 couple microwave energy to the plasma mixture whereas
      the spark takes place between the gap formed by the tip 11, 12 and 11a of
      FIGS. 5, 6 and 7 respectively and the center conductor 3d, 3e and 3f
      respectively. It should be noted that in FIGS. 2, 3, 6 and 7 the DC
      ignition is aided by the rf energy concentrated at the pointed tips and
      may also be utilized with pulse type microwave energy for providing high
      power microwave energy to ignite the mixture as well as to sustain
      existing combustion and increase flame speed. In all cases the optimum
      shape and size of the coupling loops and probes are determined by such
      factors as the frequency of the microwave energy, the required degree of
      coupling of the energy to the plasma, and required intensity of field at
      the plug tip (i.e., the ratio of resonant to non-resonant component of the
      microwave energy). These factors can easily be determined by standard
      electrical measuring techniques.
PAR  The spark plugs of FIGS. 1-7 may be incorporated in spark-ignited internal
      combustion engines including less conventional ones such as the rotary
      engine, the "Rotary V" engine, the CVCC engine, and others. In the case of
      the CVCC engine, which possesses two spark plugs per cylinder, it would be
      preferably to introduce the rf energy through the spark plug belonging to
      the precombustion chamber as it contains the primary ignitable richer
      mixture. In the case of diesel engines the microwave energy could be
      introduced through a glow plug which is in the form of a loop as shown in
      FIG. 4 but with the spark gap 14 omitted. In this instance the microwave
      source would have its timing control tied to the injection time of the
      fuel into the cylinder.
PAR  Referring now to FIG. 8 there is shown the high frequency (rf) power
      oscillator or generator 17 which may be one of many available, such as the
      G. & E. Bradley Ltd. 420 to 439 oscillators, Engelmann Microwave Co. (a
      subsidiary of Pyrofilm Corp.) CC-12, 24-Series, or others used in
      conjunction with, for example, the Microwave Power Devices, Inc. solid
      state high power Amplifiers series PA or CA. Many inexpensive microwave
      sources, including solid states types, of the order of 100 watts CW are
      currently commercially available and constantly being developed. Typically
      the solid state power oscillator requires an operating voltage of 12-45
      volts DC which is supplied by the battery 15 during starting. An
      automobile alternator 16 coupled to the battery 15 and to the control box
      21 supplies the DC voltage when the engine is running. A one-pole
      four-throw (1P4T) remotely actuated coaxial relay switch 24 is coupled to
      the microwave oscillator 17 via coaxial cable 18. (For an "n" cylinder
      engine one would use a 1 P"n"T switch or one could cascade several
      switches). If more than one rf source is used, then the number of required
      throws associated with each switch are reduced. Of course no switches are
      required if one rf source per cylinder is used, as further discussed
      below. In addition, for single chamber engines such as the single cylinder
      rotory engine (Wankel), a switch is not required. The control unit 21 is
      coupled to the microwave generator 17 to control the timing for
      introducing microwave energy into the various cylinders. This unit will be
      more fully described below in relation with FIG. 10. A distributor 25 (to
      be more fully described below in relation with FIG. 9) provides the timing
      for introducing the DC electrical energy into each cylinder. Coaxial
      cables 18a electrically couple the remotely actuated coaxial relay switch
      24 with the spark plugs 22.1, 22.2, 22.3 and 22.4 which may be of any of
      the type previously discussed with relation to FIGS. 1-7. These are
      utilized to provide the microwave energy from the microwave generator 17,
      through the coaxial relay switch 24 to each cylinder. High voltage DC
      blocks 20.1-20.4 are provided on the coaxial lines 18a between the coaxial
      switch 24 and the spark plugs 22.1-22.4 to insure that high voltage does
      not reach the microwave power oscillator 17 but allow the microwave energy
      to propagate with small reflection. The distributor 25 which distributes
      the DC high voltage to each cylinder is coupled via coaxial cables 18a to
      spark plugs 22.1-22.4. Power rf filters 19.1-19.4 are provided in coaxial
      cables 18a between distributor 25 and spark plugs 22.1-22.4 to insure that
      rf power does not reach the distributor and the environment, but are
      designed to carry without breakdown the high voltage DC.
PAR  Referring now to FIGS. 8 and 9 a complete cycle associated with the firing
      of a cylinder (in this case cylinder (not shown) associated with the third
      spark plug 22.3) will be given below. As the distributor rotor 25.1 turns
      clockwise, actuator 25.3 actuates switch 26.3 and activates the power
      oscillator 17 as well as coaxial switch 24, by means of control unit 21
      (to be later more fully described) to transmit microwave power to spark
      plug 22.3 which is located in an aperture on the third cylinder. The low
      pass filter 19.3 prevents the RF power from passing to the distributor 25.
      After a specified rotation .theta..sub.1 .degree. of the distributor rotor
      25.1, points (not shown) open. The DC high voltage terminal 25.2 from the
      coil secondary winding (not shown) is aligned with terminal 23.3, so that
      the DC high voltage is transmitted to spark plug 22.3. Blocking capacitor
      20.3 protects the oscillator from the DC high voltage. After a further
      rotation .theta..sub.2 .degree. of rotor 25.1, actuator 25.4 turns switch
      26.3 and the oscillator off, and the firing of spark plug 22.3 coupled to
      the third cylinder is complete. The actuators 25.3, 25.4 and switches
      26.1-26.4 may be of any various types such as magnetic reed switches,
      optically actuated switches, etc.
PAR  Referring once again to FIGS. 8, 9 and also 10, a more detailed description
      and operation of control unit 21 is given. When the actuator 25.3 actuates
      switch 26.3 (which may be a normally open magnetic reed switch) a voltage
      proportional to R.sub.2 /(R.sub.1 + R.sub.2) (where R.sub.1, R.sub.2,
      R.sub.3 are values of resistors R.sub.1, R.sub.2, R.sub.3) is applied to
      switch 21.1. (Switch 21.1 may be a Thyratron switch, a Kytron, an SCR, or
      any other high power high speed switch, such as a DC controlled No. 700
      series Solid State Hamlin relay capable of switching 25 amps and several
      KW within a milisecond). When switch 21.1 closes, DC power is transmitted
      to power oscillator 17 in order to activate it. Substantially
      simultaneously a voltage proportional to R.sub.1 /(R.sub.1 + R.sub.2) is
      applied to terminal 24.3 of high speed coaxial switch 24 and engages its
      output to the input coaxial junction 24.5 so that microwave power is
      transmitted through the switch 24 to the corresponding spark plug 22.3,
      FIG. 8. When switch 26.3 is deactivated, voltage is removed from switch
      21.1 and coaxial switch 24.
PAR  The circuit of FIG. 10 requires the use of remotely actuated coaxial relay
      switches capable of withstanding high voltages. Simpler circuits requiring
      smaller voltages and simpler design will now be considered, which may
      require varying degrees of mechanical modification of the engine.
PAR  The first configuration that is considered is a specially designed
      distributor that eliminates the need for a high power, fast coaxial
      switch. FIGS. 11A and 11B show a modified distributor 52 which uses the
      principle of conveying the RF energy to each spark plug in the same manner
      in which the DC high voltage is conveyed.
PAR  Both the high voltage DC and the microwave power are transmitted down the
      coaxial cable 52.1 to the special design rotor 53 which is similar to the
      E1 section of transmission line. Rotor 53 is connected to the rotor shaft
      44 and rotates with it. The DC and rf power are transmitted to the spark
      plug (not shown) and plug tip, which may be among any of those depicted in
      FIGS. 1 to 7, when the rotor tip 55 aligns with any of the conductors 54.1
      to 54.4. The time interval over which the rf energy is made available (to
      conductor 54.4 in FIG. 11A) is controlled by connecting rotor shaft 44 to
      rotor 53 by means of an eccentric rotating mechanical connector 53.1, so
      that the rotor tip 55 may be stationary or relatively slowly moving with
      respect to the end of the coaxial cable 54.4 for a few degrees of rotor
      rotation. Also, a conventional or modification of a conventional, manual
      rotary coaxial switch may be used with distributor 25 and mounted
      concentric to the rotor shaft 44 to convey the the microwave energy to
      each cylinder in turn in time with the DC spark.
PAR  Referring now to FIG. 12 there is shown a device for achieving DC isolation
      of the rf source and rf isolation of the distributor. This device may be
      substituted for each low pass filter 19.1 to 19.4 and each high voltage DC
      blocks 20.1 to 20.4 of FIG. 8; whereas the distributor 52 of FIG. 11 may
      be substituted for distributor 25 of FIG. 8. Microwave energy is loop
      coupled through loop 27a (or alternatively probe coupled by replacing the
      loop 27a by a probe (not shown)) to the spark plug (not shown) and hence
      insures isolation of the microwave source from the hot side 28.1 of the DC
      high voltage arriving from the distributor. On the distributor side of the
      rf-DC junction a filter 28.2 is included to prevent the rf energy from
      reaching the distributor and environment. The device of FIG. 12, a
      capacitively loaded section of transmission line (28.2), is utilized as
      the RF filter. Such a periodic structure exhibits passband-stopband
      characteristics, and is designed to operate at the center of a stopband
      and hence to filter out the microwave energy travelling towards the
      distributor.
PAR  Referring now to FIG. 13 there is shown a spark plug 29 which combines the
      RF filtering action and the DC choke of the previous device with the spark
      plug which introduces DC and RF voltages to the air-fuel mixture in the
      cylinder. This plug includes an RF filter 29.2 as part of its
      construction. This filter may be any of a number available (such as 28.2,
      FIG. 12) and serves to prevent the microwave energy from reaching the
      distributor and the environment. In addition, by adjusting the distance
      between the coupling loop 27b and the plug tip 14a, one can further
      control the coupling of the microwave energy to the spark plug tip 14a. In
      place of the loop 27b, one can use a probe coupling configuration as
      previously discussed. If a direct connection is made to the hot side of
      the conductor 3g then obviously a DC blocking capacitor must be placed
      between the cable 29.1 and the microwave source (not shown in FIG. 13).
      Inside DC Block Coaxial Connectors are currently available, and utilize
      capacitance in series with the center conductor and exhibit low VSWR
      (voltage standing wave ratio) in the microwave frequency range (since
      Reactance is proportional to 1/Frequency), and can operate at a maximum
      voltage of approximately 1 KV. By utilizing dielectrics such as Teflon,
      Mica (high puncture voltage dielectrics), and by making minor changes in
      the design, the DC Block Coaxial Connectors can be made to operate at
      higher voltages.
PAR  FIG. 14 illustrates a substantially different method of introducing the
      microwave energy to the combustion chamber, i.e. coupling the RF energy
      through a hole adjacent to the spark plug hole rather than through the
      spark plug itslef. While such an arrangement does not make RF energy
      directly available to the spark plug tip, it is advantageous in that it
      does eliminate the need for DC blocks. It still requires a Coaxial Switch,
      as discussed, as well as a timing mechanism of the type depicted in FIG.
      11 (for engine utilizing distributors). For the types of diesel engines
      which do not use a glow plug, it would be essential to introduce the RF
      energy in the manner shown in FIG. 14.
PAR  Referring to FIG. 14, two threaded apertures in the top of a cylinder head
      1a of a spark ignition engine are provided. One aperture receives a
      conventional spark plug 100 for providing DC ignition to the air-fuel
      mixture. It is a conventional plug having standard elements such as outer
      casing 2h, inner conductor 3h, and insulation 4h. The other aperture
      receives an RF loop coupling plug 30 for coupling RF energy to the
      combusting plasma mixture. The RF loop coupling plug consists of a
      partially threaded, outer, electrically conducting casing 18d, an inner
      conductor 18ab separated from the casing 18d by insulating material 18abc.
      A loop of conducting material 18x' connects the outer casing and the inner
      conductor and serves to couple RF microwave energy to the combusting
      plasma in the cylinder. (A probe coupler, of course, can be substituted in
      place of loop 18x'.)
PAR  The next order to simplification is to make use of the small size of the
      microwave solidstate devices and use them in configurations that eliminate
      the need of DC blocks (FIG. 17 no. 39) or coaxial switches (FIG. 8 no.
      24).
PAR  FIG. 15 shows such an arrangement. A small metallic member 31 is attached
      to the cylinder head 1b in place of the spark plug, while the spark plug
      101 itself is attached to the member 31 as shown. The Microwave Solid
      State Device 32 (MSD for short) is contained in the member 31 as shown,
      and may be attached to a heat sink and cooling fins (not shown) to keep
      its temperature within specifications. The MSD obtains its timing and
      power through wires 34, which are connected to the distributor or other
      timing device. The microwave energy is coupled into cavity 35 within
      member 31 by loop 102 (or alternatively by a probe geometry). The spark
      plug 101 and the engine cylinder also communicate with cavity 35. A fuel
      injector 33 (shown in broken lines to indicate that it is an option) may
      be provided on member 31. An RF filter 36 is placed beyond the spark plug
      101 to prevent any RF energy from being coupled by the spark plug 101 and
      transmitted down the coaxial cable (not shown) connected to the spark plug
      101. The orientation of the spark plug and MSD (shown at "12 o'clock" and
      "3 o'clock", respectively) with respect to the cavity 35 is arbitrary. The
      arrangement of FIG. 15 is advantageous in that it is compact and it
      locates the RF energy introduced by the combination of the MSD 32 and
      coupling mechanism 102 near the tip of spark plug 101.
PAR  Another device that utilizes the small size of the MSD is shown in FIG. 16.
      The device 37 is similar to that of FIG. 15 but lacks the threaded hole
      for the spark plug 101, as it is in itself a modified form of a spark
      plug. It makes the DC spark connection at the side 38 via center conductor
      38 and again an RF filter 36a is required to prevent RF energy from
      travelling to the distributor and environment. The MSD 32a is shown at the
      top part of device 37 and is designed to couple RF energy efficiently to
      the plug transmission line 2j/3j and to the plug tip 14b via RF loop
      coupling means 105 and 106 respectively. Again, a heat sink and cooling
      fins may be used with the MSD. The loop coupling mechanisms 105 and 106
      depicted FIG. 16 is only an example of a possible means of coupling the rf
      energy to the coaxial transmission line, made up by the center conductor
      3j and the conducting walls 2j, and a probe coupling means may be used. An
      example of such a device is shown in FIG. 17. Note again that the
      orientations of MSD 32a and cable 38 are arbitrary.
PAR  Note that the insulating material depicted in FIG. 16 and shown to extend
      to the base of the cylinder head 1c may terminate along any distance along
      the length of device 37 so as to form an air cavity similar to cavity 35
      of FIG. 15. FIG. 17 shows a probe coupling arrangement 39 between the MSD
      32b and the central conductor 3k. At the high microwave frequencies the
      series reactance introduced by the gap 39 will be small. The rf energy is
      then transmitted down the transmission line 2k-3k and becomes available at
      the plug tip (not shown) such as 14b, FIG. 16. The device 32b is a
      microwave power oscillator, and 38d is a conductor along which the high
      voltage DC is carried.
PAR  Another configuration that utilizes the small size of the MSD is shown in
      FIG. 18, which again shows a device for use with a four cylinder engine.
      The cylindrical container 40 is a modified form of distributor, and in
      addition to its usual function, it operates as a source and control of the
      microwave energy. The container 40 is divided into four quadrants, each
      one containing an MSD 32c which is connected to its respective spark plug
      cable 18b as shown. The MSD is shown to be probe coupled via a DC block
      41; it may be also loop coupled to coaxial cable 18b. The rotor 25.1a
      performs the same function as already described with reference to FIG. 11;
      RF filter 28.2a is similar to that previously described and shown in FIG.
      12. The MSD 32c obtains its timing information via switch 26.3a and the
      rotor 25.1a, all of which operate in the same manner as the rotor depicted
      in FIG. 9. MSD 32c obtains its power from the battery/alternator systems
      15, 16 of FIG. 8 via wires 34c.
PAR  Besides the MSD, a magnetron RF source can be operated in a way that takes
      advantage of its size and cylindrical shape. Like the distributor, the
      magnetron is cylindrical in shape and has rotational symmetry, and can be
      both mechanically and electrically linked to the distributor and rotor
      shaft.
PAR  FIG. 19 depicts a method of directly coupling the high voltage cable 18c to
      a magnetron cavity 43.4 of a magnetron 43. This allows for very efficient
      coupling of the microwave energy to the cable 18c as well as eliminating
      the need for a DC block which is usually included to protect the RF source
      (43 in this case). Such a coupling scheme can be used whenever megnetrons
      are used as the microwave source. An RF filter 36b is included to prevent
      the RF energy from reaching the distributor and the environment. Cable 18c
      carries both the DC and RF electrical energy to a spark plug (not shown)
      and plug tip which may be among any of those depicted in FIGS. 1-7.
PAR  As already stated, the microwave source (and coil) can obtain its timing
      information from any part that is mechanically linked to, and synchronous
      with, the crankshaft (not shown), such as the camshaft, harmonic balancer,
      and so on. A method that uses this principle and dispenses with the
      distributor is shown in FIG. 20. In this configuration, each cylinder
      possesses its own special design coil 56, although by including high
      voltage DC-RF switches such as switches 24 shown in FIGS. 8 and 10, the
      number of coils can be reduced. Each coil secondary winding 56.1/56.2 is
      connected directly to its spark plug (not shown) (or plugs if a switch is
      utilized) and spark plug tip such as those of FIGS. 1-7, and the microwave
      source 17a connects to the coil-plug transmission line 18d. A DC block 39a
      is required unless, of course, cable 18d is directly coupled to the
      oscillator 17a by means of an arrangement depicted in FIG. 19. Because the
      coil itself will present a large inductive reactance X.sub.L at microwave
      frequencies (in the section 56.2 where the outer shield of the
      transmission line has been removed) an RF filter may not be needed,
      although one is shown (36c). Both the coil and the RF source are connected
      to the timing device (not shown).
PAR  The switching and timing circuits associated with the RF source can be
      eliminated by connecting the RF source to all the spark plugs through a
      voltage divider and by designing the system to produce minimum power
      transfer to the non-firing cylinders. This can be done by operating the RF
      source continuously and by choosing the operating frequency, power level
      and coupling scheme in such a way that the RF source sees an almost
      entirely reactive load except in that cylinder that has been fired by the
      DC spark. That cylinder will present a large resistive load (as it
      contains the combusting plasma mixture) and RF power will be coupled to
      further enhance and to speed up the combustion process. Such an
      arrangement will be especially useful for engines with many cylinders,
      such as V8's and V12's, or other multi-spark plug engines such as the
      Rotary V engine.
PAR  Finally, it should be noted that microwave sources with waveguide outputs
      need to be coupled to a coaxial line and will require waveguide-coaxial
      adapters, and that these adapters will automatically provide the necessary
      DC isolation of the microwave source.
PAR  While various preferred embodiments have been illustrated in the
      accompanying drawings and described in detail herein, other embodiments
      are within the scope of the invention and the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for use with an internal combustion engine having a combustion
      chamber, means for producing a combustible mixture therein, and means for
      igniting said mixture, the system comprising
PA1  means for generating electromagnetic energy at an operating frequency,
      f.sub.o, of the order of the plasma frequency, f.sub.ps, of a species, s,
      of charged particles of said mixture where
      ##EQU5##
      and where n.sub.s is the species number density of the mixture, m.sub.s is
      the species mass, e is the charge of an electron, and .epsilon.o is the
      dielectric constant of free space, and for conducting said energy to said
      chamber for at least about a millisecond following ignition of said
      mixture to couple said energy to charged particles of said species in said
      mixture during combustion thereof.
NUM  2.
PAR  2. The system of claim 1 wherein said species, s, consists of electrons.
NUM  3.
PAR  3. The system of claim 1 wherein said energy is also conducted to said
      chamber prior to said combustion.
NUM  4.
PAR  4. The system of claim 1 wherein said energy source generates continuous
      wave (cw) energy which is conducted to said chamber substantially without
      interruption.
NUM  5.
PAR  5. The system of claim 1 for use with an engine in which said igniting
      means comprise a source of substantially DC voltage connected to a spark
      plug having a pair of conductors, said means for conducting comprising
      means to couple said energy to said spark plug conductors.
NUM  6.
PAR  6. The system of claim 5 wherein said spark plug conductors project into
      said combustion chamber, projecting portions thereof forming a generally
      smoothly curved loop having a gap therein.
NUM  7.
PAR  7. The system of claim 5 wherein said spark plug conductors comprise
      substantially co-axial inner and outer conductors, said outer conductor
      terminating in an inwardly facing ring-shaped edge disposed generally
      adjacent a wall of said combustion chamber, said inner conductor
      projecting beyond said ring-shaped edge, whereby the gap between said edge
      and said inner conductor forms a spark gap for said DC voltage and the
      projecting portion of said inner conductor forms an antenna for coupling
      said energy to said combustible mixture.
NUM  8.
PAR  8. The system of claim 1 wherein said operating frequency f.sub.o, is a
      weighted average of the plasma frequency of said species in the initial
      flame front of said combusting mixture and the plasma frequency of said
      species in the fully developed flame front of said combusting mixture.
NUM  9.
PAR  9. The system of claim 1 wherein said operating frequency, f.sub.o, is a
      weighted average of the plasma frequency of electrons in the flame front
      of said combusting mixture and the electron-neutral collision frequency in
      the flame front of said combusting mixture.
NUM  10.
PAR  10. A system for use with an internal combustion engine having a combustion
      chamber and means for producing a combustible mixture therein, the system
      comprising
PA1  an energy source means for generating rf electromagnetic energy, where rf
      energy is energy having a frequency in the range of about 10.sup.8 Hz to
      about 10.sup.12 Hz, and for generating high voltage breakdown fields, and
PA1  means for conducting said rf energy and said high voltage breakdown fields
      to said chamber to precondition said mixture for combustion, ignite said
      mixture, and enhance combustion reactions.
NUM  11.
PAR  11. The system of claim 10 wherein said rf energy frequency is of the order
      of the plasma frequency, f.sub.ps, of a species, s, of charged particles
      of said mixture, where
      ##EQU6##
      and where n.sub.s is the species number density of the mixture, m.sub.s is
      the species mass, e is the charge of an electron, and .epsilon.o is the
      dielectric constant of free space.
NUM  12.
PAR  12. In an internal combustion engine having a combustion chamber and means
      for producing a combustible mixture therein, the improvement comprising
PA1  an energy source for generating rf electromagnetic energy, where rf energy
      is energy having a frequency in the range of about 10.sup.8 Hz to about
      10.sup.12 Hz,
PA1  means for generating a substantially DC voltage, and
PA1  means for conducting said rf energy and said DC voltage to said chamber to
      precondition said mixture for combustion, ignite said mixture, and enhance
      combustion reactions.
NUM  13.
PAR  13. An apparatus for attachment to the combustion chamber of an internal
      combustion engine for enhancing combustion of an air-fuel mixture in said
      chamber said apparatus comprising:
PA1  an rf source generating energy at an operating frequency of the order of
      the plasma frequency, f.sub.ps, of a species, s, of charged particles in
      the plasma of the combusting mixture, where
      ##EQU7##
      and where n.sub.s is the species number density of the mixture, m.sub.s is
      the species mass, e is the charge of an electron, and .epsilon.o is the
      dielectric constant of free space;
PA1  conductive means defining a spark gap across which substantially DC voltage
      is applied to ignite said air-fuel mixture in said chamber, said
      conducting means including means for coupling rf energy from said rf
      source to the combusting air-fuel plasma mixture for at least about a
      millisecond following ignition of said mixture.
NUM  14.
PAR  14. The apparatus of claim 13 including a pre-ignition chamber into which
      said spark gap and said means for coupling project, said pre-ignition
      chamber communicating with said combustion chamber.
NUM  15.
PAR  15. The apparatus of claim 14 including fuel injection means for injecting
      fuel into said pre-ignition chamber.
NUM  16.
PAR  16. The apparatus of claim 13 wherein conductive means comprises two parts,
      a first part forming said spark gap as the termination of a spark plug,
      and a second part forming said means for coupling rf energy.
NUM  17.
PAR  17. An apparatus for use with an internal combustion engine having n
      combustion chambers for the combustion of an air-fuel mixture where n is
      an integer greater than zero, said apparatus comprising
PA1  a plurality of spark splugs, one communicating with each combustion chamber
      for igniting said air-fuel mixture in each chamber,
PA1  a source of substantially DC voltage,
PA1  rf generating means for generating electromagnetic energy having a
      frequency in the range of from about 10.sup.6 Hz to about 10.sup.12 Hz,
PA1  rf coupling means electrically connected to said rf generating means for
      coupling said rf energy to the combusting air-fuel plasma mixture in each
      of said combustion chambers, and
PA1  distributor means coupled to said voltage source, said rf source, said
      spark plugs, and said rf coupling means for controllably distributing said
      DC voltage and said rf energy to said spark plugs and said rf coupling
      means respectively, in a predetermined timed sequence.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said distributor means comprise a DC
      distributor with n additional electrical conductors located for sequential
      communication with the distributor rotor, a control unit connected to
      receive timing signals as inputs from each of said additional conductors,
      and means to distribute the rf energy to the appropriate portion of the rf
      coupling means for transmission to the appropriate combustion chamber
      dependent upon the inputs received from said additional conductors.
NUM  19.
PAR  19. The apparatus of claim 17 wherein said distributor means comprise a
      coaxial transmission line E1 section having inlet and outlet ports and
      being rotatable about the axis of the E1 segment including said inlet port
      and connected to receive both said DC voltage and said rf energy from
      connections disposed along said axis of rotation and to distribute
      sequentially to conductor means disposed around the path of rotation of
      said outlet port said DC voltage and rf energy, said apparatus further
      including means to rotationally drive said E1 section in timed relation
      with the operation of said internal combustion engine.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said means to rotationally drive said
      E1 section include means to vary the rotation rate to provide a slower
      rotation of said E1 section when said outlet port is substantially
      adjacent one of said conductor means disposed around said path of said
      outlet port, whereby transmission of said voltage and said rf energy from
      said E1 section to said conductor means is enhanced.
NUM  21.
PAR  21. An apparatus for generating rf energy and distributing said rf energy
      and independently supplied high DC voltage to the n combustion chambers of
      an internal combustion engine, where n is an integer greater than zero,
      said apparatus comprising a housing internally segmented into n
      compartments, a rotor disposed in said housing and having a portion which
      successively sweeps through each of said compartments during the rotation
      thereof, said rotor being driven in timed relation with the engine
      operation and being electrically connected to said source of DC voltage,
      each said compartment containing
PA1  a source of rf energy,
PA1  a coaxial conductor for conducting both said DC voltage and said rf energy
      from said compartment to a combustion chamber of said engine,
PA1  conductor means coupling said source of RF energy to said coaxial
      conductor, said conductor means including DC blocking means,
PA1  a contact point which electrically connects said rotor with the inner
      conductive means of said coaxial conductor,
PA1  actuating means for actuating said source of rf energy at a predetermined
      orientation of said rotor with respect to said compartment, and
PA1  rf energy filtering means disposed in the electrically conducting path
      between said source of rf energy and said rotor.
NUM  22.
PAR  22. The method of operating an internal combustion engine comprising the
      repeated steps of, for each combustion chamber,
PA1  supplying an air-fuel mixture to the chamber, the fuel component of said
      mixture comprising a fuel having a permanent electric dipole moment having
      resonances in the rf frequency region,
PA1  compressing said mixture in said chamber,
PA1  coupling rf energy to said mixture at frequencies which include at least
      one of said resonances,
PA1  igniting the compressed mixture, and
PA1  exhausting the combustion products from said chamber.
NUM  23.
PAR  23. The method of claim 22 wherein said fuel component comprises methanol.
NUM  24.
PAR  24. The method of claim 22 wherein said coupling continues throughout all
      of the other recited steps.
NUM  25.
PAR  25. The method of claim 22 where said resonances are of the order of a
      plasma frequency of the ignited air-fuel plasma mixture.
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ABST
PAL  A fuel evaporating device including: a heating surface which is adapted to
      enhance the complete evaporation of fuel to be fed to an engine and
      located in such a position within an air-intake pipe which facilitates the
      contact of fuel with said heating surface, with its back surface being in
      contact with an exhaust pipe; and control means having a path leading
      through said heating surface and a path which bypasses said heating
      surface, whereby said control means is operated commensurate to operating
      factors such as a pressure variation in the air intake pipe and the like
      to control the flow rate of exhaust gas flowing in contact with said
      heating surface, thus maintaining said heating surface at a temperature
      optimum for the evaporation of fuel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel evaporating device adapted for use in the
      complete evaporation of fuel to be fed to an engine.
PAR  In fuel evaporating devices which are now in wide use, the fuel is apt to
      fail to be atomized completely, with the result that a considerable amount
      of fuel in a droplet form is fed along the wall surface of an air intake
      manifold to an engine. Such an incomplete evaporating condition of a
      mixture gas is not desirable, because such a mixture gas is responsible
      for atmospheric pollution due to detrimental exhaust gas from an engine.
      On the other hand, there has been proposed an attempt whereby to utilize
      the heat of exhaust gas for heating an air intake manifold for the purpose
      of enhancing the atomization of a mixture gas. However, this attempt
      suffers from a disadvantage in that, due to its arrangement heating only a
      part of an air intake pipe, the temperature rise in the exhaust gas due to
      continuing driving of a car directly leads to a temperature rise in the
      air intake pipe, such that the temperature of intake air to be fed to an
      engine is raised, thus lowering the charging efficiency and the efficiency
      of operation or running of an engine. In addition, uncontrolled heating of
      an air intake pipe results in neglecting an optimum evaporating
      temperature of fuel and eventually in hindering satisfactory prevention of
      atmospheric pollution due to exhaust gases. In addition, in the starting
      time of an engine, particularly in winter time or in cold districts, the
      mere use of exhaust gas for heating an air intake pipe will not present a
      solution to the incomplete evaporation of fuel. Furthermore, the complete
      evaporation of fuel is mandatory for solving atmospheric polution due to
      exhaust gas particularly in the case of a lean mixture gas, and it is
      further required to this end that a mixture of fuel and air be maintained
      at a constant atomized condition throughout the entire operational range
      of an engine. It is least true that an attempt to maintain an optimum
      temperature for the evaporation of fuel has not been proposed, nor has
      been paid a consideration for the variation in intake pressure during the
      phases from the starting time to the high speed operating condition of an
      engine.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide a fuel evaporating
      device which enables the complete evaporation of fuel throughout the
      entire operating range of an engine and well accommodates the elimination
      of detrimental exhaust gases.
PAR  It is another object of the invention to provide a fuel evaporating device
      which may supplement the complete evaporation of a mixture of fuel and
      air, part of which would not be atomized according to the prior art
      carburetor, thereby improving the efficiency of operation of an engine,
      while enabling its operation at a lean air fuel mixture.
PAR  It is a further object of the invention to provide a fuel evaporating
      device which improves the starting characteristics of an engine at the
      starting time thereof, particularly in winter time or in cold districts,
      with the attendant purification in exhaust gases.
PAR  According to one aspect of the present invention, a heating surface within
      a fuel evaporating device is maintained to a temperature optimum for
      evaporation of fuel, i.e., at nuclear boiling condition, commensurate to
      the air intake pressure or the operating conditions of an engine, by
      controlling to an optimum level the flow rate of exhaust gases to be fed
      to the aforesaid fuel heating surface (on the side of an air intake
      manifold).
PAR  According to another aspect of the present invention, there is provided a
      heating means underside of the fuel heating surface, thereby improving the
      starting characteristics of an engine as well as the purifying efficiency
      of exhaust gases, while the flow rate of exhaust gas to be fed to the fuel
      heating surface, i.e., the temperature at the fuel heating surface may be
      controlled to an optimum level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot illustrating the relationship between the temperature at a
      fuel heating surface and a time required for evaporation of fuel;
PAR  FIG. 2 is a plot showing the relationship between temperature and pressure
      at the maximum evaporating rate of fuel;
PAR  FIG. 3 is a schematic diagram of a fuel evaporating device embodying the
      present invention;
PAR  FIG. 4 is a plot showing the relationship of the charging efficiency to
      temperature at a heating portion;
PAR  FIG. 5 is a schematic diagram showing another embodiment of the invention;
PAR  FIGS. 6, 7, 8 and 9 are diagrams showing further embodiments having
      evaporation-accelerating device for fuel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 3, shown at 1 is an engine, at 2 a carburetor, at 3 an
      air intake pipe through which to feed completely evaporated fuel to an
      engine, at 4 an exhaust pipe and at 5 a diaphragm, one side of which
      communicates by way of pipes with the air intake pipe for sensing an
      intake pressure and the other side of which is connected by way of linkage
      6 to a control means 7 for controlling the flow rate of exhaust gas. (This
      control means 7 will be referred to as a baffle, hereinafter.) The baffle
      7 is positioned within the exhaust pipe 4 and adapted to be operated
      counterbalancing to the intake pressure with the aid of the aforesaid
      diaphragm 5 and pipe 8, thereby controlling the quantity of exhaust gas to
      be directly discharged to atmosphere as well as the quantity of exhaust
      gas to be led to the heating plate 9. The heating plate 9 is located below
      the carburetor 2 and bounded the air intake pipe and exhaust gas pipe for
      being heated by exhaust gas to an optimum temperature for the complete
      atomization of the introduced mixture of gas over the entire range of
      operation of an engine.
PAR  Before proceeding with the description on the operation of the device thus
      arranged, the reference will be made to FIG. 1 illustrating the
      relationship between evaporation time of fuel and temperature at heating
      surface which relationship has been obtained by experiments. In terms of 1
      atmospheric pressure, the time required for evaporation of gasoline
      becomes shorter with the temperature rise and presents a minimum value at
      a temperature of about 150.degree.C at the heating surface. When the
      temperature is further raised, the evaporation time of gasoline will be
      further extended. The evaporating condition of gasoline is such that there
      will be developed no gasoline vapor at a temperature of below about
      100.degree.C from gasoline droplets and hence the gasoline will be
      evaporated only from surfaces of droplets. In the evaporating temperature
      range from 100.degree. to 130.degree.C, gasoline vapor will be developed
      from inside of the gasoline droplets, while in the range from 130.degree.
      to 170.degree.C, a lot of foam will be developed within droplets,
      presenting a so called nuclear boiling, i.e., the most vigorously
      evaporating condition or maximum evaporating rate. If temperature is
      raised over the nuclear boiling point, the droplets will be lifted up from
      the heating surface due to the generation of vapor, thereby hindering
      thermal transmission from the heating surface, thus presenting a so called
      film boiling condition, with the resulting lowered evaporation rate. The
      range of the most vigorous evaporation is between 130.degree.C and
      170.degree.C, particularly between 140.degree.C and 160.degree.C.
      Meanwhile, in the case of the pressure being 0.3 atm., the evaporating
      condition at 1 atm. will be shifted in parallel towards a lower
      temperature side on the heating surface. This is due to the variation in
      evaporating temperature which is the function of pressure variation. Thus,
      the optimum temperature for the heating surface at this atmospheric
      pressure is about 90.degree. to 130.degree.C.
PAR  The present invention is based on the results of the aforesaid experiments
      given for the optimum evaporating temperature of gasoline. More
      particularly, the mixture of fuel and air is introduced from a carburetor
      by way of air intake pipe 3 into engine 1 and then discharged through the
      exhaust pipe 4 as exhaust gas. The fuel which has failed to be atomized in
      the carburetor will impinge on the heating plate 9 provided below the
      carburetor 2 for rapid evaporation thereat. The baffle 7 within the
      exhaust pipe 4 is set to such an opening angle that the temperature at the
      heating plate will be about 110.degree.C as shown in FIG. 1, under the
      intake pressure of 0.3 atm. at the time of idling of an engine. As the
      number of revolution of an engine is increased, the gasoline evaporating
      temperature will be increased. To maintain the temperature optimum for
      such a variation, the intake pressure is transmitted by way of a diaphragm
      or the like to the baffle 7, such that the temperature at the heating
      surface may be automatically adjusted for pressure variation. In other
      words, the angle of baffle is varied according to pressure variation,
      while the temperature at the heating plate may be controlled to an optimum
      temperature by controlling the quantity of exhaust gas. The
      characteristics of the diaphragm 5 and link 6 are predetermined so as to
      vary the angle of the baffle 7 in an attempt to maintain the temperature
      at the heating plate 9 to about 150.degree.C, when the intake pressure
      becomes close to an atmospheric pressure. With the increase in quantity of
      the mixture of fuel and air, the heat required for evaporation will be
      increased, and at the same time the temperature of exhaust gas will be
      raised, such that the heat required for evaporation may be supplied
      sufficiently. Conversely, with the decrease in quantity of a mixture of
      fuel and air, the intake pressure will be lowered and the angle of baffle
      7 will be varied, with the accompanied decrease in the temperature at the
      heating plate 9, such that the temperature at the heating plate may be
      maintained to the maximum evaporating rate. FIG. 2 illustrates the
      relationship between the temperature and the pressure at the maximum
      evaporating rate. In general, since an automobile is mostly driven in the
      range of the intake pressure of 0.3 to 1.0 atm., it is recommendable to
      control the temperature so as to fall in the range from 110.degree. to
      150.degree.C which is optimum for 0.6 atm. On the other hand, the time
      required for evaporation of gasoline is shortened, as the temperature is
      raised. However, as can be seen from FIG. 4, the rise in temperature at
      the heating portion results in lowering of the charging efficiency of the
      fuel-air mixture, and thus such temperature rise is not recommendable.
      Accordingly, it is imperative that, as in the present invention, the
      decrease in the density of a mixture gas be minimized and the temperature
      at the heating plate be set to an optimum range from 110.degree. to
      150.degree.C, considering the operating conditions of an engine. For
      maintaining the temperature at the heating surface within the aforesaid
      temperature range, a temperature detecting means may be provided in the
      neighborhood of the heating surface to thereby control the temperature at
      the heating plate.
PAR  FIG. 5 shows a further embodiment of the present invention, similar to that
      shown in FIG. 3, except that an electric heating means such as a heater is
      provided in the heating portion adapted to completely evaporate the fuel
      introduced under suction within a carburetor maintained at the low
      temperature at the starting time of an engine, while the heating factor
      and the air intake pressure factor are correlated with the opening angle
      of a baffle which in turn is correlated with an electric power source of
      the heating means as well as with the actuation of a switch, thereby
      achieving the desired purification of exhaust gas over a wide operating
      range of an engine. Shown at 9A is a heating plate serving as a partition
      wall between the air intake pipe 3A and an exhaust pipe 4A, with electric
      heating means 10 being attached thereto. The electric heating means 10 is
      connected by way of electric contacts 11 to an electric power source 12.
      Shown at 13 is a heat sensitive member such as a bi-metal of a spiral
      form, with its center being affixed to the heating plate 9A, for the
      purpose of detecting the temperature at heating plate 9A. The shape of a
      heat sensitive member may be of a bar or the like. However, the heat
      sensitive member of a spiral form is preferred, because of its large heat
      sensitive area and hence the resulting improved performance. Shown at 5A
      is a diaphragm connected to the air intake 3A, at 14 a lever connecting
      with a diaphragm 5A and spiral bi-metal 13, and the lever 14 is adapted to
      transmit various factors to a lever 15. The lever 15 is adapted to
      transmit the movement of the lever 14 to the baffle 7A and to open or
      close the electric contacts 11, in cooperation with the movement of baffle
      7A.
PAR  In operation of the device according to the present invention, the heating
      plate 9 is heated by means of electric heating means 10 at the starting
      time of an engine, while the lever 14 and diaphragm 5A are in the `high`
      temperature position and the spiral bimetal 13 is in the `low` temperature
      position, with the baffle 7A being closed. Upon starting of an engine, the
      intake pressure and temperature at the heating plate 9A will be raised,
      then the baffle 7A will be opened due to the relationship between the
      preset diaphragm 5A and the spiral bi-metal 13, the electric contacts
      opened and the electric heating means 10 disconnected from the electric
      power source 12. When the intake pressure is further raised, (The flow
      rate of a mixture gas into a carburetor 2A is increased.) the diaphragm 5A
      is moved to a high temperature position, with the spiral bi-metal being
      used as a fulcrum, so as to close the baffle 7A, whereby the quantity of
      exhaust gas impinging on the heating plate 9A will be increased, with the
      resulting increase in temperature at the heating plate 9A. When the
      temperature at the heating plate 9A is raised, then the spiral bi-metal 13
      will move to the `high` temperature position, with the diaphragm 5A being
      used as a fulcrum, thereby opening and balancing the baffle 7A, when the
      temperature at the heating plate 9A becomes higher than that before the
      intake pressure has been raised. This off-set amount in temperature is
      utilized to vary the setting point of a temperature commensurate to the
      variation in intake pressure. In this respect, it is safe to consider that
      the intake pressure is in proportion to the quantity of a mixturee gas,
      except for transient conditions. Thus, the aforesaid requirement is
      satisfied, i.e., the temperature is maintained lower in the case of a low
      intake pressure, while the temperature is maintained higher in the case of
      higher intake pressure. Thus, the characteristics required in the complete
      evaporation of fuel is satisfied by setting the off-set amount of the
      temperature due to the variation in intake pressure to a range from
      100.degree. to 150.degree.C.
PAR  Alternatively, it would be advantageous for better performance of an
      engine, if a heat insulating member is placed between the heating plate
      and air intake pipe for preventing the temperature rise in the air intake
      pipe at the high speed drive or if an intake pipe is separated from the
      exhaust pipe. According to the description given thus far, the quantity of
      the exhaust gas, i.e., the temperature at the heating plate is controlled
      commensurate to the variation in intake pressure. However, the number or
      revolution of the engine or exhaust gas pressure may be used in its place.
      In other words, any factor may be used, as far as it is representative of
      the operating condition of an engine and can maintain the temperature at
      the heating plate to an optimum temperature for evaporation of fuel.
PAR  FIG. 6 shows a further embodiment of the present invention, in which the
      upper portion of the baffle 7B is of a venturi form to increase the flow
      speed of the mixture gas, while reducing the pressure loss and exhaust gas
      resistance by providing divergent space defined between the heating plate
      9B and the baffle 7B, with the resulting improvement in the heat
      transmitting characteristic of the exhaust gas to the heating plate 9B.
      Like reference numerals shown designate like parts as shown in the
      previous embodiment. Shown at 20 is a venturi portion, at 21 and 22 heat
      insulating members and at 23 a movable shaft.
PAR  The exhaust gas discharged from an engine (shown by arrows in solid lines)
      is guided by the baffle provided in the exhaust gas passage 4B towards the
      heating plate 9B to thereby supply the heat thereto, after which the
      exhaust gas will be discharged externally. The provision of a venturi
      portion defined by the baffle 7B and heating plate 9B improves the heat
      transmission of exhaust gas to the heating plate due to the accelerated
      flow speed of the gas and provides smooth pressure recovery of the exhaust
      gas to thereby reduce its pressure loss. The baffle 7B is opened in a
      direction shown by a blank arrow about the movable shaft 23 to adjust the
      heat to be fed to the heating plate. In this respect, the shape of the
      venturi is only varied, with the construction of the baffle remaining
      unchanged. Although the driving manner of the movable shaft 23 is not
      shown, it may be operated by way of a temperature detecting means using an
      intake pressure or by way of a heat sensitive member as in the previous
      embodiments. In the embodiment shown, the venturi portion is defined by
      the heating plate and baffle. Alternatively, the heating plate in the form
      of a flat plate may be used in combination with a baffle having a
      curvature to form the venturi portion.
PAR  FIGS. 7, 8 and 9 show still further embodiments of the invention, in which
      the complete evaporation of fuel and uniform mixing of a fuel gas with
      intake air may be achieved. More particularly, the fuel gas evaporated at
      the heating plate is collected, by utilizing air flow, into the center
      portion of an air intake manifold to subject the mixture of fuel air thus
      obtained to turbulence and diffusion, thereby obtaining uniform fuel and
      air mixture. A guide vane is provided in the vicinity of the outer
      periphery of a heating plate to collect the evaporated gas flow thereat
      which is then introduced from the wall surface of the air intake manifold
      to the center portion thereof to be injected from the center portion into
      the intake air flow. This provides uniform mixing of the intake air with
      the evaporated fuel.
PAR  Referring to FIG. 7, shown at 101 is a carburetor, at 102 a venturi, at 103
      a nozzle, at 104 a jet, at 105 an air bleed jet, at 106 a float chamber,
      at 107 an air intake manifold, and at 108 a heating plate which is
      attached to the branched portion of the air intake manifold 107 located in
      a position such as to facilitate the efficient impingement of the
      un-evaporated part of fuel from the carburetor upon the top surface of the
      heating plate 108. The area of the heating plate is greater than the
      projected area of the outlet of the carburetor 101, thereby allowing all
      of the un-evaporated fuel from the carburetor to impinge on the heating
      plate. The underside of the heating plate 108 is exposed to the exhaust
      gas and the flow of exhaust gas is controlled by means of a baffle plate.
      The heating plate 108 is heated to a temperature of about 150.degree.C on
      the surface thereof by the heat of exhaust gas. The thickness of the
      heating plate should be preferably as small as possible, from viewpoint of
      its thermal capacity and the starting of an engine at a low temperature.
      However, the thickness thereof is usually selected to 0.6 to 1.2 mm,
      considering the endurance or service life thereof. Shown at 109 is a heat
      insulating plate, at 110 an exhaust gas manifold, at 111 a throttle valve,
      at 112 grooves defined in the surface of the heating plate 8, said grooves
      being adapted to control the flow of the fluid which has impinged on the
      heating plate 108 and to enlarge the heat transmitting area thereof. Shown
      at 113 is guide vanes running along the circumference of the heating plate
      108.
PAR  The height of guide vanes should be such as to collect the flow of the fuel
      gas which has been evaporated at the heating plate 108, usually several
      tens milimeters. Provided along the center line of the guide vane 113 are
      gas nozzles 114. The evaporated fuel gas flows collected along the guide
      vanes are then injected through gas nozzle 114 to the left and right
      towards the center of the air intake manifolds, respectively. In this
      respect, if the shape of a guide vane is selected suitably, then the use
      of the gas nozzle 114 may be avoided. The corner between the carburetor
      and air intake manifold connected to the aforesaid carburetor is rounded
      as shown in FIG. 7, such that intake air is accelerated thereat, thereby
      mixing with the evaporated fuel gas from the gas nozzle 114. The diameter
      of the gas nozzle 114 is several milimeters, while the fluid resistance
      may be neglected in the practical use. On the other hand, the inlet of the
      carburetor and inlet of the air intake manifold are formed wih bell mouths
      115, whereby the fluid flow may be branched uniformly, thereby preventing
      the vigorous impingement of the intake air on the heating plate.
PAR  As shown in FIG. 7, part of the fuel gas from the nozzle 103 of a
      carburetor is evaporated before reaching the heating plate 108 and mixed
      with intake air, then through an air intake manifold 107 and fed into an
      engine. The part of the fuel, which has not evaporated, then impinges on
      the heating plate 108, is evaporated thereat, then collected by means of
      guide vanes and injected through gas nozzles 114 into the intake air flow
      for mixing. It follows that the intake air is mixed with fuel completely,
      before entering an engine. The grooves 112 aid in collection of exhaust
      gas along the guide vanes 113. The part of fuel, which is relatively
      heavier, tends to flow along the grooves 112 for evaporation and then
      impinges on the guide vanes 113 and is collected in the center portion,
      followed by injection through the nozzles 114 into mixture gas.
      Accordingly, no part of fuel in the un-evaporated condition will flow
      outside the guide vanes 113.
PAR  FIG. 9 shows one embodiment of guide vanes 113 and gas nozzles 114. The
      injection ports 116 of the gas nozzles 114 are open to the center portions
      of the air intake manifolds 107 extending in the opposite directions. The
      collecting portions in the inlets of the gas nozzles 114 are of a smooth
      bell mouth shape, thereby presenting a smooth flow path from guide vanes
      to the injection ports 116 in the gas nozzles 114. The size of the
      collecting portion should be such as to permit the collection of the
      evaporated fuel attaching to the guide vanes along the guide vanes 114.
      The height of guide vane 113, the size of collecting portion 117, the
      diminsions of gas nozzle 114 may all be suitably selected according to the
      constructions of the heating plate 108 and air intake manifold 107.
PAR  Alternatively, the guide vane may be such that the height of its portion
      adjacent to the center portion of the air intake manifold is greater than
      those of the side portions thereof. In either case, the shape of the guide
      vane should be such as not to increase the absorbing resistance of the
      fluid flow to an undesired extent. In addition, the guide vanes may be
      formed integrally with the heating plate.
PAR  As is apparent from the foregoing description, the fuel may be atomized
      before entering an engine, and in addition the thus atomized fuel may be
      completely mixed with intake air, thus achieving uniform mixing and
      homogenization, thereby preventing the variation in the mixing ratio. This
      in turn increases the ignition missing limit of air fuel ratio to 23 to
      26, with the resulting reduction in nitrogen oxide concentration from 500
      ppm to 50 ppm.
PAR  In passing, the heating source used is not limited to the hot exhaust gas
      from an engine, but may be other heat source such as cooling water for an
      engine or electric heating means. Furthermore, the shape of grooves or
      fins formed in or on the heating plate may be any shape, as far as they
      are well adapted for the shape and construction of a carburetor. The guide
      vane is also of any shape as far as they may be adapted for effectively
      collecting the fuel vapor there along, i.e., may be those having a
      plurality of fines, grooves or in the form of pipes.
PAR  According to the present invention, the relationship between the fuel
      evaporating rate at the heating surface and the temperature at the heating
      surface is clarified by experiments, while the temperature at the heating
      plate is compensated by using an intake pressure, to improve the
      responsive characteristic thereof for causing rapid evaporation of fuel.
      In addition, this permits the complete evaporation of fuel and uniform
      mixing of intake air with evaporated fuel gas, thereby enabling the
      engine-running in a lean mixture range, with the resulting excellent
      effect in the purification of exhaust gas from an engine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel evaporating device comprising heating means provided in an air
      intake pipe of an internal combustion engine and arranged such that the
      fuel contacts a surface of said heating means; means located in the
      vicinity of said heating means for detecting the temperature of said
      heating means and maintaining the temperature of said heating means
      substantially constant; means for detecting the negative suction pressure
      of the internal combustion engine; and means for varying the temperature
      at which said heating means is set in relation to the output of said
      negative suction pressure detecting means, whereby the temperature at
      which said heating means is set is lowered as the negative suction
      pressure rises.
NUM  2.
PAR  2. A fuel evaporating device as set forth in claim 1, wherein said heating
      means comprises a heating plate exposed on said surface to the air intake
      pipe and on another surface to an exhaust gas passageway, and baffle means
      whose position is varied in relation to the output of said temperature
      detecting means for causing exhaust gases to be deflected away from the
      directed against said heating plate according to the operating conditions
      of the internal combustion engine.
NUM  3.
PAR  3. A fuel evaporating device as set forth in claim 1, wherein said negative
      suction pressure detecting means sets the temperature of said heating
      means such that the temperature is set higher as the negative suction
      pressure increases and is set lower as the negative suction pressure
      decreases, the temperature of said heating means being maintained in a
      range between 110.degree. C and 150.degree. C.
NUM  4.
PAR  4. A fuel evaporating device as set forth in claim 2, wherein said baffle
      means and the surface of said heating plate exposed to the exhaust gas
      passageway define a venturi section in the path of exhaust gas from the
      internal combustion engine.
NUM  5.
PAR  5. A fuel evaporating device as set forth in claim 2, wherein guide vane
      means are provided in the vicinity of the outer periphery of said heating
      plate for collecting evaporated gas flow and injecting the gas flow into
      intake air flow for uniform mixing.
NUM  6.
PAR  6. A fuel evaporating device as set forth in claim 5, wherein said guide
      vane means include nozzle means for discharging evaporated fuel in the
      axial direction of the air intake passage.
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ABST
PAL  An internal combustion engine crankshaft governor disposed between the
      banks of angularly related sections of a fuel pump and comprising a
      crosspiece with centrifugal flyweights rotated by the crankshaft of the
      engine. The fly-weights act on a coupling and therethrough on a double-arm
      lever connected with one of the pump rack bars controlling fuel supply and
      balanced by a spring. The double-arm lever is rotatably mounted on a pivot
      spindle secured in the pump housing and positioned normally to the plane
      passing through the longitudinal axes of the rack bars. The tension of the
      spring is controlled by the angle through which a control lever turns. The
      control lever is rotatably mounted on another pivot spindle secured in the
      pump housing and positioned normally to the plane passing through the
      longitudinal axes of the rack bars.
BSUM
PAR  The present invention relates to internal combustion engines, and, more
      particularly, to a crankshaft governor of an internal combustion engine.
PAR  The governor of the present invention may be employed most advantageously
      in transportation vehicle diesel engines whereof the cylinders are
      angularly related, e.g. in a V-type engine with the cylinders arranged in
      two rows forming the V.
PAR  The advent of V-style mechanisms and the urgent need to cut back the engine
      length have brought forth sophisticated layouts of engine and automobile
      units such as the generator, the air bake compressor, the hydraulic
      steering booster pump, the fuel supply mechanism, etc., which are
      desirably disposed in the space between the two rows of banks of cylinders
      which form the V of the engine, so that space in this area is at a
      premium, calling for compactness of design of the various engine parts so
      positioned, particularly of the multisection fuel pump with a governor
      which, in an in-line design, usually takes about two-thirds of the length
      of the V.
PAR  It is not accidental therefore that fuel pumps whereof the sections are
      arranged in two rows forming a V have gained a strong foothold in the
      diesel-engine manufacturing industry. Such an arrangement permits cutting
      back the pump length substantially, but also provides for its high
      reliability because this design may employ the main parts of in-line pumps
      having an excellent service record.
PAR  As a rule, a V-style fuel pump with in-line banks of angularly related
      sections is regulated by a crankshaft governor positioned on the end of
      the pump; usually, it is an in-line pump governor incorporating some
      additional elements required to control the two rack bars of the pump.
PAR  Thus, for instance, Bosch Co. employs a standard inline pump governor in a
      V-style fuel pump of the type PESV 8P 90 A 320 LS. This governor takes
      more than half of the length of an eight-section in-line pump, so that
      length reduction due to the V-type arrangement gives a cutback of the
      overall length of the fuel mechanism by only 25 or 30 percent.
PAR  It is already known in the art to employ an internal combustion engine
      crankshaft governor which is disposed between two banks of angularly
      related fuel pump sections (according to the patent granted to Caterpillar
      Tractor Co. in the United Kingdom, No.851, 433, Cl. 7(3) B2 11A). The
      latter governor having no housing of its own is secured to the housing of
      the fuel pump formed V-style as two angularly related banks of pump
      sections.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 shows a frontal view of the v-type fuel injection pump showing the
      governor drive and components.
PAR  FIG. 2 is a top view of the injection pump showing governor mechanism
      between the pump banks.
PAR  FIG. 3 is an exploded perspective view of part of the governor mechanism.
DETD
PAR  The pump plungers are actuated by a single camshaft mounted in the middle
      portion of the pump housing. Fuel supply is controlled by two rack bars
      interconnected by a gear train so that, upon movement of one rack bar in
      response to governor action, the other rack bar is moved equally and in
      the opposite direction.
PAR  The governor comprises a crosspiece whereto are attached centrifugal
      flyweights rotated by the crankshaft through a gear train. The governor
      also comprises a coupling kinematically linked with one of the rack bars
      controlling fuel supply. Spreading of the flyweights in response to engine
      speed imparts sliding movement to the coupling formed as a reciprocable
      spindle which movement is resisted by a main spring whose tension depends
      on the angle through which a control lever turns as set by the operator.
PAR  The control lever is mounted on a shaft whereof the axis is parallel to the
      plane passing through the longitudinal axes of the rack bars in the upper
      projecting portion of the pump housing.
PAR  The governor is connected with one of the rack bars of the pump through the
      spindle of the coupling and a double-arm lever whereof the pivot spindle
      runs parallel to the plane passing through the longitudinal axes of the
      rack bars.
PAR  The double-arm lever and the fulcrum thereof are disposed on the end
      portion of the pump housing and enclosed in a special projecting case.
PAR  The foregoing arrangement of the governor partly disposed between the banks
      of fuel pump sections allowed of reducing the overall length of the fuel
      pump-and-governor assembly.
PAR  However, with the control lever traditionally disposed on a pivot spindle
      parallel to the plane passing through the longitudinal axes of the rack
      bars in the upper compartment of the fuel pump housing, the fuel
      pump-and-governor arrangement has to be made larger in the vertical
      dimension.
PAR  And with the double-arm lever transmitting motion from the coupling to one
      of the rack bars mounted on the end portion of the pump housing on a pivot
      spindle which is parallel to the plane passing through the longitudinal
      axes of the rack bars, a special projecting lug is required which adds to
      the length of the fuel pump-and-governor arrangement.
PAR  The above-described disadvantages, viz. increased height and length of the
      fuel pump-and-governor arrangement, could be remedied, the more so since
      there is a substantial unused space in the front compartment of the pump
      housing.
PAR  The aforementioned disadvantages of the known governor render the fuel
      pump-and-governor arrangement more cumbersome and add to the overall
      weight of the engine; besides, little room for monouvre is left for
      mounting other units on the engine.
PAR  It is an object of the present invention to provide a compact governor that
      could be disposed entirely between the banks of fuel pump sections without
      adding to the overall size of the fuel pump-and-governor arrangement.
PAR  It is another object of the present invention to provide a simplified
      design of the mechanism linking the governor coupling with the rack bar of
      the fuel pump.
PAR  With these and other objects in view, the inventive concept resides in that
      in an internal combustion engine crankshaft governor disposed between the
      banks of angularly related sections of a fuel pump, comprising a
      crankshaft-rotated member with centrifugal flyweights actuating, through a
      coupling, a lever rotatably mounted on a pivot spindle and linked with one
      of the rack bars of the pump which control fuel supply and balanced by a
      spring, the tension thereof being adjusted by a control lever rotatably
      mounted on a pivot spindle, in accordance with the invention, the pivot
      spindle of the lever cooperating with the coupling and the pivot spindle
      of the control lever are disposed normally to the plane passing through
      the longitudinal axes of the rack bars.
PAR  Such an arrangement of the pivot spindles of the levers permitted the
      levers and all other elements of the governor to be disposed in the space
      between the banks of fuel pump sections without adding to the overall size
      of the fuel pump-and-governor arrangement.
PAR  Since the movement of the lever cooperating with the coupling and the
      movement of the rack bars are executed in parallel planes, with the lever
      pivot spindle being disposed normally to thd plane passing through the
      axes of the rack bars; one of the rack bars may be directly coupled with
      said lever, thereby considerably simplifying the connection of the
      governor coupling with the rack bar.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description of exemplary embodiments thereof
      taken in conjunction with the accompanying drawings.
PAR  The internal combustion engine crankshaft governor of this invention is
      disposed between the banks of sections of a V-style fuel pump.
PAR  The governor has no housing of its own and is fixed on a pump housing 1
      (FIG. 1).
PAR  The pump housing 1 comprises two banks of angularly related fuel pump
      sections which extend into a common crankcase for a cam shaft 2 which il
      coupled with a crankshaft (not shown).
PAR  A pair of rack bars 3, whose operation is synchronized by means of an
      equal-arm lever 4 (FIG. 2) disposed between the banks of fuel pump
      sections moves, turning a plunger (not shown) with a scroll edge thereby
      metering the amount of fuel injected into the cylinders of the engine.
PAR  The governor is rotated by the camshaft 2 of the pump through a driving
      gear 5 (FIG. 1) and an intermediate gear 6. A driven gear 7 (FIG. 2) which
      meshes with the intermediate gear 6 (FIG. 1) is formed integrally with a
      crosspiece 8 (FIG. 2) which serves as a member carrying centrifugal
      flyweights 9 pivotally mounted on pivot spindles 10. The flyweights 10 may
      turn through a certain angle, imparting axial movement to a coupling 11
      which is slidably mounted in a recess formed in the crosspiece 8. The
      crosspiece 8 is supported by two bearings 12 and 13 installed in the
      recesses provided in the back cover indicated at 14 and in the housing 1.
PAR  A double-arm lever 15 rotatably mounted on a pivot spindle 16 is in contact
      with the coupling 11. The pivot spindle 16 of the lever 15 is secured in
      the pump housing 1 normally to the plane passing through the longitudinal
      axes of the rack bars 3.
PAR  The lever 15 has one arm connected with the pump rack bar 3, while the
      other arm of the lever 15 is connected with a spring 17 balancing the
      effort of the flyweights 9, the tension of the spring 17 being adjusted by
      a lever 18 mounted on a pivot spindle 19 and connected with shaft 20 (FIG.
      3) of a control lever 21, the pivot spindle 19 being secured in the pump
      housing 1.
PAR  The levers 18 and 21 are not designed to undergo relative angular
      displacement; they turn as a single unit. The pivot spindle 19 of the
      lever 18 of the spring 17 and the shaft 20 of the control lever 21 have a
      common geometrical axis which is perpendicular to the plane passing
      through the longitudinal axes of the rack bars 3 (FIG.2).
PAR  The shaft bearing of the shaft 20, which is indicated at 22 in FIG.3, is
      positioned in upper cover 23 of the pump housing 1 (FIG.1) which spans the
      space between the banks of fuel pump sections.
PAR  A lead screw 24 (FIG.2) for controlling the amount of fuel subjected into
      the engine cylinders limits the extent of displacement of the lever 15
      and, hence, of the pump rack bars 3 in the direction of increased
      injection volume.
PAR  The mechanism increasing fuel supply for engine startup and the mechanism
      cutting off fuel supply are not essential and therefore are omitted from
      the illustrations; but they are likewise positioned between the banks of
      fuel pump sections, and the pivot spindles of their levers are
      perpendicular to the plane passing through the longitudinal axes of the
      rack bars 3.
PAR  The following describes the operation of the proposed governor under
      various operating conditions of the internal combustion engine.
PAR  At the engine start-up, the rack bars 3 (FIG.2) of the pump are set to a
      position corresponding to maximum fuel supply into the engine cylinders.
PAR  As soon as all the cylinders are operative, the speed of the crankshaft
      sharply rises, for a great amount of fuel is being injected into the
      cylinders while the engine experiences no loading.
PAR  As the speed of the crankshaft increases so do the centrifugal forces of
      the governor flyweights 9 which overcome the resistance of the spring 17
      to displace the coupling 11, the lever 15 and the pump rack bars 3 in the
      direction of diminishing fuel supply.
PAR  The fuel supply decreases continues until a balance is struck between the
      effort of the flyweights 9 and the tension of the spring 17, corresponding
      to the amount of fuel supply necessary for the operation of the engine at
      no load.
PAR  Depending on the angle through which the control lever 21 turns the no-load
      speed of rotation will vary, and the greater this angle the higher is the
      tension of the spring 17 and the higher is the no-load speed of rotation
      of the crankshaft.
PAR  Thus, in an automobile diesel engine, the control lever 21 is connected
      with the accelerator pedal through a drive, so that the driver controls
      the speed of the engine crankshaft by setting the accelerator pedal to
      required positions.
PAR  When the engine is working under load, the governor automatically sets the
      required amount of fuel supply depending on the load, thereby maintaining
      the speed of rotation of the crankshaft set by the operator by means of
      the control lever 21.
PAR  Thus, for example, when the automobile is sharply accelerating or running
      up a steep incline, the speed of rotation of the crankshaft starts
      decreasing, causing a decrease in the centrifugal forces of the flyweights
      9. At that instant the tension of the spring 17 overcomes the effort of
      the flyweights 9 transmitted to the coupling 11, so that the lever 15
      turns, drawing together the flyweights 9 and driving the rack bars 3 in
      the direction of increased fuel supply up to the rated value.
PAR  In case of reduced load on the engine corresponding to the automobile
      riding downhill or to the driver reducing the tension of the spring 17,
      the engine receives excess fuel and steps up its rpm. Then the rising
      centrifugal forces of the flyweights 9 overcome the resistance of the
      spring 17 and drive the coupling 11, the lever 15 and the rack bars 3 in
      the direction of decreased fuel supply corresponding to the size of load.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An internal combustion engine crankshaft governor disposed in the space
      between the banks of angularly related sections of a fuel pump
      incorporating two rack bars controlling fuel supply, comprising: a
      crosspiece rotated by said crankshaft of the internal combustion engine;
      centrifugal flyweights; pivot spindles for mounting said flyweights on
      said crosspiece; a coupling for converting the rotary movement of said
      centrifugal flyweights to the translatory movement of said two rack bars
      of said fuel pump controlling fuel supply; a double-arm lever actuated by
      said centrifugal flyweights through said coupling and having one arm
      connected with one of said rack bars of said fuel pump; a pivot spindle
      secured in the housing of said pump and positioned normally to the plane
      passing through the longitudinal axes of said rack bars, said pivot
      spindle carrying said lever rotatably mounted thereon; a spring for
      balancing the effort of said lever having one end connected with the other
      arm of said lever; a control lever for adjusting the tension of said
      spring connected with the other end of said spring; one more pivot spindle
      secured in the housing of said pump, positioned normally to the plane
      passing through the longitudinal axes of said rack bars and carrying said
      control lever rotatably mounted thereon.
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PAL  An apparatus and process for atomizing a fuel-air mixture in an internal
      combustion engine by causing the fuel-air mixture to be driven in a
      funnel-type flow pattern in a passageway located between the engine's
      carburetor and intake manifold. The passageway includes a foraminous
      member disposed therein having an aperture and a grommet-rim therefore
      which comprises an aerodynamic surface in the path of the fuel-air
      mixture. The aerodynamic surface causes the fuel-air mixture to be driven
      in a circular path adjacent the outer wall of the passageway. The swirling
      fuel-air mixture is then drawn through the foraminous member where it is
      further atomized and conveyed to the intake manifold.
PARN
PAR  This application is a continuation-in-part of applicant's previously filed
      application Ser. No. 383,378, filed July 27, 1973 for "Apparatus and
      Method for Atomizing Fuel-Air in a Carburetion System", now abandoned.
BSUM
PAR  The present invention relates to an improved carburetor system for an
      internal combusion engine, and in particular, to a novel apparatus and
      process for atomizing a fuel-air mixture by producing a funnel-type flow
      pattern for the mixture as it exits from the carburetor and
      aerodynamically driving the mixture through a formainous member before
      passing the mixture into the intake manifold of the engine.
PAR  The operation of an internal combustion engine requires that the liquid
      fuel which it burns, such as gasoline, be mixed with air in proper amounts
      prior to combustion. A carburetor functions to create the optimum fuel-air
      mixture at all speeds and loads of the engine, by subdividing or atomizing
      the liquid fuel and intimately mixing the minute particles with the air
      introduced into the carburetor. Under ideal conditions, the fuel-air
      mixture furnished to the engine's intake manifold is a homogeneous mixture
      of small fuel particles in air. This atomization produces the maximum
      power output of the engine, and imparts to the mixture sufficient
      composition and strength to develop maximum economy for all conditions of
      engine operation. When the fuel and air are properly mixed, optimum
      combustion of the fuel results, limiting the amount of unburned fuel and
      smoke exhausting into the atmosphere and thereby reducing pollution of the
      environment.
PAR  Of the numerous prior devices which have been provided to secure more
      efficient atomization of the liquid fuel in carburetor systems, several
      include the use of a wire mesh screen located in the passageway between
      the carburetor and intake manifold of the engine. The screen breaks up, or
      atomizes, the fuel particles which are then more able to intimately mix
      with the air. Certain of these prior devices include a fan adapted to
      partially break up the flow the fuel and air current from the carburetor,
      and to produce a swirling motion to enhance the mixing capability of the
      system prior to passing the mixture through the screen.
PAR  Heretofore, the use of mesh materials or screens to provide proper
      atomization in a carburetion system has provided adequate results up to a
      certain point. It has been found that fuel systems on standard automobile
      engines equipped with screen atomizers have a tendency to "choke out" when
      certain speeds are reached. This is due to the reduction of effective flow
      rate of the mixture through the passage connecting the carburetor and
      intake manifold to the point that insufficient fuel-air mixture is being
      supplied to the engine. The area of the passageway is reduced by the
      cumulative area of the wire or fabric elements making up the mesh, and the
      flow rate, which is a function of the area across the passage, is
      similarly reduced. For example, an average six cylinder engine will stop
      operating at 70 miles per hour while an eight cylinder engine will choke
      out at approximately 50 miles per hour.
PAR  Since modern highway travel requires that automobile engines operate at
      speeds higher than 50 or 70 miles per hour, the use of a screen in the
      passage between the carburetor and intake manifold has been severely
      limited. This results in a severe disadvantage to the automobile owner,
      and to the public in general. First, the driver is denied of the
      opportunity to increase the efficiency and gas milege economy of his
      vehicle by installing a screen atomizer in his carburetion system. Second
      and most important, the public is denied the advantages of increased
      pollutant control and cleaner air, since the amount of smoke and
      un-combusted fuel exhausted into the air is reduced by the use of such
      screens.
PAR  It is an object of this invention, therefore, to provide a fuel-air mixture
      atomization system for an internal combustion engine which will function
      at all speeds of operation of the engine and which will provide the proper
      amount of atomization of liquid fuel and air necessary for optimum engine
      performance.
PAR  It is further an object of this invention to provide a carburetion system
      for an internal combustion engine wherein the flow rate of the fuel-air
      mixture passing from the carburetor through an atomizing device to the
      intake manifold of the engine is sufficient to prevent the engine from
      stalling at normal and high operating speeds and loads.
PAR  An additional object of my invention is to provide a fuel-air mixture
      atomizing device for the carburetion system of an internal combustion
      engine which creates a funnel-type flow pattern for the fuel-air mixture
      as it passes from the carburetor to the intake manifold of the engine.
PAR  Still another object of my invention is to provide a carburetion system for
      an internal combustion engine wherein a fuel-air mixture is driven in a
      funnel-type flow pattern through an atomizing member disposed in the flow
      path of the fuel-air mixture.
PAR  An additional object of the present invention is to provide a carburetion
      system for an internal combustion engine wherein the fuel-air mixture
      flowing through a passageway between the carburetor and the intake
      manifold of the engine is driven in a circular motion toward the outer
      wall of the passageway, and simultaneously driven through a foraminous
      atomizing element located in the passageway.
PAR  Yet another object of my invention is to provide a foraminous element for
      atomizing a fuel-air mixture in a carburetion system for an internal
      combustion engine, the foraminous element including aerodynamic means for
      creating a funnel-type flow pattern for the fuel-air mixture in the
      system.
PAR  Still another object of the present invention is to provide a novel process
      for driving a fuel-air mixture in a carburetion system in a circular
      motion adjacent the outer wall of a passageway containing the fuel-air
      mixture, and through an atomizing element forming part of the system.
PAR  A further and most important object of the present invention is to provide
      a carburetion system for an internal combustion engine which achieves
      increased engine efficiency, greater fuel economy, and while so doing,
      abates the dangers of air pollution by reducing the amount of hydrocarbon
      and carbon monoxide emissions from the engine.
PAR  According to one aspect of my invention, an atomizing member such as a
      foraminous element is located in the passageway carrying a fuel-air
      mixture from the carburetor to the intake manifold of an internal
      combustion engine. The foraminous element which may be either
      substantially flat or have a dished or depression configuration, includes
      an aperture therethrough which is circumferentially surrounded by a
      reinforced rim or grommet element having an aerodynamic surface facing
      into the fuel-air mixture flow. The aperture can be either centrally
      disposed or disposed at a distance from the center. The fuel-air mixture
      is drawn into the passageway at a predetermined flow rate by the vacuum
      created in the intake manifold during operation of the engine. As the
      mixture flows into the passageway, the aerodynamic surface of the grommet
      element creates a funnel-type flow pattern by causing the fuel-air mixture
      to be driven in a circular motion toward the outer wall of the passageway.
      The swirling fuel-air mixture is then drawn through the foraminous
      atomizing member where the droplets are further reduced in size to enhance
      complete combustion.
DRWD
PAR  The nature of a preferred embodiment of the invention should become more
      apparent from a study of the attached drawings in conjunction with the
      following specification wherein:
PAR  FIG. 1 is a plan view of the foraminous atomizing member, gasket, and
      aerodynamic element which is centrally located forming a first embodiment
      of the present invention;
PAR  FIG. 2 is a cross-sectional view of the device of FIG. 1, taken along the
      line 2--2;
PAR  FIG. 3 is a detail view of the aerodynamic element shown in FIGS. 1 and 2;
PAR  FIG. 4 is a side elevation view of a carburetion system embodying the
      embodiment of the present invention as shown in FIG. 1;
PAR  FIG. 5 is another side elevation of the carburetion system embodying the
      embodiment of the present invention as shown in FIG. 1, diagramatically
      showing the fuel-air mixture flow pattern during operation of the system;
      and
PAR  FIG. 6 is a plan view of an additional embodiment of the atomizing and
      aerodynamic members of my invention adapted for use with multi-barrel
      carburetion systems;
PAR  FIG. 7 is a plan view of a second embodiment of the present invention,
      wherein the aerodynamic element is disposed at a distance from the axial
      center of the foraminous element;
PAR  FIG. 8 is a perspective view of a third embodiment of the present
      invention, wherein the foraminous element of the atomizer comprises a
      dished depression configuration in which the aerodynamic element is
      located; and
PAR  FIG. 9 is a side elevation of the embodiment of the invention disclosed in
      FIG. 8, diagramatically showing the fuel-air mixture flow pattern during
      operation of the system.
DETD
PAR  Referring to the drawings, FIGS. 1, 2, 3 and 7 disclose an atomizing member
      generally designated by the numeral 10. The atomizing member includes a
      gasket assembly 12 having an opening 14. A foraminous element 16 extends
      across opening 14 and is held in a sandwich-like manner by the upper and
      lower portions of gasket assembly 12. Holes 13 are provided in gasket
      assembly 12 to enable the atomizing member to be installed at the point of
      juncture of the carburetor and intake manifold of an internal combustion
      engine, as will be explained.
PAR  Foraminous element 16 is preferably a bronze wire screeen or a fabric mesh
      screen, having a density of approximately 20 apertures per linear inch. It
      is to be understood that the foraminous element 16 may be composed of
      other known materials such as stainless steel, meshed fabrics, a
      perforated plate, and be of various known materials without departing from
      the scope of the invention. Additionally, foraminous element 16 may be
      replaced with other known fuel-air mixture atomizing members within the
      teaching of my invention.
PAR  Located either in the center of foraminous element 16 (FIG. 1) or disposed
      at a distance from the center (FIG. 7) is an aperture 18, such as could be
      cut by a No. 14 leather cutter. A reinforcing rim is disposed around the
      circumference of aperture 13, as best disclosed in FIG. 3. In the
      embodiment of FIG. 1 the reinforcing rim comprises a grommet 20 having a
      curved upper surface 22 and a substantially flat lower surface 24. The
      portion of foraminous element 16 adjacent aperture 18 is clamped between
      the upper and lower surfaces 22, 24 of grommet 20, and thereby held in
      place surroudning aperture 18.
PAR  The curvature of the upper surface 22 of grommet 20 comprises an
      aerodynamic structure. The purpose of this construction is to create a
      funnel-type flow pattern of the fuel-air mixture in the carburetion system
      in which atomizing member 10 is used.
PAR  The atomizing member 10 thus described is adapted to be used in the
      carburetion system of an internal combustion engine, the essential
      features of which are illustrated in FIGS. 4 and 5. A standard single
      barrel carburetor is designated 26, and has a passageway 28 at the lower
      end thereof for the flow of a fuel-air mixture from the carburetor. A
      butterfly valve 38 is located in passage 28 and controls the flow of the
      fuel-air mixture through the carburetion system. A flange 30 projects
      outwardly from the lowermost portion of the carburetor, and is adapted to
      mount the carburetor on intake manifold 36. A flange 32 extends outward
      from a passageway 34 forming part of engine intake mainfold 36. Passageway
      34 is adapted to permit the fuel-air mixture in passageway 28 to be
      conveyed to intake manifold 36. A plurality of bolts 40 project through
      holes 46 to secure carburetor 26 in proper alignment relative to intake
      manifold 36.
PAR  In the preferred embodiment of my invention, atomizing member 10 is
      fastened by means of bolts 40 between flanges 30 and 32 of carburetor
      passageway 28 and intake manifold passageway 34. If butterfly valve 38 is
      located near the lower end of passageway 28, the butterfly valve is liable
      to remain caught in an open position if it contacts screen 16 or grommet
      20, which is undesirable for obvious reasons.
PAR  One solution is to install or lift element 42 to prevent the butterfly
      valve from contacting foraminous element 16 or grommet 20 when moved to a
      full open position. Lift element 42 includes an opening 44 through which
      butterfly valve 38, as it pivots to an open position, and the fuel-air
      mixture from the carburetor are allowed to pass unobstructed.
PAR  Alternately, as shown in the embodiment of my invention disclosed in FIG.
      8, the atomizing member 10 can be designed with foraminous element 216
      having a center dished depression 50. As is shown in FIG. 9, this enables
      butterfly valve 38 to move to a full open position without contacting
      foraminous element 216 or grommet 20. Additionally, the grommet 20 is
      located deeper into the intake manifold, which increases the effect of the
      swirling fuel-air mixture in passageway 28. In other material respects,
      the construction and operation of the embodiment of the atomizing member
      shown in FIG. 8 is the same as that of the embodiment of FIGS. 1-5.
PAR  Atomizing member 10 is installed in the carburetion system with foraminous
      element 16 extending transversely across passageway 28 and 34. Also upper
      or aerodynamic surface 22 of grommet 20 is located in passageway 28 facing
      opposite the direction of flow of the fuel-air mixture flowing from the
      carburetor. Gasket assembly 12 secures the outer portion of foraminous
      element 16 such that a fluid-tight seal is formed between flanges 30 and
      32, preventing the escape into the atmosphere of any fuel-air mixture.
PAR  In operation, a fuel-air mixture is drawn from carburetor 26 through
      passageway 28 toward intake manifold 36 by operation of the internal
      combustion engine. As the fuel-air mixture enters the portion of the
      passageway 28 above atomizing member 10, the aerodynamic characteristic of
      upper surface 22 of grommet 20 causes the fuel-air mixture to develop a
      funnel-type flow pattern whereby the mixture is driven in a circular
      motion toward the outer wall of passageway 28. Simultaneously, the mixture
      is drawn through passageway 28 in an axial direction through foraminous
      element 16 which further atomizes the droplets of fuel-air mixture into
      smaller particles to enhance complete combustion of the fuel by increasing
      the total contact area of the fuel.
PAR  The turbulent or swirling motion imparted to the fuel-air mixture by the
      aerodynamic upper surface 22 of grommet 20 (which is diagrammatically
      illustrated by the numeral 48 in FIG. 5) causes the fuel-air mixture to
      move at a faster rate compared to drawing the mixture directly through
      foraminous element 16. Therefore, the flow rate of mixture is increased
      through the foraminous element, preventing a cut-off at normal and high
      engine operating speeds.
PAR  The present invention allows intake manifold 36 to be supplied with an
      adequate quantity of fuel-air mixture despite the presence of foraminous
      element 16 in the flow path of the mixture. By atomizing the fuel-air
      mixture into fine particles by means of foraminous element 16, greater
      fuel economy is achieved, and the quantity of hydrocarbons and carbon
      monoxide created is significantly reduced as a result of more complete
      combustion of the fuel by the internal combustion engine. The aerodynamic
      surface 22 of grommet 20 permits foraminous element 16 to be installed in
      passageway 28 without inhibiting movement of the quantity of fuel-air
      mixture which must be delivered to intake manifold 36 at normal and high
      engine operating speeds and loads to prevent stall or cut-off.
PAR  The above is a description of the preferred embodiments of my invention as
      installed on a single barrel carburetor system. However, atomizing member
      10, or its equivalent, may just as readily be adapted for use in
      conjunction with a multi-barrel carburetion system. An example of such a
      construction is illustrated in FIG. 6, wherein 110 is an atomizing member
      having a gasket assembly 112 adapted to be installed between a
      multi-barrel carburetor and an intake manifold for an internal combustion
      engine. Openings 114 and 115 are provided in gasket assembly 112, and
      foraminous elements 116 and 117 extend across each opening. The center of
      each foraminous element includes an aperture 118 having a grommet 120
      around the circumference thereof. As explained in conjunction with the
      embodiment of FIGS. 1 and 4, grommet 120 comprises an aerodynamic curved
      upper surface which faces opposite the direction of flow of the fuel-air
      mixture coming from the carburetor. In other material respects, the
      construction and operation of the embodiment of the atomizing member shown
      in FIG. 6 is the same as that of the embodiment of FIGS. 1-5.
PAR  The embodiment of FIG. 7 is particularly adapted for increased efficiency
      where the engine to which the described carburetor is attached is operated
      for extended periods at partially open throttle settings. By locating
      grommet 20 off of center, partial opening of butterfly valve 38 will not
      restrict access to the grommet. Instead, grommet 20 will be located in a
      path between the wall of passageway 28 and the circumference tip of
      partially open valve 38. It has been found that this off-center location
      of grommet 20 increases the effectiveness of my atomizer when the throttle
      is partially open.
PAR  It will be understood that modifications and variations of the improved
      carburetion system disclosed herein may be resorted to without departing
      from the spirit of the invention and the scope of the appended claims.
CLMS
STM  The embodiment of the invention in which an enclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. In an apparatus for atomizing a fuel-air mixture in an internal
      combustion engine having a a carburetor and an intake manifold, a
      passageway between said carburetor and said intake manifold for the flow
      of said fuel-air mixture therethrough, an atomizing member disposed
      generally transversely of said passageway, and laterally disposed
      aerodynamically configured means having an opening therethrough and
      completely supported by a foraminous member located in said passageway for
      creating a funnel-type flow pattern of said fuel-air mixture through said
      atomizing member in said passageway, said dynamically configured means
      forming a reinforced rim around the circumference of said opening and
      having one side facing opposite the direction of flow of said fuel air
      mixture through said passageway, said one side having substantially a
      curved aerodynamically curved configuration, said aerodynamically
      configured means allowing maximum flow of fuel-air mixture through said
      carburetor resulting in greater fuel economy and abatement of the
      discharge of pollutants.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said foraminous element is
      substantially flat.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said foraminous element includes a
      dished depression configuration.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said laterally disposed aerodynamically
      configured means which creates a funnel-type flow pattern of said fuel-air
      mixture, lies in plane normal to the axis of said passageway.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said aperture and aerodynamically
      configured means are centrally disposed in said atomizing member.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said aperture is disposed at a distance
      from the center of said atomizing member.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said means forming a reinforced rim
      comprises a grommet.
NUM  8.
PAR  8. An atomizing member to be disposed in the fuel-air mixture flow path
      between the carburetor and intake manifold of an internal combustion
      engine comprising: a foraminous element means for positioning said
      foraminous element in said flow path; and an opening through said
      foraminous element, a reinforced rim around the circumference of said
      opening having a substantially curved aerodynamically curved configuration
      on one surface thereof to face the flow path of said air fuel mixture;
      said reinforced rim completely supported by said foraminous member and
      creating a funnel type flow pattern of said air fuel mixture through said
      foraminous element when positioned in said flow path.
NUM  9.
PAR  9. The atomizing member of claim 8 wherein:
PA1  said foraminous element includes an aperture centrally disposed therein.
NUM  10.
PAR  10. The atomizing member of claim 8 wherein said aerodynamically configured
      means is located at a distance from the center of said foraminous element.
NUM  11.
PAR  11. The apparatus of claim 8 wherein said foraminous element is formed in a
      dished depression configuration.
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ABST
PAL  Capacitor discharge ignition system for a spark-ignition internal
      combustion engine. The ignition system employs an ignition coil having
      primary and secondary windings wound on a ferromagnetic core, preferably
      made of a ferrite material. A first capacitor is connected in series with
      a spark gap and this series combination is connected across the ignition
      coil secondary winding. The ignition coil primary winding has a second
      capacitor coupled to it which capacitor is charged and then discharged in
      timed relation to engine operation. The first capacitor and ignition coil
      windings and construction are selected such that the second capacitor when
      discharged through the ignition coil primary winding produces
      ferroresonant oscillations in the secondary circuit of the ignition coil.
      This breaks down the spark gap and an alternating voltage, at the
      ferroresonant frequency, occurs. The ignition system has fast rise time of
      the voltage across the spark gap, long duration of the spark and
      preferably includes restrike capability.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a capacitor discharge ignition system which
      operates in a ferroresonant mode. The ignition system may be used for a
      spark-ignition internal combustion engine of the reciprocating or rotary
      type.
PAR  The term "ferroresonant ignition system" , as used herein, refers to an
      ignition system that utilizes an ignition coil having primary and
      secondary windings wound on a ferromagnetic core. The secondary winding of
      the ignition coil is coupled to a capacitor connected in series with a
      spark gap. The voltage across this capacitor and the current flow through
      the spark gap oscillate at a frequency f defined by the expression:
EQU  f = V.sub.m /4N.sub.s .phi..sub.s
PAL  Where V.sub.m is the maximum voltage across the capacitor, N.sub.s is the
      number of turns in the secondary winding, and .phi..sub.s is the magnetic
      flux within the secondary winding at magnetic saturation of the
      ferromagnetic core of the ignition coil.
PAC  SUMMARY OF THE INVENTION
PAR  The ignition system of the invention is used to provide the spark ignition
      for an internal combustion engine. As a capacitor discharge ignition
      system, it has the fast voltage rise time in the ignition coil secondary
      circuit that is characteristic of such ignition systems. Moreover, long
      spark duration with restrike capability is provided and a spark voltage
      and current of alternating character is provided.
PAR  The capacitor discharge ignition system of the invention comprises an
      ignition coil having primary and secondary windings which are wound about
      a ferromagnetic core. The primary winding preferably has less than five
      turns and the secondary winding has from 100 to 2000 turns. A spark plug,
      having electrodes spaced to form a spark gap, has one of its electrodes
      coupled to one terminal of the ignition coil secondary winding and has its
      other electrode connected to one terminal of a first capacitor. The other
      terminal of the first capacitor is connected to the other terminal of the
      ignition coil secondary winding. Thus, the first capacitor is connected in
      series with the spark gap, the spark gap and series-connected capacitor
      being connected across the terminals of the ignition coil secondary
      winding.
PAR  A second capacitor is coupled to the primary winding of the ignition coil.
      Further, the ignition system includes a DC source of electrical energy and
      circuit means for charging the second capacitor from the DC source of
      electrical energy and for discharging the second capacitor through the
      primary winding of the ignition coil in timed relation to operation of the
      engine. The first capacitor, the second capacitor and the voltage to which
      it is charged, and the ignition coil design are selected such that when
      the second capacitor is discharged through the ignition coil primary
      winding, an alternating voltage and current are produced in the ignition
      coil secondary circuit having a ferroresonant frequency f defined by the
      expression previously given. This ferroresonance in the secondary circuit
      is characterized by the ignition coil ferromagnetic core repeatedly
      becoming saturated and unsaturated at a frequency corresponding to the
      ferroresonant frequency f.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a capacitor discharge ignition system in
      accordance with the invention;
PAR  FIG. 2 contains four waveforms illustrating various signals which occur in
      the circuitry on the primary side of an ignition coil illustrated in the
      schematic diagram of FIG. 1; and
PAR  FIG. 3 contains four waveforms which occur in the circuitry on the
      secondary side of the ignition coil in the schematic diagram of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawings, there is shown in FIG. 1 a schematic
      diagram of an ignition system in accordance with the invention. The
      ignition system, generally designated by the numeral 10, produces
      ferroresonant oscillations in the secondary circuit of an ignition coil 12
      having a primary winding P and a secondary winding S. The ignition coil 12
      has a ferromagnetic core 14 which in the circuit 10 is capable of being
      saturated repetitively after the initial breakdown of a spark gap 26. More
      specifically, the secondary winding S of the ignition coil has one of its
      leads connected to one terminal of a capacitor C1. The other terminal of
      the capacitor C1 is connected to ground at 16. A lead 18 extends from the
      other terminal of the secondary winding S to the rotor 20 of a
      conventional distributor 22 for a spark ignition internal combustion
      engine. The distributor 22 has eight contacts 24 which are repetitively
      and serially contacted by the rotor 20 such that repetitive electrical
      contact is made with the eight spark gaps 26 contained in the spark plugs
      of the internal combustion engine. Thus, each of the spark plugs has one
      of its electrodes, represented by a lead 25, connected to the secondary
      winding S of the ignition coil and has its other electrode 27 connected to
      ground at 28. It should be noted that the ground connections 16 and 28 are
      common and, therefore, each of the spark gaps 26 is connected,
      sequentially as the rotor 20 rotates, in series with the capacitor C1. The
      capacitor C1 need not be located as shown in FIG. 1, but rather may be
      connected in series with the spark gap 26, for example, by its insertion
      in the lead 18, the lead 25 or the lead 27. If the capacitor C1 is
      inserted in the leads 25 or 27, a separate capacitor is required for each
      spark gap. Similarly, a separate secondary winding S may be provided for
      each of the spark gaps 26 if desired. Separate secondary windings S and
      capacitors C1 for each of the spark gaps 26 may be housed within the spark
      plug, for example, as depicted in the spark plug design of U.S. Pat. No.
      3,267,325 issued Aug. 16, 1966 to J. F. Why.
PAR  The primary winding P of the ignition coil 12 has one of its terminals
      connected to ground at 30 and has its other terminal 32 coupled, through a
      saturable, ferromagnetic-core inductor L2 and a lead 34, to a capacitor
      C2. The capacitor C2 is connected to a junction 36 formed between a
      resistor R1 and the anode of a semiconductor controlled rectifier (SCR)Q7.
      The cathode of the SCR is connected to ground. The SCR has a gate or
      control electrode 38. The current limiting resistor R1 is connected
      through another saturable, ferromagentic-core inductor L1 to a + 340 volt
      DC source of electrical energy. This voltage, as well as the other DC
      voltages shown in FIG. 1, may be obtained from a 12 volt DC source of
      electrical energy, such as the storage battery 44 conventional in motor
      vehicles, through use of a DC to DC converter well known to those skilled
      in the art.
PAR  The remainder of the circuitry shown in FIG. 1, together with the SCR Q7
      and its connections, comprise circuit means for charging the capacitor C2
      from the DC source of electrical energy and for discharging this capacitor
      through the primary winding P in timed relation to operation of the
      engine. The charging and discharging of the capacitor C2 in timed relation
      to engine operation may be obtained in the conventional manner by a cam 40
      mechanically coupled to the distributor rotor 20, driven by the engine,
      and used to intermittently open and close a set of breaker points 42, one
      of which is connected to ground and the other of which is connected to a
      junction 46. Because the DC source of electrical energy 44 has its
      negative terminal connected to ground and has its positive terminal
      connected through a resistor R2 to the junction 46 the junction 46 is at
      ground potential when the breaker points 42 are closed and is at the +12
      volt potential of the storage battery 44 when the breaker points are open.
      The voltage rise at the junction 46 which occurs each time the breaker
      points open is supplied to an input matching circuit to cause the
      production of a spark in one of the spark gaps 26.
PAR  As is indicated by broken lines enclosing various designated circuit
      portions, the circuitry 10 includes an input matching circuit, the
      function of which is to couple the pulses occurring at the junction 46 to
      a duration gate generator. The duration gate generator produces a pulse
      output signal which has a controllable duration and which is supplied to a
      restrike oscillator. The function of the restrike oscillator is to produce
      one or more pulse signals during the duration of the signal from the
      duration gate generator. Each pulse produced at the output of the restrike
      oscillator is used to initiate the discharge of the capacitor C2 through
      the ignition coil primary winding P. The output pulses from the restrike
      oscillator circuit are supplied to an SCR driver circuit which utilizes
      the restrike oscillator pulses to produce pulse spikes which are applied
      to the gate 38 of the SCR Q7. An interlock circuit is provided to prevent,
      when the ignition circuit 10 is first put into operation, the supply of a
      pulse to the gate electrode 38 until the capacitor C2 has had sufficient
      time to charge. In the paragraphs which follow, the above circuit portions
      are described in detail.
PAR  The input matching circuit includes a choke inductor L3 which has one of
      its terminals connected to the junction 46 and which has its other
      terminal connected to the cathode of a zener diode D1. The anode of this
      zener diode is coupled to ground through a resistor R3 connected in
      parallel with a noise suppression capacitor C3. The anode of the zener
      diode also is connected through the series combination of a DC blocking
      capacitor C4 and a current limiting resistor R5 to the base of an NPN
      transistor Q1. The junction formed between the capacitor C4 and the
      resistor R5 is connected to the cathode of a zener diode D2 whose anode is
      connected to ground. A resistor R4 is connected in parallel with the zener
      diode D2. The emitter of the transistor Q1 also is connected to ground and
      its collector is connected through resistors R6 and R7 to a +18 volt DC
      supply lead 48.
PAR  The function of the resistor R3 and capacitor C3 is to suppress high
      frequency noise signals that may appear at the anode of the zener diode
      D1. The capacitor C4 permits the positive step voltage, which occurs at
      the junction 46 when the breaker points 42 open, to momentarily pass
      through the resistor R5 to the base of the transistor Q1 to render it
      momentarily conductive in its collector-emitter output circuit. This
      permits current to flow through the resistors R7 and R6 to ground.
PAR  The duration gate generator has a blocking capacitor C5 connected to the
      junction formed between the resistors R6 and R7. The opposite terminal of
      the capacitor C5 is connected through a current limiting resistor R9 to
      the base of a PNP transistor Q2. The junction formed between the capacitor
      C5 and the resistor R9 is connected through a resistor R8 to the voltage
      supply lead 48. The emitter of the transistor Q2 also is connected to the
      supply lead 48 and its collector is connected through series-connected
      resistors R10, R11 and R12 to a -18 volt DC supply lead 50. The resistor
      R12 is variable and controls the duration (total length of time) of
      multiple spark discharges produced in a given spark gap 26 during one
      combustion cycle in the engine. More specifically, the resistor R12
      controls the duration of the output signal pulse from the duration gate
      generator. In a reciprocating sparkignition internal combustion engine,
      the length or duration of this output pulse is the length of time
      available for the production of one or more sparks in the spark gap 26 in
      a given cylinder to cause ignition of a combustible mixture of fuel and
      air and a resultant power stroke of the piston in that cylinder.
PAR  The capacitor C6 has one of its terminals connected to the voltage supply
      lead 48 and has its other terminal connected to the junction formed
      between the resistors R10 and R11. Also connected to this junction is the
      cathode of a clamping diode D9 which has its anode connected to ground.
      The diode D9 limits the negative voltage at this junction to one diode
      voltage drop below ground potential. The junction formed between the
      resistors R10 and R11 also is connected through a coupling capacitor C7
      and a current limiting resistor R15 to the base of a PNP transistor Q3.
      The junction formed between the capacitor C7 and resistor R15 is connected
      through a resistor R13 to the negative voltage supply lead 50. The
      collector of the transistor Q3 also is connected through a resistor R14 to
      the supply lead 50, and the emitter of this transistor is connected to the
      positive voltage supply lead 48. The collector of the transistor Q3 is
      connected through a resistor R16 to the base of a NPN transistor Q4 whose
      emitter is connected to ground. A clamping diode D3 has its cathode
      connected to the base of the transistor Q4 and has its anode connected to
      ground to limit the base voltage to one diode voltage drop below ground
      potential. The output signal of the duration gate generator is taken at
      the collector of the transistor Q4 which is connected to pin 7 of a dual
      monostable multivibrator U1, which as shown is a Teledyne type 342. A
      Texas Instruments type 15,342 or the equivalent also may be used for U1.
PAR  The duration gate generator is a sawtooth generator which is triggered when
      the transistor Q1 is rendered conductive, which occurs, as previously
      stated, when the breaker points 42 open. When the transistor Q1 is
      rendered conductive, the resistor R8 and capacitor C5 differentiate the
      resulting negative voltage step at the collector of Q1. The negative
      voltage spike which results is applied to the base of the transistor Q2.
      This renders the transistor Q2 conductive in its emitter-collector output
      circuit for a time sufficient to permit the discharge of the capacitor C6
      through the resistor R10 and the emitter-collector circuit of the
      transistor Q2. The capacitor C6 will have previously been charged to a
      voltage slightly in excess of 18 volts DC. The transistor Q3 is normally
      conductive in its emitter-collector output circuit due to the flow of
      current from the voltage supply lead 48, through its emitter-base
      junction, through the resistor R15, and primarily through the resistor R13
      to the negative voltage supply lead 50. However, when the capacitor C6
      discharges, a positive voltage approximately equal to the voltage on the
      supply lead 48 appears at the junction formed between resistors R10 and
      R11. This voltage is applied through the capacitor C7 and the resistor R15
      to the base of the transistor Q3 to render it nonconductive. The
      transistor Q3 remains nonconductive for the length of time required for
      the capacitor C6, after the transistor Q2 again becomes nonconductive, to
      recharge through the series resistors R11 and R12. Typically, the
      transistor Q3 is nonconductive and for so long as it is nonconductive, the
      transistor Q4 has no base drive and also is nonconductive which results in
      the application of a positive voltage at the pin 7 of the dual monostable
      multivibrator U1.
PAR  The dual monostable multivibrator U1 has one monostable multivibrator with
      an input A.sub.1 and an output Q.sub.1. The other monostable multivibrator
      in the integrated circuit U1 has an input A.sub.2 and an output Q.sub.2.
      By the connection of the Q.sub.1 output to the A.sub.2 input and the
      connection of the Q.sub.2 output to the A.sub.1 input, as is accomplished
      by the connection of the lead 52 between the pins 5 and 10 and the
      connection of the lead 54 between the pins 7 and 11, the dual monostable
      multi-vibrator U1 becomes a pulse generator, the output of which is taken
      at its pin 2. The Q1 output at pin 2 alternates between a high voltage
      level of about 10 volts and a low voltage level near ground potential.
      With the circuit values indicated in the drawing, the high voltage portion
      of the signal at pin 2 is approximately 68% of the signal period. Dual
      variable resistors R18 and R19 are connected, respectively, through a
      resistor R20 and a capacitor C9 to the pins 3 and 4 and through a resistor
      R21 and a capacitor C10 to the pins 12 and 13. These components determine
      the duty cycle or pulse width at output pin 2 of the multivibrator and
      permit the period of the signal at pin 2 to be varied from about 0.30 ms
      to 1.5 ms. The period of the signal at pin 2 represents the restrike
      delay, that is, the delay between multiple ignition sparks produced in
      each of the spark gaps 26 by repetitive triggering of the SCR Q7.
PAR  The dual monostable multivibrator U1 is gated or triggered when the output
      circuit of the transistor Q4 is rendered nonconductive. When the
      transistor Q4 is conductive, the signal at pin 2 of the dual monostable
      multivibrator U1 remains constant at a low voltage level, but when the
      transistor Q4 becomes nonconductive, gating multivibrator U1, the signal
      at pin 2 becomes a series of pulses which continually gate the SCR Q7 to
      produce a spark in a spark gap 26 each time a pulse occurs at pin 2. These
      repetitive and restriking sparks continue to occur until the transistor Q4
      is once again rendered conductive.
PAR  The dual monostable multivibrator U1 receives its positive voltage supply
      from a voltage regulator comprising a resistor R17 connected in series
      with the parallel combination of a zener diode D4 and a capacitor C8. The
      junction formed between these components is connected to the voltage
      supply pin 16 of U1 and also is connected to the variable resistors R18
      and R19. Pin 8 of the multivibrator U1 is connected to ground. Pin 2 of
      the multivibrator is connected through a current limiting resistor R22 and
      a zener diode D5 to the base of an NPN transistor Q5.
PAR  The transistor Q5 is located in the SCR driver portion of the circuit 10
      and has its emitter connected to ground. Its collector is connected
      through a resistor R27 to the voltage supply lead 48 and also is connected
      through a current limiting resistor R28 to the base of a PNP transistor
      Q6. The emitter of the transistor Q7 is connected to the voltage supply
      lead 48 and its collector is connected through a resistor R29 and a lead
      60 to a -18 volt DC voltage supply. The collector of the transistor Q6
      also is connected, through a series circuit including differentiating
      capacitor C12, resistor R30 and zener diode D8, to the gate electrode 38
      of the SCR Q7.
PAR  The waveforms shown in FIGS. 2 and 3 are representations of signals which
      occur at various points in the circuit schematically illustrated in FIG.
      1, with the exception that the waveforms 3a, 3c and 3d pertain to a 35 mil
      spark gap located in air at atmospheric pressure rather than to a spark
      gap located in the cylinder of an operating internal combustion engine.
PAR  FIG. 2a shows the voltage waveform that occurs at pin 2 of the dual
      monostable multivibrator U1. This voltage is the oscillatory output
      voltage of the multivibrator which occurs so long as the input transistor
      Q4 connected to its pin 7 is in a nonconductive state. Of course, Q4 is
      rendered nonconductive each time, and for a predetermined time established
      by the duration gate generator, that the cam 40 opens the breaker points
      42. On each positive going edge of the pulses in FIG. 2a, the transistor
      Q5 is rendered conductive. This reduces its collector voltage to
      substantially ground potential to cause the conduction of the PNP
      transistor Q6. When nonconductive, the collector of the transistor Q6 is
      at approximately -18 volts DC, but when rendered conductive, its collector
      achieves a voltage of almost +18 volts DC. This step voltage on the
      collector of the transistor Q6 is differentiated by the capacitor C12 to
      produce a voltage spike which gates the SCR Q7. The voltage spikes are
      represented in FIG. 2b, which illustrates the voltage occuring on the
      resistor R30 at points corresponding to the positive going edges of the
      pulses of FIG. 2a, which pulses occur at pin 2 of the multivibrator. Thus,
      it is apparent that the SCR Q7 is gated or triggered on each positive
      going edge of the oscillatory signal occurring at pin 2 of the
      multivibrator U1 and that this continues so long as the transistor Q4 is
      nonconductive. If the duration gate generator is adjusted such that the
      transistor Q4 is nonconductive for 5 milliseconds and if the restrike
      delay resistors R18 and R19 are adjusted such that the signal of FIG. 2a
      has a period of 0.33 ms, then the gate 38 of the SCR Q7 will receive 16
      trigger pulses during the course of the 5 ms that the transistor Q4 is
      nonconductive. This produces a corresponding 16 spark discharges in a
      single one of the spark gaps 26. It should be noted that 5 ms is precisely
      the time required for the piston in an eight-cylinder, four-cycle
      reciprocating internal combustion engine to travel from its
      top-dead-center position to its bottom-dead-center position when the
      engine is operating at 6,000 rpm.
PAR  With respect to the interlock portion of the circuitry 10, it may be seen
      that this circuit portion comprises NPN transistors Q8 and Q9. The
      emitters of these transistors are connected to ground potential. The
      collector of the transistor Q9 is connected, through a diode D6, to the
      junction formed between the resistor R22 and the zener diode D5. The
      collector of this transistor also is connected through a resistor 23 to a
      lead 58 connected to a +18 volt DC source of electrical energy. A current
      limiting resistor R25 is connected between the lead 58 and the collector
      of the transistor Q8. The collector of the transistor Q8 also is connected
      through a current limiting resistor R25 to the base of the transistor Q9.
      A series-connected resistor R26 and capacitor C11 are connected between
      the lead 58 and ground potential. The junction formed between the resistor
      R26 and the capacitor C11 is connected through a zener diode D7 to the
      base of the transistor Q8. Upon the initial application of the DC supply
      potential to the lead 58, the transistor Q9 immediately is conductive in
      its collector-emitter output circuit. This has the effect of connecting
      the pin 2 output of the multivibrator U1 to ground potential to prevent
      the conduction of the transistor Q5 and, consequently, to prevent the
      supply of a triggering pulse to the gate electrode 38 of the SCR Q7. At
      this time, the transistor Q8 is nonconductive in its output circuit
      because the capacitor C11 forms an effective short circuit of its
      base-emitter circuit. However, the continued application of the DC voltage
      on the lead 58 causes the capacitor C11 to be charged through the resistor
      R26.
PAR  When the voltage on the upper terminal of the capacitor C11 exceeds the sum
      of the breakdown voltage of the zener diode D7 and the base-emitter
      voltage drop required to render the transistor Q8 conductive, then the
      collector-emitter circuit of transistor Q8 becomes conductive and shunts
      the base-emitter circuit of the transistor Q9. The transistor Q9 then
      becomes nonconductive and the positive going edges of the oscillatory
      signal at pin 2 of the multivibrator U1 are permitted to cause the
      repetitive triggering of the gate electrode 38 of the SCR Q7. The time
      required to charge the capacitor C11 exceeds considerably the time
      required to charge the capacitor C2 connected to the primary winding P of
      the ignition coil 12. The capacitor C2 must be fully charged before the
      SCR Q7 is triggered because the latter is self-commutated as a result of
      the discharge of the capacitor C2 through it and the primary winding P. Of
      course, the interlock circuitry shown in FIG. 1 may be replaced by gate
      circuitry which prevents the application of a trigger signal on the gate
      electrode 38 of the SCR prior to the required charge level on the
      capacitor C2 being attained.
PAR  When the SCR Q7 is nonconductive between its anode and cathode, the
      capacitor C2 is charged from the +340 volt DC power supply through the
      current path including the inductor L1, the resistor R1, the inductor L2,
      the primary winding P of the ignition coil 12 and the ground circuit. When
      the SCR Q7 is triggered by a positive pulse applied to its gate electrode
      38, a current pulse is produced. Two such current pulses, caused by two
      successive trigger pulses applied to the gate electrode 38, are shown in
      the waveform of FIG. 2c. It may be seen that these current pulse have an
      alternating current waveform. At the end of the pulse, the SCR Q7 is
      self-commutated. This self-commutation is aided by the saturable inductor
      L2 which offers little impedance to current flow due to its saturable
      character.
PAR  FIG. 2d shows the voltage across the primary winding P upon the occurrence
      of the current pulses shown in FIG. 2c. It may be seen that this voltage
      is oscillatory and has a magnitude which decreases in a substantially
      exponential manner. It should be noted that the frequency at the maximum
      amplitude, left-hand portions of the oscillations are at a higher
      frequency than the frequency which occurs thereafter. In other words, the
      oscillation frequency decreases with voltage amplitude and as a function
      of time for reasons hereinafter explained.
PAR  With reference now to the waveforms of FIG. 3, which waveforms have phase
      correspondence to the signals of FIG. 2, there is shown in FIG. 3a the
      current flow through a 35 mil spark gap in air, at atmospheric pressure,
      the spark gap being connected in series with the capacitor C1 and across
      the secondary winding S of the ignition coil 12 as shown in FIG. 1. From
      this waveform, it may be seen that the current through the spark gap
      reverses in direction, that is, it is a truly alternating current
      waveform, and oscillates at a variable frequency. Further, the magnitude
      of the current decays in a substantially exponential manner during the
      course of its oscillation. FIG. 3d is an expanded view, on a 20
      microsecond per division time scale, of one of the oscillatory cycles
      shown in FIG. 3a. From FIG. 3d, it may be seen that the oscillations are
      not sinusoidal but rather are characterized by alternating current peaks
      which suddenly occur during the buildup of current in the spark gap. This
      is an important characteristic of the ferroresonant capacitor discharge
      ignition system of the invention. The frequency of the resonance is
      variable and defined by the equation f = V.sub.m /4N.sub.s .phi..sub.s
      where f is the frequency, V.sub.m is the instantaneous maximum voltage
      across the capacitor C1, N.sub.s is the number of turns in the secondary
      winding S of the ignition coil 12 and .phi..sub.s is the magnetic flux
      within the secondary winding S of the ignition coil 12. The shape of the
      alternating current waveform of FIGS. 3a and 3d is the result of the
      ferromagnetic core 14 of the ignition coil alternating between saturated
      and unsaturated conditions as a result of the discharge of the capacitor
      C2 through the primary winding P of the ignition coil. This produces the
      ferroresonant condition in the secondary circuit, which is described and
      defined by the foregoing equation. Of course, the direction of the
      magnetic flux in the ferromagnetic core alternates such that the core
      saturates in one direction, becomes unsaturated, and then saturates in the
      opposite direction.
PAR  In FIG. 3a, each of the oscillatory currents represents a separate spark
      discharge. Thus, multiple spark discharges or restrikes may occur. In
      fact, the circuitry shown in FIG. 1 is capable of producing 15 spark
      restrikes in a given spark gap 26 in a single combustion cycle in one
      cylinder of a reciprocating internal combustion engine.
PAR  In FIG. 3b, there is shown the voltage across the capacitor C1 when a 35
      mil spark gap in air is connected to the secondary winding S of the
      ignition coil in the manner shown in FIG. 1. Each of the two oscillatory
      voltage periods shown is characterized by a substantially exponentially
      decreasing voltage which begins at a high frequency and gradually
      decreases in frequency in accordance with the ferroresonant frequency
      defined by the foregoing equation.
PAR  FIG. 3c shows the voltage across the 35 mil spark gap in air connected to
      the secondary winding S as shown in FIG. 1. From this waveform, it may be
      seen that the spark gap voltage is alternating above and below ground
      potential and that during the current discharge through the spark gap the
      voltage waveform has a substantially square wave shape, with notch-like
      portions 70, which continues as long as current flows through the spark
      gap. At the cessation of current flow, a substantially sinusoidal and
      decreasing magnitude voltage occurs across the spark gap. The notch-like
      portions 70 are due to the large current flow, which produces a strong
      arc, through the spark gap.
PAR  The voltage and current waveforms shown in FIGS. 2 and 3 were obtained with
      an ignition coil 12 having a primary winding of one turn and a secondary
      winding of 160 turns. The primary winding P and secondary winding S were
      wound on a ferrite (manganese zinc) core having the shape of a closed,
      hollow cylinder with a central core running along its axis. The cylinder
      has an outside diameter of 42 millimeters and a height of 29 millimeters.
      The primary and secondary windings were wound about the central core. The
      capacitor C1 has a value of 50 picofarads. The remaining components in the
      circuit of Figure were of the values indicated therein. The capacitance
      values are given in microfarads, unless otherwise specified, and the
      resistance values are in ohms or, as indicated, in kilohms.
PAR  The design of the saturable ferromagnetic ignition coil 12 is not critical
      and may take various forms other than that described in the preceding
      paragraph. Also, the value of the capacitor C1 is of importance in
      producing ferroresonance in the secondary circuit during the discharge of
      the capacitor, C2 through the ignition coil primary winding P, but the
      capacitance C1 may be within a broad range. Values in excess of 1,000
      picofarads for the capacitor C1 have been used.
PAR  The DC voltage supply for charging the capacitor C2 and the value of this
      capacitor must be sufficiently large to permit the discharge of this
      capacitor through the primary winding P of the ignition coil 12 to produce
      a ferroresonant condition, as depicted in FIGS. 2 and 3, in the ignition
      system.
PAR  The circuitry of FIG. 1 is designed to provide multiple sparks during a
      given combustion cycle in a given combustion chamber of an engine. If it
      is desired to produce only one spark per combustion cycle, then the
      circuitry used to trigger the SCR Q7, or an equivalent device, need only
      comprise means, such as the cam 40 and breaker points 42, for triggering
      the discharge of the capacitor C2 through the primary winding P. Of
      course, a transistorized ignition system using a pulse generator driven by
      a distributor or the like may be used in place of the cam 40 and breaker
      points 42. Such breakerless ignition systems are well known.
CLMS
STM  Based on the foregoing description of the invention, what is claimed is:
NUM  1.
PAR  1. In combination with an internal combustion engine, a capacitor discharge
      ignition system which comprises:
PA1  an ignition coil having primary and secondary windings and a ferromagnetic
      core about which said windings are wound;
PA1  a spark plug having electrodes spaced to form a spark gap, one of said
      electrodes being coupled to one terminal of said secondary winding;
PA1  a first capacitor connected in series with said spark gap, one terminal of
      said capacitor being coupled to the other terminal of said secondary
      winding;
PA1  a second capacitor coupled to said primary winding;
PA1  a DC source of electrical energy;
PA1  circuit means for charging said second capacitor from said DC source of
      electrical energy and for discharging said second capacitor through said
      primary winding in timed relation to operation of said engine; and
PA1  said second capacitor when discharged through said primary winding
      producing ferroresonant oscillations in the secondary circuit of said
      ignition coil.
NUM  2.
PAR  2. In combination with an internal combustion engine, a capacitor discharge
      ignition system which comprises:
PA1  an ignition coil having primary and secondary windings and a ferromagnetic
      core about which said primary and secondary windings are wound;
PA1  a spark plug having electrodes spaced to form a spark gap, one of said
      electrodes being coupled to one terminal of said secondary winding;
PA1  a first capacitor connected in series with said spark gap, one terminal of
      said capacitor being coupled to the other terminal of said secondary
      winding;
PA1  a second capacitor coupled to said primary winding;
PA1  a DC source of electrical energy;
PA1  circuit means for charging said second capacitor from said DC source of
      electrical energy and for discharging said second capacitor through said
      primary winding in timed relation to operation of said engine; and
PA1  the capacitance of said second capacitor and the magnitude of said DC
      source of electrical energy being such that when said second capacitor is
      discharged through said primary winding, the portion of said ferromagnetic
      core about which said secondary winding is wound alternates between a
      saturated and unsaturated condition, an alternating current flows through
      said spark gap and a voltage is produced across said first capacitor which
      has a frequency f = V.sub.m /4N.sub.s .phi..sub.s where V.sub.m is the
      instantaneous maximum voltage across said first capacitor, N.sub.s is the
      number of turns in said secondary winding, and .phi..sub.s is the
      magnitude of the magnetic flux within said secondary winding at saturation
      of said ferromagnetic core.
NUM  3.
PAR  3. An ignition system according to claim 2 wherein said first capacitor has
      a capacitance value in the range from 50 to 1,000 picofarads.
NUM  4.
PAR  4. An ignition system according to claim 2 wherein said circuit means
      includes means for generating a gate signal in timed relation to operation
      of said engine and circuit means, supplied with said gate signal, for
      generating an oscillatory signal during said gate signal, said oscillatory
      signal controlling the frequency at which said second capacitor is
      discharged through said primary winding.
NUM  5.
PAR  5. An ignition system according to claim 4 wherein said oscillatory signal
      has a period in the range from 0.30 ms to 1.5 ms.
NUM  6.
PAR  6. An ignition system according to claim 5 wherein said gate signal has a
      duration within the range from 1 ms to 5 ms.
NUM  7.
PAR  7. An ignition system according to claim 4 wherein said circuit means for
      charging and discharging said second capacitor further includes interlock
      circuit means for preventing the discharge of said second capacitor until
      said second capacitor has been charged from said DC source of electrical
      energy.
NUM  8.
PAR  8. An ignition system according to claim 4 wherein said circuit means for
      charging and discharging said second capacitor includes a dual monostable
      multivibrator connected as an oscillator for producing said oscillatory
      signal, said dual monostable multivibrator being triggered by said gate
      signal.
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ABST
PAL  The carburetor has a principal fuel jetting system which is situated
      upstream of a principal throttle member actuated by the operator and, for
      cold starting, an auxiliary starting device, controlled by the engine
      temperature, to increase the flow-rate of fuel and if necessary the
      flow-rate of air admitted into the intake pipe of the engine with respect
      to the flow-rate corresponding to hot idling. The starting device
      comprises a closure valve means adapted, as long as the engine has not
      reached its normal operating temperature, to open a channel which receives
      a mixture of air and of fuel in a well-determined proportion and which
      opens into the zone of the intake pipe situated downstream of its
      principal throttle member. A starting valve situated in the intake pipe
      upstream of the principal jetting system, is maintained sufficiently open,
      when the engine is warm, not to substantially enrich the air/fuel mixture
      on idling and at very small engine loads.
BSUM
PAR  The invention relates to carburetor, for internal combustion engines, of
      the type which comprise, for the normal operation of these engines, a
      principal fuel jetting system which is situated upstream of a principal
      throttle member actuated by the operator and, for cold starting, an
      auxiliary starting device to increase the flow-rate of fuel and if
      necessary the flow- rate of air admitted into the intake pipe of the
      engine with respect to the corresponding flow-rate on hot running of the
      engine, said auxiliary starting device being controlled as a direct or
      indirect function of the temperature of the engine.
PAR  A first type of starting device is known which is constituted essentially
      by a starting or choke valve which is situated in the intake pipe upstream
      of the principal fuel jetting system. This valve is mounted on an
      eccentric axle so that it opens under the effect of the air flow which
      passes into said pipe, against the action of a return spring, and it has
      the effect of increasing the suction at the level of the abovesaid jetting
      system and, consequently, the richness of the air/fuel mixture admitted to
      the engine as long as the latter has not reached a minimum temperature.
PAR  Now regulations exist which are intended to limit atmospheric pollution and
      require that the flow-rates of air and fuel be more and more accurately
      metered especially when starting a warm engine, that is to say an engine
      whose temperature is at least of the order of 20.degree.C but less than
      the normal operating temperature. In order that a warm engine may be
      started and rotated at low speed, the richness of the air/fuel mixture
      which it receives must be slightly increased with respect to the richness
      corresponding to the normal running temperature of the engine, It is
      difficult to determine this slight enrichment by means of the starting
      valve since a slight error in the angular position of this valve involves
      a large modification of the richness of the slow speed mixture, and this
      all the more as the flow-rate of air at slow speed is less.
PAR  A second type of starting device is known which is constituted essentially
      by a closure valve means adapted, as long as the engine has not reached
      its normal operating temperature, to open a passage which receives a
      mixture of air and of fuel in predetermined proportions and which opens
      into the zone of the intake pipe of the carburetor situated dowstream of
      its principal throttle member. It is known however that the enrichment of
      the mixture determined by a starting device of the second type diminishes
      when the load on the engine increases and that in particular it is
      difficult to obtain thus a sufficiently rich mixture for the operation at
      full load of an engine at very low temperature.
PAR  It is an object of the invention to provide carburetors which deliver a
      fuel air mixture whose richness of the mixture that they deliver is
      adapted to the temperature of the engines that they supply so that, the
      exhaust gases of these engines comply with the antipollution regulations
      in all circumstances.
PAR  To this end, the carburetor of the type concerned is characterized by the
      fact that its starting device comprises, on the one hand, a closure valve
      means adapted, as long as the engine has not reached its normal operating
      temperature, to open a passage which receives a mixture of air and of fuel
      in well determined proportions and which opens into the zone of the intake
      pipe situated downstream of its principal throttle member and, on the
      other hand, a starting valve situated in the intake pipe upstream of the
      principal jetting system, the starting valve being held sufficiently open,
      when the engine is warm, not to substantially enrich the air/fuel mixture
      on slow speed running and at very small engine loads.
PAR  In this way, when the engine is cold, the enrichment is determined both by
      the closure valve means and by the starting valve. When the engine is
      warm, the enrichment is determined essentially by the closure valve means.
      Finally, when the engine is at its normal operating temperature, both
      starting devices no longer act on the richness of the mixture.
PAR  Preferably, the starting valve is urged towards closing by elastic means
      which are biased by an element sensitive to the temperature of the engine,
      which element also controls the closure vlave means.
PAR  In a preferred embodiment, the starting valve is urged towards closing by
      elastic means which are biased by an element sensitive to the temperature
      of the engine and it is subject to means sensitive to the pressure
      existing in the intake pipe downstream of its principal throttle member to
      set for this member an intermediate minimal degree of opening as soon as
      the engine rotates by itself after starting, the latter means being
      influenced by the abovesaid element to increase the minimal degree of
      opening in proportion as the temperature of the engine increases.
PAR  The elastic return means of the starting valve can be constituted by a
      spring mounted between a first lever rotatable about a fixed axis and a
      second lever rotatable on an axle carried by the first lever, the return
      force exerted by said spring being transmitted to the starting valve
      through a link rod coupled to the second lever towards the center of the
      latter, while one of the ends of this second lever carries its abovesaid
      axle and its other end cooperates with stop means controlled by the above
      said pressure sensitive means, the angular position of the first lever
      being determined by the temperature-sensitive element. In this case, the
      temperature-sensitive element can act on the first lever through a third
      lever pivoted towards its center on the abovesaid fixed axle and
      cooperating by abutment with the first lever in the direction
      corresponding to cooling of said element and through a spring in the
      opposite direction. In addition, the third lever can control the closure
      valve means through a spring adapted to yield when the closure valve means
      is stopped in closed position and the temperature-sensitive element
      continues to be heated. Finally, the second lever can be connected to the
      principal throttle member through a unidirectional transmission mechanism
      which moves this second lever in the direction tending to increase the
      minimal degree of opening of the starting valve when the principal
      throttle member opens.
DRWD
PAR  The invention will in any case be well understood by means of the
      additional description which follows and of the accompanying drawings,
      which description and drawings relate to a preferred embodiment of the
      invention, given of course purely by way of illustrative but non-limiting
      examples.
PAR  FIGS. 1 to 3 of these drawings show in diagrammatic elevation with parts
      cut away, one embodiment of a carburetor constructed according to the
      invention, of which the positions of its elements correspond to slow speed
      running, respectively, of a warm engine, of a cold engine and of a hot
      engine (that is an engine operating within its normal temperature range).
DETD
PAR  The carburetor comprises an intake pipe 1 in which is arranged, upstream of
      a principal throttle member (or butterfly valve) 2 under the control of
      the operator an eccentric starting valve 3 tending to open under the
      effect of the air flow in the pipe 1 against the effect of a return force
      transmitted through a link rod 4. This link rod connects a lever 5, fast
      to the axle 6 of the valve 3. A main fuel jetting system shown in broken
      lines in FIG. 1, opens into the pipe 1 between the principal throttle
      member and starting valve.
PAR  In the embodiment of FIGS. 1 to 3, the link rod 4 is coupled to a lever 7
      pivoted on an axle 8 which is carried by a lever 9. The abovesaid return
      force is exerted by a spring 10 connected, through one end, to a pin 11 of
      the lever 9 and through the other end, to a pin 12 of the lever 7. The
      lever 9 is pivoted on an axle 13 which is fixed. On this axle 13 also
      pivots a lever 14 whose ends 15 and 16 are subject to opposing forces. On
      the one hand, a spring 17 thrusts through a push-rod 18 against the end 15
      and on the other hand, the end 16 is in contact with the movable rod 19 of
      a temperature-sensitive element 20 of the type in which a material
      contained in a closed enclosure undergoes a variation in volume as a
      function of temperature, this variation in volume causing the movement of
      the rod 19. The element 20 is placed in a casing 21 wherein flows, between
      intake 22 and outlet 23 passages, a fluid whose temperature is
      representative of that of the engine.
PAR  The two levers 9 and 14 are made fast to one another, at least for certain
      positions of the lever 14, through a tension spring 24 fixed to pins 25
      and 26, placed respectively on the levers 9 and 14. Moreover, the pin 26
      serves as a stop for the lever 9. The pin 27 carried by the lever 9,
      cooperating with the upper section of the lever 7, enables the relative
      rotation of this latter lever to be limited with respect to the lever 9,
      around its axle 8.
PAR  The butterfly valve 2 comprises, besides the normal slow speed stop means
      (not shown), means for limiting its closing on cold operation. To
      constitute the latter means, there is fixed on the axle 28 of the
      butterfly valve 2, a lever 29 possessing a pin 30 which cooperates with
      the front face of the lever 31. The latter is mounted loosely on the axle
      28 and is connected through link means 32 to the end 15 of the lever 14,
      so that the lever 31 serves as a slow speed stop variable with
      temperature.
PAR  On the axle 28 is fixed a cam 33 cooperating with a roller 34 carried by
      one of the ends of a lever 35, pivoting on a fixed axle 36, of which the
      other end 37 cooperates with a second pin 38 of the lever 7. When the
      butterfly valve 2 is open, the cam 33 causes the lever 35 to pivot in
      anticlockwise direction, so that the contact of the pin 38 with the end 37
      of the lever 35 limits the closing of the valve 3.
PAR  A capsule 39 comprises a flexible diaphragm 40 subject on one side to the
      pressure existing in the pipe 1 downstream of the butterfly valve 2
      through a passage 41 and on the other to the atmospheric pressure. This
      diaphragm 40 is connected to a rod 42 which acts on one of the ends of a
      lever 43 pivoted on a fixed axle 44. The other end 45 of the lever 43
      cooperates with the upper section of the lever 7 to ensure a minimum
      opening of the valve 3, when the pressure downstream of the butterfly
      valve 2 is low. A screw 46 serving as a stop for the rod 42 enables the
      regulation of this minimum opening. A spring 47 opposes the force due to
      the difference in pressure exerted on the diaphragm 40.
PAR  The device which has just been described operates as follows.
PAR  When the engine is stopped cold, the rod 19 (see FIG. 2) is to a great
      extent inside the element 20, which gives the lever 14 a position such
      that the link means 32 and the lever 31 maintain the butterfly valve 2
      sufficiently open for the engine to rotate at slow speed. Moreover, the
      spring 10 is tensioned and exerts a closing torque on the axle 6 of the
      valve 3, to increase the suction on the spray orifices of the jetting
      system (not shown) which open at the level of a venturi 68, between the
      butterfly valve 2 and the valve 3.
PAR  After starting of the cold engine, all the elements take up the position of
      FIG. 2. The pressure downstream of the butterfly valve 2 is low and it is
      transmitted through the passage 41 to the capsule 39 which actuates the
      lever 43, whose end 45 then thrusts on the lever 7 to impose a minimum
      opening on the valve 3.
PAR  If the butterfly valve 2 now opens, it will be seen that the valve 3 must
      be prevented from reclosing, which could occur at low speeds of the
      engine, since the flow-rate of air passing in the pipe 1 is insufficient
      to open the valve 3 in this case. The cam 33 causes the lever 35 to pivot
      in anticlockwise direction and the end 37 drives the lever 7 through the
      pin 38, thus ensuring a minimum opening of the valve 3 in the case of
      heavy loads.
PAR  It may be noted that the minimum opening positions of the valve 3, whether
      they are imposed by the capsule 39 or by the cam 33, depend on the
      temperature of the element 20. In fact, the axle 8 of the lever 7 moves
      with the lever 9 and it occupies a position which depends on the
      temperature. It follows that the position of the valve 3, which depends on
      the position of the two ends of the lever 7, depends in part on the
      temperature of the element 20.
PAR  The carburetor defined above is completed by an air passage 48, which
      connects the part of the pipe 1 situated doiwnstream of the butterfly
      valve 2 to the part of the pipe 1 situated upstream of the fuel spray
      orifices and downstream of the valve 3, when the latter is closed. This
      passage 48 can be opened or closed according to the position of a needle
      valve 49 whose conical end 50 cooperates with a seat 51 to close the
      passage 48.
PAR  This valve 49 is controlled by a lever 52 pivoting on an axle 53. One end
      54 of the lever 52 cooperates with a part 55 of the valve 49 which forms a
      push-rod. The other end 56 of the lever 52 is thrust by a spring 57
      mounted on a rod 58, which is pivoted on the end 16 of the lever 14.
PAR  A nut 59 adjusts the active length of the rod 58. A spring 60 tends to open
      the valve 49. A flexible diaphragm 61 ensures fluid-tightness. A
      calibrated orifice 62, mounted in the passage 48 upstream of the valve 49,
      limits the maximum flow-rate of air passing into this passage. A fuel
      passage 63, connected to a float chamber (not shown), opens through a
      calibrated orifice 64 into the part of the channel 48 situated upstream of
      the valve 49 and downstream of the calibrated orifice 62.
PAR  The device described with reference to FIGS. 1 to 3 operates in the
      following way:
PAR  When the engine is warm, that is to say when its temperature is above the
      temperature limit in the neighborhood of 20.degree.C and below that
      corresponding to normal operation, the position of the elements is that
      which is shown in FIG. 1. In particular, the position of the lever 14 is
      such that the lever 52 enables the valve 49 to be opened under the effect
      of the spring 60. Moreover, the position of the butterfly valve 2 only
      depends on the normal slow speed stop (not shown), since the lever 31,
      driven by the link means 32, is no longer in contact with the pin 30.
PAR  When the engine is driven by the starter, the valve 3 is closed and ensures
      the necessary enrichment on starting. Immediately after starting, the
      capsule 39 holds the valve 3 more or less open. It has been seen that the
      degree of opening is a function of the temperature and the assembly is
      arranged so that the valve 3 is sufficiently open in order that, at slow
      speed and at very low loads, no enrichment of the carburetted mixture is
      produced.
PAR  In this case, the additional air admitted to the engine is determined by
      the calibrated orifice 62 and the fuel which passes through the calibrated
      orifice 64 can be metered with high accuracy. The air-fuel mixture
      supplied to the engine can even have a richness slightly below that of the
      mixture of a hot engine at slow speed, as is sometimes necessary to meet
      atmospheric pollution regulations.
PAR  At full load, of course the influence of the flow-rate passing in the
      passage 48 becomes negligible relative to the flow-rate passing in the
      intake pipe 1, but the valve 3, which tends to be closed by the spring 10,
      enables the necessary enrichment for the operation under load of the
      engine to be ensured.
PAR  When the engine is hot, the various elements occupy positions shown in FIG.
      3.
PAR  Under the effect of the displacement of the rod 19 towards the left of the
      Figures, the lever 14 and consequently the lever 9 rotate about the axle
      13 in anticlockwise direction. The pin 27 drives the lever 7 which, by
      acting on the link rod 4, opens the valve 3.
PAR  Simultaneously, the rod 58 pushes the lever 52 which closes the valve 49.
PAR  If, for any reason, the temperature of the element 20 continues to
      increase, the rod 19 must be left free to move lest the element 20 become
      damaged. This is the role of the springs 57 and 24 which enable the lever
      14 to pivot beyond the position corresponding to the hot engine, although
      the valve 3 may already be out of action.
PAR  There is thus obtained a device for starting and cold operation which uses,
      under all conditions, the closure valve means and the starting valve,
      except on the slow speed operation of a warm engine. In the latter case,
      the starting valve is without effect on the richness of the air-fuel
      mixture, which is determined by the calibrated orifices 62 for air and 64
      for fuel of the system controlled by the closure valve means.
CLMS
STM  I claim:
NUM  1.
PAR  1. Carburetor for an internal combustion engine, comprising:
PA1  an intake pipe;
PA1  an operator actuatable main throttle member in said pipe;
PA1  a main fuel jetting system which opens into said pipe upstream of said
      throttle member for providing fuel to the engine during operation thereof
      under load;
PA1  and an auxiliary cold starting and warm-up device responsive to the
      temperature of the engine to increase the flow rates of fuel and air
      delivered to the intake pipe, said auxiliary device including:
PA1  an unbalanced startng valve located in the intake pipe upstream of the
      outlet of said main fuel jetting system into said pipe;
PA1  resilient return means urging the starting valve towards its closed
      position and exerting a force which decreases in proportion to engine
      temperature as the temperature of the engine increases;
PA1  a passage which opens into said intake pipe downstream of the main throttle
      member;
PA1  closure valve means in said passage;
PA1  means for delivering a mixture of air from a zone of said intake pipe
      downstream of the starting valve and of fuel, having a predetermined
      richness, to said passage upstream of said closure valve means;
PA1  means responsive to the temperature of the engine and operatively connected
      to said closure valve means for closing said closure valve means when
      heated to a predetermined temperature; and
PA1  means responsive to the pressure existing in the intake pipe downstream of
      the main throttle member and limiting closure of said starting valve at
      small engine load whereby the air-fuel mixture is prevented from being
      substantially enriched,
PA1  wherein said limiting means are sensitive to pressure existing in the
      intake pipe downstream of the main throttle member to prevent said
      starting valve from closing beyond an intermediate degree of opening as
      soon as the engine is self running after starting, said pressure sensitive
      means cooperating with said temperature responsive means, whereby the
      minimal degree of opening is increased in proportion to engine temperature
      as the temperature of the engine increases; and
PA1  wherein said resilient means are constituted by a first spring mounted
      between a first lever rotatable about a fixed axis and a second lever
      rotatable on an axle carried by the first lever, the return force exerted
      by said first spring being transmitted to the starting valve through a
      link rod coupled to the second lever towards the center of the second
      lever, while one of the ends of the second lever carries the
      abovementioned axle and the other end cooperates with stop means
      controlled by said pressure sensitive means, the angular position of the
      first lever being determined by the temperature responsive means.
NUM  2.
PAR  2. Carburetor according to claim 1 wherein the temperature responsive means
      acts on the first lever through a third lever pivoted towards its center
      on said fixed axis and cooperating by abutment with the first lever in the
      direction corresponding to cooling of said temperature responsive means
      and through a second spring in the opposite direction.
NUM  3.
PAR  3. Carburetor according to claim 2 wherein the third lever controls the
      closure valve means through a third spring adapted to yield when the
      closure valve means is stopped in a closed position and the temperature of
      the temperature responsive means continues to rise.
NUM  4.
PAR  4. Carburetor according to claim 1 wherein the second lever is connected to
      the main throttle member through a unidirectional transmission mechanism
      which moves this second lever in the direction tending to increase the
      minimum degree of opening of the starting valve when the main throttle
      member opens.
NUM  5.
PAR  5. Carburetor according to claim 2 wherein the third lever controls a stop
      limiting the minimal degree of opening of the main throttle member.
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ABST
PAL  A gas-fired, infrared space-heater which is compact and has "sealed
      combustion", and which is particularly suited for small recreational
      vehicles and for boating and camping installations. A vent for the
      products of combustion is provided through a flue which is surrounded by a
      concentric fresh air inlet pipe which provides a heat-exchange
      relationship to heat the incoming air by the gases being exhausted.
BSUM
PAR  This invention relates to infrared space-heaters, and particularly to
      compact gas-fired heaters for uses such as in recreational vehicles, boats
      and camping installations.
PAR  An object of this invention is to provide improved compact space heaters. A
      further object is to provide sealed combustion infrared heaters which are
      compact in construction, light in weight and adaptable to various
      conditions of operation and use. A further object is to provide a compact
      space heater with a high percentage of infrared output so as to provide
      quiet and instantaneous heat distribution within a confined space without
      requiring a circulating fan or any moving parts. A further object is to
      provide for the above with heaters which are safe and efficient in
      operation and which overcome difficulties encountered with similar
      constructions in the past. These and other objects will be in part obvious
      and in part pointed out below.
DRWD
PAR  IN THE DRAWINGS:
PAR  FIG. 1 is a perspective view of one embodiment of the invention; and
PAR  FIG. 2 is a vertical sectional view of the heater taken along line 2--2 of
      FIG. 1.
DETD
PAR  Referring to FIG. 2 of the drawings, a space heater 2 has a flue
      construction 4, and it receives fuel gas through a line 6. Heater 2 has a
      base portion 8 which forms a plenum chamber 9 for fresh air from which the
      air passes into the burner. A cylindrical heat-resistant infrared
      transparent glass chimney 10 rests upon base 8 and is closed at the top by
      a top construction 12. Base 8 and top construction 12 are of greater
      diameter than chimney 10, and three tie-rods 11 extend downwardly through
      the top construction and into the base, thus supporting the top
      construction and clamping the chimney in place. The base, chimney, top
      construction and flue construction have a common axis, and positioned
      concentrically within the flue is a cylindrical infrared burner 14. Burner
      14 has a closed top and it receives a mixture of air and gas through a
      central bottom port 16. Gas is supplied from line 6 through a spiral metal
      heat-exchange tube 18 and a control valve 20 having a knob 22.
PAR  Flue construction 4 is formed by an inner flue 24 and an outer flue 26
      having an annular passageway 25 therebetween for the incoming fresh air.
      The products of combustion pass radially outwardly through the cylindrical
      burner wall and thence inwardly and upwardly through flue 24. The top of
      the flue construction is protected by a vent unit 28 which has exhaust
      ports 30 for flue 24. Unit 28 also has air inlet ports 32 from which fresh
      air flows into the top of passageway 25. The top construction 12 provides
      an annular passageway 38 at the bottom of passageway 25, and the fresh air
      passes therefrom downwardly through a metal tube 40 to the plenum chamber
      9 in base 8.
PAR  A jet of the gas from valve 20 is directed upwardly into an aspirator unit
      44 and the fresh air enters unit 44 through the side ports 46, and a
      proper mixture of gas and air enters the bottom of the burner through port
      16. The regenerative countercurrent flow of the flue gases and fresh air
      in the flue construction 4 provides high overall efficiency, and the flue
      gases are reduced in temperature to within a temperature range which is
      acceptable without special safety precautions. The incoming air is further
      heated in metal tube 40 so that heated air is supplied to plenum chamber
      9. A parabolic reflector 50 (see also FIG. 1) is mounted around a segment
      of chimney 10 substantially concentric therewith so as to reflect the
      radiant heat toward the front of the heater. The top construction has an
      access door or "lid" 51 at the front of the heater.
PAR  The top of base 8 and the top construction form with chimney 10 a "sealed
      combustion" chamber to which the gas-air mixture is supplied at the bottom
      and from which the flue gases pass at the top. Also, the closed fresh air
      passageway surrounds the path for the flue gases so as to avoid leakage of
      flue gases into the heated space. Hence, the entire installation is
      troublefree from the standpoint of containing the products of combustion.
      The construction provides very dependable and efficient gas-air
      circulation with the flue gases being exhausted due to the chimney effect
      in flue 24 and with the cold fresh air passing downwardly through
      passageway 26 with the aid of "cold air shaft" effect. Unit 44 is adjusted
      to provide the optimum gas-air mixture. That is provided by the simple
      construction and adjustment because of the preheating of the incoming fuel
      gas in tube 18. The wide variations in the temperature of fresh air, which
      normally occur with space heaters, cause difficulties in insuring the
      proper gas-air ratio for the burner. However, in accordance with the
      present invention that difficulty is overcome by heating the fresh air and
      then heating the fuel gas to substantially the temperature of the heated
      fresh air. The countercurrent heat-exchange relationship between the flue
      gases and the fresh air insures that warm air is supplied to the burner
      even at extremely low temperatures, and the preheating of the fuel gas
      insures against there being an inbalance in the gas-air ratio throughout
      wide ranges of outside temperatures and operating conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A space heater comprising a base providing a plenum chamber for fresh
      air, a chimney mounted upon said base, a top construction closing the top
      of said chimney and providing an exhaust port for flue gases and a fresh
      air inlet port for fresh air, a flue construction providing concentric
      passageways for flue gases and for incoming fresh air connected to
      discharge flue gases from said exhaust port and to deliver fresh air to
      said fresh air inlet port, said flue construction providing heat-exchange
      passageways for heating the incoming fresh air by heat from the flue
      gases, the construction including means to deliver fresh air from said
      inlet port to said plenum chamber, a burner positioned within said chimney
      and having a vertically-disposed heat radiating zone from which heat
      radiates through said chimney, and means to supply fuel gas to said burner
      with entrained fresh air from said plenum chamber including a
      heat-exchange tube within said plenum chamber through which the fuel gas
      flows to thereby heat the fuel gas to a temperature near the temperature
      of the fresh air in said plenum chamber.
NUM  2.
PAR  2. A space heater as described in claim 1 wherein said chimney and said
      burner are cylindrical and are positioned with substantially concentric
      vertical axes.
NUM  3.
PAR  3. A space heater as described in claim 2 which includes a spiral
      heat-exchange tube positioned within said plenum chamber and through which
      fuel gas flows to said burner to thereby heat the fuel gas to a
      temperature near that of the fresh air in the plenum chamber.
NUM  4.
PAR  4. A space heater as described in claim 3 which includes a metal air-inlet
      tube extending vertically through said chimney and providing a passageway
      for fresh air passing to said plenum chamber.
NUM  5.
PAR  5. A space heater as described in claim 4 which includes a structure
      surrounding the remote end of said flue construction and shielding said
      passageways and providing ports for the exhaust of the flue gas and the
      entry of fresh air.
NUM  6.
PAR  6. A space heater as described in claim 5 wherein said base and top
      construction are of greater diameter than said chimney, and tie-bolts
      extending outside of said chimney between said base and said top
      construction and hold said base and top construction in substantially
      gas-tight relationship at the top and bottom edges of said chimney.
NUM  7.
PAR  7. A space heater as described in claim 6 wherein said burner is a
      cylindrical infrared burner wall and a top wall.
NUM  8.
PAR  8. A space heater as described in claim 7 wherein said chimney is
      infrared-transparent glass.
NUM  9.
PAR  9. A space heater as described in claim 8 which includes a parabolic
      reflector at the rear of said chimney to reflect the infrared heat.
NUM  10.
PAR  10. In a space heater, the combination of, a vertical axis chimney
      constructed of material which transmits radiant heat, a bottom structure
      closing the bottom of said chimney, a top structure substantially closing
      the top of said chimney and having an exhaust port, means securing said
      bottom and top structures against the respective extremeties of said
      chimney to thereby form a closed chamber with said exhaust port for the
      flue gases at the top, an infrared gas burner centrally positioned within
      said chamber and presenting a radiating surface from which heat is
      radiated through said chimney with the products of combustion being
      discharged from said burner into said chamber and thence through said
      exhaust port, means to provide fresh air to said burner along a flow path
      which subjects the fresh air to the heating action of the flue gases,
      means forming a plenum chamber through which the heated fresh air passes
      to said burner, and means to supply fuel gas to said burner along a
      heat-exchange path with the fresh air passing to said burner to cause the
      temperature of the fuel gas to approach that of the fresh air when flowing
      to said burner.
NUM  11.
PAR  11. Apparatus as described in claim 10 wherein said chimney is cylindrical
      and is made of glass, and wherein said bottom structure forms a base which
      encloses said plenum chamber.
NUM  12.
PAR  12. Apparatus as described in claim 11 wherein said burner is cylindrical
      with its axis substantially at the axis of said chimney.
NUM  13.
PAR  13. Apparatus as described in claim 10 which includes a metal tube
      extending through said closed chamber and through which the fresh air
      flows in heat exchange relationship with the flue gases.
NUM  14.
PAR  14. Apparatus as described in claim 10 which includes a flue construction
      providing concentric passageways for the flue gases passing upwardly and
      for the incoming fresh air passing downwardly and providing a heat
      exchange relationship there between.
NUM  15.
PAR  15. In a space heater, the combination of, a vertical axis chimney having a
      heat-radiating wall constructed of material which transmits radiant heat,
      a bottom structure closing the bottom of said chimney, top structure
      substantially closing the top of said chimney and having an exhaust port
      for the flue gases at the top, said top and bottom structures closing the
      extremeties of said chimney and forming a closed chamber, means rigidly
      mounting said chimney and said top and bottom structures to form a compact
      unit, an infrared gas burner positioned within said chamber and presenting
      a heat-radiating surface from which heat is radiated through said
      heat-transmitting wall of said chimney with the products of combustion
      being discharged from said burner into said chamber and thence through an
      exhaust port, means to provide fresh air to said burner, means forming a
      plenum chamber through which the heated fresh air passes to said burner,
      and means to supply fuel gas to said burner along a heat-exchange path
      with the fresh air passing to said burner to cause the temperature of the
      fuel gas to approach that of fresh air when flowing to said burner.
NUM  16.
PAR  16. A space heater comprising, a vertical-axis gas burner having a burner
      structure of the type through which a combustible mixture of fuel gas and
      air is discharged while being ignited so as to produce intense heat
      radiation throughout a heat radiating zone which is exposed radially
      outwardly with respect to said axis, means forming a closed chamber
      surrounding said burner and including a vertical wall portion which
      extends upwardly coextensive with and substantially parallel to said
      heat-radiating zone, said wall structure being of radiant heat
      transmitting material whereby radiant heat passes radially outwardly
      through said wall structure in a uniform manner from said heat-radiating
      zone and out of said chamber, means to supply a mixture of fuel gas and
      air in proportions to provide substantially complete combustion without
      excess oxygen, said means forming said chamber including a base through
      which said mixture of fuel gas and air is delivered to said inlet port of
      said burner and a top construction providing an exhaust port for flue
      gases whereby said chamber provides a flue in which the products of
      combustion pass upwardly and discharge heat by conduction, said means to
      supply the mixture of fuel gas and air including means to pass the fuel
      gas in heat exchange relationship with the air to cause the temperature of
      the fuel gas to approach that of the fresh air when flowing to the zone
      where said mixture is produced.
NUM  17.
PAR  17. A space heater comprising, a substantially cylindrical, vertical axis
      gas burner structure of the type through which a combustible mixture of
      fuel gas and air is discharged while being ignited so as to produce
      intense heat radiation throughout a heat-radiating zone which is exposed
      radially outwardly with respect to said axis, means forming a
      substantially cylindrical, closed chamber surrounding said burner and
      having a substantially common axis with said burner and including a
      vertical wall portion which extends upwardly coextensive with and
      substantially parallel to said heat-radiating zone, said wall structure
      being of radiant heat transmitting material whereby radiant heat passes
      radially outwardly through said wall structure in a uniform manner from
      said heat-radiating zone and out of said chamber, means to supply a
      mixture of fuel gas and air in proportions to provide substantially
      complete combustion without excess oxygen, said means forming said chamber
      including a base through which said mixture of fuel gas and air is
      delivered to said inlet port of said burner and a top construction
      providing an exhaust port for flue gases whereby said chamber provides a
      flue in which the products of combustion pass upwardly and discharge heat
      by conduction.
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ABST
PAL  A spherical system for the concentration and extraction of solar energy
      includes a boiler fitted with a heat transfer fluid such as liquid sodium
      and connectable to means for converting heat energy to electrical energy
      such as a magneto-hydrodynamic generator. The boiler is surrounded by a
      concentrically spaced spherical shell having a plurality of aplanatic
      lenses set into the shell in such manner as to receive and collect the
      sun's rays onto the boiler. Apparatus is provided for cleaning the
      exterior of the shell and lenses to facilitate the passage of radiant
      energy therethrough, this means being shown as comprising a pair of
      circular conduits supported in concentrically spaced relation to the shell
      upon carriages movable along a circular trackway so the conduits can
      rotate around the vertical axis of the shell. Nozzles are carried by and
      communicate with the interior of the conduit for selectively directing
      jets of cleaning water and drying air against the surface of the shell as
      the cleaning unit revolves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a SPHERICAL SYSTEM FOR THE CONCENTRATION
      AND EXTRACTION OF SOLAR ENERGY, and more particularly to apparatus for
      collecting the radiant energy of the sun, concentrating it and supplying
      it in the form of heat energy to other apparatus for converting the heat
      energy to useful work.
PAR  The system of the present invention is particularly directed to the
      conservation of fossil and fission energy sources by collecting and
      converting the radiant energy from the sun into forms useful to man. A
      number of approaches have been made to the problem of collecting solar
      energy, but these have largely been impractical for various reasons. Some
      systems, such as the photo-voltaic cell, have proved to be fairly
      effective, but the cost is prohibitive for other than highly specialized
      uses. Mirror and Fresnel lens systems require complicated and expensive
      heliostat tracking drive systems to keep them pointed to the sun. Other
      systems require relatively fragile equipment covering large areas of land.
      All of these systems suffer from the problem of dust, mud and the like
      obscuring and cutting off the radiant solar energy, thus greatly reducing
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  The system of the present invention is relatively compact and versatile in
      nature and the apparatus can be set up and operated in almost any desired
      location. The solar energy impinges upon a strong and sturdy spherical
      shell into which a plurality of lenses are inset. These lenses collect the
      radiant solar energy and concentrate it upon a spherical heat energy
      receiving element concentrically positioned at the center of the spherical
      shell.
PAR  A heat transfer fluid is piped into the heat energy receiving element to
      pick up the heat energy directed onto such element by the lenses. The
      heated fluid is then circulated to apparatus capable of utilizing the heat
      energy to generate electricity to perform other useful work.
PAR  In order to avoid any diminishing of the efficiency of the unit, apparatus
      is provided for inspecting, washing and drying the exterior surface of the
      shell and the lenses inset therein. The unit is therefore able to operate
      at maximum efficiency winter and summer. The solar energy collecting
      portion of the apparatus is fixed and has no moving parts other than the
      fluid circulating through the heat energy receiving element. Therefore,
      the unit remains operative at all times and impervious to ordinary
      mechanical breakdowns.
PAR  It is therefore a principal object of the invention to provide an improved
      system for concentrating and extracting solar energy from the rays of the
      sun and transferring such energy to desired locations in usable form.
PAR  Another object of the present invention is to provide a system of the
      character set forth in which the solar energy receiving structure is
      spherical in form and is constructed to direct and concentrate the rays of
      the sun onto a heat energy receiving element positioned at the center of
      the sphere.
PAR  A further object of the invention is to provide a system of the character
      set forth in which the collection and concentration of the sun's rays is
      accomplished by a plurality of aplanatic lenses inset into a spherical
      shell.
PAR  A still further object of the invention is the provision, in a system of
      the character described, of apparatus for inspecting and cleaning the
      outer surface of the shell and its lenses.
PAR  Yet another object of the present invention is to provide a system of the
      character described in which the solar energy receiving and collecting
      apparatus is fixed and immovable and thus not subject to equipment
      breakdowns, maintenance and repair problems.
PAR  Further objects and features of advantage will become apparent as the
      specification progresses, and the new and useful features of the present
      invention will be defined in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred form of the present invention is illustrated in the
      accompanying drawings, forming a part of this description, in which:
PAR  FIG. 1 is a vertical, cross-sectional view of a spherical system for the
      concentration and extraction of solar energy constructed in accordance
      with the present invention;
PAR  FIG. 2 is a plan view of the system of FIG. 1;
PAR  FIG. 3 is a schematic view of solar energy receiving collection portion of
      the apparatus of FIG. 1 and illustrating the concentrating of the sun's
      rays onto a heat energy receiving element positioned at the center of the
      spherical shell;
PAR  FIG. 4 is an enlarged fragmentary view of a portion of the spherical shell
      of FIG. 1 illustrating the arrangement of lenses inset therein;
PAR  FIG. 5 is a plan view of a preferred form of lens;
PAR  FIG. 6 is a side elevational view of the form of the lens illustrated in
      FIG. 5; and
PAR  FIG. 7 is a further enlarged schematic view of the arrangement of lenses
      illustrating the effective use of surface area.
DETD
PAR  While only the preferred form of the invention has been shown, it should be
      understood that various changes or modifications may be made within the
      scope of the claims without departing from the spirit of the invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, it will be seen that the apparatus for
      the concentration and extraction of solar energy of the present invention
      herein includes a generally spherical member 11 mounted to receive the
      rays of the sun, a heat energy receiving element 12 positioned at the
      center of the spherical member 11, a plurality of lenses 13 in said
      spherical member formed for concentrating and directing heat energy
      radiation impinging said spherical member 11 onto said heat energy
      receiving element 12, together with means 14 connected to said heat energy
      receiving element for receiving heat energy therefrom and adapted for
      connection to equipment 16 for utilizing such heat energy to perform work.
PAR  The spherical member 11 is preferably in the form of a thin shell supported
      on a framework 17 in concentrically spaced relation to the heat energy
      receiving element 12, the latter being supported at the geometrical center
      of shell 11 on a vertical standard 18.
PAR  The lenses 13 are inset in closely spaced relation in the shell 11, see
      FIGS. 5 and 7. By arranging the lenses in clusters, as illustrated in FIG.
      7, only about 4% of the area of the cluster is lost. The lenses 13 are
      preferably substantially aplanatic in form, free of spherical aberration,
      for focusing the radiant solar energy on the heat energy receiving element
      12. As may be seen from FIG. 3 of the drawings, as the angle of incidence
      of the sun's rays with respect to lenses 13 varies because of the apparent
      movement of the sun across the sky, the lenses 13 still concentrate and
      direct the heat energy radiation received from the sun onto the heat
      energy receiving element 12.
PAR  The lenses 13 may be of any suitable convergent form capable of
      concentrating and focusing the sun's rays onto the element 12. Because
      element 12 is preferably spherical and concentric with shell 11, an
      aplanatic lens is preferred. A recent lens development, known as a
      trilobite lens, is capable of more accurately focusing the sun's rays on
      the target, whatever its aspect. The trilobite lens is illustrated in
      FIGS. 5 and 6 of the drawings. Other types of aplanatic lenses, such as
      Cartesian lenses and octagonal prismatic and even non-aplanatic lenses,
      may be found useful in the concentric spherical system of the present
      invention.
PAR  As here shown, the element 12 is preferably also spherical in shape and is
      concentric with the shell 11. As the rays of the sun are focused by the
      lenses 13 onto the element 12, the surface thereof heats up to perhaps
      1000.degree., and this heat energy is conducted to the interior of the
      element 12 where it imparts thermal energy to a heat transfer fluid
      contained in the boiler-like element 12. The spherical element 12 may be
      coated on the outside with a heat-absorbing layer and may have a thin film
      metallic coating on the inside to prevent trapped heat energy from
      radiating back out.
PAR  The heat transfer fluid may comprise any suitable liquid or gas capable of
      performing the described function. However, for reasons of efficiency and
      versatility, it is preferred to use liquid sodium as the heat transfer
      fluid. As may be seen in FIG. 3 of the drawings, relatively cool heat
      transfer fluid is piped into the lower part of the boiler 12 through an
      intake conduit 19, and the heated fluid is removed from the upper part of
      the boiler through a discharge conduit 21. The heated fluid, which may
      attain temperatures on the order of 1000.degree.F, passes through means 14
      to means 16 where the thermal energy is utilized to perform useful work.
      The means 16 conveniently may generate steam under pressure by use of a
      conventional heat exchanger or steam boiler, or the thermal energy may be
      used to generate electricity either through a steam turbine and generating
      system or a magneto-hydrodynamic generator.
PAR  In accordance with the present invention, cleaning means 22 is provided for
      removing from the exterior surface of the spherical shell 11 and its
      lenses 13 any dust or other materials which might impede free passage of
      the rays of the sun through the lenses. As shown in FIGS. 1 and 2 of the
      drawings, the cleaning means 22 is formed for washing and drying the
      exterior surface of the spherical shell and the lenses carried thereby.
      This washing and drying action is accomplished by a plurality of fluid jet
      nozzles 23 mounted on frame means 24 and inwardly directed toward the
      exterior surface of the spherical shell 11.
PAR  As here shown, the frame means 24 provides a generally circular conduit
      carried in concentrically spaced relation to the exterior of the shell 11,
      with the fluid jet nozzles 23 being mounted on and communicating with the
      interior of the conduit 26.
PAR  As may best be seen in FIG. 1 of the drawings, the conduit 26 preferably is
      formed in two sections at opposite sides of the shell with one section 27
      being adapted for a connection to a source of water under pressure and the
      other section 28 being adapted for connection to a source of air under
      pressure. Suitable cleaning agents, such as detergents, may be added to
      the cleaning water and, if desired, the water and/or air may be heated.
PAR  In order to provide coverage of the entire exterior surface of the shell
      11, the conduit 26 is concentric thereto and is formed to rotate around
      the vertical axis of the shell. For this purpose, the conduit 26 is
      carried on a supporting structure 29 mounted on carriages 31 running on a
      circular track 32 and having drive means 33 for selectively moving the
      carriages on the track.
PAR  Inspection and/or repair of the shell 11 and lenses 13 is accomplished from
      a platform 34 mounted for vertical and radial movement on a support 36.
PAR  From the foregoing, it will be seen that the spherical system for the
      concentration and extraction of solar energy of the present invention
      provides a compact and sturdy structure which may be kept at optimal
      operating efficiency with a minimum of maintenance and repair.
CLMS
STM  I claim
NUM  1.
PAR  1. Apparatus for collecting solar energy, comprising
PA1  a generally spherical member mounted to receive the rays of the sun,
PA1  a heat energy receiving element positioned at the center of said spherical
      member,
PA1  a plurality of lenses in said spherical member formed for concentrating and
      directing heat energy radiation impinging said spherical member onto said
      heat energy receiving element,
PA1  and means connected to said heat energy receiving element for receiving
      heat energy therefrom and adapted for connection to equipment for
      utilizing such heat energy to perform work.
NUM  2.
PAR  2. Apparatus as described in claim 1 and wherein said lenses are
      substantially aplanatic and are of trilobite form.
NUM  3.
PAR  3. Apparatus as described in claim 1 and wherein said heat energy receiving
      element is substantially spherical in shape.
NUM  4.
PAR  4. Apparatus as described in claim 3 and wherein said heat energy receiving
      element comprises a pressurized boiler.
NUM  5.
PAR  5. Apparatus as described in claim 4 and wherein said heat energy receiving
      element utilizes a heat transfer fluid, and is provided with inlet and
      outlet passages for circulating said fluid through said element to pick up
      said heat energy directed onto said element by said focusing lenses.
NUM  6.
PAR  6. Apparatus as described in claim 5 and wherein said heat transfer fluid
      is liquid sodium.
NUM  7.
PAR  7. Apparatus as described in claim 1 and wherein said spherical member is
      provided with cleaning means for removing from the exterior surface
      thereof any dust and other materials impeding receipt of the rays of the
      sun.
NUM  8.
PAR  8. Apparatus as described in claim 7 and wherein said cleaning means is
      formed for washing and drying the exterior surface of said spherical
      member and the lenses thereon.
NUM  9.
PAR  9. Apparatus for the concentration and extraction of solar energy,
      comprising
PA1  a generally spherical member having a supporting tower,
PA1  a plurality of convergence lenses inset into said spherical member and
      formed for receiving and focusing the rays of the sun onto an area at the
      center of said spherical member,
PA1  a spherical boiler having a supporting standard and positioned in said area
      for receiving the focused rays of the sun from said lenses,
PA1  frame means in spaced relation to the exterior of said spherical member,
PA1  and a plurality of fluid jets carried on said frame means and inwardly
      directed toward said spherical member for effecting cleaning of said
      lenses.
NUM  10.
PAR  10. Apparatus as described in claim 9 and wherein said spherical member
      comprises a shell of generally spherical form and said lenses are inset
      into said shell.
NUM  11.
PAR  11. Apparatus as described in claim 10 and wherein said frame means
      provides a generally circular conduit carried in concentrically spaced
      relation to the exterior of said shell, and said fluid jets are provided
      by nozzles mounted on and communicating with the interior of said conduit.
NUM  12.
PAR  12. Apparatus as described in claim 11 and wherein said conduit is formed
      in two sections at opposite sides of said shell with one section adapted
      for connection to a source of water under pressure and the other section
      adapted for connection to a source of air under pressure.
NUM  13.
PAR  13. Apparatus as described in claim 11 and wherein said conduit is formed
      to rotate around the vertical axis of said shell.
NUM  14.
PAR  14. Apparatus as described in claim 12 and wherein said conduit is formed
      to rotate around the vertical axis of said shell, said conduit is carried
      on a supporting structure having carriages running on a circular track,
      and drive means is provided for selectively moving said carriages on said
      track.
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ABST
PAL  A heat exchanger which includes a core of heat transmitting metal having a
      plurality of cylindrical passages directed therein. Heat supply means,
      such as a combustion chamber, is associated with the core and a heat
      transfer medium, such as water, is introduced into the passages in a
      spiral manner wherein the medium rotates within the passages to reduce
      boundary effects improving heat transfer characteristics. The heat
      exchange is characterized by its ability to efficiently transfer heat in a
      concise configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the field of tube type heat exchangers wherein a
      heat transfer medium passes through heat exchanger passages in a spiraling
      manner.
PAR  Tube type heat exchangers utilizing means for imparting a spiraling motion
      to a heat transfer medium, such as water, brine, or the like, are known.
      The advantage of imparting a spiraling motion to a heat transfer medium is
      to reduce the formation of heat insulation boundaries developing at the
      inner surface of the conduit or passage, and the rotation and turbulence
      of the medium assures high efficiency heat transfer between the medium and
      heat exchanger. However, known heat exchangers utilizing a spiraling
      medium flow produce such spiraling action by means of guides, vanes,
      restrictions and other apparatus which impedes the flow of the medium
      through the exchanger creating a resistance which must be overcome by
      employing relatively large pumps, complicated distribution apparatus and
      other equipment which increases the size of the heat exchanger and
      associated equipment.
PAR  While relatively small heat exchangers are known, such as hot water or
      steam boilers, such devices have not enjoyed high efficiencies with
      respect to heat transfer and high heat transfer efficiency heretofore has
      often been sacrificed in heat exchangers of a concise configuration. In
      this present age of fuel shortages low efficiency heat exchangers cannot
      be tolerated.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a heat exchanger of a concise
      configuration which is capable of operating at high efficiencies of heat
      transfer.
PAR  Another object of the invention is to provide a concise heat exchanger
      through which a liquid heat transfer medium may flow wherein a minimum of
      resistance to flow is produced, yet high efficiencies are achieved by a
      spiraling movement of the liquid through core passages.
PAR  An additional object of the invention is to provide a heat exchanger
      utilizing a spiraling heat transfer medium flow through passages wherein
      the spiraling of the medium is accomplished without restrictions or
      impeding structure within the passages.
PAR  A further object of the invention is to provide a furnace embodiment of a
      heat exchanger constructed in accord with the invention wherein a wave
      trap and baffles are used in the combustion chamber to effectively
      transfer heat from the chamber to the exchanger core, and wherein a
      complete combustion is obtained very low in polluting emissions.
PAR  In the practice of the invention the heat exchanger includes an elongated
      core having a plurality of cylindrical passages defined therein. The
      passages have an inlet end and an outlet end, and the heat exchanging
      medium is introduced into the inlet end of the passages in a direction
      substantially tangential to the passages wherein the medium has a
      spiraling action within the passages creating a flow path and turbulence
      highly conducive to high efficiency heat transfer. No restrictions exist
      within the passages and the medium is also preferably ejected from the
      passages in a tangential manner to provide optimum flow characteristics.
PAR  The heat transfer medium is introduced into a chamber adjacent the inlet
      end of the passages and vanes within the chamber impart an initial
      spiraling action to the medium which further augments the spiraling action
      of the medium as it directly enters the heat exchanging passages. In the
      disclosed furnace embodiment a combustion chamber is disclosed as being
      centrally formed within the core, and wave trap and transfer means within
      the combustion chamber effectively transfers the heat therein directly to
      the core.
PAR  A heat exchanger in accord with the invention may be effectively used with
      combination heating and air conditioning units exteriorly located of the
      dwelling, and the efficiency of a heat exchanger in accord with the
      invention permits a furnace, for instance, to be concisely housed within a
      relatively small housing for location adjacent the space being heated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned objects and advantages of the invention will be apparent
      from the following description and accompanying drawings wherein:
PAR  FIG. 1 is a diametrical, elevational, sectional view of a heat exchanger in
      accord with the invention as taken along section I--I of FIG. 2,
PAR  FIG. 2 is a plan, transverse, sectional view taken along section II--II of
      FIG. 1,
PAR  FIG. 3 is a plan, transverse, cross-sectional view as taken along section
      III-III of FIG. 1, and
PAR  FIG. 4 is a plan, transverse, cross-sectional view as taken along section
      IV-IV of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings the heat exchanger in accord with the invention is
      illustrated as a furnace, and the inventive concept is used to particular
      advantage in a furnace embodiment. However, it is to be appreciated that
      the principles and concept of the invention may also be used in other heat
      exchangers utilizing fluid heat transfer mediums. For instance, the core
      and passages of the invention could be used with refrigeration means to
      cool water or brine.
PAR  In the disclosed embodiment a typical relationship of components used to
      practice the invention as a furnace are disclosed, and it will be
      appreciated that the concepts of the invention may be employed in a wide
      variety of structural variations.
PAR  The disclosed heat exchanger includes a generally cylindrical core 10
      formed of a material having high heat transfer characteristics, for
      instance, aluminum or copper. The core may be formed as an extrusion, for
      purposes of economical manufacture, or may be constructed of tubular stock
      in which the heat transfer medium passages are drilled.
PAR  The interior of the core 10 is provided with a longitudinally extending
      cylindrical bore 12 intersecting the core's upper end 14, and the lower
      end 16. A plurality of longitudinally extending heat transfer medium
      receiving passages 18 of a cylindrical configuration are concentrically
      spaced about the axis of the core and radially spaced relatively close to
      the bore 12. The upper end of the core is recessed at 20 to form an
      annular chamber 22, and the adjacent end regions of the passages 18 are
      intersected by tangentially disposed inlet ports 24 having an axial length
      equal to the depth of the chamber 22. The ports 24 are tangentially
      disposed to the associated passage 18, FIG. 2, and the ports of the
      passages are related in a common direction to the passages.
PAR  The lower end of the core is machined to a reduced diameter defining an
      annular recess 26 forming chamber 28. Throughout the axial length of the
      chamber 28 the core is machined to define tangential outlet ports 30, FIG.
      4, which intersect the passages 18 and the chamber 28, and are disposed in
      a tangential direction with respect to its associated passage opposite in
      direction to the inlet port 24, FIG. 2.
PAR  An inner head 32 is mounted to the upper end of the core and is of a dished
      configuration defining a cylindrical chamber 34 corresponding in diameter
      to the chamber 22 wherein these two chambers define a large inlet chamber.
      The inner head 32 is provided with a central opening 36, and a plurality
      of vanes 38, FIG. 2, are affixed to the head adjacent the opening 36
      obliquely disposed outwardly in a direction similar to the tangential
      orientation of the inlet ports 24.
PAR  An outer head 40 is attached to the inner head 32 by screws 42 and the
      outer head also defines a circular chamber 44 and includes vanes 46
      similar in configuration and orientation to the vanes 38. The outer head
      40 is provided with a flue receiving opening 48, and a threaded hole 50
      receives the heat exchanging medium inlet conduit fitting 52.
PAR  The lower end of the core is enclosed by lower head 54 engaging the core
      lower end 16. The lower head 54, and the inner head 32 are disclosed as
      being related to the core by a cylindrical casing 56 whose ends are welded
      to the inner head and lower head. The casing includes a heat transfer
      medium outlet fitting 58 communicating with the chamber 28.
PAR  The core 10 is heated by a combustion chamber generally indicated at 60.
      The combustion chamber apparatus includes a burner nozzle 62 mounted in
      the lower head 54 which will burn natural or liquified gas. The ignition
      of the fuel is accomplished by the electrical spark device 64, of
      conventional construction. Air ports 66 are defined in the head 54, and
      may be obliquely disposed wherein air entering the ports spirals within
      the combustion chamber about the nozzle to produce a turbulence for
      effectively transmitting heat to the core.
PAR  An axially extending wave trap 68 is located within the combustion chamber
      60, and the wave trap is defined by stacked segments which form annular
      concave recesses 70. The wave trap 68 reduces the combustion noise and
      produces a turbulence of the heated gases by creating a spinning action
      within the recesses 70 which aids in transmitting heat to the core.
PAR  Air ports 72 are defined in the lower region of the wave trap and also
      extend through the lower head 54. The air ports 72 are obliquely disposed
      with respect to the axis of the combustion chamber to produce a swirling
      action within the combustion chamber, and the air passing through ports 66
      augments this action.
PAR  Additional turbulence of the heat gases, noise reduction and heat transfer
      is produced by the disks 74 mounted in the combustion chamber each
      including arcuate semicircular openings 76 as will be apparent from FIGS.
      2 and 3. The disks 74 are in firm engagement with the walls of the core
      bore 12 and further aid in effectively transferring heat to the core.
PAR  The lower region of the flue 78 is of a diameter directly engaging the bore
      12 so as to further effectively transfer heat to the core, and the upper
      portion of the flue of a reduced diameter to be closely received in a
      sealing relationship with the outer head central opening 48.
PAR  In operation, the heat transfer medium, such as water, or a solution of
      water and antifreeze, is forced into the chamber 44 through the fitting
      52. The fitting 52 may be tangentially disposed to the chamber 44 to
      facilitate the spiraling action, but regardless of the fitting
      orientation, the presence of the vanes 46 will impart a counterclockwise
      rotation to the fluid medium as it flows through the central opening 36
      adjacent the flue 78. The counterclockwise spiraling of the medium, FIG.
      2, as it enters the chambers 22 and 34, is further augmented by the
      presence of the vanes 38, and thus it will be appreciated that the medium
      will be rotating in a counterclockwise direction within the chamber
      adjacent the inlet ports 24.
PAR  As the direction of the rotation of the heat transfer medium within the
      chamber 22 is in the direction most effectively received by the inlet
      ports 24 the fluid medium entering the passages 18 will have a high
      rotative force imposed thereon due to the orientation of the ports, and
      the direction of rotation of the medium as it enters the ports.
PAR  The medium flows downwardly through the passages 18 counterflow to the
      direction of heat passing upwardly through the combustion chamber 60 and
      flue 78. The fluid path of the medium through the passages is
      counterclockwise as viewed in FIGS. 2-4, and this strong spiraling effect
      eliminates any boundary layer within the passages adjacent the core and a
      most effective transfer of heat from the core to the medium takes place.
PAR  The fluid medium is discharged from the passages 18 through the outlet
      ports 30 into the annular lower chamber 28, and is removed from the heat
      exchanger through the outlet conduit fitting 58. As the outlet ports 30
      are disposed in that tangential direction to most effectively discharge
      the fluid medium from the passages without creating a restriction or back
      pressure, the fluid flow through the passages adjacent the lower region of
      the core continues to be in a spiral manner and the medium is effectively
      discharged from the passages with little resistance.
PAR  The heat transfer fluid medium flow through the heat exchanger in accord
      with the invention occurs with little resistance as no restrictions exist
      within the passages 18. The spiraling motion of the fluid medium is
      accomplished solely by the tangential injection of the medium into the
      passages and thus restrictions such as produced by passage guides, vanes
      and other flow control devices commonly used within heat exchanging tubes
      are eliminated.
PAR  The core 10 functions as a direct heat sink as the core is in direct
      engagement with the combustion chamber and thus a high efficiency of heat
      exchanging is achieved. This fact, in conjunction with the spiraling
      action of the medium flowing through the passages, the high heat transfer
      characteristics of the core material, and the construction of the
      combustion chamber, wave traps and baffle discs, permit a furnace of
      approximately one foot in length to provide sufficient heat to heat a
      conventional sized dwelling. For instance, heat exchangers of this type
      may be mounted within combination heating and air conditioning housings
      exteriorly located of the dwelling wherein the heated heat transfer medium
      is pumped through finned heat exchangers located within the dwelling air
      circulation system. Also, it will be appreciated that this type of heat
      exchanger may directly function as a boiler in a hot water heating system.
PAR  If the heat exchanger in accord with the invention is located within a
      space to be heated, the casing 56 may be provided with fins on its
      exterior surface to increase surface area such that the casing itself may
      contribute to the ambient heating.
PAR  The concise configuration of the heat exchanger, and its quiet operation,
      permit this type of heat exchanger to be used at the place of need, rather
      than requiring long conduits or ductwork, and the elimination of a pilot
      light conserves fuel.
PAR  It is appreciated that variations in construction will be apparent to those
      skilled in the art without departing from the scope of the invention. For
      instance, pluralities of sets of passages 18 could be formed in the core
      10, the combustion chamber 60 could be replaced by an expansion chamber of
      a refrigeration system if the heat exchanger was to be used for cooling,
      rather than heating, purposes. Further, the casing 56 could be eliminated
      by making slight modifications to the configuration of the core, wherein
      the core heads are directly attached to the core by head screws.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat exchanger characterized by its high heat exchanging capabilities
      in a concise configuration comprising, in combination, an elongated heat
      conducting core having first and second end regions, a plurality of
      passages defined in said core extending between said end regions, said
      passages each having first and second end regions, respectively, heat
      exchanging supply means associated with said core controlling the
      temperature thereof, a first chamber communicating with said core first
      end region and said passages' first ends, a second chamber communicating
      with said core second end region and said passages' second ends, inlet
      fluid heat transfer means communicating with said first chamber, outlet
      fluid heat transfer means communicating with said second chamber, and
      fluid flow control means introducing a fluid heat transfer medium into
      said passages' first end in a spiraling manner to effectively transfer
      heat between said core and the medium within said passages, said fluid
      flow control means including elongated inlet ports defined in said core
      having a length parallel to the length of said core and communicating with
      said first chamber and intersecting said passages' first ends in a
      substantially tangential manner.
NUM  2.
PAR  2. In a heat exchanger as in claim 1 wherein said heat exchanging supply
      means comprises a combustion chamber defined within said core, wave traps
      defined within said combustion chamber having annular recesses
      communicating with said combustion chamber, heat diffusion and transfer
      means within said combustion chamber in engagement with said core
      transferring heat from said combustion chamber to said core and a burner
      nozzle within said combustion chamber.
NUM  3.
PAR  3. A heat exchanger characterized by its high heat exchanging capabilities
      in a concise configuration comprising, in combination, an elongated heat
      conducting core having first and second end regions, a plurality of
      passages defined in said core extending between said end regions, said
      passages each having first and second end regions, respectively, heat
      exchanging supply means associated with said core controlling the
      temperature thereof, a first chamber communicating with said core first
      end region and said passages' first ends, a second chamber communicating
      with said core second end region and said passages' second ends, inlet
      fluid heat transfer means communicating with said first chamber, outlet
      fluid heat transfer means communicating with said second chamber, and
      fluid flow control means introducing a fluid heat transfer medium into
      said passages' first end in a spiraling manner to effectively transfer
      heat between said core and the medium within said passages, said fluid
      flow control means including vanes defined in said first chamber imparting
      a rotating movement to heat transfer medium flowing into said first
      chamber from said inlet heat transfer means.
NUM  4.
PAR  4. In a heat exchanger as in claim 3 wherein said first chamber includes
      first and second stage chambers, said inlet heat transfer means
      communicating with said first stage chamber, said first stage chamber
      communicating with said second stage chamber and fluid medium rotation
      imparting vanes defined in both stages of said first chamber.
NUM  5.
PAR  5. A heat exchanger characterized by its high heat exchanging capabilities
      in a concise configuration comprising, in combination, a core of heat
      conducting material having a longitudinal axis, an inlet end and an outlet
      end, a longitudinal, axially extending combustion chamber centrally
      defined within said core, a burner nozzle within said combustion chamber,
      a plurality of longitudinally extending cylindrical passages defined in
      said core having inlet and outlet ends, a first chamber communicating with
      said core inlet end and communicating with said passages' inlet ends, a
      second chamber communicating with said core outlet end and communicating
      with said passages' outlet ends, an inlet conduit communicating with said
      first chamber, an outlet conduit communicating with said second chamber,
      and fluid flow control means within said first chamber imparting a
      rotative motion to fluid entering said passages' inlet ends whereby fluid
      passing through said passages moves in a spiraling manner therethrough.
NUM  6.
PAR  6. In a heat exchanger as in claim 5 wherein said fluid flow control means
      include vanes defined in said first chamber imparting a rotating movement
      to fluid received from said inlet conduit.
NUM  7.
PAR  7. In a heat exchanger as in claim 5 wherein said flow control means
      include axially extending ports defined in said passages' inlet ends
      communicating with said first chamber and substantially tangentially
      related to the associated passage.
NUM  8.
PAR  8. In a heat exchanger as in claim 6 wherein said flow control means
      include axially extending ports defined in said passages' inlet ends
      communicating with said first chamber and substantially tangentially
      related to the associated passage.
NUM  9.
PAR  9. In a heat exchanger as in claim 5 wherein said first chamber includes
      first and second stage chambers, said inlet conduit communicating with
      said first stage chamber, said first stage chamber communicating with said
      second stage chamber and rotation imparting vanes defined in both stages
      of said first chamber.
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ABST
PAL  For use in testing for the presence of micro-organisms, a tampon, and a
      plurality of devices incorporated therein, said devices each include a
      culture medium for promoting the growth of micro-organisms and a carrier
      means for carrying the culture medium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 329,862,
      filed Feb. 5, 1973, and entitled "Method and Device for Testing for the
      Presence of Micro-Organisms" now U.S. Pat. No. 3,842,166.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices for testing for the presence of
      micro-organisms.
PAR  At the present time, in order to determine whether or not a patient suffers
      from certain meladies, a physician will take a swab and apply it to an
      area of the body where the presence of micro-organisms is suspected,
      removing a smear from the suspected area and applying to a culture medium
      which is then incubated in a suitable incubator for a period of time so as
      to determine whether or not the suspected micro-organisms are indeed
      present. Thus, the physician will apply the swab to the ear, nose, throat,
      vagina, or the like, and will then apply a smear to the culture medium
      which is normally supported in a suitable dish. After the smear is applied
      to the surface of the culture medium, the dish with the medium is placed
      in the incubator, and after a given incubation period at a predetermined
      temperature the culture medium is inspected to determine whether or not
      there has been growth of the suspected micro-organisms.
PAR  Thus, with the above conventional procedures it is essential to carry out
      the steps of applying the swab to the area which is suspect, transferring
      a smear to the culture medium, and an incubator is required to receive the
      culture medium.
PAR  These procedures are relatively involved, create a certain amount of
      discomfort to the patient, and require the use of equipment such as an
      incubator. Very often a physician does not have an incubator available for
      his own use and must send the swab with the smear thereon to a laboratory
      where the incubation is carried out. The laboratory will then inform the
      physician of the result of the incubation.
PAR  In addition to the disadvantages resulting from the time and inconvenience
      as well as the equipment required for the above conventional procedures,
      there is always the possibility that an incorrect diagnosis is made. For
      example, it may happen that the micro-organisms are thriving in the body
      of a patient whereas in the transfer of the smear to the culture medium
      and in the incubation thereof the conditions for growth of the
      micro-organisms are different from that which prevails in the body, so
      that even though a negative result is indicated after incubation,
      nevertheless micro-organisms may still be present unknown to the physician
      because the conditions for growth in the incubator are not the same as in
      the body and improper diagnosis results. Moreover, because of the delay
      encountered with the above procedures it often is not possible to treat a
      patient as soon as is desirable. The result is that for safety purposes
      patients will sometimes be treated for diseases whch they actually do not
      have.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      device which will avoid the above drawbacks.
PAR  In particular, it is an object of the invention to provide a device which
      will eliminate the need for an incubator.
PAR  In addition, it is an object of the present invention to provide a device
      which will eliminate the necessity for transferring with a swab a smear
      from a suspected area of a patient to a culture medium.
PAR  Furthermore, it is an object of the present invention to provide a an
      apparatus which will enable the presence of micro-organisms to be detected
      under the very same conditions as those prevailing in the body of a
      patient.
PAR  In addition, it is an object of the present invention to provide a device
      which will enable tests for the presence of micro-organisms to be carried
      out in a simple, inexpensive, highly convenient manner directly by an
      attending physician without requiring the use of the facilities of a
      laboratory. Thus, it becomes possible with the present invention to avoid
      any delays such as those involved in mailing specimens to a laboratory to
      test it.
PAR  According to the invention a culture medium is introduced directly into a
      body cavity where it is suspected that micro-organisms may be present.
      This culture medium is permitted to remain in the body cavity for a period
      of time which is sufficient to indicate growth of the micro-organisms if
      indeed they are present. After this latter period of time has elapsed the
      culture medium is removed from the body cavity and examined so that an
      accurate diagnosis can be conveniently made in as short a time as
      possible.
PAR  The device of the invention includes a culture medium which is carried by a
      carrier means which together with the culture medium has a size and
      configuration enabling the device to be comfortably and conveniently
      introduced into a body cavity to remain temporarily therein for the time
      required for the micro-organisms, if any, to grow at the culture medium,
      so that after removal of the device it can be examined to make an accurate
      diagnosis.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic illustration of a device of the invention situated in
      a body cavity;
PAR  FIG. 2 is a sectional elevation, on an enlarged scale as compared to FIG.
      1, of the device of FIG. 1 taken along line 2--2 of FIG. 1 in the
      direction of the arrows;
PAR  FIG. 3 is an elevation of another possible embodiment of a device according
      to the invention;
PAR  FIG. 4 is a sectional plan view of the device of FIG. 3 taken along line
      4--4 of FIG. 3 in the direction of the arrows; and
PAR  FIG. 5 is a schematic representation of the manner in which the device of
      the invention may be incorporated into a tampon, according to a further
      feature of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, instead of obtaining a smear from
      a part of the body where it is suspected that micro-organisms are present
      and placing the smear on a culture medium which is then incubated, the
      culture medium is placed directly in the body cavity at the area where the
      presence of the micro-organisms is suspected, and after a time normally
      required for growth of the micro-organisms, if any, the device of the
      invention is removed from the body cavity and examined so as to diagnose
      whether or not there are indeed micro-organisms present at the body
      cavity. In this way it becomes unnecessary to use incubators, to transfer
      a smear to a culture medium, and the diagnosis is made as rapidly as
      possible and as accurately as possible since the growth of the
      micro-organisms, if any, takes place directly in the body under precisely
      the same conditions which prevail in the body of the patient.
PAR  Thus, referring to FIG. 1, there is schematically illustrated therein a
      part 10 of the body of a human being, this part 10 having the body cavity
      12. This schematically illustrated body cavity 12 may be any cavity of the
      body such as the mouth, the nose, a sinus passage, the ear, the anal
      canal, the vagina, the urethra, the uterus, etc.
PAR  Assuming that a physician suspects a given area of the body as being
      infected by a micro-organism, the physician will simply introduce into the
      body cavity where the presence of infection is suspected a device 14
      according to the present invention. This device 14 includes a culture
      medium 16 (FIG. 2) which may be any known culture medium which will
      promote the growth of micro-organisms if the latter are present. Since
      such micro-organisms normally are not capable of retaining a given shape
      and size, the culture medium 16 is carried by a carrier means which
      includes a body 18 of compressed filamentary material and an outer frame
      20 which carries the compressed body 18 of filamentary material. This body
      of filamentary material 18 may be compressed cotton fibers, fine gold wire
      filament, or any fine plastic monofilaments such as nylon or polyester
      filaments which when compressed form a large surface area having a large
      number of interstices in which the nutrient or culture medium 16 will
      become located. The frame 20 forms a shell which surrounds the body of
      compressed filamentary material 18 to retain the latter in its compressed
      condition. This frame 20 in the example of FIG. 2 includes a pair of
      receptacles portions 20a and 20b joined together at their mating flanges
      22 and releasably held together for example by gluing these flanges to
      each other if desired. The walls of the shell 20a and 20b are formed with
      a large number of openings 24 through which the micro-organisms will have
      free access to the culture medium 16.
PAR  In the embodiment of FIGS. 3 and 4, in order to expose as large an area as
      possible of the culture medium, the compressed body 18 of filamentary
      material which supports and carries directly the culture medium 16 is
      situated within and surrounded by a frame 26 made up of a number of
      intersecting ribs 28 which provide the relatively large open spaces
      indicated in FIGS. 3 and 4 so that the culture medium is almost entirely
      exposed at the outer surface of the compressed body of filamentary
      material 18.
PAR  According to the embodiment of FIG. 5, which is particularly adapted for
      use in testing for gonorrhea or vaginitis, the device of the invention
      such as that of FIG. 2 or that of FIG. 3 is incorporated into a tampon 30
      of the type which is normally inserted into the vagina during the mentrual
      cycle, this tampon 30 having the string 32 which enables it to be
      conveniently removed. Thus, FIG. 5 shows a pair of the devices 14
      incorporated into the tampon 30 which may then be conveniently introduced
      into the vagina to remain therein for a period of time sufficient to
      permit micro-organisms if they are present to grow at the culture medium
      in the devices 14. Then the tampon 30 is removed and the physician may
      examine the devices 14 to determine whether or not micro-organisms are
      present.
PAR  With respect to the devices of FIGS. 2 and 3, the outer frame such as the
      frame 20 of FIG. 2 or the frame 26 of FIG. 3 may be made of any metal or
      plastic compatible with the human body. The compressed body of filamentary
      material may be made of any of the filamentary materials referred to above
      or combinations thereof, or in fact any filamentary material compatible
      with the human body.
PAR  Examples of suitable culture mediums are as follows:
PAC  EXAMPLE 1
PAR  The following constitutes a diagnostic medium for determining the presence
      of candida albicans in vaginal infection. This basic medium is made
      antibacterial by the addition thereto of neomycin sulfate.
PAR  A medium is made of the following composition:
TBL  Yeast Extract           0.1%                                              

     Glycine                 1.0%                                              

     Dextrose                1.0%                                              

     Bismuth Sulfite Indicator                                                 

                             0.8%                                              

     Neomycin Sulfate        0.0002%                                           

     Agar                    2.0%                                              

     Water q.s.              100.0%                                            

PAR  When C. Albicans is present black colonies appear, while any other fungus
      will not give this type of growth. Bacteria are inhibited by both the
      Neomycin Sulfate and Bismuth Sulfite Indicator.
PAC  EXAMPLE 2
PAR  For identifying Alpha and Beta Hemolytic
TBL  ______________________________________                                    

     Beef Heart Infusion     500 gm.                                           

     Tryptose                10 gm.                                            

     Sodium Chloride         5 gm.                                             

     Agar                    20 gm.                                            

     Water, q.s.             1000 ml.                                          

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  For detecting bacterial growth in urine:
TBL  Peptone                 10 gm.                                            

     Lactose                 5 gm.                                             

     Sucrose                 5 gm.                                             

     Dipotassium Phosphate   2 gm.                                             

     Agar                    20 gm.                                            

     Eosin Y                 0.4 gm.                                           

     Methylene Blue          .065 gm.                                          

     Water, q.s.             1000 ml.                                          

     This shows a green metallic sheet with E. Coli.                           

PAC  EXAMPLE 4
PAR  For indentifying Staphylococci:
TBL  110 Media                                                                 

     ______________________________________                                    

     Yeast Extract           2.5 gm.                                           

     Tryptose                10.gm.                                            

     Gelatin                 30 gm.                                            

     Lactose                 2 gm.                                             

     d-Mannitol              10 gm.                                            

     Sodium Chloride         75 gm.                                            

     Dipotassium Phosphate   5 gm.                                             

     Agar                    20 gm.                                            

     Water, q.s.             1000 ml.                                          

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  For indentifying Proteus:
TBL  Urea-Agar Base                                                            

     ______________________________________                                    

     Peptone                 1 gm.                                             

     Dextrose                1 gm.                                             

     Sodium Chloride         5 gm.                                             

     Monopotassium Phosphate 2 gm.                                             

     Urea                    20 gm.                                            

     Phenol Red              .012 gm.                                          

     Agar                    20 gm.                                            

     Water, q.s.             1000 ml.                                          

     ______________________________________                                    

PAR  Thus, with any suitable culture medium, such as those in the examples
      above, it is possible for the physician utilizing the device of the
      present invention, simply to introduce the device directly into the body
      cavity where it is suspected that the micro-organisms are present. The
      device is permitted to remain in the body cavity for the period of time
      required for growth of the micro-organism, if indeed it is present, and
      thereafter the physician will remove the device of the invention and will
      examine it so as to determine whether or not micro-organisms are indeed
      present. Since the device of the invention is incorporated directly into
      the body cavity to remain there at body temperature and under the exact
      conditions prevailing in the body, ideal conditions for growth of
      micro-organisms, if they are present, are used, and thus a far more
      accurate diagnosis is possible with the present invention than with
      conventional techniques and apparatus. In addition, any physician can
      readily practice the method of the invention without requiring the use of
      special equipment, laboratories, or the like, so that not only is there a
      great convenience and high accuracy in the diagnosis, but in addition
      there is a minimum of delay in making the diagnosis.
PAR  In any of the above devices, the culture medium may be divided into several
      sections for indicating, respectively, the presence of different
      micro-organisms, so that a broad spectrum type of differential devices is
      utilized for simultaneously growing a number of different culture. Also,
      in the case of the tampon, the devices incorporated therein may have,
      respectively, different culture mediums for indicating the presence of
      different micro-organisms.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in testing for the presence of micro-organisms, a tampon of a
      type which could be inserted into the vagina during the menstrual cycle,
      and at least one device embedded within and surrounded by the tampon, said
      device including a culture medium for promoting the growth of
      micro-organisms and a carrier means carrying the culture medium and
      rendering the latter accessible to fluids absorbed by the tampon for
      growing in the culture medium micro-organisms present in the fluids.
NUM  2.
PAR  2. The combination of claim 1 and wherein a plurality of said devices are
      embedded within and surrounded by the said tampon.
NUM  3.
PAR  3. The combination of claim 2 and wherein the culture mediums of said
      plurality of devices respectively have different compositions indicating
      the presence of different micro-organisms.
NUM  4.
PAR  4. The combination of claim 2 and wherein said plurality of devices are
      longitudinally distributed along said tampon.
NUM  5.
PAR  5. The combination of claim 1 and wherein the carrier means includes a
      compressed body of filamentary material surrounded by the culture medium
      and having the latter situated in interstices within the compressed body
      of filamentary material and said carrier means further including an outer
      frame surrounding and holding the compressed body of filamentary material
      and the culture medium and formed with openings through which
      micro-organisms will have free access to the culture medium.
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ABST
PAL  Apparatus for safe puncturing of a central vein having a flexible catheter
      and a one-way valve connected thereto. A flexible extension tube connects
      the catheter with a multiway valve for connecting venous pressure means
      and supply means to the patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for the use of a central venous
      catheter preferably by puncturing of the vena subclavia in the human body.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Great advantages have been obtained by the method of administering liquid
      and nourishment into the patient through a central venous catheter means,
      as for instance applied to vena subclavia. Such a venous catheter means is
      used for measuring the central venous pressure, giving an indication of
      the liquid status of the human body during supply of liquid or nourishment
      into the patient in large amounts.
PAR  In spite of the advantages, this method has not become commonly used due to
      certain problems and disadvantages in priorly known venous catheters
      systems. The problems of applying a central venous catheter by puncture of
      the vena subclavia are mainly caused by the fact that there is a
      subpressure prevalent in the vena subclavia, and, therefore, the risk of
      drawing air into the patient with subsequent air emboli is always to be
      considered. When puncturing the vena subclavia or changing infusion
      substance or accessories it is, therefore, of the greatest importance that
      this is done while keeping in mind the subpressure that is present in the
      vein and in the venous catheter system.
PAR  A priorly known venous catheter system comprises an infusion cannula having
      a catheter means which is mounted in sealed condition in an adapter formed
      with a through bore, and in which the cannula extends somewhat outside the
      catheter. When puncturing the vena subclavia the patient is placed in a
      particular position, whereupon the cannula is filled with a suitable
      liquid by means of a syringe, and at the time when the vena subclavia is
      punctured blood is drawn into the syringe, and the cannula is drawn out at
      the same time the outlet is closed so that no air is allowed to enter the
      catheter. The catheter and the adapter are attached directly to the chest
      of the patient with the aid of tape or the like. If the venous pressure is
      to be measured or liquid or nourishment is to be administered to the
      patient, a flexible tube is connected directly between the venous pressure
      gauge or the bottle of liquid or nourishment and the venous catheter,
      whereby all air is carefully removed from the connection point. It is to
      be noted that only one connection may be established at the time. When
      providing this connection, the venous catheter will certainly be rotated
      or turned, which may cause the patient pain and create a risk that the
      catheter which is usually made of a thin plastic material is broken. There
      is also the risk that air is sucked into the vein due to the prevailing
      subpressure in the vein. This is also the case when changing over from
      measuring the venous pressure to infusing some substance. Further, there
      is also always a risk of infection when working close to the point of
      puncture. This also applies to a situation wherein an injection is given
      via the central venous catheter by means of a syringe.
PAR  In order to avoid the disadvantages of the previously known venous catheter
      means having an adapter, the adapter has been substituted by a one-way
      valve or a three-way valve having two outlets, wherein two different
      accessories may be connected to the venous catheter means, for instance, a
      venous pressure meter to one of the outlets and a liquid or nourishment
      pipe to the other outlet. The risk of introduction of air is, however,
      still greater with the three-way valve means, and the risk of buckling or
      twisting of the catheter when turning the adjustment tap of the three-way
      valve is also great and so is the risk of contamination of the point of
      puncture.
PAR  The present invention intends to overcome the said disadvantages or priorly
      known venous catheter systems and to provide a system in which the risk of
      air emboli, the risk of buckling of the catheter and the risk of
      contamination at the point of puncture are eliminated or at least greatly
      reduced, and in which a venous pressure meter and one, two or more
      infusion medium supplies may be connected simultaneously.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is based on the idea that all adjustable connection means are
      removed from the point of puncture, and in its most simple form the
      invention comprises an infusion cannula having a flexible catheter which
      is mounted in a one-way valve and wherein the cannula may be pulled out,
      and a joint tube which is connected to the one-way valve and which carries
      in its free end several connection means for simultaneous and alternative
      connection of a venous pressure meter, an injection syringe, and different
      liquid media.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows diagrammatically the apparatus according to the invention
      connected to a patient in bed, wherein two infusion media and a venous
      pressure meter are connected simultaneously to the venous catheter system;
PAR  FIG. 2 illustrates in greater detail, an embodiment of the invention, in
      which a venous pressure meter and an injection syringe are connected
      simultaneously to the venous catheter system;
PAR  FIG. 3 shows the venous catheter with the cannula introduced therein,
      illustrating the method of puncturing a vein; and
PAR  FIG. 4 shows an embodiment of the venous catheter system according to the
      invention including means for connecting several infusion or measuring
      devices.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus according to the invention generally comprises a valve
      catheter 1 connected to a flexible extension tube 2. At the other end of
      the extension tube 2, a connection means 3 is provided for one or more
      drop bottles (vitrum guttificans) and a venous pressure meter 5. The valve
      catheter is applied to the vena subclavia just under the collarbone, for
      the purpose of continuously or intermittently gauging the central venous
      pressure, supplying large amounts of liquids during long periods or
      frequently taking venous samples. As pointed out above there is a
      subpressure in the vena subclavia, and a risk that air may be sucked into
      the said vein during the puncture and application of the catheter, or
      adjustment or substitution of connection parts adjacent the valve
      catheter. There is also a risk that the catheter is buckled or twisted if
      changes of connections are frequently made at the valve catheter. For this
      reason and in order to avoid too close a contact with the point of
      puncture and the risk of infection caused thereby, the valve catheter
      according to the invention is provided with the flexible extension tube 2,
      which at one end is connected in sealed relationship to the connection
      hose 7 of the valve catheter, such as by means of an aperture cone and tap
      cone lock. A preferred embodiment of such an aperture cone and tap cone
      lock is illustrated by connection 8 and known under the trademark
      LUER-LOK. The other end of extension tube 2 is provided with a multiway
      cock, such as a three-way cock 9 having two connections 10 and 11, for a
      venous pressure meter 5, and an infusion device or an injection syringe 12
      for direct injection through the extension tube and the catheter 1.
PAR  As best seen in FIG. 3, the valve catheter comprises a one-way valve 13
      having a connection 14 of the above-noted LUER-LOK type and an outlet
      connection 15 in which a catheter 16 of a thin and flexible material is
      mounted in sealed condition. The valve is provided with attachment wings
      17 whereby the valve may be attached directly to the patient. A cannula 18
      extends through the valve and the catheter and the tip 19 thereof projects
      somewhat out of the catheter 16. The valve 13 is of the conventional
      tapvalve type, and the valve tap is provided with a handle in the form of
      two wings 20 indicating the flow direction through the valve tap. In the
      position shown in FIG. 3 the valve is open, such that the cannula 18
      extends straight through the valve tap, and when the cannula is withdrawn
      from the catheter 16, a flow may occur through the valve catheter. This is
      the normal position for infusion or gauging the venous pressure. The
      attachment wings 17 of the valve catheter are attached by means of a tape
      or the like 21 directly to the patient.
PAR  The flexible extension tube 2 may be of any suitable material which is
      flexible and resistant against the stresses which may occur. At one end it
      is formed with connection means of the LUER-LOK type for a locking and
      sealing engagement with the connection 7 of the valve catheter. At the
      other end, the extension tube 2 is provided with a three-way valve 9. The
      three-way valve 9 is also of the tap-valve type, wherein the tap handle is
      indicating the flow direction through the valve. At one connection 10 of
      valve 9, the venous pressure means or meter 5 is connected via a pressure
      conduit 23 which at both ends is provided with connection means 24 and 25
      of the LUER-LOK type. The venous pressure means 5 may, if desired, be
      provided at the lower end with a further three-way valve 26 of the same
      type as the valve 9, and the meter is, in conventional manner, formed as
      an open and graduated pipe 27 having an attachment clamp by means of which
      the pipe may be fastened at any suitable place and level in relation to
      the patient. Normally, the venous pressure meter is located with its zero
      point on the same horizontal level as the center of the heart of the
      patient.
PAR  As indicated in FIG. 2, an injection syringe 12 may be connected to the
      connection 11 of the three-way valve 9 for direct injection through the
      valve 9, the extension tube 2 and the valve catheter 1. In this situation,
      the valve handle 22 is adjusted such that the intermediate handle
      pinpoints to the left, i.e., the venous pressure meter is disconnected.
      Without such disconnection there is a risk that the infusion medium is
      forced into the venous pressure meter.
PAR  In the embodiment shown in FIG. 4, a three-way valve 29 which may be of the
      same type as the valve 9, has an aperture cone connection means 30 and is
      coupled to connection 11, and to a connection 31 of the three-way valve
      29. A dropping bottle 4 is coupled over the flexible tube 32 to connection
      31.
PAR  For injecting two different media simultaneously, means for supplying the
      second medium may be connected to the free connection 33 of the three-way
      valve 29. Also, an injection syringe may be applied in the same way as
      shown in FIG. 2. If the free connection 33 is not used, a protection cover
      34 is screwed on for preventing penetration of air and contamination.
      Also, the three-way valve 29 is formed with a three-armed handle 35
      indicating the flow direction through the valve. FIG. 4 also illustrates
      that the venous pressure meter pipe 27 is formed with a clip 36 which is
      movable along the pipe for marking the latest venous pressure measured.
PAR  It is of great importance that the zero point of the venous pressure meter
      is adjusted in relation to the patient or rather the heart of the patient,
      and for this purpose, the venous pressure meter may have a sight means 39
      for facilitating the adjustment of the zero point thereof to the correct
      vertical level. The sight means 39 may, as diagrammatically shown in FIG.
      2, be provided with a water level 40 for horizontal adjustment of the
      sight means and a subsequent vertical positioning of the venous pressure
      meter. The sight means may be a mechanical device or it may be an electric
      lamp ejecting a narrow beam so that the pressure meter may with great
      accuracy be correctly positioned in the vertical direction.
PAR  In applying the central venous catheter, the procedure may be as follows: A
      conventional injection syringe 37 containing some suitable liquid is
      connected to the valve catheter 1 and the cannula 18 is filled with such
      liquid, whereupon the vena subclavia is punctured at the point 6. At the
      same time blood is aspirated through the cannula 18 into the syringe 19 so
      as to prevent introduction of air, which may otherwise occur due to the
      subpressure in the vein. While still aspirating, the cannula needle is
      withdrawn, and when the needle tip passes the valve 13, the valve is
      closed by turning the handle 20 by 90.degree.. The cannula 18 is
      completely withdrawn, and in place thereof the flexible extension tube 2
      is connected by means of the lock connection 8, the venous pressure meter
      5 is connected by means of the lock connection 24, and one or more
      dropping bottles 4 may be connected over connections 11 or 31 and 33
      respectively. The venous pressure meter 5 is adjusted to the correct
      vertical position in relation to the patient, and upon making sure that
      all air is removed from tubes and connections, the zero point is adjusted
      at the venous pressure meter, which may be done by means of the bottle of
      liquid connected to the valve 26. When gauging the venous pressure, the
      valve 9 is opened so as to connect the venous pressure meter 5 with the
      valve catheter 1, and in case the venous pressure meter is provided with
      the valve 26 this valve is also opened as indicated in FIG. 2. The venous
      pressure meter will thereby continuously give the pressure of the vein. If
      it is now desired to introduce a liquid to the patient, the venous
      pressure meter is disconnected at the valve 9, as indicated in FIG. 4, and
      the valve 29 is opened such that a flow will occur from the dropping
      bottle 4 into the patient via the valve catheter 1.
PAR  As indicated in FIG. 1, the connection means 3 is located on a level
      substantially lower than that of the valve catheter 1, whereby the
      subpressure prevailing in the vein is compensated. Even if a false
      connection or false adjustment of the valves has been made such that the
      flexible extension tube 2 is opened towards air, this would not create any
      risk to the patient, since the subpressure in the vein is compensated.
      Depending on what action is desired, the valves 9 and 29 are adjusted,
      while the valve 13 is kept open until the central venous catheter is
      removed. Since the venous pressure meter is continuously connected to the
      catheter system, it is possible to check at any time and very quickly the
      venous pressure and thereby to obtain very rapidly an indication of the
      liquid status of the patient. This can be done without the risk of air
      emboli, since the subpressure in the vena subclavia is compensated. There
      is also no risk of buckling or twisting of the catheter tube since it is
      kept fixed by the wings 17 taped against the patient and also since there
      is no need to touch the valve catheter 1 anytime subsequent to the
      connection of the extension tube 2. Also, in the system according to the
      invention, the risk of infection at the point of performance has been
      reduced, since there is no handling close to this point but rather at the
      outer end of the extension tube 2. By providing the valve catheter 1 with
      a one-way valve the risks of false adjustment of the tap and penetration
      of air are avoided.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. Apparatus for safe puncturing of a central vein such as a vena
      subclavia, comprising: a flexible catheter of thin material having at one
      end a tip and at the other end a one-way valve connected thereto, a
      flexible extension tube having a first end and a second end, the first end
      thereof sealingly connectible to the other end of the catheter and the
      one-way valve, a multiway-valve connected to the second end of the
      flexible tube and including connections for venous pressure, injection
      syringe means and dropping supply means,
PA1  a retractable cannula connectible to the other end of the catheter through
      the one-way valve in lieu of said extension tube and capable of extending
      through the one-way valve and the catheter and having a tip portion for
      projecting from the tip of the catheter, and a venous pressure meter
      connected to the venous pressure connection of said multiway-valve.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, in which the connection between the
      flexible extension tube and the one way valve and catheter is a sealing
      lock connection of aperture cone and tap cone type.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, in which the venous pressure meter
      comprises a graduated pipe including a multiway-valve mounted in the
      bottom thereof, wherein said last noted valve may be connected to a bottle
      for filling and calibrating the venous pressure meter.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, in which the venous pressure meter is
      constructed to be vertically displaceable relative to an attachment clamp
      for vertical adjustment of the graduated pipe in relation to the position
      of the patient, and further including a displaceable clip for indicating
      the latest measured venous pressure.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, in which the venous pressure meter
      comprises means for adjusting the graduated pipe in vertical position in
      relation to the patient.
NUM  6.
PAR  6. Apparatus as set forth in claim 5, in which the means for adjusting the
      graduated pipe comprises a sight and water level means for adjusting the
      horizontal position of the sight.
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ABST
PAL  Ultrasonic apparatus for monitoring heartbeat activity from electrical
      Doppler signals derived from heartbeat motion comprising means for
      selective passing of the electrical Doppler signals at one of two operable
      bandpass ranges to a retunable resonant circuit which de-emphasizes
      non-resonant frequency content, means for detecting a phase shift between
      the input signals to and output signals from the resonant circuit to
      retune it at a preselected rate, and means for inhibiting the phase
      detector operation with one of two operable refractory periods to prevent
      artifact from showing as a phase shift, whereby the operable bandpass
      ranges and refractory period are in response to separate preselected
      recorded heart rate values.
PARN
PAR  This is a continuation, of application Ser. No. 313,373 filed Dec. 8, 1972
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to electrical signal processing
      techniques utilized with an ultrasonic exploratory system and, more
      particularly, to signal analyzing in fetal monitoring.
PAR  In ultrasonic exploratory scanning, physiological data is derived from a
      patient, for monitoring and/or therapeutic purposes, by transmitting
      ultrasonic energy into the patient's body and then collecting and
      processing the data derived, in the form of an intelligence, for
      diagnostic purposes. However, problems are often encountered in analyzing
      such data due to the signals derived from the multiple sounds and
      associated noise collected from the body site being investigated.
PAR  In particular, in the field of fetal monitoring, the frequent movement of
      the fetus adds to the problem of deriving reliable signals indicative of
      fetal heart rate. The problem is intensified even more as a consequence of
      the multiple sounds generated by the front and rear wall of the heart,
      heart valves, etc., in addition to the nonsynchronous impulse noise caused
      by the fetal and mother movements. Naturally, processing of multiple
      signals with background noise within a single heartbeat, if processed as
      consecutive heartbeat signals, would produce a false indication of the
      fetal heart rate, and therefore provide unreliable instrumentation. Long
      term averaging techniques are not permissable since it is important that
      rapid changes in fetal heart rate be observed.
PAR  One improvement made to help obviate such problems is disclosed in U.S.
      Pat. Application Ser. No. 205,942, now U.S. Pat. No. 3,763,851 filed Dec.
      8, 1971 by Haff and Hatke for a Fetal Monitoring Technique. The latter
      improvement discloses ultrasonic apparatus for monitoring heartbeat
      activity from Doppler shifted information derived from heartbeat motion.
      The Doppler shifted information is fed to an adjustable resonant circuit
      for de-emphasizing Doppler signal frequency content other than that about
      the resonant circuit frequency, and comparing input signals to, and output
      signals from the resonant circuit for detecing a phase difference, if any,
      which is employed for adjusting the frequency of the resonant circuit at a
      preselected rate. Such a technique provides a phase locked tracking filter
      which helps to suppress and eliminate undesired signals.
PAR  Despite the achievement of displaying reliable fetal heart rates with the
      technique disclosed in the above-referenced application, it was found that
      a still more reliable fetal heart rate count from the Doppler signal could
      be attained to provide an automatic operating system to handle the quick
      transition from tachycardia to bradycardia conditions which is highly
      desirable for monitoring fetal heart rates.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the purpose of the present invention to derive an
      improved beat-to-beat fetal heart rate signal by further suppression
      and/or elimination of signals indicative of other motions within the body
      and nonsynchronous impulse noise. The latter is accomplished by the
      provision of processing circuitry which includes variable bandpass filter
      switching in combination with a variable period blanking circuit
      switching, each of which is separately controlled to be switched into its
      respective operation in response to preselected fetal heart rate values
      sensed by a heart rate detector.
PAR  The above system is integrated with the resonant circuit technique made
      reference to above to further enhance its operation to provide an overall
      system for improved fetal heart rate accuracy. Peak detection circuitry
      has also been incorporated in the above system to further enhance its
      sensitivity.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a voltage versus time waveform diagram to show components of
      Doppler detected fetal heart motion in relation to EKG fast and slow
      cardiac activity.
PAR  FIG. 2 is a block diagram of a heart rate processing system according to
      the present invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  As a consequence of extensive clinical investigation of simultaneous
      Doppler and fetal scalp EKG recordings, the meaning and behaviour of the
      detail in the Doppler signal have resulted in an analysis which was
      revealed distinctions in the Doppler signal make-up at different frequency
      ranges. At the fetal heart rate over about 140 BPM it was found that there
      are typically two Doppler components, one clearly related to the P-wave,
      probably representing atrial contraction, and a second occurring
      immediately after the QRS, probably representing mitral valve closure. By
      analogy with an electrocardiogram in FIG. 1 these are respectively labeled
      D-4 and D-2. Preliminary investigation shows their relation in time is
      constant at all heart rates. These are substantially large amplitude
      signals which is not surprising since the mitral and tricuspid valves are
      the largest and fastest moving objects within the physiological make-up.
PAR  At slower heart rates or those below about 130 another Doppler component
      becomes evident in diastole, specifically that designated as D3. This
      event is probably related to mitral or tricuspid opening. It would appear
      that D3 merges with D4 at higher fetal heart rates, but as the rate slows
      it appears to move away from D4 toward D2. This sound appears not to be
      constant, but when it occurs it is troublesome to counting circuits.
PAR  As will become evident, applicant after extensive evaluation and testing
      has devised an improved detection system for derving an improved
      beat-to-beat fetal heart rate by diminishing the effect of Doppler
      components D3 and D4 as well as other undesired noise by automatic
      switching circuitry which responds to preselected heart rate values to
      effect changes in bandpass filtering and tuning of blanking circuitry to
      implement operation of the resonant circuit to act as a tracking filter
      following the basic harmonic of the Doppler signals.
PAR  In turning to FIG. 2, the derived raw ultrasonic Doppler signal is fed to
      an amplifier 11 and thence through an AGC feedback unit 12 which together
      serves to rectify, integrate and normalize the incoming signal to form a
      smooth envelope of the signal. The processed signal is fed to each of a
      pair of bandpass filters 13 and 14 respectively having upper ends of
      around 120 BPM and 150 BPM, at a rolloff of 24 db/octave and each having a
      lower end of around 30 BPM at a rolloff of 18db/octave.
PAR  A switching unit 15 comprised, for example, of a field effect transistor
      pair, selectively connects one of the filters 13, 14, to an adjustable
      resonant circuit 17 and a peak detector 18. The switching operation is
      controlled by a conventional rate detector 16 which is connected from the
      heart rate counter. In the present embodiment the rate detector 16 is
      designed to respond to rates of the heart rate counter above a preselected
      value (e.g. 100 BPM) to operate switch 15 for passing signals emitted from
      the 150 BPM filter, whereas the rate detector responds at rates below the
      preselected value to operate switch 15 for signals emitted from the 120
      BPM filter.
PAR  The resonant circuit 17, as disclosed in the above-referenced application
      has a resistance R, capacitance C and variable inductance L, which acts as
      a narrow band filter locking on to the fundamental frequency of the input.
      The resonant circuit, for example, in the present embodiment is
      electronically tuned from 5Hz to 4Hz (equivalent to 30 BPM to 240 BPM).
PAR  Positive peaks of the signal passed trigger the peak detector 18 which in
      turn triggers a unit 19. 19 is designed to operate at one of two RC values
      as determined by switch 21 to generate one of two output refractory pulse
      periods. Switch 21 is responsive to the output of rate detector 16 which
      responds to a preselected value of the heart rate counter to effect a
      change of the RC value of one shot 19. In the present embodiment, a one
      shot refractory period of 100 ms is generated when the fetal heart rate is
      above 140 BPM and a one shot refractory period of 350 ms is generated when
      the fetal heart rate is below 140 BPM. It is noted that switch 21 responds
      to a higher value on the heart rate counter than that responded to by
      switch 15.
PAR  The output of resonant circuit 17 is also connected to a peak-detector 22
      whereby the resonant circuit output peak detected signal, after having
      been treated by peak detector 18, is fed back to be compared with the
      input signal to the resonant circuit via a phase detector 23 to provide a
      phase shift output change, if any, which is integrated by an integrator 24
      for retuning the resonant circuit 17 by way of its inductance L. The
      output of peak detector 22 is also fed to the heart rate counter via other
      selected circuitry (not particularly shown) such as, for example, a
      credence checking circuit.
PAC  OPERATION
PAR  Assuming the fetal heart rate of a fetus being monitored is above 100 BPM
      switch 15 would have been acted on by rate detector 16 to open bandpass
      filter 14 to increase the bandpass monitoring range for the reason that as
      the fetal heart rate increases above 100 BPM less noise is present in the
      Doppler derived signal as explained above. The resonant circuit 17 to
      which the signals are passed acts as a narrow band filter locking on to
      the fundamental frequency or basic harmonic of the Doppler signals to
      de-emphasize noise and associated higher harmonic signals occurring at the
      higher end of the resonant circuit bandpass characteristic.
PAR  The resonant circuit 17 thus responds strongly to its input signal in terms
      of voltage amplitude at one desired frequency and discriminates against
      other frequencies, whereby the desired or tuned frequency is that which
      the resonant circuit is adjusted to, over for example, 3 to 10 seconds
      (the slew rate of the resonant circuit) which is the time it might take
      for the resonant circuit to be retuned from 0.5 to 4Hz. Should the
      resonant circuit be tuned to the precise frequency at the input signal,
      the phase shift through the circuit at phase detector 23 will be zero. If
      the frequency of the tuned resonant circuit is either above or below the
      incoming frequency, the phase shift sensed by the phase detector 23 is
      used as an error correcting signal via integrator 24 to retune the
      resonant circuit 17 to be precisely in tune with the incoming signal.
PAR  The output of the integrator acts as the control voltage which determines
      the slew rate of the resonant circuit. The slew rate is made to be above
      the lowest period of the resonant circuit, which in the present embodiment
      is, for example, 2 seconds or 1/2  cycle per second. Clearly the slew rate
      should not exceed a value that would not closely follow or track the
      actual incoming cardiac activity to which the filter is responding. The
      resonant circuit is then, in effect, force to track (as modified by the
      slew rate) the incoming signal, whereby it will not respond to impulse
      artifact of even 2, 3 or 4 motions per fetal cardiac cycle unless these
      motions are precisely harmonically related. The operation of the resonant
      circuit was found to be enhanced by utilizing peak detectors 22 and 18
      providing the trigger signals to be supplied to phase detector 23 for the
      reason that peak detection allows for better signal detection in the
      presence of noise and eliminates base line wandering problems.
PAR  Upon the change of the output of the state of the peak detector 18 by
      detection of the peak input signal one-shot 19 is triggered. The one-shot
      provides a refractory period which serves as a blanking to inhibit
      operation of the phase detector in response to unwanted noise defining
      that period which might include attenuated portions of signals D3 and D4
      (illustrated in FIG. 1). Accordingly, the window blanking prevents
      retuning of the resonant circuit 17 by such signals. The blanking window
      for optimum operation is varied to be of a shorter duration at higher
      frequencies and of a longer duration at lower frequencies, for example as
      discussed with regard to FIG. 1. Further, at the higher BPM rate a shorter
      blanking period suffices to override D4 whereby at lower BPM a longer
      period is necessary to override D3 and D4.
PAR  To enable the resonant circuit to properly respond to an increase/decrease
      in the derived Doppler fundamental, switching of the blanking window
      refractory periods and filters 13 and 14, should not occur simultaneously.
      The best results were obtained when assuming a 100 BPM as criteria for the
      filter switching, the one shot refractory period switching would occur at
      a heart rate meter reading of roughly 140 BPM as detected by rate detector
      16.
PAR  As may be seen, the switching of the filters and the blanking window
      refractory periods, provide a concerted action whereby the filters and
      resonant circuit combine to deter a quick jump from the previously
      recorded heartbeat rate and whereby the blanking window refractory periods
      serve to improve the reliability of reading low heart rates. This, in
      essence, enables us to handle both tachycardia and bradycardia events with
      optimum reliability.
PAR  It should be understood, of course, that although only two bandpass filters
      and two one-shot refractory periods are disclosed, three or more of each
      might be employed as well as any combination or permutation of the two
      (e.g. three bandpass ranges anywhere from about 30 BPM to 240 BPM and 4
      one-shot refractory periods.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for monitoring heart beat activity in which means are
      provided for obtaining electrical Doppler signals from ultrasonic Doppler
      shifted information derived from heartbeat motion, the arrangement
      comprising:
PA1  filter means for passing a first band of frequencies including selectively
      actuable means for passing a second band of frequencies in lieu of the
      first band, of said electrical Doppler signals;
PA1  tunable resonant circuit means for de-emphasizing in the passed band of
      frequencies, frequency content other than that closely about the resonant
      circuit frequency for providing an output signal indicative of fetal heart
      rate;
PA1  phase detector means responsive to a phase shift between input signals to
      and output signals from the resonant circuit means, for tuning the
      resonant circuit means at a preselected rate in accordance with the
      detected phase shift;
PA1  timing means defining a first pulse period in response to said input
      signals and defining a second pulse period in lieu of the first, for
      inhibiting the response of said phase detector means during the pulse
      period defined; and
PA1  rate detector means operatively coupled to the output signal indicative of
      fetal heart rate for separately controlling said filter means and said
      timing means in response to respective preselected different values of the
      heart rate signal.
NUM  2.
PAR  2. Apparatus according to claim 1 including:
PA1  first peak detector means for providing input signals to be supplied to
      said timing means; and
PA1  second peak detector means for deriving said output signals from the
      resonant circuit means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said rate detector means
      includes:
PA1  a first switch means responsive to a detection of a first preselected heart
      rate value for actuating said filter means to pass said second band of
      frequencies, and
PA1  second switch means responsive to a detection of a second preselected heart
      rate value for actuating said timing means to define said second pulse
      period for inhibiting the response of said phase detector means.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said first preselected value is
      smaller in terms of beats per minute than said second preselected value.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said rate detector means includes
      means responsive to a preselected value of anywhere from 85 to 115 beats
      per minute for actuating said filter means and responsive to a preselected
      value of anywhere from 125 to 155 beats per minute for actuating said
      timing means.
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ABST
PAL  The present application discloses a small size otoscope (the instrument
      with which the doctor examines the ear) including a bulb mounted directly
      in the proximal portion of the speculum body to illuminate the field of
      view. The bulb includes positive and negative side contacts and is adapted
      to be received in a sleeve positioned in the speculum, with the bulb being
      inserted from the rear of the sleeve to permit easy bulb replacement.
BSUM
PAR  This invention relates to medical diagnostic instruments and more
      specifically to an improved otoscope construction.
PAR  Routine examination of the ear, which includes examination of the outer
      portion of the auditory canal up to and including the tympanic membrance,
      is accomplished with an instrument conventionally known as an otoscope.
      Traditionally, this instrument includes a conical speculum which is
      inserted into the ear and a light source which illuminates the area at the
      distal end of the speculum for observation. The instrument may also
      include a magnifying lens at the proximal end of the speculum to magnify
      the field of view and a disposal speculum tip to avoid the necessity of
      sterilizing the instrument after each use.
PAR  The most substantial difference between the various otoscopes heretofore
      available resides primarily in the means by which light is provided at the
      distal end of the speculum. In the oldest otoscopes, a candle was used in
      combination with a mirror arrangement. More modern systems include an
      arrangement wherein a small light bulb is positioned adjacent the speculum
      body, with the speculum frequently being mounted on an appropriate handle
      either containing batteries or connected by cables to an appropriate power
      source. Most recently, otoscopes have been developed which include a
      bundle of small diameter optical fibers which are capable of transmitting
      light along their length in a curved path. Such fibers have been embedded
      within the otoscope speculum body to transmit light from a lamp usually
      mounted adjacent the instrument handle to the distal region of the
      speculum where the fibers may be formed into an annular illumination
      surface.
PAR  Conventional non-fiber optic otoscopes were generally relatively large to
      accommodate an illumination bulb mounted within or behind the speculum.
      The size of the distal end of the speculum is substantially determined by
      the conventional diameter of the auditory canal. With the bulb mounted
      within or behind the speculum, it was necessary to enlarge the proximal
      end of the speculum to permit the doctor to see over or around the bulb
      which partially obstructed the field of view. With the advent of optical
      fibers which could be embedded in the speculum itself (and therefore did
      not obstruct the field of view), a family of relatively small size
      otoscopes were developed. These otoscopes conventionally use smaller
      penlight batteries in a relatively small battery handle which can be
      clipped onto the doctor's shirt pocket to be readily available for
      examination. Otoscopes of this type have been found exceedingly convenient
      and are a valuable addition to the array of diagnostic tools available to
      the physician.
PAR  However, optical fibers are relatively expensive and fragile and the
      process of incorporating such fibers into an otoscope speculum can also be
      relatively costly. Under the circumstances, fiber optic otoscopes tend to
      be relatively more costly than conventional otoscopes of equivalent size
      and quality. At the same time, it has not been possible to successfully
      miniaturized conventional otoscope illumination arrangements because the
      bulb size remains relatively constant and conventional mounting
      arrangements would substantially obstruct the field of view in a
      maniaturized device. Further, the difficult of gaining access to the bulb
      for replacement in conventional mounting arrangements would be very much
      greater in a miniaturized instrument.
PAR  Accordingly, it is an object of the present invention to provide a
      relatively small size otoscope having a source of illumination mounted
      within the otoscope's speculum in which the source of illumination does
      not significantly obstruct the field of view and in which the source of
      illumination is readily accessible for easy replacement. A further object
      of the invention is to provide a relatively small size otoscope which does
      not use optical fibers.
PAR  In accomplishing these and other objects in accordance with the present
      invention, an otoscope includes a bulb receiving sleeve mounted in the
      proximal section of the otoscope speculum. A bulb having positive and
      negative side contact rings adapted to engage corresponding contacts
      within said sleeve is adapted to be inserted and removed in said sleeve
      from the rear thereof, adjacent to the proximal end of said speculum, to
      permit easy access to said bulb for replacement without obstructing the
      field of view.
DRWD
PAR  Further objects, features and advantages of the present invention will be
      appreciated by reference to the attached detailed description of a
      presently preferred, but nonetheless representative embodiment thereof,
      when taken in combination with the appended drawings, wherein:
PAR  FIG. 1 is a perspective view of the otoscope with the disposable tip and
      illumination bulb removed;
PAR  FIG. 2 is a cross sectional view of the bulb;
PAR  FIG. 3 is a cross sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a cross sectional view of the otoscope with the disposable tip
      and bulb in position; and
PAR  FIG. 5 is a cross sectional view taken along line 5--5 in FIG. 4.
DETD
PAR  Referring to the drawings, and particularly FIG. 1 thereof, applicant's
      otoscope includes an otoscope head portion 10 which is mounted on a
      battery carrying handle 12.
PAR  The handle is of relatively conventional design and includes a pocket clip
      14 and an on-off switch 16. Handle 12 (partially shown in cross section in
      FIG. 4) is adapted to carry a pair of penlight batteries 17. Handle 12
      includes a threaded upper portion 12a which is adapted to receive a
      depending threaded portion of otoscope head 10. The handle is designed
      such that positive contact is made from a positive terminal of battery 17
      which is positioned to engage an appropriately insulated positive portion
      of head 10 (to be described hereinafter) while negative contact is made
      through the casing of handle 12 or by a strip of conductive material
      within the casing to the metallic body of head 10.
PAR  Otoscope head 10 itself includes a conical nose section 18 adapted to
      receive a disposable speculum 20. Nose section 18 may take the form of a
      metallic insert received within plastic speculum body section 19.
      Disposable speculum 20 may be of molded plastic, paper or other
      appropriate material and is replaced after each use of the instrument to
      prevent cross-infection between patients. The disposable speculum 20
      includes a radial ridge 22 which is adapted to mate with a radial cut-out
      or slot 24 in conical nose section 18 to lock the disposable speculum on
      the nose section by rotation of the disposable speculum in a manner well
      known in the art.
PAR  Otoscope head 10 further includes a neck section 28 which mounts speculum
      body section 19 and is received in handle 12. The angle formed between
      neck section 28 and the speculum body 18 is selected so that appropriate
      position of a speculum can be achieved with convenient hand held position
      of the handle.
PAR  A lens arrangement is mounted at the proximal end of the speculum,
      including lens 30 mounted in lens frame 32. Frame 32 is retained by screw
      34 in an upstanding ledge portion of speculum body 19 and includes a
      projecting tab section 32a which is positioned so that the lens frame
      arrangement can be conveniently pivoted into and out of position. In its
      upwardly pivoted position as shown in FIG. 1, the lens is completely
      removed from the field of view and the rear of the speculum is open. When
      pivoted into closed position as shown in the cross section of FIG. 4 the
      lens completely covers the proximal end of the speculum and seals the
      speculum body. The magnification of lens 30 is selected such that the
      focal point of the lens will be slightly beyond the distal end of the
      disposable tip 20 when in position.
PAR  Illumination of the distal end of the speculum is provided by bulb 40 which
      is adapted to be received within a bulb sleeve 42 mounted within the
      speculum body 19. Bulb sleeve 42 is mounted below the center of the
      speculum to permit observation of the field of view over and around the
      bulb sleeve.
PAR  Bulb 40 (best seen in FIG. 2) is adapted to have both positive and negative
      side contacts as opposed to the conventional side negative, rear positive
      arrangement usually used. To accomplish this, bulb 40 includes an
      evacuated bulb envelope 44 which encloses a filament (not shown) in
      conventional fashion and may have lens tip section to concentrate light in
      a forward direction in known fashion. Projecting rearwardly from bulb
      envelope 44 are filament legs 46a and 46b adapted to be connected across a
      source of electrical power to illuminate the bulb. Envelope 44 is fixed
      within a bulb sleeve 48 which includes a forward section 48a having a
      first diameter adapted to fit and receive bulb envelope 44 and a rearward
      section 48b having a relatively smaller diameter. The forward section 48a
      has a substantially constant interior diameter from its forward end to the
      point where the interior diameter begins to narrow into the rearward
      section. However, the outer diameter of the forward section is reduced
      adjacent its forward edge 48c to create a ledge which will be useful in
      positioning the bulb as described hereinafter. The rearward section 48b is
      slit from the rear end thereof to a point in the rear section 48b. As
      shown in FIG. 2, this slit is vertical with the cross section being taken
      in the middle of the slit. The slit in section 48b is more clearly shown
      in the cross sectional view of FIG. 3. The interior of the rear of section
      48b is threaded at 48d to accept a screw-cap 50.
PAR  Filament legs 46a and 46b project rearwardly from bulb envelope 42 in the
      interior of rear section 48b and respectively bend radially outwardly
      through the slots to the exterior of section 48b, with leg 46b bending
      downwardly through the lower slot as shown in FIG. 3 and leg 46a turning
      upwardly through the upper slot.
PAR  A positive contact ring 52 is slipped over the rearward section 48b of the
      bulb chassis until it abuts against a ledge 48e in the central region of
      the bulb structure. Annular ring 52 is of a metallic conductive material.
      As will be seen in FIG. 2, the lower filament leg 46b which turns
      downwardly through the lower slot is bent forward on the exterior of rear
      section 48b and conductive ring 52 fits over leg 46b  making contact with
      the leg. Annular ring 52 thus becomes a positive side contact terminal for
      the bulb.
PAR  A ring of insulating material 54 is positioned over the reduced diameter
      section 48b to separate the positive contact ring 52 from a negative
      contact ring 56 which is then positioned on the rear section 48b behind
      insulating ring 54. As seen in FIG. 2, filament leg 46a passes up through
      the upper slot and is turned back forwardly prior to the positioning of
      ring 56 so leg 46a makes electrical contact with ring 56 which then
      becomes the negative bulb contact.
PAR  As seen in FIG. 2, the outer diameter of negative bulb contact 56 is
      approximately equal to the outer diameter of principal forward section 48a
      with the outer diameter of positive contact ring 52 being slightly
      smaller. Further, the outer diameter of the forward section in the region
      immediately adjacent ledge 48e slopes radially inwardly to the right in
      FIG. 2 and the forward edge of ring 54 slopes radially inwardly toward the
      left such that the combined assembly forms an indentation in the central
      region of the bulb, the base of which is the positive contact ring 52.
PAR  To complete the bulb assembly, a rear screw-cap 50 having a forward
      projecting threaded portion is threaded into the threaded section 48d of
      the bulb cylinder, locking the ring assembly (including positive contact
      ring 52, insulating ring 54 and negative contact ring 56) on body 48. Rear
      cap 50 includes an annular indentation 53 around its entire circumference
      which permits a user to obtain a positive grasp on the bulb with a
      fingernail thus permitting easy removal of bulb from the bulb sleeve.
PAR  As seen in FIG. 4, the bulb sleeve 42 is merely the upper projecting
      portion of a unitary metallic element 60 which projects down into the
      interior of neck section 28. Section 60 is preferably of a conductive
      metallic material and its lower section is threaded to be received within
      the upper threaded portion 12a of handle 12. Interior of section 60 is a
      tubular section of insulating material 62 which extends from the lower
      base of the neck section to the interior of sleeve 42. Within insulating
      section 62 is a conductive rod 64 which at its lower end is in electrical
      contact with the positive terminal of battery 16. Positive contact rod 64
      extends upward into neck 28 within insulating rod 62 approximately two
      thirds of the way up in the neck. Above rod 64 is a coil spring 66 and
      above spring 66 a contact stud 68 which is positioned for sliding movement
      within insulating rod 62. Contact stud 68 includes an oversize rear
      section 68a forming a ledge which is adapted to engage a ledge on the
      interior of insulating rod 62 such that the upwardmost position of contact
      stud 68 is established. Stud 68 can be depressed against the urging of
      spring 66.
PAR  As best seen in the cross section of FIG. 4, bulb 40 is adapted to be
      inserted in sleeve 42 with positive contact stud 68 running over the
      forward section 48a of the bulb assembly as the assembly is inserted and
      locking into the annular notch against positive contact ring 52. Positive
      contact ring 52 thus makes positive contact through stud 68, spring 66 and
      rod 64 with the positive battery pole. At the same time negative contact
      is made through negative ring 56 which engages conductive neck section 60,
      which is a unitary element with bulb sleeve 42. To assure negative
      contact, a negative spring wire element 70 may be positioned in the upper
      region of member 60 on the interior of sleeve 42 in position to springably
      abut against negative contact ring 56.
PAR  Sleeve 42 is preferably dimensioned with slightly reduced interior diameter
      forward section 42a adapted to receive reduced diameter outer bulb section
      48c and to abut against the ledge formed thereby establishing a
      forwardmost position of the bulb. Obviously, this position should
      correspond to the position at which spring and stud 68 is seated on
      positive contact ring 52.
PAR  It will be appreciated that with this arrangement bulb 40 is adapted to be
      conveniently inserted in collar 42 in otoscope head 10 from the rear
      thereof and can easily be removed by grasping the ledge 53 in the bulb
      rear section with the fingernail. This rearward insertion arrangement
      permits the bulb to be easily inserted and removed without the need to
      gain access to the forward end of the speculum permitting the
      incorporation of a bulb within a relatively small size speculum suitable
      for a pocket instrument.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An otoscope comprising an otoscope speculum, a bulb sleeve within said
      otoscope speculum, movable contact means protruding into said sleeve, and
      an illumination bulb received within said sleeve from the proximal end
      thereof, said illumination bulb including a bulb chassis, an evacuated
      envelope at the forward end of said bulb chassis dimensioned to be
      received within said sleeve, filament contact legs extending rearwardly
      from said evacuated envelope into said bulb chassis, an electrically
      conductive first contact ring positioned over said bulb chassis, an
      electrically conductive second contact ring positioned over said bulb
      chassis, electrical insulating means intermediate said first and second
      electrical contact rings, one of said filament contact legs being in
      engagement with said first contact ring, the other said filament contact
      leg being in engagement with said second contact ring, said second ring
      being in electrical contact with said sleeve, said first contact ring
      having an exterior diameter smaller than the exterior diameter of said
      second contact ring and being in engagement with said movable contact
      means, such that engagement of said movable contact means with said first
      contact ring completes an electrical circuit to the bulb and positively
      retains said bulb in said sleeve.
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ABST
PAL  Muscle toning apparatus that can be used by one or more individuals to tone
      the muscles of a single person as passed back and forth under varying
      pressures, to relieve and stimulate tired muscles.
BSUM
PAC  BACKGROUND, SUMMARY AND ADVANTAGES OF INVENTION
PAR  Muscle toning apparatus have heretofore been generally disclosed in such
      patents as the U.S. Pat. Nos. to Rohrer 1,014,774, Clarke 1,585,767 and
      Belleville 2,578,916, which operate on the principle of relieving tissue
      and muscle tension as passed back and forth along the body. While some of
      these tension relievers are particularly made to generally conform to
      parts of the body, they are mostly stiff and unwieldy and do not perform
      an efficient massaging operation.
PAR  The present invention improves upon the massaging devices of the foregoing
      references by providing a relatively flexible, freely movable relaxer or
      exerciser, which may conform to various parts of the body and perform a
      muscle toning or relaxing function without discomfort to the body.
PAR  An advantage of the present invention is that the relaxer is sufficiently
      flexible and freely movable to relax the body tissues and relieve tension
      by a slow toning motion along the desired parts of the body.
PAR  A further advantage of the invention is that the massaging device may
      readily relieve tension from various parts of the body by exerting a free
      rolling motion along the tense muscular portions of the body.
PAR  A still further advantage of the invention is that the apparatus and its
      operation is so simple and requires so little physical effort that it may
      be operated by a confined person, such as a semi-invalid.
PAR  A still further advantage of the invention is the provision of an
      exercising apparatus and device producing a vigorous kneading motion,
      stimulating the skin and underlying tissues without damage to the skin
      and, at the same time, producing a soft and relaxing massaging action to
      dispel tension or fatigue.
PAR  Still another advantage of the invention is to massage on the principle of
      kneading or massaging with beads or rollers and to arrange the kneading or
      massaging rollers and support therefor to make it easy to manipulate the
      rollers over the throat, neck and sholder muscles and particularly at the
      base of the skull on the back of the neck.
PAR  A still further advantage of the invention is to provide a massaging device
      utilizing rotating beads to effect a massaging operation and to so size
      the beads as to avoid undesirable stretching of the skin and muscle tissue
      and to allow more pressure to be exerted where required over relatively
      long periods of time without discomfort.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a form of exerciser utilizing the
      principles of the present invention;
PAR  FIG. 2 is a sectional view taken substantially along line II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary longitudinal sectional view of one end portion of
      the massaging device;
PAR  FIG. 4 is a view in side elevation of another form of exercising device
      particularly adaptable for other extremities of the body than the device
      shown in FIG. 1;
PAR  FIG. 5 is a view in side elevation of the device shown in FIG. 4;
PAR  FIG. 6 is a view showing still another form in which the invention may be
      embodied; and
PAR  FIG. 7 is an end view of the massager shown in FIG. 6, looking
      substantially along line VII--VII of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment of the invention illustrated in FIG. 1 of the drawings, I
      have shown generally what may be termed a rolling-pin-type relaxer having
      handles 11 on each end of the relaxer on the outsides of disks 12 forming
      bearing supports for the handles and also forming supports for a series of
      parallel flexible pins 13 freely carrying massaging beads 15, shown as
      being balls, in side-by-side relation with respect to each other. While
      the massaging beads are shown as being generally spherical in form, it
      should be understood that they may be of various other forms suitable for
      particular massaging purposes.
PAR  The handles 11 are carried on opposite ends of a rod 16 rotatably
      journalled in the disks 12 on antifriction bearings 17. A finger of a hand
      grasping the handle 11 may hold the disk 12 and beads 15 from rotation
      about the axis of the rod 16, or may accommodate free rotatable movement
      of the disks 12 and massaging beads 15 to facilitate the massaging
      operation and reduce the effort required, as well as increase the areas of
      concentration of massage by enabling the pressure of the beads against the
      body to be varied without unduly increasing the pressure on the handles
      11. It is, of course, understood that the beads 15 are always freely
      rotatable about the axes of the pins 13 except when the pressure may be
      great enough to frictionally engage the beads with each other as pressures
      on the handles 11 are varied. In most cases, however, it is advantageous
      that the beads freely rotate with respect to each other to reduce the
      strain of massaging.
PAR  It may, therefore, be understood that the massager or relaxing device just
      described can readily be used on any part of the body that can be reached,
      with as much or as little pressure required to do a thorough job and is
      particularly advantageous for massaging the abdominal regions of the body
      as well as the thighs.
PAR  In FIG. 4 of the drawings, the massager is designed for readily relaxing
      and massaging parts that cannot easily be reached by the massager of FIGS.
      1 through 3. The massager or muscle toner is particularly useful for
      reducing a double chin and tightening flabby muscles. It is also useful on
      the forehead from temple to temple, with a slow motion for relaxing the
      nerves and can be used in bed as a tranquilizer to help put a person to
      sleep, due not only to backward and forward motion of the massager over
      the forehead, but the slight rolling rhythm of the balls and beads. This
      form of the invention has a single handle 19 and may be said to be of a
      potato-masher-type. The handle 19 has brackets 20 secured to its opposite
      ends, as by a machine screw 21. The brackets 20 may be bent over a series
      of wires 22 crimped thereto and depending therefrom in the general form of
      a horse shoe and fan shape in side elevation. The wires 22 are shown as
      having a series of beads 23 strung thereon, generally cylindrical in form
      and terminating into lower bearing beads 24 of opposite ends of a series
      of elongated generally oval beads 25.
PAR  The rows of beads 23 and 25 are shown as flaring outwardly relative to the
      center of the machine screw 21 and also form an arc of their lower ends to
      provide a relaxer which may be rolled over various muscles and
      particularly adapted for use on the under and upper arm, to relax the
      muscles when tired. The device may be used above the elbow and from the
      wrist to the elbow for relaxing the arm muscles after heavy-duty work, and
      can readily be slipped over the ankle to relax the ankle and tired feet,
      particularly the soles of the feet after walking or standing. It further
      can also be used on the stomach or any muscle that can be reached, and is
      useful in rolling along the back of the neck between the shoulder blades
      and to be rolled over a patient when in a reclining position.
PAR  The relaxer of FIGS. 6 and 7 is generally in the form of a long oval
      similar to a beater and has a series of wires 27 extending from a handle
      29 and terminating at their lower ends in a disk-like ring 30 also forming
      in appearance the general form of a food masher.
PAR  The wires 27 extend within the handle 29 and are connected together
      adjacent their upper ends beneath the handle 29 by a ring 30 extending
      about said wires to lend stability to the wires. Each wire has a series of
      graduated balls 31,32 and 33 freely mounted thereon to give a graduated
      relaxing or massaging effect as the apparatus is moved along the muscles
      of the body. The wires 27 terminate at their lower ends in a disk 35.
PAR  As shown in FIGS. 6 and 7, the balls 31 are round, although they need not
      be round, but may be of various desired forms, while the beads 32 are
      oval, but also may be of various desired forms which will give the best
      results during operation of the apparatus and for particular regions of
      the body.
PAR  This massager is useful for massaging and relaxing the neck as well as for
      reducing a double chin and tightening flabby muscles. It also may be used
      as a relaxer to induce sleep, like that shown in FIGS. 4 and 5.
PAR  In all of the relaxers shown, the multiple freely movable rollers act like
      gently rippling waves over sore muscles and particularly tired feet. The
      device just described may also readily be rolled over and under the arch
      and around the ankle, to increase circulation where the muscles have been
      overworked and are painful.
PAR  With the devices shown in FIGS. 4, 5 and 6, the larger beads at the end or
      arch of the device allow more pressure to be exerted in a massage effort
      to increase the kneading effect beneficial to the muscles, and
      particularly those enducing long periods of strain or fatique and the use
      of beads or rollers, rather than irregular devices having a tendency to
      roughen or tear up the skin, assures the avoidance of undesirable
      stretching of the skin and muscle tissue, which may be produced by
      improper massage manipulations and arrangements of other devices.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A massaging and relaxing device for stimulating and relaxing various
      parts of the body having at least one hand grip and a plurality of beads
      extending from said hand grip, yieldable mounting means freely and
      flexibly mounting said beads for rotatable movement with respect to each
      other for contact with the body, comprising a series of flaring wires
      flaring outwardly from one end of said hand grip and converging toward
      their outer ends and turned inwardly as they approach their outer ends,
      and terminating at their outer ends at a relatively small diameter disk
      generally coaxial with said hand grip and connected to said disk in
      equally spaced radial relation with respect to each other, and said wires
      each having said beads freely mounted thereon and extending along greater
      portions of the length thereof.
NUM  2.
PAR  2. The massaging and relaxing device of claim 1, in which the beads
      graduate in size from the hand grip to the end of the device with the
      larger beads adjacent the end of the device accommodating an increase in
      pressure in the massaging effort relative to the strength required for a
      kneading effect beneficial to muscles undergoing long periods of strain or
      fatigue.
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ABST
PAL  The invention is directed to an active intrauterine device comprising a
      hydrophobic substrate of high mechanical resiliency, wherein the substrate
      including within the volume thereof inclusions of polymerizied hydrophilic
      substances grafted on the hydrophobic substrate and cross-linked, and in
      which water-soluble chemical agents have been stored previously, these
      agents being adapted to perfuse through the hydrophobic substrate when the
      latter is placed in an aqueous medium.
BSUM
PAR  The present invention relates to an intra-uterine device comprising a
      hydrophobic substrate comprising hydrophilic inclusions which,
      contingently, contain active substances.
PAR  The basis invention can be utilized in particular but by no means
      exclusively, in the manufacture of a chemically acting intrauterine device
      for contraception. The term "contraception" generally covers all the
      methods for transiently and reversibly rendering sexual intercourse non
      fecundative. The standards of reference for appraising contraceptive
      methods are efficiency, innocuity, reversibility and acceptability.
PAR  It is well-known that since the remotest antiquity intra-uterine
      contraception had been a employed. With respect to animals, for example,
      the Arabs made it a practice for centuries to insert a stone into their
      she-camel's uterus.
PAR  In 1909, Richter made the first genuine attempt to apply intra-uterine
      contraception to human clinic. The intr-uterine device, as described by
      Richter, consisted of a silkthread loop knotted, in rather slap-dash
      fashion, by means of a brass-wire fastener, and was inserted into the
      uterus by means of a metal probe. Between 1909 and 1929 there appeared on
      the market intra-uterine contraceptive devices, usually consisting of an
      intra-uterine ring connected to an intra-cervical rod carrying at one end
      thereof a button adapted to cover the outer orifice of the uterus
      entrance.
PAR  Such a device very often gave rise to an ascending infection which tended
      to propagate from the vagina up to its appendages.
PAR  In 1929, Grafenberg invented an intra-uterina device in the form of
      silk-thread ring, which after 1930 was replaced by a silver thread, which
      was more easily sensed by X-rays. The failure-rate was 3% (as measured in
      women-years) and the rejection-rate was 5%.
PAR  In the 1960 the use of intra-uterine contraceptive devices of plastics
      combined with use of anti-biotics made the intra-uterine contraceptive
      method both less shock-promoting and less dangerous.
PAR  Attempts were made at finding intra-uterine devices having shapes best
      suited to the uterine cavity. Successive improvements led to shapes such
      as those of articles available on the market under the trade-names DALKON
      SHIELD or OM-GA, which were prone to cover a large portion of the
      endometrium surface. Again, attempts were made to obtain a toxic effect on
      blastocyst through a supply of metal ions, such as copper ions. Such
      active intra-uterine devices contain metals for increasing the local
      effects of the intra-uterine devices, contrary to inert intra-uterine
      devices of polyethylene or of inactive metals. The main advantage of such
      active intra-uterine devices lie in reducing the failure-percentage of
      about 2% of mechanically-acting intra-uterine inert devices.
PAR  Unfortunately, the conventional copper intra-uterine devices, in the form
      of a thread, sometimes give rise to uterus perforations. Moreover, other
      types of intra-uterine devices made of a resilient material on which is
      deposited copper for instance, lose their resiliency once thus covered,
      and there is risk that the copper film will scale off. It has proved
      necessary that the contraceptive-loaded intra-uterine device keep its
      memory-effect, namely a fair resiliency corresponding to an appropriate
      mechanical elasticity. In addition, it is advisable that copper-salts or
      any other contraceptive or treatment agents should be discharged into the
      uterus by the intra-uterine device at a pretty low constant speed. While
      the intra-uterine device is of limited size. it must at the same time keep
      in store a sufficient amount of contraceptive substances for remaining
      within the uterus for a long time before being replaced.
PAR  On the other hand, it is preferable to introduce into the uterus, in
      addition to the intra-uterine device, substances serving to better
      acclimatize the intra-uterine device within the uterus.
PAR  With regard to the above remark, the improvement of an intra-uterine device
      makes it necessary to meet the following requirements:
PAR  the shape, size and area of the device should comply with the uterine
      cavity morphology;
PAR  it is necessary to add a product adapted to be expelled within a few
      months, in order to thwart the uterus tendency to expel the intra-uterine
      device and with a view to avoiding the necessity of withdrawing the device
      because of bleeding or to preventing the occurrence of side-effects
      following insertion;
PAR  it is necessary to add a contraceptive or treatment product. In the case of
      a contraceptive product, the active life of the intra-uterine device
      should exceed one year.
PAR  Accordingly, the object of the invention is an active intra-uterine device
      comprising a hydrophobic substrate of high mechanical resiliency, wherein
      the substrate comprises, within the volume thereof, inclusions of
      polymerized hydrophilic substances, grafted on the hydrophobic substrate
      and cross-linked, in which water-soluble chemical agents have been stored
      previously, these agents being adapted to perfuse through said hydrophobic
      substrate when the latter is placed in an aqueous medium.
PAR  Taking account of the chemical agents included, the applications of the
      intra-uterine device are as follows:
PA1  contraception
PA1  treatment metrites and endometrites by means of antibiotics.
PA1  treatment of endometrium cancer through hormones (high dose progestational
      substances)
PA1  treatment of sterility, by inserting a controlled-pH buffer-product into
      the hydrophilic inclusions
PA1  treatment of menaupose through progesterones
PA1  treatment of synechhiae (purely mechanical action aiming at preventing the
      uterus walls from touching each other).
PA1  all other treatments of women's genital organs (fibromas, cysts, etc)
PA1  treatment of genital tuberculosis by means of cortisone
PA1  therapeutical abortion through prostaglandine. With an inert intra-uterine
      device (I.U.D.), the lower the pregnancy-rate, the higher the abandonment
      rate on medical grounds. Thus, an increasing efficiency gives rise to
      increasing side-effects.
PAR  With an active I.U.D., one can have at one's disposal a shape, a size and
      an area which, though not ensuring an optimum efficiency, however
      substantically cancel the sideeffects (traumatizing effects, tendency to
      expel the device) consisting in blood-losses and aches, since the shape,
      size and area are directly connected to mechanical tolerance. The desired
      efficiency increase is bound to the active chemical agent released.
PAR  The intra-uterine device, or I.U.D., according to the invention has
      numerous advantages: the risk of a perforated uterus are minimized (better
      acceptability) since the contact between the I.U.D. and the uterus wall is
      both resilient and soft.
PAR  The I.U.D. keeps a good mechanical resiliency once metal-salts or other
      pharmaceutical substances have been introduced.
PAR  Moreover, the grafting of hydrophilic monomers ensures a very good
      anchoring of the hydrophilic products onto the substrate, usually through
      co-valent linking between two carbon atoms, viz. one carbon atom of the
      hydrophilic compound and one carbon atom of the substrate.
PAR  Such a grafting is necessary for preventing the hydrophilic monomers from
      passing into solution.
PAR  According to one embodiment of the invention, the I.U.D. hydrophilic
      inclusions contain contraceptive agents: the inclusion of contraceptive
      products does not give rise to a direct contact between the whole amount
      of all these products stored and the uterus mucous membrane.
PAR  Since the I.U.D. according to the invention comprise inclusions of
      polymerized hydrophilic substances in which water-soluble contraceptive
      agents are stored, they show a large advantage over inert I.U.D.'s on
      which copper-salts or contraceptive products have been sprinkled. Finally,
      the risk of expulsion from the uterus is restricted, in view of the
      appropriate shape of the I.U.D. which is not unfavorably modified by the
      introduction of inclusions into the volume thereof.
PAR  The I.U.D. keeps its resilient memory effect so that it resumes its initial
      shape after having been introduced into the uterus, thus minimizing the
      risks of an expulsion of the device or of a traumatism.
PAR  According to the invention, the I.U.D. is characterized in that the
      hydrophilic-substance inclusions, in addition to contraceptive agents,
      contain substances adapted to acclimatize the I.U.D. within the uterus.
PAR  According to the invention, the hydrophilic-substances inclusions also
      contain analgesic substances.
PAR  Menometrorrhagias of the I.U.D. are explained by the fragility of the
      endometrium mucous membrane and the large number of its vessels.
      Hemorrhages are fostered by the inflammation reaction which is always
      prevailing. Some treatments were suggested as a remedy to I.U.D.
      hemorrhages. The substances used in the course of these treatments admit
      of a better acclimatization of the I.U.D. within the uterus. These
      substances, according to the invention, are stored in the hydrophilic
      inclusions of the I.U.D. hydrophobic substrate, and are selected from the
      group comprising vitamin K, .epsilon.-aminocaproic acid, ergotamine,
      ergotine, diosmine (the latter substance being available on the market
      under the trade-name "DAFLON"), iron sulphate, ascorbic acid and calcium.
PAR  According to the invention, the hydrophobic substrate is a polymerized
      thermoplastic product such as vinyl acetate, polyethylene or a co-polymer
      of vinyl acetate and polyethylene, or, more generally, an ethylene
      co-polymer, a polyether, a polyurethane or a polyacrylonitrile.
PAR  It is also possible to use polypropylene, polyamides, polyesters such as
      ethylen-glycol, polyterephtalate, polyvinyl chloride, polyformaldehyde
      chloride and polycarbonates or else polytetrafluoroethylene ("Teflon").
PAR  According to the invention, the hydrophilic substances is ethylene-glycol
      acrylate, ethylene-glycol methacrylate, acrylamide, methacrylamide,
      acrylamide methylol, acrylamide diacetone or an unsaturaded acidic product
      such as malic acid, acrylic acid, methacrylic acid, fumaric acid, itacomic
      acid or propylene glycol acrylate or methacrylate.
PAR  According to the invention, the contraceptive agents stored in the
      inclusions are selected from the group comprising copper-, zinc-, cobalt-,
      lead- and cadmium-salts.
PAR  According to the invention, it is possible to add progestational agents
      such as progesterone, spermicidal agents or oestrogenic soluble agents and
      products for immunizing from hormones.
PAR  These products released by the I.U.D. according to the invention induce a
      state of transient sterility in the women's body. They are synthetic
      progestational sexual steroids or oestrogenic compounds. The steroids are
      selected from the group comprising the derivatives of testosterone, the
      derivatives of nortestosterone, norethisterone, norethisterone acetate,
      norethynodrel, ethynodiol diacetate, norgestrienone, norgestrel,
      chlormadynone acetate, medroxyprogesterone acetate, megestrol acetate,
      anagestrone acetate and prostaglandine.
PAR  The ovulation inhibiting oestrogens used are ethynol oestradiol and
      mestranol.
PAR  According to the invention, antibiotics are introduced into the I.U.D. for
      the treatment of uteral infections.
PAR  According to an embodiment, the I.U.D. comprises a plastic frame, having a
      great resilient memory, to which is welded a thin sheet at least one of
      the materials of which the frame and sheet are made being a hydrophobic
      substance with hydrophilic inclusions, these inclusions being filled with
      treatment chemical agents and with substances adapted to acclimatize the
      I.U.D. within the uterus. This embodiment with a thin sheet increases the
      interface between the I.U.D. and the endometrium, while at the same time
      spacing the walls, which increases the efficiency about in the same ratio.
      The shape of the I.U.D. resilient plastic armature can be, for instance,
      that disclosed in French Pat. No. 1,562,101 of Feb. 5, 1968.
PAR  Besides, it was noticed that the polymerization, the grafting and the
      ionic-radiation-promoted cross-linking of hydrophilic compounds in the
      hydrophobic substrate according to the method to be described later on,
      provide the I.U.D. thin sheet with a crumpled structure, thus enhancing
      its adherence to the uterus wall and decreasing the risk of an expulsion.
PAR  According to a variant, the I.U.D. comprises a resilient plastic frame,
      having a great resilient memory, onto a portion of which are welded two
      thin sheets, which are, in turn, welded along the perepheries thereof so
      as to define a free enclosed space between said thin sheets and said
      frame, at least one of the materials forming the two sheets and the frame
      being a hydrophobic substance provided with hydrophilic inclusions, these
      inclusions being filled with treatment chemical agents, with contraceptive
      products or with substances adapted to acclimatize the I.U.D. within the
      uterus.
PAR  According to another variant, the space defined by the two thin sheets is
      filled, at least partially, with a solution containing treatment chemical
      agents (e.g. contraceptive) and substances adapted to acclimatize the
      I.U.D. in the uterus, these substances and agents being those previously
      enumerated.
PAR  Such a large stock of chemical products permits increases in the
      time-interval between successive I.U.D.-replacement operations
      necessitated by the exhaustion of the chemical products contained in the
      I.U.D.
PAR  Inserting substances into the space between the two thin walls ensures the
      I.U.D. a substantially unlimited life from a chemical standpoint. In such
      a case, it is absolutely necessary that the two thin sheets forming a
      portion of the I.U.D. comprise hydrophilic inclusions, in order that the
      solution containing the treatment and/or contraceptive chemical agents and
      the acclimatizing agents be in a position to perfuse through the thin
      wall.
PAR  Thin walls with 1/10th-millimeter - thick inclusions perfectly meet that
      requirement, while at the same time being thin enough for maintaining the
      requested mechanical resiliency necessary for easily inserting the I.U.D.
PAR  Moreover, the crumpling of the two thin sheets due to the introduction
      their inclusions enhauces the adherence of the I.U.D. in the uterus.
PAR  According to the invention, the thin sheet or sheets are welded only along
      a portion of the plastic frame, which permits to deform the I.U.D. when it
      is being introduced into the uterus.
PAR  According to the invention, the thin sheets welded to the plastic frame are
      made of a square polymer, viz. a polymer endowed with the same mechanical
      resistance along two directions at right angles to each other. Such a
      feature is advantageous in that it limits the risk of tearing the thin
      sheets welded to the I.U.D. - frame when the I.U.D. is being introduced.
PAR  Finally, it was observed that the grafting of vinylic monomers of a
      hydrophilic nature forming inclusions in the hydrophobic substrate results
      in a decrease of the I.U.D. surface-hardness due to a resilient effect,
      since these inclusions overstretch the hydrophobic substrate mesh and
      enhance the substrate resiliency. This unexpected property is an
      advantage, since the chafing of the uterus endometrium wall results from
      the stiffness of the apparatus.
PAR  The polymerization of the vinylic monomers for generating inclusions in the
      volume of the hydrophobic substrate can be carried out by means of
      ionizing radiations by chemical priming, by means of U.V. radiations, by a
      previous electrical discharge, by means of ultra-sonic waves or simply
      through raising the substrate temperature.
PAR  The I.U.D.'s are, for instance, placed in vinylic monomer aqueous solution,
      then irradiated after degassing the solution in vacuo. The solution
      monomers penetrate into the polymerized hydrophobic substrate by spacing
      apart the meshes and become inflated with water so as to still more
      distend the polymeric chains, thus permitting the monomer molecules to
      migrate.
PAR  The irradiation polymerizes and grafts these monomers volumetrically so as
      to generate grafted polymerized inclusions. The polymerized grafted
      inclusions are cross-linked by means of an ionizing radiation during, or
      after, the grafting of the hydrophilic monomers.
PAR  The thus polymerized and grafted inclusions are fixed within the substrate
      and no longer diffuse to the outside when the I.U.D. is placed in an
      aqueous medium. The various substances are introduced into the inclusions
      by dipping the treated dehydrated I.U.D. provided with inclusions into a
      solution of suitable agents (treatment contraceptive agents, treatment
      chemical agents, and acclimatizing agents). These agents in solution
      perfuse through the hydrophobic substrate so as to be stored in the
      hydrophilic inclusions. Once the I.U.D. has been withdrawn from these
      solutions, its inclusions contain the agents and the I.U.D. is ready for
      use, after having been dried and sterilized. When in contact with the
      uterus aqueous humors, the I.U.D. desorbs the agents thus filling the
      inclusions into the uterus.
PAR  The desorption velocity of the agents stored in the inclusions varies
      according to the cross-linking of these inclusions. This cross-linking
      which determines the size of these inclusions is controlled by submitting
      the hydrophobic substrate provided with inclusions to a cross-linking of
      some duration (e.g. by gamma-radiations).
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PAR  Other features of the invention will appear from the following description
      given by way of example, with reference to the accompanying drawing, in
      which:
PAR  FIG. 1 is a diagram of the device for grafting and polymerizing inclusions
      in the hydrophobic substrate forming the I.U.D.,
PAR  FIG. 2 is a diagram of the device for storing the chemical agents for
      treating and acclimatizing the I.U.D.,
PAR  FIG. 3 shows, in cross-section, a portion of the I.U.D. with inclusions,
PAR  FIG. 4 is a graph indicating the percentage of ethylene-glycol acrylate, by
      weight, with respect to the dose (in Mrads) on a polyethylene substrate,
      at different temperatures,
PAR  FIG. 5 is a graph indicating the percentage, by weight, of copper stored in
      the inclusions,
PAR  FIG. 6 shows an I.U.D. comprising a skin sheet welded to a portion of the
      frame,
PAR  and FIG. 7 is an exploded view of an I.U.D. comprising two welded thin
      sheets, with a chemical-and-acclimatization-agent solution contained in
      the space defined by the frame and the two thin sheets.
DETD
PAR  As stated above, the I.U.D. according to the invention improves three basic
      features of the conventional I.U.D.'s, viz innocuity, efficiency and
      acceptability.
PAR  In FIG. 1 is shown a diagram of the device for grafting and polymerizing
      inclusions in the hydrophobic substrates which form the I.U.D.'s.
PAR  Vessel 2 contains a solution 4 of vinylic monomers 6 in the presence of
      hydrophobic substrates such as 8. The vessel upper end communicates,
      through tubing 10 and valve 11, with a pumping device (not shown).
PAR  Radiation sources 12, 14 and 16 are gamma sources.
PAR  The device according to the invention operates as follows:
PAR  hydrophobic substrates such as 8 are placed in solution 4 comprising
      vinylic monomers which penetrate between the long chains of the
      hydrophobic polymer. Prior to applying radiations, the solution is
      degassed by opening valve 11, thus creating a negative pressure above
      solution 4. Subsequently, the radiation sources are put in operation so as
      to polymerize the vinylic inclusions within the hydrophobic substrate.
PAR  In FIG. 2 is shown vessel 18 containing a hydrophobic substrate provided
      with hydrophilic inclusions obtained by means of the device of FIG. 1.
      Solution 20 contains the substances to be perfused through the hydrophobic
      substrate towards the hydrophilic inclusions. The substances dissolved in
      20 are, for instance, contraceptive agents and agents for acclimatizing
      the I.U.D. in the uterus.
PAR  FIG. 3 shows, in cross-section, a portion of the I.U.D.; hydrophobic
      substrate 24 comprises inclusions of polymerized hydrophilic substance 26.
      These inclusions contain treatment chemical agents, contraceptive agents
      or acclimatizing agents, in the solution state or in anhydrous form.
PAR  FIG. 4 shows several curves plotting the percentage, by weight, of
      ethylene-glycol acrylate with respect to the radiation dose (in Mrads),
      for various solution temperatures. Thus, for instance, for a dose of 1
      Mrad, the solution temperature being 60.degree.C, 40 %, by weight, of the
      I.U.D. wall is represented by hydrophilic inclusions, ethylene-glycol
      acrylate in the present case (the substrate is a co-polymer of ethylene
      and vinyl acetate).
PAR  It can be seen that, if the temperature rises, the vinylic monomer is more
      easily inserted between the meshes of the network formed by the substrate
      polymer.
PAR  In FIG. 5, the percentage, by weight, of copper stored in inclusions is
      plotted with respect to the duration of immersion.
PAR  The 5000 grams/liter copper-nitrate solution used was at the temperature of
      60.degree.C.
PAR  FIG. 6 shows an I.U.D. comprising a diaphragm 30 welded to a portion of
      wall 32 forming the I.U.D. frame.
PAR  Of course, the selected specific shape of the I.U.D. is by no means
      limitative and any other shape likely to permit a fair accommodation of
      the I.U.D. in the uterus may be used. Wall 30, just like frame 32, is
      constituted by a hydrophobic substrate comprising hydrophilic inclusions
      in which have been stored chemical agents and acclimatising agents.
PAR  FIG. 7 is an exploded view of an I.U.D. according to the invention, the
      various portions of which are treated so as to make hydrophilic insertions
      in which are stored chemical agents in solution and acclimatizing agents.
      Onto frame 32 of the I.U.D. are welded two thin sheets 36, 38, on either
      side of that frame. These sheets are welded to each other at 39. Within
      the thus defined space is stored a solution 40 of chemical agent and of
      acclimatization agent. In order to show the I.U.D. inside more clearly,
      the I.U.D. is cut along a plane P passing through straight line ZZ'.
PAR  Clinical experiments carried out in vivo on several hundred women for
      several months have shown that the intra-uterine device according to the
      invention filled with copper salts was fully accepted by uterus without
      any shock-promoting side effect, such as expulsion of the device or
      blood-shed. According to a specific embodiment, the I.U.D. loaded with
      copper salt releases about 50 .mu.g of copper per day. That release can be
      regulated, e.g. by modifying the cross-linking of the hydrophilic
      inclusions.
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STM  What is claimed is:
NUM  1.
PAR  1. An active intra-uterine device comprising a hydrophobic substrate of
      high mechanical resiliency, wherein said substrate comprises, within the
      volume thereof, inclusions of polymerized hydrophilic substances grafted
      on said hydrophobic substrate and cross-linked, in which water-soluble
      chemical agents have been stored previously, said hydrophobic substrate
      being porous so that said agents may perfuse through said hydrophobic
      substrate when the latter is placed in an aqueous medium.
NUM  2.
PAR  2. A device according to claim 1, wherein the hydrophilic inclusions
      contain contraceptive agents.
NUM  3.
PAR  3. A device according to claim 1, wherein the hydrophilic inclusions
      contain chemical agents selected from the group comprising antibiotics and
      cortisone.
NUM  4.
PAR  4. A device according to claim 1, wherein the hydrophilic inclusions
      contain substances likely to acclimatize the intra-uterine device in the
      uterus.
NUM  5.
PAR  5. A device according to claim 1, wherein said hydrophobic substrate is
      made of an organic polymer selected from the thermoplastic group
      comprising vinyl acetate, polyethylene, polypropylene, polyamides,
      ethylene-glycol, polyterephtalate, polyvinyl chloride, polyformaldehyde
      chloride, polycarbonates, ethylene co-polymers, a polyether, a
      polyurethane, a polyacrylonitrile and polytetrafluoroethylene.
NUM  6.
PAR  6. A device according to claim 1, wherein said hydrophobic substrate is an
      organic co-polymer of vinyl acetate and polyethylene.
NUM  7.
PAR  7. A device according to claim 1, wherein said hydrophilic substance
      forming the inclusions is selected from the group comprising
      ethylene-glycol acrylate, ethylene-glycol methacrylate, acrylamide,
      methacrylamide, acrylamide methylol, acrylamide diacetone or an
      unsaturated acidic product such as malic acid, acrylic acid, methacrylic
      acid, fumaric acid, itaconic acid or propylene glycol acrylate or
      methacrylate.
NUM  8.
PAR  8. A device according to claim 2, wherein the contraceptive agents
      contained in said inclusions are selected from the group comprising
      copper-, zinc-, cobalt-, lead- and cadmium-salts.
NUM  9.
PAR  9. A device according to claim 1, wherein said inclusions contain a
      contraceptive agent selected from the group comprising progestational
      agents, spermicidal agents and soluble oestrogenic agents.
NUM  10.
PAR  10. A device according to claim 1, comprising, within said inclusions,
      substances for acclimatizing the said intra-uterine device within the
      uterus, wherein said inclusions contain at least one substance selected
      from the group comprising analgesics, vitamin K, .epsilon.-amino caproic
      acid, ergotamine, diosmine, iron sulphate, calcium and ergotine.
NUM  11.
PAR  11. A device according to claim 1, including a resilient plastic frame
      endowed with a high resilient memory, onto a portion of which is welded a
      thin sheet, at least one of the materials forming said sheet and said
      frame being made of a hydrophobic substances provided with hydrophilic
      inclusions, the said inclusions being filled with treatment chemical
      agents and with substances for acclimatizing the intra-uterine device in
      the uterus.
NUM  12.
PAR  12. A device according to claim 1, including a resilient plastic frame
      endowed with a high resilient memory onto a portion of which are welded
      two thin sheets which are, in their turn, welded along their peripheries
      defining an enclosed free space between said thin sheets, at least one of
      the materials forming the two sheets and the said frame being a
      hydrophobic substance provided with hydrophilic inclusions, said
      inclusions being filled with treatment chemical agents and with substances
      for acclimatizing said intrauterine device within the uterus.
NUM  13.
PAR  13. A device according to claim 12, wherein said space defined by said two
      thin sheets is filled with a solution containing contraceptive agents and
      substances for acclimatizing said intra-uterine device within the uterus.
NUM  14.
PAR  14. A device according to claim 12, wherein said hydrophobic substrate
      forming the sheet or sheets welded to the plastic frame is made from a
      square polymer.
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ABST
PAL  Underwater breathing apparatus including a diver worn back pack having a
      hard outer shell and a soft flexible undersurface to conform to the
      diver's back. Breathing bags positioned between the undersurface and outer
      shell are connected to the undersurface so as to extend down the diver's
      back and be coextensive with his lungs. Gas circuit components are mounted
      on the inside of the shell. The apparatus makes contact with the diver's
      back, at a small area on the upper portion of his back, and, at the lower
      portion of the diver's back two extending projections from the shell
      receive a transverse strap which contacts the diver in the vicinity of the
      small of his back.
PARN
PAR  This is a continuation of application Ser. No. 832,669 filed June 12, 1969,
      and now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention in general relates to breathing apparatus, and particularly
      to underwater breathing apparatus incorporating flexible breathing bags.
PAR  2. Description of the Prior Art
PAR  In undersea work, it is absolutely required to conserve, through good
      design, as much as possible of the diver's total expendible energy so that
      it may be fully applied toward a specific task. The diver should not have
      to exert much-needed energy in fighting his equipment and his environment.
      For example in underwater breathing apparatus incorporating breathing
      bags, when the diver is in the swimming position the buoyancy of the
      breathing bags acting at one point in conjunction with the weight of
      certain components acting at another point tends to produce a restoring
      moment which the diver must fight. Large inspiratory or expiratory efforts
      must be avoided, and in general the diving rig must be comfortable to
      avoid an adverse reaction by the diver.
PAR  The components of many diving rigs are mounted on a flat plane of metal or
      other rigid material and occasionally covered with a shaped cover. The
      resulting package is esthetically pleasing however the diver's back is not
      a flat plane and in use at hundreds of feet in the water, esthetics become
      of little significance to the diver in view of the discomfort and
      instability experienced. Breathing bags have been incorporated in such
      structures and have been positioned high on the diver's back at the top of
      the inside of the package, in conjunction with an exhaust valve which
      determines the pressure of the breathing gas in the system. This placement
      of components results in a system which is quite diver position sensitive
      so that the pressure varies excessively, to the discomfort of the diver.
PAR  Another approach has been to contour the component holder to the normal
      curvature of a man's back. The problem arises however that the normal
      curvature for one person is an abnormal curvature for another person so
      that variation in human sizes and build limits the usefulness to other
      than one person for whom the rig was designed.
PAR  It is therefore a primary object of the present invention to provide
      underwater breathing apparatus that substantially reduces, and in some
      cases eliminates, the inadequacies of prior art devices.
PAC  SUMMARY OF THE INVENTION
PAR  Basically, there is provided underwater breathing apparatus which includes
      a relatively hard inflexible outer protective shell which carries many
      components for gas flow control. A relatively soft flexible
      body-conforming under-surface is connected to the shell and is separable
      therefrom so as to service various components.
PAR  Breathing bag means are positioned between the undersurface and the shell
      and preferably are connected to the undersurface and extend substantially
      coextensively with the diver's lungs. Gas admission means and breathing
      tubes for the diver are provided in addition to means for supporting the
      apparatus on the diver's back.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are side and front views respectively of a preferred
      embodiment of the present invention;
PAR  FIG. 3 is a view along lines III--III of FIG. 1;
PAR  FIG. 4 is a front view, as in FIG. 2, with the undersurface lifted as to
      view the inside of the apparatus;
PAR  FIG. 5 is a schematic flow diagram of the particular breathing system
      viewed in FIG. 4;
PAR  FIG. 6 is a partial view of the apparatus as in FIG. 1, with a portion of
      the apparatus broken away and illustrating an exhaust valve and receiver
      in mating position;
PAR  FIG. 7 is a view as in FIG. 6 with the valve and receiver in the separated
      position;
PAR  FIG. 8 is a side view of a diver wearing the apparatus, shown partially in
      section;
PAR  FIG. 9 illustrates an equivalent force diagram for the situation of FIG. 8;
PAR  FIG. 10 is a view of the diver's back showing the apparatus contact areas;
PAR  FIG. 11 is a view along line XI--XI of FIG. 8;
PAR  FIG. 12 illustrates the apparatus with a hanger attachment;
PAR  FIG. 13 illustrates a receiving hanger; and
PAR  FIG. 14 illustrates the apparatus of FIG. 12 in a stowed condition.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is illustrated breathing apparatus
      incorporating a relatively hard, inflexible outer protective shell 10 and,
      as better viewed in FIG. 2, a relatively soft flexible body conforming
      undersurface 12 connected to the shell 10. The shell 10 may be fabricated
      of molded plastic or fiberglass and the undersurface 12 may be a soft
      material such as nylon, it being understood that such materials are
      mentioned only by way of example.
PAR  For servicing internal components, the undersurface 12 is separably
      connected to the shell 10 by complementary fastening means such as zippers
      14. A portion 17 of the undersurface 12 is attached to the edge of shell
      10, the attachment means illustrated in FIG. 1 being lacing 19. The
      portion 17 carries one half of the zipper with the other half being
      carried by the edge of undersurface 12.
PAR  The upper part of undersurface 12 is attached to a transverse strap 22 the
      ends of which are connected to the shell at points 24 so that when the
      zippers 14 are opened, the undersurface 12 may be swung up over the top of
      the shell 10 for servicing internal components. Connections 25 and 26 are
      provided for communicating the breathing apparatus with a diver.
PAR  Means for supporting the apparatus on the diver include shoulder straps 27
      and 28 connected to the upper part of the shell 10 and having respective
      adjusting means 31 and 32. The lower ends of the shoulder straps 27 and 28
      are detachably connected to respective arm assemblies 35 and 35' defining
      rigid projections on either side of the lower portion of the shell 10. A
      typical arm assembly such as assembly 35 in FIG. 1 includes a first or
      stationary member 37 secured to the shell 10 and a second or a movable
      member 38 which is illustrated in locked position but which may be moved
      out of locked position for storing, by depressing it against the action of
      spring 40 to thereby disengage complimentary locking surface 43 and 44
      whereby member 38 may be rotated inwardly about rod 45. Strap 50 connected
      to arm assembly 35', and strap 51 connected to arm assembly 35 fit around
      the diver's waist and are connectable by means of buckle 54.
PAR  Adjustable strap 56 is connected to respective arm assemblies 35 and 35'
      and forms a load bearing surface, as will be discussed hereinafter.
      Relative positioning of strap 56 may better be seen in FIG. 3 which is a
      view along line III--III of FIG. 2.
PAR  As seen in FIG. 3, arm assemblies 35 and 35' connected to, and projecting
      from, the shell 10 provide for strap 56, attachment points disposed at a
      distance from the shell 10 such that the strap 56 extended between the
      attachment points serves to prevent equipment such as carbon dioxide
      absorbent cannister 59 from banging into the diver and additionally serves
      as a force distributing means for distributing the compressive forces
      encountered when the apparatus is worn and straps 27, 28, 50 and 51 are
      properly adjusted.
PAR  It has been stated that the second member 38 of arm assembly 35 is movable
      for storage. In FIG. 3 the movable members 38 and 38' are shown dotted in
      their storage position.
PAR  Referring back to FIG. 2, the illustrated apparatus includes various
      components for a breathing system and which are connected to the shell 10.
      One such component is the carbon dioxide absorbent cannister 59 positioned
      at the lowermost portion of the shell 10 and held in place by means of,
      for example, an elastic cord 64, the ends of which are secured to the
      shell 10. The cannister 59 is connected to breathing bags, to be
      described, by means of couplings 67 and 68 which are readily
      disconnectable for servicing the cannister. Although the undersurface 12
      may be fastened to the shell from the top of the shell to the bottom of
      the shell it is more convenient to have it extend, as illustrated, only
      down to the cannister 59 so that servicing may take place without the
      necessity for unfastening the undersurface 12.
PAR  The strap 56 contacts the diver in the vicinity of the small of his back
      and is a load supporting surface. Another contact area occurs at the upper
      part of the diver's back. In order that a wide variation of diver shape
      and sizes be accommodated it is preferable, although not an absolute
      requirement, that the contact area at the upper part of the back be
      relatively small and be positioned between the diver's shoulder blades.
      Contact pad 70 on the outside of the undersurface 12 may be made of soft
      rubber and defines another load supporting area in, addition to the strap
      56. Positioned behind contact pad 70 is a spacing and load supporting
      means which extends to the shell 10.
PAR  In summary, when the apparatus is placed on the diver and straps 50, 51 and
      shoulder straps 27 and 28 tightened, the shell 10 is drawn close to the
      diver's back but does not bear against it. The shell 10 is maintained at a
      spaced distance and accordingly the general contour of the shell 10 will
      fit most divers.
PAR  The forces pulling the apparatus close to the diver are transmitted to, and
      supported by two contact areas. The size and positioning of these contact
      areas also insure that the apparatus will fit most divers.
PAR  When the straps are tightened a compressive force is transmitted to contact
      pad 70 by the spacing and load supporting means positioned behind it and
      extending to the shell 10. A compressive force is also transmitted by arm
      assemblies 35, 35'  and distributed by strap 56 to a contact area in the
      vicinity of the small of the diver's back.
PAR  Behind the undersurface 12 is a plurality of components utilized in a
      breathing system. FIG. 4 is a view of the apparatus with the undersurface
      12 turned up to provide an internal view. The supporting means including
      the various straps are not illustrated. The apparatus includes breathing
      bag means in the form of first, or inhalation breathing bag 73 and second,
      or exhalation breathing bag 74 connected to, or forming an integral part
      of the undersurface 12. When in position, the breathing bags 73 and 74 lay
      very close to the diver's back and substantially extend coextensively with
      the diver's lungs. The small projections 77 and 78 connect with couplings
      67 and 68 of the cannister 59.
PAR  Disposed in, and carried by the shell 10, are various gas circuit
      components of a breathing system diagrammatically illustrated in FIG. 5 to
      which reference is now made.
PAR  For deep ocean work the diver is supplied with a breathable gas from a
      remote supply by means of an umbilical 80 having an in-line quick
      disconnect 82. The gas is given a final cleansing by means of filter 84,
      and is supplied to the input 85 of inhalation breathing bag 73 by way of a
      check valve 86 and gas metering orifice 89. The output pressure of check
      valve 86 is sensed by the switchover indicator 91 which signals the diver,
      that gas is being supplied by means of the umbilical 80.
PAR  Gas admitted to the inhalation bag is breathed by the diver by means of
      breathing tube 94 connected to the inhalation bag 73, oral-nasal mask 96,
      and breathing tube 94 connected to the exhalation bag 74. Upon each
      breath, gas in the exhalation bag 74 passes through the carbon dioxide
      absorbent cannister 59 and then into the inhalation breathing bag 73 to be
      rebreathed. In a semi-closed type system utilizing breathing bags, there
      is included an exhaust valve which maintains the breathing system pressure
      breathed by the diver, at a certain value greater than the ambient
      pressure at the exhaust valve. The exhaust valve structure 98 is connected
      to the exhalation bag 74 and is preferably physically located between the
      breathing bags 73 and 74 very close to the diver's back.
PAR  If the diver wishes to admit a large quantity of gas to the breathing bags
      to purge them, he may activate purge valve 100 which allows the gas from
      the umbilical 80 to enter the inhalation breathing bag 73 by way of
      regulator 102 and one way check valve 103. If the breathing bags should
      accidentally become cut and inoperative, there is provided an emergency
      regulator 105 operable by activation of regulator control 106 whereby the
      apparatus acts as a conventional open circuit remote supply breathing
      system.
PAR  If the umbilical 80 should accidently become cut there is provided an
      emergency gas supply in gas bottles 109 and 110 which would, when valve
      117 is opened, supply gas through regulator 112 to the inhalation
      breathing bag 73 by means of gas metering orifice 114. If the umbilical 80
      is cut, the pressure at switchover indicator 91 would drop and the diver
      would be signalled to thereby activate the valve 117. Alternatively,
      activation of valve 117 may be made automatically by means of pressure
      responsive control devices. The gas from supplies 109 and 110 may be
      provided to the inhalation breathing bag 73 in a large quantity by the
      path including check valve 119 and purge valve 100. For shallow water
      work, the gas supply bottles 109 and 110 may serve as the primary gas
      supply, however, as noted for deep ocean work, they would serve as an
      emergency gas supply affording the diver several breaths to get back to a
      protective atmosphere of an underwater chamber or habitat.
PAR  The gas supply bottles 109 and 110 could also serve as the primary gas
      supply for deep ocean work in a closed breathing system, in which case
      oxygen would be supplied to a helium breathing gas only as needed in
      accordance with the output of a partial pressure of oxygen sensor (not
      shown).
PAR  Except for the gas supply bottles 109 and 110 and cannister 59, the various
      gas circuit components of FIG. 5 are illustrated in block diagram form
      inside the shell 10 of FIG. 4. The gas supply bottles 109 and 110 are held
      in place by means of metallic straps 122 fastened to the shell 10. If the
      valve 117 is diver activated there may be provided a rod 124 which extends
      to the lower part of the shell and which includes a knob 125 on the end
      thereof for diver activation. Another rod 127 extends down the other side
      of the shell and may be pushed by the diver for activation of the purge
      valve 100.
PAR  When the breathing bags are inflated, and inflation may be in the order of
      8 liters of gas, there is a positive buoyant force acting at a center of
      buoyancy, positioned between the breathing bags. The various gas circuit
      components are disposed in the vicinity of the breathing bags and the
      weight of these components are collectively centered at a point very close
      to the center of the buoyancy to thereby eliminate turning moments when
      the diver is in certain swimming positions.
PAR  When the undersurface 12 is placed into position, the valve 98 mates with a
      receiver member 140 fastened to the shell 10 in such a manner that the
      receiver 140 and valve 98 form a spacing and load supporting means
      extending from the shell 10 to the undersurface 12. FIG. 6 is a side view
      of a portion of the apparatus with parts broken away illustrating the
      mating relationship between the valve 98 and the receiver member 140. The
      valve 98 is positioned on the inside of undersurface 12 between the
      breathing bags of which inhalation bag 73 is shown. The contact pad 70 is
      positioned on the outside of undersurface 12 with the valve 98 and contact
      pad 70 being joined by means of fasteners 142, with the undersurface 12
      being sandwiched between them. The valve receiver member 140 is cup-shaped
      and connected to the shell 10 by means of fasteners 144. The upper portion
      of valve 98 constitutes a valve cover 147 which may be defined as having a
      hemispherical surface portion so as to allow for limited rotatable
      movement in the receiver 140.
PAR  This movable connection allows the contact pad 70 to lie flat in position
      for the vast majority of different diver back contours and insures that
      the contact pad 70 remains in proper position even though the shell 10 may
      be moved somewhat during wearing. Although a conventional spring loaded
      exhaust valve may be utilized, it is preferable that the breathing system
      incorporate a valve which varies its setting in accordance with positional
      orientation, as described and claimed in copending application Ser. No.
      832,671 filed June 12, 1969 and assigned to the same assignee as the
      present invention. With incorporation of such valve it is desired that the
      valve axis remain pointed at a reference point positioned within the
      diver. The rotatable engagement of the valve 98 with the receiver 140
      insures this positioning while still maintaining a force transmitting
      arrangement from the shell 10 to the diver's back at a first load
      supporting area defined by the contact pad 70.
PAR  In FIG. 7, the undersurface 12 has been unconnected and pulled away
      somewhat from shell 10 providing a view of the valve 98 and receiver
      member 140 in an unmated relationship. Although the receiver 140 is shown
      as being cup-shaped, it is obvious that other structures may be provided
      to perform the same receiver function.
PAR  FIG. 8 is a view of a helmeted diver in the prone swimming position and
      illustrates, with portions broken away, the placement of the apparatus on
      the diver's back. The breathing bag means, of which the inhalation
      breathing bag 73 is shown, extends down the diver's back and is
      coextensive with the diver's lungs 150 and the vast majority of system
      components are carried by the shell 10. The shell 10 is supported away
      from the diver's back and the compressive load thereof when the straps
      (FIG. 2) are tightened is transmitted to the diver at two contact areas,
      one being defined by the contact pad 70 and the other being defined by the
      strap 56. This supporting arrangement allows free and unhindered movement
      of the breathing bags.
PAR  FIG. 9 is a load or force diagram representative of the apparatus as
      pictured in FIG. 8. Rigid bridging member 154, carrying a load 156, is
      supported at one end by support member 159 and at the other end by pivotal
      support member 160, which allows placement on various contour surfaces
      such as surface 162. Bridging member 154 is maintained at a spaced
      position with respect to surface 162 and flexible bellows 165 is free to
      expand and contract within the area enclosed by bridging member 154 and
      surface 162. An analogy between the diagram of FIG. 9 and the apparatus of
      the present invention may be made as follows:
     bridging member 154                                                       

                        shell 10                                               

     support member 159 arm assemblies 35,                                     

                        35' and strap 56                                       

     support member 160 receiver member 140                                    

                        and valve 98                                           

     surface 162        undersurface 12 and                                    

                        diver's back                                           

     load 156           gas circuit com-                                       

                        ponents                                                

     flexible bellows 165                                                      

                        breathing bags 73                                      

                        and 74.                                                

PAL  The collective weight of the various gas circuit components is represented
      by arrow W. The buoyancy of the breathing bags is represented by the arrow
      B. By distributing the gas circuit components in the vicinity of the
      breathing bags W can be made very nearly colinear with B so as to prevent
      undesired turning couples which would tend to rotate the diver to a
      vertical position. Load 156 does not necessarily represent or include gas
      supply bottles 109 and 110 or cannister 59 since these components are
      approximately neutrally buoyant in the water.
PAR  The apparatus in the embodiment illustrated provides a first load
      supporting area which contacts the diver on the upper portion of his back.
      Preferably, and as illustrated in FIG. 10, this contact area 168 is
      positioned between the diver's shoulder blades 169. A second load
      supporting area contacts the lower part of the diver's back such as the
      contact area 171 in the vicinity of the small of the diver's back. The
      contact area 171 is due to the strap 56 which is flexible and can conform
      to innumerable body shapes. The contact area 168 is relatively small so
      that the entire apparatus is supported by the diver at two contact areas
      substantially common to all diver forms and shapes.
PAR  FIG. 11 is a view along line XI--XI of FIG. 8 and illustrates the arm
      assemblies 35 and 35' in extended position which in conjunction with strap
      56 prevents compressive forces from acting against the diver's back in a
      concentrated area since these compressive forces are transmitted to a
      distributed contact area (area 171 in FIG. 10).
PAR  In order to aid the diver in donning and removing the equipment, there may
      be provided a hanger arrangement such as illustrated in FIGS. 12 and 13.
      Secured to the back of shell 10 are two hanger brackets 177 and 178 either
      one of which may also serve as a convenient carrying handle for the
      apparatus. The brackets 177 and 178 fit over projections 181 and 182 of
      hanger 183 which is secured at a convenient height to structural member
      185. The equipment is placed on the hanger 183 as illustrated in FIG. 14,
      the positioning of hanger 183 being such that the diver may conveniently
      back into and don the equipment after which it may be removed from the
      hanger 183. Similarly, after use, the diver may back up to the hanger 183,
      engage the projections 181 and 182 with brackets 177 and 178 and unfasten
      the various straps whereby the undersurface may be unfastened for
      equipment servicing.
PAR  The present invention has been described with respect to underwater
      breathing apparatus although it is obvious that various other arrangements
      may be provided and that the principals may be applied to back pack
      apparatus, containing breathing or other equipment.
CLMS
STM  I claim:
NUM  1.
PAR  1. Underwater breathing apparatus, comprising:
PA0  A. a relatively hard inflexible outer protective shell;
PA0  B. a relatively soft flexible body-conforming undersurface for placement on
      a diver's back and connected to said shell;
PA0  C. breathing bag means positioned between said undersurface and said shell;
PA0  D. means for admitting a breathable gas to said breathing bag means;
PA0  E. means for communicating said breathing bag means with the diver;
PA0  F. said apparatus being constructed and arranged that said breathing bag
      means is freely movable in the area between said undersurface and said
      shell when communicative with the diver and when supplied with said
      breathing gas; and
PA0  G. support means for supporting said apparatus on the diver.
NUM  2.
PAR  2. Apparatus according to claim 1, which includes
PA0  A. complementary fastening means connected to the edge portion of the shell
      and the edge portion of the undersurface for easily separating the shell
      and undersurface for gaining access to the interior of the shell.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein:
PA0  A. the breathing bag means extend substantially coextensively with the
      diver's lungs.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein:
PA0  A. the breathing bag means are connected to the undersurface and are
      movable therewith.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein:
PA0  A. the breathing bag means include an inhalation breathing bag and an
      exhalation breathing bag; and which additionally includes
PA0  B. an exhaust valve connected to one of said breathing bags and positioned
      between them.
NUM  6.
PAR  6. Apparatus according to claim 1, which includes
PA0  A. a plurality of gas circuit components
PA0  B. said plurality of gas circuit components being carried by the shell,
      interiorly thereof.
NUM  7.
PAR  7. Apparatus according to claim 1, which includes
PA0  A. a force transmitting rotatable coupling extending between the shell and
      the undersurface;
PA0  B. said coupling including a first member and a second member;
PA0  C. said first member having a hemispherical surface portion;
PA0  D. said second member being a receiver member for said hemispherical
      surface portion for allowing limited rotatable movement between said first
      and second members.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein:
PA0  A. the second member is attached to the shell, and
PA0  B. the first member is an exhaust valve structure connected to the
      breathing bag means.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein:
PA0  A. the breathing bag means is formed as part of the undersurface; and
      wherein
PA0  B. the exhaust valve structure seats in the receiver member when the
      undersurface is connected to the shell, and
PA0  C. the exhaust valve means unseats from the receiver member when the
      undersurface is unconnected from the shell.
NUM  10.
PAR  10. Apparatus according to claim 7, which includes
PA0  A. a soft contact pad positioned on the outside of the undersurface;
PA0  B. the first member being connected to said contact pad with the
      undersurface being sandwiched therebetween.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein:
PA0  A. the contact pad is positioned to contact the upper portion of the
      diver's back in the vicinity of the shoulder blades.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein the support means includes
PA0  A. first and second arm assemblies connected to the lower part of the shell
      and extendable therefrom to respective first and second positions in front
      of the shell, and
PA0  B. a flexible force distributing means for connection to said arm
      assemblies at said first and second positions for contact with the diver's
      back in the vicinity of the small of the back and being out of contact
      with said shell when worn by the diver.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein:
PA0  A. the flexible force distributing means is a strap connected to the arm
      assemblies at the first and second positions.
NUM  14.
PAR  14. Apparatus according to claim 12, wherein:
PA0  A. each arm assembly includes first and second arm assembly members;
PA0  B. said first arm assembly member being connected to the shell;
PA0  C. said second arm assembly member being connected to said first arm
      assembly member and movable relative thereto;
PA0  D. locking means for interlocking said first and second arm assembly
      members to prevent such relative movement.
NUM  15.
PAR  15. Apparatus according to claim 1 which additionally includes:
PA0  A. bracket means attached to the outside of the shell for hanging up the
      apparatus on complementary hook means.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein:
PA0  A. the bracket means are in the form of at least one carrying handle.
NUM  17.
PAR  17. A back pack comprising:
PA0  A. a relatively hard inflexible outer protective shell;
PA0  B. a relatively soft flexible body conforming undersurface for placement on
      the user's back and connected to said shell;
PA0  C. first load supporting means connected to said shell and extending to
      said undersurface and forming a first load supporting area on said
      undersurface;
PA0  D. second load supporting means connected to said shell and forming a
      second load supporting surface;
PA0  E. said first load supporting area being for contact with the upper part of
      the user's back and the second load supporting area being for contact with
      the lower part of the user's back in the vicinity of the small of the
      back; and
PA0  F. breathing apparatus components carried interiorly of the shell.
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ABST
PAL  A surgical wrap for covering or isolating extremities during surgical
      procedure is provided. The wrap provides a barrier to bacterial migration
      and is substantially conformable to the extremities. It is constructed to
      exhibit simultaneously the properties of stretchability and
      fluid-imperviousness. A manner of arranging the wrap into a form suitable
      for compact packaging and for facile application during surgery is also
      provided.
BSUM
PAR  The invention is directed to a surgical wrap and, more particularly to a
      novel covering for the extremities suitable for use during orthopedic
      surgery, and a manner of arranging the same for compactness and ease of
      application during surgery.
PAR  In surgical procedure, a patient is draped and/or otherwise covered with a
      sterile covering to prevent the prepared area of surgical interest from
      becoming contaminated by contact with unprepared areas or surfaces. In
      orthopedic surgery involving the extremities or parts proximate thereto
      such as hips and shoulders, special coverings are employed. In such
      surgery the extremity frequently must be manipulated during the course of
      the surgical procedure and a drape or a baggy or bulky covering is
      therefore unsuitable. It has been the practice to cover the extremity with
      a cotton stockinet. Although it is initially sterile and is applied in a
      sterile manner, once surgery has commenced, fluids, particularly blood and
      other body fluids, come into contact with it. When fluids have come into
      contact with and penetrate the non-impervious stockinet, the wet stockinet
      provides a path for bacterial migration and the sterile barrier is broken.
      The covering then becomes a source of contamination and the spread of
      infection, particularly when the limb is thereafter manipulated.
PAR  The terms "extremity" and "limb" are used interchangeably herein and will
      be meant to include the terminal portion of the limb as well as the limb,
      i.e. hand and arm or foot and leg.
PAR  It is an object of the present invention to provide a surgical extremity
      wrap or covering which is an effective barrier to bacterial migration
      throughout surgical procedure. It is further an object of the present
      invention to provide a covering which is substantially conformable to the
      shape of the extremity. A still further object of the present invention is
      to provide a wrap which may be facilely administered. These and other
      objects and such additional advantages as compactness for packaging as a
      disposable wrap may be realized according to the present invention.
PAR  The covering for the extremities suitable for use during surgery,
      particularly orthopedic surgery, is an elongated tubular wrap or envelope
      closed at one end and consisting of inner and outer layers. The inner and
      outer layers may be two separate envelopes concentrically positioned and
      operating conjointly or the two layers may be joined loosely such as only
      at the closed end, or firmly in a unitary construction to form inner and
      outer layers of a single envelope. The outer layer is fluid impervious.
      The inner layer has good slip-over properties (as hereinafter defined) and
      preferably is absorbent. Both inner and outer layers are stretchable, and
      preferably made of materials having some elastic properties. In a
      preferred embodiment of the present invention, an arrangement is provided
      which permits facile application to the limbs in preparation for surgery.
      Moreover, the extremity covering and arrangement thereof are particularly
      adaptable for use in prepackaged disposable coverings.
DRWD
PAR  The present invention will be seen in the following description and
      accompanying drawings which illustrate a few embodiments contemplated by
      this invention and are not intended to limit the invention.
PAR  FIG. 1 is a perspective view of an extremity wrap of the present invention
      in the extended form from the open end.
PAR  FIG. 1a is a cross-sectional view taken along line 1a--1a of FIG. 1.
PAR  FIGS. 2-4 are side longitudinal views of some versions of extremity wraps
      in accordance with the present invention.
PAR  FIG. 5 is a longitudinal sectional view of an extremity wrap applied to the
      leg and foot of a patient.
PAR  FIG. 6 is an elevational view of a wrap which has been twisted about a leg
      and foot to increase conformability.
PAR  FIG. 7 is an elevational view partially in section of an extremity wrap at
      the initial folding stage of a cuff fold.
PAR  FIG. 8 is an elevational view partially in section of a folded extremity
      wrap folded in a cuff fold.
PAR  FIG. 9 is an elevational view partially in section of an extremity wrap
      rolled in a toroidal roll.
DETD
PAR  Referring now more particularly to the drawings, and especially to FIG. 1,
      the numeral 10 denotes the extremity covering or wrap which is tubular in
      form and closed at one end 11 and open at the other end 12 in the manner
      of an elongated envelope for the insertion of an extremity. The wrap
      consists of an outer tubular layer 16 and an inner tubular layer 17
      concentrically positioned so that when the limb is covered by the wrap,
      the limb is positioned in the tubular chamber 20 immediately surrounded by
      the inner tubular layer, which in turn is surrounded by the outer tubular
      layer. This is also seen in cross-section in FIG. 1a. The wrap is designed
      to receive either extremity, a foot and leg, or a hand and arm.
PAR  The inner and outer layers are formed of stretchable material. The outer
      layer further is made of a fluid-impervious material. Suitable materials
      for the outer layer are preferably elastomeric materials such as
      styrene-butadiene rubber, natural rubber and butyl rubber. Other typical
      stretchable materials which may be employed include ethyl vinyl acetate,
      polyvinyl chloride, polyethylene, etc. These materials are non-supportive
      of microbial growth and further prevent transmission of body fluids to the
      inner layer and to the body. The outer layer may be fabricated from thin,
      flexible sheeting or film made from blown tubing, cast tubing, etc. to
      which closure means as necessary are provided to form the tubular envelope
      or wrap as above described. Such necessary end and peripheral closures may
      be achieved by folds or any suitable closure means known to the art, such
      as a heat seal. In addition, the end closure may be achieved by tying or
      even clamping just prior to use, but the preferred embodiment employs a
      previously formed seal or a fold.
PAR  The inner layer is made of stretchable materials with good slipover
      properties. The expression "good slipover properties" is meant a
      non-clinging or non-sticking property which permits ease of application.
      It is not intended that the inner layer be slippery. Both stretchability
      and good slip-over properties may be achieved with textile materials.
      Stretchability may be achieved by the manner of construction of the
      fabric, e.g. knitting. Knitted fabrics are preferred. However, textile
      materials in other forms such as woven fabrics, especially when cut on a
      bias, or even nonwoven fabrics with stretchable inserts may be employed.
      It is preferred, although not essential that the inner layer be at least
      somewhat absorbent. This is desirable primarily from the standpoint of
      comfort to the patient. Organic textile materials of natural or synthetic
      fibers such as cotton, linen, rayon, polyesters, polypropylene, etc. may
      be employed. Cotton and rayon are among the preferred materials. The end
      and other peripheral closures as necessary in the inner layer are
      conveniently achieved by stitching, although tying and other methods may
      be employed.
PAR  Further requirement for materials for both outer and inner layers is that
      the materials be stable to sterilization techniques. Additionally, the
      outer covering material must meet the anti-static properties required for
      operating rooms.
PAR  Since the covering is for the limbs in a passive state and since the
      materials of construction are to be of a stretchable nature, it is not
      critical and essential that the tubular wrap have the exact outline of the
      extremity it is covering to satisfy the objective of a substantially
      conformable wrap. However, the covering must not hang loosely or slide
      around and is thus distinguished from a drape or a loose-fitting covering.
      Thus, the tubular wrap may have any of a number of forms some of which are
      shown in FIGS. 2-4, as well as other forms not shown, such as, for
      example, a wrap having the terminal portion in a mitt-like configuration
      for enclosing a hand.
PAR  FIGS. 2-4 are side views of some of the various shapes of tubular wrap 10.
      FIG. 2 illustrates a wrap which is not preshaped. It has a generally
      cylindrical configuration in which the closed end 11 is of the same width
      as the open end 12. A generally conical shape is seen in the wrap 10a of
      FIG. 3 where the closed end 11a is of substantially smaller width than the
      open end 12a. A shape outlining the foot at the closed end 11b is seen in
      wrap 10b of FIG. 4, having open end 12b.
PAR  The peripheral closures may be accomplished by seals or folds or a
      combination of seals and folds. FIGS. 2-4 illustrate some ways in which
      this may be accomplished. Thus, in FIGS. 2-4 the peripheral closures are
      accomplished by seals 22, 22a or 22b and folds 23 or 23b. Other
      modifications may be employed. Thus, in a wrap having a shape generally as
      shown in FIG. 2, the peripheral closure along both longitudinal edges may
      be a fold with a seal closure at the end. Alternatively, the end closure
      may be a fold with a seal along both longitudinal edges.
PAR  FIG. 5 is a cross-sectional view of the extremity wrap of the type shown in
      FIG. 2 applied to a human foot and leg. In FIG. 5, an extremity (foot and
      leg) 25 is positioned in a tubular chamber 20, surrounded by and in
      substantial but incomplete contact with inner layer 17 which in turn is
      surrounded by outer layer 16. It shows the substantial conformance to the
      foot and leg which may be achieved even if the envelope is not pre-shaped
      in the outline of a foot and leg. Such conformance is deemed ample for
      surgical procedures in the upper portion of the extremity or in areas
      adjacent to the extremity. Thus, FIG. 2 illustrates a preferred
      configuration of the wrap of the present invention. When greater
      conformance is desired, such as in surgery in the narrower lower part of
      the leg, it may be achieved by a slight twisting of the wrap. FIG. 6
      illustrates how a non-pre-shaped wrap such as illustrated in FIG. 2 may be
      slightly twisted to increase conformability. Wrap 10 is shown with puckers
      26 resulting from twisting as it is extended over limb 25 (dashed lines).
PAR  Similar considerations are applicable when the extremity being considered
      is the arm and hand.
PAR  Although the invention has been discussed in terms of the inner and outer
      layers being separate entities, the inner and outer layers may be joined
      at the closed end, along its length or throughout to form the inner and
      outer layers of a single extremity wrap. When such is desired the inner
      and outer layers may be joined by any suitable adhesive known to the art
      such as, for example, an acrylate. However, in operation the two member
      wrap has been found to be completely satisfactory and no significant
      benefit is expected to be gained by joining the two members.
PAR  The extremity wrap may be made in different sizes. Thus when the wrap is
      contemplated as a leg covering, a larger size would be chosen than when
      used as an arm covering. Generally, the dimensions may vary from about 4
      to 14 inches in flat width and correspondingly from about 20 to 50 inches
      in length. (By flat width is meant the width across the flattened tubular
      wrap.) Preferred dimensions for use as extremity covering for adults are
      about 8 to 10 inches in flat width and 45 to 50 inches in length. The
      inner layer preferably has slightly smaller dimensions. The flat width may
      be as much as 2 inches smaller. The length of the inner layer may be the
      same or slightly less. If the length is slightly less, the outer layer
      will completely cover the inner layer when the wrap is fully extended. It
      is not critical and essential that the outer layer be longer than the
      inner layer for the outer layer may be tucked inwardly toward the limb
      over the inner layer and in this way protect the inner layer from contact
      and contamination.
PAR  Since it is now becoming the practice of hospitals to use prepackaged
      coverings which are generally disposable, it is desirable that the
      extremity wrap be available in a compact form and easy to handle in
      operating room procedure.
PAR  A further aspect of the present invention is an improved means for
      packaging, handling and applying the fluid-impervious extremity wrap of
      the present invention.
PAR  To achieve a compact form the extremity wrap may be folded or rolled. The
      folding or rolling may be accomplished in numerous ways. Thus, the wrap
      may be arranged in an accordian fold or in a tubular roll in which the
      width of the wrap forms the core around which the wrap is rolled. While
      these arrangements provide compact units useful for packaging, they are
      less advantageous for handling in the surgical arena, for wraps so folded
      or rolled do not permit the closed end to be immediately placed at the
      terminal portion of the extremity. The arranged extremity wrap of the
      present invention permits facile application by immediate placeability of
      the wrap at the terminal portion of the extremity followed by covering of
      the entire or such portion of the limb as desired as the wrap is extended.
      One improved arranged extremity wrap of the present invention is a folded
      wrap, folded in a cuff-fold. A further improved arranged extremity wrap of
      the present invention is a rolled wrap, rolled in a toroidal or
      doughnut-like roll.
PAR  FIGS. 7 and 8 show initial and final stages of folding in a cuff-fold to a
      compact form suitable for commercial packaging. FIGS. 7 shows wrap 10 with
      open end 12 and closed end 11 and cuff 30. FIG. 8 shows a shortened wrap
      10 with open end 12 and closed end 11 and cuff 30a.
PAR  In preparing the folded extremity wrap, the inner and outer layers are
      simultaneously folded outwardly in a cuff-fold to form a cuff 30 wherein
      the inner layer is the visible portion of the cuff. The initial fold is of
      from about one-fourth to about one-half of the flattened width of the
      wrap. This folding is repeated until the closed end of the wrap is
      approached and a compact size is achieved. FIG. 8 shows the extremity wrap
      in the finally folded form. The cuff in the finally folded form is seen at
      30a.
PAR  FIG. 9 shows the extremity wrap 10 with the open end 12 and closed end 11
      in the final stage of rolling in a toroidal roll 31 to a compact form
      suitable for commercial packaging.
PAR  In preparing the rolled extremity wrap, the inner layer is rolled outward
      onto the outer layer in a cuff-like manner so the inner layer forms the
      visible covering of the roll. The rolling is continued until a compact
      form as shown in FIG. 9 is obtained.
PAR  To use the extremity wrap of the present invention in the surgical arena,
      the arranged wrap is removed from its protective covering and is handled
      using aseptic techniques with the hands grasping the folded or rolled
      cuff. The covering in the arranged form is placed on the terminal portion
      of the extremity at the closed end and pulled away from the terminal
      position unfolding or unrolling as the operator proceeds up the prepared
      extremity or limb to the distance desired. If the extremity wrap is not
      completely extended, the portion remaining is folded or tucked inwardly so
      that the inner layer is protected by the impervious outer layer. The limb
      is then ready for further surgical procedures. If surgery is to be
      accomplished on the limb itself, the conformable nature of the wrap
      permits the making of an incision through the wrap and optional placement
      of an incise drape, surgical towels, etc. and/or conduction of other
      procedures. Conformability may be increased, if desired, by twisting as
      previously described prior to the making of an incision. The outer layer
      is non-supportive of microbial growth and its fluid-impervious nature
      inhibits fluids and microorganisms from reaching the inner layer and body
      area.
PAR  It is to be understood that the foregoing is merely exemplary and the
      present invention is not to be limited to the specific form or arrangement
      of parts herein described and shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Surgical draping means for providing ease of aseptic application and
      close fit of a surgical drape to a body extremity, said draping means
      comprising a sterile, elongated tubular wrap, closed at one end and open
      at the other end, and having substantially coextensive inner and outer
      layers, said inner layer comprising a stretchable, textile material with
      good slip-over properties, and said outer layer comprising a thin, fluid
      impervious, elastic drapable material which is a barrier to bacterial
      migration and meets the antistatic properties required for operating
      rooms.
NUM  2.
PAR  2. The drape of claim 1 which is in a compact, cuff-folded configuration,
      said inner layer overlying said outer layer, said configuration comprising
      a series of cuff folds of from about one-fourth to about one-half of the
      flat width of the wrap, the total width of the folded wrap being
      substantially that of a single said cuff fold.
NUM  3.
PAR  3. The drape of claim 1 which is in the form of a torroidal roll, said
      inner and outer layers having been simultaneously rolled circumferentially
      outward from said open end in a two-layer torroidal roll until said roll
      has approached said closed end.
NUM  4.
PAR  4. Draping means according to claim 1 wherein the inner and outer layers
      are separate units concentrically positioned.
NUM  5.
PAR  5. Draping means according to claim 1 wherein the inner and outer layers
      are joined.
NUM  6.
PAR  6. Draping means according to claim 1 wherein the inner layer is made of an
      organic textile fiber and the outer layer is made of an elastomer.
NUM  7.
PAR  7. Draping means according to claim 6 wherein the inner layer is made of
      cotton and the outer layer is made of styrene-butadiene rubber.
NUM  8.
PAR  8. Draping means according to claim 1 wherein the inner layer is made of a
      knitted fabric and the outer layer is made of a thin elastomeric sheeting.
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ABST
PAL  A flexible therapeutic anatomical support of form-fitting, compressive,
      heat-retaining elastic foam material, the supportive, compressive and
      movement-resisting forces of which are selectively reinforced and
      relieved, for supporting, protecting and resisting the movement of the
      muscles and skeletal structure at joints and other limb areas during
      pre-surgery conditioning, post-trauma, and post-surgery convalescence. A
      limb-ensheathing sleeve of sufficient length to cover the affected portion
      of the lib is fabricated from a sheet of foam neoprene material bent
      around to form a tube and adhesively secured at its seam edges with
      contact cement. The sleeve is configured according to measurements taken
      from the actual limb or joint after such measurements have been suitably
      modified to ensure that the resulting sleeve will provide the desired
      amount of support and compression. Selective reinforcement of the
      supportive, compressive and movement-resisting forces of the support
      sleeve is achieved by the securement of a plurality of
      elastic-fabric-backed strips of elastic foam material to the inside and
      outside surfaces of the sleeve by adhesive attachment thereto while the
      strips are either in a relaxed state or held in tension, as desired.
      Selective relief is achieved by removing a portion of the support sleeve
      material over the area of the limb to be relieved and either leaving the
      relieved area exposed or covering the opening with a patch of
      elastic-fabric-backed elastic foam material adhesively-attached to the
      outside surface of the sleeve. The sleeve support can be readily removed
      by the wearer for cleaning or treatment of the afflicted joint or limb and
      reapplied, as oftentimes as necessary.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a therapeutic anatomical support of the
      type generally used to apply pressure around and about a portion of a limb
      to reduce swelling and to provide protection and support during the
      convalescent period following joint surgery or joint trauma and during the
      treatment of shin splints.
PAR  One of the most common types of limb trauma is the sprain, usually defined
      as any strain-induced injury to a joint that results in a possible
      ligament or tendon rupture, but does not cause any skeletal dislocation or
      fracture. Sprains are especially common at the knee and ankle joints
      because of their locomotive and weight-bearing functions and occur almost
      as frequently at the joint of the elbows and wrists. They are usually
      followed by a significant amount of swelling due to diffusion (escape of
      fluid into a tissue or cavity) and edema (excessive accumulation of water
      fluids in the tissue spaces). Although the initial treatment of joint
      sprains necessarily varies with the severity of the sprain, the final
      phase of treatment usually includes the application and prolonged wearing
      of some type of protective, supportive and movement-resisting wrapping
      around the affected joint. It is not uncommon, even with moderate sprains,
      for this wrapping to be worn for a period of several weeks or months.
PAR  A common type of limb trauma occurring away from a joint is that where a
      muscle of the lower leg is torn from the side of the tibia or shin bone.
      This type of injury, referred to non-medically as a shin splint, occurs
      most often among skiers and basketball players and its treatment includes
      the application of a compressive wrapping to hold the affected muscle
      against the bone.
PAR  Several means have been devised for applying supportive pressure around and
      about a joint or other affected limb area. These include the application
      of adhesive tape, either as a single long strip or as a number of shorter
      strips, such as the commonly used Gibney ankle strapping consisting of
      fifteen individual adhesive strips, each of a different length;
      successively wrapping the affected area with a single strip of elastic
      material, such as that utilized in Hoey U.S. Pat. No. 3,805,781; and
      ensheathing the affected area in elastic or non-elastic sleeves of various
      shapes, sizes, and materials.
PAR  One of the main disadvantages of these conventional types of compressive
      limb supports, especially those formed from single or multiple strips of
      adhesive tape, is that, to ensure correct support and movement resistance,
      they must be applied by a physician or other medically-skilled person.
      Even then, it is difficult to achieve selective pressure differentials
      along the length of the support because of the difficulty in controlling
      the tension in the tape as it is wrapped around the limb and, therefore,
      almost impossible to predetermine the supportive and compressive result
      with any degree of accuracy. The use of a number of strips of adhesive
      tape rather than a single long strip, affords some selective
      reinforcement, but since the tape is usually non-elastic, the result is
      selective support and movement resistance, but not selective compression.
PAR  Also, an adhesive-tape support, once it is removed, must still be reapplied
      by an expert and, therefore, cannot be readily removed and reapplied in
      the home for purposes of bathing and massaging the injured limb.
PAR  The substitution of a long strip of elastic material for the adhesive tape
      results in a limb support whose compressive force is easier to control as
      the strip is applied by varying the amount of tension on the strip as it
      is wound around the limb, but the effect of this control is impossible to
      accurately predetermine. In addition, the requirement for an expert to
      properly apply the strip is not eliminated. The patient must still return
      to the physician's or therapist's office each time the support is to be
      removed and reapplied.
PAR  Non-elastic sleeves, even those capable of being selectively reinforced by
      inserting a rigid support member into an external pocket sewn into the
      outer surface of the sleeve, are useful mainly for support and not for
      compression. Sleeves of elastic material have been used to provide both
      compression and support, however, until now no means have been disclosed
      to effectively predetermine the amount of compressive force applied at any
      given point or area around the ensheathed portion of the injured limb or
      to effectively predetermine the amount of joint movement resistance
      provided by the sleeve.
PAC  Summary of the Present Invention
PAR  The present invention is directed to a non-rigid support sleeve of the type
      formed from a flexible material and used to apply supportive and
      compressive forces around and about an injured portion of a limb or joint,
      and, more particularly, to a form-fitted elastic sleeve of compressive,
      heat-retaining material, the compressive and movement-resisting force of
      which may be selectively reinforced and relieved by specific predetermined
      amounts at specific predetermined points around and about the affected
      portion of the limb or joint.
PAR  At least four basic embodiments of the support sleeve are envisioned; one
      for the knee, ankle, lower leg and elbow. Each comprises as its base an
      individually-fitted sleeve formed from an elastic foam material, such as
      foam rubber or neoprene similar to that conventionally used in a diver's
      wet-suit. By using an elastic foam material, both compression and heat
      retention are achieved, the latter being especially important and
      beneficial not only for the diminution of effusion and the reduction of
      edema, but also as an aid for conditioning the tissue prior to surgery
      when surgery is necessary. The circumferential dimensions for the
      different support sleeves are determined by taking measurements around the
      affected portion of the actual limb or joint and then reducing those
      measurements by an amount calculated to produce the desired compression
      differential at each point along the sleeve. For example, the basic knee
      support would not only be generally formed to start at mid-calf, taper in
      toward the knee and then taper out toward mid-thigh, but also to taper at
      rates greater or lesser than those necessary to conform to the shape of
      the knee, thereby varying the resultant compression by predetermined
      amounts along the length of the support. Once the basic measurements have
      been taken and modified as indicated above, a pattern is cut from a sheet
      of the elastic foam material and formed into a tubular configuration by
      bending the two appropriate opposing edges of the pattern around until
      they meet one another. The seam created where the two edges of the pattern
      come together is formed by adhesively attaching the two edges to one
      another with contact cement. To facilitate walking while wearing the
      support sleeve, a portion of the sleeve material directly behind the knee
      may be removed before or after the seam is formed, thereby relieving the
      compression, reducing the movement resistance and allowing the knee and
      the support sleeve to be more readily flexed.
PAR  With minor knee sprains, the application of the basic support sleeve,
      extending from a few inches below the knee to a few inches above, may be
      adequate to provide the necessary support, warmth and edema reduction.
      However, as the nature of the injury departs from a minor sprain,
      modifications to the basic sleeve may be necessary. In the case of
      patellar chondromalacia, a condition where the cartilage of the articular
      or underneath surface of the patella becomes roughened and causes pain
      when the knee is flexed or extended under a load, a portion of sleeve
      material roughly the size and shape of the patella is removed directly
      over the patella to relieve the pressure thereon. To protect the patella
      thus exposed, and also to maintain the compressive integrity of the
      sleeve, a piece of material similar to that used for the sleeve, either
      plain or elastic-fabric-backed for decreased elasticity, can be adhesively
      attached over the relieved area as a protective patch. If patellar
      instability is present, a similar area of sleeve material is removed over
      the patella, but the resultant aperture is encircled by a ring, also of
      elastic foam material, that is adhesively attached to the interior surface
      of the sleeve before the protective patch is applied. The addition of the
      ring serves to reinforce the aperture and offer increased resistance to
      patellar movement, thereby enhancing patellar stability.
PAR  Where the injury to the knee is sufficient to cause anteroposterior
      instability, a tendency of the knee joint to flex voluntarily, a pair of
      pretensioned, external elastic bands or strips of either plain or
      elastic-fabric-backed foam material are adhesively attached to the sleeve
      such that each strip begins at the upper rear of the sleeve, extends
      around opposite sides of the knee joint and down across the front, crosses
      the other strip just below the patellar relief aperture, and terminates at
      the lower rear of the support. The crossing strips are pretensioned by
      being stretched a predetermined percent of their at-rest length and held
      thus while being adhesivedly attached to the sleeve. The contraction of
      the strips, once the tension is released, increases the elastic resistance
      of the sleeve along the length of the strip, thereby offering an increased
      resistance to flexion of the knee joint.
PAR  The ankle support comprises a form-fitted, boot-like sleeve, the top of
      which extends above the ankle and the bottom of which extends about midway
      between the heel and the toes of the foot. An additional opening is cut
      around the heel to minimize the resistance to flexion and extension of the
      ankle joint. In cases where the sprain was caused by hyper-eversion, or an
      outward bending of the ankle joint, a U-shaped band of elastic foam
      material may be attached to the interior surface of the sleeve just below
      and partially surrounding the malleolus of the fibular to provide extra
      support and protection where swelling is most likely to occur.
PAR  The support envisioned for the treatment of shin splints comprises a
      form-fitted sleeve that extends from just above the ankle to just below
      the knee. A pair of elastic foam material strips are attached to the
      interior surface of the sleeve along the front of the support sleeve,
      parallel with the longitudinal axis of the leg and spaced on either side
      of the tibia, to increase elastic resistance and further compress the
      lower front leg muscles against the bone.
PAR  The elbow support is similar to that for the knee and comprises a
      form-fitted sleeve extending from midway up the lower arm to midway up the
      upper arm. This support is beneficial for the treatment of mild sprains
      and strains; especially the afflication commonly known as "tennis elbow,"
      a condition where the tendinous insertion of the wrist extensor muscles
      have been strained or become affected by rheumatic inflammation such that
      strong contraction of the hand causes pain and results in a weakened grip.
      This latter condition is so named because of its frequent occurance among
      tennis players, but it can also follow joint trauma from other activities.
      To ease the tension on the extensor muscles, the elbow joint may be
      supported in a slightly flexed position by the external attachment of a
      pair of pretensioned elastic strips or bands applied as a cross over the
      surface of the sleeve at the inside of the elbow joint. The increased
      tension provided by these strips will tend to prevent the sleeve, and
      thereby the elbow joint, from being involuntarily completely extended.
PAR  If desirable, a portion of the elbow sleeve material can be removed over
      the upper end of the ulna, at the point where the tricep has its
      insertion, to ease the compression there and to facilitate flexion of the
      elbow joint. For protection of the ulna, and to maintain compressive
      integrity, an external patch may be applied to the sleeve over the area
      thus exposed.
PAR  Once any of the envisioned sleeves has been tailored, constructed, fitted
      and adjusted by one experienced in the art, it may be removed and
      reapplied by the wearer without further expert attention, thereby allowing
      the injured limb to be bathed and massaged at home without the need to
      return to the physician's or therapist's office to have the support
      reapplied.
PAR  Although support sleeve embodiments have been described for application to
      the knee, ankle, lower leg and elbow, additional embodiments could also be
      designed for other portions of the limbs as well, e.g., the upper arm or
      leg, the lower arm or the wrist.
PAR  It is, therefore, a primary objective of the present invention to provide a
      therapeutic limb and joint support, the compressive force of which may be
      varied by predetermined amounts over the area of the limb to be supported.
PAR  It is a secondary objective of the present invention to provide a
      therapeutic limb and joint support, the compressive force of which can be
      relieved or reinforced at predetermined points over the area of the limb
      to be supported.
PAR  It is an additional objective of the present invention to provide a
      therapeutic limb and joint support capable of capturing and retaining the
      body heat around and about the area of the limb being supported.
PAR  It is a further objective of the present invention to provide a therapeutic
      limb and joint support capable of resisting the movement of a joint being
      supported by a predetermined amount in a predetermined direction.
PAR  It is a still further objective of the present invention to provide a
      therapeutic limb and joint support that is manufactured by cutting an
      individually tailored pattern from a sheet of elastic foam material,
      forming said pattern into a tubular configuration and adhesively joining
      the two appropriate opposed edges of the pattern to one another.
PAR  It is a primary advantage of the present invention that, once initially
      fitted, the therapeutic limb and joint support may be removed and
      reapplied without the need for additional expert assistance.
PAR  It is a primary feature of the present invention that the elastic foam
      material of the therapeutic limb and joint support provides substantial
      protection against subsequent injury to the limb being supported.
PAR  The foregoing objectives, features and advantages of the present invention
      will be more readily understood upon consideration of the following
      detailed description of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a lateral view of the knee support embodiment of the present
      invention.
PAR  FIG. 2 is an anterior view of the knee support embodiment of the present
      invention.
PAR  FIG. 2a is an anterior view of an alternate knee support embodiment of the
      present invention.
PAR  FIG. 3 is a posterior view of the knee support embodiment of the present
      invention.
PAR  FIG. 4 is a partially-phantomed elevation of the knee support embodiment of
      the present invention.
PAR  FIG. 4a is a detail sectional view taken along line 4a--4a of FIG. 4.
PAR  FIG. 4b is an alternate detail sectional view taken along line 4b--4b of
      FIG. 4.
PAR  FIG. 4c is a detail sectional view taken along line 4c--4c of FIG. 4.
PAR  FIG. 5 is a lateral view of the ankle support embodiment of the present
      invention.
PAR  FIG. 6 is a posterior view of the ankle support embodiment of the present
      invention.
PAR  FIG. 7 is a medial view of the ankle support embodiment of the present
      invention.
PAR  FIG. 7a is a partially-phantomed perspective view of the ankle support
      embodiment of the present invention.
PAR  FIG. 8 is a partially-phantomed elevation of the shin support embodiment of
      the present invention.
PAR  FIG. 9 is an anterior view of the shin support embodiment of the present
      invention.
PAR  FIG. 10 is a posterior view of the shin support embodiment of the present
      invention.
PAR  FIG. 11 is a posterior view of the elbow support embodiment of the present
      invention.
PAR  FIG. 12 is an anterior view of the elbow support embodiment of the present
      invention.
PAR  FIG. 13 is a lateral view of the elbow support embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 4, the knee support embodiment of the present
      invention is seen to comprise a joint-ensheathing sleeve 20, extending
      from about four inches below the knee to about five inches above, and
      completely surrounding the knee, except for a substantially elliptical
      aperture 22 about halfway up the back of the sleeve. Aperture 22, located
      directly behind the knee joint and measuring approximately 51/2 inches by
      23/4 inches, is formed to facilitate flexion of the knee joint and to
      minimize any chafing that might result from the sleeve rubbing against the
      skin when the sleeve is worn for long periods of time.
PAR  Sleeve 20 is formed from a single sheet of 1/4 inch, smooth-sided, elastic,
      foam neoprene formed into a generally tubular shape and the seam edges
      secured together by an adhesive cement. The dimensions of the sleeve are
      determined by the size of the knee to be supported and the purpose for
      which the sleeve is to be worn. The circumference of the patient's leg is
      measured at 3 points; 5 inches above the knee, at the knee, and 4 inches
      below the knee. Then, if the sleeve is to be worn to reduce swelling,
      these measurements are reduced by 11/2 inches, 1 inch, and 11/2 inches,
      respectively. If swelling is not present and the sleeve is to be worn for
      support only, the same basic measurements are reduced by 13/4 inches, 11/2
      inches, and 13/4 inches, respectively. These measurement modifications are
      typical for an average adult leg and are not meant to indicate the proper
      reduction for all cases. Correct fitting of the knee support is an
      individual process and necessarily involves a certain amount of trial and
      error as the fitter gains expertise.
PAR  The preferred elastic foam material is similar to that conventionally used
      in a diver's wet-suit and is favored because of its elasticity, its
      cushioning ability and its heat-retaining characteristics. A typical
      elastic foam material found to be satisfactory is that manufactured by
      Rubatex Rubber Co., of Bedford, Virginia, under the designation G231N 1/4
      S2S, where the S2S indicates that both surfaces of the material are smooth
      rather than exposed foam. This material not only provides the desired
      compression and protection, but its ability to capture and retain body
      heat increases the effectiveness of the sleeve in reducing swelling. The
      preferred adhesive for permanently bonding the seam edges of the neoprene
      sleeve material together is a G231 liquid neoprene adhesive such as that
      marketed under the trademark "Black Magic" by Aqua-Craft Co., of San
      Diego, Calif.
PAR  Referring again to the Figures, the knee support is seen to further
      comprise a second smaller aperture 24 formed in the front of sleeve 20 at
      a point directly over the patella. This aperture is formed when it is
      desired to relieve the compressive force applied to the patella as, for
      example, when patellar chondromalacia is present. To protect the patella
      thus exposed and to maintain the compressive integrity of the sleeve
      across aperture 24, a circular patch 30 of nylon-backed elastic foam
      material is adhesively attached to the exterior surface of sleeve 20
      around aperture 24 in such a manner as to completely cover the aperture.
      As shown in the detail view of FIG. 4a, the peripheral edge 31 of patch 30
      is beveled at a 45 degree angle so that when the patch is glued to the
      sleeve, the edge can also be glued down to create a smooth surface around
      the patch.
PAR  In some cases, for example, as treatment for patellar instability, it may
      be desirable, before attaching patch 30, to reinforce aperture 24 with an
      internally-attached, elastic foam ring 32, as shown in detail in FIG. 4b.
      As with patch 30, the peripheral edge 33 of ring 32 is beveled at 45
      degree angle and glued down to provide a smooth surface at its boundary
      with sleeve 20. Patch 30 is attached over aperture 24 in the same manner
      as before.
PAR  The material used to form patch 30 and ring 32 is similarly available from
      Rubatex Rubber Co. under the designation G231N 1/4 S1S N1S indicating one
      smooth side and one nylon-backed side, and the glue used to attach patch
      30 and ring 32 to sleeve 20 is G231 liquid neoprene adhesive.
PAR  As shown in the Figures, the knee support may also include two 1/2 to 3/4
      inch wide, adhesively-attached crossing strips 34 and 36 of a nylon-backed
      foam material similar to that used for patch 30 and ring 32. Strip 36
      starts at the upper left rear of sleeve 20, extends down across the front
      just below aperture 24, and terminates at the lower right rear of the
      sleeve. Strip 34 starts at the upper right rear of sleeve 20, extends
      similarly down across the front, crosses strip 36 just below aperture 24,
      and terminates at the lower left rear of the sleeve. These nylon-back
      strips 34 and 36, which have decreased elasticity as compared to their
      smooth-sided counterparts, are employed to provide increased resistance to
      flexing movement of the knee joint. Additional resistance may be achieved
      by holding strips 34 and 36 under tension as they are attached so that
      their contraction upon release will further increase the resistance of
      sleeve 20 to flexing motion. As shown in FIG. 4c, the edges 35 of strips
      34 and 36 may also be beveled at a 45 degree angle as were the edges of
      patch 30 and ring 32. (Although strips 34 and 36 are shown in the Figures
      as crossing at the front of sleeve 20, they could alternatively be located
      as shown in FIG. 2a. This placement would increase the resistance of the
      sleeve to flexing movement, while decreasing the resistance to medial and
      lateral motion.)
PAR  To construct the knee support, sleeve 20 is cut from a sheet of foam
      material, as indicated in FIG. 4, according to the dimensions calculated
      as described earlier and apertures 22 and 24 are formed. Patch 30, ring
      32, and strips 34 and 36 may be attached before the two side edges of the
      sleeve are joined or after. In either case, sides 38 and 40 are coated
      with four successive coats of G231 liquid neoprene adhesive applied at
      about three minute intervals. When the last coat is dry to the touch, the
      edges are placed in contact with each other and pinched together. The
      contact-cement-type action of the adhesive will form an instant and
      permanent water-and-detergent-proof bond between the edges thus joined,
      thereby converting the sheet of foam material into the tubular sleeve 20.
      Patch 30, ring 32, and strips 34 and 36 are similarly attached by coating
      all surfaces to be joined with the adhesive and bringing the surfaces into
      contact when the adhesive has become dry to the touch. The use of a
      contact-type adhesive is especially critical when attaching strips 34 and
      36 under tension and when affixing the beveled edges of the patch, ring,
      and strips.
PAR  Before each use the knee support is washed in soap and water, rinsed, and
      air-dried to remove any bacteria and perspiration left from the last use,
      thereby minimizing the risk of skin irritation. If the support is not
      fitted too tightly, it may be simply pulled over the foot and up to the
      knee. Otherwise, it may be necessary to coat the leg with a lubricating
      powder or gel to enable the support to be pulled over the foot and up to
      the knee. In case of exceptional swelling where the fit is especially
      tight, a portion of the sleeve may be rolled inside out like a sock to
      facilitate its positioning over the knee. A similar procedure would be
      used to remove the support in order to permit the knee to be massaged and
      washed.
PAR  The ankle support embodiment of the present invention, shown in FIGS. 5
      through 7, comprises a form-fitted, boot-like sleeve 50 of elastic foam
      material cut from a single sheet and bonded with adhesive at seam 51 and
      53 as indicated in FIG. 7a or formed as a molded one-piece article. Sleeve
      50 extends from midway between the toes and the heel of the foot to above
      the ankle and the material used, dimension calculation, and seam gluing
      process are similar to that described for the knee support. Heel aperture
      52 is formed to facilitate flexion and extension of the ankle joint and
      its size and shape are determined by the amount of movement restriction
      desired. U-shaped strip 54 of nylon-backed foam material is adhesively
      attached in a relaxed condition to the interior surface of the lateral
      side of sleeve 50 to partially surround the malleous of the fibula and to
      increase the compressive force therearound. This is especially therapeutic
      in those cases where the ankle has been sprained by an excess
      outward-bending movement. The edges of U-shaped strip 54 may either be
      beveled as were the strips of the knee support or left perpendicular as
      shown in the Figures.
PAR  The shin splint support embodiment of the present invention, shown in FIGS.
      8 through 10, comprises sleeve 60 and two 1/2 inch wide nylon-backed foam
      strips 62 and 64. Sleeve 60 is formed, as was the knee support sleeve,
      from a sheet of 1/4 inch elastic foam neoprene, as indicated in FIG. 8,
      and its side edges are similarly joined by adhesive at seam 61. Strips 62
      and 64 are adhesively attached in a relaxed condition along the interior
      of the front of sleeve 60 about 1/4 to 1/2 inch from the center of the
      tibia and parallel with the longitudinal axis of the leg. Their purpose
      here is not to resist movement, but to increase the compressive force of
      the sleeve along the front of the tibia, thereby pressing the lower front
      leg muscles against the bone. The edges of strips 62 and 64 may be beveled
      or perpendicular depending upon the smoothness desired at the juncture
      between the strips and the sleeve.
PAR  Lastly, the elbow support embodiment of the present invention, shown in
      FIGS. 11 through 13, is seen to comprise sleeve 70, adhesively-secured
      seam 71, patch 72, and strips 74 and 76. To decrease the resistance of the
      sleeve to flexing motion and to decrease the compression on the tip of the
      elbow, aperture 78, with a diameter of around 11/2 inches, may be formed
      as indicated in FIGS. 11 and 13. Patch 72, similar to patch 30 of the knee
      support is used to protect the portion of the elbow thus exposed and to
      maintain the compressive integrity of the sleeve. In those cases where it
      is desirable to maintain the elbow in a slightly flexed position,
      nylon-backed foam strips 74 and 76 may be adhesively attached in a
      cross-like manner across the inside of the elbow joint, as shown in FIG.
      12, to resist the extending movement of the lower arm. Increased
      resistance can be achieved by attaching the strips while they are held
      under tension. The materials used and the construction techniques employed
      for the elbow support are similar to those described for the knee support.
PAR  Although only four embodiments of the present invention have been
      described, it is obvious that additional embodiments are possible without
      departing from the concept of the invention, such as supports for the
      lower arm or the wrist. In addition, similar support sleeves could be
      fashioned and employed as therapeutic devices for the treatment of sprains
      and strains in the limbs of animals, for example, horses and cattle.
PAR  The terms and expressions which have been employed in the foregoing
      abstract and specification are used therein as terms of description and
      not of limitation, and there is no intention, in the use of such terms and
      expressions, of excluding equivalents of the features shown and described
      or portions thereof, it being recognized that the scope of the invention
      is defined and limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A musculoskeletal shin support device comprising:
PA1  a. an elongate form-fitted sleeve of elastic, heat-retaining foam material
      adapted to extend from above the ankle to below the knee for compressively
      ensheathing the area around and about the lower leg; and
PA1  b. a plurality of elongate elastic strips adhesively attached in a relaxed
      condition along their entire lengths to the interior surface of said
      sleeve and spaced substantially anterior and parallel to the longitudinal
      axis of said sleeve in positions so that, when said sleeve is fitted in
      place about the lower leg, the elastic strips will not resist movement,
      but will increase the compressive force of the sleeve and press the
      anterior muscles of the lower leg against the tibia.
NUM  2.
PAR  2. A musculoskeletal knee support sleeve for supporting the tissues and
      bones of the leg around and about the knee joint comprising:
PA1  a. a form-fitted sleeve of elastic, heat-retaining foam material, extending
      from above the knee joint to below the knee joint, for compressively
      ensheathing the area around and about said knee joint; and
PA1  b. a plurality of elongate strips of elastic foam material attached along
      their entire lengths to the outer surface of said sleeve and extending
      substantially from the top to the bottom of said sleeve, said strips being
      in tension relative to said sleeve whereby said tensioned strips serve to
      reinforce said sleeve and increase its resistance to flexing motion of the
      knee.
NUM  3.
PAR  3. The knee support of claim 2 wherein one of said elastic strips extends
      from the upper rear of said sleeve, down around one side and across the
      front of said sleeve, and another of said strips extends from the upper
      rear of said sleeve, down around the other side and across the front of
      said sleeve, both of said strips terminating at the lower rear of said
      sleeve.
NUM  4.
PAR  4. The knee support of claim 3 further comprising means defining a
      patella-sized aperture in the surface of said sleeve anterior and
      proximate said knee joint when said support sleeve is fitted in place,
      said aperture serving to relieve the compressive force of said sleeve over
      the patella, and wherein said elastic strips extending across the front of
      said sleeve are positioned below said aperture means.
NUM  5.
PAR  5. The knee support of claim 4 further comprising a patch of elastic foam
      material adhesively attached to the exterior surface of said sleeve and
      covering said aperture to maintain the compressive integrity of said
      sleeve across said aperture and to protect the patella from contact
      injury.
NUM  6.
PAR  6. The knee support of claim 4 further comprising a reinforcing border of
      elastic foam material adhesively attached to the interior surface of said
      sleeve around said aperture to reinforce the material of said sleeve and
      thereby maintain the compressive integrity of said sleeve across said
      aperture.
NUM  7.
PAR  7. The knee support of claim 2 wherein one of said elastic strips extends
      along either side of and proximate the front of said sleeve.
NUM  8.
PAR  8. A musculoskeletal knee support comprising:
PA1  a. a form-fitted sleeve of elastic, heat-retaining foam material, extending
      above and below the knee joint, for compressively ensheathing the area
      around and about said knee joint; and
PA1  b. a plurality of elongate strips of elastic material adhesively attached
      along their entire length to the surface of said sleeve, the material of
      said strips being in tension relative to the material of said sleeve.
NUM  9.
PAR  9. A method of manufacturing a custom-fitted musculoskeletal knee support
      sleeve for supporting the tissue and bone structure of the leg around and
      about the knee joint comprising the steps of:
PA1  a. measuring the leg to be supported to obtain a first circumferential
      measurement above the knee, a second circumferential measurement at the
      knee, and a third circumferential measurement below the knee;
PA1  b. decreasing each of said circumferential measurements by respective
      predetermined amounts;
PA1  c. cutting an approximately trapezoidal pattern having two substantially
      mutually parallel edges from a sheet of elastic, heat-retaining foam
      material with the length of one of said parallel edges of said pattern
      substantially equal to said decreased first circumferential measurement,
      the length of the other of said parallel edges of said pattern
      substantially equal to said decreased third circumferential measurement,
      and the length of a width dimension located approximately mid-way between
      and parallel to said mutually parallel edges substantially equal to said
      decreased second circumferential measurement;
PA1  d. attaching a pair of elongate strips of elastic material from corner to
      corner diagonally across said pattern;
PA1  e. forming said pattern into a substantially tubular sleeve configuration
      by bending the two non-parallel edges of said approximately trapezoidal
      pattern around until they come together; and
PA1  f. adhesively joining said non-parallel edges to one another to form a seam
      along the length of said sleeve.
NUM  10.
PAR  10. The method of claim 9 wherein said step (d) includes holding said
      elastic strips in tension while attaching said strips along their entire
      length to said pattern.
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ABST
PAL  A thumb operated balling gun for discharging a bolus within the throat of
      an aminal is disclosed. A plunger, responsive to the movement of an
      operator's thumb, is axially slidable within a barrel having a plurality
      of resilient arms extending therefrom. The resilient arms, in combination
      with the barrel, are particularly configured to avoid damaging the
      delicate tissues within the mouth and the throat of the animal. A collar,
      circumscribing the plunger and contacting the interior surface of the
      resilient arms on retraction of the plunger forces the resilient arms to
      open and permit insertion of a bolus within the grasp of the arms. After
      insertion of the bolus, slight extension of the plunger disassociates the
      collar from the arms, whereby the latter close upon the bolus and retain
      it in place. Further extension of the plunger ejects the bolus from within
      the grasp of the arms and into the throat of the animal.
PAR  The present invention relates to medicinal dispensing apparatus, and, more
      particularly, to balling guns.
PAR  Balling guns have been and are presently extensively used by veterinarians,
      farmers, and others for administering medicinal cartridges of one form or
      another to livestock and other domestic animals. The medicinal cartridges
      may contain vitamins or curative medicines or a combination thereof. To
      provide for a range of cartridge size without requiring several different
      sized balling guns, an expandable mechanism has been incorporated at the
      extremity of the balling gun. In example, U.S. Ser. No. 453,508, teaches
      the use of a pair of oppositely disposed spring arms for engaging a bolus.
      Normally, the animal will struggle to some extent when the balling gun is
      inserted into the animal's mouth and throat. During such a struggle, it is
      not unusual for the bolus to become disengaged from in between the spring
      arms as the latter only exert a retaining force in one lateral direction.
PAR  To minimize the loss of the cartridge during insertion into the animal's
      throat, balling guns were developed to include an open ended cylinder
      mounted at the extremity of a long handle and adapted to receive the
      cartridges, or boluses. The handle was used to position the cylinder
      within the throat of the animal. Means were also included for ejecting the
      bolus from within the cylinder into the animal's throat. As the cylinders
      were configured to receive a bolus of a specified size, larger or smaller
      boluses could not be conveyed by the cylinder, or might have inadvertently
      fallen out of the cylinder during the insertion of the cylinder into the
      animal's throat. For these reasons, it was generally necessary to purchase
      the boluses from a specified manufacturer who made the boluses in a
      specific size to fit the cylinder of the balling gun. In the alternative,
      the cylinder was made detachable whereby a plurality of different sized
      cylinders could be attached to accommodate different sized boluses.
      Examples of such devices are shown in U.S. Pat. Nos. 1,325,699, 1,868,308,
      2,170,599, 2,601,852, 2,621,655, 2,650,593 and 3,238,941.
PAR  In an effort to incorporate the beneficial features of resilient arms,
      which are adaptable to various sized medicinal cartridges or boluses, and
      cylinders, which cylinders reasonably firmly protected the cartridge
      against dislodgement, a balling gun incorporating both features was
      developed, as shown in United States Pat. No. 2,587,364. This device,
      while satisfactorily retaining and ejecting the bolus, required that the
      bolus retaining mechanism be of substantially greater cross-sectional area
      than that of the bolus.
PAR  It is therefore a primary object of the present invention to provide a
      balling gun useable with variously sized boluses.
PAR  Another object of the present invention is to provide a balling gun of
      minimum cross-sectional area.
PAR  Yet another object of the present invention is to provide a balling gun
      which will prevent lateral displacement of a bolus during insertion of the
      bolus into an animal's throat.
PAR  A further object of the present invention is to provide a balling gun which
      may be operated with one hand.
PAR  A still further object of the present invention is to provide a balling gun
      with automatically opening resilient arms to receive a bolus.
PAR  A still further object of the present invention is to provide a balling gun
      having contracted resilient arms during withdrawal of the balling gun from
      the animal's throat.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with greater specificity and clarity
      with reference to the following figures, in which:
PAR  FIG. 1 illustrates a perspective view of the balling gun of the present
      invention.
PAR  FIG. 2 illustrates a cross-sectional view of the components of the present
      invention.
PAR  FIG. 3 particularly illustrates the configuration of the resilient arms to
      afford compact closure of the arms after the bolus is ejected.
PAR  FIG. 4 illustrates a cross-sectional view of the present invention taken
      along lines 4--4, as shown in FIG. 2.
DETD
PAR  Referring to FIG. 1 there is shown a balling gun 1 constructed in
      accordance with the teachings of the present invention. A pair of finger
      grips 2 and 3 extend laterally to a barrel 8. These finger grips serve as
      the means for grasping and manipulating the balling gun 1. For reasons of
      strength, support webs 9 may extend intermediate each of finger grips 2
      and 3 and barrel 8. A circular thumb grip 5 is attached to the extremity
      of a hollow shaft 4 extending from within barrel 8. Shaft 4 is slidable
      into and out of barrel 8 in response to movement of thumb grip 5 toward or
      away from finger grips 2 and 3, respectively.
PAR  The opposite end of barrel 8 is slit to form four resilient arms, as
      indicated by numeral 6. These arms are generally drawn toward one another
      in a contacting relationship with one another whereby they define a
      cross-sectional area approximately equivalent to the cross-sectional area
      of barrel 8. Arms 6 are, however, expandable from one another to receive a
      medicinal cartridge or bolus 7. The resilient nature of arms 6 causes the
      arms to exert a pressure upon the lateral surface of bolus 7 so as to
      prevent the bolus from sliding along its axis and also inhibit lateral
      movement of the bolus.
PAR  The internal constructional details of balling gun 1 will be described with
      particular reference to FIG. 2. The hollow shaft 4 is rigidly secured to
      thumb ring 5 and extends interior to barrel 8 within an annular recess 11.
      The axial movement of shaft 4 into barrel 8 is limited by shoulder 13
      circumscribing shaft 4 and contacting extremity 18 of barrel 8. In the
      alternative, the end wall or shoulder 17 of recess 11 may be utilized to
      engage the extremity of shaft 4 and limit the axial movement of the shaft.
PAR  A plunger 10 extends interior to both shaft 4 and barrel 8. One end of
      plunger 10 is formed to include a flange 15 which flange seats within an
      annular cavity 16 formed as a part of thumb grip 5. To displace thumb grip
      5 toward finger grips 2 and 3, it may be understood that the operator's
      thumb will be inserted within thumb grip 5 and adjacent flange 15 of
      plunger 10. Thus, displacement of thumb grip 5 will also cause shaft 4 and
      plunger 10 to be axially displaced within barrel 8 toward resilient arms
      6. When thumb grip 5 is displaced away from finger grips 2 and 3, flange
      15, engaging annular recess 16, will cause plunger 10 to be withdrawn from
      within barrel 8 by an amount equivalent to the withdrawal of shaft 4 from
      within the barrel.
PAR  As mentioned above, resilient arms 6 are laterally displaced to permit the
      insertion of a bolus 7 intermediate the arms. The lateral displacement of
      the arms is accomplished by a collar 14 mounted about plunger 10 in
      proximity to the inner surface 19 of the arms. The diameter of collar 14
      is greater than the diameter of the passageway within barrel 8 housing
      plunger 10. Thus, when collar 14 is in engagement with a portion of the
      inner surfaces 19, that portion is inclined to the longitudinal axis of
      the barrel 8 as shown in the drawings. Thereby, as collar 14 is
      positionally displaced toward finger grips 2 and 3, it will cause the
      resilient arms 6 to be laterally displaced by a bending moment acting in
      proximity to the end of the slits defining the arms. The point at which
      the bending occurs is generally illustrated by numeral 20. As will be
      appreciated by those skilled in the art, the further collar 14 travels
      toward point 20, the greater will be the angular displacement of arms 6.
      In other words, the collar 14 is effective to radially expand the arms 6
      with respect to each other in response to axial movement of plunger 10.
PAR  From the above discussion, it may therefore be appreciated that when thumb
      ring 5 is in its extended most position, collar 14 will be closest to
      point 20 and cause the maximum lateral expansion of resilient arms 6. The
      maximum lateral expansion of arms 6 is generally determinative of the
      maximum cross-sectional area bolus 7 that may be gripped by the balling
      gun 1 of the present invention.
PAR  As thumb grip 5 is forced toward finger grip 2 and 3, the plunger 10 will
      also be equivalently displaced causing collar 14 to be moved away from
      point 20. The further collar 14 moves, the less will be the lateral
      expansion of arms 6. At some point, the lateral expansion of arms 6 will
      be equivalent to the diameter or width of bolus 7, at which point collar
      14 will become disengaged from the inner surfaces 19 of arms 6 and the
      resilient force of the arms will act directly upon the bolus to retain it.
      A continuing further movement of thumb ring 5 toward finger grips 2 and 3
      will ultimately cause plunger 10 to come in contact with bolus 7. After
      the initial contact, further displacement of plunger 10 will eject bolus 7
      from within arms 6.
PAR  Referring to FIG. 3, there is shown the structural details of arms 6. The
      ends of arms 6 are rounded and smooth to minimize or eliminate any
      scratching of the animal's mouth or throat by the arms themselves. The
      spacing intermediate each of the arms is tapered toward point 20 to permit
      the arms to come together in the absence of a bolus whereby they represent
      a cross-sectional area equal to or lesser than the cross-sectional area of
      barrel 8. The thickness of the arms may also be tapered from point 20 to
      prevent the collar 14 from impeding the closure of the arms. Hence, the
      discomfort to the animal is minimized to the greatest extent possible by
      minimizing the cross-sectional area of the inserted end of the balling
      gun. FIG. 3 also illustrates that bolus 7 may be an essentially
      rectangular cartridge with rounded corners as well as a generally
      cylindrically shaped bolus with domed ends as shown in FIGS. 1 and 2.
PAR  FIG. 4 illustrates a cross-sectional view of the end of balling gun 1,
      including a bolus 7, when the latter is inserted into an animal's throat.
      Not only are the ends of arms 6 curved as shown in FIG. 3, but the lateral
      edges of arms 6 are also curved to eliminate the possibility of any
      cutting action by the lateral sides. Further, FIG. 4 illustrates that arms
      6 exert a pressure upon the horizontal and vertical sides of bolus 7 to
      prevent dislodgement of the bolus from in between the arms.
PAR  From the cross-sectional view shown in FIG. 4, it may also be appreciated
      that the total cross-sectional area of the apparatus inserted within an
      animal's throat has been minimized to that of the bolus itself plus the
      width and thickness of the four arms 6. As arms 6 are not circumferential
      about bolus 7 they tend to alleviate the strain imposed upon the animal's
      throat.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, the elements, materials, and components, used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A balling gun for administering a bolus within the throat of an animal,
      said balling gun comprising:
PA1  a. an elongated barrel having a plurality of resilient arms disposed at one
      end thereof for grasping the bolus;
PA1  b. said arms having inner surfaces which define a space within said gun to
      receive a bolus through an opening located at the end of the arms,
PA1  c. a plunger extending through the other end of said barrel and slidably
      mounted for axial movement within said barrel with one end extending
      within the space defined by said arms;
PA1  d. expansion means located within said space and secured to said plunger
      for engagement with a portion of said inner surfaces extending directly
      from said one end of the barrel with said portion being inclined with
      respect to the longitudinal axis and toward said other end of the barrel,
PA1  e. said expansion means being effective to radially expand said arms in
      response to axial movement of said plunger toward said other end.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein said resilient arms
      comprise at least three arms, said at least three arms being equiangularly
      disposed about the longtiudinal axis of said barrel.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 wherein said barrel is split into
      four arms.
NUM  4.
PAR  4. The apparatus as set forth in claim 1 including finger grip means
      extending lateral to said barrel and a thumb grip connected to the other
      end of said plunger; whereby, said balling gun can be grasped and operated
      with one hand.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 wherein said thumb grip includes a
      hollow shaft slidably disposed within said other end of said barrel.
NUM  6.
PAR  6. The apparatus as set forth in claim 5 wherein the ends of said arms are
      smoothly rounded to preclude injury to the animal's mouth and throat.
NUM  7.
PAR  7. The apparatus as set forth in claim 6 wherein the longitudinal surface
      of each of said arms is smoothly rounded to preclude injury to the
      animal's mouth and throat.
NUM  8.
PAR  8. The apparatus as set forth in claim 5 wherein said arms are tapered
      toward said one end of said barrel to permit said arms to contract and
      define a cross-sectional area less than the cross-sectional area of said
      barrel.
NUM  9.
PAR  9. The apparatus as set forth in claim 1 wherein said expansion means
      comprises a collar secured about said plunger,
PA1  said collar having a diameter greater than the inside diameter of the
      barrel.
NUM  10.
PAR  10. The apparatus as set forth in claim 1 including means for effecting
      axial movement of said plunger.
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ABST
PAL  Method and apparatus for applying therapeutic eye drops to the eye by
      metering a predetermined volume of fluid and rapidly applying a pressure
      to one end of the metered fluid for forcing the fluid from a nozzle of
      means defining a small passageway such as an open-ended tube as a droplet
      having sufficient velocity to travel a generally horizontal distance in
      space to the eye. Unit dose application and multiple dose application are
      included and provision is made for preventing anticipatory blinking of the
      eye during self-administration.
PARN
PAR  This application is a continuation-in-part of prior application, Ser. No.
      63,363 filed Aug. 13, 1970, now abandoned, and copending application Ser.
      No. 114,133 filed Feb. 10, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Conventionally drops are applied to the eye with an eye dropper generally
      in the form of a glass tube having a rubber bulb at one end. This manner
      of application has a number of disadvantages such as discomfort from
      anticipation of the drop and involuntary blinking as the drop is seen
      falling into the eye, which may then result in the drop actually falling
      on the lids. Commonly an excess of fluid in the drop runs onto the skin
      about the eye and this is not only inconvenient but also gives rise to the
      possibility of systemic poisoning by absorption of particular fluids
      through the skin. Furthermore, and particularly applicable to
      self-administration of eye drops, is the problem of uncertain dosage
      originally applied and the indeterminate fraction thereof that is squeezed
      out of the eye by reflex blinking.
PAR  Aside from the occasional administration of eye drops as may occur with
      many people, there is also the necessity of continued use of eye drops in
      certain instances. Thus, for example, in the treatment of glaucoma it is
      conventional to prescribe four drops of pilocarpine per day for life. The
      necessity of continued usage of eye drops as in the foregoing instance
      usually requires the drops to be self-administered and the present
      invention is particularly adapted to this application.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides for the metering or measurement of a
      predetermined small amount of volume of liquid or the like in a small
      open-ended tube. The liquid in the aforementioned tube is instilled or
      projected into the eye by the sudden application of a force or pressure to
      the liquid in the tube for ejecting such liquid from the open tube end
      with sufficient velocity to travel through space into the eye of the
      subject. The metering of the liquid may be accomplished in a variety of
      ways including the provision of a metered dose into an open-ended tube
      which is adapted to be employed for unit dose application. Alternatively
      the invention provides for the application of successive metered doses
      from a reservoir or container adapted to hold a multiplicity of doses of
      liquid. Furthermore, the present invention provides alternatives in the
      manner of suddenly applying pressure to the predetermined volume of liquid
      in the above-noted open-ended tube. For example, there may be employed a
      "puff" of air which has been previously compressed and is then
      subsequently applied to the liquid at one end of the open-ended tube for
      ejection of the liquid from the other end as a small drop or droplet with
      only sufficient velocity to travel through space into the eye of the
      subject. Alternatively, the present invention provides for the sudden
      release or application of pressure to a piston or the like engaging a
      liquid in an open-ended tube or the like for the forcible ejection of the
      liquid therefrom.
PAR  In accordance with the present invention a small volume of liquid of about
      10 cubic millimeters or 10 microliters is injected into the eye or, more
      properly, is applied to the surface of the eye so that virtually all of
      the liquid is retained in the eye even though the patient may blink after
      application of the liquid and, furthermore, the force of application is
      sufficiently small that there is little sensation of liquid instillation
      in the eye.
PAR  Provision may also be made in accordance with the present invention for
      properly directing the liquid into the eye as, for example, by means of a
      small mirror that may be mounted upon the injector, or other suitable
      aligning means being provided with the injector. Alternatively, the
      present invention provides for automatic aligning of the injector hereof
      with the eye by the means of an "eyecup" which is adapted to be pressed
      against the eyelids to hold same open and to automatically direct the
      above-noted open-ended tube into the eye so that even involuntary blinking
      cannot prevent application of the liquid. As noted above, the present
      invention is particularly adapted to unit dose application wherein a
      preloaded tube or the like contains the desired volume of liquid for a
      single injection and such tube is adapted to be utilized with the injector
      of the invention to forcibly inject such predetermined volume of liquid
      into the eye. This application is normally termed a unit dose application.
      In addition the present invention is also adapted to the injection of a
      predetermined volume of liquid into the eye as a small drop or the like
      traveling in space from a container having a substantial volume of liquid
      therein for multiple dose application. A wide variety of different liquids
      are employed as eye drops for various medicinal purposes and the present
      invention is applicable for use with any such liquid.
DRWD
PAC  DESCRIPTION OF FIGURES
PAR  The present invention is illustrated both as to method and apparatus
      thereof in the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the injector
      of the present invention;
PAR  FIG. 2 is a front elevational view of the injector of FIG. 1;
PAR  FIG. 3 is a sectional view taken in the plane 3--3 of FIG. 2;
PAR  FIGS. 4, 5 and 6 are illustrations of different configurations of
      dispensers as may be employed to hold and sterilely retain a unit dose of
      liquid;
PAR  FIG. 7 is an illustration of dispenser and eyecup as may be employed with
      an injector such as shown in FIGS. 1 and 2;
PAR  FIG. 8 is a partial illustration of injector mounting of a dispenser such
      as illustrated in FIG. 5;
PAR  FIG. 9 is a longitudinal sectional view of an alternative embodiment of an
      injector in accordance with the present invention and adapted to inject
      repeated dosages of liquid;
PAR  FIG. 10 is a schematic wiring diagram of an alternative embodiment of the
      present invention;
PAR  FIG. 11 is a central sectional view of another embodiment of the present
      invention adapted for multiple dose application;
PAR  FIG 12 is a sectional view taken in the plane 12--12 of FIG. 11;
PAR  FIG. 13 is a partial sectional view of alternative release mechanism for an
      injector such as shown in FIG. 11;
PAR  FIG. 14 is a partial sectional view taken in the plane 14--14 of FIG. 13;
      and
PAR  FIG. 15 is a partial sectional view taken in the plane 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The method of the present invention briefly comprises the substantial
      filling of a very small open-ended tube or means defining a small
      passageway with a liquid to thus establish or meter a desired dosage or
      drop of desired volume. This tube is then directed with an open or nozzle
      end thereof toward the eye to be injected with the liquid in the tube and
      is spaced a short distance form the eye. The present invention then
      proceeds to rapidly apply a substantial pressure to the liquid in the
      open-ended tube to thus force the liquid from the tube nozzle as a small
      drop or droplets, with sufficient velocity to travel through space into
      the eye at which the nozzle or open-ended tube is directed. The
      aforementioned pressure may be applied as a rapid application of
      compressed air in the form of a "puff of air", or, alternatively, may be
      applied by the sudden release of a restrained resilient member as through
      a piston such that the piston then moves at least in substantial part
      through the passageway to force the liquid from the open end or nozzle
      thereof.
PAR  A small volume of liquid is injected in accordance with the present
      invention and preferably this volume is less than about 10 microliters. It
      has been determined that the volume of lacrimal fluid normally in the eye
      is about 10 microliters and that this added volume of liquid produces
      adequate concentrations without overflow. It is furthermore noted that the
      amount of compressed air or puff of air that is employed to inject the
      liquid is preferably less than 200 microliters at an excess pressure of
      some small fraction of an atmosphere so that there will be produced very
      little, if any, sensation upon instillation. The liquid should be ejected
      from the nozzle or the like at sufficient velocity to travel into the eye
      without undue spreading but with insufficient velocity to cause discomfort
      or injury to the eye, as further noted below. It is also noted that the
      method of the present invention may be carried out with the head of the
      patient upright to thus add to the convenience of the method.
PAR  Considering now a preferred embodiment of the invention, and referring to
      FIGS. 1 to 3, there is shown an injector body 11 having a depending hollow
      cylinder 12 within which is fitted a plunger 13 extending from the bottom
      open end of the cylinder. A hollow insert 14 is fitted into the top of
      body 11 to thus define a small chamber 16 within the body. A normally
      closed valve is formed between the inner end of the cylinder 12 and the
      chamber 16 by the provision of a small plate or the like 17 disposed
      across the end of the cylinder 12 and normally maintained in this position
      by a compression spring 18 disposed above same. An actuator pin 19 may be
      provided in extension below the plate 17 into the cylinder 12 so as to be
      mechanically engaged by the plunger 13 as it is moved upward in the
      cylinder. A side aperture 15 is provided in the cylinder 12 to admit air
      above the plunger 13 and the location of this opening sets the volume of
      air compressed above the plunger.
PAR  The injector as briefly described above also includes a very small tube 21
      extending laterally through the housing 11 and slightly outward from a
      face thereof. Provision is made for removably connecting a dispensing tube
      22 to the housing tube 21 as, for example, by means of a pivot block 23.
      The block 23 has a small aperture therethrough within which the dispensing
      tube 22 is adapted to fit and the dispensing tube 22 may have a flange 24
      about the rear end thereof to fit against the face of the pivot block when
      the dispensing tube is inserted in the aperture therein. A plate 27 is
      mounted on the side of the injector housing 11 and the pivot block 23 is
      pivotally mounted upon this plate by means of a bar or axle 28.
PAR  There is additionally provided as a portion of the present invention means
      for properly directing the dispensing tube 22 toward the eye of a user,
      particularly during self-administration of an eye drop. Such means may
      simply comprise a concave mirror 31 mounted as by means of a bracket 32
      upon the side plate 27. The mirror 31 is properly oriented with respect to
      the direction of extension of the dispensing tube 22 from the injector
      such that when the injector is placed about an inch away from the eye and
      the patient focuses the pupil of his eye in the center of the mirror, the
      dispensing tube is directed toward the exposed portion of the eyeball so
      that operation of the invention will thus cause the liquid to be injected
      into the eye.
PAR  Although the dispensing tube 22 may take a variety of different shapes and
      may be formed of a variety of materials such as a suitable plastic, for
      example, it is noted to be generally illustrated in FIG. 3 as comprising a
      thin elongated hollow tube open at both ends and having a flange about one
      end. In practice it has been found that a tube having a length of the
      order of 1 inch is appropriate and furthermore that the internal volume of
      the tube should be about 5 microliters per cm. Various alternative
      configurations of the dispensing tube are possible as described below in
      connection with FIGS. 4 to 6; however, in practice it has been found that
      with a tube of the size indicated almost any open-ended tube configuration
      is appropriate.
PAR  The dispensing tube 22 is preferably formed with a nozzle end as
      illustrated in FIG. 3, for example, and in fact such end may actually be
      formed as a section of reducing diameter toward the outer end thereof.
      Furthermore it is noted that the limited diameter of the tube provides for
      retention of fluid therein by capillary action and for attaining a desired
      fluid velocity therefrom, taking into account the desired volume of fluid
      to be ejected.
PAR  Considering now operation of the present invention as described above, the
      dispensing tube 22 is first filled preferably at a factory or the like and
      sold in filled form. This point is taken up further below. With the
      dispensing tube 22 filled with a liquid, such tube is then inserted into
      the aperture in the pivot block 23 from the rear of the block. This is
      readily accomplished by pivoting the block away from the injector housing
      and inserting the dispensing tube into the block. The tube fits the block
      snugly and is inserted until the flange 24 in the rear of the tube engages
      the rear face of the pivot block. The block is then pivoted upwardly
      toward the injector housing 11 so that the small housing tube 21 enters
      the rear end of the dispensing tube as illustrated in FIG. 3. The injector
      is then in condition for use. In order to apply a small drop or droplet of
      liquid such as pilocarpine, as used for glaucoma, into the eye, the
      overall unit is placed directly in front of the eye to be injected. The
      user or patient looks into the mirror 31 and moves the injector to a point
      at which the eye is directly in focus in the mirror as viewed by the
      patient and the pupil of the eye is reflected in the center of the mirror.
      As noted above, this will place the injector about an inch or less from
      the eye with the dispensing tube 22 pointed toward the eye, possibly
      somewhat off center thereof. The plunger 13 is then pressed into the
      cylinder 12. This causes air at the top of the cylinder 12 to be
      compressed and in the illustrated embodiment this plunger then engages the
      pin 19 depending from the valve plate 17 and raises the valve against the
      pressure of spring 18. Consequently a puff of compressed air is applied
      through the chamber 16 and the housing tube 21 into the rear end of the
      dispensing tube 22. A liquid within the tube is thus forcibly ejected form
      the open front end of the tube as a small drop with sufficient velocity
      that is travels through the atmosphere into the eye. As noted above, the
      volume or liquid injected is quite small, as of the order 10 mm.sup.3 and
      furthermore the amount of air employed in injecting this small drop or
      droplet is maintained small, as of the order of 200 mm.sup.3, so that very
      little sensation results from the injection. Furthermore with this small
      amount of liquid being injected, even though the patient blinks his eye
      after receipt of the dosage, the injected liquid remains in the eye.
PAR  Various modifications and alternatives are possible within the scope of the
      present invention. In particular it is noted that the present application
      is particularly adapted to unit dose application. There has been an
      increasing emphasis upon the sterility of medicines and their containers
      and predetermination of doses of medicines to be administered to patients
      both for self-administration and also for use in doctors' offices,
      hospitals, and the like. The present invention is particularly adapted to
      this unit dose approach inasmuch as the dispensing tube 22 is formed of
      such a size that it will only contain a known small amount of liquid. The
      tube may be filled with the proper liquid prior to dispensation either to
      professional personnel for utilization or to patients for
      self-administration. Referring to FIGS. 4, 5 and 6, there will be seen to
      be shown various possibilities in connection with unit dose application of
      the present invention. FIG. 4 illustrates the dispensing tube 22 as being
      filled with a liquid 36 and having both tube ends sealed. The flanged end
      of the tube may be sealed by an adhesive strip 37 adhering to the flange
      and extending slightly therefrom so that it may be readily gripped and
      stripped from the flanged end of the tube. The opposite end of the tube
      may be closed as, for example, by a small plastic cap 38 which slips over
      the end of the tube and firmly grips it. With this structure the tube may
      be filled with liquid and then sealed for handling and dispensing while at
      all times maintaining the tube ends sterile and also ensuring that the
      liquid remains within the tube and furthermore it does not evaporate
      therefrom. It is to be appreciated that the illustrations of dispensing
      tubes in FIGS. 4 to 6 are only schematic for, in fact, the total tube
      length may be of the order of one inch and the tube diameter of the order
      of 1/64th of an inch. Furthermore the illustrations in these Figures are
      taken as central section views for the purpose of showing the different
      structures and sealing means.
PAR  There is illustrated in FIG. 5 a dispensing tube 22A containing a liquid 36
      and sealed within a plastic envelope schematically illustrated at 39. This
      particular tube 22A may, for example, have a flanged rear end as shown at
      41 and include a thin membrane 42 secured across the flanged end. The fron
      end of the dispensing tube need not be tapered as illustrated in other
      Figures of the drawings but may, in fact, be merely a cutoff end of the
      tube or, alternatively, may have the tube edges turned inwardly somewhat
      as illustrated in FIG. 5. With the envelope sealed the tube and contents
      are fully protected for handling and shipping and with regard to the rear
      membrane 42 same is discussed in more detail below in connection with
      utilization of same.
PAR  In FIG. 6 there is illustrated a dispensing tube 22B having the front end
      thereof sealed as by tube closure and again containing an apropriate
      liquid 36. The rear end of the tube is formed as an expanded portion
      having the tube flange 24 as one wall thereof and the remaining walls
      closing the end of the tube as indicated. The physical shape of the
      expanded portion 43 of the tube 22B is not of major importance but it is
      noted that same should have a sufficient length longitudinally of the tube
      that this portion may be sliced or cut to thus open the rear tube end.
      Similarly the front closed portion of the tube is adapted to be cut and
      such cuts are indicated by the arrows 44 in FIG. 6. In this instance the
      dispensing tube may, for example, be formed of plastic and furthermore
      provision may be made in the injector itself or apparatus to be used
      therewith for cutting the tube ends. Insofar as filling and sealing of the
      tube is concerned, it is appreciated that a variety of different
      techniques are possible and, for example, the sealed ends may be formed
      after the tube is filled. This particular embodiment of the invention is
      probably best suited to utilization at a manufacturing plant wherein the
      tubes are formed, filled sealed and shipped. It is to be noted that, in
      all instances whatever the physical configuration of the individual
      dispensing tube, it is possible to encase same in a sterile container such
      as the envelope 39 of FIG. 5. It is not intended by the illustration of
      FIGS. 4 to 6 to limit the present invention to the particular tube
      embodiment shown therein but, instead, these illustrations and the
      foregoing description thereof are intended primarily for the purpose of
      indicating variations without limitation.
PAR  In FIG. 7 there is illustrated an alternative embodiment or addition that
      may be employed with the present invention particularly for use in
      self-application of eye drops. In FIG. 7 there is not illustrated the
      injector structure but instead the Figure shows only the dispensing tube
      22 which is understood to be mounted as in FIG. 1 but to extend into an
      open-ended housing 46 having somewhat the form of an eyecup adapted to fit
      into the orbital margin of the eye. The tube extends generally axially
      through the bottom of the cup 46 which in turn may be suitably mounted
      upon an injector housing. The outer ends of the cup 47 may be curved or
      thickened as indicated. As will be seen from the illustration of FIG. 7,
      the eyecup 47 is adapted to be pressed against the lids of an eye 48 to be
      injected with the invention. With the cup disposed as shown, the eyelids
      are thus held open and, furthermore, the dispensing tube is properly
      directed toward the eye so that upon actuation of an injector in which the
      dispensing tube is mounted, the small drop or droplet of liquid will be
      directly injected into the eye. By holding the eyecup in this position
      during use, involuntary blinking is impeded. This particular embodiment of
      the invention is also useful for those that may have difficulty seeing, as
      the physical feeling of the eyecup located about the eye with the eyelids
      pulled apart ensures the user that the dispensing tube is properly
      directed to inject a drop into the eye.
PAR  There is illustrated in FIG. 8 a portion of a simplified injector utilizing
      a dispensing tube 22A such as illustrated in FIG. 5. In this instance the
      tube 22A is shown to be mounted in a pivot block 23 that in this instance
      is spring loaded as by a leaf spring 51 to urge the block and thus the
      tube against the injector housing 11. Within the housing 11 there is
      formed a small chamber 16 having a tube 21 extending laterally therefrom
      for engagement with the membrane 42 across the rear end of the dispensing
      tube. A gasket 52 may be provided about the outer end of this housing tube
      21 so that the membrane then rests tightly against this gasket, or the
      tube flange may merely fit tightly against the housing to form a seal.
      Such contact is maintained by the spring 51 and, of course, such a spring
      may be used in the embodiment of FIGS. 1 to 3 instead of the tube
      engagement. The cylinder 12 extends from the housing chamber 16 with the
      plunger 13 in the cylinder. In the position illustrated in FIG. 8 it is
      only necessary for the plunger to be forced upwardly in the cylinder to
      thus compress air in the chamber 16 to a point wherein the pressure is
      great enough to burst the membrane 42. This then allows the compressed air
      to forcibly eject the liquid 36 from the outer end of the dispensing tube
      22A. It will be seen that, by the utilization of a particular membrane 42
      across the rear end of the dispensing tube, it is possible to eliminate
      the valving and spring loading in the injector housing. The membrane takes
      the place of these elements. However, it is to be appricated that the
      membrane is to be made of a material having known properties and with a
      prdetermined thickness of material so that in each case the same maount of
      pressure on the limited area thereof to which it is applied will, in fact,
      burst the membrane. Thus, this embodiment of the present invention has the
      dual advantage of providing a seal across one end of the dispensing tube
      and also of simplifying the injector mechanism.
PAR  Various modifications of the present invention are possible to provide for
      multiple injections, and as an example thereof an alternative embodiment
      of the present invention is illustrated in FIG. 9 of the drawings.
      Referring thereto it will be seen that there is provided a housing 61
      having an open end within which there is slidably disposed a hollow piston
      62. This piston 62 is closed and is adapted to contain a liquid 36 for
      injection as small predetermined drops into the eye of a patient. Within
      the piston 62 there is provided an upright hollow cylinder 63 extending
      axially of the piston and communicating with a chamber 64 in the housing
      through a very small opening 66 in the bottom of the piston. A nozzle 66A
      is preferably provided in extension downwardly from the opening 66. Such
      nozzle is provided to ensure that liquid ejected from the interior of
      cylinder 63 does in face emerge as a droplet to fall to the bottom of
      chamber 64. A plunger 67 extends through the top of the piston with the
      shaft 68 thereof fitting into the hollow cylinder 63. A compression spring
      69 is disposed between the top or handle portion of the plunger 67 and the
      top of the piston 62 in order to normally urge the plunger out of the
      piston. There may also be provided a compression spring 71 between the top
      of the housing 61 and a flange 72 about the top of the piston so as to
      also urge the piston into an upwardly disposed such as illustrated in FIG.
      9. Note also that the device of FIG. 9 must be employed in the upright
      position, as illustrated.
PAR  The chamber 64 in the housing 61 beneath the piston 62 has a tapered lower
      end as illustrated with a very fine tube or opening 73 at the bottom
      thereof leading to a laterally extending dispensing tube 74. A flat
      projection 76 may be provided at the bottom of the housing to assist in
      gripping the unit during use.
PAR  With regard to operation of this particular embodiment of the present
      invention, it is first noted that the opening 66 is made much smaller than
      the opening 73 and furthermore that the distance between the top of the
      piston 62 and the plunger handle 67 is made substantially equal to the
      distance between the bottom of the plunger shaft 68 and the bottom of the
      piston 62. With a liquid in the piston 62 and the unit in the position
      illustrated, the unit is gripped as, for example, by placing the fingers
      on the plunger handle 67 and the thumb beneath the bottom projection 76.
      The plunger is then depressed, which will be seen to force fluid through
      the small opening 66 into the housing chamber 64. It is noted that a side
      opening 76 is provided in the cylinder 63 within the piston in order that
      fluid may flow from the interior of the piston into the inside of the
      cylinder below the plunger shaft so as to normally fill the cylinder. With
      the plunger depressed so that the top thereof engages the top of the
      piston or substantially engages it with the spring 69 compressed
      therebetween, further downward movement of the plunger will cause the
      piston to be moved downward against the pressure of the compression spring
      71. This will then compress air within the chamber 64.
PAR  Considering further the operation of the embodiment illustrated in FIG. 9,
      it is noted that liquid 36 is first forced into chamber 64 by initial
      downward movement of the plunger 67. This liquid forms a small pool at the
      bottom of the chamber 64 atop the fine opening or tube 73 and is slowly
      forced therethrough into the dispensing tube 74 by air pressure as the
      piston 62 is forced downward in the chamber 64 by the plunger 67. The
      volume of liquid forced from the cylinder 63 is substantially equal to the
      volume of liquid to be dispensed by the device. As all of the liquid
      passes from the passage 73 into the tube 74 the compressed air in the
      chamber 64 then acts on the liquid at the inner end of the tube 74 to
      forcibly eject liquid from the outer tube end in the manner of a valve
      action. The liquid is thus forcibly ejected from the outer end of the
      dispenser tube 74 as a small drop or droplet. The viscosity of the liquid
      36 may be varied to control or adjust the valve action of this device.
PAR  After administration or injection of a drop of liquid, the plunger is
      released and subsequently the spring 71 moves the piston back up to the
      position illustrated in FIG. 9 and the spring 69 moves the plunger
      upwardly to the position illustrated. As the plunger moves upwardly the
      bottom thereof passes the small opening 76 in the side of the cylinder 63
      in the piston so that liquid again flows into the cylinder below the
      bottom of the plunger shaft. The unit is then ready for further use to
      inject another drop. It will be seen that this embodiment of the present
      invention provides a reservoir within the unit so the drops may be
      repeatedly applied from the unit.
PAR  It is noted that in the application of drops to the eye one of the
      unpleasant sensations encountered is the coldness of the drop itself. This
      sensation may be overcome by warming the drop. The embodiment of the
      present invention illustrated in FIG. 10 not only accomplishes this result
      but furthermore provides for an alternative manner of providing compressed
      air for drop injection and at the same time provides a time delay
      following actuation so that the patient will not involuntary blink upon
      anticipation of a drop being inserted in the eye. In FIG. 10 there is
      provided a schematic illustration of an injector in accordance with the
      present invention and having the above-noted capabilities. A suitably
      supported dispensing tube 22 is shown to be disposed within a heating coil
      81. A thermistor 82 may be connected across the coil to ensure that the
      tube and consequently the liquid therein is always heated to approximately
      the same temperature regardless of ambient temperature. The heating coil
      81 is connected across a bettery 83 by means of a switch 84. In addition
      there is provided in this embodiment of the present invention a small air
      chamber 86 having heating coil 87 therein or thereabout, with such coil
      being also connected across the battery 83 by means of the switch 84. A
      spring loaded outlet valve 88 connects the chamber 86 with the rear end of
      the dispensing tube 22.
PAR  It will be seen that, upon closure of the switch 84, current is supplied to
      the two heating coils 81 and 87 so as to thus heat the liquid in the
      dispensing tube and also to heat the air in the chamber 86. As the air in
      the chamber 86 reaches a sufficient temperature the pressure thereof will
      rise to the point wherein it will open the valve 88 and thus the heated
      and consequently compressed air in the chamber will be applied to the tube
      22 for forcing the warm liquid from the end thereof. By choice of
      appropriate element parameters the temperature of the liquid will at no
      time be heated above that of normal body temperature and it will be
      appreciated that it is well within the skill of those knowledgeable in the
      art to properly proportion the heating between the chamber and tube so
      that the compressed air is applied as a puff to the rear end of the
      dispensing tube at the time that the liquid in the tube reaches the
      desired temperature. There may also be provided a spring loaded inlet
      valve 89 for the chamber 86 in order that air may be re-admitted thereto
      after it has been heated, compressed and expelled.
PAR  It has been noted above that the present invention provides for metering of
      liquid to obtain a desired volume thereof for injection into the eye and,
      furthermore, provides for the sudden application of a force to one end of
      this metered amount of liquid contained in an open-ended injector so that
      the metered amount of liquid is thus ejected therefrom. In the embodiments
      of the present invention described above, there are set forth certain
      alternatives in the manner of metering the liquid. Each of the foregoing
      embodiments of the present invention has, however, employed a puff of gas,
      such as compressed air, to apply the ejection force for the metered
      liquid.
PAR  In FIg. 11 there is illustrated a further embodiment of the present
      invention incorporating multiple dose application and alternative force
      application for dose ejection. It will be appreciated that the embodiment
      of FIG. 11 may also be employed for unit dose application.
PAR  Referring now to FIG. 11 it will be seen that the applicator thereof
      includes a body 101 which may, for example, be formed of plastic or the
      like and provided at its forward end with an eyecup 102 having a size such
      as to completely surround the eye of the user of the applicator. An axial
      passage 103 extends through the body into communication with the inner end
      of the eye cup 102 to form the nozzle of the apparatus. A transverse
      passage 104 connects with the axial passage 103 and a hollow needle 106
      fits within this transverse passage with a pointed end 107 extending from
      the passage. The body 101 includes a depending projection 108 through
      which the transverse passage 104 extends and a deep annular groove 109 is
      disposed about the aperture 104 with a cylindrical extension 111 about
      this groove. The cylindrical extension 111 about the projection 108 has
      the lower external portion thereof threaded to receive an internally
      threaded cylindrical cap 112. A capsule 113 adapted to contain eye drop
      fluid has a cylindrical configuration dimensioned to fit within the
      annular groove or slot 109 and a self-sealing plug or the like 114
      slidably engages the capsule at the top thereof. The interior of the cap
      112 may be provided with a small boss 116 on the inner side of the end of
      the cap for engaging the lower end of the capsule 113.
PAR  In use the capsule 113 is placed on the end of the projection 108 and urged
      upwardly with the walls of the capsule fitting into the annular slot or
      groove 109 so as to force the sharpened point 107 of the needle 106
      through the top sealing member 114 of the capsule. The cap 112 is then
      threaded upon the threaded cylinder 111 so that the capsule plug 114 bears
      upon the lower end of the projection 108 and turning of the cap 112 will
      force the capsule up about the projection 108 to thus force eye drops or
      other fluid in the capsule through the needle into the axial passage 103
      of the body 101.
PAR  Eye drops are forcibly ejected from the embodiment of the present invention
      illustrated in FIG. 11 by means of a plunger 121 slidably fitted into the
      axial passage 103 and carrying a disc 122 having at least one peripheral
      slot 123 therein. This disc 122 is disposed in a chamber 124 communicating
      with the back of the axial passsage 103 and an axial spline or the like
      126 on a wall of the chamber 124 is dimensioned to fit through the slot
      123 in the disc so that rotation of the disc will cause one of the slots
      123 thereof to become aligned with the spline so that the plunger 121 may
      be moved to the left in the axial passage 103. The plunger 121 is extended
      through the disc 122 by a rod 131 having a spline 132 extending
      longitudinally thereof. The rod terminates in a knob 133 which may be
      knurled or the like, as indicated, for ready gripping. The rear of the
      chamber 124 is closed by a cap 134 or sleeve which has an internal flange
      136 about the inner end thereof mating with an annular depression about an
      annular wall 137 defining the rear of the chamber. The cap 134 has a rear
      wall 138 through which the rod 131 and spline 132 extend in slidable
      relation thereto.
PAR  There is provided within the chamber 124 a compression spring 139 disposed
      about the rod and spline between the disc 122 and end wall 138 of the cap
      134. This spring urges the disc and thus the plunger 103 to the left in
      FIG. 11. It will be appreciated that the cap 134 is apertured to receive
      the rod and spline in extension therethrough; however, the aperature is
      formed so that rotation of the cap upon the wall 137 will rotate the rod
      because of the spline engagement with the cap. This then provides for
      rotating the disc 122 so that the slot 123 in the disc will at some
      indeterminate point align with the axial spline 126 so that the spring 139
      will force the plunger 121 through the axial passage 103.
PAR  In operation of the embodiment of the present invention illustrated in FIG.
      11, an ampule or capsule of material to be ejected by the invention is
      attached to the body in the manner described above so that the needle
      extends into the fluid. The lower cap 112 is then rotated to force fluid
      upwardly into the axial passage 103. Filling of the axial passage is
      determined by noting overflow of the fluid into the eyecup. Alternatively,
      graduations may be provided upon the cylindrical extension 111 so that a
      predetermined amount of fluid may be forced into the axial passage by
      rotation of the cap. Prior to filling of the axial passage 103 the plunger
      121 is retracted by gripping the knob 133 and drawing the piston and disc
      to the right in FIG. 11. Withdrawing of the plunger compresses the spring
      139 and when the plunger is retracted the knob is then slightly turned so
      that the slot or slots in the periphery of the disc do not align with the
      axial spline 126. Consequently the spline then prevents the plunger from
      moving to the left in FIG. 11 and the device is cocked for use. After the
      eye drop material is disposed in the axial passage 103, a user places the
      eyecup 102 over the eye to be injected and rotates the cap 134 at the rear
      of the body 101. Rotation of this cap turns the disc 122 and at sometime
      during this turning a peripheral slot 123 in the disc aligns with the
      axial spline 126 so that the plunger is rapidly forced to the left in FIG.
      11 by the compression spring 139. This then applies the force to the fluid
      to eject it from the axial passage 103. It is particularly noted that
      ejection of fluid occurs at an indeterminate time inasmuch as the user is
      slowly rotating the cap 134 and will thus not realize at what instant the
      disc will be freed so that the plunger moves to the left and consequently
      the user does not blink his eye in anticipation of eye drop injection.
PAR  In FIG. 12 there is illustrated a sectional view taken in the plane 12--12
      of FIG. 11 and showing a disc 122 having a plurality of circumferentially
      spaced peripheral slots 123 therein. This disc configuration is
      substantially the same as described above and the illustration serves to
      show possible location of a plurality of release points by the spaced
      slots 123. An alternative arrangement for fluid ejection from the present
      invention without anticipation by the user so that he will blink his eye
      and defeat the process is illustrated in FIGS. 13 to 15.
PAR  Referring now to FIGS. 13 to 15, it will be seen that the disc 122 is
      provided with a small flange or protuberance 141 along one side of a
      single peripheral groove or slot 123 in the disc. This flange or the like
      141 then prevents the disc from being rotated in one direction when it is
      forced against the spline 126 by the spring 139. Consequently when the
      device is cocked by drawing the knob 133 out of the body of the device,
      the user withdraws the disc far enough so that he can slightly turn the
      knob to pass the disc flange 141 over the axial spline 126 to place the
      elements in the relationship best shown in FIG. 15. Subsequent use of the
      device to eject an eye drop or the like is then accomplished by rotating
      the cap or sleeve 134, as described above; however, in this instance,
      substantially 360.degree. of rotation are required and the user thus loses
      track of the location of the disc slot relative to the axial spline and
      consequently does not anticipate the instant of eye drop release or
      ejection by the device. This then provides another manner of preventing
      the user from blinking immediately prior to eye drop injection. It will be
      appreciated that various other modifications and variations are possible
      to the end of ejecting an eye drop either at an indeterminate time or
      position of elements in order to preclude the prevalent problem of a user
      blinking immediately prior to eye drop injection. Reflex actions of the
      user are thus prevented from interfering with eye drop injection.
PAR  It will be appreciated that the slower the velocity of the drop on striking
      the eye the less will be the discomfort associated with its injection. It
      is preferable therefore that the spring pressure or other fluid ejection
      force be such that the drops leave the injector with as low a velocity as
      possible consistent with a trajectory ensuring its entry into the eye. A
      drop ejected horizontally about 1 cm from the eye with a velocity of 50
      cm/sec. would fall about 2 mm in its trajectory and should hit the eye
      above the lower lid. This velocity is similar to that attained by a drop
      falling about 1 cm vertically under the force of gravity.
PAR  There has been described above various emdobiments of the present invention
      directed to the forcible ejection of a small drop of fluid for injection
      of same into the eye. It is not intended herein that the invention shall
      eject a disperse fog or mist, for the results of same would be to spread
      the fluid over the face or lids of the user rather than directing it into
      the eye where it is intended to be deposited. In order to ensure small
      drop ejection from the present invention, it is preferable to form the
      nozzle diameter with a dimension in excess of 0.011 inch and a preferred
      nozzle diameter lies in the range of 0.02 inch to 0.04 inch. With this
      nozzle diameter and preferred volume of fluid, the present invention then
      ejects a single small drop of fluid and injects this drop between the lids
      of an eye at a relatively low velocity, as discussed above, rather than
      ejecting a spray which spreads over the entire area of the eye. It has
      been found that drop injection as described herein is highly advantageous
      and a preferable manner of applying medicaments to the eye.
PAR  There has been described above an improved method and apparatus for the
      injection of liquid into the eye. A number of different embodiments of the
      apparatus of the present invention have been illustrated and described. It
      is not, however, intended to limit the present invention to the details of
      illustration or description, as the alternative embodiments are set forth
      as exemplary rather than limiting. Reference is made to the following
      claims for a definition of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An eye drop dispenser comprising:
PA1  housing means defining a small passageway terminating in a nozzle and
      adapted to contain an eye drop liquid to be dispensed,
PA1  means engaging said housing means for directing said nozzle toward an eye
      to be injected,
PA1  a plunger slideably mounted in said housing for movement into the said
      passageway,
PA1  a spring engaging said housing and plunger for urging said plunger into
      said passageway under spring pressure, and
PA1  controllable release means for restraining said plunger from moving into
      said passageway rotatably mounting said plunger relative to said housing
      and including visually obstructed engaging surfaces of said plunger and
      housing with each of said surfaces having at least one abruptly varying
      contour about said plunger and means for rotating said plunger to release
      said plunger at least once each revolution thereof to rapidly move under
      spring pressure into said passageway for forcibly ejecting liquid from the
      open end of said passageway at an indeterminate point of operation of the
      release means whereby a user does not blink at eye drop injection.
NUM  2.
PAR  2. The dispenser of claim 1 further defined by:
PA1  said release means including a notched disc about said plunger and urged by
      said spring against a spline in said housing means whereby rotation of
      said plunger and disc aligns a disc notch with said spline to release the
      plunger from movement to force said liquid from said passageway.
NUM  3.
PAR  3. The dispenser of claim 1 further defined by said nozzle having a
      diameter in the range of 0.02 inch to 0.04 inch whereby liquid is ejected
      as a drop from the dispenser.
NUM  4.
PAR  4. A multiple dose eye drop dispenser comprising
PA1  a body having a bore extending therein from an open end,
PA1  a cylinder adapted to carry a container of eye drop liquid and having an
      open end,
PA1  means extending from said body for engaging said cylinder about the open
      end thereof, and for controllably advancing said cylinder toward said
      body,
PA1  a pointed tube extending from the bore in said body at a distance from the
      open end of the bore in position to enter a container of liquid carried by
      said cylinder engaging said body and to supply liquid to said bore as said
      cylinder is advanced,
PA1  resilient means communicating with said bore at a distance from the open
      end thereof, and
PA1  means applying a force to said resilient means to store energy therein, and
PA1  means rapidly releasing said resilient means for applying a sudden pressure
      to liquid in said bore to eject the liquid therefrom.
NUM  5.
PAR  5. An eye drop dispenser comprising,
PA1  a small open-ended tube adapted to contain an eye drop liquid to be
      dispensed,
PA1  aligning means engaging said tube for directing the open tube end toward an
      eye to be injected,
PA1  means defining a chamber for containing air,
PA1  piston means communicating with said chamber for compressing air therein,
      and
PA1  valve means connecting said chamber and said tube for suddenly applying
      compressed air from the chamber to the tube for forcibly ejecting said
      liquid from the tube end.
NUM  6.
PAR  6. A liquid eye drop dispenser comprising
PA1  a thin elongated tube adapted to contain a predetermined amount of liquid,
PA1  pressure valving means connected to a first end of said tube, and
PA1  an injector compressing air and applying the compressed air to said
      pressure valving means for opening same at a predetermined pressure for
      rapidly applying the compressed air to the tube through said first end
      thereof for ejecting a fluid in the tube from a second end thereof.
NUM  7.
PAR  7. The dispenser of claim 6 further defined by said injector including a
      movable plunger for compressing said air and said valving means comprising
      a spring loaded valve.
NUM  8.
PAR  8. The dispenser of claim 6 further defined by said injector including
      means defining a chamber closed by said valving means, a heating coil
      disposed in communication with said chamber and controllable means
      controllably energizing said heating coil for compressing air in the
      chamber.
NUM  9.
PAR  9. The dispenser of claim 6 further defined by a second heating coil
      adapted for disposition about said tube and connected to the means
      energizing said first heating coil for warming liquid in said tube prior
      to injection.
NUM  10.
PAR  10. The dispenser of claim 6 further defined by
PA1  said injector comprising a housing defining a chamber therein and having a
      fine elongated opening extending from the bottom of the chamber to said
      tube, a hollow piston slidably disposed in said chamber above said opening
      and adapted to contain a liquid medicament, a hollow cylinder disposed
      axially in said piston with a small side opening and communicating with a
      very small opening in the bottom of said piston, a plunger extending
      through the top of said piston and having a shaft slidably disposed in
      said cylinder, and resilient means urging said piston upwardly in said
      chamber and said plunger upwardly from said piston.
NUM  11.
PAR  11. Apparatus for injecting drops into the eye comprising
PA1  a housing having a small chamber therein and an opening through a wall
      thereof,
PA1  a plunger associated with said chamber for compressing air therein,
PA1  a mounting block movably mounted on said housing and adapted to releasably
      engage a thin elongated dispensing tube which in turn is adapted to
      contain an ophthalmic fluid,
PA1  said mounting block being controllably movable to place the rear end of
      said dispensing tube in communication with said housing opening,
PA1  means limiting the pressure of air compressed in said chamber for
      application to said tube to eject fluid from the front end thereof, and
PA1  aligning means for directing said tube into the eye at a short distance
      therefrom whereby fluid ejected from the tube is injected into the eye.
NUM  12.
PAR  12. The apparatus of claim 11 further defined by said mounting block being
      pivotally mounted on said housing, and resilient means urging the block
      toward the housing with the rear end of the tube communicating with said
      housing opening.
NUM  13.
PAR  13. The apparatus of claim 11 further defined by the means limiting the
      pressure of air comprising a thin membrane secured across the rear end of
      the dispensing tube which ruptures at a predetermined pressure.
NUM  14.
PAR  14. The apparatus of claim 11 further defined by said dispensing tube
      having an internal volume of the order of 5 microliters per centimeter
      length.
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ABST
PAL  A multiple dosage syringe comprises a hollow barrel through which a piston
      slides by being pushed by a piston member protruding from the rear of the
      barrel so that liquid material within the barrel is discharged through a
      discharge member at the front end of the barrel. A plurality of
      longitudinally spaced stops protrude outwardly from the perimeter of the
      piston member which protrudes from the rear of the barrel so that the
      foremost stop abuts a flange at the rear of the barrel. To discharge a
      dosage this stop is broken off along a line of maximum weakness so that
      the stop can enter the barrel during the discharge of the dosage which is
      completed when the next stop strikes the flange. This process is repeated
      for each dosage. The line of maximum weakness extends obliquely from the
      junction of the forward end of the stop with the exterior of the piston
      member and is spaced somewhat away from the outer surface of the piston
      member at the rear, so that the outer part of the stop will break off
      along this line of weakness. The rear part of the stop is undercut inside
      the line of breaking off so that there is left a sharp edge which acts to
      score the inner surface of the barrel during progress through the barrel
      so that the barrel is not re-useable for another filling of liquid
      material.
BSUM
PAR  The present invention relates generally to the field of dispensing devices,
      and more particularly to an improved multiple dosage syringe that
      automatically indicates when each of a number of doses of predetermined
      volume has been dispensed therefrom.
PAR  This invention is an improvement on that shown and claimed in U.S. Pat. No.
      2,764,981 issued Oct. 2, 1956. In that patent there is illustrated and
      described a multi-dosage disposable syringe particularly useful in the
      dairy industry for treating cows infected by mastitis by the injection of
      fluid material into the teats for combating the infection. The syringes of
      that patent include provision for injecting a plurality of equal measured
      doses, ordinarily four doses which would provide treatment for one cow.
PAR  More specifically, that patent discloses an elongate barrel capable of
      holding a plurality of doses of the liquid material; a discharge device at
      one end of the barrel through which each of the doses is discharged; a
      piston slidably mounted in the barrel and attached to an elongate piston
      member extending rearwardly from the piston through the end of the barrel
      opposite that of the discharge device and a plurality of longitudinally
      spaced stops attached to the elongate member to restrict further movement
      of the piston through the barrel toward the discharge device after
      discharge of a measured dose of the liquid. In one embodiment shown in
      that patent the stops are made brittle enough so that they may be broken
      off to allow further progress of the piston through the barrel for
      injecting another dose.
PAR  A disadvantage of the syringes shown in that patent is that the syringes
      are inherently refillable after their original doses have been discharged.
      Refilling of syringes is undesirable. One reason why refilling is
      undesirable resides in the fact that a used syringe according to that
      patent has its stops removed or broken off so that the dosages cannot
      again be accurately measured. A second reason for the undesirability of
      refilling resides in the fact that in most such instances of refilling,
      the consumer or refiller does not ordinarily have the facility for
      excluding contamination such as bacterial contamination or the like. Good
      practice requires that the syringe from which the dosage is delivered
      shall be disposed of after use.
PAR  It is an object of the present invention to provide means rendering a
      syringe un-usable after its dosage has been completely discharged.
PAR  The invention is carried out by providing longitudinally spaced stops
      somewhat similar to those shown in said U.S. Pat. No. 2,764,981 but
      provided with an undercut providing a line of greatest weakness of the
      stop which extends rearwardly relative to the discharge device and
      outwardly from the elongate piston member. Thus the stop can be broken off
      along the said line of greatest weakness leaving only a relatively small
      extent of the stop material protruding so that the plunger stop can still
      be pushed forwardly through the barrel and allowing the stop member also
      to pass through the barrel. The rear edge of the stop, however, will score
      the wall of the barrel especially when the piston is withdrawn rearwardly
      from the discharge end. Such scoring is sufficient to prevent the drawing
      into the barrel of a refilling of the liquid material after the initial
      liquid dosage material is discharged.
PAR  A preferred feature especially effective during a rearward movement of the
      piston resides in undercutting each stop from the rearmost end of the said
      line of greatest weakness. This will provide an even sharper edge or point
      at the rear end of the remaining part of the stop, which will have even
      greater effectiveness in scoring the barrel.
DRWD
PAR  The foregoing and other features of the invention will be better understood
      from the following detailed description and the accompanying drawing of
      which:
PAR  FIG. 1 is an isometric view of a syringe provided with an improvement
      according to this invention;
PAR  FIG. 2 is an enlaged elevation view showing a detail of the mounting of one
      of the stops on the elongate piston member;
PAR  FIG. 3 is a cross-section view taken at line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged cross-section view showing part of the barrel and
      part of the elongate piston member within the barrel after the major
      portion of a stop has been broken off and showing the scoring of the
      barrel during a forward stroke; and
PAR  FIG. 5 is a view similar to FIG. 4 but illustrating the further scoring of
      the barrel during the rearward stroke of the piston.
DETD
PAR  Referring to the drawing there is shown in FIG. 1 an elongated hollow
      barrel 10 in which a plunger 11 is slidably mounted through the rear end
      of the barrel. The forward end of the barrel is narrowed down to a neck 16
      to which a hollow tubular discharge device 17 having a small discharge
      opening is attached by threads so that when the barrel 10 is filled with
      liquid material a forward sliding of the plunger causes the liquid to be
      discharged through the discharge device 17. The plunger 11 comprises an
      elongate piston member 12 having attached to its forward end a piston 13
      shown in phantom in FIG. 1 and a disc-shaped head 14 attached to its rear
      end so that when the piston is moved forwardly through the barrel to a
      position at or close to the forward end of the barrel the head 14 will
      strike a flange 15 attached to the rear end of the barrel to stop further
      forward movement.
PAR  Piston member 12 is a rigid elongate member having a cross-section in the
      general form of a cross formed by four legs 19, 20, 21 and 22 which extend
      outwardly from the central axis of the elongate member, the two legs 19
      and 21 being collinear and perpendicular to the two legs 20 and 22 which
      are also collinear. The disc 14 at the rear of member 12 is attached to
      the four legs.
PAR  The barrel 10 is preferably molded as a one piece unit from a suitable
      synthetic resin of which a number are well known and readily available for
      the purpose. The discharge device 17 including its nut 18 is also
      preferably molded of a similar synthetic resin and likewise the piston
      member 12 with its disc 14 are preferably molded in one piece of a similar
      synthetic resin. The piston 13 is also preferably an integral part of the
      plunger 11 but will commonly be provided with a circumferential resilient
      O-ring set at the circumference of a groove formed in the piston in a
      well-known manner to act as a seal for the liquid within the barrel.
PAR  Leg 19 has a number of longitudinally spaced protuberances 23 integral with
      the leg 19 and protruding outwardly from its periphery. Each protuberance
      23 is joined to the outer edge of leg 19 by a section 24 of reduced
      thickness relative to the thickness of the leg and of the protuberance,
      formed by undercuts 25 and 26 at opposite sides of the leg and
      protuberance providing a straight line 27 of minimum thickness and maximum
      weakness. The rear end 28 and forward end 29 of the protuberance 23 are
      rounded as is best seen in FIG. 3. The undercut area 24 is oblique
      relative to the central axis 30 of the syringe (this axis 30 being
      colinear with the central axis of the elongate member) and to the outer
      edge of leg 19 such that the line 27 of maximum weakness is a straight
      line whose rearward end 31 is a distance outside the outer edge 33 of leg
      19 and the forward end 32 of the line meets the outer edge of the leg
      where the curved end 29 meets the leg.
PAR  Because of the relative weakness at the line 27 the protuberance 23 can
      readily be broken away from the leg by exerting a lateral push against the
      protruberance, which will leave attached to the leg that part of the
      protuberance lying inside the line 27 as can be seen in FIG. 4 wherein the
      part of the protuberance 23 which had been outside the line 27 is
      indicated in phantom. Because of the curvature 28 at the rear end of the
      protuberance there is an undercut 34 at the rear end of what remains of
      the protuberance after the breaking away of its upper part, which leaves a
      relatively sharp pointed edge 35 pointing rearwardly. The term "undercut"
      as used herein dos not necessarily signify an actual cutting operation,
      but rather signifies the shape given to the component part under
      discussion during is manufacture which may be by molding.
PAR  When the barrel 10 of the multiple dosage syringe is filled with fluid
      material, the piston member 11 is in a rearward position with its
      protuberances 23 situated outside the confines of the barrel as shown in
      FIG. 1. To apply the first dose of fluid contained in the syringe the
      forwardmost protuberance 23, which has been acting as a stop against
      forward movement of the piston, is now broken off, as described above,
      along the line 27. Since the remaining portion 23a of the protuberance
      does not extend greatly beyond the outer edge 33 of the leg 19 it can
      enter the barrel 10 as shown in FIG. 4 because there is enough tolerance
      between the extremities of the four legs of piston member 11 to permit
      this. Furthermore, the material of portion 23a is sufficiently hard so
      that it scores the inner wall of the barrel longitudinally along a score
      line 36 as the piston member is pushed forwardly by pressure from the
      operator on the outer surface of disc 14 in the direction of arrow 37
      shown in FIG. 4.
PAR  The operator will push the piston forwardly through the barrel unitl the
      next protuberance or stop 23 abuts the flange 15. The operator will feel
      this stopping of the piston which will signify to him the discharge of one
      dosage. To discharge the second dosage the operator will go through the
      same procedure as in the case of the first dosage by first breaking off
      the outer part of the second protuberance and then pushing forwardly until
      the third stop reaches the flange 15 which will signify completion of the
      discharge of the second dosage. This operation will be continued stop by
      stop until all the dosages in the syringe are discharged, which in the
      case illustrated will be four dosages for the treatment of one cow.
PAR  Upon the discharge of all the dosages, the syringe should be discarded and
      a new syringe loaded with fluid material should be used for the next cow.
      If, however, it were attempted to re-use the same syringe, after discharge
      of all its dosages, for a re-filling with another quantity of fluid
      material it would be necesssary to retract the plunger by pulling the
      piston member rearwardly. This would cause the sharp edge 35 to dig
      further in the wall of the barrel to deepen the score line or produce a
      new deep score line as the piston member moves rearwardly in the direction
      of arrow 38. If after thus scoring the barrel it were attempted to re-use
      the syringe by re-filling it, the score mark or marks would prevent an
      adequate seal between the piston 13 and the barrel to operate properly to
      discharge proper dosages, for the reason that the fluid would leak past
      the sealing element of the piston, normally an O-ring, through the score
      line or lines.
PAR  It will be understood that the embodiments of the invention illustrated and
      described herein are given by way of illustration and not of limitation,
      and that modifications or equivalents or alternatives within the scope of
      the invention may suggest themselves to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multiple dosage syringe that automatically signals to the user's
      sense of feel when a dose of predetermined volume has been discharged
      therefrom, including: an elongate hollow barrel capable of holding a
      charge comprising a plurality of such doses of a liquid material;
      discharge means mounted on the forward end of said barrel through which
      each of said doses can be discharged from said barrel; a piston slidably
      mounted within said barrel; an elongate piston member having a central
      axis, affixed to said piston and extending rearwardly through the rear end
      of said barrel; and stop means operatively associated with said barrel and
      member that tend to restrict forward movement of said piston after a dose
      of said liquid material is discharged through said discharge means, and
      stop means comprising a plurality of longitudinally spaced stops formed on
      the periphery of said elongate piston member, each of said stops having a
      greater longitudinal dimension than its transverse thickness dimension and
      each stop protruding outwardly from the periphery of the elongate member
      to such an extent that it will strike a member at the rear end of said
      barrel when said piston member is moved forwardly, each of said stops
      being sufficiently removable from its outwardly projecting position to
      permit said piston member and piston to move further forward within said
      barrel toward said discharge member; the improvement comprising:
PA1  a longitudinal undercut providing a line of maximum weakness of each stop
      extending in a longitudinal plane obliquely outward in the rearward
      direction relative to the central axis of the elongate member so that the
      portion of the stop outside said line can be broken off, leaving an inner
      portion of the stop protruding somewhat outside the elongate member, the
      amount of the protrusion of said inner portion being sufficiently slight
      so that the protrusion can move through the barrel in the direction, the
      rear end of the protrusion having an edge which scores the inner wall of
      the barrel during movement of the piston member sufficiently to prevent a
      sufficient seal between the piston and the barrel wall to permit
      discharging accurate quantitative doses from a fresh charge of liquid
      material after the original charge has been discharged.
NUM  2.
PAR  2. The improvement according to claim 1 in which the line is a straight
      line.
NUM  3.
PAR  3. The improvement according to claim 1 in which the line meets the forward
      part of the stop at an outer edge of the piston member and is some
      distance from said outer edge at the rear of the stop.
NUM  4.
PAR  4. The improvement according to claim 1 in which the protrusion is undercut
      at the rear of the stop creating a rearwardly directed edge.
NUM  5.
PAR  5. The improvement according to claim 1 in which the line is formed by an
      undercut of the protrusion.
PATN
WKU  039345874
SRC  5
APN  4796365
APT  1
ART  164
APD  19740617
TTL  Disposable articles having a water-permeable and water-repellent surface
ISD  19760127
NCL  10
ECL  1,7,10
EXA  Ives; Patricia C.
EXP  Lesmes; George F.
NDR  1
NFG  4
INVT
NAM  Gordon; Roy Gerald
STR  22 Highland St.
CTY  Cambridge
STA  MA
ZIP  02138
CLAS
OCL  128284
XCL  128132D
XCL  128290P
XCL  260112R
XCL  260117
XCL  260 78R
XCL  2601237
XCL  260 73R
XCL  260119
XCL  428913
XCL  428524
XCL  428530
XCL  428528
XCL  428527
XCL  428327
XCL  162  9
XCL  229  15
XCL  229  31
XCL  229 53
XCL    81164
XCL    8120
EDF  2
ICL  A61F 1316
ICL  B32B 2742
FSC  260
FSS  73;112 R;117;123.7;78 R
FSC  128
FSS  283;286;290 P
FSC  161
FSS  257;263
FSC  428
FSS  524;527;530;528
FSC    8
FSS  116.4;120
FSC  162
FSS  9
UREF
PNO  2471497
ISD  19490500
NAM  Roberts et al.
XCL  260 73L
UREF
PNO  2512195
ISD  19500600
NAM  Bener
OCL    8116.3
UREF
PNO  3089493
ISD  19630500
NAM  Gaundo
OCL  128283
UREF
PNO  3137540
ISD  19640600
NAM  Osugi et al.
OCL  260 73L
UREF
PNO  3626943
ISD  19711200
NAM  Worcester
OCL  128286
UREF
PNO  3661695
ISD  19720500
NAM  Berliner
XCL  161254
UREF
PNO  3799167
ISD  19740300
NAM  Miller et al.
OCL  128287
OREF
PAL  B.C.M. Dorset, "Vap. Treatment for Cotton Fab.," Textile Manuf., 1969, Vol.
      95, Dec. Abs.
LREP
FRM  Thompson, Birch, Gauthier & Samuels
ABST
PAL  A novel material is disclosed and a process and apparatus for making the
      same, which process comprises reacting one side of a solid sheet or film
      of a polymeric compound containing reactable hydroxyl or amine groups with
      a vapor phase mixture of acid chloride and aldehyde. The resulting product
      is water-repellent along the treated side and water-permeable along the
      opposite, untreated side. Also disclosed are novel disposable articles
      such as sanitary clothing and containers for liquids fashioned from the
      material made by means of the process and apparatus of the present
      invention.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention is directed to the problem of producing materials and
      articles which are essentially waterproof during use yet can be readily
      disposed of in an aqueous environment, such as by flushing in a toilet,
      after use is completed. Such materials are particularly desirable for the
      production of disposable articles of sanitary clothing, for example
      diapers, colostomy bags, sanitary napkins, etc. In such applications, it
      is hygienically undesirable to store the used article with the other
      refuse for commercial disposal. However, other important areas of
      application are disposable containers of all types, such as paper cups and
      paper bags, and various types of packaging, such as cardboard boxes and
      drums. In the latter applications where the need for on-the-spot
      disposibility is less acute, the property of being readily dispersed or
      solubilized in aqueous environments would still facilitate commercial
      disposal of the used products. Two general approaches to this problem have
      been employed in the past. One approach has been to use composite
      structures wherein one layer of material is waterproof and intended to be
      reused, for example a rubber sheet, while the second layer is
      water-disposable. It will be appreciated that such articles are at best
      partially disposable. A second approach has been to use various means for
      coating or impregnating a base material to impart water-repellent
      properties thereto. In the latter case, it has generally been found that
      when the amount of the coating or impregnating substance used is
      sufficient to impart the desired degree of water-repellency, the resulting
      product tends to degenerate too slowly in water and causes plugging of
      toilets and drains. Furthermore, these methods offer little or no
      opportunity to control the degree of waterrepellency of the final product.
PAC  FIELD OF INVENTION
PAR  The present invention is directed to a novel material, and a process and
      apparatus for producing the same, which can be used to prepare articles
      having any desired degree of waterrepellency during use, yet are fully
      disposable when use is completed.
PAC  DESCRIPTION OF PRIOR ART
PAR  U.S. Pat. No. 3,089,493 is representative of both of the features which
      have characterized the prior art. The patent discloses a
      partially-disposable colostomy bag which consists of an outer reusable bag
      or liner made from rubber or other waterproof material and an inner,
      disposable bag which is made of paper coated on the inner side with a
      waterproofing material such as lacquer. Correspondingly, this invention
      presents both of the drawbacks which have characterized the prior art. The
      outer rubber liner cannot be disposed of in a toilet, for example; and,
      the inner liner requires so thick a coating of lacquer to insure uniform
      waterproofing that it degenerates slowly in water and can cause plugging
      of drain pipes.
PAR  Other patents disclose a variety of processes which involve only the second
      approach of coating or impregnating. For instance, U.S. Pat. No. 3,498,527
      teaches that paper board containers for liquids can be water-proofed by
      application of a waterproofing coating such as wax or polyethylene, and a
      similar method is shown in U.S. Pat. No. 2,708,645 for waterproofing paper
      drinking cups and in U.S. Pat. No. 3,212,697 for paper grocery sacks. In
      U.S. Pat. No. 3,597,313, temporary wet strength is imparted to paper by
      coating it with a polymeric alcohol-polymeric aldehyde reaction product.
PAR  Coating processes, by themselves, have been used to produce disposable
      articles of sanitary clothing. In U.S. Pat. No. 3,078,849, a disposable
      sanitary napkin is disclosed which consists of an adsorbent layer having a
      liquid-repellent backing of polyvinyl alcohol or similar material capable
      of initially repelling water but eventually solubilizing. The degree of
      water-repellency, therefore the lifetime of the napkin, is controlled by
      varying the thickness of the backing. U.S. Pat. No. 3,542,028 is directed
      to a flushable sanitary napkin consisting of a cellulosic sheet treated
      with a fluoropolymer coating. U.S. Pat. No. 3,559,650 teaches the
      preparation of a sanitary napkin having two flush-disposable sides
      separated by a waterproof film too thin to support itself once both faces
      of the napkin have disintegrated upon disposal.
PAR  Analogous to the process of coating a surface with a waterproofing
      substance is the concept of reacting a surface with another material so as
      to form a reaction product on the surface which has water-repellent
      properties. For example, U.S. Pat. Nos. 2,130,212 and 3,137,540 teach that
      materials such as polymeric alcohols may be reacted with other materials
      to increase their water-repellent properties. The latter patent teaches
      treating polyvinyl alcohol articles with an aqueous emulsion of an
      aldehyde to impart water-repellency thereto. U.S. Pat. No. 3,626,943
      teaches that disposable diapers can be made from polyvinyl alcohol and
      waterproofed on one side by reaction with formaldehyde. These
      reaction-type coating processes suffer from many of the same drawbacks
      heretofore mentioned for regular coating processes. In particular, there
      is no way of controlling the degree of water-repellency imparted to a
      surface. Moreover, these processes are carried out in the aqueous phase
      which is cumbersome, time-consuming, and results in both-sides treatment
      of the sheet being processed. Although most of the processes which employ
      some form of in situ chemical reaction to produce a water-repellent
      surface are carried out in the liquid phase, some vapor phase treatments
      are taught by U.S. Pat. Nos. 2,306,222; 2,961,338; and 3,017,290. However,
      this group of patents is not directed to resolving the conflicting goals
      of obtaining a product which is water-repellent in use but water-permeable
      at the time of disposal. In fact, U.S. Pat. No. 2,306,222 states that
      paper treated according to the invention will not disintegrate in water.
PAC  OBJECTS OF INVENTION
PAR  It is, therefore, one object of the present invention to provide a material
      uniquely characterized by the properties or capabilities both of being
      one-side water-repellent or capable of containing and storing aqueous
      fluids during use and of being readily other-side soluble and easily
      dissolved or disintegrated when disposed of in an aqueous environment.
PAR  Another object of the present invention is to provide a material wherein
      the degree of water-repellency exhibited during use may be easily
      adjusted.
PAR  Another object of the present invention is to provide a process and
      apparatus for producing the material of this invention.
PAR  A further object of the present invention is to provide articles suitable
      for sanitary clothing and as liquid-proof containers whereby they meet the
      ideal requirements of one-time use and of quick and easy disposal.
PAR  Further objects and advantages will become apparent as the following
      description proceeds.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a cutaway view of the apparattus for carrying out the process of
      the present invention.
PAR  FIG. 2 is a side view taken along a section through the apparatus shown in
      FIG. 1.
PAR  FIG. 3 is a cross section of the composite fabric for making articles of
      sanitary clothing according to the present invention.
PAR  FIG. 4 is a cross section of the composite material for making paper
      containers according to the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring more particularly to FIG. 1 by characters of reference, the
      principal element of the apparatus for practicing the present invention is
      an open-top rectangular reaction chamber defining an enclosed zone 15
      having two liquid-holding containers or recesses 12 and 14 displaced along
      the bottom of the inside of said chamber. Container 12 is supplied with an
      acid chloride, as hereinafter described, from an external source by pipe
      16. Container 14 is supplied with an aldehyde, as hereinafter described,
      from an external source by pipe 18. Containers 12 and 14 are independently
      heated by heat sources 20 and 22 respectively which are located in
      proximity to their respective containers. The rest of the chamber walls
      are also independently heated sufficiently to prevent condensation of the
      vapors on the interior walls. It will be appreciated that any suitable
      heating means may be employed.
PAR  In the practice of the present invention, acid chloride and aldehyde are
      fed to containers 12 and 14 respectively, and sufficient heat is applied
      by each of the heat sources 20 and 22 to vaporize the required amounts of
      acid chloride and aldehyde, thereby creating a mixed vapor having the
      desired molar ratio in zone 15 of the reaction chamber. In general, the
      useful molar ratio of acid chloride to aldehyde may vary upwards from
      about 1:10. The use of separate vaporizing containers eliminates any
      problems which could arise from the formation of acid chloridealdehyde
      azeotropes if the two liquids were mixed, and permits independent control
      of the concentration of acid chloride and aldehyde in the vapor.
PAR  The acid chlorides suitable for the practice of the present invention are
      those having the general formula
      ##EQU1##
      wherein R.sub.1 is selected from straight or branchedchain aliphatic
      hydrocarbon radicals having from 1 to about 20 carbon atoms and cyclic
      hydrocarbon radicals having from 6 to about 20 carbon atoms. Exemplary of
      compounds wherein R.sub.1 is selected from aliphatic hydrocarbon radicals
      are heptanoic acid chloride, ethyl pentanoic acid chloride, caprylyl
      chloride (octanoyl chloride), decanoyl chloride, lauroyl chloride,
      palmitoyl chloride and stearoyl chloride. Exemplary of compounds wherein
      R.sub.1 is selected from cyclic aliphatic hydrocarbon radicals is
      cyclohexanecarboxylic acid chloride. In some instances it may be desirable
      to employ a mixture of two or more acid chlorides, and such embodiments
      are within the scope of the present invention. Also, acid bromides and
      acid iodides react in similar ways to the acid chlorides and may be
      substituted therefor. However, because the bromides and iodides are
      generally more expensive and less readily available, the equivalent acid
      chlorides are usually preferred. For the practice of the present
      invention, ordinary commercial grade acid chlorides have been found wholly
      suitable, the only necessary precaution being to prevent exposure of the
      easily hydrolyzable acid chlorides to moisture.
PAR  The aldehydes suitable for the practice of the present invention are those
      having the general formula
      ##EQU2##
      wherein R.sub.2 is selected from straight or branched-chain aliphatic
      hydrocarbon radicals having from 1 to about 20 carbon atoms and cyclic
      hydrocarbon radicals having from 6 to about 20 carbon atoms. Exemplary of
      compounds wherein R.sub.2 is selected from aliphatic hydrocarbon radicals
      are butanal (butyraldehyde), hexanal (caproaldehyde), ethyl-hexanal,
      octanal (caprylaldehye), and decanal (capraldehyde). Exemplary of
      compounds wherein R.sub.2 is selected from cyclic hydrocarbon radicals are
      cyclohexyl methanal (cyclohexanecarboxaldehyde) and methyl cyclohexyl
      methanal. In some instances it may be desirable to employ a mixture of two
      or more aldehydes, and such embodiments are within the scope of the
      present invention. For the practice of the present invention, ordinary
      commercial grade aldehydes have been found wholly suitable.
PAR  An alternative to employing separate containers of acid chloride and
      aldehyde is to use one container or recess in the reaction chamber and one
      mixed feed stream, in cases for which no problem with azeotrope formation
      is found. One particular means of obtaining such a mixture of acid
      chloride and aldehyde is to begin with acid chloride and partially
      hydrogenate it to aldehyde using Rainey nickel or similar catalyst. Such a
      procedure, of course, results in a blend of acid chloride and aldehyde
      having the same hydrocarbon chains, but this is perfectly acceptable for
      the process of this invention.
PAR  The reaction chamber is also furnished with a gas inlet 24 and a valve 26
      for adding diluent gas to the chamber, and similarly is furnished with an
      outlet 30, valve 32, and a reflux condenser 34 maintained at about
      100.degree.C, which allows reaction byproducts HCl (gas) and H.sub.2 O
      (steam) to escape, but condenses reactant vapors and returns them to the
      reaction chamber. The preferred diluent gas is nitrogen which is
      inexpensive and does not react with aldehyde and acid chloride vapors,
      whereas the oxygen in air could lead to oxidation of the reactants.
      Nitrogen may be conveniently supplied by a cylinder 28 of the compressed
      gas. Ordinarily the process of the present invention is carried out at or
      about atmospheric pressure, i.e. about one atmosphere or 14.7 psia., and
      at a reactant concentration of about one-half atmosphere, i.e. a 50%
      dilution. However, it is also within the scope of the present invention to
      employ total pressures above one atmosphere, and it has been found in some
      instances that this will increase the speed of the reaction. Accordingly,
      in the preferred practice of the present invention, the reaction chamber
      is also furnished with an external thermometer 36 and pressure gauge 38
      recording the internal conditions of the reaction chamber so that these
      important factors may be continuously monitored.
PAR  Affixed to one wall of the rectangular reaction chamber by suitable
      supporting means is a spool or roll 40 of the sheet or film 10 of
      polymeric compound employed in the present invention. The sheet or film
      may be of any suitable thickness such as about 1 mil but must be thick
      enough to be reasonably self-supporting and thin enough to be reasonably
      flexible. The apparatus may, however, be adapted to accommodate flat
      sheets of materials which are too stiff or brittle to be rolled on a
      spool, or shaped objects whose surfaces are to be made waterproof by
      exposure to the vapors.
PAR  The polymeric compounds which are suitable for the sheets or films of the
      present invention are those having a molecular weight in excess of about
      1000 and containing reactable hydroxyl or amine goups in their molecular
      structures. The relative proportion of hydroxyl or amine groups in the
      polymeric structure to the rest of the polymer is not critical except that
      there must be a high enough proportion of these groups to render the
      polymeric sheet water-permeable if not water-soluble. Exemplary of
      suitable polymeric compounds having free hydroxyl groups (the polymeric
      alcohols) are polyvinyl alcohol, amylose (soluble starch), cellulose
      (non-soluble starch), and water-soluble cellulose ethers such as methyl
      cellulose wherein about 50% of the original cellulose hydroxyl groups are
      replaced by [--OCH.sub.3 ] groups and ethyl cellulose wherein about
      one-third of the original hydroxyl groups are replaced by [--OCH.sub.2
      CH.sub.3 ] groups. Mixtures of two or more polymeric alcohols may also be
      employed. In some instances where the polymeric alcohol is too rigid and
      brittle, additional flexibility can be imparted thereto by the use of a
      plasticizer. There are many conventional plasticizers for polymeric
      alcohols, for example glycerin in a porportion of about 30 parts by weight
      glycerin to 100 parts by weight alcohol. The degree of flexibility thus
      imparted can be adjusted by varying the amount of plasticizer to suit
      particular needs. The presence of typical plasticizers in the polymeric
      alcohol has not been found to adversely affect the waterproofing process
      of this invention. Exemplary of suitable polymeric compounds having free
      amine groups are the polyamides such as polyacrylamide and the
      polypeptides such as gelatine wool.
PAR  No special preparation of the polymeric surface is necessary in practicing
      this invention except that the surface to be treated should be clean and
      free of dirt and moisture. When cleaning is necessary, dirt should be
      removed using non-aqueous cleansers such as chlorinated ethylene and
      similar "dry cleaning" solvents.
PAR  Instead of treating a sheet which consists entirely of the polymeric
      compound, it is also within the scope of this invention to coat cloth or
      paper with the polymeric compound on the side to be treated thereby
      forming a composite structure. This can be done, for example, by
      dissolving the polymeric alcohol and plasticizer in water, alcohol, or
      some other suitable solvent, using enough solvent to obtain a solution of
      the desired viscosity. The solution can then be sprayed, rolled, painted
      or spread by any conventional means on the surface of the paper or cloth,
      which is then allowed to dry. If a relatively non-porous paper or cloth is
      used, this results in a coating of polymeric alcohol firmly bonded to one
      surface, and penetrating part way into the paper or cloth. A sheet thus
      prepared can be waterproofed on the polymeric alcohol side, while leaving
      the opposite side of the sheet open to attack and solution by water.
PAR  The spool or roll 40 and the sheet 10 of polymeric material wound on the
      spool are very slightly less wide than the reaction chamber so that the
      sheet can pass between the speciallyformed lips running length-wise along
      both sides of the chamber. These lips 11 and 13, illustrated more clearly
      in FIG. 2, are seen to comprise narrow ledges projecting from the two
      length-wise sides of the reaction chamber and having slits at the points
      where they would otherwise by joined to the width-wise sidewalls of the
      chamber. By maintaining close tolerances between the lips and the sheet 10
      of polymeric material as it is passed through the slits and under the
      lips, it is possible to provide an excellent seal at the open top of the
      reaction chamber. Although the lips could be extended width-wise so as to
      cover the chamber completely, it has been found that there are advantages
      to leaving the side of the polymeric sheet which is not to be treated
      exposed to the open air. First, this provides a cooling effect throughout
      the sheet so that vapors of acid chloride and aldehyde inside the chamber
      in zone 15 condense more readily on the internal surface of the sheet
      thereby facilitating the treatment. Also, by leaving the outer surface
      exposed, the likelihood of any escaped acid chloride and aldehyde vapors
      condensing on the untreated side is minimized.
PAR  Referring again to FIG. 1, coming off spool 40, the sheet 10 is passed
      between rollers 42,44 and then through the slits as described above and
      over the top of the reaction chamber. The mixed vapors of aldehyde and
      acid chloride inside the chamber react with the exposed surface of the
      polymeric compound to form a novel water-repellent material. At the
      opposite wall of the chamber, the treated sheet is removed from the
      chamber by passing through the second set of slits defined by lips 11,13
      and between another set of rollers 46,48 and wound on a take-up spool 50
      driven by variable speed motor 52. Sufficient tension is maintained
      between rollers 42,44 and rollers 46,48 so that a tight seal is formed
      between the polymeric sheet and the lips of the reaction chamber. Such a
      design has been found to work quite well in maintaining the vapors inside
      the chamber when operated at or about atmospheric pressure. Certain design
      changes would be required, however, to operate the reaction chamber at
      pressures higher or lower than atmospheric pressure.
PAR  The reaction time, that is the length of time for which it is necessary to
      expose the polymeric sheet to the vapors in the reaction chamber, varies
      according to the specific materials being employed, the reaction
      conditions, and the concentration of aldehyde and acid chloride in the
      chamber. Typically, however, the required time of exposure is about ten
      seconds to three minutes. The temperature and concentration of reactants
      in the reaction chamber may be varied to obtain a desired rate of
      reaction. The exposure time for a reaction chamber of a given length is
      easily adjusted by changing the speed of the motor 52 driving take-up
      spool 50. It is preferred to adjust the speed so that the surface
      treatment is completed by the time the sheet has traveled the length of
      the reaction chamber. The two interior rollers 44 and 48 will tend to
      remain clean of reactants because they are heated to a temperature close
      to that of the interior of the reaction chamber which temperature is above
      the boiling point of the aldehyde and acid chloride. Thus, these vapors
      will not generally condense on the internal metal parts of the reaction
      chamber. The treated sheet collected on spool 50 may then be used for a
      variety of novel applications as hereinafter described.
PAR  One of the principal advantages of the method of the present invention over
      the prior art is that it offers the opportunity to control the degree of
      water-repellency imparted to a surface within quite narrow ranges. As used
      herein, the term "waterproof" is applied to a surface which, during
      continuous contact with an aqueous fluid, will contain the fluid without
      leakage for a period of about 8 hours. The term "water-repellent" is used
      as a generic term to cover both waterproof surfaces, as described above,
      and surfaces which do not meet this criteria but demonstrate at least some
      ability to prevent the passage of water. The ability to control the degree
      of water-repellency is the result of being able to simultaneously react
      aldehyde and acid chloride with the polymeric surface by the vapor phase
      process. Although the precise nature of the resulting chemical reaction is
      not known, when a polyvinyl alcohol is employed as the polymeric sheet,
      the following is believed to represent the dependent and competing
      reactions which occur:
      ##EQU3##
PAR  In reaction (1) above, one free hydroxyl group of polyvinyl alcohol reacts
      with aliphatic acid chloride to form a water-insoluble aliphatic ester and
      hydrogen chloride. In reaction (2) above, the hydrogen chloride formed by
      reaction (1) catalyzes the addition of aliphatic aldehyde to other free
      hydroxyl groups along the polyvinyl alcohol chain to form water-insoluble
      aliphatic acetals. Cross-linking between polyvinyl alcohol chains using
      the acetal groups as shown in reaction (2) results in a physically harder
      and more waterproof surface than that formed by the acid chloride reaction
      product alone.
PAR  The two reactions are interdependent in the sense that the addition of
      aliphatic aldehyde to free hydroxyl groups requires the presence of
      hydrogen chloride or similar catalyst, and the hydrogen chloride is
      introduced into the reaction chamber only as the result of the reaction
      between free hydroxyl groups and acid chloride. The two reactions are
      competing in the sense that only a limited number of reaction sites, i.e.
      free hydroxyl groups, are available on the polymeric surface. Thus, a high
      relative concentration of acid chloride to aldehyde in the vapor mixture
      of about 4:1 or higher promotes a relatively rapid reaction since large
      quantities of hydrogen chloride are quickly generated and catalyze the
      aldehyde reaction. On the other hand, the majority of the reaction sites
      on the polymeric surface are taken by ester groups, there is little acetal
      crosslinking, and the resulting treated surface is comparatively soft and
      of lesser durability. In some applications it may be desirable to use acid
      chloride alone to form an especially soft surface of relatively low
      water-repellency. If instead a relatively low concentration of acid
      chloride to aldehyde of about 1:2 or lower is used in the vapor mixture,
      the reaction is relatively slow at least until sufficient hydrogen
      chloride is generated to catalyze the aldehyde condensation. However, the
      majority of the reaction sites on the polymeric surface are taken by
      acetal groups, there is extensive crosslinking, and the resulting surface
      is physically tough, durable, and highly water-resistant for prolonged
      periods of time.
PAR  A third competing reaction may also occur although to a far lesser extent
      than the condensation of acid chloride and aldehyde. In this reaction,
      hydrogen chloride produced by the acid chloride condensation reacts with
      free hydroxyl groups to form a very much water-insoluble alkyl chloride.
PAR  Apart from the control of surface strength and waterrepellency, there are
      additional advantages to employing the vapor phase mixture of acid
      chloride and aldehyde for treating the polymeric surface. Foremost in this
      regard is the fact that the vapor phase process of the present invention
      permits a oneside waterproofing treatment, the importance of which is
      discussed hereinafter. This, of course, is not possible with conventional
      liquid phase processes for waterproofing materials. Vapor phase treatment
      also avoids the problems of puckering and wrinkling of paper materials
      which have been subjected to liquid phase treatments. The vapor phase
      process results in a much more uniform surface since the reactants can
      reach even small pores and cracks in the surface of the polymeric
      material. From a mechanical point of view, the vapor phase process is more
      easily carried out than liquid phase treatment, and there is less
      opportunity for clogging of the apparatus. There is no need for the costly
      and time-consuming drying steps employed in liquid processes. There is no
      waste of raw materials nor any need for expensive liquid solvents. The
      vapor phase reaction occurs quite rapidly and is generally completed in
      ten seconds to about 3 minutes. Prior art liquid processes, by contrast,
      have generally required treatment times of about thirty minutes to an hour
      or more. The time factor is particularly important in making the process
      of the present invention economical and commercially feasible for treating
      paper and other low cost materials.
PAR  The use of a mixture of acid chloride and aldehyde is particularly
      advantageous because, as discussed above, the acid chloride reaction with
      free hydroxyl groups conveniently produces in situ the hydrogen chloride
      needed to catalyze the aldehyde condensation. It is possible to catalyze
      the aldehyde condensation by supplying the acid catalyst in some other way
      such as the introduction of dry hydrogen chloride from an external source
      or using aluminum trichloride vapor. However, it has been found difficult
      to introduce such materials and deliver them to the reaction surface in
      controlled amounts. Furthermore, aluminum trichloride has been found to
      promote the decomposition of aldehyde at elevated temperatures. In the
      process of the present invention, the hydrogen chloride is not only
      conveniently produced in situ but is produced right at the reaction
      surface where it is needed to catalyze the aldehyde condensation.
      Furthermore, the aldehyde condensation occurs only with pairs of free
      hydroxyl groups. Thus, the use of aldehyde alone catalyzed with an
      external source of catalyst leaves isolated unreacted hydroxyl groups and
      may result in a surface having incomplete water-repellent characteristics.
      By employing a combination of acid chloride and aldehyde it is possible to
      react virtually all of the hydroxyl groups on the surface. Finally, the
      raw materials for the present invention, acid chloride and aldehyde, are
      readily obtainable and inexpensive compared to some of the prior art
      waterproofing materials. Also, the waterproofed products according to the
      present invention are fully biodegradeable and will not cause longterm
      damage to the environment.
PAR  Whereas the water-repellent characteristics of polyvinyl alcohol appear to
      be fully developed at the conclusion of the treatment, the
      water-repellency of some polymeric materials such as cellulose appear to
      improve for several days following treatment if "aged" in a dry place at
      room temperature. Also it has been found that the use of longer-chain acid
      chlorides and aldehydes significantly improves the waterproofing
      properties of some polymeric materials such as cellulose. Thus, excellent
      results were obtained by treating paper and cotton with a vapor mixture of
      stearoyl chloride and stearaldehyde for about 30 seconds. On the other
      hand, for polyvinyl alcohol, no significant change in the waterproofing
      properties of the treated surface was found to result from varying the
      chain lengths of acid chloride and aldehyde over the range of 6, 8, 10,
      12, 14 and 16-carbon atom aliphatic chains. Longer chain lengths of the
      reactants have been found, however, to increase the softness and the
      tackiness of the treated surface.
PAR  Although the benefits and advantages of the present invention as set forth
      above as compared to prior art materials and processes for waterproofing
      are substantial in and of themselves, only in the consideration of actual
      applications of the present invention can these by fully appreciated. The
      material and process of the present invention is useful in all
      applications requiring a surface which is waterproof or at least
      water-repellent for a certain period of time but is water-disposable after
      use. Diapers for children and other persons who are incontinent either
      because of old age or physical disability are one type of article for
      which the material and process of the present invention are ideally
      suited.
PAR  Referring now to FIG. 3, what is illustrated is a cross-section of a diaper
      made by the process and from the material of the present invention. On the
      inner side of the diaper, the portion which contacts the body, is a soft
      layer 70 of an absorbent and water-disposable material. Suitable materials
      for this purpose are well-known in the art and include nonwoven rayon or
      cotton fibers, crepe paper, wood pulp or similar material. These are very
      lightly compressed to form a pad capable of absorbing and retaining a
      maximum amount of fluid, the individual fibers of the pad, however, being
      sufficiently compressed so that fluid material does not flow too freely
      through it. The absorbent layer 70 is bonded by suitable means to the
      treated surface 72 of a polymeric sheet 74 processed according to the
      present invention. Such bonding means include various conventional
      adhesives as well as the surface 72 itself which, under some process
      conditions, particularly high vapor pressures and using longer chain
      reactants, may be somewhat tacky when it is first treated with acid
      chloride and aldehyde. Polyvinyl alcohol sheets are especially suitable
      for forming into diapers and similar articles because they are easily
      plasticized to the desired degree of flexibility.
PAR  When in use, a diaper comprising a composite structure as shown in FIG. 3
      will absorb large quantities of liquid material on the inside layer 70,
      yet remain perfectly dry along the outer surface 76 of the polymeric layer
      74. Water-repellent surface 72 acts as a barrier to prevent seepage of the
      liquid through to the polymeric layer. In some applications it is
      desirable that the surface 72 remain completely waterproof for long
      periods of time such as for a day or longer. In this case, the relative
      proportions of acid chloride to aldehyde in the reaction chamber may be
      varied as described above to obtain a strong and highly waterproof
      surface. On the other hand, in many typical uses a diaper is designed to
      be changed every several hours and need not be absolutely waterproof
      during the interim. In fact, it is often desirable that a diaper have some
      capacity to "breathe," that is to withhold liquid while permitting the
      passage of water vapor so that the absorbent pad 70 will gradually
      air-dry. For such applications, cellulose-based paper is the preferred
      polymeric sheet, and the relative proportions of acid chloride to aldehyde
      in the reaction chamber may be varied as described above to obtain a
      surface 72 which is merely temporarily water-fepellent and will permit the
      passage of water vapor. Correspondingly, any intermediate degree of
      water-repellency or waterproofness is easily obtained. Alternatively, it
      will be appreciated that additional physical strength and waterproofness
      can be obtained by placing two or more treated paper sheets together in
      such a manner that each treated side except for the outermost sheet is
      next to the untreated side of the adjoining sheet so that the composite
      sheet will still be waterproof on one side yet waterpermeable from the
      opposite side.
PAR  Most important, however, is the fact that any diaper made according to the
      present invention is completely flush-disposable regardless of whether the
      surface 72 is a soft, water-repellent surface or a tough, waterproof
      surface. The reason for this novel feature is that when disposed of in an
      aqueous environment, the diaper is attacked from both sides and wholly
      disintegrates and dissolves in water. The polymeric material which
      comprises the outer layer 74 of the diaper is readily watersoluble
      because of the large number of hydrophilic groups in its molecular
      structure. The layer of absorbent material 70 disintegrates and flakes
      away leaving only a very thin waterinsoluble surface 72. Whereas the
      waterproof coatings of prior art patents had to be relatively thick to
      insure uniform and thorough waterproofing, the layer 72 in the present
      invention need be no thicker than a few layers of molecules. It will be
      appreciated that this feature of the present invention insures an article
      which is completely water-disposable and has no capacity whatsoever to
      clog or stop drains and pipes. Furthermore, the degree of water-repellency
      of the layer 72 of the present invention is readily adjusted as previously
      discussed whereas a layer of lacquer or similar material is either
      sufficiently thick to be wholly waterproof or too thin to be uniformly
      water-repellent over an entire surface.
PAR  FIG. 4 illustrates another type of composite structure for the making of
      disposable, water-repellent articles in accordance with the present
      invention, particularly containers for liquids such as paper drinking
      cups. Layer 80 is a flexible sheet of paper, cardboard or similar material
      which may be used in the construction of containers. Bonded to one surface
      82 of the paper sheet is a layer 84 of polymeric material according to the
      present invention. The polymeric material is bonded to the paper sheet by
      any suitable means as earlier described, for example spraying, rolling or
      painting it on as a solution in an appropriate volatile solvent and
      allowing the composite sheet to dry. The surface 86 of the polymeric layer
      84 is next treated with a vapor phase mixture of acid chloride and
      aldehyde according to the present invention, to impart water-repellent
      properties thereto. The treated composite sheet can then be fashioned into
      useful articles such as drinking cups, garbage bags, bed-pan liners and
      cartons wherein the treated, water-repellent surface 86 is used as the
      inner surface, i.e. the surface which ordinarily comes into contact with a
      liquid when the article is in use. Again depending on the particular
      application, the strength and degree of waterproofness or water-repellency
      of the composite sheet may be readily varied as necessary by the process
      of this invention. When such an article is discarded and disposed of in an
      aqueous environment, water attacks the article through its outer surface
      88 flaking away and disintegrating the paper or cardboard fibers in layer
      80 and then dissolving the water-soluble polymeric layer 84 leaving only a
      molecular layer 86 of waterinsoluble material. This layer is too thin to
      support itself and is readily broken up and carried away by a water stream
      such as in a flush toilet.
PAC   EXAMPLE 1
PAR  A sheet of polyvinyl alcohol was treated with a vapor phase mixture of
      octanoyl chloride, CH.sub.3 (CH.sub.2).sub.6 COCl, and octanal, CH.sub.3
      (CH.sub.2).sub.6 CHO, at 280.degree.F for 20 seconds. The relative
      proportion of acid chloride to aldehyde was about 3:7, and the total vapor
      pressure of the reactants was 1/2 atmosphere. The resulting treated
      surface was tough, durable and remained waterproof for a period of greater
      than 24 hours when tested by placing the treated sheet over an open vessel
      with a small amount of water on top and watching for the first signs of
      leakage through the untreated underside.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated using a 4:6 mixture of lauroyl
      chloride, CH.sub.3 (CH.sub.2).sub.10 COCl, and dodecanal, CH.sub.3
      (CH.sub.2).sub.10 CHO, at a total vapor pressure of the reactants of 1/2
      atmosphere. The treatment time was 40 seconds at 400.degree.F, and the
      result was a tough, durable, waterproof surface.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated using an 8.5:1.5 proportion of
      octanoyl chloride, CH.sub.3 (CH.sub.2).sub.6 COCl and dodecanal, CH.sub.3
      (CH.sub.2).sub.10 CHO, at 300.degree.F for 1 minute. The resulting treated
      surface demonstrated a considerably lesser tensile strength than did the
      surfaces of Examples 1 and 2 above, but remained waterproof for a period
      of 8 hours.
PAC  EXAMPLE 4
PAR  Cellulose paper sheets ("onionskin" thin typing paper, and thin "parchment"
      tracing paper) were treated in separate tests with stearaldehyde and/or
      stearoyl chloride vapors respectively at about 440.degree.F for 30
      seconds. The treated sheets were waterrepellent on the treated side, but
      water was readily absorbed through the untreated side so as to disperse
      the paper fibers and disintegrate the sheets. A particular advantage of
      the products of this example is that the fibrous paper sheets are somewhat
      permeable to water vapor, allowing diapers fashioned therefrom to
      "breathe," while still containing liquid water effectively.
PAR  Although several embodiments of the present invention have been described
      and illustrated, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention or from the scope of the appended claims.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An article of manufacture comprising a thin sheet, one side of said
      sheet being water-permeable and the other side being water-repellent,
      wherein said water-permeable side comprises a polymeric compound having a
      molecular weight in excess of about 1000 and having free hydrophilic
      groups selected from hydroxyl and amine groups and said water-repellent
      side comprises the reaction product of said polymeric compound with a
      vapor phase mixture comprising acid chloride having the general formula
      ##EQU4##
      and aldehyde having the general formula
      ##EQU5##
      wherein R.sub.1 and R.sub.2 are independently selected from straight or
      branched-chain aliphatic hydrocarbon radicals having from 1 to about 20
      carbon atoms and cyclic hydrocarbon radicals having from 6 to about 20
      carbon atoms, further wherein the molar proportion of acid chloride to
      aldehyde in the vapor phase mixture is greater than about 1:10.
NUM  2.
PAR  2. An article of manufacture according to claim 1 wherein said reaction is
      carried out at atmospheric pressure and at a temperature which is both
      high enough to create a vapor pressure of acid chloride and aldehyde in
      the vapor phase of about one-half atmosphere and to heat the polymeric
      compound to the temperature required for reaction to occur.
NUM  3.
PAR  3. An article of manufacture according to claim 1 wherein said solid phase
      polymeric compound is polyvinyl alcohol having a molecular weight greater
      than about 1000.
NUM  4.
PAR  4. An article of manufacture according to claim 1 wherein said vapor phase
      mixture comprises about 30 mol-% octanoyl chloride and about 70 mol-%
      octanal.
NUM  5.
PAR  5. An article of manufacture according to claim 1 wherein said vapor phase
      mixture comprises about 85 mol-% octanoyl chloride and 15 mol-% dodecanal.
NUM  6.
PAR  6. An article of manufacture according to claim 1 wherein said polymeric
      compound is exposed to said vapor phase mixture for a period of about 10
      seconds to 3 minutes.
NUM  7.
PAR  7. A disposable paper container for containing aqueous liquids comprising
      cellulosic paper which has been exposed along the side normally coming
      into contact with aqueous liquids to a vapor phase mixture comprising acid
      chloride having the general formula
      ##EQU6##
      and aldehyde having the general formula
      ##EQU7##
      wherein R.sub.1 and R.sub.2 are independently selected from straight or
      branched-chain aliphatic hydrocarbon radicals having from 1 to about 20
      carbon atoms and cyclic hydrocarbon radicals having from 6 to about 20
      carbon atoms, further wherein the molar proportion of acid chloride to
      aldehyde in the vapor phase mixture is greater than about 1:10.
NUM  8.
PAR  8. A disposable paper container for containing aqueous liquids comprising
      paper having a film on one side formed by contact with polyvinyl alcohol
      and subsequently exposed along said polyvinyl alcohol side to a vapor
      phase mixture comprising acid chloride having the generaal formula
      ##EQU8##
      and aldehyde having the general formula
      ##EQU9##
      wherein R.sub.1 and R.sub.2 are independently selected from straight or
      branched-chain aliphatic hydrocarbon radicals having from 1 to about 20
      carbon atoms and cyclic hydrocarbon radicals having from 6 to about 20
      carbon atoms, further wherein the molar proportion of acid chloride to
      aldehyde in the vapor phase mixture is greater than about 1:10.
NUM  9.
PAR  9. A disposable article of sanitary clothing comprising a sheet of
      polyvinyl alcohol treated along the body-facing side by exposure to a
      vapor phase mixture comprising acid chloride having the general formula
      ##EQU10##
      and aldehyde having the general formula
      ##EQU11##
      wherein R.sub.1 and R.sub.2 are independently selected from straight or
      branched-chain aliphatic hydrocarbon radicals having from 1 to about 20
      carbon atoms and cyclic hydrocarbon radicals having from 6 to about 20
      carbon atoms, further wherein the molar porportion of acid chloride to
      aldehyde in the vapor phase mixture is greater than about 1:10, and bonded
      to said sheet along said treated side a soft, absorbent layer of a
      water-disposable material.
NUM  10.
PAR  10. A disposable article of sanitary clothing according to claim 9 wherein
      said article is suitable for use as a diaper.
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ABST
PAL  A multi-layer diaper includes a porous facing layer to be positioned
      adjacent an infant's skin, and absorbent batt, and a water-impervious
      backing sheet. The facing layer is provided with areas of preferential
      liquid flow, surrounded by areas of increased water repellency relative to
      the areas of preferential liquid flow. The areas of preferential liquid
      flow are in the form of thinned areas, areas of increased wettability or
      areas of normal wettability surrounded by water repellent borders. The
      flow paths are spread over at least the central portion of the facing
      layer to direct liquid to the absorbent batt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Disposable diapers have met with increased commercial acceptance in recent
      years, primarily because of their convenience, as opposed to cloth
      diapers, which must be laundered when soiled. Many different constructions
      have been proposed, and some have been quite successful in the market
      place. However, even the more successful diapers are inadequate in certain
      functional aspects.
PAR  One design criterion, which has been sought to be achieved, is the desire
      to keep moisture away from the surface of the diaper which comes into
      contact with the infant's skin, and to thereby avoid skin irritation and
      infection. A diaper that achieves this result to a substantial degree is
      disclosed in Mesek et al. U.S. Pat. No. 3,612,055, issued Oct. 12, 1971.
PAR  The typical disposable diaper is comprised of three components; namely, a
      facing layer which is positioned adjacent the infant's skin, an absorbent
      batt immediately beneath the facing layer which distributes and stores the
      liquid deposited on the diaper, and finally, a water-impervious sheet
      which contains the liquid within the diaper structure. The facing layer is
      generally less wettable than the absorbent batt so that liquid will be
      drawn preferentially into the absorbent batt and away from the infant's
      skin. To maximize the preferential flow of liquid through the facing layer
      and into the absorbent batt, it is desirable to reduce the wettability of
      the facing layer as much as possible. There is, however, a practical limit
      to the reduction of wettability in the facing layer because when the
      facing layer becomes sufficiently unwettable, there is some tendency for
      the liquid deposited on the facing layer to pool on it, and thereby
      increase the possibility of skin irritation and infection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention represents an improvement in disposable diapers in
      the provision of facing layers therein which function to direct liquid
      more rapidly to the absorbent batt without undesirable pooling. A facing
      layer, used in accordance with the present invention, has areas of
      increased transmissivity for aqueous liquids, referred to as areas of
      preferential flow, surrounded by borders having less transmissivity for
      aqueous liquids than the preferantial flow areas.
PAR  In prior disposable diapers, the least wettable of the fibrous elements of
      the diaper is the facing layer so that there is a flow gradient created
      through the fibrous elements of the diaper. It has been recognized that
      the facing layer must have the ability to be wetted by water since water
      repellency can prevent the liquid from penetrating into the facing layer
      and the absorbent layers behind it, just as a tent fabric holds back
      penetration of rain water. Contrary to this, it is desirable that the
      facing layer have some water repellency so that once the liquid has
      migrated through the facing layer and into the batt, the liquid will be
      prevented from flowing back through the facing layer and into contact with
      the infant's skin. The areas of preferential liquid flow of the present
      invention represents a novel answer to these conflicting criteria, as well
      as providing a facing layer which prevents pooling of liquid deposited on
      its outer surface.
PAR  In one embodiment of the invention, the preferential flow paths are
      provided by thinned areas which allow aqueous liquids to flow more rapidly
      therethrough than through the areas surrounding the thinned areas. The
      term "thinned areas," as used herein, refers to areas of the facing layer
      having a lesser amount of the fibers of the facing material and a lesser
      thickness than adjacent areas. However, these thinned areas always contain
      some fibers and have some thickness. Thus, the facing layers with thinned
      areas differ from facing layers made of apertured fabrics since the latter
      permit dusting of short fibers from the underlying batt unless a layer of
      tissue paper or similar material is interposed between the batt and the
      facing layer.
PAR  The thinned area facing layer may be comprised of long and short fibers,
      i.e., textile length and paper making fibers. In one embodiment of the
      thinned area facing layer, there is a mixture of long and short fibers
      within the thinned areas and the surrounding areas. In a second
      embodiment, the thinned areas contain primarily long fibers while the
      surrounding areas contain a mixture of long and short fibers with a
      greater proportion of short fibers.
PAR  Fibers are usually classified according to length, with relatively long or
      textile length fibers being longer than about 1/4 inch, and generally
      between 1/2 and 2 1/2 inches in length. The term "long fibers," as used
      herein, refers to textile fibers having a length greater than 1/4 inch,
      and the fibers may be of natural or synthetic origin. The term "short
      fibers," as used herein, refers to paper making fibers such as wood pulp
      fibers or cotton linters, having a length less than about one-quarter
      inch. The classification of fibers by length may be carried out by the
      Clark classification procedures described in the test manual of The
      Technical Association of Pulp and Paper Industry (TAPPI-T233-SU64).
PAR  It is recognized that short fibers are substantially less costly than long
      fibers. It is also recognized in many instances that it is desirable to
      strengthen the short fiber products by including a blend of long fibers
      therein.
PAR  The facing layers of the present invention are preferably formed by an
      air-laying process to form a non-woven web material which may be cut to
      facing layer size. Non-woven materials are structures which, in general,
      consist of an assemblage or web of fibers, joined randomly or
      systematically by a mechanical, chemical or other means. These materials
      are well known in the art, having gained considerable prominence within
      the last 20 years or so in the consumer market, industrial-commercial
      market, and the hospital field.
PAR  Several methods have been previously disclosed which, with modification,
      are quite suitable for forming the facing layers of the present invention.
      In brief summary, these improved air laying techniques for producing
      non-woven materials involve the individualizing of fibers, dispersing the
      fibers in high velocity air streams, directing the air streams towards one
      another, and controlling the amount of mixing, and subsequently condensing
      the fibers onto a moving foraminous belt to produce a web. Thereafter, the
      web is generally post treated to provide the required degree of coherence,
      by one or more well known steps, i.e., mechanical or chemical bonding
      procedures. These methods are adaptable, as described below, for forming
      the thinned area preferential flow path facing layers as well as the other
      facing layer embodiments of the present invention.
PAR  Fabrics having thinned areas of preferential liquid flow formed of a
      mixture of long and short fibers may be made by modification of the method
      described in the commonly assigned Liloia et al. U.S. Pat. No. 3,663,348,
      the disclosure of which is hereby incorporated by reference. Specifically,
      the modified method involves the air deposition of a mixture of
      individualized long and short fibers on a moving foraminous belt, having
      blocked areas or onto a high knee screen. In this manner, the fibers
      moving toward the blocked areas are diverted by the air flow to the
      unblocked areas, or the fibers deposited on the knee portion of the screen
      tend to move into the valleys, thereby producing a thinner cross section
      in the web portions in the blocked areas or on top of the knee.
PAR  The thinned area embodiment having a predominance of long fibers in the
      thinned areas may be formed by the method described in the commonly
      assigned, copending U.S. application of Goyal et al., Ser. No. 401,918,
      filed Sept. 28, 1973, the disclosure of which is hereby incorporated by
      reference. This method involves the production of individual long and
      short fiber-carrying gaseous streams. The individual streams are directed
      towards each other so that the fibers in one stream cross over the fibers
      in the other stream and are deposited on a moving foraminous belt. In this
      method, the short fibers are directed toward an upstream portion of the
      belt and tend to migrate into the unblocked areas of the belt or down the
      sides of the knees and into the valleys therebetween. The long fibers,
      however, due to their substantial length, and reduced pressure gradient
      caused by the deposited short fibers, when deposited on the
      pattern-blocked belt, will lie across the blocked and unblocked areas or
      when deposited on the high knee screen, will overlay both the knees and
      valleys. It will be appreciated that this embodiment assures minimum
      dusting of the short fibers from the facing layer since the outer face
      will be long fibers which contain the short fibers below their surface.
PAR  A second embodiment of the present invention utilizes areas of preferential
      liquid flow which are formed by adding a wetting agent in selected areas
      of the facing layer, or more wetting agent in the selected areas than in
      the other areas of the facing layer. The facing layer of this embodiment
      is generally uniform in thickness and in composition at any portion of its
      area, i.e., a uniform mixture of long and short fibers. It may also be
      uniform in composition at any depth, as described in the above mentioned
      Liloia et al. patent, or it may vary at different depths in the
      proportions of long and short fibers as described in the commonly assigned
      copending Ruffo et al., U.S. application Ser. No. 108,546, the disclosure
      of which is hereby incorporated by reference.
PAR  In this second embodiment, the web is air-laid to a uniform depth onto a
      belt and treated with a binder to provide structural stability. The binder
      solution, which will produce water repellency in the facing layer, may
      contain a small amount of wetting agent so that the entire facing layer
      will have some wettability. Subsequent to the binder application and
      preferably after the web has been dried, the fabric is through-printed
      with a wetting agent in selected areas to provide areas of preferential
      liquid flow through the facing layer.
PAR  A third embodiment of this invention utilizes preferential flow paths which
      are formed by providing boundary areas around the preferential liquid flow
      area which have less wettability. The fabric used for the facing layer of
      this embodiment may be initially formed without using a binder solution so
      that the fabric has little water repellency or may be formed with a binder
      that has a large amount of wetting agent to counteract the water
      repellency of the binder. After the fabric has been dried, it is
      through-printed with a water-repellent binder in the area surrounding the
      areas which are to form the areas of preferential liquid flow.
PAR  The fabric of the second and third embodiments described above are similar
      in that each fabric there is greater wettability in the areas of
      preferential liquid flow than in the surrounding areas. They differ,
      however, in that the second embodiment provides a maximum total add-on (of
      binder and wetting agent) in the areas of preferential flow while the
      third embodiment provides a maximum total add-on in the surrounding areas.
PAR  While the above-mentioned facing layers are fibrous in nature, the present
      invention may also be embodied in other types of facing layers, such as
      those disclosed in Meisel, U.S. Pat. No. 3,431,911. The Meisel patent
      discloses a facing layer formed by an open-celled polymeric foam material,
      such as polyether or polyester-polyurethane foams. By forming this type of
      polymeric material with thinned areas, or selectively posttreating
      portions of it with wetting and/or water-repellent agents, areas of
      preferential liquid flow may be produced.
PAR  The pattern of preferential liquid flow areas within the facing layer of
      the improved diaper may take on a variety of shapes, including circular,
      rectangular, diamond-shaped, etc. The shapes of the preferential liquid
      flow areas should have a minimum dimension of at least one-quarter inch,
      and should produce a ratio of preferential liquid flow area to total
      facing flow area to total facing surface area in the range of 4% to 40%.
      They should also be spaced no farther apart than two inches from each
      other so that no point on the facing layer in the central area of initial
      wetting is more than about one inch from at least one preferential liquid
      flow area. The preferential liquid flow areas may be spread over the
      entire area of the facing layer, or may, if desired, be spread over a
      central area, leaving the marginal areas (where initial wetting is
      unlikely) as a water-repellent border having a width of about one to two
      inches.
PAR  With such a distribution, in any embodiment utilizing these preferential
      liquid flow areas, liquid deposited on one surface of the facing layer
      will be quickly drawn into the diaper to the absorbent batt below the
      facing layer. The areas bordering the preferential flow paths provide
      resistance to transverse movement of fluid within the facing layer, thus
      minimizing the wetted area and the tendency for skin irritation or
      infection. Moreover, once the liquid has been drawn into the absorbent
      batt and has spread laterally therein, fluid pressure within the batt is
      decreased so that the tendency to return through the preferential liquid
      flow areas is reduced, and the areas bordering the preferential liquid
      flow areas provide a barrier to the return of fluid through the facing
      layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, with certain portions broken away, of an open
      unfolded diaper including a facing layer in accordance with the present
      invention;
PAR  FIG. 2 is a top plan view on a reduced scale of the facing layer of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the facing layer of FIG. 2, taken
      along plane 3--3, illustrating the internal structure;
PAR  FIG. 4 is a top plan view of a second embodiment of the facing layer;
PAR  FIG. 5 is an enlarged sectional view of the facing layer of FIG. 4, taken
      along plane 5--5, illustrating the internal structure;
PAR  FIG. 6 is a top plan view of a third embodiment of the facing layer; and
PAR  FIG. 7 is an enlarged sectional view of the facing layer of FIG. 6, taken
      along plane 7--7, illustrating the internal structure.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail,
      only preferred embodiments of the invention with the understanding that
      the present disclosure is to be considered as an exemplification of the
      principles of the invention, and is not intended to limit the invention to
      the embodiments illustrated.
PAR  Referring to the drawings, and particularly to FIG. 1, the diaper assembly
      10, when fully opened and laid out flat, comprises a lowermost
      water-impervious sheet 12, which is rectangular in shape, a highly
      absorbent pad, or batt 14, which is also rectangular in shape, but smaller
      than the impervious sheet and centrally disposed thereon, and an
      over-laying facing layer 16 of fibrous material, which is also rectangular
      in shape, equal in dimension, and coterminous with the impervious sheet,
      and in contact therewith in the marginal portions of the diaper extending
      peripherally beyond the absorbent batt.
PAR  The batt 14 may have a continuous paper-like densified highly compacted
      lowermost fibrous layer integral therewith that includes spaced, parallel
      and longitudinally disposed thickened densified portions. The thickened
      densified portions are formed by further compression of the batt 14 while
      it is still moist, as described in Repke U.S. Pat. application Ser. No.
      376,193, filed July 21, 1973, as with embossing rollers which produce
      recesses in the surface of the batt 14 in line with the thickened
      portions.
PAR  The lower major surface of the batt, including the densified layer, is
      adhered to the impervious sheet by bead lines 22 of adhesive substantially
      throughout the area of the interface therebetween. Marginal portions of
      the facing layer 16, extending beyond the batt 14, are also adhered to the
      impervious sheet by adhesive bead lines 22.
PAR  In the preferred embodiment of the invention, a moisture-impervious sheet
      12 is formed of polyethylene having a thickness of approximately 0.001
      inch. The sheet may be smooth or it may be embossed to improve its drape
      and feel. Other suitable flexible moisture impervious sheets may be used
      in accordance with the invention, such as, for example, polyethylene
      terephthalate sheets having a thickness of about 0.0005 inch.
PAR  Batt 1r may be formed of loosely compacted short cellulosic fibers, such as
      wood pulp fibers, or cotton linters, or mixtures thereof, which are
      primarily held together by interfiber bonds requiring no adhesive, as is
      known in the art. Briefly, this batt is a low bulk density coherent web of
      loosely compacted cellulosic fibers preferably comminuted wood pulp fibers
      in the form of so-called "fluff."
PAR  The paper-like densified layer of batt 14 is formed by a slight moistening
      of one surface of the batt followed by the application of pressure
      thereto. The nature of the batt and its densified layer and method of
      producing the same are described, generally, in U.S. Pat. No. 3,017,304.
PAR  The composite density of batt 14, including its densified layer, should be
      above about 0.07 grams/cc. and preferably between about 0.10 and 0.15
      grams/cc. The foregoing density values are applicable to the diaper as
      produced. In storage and handling the loft or thickness of the batt is
      increased to some extent, resulting in lower densities.
PAR  The facing layer may be made up of fibers consisting predominately of low
      cost short fibers, such as wood pulp fibers or cotton linters in amounts
      of about 75 to about 98%, the balance being long fibers such as rayon.
      Short fibers, such as wood pulp fibers or cotton linters, are
      substantially less expensive than textile length fibers such as cotton and
      rayon, and this low cost is a factor in reducing the cost of the facing
      layer component of the diaper of this invention. In the facing layer 16,
      the long fibers may be 1.5 denier rayon fibers uniformly cut to 11/2  inch
      length. The short and long fibers are randomly dispersed and bonded with a
      bonding agent such as crosslinking acrylic emulsion. The facing layer is
      also treated with a wetting agent, such as a non-ionic surfactant, to
      partially counteract the water-repellency of the bonding agent and bring
      the facing layer to the desired degree of wettability.
PAR  An important aspect of this invention is the provision for selective
      wettability among the above-mentioned fibrous components of the diaper,
      such that the moisture is selectively draw from the facing layer into the
      body of the batt and then from the body of the batt into the densified
      layer thereof. In the present invention, the facing layer 16 is provided
      with areas of preferential liquid flow to direct the liquid quickly to the
      absorbent batt 14. The term "areas of preferential liquid flow," as used
      herein, refers to areas in the facing layer having a higher degree of
      water transmissivity than the areas surrounding them. The preferential
      flow paths extend through the thickness of the facing layer and are
      surrounded by borders having less water transmissivity than that of the
      preferential flow paths. With respect to liquid flow, the preferential
      flow paths may be considered comparable in behavior to "holes" in the
      facing layer. However, a perforated fabric would not be suitable as the
      facing fabric of this invention because its apertures permit dust passage,
      as well as liquid passage, and would therefore permit undesirable
      "dusting" of the short fibers of the absorbent batt.
PAR  The preferential flow paths of the present invention are positioned in
      spaced areas of the facing layer, preferably uniformly spaced in a
      repetitive pattern across the facing layers. The individual preferential
      liquid flow areas may be of a variety of geometric shapes including, but
      not limited to circular, rectangular and diamond shapes, subject to a
      minimum dimension of 1/4 inch. The repetitive pattern may be continuous
      across the surface of the facing layer or may be positioned in a selected
      area which overlays the absorbent batt or the central portion thereof. The
      ratio of the total area of the preferential liquid flow areas to the
      surface area of the facing layer or to the central portion thereof which
      contains the preferential liquid flow areas is preferably in the range of
      4 to 40%. The preferential liquid flow areas are arranged such that any
      liquid deposited on the facing layer, or on the central portion thereof,
      is not more than one inch from at least one of these areas. Thus, any
      liquid will be quickly drawn into the preferential liquid flow areas
      contiguous to the deposition site and into the absorbent batt where it
      will be spread laterally.
PAR  The facing layer illustrated in FIGS. 1 to 3 has areas 17 of preferential
      liquid flow which are formed by thinned areas in the facing layer 16. The
      preferred thinned area fabric may have either of two types of thinned
      areas, one having a substantially uniform blend of long and short fibers
      and one in which the thinned areas have predominately long fibers.
PAR  In the substantially uniformly blended thinned area facing layer, the
      density of fibers is substantially uniform through the facing layer 16. In
      the illustrated embodiment, the thinned areas 17 are circular in cross
      section as viewed from the top of the facing layer (FIG. 2). The
      undersurface of the facing layer is concave in the areas of reduced
      thickness with gradually increasing thickness from the center of each
      preferential flow path to the bordering areas 18 surrounding the paths.
      Since the entire facing layer 16 has the same wettability, liquid
      deposited in the top surface of the facing layer will pass more quickly
      through the thinned areas 17 which provide less resistance to flow than
      the bordering areas 18. The liquid will tend to flow preferentially into
      the absorbent batt 14 beneath the facing layer rather than into the
      bordering areas 18 surrounding the preferential flow paths, since, as
      noted above, the batt 14 has greater wettability than the facing layer.
      After the liquid has been drawn into the batt 14, wherein it is spread
      laterally, the areas 18, surrounding the areas of preferential liquid
      flow, act as barriers against the return flow of liquid to the top of the
      facing layer 16. The thinned areas 17 not only allow liquid to flow
      quickly therethrough, but by virtue of the presence of fibers therein,
      dusting of short fibers from the inner face of the facing layer 16 and the
      absorbent batt 14 is prevented.
PAR  Thinned areas in a fabric having a uniform fiber distribution throughout
      its thickness may be formed by modifying the above mentioned Liloia et al.
      method to include a patterned blocked foraminous belt or knee screen.
PAR  In a second thinned area embodiment, the areas of preferential liquid flow
      17 are characterized by a predominance of long fibers. This type of
      thinned area is produced by the above-mentioned Goyal et al. method by
      depositing short fibers upstream on a high knee screen or on a foraminous
      belt with blocked areas and depositing long fibers at a downstream
      location over the short fibers. During this process, the short fibers tend
      to follow the flow lines of the gaseous streams and move into the valleys
      between the high points in the knee screen or to the unblocked areas of
      the belt. The long fibers, however, extend beyond the flow lines of the
      gaseous streams in which they are entrained, and therefore, will remain on
      the high portions of the knee screen as well as in the valley portions
      thereof or will stretch across the blocked and unblocked areas. It will be
      appreciated that in this type of thinned area in which the lower portion
      of the facing layer is predominately short fibers that the long fibers on
      the outer surface will also prevent dusting of the short fibers from the
      facing layer 16 and the absorbent batt 14.
PAR  Referring now to FIGS. 4 and 5, a second type of facing layer having areas
      of preferential liquid flow, is denoted in its entirety by numeral 116.
      Facing layer 116 is structurally uniform having a uniform composition in
      all portions of its area and depth, and in the preferred embodiment is a
      uniform mixture of long and short fibers. Facing layer 116 may be produced
      by an air-laying process, such as described in the above-mentioned Liloia
      et at. patent. The areas of preferential liquid flow 117 are provided in
      this embodiment by the addition of a greater amount of wetting agent in
      the selected areas than by the other areas of the facing layer. After the
      web from which the facing layer 116 will be cut has been formed, the web
      is treated with a bonding agent, such as a self-cross linking acrylic
      emulsion. One bonding agent which has been employed with considerable
      success is a latex of a polyethylacrylate copolymer containing small
      amounts of acrylonitrile and a cross-linkage monomer sold under the
      trademark HYCAR 2600 .times. 120. A small amount of wetting agent may also
      be added to the bonding agent to partially counteract the water repellency
      of the binder. Typical wetting agents or surfactants which have been found
      to be suitable, are the non-ionic polyoxyethylene sorbitan monolaurate
      sold under the trademark TWEEN 20, and the ionic sulfonated alkyl ester
      sold under the trademark TRITON GR-5. After the fabric has been treated
      with the binder solution (and wetting agent, if any) and dried, the fabric
      is through-printed by known techniques with additional wetting agent to
      produce the areas 117 of preferential liquid flow.
PAR  As illustrated in FIG. 5, the areas 117 of preferential liquid flow extend
      completely through the crosssectional thickness of the facing layer 116 to
      provide an uninterrupted flow path for liquid from the top of the facing
      layer to the absorbent batt 14 immediately below the facing layer.
PAR  The facing layer 216 illustrated in FIGS. 6 and 7 is related to the facing
      layer 116, except that differential wettability is achieved in layer 216
      by different levels of binder application, rather than different levels of
      surfactant application. Facing layer 216 may be of the nonwoven air-laid
      fibrous type. After the fabric from which the facing layer 216 will be cut
      has been laid, two different methods may be employed to form the
      preferential liquid flow areas 217. It will be appreciated that a uniform
      fabric of long and short fibers has a high degree of wettability if no
      binder solution is applied to the fabric. Accordingly, the areas of
      preferential liquid flow 217 may be formed by throughprinting the
      bordering areas 218, surrounding the preferential liquid flow areas with a
      binder solution, such as the abovementioned binder solution. In this
      manner, the borders 218 have substantially less wettability than the
      untreated areas and therefore define the areas 217 of preferential liquid
      flow.
PAR  In some circumstances it may be desirable to have the fibers in areas 217
      bonded more strongly to each other and to the bordering areas 218.
      Accordingly, the fabric from which the facing layer 216 will be cut may be
      treated initially with a mixture solution of binder and wetting agent so
      that the fabric has structural stability and wettability uniformly
      throughout its cross section. This uniformly treated fabric is then
      through-printed with additional binder solution in the bordering areas to
      decrease the wettability of the border areas relative to the preferential
      liquid flow path areas 217.
PAR  The preferred size and spacing of the preferential liquid flow areas in the
      embodiments of FIGS. 4 and 5 and FIGS. 6 and 7 are similar to those
      discussed above in relation to the thinned area embodiment of FIG. 3.
PAR  The present invention may also be embodied in a variety of other facing
      layers such as an open-cell, polymeric foam material which may be formed
      with a surface having declivities spaced from each other and in the
      desired shape to produce thinned areas within the foam material, or a
      uniform layer of polymeric foam may be selectively treated to produce
      areas of increased hydrophobicity or bordering areas of decreased
      hydrophobicity in accordance with the present invention.
PAR  The invention may also be embodied in a facing layer made with only short
      fibers but containing sufficient binder to provide the necessary strength
      and integrity. Here again, preferential liquid flow areas can be provided
      by thinned areas or by areas of increased wettability, obtained as
      described above.
PAR  It is also to be noted that the nature of the batt may also be changed
      without departing from the scope of this invention, provided that the batt
      is more wettable than the facing layer. Batts made of a plurality of plies
      of cellulose wadding may be used, for example, if desired.
PAR  Other modifications and variations will be apparent to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-layer diaper comprising: a porous, imperforate facing layer in
      the form of a non-woven fabric formed of long fibers and short fibers,
      said facing layer having separate and discrete areas of preferential
      liquid flow throughout at least the central portion of its areas arranged
      sufficiently closely to each other so that no point in the central portion
      of the facing layer is more than one inch away from an area of
      preferential liquid flow; a highly porous, loosely compacted, cellulosic
      fibrous batt in face-to-face juxtaposition with the inner face of said
      facing layer; and a water-impervious backing sheet adhered to the outer
      surface of said batt.
NUM  2.
PAR  2. The diaper of claim 1 wherein said areas of preferential liquid flow are
      formed by thinned areas, having fewer fibers than the other areas of said
      facing layer.
NUM  3.
PAR  3. The diaper of claim 2 wherein the fibers in said thinned areas are
      characterized by a substantially uniform mixture of long and short fibers.
NUM  4.
PAR  4. The diaper of claim 2 wherein the fibers in said thinned areas are
      primarily long fibers.
NUM  5.
PAR  5. The diaper of claim 2 wherein said thinned areas are concave on one face
      of said facing layer, said batt being in juxtaposition with said face.
NUM  6.
PAR  6. The diaper of claim 1 wherein said areas of preferential liquid flow are
      formed by areas having higher wettability than the other areas of said
      facing layer.
NUM  7.
PAR  7. A multi-layer diaper comprising: a porous facing layer having separate
      and discrete areas of preferential liquid flow across at least the central
      portion of its area arranged sufficiently closely to each other so that
      urine discharged at any point on at least the central portion of the
      facing layer is rapidly transported through said facing layer without
      forming a pool thereon said facing layer being imperforate and all
      portions of said facing layer being previous to liquid flow therethrough;
      a highly absorbent batt in face-to-face juxtaposition with the inner face
      of said facing layer; and a water-impervious backing sheet adhered to the
      other surface of said batt.
NUM  8.
PAR  8. The diaper of claim 7 wherein said highly absorbent batt comprises a
      highly porous, loosely compacted, cellulosic fibrous batt.
NUM  9.
PAR  9. The diaper of claim 7 wherein said highly absorbent batt comprises a
      plurality of plies of cellulose wadding.
NUM  10.
PAR  10. The diaper of claim 7 wherein said discrete areas of preferential
      liquid flow are spaced so that no point on at least the central area of
      said facing layer is more than one inch away from at least one area of
      preferential liquid flow.
NUM  11.
PAR  11. The diaper of claim 10 wherein said areas of preferential liquid flow
      are formed by thinned areas having less material thickness than the
      surrounding areas of said facing layer.
NUM  12.
PAR  12. The diaper of claim 10 wherein said facing layer comprises a non-woven
      fibrous layer.
NUM  13.
PAR  13. The diaper of claim 10 wherein said facing layer comprises a flexible,
      open-celled polymeric foam material.
NUM  14.
PAR  14. The diaper of claim 10 wherein said facing layer is of uniform
      thickness and said areas of preferential liquid flow are formed by areas
      having higher wettability than the other areas of said facing layer.
NUM  15.
PAR  15. The diaper of claim 14 wherein said facing layers contains a wetting
      agent in said areas of preferential liquid flow.
NUM  16.
PAR  16. The diaper of claim 15 wherein the area surrounding said areas of
      preferential liquid flow contain a wetting agent, but less wetting agent
      than said areas of preferential liquid flow.
NUM  17.
PAR  17. The diaper of claim 14 wherein said facing layer contains a water
      repellent bonding agent distributed in a pattern surrounding said areas of
      preferential liquid flow.
NUM  18.
PAR  18. The diaper of claim 14 wherein said facing layer contains a uniform
      distribution of a water repellent bonding agent and contains a wetting
      agent in selected areas to counteract said water repellent bonding agent,
      thereby forming said areas of preferential liquid flow.
NUM  19.
PAR  19. The diaper of claim 10 wherein said preferential liquid flow areas are
      at least 1/4 inch at their minimum dimension.
NUM  20.
PAR  20. The diaper of claim 10 wherein said preferential liquid flow areas are
      arranged in a pattern throughout the entire area of said facing layer.
NUM  21.
PAR  21. The diaper of claim 10 wherein said batt is smaller than said facing
      layer and said preferential liquid flow areas are arranged in a pattern in
      the area of said facing layer over-laying the absorbent batt.
NUM  22.
PAR  22. The diaper of claim 10 wherein the ratio of the total of preferential
      flow areas to the facing layer area is in the range of 4 to 40%.
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ABST
PAL  A surgical instrument for sterilizing women by the ligation of the
      fallopian tubes comprises a probe having tongs with gripper means for
      engaging the tubes and means for directing a coolant to the vicinity of
      the gripper means for freezing of the tubes including a heater for
      subsequently heating the tubes. The probe advantageously includes a hollow
      central tube with a flared outer end at the probe tip and has an interior
      portion defining an evaporation chamber in which a coolant is evaporated
      to reduce the temperature at this end. A so-called Semm tongs extends
      through the tube and includes gripper elements at the flared end of the
      tube which may be moved outwardly to grip the fallopian tube of a woman to
      withdraw it into the flared end of the hollow tube where it may be frozen.
      The tip also includes a heater for reheating the frozen tubes. The
      opposite end of the probe includes a handle portion having a mechanical
      and electrical connection for the transmission of a coolant therethrough
      and the electrical current for actuating the heater.
BSUM
PAC  BACKGROUND OF THE INVENTION
PA1  1. field Of The Invention
PAR  This invention relates in general to the construction of surgical
      instruments and in particular to a new and useful surgical instrument
      which is provided with a tube through which tongs extend for grabbing the
      portion of a person's body and for withdrawing it into the flared end of
      the tube and which also includes means for cooling this end and for
      heating the end for selectively cooling and freezing parts of the body.
PA1  2. Description Of The Prior Art
PAR  At the present time instruments for the ligature of a woman's fallopian
      tubes in order to sterilize women are known.
PAR  Such an instrument is known under the designation Semm tongs. The ligature
      of tubes (thus the closure of the fallopian tubes) is effected so that
      upon the introduction of a trocar through the abdominal wall, the tubes
      are grasped by means of the introduced tongs consecutively at several
      locations and closed by electrocoagulation. At such an operation, there is
      a danger of secondary bleeding because, due to the necessary derivation of
      current during the electrocoagulation, the vessels located in the zone of
      treatment may become fragile. Consequently, after such an operation, the
      patients must remain under intensive medical care.
PAR  As a rule, the ligature of tubes is carried out under sight, with the aid
      of an optical device which is also introduced by means of a trocar.
      However, during the passage of current, smoke and vapor is developed,
      considerably affecting the sight and thereby the grasping of the tube by
      means of the same tongs which may lead to unintentional contacts with the
      surrounding tissue.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a surgical treatment for sterilizing women by
      ligature of tubes in which the above mentioned drawbacks, i.e. the danger
      of secondary bleeding and the sight hindrance, are avoided.
PAR  In accordance with the invention, this problem is solved by providing the
      surgical instrument with tongs and a probe which can be cooled to a low
      temperature and subsequently heated up to the body temperature. With the
      aid of an instrument designed in this manner the ligation of tubes is
      induced by the effect of low temperature on the fallopian tube, thus by
      necrotizing the tube. The danger of damaging the surrounding tissue by the
      electric current is thereby eliminated. Moreover, no smoke or vapor is
      developed during the treatment with low temperature so that the surgeon's
      sight is not hindered. Due to these advantages, the instrument is
      particularly suitable for large-scale sterilizations because in general,
      there is no need of medical care after the treatment.
PAR  Accordingly it is an object of the invention to provide a surgical
      instrument for sterilizing women by ligation of tubes which comprises a
      probe having tongs with gripper means for engaging the tubes and which
      also includes means for directing a coolant to the vicinity of the gripper
      means for freezing the tubes and which furthermore includes a heater for
      reheating the tubes up to body temperature.
PAR  A further object of the invention is to provide a surgical instrument or
      probe which includes an elongated tube having a hollow central tubular
      portion with an outwardly flared distal end with Semm tongs extending
      therethrough and terminating in grippers at the flared end which may
      engage the tube or other part of the body and pull it into the flared end
      and which also includes an evaporative tip in which coolant is evaporated
      for cooling the seized body part and which further includes means for
      subsequently heating this part.
PAR  A further object of the invention is to provide a surgical instrument which
      is simple in design, rugged in construction and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a longitudinal sectional view of an instrument constructed in
      accordance with the invention; and
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular the invention embodied therein
      comprises a surgical instrument or probe generally designated 1 which
      includes a probe tip 2 arranged at the end of a hollow tubular shaft
      portion 3 which is carried at the top of a handle 4. The free or lower end
      of the handle 4 is provided with mechanical fittings and electrical
      connections 6 for supplying the probe tip with electrical current and a
      cooling agent.
PAR  In accordance with the invention the probe shaft 3 includes a hollow
      central tube 7 having an outwardly flared end or trumpet shaped mouth 17.
      A so-called Semm tongs generally designated 8 includes rod-like elements
      which extend through the hollow tube 7 and terminate in hook shaped
      gripper ends 8' and 8". The tongs 8 are biased by a spring ring 9 so that
      the grippers 8' and 8" are withdrawn to the inner end of the flared
      portion 17 shown in FIG. 1. A pressure applied to the spring 9 in the
      direction of the arrow 10 will cause the spring to flex to the dotted line
      position 9' shown in FIG. 1 and cause the tong grippers 8' and 8" to move
      into the dotted line position shown in the drawings.
PAR  A cooling agent is supplied through a supply line 11 which extends upwardly
      through the handle 4 and through the shaft 3 to an evaporation chamber 12
      located in the probe tip 2. A return line 13 is defined in the shaft
      portion to extend from the probe tip backwardly to an annular conduit 13
      which is defined around the conduit 11 in the handle 4. The return line is
      for evacuating the evaporated cooling agent. An insulation 14 preferably a
      vacuum insulation is advantageously included in both the shaft portion 3
      and the handle portion 4.
PAR  The probe tip 2 which is also shown in FIG. 2 in a sectional view comprises
      an evaporation chamber 12 which has a circular cross section and
      preferably is filled with a silver wool 20 for improving the transmission
      of the cold. The supply line 11 for the liquid coolant leads into the
      evaporation chamber 12 and the evaporation chamber is connected to the
      return line 13 for the evaporated coolant. An electrical heater 15 is
      provided for reheating the probe tip 2 up to the body temperature after
      the fallopian tube or other body part is frozen. A temperature sensor 16
      is provided for controlling the temperature of the probe tip 2. In the
      retracted position the grippers 8' and 8" of the tongs 8 are surrounded by
      the evaporation chamber 12.
PAR  The ligature of the tubes is carried out by first gripping the fallopian
      tube by the grippers 8' and 8" and at least partly drawing the tube into
      the front opening of the probe tip 2. Thereupon the probe tip is cooled
      down and this results in the closure of the fallopian tube. The tongs are
      released after reheating of the probe tip by means of the heating device
      15. The flared end 17 of the probe tip facilitates the retraction of the
      fallopian tube into the end of the tube so that it can be cooled to a very
      low temperature by the coolant in the evaporation chamber 12.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surgical instrument for sterilizing women by necrosis of tubes,
      comprising a tubular probe having a bore therethrough and an enlarged
      cavity at a distal end thereof, tongs extending through the bore with a
      gripper jaw extending out the distal end of the cavity for engaging the
      tubes and being retractable into the enlarged end of the bore after it is
      engaged with the tubes, said tongs having an operating handle exteriorly
      of the probe for shifting the tongs in the bore and for operating the jaws
      of said tongs, means for directing a coolant to said probe around said
      gripper jaw when it is retracted into the cavity for freezing the tubes,
      and heater means in the vicinity of said gripper jaw when it is retracted
      for heating said tubes.
NUM  2.
PAR  2. A surgical instrument according to claim 1, wherein said probe includes
      a shaft portion having a freezable probe tip, and including a central
      hollow tube, said tongs comprising a Semm tongs having a rod portion
      extending through said central tube and having said gripper jaw located at
      the distal end thereof, the gripper jaw having two opposed jaw portions,
      said bore being beveled outwardly at said distal end so that said gripper
      jaw portions may be retracted within the bore for holding the tubes
      therein.
NUM  3.
PAR  3. A surgical instrument for freezing body parts, for example to sterilize
      women, comprising a shaft portion having a bore with a proximal end and an
      opposite distal end with walls adjacent said opposite distal end which
      flare outwardly, an annular coolant chamber formed in said shaft portion
      adjacent the opposite distal end, conduit means extending through said
      shaft portion for conducting a coolant to and returning a coolant from
      said coolant chamber for freezing said outwardly flaring end and hence any
      body part in the vicinity thereof, tongs having a handle portion at one
      end with a rod portion extending from said handle portion through said
      bore and terminating in a pair of opposed gripper jaws adjacent the
      outwardly flaring distal end, said gripper jaws being engageable around a
      part of the body and being movable into the bore through the flaring end,
      said jaws being contractible by the flaring walls of the bore when said
      tongs are withdrawn by engagement and movement of said handle portion.
NUM  4.
PAR  4. A surgical instrument according to claim 3, wherein said tongs comprise
      a Semm tongs having said rod portion extending through said bore and said
      handle portion comprising a loop forming a spring end for advancing said
      rod portion with said gripper jaws outwardly from and inwardly of said
      outwardly flared end for engaging the part of the body and withdrawing it
      into the flared end.
NUM  5.
PAR  5. A surgical instrument according to claim 3, including means in said
      probe distal end for heating the end.
NUM  6.
PAR  6. A surgical instrument according to claim 4, wherein said probe includes
      a probe handle portion extending at an angle to said shaft portion, said
      handle portion having an electrical connection and a connection for
      connecting coolant to said probe tip, heater means in said probe tip
      connected to said electrical connection.
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ABST
PAL  A tripod support having a wall and three legs connected to and diverging
      therefrom substantially symmetrical to an axis perpendicular to the wall.
      A distal end of one of the legs is formed for mounting on the bridge of
      the nose of the user. The other two legs are located for resting upon the
      user's brow and cheekbone in spanning relation to the eye. A standard size
      soft-sided squeeze bottle of ophthalmic liquid is mounted with its reduced
      droplet discharge end mounted through an opening in the support wall so as
      to align the bottle discharge with the user's eye.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The invention relates to devices designed for the self-administration of
      ophthalmic solution in droplet form to the eye or eyes of the user; and
      more particularly to such devices having facial contacting parts for
      assisting the user in locating the droplet discharge opening in
      registration with an eye.
PAR  2. Description of Prior Art
PAR  Prescription and non-prescription eyedrops are widely used for the care and
      treatment of the eyes. Conventionally and almost universally such eyedrops
      are packaged in a standard size, soft-sided squeeze bottle having a nozzle
      with a discharge opening therein, and the bottle is held in inverted
      position over the eye to be treated and squeezed to discharge one or more
      drops of the ophthalmic solution into the eye. In many instances such
      drops must be self-administered by persons suffering from glaucoma, or
      otherwise having poor vision, or little vision at all; and frequently such
      self-administration is by preference or requirement done in the dark.
      Under such circumstances self-administration of eyedrops can be difficult,
      wasteful of precious material, and even dangerous due to frequent
      accidental physical contact of the bottle nozzle with the eye and
      resulting injury to the sclera.
PAR  Various structures have been proposed having a tactile part appropriately
      spaced from the droplet discharge opening and adapted for engagement with
      various facial areas such as the nose, cheekbone, and the like, for
      locating the discharge nozzle in alignment over the eye. Since the
      eyedrops may be used several times a day and over a long period of time,
      it is imperative that the face-contacting, locating, structure not engage
      facial portions closely adjacent to the eye in order to avoid possible
      transmission of infection to the eye. Generally the prior proposed
      structures with which we are familiar do not prevent tipping of the bottle
      nozzle into injurious contact with the eye or positively locate the nozzle
      in aligned position with the eye, while at the same time avoiding
      contacting the peripheral portion of the eye or a facial portion
      immediately adjacent thereto.
PAC  SUMMARY OF INVENTION
PAR  The present invention employs a tripod eye droplet bottle support, bridging
      the eye to be treated, and positively indexing on the bridge of the user's
      nose for simple, easy and very precise self-administration of liquid
      eyedrops, and in which at all times the eye is protected against
      impingement by the droplet discharge nozzle or any other part of the
      device, and all facial contacting parts of the device have minimal contact
      area well removed from the eye being treated.
PAR  Another object of the present invention is to provide an ocular positioning
      droplet dispensing device of the character described which will be handled
      and positioned by only one hand of the user leaving the other hand free to
      assist in holding open the eye being treated.
PAR  A further object of the present invention is to provide an ocular
      positioning droplet dispensing device of the character above which with
      minimal training or experience can be quickly and easily positioned over
      the eye to be treated, and with equal ease and facility flipped from one
      eye to the other.
PAR  Still another object of the present invention is to provide an ophthalmic
      droplet dispensing device of the character described in which the
      dispensing bottle is normally maintained in an inverted position, that is
      with its dispensing nozzle lowermost, thus automatically causing
      ophthalmic liquid in the bottle to become free of entrapped air bubbles
      and to cause the air to separate into the upper portion of the bottle with
      clear, unaerated liquid settling in the bottom of the bottle in
      discharging position over the nozzle. This feature is of particular
      importance where viscus ophthalmic liquid is used by a doctor in the
      course of examination and where an optically clear liquid must be
      deposited in the eye being examined. The presence of small air bubbles
      entrapped in the liquid may terminate the examination.
PAR  The invention possesses other objects and features of advantage, some of
      which of the foregoing will be set forth in the following description of
      the preferred form of the invention which is illustrated in the drawing
      accompanying and forming part of this specification. It is to be
      understood, however, that variations in the showing made by the said
      drawing and description may be adopted within the scope of the invention
      as set forth in the claims.
PAR  Referring to said drawing:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an ocular positioning droplet dispensing
      device constructed in accordance with the present invention and shown in
      operative position on the face of the user.
PAR  FIG. 2 is an exploded perspective view of the device and standard eye
      dropper bottle.
PAR  FIG. 3 is a longitudinal, cross-sectional view of the device and bottle.
PAR  FIG. 4 is a plan view of the device.
PAR  FIG. 5 is a front elevation of the device.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The ocular positioning droplet dispensing device of the present invention
      comprises briefly a tripod support 11 having a wall 12 and three legs 13,
      14 and 15 connected to and diverging from wall 12 substantially
      symmetrical to an axis 16 perpendicular to wall 12; the distal end 17 of
      leg 13 being formed (notched) for mounting on the bridge 18 of the nose of
      the user; the other two legs 14 and 15 extending from wall 12 on opposite
      sides of leg 13 and having spaced apart distal ends 21 and 22 for resting
      upon the user's cheekbone 23 and brow 24, respectively, in spanning
      relation to the user's eye 26; wall 12 having an opening 27 therein
      medially of legs 13-15 and on axis 16 and dimensioned for receiving
      therethrough the nozzle discharge end 31 of a dispensing squeeze bottle 32
      of ophthalmic liquid, wall 12 supporting bottle 32 in position aligning
      nozzle 31 on axis 16 and with the user's eye 26.
PAR  Preferably support 11 also includes an annular wall 36 disposed
      substantially concentric to axis 16 and dimensioned for slideably
      receiving and supporting the side wall 37 of a standard size squeeze
      bottle 32. Eyedrops, both prescription and non-prescription, are almost
      universally dispensed in a 15 cc softsided squeeze bottle of about one
      inch outside diameter. The interior surface of wall 36 may be provided, as
      here shown, with a plurality of circumferentially spaced, longitudinally
      extending ribs 38 for firmly gripping and in some instances partially
      deforming the bottle side wall 37 so as to adapt the present device to
      bottles having minor variations in their diameters. Preferably, annular
      wall 36 is of cylindrical shape having a normally lower end 39 joined
      integrally with the outside periphery of wall 12, which is here of disc
      shape extending perpendicularly across wall 36 and forming a cup-shaped
      receptacle for bottle 32.
PAR  The standard eyedropper bottle is formed with a reduced, substantially
      cylindrical neck 41 which is fitted with a discharge nozzle 42 having a
      droplet discharge opening 43. A cap 44 is threadably attached to neck 41
      to provide a demountable closure for droplet discharge opening 43. Also,
      the standard droplet squeeze bottle 32 is formed with a flange on neck 41
      adjacent its base. Cooperating with the above structure, opening 27 is
      dimensioned for receiving neck 41 therethrough, as seen in FIG. 3,
      permitting flange 46 to rest on and be supported by wall 12. When the
      bottle and device are so assembled, neck 41 will project through wall 12
      to the underside thereof, as seen in FIG. 3, and when the device is not in
      use, cap 44 may be attached to neck 41 to enclose nozzle opening 43 and to
      hold the parts in assembled position. Preferably, cap 44 may be threaded
      onto neck 41 to a position engaging the base of the cap against the
      underside of wall 12 so as to firmly interlock the parts together.
PAR  To use the device, cap 44 is first removed so as to expose discharge nozzle
      42. Bottle 32 will remain firmly gripped by wall 36 so that the assembly
      may be moved as a unit into position over the eye 26 to be treated, as
      illustrated in FIG. 1. The mounting of the device in its operative
      position, as illustrated in FIG. 1, is easily and readily effected by
      first positioning the lower end 17 of leg 13 onto the bridge of the user's
      nose and then swinging the assembly about end 17 and in a clockwise
      direction, as seen in FIG. 1, until the lower ends 21 and 22 of legs 14
      and 15 rest on the user's cheekbone and brow. To facilitate the indexing
      of the device on the user's nose, lower end 17 is formed as an arched foot
      having a concave underside 47 which will fit over and mate with the convex
      shape of the nose bridge thus rotationally indexing the position of the
      device. The lateral spacing of end 17 from axis 16 will locate axis 16 in
      alignment with the user's eye. Since it is not essential that drops be
      applied directly to the center of the eye, an average spacing between axis
      16 and foot 17 may be selected for insuring proper droplet administration
      for persons having a wide difference in interpupillary spacing. When the
      device has been positioned as illustrated and described, the operator may
      engage the soft side 37 of bottle 32 extending exteriorly from annular
      wall 36 and apply a squeezing pressure to the bottle side wall to eject
      one or more drops from nozzle opening 43 and into the eye being treated.
      Since the bottle is firmly held within the surrounding support wall 36,
      the assembly may be handled entirely be engagement with the exposed side
      wall of the bottle. To treat the user's other eye 48, it is only necessary
      to flip the device around by 180.degree. again locating foot 17 on the
      bridge of the user's nose and supporting legs 14 and 15 in spanning
      relation to eye 48. In all of the above operations, the device may be
      handled and operated with one hand thereby leaving the user's other hand
      available for holding open the eye being treated, if so desired.
PAR  Of greatest importance in the foregoing operation is the fact that the
      device may be readily properly located in position for use by a person
      having poor or even no eyesight, or while using the device at night in a
      darkened room. In all such instances, it is only necessary for the user to
      locate foot 17 on the nose bridge and then lower the device until legs 14
      and 15 contact the cheekbone and brow. Thus, it is impossible for the user
      to accidentally move the bottle nozzle 42 to impact the eye, a possibility
      which may occur with other devices with which we are familiar, with
      potential injury to the eye. Also, it will be noted that all parts of the
      device which have facial contact are well spaced from the eye being
      treated so as to eliminate the potential transmission of infection or
      contaminants to the eye being treated.
PAR  While the device is designed for self-administration of eyedrops by the
      user, it is also designed to provide important advantages to an
      ophthalmologist in making an examination of an eye of his patient. Such
      procedures may call for the use of a viscus liquid. Inversion of the
      eyedropper bottle, even when done slowly and with care, will likely cause
      entrapment of air in the liquid with resultant discharge of an aerated
      solution which may impair and even terminate the examination being
      conducted. This result may only be avoided by the doctor waiting a
      significant time after inversion of the bottle to permit the entrapped air
      to settle out of the solution. The present device provides an important
      advantage in avoiding the foregoing problems in normally maintaining the
      bottle in an inverted position so that the long periods between use
      automatically function to cause entrapped air to separate out of the
      liquid and to accumulate in the top of the bottle while clear, unaerated
      liquid settles into the lower portion of the bottle in discharging
      position over the nozzle. Consequently, when the device is picked up for
      use by the doctor, no inversion of the bottle is involved. With reference
      particularly to FIG. 5, it will be noted that the lower ends of the three
      legs 13, 14, 15 terminate in a common normally horizontal plane
      substantially parallel to the plane of opening 27 and wall 12. The device
      thus provides a stable tripod support on a table top or the like, holding
      bottle 32 in its inverted position, as seen in FIGS. 2 and 3 in the nonuse
      storage mode of the device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ocular-positioning device for a standard soft-sided squeeze bottle of
      ophthalmic liquid having a reduced externally threaded droplet discharge
      nozzle and an internally threaded closure cap threadable on said nozzle,
      comprising:
PA1  an open top socket having a bottom wall formed with a normally horizontally
      disposed medial opening therein dimensioned to receive said nozzle and
      having an upstanding circumferentially disposed support structure on said
      wall, said structure being formed to slidably receive and embrace and
      support in vertically inverted position the side wall of said bottle with
      said nozzle extending through said opening;
PA1  a leg secured to and depending from said socket and having a concavely
      notched lower end structured to seat upon and rotationally index with the
      bridge of the user's nose and to position said opening in vertically
      spaced alignment over the user's eye;
PA1  a pair of legs secured to and depending from said socket and having lower
      ends spaced on opposite sides of the axis of said opening and spaced from
      said first-named end and positioned to engage and rest upon the user's
      brow and cheek bone and to support said nozzle in spaced relation to the
      user's eye, the lower ends of said legs terminating in a common normally
      horizontal plane substantially parallel to the plane of said opening for
      supporting said device and said inverted bottle on a table top or the like
      in the storage mode of said device; and
PA1  said cap being threadable onto said nozzle at the normally under side of
      said wall to demountably secure said bottle in inverted position in said
      socket in said storage mode of said device.
NUM  2.
PAR  2. A device as defined in claim 1, said wall being substantially
      disc-shaped, and said structure comprising a plurality of
      circumferentially spaced vertically extending ribs.
NUM  3.
PAR  3. A device as defined in claim 2, said bottle being formed with a flange
      adjacent said nozzle and said opening being sized to retain said flange on
      the normally upper side of said wall; and
PA1  said cap bearing on the normally under side of said wall to clamp said wall
      between said cap and flange.
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ABST
PAL  A dermatome having a handle and a replaceable, flexible cutting blade
      arranged over a T-shaped guide bar and support, both the blade and the
      support being adjustably secured to one end of the handle, providing an
      instrument for controlled, even depth removal of a graft from the donor
      site.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention pertains to dermatomes generally, and in
      particular an improved dental surgery dermatome useful in the treatment of
      mucogingival defects involving inadequate attached gingiva. In such
      treatment, a graft or grafts of tissue are removed from the palate to
      increase the zone of attached gingiva.
PAR  In previously known practice, a scalpel was employed to make two elongate
      parallel cuts vertically through the epithelium, into the underlying
      connective tissue to delineate the long side boundaries of the graft,
      whereafter the graft would be removed starting with a horizontal incision
      at one end of the parallel cuts and removing a thin layer of palatal
      mucosa. This procedure provided a suitable graft but left the donor site
      with deep parallel wounds into the connective tissue which required
      healing before epithelial cells from the boundary areas could migrate over
      the wound. As a result, the healing process was unduly prolonged and, in
      most cases the patient would not be comfortable again until 21/2 to 3
      weeks elapsed after surgery.
PAR  More recently, a dermatome was developed including a bowed or unbowed
      blade, permanently or removably mounted at the end of a handle, the
      cutting edge of the blade being U-shaped or flat. Such blades are
      difficult to use in that the depth of the cut cannot be controlled other
      than by the experienced hand of the surgeon. Should the cut be too
      shallow, the graft will not take after implanting; if the cut is too deep,
      fatty tissue and glands will be removed which will have to be trimmed
      before grafting, and healing of the wound at the donor site will be even
      further prolonged. Furthermore, the blade tends to wobble, flex and
      undulate from side to side during the cut, due to lack of support for the
      blade, thereby leaving an uneven wound at the donor site and graft tissue
      that should be further trimmed prior to grafting. Additionally, the looped
      configuration of the blade produces a graft having shallow side edges that
      will slough off during healing or must be trimmed prior to grafting. In
      any event, even though such dermatomes represent a significant advance in
      the art, deficiencies remain as enumerated above which are overcome by the
      present invention.
PAR  The prior art includes several U. S. patents evidencing a development in
      similar surgical cutting instruments. Curettes having permanently mounted
      open or closed blades are disclosed in U. S. Pat. No's. 467,188; 872,567;
      and 2,521,161. Similar devices having removable blades are disclosed in U.
      S. Pat. No's. 3,013,553; 3,221,744 and 3,367,335. U. S. Pat. No. 3,502,082
      issued to Chatfield discloses several varieties of a looped blade useful
      in dental surgery as discussed above, the looped blade assembly being
      disposable and replaced after use, but the blade is not adjustable to a
      suitable cutting angle with respect to the handle, as may be required when
      the donor site is located in a high vaulted palate. Adjustable non-looped
      blades useful in dental surgery are disclosed in U. S. Pat. No. 3,471,929,
      issued to Boone, but these blades are expensive to manufacture.
PAR  U. S. Pat. No. 3,688,407 issued to Omer E. Paquette discloses a looped
      blade dermatome now in use in dental surgery, the blade being replaceable
      and made by merely trimming an edge from a common stainless steel razor
      blade. Additionally, the blade may be secured at various cutting angles
      relative to the handle and the blade may be shaped to provide a bowed
      contour or it may be a flat, unbowed blade strip.
PAR  However, even in the case of the Paquette knife, depth control of the cut
      is not provided nor is side to side undulation of the knife prevented.
      Furthermore, no means are provided to assure that the present
      configuration of the blade (bowed or flat) will be retained during use.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a principal object of the invention to provide a dermatome
      having a blade and blade support and cutting guide structure for removal
      of donor tissue of a predetermined depth.
PAR  It is another object of the invention to provide a dermatome having a
      handle with a blade and a combination cutting guide and blade support
      adjustable with respect to the handle to provide a variety of blade
      dispositions and facilitate blade replacement.
PAR  Yet another object of the invention is to provide a dermatome having a
      blade and blade support and cutting guide with locking means firmly
      securing the blade to the handle to prevent any shifting of the blade with
      respect to the handle during use.
PAR  A further object of the invention is to provide a dermatome with a blade
      and blade support and cutting guide structure whereby thickness of the
      graft may be preset to one of a variety of depths.
PAR  Still another object of the invention is to provide a dermatome having a
      blade and blade support and cutting guide structure for even, constant
      depth removal of the graft from the donor site to both shorten the time of
      the operation and promote rapid healing of the wound at the donor site.
PAR  Yet a further object of the invention is to provide a dermatome with a
      blade and blade support and cutting guide structure that removes a graft
      of evenly configured tissue, free of thin edges and of fat and glandular
      material.
PAR  It is still a further object of the invention to provide a dermatome having
      a blade and blade support and cutting guide structure both readily
      adjustable with respect to the handle without shifting the disposition of
      the blade on its support.
PAR  It is another object of the invention to provide a replaceable blade
      structure for a dermatome having a flat cutting edge and base support legs
      juxtaposed against one another in assembly in the dermatome whereby the
      blade is firmly secured in the dermatome and will not shift position in
      use.
PAR  Further novel features and other objects of this invention will become
      apparent from the following detailed description, discussion and the
      appended claims taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  A preferred structural embodiment of this invention is disclosed in the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the dermatome shown in complete assembly
      with the blade in position for removing a graft;
PAR  FIG. 2 is an enlarged scale, partially sectioned, front elevation view, of
      the dermatome shown in FIG. 1, the shaped blade being omitted for clarity
      of details;
PAR  FIG. 3 is a detail side elevation view of the blade support and cutting
      guide member shown in FIG. 2 of the dermatome;
PAR  FIG. 4 is a front elevation view of the dermatome blade support and cutting
      guide member shown in FIG. 3;
PAR  FIG. 5 is a view showing the blade support and cutting guide member of FIG.
      4 with a blade disposed in position on the blade support;
PAR  FIG. 6 is a detail view of the blade support in assembly with the collet
      which is mounted in the dermatome handle as shown in FIG. 2 and further
      showing alternative dispositions in phantom lines; and
PAR  FIG. 7 is a side elevation of the blade and blade support and cutting guide
      as shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A dermatome is shown in the drawings including a handle 10, blade mounting
      collet chuck assembly 12 and its sleeve 14, a blade support and cutting
      guide 16 and blade 18. The handle 10, collet 12 and sleeve 14 are standard
      components of the well known X-acto brand razor knife. When used as
      intended by X-acto, collet 12 is split centrally at 20 to receive a razor
      knife (not shown) which is assembled onto handle 10 by grasping sleeve 14
      while rotating handle 10 to thread the threaded base 22 of collet 12 into
      a matingly threaded bore 24 of handle 10. This action compresses wedge
      arms 26 of collet 12 together as collet 12 is drawn into sleeve 14 thereby
      firmly locking a razor knife normally disposed therebetween (not shown).
PAR  For use in this invention, the split at 20 is enlarged to receive the lower
      end of blade support and cutting guide 16 and collet wedge arms 26 are
      transversely bored at the upper end to receive a mounting pin 28 for
      pivotally securing blade support and cutting guide 16 between wedge arms
      26. Blade support and cutting guide 16 includes lower, compressible base
      wings 30, bored at 32 to receive the pin 28, stem member 34, formed as
      flat extensions of wings 30 and silver soldered together at 36, and
      crossbar 38, soldered centrally thereof to the top of stem member 34. The
      crossbar can be made with a laterally curved contour, if desired.
PAR  Thus blade support and cutting guide 16 forms a T-bar blade support
      assembly, as best seen in FIGS. 2 and 4. Blade 18 may be made from one
      side of a commonly available stainless steel razor blade, bent to form a
      relatively flat, mesial cutting portion 40, side walls 42 against crossbar
      38, angled support legs 44 disposed against the forward edge of stem 34,
      and base legs 46 compressed together and inserted into the space between
      wings 30 of blade support 16 (FIG. 5).
PAR  When the dermatome is assembled, as shown in FIG. 1, blade 16 is securely
      locked at two points to prevent any shifting of blade 16 with respect to
      the remaining parts of the dermatome, because blade base legs 46 are
      firmly wedged between wings 30 as wedge arms 26 are withdrawn into sleeve
      14 in assembling the X-acto handle as previously described (FIG. 1), and
      because blade angled legs 44 are forced against stem 34 (FIG. 7) at
      locations A during a cutting operation, which is to the right in the sense
      of FIGS. 1 and 7. During cutting, blade 18 is prevented from wobbling from
      side to side due to the firm lateral support provide by crossbar 38
      bearing against side walls 42 of blade 18.
PAR  To assemble a blade in the structure, parts are loosened by grasping sleeve
      14 and unthreading collet 12 from handle 10 a sufficient distance so that
      wings 30 pivot upwardly and clear of sleeve 14. This disposition is shown
      by phantom lines in FIG. 6, with crossbar 38 at the left. A blade 18 is
      placed upon support and cutting guide 16 so that base legs 46 are located
      between wings 30, angled legs 44 rest against the face of stem 34, at
      location A, and side walls 42 are disposed adjacent either end of crossbar
      38 (FIG. 7). The separation distance between cutting portion 40 of blade
      18 and crossbar 38 may be preset by means of a thickness gauge or shim
      inserted between these members (not shown). Blade 18 and its support and
      cutting guide 16 are then rotated to one of a variety of cutting positions
      such as shown in solid lines in FIG. 6, or to the right, shown by phantom
      lines in FIG. 6. The handle assembly is then tightened as previously
      described and the shim (not shown) is removed. FIG. 1 illustrates one
      preferred disposition of parts, with blade 18 arranged at a rake angle to
      remove a tissue graft.
PAR  As the cutting proceeds, crossbar 38 provides a steady, fixed guide against
      the outer surface of the graft being removed so that an even depth of
      tissue is removed from the donor site. The distance between blade cutting
      portion 40 and crossbar guide 38 (FIG. 5) may be finely adjusted to as
      shallow a depth as 1/2 mm to remove a thin graft, if desired. Thus, a thin
      tissue graft may be removed with epithelial remnants scattered at the
      donor site to aid in the healing process. Of course, the disposition of
      blade cutting portion 40 and crossbar guide 38 may be adjusted for thicker
      grafts, if the surgeon so desires.
PAR  Experience has shown that healing time with thin grafts is drastically
      reduced at the wound in the donor site, to a period of from only 11/2 to 2
      weeks. The provision of blade adjustability permits a contra angle
      disposition of parts as shown in FIG. 1 so that even a donor site located
      in a high vaulted palate may be easily reached with the dermatome. Because
      of the rapid healing provided by use of the disclosed dermatome, up to 100
      mm in length of tissue may be grafted during a single operation. Because
      of the even depth of cutting provided, it is unlikely that underlying fat
      and glandular material will be removed with the graft.
PAR  In the preferred embodiment shown, cutting portion 40 of blade 18 is
      approximately 5 mm long and all parts are made from stainless steel so
      that the entire instrument may be sterilized by autoclaving after use.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A dermatome comprising: a handle, a gripping device in the handle; blade
      support and cutting guide means; and cutting blade means mounted in the
      gripping device; said blade means comprising a generally elongate,
      flexible blade having a central, cutting portion and flat end portions
      bent from said central portion into juxtaposed, face to face abutting
      relationship, and said blade support and cutting guide means comprising a
      lateral support portion disposed beneath and generally coextensive with
      the long dimension of said blade central cutting portion and a base
      portion having means for mounting said blade flat end portions, said base
      portion being engaged and clamped by said gripping device, said lateral
      portion comprising a support, said blade central cutting portion being
      mounted on and over said support in predetermined spaced relationship
      thereto.
NUM  2.
PAR  2. The dermatome as recited in claim 1 wherein said gripping device
      comprises a collet chuck assembly having a collet and a sleeve about said
      collet, said collet comprising a threaded base member, received in a
      matingly threaded bore in said handle, a pair of wedge shaped jaws at the
      upper end of the collet engaging and clamping said base portion
      therebetween, means defining aligned bores through said jaws, and pin
      means in said bores and through said base portion for pivotally mounting
      said blade support and cutting guide means between said jaws whereby said
      blade support and cutting guide means and said cutting blade means may be
      predisposed in any one of a variety of angular relationships with respect
      to said handle, in assembly.
NUM  3.
PAR  3. The dermatome as recited in claim 1 wherein said blade end portion
      mounting means comprise a pair of coplanar, flat wing members having
      planar dimensions at least coextensive with the dimensions of said blade
      end portions, said blade end portions being located between said wing
      members and juxtaposed together therein.
NUM  4.
PAR  4. The dermatome as recited in claim 1 wherein said base portion support
      further comprises a blade abutment portion between said blade end portion
      mounting means and said lateral portion for abutting relationship with
      intermediate portions of said cutting blade means located between said
      central, cutting portion and said blade end portions whereby, during a
      cutting operation, said cutting blade means are firmly secured both by
      said gripping means and by engagement between said stem blade abutment
      portion and said blade intermediate portions.
NUM  5.
PAR  5. The dermatome as recited in claim 1 wherein the ends of said lateral
      portion engage side portions of said blade, bent thereover whereby said
      blade central cutting portion is firmly supported closely adjacent its end
      portions and said cutting guide controls the depth of a cut by contact
      with the face of tissue being cut during a cutting operation.
NUM  6.
PAR  6. The dermatome as recited in claim 1 wherein said blade support and
      cutting guide means comprises a T-shaped support having a stem and a
      crossbar.
NUM  7.
PAR  7. The dermatome as recited in claim 6 wherein said crossbar comprises a
      generally cylindrical bar mounted centrally thereof on top of said support
      stem.
NUM  8.
PAR  8. The dermatome as recited in claim 6 wherein said blade central cutting
      portion has a length of approximately 5 mm.
NUM  9.
PAR  9. A unitary, one piece cutting blade structure for use in a dermatome or
      the like comprising a generally elongate, flexible blade having a central,
      flat, tissue cutting portion, means defining a tissue cutting edge on at
      least one long edge of said central cutting portion, flat end portions
      bent from said central portion into juxtaposed, face to face abutting
      relationship and located centrally adjacent one side of said blade central
      portion and being disposed at approximately a 90.degree. angle thereto,
      and intermediate blade portions formed in said elongate, flexible blade
      between the ends of said central cutting portion and said flat end
      portions, each of said intermediate blade portions comprising a first
      support portion, bent from an end of said central portion at approximately
      a 90.degree. angle thereto, and a second support portion, bent from an end
      of said first support portion to an end of a respective flat end portion.
NUM  10.
PAR  10. For use in a dermatome, the subcombination of a collet, a cutting guide
      and blade support member and a cutting blade means adapted as a unit
      assembly to be clamped together in a dermatome handle assembly, said
      cutting blade means comprising a generally elongate, flexible blade having
      a central cutting portion and portions bent from adjacent each end of said
      central portion terminating in flat end portions in juxtaposed, face to
      face abutting relationship, said cutting guide and support member
      comprising a lateral support portion inserted between said blade bent
      portions, beneath said central portion and a base portion having blade end
      portion mounting means in the stem thereof, said collet comprising a base
      member adapted to be secured in the said handle, a pair of wedge shaped
      jaws at the upper end of the collet embracing said base portion
      therebetween, means defining aligned bores through said jaws, and means in
      said bores and through said base portion for pivotally mounting said
      cutting guide and support member between said jaws whereby said guide and
      support member and said cutting blade means may be predisposed in any one
      of a variety of angular relationships with respect to said collet prior to
      clamping together of said unit assembly in said dermatome handle assembly.
NUM  11.
PAR  11. The subcombination unit assembly as defined in claim 10, wherein said
      blade end portion mounting means support comprise a pair of coplanar, flat
      wing members having planar dimensions at least coextensive with the
      dimensions of said blade end portions, said juxtaposed blade end portions
      being disposed between said wing members, said base portion further
      comprising a blade abutment portion between said blade end portion
      mounting means and said lateral support portion for abutting relationship
      with intermediate portions of said cutting blade means located between
      said central portion and said blade end portions.
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ABST
PAL  An assembly of bridges for retention sutures to be spaced along the length
      of a surgical incision, each bridge having an arched configuration so as
      to be spaced from the incision so that the healing of the wound is
      facilitated while affording a physician access to the incision. The ends
      of each bridge do not contact the skin but are associated with respective
      ones of a pair of flat mounting strips positioned on either side of the
      incision which distribute the pressure exerted by the bridge ends from the
      sutures evenly over a relatively large area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bridges for retention sutures and, more
      particularly, to suture bridges which are spaced from the incision and
      which distribute pressure over a relatively large area adjacent the
      incision.
PAR  During surgical operations, particularly in the abdominal region, large
      incisions are frequently made. In order to promote the healing of these
      incisions, one or more retention sutures are provided along the length of
      the wound. A curved needle draws the suture thread down through the skin
      and layers of tissue on one side of the incision and then upwardly through
      the same layers piercing the skin on the opposite side of the incision.
      The two ends of the suture extending from the skin on either side of the
      incision are joined under tension thereby drawing the tissue together to
      promote healing.
PAR  Various bridging devices have been proposed to prevent the suture thread
      from being impressed into the skin and under-lying tissues when the suture
      is formed due to the transverse tension exerted on the incision by suture
      thread. One current technique in use comprises passing the ends of the
      suture thread through opposite ends of a length of plastic tubing which
      may have a telescoping construction so that its length may be varied to
      approximate the distance between the exit points of the suture thread from
      the body. However, although the pressure of the suture thread is somewhat
      more widely distributed over the skin in the vicinity of the incision than
      is the case where no tube is employed, the tube overlies and contacts the
      skin and the incision and does not necessarily prevent necrosis. Various
      other bridging elements have been used to provide fastening points for
      retention sutures. Wide plastic strips having a plurality of spaced
      openings such as that shown in U.S. Pat. No. 3,650,274, granted March 21,
      1972, have been suggested. However, the incision becomes inaccessible
      since the bridge maintains contact with the skin along its entire length.
      Arch-type bridges wherein the bridge ends contact the skin in localized
      areas on either side of the incision, such as that shown in U.S. Pat. No.
      3,695,271 granted Oct. 3, 1972, while alleviating pressure in the
      immediate vicinity of the incision, concentrate the pressure beneath the
      points of contact of the bridge ends.
PAR  Thus, it is seen that a dual problem exists with retention suture bridges
      currently used, namely, excessive pressure on the skin in the vicinity of
      the incision and lack of accessibility to the incision itself while the
      bridge is in position.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a new and
      improved bridge assembly for retention sutures.
PAR  Another object of the present invention is to provide a new and improved
      bridge assembly which reduces the pressure on the skin resulting from its
      placement in the vicinity of the incision.
PAR  Still another object of the present invention is to provide a retention
      suture bridge of the above type which allows for free accessibility to all
      parts of the incision and to the area surrounding it.
PAR  Briefly, in accordance with the invention, these and other objects are
      attained by providing a pair of elongate, flexible strips preferably
      formed of a plastic material, each strip to be located on a respective
      side of an incision substantially parallel to it. Each strip has a
      plurality of openings formed along its length which mount the respective
      ends of an arch-shaped bridge. A number of bridges may be located along
      the length of the incision mounted in the same pair of strips. Thus, the
      pressure exerted by the ends of each bridge is transmitted to the long
      strips which distribute it evenly along its entire area while the arch
      construction permits free access to the area immediately surrounding the
      incision. The flexibility of the strip allows for compensatory
      distribution of pressure during breathing, coughing, etc.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the bridge assembly of the present invention
      illustrated during the suturing of an incision;
PAR  FIG. 2 is a plan view of the pressure distribution members of the assembly;
PAR  FIG. 3 is a front view in partial section of the bridge assembly along
      lines 3--3 of FIG. 1;
PAR  FIG. 4 is a plan view of a portion of a bridge and associated suture
      thread;
PAR  FIG. 4A is a perspective view of a pressure distribution member with an
      expanded foam layer fixed to one of its surfaces;
PAR  FIG. 5 is an elevation view in section of a portion of another embodiment
      of a bridge;
PAR  FIG. 6 is a sectional view of the bridge taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a sectional view of the bridge taken along line 7--7 of FIG. 5;
      and
PAR  FIG. 8 is a plan view of a portion of a bridge and associated suture.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference characters designate
      identical or corresponding parts throughout the several views, the bridge
      assembly, generally denoted as 10, includes at least one bridge 12 (three
      shown in FIG. 1) which spans an incision 14 in a substantially transverse
      manner and a pair of pressure distributing members 16 and 18. As best seen
      in FIG. 3, the ends of a bridge 12 are fastened to respective pressure
      distributing members which themselves rest upon the skin 20 of the patient
      whose incision is being sutured. Referring to FIG. 1, it is understood
      that as more suture loops are sewn to close the incision, an equal number
      of bridges will be added to the assembly along the length of the incision
      14.
PAR  Referring to FIGS. 3 and 4, the suture bridge 12 comprises a generally
      U-shaped member preferably molded of a relatively rigid thermoplastic
      material. The bridge also preferably has a substantially U-shaped cross
      section defined by a bottom wall 22 having an arched cross section
      (similar to the one shown in FIG. 6) and a pair of side walls 24, 26
      formed along its peripheral edges. A plurality of spaced apertures 28 are
      formed in bottom wall 22 on both sides of the apex of the bridge through
      which suture thread 30 may be passed as will be described in greater
      detail below. As described below in connection with FIG. 6, it is
      desirable to form bottom wall 22 with a generally arch-shape construction
      and with apertures 28 formed having a tapered construction to facilitate
      the passing of the suture thread through the apertures. A pair of posts
      32, 34 are formed in bridge side walls 24, 26 respectively, each post
      having a pair of opposed notches 36 which facilitate securing the end
      portions of the suture thread 30 to the bridge after they have been
      threaded through apertures 28. The bottom and side walls of bridge 12
      merge together into substantially circularly shaped ends 38, 40 each
      having an enlarged diameter relative to the bridge. A pin 42 extends from
      each end which is receivable within a particular opening formed in a
      pressure distributing member described below.
PAR  The pressure distributing members 16, 18 comprise a pair of relatively
      flat, flexible plastic strips of approximately the same length as the
      particular incision with which they are used. Each pressure distributing
      member (hereinafter referred to as pressure strips) has a plurality of
      openings, generally denoted as 44, which extend substantially along the
      entire length of the strip. Openings 44 are of approximately the same size
      as pins 42 so that a pin may be snugly received in a particular opening.
      Referring to FIG. 2, it is seen that the centers of a first set of
      alternate openings 46 define a longitudinal axis 48 on each strip. The
      other or second set of alternate openings 50 in the preferred embodiment
      are uniformly spaced a predetermined distance to one side of axis 48 for a
      reason which will become clear when the operation of the bridge assembly
      is described below. Although the structure of the pressure distributing
      members is preferred as described above, it is understood that the
      essential characteristics of these members are that they present a surface
      area relatively greater than the area of a bridge end and that some means
      are provided to fasten a bridge end to it. Thus other shapes and sizes of
      these members are possible within the scope of this invention.
PAR  The operation of the bridge assembly will now be described. When an
      incision such as incision 14 (FIG. 1) is about to be closed after
      completion of surgery, a pair of pressure strips 16, 18 are placed on the
      skin on opposite sides of and generally parallel to incision 14. It is
      usually the case that the bridge assembly will be situated on the skin for
      an extended length of time, i.e. up to two weeks. Under these
      circumstances, it is desirable to interpose a layer of expanded foam
      between the strip and the skin to assure that the skin directly beneath
      the strip will have access to air. As shown in FIG. 4A, the foam 100 might
      be adhesively fastened on the underside of each plate 16. Alternatively,
      the foam layer might be supplied separately from the plate. The surgeon
      then threads the suture thread 30 through the incision at one point along
      its length, takes a bridge 12 and inserts the pin 42 of bridge end 38 into
      the particular opening 46 in pressure strip 16 nearest to one exit point
      of the suture thread from the skin. The pin 42 on the other bridge end 40
      is then aligned with an opening 46 on the other pressure strip 18 and
      inserted in it. The snug fit of the pins within the openings serves to
      mount the bridge 12 in position over the incision. The lower surface of
      bridge ends 38, 40 presents a shoulder which bears against the upper
      surface of each pressure strip. The enlarged configuration of each end
      serves to distribute the pressure of the bridge on the strip itself in
      addition to promoting the stability of the bridge as mounted. Referring to
      FIG. 3, the suture thread may be crossed beneath the bridge as shown and
      the ends passed through appropriate apertures 28 in the bottom wall 22 of
      bridge 12. Each end of the suture thread extending through the apertures
      is then looped around a respective post 32, 34 and knotted together as at
      52 (FIG. 4). The thread is preferably looped around the posts several
      times prior to knotting to facilitate the splice and also to provide a
      reserve of suture material should the knot have to be cut during
      readjustment of the suture. The suture draws the opposed sides of incision
      14 together to promote healing, and the arch-shaped configuration of
      bridge 12 permits easy accessibility to incision 14 and suture thread 30.
      The pressure exerted on the bridge by suture thread 30 is evenly
      transmitted by bridge ends 38, 40 to the pressure strips 16, 18 and evenly
      distributed over their relatively large area. As further suture loops are
      added along the length of the incision, additional bridges are mounted on
      the pressure strips and the pressure is transmitted from the ends of these
      bridges to the pressure strips which evenly distribute it over the
      relatively larger area.
PAR  The distance between opposed openings 46 on respective pressure strips 16,
      18 defines a predetermined fixed distance equal to the distance between
      pins 42 on any one bridge. Each opening 50 laterally spaced relative to an
      adjacent opening 46 lies on an arc described through that opening 46
      having a radius of curvature equal to the distance between the pins 42 on
      the bridge and whose center is the opposed opening 46 formed in the other
      pressure strip. For example, referring to FIG. 2 openings 100, 102 and 104
      on pressure strip 18 all lie on the same arc having a radius of curvature
      R equal to the distance between pins 42 on a bridge with the center being
      opening 106 on strip 16. The reason for this structure is that
      occasionally the ends of the suture thread 30 exiting from the skin on
      either side of the incision are not precisely aligned with a pair of
      opposed openings 46 in respective pressure strips. In such circumstances,
      it is desirable to still have the bridge directly positioned over the
      suture loop. By so forming two sets of alternate openings 46, 50, the
      bridge 12 may be canted at an angle as illustrated by bridge 52 in FIG. 1
      and still directly overlie the displaced suture loop.
PAR  Referring to FIGS. 5 through 8, another embodiment of a suture bridge is
      illustrated. The bridge 12' has substantially the same U-shaped cross
      section as bridge 12. Referring to FIG. 6, the bottom wall 22' has an
      arch-shaped cross section while apertures 28' are tapered upwardly. Such
      structure facilitates the threading of the suture thread 30 through the
      aperture since the bottom wall 22' tends to position the point of the
      needle towards the apex of the arch where the aperture is formed. In lieu
      of posts 32, 34 a knob 54 is provided, the knob being defined by a shaft
      56 extending upwardly from bottom wall 22' terminating in an enlarged head
      58. After the suture thread ends are passed through apertures 28', they
      are looped around shaft 56 and retained there by the shoulder 59 formed on
      the lower surface of head 58.
PAR  Obviously, numerous variations and modifications of the present invention
      are possible in light of the instant disclosure. For example, the pins and
      openings 42 and 44 respectively may be reversed so that the pressure
      strips have a series of upwardly extending pins while the bridge ends have
      openings formed in them. Other types of fasteners may be used to mount the
      bridge ends on the pressure strips. Further, the pressure distributing
      members may have different shapes than as shown and the openings 44 may be
      positioned otherwise than as shown. It is therefore to be understood that
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surgical bridge assembly for retention sutures looped about an
      incision in the skin comprising:
PA1  at least one bridge adapted to span said incision and terminating in first
      and second ends having respective first and second end surfaces, with
      first fastening means on said first end, and second fastening means on
      said second end;
PA1  first and second base means positionable on opposite sides of said
      incision, the lower surface of each having an area greater than that of
      said bridge end surfaces for distributing pressure exerted by said bridge
      ends over a surface area greater than that of said bridge end surfaces,
      said first base means having a plurality of third fastener means
      distributed over its surface in a general direction substantially
      transverse to the span of said bridge and said second base means having a
      plurality of fourth fastener means distributed over its surface in a
      general direction substantially transverse to the span of said bridge,
      said first and third fastener means and said second and fourth fastener
      means adapted to form respective releasable connections whereby said
      bridge may be attached to said base means at a plurality of points
      therealong.
NUM  2.
PAR  2. A surgical bridge assembly according to claim 1 wherein each of said
      first and second base means comprises a substantially flat, flexible
      plastic member.
NUM  3.
PAR  3. A surgical bridge assembly according to claim 1 wherein each of said
      base means comprises an elongate flexible strip adapted to be positioned
      on one side of said incision in generally parallel relationship therewith.
NUM  4.
PAR  4. A surgical bridge assembly according to claim 1 wherein said fastener
      means are adapted to connect said bridge to said base means at any
      selected one of a plurality of angles therebetween as measured in a plane
      substantially parallel to said surfaces of said base means.
NUM  5.
PAR  5. A surgical bridge assembly according to claim 1 wherein ones of said
      first and third fastening means and of said second and fourth fastening
      means comprise pin means and the others of said first and third and of
      said second and fourth fastening means comprise integral portions having
      openings adapted to snugly receive said pin means thereby releasably
      connecting the ends of said bridge to said respective base means.
NUM  6.
PAR  6. A surgical bridge assembly according to claim 5 wherein the axes of said
      pin means and said openings are substantially transverse to said surfaces
      of said base means.
NUM  7.
PAR  7. A surgical bridge assembly according to claim 1 wherein the distance
      between the first and second fastening means defines a radius of curvature
      and said pluralities of third and fourth fastener means are situated on
      said respective first and second base means so that the centers of ones of
      said third and fourth fastener means define respective first and second
      longitudinal axes on said respective first and second base means and the
      centers of others of said third and fourth fastener means are spaced from
      said respective first and second longitudinal axes so that when centers of
      particular ones of said third fastener means are separated by said radius
      of curvature from centers of particular ones of said fourth fastener
      means, the centers of some others of said fourth fastener means are also
      separated by said radius of curvature from said particular ones of said
      third fastener means and the centers of some others of said third fastener
      means are separated by said radius of curvature from said particular ones
      of said fourth fastener means.
NUM  8.
PAR  8. A surgical bridge assembly as recited in claim 1 wherein said at least
      one bridge has a U-shaped configuration having spaced apertures formed
      along its length for passing suture thread therethrough.
NUM  9.
PAR  9. A surgical bridge assembly as recited in claim 1 wherein said at least
      one bridge includes means for securing the ends of said suture thread
      after it has been looped around said incision.
NUM  10.
PAR  10. A surgical bridge assembly as recited in claim 1 wherein said bridge
      has a substantially U-shaped cross-section.
NUM  11.
PAR  11. A surgical bridge assembly according to claim 1 wherein said first and
      second fastener means and wherein said third and fourth fastener means are
      substantially identical.
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ABST
PAL  A soft, pliable, strapless breast support comprised of a plastic foam
      sandwiched between a soft woven or knitted fabric. The support has a
      somewhat semi-circular shape with upward extending tabs and a specially
      contoured upper edge to form a cushioned cup which conforms to the shape
      of the breast when worn. The fabric is adhesively bonded to the plastic
      foam and a firm, flat border formed by applying heat under pressure. The
      border is coated with an adhesive which will adhere to skin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to women's undergarments and more
      particularly to undergarments for supporting the breasts, known as
      brassieres.
PAR  These undergarments generally provide support with straps around the back
      and usually also have shoulder straps. Strapless dresses and some summer
      wear cannot be worn with these undergarments because the straps are
      unsightly. Undergarments without straps have been proposed, but in order
      to provide support they, typically, are made from coarse, stiff fabrics
      which can be uncomfortable to the wearer.
PAR  The present invention solves the problem of eliminating the straps while
      also providing the proper support with a soft, pliable undergarment. The
      breast support of this invention has a soft, firm border which adhesively
      attaches to the skin, and a contour-cushioned foam cup partly covering the
      breast. The strapless bra of the present invention has an elevated inside
      area which supports the breast. A portion of the breast is shifted in
      position and the padding replaces the region which is shifted.
PAR  It is one object of the present invention to provide a breast support which
      eliminates the need for straps.
PAR  Another object of the present invention is to provide a strapless breast
      support which is soft and pliable.
DRWD
PAR  These and other objects will be apparent when the description is considered
      in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the strapless breast support lying flat.
PAR  FIG. 2 is a cross-sectional view of the clearly breast support taken on
      line 2--2.
PAR  FIG. 3 is a view of the strapless breast support illustrating the manner in
      which it is worn.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT OF THE INVENTION
PAR  The breast support when not being worn will lie flat, as illustrated in
      FIG. 1. The breast support has a somewhat semi-circular symmetrical shape
      formed by a wide flat border 10 curving upward to form two tabs 12. A
      narrow border 14 slightly curved in the opposite direction of wide border
      10 forms a contoured foam cushion 16. The curvature of narrow border 14 is
      such that the contoured foam cushion 16 forms a cup conforming with the
      shape of the breast when worn.
PAR  The construction of the breast support is more clealry shown in FIG. 2. A
      piece of plastic foam 18, shaped as shown in FIG. 1, is sandwiched between
      two pieces of soft woven fabric having the same shape and adhesively
      bonded. The wide border 10, tabs 12 and narrow border 14 are formed by
      heating and compressing the plastic foam 18 between the knitted or woven
      fabric pieces 20. This produces a firm, relatively stiff, border needed to
      provide the proper support. However, the quality of softness and
      flexibility of the woven fabric and plastic foam necessary to the comfort
      are still maintained.
PAR  The surface of wide border 10 and tabs 12 is next coated with a
      pressure-sensitive adhesive which will adhere to the skin. The adhesive is
      a gel comprised of dioctyl phthalate, dibutyl succinate and diethyl
      azelate. After application of the adhesive, a contact paper covering 22 is
      applied to the border for protection until the support is to be used. No
      adhesive is applied to narrow border 14.
PAR  To apply the strapless breast support, contact paper 22 is first peeled off
      to expose the adhesive on wide border 10. At this time additional adhesive
      may be applied to border 10 and tabs 12. The support is slipped in and
      under the lower side of the breast, as shown in FIG. 3, with adhesive
      border 10 being pressed against the skin. The semi-circular edge 24 of the
      contour foam cushion 16 follows the line of the breast where it meets the
      chest. The tabs 12 are then pulled upward with the thumb and forefinger
      and pressed into position of maximum shaping and uplift. The narrow border
      14 will naturally follow the contour of the breast just below the nipple
      and form foam cushion 16 into a cup.
PAR  Since the supports are symmetrical, they can be shifted either way to
      either separate the breasts or provide maximum cleavage. To provide
      maximum cleavage, the tab 12 between the breasts would be lowered and the
      tab 12 pulled higher under the arm. The last step is to firmly press
      border 10 and tabs 12 all around to assure complete adherence.
PAR  Preferably the plastic foam is a flexible polyurethane. The fabric pieces
      may be made from a tricot which is a warp-knitted fabric noted for it
      softness and durability. It should be noted that the support is
      homogeneous in construction. That is, the contour cushion 16, borders 10
      and 14, and the tabs 12 are all made from the same plastic foam and
      fabric, while still providing adequate support without the necessity of
      adding stiff, coarse materials which may be uncomfortable to the wearer.
PAR  Obviously many modifications will occur to those skilled in the art. For
      example, the contour foam cushion 16 can be made thicker to enhance the
      beauty of women with small breasts. Obviously the contour cushion can be
      formed by the heating and compressing process first and then the excess
      material trimmed away to form the tabs 12 and correct width borders 10 and
      14. Nor does the outside edge of the border 10 need to be semi-circular.
      It is only necessary that the contour cushion have a semi-circular lower
      edge and oppositely curved upper edge in order to form a cup conforming to
      the shape of the breast. Therefore within the scope of the appended
      claims, numerous variations may be practiced other than as specifically
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A soft, pliable strapless breast support having a homogeneous
      construction comprised of:
PA1  a flat form having a firm border defining a soft foam contour cushion;
PA1  said flat form being comprised of:
PA1  first and second pieces of soft, pliable material;
PA1  a flexible plastic foam sandwiched between said first and second pieces of
      fabric;
PA1  means bonding said fabric to said plastic foam;
PA1  said border defining said contour cushion being formed by heating and
      compressing said fabric and said foam to produce a wide semi-circular
      lower border terminating in a pair of upward extending tabs and a narrow
      upper border slightly curved in the opposite direction from said wide
      border joining said wide border adjacent to said tabs;
PA1  adhesive means comprised of a non-skin sensitive adhesive coated on one
      side of said wide border whereby when said wide border is pressed against
      the chest beneath a breast and said tabs pulled upward, said contour
      cushion cups and supports said breast.
NUM  2.
PAR  2. The strapless breast support according to claim 1, wherein said adhesive
      is a gel comprised of dioctyl phthalate, dibutyl succinate and diethyl
      azelate.
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ABST
PAL  The present invention provides a homogeneous nicotine-free tobacco
      substitute which consists of:
PA1  5,000 grams of filler consisting of: one or more of gramineous plants or
      shells of nuts, cocoa beans or coffee beans,
PA1  600 grams magnesium formate
PA1  50 grams tartaric acid
PA1  300 grams potassium nitrate
PA1  1,000 grams paraffinurea
PA1  300 grams diammonium hydrogen phosphate
PA1  10 grams vanillylidenurea
PA1  1,500 grams sodium carboxymethylcellulose
PA1  1,4000 grams glycerine
PA1  150 grams diethylene glycol
PA1  1,050 grams fruit concentrate
PA1  600 grams raw molasses
PA1  105 grams malt extract.
PARN
PAR  This is a continuation of application Ser. No. 337,479, filed Mar. 2, 1973,
      now abandoned.
BSUM
PAR  In the manufacture of tobacco substitute, one endeavours to make the
      substitute as similar as possible to natural tobacco with regard to
      elasticity, ability to be cut and tensile strength, so that it can be
      processed technologically like tobacco. Furthermore, the tobacco
      substitute should be capable of burning away and its smoke should be mild,
      and in particular irritant, acrid and bitter flavour components should be
      avoided. Nicotine and other disadvantageous or harmful substances can be
      avoided a priori through the selection of the starting materials --
      non-tobacco plants and additives.
PAR  Using known manufacturing processes, a tobacco substitute can be
      manufactured which only partly fulfils the prerequisites just mentioned
      and it has been found that favourable aromatic and flavour
      characteristics, that is to say a mild, pleasant, non-irritant,
      characteristic smoke must be procured through additional expense which
      must be incurred in the procurement of the starting materials, since
      costly starting materials are used.
PAR  It is the task of the invention to design a process of the initially
      mentioned nature so that a tobacco substitute having the abovementioned
      properties is obtainable, using waste products which are available in
      large amount and also in sufficiently constant quality.
PAR  The invention is characterised in that, in order to manufacture the paste,
      the following constituents are comminuted, stirred into water and
      homogenised:
PAR  Firstly, a filler constituent which consists of one or more of the
      following filler components: wheat chaff, oat chaff, chaff of other types
      of gramineous plants, wheat straw, oat straw and of other types of
      gramineous plants, wheat bran, oat bran, bran of other types of gramineous
      plants, coffee bean shells, coconut shells, coconut fibres, cocoa bean
      shells and fibres, as well as shells of other types of nuts;
PAR  SECONDLY, AN ACTIVE SUBSTANCE CONSTITUENT WHICH CONSISTS OF SEVERAL OF THE
      FOLLOWING ACTIVE SUBSTANCE COMPONENTS: FRUIT CONCENTRATE, RAW MOLASSES,
      CARAMEL AND MALT EXTRACT, IN PARTICULAR IN AN AMOUNT WHICH SUFFICES,
      INCLUDING THE CONTENTS OF ALL OTHER CONSTITUENTS OF THE PASTE, TO GIVE A
      TOTAL CONTENT, OF THE TOTAL CONSTITUENTS OF THE PASTE, OF AT LEAST 1
      PERCENT BY DRY WEIGHT OF AMINOACIDS AND OF AT LEAST 5 PERCENT BY DRY
      WEIGHT OF SUGARS;
PAR  THIRDLY, A NITROGEN DONOR CONSTITUENT WHICH CONSISTS OF SEVERAL OF THE
      NITROGEN DONOR COMPONENTS POTASSIUM NITRATE, UREA AND DIAMMONIUM HYDROGEN
      PHOSPHATE AND IN PARTICULAR IN AN AMOUNT WHICH SUFFICES, INCLUDING THE
      CONTENTS OF ALL OTHER CONSTITUENTS OF THE PASTE, TO GIVE A TOTAL CONTENT,
      OF THE TOTAL CONSTITUENTS OF THE PASTE, OF AT LEAST 3 PERCENT BY DRY
      WEIGHT OF NITROGEN, WITHOUT TAKING THE AMINOACIDS INTO ACCOUNT;
PAR  FOURTHLY, A STRUCTURE-FORMING CONSTITUENT WHICH CONSISTS OF ONE OR MORE OF
      THE STRUCTURE-FORMING COMPONENTS SODIUM CARBOXYMETHYLCELLULOSE (NaCMC) and
      other cellulose derivatives and raw pectin and
PAR  fifthly, a special active substance constituent which consists of one or
      more of the following special active substances: plasticisers,
      flavour-improving and odour-improving agents, agents for improving burning
      characteristics, and dyestuff; per 100 parts by dry weight of filler
      constituent, 10 to 45 parts by dry weight of active substance constituent,
      10 to 45 parts by dry weight of nitrogen donor constituent, 10 to 60 parts
      by dry weight of structure-forming constituent and 20 to 90 parts by dry
      weight of special active substance constituent are present.
PAR  Preferably, 17 to 25 parts by dry weight of active substance constituent,
      12 to 26 parts by dry weight of nitrogen donor constituent, 27 to 33 parts
      by dry weight of structure-forming constituent and 48 to 62 parts by dry
      weight of special active substance constituent are present per 100 parts
      by dry weight of filler constituent.
PAR  By coffee bean shells there are meant the natural sheaths of the coffee
      beans, also referred to as coffee bean pods.
PAR  The paste constituents, which fulfil different tasks, are preferably
      mixtures of several different components in order to avoid the
      peculiarities of a single component standing out in the smoke and causing
      the unpleasant after-taste which is characteristic of numerous known
      tobacco substitutes.
PAR  The descriptions "filler component" , "active substance component" ,
      "nitrogen donor component" , "structure-forming component" and "special
      active substance" relate to the main effect of these components of the
      paste, which of course does not exclude components from having, alongside
      their main effect, an entirely desirable side-effect which supplements the
      main effect of another component. For example, the coconut shell filler
      component produces a smooth chocolate aroma suggestion in the smoke, that
      is to say a flavour effect which is a side effect of the coconut shell,
      alongside the filler effect. Preferably, if two otherwise equivalent
      components are available, those whereof the side effects assist the main
      effect desired from other constituents of the paste are preferred. For
      example, a flavour component which at the same time is a nitrogen donor
      will be preferred over an otherwise equivalent flavour component which is
      not a nitrogen donor.
PAR  According to the invention, most of the constituents of the paste are raw
      substances, in contrast to chemically pure substances. The raw substances
      are preferably natural products or by-products which arise when the former
      are processed. This is, on the one hand, important for economic reasons
      because chemically pure substances are more expensive than raw substances,
      but on the other hand is of considerable advantage for the desired
      aromatic properties since it has been found that penetrating flavour
      nuances of individual substances have a considerably less disadvantageous
      effect in the smoke if these substances are not used in a chemically pure
      form but in the raw form. The question of what mechanisms are responsible
      for this favourable effect has not yet been investigated but presumably
      acrid flavour nuances of the chemically pure substances are adapted by the
      "impurities" or by the cell connections which are still present in the raw
      substances, or they are masked in the aroma.
PAR  It is noteworthy that according to the invention paste constituents which
      contain relatively little cellulose are used. It is furthermore noteworthy
      that using the invention a tobacco substitute can be manufactured which is
      of extraordinarily durable suppleness so that the tobacco substitute and
      the product manufactured therefrom which can be smoked can be stored for a
      very long time without suffering, on storage, substantial deteriorations
      in their quality, which frequently has to be tolerated when storing
      natural tobacco products.
PAR  It is preferred that the filler constituent and the active substance
      constituent should consist exclusively of foodstuff wastes from the
      industrial manufacture of foodstuffs and should together account for at
      least 50 percent by dry weight of the paste constituents. Amongst the
      foodstuff wastes which are available, those fractions which meet the
      desired properties particularly well, will preferably be used for the
      manufacture of the tobacco substitute.
PAR  A filler constituent which contains the following filler components: wheat
      chaff, coconut shells and cocoa bean shells, in particular preferably in
      the dry weight ratio of approx. 4.2 : 0.5 : 0.3, is preferred.
PAR  Various effects are sought by means of the active substance component and
      for the reasons explained above it is desirable to provide at least three
      different active substance components for each of these desired effects,
      namely making up the sugar content, making up the amino-acid content,
      plasticising the tobacco substitute and dyeing the tobacco substitute, it
      being entirely possible for one and the same active substance component to
      participate in several different effects, as is, for example, the case for
      fruit concentrate which acts as a sugar donor, as an aminoacid donor, as a
      structure-forming agent and, in many cases, also as a plasticiser.
PAR  The making up of the sugar content and of the aminoacid content by means of
      the active substance constituent, and the making up of the nitrogen
      content by the nitrogen donor constituent, serves to ensure that the
      contents mentioned are approximately of the same order of magnitude in the
      tobacco substitute as in the natural tobacco. These contents are
      particularly high in natural tobacco as compared to non-tobacco plants and
      it has been found that these contents carry an important share of the
      responsibility for the particular properties of natural tobacco which is
      why they are also, according to the invention, made up in the tobacco
      substitute.
PAR  The structure-forming constituent serves to impart the necessary strength
      to the tobacco substitute and preferably only consists of NaCMC.
PAR  A preferred special active substance constituent consists of one or more of
      the special active substance components: paraffinurea,
      divanillylideneurea, vanillylideneurea, tartaric acid, glycerine,
      diethylene glycol, magnesium formate, potassium nitrate and calcium
      carbonate. The paraffinurea mentioned is an addition compound of liquid
      paraffin with urea, for example an addition compound in which 8 molecules
      of urea are present per one paraffin molecule containing 10 carbon atoms.
      The special active substance components paraffinurea, divanillylideneurea,
      vanillylideneurea and tartaric acid, have the effect of improving the
      flavour and improving the odour whilst the components glycerine and
      diethylene glycol act as plasticisers, that is to say make the tobacco
      substitute hygroscopic. The components magnesium formate, potassium
      nitrate and calcium carbonate improve the burning characteristics and are
      thus responsible for uniform smouldering and for a white ash.
PAR  A particular flavour nuance can be achieved by stirring natural tobacco
      extract into the paste as a flavour-assisting and aroma-assisting special
      active substance component.
PAR  In the manufacture of the paste, which is then shaped, for example in the
      form of sheets, filaments, fibres, flocks, ribbons and the like, to
      produce the tobacco substitute, water is required for making up and then
      has to be evaporated again in part, with expenditure of energy, in order
      to consolidate the tobacco substitute. The use of little water saves
      energy during evaporation but makes it more difficult to manufacture a
      homogeneous paste and to shape the latter to give the tobacco substitute.
      A process which manages with very little water when manufacturing the
      paste is characterised in that, using water and the filler constituents in
      the dry weight ratio of 4 : 1 to 2 : 1, preferably 2 : 1, a suspension is
      formed, which is then ground wet, and that then the remaining constituents
      of the paste are mixed in and the resulting paste is homogenised by
      kneading and is then shaped and consolidated, by subsequent drying, to
      give the material which can be smoked. Kneading can be carried out, for
      example, with kneaders or with a roll mill, as is known and customary in
      the manufacture of ointments, creams and the like in the pharmaceutical
      and cosmetic industry. The shaping can also be effected by means of such a
      roll mill.
PAR  If a fairly large proportion of water is used for the manufacture of the
      paste, milling can be dispensed with and the requisite homogeneity can be
      achieved by stirrers alone. An embodiment of this type of the process
      according to the invention is characterised in that using water and paste
      constituents in the dry weight ratio of 6 : 1 to 4 : 1, preferably 4 : 1,
      a suspension is first formed from the filler constituents which have been
      ground dry and from about half the water, the suspension is then ground
      wet and the remaining constituents of the paste are then stirred in whilst
      adding the second half of the water.
PAR  In addition to the manufacturing process, the invention also relates to a
      tobacco substitute consisting of the paste constituents of the shaped
      paste which are not volatile during drying for the purpose of
      consolidation, and of residual water.
PAR  Examples of the individual components of the mixture are given below. These
      components are classified under the individual constituents according to
      their main effect, and where there is an important side-effect the latter
      is mentioned in brackets after the component in question. Components which
      are preferred either for economic reasons or because of their particular
      effect are described as preferred components, whilst other components
      which are not as advantageous but are also entirely usable, are described
      as usable components.
PAR  Preferred components for the filler constituent are chaff (latin: Palea),
      bran (latin: Furfur) and straw of wheat, oats and rice, cocoa bean shells
      and coconut shells (all of them also acting as structure-forming agents).
PAR  Examples of usable components for the filler constituent are chaff, straw
      and bran of barley, rye, maize, flax and other types of gramineous plants
      and coffee bean shells (all of them also acting as structure-forming
      agents).
PAR  Preferred components for the active substance constituent are fruit
      concentrate as a sugar donor and plasticiser (structure-forming agent and
      flavour-improving agent), raw molasses as a sugar donor and nitrogen donor
      (plasticiser, aminoacid donor and colouring agent), caramel as a sugar
      donor (colouring agent) and malt extract as a nitrogen donor and sugar
      donor (plasticiser and colouring agent). The fruit concentrate consists of
      the fruit residues which arise in the manufacture of fruit juice.
PAR  Preferred components for the nitrogen donor constituent are potassium
      nitrate (which improves the burning characteristics), divanillylideneurea
      and diammonium hydrogen phosphate.
PAR  Examples of usable components for the nitrogen donor constituent are
      glycine, vanillylideneurea, betaine, ammonia and other ammonium compounds.
PAR  Preferred components for the structure-forming constituent are raw pectin
      and NaCMC.
PAR  Examples of usable components for the structure-forming constituent are
      pectin, methylcellulose and other cellulose derivatives, as well as
      cellulose fibres.
PAR  Preferred plasticiser components for the special active substance
      constituent are glycerine and diethylene glycol.
PAR  Examples of usable plasticiser components for the special active substance
      constituent are 70 percent strength sorbitol and mixtures of sorbitol and
      glycerine.
PAR  Preferred flavour-improving or aroma-favouring components for the special
      active substance constituent are paraffinurea, vanillylideneurea,
      divanillylideneurea (nitrogen donors), tartaric acid, liquid paraffin and
      Flavor (sic).
PAR  An example of a usable flavour-improving and aroma-favouring component for
      the special active substance constituent is the residue containing
      caffeine as obtained in the manufacture of caffeine-free soluble coffee
      powder (nitrogen donor and aminoacid donor).
PAR  Preferred components which improve the burning characteristics, for the
      special active substance constituent, are magnesium formate, potassium
      nitrate (nitrogen donor) and calcium carbonate (filler).
PAR  Preferred dyestuff components for the special active substance constituent
      are natural tobacco extract, active charcoal, caramel and coffee grounds.
DETD
PAC  EXAMPLE 1
PAR  2,000 grams of wheat chaff, 2,000 grams of oat chaff, 500 grams of coconut
      shells and 500 grams of cocoa bean shells are ground dry and suspended in
      30 liters of water, and the suspension is ground wet at a temperature
      between 45.degree. and 55.degree. centrigrade.
PAR  600 grams of magnesium formate, 150 grams of tartaric acid, 300 grams of
      potassium nitrate, 690 grams of urea, 300 grams of diammonium hydrogen
      phosphate and 7.5 grams of vanillin, in powder form, are stirred into 30
      liters of water until all has dissolved. 450 grams of asbestos, 600 grams
      of calcium carbonate, 300 grams of liquid paraffin, 1,125 grams of NaCMC
      and 50 grams of pectin are stirred into this solution, whilst stirring
      vigorously (sic). The solution is stirred vigorously for about 5 minutes
      and is then left to stand for 30 minutes, being stirred briefly every 5
      minutes. Thereafter 75 grams of glyoxal are poured in whilst stirring.
PAR  The abovementioned suspension is then stirred into the solution thus
      produced and a paste forms, into which 1,350 grams of glycerine, 150 grams
      of diethylene glycol, 1,000 grams of fruit concentrate, 600 grams of raw
      molasses, 100 grams of caramel and 150 grams of malt extract are then
      stirred.
PAR  The paste is spread on a continuous belt and consolidated by drying to give
      a tobacco substitute sheet.
PAR  It is of importance that after the fruit concentrate has been added the
      paste should be further processed rapidly and promptly to give the tobacco
      substitute, in order to avoid fermentation.
PAR  According to this example, approx. 20 parts by dry weight of active
      substance constituent, approx. 26 parts by dry weight of nitrogen donor
      constituent, approx. 30 parts by dry weight of structure-forming
      constituent and approx. 60 parts by dry weight of special active substance
      constituent are present per 100 parts by dry weight of filler constituent.
PAC  EXAMPLE 2
PAR  1,000 grams of wheat bran, 1,000 grams of wheat straw, 1,000 grams of rice
      chaff, 1,000 grams of oat straw, 500 grams of coconut shells with fibres
      and 500 grams of cocoa bean shells are ground dry and suspended in 30
      liters of water, and the suspension is ground wet at a maximum temperature
      of 60.degree. centigrade.
PAR  The following components are introduced into the suspension thus produced:
      500 grams of magnesium formate, 300 grams of tartaric acid, 100 grams of
      potassium nitrate, 500 grams of urea, 400 grams of diammonium hydrogen
      phosphate, 7.5 grams of vanillin, 450 grams of asbestos, 400 grams of
      calcium carbonate, 450 grams of liquid paraffin, 900 grams of NaCMC, 200
      grams of raw pectin, 150 grams of glyoxal, 800 grams of glycerine, 650
      grams of diethylene glycol, 850 grams of fruit concentrate, 1,000 grams of
      raw molasses, 100 grams of active charcoal, 200 grams of malt extract and
      50 grams of coffee bean residue, and the mixture is then kneaded in a roll
      mill to give a homogeneous paste which is then shaped by milling to give a
      sheet which is consolidated by drying.
PAR  According to this example approx. 24 parts by dry weight of active
      substance constituent, approx. 20 parts by dry weight of nitrogen donor
      constituent, approx. 30 parts by dry weight of structure-forming
      constituent and approx. 62 parts by dry weight of special active substance
      constituent, are present per 100 parts by dry weight of filler
      constituent.
PAC  EXAMPLE 3
PAR  As in Example 2, with the sole difference that instead of the 1,000 grams
      of wheat bran and 1,000 grams of wheat straw, 2,000 grams of maize straw
      are employed.
PAC  EXAMPLE 4
PAR  As in Example 1, with the sole difference that instead of the 500 grams of
      cocoa bean shells and 500 grams of coconut shells, 500 grams of groundnut
      shells and 500  grams of walnut shells are employed.
PAC  EXAMPLE 5
PAR  4,250 grams of wheat chaff, 500 grams of coconut shells and 250 grams of
      cocoa bean shells are ground dry and suspended in 25 liters of water, and
      the suspension is ground wet at a temperature between 45.degree. and
      55.degree. centigrade.
PAR  600 grams of magnesium formate, 50 grams of tartaric acid, 300 grams of
      potassium nitrate, 1,000 grams of paraffinurea, 300 grams of diammonium
      hydrogen phosphate and 10 grams of vanillylideneurea are stirred into 30
      liters of water until all has dissolved. 1,500 grams of NaCMC are stirred
      into this solution with vigoruous stirring. The solution is stirred
      vigorously for approx. 5 minutes and is then left to stand for 30 minutes,
      being briefly stirred every 5 minutes.
PAR  The abovementioned suspension is then stirred into the solution thus
      produced, and a paste is formed in which 1,400 grams of glycerine, 150
      grams of diethylene glycol, 1,050 grams of fruit concentrate, 600 grams of
      raw molasses and 105 grams of malt extract are then stirred.
PAR  The paste is consolidated by drying to give a tobacco substitute sheet.
PAR  According to this example, approx. 18 parts by dry weight of active
      substance constituent, approx. 12 parts by dry weight of nitrogen donor
      constituent, approx. 30 parts by dry weight of structure-forming
      constituent and approx. 51 parts by dry weight of special active substance
      constituent are present per 100 parts by dry weight of filler constituent.
PAC  EXAMPLE 6
PAR  2,500 grams of rice chaff and 2,500 grams of coffee bean shells are ground
      dry and suspended in 20 liters of water, and the suspension is ground wet
      at a temperature between 45.degree. and 55.degree. centrigrade.
PAR  600 grams of magnesium formate, 50 grams of tartaric acid, 300 grams of
      potassium nitrate, 1,000 grams of paraffinurea, 300 grams of diammonium
      hydrogen phosphate, 10 grams of vainllylideneurea, 1,500 grams of NaCMC,
      1,400 grams of glycerine, 150 grams of diethylene glycol, 1,050 grams of
      fruit concentrate, 600 grams of raw molasses and 105 grams of malt extract
      are stirred into this supension.
PAR  The mixture thus produced is then kneaded in a roll mill to give a
      homogeneous paste which is then shaped by milling to give a sheet which is
      consolidated by drying.
PAR  According to this example, approx. 18 parts by dry weight of active
      substance constituent, approx. 12 parts by dry weight of nitrogen donor
      constituent, approx. 30 parts by dry weight of structure-forming
      constituent and approx. 51 parts by dry weight of special active substance
      constituent are present per 100 parts by dry weight of filler constituent.
PAC  EXAMPLE 7
PAR  As in Example 6, with the sole difference that 5,000 grams of rice chaff
      are employed instead of the 2,500 grams of rice chaff and 2,500 grams of
      coffee bean shells.
PAR  All weight quoted in the examples relate to the paste constituents with
      their natural water content or content of water of crystallisation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A homogeneous tobacco substitute which consists of:
PA1  5,000 grams of filler consisting of: one or more of gramineous plants or
      shells of nuts, cocoa beans or coffee beans,
PA1  600 grams magnesium formate
PA1  50 grams tartaric acid
PA1  300 grams potassium nitrate
PA1  1,000 grams paraffinurea
PA1  300 grams diammonium hydrogen phosphate
PA1  10 grams vanillylideneurea
PA1  1,500 grams sodium carboxymethylcellulose
PA1  1,400 grams glycerine
PA1  150grams diethylene glycol
PA1  1,050 grams fruit concentrate
PA1  600 grams raw molasses
PA1  105 grams malt extract.
NUM  2.
PAR  2. A tobacco substitute according to claim 1, wherein the filler consists
      of:
PA1  4,250 grams wheat chaff
PA1  500 grams coconut shells
PA1  250 grams cocoa bean shells.
NUM  3.
PAR  3. A tobacco substitute according to claim 1, wherein the filler consists
      of:
PA1  2,500 grams rice chaff and
PA1  2,500 grams coffee bean shells.
NUM  4.
PAR  4. A tobacco substitute according to claim 1, wherein the filler consists
      of 5,000 grams of rice chaff.
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PAL  Copolymers having tertiary amine groups and composed of 16 - 43% methyl
      methacrylate, 25 - 54% dimethylamino ethyl methacrylate and 12 - 52%
      octadecyl methacrylate are particularly useful as hair treating resins
      with conventional carriers and additives. The copolymers can be
      crosslinked by up to 0.15 by an unsaturated agent to produce preferred
      copolymers used in wavesetting lotions in amounts of 1 - 3%. Such
      copolymers can also be partially or wholly quaternized by a quaternizing
      agent. Those copolymers not crosslinked are particularly useful as hair
      lacquers, especially in aerosol sprays in amounts of 1 - 4%. The molecular
      weight for the subject copolymers average 10,000 - 1,500,000 and
      copolymerization can be effected in a solvent with a catalyst wherein the
      reaction mixture is heated for about 6 to 24 hours at about 80.degree.C.
      When applied to the hair, the amount of lotion or lacquer used can be 10 -
      100 cc. and the treated hair is rolled. After treatment, the hair holds
      its shape well and is easy to comb.
BSUM
PAR  The present invention relates to new cosmetic compositions in the form of
      lacquers and wavesetting lotions which contain a copolymer possessing
      tertiary amine groups as the resin.
PAR  It has already been proposed to use copolymers possessing such tertiary
      amine groups in order to prepare lacquers or or wavesetting lotions.
PAR  In this field, the use of copolymers, and in particular of bipolymers,
      obtained by copolymerizing 10 to 90%, but preferably 15 to 90%, of an
      unsaturated ester possessing a tertiary amine group and 90 to 10%, but
      preferably 85 to 10%, of another unsaturated monomer, the tertiary amine
      groups of the copolymers being partially quaternized, have been
      recommended for producing such lacquers or wavesetting lotions.
PAR  It has been found, however, that these wavesetting lotions and lacquers
      based on such resins do not possess all the cosmetic characteristics which
      are generally required for such hair lotions and lacquers.
PAR  After extensive investigations, the applicants have found, entirely
      surprisingly, that, in order to obtain excellent lacquers and wavesetting
      lotions based on copolymers possessing tertiary amine groups, it was
      necessary to produce these copolymers using well defined proportions of
      each of the constituent monomers.
PAR  In effect, it has been found that on going outside the limits selected by
      the applications, the cosmetic properties of the lacquers and wavesetting
      lotions were inferior.
PAR  Furthermore, these compositions make it possible to produce films which
      have an excellent shine and a good affinity for hair, which yields the
      double advantage of holding the head of hair better and of making it
      easier to comb, without destroying the copolymer film to any great extent.
PAR  In effect, it is well known that combing leads to practically complete
      removal of the resins used, which fall in the form of a white powder. In
      the case of the wavesetting lotions according to the invention, combing,
      as was stated above, is made possible, while the copolymer films can,
      nevertheless, be easily removed by brushing or by washing with a shampoo
      of conventional type.
PAR  It must be pointed out, moreover, that these lacquers and wavesetting
      lotions according to the invention make it possible for the hair to have a
      less greasy appearance and to look healthier. It was also found that the
      softness of the hair, after it had been dried, was markedly improved.
PAR  The subject of the present invention is a cosmetic composition for hair, in
      the form of lacquers or wavesetting lotions, characterized in that it
      contains, in a suitable cosmetic vehicle, at least one copolymer
      possessing tertiary amine groups, resulting from the copolymerization of
      43 to 16% by weight of methyl methacrylate, 54 to 25% by weight of
      dimethylamino-ethyl methacrylate and 12 to 52% by weight of octadecyl
      methacrylate.
PAR  As has been stated above, these proportions of methyl methacrylate,
      dimethylamino-ethyl methacrylate and octadecyl methacrylate are of great
      importance if it is desired to obtain a film which possesses all the
      cosmetic properties mentioned above.
PAR  The copolymers according to the invention, which are completely soluble in
      absolute ethyl alcohol, are more particularly intended for preparing
      aerosol hair lacquers.
PAR  In a variant, the methyl methacrylate, dimethylamino-ethyl methacrylate and
      octadecyl methacrylate terpolymers can be in a crosslinked form.
PAR  In general, this cross-linking is carried out during polymerization, for
      example by means of a small amount of ethylene glycol dimethacrylate or of
      any other crosslinking agent with a similar structure.
PAR  This quantity of crosslinking agent is generally not greater than 0.15 part
      of crosslinking agent per 100 parts of monomers.
PAR  Ethylene glycol dimethacrylate, which is preferably used as the
      crosslinking agent, possesses two unsaturated groups which simultaneously
      take part in the copolymerization in two chains of the copolymer, which
      has the result of producing crosslinking between the various chains of the
      copolymer.
PAR  These crosslinking bonds between the various chains of a copolymer by means
      of a molecule of ethylene glycol dimethacrylate can be represented in the
      following manner:
      ##EQU1##
PAR  The crosslinked copolymers according to the invention are completely
      soluble in ethyl alcohol and are more particularly intended for preparing
      wavesetting lotions, while, on the other hand, the non-crosslinked
      copolymers are more particularly intended for preparing aerosol lacquers.
PAR  The crosslinked copolymers according to the invention can also be partially
      or completely quaternized, by means of at least one quaternizing agnet.
      This quaternization can be carried out, for example, by means of agents
      such as dimethylsulphate and lower alkyl halides such as methyl iodide or
      ethyl bromide, and 2-bromo-ethanol, .beta.-propiolactone, 1,3-propane
      sultone and benzyl chloride, as well as by means of any other quaternizing
      agent usually employed in this type of reaction.
PAR  These crosslinked, quaternized copolymers, which are soluble in diluted
      alcohols, are more particularly intended for preparing wavesetting
      lotions, without however excluding the possibility of using them in hair
      lacquer formulations, especially suited to their solubility.
PAR  In general terms, the copolymers used according to the invention have a
      molecular weight which can be between about 10,000 and 1,500,000.
PAR  The wavesetting lotions according to the invention are in the form of
      aqueous or aqueous-alcoholic solutions which contain 20 to 70% of alcohol,
      and have a copolymer concentration of between 1 and 3%.
PAR  The alcohols which are generally used for producing such wavesetting
      lotions are preferably lower aliphatic alcohols, of low molecular weight,
      such as ethanol or isopropanol.
PAR  The hair lacquers according to the invention are produced by dissolving at
      least one copolymer as defined above in an alcohol, this solution being
      placed in an aerosol vessel and mixed with a propellant gas liquefied
      under pressure.
PAR  It is possible, for example, to produce an aerosol lacquer according to the
      invention by adding 1 to 4% by weight of at least one copolymer as
      described above to a mixture consisting of 1/4 to 1/3 of an anhydrous
      aliphatic alcohol such as ethanol or isopropanol and 3/4 to 2/3 of a
      liquefied propellant gas or of a mixture of liquefied propellant gases
      such as halogenated hydrocarbons of the trichlorofluoromethane or
      dichlorodifluoromethane type.
PAR  Of course, it is possible to add adjuvants, such as plasticizers, perfumes,
      dyestuffs or any other adjuvant used in cosmetics, to the cosmetic
      compositions according to the invention.
PAR  A further subject of the present invention is a wavesetting process.
      According to this process, at least one wavesetting lotion as described
      above is applied to the hair which is then wound up on wavesetting rollers
      (15 to 30 mm diameter) and the head of hair is dried (temperature of the
      order of 25.degree. to 55.degree.C.).
PAR  The amount to be applied to the hair depends on the volume of the head of
      hair but is generally of the order of 10 to 100 cc, and preferably of the
      order of 20 to 50 cc.
PAR  The present invention has as a further subject the crosslinked copolymers
      obtained by copolymerization of 43 to 16% by weight of methyl
      methacrylate, 54 to 25% by weight of dimethylamino-ethyl methacrylate, 12
      to 52% by weight of octadecyl methacrylate and an amount of a crosslinking
      agent which does not exceed 0.15 part by weight per 100 parts of monomers.
PAR  The crosslinking agent is preferably ethylene glycol dimethacrylate, but
      other crosslinking agents with a similar structure can also be used.
PAR  The present invention has as a further subject the crosslinked copolymers
      mentioned above, the amine groups of which have been quaternized by means
      of a quaternizing agent.
PAR  The copolymers used in the compositions according to the invention are
      produced according to the conventional process of polymerization, which
      consists of dissolving the various monomers in a solvent such as absolute
      ethanol, in the presence of a polymerization catalyst such as
      alpha,alpha'-azo-bis-isobutyronitrile or alhpa,
      alpha'-azo-bis-isobutyronitrile hydrochloride and of heating them under
      nitrogen, while stirring, at a temperature of the order of 80.degree.C.
PAR  The duration of heating is generally of the order of 6 to 24 hours.
PAR  The polymer is then isolated according to the conventional process.
PAR  If it is desired to produce the copolymers in the quaternized form, the
      quaternization reaction can be carried out in situ by diluting the
      reaction mixture by adding a sufficient amount of the polymerization
      solvent and adding the quaternizing agent in the desired amount to produce
      either partial quaternization or complete quaternization of the tertiary
      amine groups carried by the dimethylamino-ethyl methacrylate units of the
      copolymer.
PAR  The quaternization reaction is generally exothermic, but, in order to make
      it go to completion, it is recommended to heat the mixture for a period of
      the order of 3 to 8 hours, at temperatures of about 50.degree. to
      80.degree.C.
PAR  In order that the invention shall be better understood, preparation
      examples of copolymers as well as examples of cosmetic compositions based
      on these copolymers will now be described, by way of illustration but
      without implying any limitation.
PAC  EXAMPLES OF PREPARATIONS OF POLYMERS
PAC  EXAMPLE I
PAR  2,667 g of absolute ethanol and 16 g of azo-bis-isobutyronitrile are
      introduced into a 20 liter flask, equipped with a mechanical stirrer, a
      condenser which can also be used as a distillation column, a nitrogen
      inlet, a dropping funnel and a thermometer. The mixture is stirred until
      the catalyst has dissolved and 1,080 g of methyl methacrylate, 1,220 g of
      octadecyl methacrylate, 1,700 g of dimethylamino-ethyl methacrylate and 6
      g of ethylene glycol dimethyacrylate are introduced into it.
PAR  The mixture is heated to about 80.degree.C. under nitrogen, and with
      stirring.
PAR  The solution gels but the mixture can still be stirred. After heating for 9
      hours, the solution is diluted with 2,693 g of absolute ethanol and left
      to cool to 20.degree.C. 1,360 g of freshly distilled dimethylsulphate are
      then introduced into it, drop by drop, via the dropping funnel. The
      temperature of the solution increases rapidly to the reflux temperature of
      ethanol and remains there until the end of the addition. Heating is then
      continued for 3 hours at about 80.degree.C. and then the temperature is
      allowed to fall to 50.degree.C. 1,300 g of solvent are then distilled
      under reduced pressure (30 mm Hg). Addition of 1,300 g of absolute ethanol
      and distillation of an equal amount of solvent is repeated three times,
      and then the solution is diluted with 1,300 g of absolute ethanol. An
      alcoholic solution of the quaternized crosslinked copolymer is thus
      obtained, with a yield of the order of 100%.
PAR  This copolymer has an average molecular weight of 1,200,000, (dn/dc) =
      0.120 (solvent AcOH/MeOH = 80/20).
PAC  EXAMPLE II
PAR  Following the procedure of Example I, copolymerization of 1,624 g of
      dimethylamino-ethyl methacrylate, 1,712 g of octadecyl methacrylate, 664 g
      of methyl methacrylate and 6 g of of ethylene glycol dimethacrylate is
      carried out in 2,667 g of absolute ethyl alcohol, in the presence of 16 g
      of azo-bis-isobutyronitrile.
PAR  At the end of copolymerization, the solution is diluted with 2,638 g of
      absolute ethyl alcohol and 1,305 g of dimethylsulphate are added so as to
      quaternize the tertiary amine group of the copolymer.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,200,000.
PAC  EXAMPLE III
PAR  Following the procedure of Example I, copolymerization of 1,204 g of methyl
      methacrylate, 908 g of octadecyl methacrylate, 1,888 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out in 2,667 g of absolute ethyl alcohol, in the presence of 16
      g of azo-bis-isobutyronitrile.
PAR  At the end of polymerization, the solution is diluted with 2,793 g of
      absolute ethyl alcohol and 1,460 g of methyl methacrylate, 908 g of
      octadecyl methacrylate, 1,888 g of dimethylamino-ethyl methacrylate and 6
      g of ethylene glycol dimethacrylate is carried out in 2,667 g of absolute
      ethyl alcohol, in the presence of 16 g of azo-bis-isobutyronitrile.
PAR  At the end of polymerization, the solution is diluted with 2,793 g of
      absolute ethyl alcohol and 1,460 g of dimethylsulphate are added in order
      to quaternize the tertiary amine groups of the dimethylamino-ethyl
      methacrylate units of the copolymer, to the extent of 100%.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,100,000.
PAC  EXAMPLE IV
PAR  Following the procedure of Example I, copolymerization of 1,368 g of methyl
      methacrylate, 488 g of octadecyl methacrylate, 2,144 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out in 2,667 g of absolute ethyl alcohol, in the presence of 16
      g of azo-bis-isobutyronitrile.
PAR  At the end of copolymerization, the solution is diluted with 3,058 g of
      absolute ethyl alcohol and 1,725 g of dimethylsulphate are added in order
      to quaternize the tertiary amine groups of the dimethylamino-ethyl
      methacrylate units of the copolymer, to the extent of 100%.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,300,000.
PAC  EXAMPLE V
PAR  Following the procedure of Example I, copolymerization of 1,704 g of methyl
      methacrylate, 504 g of octadecyl methacrylate, 1,792 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out in 2,667 g of absolute ethanol, in the presence of 16 g of
      azo-bis-isobutyronitrile.
PAR  At the end of the operation, the solution is diluted with 2,771 g of
      absolute ethyl alcohol and 1,438 g of dimethylsulphate are added in order
      to quaternize the tertiary amine amine groups of the dimethylamino-ethyl
      methacrylate units of the copolymer to the extent of 100%.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,500,000.
PAC  EXAMPLE VI
PAR  Following the procedure of Example I, copolymerization of 1,548 g of methyl
      methacrylate, 872 g of octadecyl methacrylate, 1,580 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out in 2,667 g of absolute ethyl alcohol, in the presence of 16
      g of azo-bis-isobutyronitrile.
PAR  At the end of the operation, the solution is diluted with 2,603 g of
      absolute ethyl alcohol and 1,270 g of dimethylsulphate are added in order
      to quaternize the tertiary amine groups of the dimethylamino-ethyl
      methacrylate units of the copolymer, to the extent of 100%.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,400,000.
PAC  EXAMPLE VII
PAR  Following the procedure of Example I, copolymerization of 984 g of methyl
      methacrylate, 1,968 g of octadecyl methacrylate, 1,048 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out in 2,667 g of absolute ethyl alcohol, in the presence of 16
      g of azo-bis-isobutyronitrile.
PAR  At the end of the operation, the solution is diluted with 2,178 g of
      absolute ethyl alcohol and 845 g of dimethylsulphate are added in order to
      quaternize the tertiary amine groups of the dimethylamino-ethyl
      methacrylate units of the copolymer, to the extent of 100%.
PAR  A quaternized crosslinked copolymer is thus obtained, with an average
      molecular weight of 1,000,000.
PAC  EXAMPLE VIII
PAR  A terpolymer according to the invention is prepared by following the
      procedure as stated in Example I above up to the quaternization stage. The
      terpolymer (400 g) is then quaternized, not with dimethylsulphate, but
      with 135 g of 2-bromo-ethanol, carrying out the reaction at a temperature
      of 80.degree.C. for 4 hours.
PAR  A polymer with a degree of quaternization of 47% is obtained.
PAR  Its average molecular weight is 1,000,000.
PAC  EXAMPLE IX
PAR  The procedure given in Example VIII is followed, using 96 g of ethyl
      bromide instead of 2-bromo-ethanol, and carrying out the reaction at about
      50.degree.C. for 4 hours.
PAR  The polymer obtained, which has a degree of quaternization of 75%, has an
      average molecular weight of 1,100,000.
PAC  EXAMPLE X
PAR  The procedure given in Example VIII is followed, using 78 g of
      .beta.-propiolactone as the quaternizing agent, and carrying out the
      reaction at 80.degree.C. for 4 hours.
PAR  The polymer obtained is quaternized to the extent of 100% and it has an
      average molecular weight of 1,050,000.
PAC  EXAMPLE XI
PAR  Following the procedure given in Example VIII, a first quaternization is
      carried out with 70 g of 2-bromo-ethanol, carrying out the reaction for 4
      hours at 80.degree.C. which enables a polymer with a degree of
      quaternization of 25% to be obtained.
PAR  This polymer is subjected to a second quaternization using 55 g of
      1,3-propane-sultone, also for 4 hours at 80.degree.C. which gives an
      additional degree of quaternization of 50%.
PAR  The polymer thus obtained, which is quaternized to the extent of 75% (25%
      by 2-bromo-ethanol and 50% by 1,3-propane-sultone has an average molecular
      weight of 1,100,000.
PAC  EXAMPLE XII
PAR  Following the procedure given in Example VIII, a first quaternization is
      carried out using 160 g of ethyl bromide and carrying out the reaction at
      60.degree.C. for 7 hours, after which a second quaternization is carried
      out with 190 g of dimethylsulphate carrying out the reaction for 4 hours
      at 80.degree.C.
PAR  The polymer thus obtained is quaternized to the extent of 100% (46% by
      ethyl bromide and 54% by dimethylsulphate). It has an average molecular
      weight of 1,200,000.
PAC  EXAMPLE XIII
PAR  Following the procedure given in Example VIII, a first quaternization is
      carried out using 160 g of 2-bromo-ethanol, carrying out the reaction for
      71/2 hours at 80.degree.C. followed by a second quaternization using 26.6
      g of dimethylsulphate, carrying out the reaction for 4 hours at
      80.degree.C.
PAR  The polymer obtained has a degree of quaternization of 100% (85% by
      2-bromo-ethanol and 15% by dimethylsulphate). It has an average molecular
      weight of 1,200,000.
PAC  EXAMPLE XIV
PAR  Following the procedure given in Example VIII, quaternization is first
      carried out using 138 g of benzyl chloride, for 4 hours at 80.degree.C.
      followed by a second quaternization using 79 g of dimethylsulphate,
      carrying out the reaction for 4 hours at about 80.degree.C.
PAR  The polymer obtained is quaternized to the extent of 100% (42% of benzyl
      chloride and 58% by dimethylsulphate). It has an average molecular weight
      of 1,200,000.
PAC  EXAMPLE XV
PAR  2,667 g of absolute ethanol and 16 g of azo-bis-isobutyronitrile are
      introduced into a 20 liter flask, equipped with a mechanical stirrer, a
      condenser which can also be used as a distillation column, a nitrogen
      inlet, a dropping funnel and a thermometer. The mixture is stirred until
      the catalyst has dissolved and 1,080 g of methyl methacrylate, 1,220 g of
      octadecyl methacrylate, 1,700 g of dimethylamino-ethyl methacrylate and 6
      g of ethylene glycol dimethacrylate are introduced into it.
PAR  The mixture is heated at about 80.degree.C. under nitrogen and with
      stirring.
PAR  The solution gels but the mixture can still be stirred. After heating for 9
      hours, the solution is diluted with 2,693 g of absolute ethanol and left
      to cool to 20.degree.C. The terpolymer is then precipitated by adding
      petroleum ether.
PAR  A terpolymer with an average molecular weight of 900,000 is thus obtained.
PAC  EXAMPLE XVI
PAR  2,667 g of absolute ethanol and 16 g of azo-bis-isobutyronitrile are
      introduced into a 20 liter flask, equipped with a mechanical stirrer, a
      condenser which can also be used as a distillation column, a nitrogen
      inlet, a dropping funnel and a thermometer.
PAR  The mixture is stirred until the catalyst has dissolved and 1,624 g of
      dimethylamino-ethyl methacrylate, 1,712 g of octadecyl methacrylate, 664 g
      of methyl methacrylate and 6 g of ethylene glycol dimethacrylate are
      introduced into it.
PAR  The mixture is heated at a temperature of about 80.degree.C. under nitrogen
      and with stirring.
PAR  The solution gels but the mixture can still be stirred. After heating for 9
      hours, the solution is diluted with 2,693 g of absolute ethanol and is
      left to cool to 20.degree.C.
PAR  The polymer obtained is purified by precipitation in petroleum ether.
PAR  It has an average molecular weight of 900,000.
PAC  EXAMPLES XVII
PAR  Following the procedure given in Example XVI, copolymerization of 1,204 g
      of methyl methacrylate, 908 g of octadecyl methacrylate, 1,888 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out.
PAR  The polymer obtained has an average molecular weight of 800,000.
PAC  XVIII
PAR  Following the method of preparation described in Example XVI,
      copolymerization of 1,368 g of methyl methacrylate, 488 g of octadecyl
      methacrylate, 2,144 g of dimethylamino-ethyl methacrylate and 6 g of
      ethylene glycol dimethacrylate is carried out.
PAR  A polymer which has an average molecular weight of 900,000 is obtained.
PAC  EXAMPLE XIX
PAR  Following the procedure given in Example XVI, copolymerization of 1,704 g
      of methyl methacrylate, 504 g of octadecyl methacrylate, 1,792 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out. A copolymer with an average molecular weight of 1,100,000
      is obtained.
PAC  EXAMPLE XX
PAR  Following the procedure given in Example XVI, copolymerization of 1,548 g
      of methyl methacrylate, 872 g of octadecyl methacrylate, 1,580 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out.
PAR  A copolymer which has an average molecular weight of 1,050,000 is obtained.
PAC  EXAMPLE XXI
PAR  Following the procedure of Example XVI, copolymerization of 984 g of methyl
      methacrylate, 1,968 g of octadecyl methacrylate, 1,048 g of
      dimethylamino-ethyl methacrylate and 6 g of ethylene glycol dimethacrylate
      is carried out.
PAR  A polymer with an average molecular weight of 850,000 is obtained.
PAC  EXAMPLE XXII
PAR  81.66 g of methyl methacrylate, 90 g of octadecyl methacrylate, 128.34 g of
      dimethylamino-ethyl methacrylate, 1,200 g of absolute ethanol and 6 g of
      azo-bis-isobutyronitrile are introduced into a 2 liter flask, equipped
      with a mechanical stirrer, a condenser which can also be used as a
      distillation column, a nitrogen inlet, a dropping funnel and a
      thermometer.
PAR  The solution is stirred under nitrogen for 24 hours at a temperature of
      80.degree.C. and the polymer is left to cool; the polymer precipitates in
      petroleum ether in the form of a white powder.
PAR  The polymer obtained has an average molecular weight, M.W. = 15,000,
      (dn/dc) = 0.109.
PAR  Solvent: dioxane/methanol in the ratio 65/35
PAC  EXAMPLE XXII
PAR  2,667 g of absolute ethanol and 16 g of azo-bis-isobutyronitrile are
      introduced into a 20 liter flask, equipped with a mechanical stirrer, a
      condenser which can also be used as a distillation column, a nitrogen
      inlet, a dropping funnel and a thermometer. The mixture is stirred until
      the catalyst has dissolved and 1,080 g of methyl methacrylate, 1,220 g of
      octadecyl methacrylate, 1,700 g of dimethylaminoethyl methacrylate and 3 g
      of ethylene glycol dimethacrylate are introduced into it.
PAR  The mixture is heated at 80.degree.C. under nitrogen and with stirring.
PAR  The solution gels but the mixture can still be stirred. After heating for 9
      hours, the solution is diluted with 2,693 g of absolute ethanol and left
      to cool to 20.degree.C. 1,360 g of freshly distilled dimethylsulphate is
      then introduced into it, drop by drop, via the dropping funnel. The
      temperature of the solution increases rapidly to the reflux temperature of
      ethanol and remains there until the end of the addition. Heating is then
      continued for 3 hours at 80.degree.C. and then the temperature is allowed
      to fall to 50.degree.C. 1,300 g of solvent are then distilled under
      reduced pressure (30 mm Hg). Addition of 1,300 g of absolute ethanol and
      distillation of an equal amount of solvent is repeated three times, and
      then the solution is diluted with 1,300 g of absolute ethanol. An
      alcoholic solution of the quaternized crosslinked copolymer is thus
      obtained, with a yield of the order of 100%.
PAR  This copolymer has an average molecular weight of 600,000.
PAC  EXAMPLES OF COMPOSITIONS
PAC  EXAMPLE 1
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example I                                          

                                2       g                                      

     absolute ethyl alcohol     45      cc                                     

     water, q.s.p.              100     cc                                     

PAR  Approximately 20 ml of this lotion are applied to hair which has been
      washed and towelled dry. The hair is then wound up on wavesetting rollers
      of 15 to 30 mm diameter and then dried by supplying heat externally.
PAR  The hair disentangles easily. The lacquering and the shine are excellent.
PAC  EXAMPLE 2
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example II                                         

                                3       g                                      

     ethyl alcohol              50      cc                                     

     water, q.s.p.              100     cc                                     

PAR  After applying this lotion in accordance with the procedure of Example 1,
      excellent results are obtained, which are particularly outstanding with
      regard to the shine, the absence of stickiness and the easy of
      disentangling.
PAC  EXAMPLE 3
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example VI                                         

                                1       g                                      

     isopropyl alcohol          40      cc                                     

     water, q.s.p.              100     cc                                     

PAR  10 to 30 ml of this lotion are applied to hair which has first been washed.
      The hair is wound up on wavesetting rollers and then dried under a hood at
      a temperature of 30.degree. to 55.degree.C. An excellent set is thus
      obtained. The hair is soft and shiny, and the set stays in very well even
      in the presence of moisture.
PAC  EXAMPLE 4
PAR  A wavesetting lotion is prepared by making up the following mixture:
TBL  copolymer according to Example V                                          

                              1.5       g                                      

     isopropyl alcohol        60        cc                                     

     perfume                  0.2       g                                      

     water, q.s.p.            100       cc                                     

PAR  Approximately 20 ml of this lotion are applied to hair which has been
      washed and towelled dry. The hair is then wound up on wavesetting rollers
      of 15 to 30 mm diameter and is then dried by supplying heat externally.
PAR  The hair disentangles easily. The lacquering and the shine are excellent.
PAC  EXAMPLE 5
PAR  An aerosol lacquer for hair is prepared by making up the following mixture:
TBL  copolymer according to Example XV                                         

                              1.5       g                                      

     absolute ethyl alcohol, q.s.p.                                            

                              100       g                                      

PAR  33 g of this solution are then enclosed in an aerosol container in the
      presence of 66 g of a propellant gas consisting of a mixture of 61.5% of
      trichlorofluoromethane and 38.5% of dichlorodifluoromethane.
PAC  EXAMPLE 6
PAR  A lacquer for hair is prepared by making up the following mixture:
TBL  copolymer according to Example XXII                                       

                                2       g                                      

     absolute ethyl alcohol, q.s.p.                                            

                                100     g                                      

PAR  33 g of this mixture are placed in an aerosol container in the presence of
      66 g of a propellant gas consisting of a mixture of 61.5% of
      trichlorofluoromethane and 38.5% of dichlorodifluoromethane.
PAC  EXAMPLE 7
PAR  An aerosol lacquer for hair is prepared by making up the following mixture:
TBL  copolymer according to Example XXIII                                      

                              1.5       g                                      

     absolute ethyl alcohol, q.s.p.                                            

                              100       g                                      

PAR  33 g of this solution are introduced into an aerosol container in the
      presence of 66 g of a propellant gas consisting of a mixture of 61.5% of
      trichlorofluoromethane and 38.5% of dichlorodifluoromethane.
PAC  EXAMPLE 8
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example XVI                                        

                                1       g                                      

     isopropyl alcohol          40      cc                                     

     water, q.s.p.              100     cc                                     

PAR  10 to 30 ml of this lotion are applied to hair which has first been washed.
      The hair is wound up on wavesetting rollers and then dried under a hood at
      a temperature of 30.degree. to 55.degree.C. An excellent set is thus
      obtained. The hair is soft and shiny and the set stays in very well even
      in the presence of moisture.
PAC  EXAMPLE 9
PAR  A wavesetting lotion is prepared by making up the following mixture:
TBL  copolymer according to Example XX                                         

                              1.5       g                                      

     isopropyl alcohol        60        cc                                     

     perfume                  0.2       g                                      

     water, q.s.p.            100       cc                                     

PAR  After applying this lotion in accordance with the procedure of Example 8,
      excellent results are obtained, which are particularly outstanding with
      regard to the shine, the absence of stickiness and the ease of
      disentangling.
PAC  EXAMPLE 10
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example XIII                                       

                                3       g                                      

     ethyl alcohol              50      cc                                     

     water, q.s.p.              100     cc                                     

PAR  This lotion enables hair to be set easily and above all gives it an
      excellent shine. The hair is soft to the touch and very easy to
      disentangle. This type of lotion is particularly suitable for sensitive or
      dry hair.
PAC  EXAMPLE 11
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example VIII                                       

                                2       g                                      

     absolute ethyl alcohol     45      cc                                     

     water, q.s.p.              100     cc                                     

PAR  After applying this lotion in accordance with the procedure of Example 8,
      excellent results are obtained, which are particularly outstanding with
      regard to the shine, the absence of stickiness and the ease of
      disentangling.
PAC  EXAMPLE 12
PAR  A wavesetting lotion is prepared by making up the following mixture:
TBL  copolymer according to Example XI                                         

                              1.5       g                                      

     isopropyl alcohol        60        cc                                     

     perfume                  0.2       g                                      

     water, q.s.p.            100       cc                                     

PAR  Approximately 20 ml of this lotion are applied to hair which has been
      washed and towelled dry. The hair is then wound up on wavesetting rollers
      of 15 to 30 mm diameter and is then dried by supplying heat externally. An
      excellent set is thus obtained; the hair is soft and shiny and the set
      stays in very well even in the presence of moisture.
PAC  EXAMPLE 13
PAR  A wavesetting lotion for hair is prepared by making up the following
      mixture:
TBL  copolymer according to Example XIV                                        

                                3       g                                      

     ethyl alcohol              50      cc                                     

     water, q.s.p.              100     cc                                     

PAR  This lotion enables hair to be set very easily and above all gives it an
      excellent shine. The hair is soft to the touch and very easy to
      disentangle. This type of lotion is particularly suitable for sensitive of
      dry hair.
PAR  All parts listed herein are by weight unless indicated to the contrary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wave setting lotion composition comprising a solvent selected from the
      group consisting of water, ethanol, isopropanol and mixtures thereof, 1 to
      3% by weight of a copolymer having 16 - 43% by weight of methyl
      methacrylate, 25 - 54% by weight of dimethylamino-ethyl methacrylate, and
      12 - 52% by weight of octadecyl methacrylate, said copolymer having an
      average molecular weight of about 10,000 to 1,500,000.
NUM  2.
PAR  2. The composition of claim 1 wherein said copolymer is crosslinked by
      ethylene glycol dimethacrylate in an amount up to 0.15 parts per 100 parts
      of monomers in said copolymer.
NUM  3.
PAR  3. The composition of claim 2 wherein said copolymer is quaternized by a
      quaternizing agent selected from the group consisting of dimethyl sulfate,
      a lower alkyl halide having 1 to 3 carbon atoms, 2-bromo-ethanol,
      .beta.-propiolactone 1,3-propane sultone and benzyl chloride.
NUM  4.
PAR  4. An aerosol hair lacquer composition comprising a mixture of about 1/4 to
      1/3 by weight of an alcohol selected from the group consisting of ethanol
      and isopropanol, 2/3 to 3/4 by weight of a liquefied propellant gas under
      pressure and 1 to 4% by weight of a copolymer having 16-43% by weight of
      methyl methacrylate, 25-54% by weight of dimethylamino-ethyl methacrylate
      and 12-52% by weight of octadecyl methacrylate, said copolymer having an
      average molecular weight of about 10,000 to 1,500,000.
NUM  5.
PAR  5. The composition of claim 4 wherein said copolymer is crosslinked by
      ethylene glycol dimethacrylate in an amount up to 0.15 parts per 100 parts
      of monomers in said copolymer.
NUM  6.
PAR  6. The composition of claim 4 wherein the propellant gas is selected from
      the group consisting of trichlorofluoromethane, dichlorodifluoromethane
      and mixtures thereof.
NUM  7.
PAR  7. The composition of claim 4 wherein said copolymer is quaternized by a
      quaternizing agent selected from the group consisting of dimethyl
      sulphate, a lower alkyl halide with 1 to 3 carbon atoms, 2-bromo-ethanol,
      .beta.-propiolactone, 1,3-propane sultone and benzyl chloride.
NUM  8.
PAR  8. A process for setting hair in waves comprising applying 10-100 cc of a
      composition having a cosmetic vehicle selected from the group consisting
      of ethyl alcohol-water, isopropyl alcohol-water and ethyl
      alcohol-propellant gas and an effective amount of a copolymer possessing
      tertiary amine groups, said copolymer having an average molecular weight
      of about 10,000 to 1,500,000 and comprising 16-43% methyl methacrylate,
      25-54% dimethylamino-ethyl methacrylate and 12-52% octadecyl methacrylate,
      winding the hair on curlers and drying the hair.
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ABST
PAL  The machine is for shampooing and cleansing a person's hair and is
      constructed with a sink in front of which the person preferably sits and
      means associated with the sink for receiving the head with the face
      directed substantially downwardly. Once in position a hood is pivotal to
      cover the hair and has a nozzle array associated therewith. This nozzle
      array includes individual nozzles for dispensing a shampoo, creme rinse,
      or rinse water. The machine can be operated manually to apply shampoo,
      creme rinse or a water rinse, or can be operated automatically in a
      pre-programmed manner. The machine is provided with control circuitry
      including a binary counter and associated decoder logic, temperature
      regulation circuitry and temperature sensors. The shampoo and creme rinse
      are contained in individual containers at least one of which is provided
      with a mixing chamber for mixing the incoming hot and cold water prior to
      dispensing through the nozzle array.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates in general to an improved shampooing
      apparatus. More particularly, this invention is directed to a shampooing
      apparatus that accommodates a customer or user in a seated position and
      that can be readily operated either manually or automatically.
PAC  BACKGROUND OF THE INVENTION
PAR  Shampooing machines which, for example, may be used in beauty parlors or
      hospitals are generally constructed so that the customer or user is
      reclined in a supine position. This position has been found to be somewhat
      uncomfortable but has been considered in the past as the accepted position
      for cleansing hair apparently at least in part because in this position
      the hair readily drapes from the head. Although the hair may be adequately
      cleaned, in this position it is questionable as to whether the scalp is
      properly cleaned. However, in accordance with the present invention it has
      been found that more efficient cleansing of the scalp and hair is provided
      by having the person assume a preferably seated position facing the
      machine with the face inserted in a sink or the like and the hair draped
      in a normal manner. In accordance with this invention there is provided a
      hood having a nozzle array associated therewith for directing liquids more
      directly at the scalp without substantial interference from the hair.
PAR  Accordingly, one object of the present invention is provide improved
      shampooing apparatus wherein the customer or user is preferably in a
      seated position rather than a supine position.
PAR  Another object of the present invention is to provide a shampooing
      apparatus that is more comfortable for the customer or user than prior
      known machines.
PAR  A further object of the present invention is to provide a shampooing
      machine that provides a more thorough shampooing and cleansing of the hair
      and scalp than was possible with prior machines.
PAR  Still another object of the present invention is to provide a machine for
      shampooing the hair and scalp and that can be operated by an operator
      either under manual control or in a pre-programmed automatic mode.
PAR  Another object of the present invention is to provide a shampooing
      apparatus wherein the temperature of the dispensed water can be accurately
      controlled, and wherein the machine also includes safety interlocks for
      preventing hot water from being dispensed from the machine.
PAR  Still a further object of the present invention is to provide a shampooing
      apparatus that is characterized by improved control circuitry.
PAR  Another object of the present invention is to provide a shampooing
      apparatus including a hood having a nozzle array associated therewith
      wherein the nozzles of the array are disposed in a novel pre-determined
      pattern.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects there is provided an
      apparatus for cleansing a person's hair and scalp, which apparatus
      generally comprises a sink, means for supporting the sink at a
      pre-determined height, a hood means moveable between alternate positions,
      and means disposed within the hood means for directing water, shampoo, or
      creme rinse at the scalp. The sink includes means for receiving the
      person's face and assisting in preventing liquid from reaching the face.
      The person assumes a seated position having his face directed generally
      downwardly. The hood in one position permits the person to place his face
      in the receiving means and in the other position covers the head and
      scalp.
PAR  The machine of the present invention can be operated in two basic modes,
      namely the manual mode or the automatic mode. In the manual mode shampoo,
      creme rinse, or rinse water can be applied under control of the operator.
      In the automatic mode the machine is provided with electronic control
      circuitry arranged in a pre-programmed manner for providing either a
      shampoo cycle or a shampoo and creme rinse cycle.
PAR  One of the features of the present invention is concerned with containers
      for the shampoo and creme rinse. Preferably, the creme rinse container or
      tank is provided with a bottom mixing compartment into which the cold and
      hot tap water flow. This compartment may be provided with baffles and a
      perforated upper plate for pressurizing the creme rinse holder, and at the
      same time function as a mixing chamber.
PAR  Other features of the present invention which are discussed in more detail
      hereinafter reside in the novel control circuitry, for example, and the
      placement of the nozzles of a nozzle array associated with the hood of the
      machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is perspecitive view of the overall machine of the present invention
      with a person seated in the normal shampooing position;
PAR  FIG. 2 is a cross-sectionl view of a part of the machine shown in FIG. 1,
      and in particular the sink and hood structures;
PAR  FIGS. 3A and 3B show, respectively, front and side view of the nozzle array
      and holder shown in FIG. 2;
PAR  FIG. 4A is a detailed drawing of one of the nozzles shown in FIG. 3A;
PAR  FIG. 4B is a cross-sectional view taken along line 4--4 of FIG. 4A.
PAR  FIG. 5 is a schematic flow diagram associated with the apparatus of the
      present invention;
PAR  FIG. 6 is a perspective view, partially cut away, of the creme rinse tank
      schematically depicted in FIG. 5;
PAR  FIG. 7 is a block diagram of the control circuitry of the present
      invention;
PAR  FIG. 8 is a detailed circuit diagram of the power supply shown in FIG. 7;
PAR  FIG. 9 is a circuit diagram of the temperature control circuitry and the
      power-on reset circuitry shown in FIG. 7;
PAR  FIG. 10 is a logic and circuit diagram showing the start-stop latch
      circuitry, the time scaler, and the cycle control logic shown in FIG. 7;
PAR  FIG. 11 shows the driver circuits and associated valves referred to in the
      block diagram of FIG. 7;
PAR  FIG. 12 is a time sequence diagram showing the basic cycle times for both a
      shampoo cycle and a shampoo and creme rinse cycle; and
PAR  FIG. 13 is a timing diagram depicting the cycle times in relation to the
      output of the time scaler.
PAR  FIG. 14 is a cut-away prspective view of an alternate, preferred embodiment
      of the sink structure shown in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a person 10 seated on a stool 12 in front of the shampooing
      apparatus 14 of the present invention. The apparatus 14 generally
      comprises a box-like housing 16, a sink 18 and a hood 20. The person is
      seated facing the wall 22 with the head resting in the sink 18 and covered
      by the hood 20. The box-like enclosure 16 is for containing many of the
      components making up the machine and includes a side-wall 24 for
      supporting a control panel 26. The control panel 26 includes a number of
      switches and lights which shall be referred to hereinafter with reference
      to the control circuitry of the present invention. Control panel 26
      includes an on-off switch 28 and associated light 29, a temperature dial
      30 and associated ready light 31, a select switch 34 for selecting one of
      two pre-determined operating cycles, an auto-start push-to-operate button
      36, and a stop push-to-operate button 37. There is also included manual
      switches 38, 40 and 42 and their associated lights 39, 41 and 43 for
      manually controlling the respective water rise, shampoo and creme rinse
      operations.
PAR  FIG. 2 is a cross-sectional diagram showing in particular the sink 18 and
      hood 20 in somewhat more detail. The sink and hood may be constructed of a
      hard plastic material. FIG. 2 shows principally the top end 45 of housing
      16 wherein the shampoo and creme rinse containers are disposed.
PAR  The sink 18 comprises a number of walls preferably integrally connected and
      including a slanted wall 47, a bottom wall 44, an intermediate wall 46
      integrally formed with the slanted wall 47, and an upright wall 48 which
      is secured to the front wall 22 of housing 16. The upright wall 48 may be
      secured to the housing in any suitable manner such as by the use of bolts.
      The intermediate wall 46 has an aperture for accommodating a drain pipe 50
      which couples to a suitable output pipe (not shown) for carrying the
      dispensed liquids away from the shampooing apparatus.
PAR  The sink 18 also includes a four-sides face-rest shown in FIG. 2 as being
      constructed of opposing walls 51 and 52. This face-rest will also include
      opposite side-walls such as the side-wall 53 shown in FIG. 2. A preferably
      rubber face-rest 54 fits about the four walls and the walls 51 and 52 have
      an arcuate upper edge which is configures to tightly accommodate the chin
      and forehead of the face. The slanted wall 47 also has an arcuate upper
      edge for receiving a preferably rubber neck-rest 56.
PAR  When the person is in position with the face resting on the rest 44 a seal
      is provided so that no liquids should pass between the walls 51 and 52.
      The liquids dispensed from the hood 20 primarily travel along a path
      generally indicated by the arrow 57 to the drain 50.
PAR  The hood 20 includes an outer cap 60 which may be constructed of plastic, a
      bottom support plate 62 and a holder 64 for the array of nozzles which are
      more clearly depicted in FIGS. 3A and 3B. The pattern of the nozzles in
      the array is discussed in more detail with reference to FIGS. 3A and 3B
      hereinafter. An L-shaped holder 65 is fastened to a portion 66 of bottom
      plate 62. A U-shaped handle 67 (see also FIG. 1) is secured integral of
      the cap 60 to this L-shaped member 65, and extends through an aperture in
      cap 60 to outside of the cap 60. The handle 67 is useable to move the hood
      20 between the position shown in FIGS. 1 and 2 and an open position.
PAR  The hood 20 is connected at its end by means of a pivot mechanism 70 which
      is also depicted in FIG. 1. This pivot mechanism interconnects the end
      plate 71 of the hood with the cylindrical upright support member 72.
      Member 72 couples to the top wall 74 of the housing 16. A suitable
      securing ring 75 may be used to maintain the member 72 in its upright
      position.
PAR  The hood 20 also includes a downwardly depending annular section 76 which
      is constructed at one end 77 to be received by the back of the person's
      neck and at the front end 78 to contact the rest 54 and provide a seal at
      both ends and completely around the annular member 76.
PAR  A post 80 also extends from the top wall 74 of the housing and has a bumper
      82 affixed to the top end thereof. The bumper 82 limits the downward
      position of the hood 20 by contacting the under surface of bottom plate
      62. A bearing may be provided between the bumper 82 and the post 80. The
      post 80 is secured to wall 74 in a suitable manner.
PAR  FIG. 2 also shows some of the components integral of the housing 16. A wall
      85 is provided for holding the shampoo tank 90 which has a bottom inlet 86
      and a top outlet 87 associated therewith. The inlet 86 pressurizes the
      tank 90 and the tank 90 preferably includes a plastic liner for holding
      the shampoo. When the appropriate pressure is applied by way of the inlet
      86 shampoo is fed by way of outlet 87 to the appropriate nozzles of holder
      64. The structure of the tank 90 may be quite similar to the creme rinse
      tank shown in FIG. 6 except that the shampoo tank does not include a
      bottom mixing chamber as shown in FIG. 6.
PAR  FIG. 2 also shows, mounted on wall 85, a flow diverter 92 which may be of
      the type shown in U.S. Pat. No. 3,773,078. The flow diverter is
      selectively operated by valve 94 which is the rinse valve shown also in
      FIG. 11. A tube 95 couples from valve 94 by way of upright 72 to the flow
      diverter 92. The tube 95 couples by way of an aperture 97 in endwall 71 of
      the hood 20. The control of the flow diverter 92 is discussed in more
      detail hereinafter with reference to the schematic flow diagram of FIG. 5
      and the circuit diagram of FIG. 11.
PAR  FIGS. 3A and 3B show, respective, front and side views of the holder 64
      depicted in FIG. 2. This holder is substantially semi-spherical in shape.
      The holder 64 is shown in FIG. 3A as having a number of holes therein for
      accommodating nozzles which are arranged about concentric locii. In FIG.
      3A the water nozzles are identified by the reference character W, the
      shampoo nozzles by the reference character S and the creme rinse nozzles
      by the reference character C. Thus, the outermost locus 100 has two
      oppositely disposed pairs of water nozzles. The next locus 101 has similar
      oppositely disposed water nozzles that are circumferentially displaced
      from the water nozzles of locus 100. The next most inner locus 102 has all
      of the creme rinse and shampoo nozzles disposed therealong alternating at
      30.degree. intervals. The innermost locus 103 has four orthogonally
      disposed water nozzles therealong. It is noted that adjacent water nozzles
      are disposed at different distances from the center of the holder.
PAR  Regarding the side view of FIG. 3B the locuses 100, 101, 102 and 103 are
      disposed respectively at 15.degree., 30.degree., 45.degree. and
      60.degree.. It is noted in FIG. 3A that there are water nozzles disposed
      in different locuses at each 30.degree. interval. It is preferred that
      some of the water nozzles are disposed on one side of locus 102 and others
      are disposed on the other side of locus 102. It has also been found to be
      a preferred arrangement wherein the shampoo nozzles are disposed at
      60.degree. intervals and the creme rinse nozzles are also disposed at
      60.degree. intervals with the creme rinse and shampoo nozzles being
      alternating as shown in FIG. 3A.
PAR  FIGS. 4A and 4B show two different views of one of the nozzle arrangements
      of the present invention. This nozzle arrangement includes a holder 105,
      an input tube 106 and a spray end 108. This nozzle arrangement is
      substantially conventional.
PAR  FIG. 5 shows a general schematic flow diagram depicting many of the basic
      components of the apparatus. This diagram shows the shampoo tank 90
      previously illustrated in FIG. 2 and the flow diverter 92 also illustrated
      in FIG. 2. The creme rinse tank and its mixing chamber is discussed in
      more detail hereinafter in FIG. 6.
PAR  The hot and cold water lines couple, respectively, to valves V1 and V2. The
      output lines from these valves couple in common to the mixing chamber 112.
      The mixing chamber is provided with a perforated plate which allows for
      pressurizing of the tank 110. A line 114 coupling to the shampoo tank 90
      also allows for pressurizing of the shampoo contained therein. Each of the
      tanks 90 and 110 include respective fill ports and output lines that
      couple, respectively, to valves V5 and V6. The output of these valves
      couple to the nozzles associated with semi-spherical holder 64. Thus, for
      example, operation of valve V5 conveys shampoo to the S nozzles arranged
      about locus 102 in FIG. 3A.
PAR  The mixed water from chamber 112 is also coupled by way of line 116 to
      valve V3 which, when in an open position, causes a draining of the liquid
      from the mixing chamber 112. The line 116 also interconnects with fluid
      line 117 which couples to valve V4 which is the same valve 94 that is
      illustrated in FIG. 2. The shampoo tank 90 which is shown in FIGS. 2 and 5
      may be of substantially identical construction with the exception that the
      shampoo tank would not include a bottom mixing chamber 112 as shown in
      FIG. 6. The tank 110 comprises a top section 120 having a flange 121 and a
      bottom section 122 having a flange 123. In FIG. 6 a series of bolts 124
      are shown for attaching the flanges 121 and 123 together with the edge of
      diaphragm 126 disposed therebetween. The diaphragm 126 contains the creme
      rinse which may be refilled by way of port 127. The outlet from the tank
      110 is by way of outlet port 128. The lower section 122 also includes two
      ports 130 and 131. Port 130 receives the yet not completely mixed hot and
      cold water and port 131 is the discharge port from the mixing chamber 112.
      Disposed in chamber 112 are four baffles 134 which are orthogonally
      disposed about chamber 112. A perforated plate 136 is positioned above the
      baffles 134 and it is through these perforations that the tank is
      pressurized. The creme rinse container is preferably the one that is
      provided with the mixing chamber because the creme rinse is applied
      without rinse water, but will be heated by the water flowing through the
      mixing chamber 112.
PAR  Referring now to FIG. 7 there is shown a block diagram of the control
      circuitry of the present invention for facilitating both manual and
      automatic operation. FIG. 7 generally shows a pair of sensors S1 and S2,
      temperature control box 140, detector 145, latch 150, control logic 160,
      scaler 170, and drivers 180.
PAR  The temperature sensors S1 and S2, as previously mentioned, may be disposed
      in line 116 after the hot and cold water has been mixed. The control of
      the temperature of this water is by means of sensor S1 and control box
      140. If the water detected by sensor S1 is too hot valve V1 (see FIG. 5)
      is closed as determined by control line 141 from box 140 to drivers 180.
      When the temperature drops below a pre-determined water temperature valve
      V1 opens. The pre-determined temperature can be slightly altered within
      the limits of the detector 145.
PAR  The upper and lower limits of the water temperature are also sensed by
      sensor S1 which shows its output also coupling to the upper and lower
      limit detector 145. When the water temperature is within the correct
      range, an indicator light 31 (see FIG. 1) associated with the detector is
      on. Unless the water temperature is in the correct range, the limit
      detector disables any automatic functioning of the machine. This disabling
      is provided by way of line 146 shown in FIG. 7 and coupling to the
      stop-start latch 150.
PAR  If the temperature of the water goes over or under the pre-set limit during
      automatic operation, the operation is terminated and the water is routed
      down the drain until the automatic operation is started by the operator.
      Manual operation, however, is effected using the switches on the control
      panel 26 and the operator can check the machine using this manual mode.
PAR  In FIG. 7 there is shown the second sensor S2 which has a contact 142
      associated therewith for interrupting the AC voltage to the power supply
      143. The sensor S2 is preferably in the same line 116 as the sensor S1 but
      is mounted downstream from sensor S1. The contact 142 is normally
      maintained in a closed condition until a pre-set high temperature, which
      is above the upper limit of the limit detector is reached. If this
      temperature should be reached because of failure of sensor S1 or due to an
      operator error during manual operation, contact 142 opens, turning power
      off to the entire machine and causing the water to be drained immediately,
      thereby preventing any problem.
PAR  The power-on-reset circuit 155 resets the latch 150 and in turn other
      blocks shown in FIG. 7 when power to the machine is first turned on. At
      that time, valve V1 is open, valve V3 is open, valve V4 is open for a
      pre-determined period, valve V5 is closed, valve V6 is closed and the flow
      diverter is not operating.
PAR  FIG. 7 also shows the timing generator 165 which receives an input from
      power supply 143. The signal from supply 143 is a sinusoidal 60 Hertz
      signal which is converted by generator 165 into a 60 Hertz square wave
      signal. This signal is coupled to the time scaler 170. The time scaler 170
      accepts the 60 Hertz square wave signal and divides the signal down in
      frequency to a basic time period of 16.6 seconds. The outputs from the
      time scaler 170 shown in FIG. 7 couple to cycle control logic 160. These
      outputs control the automatic cycling of the machine.
PAR  The stop-start latch 150 includes a bistable device which in one state
      initiates the automatic functions of the machine and which in the other
      state terminates the automatic functions. When the auto-start button is
      pushed, the latch 150, by way of line 151, permits operation of the scaler
      170 and enables the cycle control logic 160. The stop button, if pushed,
      resets the latch 150 and terminates the cycle immediately. The latch 150
      may also be reset from the detector 145 if the temperature strays out of
      the permitted temperature range. In addition, the reset circuit 155 resets
      the latch to its stop condition when the power is first turned on. When
      the latch is reset because of any of the above conditions, the drain valve
      V3 opens bypassing any water under pressure to the drain. After any
      resetting action mentioned above, the logic 175 operates the rinse valve
      V4 and flow diverter for a period of, for example, twelve seconds to clear
      the lines of residual water, shampoo or creme rinse. This line clear logic
      175 is shown in FIGS. 7 as coupling to the cycle control logic 160. This
      logic is discussed in more detail hereinafter in FIG. 10.
PAR  The cycle control logic 160 accepts the five binary inputs from scaler 170
      after the scaler has been permitted to operate by way of latch 150 and
      depending upon the position of the cycle select switch (see FIG. 1) timing
      commands are generated and coupled to the valves to open and close them in
      a pre-determined sequence. This sequence is discussed in more detail
      hereinafter with reference to the detailed circuit diagrams and the timing
      diagrams shown in FIGS. 12 and 13. When the cycle is completed the latch
      150 is reset and the water under pressure is drained. Two basic cycles can
      be selected by way of switch 34 shown in FIG. 1. These two cycles are
      either the shampoo cycle or the shampoo and creme rinse cycle.
PAR  The drivers 180 accept signals from the logic 160 and also from a
      temperature control box 140. These drivers amplify the signals received to
      a point where they can drive the thyristors 190. Signals are also
      generated to operate the indicator lights as shown on the front panel and
      associated with certain of the control valves.
PAR  The thyristors 190 may be bi-directional silicon control rectifiers or
      triacs. These thyristors accept the output of the drivers and
      electronically switch the 24 volt AC power to the valves and flow diverter
      motor. FIG. 7 also shows the hood switch 195 which can interrupt the power
      to the thyristors when in an open position. This hood switch is in an open
      position when the hood is open and closes after a person is in place and
      the hood is closed.
PAR  The power supply 143 which is shown in more detail in FIG. 8 converts the
      incoming 110 volt AC signal to appropriate AC and DC voltages to operate
      the different blocks in FIG. 7. A rear panel interlock switch 144 is shown
      in FIG. 7 and is provided to remove power from the electronics of the
      machine if the machine is opened for servicing or, for example, to
      replenish the supply of shampoo or creme rinse.
PAR  FIG. 8 shows one embodiment for the power supply of the present invention.
      This power supply includes a transformer T1 having a primary winding and a
      pair of series connected secondary windings. The AC voltage couples by way
      of panel interlock switch 144 and off-on switch 141 to the primary
      winding. FIG. 8 also shows the sensor S2 which can interrupt power to the
      primary winding upon detection of an excessively high temperature. The
      transformer T1 is a step-down transformer having a 24 volt RMS and a 12
      volt RMS output. The 12 volt AC signal is also coupled by way of diode D1
      to filter circuit 200. The output of the filter circuit couples to
      transistor regulator 201 and the output of regulator 201 couples by way of
      a series of capacitors. The output of regulator 201 is a 5 volt logic
      signal. The output of the filter circuit 200 is a 12 volt DC level. Thus,
      the power supply of FIG. 8 provides both AC and DC voltages which are
      used, as indicated in FIG. 8, in different components or boxes shown in
      the block diagram of FIG. 7.
PAR  FIG. 9 shows in somewhat more detail circuit diagrams of the temperature
      control box 140, limit detector 145, and reset circuit 155. Sensor S1,
      also shown in FIG. 5 couples to bridge circuit 204. The output from the
      bridge circuit is taken at the moveable contact 205 of potentiometer 206.
      This output at the moveable contact is coupled to comparator 208. The
      output of the comparator 208 couples to transistor Q1 and the output of
      transistor Q1, as shown in FIG. 7 as line 141, couples to the drivers 180
      to control the hot water valve V1.
PAR  The sensor S1 is preferably a negative temperature coefficient of
      resistance type thermistor whose resistance at nominal water temperatures
      of say 103.degree.F is about 609 ohms. The temperature changes are sensed
      by bridge 204 by comparing the voltage at the thermistor with a preset
      value generated in the opposite leg of the bridge at the moveable contact
      205. These signals are fed to comparator 208 and when a low temperature is
      sensed the output of the comparator 208 is high turning on transistor Q1
      and subsequently opening the hot water valve V1 a predetermined time
      interval sufficient enough to raise the water so that the comparator 208
      no longer senses a temperature comparison, at which time the output of
      comparator 208 goes low, transistor Q1 turns off and valve V1 closes.
PAR  The detector 145 includes comparators 210 and 212 and output transistor Q2.
      The upper and lower limit detection is accomplished by comparing the
      voltage across the thermistor with the upper and lower ends of the
      temperature fine adjustment potentiometer 206. Thus, comparator 210
      compares the reference voltage with the voltage at node 214 and comparator
      212 compares the reference voltage with the voltage at node 216. The total
      resistance value of the potentiometer is preferably chosen to make the
      upper and lower temperatures about 10.degree.F apart. The comparators 210
      and 212 are integrated circuit comparators whose outputs are wired
      together to create a logic "OR" function. If the water temperature is
      somewhere between the two limits, the common output of comparators 210 and
      212 is high. With this output high transistor Q2 is on in turn causing the
      light emitting diode (LED) 211 shown on the control panel of FIG. 1 as
      indicator 31, to be illuminated, thereby indicating that the temperature
      is in the correct range and that the machine is ready. In FIG. 9 the
      collector of transistor Q2 coupled to inverting gate 156 whose output in
      turn couples to reset line 157. When transistor Q2 is conducting the
      output of gate 156 is high and a high level on line 157 does not reset the
      stop-start latch 150 which is shown in FIG. 10. FIG. 10 also shows the
      reset line 157 to which other components connect.
PAR  If the temperature sensed is outside of the permitted limits whereby the
      sensor voltage goes above or below the limits set at nodes 214 and 216,
      either of the comparators 210 or 212 will change state and the OR output
      from these comparators has a low level. This low level signal which is
      coupled to the base of transistor Q2 turns transistor Q2 off and the light
      emitting diode associated therewith is also turned off. Thus, a high level
      signal is coupled to gate 156 and the output of this gate goes low thereby
      resetting the stop-start latch 150 (see Line 157 of FIG. 10). When the
      temperature is corrected the low level reset on line 157 is removed.
PAR  In FIG. 9, the capacitors 202 and 203 associated with the bridge 204 reduce
      the electrical noise due to, for example, power supply and logic noise.
      The resistors 213 on the comparator inputs prevent the comparators from
      interacting because of their non-linear input impedance characteristics.
PAR  FIG. 9 also shows the power-on reset circuit 155. This circuit resets all
      the logic to a predetermined state when power to the machine is turned on
      as discussed previously. The reset circuit 155 includes a plurality of
      logic gates and two RC timing networks 158 and 159. This circuit provides
      a waveform as depicted in FIG. 9 on line 157. The time periods T1 and T2
      are controlled by the networks 158 and 159. During the time interval T1
      there is a delay which permits the logic of the system to turn on. When
      the waveform goes to its low level during period T2 the stop-start latch
      150 is reset via line 157. Thus, the latch 150 is initially reset when
      power is turned on and the machine is in readiness for either manual or
      automatic use.
PAR  Referring now to FIG. 10 there is generally shown the stop-start latch 150,
      the timing generator 165, the time scaler 170, the cycle control logic 160
      and the clear logic 175.
PAR  The timing generator 165 is for converting the 60 Hertz line frequency at
      12 volts RMS to a square wave signal of like frequency. The generator 165
      includes a transistor 166, typical biasing resistors, and an input Zener
      diode 167. The Zener diode 167 clamps the input signal, as does the diode
      168. The output of transistor 166 taken at the collector thereof is a
      squave wave signal as depicted in FIG. 10. This signal is coupled by way
      of inverting gate 169 to the time scaler 170. The diode 168 clamps the
      negative portion of the signal to approximately 0.7 volts. The Zener diode
      clamps the positive portion of the signal to approximately 5 volts. This
      swing is used to cause the cyclic conduction of transistor 166. The input
      time period provided by this signal is 16.6 milliseconds corresponding to
      a frequency of 60 Hertz. The time scaler 170 comprises binary counter
      stages 171, 172, 173, and 174, and a flip-flop 176. Each of the stages
      171, 172, and 173 include a divide by two section and a divide by five
      section and thus each stage provides a total divide by ten of the received
      input signal. Thus, the combined stages 171, 172, and 173 divide the input
      signal from 60 Hertz down to 0.06 Hertz or a period of 16.6 seconds. This
      period is the basic time interval, as shown in FIG. 13. For test purposes,
      a switch 177 may be provided to speed up the control cycle by a factor of
      10 by effectively eliminating the first stage 171.
PAR  The output from stage 173 is coupled to the fourth stage 174 which is in
      itself a binary counter. The output from this counter is coupled to a
      further divide by two flip-flop 176. The output from the stage 174 and the
      flip-flop 176 provide the basic timing signals shown in FIG. 13 and
      coupled primarily to the cycle control logic 160 also shown in FIG. 10.
      The outputs from stage 174 and flip-flop 176 are also coupled by way of
      inverting gates 177 to provide the complimentary outputs. These outputs
      are identified as the C2, C2, C3, C3, C4, C4, C5, C5, and C6 outputs.
PAR  The stopping and starting of the machine cycle effects the time scaler 170.
      Thus, when the cycle is to be stopped all of the stages of the time scaler
      are reset by way of lines 151A and 151B coupled from flip-flop 151 which
      comprises the stop-start latch 150. When the flip-flop 151 is reset line
      151B is high resetting the stages 171-174. At the same time, line 151A is
      low resetting flip-flop 176. Upon reset the stages 171, 172 and 173 are
      set to nine and the stage 174 and flip-flop 176 are set to zero. This is
      done, instead of setting all outputs to zero, to minimize the delay after
      starting for the count to propagate through the counter. A maximum of 16.6
      milliseconds is required to start any machine cycle in this configuration.
PAR  Referring still to FIG. 10, all starting and stopping functions during
      automatic operation are controlled by flip-flop 151. This flip-flop is a
      J-K type having an asynchronous clear input. The J is tied to + 5 volts
      and the K is tied to ground. After the power has been turned on, the reset
      circuit resets the flip-flop 151 by way of line 157 and this in turn
      resets the time scaler 170. When the auto start button 36 (see FIG. 1) is
      operated the output from gate 169 is coupled to flip-flop 151. On the
      first falling edge of the 60 Hertz square wave the flip-flop 151 sets and
      the signal on line 151A goes high with the signal on 151B going low. These
      levels at the output of flip-flop 151 permit the time scaler 170 to
      operate. By using the 60 Hertz square wave signal to operate the
      stop-start there is some logic saved in that there is no need for switch
      bounce elimination circuits in association with the auto-start pushbutton
      36.
PAR  The stopping of any automatic cycle is accomplished by clearing or
      resetting flip-flop 151 by way of line 157. A low level signal on line 157
      accomplishes the clearing and resetting operation. It has been previously
      discussed that this resetting can be accomplished at power turn-on by way
      of reset circuit 155, or when the temperature falls outside of the desired
      range wherein a signal is generated from the detector 145 by way of gate
      156 shown in FIG. 9. The flip-flop 151 may also be reset from the stop
      push-button 37 (see FIG. 1) which couples a low level signal to the clear
      input of flip-flop 151. Finally, at the end of an automatic cycle a low
      level signal is coupled to line 157 from the cycle control logic 160.
PAR  When flip-flop 151 is set, meaning that automatic operation is occurring,
      151A is high and this enables gates of the cycle control logic 160.
      Alternatively, when flip-flop 151 is reset this line goes low and inhibits
      these gates which control the operation of the valves discussed in more
      detail hereinafter.
PAR  The cycle control logic 160 also shown in FIG. 10 performs two basic
      functions. Firstly, it decodes the five binary outputs (C2-C6) from the
      time scaler 170 into specific commands for controlling the valves V3-V6,
      and secondly it detects the end of a cycle and resets the stop-start latch
      150 by way of line 157. The decoding of the outputs (C2-C6) and their
      negations from scaler 170 is accomplished primarily by logic 161 whose
      outputs couple to output logic 162, and by way of cycle select switch 34
      (see FIG. 1) to the clear or reset line 157. FIG. 10 also shows the line
      clear logic 175 which includes a monostable multi-vibrator 176. The logic
      175 is discussed in more detail hereinafter. FIG. 11 shows the drivers 180
      and associated thyristors 190 which drive the valves V1-V6 and the flow
      diverter 92 which is coupled across the rinse valve V4.
PAR  For manual operation there are provided in FIG. 10 three switches
      previously shown in FIG. 1, and identified as the rinse switch 38, shampoo
      switch 40 and creme rinse switch 42. When either of these switches is
      closed a low level signal is coupled to the corresponding gates 38A, 40A
      and 42A, respectively. The output of the gate corresponding to the closed
      switch is thus at a high level. The output from the gates 38A, 40A and 42A
      couple to the drivers D4, D5 and D6 shown in FIG. 11. The drivers D4, D5
      and D6 are associated respectively with rinse valve V4, shampoo valve V5
      and creme rinse valve V6 and respectively each include gate G4 and
      transistor Q4; gate G5 and transistor Q5; and gate G6 and transistor Q6.
      The driver D3 also includes a gate G3 and a transistor Q3. The final
      driver for controlling hot water valve V1 includes a transistor 181. Each
      of the valves shown in FIG. 11 with the exception of the cold water valve
      V2 has a corresponding thyrister T1, T3-T6 associated respectively
      therewith. The flow diverter 92 is coupled across valve V4 which is in
      series with thyristor T4.
PAR  Thus, if shampoo switch 40, for example, is closed a high level signal is
      coupled to gate G5 which is an inverting gate. The output of gate G5 is a
      low level signal which turns transistor Q5 off. With transistor Q5 off a
      current is provided through diode CR5 to thyrister T5 for causing
      conduction of thyrister T5. At that time, the normally closed valve V5
      opens and shampoo is dispensed to the nozzle array. The high level signal
      to gate G5 is also coupled by way of G15 to indicator 41 also shown in
      FIG. 1. In FIG. 11 the indicator is a light emitting diode LED. Similarly,
      if the rinse switch 38 is closed transistor Q4 is turned off, thyristor T4
      is conductive and the normally closed rinse valve V4 is opened. At the
      same time, gate G14 causes illunination of LED 39. Also, if switch 42 is
      closed transistor Q6 is turned off, thyristor T6 is conductive and the
      normally closed creme rinse valve V6 is opened. At the same time gate G16
      causes conduction of LED 43.
PAR  In FIG. 10 there is also shown as part of logic 162 a NAND gate 163 which
      has three inputs coupling from the shampoo, rinse and creme rinse lines.
      If any of these three functions is in operation, whether under automatic
      or manual operation, the output of gate 163 is high. This signal is
      coupled to gate G3 of FIG. 11 and to transistor Q3 turning off transistor
      Q3. This action in turn causes thyristor T3 to conduct and energizes drain
      valve V3. Valve V3 is normally open and thus upon energization closes to
      prevent drainage of the mixed hot and cold water and to permit
      pressurization of the storage tanks. In FIG. 11 the cold water valve V2 is
      automatically opened as long as the hood switch 195 is closed and there is
      power provided to the thermistors 190.
PAR  For automatic operation reference is now made to the circuit diagrams of
      FIGS. 10 and 11 and also to the timing diagrams shown in FIGS. 12 and 13.
      For the shampoo cycle, the select switch 34 is in the position shown in
      FIG. 10.
PAR  For automatic operation in the shampoo cycle, it can be seen that once the
      flip-flop 151 is set the gates 38B, 40B, and 42B are enabled by way of
      line 151A. At that point, the gate 42B has a high output as controlled
      from gates 161A, 161B, and 161C of logic 161. Neither of the gates 161A or
      161B has a low output and thus the output from gate 161C is low causing a
      high output from gate 42B. This high output is coupled to gate 38B and
      along with the high signal from line 151A causes a low output from gate
      38B. This operates the rinse valve V4 to its open position as indicated in
      FIG. 12 and also in FIG. 13. At the same time that the rinse valve V4
      opens the gate 163 which has one line coupled from gate 38B, has a high
      output which coupled to driver D3 of FIG. 11 causing the normally opened
      drain valve to close. FIG. 12 shows the main drain valve V3 in this closed
      position after the auto-start button has been pushed. As long as the gate
      42B maintains its high output the rinse will continue and the creme rinse
      will be disabled. If operating in the shampoo cycle the creme rinse valve
      is continuously maintained closed unless manually operated.
PAR  At a point in the cycle the binary outputs from scaler 170, namely outputs
      C2, C3, C4, C5 are decoded by gate 161D. When this occurs a high level is
      coupled from gate 161F to gate 40B thereby enabling gate 40B and
      initiating the shampoo portion of the cycle. With gate 40B enabled driver
      D5 causes the shampoo valve V5 to be opened thereby dispensing shampoo by
      way of the nozzle array. This shampoo operation continues for one period
      or 16.6 seconds and then gate 161D is inhibited. At a later point in the
      cycle as shown in FIGS. 12 and 13, after an idle period of 66.6 seconds
      the shampoo valve V5 is again operated when gate 161E decodes the binary
      code C2, C3, C4 and C5.
PAR  After the second shampoo portion of the cycle the code C2, C3, C4, C5 is
      decoded by gate 161A. This low level signal is coupled by way of switch 34
      to reset line 157 for resetting the latch 151 and terminating the
      automatic shampoo cycle. When this occurs the signal on line 151A is low
      automatically inhibiting the gates 38B, 40B and 42B and preventing any
      further operation of the shampoo, rinse, or creme rinse valve, with the
      exception of a preferably 12 second line clear interval which is
      controlled from the line clear logic 175 whose output is coupled to gate
      38A permitting further operation of the rinse valve V4 for a small period
      of, for example, twelve seconds.
PAR  The line clear logic 175 operates so that when the output of gate 163 goes
      low thereby opening the drain valve, the multi-vibrator 176 is activated.
      The high-to-low transition triggers this multi-vibrator for a period that
      is adjustable and that may be set at approximately 12 seconds. When this
      occurs gate 177 has a low output which is coupled to gate 38A. Gate 38A in
      turn has a high output which holds the rinse V4 in its open position for
      as long as the multi-vibrator 176 is in its activated state. After the
      twelve second interval the multi-vibrator 176 returns to its stable state
      and the rinse valve V4 closes.
PAR  FIGS. 12 and 13 show this 12 second line clear interval, the purpose of
      which is to clear the drain lines after the use of a shampoo or a creme
      rinse or both.
PAR  In the other automatic mode, namely the one wherein both shampoo and creme
      rinse are dispensed, the select switch 34 is in the position opposite to
      that shown in FIG. 10 wherein the output of gate 164 is coupled to the
      clear line 157. The shampoo and creme rinse cycle is similar to the
      shampoo cycle and is in fact identical to it through the first portion of
      the cycle as shown most clearly in FIGS. 12. However, because the select
      switch is in the alternate position the flip-flop 151 is not reset at
      timing interval 14 (see FIG. 13) but instead the resetting occurs at a
      later time. In this cycle of operation the shampoo is dispensed in two
      segments of a cycle as depicted in FIG. 12 and when gate 161A receives the
      C2, C3, C4 and C5 input gate 42B has a low output which in turn activates
      the creme rinse valve V6. The output of gate 42B also disables gate 38B
      and prevents any rinse during the creme rinse cycle. It is noted in FIG.
      12 that during the time that the valve V6 is open, the valve V4 is closed.
      This creme rinse cycle continues through the decode of the signal C2, C3,
      C4, and C5 as sensed by gate 161B. Thereafter, the creme rinse valve V6
      closes and concurrently therewith the rinse valve V4 opens. The end of the
      cycle is sensed by gate 161D in combination with the C6 output from
      flip-flop 176. Gate 164 senses this and resets flip-flop 151 to terminate
      the cycle. The line clear logic 175 again provides a 12 second interval
      wherein gate 38A is enabled causing an additional twelve second operation
      of the rinse valve in a manner similar to that discussed with reference to
      the shampoo cycle.
PAR  As previously discussed, when transistor Q1 shown in FIG. 9 conducts due to
      a sensed temperature change, transistor 181 in FIG. 11 turns off and
      thyristor T1 is driven into conduction. At that time, hot water valve V1
      which is normally closed opens until comparator 208 shown in FIG. 6
      readjusts itself.
PAR  FIG. 13 shows another preferred embodiment of the sink shown previously in
      FIG. 2. This sink 220 can attach to the machine by suitable means and
      specifically includes a tubular center section 222 terminating in a rest
      224 at its top end and being open at its bottom end so that the person in
      the machine has an unobstructed view downwardly. A wrap-around channel 226
      is provided for carrying liquids to the drain.
PAR  Having described one embodiment of the present invention, it should now be
      apparent to those skilled in the art that numerous modifications can be
      made in the invention, all of which are contemplated falling within the
      spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for cleansing a person's hair and scalp comprising;
PA1  a sink having a liquid drain for removing liquid from the sink,
PA1  means for supporting the sink,
PA1  means defining a rest for the face of the person, said rest disposed in the
      sink in a fixed position relative to the sink and having liquid sealing
      means, whereupon the person may assume a seated position and have the face
      contacting the liquid sealing means of the rest and directed generally
      downwardly,
PA1  a hood means movable to cover the scalp of the person,
PA1  one of said hood means and sink having liquid sealing means associated
      therewith,
PA1  and means disposed within said hood means in a fixed position relative to
      the hood means for directing water or shampoo at the scalp.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said rest includes a forehead support
      member and a chin support member.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said sink is defined in part by an
      enclosing wall having means defining a neck seal comprising the liquid
      sealing means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said hood means includes a handle for
      moving said hood means between a scalp covering and uncovering positions.
NUM  5.
PAR  5. The appratus of claim 4 including means for limiting the covering
      position of the hood means.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said directing means includes an array
      of dispensing nozzles.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the nozzles are disposed along
      concentric locii.
NUM  8.
PAR  8. The apparatus of claim 7 including nozzles for dispensing water, creme
      rinse and shampoo.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the shampoo and creme rinse dispensing
      nozzles are disposed along the same locus.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the shampoo and creme rinse nozzles
      alternate along the locus and the water nozzles are disposed along
      different locii.
NUM  11.
PAR  11. The apparatus of claim 6 including means for controlling the dispensing
      of liquid from the nozzles.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the nozzle array includes a plurality
      of rinse water nozzles, and said control means includes means for
      sequentially coupling water to the rinse nozzles.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said hood means includes means
      defining a space adjacent said nozzle array, and said means for
      sequentially coupling includes a flow diverter contained in said space.
NUM  14.
PAR  14. The apparatus of claim 11 wherein said control means comprises control
      circuitry including a mode select switch, a cycle select switch, a rinse
      switch, a shampoo switch and a creme rinse switch.
NUM  15.
PAR  15. The apparatus of claim 11 including a tank for storing shampoo and a
      tank for storing creme rinse and lines coupling from each tank to their
      corresponding nozzles.
NUM  16.
PAR  16. The apparatus of claim 15 including valve means for selectively
      controlling the dispensing of shampoo and creme rinse.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said rest is defined by a tubular
      member open at the bottom.
NUM  18.
PAR  18. A container for dispensing a rinsing or cleansing liquid and for use in
      a shampooing apparatus having means for receiving hot and cold pressurized
      water lines, said container comprising;
PA1  means defining a first section for containing the liquid,
PA1  and means defining a second section forming a mixing chamber having means
      for receiving the hot and cold pressurized water,
PA1  said sections being separated by a plate having a passage means for
      permitting pressurization of the liquid in the top section.
NUM  19.
PAR  19. The container of claim 18 including a diaphragm in the top section for
      holding the liquid.
NUM  20.
PAR  20. The container of claim 19 wherein said top section has a fill port for
      replenishing the liquid.
NUM  21.
PAR  21. The container of claim 19 including baffle means in said mixing
      chamber.
NUM  22.
PAR  22. The container of claim 21 wherein said plate is perforated.
NUM  23.
PAR  23. In an apparatus for cleansing a person's hair and scalp and having a
      hood means and associated nozzle array for dispensing at least rinse water
      and shampoo, means for controlling the dispensing of the liquid from the
      nozzles of the array, comprising;
PA1  means for selecting automatic operation,
PA1  binary counter means and associated decoder means for demarcating time
      intervals,
PA1  means for enabling operation of said binary counter upon operation of said
      selection means,
PA1  said decoder means including means defining at least one shampoo interval,
PA1  and shampoo valve means responsive to said decoder means for dispensing
      shampoo during said defined shampoo interval.
NUM  24.
PAR  24. The control means of claim 23 including rinse valve means, said decoder
      means including means defining a rinse interval, and said rinse valve
      means is responsive to said decoder means for dispensing rinse water
      during said defined rinse interval.
NUM  25.
PAR  25. The control means of claim 24 wherein said selecting means includes a
      bistable device and means for setting the bistable device to its automatic
      state, said bistable device including a reset line for resetting the
      device when the automatic operation is to stop.
NUM  26.
PAR  26. The control means of claim 25 including a stop switch for resetting the
      bistable device.
NUM  27.
PAR  27. The control means of claim 25 including end of cycle decode means
      responsive to said binary counter for resetting the bistable device.
NUM  28.
PAR  28. The control means of claim 27 including switch means for selecting one
      of two types of automatic cycles.
NUM  29.
PAR  29. The control means of claim 25 including temperature range sense
      circuitry and a temperature sensor for sensing the temperature of the
      mixed hot and cold water, said sense circuitry and sensor for resetting
      said bistable device.
NUM  30.
PAR  30. The control means of claim 25 including a reset circuit for resetting
      said bistable device when power is applied to the apparatus.
NUM  31.
PAR  31. The control means of claim 24 including a creme rinse valve means, said
      decoder means including means defining a creme rinse interval, and said
      creme rinse valve is responsive to said decoder means for dispensing creme
      rinse during said defined creme rinse interval.
NUM  32.
PAR  32. The control means of claim 31 wherein said creme rinse valve means and
      said rinse valve means operate mutually exclusively.
NUM  33.
PAR  33. The control means of claim 31 including manual switch means for
      selectively controlling the rinse, shampoo and creme rinse valve means.
NUM  34.
PAR  34. The control means of claim 27 including means for operating said rinse
      valve means for a short predetermined period after the end of cycle.
NUM  35.
PAR  35. The control means of claim 23 including hot water valve means and
      temperature sensing means for selectively operating said hot water valve
      means.
NUM  36.
PAR  36. A temperature sensing circuit for detecting a temperature range and for
      use in a shampooing apparatus receiving mixed hot and cold water and
      having a hot water valve means, said circuit comprising;
PA1  a temperature dependent resistive element,
PA1  a bridge circuit including two legs and having the resistive element
      disposed in one leg thereof,
PA1  a pair of comparators having one input coupled in common and to the
      resistive element and the other input coupled respectively to different
      points in the other leg of the bridge circuit,
PA1  and output means responsive to operation of either comparator for
      indicating a temperature outside of said temperature range.
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ABST
PAL  A hair curling instrument for steam treating hair wound thereon by
      dispensing steam through a plurality of steam passage holes includes means
      for inhibiting the escape of liquid through the holes. The device
      comprises a handle having a generally cylindrical steam tube attached
      thereto, and a spring biased, thumb-operated clamp mounted on the steam
      tube for securing the hair on the tube for curling. The steam tube
      includes an outer shell having a cylindrical heating tube of a smaller
      diameter coaxially positioned therewithin. An annular steam chamber
      defined between the outer shell and the heating tube receives liquid from
      a resilient, liquid injecting syringe which is removably and sealably
      attached to the opposite end of the steam tube. The syringe comprises a
      symmetrical squeeze bulb which is tapered to conform to the profile of the
      steam tube and an interconnected stem portion. When liquid injected into
      the steam chamber by the bulb contacts the adjoining heater tube, the
      steam produced therebby escapes from the steam passage holes located in
      the steam tube shell. A baffle is sandwiched between the heating tube and
      the outer shell of the steam tube to inhibit the escape of bubbling water
      through the steam holes while freely permitting the passage of steam or
      other vapors therethrough.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to hair curling instruments. More particularly the
      invention relates to hair curlers which include a handle having a
      rod-like, electrically heated tube at one end on which a strand of hair is
      wound, and a thumb-operated clamp to secure the hair on the tube for
      treatment with heat and/or steam.
PAR  It is well known in the prior art to employ steam dispensing hair curling
      instruments constructed generally as described above in the treatment and
      setting of hair. Representative prior art devices are disclosed by
      Barradas, U.S. Pat. No. 3,768,491; Brown, U.S. Pat. No. 3,610,259; Van
      Droogenbroek, U.S. Pat. No. 3,220,421; Jones, U.S. Pat. No. 2,880,299; and
      Cannon, U.S. Pat. No. 2,254,266.
PAR  Many of the prior art devices however are deficient in one or more
      respects. For example, one of the major problems in the prior art is that
      liquid tends to leak outwardly through the steam passage holes when the
      curling instrument is oriented in certain positions. In part, to remedy
      this difficulty some of the prior art devices utilize an absorbent wick
      for receiving the treatment liquid. This approach, which only partially
      solves the leakage problem, unnecessarily limits the capacity of the fluid
      vaporization chamber and adds to the complexity and cost of the device.
PAR  Another problem with some of the prior art devices relates to the fluid
      injection systems utilized therewith for delivering liquid to the
      vaporization chamber. To inhibit fluid leakage complex mechanical valves
      employing springs, nozzles, or the like are sometimes utilized. As a
      result manufacturing costs are increased. Additionally the prior art fluid
      injection systems often comprise protuberant parts which contribute to
      structural dissymmetry and interfere with hair curling.
PAR  Furthermore, some prior art fluid injection designs may increase electrical
      shock hazards for the user. The construction of some prior art hair
      curlers makes it possible, if not likely, that the user will attempt to
      fill the device with liquid while it is still connected to a source of
      electricity, thereby exposing himself to a serious electrical shock
      hazard.
PAR  It is accordingly a fundamental object of this invention to provide a steam
      dispensing hair curling instrument which is adapted to prevent the passage
      of water through the associated steam ejector holes.
PAR  It is another object of this invention to provide a hair curling instrument
      of the character described which does not utilize an absorbent wick to
      prevent the said leakage of fluids.
PAR  Another object of this invention is to provide a hair curling instrument
      having a fluid injection system which does not utilize complex mechanical
      valves.
PAR  Yet another object is to provide a hair curling instrument of the character
      described with a generally symmetrical fluid injection structure which
      does not interfere with the wrapping or curling of hair.
PAR  A still further object of this invention is to provide a hair curling
      instrument of the character described with a fluid injection structure
      having a detachable fluid reservoir which may be filled with liquid
      without subjecting the user thereof to electrical shock hazards. In the
      present invention the aforementioned syringe must be detached from the
      device for filling with fluid, so that shock hazards are reduced by the
      resultant electrical isolation.
PAR  The preferred hair curling instrument of the present invention has a
      generally cylindrical handle with a rod-like steam dispensing tube
      attached thereto. The steam dispensing tube comprises a cylindrical heater
      tube, which houses an electrically resistive heater wire, and a
      cylindrical outer shell, into which the heater tube is axially inserted.
      The handle is channeled to receive electrical conductors which extend
      therethrough to energize the heater wires and produce heat. An annular
      steam chamber is defined in part between the walls of the heater tube and
      the cylindrical outer shell. Fluid is injected into the steam chamber by a
      syringe which is removably attached to the end of the steam dispensing
      tube. The syringe comprises a hollow, preferably molded rubber squeeze
      bulb which is symmetrically tapered to conform to the profile of the steam
      tube to thereby minimize interference with hair curls. Since the syringe
      must be removed from the steam tube in order to be filled with liquid,
      potential electrical shock hazards are significantly reduced.
PAR  Steam or vapor produced when liquid contacts the heater tube escapes
      through a plurality of steam passage holes which are provided in the outer
      shell of the steam dispensing tube. An insert or baffle is sandwiched
      between the heater tube and the steam tube shell to inhibit the passage of
      water through the adjacent passage holes while at the same time
      facilitating the passage of steam or vapor therethrough.
PAR  Other and further objects related to this invention will appear in the
      course of the following description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the following drawings, which form a part of the specification and are
      to be read in conjunction therewith, and in which like reference numerals
      are employed to represent like parts in the various views:
PAR  FIG. 1 is a perspective view of a hair curling instrument constructed in
      accordance with the teachings of this invention;
PAR  FIG. 2 is a side elevational view of the same showing the steam tube in
      longitudinal section with the fluid injection syringe detached therefrom;
      and
PAR  FIG. 3 is a partially cutaway view of the steam tube showing the
      construction and position of the baffle.
DETD
PAR  Referring now to the drawings, and more particularly to FIG. 1, the hair
      curling instrument is generally identified by the reference numeral 10.
      The instrument comprises an elongated cylindrical handle 11 which is
      channeled lengthwise to provide room for a conventional two conductor
      electric cord 13 for connection with an AC outlet via plug 14. Handle 11
      is preferably constructed from a material such as plastic or the like
      which has low thermal conductivity. A tubular, cylindrical steam tube 16
      is interconnected with handle 11 by a flange connection (not shown) within
      a somewhat greater diameter handle portion 18. A thumb-operated clamp 20
      is pivotally mounted to steam tube 16 by pivot pin 21 for securing hair to
      the steam tube for curling. The clamp 20 is springably biased by spring 22
      (FIG. 2) so that a longitudinal clamp portion 23 will normally contact the
      steam tube 16 (or curls of hair wound thereon). As will be discussed
      later, a syringe 24 is removably connected to the end of steam tube 16.
PAR  With reference to FIG. 2, steam tube 16 comprises a generally tubular,
      cylindrical outer shell 17 and a generally tubular, cylindrical heating
      tube 32, which is coaxially received within shell 17. Shell 17 and heating
      tube 32 are preferably constructed from lightweight material having good
      thermal conductivity, such as aluminum. Heating tube 32 receives a
      conventional electrically resistive heater element (not shown) which is
      housed within a glass fiber sleeving 36 and electrically connected to
      conductors 13 for producing heat. Tube 32 comprises a thin wall cylinder
      portion 33 and an integrally formed, larger diameter shoulder portion 34.
      The outside diameter of portion 34 is approximately equal to the interior
      diameter of shell 17, so that portion 34 will contact shell 17 to maintain
      tube 32 in concentric alignment therewith. Portion 34 is sealed to shell
      17 by, preferably, a silicone based rubber cement to provide a leakproof
      seal.
PAR  The steam tube 16 also forms a steam chamber 19 around and in front of the
      heater tube 32. Chamber 19 consists of a first annular portion 19a, which
      is defined between shell 17 and coaxial portion 33, and a second portion
      19b, which is located between the anterior end 37 of tube 32 and the
      anterior end 31 of shell 17. The steam chamber is in communication with an
      orifice 30 at the end of shell 17 and a plurality of steam passage holes
      40 which are provided at appropriate intervals in a portion of the upper
      cylindrical surface of shell 17.
PAR  A detachable syringe 24 includes a resilient, collapsible bulb portion 25
      and a tubular stem portion 27 which is coupled to the bulb. Syringe 24 is
      adapted to be squeezably manipulated like an eye dropper in order to
      intake and discharge water. Bulb 25, which is preferably constructed of
      molded rubber, has an interior reservoir 26 for containing the water. The
      end 23 of shell 17 is fitted with a bushing 28, preferably a phenolic,
      which receives a grommet 29. Stem portion 27 is adapted to be removably
      and sealably received within the orifice 30 in the grommet.
PAR  When the syringe 24 is attached to the steam tube 16, reservoir 26 will be
      in communication with chamber 19 via stem portion 27. The syringe 24 is
      symmetrically profiled so that it does not interfere with the curling of
      hair.
PAR  A generally concave, longitudinally extending insert or baffle portion 44
      is sandwiched between heating tube portion 33 and shell 17 in the vicinity
      of holes 40. The baffle 44 is preferably constructed of a thin sheet of
      metal such as brass or the like. As best seen in FIG. 3, baffle 44 is
      provided with a plurality of spaced apart parallel corrugations 46. The
      corrugations 46, which are generally triangular or domed in profile, have
      an apex 48 which contacts the inner surface of shell 17 to form arcuate
      passages 49 from the side edges of the baffle to the vicinity of the
      exhaust openings 40.
PAC  OPERATION
PAR  In the preferred manner of operation the user first removes syringe 24 and
      fills it with treatment fluid (usually water) by squeezing bulb 25. After
      the syringe is reattached by penetrating orifice 30 with stem 27, the
      instrument is plugged into a conventional AC outlet, whereupon
      energization of the heater element will produce heat. At this time bulb 25
      may be manually squeezed to inject fluid from reservoir 26 into steam
      chamber 19. As fluid within the steam chamber contacts heating tube 32
      vaporization will occur and vapor will be discharged steam through the
      passage holes 40. Curls of hair may be wound around steam tube 16 for
      treatment and secured thereto with clamp 20. During the curling process
      baffle 44 will prevent the flow of water directly through holes 40 while
      allowing the passage of steam, so that the instrument may be positioned as
      desired by the operator without fear of fluid leakage.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and sub-combinations are of
      utility and may be employed without reference to other features and
      subcombinations.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A hair curling instrument adapted to heat or dispense steam to curls of
      hair wound thereon, the instrument comprising:
PA1  handle means adapted to be grasped by the user;
PA1  steam tube means for producing and dispensing steam, said tube means
      interconnected with said handle means and comprising
PA1  a tubular, cylindrical outer shell, said shell having a plurality of steam
      passage holes defined therein,
PA1  a generally cylindrical heating tube located interiorly of said shell in
      coaxial relationship therewith, said heating tube including means for
      producing heat to vaporize liquid in contact with said heating tube,
PA1  a steam chamber adapted to receive liquid, said steam chamber being in
      contact with said heating tube and communicating with said steam passage
      holes,
PA1  baffle means in said steam chamber, said baffle means comprising a thin
      sheet of material curved to conform generally with the inside curvature of
      said tube and disposed within said tube and between said means for
      producing heat and said holes and including spacer means spacing said
      sheet from the inside of the tube to permit flow of steam between said
      sheet and the inside of the tube to and out through the holes, and
PA1  means for injecting liquid into said steam chamber.
NUM  2.
PAR  2. The combination as in claim 1, said spacer means comprising
      protuberances formed in said sheet.
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ABST
PAL  A cosmetic stick holder and applicator device such as a lipstick case,
      comprising an essentially cylindrical casing open at one end and
      containing a product-carrying cup which is movable between advanced and
      retracted positions. A flexible push-pull actuator strip located in the
      casing has one end connected to the cup to actuate the same, and has at
      its other end a concave-convex closure member of arcuate cross section.
      The cup, push-pull strip and closure member are guided and controlled by
      an internal curved guide member which is closely confined within the
      casing and by guide means in the casing, all in such a manner that the
      casing can be completely round while at the same time the push-pull strip,
      when operated by a finger piece protruding from the casing, can advance or
      retract the cup and its product, and simultaneously automatically open or
      close the casing at its open end, depending on the location of the cup and
      product.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATION
PAR  This application is a continuation of copending application Ser. No.
      323,838 now abandoned, entitled Cosmetic Holder and Applicator and filed
      Jan. 15, 1973 in the names of Thomas H. Hayes and Efrem Ostrowsky.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to cosmetic stick holder and applicator
      devices such as lipstick cases, and more particularly to devices of this
      type which employ a flexible strap operator to actuate a product-carrying
      movable cup.
PAR  In the past a large number of cosmetic or lipstick holders and applicators
      have been proposed and produced. One class of prior device of this type
      employed a flexible push-pull strip or band which was fastened at one end
      to the cup and adjacent its other end to a finger piece which extended
      outwardly through a slot in the wall of the casing. The strip traveled
      along a guide having a 180.degree. bend, such that sliding movement of the
      finger piece in a direction away from the open end of the casing caused
      advancement of the cup and stick product whereby the latter would protrude
      through the open casing end. In several of these prior constructions, the
      free end of the actuator strip was made sufficiently long so as to be
      capable of extending across the open end of the casing, the strip being
      also wide enough to constitute a closure therefor when the cup was moved
      to its retracted position.
PAR  There were a number of disadvantages and drawbacks in these prior devices.
      In virtually all constructions heretofore proposed, the cases were either
      wholly or at least in part, of square or rectangular cross section. This
      was due to the fact that the actuator strips employed therein were of
      appreciable width whereby their side edges extended along widely spaced,
      longitudinal portions of the casing. Such rectangular dispensers were
      difficult to manipulate and use, since they could not be easily twirled in
      the manner of a cylinder, in the hand of the user during application. It
      is well recognized that such rolling or twirling movement is desirable to
      facilitate the application of lipstick wax, for example.
PAR  In addition, these prior devices were frequently complex and difficult to
      assemble. Where the prior constructions employed mating casing halves, the
      strip and cup had to be applied to one casing half during the assembly and
      held in a precise, given position while the other casing half was applied.
      Frequently the strip and cup would undergo a slight shift in position
      during this step, causing difficulty in applying the second casing half.
      As a result the assembly time was often excessive. Finally, the prior
      devices were large and cumbersome in a relative sense, and were not in
      keeping with the aesthetic requirements of this type of cosmetic article.
PAC  SUMMARY
PAR  The above drawbacks and disadvantages of prior cosmetic holder or lipstick
      devices are obviated by the present invention, which has for an object the
      provision of an improved holder and applicator of the flexible push-pull
      actuator strip type, wherein the casing need not be of square or
      rectangular cross section but instead can have a precisely cylindrical
      shape, thereby to greatly facilitate the twirling or rolling movements
      found to be desirable by the average, typical user. A related object of
      the invention is the provision of a holder-applicator device as above
      characterized, which has but a single moving part and which is constituted
      of a minimum number of separate pieces. Still another object is the
      provision of a cosmetic holder device of the kind indicated, which can be
      readily assembled with a minimum of time and effort and with virtually no
      interference between the various parts during assembly.
PAR  The above objects are accomplished by providing a cosmetic stick holder and
      applicator which comprises a hollow, essentially cylindrical casing having
      an opening at one end, in combination with a unique internal curved guide
      member that is closely confined within the casing. The device has a cup
      that is movable longitudinally in the casing between advanced and
      retracted positions, and a very narrow, flexible push-pull actuator strip
      attached at one end to the cup. Guide means in the casing, including a
      direction-reversing portion, confine the strip for opposite movement
      within the casing. A novel, oval closure member having a convex-concave
      shape is connected to the other end of the push-pull strip. The casing has
      a longitudinal slot which guides a finger piece, the latter being attached
      to the push-pull strip at a point thereon adjacent the closure member. The
      arrangement is such that the closure member can move along the inside
      surface of the casing, from a retracted position intermediate the casing
      ends to an advanced, tilted position wherein it extends across and closes
      the open end of the casing in response to sliding of the finger piece
      along the casing slot in a given direction. Because the push-pull strip is
      very narrow, the casing can be made essentially perfectly circular on the
      outside, whereby the main objective of the invention is attained.
PAR  Other features and advantages will hereinafter appear.
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PAR  In the drawings, illustrating a preferred embodiment of the invention:
PAR  FIG. 1 is a side elevational view of the cosmetic holder and applicator
      device of the present invention.
PAR  FIG. 2 is a front elevational view of the cosmetic holder and applicator
      device.
PAR  FIG. 3 is a rear elevational view of the cosmetic holder and applicator
      device.
PAR  FIG. 4 is a vertical section taken on line 4--4 of FIG. 3.
PAR  FIG. 5 is a vertical section of the cosmetic holder and applicator device,
      particularly showing the product cup in its advanced position.
PAR  FIG. 6 is a fragmentary section taken on line 6--6 of FIG. 4.
PAR  FIG. 7 is a horizontal section taken on line 7--7 of FIG. 5.
PAR  FIG. 8 is a horizontal section taken on line 8--8 of FIG. 5.
PAR  FIG. 9 is a horizontal section taken on line 9--9 of FIG. 4.
PAR  FIG. 10 is a horizontal section taken on line 10--10 of FIG. 4.
PAR  FIG. 11 is a horizontal section taken on line 11--11 of FIG. 5.
PAR  FIG. 12 is a side elevation of the internal guide member, also illustrated
      in FIGS. 4 and 5, as provided by the present invention.
PAR  FIG. 13 is a front elevation of the internal guide member of FIG. 12.
PAR  FIG. 14 is a vertical section taken on line 14--14 of FIG. 1.
PAR  FIG. 15 is a plan view of the cup, push-pull strip and closure member as
      provided by the present invention, showing them constituted as a single
      molded piece.
PAR  FIG. 16 is a view of the cup, push-pull strip and closure member shown in
      the relative positions occupied when the cup is advanced.
DETD
PAR  Referring first to FIGS. 1-5 and 14 there is illustrated a lipstick case
      generally designated by the numeral 10, comprising a hollow outer casing
      12 having an opening 14 at one end which is hereinafter referred to as the
      top of the casing. In accordance with the present invention the casing 10
      is essentially perfectly cylindrical on the outside, and there is provided
      within the casing a unique internal guide member 16 which is closely
      confined. The guide member 16 is particularly illustrated in FIGS. 12 and
      13, being shown as elongate and comprising essentially a half of a
      cylinder for the major portion of its length. The device 10 further
      comprises a cup 18 disposed in the casing 12 and adapted to carry a
      cosmetic product such as a lipstick 20 or the like. The cup 18 is
      longitudinally movable between an advanced position illustrated in FIG. 5
      and a retracted position shown in FIG. 4. Attached to one side of the cup
      18 is an end portion of a bendable, tenuous, elongate flat push-pull strip
      22 which is disposed within the casing and capable of shifting the cup in
      opposite directions. The strip 22 is both resilient and flexible and, as
      illustrated in FIGS. 15 and 16, has a plurality of transverse thin
      sections 24 along its length to facilitate the bending movement thereof.
PAR  In accordance with the present invention there is further provided a novel
      guide means for the strip 22 in the casing, said means including a
      direction-reversing guide 25 (FIGS. 4, 5 and 12) carried by the internal
      guide member 16. The guide means confines portions of the push-pull strip
      22 to guide the latter for movement along diametrically opposed sections
      26 and 28 of the casing as illustrated in FIGS. 7-11. The guide means
      further comprises a thin longitudinal edge 27 of the internal guide member
      16 and a shoulder 29 of said member both of which confine portions of the
      strip 22 as seen in FIGS. 7-10. As shown in FIGS. 8-11, the guide means
      comprises a part of the inner surface of the casing adjacent the
      diametrically opposed portions 26 and 28, and also the outer surface of
      the internal guide member 16. A longitudinally extending slot 30 is
      provided in the casing 12 adjacent one portion of the strip 22, and a
      finger piece 32 extends outwardly therethrough and is connected to the
      push-pull strip 22 at a point intermediate its ends, to enable sliding
      movement of the strip in the casing to be effected by the fingers of the
      user.
PAR  Further in accordance with the present invention there is provided a novel
      closure member 34 of thin, wafer-like construction. The closure member 34
      is illustrated in FIGS. 4-7, 15 and 16, having an arcuate cross section
      and a generally oval configuration when flattened (FIG. 15). Referring to
      FIG. 7 it can be seen that the casing 12 and internal guide member 16 have
      spaced-apart portions 36 and 38 respectively, defining between them a
      guide track 40. The closure member is molded in a manner to have a
      convex-concave shape which enables it to nest between the spaced-apart
      portions 36 and 38. The assemblage comprising the cup 18, push-pull strip
      22, finger piece 32 and closure member 34 are molded from plastic as a
      single, integral piece, thus minimizing manufacturing cost and assembly
      time.
PAR  Referring to FIGS. 4-7, the closure member 34 is provided with an inwardly
      projecting pin 42 which is received in an elongate slot 44 (FIG. 12) in
      the internal guide member 16. Near opposite ends of the slot 44 are detent
      nibs 46 and 48 respectively, which cooperate with the pin 42 of the
      closure member to releasably detain the latter in either an open,
      retracted position as illustrated in FIG. 5, or a closed, tilted position
      wherein it extends across and closes the open end 14 of the casing as
      illustrated in FIG. 4. The open casing end 14 has an internal lip 50
      providing an opening slightly smaller than the size of the closure member
      34. In addition, the push-pull strip 22 has a bending line of weakness 52
      at a point between the finger piece 32 and the closure member 34. Thus,
      the pin 42, slot 44 and internal lip 50 constitute means for effecting
      tilting of the closure member as it approaches the open end 14 of the
      casing to the position of FIG. 4.
PAR  Referring now to FIGS. 6-11 and 14, the inner surface of the casing is
      provided with an elongate, internal positioning shoulder 54 which is
      engageable with a thin projecting tip portion 56 (FIGS. 12, 13) of the
      internal guide member 16 to firmly position the latter in the casing. The
      casing also has an undercut surface 58 adjacent the lip 50 which receives
      the reduced tip portion 60 (FIGS. 12, 13) of the internal guide member to
      thereby lock the member 16 in a fixed position. The internal guide member
      is further provided with an alignment key 62 at the end opposite the tip
      portion 56, the key being receivable in the slot 30 of the casing, to
      thereby secure this end against movement with respect to the casing. The
      internal guide member also has a disk-shaped bottom portion 64 and an
      annular retainer bead 66 which is received in a corresponding annular
      groove 68 on the inner surface of the casing 12, the bead and groove
      constituting cooperable snap retainer means for retaining the internal
      guide member in the casing once it is assembled thereto.
PAR  As best illustrated in FIG. 13 the internal guide member 16 also has a
      projecting positioning vane 70 which engages the inner surface of the
      casing wall as shown in FIG. 14 and maintains the guide member in a
      central position with respect to the casing. As best illustrated in FIGS.
      4, 5 and 12 the body portion of the internal guide member 16 adjacent the
      direction-reversing guide has two cored-out portions 72 and 74
      respectively, the purpose of which is to save material and to facilitate
      rapid curing of the member immediately after it is molded.
PAR  Referring now to FIGS. 9 and 16 it can be seen that the cup 18 has a base
      portion 76, one part 78 of which is of increased thickness and another
      part 80 of which is of intermediate thickness. The part 78 also has a
      notch 82 which receives the internal shoulder 54 of the casing, the
      shoulder providing a guide for the cup as it moves longitudinally. The
      part 78 slidably engages the inner wall of the casing, while the part 80
      is spaced therefrom to enable the closure member to occupy the space
      between it and the casing wall, as illustrated in FIG. 7.
PAR  The assembly of the one piece cup, push-pull strip and closure member of
      FIG. 16 and the internal guide member into the casing is readily
      accomplished with a minimum of time and effort. The assemblage of FIG. 16
      is first applied, having roughly the relative configuration illustrated
      therein, to the internal guide member 16 of FIGS. 12 and 13 such that the
      closure member 34 engages the outside surface of the internal guide member
      16, with the pin 42 engaging the slot 44 and with the push-pull strip 22
      inserted into the reversing guide 25. The portion of the strip 22 which is
      adjacent the cup 18 will lie along the right edge of the internal guide
      member 16 in FIG. 12. Then, with the strip held taut, this assemblage is
      slid into the casing 12 from the end thereof opposite the opening 14, (the
      key 62 being aligned with the slot 30 of the casing) until the annular
      bead 66 of the internal guide member snaps into the groove 68 in the
      casing (see FIGS. 4 and 5). The entire operation takes less than 10
      seconds, and there is encountered virtually no interference between the
      various parts during assembly. Also, the above arrangement has the
      advantage that the installation of the particular cosmetic stick 20 to be
      employed can be undertaken at a later time following this assembly.
PAR  The operation of the assembled cosmetic holder and applicator is readily
      understood by referring to FIGS. 4 and 5. When the cup 18 is in its
      advanced position illustrated in FIG. 5, the closure member 34 being of
      cylindrical cross-section, occupies a retracted position between the
      cylindrical wall of the casing 12 and outer surface of the portion 38 of
      the internal guide member 16 as illustrated in FIG. 7. It can be seen that
      for this position, the finger piece 32 is adjacent the key 62, the latter
      serving as a stop therefor. When the finger piece 32 is moved in a
      direction toward the opening 14, the cup 18 will be retracted as the
      closure member advances toward the opening. When the member arrives at the
      opening, the lip 50 and the pin 42 traveling in the slot 44 cause a
      tilting of the member whereby it finally assumes the sealing position of
      FIG. 4, engaging the lip 50 and forming therewith a tight seal. Such
      tilting movement is possible due to the cut-away portion of the internal
      guide member near the tip 56, as best illustrated in FIG. 12.
PAR  The above construction is seen to have a number of advantages and unique
      features. It is to be noted that the closure member is guided along one
      side only, by means of a single pin 42 travelling along the slot 44 of the
      guide member 16. Such an arrangement makes possible the half-cylinder
      configuration of this member. In addition, the number of separate pieces
      is kept to an absolute minimum, and there is but a single moving part.
      Finally, the bending of the strip 22 as it passes around the direction
      reversing guide 24 is greatly facilitated by the transverse thin portions
      24. In consequence, a smooth operation, free of jamming or bending, is
      realized.
PAR  From the above it can be seen that we have provided a novel and improved,
      outwardly cylindrical cosmetic stick dispenser and applicator device which
      is at the same time simple, easy to manufacture and assemble, and also
      reliable in operation. The cylindrical casing enables the device to be
      easily twirled in the hand of the user, this movement being highly
      desirable during the application of lipstick. The device of the invention
      thus represents a distinct advance and improvement in the cosmetic field.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cosmetic stick holder and applicator device, comprising in
      combination:
PA1  a. a hollow, essentially cylindrical casing having an opening at one end,
PA1  b. an internal curved guide member closely confined within the casing,
PA1  c. a cup disposed in said casing and adapted to carry the cosmetic stick,
      said cup being movable longitudinally between advanced and retracted
      positions,
PA1  d. a bendable, tenuous, elongate, flat push-pull strip disposed within the
      casing and having one end portion connected to the cup to shift the
      latter,
PA1  e. guide means for said strip, including a direction reversing guide
      carried by the internal guide member, confining opposite end portions of
      said strip for opposite movements respectively within the casing, said
      strip extending along and closely adjacent to diametrically opposed
      portions of said casing,
PA1  f. said casing having a longitudinal slot extending along the other end
      portion of said strip,
PA1  g. a finger piece connected with said other end portion of the push-pull
      strip and extending outwardly through said slot,
PA1  h. a thin, waferlike closure member having a convex-concave shape, said
      member being of arcuate cross-section and having a generally oval
      configuration when flat,
PA1  i. said closure member being connected to the other end of said push-pull
      strip and being movable along the inside surface of said casing from a
      retracted position intermediate the casing ends to an advanced, tilted
      position wherein it extends across and closes the open end of the casing
      in response to sliding of the finger piece along the slot of the casing
      for the purpose of shifting the cup and cosmetic stick carried thereby
      from the advanced to the retracted positions, and
PA1  j. cooperable means on the internal guide member and closure member for
      effecting said tilting of the latter as it approaches the open end of the
      casing.
NUM  2.
PAR  2. The invention as set forth in claim 1, wherein:
PA1  a. said push-pull strip has a bending line of weakness at a point thereon
      between the closure member and the finger piece.
NUM  3.
PAR  3. The invention as set forth in claim 1, wherein:
PA1  a. said stick-carrying cup, push-pull strip, closure member and finger
      piece are molded as a single integral piece.
NUM  4.
PAR  4. The invention as set forth in claim 1, wherein:
PA1  a. said means for effecting the tilting of the closure member comprises a
      pin carried thereby,
PA1  b. said internal guide member having a slot in which the pin travels during
      movement of the closure member.
NUM  5.
PAR  5. The invention as set forth in claim 4, and further including:
PA1  a. detent nibs disposed near opposite ends of the slot of the internal
      guide member,
PA1  b. said detent nibs being cooperable with the pin of the closure member
      when the latter is respectively in its retracted and its advanced, tilted
      positions.
NUM  6.
PAR  6. The invention as set forth in claim 1, wherein:
PA1  a. said casing has an elongate internal positioning shoulder engageable
      with a portion of said internal guide member to position the latter in the
      casing.
NUM  7.
PAR  7. The invention as set forth in claim 1, wherein:
PA1  a. said push-pull strip has a plurality of transverse thin sections along
      its length to facilitate bending thereof as it passes around the direction
      reversing guide of the internal guide member.
NUM  8.
PAR  8. The invention as set forth in claim 1, and further including:
PA1  a. a cooperable snap retainer means on the casing and on the internal guide
      member, tending to retain the latter in the casing once it is assembled
      thereto.
NUM  9.
PAR  9. The invention as set forth in claim 1, wherein:
PA1  a. said casing and said internal guide member have spaced apart portions,
      defining between them a guide track,
PA1  b. said closure member being adapted to travel along said track so as to be
      guided thereby.
NUM  10.
PAR  10. The invention as set forth in claim 1, wherein:
PA1  a. said internal guide member has an alignment key, receivable in the slot
      of the casing when the guide member is assembled thereto, thereby to
      orient the guide member with respect to the casing.
NUM  11.
PAR  11. The invention as set forth in claim 1, wherein:
PA1  a. said internal guide member comprises essentially a half a cylinder for
      the major portion of its length,
PA1  b. said direction reversing guide being disposed adjacent the end of the
      casing opposite to said open end.
NUM  12.
PAR  12. The invention as set forth in claim 4, wherein:
PA1  a. said internal guide member comprises essentially a half a cylinder for
      the major portion of its length,
PA1  b. said direction reversing guide being disposed adjacent the end of the
      casing opposite to said open end,
PA1  c. said slot being disposed centrally in said guide member.
NUM  13.
PAR  13. The invention as set forth in claim 4, wherein:
PA1  a. said slot has a laterally extending end portion adjacent the open end of
      the casing in which the pin rides to effect the tilting of the closure
      member.
NUM  14.
PAR  14. The invention as set forth in claim 1, wherein:
PA1  a. said internal guide member has a closure disk disposed adjacent the end
      of the casing opposite to the open end thereof,
PA1  b. said casing having an annular internal groove into which the closure
      disk snaps.
NUM  15.
PAR  15. The invention as set forth in claim 1, and further including:
PA1  a. an internal lip around the open end of the casing,
PA1  b. said lip being cooperable with the closure member to effect a tight seal
      therewith when in the advanced, tilted position.
NUM  16.
PAR  16. The invention as set forth in claim 1, wherein:
PA1  a. said internal guide member has a thin projecting tip portion at one end,
      and
PA1  b. cooperable keying means on the internal surface of the casing to receive
      the tip portion and to lock it in a fixed position.
NUM  17.
PAR  17. The invention as set forth in claim 15, wherein:
PA1  a. said casing has an elongate internal positioning shoulder engageable
      with a portion of said internal guide member to position the latter in the
      casing.
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ABST
PAL  A multiport diffuser for discharging condenser cooling water from thermal
      power plants and the like, the diffuser being adapted for installation at
      the bottom of a large body of water and being operable to discharge the
      condenser cooling water at that submerged location. The diffuser consists
      of a main pipe disposed along the bottom of the large body of water and a
      large number of nozzles oriented at predetermined variable angles to the
      axis of the main pipe, the angle of orientation being a function of the
      distance of a particular nozzle away from the longitudinal center of the
      main pipe and also a function of the half-length of the main pipe.
BSUM
PAR  The present invention relates to submerged multiport diffusers for cooling
      water discharge and, more particularly, to diffusers in which the
      direction of discharge of the cooling water is variable as a function of
      the position of the discharge with respect to the longitudinal center of
      the diffuser as well as the half-length of the diffuser.
PAR  There accompanies herewith a copy of a technical report No. 169, authored
      by the present inventors and entitled "The Mechanics of Submerged
      Multiport Diffusers for Buoyant Discharges in Shallow Water," R. M.
      Parsons Laboratory for Water Resources and Hydrodynamics, March 1973. A
      copy of the report was deposited in the M.I.T. library system on or about
      June 29, 1973. The report includes exhaustive comment on all parts of the
      present invention, including a mathematical treatment as well as a
      discussion of prior art, most of which is not repeated here. Said report
      No. 169 is hereby incorporated herein by reference.
PAR  In managing the waste water which accrues as a result of man's domestic and
      industrial activities, different methods of treatment, recycling and
      disposal are used. The choice of a specific scheme of waste water
      management is determined by economic and engineering considerations, such
      as costs and available technology, and by considerations of environmental
      quality, each scheme having a certain impact on the natural environment.
PAR  In many instances the discharge of water containing heat or other
      degradable wastes into a natural body of water is a viable economic and
      engineering solution. Water quality standards have been established to
      regulate the adverse effects of such discharges on the receiving water.
      These standards are based on existing scientific knowledge of the
      biological, chemical and physical processes which occur in response to the
      waste water discharge. The standards have the objective of preserving or
      enhancing the use of the natural water body for a variety of human needs.
PAR  A common feature of all water quality standards, as set forth by various
      legal authorities, is a high dilution requirement: Within a limited mixing
      zone the waste water has to be thoroughly mixed with the receiving water.
      The purpose of this requirement is to constrain the impact of concentrated
      waste water to a small area.
PAR  It is against this background that the increasing use of submerged
      multiport diffusers as an effective device for disposal of waste water
      must be understood. A submerged multiport diffuser is essentially a
      pipeline laid on the bottom of the receiving water. The waste water is
      discharged in the form of round turbulent jets through ports or nozzles
      which are spaced along the pipeline. The resulting distribution of
      concentration of the discharged waste materials within the receiving water
      depends on a variety of physical processes. A clear understanding of these
      processes is needed so that predictive models can be developed which form
      the basis of a sound engineering design.
PAR  For several decades, many coastal cities have utilized submerged multiport
      diffusers for the discharge of municipal sewage water. Noteworthy aspects
      of these "sewage diffusers" are: (1) Water quality standards dictate
      dilution requirements in the order of 100 and higher when sewage water is
      discharged. As a consequence, these diffusers are limited to fairly deep
      water (more than 100 feet deep). (2) The buoyancy of the discharged water
      is significant. The relative density difference between sewage water and
      ocean water is about 2.5%.
PAR  Only in very recent years have multiport diffusers found use for the
      discharge of heated condenser cooling water from thermal power plants. The
      main impetus has come from the implementation of stringent temperature
      standards. Depending on the water quality classification of the receiving
      water and on the cooling water temperature rise, dilutions between about 5
      and 20 are required within a specified mixing area. This dilution
      requirement frequently rules out relatively simple disposal schemes, such
      as discharge by means of a surface canal or a single submerged pipe. On
      the other hand, multiport diffusers can be placed in relatively shallow
      water (considerably less than 100 ft. deep) and still attain the required
      dilutions. The economic advantage in keeping the conveyance distance from
      the shoreline short might be substantial, in particular in lakes,
      estuaries or coastal waters with extended shallow nearshore zones.
      "Thermal diffusers" have these characteristics: (1) They may be located in
      relatively shallow water. (2) The buoyancy of the discharged water is low.
      Relative density differences are in the order of 0.3% corresponding to a
      temperature differential of about 20.degree.F, an average value for
      thermal power plants.
PAR  Due to these essential differences, regarding depth of the receiving water
      and buoyancy of the discharge, there is a pronounced difference in the
      mechanics of "sewage diffusers" and "thermal diffusers." Consequently,
      predictive models which have been established and verified for the class
      of "sewage diffusers" fail to give correct predictions when applied for
      the class of "thermal diffusers."
PAR  In summary, submerged multiport thermal diffusers are efficient devices for
      the discharge into ambient water bodies of large quantities of heated
      cooling water primarily from electric power generation. The need for such
      devices stems largely from environmental considerations, which require
      considerable mixing of the heated water, and hence temperature reduction,
      in order to limit ecological damages. For typical conditions the amount of
      required mixing, i.e., the dilution, varies between five and twenty.
      Furthermore, this mixing has to be obtained within relatively small areas
      ranging from a few acres to several hundred acres, depending on the
      locality.
PAR  Accordingly, the principal object of the present invention is to provide an
      improved multiport diffuser for discharge into ambient water bodies of
      large quantities of heated cooling water from electric power generation
      stations and the like.
PAR  Another object is to provide a multiport diffuser of more general use.
PAR  These and still further objects are brought out hereinafter.
PAR  By way of summary, the objects of the invention are attained by a multiport
      diffuser having a main pipe for submerged disposition at or near the
      bottom of a large body of water and a plurality of nozzles oriented at an
      angle .beta. to the axis of the pipe, the angle .beta. being variable as
      function of the axial location of the particular nozzle and the
      half-length of the main pipe.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1A is a diagrammatic side-view of a cooling system employing a
      multiport diffuser embodying prior art concepts;
PA1  Fig. 1b is a plan view of the system of FIG. 1A;
PAR  FIG. 1C is a view taken upon the line 1C--1C in FIG. 1B, looking in the
      direction of the arrows;
PAR  FIG. 2A is a diagrammatic plan view of a unidirectional prior art diffuser;
PAR  FIG. 2B is a diagrammatic plan view of an alternating direction, prior-art
      diffuser;
PAR  FIG. 2C is a plan view of a portion of the diffuser of FIG. 2B; (FIG. 4-7)
PAR  FIG. 3A is a programmatic representation similar to FIG. 2A, but showing a
      unidirectional diffuser of the present invention;
PAR  FIG. 3B is a diagrammatic representation similar to FIG. 3A, but showing an
      alternating-direction diffuser of the present invention;
PAR  FIG. 3C is a plan view of a portion of the diffuser of FIG. 3B;
PAR  FIGS. 4A and 4B show respectively isotherms of surface temperature
      increases for a prior-art diffuser having alternately oriented nozzles and
      a diffuser of the present invention with alternately oriented nozzles, as
      obtained from laboratory experiments; and
PAR  FIGS. 5A and 5B show respectively isotherms of surface temperature
      increases for a prior-art diffuser having unidirectionally oriented
      nozzles, as obtained from laboratory experiments.
DETD
PAR  A brief overall explanation is now given with respect to FIGS. 2A and 3A
      which show respectively a small portion of a prior-art diffuser 101B and a
      small portion of a diffuser 101A of the present invention. The diffuser
      101B comprises an elongate main pipe 1B of length 2L.sub.D and has many
      nozzles 2B, oriented at a fixed angle .beta.=90.degree. with respect to
      the axis of the main pipe 1B distributed along the main pipe 1B at
      intervals l. The diffusers 101A comprises an elongate main pipe 1A of
      length 2L.sub.D and has many nozzles 2A, oriented at variable angles
      .beta. with respect to the axis of the main pipe 1A and distributed along
      the main pipe 1A at intervals l. As is shown elsewhere herein and in much
      greater detail in said report No. 169, the present inventors have
      discovered that much greater mixing of cooling water into ambient water is
      effected when the angle .beta. is variable, as now explained.
PAR  In this explanation, the label 101A applies to a diffuser of the present
      invention, whether the particular embodiment is unidirectional as shown in
      FIGS. 1, 1A, 1B, 1C, or an alternating-direction diffuser as shown in
      FIGS. 3A, 3B and 3C. Similar remarks apply to the prior-art system of
      FIGS. 2A, 2B and 2C. The terms "unidirectional" and "alternating
      direction" refer to the direction of orientation of the nozzles in the
      vertical plane; in FIG. 1C; the angle labeled .theta..sub.o is the
      orientation in the vertical plane. Thus, all the nozzles 2A in FIGS. 1A-1C
      are oriented in the vertical plane some angle .theta..sub.o from the
      horizontal, whereas, the nozzle labeled 2A.sub.1 in FIG. 3C is oriented to
      the right side of vertical, which might be called + .theta..sub.o, and the
      nozzle labeled 2A.sub.2 is oriented to the left side of vertical, which
      might be called - .theta..sub.o. The same applies to prior art systems. It
      is pointed out in the report No. 169 that there is a maximum .theta..sub.o
      for any system.
PAR  Characteristic technical features of a submerged diffuser installation are
      shown in FIGS. 1A-3A wherein a thermal power plant 10 (or any other
      facility with cooling water requirements) is located on the shore of a
      body of water 11, such as a lake, estuary or ocean. The heated cooling
      water is conveyed through a feeder pipe 12 to the diffuser 101A. The
      diffuser 101A consists of the main pipe 1A and a relatively large number
      of diffuser nozzles 2A spaced along the diffuser main pipe. Each diffuser
      nozzle has an angle, .theta..sub.o, with respect to the horizontal plane
      and a certain horizontal orientation, .beta., with respect to the diffuser
      axis, all as above noted. The angle .beta. in each instance is away from a
      vertical line 13 drawn through the longitudinal center as shown, for
      example, in FIG. 3A (i.e., the inclination of the nozzles 2A to the left
      of the longitudinal center is toward the left and the inclination of the
      nozzles 2A to the right of the longitudinal center is to the right).
PAR  The horizontal orientation .beta. of each individual nozzle required to
      achieve maximum mixing capacity (dilution) with a given diffuser length is
      the present contribution. In the prior art, as shown in FIGS. 2A-2C, a
      constant horizontal orientation with respect to the diffuser axis is
      maintained. FIG. 2A shows a unidirectional diffuser, that is, all nozzles
      point to the same side of the diffuser axis; FIGS. 2B and 2C show an
      alternating diffuser, that is every other nozzle points into the opposite
      direction, as previously discussed.
PAR  The present diffuser system was obtained from a theoretical analysis and
      was verified in a series of experiments conducted at a scale smaller than
      prototype. This system consists of varying the horizontal nozzle
      orientation .beta. along the diffuser axis. The following expression
      describes the variable orientation:
      ##EQU1##
      wherein y is the distance along the diffuser axis measured from the center
      point of the diffuser and L.sub.D, as above indicated, is the half-length
      of the diffuser. This improvement holds for both the unidirectional
      diffusers of FIGS. 1A--1A and 3A and alternating diffusers of FIGS. 3B and
      3C. The effect of the improvement can be described as follows: The
      variable horizontal orientation produces a fanning out of the individual
      jets, thus preventing contraction of the flow field downstream of the
      diffuser line. Improved mixing characteristics are the result. A full
      comparison of the mixing characteristics of the new design with those of
      the prior art is given in the technical report No. 169. Improvements in
      the mixing characteristics of up to 30% have been found as now discussed
      with reference to FIGS. 4A, 4B, 5A and 5B.
PAR  FIGS. 4A and 4B give a comparison between the prior art and the present
      syste, respectively, for an alternating diffuser design. These comparisons
      are obtained from laboratory experiments performed in a model basin.
      Surface isotherms show the normalized temperature rise above ambient, in
      addition four vertical temperature profiles in the model basin are shown.
      The x-axis at the bottom of each diagram may be considered as the symmetry
      line of the diffuser. The present system shows about 30% lower induced
      temperature rises at the surface of the body of water in the vicinity of
      the diffuser as compared to the prior art, FIG. 4A. FIGS. 5A and 5B give
      the comparison for a unidirectional diffuser of the prior art and the
      present invention, respectively. FIG. 5B shows about 10% lower induced
      temperature rises as compared to the prior art as represented in FIG. 5B.
PAR  Improved mixing characteristics mean that for a given cooling water
      discharge (flow rate and temperature differential) the diffuser structure
      can be shorter while still meeting required temperature reductions
      (environmental regulations). Cooling water outfalls from modern large-size
      electric power plants are large and expensive installations. For a typical
      1000 MW nuclear power plant, the length of the diffuser pipe may be up to
      5000 feet and more. Costs of pipe installations are high, varying from
      about $500/ft. to several $1000/ft. depending on pipe size and site
      conditions. Therefore, if due to mixing characteristics, improved by 10%
      to 30%, the diffuser length can be reduced proportionally, cost savings of
      up to several million dollars can be experienced in any single diffuser
      installation.
PAR  Modifications of the invention herein described will occur to persons
      skilled in the art and all such modifications are deemed to be within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiport diffuser for cooling water discharge that comprises:
PA1  an elongate main pipe and a large number of discharge nozzles oriented at
      variable angle equal to or substantially equal to .beta.(y) with respect
      to the pipe axis, wherein
      ##EQU2##
      wherein y is the distance along the pipe from the longitudinal center of
      the diffuser pipe, and l.sub.D is the half-length of the diffuser.
NUM  2.
PAR  2. A multiport diffuser as claimed in claim 1 in which the nozzles on
      either side of said longitudinal center are inclined away from a line
      through said longitudinal center and orthogonal to said axis.
NUM  3.
PAR  3. A multiport diffuser as claimed in claim 2 in which the discharge
      nozzles are oriented alternately to one said and the other of the diffuser
      in an alternating discharge mode.
NUM  4.
PAR  4. A multiport diffuser as claimed in claim 2 in which the discharge
      nozzles are oriented toward one side of the diffuser in unidirectional
      discharge mode.
NUM  5.
PAR  5. A method of diffusing buoyant fluids, such as cooling water, sewage
      effluents and the like, into a large body of fluid and adapted to maximize
      diffusion of the discharged fluid into the ambient fluid that comprises:
      moving the discharge fluid along a flow duct at the bottom of the large
      body of fluid; discharging the buoyant fluid at a large number of
      locations along said flow duct, the direction of discharge of the buoyant
      fluid being a variable angle equal to or substantially equal to .beta. (y)
      with respect to the orientation of the flow duct, wherein
      ##EQU3##
      and wherein y is the distance in either direction along said flow duct
      measured from the center of the discharge region and L.sub.D is the half
      length of the discharge region.
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ABST
PAL  Liquid lubricant dispensing apparatus employing a solenoid plunger valve in
      a recirculated lubricant conduit, the valve being operable to temporarily
      uncover a valve seat leading to a capillary discharge having insignificant
      volume. A controlled quantity of dynamically circulating lubricant is
      discharged from the capillary with momentary shifting of the valve
      resulting in a shock pulse being applied on the liquid to the capillary
      discharge.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part application of copending application Ser.
      No. 382,892 entitled LUBRICANT SYSTEM, filed July 26, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dispensing of controlled amounts of liquid, and
      particularly relates to dispensing of liquid lubricants. It has special
      value for dispensing controlled quantities of suspension type, low
      viscosity lubricants.
PAR  One of the most effective lubricants marketed in recent years is the
      suspension type wherein a solid particulate lubricant such as molybdenum
      disulfide is suspended in a liquid carrier, preferably a low viscosity
      volatile organic liquid, e.g. "Dri-Slide" brand lubricant marketed by
      Dri-Slide, Inc. of Fremont, Mich. Such lubricants are so effective and so
      freely dispensible that over-use is an ever present tendency. In many
      applications, over-use results only in waste of lubricant. However, in
      some applications, over-use can result in lubricant flowing or dripping
      onto other than the intended equipment. As an example, it is a common
      practice to apply suspended type lubricants to conveyor wheels and chains.
      In fact, where the conveyor passes through pickling zones, paint spray
      zones, high heat zones as in ovens, or other conditions tending to destroy
      the lubricant and/or disrupt the bearing surfaces, the common practice is
      to lubricate the conveyor components at every recirculating pass. If
      excess lubricant is applied, it tends to flow or drip onto the goods
      supported by the conveyor. This can be a nuisance or even intolerable, as
      where it drips on white goods about to undergo further treatment.
PAR  Consequently, efforts have been expended to controllably dispense selected
      qualtities of lubricant, as through valved ejectors wherein the valve
      opened for a fraction of a second, at intervals, as with passage of
      conveyor components to be lubricated. It was soon learned however that
      lubricants, particularly of the suspension-type, are not readily
      controllably dispensed. Specifically, it was discovered that opening of
      the dispensing valve for a controlled time did not necessarily determine
      the timing, or the amount, or the character of the lubricant ejected. The
      lubricant did not seem to eject very forcefully unless high air pressure
      forces were used, and tended to be nonuniform in composition, usually
      being too high in carrier and too low in particulate. Also, the lubricant
      tended to continue dispensing in dribble or dripping fashion after the
      valve was closed and the conveyor component had passed. Often it separated
      into the particulate and carrier components in the valve and dispensing
      tubes leading from the valve, tending to plug the system. These results
      occurred even though the system was very technically sophisticated and
      expensive.
PAR  Upon realizing these factors, a great many experimental structures and
      combinations were tried in efforts to achieve controlled dispensing.
PAC  SUMMARY OF THE INVENTION
PAR  This invention was discovered to achieve controlled dispensing of liquid
      lubricants, even of the suspension type, so that dispensing of
      predetermined quality lubricant is achieved in a selected quantity, within
      the determined time interval measured in milliseconds under repeatable
      ejection force.
PAR  These objects are achieved by the controlled use of the dynamic liquid flow
      shock effect to impart momentary liquid shock impetus into a capillary
      dispensing tube or tubes. The tube has a restricted outlet, and when used
      to dispense a suspension type lubricant, is also of basically capillary
      size, remaining full of liquid at all times. The connection from the
      capillary tube to the seat of the control valve is purposely limited in
      volume to an insignificant amount.
PAR  An important object of this invention therefore is to harness the normally
      undesirable liquid flow shock effect occurring with valve closure in a
      circulated flow system, and employ such for controlled dispensing of
      liquid through capillary tubes.
DRWD
PAR  These and other objects, features, and advantages will be apparent from the
      following detailed description, in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the novel system, showing one type of
      installation;
PAR  FIG. 2 is a perspective view of the liquid recirculating components forming
      a portion of the apparatus in FIG. 1;
PAR  FIG. 3 is a sectional, partially exploded view of one of the control valve
      units in the apparatus of FIG. 1;
PAR  FIG. 4 is a view taken on plane IV--IV of FIG. 3; and
PAR  FIG. 5 is a sectional, partially exploded view of a modified control valve
      unit in the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now specifically to the drawings, the apparatus 10 therein
      depicted includes a liquid recirculating subassembly 12, a control panel
      subassembly 14, and solenoid control valve subassemblies 16 and 16', shown
      mounted on support 17 and cooperating with the components of a conveyor
      subassembly 18.
PAR  Since this invention was developed for dispensing of lubricants, and
      particularly for dispensing of suspension type lubricants, the illustrated
      embodiments are depicted and will be explained basically relative thereto.
      It is realized that this invention could conceivably be applied to other
      liquids, but it has particular uniqueness relative to the dispensing of
      suspension type lubricants, especially when the shock effect is coupled
      with the capillary discharge means in the particular fashion set forth
      hereinafter.
PAR  Subassembly 12 includes a vessel 20 such as a typical barrel containing the
      liquid lubricant L. The invention has particular applicability to
      suspension type lubricants such as molybdenum disulfide suspended in an
      organic volatile carrier. As far as is known, no apparatus has previously
      been capable of controlled accurate dispensing of such materials, in spite
      of repeated efforts in this regard.
PAR  The top of vessel 20 is fitted with a cover 22 to which recirculating
      components are mounted. Specifically, a motor, preferably an electrical
      motor 24 or the like, is mounted to the top of the cover, and has its
      output shaft 26 projecting down through the cover. This shaft is connected
      to a conventional pump 28 on the underside of the cover. Leading to the
      inlet side of this pump is an intake conduit 30 which has its inlet port
      adjacent the bottom of container 20. The outlet 32 from pump 28 is
      branched, having one branch 32a leading back down to the bottom of the
      container, with an agitator 34 of conventional type mounted on the lower
      end thereof. Constant flow through this agitator maintains the solid
      particulate material in proper suspension in the liquid carrier within the
      drum. The other branch 32b extends out of the container through a suitable
      control valve 36 operated by actuator 38 and to which a pressure gauge 40
      is attached. Conduit 32b then extends to one or more control valves 16,
      16' etc. Two of such valves are shown here for illustrative purposes.
      Conduit 32b supplies lubricant to both valves through branched portion
      32b'. A return conduit means is provided from the outlets of the solenoid
      valves, such return conduit 44 having a branched portion 44' from the two
      valves, and having a common portion extending back into vessel 20 (FIG.
      2). This arrangement allows the lubricant to be recirculated i.e. not only
      from pump 28 to agitator 34 to maintain the material in uniform condition
      within the vessel, and also from pump 28 through conduit members 32, 32b,
      32b', then through valve members 16, 16', and returning through conduits
      44', 44 back to vessel 20 to prevent settling of particulate material in
      the supply lines and return lines.
PAR  Controller subassembly 14 is employed to enable selective discharge of
      controlled quantities of the lubricant from the solenoid valves. The
      controller may be highly sophisticated or very simple in nature, enabling
      the dispensing action to occur during a controlled exact amount of time
      usually measured in milliseconds. Normally, it is electrically actuated,
      and includes electrical timer means for accurate regulation of valve
      shifting time. This control subassembly is operably associated with each
      of the solenoid valves through suitable electrical leads 50 for activation
      of the solenoid windings. Another lead 52 extends between controller 14
      and a pressure switch 58 in conduit 32b to cause pump 28 and motor 24 to
      stop when the drum is empty and optionally, to signal the human operator.
PAR  The two solenoid valves may be alike. One embodiment is shown and described
      in detail in FIG. 3. A second and preferred embodiment is shown in FIG. 5.
      The preferred embodiment will be described first.
PAR  Each of the solenoid valve units, e.g. valve 16' includes a housing 60
      enclosing an annular coil 62 to which the leads 50 connect. Within the
      center of the coil is a reciprocable core plunger 64 above which, on one
      axial end thereof, is a plunger stop 66 fixedly retained relative to the
      coil and housing. Stop 66 has a nose with a passageway 68 therethrough
      from one end of element 66 to the other, the lower end of the passageway
      communicating with the valve chamber at the axial end of plunger 64, and
      the upper end of the passageway communicating with the outlet 72 from the
      valve. Around plunger 64 is a plunger guide 76 which enables the plunger
      to reciprocate between a position wherein its lower end valve 64' can
      shift into engagement with or out of engagement with valve seat 78 on the
      valve body 61 secured to the housing 60. A compression coil spring 80
      between the lower end of plunger 64 and the adjacent housing portion
      biases the plunger downwardly to cause valve 64' to engage valve seat 78
      and close off the second outlet port 86. Plunger 64 includes axially
      oriented slots 64a around its periphery to allow fluid entering valve body
      61 at valve inlet 88 to flow through these slots 64a to passageway 68 to
      main outlet 72 for recirculation of the liquid through the valve when the
      plunger is in the position shown in FIG. 5, without stagnation of the
      fluid. Outlet 86 can be opened by momentarily elevating valve 64' by
      actuation of the solenoid coil 62 to impart an upward axial thrust to
      plunger 64 against the bias of compression spring 80. When plunger 64 is
      momentarily shifted thusly, resilient valve seat 70', in the end opposite
      valve seat 64', contacts the nose of element 66 to momentarily shut off
      flow to passageway 68. This restriction of the dynamically flowing fluid
      then momentarily imparts a high pressure shock pulse to the capillary
      tubes because the flowing liquid is suddenly brought almost totally to a
      stop. The capillary tubes are very small compared to the valve inlet 88
      and outlet 68 and thus have almost insignificant volume.
PAR  In accordance with the preferred form of this invention, the one or more
      capillary size conduits extend from the valve body outlet orifice 86.
      These capillary tubes should normally be less than about 0.050 inch for
      commercially available suspension type lubricants such as DRI-SLIDE brand
      lubricant sold by Dri-Slide, Inc. of Fremont, Michigan. Typically, the
      tubes will be about 0.026 to 0.031 inch internal diameter but can vary
      depending upon the relative capillarity resulting between the liquid and
      the tube material and surface. In all instances, the other flow
      passageways are many times the capillary tubes in area and volume. In
      dispensing suspension type lubricants, it is also important to cause the
      volume of liquid between valve seat 78 and the capillary tube discharge
      orifice to be insignificant. Thus, fitting 90 extending into threaded
      orifice 92 of valve body 61 has a nose portion 90' which extends to a
      position immediately adjacent passageway 86, with the capillary tubes 100
      extending clear through the fitting so that the inlet ends of the
      capillaries are closely adjacent passage 86. The area around the capillary
      tubes is completely filled as with solder or the like. Thus, when fitting
      90 is inserted into the threaded opening 92, there will be no significant
      liquid volume, i.e. only an amount sufficient to enable the lubricant to
      fill the capillary tubes. It has been found that by the use of these
      capillary tubes in the combination, the cross sectional area is so small
      that the solid particulate materials in the lubricant do not tend to
      appreciably settle out and separate from the liquid carrier. The capillary
      tubes 100 can be configurated as desired to cause the discharge end
      thereof to be at the point to be lubricated, e.g. adjacent conveyor chain
      110 as to lubricate the links of the chain for example. The outlet ends of
      the tubes can be directed upwardly as well as downwardly. The one or more
      capillaries 101 extending from solenoid valve 16 can be oriented as for
      example, to lubricate rollers 112 of a suspension type conveyor, riding on
      a track 114 in typical fashion. The outlet ports from the capillary tubes
      are normally the same size as the tube internal diameter. With some
      liquids, a somewhat larger internal diameter may be employed, but it is
      usually desirable to maintain a small outlet port.
PAR  Controller 14 is normally arranged to enable the respective solenoid valves
      16, 16' etc. to be activated for a controlled number of milliseconds,
      normally from about 2 to 30, e.g. 8 milliseconds for valve 16' and 20
      milliseconds for valve 16, so that, by use of the shock effect to be
      described, the controlled amount of lubricant is dispensed and only that
      amount.
PAR  In operation, with motor 24 activated, and cover 22 placed on drum 20 of
      lubricant L, the lubricant is constantly recirculated through agitator 34
      and also is circulated through the conduit system including the solenoid
      valves. Thus, lubricant entering through branch conduit 32b' enters inlet
      88 (FIG. 3) and flows through valve body 61, up axial passages 64a of
      plunger 64, through passageway 68, and out outlet 72 to conduit 44' and
      44, hence back to the container. Periodically, when solenoid valves 16
      and/or 16' are actuated on a controlled basis, windings 62 are energized
      to shift plunger 64 momentarily upwardly, i.e. against the bias of coil
      spring 80, to separate valve 64' from valve seat 78, and to stop the flow
      out passageway 68 by closing valve seat 70' against the nose of element
      66, momentarily causing the dynamically flowing lubricant to apply a high
      pressure shock pulse to the dispensing outlet passage 86 to and through
      capillaries 100. After a controlled very short time interval of some
      milliseconds, power is cut off to coil 62, allowing spring 80 to shift
      valve 64' back against the valve seat. This shock effect occurring in
      fluid flow systems is normally undesirable. In this particular
      combination, the occurrence of the shock energy has been found to
      admirably achieve exact controlled discharge from the capillary outlet,
      causing discharge from the capillary tubes of a specific amount of liquid.
      Further, this is not followed by dripping or continuous dribbling
      discharge as has occurred in prior devices. Hence, by simply adjusting the
      time interval of valve opening to the controlled number of milliseconds,
      it has been found that very finely controlled quantities of lubricant can
      be repeatedly and dependably dispensed. Furthermore, the lubricant is of
      predictable quality, not having separated out in the relatively
      insignificant volume downstream from valve 64'. If more than one capillary
      extends from the same outlet e.g. two capillaries as shown or more, care
      should usually be taken to cause the lower discharge end of these
      capillaries to be at approximately the same elevation if the inlet ends of
      the capillary tubes are in communication, to prevent siphoning of liquid
      from the upper capillary to the lower one after the valve is closed.
PAR  The solenoid valve 16' in FIG. 3 includes housing 60 enclosing annular coil
      62 to which leads 50 connect. Within the center of the coil is
      reciprocable core plunger 64 above which, one axial end thereof, is
      plunger stop 66 fixedly retained relative to the coil and housing. Stop 66
      has passageway 68 therethrough from one end to the other, the lower end of
      the passageway communicating with axial slots 64a via the valve chamber
      above plunger 64, and passageway 70 in plunger 64, and the upper end of
      which communicates with recirculating outlet 72 from the valve. Around
      plunger 64 is plunger guide 76 which enables the plunger to reciprocate
      between a position wherein its lower end valve 64' can shift into
      engagement with or out of engagement with valve seat 78 on valve body 61
      secured to housing 60. Compression coil spring 80 between the lower end of
      plunger 64 and the adjacent housing portion biases the plunger downwardly
      to cause valve 64' to normally engage valve seat 78 and close off outlet
      port 86. Plunger 64 includes axially oriented slots 64a around its
      periphery to allow fluid flow entering valve body 61 via inlet 88 to flow
      through these slots 64a to passageway 68 both through passageway 70 and
      through the valve chamber at the end of plunger 64 to main outlet 72 for
      constant recirculation of the liquid through the valve, without stagnation
      of the fluid. Outlet 86 can be opened by momentarily elevating valve 64'
      by actuation of solenoid coil 62 to impart an upward axial thrust to
      plunger 64 against the bias of compression spring 80, until the upper
      axial end of plunger 64 abuts against the lower axial end of plunger stop
      66.
PAR  In the embodiment of the valve 16' in FIG. 3, the first outlet 68 is thus
      not closed off completely when plunger 64 is momentarily shifted, since,
      although the liquid flow around the end of plunger 64 is stopped, some
      flow can occur through passage 70 in plunger 64 at the same time that the
      shock pulse drives lubricant out capillaries 100. This arrangement can be
      employed if another solenoid valve is downstream in a series relation, as
      opposed to the parallel arrangement shown in FIG. 1. Since the flow
      through the first (upper) outlet is not stopped totally, the shock pulse
      is not as strong as in FIG. 5, and thus the unit in FIG. 5 is preferred.
PAR  In spite of its simplicity, the invention achieves remarkably controlled
      dispensing. It is conceivable that certain deviations of construction may
      be employed and in fact will probably be necessary to suit a particular
      type of installation within the concept set forth herein. Hence, the
      invention is intended to be limited only by the scope of the claims
      appended hereto rather than to the specific preferred embodiments depicted
      as illustrative.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Lubricant dispensing apparatus employing a shock pulse, comprising:
PA1  lubricant source means;
PA1  recycle conduit means having an outlet from said source means and a return
      back to said source means;
PA1  solenoid valve means in said conduit means, including an inlet from said
      conduit means, a first outlet back to said conduit means, and a second
      outlet;
PA1  a fitting in said second outlet including at least one capillary discharge
      tube therefrom, for dispensing lubricant;
PA1  a valve seat at said second outlet, said solenoid valve means including a
      plunger shiftable from a first position on said valve seat closing said
      second outlet while said first outlet is open for dynamic recirculatory
      flow of lubricant from said source means through said conduit means and
      said valve means, to a second valve position momentarily restricting the
      recirculatory dynamic flow while opening said second outlet and exposing
      said capillary outlet means to the shock pulse from the restricted dynamic
      lubricant flow;
PA1  said valve means having a minimal amount of volume between said valve seat
      and said fitting, whereby insignificant amounts of lubricant are retained
      downstream of said valve seat including said capillary discharge tube.
NUM  2.
PAR  2. Apparatus for dispensing comprising:
PA1  recycle conduit means having an outlet conduit from the source and a return
      back to the source;
PA1  valve means in said conduit means, including an inlet from said conduit
      means, a first outlet back to said conduit means, and a second outlet;
PA1  a fitting in said second outlet, said fitting having only capillary outlet
      means including at least one capillary discharge tube therefrom;
PA1  a valve seat at said second outlet, said valve means including a plunger
      shiftable from a first position on said valve seat closing said second
      outlet while said first outlet is open for dynamic recirculatory flow from
      said source means through said conduit means and said valve means, to a
      second valve position momentarily restricting the recirculatory dynamic
      flow while opening said second outlet and exposing said capillary outlet
      means momentarily to the dynamic effect of the flow effecting a shock
      pulse on said capillary outlet means for controlled dispensing therefrom.
NUM  3.
PAR  3. A method of controllably dispensing suspension type lubricants using a
      dynamic liquid flow shock effect comprising the steps of:
PA1  circulating the suspension type lubricant past a valve outlet to capillary
      discharge tubes less than about 0.050 inch in internal diameter, thereby
      keeping the lubricant in dynamic flow and suspended;
PA1  momentarily opening the valved outlet for some milliseconds while suddenly
      restricting the lubricant dynamic flow, thereby exposing the capillary
      discharge tubes to a shock pulse from the dynamically flowing lubricant,
      causing a pulse of lubricant flow through the capillary discharge tubes,
      to thereby enable the liquid flow shock effect to assist in discharge
      quantity control.
NUM  4.
PAR  4. A method of controllably dispensing liquid using a dynamic liquid flow
      shock effect comprising the steps of:
PA1  circulating the liquid past a valved outlet to capillary discharge tubes,
      thereby keeping the liquid in dynamic flow;
PA1  momentarily opening the valved outlet for some milliseconds while
      restricting the liquid dynamic flow, thereby suddenly exposing the
      capillary discharge tubes to the dynamically flowing liquid for imparting
      a shock pulse, causing a pulse of liquid flow through the capillary
      discharge tubes, to thereby enable the liquid flow shock effect to assist
      in discharge quantity control.
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ABST
PAL  A method of and arrangement for feeding pressure fluid in pulses through a
      valve according to which the valve body is caused to momentarily lift from
      its seat by means of impulse waves generated in the valve housing by
      impacts thereagainst.
BSUM
PAR  This invention relates to a method and device for feeding pressure fluid in
      pulses through a valve comprising a housing and a valve body resting
      against a seat in the housing. In known valves for pressure fluid, the
      valve body is directly connected to a valve control means. The smallest
      possible pressure fluid quantity passing through the valve is limited by
      forces of inertia appearing in the valve body and in the valve control
      means.
PAR  It is an object of the invention to provide a method and device for feeding
      pressure fluid in quantities which are smaller than those possible with
      hitherto known values. Another object of the invention is to provide a
      valve which also at high pressures requires small operating forces. A
      further object of the invention is to solve the sealing problems which
      arise where the control means, which actuate the valve body, traverse the
      valve housing.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention there is provided an improved
      method of feeding pressure fluid through a valve having a housing, a valve
      body in said housing and a seat in said housing for supporting said valve
      body, wherein the improvement comprises generating impulse waves in said
      housing for momentarily lifting said valve body from said seat in a
      direction opposite to the direction of the fluid flow.
PAR  According to another aspect of the invention there is provided a valve
      arrangement comprising a housing, a valve body in said housing, a seat in
      said housing for supporting said valve body, an impacting device attached
      to said housing, and means for actuating said device to generate impulse
      waves in said housing by delivering impacts thereagainst for momentarily
      lifting said valve body from said seat in a direction opposite to the
      direction of the fluid flow.
PAR  The above and other purposes of the invention will become obvious from the
      following description and from the accompanying drawings in which one
      embodiment of the invention is illustrated by way of example. It should be
      understood that this embodiment is only illustrative of the invention and
      that various modifications thereof may be made within the scope of the
      claims following hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cross section of a valve with an impacting device belonging
      to it.
PAR  FIG. 2 shows an application of the invention, where the valve is used for
      controlling a piston movable to and fro in a cylinder, which piston for
      instance is intended for positioning a drill boom.
PAR  Other fields where there is need for feeding pressure fluid in small,
      precisely stated quantities are at fuel injection in engines and at
      dispensing gases and liquids.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  In FIG. 1, the housing of the valve is shown composed by two identical
      parts 1 and 2. In each part there is a seat for a valve body 3, shown in
      FIG. 1 as a ball. Channels 4 and 5 for pressure fluid are arranged in each
      part of the housing. An impacting device 6 is firmly attached to the part
      1. The impacting device 6 comprises a housing 7 and a bottom plate 8. An
      armature 9 is arranged movably to and fro in the housing 7 by alternately
      exciting coils 10 and 11. The lower part of the armature 9 is moved
      through a recess in the plate 8 and delivers impacts against an upper
      surface 12 on the part 1 of the housing of the valve every time the
      armature moves downwards. A line for the exciting current for the coils 10
      and 11 is indicated with 13.
PAR  The valve works in the following manner. The channel 5 is connected to a
      source of pressure fluid, whereby the valve body 3 is biased against the
      valve seat in the part 1 by the pressure fluid. If the armature 9 is
      caused to deliver an impact against the surface 12, an impulse wave is
      produced in the part 1, which impulse wave propagates itself to the valve
      body 3. The impulse wave causes the valve body 3 to be lifted momentarily
      from the seat, whereby a pressure fluid pulse passes out into the conduit
      4. By varying the amplitude and/or frequency of the impacts a very precise
      determination of the fluid quantity passing through the valve can be made.
      A practically continuously variable regulation from small separate pulses
      to a continuous flow of fluid can be attained. In the last-mentioned case,
      impulse waves are produced with such a high frequency that the valve body
      is caused to vibrate. In FIG. 1 the valve is shown with two seats for the
      valve body. Due to suddenly arising pressure increases in the channel 4
      the valve body 3 is brought to rest against the seat in the part 2 of the
      housing of the valve, whereby a check valve function is attained. As shown
      with dashed lines in FIG. 1 a second impacting device 14 can be arranged
      at the part 2. With the latter arrangement a further increase of the
      reaction velocity of the valve is attained by causing the impacting device
      14 to deliver impacts immediately after the impacting device 6. The
      impacting device 14 can as well be used to operate the valve if the
      pressure ratio in the channels 4 and 5 is reversed.
PAR  In FIG. 2, a control system is shown for a piston 16 movable to and fro in
      a cylinder 15. For controlling the movement of the piston four units of
      the above-mentioned type are used. In the following, the channel which is
      connected with the highest pressure, is taken as the inlet of the valve.
      Thus the outlet of the valve is normally closed. The inlets of the valves
      20 and 21 are shown connected to a pressure source through the conduit 25.
      The outlet of the valve 20 and the inlet of the valve 24 are connected to
      the right cylinder chamber via the conduit 26 and the outlet of the valve
      21 and the inlet of the valve 17 are connected to the left cylinder
      chamber via the conduit 27. The outlets of the valves 17 and 24 are
      connected to tank or debouch freely. The impacting devices 18 and 19
      respectively of respectively the valves 17 and 20 are supplied with
      exciting current through the line 30 and the impacting devices 22 and 23
      respectively of respectively the valves 21 and 24 are supplied with
      exciting current through the line 31. If a little movement of the piston
      16 to the right is desired, the impacting devices 22 and 23 are caused to
      simultaneously deliver an impact impulse against the valves 21 and 24
      respectively. This causes the valve body of the valve 21 to be momentarily
      lifted from its seat, whereby a pressure fluid pulse is conducted into the
      left chamber of the cylinder via the conduit 27. At the same time the
      valve body of the valve 24 lifts from its seat, whereby a pressure fluid
      pulse from the right cylinder chamber of the same amount as that supplied
      to the left cylinder chamber passes the valve 24 via the conduit 26. At an
      opposite movement of the piston 16, the impacting devices 18 and 19
      respectively are actuated. Control means 32 and 33 are provided for
      regulating the amplitude and/or frequency of the impacts.
PAR  The embodiment of the valve is not restricted to that shown in FIG. 1 but
      can be modified within the scope of the claims following hereinafter. Thus
      the valve can be designed with only one valve seat, and/or a return spring
      for the valve body can be arranged. The valve seat is preferably designed
      conically for attaining a directed impact action. The valve body can be
      designed in different ways. The inlet and outlet channels can be arranged
      in different manners. They can for instance be directed in the direction
      of the impulse waves to avoid disturbing the latter. The impact impulses
      can, besides electrically, be attained manually, pneumatically or
      hydraulically. The impacts do not need to be directed in the moving
      directions of the valve body but any arbitrary direction can be chosen.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a method of discharging pressure fluid through a valve by using fluid
      pressure as driving power, said valve including a housing, a pressure
      fluid conduit means in said housing, a valve body in said housing, and a
      valve seat in said housing on communication with said fluid conduit means
      for normally sealingly cooperating with said valve body to normally block
      said fluid conduit means, the improvement comprising:
PA1  generating shock waves in said housing by delivering impacts thereagainst
      for momemtarily lifting said valve body from said seat in a direction
      opposite to the direction of the fluid flow to momentarily unblock said
      fluid conduit means to discharge a pulse of pressure fluid.
NUM  2.
PAR  2. A method according to claim 1, comprising delivering said impacts in the
      direction of motion of said valve body.
NUM  3.
PAR  3. A method according to claim 1, comprising regulating the amplitude of
      said impacts.
NUM  4.
PAR  4. A method according to claim 1 comprising regulating the frequency of
      said impacts.
NUM  5.
PAR  5. A valve arrangement for discharging pressure fluid by using the fluid
      pressure as driving power comprising:
PA1  a housing;
PA1  a pressure fluid conduit means in said housing;
PA1  a valve body in said housing;
PA1  a valve seat in said housing in communication with said fluid conduit means
      for normally sealingly cooperating with said valve body to normally block
      said conduit means;
PA1  an impacting device attached to said housing; and
PA1  means for actuating said impacting device to impact said housing to
      generate shock waves in said housing for momentarily moving said valve
      body from said valve seat in a direction opposite to the direction of the
      fluid flow in said pressure fluid conduit means to momentarily unblock
      said conduit means to discharge a pulse of pressure fluid.
NUM  6.
PAR  6. A valve arrangement according to claim 5, including means for biasing
      said valve body against said seat under the influence of said pressure
      fluid.
NUM  7.
PAR  7. A valve arrangement according to claim 6, wherein said housing includes
      two seats for said valve body located at opposed sides thereof, said valve
      body being normally biased against one of said seats.
NUM  8.
PAR  8. A valve arrangement according to claim 7, wherein said housing comprises
      a duality of identically alike parts.
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ABST
PAL  A reverse buckling rupture disc safety device wherein there are associated
      cutting means, these cutting means releasably mounted in a sub-assembly,
      allowing ready replacement of the cutting means.
BSUM
PAR  This invention relates to Safety Devices.
PAR  More particularly, this invention relates to improved Rupture Disc Type
      pressure relief safety devices. The latter type of device is well known in
      this art, having found various applications in different industries for
      years.
PAR  One type of such Rupture Disc device is known as the Reverse Buckling Disc
      such as illustrated in Canadian Pat. No. 773,387, Black Sivalls & Bryson
      Inc. As illustrated in this Patent, such devices generally consist of two
      supporting structural members between which there is located a Rupture
      Disc.
PAR  Previous Rupture Disc safety devices operated on the principle of tension.
      The disadvantages include the fact that the maximum working pressure of a
      system protected by such a device is limited to 80% of the rated burst
      pressure of the Disc. Another disadvantage of this early type of Disc is
      the necessity of a "manufacturing range" because it is difficult to
      produce a Disc of this type which will burst precisely at the desired
      rupture pressure. The reverse buckling type Rupture Disc as illustrated in
      Canadian Pat. No. 773,387 overcomes these disadvantages as well as
      offering additional features. The reverse buckling type Rupture Disc
      includes a concave/convex Disc with the convex side facing the system
      pressure. In this arrangement, the Disc material is subject to compression
      loading (which is opposite to the tension loading found in the early Disc
      designs). As the system pressure rises, the disc material is subjected to
      increasing compression loading until a predictable point is reached at
      which the Disc buckles around the circumference and reverses with a snap
      action. When the Disc reverses, it strikes a set of cutting means, e.g.
      knife blades, which are placed downstream of the Rupture Disc. These
      cutting means puncture the Rupture Disc and cut it into segments insuring
      a full opening for the relief of the pressure. Because the Disc is
      operating under compression forces, there is no premature creep or
      stretching of the Disc material and system pressures up to 90% of the Disc
      burst pressure can be accommodated without difficulty. Because the amount
      of forming of the Disc during manufacture determines the pressure at which
      it will reverse, it is possible to manufacture a Disc which will reverse
      at precisely the desired pressure and therefore the "manufacturing range"
      can be eliminated. Also, the thickness of metal required to make a reverse
      buckling Rupture Disc for any desired rupture pressure is considerably
      greater than the thickness of the early type of Rupture Disc for the same
      rupture pressure. As a result, the reverse buckling type of Disc is much
      less fragile and will withstand the effects of corrosion much longer.
      Finally, because the pressure required to rupture the Disc from the
      concave side is much higher than from the convex side, no vacuum support
      is necessary with the reverse buckling type Disc.
PAR  Essential components of the reverse buckling type of Rupture Disc assembly
      are the cutting means located downstream from the reverse buckling Rupture
      Disc. Without these cutting means the disc may not rupture after
      reversing. When the assembly is first manufactured, the cutting means are
      sharpened to a high degree. However, after being struck by Rupture Discs
      during the rupture cycle, these cutting means, normally in the form of
      very sharp blades fixedly secured to one of the supporting members, become
      dull, nicked and damaged which reduces their efficiency. Resharpening in
      the field is not very satisfactory and, since these cutting means are
      fixedly attached, e.g. permanently welded into a downstream support
      member, the only way to renew them is to purchase a complete new support
      member, which is an expensive proposition.
PAR  With this invention the applicant had developed an improved design for
      reverse buckling Rupture Disc assemblies. This design eliminates the need
      to replace the complete downstream support member thus resulting in an
      economic saving when the cutting means need replacement.
PAR  More particularly, in accordance with the present invention, there is
      provided the improvement in a reverse buckling Rupture Disc device which
      includes a downstream supporting member and cutting means associated with
      the rupture disc, the downstream supporting member including a
      sub-assembly releasably mounted in the supporting member, the sub-assembly
      including at least one cutting means associated therewith, and with the
      cutting means being releasably and detachably engageable with said
      sub-assembly to permit ready replacement of the cutting means when it is
      worn.
PAR  More particularly, in the device of the present invention, the downstream
      supporting member supports the sub-assembly containing the cutting means
      and may be of any suitable shape and design, although in general practice
      in this art, a generally circular shape having an aperture extending
      therethrough is preferred. The aperture may be of any desired size and
      configuration, generally circular apertures being most common. The other
      supporting member, per se, is normally a one-piece rigid device, having
      relatively thick sidewalls, the thickness of which varies according to the
      use and type of the safety device. Typically, these sidewalls range from a
      quarter inch to 1 inch or more in thickness depending on the size of the
      rupture disc device.
PAR  In conjunction with one of the features of the present invention, the
      downstream supporting member has means for releasably securing the
      sub-assembly to it, preferably located adjacent to or at one end of the
      aperture of the supporting member to permit ready replacement of the
      subassembly. This can be accomplished in a variety of ways - for example,
      depending on the type of co-operating mating releasably means associated
      with the sub-assembly per se, and as described hereinafter in greater
      detail, the downstream supporting member may include one component of a
      two-component releasing means such as bolts, slips, screws or the like -
      i.e. the downstream supporting member may include recesses or threaded
      apertures in it adapted to receive the screws or like co-operating
      component associated with the sub-assembly. However, it is also within the
      scope of this invention to have the releasable fastening means associated
      with only the downstream supporting member or in the alternative, only
      with the sub-assembly.
PAR  In the preferred form of the downstream supporting member having the
      mounted sub-assembly containing the cutting means, the supporting member
      preferably includes a seating recess surrounding the aperture in it to
      permit flush seating of the sub-assembly in the downstream supporting
      member. The seating recess preferably extends outwardly from the aperture
      of the end face of the supporting member, towards the outer edge and is
      dimensioned so as to correspond substantially with the dimensioning of the
      sub-assembly. Thus, the recess will have a configuration substantially
      similar to that of the sub-assembly for flush mounting, and a depth
      likewise corresponding to the thickness of the sub-assembly. If desired,
      there may also be provided a seating recess in the inner wall of the outer
      supporting member, this seating recess also would preferably be
      substantially equal in dimensioning to that of the sub-assembly containing
      the cutting means, as described hereinafter in greater detail.
PAR  The sub-assembly of the device of the present invention includes the
      cutting means and supporting means for the cutting means, together with
      mounting means for mounting the same to the downstream supporting member.
      In the subassembly, the cutting means can be the conventional type of
      cutting means in the form of one or more cutting blades having at least
      one sharp edge, as described in greater detail hereinafter. The supporting
      means for the cutting blades, and the supporting means for mounting the
      sub-assembly to the downstream supporting member, is preferably a
      one-piece monolithic unit, e.g. as manufactured by casting or the like -
      however, there may be separate or individual components which are joined
      together by suitable means - e.g. welding or the like.
PAR  The supporting means for mounting the cutting blades is preferably in the
      form of a generally hollow sleeve outlining an annular cylindrical shape,
      preferably dimensioned so as to snugly fit within the aperture of the
      outer supporting member and to extend inwardly of its outer end within the
      aperture. Preferably, the length of the sleeve may be in the range of from
      about 10 to 80% of the length of the outer downstream supporting member.
      The thickness of the sleeve may vary - it being understood that it must be
      rigid and selfsupporting - and capable of mounting and holding
      sufficiently securely the cutting means when the force of the reversing
      rupture disc strikes against the cutting means. To this end, the cutting
      means is releasably attached to or held by the hollow sleeve and for this
      purpose, it has been found most convenient to have the cutting means
      frictionally engageable with the hollow sleeve by means of slots or slits
      in the walls of the sleeve into which the cutting blades extend. These
      slits may extend from the end of the sleeve axially of its length and have
      a depth corresponding preferably to the depth of the edge of the cutting
      blades. Still further, in the preferred embodiment, the hollow sleeve will
      be provided with a number of slits or slots corresponding to the number of
      blades or opposed edges of each blade which it is adapted to mount.
PAR  It will be understood that, if desired, the cutting blades may be
      releasably secured in the hollow sleeve by means of screws, clips, or the
      like.
PAR  A mounting flange of the sub-assembly is adapted to releasably attach the
      sub-assembly to the downstream supporting member and as much, may be of
      any suitable configuration or size for this purpose. It may be releasably
      secured to the downstream supporting member by any of the mechanical means
      such as those mentioned above, preferably co-operating connecting means
      such as screws, clips or the like. The mounting flange, forming the means
      for mounting the sub-assembly, preferably has a generally annular shape
      with an aperture therethrough corresponding to the size of the aperture of
      the hollow sleeve and both of which, in turn, are narrower than the
      aperture of the outer supporting member to permit the latter to fit within
      the aperture of the outer supporting member. The width of the flange
      should be substantially equal to the width of the seating recess in the
      downstream supporting member, as should the depth of the flange thus
      permitting flush seating of the same in the recess of the downstream
      supporting member.
PAR  The cutting means, preferably in the form of one or more cutting blades,
      may be formed from conventional materials well known by those skilled in
      this art, limited only by the requirement that they be able to function as
      a cutting means for the disc when required. Preferably, due to the
      advantageous features of the present invention, the material from which
      the blades are made is preferably one which is capable of being
      re-sharpened if desired since due to the nature of the device of the
      present invention, the sub-assembly may be readily removed from the safety
      device and the blades readily removed from the sub-assembly for
      re-sharpening - or replacement by further blades. The blades preferably
      are of a type such that they include a leading sharpened edge terminating
      in side edges which form a gripping surface or area capable of being
      releasably and frictionally engageable with the slots or slits of the
      annular sleeve of the sub-assembly. Conventionally, as used in this art,
      such blades are also characterised by having a tapering sharp leading edge
      so that the rupture disc will "impale" itself on the blade and permit the
      blade to puncture and progressively cut the disc as the latter is forced
      into contact with the blades. Generally, the tapering blades have an apex
      which is formed on the blades so that when the blades are assembled in the
      sub-assembly of the device of the present invention, the apex is generally
      centrally located of the aperture.
PAR  A plurality of blades are preferably used in conjunction with the apparatus
      of the present invention although a single blade may be employed if
      desired. In the preferred construction, two or more blades intersect a
      common central axis - and preferably releasably intersect each other by
      means of appropriate cut-outs in the blades at the centre axis.
PAR  As mentioned above, the apparatus of the present invention is characterised
      in that the blades, once they become dull, can be readily replaced without
      the necessity of completely throwing away the entire sub-assembly. As is
      conventional in the prior art proposals, the blades have been welded or
      otherwise formed integrally with the downstream supporting member so that
      replacement was not possible and sharpening, due to the location of the
      blades within the outer supporting member, could not readily be
      accomplished.
DRWD
PAR  Having thus generally described the invention, reference will now be made
      to the accompanying drawings, illustrating preferred embodiments and in
      which:
PAR  FIG. 1 is a side elevational view, with certain portions removed, of a
      reverse buckling rupture disc assembly showing the same located on a
      pressure conduit;
PAR  FIG. 2 is a perspective view of the device of the present invention having
      the releasable and replaceable cutting assembly;
PAR  FIG. 3 is a side elevational view of the device of FIG. 2;
PAR  FIG. 4 is a bottom plan view of the device of FIG. 2;
PAR  FIG. 5 is a section taken along the line 5--5 of FIG. 4 illustrating in
      greater detail the removable sub-assembly of the present invention.
PAR  FIG. 6 is a perspective view of the sub-assembly of the present invention
      minus the cutting blades; and
PAR  FIG. 7 illustrates a preferred version of the replaceable cutting blades
      for use in the device of the present invention.
DETD
PAR  Referring more particularly to FIG. 1 initially, a pressure conduit 10 is
      illustrated having a pressure outlet port 12 which mounts the reverse
      buckling safety device of the present invention. The device is held in
      place by a pair of clamping rings 14 and 16 having threaded bolts, between
      the clamping rings 14 and 16 are a pair of supporting rings 20 and 22
      which may be fastened together, about their periphery, with bars 24 and
      bolts 26. A diaphragm or rupture disc of the reverse buckling type,
      indicated by reference numeral 30, is included between the members 20 and
      22. All of the above are conventional components and may be varied
      according to conventional techniques.
PAR  Referring now to FIGS. 2 to 7 in greater detail, the downstream supporting
      ring 20 has been modified in accordance with the present invention to
      include a replaceable subassembly designated generally by reference
      numeral 34, which sub-assembly comprises a cutting means in the form of
      cutting blades 36, a supporting member 38 for the cutting blades, and
      means for mounting the sub-assembly in the form of an annular flange 40 to
      the downstream supporting member 20.
PAR  More particularly, the member 38 comprises an annular hollow sleeve having
      a central aperture therein, the outer dimensions of the sleeve 38 being
      substantially equivalent to the inner dimensions of the aperture of the
      supporting member 20 so that the sleeve 38 is adapted to snugly fit within
      the aperture of the member 20. The sleeve 38, in accordance with this
      invention, is provided with a plurality of slits or slots 44 which are
      dimensioned to have a width corresponding substantially to the thickness
      of the cutting blades 36 whereby each of the side edges 36a of the cutting
      blades 36 are adapted to frictionally fit within the slots 44. The depth
      of the slots 44 in the annular sleeve 38 preferably corresponds to the
      height of the side edges 36a of the cutting blades 36; however, this may
      vary as will be appreciated - the critical factor being that at least a
      portion of the side edges 36a can frictionally engage the slots 44 of the
      annular ring 38.
PAR  The sub-assembly as illustrated in FIG. 6 is preferably of a one-piece
      construction such as is made by casting or alternatively, by machining or
      welding the components together, so that the supporting means for the the
      subassembly, illustrated in the form of a supporting flange 40, forms a
      single unit which can be releasably mounted in the downstream supporting
      member. The mounting flange 40 forms an annular peripheral edge
      surrounding the annular ring 38 and to this end, a preferred construction
      as illustrated in FIG. 5 includes the embodiment wherein the downstream
      supporting member 20 has a recess surrounding its central aperture on one
      side face 20a; the depth of the recess, indicated generally by reference
      numeral 50, corresponding to the thickness of the annular flange 40, to
      permit the annular flange, and hence the sub-assembly to be flush-mounted
      as illustrated in FIG. 5.
PAR  The annular flange 40 includes means for releasably securing the same to
      the downstream supporting member 20 - in the embodiment illustrated, this
      is provided for by means of apertures 52 adapted to receive screws 54, or
      bolts or the like, in conjunction with corresponding threaded recesses (or
      other like co-operating, mating connecting means) in the body of the
      downstream supporting member 20 - which recesses are indicated generally
      by reference numeral 56. Again, for the purposes of providing a flush
      assembly, the apertures 52 are preferably counter-sunk to permit the
      screws 54 to be threaded in a flush manner with the outer surface of the
      flange 40.
PAR  A preferred construction for the replaceable blades for use in the
      sub-assembly of the present invention is illustrated in FIG. 7, which
      preferably comprises a pair of intersecting blades. Each blade preferably
      includes a tapering leading edge 36b which is sharpened to form a cutting
      edge; the blades are preferably of a type which are capable of being
      assembled together to form an intersecting X-shape and to this end, the
      blades will include appropriate slots or slits 58 to permit such assembly.
      Although two blades have been illustrated, it will be understood that only
      one need be included if desired or, in the alternative, more than two may
      be included and the annular sleeve 38 mounting these cutting blades may be
      constructed to receive only one or a plurality of such blades, e.g. the
      placement of the rupture disc and associated cutting means may be varied.
PAR  It will be understood that various modifications can be made to the
      above-described embodiments without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a reverse buckling rupture disc device having a supporting member and
      a rupture disc associated therewith, the improvement wherein said device
      includes a sub-assembly releasably mounted in said supporting member, said
      sub-assembly comprising at least one cutting means, means for releasably
      mounting said sub-assembly to said supporting member, and means for
      frictionally mounting said cutting means in said sub-assembly, said
      cutting means comprising at least one cutting blade frictionally mounted
      at opposed ends thereof by said mounting means for said cutting means
      whereby said cutting means are releasably engageable with said
      sub-assembly to permit ready replacement of said cutting means when the
      latter has become worn or dulled.
NUM  2.
PAR  2. The device of claim 1, wherein said supporting member includes a seating
      recess adapted to receive the means for mounting said sub-assembly to said
      supporting member.
NUM  3.
PAR  3. The device of claim 2, wherein said seating recess is spaced inwardly of
      a side wall of said supporting member.
NUM  4.
PAR  4. The device of claim 2, wherein said means for mounting said sub-assembly
      to said supporting member comprises an annular flange releasably mountable
      in said supporting member.
NUM  5.
PAR  5. The device of claim 4, wherein said means of mounting said cutting means
      comprises an annular sleeve adapted to fit within an aperture of said
      supporting member and in proximity to the rupture disc of said device,
      said annular sleeve having at least one pair of opposed slits therein,
      said opposed slits being adapted to receive and frictionally hold said
      cutting means.
NUM  6.
PAR  6. The device of claim 1, wherein said means of mounting said cutting means
      comprises an annular sleeve adapted to fit within an aperture of said
      supporting member and in proximity the rupture disc of said device.
NUM  7.
PAR  7. The device of claim 6, wherein said cutting blade has a leading tapered
      edge, said leading tapered edge being centrally located of said rupture
      disc.
NUM  8.
PAR  8. The device of claim 1, wherein said cutting means comprises first and
      second intersecting blades, each of said blades having a leading tapered
      edge, said first blade having a slot within at the apex of said leading
      tapered edge, said second blade having a slot within at the edge opposed
      to said leading tapered edge.
NUM  9.
PAR  9. A reverse buckling rupture disc device comprising a pair of supporting
      members, a rupture disc having a generally concave-convex configuration
      mounted intermediate said pair of supporting members, a sub-assembly
      comprising a cylindrical sleeve having a flange, said sleeve being mounted
      on one of said supporting members, said sleeve having at least a pair of
      opposed slits therein, at least one cutting blade having a leading tapered
      edge being frictionally and releasably mounted in said opposed slits, said
      leading tapered edge being centrally located at said rupture disc on the
      convex side thereof, said flange of said sleeve being mounted within a
      corresponding seating recess in said one supporting member, and said
      sleeve fitting within a recess in the interior wall of said one supporting
      member.
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ABST
PAL  A fluidic device having a plenum chamber, an input port to the chamber for
      receiving a supply of gas, and a power nozzle contiguous with the plenum
      chamber for generating a power jet. Means is located upstream of the power
      nozzle for controlling the directional flow of the power jet exiting the
      power nozzle. The controlling means is comprised of an elongated movable
      element, so positioned within the plenum chamber to be surrounded by the
      gas therein, and means for adjusting the position of one end of the
      element relative to the axis of the power nozzle for controlling the
      directional flow of the power jet exiting the nozzle. The fluidic device
      forms part of a fluidic amplifier having at least first and second fluidic
      receivers positioned downstream from the power nozzle. The first receiver
      is axially aligned with the power nozzle for receiving the power jet when
      one end of the element is normally axially aligned with and located
      adjacent the power nozzle. The second receiver is angularly displaced in a
      first direction from the axis of the power nozzle for receiving the power
      jet when the position of the one end of the element is varied in the first
      direction relative to the axis of the power nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates to a fluidic device for controlling the directional
      flow of a power jet exiting a power nozzle, and also to a fluidic
      amplifier incorporating this device.
PAR  2. Description of The Prior Art
PAR  As disclosed in U.S. Pat. No. 3,451,412, it has been well known to control
      the directional flow of a fluid jet exiting a power nozzle downstream from
      the power nozzle. However, the location of a controlling element
      downstream from the power nozzle can cause interference with the proper
      performance of an entire fluidic device, such as a fluidic amplifier, and
      such interference can occur even when the downstream controlling mechanism
      is not malfunctioning.
PAR  Alternatively, it has been suggested in U.S. Pat. No. 3,269,419 that a
      piezo-electric device be imbedded within a wall of or upstream of a power
      nozzle. When the piezo-electric device is excited, the fluid jet exiting
      the nozzle is converted from a laminar flow to a turbulent flow, whereby
      the turbulently flowing fluid jet becomes latched to a side wall of the
      fluidic device. Thus, the directional flow of a fluid jet can be switched
      between a first and a second receiver as the fluid jet changes from
      laminar flow to turbulent flow and vice versa. However, since the
      turbulent flowing jet latches to the side wall which is immediately
      adjacent the imbedded piezo-electric device, the flexibility and degree of
      control over the directional flow of the power jet exiting the nozzle is
      thereby limited. More specifically, the device described in U.S. Pat. No.
      3,269,419 is incapable of operating as a proportional amplifier, and is
      restricted solely to digital operation. Furthermore, in order for the
      device to be operative, the receiver, which is angularly displaced from
      the axis of the nozzle, must be precisely positioned. Still further, the
      switching of the jet flow from laminar to turbulent flow is sensitive and
      sometimes difficult to achieve.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide an improved fluidic
      device for controlling the directional flow of a power jet upstream of a
      power nozzle.
PAR  It is another object of this invention to provide an improved fluidic
      amplifier which has incorporated therein an improved means for controlling
      the directional flow of a power jet upstream of a power nozzle.
PAR  It is another object of this invention to provide improved means for
      controlling the directional flow of a power jet upstream of a power nozzle
      such that the device is readily adaptable as part of either a fluidic
      proportional or fluidic digital amplifier.
PAR  It is another object of this invention to provide a fluidic device for
      controlling the directional flow of a power jet upstream of a power
      nozzle, such that the directional flow can be easily and conveniently
      controlled by either manual, mechanical, magnetic or electrical means.
PAR  Other objects of the invention will be pointed out in and understood from
      the following.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a broad aspect of the invention there is provided a
      fluidic device having a plenum chamber, an input port to the chamber for
      receiving a supply of fluid and a power nozzle contiguous with the plenum
      chamber for generating a power jet. Means is located upstream of the power
      nozzle for controlling the directional flow of the power jet exiting the
      power nozzle. The controlling means is comprised of an elongated movable
      element, so positioned within the plenum chamber as to be surrounded by
      the power jet exiting therefrom, and means for adjusting the position of
      one end of the element relative to the axis of the power nozzle for
      controlling the directional flow of the power jet exiting the nozzle. One
      end wall of the plenum chamber is defined by a plate, and the power nozzle
      is defined by a sharp edge orifice formed within and extending through the
      plate. Another end of the element is fixed with another end wall of the
      plenum chamber, whereby the element is cantilevered and centrally
      positioned within the plenum chamber. The fluidic device can form part of
      a fluidic amplifier having at least first and second fluidic receivers
      positioned downstream from the power nozzle. The first receiver is axially
      aligned with the power nozzle for receiving the power jet when the element
      is normally axially aligned with and located adjacent the power nozzle.
      The second receiver is angularly displaced in a first direction from the
      axis of the power nozzle for receiving the power jet when the position of
      the one end of the element is varied in the first direction relative to
      the axis of the power nozzle. The fluidic amplifier can have a third
      fluidic receiver angularly displaced in a second direction opposite the
      first direction from the axis of the power nozzle for receiving the power
      jet when the position of the one end of the element is varied in the
      second direction relative to the axis of the power nozzle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top cross sectional view of the fluidic amplifier taken along
      the longitudinal axis of the power nozzle;
PAR  FIG. 2 is a side sectional view of the amplifier shown in FIG. 1 taken
      along lines 2--2 showing the receiver ports;
PAR  FIG. 3 is a side sectional view of the amplifier shown in FIG. 1 taken
      along lines 3--3 and showing the sharp edged orifice defining the power
      nozzle; and
PAR  FIG. 4 is a cross sectional view of the amplifier shown in FIG. 1 taken
      along lines 4--4 and showing the interior of the plenum chamber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 4, the invention will now be described.
PAR  A fluidic device 10, shown in FIG. 1, has a plenum chamber 12, an input
      port 14 to the plenum chamber for receiving a supply of gas, and a power
      nozzle 16 contiguous with the plenum chamber for generating a power
      (fluidic) jet. The device also includes means located upstream of the
      power nozzle for controlling the directional flow of the power jet exiting
      the power nozzle. The controlling means is comprised of an elongated
      movable element 18, and means for adjusting the position of one end 20 of
      the element relative to the axis 22 of the power nozzle for controlling
      the directional flow of the power jet exiting the nozzle. The adjusting
      means is comprised of a control screw 24, threaded through a tapped hole
      26 in a side wall 28 of and extending into plenum chamber 12, and a spring
      30 positioned within the plenum chamber for biasing element 18. One end 32
      of spring 30 is fixed to control screw 24, while the other end 34 of
      spring 30 is fixed to element 18.
PAR  Plenum chamber 12 is defined by side wall 28 and an oppositely disposed
      side wall 36, an end wall 38 and an oppositely disposed end wall 40, and
      respective top and bottom sections 42 and 44, shown in FIGS. 3 and 4. The
      plenum chamber is fluidically coupled to a source (not shown) of fluid
      such as air, by means of a standard fluidic connector 46 which has one end
      thereof fluidically connected to input port 14. End wall 38 of plenum
      chamber 12 is defined by a plate, and power nozzle 16 is defined by a
      sharp edged rectangularly shaped orifice 48 in the plate shown in FIG. 3.
      By way of example only, orifice 48 can have a height and width, referring
      to FIG. 3, of approximately 0.032 inches by 0.070 inches, while the moving
      element can be similarly dimensioned with its end 20 spaced approximately
      0.05 inches from orifice 48. Under these circumstances, when end 20 of
      element 18 is shifted approximately 0.015 inches from the axis of the
      nozzle, the power jet shifts in the same direction approximately 15
      degrees.
PAR  While end 20 of element 18 is axially aligned with and positioned adjacent
      power nozzle 16, the other end 50 of the element is fixed within end wall
      40 so that the element is cantilevered within the plenum chamber. The
      cantilevered element is spaced from side walls 28 and 36 and top and
      bottom sections 42 and 44 to be approximately centrally positioned within
      the plenum chamber and surrounded by the gas therewithin. While end 50 of
      element 18 is shown fixed within end wall 40, alternatively, end 50 of
      element 18 can be positioned within plenum chamber 12 and supported by a
      control screw and biasing spring similar to that of control screw 24 and
      30.
PAR  The position of end 20 of element 18 can be adjusted relative to the axis
      of power nozzle 16 to vary the directional flow of the power jet exiting
      the nozzle by either manually or mechanically turning control screw 24
      either in the clockwise or counterclockwise direction. Furthermore,
      element 18 can be comprised of a flexible piezo-electric bimorph crystal,
      and electrical signal means 52 can be electrically coupled to the element
      for also controlling the position of that end of the element adjacent the
      power nozzle. Electrical signal means 52 can be comprised of a signal
      source, and a transformer and a variable capacitor connected in parallel
      therewith, as shown and more fully described in U.S. Pat. No. 3,269,419.
      Still further, element 18 can be comprised of a magnetic material, such
      that the position of end 20 of element 18 is controlled by magnetic means.
      Thus, by controlling the position of that end of element 18 adjacent the
      power nozzle by the above described means, control over the directional
      flow of the power jet exiting the power nozzle can be satisfactorily
      accomplished upstream of the power nozzle so as not to interfere with the
      operation of a device that may be located downstream from the power
      nozzle.
PAR  Fluidic device 10, shown in FIGS. 1 and 2, can form part of a fluidic
      amplifier 54 having respective first, second and third fluidic receivers
      56, 58 and 60. Receiver 56 has a passageway 62, aligned with axis 22 of
      power nozzle 16, and an output port 64. Receiver 58 has a passageway 66,
      angularly displaced in a first direction from axis 22 of power nozzle 16,
      and an output port 68. Receiver 60 has a passageway 70, angularly
      displaced in a second direction opposite the first direction from the axis
      of power nozzle 16, and an output port 72.
PAR  In operation, when end 20 of element 18 is in alignment with axis 20 of
      power nozzle 16, the vectors of the jet flow exiting power nozzle 16 are
      such that the directional flow of the power jet is in alignment with
      passageway 62 of receiver 56, and no fluidic signal is received or sensed
      by receivers 58 and 60. When end 20 of element 18 is shifted in the first
      direction (counterclockwise as shown in FIG. 1) from the axis of the power
      nozzle, by the previously described manual, mechanical, electrical or
      magnetic means, the directional flow of the power jet exiting nozzle 16
      shifts towards passageway 66 of receiver 58. Similarly when end 20 of
      element 18 is shifted in the second direction (clockwise as shown in FIG.
      1) from the axis of the power nozzle, by the above described means, the
      directional flow of the power jet exiting power nozzle 16 shifts towards
      passageway 70 of receiver 60. In this manner, and depending upon the means
      used for varying the position of end 20 of element 18, fluidic amplifier
      54 can operate as either a proportional or digital amplifier.
PAR  Amplifier 54 can be constructed of a suitable solid structural material,
      such as metal or plastic, or it can have a laminated structure which is
      comprised of a suitable material, such as stainless steel.
PAR  Although the invention has been described with reference to a specific
      embodiment thereof, numerous modifications are possible without departing
      from the invention, and it is desirable to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A fluidic device having a plenum chamber, an input port to said plenum
      chamber for receiving a supply of fluid, and a power nozzle contiguous
      with said plenum chamber for generating a power jet, said device including
      means located upstream of said power nozzle for controlling the
      directional flow of the power jet exiting said power nozzle, said
      controlling means comprising:
PA1  a. a plate defining one end wall of said plenum chamber and having a sharp
      edged orifice formed within said plate to define said power nozzle;
PA1  b. an elongated movable transducer element positioned within said plenum
      chamber and surrounded by the gas therewithin, one end of said element
      being positioned adjacent said power nozzle; and
PA1  c. means for changing the position of said one end of said element relative
      to said power nozzle for controlling the directional flow of the power jet
      exiting said power nozzle, said changing means including:
PA2  i. adjustible means for applying a fixed mechanical bias to said transducer
      element; and
PA2  ii. signal means coupled to said transducer element for varying the
      position of said one end of said transducer element adjacent said power
      nozzle in response to corresponding variations in said signal means.
NUM  2.
PAR  2. A fluidic device according to claim 1, wherein another end of said
      element is fixed within another end wall of said plenum chamber, said
      other end wall being opposite said one end wall, and said element is
      cantilevered within said plenum chamber.
NUM  3.
PAR  3. A fluidic device according to claim 2, wherein said element is centrally
      positioned within said plenum chamber.
NUM  4.
PAR  4. A fluidic device according to claim 1, wherein said adjustible means is
      comprised of:
PA1  a. a control screw threaded through a tapped hole in a side wall of and
      extending into said plenum chamber; and
PA1  b. a spring positioned within said plenum chamber for biasing said element,
      one end of said spring being fixed to said control screw, and another end
      of said spring fixed to said element.
NUM  5.
PAR  5. A fluidic device according to claim 4, wherein said element is comprised
      of a piezo-electric bimorph crystal.
NUM  6.
PAR  6. A fluidic device according to claim 5, wherein said signal means is
      comprised of electrical signal means electrically coupled to said element
      for controlling the position of said one end of said element adjacent said
      power nozzle.
NUM  7.
PAR  7. A fluidic amplifier comprising:
PA1  a. a fluidic device having a plenum chamber, an input port to said plenum
      chamber for receiving a supply of gas, and a power nozzle contiguous with
      said plenum chamber for generating a power jet, said device including
      means located upstream of said power nozzle for controlling the
      directional flow of the power jet exiting said power nozzle, said
      controlling means comprising:
PA2  1. a plate defining one end wall of said plenum chamber and having a sharp
      edged orifice formed within said plate to define said power nozzle;
PA2  2. an elongated flexible transducer element positioned within said plenum
      chamber and surrounded by the gas therein, one end of said element being
      normally axially aligned with and located adjacent said power nozzle; and
PA2  3. means for changing the position of said one end of said element relative
      to the axis of said power nozzle for controlling the directional flow of
      the power jet exiting said power nozzle, said changing means including:
PA3  i. adjustible means for applying a fixed mechanical bias to said transducer
      element; and
PA3  ii. signal means coupled to said transducer element for varying the
      position of said one end of said transducer element adjacent said power
      nozzle in response to corresponding variations in said signal means; and
PA1  b. first and second fluidic receivers positioned downstream from said power
      nozzle, said first receiver being axially aligned with said power nozzle
      for receiving the power jet when said element is normally axially aligned
      with said power nozzle, and said second receiver being angularly displaced
      in a first direction from the axis of said power nozzle for receiving the
      power jet when the position of said one end of said element is varied in
      the first direction relative to the axis of said power nozzle.
NUM  8.
PAR  8. A fluidic amplifier according to claim 7, further comprising a third
      fluidic receiver angularly displaced in a second direction opposite the
      first direction from the axis of said power nozzle for receiving the power
      jet when the position of said one end of said element is varied in the
      second direction relative to the axis of said power nozzle.
NUM  9.
PAR  9. A fluidic amplifier according to claim 8, wherein another end of said
      element is fixed within another end wall of said plenum chamber, said
      other end wall being opposite said one end wall, and said element is
      cantilevered within said plenum chamber.
NUM  10.
PAR  10. A fluidic amplifier according to claim 9, wherein said element is
      centrally positioned within said plenum chamber.
NUM  11.
PAR  11. A fluidic amplifier according to claim 7, wherein said adjustible means
      is comprised of:
PA1  a. a control screw threaded through a tapped hole in a side wall of and
      extending into said plenum chamber; and
PA1  b. a spring positioned within said plenum chamber for biasing said element,
      one end of said spring being fixed to said control screw, and another end
      of said spring fixed to said element.
NUM  12.
PAR  12. A fluidic amplifier according to claim 11 wherein said element is
      comprised of a piezo-electric bimorph crystal.
NUM  13.
PAR  13. A fluidic amplifier according to claim 12, wherein said signal means is
      comprised of electrical signal means electrically coupled to said element
      for controlling the position of said one end of said element adjacent said
      power nozzle.
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ABST
PAL  Proportioning apparatus comprising a pair of coaxial tubular members with
      passages having first and second outwardly extending walls of the same
      cross-sectional configuration, first and second valve bodies for coaction
      with said walls for progressively opening and closing said passages, said
      first valve body slidably mounted on one of said tubular members, said
      second valve body connected to said first valve body for movement
      therewith and biasing means urging said valve bodies to their closed
      positions.
BSUM
PAR  This invention relates to proportioning apparatus for mixing a primary and
      a secondary liquid, such as water and a fire extinguishing foaming agent,
      in predetermined proportions.
PAR  It is a principal object of this invention to provide proportioning
      apparatus which accurately proportions the flow of two liquids over a wide
      range of flows of the primary liquid. It is another object of this
      invention to provide proportioning apparatus which eliminates cocking
      moments and resulting friction and hysteresis. It is another object to
      provide proportioning apparatus which may have minor proportioning
      adjustments made externally thereto. It is yet another object of this
      invention to provide proportioning apparatus which may have major
      proportioning adjustments made thereto in a simple expeditious manner.
      Other objects are to provide proportioning apparatus adapted for in-line
      pipe attachment, which is compact, which provides homogeneous liquid
      mixing and which may be attached on either the suction or pressure side of
      a pump.
PAR  In general the invention features a tubular housing having an inlet, an
      outlet, a passage therebetween, and an outwardly extending first wall
      facing the outlet. A first valve body is positioned in the housing movable
      from the first wall toward the housing outlet progressively opening the
      passage at said wall upon movement toward the housing outlet. A tubular
      sleeve is positioned coaxially within the housing and has an inlet, an
      outlet facing the housing outlet, a passage therebetween, the sleeve
      passage having an outwardly extending second wall facing the housing
      outlet, the first and second walls having the same cross-sectional
      configurations. A second valve body is positioned in the sleeve movable
      from the second wall toward the housing outlet progressively opening the
      passage at said wall upon movement toward the housing outlet. The first
      valve body is tubular and is slidably mounted on the sleeve with the
      sleeve extending therethrough. The second valve body is connected to the
      first valve body and is movable therewith whereby said housing and sleeve
      passages are simultaneously opened and closed. Biasing means are connected
      to one of the valve bodies urging said valve bodies to their closed
      positions.
PAR  In preferred embodiments, the housing and sleeve passages are of circular
      cross-section. The cross-sectional area of the second valve body is
      smaller than that of the first valve body. A major portion of the tubular
      portion of the first valve body is annularly recessed and the biasing
      means comprises a compression spring positioned in the annular recess
      connected between the sleeve and the first valve body. The second valve
      body has a maximum dimension smaller than that of the sleeve passage; the
      second wall is outwardly tapered toward the housing outlet; the sleeve is
      supported by arms extending inwardly into the housing passage; and the
      sleeve is axially slidable relative to the second valve body. The second
      wall is removably attached to the sleeve. The sleeve inlet comprises
      passages through said arms, equally circumferentially disposed around the
      sleeve, and axially elongated ports in the sleeve. A shaft extends from
      the exterior of the housing through one of the arms to control means for
      adjusting the axial position of the sleeve and the control means comprises
      an eccentric positioned within the sleeve, a pair of axially spaced walls
      provided within the sleeve abutting the eccentric.
DRWD
PAR  Other objects, features and advantages of this invention will occur to
      those skilled in the art from the following detailed description of a
      preferred embodiment thereof taken together with the accompanying
      drawings, in which:
PAR  FIG. 1 is a sectional view of proportioning apparatus embodying the
      invention;
PAR  FIG. 2 is a view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a view taken along the line 4--4 of FIG. 1; and,
PAR  FIG. 5 is a view taken along the line 5--5 of FIG. 1.
DETD
PAR  With reference to the drawings, and particularly FIGS. 1 and 2 thereof, the
      proportioning apparatus comprises a tubular valve housing 10 having
      mounting flanges 12, 14 on each end thereof. The housing 10 is of circular
      cross-section and defines a liquid housing inlet 16 adapted for connection
      to a primary liquid source at one end thereof, a liquid housing outlet 18
      at the other end thereof and a housing passage 20 therebetween. The
      interior of housing 10 includes a first generally conical wall 22
      outwardly diverging in direction from housing inlet toward housing outlet
      18, first wall 22 defining at its smallest dimension a liquid flow housing
      orifice 24 within housing 10. In the illustrated preferred embodiment
      first wall 22 diverges at an angle of 28.degree. 48' from a diameter of
      6.045 inches at housing orifice 24 to a maximum diameter of 8.360 inches.
      The diameter at orifice 24 is the same as the housing inlet 16 diameter
      and outwardly of first wall 22 the interior of housing 10 converges to
      approximately the same diameter, 6.080 inches, at housing outlet 18.
PAR  Adjacent housing inlet 16, between the housing inlet 16 and housing orifice
      24, a pair of oppositely disposed arms 26, 28 form a spider radially
      extending inwardly from the inner wall of housing 10 to a centrally
      positioned tubular sleeve holder 30 coaxial of housing 10. The upstream
      and downstream edges of arms 26, 28 are tapered as best shown in FIG. 3. A
      tubular sleeve 32 of circular cross-section is mounted in sleeve holder 30
      coaxially of housing 10. Sleeve 32 is axially slidable in holder 30 and
      extends forwardly from arms 26, 28 past orifice 24 toward housing outlet
      18. Sleeve 32 in the illustrated embodiment has an outer diameter of 1.748
      inches and an inner diameter of 1.375 inches.
PAR  As shown in FIGS. 1 and 5, the end of sleeve 32 adjacent housing inlet 16
      is closed by a plug 34 which is secured in sleeve 32 by a pin 36. A shaft
      38, threaded to housing 10 adjacent the exterior thereof, extends through
      housing 10, arm 28, sleeve holder 30, and sleeve 32 into a transversely
      elongated aperture 40 in plug 34. Control means, eccentric 42, is
      positioned in aperture 40 and is secured to shaft 38 by a key 44. The
      axial dimension of aperture 40 is equal to the diameter of eccentric 42 so
      that as eccentric 42 is rotated it moves sleeve 32 axially. A nut 46 is
      secured by pin 48 to the shaft 38 on the exterior of housing 10 and a
      locknut 50 is provided to secure the shaft position. To accommodate axial
      movement of sleeve 32 on rotation of eccentric 42 the apertures 52, 54 in
      sleeve 32 through which shaft 38 extends are axially elongated as shown in
      FIG. 1. To additionally secure the axial position of sleeve 32, a second
      shaft 56, threaded to housing 10 adjacent the exterior thereof, extends
      through housing 10, arm 26, and sleeve holder 30 to bear upon the exterior
      of sleeve 32. A nut 58 is secured by pin 60 to the shaft 56 on the
      exterior of housing 10 and a locknut 62 is provided to secure the shaft
      position.
PAR  Passages 64, 66 in arms 26, 28 adapted for connection to a secondary liquid
      source communicate through ports 68, 70 in sleeve holder 30 and through
      ports 72, 74 in sleeve 32 to form a sleeve inlet downstream of plug 34.
      Sleeve ports 72, 74 are axially elongated as best shown in FIG. 5 to
      permit full registry thereof with passages 64, 66 and ports 68, 70
      regardless of the axial position of sleeve 32. O-ring seals 76, 78 are
      provided in recesses in sleeve holder 30 on each side of sleeve ports 72,
      74 bearing against sleeve 32 to prevent leakage of the second liquid
      therepast.
PAR  Sleeve 32 extends downstream within housing 10 past housing orifice 24
      defining a sleeve passage 80 for the secondary liquid. Threadedly attached
      to the end of sleeve 32 is a sleeve extension 82 which defines at the end
      thereof, within housing 10 and facing housing outlet 18, a sleeve outlet
      84. The interior of sleeve extension includes a second generally conical
      wall 86 outwardly diverging from sleeve 32 inner diameter in a direction
      toward housing outlet 18, defining at the junction of sleeve 32 and second
      wall 86 a sleeve orifice 88. The angle at which second wall 86 diverges is
      selected according to the desired percentage of second liquid to be mixed
      with the first liquid. In the illustrated embodiment, for an 8% mixture
      the angle is 7.degree. 9'; for a 6% mixture the angle is 5.degree. 39';
      and for a 4% mixture the angle is 3.degree. 58'. Slots 90, 92 are provided
      in the end of sleeve extension 82 to facilitate the removal thereof from
      sleeve 32. The outer diameter of sleeve extension 82 is larger 2.755
      inches than that of sleeve 32 thereby providing a shoulder 94 facing
      upstream toward housing inlet 16.
PAR  A tubular first valve body 96 is slidably mounted on sleeve 32 and sleeve
      extension 82. First valve body 96 is slidable between a first position
      toward housing inlet 16 in which its maximum diameter substantially closes
      housing orifice 24 and a second position toward housing outlet 18 whereby
      in moving toward said second position first valve body progressively opens
      housing orifice 24. In its first position, first valve body 96 extends
      axially toward housing inlet 16 abutting arms 26, 28 which provide a stop
      for the first valve body. At its end adjacent housing inlet 16, first
      valve body has an inner diameter about equal to the outer diameter of
      sleeve 32 for sliding engagement therewith. Throughout the remainder of
      its axial length, comprising the major portion thereof the interior of
      first valve body 96 is annularly recessed to the outer diameter of sleeve
      extension 82 for sliding engagement therewith. The recessed portion 98 of
      first valve body 96 thereby provides a shoulder 100 facing the shoulder 94
      of sleeve extension 82. A compression spring 102 is fitted in the recessed
      portion 98 bearing against shoulders 94, 100 biasing first valve body 96
      to its first position.
PAR  A first valve body extension 104 is threadedly attached on the end adjacent
      housing outlet of first valve body 96 and in the first position thereof
      extends beyond the end of sleeve extension 82. As best shown in FIG. 4, a
      pair of oppositely disposed arms 106, 108 form a spider radially extending
      inwardly from first valve body extension 104, spanning sleeve outlet 84,
      to a centrally positioned tubular second valve body holder 110 coaxial of
      sleeve 32.
PAR  The stem 112 of a second valve body 114 is threadedly secured in holder 110
      by nut 116. Second valve body 114 moves with first valve body 96 due to
      the connection thereof and extends to a first position, with first valve
      body 96 in its first position, to sleeve orifice 88. Second valve body 114
      has a maximum diameter to substantially close sleeve orifice 88 in the
      first position thereof but is slightly smaller than the inner diameter of
      sleeve 32 for a slip fit therein whereby axial movement of sleeve 32 is
      permitted without interference from second valve body 114. The
      cross-sectional area of second valve body 114 at its maximum dimension is
      smaller than that of first valve body 96. Second valve body 114 moves to a
      second position, with the movement of first valve body 96 to its second
      position, progressively opening sleeve orifice 88 as it moves.
PAR  In operation, primary and secondary liquids are respectively introduced
      into housing inlet 16 and into the sleeve inlet defined by passages 64, 66
      and ports 68, 70, 72, 74. Housing 10 is preferably arranged with its axis
      in a vertical position. The pressures of the two liquids are externally
      arranged to be approximately equal. The force produced by the flow of the
      primary liquid against first valve body 96 causes that valve body to move
      toward its second position against the biasing force of spring 102. As
      first valve body 96 moves, it also carries with it second valve body 114
      thereby progressively opening orifices 24 and 88 whereby the liquids are
      mixed adjacent housing outlet 18 and exit from housing 10 thereat. The
      fact that walls 22, 86 have the same cross-sectional configuration, i.e.,
      circular, results in a more accurately determinable proportional flow
      therethrough.
PAR  As can be seen, the orifices 24, 88 open simultaneously in conjunction with
      one another by an amount dictated by the flow force of the primary liquid,
      the predetermined proportion of primary and secondary liquid flows being
      maintained throughout the axial stroke of the first valve body 96. To make
      minor adjustments in the proportions the position of orifice 88 relative
      to second valve body 114 is adjusted. This is accomplished by loosening
      locknut 62 and turning nut 60 to relieve the pressure of shaft 56 against
      sleeve 32. Locknut 50 is then loosened and nut 46 is turned to rotate
      shaft 38 and eccentric 42. The rotation of eccentric 42 adjusts the axial
      position of sleeve 32 and orifice 88 relative to second valve body 114
      resulting in greater or lesser flow of the secondary liquid relative to
      the primary liquid at a given primary liquid flow. The locknut 50 is
      tightened when the desired adjustment is made, shaft 56 is tightened
      against sleeve 32 and locknut 62 is then tightened to secure sleeve 32 in
      position.
PAR  A gross adjustment of flow proportions may be made by removing first valve
      body extension 104 from first valve body 96. Sleeve extension 82 is then
      removed from sleeve 32 and a new sleeve extension having a different angle
      of divergence of second wall 86 is substituted for the sleeve extension
      just removed. First valve body extension 104 is then replaced.
PAR  When the flow force of the primary liquid is reduced below the level of
      spring 102 biasing force, valve bodies 96, 114 are moved by spring 102 to
      close orifices 24, 88.
PAR  Other embodiments of this invention will occur to those skilled in the art
      which are within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Proportioning apparatus comprising:
PA1  a tubular valve housing comprising a housing inlet adapted for connection
      to a primary liquid source, a housing outlet, and a housing passage
      therebetween, said housing passage having a first outwardly extending wall
      facing said housing outlet;
PA1  a first valve body in said housing passage movable between a first position
      at said first wall and a second position remote therefrom toward said
      housing outlet, said first valve body and said first wall adapted for
      coaction to close said housing passage with said first valve body in said
      first position thereof and to progressively open said passage on movement
      of said first valve body toward said second position thereof;
PA1  a tubular sleeve mounted and extending coaxially within said housing
      passage, said sleeve having an outer dimension smaller than the minimum
      inner dimension of said housing passage, said sleeve comprising a sleeve
      inlet adapted for connection to a secondary liquid source, a sleeve outlet
      within said housing and facing said housing outlet, and a sleeve passage
      therebetween, said sleeve passage having a second outwardly extending wall
      facing said housing outlet, said first and second walls having the same
      cross-sectional configurations;
PA1  a second valve body in said sleeve movable between a first position at said
      second wall and a second position remote therefrom toward said housing
      outlet, said second valve body having a maximum dimension smaller than the
      dimension at said first position of said second valve body, of said sleeve
      passage, said second wall extending from said first position of said
      second valve body toward said second position thereof and outwardly
      tapered having a progressively greater inner dimension in a direction
      toward said second position of said second valve body, said second valve
      body and said second wall adapted for coaction to close said sleeve
      passage with said second valve body in said first position thereof and to
      progressively open said passage on movement of said second valve body
      toward said second position thereof;
PA1  said first valve body being tubular and being slidably mounted on said
      sleeve with said sleeve extending therethrough, said first valve body
      slidable on said sleeve between said first and second positions thereof;
PA1  said second valve body connected to said first valve body and movable
      between said first and second positions thereof with said first valve body
      for proportional opening of said housing and said sleeve passages
      together, said first and second positions of said first valve body
      corresponding to said first and second positions of said second valve
      body; and
PA1  biasing means connected to one of said valve bodies urging said valve
      bodies to their respective first positions.
NUM  2.
PAR  2. The apparatus claimed in claim 1 in which said second wall is removably
      attached to said sleeve.
NUM  3.
PAR  3. The apparatus claimed in claim 1 in which said first wall extends from
      said first position of said first valve body toward said second position
      thereof, tapering outwardly having a progressively greater inner dimension
      in a direction toward said second position of said first valve body.
NUM  4.
PAR  4. The apparatus claimed in claim 1 in which arms are connected to said
      valve housing and extend into said housing passage, said sleeve is
      connected to and supported by said arms and said sleeve is axially
      slidably mounted to said arms for movement relative to said second valve
      body whereby said first position of said second valve body relative to
      said sleeve may be adjusted.
NUM  5.
PAR  5. The apparatus claimed in claim 4 in which said sleeve inlet comprises
      arm passages through a plurality of said arms equally circumferentially
      spaced and a port in said sleeve aligned with each said arm passage, each
      said passage larger in an axial direction of said sleeve than the arm
      passage with which it is aligned for full registry of said ports and said
      arm passages in a plurality of axial positions of said sleeve.
NUM  6.
PAR  6. The apparatus claimed in claim 4 in which a shaft extends from the
      exterior of said valve housing, through one of said arms to said sleeve
      and control means for adjusting the axial position of said sleeve are
      connected to said shaft whereby said shaft position may be adjusted
      exteriorly of said valve housing.
NUM  7.
PAR  7. The apparatus claimed in claim 6 in which said control means comprises
      an eccentric positioned within said sleeve and in which a pair of axially
      spaced walls are provided within said sleeve abutting said eccentric
      whereby rotation of said shaft and said eccentric axially moves said
      sleeve.
NUM  8.
PAR  8. The apparatus claimed in claim 7 in which said sleeve inlet comprises
      arm passages through a plurality of said arms equally circumferentially
      spaced and a port in said sleeve aligned with each said arm passage, each
      said passage larger in an axial direction of said sleeve than the arm
      passage with which it is aligned for full registry of said ports and said
      arm passages in a plurality of axial positions of said sleeve.
NUM  9.
PAR  9. The apparatus claimed in claim 8 in which said first wall extends from
      said first position of said first valve body toward said second position
      thereof, tapering outwardly having a progressively greater inner dimension
      in a direction toward said second position of said first valve body.
NUM  10.
PAR  10. The apparatus claimed in claim 9 in which said second wall is removably
      attached to said sleeve.
NUM  11.
PAR  11. The apparatus claimed in claim 10 in which a major portion of the
      tubular portion of said first valve body is annularly recessed from said
      sleeve.
NUM  12.
PAR  12. The apparatus claimed in claim 11 in which said biasing means comprises
      spring positioned in the annularly recessed portion of said first valve
      body, said spring connected between said sleeve and said first valve body.
NUM  13.
PAR  13. The apparatus claimed in claim 12 in which said housing and sleeve
      passages are of circular cross-sectional configuration.
NUM  14.
PAR  14. The apparatus claimed in claim 13 in which the cross-sectional area of
      said second valve body is smaller than the cross-sectional area of the
      portion of said first valve body exposed to said housing passage at said
      first wall.
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PAL  A modular distributor box for distributing a fluid, consisting of a linear
      assembly of juxtaposed prismatic modules with contiguous modules connected
      together by engagement of a projection having an undercut, preferably
      dovetail, cross-section of one module engaging with one of at least two
      similarly undercut intersecting grooves of a corresponding face of the
      next module, each module having a central conduit therethrough between the
      faces on which the grooves and projections are defined so that the
      assembled distributor box has a continuous longitudinal conduit extending
      therethrough. The ends of the box may be blanked off with releaseable
      plugs. Transverse conduits formed in the various modules of the
      distributor box may include pressure sensors, manometers branching pipes
      or blanking plugs, and at least one of the modules may include a shut off
      tap effective to close said central conduit.
BSUM
PAR  The present invention relates to a distributor box for the distribution of
      fluids.
PAR  Distribution boxes or junction boxes comprising a main conduit of large
      size and branch conduits of smaller size are utilised for distributing a
      fluid coming from a main supply conduit to apparatus of smaller size.
PAR  Such apparatus, which is well known in the industry for distributing any
      fluid, is often formed of a pipe to which the outlet conduits are
      connected by soldering or brazing. Such known apparatus, which are
      manufactured to order, is very costly and not very practical.
PAR  In order to simplify the manufacture and construction thereof such
      apparatus has, in the past, been produced by an assembly of juxtaposed
      modular elements.
PAR  For assembling modular elements, it is known to use threaded studs each
      provided with a tightening nut at its end. However, such a mode of
      assembling is not very practical since the user is forced to cut the
      threaded studs in order to make them of an appropriate length.
PAR  Moreover, it is necessary subsequently to mount connectors on the junction
      box so as to secure the pipes. This arrangement is still costly because of
      the need to provide tapped holes and to mount the connectors.
PAR  For assembling the elements of a distributor box, dovetail cross-sectioned
      members associated with gaskets have also been used.
PAR  The distribution of fluids through main lines comprising an assembly of
      elements formed by members in dovetail form is also known from U.S. Pat.
      No. 3,512,553.
PAR  However, these modes of assembling do not permit the mounting of elements
      to be effected with various orientations so as to permit orientations of
      the outlet conduits as required.
PAR  Junction boxes which are formed of connector bodies of the so-called banjo
      union type and which are assembled by a central hollow screw in such
      manner that the said bodies are orientable are known, but the number of
      banjo connectors is always the same for a single central screw and this
      limits the possibilities of utilisation.
PAR  The present invention relates to a modular distributor box which enables
      the various drawbacks of the existing devices to be obviated.
PAR  According to one aspect of the present invention there is provided a
      modular distributor box for distributing a fluid, which comprises a linear
      assembly of juxtaposed prismatic modules having a longitudinal conduit
      into which at least one transverse feed conduit and transverse outlet
      conduits open, each module having on two opposite faces assembly means
      which are, on one face, formed by several intersecting grooves and on the
      other face, formed by a projection of co-operating cross-section to enable
      a projection of a contiguous element to be selectively engaged in the
      grooves, each module further including a central conduit extending between
      and opening into said opposed faces to serve as a part of said
      longitudinal conduit of the assembled distributor box.
PAR  According to a further aspect of the invention there is also provided a
      module for a distributor box comprising a prismatic module body having
      opposite faces into which open the ends of a central conduit extending
      through the body, at least one undercut projection formed on and bisecting
      one of the opposite faces, and at least two grooves bisecting the other of
      the opposite faces and having a cross-section conforming to that of the
      projection.
PAR  The device according to the invention enables the user to form junction
      boxes without the aid of a special tool and without a screw member.
PAR  By virtue of utilising rapid connectors on the outlet and inlet conduits,
      more particularly of the kind which are the subject of U.S. Pat. No.
      3,653,689 the mounting of the tubes is effected in instantaneous manner
      and without the aid of any threaded devices.
PAR  The device according to the invention enables each module and the outlet
      conduits to be oriented in several directions.
PAR  Since the modules may contain outlet conduits of different diameters, they
      permit great ease of utilisation and production.
PAR  Every module comprises a means for easily securing it to another module
      which enables it to be used alone or in a group.
PAR  The supply to the main conduit, which is preferably closed by plugs at both
      ends, can be effected at any point of the distributor box and this supply
      may comprise one or more conduits.
PAR  For the purpose of controlling the pressure in the distributor box, it is
      possible to replace one of the pipes mounted on an outlet conduit by a
      pressure sensor or other measuring instrument.
PAR  Such a distributor box comprises several modules can readily be secured to
      a flat surface, or in a corner of a casing containing a pneumatic circuit.
DRWD
PAR  Other characteristics and advantages of the present invention will become
      better understood from reading the following description of a number of
      exemplary embodiments and by referring to the accompanying drawings in
      which:
PAR  FIG. 1 is a perspective view of a distributor box produced according to the
      invention;
PAR  FIG. 2 is a perspective view showing the mode of assembling several
      modules;
PAR  FIG. 3 is a perspective view of a modified embodiment of a module having a
      plurality of grooves;
PAR  FIG. 4 is a perspective view of a module having a plurality of outlet
      ducts;
PAR  FIG. 5 is a perspective view of a module having a single outlet or inlet
      duct;
PAR  FIG. 6 is an elevational, partly sectional, view of the mounting of an
      element on a flat wall;
PAR  FIG. 7 is a sectional view of one module;
PAR  FIG. 8 is a sectional view of an assembly of a plurality of modules forming
      a distributor box;
PAR  FIG. 9 is a view of a distributor box comprising a pressure sensor;
PAR  FIG. 10 is a view of a distributor box comprising removable plugs mounted
      in the outlet ducts; and
PAR  FIG. 11 is a view of a distributor box equipped with taps or cocks.
DETD
PAR  In FIGS. 1, 2 and 8 there is shown a distributor box according to the
      invention comprising a plurality of rectangular parallelepipedonal modules
      1 linearly assembled by juxtaposition and having a longitudinal conduit 2
      into which opens at least one transverse supply conduit 3 to which a feed
      pipe 4 is connected. Transverse outlet conduits 5, to which pipes 6, 6a
      and 6b are connected, also open into the conduit 2.
PAR  As will be apparent from FIG. 1, the modules are capable of being oriented
      in various directions such that the tubes 6 and 6a are oriented in one
      direction and the tubes 6b in a different direction.
PAR  The longitudinal conduit 2 (FIG. 8) is closed at its ends by plugs 7, 7a
      provided with gaskets 8 and threadedly engaged in the two end modules 1.
PAR  Each module 1 has on two opposite faces 12, 12a, assembly means comprising
      on one face 12a, a dovetail cross-section rib or projection 9 and, on the
      other face 12, two dovetail cross-sectioned grooves 10 and 11 which
      intersect at a right angle. The projection 9 of each module is adapted to
      be selectively engaged in either of the grooves 10 and 11 of the
      contiguous module in such manner that the conduits 5 can be oriented in
      four directions according to whether the male member or projection 9 is
      engaged in the groove 10 or 11.
PAR  The bearing surface of the faces 12, 12a is square and has sides of length
      2A, A being the distance between the axis of a groove 10 or 11 or of a
      projection 9 and one of the edges defining said faces. In this manner the
      modules 1 can be differently oriented according to the desired assembly
      while maintaining the contact between the surfaces.
PAR  Each module, as shown in FIGS. 4 and 5, contains a central conduit 13 into
      which open a plurality of, in this case six, outlet conduits 5. In FIG. 5
      the module 1 comprises only a single conduit 14 which opens into the
      central conduit 13, the said conduit 14 being capable of forming either an
      inlet conduit or an outlet conduit. The modules 1 can be mounted on a flat
      surface 15 (FIG. 6) by means of bolts engaged in a bore 17 provided in the
      element 1.
PAR  As shown in FIG. 7 it is possible to utilise a single module 1 which is, at
      its two ends, provided with plugs 7, 7a inserted into the ends of the
      central conduit 13. The seal at the side of the grooves 10 and 11 is
      ensured by an O-ring 18 disposed in a circular groove 19 surrounding the
      opening of the central conduit 13.
PAR  The inlet conduits 3 and outlet conduits 5 are provided with rapid
      connectors of the kind described in U.S. Pat. No. 3,653,689 enabling
      smooth tubes to be connected to a module. The connector comprises a ring
      20 (FIG. 8) integral with the module 1 and internally receiving a flexible
      clamp 21 having a plurality of jaws 22 adapted to be engaged in the wall
      of a tube to be connected, the said ring 20 having in its bore a divergent
      zone 23 for gripping the jaws of the clamp 21. Sealing is ensured by an
      elastomeric O-ring 24 placed in a groove of the element.
PAR  Although in FIGS. 1 and 2 modules comprising only two perpendicularly
      intersecting grooves 10, 11 have been shown, it is clear that prismatic
      elements comprising a plurality of dovetail section grooves on an assembly
      face could be used. For example, as shown in FIG. 3, three grooves 25, 26,
      27 may be provided in which a projection 28 of a contiguous element to be
      assembled can be engaged.
PAR  In FIG. 9 there is shown a distributor box comprising several modules 1 and
      wherein one of the outlet tubes has been replaced by a pressure sensor 29
      having a grooved tip 30 enabling it to be engaged in a rapid connector 31.
      This arrangement enables the presence of fluid such as compressed air in
      the distributor box to be checked.
PAR  In certain cases it may be necessary to close off certain of the outlet
      ducts 5 and to this end it is envisioned that the tubes 6 or 4 may be
      replaced by removable plugs 32 (FIG. 10) which have a grooved tip 33
      whereby they may be engaged in a rapid connector 34.
PAR  Finally, it may be necessary to measure the internal pressure in the
      distributor box and it is possible to mount a manometer provided with a
      grooved tip in one of the outlet ducts 5.
PAR  FIG. 11 shows a further embodiment of a distributor box comprising modules
      1 and having its central conduit 13 adapted to be closed by a domed tap or
      cock 35 mounted on each module and operated from outside by a key 36.
PAR  Although the grooves and projection of the modules exemplified above are of
      dovetail cross-section, they may instead be of any suitable undercut
      cross-section such as a T-section, which will enable the grooves to
      receive the projections by longitudinal sliding action but will retain the
      projections against lateral withdrawal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A modular distributor box for distributing a fluid, comprising a linear
      assembly of a plurality of juxtaposed modules, each said module having:
PA1  a. a prismatic module body having a pair of oppositely facing faces and
      further faces extending transversely to and between said opposite faces;
PA1  b. said body having a central bore, the wall of said bore defining a
      central conduit extending through said module body from the center of one
      of said oppositely facing faces to the center of the other of said
      oppositely facing faces and being open at its ends at said oppositely
      facing faces;
PA1  c. said body having at least two relatively long and narrow intersecting
      grooves of identical cross-section formed in one of said oppositely facing
      faces, each of said grooves increasing in width in the direction inwardly
      of said body from the oppositely facing face in which it is formed and the
      intersection of said grooves being at the open end of said conduit at said
      last-mentioned face;
PA1  d. said body having a projection extending from the other of said
      oppositely facing faces and having a cross-section conforming to that of
      each groove whereby said projection may be inserted in and interlock with
      either of said grooves thereby permitting one module to be secured to
      another module in at least two different relative positions; and
PAL  said modules being interconnected by engagement of a projection on one of
      the modules with one of the grooves of a contiguous module with the
      central conduit of one module in register with the central conduit of said
      contiguous module to form a longitudinal conduit extending along said
      distributor box, and the body of at least one of said modules also having
      at least one passageway therein extending from one of said further faces
      of said last-mentioned body to said central conduit thereof to form a
      transverse conduit.
NUM  2.
PAR  2. A modular distributor box as set forth in claim 1, wherein each said
      module body is of rectangular parallelepipedonal form, wherein said
      grooves are of dovetail cross-section, and wherein said projection is of a
      corresponding dovetail cross-section.
NUM  3.
PAR  3. A modular distributor box as set forth in claim 2, wherein said
      oppositely facing faces are square and the grooves and projections bisect
      the respective square faces.
NUM  4.
PAR  4. A modular distributor box as set forth in claim 1, and including plug
      means closing the ends of said longitudinal conduit through the
      distributor box, said plug means being engaged in an end of said central
      conduit of each end module; and O-ring means carried by said plug means.
NUM  5.
PAR  5. A modular distributor box as set forth in claim 1, and including a tap
      in the central conduit of at least one of said modules, said tap being
      constructed to close said central conduit of at least said last-mentioned
      one module.
NUM  6.
PAR  6. A modular distributor box as set forth in claim 1, and including at each
      said oppositely facing face of each module having a groove therein, an
      O-ring seal means located in said groove and surrounding the open end of
      said central conduit thereat.
NUM  7.
PAR  7. A modular distributor box as set forth in claim 1, and including an
      elongate securing member for mounting each module on a flat surface, said
      body having an opening extending through the module body from one of said
      further faces to another thereof for receiving said securing member.
NUM  8.
PAR  8. A modular distributor box as set forth in claim 1, further comprising
      fluid line receiving means at the end of said transverse conduit at said
      one further face, said fluid line receiving means comprising sleeve means
      in said transverse conduit, flexible clamp means including a plurality of
      jaws and located within said sleeve means, said sleeve means having an
      interior divergent zone for gripping the jaws of said clamp means, and
      O-ring seal means located within said sleeve for surrounding said fluid
      line.
NUM  9.
PAR  9. A modular distributor box as set forth in claim 8, and including a
      pressure sensor extending from and secured to at least one of said modules
      by said receiving means.
NUM  10.
PAR  10. A modular distributor box as set forth in claim 8, and including a plug
      secured to at least one of said modules by said receiving means.
NUM  11.
PAR  11. A module for a distributor box for distributing a fluid, said module
      comprising:
PA1  a. a prismatic module body having a pair of oppositely facing faces and
      further faces extending transversely to and between said opposite faces;
PA1  b. said body having a central bore, the wall of said bore defining a
      central conduit extending through said module body from the center of one
      of said oppositely facing faces to the center of the other of said
      oppositely facing faces and being open at its ends at said oppositely
      facing faces;
PA1  c. said body having at least two relatively long and narrow intersecting
      grooves of identical cross-section formed in one of said oppositely facing
      faces, each of said grooves increasing in width in the direction inwardly
      of said body from the oppositely facing face in which it is formed and the
      intersection of said grooves being at the open end of said conduit at said
      last-mentioned face;
PA1  d. said body having a projection extending from the other of said
      oppositely facing faces and having a cross-section conforming to that of
      each groove whereby said projection may be inserted in and interlock with
      either of said grooves thereby permitting one module to be secured to
      another similar module in at least two different relative positions with
      the central conduit of said one module aligned with the central conduit of
      said other module; and
PA1  e. said body also having at least one passageway therein extending inwardly
      of said body from one of said faces thereof to form a further conduit.
NUM  12.
PAR  12. A module as set forth in claim 11, wherein said prismatic body is
      hexagonal in a cross-section parallel to said oppositely facing faces and
      said other oppositely facing face has three dovetail grooves therein
      intersecting at 60.degree., said projection having a conforming dovetail
      cross-section.
NUM  13.
PAR  13. A module as set forth in claim 11, and wherein said further conduit is
      a transverse conduit extending from one of said further faces to and
      communicating with said central conduit.
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ABST
PAL  A trunnion mounted ball valve with cam plates mounted on the stem axis. Cam
      followers on the seat rings engage in cam slots in the plates to move the
      seats positively into firm engagement with the ball at the open and closed
      positions thereof and retract them free of the ball as it is moved between
      those positions. The seats slide axially in slide rings which are threaded
      into the body around the flow passage. The valve ball, seat rings, and
      slide rings may be removed as a unit through the valve top opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In some ball valve services, such as in high temperature fluid lines, it is
      desirable to provide valves with all metalic components, including the
      seats and seals. When such are employed, it is further desirable to have a
      sealing force biasing the seat ring against the ball to insure fluid tight
      sealing. This is conventionally accomplished with use of system pressures,
      eccentric loading, spring means or a combination thereof. However, if such
      a force is maintained at all times, it may require excessive torque to
      operate the valve, and it may result in scoring, wearing and galling of
      the valve components. Moreover, where corrosive fluids are being handled,
      spring failures are common and frequent spring replacement and servicing
      of the valves are necessitated.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a high temperature ball valve
      which has fluid tight, metal to metal seals, but which may be operated
      with relatively low torque requirements.
PAR  It is a further object of this invention to provide a trunnion mounted ball
      valve wherein the seat seals are in firm engagement with the ball when the
      valve is closed, but not during valve operation.
PAR  It is a further object of this invention to provide a trunnion mounted ball
      valve which has positive metal to metal seals on both the upstream and
      downstream sides of the ball.
PAR  It is a further object of this invention to provide a trunnion mounted ball
      valve which has positive metal to metal seals which are not dependent upon
      system pressure or spring devices.
PAR  It is a further object of this invention to provide a trunnion mounted ball
      valve wherein the seat rings are moved into engagement with the ball only
      at the full open and closed positions thereof.
PAR  It is a further object of this invention to provide a ball valve which
      provides top entry accessibility to service the valve in the line.
PAR  It is a further object of this invention to provide a ball valve with top
      entry accessibility enabling the removal and replacement of all valve
      components as a unit.
PAR  Other objects and advantages of this invention will become apparent from
      the description to follow when read in conjunction with the accompanying
      drawings.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In carrying out this invention, at least one cam plate is splined to a stem
      of a trunnion mounted ball valve. Cam follower rollers on the seat rings
      engage in arcuate slots in the plates and the cam assembly functions to
      lock the seats positively against the ball at both open and closed
      positions, but to retract the seat rings from the ball as it is moved
      between such positions. In operation, the ball is turned through
      approximately 90.degree. between open and closed positions and the seat
      rings contact the ball during just a few degrees of movement at the
      beginning and end of the quarter turn. This provides a wiping action,
      cleaning the ball at the beginning and end of the turn, and a positive
      seal in both open and closed positions, but leaves the seat rings clear of
      the ball to facilitate turning thereof during most of the valve operation.
      The seat rings slide axially in slide rings which are threaded into the
      body around the flow passageway. With the bonnet removed, the slide rings
      may be threaded free of the body and the entire unit, i.e. valve ball,
      seat rings, and slide rings, may be removed from the body for quick
      servicing and/or replacement thereof without removing the valve from the
      line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a vertical section view of a trunnion mounted ball valve
      embodying features of this invention;
PAR  FIG. 2 is a vertical section view of the ball valve with ball and seat
      rings in process of installation;
PAR  FIG. 3 is a top view of the valve ball and seat ring assembly comprising
      features of this invention; and
PAR  FIG. 4 is an elevation view of the cam discs with seat ring carried thereon
     .
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 with greater particularity, the trunnion mounted
      ball valve 10 of this invention includes a valve body 12 which may be cast
      or otherwise formed with axially aligned flow passages 14 and 16 with
      means such as the weld-ends 18 shown, for installing the valve into a
      pipeline (not shown). Rotatably mounted in the body is a valve ball 20
      having a flow port 22 therethrough which, when turned to the open position
      shown in FIG. 1, is aligned with the body flow passageways 14 and 16 to
      enable flow of fluid therethrough.
PAR  For sealing against the surface 24 of the ball 20, is a pair of seat rings
      26, preferably of metal, the forward faces 28 of which are preferably
      machined to a spherical surface to conform to that of the ball. The seat
      rings 26 are slidable axially in machined slide rings 30 the tail portions
      32 of which are threadedly received in complementary threads 34 formed in
      the valve body 12 around the flow passageways 14 and 16. Suitable gaskets
      36 are provided to seal around the slide rings 30 and a piston ring seal
      38 is carried in a recess 40 in the slide ring to seal against the
      trailing cylindrical surfaces 42 of the seat rings 26. Because the slide
      rings are removable and replaceable, it is apparent that field repairs are
      greatly facilitated and seat rings 26 and slide rings 30 may be replaced
      without further machining.
PAR  A lower trunnion 44 on the ball is rotatably received in a bearing 46
      carried within a bearing recess 48 and axial loads are taken by a thrust
      bearing 50. Adjacent to the trunnion portion is a spline section 52 on
      which is non-rotatably carried a lower cam disc 54 having arcuate slots 56
      therein (FIG. 3) to receive cam follower rollers 58 which are rotatably
      carried on pins 60 extending outward from the seat rings 26. A second set
      of pins 60 are carried at the upper portions of the seat rings to carry
      cam follower rollers 58 in arcuate slots 56 in an upper cam disc 54 which
      is non-rotatably carried on a spline member 62 which extends coaxially
      from the upper portion of the ball 20. Thrust bearings 64 are provided on
      both upper and lower cam rollers.
PAR  Also received on the upper spline, is a coupling portion 66 on the valve
      stem 68. The valve stem is rotatably received in a combined thrust and
      rotary bearing 70 which is received in a stem bore 72 in the valve bonnet,
      suitable packing 76 being provided to seal around the stem and at 78,
      around the valve body 12. Hence, it is apparent that rotation of the stem
      will be transmitted through the spline section 66, 62 directly to the ball
      20, and of course, the cam discs 54 turn with the ball.
PAR  Referring now to FIG. 3, the cam slots are formed so that the cam follower
      rollers 58 are urged radially inwardly at the extremities of the
      approximately 90.degree. rotation of the ball. This may be accomplished,
      as shown, by centering the slots 56 about centers of rotation 80a and 80b
      displaced from the axis A of the ball a short distance in the direction of
      the slots and forming the slots 56 on a radius R which is tangent to a
      circle drawn about the ball axis at the extremities of the cam slot.
      Hence, at all points along the arcuate slot, its center line is displaced
      radially outward from a circle drawn about the ball axis A, except at the
      extremities, where the circles are tangent. With the construction so
      described, it is apparent that the cam rollers 58 will be pulled radially
      inward to lock the seat rings 26 into firm engagement with the ball at
      both the full open and the full closed positions of the valve ball 20 and
      that the seat rings 26 will be retracted from the ball surface in
      intermediate positions to facilitate rotary operation of the valve ball.
      In practice, the ball turns through approximately 93.degree. between open
      and closed position with initial contact with the ball taking place at
      approximately 87.degree.. This provides a wiping action at the start and
      finish of the turn to clean sealing surfaces and, in addition, it insures
      firm sealing surfaces for extended valve life performance.
PAR  Referring now to FIG. 4, the bearing discs 64 carried on the pins 60 are
      seen to ride on flats 79 formed in the seat ring 26 so that the seat rings
      themselves will not rotate as the cam follower rollers 58 move along the
      arcuate slots 56 in the cam discs 54.
PAR  As shown most clearly in FIG. 2, the valve body cavity 80 is of a generally
      cylindrical configuration and is of sufficient diameter to receive the
      ball 20 with seat rings 26 carried thereon. Hence, in installation, the
      rotary and thrust bearings 48 and 50 are placed; one cam disc 54 is
      secured on the spline section; the seat rings 26 are positioned and held
      in place by the other cam disc 54 secured on the opposite spline shaft
      extension 62 and then, after the slide rings are slipped over the
      cylindrical tail sections 42 of the seat rings 26 the entire assembly is
      lowered into the valve cavity. Finally, by use of a span wrench or the
      like, the slide rings 30 are threaded into the  complementary threads 34
      in the valve body. Assembly is completed by placing the valve stem 68 and
      bolting the bonnet 74 in place.
PAR  While this invention has been described in conjunction with a preferred
      embodiment thereof, it is obvious that modifications and changes therein
      may be made by those skilled in the art without departing from the spirit
      and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trunnion mounted plug valve comprising:
PA1  a valve body having a flow passageway therethrough;
PA1  a valve seat ring in said body around said flow passageway and movable
      axially thereof;
PA1  a valve plug having a flow port therethrough rotatable in said body between
      an open position with said flow port aligned with said seat ring and a
      closed position blocking fluid flow through said seat ring;
PA1  a cam plate fixed on said plug around a trunnion thereof to rotate
      therewith;
PA1  an arcuate cam slot in said plate;
PA1  a cam follower on said seat ring extending into said slot to be engaged by
      opposite edges thereof;
PA1  said cam slot extending through approximately 90.degree. around the
      trunnion axis and curving closer to said axis at one end thereof so that
      said cam slot and follower are operative to move said seat ring axially
      away from said plug when said plug is rotated from said closed position,
      to move said seat ring positively into firm engagement therewith as said
      plug is rotated into its closed position, and to lock it in firm
      engagement therewith while in said closed position.
NUM  2.
PAR  2. The trunnion mounted plug valve defined by claim 1 wherein:
PA1  said cam slot curves closer to said axis at the other end thereof so that
      said cam slot and follower are operative to move said seat ring axially
      positively away from and into firm engagement with said plug as said plug
      is rotated, respectively, from and into its open position.
NUM  3.
PAR  3. The trunnion mounted plug valve defined by claim 1 including:
PA1  a second cam plate fixed around the other trunnion of said plug to rotate
      therewith;
PA1  a cam slot in said second cam plate; and
PA1  a cam follower on the diametrically opposite side of said seat ring
      extending into said slot to be engaged by opposite edges thereof.
NUM  4.
PAR  4. The trunnion mounted plug valve defined by claim 3 wherein:
PA1  the termini of said cam slots are on a circle drawn about said operating
      axis; and
PA1  said cam slots are on an arc of a radius smaller than said circle but
      centered closer to said slot than said operating arms.
NUM  5.
PAR  5. The trunnion mounted plug valve defined by claim 1 including:
PA1  a top entry opening in said valve body;
PA1  a bonnet closure on said valve body covering said opening;
PA1  a body slide ring coaxial with and slidably receiving therein an outer
      cylindrical surface of said seat ring;
PA1  complementary threads on said body and said slide ring removably securing
      said slide ring in place around said flow passageways;
PA1  a seal ring sealing between said slide ring and said seat ring;
PA1  said valve plug, said slide ring and said seat ring being removable and
      replaceable as a unit through said top entry opening.
NUM  6.
PAR  6. A trunnion mounted ball valve comprising:
PA1  a valve body having a flow passageway therethrough;
PA1  a top entry opening in said valve body in communication with said flow
      passageway;
PA1  a bonnet closure on said valve body covering said opening;
PA1  a valve seat ring in said body around said flow passageway and movably
      axially thereof;
PA1  a valve ball having a flow port therethrough rotatable in said body between
      an open position with said flow port aligned with said seat ring and a
      closed position blocking fluid flow through said seat ring;
PA1  a body slide ring coaxial with and slidably receiving therein an outer
      cylindrical surface on said seat ring;
PA1  complementary threads on said body and said slide ring removably securing
      said slide ring in place around said flow passageway;
PA1  a seal ring sealing between said slide ring and said seat ring;
PA1  said top entry opening being so configurated and of sufficient size that
      said valve ball, said slide ring and said seat ring are removable and
      replaceable as a unit through said top entry opening.
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ABST
PAL  An indicator senses a deviation from a balance between a force generated by
      the vacuum level actually prevailing in the vacuum system and a force of
      constant magnitude permanently acting in the indicator. An air admission
      valve is connected to the vacuum system, and a connection is provided for
      transmitting a deviation impulse generated by the indicator to an
      operating means for controlling the air admission valve under the guidance
      of the deviation impulse.
BSUM
PAR  The present invention concerns a device for keeping the vacuum level
      constant in a vacuum system. Such a control device has many useful
      applications, as in the vacuum system of machine milking plants, since it
      has proved that a fluctuating milking vacuum level is harmful to the udder
      health.
PAR  The vacuum system in machine milking plants functions in such a way that a
      varying amount of atmospheric air enters the teat cup clusters, whereas a
      predetermined amount by volume of expanded air is removed by the vacuum
      pump. In order to maintain the predetermined vacuum level it is necessary
      that the air amount supplied and the air amount removed are equal. The
      vacuum control can be realized in two ways as follows:
PAR  1. The conveying capacity of the vacuum pump is adapted continuously to the
      supplied air amount, as by control of the number of revolutions per
      minute.
PAR  2. The permanent conveying capacity of the vacuum pump is chosen greater
      than the air admission of the teat cup clusters, and a special valve
      supplies continuously to the system an amount of air which corresponds to
      the difference between the conveying capacity of the pump and the air
      admission of the teat cup clusters.
PAR  In practice, the second control method is used. More particularly, an
      opening between the vacuum system and the surrounding atmosphere is closed
      by a valve body having a suitable shape. The body is loaded (usually by
      means of a spring or a weight), so that the vacuum and the mechanical load
      acting on the body balance each other. If the vacuum is changed, as due to
      changed admission of air through the teat cup clusters, the force balance
      is altered and the valve body is displaced. In this way, the uncovering of
      the opening is changed and the admitted air amount is increased or
      decreased, until a force balance and thereby the desired vacuum is
      reached. This design has the following disadvantages:
PAR  1. The vacuum acting on the valve body is not necessarily identical to the
      vacuum of the system, since the air flowing in through the valve has an
      influence of the vacuum conditions in the vicinity of the valve.
PAR  2. The above-mentioned force balance is based on a static load. In reality,
      the position of the valve body is also influenced by the impulse force of
      the entering air. This force varies with the flow rate of the entering
      air, and for this reason the vacuum necessary for maintaining the force
      balance will also be dependent on the flow rate of the entering air.
PAR  3. Small variations of the vacuum level give small adjustment forces acting
      on the valve body, and these forces are generally consumed by friction and
      inertia, so that the control effect fails.
PAR  4. Designs of this type, where attempts have been made to eliminate the
      third disadvantage, will be inclined to oscillate and for this reason are
      unsuitable.
PAR  In summary, the prior designs intended for vacuum level control are not
      able to maintain a constant vacuum level with narrow tolerances. These
      designs are generally inert or inclined to oscillate and are not able to
      keep the vacuum level in the part of the vacuum system where it is
      desirable.
PAR  According to the present invention, these disadvantages are avoided by a
      vacuum control device comprising (1) an indicator for sensing a deviation
      from a balance between a force generated by the vacuum level actually
      prevailing in the vacuum system and a force of constant magnitude
      permanently acting in the indicator, (2) an air admission valve connected
      to the vacuum system, (3) a connection for transmitting a deviation
      impulse generated by the indicator, and (4) means for controlling the air
      admission valve with the guidance of the deviation impulse.
PAR  In a suitable embodiment of the invention, the indicator includes a body,
      such as a valve body or a diaphragm, which in one direction is actuated by
      the force generated by said vacuum level and in the opposite direction is
      actuated by said force of constant magnitude, such as a spring or a
      weight, permanently acting in the indicator. The deviation impulses
      generated by the movements of the aforementioned body can be transmitted
      in a pneumatic, hydraulic or electric way to said operating means for
      control of the air admission valve.
PAR  According to a suitable alternative, the valve body of the air admission
      valve can be a conical sleeve, and the valve seat of the valve can be a
      sleeve with a corresponding conicity and with a passage for an air
      through-flow arranged in the valve seat surface. By allowing the
      respective conical surfaces to form a small angle with the cone axis, the
      air flowing through said passage strikes the conical surfaces almost at
      right angles and thereby has only a very small influence on the adjustment
      position of the conical valve body. If the conical surfaces were
      cylindrical and arranged with sufficient sealing against each other, there
      would occur between them friction forces which would counteract the
      adjustment accuracy of the valve.
PAR  In order to prevent the valve, consisting of conical sleeves, from sticking
      in incorrect positions, the operating means preferably include a rod which
      is connected to the valve body, which is coaxial with the latter, which
      transmits to the valve body an adjustment force dependent on the deviation
      impulses, and which can be articulated in relation to the valve body in
      different directions.
PAR  In a preferred embodiment of the invention, the indicator has a valve body,
      adapted to be actuated as stated earlier, and also has a housing whose
      interior communicates partly with the outer atmosphere through a
      throttling opening and partly through a pipeline with a closed chamber in
      the air admission valve, which chamber is confined by a displaceable wall,
      such as a piston or diaphragm, having a movement-transmitting connection
      with the valve body of the air admission valve and whose outside is
      exposed to the atmospheric pressure. Thus, the vacuum prevailing in the
      vacuum system is utilized so as to transmit pneumatically the deviation
      impulses from the indicator to the air admission valve. The atmospheric
      air entering through the throttling opening is necessary to maintain the
      functional capability of the transmission of the deviation impulses, which
      takes place through said pipeline. The air which has entered through the
      throttling opening is discharged to the vacuum system through the
      indicator valve.
PAR  By making the active area of the displaceable wall appreciably greater than
      the active area of the air admission valve, an amplification of the
      deviation impulses is obtained, so that the latter generate the adjustment
      forces necessary for the control of the air admission valve.
PAR  The force permanently acting in the indicator is advantageously made
      adjustable as to its magnitude, so that the device according to the
      invention can be adjusted to maintain a certain desired vacuum level.
      Likewise, it is suitable to make the throttling opening of the indicator
      housing adjustable, as by means of a needle valve, so that the air
      admission through this opening can be adapted to the volume of the
      pipeline transmitting the deviation impulses. The vacuum level can to a
      certain degree be influenced by the adjustment of the needle valve.
PAR  A suitable embodiment of the valve, arranged in the indicator, is
      characterized in that the surface of the valve body is spherical and the
      surface of the valve seat is conical in the area where the valve body and
      the valve seat contact each other in the closing position of the valve.
      The active area of this valve will thus be constant, and for this reason
      the changes of the vacuum level of the vacuum system will be the only
      changeable factor. Furthermore, a narrow slot can be arranged between the
      valve body spindle and a surface guiding the spindle. This avoids such
      great amounts of air flow into the vacuum system that they unfavorably
      influence the control of the vacuum level, since the desired control
      accuracy requires that this control take place only by means of said air
      admission valve.
DRWD
PAR  The invention is described in more detail below with reference to the
      accompanying drawings, in which FIG. 1 and FIG. 2 are vertical sectional
      views of an indicator and an air admission valve, respectively, in one
      embodiment of the invention chosen by way of example, and FIG. 3 is a
      schematic view showing the assemblies of FIGS. 1 and 2 connected together
      and showing the connection of each of these assemblies to the vacuum
      system.
DETD
PAR  In FIG. 1, an indicator housing 1 is provided at the bottom with a threaded
      holder 2, which can be connected to a vacuum system (not shown). In the
      holder is a conical valve seat surface 3 coacting with a spherically
      shaped valve body 4. The latter has a spindle 5, which passes with a small
      play 6 through a cylindrical part of the valve seat surface. The valve
      spindle is pulled upwards by a spring 7 suspended in a spring stretcher 8.
      The latter is supported from the top of the indicator housing by means of
      a screw 9 threaded into the spring stretcher. A needle valve 10 is
      provided which, by being screwed, can control a throttling opening 11. An
      air admission opening 12 in the wall of the indicator housing communicates
      with the needle valve and is covered by an air filter 13. This filter,
      which can be detached, is located in a holder 14.
PAR  The interior of the indicator housing is connected through a pipeline 15 to
      a chamber 16 in the upper part of the air admission valve shown in FIG. 2.
      This chamber is defined by a cover 17 and a diaphragm 18. The latter is
      clamped by screws 19 between the cover 17 and an annular part 20. A mainly
      conical part 21 is fastened by means of a bayonet mount to the part 20.
      Slots 22 are provided in the wall of the conical part and serve for
      admission of atmospheric air into the interior of the part 21. The latter
      has a threaded holder 23 which can be connected with the same vacuum
      system as the system mentioned earlier. A sleeve 24, which is slightly
      conical at its upper part, extends upwards from the holder 23. The sleeve
      is closed at its top but has in its conical part holes 25 oriented
      radially. In the closed position of the valve, the holes 25 are closed by
      another sleeve 26. The two sleeves are coaxial with each other, and the
      inside of the sleeve 26 has in the area of the holes 25 the same conicity
      as the outside of the sleeve 24. The sleeve 26 is open at its top and has
      a lateral opening 27. A rod 28 connects the diaphragm 18 with the upper
      part of the sleeve 26. Due to a pre-stress of the diaphragm 18, the latter
      strives to press the sleeve 26 downwards to closing position. The rod 28
      can articulate in different directions in relation to the sleeve 26, and
      for this purpose the rod is provided at its lower end with a hole 29
      passing through the rod in its transverse direction and widening conically
      towards both ends and loosely surrounding a pin 30, which is fixed in the
      upper end of the sleeve 26.
PAR  In the operation of the device, the vacuum level which is to be maintained
      in the vacuum system is adjusted by means of a corresponding adjustment of
      the tension of the spring 7, which takes place by turning the screw 9. The
      air admission into the indicator housing is controlled by means of the
      needle valve 10 in view of the local formation of the vacuum system. A
      sealing plate 1a prevents undue actuation of the screw 9 and the needle
      valve 10, after these have been adjusted by an installer. In the normal
      operation condition, all air entering through the needle valve is sucked
      away through the valve 3-6. If the vacuum level in the vacuum system
      increases, the valve body 4 is sucked downwards, and the increased vacuum
      level propagates through the pipeline 15 to the chamber 16 in the air
      admission valve. The diaphragm 18 is thus lifted and thereby uncovers to a
      corresponding degree the holes 25. Air then flows in an increased amount
      into the holes, partly from above through the upper end of the sleeve 26
      and partly through the lateral opening 27 of the sleeve. By this way of
      flowing, the influence of the air flow in the axial direction of the
      sleeve 26 is mainly eliminated, thereby avoiding a disturbance of the
      control accuracy. The air admission into the vacuum system via the holder
      23 restores the vacuum level, adjusted by the spring 7. Due to the
      movability of the joint 29-30 in different directions, the sleeve 26 will
      be self-centering in relation to the sleeve 24, so that the sleeves 24 and
      26 will not stick to each other during the diaphragm movements.
PAR  The device according to the invention can be used not only for maintaining
      a constant vacuum level but also for maintaining a constant difference
      between a lower and a higher vacuum level.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a vacuum system, a device for controlling the vacuum
      level in said system, said device comprising an indicator for sensing a
      deviation from a balance between a force generated by the vacuum level
      actually prevailing in said system and a force of constant magnitude
      permanently acting in the indicator, said indicator being operable to
      generate a deviation impulse corresponding to said deviation, an air
      admission valve connected to the vacuum system and having a closed
      chamber, and means associated with the indicator for transmitting said
      deviation impulse to said closed chamber for controlling the air admission
      valve under the guidance of said deviation impulse, the indicator
      including a housing having an interior and also having a throttled air
      admission opening through which said interior communicates with the outer
      atmosphere, said housing also having a throttled air discharge passage
      through which said interior communicates with the vacuum system, said
      interior also communicating through said transmitting means with said
      closed chamber of the air admission valve, the indicator also including a
      valve body actuated by said two forces for controlling the balance between
      the air admission into and the air discharge from the housing interior,
      the air admission valve including a space communicating with atmosphere
      and also including a valve member for controlling air flow from said space
      to the vacuum system, the air admission valve also including a
      displaceable wall having a movement-transmitting connection with said
      valve member, said wall having one side subjected to the pressure in said
      closed chamber and having its opposite side subjected to the pressure in
      said space.
NUM  2.
PAR  2. The combination of claim 1, in which said valve member of the air
      admission valve is a conical sleeve, the air admission valve also
      including a sleeve member forming a seat for the valve member and having a
      conicity corresponding to the conicity of said conical sleeve, said seat
      having a passage for through-flow of air from said space to said vacuum
      system.
NUM  3.
PAR  3. The combination of claim 2, in which said movement-transmitting
      connection includes a rod connected to said valve member and coaxial
      therewith, said rod being articulated for movements in different
      directions relative to the valve member and being operable to transmit to
      the valve member an adjustment force dependent on the deviation impulses.
NUM  4.
PAR  4. The combination of claim 1, in which said transmission means include a
      pipeline connecting the interior of the indicator housing to said closed
      chamber of the air admission valve.
NUM  5.
PAR  5. The combination of claim 1, in which the displaceable wall has an
      effective area substantially greater than the effective area of said air
      admission valve member.
NUM  6.
PAR  6. The combination of claim 1, comprising also means for adjusting said
      throttled air admission opening of the indicator housing.
NUM  7.
PAR  7. The combination of claim 1, in which said valve body of the indicator
      has a spherical surface, the indicator having a valve seat coacting with
      said valve body and which is conical in the region where the valve body
      and valve seat contact each other in the closing position of the valve
      body.
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ABST
PAL  A check valve comprising a sectional valve body adapted to be interposed in
      a flow line, a valve seat provided in one body portion, a pivotal clapper
      member movable toward and away from said valve seat to provide alternate
      open and closed positions for the valve and hanger means provided in the
      body including means for urging the clapper toward a normal closed
      position against the valve seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in check valves and more
      particularly, but not by way of limitation, to a check valve particularly
      designed and constructed for facilitating repair and maintenance of the
      valve when worn or otherwise damaged.
PAR  2. Description of the Prior Art
PAR  Check valves are old and well known for use in flow lines wherein it is
      desirable to permit fluid flow in one direction and preclude fluid flow in
      an opposite direction. However, there are still many disadvantages in
      check valves available today in that the repair and servicing thereof is
      frequently very expensive and, in fact, it may be necessary to completely
      replace a check valve when it has become worn or damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel check valve particularly
      designed and constructed for overcoming the above disadvantages. The novel
      valve comprises a sectional valve body adapted to be interposed in a flow
      line. A valve seat is provided in one body portion for cooperating with a
      pivotal closure or clapper member to provide alternate open and closed
      positions for the valve. The clapper member is provided with a pivot shaft
      removably secured to the valve body by a hanger means whereby the clapper
      member may be readily removed from the valve body for repair, or the like,
      and easily replaced in the valve body for restoration of normal service
      for the valve. The hanger means is constructed in a manner for constantly
      urging the clapper member in a direction toward the valve seat in order to
      provide a normally closed position for the valve. The valve seat may be
      removable, if desired, for facilitating repair thereof. In addition, a
      plurality of hanger sections may be provided on one body portion indexed
      with respect to each other for orientation between the valve body sections
      in a manner whereby a new hanger section may be utilized with the clapper
      member when the clapper member has been repaired and replaced on the valve
      body. The novel check valve is simple and efficient in operation and
      economical and durable in construction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevational view of a check valve embodying the
      invention.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of a hanger section in a check valve embodying
      the invention.
PAR  FIG. 4 is a sectional elevational view of a modified check valve embodying
      the invention.
PAR  FIG. 5 is a view taken on line 5--5 of FIG. 4 with portions thereof omitted
      for purposes of illustration.
PAR  FIG. 6 is a sectional view of another modified check valve embodying the
      invention.
PAR  FIG. 7 is a view taken on line 7--7 of FIG. 6.
PAR  FIG. 8 is a sectional elevational view of another still modified check
      valve embodying the invention.
PAR  FIG. 9 is a view taken on line 9--9 of FIG. 8.
PAR  FIG. 10 is a view taken on line 10--10 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, and particularly FIGS. 1, 2 and 3,
      reference numeral 10 generally indicates a check valve comprising a first
      valve body 12 removably secured in substantial longitudinal alignment with
      a second valve body 14 in any suitable manner. As shown herein, the body
      sections 12 and 14 are provided with outwardly extending flanges 16 and
      18, respectively, disposed in abutting relationship and secured together
      by bolts 20 and lock nuts 22, as is well known. The body portion or
      section 14 is provided with a central bore 24 extending therethrough to
      provide a fluid passageway in communication with the interior chamber 25
      of the body portion 12. The outer end of the bore 24 may be threaded as
      shown at 26, if desired, for threaded engagement with a suitable coupling,
      flange fitting, or the like (not shown). The bore 24 is enlarged at 28
      oppositely disposed from the threaded portion 26 to provide an annular
      shoulder 30. The enlarged bore portion 28 is threaded at 32 for removably
      receiving a sleeve 34 therein.
PAR  One end of the sleeve 34 bears against the shoulder 30, and the opposite
      end 36 thereof and may either be in substantial planar alignment with a
      cylindrical flange 37 provided on the body 14 or may extend into the
      chamber 25 beyond the body 14 to provide a valve seat for the valve 10.
      The inner bore 38 of the sleeve 34 may be of a diameter substantially
      equal to the diameter of the bore 24, or as shown herein, the diameter of
      the bore 38 may be of a diameter slightly less than the diameter of the
      bore 24. In this event, a suitable bevel 40 may be provided on the inner
      periphery of the sleeve 34 extending between the bores 24 and 38, as
      clearly shown in FIG. 1. Of course, if the diameter of the bore 38 is
      slightly greater than the diameter of the bore 24, a bevel (not shown) may
      be provided at the juncture of the bore 24 and the shoulder 30 and
      extending between the bore 24 and the bore 38. Suitable sealing means,
      such as an O-ring 42, or the like, may be interposed between the sleeve 34
      and the body 14 for precluding leakage of fluid therebetween. In addition,
      a plurality of circumferentially spaced recesses (not shown) may be
      provided around the outer periphery of the valve seat 36, if desired, for
      facilitating installation and removal of the sleeve 34 from the bore 28,
      as is well known.
PAR  The body 14 is provided with an annular shoulder 44 extending
      circumferentially outwardly from the flange 37 for receiving the flange 18
      thereagainst. A pair of oppositely disposed inwardly directed spaced ears
      46 and 48 are provided on the inner periphery of the body 12 in the
      proximity of the flange 18 and are disposed in the upper portion of the
      body 12 as viewed in FIGS. 1 and 2. The ears 46 and 48 are provided with
      laterally extending recesses 50 and 52, respectively (FIG. 2) on the
      inward edges thereof for removably receiving the ends of oppositely
      disposed flanges 54 and 56 of a hanger member 58. The flanges 54 and 56
      are of a substantially arcuate normal configuration in the longitudinal
      direction thereof as shown in FIG. 3 and are relatively thin in order that
      they will be slightly yieldable or flexible. When the flanges 54 and 56
      are disposed within the recesses 46 and 48, and the flange 18 is secured
      against the flange 16, the flanges 54 and 56 will be brought into a
      pressure engagement with the shoulder 44. This pressure will tend to
      straighten the flanges 54 and 56 against the normal arcuate configuration
      thereof, which provides a "spring-like" force for securely retaining the
      flanges 54 and 56 in position with the relative recesses 44 and 46.
PAR  The hanger member 58 also comprises a pair of spaced oppositely disposed
      bosses 60 and 62 extending substantially perpendicular from the flanges 54
      and 56 and in a direction away from the body 14. The spaced inwardly
      directed faces of the bosses 60 and 62 are provided with longitudinally
      extending recesses or grooves 64 and 66, each having one end open at the
      respective flange 54 and 56, and the opposite end thereof closed as
      clearly shown in FIG. 3. In addition, the lower surface of the recesses 64
      and 66, as viewed in FIGS. 1 and 3, tapers downwardly in a direction
      toward the flanges 54 and 56 at an angle of approximately ten degrees, but
      not limited thereto, for a purpose as will be hereinafter set forth.
PAR  A clapper or closure member generally indicated at 68 is pivotally secured
      to the hanger member 58 in a manner as will be hereinafter set forth, and
      cooperates with the valve seat 36 to provide alternate open and closed
      positions for the valve 10. The clapper member 68 may be of any suitable
      configuration, and as shown herein comprises a substantially circular body
      70 of an arcuate cross sectional configuration, or substantially dish
      shaped configuration, having an annular shoulder 72 on the outer periphery
      thereof adapted to engage the valve seat 36 in the closed position of the
      valve 10. A suitable sealing member, such as an O-ring 74, is disposed in
      an annular groove 76 provided on the shoulder 72 for engaging the seat 36
      to preclude leakage of fluid in the closed position of the valve. Of
      course, if desired, the sealing member may be disposed in the valve seat
      36 instead of on the clapper member 68.
PAR  A radially extending angular arm 78 is rigidly secured to the clapper body
      70 in any well known manner (not shown) or may be integral therewith as
      shown herein as desired. The outer end of the arm 78 is provided with a
      bore 80 extending transversely therethrough for receiving a pivot shaft 82
      therein. The arm 78 may be secured to the outer periphery of the shaft 82
      in any suitable manner (not shown) for rotation about the longitudinal
      axis of the shaft 82, as is well known, and the opposite ends of the shaft
      82 are journalled in suitable bushings 84 and 86. The bushings 84 and 86
      are disposed within the recesses 64 and 66, respectively, with the shaft
      82 spanning the distance therebetween. The arm 78 is disposed between the
      bosses 60 and 62 and pivotally supports the clapper 68 within the chamber
      25. Due to the slope of the recesses 64 and 66 in the direction toward the
      body 14, the force of gravity causes the bushings 84 and 86 to slide
      within the recesses 64 and 66 into a position whereby the pivot axis of
      the shaft 82 is offset from the center of gravity of the clapper 68, thus
      causing the clapper 68 to be constantly urged in a direction toward the
      valve seat 36, providing a normal closed position for the valve 10.
PAR  Whereas in the particular embodiment depicted in FIGS. 1 and 2 the arm 78
      is rigidly secured to the shaft 82 for simultaneous rotation therebetween,
      it will be apparent that the pivot shaft 82 may be stationary or fixed
      within the hanger 68 and the arm 78 may be suitably journalled thereon for
      rotation about the pivot axis thereof.
PAR  The body 12 is of a substantially bell shaped configuration having a
      threaded bore 88 provided at the end thereof opposite the flange 18, and
      disposed in substantial axial alignment with the bore 26 for cooperating
      therewith to interpose the valve 10 in a flow line, or the like (not
      shown). The housing 12 is enlarged in the upper portion thereof in the
      proximity of the hanger member 68, as shown at 90 to provide clearance
      within the chamber 25 for a freedom of movement for the clapper member 68
      during opening of the valve 10. In this manner, the clapper member 68 may
      be of the full opening type, providing a full flow of fluid through the
      valve 10 in the open position thereof. In addition, it is preferable to
      provide a suitable sealing member 92 between the flanges 16 and 18 for
      precluding leakage of fluid therebetween. Of course, suitable bleed port
      means (not shown) may be provided in the body 12 in communication with the
      chamber 25, if desired.
PAR  In operation, the clapper member 68 is normally disposed against the valve
      seat 36 to provide a normally closed position for the valve 10. As
      hereinbefore set forth, the offset position of the axis of the pivot shaft
      82 with respect to the axis of gravity of the clapper 68 causes the
      clapper 68 to be constantly urged into a seating engagement with the valve
      seat 36. When the pressure on the upstream side of the clapper 68 becomes
      sufficiently great, the clapper 68 will pivot about the axis of the shaft
      82 for opening the valve 10 and permitting a substantially unrestricted
      flow of fluid therethrough. When the upstream pressure drops sufficiently,
      the weight of the clapper 68 combined with the offset position of the
      pivot axis will cause the clapper 68 to return to the normal closed
      position for precluding back flow or reverse flow of fluid therethrough.
PAR  In the event the clapper 68 or seat 36 become worn or otherwise damaged,
      the valve 10 may be removed from the flow line in any suitable manner (not
      shown) and the valve bodies 12 and 14 may be quickly and easily separated.
      When the body sections 12 and 14 have been separated, the pressure of the
      shoulder 44 against the flanges 54 and 56 of the hanger member 58 will be
      released and the hanger member 58 may be easily removed from the recesses
      50 and 52 of the body 12. The bushings 84 and 86 may then be removed from
      the recesses 64 and 66 to remove the clapper 68 from the hanger section
      58. Any repair or maintenance work, such as facing of the shoulder 72, or
      the like, may be performed on the clapper 68 in the usual manner. The
      clapper 68 may then be reinstalled in the hanger member 58.
PAR  In addition, the sleeve 34 may be readily removed from the body 14 by
      unthreading the connection 32 therebetween in any well known manner. Any
      repair or maintenance work on the sleeve 34, such as facing the valve seat
      36, or the like, may be readily accomplished in the usual manner. The
      sleeve 36 may then be easily reinserted in the body 14 and the body
      sections 12 and 14 may be reassembled for installation in the flow line
      (not shown).
PAR  It will be apparent that facing of the shoulder 72 of the clapper 68 and/or
      the valve seat 36 will change the dimensional relationship between the
      clapper 68, valve seat 36, and body sections 12 and 14, thus effecting the
      efficient sealing of the clapper 68 against the valve seat 36 in the
      closed position of the valve 10. The slope of the recesses 64 and 66
      provides a compensation for any such dimensional variance by permitting
      the bushings 84 and 86 to seek a position in the recesses 64 and 66
      whereby the shoulder 72 of the clapper 68 is in an efficient sealing
      engagement with the valve seat 36 in the closed position of the valve 10.
PAR  Referring now to FIGS. 4 and 5, reference numeral 100 generally indicates a
      modified check valve comprising a pair of longitudinally separable valve
      body sections 102 and 104 adapted to be interposed in a flow line (not
      shown) in any suitable manner. The valve bodies or housings 102 and 104
      may be removably secured in end to end relation in any well known manner
      and as shown herein the bodies 102 and 104 are provided with complementary
      flanges 106 and 108, respectively, retained in abutting relationship by a
      plurality of spaced bolts 110 and lock nuts 112.
PAR  The body 102 is preferably substantially cylindrical and is provided with a
      central bore 114 extending longitudinally therethrough to provide
      communication with the interior chamber 116 of the valve body 104. An
      annular shoulder 118 is provided on the inwardly directed end of the body
      102 to provide a valve seat for the valve 100. An outwardly extending
      radial shoulder 120 is provided on the outer periphery of the body 102 and
      is interposed between the flange 106 and valve seat 118 as clearly shown
      in FIG. 4. A plurality of circumferentially spaced hanger sections 122 are
      rigidly secured to the outer periphery of the body 106 in any suitable
      manner, or as shown herein may be integral therewith.
PAR  Whereas substantially any number of the hanger sections 122 may be
      provided, as shown in FIG. 5 four of the hanger sections are provided on
      the body 102 and spaced substantially ninety degrees apart. Each hanger
      section 102 preferably extends from the shoulder 120 to a point within the
      chamber 116 beyond the valve seat 118. Each successive hanger 122
      preferably extends into the chamber 116 a slightly greater distance from
      the valve seat 118 than the preceding hanger 122, or the distance of
      protrusion of the hangers 122 into the chamber 116 may be varied in any
      suitable arrangement for a purpose as will be hereinafter set forth.
PAR  Each hanger section 122 preferably comprises a pair of spaced arcuate
      fingers 124 and 126 having the outer portions thereof open for receiving
      suitable bushings 128 (only one of which is shown in FIG. 4) therein. The
      bushings 128 are fixedly secured or otherwise disposed on the opposite
      ends of a pivot shaft 130 which spans the distance between the fingers 124
      and 126.
PAR  A clapper member or closure member 132, generally similar to the clapper
      member 68, and comprising a substantially circular body 134 having a
      radially extending angled shaft or arm 136 secured thereto or integral
      therewith, is provided for the valve 100. The outer end of the arm 136 is
      provided with a transversely extending bore 138 for receiving the pivot
      shaft 130 therethrough. The arm 136 may be secured to the outer periphery
      of the shaft 130 between the bushings 128 in any suitable manner for
      rotation simultaneously therewith and is disposed between the fingers 124
      and 126 for pivotally securing the clapper 132 to the body 102 to provide
      alternate open and closed positions for the valve 100.
PAR  As hereinbefore set forth, the clapper member 132 is preferably similar to
      the clapper 68, and is provided with an annular shoulder 140 around the
      outer periphery thereof for engagement with the valve seat 118 to provide
      the closed position for the valve 100. A suitable sealing member, such as
      an O-ring 142, or the like, is disposed within an annular groove 144
      provided on the shoulder 140, and the sealing member 142 engages the valve
      seat 118 in the closed position of the valve for precluding leakage of
      fluid therebetween. Of course, the sealing member 142 may be disposed in
      the valve seat 118, if desired, instead of in the clapper 132.
PAR  The valve body 104 is preferably of a substantially bell-shaped
      configuration and is provided with an internal bore 146 in substantial
      alignment with the bore 114 for providing a fluid passageway through the
      valve 100 in the open position thereof. The body 104 is enlarged at one
      side thereon in the proximity of one of the hanger sections 122 as shown
      at 148 to provide clearance for the clapper member 132 in the open
      position thereof. In addition, a pair of spaced ears 147 and 149 are
      provided in the body 104 conterminous with the recess 148 to retain the
      bushings 128 in position, particularly if the bushings 128 are freely
      mounted on the shaft 130. When the fluid pressure upstream from the
      clapper member 132 becomes sufficiently great, the clapper will pivot
      about the longitudinal axis of the shaft 130 to an open position for
      permitting the flow of fluid through the valve 10. The enlarged portion of
      148 permits the clapper 132 to move into a substantially full open
      position for providing a maximum fluid flow through the valve 10. In
      addition, a bleed port 150, or the like, may be provided in the enlarged
      portion 148 for removably receiving a suitable plug member 152 therein as
      is well known.
PAR  The hanger sections 122 are preferably disposed on the body 102 in such a
      manner that the longitudinal axis of the shaft 130 disposed therein will
      be offset with respect to the center of gravity of the clapper member 132,
      thus gravity will constantly urge the clapper 132 toward the closed
      position thereof against the valve seat 118, to assure a normal closed
      position for the valve 100.
PAR  When the valve 100 is installed in a flow line (not shown), the clapper
      member 132 is normally engaged with the valve seat 118 for efficiently
      closing the valve. When the upstream pressure becomes sufficiently great
      for overcoming the weight of the clapper 132 and the downstream fluid
      pressure, the clapper 132 will be pivoted in a direction away from the
      seat 118 to open the valve. When the upstream pressure drops below the
      opening pressure, the weight of the clapper combined with the offset
      position of the pivot axis of the shaft 130 will close the clapper 132
      against the valve seat 118 for efficiently closing the valve.
PAR  In the event the valve 100 must be repaired, the valve may be removed from
      the flow line in any well known manner and the body sections 102 and 104
      may be separated by removal of the bolts 110 and lock nuts 112. When the
      bodies 102 and 104 have thus been separated, the clapper 132 may be easily
      removed from engagement with the hanger section 122 whereupon suitable
      repair or maintenance work may be performed on the clapper, such as facing
      of the shoulder 140. In addition, the valve seat 118 of the body 102 may
      be serviced, if desired, such as by facing of the valve seat 118.
      Subsequent to the repair operation or operations the clapper 132 may be
      reinstalled on the body 102 and the body sections 102 and 104 may be
      secured together as hereinbefore set forth. The valve 100 may then be
      reinstalled in the flow line as desired.
PAR  It will be apparent that the facing of the shoulder 140 and/or valve seat
      118 will alter the relative dimensions of the clapper 132 and body 102. In
      order to compensate for this variance, the body 102 may be indexed with
      respect to the body 104 to position a second hanger section 122 in the
      proximity of the enlarged area 148, said second hanger section being of
      the proper extension beyond the valve seat 118 to accomodate the clapper
      member 132 in the correct orientation with respect to the valve seat 118
      for assuring an efficient closing action therebetween.
PAR  Referring now to FIGS. 6 and 7 reference character 160 generally indicates
      a check valve similar to the valves 10 and 100. The valve 160 comprises a
      pair of valve bodies 162 and 164 removably secured together in end to end
      relation in any suitable manner. As shown herein the valve bodies 162 and
      164 are provided with complementary outwardly extending flanges 166 and
      168, respecitvely, retained in abutting relationship by a plurality of
      spaced bolts 170 and lock nuts 172.
PAR  The valve body 162 is substantially cylindrical and is provided with a
      central bore 174 extending longitudinally therethrough to provide
      communication with the interior 176 of the body 164. The bore 174 is
      enlarged at 178 to provide an annular shoulder 180 for receiving a
      removable sleeve 182 thereagainst. Suitable sealing means such as an
      O-ring 184 is interposed between the sleeve 182 and the bore 178 for
      precluding leakage of fluid therebetween. The free end 186 of the sleeve
      182 preferably extends beyond the body 162 to provide a valve seat for the
      valve 160 and a clapper member 188 is pivotally secured to the body 162 in
      a manner as will be hereinafter set forth for cooperating with the valve
      seat 186 to provide alternate open and closed positions for the valve 162.
      A suitable sealing member 190 may be disposed within an annular groove 192
      provided on the valve seat 186 for engaging the clapper member 188 in the
      closed position thereof to preclude leakage of fluid. Of course, the
      sealing means may be provided on the clapper member rather than on the
      valve seat, if desired.
PAR  As hereinbefore set forth, the sleeve 182 is removably disposed in the bore
      178 and may be retained in position therein by means of a set screw 194.
      The set screw 194 extends through a radially extending threaded bore 196
      provided in the body 162 and engages the bottom of an annular recess 198
      provided on the outer periphery of the sleeve 182. The bottom of the
      recess 198 may be tapered (not shown) for cooperating with the screw 194
      to urge the sleeve 182 in a direction toward the shoulder 180. The sleeve
      182 may be removed from and replaced in the bore 178 in any suitable
      manner (not shown) when desired.
PAR  The clapper member 188 as shown herein comprises a substantially circular
      disc 200 having a substantially flat face 202 on one side thereof adapted
      to engage the valve seat 186 in the closed position of the valve 162. A
      suitable extension member 204 is provided on the face 202 and an angled
      arm 206 is provided on the opposite side thereof. The outer end of the arm
      206 is provided with a transversely extending bore (not shown) for
      receiving a pivot shaft 208 therethrough. Suitable bushings 210 (only one
      of which is shown in FIG. 6) are disposed on the opposite ends of the
      shaft 208, and the bushings 210 are disposed within a hanger member
      generally indicated at 212, and which is secured to the body 162 in a
      manner as will be hereinafter set forth. The longitudinal axis of the
      pivot shaft 210 is preferably in substantial alignment with the plane of
      the face 202 of the clapper member 188, but offset with respect to the
      axis of gravity of the clapper 188 whereby the weight of the clapper
      combined with the weight of the member 204 constantly urges the clapper
      188 in a direction toward the valve seat 186 to provide a normally closed
      position for the valve 160.
PAR  The hanger member 212 comprises a substantially flat bar member 214
      removably secured to the inwardly directed face 216 of the flange 166 by a
      plurality of bolts 218. A pair of outwardly extending spaced boss members
      220 and 222 are provided on the bar 214 and are provided with aligned
      bores 224 (only one of which is shown in FIG. 6) for receiving the
      bushings 210 therein. The arm 206 of the clapper 188 is disposed between
      the bosses 220 and 222 and the pivot shaft 208 and bushings 210 retained
      in the hanger member 212 for pivotally securing the clapper 188 to the
      body 162. In addition, the bores 224 of the bosses 220 and 222 are
      slightly elongated as particularly shown in FIG. 6 and the bottom surfaces
      of the bores 224 are angularly disposed with respect to the horizontal and
      slope downwardly in a direction toward the body 162. Thus, gravity will
      cause the bushings 210 to slide in a direction toward the body 162 in
      order to assure that the clapper 188 will be supported by the hanger
      member 212 in a manner providing an efficient engagement thereof with the
      valve seat 186 in the closed position of the valve 160.
PAR  The valve body section 164 is generally similar to the body 104 and is
      provided with an enlarged portion 226 in the proximity of the clapper
      member 188 to provide clearance therefore during opening of the valve 160
      as hereinbefore set forth. In addition, an access port 228 may be provided
      in the body 164 for facilitating access to the interior 176 thereof for
      bleeding pressure from the valve 160, or the like, as is well known. Of
      course, a suitable plug 230 may be removably secured in the port 228 for
      closing thereof during normal operating conditions for the valve 160 and
      suitable sealing means, such as an O-ring 232, may be interposed between
      the flanges 166 and 168 for precluding leakage of fluid therebetween. It
      will be apparent that the clapper member 188 and/or valve seat 186 may be
      repaired in the manner as hereinbefore set forth.
PAR  Referring now to FIGS. 8, 9 and 10, a modified valve is generally indicated
      at 234 comprising a valve body 236 having oppositely disposed aligned
      inlet and outlet ports 238 and 240, respectively, providing a fluid
      passageway through the body 236. The inlet and outlet ports 238 and 240
      may be internally threaded as shown herein, or may be otherwise configured
      for facilitating installation of the valve 234 in a flow line (not shown)
      as is well known.
PAR  The bore 238 is enlarged at 242 to provide an annular shoulder 244 for
      receiving one end of a sleeve 246 thereagainst. Suitable sealing means,
      such as an O-ring 248, is interposed between the outer periphery of the
      sleeve 246 and the bore 242 for precluding leakage of fluid therebetween.
      The outer end 250 of the sleeve 246 extends into the interior 252 of the
      body 236 to provide a valve seat for the valve 234. A clapper member 254
      generally similar to the clapper 188 is pivotally secured to the body 236
      in a manner as will be hereinafter set forth and cooperates with the valve
      seat 250 to provide alternate open and closed positions for the valve 234.
      A suitable sealing member 256 is provided on the valve seat 250 for
      engagement with the clapper member 254 in the closed position of the valve
      for precluding leakage of fluid. Of course it will be apparent that the
      sealing member 256 may be disposed on the clapper member 254 rather than
      on the valve seat 250, if desired.
PAR  The clapper member 254 comprises a substantially disc shaped member 258
      having a counterweight member 260 provided on the upstream side thereof
      and an angled arm member 262 provided on the opposite side thereof. A
      transversely extending bore 264 is provided in the outer end of the arm
      262 for receiving a pivot shaft 266 therethrough. As hereinbefore set
      forth, the arm 262 may be keyed or otherwise secured to the outer
      periphery of the shaft 266 for simultaneous rotation therewith, or may be
      suitably journalled on the shaft for rotation about the longitudinal axis
      thereof, as is well known. The shaft 266 extends through a pair of spaced
      bushings 268 and 270 which are supported or retained in a hanger section
      generally indicated at 272.
PAR  A recess 274 having a substantially flat bottom surface 276 is provided in
      the body 236 spaced from the valve seat 250 for removably receiving the
      hanger section 272 thereon. In addition, a suitable set screw 278 extends
      from the recess 274 into engagement with an annular groove 280 provided
      around the outer periphery of the sleeve 246 for removably retaining the
      sleeve 246 within the bore 242.
PAR  The hanger section 272 comprises an elongated block member 282 having a
      pair of spaced bores 283 and 284 for receiving bolts 286 therethrough
      which are threadedly engagable with the surface 276 of the body 236 for
      removably securing the hanger section 272 in the recess 274. In addition,
      a transverse bore 285 is interposed between the bores 283 and 284
      providing access to the screw 278. A pair of spaced outwardly extending
      bosses 288 and 290 are provided on the block 282 having aligned bores 279
      and 281 for receiving the bushing 268 and 270, respectively, therein. The
      arm 262 is disposed between the bosses 288 and 290 and the clapper member
      254 is thus pivotally secured within the body 236.
PAR  An access port 292 is provided in the upper portion of the valve body 236
      in the proximity of the hanger section 272 and clapper member 254 for
      facilitating access thereto. The access port 292 is preferably threaded
      for removably receiving a suitable cover member 294 therein which may be
      easily removed for access to the hanger section 272, clapper 254 and valve
      seat 250 and suitable sealing means 296 is interposed between the cover
      294 and body 236 for precluding leakage of fluid. The clapper 254 and
      sleeve 246 may be easily removed from the valve body 236 for repair or the
      like and may be easily reinstalled in the body 236. In addition, the
      hanger section 272 may be easily remodeled to compensate for any
      dimensional variance resulting from the repair of the clapper or valve
      seat.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel check valve particularly designed and constructed for facilitating
      the repair and maintenance of the closure member and/or valve seat. The
      valve is provided with novel hanger means for removably securing the
      closure or clapper member within the valve, and for compensating for
      dimensional variances subsequent to any repair work, such as facing of
      either the valve clapper or valve seat.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A check valve comprising a first housing member having an inlet port
      provided therein, a second housing member removably secured to the first
      housing member and having an outlet port therein in substantial alignment
      with the inlet port, sleeve means removably secured to said first housing
      member in substantial alignment with the inlet port and having one end
      thereof extending into the interior of the second housing member to
      provide a valve seat for the valve, hanger means removably secured between
      the housing members and retained against one housing member by pressure of
      the other housing member thereagainst, closure means removably secured to
      the hanger means and pivotal for cooperation with the valve seat to
      provide alternate open and closed positions for the valve, said closure
      means comprising a substantially circular body member, an angled arm
      member carried by the circular body and extending substantially radially
      outwardly therefrom, pivot shaft means removably secured to the hanger
      means and operably connected with the arm member for pivotally securing
      the closure means to the hanger means, and means provided on said hanger
      means for constantly urging the circular body in a direction toward the
      valve seat to compensate for any dimensional variances of the valve seat
      and closure means for assuring an efficient sealing of the valve in the
      closed position thereof, said last mentioned means comprising angularly
      disposed recess means provided in the hanger means for receiving the pivot
      shaft means therein whereby gravity constantly urges the pivot shaft in a
      direction toward the valve seat.
NUM  2.
PAR  2. A check valve as set forth in claim 1 wherein the hanger means comprises
      a pair of oppositely disposed boss members for removably receiving the
      opposite ends of the pivot shaft means therein, oppositely disposed
      outwardly directed flanges extending from each of said bosses and
      engagable between the first and second housing members for removably
      securing the hanger means therebetween.
NUM  3.
PAR  3. A check valve as set forth in claim 2 wherein the outwardly directed
      flanges are of a substantially arcuate configuration for yieldability for
      facilitating securing of the hanger means between the first and second
      housing members.
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ABST
PAL  A control unit for central heating systems has a single integrally produced
      body with openings for connecting the unit to main and group distributing
      and return pipes. The unit has also mounted on its body a circulation
      pump, a throttle valve, a shunt valve and a check valve. Inside the body,
      there are channels for connecting in a prescribed way the pump, valves and
      openings.
BSUM
PAR  The present invention relates to a control unit for central heating
      systems.
PAR  It is an object of the invention to provide a unit which simplifies the
      installation of the heating system and which is of such a compact design
      that it requires only a small space. Also, to the service engineer the
      unit offers an advantage, since the different controls and the adjusting
      means are collected together in one and the same place.
PAR  According to the invention the unit comprises a single integrally produced
      body, provided with openings adapted to be connected to the main
      distributing and return pipes and to the group distributing and return
      pipes. It is further provided with a system of enclosed channels, a first
      one of which is connected, via a circulation pump secured on the unit,
      between the opening for the main distributing pipe and the opening for the
      group distributing pipe. A second one is connected, via in turn a throttle
      valve and a two-way or three-way shunt valve, between the opening for the
      group return pipe and the opening for the main return pipe. A third one is
      connected between the throttle valve and the shunt valve. A fourth one is
      connected, via a check valve, between the third channel and the suction
      side of the circulation pump.
DRWD
PAR  Further features of the invention will become apparent from the following
      description of embodiments of the invention, given merely by way of
      example, in which:
PAR  FIG. 1 is a front view of the control unit, partly in section;
PAR  FIG. 2 is a sectional side elevation view taken in the direction of the
      arrows II--II in FIG. 1;
PAR  FIG. 3 is a sectional side elevation view taken in the direction of the
      arrows III--III in FIG. 1; and
PAR  FIG. 4 is a sectional side elevation view taken in the direction of the
      arrows IV--IV in FIG. 1.
DETD
PAR  In the drawing the numeral 1 designates a single integrally produced body,
      preferably made through a moulding process. This body is provided with
      flanges having openings 2, 3, 4 and 5. Of these, the opening 2 is adapted
      to be connected to the main distributing pipe, the opening 3 is adapted to
      be connected to the group distributing pipe, the opening 4 is adapted to
      be connected to the group return pipe, and the opening 5 is adapted to be
      connected to the main return pipe.
PAR  Enclosed, when producing the body, is a system of channels which are within
      the body. These channels interconnect the openings mentioned above.
      Mounted on the body are the elements which are required for the function
      of the central heating system. Thus, a channel 6 connects the opening 2
      (see especially FIG. 2) to a circulation pump 7, secured to the body 1.
      This pump, in turn, is connected through a channel 8 to the opening 3. The
      opening 4 is connected through a channel 9 (see especially FIG. 3) to a
      throttle valve 10, by means of which the water quantity and pressure
      required for the group are adjusted. This throttle valve 10 is connected
      through a channel 11 to a two-way or three-way shunt valve 12 for shunting
      the return water, this shunt valve 12 in turn being connected through a
      channel 13 to the opening 5.
PAR  The channel 11 extends through, and communicates with a transverse channel
      14 (see especially FIG. 2 and 4) connected to the channel 6, and thereby
      to the suction side of the circulation pump 7. In the connection between
      the channels 14 and 6 is inserted a check valve 15.
PAR  In the channels 6, 8, 9 and 13 of the body 1 are inserted thermometers 16
      and measuring terminals 17. A further measuring terminal 17 is inserted in
      the channel 14.
PAR  As is evident from the above, the invention provides for a very robust
      control unit, comprising a single integrally produced body, onto which is
      mounted a circulation pump and also the adjusting and control means as
      required. Enclosed channels are used for interconnecting these elements
      and the openings which provide for making the connections of the necessary
      pipes. The channels formed when the body is produced. All parts are
      collected to a compact unit which considerably simplifies the installation
      of the heating system and its maintenance and service and at the same time
      requires a minimum of space where it is to be mounted.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control unit for central heating systems, said unit comprising a
      single integral body means, having therein a plurality of openings which
      are to be connected to main distributing and return pipes and to group
      distributing and return pipes, a system of enclosed channel means formed
      within said body, a circulation pump means, a throttle valve means, a
      shunt valve means and a check valve means associated with said body, a
      first one of said channel means connecting the opening for said main
      distributing pipe via said circulation pump means to the opening for said
      group distributing pipe, a second one of said channel means extending from
      the opening for said group return pipe through said throttle valve means,
      and said shunt valve means to the opening for said main return pipe, and a
      third of said channel means connecting said second channel means via said
      check valve means to the suction side of said circulation pump means.
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PAL  A three-way control valve for a single-acting cylinder or other type of
      motor in which a valve body has an inlet port, a tank port and a control
      port, with a pair of poppet-type check valves operable to block flow from
      the control port to either the inlet port or the tank port. A poppet valve
      member is operable to control flow between the inlet port and the tank
      port. Means are provided for operating the poppet valve member and the
      check valves to cause either advance, return or hold operations of the
      cylinder and with decompression means for bleeding-off the cylinder
      pressure prior to opening of one of the check valves to connect the
      control port to the tank port to reduce the amount of force required to
      open the latter check valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a three-way control valve which can be solenoid
      pilot-operated and with the valve members of the valve being constructed
      to require low force in operation thereof and with the valve members being
      of the poppet type to hold pressure in an operating cylinder over a long
      period of time without leakage.
PAR  Many types of control valves are known in the art, including the use of
      poppet valves and spool-type valves; however, spool-type valves are
      subject to leakage and can not provide for holding of pressure over a
      prolonged period of time and prior constructions including use of
      poppet-type valves have not been economically constructed and arranged for
      simple operation, as disclosed herein.
PAC  SUMMARY
PAR  A primary feature of the invention disclosed herein is to provide a
      three-way control valve having a valve body with an inlet port, a tank
      port and a control port, a pair of poppet-type check valves acting to
      prevent flow from the control port to either the inlet port or the tank
      port, a poppet valve member for controlling flow between the inlet port
      and a tank port, and means either manually or pilot-operated for
      controlling the position of the poppet valve member and the action of the
      poppet-type check valves to operate a cylinder or other motor in advance,
      return and hold operations.
PAR  Another feature of the invention is to provide a three-way control valve
      wherein the poppet valve member controlling flow between the inlet port
      and the tank port is balanced whereby a relatively small pilot force is
      required to operate the poppet valve member.
PAR  Another feature of the invention is to provide a three-way control valve
      wherein the poppet valve member may be pressure-sensitive for manual
      operation thereof by slight unbalancing of the poppet valve member.
PAR  An additional feature of the invention is to provide such a valve wherein
      one of the poppet-type check valves has decompression means associated
      therewith whereby pressure existing at the control port can be reduced
      prior to opening of the check valve to reduce the force required to open
      this check valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of the three-way control valve with solenoid
      pilot operation and with parts of the valve shown in central vertical
      section and positioned for advance operation;
PAR  FIG. 1A is a fragmentary plan section, taken generally along the line 1A in
      FIG. 1;
PAR  FIG. 2 is a fragmentary view, similar to part of FIG. 1 and with the
      components positioned for hold operation;
PAR  FIG. 3 is a view, similar to FIG. 2, with parts positioned for return
      operation; and
PAR  FIG. 4 is a view, similar to FIG. 1, showing an alternate embodiment for
      manual operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The three-way control valve as shown in FIG. 1 has a body, indicated
      generally at 10, with a pilot section, indicated generally at 11, which,
      as well known in the art, includes a pair of oppositely-acting solenoids
      controlling a pilot valve (not shown) for selectively controlling the
      application of pilot fluid to either of a pair of passages 15 and 16 in
      the valve body 10.
PAR  The valve body is provided with an inlet port 20, a tank port 21, and a
      control port 22. The inlet port 20 is connected to a source of fluid under
      pressure, such as a pump, with the inlet port communicating with a first
      bore 25 and a second bore 26. The first bore 25 connects the inlet port 20
      and the control port 22 and also connects the control port 22 with the
      tank port 21 by the open communication across the top of the first bore 25
      and the second bore 26. The inlet port 20 communicates with the second
      bore 26 through a passage 30.
PAR  The first bore 25 has a first poppet check valve, in the form of a ball 35,
      which coacts with a valve seat 36 to block flow from the control port 22
      to inlet port 20 when closed and, when open, permits flow of fluid under
      pressure from the inlet port 20 to the control port 22. A second
      poppet-type check valve has a valve member 38 with a frusto-conical
      section 39 forming a poppet-type closure, with a valve seat 40 and with
      the latter valve functioning to block flow from the control port 22 to the
      tank port 21.
PAR  The second bore 26 mounts a sleeve 45 in which a poppet valve member 46 is
      movable and with a frusto-conical section 47 engageable with a valve seat
      48 on the sleeve. As shown in FIG. 1, the poppet valve member 46 is
      balanced with a similar frusto-conical section 50 acting in opposition to
      the frusto-conical section 48 whereby when pressure fluid is delivered to
      the interior of the sleeve through a passage 51 the forces acting on the
      poppet valve member are substantially equal and opposite. A spring 55
      engages the underside of the poppet valve member, as viewed in FIG. 1, to
      urge the poppet valve member upwardly from the closed position, shown in
      FIG. 1.
PAR  A pair of solenoid pilot pressure-operated plungers 60 and 61 are
      positioned within the bores of the valve body and are moved downwardly in
      response to the application of fluid pressure to the upper side thereof.
PAR  Referring particularly to FIG. 2, which shows the valve components
      positioned in a hold operation, both of the plungers 60 and 61 are in
      their uppermost position. As a result, the spring 55 acting on the poppet
      valve member 46 urges the valve member upwardly whereby the valve section
      47 is off the valve seat 48 to connect the inlet port 20 with the tank
      port 21 whereby there is no fluid pressure force acting upwardly against
      the first poppet valve member 35. In this operation, any pressure existing
      in a single-acting cylinder or other motor device connected to the outlet
      control port 22 acts to assist a spring 66 in holding poppet valve member
      35 on its seat 36.
PAR  As seen in FIG. 1A, the bore 25 is generally cylindrical. The body of the
      valve member 38 is also cylindrical but of a lesser diameter. The valve
      member has an upper flange and a lower flange which are of a square shape
      and with the lower flange 65 being shown in FIG. 1A. This permits pressure
      fluid to act upon the upper side of the spherical poppet ball check 35.
      Additionally, the spring 66 disposed within the valve member 38 acts on
      the ball check 35 and also seats against a member 67 positioned within a
      recess in the valve member 38. This member 67 is part of a decompression
      means to be described and acts through the valve member 38 which, as shown
      in FIG. 2, is seated against the valve seat 40 to result in the spring 66
      urging the ball check 35 against its seat. There can be no flow from the
      control port 22 to the tank port 21 in the hold operation, as shown in
      FIG. 2, because of the second poppet check valve having the valve section
      39 thereof seated on the valve seat 40. The internal recess within the
      valve member 38 is blocked by the decompression means so that there can be
      no leakage flow through the interior of the valve member 38.
PAR  In the hold operation of FIG. 2, the plungers 60 and 61 are held in an
      upper, inactive position by spring means. A spring 70 engages between the
      plunger 60 and an insert 71 having the valve seat 40 formed thereon. The
      spring 55 acts through the poppet valve member 46 to hold the plunger 61
      in its uppermost position.
PAR  When the control valve is to cause an advance operation, the
      solenoid-controlled pilot valve directs fluid under pressure through
      passage 15 against the plunger 61, with the result that the parts are
      positioned as shown in FIG. 1. As shown therein, the poppet valve member
      46 closes against the valve seat 48 to close off communication between the
      inlet port 20 and the tank port 21. As a result, pressure fluid from the
      inlet port is applied against the first poppet check valve 35 and, if the
      pressure applied is higher than that previously existing in the control
      port 22, the check valve moves away from its seat 36, as shown in FIG. 1.
      Flow to the control port then occurs by flow past the square flange 65.
      The first bore 25 is out of communication with the tank port 21 because
      the second poppet check valve section 39 is closed against its valve seat
      40. Upon release of pilot pressure to the plunger 61, the parts return to
      the hold operation position shown in FIG. 2.
PAR  If pilot pressure is applied to the plunger 60 through the passage 16 for a
      return operation, the parts are then positioned as shown in FIG. 3. The
      poppet valve member 46 remains in its upper open position with the result
      that the inlet port 20 is connected to the tank port 21. The movement of
      the plunger 60 compresses the spring 70, and, during this movement, two
      successive actions occur. Initially, the lower end of the plunger 60
      engages a pin 80 extended lengthwise in the second poppet check valve 38
      and which extends outwardly therebeyond, as shown in FIGS. 1 and 2, to
      lower the pin relative to the check valve and move a small ball check 81
      (requiring a small force) away from the lower end of the passage in the
      poppet valve member which movably mounts the pin 80. The pin 80 is
      undersized with respect to the diameter of the passage whereby a small
      amount of fluid can bleed from the control port 22 upwardly through the
      interior of the valve member 38 past the ball check 81 and through the pin
      passage to a lateral opening 85 in the valve member 38 with this fluid
      then flowing to the tank port 21. This reduces the pressure existing at
      the control port to reduce the total force of fluid pressure acting
      upwardly against the valve member 38 whereby a smaller force is required
      to move the valve member 38 to the open position, shown in FIG. 3. Major
      flow around valve member 38 flows upwardly and through the coils of spring
      70 to the tank port 21.
PAR  The first poppet check valve 35 is smaller than the bore in the valve
      member 38 which mounts it to permit flow therepast. A flow passage 87
      through the member 67 permits the fluid to reach the ball check 81. As
      seen in FIG. 3, lowering of the second poppet valve member 38 additionally
      results in compression of the spring 66 to assist in holding the first
      poppet valve member 35 on its seat.
PAR  Release of fluid pressure from the plunger 60 causes the spring 70 to raise
      the plunger 60 whereby the first and second check valves as well as the
      decompression means return to the hold operation position of FIG. 2.
PAR  An alternate embodiment is shown in FIG. 4 wherein the parts of the same
      construction as in the embodiment of FIGS. 1-3 have been given the same
      reference numeral with a prime affixed thereto.
PAR  In this embodiment, the solenoid pilot valve unit 11 has been replaced with
      a manual operator, including a pivoted handle 100 mounted at a pivot 101
      to a top part of the valve body and with a pair of adjustable members 102
      and 103 for coaction with a pair of plungers 104 and 105, respectively.
      Plungers 104 and 105 correspond to the plungers 60 and 61, respectively,
      of the first embodiment. With the handle 100 positioned as shown in FIG.
      4, the control valve is positioned for an advance operation similarly as
      shown in FIG. 1. With the handle 100 disposed horizontally, neither of the
      plungers 104 or 105 is depressed, which results in a hold operation, as
      described in connection with FIG. 2 of the first embodiment. When the
      handle 100 is pivoted to an inclined position, beyond the horizontal and
      opposite to that shown in FIG. 4, plunger 104 is depressed to obtain a
      return operation, as shown for the first embodiment in FIG. 3.
PAR  In the embodiments of FIGS. 1 to 3, the poppet valve member 46 was balanced
      with respect to pressure forces applied thereto to minimize the force
      required to be exerted by the plunger 61. With manual operation, as shown
      in the embodiment of FIG. 4, it is desirable to have the poppet valve
      member 46' pressure-sensitive whereby as the handle 100 is pivoted
      downwardly toward the position shown in FIG. 4 there is an unbalance of
      hydraulic forces acting on the valve member to contribute a "feel" to
      movement of the handle. This action of unbalancing is caused by placing an
      undercut 110 at the upper end of the insert 45' whereby the area of the
      poppet valve section 48 exposed to pressure is greater than the area 50'.
      This structure also provides a metering action in controlling the rate of
      flow to the tank port 21' and, therefore, the rate of advance of a
      cylinder or other motor connected to the control port 22'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A three-way control valve for use with a single-acting cylinder or the
      like in control of advance, return or hold operation thereof comprising, a
      valve body having an inlet port, a control port and a tank port, a first
      bore in said body in communication with all three of said ports, a first
      poppet check valve in said first bore and having a valve seat whereby,
      when seated, flow from the control port to the inlet port is blocked, a
      second poppet check valve in said first bore and having a valve seat
      whereby, when seated, flow from the control port to the tank port is
      blocked, a second bore in said body in parallel adjacent relation to said
      first bore and in communication with said inlet port and the tank port, a
      spool valve in said second bore with spaced opposed lands and one of said
      lands defining a poppet valve member coacting with a valve seat to control
      flow to the tank port, a passage connecting said first bore with said
      second bore intermediate said spaced opposed lands of said valve spool for
      fluid flow from the inlet port to the tank port, the poppet valve member
      in said second bore having an open position to permit flow from the inlet
      port to the tank port in hold and return operations and to block said flow
      in an advance operation whereby fluid flows past said first check valve to
      said control port, means for positioning said poppet valve member, both of
      said check valves being held on their respective valve seats by fluid
      pressure in a hold operation, means for opening said second check valve
      and holding said first check valve closed in a return operation to permit
      fluid flow from the control port to the tank port, and decompression valve
      means operable to bleed fluid from the control port to the tank port to
      reduce said fluid pressure and reduce the force required to open said
      second check valve, said decompression valve means including a relatively
      small poppet valve carried by said second check valve, spring means acting
      between said first check valve and said small poppet valve, a movable pin
      for opening said small poppet valve, and a movable member for sequentially
      engaging said pin and said second check valve.
NUM  2.
PAR  2. A control valve as defined in claim 1 wherein said spaced opposed lands
      on said valve spool are of equal area to provide a balanced action for the
      poppet valve member for movement with relatively low force to block flow
      from the inlet port to the tank port.
NUM  3.
PAR  3. A control valve as defined in claim 1 wherein said means for positioning
      said poppet valve member and the means for opening the second check valve
      comprise a pair of pilot controlled and hydraulically operated plungers.
NUM  4.
PAR  4. A three-way control valve for use with a single-acting cylinder or the
      like in control of advance, return or hold operation thereof comprising, a
      valve body having an inlet port, a control port and a tank port, a first
      bore in said body in communication with all three of said ports, a first
      poppet check valve in said first bore and having a valve seat whereby,
      when seated, flow from the control port to the inlet port is blocked, a
      second poppet check valve in said first bore and having a valve seat
      whereby, when seated, flow from the control port to the tank port is
      blocked, a second bore in said body in parallel adjacent relation to said
      first bore and in communication with said inlet port and the tank port, a
      spool valve in said second bore with spaced opposed lands and one of said
      lands defining a poppet valve member coacting with a valve seat to control
      flow to the tank port, a passage connecting said first bore with said
      second bore intermediate said spaced opposed lands of said valve spool for
      fluid flow from the inlet port to the tank port, the poppet valve member
      in said second bore having an open position to permit flow from the inlet
      port to the tank port in hold and return operations and to block said flow
      in an advance operation whereby fluid flows past said first check valve to
      said control port, means for positioning said poppet valve member, both of
      said check valves being held on their respective valve seats by fluid
      pressure in a hold operation, means for opening said second check valve
      and holding said first check valve closed in a return operation to permit
      fluid flow from the control port to the tank port, said first poppet check
      valve being a ball valve; said second poppet check valve having an
      elongate body movable in said first bore with a frusto-conical valve
      section and an internal chamber, and a passage extending therefrom to the
      end of said elongate check valve body, an open end of said internal
      chamber being larger than and partially receiving said ball valve for
      guiding thereof; and decompression means including a ball check positioned
      within said internal chamber and seated against an end of said passage; a
      spring guided in said internal chamber and acting against both said ball
      check and the ball valve, and a pin in said passage for opening said ball
      check for flow through said passage; a movable member for sequentially
      engaging said pin and then said elongate body to open the ball check and
      then the second poppet check valve with such action compressing said
      spring acting on the ball valve; and a guide land on said elongate body
      engageable within said first bore and shaped to permit flow therepast from
      the inlet port to the control port and from the control port to said
      internal chamber.
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PAL  The comparator for signals which are coded in a given number system and
      represented by a fluid pressure comprises a first and a second rigid block
      pierced by transverse ducts which are arranged in a row and to which is
      applied a fluid pressure representing respectively a first and a second
      input signal, at least one elastic membrane which separates the two
      blocks, a first and a second discharge duct pierced in the second block on
      each side of the transverse ducts, means actuated by the pressure
      representing the second signal so as to deform the elastic membrane and to
      permit propagation of said pressure in the direction of the two output
      ducts, and means actuated by the pressure representing the first signal in
      order to deform the elastic membrane and to prevent propagation of the
      pressure representing the second signal beyond the duct corresponding to
      the first signal.
BSUM
PAR  This invention relates to a comparator for signals which are coded in a
      predetermined number system and represented by a pressure of fluid, said
      comparator being intended to deliver an output signal which is
      representative of the sign of the difference between the values of the
      input signals.
PAR  Comparators of this type for coded signals in the binary system are already
      known. These comparators are constituted by a large number of logical
      units which are therefore complex, delicate and costly.
PAR  The aim of the present invention is to permit the construction of a simple,
      rugged and compact comparator for signals which are represented by a high
      fluid pressure.
PAR  In accordance with the invention, the comparator for signals which are
      coded in a predetermined number system and represented by a fluid pressure
      essentially comprises a first and a second rigid block which are pierced
      by transverse ducts arranged in a row and adapted to receive a fluid
      pressure representing respectively a first and a second input signal, at
      least one elastic membrane which separates the two blocks, a first and a
      second discharge duct pierced in the second block on each side of the
      transverse ducts aforesaid, means actuated by the pressure representing
      the second signal in order to deform the elastic membrane and to permit
      propagation of said pressure in the direction of the two output ducts, and
      means actuated by the pressure representing the first signal in order to
      deform the elastic membrane and to prevent propagation of the pressure
      representing the second signal beyond the duct corresponding to the first
      signal.
PAR  In a preferred embodiment of the invention, the comparator comprises a
      rigid intermediate plate placed between the two blocks and separated from
      each block by a membrane. The plate is provided with open portions which
      are coaxial with the ducts of the two blocks and have a larger
      cross-sectional area than said ducts, and the second block is provided
      with cavities intercalated between the ducts of said block and each
      terminating on the second membrane in an orifice which is formed astride a
      partition-wall which forms a separation between two open portions of the
      intermediate plate.
PAR  Further particular features of the invention will become apparent from the
      detailed description which is given hereinafter.
DRWD
PAR  A number of embodiments of the invention are shown in the accompanying
      drawings which are given by way of example without any limitation being
      implied, and in which:
PAR  FIG. 1 is a diagram of a logical system comprising a comparator in
      accordance with the invention;
PAR  FIG. 2 is a sectional view of a first embodiment of the comparator which is
      shown in FIG. 1, said comparator being in the non-operating position;
PAR  FIG. 3 is a view corresponding to FIG. 2 in which the comparator is in an
      operating position;
PAR  FIG. 4 is a fragmentary sectional view representing a second embodiment of
      the comparator of FIG. 1, said comparator being in the non-operating
      position;
PAR  FIG. 5 is a fragmentary sectional view taken along line V--V of FIG. 6 and
      showing a third embodiment of the comparator of FIG. 1 in the
      non-operating position;
PAR  FIG. 6 is a plan view taken along line VI--VI of FIG. 5;
PAR  FIG. 7 is a view which is similar to FIG. 5 but in which the comparator is
      in the operating position.
PAR  In the accompanying drawings, the embodiments of the invention are adapted
      to signals which are coded in the decimal system but it will be wholly
      apparent that the invention is equally applicable to signals which are
      coded in other number systems such as the octal system.
DETD
PAR  In the diagram shown in FIG. 1, a first decimal register 1 is connected by
      means of a first series of ten pipes A0 to A9 for fluid under pressure to
      a first input of a comparator 3. A second decimal register 2 is connected
      by means of a series of ten pipes B0 to B9 for fluid under pressure to a
      second input of the comparator 3. Two ducts 4 and 5 for fluid under
      pressure which are intended to transmit the output signal delivered by the
      comparator 3 are also connected to said comparator.
PAR  An item of information or datum A corresponding, for example, to a
      reference value of a quantity to be controlled is displayed in the
      register 1. The register 2 contains a variable datum B which corresponds,
      for example, to the instantaneous value of said quantity. The two data are
      sent to the comparator in the form of a high pressure of fluid such as
      compressed air, on the one hand in the one of the connecting pipes A0 to
      A9 and on the other hand in the one of the connecting pipes B0 to B9 whose
      order corresponds to the numerical value of the information as expressed
      in the decimal system.
PAR  If the data which are applied respectively to the two inputs of the
      comparator 3 have the same numerical value or in other words are
      transmitted via connecting pipes A and B of the same order, the comparator
      does not emit any output signal.
PAR  If said data have different values, the comparator 3 emits a signal which
      is represented by a fluid pressure either at its output 5 ("plus" signal)
      if B is larger than A or at its output 4 ("minus" signal) if B is smaller
      than A.
PAR  In the first embodiment of the invention which is illustrated in FIGS. 2
      and 3, the comparator 3 comprises a first rigid block 12 pierced by a
      series of ten transverse ducts C0 to C9 which are adapted to be put into
      communication with a first series (not shown in the drawings) of
      connecting pipes such as the pipes A of FIG. 1 for a fluid under pressure
      representing a first input signal.
PAR  The comparator 3 further comprises a second rigid block 14 pierced by a
      series of ten transverse ducts D0 to D9, the orifices of which are located
      respectively opposite to those of the ducts C0 to C9.
PAR  There is placed between the blocks 12 and 14 a rigid intermediate plate 16
      which is separated from each of these latter by an elastic membrane 17 and
      18 respectively. The plate 16 is provided with a series of ten open
      portions E0 to E9 which are separated from each other by partitionwalls
      15, said open portions being placed opposite to the orifices of the ducts
      C0 to C9 and D0 to D9 and so arranged as to project on each side of said
      orifices.
PAR  The block 14 is further provided with a series of cavities 22 intercalated
      between the ducts D0 to D9 and terminating on the side nearest the
      membrane 18 in orifices which are formed astride the partition-walls 15 of
      the plate 16.
PAR  The block 14 is additionally provided on each side of its series of ducts
      D0 to D9 with two outlet ducts 23, 24 as shown respectively from left to
      right in FIGS. 2 and 3. These outlet ducts open into the end cavities 22
      of the block 14 which are each connected to the atmosphere through a
      discharge duct 25, 26 of small cross-sectional area.
PAR  The comparator 3 further comprises a third rigid block 28 which is
      separated from the block 14 by an elastic membrane 29 having a series of
      perforations 31. The block 28 is pierced by a series of ten transverse
      ducts F0 to F9 which are adapted to be put into communication with a
      second series (not shown in the drawings) of connecting pipes such as the
      pipes B0 to B9 of FIG. 1 for a fluid under pressure representing a second
      input signal. The axes of the ducts F0 to F9 are located in staggered
      relation to the axes of the ducts D0 to D9 but the orifices of the ducts
      F0 to F9 are partly located opposite to the orifices of the ducts D0 to
      D9. The perforations 31 of the membrane 29 are placed in front of the
      orifices of the ducts D0 to D9 and shut-off by the block 28 in the
      non-operating position.
PAR  The outlet ducts 23 and 24 of the block 14 communicate respectively through
      perforation 33 and 34 of the membrane 29 with outlet ducts 35 and 36 which
      traverse the block 28. Said ducts 35 and 36 are adapted to be put into
      communication with pipes (not shown in the drawings) for fluid under
      pressure such as the pipes 4 and 5 of FIG. 1 which represent an output
      signal of the comparator 3.
PAR  By way of example, in one embodiment of the invention, the following values
      have been adopted:
PA1  thickness of each membrane 17 and 18 : 0.3 mm
PA1  thickness of the intermediate plate 16 : 0.5 mm
PA1  pressure of the fluid representing the input signals : 0.3 to 10 bars.
PAR  The comparator which has just been described operates as follows (with
      reference to FIG. 3).
PAR  It is assumed that the fluid pressure representing the first input signal
      or so-called display signal is applied in the direction of the arrow f to
      the duct C5 of the block 12 and that the fluid pressure corresponding to
      the second input signal is applied in the direction of the arrow g to the
      duct F3 of the block 28. Under the action of the pressure which prevails
      within the duct C5, the membrane 17 is pushed through the open portion E5
      against the membrane 18 and applies this latter forcibly against the
      orifice of the duct D5 of the block 14. Furthermore, the membrane 29 which
      is subjected to the pressure existing within the duct F3 is pushed back
      into the end of the duct D3 of the block 14, thereby freeing that portion
      of the membrane 29 which has a perforation 31. The pressure which prevails
      within the duct F3 is transmitted through said perforation 31 to the
      interior of the duct D3 and thrusts back the membrane 18 into the open
      portion E3. Since the openings of the cavities 22 are wider than the
      partition-walls 15, said pressure is transmitted from point to point
      across said cavities, both on the left and on the right-hand side of the
      duct D3. On the right-hand side, the propagation of said pressure is
      stopped by the deformed portion of the membrane 18 which shuts-off the
      orifice of the duct D5. On the left-hand side, the pressure propagates to
      the outlet ducts 23 and 35 and causes the emission of a "minus" output
      signal in the direction of the arrow h; this represents the fact that the
      "information" signal which arrives at F3 has a lower numerical value than
      the "display" signal which arrives at C5. In addition, the pressure which
      propagates from the duct D3 forcibly applies the membrane 29 against the
      block 28 at the ends of the ducts D0 to D2 and D4, the corresponding
      perforations 31 of the membrane 29 being thus perfectly shut-off by the
      block 28, thereby preventing any reaction of the input signal on the other
      ducts. After emission of the "minus" output signal and disappearance of
      the second input signal at F3, the ducts D0 to D4, 23 and 35 are restored
      to atmospheric pressure by means of the discharge duct 25. The
      cross-sectional area of said duct 25 is sufficiently small to avoid any
      interference with the emission of the output signal but remains sufficient
      to restore the ducts of the block 14 to atmospheric pressure prior to
      application of a further input signal.
PAR  If the second input signal is applied to one of the ducts F6 to F9 which
      are placed to the right of C5, the operation is similar but results in the
      emission of a "plus" output signal via the ducts 24 and 36.
PAR  If the second input signal is applied to the duct F5 which is located
      opposite to C5, the pressure cannot propagate either to the left or to the
      right and no output signal is emitted.
PAR  FIG. 4 shows a variant of the embodiment which has just been described. In
      this alternative form, the membrane 171 which is placed between the block
      12 and the intermediate plate 16 is provided opposite to each orifice of
      the ducts C0 to C9 with portions 37 which project into the open portions
      E0 to E9 of the plate 16.
PAR  This arrangement makes it possible to increase the thickness and therefore
      the strength of the plate 16 without entailing the need to increase the
      amplitude of deformation of the membrane 171 when this latter thrusts-back
      the membrane 18 in order to forcibly shut-off the orifice of one of the
      ducts D0 to D9.
PAR  In the third embodiment of the comparator which is illustrated in FIGS. 5
      to 7, the intermediate plate 16 and the membrane 17 are dispensed with,
      the blocks 12 and 14 being separated only by the membrane 18.
PAR  The ducts D0 to D9 of the block 14 are disposed with respect to the ducts
      F0 to F9 of the block 28 in the same manner as in the previous
      embodiments. On the other hand, said ducts D0 to D9 are no longer coaxial
      with the ducts C0 to C9 of the block 12 as is apparent from FIG. 6. The
      block 14 is further provided between each duct D with two auxiliary ducts
      51 and 52 which are in parallel relation to the ducts D. Said ducts 51, 52
      open at one end on the membrane 18 and are connected to each other at the
      opposite end by means of a transverse duct 53. At both ends of the block
      14, a duct 52 or 51 as the case may be is connected by means of a duct 53
      to the outlet duct 23 or 24.
PAR  The ducts C0 to C9 of the block 12 open into chambers 54 which are limited
      by the membrane 18 and are of circular cross-section, for example. The
      dimensions of said chambers are such that one duct D and the ducts 51 and
      52 located on each side of said duct open on the membrane 18 opposite to
      one and the same chamber 54, as shown in FIG. 6. The cavities 22 of the
      previous embodiments are dispensed with.
PAR  If it is assumed that a fluid pressure representing the display signal is
      applied in the direction of the arrow j to the duct C.sub.2 of the block
      12 and that another pressure representing the second input signal is
      applied in the direction of the arrow i to the duct F.sub.0 of the block
      28, the membrane 18 is forcibly applied by pressure against the block 14
      over the entire cross-sectional area of the chamber 54 which corresponds
      to the duct C.sub.2, as shown in FIG. 7.
PAR  Furthermore, the pressure of the duct F.sub.0 deforms the membrane 29 as
      has been explained in the foregoing and is transmitted to the duct
      D.sub.0, then deforms the membrane 18 from this point. The ends of the
      adjacent ducts 51 and 52 are thus freed, with the result that said
      pressure can accordingly be transmitted from point to point both to the
      right and to the left of the duct D0 through the successive ducts 51, 53,
      52. On the right-hand side, the propagation of said pressure is stopped in
      front of the duct C.sub.2 by the membrane 18 which is forcibly applied
      against the block 14. On the left-hand side, the pressure propagates to
      the outlet duct 23 and causes the emission of a "minus" signal through the
      duct 35.
PAR  This third embodiment not only calls for a smaller number of components
      than the two previous embodiments but offers an advantage over these
      latter in that a higher degree of leak-tightness of the membrane 18 is
      ensured in the portion in which it is applied against the block 14 by the
      first input signal. In fact, the pressure which represents said first
      signal produces direct action on said membrane 18 over the entire
      cross-sectional area of the corresponding chamber 54 whereas, in the
      previous embodiments, the membrane 18 is deformed as a result of the
      thrust exerted by the membrane 17 which in turn has to undergo relatively
      substantial deformation.
PAR  It is readily apparent that the invention is not limited to the embodiments
      which have just been described and that a large number of alternative
      forms of construction can be added to these latter without thereby
      departing either from the scope or the spirit of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A comparator for signals which are coded in a predetermined number
      system and represented by a fluid pressure, wherein said comparator
      comprises a first and a second rigid block which are pierced by first and
      second series of transverse ducts arranged in rows to receive a fluid
      pressure representing respectively a first and a second input signal, at
      least one elastic membrane which separates the two blocks, a first and a
      second output duct pierced in the second block at each end of said second
      series of transverse ducts, means responsive to fluid pressure
      representing the second signal in order to deform the elastic membrane and
      to permit propagation of said pressure in the direction of said two output
      ducts, and means responsive to fluid pressure representing the first
      signal in order to deform the elastic membrane and to prevent propagation
      of said pressure representing said second input signal beyond the duct
      corresponding to said first input signal, the second block having between
      each said duct two adjacent auxiliary ducts, one end of each of said
      auxiliary ducts opening on the membrane, the other end of each of said
      auxiliary ducts being connected to each other, each duct of the first
      block opening into a chamber which is limited by the membrane and is so
      located that one duct of the second block and the two adjacent auxiliary
      ducts open on and are positioned to be closed by the membrane in front of
      said chamber upon application of said fluid pressure representing the
      first signal.
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ABST
PAL  A fluid valve suitable for either metering or pressure regulating fluids at
      various temperatures is provided for a fuel system as may be utilized in
      an aircraft gas turbine engine. The valve includes a ceramic or carbon pad
      which cooperates with a window in a valve plate to provide a variable area
      orifice which remains operational during large and sometimes rapid
      variations in temperature incurred from the use of different fuels.
GOVT
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In general, this invention relates to a fluid valve with wide temperature
      range and, more particularly, to a fluid valve with wide temperature range
      of a type particularly suited for metering or pressure regulating fuel in
      an aircraft gas turbine engine fuel system wherein the fuel may be either
      liquid or gaseous and may vary rapidly from a cryogenic temperature to a
      high temperature.
PAR  During the current energy crisis many drastic measures have been suggested
      to conserve our precious fuel reserves. One of these measures involves the
      curtailment of scheduled airline flights in order to save petroleum which
      can otherwise be refined into home heating oil or gasoline. It has been
      recently suggested that other fuels such as liquified natural gas
      (methane) and liquid hydrogen might be used interchangeably to power
      aircraft gas turbine engines, particularly those of the supersonic
      variety. Such a change in aircraft fuels would have the immediate effect
      of making available large quantities of petroleum for other purposes. In
      addition, a liquid hydrogen fuel system may have broader application such
      as to recoverable space vehicle, for use in a space shuttle program.
PAR  Before liquified natural gas and liquid hydrogen can be used as fuel for an
      aircraft gas turbine engine, suitable fuel systems will have to be
      developed which can function properly under severe temperature
      differentials. Such temperature differentials may vary as much as from
      -400.degree.F to + 1,050.degree.F or higher and will impose severe
      expansion problems on vital fuel system components such as metering and
      pressure regulating valves, where variable area orifices must remain
      operable in all temperature ranges. Severe changes in the sizes of
      conventional metering valve components due to variations in temperature
      may cause binding or seizing of the valve components thus being
      unacceptable for safe engine operation.
PAR  Therefore, it is a primary object of this invention to provide either a
      metering or pressure regulating valve suitable for use in a temperature
      variable fuel system in a gas turbine engine.
PAR  It is a further object of this invention to provide a metering valve
      wherein the variable metering orifices remain operable despite rapid
      temperature variations in the regulated fluid of from -400.degree.F to +
      1,050.degree.F.
PAR  It is also an object of this invention to provide a metering valve or
      pressurizing valve wherein the regulated fluid may be natural gas or
      hydrogen in either the liquid or gaseous state.
PAC  Summary of the Invention
PAR  These and other objects and advantages will be more clearly understood from
      the following detailed description and drawings, all of which are intended
      to be representative of, rather than in any way limiting on, the scope of
      invention. A temperature insensitive valve has a housing with an inlet and
      outlet therefrom together with a valve plate having at least one window
      therethrough for receipt of a flow of fluid from the valve inlet. A
      rotating member is provided in spaced relation with the valve plate and
      has at least one ceramic or carbon pad in sliding engagement with the face
      of the valve plate such that at least one edge of the pad cooperates with
      a respective window to form a variable area orifice. A bellows coupling
      connects a rotatable shaft extending from the housing to the rotating
      member such that rotation of the shaft operates to rotate the rotating
      member through the bellows coupling which remains substantially rigid in
      shear while accommodating limited axial motion of the shaft relative to
      the rotating member.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood upon reading the following
      description of the preferred embodiment in conjunction with the
      accompanying drawings.
PAR  FIG. 1 shows a cross-sectional view of the temperature insensitive fluid
      valve of this invention.
PAR  FIG. 2 shows an exploded perspective view of some of the components of the
      valve of FIG. 1.
PAR  FIG. 3 shows a cross-sectional view taken across the lines 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown at 10 a fluid valve with wide
      temperature range of a type particularly suited for use in an aircraft gas
      turbine engine fuel system wherein the fuel may be natural gas (methane)
      or hydrogen in either the liquid or solid state. The valve 10 may be
      either the metering or pressure regulating type and includes a housing 12
      open at one end with a valve plate 14 affixed to the open end thereof by a
      plurality of spaced apart bolts 15. The housing 12 includes an inlet port
      16 for receiving an inlet flow of fuel whereupon the fuel exits from the
      valve housing through an outlet port 18. An outlet conduit 20 is affixed
      to the valve plate 14 by a second plurality of spaced apart bolts 22.
PAR  The valve plate 14 includes two spaced apart outlet windows or ports 24
      wherein the transition from a fairly substantial restriction to a
      negligible restriction may be made in a progressive fashion as indicated
      by edge portions 25 shown in FIG. 3. The configuration and number of ports
      24 is not limited to those shown but may be in any shape and number as
      fulfills the requirements of a particular fuel system. As will be readily
      understood, the valve 10 shown in the drawings may also be any well known
      bypass valve which is adapted to maintain a constant pressure differential
      between two points in a fuel flow system.
PAR  A rotating member 26 is provided in coaxially spaced apart alignment with
      the valve plate 14 and includes two spaced apart pads 28 of generally
      wedge shape fixedly secured to the face thereof in sliding engagement with
      the face of the valve plate. The pads 28 have generally radial edges 30 as
      shown in FIG. 2 which cooperate with the windows 24 to form variable flow
      area orifices within the valve 10. It can be seen that the effective flow
      area of the variable orifices formed by the cooperation between the above
      elements may be varied as the rotating member 26 is urged into rotation
      about its center axis.
PAR  A shaft 34 is coupled to the rotating member 26 through a bellows coupling
      32 which includes a bellows 36 of relatively large diameter to provide a
      high torsional spring rate. The bellows 36 is coupled at opposing ends
      thereof by ring members 38 and 40 wherein ring member 38 is fixedly
      connected to the rotating member 26 by circumferentially spaced apart
      bolts 42 and pin 44. In like manner, the ring member 40 is secured to an
      annular adapter 50 by circumferentially spaced apart bolts 46 and pin 48
      wherein an inner bore of the adapter is fixedly connected by a locking
      bolt 56 to a taper 52 at the end of the shaft 34. Should the locking bolt
      56, for some reason, loosen, there is also provided a key 54 for
      circumferentially locking the taper 52 to the adapter 50. The pads 28 are
      urged into tight seating engagement with the face of the valve plate 14 by
      a compression spring 58 disposed between the rotating member 26 and the
      adapter 50 and by the pressure drop.
PAR  The shaft 34 is disposed for rotation relative to the housing 12 by a
      journal bearing 60 which may be of a conventional carbon type. A tight
      clearance is maintained between the bearing 60 and the shaft 34 in order
      to provide a seal which will reduce fuel circulation along the shaft 34.
      The adapter 50 is also disposed for rotation relative to the rotating
      member 26 by a radial bearing 62 which may also be of the carbon type. It
      will be further understood that the bearing 62 has generally large
      clearances. The adapter 50 includes a plurality of spaced apart holes 51
      which permit fuel to enter and fill the annular cavity defined between the
      bellows coupling 32 and the adapter 50.
PAR  During operation, the shaft 34 may be driven by a conventional rotary
      actuator (not shown) wherein the rotary actuator is mechanically biased
      through a conventional servo valve (also not shown) which receives an
      electrical signal indicative of various operating parameters such as
      speed, temperature and pressure. During normal engine operation, the servo
      valve may receive an electrical signal indicating that the position of a
      metering valve should be changed for that particular running condition.
      When a change in speed, temperature or pressure is sensed, such as to
      require a change in the valve 10, the control system transmits a
      mechanical bias to the actuator so as to rotate the shaft 34. The rotation
      of the shaft 34 will operate through the bellows coupling 32 to rotate the
      rotating member 26 so as to change the metering areas of the variable
      orifices as defined by the cooperation of the windows 24 with the edges 30
      of the pads 28. The bellows coupling 32 is rigid in shear so as to
      accurately position the rotating member 26 in accordance with shaft 34
      rotation. As will be readily appreciated, the bellows coupling 32 will
      allow axial motion of the shaft 34 relative to the rotating member 26 as
      may be expected to occur due to temperature differentials existing between
      the various components of the valve 10.
PAR  The fluid valve 10 of this invention herein described is especially
      designed to pass both methane and hydrogen fuels which impose extreme
      temperature requirements in view of the fact that both fuels have a
      temperature range of from -400.degree.F to + 1,050.degree.F or higher.
      Under such an extreme temperature differential, it becomes difficult to
      maintain operation of the metering orifices in conventional valves. Such a
      wide temperature range together with rapidly changing fuel temperatures
      can cause many difficulties in conventional valves. For example, if a
      conventional spool valve were used during rapid temperature transients,
      then the sleeve around the spool would likely cool more rapidly than the
      spool causing the spool to bind within the sleeve. However, the fluid
      valve of this invention avoids such difficulties because the rotating
      member is not confined axially. Another problem which may arise with
      conventional valves at high temperatures relates to the sliding metal
      parts seizing due to improper bearing characteristics. However, the carbon
      or ceramic pads of this invention could not seize or "weld" to the valve
      plate during operation at high temperatures. In addition, it has been
      found advantageous to provide the surface of the valve plate 14 contacting
      the pads 28 with a substantially wear resistant surface of stainless steel
      which is "nitrided". The valve plate 14 may also include a vented groove
      64, as best shown in FIG. 3, around the window 24 so as to reduce the area
      across which the pressure drop is sensed.
PAR  Accordingly, while the preferred embodiment in a preferred application of
      the present invention has been depicted and described, it will be
      appreciated by those skilled in the art that many modifications,
      substitutions and changes may be made thereto without departing from the
      invention's fundamental theme. For example, the valve 10 would not be
      limited solely to application in a gas turbine engine methane-hydrogen
      fuel system, but may be widely used in other fluid systems, particularly
      those incurring extreme temperature differentials.
PAR  Thus having described a preferred embodiment of the invention, though not
      exhaustive of all possible equivalents, what is desired to be secured by
      Letters Patent is claimed below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve comprising:
PA1  a housing having an inlet and outlet therefrom,
PA1  a valve plate having at least one window therethrough for receipt of a flow
      of fluid from the valve inlet,
PA1  a rotating member in spaced relation with the valve plate having at least
      one ceramic pad in sliding engagement with the face of the valve plate
      such that at least one edge of the ceramic pad cooperates with a
      respective window to form a variable area orifice,
PA1  means for moving the rotating member relative to the valve plate, and
PA1  wherein the moving means includes a bellows coupling, one end of which
      connects to the rotating member and the other end of which connects to a
      rotatable shaft extending from the valve housing.
NUM  2.
PAR  2. The valve of claim 1, wherein the bellows coupling includes:
PA1  a bellows coupled at opposing ends by ring members one of which connects to
      the rotating member,
PA1  an annular adapter connecting to the other ring member and including an
      inner bore fixedly connected to a taper at the end of the shaft, and
PA1  a compression spring disposed between the rotating member and adapter so as
      to urge the pad into tight seating engagement with the face of the valve
      plate such that rotation of the shaft operates to rotate the adapter in
      turn rotating the rotating member through the bellows which remains
      substantially rigid in shear while accommodating limited axial motion of
      the shaft relative to the rotating member.
NUM  3.
PAR  3. A valve comprising:
PA1  a housing having an inlet and outlet therefrom,
PA1  a valve plate having at least one window therethrough for receipt of a flow
      of fluid from the valve inlet,
PA1  a rotating member in spaced relation with the valve plate having at least
      one ceramic pad in sliding engagement with the face of the valve plate
      such that at least one edge of the ceramic pad cooperates with a
      respective window to form a variable area orifice,
PA1  means for moving the rotating member relative to the valve plate, and
PA1  wherein the valve is of the metering type having two circumferentially
      spaced apart windows in the valve plate thereof together with two
      circumferentially spaced apart pads of generally wedge shape attached to
      the rotating member which is maintained in coaxially spaced apart
      alignment with the valve plate.
NUM  4.
PAR  4. A valve comprising:
PA1  a housing having an inlet and outlet therefrom,
PA1  a valve plate having at least one window therethrough for receipt of an
      inlet flow of fluid from the valve housing,
PA1  a rotating member in spaced relation with the valve plate having at least
      one carbon pad in sliding engagement with the face of the valve plate such
      that at least one edge of the carbon pad cooperates with a respective
      window to form a variable orifice,
PA1  means for moving the rotating member relative to the valve plate, and
PA1  wherein the moving means includes a bellows coupling, one end of which
      connects to the rotating member and the other end of which connects to a
      rotatable shaft extending from the valve housing.
NUM  5.
PAR  5. The valve of claim 4, wherein the bellows coupling includes:
PA1  a bellows coupled at opposing ends by ring members one of which connects to
      the rotating member,
PA1  an annular adapter connecting to the other ring member and including an
      inner bore fixedly connected to a taper at the end of the shaft, and
PA1  a compression spring disposed between the rotating member and adapter so as
      to urge the pad into tight seating engagement with the face of the valve
      plate such that rotation of the shaft operates to rotate the adapter in
      turn rotating the rotating member through the bellows which remains
      substantially rigid in shear while accommodating limited axial motion of
      the shaft relative to the rotating member.
NUM  6.
PAR  6. A valve comprising:
PA1  a housing having an inlet and outlet therefrom,
PA1  a valve having at least one window therethrough for receipt of an inlet
      flow of fluid from the valve housing,
PA1  a rotating member in spaced relation with the valve plate having at least
      one carbon pad in sliding engagement with the face of the valve plate such
      that at least one edge of the carbon pad cooperates with a respective
      window to form a variable orifice,
PA1  means for moving the rotating member relative to the valve plate, and
PA1  wherein the valve is of the metering type having two circumferentially
      spaced apart windows in the valve plate thereof together with two
      circumferentially spaced apart pads of generally wedge shape attached to
      the rotating member which is maintained in coaxially spaced apart
      alignment with the valve plate.
NUM  7.
PAR  7. A valve comprising:
PA1  a housing having an inlet and outlet therefrom,
PA1  a valve plate having at least one window therethrough for receipt of a flow
      of fluid from the valve inlet,
PA1  a rotating member in spaced relation with the valve plate having at least
      one pad in sliding engagement with the face of the valve plate such that
      at least one edge of the pad cooperates with a respective window to form a
      variable orifice,
PA1  a rotatable shaft extending from the housing, and
PA1  a bellows coupling connecting the rotatable shaft to the rotating member
      such that rotation of the shaft operates to rotate the rotating member
      through the bellows coupling which remains substantially rigid in shear
      while accommodating limited axial motion of the shaft relative to the
      rotating member.
NUM  8.
PAR  8. The valve of claim 7, wherein the bellows coupling includes:
PA1  a bellows coupled at opposing ends by ring members, one of which connects
      to the rotating member,
PA1  an annular adapter connecting to the other ring member and including an
      inner bore fixedly connected to a taper at the end of the shaft, and
PA1  a compression spring disposed between the rotating member and adapter so as
      to urge the pad into tight seating engagement with the face of the valve
      plate.
NUM  9.
PAR  9. The valve of claim 8, wherein the shaft is disposed for rotation
      relative to the housing by a carbon journal bearing having a tight
      clearance maintained between the bearing and shaft in order to provide a
      seal which will reduce fuel circulation along the shaft, and the adapter
      is disposed for rotation relative to the rotating member by a radial
      bearing which may also be of the carbon type having large clearances
      wherein fluid enters and fills the annular cavity defined between the
      bellows coupling and adapter through a plurality of holes in the adapter.
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ABST
PAL  A pneumatically operated pilot relay having an outlet for sending a
      pneumatic pilot output when the pilot relay receives a pneumatic signal of
      a certain magnitude, the pilot relay having a selector for selecting
      within limits the magnitude of the pneumatic signal that is required for
      the pilot relay to produce the pneumatic pilot output. The pilot relay
      terminates the pneumatic pilot output when the pneumatic signal falls to
      another certain magnitude, the other certain magnitude being a fixed
      differential from the selected magnitude thereof. When utilized in a
      pneumatic control system along with a diverting valve, the pneumatic
      output from the pilot relay will switch the diverting valve from one
      operating condition thereof to another operating condition thereof with a
      snap action and when the pilot output is terminated, the diverting valve
      switches back from the other operating condition thereof to the one
      operating condition thereof with a snap action, such snap action being
      without regard to the rate of change of the input signal.
PARN
PAR  This application is a Continuation-in-part application of its copending
      parent patent application, Ser. No. 405,132, filed Oct. 10, 1973.
BSUM
PAR  This invention relates to an improved pneumatically operated pilot valve
      means as well as to a pneumatically operated control system and
      pneumatically operated diverting relay construction utilizing such a pilot
      relay means or the like.
PAR  In particular, one of the features of this invention is to provide a pilot
      relay means which will produce a pneumatic pilot output when the pilot
      relay means receives a pneumatic signal of a certain magnitude and will
      thereafter terminate that pneumatic pilot output when the pneumatic signal
      thereto falls to another certain magnitude, the other certain magnitude
      being a fixed differential from the certain magnitude.
PAR  In this manner, the pilot relay means can have means for selecting within
      limits the magnitude of the pneumatic signal that is required to cause the
      pilot relay means to produce the pneumatic pilot output. However, the
      pneumatic signal must fall to another magnitude for terminating the
      pneumatic pilot output and that other magnitude is a fixed differential
      from the selected magnitude thereof.
PAR  For example, one embodiment of this invention provides a pneumatically
      operated diverting relay construction having a pilot relay means and a
      diverting valve means operatively associated together, the pilot relay
      means having means for sending a pneumatic pilot output to the diverting
      valve means to switch the diverting valve means from one condition thereof
      to another condition thereof when the pilot relay means receives a
      pneumatic signal of a certain magnitude. The pilot relay means has means
      for selecting within limits the magnitude of the pneumatic signal that is
      required for the pilot relay means to produce the pneumatic pilot output
      for switching the diverting valve means from the condition thereof to the
      other condition thereof. The pilot relay means has means for terminating
      the pneumatic pilot output to cause the diverting valve means to switch
      from the other condition thereof back to the one condition thereof when
      the pneumatic signal falls to another certain magnitude, the last-named
      means causing the other certain magnitude to be a fixed differential from
      the selected magnitude thereof.
PAR  The switching of the diverting valve means takes place with substantially a
      snap action of the diverting valve means, such snap action being without
      regard to the rate of changes of the input signal.
PAR  Accordingly, it is an object of this invention to provide an improve pilot
      relay means having one or more of the novel features set forth above or
      hereinafter shown or described.
PAR  Another object of this invention is to provide an improved pneumatically
      operated diverting relay construction having one or more of the novel
      features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved pneumatically
      operated control system having one or more of the novel features set forth
      above or hereinafter shown or described.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and where:
PAR  FIG. 1 is a top view of the improved diverting relay construction of this
      invention.
PAR  FIG. 2 is an enlarged, cross-sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a schematic view illustrating the diverting relay construction of
      this invention being utilized in the pneumatically operated control system
      of this invention, the diverting relay construction being in one operating
      condition thereof.
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates the diverting relay
      construction in another operating condition thereof.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted for providing a pneumatically
      operated control system that operates with pressurized air, it is to be
      understood that the various features of this invention can be utilized
      singly or in any combination thereof to provide a control system to be
      operated by other fluids whether the same be above or below atmospheric
      pressure.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIGS. 1 and 2, the improved diverting relay construction
      of this invention is generally indicated by the reference numeral 10 and
      comprises a housing means 11 containing therein a pilot relay means of
      this invention that is generally indicated by the reference numeral 12 in
      FIG. 2 and is schematically illustrated in FIGS. 3 and 4. The housing
      means 11 also contains a diverting valve means that is generally indicated
      by the reference numeral 13 in FIG. 2 and is schematically illustrated in
      FIGS. 3 and 4, as will be apparent hereinafter.
PAR  The pilot relay means 13 includes a control knob selector means 14 for
      varying the force of a compression spring 15 acting downwardly on a valve
      member 16 to tend to force the valve member 16 away from a valve seat 17
      of the housing means 11. In this manner, the operator, by rotating the
      control knob 14, can adjust the pilot relay means 12 to produce a
      pneumatic pilot output signal whenever the same receives a control signal
      of a certain magnitude which is selected within limits by the control knob
      14 as will be apparent hereinafter.
PAR  The control knob 14 has a threaded bore 18 threadedly receiving an
      externally threaded tubular part 19 of the housing 11 whereby rotational
      movement of the control knob 14 relative to the housing 11 causes an
      internal end wall means 20 of the control knob 14 to axially move upwardly
      and downwardly relative to the housing 11 and, through the abutment of an
      adjusting member 21 carried thereby and acting on an upper spring retainer
      22 for the compression spring 15, vary the force of the compression spring
      15 acting downwardly on a valve member stack that is generally indicated
      by the reference numeral 23 in FIG. 2 to operate on the valve member 16 to
      tend to move the valve member 16 away from the valve seat 17.
PAR  Since the valve stack 23 can be formed in any desired configuration and
      arrangement of parts, a simplified version of the pilot relay means 12 is
      illustrated schematically in FIGS. 3 and 4 and will now be described with
      the understanding that the schematic showing of the structure of the pilot
      relay means 12, as well as the schematic showing of the structure of the
      diverting valve means 13, in FIGS. 3 and 4 is slightly changed from the
      similar structure illustrated in FIG. 2.
PAR  As illustrated in FIG. 3, the valve member stack 23 has the lower end 24 of
      the compression spring 15 acting on an upper disc-like part 25 thereof
      while the upper end 26 of the spring 15 acts against the spring retainer
      22 that is moved axially upwardly and downwardly by the control knob 14 in
      the manner previously described.
PAR  The housing means 11 is so constructed and arranged that the same
      cooperates with three diaphragm members 27, 28, and 29 carried thereby and
      respectively being operatively interconnected to the valve member 16 and
      its stack 23 in such a manner that a chamber 30 is defined between the
      diaphragm members 27 and 28 with the effective area of the chamber 30
      acting on the diaphragm 27 being larger than the effective area of the
      chamber 30 acting on the diaphragm 28 as illustrated. Also, the diaphragm
      member 28 cooperates with the housing means 11 to define a chamber 31
      between the diaphragm 28 and the valve seat 17.
PAR  The diaphragm 29 cooperates with the housing 11 to define a chamber 32
      between the diaphragm 29 and the valve seat 17.
PAR  The diaphragm 29 also cooperates with the housing 11 to define a chamber 33
      between the diaphragm member 29 and an internal surface 34 of the housing
      11.
PAR  The pilot relay means 12 is schematically illustrated in FIGS. 3 and 4 as
      being utilized in a pneumatically operated control system of this
      invention that is generally indicated by the reference numeral 35 and
      comprises a main source of fluid pressure such as pressurized air, that is
      designated by the reference numeral 36 and is adapted to be directed by a
      conduit means 37 to the chamber 33 of the pilot relay means 12 to act
      against the under side 38 of the diaphragm 29 to tend to move the valve
      member 16 to a closed position against the valve seat 17 in opposition to
      the force of the compression spring 15.
PAR  However, as long as the pressure in the chamber 30 that is acting on the
      under side 39 of the upper diaphragm 27 is below a selected magnitude
      setting of the knob 14 controlling the force of the compression spring 15,
      the compression spring 15 is adapted to maintain the valve member 16 in an
      open position away from the valve seat 17 in opposition to the force of
      the pressure fluid in the chamber 33 acting upwardly on the diaphragm 29
      as well as the force of the pressure in the chamber 30 acting upwardly on
      the diaphragm 27 as long as such force in the chamber 30 is below the
      magnitude setting on the control knob 14.
PAR  Another conduit means 40 leads from the main supply 36 to the chamber 31 of
      the pilot relay means 12, the conduit 40 having a restriction 41 therein
      intermediate the main supply 36 and the chamber 31 for a purpose
      hereinafter described.
PAR  The chamber 32 is adapted to be interconnected to the atmosphere or other
      exhaust means by a conduit 42.
PAR  A pneumatic signal generating means 43 is fluidly interconnected to the
      chamber 30 of the pilot relay means 12.
PAR  Therefore, it can be seen that the pilot relay means 12 of this invention
      can be formed of relatively simple parts to operate in a manner
      hereinafter described.
PAR  The diverting valve means 13 is formed in the housing means 11 and
      comprises a pair of opposed valve seats 44 and 45 adapted to be
      respectively controlled by a movable valve member 46 having a valve stack
      47 operatively interconnected thereto and being urged in a downwardly
      direction by an upper compression spring 48 and a lower compression spring
      49 to tend to hold the valve member 46 in a closed condition against the
      valve seat 45 so that the valve seat 44 will normally be in an open
      condition and interconnect a chamber 50 of the housing means 11 to another
      chamber 51 of the housing 11 that is interconnected to a desired control
      device (not shown) by a conduit means 52. In this manner, a fluid pressure
      supply that is interconnected to the chamber 50 by a conduit 53 is adapted
      to be normally interconnected by the diverting valve 13 to the control
      device interconnected to the conduit 52 as long as the diverting valve
      means 13 is in the operative condition illustrated in FIG. 3.
PAR  However, when the diverting valve means 13 is operated to the condition
      illustrated in FIG. 4 in a manner hereinafter described, the valve member
      46 closes the valve seat 44 while opening the valve seat 45 whereby the
      chamber 50 is now interconnected by the open valve seat 45 to another
      chamber 54 of the housing means 11 and, thus, to another conduit means 55
      that leads to another penumatically operated control device (not shown) to
      operate the same.
PAR  Therefore, it can be seen that the diverting valve means 13 is adapted to
      interconnect the fluid pressure from the common conduit 53 to the conduit
      52 when the diverting valve is in the condition illustrated in FIG. 3 or
      to the conduit 55 when the diverting valve means 13 is in the condition
      illustrated in FIG. 4.
PAR  The housing 11 carries a pair of flexible diaphragms 56 and 57 that are
      respectively operatively interconnected to the diaphragm stack 47 as will
      be apparent hereinafter, the diaphragm 56 cooperating with the housing
      means 11 to define the chamber 54 between the upper side 58 of the
      diaphragm 56 and the valve seat 45.
PAR  The diaphragm 57 has its upper side 59 cooperating with the housing means
      11 to define a chamber 60 between the diaphragms 56 and 57 as illustrated,
      the chamber 60 being vented to the atmosphere and the effective area of
      the diaphragm 56 being relatively small compared to the effective area of
      the diaphragm 57 so that fluid pressures in the chamber 54 will have a
      minimal affect on the valve operation in response to fluid pressure
      changes in the activating chamber 62.
PAR  The diaphragm 57 also cooperates with an internal end wall means 61 of the
      housing means 11 to define a chamber 62 therebetween, the chamber 62 being
      adapted to be interconnected to a conduit means 63 that is fluidly
      interconnected to the conduit 40 intermediate the restrictor 41 and the
      chamber 31 of the pilot relay means 12.
PAR  Similarly, a maximum pressure bleed means that is generally indicated by
      the reference numeral 64 in FIGS. 3 and 4 is interconnected by a conduit
      means 65 to the conduit 40 intermediate the restrictor 41 and the chamber
      31 of the pilot relay means 12.
PAR  The maximum pressure bleed 64 is formed in the housing means 11 and is
      defined by a chamber 66 that is interconnected to the conduit 65, the
      chamber 66 being adapted to be interconnected to a valve seat 67 that
      leads to the atmosphere or other exhaust means when a valve means 68 is
      moved to an open condition. The valve means 68 comprises a flexible
      diaphragm carried by the housing means 11 and is normally urged to a
      closed position against the valve seat 67 by a compression spring 69.
      However, when the pressure in the chamber 66 exceeds a certain amount, the
      same will move the diaphragm 68 upwardly in opposition to the force of the
      compression spring 69 and thus interconnect the chamber 66 through the
      open valve seat 67 to an exhaust so that the pressure in the conduit 65
      and, thus, in the conduits 63 and 40 will not exceed a certain maximum
      value.
PAR  In this manner, the bleed means 64 will prevent changes in the pressure of
      the source 36 from affecting the diverting point of the diverting valve
      means 13 as will be apparent hereinafter.
PAR  Therefore, it can be seen that the relay construction 10 of this invention
      can comprise relatively simple structure that can be packaged in a single
      housing 11 to be utilized in the pneumatic control system 35 in a manner
      now to be described.
PAR  Assume that the control system 35 operates a heat exchanger means that is
      controlled by the control devices interconnected to the conduits 52 and 55
      and that the signal generating means 43 has the magnitude of its signal in
      relation to the output effect of the heat exchange means.
PAR  Assuming that the operator has adjusted the control knob 14 of the
      diverting relay construction 10 to a desired position so that the
      magnitude of the pneumatic signal being directed by the signal generating
      means 43 to the chamber 30 must be at a certain magnitude before it is
      desired that the pressure source 53 be interconnected to the control
      device interconnected to the conduit 55, and assuming that the signal in
      the chamber 30 has not reached such a magnitude, the force of the
      compression spring 15 is such that the same maintains the valve member 16
      in the open condition as illustrated in FIG. 3 in opposition to the force
      of the pressure of the main source 36 in the chamber 33 whereby no pilot
      output pressure is created in the chamber 31 of the pilot relay means
      because the main pressure that is bleeding through the restrictor 41 into
      the conduit 40 is directed through the open valve seat 17 to the exhaust
      so that the pilot output pressure is at zero. Since the orifice of the
      restrictor 41 is relatively small compared to the area of the port in the
      valve seat 17 and the exhaust 42, no pressure exists in the chamber 31 and
      thus in the actuating chamber 62 of the diverting valve 13.
PAR  With the pilot output pressure at zero, the force of the compression
      springs 48 and 49 maintains the valve member 46 of the diverting valve
      means 13 in its closed condition against the valve seat 45 so that the
      pressure source conduit 53 is interconnected through the opened valve seat
      44 to the conduit 52 leading to the control device interconnected to the
      conduit 52 whereby the heat exchanger is caused to operate under a certain
      operating condition thereof.
PAR  However, when the magnitude of the signal being directed by the signal
      generating means 43 to the chamber 30 reaches the selected magnitude of
      the control knob 14, the force of the pressure fluid in the chamber 30
      acting on the other side 39 of the diaphragm 27 is sufficient to overcome
      the force of the compression spring 15 and move the same upwardly in the
      manner illustrated in FIG. 4 whereby the valve member 16 closes against
      the valve seat 17 and, thus, disconnects the chamber 31 from the exhaust
      42.
PAR  With the pilot relay means 12 now in the condition illustrated in FIG. 4,
      the pilot output pressure in the chamber 31 is adapted to now build up as
      the main pressure 36 bleeds through the restrictor 41 into the chamber 31
      and, thus, into the conduits 65 and 63. The pressure now in chamber 31
      acts on diaphragm 70 and reinforces the input signal in the chamber 30 to
      close the valve member 16 firmly against the valve seat 17.
PAR  The pilot output rapidly reaches a particular force and the same acts in
      the chamber 62 of the diverting valve means 13 to move the diaphragm 57
      upwardly in opposition to the force of the compression springs 48 and 49
      to cause the valve member 46 to move away from the valve seat 45 and close
      against the valve seat 44 with substantially a snap action as illustrated
      in FIG. 4 whereby the pressure source 53 is now interconnected to the
      conduit 55 and, thus, to the device interconnected to the conduit 55
      whereby the heat exchanger is operated in another condition thereof.
PAR  With the control system 35 now in the condition illustrated in FIG. 4, a
      drop in the magnitude of the pneumatic signal being directed by the
      generating means 43 into the chamber 30 reduces the force acting on the
      under side 39 of the diaphragm 27 tending to oppose the force of the
      compression spring 15 tending to open the valve member 16. However, since
      the pilot output pressure in the chamber 31 has now built up to a holding
      pressure under the control of the bleed means 64, it can be seen that the
      force of the pressure fluid in the chamber 31 is now acting upon the under
      side 70 of the diaphragm 28 to oppose the force of the compression spring
      15 so that the force of the pressure in the chamber 30 must fall a fixed
      differential from the selected magnitude to cause the pilot relay means to
      move from the condition illustrated in FIG. 3 to the condition illustrated
      in FIG. 4.
PAR  In particular, this fixed differential is determined by the ratio of the
      effective area of the diaphragm 39 and the effective area of the diaphragm
      28 minus the effective area of the valve seat 17 as the fluid pressure in
      the chamber 33 is also acting against the diaphragm 29 to tend to maintain
      the valve member 16 in its closed condition.
PAR  However, when the force of the signal being directed to the chamber 30
      falls below the aforementioned fixed differential value from the selected
      value of the setting of the control knob 14, the force of the compression
      spring 15 is sufficient to now move the valve member 16 downwardly to
      crack open the valve seat 17. Since the orifice of the restrictor 41 is
      relatively small compared to the area of the port in the valve seat 17 and
      the exhaust 42, the initial cracking open of the valve seat 17 causes the
      pressure in the chamber 31 to decrease rapidly and sharply and thereby
      reduces the force of the pressure acting upwardly on the diaphragm 70
      causing the spring 15 to rapidly drive the valve 16 to its fully open
      position as illustrated in FIG. 3. Thus, the pilot outlet pressure in the
      chamber 31 is rapidly dumped to the exhaust 42 through the open valve
      means 17 so that the force in the chamber 62 of the diverting valve means
      13 rapidly falls to zero and the compression springs 48 and 49 move the
      valve member 46 downwardly with substantially a snap action to close the
      valve seat 45 and open the valve seat 44 as illustrated in FIG. 3. Thus,
      the heat exchanger is now again operating under its first operating
      condition.
PAR  In this manner, it can be seen that the chamber 31 of the pilot valve 12 is
      a positive feedback chamber for the pilot valve 12 and guarantees that the
      actuator chamber 62 of the diverting valve 13 will see nothing but a clear
      cut positive pressure or a full dump to atmosphere which, in turn, causes
      snap action of the diverting valve without regard to the rate of change of
      the input signal. Accordingly, once the diverting action of the diverting
      valve 13 starts, it goes all the way with no possibility of hang-up,
      partial stroke or starting to switch and then going back to its original
      position -- such possibilities happening with conventional diverting
      valves that see a very slowly changing, slightly fluctuating, input
      signal. However, the snap acting diverting action of the three-way valve
      13 of this invention is achieved through the provision of the feed-back
      means which provides positive feed-back to the pilot valve 12 to force it
      to go through its entire stroke once it starts as previously described.
      The feed back function is accomplished by controlling the pressure in the
      feed back chamber 31 of the pilot valve 12.
PAR  By having the valve member 68 of the bleed means 64 set to open at the
      lowest value expected for the main pressure supply 36, the value of the
      pilot output from the pilot relay means 12 will always be the same
      regardless of the value of the main pressure supply 36 so that the
      diverting valve means 13 will always switch from the condition illustrated
      in FIG. 3 to the condition illustrated in FIG. 4 and back again from the
      condition illustrated in FIG. 4 to the condition illustrated in FIG. 3 at
      the same values of the pilot output in relation to the setting of the knob
      14.
PAR  Therefore, it can be seen that this invention not only provides an improved
      pilot relay means that has an adjustable high setting thereof with a fixed
      low differential, but also this invention provides an improved adjustable
      diverting relay construction and control system utilizing such a pilot
      relay means or the like where the diverting action occurs with a snap
      action without regard to the rate of change of the input signal.
PAR  While the form of the invention now preferred has been illustrated and
      described as required by the Patent Statute, it is to be understood that
      other forms may be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatically operated diverting relay construction comprising a pilot
      relay means and a diverting valve means operatively associated together,
      said pilot relay means having means for sending a pneumatic pilot output
      to said diverting valve means to switch said diverting valve means from
      one condition thereof to another condition thereof when said pilot relay
      means receives a pneumatic signal of a certain magnitude, said pilot relay
      means having means for selecting within limits the magnitude of said
      pneumatic signal that is required for said pilot relay means to produce
      said pneumatic pilot output for switching said diverting valve means from
      said one condition to said other condition thereof, said pilot relay means
      having means for terminating said pneumatic pilot output to cause said
      diverting valve means to switch from said other condition thereof to said
      one condition thereof when said pneumatic signal falls to another certain
      magnitude, said switching of said diverting valve means from said other
      condition thereof to said one condition thereof taking place with
      substantially a snap action.
NUM  2.
PAR  2. A pneumatically operated diverting relay construction as set forth in
      claim 1 wherein said diverting valve means has an actuating chamber and
      said pilot relay means has a positive feed back chamber interconnected to
      said actuating chamber.
NUM  3.
PAR  3. A pneumatically operated diverting relay construction as set forth in
      claim 2 wherein said feed back chamber of said pilot relay means is
      adapted to produce said pneumatic pilot output.
NUM  4.
PAR  4. A pneumatically operated diverting relay construction as set forth in
      claim 3 wherein said pilot relay means has valve means for interconnecting
      said feed back chamber to exhaust to terminate said pneumatic pilot output
      and for disconnecting said feed back chamber from said exhaust to create
      said pneumatic pilot output.
NUM  5.
PAR  5. A pneumatically operated diverting relay construction as set forth in
      claim 4 wherein said pilot relay is substantially snap acting where said
      valve means initially interconnects said feed back chamber to said
      eshaust.
NUM  6.
PAR  6. A pneumatically operated control system comprising a source of fluid, a
      pneumatic signal producing means, a pilot relay means, and a diverting
      valve means, said pilot relay means having means for sending a pneumatic
      pilot output from said source to said diverting valve means to switch said
      diverting valve means from one condition thereof to another condition
      thereof when said pilot relay means receives a pneumatic signal of a
      certain magnitude from said signal producing means, said pilot relay means
      having means for selecting within limits the magnitude of said pneumatic
      signal that is required for said pilot relay means to produce said
      pneumatic pilot output for switching said diverting valve means from said
      one condition thereof to said other condition thereof, said pilot relay
      means having means for terminating said pneumatic pilot output to cause
      said diverting valve means to switch from said other condition thereof to
      said one condition thereof when said pneumatic signal falls to another
      certain magnitude, said switching of said diverting valve means from said
      other condition thereof taking place with substantially a snap action.
NUM  7.
PAR  7. A pneumatically operated control system as set forth in claim 6 wherein
      said diverting valve means has an actuating chamber and said pilot relay
      means has a positive feed back chamber interconnected to said actuating
      chamber.
NUM  8.
PAR  8. A pneumatically operated control system as set forth in claim 8 wherein
      said feed back chamber of said pilot relay means is adapted to produce
      said pneumatic pilot output and termiante said pneumatic pilot output.
NUM  9.
PAR  9. A pneumatically operated control system as set forth in claim 9 wherein
      said pilot relay means has valve means for interconnecting said feed back
      chamber to exhaust to terminate said pneumatic pilot output and for
      disconnecting said feed back chamber from said exhaust to create said
      pneumatic pilot output.
NUM  10.
PAR  10. A pneumatically operated control system as set forth in claim 10
      wherein said pilot relay is substantially snap acting when said valve
      means initially interconnects said feed back chamber to said exhaust.
NUM  11.
PAR  11. A pneumatically operated control system as set forth in claim 10
      wherein said source is interconnected to said feed back chamber through a
      restriction means.
NUM  12.
PAR  12. A pneumatically operated pilot relay means comprising a housing means,
      said pilot relay means having means for sending a pneumatic pilot output
      when said pilot relay means receives a pneumatic signal of a certain
      magnitude, said pilot relay means having means for selecting within limits
      the magnitude of said pneumatic signal that is required for said pilot
      relay means to produce said pneumatic pilot output, said pilot relay means
      having means for terminating said pneumatic pilot output when said
      pneumatic signal falls to another certain magnitude, said pilot relay
      means having means to cause said pilot relay means to be substantially
      snap acting when initially terminating said pneumatic pilot output.
NUM  13.
PAR  13. A pneumatically operated pilot relay construction as set forth in claim
      12 wherein said pilot relay means has a positive feed back chamber.
NUM  14.
PAR  14. A pneumatically operated pilot relay construction as set forth in claim
      13 wherein said feed back chamber of said pilot relay means is adapted to
      produce said pneumatic pilot output and terminate said pneumatic pilot
      output.
NUM  15.
PAR  15. A pneumatically operated pilot relay construction as set forth in claim
      14 wherein said pilot relay means has valve means for interconnecting said
      feed back chamber to exhaust to terminate said pneumatic pilot output and
      for disconnecting said feed back chamber from said exhaust to create said
      pneumatic pilot output.
NUM  16.
PAR  16. A pneumatically operated pilot relay construction as set forth in claim
      15 wherein said pilot relay is substantially snap acting when said valve
      means initially interconnects said feed back chamber to said exhaust.
NUM  17.
PAR  17. A pneumatically operated diverting relay construction comprising a
      pilot relay means and a diverting valve means operatively associated
      together, said pilot relay means having means for sending a pneumatic
      pilot output to said diverting valve means to switch said diverting valve
      mans from one condition thereof to another condition thereof when said
      pilot relay means receives a pneumatic signal of a certain magnitude, said
      pilot relay means having means for selecting within limits the magnitude
      of said pneumatic signal that is required for said pilot relay means to
      produce said pneumatic pilot output for switching said diverting valve
      means from said one condition thereof to said other condition thereof,
      said pilot relay means having means for terminating said pneumatic pilot
      output to cause said diverting valve means to switch from said other
      condition thereof to said one condition thereof when said pneumatic signal
      falls to another certain magnitude, the last named means causing said
      other certain magnitude to be a fixed differential from said selected
      magnitude thereof.
NUM  18.
PAR  18. A pneumatically operated diverting relay construction as set forth in
      claim 17 wherein said last-named means comprises a first diaphragm of said
      pilot relay means that has said pilot output acting thereon when said
      pilot output is produced.
NUM  19.
PAR  19. A pneumatically operated diverting relay construction as set forth in
      claim 18 wherein said means for selecting said certain magnitude of said
      pneumatic signal comprises a spring means and means for adjusting the
      force of said spring means, said diaphragm opposing the force of said
      spring means when having said pilot output acting thereon.
NUM  20.
PAR  20. A pneumatically operated diverting relay construction as set forth in
      claim 19 wherein said means of said pilot relay for sending said plot
      output comprises a movable valve member which when moved to the closed
      position thereof causes said pilot output to be created and when moved to
      the open position thereof causes said pilot output to be terminated, said
      spring means acting on said valve member in a direction to tend to open
      said valve member.
NUM  21.
PAR  21. A pneumatically operated diverting relay construction as set forth in
      claim 20 wherein said pilot relay means has a second diaphragm carried by
      said valve member and is subject to having said pneumatic signal act
      thereon to tend to move said valve member to the closed position thereof.
NUM  22.
PAR  22. A pneumatically operated diverting relay construction as set forth in
      claim 21 wherein said pilot relay means has a third diaphragm carried by
      said valve member and is subject to having fluid pressure act on the same
      to tend to move said valve member to the closed position thereof.
NUM  23.
PAR  23. A pneumatically operated diverting relay construction as set forth in
      claim 22 wherein said pilot relay means has a valve seat that is opened
      and closed by said valve member and is disposed between said first and
      third diaphragms.
NUM  24.
PAR  24. A pneumatically operated diverting relay construction as set forth in
      claim 23 wherein said pilot relay means has a chamber defined between said
      first and second diaphragms and which receives said pneumatic signal.
NUM  25.
PAR  25. A pneumatically operated control system comprising a source of fluid, a
      pneumatic signal producing means, a pilot relay means, and a diverting
      valve means, said pilot relay means having means for sending a pneumatic
      pilot output from said source to said diverting valve means to switch said
      diverting valve means from one condition thereof to another condition
      thereof when said pilot relay means receives a pneumatic signal of a
      certain magnitude from said signal producing means, said pilot relay means
      having means for selecting within limits the magnitude of said pneumatic
      signal that is required for said pilot relay means to produce said
      pneumatic pilot output for switching said diverting valve means from said
      one condition thereof to said other condition thereof, said pilot relay
      means having means for terminating said pneumatic pilot output to cause
      said diverting valve means to switch from said other condition thereof
      said one condition thereof when said pneumatic signal falls to another
      certain magnitude, the last-named means causing said other certain
      magnitude to be a fixed differential from said selected magnitude thereof.
NUM  26.
PAR  26. A pneumatically operated control system as set forth in claim 25
      wherein said last-named means comprises a first diaphragm of said pilot
      relay means that has said pilot output acting thereon when said pilot
      output is produced.
NUM  27.
PAR  27. A pneumatically operated control system as set forth in claim 26
      wherein said means for selecting said certain magnitude of said pneumatic
      signal comprises a spring means and means for adjusting the force of said
      spring means, said diaphragm opposing the force of said spring means when
      having said pilot output acting thereon.
NUM  28.
PAR  28. A pneumatically operated control system as set forth in claim 27
      wherein said means of said pilot relay for sending said pilot output
      comprises a movable valve member which when moved to the closed position
      thereof causes said pilot output to be created and when moved to the open
      position thereof causes said pilot output to be terminated, said spring
      means acting on said valve member in a direction to tend to open said
      valve member.
NUM  29.
PAR  29. A pneumatically operated control system as set forth in claim 28
      wherein said pilot relay means has a second diaphragm carried by said
      valve member and is subject to having said pneumatic signal act thereon to
      tend to move said valve member to the closed position thereof.
NUM  30.
PAR  30. A pneumatically operated control system as set forth in claim 29
      wherein said pilot relay means has a third diaphragm carried by said valve
      member and is subject to having fluid pressure act on the same to tend to
      move said valve member to the closed position thereof.
NUM  31.
PAR  31. A pneumatically operated control system as set forth in claim 30
      wherein said pilot relay means has a valve seat that is opened and closed
      by said valve member and is disposed between said first and third
      diaphragms.
NUM  32.
PAR  32. A pneumatically operated control system as set forth in claim 31
      wherein said pilot relay means has a chamber defined between said first
      and second diaphragms and which receives said pneumatic signal.
NUM  33.
PAR  33. A pneumatically operated pilot relay means comprising a housing means,
      said pilot relay means having means for sending a pneumatic pilot output
      when said pilot relay means receives a pneumatic signal of a certain
      magnitude, said pilot relay means having means for selecting within limits
      the magnitude of said pneumatic signal that is required for said pilot
      relay means to produce said pneumatic pilot output, said pilot relay means
      having means for terminating said pneumatic pilot output when said
      pneumatic signal falls to another certain magnitude, the last-named means
      causing said other certain magnitude to be a fixed differential from said
      selected magnitude thereof.
NUM  34.
PAR  34. A pneumatically operated pilot relay means as set forth in claim 33
      wherein said last-named means comprises a first diaphragm of said pilot
      relay means that is carried by said housing means and has said pilot
      output acting thereon when said pilot output is produced.
NUM  35.
PAR  35. A pneumatically operated pilot relay means as set forth in claim 34
      wherein said means for selecting said certain magnitude of said pneumatic
      signal comprises a spring means carried by said housing means and means
      for adjusting the force of said spring means, said diaphragm opposing the
      force of said spring means when having said pilot output acting thereon.
NUM  36.
PAR  36. A pneumatically operated pilot relay means as set forth in claim 35
      wherein said means of said pilot relay for sending said pilot output
      comprises a movable valve member carried by said housing means and which
      when moved to the closed position thereof causes said pilot output to be
      created and when moved to the open position thereof causes said pilot
      output to be terminated, said spring means acting on said valve member in
      a direction to tend to open said valve member.
NUM  37.
PAR  37. A pneumatically operated pilot relay means as set forth in claim 36
      wherein said pilot relay means has a second diaphragm carried by said
      valve member and is subject to having said pneumatic signal act thereon to
      tend to move said valve member to the closed position thereof.
NUM  38.
PAR  38. A pneumatically operated pilot relay means as set forth in claim 37
      wherein said pilot relay means has a third diaphragm carried by said valve
      member and is subject to having fluid pressure act on the same to tend to
      move said valve member to the closed position thereof.
NUM  39.
PAR  39. A pneumatically operated pilot relay means as set forth in claim 38
      wherein said housing means has a valve seat that is opened and closed by
      said valve member and is disposed between said first and third diaphragms.
NUM  40.
PAR  40. A pneumatically operated pilot relay means as set forth in claim 39
      wherein said housing means has a chamber defined between said first and
      second diaphragms and which receives said pneumatic signal.
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ABST
PAL  Prefabricated rings comprising several arcuate sections and an expansion
      device are installed and frictionally retained in an inclined water
      conduit so as to dissipate the energy of the water descending therein,
      thereby slowing it to a velocity at which conduit wear and erosion and
      other harmful effects by the water in the conduit are acceptable.
BSUM
PAR  Whenever a water conduit is constructed on a steep gradient, the water
      which flows in the conduit accelerates as it flows down the conduit until
      the frictional force between the water and the conduit comes to an
      equilibrium with the gravitational force. Normally, particularly with
      conduits of large diameter, the water velocity at which this equilibrium
      occurs is sufficiently high that one or more of the following problems
      will occur: (1) excessive erosion at the outlet of the pipe; (2) water
      velocity unacceptably high for downstream facilities; (3) the structural
      integrity of the conduit becomes endangered by the erosive effects of the
      high velocity water containing silt and debris.
PAR  Almost all methods of dealing with the above problems have been curative
      rather than preventative. Thus, large expensive transition structures have
      been constructed at the bottom of steeply sloped conduits and such
      conduits are often constructed with special walls which are exceptionally
      thick to allow for the additional scouring that will occur.
PAR  A better approach to the problem is to remove the cause, i.e., high water
      velocity, rather than to tolerate the problem caused thereby. This
      approach requires that the over-all frictional retardance in the conduit
      be increased so that it becomes equal to the gravitational force that
      tends to accelerate the water flow. One method of providing such
      additional retardance in a conduit is to install rings within the conduit.
      The rings create turbulance in the water, and by thus dissipating some of
      the energy in the descending water, causes the flow velocity to be
      reduced.
PAR  Until now, the only method of providing energy-dissipating rings in
      conduits would have been accomplished by either modifying the conduit
      production procedure or by altering standard conduits. Modification of the
      standard conduit production procedure has been time-consuming and
      expensive, since it does not conform to modern mass production techniques.
      Equally time-consuming and costly is the alteration of standard conduit
      sections. Moreover, since neither of the above techniques is normally
      carried out by the manufacturer or the construction crews involved in the
      installation of the conduit, the quality of the energy dissipating rings
      would be of lesser quality than could be expected for a standard
      production item.
PAR  Accordingly, it is a principal object of the present invention to provide
      an energy dissipator ring which can be installed in closed conduits by an
      installation procedure which is less costly than other methods of
      dissipating the energy of high water velocities.
PAR  An additional object of the present invention is to provide an energy
      dissipator ring whose position can be readily adjusted at the installation
      site by the construction crew so as to satisfy the needs of the particular
      installation.
PAR  It is also an object of the present invention to provide energy dissipator
      rings which, when damaged, can be easily replaced by simple and economical
      installation procedures.
PAR  In accordance with the invention, there is provided for installation in a
      closed conduit an energy dissipator ring which is comprised of a plurality
      of prefabricated ring sections. Between at least a pair of the ring
      sections an expansion device is provided for forcing apart the two
      sections so as to increase the circumference of the energy dissipator ring
      until it is frictionally locked in place in the conduit. Preferably a
      plurality of such energy dissipator rings are installed in an inclined
      conduit, the number and spacing of the rings being determined by the
      steepness of the slope, the size of the conduit and the desired maximum
      water velocity. Optionally, each ring may include a drainage notch on its
      outer arcuate surface to permit water to drain between the ring and the
      conduit wall against which it is forced, to prevent pooling.
PAR  In cross section, the ring may take several forms. It may, for example, be
      rectangular, trapezoidal, or concave in the uphill direction for inducing
      maximum water turbulence and hence maximum energy dissipation. In one form
      of the invention, each ring includes a plurality of circumferentially
      spaced plateaus or teeth, with the teeth of adjacent energy dissipator
      rings being purposely out of alignment so that the teeth of a given ring
      are aligned with the spaces between the teeth of an adjacent ring; again,
      to create maximum water turbulence and maximum energy dissipation. Since
      the energy dissipating rings of the present invention are prefabricated,
      they can be produced by standard production processes for maximum
      consistency in quality and least cost. By frictionally retaining the rings
      in place in the conduit, the standard production conduit need not be
      altered. Moreover, the number and position of the rings can be varied to
      meet the needs of the particular installation. They can be installed not
      only in reinforced concrete conduits, but also in corrugated metal pipe
      and other types of conduits. An additional advantage of the present
      invention is that if, in a particular situation, too few rings have been
      installed in the conduit so that the water velocity is still excessive,
      additional rings can readily be added.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description with reference to the drawings, in which:
PAR  FIG. 1 is an exploded perspective view of an energy dissipator ring
      incorporating features of the present invention;
PAR  FIG. 2 is a cross section through a conduit and an energy dissipator ring
      installed therein prior to the placement of filler grout;
PAR  FIG. 3 is a cross section through the same conduit after the placing of
      filler grout;
PAR  FIG. 4 is a detailed view of one type of expansion device between two
      sections of the multi-sectioned dissipator ring of FIGS. 1-3;
PAR  FIG. 5 is a cross-section through the expansion device of FIG. 4 along
      lines 5--5;
PAR  FIG. 6 is a longitudinal section through a conduit in which several of the
      energy dissipator rings of FIGS. 1-3 have been installed, to show their
      effect upon the water flowing in the conduit;
PAR  FIG. 7 is an exploded perspective view of a modified energy dissipating
      ring in accordance with the present invention;
PAR  FIG. 8 is a cross-section through a conduit and an energy dissipating ring
      of the type shown in FIG. 7;
PAR  FIG. 9 is a cross-section similar to that of FIG. 8 and showing in addition
      behind the energy dissipating ring illustrated in FIG. 8, a second energy
      dissipating ring which is positioned behind it;
PAR  FIG. 10 is a longitudinal cross section through the conduit illustrated in
      FIG. 9 along the lines 10--10 to illustrate the relative positions of the
      pair of energy dissipating rings shown in FIG. 9 in the conduit;
PAR  FIG. 11 is an expanded illustration of a modified expansion device shown in
      FIG. 9;
PAR  FIG. 12 is an expanded view of the energy dissipating rings illustrated in
      FIG. 6 to show their cross section;
PAR  FIG. 13 is a similar view of a modified energy dissipating ring having a
      cross section which is concave in the direction from which water flows;
      and
PAR  FIG. 14 is a cross-sectional illustration of an energy dissipating ring
      having a trapezoidal cross section.
DETD
PAR  Turning now to the drawings, an energy dissipating ring prefabricated in
      accordance with the present invention is illustrated in FIG. 1. It is seen
      to comprise several (in this case, three) arcuate sections 2 which are
      preferably although not necessarily made of pre-cast concrete. Other
      materials which may be used include certain plastics, metals, etc. Two of
      the sections 2 have at one of their ends an alignment dowel 6 which fits
      into openings (not shown) at opposite ends of the third section 2. Each of
      the ring sections 2 is also provided with a drainage notch 5 so that when
      the ring is installed in the manner shown in FIG. 2, water will not pool
      above the ring, regardless of which of the ring sections is installed at
      the bottom of the conduit.
PAR  In accordance with the invention, the energy dissipator ring of FIG. 1 is
      retained frictionally in a conduit 8 by use of an expansion device shown
      generally in FIG. 2 and in more detail in FIGS. 4 and 5. In addition, the
      energy dissipator rings may be further secured in place by use of an epoxy
      cement, mortar, etc., between the ring and the inner wall of the conduit.
      The expansion device illustrated, which is only one of several forms which
      such a device may take, includes a threaded shaft 10 whose opposite ends
      extend into slot 7 at facing ends of two of the ring sections. A pair of
      nuts 12 travel on the threaded shaft 10 and between each nut 12 and the
      end of one of the ring sections 2 there is positioned on the shaft 10 a
      washer 14 and a bearing plate 16. By turning each nut 12 toward its
      associated bearing plate 16, the ring sections 2 against which the bearing
      plates 16 rest are forced apart, thus expanding the circumference of the
      ring and forcing it securely in position against the inner wall of the
      closed conduit 8.
PAR  To protect the dowels 6 and the expansion assembly from the corrosive
      effects of water in the conduit, a filler grout or asphalt mastic 4 is
      spread over them as shown in FIG. 3.
PAR  The effect of several spaced apart energy dissipator rings in a conduit
      upon the water flowing therein is illustrated in FIG. 6. At each ring the
      water velocity is cut down, and as a result the cross-sectional area of
      the conduit occupied by water is increased, as at 20 in FIG. 6, thus
      reducing the water velocity. As the water travels beyond an energy
      dissipating ring, its velocity gradually increases again, and with the
      progressively higher water velocity, the cross-sectional area of the water
      flow progressively diminishes to just before the next energy dissipating
      ring, as shown at 18. This recurring throttling of the water flow is very
      effective in reducing water velocity in an inclined conduit. To obtain
      maximum effectiveness, it may be necessary to experiment with the position
      of the several energy dissipating rings, and this is made particularly
      convenient with the present invention which permits the rings to be
      installed and checked prior to installation of the grouting, until the
      desired maximum velocity is not exceeded, at which time their installation
      may be made permanent by grouting the expansion device and the dowels.
PAR  The first embodiment of the energy dissipator ring described thus far has a
      substantially uniform cross section. The embodiment of the ring which is
      to be next described differs basically from the first embodiment in that
      its cross section is alternately thick and thin around its circumference.
      As best seen in FIG. 7, the modified energy dissipating ring is comprised
      of a plurality, specifically three, arcuate sections 24, each of them
      having a plurality of spaced-apart plateaus 26 separated by spaces 28.
      Dowels 6, such as shown in FIG. 1, may again be used to help align the
      sections 24 when the ring is expanded inside a conduit 8, as shown in FIG.
      8. A slightly different form of expansion device 30 is shown generally in
      FIGS. 8 and 9 and in more detail in FIG. 11. In order to obtain maximum
      water turbulence and, hence, velocity loss, successive ones of the energy
      dissipating rings are so installed in the conduit 8 that the plateaus 26
      of a given one of the rings are aligned with the bases 28 of an adjacent
      dissipator ring. This is best seen in FIG. 9, in which the plateaus 26a of
      a given energy dissipating ring a are seen to be positioned between the
      plateaus 26b of the next such ring b. The energy dissipating rings a and b
      are also shown in FIG. 10 in cross section, and it will be observed that
      the ring b is rotated relative to the ring a so that, whereas the section
      is through a thin portion 28a of the ring a, it is through a thick portion
      26b of the ring b.
PAR  It can be seen that by this out-of-phase placement of alternate energy
      dissipating rings, a greater amount of turbulence is induced in the water,
      so as to diminish its velocity.
PAR  The modified expansion device 30, best seen in FIG. 11, includes a pair of
      threaded bolts 32 and 34 having a single threaded turnbuckle 36 between
      them. Each bolt 32 and 34 has welded on it a stop 38, and a bearing plate
      40 is positioned between each stop 38 and the ring section 24 facing the
      stop. Rotating the turnbuckle 36 in the proper direction forces the bolts
      32 and 34 to part, thereby spreading apart the sections 24.
PAR  In their simplest form, the ring sections in both FIGS. 1 and 7 are
      rectangular in cross section, as shown in FIG. 12. Alternatively, however,
      for greater water turbulence and greater energy dissipation, the ring
      sections may be concave in cross section so as to present a cupped surface
      42 to the water stream illustrated by the arrow 44. This tends to have the
      effect of temporarily altering the direction of water flow for greater
      turbulence.
PAR  Another alternative, illustrated in FIG. 14, is to present a sloped surface
      46 to the water flow; this being achieved by fabricating the sections of
      the ring with a trapezoidal cross section.
PAR  From the above, it will become apparent to those skilled in the art that
      the present invention provides a superior solution to the problem of
      excessive water velocity which occurs in large closed conduits placed on
      an incline.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a closed water conduit, an energy dissipator ring comprising
PA1  a a plurality of arcuate precast sections which together form said ring,
      said ring sections having inwardly extending circumferentially
      spaced-apart plateaus, and
PA1  b an expansion assembly between at least a pair of said sections for
      increasing the circumference of said ring so as to permit said ring to be
      force-fitted in said conduit.
NUM  2.
PAR  2. An inclined closed liquid-carrying conduit having a plurality of
      spaced-apart energy dissipator rings therein, each ring comprising:
PA1  a a plurality of prefabricated ring sections, and
PA1  b an expansion device between at least two of said sections for forcing
      said two sections apart so as to increase the circumference of said ring
      until it is frictionally locked in place in said conduit.
NUM  3.
PAR  3. The conduit of claim 2 characterized further in that said ring sections
      are precast concrete.
NUM  4.
PAR  4. The conduit of claim 2 characterized further in that said rings are
      stepped in cross section so as to form inwardly extending
      circumferentially spaced-apart plateaus.
NUM  5.
PAR  5. The conduit of claim 4 characterized further in that alternate ones of
      said rings are so positioned within said conduit that the plateaus of one
      ring are in alignment with the spaces between the plateaus of an adjacent
      ring.
NUM  6.
PAR  6. The conduit of claim 2 characterized further in that each ring
      additionally includes structurally interfitting alignment means on at
      least two adjacent sections of said ring, and a drainage notch on at least
      one section of said ring.
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ABST
PAL  This invention discloses an insulated, longitudinally segmented, rigid
      conduit containing several pipes of varying sizes. The conduit comprises
      any number of separate pipe carrying segments wherein the rigid casing,
      the rigid insulation, and the pipe constitute integral parts of these
      segments providing rigidity to them. The invention discloses multiple unit
      conduits and a single unit suitable for use as a conduit by itself, which
      can be attached to similar units or to other surfaces such as floors,
      walls or ceilings. The conduit is designed to withstand external bending
      and shear stresses and internal fluid pressures.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to rigid, insulated piping conduits for carrying
      fluids, and it particularly relates to conduits containing any desired
      number of pipes of variable diameters located within the conduit. Conduits
      of similar type find their applications in conveyance of freezable fluids,
      such as water, at below freezing surrounding temperatures. When such
      conduits are used for municipal utility systems, several pipes are
      required within one conduit to carry raw water, sewage, treated water,
      steam, etc. In the cold regions where the soil is permanently frozen,
      these conduits allow installation and operation of utility systems. The
      same type of conduits are also utilized for conveyance of chilled fluids
      which have to be protected from gaining heat from the surroundings.
PAC  BACKGROUND OF THE INVENTION
PAR  To convey fluids which are subject to undesirable cooling (or heating),
      several types of insulated conduits have previously been devised. For
      protection of single pipes, conduits have been fabricated utilizing the
      pipe-within-a-pipe concept where a carrier pipe is located within a casing
      pipe and where the annular space between them is filled with insulation,
      such as glass fiber or rigid foam. Although some attempts have been made
      to install more than one pipe within a single exterior casing pipe, the
      more common approach to multiple pipe conduits is to fabricate a conduit
      in which the casing consists of a long box and the pipes are laid within
      it and are not directly insulated. To provide thermal protection to the
      pipes, these conduit boxes are filled with various types of loose fiber or
      granulated insulation. In instances where periodic access to the pipes is
      required, the walls of the conduit box are adequately insulated instead of
      using loose insulation fill, thus allowing the pipes to remain bare, and a
      removable side or top of the conduit box provides access to the pipes.
PAR  The object of all thermally insulated conduits is to minimize heat transfer
      by provision of an adequate thickness of insulation while keeping the
      exterior surface area of the conduit at a minimum, since both the thicker
      insulation and the smaller surface area reduce the rate of heat transfer.
      In this respect, for a single carrier pipe, the pipe-within-a-pipe design
      provides the most efficient thermal design. However, when two or more
      fluid carrying pipes are installed within one casing pipe it becomes
      practically difficult or impossible to gain access to any of the
      individual fluid carrying pipes. Although thermally fairly efficient, this
      design, containing several pipes, is usually impractical. The alternate
      approach, involving insulation of individual pipes separately, requires
      more insulation and increases the external surface area considerably,
      making it thermally inefficient and less economical. The insulated
      box-type designs, which are the most common, achieve various degrees of
      efficiency depending on the cross-section of the box and the amount and
      type of insulation used, but they all are thermally less efficient than
      the pipe-within-a-pipe design. However, these box-type designs are more
      practical to install and to operate.
PAR  All these insulated conduits contain four basic functional components:
      fluid carrying pipes, thermal insulation, structural members, and
      protective cladding. In the box-type conduits all these components are
      separate and distinct, while in the pipe-within-a-pipe design the exterior
      pipe provides structural stability as well as acting as a protective
      cladding. In all designs economies are achieved by aiming at the most
      compact configuration of the conduit using small volumes of efficient
      insulation and reducing the size and number of structural members.
      Cladding is usually reduced in proportion to the other components and
      reduction of pipe diameter is only possible where the pipe material offers
      better flow characteristics.
PAR  Insulated conduits such as those used for municipal utility systems in the
      Arctic are installed above ground on supporting foundations such as piles.
      Spacing of the supports depends on the rigidity and strength of the
      conduit. Conduits which are structurally efficient allow longer spans to
      be used, thereby reducing the cost of supporting foundations. Therefore
      one of the criteria used in conduit design is the beam strength of the
      structure. In practise this beam strength is incorporated into the
      framework of the box, or it is provided by installation of longitudinal
      beams located beneath the box.
PAR  Most conduits of the types described have lent themselves to a very limited
      amount of component prefabrication which results in considerable labour
      requirements during on-site erection. Consequently the need for increased
      use of pre-fabrication has been felt for some time, particularly in remote
      regions where labour costs are high.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a piping conduit is provided comprising
      discrete, longitudinal segments disengagably connected together to form a
      rigid unit. Each segment comprises one or more rigid conveyor pipes
      encased in a body of rigid insulating material. The body of insulating
      material has one or more shaped longitudinal surface sections - these
      sections are usually flat in configuration. A rigid cladding or casing
      encases each body of insulating material, except for the shaped surface
      sections which may be totally uncovered. The segments are brought together
      so that the shaped, surface sections of adjoining bodies of insulating
      material mate to form a compact assembly. The casing segments are rigidly
      secured together, as with bolts and nuts or the like, to form a rigid
      unit.
PAR  In a preferred form of the invention, the conveyor pipe is placed in, but
      spaced from, a trough-like casing segment. Insulating material, such as
      polyurethane foam, is then poured into the trough. When the polyurethane
      foam has set, the three elements of the segment are bonded together to
      provide a rigid unit.
PAR  The insulated, multiple pipe conduit invention is structurally compact and
      thermally efficient. It overcomes the difficulty of access to or removal
      of individual pipes, which is an inherent problem in conduits having
      several carrier pipes installed in a common casing pipe.
PAR  The design as disclosed allows the use of the pipe, the casing, and the
      insulation as integral structural components of the conduit making the
      conduit self-supporting. By varying the cross-sectional dimensions of the
      casing, varying proportions of the internal and external loads may be
      transferred to the pipe or to the insulation. By bonding the insulation to
      the casing and to the pipe the conduit effectively becomes a composite
      beam which may be designed to span required distances between supports or
      to withstand anticipated superimposed loads.
PAR  In the disclosed conduit design the heat loss is minimized by minimizing
      the exposed surface area, since the casing is shaped to suit the carrier
      pipes. The shape of the casing also reduces the volume of insulation
      required compared to box-type conduits carrying uninsulated pipes, or to
      uninsulated conduits individually insulated pipes. In addition, reduction
      of heat losses by reduction of surface area allows an overall reduction in
      insulation thickness, and hence volume.
PAR  The longitudinal segmentation of the conduit is a feature which overcomes
      the problem of access to or removal of individual pipes associated with
      pipe-within-a-pipe designs. Separate segments allow continued operation of
      the other pipes within the conduit while one pipe is being repaired. In
      this instance the other pipes are not in danger of being exposed to
      adverse external temperatures as they would be in most box-type
      structures. The segmented design also allows staggering of joints of the
      individual pipes which avoids possible contamination and adds structural
      stability to the structure. In pipe-within-a-pipe designs, staggering of
      joints is not practically possible, and box-type conduits are susceptible
      to contamination in the event of joint failure of one of the pipes, such
      as one carrying sewage. A segmented conduit with staggered joints greatly
      reduces or virtually eliminates contamination due to joint failure by
      effectively isolating individual joints and making spillage to the outside
      possible rather than towards the joint on the adjacent pipe.
PAR  The split casing feature also allows simple fabrication procedures in the
      process of placing insulation. The insulation is placed from the side into
      a trough-shaped casing, rather than from the end into a round pipe.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 shows a cross-section of a conduit having two segments separated by
      a divider;
PAR  FIG. 2 is an isometric view, partially exploded, of the embodiment shown in
      FIG. 1;
PAR  FIG. 3 shows a cross-section of a single segment in accordance with the
      invention;
PAR  FIG. 4 shows a cross-section of a three segment conduit;
PAR  FIG. 5 shows a longitudinal section of a joint joining two conduit
      segments; and
PAR  FIG. 6 shows a longitudinal section having a series of conduit segments
      with staggered pipe joints.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, there is shown a piping conduit having two
      segments A. Each segment A comprises a conveyor pipe 1 imbedded in a body
      2 of rigid insulation, which is encased in and protected by rigid,
      exterior casing segment 3. As illustrated in the right hand segment A
      shown in FIG. 1, additional conveyor pipes, such as pipe 9, may be
      included in the segment. The conveyor pipes 1, 9 are spaced from each
      other and from the casing segment 3, and the insulation extends along and
      about each of the pipes 1, 9.
PAR  To add rigidity to the assembly, the body 2 of insulation may be bonded to
      the casing segment 3 and contained conveyor pipes 1, 9. We prefer to use
      polyurethane foam to insulate, and glass fibre-reinforced plastic for the
      casing and pipes -- the foam is self-bonding to the outer surface 4 of the
      conveyor pipe and the inner surface 5 of the casing segment.
PAR  It will be noted that each body 2 has a shaped longitudinal surface section
      20 which is adapted to mate with a corresponding section on the adjoining
      segment or some other surface, such as the wall 21 shown in FIG. 3. In the
      three segment embodiment shown in FIG. 4, each body 2 is formed with an
      unencased surface section having two faces 20a.
PAR  A divider 6 may be placed between two segments A to function as a
      structural stiffener and isolating membrane for protection against
      contamination.
PAR  The casing segments 3 are disengagably connected to each other using means
      such as bolts 8 which pass through channels 7, flanges 22 and dividers 6.
PAR  Each conduit is provided with means at each of its ends for connecting it
      to other conduits in end-to-end relationship to form a pipeline of the
      desired length for fluid transmission. One means for connecting segments
      in end-to-end relation is shown in FIGS. 5 and 6. In this instance, the
      pipe 1 protrudes from the insulation body 2 sufficiently to allow the
      coupling 10 to be installed in an exposed position. In this illustration,
      a sleeve-type coupling with rubber ring seals 14 is shown. Pre-cut or
      pre-formed pieces of insulation 12 fit around the coupling to fill the
      space and to protect the coupling. Protection of this insulation is
      provided by a sleeve 13 which is made of the same material as the casing
      segments 3, and fits over them. As shown in FIG. 6, a series of
      independent piping conduit units may be assembled with the pipe joints
      staggered to provide rigidity to the entire assembly and to prevent
      contamination of fluids between joints.
PAR  To assemble the piping conduit, the casing segment 3, made of steel plate
      or sheet, is positioned with its longitudinal opening facing upward, so as
      to form a trough. The conveyor pipe 1, made of fiberglass reinforced
      plastic or other suitable material, is positioned and fastened within the
      casing segment, to the required tolerance. The two ends of the casing
      segment are then covered by means of bulkheads to prevent spillage of
      insulation. Subsequently polyurethane foam chemicals are injected into the
      assembly and they react to fill the space between the conveyor pipe and
      the casing segment with foam. The foam may be formed to any desired
      thickness above the longitudinal opening in the casing. As the
      polyurethane insulation foam forms, it will bond to the steel casing and
      to the fiberglass reinforced pipe. After the insulation becomes rigid, the
      exposed side can be cut to form a surface 20 suitable for mating with a
      similar unit or any other surface. The mating surface may also be formed
      by placing a suitable mold against the insulation foam during the reaction
      period and allowing it to expand against the mold. In this case, cutting
      is not required since the mold shapes the mating surface.
PAR  Obvious variations in the specific constructional details described may be
      made without departing from the spirit of the invention and such
      embodiments of the invention as come within the scope and purview of the
      appended claims are to be considered as part of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A longitudinally-segmented, insulated piping conduit comprising:
PA1  a plurality of spaced apart, substantially rigid conveyor pipes;
PA1  a plurality of discrete bodies of substantially rigid insulating material,
      each said body extending around and along the outer surface of a conveyor
      pipe, for insulating said conveyor pipe;
PA1  each said body having a shaped longitudinal surface section mating with a
      corresponding surface section of another body;
PA1  a rigid casing segment encasing each body except its shaped longitudinal
      surface sections; and
PA1  means disengagably connecting together the casing segments, whereby the
      bodies are protectively encased with their surface sections mated in
      longitudinal engagement.
NUM  2.
PAR  2. The piping conduit as set forth in claim 1 wherein:
PA1  each body of insulating material is bonded to its conveyor pipe and casing
      segment to form an integral unit.
NUM  3.
PAR  3. The piping conduit as set forth in claim 2 wherein:
PA1  rigid longitudinal divider members are inserted between the integral units.
NUM  4.
PAR  4. The piping conduit as set forth in claim 1 comprising:
PA1  means at each end of the conduit for connecting it to other conduits in
      end-to-end relationship for fluid transmission.
NUM  5.
PAR  5. The piping conduit as set forth in claim 2 comprising:
PA1  means at each end of the conduit for connecting it to other conduits in
      end-to-end relationship for fluid transmission.
NUM  6.
PAR  6. The piping conduit as set forth in claim 2 wherein:
PA1  adjoining conduit segments each comprising a conveyor pipe body of
      insulating material, and casing segment, are of different lengths whereby
      their ends are in staggered relation.
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PAL  A telescopic structure comprises an inner and an outer member telescopic
      relative to each other, and means for supporting and/or guiding one member
      relative to the other member, comprising a pair of wheels mounted on each
      member and positioned between the members, the wheels on one member
      bearing on parallel runways fixed to the other member, the runways each
      having an at least partly circular section with the peripheral surfaces of
      the wheels bearing on the runways being correspondingly toroidally shaped
      to have geometric projections in a plane perpendicular to the direction of
      extent of the runways extending parallel and perpendicular to the
      rotational axes of the wheels.
BSUM
PAR  The present invention concerns improvements in telescopic structures.
PAR  Telescopic structures have numerous applications, for example in the
      manufacture of telescopic jibs for cranes. This application will be taken
      as an explanatory example which is, of course, not limiting.
PAR  The telescoping of one member relative to another member necessitates the
      use of special guide and support means, which at the present time are
      arranged adjacent the point of exit of the inner member from the outer
      member and adjacent the inner end of the inner member. In practice, these
      means must enable stresses to be taken up in four perpendicular directions
      perpendicular to the telescopic axis.
PAR  Each set of guide and support means at present comprises four rollers
      rotatably mounted on one of the members and bearing against the other
      member. Moreover, they are of such a size that they require the formation
      of ports in the wall of the member on which they are mounted, causing at
      that part a weakening of the wall. The large number of rollers (eight in
      the case mentioned) necessary also increases the internal obstructions in
      the members which makes it difficult to find satisfactory solutions in the
      designing of telescopic jibs. The rollers also contribute to the dead
      weight of the structure and, consequently, reduce the lifting
      characteristics of the jib, all other things being equal.
PAR  According to the invention there is provided a telescopic structure
      comprising:
PAR  AT LEAST AN INNER AND AN OUTER MEMBER WHICH ARE TELESCOPIC ONE RELATIVE TO
      THE OTHER; AND
PAR  MEANS FOR GUIDIING AND/OR SUPPORTING ONE OF SAID MEMBERS RELATIVE TO THE
      OTHER OF SAID MEMBERS IN FOUR MUTUALLY PERPENDICULAR DIRECTIONS, SAID
      GUIDING AND/OR SUPPORTING MEANS COMPRISING:
PA1  Two pairs of wheels arranged between said inner and outer members,
PA1  Means for coupling each of said pairs of wheels to a respective one of said
      inner and outer members,
PA1  Means for mounting at least one of said pairs of wheels for rotation about
      substantially parallel axes,
PA1  A pair of parallel runways in respect of each of said wheels, situated one
      on each side of the rotational axis of the respective wheel and on which
      the peripheral surface of the respective wheel bears,
PA1  Means rigidly attaching each pair of parallel runways to that one of said
      inner and outer members with which the respective wheel is not coupled, at
      least two of said pairs of runways being rigidly attached along the
      external corners of said inner member,
PAL  And wherein one of said runways has a cross-section which is at least
      partly circular and said peripheral surface of the respective wheel
      bearing thereon is shaped to be at least partly toroidal with a diameter
      substantially equal to the diameter of the circular part of said runway.
PAR  Advantageously, two pairs of runways are fixed along the inside corners of
      the outer member, the corresponding wheels being wheels of relatively
      large diameter.
PAR  Preferably, the diameters of the wheels of one pair of wheels are larger
      than the diameters of the other wheels.
PAR  In this embodiment, it is advantageous for the larger wheels to move with
      the inner member and to be attached adjacent the inner end of the inner
      member, and the smaller wheels to move with the outer member and to be
      attached adjacent that end of the outer member through which the inner
      member moves.
PAR  Preferably, the axes of rotation of all the wheels are substantially
      parallel.
DRWD
PAR  A better understanding of the invention will be obtained, and secondary
      features and their advantages will become apparent, from the following
      description of an embodiment thereof, given by way of example only, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an axial section through a telescopic jib in accordance with the
      invention, the inner member being retracted into the outer member;
PAR  FIG. 2 is an axial section through the telescopic jib of FIG. 1, but
      showing the jib in its extended configuration, and
PAR  FIGS. 3 and 4 are sections along the lines III--III and IV--IV,
      respectively, of FIG. 2.
DETD
PAR  The jib shown in FIG. 1 comprises two members, an outer member 1a inside
      which is arranged an inner member 2a. The relative telescopic positions of
      the two members are controlled by means which are not shown but which are
      conventional. By way of example, this means may be an hydraulic ram. The
      member 2a can be completely retracted into the member 1a, except of course
      for its outer end 3a, which usually carries a handling block.
PAR  It will be noted that runways in the form of sections 4a, as shown of
      circular cross-section, are arranged along the inside corners 5a of the
      member 1a, and they are fixed to these corners by weld beads 6a. A wheel
      7a is mounted for rotation about a shaft 8a rigidly attached to one of the
      walls 9a of the member 2a and arranged at the inner end of the member 2a.
PAR  In a similar manner, runways in the form of sections 10a, also as shown of
      circular cross-section, are arranged along the outside corners 11a of the
      member 2a and are fixed to these corners by weld beads 12a. A wheel 13a is
      mounted for rotation about a shaft 14a, rigidly attached to one of the
      walls 15a of the member 1a and arranged at that end of the member 1a,
      through which the member 2a leaves the member 1a.
PAR  FIG. 2 shows the above-described jib, but in a second configuration. In
      FIG. 2 the various elements already described above are indicated by the
      same reference numbers, but followed by the letter b. The member 2b is
      completely extended relative to the member 1b, and it will be noted that
      the wheel 7b mounted on the member 2b has come to a position adjacent the
      wheel 13b which is mounted on member 1b.
PAR  With reference to FIGS. 3 and 4, it will be noted that there are two wheels
      13b arranged one on each side of the member 2b, each between a vertical
      wall 15b of the member 1b and a vertical wall 9b of the member 2b. In the
      same way, there are two wheels 7b which are arranged one on each side of
      the said member 2b, each between a wall 15b and a wall 9b. It will be
      noted that the members 1b and 2b each consist of a box-girder with a
      rectangular cross-section, walls 16b and 17b connecting walls 15b and 9b
      respectively. It will be seen that the axes of the shafts 8b and 14b are
      mutually parallel and perpendicular to the walls 9b and 15b. Further, the
      interior 18b of the member 2b is entirely clear of obstruction since the
      wheels are arranged outside this member 2b.
PAR  The peripheral surfaces 19b and 20b of the tyres of the wheels 13b and 7b
      have toroidal shapes corresponding to those of the sections 10b and 4b
      opposite which they are arranged. The diameter of the generating circle of
      the torus is therefore substantially equal to that of the corresponding
      section, the sections being arranged in pairs one on each side of the
      shafts 8b and 14b.
PAR  Lastly, it will be noted that the projections of the surfaces 19b and 20b
      of each wheel tyre on to each section 10b and 4b, perpendicular to the
      axes of the said sections and parallel and perpendicular to the axes of
      the shafts 14b and 8b, (i.e., between lines 21b and 22b respectively),
      effectively ride the corresponding section when the tyre is bearing
      against the section. It will also be noted that the wheels 7b have a
      greater mean diameter than wheels 13b. For this reason, the wheels 7b are
      called large wheels, the wheels 13b are called small wheels.
PAR  The advantages inherent in the above described structure will be set forth
      below.
PAR  Firstly, it will be noted that guiding and support of the member 2b in the
      member 1b are effected in a satisfactory manner. The possible stresses may
      be resolved into four main directions 23b, 24b, 25b and 26b perpendicular
      to each wall 7b, 16b and directed towards the corresponding wall and may
      be applied, for example, to the outer end of member 2b.
PAR  A stress in the direction 23b (or 25b) is balanced by the reaction of
      application of one of the wheels 13b to the two corresponding sections
      10b, particularly by application of the projection of the tyre of the
      wheel 13b to these sections parallel to the lines 21b and by the reaction
      of application of the wheel 7b, situated on the side of the member 2b
      opposite to the one on which the above-mentioned wheel 13b is situated, to
      the two corresponding sections 4b, particularly by application of the
      projection of the tyre of this wheel 7b to these sections parallel to the
      lines 21b.
PAR  In the same way, a stress in the direction 24b (or 26b) is balanced by the
      reaction of application of the two wheels 13b to the two sections 10b
      arranged on the same side of the axis of the shafts 14b, particularly by
      application of the projections of the tyres of the said wheels 13b to
      these sections parallel to the lines 22b, and by the reaction of
      application of the two wheels 7b to the two sections 4b arranged on the
      side of the axis of the shafts 14b opposite that of the sections 10b,
      particularly by application of the projections of the tyres of the said
      wheels 7b to these sections 4b parallel to the lines 22b.
PAR  consequently, all stresses are taken up correctly, even during telescoping,
      for they are taken up on the rotary wheels bearing on sections which are
      intended for this purpose.
PAR  The total bulk is relatively small. In particular, there are only four
      wheels instead of the eight rollers of the known arrangement. The total
      dead weight of the jib is therefore reduced and, consequently,
      performances (particularly the working load which can be lifted) are
      increased.
PAR  Moreover, the wheels 7b and 13b of a member do not require the formation of
      ports to enable them to bear against the other member, as they are
      arranged in the space between the two members. This results in the absence
      of weakened zones in the walls of the members.
PAR  Furthermore, the sections 4b and 10b add to the mechanical strength, in
      particular the resistance to bending, of the members 1b and 2b.
      Consequently, the walls 15b and 16b and 9b and 17b may be thinner and
      therefore lighter than those of known arrangements. A further increase in
      performance results from this reduction.
PAR  In addition, the stresses are transmitted through the shafts 8b and 14b
      carried on the corresponding walls 9b and 15b, and not by interposition of
      pivoting devices as in the case of rollers. There is therefore good stress
      transmission, these stresses also acting on or adjacent the neutral line
      of the beam formed by each member 1b, 2b.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telescopic structure comprising:
PA1  at least an inner and an outer member which are telescopic one relative to
      the other; and
PA1  means for guiding and/or supporting one of said members relative to the
      other of said members in four mutually perpendicular directions, said
      guiding and/or supporting means comprising:
PA1  two pairs of wheels arranged between said inner and outer members,
PA1  means for coupling each of said pairs of wheels to a respective one of said
      inner and outer members,
PA1  means for mounting at least one of said pairs of wheels for rotation about
      substantially parallel axes,
PA1  a pair of parallel runways in respect of each of said wheels, situated one
      on each side of the rotational axis of the respective wheel and on which
      the peripheral surface of the respective wheel bears,
PA1  means rigidly attaching each pair of parallel runways to that one of said
      inner and outer members with which the respective wheel is not coupled, at
      least two of said pairs of runways being rigidly attached along the
      external corners of said inner member, and the other two of said pairs of
      runways being rigidly attached to the internal corners of said outer
      member,
PAL  and wherein one of said runways has a cross-section which is at least
      partly circular and said peripheral surface of the respective wheel
      bearing thereon is shaped to be at least partly toroidal with a diameter
      substantially equal to the diameter of the circular part of said runway
      and the diameters of the wheels bearing thereon being larger than the
      diameters of the other wheels.
NUM  2.
PAR  2. A structure in accordance with claim 1, wherein said smaller wheels are
      coupled to said outer member and are attached thereto adjacent that end of
      said outer member through which said inner member moves, and said larger
      wheels are coupled to move with said inner section and are attached
      thereto adjacent the inner end of said inner section.
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PAL  A jacketed pipe assembly of inner and outer tubular members having
      respective inner and outer corrugated metal tubes arranged in spaced
      relationship to define therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through the inner tubular member.
      Coupling sleeves are connected by continuous welds to opposite ends of the
      inner corrugated tube, and means are connected to the outer ends of the
      outer corrugated tube and to the respective coupling sleeves to define
      therebetween respective opposite ends of the fluid-circulating chamber.
      The continuous connecting welds are surrounded by the fluid-circulating
      chamber, but are isolated therefrom by being enclosed within respective
      enclosures which are vented exteriorly of the pipe assembly so that
      cross-contamination between the inner corrugated tube and the surrounding
      fluid-circulating chamber will be prevented in the event of rupture of the
      continuous welds.
BSUM
PAR  This invention relates to jacketed pipe assemblies having inner and outer
      tubular members composed of respective expansible and contractible
      corrugated metal tubes and defining therebetween a chamber adapted for the
      circulation therethrough of a temperature controlling fluid for aiding in
      the flow of a processing fluid through the inner tubular member.
PAR  In the handling of many processing materials in the fluid state, it is
      necessary to maintain such materials within a critical temperature range
      which may be cold, temperate or hot, depending upon the individual
      characteristics of the processing fluid. For example, in order to convey a
      processing fluid such as melted polyethylene, polypropylene or other
      melted synthetic plastic material, while maintaining the desired fluid
      state and flowability thereof, the tubular member or conduit through which
      the processing fluid is to be conveyed must be maintained at a temperature
      range sufficiently high to maintain the desired flowability of the
      processing fluid. Thus, it has been the practice for many years to utilize
      a jacketed pipe construction for conveying such a processing fluid with at
      least a substantial length of such jacketed pipe construction being in the
      form of longitudinally expansible and contractible inner and outer
      corrugated metal tubes for accommodating contraction and expansion
      conditions, and so that a temperature controlling fluid could be
      circulated through a chamber defined between the inner and outer
      corrugated tubes of the jacketed pipe construction to aid in the flow of
      the processing fluid through the inner corrugated tube.
PAR  However, difficulties having been encountered in prior art jacketed
      corrugated pipe constructions in that, upon rupture of the welds at
      opposite ends of the inner corrugated tube there was an immediate danger
      of cross-contamination, i.e., the fluid would either leak from the inner
      corrugated tube through the ruptured weld into the temperature controlling
      fluid-circulating chamber or it would leak from the fluid-circulating
      chamber through the ruptured weld into the inner corrugated tube.
PAR  It is therefore a primary object of this invention to provide a jacketed
      pipe assembly of inner and outer tubular members composed of respective
      inner and outer corrugated metal tubes and wherein at least one end of the
      jacketed pipe assembly includes a coupling sleeve connected by a
      continuous weld to the respective end of the inner corrugated tube with
      the continuous weld being surrounded by the fluid-circulating chamber, but
      isolated therefrom by being enclosed within a closed passageway vented
      exteriorly of the pipe assembly so that, in the event of rupture of the
      continuous weld and leakage therethrough, such leakage would vent to the
      exterior of both metal corrugated tubes to thereby prevent
      cross-contamination.
PAR  It is another object of this invention to provide a jacketed pipe assembly
      of the type described in which the outer end of the coupling sleeve is
      connected to the end of the outer tubular member in such a manner as to
      define one end of the fluid-circulating chamber therebetween so that
      substantially the entire length of the coupling sleeve is in heat
      exchanging relation to the fluid in the fluid-circulating chamber.
PAR  It is still another more specific object of this invention to provide a
      jacketed pipe assembly of the type described in which a coupling flange is
      carried by and surrounds the outer end of the fluid-circulating chamber,
      with the portion of the coupling sleeve underlying the flange thus being
      in heat exchanging relation to the fluid in the surrounding
      fluid-circulating chamber.
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PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which --
PAR  FIG. 1 is a perspective view of the improved jacketed pipe assembly with
      medial portions thereof broken away;
PAR  FIG. 2 is an enlarged fragmentary perspective view of the left-hand portion
      of FIG. 1 with many of the parts thereof being shown in exploded
      relationship;
PAR  FIG. 3 is an enlarged longitudinal sectional view through the left-hand end
      portion of the pipe assembly shown in FIG. 1;
PAR  FIG. 4 is a transverse sectional view taken substantially along line 4--4
      in FIG. 3 with parts broken away to illustrate the welded together
      segments of an endless metal member fitting in and extending radially
      outwardly from the respective endmost valley of the inner corrugated tube;
      and
PAR  FIG. 5 is an enlarged, schematic, fragmentary view of the lower portion of
      FIG. 3 showing the leakage paths of the fluid at one end of the jacketed
      pipe assembly in the event of rupture of a continuous weld at the juncture
      of the inner corrugated tube and a respective coupling sleeve extending
      axially from the end of the inner corrugated tube.
DETD
PAR  Referring more specifically to the drawings, the numeral 10 broadly
      designates a preferred embodiment of the jacketed pipe assembly of the
      present invention which comprises inner and outer tubular members 11, 12
      arranged in spaced relation to each other and defining therebetween a
      fluid circulating chamber 13 adapted for the circulation therethrough of a
      temperature controlling fluid for aiding in the flow of a processing fluid
      through the inner tubular member 11. The inner and outer tubular members
      11, 12 include respective thin-wall inner and outer elongate corrugated
      metal tubes 15, 16 each having annular ribs 17 and valleys 18 alternately
      arranged along the length thereof.
PAR  As is usual, the corrugated tubes 15, 16 are surroundingly covered by
      respective inner and outer braided wire sheaths 21, 22. Although only a
      single braided wire sheath is shown surrounding each corrugated tube 15,
      16, as is well known, several such sheaths may be arranged in layered
      relation around either or both of the corrugated tubes 15, 16, if desired.
      The braided wire sheaths serve to lend stability to the corrugated tubes
      15, 16 by restraining the same against excessive writhing or twisting when
      under high internal pressure and thereby aiding in avoiding rupture of the
      connecting welds at the ends of the pipe assembly, which rupture might
      otherwise be caused by such writhing or twisting.
PAR  Opposite ends of the inner and outer braided wire sheaths 21, 22 terminate
      adjacent opposite ends of the respective inner and outer corrugated tubes
      15, 16, and metal anchoring bands 23, 24 encirclingly engage the terminal
      ends of the respective inner and outer braided wires sheaths 21, 22 for
      securing the same to the corrugated tubes 15, 16. Conventionally, each
      anchoring band 23, 24 may be in the form of a double-ended, thin strip of
      sheet metal with one end overlapping the other and welded thereto, as at
      25 (FIGS. 1 and 2).
PAR  Referring now to FIGS. 2-5, there is shown a structure which corresponds to
      the left-hand end of the jacketed pipe assembly 10 shown in FIG. 1, it
      being understood that the structure at the right-hand end of the jacketed
      pipe assembly in FIG. 1 is substantially the same as that shown in FIGS.
      2-5. Therefore, like parts will bear the same reference characters at both
      ends of the jacketed pipe assembly 10 to avoid repetitive description.
      Accordingly, it will be observed in FIGS. 3 and 5 that the terminal end of
      the metal wall of inner corrugated tube 15 faces radially outwardly, thus
      defining an endmost exterior valley 18 at the end of inner corrugated tube
      15. As preferred, an endless metal member or ring 31 surrounds the
      respective end of inner corrugated tube 15 and is positioned within the
      endmost valley 18 thereof and extends radially outwardly therefrom a
      relatively short distance within fluid-circulating chamber 13, it being
      noted that chamber 13 extends outwardly beyond the end of inner corrugated
      tube 15 as will be later explained. The metal member 31 is illustrated as
      being of endless form in FIG. 4, but for convenience in positioning the
      endless metal member 31 within the endmost valley 18 of inner corrugated
      tube 15 as shown in FIGS. 3 and 5, the endless metal member 31 is shown as
      comprising a plurality of segmental plates welded together.
PAR  More specifically, the endless metal member 31 is shown as comprising a
      pair of substantially semicircular plates 31a, 31b (FIG. 2) which are of
      generally U-shaped form so as to define a substantially circular opening
      through the endless metal member 31 when the ends thereof are welded
      together as at 31c in FIG. 4. It is apparent, therefore, that the
      semicircular plates 31a, 31b are welded together after they are positioned
      in the endmost valley 18 of the inner corrugated tube 15. It should be
      noted that, although endless metal member 31 is shown positioned in the
      endmost exterior valley only of inner corrugated tube 15, it is to be
      understood that the radially inner portion of endless metal member 31 may
      be formed so as to fit in one or more additional exterior valleys 18 of
      inner corrugated tube 15, if desired.
PAR  Since the endless metal member 31 is positioned in the respective endmost
      valley 18 of inner corrugated tube 15, it cooperates with the inner
      corrugated tube to prevent cross-contamination between the same and the
      surrounding fluid-circulating chamber 13, and it also serves to reinforce
      and stabilize the terminal end of the thin-walled inner corrugated tube 15
      while providing a firm, rigid backing for welding a metal coupling sleeve
      35 to the end of inner corrugated tube 15. More particularly, it will be
      observed in FIGS. 3 and 5 that the inner end of coupling sleeve 35 abuts
      the outer end of tube 15 and serves as an extension of inner corrugated
      tube 15. It is apparent therefore that the inner corrugated tube 15 thus
      defines the end of inner tubular member 11. A continuous weld 36 encircles
      the inner end of coupling sleeve 35 and connects the same to the end of
      inner corrugated tube 15 and to endless metal member 31.
PAR  Coupling sleeve 35 is shown as being of annular cross-section, and the
      inner diameter thereof preferably is about the same as or slightly greater
      than the innermost diameter of inner corrugated tube 15. The outer
      diameter of at least the inner end of coupling sleeve 35 preferably is
      less than the outer diameter of inner corrugated tube 15 so that the
      terminal end of inner corrugated tube 15 extends radially outwardly beyond
      the abutting inner end of coupling sleeve 35 and so that the terminal end
      of inner corrugated tube 15 is readily connected by the continuous weld
      36.
PAR  Means are provided for connecting the outer end of coupling sleeve 35 to
      the end of outer tubular member 12 and defining therebetween one end of
      the fluid-circulating chamber 13. To this end, and to accommodate the
      circulation of temperature controlling fluid through fluid-circulating
      chamber 13, it will be observed in FIGS. 3 and 5 that an outer wall means,
      broadly designated at 40, surrounds coupling sleeve 35 and has a
      substantially cylindrical inner portion or body 41 whose inner end is
      welded, as at 42, to the end of outer corrugated tube 16 and to the
      adjacent terminal ends of the outer braided wire sheath 22 and the
      anchoring band 24. It is apparent that the outer corrugated tube 16 thus
      defines the end of the outer tubular member 12. The outer wall means 40
      also includes an outer end portion 43 of substantially lesser outside
      diameter than body 41. Such outer end portion 43 is attached to and
      surrounds the outer end of coupling sleeve 35.
PAR  It is important to note that, although the outer end portion 43 of outer
      wall means 40 is of substantially lesser diameter than the body 41 of
      outer wall means 40, outer wall means 40 is spaced outwardly from the
      coupling sleeve 35 throughout substantially the entire length of the
      sleeve 35 and the outer wall means 40, with the exception of the outer or
      terminal ends of the coupling sleeve 35 and the wall means 40 being welded
      together as at 45 in FIGS. 3 and 5. It can thus be seen that outer wall
      means 40 serves to connect coupling sleeve 35 to the end of outer tubular
      member 11 and to define therebetween one end of fluid-circulating chamber
      13 with the end of the chamber 13 extending to the outer end of coupling
      sleeve 35. Thus, the temperature controlling fluid in chamber 13 is in
      direct heat exchanging relation with substantially the entire length of
      coupling sleeve 35.
PAR  The outer end portion 43 of outer wall means 40 is of lesser diameter than
      body 41 for accommodating thereon a coupling flange 50 loosely encircling
      outer end portion 43 of outer wall means 40. It is apparent, therefore,
      that coupling flange 50 is carried by and surrounds the reduced outer end
      portion 43 of outer wall means 40 with the outermost end of
      fluid-circulating chamber 13 underlying coupling flange 50. Thus, the
      portion of coupling sleeve 35 underlying flange 50 is in heat exchanging
      relation to the fluid in fluid-circulating chamber 13. The coupling flange
      50 is provided with suitable holes 51 therethrough to facilitate bolting
      the same to an adjacent flange, not shown, of the fluid conveying system
      with which the jacketed pipe assembly 10 of the present invention is
      adapted to be used. The terminal end of the reduced outer end portion 43
      of outer wall means 40 is provided with a radially outwardly projecting
      shoulder 52 serving as means for limiting axial outward movement of
      coupling flange 50 relative to outer wall means 40. Although outer wall
      means 40 is shown as being of built-up welded construction, it is apparent
      that outer wall means 40 may be of one-piece construction, if desired.
PAR  In order to circulate a suitable temperature controlling fluid into,
      through and out of the fluid-circulating chamber 13 defined between
      corrugated tubes 15, 16 and between the respective opposite end portions
      of coupling sleeves 35 and the surrounding outer wall means 40 at opposite
      ends of the jacketed pipe assembly 10, body 41 of each outer wall means 40
      has a substantially radially outwardly projecting tubular nipple 53
      suitably secured thereto, as by welding. Each nipple 53 communicates with
      fluid-circulating chamber 13 through a suitable opening 54 in body 41 of
      the respective outer wall means 40. The nipples 53 are adapted for the
      connection of suitable conduits or pipes thereto, not shown, for
      circulating the temperature controlling fluid into, through and out of
      chamber 13. Nipples 53 may be internally or externally threaded, as
      desired, and are shown threaded interiorly by way of illustration only.
PAR  The relative locations of nipples 53 in FIG. 1 may be suited to a
      customer's requirements. However, if the jacketed pipe assembly 10 is to
      occupy a substantially horizontal position, it is generally preferred that
      the nipple 53 serving as the inlet for the temperature controlling fluid
      is positioned on the upper portion of the respective outer wall means 40
      and that the other nipple 53, serving as the outlet, be positioned on the
      lower portion of the respective outer wall means 40 as illustrated in the
      respective right-hand and left-hand portions of FIG. 4. Thus, condensate
      incidental to circulating steam from right to left through chamber 13, for
      example, would readily gravitate out of chamber 13.
PAR  Now, even though a welder may provide a high quality continuous weld 36
      connecting together adjacent portions of inner corrugated tube 15, endless
      metal member 31 and coupling sleeve 35, with the quality of such weld 36
      exceeding substantially the requirements for withstanding pressure as
      established by standards of the industry, there are instances in which the
      molecular structure of the continuous weld 36 may break down and result in
      rupture thereof, especially after extensive use of the jacketed pipe
      assembly 10 under conditions causing substantial vibration thereof. The
      possibility of such rupture of the continuous weld 36 is reduced
      considerably because of the reinforcement provided by endless metal member
      31 for that portion of the end of the thin-walled inner corrugated tube 15
      against which the weld 36 is formed. However, in the event of the
      occurrence of rupture of weld 36, such as to permit leakage through weld
      36 from within either the inner corrugated tube 15 or the surrounding
      temperature controlling fluid-circulating chamber 13, or both, such
      leakage will be vented into a closed passageway 60 and along a conduit
      means 61 to the exterior of both corrugated tubes 15, 16 and, thus,
      exteriorly of the jacketed pipe assembly 10.
PAR  The closed passageway 60 is formed of a radial annular wall means 60a and a
      short cylindrical annular wall means 60b surrounding the continuous weld
      36 and cooperating with the end of tube 15 and endless metal member 31 to
      define closed passageway 60 so that it encloses continuous weld 36
      therein. Thus, even though the main continuous connecting weld 36 is
      surrounded by fluid-circulating chamber 13, weld 36 is entirely isolated
      or shielded from the fluid in chamber 13 by the enclosure defining the
      respective passageway 60. The conduit means 61, serving as a vent means,
      communicatively connects the closed passageway 60 exteriorly of pipe
      assembly 10 by extending from the radial wall means 60a and, for example,
      through the body or cylindrical wall 41 of outer wall means 40 defining
      the end of fluid-circulating chamber 13. It will also be noted that the
      short cylindrical wall means 60b defining passageway 60 is welded or
      otherwise suitably secured to the radially outer portion of endless metal
      member 31, which radially outer portion also is spaced inwardly of the
      inner surfaces of outer corrugated tube 16 and body 41 of wall means 40 to
      permit passage thereby of the temperature controlling fluid.
PAR  In order to firmly bond the adjacent outer ends of inner braided wire
      sheath 21 and the respective metal anchoring band 23 to the inside surface
      of endless metal member 31, it will be observed in FIG. 5 that the
      proximal outer ends of inner braided wire sheath 21 and metal anchoring
      band 23 are spaced from endless metal member 31 to provide a gap
      therebetween for facilitating welding of braided wire sheath 21 and
      anchoring band 23 together as well as welding the same to endless metal
      member 31. The weld connecting sheath 21, anchoring band 23 and endless
      metal member 31 together may be termed as a sheath bonding weld and is
      indicated at 65 in FIGS. 3 and 5.
PAR  As shown in FIG. 5, the sheath bonding weld 65 preferably encircles the
      outer end of the respective anchoring band 23 and also extends between
      endless metal member 31 and the adjacent ends of sheath 21 and anchoring
      band 23. Weld 65 may be formed either before or after the main continuous
      weld 36. It is apparent however that, in order for the proximal surfaces
      of anchoring band 23 and endless metal member 31 to be readily accessible
      to a welder for forming the sheath bonding weld 65, both of the welds 36,
      65, as well as the surrounding wall means 60a, 60b defining passageway 60,
      should be formed before outer wall means 40 is formed around coupling
      sleeve 35.
PAR  Although it is preferred that weld 65 is continuous, it is not essential
      that it be continuous since fluid will not leak to the exterior of
      corrugated tubes 15, 16 from fluid-circulating chamber 13 along the
      endmost valley 18, as represented by the path A in FIG. 5, unless the main
      continuous weld 36 is ruptured as heretofore described. Of course, in the
      event of rupture of continuous weld 36, any leakage from within inner
      corrugated tube 15 would flow essentially along the broken-line path B in
      FIG. 5 through the then ruptured weld 36 and thus be vented to the
      exterior of both corrugated tubes 15, 16 through conduit means 61.
PAR  It can thus be seen that, assuming that the sheath bonding weld 65 at each
      end of pipe assembly 10 is continuous as well as the respective weld 36,
      in the event of rupture of either or both main welds 36 at opposite ends
      of the pipe assembly along with the respective sheath bonding welds 65,
      leakage of the processing fluid through either ruptured weld 36 from
      within the inner corrugated tube 15 and/or leakage of the temperature
      controlling fluid through either pair of ruptured welds 65, 36 from within
      fluid-circulating chamber 13 will be vented to the exterior of both
      corrugated tubes 15, 16 and will prevent cross-contamination between inner
      corrugated tube 15 and fluid-circulating chamber 13. Also, upon rupture of
      either or both of the exterior welds 42 at opposite ends of jacketed pipe
      assembly 10, it is apparent that leakage therethrough of temperature
      controlling fluid from chamber 13 also would be vented to the exterior of
      both tubes 15, 16. Of course, if weld 65 is continuous and is not
      ruptured, and the exterior weld 42 also is continuous and is not ruptured,
      the temperature controlling fluid would not escape from fluid-circulating
      chamber 13 even if the weld 36 were then in a ruptured state. In any
      event, leakage of fluid through any of the welds 36, 42, 65 would be
      readily detected by an attendant, since the temperature controlling fluid
      would escape through the corresponding conduit 61 or through the
      corresponding weld 42 and, thus, corrective measures could be taken before
      the leakage created a more serious problem.
PAR  From the foregoing description it can thus be seen that there is provided
      an improved jacketed pipe assembly of inner and outer tubular members
      composed of respective inner and outer elongate corrugated metal tubes
      having a fluid-circulating chamber therebetween and wherein each end of
      the jacketed pipe assembly includes a coupling sleeve connected by a
      continuous weld to the respective end of the inner corrugated tube with
      each continuous weld being isolated from the surrounding fluid-circulating
      chamber by being surrounded and enclosed within a closed passageway that
      is vented exteriorly of the pipe assembly so that, in the event of rupture
      of either such continuous weld and consequent leakage therethrough, such
      leakage would vent to the exterior of both metal corrugated tubes to
      thereby prevent cross-contamination.
PAR  As described herein, both ends of the jacketed pipe assembly 10 are of
      substantially the same construction. It is contemplated however, that one
      end of the jacketed pipe assembly may be constructed in the manner
      described herein, with the other end being of different construction
      without departing from the invention; e.g., the other end of the jacketed
      pipe assembly may be constructed in accordance with my invention as
      disclosed in a copending patent application filed concurrently herewith
      and entitled JACKETED PIPE ASSEMBLY FORMED OF CORRUGATED METAL TUBES.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of the invention and, although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongate corrugated metal tubes, a metal coupling sleeve serving
      as an extension of said inner corrugated tube and having its inner end
      abutting one end of said inner corrugated tube, a continuous weld
      encircling the inner end of said coupling sleeve and connecting the same
      to the end of said inner corrugated tube, means connecting said coupling
      sleeve to the end of said outer tubular member and defining therebetween
      one end of said fluid-encirculating chamber, means within said
      fluid-circulating chamber surrounding said continuous weld and defining a
      closed passageway enclosing said continuous weld therein, and vent means
      communicatively connecting said closed passageway exteriorly of the pipe
      assembly whereby, in the event of rupture of the continuous weld, leakage
      into the closed passageway from within said inner corrugated tube will be
      vented to the exterior of both tubular members and thereby prevent
      cross-contamination.
NUM  2.
PAR  2. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongate corrugated metal tubes each having annular ribs and
      valleys alternately arranged along the length thereof, an endless metal
      member surrounding one end of said inner corrugated tube and being
      positioned within the endmost valley thereof and extending radially
      outwardly therefrom a relatively short distance within the
      fluid-circulating chamber, a metal coupling sleeve serving as an extension
      of said inner corrugated tube and having its inner end abutting said one
      end of said inner corrugated tube, a continuous weld encircling the inner
      end of said coupling sleeve and connecting the same to the end of said
      inner corrugated tube and to said endless metal member, means connecting
      said coupling sleeve to the end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber, means within said
      fluid-circulating chamber surrounding said continuous weld and defining a
      closed passageway enclosing said continuous weld therein, and vent means
      communicatively connecting said closed passageway exteriorly of the pipe
      assembly whereby in the event of rupture of the continuous weld, leakage
      therethrough from within said inner corrugated tube or from said
      surrounding fluid-circulating chamber will be vented to the exterior of
      both tubular members and thereby prevent cross-contamination.
NUM  3.
PAR  3. A structure according to claim 2 wherein said means connecting said
      coupling sleeve to the end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber is connected to the
      outer end of said coupling sleeve and defines an end of the
      fluid-circulating chamber which extends to the outer end of said coupling
      sleeve.
NUM  4.
PAR  4. A structure according to claim 2 wherein said means connecting said
      coupling sleeve to the end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber is connected to the
      outer end of said coupling sleeve and defines an end of the
      fluid-circulating chamber which extends to the other end of said coupling
      sleeve, and wherein a coupling flange is carried by and surrounds the
      outer end of said least recited means whereby the outermost end of said
      fluid-circulating chamber underlies said coupling flange.
NUM  5.
PAR  5. A structure according to claim 4 wherein said means connecting said
      coupling sleeve to the end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber comprises means for
      limiting axial outward movement of said coupling flange carried thereby.
NUM  6.
PAR  6. A structure according to claim 2 wherein said means connecting said
      coupling sleeve to the end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber is connected to the
      outer end of said coupling sleeve and defines an end of the
      fluid-circulating chamber which extends to the outer end of said coupling
      sleeve, and wherein said last recited means has a reduced outer end
      portion, and wherein a coupling flange is carried by and surrounds said
      reduced outer end portion whereby the outermost end of said
      fluid-circulating chamber underlies said reduced end portion and said
      coupling flange carried thereby.
NUM  7.
PAR  7. A structure according to claim 2 wherein the end of said inner
      corrugated tube extends radially outwardly beyond the inner end of said
      coupling sleeve abutting the same so as to be readily connected by said
      continuous weld.
NUM  8.
PAR  8. A structure according to claim 2 wherein said endless metal member
      surrounding said one end of said inner corrugated tube comprises a
      plurality of segmental plates welded together.
NUM  9.
PAR  9. A structure according to claim 2 wherein said endless metal member
      positioned within the endmost valley of said inner corrugated tube is of
      substantially annular form and comprises a pair of substantially
      semicircular plates welded together.
NUM  10.
PAR  10. A structure according to claim 2 wherein said means within said
      fluid-circulating chamber defining a closed passageway enclosing said
      continuous weld therein comprises annular wall means encircling said inner
      end of said coupling sleeve and cooperating with said endless metal member
      to form said closed passageway, and said vent means comprising a conduit
      connected to said annular wall means and communicatively connecting said
      passageway therein exteriorly of the pipe assembly.
NUM  11.
PAR  11. A structure according to claim 2 including a braided wire sheath
      surroundingly covering said inner corrugated tube and terminating adjacent
      said endless metal member, and a metal anchoring band encircling the
      terminal end of said braided wire sheath and being welded to said endless
      metal member.
NUM  12.
PAR  12. A structure according to claim 2 including a braided wire sheath
      surroundingly covering said inner corrugated tube and terminating adjacent
      said endless metal member, a metal anchoring band encircling the terminal
      end of said braided wire sheath and being welded to said endless metal
      member and to said braided wire sheath, and said metal anchoring band
      being spaced from said endless metal member to provide a gap therebetween
      for facilitating welding of said braided wire sheath to said anchoring
      band and said endless metal member.
NUM  13.
PAR  13. A structure according to claim 2 wherein the ends of said inner and
      outer tubular members are defined by the respective inner and outer
      corrugated tubes, said means connecting said coupling sleeve to the end of
      said outer tubular member including an outer wall means surrounding said
      sleeve and having its inner end welded to the end of said outer corrugated
      tube, inner and outer braided wire sheaths surroundingly covering the
      respective inner and outer corrugated tubes and terminating adjacent said
      endless metal member and said outer wall means, respectively, and metal
      anchoring bands encirclingly engaging the terminal ends of the respective
      inner and outer braided wire sheaths and being welded to said endless
      metal member and said outer wall means, respectively.
NUM  14.
PAR  14. A structure according to claim 2 including a nipple secured to and
      projecting radially outwardly from said means connecting said coupling
      sleeve to said outer tubular member and defining one end of said
      fluid-circulating chamber, and said nipple communicating with said chamber
      for the flow of fluid therethrough.
NUM  15.
PAR  15. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongate corrugated metal tubes, a metal coupling sleeve serving
      as an extension of said inner corrugated tube at each end thereof, each
      coupling sleeve having its inner end abutting the respective end of said
      inner corrugated tube, a continuous weld encircling the inner end of each
      coupling sleeve and connecting the same to the respective end of said
      inner corrugated tube, means connecting each coupling sleeve to the
      respective end of said outer tubular member and defining therebetween a
      respective end of said fluid-circulating chamber, means within said
      fluid-circulating chamber surrounding each continuous weld and defining a
      closed passageway enclosing the respective continuous weld therein, and
      vent means communicatively connecting each closed passageway exteriorly of
      the pipe assembly whereby, in the event of rupture of either continuous
      weld, leakage into the respective closed passageway from within said inner
      corrugated tube will be vented to the exterior of both tubular members and
      thereby prevent cross-contamination.
NUM  16.
PAR  16. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongate corrugated metal tubes each having annular ribs and
      valleys alternately arranged along the length thereof, an endless metal
      member surrounding each end of said inner corrugated tube and being
      positioned within the respective endmost valley thereof and extending
      radially outwardly therefrom a relatively short distance within the
      fluid-circulating chamber, a metal coupling sleeve serving as an extension
      of said inner corrugated tube at each end thereof, each coupling sleeve
      having its inner end abutting the respective end of said inner corrugated
      tube, a continuous weld encircling the inner end of each coupling sleeve
      and connecting the same to the respective end of said inner corrugated
      tube and to the respective endless metal member, means connecting each
      coupling sleeve to the respective end of said outer tubular member and
      defining therebetween a respective end of said fluid-circulating chamber,
      means within said fluid-circulating chamber surrounding each continuous
      weld and defining a closed passageway enclosing the respective continuous
      weld therein, and vent means communicatively connecting each closed
      passageway exteriorly of the pipe assembly whereby in the event of rupture
      of either continuous weld, leakage therethrough from within said inner
      corrugated tube or from said surrounding fluid-circulating chamber will be
      vented to the exterior of both tubular members and thereby prevent
      cross-contamination.
NUM  17.
PAR  17. A structure according to claim 16 wherein each of said means connecting
      each coupling sleeve to the end of said outer tubular member and defining
      therebetween a respective end of said fluid-circulating chamber is
      connected to the outer end of said coupling sleeve and defines an end of
      the fluid-circulating chamber which extends to the outer end of the
      coupling sleeve.
NUM  18.
PAR  18. A structure according to claim 16 wherein each of said means connecting
      each coupling sleeve to the end of said outer tubular member and defining
      therebetween a respective end of said fluid-circulating chamber is
      connected to the outer end of said coupling sleeve and defines an end of
      the fluid-circulating chamber which extends to the outer end of the
      coupling sleeve, and wherein a coupling flange is carried by and surrounds
      the outer end of said last recited means whereby the outermost end of said
      fluid-circulating chamber underlies said coupling flange.
NUM  19.
PAR  19. A structure according to claim 18 wherein each of said means connecting
      each coupling sleeve to the end of said outer tubular members and defining
      therebetween a respective end of said fluid-circulating chamber comprises
      means for limiting axial movement of the respective coupling flange
      carried thereby.
NUM  20.
PAR  20. A structure according to claim 16 wherein said means connecting each
      coupling sleeve to the other end of said outer tubular member and defining
      therebetween one end of said fluid-circulating chamber is connected to the
      outer end of said coupling sleeve and defines an end of the
      fluid-circulating chamber which extends to the outer end of said coupling
      sleeve, and wherein said last recited means has a reduced outer end
      portion, and wherein a coupling flange is carried by and surrounds said
      reduced outer end portion whereby the outermost end of said
      fluid-circulating chamber underlies said reduced end portion and said
      coupling flange carried thereby.
NUM  21.
PAR  21. A structure according to claim 16 including nipples secured to and
      projecting radially outwardly from said means connecting said coupling
      sleeves, to said outer tubular member and defining the ends of said
      fluid-circulating chamber, and said nipples communicating with said
      chamber for circulation of fluid into, through and out of said chamber.
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PAL  A jacketed pipe assembly of inner and outer tubular members including
      respective inner and outer corrugated metal tubes arranged in spaced
      relationship to define therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through the inner tubular member.
      Means including connecting welds are provided for interconnecting
      respective opposite ends of the inner and outer tubular members in such a
      manner as to define opposite end walls of the fluid-circulating chamber
      and to insure that cross-contamination between the inner corrugated tube
      and the surrounding fluid-circulating chamber will be prevented in the
      event of rupture of the connecting welds.
BSUM
PAR  This invention relates to jacketed pipe assemblies having inner and outer
      tubular members composed of respective expansible and contractible
      corrugated metal tubes and defining therebetween a chamber adapted for the
      circulation therethrough of a temperature controlling fluid for aiding in
      the flow of a processing fluid through the inner tubular member.
PAR  In the handling of many processing materials in the fluid state, it is
      necessary to maintain such materials within a critical temperature range
      which may be cold, temperate or hot, depending upon the individual
      characteristics of the processing fluid. For example, in order to convey a
      processing fluid such as melted polyethylene, polypropylene or other
      melted synthetic plastic material, while maintaining the desired fluid
      state and flowability thereof, the tubular member or conduit through which
      the processing fluid is to be conveyed must be maintained at a temperature
      range sufficiently high to maintain the desired flowability of the
      processing fluid. Thus, it has been the practice for many years to utilize
      a jacketed pipe construction for conveying such a processing fluid with at
      least a substantial length of such jacketed pipe construction being in the
      form of longitudinally expansible and contractible inner and outer
      corrugated metal tubes for accommodating contraction and expansion
      conditions, and so that a temperature controlling fluid could be
      circulated through a chamber defined between the inner and outer
      corrugated tubes of the jacketed pipe construction to aid in the flow of
      the processing fluid through the inner corrugated tube.
PAR  However, difficulties having been encountered in prior art jacketed
      corrugated pipe constructions in that, upon rupture of the welds at
      opposite ends of the inner corrugated tube there was an immediate danger
      of cross-contamination, i.e., the fluid would either leak from the inner
      corrugated tube through the ruptured weld into the temperature controlling
      fluid-circulating chamber or it would leak from the fluid-circulating
      chamber through the ruptured weld into the inner corrugated tube.
PAR  It is therefore a primary object of this invention to provide a jacketed
      pipe assembly of inner and outer tubular members composed of respective
      inner and outer corrugated metal tubes wherein the interconnecting means
      between the inner and outer corrugated metal tubes includes connecting
      welds which in the event of rupture thereof and leakage therethrough would
      vent such leakage to the exterior of both corrugated metal tubes to
      thereby prevent cross-contamination.
PAR  It is a further object of this invention to provide a jacketed pipe
      assembly of the type described wherein at least one end of the inner
      corrugated tube is weldingly connected by an exterior weld to a closure
      member positioned within the endmost valley of the inner corrugated tube,
      and which closure member defines and end wall of the surrounding
      temperature controlling fluid-circulating chamber. The closure member and
      the end of the inner corrugated tube are further connected by the exterior
      weld to a metal coupling sleeve serving as an extension of the inner
      corrugated tube whereby, in the event of rupture of the weld, leakage
      therethrough from within the inner corrugated tube or from the surrounding
      fluid-circulating chamber will be vented to atmosphere and prevent
      cross-contamination.
PAR  It is a more specific object of this invention to provide a jacketed pipe
      assembly of the type described wherein the opposite ends of the inner
      corrugated tube are weldingly connected by exterior welds to respective
      closure members positioned within the respective endmost valleys of the
      inner corrugated tube, and which closure members define opposite end walls
      of the surrounding fluid-circulating chamber. The closure members and the
      respective ends of the inner corrugated tube are further connected by the
      exterior welds to respective metal coupling sleeves serving as extensions
      on opposite ends of the inner corrugated tube, whereby in the event of
      rupture of the welds, leakage therethrough from within the inner
      corrugated tube or from the surrounding fluid-circulating chamber will be
      vented to atmosphere and prevent cross-contamination.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a perspective view of the improved jacketed pipe assembly with
      medial portions thereof broken away;
PAR  FIG. 2 is an enlarged fragmentary perspective view of the left-hand portion
      of FIG. 1 with parts thereof being shown in exploded relationship;
PAR  FIG. 3 is an enlarged longitudinal sectional view through the left-hand end
      portion of the pipe assembly shown in FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating a typical prior art
      type of interconnecting means between corresponding ends of inner and
      outer corrugated metal tubes;
PAR  FIG. 5 is an end elevation looking at the left-hand end of the pipe
      assembly shown in FIG. 1 and particularly illustrating the welded together
      segments of an end closure member; and
PAR  FIGS. 6 and 7 are enlarged, schematic, fragmentary views of the broken-line
      areas identified by the respective numerals 6 and 7 in FIGS. 3 and 4 and
      illustrating a comparison between the leakage paths of the present
      jacketed pipe construction (FIG. 6) and the prior art jacketed pipe
      construction (FIG. 7) in the event of rupture of a continuous weld at the
      juncture of the inner corrugated tube and a respective metal coupling
      sleeve extending axially outwardly from the end of the inner corrugated
      tube.
DETD
PAR  Referring more specifically to the drawings, and particularly to FIGS. 1,
      2, 3, 5 and 6, the numeral 10 broadly designates a preferred embodiment of
      the jacketed pipe assembly of the present invention which comprises inner
      and outer tubular members 11, 12 arranged in spaced relation to each other
      and defining therebetween a fluid-circulating chamber C adapted for the
      circulation therethrough of a temperature controlling fluid for aiding in
      the flow of a processing fluid through the inner tubular member 11. The
      inner and outer tubular members 11, 12 include respective thin-walled
      inner and outer elongate corrugated metal tubes 15, 16 each having annular
      ribs 17 and valleys 18 alternately arranged along the length thereof.
PAR  As is usual, and as is preferred, inner and outer braided wire sheaths 21,
      22 surroundingly cover the respective inner and outer corrugated tubes 11,
      12. Although only a single braided wire sheath is shown surrounding each
      corrugated tube, as is well known, several such sheaths may be arranged in
      layered relation around either or both of the corrugated tubes 15, 16, if
      desired. Such braided wire sheaths serve to lend stability to the
      corrugated tubes 15, 16 by restraining the tubes against excessive
      writhing or twisting when under high internal pressure and thereby aiding
      in avoiding rupture of the connecting welds at the ends of the pipe
      assembly which rupture might otherwise be caused by such writhing or
      twisting.
PAR  Opposite ends of the inner and outer braided wire sheaths 21, 22 terminate
      adjacent opposite ends of the respective inner and outer corrugated tubes
      15, 16, and metal anchoring bands 23, 24 encirclingly engage the terminal
      ends of the respective inner and outer braided wire sheaths 21, 22 for
      securing the same to the corrugated tubes 15, 16. Conventionally, each
      anchoring band 23, 24 may be in the form of a double ended, thin strip of
      sheet metal with one end overlapping the other and being welded thereto,
      as at 25 (FIGS. 1 and 2). In this instance, anchoring bands 23, 24 serve
      as parts of means interconnecting the respective opposite ends of the
      inner and outer tubular members 11, 12 and the respective corrugated tubes
      15, 16 thereof. Such interconnecting means also define opposite end walls
      of the aforementioned fluid-circulating chamber C.
PAR  Since the means interconnecting the respective adjacent ends of the inner
      and outer tubular members 15, 16 is illustrated in FIG. 1 as being of
      substantially the same construction at opposite ends of the jacketed pipe
      assembly 10, only the structure illustrated in the left-hand portion of
      FIG. 1, and as further illustrated in FIGS. 2, 3, 5 and 6, will be
      described in detail and like reference characters shall apply to the parts
      of the interconnecting means between the corrugated tubes 15, 16 in the
      right-hand portion of FIG. 1, where applicable, to avoid repetitive
      description. As shown, each interconnecting means is broadly designated at
      30 and includes an endless metal member or plate serving as a metal
      closure member 31 for one end of the fluid-circulating chamber C. Closure
      member 31 is illustrated as being of annular form in FIGS. 1 and 5, but
      for convenience in assembling the related components of the
      interconnecting means 30, closure member 31 is shown as comprising a
      plurality of segmental plates welded together.
PAR  More specifically, the metal closure member 31 is shown as comprising a
      pair of substantially semicircular plates 31a, 31b which are of generally
      U-shaped form so as to define a substantially circular opening through the
      closure member 31 when the ends thereof are welded together, as at 31 c in
      FIGS. 2 and 5. The reason why the metal closure member 31 is of segmental
      construction is to facilitate positioning the same within the respective
      endmost valley 18 at the respective outer end of the inner corrugated tube
      15 with the closure member 31 extending radially outwardly from inner
      corrugated tube 15. Thereafter, the segmental plates 31a, 31b are welded
      together. Although closure member 31 is shown fitting in the outermost
      exterior valley only of inner corrugated tube 15, it is to be understood
      that the radially inner portion of closure member 31 may be formed so as
      to fit in one or more additional exterior valleys 18 of inner corrugated
      tube 15, if desired.
PAR  Means are provided for sealingly interconnecting the outer portion of
      closure member 31 to the adjacent end of outer tubular member 12. To this
      end, and to accommodate the circulation of temperature controlling fluid
      through the fluid-circulating chamber C, it will be observed in FIG. 3
      that the end of the inner corrugated tube 15 extends outwardly beyond the
      adjacent end of the outer corrugated tube 16, and a ring member 33 is
      spaced from and surrounds the outwardly extending portion of the inner
      corrugated tube 15. Opposite ends of ring member 33 are sealingly
      connected, as by being welded at 34 and 35, respectively, to the adjacent
      end of outer corrugated tube 16 and the radially outer portion of closure
      member 31. Thus, ring 33 and welds 34, 35 provide means interposed between
      and sealingly interconnecting the radially outer portion of endless
      closure member 31 and the adjacent end of outer tubular member 12 to
      define therewith one end of fluid-circulating chamber C. In this regard,
      it should be noted that the weld 34 surrounds the inner portion of ring
      member 33 and also serves to weld the adjacent terminal end of outer
      braided wire sheath 22 and the outer end of surrounding metal anchoring
      band 24 to the proximal abutting ends of the outer corrugated tube 16 and
      ring member 33.
PAR  In order to circulate a suitable temperature controlling fluid into,
      through and out of the fluid-circulating chamber C defined between
      corrugated tubes 15, 16 and between the respective opposite end portions
      of inner corrugated tube and the encircling ring members 33, each ring
      member 33 has a substantially radially outwardly projecting tubular nipple
      36 suitably secured thereto, as by welding. Each nipple 36 communicates
      with the fluid-circulating chamber C through a suitable opening 37 (FIG.
      3) in the respective ring member 33. The nipples 36 are adapted for the
      connection of suitable pipes thereto, not shown, for circulating the
      temperature controlling fluid through the chamber C. Nipples 36 may be
      internally or externally threaded, as desired, and are shown internally
      threaded by way of illustration only.
PAR  The particular relative locations of the nipples 36 may be suited to the
      customer's requirements. However, if the jacketed pipe assembly is to
      occupy a horizontal position or nearly so, it is generally preferred that
      the nipple 36 serving as the inlet for the temperature controlling fluid
      be positioned on the upper portion of the respective ring member 33 and
      that the other nipple, serving as the outlet, be positioned on the lower
      portion of the respective ring member 33 as illustrated in the respective
      right-hand and left-hand portions of FIG. 1. Thus, condensate incident to
      circulating steam from the right to the left through chamber C, for
      example, would readily gravitate out of the chamber C.
PAR  The corrugated tubes 15, 16 must be capable of longitudinal expansion and
      contraction to accommodate varying operating conditions, such as fluid
      pressure variations and/or temperature variations, and they must be formed
      of a metal which will not contaminate, or impede the flow of, a processing
      fluid and a temperature controlling fluid therethrough at the proper
      temperature and pressure. Therefore, the walls of corrugated tubes 15, 16
      are formed of a thin metal, e.g., a metal approximately 0.020 inch thick,
      to accommodate contraction and expansion conditions. Also, in many
      installations, it is advantageous to utilize stainless steel corrugated
      tubes in the jacketed pipe assembly so that the metal of the tube walls
      will not contaminate or impede the flow of the processing fluid or the
      temperature controlling fluid through tubes 15, 16. By providing the metal
      closure member 31 with its radially inner portion positioned in the
      respective endmost valley 18 of inner corrugated tube 15 in accordance
      with this invention and as shown in FIGS. 3 and 6, the closure member 31
      not only cooperates with the inner corrugated tube 15 to prevent
      cross-contamination between the same and the surrounding fluid-circulating
      chamber, but it also serves to reinforce and stabilize the terminal end of
      the thin-walled inner corrugated tube 15 while providing a strong rigid
      backing for welding components to the end of the inner tube 15.
PAR  More particularly, closure member 31 provides a reinforcing backing for
      welding to the outer end of inner corrugated tube 15 the inner end of a
      metal coupling sleeve 40, which inner end abuts the outer end of tube 15,
      with coupling sleeve 40 serving as an extension of the inner corrugated
      tube 15. As shown in FIGS. 3 and 6, a continuous exterior weld 41
      encircles the inner end of metal coupling sleeve 40 and connects the same
      to the end of inner corrugated tube 15 and to closure member 31. Coupling
      sleeve 40 is shown as being of annular cross-section, and the inner
      diameter thereof preferably is about the same as or slightly greater than
      the innermost diameter of inner corrugated tube 15. The outer diameter of
      at least the inner end of metal coupling sleeve 40 preferably is less than
      the outer diameter of inner corrugated tube 15 so that the terminal end of
      inner corrugated tube 15 extends radially outwardly beyond the abutting
      inner end of coupling sleeve 40 and so that the terminal end of inner
      corrugated tube 15 is readily connected by the continuous weld 41.
PAR  In this regard, to facilitate securing together inner corrugated tube 15,
      closure member 31 and coupling sleeve 40, in addition to positioning the
      segmental plates 31a, 31b of closure member 31 in the endmost valley 18 of
      inner corrugated tube 15 and welding the plates 31a, 31b together,
      desirably the radially outer portion of the terminal end of inner
      corrugated tube 15 is then tack-welded, as at 42 (FIG. 6), to the outside
      surface of metal closure member 31. The inner end of coupling sleeve 40
      then is positioned in abutting relation to the outer end of inner
      corrugated tube 15, whereupon the continuous weld 41 is formed encircling
      the inner end of sleeve 40 and preferably encircling the tack-weld 42 and
      the radially outward end of the terminal end of inner corrugated tube 15.
PAR  As is usual, the distal ends of the coupling sleeves at opposite ends of
      the jacketed pipe assembly are adapted to be welded or otherwise suitably
      secured to other coupling sleeves, pipes or fittings, not shown, for
      directing a processing fluid through the jacketed pipe assembly in its
      course through the associated fluid conveying system.
PAR  In order to firmly bond the adjacent outer ends of the inner braided wire
      sheaths 21 and the respective metal anchoring band 23 to the inside
      surface of closure member 31, it will be observed in FIG. 6 that the
      proximal ends of the inner braided wire sheath 21 and the metal anchoring
      band 23 there shown are spaced from closure member 31 to provide a gap
      therebetween for facilitating welding of the braided wire sheath 21 and
      anchoring band 23 together as well as welding the same to the closure
      member 31. The weld connecting sheath 21, anchoring band 23 and closure
      member 31 together is indicated at 43 in FIGS. 3 and 6.
PAR  As shown in FIG. 6, the weld 43 preferably encircles the outer end of the
      respective anchoring band 23 and also extends between the closure member
      31 and the adjacent ends of sheath 21 and anchoring band 23. Weld 43 may
      be formed either before of after the continuous exterior weld 41. It is
      apparent, however, that in order for the proximal surfaces of anchoring
      band 23 and closure member 31 to be readily accessible to the welder for
      forming the weld 43, the weld 43 is formed before ring member 33 is
      positioned around the outer end of inner corrugated tube 15 and welded to
      outer corrugated tube 16 and closure member 31. In any event, although it
      is preferred that weld 43 is continuous, it is not essential that it be
      continuous since fluid will not leak to the exterior of corrugated tubes
      15, 16 from chamber C along the endmost valley 18, and between the wall of
      inner corrugated tube 15 and closure member 31, unless exterior weld 41 is
      ruptured as will be presently explained.
PAR  Now, even through the welder may provide a high quality exterior weld 41
      connecting together adjacent portions of inner corrugated tube 15, closure
      member 31 and coupling sleeve 40, with the quality of the weld 41
      exceeding substantially the requirements for withstanding pressure as
      established by standards of the industry, there are many instances in
      which the molecular structure of the weld 41 will break down and result in
      rupture thereof, especially after extensive use of the jacketed pipe
      assembly under conditions causing substantial vibration thereof. The
      probability of such rupture of the weld 41 is reduced considerably because
      of the reinforcement provided by the closure member 31 for the portion of
      the end of the inner corrugated tube 15 against which the weld 41 is
      formed. However, in the event of the occurrence of rupture of the weld 41,
      such as to permit leakage through weld 41 from within either the inner
      corrugated tube 15 or the surrounding temperature controlling
      fluid-circulating chamber C, or both, such leakage will be vented to the
      exterior of both corrugated tubes 15, 16 along the respective paths
      substantially as represented by the respective dotted lines and arrows
      indicated at A and B in FIG. 6.
PAR  Thus, assuming that each weld 43 is continuous, it can be appreciated that
      in the event of rupture of either or both of the welds 41 and the
      respective weld 43 at opposite ends of the jacketed pipe assembly 10,
      leakage of the processing fluid through either ruptured weld 41 from
      within the inner corrugated tube 15 and/or leakage of the temperature
      controlling fluid through either pair of ruptured welds 41, 43 from within
      the fluid-circulating chamber C will be vented to the exterior of both
      corrugated tubes 15, 16 and will prevent cross-contamination between the
      inner corrugated tube 15 and the fluid-circulating chamber C. Also, upon
      rupture of any one or more of the welds 34, 35 of FIG. 3 at either or both
      ends of the jacketed pipe assembly 10, leakage therethrough of temperature
      controlling fluid from chamber C also would be vented to the exterior of
      both tubes 15, 16. Of course, as indicated above, if weld 43 is continuous
      and is not ruptured, the welds 34, 35 also are not ruptured, the
      temperature controlling fluid would not escape from chamber C even if the
      exterior weld 41 then were in a ruptured state. In any event, leakage of
      fluid through any of the welds 34, 35, 41 would be readily detected by an
      attendant so that corrective measures could be taken before such leakage
      created a more serious problem.
PAR  By way of comparison of the present invention with the prior art, there
      will be observed in FIGS. 4 and 7 one end poriton of a jacketed pipe
      assembly 10' of the prior art construction for which the instant invention
      is an improvement. To avoid repetitive description, parts of the jacketed
      pipe assembly shown in FIGS. 4 and 7 which correspond to parts previously
      described with reference to FIGS. 1, 2, 3, 5 and 6 will, where applicable,
      bear the same reference characters with the prime notation added. As shown
      in FIG. 4, the prior art closure member 31' may be of annular form and may
      be slid over the outer end of metal coupling sleeve 40' for mounting the
      closure member 31' thereon, since the prior art closure member 31'
      surrounds and is welded, at W, to a medial or intermediate portion of
      metal coupling sleeve 40'. However, sleeve 40' extends inwardly flom
      closure member 30' so that the terminal end of the inner corrugated tube
      15' also must be spaced inwardly from closure member 31'.
PAR  Thus, the continuous weld 41', which encircles the inner end of the prior
      art coupling sleeve 40' and secures the same in abutting relation against
      the end of inner corrugated tube 15', is enclosed entirely within the
      fluid-circulating chamber C for the temperature controlling fluid.
      Additionally, the endmost valley 18' of the prior art inner corrugated
      tube 15' is devoid of any reinforcing or backing means therein to
      stabilize and strengthen the weld. Also, the heat required in effecting
      the weld 41' could weaken the endmost portion of the inner corrugated tube
      15' due to the melting away of the non-reinforced thin wall of the inner
      corrugated tube 15' and the consequent need for filling any gaps thus
      formed in the wall of the corrugated tube 15' with the welding material.
      Thus, even though both the prior art weld 41' and the weld 41 of the
      present invention could be of similar high quality, the prior art weld 41'
      (FIG. 7) would be more readily ruptured by vibration of the jacketed pipe
      assembly 10' than would the weld 41 (FIG. 6) of the jacketed pipe assembly
      10 of the present invention. Of course, the welded joint formed by the
      weld 41' of the prior art also differs from the welded joint formed by the
      weld 41 of the present invention in that adjacent ends of the metal wire
      sheath 21' and the metal anchoring band 23' are not welded to a
      reinforcing plate, but instead, are welded to the terminal end of the
      inner corrugated tube 15' and the inner end of coupling sleeve 40' by the
      continuous weld 41'.
PAR  It can thus be seen that upon rupture of the weld 41' of the prior art
      jacketed pipe assembly 10, there is an immediate danger of
      cross-contamination. More specifically, as represented by the arrows A',
      B', in FIG. 7, the fluid would either leak from the inner corrugated tube
      15' through the ruptured weld 41'  into the temperature controlling
      fluid-circulating chamber C' or it would leak from the fluid-circulating
      chamber C' through the ruptured weld 41' into the inner corrugated tube
      15', depending upon whether the processing fluid in the inner corrugated
      tube was under a greater amount of pressure than the temperature
      controlling fluid in the fluid-circulating chamber C', or vice versa.
      Although the endmost portion of the inner corrugated tube 15' of the prior
      art (FIG. 7) is shown facing radially inwardly, it is apparent that, in
      the event of rupture of the prior art weld 40', cross-contamination also
      would occur if the endmost portion of the inner corrugated tube faced
      radially outwardly.
PAR  It is thus seen that there is provided an improved jacketed pipe assembly
      having inner and outer tubular members composed of respective inner and
      outer elongated corrugated metal tubes defining therebetween a
      fluid-circulating chamber and wherein respective opposite ends of the
      inner and outer tubular members are interconnected by connecting welds
      which are so positioned that, in the event of rupture of the connecting
      welds and leakage therethrough, such leakage would be vented to the
      exterior of both tubular members to thereby prevent cross-contamination.
PAR  As described herein, both ends of the improved jacketed pipe assembly 10
      are of substantially the same construction. It is contemplated however,
      that one end of the jacketed pipe assembly may be constructed in the
      manner described herein, with the other end being of different
      construction without departing from the invention, e.g., the other end of
      the jacketed pipe assembly may be constructed in accordance with my
      invention as disclosed in a copending application filed concurrently
      herewith and entitled CORRUGATED JACKETED PIPE ASSEMBLY HAVING VENTED
      ENCLOSURES FOR CONNECTING WELDS.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, and inner and outer tubular members including respective inner and
      outer elongated corrugated metal tubes, an endless metal member
      surrounding one end of said inner corrugated tube and extending radially
      outwardly therefrom, means interposed between and sealingly
      interconnecting the radially outer portion of said endless metal member
      and the adjacent end of said outer tubular member to define therewith one
      end of the fluid-circulating chamber, a metal coupling sleeve serving as
      an extension of said inner corrugated tube and having its inner end
      abutting said one of said inner corrugated tube, and a continuous exterior
      weld encircling the inner end of said coupling sleeve and connecting the
      same to the end of said inner corrugated tube and to said endless metal
      member whereby in the event of rupture of the continuous exterior weld,
      leakage therethrough from within said inner corrugated tube or from said
      surrounding fluid-circulating chamber will be vented to the exterior of
      both tubular members and thereby prevent cross-contamination.
NUM  2.
PAR  2. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongated corrugated metal tubes each having annular ribs and
      valleys alternately arranged along the length thereof, means
      interconnecting respective opposite ends of said inner and outer tubular
      members and defining opposite end walls of said fluid-circulating chamber,
      said means interconnecting at least one of the respective ends of said
      inner and outer tubular members including a metal closure member
      surrounding said inner corrugated tube and being positioned within the
      endmost valley thereof and extending radially outwardly therefrom, means
      sealingly interconnecting the outer portion of said closure member to the
      adjacent end of said outer tubular member, a metal coupling sleeve serving
      as an extension of said inner corrugated tube and having its inner end
      abutting the end of said inner corrugated tube, and a continuous exterior
      weld encircling the inner end of said metal coupling sleeve and connecting
      the same to the end of said inner corrugated tube and to said closure
      member whereby, in the event of rupture of the weld, leakage therethrough
      from within said inner corrugated tube or from said surrounding
      fluid-circulating chamber will be vented to the exterior of both tubular
      member and thereby prevent cross-contamination.
NUM  3.
PAR  3. A structure according to claim 2 wherein the end of said inner
      corrugated tube extends radially outwardly beyond the inner end of said
      coupling sleeve abutting the same so as to be readily connected by said
      continuous weld.
NUM  4.
PAR  4. A structure according to claim 2 wherein said metal closure member
      surrounding said inner corrugated tube comprises a plurality of segmental
      plates welded together.
NUM  5.
PAR  5. A structure according to claim 2 wherein said metal closure member
      positioned within the endmost valley of said inner corrugated tube is of
      substantially annular form and comprises a pair of substantially
      semicircular plates welded together.
NUM  6.
PAR  6. A structure according to claim 2 wherein said means sealingly
      interconnecting the outer portion of said closure member to the adjacent
      end of said outer tubular member comprises a metal ring member having its
      opposite ends welded to the outer portion of said closure member and to
      the adjacent end of said outer corrugated tube respectively. tube,
NUM  7.
PAR  7. A structure according to claim 6 including a nipple secured to and
      projecting radially outwardly from said ring membber and communicating
      with said chamber for flow of fluid therethrough.
NUM  8.
PAR  8. A structure according to claim 6 including inner and outer braided wire
      sheaths surroundingly covering the respective inner and outer corrugated
      tubes and terminating adjacent said closure member and said ring member,
      respectively, and metal anchoring bands encirclingly engaging the terminal
      ends of the respective inner and outer braided wire sheaths and being
      welded to said closure member and said ring member, respectively.
NUM  9.
PAR  9. A structure according to claim 2 including a braided wire sheath
      surroundingly covering said inner corrugated tube and terminating adjacent
      said closure member, and a metal anchoring band encircling the terminal
      end of said braided wire sheath and being welded to said closure member.
NUM  10.
PAR  10. A structure according to claim 2 including a braided wire sheath
      surroundingly covering said inner corrugated tube and terminating adjacent
      said closure member, and a metal anchoring band encircling the terminal
      end of said braided wire sheath and being welded to said closure member
      and to said braided wire sheath.
NUM  11.
PAR  11. A structure according to claim 10 wherein said metal anchoring band is
      spaced from said closure member to provide a gap therebetween for
      facilitating welding of said braided wire sheath to said anchoring band
      and said closure member.
NUM  12.
PAR  12. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongated corrugated metal tubes, an endless metal member
      surrounding each end of said inner corrugated tube and extending radially
      outwardly therefrom, means interposed between and sealingly
      interconnecting the radially outer portion of each endless metal member
      and the respective adjacent end of said outer tubular member to define
      therewith a respective end of the fluid-circulating chamber, a metal
      coupling sleeve serving as an extension of each end of said inner
      corrugated tube and having its inner end abutting the respective end of
      said inner corrugated tube, and a continuous exterior weld encircling the
      inner end of each coupling sleeve and connecting the same to the end of
      said inner corrugated tube and to the respective endless metal member
      whereby in the event of rupture of the continuous exterior weld, leakage
      therethrough from within said inner corrugated tube or from said
      surrounding fluid-circulating chamber will be vented to the exterior of
      both tubular members and thereby prevent cross-contamination.
NUM  13.
PAR  13. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer tubular members arranged in spaced relation to
      each other and defining therebetween a fluid-circulating chamber adapted
      for the circulation therethrough of a temperature controlling fluid for
      aiding in the flow of a processing fluid through said inner tubular
      member, said inner and outer tubular members including respective inner
      and outer elongate corrugated metal tubes each having annular ribs and
      valleys alternately arranged along the length thereof, means
      interconnecting respective opposite ends of said inner and outer tubular
      members and comprising metal closure members surrounding opposite ends of
      said inner corrugated tube and being positioned within the respective
      endmost valleys thereof and extending radially outwardly therefrom to
      define opposite end walls of said fluid-circulating chamber, means
      sealingly interconnecting the outer portion of each closure member to the
      adjacent end of said outer tubular member, metal coupling sleeves serving
      as extensions of respective opposite ends of said inner corrugated tube
      and having their inner ends abutting the respective adjacent ends of said
      inner corrugated tube, and a continuous exterior weld encircling the inner
      end of each metal coupling sleeve and connecting the same to the
      respective adjacent end of said inner corrugated tube and to the adjacent
      closure member whereby, in the event of rupture of either weld, leakage
      therethrough from within said inner corrugated tube or from said
      surrounding fluid-circulating chamber will be vented to the exterior of
      both tubular members and thereby prevent cross-contamination.
NUM  14.
PAR  14. A structure according to claim 13 wherein each end of said inner
      corrugated tube extends radially outwardly beyond the inner end of the
      respective coupling sleeve abutting the same so as to be readily connected
      by the respective continuous weld.
NUM  15.
PAR  15. A structure according to claim 13 wherein each metal closure member
      surrounding said inner corrugated tube comprises a plurality of segmental
      plates welded together.
NUM  16.
PAR  16. A structure according to claim 13 wherein each of said metal closure
      members positioned within a respective endmost valley of said inner
      corrugated tube is of substantially annular form and comprises a pair of
      substantially semicircular plates welded together.
NUM  17.
PAR  17. A structure according to claim 13 including a braided wire sheath
      surroundingly covering said inner corrugated tube, opposite ends of said
      braided wire sheath terminating adjacent the respective closure members,
      and metal anchoring bands encircling the terminal ends of said braided
      wire sheath and being welded to said respective closure members.
NUM  18.
PAR  18. A structure according to claim 13 including a braided wire sheath
      surroundingly covering said inner corrugated tube and having opposite ends
      terminating adjacent the respective closure members, and metal anchoring
      bands encircling the terminal ends of said braided wire sheath and being
      welded to said respective closure members and to the respective ends of
      said braided wire sheath.
NUM  19.
PAR  19. A structure according to claim 18 wherein said metal anchoring bands
      are spaced from the respective closure members to provide respective gaps
      therebetween for facilitating welding of said braided wire sheath to said
      anchoring bands and said closure members.
NUM  20.
PAR  20. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer elongate corrugated metal tubes arranged in
      spaced relation to each other and defining therebetween a
      fluid-circulating chamber adapted for the circulation therethrough of a
      temperature controlling fluid for aiding in the flow of a processing fluid
      through said inner corrugated tube, said inner and outer corrugated tubes
      each having annular ribs and valleys alternately arranged along the length
      thereof, means interconnecting respective opposite ends of said inner and
      outer corrugated tubes and defining opposite end walls of said
      fluid-circulating chamber, said means interconnecting at least one of the
      respective ends of said inner and outer corrugated tubes including a metal
      closure member surrounding said inner corrugated tube and being positioned
      within the endmost valley thereof and extending radially outwardly
      therefrom, a ring member spaced from and surrounding an outwardly
      extending portion of said inner corrugated tube and being sealingly
      connected to the adjacent end of said outer corrugated tube and to the
      outer portion of said closure member, a metal coupling serving as an
      extension of said inner corrugated tube and having its inner end abutting
      the end of said inner corrugated tube, and a continuous exterior weld
      encircling the inner end of said metal coupling sleeve and connecting the
      same to the end of said inner corrugated tube and to said closure member
      whereby, in the event of rupture of the weld, leakage therethrough from
      within said inner corrugated tube or from said surrounding
      fluid-circulating chamber will be vented to the exterior of both tubular
      member and thereby prevent cross-contamination.
NUM  21.
PAR  21. A structure according to claim 20 wherein the end of said inner
      corrugated tube extends radially outwardly beyond the inner end of said
      coupling sleeve abutting the same so as to be readily connected by said
      continuous weld.
NUM  22.
PAR  22. A structure according to claim 20 including inner and outer braided
      wire sheaths surroundingly covering the respective inner and outer
      corrugated tubes and terminating adjacent said closure member and said
      ring member, respectively, and metal anchoring bands encirclingly engaging
      the terminal ends of the respective inner and outer braided wire sheaths
      and being welded to said closure member and said ring member,
      respectively.
NUM  23.
PAR  23. A structure according to claim 20 including a nipple secured to and
      projecting radially outwardly from said ring member and communicating with
      said chamber for flow of fluid therethrough.
NUM  24.
PAR  24. A jacketed pipe assembly constructed to avoid cross-contamination and
      comprising inner and outer elongate corrugated metal tubes arranged in
      spaced relation to each other and defining therebetween a
      fluid-circulating chamber adapted for the circulating therethrough of a
      temperature controlling fluid for aiding in the flow of a processing fluid
      through said inner corrugated tube, said inner and outer corrugated tubes
      each having annular ribs and valleys alternately arranged along the length
      thereof, means interconnecting each of the respective opposite ends of
      said inner and outer corrugated tubes and comprising a metal closure
      member surrounding said inner corrugated tube and being positioned within
      the endmost valley thereof and extending radially outwardly therefrom to
      define an end wall of said fluid-circulating chamber, a ring member spaced
      from and surrounding an outwardly extending portion of said inner
      corrugated tube and being sealingly connected to the adjacent end of said
      outer corrugated tube and to the outer portion of said closure member, a
      metal coupling sleeve serving as an extension of said inner corrugated
      tube and having its inner end abutting the end of said inner corrugated
      tube, and a continuous exterior weld encircling the inner end of said
      metal coupling sleeve connecting the same to the end of said inner
      corrugated tube and to said closure member whereby, in the event of
      rupture of the weld, leakage therethrough from within said inner
      corrugated tube or from said surrounding fluid-circulating chamber will be
      vented to the exterior of both tubular members and thereby prevent
      cross-contamination.
NUM  25.
PAR  25. A structure according to claim 24 including inner and outer braided
      wire sheaths surroundingly covering the respective inner and outer
      corrugated tubes, opposite ends of said inner braided wire sheath
      terminating adjacent said metal closure members, opposite ends of said
      outer braided wire sheath terminating adjacent said ring members, and
      respective metal anchoring bands encirclingly engaging opposite ends of
      the respective braided wire sheaths and being welded to said closure
      members and said ring members, respectively.
NUM  26.
PAR  26. A structure according to claim 24 including a nipple secured to and
      projecting radially outwardly from each ring member and communicating with
      said chamber for circulation of fluid into, through and out of said
      chamber.
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PAL  An apparatus for guiding weft thread carriers through successive sheds of a
      loom of the progressive shedding type includes a closed endless guideway
      which guides the weft thread carriers through an endless path with the
      shed forming area comprising only a small part thereof. The closed endless
      guideway accomodates a moving endless chain conveyor supporting thereon
      two kinds of members, the members of the first kind cooperating with the
      thread carriers as they move along this guideway outside the shed, while
      the members of the other kind cooperate with these carriers as the latter
      move within the shed. Mounted exteriorly of the guideway in accordance
      with the shape thereof is a side wall adapted to be engaged by the lateral
      side of a weft thread carrier and to preclude rotation of this moving weft
      thread carrier in a horizontal plane.
BSUM
PAR  The present invention relates to looms of the progressive shedding or
      multi-shed type, and, more particularly, it relates to apparatus for
      guiding carriers of the weft or filling thread through successive sheds of
      such looms.
PAR  There is known in the art of weaving an apparatus for guiding weft thread
      carriers through successive sheds of a loom of the progressive shedding
      type, comprising an endless chain conveyor and a closed endless guideway
      which guides the weft thread carriers through an endless path with the
      shed forming area comprising only a small part thereof. The closed endless
      guideway is adapted to accommodate this moving conveyor, the guideway
      being made up of straight and curving (turnover) portions.
PAR  The chain conveyor includes links of two kinds. The links of the first kind
      are connection links, whereas the links of the other kind serve as members
      driving the weft thread carriers. The driving links, in turn, have two
      kinds of members, the members of the first kind being made as retaining
      members movable in a vertical plane and adapted to be received in the
      apertures provided in the carriers to drive the latter outside the shed,
      while the members of the second kind are in the form of rollers adapted to
      engage the rollers of the carriers to drive the latter within the shed.
PAR  One of the curving portions of the guideway is associated with clamping
      members adapted to press the weft thread carriers against the driving
      links. The other curving portion of the same guideway accommodates an
      arrangement for winding the weft thread onto the spools of the carriers.
PAR  There are provided at the entrance and exit of the shed, in close proximity
      thereto, tunnels adapted either to raise or lower the carriers and
      pressing them against the driving links of the chain conveyor.
PAR  Each weft thread carrier has in the lower portion thereof a groove adapted
      to accommodate the driving link, as the carrier is being driven outside
      the shed; furthermore, each carrier is provided with a spring-loaded part
      receivable in this groove to engage the lateral side of the driving link
      and thus to ensure stability of the weft thread carrier with respect to
      this driving links.
PAR  In operation of the loom, the chain conveyor drives the weft thread
      carriers through the shed, the carriers being raised above the driving
      links. As the carriers leave the shed, they get into the lowering tunnel
      and are lowered onto the driving links, at which point the retaining
      members project from these driving links to participate in driving the
      weft thread carriers outside the shed. As the weft thread carriers are
      displaced further by the conveyor, they enter the curving portions of the
      guideway whereat the clamping members press from above upon these carriers
      urging them against the driving links and thus ensuring stability of these
      carriers. After having passed the curving portion, the weft thread
      carriers are disengaged from these clamping members and are carried
      further toward the next curving portion whereat the carriers are pressed
      against the driving links by the arrangement for winding the weft thread
      onto the spool of each weft thread carrier.
PAR  It can be seen from the above that the known apparatus has a complicated
      structure, since in order to ensure normal motion of the weft thread
      carriers along the curving portions of the guideway it necessitates
      incorporation of the means for pressing the weft thread carriers against
      the links of the chain, while in order to ensure stable driving of the
      weft thread carriers along the straight portions of the guideway outside
      the shed the carriers are to be provided with additional means for
      securing the carriers with respect to the driving links. The
      above-mentioned means virtually prevent access to the chain conveyor and
      complicate visual inspection of the weft thread carriers and their
      servicing.
PAR  There is also known an apparatus for guiding weft thread carriers through
      successive sheds of a loom of the progressive shedding type, wherein the
      chain conveyor is concealed within the guideway and drives the weft thread
      carriers by means of two kinds of members, the members of the first kind
      being rods adapted to enter through the apertures in the weft thread
      carriers the internal spaces of the respective spools of these carriers to
      drive the latter outside the shed, the members of the second kind being in
      the form of rollers receivable in respective cavities provided in the weft
      thread carriers.
PAR  As the weft thread carriers are being driven by the chain conveyor, they
      have the bottom side thereof permanently engaging the walls of the
      guideway throughout the length of the latter. However, in the
      last-described known apparatus eventual misalignment in mounting as well
      as unavoidable play in the connection of the rods to the links of the
      conveyor, however small, are liable to result in displacement of the weft
      thread carriers from their initial position, as the carriers are moving
      along the guideway. Such displacement is undesirable, affecting as it does
      the normal performance of the arrangement for winding the weft thread onto
      the spools of the weft thread carriers.
PAR  It is an object of the present invention to provide an apparatus for
      guiding weft thread carriers through successive sheds of a loom of the
      progressive shedding type, wherein the means for guiding the weft thread
      carriers should be of a simple structure providing for reliable retaining
      of the carriers being driven along both the straight and curving portions
      of the guideway, the structure not encumbering the entire apparatus.
PAR  These and other objects are attained in an apparatus for guiding weft
      thread carriers through the successive sheds of a loom of the progressive
      shedding type, comprising a closed stationary endless guideway which
      guides the weft thread carriers through an endless path with the shed
      forming area comprising only a small part thereof. The closed endless
      guideway has straight and curving portions and an endless chain conveyor
      accommodated within this guideway and supporting thereon members of two
      kinds, the members of the first kind being adapted to cooperate with the
      weft thread carriers as they move within the shed and the members of the
      other kind being adapted to be received within apertures made in the weft
      thread carriers as the latter are moving outside the shed along the
      stationary guideway, in which apparatus, in accordance with the present
      invention, the stationary guideway has mounted externally thereof a side
      wall corresponding in shape to the straight and curving portions of this
      guideway, said side wall serving as a guide for the lateral side of a weft
      thread carrier and having at the curving portions thereof an L-shaped
      profile, one end of this profile being secured to this guideway and the
      other free end thereof facing the weft thread carriers, the lateral side
      of each weft thread carrier, adapted to engage this side wall, having made
      therein an arcuate groove intended to receive the free end of the side
      wall, as the weft thread carrier is moving along the curving portions of
      the guideway.
PAR  With the side wall being mounted on the stationary guideway it is possible
      to rid the apparatus of the tunnel intended to lower the weft thread
      carriers onto the driving links, as well as of specific elements retaining
      each carrier on this driving link, because in the herein disclosed
      apparatus stable positioning of the moving weft thread carriers is
      effected owing to the joint action of the guideway which the weft carrier
      engages by the bottom side thereof and of the side wall cooperating with
      the lateral side of each weft carrier.
PAR  The L-shaped cross-sectional profile of the side wall at the curving
      portions thereof enables the means pressing the weft thread carriers
      against the links of the chain to be eliminated, because the free end or
      limb of the side wall received in the arcuate groove in the weft thread
      carrier precludes both displacement of the latter in a vertical plane and
      any eventual oscillation of the same in a horizontal plane, which
      considerably simplifies the structure of the means that are necessary to
      retain each weft carrier in a particular position with respect to the
      chain conveyor. Besides, the above-mentioned side wall does not prevent
      access either to the guideway or to the chain conveyor with the weft
      thread carrier, which is essential for maintenance of the loom.
PAR  Since the above-mentioned side wall acts as a guide for the lateral side of
      the weft thread carriers, it becomes possible to make the members driving
      the weft thread carriers outside the shed in the form of cylindrical rods,
      which, in turn, enables the connection of the spool to the weft thread
      carrier to be simplified and fouling of the spool to be minimized.
PAR  In accordance with one feature of the present invention, the arcuate groove
      of the weft thread carrier is concentric with the arc of the free end or
      limb of the side wall at the curving portion thereof, the depth of the
      groove being minimal at a point opposing the aperture in the weft thread
      carrier and being substantially equally spaced from the ends of the
      groove. This feature provides for reliable retaining of the specified
      position of the weft thread carriers with respect to the guideway, as the
      carriers are moving along the curving portion of the guideway.
PAR  In accordance with another feature of the present invention, the curving
      portions of the side wall are separated from the straight portions
      thereof, the ends of the latter being bent outwardly. This feature enables
      the weft thread carriers to rotate in a horizontal plane, as the carriers
      pass from the straight portions of the guideway onto the curving ones.
PAR  Thus, the herein disclosed apparatus for guiding weft thread carriers is of
      a simple structure minimizing the eventuality of malfunctioning, providing
      for easy access to any part of the apparatus and ensuring reliable
      retaining of the weft thread carriers moving along the curving portions of
      the guideway. All this permits of considerably increasing the overall
      productivity of a weaving loom.
DRWD
PAR  Given hereinbelow is a detailed description of an apparatus embodying the
      present invention, with reference being made to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a plan view of an apparatus for guiding weft thread carriers, in
      accordance with the invention;
PAR  FIG. 2 is a sectional view along line II -- II of FIG. 1;
PAR  FIG. 3 is a sectional view along line III -- III of FIG. 1;
PAR  FIG. 4 is a longitudinally sectional view illustrating the position of a
      weft thread carrier being driven outside the shed;
PAR  FIG. 5 is a perspective view of a weft thread carrier;
PAR  FIG. 6 shows an embodiment of the means for displacing the rod in a
      vertical plane, a partly longitudinal section view.
DETD
PAR  Referring now in particular to the appended drawings, the apparatus for
      guiding weft thread carriers through successive sheds of a loom of the
      progressive shedding type includes an endless chain conveyor 1 (FIG. 1)
      and a closed endless stationary guideway 2 within which the conveyor 1 is
      adapted to move, the guideway 2 including straight portions 3 and 4 and
      curving portions 5 and 6 shaped as arcs of the same radius.
PAR  The stationary guideway 2 is arranged so that the curving portions 5 and 6
      are positioned at the opposite sides of the associated loom (not shown),
      the straight portion 3 being positioned above the already woven cloth 7
      and the straight portion 4 underlying the warp threads 8 of which the shed
      is formed.
PAR  The guideway 2 (FIGS. 2 and 3) is U-shaped in cross-section, its vertical
      walls 9 and 10 being of different height, the wall 9, forming the internal
      side of the guideway, being higher than the other wall 10 thereof, forming
      the external side.
PAR  The guideway 2 accommodates, intermediate of the walls 9 and 10 thereof,
      the chain conveyor 1 having the commonly known sleeve-and-roller structure
      and including interconnected links 11 and 12 (FIG. 1). The conveyor 1 is
      adapated to be driven by teeth 13 provided on the disc of an arrangement
      14 for winding the thread onto the spools of weft thread carriers 15, the
      arrangement being disposed along the arcuate portion 6 of the guideway 2.
PAR  The chain conveyor 1 is intended to drive the weft thread carriers 15 both
      inside and outside the shed along the guideway 2. The carriers are
      retained with respect to the chain of the moving conveyor by two kinds of
      members of which the first kind is made as a rod mounting linkage, to be
      described below, 16 (FIG. 4) supported by the link 12, and the second kind
      is in the form of a roller 17 carried by the link 11. The rods 16 are
      intended to retain the carriers 15 as the latter are moving outside the
      shed, whereas the rollers 17 are intended to retain the weft thread
      carriers 15 while they are moving within the shed.
PAR  The links 11 and 12 (FIG. 1) of the chain conveyor 1 have the same length
      and are interconnected with pins 18 and 19. There are also provided
      conventional connecting links which lack both rods 16 and rollers 17 and
      which define the space between the carriers 15. Depending on the space
      between the carriers, the number of such conventional or spacer links can
      be from zero to two. Thus, the distance between the carriers will be
      defined by the sum of the lengths of one link 11, one link 12 and a
      certain number of conventional or spacer connecting links.
PAR  The conveyor 1 (FIG. 2) is concealed within the guideway 2 so that the
      carrier 15 has its bottom side 20 bearing upon the walls 9 and 10 of the
      guideway 2 throughout the length of the latter. To retain the conveyor 1
      within the guideway 2 at the same level, the walls 9 and 10 are provided
      with inwardly oriented shoulders 21 engaged by travelling horizontal
      followers 22 of the chain received about the pins 18 and 19.
PAR  According to the invention, externally of the guideway 2 (FIG. 1), in
      conformity with the shape of its straight portions 3, 4 and curving
      portions 5, 6, there are mounted side walls 23 serving as guides for a
      lateral side 24 of each weft thread carrier 15 which is parallel to the
      straight portions 3 and 4. The side wall 23 is made up of straight
      portions 25 and curving portions 26, the portions 25 and 26 being
      separated from one another and the extremities or ends of the straight
      portions 25 being bent outwardly, which enables each successive weft
      thread carrier 15 to rotate in a horizontal plane, as it passes from the
      straight portions 3 and 4 of the guideway 2 onto the curving portions 5
      and 6, respectively, thereof.
PAR  The side wall 23 is at the straight portions 25 in the form of a vertically
      arranged strip 27 (FIG. 2) one end of which is secured externally to the
      wall 10 of the guideway 2 with a screw 28. The weft thread carrier 15 is
      wider in cross section than the guideway 2, the strip 27 being fixed in a
      required vertical position with the help of a spacer 29 interposed between
      the wall 10 and the strip 27, the spacer 29 having therein an aperture for
      the passage of the screw 28 screwed into the threaded opening 30 in the
      wall 10. The strip 27 has a tapered through bore 31 accommodating the
      countersunk head of the screw 28.
PAR  In the area of the shed of the loom, the strip 27 is in the form of a
      plurality of separate plates 27a spaced from one another in the nature of
      a reed to accommodate the warp threads 8 therebetween. The ends of strip
      27 are bent outwardly to enable rotation of carrier 15 in the horizontal
      plane as it passes from the straight portions 3 and 4 of the guideway 2 to
      its curving portions 5 and 6.
PAR  As suggested above, at the straight portion 4 of the guideway, i.e., in the
      zone of the warp threads 8 (FIG. 1) the strip is made in the form of
      separate plates or a reed 27a.
PAR  The curving portions 26 of the side wall 23 are in the form of plates 23a
      having an L-shaped profile in cross-section, as can be seen in FIG. 3. One
      end or limb of the plate 23a is secured to the wall 10 of the guideway 2
      by a screw 32 through a spacer 33 while the other free end or limb 34
      faces the weft thread carriers 15.
PAR  The lateral side 24 of the weft thread carrier 15, cooperating with the
      side wall 23, has made therein an arcuate groove 35 (FIG. 5), this groove
      35 being of a varying depth, i.e., the central portion of the groove 35
      has a smaller depth than that of the portions of this groove, adjoining,
      respectively, a nose 36 and a rear wall 37 of the carrier. The groove 35
      (FIG. 3) is intended to accommodate the free end or limb 34 of the side
      wall 23, while the weft thread carrier 15 is moving along the curving
      portions 5 and 6 of the guideway 2, the arcuate groove 35 being concentric
      with the arc formed by the free end or limb 34 of the side wall 23 along
      the curving portions 26 of the latter. The point of the groove 35 (FIG. 5)
      whereat its depth is minimal is substantially equally spaced from the ends
      of the groove and is situated in opposition to the aperture 38 (FIG. 2) in
      the weft thread carrier 15.
PAR  The top side of the weft thread carrier 15 (FIG. 5) has a cavity 38a made
      therein to accommodate a spool 39 with the weft thread left thereon,
      whereas the bottom side 20 (FIG. 4) of the carrier 15 has made therein a
      cavity 40 adapted to receive the roller 17 intended to retain the carrier
      15 and to drive it through the shed.
PAR  The rod 16 is of cylindrical shape and has its lower end pivotally
      connected to one arm of a bell crank 41 having its central portion
      pivotally mounted on a bracket 42 mounted on the link 12. The rod 16
      extends through the respective pin 19 interconnecting the links 11 and 12,
      the upper end of the rod 16 being adapted to project, as the rod 16 is
      vertically reciprocated in operation, through the aperture 38 in the
      carrier 15 and thus to enter the internal space 43 of an axle 44 which is
      mounted in the cavity 38a of the carrier 15 and is adapted to have a spool
      39 received thereabout. In this way, fouling of the spool 39 with lint,
      dust, etc. is eliminated, since, as the rod 16 enters the internal space
      43 of the axle, it ousts the lint, etc. in the upward direction.
PAR  The other free arm of the bell crank 41 carries a rotatable follower 45
      received in a cam groove 46 provided in the side wall 10 (FIG. 3) of the
      guideway 2. This cam groove 46 has protions extending at different levels,
      i.e., the rod-raising and rod-lowering portions interconnected with
      inclined portions or fileds 47 (FIGS. 4 and 6). As the conveyor 1 is
      moving in operation, the follower 45 rolls along the groove 46 and follows
      its successive portions, pivoting the bell crank 41 relative to the
      bracket 42, whereby the rod 16, respectively, is raised to its topmost
      position, to enter the axle 44 of the carrier 15 and retain the latter,
      and lowered, to clear this axle 44 of the carrier 15.
PAR  Alternatively, the bell crank 41 may be of a different structure, with the
      rod 16 (FIG. 6) being pivotally attached to one arm 48 thereof, the other
      arm 49 being pivotally connected with the bracket 42, the latter being
      connected with the pin 18 interconnecting the links 11 and 12. The
      follower 45 adapted to roll along the groove 46 is mounted centrally of
      the bell crank 41, in a slot 50 provided in the latter. The slot 50 is
      elongated for displacement therealong of the axle of the follower 45, in
      which way adjustment of the height of raising of the rod 16 is provided
      for.
PAR  The weft thread carriers are guided by the herein disclosed apparatus as
      follows.
PAR  As a loom of the progressive shedding type, incorporating the apparatus,
      starts to operate, the arrangement 14 (FIG. 1) for winding the weft thread
      onto the spools of the carriers effects rotation of the disc thereof, the
      teeth 13 of the latter engaging the pins 18 and 19 of the links 11 and 12
      and thus imparting motion to the conveyor 1 within the guideway 2. With
      the conveyor 1 (FIG. 2) moving within the guideway 2, the carriers 15 are
      driven by the rods 16, the carriers 15 riding atop the walls 9 and 10 of
      the guideway 2. The rods 16 are raised to their topmost position and enter
      the apertures 38 of the respective carriers 15, the followers 17 (FIG. 4)
      likewise being in the raised position and entering the cavities 40 of the
      respective carriers 15 (it should be noted that as the carrier 15 is being
      driven outside the shed, it is absolutely immaterial whether the roller 17
      enters this cavity or not, since it actually takes no active part in
      driving the weft thread carrier 15 outside the shed).
PAR  As the successive ones of the carriers 15 approaches the shed, the follower
      45 on the bell crank 11 engages the rod-lowering portion of the cam groove
      46 and retracts the rod 16 from the carrier, whereby the latter is further
      driven through the shed by the roller 17.
PAR  When the carrier 15 leaves the shed the follower 45 (FIGS. 4 and 6) lowers,
      following the respective portions of the cam groove 46 and rotates the
      bell crank 41, whereby the latter is pivoted into its inclined position,
      raising the rod 16 mounted on the first arm thereof, for this rod to enter
      the internal space 44 of the axle of the carrier 15.
PAR  In this position, the carriers 15 are driven by the conveyor 1 along the
      guideway 2, along an endless path with the shed forming area comprising
      only a small part thereof, the carriers 15 maintaining their strictly
      oriented positions, since the orientation or indexing of each weft thread
      carrier 15 is effected on either side thereof, viz. on the bottom side 20
      (FIG. 2) along which the carrier bears upon the walls 9 and 10 of the
      guideway 2 and on the lateral side wall 24 of the carrier 15, engaging the
      side wall 23. As the carrier 15 (FIG. 1) passes onto the curving portion 5
      or 6 of the guideway 2, the carrier is rotated in a horizontal plane
      through a small angle, owing to the curvilinearity of these portions, the
      outwardly bent ends of the straight portions 25 of the side wall 23
      preventing jamming of the carrier 15. Upon the carrier 15 having entered
      the curvilinear portion 5 or 6 of the guideway, the free end or limb 34 of
      the side wall 23 at the curving portion 26 thereof enters, in turn, the
      arcuate groove 35 of this carrier, and the normal position of the latter
      is restored, since in this case the carrier 15 is retained, too, in a
      strictly oriented position by the cooperation of the walls of the groove
      35 with the surface of the free end or limb 34 of the side wall 23, as
      well as by cooperation of the bottom side 20 of the carrier with the
      guideway 2. The cooperation of this kind is maintained throughout the
      travel of the weft thread carrier, be it within the shed or outside the
      same.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for guiding weft thread carriers through the successive
      sheds of a loom of the progressive shedding type, comprising: an encless
      chain conveyor including a plurality of interconnected links; first
      members mounted on some of said links and adapted to cooperate with said
      weft thread carriers for driving same within the shed of said loom; other
      members mounted on other ones of said links and adapted for cooperation
      with said weft thread carriers for driving same outside said shed; a
      stationary substantially closed endless guideway accommodating said
      endless chain conveyor for travel therealong and including straight and
      curving portions, said weft thread carriers moving in operation along said
      guideway; a side wall mounted externally on said guideway, including
      straight and curving portions corresponding in shape to said respective
      straight and curving portions of said guideway, said side wall serving as
      a guide for the lateral side of each said weft thread carrier, said side
      wall at said curving portions thereof being L-shaped in cross section, one
      end thereof being mounted on said guideway so that the free end thereof
      faces said weft thread carrier; an arcuate groove made in the lateral side
      of each said weft thread carrier adapted to cooperate with said side wall,
      said groove being adapted to receive said free end of said curving portion
      of said side wall as said weft thread carrier moves during operation along
      said respective curving portions of said guideway.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said weft thread carriers
      have apertures therein for receiving a spool with the weft thread thereon,
      and wherein said arcuate groove of said weft thread carrier is concentric
      with the arc formed by said free end of said side wall at said curving
      portions thereof, the depth of said groove being minimal at a point which
      is opposite to the aperture in said weft thread carrier and substantially
      equally spaced from the ends of said groove.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said curving portions of
      said side wall are separated from said straight portions thereof, the
      latter having their ends bent outwardly.
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ABST
PAL  To provide synchronization between the drawing roller and the warp beam of
      a loom, direct transmission is provided between the two members by means
      of an intermediate shaft which is independent of the speed of the loom.
      Any variation in the density of the fabric is transmitted to the
      intermediate shaft and an automatic adjustment is afforded in the drawing
      roller and the warp beam.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Attention is directed to Applicant's co-pending application, Ser. No.
      418,937, filed Nov. 26, 1973.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a loom and, more particularly, it
      concerns apparatus for providing automatic and synchronized operation of
      the drawing roller and warp beam of a loom. Such apparatus contributes a
      new concept both in the drive and in the control and adjustments relating
      to the fabric drawing means and to the unwinding of the warp beam.
PAR  At the present time, all of the mechanisms used for the control and
      synchronization of the drawing roller and warp beam in a loom have
      independent adjustments and control devices for each of them, and, as a
      result, defects in precision occur and, further, the operator must handle
      both of the individually regulated members and other disadvantages arise
      from this arrangement.
PAR  The primary object of the present invention is to incorporate a direct
      transmission between the drawing roller and the warp beam to obtain
      synchronized action between the two of them. Such operation is achieved by
      using a single operating member which automatically affords the desired
      synchronization without resort to any additional adjustment or regulation.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and desscriptive matter in
      which there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAC  In the Drawing
PAR  FIG. 1 is a schematic representation, in a side elevational view, of the
      apparatus embodying the present invention;
PAR  FIG. 2 is a schematic showing in a front elevational view of a portion of
      the apparatus illustrated in FIG. 1;
PAR  FIG. 3 is a detailed showing in section of the variators and change
      mechanism;
PAR  FIG. 4 is a sectional view taken along line A--A of FIG. 3;
PAR  FIG. 5 is a sectional view taken along line B--B of FIG. 3 and shows in
      detail the heck and control for the heck; and
PAR  FIG. 6 is a sectional view taken along line C--C of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing, apparatus is illustrated for the automatic and synchronized
      driving action between a drawing roller and a warp beam in a loom. A
      driving member 1 affords the principal driving action for the loom and
      through a pinion 2, it acts simultaneously on a loom movement
      synchronizing shaft 3 and a primary shaft 4 of a first conventional
      variator 5 (See FIG. 6). An intermediate pinion 6 transmits the action of
      the pinion 2 to the primary shaft 4. The first variator 5 includes a
      manual control device 7 for the density of the fabric and a driven shaft 8
      on which is mounted a change mechanism 9 with a range of picks, which
      increases the possibilities of actuation of the loom.
PAR  Through an idle pinion 10, the change mechanism 9 acts on a shaft 11, note
      the arrangement of the shaft 11 shown in FIG. 2. A coupling action is
      provided on the shaft 11 by a clutch member 12 and a disc or plate 13
      mounted on the shaft and elastically biased by a spring 14. In addition, a
      pinion 15 is mounted on the shaft 11 and acts through a transmission
      arrangement on the primary shaft 16 of a second conventional variator 17
      (See FIG. 4.). At one end, the shaft terminates in an automatic device for
      member 18 and at its other end in a reduction assembly 19, which is in
      operative engagement with the shaft 20 of a fabric drawing roller 21. The
      reduction assembly 19 transmits rotary motion to the drawing roller 21
      through a toothed pinion 30 in engagement with a worm screw 40 attached to
      the end of shaft 11, and to a shaft 32 of the toothed pinion 30 rotating a
      gear 36 affixed to the shaft 20 of the drawing roller 21 via a worm screw
      34.
PAR  The second variator 17 includes an automatic control device 22, which may
      be either mechanical or electrical, which is in communication with a
      thread guide or compensating heck 23. Further, the second variator 17 has
      a driven shaft 24 which, by means of a suitable transmission through a
      second reducing assembly 25, drives the shaft 26 of a warp beam 27.  The
      reducing assembly 25 transmits rotary motion to the warp beam 27 through a
      belt transmission 41 driven by shaft 24 which rotates a gear 39, a pinion
      38 affixed to an end of the shaft of gear 39, a pinion 31 engaging the
      pinion 38 which rotates a shaft 33 having a worm screw 35 at one end
      engaging pinion 37 fixed on the shaft 26 of the warp beam 27.
PAR  Based on the above arrangement of elements, the loom operates in the
      following manner: The principal driving member 1 simultaneously controls
      the movement of the batten and weft inserting mechanism on one hand and,
      on the other hand, through an intermediate pinion the first variator 5.
      With the variator 5 actuated, its operation can be altered by the manual
      control device 7 for the purpose of selectively and continuously fixing
      the density of picks of the weft per centimeter of fabric. At the exit or
      outlet end of the variator 5, the change mechanism 9 permits the changing
      of the range of picks per centimeter as needed. On the intermediate shaft
      11, which is in communication with the change mechanism 9 through the idle
      pinion 10, a clutch member 12 and the remainder of the coupling system on
      the shaft permits the automatic device 18 to disconnect the synchronized
      mechanism corresponding to the heck 23 of the fabric and warp unwinder 27
      from the rest of the loom so that variations in density can be made for
      effecting patterns or reliefs in the fabric or for weaving and weaving
      backward, manual pick adjustment, and the pass of new warps. Accordingly,
      it is clear from this operation that the intermediate shaft 11
      simultaneously drives the reduction assembly 19 of the drawing roller 21
      and through the second variator 17, the reduction assembly 25 of the warp
      beam 27, both in forward motion (weaving) and in reverse motion (backward
      weaving).
PAR  The function of the second variator 17 is to correct the proper relation of
      synchronism of the kinematics involved, so that it is adapted to the
      diameter of the warp beam 27, with its regulation being provided through a
      mechanism which senses the tension of the warp and compares it, for
      example, with a system of weights or a spring system, so that it
      transforms any imbalance into a mechanical or electrical impulse which
      alters the position of the control device 22 of the variator, controlling
      its output speed to adapt it to the unwinding of thread which causes a
      constant fabric tension. Finally, the reducing assembly 25, driven from
      the exit or outlet end of the second variator 17, takes charge of driving
      the warp beam 27.
PAR  The change mechanism 9 is of conventional type and has two parallel shafts
      with respective pinions thereon which can be coupled or uncoupled with
      pinion 10. This change mechanism 9 can best be seen in FIG. 6 where it is
      shown connected between the pinion 10 and variator 5.
PAR  FIG. 5 shows part of the controls for the heck 23, and which forms no part
      of the present invention. This control is the subject matter of co-pending
      application, Ser. No. 418,937, filed Nov. 26, 1973.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use in a loom including a drawing roller and a warp beam
      for affording automatic and synchronized drive between said drawing roller
      and said warp beam, comprising means for affording direct transmission
      between said drawing roller and said warp beam, said means including an
      intermediate shaft, a first reduction assembly in engagement with said
      intermediate shaft for driving said drawing roller, a first variator
      having a primary shaft, a pinion on said intermediate shaft for driving
      said primary shaft of said first variator, a device in operative
      engagement with said intermediate shaft for controlling the density of the
      fabric loomed, and a second reduction assembly in operative engagement
      with said variator and said warp beam so that, independent of the speed of
      the loom, any variation in the density of the fabric is automatically
      corrected in said warp beam.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, wherein uncoupling means including a
      coupling member mounted on said intermediate shaft and an automatic device
      associated with said intermediate shaft is arranged for uncoupling the
      remainder of the mechanism of the loom for facilitating weft density
      increases, manual pick adjustments, passes of new warps, and forward and
      backward weaving operations.
NUM  3.
PAR  3. Apparatus, as set forth in claim 2, wherein said device in operative
      engagement with said intermediate shaft comprises a second variator, a
      drive motor for the loom in driving engagement with said second variator,
      said second variator including a fabric density regulating device, a
      second pinion mounted on said intermediate shaft, said second variator
      including a change mechanism in operative engagement with said second
      pinion on said intermediate shaft for driving said pinion, a compensating
      heck, a control device for said second variator, said heck actuating said
      control device for said second variator so that said warp beam moves
      synchronously with said drawing roller.
NUM  4.
PAR  4. Apparatus for use in a loom including a drawing roller and a warp beam
      for providing automatic and synchronized drive between said drawing roller
      and said warp beam, comprising means for driving the loom, said means
      including a pinion, a loom movement synchronizing shaft, a first variator,
      a primary shaft for said first variator, an intermediate pinion in
      operative engagement with said primary shaft in said first variator, said
      pinion in said means for driving the loom acting simultaneously on said
      loom movement synchronizing shaft and on said intermediate pinion in
      operative engagement with said primary shaft for said first variator, a
      manual control device associated with said first variator for controlling
      the fabric density, a driven shaft in said first variator driven by said
      primary shaft therein, a change mechanism mounted on said driven shaft, an
      intermediate shaft, an idle pinion mounted on said intermediate shaft, and
      said idle pinion disposed in engagement with said change mechanism
      coupling means mounted on said intermediate shaft and including a ratchet,
      a plate and a biasing member resiliently urging said plate, a second
      pinion mounted on said intermediate shaft, a second variator having a
      primary shaft in operative engagement with said secondary pinion on said
      intermediate shaft, an automatic device associated with one end of said
      intermediate shaft and a first reduction assembly in operative engagement
      with the opposite end of said intermediate shaft, a shaft for said fabric
      drawing roller, and said shaft disposed in engagement with said first
      reduction assembly, said second variator including a control device and a
      driven shaft driven by its said primary shaft, a second reduction assembly
      in operative engagement with said driven shaft of said second variator, a
      warp beam shaft driven by said second reduction assembly and a
      compensating heck in operative communication with said control device in
      said second variator.
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ABST
PAL  An improved carrier for use on a shuttleless loom of the type in which yarn
      is inserted into the warp shed from a stationary source located outside of
      the warp and in which yarn is guided by means of cooperating yarn guide
      surfaces located in the back wall of the carrier, which yarn guide
      surfaces are laterally offset with respect to each other in a direction
      transverse to the direction of carrier travel and which vertically overlap
      each other in a direction normal to the direction of travel of the
      carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In shuttleless looms, that is, those looms in which weft yarn is supplied
      from a stationary source located outside the lateral limits of the warp
      yarns, it is customary to insert each pick of weft by means of a
      reciprocating inserter or inserters. In the most common shuttleless loom
      operation a supply of weft is located adjacent the right hand side of the
      loom and each pick of weft is drawn from the source and inserted into the
      shed formed between the warp yarns. The insertion itself is effected by
      means of an inserter carrier which is moved into and from the shed by
      means of a reciprocating inserter. In this usual form the inserter carrier
      is met at approximately the center of the warp shed by an extending
      carrier which grasps the weft being inserted and draws it to the other
      side of the loom. The extending carrier is moved into and out of the shed
      by means of a reciprocating inserter in the same manner in which the
      inserter carrier is moved.
PAR  There are two basic weft insertion methods that are used with looms of the
      type mentioned above. These weft insertion methods are the Gabler and
      Dewas methods and are frequently referred to as the "hair pin" and
      "gripper" methods respectively. In the Gabler insertion method a weft yarn
      end is held clamped outside of the selvedge after cutting and the
      inserting carrier then pulls a quantity of yarn from the yarn package so
      that a loop of yarn is initially formed in the warp shed. After a
      predetermined length of time, the clamped end is released so that the
      extending carrier can continue to draw the looped yarn to the other side
      of the loom. By way of contrast the Dewas system utilizes inserting and
      extending carriers in which the end of the yarn is gripped by the
      inserting carrier and then this same gripped end is transferred to the
      extending carrier and drawn on to the other side of the warp.
PAR  With the development of multi-color looms the various yarns have been
      frequently guided by a slot located in the rear wall of the carrier, this
      slot beginning in the upper surface of the rear wall and extending
      downwardly toward the bottom of the carrier and rearwardly toward the end
      of the carrier which is attached to the inserter member. In addition a
      small yarn guiding or trapping hook was used which extended generally
      upwardly and rearwardly with respect to the back surface of the rear wall
      to aid in maintaining the yarn within the guide slot.
PAR  When weaving certain types of fabrics, particularly that of high sley, such
      as poplin or broad cloth is not uncommon for some warp yarns to knit or in
      other words to fully close during harness shedding. Unfavorable conditons
      of this nature can be attributed to warp yarn preparation wherein slubs
      and other impurities are caused to adhere to the warp yarns during the
      preparatory stages. Imperfections of this nature very often cause certain
      warp yarns to knit or stitch together and present an obstructed shed into
      which the filling carriers enter. Additionally one or more of the warp
      yarns might be improperly tensioned permitting it to hang down into that
      area of the shed where the carrier must normally travel. In many cases
      filling carriers which enter sheds of these types will cut the warp yarns
      obstructing their path of travel and cause interruption of loom operation.
      In addition, carriers of the type referred to above that are used for
      multi-color weaving tend to be structurally weaker than those normally
      used in single color operation due to the fact that more of the material
      has been removed from the back wall to accommodate yarn reception and
      guiding into the carrier. In many cases actual breaking of carriers has
      occurred during operation and this, like yarn breakage causes loom
      interruption.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principle object of this invention to provide an improved carrier
      which can be used in multi-color weaving operations and which is
      structurally stronger than carriers which have in the past been used for
      the insertion of weft yarn from a plurality of yarn packages.
PAR  Another object of this invention is to provide an improved carrier which
      will substantially eliminate the breakage of warp yarns that might for
      some reason be in the path of travel of the carrier during its travel
      within the warp shed.
DRWD
PAR  Other objects and advantages of this invention will be in part obvious and
      in part explained by reference to the accompanying specification and
      drawings in which:
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an enlarged, slotted perspective view of a carrier according to
      this invention;
PAR  FIG. 2 is a side elevation of the improved carrier looking at the rearmost
      surface of the rear wall;
PAR  FIG. 3 is a side elevation with parts broken away showing the manner in
      which yarn is received by the carrier;
PAR  FIG. 4 is a section throughout which the rear wall of the shuttle; and
PAR  FIG. 5 is a partial perspective view showing the manner in which yarn is
      received within the assembled gripper.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  For a more complete understanding of the invention, reference is made to
      the drawings and specifically to FIG. 1. In this figure, the numeral 10
      indicates generally the improved carrier of this invention. The carrier is
      comprised of a main body portion 11 which is shown as being attached or
      secured to the inserter 12. The inserter 12 is hereshown as a flat
      flexible tape, normally constructed of flexible steel, which is wrapped
      about a reciprocating drive wheel (not shown) located at the side of the
      loom. To move the carrier 10 into and from the warp shed the tape wheel is
      operated to effect reciprocation of the carrier.
PAR  The carrier additionally comprises a rear wall 13, see FIG. 2, which
      extends outwardly from the main body 11 in a direction away from the
      inserter 12. Generally speaking the long dimension of the rear wall 13 is
      disposed substantially at right angles with respect to the wide cross
      dimension of the inserter tape 12. This angular relationship is not
      critical but is effective in permitting orientation of the operating part
      of the carrier so that maximum operating efficiency can be obtained. At
      this point it should further be explained that while a flat, tape-like
      inserter has been shown and referred to, the particular type of inserter
      element used to drive the carrier 10 is not critical to this invention.
PAR  Rear wall 13 includes an upper extension 15 that extends outwardly from the
      rear wall to a terminus 16. The upper extension 15 is shown as being an
      integral part of the rear wall 13 and, while this is a preferred
      construction, it should be noted that extension 15 could be constructed as
      a separate element if circumstances made this type of construction
      preferable. The upper extension 15 also has a generally downwardly facing
      yarn engaging surface 17 that is the first surface to make contact with
      the yarn, indicated by numeral 18, to direct it downwardly and inwardly in
      the direction of inserter 12. As shown in the drawings the surface 17
      extends initially downwardly and inwardly from the terminus 16 of
      extension 15 in a direction toward the main body 11 or tape 12 and then
      upwardly and inwardly as at 17' in the direction toward main body 11 along
      a portion of the remainder of the yarn engaging surface.
PAR  To provide a cooperating means to insure positive yarn engagement, the
      improved carrier further comprises a lower extension 20 that extends from
      rear wall 13 in the same direction as upper extension 15 except that
      extension 20 ends in a terminus 21 that is located closer to the main body
      11 than is the upper terminus 16. The reason for terminus 21 being located
      inwardly from terminus 16 is to provide an opportunity for yarn 18 to
      slide down the surface 17 and enter into the area 22 that is formed
      between upper extension 15 and lower extension 20. It further can be seen
      that lower extension 20 has a generally upwardly facing yarn engaging
      surface 23 so that the yarn 18 when entering into the area 22 will make
      contact with both downwardly facing surface 17 and with upwardly facing
      surface 23.
PAR  As best seen in FIG. 4 of the drawings, the yarn engaging surface of upper
      extension 15 and of lower extension 20 are laterally offset with respect
      to each other in a direction transverse to the direction of inserter
      travel and, as seen most clearly in FIGS. 2 and 3, the surfaces are
      vertically overlapped in a direction normal to the direction of travel of
      the inserter. The purpose for this physical relationship is of course to
      prove for the area 22 through which the yarn will travel when engaged by
      the carrier. Generally speaking, the initial contact is made by the
      carrier in approximately the position of yarn 18 shown in FIG. 2.
      Thereafter, the yarn moves to the positions indicated by numerals 24 and
      25 in FIG. 3, 25 being the final fully inserted conditon of the yarn as it
      is being moved into the warp shed.
PAR  Carrier 10 has an upper wall 30 that extends forwardly from rear wall 13
      and terminates in a comparatively short downwardly extending front wall 31
      whose lower edge 32 is located physically above the lower edge of rear
      wall 13.
PAR  To provide means for gripping the yarn to be inserted into the shed,
      carrier 10 includes a yarn gripper finger 35 that is secured to main body
      11 by means of threaded fasteners 36 that are mounted through holes 37 and
      received into the threaded openings 38 in the side of main body 11. Actual
      clamping of the yarn is accomplished by means of a yarn clamping element
      40 that has small tabs of 41 that extend through the elongated or slotted
      openings 42 in the upper wall 30. The lower surface 43 of yarn clamping
      element 40 rests against the upper surface 44 of yarn guide finger 35. A
      biasing force to urge clamping element 40 into contact with surface 44 of
      finger 35 is developed by means of the small leaf spring 45 that is
      mounted between the tabs 41 and the lower surface of upper wall 30 and the
      inner surface of the front wall 31.
PAR  In operation, when the carrier 10 is moved from its position outside of the
      warp shed into the warp shed it will engage the end of the supplied weft
      yarn and grip it in the fashion shown in FIGS. 2 and 5 of the drawings.
      Since this carrier has no yarn engaging, directing tabs that extend out
      beyond the normal limits of the carrier body it will reduce the frequency
      with which improperly stitched or positioned warp yarns might be broken.
      Additionally the carrier is capable of inserting yarn from a plurality of
      yarn sources without resorting to a configuration that results in a
      carrier of comparatively weak mechanical construction.
PAR  Although the present invention has been described in connection with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved carrier for inserting weft yarn into the shed formed between
      warp yarns on a loom of the type in which the weft yarn is supplied from a
      source outside of the warp and is inserted into the shed by a carrier
      which is attached to a reciprocating carrier, said improved carrier
      comprising:
PA1  1 a main body portion for attachment to the inserter
PA1  2 a rear wall extending outwardly from said main body in a direction away
      from the inserter
PA1  3 an upper extension extending outwardly from said rear wall to a terminus
      and having a generally downwardly facing yarn engaging surface,
PA1  4 a lower extension extending outwardly from said rear wall to a terminus
      and having a generally upwardly facing yarn engaging surface, and
PA1  5 said yarn engaging surfaces of said upper and lower extensions being
PA2  a. laterally offset with respect to each other in a direction transverse to
      the direction of inserter travel and
PA2  b. vertically overlapping in a direction normal to the directon of inserter
      travel.
NUM  2.
PAR  2. An improved carrier as defined in cliam 1 wherein the terminus of said
      lower extension is located closer to said main body than is the terminus
      of said upper extension.
NUM  3.
PAR  3. An improved carrier as defined in claim 1 wherein said yarn engaging
      surface of said upper extension extends initially downwardly and inwardly
      from the terminus of said extension in the direction toward said main body
      and then upwardly and inwardly in the direction toward said main body
      along at least a portion of the remainder of said surface.
NUM  4.
PAR  4. An improved carrier as defined in claim 1 wherein said upper and lower
      extensions are formed as integral extensions of said main body.
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ABST
PAL  A portable tank containing compressed air, the tank being with a removable
      end cap so to expose for use an operating handle and valves for refilling
      and releasing the pressurized air, the releasing valve being adaptable for
      connection to an automotive vehicle tire valve, so that the device can be
      conveniently carried in a car and be always handy to use in case a tire
      pressure is down and a service station is not close by.
BSUM
PAR  This invention relates generally to automotive vehicles. More specifically
      it relates to automotive vehicle accessories.
PAR  It is generally well experienced by most motorists that upon occasion a
      tire appears to have suddenly lost air. Such surprising discovery often is
      noticed even after the car has been standing many hours such as overnight.
      A small leak may have developed such as by riding over a nail or the like
      so that the tire may be down too far so to ride upon it to a nearby
      automotive service station without the wheel rim cutting the tire.
      Accordingly, the motorist is obliged to perform the undesirable chore of
      changing a tire before he can proceed to travel. This situation
      accordingly is in want of an improvement.
PAR  Accordingly, it is a principle object of the present invention to provide a
      means whereby a slow leaking tire may be re-inflated so an automobile may
      proceed to travel to a service station where a proper repair may be done.
PAR  Another object is to provide a tank of pressurized air that can be
      conveniently transported in a car so to be always handy in case of a
      failing air pressure in a tire while far from a service station.
PAR  Other objects are to provide a tire saver which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a side view of the invention shown partly in cross section.
PAR  FIG. 2 is a similar view of a modified design of the invention and which
      includes a pressure gauge that works automatically to inform the amount of
      pressure in the object being inflated, thus eliminating need to stop and
      remove the device to replace it by a separate pressure gauge, thus
      allowing the job to be done quicker.
DETD
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a tire saver according to the present invention, wherein there is shown in
      FIG. 1 a pressure tank 11 having a neck 12 at one end over which a
      removable end cap 13 is fitted. An opening 14 through the neck
      communicates with tank interior 15 and a screw threaded so to engage valve
      housing 16 and which contains a valve 17 adaptable for connection to a
      hose fitting of an air pump at an automotive service station so that the
      tank can be filled with compressed air. A handle 18 serves to shut off the
      valve; another valve 19 communicates with opening 14 and includes a
      threaded pipette 20 fitted in the neck and which is adaptable for
      connection to a valve of a car tire, so that compressed air from the tank
      can be put in to the tire.
PAR  In FIG. 2, a modified design 21 of the invention includes all of the above
      described elements and additionally includes a means whereby the tank
      indicates the existing tire pressure while inflating the same so to more
      quickly and easily accomplish the job without need of a separate tire
      pressure gauge. The tire saver 21 includes a separate air chamber 22 that
      communicates with the opening 14, and which is separated from tank
      interior 15 by a wall 23. An opening 24 through the wall 23 connects
      chamber 22 and tank interior 15, the opening 24 being closable by a
      sliding valve 25 having cross opening 26 which when disaligned with the
      opening 24 as shown in the drawing, prevents air to escape outward from
      interior 15. When knob 27 is depressed against action of spring 28,
      openings 24 and 26 align and allow dispensing air. An air gauge 29 in
      chamber 22 includes piston head 30, compression spring 31, and a
      calibrated scale 32 that protrudes slidably through opening 33 outwardly
      so it can be read. Thus the tire pressure is checked during inflation.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An air pressure tank for tire inflation, comprising an air pressure
      storage chamber, a tire inflation chamber, an inlet to said inflation
      chamber and a partition separating the storage chamber from the inflation
      chamber, including a passageway through said portion providing
      communication between said chambers, in further combination with a
      normally closed valve controlling flow through said passageway, including
      an inlet valve mounted in said inlet for filling the tank with air,
      further including a pressure guage mounted in the inflation chamber and
      extending slidably through the tank to the exterior to indicate the
      pressure in said inflation chamber, in still further combination with a
      tire inflation valve communicating with the inflation chamber for tire
      inflating purposes.
NUM  2.
PAR  2. A tank as in claim 1, wherein the first said valve comprises a
      transversely slidable plate mounted in said portion having an opening
      therethrough, said plate being movable to a position which aligns the
      opening with the passageway and means for normally retaining the plate in
      a position closing the passageway, said plate having an external handle
      for manual actuation.
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ABST
PAL  A valve cover for an engine contains a built-in oil can opener. The valve
      cover is shaped as an elongated trough member defined by a top wall and a
      side wall. The free edges of the side wall are integrally connected to a
      mounting flange for securing the valve cover to a mounting block. A
      cylindrically shaped cavity whose axis intersects the plane of the
      mounting flange, extends through the valve cover. A device for opening and
      draining oil cans is positioned in the cavity. A removable cap is
      positioned over the cavity adjacent to the valve cover top wall for
      closing the cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  The field of art to which the invention pertains includes the field of oil
      can openers, particularly with respect to an oil can opener which is
      integrally formed with a valve cover of an engine.
PAR   2. Description of the Prior Art
PAR  Conventional techniques for adding oil to an engine include the removal of
      an engine cap or cover and insertion of the oil can contents through an
      oil can opener. Such techniques result in leakage of the oil from the can
      due to an ineffective seal between the oil can and the oil can opener.
      While it has been suggested that oil can openers be built into the engine,
      these designs normally consist of an extending rod or other member which
      pierces the can as the oil drains into the engine. In present day
      automobile designs, it is necessary to minimize protruding and extending
      members due to the large amounts of equipment which must be positioned
      beneath the hood of the automobile.
PAR  Known prior art includes U.S. Pat. Nos. 2,644,430; 2,693,249; 2,744,656;
      3,331,405; 3,744,722; 1,488,377; 1,924,704; 957,829; 1,411,542; 2,484,985;
      and 3,115,908.
PAR  The present invention provides an oil can opener which is built into a
      cavity of a valve cover. The oil can opener and the cavity take up a
      minimum of additional space in the valve cover. When a cavity cover is
      removed, the oil can is easily inserted into the cavity and oil
      automatically drains from the can. The oil can is then removed and the
      cover replaced. No spillage occurs during the process. The valve cover is
      aesthetically pleasing with the addition of the oil can cavity and cover.
PAC  SUMMARY OF THE INVENTION
PAR  A valve cover contains a built-in can opener. The valve cover is formed of
      an elongated trough having a top wall and a side wall, the free edges of
      the side wall being integrally connected to a mounting flange for securing
      the valve cover to a motor block. A cylindrically shaped cavity whose axis
      intersects the plane of the mounting flange extends through the valve
      cover. An opening mechanism is positioned in the cavity so that when an
      oil can is inserted in the cavity, the oil is drained into the engine. A
      removable cap is positioned over the cavity adjacent to the valve cover
      top wall for covering the cavity when the oil can opener is not in use.
PAR  The advantages of this invention, both as to its construction and mode of
      operation, will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the Figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, illustrating the insertion of an oil can into
      the valve cover of the invention;
PAR  FIG. 2 is a partial top plan view of the valve cover of FIG. 1 with the cap
      removed;
PAR  FIG. 3 is a front plan view of the oil can opening mechanism;
PAR  FIG. 4 is a side view, in cross-section, taken along the line 4--4 of FIG.
      3 illustrating the technique for mounting the opener on the valve cover
      cavity;
PAR  FIG. 5 is a cross-sectional view of the can opener taken along the line
      5--5 of FIG. 3;
PAR  FIG. 6 is a perspective view of the oil can opener illustrating its novel
      structural features;
PAR  FIG. 7 is an exploded perspective view of the removable cap used to cover
      the valve cover cavity when the oil can opener is not in use;
PAR  FIG. 8 is a cross-sectional view illustrating the method of sealing the can
      opener of FIG. 7 to the valve cover; and
PAR  FIG. 9 is a view of a portion of the valve cover illustrating the mounting
      structure for mating with the cap of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings there is shown in FIG. 1, a valve cover 12 of
      an inverted trough shape configuration, constructed in accordance with
      principals of the invention. The valve cover includes a top wall 14 and
      side walls 16, with cooling fins 18 formed on the exterior surface of the
      top walls. The free bottom end of the side walls 16 is integrally formed
      with a mounting flange 22 formed in a plane generally parallel to the top
      wall 14. The mounting flange is used to secure the valve cover to an
      engine block 24. Typically a pair of bolts 26 are positioned on opposite
      sides of the valve cover (two of which are seen in FIG. 1). However, it
      should be understood that any number of bolts could be used to secure the
      valve cover to the engine block.
PAR  A cylindrical cavity 28 is integrally formed at one end of the valve cover.
      The cavity 28 contains an opening 32 of sufficient diameter such that an
      oil can 34 can be inserted therein with slight clearance between the side
      walls of the cavity.
PAR  Referring now to FIG. 2 the cavity 28 is illustrated with the oil can 34 of
      FIG. 1 removed. A can opening mechanism 36 is positioned in the cavity and
      secured to the cavity side wall 38.
PAR  Referring now to FIGS. 3-6, the can opening mechanism 36 shown in greater
      detail. The mechanism 36 comprises a flat base member 42 which is
      positioned adjacent to and spaced from the cavity side wall 38. The top
      end of base 42 adjacent to the opening 32 in the cavity 28 contains a
      pointed cutting member 44 whose tip 46 is spaced slightly below the
      opening 32. The base 42 extends parallel to the axis of the cavity 28 from
      the tip 46 to an offset 48 which is integrally connected between the base
      42 and a mounting arm 52. The mounting arm 52 is juxtaposed with the
      cavity side wall 38 and secured thereto by means of a first fastener 54.
      The first fastener 54 extends through the mounting arm 52 and the cavity
      side wall 38 so as to secure the cutting member 44 to the cavity. A second
      fastener 56 secures the base 42 to the cavity side wall 38 and the spacer
      sleeve 58 surrounds the second fastener 56 intermediate the cavity side
      wall 38 and the base 42 enabling the base to be spaced a desirable
      distance from the cavity side wall 38. In addition the spacer sleeve
      provides a stop for the oil can 34 when it is inserted into the cavity 28.
PAR  A pair of flanges 62 and 64 are positioned on opposite sides of the base 42
      and flare out at an angle of 45 degrees from the base with the edges of
      the flanges forming a continuation of the pointed cutting member 44.
      Typically, the flange angle is chosen to be spread a sufficient distance
      around an engine valve keeper (not shown) so as to form a sufficient
      clearance with the valve keeper.
PAR  A track 66 formed of a thin strip of steel extends from the cutting member
      tip 46 to the base 42 and is secured to the base directly above the second
      fastener 56. The track is initially adjacent to the cutting member tip 46
      and then flares outwardly between the flanges 62 and 64 prior to being
      secured at one end adjacent to the second fastener 56. Typically, the
      track is butt welded at the tip 46 and the base 42. The track is spaced
      from the base 42 such that at the tip portion 46, the oil can will
      initially be cut by the tip edges and then the track will abut the end of
      the can which is being cut open. Subsequently, at its flared portion 68
      adjacent to flanges 62 and 64, the track initially abuts the can end prior
      to a transverse plane portion of the flanges 62 and 64 cutting into the
      can end. This technique enables the track to make the can end stiff
      enabling the cutting edges of the flanges to cut into the can more easily
      and prevent merely a dent rather than a cut being formed in the can end.
PAR  Referring now to FIG. 7 a cap 72 is used to close the cavity opening 32
      when the can opening mechanism 36 is not in use. The cap 72 comprises a
      cup shaped cover member 74 having a top end wall 76 and a tip 78 which
      depends at right angles around the periphery of the end wall. A pair of
      bayonet locating pins 82 and 84 are spaced 180 degrees apart on the lip 78
      and extend transversely therethrough.
PAR  As shown in FIGS. 8 and 9, the pins 82 and 84 extend into cam and lead in
      slots 86 and 88 respectively formed on the outer surface of the cavity 28
      enabling the cap 72 to be secured to the cavity. By extending the locating
      pins through the exterior surface of the lip 78, the interior portion of
      the pins can be located so as to be correctly positioned on the cavity 28.
      A cylindrical base 92 extends downwardly from the end wall 76 and forms a
      mounting surface for a spring 94 which surrounds the base 92. A free end
      96 of the base 92 has a spring retainer 97 thereon and a magnet 98 is
      positioned adjacent the retainer.
PAR  The cap 72 further comprises a baffle 102 formed of an annular ring 104
      having a cup shaped member 106 integrally formed with the interior edge of
      the annular ring so as to form a recess into which the magnet 98 in the
      cover will extend as illustrated in FIG. 8. An annular paper gasket 112 is
      positioned adjacent to the bottom surface of the annular ring 104 so that
      when the cap is secured to the cavity 32, a good seal is formed around the
      opening 28 of the cavity.
PAR  When the cap 74 is positioned on the cavity 28, the cover 74 is rotated
      along the cam and lead in slot. However, the magnet 98 enables the cover
      74 to rotate with respect to the baffle 102. Thus, the cover can easily
      turn and the spring 94 provides a seal for the cap. By providing the cap
      as illustrated, wherein the cover rotates but the baffle does not, the
      cover is easily rotated with respect to the baffle. Additionally, the
      magnet 98 retains the baffle 102 and the cover 74 together as an assembly,
      when the cap 72 is removed from the cavity 28. Such an arrangement
      prevents sticking of the cap which typically occurs with a rubber gasket
      and screw thread cap.
PAR  Typically, spring pressure exerted by the spring 94 is in excess of any
      engine pressure developed in the crank case. While the gasket 112 can be
      typically made of paper as illustrated, a recess can be provided should it
      be desired to use an O-ring seal.
PAR  While the cavity 28 is illustrated as being positioned at one end of the
      valve cover 12, it should be understood that the cavity could be
      positioned along the length of the valve cover dependent upon the internal
      configuration of the engine and engine compartment accessories.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve cover for an engine having a built in can opener comprising:
PA1  an elongated trough member defined by a top wall and a side wall, the free
      edges of said side wall being integrally connected to a mounting flange
      for securing the valve cover to an engine block;
PA1  a cylindrically-shaped cavity whose axis intersects the plane of said
      mounting flange said cavity walls extending from said valve cover mounting
      flanges to a top wall adjacent said valve cover top wall and having means
      for opening oil cans inserted therein, said cavity walls being integrally
      formed with said valve cover side wall and said mounting flange; and
PA1  a removable cap positioned over said cavity adjacent said valve cover top
      wall.
NUM  2.
PAR  2. A valve cover in accordance with claim 1 wherein said cavity wall
      defines one end of said valve cover side wall.
NUM  3.
PAR  3. A valve cover in accordance with claim 1 wherein said cap includes a
      baffle which is secured to the interior of said cap by means of a magnet,
      spring means secured to said cap interior for exerting a down pressure on
      said baffle when said cap is secured to said valve cover, said magnet
      enabling said cap to rotate with respect to said baffle.
NUM  4.
PAR  4. A valve cover in accordance with claim 3 wherein said outer surface of
      said cavity contains at least one groove, a pin extending transversely
      through lip of said cap wall, the interior portion of said pin mating with
      said groove when said cap is secured to said cavity, said exterior portion
      of said pin providing indication of said interior position of said pin
      when said pin is initially inserted in said groove.
NUM  5.
PAR  5. A valve cover in accordance with claim 1 wherein said means for opening
      and draining said oil can include a tapered piercing member secured to the
      inner surface of said cavity by means of pin means, said pin means
      providing a stop during entry of said can into said cavity.
NUM  6.
PAR  6. A valve cover in accordance with claim 5 wherein a track formed of an
      elongated metal strip is secured to said piercing member, said track
      causing the portion of said can lid opened by said piercing member to
      stiffen as the can is inserted in said cap.
NUM  7.
PAR  7. A valve cover in accordance with claim 6 wherein said piercing member of
      said track extends lengthwise along the axis of said cavity, transverse
      portions of said piercing member initially contacting said can lid prior
      to a respective adjacent portion of said strip contacting said lid as said
      can is inserted in said cavity, further insertion of said can is said
      cavity enabling the portion of said strip to initially contact said lid
      prior to the time the respective transverse portion of said piercing
      member contacts said lid.
PATN
WKU  039346242
SRC  5
APN  4233174
APT  1
ART  243
APD  19731210
TTL  Acid filling apparatus for batteries or the like
ISD  19760127
NCL  6
ECL  1
EXA  Shepperd; John W.
EXP  Aegerter; Richard E.
NDR  7
NFG  12
INVT
NAM  Eberle; William J.
CTY  Reading
STA  PA
ASSG
NAM  General Battery Corporation
CTY  Reading
STA  PA
COD  02
CLAS
OCL  141100
XCL  141238
XCL  141283
XCL  136162
XCL  136176
EDF  2
ICL  H01M  700
ICL  B65B  306
FSC  222
FSS  356;357;358
FSC  136
FSS  162;176
FSC  141
FSS  1;100;238;283;129;284
FSC  164
FSS  33 C
FSC  425
FSS  448
UREF
PNO  1731464
ISD  19291000
NAM  Kantor
OCL  222356
UREF
PNO  2063417
ISD  19361200
NAM  Wheat
OCL  141284
UREF
PNO  2899481
ISD  19590800
NAM  Kardorff
OCL  136162
UREF
PNO  3404713
ISD  19681000
NAM  Elford
OCL  222356
UREF
PNO  3514018
ISD  19700500
NAM  Petig et al.
OCL  222358
UREF
PNO  3732125
ISD  19730500
NAM  Stroh
OCL  136162
LREP
FRM  Frank J. Benasutti Associates Ltd.
ABST
PAL  Batteries are moved by a conveyor to a predetermined position, and a
      plurality of nozzles attached to an adjustable filling assembly are
      lowered over the battery such that the nozzles mate with inlet ports of
      the battery cells. A ladling assembly which had been immersed in a tank of
      electrolyte is raised above the level of the nozzles, such that
      electrolyte flows from the ladling assembly through a plurality of hoses
      to the nozzles and thence into the battery cells.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to battery processing and manufacturing, and more
      particularly to methods and apparatus for filling batteries with
      electrolyte fluids.
PAR  In the manufacturing and processing of batteries, two general goals always
      are sought after. First, it is important for reasons of quality control
      and safety that the individual cells of the battery be filled with a
      proper amount of electrolyte fluid. Secondly, both in the acid filling
      operations and in other similarly constituted steps of the manufacturing
      process, it is desirable that the machinery involved be designed with
      substantial structural adaptability such that batteries of varying
      configuration and size may be efficiently processed thereby.
PAR  The safety and quality control problems associated with battery
      manufacturing processes are well-known. Typically, batteries are
      configured of multiple cells each having a separate inlet port for
      providing a predetermined amount of electrolyte fluid, such as acid, for
      reaction with the electrode plates in the respective cells. If a given
      cell is either overfilled or underfilled with acid, irregular electrical
      characteristics may result, with consequent damage either to the battery
      itself or to associated electrical apparatus driven by the battery.
      Similarly, the acid composition of most electrolyte fluids tends to
      produce gases which under certain circumstances may be explosive. In
      order, therefore, to yield a battery which is both safe and effective, it
      is important to ensure to as great a degree as possible that the battery
      cells will contain a proper amount of fluid.
PAR  It is also well-known that, depending upon the eventual end use for the
      batteries, the size and configuration thereof may vary widely. For
      example, the number of cells and the volume of each may vary considerably,
      and the location of inlet ports of the various cells will be
      correspondingly altered. Similarly, depending upon the situs of use of the
      battery, terminal posts may be located at disparate points on the battery
      top or bottom surfaces. In order to accommodate these variations in
      battery characteristics, a given machine should present reasonable
      adaptability not only as to the amount of volume coupled to the battery in
      a filling process, but also as to the location of the portions of the
      machine which actually make contact with the battery. For example, the
      number and location of nozzles for the filling process should be as
      adaptable as possible, with such adaptability being reasonably quick and
      simple and without requiring major overhaul of the processing machinery.
PAR  The prior art shows many attempts at realization of these general goals,
      but none is believed to be completely effective in any or all respects.
      For example, one class of filling apparatus involves the use of one or
      more pumps which transfer fluid from a receptacle tank into batteries. In
      addition to involving mechanical reliability problems, such as approach
      also requires rather sophisticated adjustment mechanisms in order to
      provide the volume adaptability required. Moreover, if a crimp or blockage
      occurs in a feed hose in such systems, many or all of the cells of the
      battery being filled will be subjected to overflow or underflow
      difficulties, with their consequent impairment of product quality and
      introduction of safety problems.
PAR  The present invention is therefore directed to achievement of the foregoing
      general objects insofar as possible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially improves on battery filling and other
      manufacturing processes by providing a readily adaptable head mechanism
      which makes contact with the battery, and also by utilizing a gravity feed
      system for coupling fluid into the batteries which involves a high degree
      of accuracy and adaptability as to the volume so transferred. Once the
      batteries to be filled or otherwise processed are stationed in a
      predetermined position, template adjustable nozzles or the like are
      lowered downwardly over predetermined portions thereof. A ladling
      mechanism which has been immersed in the tank is raised to a level above
      the battery proper, and gravity flow causes the electrolyte to pass from
      the ladle down into the battery. By utilizing as a ladle a casing
      configured similarly to the battery itself, but which is tiltable to
      permit ladling of varying volumes of fluid, substantial adaptability and
      accuracy of filling is insured. Moreover, this combined gravity feed
      configuration permits the incorporation of other features which further
      enhance the operation and improve upon the achievement of the foregoing
      general objects.
PAR  In an illustrative embodiment, batteries move along a conveyor mechanism
      including a plurality of rollers. At strategic places on the conveyor,
      select ones of the rollers may be pivoted upwardly and above adjacent
      rollers, thereby providing a stop mechanism for positioning individual
      batteries. Once the batteries are so positioned, pivotable arms move
      upwardly between the rollers and lock the battery in a position as
      desired. Located vertically movable above the battery is an assembly
      including a plurality of nozzles slidably mounted on rails but which may
      be fixed in a variety of desired positions by means of an overlying
      template. Once the nozzle assembly is lowered such that the nozzles
      themselves mate with corresponding inlet ports of the battery to be
      filled, a ladling mechanism which has been immersed in a tank of
      electrolyte fluid is raised above the level of the battery to be filled.
      In a preferred embodiment, the tiltably adjustable ladling apparatus
      includes a battery casing of cellular construction similar to the battery
      being filled, with each chamber of the casing being connected by means of
      a different hose to a corresponding cell of the battery. Gravity flow from
      the respective chambers through the nozzles and into the corresponding
      cells completes the filling operation, after which the ladling mechanism
      is once more lowered into the tank, the nozzle assembly is raised from the
      battery, and the conveyor is again actuated.
PAR  It may therefore be seen that embodiments of the present invention
      represent substantial strides toward achievement of the foregoing general
      goals of battery manufacturing and filling processes. Use of a
      straightforward gravity feed technique obviates the problems brought on by
      the complicated adjustment and maintenance of pump systems. Use of a
      tiltable multi-chambered battery casing as a ladling means fairly
      approximates batteries of a wide range of volume capacities, and in any
      event isolates the effect of a hose crimp or blockage to the single
      corresponding chamber in the battery. Likewise, the multiple position
      template overlay for the separate nozzles enables the adjustment of those
      nozzles in a manner which is both quick and convenient, as well as being
      economical. These and other features will be illustrated more clearly in
      the following detailed description, taken in conjunction with the appended
      figures.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a front view of acid filling apparatus which embodies the
      principles of the present invention;
PAR  FIG. 2 shows a side view of the apparatus of FIG. 1;
PAR  FIG. 3 shows a conveyor mechanism to deliver and position batteries for
      filling;
PAR  FIG. 4 shows a cutaway of the conveyor mechanism of FIG. 3;
PAR  FIG. 5 shows the mating of a filler nozzle with a battery positioned on the
      conveyor of FIGS. 1, 2, 3, and 4;
PAR  FIG. 6 shows a system of counterweights which facilitates operation of the
      embodiment of FIGS. 1 and 2;
PAR  FIGS. 7, 8, and 9 show various views of a ladling system whereby fluid is
      taken from a tank and subsequently is dumped into a battery;
PAR  FIGS. 10 and 11 show assembled and partially exploded nozzle assemblies
      whereby batteries can be filled in accordance with the principles of the
      present invention; and
PAR  FIG. 12 shows an exemplary timing scheme for the apparatus of FIGS. 1
      through 11.
DETD
PAC  DETAILED DESCRIPTION
PAR  The method and apparatus which embodies the principles of the present
      invention involves the positioning of a battery for filling, the
      separation of a predetermined volume of fluid for filling the battery, the
      delivering of that fluid through a nozzle assembly into the battery, and
      the subsequent delivery of the filled batteries for further processing.
      These fundamental features, plus several ancillary ones which insure
      effective operation of the principles of the present invention, are
      embodied in the machinery shown in two views in FIGS. 1 and 2, which
      machinery in turn involves the apparatus shown in greater detail in FIGS.
      3 through 11.
PAR  For purposes of illustration, two batteries are shown, designated 117 and
      118, which are being processed. The first battery 117 is shown in the
      process of being filled, and the second battery 118 is positioned such
      that it will be the next one to be filled. The batteries move generally
      along a conveyor table having side support members 100 and 103 and support
      legs 104, 105, 106 etc. The moving portion of the conveyor is defined by a
      plurality of rollers 153 through 172 over which the batteries move. The
      battery filling operation is conducted at a station defined by upright
      structural members 101 and 102 connected by transverse structural members
      107, 108, and 109. Immediately behind and above the conveyor table defined
      by rollers 153 through 172 is a tank 111 which holds a supply of acid or
      other appropriate electrolyte which is to be transferred in appropriate
      quantities into the batteries 117, 118, etc. Attached to the lowermost
      transverse structural member 107 through bearings 148 and 149 is a
      vertically movable rack having arms 114 and 116 slidably mounted through
      the bearings 148 and 149 and affixed by means of a transverse structural
      member 944. At the bottom of the arms 114 and 116 is an assembly shown
      generally as 113 which includes an adjustable template 134 and a plurality
      of nozzles 128 through 133 adjustably connected thereto. By means of the
      adjustment mechanism including the nozzles 128 through 133 and the plate
      134, along with other apparatus, the nozzles may be adjusted properly such
      that when a battery 117 is positioned for filling, the lowering of the
      assembly 113 causes the nozzles 128 through 133 to mate exactly with the
      inlet ports of the battery 117. Thereupon, fluid may be provided by means
      of the hoses 122 through 127 and into the battery 117.
PAR  Affixed to the uppermost transverse structural member 109 are a pair of
      arms 119 and 121 which support a counterweight system. Attached to the two
      arms 114 and 116 of the nozzle assembly 113 are lines 138 which extend
      through appropriate pulleys on the arms 119 and 121 and to counterweights
      which enable the assembly 113 to be moved upwardly and downwardly by means
      of the hydraulic piston and cylinder arrangement 141 and 145 to fill
      batteries at appropriate times. Also arrayed on the arms 119 and 121 are a
      counterweight system utilizing lines 139 which in turn are connected to
      operate the support arms 140 and 142 which in turn manipulate the
      apparatus for transferring electrolyte from the tank 111 to the battery
      such as 117.
PAR  More particularly, the middle transverse structural support member 108 has
      bearings 151 and 152 mounted thereon with the rods 140 and 142 extending
      therethrough. The lower portions of the rods 140 and 142 terminate in an
      adjustable mechanism including a battery shell 143, a pivotable table 144
      which may be locked to a fixed member 147 by means of a set screw 145, and
      a template 146 which indicates the angle at which the battery 143 is
      locked. The hoses 122 through 127 are connected from chambers in the
      battery shell 143 downwardly to the nozzles 128 through 133 such that,
      when the battery shell is immersed in the tank 111 and is lifted therefrom
      by the hydraulic cylinder mechanism 642, electrolyte flows from the shell
      143 downwardly through the hoses 122 through 127 and into the battery 117.
PAR  As will be disclosed hereinafter, the tilting of the support 144 for the
      casing 143 to a degree projected on to template 146 fixes the amount of
      electrolyte which is accumulated in the casing 143 and therefore which
      subsequently is delivered to the battery 117. Hence, adjustment of the
      tilt of the casing 143 serves as a convenient adaptation for the filling
      of batteries of arbitrary size.
PAR  The apparatus of FIGS. 1 and 2 also involves a manipulative facility for
      select ones of the conveyor rollers 153 through 172 whereby one battery
      such as 117 is placed precisely in position for filling while all others,
      such as 118, are prevented from interfering with the filling process. This
      adjustment procedure is embodied chiefly by the pivotable mounting of two
      of the rollers 159 and 167 over their next adjacent counterparts 160 and
      168 under the control of a hydraulic cylinder 179. Also, whenever a
      battery such as 117 is prevented from further conveyance by the upward
      pivoting of roller 159, another cylinder 183 causes two clasping arms 186
      and 187 to pivot upwardly between rollers 161 through 163 and secure the
      battery 117 against bumpers such as 301, 302, 303 etc. Thus, in sequence,
      the battery 117 is conveyed forwardly until it meets the upwardly pivoted
      roller 159, whereupon the arms 186 and 187 push it exactly into place for
      the nozzles 128 through 133 to be lowered downwardly and to mate with the
      inlet ports thereof. Whenever the filling process is completed, the arms
      186 and 187 pivot downwardly, as do the rollers 159 and 167, and the
      batteries are further conveyed for processing.
PAR  The foregoing cursory description of the embodiment of FIGS. 1 and 2 may be
      more clearly understood by considering several of the component parts
      individually, and relating the individual performance to that of the
      overall apparatus.
PAR  FIGS. 3, 4 and 5 show how the conveyor table operates to position batteries
      such as 117 and 118 appropriately for filling. In the figures, the rollers
      153 through 172 are stationary such that the batteries pass thereover
      being conveyed from right to left. Two of the rollers 159 and 167 are
      pivotally mounted by means of pivot arms 173 and 174 about their next
      corresponding rollers 160 and 168. Thus, when the cylinder 179 is
      energized to push plunger 181 outwardly, a sway bar 178 is pivoted, and by
      means of shaft 180, another arm 199 is moved similarly. This in turn
      causes the rollers 159 and 167 to move pivotally above the corresponding
      next rollers 160 and 168.
PAR  In a preferred embodiment, a photoelectric or other similar sensor located
      in the region between the first upright support member 101 and the nozzle
      filling assembly 113 senses the passage of a battery there-beyond and
      energizes the cylinder 179 to pivot rollers 159 and 167 as shown in the
      drawings. Thereupon, the first battery 117 is prevented from moving beyond
      the location of the filling assembly 113, and all other batteries such as
      118 are prevented from moving into the region of the filling assembly 113
      by the second pivoted roller 167.
PAR  Whenever the battery such as 117 is to the point of restraint by the roller
      159 above roller 160, a second cylinder 183 is energized to retract its
      piston 304. By means of a rack 306 with a pinion gear 307, a shaft 184
      located longitudinally beneath the rollers 153 through 172 is turned
      accordingly. Attached to the shaft 184 are two arms 187 and 186 which are
      moved upwardly, make contact with the battery 117, and push it toward the
      innermost lateral support member 100 of the conveyor table. Located on the
      top portion member 100, however, is a series of bumpers 188, 189, 301,
      302, 303, etc. The sidewise motion of the battery which then abuts roller
      159 therefore places it in a fixed predetermined position below the nozzle
      filling assembly 113. Thereupon, the nozzle assembly 113 may be lowered
      over the battery 117 and the filling process may be accomplished. After a
      fixed, predetermined time, the battery filling procedure is completed and
      the cylinders 179 and 183 may be energized to turn the arms 187 and 186
      downwardly below the rollers 153 through 172, and to pivot the rollers 159
      and 167 back to the position shown in phantom in FIG. 4. Thereupon, the
      rollers 153 through 172 move the batteries onward, with the passage of
      battery 118 through the control circuit, not shown, once more energizing
      the rollers 159 and 167 to position battery 118 beneath the nozzle filling
      assembly 113.
PAR  It is to be understood that the above mentioned photoelectric control
      system, not shown, is but one of a large number of control options.
      Mechanical switch trip mechanisms or the like might be used with similar
      facility, and likewise being integrated with the other control and timing
      apparatus to achieve orderly, coherent operation.
PAR  FIG. 6 shows a counterweighting scheme whereby the nozzle filling assembly
      113 and the ladling system 143 may be easily and efficiently operated. The
      lines 138 and 139 by which the respective movable assemblies are mounted
      run over a plurality of pulleys 603 through 613 as shown to utilize the
      counterbalancing effect of a pair of weights 601 and 602 which preferably
      are mounted within the upright structural members 101 and 102 of the
      machine. More particularly, structural arms 114 and 116 of the filling
      assembly 113 are countered by weight 601. More particularly, line 138
      which connects arms 114 and 116 passes over pulleys 612, 605, 611, through
      the upward portion of weight 601, and back over pulleys 611, 607, and 613.
      Similarly, the ladling system including casing 143 is countered by weight
      602, whereby line 139 is connected over pulleys 603, 604, 605, and 606,
      through the top of the weight 602, and back up over pulleys 606, 607, 608,
      and 609. Therefore, weight 601 moves up and down in the opposite direction
      of the filling assembly 113, and weight 602 moves similarly relative to
      the ladling assembly including casing 143.
PAR  The apparatus whereby fluid is taken from the tank 111 and coupled by means
      of gravity flow into the battery such as 117 through the hoses 122 through
      127 and nozzles 128 through 133 is shown in detail and in cross-section in
      FIGS. 7 through 9. More particularly, FIG. 7 and 9 represent cutaways as
      shown, and FIG. 9 illustrates the construction of the casing 143 which is
      used as a ladle.
PAR  As was discussed hereinbefore, one of the outstanding features of the
      apparatus embodying the principles of the present invention is its
      adaptability to process batteries of varying size and structural
      characteristics with only minor alteration of the processing machinery. As
      may be seen from the figures, the ladling mechanism involves a casing 143
      which is mounted by means of brackets 727 and 728 onto a pivotable table
      144. In addition to serving the basic support structure for the casing
      143, the table 144 is configured to define pointers at either end which,
      when the table 144 is pivotally connected to the fixed member 147, overlay
      the templates 146.
PAR  The casing 143 which is shown is designed to process batteries having six
      internal chambers and having volume dimensions generally the same as that
      of the casing 143. The casing 143 defines outlets 715 through 720 on its
      bottom surface near one sidewall, which outlets vent corresponding ones of
      the chambers 709 through 714 into the hoses 128 through 133. Thus, as the
      casing 143 is fixed on the level or is tilted in the direction of the side
      nearest the outlets 715 through 720, fluid in the chambers 709 through 714
      will be permitted to flow through corresponding hoses 128 through 133,
      respectively. The wall of the casing 143 opposite the one nearest the
      openings 715 through 720 also defines a plurality of overflow ports 721
      through 726, one overflow port being provided for each of the chambers 709
      through 714. The ports 721 through 726 serve the function of limiting the
      amount of fluid which will be taken from the tank 111 and coupled into the
      battery such as 117 through the hoses 128 through 133. Clearly, depending
      upon the degree of tilt at which the table 144 is fixed relative to the
      vertical, a different fluid level within the respective chambers 709
      through 714 will be achieved, with the lower edge of the overflow ports
      721 through 726 and the upper edge of the wall opposite the ports 721
      through 726 forming the extremes for the fluid level within the casing
      143. Of course, gradations in the tilt of the table 144 and of the casing
      143 will correspondingly alter the amount of fluid retained in the
      chambers 709 through 714.
PAR  The table 144 is attached to the fixed structural member 147, and, in turn
      to the support rods 140 and 142 by means of pivot pins 701 and 702. Also,
      a pair of adjustment knobs 145 and 745 penetrate both the table 144 and
      member 147, the former opening being configured as an elongated arc which
      permits the table 144 to be rotated about the pivot points 701 and 702.
      Correspondingly, such pivoting of the casing 143 and table 144 alters the
      position of the pointer extensions of the table 144 which overlay the
      template 146. Inscribed on the template 146 are markings corresponding to
      the various angles defined by the table 144 relative to the fixed vertical
      member 147. Furthermore, each such position of the table 144 corresponds
      to a different fluid volume retainable within the chambers 709 through
      714. The combined apparatus of FIGS. 7 through 9 may therefore be utilized
      to select a volume of fluid desired to be coupled to the batteries such as
      117. Once such volume is determined, and the pointer extension of table
      144 is moved to the desired corresponding position on the template 146,
      the knobs 145 and 745 may be tightened to lock the casing 143 and the
      table 144 in that position. Thereupon, each time the apparatus is lowered
      into and withdrawn from the tank 111, the same predetermined amount of
      fluid always will be taken.
PAR  It will therefore be apparent that the apparatus of FIGS. 7 and 9 provides
      extensive adaptability with minimal inconvenience. For most applications,
      the tilt variation of the casing 143 and the concomitant variation of
      fluid in the chambers 709 through 714 will provide ample adaptability to
      fill batteries of varying volume. In the case in which batteries much
      larger or much smaller than the casing 143 must be filled, a brief
      unfastening of the brackets 727, 728, and the like, and a replacement of
      the casing on table 144 will be all that is required. This is in marked
      contrast to many prior art systems, which, by utilizing pumps, require
      much more complex and yet less arcuate adjustment in order to change the
      amount of volume transferred from a tank such as 111 to a battery such as
      117.
PAR  It will also be apparent that the isolation of each of the chambers 709
      through 714 in the casing 143, in direct correspondence to individual
      chambers in the battery, minimizes the possibility that any given cell
      will either be overfilled or underfilled, That is, in many prior art
      systems, all of the delivery hoses such as 128 through 133 are fed either
      by a single pump or by single chambered containers. In such systems, if a
      crimp occurs in one of the hoses, or if the pump operation is impeded or
      altered, corresponding overfill or underfill of the battery will result.
PAR  It is to be understood that the six chambered casing 143 is submitted as an
      exemplary embodiment of six celled batteries. It is of course well within
      the purview of those skilled in the art to vary the internal construction
      of the casing 143 in order to accomodate similarly variant batteries.
      Likewise, the relative positioning of the outlets 715 through 720 and of
      the overflow ports 721 through 726 is a design option to be manipulated as
      necessary for different sorts of battery filling operations.
PAR  Another of the extensive adaptability features embodied in the apparatus of
      the principles of the present invention may be seen from consideration of
      the acid filling assembly 113, shown generally in FIGS. 1 and 2 and in
      greater detail in FIGS. 5, 10 and 11. Generally, the assembly 113 includes
      nozzles 128 through 133 which are connected to the hoses 122 through 127
      through respective corresponding mounting blocks 936 through 941. The
      blocks 936 through 941 are slidably mounted on a pair of rods 901 and 902
      which are rigidly connected at either end to a pair of terminating blocks
      934 and 935. The terminating blocks 934 and 935 in turn are respectively
      connected to the support arms 114 and 116 of the assembly 113. Thus,
      raising or lowering of the arms 114 and 116 and therefore of the assembly
      113 by means of the cylinder and plunger arrangement 141 and 145
      correspondingly raises or lowers the nozzles 128 through 133 in unison.
      Therefore, whether the nozzles are positioned above the battery filling
      station antecedent to coupling with the battery, or alternatively whether
      they are lowered such as shown in FIGS. 1 and 2 to mate with the battery
      inlet ports and couple electrolyte fluid thereto depends upon the
      operation of the cylinder and plunger mechanism 141 and 145 in conjunction
      with counterweight 601 of the counterweighting system shown in FIG. 6.
PAR  The lateral position of the nozzles 128 through 133 is established by the
      overlayment of a template 134 which is mounted on the terminating blocks
      934 and 935 and which is penetrated by predetermined sets of holes to
      accomodate protuberances from each of the support blocks 936 through 941.
      More particularly, it may be seen in FIG. 10 that each of the blocks 936
      through 941 includes a protuberance 928 through 933 at substantially
      identical locations on the front faces thereof. Each of these
      protuberances 928 through 933 is designed to fit in any of the holes which
      penetrate the template 134. Accordingly, the positioning of the template
      relative to the end locks 934 and 935 establishes a fixed predetermined
      set of positions for the blocks 936 through 941 and therefore for the
      nozzles 128 through 133, because positioning of the template 134 requires
      the blocks 936 through 941 to be positioned such that the respective
      protuberances 928 through 933 mate with various ones of the holes in the
      template 134 to accommodate different sized batteries, or batteries of
      different numbers of cells, or of different sized cells, for example.
PAR  More specifically, the template 134 is penetrated at either end by
      elongated openings 949 and 951 through which the template is attached to
      the terminating blocks 934 and 935. This attachment is accomplished by
      securement elements 137 and 136, which respectively have cam and screw
      elements 942 and 943 to lock into blocks 934 and 935 in opposition to the
      force of a pair of springs 904 and 903. The screw elements actually secure
      a cam device which only requires upward or downward movement to loosen the
      template for adjustment. The blocks 934 and 935 each include protuberances
      947 and 948, however, which respectively fit into one of the openings of
      the sets of holes 952 and 959 in the template 134. Thus, although the
      securement means 136 and 137 have a vertical movement range defined by the
      elongated openings 949 and 951, the positioning of the protuberances 947
      and 948 is limited to the location of the sets of openings 952 and 959.
      Once such positioning is established, corresponding positioning of the
      other sets of openings 953 through 958 in the template 134 are established
      for the protuberances 928 through 933 of the blocks 936 through 941. It
      may therefore be seen that, in the overall assembly such as shown in FIGS.
      1, 2, and 11, the lateral position of the nozzles 128 through 133 is
      established by the positioning of the blocks 936 through 941 relative to
      the openings in the template 134.
PAR  In a preferred embodiment, the nozzles 128-133 are slidably mounted within
      the blocks 936-941 to operate a pressure sensitive timing and control
      actuator. That is, the downward movement of the nozzles 128-133 to mate
      with inlet ports of the battery 117 may be utilized as an actuation
      stimulus for other operations. Hence, if the nozzles 128-133, upon meeting
      the battery 117 and being compressed upward within the blocks 936-941
      actuate a pressure sensitive switch, various timing operations (e.g.
      various ones of the waveforms of FIGS. 12(A) through 12(H)) may be
      commenced, and later terminated, and select ones of the drive cylinders
      such as 642 may be driven against the almost balanced counterweight system
      of FIG. 6. In preferred embodiments, control is also provided for the
      eventuality of a false signal, wherein the head comes down with no battery
      present. The mechanism, upon not finding a battery, will automatically
      abort the remaining portion of a cycle, preventing the operation of the
      ladle mechanism.
PAR  An additional feature of the counterweight system is to insure that in the
      event of power failure, loss of pneumatic or hydraulic pressure, or other
      such control malfunctions, the fill head and ladle will assume a position
      which avoids spillage of corrosive acid on conveyor or personnel.
PAR  One feature of the ladle design is, by the inclusion of the overflow ports,
      the beginning of the ladle movement causes overflow to take place prior to
      reaching gravity flow height. It is therefore unnecessary to maintain
      constant or accurate levels in the supply tank 111.
PAR  It is to be understood that the protuberance with template arrangement
      shown in FIGS. 10 and 11 is not restricted in terms of utility to battery
      filling apparatus. Rather, many aspects of the battery manufacturing
      process utilize machinery which is repeatedly coupled to specific parts of
      batteries, withdrawn therefrom, and so on. Weldment of battery posts is
      one such example. Therefore, the free adaptability afforded by the
      template overlayment such as shown in FIG. 10 would be quite useful and
      effective in conjunction with all such processes. It is also to be
      understood that the locations of the openings 952 through 959 on the
      template, with consequent alteration of the lateral position of the
      nozzles 128 through 133 is a freely variable design option, depending upon
      the characteristics of the process utilized.
PAR  One further feature of the nozzle arrangement utilized in accordance with
      the principles of the present invention may be seen from FIG. 5. That
      drawing shows one of the nozzles 133 in its mating position over a cell
      inlet port 506 of the battery 117. As shown, the nozzle includes an
      opening 504 which communicates with the corresponding feed hose and which
      is defined by the principal structural element 501. The lower portion of
      the nozzle 133 is tapered to mate properly with variably sized inlet ports
      of the battery cells. Additionally, however, the tapered portion 502 of
      the nozzle 133 is penetrated in one or more places such as 503 in order to
      vent the cell while it is being filled, such that the free flow of
      electrolyte down into the cell will not be impeded.
PAR  The foregoing discussion of the apparatus of FIGS. 10 and 11 has
      demonstrated many of the structural features of the present invention.
      From a consideration of that apparatus in conjunction with the waveforms
      of FIG. 12, an exemplary mode of operation may be seen. In FIG. 12, the
      abscissa read from left to right represents passage of time. The ordinate
      values of each of the waveforms are binary, with the two levels generally
      represented in accordance with the following.
PAR  Prior to the entry of any battery down the conveyor, beyond the first
      structural member 101 and into the control system, not shown, the acid
      filling assembly 113 is assumed to be raised upwardly above the eventual
      position for battery filling, and the ladling apparatus including the
      casing 143 is immersed in the tank 111. The entry of the battery into the
      filling range and its presence therein is represented by the upward
      portion of the FIG. 12(A) waveform. As is shown in FIG. 12b, whenever the
      battery does enter the critical region and triggers the control mechanism,
      the stop gate represented by the upward pivoting cylinder and piston
      arrangement 179 and 181 is activated to pivot rollers 159 and 167 upwardly
      as detailed hereinbefore. After allowing sufficient time for the battery
      such as 117 to come to rest against the upwardly pivoted roller 159, two
      processes occur. First, as is shown in waveform FIG. 12(12), cylinder 183
      is energized and the arms 187 and 186 pivot upwardly to secure the battery
      such as 117 against the rear bumpers 301 through 303. Simultaneously, a
      timed process begins which controls the subsequent positioning of the
      filling assembly 113 and the ladling assembly including the casing 143.
      The automatic timing operation is shown in the waveform of FIG. 12(C).
PAR  Once sufficient time is allowed for the arms 187 and 186 to clamp the
      battery in its proper position, the filling assembly 113 is lowered to the
      position shown in FIGS. 1 and 2 by the energizing of the cylinder 141 and
      its corresponding piston 145. The lowering of the filling heads 113 is
      shown in the waveform of FIG. 12(E). Once the nozzles 128 through 133 are
      positioned matingly with the battery, the ladling mechanism including
      casing 143 is raised in accordance with the waveform of FIG. 12(F). This
      lifting of the casing 143 permits the electrolyte to flow downwardly from
      the casing, through the hoses 122 through 127 and into the various battery
      cells. A timing process such as shown in FIG. 12(G) insures that the
      electrolyte will be allowed sufficient time for a gravity flow into the
      battery 117. At this point, as indicated in the timing waveforms of FIGS.
      12(C) and 12(G), all relevant procedures are completed and the battery,
      now filled, may be moved along the conveyor system for further processing.
      Consequently, the filling head assembly 113 may be raised from position,
      the ladling assembly may be lowered once more into the tank 111, the
      cylinders 179 and 183 may be energized to retract the arms 187 and 186 and
      to pivot the stop gates 159 and 167 downwardly, and thereby to permit
      movement of the battery down the conveyor. As is shown in FIG. 12(H), a
      counter may be energized by the signal pulse shown to indicate the number
      of batteries thus processed. Thereupon, the apparatus remains prepared for
      entry and processing of the next battery, such as 118.
PAR  It is to be understood that the foregoing suggested process and apparatus
      as exemplified the figures are intended to be illustrative of a preferred
      mode of operation, but that many options readily will occur to those
      skilled in the art without departure from the spirit or the scope of the
      principles of the present invention. For example, the interrelationship of
      the timing waveforms of FIGS. 12(A) through 12(H) may be extensively
      varied so long as they insure that the nozzles are properly positioned
      when electrolyte is permitted to flow from the casing 143 through the
      hoses 122-127.
PAR  In the foregoing discussion, little mention has been made of control and
      timing apparatus. It will be appreciated that many such systems, well
      tailored to the particular control sequences and processing rates desired,
      are commercially available and well known in the art. Similarly, the
      actuation apparatus including the various cylinder and piston combinations
      179 and 304, 141 and 145, 183 and 181, and 642 and 641 may be any of the
      hydraulic, pneumatic, or other such well known machinery.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the battery manufacturing art, apparatus for simultaneously
      depositing predetermined metered amounts of fluid into different separated
      cells of a battery at a predetermined location comprising: a supply tank
      for containing fluid; ladling means carried outside the tank but mounted
      for immersion in said tank to collect therefrom a predetermined amount of
      fluid; wherein said ladling means has separated independent chambers
      corresponding respectively to each separate cell in said battery and
      comprises a casing having a bottom portion and side portions, said bottom
      portion defining separate gravity flow outlet ports for each said chamber
      and said side portions defining at least one drainage port for each said
      chamber for independently limiting the fluid content of each said chamber
      of said ladling means, said casing having opening means at an upper end
      separate from said gravity flow outlet ports, for inflow of fluid upon
      immersion of said ladling means; means for connecting said ladling means
      to said battery for transferring fluid therebetween; and means mounting
      said ladling means for periodic immersion in said tank and for raising
      said ladling means above said predetermined location, whereby the fluid
      automatically flows under the influence of gravity from said ladling means
      to said battery.
NUM  2.
PAR  2. Apparatus as described in claim 1 including nozzle means having a
      plurality of downwardly tapered elements respectively mateable with inlet
      ports of said batteries, said elements each defining a least one air
      escape notch allowing the interior of said batteries to communicate with
      the ambient atmosphere during the filling process.
NUM  3.
PAR  3. Apparatus as described in claim 1 wherein said means for transferring
      includes:
PA1  a plurality of nozzles movable to overlay cells of said battery, said
      nozzles corresponding respectively to each separate cell in said battery
      and being configured to mate with inlet ports for said cells; and a
      plurality of conduits connecting said nozzles with associated chambers in
      said ladling means.
NUM  4.
PAR  4. Apparatus as described in claim 1 wherein said mounting means for said
      ladling means and said nozzles are disposed for vertical movement and are
      provided with first and second counterweights pulley mounted on said
      apparatus for counterbalancing, respectively, the vertical movements of
      said nozzles and ladling means.
NUM  5.
PAR  5. Apparatus as described in claim 1, with means for selectively
      accomodating the filling of batteries of different sizes, including means
      for adjustably and selectively tilting said ladling means to any of a
      variety of predetermined angles, and including means for fixing the angle
      of tilt of said ladling means at a selected predetermined angle whereby
      independent overflow of fluid from each said drainage port caused by the
      tilted disposition of said ladling means correspondingly controls the
      fluid content of associated chambers of said ladling means each to a
      predetermined amount and consequently controls the amount of fluid
      deposited into cells of a battery.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said means for tilting
      includes:
PA1  a fixed scale template; and pointer means connected to said ladling means
      and pivotable to overlay template, thereby indicating the degree of
      tilting of said ladling means.
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ABST
PAL  A valve and control system for filling sequentially presented containers
      with measured charges of semi-solid food product and the like from a feed
      hopper is provided in which the food product is charged into a product
      cylinder from the feed hopper through the valve and then discharged into a
      container through the valve in timed sequence with the reciprocating
      strokes of a piston in the product cylinder. Means are provided to monitor
      the discharge stroke of the piston to reverse the valve from the discharge
      position to the charge position before the discharge stroke of the piston
      is completed to cause the food product in the product cylinder to be
      returned to the feed hopper. This results in a dynamic discharge that
      precludes tailing of the food product at the valve discharge port and
      maintains the food product in the feed hopper in a homogenized state. The
      stroke of the piston is adjustable to predetermine the quantity of food
      product dispensed. An override is provided to preclude discharge of food
      product in the absence of a container to filled.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to metering devices for dispensing semi-solid food
      products, and more particularly to a volumetric valve structure and
      control system for same for dispensing predetermined quantities of
      semi-solid material into a succession of containers.
PAC  BACKGROUND OF THE INVENTION
PAR  In the automated packaging of semi-solid food products such as cottage
      cheese it is highly desirable that products be accurately measured into
      containers and that product waste be reduced to a mimimum during the
      filling process.
PAR  In the prior art for example, valves for metering such food products into
      containers have suffered from what is known in the art as "tailing", i.e.,
      the retention of such food product in the outlet nozzle or spout of a
      dispensing valve which tends to drop out of the spout under the force of
      gravity or under the drawing effect of preceeding food product as it exits
      the dispensing spout, with the end result that different volumes of food
      are presented to each successive container and spillage of the food
      product occurs between the presentations of containers resulting in
      product waste and potentially unsanitary conditions since the need for
      cleaning of the equipment area is increased and rendered more difficult.
PAR  Past efforts to prevent tailing and waste have involved the use of complex
      valve motions such as a suction stroke after the dispensing stroke to draw
      material back into the dispensing spout and multiple piston valves with
      the attendant requirements of complex volume adjustments, timing and
      control systems and difficulty in cleaning and sanitizing the valve
      structures.
PAR  Thus, there is a long felt need in the art for a simple and accurate
      volumetric filling valve and control system for same which is fully
      adapted for the automated filling of containers with semi-solid food
      products and which, at the same time, precludes tailing, minimizes waste
      and can be cleaned and sanitized with a minimum of effort. Furthermore, an
      additional desired feature in any such valve is the ability to make rapid
      and accurate volumetric adjustments of such a valve without the necessity
      of shutting down the filling machine with which it is associated during a
      production run.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and novel
      volumetric valve for dispensing semi-solid food products.
PAR  Another object of the present invention is to provide a new and novel
      volumetric valve and control system for same for the automated dispensing
      of semi-solid food products into a succession of containers with maximized
      accuracy and minimized waste.
PAR  Another object of the present invention is to provide a new and novel
      volumetric valve and control system for same for the automated dispensing
      of semi-solid food products into a succession of containers with maximized
      accuracy and minimized waste; and which valve is adjustable while
      operating to preclude the necessity of shutting down its associated
      equipment during a production run.
PAR  These and other objects of the present invention will become more fully
      apparent with reference to the following detailed description and drawings
      which relate to a preferred embodiment of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  A gravity hopper is provided for holding semi-solid food product and has a
      bottom dispensing port feeding into one side of a valve chamber containing
      an oscillatable cylindrical valve spool having an arcuate valve passage
      cut therein transverse to the axis of rotation of the cylinder.
PAR  In one position of the valve spool, the outlet port of the feed hopper is
      placed in communication with a pump chamber or product cylinder in which a
      product piston reciprocates to draw material from the feed hopper on a
      first stroke and force the material out through the valve spool on a
      second stroke.
PAR  In a second position of the valve spool, the product cylinder is placed in
      communication with an outlet port in the valve body so that the second
      stroke forces food product out through the outlet port (and into a
      container beneath that port.)
PAR  The stroke of the product piston is adjustable to meter the amount of food
      product drawn into the product cylinder from the feed hopper as well as
      the amount ultimately dispensed through the dispensing (valve outlet)
      port.
PAR  The valve spool is oscillated between its first and second positions in
      timed synchronism with the strokes of the product piston and further, as
      constrained by the presence or absence of a container beneath the
      dispensing port, such that the material is always dispensed under positive
      pressure from the product piston and not by gravity action. Specifically,
      the valve spool is abruptly actuated from its second (dispensing) position
      to its first (charging) position before the product piston has completed
      its second (dispensing) stroke. When this occurs, the product being
      dispensed has sufficient retained velocity to fully discharge into a
      waiting container and the excess product present in the product cylinder
      is forced back into the feed hopper.
PAR  This latter action has the additional useful purpose of agitating the
      semi-solid food product in the hopper for each reciprocation of the
      product piston, thus precluding settling and separation and enhancing the
      homogeneity of the food product.
PAR  The dispensing outlet on the valve body has a minimal axial length such
      that there is substantially no spout area in which food product can
      collect and either tail or spill out by gravity. Accordingly,
      substantially the entire volume of food product delivered to the
      dispensing outlet by the product piston ends up in the container to which
      it is directed.
PAR  In the absence of an unfilled container in registry with the dispensing
      outlet, this condition is sensed and an override control is actuated to
      maintain the valve spool in its first (charging) position. The product
      piston, in the meantime continues to reciprocate and move food product
      back and forth between the feed hopper and the product cylinder.
PAR  In adjusting for the volume of product to be dispensed, the stroke of the
      product piston is adjusted. Since the valve spool is constantly timed with
      respect to the discharge or dispensing stroke of the product piston, only
      one degree of adjustment is required for an accurate volumetric discharge
      of the food product.
PAR  In the preferred embodiment of the invention timing cams operate pneumatic
      control switches to time pneumatic actuating cylinders for both the
      product piston and valve spool and a pneumatic switch is utilized to sense
      the presence or absence of a container to be filled. Basically, the stroke
      adjustment of the product piston is by a coarse and fine adjustment of a
      fulcrum point in the drive linkage between the product piston and its
      pneumatic actuating (stroke) cylinder, the latter operating at full
      stroke. A pneumatic sensor switch is provided adjacent the piston
      actuating (stroke) cylinder to sense the advent of the end of the
      discharge stroke of the product piston to thereby trigger the actuating
      (spool) cylinder for the valve spool to shift the latter to its charging
      position prior to the termination of the said discharge stroke.
PAR  The product cylinder is provided with removable sleeve liners of various
      dimensions and the product pistons are interchangeable to provide rapid
      adaptation of the invention to various volumetric ranges.
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PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and b is a side view of the valve of the present invention mounted
      on a container filling machine with details of the product piston verniers
      adjustment and timing control means in partial cross-section;
PAR  FIG. 2 is an end view of the valve of the present invention and its
      actuating (spool) cylinder looking into the coupling port between the said
      valve and the product cylinder;
PAR  FIG. 3 is a cross-section of the valve and product cylinder of the present
      invention taken along line 3--3 of FIG. 1;
PAR  FIG. 3A is a perspective of the valve spool of the present invention;
PAR  FIG. 4 is an end view of the actuating (stroke) cylinder and stroke sensing
      mechanism of the present invention;
PAR  FIG. 5 is a cross-section of the adjustable fulcrum point of the present
      invention taken along line 5--5 of FIG. 1;
PAR  FIG. 6 is a partial cross-section of the vernier adjustment mechanism of
      the present invention taken along line 6--6 of FIG. 1;
PAR  FIG. 7 is a schematic diagram of the pneumatic timing and control circuit
      of the present invention; and
PAR  FIGS. 8A and 8B illustrate the two positions (charge and discharge) of the
      valve spool of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring in detail to the drawings and with initial reference to FIG. 1,
      the volumetric valve means 10 of the present invention is shown mounted
      outboard of the center post or standard 12 of a rotary container filling
      machine which is schematically shown as including a container advancing
      dial 14 which is driven in rotation about the center post 12 in a manner
      well known in the art. Similar machines are shown in U.S. Pat. No.
      3,225,889 of John B. West issued Dec. 28, 1965, in which various
      subassemblies are mounted outboard of a center post and driven by a common
      drive means through suitable power takeoff gearing.
PAR  In the present invention, a first vertical bracket 12A is provided above
      the container dial 14 to removably mount the rotary valve 16 of the
      present invention immediately above the container retaining area of the
      dial 14 by means of bolts 16A or any other suitable connecting means.
PAR  A container 18 to be filled from the rotary valve 16 is shown positioned
      beneath the valve 16 in the dial 14.
PAR  The bracket 12A further includes a horizontal bearing plate 12A1 through
      which is mounted, in suitable journal bearings 20A, a timing cam shaft 20
      having a power takeoff gear 20B at its lower end and a multiplicity of
      timing cam means 20C at its upper end; the said shaft 20 and the timing
      cam means 20C being driven in synchronism with the container dial 14 and
      the remainder of the filling machine by the power takeoff gear 20B in a
      manner well known in the art.
PAR  The timing cam assembly 20C includes a charge cam 20C1, a discharge cam
      20C2 and a pulse cam 20C3 operating through suitable follower means F1, F2
      and F3, respectively, to activate pilot valves PV1, PV2 and PV3 in timed
      synchronism with the drive of the filling machine.
PAR  A second vertical bracket 12B is provided beneath the container dial 14
      having a vertical extension 12B1 on which is mounted a container sensor
      assembly 22 comprising an upstanding sensing finger 22A spring biased via
      a pivot 22B and leaf spring 22C into the path of the container 18 in the
      dial 14 such that the sensinger finger 22A is pivoted clockwise of the
      pivot 22B when a container 18 is in proper position beneath the rotary
      valve 16 to receive a dispensed charge of food product or the like.
PAR  This displacement of the sensing finger 22A actuates a valve button or
      trigger 22D on a pilot valve PV4 for the purpose of enabling a dispensing
      sequence in the valve 16 as will be more fully described hereinafter.
PAR  A horizontal extension 12B2 is provided in the bracket 12B on which is
      secured a bifurcated support bracket 24 for a pneumatic stroke cylinder
      STROC, the latter being mounted on a suitable pivot 26 inboard of the
      bracket 24.
PAR  Mounted above the stroke cylinder STROC on the bracket 24 is a first
      control valve CV1 having forward and reverse pressure connections with the
      cylinder STROC 9 to be fully described with reference to FIG. 7) for
      driving the latter in a conventional manner, namely, reciprocation between
      two extreme positions.
PAR  The opposite end of the stroke cylinder STROC from its pivot 26 includes an
      axially extended support plate substantially parallel to the piston rod 30
      of the said stroke cylinder on which is mounted a discharge terminating
      pilot valve PV5 which, through a follower mechanism F5 is actuated by a
      limit cam LC mounted on the piston rod 30 of the stroke cylinder STROC to
      engage the follower F5 toward the outer extent of the stroke of the piston
      rod 30.
PAR  Referring jointly to FIGS. 1 and 4, there is shown a bifurcated socket 32A
      in the outboard end of the piston rod 30 which is adapted to receive a
      drive coupling or ear 32B near the lower end of a main drive link DL. The
      drive link DL is not shown in FIG. 4 in order that the relative positions
      of the limit cam LC, follower F5 and discharge control pilot valve PV5 can
      be more clearly shown.
PAR  A second main control valve CV2 is shown in FIG. 4 mounted inboard of and
      in registry with the first main control valve CV1 on the bifurcated
      support bracket 24. The second main control valve CV2 controls the stroke
      of a pneumatic valve spool driving cylinder hereinafter referred to as
      spool cylinder SPOC, to be more fully described hereinafter.
PAR  The main drive link DL is pivoted intermediate its ends by means of our
      adjustable fulcrum assembly 34 and is pivotally connected at its upper end
      via a pivotal drive connection 36 to the outboard end of a piston rod 38
      extending to a drive pin coupling 40 on the outboard end of a product
      piston PP mounted for reciprocation in a product cylinder PROC. The
      function of the product piston PP and product cylinder PROC is to draw
      material from a feed hopper H mounted above the rotary valve 16 and to
      discharge that material through the valve 16 into a container 18 or back
      into the hopper H, depending upon the position of the valve 16 as
      determined by the spool cylinder SPOC. The product piston PP is provided
      with a pair of O-rings or piston rings 42A and 42B to provide a traveling
      seal within the product cylinder PROC.
PAR  The drive connection 36 and the drive connection 32A-32B between the drive
      link DL and the piston rods 38 and 30, respectively, are substantially
      identical.
PAR  The stroke of the product piston PP is adjustable by means of the fulcrum
      assembly 34 which, referring jointly to FIGS. 1, 5 and 6, is shown as
      mounted in calibrated fulcrum slots FS formed in the bifurcated support
      bracket 24. The entire fulcrum assembly 34 is movable up and down in the
      slots FS by means of a clamp means 34A comprising a clamp lever 34A1,
      threaded shank 34A2 a cooperating washers 34A3, and a clamp nut 34A4
      engaging the threaded shank 34A2.
PAR  The clamp shank 34A2 extends through a clamp block 34B which is journalled
      on sleeve bearings 34C to rock on the clamp shank 34A2, the latter thus
      comprising a fulcrum shaft for the fulcrum assembly 34. Thrust bearing
      washers 34C1 are provided on opposite ends of the block 34B to complete
      the bearing structure for the fulcrum assembly 34.
PAR  The clamp block 34B is bifurcated at 34D in the provision of a split
      cylindrical socket for the drive link DL which can be loosened to permit
      fine adjustment of the drive link DL therein by loosening a tightening
      screw 34E threaded across the bifurcated portion 34D.
PAR  The drive link DL includes an outer cylindrical shaft member DL1 and an
      internal shaft member DL2 coaxial with the outer shaft DL1 and having a
      threaded portion DL2A intermediate the ends thereof. The internal shaft
      DL2 is journalled in bearing sleeves DL3A and DL3B at the top and bottom
      thereof and secured in place in the outer link DL1 by a cap nut DL4 at the
      top end and a crank block DL5 and cross pin DL6 at the bottom end.
PAR  A crank handle DL7 for rotating the internal shaft DL2 is mounted on the
      crank block DL5 by means of the cross pin DL6.
PAR  The threaded portion DL2A of the internal shaft DL2 is threaded in an
      adjustment sleeve DL8, the latter being held fixed at the bifurcated
      socket, portion 34D of the fulcrum block 34B by a set screw DL9 extending
      through a longitudinal slot DL10 in the outer drive link DL1 to permit
      relative movement of the outer link DL1 to the inner shaft DL2 when the
      latter is turned in the adjustment sleeve by turning the crank handle DL7.
      Thus, the outer drive link DL1 of the drive link DL can be placed at a
      coarse adjustment fulcrum position by the clamp assembly 34A1 - A4 and at
      a finely adjusted fulcrum position relative to the coarse adjustment
      position by means of the inner shaft DL 2, crank DL 7 and the interaction
      of the threaded portion DL2A with the adjustment sleeve DL8 in the
      bifurcated socket portion 34D of the fulcrum assembly 34.
PAR  Referring now to FIGS. 1, 2 and 3, the charging and dispensing valve 16 of
      the present invention is shown as including a housing 16A having an
      upstanding charging conduit 16B on the top of the housing 16A connected
      with the feed hopper H and an axially aligned discharge port 16C of
      relatively reduced diameter beneath the charging conduit 16B in the bottom
      of the housing 16A.
PAR  A horizontally disposed product conduit 16D having its axis transverse that
      of the charging conduit 16B and discharge port 16C is provided in one side
      of the valve housing 16A such that the various conduits and ports are in a
      general T-coupling configuration.
PAR  The product cylinder PROC and the product conduit 16D have mating flanges
      42 and a lock ring 44 holding them together such that one end of the
      product cylinder PROC is firmly mounted on the valve 16.
PAR  The spool cylinder SPOC is mounted on a rocker shaft 46 and clamp assembly
      48 which is welded or otherwise affixed to the exterior of the charging
      conduit 16B. A piston rod 50 extends from the spool cylinder SPOC into
      engagement with a clevis 50A pivotally connected to drive rod 50B
      extending through the valve spool assembly VS, the details of the latter
      being best shown in FIGS. 3 and 3A.
PAR  The valve spool assembly VS includes a cylindrical valve spool VS1 of
      molded nylon or the like having a pair of coaxial stub shafts VS2, one on
      either end thereof, over which are seated annular facing plates VS3 which
      overlay annular shoulders 16E at both sides of the valve housing 16A. A
      pair of O-rings VS4 are mounted one on each end of the valve spool VS1 to
      effect a seal with the interior surface of the valve housing 16A.
PAR  The valve spool VS1 is molded or milled out to provide an arcuate cavity
      VS5 therein that upon rotation of the spool VS1 to a first position (FIG.
      8A and as shown in broken lines in FIG. 1) connects the feed hopper H and
      the charging conduit 16B with the product conduit 16D and the product
      cylinder PROC. When the spool VS1 is rotated to a second position (FIG.
      8B) it connects the product cylinder PROC and product conduit 16D with the
      discharge port 16C.
PAR  The spool cavity VS5 is provided with arcuate edges VS5A which cooperate
      with the circular edges of the various conduits 16B, 16C and 16D to
      provide a scissors action (illustrated in broken lines in FIG. 3) to
      cleanly shear through the semi-solid food product that may be present at
      the interface of the said conduits with the edges VS5A of the spool cavity
      VS5 during rotation of the valve spool VS5 between its first and second
      positions.
PAR  It is desirable to have different capacities for the charging cylinder PROC
      depending upon the adjustable range of product volume in a given
      situation. Accordingly, as illustrated in FIG. 3, a smaller product piston
      PP1 and a sleeve liner SL are utilized within the product cylinder PROC to
      reduce the internal capacity of the latter and provide a finer degree of
      adjustment over the resulting range of product volumes dispensable at that
      capacity. The product piston PP1 is provided with O-ring seals 42A1 and
      42B1 to provide a sliding seal with the inner surface of the sleeve liner
      SL.
PAR  Referring now to FIG. 7, the pneumatic control circuit of the present
      invention is illustrated with the various pilot valves PV1 - PV5, control
      valves CV1 and CV2 and spool and stroke cylinders SPOC and STROC
      interconnected with a suitable pressure source PS as follows:
PAR  the pressure source PS has a common pressure lead PS1 connected to the
      input terminals A of the pilot valves PV1, PV2, PV3 and PV5 (NORGREN No.
      202B pilot valves) by appropriate branch lines;
PAR  each of the pilot valves PV1 - PV5 has an input terminal A, an output
      terminal B and an exhaust terminal C and is actuatable by a mechanical
      input such as the timer cams 20C1 - C3, cup sensor 22A and limit cam LC,
      respectively;
PAR  the main control valves CV1 and CV2 (HANNA No. 37-03-001-03 control valves)
      have pressure input terminals (3) connected with the main pressure line
      PS1, control input terminals (A) and (B), exhaust terminals (1) and (5)
      and output terminals (2) and (4); the various exhaust terminals in each of
      the valves PV1 - PV3, PV5 and CV1 and CV2 are provided with suitable
      mufflers M;
PAR  the output terminal B of the first pilot valve PV1 (actuated by the charge
      cam 20C1) is connected to one control input (A) of the first control valve
      CV1 which the output terminal B of the second pilot valve PV2 is connected
      to the other control input (B) of the first control valve CV1, the output
      terminals (2) and (4) of the latter being connected to opposite sides of
      the stroke cylinder STROC;
PAR  the stroke cylinder STROC is operated in a normally retracted mode and when
      advanced actuated the fifth pilot valve PV5 through the limit cam LC, the
      latter being carried by the piston rod 30 (FIG. 1) of said stroke cylinder
      STROC;
PAR  the output B of the fifth pilot valve PV5 is connected to one control
      terminal (A) of the second control valve CV2, the latter having its output
      terminals (2) and (4) connected to opposite sides of the spool cylinder
      SPOC which is operated in the normally advanced mode;
PAR  the other control terminal (B) of the second control valve CV2 is connected
      through a suitable flow controller FC with the output terminal B of the
      fourth pilot valve PV4, the latter being actuated by the container sensor
      22A and having its input connected to the output B of the third pilot
      valve PV3, the latter being actuated by the pulse cam 20C3;
PA1  clearly then, the flow path from the common pressure lines PS1 to the said
      other control terminal (B) of the second control valve CV2 is dependent
      upon the actuation of the pulse cam 20C3 and the simultaneous presence of
      a container 18 (FIG. 1) engaging the container sensor 22A.
PAC  OPERATION
PAR  The operation of the present invention will now be described with joint
      reference to FIGS. 1, 4, 7, 8A and 8B.
PAR  Assuming that the filling machine is shut down, the adjustable fulcrum
      assembly 34, via the fulcrum clamp 34A1, 34A2 is adjustably positioned in
      the fulcrum slot FS in the bifurcated bracket 24 such that the stroke of
      the product piston PP in the product cylinder PROC effected by the stroke
      cylinder STROC will be roughly adjusted to charge and discharge a
      predetermined volume of food product through the rotary valve 16.
PAR  Once operation of the filling machine has been started, a fine adjustment
      of the product volume dispensed is accomplished, during operation of the
      machine, by loosening the clamp screw 34E in the fulcrum assembly 34 and
      turning the crank handle DL7 to cause the drive link DL to vary its
      position in the bifurcated portion 34D of the fulcrum assembly 34 by the
      interaction of the threaded portion DL2A of the internal shaft DL2 with
      the threaded sleeve DL8. When the proper dispensed volume of food product
      is achieved, the clamp screw 34E is tightened to fix the adjusted fulcrum
      point with respect to the drive link DL and the production run of the
      machine is continued.
PAR  The hopper H is filled with a food product such as cottage cheese and the
      operation of the machine causes the power takeoff gear 20B to rotate the
      timing cams 20C1, 20C2, 20C3 via the cam shaft 20.
PAR  The charge cam 20C1 (assuming that this cam commences a cycle of operation)
      actuates the pilot valve PV2 which in turn drives the first control input
      (A) of the main control valve CV1 which connects actuating pressure to the
      stroke cylinder STROC to retract the piston rod 30 therein and cause the
      product piston PP to assume the position shown in FIGS. 1, 3 and 8A,
      drawing a charge of product from the hopper H, through the valve spool
      cavity VS5 of the rotary valve 16 into the product cylinder PROC.
PAR  The discharge cam 20C2 then actuates the pilot valve PV2 through the cam
      follower F2 and the pilot valve PV2 actuates the second control input (B)
      of the first control valve CV1 to reverse the stroke of the stroke
      cylinder STROC and extend the piston rod 30, thus, forcing the product
      piston PP inward of the product cylinder PROC generating a discharge
      stroke of the product piston PP.
PAR  The pulse cam 20C3 actuates the third pilot valve PV3 through the cam
      follower F3 substantially at the same time the product piston PP begins
      its discharge stroke, thereby applying a pressure signal from the output B
      of the third pilot valve PV3 to the input A of the fourth pilot valve PV4
      (FIG. 7), the latter being responsive to the output of the third pilot
      valve PV 3 only if there is a container 18 in the dial 14 beneath the
      discharge port 16C of the rotary valve 16 bearing against the sensing
      lever 22A.
PAR  First, if a container 18 is present, the fourth pilot valve PV4 will
      provide the final connection from the pressure source PS to the control
      input (B) of the second control valve CV2 through the series path PV3,
      PV4, FC and cause the spool cylinder SPOC to rapidly retract the piston
      rod 50, thereby rotating the valve spool VS via the clevis 50A and drive
      pin 50B to the discharge (second) position shown in FIG. 8B. This connects
      the product cylinder PROC with the discharge port 16C of the rotary valve
      16 through the valve spool cavity VS5 and the discharge stroke of the
      product piston PP forces the food product from the product cylinder,
      through the said spool cavity VS5, out of the discharge port 16C and into
      the container 18.
PAR  As the stroke of the power piston PP progresses toward the product port 16D
      of the rotary valve 16, the piston rod 30 of the stroke cylinder STROC
      progresses outward of the latter causing the limit cam LC to approach the
      follower F5 (FIG. 4) or the fifth pilot valve PV5. This limit cam LC
      engages the follower F5 and actuates the fifth pilot valve PV5 prior to
      the completion of the discharge stroke of the product piston PP.
PAR  The fifth pilot valve PV5, from its output B actuates the control input (A)
      of the second control valve CV2 and causes a substantially immediate
      reversal of the spool cylinder SPOC as a result. This rapidly extends the
      piston rod 50 and drives the valve spool VS back to its charge (first)
      position, thereby diverting the remaining food product in the product
      cylinder PROC back into the hopper H through the valve spool cavity VS5
      during the remainder of the discharge stroke of the product piston PP.
PAR  Two highly desirable results are thereby effected. One is that the flow of
      food product being dispensed through the discharge port 16C is terminated
      while substantial velocity remains in the discharge of that product. Thus,
      the product carries into the container 18 under its own inertia and none
      remains in the discharge port as a tail or in a condition to slowly drip
      from the discharge port 16C under the action of gravity. Therefore, the
      full charge being dispensed ends up in the container 18. The second result
      is that the excess food product returned to the hopper H is forcibly
      returned against the action of gravity causing substantial agitation of
      the food product in the hopper H and maintaining that product in a
      homogenized state which is augmented for each and every discharge stroke
      of the product piston PP.
PAR  Furthermore, the arcuate edge VS5A of the valve spool cavity VS5 cooperates
      with the arcuate inner edge of the discharge port 16 to cleanly shear
      through the food product on the return stroke of the spool cylinder SPOC
      to further preclude the accumulation of material in the discharge port
      16C.
PAR  Second, assuming that a cup 18 is not present in the dial 14, the fourth
      pilot valve PV4 will not operate and the flow path from the pressure
      source PS and the control input (B) of the second control valve CV2 cannot
      be completed.
PAR  This will cause the spool cylinder SPOC to remain in its normally extended
      condition, holding the valve spool VS5 in and the spool cavity VS5 in the
      charge (first) position of FIGS. 1 and 8A. The timing cams 20C1 - 20C3
      continue to rotate, however, and the first and second pilot valves PV1 and
      PV2 continue to cycle as a result. Accordingly the stroke cylinder STROC
      continues to cycle and drive the product piston PP through its charge and
      discharge strokes in the product cylinder PROC via the drive link DL.
PAR  This action results in continued withdrawal and return of food product from
      and to the feed hopper H, maintaining the homogenized state of the food
      product in the event of a lapse in supply of containers 18 in the dial 14
      as well as precluding operation of the rotary valve 16 until such time as
      a container 18 is available to receive a dispensed charge of food product.
PAR  As can be readily seen from the foregoing specification and drawings, the
      present invention provides a new and novel dispursing valve and apparatus
      for semi-solid food products having a positive dispensing action and
      retention of a homogenized condition of the food product and which further
      precludes tailing and spillage and improper dispensing of the product in
      the event of a lapse or failure of container supply in an automatic
      filling machine.
PAR  It is to be understood that the apparatus of the present invention may be
      modified as would occur to one of ordinary skill in the art without
      departing from the perspective and scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Means for dispensing measured charges of food product and the like from
      a feed hopper to each of a plurality of containers presented in sequence
      at a filling position, comprising:
PA1  a product cylinder having a piston reciprocable therein to provide charge
      and discharge strokes;
PA1  valve means having a charging port communicating with said feed hopper, a
      product port communicating with said product cylinder, a discharge port
      proximate to said container filling position and a valve element
      selectively interconnecting said product cylinder with said feed hopper
      and said discharge port;
PA1  first drive means reciprocating said piston to draw and return food product
      from and to said feed hopper and to discharge food product through said
      discharge port from said product cylinder as a function of the position of
      said valve element; and
PA1  second drive means for said valve element positioning said valve element in
      a first position to interconnect said product cylinder with said feed
      hopper and in a second position to interconnect said product cylinder with
      said discharge port in synchronism with said piston; and
PA1  timing means responsive to a predetermined position of said piston means
      during said discharge stroke to constrain said second drive means to
      switch said valve element from said second to said first position such
      that the remainder of said discharge stroke will return food product from
      said product cylinder back to said feed hopper and abruptly cut off the
      flow of food product through said discharge port to agitate the food
      product in said hopper and preclude tailing at said discharge port.
NUM  2.
PAR  2. The invention defined in claim 1, wherein said dispensing means further
      includes control means actuating said first and second drive means to
      synchronize said charge and discharge strokes of said piston with said
      first and second positions of said valve member.
NUM  3.
PAR  3. The invention defined in claim 1, wherein said dispensing means further
      includes:
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  4.
PAR  4. The invention defined in claim 1 wherein said dispensing means further
      includes:
PA1  control means actuating said first and second drive means to synchronize
      said charge and discharge strokes of said piston with said first and
      second positions of said valve member; and
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  5.
PAR  5. The invention defined in claim 1, wherein said piston includes a first
      piston rod; and
PA1  wherein said first drive means comprises a pneumatic stroke cylinder having
      an extendable second piston rod, a drive link connected at opposite ends
      to said first and second piston rods, and an adjustable fulcrum means
      intermediate the ends of said drive link;
PA1  said adjustable fulcrum means selectively controlling the stroke of said
      piston means and including coarse adjustment means and fine adjustment
      means, the latter being adjustable during reciprocation of said piston
      means to selectively determine the amount of food product drawn into said
      product cylinder from said feed hopper and dispensed from said product
      cylinder through said discharge port.
NUM  6.
PAR  6. The invention defined in claim 5, wherein said dispensing means further
      includes control means actuating said first and second drive means to
      synchronize said charge and discharge strokes of said piston with said
      first and second positions of said valve member.
NUM  7.
PAR  7. The invention defined in claim 5, wherein said dispensing means further
      includes:
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  8.
PAR  8. The invention defined in claim 5, wherein said dispensing means further
      includes:
PA1  control means actuating said first and second drive means to synchronize
      said charge and discharge strokes of said piston with said first and
      second positions of said valve member; and
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  9.
PAR  9. The invention defined in claim 1, wherein said valve element comprises a
      cylindrical valve spool rotatably mounted in said valve means and having a
      spool cavity formed therein to selectively interconnect said product
      cylinder with said feed hopper and said discharge port in said first and
      second positions thereof, respectively; and
PA1  wherein said second drive means comprises a pneumatic drive cylinder
      mounted on said valve means and having an extendable piston rod in driving
      connection with said valve spool, the extended and retracted positions of
      said extendable piston rod constraining said valve spool to said first and
      second positions, respectively, of said valve spool.
NUM  10.
PAR  10. The invention defined in claim 9, wherein said dispensing means further
      includes control means actuating said first and second drive means to
      synchronize said charge and discharge strokes of said piston with said
      first and second positions of said valve member.
NUM  11.
PAR  11. The invention defined in claim 9, wherein said dispensing means further
      includes:
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  12.
PAR  12. The invention defined in claim 9, wherein said dispensing means further
      includes:
PA1  control means actuating said first and second drive means to synchronize
      said charge and discharge strokes of said piston with said first and
      second positions of said valve member; and
PA1  sensing means sensing the presence and absence of a container at said
      filling position and disabling said second drive means in response to the
      absence of a said container to maintain said valve member in said first
      position during both said charge and discharge strokes of said piston.
NUM  13.
PAR  13. The invention defined in claim 9, wherein said valve spool cavity is
      defined with arcuate edge portions cooperating with said discharge port to
      provide a scissors action on said food product when said valve spool is
      returned from said second to said first position by said second drive
      means.
NUM  14.
PAR  14. The invention defined in claim 1,
PA1  wherein said first and second drive means comprise first and second
      pneumatic drive cylinders having first and second extendable piston rods,
      respectively extended and retracted to drive, respectively, said piston
      through said discharge and charge strokes and said valve element to said
      first and second positions;
PA1  wherein said dispensing means further includes first and second pneumatic
      control means actuating said first and second drive means, respectively;
PA1  said first control means comprising first and second pneumatic pilot means
      continuously cylcled to provide charge and discharge stroke signals and a
      first control valve responsive to said signals to drive said first drive
      means and said piston in the provision of said charge and discharge stroke
      of the latter in said product cylinder;
PA1  said second control means comprising third and fourth pilot means to
      provide first and second valve element position signals, respectively and
      a second control valve responsive to said position signals to drive said
      second drive means and said valve element to said first and second
      positions; and
PA1  wherein said timing means comprises cam means on said first extendable
      piston rod engageable with said fourth pilot means to actuate the latter
      and thereby constrain said second control valve and said second drive
      piston to constrain said valve element to return from said first position
      to said second position prior to the end of said charge stroke of said
      piston.
NUM  15.
PAR  15. The invention defined in claim 14, wherein said fourth pilot means
      further includes container sensing pilot means precluding actuation of
      said fourth pilot means and precluding the provision of said second valve
      element position signal in the absence of a container at said filling
      position.
NUM  16.
PAR  16. In a food product dispensing machine for filling each of a plurality of
      containers with a measured charge of food product from a feed hopper as
      said containers are sequentially presented at a filling station in said
      machine, the improvement comprising:
PA1  a dispensing valve having first and second operative positions;
PA1  a product cylinder having a reciprocating piston therein for charging said
      cylinder with food product and discharging food product from said cylinder
      in continuous alternating cycles;
PA1  said valve means interconnecting said product cylinder with said feed
      hopper in said first position and with a said container in said second
      position thereof in synchronism with said alternating charge and discharge
      cycles, respectively; and
PA1  means driving said valve means to said positions and responsive to the
      position of said piston means during a discharge cycle to return said
      valve means from said second position to said first position after a
      predetermined portion of said discharge cycle to return food product to
      said feed hopper during the remainder of each said discharge cycle.
NUM  17.
PAR  17. The invention defined in claim 16, wherein said means driving said
      valve means further includes container sensing means responsive to the
      absence of a said container at said filling station to maintain said valve
      means in said first position.
NUM  18.
PAR  18. In a food product dispensing machine for filling each of a plurality of
      containers with a measured charge of food product from a feed hopper as
      said containers are sequentially presented at a filling station in said
      machine, the improvement comprising:
PA1  a dispensing valve having first and second operative positions;
PA1  product delivery means chargeable with said product in a first cycle of
      operation and discharging said product in a second cycle of operation,
      said cycles being continuous and alternating;
PA1  said valve means interconnecting said product delivery means with said feed
      hopper in said first position and with a said container in said second
      position thereof in synchronism with said alternating first and second
      cycles, respectively; and
PA1  means driving said valve means and responsive to the completion of a
      predetermined portion of said second cycle of said product delivery means
      to return said valve means from said second position to said first
      position to return food product to said feed hopper during the remainder
      of each said second cycle of said product delivery means.
NUM  19.
PAR  19. The invention defined in claim 18, wherein said means driving said
      valve means further includes container sensing means responsive to the
      absence of a said container at said filling station to maintain said valve
      means in said first position.
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ABST
PAL  An axially compliant injection nozzle for plastic molding machines
      incorporating a valve actuated by differential motion between the mold and
      the conditioning chamber comprises a tappet engaged on the stem of that
      valve and entrapping a valve spring between the valve seat and the tappet.
      The nozzle has a sliding fit with a bore in the tappet head and is biased
      away from the latter by a secondary spring. The action of the secondary
      spring aids in maintaining good sealing contact between the nozzle and the
      sprue bushing and during the injection period despite variations in the
      lock-up force between the nozzle and the sprue, and retains such contact
      subsequent to injection so as to prevent plastic drip due to backflow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The instant invention relates to discharge nozzles adapted for use in
      injection molding machines for plastic materials. It relates, more
      particularly, to such nozzles equipped with integral valves for the
      release of the plastic material from the pressure chamber of the molding
      machine into the mold sprue, through the nozzle.
PAR  2. Description of the Prior Art
PAR  In the prior art it has been known to provide for injection molding of
      plastic parts by means of a machine in which an injection nozzle is
      aligned with the orifice of the mold sprue bushing and in which the
      injection cycle is initiated and terminated by relative, reciprocal motion
      between the mold and the nozzle. In such machines the mold acts as a cam
      entraining the nozzle, acting as a tappet, into operating a valve which is
      interposed between the chamber containing the molten plastic composition
      and the discharge orifice of the nozzle.
PAR  Such devices have a number of drawbacks such as, for example, relative
      motion requires guides and actuators with inherent inaccuracies, and the
      drive mechanisms and lock-up mechanisms which ensure sealing between the
      nozzle and sprue often induce vibrations. The seal between the nozzle and
      the sprue may be adversely affected by such vibrations and mechanical
      imperfections. Importantly, once injection has ceased, the retraction of
      the nozzle permits backflow of plastic through the sprue so that plastic
      material may be lost from the nozzle and represent a loss, a potential
      hazard to workmen and downtime of the equipment during cleanup.
PAR  It is, therefore, a primary object of the invention to overcome the
      aforementioned disadvantages associated with the injection nozzles of the
      prior art and to teach the construction of such devices for preventing
      drip of plastic due to inadequate seals.
PAR  It is a further object of the invention to provide such improved injection
      nozzles at a reasonable cost and in a form convenient in manufacture and
      use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention attains its objects by providing a separation between the
      functions of the injection nozzle proper and the tappet which operates the
      automatic valve through a hollow valve stem. In the devices of the prior
      art, the nozzle head itself serves as the tappet.
PAR  In the preferred embodiment of the invention, the nozzle head is slideably
      engaged with the tappet and a secondary spring, to distinguish it from the
      primary spring between the tappet and the valve seat, is interposed
      between the two parts.
PAR  In use, the hemispherical tip of the injection nozzle approaches the
      concave seat of the sprue bushing and, upon contact therewith and further
      movement, begins to move the nozzle towards the tappet, compressing the
      secondary spring in the process. When the force exerted by the secondary
      spring exceeds the break-out load of the primary spring, the tappet also
      begins to move, lifting the valve off its seat and permitting molten
      plastic to enter the injection passage composed of coaxial orifices in the
      valve stem, the tappet and the nozzle.
PAR  The secondary spring is arranged to have a lower spring rate than the
      primary, acts on a much smaller mass than the valve spring of the
      conventional design and is not subject to the viscous damping imposed upon
      motions of the valve head. As a result, the effective response rate, i.e.,
      the ability of the nozzle to adapt to rapid, if small, vibratory motions
      of the mold sprue relative to the pressure chamber, is greatly improved
      and firm sealing contact between the sprue and the nozzle ensured.
PAR  Most importantly, upon termination of plastic injection, caused by
      sufficient partial separation of the valve and the sprue bushing so as to
      permit spring closure of the valve, the secondary spring retains sealing
      contact between the nozzle of the sprue bushing to prevent plastic drip
      caused by partial backflow through the sprue or otherwise.
PAR  The characteristics of the two-piece, axially compliant injection nozzle of
      the invention may be varied over a substantial range by altering the
      dimensions, masses, stiffnesses and the other characteristics of the
      several members, thereby attuning its performance to diverse requirements.
      Experiments indicate that a spring rate of the secondary spring of not
      more than 1/2 of the spring rate of the primary spring gives very
      satisfactory results and optimal performance.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through the plastic injection nozzle of
      the invention, including the valve associated therewith and a portion of
      the sprue bushing of the injection mold, the several parts being shown in
      the separated position occupied before commencing operations;
PAR  FIG. 2 is another longitudinal section through the same assembly, showing
      the position the parts assume during the injection of molten plastic into
      the mold; and
PAR  FIG. 3 is another longitudinal section through the assembly, showing the
      parts with the valve closed and the nozzle in sealed engagement with the
      sprue bushing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the invention is shown in the Figures of the
      accompanying drawings in three positions typical of the operating cycle.
      FIG. 1 is a transverse section through the nozzle and valve assembly in
      the "no-flow" position, FIG. 2 is a similar section showing the components
      parts in the relative positions they assume while the plastic material is
      injected into the mold from the conditioning chamber of the molding
      machine, and FIG. 3 shows the assembly between "shots" of plastic, i.e.,
      after the valve is closed at the end of plastic injection.
PAR  Referring to FIG. 1, the assembly includes a valve block 30 firmly engaged
      in the peripheral wall of a conditioning chamber 100. The conditioning
      chamber is kept filled with molten plastic composition by means of a
      plasticizing screw, heaters, plunger pumps, or other components of a
      conventional injection molding machine which form no part of the instant
      invention and are well known in the art.
PAR  The valve block is pierced by a longitudinal orifice, the inboard end of
      which is shaped into a conical, concentric valve seat 34. A valve stem 40
      is reciprocably mounted in the aforementioned orifice of the valve block
      and carries a valve head 44 which fits in the valve seat 34. A central
      bore 46 is machined into the outboard end of the valve stem 40 and reaches
      to just below the valve head 44. The bore 46 communicates with a
      circumferential groove 47, undercutting the valve stem 40, through
      transverse orifices 45.
PAR  A tappet block 20 is threaded onto the outboard end of the stem 40 and is
      provided with a central bore 26 in line with the corresponding bore 46 of
      the latter part. A spring 22, shown as consisting of a pair of identical
      Belleville washers but of arbitrary form, is entrapped between the tappet
      block 20 and the valve block 30, its initial compression adjustible by
      means of the threaded engagement of the valve stem in the tappet.
PAR  The preload or initial compression of the spring 22 ensures a tight closure
      between the valve head 44 and the seat 34, aided by the unbalanced
      hydraulic force of the plastic inside the conditioning chamber 100.
PAR  A nozzle head 10 and a secondary spring 12 complete the assembly. The
      nozzle head is machined with a hemispherical face 14 and with a tubular
      rearward extension 17 which, in turn, is a sliding fit in a counterbore in
      a cylindrical, forward portion 23 of the tappet block 20. A peripheral
      skirt 15 of the nozzle head encompasses the outer surface of the tappet
      block extension 23 and entraps the spring 12 between the nozzle head and
      the tappet.
PAR  The spring 12, hereinafter referred to as the secondary spring of the
      assembly, is shown as formed of three pairs of Belleville disks similar to
      those employed in the primary spring 22 but is, again, of arbitrary
      design. The function of the secondary spring 12 is in opposing the motion
      of the nozzle head 10 toward the tappet block 20.
PAR  The injection cycle of the molding machine is initiated by locking up the
      mold (conventional in construction and not illustrated for the sake of
      clarity) and inducing relative movement between the mold and the
      conditioning chamber. The mechanism for accomplishing this relative motion
      may be mechanical or hydraulic, or of any other form known to the
      practitioners of the molding art.
PAR  Within the case of the mold, a sprue bushing 50 of conventional design is
      arranged coaxially and initially spaced from the nozzle head 10. An
      orifice 56 in the sprue bushing is aligned with the orifice 16 of the
      nozzle and the concave seat 54 of the bushing is adapted to mate
      effectively with the hemispherical end 14 of the nozzle.
PAR  As the nozzle advances towards the sprue bushing, or vice versa, and an
      axial force is developed between the two members upon contact, the
      extension 17 moves into the counterbore of the tappet block and the
      secondary spring 12 is compressed. At some point during this compression,
      the force on the secondary spring 12 exceeds the break-out force of the
      primary spring 22 and, consequently, the tappet 20 begins to move toward
      the valve block 30, lifting the valve head 44 from its seat until the
      parts arrive at the positions illustrated in FIG. 2.
PAR  As the valve head lifts from the valve seat, the molten plastic material
      held in the chamber 100 begins to flow into the undercut 47 and through
      the channel formed by the aligned passages 45, 46, 26, 16, and 56 into the
      mold cavity.
PAR  The forces on the primary and secondary springs in this condition are
      governed primarily by the mechanical effort exerted by the locking
      mechanism. This lockup force is affected by many factors, however,
      including the hydraulic separating force exerted by the flowing plastic,
      which reaches a maximum as the mold is completely filled. Other forces are
      exerted by the operation and compliance of the mechanical or hydraulic
      members accomplishing the lockup.
PAR  As a result of the action of these outside influences, the relative axial
      positions of the sprue bushing and nozzle head may change in a small, but
      functionally important, range. It is one of the functions of the secondary
      spring 12 to accomodate these changes and to ensure intimate contact
      between the mating faces 14 and 54, without a concomitant motion on the
      part of the primary spring 22 which would affect the feed rate of the
      plastic material through the valve and thereby influence the quality of
      the molded part.
PAR  By arranging the spring rate of the secondary spring at a much lower value
      than that of the primary, it is possible to permit a relatively large
      motion of the nozzle head 10 with a very small motion of the valve head
      44, especially since the latter is strongly damped by being immersed in a
      highly viscous fluid, i.e., the molten plastic.
PAR  Similarly, the relative difference in the rates and, therefore, the travel
      of the primary and secondary springs ensures that sealing contact between
      the sprue bushing and nozzle is not lost at that point in the cycle where
      the valve 44 has just been reseated, as illustrated in FIG. 3. This
      prevents the undesirable and potentially dangerous "afterdrip" of plastic
      from between the sprue bushing 50 and the nozzle 10, such prevention being
      accomplished by maintaining the sealing engagement between the nozzle 10
      and the sprue bushing 50 via the force of secondary spring 12.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anti-drip plastic material injection nozzle for pressing against the
      sprue bushing of a plastic-receiving mold comprising:
PA1  a valve block for securement to a plastic conditioning chamber containing
      molten plastic, a first central bore through said valve block, a valve
      seat terminating said first central bore at its conditioning chamber end;
PA1  a valve stem disposed within said first central bore in slidable engagement
      with said valve block and having a valve head on one end adapted to seat
      against said valve seat and having a second and opposite end exterior of
      said valve block, said valve stem having a second central bore coaxial
      with said first central bore and extending from said second end to said
      valve head;
PA1  a tappet block mounted on said second end of said valve stem, a third
      central bore through said tappet block and in alignment with said second
      central bore;
PA1  a primary spring disposed between said valve block and said tappet block in
      compression so as to tend to maintain separation between said tappet block
      and said valve block for tending to maintain said valve head against said
      valve seat;
PA1  a nozzle head mounted on said tappet block in longitudinally slidable
      engagement therewith and having a fourth central bore therethrough in
      alignment with said third central bore; and
PA1  a secondary spring mounted between said tappet block and said nozzle head
      and tending to urge said nozzle head away from said tappet block, said
      secondary spring having a lower spring rate than said primary spring so
      that said secondary spring acts to maintain sealing engagement between
      said nozzle head and said sprue bushing effectively independently of said
      primary spring, and such plastic material being confined in its travel
      from such conditioning chamber through said aligned bores to said sprue
      bushing.
NUM  2.
PAR  2. The nozzle defined in claim 1 wherein:
PA1  said second end of said valve stem is threaded;
PA1  said tappet block is threadably mounted on said second end of said valve
      stem so that the initial separation between said tappet block and said
      valve block is adjusted by threaded location of said tappet block on said
      valve stem for adjustment of the closing force of said primary spring.
NUM  3.
PAR  3. The nozzle defined in claim 2 wherein the stiffness of said secondary
      spring is not more than one-half of the stiffness of said primary spring.
NUM  4.
PAR  4. The discharge nozzle defined in claim 1, wherein the stiffness of said
      secondary spring is not more than one-half of the stiffness of said
      primary spring.
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ABST
PAL  A filling machine for filling containers includes a receptacle for holding
      the substance to be filled and cylinders disposed in a circle around the
      exterior of the receptacle and connectible to the receptacle and to
      discharge openings. Each cylinder contains a piston supporting a stub
      shaft projecting radially outwards from the axis of the cylinder. A sleeve
      axially movable on each stub shaft, and lockable on the stub shaft
      supports, slipper means in sliding contact with upper and lower tracks of
      an endless track member surrounding the central receptacle. Means is
      provided for altering the angles the planes of the upper and lower tracks
      make with the axes of the cylinders and for rotating the central
      receptacle and the cylinders about the vertical axis of the central
      receptacle relatively to the track.
BSUM
PAR  This invention relates to filling machines and particularly to rotary
      piston filling machines for filling semi-viscous products such as jams,
      soups, etc. into open mouthed containers such as glass jars and cans.
PAR  Filling machines for filling glass containers and cans are already well
      known. One customary construction includes an assembly consisting of a
      central container for holding the substance to be filled surrounded by
      cylinders disposed in a circle around the exterior of the container, the
      axes of the cylinders being vertical, each cylinder containing a piston
      which is in connection with an endless track member presenting upper and
      lower tracks surrounding the central container, each cylinder having a
      valve means at the bottom of the cylinder, and means being provided for
      rotating the assembly consisting of the central container and the
      cylinders about the axis of the central container while the track is held
      stationary, a turntable arranged to be fed with the containers to be
      filled being located below the cylinders and being rotatable with the said
      assembly. In operation of this machine as the container with the cylinders
      rotates the inclined track causes the pistons to reciprocate in the
      cylinders while the valve means associated with each cylinder also
      operates to permit each cylinder to receive material to be filled from the
      central container as the associated piston is rising in the cylinder and
      to expel the material from the cylinder into a container located directly
      below as the piston moves outwards. In the known machine each piston
      presents a stub shaft projecting radially outwards and the stub shaft
      carries a roller in engagement with the track. It will be understood that
      to permit the quantity of material to be filled into each container to be
      varied the track itself is swingable about a horizontal pivot, this action
      changing the angularity of the track with respect to the axis of the
      central container. This varies the stroke of each piston. To accommodate
      for the change in angularity each roller has its running surface formed
      synelastically so that the roller will still remain in rolling contact
      with the track at different angular positions of the track. This of course
      means point contact of the roller on the track.
PAR  Additionally, since the pistons have to be driven both upwards and
      downwards the track must be formed to contact each roller first on the
      underside and then on the upperside. So that there is continuity of
      driving the upper track overlaps the lower track over the portions
      corresponding with the top and bottom of the stroke of each piston. This
      means that during operation of the machine there is a short distance over
      which each roller is in contact with both tracks simultaneously. The
      result of this is that the thrust on each roller at this position is in
      the same direction above the roller centre and below the roller centre
      thus trying to cause the roller to rotate in opposite directions at the
      same time. This causes considerable wear on the roller and this wear of
      course is aggravated by the point contact. The result is that each roller
      becomes non-circular thus introducing play and reducing the accuracy of
      the metering action of each cylinder.
PAR  There is an additional disadvantage associated with the known machines. It
      is well known that cylinders which appear to be physically identical have
      different volumetric efficiencies. The effect of this is that individual
      cylinders will fill different quantities of material into the containers.
      The trouble here is that there are statutory regulations which require
      that the minimum quantity within a specific container must not be less
      than that which the container is stated to contain. Thus it has been
      heretofore necessary to arrange that the quantity of material pumped by
      the cylinder with the lowest output is not less than the statutory minimum
      so that all the other cylinders are pumping more than is necessary and are
      actually filling too much material into the respective containers. When it
      is understood that a machine of this kind is capable of filling many
      thousands of containers each day the quantity of excess material filled
      becomes a heavy additional charge on the production cost and yet cannot be
      recovered in the selling cost.
PAR  It is an object of the present invention to provide a filling machine which
      does not suffer from these disadvantages, i.e. a filling machine in which
      the stroke of the piston of each cylinder can be separately adjusted to
      provide a discharge volume on each stroke which is very close to the
      minimum required, and in which the wear on the driving mechanism for the
      pistons is reduced to very small proportions.
PAR  According to the invention a filling machine of the type described
      incorporates mounted on the stub shaft of each piston a sleeve which is
      coaxial with the stub shaft and is axially movable on the shaft, locking
      means for locking each sleeve in a chosen axial position on its stub
      shaft, and slipper means supported by each sleeve in driving contact with
      the tracks.
PAR  In one construction the sleeve supports an inner member which has the form
      of an equatorial zone of a sphere and an outer member formed with an inner
      surface is engaged with the spherical surface of the inner member, said
      outer member presenting flat bearing surfaces engaged with the upper and
      lower tracks of the track member.
PAR  The flat bearing surfaces may be formed of a low friction material such as
      PTFE or a sintered material impregnated with a lubricant or may be a
      graphitized surface.
PAR  In one particular construction the stub shaft is screw-threaded on the
      outside, and the sleeve is screw-threaded internally and engages the screw
      thread on the stub shaft, the inner member being mounted on the sleeve and
      the sleeve being fitted with means such as a clip to prevent withdrawal of
      the spherical member from the sleeve and ensure that the inner member is
      movable axially with the sleeve, the radially outer end of the sleeve
      being blanked off and being penetrated by a locking screw which is engaged
      with a screw-thread axial hole in the end of the stub shaft.
PAR  The track member may be formed in halves, one half being permanently
      pivoted to the fixed support and the other half being movable towards and
      from said one half.
PAR  A connection incorporating sliding guide bars may be provided between the
      halves of the track member so that the said halves are held in alignment
      irrespective of their relative positions. When the track member halves are
      withdrawn partly from one another there will be a gap between the halves.
      The adjacent ends of the halves may be formed with straight aligned
      recesses in each aligned pair of which a connecting feather is placed, the
      feather being fixed to one half of the track so that it can slide in the
      recess in the other half, the surface of each track and the associated
      feather being flush with one another. The provision for withdrawing the
      halves of the track member from one another is to compensate for changes
      in the angular position of the track because as the track member
      approaches the position in which the axis of the track member coincides
      with the axis of the central receptacle the portion of the track member
      remote from the pivot moves further out from the axis of the receptacle
      and to compensate for this the halves of the track member are brought
      closer together: The feathers in the recesses in the tracks permit the
      slipper to move smoothly from one half of the track member to the other
      half as the cylinders rotate with the central receptacle.
PAR  The machine may incorporate a fixed column having a surface parallel to the
      rotational axis of the central receptacle, and a clamp arranged to clamp
      the movable half of the track member to the surfaces at a chosen position
      along the column which corresponds to a particular angle of inclination of
      the track member.
PAR  The clamp may be a screw-threaded pin pivoted to the movable half of the
      track member and penetrating a slot in the column disposed along the
      length of the surface, a nut, conveniently of the wing type engaged with
      the screw-threaded pin being tightenable against the column to clamp the
      movable half of the track member to the column.
PAR  The column may bear indicia located on or close to the surface
      corresponding with particular angles of inclination of the track member or
      some other parameter such as volume delivered by each cylinder, a
      particular angle of inclination or volume of displacement being attained
      by tightening the clamp at a position opposite the index corresponding
      with that angle or volume.
PAR  The column may be mounted on the same fixed support as the pivoted half of
      the track member.
DRWD
PAR  A practical embodiment of the invention is illustrated in the accompanying
      drawings in which
PAR  FIG. 1 is an elevation in part section through the container-filling part
      of the filling machine, the driving mechanism not being shown since it is
      of customary construction and
PAR  FIG. 2 is a plan view of the filling head.
DETD
PAR  In the drawings 1 denotes a central receptacle for holding the substance to
      be filled and 2 denotes cylinders disposed in a circle around the exterior
      of the receptacle 1, each cylinder containing a piston 3 and being fitted
      with valve means 4 at the bottom of the cylinder. 5 denotes an endless
      track member pivoted at 6 to a fixed support ring 7 surrounding the
      container 1 and the cylinders 2, the support ring 7 and the fixed track
      member 5 being held stationary but the central receptacle 1 with the
      cylinders 2 being rotatable by the shaft 8 on which they are supported. 9
      denotes a piston stroke adjusting screw engaged with a portion of the
      track member 5 diametrally opposite the pivot 6 for adjusting the angle of
      inclination of the track member 5 relative to the axis of the receptacle
      1. Each piston 3 presents a stub shaft 10 projecting radially outwards
      with respect to the receptacle 1. Each stub shaft 10 is screw-threaded at
      11 on the outside, the screw thread 11 being engaged with an internally
      screw-threaded sleeve 12. A locking screw 13 is engaged with an axial
      screw-threaded hole in the stub shaft 10 and may be operated to lock the
      sleeve 12 in a particular axial position on the stub shaft 10. The sleeve
      12 supports an inner member 14 having the form of an equatorial zone of a
      sphere, an outer member 15 engaging the spherical surface of the inner
      member 14 and being formed itself with upper and lower flat slippers 16
      which engage parallel upper and lower track surfaces 17 on the track
      member 5. 18 denotes a spring clip retaining the inner member 14 in a
      fixed axial position on the sleeve 12.
PAR  The track member 5 is formed in halves 5A and 5B coupled to one another by
      means of guide bars 19 slidable in sockets 19A. Any gap which may exist
      between the track member halves 5A and 5B is bridged by feathers 20, each
      feather being fixed in a recess in one half of the track member and being
      slidable in an aligned recess in the other half so that a continuous track
      surface is presented to the slippers 16.
PAR  21 denotes a column mounted on the support ring 7, the column being formed
      with a surface 22 parallel with the rotational axis of the receptacle 1.
      The column is also formed with a slot 23. 24 denotes a screw-threaded pin
      pivoted at 25 to the movable half 5A of the track member 5, the pin 24
      penetrating the slot 23 in the column 21. 26 denotes a wing nut engaged
      with the pin 24. The surface 22 carries indicia showing an appropriate
      parameter such as angle of inclination of the track member 5, or the
      volume displaced by the piston of each cylinder in one revolution of the
      receptacle 1.
PAR  To facilitate withdrawal of any of the pistons for servicing purposes
      without requiring to dismantle the machine a portion 17A of the portion of
      the track member 5 carrying the upper track is cut away. This is on the
      side in which the pistons are being raised on operation of the machine so
      that the thrust on the outer member 15 is by the lower track 17.
PAR  27 denotes jars to be filled resting on a turntable 28 below the filling
      head, the mechanism for feeding jars for filling being of a well known
      type.
PAR  In practice, when the machine is in operation irrespective of the
      angularity of the track member 5 the outer members 15 mounted on each stub
      shaft 10 can swing about the inner member 14 to the position necessary to
      maintain the slippers 16 in contact with the tracks. Thus always large
      sliding surfaces instead of point contact rollers as in the known
      construction are presented between the said outer members 15 and the
      tracks so that wear is reduced to a minimum. This of course helps to
      maintain accuracy in the metering action of the cylinders. To adjust the
      machine so that each cylinder 2 delivers as close as possible to the
      minimum quantity of material into each container a trial run or a series
      of trial runs is made by the machine and the quantity of material
      delivered by each cylinder 2 is noted. Adjustment of the quantity
      delivered by each cylinder 2 to the desired quantity is made by moving the
      sleeve 12 on the associated stub shaft 10 of each cylinder 2 axially on
      the stub shaft 10 to vary the stroke of the piston 3 since such axial
      movement on the stub shaft varies the distance of the slipper 16 from the
      pivotal point 6 of the track member thus varying the stroke of the
      associated piston 3.
PAR  To change the quantity of material to be delivered to each jar the angle of
      inclination of the track with respect to the axis of rotation of the
      receptacle 1 is altered. This is done by loosening the nut 26 and moving
      the pin 24 along the slot 23 by means of the adjusting screw 9 to the
      position indicated by the indicia marked on the surface 22 as being the
      appropriate position for delivery of the required quantity to each jar,
      vertical movement of the pin 24 causing the track member to swing about
      its pivot 16. The nut 26 is then tightened thus locking the track member 5
      in the new position. While the pin 24 is moving along the slot 23 the
      column 21 acts as an inclined plane with respect to the track member 5 and
      automatically moves the halves 5A and 5B of the track member 5 towards or
      from one another according to the direction of movement of the pin 24 thus
      automatically reducing or increasing the elongation of the track member 5
      in conformity with its change of angularity so that its configuration as
      projected on a plane normal to the axis of rotation of the receptacle 1
      will always be substantially circular. The guide bars 19 slide in the
      sockets 19A as the halves of the track member 5 move relatively to one
      another so as to maintain the halves continuously in alignment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filling machine for filling containers includes a receptacle for
      holding the substance to be filled, cylinders disposed in a circle around
      the exterior of the receptacle, the axes of the cylinders being vertical,
      a piston slidable in each cylinder, an endless track member presenting
      parallel upper and lower tracks surrounding the central receptacle, means
      for altering the angles the planes of the upper and lower tracks make with
      the axes of the cylinders, means for rotating the central receptacle and
      the cylinders about the vertical axis of the central receptacle relatively
      to the track, feeding means for containers to be filled located below the
      cylinders, a stub shaft supported by each piston and projecting radially
      outwards from the axis of the receptacle, a sleeve mounted on each stub
      shaft coaxially therewith and axially movable to different operative
      positions along the shaft relative to the track, to vary the position of
      that sleeve radially relative to the track to vary the stroke of that
      piston independently of the other pistons for a given position of the
      track, locking means for locking each sleeve in any chosen one of said
      different operative axial position on its stub shaft, and slipper means
      supported by each sleeve in sliding contact with the tracks.
NUM  2.
PAR  2. A filling machine as claimed in claim 1 in which an inner member which
      has the form of an equatorial zone of a sphere is supported by the sleeve
      and an outer member formed with an inner spherical surface is engaged with
      the spherical surface of the inner member, said outer member presenting
      flat bearing surfaces engaged with the upper and lower tracks of the track
      member.
NUM  3.
PAR  3. A filling machine as claimed in claim 2 in which the stub shaft is
      screw-threaded on the outside, and the sleeve is screw-threaded internally
      and engages the screw thread of the stub shaft, the inner member being
      mounted on the sleeve, and means is provided to prevent withdrawal of the
      spherical member from the sleeve and ensure that the inner member is
      movable axially with the sleeve.
NUM  4.
PAR  4. A filling machine as claimed in claim 1 in which the stub shaft is
      formed with a screw-threaded axial hole, the radially outer end of the
      sleeve is blanked off, and a locking screw penetrates the blanked off end
      of the sleeve and is engaged with a screw-threaded axial hole in the end
      of the stub shaft whereby to constitute the locking means for the sleeve.
NUM  5.
PAR  5. A filling machine as claimed in claim 1 in which the track member is
      formed in halves, one half being permanently pivoted to a fixed support
      and the other half being movable in the plane of said one half towards and
      from said one half.
NUM  6.
PAR  6. A filling machine as claimed in claim 5 incorporating guide bars
      interconnecting the halves of the track member.
NUM  7.
PAR  7. A filling machine as claimed in claim 5 in which the adjacent pairs of
      ends of the halves are formed with straight aligned recesses and a
      connecting feather is located in each aligned pair of recesses, the
      feather being fixed in one half of the track member so that it can slide
      in the recess in the other half, the surface of each track and the
      associated feather being flush with one another.
NUM  8.
PAR  8. A filling machine for filling containers as claimed in claim 5
      incorporating a fixed column having a surface parallel with the rotational
      axis of the receptacle and a clamp connecting the track member to the
      vertical column, the clamp being operable to lock the track member to the
      column at a chosen point on the surface thus holding the track member at a
      chosen angle of inclination.
NUM  9.
PAR  9. A filling machine as claimed in claim 8 in which the clamp includes a
      screw-threaded pin pivoted to the track member, the column is formed with
      a slot along the length of the surface, the screw-threaded pin penetrating
      the slot, and a nut engaged with the pin is operable to clamp the pin and
      thus the track member at a chosen position along the slot.
NUM  10.
PAR  10. A filling machine as claimed in claim 8 in which the column is marked
      with indicia corresponding with desired parameters associated with the
      angle of inclination of the track member with respect to the rotational
      axis of the receptacle.
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ABST
PAL  A mechanical apparatus used to accurately cut extruded artifically made
      fire logs to a length determined by the distance between consecutive
      cutting blades suitably mounted on a rotating flexible force transmitting
      means, for example a pair of chains, is disclosed. This apparatus is
      entirely mechanical, deriving its power from the motion of the work to be
      cut. The apparatus is adjustable so as to accommodate chains of different
      lengths, each different length of chain produces a different length cut
      fire log.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to that field of apparatus used to cut moving work
      to a specified length. More particularly this invention relates to
      mechanical apparatus, containing a plurality of cutting surfaces used to
      cut moving work to a specified length, which draws its cutting power from
      the moving work itself.
PAR  2. Description of the Prior Art
PAR  Prior art apparatus used to cut moving work of wood composition or similar
      material have required some external power source, typically compressed
      air, electricity, or hydraulic power or a combination of these sources of
      power. For example, the work to be cut would proceed along its path until
      it triggered a micro-switch which in turn would control the external power
      source which would supply power to a cutting device which in turn would
      operate to sever the work. Such machines have inherent time lags and
      mechanical delays, the micro-switch takes a certain time to respond,
      compressed air requires time to transmit force from one point to another
      and is very noisy, and time lag is necessary to change the flow of
      hydraulic fluids. Because of the various time lags of the prior art
      machines, which were independent of the speed at which the moving work was
      cut, the length to which the work would be cut was not uniform over
      various operating speeds of the cutting machine, was not easily adjusted
      and was not easily determined prior to operation. This lack of uniformity
      in the length to which the work was cut caused the manufacturer to set the
      machine to cut to a longer length than desired in order to insure that if
      somewhere along the line an abnormally short cut was made, the contents of
      a given package of the cut work would meet the minimum weight, length and
      burn time specified on the package. In many cases this resulted in the
      manufacturer giving more of the product to the consumer than required,
      resulting in increased production costs to the manufacturer per unit sold,
      an inefficient use of raw materials, and decreased profit margin.
PAR  The prior art use of an externally controlled power source required
      considerable maintenance of the relatively complicated electrical,
      hydraulic or pneumatic power mechanism, accounting for as much as 80% of
      the time during which production was halted for repairs and/or maintenance
      (down time) of the machinery. By not using such external power sources,
      the present invention significantly reduces this "down time".
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention disclosed herein is an apparatus used to cut moving work of
      wood composition or similar material. The typical wood composition
      consists of a mixture of sawdust and wax, approximately 60% wax and 40%
      wood sawdust by weight, depending on the desired burning and cutting
      characteristics. Generally the apparatus is set to cut logs to a length of
      111/2 to 14 inches. The cross sectional shape of the logs is presently
      that of an ellipse with its ends flattened, having a diameter of about 3
      to 4 inches.
PAR  The invention cuts the moving work by means of a plurality of cutting
      knives, each individually mounted in a knife holder which is fastened at
      each end to one of two continuous rotatable chains. The two chains are of
      the same size and length and one chain is located directly beneath the
      other, separated by an appropriate distance which is typically about 4
      inches. The knife holder is a single metallic machined piece, which spans
      this space between the chains, having one end affixed to the upper chain
      and the other end affixed to the lower chain. This knife holder is
      suitably formed so as to receive the knife and allow vertical movement of
      the knife with respect to the knife holder. The function of the knife
      holder and chains could also be served by a single device combining the
      features of the knife holder and chains. For example, a beltlike member
      with perforations along each edge could be fitted with mountings suitable
      to accommodate the knives.
PAR  At any give moment during the operation of this apparatus at least one
      knife is in contact with the moving work, and it is through this knife
      that power is supplied to the present invention apparatus. The moving work
      presses against a knife forcing it along its rotating path, the knife
      transmits this force through the knife holder to the chains. The chains
      transfer the power along the chains to the next knife holder and to its
      knife which has been pulled into position so that it is now ready to
      descend and cut the work. This process will become clear later in this
      disclosure.
PAR  Because the present invention apparatus or machine contains no
      micro-switch, relays, or external control and application of power to the
      cutting tool, it has none of the time lags associated with the prior art
      mechanisms discussed above. By use of this invention, the manufacturer can
      preset the length to which the work is to be cut and be assured that each
      succeeding cut will be exactly the same length even though the operating
      speed of the invention may vary over a wide range. This uniformity of
      length means the manufacturer no longer must be overly generous to the
      consumer in order to avoid shortweighting a package. Waste is reduced to a
      minimum, production costs per unit sold are reduced, and profits
      increased. Tyically, a speed of 20 to 30 cuts per minute is used. As
      temperature increases the stiffness of the extruded log decreases since
      the wax softens. Up to a limit, increased temperature allows higher
      cutting rates, but if the temperature goes too high, the wax melts and the
      log disintegrates.
PAR  The objects of this invention are thus to provide an apparatus for cutting
      moving work which cuts to an accurate and consistent length over a wide
      range of operating speeds, is easily adjusted to cut work to various
      lengths, and requires little maintenance. It is desired that the apparatus
      not employ an external power source for cutting, but rather that it use
      the energy contained in the moving work itself to produce the necessary
      power. A further goal is to construct a machine having no time delays
      which are independent of the speed at which the machine is operated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an end view of the fully assembled cutting apparatus, with its
      protective guard removed;
PAR  FIG. 2 is an isometric view of the supportive framework of the apparatus;
PAR  FIG. 3a is a front plane view of the supportive framework;
PAR  FIG. 3b is an end plane view of the supportive framework;
PAR  FIG. 4 is a top plane view of the upper plate;
PAR  FIG. 5 is a top plane view of the middle plate;
PAR  FIG. 6 is an isometric view of the adjustable cam plate;
PAR  FIG. 7 is a front view of the apparatus without the knife holders and
      knives;
PAR  FIG. 8 is an isometric view of the knife holder;
PAR  FIG. 9 is an isometric view of the blade holder with a mounted blade;
PAR  FIG. 10 is an isometric view of the stripper;
PAR  FIG. 11 is an isometric view of a portion of the knife as mounted in the
      knife holder, showing the roller bearings;
PAR  FIG. 12 is a perspective view of the protective guard of the cutting
      apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention illustrated in FIG. 1 is a mechanical apparatus used to cut
      moving work, consisting of a supportive framework, a work guide-tray also
      referred to as the trough, and the cutting mechanism. The invention uses
      the energy present in the moving work itself to drive the cutting
      apparatus and sever the moving work, no other source of power is
      necessary. The moving work is directed by means of the guide-tray so as to
      exert a force against the rear surface of a cutting blade, pushing the
      blade forward. This force is transmitted up the shaft of the blade holder,
      and through the knife holder to the flexible force transmitting means,
      typically a pair of chains, upon which the knife holder is mounted. The
      force causes the chains to rotate, which transmits the force along the
      chains to the knife immediately adjacent to and behind the first knife.
      The flexible force transmitting means pulls the second knife forward, that
      is, in the same direction as the work moves, unitl the roller bearing
      mounted near the top of the knife encounters the wedge plate guide means.
      The roller bearing is forced against the wedge plate guide means and
      forced to follow the edge of the wedge plate in a forward and downward
      direction. This causes the blade holder and blade to also follow a
      combined forward and downward path which results in the severance of the
      moving work which has been directed beneath the blade by the trough. This
      process can be better understood after a reading of the following detailed
      description of the elementary parts of the preferred embodiment.
PAR  The description of the supportive framework of the cutting apparatus will
      be given with frequent references to parts shown in FIGS. 2, 3a, and 3b.
      FIG. 2 is an isometric view of the supportive framework and is used to
      present a three-dimensional view of the basic shape and spatial
      orientation of the elements of the framework.
PAR  The baseplate 101 is made of heavy gauge metal plate of a size sufficient
      to accommodate the remainder of the framework with room to allow for a
      means to anchor the baseplate 101 to a solid foundation (not shown). For
      convenience of description the baseplate will be referred to as having a
      front edge 102 and a rear edge 103 and the apparatus as a whole will have
      corresponding thereto a front side and a rear side. One end of each of at
      least two equally long vertically oriented structural beams 104 and 105 is
      rigidly affixed, by suitable means, to the upper surface of the baseplate
      101. These vertical beams or members 104 and 105 are hollow tubular pieces
      having an approximately square cross-section, however any suitable cross
      section can be used. The members are located a suitable distance apart
      near the front edge 102 of the baseplate 101. Two methods are used to give
      vertical rigidity to each of the vertical members 104 and 105. Firstly, a
      hollow gusset 106 generally in the shape of a right triangle is positioned
      so that one leg of the triangle lays along the rear surface of the
      vertical members 104 and 105, and the other leg lays on the upper surface
      of the baseplate 101. The gusset is securely affixed in this position to
      the baseplate and vertical member by an appropriate means, e.g. welding.
      This supplies vertical rigidity to the vertical members 104 and 105 in the
      plane of the gussets 106. Secondly, two horizontal structural members, 201
      and 202, best illustrated in FIGS. 3a and 3b, whose cross-section is the
      same as that of the vertical members 104 and 105, but can be any suitable
      cross-section, are permanently affixed by means well known in the art to
      the vertical members 104 and 105 in a horizontal position spanning the
      space between the vertical members. The lower horizontal member 201 is
      appropriately spaced above the baseplate 101 and the horizontal member 202
      is located approximately at the upper end of the vertical members 104 and
      105 and directly above the lower horizontal member 201. These horizontal
      members give vertical rigidity to the framework of the invention in the
      plane defined by the horizontal members 201 and 202 and the vertical
      members 104 and 105. A single plate 203 as shown in FIG. 3a, of a size
      sufficient to cover the upper ends of the vertical members 104 and 105 and
      the upper surface of the horizontal member 202, is rigidly affixed by
      suitable means to the top ends of the vertical members. This plate 203
      serves as a base to which is attached, by means well known in the art, a
      plate which is referred to as the bottom plate 107. This plate 107 is best
      illustrated in FIG. 5.
PAR  The bottom plate 107 is constructed of heavy gauge sheet metal for strength
      and is generally oblong in shape. The front and rear edges are straight,
      one end 336 is semicircular in shape and the other is tapered gradually by
      straight edges 337. Each end of the plate has a rectangular slot extending
      inwardly from the end along the centerline of the plate. The slot 301 in
      the semicircular end 336 of the plate is of a width sufficient to
      accommodate an axle 341 more fully described later. The slot 302 in the
      tapered end of the plate is of a width and length suitable to accommodate
      a mechanism well known in the art designed to take up slack in, and adjust
      the tension on, the drive chain 561. The exact shape of the plate 107 and
      almost all other members herein described are not critical to this
      invention, and any member whose shape accomplishes the functional purposes
      served by the described members are intended to be within the scope and
      spirit of this invention. Two vertical spacer members 108 and 109,
      substantially similar in cross-section to the vertical members 104 and 105
      earlier described, are suitably positioned and securely affixed to the
      upper surface 110 of the bottom plate 107 along the centerline of said
      plate 107. A middle plate 117 is permanently attached to the top end of
      the vertical members 108 and 109. This middle plate 117 is substantially
      identical to the bottom plate 107 and disposed directly above the bottom
      plate such that the similar slots in the two plates are vertically
      aligned. Two additional vertical spacer members 118 and 119 similar to
      spacer members 108 and 109 are permanently affixed to the upper surface
      120 of the middle plate 117 in the same manner as vertical spacer members
      108 and 109 are affixed to the upper surface 110 of the bottom plate 107.
      An upper plate 127 is suitably affixed to the upper end of the vertical
      spacers 118 and 119. The upper plate is more fully illustrated in FIG. 4,
      and is generally oblong in appearance. The upper plate 127 has straight
      front and back edges, with each end of plate 127 being semicircular in
      shape. A slight indentation or notch 310 runs along substantially the
      entire front edge 311 and also runs approximately half way around one end
      of the palte 127. Affixed to the upper surface 130 of the upper plate 127
      are two spacer members 128 and 129, which serve to anchor a guard 1000
      over the assembled invention. This guard is more fully illustrated in FIG.
      12, and is anchored by suitable means at points 1001.
PAR  Attached to the front side of the above described supportive framework is a
      trough 140 formed of sheet metal and capable of receiving and containing
      the moving work. This trough 140, shown in FIGS. 1, 2, 3a and 3b, directs
      the moving work beneath the blades 803 for cutting. The cross-section of
      the bottom of the trough is substantially semicircular in shape to
      accommodate the shape of the work. The trough has a vertical front panel
      141 and a vertical rear panel 142 which partially shields the zone in
      which the cutting is performed, for the purpose of operator safety when
      the guard 1000 is removed. This trough 140 is supported at a suitable
      height beneath the cutting blades 803 by rwo brackets 150 and 151. Each
      bracket has one edge suitably formed so as to follow the contours of the
      trough 140. The brackets 150 and 151 are made of sheet metal and are
      affixed to the bottom end of the front surface of the vertical support
      members 104 and 105, immediately above the baseplate 101. The above
      description has referred to the basic structural framework of the
      invention. The following description will refer to the various members
      which are mounted upon this framework and make up the working elements of
      the invention.
PAR  Two members are mounted on the upper plate 127. The first member is the cam
      plate 401 illustrated in FIG. 6. The cam plate 401 is mounted on that end
      of the upper plate 127 which is above the tapered end of the middle plate
      117. The complex shaped cam plate has one semicircular side which
      generally conforms to the semicircular shape of that end of the upper
      plate 127, but the cam plate does not have the notch 310 present in this
      end of the upper plate 127. The other three sides of this flat portion of
      the cam plate are straight edges. This portion of the cam plate is mounted
      flush against the upper surface 130 of the upper plate 127 by means of
      bolts which extend through two parallel slots 402 of equal length, cut
      through the cam plate 301, to threaded holes in the upper plate 127. By
      loosening the bolts, the position of the cam plate can be adjusted in or
      out relative to the center of the upper plate 127 in order to accommodate
      shorter or longer chains. A partially curved partially straight ramp 403
      extends from the semicircular portion of the cam plate 401 through the
      notch 310 in the upper plate 127 downward to the guide rail 565 on the
      front edge of the middle plate 117. The knives of this invention are
      forced to travel up this ramp 403, from the guide rail 565 on the front
      edge of the middle plate to the upper surface of the cam plate 401, after
      the knives have made their repspective cuts in the moving work.
PAR  The second member mounted on the upper plate 127 is the wedge plate 501
      shown in FIG. 7. This a metal plate generally in the shape of a right
      triangle. The plate 501 is mounted on the front edge 311 of the upper
      plate 127 near the other end of the notch 310. The longer leg 503 of the
      plate 501 being parallel with the upper plate and positioned slightly
      above the level of plate 127. The hypotenuse 502 of the wedge plate 501
      extends from the vicinity of the notch 310 in the front edge 311 of plate
      127 downward toward the guide rail 565 of the middle plate 117. The
      hypotenuse 502 serves as a guide member for the roller bearings 805
      attached to the top end of the knives. When the roller bearing 805
      encounters the guide member 502 the roller bearing 805 is forced along the
      guide member in a downward and forward direction thus forcing the blade
      803 to cut the moving work.
PAR  The middle plate 117 and bottom plate 107 are very similar to each other
      and serve as mounts for the sprocket wheels 505 and 506. The plates 117
      and 107 also have guide rails 565 and 566 mounted on their respective
      front edges, as indicated above, and each plate also has a means for
      taking up slack in the chains mounted onto the plate. Each of these
      members is described below. The guide rail 565 which runs along the front
      edge of the middle plate 117 is a thin metal strip, one side of which is
      fastened to the front edge of the plate 117, extending above and below the
      plate. The part of the guide rail 565 that extends above the plate 117
      serves as a guide for the roller bearing 805 at the top of the knife after
      the knife has made its cut in the moving work. That part of the guide rail
      565 that extends beneath the middle plate 117 serves as a guide rail for
      the roller bearings at the upper end of the knife holder 601, shown in
      FIGS. 8 and 11.
PAR  The guide rail 566, similiarly mounted on the front edge of the lower plate
      107, extends above plate 107 and serves as a guide rail for the roller
      bearings mounted at the lower end of the knife holder 601, thereby lending
      vertical rigidity to the knife holder during the time that it supplies
      power to the invention apparatus.
PAR  As previously described, both the middle plate 117 and the lower plate 107
      have rectangular slots extending inward from the tapered end of the plate,
      along the centerline of the plates, toward the center of each plate.
      Within each such slot is mounted an adjustable spring operated mechanism
      generally indicated in FIG. 5 at 325 for eliminating slack in the chains.
      The mechanism consists of a base element, 326, which can be anchored at
      various locations 327 along the slots by means of bolts, a threaded shaft
      328, and an adjusting nut 329 which when moved up or down the threaded
      shaft 328 varies the tension of the spring 330 which is connected to the
      collar 331 which houses the axle 332 upon which the sprocket wheel 505 is
      mounted. By changing the location of the base element 326 and adjusting
      the position of the nut 329, tension is transmitted to the axle 332,
      forcing it outward and taking up the slack in the chains. Mechanisms such
      as this, for taking up slack are commonly known in the industry, and any
      similarly suitable mechanism can be used in this invention.
PAR  Mounted in the slot at the other end of each of the plates 107 and 117 is a
      flange bearing 340. An axle 341 is mounted in the bearings 340 attached to
      the plates 107 and 117. A sprocket wheel assembly 506 is suitably mounted
      on this axle 341. The sprocket wheel assembly 506 is essentially the same
      as sprocket assembly 505 mounted on axle 332. The sprocket wheel
      assemblies 505 and 506 consist of two identical sprocket wheels 550
      mounted on either end of a hollow cylindrical shaft 551 which fits over
      the axle 341 and 332. When the sprocket wheel assemblies 505 and 506 are
      properly mounted, between plates 107 and 117, the two upper sprocket
      wheels will be in the same horizontal plane and the two lower sprocket
      wheels will be in another horizontal plane. A flexible force transmitting
      means, such as the continuous chain 560, is mounted upon the two upper
      sprocket wheels and another chain 561 is mounted upon the two lower
      sprocket wheels. These sprocket wheel assemblies are best illustrated in
      FIG. 7.
PAR  At equal intervals around the length of the flexible force transmitting
      means, or chains, are mounted a plurality of knife holders, 601 shown in
      FIGS. 8 and 11. One end of the knife holder is fastened to the upper chain
      560 and the other end is fastened to the lower chain 561 so that the knife
      holder is vertically oriented. This fastening method supplies the
      necessary vertical rigidity to the knife 801 mounted within the knife
      holder 601. The combination of a cutting means (typically a knife 801) and
      its mounting (typically a knife holder 601) is referred to as a cutting
      means assembly. The knife holders have various cylindrical roller bearings
      930 mounted upon them which serve to guide the knife holder 601 along the
      guide rails 565 and 566. Other bearings 931 serve to secure the knife 801
      and yet allow vertical movement of the knife with respect to the knife
      holder 601. The knife 801 consists of a blade holder 802 and a blade 803
      as shown in FIG. 9. The blade holder 802 is a solid metal shaft with a
      roller bearing 805 attached near the top end. The other end of the shaft
      is shaped like a squared letter C with the open side facing downward and
      the opposite straight portion joined at its midpoint to the straight
      portion of the blade holder. The roller bearing 805 mounted at the top of
      the blade holder 802 extends outward from the blade holder in the same
      plane as that portion of the holder shaped like the squared letter C. The
      general shape of this blade holder is therefore similar to the inverted
      capital letter Y. The blade itself, 803, can be generally described as a
      rectangular plate having one semicircular side which is the cutting edge
      808. In an alternate embodiment, the cutting of the blade 803 could be
      formed so as to consist of two semicircular protrusions. Each edge of the
      double edged blade would have moving work directed beneath the blade for
      cutting, and thus with a single stroke of the knife, one cut could be made
      in each of two parallel extrusions of moving work. A final element, the
      stripper 810, is rigidly attached to the knife holder 601. The stripper
      shown in FIG. 10, is a rectangular metal strip with a notch 811 cut into
      one side. This notch 811 is sized and located so as to assure that the
      stripper does not strike the upper guide rail 565. One end of the stripper
      is firmly affixed to the knife holder 601 and mounted such that the plane
      of the stripper 810 is parallel to and behind the plane of the blade 803.
      The moving work exhibits a tendency to adhere to the blades 803 after
      being cut, the adhering work rises up from the trough until it strikes the
      stripper thereby dislodging itself from the blade and falls back into the
      trough 140. The entire apparatus is covered by a guard 1000 illustrated in
      FIG. 12.
PAR  With the above detailed description of the individual parts in mind, the
      operation of the invention will be more easily understood.
PAC  OPERATIONAL DESCRIPTION
PAR  Since this invention draws its operating power from the moving work itself,
      it is essential for the operation of the invention that at least one blade
      803 be in contact with the moving work at all times.
PAR  As a necessary result of the physical construction of the invention, at
      least one blade will always extend into the path of the moving work. The
      operation begins when the moving work, proceeding down the trough 140
      encounters that blade which extends into its path. As the work continues
      to move it exerts a force against this blade causing it to move forward.
      The direction in which the blade is pushed will be referred to herein as
      the forward direction, the opposite direction is referred to as the
      backward direction. The force exerted on the blade is transmitted up the
      shaft of the blade holder, through the knife roller bearings 931 to the
      knife holder 601 and to the chains, causing the chains to revolve. This
      movement of the chain transmits the force backward along the chain pulling
      the next blade into cutting position.
PAR  As might be expected, there are significant frictional forces present in
      this apparatus. The sum total of these frictional forces is that force
      which must be applied to the cutting blade to cause the chains to rotate.
      These frictional forces produce an unexpected advantageous result upon the
      work. The moving work exerts a force on the blades, and the blades exert
      an equal and opposite force upon the moving work. These equal and opposite
      forces compress and compact the moving work, producing a final cut
      artificial log of more uniform density than achieved by mere extrusion of
      the work. The degree of compaction is determined by the temperature of the
      work and the total friction in the apparatus. The total friction can be
      adjusted, within limits, by varying among other things, the slope of the
      ramp 403 of the cam plate 401 and the slope of guide member 502 of the
      wedge plate 501.
PAR  The operation is best illustrated by a step by step description of the path
      which is followed by the roller bearing 805 located at the top of the
      knife.
PAR  a. When a knife is being pushed forward and thus supplying power to the
      apparatus as explained above the roller bearing at its upper end is
      traveling forward along the guide rail 565 attached to the front edge of
      the middle plate 117. As this first knife moves forward the next knife
      backward along the chain is being pulled forward. The roller bearing at
      the top of this second knife is in contact with the outer perimeter of the
      top surface of the upper plate 127, traveling forward toward the notch 310
      in the upper plate.
PAR  b. As the first knife proceeds further along the guide rail 565, the second
      knife is pulled forward and its roller bearing falls off the upper plate
      when it reaches the notch 310, and encounters the downward directed guide
      member 502 of the wedge plate 501. The roller bearing follows the guide
      member 502 downward causing the second knife to be forced downward, thus
      cutting the moving work, at the same time that it is being pulled forward
      by the first knife.
PAR  c. AS the second knife cuts deeper into the moving work, it becomes the
      knife which supplies power to the apparatus, since now the moving work is
      pushing against the back surface of this blade.
PAR  d. As the first knife proceeds forward the roller bearing at its upper end
      encounters the upward directed ramp 403 of the cam plate 401 and travels
      up this ramp until it eaches the upper surface of the upper plate 127.
      This lifts the knife out of the path of the moving work.
PAR  e. The roller bearing of the second knife has now reached the guide rail
      565 of the middle plate 117 and from this point it performs the functions
      of the first blade outlined above and pulls a third knife into cutting
      position.
PAR  f. The roller bearing at the top of the first knife proceeds to travel
      around the outer perimeter of the top surface of the upper plate 127 until
      it in turn encounters the downward directed guide member 502 of the wedge
      plate 501. This cycle continues so long as there is moving work pressing
      against the back surface of any blade.
PAR  Various additional changes and modifications in the above described
      apparatus and the method of operation thereof will be readily apparent to
      one skilled in the art and such changes and modifications are deemed to be
      within the spirit and scope of the present invention as set forth in the
      following appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanical apparatus for cutting moving work wherein the energy used
      to power the apparatus is obtained from the moving work by means of a
      mechanical linkage, said apparatus being comprised of:
PA1  a supportive framework and mounting means;
PA1  one or more force transmitting means suitably mounted upon said supportive
      framework on said mounting means so as to be freely rotatable thereon;
PA1  a plurality of cutting means assemblies mounted at intervals upon said
      force transmitting means, the cutting member of said asembly being
      slidably moveable therein, with the vertical position of each cutting
      member being controlled by application of a force to the top of each
      cutting member;
PA1  a cam member placed in the path of the cutting member at a first station
      such that when the cutting member encounters the cam an upward force is
      exerted upon the cutting member thus moving the cutting member from a
      lower position to a higher position and moving the cutting member out of
      the path of the moving work;
PA1  a guide member located in the path of the cutting member at a second
      station such that when the cutting member encounters the guide member a
      downward force is exerted upon the cutting member thereby causing the
      cutting member to move from its raised position to its lowered position
      and sever the moving work;
PA1  a work guiding means which guides the moving work along a path such that
      the moving work encounters a first cutting member in its lowered position,
      thereby exerting a force upon said first cutting member which force is
      transmitted through the cutting means assembly and along the force
      transmitting means to a second cutting member as this second cutting
      member encounters the guide means at the second station and moves from its
      raised to its lowered position, said second cutting member thereby
      simultaneously severing the moving work and assuming the role of said
      prior first cutting member.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein the position of the cam member
      and the position of the mounting means of the force transmitting means are
      adjustable so as to accommodate different lengths of force transmitting
      means.
NUM  3.
PAR  3. An apparatus according to claim 2 in which the force transmitting means
      is a flexible force transmitting means.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein the flexible force
      transmitting means consists of a plurality of chains.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein the cutting member consists of
      a blade mounted on one end of a blade holder with a roller bearing
      attached to the other end of the blade holder.
NUM  6.
PAR  6. An apparatus according to claim 1 wherein the guide member, located in
      the path of the cutting member at the second station, exerts a downward
      force upon the roller bearing of said cutting member when said cutting
      member encounters the guide member, thereby causing the cutting member to
      move from its raised position to its lowered position and sever the moving
      work.
NUM  7.
PAR  7. An apparatus according to claim 1 wherein the work guiding means is an
      open ended trough.
NUM  8.
PAR  8. An apparatus according to claim 1 wherein the force transmitting means
      is a flexible force transmitting means.
NUM  9.
PAR  9. An apparatus according to claim 3 wherein the cutting member consists of
      a blade mounted on one end of a blade holder with a roller bearing
      attached to the other end of the blade holder.
NUM  10.
PAR  10. A mechanical apparatus designed to cut moving work which defines the
      path followed by a plurality of roller bearings thereby determining the
      motion of the cutting knives attached to each of said bearings, said
      mechanical apparatus comprising:
PA1  a flexible force transmitting means which defines the horizontal limits of
      the path followed by the roller bearings, and which transmits the power
      from one knife to a second knife thereby pulling said second knife
      forward;
PA1  a guide rail member which defines the lower portion of the path followed by
      the roller bearings during the time the knife is being pushed forward by
      the moving work and transmitting power to the apparatus;
PA1  an adjustably located cam plate extending from the lower path as described
      above to an upper path such that when the roller bearing encounters the
      cam plate, an upward force is exerted upon the roller bearing thereby
      lifting the roller bearing up the cam plate to the upper path level and
      also raising the knife out of the path of the moving work;
PA1  an upper level path defined by the outer perimeter of the upper surface of
      a plate of suitable material, said upper path terminating at a notch in
      said plate which notch allows the roller bearings to roll off the upper
      path as they fall through the notch;
PA1  a wedge plate guide member located in the path followed by the roller
      bearings as they roll off the upper path level, said wedge plate member
      defining the transition path followed by the roller bearings from the
      upper path level to the lower path level as defined above;
PA1  a plurality of cutting knives suitably mounted with a plurality of knife
      holders, upon a flexible force transmitting means such that the knife
      periodically extends into the path of moving work and is thereby pushed by
      the moving work imparting motion and power to the apparatus.
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ABST
PAL  A screw driver comprising a torque responsive clutch for determining the
      final tightening torque and an output spindle connected to a forwardly
      extending screw bit. The spindle is axially displaceable from a forward
      rest position to an intermediate tightening position and a rear position
      in which dogs on the spindle engage dogs on the driving part of the clutch
      for inactivation of the clutch. The spindle, which is spring-biased toward
      its normal tightening and rest positions, is permitted to reoccupy its
      normal tightening position during the final tightening sequence in that a
      stud element on the screw driver housing is arranged to abut against the
      screw landing surface, thereby automatically preventing the screw driver
      housing and the clutch from following the spindle and screw bit to their
      final positions and ensuring reactivation of the clutch.
BSUM
PAR  This invention relates to a screw driver, for thread forming screws in
      particular, comprising a motor which rotates an output spindle through a
      power transmission including a torque limiting device for determining the
      final tightening torque.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is generally characterized by an operator-controlled device
      for inactivation of the torque limiting device and thereby permitting the
      output torque to exceed the desired final tightening torque. Also provided
      is a position responsive sensing means for reactivating the torque
      limiting device when it had been previously manually deactivated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a and FIG. 1b are intended to be regarded together, FIG. 1a showing
      the rear end and FIG. 1b showing the forward end of a screw driver
      according to the invention;
PAR  FIGS. 2 and 3 correspond to FIG. 1b but show the parts of the screw driver
      in different relative positions;
PAR  FIG. 4 corresponds to the forward end of FIG. 1b but with some parts in
      still another position; and
PAR  FIG. 5 shows a fragmentary view of some of the details shown in FIG. 1b.
DETD
PAC  DETAILED DESCRIPTION
PAR  The screw driver, shown in the figures, comprises a housing 11 which is
      provided with a threaded connection 12 for a non-illustrated pressure air
      hose, and a supply passage 13 for a sliding vane motor 14. The motor
      comprises a rotor 15 which is provided with axial slots for vanes 16. The
      outlet passages of the motor are connected to a silencer 17. The supply
      passage 13 is controlled by a valve body 18 which is connected to a valve
      rod 19. The latter extends through an axial bore in the rotor 15 and is
      jointed at 21. The forward end of the rod has been denoted 22. The driving
      axle 23 of the rotor constitutes the sun wheel in a planetary gear
      arrangement, the planet wheel carrier 24 of which is connected to a sleeve
      26 by means of a spline joint 25 therebetween.
PAR  The sleeve 26 is rigidly connected to an inner sleeve 27 by means of a pin
      28 which is press fit to sleeves 26, 27. The rear part of the outer sleeve
      26 is threaded and carries a nut 29. From a shoulder 30, the forward part
      of the sleeve 26 is cylindrical and a sleeve 31, hereinafter called the
      intermediate sleeve, is axially and rotatably movable on this cylindrical
      part. Axial splines 32 extend rearwardly from the shoulder up to pin 28. A
      ring 33 which is provided with internal splines mating with the splines 32
      of the sleeve 26 is axially movable along the sleeve 26.
PAR  Another ring 34 constitutes an axial thrust bearing together with balls 35
      and a flange 36 on the sleeve 27. The sleeve 31 and the ring 34 are
      provided with cooperating recesses 37, 38 (FIG. 5) for retaining rollers
      39 and constituting a torque limiting clutch. The sleeve 31 is provided
      with other recesses 40 which cooperate with recesses 41 in the ring 33 for
      retaining rollers 42 and constituting a second torque limiting clutch. A
      spring 43 reacts against the nut 29 and forces the ring 33 forward. The
      axial force is transferred via the rollers 42, the intermediate sleeve 31
      and the rollers 39 to the ring 34 of the axial thrust bearing. Two sleeve
      shaped securing plates 44, 45 retain the rollers 39, 42 in the radial
      position.
PAR  At overload, the rollers 39 tend to roll up from the recesses 37 and urge
      the intermediate sleeve 31 to move axially rearwardly, as shown in FIG. 5.
      Thus, the clutch 31, 39, 34 slips when being loaded by a torque exceeding
      a torque which is determined by the preload of the spring 43. The preload
      of the spring 43 can be adjusted by turning the nut 29 which is accessible
      through openings in the housing 11. The clutch constituted by the
      intermediate sleeve 31, the rollers 42 and the ring 33 is designed so as
      not to start slipping until it is loaded by a considerably higher torque,
      for instance a torque which is twice as heavy as the torque at which the
      low torque clutch 31, 39, 34 starts slipping. By means of the nut 29 the
      release torques of both clutches are set simultaneously and the
      relationship between their torque limits is maintained during adjustment.
      The ring 34 which forms the axial thrust bearing has three forward
      directed dogs 46 and the intermediate sleeve 31 has six dogs 47 (FIG. 1 b
      and 5).
PAR  A support sleeve 50 is threaded onto the forward end of the housing 11 and
      is locked by means of a lock nut 51. When running down a screw the sleeve
      50 acts as a stud member by which the screw driver housing 11 is supported
      on the screw bed during the final tigthening of the screw.
PAR  Within the support sleeve 50 there is slidably arranged a guiding sleeve 52
      which, by a weak spring 53, is forced forwardly against a shoulder in the
      support sleeve. The screw driver further comprises a driving spindle 55
      which is rotatably journalled in housing 11. A bit 54 for cross-recessed
      screws, having a hexagonal neck, is non-rotatably introduced in the
      driving spindle and is axially locked therein by means of a lock ball 56.
      A central body 57 extends into the driving spindle 55 and rests against a
      shoulder 58 therein. The central body 57 extends rearwardly into the
      sleeve 27 and is loaded forwardly by a spring 59 situated within this
      sleeve. The spring 59 is supported in the sleeve 27 and acts upon the body
      57 via a ball 60. Thus, the spring 59 pushes the driving spindle 55 toward
      a forward end position (shown in FIG. 1 b) via the ball 60 and the body
      57. In this position the driving spindle 55 abuts against a bushing 61
      which is fixedly mounted in the housing 11 by means of press fit and
      locking liquid. The body 57 is provided with a waist in which there is
      lodged a spring ring 62 which provides an abutment shoulder for a stop
      sleeve 63. The latter is pressed against the spring ring 62 by a
      compression spring 65 which acts upon the stop sleeve 63 and the driving
      spindle 55. The driving spindle 55 has three rearwardly directed dogs 64
      for cooperation with the dogs 46 as well as the dogs 47 of the
      intermediate ring 31.
PAR  The operation of the screw driver is the following
PAR  In FIG. 1a and FIG. 1b the screw driver is shown in rest position and in
      FIG. 2, 3 and 4 the screw driver is shown in engagement with a screw 70.
      The screw 70 is a thread forming screw for connecting a piece of thin
      sheet metal 71 to a piece of thicker sheet metal 72. The screw itself is
      intended to form the threads in the thicker sheet 72. When the screw
      driver is pressed against the screw 70 the guiding sleeve 52 will spring
      rearwardly simultaneously as it guides the bit 54 down onto the screw
      head. At maintained moderate feeding pressure the bit will push the
      driving spindle 55 and the body 57 backwardly so that the dogs 64 of the
      driving spindle engages the dogs 46 of the ring 34, as shown in FIG. 2.
      Now, the two clutches 33, 42, 31 and 31, 39, 34 are connected in series
      for transferring a torque. The operator feels a distinct stop position
      when the stop sleeve 63, which is loaded by the comparatively strong
      spring 65, gets into axial contact with the end surface of the sleeve 27.
      Thereupon, the ball 60 has moved the valve rod 19 rearwardly so that the
      valve body 18 has disengaged its seat, and motive air is supplied to the
      motor.
PAR  Now, the screw driver runs down the screw 70 till the latter lands and the
      torque, because of that, increases to the torque limit which causes
      slipping of the low torque clutch 31, 39, 34. Thereupon, the operator
      lifts the nut runner and the spindle 55, the body 57 and the sleeve 63
      return to their rest positions, as shown in FIG. 1a and 1.
PAR  Particularly, at tightening thread forming screws (as shown in the figures)
      a higher torque could be needed during the thread forming sequence than
      what is desired to be the final tightening torque. If the screw tends to
      get jammed during running down, the operator can increase his feeding
      force so that the preloaded spring 65 is contracted and the spindle is
      pushed back into a rear position, as shown in FIG. 3. For instance, to be
      compressed, the spring 65 may require an axial force which is about three
      times that of the spring 59. Then, the dogs 64 of the driving spindle 55
      come into engagement with the dogs 47 of the intermediate sleeve 31 and
      lock the low torque clutch 31, 39, 34 against slipping. However, the high
      torque clutch 33, 42, 31 is free to slip if being overloaded. For avoiding
      the screw to be overtightened, e.g. tightened to a higher torque than what
      is desired, the support sleeve 50 is set, before using the screw driver,
      in such an extended position that it will abut against the surface of the
      sheet 71 before the screw is completely run down, as shown in FIG. 4.
      Thereby, independently of the magnitude of the feeding force applied by
      the operator, the drive spindle 55 is permitted to move forward so that
      the dogs 64 of the driving spindle lose their engagement with the dogs 67
      of the intermediate sleeve 31 before the screw lands. Thereby, the low
      torque clutch 31, 39, 34 is always free to slip as the predetermined final
      tightening torque is reached and the screw is automatically protected from
      being overtightened.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Screw driver for driving a screw into a screw bed, comprising:
PA1  a housing (11),
PA1  a motor (14) located in said housing,
PA1  a power transmission and an output spindle (54,55) coupled to said motor,
      said power transmission including a torque limiting device (31, 39, 34)
      which comprises a driving member and a driven member, said driving and
      driven members having means to slip relative to each other as a
      predetermined torque magnitude is reached;
PA1  locking means (47, 64, 54, 55) coupled to said torque limiting device and
      manually shiftable between a first, normal tightening position and a
      second, high torque level position in which said locking means interlocks
      said driving member and said driven member of said torque limiting device
      against relative slipping, and
PA1  means (50) coupled to said locking means for sensing the actual, axial
      position of the screw by engaging the screw bed, and means connected to
      said sensing means (50) for shifting said locking means from said second
      high torque level position toward said first, normal tightening position
      responsive to the screw reaching a predetermined axial position relative
      to said screw bed to thereby reactivate said torque limiting device.
NUM  2.
PAR  2. Screw driver according to claim 1 wherein:
PA1  said locking means (47, 64, 54, 55) includes said output spindle (55), said
      output spindle being axially displaceable between a normal tightening
      position and a rear position in which it is arranged to cause inactivation
      of the torque limiting device, means being provided to load said output
      spindle (55) toward said normal tightening position, and
PA1  said screw position sensing means comprises a stud member (50) rigidly
      connected to said housing (11), said stud member (50) being arranged to
      abut against the screw bed and support said housing (11) on said screw bed
      before the screw has reached its final position, thereby enabling said
      output spindle (55) to occupy its normal tightening position and ensure
      shifting of said torque limiting device to reactivate said torque limiting
      device.
NUM  3.
PAR  3. Screw driver according to claim 2, wherein said torque limiting device
      comprises a first torque responsive clutch (31, 39, 34) and said output
      spindle (55) is provided with means (64) for cooperation with the driving
      part (31) of said torque responsive clutch (31, 39, 34).
NUM  4.
PAR  4. Screw driver according to claim 3, wherein said clutch comprises a
      ratchet clutch (31, 39, 34) and a spring (43) for preloading said ratchet
      clutch.
NUM  5.
PAR  5. Screw driver according to claim 4, wherein said clutch includes
      adjustable means (29) for preloading said spring (43).
NUM  6.
PAR  6. Screw driver according to claim 3, wherein said torque limiting device
      includes a second torque responsive clutch (31, 39, 34) connected in
      series with said first torque responsive clutch (31, 39, 34), said second
      torque responsive clutch (33, 42, 31) being arranged to release at a
      higher torque than said first torque responsive clutch (31, 39, 34).
NUM  7.
PAR  7. Screw driver according to claim 6, wherein both of said torque
      responsive clutches comprise respective ratchet clutches.
NUM  8.
PAR  8. Screw driver according to claim 7, wherein said torque limiting device
      includes a common pre-stressed spring (43) for loading both of said
      ratchet clutches (31, 39, 34, and 33, 42, 31), and adjustable means (29)
      against which said common spring (43) is arranged to react, the prestress
      of said common spring (43) being set by adjustment of the position of said
      adjustment means (29).
NUM  9.
PAR  9. Screw driver according to claim 2, wherein said locking means includes
      means for preloading said spindle (54, 55) of said locking means forwardly
      in two steps, a first step being between a forward rest position and said
      normal tightening position and a second, heavier preloaded step being
      between said normal tightening position and said rear position, said screw
      driver further including a supply valve (18) coupled to said motor, said
      spindle (54, 55) being connected to said supply valve (18) to keep said
      supply valve in an open position when said spindle is in said normal
      tightening position as well as in said rear position.
NUM  10.
PAR  10. Screw driver according to claim 2, wherein said screw position sensing
      means includes a spindle surrounding sleeve (50) which is axially
      adjustable relative to said housing (11).
NUM  11.
PAR  11. Screw driver according to claim 10, further comprising a spring biased
      screw guiding sleeve (52) disposed between said spindle surrounding sleeve
      (50) and said spindle (54, 55) of said locking means, and a spring (53)
      biasing said screw guiding sleeve (52) in the forward direction.
NUM  12.
PAR  12. Screw driver according to claim 2, wherein said locking means includes
      means for preloading said spindle (54, 55) of said locking means forwardly
      in two steps, a first step being between a forward rest position and said
      normal tightening position and a second, heavier preloaded step being
      between said normal tightening position and said rear position, and a
      further clutch (46, 64), which is controlled in response to the position
      of said spindle (54, 55), for keeping said spindle (54, 55) released in
      said rest position but connected to said power transmission in said normal
      tightening position.
NUM  13.
PAR  13. Screw driver according to claim 1, wherein said torque limiting device
      includes a first over-load release clutch (31, 39, 34), and a second
      over-load release clutch (33, 42, 31) connected in series with said first
      over-load release clutch.
NUM  14.
PAR  14. Screw driver according to claim 13, wherein said locking means includes
      a common spring (43) for loading both of said overload release clutches
      (31, 39, 34 and 33, 42, 31), whereby the release torques of said over-load
      release clutches can be set simultaneously.
NUM  15.
PAR  15. Screw driver according to claim 3 wherein said first torque responsive
      clutch is a lockable clutch.
NUM  16.
PAR  16. Screw driver according to claim 6 wherein said first torque responsive
      clutch is a lockable clutch.
NUM  17.
PAR  17. Screw driver according to claim 13 wherein said first over-load release
      clutch (31, 39 34) is a lockable clutch.
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ABST
PAL  A method for producing rough cut lumber from small diameter poles of
      varying size at the pole harvest site including the steps of removing the
      bark from the pole, cutting longitudinal notches spaced around the
      periphery of the pole aligning and supporting the pole on rails disposed
      in these notches, shaping the pole with rotary cutting heads to form a
      rectangular beam while additionally supporting the pole by means of guides
      associated with each of the cutterheads.
PAL  Portable apparatus for producing rough cut lumber from a small diameter
      wood pole at the harvest site including rotary debarking knives, kerf
      cutting saws, support rails adapted to run in kerfs spaced around the
      periphery of the pole, cutterheads adapted to form the pole into rough cut
      lumber of rectangular cross section, each cutterhead having a planar
      support associated therewith. All of said wood forming tools and supports
      mounted on a frame and aligned along the path of travel of the pole to be
      processed through the apparatus, and all of said tools and supports, as
      well as the pole conveying means being simultaneously adjustable to
      process poles of varying diameter.
PARN
PAR  This is a continuation of application Ser. No. 351,199, filed Apr. 16, 1973
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates, in general, to a method and apparatus for producing
      rough cut lumber from small diameter wood poles, and in particular, to a
      method and apparatus for conveying, aligning and holding a pole while it
      is shaped to form a rectangular beam, and optionally ripping the beam to
      form rough cut lumber, the disclosed apparatus being easily adjustable for
      processing poles of varying diameter.
PAR  2. Description of the Prior Art
PAR  It is well known that there exists in many areas of semi-arid climate,
      large stands of mature timber having trunks averaging less than 10 inches
      in diameter. At present, it is usually uneconomic to harvest trees of this
      size, and after reaching maximum growth, they are inevitably wasted by
      insect infestation or clear cut and burned. In other more climatically
      hospitable forested areas, the technique of thinning small diameter trees
      from a forest of larger trees to reduce the growth competition and
      stimulate the development of the larger more valuable trees is often
      practiced. In the past, these small diameter trees have often been cut and
      left to rot on the forest floor or transported to a central point and
      burned to clear the forest floor. In the above situations, the small
      diameter trees have usually not been harvested because the cost of
      cutting, transporting the raw timber to a sawmill and processing it into
      lumber has been greater than the market value of the relatively small
      amount of usable lumber which may be cut therefrom.
PAR  Apparatus for processing small diameter logs into lumber and pulp chips for
      use in the paper industry is known. Apparatus of this type is disclosed in
      Runnion, Pat. No. 3,259,157 and in Mitten Patents, Nos. 3,313,329;
      3,344,826; 3,346,028; 3,442,310; 3,454,063 and 3,487,866.
PAR  The Runnion patent relates to large, stationary equipment which chips a
      previously debarked log into a cross sectionally stepped configuration
      before sawing it into lumber. Chains are employed above and below the log
      to both convey it and hold it during chipping.
PAR  Mitten, Pat. No. 3,313,329 discloses apparatus substantially different from
      that disclosed herein limited to the processing of logs having diameters
      of between 5 inches and 8 inches to form either 4 .times. 4 inch or 4
      .times. 6 inch cants.
PAR  Mitten, Pat. No. 3,344,826 relates to large, stationary apparatus limited
      to producing 4 .times. 4 inch cants from peeler cores between 51/2 and 6
      inches in diameter, and cannot be adjusted to handle logs of varying size.
PAR  Mitten, Pat. No. 3,346,028 relates to the profiling of a log with a
      cutterhead to produce an improved pulp chip and is concerned primarily
      with the shape of the pulp chip a consideration of no significance to the
      instant invention.
PAR  Mitten et al., Pat. No. 3,442,310 relates to apparatus for profiling only
      the bottom and sides of a log, and additionally discloses cutting shallow
      reentrant reference points on the bottom flat which act as guides in
      correlating the log to the side cutters.
PAR  Mitten, Pat. No. 3,454,063 discloses the use of V-shaped cutterheads to
      form meeting flats on diametrically opposed sides of a log. No means are
      disclosed for removing the bark from the log or for holding the log prior
      to cutting, while V-grooved guides support the log after it has been
      shaped. Again, as with all the Mitten patents, wood pulp chips are
      produced from the chordal segments cut away to shape the cant.
PAR  Mitten, Pat. No. 3,487,866 discloses holding a log while it is shaped to
      form a rectangular cant by means of two spaced support grooves cut only in
      the bottom of the log. A channel shaped shoe is provided to mate with the
      support grooves, and a chain disposed in said channel is adapted to convey
      the log past the chip forming cutters. No means for debarking the log is
      disclosed, nor is any means for adjusting the apparatus to process logs of
      varying sizes disclosed. The method of supporting a log during shaping
      disclosed by this patent may be effective with logs of relatively large
      diameter, such as the 12 inch log discussed therein, in that the support
      grooves may be cut to a significant depth without entering the later
      formed cant. In logs of smaller diameter, however, the possible depth of
      these grooves is limited thereby providing insufficient purchase for the
      channel shaped shoe to hold the log stable during shaping.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides an improved method and apparatus for
      producing rough cut lumber from wood poles ranging in diameter from
      approximately 3 inches to approximately 10 inches. The apparatus of the
      present invention is lightweight and compact compared to those previously
      known, and is adapted to be mounted on wheels such that it may be
      transported to the harvest site of the small diameter raw lumber.
      Producing rough cut lumber at the harvest site significantly reduces
      transportation costs to a finishing mill in that the waste material cut
      from the raw timbers in shaping rough cut lumber may be left in the
      forest. Along this line, the apparatus of the present invention includes
      cutterheads adapted to reduce the waste material to sawdust rather than
      slabs or chips. This waste sawdust may be easily spread on the forest
      floor where it will naturally decompose in a relatively short time, thus
      eliminating the need for burning the waste and the consequent air
      pollution.
PAR  The apparatus of the present invention is adapted to debark a pole, shape
      it to form a rectangular cant and cut the cant into rough cut stud lumber
      in a single pass therethrough. In processing logs having diameters of less
      than five inches the rough cut lumber may be formed immediately and the
      final cutting omitted. Unique means for holding the debarked log while it
      is shaped, comprising cutting longitudinal kerfs spaced at intervals
      around the periphery of the pole and disposing stationary metal rails in
      these kerfs is also provided.
PAR  The entire pole holding, conveying and shaping system is adjustably mounted
      on a frame adjacent the linear path of travel of a pole to be processed
      and is simultaneously manually adjustable for processing logs of varying
      diameters. The pole shaping cutterheads include adjustable cylindrical
      mounts having planar beam supports integrally connected thereto to
      additionally support the cant while it is being shaped.
PAR  It is an object of the present invention, therefore, to provide a method
      and apparatus for producing rough cut lumber from a small diameter wood
      pole.
PAR  Another object of the present invention is to provide portable, compact
      apparatus for producing rough cut lumber from a wood pole at the wood pole
      harvest site.
PAR  Still another object of the present invention is to provide apparatus for
      producing rough cut lumber from a raw, barked pole in a single pass
      therethrough.
PAR  An additional object is to provide apparatus which is adjustable for
      producing rough cut lumber from wood poles of varying diameter.
PAR  One more object is to provide an apparatus for supporting the wood pole
      while it is shaped to form a piece of rough cut lumber having a
      rectangular cross section.
PAR  Another object is to provide pole forming apparatus adapted to reduce all
      waste material to relatively rapidly decomposable sawdust.
PAR  Other and additional objects and advantages will be apparent from the
      following description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial side elevation view of a typical apparatus made
      according to the present invention.
PAR  FIG. 2 is a schematic view of the pole diameter adjustment means of the
      apparatus of FIG. 1.
PAR  FIG. 3 is a partial diagrammatic perspective view of the linearly aligned
      elements of the present invention, including a wood pole longitudinally
      processed from the raw wood stage to rough cut stud lumber.
PAR  FIG. 4 is a sectional end view of a 2 .times. 4 piece of rough cut lumber
      produced according to the present invention, including in dotted line, the
      kerfed pole from which it was produced.
PAR  FIG. 5 is a sectional end view of a 2 .times. 4 piece and a 1 .times. 4
      piece of rough cut lumber, including in dotted line, the kerfed pole from
      which these pieces were produced.
PAR  FIG. 6 is a sectional end view of a pair of 2 .times. 4 pieces of rough cut
      lumber, including in dotted line, the kerfed pole from which they were
      produced.
PAR  FIG. 7 is a sectional end view of two 2 .times. 4 pieces and one 1 .times.
      4 piece of rough cut lumber, including in dotted line, the kerfed pole
      from which they were produced.
PAR  FIG. 8 is a sectional elevation view of the loading platform of the present
      invention, including angularly disposed rollers supporting a pole, and
      horizontal aligning means mounted thereon for said pole.
PAR  FIG. 9 is a sectional elevation view of the debarking apparatus of the
      present invention.
PAR  FIG. 10 is a partial perspective view of a typical spring loaded debarker
      knife made according to the present invention.
PAR  FIG. 11 is a side elevation view of the debarker knife of FIG. 10,
      including a pole and the debarker knife pivoted in response to its
      striking a stub limb on said pole.
PAR  FIG. 12 is a sectional elevation view of the kerf cutting saws of the
      present invention positioned about the periphery of a wood pole, including
      in dotted line the shape of the rough cut lumber to be produced therefrom.
PAR  FIG. 13 is a sectional elevation view of the guide rails of the present
      invention disposed in the kerfs cut on said wood pole.
PAR  FIG. 14 is a partial perspective view of the kerf cutting saws and
      associated guide rails of the present invention.
PAR  FIG. 15 is a sectional elevation view of the cutterheads and cutterhead
      support and drive means of the present invention.
PAR  FIG. 16 is a partial perspective view of the side cutterheads of the
      present invention, including the cutterhead adjustment means and
      integrally mounted planar support associated with one of said cutters.
PAR  FIG. 17 is a sectional elevation view of the pivotally mounted rip saws and
      rip saw drive means of the present invention, including a rectangular cant
      and planar supports therefor.
PAR  FIG. 18 is a sectional elevation view of the feedout rollers and feedout
      roller support means of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and particularly to FIG. 1, an apparatus 10
      for producing rough cut lumber from a raw wood pole is disclosed.
      Apparatus 10 includes, in general, pole loading platform 12 having
      horizontal pole positioning braces 14 mounted thereon. Platform 12 is
      mounted linearly adjacent support frame 16, which for discussion purposes
      will be arbitrarily divided into infeed section 18, central log shaping
      section 20 and outfeed section 22.
PAR  Referring also to FIG. 2, it will be seen that infeed section 18 includes
      rotary debarker means 24, pole drive wheel 26, kerf cutting saws 28 and
      guide rails 30. As will be described more completely hereafter, the
      debarking means, drive rollers, and the kerf cutters and support rails
      comprise pairs of substantially identical members mounted on movable
      support beams 32 such that the distance of these members from the linear
      path of travel of a pole through the apparatus 10, illustrated as dashed
      arrow 34, may be varied. Referring to FIGS. 12, 13 and 14 it will be
      understood that kerf cutters 28 and support rails 30 may be mounted on the
      sides as well as the top and bottom of pole 36, for example, and that the
      side cutters and rails have not been illustrated in FIGS. 1, 2 and 3 for
      purposes of drawing clarity only.
PAR  Pole shaping section 20 of the apparatus 10 includes side cutterheads 38
      mounted on cylindrical drum supports 40 and vertical cutterheads 42
      mounted on cylindrical drum supports 44. Planar beam supports 46 are
      mounted on side cylindrical cutterhead supports 40, while planar beam
      supports 48 are mounted on vertical cylindrical cutterhead supports 44.
      Again, as will be described more completely hereafter, cutterheads 38 and
      42, and integrally connected planar supports 46 and 48 are adjustable with
      respect to the linear path of travel 34 of the pole to be processed.
PAR  Referring now to outfeed section 22 of the apparatus 10, rotary ripping
      saws 50 are mounted on pivotal supports 52 such that either or both saws
      may be moved in or out of contact with a beam traveling on linear path 34.
      Finally, vertically adjustable outfeed rollers 54 are provided to convey
      the rough cut lumber from the apparatus. Although not shown on the
      drawings, it will be understood that a variety of conventional apparatus
      such as rollers, conveyor belts, or slides may be mounted adjacent the
      outfeed end of apparatus 10 to carry the rough cut lumber to a storage
      point or directly to a truck to convey it to a mill for drying and finish
      planing.
PAR  Referring again to FIG. 1, it will be understood that all of the elements
      of apparatus 10 are adapted to be driven through the illustrated
      conventional chain of axles, wheels, belts, chains and sprockets from a
      single power source such as the power takeoff of a tractor. For the most
      part, this drive system is considered to be old and conventional and will
      not be described in detail except for particular elements set forth
      hereafter, it being considered that the accompanying drawings amply
      illustrate this drive system. It should nevertheless be understood that
      the drive system is important in that for proper operation the speeds at
      which the various members such as the debarking means 24 or cutterheads 38
      or 42 are driven must be properly related to the speed at which drive
      rollers 26 and 54 convey a pole therethrough. For instance, it has been
      found that the debarker knives which rotate in the same direction as the
      movement of the pole therethrough should be rotated at a speed at least
      four times greater than the speed of travel of the pole. With regard to
      kerf cutting saws 28, rotary heads 38 and rip saws 50, it is only
      necessary that these be driven at conventionally high speeds so that they
      may properly cut or shape the wood pole passed therethrough.
PAR  Referring now to FIG. 3, wherein the processing of a raw wood pole to rough
      cut lumber by the apparatus of the present invention is schematically
      illustrated, it will be seen that a recently cut and debranched pole 36,
      having a diameter of between 3 inches and 10 inches, is first mounted on
      the loading platform which includes feed rollers 56 the top portions of
      which are angled inwardly to support pole 36. Poles 36 may be of any
      length, but commonly are pre-cut to 8 foot lengths. The pole is then
      centered with respect to a desired linear path of travel through the
      apparatus by means of centering braces or guides 14 which include fixed
      outer arms 58 and flexible inner arms 60 which are biased inwardly by
      compression springs 62 mounted between arms 58 and 60. Referring also to
      FIGS. 1 and 8, the construction of one embodiment of the loading platform
      and spring loaded centering guides is more completely disclosed. Three
      sets of inwardly toed feed rollers 56 are mounted at intervals along
      longitudinal frame 64. Feed rollers 56 are conventionally mounted on
      angularly disposed axles 66 which, in turn, are mounted by means of
      rotatable bearings 68 to support frame 64. Axles 66 include sprockets 70
      through which the feed rollers are driven by cooperating chain 72 which
      extends from a sprocket 74 (FIG. 9) mounted on driving axle 76. It will be
      readily understood that while guide means 14 are provided to center the
      pole horizontally with respect to the desired path of travel through the
      apparatus, the vertical positioning of the log is fixed by feed rollers 56
      upon which the pole rides.
PAR  Referring again to FIG. 3, it will be seen that in the disclosed
      embodiment, the log is conveyed longitudinally, large end or small end
      first, into the debarker 24. Referring specifically to FIG. 9, it will be
      seen that debarkers 24 include a lower shaft 76 and an upper shaft 78 on
      which outwardly extending ribs 80 are fixedly mounted. Shafts 76 and 80
      are positioned equal distances above and below the linear path of travel
      of the log therebetween. In the disclosed embodiment, shafts 76 and 80
      each carry six equally spaced ribs, which ribs in turn alternately carry
      three or four spring loaded knives. As is best seen in FIG. 9, the knives
      are spaced on alternate ribs such that the knives on shaft 78 remove the
      bark from the top half of pole 36 while the knives on shaft 76 remove the
      bark from the lower half thereof.
PAR  As has been briefly described above with reference to FIG. 2, shafts 76 and
      78 are mounted for rotation in bearings 90 on horizontal support beams 32
      which are adapted to be adjusted vertically on parallel wall 84 extending
      between infeed section 18 and cutterhead shaping section 20 of support
      frame 16. As is best seen in FIG. 2, upper horizontal beams 32 include
      angular support braces 86 extending outwardly from plate 88 which is
      slidable with respect to wall 84.
PAR  Referring now to FIGS. 10 and 11, the construction and operation of a
      spring loaded debarker knife 82 is disclosed. Knife 82 includes cutting
      blade 92 mounted on rectangular support bar 94 which is adapted to slide
      in rectangular channel 96 of support 97 which is pivotally connected by
      means of pin 120 extending through fittings 122 to fixture 98. Fixture 98
      is mounted by conventional nuts and bolts 100 to arcuate rib 80. Support
      97 includes channel 102 through which pin 104, which extends outwardly
      from support bar 94, passes. Tensioning spring 106 extends between pin 104
      and pin 108 which is aligned with slot 102. As will be readily understood
      from reference to FIG. 10, spring 106 biases support bar 94 vertically
      upward in channel 96.
PAR  Pivotal support 97 further includes outwardly extending arms 110
      interconnected near their outer ends by bar 112 which extends through
      holes 114 in said arms. Springs 116 extend between bar 112 and fittings
      118 mounted on fixture 98, and bias support 97 towards rib 80 as disclosed
      in FIG. 10.
PAR  In FIG. 11, the operation of the pivotally mounted spring loaded knife 82
      is disclosed. Arrow 124 illustrates the path of travel of pole 36, while
      arrow 125 illustrates the direction of rotation or ribs 80. As set forth
      above, ribs 80 rotate such that knife blade 92 is moving at least four
      times faster than log 36 at the time the blade contacts the surface of the
      log. Rotating knife blade 92 strikes the surface of pole 36 and is scraped
      therealong to remove the bark therefrom. In normal operation, support bar
      94 is forced downwardly into channel 96 as rib 80 approaches the vertical
      position illustrated in FIG. 11. Spring 106 acts to raise support bar 94
      in channel 96 after rib 80 has rotated past the vertical position. When
      the pivotally mounted spring loaded knife 82 strikes a knot or the stub of
      a tree limb such as 126, spring loaded knife 82 is caused to pivot in the
      direction of arrows 128 about bar 120. After the rotation of rib 80 has
      carried knife 82 past stub 126, spring 116 which has been extended by the
      pivotal movement of support 97 acts to move the knife back to the
      substantially vertical position illustrated in FIG. 10.
PAR  Referring again to FIG. 3, it will be seen that after pole 36 has been
      debarked, drive rollers 26 act on the debarked pole to further convey it
      along linear path 34 through apparatus 10. As disclosed, the drive rollers
      comprise conventional small diameter rubber tires inflated to a low
      pressure such that they may be easily deformed if forced to roll over a
      tree limb stub for example. Tires 26 are inflated to equal pressures and
      thus act to center the pole with respect to the kerf cutters 28, thereby
      allowing either end of the pole which often vary in diameter to be put
      through the machine first. Other conventional roller means may be
      substituted for these tires, or pairs of equally inflated laterally
      adjacent tires may be mounted on axles 130 both above and below the pole
      36 such that the pole will tend to ride in the slot between the laterally
      spaced tires thereby gaining a degree of lateral support. As is best seen
      in FIG. 1, axles 130 are mounted for rotation in bearings 132 which are in
      turn mounted on vertically adjustable horizontal support bars 32.
PAR  Referring again to FIG. 3, drive rollers 26 drive pole 36 through adjacent
      kerf cutting saws 28 disposed about the periphery of the pole. Referring
      to FIGS. 12-14, it will be seen that kerf cutting saws 28 may be mounted
      to cut four kerfs at intervals of 90.degree. about the periphery of pole
      36, although the invention is not limited to this configuration, and, for
      example, three kerf cutting saws spaced at intervals of 120.degree. about
      the periphery of the pole or any other configuration adequate to support
      the pole during shaping by cutterheads 38 and 42 may also be used. As
      shown, cutters 28 cut kerfs on the top, bottom and opposed sides of the
      pole. Support rails 30 are provided immediately adjacent the kerf cutting
      saws and are adapted to ride in the newly formed kerfs to firmly support
      the log and prevent its twisting or turning during shaping by cutterheads
      38 and 42. As is best shown in FIG. 2, the vertically disposed kerf
      cutting saws 28 and the vertically disposed support rails 30 are mounted
      on support shafts 132 and 134 which are in turn fixedly connected to
      vertically adjustable horizontal support bars 32. Although not disclosed
      in FIG. 2 to clarify the drawing, it will be readily understood that side
      kerf cutting saws 28 and side support rails 30 are mounted in a
      substantially similar manner and are also adapted to be horizontally
      adjusted for processing poles of varying diameter.
PAR  In one embodiment of the present invention, the kerf cutting saws are 8
      inch diameter replaceable tooth saws having a thickness of three-eighths
      inch. The thickness of nose portion 135 of the following support rail is
      equal to or slightly less than the width of the continuous longitudinal
      kerf cut by saws 28 and therefore fits firmly therein. Saws 28 are mounted
      for rotation on axles 136 which are driven from the main power source
      through a conventional drive system.
PAR  The depth of the kerfs 138 varies depending on the diameter of the pole to
      be processed and the configuration of the rough cut lumber produced
      therefrom. The kerfs 134 should not be so deep as to cut into the
      rectangular cant formed by the cutterheads 38 and 42, but it has been
      found to be desirable to maintain the bottom portion of the kerf within
      one-fourth inch of the later formed cant to give guide rails 30 a firm
      bite therein.
PAR  FIGS. 4-7 illustrate examples of various configurations of pieces of rough
      cut lumber cut from raw wood poles of varying diameter. FIG. 4, for
      example, discloses in dotted line, a pole 140 having a diameter of less
      than five inches, from which a 2 .times. 4 stud 142 may be cut. FIG. 5
      discloses a kerfed pole 144 having an unbarked diameter of at least 5
      inches from which a 2 .times. 4 stud 146 and a 1 .times. 4 board 148 may
      be cut. FIG. 6 discloses a pole 150, approximately 6 inches in diameter
      from which two 2 .times. 4 studs 152 may be cut. Finally, FIG. 7 discloses
      a pole 154 having a diameter of at least 61/2  inches from which two 2
      .times. 4 studs 156 and one 1 .times. 4 board 158 may be cut. It will be
      readily understood that other combinations of various sized lumber may be
      cut from poles having diameters smaller or larger than those illustrated.
      For instance, two 2 .times. 6 beams and one 1 .times. 6 board may be cut
      from a pole having a debarked diameter of at least 7.8 inches.
PAR  Referring now to FIG. 2, the linkage system whereby horizontal support
      beams 32 which carry debarkers 24, feed rollers 26, kerfing saws 28 and
      support rails 30, is disclosed. Lever arm 160, including handle portion
      162, is disposed subadjacent the infeed end of frame 16 and is pivotally
      mounted at a point spaced from end 166 of lever 160. Beam 168 extends from
      lever 162 to top horizontal support beams 32, while beam 170, which is
      mounted on end 166 of the lever arm is connected to lower horizontal
      support beams 32. It will be readily understood that the raising of handle
      162 causes beam 168 to move top horizontal support beams 32 upwardly,
      while beam 170 pulls bottom support beams 32 downwardly. Bar 172 is
      fixedly connected at its lower end to lever 160 and is pivotally connected
      at its upper end to horizontal beam 174 which interconnects the vertically
      oriented cutterheads 42 and the outfeed rollers 54 such that these
      elements may be adjusted in vertical directions simultaneously with the
      movement of horizontal support beams 32.
PAR  Beam 174 is connected to one end of angular member 176, and is adapted to
      pivot it about support bracket 180. Angular member 176 is connected at its
      opposite end to beam 181 which is adapted to move lower vertical
      cutterhead 42 toward or away from the linear path of travel 34 of a pole
      through the disclosed apparatus, and to beam 182 which is additionally
      connected through pivotally mounted beam 184 to beam 186 which is adapted
      to move upper vertical cutterhead 42 in a direction equal to and opposite
      the movement of the lower cutterhead. In substantially the same manner,
      horizontal beam 174 is connected to linkage system 188 for movement of the
      outfeed rollers, and this linkage system will not be described in detail.
PAR  Referring additionally to FIG. 16, one means for adjusting side cutterheads
      38 and side guide rails 30 is disclosed. As shown, lever arm 160 is also
      adapted to move twisted beam 190 in vertical directions. Beam 190 is
      connected at its upper end to angular brackets 192 and 194, the latter
      through extension bar 196. It will be readily understood that the vertical
      movement of beam 190 causes brackets 192 and 194 to move bars 198 and 200
      toward or away from wood pole 36. Bars 198 are connected by conventional
      means 202 to cylindrical side cutterhead supports 40. Although not
      illustrated in the drawing, the cutterhead 38 and guide rail 30 on the
      opposite side of pole 36 may be adjusted through a similar linkage system
      connected to lever arm 160 through connecting rod 204. From all of the
      above, it will be understood that the entire apparatus, except for ripping
      saws 50, may be simultaneously adjusted by pivoting lever arm 160 to
      process logs of varying diameter.
PAR  In another embodiment of the present invention, separate linkage systems
      may be provided for separate adjustment of the vertical and horizontal
      cutters and supports. It should also be understood that none of the
      elements of the instant apparatus need be adjustable more than 4 inches in
      order to handle poles varying from 3 inches to 10 inches in diameter.
PAR  Referring again to FIG. 16, it will be seen that planar supports 46 are
      mounted on angular arms 206 which are connected at their opposite ends by
      conventional means 208 to cylindrical cutterhead supports 40. Slots 210
      are provided such that arms 206 may be adjusted such that planar support
      46 is aligned with the end cutting surface of cutterheads 38. Vertical
      planar supports 48 are mounted in like fashion on vertical cylindrical
      cutterhead supports 44.
PAR  Referring now to FIG. 15, the construction and orientation of the
      cutterheads of the instant invention is more completely disclosed.
      Cylindrical cutterhead supports 40 and 44 are slidably mounted on
      cylinders 212 which are fixedly mounted on support frame 16. Cylinders 212
      have an outside diameter slightly smaller than the inside diameter of
      cylinders 40 and 44 such that the outer cylinders rotate freely thereover.
      The cutterheads are mounted on drive shafts 216 which rotate on bearings
      214 disposed centrally in the ends of cylinders 40 and 44. Drive shafts
      216 include splined end portions 218. Cylindrical collars 220 are fixedly
      mounted at one end by means of rivet or pin 221 to shafts 222 and include
      internal longitudinal grooves near their other end adapted to mate with
      the splines of drive shaft 216 to prevent relative rotation of shaft 216
      and collar 220. The spline connection provides a system for positively
      driving the cutterheads while still allowing the cutterheads to be
      adjusted by longitudinally moving the shaft 216 within collar 220. As is
      further disclosed in FIG. 15, drive shafts 222 are conventionally mounted
      in bearings 224 to which rotational force is supplied through conventional
      drive belt system 226 from a single power source.
PAR  Referring now to FIG. 17, the mounting and operation of rip saws 50 in
      outfeed section 22 of the apparatus is disclosed. Saws 50 are
      conventionally mounted on axles 230 which in turn are mounted for rotation
      in roller bearings 232 on pivotal arms 52. A positioning control system
      including handles 234, rotatably mounted rods 236, and linkage bars 238
      and 240 are connected to pivotal arms 52 to allow the arms 52 to be
      independently pivoted in the vertical direction about their connection
      with frame 22 to alternatively cut or not cut wood cant 36 as it passes
      therebelow. As has been heretofore described with reference to FIGS. 4-7,
      either or both saws may be used depending upon the initial diameter of the
      pole to be processed and the desired configuration of the rough cut
      lumber. As disclosed in FIG. 17, saws 50 are conventionally driven through
      belts 242 which interconnect pulleys 246 and 248 mounted respectively on
      shafts 230 and 250, and belt 252 which interconnects pulleys 254 and 256
      mounted respectively on shafts 250 and 258. Bearings 260 are mounted on
      frame section 22 to support shaft 250 and allow it to rotate with respect
      thereto.
PAR  Referring now to FIG. 18, upper and lower outfeed rollers 54 mounted
      respectively on support axles 262 and 264 are disclosed. Conventional
      bearings 266, which support axles 262 and 264, are mounted on vertically
      movable slides 268 such that outfeed rollers 54 may be adjusted for
      processing lumber of varying size as has been heretofore described. As
      disclosed, axle 264 is driven through pulley 270 mounted thereon which is
      interconnected to the drive system disclosed above. While axle 262 is a
      non-powered follower it should be understood that both of these axles may
      be power driven if desired.
PAR  From all of the above, it will be seen that the present invention discloses
      a method of producing rough cut lumber from a wood pole including the
      steps of placing the pole on a loading platform, centering the pole
      vertically and horizontally with respect to a linear path of travel
      through apparatus 10. Conveying the pole longitudinally along the path of
      travel consecutively past debarker knives which remove the bark therefrom,
      kerfing saws which notch longitudinal kerfs about the pole, and guide
      rails which ride in the newly formed kerfs to prevent the pole from
      twisting under the action of cutterheads which shape the pole to a
      rectangular cross section by cutting chordal segments from the periphery
      of the pole. After passing through the cutterheads, the rectangular beam
      or cant is supported by planar guides which contact its newly formed
      surface areas. If desired, rip saws may be employed to cut the beam
      longitudinally prior to its being discharged from apparatus 10 by a set of
      outfeed rollers.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or central characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for producing lumber for a log comprising:
PA1  a. a frame assembly having a log infeed end and a lumber outfeed end with a
      linear travel path therebetween to be traversed by the longitudinal center
      axis of a log being formed into lumber,
PA1  b. a pair of opposed top and bottom rotary particle-forming cutter heads
      adapted to form parallel planar top and bottom surfaces on a log, said
      cutter heads having a common direction of rotation thereby exerting a
      lateral force on the log directed toward one lateral side of the travel
      path,
PA1  c. an infeed kerf cutter arranged to form a bottom longitudinal kerf in the
      portion of the log to be cut away by said bottom cutter head,
PA1  d. a bottom guide rail adjacent said kerf cutter and adapted to slide in
      said kerf,
PA1  e. a pair of opposed side rotary particle-forming cutter heads located
      between said kerf cutter and said top and bottom cutter heads and adapted
      to form parallel planar surfaces along the lateral sides of the log
      whereby said pairs of cutter heads can collectively form a cant of
      rectangular cross-section, said side cutter heads having a common
      direction of rotation,
PA1  f. side guide means located on said one lateral side of the travel path so
      as to resist said lateral force component by contacting the respective
      lateral surface of the cant at a location adjacent the top and bottom
      cutter heads,
PA1  g. bottom guide means located on the outfeed side of said bottom cutter
      head and adjacent thereto for contacting the bottom surface of the cant,
PA1  h. first adjusting means on the frame assembly for moving said kerf cutter,
      bottom rail, bottom guide means and bottom cutter head vertically as a
      first unit selected amounts, and for simultaneously moving a second unit
      comprising said top cutter head, oppositely to the movement of said first
      unit at the same vertical distance from said travel path as the first
      unit,
PA1  i. second adjusting means on the frame assembly for horizontally moving as
      a third unit said side guide means and the respective side cutter head,
      and for simultaneously moving a fourth unit comprising the other side
      cutter head oppositely to the movement of said third unit the same
      distance from said travel path as the third unit, and
PA1  j. infeed and outfeed conveyor means carried by said frame assembly for
      moving a log along said travel path.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said outfeed conveyor means
      comprises opposed upper and lower outfeed rollers, the upper roller
      comprising part of said first unit and the lower outfeed roller comprising
      part of said second unit whereby said first adjusting means maintains said
      rollers equidistant from said travel path.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said infeed conveyor means
      includes opposed upper and lower infeed rollers, and means for adjusting
      the spacing apart of said rollers to accommodate various log diameters and
      for maintaining said infeed rollers equidistant from said travel path.
NUM  4.
PAR  4. Apparatus according to claim 1 in which saw means are adjustably carried
      by said frame assembly to be selectively moved into engagement with the
      lead end of a formed cant between said bottom guide means and said outfeed
      conveyor means.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said fourth unit includes a
      respective side guide means adjacent the outfeed side of the side cutter
      head on the lateral side opposite from the first mentioned side guide
      means.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said second unit includes a top
      guide means located adjacent the outfeed side of the upper cutter head for
      guiding the top planar surface of the cant.
NUM  7.
PAR  7. Apparatus according to claim 1 in which said common direction of the
      side cutter heads is such that the latter are moving downwardly in their
      log cutting zone.
NUM  8.
PAR  8. Apparatus according to claim 1 in which said first adjusting means
      comprises a first control device and a first linkage system
      interconnecting said first and second units with said first control device
      whereby selected movement of the latter responsively moves said first and
      second units simultaneously like amounts relative to said travel path.
NUM  9.
PAR  9. Apparatus according to claim 7 in which said second adjusting means
      comprises a second control device and a second linkage system
      interconnecting said third and fourth units simultaneously like amounts
      relative to said travel path, said first and second adjusting means being
      independently adjustable by movement of said first and second control
      devices.
NUM  10.
PAR  10. Apparatus according to claim 1 in which each of said four cutter heads
      is carried by a respective slide member slidably mounted on a guide
      rigidly mounted on said frame assembly.
NUM  11.
PAR  11. Apparatus according to claim 10 in which said bottom guide means is
      mounted on the respective slide member for said bottom cutter head.
NUM  12.
PAR  12. Apparatus according to claim 10 in which said side guide means is
      mounted on the respective slide members for the side cutter head located
      on the same lateral side of the travel path as the side guide means.
NUM  13.
PAR  13. Apparatus for producing rough cut lumber from a log comprising, a frame
      assembly having a log infeed end and a rough cut lumber outfeed end with a
      linear travel path therebetween to be traversed by the longitudinal center
      axis of a log being formed into lumber,
PA1  a bottom guide-kerf cutting saw beneath said path and a pair of coplanar
      side guide-kerf cutting saws at opposite sides of said path with all three
      of said saws arranged coplanar to said path and arranged to cut
      guide-kerfs along the bottom and opposite horizontal sides of a log
      conveyed along said path,
PA1  bottom and side infeed guide rails adjacent respective of said guide-kerf
      saws and adapted to slide in the kerfs cut thereby,
PA1  a pair of opposed upper and lower particle-forming cutter heads and a pair
      of opposed side particle-forming cutter heads adjacent said infeed rails
      and adapted to shape said log into a planar-surface cant of rectangular
      cross-section as the log is conveyed lengthwise,
PA1  a bottom guide adjacent the outfeed side of the lower cutter head and
      adapted to guide the bottom planar surface of such a cant,
PA1  first adjusting means on the frame assembly for moving said bottom saw,
      bottom rail, lower cutter-head and bottom guide surface vertically as a
      first unit selected amounted and for moving a second unit, including said
      upper cutter head, oppositvely to the movement of said first unit the same
      distance from said travel path,
PA1  second adjusting means on the frame assembly for horizontally moving as a
      third unit the saw, guide rail, and cutter head at one side in selected
      horizontal amounts and for moving a fourth unit comprising the saw, guide
      rail, and cutter head at the outer side oppositely to the movement of said
      third unit the same distance from said travel path, whereby said travel
      path is always located midway between said first and second units and
      midway between said third and fourth units,
PA1  and infeed and outfeed conveyor means carried by said front assembly for
      moving a log with its longitudinal center axis traversing said travel
      path.
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ABST
PAL  A clothes bag and hanger is provided for vertical suspension of the bag
      from a supporting member. The hanger comprises a closed loop frame formed
      with a circumferential channel which opens radially outward. A hook-form
      hanger element is also formed with the frame for engagement with a support
      member. The clothes bag includes elongated front and rear wall panels of
      fabric sewn to form an open topped receptacle with the rear panel of
      greater length than the front panel resulting in the opening being in the
      plane of the panels and facing sideways. A drawstring sewn into a
      peripheral loop extending around the opening is utilized to secure the bag
      in the channel of the hanger from which the bag is then vertically
      suspended. A pleat formed in and extending longitudinally of the rear wall
      panel provides cross-sectional area expansion of the bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Clothes bags heretofore provided in the prior art comprise in general,
      fabric bag formed with an open top and provided with a drawstring type
      closure. Although effective in the primary function of holding clothes,
      such prior art clothes bag do not provide a neat appearance as they are
      either stored on the floor in a closet or are suspended from a hook by
      means of the drawstring.
PAR  Utilization of a clothes bag merely stored on the floor is inconvenient as
      it must be picked up and held while attempting to simultaneously maintain
      the top open and either insert or remove articles of clothing. In the case
      of a clothes bag suspended from a hook by means of the drawstring, the
      opening will be closed and must first be opened. In either case,
      utilization is inconvenient and difficult thereby materially detracting
      from usefulness of prior art clothes bags for storage.
PAC  SUMMARY OF THE INVENTION
PAR  A clothes bag embodying this invention may be readily suspended from a
      support element and will hang in a vertical plane. The opening will be
      maintained in a full open position thereby greatly enhancing usefulness
      and convenience of use. Clothes may be single-handedly inserted or removed
      through the always open top.
PAR  A clothes bag and hanger constructed in accordance with this invention
      comprises a bag formed from a fabric material having a top opening which
      faces sideways and a hanger that includes a peripheral frame which is
      suspended in a vertical plane. The bag is secured to the frame with the
      bag opening mounted on the peripheral frame. This results in the bag being
      advantageously suspended in a vertical plane. A drawstring type of
      attachment permits removal or interchange as may be desired.
PAR  In addition to the primary advantages of neatness in vertical suspension
      and always having the top open, the bag is constructed to readily
      accommodate a relatively large quantity of clothes without materially
      affecting the vertical suspension. This construction of the bag involves
      formation of an elongated pleat in one sidewall of the bag and extending
      longitudinally thereof to readily permit expansion or enlargement of the
      cross-sectional area of the bag for greater capacity without resulting in
      distortion at the top opening.
PAR  These and other advantages and objectives of this invention will be readily
      apparent from the following detailed description of an embodiment thereof
      and the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a front elevational view of a clothes bag and hanger embodying
      this invention.
PAR  FIG. 2 is a fragmentary vertical sectional view on an enlarged scale taken
      along line 2--2 of FIG. 1.
PAR  FIG. 3 is a horizontal sectional view on an enlarged scale taken along line
      3--3 of FIG. 1.
PAR  FIG. 4 is a rear elevational view of the hanger.
PAR  FIG. 5 is a fragmentary vertical sectional view of an enlarged scale taken
      along line 5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  A receptacle or clothes bag 10 and hanger 11 are shown in assembled
      relationship in FIG. 1 as suspended from a support member. For purposes of
      example, this support member is indicated as a clothes bar B such as is
      found in closets but it will be understood that utilization is not so
      limited.
PAR  The hanger 11 is a rigid frame formed from any suitable material exhibiting
      the desired structural strength characteristics. A synthetic thermoplastic
      or thermosetting resin of any of the well known types may be utilized. In
      the illustrative embodiment, the frame includes three peripheral elements
      designated as a base element 12 and side elements 13 which are integrally
      formed in a triangular configuration. Each side element 13 joins with a
      respective end of the base element 12 and are joined together at an apex
      14 with the peripheral frame elements thereby defining a triangularly
      shaped open area.
PAR  Each of the peripheral frame elements 12 and 13 is of the same general
      cross-sectional configuration which, as can be best seen in FIG. 4 and 5,
      is U-shaped. As such, each element includes spaced parallel flanges 15 and
      16 interconnected by a web 17 which forms the inner wall of the frame. The
      flanges 15 and 16 with the web 17 define a channel 18 which opens radially
      outward and extends continuously around the three elements. One flange 15
      is at the front of the hanger with the rear flange 16 being relatively
      shorter.
PAR  Attached to the apex 14 of the peripheral elements 13 is a hanger element
      19. This hanger element 19 is a circularly shaped hook having an inner
      edge surface 20 of a diameter to receive a support member such as the
      clothes bar B illustrated in FIG. 1. A free end 21 of the hook is spaced
      from the shank to define an opening through which the bar B may readily
      pass. The hanger element 19 is preferably formed as an integral
      continuation of the front flange 15 at the apex 14 and extends vertically
      upward to center the hook over the apex for proper balance.
PAR  A central support 22 is formed in the base element 12 to engage the clothes
      bag 10 in this area for better support thereof. As can be best seen in
      FIG. 4 and the sectional views 2 and 5, this central support comprises an
      elongated opening 23 formed in the rear flange 15 and a portion of the web
      17 at the center of the base element 12. Disposed centrally of the opening
      23 is an upright extension 24 of the rear flange that terminates at the
      base of the channel 18. Formed with the extension 23 at the upper end
      thereof is an outwardly projecting lip 25 that extends a distance beyond
      the outer surface of the rear flange 16.
PAR  Detachably assembled with the hanger 11 is the clothes bag 10 which is a
      flexible-walled receptacle. The clothes bag comprises a main body
      including front and rear wall panels, 26 and 27 respectively, that are
      formed from a suitable cloth fabric material as illustrated in FIGS. 1, 2
      and 3. Both panels may be obtained from a single piece of fabric material
      forming an elongated tubular structure having a longitudinal side seam 28
      and a bottom seam 29 which closes the bottom of the bag. Both front and
      rear wall panels are of a width substantially equivalent to the length of
      the base element 12.
PAR  An opening is formed at the opposite or top end of the clothes bag by
      extending the rear wall panel 27 a distance beyond the end of the front
      wall panel 26. This longitudinal extension 30 of the rear wall panel is
      triangularly configured to be substantially coextensive with the open area
      of the hanger 11. Around the peripheral edges of the front and rear wall
      panels 26 and 27 extends a drawstring 31 which runs through a loop 32
      formed in each of the peripheral edges. Preferably, the loop 32 is
      discontinuous at each of the three corners in order that constriction of
      the drawstring will not result in an excessive bunching of the fabric at
      the corners associated with the peripheral edge of the front panel 26.
      Discontinuance of the peripheral edge loop 32 at the juncture of the two
      edges of the rear panel 27 is also necessary to provide an exit point for
      the drawstring 31. The loop 32 can be best seen in FIG. 2 with the
      drawstring 31 extending therethrough while the points of discontinuity can
      be seen in FIG. 1 and are designated by the numerals 33 and 34.
PAR  As is most clearly seen in FIG. 2, the clothes bag 10 is assembled with the
      hanger 11 by positioning the peripheral edges comprising the loop 32 with
      included drawstring in the channel 18 of the base and side elements 12 and
      13. For assembly, the peripheral edge of the front wall panel 26 is
      positioned in the channel of the base element 12 while the two peripheral
      edges of the rear wall panel 27 are positioned in respective channels of
      the two side elements 13. When thus assembled, the drawstring 31 is pulled
      to tightly draw the loop 32 into the base of the channel 18 with the ends
      31 and 31b of the drawstring being tied at the apex 14 thereby detachably
      securing the clothes bag 10 on the hanger 11.
PAR  Accumulated weight of clothes deposited in the bag 10 through the aligned
      openings of the hanger 11 and the bag will tend to draw the peripheral
      edge loop 32 of the front wall panel 26 down from the illustrated straight
      line position shown in FIG. 1. To counter act this downward force, the
      central support 22 formed in the base element 12 is engaged with the
      peripheral edge of the front wall panel 26 providing a mid-span point of
      support. Engagement is facilitated by forming a discontinuity 35 in the
      loop 32 at the center of the front panel peripheral edge thereby exposing
      a length of the drawstring 31. This portion of the drawstring may then be
      pulled through the elongated opening 23 and looped over the upright
      extension 24 where it is retained by the outwardly projecting lip 25.
PAR  It is desirable that the hanger 11 remain in a substantially vertical plane
      regardless of the weight or volume of clothes that may be deposited in the
      bag 10. This requirement makes it necessary that the bag be capable of
      expanding in cross-sectional area throughout a substantial portion of its
      length but leave the front wall panel 26 in a relatively flat plane. In
      accordance with this invention, this is accomplished by providing the rear
      wall panel 27 with a relatively wide pleat 36 which extends the entire
      length of the rear wall panel. The lower end of this pleat 36 is sewn into
      the bottom seam 29 which the upper end is sewn into the loop 32 and seam
      for the discontinuity 34 at the apex of the rear wall panel 27. As will be
      readily understood with reference to the cross-sectional illustration of
      the bag 10 in FIG. 3, the rear wall panel 27 may readily expand in width
      to increase cross-sectional area without necessarily disturbing the front
      wall panel 26. The width of the pleat 36 may be of the order of 1/4 to 1/3
      the width of the bag to provide adequate expansion.
PAR  Utilization of the illustrated and described embodiment of this invention
      is believed readily apparent as are the obviously useful advantages of the
      novel structure. Although the hanger is only shown as being supported on a
      closet clothes bar in FIG. 1, it will be apparent that other types of
      support members may be used to equal advantage, such as a clothes hook
      mounted on a wall surface, for example. Also, while a triangular
      configuration is shown for the hanger, the hanger may be in the form of a
      square or a circle with only obvious adjustments in the clothes bag for
      adaptability to attachment to the hanger. Functional advantage of the
      pleat in formation of the clothes bag may also be obtain where the pleat
      is formed in the front wall panel, or both front and rear panels, as well
      as in the rear wall panel as illustrated.
PAR  It will be readily apparent that a novel clothes bag and suspension hanger
      is provided by this invention. The clothes bag and hanger are particularly
      adapted to suspension in a vertical plane requiring a minimum of closet
      space while maintaining the bag top open for convenience in utilization.
      The pleated bag construction provides for greater capacity without
      detracting from the desired vertical suspension.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A clothes bag and detachable suspension hanger comprising;
PA1  a rigid frame having peripheral elements defining a a predetermined open
      area in the plane of the elements and including a hanger element adapted
      to engage a support member for suspending said frame therefrom with the
      peripheral elements disposed in a substantially vertical plane, said
      peripheral elements being formed with a peripherally extending channel
      opening radially outward and having at least a portion of an element
      extending transversely to a vertical axis when said frame is vertically
      suspended with said portion disposed at a side of said frame opposite to
      said hanger element, said portion having a support element formed
      therewith, and
PA1  a flexible-walled bag attached to said rigid frame in depending
      relationship, said bag having a main body including front and rear wall
      panels disposed in superimposed relationship with the rear panel extending
      a distance beyond the one end of the front panel and with peripheral edges
      of the front and rear panels at that end cooperatively defining an opening
      disposed in a plane parallel to the plane of the panels, said peripheral
      edges defining said opening provided with a drawstring for constrictively
      and releasably securing said peripheral edges in said channel of said
      frame to secure said bag thereto with the bag opening in alignment with
      the open area defined by the peripheral elements of said frame, said
      drawstring engageable with said support element for support of the bag.
NUM  2.
PAR  2. A clothes bag and detachable suspension hanger according to claim 1
      wherein the peripheral elements of said rigid frame form a closed loop.
NUM  3.
PAR  3. A clothes bag and detachable suspension hanger according to claim 1
      wherein said hanger element projects upwardly from the vertically disposed
      frame.
NUM  4.
PAR  4. A clothes bag and detachable suspension hanger according to claim 1
      wherein said bag is formed with a pleat extending vertically thereof in at
      least one of said wall panels providing cross-sectional area expansion.
NUM  5.
PAR  5. A clothes bag and detachable suspension hanger according to claim 4
      wherein said pleat extends the full length of said bag.
NUM  6.
PAR  6. A hanger for a clothes bag comprising a rigid frame having peripheral
      elements defining a predetermined open area in the plane of the elements
      and a hanger element adapted to engage a support member for suspending
      said frame therefrom with the peripheral elements disposed in a
      substantially vertical plane, the peripheral frame elements having means
      cooperatively engageable with a clothes bag and which means includes a
      peripherally extending channel which opens radially outward, one of the
      peripheral elements of said rigid frame of elongated bar-form and disposed
      at a side of said frame opposite to said hanger element in transversely
      oriented relationship to a vertical axis of suspension and including a
      support element formed intermediate the ends thereof, said support element
      adapted to releasably engage with a clothes bag.
NUM  7.
PAR  7. A hanger according to claim 6 wherein the peripheral elements of said
      rigid frame form a closed loop.
NUM  8.
PAR  8. A hanger according to claim 6 wherein said one peripheral element has an
      opening to said channel formed therein intermediate the ends thereof and
      said support element is a hook-like projection disposed in said opening.
NUM  9.
PAR  9. A clothes bag and detachable suspension hanger comprising;
PA1  a rigid frame having interconnected peripheral elements forming angular
      corners and defining a predetermined open area in the plane of the
      elements and including a hanger element adapted to engage a support member
      for suspending said frame therefrom with the peripheral elements disposed
      in a substantially vertical plane, and
PA1  a flexible-walled bag attached to said rigid frame in depending
      relationship, said bag having a main body including front and rear wall
      panels disposed in superimposed relationship with the rear panel extending
      a distance beyond the one end of the front panel and with peripheral edges
      of the front and rear panels at that end cooperatively defining an opening
      disposed in a plane parallel to the plane of the panels, said peripheral
      edges defining said opening discontinuous at said angular corners and
      provided with a drawstring bridging said discontinuities to releasably
      engage with said frame to secure said bag thereto with the bag opening in
      alignment with the open area defined by the peripheral elements of said
      frame.
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ABST
PAL  A device for inserting or moulding into a tire tread to increase traction
      and stabilize the tread comprising an elongated body having an end surface
      and installed in the tire so that the end surface is spaced inwardly of
      the tread surface in a manner defining a recess. As the tire moves along a
      supporting surface such as a road, the portion containing the device is
      brought into and out of maximum stress thereby varying the volume of the
      recess in a manner creating suction therein which increases traction
      between the tire and road. The device is formed of material having wear
      characteristics substantially similar to the tire material, for example
      thermosetting plastic material which preferably is filled with iron
      powder. The device has a frusto-conical body terminating in the end
      surface and having a relatively larger diameter base portion at the
      opposite end for proper securement in the tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of vehicle traction devices such as
      rubber tires, and more particularly to a new and improved device for
      inserting into a tire surface or tread to increase tire stability,
      traction and tire mileage.
PAR  Various constructions and designs have been employed in tires heretofore
      available. Development of tire construction and design has been oriented
      toward increased traction for starting, stopping and avoidance of sideslip
      as well as increase of tire mileage. Current tire production involves
      syping or partial slicing of the tread of the tire so that additional
      edges of rubber are brought into contact with the road to relieve
      hydroplaning on a wet surface or riding on melted rubber on a dry surface
      in attempting to make maximum use of the abrasive effect of road surface
      on the tire. The effect of the syping is greatest when the tire is
      rolling, being diminished if the brakes are applied so that the vehicle
      wheel is locked.
PAR  Another approach to increasing traction has been insertion in the tire
      tread of hardened metallic studs which project from the tire surface and
      are intended to act as lugs or cleats to dig into the road surface. The
      erosive effect on the road surface has resulted in prohibition of use of
      studded tires in some localities.
PAR  The primary object of this invention is to provide a new and improved
      device for inserting into a tire surface or tread for the purpose of
      increasing traction.
PAR  It is a further object of this invention to provide a device which
      stabilizes tire tread with resultant greater vehicle control on starting,
      stopping and turning.
PAR  It is a further object of this invention to provide such a device which
      will not penetrate the cord body or otherwise damage the tire into which
      is it inserted.
PAR  It is a further object of this invention to provide such a device which
      will not abrade or otherwise damage road surfaces.
PAR  It is a further object of this invention to provide such a device which
      stabilizes tire tread with resultant increase of tire mileage.
PAR  It is a further object of this invention to provide such a device which
      accomplishes the foregoing objectives in a manner which does not cause
      noise during the operation thereof.
PAR  It is a further object of this invention to provide such a device which is
      easy and economical to manufacture and convenient to install in a tire.
PAR  The present invention provides a device for installation in the tread or
      wear surface of a traction element such as a vehicle tire to increase the
      traction and stability thereof. The device comprises a body having an end
      surface and which is installed in the traction element so that the end
      surface is spaced inwardly of the tread surface in a manner defining a
      recess. The volume of the recess is varied as the traction element moves
      along a supporting surface stressing the portion  of the traction element
      containing the device in a manner creating suction in the recess, which
      suction increases traction between the traction element and the supporting
      surface. The device is shaped in a manner such that it is held securely in
      the body of the traction element while at the same time damage to the body
      of the traction element is prevented. The device is formed of a material
      having wear characteristics substantially similar to the material of the
      traction element, and the material preferably is plastic having a powder
      metal filler.
PAR  The foregoing and additional advantages and characterizing features of the
      present invention will become clearly apparent from a reading of the
      ensuing detailed description together with the included drawing wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is an elevational view of a conventional vehicle wheel showing a
      number of devices according to the present invention inserted into the
      tire of the wheel to increase traction;
PAR  FIG. 2 is an elevational view of the device according to the present
      invention;
PAR  FIG. 3 is a plan view of the device of FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view of a tire body showing the device of
      the present invention installed therein;
PAR  FIGS. 4a-4d are views similar to FIG. 4 showing successive stages of
      operation of the device of the present invention; and
PAR  FIG. 4e is a view similar to FIG. 4c but showing a portion thereof on an
      enlarged scale.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a conventional vehicle wheel and a
      number or plurality of devices 10 according to the present invention
      installed in the surface or tread of a tire 21 fitted on the wheel to
      increase traction. As shown in FIGS. 2 and 3, device 10 is generally
      elongated and includes a body portion 11 which preferably is generally
      frusto-conical in shape thereby defining a tapering outer surface 12. Body
      portion 11 terminates at one end in an end face 13 which preferably is
      planar and disposed at substantially a right angle to the longitudinal
      axis of body portion 11. The opposite end of body portion 11 meets a base
      16 which preferably is disc-shaped or tablet-shaped having a diameter
      slightly greater than the maximum diameter of body 11 and including an end
      face 17 which preferably is planar and disposed at substantially a right
      angle to the longitudinal axis of body portion 11. Thus, the
      cross-sectional area of body 11 increases along the longitudinal axis
      thereof and away from end face 13.
PAR  The following dimensions which could be applied to device 10 are given by
      way of example for purposes of illustration, it being noted that various
      sizes and altered dimensions will be required for various depths of tire
      tread. It should be noted also that the composition of the device 10 may
      be varied in accordance with varying compositions used in tire
      manufacture. For average size pneumatic passenger car tires the overall
      length of device 10, measured between end faces 13 and 17 can be about
      0.593 inch. The minimum diameter of body portion 11, which is equal to the
      diameter of end face 13, can be about 0.187 inch. The maximum diameter of
      body portion 11, measured adjacent base portion 16, can be about 0.265
      inch. The diameter of base portion 16, which is equal to the diameter of
      end face 17, can be about 0.350 inch, and the axial length of base 16 can
      be about 0.062 inch.
PAR  Device 10 is formed from a material which has approximately the same wear
      characteristics as the material of which the tire is formed so that device
      10 wears substantially to the same extent as the tire, for a purpose which
      will be described presently. Furthermore, the material should be of a
      density or hardness greater than that of the traction element to give the
      traction element a factor of greater stability. The material may be a
      thermosetting plastic material, and it has been found that filling the
      plastic material with metal powder, such as iron powder, during forming or
      molding thereof improves the overall performance of device 10. Other
      fillers such as wood flour and glass fibers have been found to perform
      satisfactorily. A typical one of the thermosetting plastic group is
      phenolic resin, although other resins can be used. By way of further
      example, a device 10 molded or otherwise formed from an iron filled
      plastic commercially available from the Durez Division of the Hooker
      Chemical Corporation under the designation Durez No. 24067 was found to
      perform satisfactorily. The size and/or shape of device 10 may vary in
      accordance with the tire in which it is to be used. The composition of the
      plastic material may be varied to approximate the wear factor of the tire
      and to accommodate to different conditions of roads or other surfaces
      encountered in use.
PAR  FIG. 4 illustrates the manner in which device 10 of the present invention
      is installed in a tire 21. An elongated opening or passage is provided
      through the peripheral or tread surface 20 and into the body of tire 21 in
      a generally radial direction. The opening is of sufficient depth so that
      when device 10 is inserted, or placed by moulding, as shown in FIG. 4, end
      face 13, after a minimal number of revolutions of a vehicle mounted tire,
      will be spaced inwardly of surface 20 thereby leaving a recess or passage
      designated 22. With device 10 inserted in a tire in the position shown in
      FIG. 4, the relatively large area of flat end face 17 prevents further
      penetration of device 10 in an inward direction, and base 16 together with
      the tapering surface 12 retains device 10 in the tire. A plurality of
      devices 10, sufficient to provide the effects desired, may be installed in
      a similar manner, circumferentially of the tire, and in each tread section
      across the face of the tire.
PAR  FIGS. 4a-4d illustrate the operation of device 10 as the tire in which it
      is installed moves along a road surface 25. FIGS. 4a-4d depict rotation of
      the tire in a clockwise direction and operation of device 10 as it moves
      into and out of proximity with the road surface 25. FIG. 4a illustrates
      compression of the air within recess or chamber 22 as the portion of the
      tire containing device 10 comes into contact with road surface 25. Further
      rotation of the tire brings device 10 into the position of FIG. 4b where
      the longitudinal axis of device 10 is substantially perpendicular to road
      surface 25. At this position all or substantially all of the air
      previously trapped in recess 22 is expelled due to the fact that the
      volume of recess 22 is reduced to zero or substantially zero. End face 13
      of device 10 will be very close to or in contact with road surface 25 in
      this position of maximum stress or load on the portion of the tire
      containing device 10. FIG. 4a illustrates the slight radial inward
      movement of device 10 as the tire rotates a short distance further thereby
      partially relieving the stress in the region containing device 10. In this
      position, the volume of recess 22 begins to grow thereby creating a
      suction and vacuum gripping action on the road surface 25. This is
      illustrated in further detail by the enlarged view of FIG. 4e wherein the
      suction in recess 22 increases traction between the tread or wear surface
      of tire 21 and surface 25. FIG. 4d shows the position of device 10 after
      further rotation of the tire where stresses in the region of device 10 are
      completely relieved and recess 22 has returned to its original volume.
      Thus, as the traction element or tire 21 moves along the surface, the
      volume of recess 22 is varied in a manner creating suction therein and
      increasing the traction between the tread surface of the traction element
      and road surface 25. In addition to the foregoing, the piston type action
      of device 10 provides a cleaning action for recess 22 on each revolution
      of the tire. The foregoing operations occur with each one of the plurality
      of devices 10 installed in a tire, and these operations occur as to each
      device 10 during each rotation of the tire as it moves along the road
      surface.
PAR  The tire stabilizing device 10 of the present invention provides a maximum
      coefficient of friction between a tire in which it is installed and road
      surfaces under dry, wet, muddy, snow-covered or iced conditions. It
      provides greater safety through increased efficiency in starting, stopping
      or braking, accelerating, decelerating, cornering and in sideslip
      prevention. The device 10 of the present invention is constituted and
      designed so that after a minimal number of revolutions of the vehicle
      mounted tire, the exposed surface of the device will normally be recessed
      to some extent below the tread surface, coming in contact with the road
      only when the area of the tire in which it is inserted is in contact with
      the road, the device not being intended to act as a lug or cleat. With the
      plastic material of device 10 having a wear ratio similar to that of the
      tire, the length of device 10 is reduced in direct proportion to the wear
      of the tire tread under substantially uniform conditions of tire pressure
      and vehicle load. This, in turn, maintains the inward spacing of end face
      13 from tire surface 20 thereby maintaining the recess 22. Actually, the
      wear characteristics of device 10 and the tire can be somewhat different
      so long as once device 10 has worn to the point where recess 22 is
      provided, device 10 thereafter wears uniformly with the tire material to
      maintain the relationship between end face 13 and the tire surface 20. The
      forming of recess 22 provides an additional gripping effect due to the
      suction action resulting from the retraction of device 10 inwardly of the
      surface 20 of the tire tread when device 10 has passed the direct point of
      contact with the road surface or pavement. Device 10 compresses air
      trapped in recess 22 as the point of maximum stress is approached, and
      this compressed air expells water from the recess and is believed to
      generate heat which tends to melt ice which may be present. The device 10
      reinforces, strengthens and stabilizes the tread to avoid bending and
      sway, i.e.: damping the elastic action of the rubber of the tire trend,
      and has the effect of providing more stable operation and control of the
      vehicle and has the further effect of reducing the rate of tire wear
      thereby increasing tire mileage.
PAR  Device 10 of the present invention serves as a tire stabilizer insert for
      pneumatic rubber tires used on passenger cars, trucks, airplanes and other
      vehicles, and for solid rubber tires used on industrial and heavy duty
      vehicles. The device also could have application to conveyor belts,
      treads, shoes and other traction members. It increases traction on
      slippery surfaces, stabilizes the operation and control of the vehicle
      under all operation conditions, and improves the tread wear of tires. The
      insert 10 counteracts the tendency of the tread to flatten or spread out
      under stress, in effect making the tread stand up, thereby enabling the
      tread to operate more effectively. Tests conducted on device 10 of the
      present invention indicate that it increases traction and stability while
      reducing "fish-tailing" when the vehicle brakes are pumped for stopping on
      all surfaces, whether wet or dry and of whatever composition. The tendency
      of tire stabilizer inserts 10 to slightly recede and form cupping actions
      around the tire creates a suction effect which reduces hydroplaning and
      enhances traction. The optimum in performance and safety is derived from
      the use of tire stabilizers of the present invention in tires on all
      wheels of a vehicle. In addition, tires equipped with tire stabilizers 10
      of the present invention have been found to provide improved traction and
      handling under all road surface conditions over tires equipped with
      metallic lugs, cleats or carbide tipped studs. The differential is most
      pronounced on icy roads when temperatures are below 0.degree.F.
      Furthermore, tires equipped with device 10 of the present invention
      exhibited superior tread wear and an even wear pattern. The device 10 is
      intended for use in tires on all wheels of a vehicle, and in passenger
      cars has been found to be particularly advantageous when used in the front
      tires, for braking and for stability in handling, cornering and turning.
PAR  As previously described, device 10 of the present invention consists of a
      plastic frusto-conical shaped stabilizer with slightly tapered sides,
      having a somewhat larger base to securely hold the stabilizer in the tire
      and to prevent damage to the tire. In particular, the tapered surface 12
      of body 11 contributes to throw-out resistance since it results in a more
      effective grip of the tread material on device 10 than is found with metal
      studs. The recessing effect results in eliminating twisting or bend-over
      of the device on the longitudinal axis and yields even tire wear, whereas
      with metallic lugs, cleats or carbide tipped studs, the twisting or
      bend-over action caused by the protrusion of the metallic lug, cleat or
      carbide tipped stud causes an irregular and uneven tire wear pattern,
      weakening the grip of the tire on the metallic lug, cleat or carbide
      tipped stud so that throw out is much more prevalent. The thickness of
      base portion 16 gives effective anchorage of the base of device 10. Such
      thickness also eliminates any tendency of the base to cut into the tread
      material. Devices 10 can be installed across the entire face of the tire
      tread. Device 10 can be used in center tread sections as well as the outer
      sections and possibility of throw-out is practically eliminated, the
      device resisting throw-out not only because of the disc shaped base and
      the tapered shape but because of the recess effect. This is in contrast to
      the experience with metallic studs which are used only in the outer
      section of the tread due to excessive throw-out if used in center section
      of the tread.
PAR  The fact that stabilizer inserts 10 of the present invention do not
      protrude from the tire tread or peripheral surface results in elimination
      of damage to road surfaces. A further feature of this device is that the
      noise factor, encountered with metallic lugs, cleats or carbide tipped
      studs which protrude from the tire surface, is eliminated. In addition,
      installation of device 10 in conventional snow tires essentially does not
      increase the noise factor over that of the tread pattern.
PAR  It is therefore apparent that the present invention accomplishes its
      intended objects. While a single embodiment of the present invention has
      been described in detail, this is for the purpose of illustration, not
      limitation.
CLMS
STM  We claim
NUM  1.
PAR  1. In a traction element such as a vehicle tire having a tread or wear
      surface, a device installed in the traction element body adjacent said
      tread surface for enhancing traction and stability, said device comprising
      a body having an end surface spaced inwardly of said tread surface in a
      manner defining a recess, the volume of said recess being reduced to
      substantially zero when said traction element is in a position on a
      supporting surface such as a road providing maximum stress on the portion
      of the traction element body containing said device, said recess returning
      to the original volume thereof as said traction element moves further on
      said supporting surface in a manner relieving stress on the portion of the
      traction element body containing said device whereby suction is created in
      said recess as it begins to return to the original volume thereof thereby
      increasing traction between said traction element and said supporting
      surface.
NUM  2.
PAR  2. A device according to claim 1, wherein said device body is elongated and
      disposed in the traction element body so that in said position of maximum
      stress the longitudinal axis of said body is disposed generally
      perpendicular to said supporting surface.
NUM  3.
PAR  3. A device according to claim 1, wherein said traction element is a
      vehicle tire and wherein a plurality of devices are installed in the tire
      circumferentially thereof.
NUM  4.
PAR  4. A device according to claim 1, wherein said traction element is a
      vehicle tire and wherein said device body is elongated and disposed in the
      tire so that the longitudinal axis of said device is generally coincident
      with a radius of the tire.
NUM  5.
PAR  5. A device according to claim 1, wherein the body thereof is formed from a
      material having substantially the same wear characteristics as the
      material of said traction element.
NUM  6.
PAR  6. A device according to claim 1, wherein said body is elongated and said
      end face is disposed in a plane substantially perpendicular to the
      longitudinal axis of said body, said body increasing in cross-sectional
      area in a direction along said body away from said end face, said body
      terminating at the other end in an enlarged base portion.
NUM  7.
PAR  7. A device according to claim 6, wherein said body is generally
      frusto-conical in shape and said base portion is generally disc-shaped.
NUM  8.
PAR  8. A device according to claim 1, wherein said body is elongated having an
      outer surface which tapers outwardly in a direction away from said end
      face in a manner such that the cross sectional area of said body increases
      along said body from said end face.
NUM  9.
PAR  9. A device according to claim 1, wherein said body is elongated, with said
      end face at one end and a relatively larger base portion at the opposite
      end thereof.
NUM  10.
PAR  10. A device according to claim 1, wherein the body thereof is formed from
      thermosetting plastic material.
NUM  11.
PAR  11. A device according to claim 10, wherein said plastic material comprises
      phenolic resin material.
NUM  12.
PAR  12. A device according to claim 10, wherein said plastic material is filled
      with metal powder.
NUM  13.
PAR  13. A device according to claim 7, wherein said filler comprises metal
      powder.
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PAL  An annular meshwork to cover the tread and part of the sidewalls of a tire
      includes a plurality of flexible, nonstretchable strands extending around
      the tire, each strand being connected to adjacent strands at spaced apart
      points to form an annular meshwork or network to improve traction and
      steering. The sides of the meshwork are defined by end rings, at least one
      of which is extensible, e.g., elastic, to allow mounting on the tire. The
      strands adjacent the end rings are fixedly attached to the end rings. The
      meshes are formed by the strands with a significantly longer dimension in
      the circular direction of the annular meshwork than in the transverse
      direction. The connections can be made using clamping devices of which
      specific embodiments are disclosed. The clamping devices can be provided
      with a protective layer on the tread-facing (inner) side. The outer side
      can be provided with projections in the nature of short spikes to enhance
      traction. The inner end ring can be made using a steel strip bent into a
      ring and surrounded by a spiral ring, the ends of the strip being
      overlapping and provided with a locking clamp to reduce the ring diameter
      after installation on a tire.
BSUM
PAR  This invention relates to an antiskid device for vehicle tires and
      particularly to an improved structure having a meshwork to cover the tread
      and at least part of the tire sidewalls.
PAR  Numerous types of antiskid devices for the driving wheel of vehicles are
      known, particularly in the form of snow chains. Various constructions of
      these chains are employed, depending upon the primary function which they
      are to fulfill. If good steering and adequate grip are required, steering
      being the primary consideration, then such snow chains are produced with
      rows of chain links extending circularly with respect to the tire, each
      link being approximately parallel to a tangent line to the tire. If,
      however, traction is the primary requirement, then the chains are more
      frequently constructed with the rows of links extending transversely,
      approximately parallel to the tire axis. Generally speaking, presently
      known chain constructions are not constructed in a manner which insures
      both good steering and a completely satisfactory traction characteristic.
PAR  As is well known, particular difficulty is encountered in mounting the
      chain assembly on the vehicle wheels. Here again, a wide variety of
      construction techniques have been employed, but all present the
      disadvantage of requiring considerable time and effort in fitting the
      chains to the tires. Furthermore, because of the difficulty in mounting
      them on the tires, particularly in the open under adverse weather
      conditions, chains are simply frequently not used at all. This is
      particularly true due the fact that when mounting the chains at least the
      side chains which are arranged on either side of the tire tread and form
      the lateral limit of the snow chain must be opened or detached at at least
      one point. Then, when the chain has been loosely applied to the tire, the
      opened portions of the chain must be closed and tightened so that the
      chain does not create noise when the vehicle is travelling. It is
      generally necessary after fitting the snow chain to the tire to travel a
      certain distance, after which the chain must be retightened.
PAR  It is also known to provide traction devices resembling netting in an
      effort to overcome the disadvantages of chain structures. However, such
      netting or meshwork structures have not been sufficiently durable and have
      not significantly improved the traction and steering characteristics
      provided by chains, and therefore have not received wide acceptance.
PAR  Accordingly, it is an object of the present invention to produce a meshwork
      antiskid device which is capable of low cost manufacture and which is
      simply and easily fitted on a mounted vehicle wheel and which, when
      mounted, does not require reduction of travelling speed and does not
      impair either the antiskidding action or the steering action of the
      vehicle.
PAR  Briefly described, the present invention involves a meshwork antiskid
      device including first and second end rings intended to lie on either side
      of the tire, a plurality of flexible, substantially nonextensible
      hoop-like strands in approximate side-by-side relationship between the end
      rings, and a plurality of connecting devices for connecting spaced-apart
      points on each of the strands to the next adjacent strands and for
      connecting points on those ones of the strands adjacent the end rings to
      those rings, the point of connection being alternately circularly offset
      to form an annular meshwork between the rings, the meshes thus formed
      being longer in the circular direction of the meshwork than in a
      transverse direction, the meshwork being significantly more expansible in
      directions perpendicular to tangents of the annular meshwork than in
      directions parallel to the tangents, so that the meshwork can be placed
      around a vehicle tire to cover the tread and a portion of each sidewall
      thereof.
DRWD
PAR  In order that the manner in which the foregoing and other objects are
      attained in accordance with the invention can be understood in detail,
      particularly advantageous embodiments thereof will be described with
      reference to the accompanying drawings, which form a part of this
      specification, and wherein:
PAR  FIG. 1 is a partial plan view of an annular meshwork according to the
      invention;
PAR  FIG. 2 is a partial side elevation of a vehicle tire showing an antiskid
      device according to the present invention mounted thereon;
PAR  FIG. 3 is an enlarged partial view of the meshwork of FIG. 1.
PAR  FIG. 4 is an enlarged plan view of a connecting member usable in the
      apparatus of FIGS. 1-3;
PAR  FIG. 5 is a section along lines V--V of FIG. 4;
PAR  FIG. 6 is a schematic representation of a portion of an antiskid device
      according to the invention before application to a tire;
PAR  FIGS. 7 and 8 are vertical sections through a connecting device usable in
      the apparatus of FIG. 6;
PAR  FIGS. 9 and 10 are vertical sections through a further embodiment of a
      connection clamp usable in conjunction with the present invention;
PAR  FIG. 11 is a side elevation, in section, showing the apparatus of FIG. 10;
PAR  FIGS. 12 and 13 are vertical sections of two additional embodiments of
      clamping devices; and
PAR  FIG. 14 is a partial plan view of a further embodiment of an end ring in
      accordance with the invention.
DETD
PAR  As will be seen, the invention is based on the consideration that a readily
      adhering skid protection system is obtained if the tire tread is covered
      with a relatively coarse meshwork or network which is stressed when placed
      under a tensile load. In the present invention, this is achieved as a
      result of the fact that the meshes formed by the strands and connection
      devices to be described have a larger dimension in the direction tangent
      to the tire periphery than transverse thereto, and, at the same time, that
      the meshwork is expandable laterally and substantially nonexpandable
      circularly. Furthermore, it is a feature of the invention that the
      antiskid device must, to the extent possible, have no parts which need to
      be opened or detached and then subsequently closed or attached again after
      mounting the device on the tire. Accordingly, those portions defining the
      lateral limits of the antiskid device are formed from elastic end rings,
      these rings having sufficient elasticity to permit them to be easily
      fitted over the largest tire periphery for which the structure is
      designed. It will additionally be noted that the circumference of the
      network can also be increased by laterally telescoping or collapsing the
      meshes by moving the end ring members toward each other and expanding them
      and by collapsing the remainder of the network in a lateral direction,
      thus facilitating the ease with which the structure can be placed on the
      tire. It is not important, in this connection, that the network is
      initially only partly fitted on the tire and the final fitting thereto
      only takes place after rotating the wheel. As both of the ring members and
      the network form endless closed loops, even when partially fitted the
      antiskid device cannot fall from the tire. It is also an important feature
      of the invention for the edges of the meshwork to be firmly connected to
      the end rings.
PAR  Referring now to FIG. 1, it will be seen that the antiskid device comprises
      a network 1 with rhombic meshes 2 formed by a plurality of interconnected
      strands so that each mesh has a dimension in the circular tangential
      direction of the annular meshwork, and of the tire, which is significantly
      greater than the dimension transverse with respect to the tire. The
      dimension which is referred to herein as circular or tangential is
      indicated by the double arrow 3 and the transverse direction is indicated
      in FIG. 1 by double arrow 4, arrow 4 being essentially parallel to the
      axis of rotation of the vehicle wheel. In the embodiment shown in FIG. 1,
      the ratio of the mesh dimension in the direction of arrow 3 to the
      dimension in the direction of arrow 4 is approximately 2:1. While this
      ratio need not be exact and can be varied, the important point is that the
      mesh dimension in the dimension 3 be larger than in direction 4. This
      relationship can only be ignored in the row of meshes adjacent the end
      rings 5.
PAR  At the lateral limits of the annular meshwork, at positions which would be
      along the sidewalls of the tires when the appliance is mounted on a tire,
      the network 1 is terminated by elastic end rings 5 constructed as closed
      ring members which are firmly connected with the end meshes 6. As a
      result, the meshwork 1 is given a specific curvature which facilitates the
      mounting of the antiskid device on the tire. FIG. 3 shows in more detail
      an embodiment of the network 1' constructed from individual wire rings 7,
      8, 9 and 10. In order to produce network 1', the individual wire hoop-like
      members or rings 7-10 are alternately connected at uniformly circularly
      spaced-apart points with adjacent ones of the rings by means of connecting
      members 11. The points of connection are alternately circularly offset,
      resulting in a network with meshes 2 of the type shown in FIGS. 1 and 2.
PAR  The connecting members 11 can be constructed in various ways with the clamp
      being formed to encircle adjacent strands, clamping these strands firmly
      together or by soldering or welding the connection points. An appropriate
      connection method must be selected for connecting the strands to end rings
      5, depending upon the material and construction used for these rings.
      Vulcanization can be an appropriate technique if the end rings or if the
      strands are made or coated with rubber.
PAR  FIGS. 4 and 5 illustrate a specific connection device including a shaped
      member 12 which constitutes a clamping member having bores 13 and 14
      through which are placed wire rings 15 and 16. The clamping members are
      shaped so that the wires are held in an immovable fashion. It is also
      possible to have slots in place of bores 13 and 14.
PAR  As can be seen from FIGS. 4 and 5, clamping members 12 can also be
      constructed as a carrier for receiving additional antiskid means, such as
      a protrusion in the nature of a spike 17 fixedly mounted in clamping
      member 12. Because of the fact that the meshwork is so easily mounted and
      dismounted on a tire, the disadvantages of the well-known studded tire are
      substantially avoided because the tendency is to employ the antiskid
      device only when absolutely necessary.
PAR  FIG. 6 shows a further embodiment of an antiskid device according to the
      invention. In FIG. 6 there is shown a meshwork 1 in its relaxed state
      before being applied to a tire, the meshes in FIG. 6 being rectangular in
      this relaxed state. When the apparatus is fitted to a tire, the meshes
      undergo rhombic deformation by transverse expansion of the meshwork. It
      will be observed that the meshes 2 have a considerably larger dimension in
      the direction of arrow 3 than in the transverse direction 4, even when the
      antiskid device is applied to a tire, i.e., particularly on the tire tread
      periphery. It will be observed that the inner end ring on this structure
      must be elastically expandable, or expandable in some fashion, and while
      the other end ring may also be elastically expandable, it need not be as
      expandable as the inner ring and can, in fact, not be stretchable or
      expandable at all.
PAR  The edge meshes 6, those adjacent the end rings 5, are connected to the end
      rings in the embodiment of FIG. 6 by connecting members 20. Members 20 can
      be constructed in various ways and can, for example, be metal clips. As
      previously mentioned, connecting member 20 can also be a connection
      resulting from vulcanization, welding or the application of an adhesive.
PAR  Meshes 2 and 6 of the antiskid device located between the end rings 5 are
      formed by cords or strings 7 whereby in each case two juxtaposed cords or
      strings 7 are interconnected by shaped members 21 constructed as clamping
      members. The connecting members 20 and members 21 can be produced in
      various ways, for example, from an elastomer or from a steel strip. In any
      event, they must perform the function of interconnecting in force locking
      manner to adjacent cords or strings which serve to form the meshes.
      Depending on the selective production technique, these cords or strings
      can be immediately adjacent each other or can be spaced apart from one
      another at the connection point by a relatively small distance. This is
      shown in FIG. 6 in an exaggerated manner.
PAR  In place of the cords or strings as the strand members, it is also possible
      to use relatively fine circulating chains which, at the connection points,
      are connected to each other using chain links or other suitable similarly
      shaped members in order to form the meshwork. The meshwork can also be
      formed by a slotted sheath or foil material, optionally reinforced,
      whereby the connecting members can be part of the expanded sheet material.
      The important point is that the material used for the meshwork for the
      formation of the meshes is flexible but substantially nonextensible in the
      tangential direction so that the antiskid device can be randomly deformed
      such as to a narrow strip when fitting the appliance to the tire or to a
      wide meshwork or network engaging with the tire and corresponding with the
      width of the tire.
PAR  FIGS. 7 and 8 show a shaped member 21, in section, this member being formed
      from a steel clip 22 with a rubber member 23 vulcanized or otherwise
      adhered to one side of the clip. Clip 22 is provided with two cavities 25
      which are separated by a spacing member 24, the cavities serving to
      receive two adjacent cords or strands 7, which as shown in FIG. 8, are
      firmly connected to the shaped member 21 by deforming the ends of the clip
      to partially surround and engage the strands. The strand 7 shown in FIG. 8
      is, for example, formed from an elastomer with a steel wire reinforcement
      26 at the core thereof. As a result, the strands are substantially
      nonextensible and have good frictional engagement characteristics and good
      abrasion resistance.
PAR  FIGS. 9-11 show two further shaped members 27 and 27' which can be formed
      from steel which, like clips 22, have cavities 28 for receiving the
      strands 7. In the case of member 27 (FIG. 9), two adjacent strands are
      immediately juxtaposed whereas in the case of member 27' the strands are
      maintained in spaced-apart relationship by intervening portion 29 (FIG.
      10). In order to improve the gripping characteristics of the shaped
      members 27 and 27' with strand 7, the cross-section of either of these
      members can be provided with a cavity 30 at the central portion thereof,
      as shown in FIG. 11, providing a firm connection between the shaped
      members and the strand when the members are crimped thereon.
PAR  As also shown in FIGS. 7 and 8, there can be provided an opening 31 in
      rubber member 23 in which can be embedded a spike 32 to perform the same
      function as spike 17 of FIG. 5.
PAR  As illustrated in FIG. 6, the strands 7 can actually constitute a single
      helically wound strand from one end ring to the other. Thus, the entire
      meshwork portion between the end rings, other than the connecting members,
      can be formed from a single piece of strand material. The number of turns
      can be selected in accordance with the tire size. If the number of turns
      is selected to be uneven, such as the seven turns shown in FIG. 6, shaped
      members are necessary for each row of connecting points 3. When there is
      an even number of turns, the number of shaped members necessary per row
      differs by one.
PAR  In FIGS. 12 and 13 there are shown two embodiments of connecting members
      formed from an elastomer. In these sectional drawings, it will be seen
      that the strands 7 are maintained in spaced-apart relationship in grooves
      formed in body 33 while in FIG. 13 the strands are adjacent each other.
      The strands can be fixed in the grooves by an adhesive or by a
      vulcanization or other suitable thermal process, depending upon the
      materials used. Adhesive or vulcanization is also possible for adhering
      the strands to each other as well as to body 33.
PAR  As previously indicated, the end ring 5, at least the one to be located on
      the inside of the tire, is necessarily expandable. In order to secure the
      meshwork to the tire in an immovable manner at high travelling speeds, the
      outside end ring 5 can be made relatively inextensible. However, the inner
      end ring is sufficiently extensible so that it can be peripherally secured
      after fitting to the tire. As shown in FIG. 14, end ring 5 comprises a
      highly elastic portion such as a helical spring 34. A steel strip 35
      extends within spring 34, the strip being overlapping at its ends and,
      preferably, overlaps sufficiently so that it extends one and one-half
      turns turns around the tire, i.e., approximately 540.degree.. One end of
      the steel strip is fixed to a bolt 36 of a clamping lock 37, while the
      other end is freely movable within spiral spring 34 when the clamping lock
      is in an unclamped or unlocked condition. After fitting the network to the
      tire, a shackle 38 is moved to the position shown in FIG. 14 in which the
      portions of the steel strip are clamped between the serrated portions of
      members 37 and 38, firmly locking the overlapping portions of the steel
      strip to each other. Thus, the length of the inner strip portion or ring 5
      is fixed at the desired length. The distal end of strip 35 can be provided
      with a rounded end portion 39 to assure free motion within spiral spring
      34, i.e., to prevent snagging of the strip end on the spring.
PAR  While certain advantageous embodiments have been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antiskid device for use on a vehicle tire comprising first and second
      end rings;
PA1  a plurality of flexible, substantially nonextensible hooplike strands in
      approximate side-by-side relationship between said end rings; and
PA1  a plurality of connection means for connecting spaced-apart points on each
      of said strands to the next adjacent strands and for connecting points on
      the ones of said strands adjacent to said end rings to said rings, the
      points of connection being alternately circularly offset to form an
      annular meshwork between said rings,
PA2  said meshwork being significantly more expansible in directions
      perpendicular to tangents of the annular meshwork than in directions
      parallel to the tangents,
PA1  whereby said meshwork can be placed around a vehicle tire to cover the
      tread and a portion of each sidewall thereof.
NUM  2.
PAR  2. A device according to claim 1 wherein the mesh openings in said meshwork
      are rhombic, the larger diagonals thereof being in directions parallel to
      tangents of the annular meshwork.
NUM  3.
PAR  3. A device according to claim 1 wherein at least one of said end rings is
      formed from an elastic material.
NUM  4.
PAR  4. A device according to claim 1 wherein one of said end rings comprises
PA1  a steel strip bent to form a hoop with the ends of the strip overlapping;
PA1  a spiral spring surrounding said strip; and
PA1  a clamping lock at the overlapping ends of said strip, said lock being
      operable to reduce the diameter of the hoop formed by said strip.
NUM  5.
PAR  5. A device according to claim 1 wherein each of said strands is metal.
NUM  6.
PAR  6. A device according to claim 1 wherein each of said strands is rubber.
NUM  7.
PAR  7. A device according to claim 1 wherein each of said strands is formed of
      textile strings.
NUM  8.
PAR  8. A device according to claim 1 wherein each of said connection means
      comprises a clamping member.
NUM  9.
PAR  9. A device according to claim 8 wherein each said clamping member further
      comprises a radially protruding spike.
NUM  10.
PAR  10. A device according to claim 8 wherein each of said clamping members
      comprises a body with means defining cavities to receive two of said
      strands, said means being deformable after insertion of said strands to
      grip said strands in said cavities.
NUM  11.
PAR  11. A device according to claim 8 wherein each of said clamping members
      comprises a body having a layer of rubber adhered to the side of said body
      intended to face the tire tread when said meshwork is placed around the
      tire.
NUM  12.
PAR  12. A device according to claim 8 wherein said clamping member comprises a
      body having means defining a cavity to receive said strands.
NUM  13.
PAR  13. A device according to claim 12 wherein said body is formed from an
      elastomer.
NUM  14.
PAR  14. A device according to claim 8 wherein each of said strands comprises a
      rubber cord having steel wire reinforcement.
NUM  15.
PAR  15. A device according to claim 8 wherein one of said end rings is flexible
      and substantially nonextensible.
NUM  16.
PAR  16. A device according to claim 8 wherein said strands are formed from a
      single length of material in a helix extending repeatedly around the
      meshwork an odd number of times.
NUM  17.
PAR  17. A device according to claim 8 wherein said strands are formed from a
      single length of material in a helix extending repeatedly around the
      meshwork an even number of times.
NUM  18.
PAR  18. A device according to claim 1, wherein the edges of the meshwork are
      firmly connected to the end rings.
NUM  19.
PAR  19. An antiskid device for use on a vehicle tire comprising first and
      second end rings;
PA1  a plurality of flexible, substantially nonextensible hooplike strands in
      approximate side-by-side relationship between said end rings;
PA1  a plurality of connection means for connecting spaced-apart points on each
      of said strands to the next adjacent strands and for connecting points on
      the ones of said strands adjacent to said end rings to said rings, the
      points of connection being alternately circularly offset to form an
      annular meshwork between said rings,
PA2  said ones of said strands adjacent to said end rings being firmly connected
      to said end rings.
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PAL  The tread reinforcement of a pneumatic tire comprises at least two plies of
      cords that are crossed with respect to each other and oblique with respect
      to the longitudinal direction. The carcass reinforcement comprises at
      least one principal ply extending from one bead to the other and two
      auxiliary plies having cords oblique with respect to the longitudinal
      direction and arranged one on one side and the other on the other side of
      the median plane of the tire. The cords of the principal ply are oblique
      with respect to the radial direction in the zones in which the auxiliary
      plies are mounted and radial in other zones.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pneumatic tires and, more particularly, to
      pneumatic tires of the radial type the carcass reinforcement of which has
      additional plies.
PAR  A so-called radial tire has a tread reinforcement comprising at least two
      crossed plies of cords, preferably of metal, which are oblique with
      respect to the longitudinal direction of the tire. Such a tire also has a
      carcass reinforcement comprising at least one ply of substantially radial
      cords or cables that are continuous from one bead wire to the other.
PAR  Tires of this type have the reputation of providing a comfortable ride due
      to the flexibility of their carcass reinforcement. However, precisely
      because of the great flexibility of the carcass reinforcement, the
      stiffness of the tread reinforcement is not sufficient to obtain the best
      highway behavior under all circumstances.
PAR  For this reason it has been attempted to correct the drawbacks resulting
      from the flexibility of the carcass reinforcement. However, the means of
      correction employed heretofore have decreased the comfort of the ride.
PAR  For example, oblique auxiliary plies, that is to say plies independent of
      the carcass ply proper and of a width less than one-half the width of the
      carcass reinforcement, measured from bead wire to bead wire, have been
      added to the carcass reinforcement. The corrective action of the auxiliary
      plies depends to a great extent on their width. As this width reduces the
      width of the zones in which the carcass reinforcement has substantially
      radial cords, the auxiliary plies necessarily reduce the comfort of the
      ride.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to remedy the problems outlined above and, in
      particular, to benefit from the corrective effects of auxiliary plies
      without a resulting reduction in the comfort of the ride.
PAR  The foregoing and other objects are attained by directing the cords of the
      main or principal carcass ply, defined as a carcass ply extending from one
      bead wire to the other, along oblique paths in the vicinity of the
      auxiliary plies.
PAR  More particularly, a tire in accordance with the present invention is
      provided with a tread reinforcement having at least two crossed plies of
      cords or cables slightly inclined with respect to the longitudinal
      direction and with a carcass reinforcement having at least one principal
      ply and, in two zones located one on one side and the other on the other
      side of the median or equatorial plane of the tire, an auxiliary ply with
      cords or cables that are oblique with respect to the longitudinal
      direction. The tire is characterized in that, outside the zones of the
      auxiliary plies, the principal carcass ply or plies have cords or cables
      oriented substantially radially, while in the zones in which the auxiliary
      plies are located, these cords or cables are oblique with respect to the
      longitudinal direction.
PAR  The invention provides improved riding comfort. The two bends in each half
      of the carcass formed by the cords or cables of the principal carcass ply,
      and the oblique segment of the cords or cables contained between these two
      bends, modify the paths of the disturbances that come from the tread
      during rolling of the tire. This modification of path prevents the cords
      or cables of the principal carcass ply from being attacked axially by the
      disturbances. It also provides zones in which the oblique cords of the
      auxiliary plies cooperate better with the principal ply, because the
      diamond meshes formed by the cords or cables of the principal carcass ply
      and those of the auxiliary plies are more flexible, having not just two
      but four sides inclined with respect to the radial direction. As already
      indicated, the improved comfort is related to the use, jointly with the
      auxiliary plies, of at least one principal ply continuous from bead wire
      to bead wire. Such a structure has the advantage, aside from its
      simplicity as compared with a principal ply composed of a multiplicity of
      parts or plies, that it avoids in the sidewalls multiple reflections of
      the disturbances coming from the crown of the tire. These parasitic
      reflections are under certain conditions responsible for an increase in
      passenger discomfort. The arrangement in accordance with the invention
      excludes them outright.
PAR  The preferred inclination of the oblique portions of the cords of the
      principal carcass ply or plies with respect to the radial direction is
      more than 10.degree. and between 10.degree. and 60.degree.. Within this
      range, the more the cords of the principal ply or plies are inclined with
      respect to the radial direction in the zones in which the auxiliary plies
      are located the more noticeable the improvement in comfort is. There is
      not only an attenuation of oscillations but an improvement in stability on
      rough road surfaces, which further promotes passenger comfort.
PAR  Moreover, a vehicle equipped with tires in accordance with the invention
      exhibits satisfactory road behavior with respect to cornering, precision
      of steering, and gradualness of maneuvers.
PAR  In a preferred embodiment of the invention, the cords of the principal
      carcass ply or plies are substantially radial near each bead over a length
      equal at least to 1/8 of the width of the principal carcass ply and below
      the tread reinforcement over a length also equal at least to 1/8 of the
      width of the principal ply. The width of the principal ply, referred to
      below as 2 S, is measured from one bead wire to the other. The principal
      carcass ply thus has at least three radial zones: two zones each adjacent
      to one of the beads and each extending over at least 1/8 of the width of
      the carcass reinforcement and one zone below the tread reinforcement and
      extending over at least 1/8 of the width of the carcass reinforcement. It
      is preferable to arrange the auxiliary plies near the portion of the tire
      through which the disturbances are introduced: that is, near the crown of
      the tire rather than near the beads. If mounted near the beads, they would
      interfere with the portions of the principal carcass ply folded around the
      bead wires.
PAR  In another preferred embodiment of the invention, the auxiliary plies have
      widths of between 1/5 and 3/5 of the arithmetic average of the widths of
      the tread plies. An auxiliary-ply width of less than 1/5 of the average
      tread-ply width leads to an excessive reduction in the zones of the
      principal carcass ply having oblique cords or cables. An auxiliary-ply
      width of more than 3/5 of the average tread-ply width results, on the
      other hand, in excessive stiffening.
PAR  The preferred inclination of the cords of the auxiliary plies with respect
      to the longitudinal direction is between 6.degree. and 60.degree.. On the
      one hand, the stiffening effect decreases when the inclination increases.
      On the other hand, the selection of the angle has an effect on the
      building of the tire, as explained below.
PAR  The selection of the angles made by the cords of the auxiliary plies with
      the longitudinal direction and with the cords of the first tread ply, that
      is to say the tread ply closest to the carcass reinforcement, is also
      within the invention.
PAR  Thus one can employ auxiliary plies of which the cords are oriented in the
      same direction or of which the cords of one auxiliary ply on the one hand
      and those of the other auxiliary ply on the other hand are symmetrical
      with respect to the longitudinal direction of the tire. In the former
      case, the orientation of the cords of the auxiliary plies may be in the
      same direction as that of the cords of the first tread ply, or the cords
      of the auxiliary and first tread plies may be symmetrical with respect to
      the longitudinal direction of the tire. If the cords of one auxiliary ply
      on the one hand and those of the other auxiliary ply on the other hand are
      symmetrical with respect to the longitudinal direction of the tire, the
      orientation of the cords of one auxiliary ply is the same as that of the
      cords of the first tread ply, and that of the cords of the other auxiliary
      ply is symmetrical as referred to the longitudinal direction.
PAR  The structure of the carcass reinforcement in accordance with the invention
      can be obtained in various ways.
PAR  A first comprises building the carcass reinforcement with a principal ply
      having preformed non-radial zones and then placing the auxiliary plies on
      these preformed zones.
PAR  Another comprises arranging on a cylindrical building drum a completely
      radial principal ply and the auxiliary plies to form a cylindrical blank
      and then shaping the blank into final toroidal form, allowing the beads
      and the sidewalls of the tire to move around the building drum if
      necessary.
PAR  An advantage of this method is that in the zones of the auxiliary plies the
      reaction of the latter on the principal carcass ply makes the cords of the
      principal ply oblique. One feature of this process is that during the
      shaping of the blank the pitch of the cords of the auxiliary plies
      decreases. This leads to an extruding of the connecting rubber between the
      cords of the auxiliary plies and to the formation of an additional
      thickness of rubber on the surface of these plies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the invention can be gained from a consideration
      of the following detailed description of the preferred embodiments thereof
      in conjunction with the appended figures of the drawing, wherein:
PAR  FIG. 1 shows a cross section along a radial plane of a tire in accordance
      with the invention;
PAR  FIG. 2 shows a section of the tire of FIG. 1 from the outside in an axial
      direction; and
PAR  FIGS. 3 and 4 are developed plan views of a tire of size 175-14 in
      accordance with the invention, showing two arrangements of carcass plies
      and tread plies within the scope of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The tire 1 shown in FIGS. 1 and 2 comprises a tread 2 extended laterally by
      sidewalls 3 terminating in beads 4 in each of which a bead wire 5 is
      arranged.
PAR  The reinforcement of the tire comprises a carcass reinforcement and a tread
      reinforcement. The carcass reinforcement comprises a principal ply 10 and
      auxiliary plies 11 lying partly under the tread reinforcement and
      extending beyond the tread reinforcement at least into the shoulder area,
      and the tread reinforcement comprises two plies 21 and 22 of oblique
      cords. The principal ply 10 extends continuously from one bead 4 to the
      other and is anchored around the bead wires 5.
PAR  This principal ply 10 has three zones in which the cords or cables are
      radial: a central zone of width a extending on both sides of the median
      plane X--X and two lateral zones, each extending over a width b from the
      bead wires 5 into the sidewalls 3.
PAR  The principal ply 10 furthermore comprises on opposite sides of the median
      plane X--X two zones on which the auxiliary plies 11 are arranged. In
      these two zones the cords or cables of the principal ply 10 are oblique
      and intersect the cords or cables of the auxiliary plies 11. By length a
      or b there is understood, of course, the developed length of the arc in
      the radial section represented by the zones in question. Thus if 2 S
      represents the developed length of the arc of the principal ply extending
      from one bead wire 5 to the other, i.e., the width of the principal
      carcass ply 10, the length of each of the two zones of the principal ply
      10 in which the cords or cables are oblique is equal to S - (a/2 + b).
      This length is approximately equal to the width of each of the auxiliary
      plies 11.
PAR  In FIG. 2, only one cord of the principal carcass ply 10 and of an
      auxiliary carcass ply 11 has been shown, for purposes of simplicity. In
      the zone b the carcass cord 10 is oriented radially from the bead wire 5
      around which it is turned up, but beyond this zone it is oblique, crosses
      the cord of the ply 11 and then becomes radial again. The two superposed
      tread plies 21 and 22 are also shown in this figure.
PAR  FIG. 3 shows diagrammatically the arrangement of the cords in a preferred
      embodiment of the invention. The cords are shown flat with a greatly
      exaggerated distance between them for greater ease in reading the drawing.
      In this arrangement, the polyamide cords of the two auxiliary plies 11 are
      inclined to the left with respect to the longitudinal axis X--X with which
      they form an angle .alpha. of 22.degree.. Each ply 11 has a width of 50
      mm. The principal carcass ply 10 comprises cords of rayon oriented
      radially, that is to say in planes passing through the axis of the tire in
      the zones a and b; under the auxiliary carcass plies 11, these cords are
      inclined to the right with respect to the longitudinal axis X--X, and they
      form an angle .beta. of 30.degree. with the radial direction in zones a
      and b.
PAR  The zone a has a width of 105 mm, and each of the zones b a width of 80 mm.
      The length 2 S measured from bead wire to bead wire is 365 mm.
PAR  The two tread plies 21 and 22 are reinforced with metal cords or cables
      inclined to the right and left respectively with respect to the
      longitudinal axis X--X, with which they form an angle .gamma. of
      21.degree.. The ply 21 has a width of 126 mm, and the ply 22 a width of
      114 mm.
PAR  FIG. 4 shows diagrammatically, in the same manner as FIG. 3, another
      preferred embodiment of the invention. The cords or cables are of
      polyamide, rayon, metal, or other suitable materials, and the widths of
      the plies are unchanged. As compared with the embodiment of FIG. 3, the
      embodiment of FIG. 4 differs mainly in that one of the auxiliary carcass
      plies comprises cords oriented to the left with respect to the
      longitudinal axis X--X while the other has its cords oriented to the right
      with respect to that axis. It follows that between the zones a and b the
      cords of the principal carcass ply 10 are inclined to the right with
      respect to the longitudinal axis X--X where the cords of the auxiliary ply
      11 are directed to the left, and vice versa.
PAR  Another difference from the embodiment of FIG. 3 is the reversal of the
      direction of inclination of the metal cords or cables of the tread plies
      21 and 22.
PAR  In order to show the improvement obtained by increasing the obliqueness of
      the cords or cables of the principal carcass ply, two tires of size 175-14
      were compared. They had identical reinforcement except that in the first
      tire the cords of the principal ply formed an angle .beta. of 15.degree.
      with respect to the radial direction while in the second this angle was
      30.degree.. By thus doubling the angle in the zones in question the gain
      in comfort, precision of steering, cornering, and gradualness of maneuvers
      were noticeable and substantial.
PAR  Many other embodiments of the invention will occur to those skilled in the
      art upon consideration of this disclosure. Accordingly, the invention is
      not limited except by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pneumatic tire comprising a tread, a pair of beads, a carcass
      reinforcement and a tread reinforcement, the tread reinforcement having a
      width substantially equal to the width of the tread and comprising at
      least two plies of cords that are crossed with respect to each other and
      oblique with respect to the longitudinal direction of the tire and the
      carcass reinforcement comprising at least one principal ply extending from
      one bead to the other and two auxiliary plies having cords oblique with
      respect to the longitudinal direction and arranged one on one side and the
      other on the other side of the median plane of the tire, the cords of the
      principal ply being, in the zones in which the auxiliary plies are
      mounted, oblique with respect to the radial direction of the tire and, in
      three zones, radial, two of the zones of the principal ply in which the
      cords of the principal ply are radial being respectively near the two
      beads and each extending over at least 1/8 of the width of the principal
      ply, the third of the zones of the principal ply in which the cords of the
      principal ply are radial also extending over at least 1/8 of the width of
      the principal ply, said zones in which the auxiliary plies are mounted
      lying partly under said tread reinforcement and said zones extending
      beyond said tread reinforcement at least into the shoulder area, and the
      entirety of said third of the zones of the principal ply lying under said
      tread reinforcement.
NUM  2.
PAR  2. A pneumatic tire according to claim 1 wherein each auxiliary ply has a
      width between 1/5 and 3/5 of the average width of the tread plies.
NUM  3.
PAR  3. A pneumatic tire according to claim 1 wherein the cords of each
      auxiliary ply have inclinations of between 6.degree. and 60.degree. with
      respect to the longitudinal direction.
NUM  4.
PAR  4. The pneumatic tire according to claim 1 wherein the cords of the two
      auxiliary plies have inclinations of the same sign as referred to the
      median plane.
NUM  5.
PAR  5. The pneumatic tire according to claim 1 wherein the cords of the two
      auxiliary plies have inclinations of opposite sign as referred to the
      median plane.
NUM  6.
PAR  6. A pneumatic tire according to claim 1 wherein the cords of the two
      auxiliary plies and of the tread ply closest to the carcass reinforcement
      have inclinations of the same sign as referred to the median plane.
NUM  7.
PAR  7. A pneumatic tire according to claim 1 wherein the cords of one of the
      auxiliary plies and of the tread ply closest to the carcass reinforcement
      have inclinations of the same sign, and the cords of the other auxiliary
      ply have inclinations of the opposite sign, as referred to the median
      plane.
NUM  8.
PAR  8. A pneumatic tire according to claim 1 wherein the cords of the principal
      ply have an inclination of between 10.degree. and 60.degree. with respect
      to the radial direction in the zones in which the auxiliary plies are
      mounted.
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ABST
PAL  An overhead door for the vertical opening of a truck trailer comprises a
      plurality of panels connected together by hinges, which extend the width
      of the panels and are confined within the panel. The panels, which are
      preferably formed of plastic, are counterbalanced by a spring, which is
      movable with the panels. The spring is wound by gears, which are connected
      thereto, cooperating with racks on the horizontal portions of the tracks
      on which the panels are movably supported. The bottom panel is locked to
      the trailer body by a locking mechanism, which is carried by the lowermost
      panel and cooperates with locking pins on the mounting angles on which the
      vertical portions of the tracks are supported.
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PAR  When a truck trailer has an overhead door to close its vertical opening,
      the trailer can be backed directly to a loading dock and the door lifted
      after the truck has been backed to the dock. When a truck trailer has
      swing type doors, it is necessary for the driver to stop the vehicle
      before the dock is reached, open each swing door and secure it to the side
      of the trailer, return to the vehicle, and back the trailer to the loading
      dock. Thus, the overhead door significantly reduces the time required to
      position a truck trailer at a loading dock.
PAR  While the overhead door has the foregoing advantage over swing doors, the
      previously available overhead doors have had disadvantages that have
      reduced their use in place of swing doors notwithstanding their
      advantages. One disadvantage has been the heavier weight of the overhead
      door compared with the swing doors. This increased weight increases the
      cost of operation of the truck trailer.
PAR  The overhead door of the present invention satisfactorily overcomes the
      foregoing problem by weighing significantly less than the previously
      available overhead doors, which have been formed of plywood or plywood
      with an aluminum skin. The overhead door of the present invention is
      formed of panels made of a strong, hard, rigid thermoplastic which will
      not easily chip, peel, warp, or break. One suitable example of the
      material of the panel of the present invention is ABS type thermoplastic.
PAR  In the previously available overhead doors, the panels have been connected
      to each other by a hinge system in which the hinges are exposed. With the
      previously available overhead doors, holes had to be drilled symmetrically
      for the hinge attachment to obtain the correct load distribution.
PAR  Furthermore, the protruding hinges of the previously available overhead
      doors often snag any shifting cargo within the trailer. If this occurs,
      the door has had to be disassembled in order for the door to be opened.
PAR  The overhead door of the present invention satisfactorily overcomes the
      foregoing problems by concealing the hinge structure within the panels.
      Accordingly, the interior surface of the overhead door is flush and cannot
      snag a shifting cargo.
PAR  Additionally, the door of the present invention is formed with the hinges
      extending the full width of each of the panels. As a result, the load is
      distributed over the full length of the panel rather than only at the
      hinges as occurs with the previously available panels formed of plywood or
      plywood with an aluminum skin.
PAR  By forming the hinges within the panel and along the entire width, the time
      for assembly of the overhead door of the present invention is reduced in
      comparison with the time to assemble the previously available overhead
      doors. This is because there is no requirement for lining up holes,
      drilling the holes, and attaching hinges as in the previously available
      overhead doors. The hinge construction of the overhead door of the present
      invention reduces not only the time for assembly but also the skill of the
      assembler since there is no requirement for lining up holes and drilling
      the holes.
PAR  The width of the opening of the truck trailer varies not only between
      manufacturers but also between trailers of the same manufacturer. This has
      presented significant problems for overhead door manufacturers in
      standardizing on widths. It also has required a significant inventory of
      various size overhead doors.
PAR  The present invention overcomes the foregoing problems by eliminating any
      requirement for panels of specific widths. This is because the panel of
      the present invention can be cut to any width and installed since the
      hinges extend the full width of the panel and can be readily cut at the
      same time as the panel is cut.
PAR  In the previously available overhead doors, a cable and drum type
      arrangement has been employed for counterbalancing the door with the cable
      being connected to the bottom panel and the drum disposed in the upper
      portion of the trailer. This arrangement has required the upper panel of
      the door to travel around a radius until it is vertical. As a result of
      both the space needed for mounting the drum and the turning radius for the
      upper panel of the door, the previously available overhead doors have
      required approximately 71/2 inches at the top of the truck trailer for the
      track and the overhead door structure. By using a linkage arrangement to
      connect the top panel of the door of the present invention to the
      counterbalance means, only approximately 31/2 inches is required. Thus, in
      a trailer having a 40 foot length this 4 inch saving results in an
      over-all more efficient utilization of approximately 100 cubic feet.
PAR  The previously available overhead doors have employed both a single cable
      and two cables to connect the bottom panel of the door to the drum. When
      the single cable is used, the breaking of the cable results in the door
      falling, if it is open, or being extremely difficult to open if it is
      closed. If the door is open and the cable breaks, the falling of the door
      could cause an injury.
PAR  With a two cable arrangement, installation is difficult. If the tensions on
      the two cables are not equal, a jamming or cocking action of the door
      results.
PAR  Since broken cables are a continual problem in the field and require a
      skilled mechanic to reset a new cable, the counterbalance arrangement of
      the cable and drum of the previously available overhead doors has greatly
      increased costs over swing type doors, for example.
PAR  The overhead door of the present invention satisfactorily solves the
      foregoing problem through using a spring, which is carried with the door,
      for producing the counterbalance force. The counterbalance by the spring
      is achieved through gears connected to the spring and cooperating with
      racks fixed to the horizontal portions of the tracks on which the panels
      are movably supported. As a result, there is a total elimination of cables
      and their costly and difficult replacement. Additionally, safety in using
      the door is increased. There is also no problem in installation as in the
      previously available doors using the cable and drum arrangement.
PAR  With the previously available overhead doors, the door had been locked at
      its bottom through forming an opening in the floor of the truck trailer.
      This has not only resulted in a non-smooth floor at the entrance to the
      truck trailer but also has caused an extra operation during installation.
      This extra operation, which is due to a lock catch for a locking pin,
      results in a higher installation cost.
PAR  The overhead door of the present invention satisfactorily solves the
      foregoing problem by using a locking arrangement in which the fixed lock
      portion is mounted on the track mounting supports rather than in the floor
      of the truck trailer. As a result, the installation operation of forming
      an opening in the floor for a lock catch is eliminated.
PAR  The locking arrangement of the overhead door of the present invention also
      enables the lock to be adjusted for the width of the panel without any
      necessity for cutting any parts of the locking arrangement. Thus, a single
      lock is readily usable with doors of various widths.
PAR  An object of this invention is to provide a relatively lightweight overhead
      door for a container such as a truck trailer, for example.
PAR  Another object of this invention is to provide an overhead door that is
      easily adaptable to openings of various widths.
PAR  A further object of this invention is to provide an overhead door having a
      unique counterbalance arrangement.
PAR  Still another object of this invention is to provide an overhead door
      having panels in which the hinges connecting the panels are hidden.
PAR  A still further object of this invention is to provide an overhead door
      permitting a greater height of the door opening to allow greater
      utilization of the space within a container such as a truck trailer, for
      example.
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PAR  Further objects, uses, and advantages of this invention are apparent upon a
      reading of this description, which proceeds with reference to the drawings
      forming part thereof and wherein:
PAR  FIG. 1 is a side elevational view, partly schematic, of a portion of a
      tractor trailer showing the left hand track and its support arrangement
      and a portion of the overhead door of the present invention with the door
      in a partially raised position and taken substantially along line 1--1 of
      FIG. 5 with the rollers which ride in the right hand track removed.
PAR  FIG. 2 is a fragmentary side elevational view, similar to FIG. 1, but
      showing the overhead door moving towards its closed position from FIG. 1.
PAR  FIG. 3 is a fragmentary side elevational view, similar to FIG. 2, but
      showing the overhead door in its closed position.
PAR  FIG. 4 is a side elevational view of the upper panel of the overhead door
      and the counterbalance carriage to which it is connected with a roller at
      the junction of the upper panel and the adjacent intermediate panel
      removed.
PAR  FIG. 5 is a top plan view of the upper panel of the overhead door and the
      counterbalance carriage without the track means being shown.
PAR  FIG. 6 is an end elevational view, partly in section, of a portion of the
      counterbalance carriage of FIG. 5 and taken along line 6--6 of FIG. 5 with
      the track means also being shown.
PAR  FIG. 7 is a front elevational view of the lower portion of the bottom panel
      of the overhead door and a portion of the track.
PAR  FIG. 8 is a sectional view of the bottom panel of the door and taken along
      line 8--8 of FIG. 7.
PAR  FIG. 9 is a sectional view of a portion of the bottom panel of the overhead
      door showing a portion of its locking mechanism and taken to the right of
      FIG. 7.
PAR  FIG. 10 is a fragmentary sectional view of the bottom panel and its track
      support and taken along line 10--10 of FIG. 7.
PAR  FIG. 11 is an end elevational view of an adjustment bracket.
DETD
PAR  Referring to the drawings and particularly FIG. 1, there is shown a portion
      of a truck trailer 10. The truck trailer 10 includes a top wall 11, a side
      wall 12, and a rear wall 14 with an opening 15 therein. A vertical
      mounting angle 16 is secured to the side wall 12. As shown in FIG. 10, the
      vertical mounting angle 16 is L-shaped with a channel at one end and has
      one leg 17 fastened by suitable means such as welding, for example, to the
      side wall 12 of the truck trailer 10. The mounting angle 16 extends
      upwardly from floor 18 (see FIG. 1) of the truck trailer 10.
PAR  A track 19 is secured to the mounting angle 16 so that the track 19 forms
      part of the vertical portion of one side of the track means for an
      overhead door 20 of the present invention. The track 19 has a portion 20'
      welded, for example, to the leg 17 of the mounting angle 16.
PAR  The track 19 terminates above the floor 18 and a track 21 (see FIGS. 1 and
      10), which functions as a mount, extends to the floor 18 of the truck
      trailer 10 to form the bottom part of the vertical portion of the track
      means for the door 20. The track 21 has a portion 21' (see FIG. 10), which
      is welded to the leg 17 of the vertical mounting angle 16.
PAR  As shown in FIG. 1, the track 19 includes not only a substantially vertical
      portion but also a curved portion at its upper end. The upper end of the
      curved portion of the track 19 is aligned with a track 22, which forms the
      horizontal portion of the track means for one side of the door 20. The
      track 22 has a portion 23 (see FIG. 6) welded to the side wall 12 of the
      truck trailer 10. The track 22 is aligned with the curved end of the track
      19 so that a continuous track is formed to support one side of the
      overhead door 20.
PAR  The truck trailer 10 has a similar track and support arrangement supported
      by its other side wall. Thus, a vertical mounting angle, which is like the
      vertical mounting angle 16, has a leg welded to the other side wall of the
      truck trailer 10.
PAR  A track, which is the right hand track whereas the track 19 is the left
      hand track, forms part of the vertical portion of the track means for the
      right side of the door 20 with a track, which is like the track 21 except
      that it is the right hand track, forming the bottom part of the vertical
      track portion of the track means for the right side of the door 20. The
      right hand track includes both a vertical portion and a curved portion at
      the upper end of the vertical portion. A track, which forms the horizontal
      portion of the right hand track and is like the track 22, is secured to
      the other side wall in the same manner as the track 22 is secured to the
      side wall 12 and is aligned with the curved portion of the right hand
      track.
PAR  The overhead door 20 includes an upper panel 30, a plurality of
      intermediate panels 31, and a bottom panel 32 (see FIG. 7). The panels 30,
      31, and 32 have their ends hingedly connected to each other.
PAR  The upper panel 30 of the overhead door is connected by a linkage mechanism
      to a counterbalance carriage 33, which is always supported on the
      horizontal portion of the track means irrespective of the position of the
      overhead door 20. Thus, as shown in FIG. 3, the carriage 33 still is
      supported by the track 22, which is the left hand horizontal portion of
      the track means, when the door 20 is in its closed position.
PAR  The counterbalance carriage 33 includes a pair of metallic side plates 35
      and 36 (see FIG. 5), which are connected together by an L-shaped cross
      brace 37. Each of the side plates 35 and 36 has an L-shaped bracket 38
      welded thereto and secured to the metallic cross brace 37 by bolts 39 and
      nuts 40.
PAR  Each of the L-shaped brackets 38 has elongated slots 41 in each of its legs
      to enable adjustment of the side plates 35 and 36 relative to the cross
      brace 37. This adjusts the width of the carriage 33 for the width of the
      vertical opening 15 of the truck trailer 10.
PAR  Each of the side plates 35 and 36 has an axle mount 42' welded thereto to
      rotatably support a roller 43 through having its axis 42 disposed in an
      axle mount 42'. Each of the rollers 43 rides in one of the horizontal
      portions of the track means.
PAR  Each of the side plates 35 and 36 has a plate 44 adjustably connected to
      its forward end. Each of the plates 44 is adjustably secured to the
      cooperating side plate 35 or 36 by bolts 45 and nuts 46. The bolts 45
      extend through elongated slots 47 (see FIG. 4) in the plate 44 and
      circular openings in the side plates 35 and 36.
PAR  This adjustment is made to enable a roller 49, which is mounted on an axle
      50 disposed in an axle mount 50' welded to the plate 44, to be disposed in
      the horizontal portions of the track means. The roller 49 on the plate 44
      connected to the side plate 35 is disposed in the left hand track 22 and
      the roller 49 on the plate 44 connected to the side plate 36 is disposed
      in the right hand track, which is like the track 22.
PAR  The side plate 36 has a spring shaft 51 (see FIG. 5) rotatably supported
      thereby, and the side plate 35 has a spring shaft extension 52 rotatably
      supported thereby. The shaft extension 52 is rotatably supported in the
      side plate 35 by a bearing 53, and the spring shaft 51 is rotatably
      supported in the side plate 36 by a bearing 54.
PAR  The shaft 51 and the shaft extension 52 are secured to each other by a pair
      of adjustment brackets 55. As shown in FIG. 11, the bracket 55 includes an
      arcuate center portion 56 and straight end portions 57 and 58. The arcuate
      portions 56 of the pair of brackets 55 fit around the shaft 51 and the
      shaft extension 52 with the end portions 57 and 58 having bolts 59 and
      nuts (not shown) to clamp them together. As a result, the shaft 51 and the
      shaft extension 52 are secured to each other by the brackets 55 so that
      they will rotate together. This also allows adjustment of the width of the
      carriage 33. As shown in FIG. 5, a space 61 may exist between the ends of
      the shaft 51 and the shaft extension 52 when they are secured to each
      other by the bracket 55 depending on the width of the carriage 33.
PAR  Each of the shaft 51 and the shaft extension 52 has a spur gear 62 mounted
      thereon and secured thereto by a pin 63, which passes through
      diametrically disposed portions of the hub of the gear 62 and the shaft 51
      or the shaft extension 52. Each of the spur gears 62 has its teeth meshing
      with the teeth of an elongated track 64. One of the racks 64 is supported
      on each of the left hand track 22 and the right hand track (not shown).
PAR  As shown in FIG. 6, the rack 64 is secured to the track 22 by self-tapping
      screws 65. The rack 64 has elongated slots therein to position the rack 64
      on the track 22, which has only circular openings to receive the
      self-tapping screws 65. The rack 64, which is secured to the right hand
      track, is attached in the same manner.
PAR  The shaft 51 has a spring winding cone 66 (see FIG. 5) secured thereto by a
      set screw 67. One end of a torsion spring 68 is fixed to the spring
      winding cone 66. The other end of the spring 68 is fixed to a spring dead
      end cone 69, which is attached to the side plate 36 by two bolts 70 and
      two nuts 71.
PAR  Accordingly, when the shaft 51 and the shaft extension 52 are rotated in
      one direction due to the spur gears 62 cooperating with the racks 64, the
      spring 68 is wound tighter to increase the counterbalance force on the
      door 20. This occurs when the overhead door 20 is lowered from its open
      position towards its fully closed position. When the door moves towards
      its open position, the spur gears 62 are rotated in the opposite direction
      whereby the spring 68 is unwound to reduce the force exerted on the door
      20 through the carriage 33. Accordingly, the counterbalance force is
      increased as the door 20 is lowered and decreased as the door 20 is
      raised.
PAR  The carriage 33 is connected to the upper panel 30 of the door 20 by links
      72 and 73 extending between the side plate 35 and the top panel 20 and
      links 74 and 75 extending between the side plate 36 and the upper panel 30
      of the door 20. The links 72 and 74 have the same configuration and the
      links 73 and 75 have the same configuration. The links 72 and 74 are
      disposed on the outside of the side plates 35 and 36, respectively, while
      the links 73 and 75 are disposed on the interior of the side plates 35 and
      36, respectively.
PAR  The link 72 extends from the end of the side plate 35 to the uppermost
      portion of a mounting bracket 76 (see FIGS. 4 and 5), which is secured to
      one side of the upper panel 30. The link 73 extends from an intermediate
      portion of the side plate 35 to the lowermost portion of the mounting
      bracket 76.
PAR  The other side of the upper panel 30 has a mounting bracket 77 (see FIG. 5)
      thereon. The link 74 extends from the end of the side plate 36 to the
      uppermost portion of the mounting bracket 77 while the link 75 extends
      from an intermediate portion of the side plate 36 to the lowermost portion
      of the mounting bracket 77.
PAR  Each of the panels 30, 31, and 32 includes a core 78 (see FIG. 4) and skins
      79 and 80 on opposite sides of the core 78 and bonded thereto. The core 78
      and the skins 79 and 80 are formed of a suitable plastic such as ABS.
PAR  The mounting bracket 76 has a flat surface 81, which abuts the outer
      surface of the skin 79 of the upper panel 30 and overlies the skin 79. The
      flat surface 81 has four elongated slots 82 (see FIG. 5) therein to
      receive self-tapping screws 83. Each of the self-tapping screws 83 passes
      through an opening 84 (see FIG. 4) in the core 78 of the upper panel 30
      and into an opening 85 in a mounting plate 86 (Each of the mounting plates
      86 cooperates with two of the self-tapping screws 83.) The self-tapping
      screws 83 hold the mounting bracket 76 against the skin 79 of the upper
      panel 30 and the mounting plate 86 against a part of the core 78 of the
      upper panel 30 as shown in FIG. 4.
PAR  The mounting bracket 76 has a flange 88 extending from one side of the flat
      surface 81 away from the upper panel 30 and to which the link 73 is
      pivotally connected. The mounting bracket 76 has a flange 89 extending
      from the same side of the flat surface 81 as the flange 88 but toward the
      upper panel 30 and to which the link 72 is pivotally connected.
PAR  The pivotal connection of each of the links 72 and 73 to the side plate 35
      and to the mounting bracket 76 is the same. Each pivotal connection
      includes a mounting pin 90 (see FIG. 5) passing through an opening in the
      side plate 35 or the mounting bracket 76 and a bearing 91, which is
      disposed between the side plate 35 or the mounting bracket 76 and the
      cooperating link 72 or 73, a washer 92, and a pin 93 extending through an
      opening in the mounting pin 90. Accordingly, the link 72 is pivotally
      connected to the side plate 35 and to the upper panel 30 through the
      mounting bracket 76. Similarly, the link 73 is pivotally connected to the
      side plate 35 and to the upper panel 30 through the mounting bracket 76.
PAR  A similar pivotal arrangement exists between the mounting bracket 77, the
      side plate 36, and the links 74 and 75. Thus, the upper panel 30 can pivot
      relative to the side plates 35 and 36 of the carriage 33 at the same time.
PAR  The lowermost portion of the upper panel 30 has a male knuckle 100, (see
      FIG. 4), which is formed of the same material as the core 78 and the skins
      79 and 80 of the panel 30, extending for the width of the panel 30 and
      bonded to the core 78. The male knuckle 100 cooperates with a female
      knuckle 101 on the upper end of the uppermost of the intermediate panels
      31. The female knuckle 101, which is formed of the same material as the
      core 78, extends for the width of the panel 31. The male knuckle 100 and
      the female knuckle 101 cooperate to form a hinge between the upper panel
      30 and the uppermost of the intermediate panels 31 with the hinge
      extending for the width of the door 20.
PAR  Each of the intermediate panels 31 has one of the female knuckles 101 at
      the uppermost portion thereof and one of the male knuckles 100 at the
      lowermost portion thereof to form a hinge connection with the adjacent
      panels. Since the upper panel 30 is not connected at its upper end to a
      panel but is connected by the linkage arrangement to the carriage 33, the
      upper panel 30 does not have one of the female knuckles 101 at its upper
      end.
PAR  The bottom panel 32 (see FIG. 8) has the female knuckle 101 at its upper
      end. However, the bottom panel 32 is not connected at its lower end to a
      panel so it does not have one of the male knuckles 100 on its lower end as
      do all of the intermediate panels 31 and the upper panel 30.
PAR  Accordingly, the male knuckle 100 and the female knuckle 101 of adjacent
      panels form the hinge means between each of the panels. As previously
      mentioned, the knuckles 100 and 101 extend for the width of the panels and
      are formed of the same material so that any cutting of the panel to reduce
      its width for a particular width of the opening 15 of the truck trailer 10
      also cuts the knuckles 100 and 101.
PAR  Furthermore, the knuckles 100 and 101 are disposed within the confines of
      the panel since the female knuckle 101 is completely within the skins 79
      and 80 and the male knuckle 100 has its outermost surface in the same
      plane as the outer surface of the skin 79 of the panel. Therefore, the
      hinges are within the confines of the panels and cannot have a shifting
      load snagged thereon, for example.
PAR  Each of the hinges, which is formed by the knuckles 100 and 101 on adjacent
      panels, has a roller 102 (see FIG. 5) supported at each end thereof. The
      roller 102 has an axle extending into an opening 104 (see FIG. 4) of the
      male knuckle 100. Each of the rollers 102 rides in the track means.
PAR  The upper panel 30 does not have one of the rollers 102 at its upper end
      since it does not have a hinge connection at its upper end but is
      connected to the carriage 33 by the links 72, 73, 74, and 75. Thus, the
      upper panel 30 has the rollers 102 only at its lower end as shown in FIG.
      5.
PAR  The bottom panel 32 has rollers 105 (see FIG. 7) adjacent its bottom end.
      Each of the rollers 105 has its axle 106 supported in a tubular housing
      107. The housing 107 is welded to an L-shaped bracket 108 (see FIG. 8),
      which is connected to the skin 79 of the bottom panel 32 by self-tapping
      screws 109.
PAR  As shown in FIGS. 7 and 10, one of the rollers 105 rides in the left hand
      track 21 when the door 20 is in its lowermost position. The other of the
      rollers 105 on the bottom panel 32 rides in the right hand track when the
      door 20 is in its lowermost position.
PAR  A plate 114, which has a locking pin 115 welded thereto, is connected to a
      portion 116 of the track 21. The plate 114 is vertically adjusted on the
      portion 116 of the track 21 to allow the pin 115 to be disposed at a
      desired vertical position. The portion 116 of the track 21 has elongated
      vertical slots 117 to receive self-tapping screws 118, which extend
      through the elongated slots 117 in the portion 116 and into circular
      openings in the plate 114.
PAR  A plunger 121, which is movably mounted in the bottom panel 32 of the door
      20, cooperates with the locking pin 115 to lock the left side of the
      bottom panel 32 to the truck trailer 10. A similar arrangement exists for
      the right side of the bottom panel 32 of the overhead door 20.
PAR  The plunger 121 has an upper tapered surface 122 (see FIG. 7) and a lower
      tapered surface 123. The upper tapered surface 122 slides under the bottom
      surface of the pin 115 to urge a seal 124 (see FIG. 8), which is
      preferably formed of rubber, on the lower end of the bottom panel 32 into
      engagement with the floor 18 of the truck trailer 10. The seal 124 extends
      beyond the lower end of the skin 80 of the bottom panel 32 and is
      supported between a portion of the skin 80 and an L-shaped bracket 125,
      which is mounted on the skin 79 of the bottom panel 32 by the self-tapping
      screws 109 that also secure the L-shaped bracket 108 to the skin 79.
PAR  The plunger 121 is movably supported in a housing 126 between the skins 79
      and 80 of the bottom panel 32. The housing 126 includes a C-shaped member
      127 (see FIG. 8), which is supported by the core 78 and the skins 79 and
      80 of the bottom panel 32, and a U-shaped bracket 128. The member 127 is
      secured to the skin 79 by self-tapping screws 129 (see FIG. 10). The
      bracket 128 is welded to the member 127.
PAR  The plunger 121 is moved into locking engagement with the pin 115 and
      removed therefrom by a rack 130, which is movably mounted between guides
      131 and 131' (see FIG. 9). The guides 131 and 131' are welded to a
      mounting plate 132, which is supported by the bottom panel 32.
PAR  The rack 130 is welded to a flat portion 133 of a push rod 134. The rod 134
      has a pair of pins 135 and 136 (see FIG. 7) extending therefrom. A plate
      137, which has a finger 138 of the plunger 121 welded thereto, fits over
      the rod 134 and is disposed between the pins 135 and 136 and adjacent the
      pin 135. A spring 139 surrounds the push rod 134 between the plate 137 and
      a washer 140, which abuts the pin 136. Accordingly, the rack 130 has a
      resilient connection to the plunger 121.
PAR  This resilient connection provides compensation for different amounts of
      movement of the plunger 121 depending on the condition of the seal 124.
      That is, as the seal 124 wears, the bottom panel 32 can be forced further
      downwardly so that the plunger 121 moves further to the left (as viewed in
      FIG. 7). The spring 139 maintains a load on the seal 124 due to the
      cooperation between the locking pin 115 and the inclined surface 122 of
      the plunger 121 so that the seal 124 acts on the floor 18 of the truck
      trailer 10 with a force.
PAR  The rack 130 is driven to the left by rotating a spur gear 141, which has
      its teeth meshing with the teeth of the rack 130, counterclockwise (as
      viewed in FIG. 7). The gear 141 is mounted on a shaft 142 (see FIG. 9) and
      secured thereto by a pin 143, which passess through diametrically disposed
      portions of the hub of the gear 141 and the shaft 142.
PAR  The shaft 142 is rotatably supported in a bearing block 144, which is
      welded to a mounting plate 145. The mounting plate 145 and the mounting
      plate 132 are secured by carriage bolts 146 and nuts 147 to the skin 80 of
      the bottom panel 32. The skin 79 and the core 78 have aligned enlarged
      openings 148, and 148', respectively, for access to the nuts 147.
PAR  A handle 149 is secured to the end of the shaft 142 remote from the gear
      141 to enable the gear 141 to be rotated through 180.degree.. The handle
      149 has an opening intermediate its ends. When the door 20 is in its
      unlocked condition as shown in FIG. 7, the opening in the handle 149 is
      aligned with an opening 151 (see FIG. 7) in an L-shaped locking bracket
      152, which is welded in the mounting plate 145. A pad lock (not shown)
      retains the handle 149 in this position.
PAR  When the door 20 is locked, the handle 149 has its opening aligned with an
      opening 153 in an L-shaped locking bracket 154, which is welded to the
      mounting plate 145. When the opening in the handle 149 is aligned with the
      opening 153 in the bracket 154, a pad lock (not shown) can e extended
      through both of these openings to lock the door 20 in its locked position.
PAR  The spur gear 141 not only cooperates with the rack 130 but also with a
      rack 155, which is connected to a plunger (not shown) by a push rod 157
      (see FIG. 9). The push rod 157 has a flat portion 156 welded to the rack
      155. The plunger, which is like the plunger 121 and is resiliently
      connected to the push rod 157 in the same manner as the plunger 121 is
      resiliently connected to the push rod 134, cooperates with a locking pin
      (not shown), which is adjustably supported on the right hand mounting
      angle (not shown) in the same manner as the locking pin 115 is adjustably
      mounted on the left hand mounting angle 16, in the same manner as the
      plunger 121 cooperates with the locking pin 115. Thus, both sides of the
      bottom panel 32 of the door 20 are locked simultaneously by the
      counterclockwise (as viewed in FIG. 7) rotation of the gear 141 through
      180.degree..
PAR  The rack 155 slides between guides 159 and 160 (see FIG. 9). The guides 159
      and 160 are welded to the mounting plate 132.
PAR  Because of the foregoing arrangement, the locking mechanism can be easily
      adapted to various widths of the door 20. It is first necessary to remove
      the mounting plate 145 from its connection to the bottom panel 32. This
      enables the gear 141 to be removed from engagement with the teeth of the
      racks 130 and 155. Then, the racks 130 and 155 can be moved in accordance
      with the width of the door 20. When the racks 130 and 155 are properly
      adjusted, the gear 141 is disposed in engagement with the teeth of the
      racks 130 and 155 and the mounting plate 145 is secured to the bottom
      panel 32.
PAR  Considering the operation of the overhead door 20 of the present invention
      with the door 20 being assumed initially closed so that the upper panel 30
      of the door 20 is engaging a seal 161, which is supported by the rear wall
      15, the handle 149 must be unlocked from the locking bracket 154. Then,
      the handle is rotated clockwise (as viewed in FIG. 7) through 180.degree.
      so that the opening in the handle 149 is aligned with the opening 151 in
      the bracket 152.
PAR  Then, the overhead door 20 can be raised to open the vertical opening 15 in
      the truck trailer 10. As the door 20 is lifted, the gears 62 (see FIG. 5),
      which are carried by the carriage 33, are rotated through cooperating with
      the racks 64 on the tracks (one shown at 22) to untighten the spring 68
      and decrease the counterbalance force on the door 20.
PAR  When the door 20 is to be lowered, the bottom panel 32 is grasped and the
      door 20 is returned to the position in which the handle 149 can be rotated
      counterclockwise (as viewed in FIG. 7) so that the opening in the handle
      149 again becomes aligned with the opening 153 in the locking bracket 154
      to lock the door 20 to the truck trailer 10. During the lowering of the
      door 20, the gears 62 are rotated by the racks 64 to wind the spring 68
      and increase the counterbalance force acting on the door 20.
PAR  While the present invention has been shown and described as being used with
      the truck trailer 10, it should be understood that it may be employed with
      any container having a vertical opening. For example, it may be employed
      with a railroad piggyback trailer or a sea container, for example.
PAR  An advantage of this invention is that it reduces the weight of the vehicle
      while using an overhead door. Another advantage of this invention is that
      the overhead door may be readily cut to any width. A further advantage of
      this invention is that it increases the storage space in a container in
      comparison with previously available overhead doors. Still another
      advantage of this invention is that it is safer than overhead doors using
      cables to connect the counterbalance mechanism thereto. A still further
      advantage of this invention is that there is no installation problem as
      there is with an overhead door using cables. Yet another advantage of this
      invention is that it reduced the installation cost.
PAR  For purposes of exemplifications, a particular embodiment of the invention
      has been shown and described according to the best present understanding
      thereof. However, it will be apparent that changes and modifications in
      the arrangement and construction of the parts thereof may be resorted to
      without departing from the spirit and scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A manually movable overhead door for closing an opening in a wall of a
      container including a plurality of panels, hinge means for connecting said
      panels to each other, track means supported by walls of the container on
      each side of the door, said panels being movably supported by said track
      means, said track means on each side of the door including a vertical
      portion, a horizontal portion, and a curved portion connecting said
      vertical portion and said horizontal portion to each other, each of said
      horizontal portions being disposed substantially inwardly in the container
      of the vertical portion of said track means, a carriage connected to the
      uppermost of said panels and movably supported only on said horizontal
      portions of said track means irrespective of the position of said panels,
      counterbalance means supported on said carriage to exert a counterbalance
      force to said panels in accordance with the position of said panels on
      said track means, and means to decrease the counterbalance force produced
      by said counterbalance means as said panels are raised toward the full
      open position of the door, said decreasing means including means supported
      on each side of the door and means cooperating with said supported means
      and acting on said counterbalance means to decrese the counterbalance
      force as said panels are raised toward the full open position of the door,
      said supported means including a rack supported on each side of the door,
      each of said racks terminating prior to the plane containing the door when
      the door is in its closed position, and said cooperating means including
      gear means connected to said counterbalance means and engaging the teeth
      of each of said racks, each of said racks being supported by said track
      means, each of said racks extending for only the length of said horizontal
      portion of said track means, said counterbalance means including a spring
      having one end fixed to said carriage and its other end connected to said
      gear means, said gear means being rotatably mounted on said carriage
      whereby rotation of said gear means unwinds said spring as said panels are
      raised toward the full open position of the door, means to lock the lower
      most of said panels when the door is in its closed position, said lock
      means including first means adjustably supported on each side of the door
      and second means carried by the lower most of said panels and cooperating
      with each of said first means, said second means of said lock means
      including a first pair of members movably supported by the lower most of
      said panels, a second pair of members connected to said first pair of
      members and movably supported by the lower most of said panels, means
      cooperating with said second pair of members to move each of said first
      pair of members into engagement with a corresponding one of said first
      means, and said cooperating means being removably supported by said lower
      most panel to enable said first and second pairs of members to be
      adjustably positioned in accordance with the width of said door.
NUM  2.
PAR  2. The door according to claim 1 including:
PA1  flexible sealing means carried on the bottom of said lowermost panel to
      sealingly engage the floor of the container;
PA1  and resilient means connecting each of said first pair of members to the
      corresponding one of said second pair of members to compensate for wear of
      said sealing means.
NUM  3.
PAR  3. A manually movable overhead door for closing an opening in a wall of a
      container including a plurality of panels, hinge means for connecting said
      panels to each other, track means supported by walls of the container of
      each side of the door, said panels being movably supported by said track
      means, said track means on each side of the door including a vertical
      portion, a horizontal portion, and a curved portion connecting said
      vertical portion and said horizontal portion to each other, each of said
      horizontal portions being disposed substantially inwardly in the container
      of the vertical portion of said track means, a carriage connected to the
      upper most of said panels and movably supported only on said horizontal
      portions of said track means irrespective of the position of said panels,
      counterbalance means supported on said carriage to exert a counterbalance
      force to said panels in accordance with the position of said panels on
      said track means, means to decrease the counterbalance force produced by
      said counterbalance means as said panels are raised toward the full open
      position of the door, means to lock the lower most of said panels when the
      door is in its closed position, said lock means including first means
      adjustably supported on each side of the door and second means carried by
      the lower most of said panels and cooperating with each of said first
      means, said second means of said lock means including a first pair of
      members movably supported by the lower most of said panels, a second pair
      of members connected to said first pair of members and movably supported
      by the lower most of said panels, means cooperating with said second pair
      of members to move each of said first pair of members into engagement with
      a corresponding one of said first means, and said cooperating means being
      removably supported by said lower most panels to enable said first and
      second pairs of members to be adjustably positioned in accordance with the
      width of said door.
NUM  4.
PAR  4. The door according to claim 3 including:
PA1  flexible sealing means carried on the bottom of said lowermost panel to
      sealingly engage the floor of the container;
PA1  and resilient means connecting each of said first pair of members to the
      corresponding one of said second pair of members to compensate for wear of
      said sealing means.
NUM  5.
PAR  5. A manually movable overhead door for closing an opening in a wall of a
      container including a plurality of panels, hinge means for connecting said
      panels to each other, track means supported by walls of the container on
      each side of the door, said panels being movably supported by said track
      means, said track means on each side of the door including a vertical
      portion, a horizontal portion, and a curved portion connecting said
      vertical portion and said horizontal portion to each other, each of said
      horizontal portions being disposed substantially inwardly in the container
      of the vertical portion of said track means, a carriage connected to the
      upper most of said panels and movably supported only on said horizontal
      portions of said track means irrespective of the position of said panels,
      counterbalance means supported on said carriage to exert a counterbalance
      force to said panels in accordance with the position of said panels on
      said track means, means to decrease the counterbalance force produced by
      said counterbalance means as said panels are raised toward the full open
      position of the door, linkage means connecting each side of said carriage
      to each side of the upper most of said panels to enable said panels to be
      disposed in a vertical position to close the opening while said carriage
      remains on said horizontal portions of said track means.
NUM  6.
PAR  6. The door according to claim 5 in which each of said linkage means
      includes:
PA1  a first link having one end pivotally connected adjacent the uppermost end
      of said uppermost panel and its other end pivotally connected to the end
      of said carriage closest to said uppermost panel;
PA1  a second link having one end pivotally connected to said uppermost panel
      adjacent its lowermost end and its other end pivotally connected to said
      carriage inwardly of the pivotal connection of said first link to said
      carriage;
PA1  the pivotal connection of said second link to said carriage being above the
      pivotal connection of said first link to said carriage;
PA1  and each of said pivotal connections of said links to said carriage
      remaining in the same horizontal planes irrespective of the position of
      said panels.
PATN
WKU  039346366
SRC  5
APN  507598&
APT  1
ART  351
APD  19740920
TTL  Shower curtain holder
ISD  19760127
NCL  4
ECL  1
EXP  Kannan; Philip C.
NDR  1
NFG  5
INVT
NAM  Simmons; Jimmy W.
STR  2400 Haworth, Apt. 13
CTY  Newberg
STA  OR
ZIP  97132
CLAS
OCL  160349R
XCL    4149
XCL   24 725
XCL  292147
EDF  2
ICL  A47H  100
FSC  160
FSS  349
FSC    4
FSS  149;154
FSC  292
FSS  147;145
FSC   24
FSS  72.5;263 SB;263 FC;265 B
UREF
PNO  1758263
ISD  19300500
NAM  Merz
OCL  292147
LREP
FR2  Eckelman; Eugene M.
ABST
PAL  The holder has a body portion arranged to be secured to a wall immediately
      above the vertical flange of a bathtub. A slide member is slidably
      supported in the holder and is arranged to project from the lower end of
      the body portion to clamp a shower curtain down on the flange of the
      bathtub. The slide member has frictional movement in the body portion for
      positioning it between the lowered shower curtain engaging position and an
      upper release position and includes an aperture therein forming a finger
      grip for moving it between the two positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in shower curtain
      holders.
PAR  In the usual bathtub and shower combination, curtains are often provided
      along the outer side of the tube. Water usually escapes from a space
      between the front edge of the shower curtain and the wall since it is
      difficult to hold such front edge close to the wall. This is due to the
      ring support of the curtains at the top and also due to billowing movement
      of the lower portion of the curtain because of the rising heated air.
PAR  Some attempts have been made to hold the curtain in a fixed position, such
      as by using a plurality of clip members or the like secured to the wall
      and arranged to be connected to the shower curtain. Such a structure is
      shown in U.S. Pat. No. 2,303,502. This structure, although effective in
      holding the curtain in place, is inconvenient in its use in that each time
      a person wishes to shower, all the clips must be fastened and unfastened.
      This type of structure and others intended for the same purpose are not
      only inconvenient to use but are expensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      a shower curtain holder is provided which is effective to hold the curtain
      close to the front wall of the shower and at the same time is convenient
      in its use and economical to manufacture.
PAR  A more particular object of the invention is to provide a holder of the
      type described comprising a body portion adapted to be secured to the wall
      adjacent to the front outer corner of the bathtub and employing a friction
      slide therein arranged to project from the bottom and clamp the shower
      curtain down on the flange of the bathtub.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings which illustrate preferred forms
      of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary sectional view taken longitudinally through a
      bathtub and shower and illustrating the present invention in combination
      therewith;
PAR  FIG. 2 is a fragmentary sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a front elevational view, partly broken away, of the holder of
      the present invention;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a front elevational view, partly broken away, of a modification
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, the numeral 10 designates a conventional
      bathtub having the usual top horizontal flange 12. The numeral 14
      represents a shower curtain supported slidably on an upper rod 16. The
      lower end of the curtain hangs down a short distance into the tube to
      prevent splashing of water on the floor. In conventional practice, the
      bathtub 10 is mounted in association with a front wall 20 to receive
      plumbing structure.
PAR  The present invention holds the front edge 18 of the shower curtain closely
      adjacent to the wall 20, particularly in the area of flange 12 of the tub
      and a distance thereabove. The holder is designated generally by the
      numeral 22 and has a body portion 24 which as best seen in FIGS. 3 and 4
      includes a rear wall 26 and side walls 28 in a U-shape. Inturned wall
      portions or tabs 30 lead partially across the front and form a vertical
      guideway 32 within the holder.
PAR  Slidable in guideway 32 is a slide member 34 having upper and lower ends 36
      and 38, respectively, and also having an aperture 40 intermediate its
      upper and lower ends which forms a finger grip. Slide member 34 is
      arranged for vertical movement in the guideway 32, and the side edges 42
      thereof have frictional engagement with the inner surfaces of the side
      walls 28 so that the slide, although adjustable vertically, will remain
      where positioned.
PAR  The side edges 42 of the slide member 34 have notches 44 and walls 28 have
      inwardly directed stop projections 46 in an arrangement such that the
      slide member 34 can have vertical adjustable movement but has limited
      upward movement so that it cannot be displaced from the holder. In its
      downward position of the slide member a lower portion thereof can project
      from the bottom of the body portion as seen in FIG. 3. For purposes of
      assembly, the body portion 24 is constructed of a somewhat flexible
      material such as polyethylene plastic, and to install the slide member 34
      the sides of the body portion are merely flexed apart an amount sufficient
      to install the slide member.
PAR  With particular reference again to FIGS. 1 and 2 the holder 22 is shown in
      position for holding the curtain close to the front wall 20 so that water
      cannot escape between the front edge 18 of the shower curtain and the
      wall. For this purpose, the holder is secured to the wall just above the
      tub at the front outer corner thereof. Securement to the wall may be by
      any suitable means, such as by an adhesive backing 48, FIG. 4, provided on
      the body portion. It is to be understood however that other securing means
      may be utilized to mount the holder on the wall, such as by suction cups
      or the like.
PAR  Positioning of the holder on the wall relative to the tube is such that the
      bottom end 38 of the slide member 34 in a lowered position of the latter
      is capable of engaging the top of the tub flange 12, as shown in FIGS. 1
      and 2. In the use of the holder by the person taking a shower, the shower
      curtain is pulled forward with the edge 18 against the wall and a forward
      portion of the curtain at the level of tub flange 12 is then placed under
      body portion 24, the slide member 34 being disposed in a raised position
      at this time. With the curtain held in a forwardmost position under the
      holder 22, the slide member 34 is then lowered to clamp the curtain
      against the tube flange. The front edge of the curtain below the holder
      will curve around the inner surface of the flange of the tube and drape
      down in the tub.
PAR  With the curtain held close up against the wall water will not splash out
      of the shower. Although the curtain is not positively held against the
      wall in upper portions of the shower, the close association of the front
      edge at the tub by the holder 22 causes upper edge portions to hug closely
      to the wall. To release the holder, the slide member 34 is moved upwardly
      out of clamping position with the curtain on the tub, whereupon the
      curtain can be opened. Movement of the slide member is readily
      accomplished by engagement of a finger in aperture 40.
PAR  FIG. 5 illustrates a modified form 22' of the invention, and similar to the
      first embodiment this modification includes a U-shaped body portion 24'
      and a slide member 34'. In this embodiment, the side walls 28' have
      recesses 50 on their inner surfaces and the slide member 34' has outward
      projections 52 in an arrangement allowing a short vertical movement of the
      slide member as in the structure of FIG. 3 but at the same time forming a
      stop so that the slide member 34' cannot be displaced from the holder.
PAR  It is apparent that the present holder is effective in holding a shower
      curtain in relation to a bathtub and wall to prevent water from splashing
      out of the shower stall and at the same time the structure thereof is
      simplified and economical to manufacture. The holder is also easily
      mounted in place by the householder.
PAR  It is to be understood that the forms of my invention herein shown and
      described are to be taken as preferred examples of the same and that other
      changes in the shape, size and arrangement of parts may be resorted to
      without departing from the spirit of my invention, or the scope of the
      subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a shower of the type having a bathtub with a top peripheral flange
      and also having a flexible shower curtain on one side and a wall surface
      on another side against which it is desired that an end of the shower
      curtain have close association to prevent water from the shower splashing
      on the floor, the improvement compressing a shower curtain holder
      comprising:
PA1  a. a body portion having a vertical guideway open at the bottom,
PA1  b. means arranged to mount said body portion on a wall surface above the
      bathtub flange,
PA1  c. and a slide member disposed in said guideway having a lower end arranged
      to project beyond the open bottom of said vertical guideway,
PA1  d. said slide member having movement in said guideway between a pair of set
      positions,
PA1  e. one of said set positions comprising a lowered position arranged to
      clamp a portion of the shower curtain which has been inserted under the
      holder down on the bathtub flange to hold the curtain close to the wall
      surface and the other of said set positions comprising an upper position
      for releasing the shower curtain.
NUM  2.
PAR  2. The shower curtain holder of claim 1 wherein said slide member has
      frictional engagement in said guideway for holding it in its two set
      positions.
NUM  3.
PAR  3. The shower curtain holder of claim 1 including stop means in said body
      portion engageable by said slide member limiting movement to its upper
      position.
NUM  4.
PAR  4. The shower curtain holder of claim 1 wherein said body portion has a
      rear wall and side walls in a U-shape and including tabs on said side
      walls directed partially across the front to form said vertical guideway,
      and means defining an aperture in said slide forming a finger grip in said
      slide accessible between said tabs for moving the slide between its two
      positions.
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PAL  The surface quality of bottom poured ingots can be improved by placing on
      the mould floor, prior to pouring, a bonded composition of one or more
      fluxing agents and expandable graphite.
BSUM
PAR  The present invention relates to the casting of molten metals to form
      ingots. While the method to be described may be used to advantage in the
      casting of various metals, its principal use is in the casting of steel
      ingots, and the following description is accordingly primarily directed to
      that use.
PAR  Ingot moulds may be charged with molten metal either by teeming the metal
      into the top of the ingot mould or by filling the ingot mould with molten
      metal from the base. The present invention is directed to this latter
      case, so-called bottom-pouring.
PAR  When molten steel is bottom-poured into an ingot mould there is a tendency
      for the surface of the molten metal to oxidise in contact with air and to
      form an oxide skin thereon. In addition, during solidification, the ingot
      tends to weld itself to the mould walls, and subsequent stripping from the
      mould, if not rendered impossible, may result in damage to the mould walls
      and/or defects in the ingot surface.
PAR  Heretofore, these disadvantages have been minimised by the use of mould
      additives or dressings, compositions which are applied to the interior of
      the mould or placed in the mould prior to casting and which, under the
      action of the heat of the molten metal, melt or decompose during the
      casting process with a resultant fluxing or reducing action at the molten
      metal/mould wall and/or molten metal/atmosphere interfaces. The
      compositions used for the purpose, however, have often had a tendency to
      alter the composition of the metal being cast, especially that at and near
      the surface of the cast ingot.
PAR  For example, it has been proposed to suspend a sack of particulate mould
      additive material in an ingot mould, heat from the molten metal causing
      the sack to disintegrate and allow the mould additive to fall on to the
      rising surface of the molten metal. This practice often causes the
      particles of the mould additive to become entrapped in the ingot causing
      metallurgical defects on solidification and subsequent rolling of the
      ingot. It has also been proposed to place the above sacks on the bottom of
      the mould prior to bottom-pouring. This practice has a further
      disadvantage in that the sacks are likely to burst thus causing the mould
      additive to block the runner.
PAR  It is an object of the present invention to improve the bottom-pouring of
      ingots by reducing the occurrence of ingot defects such as cold shuts and
      laps, reducing surface oxidation, and improving the general surface finish
      of the ingot surface. It is a further object of the invention to provide
      improved thermal insulation at the top of the ingot as the molten metal
      rises in the mould.
PAR  According to the present invention there is provided a process of ingot
      casting including bottom pouring molten metal into an ingot mould to form
      an ingot wherein there is located in the ingot mould prior to the
      commencement of pouring, a bonded composition comprising one or more
      fluxing agents and expandable graphite.
PAR  During casting, the bonded composition is borne up on the rising metal
      surface; because of the heat of the molten metal, the composition
      disintegrates under the expansion of the graphite and thereafter fuses to
      form a fluxing cover on the surface of the molten metal. This leads to an
      improvement of the surface finish of the cast ingot, less surface
      oxidation and a decrease in the level of surface inclusions. Furthermore,
      the presence of the composition on the rising metal surface protects that
      surface, which is turbulent because of the up-flowing molten metal, from
      contact with the atmosphere.
PAR  The expanded composition also forms a layer of high heat-insulating
      characteristics on the molten metal surface, thus reducing heat loss from
      the head metal during pouring.
PAR  Expandable graphite means particulate graphite the particles of which on
      heating, intumesce to give a low density highly heat insulative vermicular
      structure. These graphites may be prepared, for example, by treating flake
      graphite with nitric acid or mixtures of sulphuric acid with nitric acid,
      chromium trioxide or perchloric acid and the excess acid then removed by
      washing with water or neutralised by mixing a basic material such as
      bauxite or magnesium oxide with the treated flake graphite. The acid
      mixture may contain an inorganic oxidising agent such as manganese
      dioxide, potassium chlorate or potassium permanganate. The so treated
      graphite will, on heating, usually to temperatures in excess of
      150.degree.C, expand to many times its original volume. Methods of making
      such expandable graphite are disclosed in U.S. Pat. Nos. 1,137,373 and
      3,323,869.
PAR  The bonded composition may have the following ingredients in the
      proportions indicated:-
TBL  expandable graphite                                                       

                        0.5% - 10% by weight                                   

     fluxing agent      60% - 90% by weight                                    

     binder             5% - 30% by weight                                     

PAR  The bonded composition may be produced using any binder or composition of
      binders suitable for the purpose. Such binders include organic binders
      such as natural or synthetic resins, gums, starches and cellulose
      derivatives. Preferred resins in this respect are urea-formaldehyde and
      phenol formaldehyde resins. Inorganic binders such as alkali metal
      silicates, colloidal oxide sols and clays may also be used. Preferred such
      inorganic binders include sodium silicate (waterglass), colloidal silica
      sol and bentonite or ball clay. A combination of organic and inorganic
      binders may be used.
PAR  The fluxing agent may be any known for use in the flux treatment of molten
      metals. Suitable fluxing agents include iron oxide (Fe.sub.2 O.sub.3 or
      Fe.sub.3 O.sub.4), sodium carbonate (soda ash), potassium carbonate,
      alkali metal and alkaline earth metal fluorides, alkali metal oxides or
      substances which yield alkali metal oxides on heating, natural or
      synthetic silicates such as basalt and wollastonite, natural or synthetic
      borates such as calcium borate or colemanite, and fly ash. Mixtures of
      such fluxing agents may be used to provide compositions adapted to the
      casting temperature of the molten metal.
PAR  Where the metal being cast is steel the fluxing agents of choice are fly
      ash, soda ash or fluorspar, ground blastfurnace slag, ground cupola slag
      or suitable melting point mixtures of the two slags. Advantageously the
      fluxing agent is in particulate form with the particles at least in part
      coated with very finely divided carbon. Such coated fluxing agents may be
      produced by mixing the particulate fluxing agent together with a
      proportion of finely divided carbon until the requisite coated or
      partially coated particles are obtained. The carbon used for coating the
      fluxing agent may be the expandable graphite itself or additionally
      another form of finely divided carbon may be used, e.g. finely crushed
      coke, graphite, charcoal or burnt cork flour, lamp black, carbon black and
      acetylene black; these last three are preferred since they are initially
      finer particle size.
PAR  The bonded composition may also contain e.g. a minor proportion up to 10%
      by weight, of inorganic or organic fibres. This is in order to increase
      the mechanical strength of the product.
PAR  Examples of suitable fibres are asbestos, slag wool, glass wool, rock wool,
      aluminosilicate fibre and paper pulp. The inclusion of fibre is preferred
      if the composition is to be made by a slurry method as described below.
PAR  Particulate refractory fillers such as silica, alumina, magnesia, chamotte,
      vermiculite and perlite may also be included
PAR  The bonded composition may be made by blending the dry ingredients, for
      example in a cone blender, adding to the dry ingredients a solution of the
      binder, usually in water, forming the composition into the desired shape
      by ramming or pressing in a suitable mould, and curing the shaped
      composition after removal from the mould.
PAR  The bonded composition may also be prepared by forming a slurry of the
      ingredients in a carrier liquid such as water, locating the slurry in a
      vessel having a mesh wall, removing liquid from the slurry through the
      mesh wall so as to deposit a mat of the solid constituents of the slurry
      on the mesh wall, separating the mat so formed from the mesh wall, and
      drying the mat. The removal of the carrier liquid may be achieved by the
      application of pressure or vacuum as desired. The presence of fibre in the
      bonded composition is particularly desirable when the composition is
      prepared from a slurry.
PAR  The following example will serve to illustrate the invention:
DETD
PAC  EXAMPLE
PAR  A bonded composition having the following composition by weight:
TBL  fly ash                  65.0%                                            

     calcium borate           5.0%                                             

     graphite                 6.0%                                             

     expandable graphite      4.0%                                             

     phenol-formaldehyde resin                                                 

                              20.0%                                            

PAL  was prepared using the following procedure.
PAR  The fly ash, calcium borate, graphite and expandable graphite were
      thoroughly mixed in the dry state in a cone blender. A 60% by weight
      aqueous solution of the phenolformaldehyde resin was then added to the dry
      ingredients. the "green" composition was then pressed in a mould to form a
      pad 25 mm thick, and the pad was cured, after removal from the mould, for
      2 hours at 150.degree.C.
PAR  The pad was then placed at the bottom of a 11/2 tonne ingot mould and
      molten steel at 1650.degree.C was bottom-poured into the mould. After the
      steel had solidified the ingot was stripped from the mould and examined.
      The ingot showed little evidence of inclusions and surface oxidation and
      the surface finish was good.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of ingot casting wherein molten metal is bottom poured
      into an ingot mould to form an ingot, the improvement which comprises
      locating in the ingot mould, prior to the commencement of pouring, a
      bonded composition comprising at least one fluxing agent and expandable
      graphite, said composition being borne up on the rising molten metal
      surface as the molten metal is poured and disintegrating because of the
      heat of said metal and the expansion of the graphite and thereafter fusing
      to form a fluxing cover on the surface of the molten metal thereby
      minimizing surface oxidation and surface inclusions.
NUM  2.
PAR  2. The process of claim 1 wherein the fluxing agent is selected from the
      class consisting of iron oxide, alkali metal and alkaline earth metal
      fluorides, carbonates and oxides, silicates, borates and fly ash.
NUM  3.
PAR  3. The process according to claim 1 wherein the fluxing agent is in
      particulate form and the particles thereof are coated with finely divided
      carbon.
NUM  4.
PAR  4. The process of claim 1 wherein the composition comprises, by weight:
TBL  fluxing agent           60 - 90%                                          

     expandable graphite    0.5 - 10%                                          

     binder                  10 - 30%                                          

NUM  5.
PAR  5. The process of claim 1 wherein the composition is bonded with a binding
      agent selected from the class consisting of natural and synthetic resins,
      gums, starches, cellulose derivatives, alkali metal silicates, colloidal
      oxide hydrosols and clays.
NUM  6.
PAR  6. The process of claim 1 wherein the composition includes fibrous
      material.
NUM  7.
PAR  7. The process of claim 1 wherein the composition includes a particulate
      refractory filler.
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PAL  A process of continuous casting a ferrous metal bloom or billet free of
      axial looseness and voids and having good chemical homogeneity in the
      central axial zone in which a molten ferrous metal is maintained in a
      tundish which supplys the molten metal to a continuous casting mold
      through a mold feeding nozzle at a superheated temperature above the
      liquidus temperature of the ferrous metal sufficiently high to avoid
      objectionable freezing or skulling in both the tundish and the mold
      feeding nozzle but not at such an elevated temperature that the molten
      metal cannot be cooled in the continuous casting mold to at least the
      liquidus temperature of the ferrous metal before the metal descends into
      the deep liquid core zone of the continuous casting. In the preferred
      embodiment cooling of the superheated ferrous metal in the continuous
      casting mold to at least the liquidus temperature before the molten metal
      enters the deep liquid core zone thereof is effected by feeding the molten
      ferrous metal superheated above the liquidus temperature from the tundish
      into the mold through a tubular feeding nozzle having the lower end
      submerged below the surface of the molten metal in the mold and
      discharging the molten metal into the mold in a plurality of transversely
      flowing streams which directly contact the inner surface of the mold wall
      and distribute the molten metal over an area of the mold extending between
      the upper surface of the molten metal and the upper edge of the air gap
      which is formed between the outer surface of the solidifying casting shell
      and the mold wall. When casting 1017 steel in accordance with the
      disclosed process the temperature of the molten metal in the tundish can
      be maintained at a superheated temperature up to about 20.degree. F. above
      the liquidus temperature, and the 1017 steel is preferably maintained in
      the tundish at a superheated temperature of at lest 5.degree. F. above the
      liquidus temperature and not substantially in excess of about 20.degree.
      F. above the liquidus temperature thereof.
BSUM
PAR  The present invention relates generally to an improved process for the
      continuous casting of steel and the like high melting point ferrous metal
      compositions and more particularly to a process of continuous casting of
      steel which reduces the frequency of forced shut downs of the continuous
      casting apparatus due to freezing of steel in the tundish and/or casting
      nozzle and which at the same time produces a continuous steel casting
      having superior quality internal structure and good chemical homogenity.
PAR  Heretofore, continuous steel castings having an internal structure and
      chemical homogeneity substantially free of axial defects and suitable for
      special quality uses, such as hot rolled and cold finished carbon steel
      bars for applications involving cold forging, cold extrusion, cold
      drawing, machining and heat treating, have been difficult to produce
      consistently by means of continuous casting. And, it is particularly
      important to produce the proper as-cast internal structure when casting
      blooms and billets intended for use as hot rolled and cold finished bars
      which must have restrictive requirement (RR) quality and multiple
      restrictive requirement (MRR) quality, since the internal defects in the
      castings remain even after a reduction ratio of 7:1 in the rolled rods and
      bars.
PAR  Among the most objectionable internal defects frequently found in
      continuous cast billets and blooms, even those heretofore considered of
      good quality, are those found in the central or axial zone. When the
      central zone, for example, has a small diameter and the non-metallic
      impurities and inclusions concentrated along the longitudinal axis and in
      the immediate adjacent areas, the casting generally exhibits a "dark
      center" in a standard deep etch test and may also have axial looseness and
      voids which in some instances form an axial shrinkage cavity or "pipe". It
      is highly desirable to maintain at a minimum and preferably eliminate from
      the continuous castings (1) the axial shrinkage cavity or "pipe" (2) the
      "dark center" portion in the axial section of the casting, (3) the
      sulphur-rich melt-filled cracks which are formed when the billets and
      blooms are deformed or subjected to thermal stresses before completely
      solidified and resulting in segregated streaks within the interior of the
      casting, and (4) the poor chemical homogeneity in the interior of the
      casting, as these defects in the internal structure significantly reduce
      the quality of a billet or bloom and make the castings entirely unsuitable
      for certain special quality uses.
PAR  It has heretofore been suggested as desirable to maintain the molten steel
      in the tundish at a minimum temperature consistent with good pouring in
      order to produce continuous castings having less segregation and an
      improved solidification structure. Various means have been used for
      controlling the temperature of the molten metal entering the continuous
      casting mold, such as providing argon stirring with a heavy slag cover in
      the ladle to minimize temperature variations in the stream of metal during
      the casting operation. Also, temperature control means have been provided
      in the tundish and associated with the feeding nozzle conveying the molten
      metal from the tundish to the continuous casting mold. None of these
      temperature control means, however, are capable of maintaining the
      temperature of a molten ferrous metal in the tundish or mold feeding
      nozzle at or just above the melting temperature of the ferrous metal.
      Consequently, it has been considered necessary from a practical operating
      standpoint to maintain the steel in the tundish at a temperature much
      higher than the temperature at which the steel begins to solidify. For
      example, it has been suggested that the temperature of the molten steel in
      the tundish should be about 40.degree. -  50.degree.F above the
      temperature at which the steel freezes with a maximum tundish temperature
      of 2830.degree.F for 1017 steel. It has also been stated that the
      temperature range suitable for the continuous casting of steel is between
      about 68.degree. and 140.degree.F (20-60.degree.C) above the liquidus
      temperature of the steel being cast. The continuous castings produced in
      accordance with these prior art practices, however, consistently exhibit
      axial defects, particularly in billet and bloom castings, making these
      castings widely unacceptable for use in many applications requiring
      superior quality internal structure, such as where very severe forming is
      necessary and for other critical end uses.
PAR  It is, therefore, an object of the present invention to provide an improved
      process of continuously casting steel and the like high melting point
      ferrous metals which consistently and economically produces continuous
      steel castings, particularly continuous bloom and billet castings,
      characterized by the substantial absence of axial voids and segregation of
      impurities and which exhibit sound centers and good chemical homogeneity,
      while avoiding work stoppages due to skulling of the molten steel in the
      tundish and/or mold feeding nozzle.
PAR  It is a further object of the present invention to provide an improved
      continuous casting process for steel and the like high melting point
      ferrous metals wherein the molten ferrous metal can be maintained in the
      tundish at a temperature substantially above the temperature at which
      skulling occurs in the casting nozzle and/or tundish and still
      consistently produce continuous ferrous metal castings having special
      quality internal structure substantially free of axial voids and
      concentrations of segregated impurities in the axial zone.
PAR  It is still another object of the present invention to provide an improved
      process for continuously casting steel in a multiple strand continuous
      casting apparatus in which each of the strands of a multiple strand
      continuous steel casting apparatus consistently has superior internal
      structure and good chemical homogeneity without having to shut down or
      otherwise interrupt the continuous casting operation at frequent intervals
      due to freezing of the steel in the tundish and/or mold feeding nozzle.
PAR  It is also an object of the present invention to provide an improved
      process of continuous casting steel billets and blooms which consistently
      have special quality internal structures, good surface properties and good
      chemical homogeneity without frequent stoppages of the continuous casting
      apparatus due to objectionable skulling of the molten steel in the tundish
      and/or mold feeding nozzle.
DRWD
PAR  Other objects of the present invention will be evident to those skilled in
      the art from the following detailed description and claims when read in
      conjunction with the accompanying drawings; wherein:
PAR  FIG. 1 is a fragmentary schematic side elevational view partially in
      vertical section of a continuous casting bloom mold and mold feeding
      nozzle assembly embodying the present invention;
PAR  FIG. 2 is a schematic horizontal sectional view taken along the line 2--2
      of FIG. 1;
PAR  FIG. 3 is a fragmentary schematic side elevational view partially in
      vertical section of a modified form of continuous casting mold feeding
      nozzle and bloom mold assembly embodying the present invention;
PAR  FIG. 4 is a fragmentary schematic horizontal sectional view taken along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary vertical sectional view of a still further modified
      form of continuous casting mold feeding nozzle and bloom mold assembly
      operatively disposed in accordance with the present invention;
PAR  FIG. 6 is a photograph of a deep etched transverse section of an as-cast
      continuous bloom casting of 1017 steel showing typical Type I structure;
PAR  FIG. 6A is a photograph of a deep etched longitudinal section of the
      as-cast bloom of FIG. 6 showing typical Type I structure;
PAR  FIG. 7 is a photograph of a deep etched transverse section of an as-cast
      continuous bloom casting of 1017 steel showing typical Type IV structure;
PAR  FIG. 7A is a photograph of a deep etched longitudinal section of an as-cast
      bloom of casting of FIG. 7 showing typical Type IV structure; and
PAR  FIG. 8 is a graphic representation of the relationship between the
      precentage of Type IV structure produced with 1017 steel in continuous
      bloom castings within the indicated ranges of temperature of the metal in
      the tundish when continuous casting using the multihole lateral discharge
      system of the present invention and a conventional straight discharge
      system of the prior art.
PAR  The objects of the present invention are broadly achieved by maintaining a
      molten ferrous metal casting material in the tundish at a moderate degree
      of superheat above the liquidus temperature of the steel and effecting
      cooling of the moderately superheated molten ferrous metal to
      substantially the liquidus temperature of the metal or lower immediately
      after the metal is discharged into a conventional continuous casting mold
      and before the metal enters the deep liquid core of the continuous
      casting. Thus, it has been discovered that superior continuous castings
      free of axial voids and axial concentration of impurities can be produced
      only if a molten ferrous metal entering the deep liquid core which
      characteristically forms in the axial portion of a ferrous metal casting
      is substantially at or below the liquidus temperature of the ferrous metal
      being cast.
PAR  Heretofore, those skilled in the art failed to recognize the criticality of
      having the molten metal which enters the deep liquid core of a ferrous
      metal casting at or below the liquidus temperature of the metal being
      continously cast, and that the essential reduction in the temperature of
      the entering ferrous metal to the liquidus temperature or below can be
      achieved by controlling the flow of the molten metal into the continuous
      casting mold through a submerged nozzle when the molten ferrous metal
      supplied to the submerged nozzle has a moderate degree of superheat which
      is sufficient to avoid "skulling" in the tundish and nozzle and yet
      capable of being rapidly cooled to the liquidus temperature or lower
      before the ferrous metal enters the deep liquid core area of the casting.
      Continuous castings produced in accordance with the foregoing principle
      have superior internal structure and are free of objectionable axial
      segregation, axial looseness and piping, while at the same time avoiding
      freezing of the metal in the tundish and/or mold feeding nozzle.
PAR  More particularly, it has been discovered that when a molten metal is
      maintained in the tundish at a controlled degree of superheat sufficiently
      high to avoid an objectionable amount of skulling, cooling of the
      superheated molten ferrous metal can be effected within the upper end of a
      continous casting mold and the temperature of the molten metal can be
      lowered to at least the liquidus temperature thereof before the molten
      metal descends into the deep liquid core zone, which in ferrous metal
      continous casting extends downwardly a considerable distance within the
      interior of the casting, by discharging the molten metal from the tundish
      into a continuous casting mold through a submergible mold feeding nozzle
      in streams which cause substantially all of the inflowing metal
      immediately after discharge from the nozzle to contact directly,
      uniformly, and continuously the interior lateral surfaces of the
      continuous casting shell which is initially formed in the area within the
      mold where there is maximum rate of heat removal from the mold.
PAR  Ferrous metal continuous castings produced in accordance with conventional
      continuous casting procedures have relatively poor internal structure when
      the steel is maintained in the tundish at a temperature sufficiently high
      to avoid an objectionably high incidence of skulling and at a temperature
      more than a few degrees of superheat in excess of the liquidus temperature
      of the molten metal, because superheated ferrous metal is allowed to enter
      the deep liquid core of the casting. From the data of Table II shown
      graphically in FIG. 8, when continous casting 1017 steel using a straight
      discharge system with the metal in the tundish having as little as about
      5.degree.F. of superheat, about 60 percent of the resulting product has
      the very objectionable Type I internal structure and fails to exhibit the
      desired Type IV internal structure which will be described in detail
      hereinafter. However, the adverse effects on the internal structure of a
      ferrous metal normally produced in conventional continous casting
      processes when the ferrous metal in the tundish has a temperature
      sufficiently high to consistently prevent skulling are substantially
      avoided when casting in accordance with the present method, even when the
      molten metal in the tundish is superheated as much as about (20.degree.F)
      above the liquidus temperature of the ferrous metal. Thus, it has been
      found that unusually good casting results are provided by directing the
      flow of a ferrous metal, which is maintained in the tundish at a
      superheated temperature sufficiently to avoid objectionable skulling and
      up to about 20.degree.F above the liquidus temperature, from the tundish
      into a conventional continous casting mold through a mold feeding nozzle
      having a plurality of lateral discharge openings in the submerged lower
      lateral wall section thereof so that the molten metal flows in generally
      radial streams outwardly from the lateral discharge openings directly into
      contact with an area extending generally from about the level of the
      molten metal in the mold, which corresponds when casting a ferrous metal
      to about the uppermost portion of the solidifying casting shell,
      downwardly to include the area of the casting shell where there is only a
      very thin layer of initially solidifying metal. Generally, the area
      contacted by the streams of molten metal has a maximum heighth of only
      about six inches below the upper edge of the solidifying casting shell in
      a standard 8 .times. 8 inch bloom continuously cast and extends preferably
      no lower than the level of separation of the casting shell and the mold
      where the air gap begins to form. As shown in FIGS. 1-5 of the drawing
      illustrating a preferred method of practicing the present invention, the
      generally transversely flowing streams of metal contact the inner surfaces
      of the solidifying shell uniformly over an area between the upper edge of
      the solidifying shell and the level of separation of the shell and the
      mold wall where an air gap is initially formed between the mold wall and
      the outer surface of the casting.
PAR  By employing the herein disclosed method of introducing the molten metal
      into the continuous casting mold in a multiplicity of controlled streams
      in combination with maintaining the molten metal in the tundish at a
      moderate degree of superheat which is sufficiently high so that skulling
      in the mold feeding nozzle is avoided but still not so excessive that the
      temperature of the metal after entering the mold can not be reduced to its
      liquidus temperature or below before the metal settles into the deep
      liquid core area of the ferrous metal casting, a very high yield of
      superior continuous castings substantially free of axial segregation of
      impurities, axial looseness and piping can be produced. With the present
      method the molten metal in the tundish can be superheated to a temperature
      up to about 20.degree.F above the liquidus temperature of the steel being
      cast and still provide castings having superior internal structure. The
      fact that a substantial increase in the rate of heat removal from the
      continuous casting mold is obtained when employing the method of the
      present invention as compared with a conventional straight axial discharge
      system is confirmed by the data of the following Table I showing the
      results of heat balance studies when casting 1017 steel with the apparatus
      of FIG. 5 and a conventional straight discharge system wherein all the
      casting conditions except the mold feeding means were the same, including
      mold structure, slag composition, and tundish metal temperature and at a
      constant casting rate of 80 inches per minute:
TBL                TABLE I                                                     

     ______________________________________                                    

                   Multihole   Vertical                                        

                   Horizontal  Discharge                                       

                   Discharge System                                            

                               System                                          

     ______________________________________                                    

     BTU withdrawn/lb. steel:                                                  

                     42.5          38.0                                        

     ______________________________________                                    

PAR  Furthermore, when the difference in the amount of heat withdrawn which
      amounts to 4.5 BTU/lb. is divided by 0.188 BTU/lb./.degree.F, the specific
      heat of liquid steel at 2800.degree.F, it is evident that approximately
      24.degree.F more heat was removed from the mold when using the multihole
      horizontal discharge system of the present invention. The foregoing
      calculation of the increased amount of heat removed (24.degree.F) by the
      system of the present invention is in agreement with the 20.degree.F
      increase observed in the maximum tundish temperatures at which superior
      internal casting structures were produced when using the multiholed
      horizontal discharge nozzle employed in accordance with the present
      invention as compared with a conventional vertical discharge system (see
      Table II).
PAR  In achieving the obejcts of the present invention, as shown in FIGS. 1 and
      2 of the drawing, molten steel which is held in a conventional tundish 10
      at a temperature up to about 20.degree.F above the liquidus temperature of
      the steel is conveyed from the tundish 10 into one or more conventional
      continuous casting molds 12 suitable for casting blooms (8 .times. 8 inch)
      by means of an axially disposed tubular submergible nozzle 13 having a
      cylindrical lateral wall section 14 with an end wall 15 closing the lower
      end thereof. Four equally spaced lateral discharge passages 16 are formed
      in the lateral wall section 14 of the nozzle adjacent the lower end wall
      15. The discharge passages 16 preferably have a generally oblong elliptic
      shape and the walls of the passages 16 preferably taper outwardly at an
      angle of about 15.degree.. The longitudinal axes of the passages 16 extend
      in a transverse plane through the nozzle 16 and intersect at the
      longitudinal axis of the nozzle. When forming square castings each of the
      passages 16 preferably has the same cross-sectional area and is disposed
      opposite the midpoint of the lateral wall of the mold proximate thereto.
      When a rectangular casting is being cast, it will be understood that the
      discharge openings facing the longer side of the mold preferably are wider
      than the discharge openings facing the narrow walls of the mold. The width
      of each of the passages 16 is such that the streams of outflowing metal
      diverge and the molten superheated metal is distributed uniformly over the
      indicated portion of the inner surface of the solidifying casting shell.
PAR  The multihole lateral discharge nozzle 13 is disposed in the mold 12 so
      that the lateral discharge passages 16 are disposed below the surface of
      the pool of molten steel in the upper end of the continuous casting mold
      12 a distance such that the upper edge of the stream of molten metal which
      flows from each of the discharge passages 16 contacts the upper edge of
      the solidifying casting shell 17 with the lower edge of the stream
      extending downwardly below the surface of the pool of molten metal in the
      mold but preferably no lower than the level of separation between the
      solidifying casting shell 17 and the inner surface of the mold where an
      air gap 18 is formed. By positioning the nozzle 13 within the continuous
      casting mold 12 in the above manner the molten metal being conveyed from
      the tundish flows directly from the nozzle 13 into contact with the area
      of the continuous casting shell from which heat is withdrawn at a maximum
      rate, and the tempeerature of the metal is lowered to the liquidus
      temperature or lower before descending into the deep core area or zone 19
      of the casting. With the foregoing arrangement the superheated metal from
      the tundish is cooled at a rate which is much greater than when the molten
      metal is discharged from a nozzle having an axial discharge outlet, or
      when the molten metal flows horizontally into direct contact with only a
      limited section of the casting or mold, or when the molten metal
      discharged from the nozzle follows a circular path within the upper end of
      the mold so that the metal is delayed in contacting the surface portions
      of the mold or casting from which heat is rapidly withdrawn.
PAR  In the modified form of the invention shown in FIGS. 3 and 4 of the
      drawing, molten steel from a tundish (not shown) maintained at a
      temperature betwen about 5.degree. and 20.degree.F above the liquidus
      temperature of the steel is conveyed into a continuous casting mold 20
      suitable for casting blooms (8 .times. 8 inch) by means of a tubular
      submergible nozzle 21 axially disposed in the mold 20. The nozzle 21 has a
      tubular wall section 22 and an end wall section 23 closing the lower end
      of the tubular section. Four generally truncated rectangular discharge
      passages 24, 25, 26 and 27 are provided in the lateral wall section 22
      adjacent the lower end wall 23 with the centers of the discharge passages
      24, 25, 26 and 27 spaced 90.degree. and lying in a single transverse plane
      extending through the nozzle 21. The walls of each of the rectangular
      passages 24, 25, 26 and 27 diverge outwardly at an angle of about
      15.degree. with each of the passages preferably having the same
      cross-sectional area.
PAR  As best shown in FIG. 3, the nozzle 21 extends into the pool of molten
      metal 28 maintained at the upper end of the mold 20 a distance such that
      the upper edge of the diverging stream of metal flowing from the passages
      24, 25, 26 and 27, respectively, contacts the upper edge of the shell 29
      of metal solidifying on the inner wall of the mold 20 with the lower edge
      of the stream contacting the solidifying shell at a point about six inches
      below the upper edge of the solidifying shell 29 and above the point where
      the air gap is formed between the mold and the casting.
PAR  In the further modified form of the invention shown in FIG. 5 of the
      drawing, molten steel in a tundish (not shown) which is maintained at a
      temperature up to about 20.degree.F above the liquidus temperature of the
      steel is conveyed from the tundish through a surface layer of a fused
      synthetic slag composition 40 into a continuous casting mold 30 suitable
      for casting blooms (8 .times. 8 inch) through a tubular nozzle 31 axially
      disposed in the mold 30 with the nozzle 31 extending through a layer of a
      molten synthetic glass-like slag 40 on the upper surface of the molten
      metal 39 in the mold and into the upper end of the continuous casting
      shell forming in the upper end of the mold. The nozzle 31 in the form
      illustrated has a tubular lateral wall section 32 with an internal
      diameter of about 2 inches and with the lower end thereof closed by wall
      section 33. Four circular discharge passages 34 having a diameter of about
      1 inch are formed in the wall section 32 adjacent the end wall 33 with
      each passage 34 spaced circumferentially 90.degree.. The longitudinal axis
      of each of the discharge passages 34 is inclined upwardly forming an angle
      of 15.degree. with a transverse plane through the nozzle 31. The lower end
      of the nozzle 31 is disposed below the surface of the pool of molten metal
      in the mold 30 such that the streams of molten metal which flow outwardly
      through each of the discharge passages 34 have the upper edge of each of
      the said streams contacting the upper edge of the solidifying casting
      shell 35 and the lower edge contacting the shell 35 above the level of
      separation of the shell 35 from the inner mold wall (i.e. the air gap 36).
      The streams of molten metal flowing from the passage 34 distribute the
      molten metal uniformly over the circumference of the solidified casting
      shell 35 from about the upper edge of the casting shell 35 downwardly a
      distance extending about 4 inches below the upper edge of the solidified
      casting shell. This distance will, of course, vary according to the
      dimensions of the mold, the nozzle and the configuration of the discharge
      ports of the nozzle and will also depend on the distance between the
      nozzle and the mold which is largely determined by the size of the section
      being cast. As in the prior embodiments, the molten metal on contacting
      the casting shell 35 is cooled to at least the liquidus temperature of the
      metal or below before descending into the deep liquid core of the casting.
PAR  In order to demonstrate the variation in the internal quality of continuous
      castings with changes in the temperature of the molten metal in the
      tundish and to further show the effect which the type of discharge system
      used to introduce the molten metal into the mold has on the internal
      quality of the castings, a series of 1017 steel blooms were produced in a
      continuous casting mold using a submerged feeding nozzle which discharged
      the molten metal at temperatures ranging between about 2750.degree.F and
      about 2800.degree.F using a multistream lateral discharge system in
      accordance with the present invention and a further series of steel blooms
      were produced in a continuous casting mold using a conventional straight
      or vertical discharge system. The castings were cut into transverse and
      longitudinal sections and the surfaces were deep etched by contacting with
      a 1:1 hydrochloric acid aqueous solution heated to 160.degree.
      -180.degree.F for a period of 15 to 30 minutes. Each of the surfaces were
      evaluated to determine the type of internal structure formed in each of
      three zones A, B and C. The outer or A zone comprised the outer 1/2 inch
      to 5/8 inch of the casting, the intermediate zone or B zone comprised that
      portion of the casting extending inwardly from the A zone to within about
      1.5 to 2 inches of the longitudinal axis of the casting, and the central
      essentially circular area of the casting having a diameter of from 3 to 4
      inches comprised the C zone. Since the A zone of all the castings had a
      uniform fine grain structure, the critical basis for classifying the
      several castings, involved the structure in the B and C zones.
PAR  The continuous castings which are classified as Type I are those which had
      coarse columnar grains in the intermediate or B zone with the central zone
      or C zone having a small area. In the Type I structure the central or C
      zone contains some prominent axial porosity and/or etched out inclusions
      and exhibits typical dark centers, axial looseness or voids which are
      characteristic of continuous steel bloom and billet castings (see FIGS. 6
      and 6A of the drawing).
PAR  The continuous casting classified as Type II and Type III structures are
      those in which the intermediate or B zone contain both coarse and medium
      size random oriented grains, and where the central or C zone is larger in
      area than in Type I castings and has only occasional localized porosity
      and/or concentrations of inclusions.
PAR  The Type IV structures are those continuous castings which have fine random
      oriented grains in the intermediate or B zone and with any porosity and/or
      inclusions finely dispersed throughout most of the central or C zone which
      is larger in area than in the other type castings. The central zone in the
      Type IV castings produced by the present invention are characterized by
      the absence of voids or axial looseness and concentrations of impurities
      which cause the dark centers common in most continuous castings.
PAR  FIGS. 6, 6A and 7, 7A are photographs of transverse and longitudinal deep
      etched sections of as-cast blooms showing typical Type I and Type IV
      internal structures, respectively. The difference between the internal
      structure of the central or C zones of the Type I and Type IV castings is
      particularly evident when the longitudinal deep etched sections of FIG. 6A
      and FIG. 7A are compared.
PAR  The Type I internal casting structure in a continuously cast bloom is
      characterized by an outer chill zone extending inwardly from the surface
      of the bloom about 1/2 inch and comprises a fine grain crystalline
      structure. Extending inwardly from the outer chill zone is an
      "intermediate zone" which is characterized by a coarse columnar structure
      having inherent planes of weakness between dendrites in which thermal
      and/or mechanical stresses can cause the formation of internal cracks
      which persists into the final rolled steel product. The central or axial
      zone is relatively small having a diameter of about 1 to 2 inches and has
      nonmetallic inclusion material concentrated along the longitudinal axis of
      the casting and in the immediate adjacent area forming dark center and
      axial voids.
PAR  In FIGS. 7 and 7A which characterize Type IV internal casting structures
      the continuous castings have a central zone which is much larger than that
      of the Type I structure and do not have axial looseness, voids, or a
      concentration of non-metallic material along the axis which causes
      objectionable dark centers. The intermediate zone which extends outwardly
      from the central zone is consistently free of the internal cracks which
      can occur in the central and in the intermediate zones of Type I castings.
PAR  A continuous casting having the Type I structure would be entirely unsuited
      for producing elements requiring special quality steel. On the other hand,
      the continuous castings having the superior Type IV structure are free of
      significant internal structural defects, such as axial voids and
      segregation of impurities in the axial zone which are generally found in
      most prior art continuous castings, including those castings which have
      heretofore been considered good and acceptable.
PAR  The frequency with which the Type I and Type IV casting structures occurred
      in a series of continuous bloom castings (8 .times. 8 inches) formed of
      1017 steel using (1) a straight discharge system with a submergible
      straight bore nozzle and (2) the multihole lateral discharge system of the
      present invention comprising the nozzle and the mold assembly shown in
      FIG. 5 of the drawing while casting at a rate of about 80 inches per
      minute are shown in the following Table II:
TBL                                    TABLE II                                

     __________________________________________________________________________

     Distribution of Type IV and Type I Structures in 1017                     

     Steel At Various Steel Temperatures When Using Straight                   

     Discharge System vs. Multihole Discharge Systems                          

     Tundish                                                                   

            Straight Discharge Systems                                         

                           Multihole Discharge Systems                         

     Temp.  Type I Type IV Type I  Type IV                                     

     (.degree.F)                                                               

            %      %       %       %                                           

     __________________________________________________________________________

     2760   0       100     0      100                                         

     2761-70                                                                   

             60     40      0      100                                         

     2771-80                                                                   

             100   0       12      88                                          

     2781-90                                                                   

             100   0       70      30                                          

     2791-2800                                                                 

            0      0       75      25                                          

     2800+  0      0       100      0                                          

     __________________________________________________________________________

PAR  FIG. 8 of the drawing is a graphic representation of the data of Table II
      showing the percentage of Type IV casting structures obtained at various
      temperatures of metal in the tundish when using either the multihole
      discharge system in accordance with the present invention or a straight
      discharge system.
PAR  From the data of Table II and the graphs in FIG. 8 of the drawing it will
      be observed that the percentage of fine grained random Type IV structure
      increased rapidly as the temperature of the metal in the tundish was
      decreased below 2800.degree.F, and particularly below about 2780.degree.F,
      when using the multihole discharge system of the present invention.
      Continuous castings which had 88% or more thereof exhibiting superior
      quality internal structure were formed when the temperature of the metal
      (1017 steel) in the tundish was maintained at a temperature between about
      2760.degree.F and about 2780.degree.F. Thus, the critical maximum
      temperature of the metal in the tundish at or below which approximately 90
      to 100 percent of the castings exhibited Type IV structure when using a
      multihole discharge system in accordance with the present invention is
      2780.degree.F when casting 1017 steel; whereas the critical maximum
      temperature of the metal in the tundish employing the straight discharge
      system at which approximately 90 percent or more of the castings exhibited
      Type IV structure is about 2760.degree.F, or about 20.degree.F lower than
      the maximum temperature at which the metal cast using the multihole
      discharge system produces at least about 90 percent Type IV structures.
      None of the continuous castings made with a straight discharge system
      exhibited Type IV structure when the metal in the tundish was maintained
      at a temperature ranging between about 2771.degree. to 2780.degree.F or
      above.
PAR  With 1017 steel skulling occurred when the temperature of the metal in the
      tundish fell below 2760.degree.F in both the multihole and straight bore
      types of discharge nozzles having a 2 inch internal diameter. Thus, the
      temperature 2760.degree.F represents the minimum temperature at which 1017
      steel can be maintained in the tundish and still avoid skulling. The
      liquidus temperature for 1017 steel containing 0.17% C, 0.50% Mn, 0.015%
      P, 0.025% S, and 0.25% Si is 2760.degree.F and is in accordance with the
      foregoing observations.
PAR  The relationship established for 1017 steel between the temperature of the
      casting metal in the tundish, the liquidus temperature of the metal and
      the internal quality of the resulting castings was also found to hold true
      for 1045 steel which has a liquidus temperature of about 2720.degree.F.
      The data obtained from the examination of castings produced under
      controlled conditions with the multiholed horizontal discharge nozzle
      system of the present invention indicate that the maximum tundish
      temperature for producing superior internal quality castings (Type IV) is
      about 2740.degree.F or substantially 20.degree.F above the liquidus
      temperature of the 1045 steel. All the superior (Type IV) quality 1045
      steel material was produced with the multihole horizontal discharge nozzle
      system at a tundish temperature ranging from 2715.degree.-2740.degree.F.
PAR  Continuous casting data for medium carbon steels and alloy steels are more
      limited, but a similar relationship between the highest maximum
      temperature above the liquidus temperature at which these steels could be
      maintained in the tundish and still provide castings having good internal
      structure was evident when using the multihole discharge system to
      continuously cast medium carbon and alloy steels, such as 4140 and 8620
      steels, in accordance with the present invention.
PAR  It will be evident from the foregoing that while the maximum temperature at
      which a ferrous metal can be maintained in the tundish and still
      consistently produce castings having the desirable Type IV internal
      structure varies with the composition of the steel or other ferrous metal
      being cast, it is possible with the present invention to maintain the
      metal in the tundish at a higher temperature and within a range of about
      20.degree.F above the liquidus, and preferably between about 5.degree.F
      and 20.degree.F above the liquidus, so that skulling can be entirely
      avoided and still obtain a very high percentage (i.e. 90% or more) of the
      castings with superior quality internal structure (Type IV) by employing
      the multihole discharge system in accordance with the present invention.
PAR  In each embodiment of the multihole horizontal discharge system described
      herein the temperature profile across the liquid core of a continuous
      ferrous metal casting is changed so as to greatly reduce the temperature
      gradient of the molten metal from the solidifying interface at the surface
      of the casting shell to the center of the liquid core of the casting, in
      contrast with the prior methods for improving heat removal which do not
      change the temperature gradient in the molten metal. Thus, by reducing the
      temperature differential between the molten metal at the central liquid
      core and the molten metal at the interface with the casting shell, the
      present multihole horizontal discharge system promotes the formation of
      the more desirable fine random oriented ferrous metal crystalline
      structure in the central portion of the casting, since a large temperature
      gradient in the liquid core of the casting results in the formation of a
      columnar dendritic crystalline structure associated with Type I interior
      structures.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of continuous casting molten ferrous metal in which molten
      ferrous metal is introduced into the upper end of a continuous casting
      mold through a feeding nozzle having one end portion submerged in a pool
      of the molten ferrous metal maintained in the upper end of said mold to
      form a ferrous metal continuous casting having an improved internal
      structure including being free of axial voids and concentrations of
      segregated impurities in the axial zone of said casting, the improvement
      which comprises; continuously feeding molten ferrous metal into the upper
      end of a continuous casting mold through the submerged end portion of said
      feeding nozzle while maintaining said molten metal at a temperature
      sufficiently above the liquidus temperature of said ferrous metal to avoid
      skulling in said nozzle and not so high that the temperature of the molten
      ferrous metal can not be reduced to at least the liquid temperature
      thereof before descending into the deep liquid core zone of said casting,
      and cooling said molten ferrous metal to at least the liquidus temperature
      of said ferrous metal before said molten ferrous metal descends into the
      deep liquid core zone of said casting and while said molten ferrous metal
      remains between about the upper edge of said casting and a point above the
      lower end of said mold about where said casting initially forms an air gap
      by separating from the inner surface of said mold, and said cooling being
      effected by discharging said molten ferrous metal laterally from said
      feeding nozzle disposed axially in said mold with the said molten ferrous
      metal flowing generally radially outwardly directly into contact with each
      of the interior lateral surfaces of said casting.
NUM  2.
PAR  2. In a process of continuously casting a ferrous metal to provide a
      continuous billet-type casting having an improved internal structure
      including being free of axial voids and concentrations of segregated
      impurities in the axial zone of said casting in which molten ferrous metal
      is continuously introduced below the surface of a pool of said molten
      ferrous metal through a feeding nozzle maintained axially in the upper end
      of a billet-type continuous casting mold with said feeding nozzle having
      the lower end portion thereof submerged in said pool, the improvement
      which comprises; continuously feeding molten ferrous metal into a said
      billet-type continuous casting mold through said feeding nozzle with said
      molten metal having a temperature sufficiently above the liquidus
      temperature of the said ferrous metal to avoid skulling in said nozzle and
      not substantially in excess of about 24.degree.F above said liquidus
      temperature, and effecting cooling of said molten ferrous metal to at
      least said liquidus temperature before said molten ferrous metal descends
      into the deep liquid core zone of said casting by discharging said molten
      ferrous metal laterally from the submerged end portion of said axial
      disposed feeding nozzle with the molten metal flowing generally radially
      outwardly directly into contact with all the interior lateral surfaces of
      said casting over an area extending between about the upper edge of said
      casting and a point about where the said casting initially forms an air
      gap by separating from the inner surface of said mold.
NUM  3.
PAR  3. A process as in claim 2, wherein said molten metal substantially
      uniformly contacts the said interior lateral surfaces of said casting.
NUM  4.
PAR  4. A process as in claim 2, wherein said continuously casting mold is a
      continuous casting bloom mold and said molten ferrous metal is fed into
      said mold at a temperature not substantially in excess of about
      20.degree.F above the liquidus temperature of said ferrous metal.
NUM  5.
PAR  5. A process as in claim 4, wherein the temperature of said molten ferrous
      metal as fed into said continuous casting bloom mold has a temperature
      range between about 10.degree.F and 20.degree.F above the liquidus
      temperature of said ferrous metal.
NUM  6.
PAR  6. A process as in claim 2, wherein said continuous casting mold is a
      continuous casting bloom mold in which said feeding nozzle has lateral
      discharge outlets immersed about six inches below the surface of said pool
      of molten metal with substantially all of said molten metal entering said
      mold flowing generally radially outwardly from said lateral discharge
      outlets directly into contact with all the interior lateral surfaces of
      the said casting over an area extending between about the uppermost edge
      of said casting downwardly to a point about six inches below said
      uppermost edge.
NUM  7.
PAR  7. A process as in claim 2, wherein a slag layer is provided on the surface
      of said pool of molten metal in said mold.
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ABST
PAL  Ingots are marked by locating on a face of the ingot mould prior to
      casting, an indicium or indicia defining body formed of bonded particulate
      refractory supported on an organic foam base, e.g. polyurethane foam.
BSUM
PAR  This invention relates to ingot marking.
PAR  In the past, hot ingots have been marked by means of marking pencils
      comprising a refractory pigment in a suitable vehicle. Pencil marks made
      in this way have a disadvantage in that they are not very permanent:
      surface flaking or scaling, abrasion, high temperatures or chemical attack
      all cause disappearance of the mark. A further disadvantage of using
      marking pencils is that the ingots can only be marked after stripping from
      the ingot mould. Accordingly, it is necessary to operate a check on the
      moulds between teeming and stripping.
PAR  It has been suggested to provide permanent markings on ingot moulds
      themselves. This is also disadvantageous, however, since although the
      marking can be successfully transferred to the cast ingot, problems of
      stripping the ingot may arise and in any case, since the same ingot mould
      may be used for casting different types and grades of metal, confusion is
      still possible.
PAR  It has also been suggested to provide markings in the form of indicia cut
      into insulating slabs or tiles which are affixed to the ingot mould's
      inside wall. After the ingot has been removed from the mould and the
      insulating slab residues have fallen away, the markings are seen to be
      embossed in the ingot surface. However, this method is more appropriate
      for ingots which are to be kept in stock for rolling at a later date. When
      the ingot is reheated for rolling immediately after it has been removed
      from the ingot mould the markings produced on the ingot may be difficult
      to decipher due to scaling losses. In a modification of this method the
      refractory material of which the slabs or tiles are made is designed to be
      cast into and remain embedded in the ingot surface thus providing a
      contrasting marking. However, this method also has disadvantages since
      when the packing density of simple bonded refractory materials is low
      enough to permit easy crushing during rolling the materials are fragile
      and difficult to handle. This is particularly severe in the case of
      complex shapes such as indicia and makes them difficult to affix. On the
      other hand if the simple bonded refractory materials are dense and hard
      they cause roller damage.
PAR  According to the present invention there is provided a method of marking an
      ingot which comprises locating on one or more faces of the cavity of an
      ingot mould one or more shaped bodies defining indicia and formed of a
      material comprising particulate refractory material bonded with a
      refractory binder and supported on a foam plastics substrate, and casting
      molten metal into the ingot mould to form an ingot.
PAR  Suitable particulate refractory materials include alumina, silica,
      zirconia, zirconium silicate, mullite and calcined high alumina fireclay,
      each of these being used alone or in admixture with others. Suitable
      refractory binders are aluminium hydrogen orthophosphate, aluminium
      hydroxychloride, aluminium chlorophosphate hydrate and silica and alumina
      hydrosols. A specific system of value is calcined alumina bonded with
      aluminum hydrogen orthophosphate. aluminium
PAR  Any foam plastics having communicating pores may be used as the substrate
      supporting the bonded particulate refractory material. Suitable plastics
      include polyethylene, polypropylene, rubber latex, polyester polyurethane
      and polyether polyurethane. Flexible polyurethane foams are preferred.
PAR  To make the shaped indicia-defining bodies, the particulate refractory, the
      refractory binder and other substances acting as process aids, such as a
      liquid vehicle, suspension agent, dispersing agent and in some cases an
      organic binder, are made up into a slurry which is then used to impregnate
      pieces of plastics foam. Preferably the foam is cut out into the foam of
      the desired identifying mark, character or symbol before impregnation.
      Surplus slurry is then squeezed out and the impregnated foam pieces then
      dried, preferably by microwave heating since this avoids the distortion of
      the impregnated foam shapes which is commonly caused by hot air drying.
PAR  The resulting bodies are very tough and well adapted to withstand handling,
      accidental impact and nailing into place; they require no special
      packaging for transportation provided they are kept dry.
PAR  The bodies comprising identifying marks, characters or symbols thus made
      are nailed or otherwise fixed into place within the ingot mould. As the
      ingot is cast, the heat of the molten metal serves both to burn out the
      organic foam and to promote the formation of a refractory bond, converting
      the constitution of the shaped body to a highly porous cellular refractory
      material which closely replicates the physical structure of the original
      organic foam. After stripping the ingot from the mould and reheating in
      the soaking-pit, and after the first few passes of the ingot through the
      rolling mill, it can be seen that this material contrasts visibly with the
      surrounding metal of the ingot surface. During subsequent rolling
      operations, however, the marking is readily crushed to form a coherent
      powder which continues to provide a similar contrast, generally up to at
      least the fifteenth rolling pass, while not causing damage to the rollers.
PAR  The shaped indicia-defining bodies may be located anywhere desired at the
      side of the mould cavity, e.g. on the mould walls, on the walls of a head
      box, or on a hot top lining in the mould. If a refractory heat-insulating
      hot top lining is used, it is preferred to affix the body or bodies
      thereto, e.g. by adhesive, staples, nails, clips or the like.
      Alternatively the body or bodies may be affixed to a support, e.g. a metal
      sheet or a sheet of refractory material, and the support in turn affixed
      to the ingot mould or head box.
PAR  The exact shape of the body may vary widely. The body may be formed as an
      indicium itself, e.g. a letter or figure, or it may be a shape, e.g.
      rectangular, constituting a frame defining a figure or letter. The body
      may be mounted on a refractory substrate, preferably of standard shape and
      size and the substrate fitted into a suitable recess in the refractory
      heat-insulating lining if desired.
PAR  The positioning of the bodies is important since they must be located in
      such a way that the identifying marks on the ingot may be read easily,
      usually from the "pulpit" of the rolling mill. It is also preferably that
      the bodies are located such that the identifying marks are approximately
      one third of the distance across the ingot face in order to avoid the high
      degree of distortion which can occur at the corners during rolling, and to
      avoid the risk of damage by the crane tongs which grip the ingot across
      the centres of the faces as the ingot is lifted into and out of the
      soaking pit.
PAR  When the bodies are affixed to hot top linings it is important that the
      linings fit sufficiently closely to the ingot mould wall to prevent molten
      metal penetrating behind the lining otherwise the metal which has
      penetrated may survive oxidation in the soaking pit, and obscure the
      identifying marks on the ingot during subsequent rolling.
DETD
PAR  The following example is illustrative of the invention.
PAC  EXAMPLE
PAR  A slurry was prepared according to the following receipe by combining the
      ingredients with a high-speed stirrer:
PAR  59% by weight calcined alumina, particle size range 0.004mm to 0.01mm.
PAR  4% by weight kaolin
PAR  11% by weight of a 40% w/w aqueous aluminium hydrogen orthophosphate
      solution
PAR  8% by weight of a 2% w/w aqueous sodium hexamethaphosphate solution
PAR  18% by weight water
PAR  The desired identification symbols were cut 18mm thick from a cellular
      polyurethane foam having a cell count of 8 - 10 cells per linear cm and
      squeezed under the surface of the slurry until as much air as possible had
      been expelled, then allowed to remain beneath the slurry surface until
      they had regained their original dimensions.
PAR  The slurry-laden pieces of foam were then removed from the slurry and
      squeezed between two similar pieces of foam in order to expel excess
      slurry. This squeezing process was so adjusted as to result in a final
      dried product of density 0.75 to 1.0 gm/cc.
PAR  The pieces of foam were then laid on a surface of shape corresponding to
      that of the surface within the ingot mould assembly to which they were
      eventually to be fastened, and dried in a microwave oven.
PAR  The refractory/organic foam symbols thus formed were nailed into place on
      the molten metal contacting surface of a hot top insulating board already
      installed in an ingot mould. Molten metal was then cast in the ingot mould
      and allowed to solidify.
PAR  When the ingot was stripped from the mould, the ashes of the hot top
      insulating board remained in position on the ingot, hence at that stage it
      was not possible to see the symbols. However, after the ingot had been
      heated in a soaking pit and after about the second rolling pass on the
      ingot face bearing the symbols, the symbols became clearly visible,
      appearing black against the glowing red surface of the ingot being rolled,
      and remained so until the twenty-fifth rolling pass, after which they
      became elongated to a degree which made them difficult to decipher. No
      damage to the mill rollers had resulted.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In the method of marking an ingot the improvement which comprises
      locating on at least one face of the cavity of an ingot mould at least one
      shaped body defining indicia and formed of a material comprising a foam
      plastics substrate supporting within its structure particulate refractory
      material bonded with a refractory binder, and casting molten metal into
      the ingot mould to form an ingot.
NUM  2.
PAR  2. The method of claim 1 wherein the refractory material is selected from
      the class consisting of alumina, silica, zirconia, zirconium silicate,
      mullite and calcined high-alumina fire-clay.
NUM  3.
PAR  3. The method of claim 1 wherein the binder is selected from the class
      consisting of aluminium hydrogen orthophosphate, aluminium
      hydroxychloride, aluminium chlorophosphate hydrate, silica hydrosol and
      alumina hydrosol.
NUM  4.
PAR  4. The method of claim 1 wherein the substrate is selected from the class
      consisting of polyethylene, polypropylene, rubber latex and polyurethane
      foams.
NUM  5.
PAR  5. The method of claim 1 wherein at least one body consists essentially of
      calcined alumina bonded with aluminium hydrogen orthophosphate and
      supported on polyurethane foam.
NUM  6.
PAR  6. The method of claim 1 wherein at least one body of material is located
      against a hot top lining slab in the upper portion of the mould cavity.
NUM  7.
PAR  7. In the method of marking an ingot, the improvement which comprises
      locating on at least one face of the cavity of an ingot mould at least one
      shaped body defining indicia and formed of a material consisting
      essentially of particulate refractory material bonded with a refractory
      binder and supported on a foam plastics substrate, and casting molten
      metal into the ingot mould to form an ingot, wherein the refractory
      material is selected from the class consisting of alumina, silica,
      zirconia, zirconium silicate, mullite and calcined high-alumina fire-clay.
NUM  8.
PAR  8. In the method of marking an ingot, the improvement which comprises
      locating on at least one face of the cavity of an ingot mould at least one
      shaped body defining indicia and formed of a material consisting
      essentially of particulate refractory material bonded with a refractory
      binder and supported on a foam plastics substrate, and casting molten
      metal into the ingot mould to form an ingot, wherein at least one body
      consists essentially of calcined alumina bonded with aluminium hydrogen
      orthosphosphate and supported on polyurethane foam.
NUM  9.
PAR  9. In the method of marking an ingot, the improvement which comprises
      locating on at least one face of the cavity of an ingot mould at least one
      shaped body defining indicia and formed of a material consisting
      essentially of particulate refractory material bonded with a refractory
      binder and supported on a foam plastics substrate, and casting molten
      metal into the ingot mould to form an ingot, wherein at least one body of
      material is located against a hot top lining slab in the upper portion of
      the mould cavity.
NUM  10.
PAR  10. In the method of marking an ingot the improvement comprising the steps
      of:
PA1  impregnating a shaped body defining indicia comprised of a foam plastics
      substrate with a particulate refractory material bonded with a refractory
      binder;
PA1  drying the impregnated foam plastics substrate; securing said substrate
      within an ingot mould; and casting molten metal into the ingot mould to
      form an ingot having the predetermined indicia formed therein.
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ABST
PAL  A nozzle for the continuous casting of steel which has at least one lateral
      outlet below the slag-covered surface of the molten metal in the mold, is
      protected against corrosive effects of the slag at the surface of the
      molten metal and also against erosion in the outlet region of the nozzle
      by a threaded refractory ring.
PARN
PAR  This is a division of co-pending application Ser. No. 72,692 filed Sept.
      16, 1970, now U.S. Pat. No. 3,800,853 issued Apr. 2, 1974.
BSUM
PAR  The present invention relates to the continuous casting of steel through a
      nozzle having at least one submerged outlet through which molten metal is
      discharged continuously below the slag-covered surface of the molten metal
      in the mold.
PAR  Nozzles with submerged outlets are used in continuous casting plants to
      prevent oxidation of the steel on its way from the tundish to the mold or
      from the ladle to the tundish. The use of such nozzles also prevents slag
      particles and oxides from being washed into the liquid core of the strand.
PAR  The increasing weight of individual heats and the introduction of
      uninterrupted continuous casting have led to a very considerable
      lengthening of the casting times. This exposes the nozzles of refractory
      material to considerable wear and the life of these nozzles is a factor
      that limits the length of the casting times.
PAR  If a flux powder is used for covering the surface of the molten metal in
      the mold, the exterior of the nozzle will show signs of erosion at the
      level of the surface of the molten metal after relatively short casting
      times. This is primarily due to the corrosive effect of the slag formed by
      the powdered flux which is continuously agitated by the movement of the
      steel in the mold. However, erosion phenomena may appear in the interior
      of the nozzle in the region of the outlet orifice, particularly when
      casting manganese alloyed steels. Such erosion phenomena often result in
      the nozzle breaking off where it has thus been weakened. Such fractures
      lead to slag being undesirably washed into the liquid core of the strand
      if the tunish carrying the nozzle is not immediately lowered to re-immerse
      the end of the nozzle below the metal level. Moreover, in the case of
      nozzles provided with lateral outlets an adverse pattern of flow in the
      liquid core of the strand involving the deeper strata, occurs when the
      portion of the nozzle that dips into the molten metal breaks away.
      Particularly in curved mold casting plants, changes in the pattern of flow
      result in erosion of the frozen shell of the casting, increasing the risk
      of breakout as well as the tendency for cracks to be formed in the
      casting.
PAR  The object of the present invention is to reduce the exterior erosion of
      the nozzles caused by chemical and physical action of the slag at the
      surface of the molten metal and to compensate for erosion in the interior
      of the nozzles in the region of the nozzle outlet to prolong the life of
      such submerged nozzles.
PAR  According to the present invention, this is achieved by concentrically
      locating a separate ring of refractory material around the nozzle. This
      ring extends downwards below the surface of the molten metal and upwards
      above the surface of the layer of slag.
PAR  When used with a nozzle having lateral outlets, the ring surrounds the
      outlet openings of the nozzle extending vertically downward from above the
      openings, to provide support for the wall of the nozzle and to compensate
      for the effects of erosion in the outlet area. The ring, which may be
      threaded or otherwise secured to the nozzle, has openings which register
      with the nozzle outlet openings.
DRWD
PAR  Embodiments of the present invention will be described in greater detail
      with reference to the accompanying drawings in which
PAR  FIG. 1 is a section of the lower end of nozzle.
PAR  FIG. 2 is a section taken on the line II--II of FIG. 1.
DETD
PAR  FIG. 1 shows a nozzle 12 which has threads 53 and two lateral outlets 13.
      The ring 54 is threaded to the nozzle 12 and may be adjusted to a
      predetermined position in respect to the desired mold metal level 3. The
      nozzle 2 may also have only one lateral outlet opening 13. The ring 54
      protects the exterior of the nozzle from the erosion by the slag 5 and
      also compensates for the interior erosion indicated by dashed lines 57 in
      the outlet region of the nozzle 2, which is particularly pronounced during
      longer casting times when casting manganese alloyed steels. Should the
      nozzle 12 fracture because of major erosion, for example along an assumed
      line 58, then the broken part of the nozzle 12 is held in its former
      location by the threaded ring 54 which also counteracts the dynamic flow
      forces which act in the direction of the nozzle axis. Casting can
      therefore continue without any change in the flow conditions.
PAR  If desired, the ring 54 may be shaped like a cup, having a horizontal
      bottom part to provide additional protection against a vertical metal
      break-through at the bottom of the nozzle 12.
PAR  FIG. 2 shows a horizontal cross section of the nozzle 12 and of the ring 54
      taken on the line II--II in FIG. 1. The outlet openings 59 in the ring 54
      match the outlet openings 13 of the nozzle 12. As an alternative to
      threads, other means of attachment, such as a bayonet joint, may be used
      to keep the ring in the desired location against forces acting in the
      longitudinal axis of the nozzle.
PAR  The rings 54 are preferably made of a refractory material which is
      chemically neutral to the slag. Mixtures of graphite and clay, as are
      conventionally used for manufacturing nozzles, are quite suitable. Other
      refractory materials may also be used, but they should be selected with
      due regard to the composition of the slag and the quality of the steel to
      be cast. It has been found that the above described rings are exposed to
      much lower mechanical stresses than the nozzles and can therefore be
      manufactured of refractory materials with a lower mechanical strength.
PAR  The above described nozzles and rings may also be used between the ladle
      and the tundish.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. Apparatus for the continuous casting of steel, comprising a casting
      mold, a tubular nozzle extending into said mold with its lower end adapted
      to be submerged in the molten metal in the mold, and a refractory ring
      surrounding said nozzle and concentric therewith, said ring adapted to
      extend downwardly below the surface of the molten metal and upwardly above
      the surface of the molten metal, said tubular nozzle being provided with
      at least one lateral discharge outlet below the surface of the molten
      metal and said ring being provided with at least one lateral discharge
      outlet, said ring being rotatable on said nozzle to bring said lateral
      discharge outlet into register with said lateral discharge outlet of said
      nozzle, said ring being in threaded engagement with said nozzle from a
      level above said discharge outlets to a level below said discharge outlets
      whereby, in the event of fracture of said nozzle within the area of such
      threaded engagement, the fractured parts of said nozzle are held together
      by said ring.
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ABST
PAL  A mixture of water and air atomizing the water is directed toward the
      externally solidified metal strand discharged from the mold of a
      continuous casting machine from an elongated header in which air and water
      are separately fed at elevated pressures to longitudinal rows of apertures
      in the front wall of the header, the rows being symmetrically arranged
      relative to a longitudinal plane to form a mist which is propelled from
      the front wall toward an opposite face of the moving metal object.
BSUM
PAR  This invention relates to the continuous casting of metals, and
      particularly to a cooling arrangement for the metal object discharged from
      the mold of a continuous casting apparatus.
PAR  The mold of such apparatus is usually water-cooled to form a solid skin on
      the metal introduced into the top of the mold in the liquid state, and a
      tube of solid metal filled with melt is discharged from the bottom of the
      mold and needs to be guided while being further cooled for complete
      solidification. It is essential for proper structure of the solidified
      metal ultimately obtained that such further or secondary cooling be
      carried out in a precisely defined manner to avoid cracks and other
      defects.
PAR  It has been common practice heretofore to discharge water droplets against
      the moving metal object in the secondary cooling zone from atomizing
      nozzles distributed about the strand of metal among the guiding rolls and
      similar supporting structure. It is difficult or even impossible to
      achieve uniform cooling over the entire surface of the cast metal body in
      this manner, particularly in the case of relatively wide steel slabs
      intended for rolling.
PAR  If it is desired to modify the cooling conditions, for example, when
      switching to the casting of steel objects of a different composition, each
      of the nozzles of the known cooling arrangements must be adjusted or
      replaced individually, a time-consuming job during which the casting
      machine stands still.
PAR  It is an object of this invention to provide a secondary cooling
      arrangement for continuous casting apparatus which permits a uniform
      cooling effect to be achieved over a large surface of the cast object
      regardless of its shape and size. Another object is the provision of a
      cooling arrangement whose cooling effect can be controlled by external
      devices without structurally modifying the cooling devices proper.
PAR  Basically, the invention provides a relatively small number of headers
      elongated substantially parallel to the surface of the object to be cooled
      which moves in a path defined by guiding, supporting, and driving devices
      conventional in themselves.
PAR  In one of its more specific aspects, the invention provides, in addition to
      such devices defining the path of movement of the metal object, a tubular
      header assembly elongated in a direction substantially parallel to an
      outer face of the moving object and defining a front wall directed toward
      that outer face. The front wall is formed with two rows of first apertures
      symmetrical to a plane longitudinal relative to the header device and
      substantially perpendicular to the outer face of the moving object. Each
      first aperture has an axis intersecting the axis of an aperture of the
      other row in the plane of symmetry. The front wall is further formed with
      at least one row of second apertures arranged between the rows of first
      apertures.
PAR  The header assembly is partitioned to bound a plurality of conduits which
      respectively communicate with the rows of first and second apertures. A
      source of air under pressure higher than atmospheric pressure communicates
      with one of the conduits, and a source of water under similar pressure
      communicates with another conduit.
DRWD
PAR  Other objects, additional features, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of preferred
      embodiments when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows a header of the invention in cross section on the line I -- I
      in FIG. 2;
PAR  FIG. 2 is a side-elevational view of the header of FIG. 1 on a smaller
      scale;
PAR  FIGS. 3 and 4 show another header of the invention in views respectively
      corresponding to those of FIGS. 1 and 2;
PAR  FIGS. 5 and 6 illustrate additional headers of the invention in views
      corresponding to FIGS. 1 and 3;
PAR  FIG. 7 illustrates a cooling arrangement of the invention including yet
      another type of header in fragmentary, sectional elevation; and
PAR  FIGS. 8 to 11 show additional cooling arrangements including headers which
      may be of any of the types shown in FIGS. 1 to 7 in respective elevational
      views and partly in section.
DETD
PAR  Referring now to the drawing in detail, and initially to FIGS. 1 and 2,
      there is shown a header for use in a cooling arrangement of the invention
      which has three longitudinal walls 1, 4, 5 connected by transverse end
      walls, not specifically shown, at their longitudinal ends. The front wall
      1 is made of an initially flat piece of sheet metal whose center portion
      was offset between shaping rolls to provide an outwardly open,
      longitudianal groove 15. The two side walls 16 of the groove slope
      obliquely to the flat bottom wall 17 and are each formed with a row of
      uniformly spaced first apertures 2 whose axes are perpendicular to the
      respective side walls. The walls 1, 4, 5 and the rows of apertures 2 are
      symmetrical relative to a longitudinal plane of symmetry 12 which is
      perpendicular to the bottom wall 17.
PAR  The axis of each aperture 2 thus intersects the axis of an aperture 2 in
      the other row in the plane 12. The bottom wall 17 is formed with two rows
      of second apertures 3, the longitudinal spacing of the apertures being
      equal to that of the apertures 2 between which the apertures 3 are
      arranged. Each pair of apertures 3 is located in a common transverse plane
      with two apertures 2 so that the axes of the apertures 3, which are
      perpendicular to the bottom wall 17 intersect the axes of respective
      apertures 2. Each aperture 2, 3 may typically have a diameter of 0.5 to 5
      millimeters.
PAR  The rear wall 4 of the illustrated header is semi-cylindrical in shape, and
      its longitudinal edges are welded to the rear face of the front wall 1
      adjacent the longitudinal edges of the front wall. The cavity of the
      header bounded by the walls 1, 4 and the afore-mentioned end walls is
      divided by the partition wall 5 into two conduits 6, 7. The partition wall
      5 is also semi-cylindrical, and its longitudinal edges are welded to the
      bottom wall 17 adjacent the junctions of the latter with the side walls
      16.
PAR  The first apertures 2 thus communicate with the conduit 6 bounded by the
      rear wall 4 and the partition wall 5, and the second apertures 3
      communicate with the other conduit 7 between the bottom wall 17 and the
      partition wall 5. Two fluids may be fed separately to the two conduits
      through connectors 6a, 7a in one of the end walls, the connectors
      constituting respective sources of such fluids.
PAR  The header shown in FIGS. 1 and 2 is preferably supplied with compressed
      air through the connector 6a, the pressure of the air being sufficient for
      discharge of the air from the apertures 2 at a velocity of at least 75
      meters per second, higher pressures being practical up to an air discharge
      velocity as high as the velocity of sound in the air. Water is supplied by
      the connector 7a and other elements of a conventional supply system for
      discharge from the second apertures 3 into the air streams from the
      apertures 2 so that two jets 8, 9 of atomized water are propelled toward
      each other and meet in the plane 12 to produce a mist 10 of fine droplets
      travelling away from the front wall 1 in approximately conical patterns
      which merge at a small distance from the front wall, as is best seen in
      FIG. 2 for impingement on a metal surface to be cooled.
PAR  An analogous pattern is produced by the header shown in FIGS. 3 and 4 whose
      longitudinal walls 1', 4', 5' are segments of hollow cylinders. The outer
      face of the front wall 1' is concave and has two rows of first apertures 2
      symmetrically spaced from the common plane of symmetry 12 of the walls 1',
      4', 5' and a single central row of apertures 3. The rear wall 4' extends
      in a circular arc of about 120.degree. between the longitudinal edges of
      the front wall to which it is welded, and the partition wall 5' is coaxial
      with the rear wall 4'. Air and water are discharged respectively from the
      apertures 2, 3 in the manner described with reference to the apparatus of
      FIGS. 1 and 2, the water stream from each aperture 3 extending along the
      axis of the aperture 3 in the plane 12 and being intersected
      simultaneously by two air streams from apertures 2 to form a mist pattern
      similar to that described above.
PAR  The three walls 1', 4', 5' of the headers shown in FIGS. 5 and 6 do not
      differ significantly from the corresponding elements shown in FIG. 3, but
      the front walls 1' are provided with two rows of second apertures 3
      symmetrically arranged relative to the planes 12. The axes of the
      apertures 3 in the device of FIG. 5 are parallel to the plane 12, whereas
      the axes of the apertures 3 shown in FIG. 6 converge to meet in the plane
      12. The resulting mist patterns are somewhat different, but all headers
      produce a uniform mist of rapidly moving water droplets uniformly
      distributed over the entire length of each header and spreading laterally
      well beyond the width of the header.
PAR  Similar, though sometimes less advantageous results are achieved, when the
      connector 6a serves as a source of water under pressure to be discharged
      from the apertures 2 and atomized by air supplied by the connector 7a and
      released from the apertures 3.
PAR  Two header assemblies functionally analogous to the header shown in FIG. 3
      are illustrated in FIG. 7. Each header assembly consists of three pipes
      20, 22, 24 mounted between two end plates 21 of which only one is seen in
      FIG. 7, the non-illustrated end plate being provided with connectors for
      supplying water to the pipe 20 which is flanked by the two other pipes 22,
      24 supplied with compressed air. Longitudinal rows of transversely aligned
      apertures project converging streams of water and air toward a row of
      points in the plane of symmetry of each header, a mist of fine droplets
      being spread over the full width of the wide faces of a partly solidified,
      continuous slab 26 released from a non-illustrated mold.
PAR  The front wall in the headers of FIG. 7 is constituted by parts of the
      circumferences of the pipes 20, 22, 24 while the remaining parts of the
      circumferences constitute partitions which bound conduits for the
      operating fluids. The mode of operation is the same as described above
      with reference to FIG. 3.
PAR  The headers shown in FIGS. 1 to 7 generally are arranged between pairs of
      support members for the moving slab and are elongated horizontally over
      the full width of the slab and beyond to reach the narrow slab faces, but
      separate headers may be mounted in a vertical position along such narrow
      faces if desired.
PAR  FIG. 8 shows a cooling arrangement for a slab 26 in which two headers 30,
      each identical with any one of the afore-mentioned headers, are arranged
      between respective pairs of guide rolls 28 opposite the two wide outer
      faces of the slab. While not expressly shown in FIG. 8, it is entirely
      feasible to cover the entire area of a slab surface exposed between two
      consecutive rollers 28 with the mist of water droplets produced by one
      header of the invention in a manner obvious from FIGS. 9 to 11.
PAR  The supporting structure for the slab shown in FIG. 9 has the approximate
      shape of two gratings whose bars 32 bound openings. Headers 34 according
      to the invention are mounted in the openings. Pads or shoes 36, which may
      be water-cooled internally in a manner not shown, but conventional,
      slidably engage the moving slab in the arrangement shown in FIG. 10, and
      headers 38 are mounted between the pads which are spaced along the path of
      slab movement. The support elements 40 illustrated in FIG. 11 are channels
      open toward the traveling metal object which is guided by the flange edges
      of the channels 40. Headers 42 are arranged not only between adjacent
      channels, but also in the open cavities of the channels.
PAR  It is a common feature of the several headers described above, that they
      provide uniform cooling over the entire area of the moving metal object to
      which they are assigned. If casting conditions change, the intensity of
      cooling provided by each header is readily adjusted in a simple manner by
      means of valves in the air and water supply systems represented by the
      connectors 6a, 7a which can be arranged for convenient access and may be
      adjusted without interrupting the casting operation, if so desired. No
      structural changes in the headers themselves and no replacement of the
      headers are required.
PAR  Obvious modifications may be made in the cooling arrangements described
      above without losing the advantages of this invention. Thus, the pattern
      of apertures may be modified to produce convergence of air and water
      streams at the acute angles necessary for dispersion of the water.
      Dimensions of the apparatus will be selected by those skilled in the art
      to suit specific operating conditions. Thus, the transverse planes in
      which two first apertures 2 and at least one second aperture 3 is located
      may be spaced apart 5 mm to 100 mm, and the distance between the front
      wall of a header and the surface to be cooled may vary generally between 5
      mm and 3 meters. The ratio of water and air is equally capable of
      adjustment over a wide range readily determined by trial and error.
PAR  Other changes in the examples of the invention herein chosen for the
      purpose of the disclosure will readily suggest themselves to those skilled
      in the art. If will be understood therefore that, within the scope of the
      appended claims, this invention may be practiced otherwise than is
      specifically disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooling arrangement for a continuously cast metal object comprising:
PA1  a. means defining a path of movement for said object, the object having an
      outer face extending in the direction of said path; and
PA1  b. tubular header means for projecting a cooling fluid toward said face,
      said header means being elongated in a direction substantially parallel to
      said face and defining a front wall directed toward said face,
PA2  1. said front wall being formed with two rows of first apertures
      symmetrical to a plane longitudinal relative to said header means and
      substantially perpendicular to said face,
PA2  2. each first aperture having an axis intersecting the axis of an aperture
      of the other row in said plane,
PA2  3. said front wall being further formed with at least one row of second
      apertures arranged between the rows of first apertures;
PA1  c. partition means of said header means bounding a plurality of conduits
      respectively communicating with said rows of first apertures and said at
      least one row of second apertures; and
PA1  d. a source of air under pressure higher than atmospheric pressure
      communicating with one of said conduits; and
PA1  e. a source of water under pressure higher than atmospheric pressure
      communicating with another one of said conduits.
NUM  2.
PAR  2. An arrangement as set forth in claim 1, wherein said second apertures
      have respective axes located in said plane.
NUM  3.
PAR  3. An arrangement as set forth in claim 1, wherein said second apertures
      constitute two rows symmetrical relative to said plane.
NUM  4.
PAR  4. An arrangement as set forth in claim 1, wherein said front wall has a
      concavely arcuate face directed toward said path and formed with said
      first and second apertures.
NUM  5.
PAR  5. An arrangement as set forth in claim 1, wherein said header means
      includes a rear wall, said front wall and rear wall constituting the outer
      walls of said header means and bounding a cavity therein, said partition
      means including a partition member elongated in the direction of said path
      and having two longitudinal edges sealed to said front wall, said
      partition member dividing said cavity into a first one of said conduits
      communicating with each of said first apertures and a second one of said
      conduits communicating with each of said second apertures.
NUM  6.
PAR  6. An arrangement as set forth in claim 5, wherein said rear wall and said
      partition member are of circularly arcuate cross section.
NUM  7.
PAR  7. An arrangement as set forth in claim 5, wherein said front wall is
      formed with a longitudinal groove having a bottom wall and two side walls,
      said side walls being formed with said two rows of first apertures
      respectively, and said bottom wall being formed with said at least one row
      of second apertures.
NUM  8.
PAR  8. An arrangement as set forth in claim 1, wherein said header means
      includes a plurality of tubular members, respective portions of said
      members jointly defining said front wall and being formed with said rows
      of apertures respectively, other respective portions of said members
      constituting said partition means.
NUM  9.
PAR  9. A cooling arrangement for a continuously cast metal object comprising:
PA1  a. support means defining a path of movement for said object and supporting
      said object when moving in said path, said support means including a
      plurality of support members spacedly arranged along said path, and said
      object having an outer face extending in the direction of said path; and
PA1  b. a plurality of header means for projecting cooling fluid toward said
      path, each of said header means being elongated in a direction
      substantially parallel to said face and defining a front wall directed
      toward said face,
PA2  1. said front wall being formed with two rows of first apertures
      symmetrical to a plane longitudinal relative to said header means and
      substantially perpendicular to said face,
PA2  2. each first aperture having an axis intersecting the axis of an aperture
      of the other row in said plane,
PA1  3. said front wall being further formed with at least one row of second
      apertures arranged between the rows of first apertures;
PA1  c. partition means of said header means bounding a plurality of conduits
      respectively communicating with said rows of first apertures and said at
      least one row of second apertures; and
PA1  d. a source of air under pressure higher than atmospheric pressure
      communicating with one of said conduits; and
PA1  e. a source of water under pressure higher than atmospheric pressure
      communicating with another one of said conduits.
NUM  10.
PAR  10. An arrangement as set forth in claim 9, wherein one of said support
      members is formed with a cavity open toward said path, one of said header
      means being received in said cavity.
NUM  11.
PAR  11. An arrangement as set forth in claim 9, wherein said support members
      constitute a grating and define openings therebetween, said header means
      being aligned with respective openings in said grating in a direction
      toward said path.
NUM  12.
PAR  12. An arrangement as set forth in claim 1, wherein the pressure of said
      air is sufficient to discharge said air from the associated apertures in
      said front wall at a velocity of at least 75 meters per second, but not
      greater than the velocity of sound in said air.
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ABST
PAL  A vehicle air conditioning system comprises an intake, refrigerant
      evaporator, heater, heat by-pass conduit temperature and air flow
      regulating means and ducting leading to the vehicle interior. Control
      means operate to maintain the air conditioning system de-energised engine
      start up until the vehicle engine oil pressure reaches a certain value and
      the engine starter motor is de-energised.
BSUM
PAR  The present invention relates to air conditioning systems for vehicles
      which have internal combustion engines.
PAR  In British Pat. No. 1,278,202 there is described and claimed a vehicle air
      conditioning system comprising an air intake, a refrigerant evaporator, a
      heater and a heater by-pass conduit, first and second outlet ducting for
      separately conveying air to respective outlets in the upper and lower
      parts of the vehicle interior respectively, first and second air-mixing
      means associated with said first and second outlet ducting repectively and
      each of which is automatically settable to feed to the said respective
      outlet ducting air which has passed through the evaporator and through the
      heater and/or the heater by-pass conduit, settable mass flow regulating
      means in each said outlet ducting, air temperature sensing means adapted
      to measure the air temperature in both outlet ductings, the ambient
      temperature, and the temperature inside the vehicle, and adapted
      automatically to control the air-mixing means and the mass flow regulating
      means, means for closing the outlet or outlets of the second outlet
      ducting and diverting the entire output of the system to the first outlet
      ducting, and a manual device for varying the setting of the said sensing
      means.
PAR  With the above described system, when the ignition of the vehicle is
      switched on but before the engine is started, some whirring and commotion
      may be heard. This may be disturbing to the non mechanically minded driver
      and irritating to the mechanically minded driver and it is an object of
      this invention to overcome this problem.
PAR  According to the present invention, there is provided a vehicle air
      conditioning system for an internal combustion engine driven vehicle
      comprising an air intake, a refrigerant evaporator, a heater and a heater
      by-pass conduit, first and second outlet ducting for separately conveying
      air to respective outlets in the upper and lower parts of the vehicle
      interior respectively, first and second air-mixing means associated with
      said first and second outlet ducting respectively and each of which is
      automatically settable to feed to the said respective outlet ducting air
      which has passed through the evaporator and through the heater and/or the
      heater by-pass conduit settable mass flow regulating means in at least one
      outlet ducting, air temperature sensing means adapted to measure and
      ambient temperature, the temperature inside the vehicle and adapted
      automatically to control the air-mixing means and the mass flow regulating
      means, means for closing the outlet or outlets of the second outlet
      ducting and diverting the entire output of the system to the first outlet
      ducting, a manual device for varying the setting of the said sensing
      means, and control means, responsive to engine oil pressure and the
      energisation state of the engine starter motor circuit, operative to
      maintain the air conditioning system de-energised until the oil pressure
      reaches a predetermined value and the starter motor circuit is again
      de-energised after engine start up. the above defined air conditioning
      system with electrically operable fans between the outlet of the
      evaporator and the inlets of the heater and heater by-pass conduit and fan
      control means operative to control fan speed in dependence upon the
      additive requirements of the air in the first and second outlet ductings.
PAR  It is a further object of the invention to arrange the above defined air
      conditioning system such that the means for shutting off the second outlet
      ducting assumes a closed position until the fan is switched on under
      predetermined conditions at engine start up.
PAR  It is a still further object of the invention to provide the above defined
      air conditioning system with a flash-mist delay circuit which is operative
      to inhibit operation of the fan when humid air is present in the outlet
      ducting.
PAR  The scope of the invention also includes a vehicle, e.g. a motor car,
      provided with an air conditioning system as set forth above.
DRWD
PAR  In order that the invention may be more clearly understood, one embodiment
      of the invention will now be described, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of a motor car air conditioning system in
      accordance with the present invention,
PAR  FIG. 2 is a graphical representation of the relationship between various
      parameters of the system shown in FIG. 1, and
PAR  FIG. 3 is a block diagram of the controls of the system shown in FIG. 1.
DETD
PAR  Referring to FIG. 1 there is shown a motor car air conditioning system
      generally indicated by the reference numeral 10. The motor car itself is
      not shown, although purely diagrammatically there is shown a windscreen
      11, a faciaboard 12 and a front seat 13.
PAR  The air conditioning system is located in the motor car and includes an air
      intake chamber 15 which is provided with two inlets 16 and 17 and an
      outlet 18. The inlet 16 is arranged to receive fresh air, while the inlet
      17 is arranged to receive air which has been recirculated from the
      interior of the motor car, the route of which is shown by the dotted line
      19. In the intake chamber 15 is pivotally mounted a valve in the form of a
      flap 20, hereinafter referred to as the "fresh/recirculation air flap",
      which is capable of pivotally moving from its full-line position shown in
      FIG. 1 to its dotted-line position along a path which is also indicated in
      dotted lines and is controlled by a recirculation actuator 20a. As will be
      seen, in its full-line position the fresh air inlet 16 is fully open while
      the recirculation inlet 17 is fully closed. While in its dotted-line
      position this situation is exactly reversed. Of course, the flap 20 is
      capable of assuming any position intermediate these two extremes, that is
      to say it is capable of assuming positions in which both fresh and
      recirculated air are admitted to the intake chamber 15.
PAR  When the system uses only two positions, full fresh or part recirculated
      part fresh, the selector switch is at LOW, HIGH or AUTO. The actuator is
      at full fresh for all servo positions except when the Upper Servo moves to
      maximum cold. A maximum cold signal is available from the cold limit
      switch 85 inside the Upper Servo. This limit switch operates a new
      recirculation relay. The relay is fitted with changeover contacts which
      are used to switch the recirculation actuator directly. The recirculation
      actuator is also controlled by the A.C.U. selector switch such that is
      moves to full recirculation when the system is switched OFF.
PAR  Air from the intake chamber 15 passes via the outlet 18 to a refrigerant
      evaporator matrix or core 22. The evaporator 22 is arranged to cool the
      incoming air for all ambient temperatures above freezing point. In cooling
      the air, an uncontrolled proportion of moisture is extracted from the air
      and the amount of moisture so extracted will be dependent only upon the
      prevailing climatic conditions and the mass flow of the air. Some degree
      of air purification will take place as a result of the dehumidification
      process.
PAR  Air from the evaporator 22 passes via a conduit 23 to a continuously
      variable speed fan 24 from which the air is delivered to a junction 25.
      Note that the relative positions of the evaporator 22 and fan 24 may be
      reversed. The junction 25 is connected for flow communication to a heater
      26 and to two cold air by-pass conduits 27 which respectively by-pass the
      heater 26. The heater 26 is in the form of a heat exchanger through which
      a hot liquid passes and in the preferred embodiment, in which the motor
      car is provided with a liquid-cooled engine, the hot liquid is coolant,
      usually water with additives, which has passed through the engine block of
      the motor car.
PAR  The heater 26 is provided with two outlet conduits 28 which communicate
      with respective air mixing chambers 30 each of which communicates also
      with one of the cold air by-pass conduits 27. Each air mixing chamber 30
      is moreover provided with a valve device 31 of the pivotable flap type,
      which will hereinafter be referred to as a "temperature flap". Each
      temperature flap 31 is mounted on a respective pivot 32 to be pivotally
      settable at any position between the two extremes shown in broken lines in
      which, respectively, each air mixing chamber 30 receives only heated air
      from the conduits 28 or only cold air from the conduits 27. In the
      illustrated full-line position of the temperature flaps 31, however, the
      mixing chambers 30 receive both heated air and cold by-pass air. Thus the
      temperature flaps 31 act as a means of proportioning hot and cold air.
PAR  The air mixing chambers 30 are provided with respective outlet ducts or
      ducting 34, 33 which are completely separated from each other and which
      respectively communicate with outlets to the upper and lower parts of the
      motor vehicle interior. The combination of outlet ducts 33, 34 with their
      respective air mixing chambers 30 will be referred to as "lower" and
      "upper" systems. The outlet duct 33 is provided with a centrally pivoted
      valve device 35 which will hereinafter be referred to as a "quantity flap"
      since it regulates the mass flow in the outlet duct 33. If desired, a
      similar quantity flap may be centrally pivotally mounted in the other
      outlet duct 34. Where there are two quantity flaps 35 they are pivotable
      independently of each other. while each quantity flap is interlinked with
      a corresponding temperature flap 31.
PAR  The combination of the temperature flaps 31 and the quantity flap 35, and
      the fan speed, enables the system to provide the optimum mass flow of air
      at the desired temperature in each of the separate systems, namely the
      upper and lower systems, notwithstanding the fact that there is a single
      common fan 24.
PAR  The outlet duct 33 communicates with lower outlet distribution ducting 36
      communicating with the lower part of the interior of the motor car, while
      the outlet duct 34 communicates with a further chamber 40. The chamber 40
      has two spaced apart outlet ducts 41 and 42 which are respectively adapted
      to convey air to an outlet adjacent the windscreen 11 and to an outlet or
      outlets in the facia 12. In the chamber 40 is pivotally mounted a valve 45
      which will hereinafter be referred to as the "upper mode flap". The upper
      mode flap 45 is continuously settable between the two extreme positions
      shown respectively in full and dotted lines in FIG. 1, and thus it will be
      seen that the upper mode flap 45 acts to proportion the respective amounts
      of air passing to the windscreen and/or to the facia vents.
PAR  The upper mode flap 45 makes it possible to provide in this preferred
      embodiment of the present invention for either heating the windscreen and
      the upper portion of the motor car interior via the windscreen duct 41
      only, or providing cooling or a mild degree of heating of the upper
      portion of the motor car interior via the facia duct 42. This permits the
      selection of very high air temperatures for de-icing purposes whilst
      protecting the faces and upper body portions of the occupants of the motor
      car from direct impingement of uncomfortably hot air. In an arrangement
      described in more detail below, the upper mode flap 45 is arranged to
      direct all the air to the facia outlet 42 below a predetermined
      temperature in the outlet ducts 33, 34.
PAR  Referring now to the schematic graphs shown in FIG. 2, the lowest part of
      the graph shows the relationship between the position of the lower servo
      unit (71 FIG. 3), the position of a temperature flap 31 and the
      temperature in the outlet duct 33. The middle part of the graph shows the
      relationship between the position of the upper servo unit (70 FIG. 3), the
      position of a temperature flap 31 and the temperature in the outlet duct
      34. As will be made clear in more detail below, the position of the servo
      unit and its respective temperature flap is set in accordance with the
      ambient temperature sensor and the respective in-car sensor(s) in
      accordance with the comparison of actual sensed temperature and the
      desired temperature selected by an occupant of the motor vehicle. The
      graph shows in broken lines the effect of ambient temperatures as well.
PAR  The relationship between the outlet duct temperature, the position of the
      temperature flap and the position of the servo unit is relatively
      uncomplicated, although simultaneous air flow quantity control of both
      upper and lower systems is complicated by the fact that fans common to
      both systems are provided.
PAR  However, as will be discussed in more detail below, this difficulty is
      substantially overcome by controlling the fan speed in dependence upon the
      additive requirements of the air in the outlet ducts 33 and 34.
PAR  Referring to the middle graph in FIG. 2, it will be seen that at maximum
      cooling demand a mixture of fresh and recirculated air is used, whereas at
      all other times the supply is all fresh air and therefore the flap valve
      20 is suitably controlled to achieve this aim, as will be described in
      more detail below. The change-over point occurs at the upper servo
      mechanism "maximum cold" point.
PAR  Referring to the lower graph in FIG. 2 the "water tap shut/opens
      progressively" point, of course refers to the conventional engine cooling
      and air heating arrangement of a motor car in which the heater is located
      in a by-pass duct of the coolant path between the engine block and the
      coolant pump inlet connection, with a tap just upstream of the heater. In
      this preferred embodiment the water tap is mechanically interlinked with
      the lower servo unit.
PAR  Another feature of the graph that requires comment is the point on the
      middle graph referred to as the "upper mode point" which refers to the
      position of the upper mode flap 45. To the left of this point, as seen in
      FIG. 2, the flap 45 is in its full-line position in FIG. 1 in which all
      the air in the upper system is channelled through the outlet duct 42 to
      the faciaboard 12, while to the right of this point the flap 45 is in its
      borken-line position in which all the air is channelled through the outlet
      41 to the windscreen 11. A further feature shown in the middle graph of
      FIG. 2 is the "lower quantity flap shut/open" point. This refers to the
      flap 35 in outlet duct 33 in FIG. 1 and is controlled such that when
      maximum and near maximum cooling is required by the upper system the lower
      quantity flap is closed.
PAR  Turning now to FIG. 3, there is shown a block diagram showing the controls
      of the air conditioning system of the present invention, including an
      electric circuit. As can be seen, the electric circuit is a negative earth
      circuit and there is a relay 50, having relay contacts 50a disposed in the
      air conditioning system supply circuit and a relay coil 50b. The supply
      circuit to the coil 50b is through control means 50c which are responsive
      to a signal Ep engine oil pressure switch and a signal Im from the engine
      starter motor circuit. These control means maintain the relay energised,
      and thus the air/conditioning system de-energised, at engine start up
      until the engine oil pressure has exceeded a certain predetemined value
      and starter motor circuit is de-energised. This enables operational noises
      from the system to be avoided before the engine is running.
PAR  The refrigerant compressor 62 is shown on the upper left portion of this
      block diagram and is provided with an electromagnetic clutch 51 adapted to
      be energised at ambient temperatures above freezing point by an electrical
      thermostat 52. The fan 24 and recirculation actuator 20a (located at the
      air intake chamber 15) are also schematically represented on the left-hand
      portion of the block diagram with the fresh recirculated air flap 20 (in
      FIG. 1) having two positions substantially corresponding to the conditions
      of fresh air only, and 100% recirculated air being circulated. At the
      right-hand side of this diagram a manually operable selector switch
      assembly 60 is shown as having contacts 53, 54a, 54b, 54c, and 55
      respectively corresponding to "off", "low", "automatic", "high" and
      "de-ice". Both "low" and "high" are automatic positions but the fan speed
      is fixed at minimum for "low" and maximum for "high". "Automatic " has
      variable fan speed; all three fan characteristics are shown in FIG. 2.
PAR  The fan 24 is connected to a fan delay thermostat 63 via a fan speed
      control constituted by a transistor pack 64 to which further reference
      will be made below. The other side of the fan delay thermostat 63 is
      connected to the fan speed control and the fan delay thermostat 63 is
      effective in preventing cold air from being blown into the interior of the
      motor car when the selector switch 60 has been set to the "automatic"
      contact 54b and rheostats 78, 79 referred to below, have been set for
      heating, but the fan delay thermostat 63 will cut out when the water
      coolant of the engine has risen to a predetermined temperature. However,
      the fan delay thermostat 63 is also connected to an upper servo unit 70
      which is effective in inhibiting operation of the fan delay thermostat 63
      when the upper air system is operating to the left of the upper mode point
      in FIG. 2.
PAR  The fans are also inhibited by a Flash-mist Delay circuit 97 when the upper
      air system is operating to the right of the upper mode point in FIG. 2.
      When the system has been operating in the screen mode, and the fan delay
      thermostat has cut out due to the water coolant of the engine having risen
      above a predetermined temperature such that the fans are operating, if the
      engine of the car is switched off and then restarted at some time later
      when the water coolant is still above this predetermined temperature, the
      delay circuit 97 inhibits the operation of the fans for a predetermined
      period of time.
PAR  This is to prevent the humid air which will have collected in the ducting
      during the switch-off period from being blown over the windscreen and
      causing mistingup of the windscreen on restarting. The delay allows time
      for the evaporator to freeze the humidity out of the air before restarting
      the fans.
PAR  In addition to the upper servo unit 70 there is also a lower servo unit 71.
      The function of these servo units 70, 71 is to maintain automatically the
      temperature in the interior of the car at the selected temperatures, there
      being a servo unit for each of the two outlet ducts 33, 34.
PAR  The servo units 70 and 71 are connected to three modules, namely, an upper
      servo module 72, the already mentioned fan speed control 64 and a lower
      servo module 73. The upper and lower servo modules 72 and 73 are
      respectively connected to a series of thermistors 75, 76, and 77 for
      respectively measuring the "in-car" temperature, the ambient temperature
      and the temperature of the outlet ducts 33, 34. The upper and lower series
      of thermistors 75, 76, 77 are connected to the two rheostats 78 and 79
      which are, respectively, the upper and lower temperature selectors. The
      junction between the rheostats 78 and 79 is connected to the autmoatic,
      low and high contacts 54a, 54b, 54c of the selector switch 60. The upper
      thermistor 75 (not the lower) has in parallel with it an additional
      thermistor 75 a located so as to be directly influenced by the rays of the
      sun, this latter thermistor being in series with a resistor. The object of
      this is to adjust the sensitivity of the upper in-car temperature sensing
      thermistor to compensate for the effects of sun heat. (Passengers do not
      need such a high air temperature when the heat from direct sunlight is
      present).
PAR  It will be noted that the ambient thermistors 76 have resistors connected
      in parallel to ensure control of the contribution of each to the overall
      effect.
PAR  The upper and lower servo modules 72 and 73 are substantially similar and
      basically comprise a balanced amplifier giving zero output to a respective
      servo motor 80, 81 within the servo unit 70, 71 respectively when the
      input potentials of the balanced amplifier are at a similar potential. The
      upper and lower series of themistors 75, 76, 77 are respectively connected
      to one of the inputs on the respective balanced amplifier, while feed-back
      potentiometers 82, 83 in the servo units 70, 71, respectively, are
      respectively connected to the other input of the balanced amplifier. The
      servo motors 80, 81 act to increased or decrease the temperature and
      quantity of the air entering the motor car interior when the upper or
      lower "in-car" 75 indicate temperature different from the selected value.
      Thus movement of the servo motors 80, 81 adjusts the position of the
      relevant temperature flaps 31. In addition to the servo motors 80, 81, the
      servo units 70 and 71 also contain the feed-back potentiometers 82, 83 for
      the respective servo modules 72 and 73. The servo units 70, 71 also
      inlcude a pair of limiting means 85 and 86 for limiting the movement of
      the servo motors 80 and 81. The upper servo unit 70 is moreover provided
      with a mode position control 90 connected to the fan delay thermostat 63
      for inhibiting the operation of that thermostat when the upper air system
      is operating to the left of the upper mode point, as already referred to.
PAR  The upper servo unit 70 also includes respective control 91 connected to
      control a lower quantity override actuator 96 in conjunction with lower
      quantity control box 96a. The upper mode flap actuator 45 is shown on the
      block diagram of FIg. 3 as being connected to a mode change thermostat 95
      which is also connected to the upper servo module 72. This arrangement
      permits the upper mode flap to direct all the air to the dashboard outlets
      below a predetermined temperature, or alternatively the actuator may be
      switched from a predetermined position of the upper servo temperature flap
PAR  Reference has been made previously to the fact that the system can divert
      its entire output to the upper air system at the extremes of hot and cold
      performance points, that is when the upper servo is to the left of the
      lower quantity flap operating point on FIG. 2 or when de-ice has been
      selected. This is achieved by the so-called "lower quantity flap override
      actuator " 96 which is actuated, at the hot end, when the selector switch
      60 is positioned or set to selecting de-icing, and is automatically
      actuated, at the cold end, by the upper servo module 72. The lower
      quantity flap override actuator is also activated to the upper mode for
      automatic or de-ice positions of the selector switch if the coolant has
      not reached the predetermined. temperature of the fan delay thermostat.
      This is to avoid the introduction of cold "ram" air around the passengers'
      feet when starting up. This is achieved by a lower quantity control box
      96a which is connected in circuit to receive signals from the fan delay
      thermostat 63 and the automatic and de-ice contacts 54 and 55 of the
      selector swich 60 and servo switch 91.
PAR  Referring now to the fan speed control 64, this contains the controls for
      steplessly varying the fan speed and moreover in such a way that the speed
      is controlled in dependence upon the additive requirements of the air in
      the outlet ducts 33 and 34. As can be seen, the fan speed control 64 is
      connected to respective fan speed controls 101 in the respective servo
      units 70 and 71. The fan speed controls 101 operate in such a way that
      when any adjustment of the temperature flaps takes place, there is a
      corresponding change in the fan motor speed. The two signals from fan
      speed controls 101 are processed within the fan speed control 64 to give a
      composite fan characteristic to produce the additive requirements of the
      two systems. The fan speed controls 101 are basically potentiometers the
      output signals of which are processed electronically to vary the
      mark/space ratio of the on/off pulse controlling fan speed transistor pack
      64 which regulates the current flow to the fan motor and varies its speed
      by adjusting e.g. turning on and off, its supply for varying lengths of
      time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle air-conditioning system for an internal combustion engine
      driven vehicle comprising:
PA1  an air intake,
PA1  a refrigerant evaporator connected to the output of said air intake for
      receiving the air passing into said air intake,
PA1  first and second outlet ducting the separately conveying air to respective
      outlets in the upper and lower parts of the vehicle interior,
      respectively,
PA1  first and second air mixing means respectively selectively connecting said
      first and second outlet ducting to said heater and said bypass conduit,
PA1  means for automatically setting each of said air mixing means to feed to
      the respective outlet ducting air which has passed through the evaporator
      and through the heater and/or the heater bypass conduit,
PA1  settable mass flow regulating means in at least one outlet ducting,
PA1  air temperature sensing means for measuring the ambient temperature and the
      temperature inside the vehicle,
PA1  means responsive to said sensed temperatures for automatically controlling
      the air mixing means and the mass flow regulating means,
PA1  means for closing the outlet or outlets of the second outlet ducting and
      diverting the entire output of the system to said first outlet ducting,
PA1  a manual means for varying the setting of said temperature sensing means,
      and
PA1  control means responsive to engine oil pressure and the energization state
      of an engine starter motor circuit in said vehicle for maintaining the
      air-conditioning system deenergized until the oil pressure reaches a
      predetermined value and the starter motor circuit is deenergized after
      motor start up, said control means including a relay having contacts which
      are closed when said oil pressure reaches a predetermined value and after
      said starter motor circuit is deenergized, said contacts being connected
      at one end to a power supply and at the other end to said control means.
NUM  2.
PAR  2. A system as claimed in claim 1, wherein the relay comprises a relay coil
      which is supplied through a circuit incorporating a control element
      responsive to a signal representative of engine oil pressure and to a
      signal indicative of the energization state of the engine starter motor.
NUM  3.
PAR  3. A system as claimed in claim 2, wherein the control element operates to
      maintain the relay energised and supply circuit broken at vehicle engine
      start up until the engine oil pressure has exceeded a certain
      predetermined value and the starter motor circuit is de-energized.
NUM  4.
PAR  4. A system as claimed in claim 1, wherein an electrically operable fan is
      provided between the outlet of the evaporator and the inlets of the heater
      and heater by-pass conduit and fan control means are provided operative to
      control the fan speed in dependence upon the additive requirements of the
      air in the first and second outlet ductings.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein the supply circuit to the fan
      comprises transistorised control means and a fan delay thermostat, a servo
      unit is associated with the first outlet ducting and is operative to
      inhibit operation of the fan delay thermostat, a second servo unit is
      associated with the second outlet ducting and the first and second outlet
      ductings comprise first and second fan speed controls respectively
      responsive to the first and second air mixing means and operative to
      provide signals which are processed by the transistorised control means to
      produce a signal representative of the additive air requirements.
NUM  6.
PAR  6. A system as claimed in claim 5, wherein the fan speed controls are
      potentiometers the processed signals from which are operative to vary the
      mark/space ratio of the on/off pulses controlling fan speed transistorised
      control means.
NUM  7.
PAR  7. A system as claimed in claim 4, wherein under predetermined conditions
      at engine start up the means for shutting off the second outlet ducting
      assumes a closed position until the fan is switched on.
NUM  8.
PAR  8. A system as claimed in claim 4, wherein a flash-mist delay circuit is
      provided operative to inhibit operation of the fan when humid air is
      present in theoutlet ducting.
NUM  9.
PAR  9. A system as claimed in claim 8, wherein the delay circuit produces a
      predetermined time delay.
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ABST
PAL  A heat pipe comprising a hermetically sealed hollow body which is filled
      with a saturated vapor of and a small amount of the condensate of a heat
      carrying fluid. The heat pipe communicates with the inside of an auxiliary
      body which also may contain a small amount of the condensate and vapor and
      which has associated therewith heat sink and heat source means by which
      the amount of vapor in the auxiliary body and in the hollow body may be
      regulated to control heat flow in the heat pipe.
PARN
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  This application is a Continuation-in-Part of my co-pending application
      Ser. No. 265,644 filed June 23, 1972, now abandoned and application Ser.
      No. 289,675 filed Sept. 15, 1972, now abandoned.
BSUM
PAC  THE PRIOR ART
PAR  Heat conductivity of a heat pipe is determined substantially by the mass
      flow of a circulating condensate of a heat carrying fluid contained within
      the pipe such that a heat pipe has a constant apparent thermal
      conductivity co-efficient.
PAR  Controllable heat pipes are known in which bulges or collection bodies are
      provided in the heat discharge region of the pipe where the bulges may
      collect condensate which then can be returned to circulation within the
      pipe by a change in position of the pipe or by utilizing means for moving
      the bulge or collection body so that it will discharge the condensate
      collected therein. A difficulty of this method of control of heat
      conductivity of a heat pipe is that it requires mechanically or
      magnetically moveable parts. A further difficulty is that the size of the
      condensate container determines the amount of condensate which can be
      released into the heat pipe, and then only the total amount of condensate
      contained in the bulge or container can be returned to circulation within
      the pipe which amount cannot be metered. Thus there can be no fine degree
      of control of heat transfer in such systems. An example of this type prior
      art is disclosed in German OS No. 1,943,122.
PAC  THE OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide means for controlling
      the heat flow of a heat pipe to a fine degree of accuracy in which the
      apparent thermal conductivity co-efficient of the heat pipe can be
      selected within a large range, for example, within the range from 1 to
      1,000.
PAR  A further object is to provide means whereby the heat transmission through
      hollow panel sections may be controlled where the panels may comprise a
      part of a wall structure used in the climatic control heating of a
      building and where the wall structure is exposed to absorption radiation
      of solar energy. It is advantageous that the transfer of heat in such
      panels be controlled in opposite senses of direction with respect to the
      cross-section of the panel and to a fine degree of control to the extent
      of even, in some instances, of allowing transfer of heat in one direction
      only.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  Broadly, the invention comprises having a heat pipe in the form of a hollow
      panel where the inside of the heat pipe is connected to an auxiliary
      hollow body and where the auxiliary hollow body has a temperature control
      means for controlling temperature in the auxiliary body within a range
      larger than the operational temperature range of the heat pipe. If the
      temperature of the auxiliary body is lowered by means of a heat sink below
      the lowest operating temperature of the heat pipe, substantially the
      entire heat carrier fluid within the heat pipe will condense within the
      auxiliary hollow body whereby the heat conductivity of the heat pipe drops
      to the level of the conductivity of the pipe itself which conventionally
      is made of metal. If full heat conductivity of the heat pipe is desired,
      the auxiliary hollow body is heated to a temperature above the mean
      temperature of the heat pipe by means of a heat source. If only partial
      heat transfer of the heat pipe is desired, the auxiliary body is only
      partially heated such that only part of the heat carrier fluid is
      vaporized and enters into the heat pipe. The maximum apparent thermal
      conductivity co-efficient of the heat pipe is thus reduced but
      nevertheless heat is transferred via the evaporation enthalpy of the heat
      carrier fluid such that the apparent thermal conductivity co-efficient of
      the heat pipe exceeds that which corresponds to the thermal conductivity
      of the pipe material itself.
PAR  The heat carrier fluid is contained inside the heat pipe in both the liquid
      and in the saturated vapor phase. As the internal pressure within the heat
      pipe depends exclusively upon the temperature at the coldest spot within
      the pipe, the invention contemplates use of heat carriers, the vapor
      pressure of which (having regard to the expected operating temperatures)
      never exceeds atmospheric pressure. The boiling point of such a heat
      carrier is defined at the temperature at which the condensate transforms
      into the vapor phase at the pressure of 1 bar, i.e. atmospheric pressure.
      The invention preferably utilizes fluid heat carriers the boiling point of
      which is below the lowest operating temperature prevailing inside the heat
      pipe where the pressure inside the heat pipe is always below atmospheric
      pressure. The auxiliary body preferably has associated therewith heat
      source and heat sink means whereby the temperature of the body may be
      regulated. The heat sink and heat source may take the form of a Peltier
      element. Other heat source means such as circulating carriers or
      electrical heaters may be used and other heat sink means such as
      circulating heat carriers or evaporator surfaces may also be used.
PAR  The auxiliary body may also be provided with a plurality of spaces within
      the body containing condensate whereby condensate in the spaces will be
      subjected to varying temperatures depending upon their spacing with
      respect to the heat sink associated with the auxiliary body.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective and partially sectioned heat pipe comprising a heat
      rectifier panel constructed in accordance with the invention;
PAR  FIG. 2 illustrates diagrammatical means for controlling heat transmission
      through the panel of FIG. 1;
PAR  FIG. 3 illustrates a further embodiment of the control means according to
      FIG. 2; and
PAR  FIG. 4 illustrates a still further embodiment of control means according to
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is illustrated a cross-section of a heat pipe
      constructed according to the invention in the form of a panel adaptable
      for use in the walls of a building structure. The panel comprises a hollow
      body comprising two sheet metal main walls 80 and 81 which are joined to
      each other along the seam 82. The walls 80 and 81 are supported with
      respect to each other by means of spacer webs 83 comprising a material
      having a low co-efficient of thermal conductivity. The webs 83 are held
      parallel and perpendicular to the walls by means of grooves 84 and
      projections 85. A corrugated absorbent lamina 86 is contained within the
      hollow body and contacts walls 80 and 81 and serves to convey condensate
      of a heat carrier fluid from one of the walls to the other wall by
      capillary action. The spacer webs 83 divide the panel into sections 87
      which are inner-connected along one end of the panel by a channel 88
      extending at right angles to the webs. Channel 88 in turn is connected to
      an auxiliary chamber (not shown) via the conduit 89.
PAR  In the event that the panel is to be used as a heat rectifier panel which
      will transfer heat only in one direction, the lamina 86 may be dispensed
      with whereby heat may be transferred only from the bottom region of the
      panel to the top region, i.e. from wall 81 to wall 80. When the lamina is
      employed, it serves to convey condensate from the bottom wall 81 up to the
      wall 80 which makes downward heat transfer possible when a heat source is
      applied to the wall 80 and where heat is to be transferred to the wall 81.
PAR  Referring to FIG. 2, the panel comprising the main walls 80 and 81 is shown
      connected by a conduit 89 to an auxiliary body comprising a condensor 90.
      The temperature of the auxiliary body may be regulated by a Peltier
      element of which one set of electrodes 91 is in good thermal contact with
      the auxiliary body while the other set of electrodes is in good thermal
      contact with cooling fins 93. The direction of flow of a direct current is
      selected by means of a change-over switch 94. When the electrodes 91 are
      connected as a heat sink, the heat carrier fluid contained within the
      hollow body, conduit 89 and auxiliary body 90 will condense into a
      condensate 95. Heat conductivity between the walls 80 and 81 will then be
      reduced substantially to the value determined by the heat conductivity of
      the webs 83 and vertical end portions of the wall 81 connecting with the
      wall 80 with a very small amount of conductivity being due to any residual
      vapor that remains in the panel cavity. By switching the change-over
      switch 94, any desired quantity or even the whole quantity of the
      condensate 95 can be evporated back into the auxiliary body 90, conduits
      95 and hollow body so that any intermediate value of heat transfer between
      the walls 80 and 81 can be achieved.
PAR  FIG. 3 illustrates a modified form of auxiliary body in which the
      condensate quantities and thereby the heat transfer of the panels are
      controlled by setting up a temperature gradiant between the regions 100
      and 101 of the auxiliary body. Condensate is collected in a plurality of
      individual secondary containers 102. A Peltier element 103 acting as a
      heat sink may cool one end of the auxiliary body while the other end of
      the body may be heated by an electrical heating source 104 acting as a
      heat source. The more that the heat source 104 heats, the more that the
      condensate within the containers 102 vaporize. This embodiment is
      particularly suitable with proportional control thermostats which sense,
      for example, ambient temperatures to be used for the purposes of
      controlling the heat transfer between the walls 80 and 81. The devices
      according to FIGS. 2 and 3 can also be used to control heat flow between
      heat storage substances and the ceilings or walls of a room.
PAR  FIG. 4 illustrates a still further embodiment wherein the heat source for
      the auxiliary body may comprise a heat carrier which is circulated through
      coils 110 and which is in thermal contact with the auxiliary body. The
      heat sink as shown in FIG. 4 may also comprise a heat carrier which is
      circulated through the coils 112 and which is in thermal contact with the
      auxiliary body 90. The coils 112 rather than being part of a circulation
      system could also comprise part of an evaporation cooler in good thermal
      contact with the auxiliary body 90 to act as a heat sink. It is obvious
      that the coils 110 and 112 could be also substituted by the electrical
      heating and Peltier elements of FIG. 3 to provide the heat source and heat
      sink means by which the control of the heat transfer properties of the
      panel is achieved.
PAR  Preferably as shown in FIG. 2 the conduit connecting the auxiliary body 90
      with the panel enters the auxiliary body from the top. This construction
      assures that no condensate will be passed into the panel but only
      saturated vapor. This further assures accurate control of heat transfer
      between the walls 80 and 81.
PAR  Preferably the spacer webs 83 contained in the panel comprise good thermal
      insulators. Organic materials are particularly suitable as a material for
      the webs, such as reinforced paper, phenolic resin or hard synthetic
      resins, examples of which are acetate or polycarbonate resins. Ceramic
      materials may also be used. In order to reduce heat flow through the webs
      83, the supporting area between the web and at least one of the walls 80
      or 81 is preferably of a small cross-sectional area, such as a knife edge.
PAR  The heat carrier fluid used may comprise fluoride hydrocarbons which are
      preferable because of the comparitively heavy weight of their vapor. The
      heavier the vapor, the lower is its co-efficient of heat transfer. Thus,
      when the panels are to act as heat insulating panels, it is desirable that
      a heavy vapor be used. Heat transmission in the panel can be still further
      controlled by filling the inside of the panel with glass fiber roving or
      felt-type materials to reduce or prevent convection currents of the vapor
      within the panel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A controllable heat pipe formed as a main hollow body having therein a
      saturated vapor of and a boiling condensate of a liquid and an auxiliary
      hollow body in gaseous communication with the main hollow body and into
      which said vapor and condensate may be controllably maintained, a heat
      sink device in heat conducting contact with said auxiliary body for
      withdrawing heat from the auxiliary hollow body and a heat source for said
      auxiliary body for supplying heat thereto; the improvement comprising in
      that said auxiliary body includes therein a plurality of separate spaces
      containing said vapor and condensate and in that said heat sink device is
      positioned near one end of said auxiliary hollow body whereby the spaces
      within said hollow body progressively nearer to said heat sink device will
      be exposed to lower temperatures than said spaces progressively further
      away from said heat sink device.
NUM  2.
PAR  2. A controllable heat pipe according to claim 1 the improvement further
      comprising in having in addition a heat source device positioned near an
      end of said auxiliary hollow body opposite said heat sink device whereby
      the spaces within said hollow body progressively nearer to said heat
      source device will be exposed to higher temperatures than said spaces
      progressively further away from said heat source device.
NUM  3.
PAR  3. A controllable heat pipe according to claim 2 wherein said heat source
      device comprises an electrical heater.
NUM  4.
PAR  4. A controllable heat pipe according to claim 2 wherein said heat sink
      device forms part of a Peltier element.
NUM  5.
PAR  5. A controllable heat pipe according to claim 2 wherein said heat sink
      device forms part of a circulation system of a fluid heat carrier.
NUM  6.
PAR  6. A controllable heat pipe according to claim 2 wherein said heat sink
      device forms part of an evaporator.
NUM  7.
PAR  7. A controllable heat pipe according to claim 2 where said heat sink
      device forms part of a Peltier element and includes in addition a
      change-over switch associated with said Peltier element whereby the heat
      sink device may be changed to a heat source device.
NUM  8.
PAR  8. In a hollow panel having main walls and controllable heat transmission
      means for controlling transmission of heat between said main walls,
      characterized in that said controllable heat transmission means comprises
      a main condensate container in fluid communication with the interior of
      said hollow panel, a heat carrier fluid in said main condensate container,
      a plurality of individual secondary condensate containers in said main
      condensate container arranged in a line for containing condensate of said
      heat carrier fluid and which are in gaseous communication with each other,
      a heat source at one end of said line for heating condensate in the
      individual secondary containers to vaporize the same, and a heat sink on
      the other end of said line for cooling vapor of said heat carrier fluid
      whereby the amount of vapor of said heat carrier fluid in said hollow
      panel may be varied to control heat transmission between the main walls of
      said panel.
NUM  9.
PAR  9. In a hollow panel according to claim 8, further characterized in having
      a thermostat means for controlling the operation of said heat source.
NUM  10.
PAR  10. In a hollow panel according to claim 8, further characterized in having
      thermostat means for controlling operation of said heat sink.
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ABST
PAL  A vehicle cooling system utilizing a remotely located radiator and cooling
      fan permitting the vehicle engine to be enclosed by insulating material
      for reducing noise. The radiator in the preferred embodiment illustrated
      is mounted horizontally in an air passage formed partially by the
      passenger compartment roof. A fan is located below the radiator for
      drawing air therethrough when the vehicle is idling. The fan is powered by
      a hydraulic motor which receives pressurized coolant from the engine water
      pump.
BSUM
PAR  This invention relates to cooling systems for motor vehicle engines and,
      specifically, to remotely located liquid radiators and hydraulic powered
      fan means for drawing air through them.
PAR  In motor vehicles, particularly trucks, the noise emitted from the engine
      can be diminished by completely enclosing the engine in an insulated
      compartment. When the engine is so enclosed, however, the liquid-filled
      radiator and associated fan assembly for cooling the engine must be
      relocated. The present invention locates the radiator and fan assembly in
      air passage means formed partially by the vehicle roof structure. This is
      a desirable location in that an air inlet can be formed above the
      windshield to accept air flowing over the vehicle. Also a rearwardly
      facing outlet can be provided to discharge the air after passing through
      the radiator. When a forwardly facing air inlet is utilized, the air flow
      through the radiator is assisted by the passage of air around the vehicle
      associated with its forward motion.
PAR  A disadvantage with this remote location is that the fan assembly may not
      be conveniently driven directly by the vehicle engine as is conventionally
      done with grill mounted radiators. This problem is solved in the present
      invention by employing a high output water pump directly powered by the
      engine used to drive a fan connected hydraulic motor. The coolant in the
      engine is withdrawn by the water pump, subsequently pressurized and pumped
      to the remote radiator for cooling. Prior to entering the radiator, the
      pressurized water flows through the hydraulic motor which is coupled to
      the fan and used to draw air through the radiator during idle conditions.
      Energy is extracted from the coolant by the hydraulic motor which is used
      to power the fan. The coolant then flows through the radiator, where it
      loses heat prior to returning to the engine. In order to reduce the water
      pump outlet during periods when the cooling demand decreases, a viscous
      drive coupling is employed between the engine and the water pump to
      provide reduced operation of the water pump. Without the coupling to
      reduce pump output, it would be difficult to maintain a predetermined
      desirable engine temperature at low speeds. Another means of reducing the
      pump outlet would be the employment of a thermostatically controlled
      bypass.
PAR  A principle advantage of the aforedescribed remotely located cooling system
      having a coolant powered fan motor is the elimination of a separate fan
      drive requiring additional lines, electrical or hydraulic, between the
      engine compartment and the radiator location. This is particularly
      important in a vehicle where there is minimal clearance for running extra
      energy transmitters as is often the case in cab-type vehicles as
      illustrated.
PAR  An object of the present invention is to reduce the noise emitted by the
      engine of a motor vehicle by enclosing the engine in an insulated
      compartment and locating rhe engine cooling system, including a radiator
      and fan assembly, remotely from the engine compartment.
PAR  A still further object of the present invention is to reduce noise emitted
      by the engine of a motor vehicle by situating the engine in an enclosed
      and insulated compartment and utilizing a remotely located cooling system
      which includes a radiator, a fan and a coolant-powered motor for driving
      the fan.
PAR  Further objects and advantages of the present invention will be more
      readily apparent from the following detailed description, reference being
      had to the accompanying drawings in which a preferred embodiment is
      clearly illustrated.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a partially sectioned view of a truck type motor vehicle
      disclosing the present invention;
PAR  FIG. 2 is a schematic view of the remotely located engine cooling system
      shown in FIG. 1.
DETD
PAR  In FIG. 1 of the drawings, a truck type motor vehicle 10 is illustrated
      including a cab portion 12, side door 14, window 16, windshield 18 and
      hood 20 adapted to partially enclose an engine compartment 22. The cab
      body 12 is mounted upon a frame 24 which supports an axle (not visible)
      with a wheel 26 and tire 28 mounted thereon. An engine 30 is adapted to be
      supported by the frame 24 within engine compartment 22. The engine 30 may
      be an internal combustion engine of the Otto cycle or the diesel cycle
      type. The engine 30 is enclosed within the engine compartment 22 by
      insulation 32 which surrounds the engine.
PAR  The engine 30 utilizes liquid coolant for maintaining desirable engine
      temperatures. In FIG. 2, a water or coolant pump 34 is supported at the
      front of the engine 30 for withdrawing coolant from the engine's water
      passages and pumping it through a conduit 36 to a radiator 38 mounted in a
      remote location with respect to the engine. Specifically, the radiator 38
      is mounted within an air passage 40 formed partially by the roof structure
      42 of the cab 12 and partially by the ceiling 43 of the passenger
      compartment. An air inlet opening 44 at the front of air passage 40 is
      located directly above the windshield 18 and is directed to receive air
      which flows over the moving vehicle. A diverter wall 46 directs the air
      from opening 44 to the upper surface of the radiator 38. It then flows
      through radiator 38 into a lower chamber 48 formed between radiator 38 and
      ceiling 43. The air is then discharged through a rearwardly directed air
      outlet 52. The air flowing through radiator 38 cools the fluid therein,
      which returns to engine 30 through a conduit 54.
PAR  The aforedescribed operation of the cooling system is effective when the
      vehicle is moving. Then air flows into air outlet 44 by its movement over
      the vehicle. However, when the vehicle is moving at a slow speed or is
      standing still, air must be drawn through inlet 44 and radiator 38 and
      discharged from outlet 32 by a fan to effectively cool engine 30.
      Therefore, a fan assembly 56 is mounted below the radiator 38 to draw air
      through radiator 38. Because of the remote location of the fan 56, it is
      impractical to power the fan assembly by a direct connection with the
      engine 30. Therefore, the present invention utilizes a coolant powered
      motor 58 to rotate fan 56. The motor 58 is fluidly connected between the
      engine 30 and radiator 38 and pressurized coolant from the water pump 34
      is supplied by conduit 36. A portion 60 of conduit 36 connects the outlet
      of the coolant powered motor 58 with the inlet of radiator 38. Thus, the
      coolant powered motor 58 utilizes energy of the coolant to drive fan 56 to
      cause air to flow through radiator 38.
PAR  To provide operative flexibility for the cooling system, a viscous drive
      coupling 62 is used between the engine drive 64 and the water pump input
      66 as is shown in FIG. 2. The viscous drive coupling is employed as a
      means to reduce the output of the water pump when the engine cooling
      requirements decrease. The viscous drive coupling is similar to the
      present production for coupling used on General Motors' automobiles.
      Without the viscous coupling 62 or equivalent means, the output of the
      water pump will not be reduced sufficiently under certain operating
      conditions to prevent the radiator and fan assembly 56 from overcooling
      the engine and thus reducing engine temperatures below a desirable
      temperature.
PAR  In place of the viscous clutch coupling 62, an equivalent means would be to
      employ a bypass in parallel with the pump 34 and utilized thermostatic
      valve means therein to regulate coolant temperature.
PAR  Although the embodiment illustrated and described above is a preferred
      embodiment, other embodiments may be adapted.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A motor vehicle with a liquid cooled engine surrounded by noise
      insulating material; engine cooling apparatus including air passage means
      formed between the vehicle roof structure and the ceiling of the vehicle
      passenger compartment; said air passage means having a forwardly opening
      air inlet and a rearwardly opening air outlet; a radiator supported within
      said air passage means in the path of air flowing therethrough; liquid
      passage means in said radiator for transmitting heat from liquid coolant
      warmed by the engine to air flowing between said inlet and outlet; conduit
      means extending from said engine through said noise insulating material
      and through the walls of said vehicle passenger compartment to said
      radiator; a water pump operably driven by the vehicle engine in fluid
      circuit therewith and with said radiator for passing coolant therethrough;
      a fan located adjacent said radiator for causing air to pass therethrough
      when vehicle speed is insufficient to cause movement of appreciable
      quantities of cooling air; hydraulic motor means operably attached to said
      fan and in circuit with said water pump, said conduits and said radiator
      for receiving pressurized fluid from the hydraulic motor to rotate said
      fan.
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ABST
PAL  A support device for finned tubes having a pair of half sections adapted to
      be quickly and securely snapped into position around the outer periphery
      of the fins for supporting the finned tubes in a manner precluding damage
      to the fins, and particularly designed and constructed for remaining in
      the preselected position with relation to the finned tube, each half
      section comprising mutually parallel spaced sidewall means having a
      substantially semi-circular recess provided on one edge thereof for
      engaging the outer periphery of the tube, outer band means spanning the
      distance between the sidewall means and disposed at the edge thereof
      opposite the recess means, flap means interposed between the sidewall
      means and conterminous with the band means, locking means provided on said
      flap means and interengagable for securely snap locking the half sections
      around the outer periphery of the finned tube, and the outer configuration
      of the assembled half sections being substantially rectangular.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in finned tubes and more
      particularly, but not by way of limitation, to a protector device
      particularly designed and constructed for quick assembly on the finned
      tube for supporting the tube and protecting the fins.
PAR  2. Description of the Prior Art
PAR  Heat exchangers, and the like, usually utilize finned tubes for heat
      transfer between fluids, or other substances. These finned tubes normally
      comprise a central tube having a plurality of radially outwardly extending
      longitudinally spaced fins on the outer periphery thereof for facilitating
      or accelerating the rate of heat transfer. The fins may be either a
      plurality of spaced individual annular discs secured to the outer
      periphery of the tube, or may be a continuous spiral or helical member
      extending around the tube. The finned tubes are usually supported
      horizontally in the heat exchanger with the opposite ends thereof
      connected to headers or other parts of the apparatus. These tubes are
      normally relatively long and tend to sag between the headers unless
      intermediate support means is provided therefor. The tubes and
      particularly the fins are usually constructed from a relatively thin gauge
      material and thus do not have sufficient strength or rigidity to withstand
      the forces of a support member secured directly thereto. In addition, the
      outer periphery of the fins may be damaged by contact with the fins of an
      adjacent finned tube it there is sufficient sagging wherein one tube may
      rest against a portion of a second tube.
PAR  In order to overcome the above disadvantages, support devices have been
      developed for supporting the finned tubes from one another in a manner
      which protects the fins, such as that shown in the Raymond A. Darling U.S.
      Pat. No. 3,273,638, issued Sept. 20, 1966, and entitled "Finned Tube
      Protector"; and the Jimmie L. Urner U.S. Pat. No. 3,420,296, issued Jan.
      7, 1969, and entitled "Finned Tube Protector Band". Many of these devices
      have certain disadvantages, however, in that it is frequently difficult
      and time consuming to install the devices on the finned tubes in a secure
      manner. In addition, the protectors may move or roll longitudinally along
      the tubes during use of the heat exchanger, or the like, whereby the
      associated support members are no longer in an aligned position for
      engaging one another during supporting of the tubes. In this manner the
      fins of one tube may be damaged by contact with the fins of an adjacent
      tube as hereinbefore set forth.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a finned tube protector which has been
      particularly constructed for overcoming the above disadvantages. The novel
      protector comprises two substantially identical half sections having
      sidewalls provided with an arcuate recess for engagement with the outer
      periphery of the tube element, and an outer band or wall spaced from the
      outer periphery of the tube element a sufficient distance to provide
      clearance for the outer periphery of the fins. Each half section is
      provided with locking means readily engagable upon positioning of the half
      sections around the outer periphery of the finned tube for quickly and
      easily securely locking the half sections in position around the tube. In
      addition, the outer configuration of the assembled half sections is
      substantially square or rectangular whereby each protector device is not
      only securely locked around the outer periphery of the finned tube, but
      also is retained in the preselected position thereon. The novel finned
      tube protector is simple and efficient in operation and economical and
      durable in construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a finned tube protector embodying the
      invention in position for being disposed around a finned tube.
PAR  FIG. 2 is a side elevational view of a tube protector embodying the
      invention as secured around a finned tube.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, reference character 10 generally
      indicates a finned tube comprising a central tube member 12 having a
      spiral or helical radially outwardly extending coil 14 secured to the
      outer periphery thereof and extending substantially throughout the length
      thereof to provide a plurality of heat dispersing or heat dispensing fins,
      as is well known. A plurality of finned tube protectors or supports 16 may
      be longitudinally spaced along the finned tube 10 in a manner and for a
      purpose as will be hereinafter set forth.
PAR  Each finned tube protector or support 16 comprises a pair of substantially
      identical half sections 18, and since the two half sections 18 are of a
      substantially identical configuration, only one will be set forth in
      detail herein. The half section 18 comprises substantially mutually
      parallel sidewalls 20 and 22 spaced apart by an outer wall or band 24,
      which is preferably integral with the walls 20 and 22, but not limited
      thereto. Each sidewall 20 and 22 is provided with a substantially
      semi-circular recess 26 and 28, respectively, on the outer edge thereof,
      preferably of a diameter substantially equal to the outer diameter of the
      tube 12. The overall width W of the sidewalls 20 and 22 is preferably
      slightly greater than the outer diameter of the fins 14, and the depth X
      of the sidewalls 20 and 22 is preferably slightly greater than the radius
      of the fins 14 for a purpose as will be hereinafter set forth.
PAR  The band or wall 24 extends beyond the outer limits of the sidewalls 20 and
      22 to provide a pair of oppositely disposed flaps 30 and 32, which are
      bent or folded substantially perpendicular to the plane of the band 24 for
      disposition between the spaced side edges of the sidewalls 20 and 22. Of
      course, it will be apparent that the flaps 30 and 32 may be integral with
      the band 24 and/or sidewalls 20 and 22, or may be otherwise secured
      thereto in any well known manner, and there is no intention of limiting
      the invention to the exact manner of construction depicted herein. One of
      the flap members, such as the flap member 30, is provided with an
      outwardly extending coplanar fastening arm 34 which may be integral
      therewith or secured thereto in any well known manner. The arm 34 is
      provided with an indentation 36 in the proximity of the outer end thereof
      which forms a protrusion element (not shown) on the inwardly directed
      surface of the arm 36. The flap 32 is provided with a slit 38 in the
      proximity of the outer edge thereof, and the portion 40 of the flap 32
      interposed between the slit 38 and the outer edge of the flap 32 is
      arcuately deformed providing an inwardly directed cavity in the proximity
      of the slit 38 for a purpose as will be hereinafter set forth.
PAR  As will be apparent from an inspection of FIG. 1, the outer configuration
      of the sidewalls 20 and 22 is substantially rectangular, with the band 24
      and flaps 30 and 32 cooperating therewith to provide a substantially open
      ended box-like configuration for the half section 18.
PAR  In order to install the fin protector 16 on the finned tube 10, a pair of
      half sections 18 may be manually positioned on opposite sides of the tube
      10 as shown in FIG. 1. One of the sections 18 at a time or both of the
      sections 18 may be moved simultaneously in a direction toward the tube 10
      until the arcuate or semi-circular recesses 26 and 28 are disposed
      adjacent the outer periphery of the tube 12, and the sidewalls 20 and 22
      are positioned between selected pairs of fins 14 for proper spacing of the
      device 16 on the tube 10. When the half sections 18 are moved in
      directions toward each other in this manner, the fastener arms 34 of each
      section 18 will be moved into engagement with the flaps 32 of the other
      section 18, and when the sections 18 are positioned against the outer
      periphery of the tube 12, the outer ends of the arms 34 will move through
      the slits 38 of the flaps 32 until the indentation members 36 pass through
      the slits 38. Once the indentation members 36 have passed through the
      slite 38, the projection portion of the arms 34 will cooperate with the
      arcuate recess portions 40 for precluding separation of the two half
      sections 18, thus securely locking the two half sections around the tube
      10 as shown in FIG. 2.
PAR  Since the dimension X is greater than the radius of the fins 14 and the
      width W is greater than the diameter of the fins 14, the protector member
      16 will engage only the outer periphery of the tube 12 and will
      substantially encase a plurality of adjacent fins 14 for protection
      thereof.
PAR  Substantially any desired number of the protector members 16 may thus be
      secured around the finned tube 10, and spaced therealong as required for
      supporting the tube or tube 10. It is preferable that a protector member
      16 be secured around each adjacent finned tube 10 at substantially the
      same spacing whereby the first finned tube of a series may be supported by
      the protector members from a suitable supporting surface (not shown), and
      each succeeding finned tube may be supported by the engagement of the
      respective protectors 16 disposed on the protectors 16 of the preceding
      tube 10. The substantially rectangular configuration of the half sections
      18 provide a substantially square or rectangular configuration for the
      assembled protector 16, thus substantially precluding any accidental
      rolling or other movement of the protector member 16 along the respective
      tubes 10. Thus, the protector members 16 may not only be quickly and
      easily disposed on the finned tubes 10 and securely locked thereon, but
      also are efficiently retained in the preselected position on the tubes 10.
PAR  Whereas the illustration of FIG. 2 depicts the outer periphery of the fins
      14 as being substantially smaller than the inner dimensions of the
      protector member 16, it will be apparent that the spacing between adjacent
      finned tubes in many heat exchangers, or the like (not shown) is
      frequently not sufficiently great to permit such an exaggerated difference
      between the two dimensions. However, it is only necessary that the
      interior dimensions of the protector 16 be slightly larger than the outer
      dimensions of the fins 14.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel finned tube protector comprising a pair of substantially identical
      half sections of a substantially rectangular outer configuration which may
      be quickly and easily placed around the finned tube during installation of
      the protector members thereon. Each half section is provided with a
      fastening arm and complementary receiving element whereby the two half
      sections may be automatically locked together upon the assembly of the
      half sections around the finned tube. The substantially square or
      rectangular outer configuration of the assembled half sections
      substantially precludes accidental rolling of the protector members along
      the outer periphery of the finned tube, thus assuring that the protector
      members will remain in the preselected position thereon.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a finned tube including a central tube having a
      plurality of radially extending fins on the outer periphery thereof, a
      protector device comprising a pair of substantially identical independent
      half sections adapted for disposition on the central tube for encasing a
      plurality of adjacent fins, each of said half sections comprising mutually
      parallel spaced sidewall means of a substantially rectangular
      configuration and having a substantially semi-circular recess provided on
      one edge thereof for engaging the outer periphery of the central tube,
      outer band means spanning the distance between the sidewall means and
      disposed at the edge thereof opposite the recess means, first flap means
      conterminous with one end of the band means and extending substantially
      perpendicularly therefrom between the sidewall means, second flap means
      conterminous with the opposite end of the band means and extending
      substantially perpendicularly therefrom between the sidewall means, an
      elongated arm member extending outwardly from said first flap means and of
      a width less than the width of said first flap means, said arm member
      being engagable with the second flap means of the other half section, and
      complementary locking means provided on said arm member and second flap
      means and slidably interengagable for securely snap locking the half
      sections around the outer periphery of the finned tube as the half
      sections are moved in directions toward one another with the outer ends of
      said flap means being spaced apart for providing openings at each end of
      the protector device installed on the finned tube, said locking means
      comprising recessed slit means provided on said second flap member for
      receiving the end of said elongated arm therethrough in a manner
      substantially precluding accidental seperation of the assembled
      half-sections.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein the diameter of the
      semi-circular recess means is substantially equal to the outer diameter of
      the central tube.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein the width of the
      sidewalls of each half section is slightly greater than the diameter of
      the fins, and the depth of the sidewalls of each half section is slightly
      greater than the radius of the fins.
PATN
WKU  039346463
SRC  5
APN  5138701
APT  1
ART  342
APD  19741010
TTL  Constant temperature cold-end corrosion probe
ISD  19760127
NCL  2
ECL  1
EXA  O'Connor; Daniel J.
EXP  Davis, Jr.; Albert W.
NDR  2
NFG  7
INVT
NAM  Robertson; Reed S.
CTY  Glen Ellyn
STA  IL
INVT
NAM  Watson; William R.
CTY  Oaklawn
STA  IL
ASSG
NAM  Nalco Chemical Company
CTY  Chicago
STA  IL
COD  02
RLAP
COD  74
APN  384072
APD  19730730
PSC  01
PNO  3861876
CLAS
OCL  165105
XCL   23230C
XCL   73 15R
EDF  2
ICL  F28D 1500
FSC  165
FSS  105
FSC   23
FSS  230 C;253 C
FSC   73
FSS  15 R;86
UREF
PNO  1711804
ISD  19290500
NAM  Munters
OCL  165105
UREF
PNO  2834858
ISD  19580500
NAM  Schaschl
OCL   23230C
UREF
PNO  2972248
ISD  19610200
NAM  Gerhardt
OCL   23230C
UREF
PNO  3131029
ISD  19640400
NAM  Dieman
OCL   23230C
UREF
PNO  3259461
ISD  19660700
NAM  Griffin
OCL   23230C
UREF
PNO  3639876
ISD  19720200
NAM  Wilson
OCL   23230C
UREF
PNO  3801467
ISD  19740400
NAM  Nobe
OCL   73 15R
UREF
PNO  3861876
ISD  19750100
NAM  Robertson
OCL   23230C
UREF
PNO  3869912
ISD  19750300
NAM  Horvath
OCL   73 15R
UREF
PNO  3871444
ISD  19750300
NAM  Houser
OCL   73 15R
UREF
PNO  3875794
ISD  19750400
NAM  Horvath
OCL   73 15R
LREP
FRM  Lockwood, Dewey, Zickert & Alex
ABST
PAL  Method and apparatus for determining the corrosion or acid deposition rate
      in the cold end of a boiler system, including a probe loop having an
      organic solvent circulating through the loop with a predetermined boiling
      temperature wherein the loop includes a removable specimen that can be
      tested for acid deposition or corrosion rate. Recirculation of the organic
      solvent maintains the surface temperature of the specimen within close
      limits approximating the maximum corrosion temperature.
PARN
PAR  This is a division of application Ser. No. 384,072, filed July 30, 1973,
      now U.S. Pat. No. 3,861,876.
BSUM
PAR  This invention relates in general to a method and apparatus for measuring
      the acid deposition rate on metals and the corrosion rate of metals in the
      cold end of a boiler, and more particularly to a constant temperature
      cold-end corrosion probe for measuring the sulphuric acid corrosion rate
      of a flue gas stream of a boiler burning sulphur-containing fuel.
PAR  A major problem associated with burning residual fuel oil in boilers
      wherein the fuel oil contains sulphur concerns the corrosion of metal
      parts in the air heaters and economizers at the cold end of a boiler
      system wherein the corrosion is caused by the condensation of sulphuric
      acid from the flue gases onto metal surfaces of the air heaters or
      economizers at or below the acid dew point. Corrosion can be controlled
      through the use of fuel oil additives by reducing the amount of free acid
      formed, thereby lowering the acid dew point. An example of such a fuel oil
      additive is one called Nalco FIRESIDE 7250 made by Nalco Chemical Company
      of Chicago, Illinois. Other remedies also may be employed for controlling
      sulphuric acid corrosion.
PAR  Heretofore, it has been well known to determine the degree of beneficial
      effect of a cold-end corrosion control treatment after a boiler has been
      shut down.
PAR  It has also been heretofore proposed to utilize a constant temperature
      corrosion probe for determining flue gas corrosion in a boiler system by
      liquid cooling a probe in a wet-leg assembly, as explained in the article
      written by R. W. Kear, appearing in the Journal of the Institute of Fuel
      (1959), pages 267-273. Difficulties encountered in this system include
      complexity of the probe assembly, limited circulation and temperature
      control, and the inability to conveniently obtain both acid deposition
      rate and corrosion rate at the same point within the gas stream.
PAR  The constant temperature cold-end temperature probe of the present
      invention overcomes the problems heretofore known in determining useful
      acid deposition and corrosion rates for establishing an efficient and
      meaningful corrosion treatment program for a boiler system to enhance the
      life of the cold-end equipment. The probe includes a pipe loop mountable
      in the flue gas stream and connected to a tank containing an organic
      solvent that will boil at the desired operating temperature of the pipe
      loop. A corrosion coupon or specimen is removably mounted in the pipe loop
      and continually cooled by the recirculation of the organic solvent from
      the tank. A water cooled cooling coil and a water cooled condensing coil
      in the tank maintains the temperature of the solvent below that of the
      boiling temperature to produce the necessary circulation so that the
      corrosion specimen is continually being maintained at a constant
      temperature. The acid deposition rate can be established by connecting the
      pipe loop to a source of cooling air and utilizing a satisfactory
      specimen, it being appreciated that the acid deposition rate is measured
      at the same location in the system as where the corrosion rate may be
      measured.
PAR  It is therefore an object of the present invention to provide a new and
      improved method and apparatus for determining the corrosion rate of metals
      in the cold end of a boiler system during boiler operation to evaluate the
      corrosion control treatment program.
PAR  Another object of the present invention is in the provision of determining
      the corrosion rate of a metal in a boiler system through the use of cooled
      corrosion coupons maintained at a constant corroding temperature so that
      desired chemical treatment controlling cold-end corrosion can be
      ascertained.
PAR  A still further object of this invention resides in the provision of an
      apparatus for cooling a corrosion specimen in a boiler system for
      measuring corrosion rate which is simple in construction and reliable and
      which utilizes a solvent liquid-vapor loop within a flue gas stream having
      efficient and reliable temperature control.
PAR  A further object of this invention is in the provision of a method and
      apparatus for determining corrosivity of a flue gas stream in a boiler
      system which is capable of obtaining both acid deposition rate and
      corrosion rate at the same point within the flue gas stream.
PAR  A further object of this invention resides in the provision of a constant
      temperature cold-end corrosion probe for measuring corrosion in the flue
      gas stream of a boiler system which is generally self-contained and
      utilizes only a source of cooling water in the form of the usual tap water
      for effective operation.
PAR  A still further object of this invention is in the provision of a method
      and apparatus for inducing corrosion at one point in the flue gas stream
      of a boiler system by maintaining a corrosion specimen at a predetermined
      temperature in order to measure the corrosion that will take place
      downstream when the temperature reaches the predetermined temperature,
      thereby enhancing the evaluation of a corrosion control program.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed disclosure, taken in conjunction with the
      accompanying sheets of drawings, wherein like reference numerals refer to
      like parts, in which:
PAR  FIG. 1 is an elevational view of the constant temperature cold-end
      corrosion probe according to the invention;
PAR  FIG. 2 is a top plan view of the condensing coil removed from the coolant
      tank of the probe assembly;
PAR  FIG. 3 is a side elevational view of the condensing coil of FIG. 2;
PAR  FIG. 4 is a top plan view of the cooling coil removed from the coolant tank
      of the probe assembly;
PAR  FIG. 5 is a side elevational view of the cooling coil of FIG. 4;
PAR  FIG. 6 is a somewhat diagrammatic view of the coolant tank to illustrate
      the flow of cooling water through the tank; and
PAR  FIG. 7 is a view similar to FIG. 1, but showing the probe assembly as
      connected to a source of cooling air for the purpose of measuring acid
      deposition rate.
DETD
PAR  The constant temperature cold-end corrosion probe of the invention is
      adapted to be installed in the flue gas stream where the temperature of
      the flue gas is preferably 300.degree. F. or higher but less than about
      650.degree. F., this range of temperature being above the dew point
      temperature of the sulphuric acid or above the maximum corrosion
      temperature. The probe is cooled to a temperature below the dew point and
      where maximum corrosion usually occurs, such as about 250.degree. F. for
      sulphuric acid. The probe is adapted to be operated to maintain a
      corrosion coupon on specimen at a constant temperature of about
      250.degree. F. for the duration of the test period.
PAR  A suitable hydrocarbon or organic solvent having a boiling temperature of
      about that which the coupon is to be cooled is recirculated through the
      coupon to maintain the surface temperature of the coupon within close
      limits. For example, where the maximum corrosion temperature is about
      250.degree. F., tetrachloroethylene (perchloroethylene) is recirculated
      through the probe to cool the specimen. The solvent is recirculated by
      cooling it in a tank outside of the flue gas stream to a temperature
      slightly below the boiling temperature. It has been established that a
      time period ranging from 20 to 30 days is optimum for obtaining
      representative corrosion rates in most boiler systems. However, it should
      be appreciated that the time period range of from 10 to 40 days may be
      employed, depending upon the boiler characteristics and program
      objectives. At the conclusion of the test period, the specimen is weighed
      to determine the corrosion rate. Operation of the probe is automatic, only
      requiring the need for cooling water at the coolant tank. Accordingly, the
      probe provides a reliable method of indicating the rate of sulphuric acid
      corrosion in the cold end of boilers. However, it should also be
      appreciated that the probe may be used to obtain other types of corrosion
      rates in the cold end of boilers.
PAR  Moreover, it should be appreciated that the boiler systen need not be shut
      down when evaluating a corrosion control treatment program, as the probe
      of the invention may easily be removed after a test period to measure the
      corrosion rate of the coupon.
PAR  Referring now to the drawings, and particularly to FIG. 1, the probe
      assembly of the invention, generally designated by the numeral 10, is
      illustrated as being mounted in a breeching wall 11 of a boiler system and
      preferably between the economizer and preheater, although it may be
      mounted at any place in the flue gas stream on the fireside of the boiler
      where the temperatures desired to be encountered are present.
      Particularly, the temperature must be above the dew point of the corroding
      agent or above the maximum corroding temperature so that the probe which
      includes a coupon or specimen can be cooled to a temperature below the
      acid dew point or at a temperature where maximum corrosion exists. A
      female fitting 12 of a pipe coupling is suitably welded into the breeching
      wall 11 to receive a male fitting or plug 13 of the pipe coupling which
      supports the probe assembly. The probe assembly includes a pipe loop 15
      extending from the male fitting 13 and within the boiler system exposed to
      the flue gas stream, and a coolant tank 16 extending from the male fitting
      13 and arranged outside of the flue gas stream. The coolant is circulated
      through the pipe loop 15 and cooled in the tank 16.
PAR  The pipe loop 15 includes upper and lower pipe sections 20 and 21 of
      substantially the same length and which extend from the male fitting 13,
      an outer pipe section 22 having a loop 23, and a corrosion specimen or
      coupon 24. Suitable pipe couplings 25 and 26 are provided between the ends
      of the corrosion coupon 24 and the outer pipe section 22 and the inner
      pipe section 20, while a suitable coupling 27 is provided between the
      inner pipe section 21 and the outer pipe section 22. Accordingly, when
      removing the corrosion coupon 24 from the pipe loop 15, it can easily be
      accomplished by loosening the pipe couplings 25, 26 and 27 in order to
      remove the coupon and process it for corrosion data. Similarly, the coupon
      can be replaced or a new coupon can be inserted by manipulation of the
      couplings 25, 26 and 27. It should be noted in FIG. 1 that the coupon is
      arranged adjacent the loop end of the probe so that the coupon is spaced
      from the breeching wall 11 and will be in a more direct position relative
      to the flue gas stream. Preferably, the specimen should be in the center
      of the stream. The pipe loop 15 is positioned so that the upper and lower
      runs or sections are arranged in a vertical plane. The coolant is
      recirculated through the pipe loop by flowing outwardly to the loop along
      the lower pipe section and returning to the tank through the upper pipe
      section as indicated by the arrows 29 and 30. Moreover, it should be
      appreciated that the corrosion specimen 24 should be at the top as shown
      in FIG. 1.
PAR  The coolant tank 16 is provided with upper and lower ports 34 and 35 for
      connection to upper and lower short pipe sections 36 and 37 which are in
      turn connected to the male pipe fitting 13. The ports 34 and 35 are
      adjacent the lower end of the tank and the coolant level represented by
      the dotted line 38 is above the upper port 34. A vapor coil or condensing
      coil 40 is suitably supported above the coolant level 38 within the
      coolant tank 16, functioning to extract most of the heat from the coolant
      and to convert the gas phase back to liquid phase. As shown in FIGS. 2 and
      3, the condensing coil 40 includes a plurality of superposed coil turns 41
      having inlet and outlet ends 42 and 43 suitably connected to inlet and
      outlet water pipes 44 and 45. A condenser coil control valve 46 is
      provided in the outlet pipe to control the flow of cold water through the
      condensing coil 40 and the degree of cooling action desired. The majority
      of the heat removed from the coolant is removed by the condensing coil 40.
PAR  A liquid phase tempering coil 50 is also mounted within the coolant tank
      and at a level below the coolant level so that it is always within the
      liquid phase. The coil 50 includes inlet and outlet ends 51 and 52 which
      are connected to inlet and outlet water pipes 53 and 54. A cooling coil
      controlling valve 55 controls the cold water flow through the cooling or
      tempering coil 50 and degree of cooling action desired. The inlet water
      pipes 44 and 53 are connected by a common pipe section 57, while the
      outlet water pipes 45 and 54 are connected by a common water pipe section
      58. Similarly, an inlet 59 is provided for the common water pipe section
      57 while an outlet 60 is provided for the common water section 58. The
      inlet 59 is connected to a suitable source of cold water while the outlet
      60 is connected to a suitable drain. Accordingly, cold water is supplied
      to the coils 40 and 50 in order to provide a suitable cooling of the
      coolant during operation of the probe. A temperature gauge 62 is provided
      to register the temperature of the coolant within the tank, and as already
      indicated, it is preferable that the coolant in the tank be at least 15,
      and possibly as much as 50, degrees less than the boiling temperature of
      the coolant in order to assist in circulation of the coolant through the
      probe loop. Accordingly, the cold water supply would be adjusted with the
      control valves 46 and 55 in order to obtain the desired temperature of the
      coolant within the tank. For purposes of registering the temperature of
      the flue gas within the stream, a thermocouple 64 is provided between the
      upper and lower sections of the probe loop and extending from the male
      fitting 13. A suitable connection is provided at the outside of the
      furnace wall to connect the thermocouple to a temperature gauge 65. A
      drain valve 66 is provided at the bottom of the coolant tank 16 for
      draining the coolant from the tank when desired.
PAR  The corrosion specimen and coupon 24 would be of a suitable metal
      equivalent to that which is desired to obtain corrosion data information
      for evaluating the corrosion treatment program. For example, in the event
      that it is desired to determine what corrosion rate there would be for
      sulphuric acid in the flue gases, it would be preferable that the
      corrosion specimen be of a mild steel, such as 1010 to 1020. Where it is
      desired to determine the rate of sulphuric acid corrosion in the cold end
      of the boiler, and since it is known that maximum sulphuric acid corrosion
      usually occurs at about 250.degree. F., the constant temperature cold-end
      corrosion probe of the invention is set up to operate with a corrosion
      coupon of mild steel and to be maintained at a constant temperature of
      250.degree. F. for the duration of the test period. While the corrosion
      specimen is of the type of metal subjected to corrosion, the remaining
      part of the pipe or probe loop is preferably of stainless steel. In this
      instance, the organic solvent used as a coolant would preferably be one
      having a boiling point of 250.degree. F., such as tetrachloroethylene,
      which when recirculating will maintain the surface temperature of the
      corrosion specimen within close limits at this temperature. The solvent
      recirculates, thereby acting as a coolant because the density of the
      boiling liquid in the probe loop 15 is less than the density of the cooler
      liquid in the tank 16. This difference creates a natural gravity flow
      through the probe. The temperature of the solvent within the tank is
      maintained at about 15.degree. to 50.degree. less than the boiling
      temperature of the coolant by adjustment of the cold water supply.
      Thereafter, the probe operates automatically. It can be appreciated that
      from time to time it is advisable to check the level of the coolant in the
      tank by viewing the sight glass 68 and maintaining the level of liquid
      coolant above the upper port 34 and also below the condensing coil 40. At
      the conclusion of the test period, the probe assembly can be removed from
      its mounting, so that the corrosion specimen may be disassembled from the
      probe loop, processed and suitably weighed to determine the corrosion rate
      for the test period. By knowing the corrosion rate, suitable remedies can
      be taken for reducing corrosion such as providing certain fuel oil
      additives for the fuel.
PAR  It can therefore be appreciated that the probe assembly provides a method
      of cooling a corrosion specimen where the specimen is exposed to a flue
      gas stream. The probe assembly cools the specimen to a predetermined
      temperature lower than that of the gas stream and at the maximum corrosion
      rate for the specimen. The method includes connecting the opposite ends of
      the corrosion specimen to vertically spaced upper and lower ports in the
      coolant tank which is located outside the flue gas stream and wherein a
      supply of liquid coolant is provided. Thereafter, the liquid coolant in
      the tank is subjected to a cooling action and maintained at a temperature
      lower than the boiling point of the coolant so that recirculation of the
      coolant through the corrosion specimen can be accomplished, and the
      corrosion specimen can be continually cooled and maintained at the maximum
      corrosion temperature.
PAR  When fully evaluating a corrosion treatment program, an acid deposition
      rate is first established by use of the probe assembly 70 shown in FIG. 7
      which differs from the probe assembly 10 of FIG. 1 only in that the probe
      loop is cooled by compressed air instead of a liquid coolant. The probe
      assembly includes upper and lower pipe section 72 and 73 extending from
      the pipe plug 74 mounted in the pipe fitting 75 of the breeching wall 76,
      an outer pipe section 77 having a loop 78 and a specimen or coupon 79
      interconnected between the upper section 72 and the outer section 77 by
      suitable couplings 80 and 81. A coupling 82 is provided between the lower
      section 73 and the outer section 77. The upper and lower pipe sections 72
      and 73 are connected through the pipe plug 74 to outer upper and lower
      sections 83 and 84, which are in turn connected to an air inlet pipe
      section 85 and an air outlet pipe section 86 through pipe couplings or
      unions 87 and 88. Air flow through the probe loop 71, and therefore the
      temperature of the loop, is controlled by the air inlet valve 89.
      Thermocouple conductors 90 are connected through the air inlet pipe to a
      thermocouple at the inside of the specimen 79 for measuring the skin
      temperature of the specimen. The conductors are also connected to a
      pyrometer 91 for registering the temperature.
PAR  The specimen 79 in this embodiment is of stainless steel. The time period
      for leaving the specimen subjected to the flue gases is less than that for
      a corrosion rate test by operating the specimen at various temperatures
      and taking measurements of acid deposition rate. The temperature where
      maximum deposition occurs can be determined and that is the same
      temperature where maximum corrosion is likely to occur so that the correct
      temperature for operating the corrosion testing probe of FIG. 1 is then
      determined. After running the specimen 79 for a time period, it is removed
      and the acid content per unit time for that temperature may be measured
      analytically by titration of the water wash-off of the acid. The acidity
      and sulphate content of the wash-off is measured analytically by any
      suitable means such as by titration, colormetric or other method.
PAR  Accordingly, it can be appreciated that the present invention provides a
      method and apparatus for inducing corrosion at a point in the flue gas
      stream by maintaining a specimen at a constant temperature where maximum
      corrosion occurs, thereby determining what corrosion will occur downstream
      when the temperature reaches the temperature of the specimen. Accordingly,
      the corrosion rate of the metal of concern is measured in order to
      determine what remedy can be utilized for reducing or minimizing corrosion
      and thereby enhancing the life of the cold end of the boiling system.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention, but it is understood that this application is to be limited
      only by the scope of the appended claims.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. Apparatus for cooling a tubular metal corrosion specimen and maintaining
      the specimen at a predetermined temperature where the specimen is exposed
      to a gas stream temperature above said predetermined temperature, said
      apparatus comprising a tank mounted outside the gas stream having a liquid
      coolant supply therein which has a boiling point substantially the same as
      said predetermined temperature, vertically spaced upper and lower ports in
      said tank, the level of liquid coolant being above the upper port, piping
      connecting the opposite ends of said tubular specimen to said ports
      thereby defining a probe loop, a cooling coil in said tank substantially
      at the level of the lower port, a condensing coil in the tank positioned
      above the level of the liquid, means connecting said coils to a cold water
      supply, and valve means for each coil controlling the flow of water
      therethrough to regulate the temperature of the coolant.
NUM  2.
PAR  2. The combination as defined in claim 1, wherein said probe loop is
      vertically positioned with the specimen in the upper part of the loop.
PATN
WKU  039346471
SRC  5
APN  481536&
APT  1
ART  354
APD  19740621
TTL  Pipe laying system
ISD  19760127
NCL  21
ECL  9
EXA  Favreau; Richard E.
EXP  Abbott; Frank L.
NDR  4
NFG  14
INVT
NAM  Bokenkamp; Donald G.
CTY  Houston
STA  TX
ASSG
NAM  Dolphin International, Inc.
CTY  Houston
STA  TX
COD  02
CLAS
OCL  166   5
XCL   61 723
EDF  2
ICL  E21B 4301
FSC  166
FSS  .5;.6;77;77.5
FSC   61
FSS  72.3
FSC  175
FSS  5
UREF
PNO  3226728
ISD  19651200
NAM  Walvoord
XCL   61 72.3
UREF
PNO  3352356
ISD  19671100
NAM  Wakefield
XCL   61 72.3
UREF
PNO  3595312
ISD  19710700
NAM  Matthews
XCL  166   .5
UREF
PNO  3658270
ISD  19720400
NAM  Slator et al.
XCL  166 77
UREF
PNO  3729941
ISD  19730500
NAM  Rochelle
XCL  166   .6
UREF
PNO  3797570
ISD  19740300
NAM  Leutwyler
OCL  166 77
ABST
PAL  The system herein involves interconnection of an underwater well head
      assembly with a central gathering platform in an ocean or sea environment.
      A drilling vessel for drilling a well peripherally disposed with respect
      to the central gathering platform has capacity for forming and/or
      containing continuous lengths of production pipelines on spools or reels
      located adjacent to its drilling derrick. The charging of the spools or
      reels with continuous production pipelines can be accomplished
      simultaneously with the drilling of the well by the drilling vessel.
      Alternatively, production pipeline can be loaded on a reel and transported
      separately to the drilling vessel. At any desired time before or when
      drilling is completed and prior to the installation of the underwater well
      head, cable means are extended from a spool or reel on the gathering
      platform and coupled to an exposed end of a spooled production pipeline. A
      cable extends through a depending "J" tube or other suitable device on the
      central gathering platform so that the end of the pipeline attached to the
      cable can be drawn to a position along the ocean floor and through the J
      tube to the gathering platform. Each of the production pipelines to be
      connected as well as the electrical cable assembly are thus extended
      between the drilling vessel and the gathering platform. The extended
      production pipelines at the drilling vessel site are cut so that these cut
      ends can be attached under the derrick to the underwater well head
      assembly. The well head assembly with the interconnected production
      pipelines is then lowered vertically through the water from the drilling
      vessel while the slack in the pipelines is taken up by pull on the
      pipeline at the production platform. Another cable can be connected to an
      anchor or tug and to the well head for providing counter, opposing forces
      to maintain the descent of the well head vertical until the underwater
      well head site is reached. Means are provided in connection with the
      spooling device on the drilling vessel for straightening the production
      pipeline as well as feeding it relative to the spooling reel.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system in ocean or sea environments for
      lowering an underwater well head assembly to an underwater well head site
      while simultaneously extending the associated production pipelines to a
      central gathering platform. More particularly, this invention relates to
      such a system for preparing production pipelines and for laying such
      pipelines between a drilling vessel and a gathering platform in a given
      time frame which is coextensive with the time frame for drilling of the
      well. Further, in another time frame, the invention involves coextensively
      lowering a well head assembly to a well completion position from a
      drilling vessel with the extension of the associated production pipelines
      from the well head assembly to the gathering platform.
PAR  It is not uncommon in offshore well operations that a central gathering
      platform is erected at the center or hub of a number of peripherally
      located wells. The gathering station serves the function of collecting the
      inputs from the various underwater wells to gather sufficient storage
      quantities until transfer to a tanker vessel is desired. Alternatively,
      the storage quantities can be channelled by a large flowline to a land
      facility or to another oil storage facility in the area.
PAR  Heretofore, it has been the practice to complete the peripheral underwater
      well and, upon completion, install the underwater well head assembly from
      the drilling vessel. The drilling vessel then is moved off-site to another
      location while production pipeline laying equipment is moved into position
      for laying the production pipeline. After laying the pipeline, it is
      connected underwater to the well head assembly and connected to the
      gathering platform. These sequential operation functions involve a loss of
      utility and time for the drilling function of the drilling vessel as well
      as a time delay in the inputting of production from the well to the
      gathering station.
PAR  The present invention contemplates (1) the preparation and laying of the
      production pipelines in a time frame coextensive with the drilling of the
      well and (2) the lowering of a well head assembly with the interconnected
      pipelines so that a considerable saving in time results which is
      translatable into decreased costs and production at a much earlier point
      in time.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In the operation of the system of the present invention, there is employed
      a central gathering platform which has depending J tubes through which a
      number of production pipelines can be passed. A drilling vessel at a
      peripheral location relative to the gathering platform has capabilities
      for drilling a well and for lowering a well head assembly to the ocean
      floor. The method invention is characterized in the steps of extending
      continuous lengths of production pipelines from the drilling vessel to the
      gathering platform, the coupling of the production pipelines to the well
      head and the taking up of the slack in the other end of the pipelines at
      the gathering platform while vertically lowering the well head assembly so
      that the well head assembly is positioned on the ocean floor at the time
      that the other ends of the production pipelines are connectable to the
      gathering platform. The apparatus is characterized by structure for
      forming and spooling continuous lengths of production pipeline and for
      unspooling such production pipelines. The forming structure is pivotal
      between a spooling position for receiving pipeline on the vessel and an
      unspooling position for unspooling production pipeline vertically from the
      vessel.
PAR  In more detail, the present invention involves simultaneous preparation of
      a production pipeline for laying between a peripherally located offshore
      well and a central gathering platform while the well is being drilled by a
      drilling vessel. During the drilling operation, a continuous length of
      production pipeline is spooled on a reel and disposed on a drilling
      vessel. Prior to, or at the time of installation of a well head assembly,
      the production pipelines are extended between the drilling vessel and the
      gathering platform. This is accomplished by unloading the production
      pipeline from its reel and use of a chain or cable extending between the
      gathering platform and the drilling vessel. The ends of the production
      pipelines are coupled to the well head assembly. The well head assembly
      and the attached production pipelines are then lowered to the underwater
      well head site while the slack in the production pipelines is taken up by
      the pulling of the production pipeline from the gathering platform. Thus,
      the well head assembly is disposed on an underwater location at the same
      time as the production pipeline is ready for final connection to
      facilities at the appropriate location at the gathering platform.
PAR  A continuous string of production pipeline is formed by welding ordinary
      joint lengths end to end on the vessel while driving the spooling reel
      with a hydraulic power means. A feeding device is located in front of the
      spooling reel to provide a level wind and to exert a straightening effect
      upon discharge of the pipe from the reel. The straightening device also
      has driving means and the entire device is movable between a loading
      position on the drilling vessel and a position where the pipeline can be
      discharged vertically into the water. An alternate material in the form of
      a flexible pipe formed of plastics and steel may be substituted for the
      welded steel pipe.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1(a - d) are schematic illustrations of the sequential steps of the
      method of the present invention to connect a pipeline on a well head to a
      gathering platform;
PAR  FIG. 2 is a top or plan view to illustrate the location of the pipeline
      spooling device relative to the drilling derrick;
PAR  FIG. 3 is an enlarged view of FIG. 3 illustrating the pipe reeling
      mechanism;
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a schematic illustration of pipe feeding means for the reel;
PAR  FIG. 6 is a view illustrating the first steps involved in extending a
      pipeline from the drilling vessel;
PAR  FIG. 7 is a view illustrating the step of connecting the end of the
      pipeline to a well head in the derrick;
PAR  FIG. 8 is a view illustrating the step of lowering an attached well head
      and pipeline to a well site; and
PAR  FIG. 9 is a view illustrating means on the well head for curving pipeline
      as it is lowered to a well site.
PAR  FIG. 10 is a view illustrating jacking mechanism which can be employed for
      positive movement of the pipeline.
PAR  FIG. 11 is a view illustrating a system for hydrostatically testing the
      pipeline as it charged on a reel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1a - 1d, these figures illustrate in schematic form
      a general system which embodies the concepts of the present invention. In
      FIGS. 1a - 1d, the number 10 indicates an offshore gathering platform
      which is disposed generally at a location which is the hub or central
      location for an oil production system and which receives inputs from
      peripherally located surrounding wells and sometimes from wells located on
      it proper. The gathering platform 10 has an upper surface 11 which is
      disposed above the level of water 12 and is supported by one or a
      plurality of legs 13 which secure it to the ocean floor 14 by suitable
      means. The gathering platform 10 may have oil or petroleum storage tanks
      as well as associated equipment to induct oil to its storage tanks and for
      transfer of fluid to tankers or directly to a pipeline to shore
      facilities.
PAR  The peripheral wells from which the hydrocarbons are produced and supplied
      to the gathering platform, typically, are drilled and completed by
      drilling barges or vessels. Following completion of such a well, a
      separate operation is usually performed to lay and connect a flowline
      between an underwater well head on the completed well and the gathering
      platform. In the present invention, the drilling barge or vessel 15 is
      cotemporaneously employed while a well is being drilled to arrange for the
      coupling of the drilled well to the offshore platform. Thus, as
      illustrated, in FIGS. 1 (a - d) at a distance from the gathering platform
      10 is a semi-submersible or other type of drilling platform or vessel 15
      which is capable of performing drilling operations of an underwater well.
PAR  On the drilling platform 15, the usual drilling operations conducted to
      drill a well bore 17 into the subsurface strata 14 below the water involve
      a riser and drilling string 16 which are employed in the development of a
      well 17. While the well 17 is being drilled, sections 18 of pipe or
      production tubing are being connected in a end-to-end relationship to form
      a continuous production pipe and the continuous pipe 20 is spooled on a
      spooling drum 19 on the platform 15. The amount of production pipe 20
      spooled on the drum or reel 19 is preferably about that exact length which
      is necessary to extend from a well head of the underwater well to the
      surface of the gathering platform 10.
PAR  Referring back to gathering platform 10, a tubular J tube or pipe 21
      extends vertically downward from the upper surface 11 of the platform and
      has with a radius of curvature adequate to situate its terminal opening 24
      along the ocean floor 14 and to accommodate the passage of a pipeline
      therethrough. From a spool 26 on the gathering platform, a cable or chain
      28 (shown in dashed lines) extends through the J tube 21 and is connected
      at its other end to the drilling platform 15. For ease of operation,
      rollers (not shown) or the like, can be disposed along the length of the J
      tube to facilitate passage of the cable and pipeline therethrough. The
      cable 28 may be towed to the drilling platform 18 from the gathering
      platform 10 by a tug at any suitable point in time prior to the completion
      of the well 17.
PAR  As shown in FIG. 1b, while the drilling operation for the well 17 is in
      progress, the cable 28 from the gathering platform 10 is attached, as
      shown at the number 30, to the exposed end of the spooled production
      pipeline 20 on the drilling platform 15 and the production pipeline 20 is
      directed downwardly from the drilling platform reel 19 on the drilling
      barge. Next, the pipeline 20 is pulled over the ocean floor until the
      exposed end of the production pipeline 20 is guided into the underwater
      open end of the J tube 21 at the gathering platform. All of the pipelines
      for the operation are similarly spooled and subsequently extended between
      the drilling vessel and the gathering platform. When the drilling is
      completed and the installation of the well head is the next step, the ends
      31 of the pipeline are attached to a well head 33 (See FIG. 1c). An anchor
      34 and cable interconnection are provided to counterbalance or offset the
      lateral forces involved in lowering the well head 33 with attached
      production tubings to the well 17 at the ocean floor so that the well head
      has a substantially vertical descent. As is customary, conventional
      guidelines 36 and associated means extending between the surface vessel
      and underwater well site provide vertical guiding functions for the well
      head assembly.
PAR  As shown in FIG. 1d, the well head 33 and attached production tubings 20
      are lowered by a cable or pipe system 38 so that the well head 33 can be
      attached or coupled to the drilled well 17 in a conventional manner. At
      the same time that the well head 33 is being lowered to the well head
      site, the exposed end 30 of the production pipeline in the J tube can be
      drawn toward the upper surface 11 of the gathering platform 10. Thus, at
      the time the well head 33 is in position to be attached to the well 17 at
      the ocean floor, the exposed end 30 of the production pipeline can be
      attached to the gathering platform facilities and production of the well
      can be immediately commenced. As an alternative to the use of an anchor 34
      and cable 35, a cable 35a and tug 34a can be used to provide an
      off-setting force.
PAR  In summary of the system, while a well is being drilled, the drilling
      vessel is used to prepare or receive a continuous length of production
      pipeline for connecting the underwater well head to a remotely located
      gathering facility. Before the drilling of the well is completed, the
      production pipelines are extended to the gathering platform and the end of
      the pipeline at the drilling vessel are prepared for connection to the
      well head. Upon completion of the well, the pipelines and well head are
      interconnected at the drilling vessel. While the well head and connected
      pipelines are being lowered into position on the underwater well site, the
      remaining ends of the pipelines are pulled onto the gathering platform.
      Thus, at the time the well head is coupled up for production with the
      well, the well is also connected to the gathering platform. The
      semi-submersible drilling vessel 15 is used not only for drilling the
      well, but also for laying the subsea production pipeline 20 to the central
      gathering platform 10 and the operations for accomplishing these functions
      are coextensively performed thereby providing efficient operation.
PAR  Referring now to FIG. 2, a top or plan view in schematic form illustrates a
      drilling vessel and a centrally located drilling rig derrick 39. A reel 19
      for the production pipeline is generally located to one side of the rig 39
      at the midsection of the drilling vessel. Sections of production pipeline
      18 can be connected end-to-end from a pipe rack and spooled onto the reel
      19. The reel 19 is located adjacent to the derrick 39 so that the end of
      the production pipeline on the spool can be pulled easily to a connection
      point with a well head in the rig derrick 38.
PAR  In connection with the pipe reel 19, there is another reel 40 on the same
      horizontal axis 41 and this second reel 40 has a lesser width than the
      reel 19. The reel 19 is used for coupling lengths of smaller diameter
      tubing for forming a pressure line for pumping through flow line tools.
      Associated with each of the reels 19 and 40 are pipe feeding devices 42
      and 43 which can feed pipe to a reel, draw pipe from a reel and straighten
      the pipe as it is pulled and drawn to and from a reel. Each of the pipe
      feeding devices 42 and 43 is mounted and arranged for traverse relative to
      the reel for level winding of the pipe on the reels. While the reel 40 is
      described in connection with smaller diameter tubing, the reels and
      pipeline sizes for each of the reels 19 and 40 can be the same if so
      desired.
PAR  As shown in FIGS. 3 and 4, in larger detail, the reel system includes at
      least two spools or reels 19 and 40 disposed in a side-by-side
      relationship on a common axis 41. Each reel can be independently rotated
      by independent hydraulic motor means 44 and 44a or the reels can be
      jointly driven, if desired. The widths of the reels can be different if
      the smaller reel is intended to carry pipe or conduit for hydraulic
      control fluid or flow through tools which do not require as large of
      diameter as the pipe or conduit used for flow of production fluids. The
      reels 19 and 40 are supported along a single shaft axis 41 and the
      independent driving means 44 and 44a are provided for independent rotation
      of the spools. The driving means 44 and 44a can be hydraulic motors which
      can provide the required torque to move a pipe relative to the spool or to
      provide braking forces where necessary.
PAR  The pipe feeding devices 42 and 43 also serve as straightener and aligner
      structures. A typical feeding device is shown in FIG. 5 and includes
      forward and rearward grooved rollers 46 and 47 and an intermediate, lower
      roller 48. The forward and rearward rollers 46 and 47 are arranged for
      location above a pipe 20 while the intermediate roller 48 is arranged for
      location below the pipe. The spacing between the upper set of rollers and
      the lower roller is such that the pipe length can be longitudinally passed
      through the rollers and frictionally driven or moved by rotation of the
      rollers. A hydraulic driving motor mechanism 45 and a chain drive 49 is
      used to provide driving torque for the forward and rearward rollers of a
      feeding device. The entire group of rollers are mounted in a frame 50 (See
      FIG. 4) which, in turn, is mounted for a traverse movement on a base
      support 51. The base support 51 is pivotally mounted with respect to the
      axis 41 of the reels. The pipe feeding devices are mounted on the pivotal
      base support 51 in such a manner that they can be moved in a direction
      lateral to the open face of a spool. This permits a level wind of the pipe
      on a spool. Conventional driving means (not shown) can be provided for
      reciprocating the feeder device frame relative to the base support for the
      level wind function.
PAR  A control position mechanism 54 is attached between the base support 51 and
      the vessel to maintain the base support 51 in the position shown for
      loading of pipe on a reel. When the base support 51 is tilted about the
      spool axis 41 from the position shown in FIG. 4 to a near vertical pipe
      unloading position as shown in FIG. 6, a similiar position mechanism (not
      shown) is used to lock the base support in position. The base can be
      pinned at various discrete angles between 65.degree. and 90.degree. from a
      horizontal for unloading of the pipeline from the reel.
PAR  As shown in FIG. 4, a production pipe 20 typically is formed from pipe
      sections 18 located on a pipe loading rack 55. The pipe sections 18 can be
      moved by a crane (not shown) to a position for end-to-end welding, for
      example, at the location 56. X-raying, pressure testing, and joint coating
      can also be done at this station. Grinding of the weld bevels can be done
      on the pipe rack. After a weld is made, a sizing drift can be run from the
      open end of the joint to check for icicles and other obstructions. The
      continuous length of pipe is spooled on the reel by the application of
      hydraulic power to the reel. Back tension is held on the pipe by using the
      feeder rollers 46 and 47 as a brake and this keeps the wraps of pipeline
      tight on the reel. In the position illustrated in FIG. 4, the straightener
      rack 51 is in a raised position relative to the platform and this position
      is used to spool the pipe upon the reel. After the proper length of pipe
      is welded and charged on the reel, the pipe can be hydrostatically tested
      on the reel and can be pigged both when filling the line with test water
      and when removing the water.
PAR  FIG. 6 illustrates schematically the system while drilling operations are
      in progress. The drilling string and riser system is shown by the number
      16. In FIG. 6, the guide line system 36 which includes at least two cables
      36a and 36b, is connected and extends vertically between the base 59 on
      the ocean floor and the drilling vessel 15. The cable 36 and 36b permit
      guiding of a well head to its underwater location on the ocean floor. In
      the initial operation, the exposed end 30a of the spooled production
      pipeline on the rig reel is attached to the cable 28a from the gathering
      platform, the designation 30a and 20a being used in FIG. 6 to illustrate
      the first position of the pipe 20. The reel and feeding device 42 on the
      support base 51 are arranged so that the pipeline issues nearly vertically
      downward from the vessel 10. In this position the frame 51 is vertically
      downward from the vessel 10. In this position, the frame 51 is rotated
      from the position shown in FIG. 4 to a position (not shown) where the
      pipeline can be unspooled and lowered nearly vertically through an opening
      in the vessel. Since the cable 28a is initially passed up through the
      vessel structure, it is not initially used to pull the pipeline from the
      reel because the cable could rise up and pull against the vessel
      structure. Thus, the pipe line is unreeled, and as the pipeline is
      unreeled, it is straightened by the feeding device 42. The main reel motor
      44a is used to hold the pipeline tight on the reel by braking, or may be
      used in unreeling as required. The line is unreeled until its end almost
      reaches the sea floor. As mentioned before, the end of the pipe 30a is
      connected to the cable 28a which is on a reel 26 on the gathering
      platform. When the pipe is vertically lowered to near the bottom of the
      ocean floor, tension is applied to the cable 28a. The pipe can be unreeled
      by the drive supplied by the straightener rollers, or by the weight of the
      pipe if it is adequate (the drive then providing a braking effect).
PAR  From the initial position, as the pipe 20b is unreeled from the reel, the
      cable 28b draws the end of the pipeline toward the gathering station.
      Thus, the pipe assumes a curvature as shown at the left of FIG. 6. The
      designation 20b is used to designate the second position of the pipe 20
      during the operation.
PAR  The pipeline 20 can be pulled by a tug (not shown) in addition to a winch
      26 on the gathering platform. When the required length of pipe has been
      pulled, the other pipeline 40a on the reel 40 is unspooled and extended to
      the gathering platform in the same manner as pipeline 20 with another
      cable. If desired, the electrical control cable (not shown) can also be
      extended between the vessel and the platform at this time.
PAR  Upon completion of drilling, the pipelines 20 and 40a are cut and
      transferred to the derrick for attachment to the well head. The electrical
      control cable (not shown) for the well head controls is also attached. The
      electrical cable has considerable flexibility and, hence it can be
      separately laid from a tug if desired. A cable 62 from the drilling rig is
      used to bring the end 31 of the pipeline under the derrick where it is
      attached or tied into a well head device 58 suspended in the derrick 39.
      As shown in FIG. 7, this shifts the location of the end 31 of the
      production pipeline from the reel 19 to a well head under the derrick. The
      pipeline 40a is similarly connected to the well head. Next, after the
      pipes 20 and 40a are connected to the well head 33 under the derrick, the
      connection can be hydrostatically tested before lowering the well head.
      For hydrostatic testing, the opposite ends of the pipelines are plugged.
      The well head 15, the pipelines 20 and 40a and the electrical control
      cable are thereafter lowered as a unit with the well head being guided by
      the guide line system 36. When the well head 33 reaches bottom, it is
      attached to floor well head connection.
PAR  While the well head 33 is being lowered, a cable 35 is threaded through the
      well head and extended between an offset anchor 34 and the derrick 39. The
      cable 35 is maintained taunt by pulling against the anchor 34 located in a
      direction opposite to the direction of the pull on the pipes 20 and 40a by
      the chain or cables 28.
PAR  Also illustrated in FIG. 8 is a cable 59 connected to the well head 33 and
      to the drilling vessel and looped over a drum 60 on a tug 61. This is an
      alternate system for controlling the vertical descent of the well head.
PAR  To allow the angle of the production pipes 20 and 40a to change relative to
      the well head assembly as it is being lowered, bending shoes, such as
      illustrated at 63, are installed in the well head assembly. Thus, a pipe
      section is curved about the shoe 63 as the shoe is lowered to the well
      head. This is illustrated in FIG. 9 where the pipe 20 curves with respect
      to a connection 64 on the well head and the bending shoe 63 is disposed in
      the radius of curvature. The radius of curvature of the pipeline increases
      and is controlled by the shoe 63 as the well head is lowered toward the
      ocean floor.
PAR  To control the stress in the pipeline, the tension in the pipeline and in
      the equalizing cable are measured at the well head assembly 33. The
      horizontal and vertical components of the pipeline tension can be
      determined by mounting the bending shoe on load cells (not shown).
PAR  While the well head and the attached pipelines are being lowered from the
      drilling vessel, the pipelines are being taken up at the gathering
      platform. To provide a more positive control than a winch and cable, the
      ends of the pipelines 40a and 20 can be received in the gathering platform
      before the well head descent is begun from the drilling vessel. As shown
      in FIG. 10, a jacking mechanism can be employed for positive movement of
      the pipelines while the well head is being lowered. The jacking mechanism
      65 includes a frame 65a on the platform surface 11 which has transverse
      pipe supports 66 and 67. Each support respectively has a slip cone opening
      68 and 69 through which the respective pipes 40a and 20 are passed. To
      hold the pipes against downward movement, conventional slip assemblies
      (not shown) are disposed in a cone opening and hold the pipe against
      downward movement. The slip assemblies are released by an upward pull on
      the pipe and can be reset or removed. To move the pipelines jointly or
      singly, an upper pulling assembly 70 is provided. The assembly 70 is
      vertically reciprocated by virtue of hydraulic power means 71. The
      assembly 70 includes transverse pipe supports 72 and 73 which similarly
      have cone opening 74 through which the pipeline extends. By use of
      conventional slip assemblies in the cone openings 74, the pipelines can be
      pulled through the lower openings and set. While the pipeline or pipelines
      are held in the lower openings, the upper openings are reset for another
      pulling operation. Thus, the pipelines may be pulled singly or in
      combination.
PAR  Referring now to FIG. 11, a system is illustrated for hydrostatically
      testing the pipeline as it is charged on a reel. When the pipe is
      initially started on a reel, a long radius ell 76 is welded to the pipe
      and passed through the reel hub or flange plate. The ell 76 is attached to
      a full opening gate valve 85 and a bleed valve 86 is connected to an open
      nipple 77. To fill the line with test water, a peg is inserted in an open
      nipple 77 at the reel end of the pipe. A tight fitting pig such as a
      spherical pig 78 should be used to minimize the leakage of water on air
      past the pig. A line (not shown) from a low pressure water source is then
      attached to the nozzle 77. The pig 78 is pushed ahead of the water as the
      line is filled. On the other end of the line a test head assembly 79 has
      been welded (or otherwise mechanically attached). This head includes bleed
      valves 80 and 81 to remove any collected air and to allow the pig to be
      run, a full opening gate valve 82 to allow the pig to pass out of the
      section to be tested, and valves 83 and 84 to be used as connections to
      pressurize the line and to monitor line pressure.
PAR  The pig 78 is pumped through the line with all of the valves open, except
      the bleed valve 86 at the reel end, until it hits the end cap 87. The end
      valve 87 is then closed and any air is bled out of the other three hand
      valves 80, 83 and 84. When all the air is bled off, the gate valves 82 and
      85 are closed. The line is then pressurized through one of the small hand
      valves 83. A typical test would be to pressurize the line to 90% of its
      yield pressure and hold the pressure for one hour.
PAR  When the test is complete, the pig 78 and water are pushed back toward the
      reel by air pressure applied at the end bleed valve 87 with the gate valve
      85 at the test assembly fully open. The gate valve 85 or the bleed valve
      86 at the reel end is used to control the flow of the test water from the
      pipe and to seal the pipe after the pig has moved back far enough for the
      test assembly to be removed.
PAR  For the next test, the water source is reconnected, air is bled from the
      connection, and the initial test procedure is repeated. After all testing
      is complete, the water can be removed by running pigs from either end
      using air pressure.
PAR  The hydrostatic test of the pipe on the reel will be good insurance that
      the pipeline will perform satisfactorily after laying, because the reeling
      operation will tend to make laminations and slugs show up which might
      otherwise only show up after laying.
PAR  In summary of the system and apparatus, the present invention permits
      drilling to continue while a pipeline is being welded and loaded onto a
      reel and tested on the reel and while the pipeline is being pulled toward
      its connection point on a gathering platform. The pipeline is layed from
      near the center of the drilling vessel so that upon the event that one end
      of the pipeline reaches the connection point, the pipeline can be cut at
      the reel and passed to the derrick for connection to the well head. By use
      of separate reels, bundling of the two flowlines can be eliminated. The
      pipelines can be made up from normal joint lengths and loaded unto the
      reel during the drilling functions.
PAR  Further modifications and alternative embodiments will be apparent to those
      skilled in the act in view of this description, and, accordingly, the
      foregoing specification is considered to be illustrative only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use in connecting production pipeline between one offshore
      location and an underwater well which is drilled from a drilling vessel,
      said apparatus including spool means for reeling a continuous length of
      production pipeline, said spool means being located near the midsection of
      a drilling vessel and proximate to the location of a drilling derrick,
PA1  base supporting means carrying said spool means, said base supporting means
      being pivotable about a horizontal axis between a position for loading of
      pipe from a horizontal position onto the reel to a vertical position for
      unloading a pipeline from the reel, and
PA1  pipe handling means disposed on said base means and arranged for level
      winding of pipe onto and from said reel.
NUM  2.
PAR  2. The apparatus as defined in claim 1 and further including means for
      discretely positioning said supporting means in a number of positions
      relative to a horizontal.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said number of positions
      extends between 65.degree. and 90.degree. relative to the horizontal for
      unloading of pipeline from the reel.
NUM  4.
PAR  4. The apparatus as defined in claim 1 and further including power means
      for said spool means and power means for pipe handling means.
NUM  5.
PAR  5. The apparatus as defined in claim 1 and further including a cable means
      associated with the offshore location, a J tube extendable from the
      offshore location, said cable means having a length extendable from said
      offshore location to said drilling vessel.
NUM  6.
PAR  6. The apparatus as defined in claim 5 and further including well head
      means for attachment to one end of said production pipeline, said well
      head means having a guiding shoe thereon for producing a curvature of the
      production pipeline while the well head and attached production pipeline
      are lowered to the ocean floor.
NUM  7.
PAR  7. A method for connecting one offshore location to at least one
      peripherally located production well upon completion of the drilling of
      the well from a drilling structure, comprising the steps of:
PA1  extending a cable from one offshore location to a drilling structure for
      coupling with a free end of a continuous string of production pipe,
PA1  coupling the free end of the production pipe to the cable,
PA1  vertically extending the free end of the string of production pipe from the
      drilling structure to a location just above the underwater floor,
PA1  exerting a pull on the cable to produce a curvature in the production pipe,
PA1  extending the continuous string of production pipe from the drilling
      structure to said offshore location,
PA1  bending the production pipe into a loop with respect to a wellhead
      connection to form a radius of curvature in the pipe,
PA1  connecting a wellhead means on the drilling structure to wellhead
      connection on the continuous string of production pipe,
PA1  lowering the wellhead means and attached production pipe from the drilling
      structure to the underwater floor well site while taking out the slack at
      the other end of the production pipe at said offshore location, and
PA1  applying a counterbalancing force to the wellhead means in opposite
      direction to the pull of the cable or the wellhead means descends toward
      the underwater floor to offset the pull forces on the free end of the
      production pipe.
NUM  8.
PAR  8. A method for offshore production operation where an offshore gathering
      platform location is connected to at least one peripherally located
      production well upon completion of the drilling of the well from a
      drilling structure, comprising the steps of:
PA1  drilling an underwater well from a drilling structure,
PA1  during the drilling function, forming a string of production pipeline in
      continuous length on powered reel on the drilling structure,
PA1  prior to completion of the drilling function, extending the string of
      production pipeline vertically downwardly from the drilling structure,
PA1  straightening the pipeline as it is vertically extended downward from the
      drilling structure,
PA1  pulling the end of the production pipeline toward the gathering platform
      location while maintaining a back torque on the reel,
PA1  upon the event of a desired length of production pipeline being pulled
      toward the gathering platform location,
PA1  bending a loop in the pipeline relative to a wellhead connection,
PA1  attaching the wellhead connection on the production pipeline to a wellhead
      suspended in a derrick in the drilling structure, and
PA1  lowering the wellhead and attached production pipeline from the drilling
      structure to the underwater well site while taking out the slack in the
      pipeline while counterbalancing the pull of taking out slack in the
      pipeline so as to vertically lower the wellhead.
NUM  9.
PAR  9. A method for connecting an offshore gathering location to at least one
      peripherally located undersea production well upon completion of the
      drilling of the well from a drilling structure, comprising the steps of:
PA1  unspooling a continuous string of production pipeline from a spool on a
      drilling structure,
PA1  pulling on the free end of said continuous string from another location
      spaced from said drilling structure while unspooling said continuous
      string,
PA1  extending said continuous string between said drilling structure and said
      location until the length of said continuous string is such that it will
      extend from an operating surface of said location to an undersea
      production wellhead,
PA1  on the drilling structure, connecting wellhead means to the other end of
      said continuous string of production pipeline, and
PA1  lowering the wellhead means and attached production pipeline from the
      drilling structure to the undersea wellhead site while pulling on the
      other end of said continuous string of the production pipeline until the
      wellhead means is at the undersea production wellhead and the other end of
      said continuous string is at the operating surface of said location.
NUM  10.
PAR  10. The method as defined in claim 9 and further including the step of
      applying a counterbalancing force to the wellhead means in a direction
      opposite to the pulling force as the wellhead means descends toward the
      undersea floor thereby offsetting the pull forces on the free end of the
      production pipeline.
NUM  11.
PAR  11. The method as defined in claim 9 and further including the step of
      extending a pulling cable from the offshore gathering location to the
      drilling structure and coupling the free end of said continuous string of
      production pipeline to the cable,
PA1  vertically extending said free end of said continuous string of production
      pipeline from the drilling structure to a location just above the undersea
      floor without taking a strain on said pulling cable, and
PA1  when said free end of said continuous string is just above the undersea
      floor, exerting a pull on the cable to flex the depending production
      pipeline.
NUM  12.
PAR  12. The method as defined in claim 11 and further including the step of
      applying a braking force to the spool to maintain the pipe wrap around the
      spool.
NUM  13.
PAR  13. A method for offshore production operation where an offshore gathering
      platform location is connected to at least one peripherally located
      production well upon completion of the drilling of the well from a
      drilling structure, comprising the steps of:
PA1  drilling an underwater well at an underwater well site from a drilling
      structure,
PA1  during the drilling function, forming a string of production pipeline in a
      continuous length on powered reel on the drilling structure,
PA1  prior to completion of the drilling function, extending the string of
      production pipeline downwardly from the drilling structure from the
      powered reel to a location just above the underwater floor, then pulling
      the free end of the production pipeline toward a gathering platform
      location,
PA1  upon the event of pulling a desired length of production pipeline toward
      the gathering platform location, attaching the other end of the production
      pipeline to a well head suspended in a derrick in the drilling structure,
      and
PA1  lowering the wellhead and attached production pipeline from the drilling
      structure to the underwater well site while taking out the slack in the
      pipeline from the gathering platform location.
NUM  14.
PAR  14. The method as defined in claim 13 and further including the steps of
      straightening the pipeline as it is vertically extended downward from the
      drilling structure, and maintaining a back torque on the reel.
NUM  15.
PAR  15. The method as defined in claim 13 and further including the step of
      counterbalancing the pull of taking out slack in the pipeline so as to
      control the vertical lowering of the wellhead.
NUM  16.
PAR  16. The method as defined in claim 13 and further including the steps of
      extending more than one string of pipeline between the drilling structure
      and the gathering platform and attaching all of the pipelines to the
      wellhead while it is suspended in the derrick and lowering all of the
      attached pipelines and wellhead as a unit.
NUM  17.
PAR  17. The method as defined in claim 13 and further including the step of
      extending a cable from the platform location, connecting the cable to the
      free end of the spooled pipeline on the powered reel and using the cable
      to provide the pulling function on the free end of the pipeline.
NUM  18.
PAR  18. The method as defined in claim 17 wherein said cable is guided
      downwardly from the platform location and generally horizontal to the
      underwater floor so that the pipeline can be extended along the underwater
      floor.
NUM  19.
PAR  19. A method for connecting an offshore platform location to at least one
      peripherally located production well upon completion of the drilling of
      the well from a drilling structure, comprising the steps of:
PA1  extending a continuous string of production pipeline from the surface of a
      drilling structure to an offshore platform location spaced therefrom,
PA1  in a first position, the length of said string being such as to extend
      between an underwater well site and the surface of said offshore platform
      where in a final position, said first position being such that the end of
      said string at said offshore platform is along the surface of the undersea
      floor and the end of the string at said drilling structure is at the
      surface of said drilling structure,
PA1  connecting a wellhead at the surface of the drilling structure to the end
      of the continuous string of production pipeline, and
PA1  lowering the wellhead and attached production pipeline from the drilling
      structure to the underwater well site while pulling on the other end of
      said string of production pipeline at said platform until said string
      reaches said final position where the wellhead is on the underwater well
      site and the other end of said string is at the surface of said offshore
      platform.
NUM  20.
PAR  20. The method as defined in claim 19 and further including the steps of:
PA1  extending a plurality of strings of flow lines from the surface of the
      drilling structure to the offshore platform location,
PA1  connecting said flow line strings to said wellhead at said drilling
      structure and simultaneously locating said flow lines and wellhead
      relative to the underwater well site and said platform by lowering said
      wellhead into its underwater position and taking up the slack in the flow
      lines at said platform.
NUM  21.
PAR  21. The method as defined in claim 20 and further including the step of
      providing offsetting forces to the wellhead while it is being lowered to
      counteract the pull of the flow lines.
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ABST
PAL  A well tubing system for releasably coupling lower tubing strings with
      upper tubing strings in a well bore without rotation from the surface
      including a well packer on a plurality of lower tubing strings, a first
      flow coupling and guide sleeve on the upper end of the packer, and a
      second flow coupling and guide head on the lower ends of the upper tubing
      strings. The upper tubing strings and guide head are connected with and
      disconnected from the guide sleeve on the packer by longitudinal motion
      only. The guide head has spiral guide surfaces leading to a vertical
      orienting slot. The guide sleeve includes a guide lug which engages the
      guide head guide surfaces and slot to rotate the head and upper tubing
      strings to the desired orientation. In alternate forms of the invention
      means are provided for the running and retrieving of either one or both of
      the upper tubing strings independently of the other of the strings after
      the initial connection of the guide head into the guide sleeve in the well
      bore.
BSUM
PAR  This invention relates to well tools and more particularly relates to a
      well tubing system including a plurality of flow conductors which are
      installed and retrieved without rotation from the surface.
PAR  It is a principal object of the invention to provide new and improved forms
      of well tools.
PAR  It is another object of the invention to provide new and improved forms of
      well tubing systems.
PAR  It is a particularly important object of the invention to provide a new and
      improved form of well tubing system in which at least two parallel tubing
      strings may be installed and retrieved as a unit without rotation at the
      surface to properly align and couple the tubing strings with a packer in
      the well bore.
PAR  It is another object of the invention to provide a selfaligning form of
      tubing string assembly which is lowered, oriented and latched with a well
      packer in a well bore without surface orientation and rotation.
PAR  It is another object of the invention to provide a well tubing string
      assembly including at least two parallel tubing strings which are lowered
      and latched with a well packer by use of a guide head having a
      circumferential guide slot which coacts with a guide lug within a guide
      sleeve supported on the well packer.
PAR  It is another object of the invention to provide a well flow conductor
      system in which at least two well flow conductors may be installed in a
      well bore and coupled with a well packer simultaneously without rotation
      of the flow conductor assembly at the surface and thereafter at least one
      of the flow conductors may be retrieved and reinstalled independently of
      the other flow conductor.
PAR  It is still another object of the invention to provide a well flow
      conductor system of the character described wherein each flow conductor in
      the system may be independently installed and retrieved and the flow
      conductor package may also be installed and retrieved as a unit without
      rotation at the surface.
PAR  In accordance with the foregoing objects and advantages there is provided a
      well flow conductor system wherein at least two well flow conductors may
      be run into a well bore and latched with a well packer without rotation of
      the flow conductor unit from the surface. The system includes
      self-orienting features comprising a body having parallel spaced bores and
      connectible at a lower end with a well packer in a well bore supporting on
      the other end thereof a tubular guide sleeve having an inwardly extending
      guide lug. Parallel well flow conductors are connected with a guide head
      having an external circumferentially extending guide slot which
      encompasses the entire circumference of the guide head for coaction with
      the guide lug in the guide sleeve at any position of rotation at which the
      guide head is lowered by the tubing strings into the guide sleeve. The
      guide head is provided with spaced parallel bores each communicating with
      one of the tubing strings connected into the head. The lower free end of
      the guide head is provided with one tubular lock-and-release collet latch
      connected with the first of the bores through the head for releasably
      latching the guide head with the body after orientation by the coaction of
      the guide lug and a guide slot in the head. A tubular seal unit is
      connected with the lower free end of the guide head communicating with the
      second bore of the guide head for insertion into the second bore of the
      body. In one alternate form of the invention a releasable coupling and
      scoop head are provided to permit running and retrieving one of the flow
      conductors independently of the other conductor. In another form of the
      invention a releasable coupling and scoop head is provided for each of the
      flow conductors so that each flow conductor may be installed and retrieved
      independently of the other conductor.
DRWD
PAR  The objects and advantages of the invention will be better understood from
      the following detailed description of preferred embodiments thereof taken
      in conjunction with the accompanying drawings wherein:
PAR  FIGS. 1A, 1B and 1C taken together constitute a longitudinal view in
      section and elevation of a preferred form of the invention wherein two
      tubing strings are installed and retrieved as a unit;
PAR  FIG. 2 is a perspective of the self-aligning guide head used in each
      embodiment of the invention;
PAR  FIG. 3 is a schematic view in section and elevation illustrating the
      lowering of two tubing strings in accordance with the invention into a
      guide sleeve coupled with well packers in a well bore;
PAR  FIG. 4 is a schematic view similar to FIG. 3 illustrating the two tubing
      strings connected with the well packers in accordance with the invention;
PAR  FIGS. 5A and 5B taken together constitute a longitudinal view in section
      and elevation of one alternate form of the invention including one
      independently retrievable flow conductor;
PAR  FIG. 6 is a perspective view of a scoop head employed in the embodiment of
      the invention illustrated in FIGS. 5A and 5B;
PAR  FIG. 7 is a schematic longitudinal view in section and elevation
      illustrating the flow conductor system shown in FIGS. 5A, 5B and 6 coupled
      with well packers installed in a well bore;
PAR  FIGS. 8A, 8B, and 8C taken together constitute a longitudinal view in
      section and elevation of another embodiment of the invention wherein each
      of the tubing strings is independently retrievable and installable;
PAR  FIG. 9 is a perspective top view of the upper scoop head employed in the
      form of the invention illustrated in FIGS. 8A, 8B, and 8C;
PAR  FIG. 10 is a top plan view of the head shown in FIG. 9; and
PAR  FIG. 11 is a longitudinal schematic view in section and elevation of the
      alternate form of the invention shown in FIGS. 8A, 8B, 8C and 10.
DETD
PAR  Referring to FIG. 3, the simplest form of the invention wherein two tubing
      strings are installed and retrieved as a unit comprises a guide head 20
      coupled with a pair of parallel tubing strings 21 and 22 and a guide
      sleeve 23 connected with a body 24 secured with a pair of lower tubing
      sections 25 and 30. The lower tubing sections 25 and 30 connect with an
      upper dual packer 31 and a lower single packer 32 which are set in a well
      casing 33 so that well production from an upper formation may flow through
      the tubing section 30 while a lower formation is produced through the
      tubing section 25. The packers 31 and 32 are conventional in design and
      may be installed and retrieved by suitable standard techniques. Their
      basic function is to seal the well bore annulus within the casing around
      the particular tubing strings coupled with the packers. They serve to
      isolate spaced producing formations along the well bore and permit desired
      production and well techniques to be carried out in the well bore.
PAR  In accordance with the invention the pair of tubing strings 21 and 22 may
      be installed and retrieved as a unit by coupling and uncoupling with the
      guide sleeve 23 and body 24 without rotation of the tubing string unit at
      the surface of the well. The primary object of the invention which is the
      self-orientation of the tubing string unit for installation and retrieval
      without rotation is accomplished by use of the guide head 20 which
      includes a self-orienting guide slot 34 which coacts with an internal
      guide lug 35 in the guide sleeve 23 for properly orienting the guide head
      preliminary to effecting a sealed coupled relationship of the tubing
      strings into the body 24. The guide slot 34 is an external circumferential
      slot milled into the outer surface of the head 20 extending 360.degree.
      around the head so that the head may enter the guide sleeve at any
      position of rotation and be turned by the lug 35 to the proper position
      for a sealed coupling to be accomplished.
PAR  The specific details of the flow conductor assembly shown in FIG. 3 are
      illustrated in FIGS. 1A, 1B, 1C and 2. Referring particularly to FIG. 2
      the guide head 34 is a cylindrical member having a pair of spaced parallel
      longitudinal bores 40 and 41 which extend the full length of the member
      opening through opposite ends for communication of fluids with the tubing
      strings 21 and 22 and the lower tubing sections 25 and 30. The bores 40
      and 41 are internally threaded at opposite ends as more clearly seen in
      FIG. 1B. The guide slot 34 has a vertical portion 34a which is slightly
      wider than the guide lug 35 within the guide sleeve 23 so that the guide
      head will readily slide downwardly along the lug. The guide slot 34 has a
      lower entrance or mouth portion 34b defined by a pair of divurgent slot
      edge surfaces 34c which spiral apart downwardly and outwardly in opposite
      directions around the guide head substantially meeting at the lower end of
      the head on the opposite side from the slot portion 34a defining a pointed
      lower end 34d at the lower end of the head. The upper end of the slot 34
      is flared outwardly at 34e defining an exit or discharge end portion
      formed by outwardly flared slot edges 34f. The slot edges 34c and 34f are
      each formed at substantially 45.degree. angles with the vertical edges of
      the slot portion 34a. The slot edges 34c and 34f each function as cam
      surfaces which coact with the guide lug 35 rotating the guide head 20 to
      align the head at a position of rotation which causes entry of the guide
      lug into the slot portion 34a depending upon the direction of movement of
      the guide head relative to the lug. As the guide head is lowered into the
      guide sleeve 23 the guide lug strikes one or the other of the slot edge
      surfaces 34c defining the slot mouth 34b unless, of course, the guide head
      is exactly aligned to cause the pointed slot edge surface portion 34d to
      strike the guide lug in which case the guide head is deflected to rotate
      in one direction or the other depending upon the exact angle portion of
      the point which strikes the guide lug. Under either circumstance, whether
      the point 34d lands on the guide lug or one of the slot edge portions 34c
      clearly engages the guide lug the cam action between the slot edge surface
      34c and the guide lug causes the guide head to be rotated as the head is
      lowered until the lug enters the vertical slot portion 34a. At the
      position of rotation at which the lug enters the vertical slot portion the
      guide head is properly aligned for coupling into and sealing with the body
      24. Similarly as the guide head is lifted upwardly from the body one of
      the slot edge surfaces 34f insures that the lug enters the vertical slot
      portion 34a to properly guide the head as it is retrieved from the body
      and guide sleeve.
PAR  A pair of parallel spaced pup joints 42 and 43 are threaded at lower ends
      into the upper threaded end portion of the guide head bores 40 and 41,
      respectively. The upper ends of the pup joints 42, and 43 are connected
      with couplings 44 and 45 which are secured with the lower ends of the
      tubing strings 22 and 21, respectively.
PAR  The guide sleeve 23 is a cylindrical member threaded at a lower end onto
      the upper end of the body 24. The guide lug 35 within the guide sleeve is
      a cylindrical member projecting into the sleeve and suitably welded at 50
      through a hole 51 in the sleeve. The guide sleeve has a plurality of holes
      52 spaced along the length of the sleeve and around the sleeve for free
      flow of fluid into and out of the sleeve during the insertion and removal
      of the guide head 20 when installing and retrieving the flow conductors.
PAR  The body 24 has a pair of longitudinal spaced bores 52 and 53 aligned with
      the bores 40 and 41, respectively, of the guide head 20 when the head is
      in operating position within the guide sleeve 23. The bore 52 has an upper
      seal section 52a, an internal annular locking boss 52b, and a lower bore
      portion 52c below the locking boss. The bore portion 53 has an upper seal
      section 53a and a reduced lower section 53b.  An internal stop shoulder
      52d is defined within the body 24 at the lower end of the bore 52c. An
      internal annular stop shoulder 53c is formed within the bore 53 between
      the upper seal section 53a and the lower reduced bore section 53b. The
      body 24 is internally threaded along the lower end portions of each of the
      bores 52 and 53 for connection of the body with the pipe sections 25 and
      30 which couple the body with the upper and lower packers 31 and 32 as
      seen in FIG. 3. The lower end of the guide head 20 is internally threaded
      around the lower end portions of both of the bores 40 and 41 for
      connection of the guide head with a lock-and-release collet latch 54 and a
      tubular seal unit 55. The collet latch 54 is threaded into the lower end
      of the bore 40 of the guide head while the seal unit 55 is threaded into
      the lower end of the bore 41 of the head. The collet latch communicates
      the bore 40 with the body bore 52 while releasably locking the guide head
      and related structure with the body. The seal unit 55 telecscopes in
      sealed relationship into the bore 53 for communication of the guide head
      bore 41 with the bore 53 of the body.
PAR  The lock-and-release collet latch 54 includes a tubular latching sub 60
      having a reduced threaded upper end portion 61 and a central seal section
      62 having an external flange portion 63 defining an upwardly facing stop
      shoulder 64 which supports an annular seal assembly 65 retained by a lock
      ring 70 on the sub portion 62. An annular spacer 71 is disposed on the sub
      section 62 above the seal assembly. The sub 60 has a plurality of
      circumferentially spaced longitudinal slots 72 extending along the central
      portion of the latching sub defining circumferentially spaced locking
      collet fingers 73 each of which has an external locking boss 74 adapted to
      latch below the internal locking boss 52b around the bore 52 of the body
      24 for releasably locking the collet latch in the bore. The lower end of
      the latching sub is threaded onto a bottom sub 75 which has a pair of
      longitudinally spaced internal annular locking recesses 80 and 81. The
      lower end of the bottom sub 75 is reduced defining an upwardly facing
      internal annular stop shoulder 82. An internal locking collet sleeve 83 is
      positioned for longitudinal movement within the bore of the bottom sub 75
      extending upwardly into the latching sub 60 for releasably locking the
      latching sub in the bore 52 of the body 24. The sleeve 83 has a plurality
      of circumferentially spaced longitudinal slots 84 which define
      circumferentially spaced longitudinal collet sections 85 each of which has
      an external locking boss 90 which is receivable in the locking recesses 80
      and 81 of the bottom sub 75 depending upon whether the collet sleeve is at
      an upper release position or a lower locking position. The collet sleeve
      83 has an enlarged upper end portion 91 and is reduced in diameter below
      the head portion 91 along a release section 92. When the collet sleeve 83
      is latched at the lower locking position shown in FIG. 1C the sleeve head
      91 is aligned within the latching sub collet finger portions 74 propping
      the portions 74 outwardly in the bore 52 below the locking boss 52b so
      that the collet latch 54 is locked at the position of FIG. 1C in the bore
      52 of the body 24, thereby holding the guide head 20 against upward
      movement from the body 24. When the collet sleeve 83 is lifted in the bore
      of the latching sub to an upper position at which the bosses 90 on the
      collet finger portion 85 are aligned with the locking recess 80 within the
      bottom sub 75 the head 91 is above the latching sub bosses 74 so that the
      latching sub fingers 73 may spring inwardly to release the collet latch 54
      from the bore of the body 24 when the tubing strings and guide head 20 are
      to be retrieved by lifting them upwardly from the body 24 and the guide
      sleeve 23. The collet sleeve 83 has an internal bore profile which is
      compatible with Type B Otis Positioning Tool illustrated and described at
      page 3968 of the Composite Catalog of Oilfield Equipment and Services,
      1974-75 Edition, published by World Oil, Houston, Texas. The positioning
      tool is operated by suitable wireline equipment for locking and releasing
      the collet latch 54 when running and retrieving the tubing string assembly
      of the invention.
PAR  The seal unit 55 is not a locking unit of the nature of the collet latch 54
      but rather is simply a tubular seal assembly which telescopes into the
      bore portion 53a to form a sealed connection between the bore 53 of the
      body 24 and the bore 41 through the guide head 20. The seal unit 55
      includes a tubular mandrel 100 threaded along an upper end portion into
      the lower threaded end section of the bore 41 of the guide head 20. The
      mandrel 100 is reduced in diameter along a lower end portion providing a
      section 101 along which an annular seal assembly 102 is supported by a
      lock ring 103. An annular retainer 104 is threaded on the lower end
      portion of the mandrel 100.
PAR  As evident in FIGS. 3 and 1C the collet latch 54 extends downwardly
      substantially below the lower end of the seal unit 55, both the collet
      latch and seal unit projecting from the lower end of the guide head 20.
      The relative longitudinal positioning of the collet latch 54, the vertical
      straight guide slot portion 34a in the guide head 20, the bore 52 of the
      body 24, and the guide lug 35 locates the lug well down in the vertical
      portion of the guide slot on the guide head as the collet latch enters the
      bore 52 of the body 24 to insure proper orientation of the guide head with
      the collet latch and the seal unit while the guide lug is still well
      within the guide slot as the guide head is lowered in the guide sleeve
      during the running of the tubing string assembly.
PAR  The flow conductor system of the invention is especially adapted for
      certain offshore installations where the preferred procedure is the
      installation of the necessary packers preliminary to running the tubing
      strings which may be inserted as a unit supported from the christmas tree
      and lowered to and coupled with the previously installed packer assembly.
      This particular technique is represented in FIG. 3 wherein the two packers
      together with the head 24 and the guide sleeve 23 are installed in the
      well casing before running the tubing strings as a unit. Dual and single
      packers 31 and 32, respectively, may be suitable conventional packers such
      as those which are hydraulically set in the well bore. The packers may be
      run together or may be individually set in the well casing 33 such as by
      first installing the lower single packer 32 and thereafter setting the
      upper dual packer 31. Whichever packer installation procedure is selected
      at the time the dual packer 31 is set it is made up with the head 24 and
      guide sleeve 23. The flow couplings 25 and 30 are connected at the surface
      between the packer 31 and the body 24. The guide sleeve 23 is connected
      with the body 24 so that the packer, flow couplings, body, and guide
      sleeve are interconnected as a unit in the relationship represented in
      FIGS. 1A, 1B, and 1C. This unit assembly is then installed in the casing
      33 at the proper depth and the packer 31 set to seal the casing annulus
      between the inner wall of the casing and the flow couplings 25 and 30.
      Following the installation of the upper packer with the body and guide
      sleeve the tubing string unit including the strings 21 and 22 are
      assembled at the surface with the guide head 20. The tubing strings are
      connected into the upper end of the guide head as shown in FIG. 1A while
      the collet latch 54 and seal unit 55 are secured into the lower end of the
      guide head 20 as illustrated in FIGS. 1B and 1C. The unit comprising the
      guide head with the collet latch and seal unit is then lowered in the well
      casing as sections of the tubing string are sequentially added at the
      surface until the guide head is reaching the proper depth in the well
      bore. FIG. 3 represents schematically the lowering of the guide head and
      tubing string unit toward the previously installed packer assembly with
      the guide sleeve 23. The last and uppermost sections of the tubing strings
      are connected into the wellhead christmas tree and the apparatus related
      to the tree so that the tubing strings may be lowered with and secured in
      the well bore simultaneously with the connection of the christmas tree at
      the wellhead. It will be understood that the tubing strings are supported
      from the wellhead and in view of the particular features of the invention
      may be installed without rotation at the surface of the strings and
      wellhead. The tubing string guide head unit is thus lowered with the
      collet latch 54 and seal unit 55 first entering the upper end of the guide
      sleeve 23. As the guide head 20 enters the guide sleeve one of the cam
      surfaces 34c defined by the edges of the slot 34 at the lower end of the
      guide head engages the guide lug 35 with coaction between the cam surface
      and the guide lug causing the guide head to rotate toward the vertical
      slot portion 34a as the the guide head is lowered by the tubing strings.
      Before the lower end of the collet latch 54 reaches the bore 52 at the
      upper end of the body 24 the guide head is at a longitudinal position at
      which the guide lug has entered the vertical narrow guide slot portion
      34a. In order to properly orient the guide head 20 for correct alignment
      of the collet latch 54 and the seal unit 55 the guide lug and guide slot
      will have rotated the guide head clockwise or counterclockwise depending
      upon the position of rotation of the guide head upon initial entry into
      the guide sleeve. Under any circumstances the guide head will not be
      required to rotate more than 180.degree. which is well within the twisting
      tolerance permitted the tubing strings between the christmas tree and the
      guide head which will generally be a distance of several thousand feet.
      The tubing string and guide head unit are properly aligned when the guide
      lug is in the guide slot portion 34a for entry of the collet latch 54 and
      the seal unit 55 into the body bores 52 and 53, respectively. The guide
      head is lowered by the tubing strings with the collet latch and seal unit
      moving downwardly fully into the locking sealed positions illustrated in
      FIGS. 1B and 1C. Preliminary to the lowering of the guide head and tubing
      string unit in the well casing the collet sleeve 83 in the collet latch 54
      is at an upper release position at which the locking bosses 90 on the
      collet sleeve fingers 85 are aligned with and engagement in the upper
      locking recess 80 of the bottom sub 75. At this upper release position of
      the collet sleeve 83 the enlarged head portion 91 of the collet sleeve is
      above the latching sub locking bosses 74 with the reduced collet sleeve
      portion 92 being aligned with the bosses 74 so that the bosses spring
      inwardly past the locking flange 52b around the bore 52 of the body 24 as
      the guide head is lowered into the guide sleeve. The locking bosses 74
      snap downwardly below the locking flange 52b expanding outwardly below the
      locking flange to releasably lock the collet latch and thus the guide head
      and associated apparatus and tubing strings with the body 24. Of course at
      the same time the tubular seal unit 55 enters in sealed relationship in
      the bore 53 of the body 24. After the guide head and tubing string unit is
      coupled with the guide sleeve body as described a suitable positioning
      tool, previously discussed, is run into the tubing string 22 from the
      surface to engage the collet sleeve 83 which is moved downwardly to the
      position shown in FIG. 1C. The locking bosses 90 on the collet sleeve
      fingers 85 spring inwardly out of the locking recess 80 and when the
      sleeve moves downwardly to a lower end position as shown the bosses 90
      expand into the lower locking recess 81, thereby locking the sleeve 83 at
      the lower end position. The enlarged head portion 91 is aligned within and
      behind the latching sub locking bosses 74 holding the bosses outwardly
      below the internal locking flange 52b of the body 24 so that the guide
      head 20 cannot be pulled upwardly from the body 24, thereby locking the
      guide head and the tubing strings in a sealed relationship on the body 24
      above the upper packer. With the tubing strings so installed in the well
      bore connected with the packers various desired well procedures including
      production of well fluids may be carried out. It will be recognized that
      the parallel tubing strings along with the guide head were lowered and
      fully installed in the well bore without rotation at the surface due to
      the selfaligning feature provided by the cooperative relationship of the
      guide lug in the guide sleeve and the guide slot on the guide head.
PAR  When desired the tubing strings along with the guide head are retrievable
      as a unit. There are a number of reasons why such removal of the tubing
      strings may be desired. For example, any valves which may be installed in
      the tubing strings may be retrieved and inspected and reinstalled.
      Similarly, damage to the tubing strings may be inspected and repaired. A
      number of other reasons may exist for withdrawal of the tubing strings
      from the well bore without removing the packers 31 and 32. In order to
      release the guide head and associated structure from the packers for
      retrieval of the tubing strings and guide head as a unit a wireline
      positioning tool is run into the tubing string 32 engaging the locking
      collet sleeve 83 which is moved upwardly to a release position at which
      the head 91 is above the latching sub locking bosses 74 so that the bosses
      may cam inwardly to permit the collet latch to be pulled upwardly past the
      locking flange 52b. As the tubing strings and guide head are lifted
      upwardly the guide lug 35 re-enters the guide slot 34 before the collet
      latch 54 and the seal unit 55 are withdrawn from the body bore.
PAR  The particular form of the invention illustrated in FIGS. 1A, 1B, 1C, 3,
      and 4 require that the tubing strings 21 and 22 along with the guide head
      20 be installed and retrieved as a unit. The tubing strings are not
      retrievable independently of each other. FIGS. 5A, 5B, and 6 illustrate an
      alternate form of the invention which permits independent running and
      retrieval of the secondary tubing string 21 independently of the primary
      string 22. In this alternate form of the invention the guide head 20, the
      collet latch 54, the seal unit 55, the guide sleeve 23 and body 24 along
      with the connection of the primary string 22 into the guide head are all
      identical to the previously described structure illustrated in FIGS. 1B
      and 1C. Referring to FIGS. 5A and 5B a tubular latch housing 110 is
      threaded along a lower end portion into the upper end of the guide head 20
      connecting into the bore 41 of the guide head. The upper end of the latch
      housing 110 is threaded into a bore 111 of a scoop head 112. The scoop
      head has a top guide surface which has a substantially conical shape
      developed about an axis coincident with the axis of the bore 113 for
      guiding the lower end of a tubing string into the bore. The bore 114 is
      provided merely for the passage of the pup joint 42 and the guide surface
      115 is developed about the bore 113 and thus will not guide a tubing
      string into the bore 114. The latch housing 110 has an internal annular
      locking flange 120 for releasably locking the tubing string 21 with the
      latch housing. A coupling 121 is connected on the lower end of the tubing
      string 21. A seal mandrel 122 is threaded into the lower end of the
      coupling 121. The seal mandrel has an external stop shoulder 123 spaced
      along the mandrel to define a seal recess 124 between the stop shoulder
      and the lower end edge of the coupling 121. An annular seal assembly 125
      is disposed in the recess 124 to seal the connection of the tubing string
      into the latch housing 110. A locking collet sleeve 130 is threaded on the
      lower end portion of the seal mandrel 122 and sized to enter the bore of
      the latch housing 110. The latch sleeve 130 has a plurality of
      circumferentially spaced radially flexible collet fingers 131 each of
      which has an external locking boss 132 expandable in the bore of the latch
      housing below the locking flange 120. The collet sleeve 130 has
      longitudinally spaced upper and lower internal latch recesses 132a and
      133, respectively, for holding an internal collet lock sleeve 134 in upper
      release and lower lock positions. The lock sleeve 134 has longitudinal
      circumferentially spaced collet fingers 135 each provided with an external
      locking boss 140 which is expandable into the locking recesses 132 and 133
      of the collet sleeve 130. The collet locking sleeve has an internal
      annular operating recess 141 for engagement of a vertical positioning tool
      with the locking sleeve. An internal annular upwardly facing stop shoulder
      142 within the sleeve 130 limits the downward movement of the locking
      collet 135 while the lower end edge 143 of the seal mandrel 122 limits the
      upward movement of the collet locking sleeve 135. In FIG. 5A the sleeve
      134 is at a lower end locking position at which the head end of the sleeve
      144 is disposed within the collet fingers 131 behind the locking bosses
      132 on the fingers preventing inward compression of the fingers so that
      the locking bosses 132 latch the collet sleeve 130 against upward movement
      since the bosses 132 cannot move upwardly past the locking flange 120
      within the latch housing 110. The sleeve 134 is movable upwardly to an
      upper end position at which the bosses 140 engage the locking recess 132a.
      At such upper position of the locking sleeve the fingers 131 are free to
      move inwardly so that the locking bosses 132 may pass upwardly within the
      locking flange 120 for releasing the tubing string 21 from the latch
      housing 110 so that the tubing string may be pulled upwardly from the
      latch housing thereby disconnecting the tubing string from the remaining
      apparatus coupled with the guide head 20. At the upper end position of the
      sleeve 134 the tubing string of course may not only be retrieved from the
      latch housing but also may be inserted into the latch housing. A suitable
      positioning tool handled on a wireline through the tubing string 23 is
      used to raise and to lower the locking sleeve 134 between the upper
      release and the lower latching positions during the retrieval and running
      of the tubing string 23 independently of the other well tubing structure.
PAR  The alternate form of the invention represented by FIGS. 5A and 6 including
      the other structure comprising the previously described guide head 20 with
      related apparatus may be installed and retrieved as a unit following the
      previously described procedure. After installation, however, of the tubing
      string unit the secondary string 21 may be independently retrieved and
      rerun in the well leaving the primary string and remaining structure in
      place in the well. A positioning tool is used to raise the locking sleeve
      134 to the upper release position permitting the tubing string to be
      pulled upwardly from the latch housing 110. The structure which is pulled
      from the latch housing includes the coupling 121, the seal mandrel 122,
      the seal assembly 125, the locking collet sleeve 130, and the internal
      locking sleeve 134. When the secondary string 21 is retrieved and rerun
      the primary string 22 remains in place. Thus as the secondary string 21 is
      lowered back into the well casing the lower end of the collet sleeve 130
      engages the guide surface 115 on the scoop head 112 guiding the tubing
      string latch assembly downwardly into the bore 113. The tubing string and
      latch assembly are lowered back to the position of FIG. 5A latching the
      tubing string with the latch housing 110. A positioning tool is then used
      to move the lock sleeve 134 downwardly to relock the bosses 132 outwardly
      below the lock flange 120 holding the secondary tubing string in the latch
      housing. FIG. 7 schematically represents the complete installation in a
      well utilizing the modified removable secondary tubing string feature
      illustrated in FIGS. 5A, 5B, and 6.
PAR  A still further modification of the invention illustrated in FIGS. 8A, 8B,
      8C, 9, 10, and 11 provides a structure for the independent retrieval and
      running of each of the tubing strings after the self-aligning head and
      related structure are initially installed in a well bore. The alternate
      form of the structure which permits retrieval of both tubing strings is
      identical to that illustrated in FIGS. 5A, 5B, and 7 with the addition of
      features required for removal of the primary tubing string 22. All of the
      features of the independent tubing latching arrangement are identical to
      those described and illustrated in connection with FIGS. 5A and 5B with
      the exception of minor changes in the latch housing and the scoop head and
      thus such features as shown in FIGS. 8A and 8 will be identified by the
      same reference numerals used in FIGS. 5A and 5B with the addition of a
      prime (') mark. Thus the dual retrievable tubing string form of the
      invention has all of the features of the single retrievable tubing form
      illustrated in FIG. 7 with such tubing latching features being duplicated
      on the primary string 22 as particularly shown in FIG. 8A. Above the scoop
      head 112 for the secondary tubing string a latch housing 110' is connected
      with the coupling 44 which is supported on the pup joint 42. A dual scoop
      head 112', shown in more detail in FIGS. 9 and 10, is supported on the
      latch housing 110'. The latch housing 110' is identical to the housing 110
      except for possible length differences required for the proper placement
      of the latching system for the primary string above that for the secondary
      string. The scoop head 112' differs, however, from the scoop head 112 in
      the provision of dual guide surfaces since both tubing strings are run and
      retrieved through the upper scoop head 112'. Referring particularly to
      FIGS. 9 and 10 the scoop head 112' has a first guide surface 150 lying in
      a conical plane which is concentric with the central longitudinal axis of
      the large bore 114' for the primary string so that all portions of the
      guide surface slope inwardly toward the upper end of the passage of the
      bore 114'. The second guide surface 151 of the scoop head lies in a
      conical plane having an axis concentric with the axis of the smaller
      secondary bore 111' so that all portions of the second guide surface slope
      inwardly toward the bore 111'. Further, more specific details of the
      features of the scoop head 112' may be found in U.S. Pat. No. 3,288,218
      issued Nov. 29, 1966, to Carter R. Young and assigned to Otis Engineering
      Corportion. The scoop head 112' has two guide surfaces inasmuch as both
      tubing strings are installed and retrieved through the upper scoop head.
      All of the other features of the latching system for the primary string 22
      including the coupling 121', the seal mandrel 122', the seal assembly
      125', the collet latch sleeve 130', and the collet lock sleeve 134' are
      identical to the components previously described in detail in connection
      with the tubing latching system for the secondary string shown in FIGS. 5A
      and 5B.
PAR  The well tubing system of FIG. 11 wherein both tubing strings may be
      independently retrieved and run is initially installed in the same manner
      as previously described and illustrated in FIGS. 3 and 4. The complete
      system is installed as a unit and thereafter may be retrieved and rerun as
      a unit or each of the two tubing strings may be individually retrieved and
      rerun. In the event that both of the tubing strings are retrieved at the
      same time it is necessary that the larger of the two strings be
      reinstalled first. This will be evident from the structure of the scoop
      head 112' which would possibly guide the smaller string into the larger
      bore if such larger bore were vacant at the time the smaller string was
      run into the well. By running the larger string first it can only enter
      the larger bore 114' so that when the smaller string is run thereafter it
      is limited to entry into the smaller bore 111'.
PAR  The well system of the invention was initially described as being installed
      in two stages with the well packers along with the body 24 and the guide
      sleeve 23 being initially run into the well, the packer set, and the
      tubing string assembly including the two tubing strings along with the
      guide head being lowered and coupled with the guide sleeve in a second
      operation. If desired the entire well systems described may each be
      installed in a single step. The packers are connected together as
      illustrated supported from the body 24 while the guide head 20 is coupled
      into the guide sleeve 23 with the entire assembly being suspended in the
      well bore and lowered on the tubing strings 21 and 22. At the proper depth
      the packers are then set in sealed relationship with the well casing.
      Thereafter, the tubing strings along with the guide head may be retrieved
      and rerun as a unit and in the case of the forms of the invention having
      individually latched tubing strings either or both of the strings may be
      retrieved and reinstalled.
PAR  Thus, a simple unique well tubing system has been described and illustrated
      which permits running and retrieving a plurality of tubing strings as a
      unit without turning the tubing strings at the surface to achieve the
      necessary rotational alignment to couple the tubing strings into the
      packer system employed. While the systems have been described in terms of
      the use of two tubing strings it will be obvious that the system is not so
      limited and may be readily adapted to three or more tubing strings each of
      which other than the primary string is coupled into the guide head in the
      manner described and illustrated for the secondary tubing string. In the
      case of the use of such additional tubing strings the individual
      retrievable feature shown may be also adapted to such additional strings.
      While it is not necessary that the strings be run coupled with and
      supported from the christmas tree the fact that no rotation at the surface
      is necessary particularly adapts the system to those instances where it is
      desired that the tubing strings and christmas tree be simultaneously
      installed. This has been indicated as especially desirable in offshore
      installations. In addition to permitting the unit installation and
      retrieval of several tubing strings some forms of the invention
      additionally allow the independent separate retrieval and rerunning of the
      strings once the system has been initially installed. The unit
      installation and retrieval capability is a substantial cost and time
      saving factor in well operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A well flow conductor system comprising: first fluid coupling means
      connectible with a multiple string well packer having a plurality of
      separate flow passages therethrough, said first coupling means having
      separate flow passages equal in number and position to communicate with
      said flow passages in said packer when said first coupling means is
      connected with said packer; second fluid coupling means adapted to
      releasably couple with said first coupling means and being connectible
      with a plurality of separate well flow conductors, said second coupling
      means having flow passages equal in number and communicating with said
      first coupling means when said first and second coupling means are
      connected together; first guide means on said first coupling means; and
      second guide means on said second coupling means for coacting with said
      first guide means to rotationally align said second guide means with said
      first guide means responsive to longitudinal motion only as said second
      guide means is moved toward said first guide means for coupling said first
      and second guide means together.
NUM  2.
PAR  2. A well flow conductor system in accordance with claim 1 wherein said
      first and second guide means are adapted to rotate said second coupling
      means a maximum of 180.degree..
NUM  3.
PAR  3. A well flow conductor system in accordance with claim 2 wherein one of
      said guide means includes a guide lug and the other of said guide means is
      provided with a guide slot adapted to receive said guide lug and defined
      by cam surfaces engageable with said guide lug for rotating said second
      coupling means from any position of rotation at which said coupling means
      engages said first coupling means to a single predetermined position of
      rotation at which the fluid passages in both of said coupling means
      communicate with each other for flow through said well packer into said
      flow conductors.
NUM  4.
PAR  4. A well flow conductor system in accordance with claim 3 wherein one of
      said coupling means includes a guide sleeve and the other of said coupling
      means includes a guide head insertable into said guide sleeve.
NUM  5.
PAR  5. A well flow conductor system in accordance with claim 4 wherein said
      guide lug is secured with and extends radially inwardly in said guide
      sleeve and said guide slot is provided in the outer surface of said guide
      head.
NUM  6.
PAR  6. A well flow conductor system in accordance with claim 5 wherein said
      guide slot comprises a first longitudinally extending narrow portion
      providing a sliding fit with said guide lug and positioned to hold said
      second coupling means against rotation at said predetermined position of
      rotation as said second coupling means is moved together with said first
      coupling means, said guide slot having a second entrance portion defined
      by edge surfaces extending divergently toward a first end of said second
      coupling means circumferentially around said coupling means, said
      diverging slot edge surfaces substantially meeting on the opposite side of
      said second coupling means from said first slot portion, each of said slot
      edge surfaces defining said entrance portion of said slot being adapted to
      coact with said guide lug to rotate said second coupling means a maximum
      of 180.degree. toward said first guide slot portion, and said guide slot
      having a third exit portion defined by edge surfaces extending from said
      second end of said second coupling means convergently to said first slot
      portion.
NUM  7.
PAR  7. A well flow conductor system in accordance with claim 6 wherein said
      slot edge surfaces defining said entrance and exit portions of said guide
      slot on said second coupling means extend at angles of substantially
      45.degree. to said first longitudinal portion of said guide slot.
NUM  8.
PAR  8. A well flow conductor system in accordance with claim 1 including
      releasable flow conductor coupling means connected with said second fluid
      coupling means for releasing and connecting said one of said well flow
      conductors from said second coupling means independently of the other of
      said well flow conductors connected with said second fluid coupling means.
NUM  9.
PAR  9. A well flow conductor system in accordance with claim 1 including flow
      conductor coupling means connected with said second fluid coupling means
      for releasably connecting each flow conductor in said system with said
      second fluid coupling means whereby each flow conductor in said system may
      be connected with and disconnected from said second coupling means
      independently of the other flow conductors connected with said second
      fluid coupling means.
NUM  10.
PAR  10. A well flow conductor system comprising: a fluid coupling body having
      means for connection with a multiple string well packer and being provided
      with a plurality of separate flow passages equal in number and position to
      communicate with flow passages through said packer; a guide sleeve secured
      with said fluid coupling body and having a longitudinal bore encompassing
      and communicating with said bores through said fluid coupling body; a
      guide lug secured with said guide sleeve and projecting inwardly into said
      bore through said sleeve; a guide head having means at a first end for
      connection with separate spaced well flow conductors and having separate
      longitudinal bores therethrough equal in number and spaced to communicate
      with said bores through said fluid coupling body when said guide head is
      connected with said fluid coupling head; and means providing a guide slot
      in the outer surface of said guide head adapted to coact with said guide
      lug in said guide sleeve to rotate said guide head from any position of
      rotation upon entry of said guide head into said guide sleeve to a single
      position of said guide head in said guide sleeve at which said bores in
      said guide head are aligned with corresponding bores in said fluid
      coupling body as said guide head is telescoped into said guide sleeve into
      a fluid type coupled relationship with said fluid coupling body.
NUM  11.
PAR  11. A well flow conductor system in accordance with claim 10 wherein said
      guide slot in said guide head has an entrance portion defined by slot edge
      cam surfaces extending from said second end of said guide head divergently
      and circumferentially around said head to a central slot portion of
      uniform width along the opposite side of said head, said slot cam surfaces
      defining said entrance portion rotating said head a maximum of 180.degree.
      upon engagement with said guide lug and said central slot portion of
      uniform width being located to hold said guide head at a predetermined
      rotational position at which said corresponding bores of said head and
      said fluid coupling body are aligned with each other.
NUM  12.
PAR  12. A well flow conductor system in accordance with claim 11 including
      releasable latch means connected with said guide head for releasably
      latching said guide head in said guide sleeve with said fluid coupling
      body.
NUM  13.
PAR  13. A well flow conductor system in accordance with claim 12 wherein said
      releasable latch means comprises a collet latch having a longitudinally
      movable collet and a collet locking sleeve secured with said guide head
      and insertable into one of said bores of said fluid coupling body, said
      collet latch being connected into one of said bores of said guide head.
NUM  14.
PAR  14. A well flow conductor system in accordance with claim 12 wherein a
      tubular seal unit is connected with said guide head into the other of said
      bores of said head for insertion into corresponding bores of said fluid
      coupling body for effecting a fluid tight communication between the bores
      of said fluid coupling body and of said guide head.
NUM  15.
PAR  15. A well flow conductor system in accordance with claim 14 including
      releasable flow conductor latch means connected with said guide head for
      releasable coupling of at least one of said flow conductors connectible
      with said guide head.
NUM  16.
PAR  16. A well flow conductor system in accordance with claim 14 including
      releasable latch means connected with said guide head into each of said
      bores through said guide head for independently connecting and
      disconnecting each of said flow conductors coupled with said guide head;
      and a flow conductor positioning head connected with each of said last
      mentioned means and supported from said guide head for directing each of
      said independently releasable and connectible flow conductors into the
      correct bore of said guide head.
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ABST
PAL  A method for removing methane gas from underground coalbeds prior to mining
      the coal which comprises drilling at least one borehole from the surface
      into the coalbed. The borehole is started at a slant rather than directly
      vertically, and as it descends, a gradual curve is followed until a
      horizontal position is reached where the desired portion of the coalbed is
      intersected. Approaching the coalbed in this manner and fracturing the
      coalbed in the major natural fraction direction cause release of large
      amounts of the trapped methane gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the extraction and recovery of methane gas from
      coalbeds containing the same, and more particularly to a method by which
      dangerous methane gas trapped in coalbeds beneath the earth's surface can
      be released and recovered by the drilling of boreholes from the surface.
PAR  2. Description of the Prior Art
PAR  As long as underground coal mining has existed, the danger of explosions
      from methane gas has created a hazard. The methane has been extremely
      difficult to remove from shafts as coal seams are followed underground. As
      a result as mining continues, the concentration of the methane gas within
      the mine has caused explosions which result in loss of life and usually,
      inability to proceed further with the mine in which the explosion
      occurred. While a great deal of work has been carried out in an effort to
      minimize the hazards of methane in coal mines, occasional methane
      explosions still occur. At the present time, three control techniques are
      considered to be useful for the elimination of methane from coal mines.
      These control methods are: (1) controlled dilution with air or ventilation
      of the mine; (2) blocking or diverting the gas flow in the coalbed by the
      use of adequate seals; and (3) the removal of pure or diluted methane
      through the use of boreholes.
PAR  The most widely used of these techniques is the introduction of ventilation
      air to reduce the concentration of methane to a safe level in the mine. It
      should be noted that the danger of methane explosion becomes a problem
      only when the concentration reaches dangerous levels. While work has
      progressed in the use of seals to divert the gas flow and boreholes to
      remove it, the general tendency of mine operators to date has been to
      continue to use ventilation or controlled air dilution techniques in order
      to avoid build-up of the methane gas.
PAR  A particular problem with ventilation of the mine concerns dust
      suppression. Dust suppression is a problem of great concern in mining
      because the dust is in many cases explosive and also causes respiratory
      problems to miners. Where methane is a serious problem, ventilation must
      be conducted in large volumes, creating higher velocity and this in turn,
      increases dust hazards because more dust is forced into suspension as well
      as greatly increasing ventilation costs. The present invention not only
      reduces the presence of methane at the working surface by predraining the
      same but also reduces dust suspension by decreasing volumes of air needed
      for dilution of methane. It further provides safer working conditions at
      less cost for power of fan operation.
PAR  The most recent work in this area has involved the removal of pure or
      diluted methane through boreholes drilled into the mine in order to
      fracture the coal and recover the methane liberated by the fracture. To
      the present time two methods of drilling boreholes have been utilized. In
      one method, the boreholes are drilled vertically from the surface above
      the mine so that the bits intersect the coal in a vertical manner.
      However, this method has not been satisfactory as it does not intersect
      with the major natural fracture direction so that large amounts of the
      methane gas are not liberated by this technique. These borehole techniques
      have been depended upon to work independently of each other and hence
      their effectiveness has been limited. In some instances, water has been
      flooded into one hole in order to force gas to migrate to another hole but
      this also has been only partially successful, due to the impermeability of
      coal. Various discussions of methods for the removal of methane gas may be
      found in the United States Bureau of Mines Information Circular 1973
      entitled "Methane Control in United States Coal Mines -- 1972",
      Information Circular 8600, United States Department of Interior.
PAR  Since the vertical borehole method has not been completely successful,
      substantial attention has been paid to the use of horizontal boreholes in
      order to intersect with the major natural fracture direction of the coal
      so that larger quantities of the methane gas will be released. However,
      the main drawback in drilling horizontal holes is that the drilling
      operation must take place within the mine and thus interferes with mining
      operations during drilling, risks possible blowouts of gas during drilling
      and/or piping operations, and makes collection of the gas a difficult
      operation. Thus, while the vertical drilling method for methane drainage
      is the lack of contact with the major, fracture system in the coal which
      results in low productivity wells requiring long periods of time to drain
      substantial volumes of methane, the horizontal method has also been
      unsuccessful because of the difficulty of carrying out the drilling
      operation.
PAR  It has also been proposed for example, at page 13, of the Bureau of Mines
      Information Circular 8600, identified above, to make use of socalled
      multi-purpose boreholes in order to effect methane drainage. A discussion
      of multi-purpose boreholes is also set forth in the publication "Coal
      Age", pages 50-52, Jan., 1973. The multi-purpose borehole is a system
      which uses a combination of vertical and horizontal boreholes. In this
      system, a ventilation shaft for a mine is drilled several years before the
      mining operation starts. Thereafter, horizontal holes are drilled from
      within the ventilation shafts. As can be appreciated, to drain the
      methane, use of this system requires long range planning as the mine must
      be planned long in advance. Moreover, the system is extremely costly to
      carry out.
PAR  In some of these systems, water may be infused into the mine or explosive
      charges selectively exploded in order to increase drainage of the methane
      from the mine. One technique of this type is set forth in U.S. Pat. No.
      3,650,564.
PAR  Activity with respect to the recovery of methane gas from coal mines has
      particularly increased in recent years, not only to prevent explosions
      because of methane gas accumulation in the mine, but also in attempts to
      recover the methane gas to be used as a source of energy since methane, at
      least in pure form, is the same as natural gas which is used to heat and
      cool many homes and industries. Thus, there is a need in the art for
      methods by which methane gas can be liberated from the coal in large
      quantities and also recovered in a form which can be used as a source of
      energy. Accordingly, the present invention is concerned not only with
      minimizing the problem of explosions in mines where methane gas is found,
      but also in providing procedures for the recovery of valuable methane gas
      for use as a source of energy.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of the invention to provide a method for the
      liberation of methane gas from coalbeds in which methane is present.
PAR  A further object of the invention is to provide a method by which large
      quantities of methane gas can be extracted from the coalbeds by the use of
      one or more boreholes.
PAR  A still further object of the invention is to provide a method for
      extracting methane gas from coalbeds and recovery of the methane gas as an
      energy source.
PAR  A still further object of the present invention is to provide a method for
      the recovery of large quantities of methane gas from coalbeds which
      contain the same by procedures which are effective to reduce the danger of
      explosion in coal mines and provides means by which large quantities of
      methane gas may be recovered for use as a source of energy.
PAR  Other objects and advantages of the present invention will become apparent
      as the description thereof proceeds.
PAR  In satisfaction of the foregoing objects and advantages, there is provided
      by this invention a method for the liberation of methane gas from coalbeds
      and recovery thereof, which comprises drilling at least one borehole at a
      slant from the surface or at an angle deviating from the vertical, and
      descending at a gradual curve until the borehole is travelling in a
      horizontal direction when the drill bit forming the borehole intersects
      the coalbed. Also provided are methods for recovery of the methane gas
      through the borehole drilled into the coalbed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the drawings wherein it will be seen that:
PAR  FIG. 1 represents a schematic illustration of one embodiment of directional
      drilling of well boreholes according to the method of this invention; and
PAR  FIG. 2 illustrates the method of intersection of a bed of eastern coal and
      shows fracture of the natural fracture system of the coal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated, this invention is concerned with methods for the extraction
      or liberation of methane gas from coalbeds and is particularly concerned
      with the use of directional drilling of wells or boreholes from the
      surface to a coalbed to effect drainage of the methane from the coal. This
      invention is also concerned with recovery of the methane gas through the
      wells or boreholes. In this invention, boreholes are directionally drilled
      from the surface of the earth above the coal into a coalbed in such manner
      as to intersect the largest number of joints possible and thus fracture
      the joints in the coal to remove large quantities of the methane prior to
      mining of the coalbed. The orientation of joints in a coalbed is in
      consistent directions with relatively uniform spacing in a particular
      sedimentary bed. This joint orientation or natural fracture system is
      utilized in the petroleum industry for the production of crude oil and
      natural gas. In the present invention, this natural fracture system is
      utilized in order to enhance the flow of methane from the fractures by
      intersecting as many of the vertical fractures as possible. Thus, by
      taking advantage of the natural fracture system or natural interconnection
      of the coal, and the well bore location with respect to the entire system,
      drainage of the methane formations above, below and within the coalbed can
      be accomplished. It is of course important that the direction of the
      joints be known in order to achieve maximum drainage efficiency and this
      is described hereinafter.
PAR  Prior to this invention, the only way by which the natural fracture system
      could be taken advantage of to release methane gas was by the use of
      horizontal drilling which had to take place in the mine. According to this
      invention, a unique drilling technique is utilized so that the natural
      fracture system can be used to release large quantities of the methane
      contained in the coalbed.
PAR  According to this invention it has been found that methane gas drains from
      a coalbed 3-10 times faster in the major natural fracture direction, that
      is, when the face cleats of eastern coal are intersected, than in the
      minor natural fracture direction or when the butt cleats are intersected.
      It was found that by intersecting or fracturing the face cleats with one
      or more boreholes which are directionally drilled from the earth's
      surface, the methane in the coalbed can be safely liberated and recovered
      and pumped into gas transmission or gathering lines for use as a source of
      energy without interference in the mining operations.
PAR  There are two essential requirements which must be recognized in order to
      take advantage of the theory of operation of this invention. The first
      involves the method of drilling the boreholes or wells from the surface of
      the earth into the coalbed. This involves initiating the borehole from an
      angle type drilling rig, preferably at some angle from the vertical plane
      to allow the borehole to reach the depth of coalbed quickly by travelling
      in a generally vertical direction. As the borehole descends however, it
      gradually curves toward the horizontal plane so that when the coalbed is
      intersected by the drill bit, it is travelling in a horizontal direction.
PAR  There are drilling systems commercially available which can be used to
      drill boreholes of this type. Accordingly, any desired type of angle
      drilling rig may be used. The wells or boreholes may also be drilled using
      tools capable of turning nearly ninety degree angles so as to go from
      almost vertical to horizontal. An apparatus of this type is disclosed in
      U.S. Pat. No. 3,398,804 where there is described a drilling rig for
      drilling a curved bore of predetermined radius of curvature from a main
      bore. This apparatus is particularly useful as it would provide a method
      by which the borehole could be drilled from a substantially vertical
      position and could turn a ninety degree angle in a short distance in order
      to intersect the coalbed at the proper horizontal level.
PAR  In drilling the borehole, it may be started at any desired angle from
      vertical so long as the drilling equipment will permit the borehole to be
      travelling horizontally when it reaches the coalbed. In general however,
      with conventional equipment, the angle of initiation will be determined by
      the depth of the coalbed and the dip of the coalbed. As a general rule,
      with conventional angle drill rigs, the angle of deviation should increase
      at a uniform five degrees per 100 feet of drilled hole for methane
      drainage.
PAR  A specific embodiment of the invention is illustrated in FIG. 1
      accompanying this application. As shown in FIG. 1, it will be seen that in
      the view indicated, a coalbed 1 is shown as laying on a horizontal plane
      beneath the surface 3 of earth 2. The depth of the coal under the surface
      3 is indicated at 6. In proceeding according to the present invention a
      borehole 4 is drilled from the surface 3 on a slant or at an angle of
      initiation 5 of some degree from vertical. The borehole continues
      generally on the angle of initiation until it nears the coalbed 1 at which
      time the borehole proceeds in a horizontal direction so that it intersects
      the coalbed while travelling in the horizontal direction. Thus the
      borehole intersects the major natural fracture system of the coalbed.
PAR  In the embodiment shown in FIG. 1, an angle of initiation of about
      28.degree. is sufficient for a coalbed depth of about one thousand feet.
      For a coalbed depth of about six hundred feet, an angle of initiation of
      about 54.degree. is sufficient, while for a coalbed depth of about four
      hundred feet, an angle of initiation of about 68.degree. is satisfactory.
PAR  It should also be understood that one or any number of boreholes may be
      directionally drilled into the coalbed to release the methane gas. Thus
      while the specific embodiment describes a single directionally drilled
      borehole or well, it is to be understood that the invention is not to be
      considered as limited thereto as sufficient boreholes should be used to
      liberate as much of the methane as possible.
PAR  The second major aspect of the invention is that it must be determined
      prior to drilling the direction of the major natural fracture of the coal,
      that is, in which direction on the horizontal plane should the borehole be
      travelling in order to intersect with the major natural fraction area. As
      indicated above, intersection with the major natural fracture direction is
      necessary in order that quantities of methane drainage be maximized.
      Therefore, proper application of the drilling technique described in this
      application depends on drilling of the boreholes in a compass-oriented
      direction so as to intersect the major natural fracture system and effect
      maximum methane drainage.
PAR  In coalbeds in the Eastern United States, the major natural fracture system
      is the face cleats. However, in the Western sub-bituminous coals, the
      major natural fracture system lies in the extension joints. Accordingly,
      it is required that the boreholes be drilled so as to intersect with the
      major natural fracture system whether working with Eastern or Western
      coals.
PAR  In the specific embodiment shown in FIG. 2, it will be seen that there is
      illustrated a plan view of a coalbed of eastern coal which indicates the
      major natural fracture system and the minor natural fracture systems and
      shows how the borehole should intersect to effect maximum methane
      liberation. As shown in the drawing, the vertical lines indicate the
      presence of butt cleats 7 in coalbed 1 whereas the horizontal lines
      indicate the face cleats 8. As indicated, borehole 4 enters the coalbed
      and intersects face cleats 8 and thus intersects the major natural
      fracture system in this eastern coal to achieve maximum drainage of
      methane.
PAR  It is important that the borehole or boreholes intersect the major natural
      fracture area as shown in FIG. 2 or maximum methane liberation will not be
      achieved. Since the drilling occurs before the mine is started, the major
      natural fraction area must be determined prior to drilling as the
      direction of deviation of the borehole will be determined by the
      orientation of the natural fracture system of the coal. This fracture
      system controls the directional permeability of the coal and thus the
      preferential direction of flow of the liberated gases.
PAR  In an alternative embodiment of the present invention, after the boreholes
      are drilled and the fractures made, additional quantities of methane may
      be released by the use of hydraulic fracturing. In this embodiment, water
      is pumped under pressure through the boreholes to provide additional
      fracturing of the coal and thus create more passages for the methane gas
      to escape. Techniques for effecting hydraulic fracturing are described in
      the art including U.S. Pat. No. 3,650,564.
PAR  The directional properties of the natural fracture system of coal are its
      indicators. These directional properties include orientation of joint
      strikes, permeability, tensile strength, sonic velocity and inherent rock
      weakness. The result of such studies, together with geologic structure
      settings, will lead to a prediction of the gaseous flow path in the
      coalbed.
PAR  In making these determinations, oriented cores are first obtained, and upon
      receipt of an oriented core, individual pieces are placed in a goniometer
      and orientation marks scribed on the core. After each piece has been
      oriented, measurements are made of the orientations of the individual
      joint strikes that can be seen. Once the natural fractures are determined,
      their orientations are measured and frequency of occurrence summarized for
      the entire coalbed formation. Intervals of maximum fracture density may be
      regarded as zones of weakness which can be extended during stimulation of
      the coalbed. Specimens are then selected from various sections of the
      coalbed for measurements of permeability to gas in different directions.
      Permeability measurements are made in a Hassler cell, using whole core
      permeability techniques with dry nitrogen as the flow medium. Measurements
      are usually made in eight different directions, 221/2.degree. apart.
PAR  Ultrasonic pulse transit time measurements were made on the same specimens
      for which permeability is known. Measurements are made at atmospheric
      pressure using the through transmission arrangement of transducers. The
      mechanical pulse generated by a 21/2  megahertz piezoelectric crystal
      transmitted diametrically through the test specimen at a pulse amplitude
      of 2,200 volts and detected by a receiver transducer provide the results.
      Interval travel time is recorded after 1,000 pulses are counted and
      averaged by a Hewlett Packard counter timer.
PAR  By these methods, the natural fracture system can be mapped in the
      subsurface so that both the orientation of the cleats and their
      directional flow paths can be utilized. It is emphasized that the present
      invention provides a number of advantages over the prior methods of
      effecting methane drainage. Thus, since the wells or boreholes are drilled
      from the ground surface they do not interfere with the mining operations
      and fewer persons are required in the mine than usually needed to drill
      horizontal holes. Moreover, explosion hazards are minimized during the
      drilling operation as the sudden outburst of methane will not be
      encountered, often a problem during horizontal drilling operations.
      Further, the collection of methane is more easily accomplished as manifold
      pipes are not required in the mine to collect the methane, since by the
      present invention it is collected at the surface through the boreholes.
      Furthermore, no special mine ventilation is required as would be necessary
      if the methane had drained from horizontal holes into the atmosphere of
      the mine. Therefore, the method of the present invention provides a number
      of advantages over prior practices in the drilling of boreholes and in
      extracting methane from coal mines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for removing methane gas from underground coalbeds prior to
      mining the coal, which comprises determining the orientation of the major
      natural fracture system of the coalbed and directionally drilling at least
      one borehole from the earth's surface into the coalbed, said borehole
      being initiated at a slant and descending at a gradual curve until a
      horizontal position is reached as the borehole intersects the major
      natural fracture system of the coal, allowing the methane gas to be
      released, and recovering the methane gas from the borehole.
NUM  2.
PAR  2. A method according to claim 1 wherein the major natural fracture system
      of the coal is the face cleats.
NUM  3.
PAR  3. A method according to claim 1 wherein the major natural fracture
      direction of the coal is in the extension joints.
NUM  4.
PAR  4. A method according to claim 1 wherein the methane is released by
      hydraulic fracturing of the coalbed.
NUM  5.
PAR  5. A method according to claim 1 wherein a plurality of boreholes are
      drilled into the coalbed.
NUM  6.
PAR  6. A method according to claim 5 wherein the borehole is initiated at an
      angle of deviation from the vertical and descends as a curved bore of
      predetermined radius of curvature until it intersects the coalbed in its
      major natural fracture system.
NUM  7.
PAR  7. A method according to claim 6 wherein the angle of deviation from
      vertical of the borehole increases at a uniform five degrees per 100 feet
      of drilled hole.
NUM  8.
PAR  8. A method according to claim 7 wherein the methane is released from each
      fracture made in the coalbed and is recovered at the surface of the
      borehole.
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ABST
PAL  Brine coming to the earth's surface can contain substances other than salt
      in water; occasionally of particular interest is gas contained in the
      brine, especially natural gas or methane or ethane. As the brine reaches
      the surface of the earth, the presence of this gas is visibly apparent and
      gives the brine a cloudy appearance. This gas is typically well dispersed
      through the brine initially as very minute incipient gas bubbles that will
      accumulate and separate from the brine, given sufficient time. A method is
      herein provided for quickly and efficiently clarifying the brine by
      passing the cloudy brine through a filter zone providing a pressure drop
      across the zone of greater than about 20 p.s.i.g.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of U.S. patent application
      Ser. No. 316,407, now U.S. Pat. No. 3,856,482, filed on Dec. 18, 1972,
      which application is a continuation application of Ser. No. 172,239, filed
      on Aug. 16, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Brine, useful for example in the electrolytic production of chlorine, is
      typically available from underground salt deposits, and at the earth's
      surface may be in cloudy condition owing to gas bubbles. These are
      generally contributed to the brine from natural gas contained within the
      salt deposit. Since at the surface of the earth the brine is clouded by
      the gas, i.e., bubbles have already formed, it has heretofore been
      possible to simply expose the cloudy brine, such as in an open tank for a
      time sufficient to permit coalescing of the bubbles followed by bubble
      accumulation and eventual slow separation of gas from brine.
PAR  It has been disclosed in U.S. Pat. Nos. 3,516,799 that liquids can be
      degassed in apparatus containing one or more glass filters, typically gls
      wool, disposed across a vessel through which the liquid passes. Such
      apparatus is ostensibly of particular interest where it operates to
      disrupt the gas-liquid equilibrium, thereby forming gas bubbles at the
      filter zone, followed by subsequent separation of gas from liquid. It has,
      however, been unexpectedly found that an application, wherein the filter
      medium is supplied by materials such as raw glass wool or woven glass
      fiber, of such apparatus to cloudy brine, i.e. a liquid wherein the gas
      has formed incipient bubbles rather than being at least substantially
      dissolved in the liquid, operates only to further disperse such incipient,
      finely-divided gas bubbles, thereby providing a cloudy brine at both the
      inlet and outlet regions of the filter zone.
PAC  SUMMARY OF THE INVENTION
PAR  The chief drawback to the former approach of simple atmospheric exposure
      for separation of gas from brine has been the lengthy extent of the
      exposure of the brine needed prior to separation. It has now been found
      that brine can be easily and expediently clarified. Moreover, the method
      herein used for clarification readily lends itself to collection for
      eventual storage of the gas separated from the liquid brine. The present
      process is easy and economical to operate and is serviceable for extended
      periods of time prior to equipment replacement.
PAR  Broadly, this invention is directed to a method of clarifying brine clouded
      by very finely divided and substantially uniformly dispersed incipient gas
      bubbles which method comprises passing the clouded brine through a fibrous
      filter element disposed within a filter zone, said element having a fiber
      density sufficient to provide a pressure drop for said brine across said
      filter element of not substantially below about 20 p.s.i.g., withdrawing
      clarified, gas-depleted brine from the downstream region of said filter
      zone, and permitting passage of gas from said filter zone away from the
      resulting clarified brine.
PAR  Additionally, the invention is directed to the method for collecting
      natural gas from aqueous media and to the method of acquiring and
      collecting natural gas contained in subterranean salt deposits susceptible
      to the extraction of salt as brine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Brine is typically available as a natural brine or as an artificial brine,
      the latter referring to an aqueous salt solution that is obtained from a
      subterranean salt deposit by injection of water into the deposit followed
      by dissolution of the subterranean salt in the water, whereby the water
      returning to the earth's surface carries the dissolved salt therein. This
      brine for commercial purposes is typically used for its salt content, such
      as in the electrolytic production of chlorine. Gas is considered as a
      contaminant, requiring the separation of gas from the liquid medium prior
      to the use of the brine or of salt that may be derived therefrom.
PAR  In the filter zone the element should have a fiber density sufficient to
      provide a pressure drop of the brine across the filter element of not
      substantially below about 20 p.s.i.g. A pressure drop of less than above
      20 p.s.i.g. may not provide for continuous, complete elimination of the
      finely divided gas bubbles from the cloudy brine entering the filter
      element. Preferably, for most continuous and efficient clarification of
      the brine, the filter element provides a pressure drop of between 25-50
      p.s.i.g. It is also advantageous that the brine flowing away from the
      filter element be at a pressure that is substantially atmospheric
      pressure, e.g., from modestly subatmospheric pressure up to about 5-10
      p.s.i.g. Advantageously to provide for most efficient filtration and
      commensurate brine clarification, the brine dischaging from the filter
      element is at a pressure of about 2-3 p.s.i.g. or less.
PAR  It has been found that enhanced filtration is provided by a filter element
      wherein the upstream surface area, i.e., the area where the brine enters
      the element, is larger than the downstream surface area from which the
      brine discharges. Such filter elements can, for example, be wedge or pie
      shaped in cross section to provide such differential in surface area but
      filter elements of particular interest, and providing such differential,
      are cylindrical elements. In the cylindrical elements the brine enters
      around the outside surface of the element and flows through the element
      into a hollow core region and then away from the element typically through
      the hollow core. Such filter elements as provide an upstream surface area
      that is larger than the downstream surface area preferably, for enhanced
      brine clarification, have a ratio of upstream surface area to downstream
      surface area of about 2:1 or more for most efficient clarification.
PAR  Such elements, including those that provide a cross section differential,
      can have pore size at the upstream surface area of the filter element that
      is larger than the pore size of the element at the downstream surface from
      which the clarified brine is discharged. This feature of a filtering
      element has been found to be quite serviceable and it is preferred that
      the elements provide such a difference in pore size for the most efficient
      separation of gas from the brine. It is further most advantageous that the
      filter zone have a fiber density at least at the downstream region of the
      filter element so that at the first instant of flow of the cloudy brine
      through the filter, such downstream region provides a pore size of not
      substantially above about 100 microns. Extended filtration, as well as
      most efficient separation of gas from brine is provided by filter elements
      having a fiber density at the downstream region of the filter element
      providing a pore size not substantially above about 50 microns, and such
      filter elements are thus preferred. The fibers for such element may be
      either natural or synthetic, or both and serviceable fibers are
      exemplified by wool, cellulose, and rayon.
PAR  Filtering elements of particular interest are those wherein the fibers are
      bound with a resin into a dense filtration element. The resin can be
      impregnated into the fibers and polymerized therein resulting in a
      material that may be useful without additional need for significant
      structural reinforcement. For impregnation and subsequent polymerization,
      these resins include melamine and phenolic resins.
PAR  Such filter elements having augmented structural integrity through resin
      impregnation and polymerization may be useful at elevated pressures, e.g.,
      at a pressure above about 60-70 p.s.i.g., and such elevated pressures may
      be useful for purposes of this invention. Typically, however, the brine
      entering the filter element is at a maximum pressure approaching about
      40-60 p.s.i.g.
PAR  In typical operation, a brine feeding from a bore hole is at a temperature
      of about 65.degree.F. and contains 78 volume percent water, about 17
      volume percent dissolved salt, and the balance virtually all gas. Such a
      brine upon inspection has a cloudy appearance owing to uniformly dispersed
      incipient gas bubbles. Upon feeding to a tank and retention therein, such
      brine, in batch processing, will be clarified, from mere atmospheric
      exposure and escape of gas overhead of the liquid if the retention time is
      of sufficient duration.
PAR  A filter zone is prepared with a bundle of 264 filter elements each of
      which has cellulose fibers impregnated with melamine resin and providing a
      structurally rigid filter element that is cylindrical in shape and has a
      hollow core. More particularly, each element has a height of 9.75 inches,
      an outside diameter of 2.75 inches and an inside diameter of one inch and
      has a fiber density providing a 50 micron pore size at the first instant
      flow on the inside surface of the filter.
PAR  In continuous operation, the above-described brine circulates around the
      outside surface of such filter elements at a pressure of about 30
      p.s.i.g., and passes through each element. The brine circulating around
      the outside of the filter element has a uniform, very cloudy appearance
      that is readily visible with the unaided eye. From the hollow central zone
      of the filter element clarified, gas-depleted brine is withdrawn and
      overhead from such element natural gas is removed. The removed clarified
      brine flows out of the filtration zone at atmospheric pressure and the
      total flow of brine through each element is at a rate that varies in
      continuous operation between about 3-4.5 gallons per minute, although much
      greater rates would be operational. Each element can be run continuously
      for about 8 months or longer prior to removal of the element, at which
      time some visual filter plugging is noted, although on reuse, continuous,
      highly desirable brine clarification may continue. By operation with such
      bundle of filter elements, brine clarification is achieved on the order of
      forty times faster than with clarification achieved through mere exposure
      of the cloudy brine to the atmosphere.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of recovering natural gas contained in an underground salt
      deposit, which method comprises:
PA1  A. injecting water into said underground salt deposit and contacting the
      gas-containing salt deposit with injected water, thus obtaining a
      gas-containing brine solution;
PA1  B. withdrawing said brine solution from the underground salt deposit
      thereby forming brine clouded by very finely divided and substantially
      uniformly dispersed incipient gas bubbles;
PA1  C. passing the clouded brine through a fibrous filter element disposed
      within a filter zone, said element having a fiber density sufficient to
      provide a pressure drop for said brine across said filter element of not
      substantially below about 20 p.s.i.g., and containing in the element
      natural and synthetic fibers maintained in said filter zone at least in
      part by resin binding, wherein said fibers are selected from the group
      consisting of natural wool, cellulose, and rayon, and said fibers are
      bound together by a synthetic, water-insoluble resin;
PA1  D. withdrawing clarified, gas-depleted brine from the downstream region of
      said filter zone;
PA1  E. withdrawing gas from said filter zone and away from the resulting
      clarified brine; and,
PA1  F. collecting said gas overhead from said filter zone.
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ABST
PAL  A subterranean formation is treated by injecting into the formation an
      aqueous acid solution comprising a water soluble vinyl compound
      (preferably polyvinyl alcohol or polyvinylpyrrolidone), a natural gum
      (preferably guar gum or gum karaya) and finely divided particulate
      material (preferably silica sand).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to acidizing of subterranean formations surrounding
      oil wells, gas wells and similar boreholes. In one aspect, it relates to
      an improved fluid loss composition for use in acid fracturing.
PAR  2. Description of the Prior Art
PAR  Acid fracturing is a widely used technique for stimulating the production
      of subterranean carbonate formations surrounding oil wells, gas wells, and
      similar boreholes. Carbonate formations include limestones, dolomites or
      other reservoir rocks that contain substantial amounts of calcareous
      material. Acid fracturing of these formations normally involves the
      injection of an aqueous acid solution into the wellbore at a rate and
      pressure sufficiently high to fracture the surrounding formation.
      Stimulation is achieved by the acid etching the fracture walls, thereby
      providing highly conductive channels when the fracture closes. Tests have
      shown that the degree of stimulation afforded by acid fracturing is
      strongly dependent upon the extent of acid penetration in the fracture.
      One technique for providing deep acid penetration involves the use of
      gelled acids. The high viscosity of the gelled acid retards the rate of
      acid transport to the reaction site at the fracture wall and thus permits
      unspent acid to penetrate deeply into the fracture. Use of finely divided
      fluid loss additives have also been proposed to reduce the rate of acid
      transport to the reaction site. These finely divided materials retard
      fluid leakoff into the formation by building up a filter cake on the
      fracture wall. Laboratory tests, however, have shown that the
      effectiveness of most commercial fluid loss additives in attaining deeper
      acid penetration is only marginal. The reason for the poor performance of
      these materials is believed to be due to the tendency of the acid to
      quickly form wormholes in the fracture wall and thereby eliminate the
      effect of the filter cake provided by the fluid loss particles.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved acidizing process for treating
      subterranean, calcareous formations. The method employs an aqueous acid
      solution containing three components: (1) a vinyl polymer, (2) a natural
      gum, and (3) finely divided particles. Laboratory tests have shown that
      these three components combine synergistically to produce surprisingly
      deep acid penetration. The reasons for the improved results are not fully
      understood but are believed to be due in part to coaction of the vinyl
      polymer and natural gum in the presence of the finely divided particles to
      provide an effective fluid loss composition for the acid.
PAR  The preferred vinyl polymers include polyvinyl alcohol and
      polyvinylpyrrolidone as well as copolymers or derivatives of such
      materials. The natural gum usable in the present invention include gum
      arabic, guar, tragacanth, karaya, ghatti, or other natural occuring
      complex polysaccharide polymers. The preferred gums include guar and
      karaya. The finely divided component of the system may consist of silica
      sand or other particulate material having a sufficiently small particle
      size to effectively serve as a fluid loss additive. The particles should
      be inert to the aqueous acid solution and should have a particle size
      distribution such that the majority of the particles pass a 200 mesh
      screen (74 microns).
PAR  The concentration of each component in the aqueous acid solution may vary
      within broad ranges depending upon the properties of the formation being
      treated, type of treatment, and type of acid employed. Generally, for acid
      fracturing, the polymer concentration should be sufficient to provide the
      acid solution with a viscosity of at least 10 centipoises. Tests indicate
      that the preferred polymer concentration ranges from about 1.0 to about
      5.0 weight percent of the acid solution with the natural gums constituting
      at least 25 weight percent of the polymer. The gum and finely divided
      particles provide additional fluid loss control by building up a filter
      cake on the formation wall. For best results, the gum should be present in
      a concentration of at least 0.5 weight percent of the treating fluid. The
      concentration of the silica sand should preferably be at least 2 pounds
      per barrel of treating fluid.
PAR  Although the three components may be used in any acid solution, the
      preferred system is an acid external emulsion containing from about 50 to
      about 80 volume percent of an internal oil phase and from about 20 to
      about 50 volume percent of an aqueous acid solution as the external phase.
      It has been found that the high concentration of the internal oil phase
      contributes to emulsion viscosity and that this system, when containing a
      vinyl polymer, a natural gum, and finely divided particles exhibits a low
      leakoff rate.
PAR  The acid emulsion containing the three component fluid loss composition may
      be used alone as the sole treating agent, or it may be used with other
      fluids. A treatment that has been quite successful in acid fracturing
      involves the injection of an oil-in-water emulsion to create and generate
      a fracture in the formation followed with the acid external emulsion.
PAR  Although any organic or mineral acid presently used in formation acidizing
      may be employed in the present invention, it is preferred that HCl
      solutions be used. The concentration of the aqueous HCl solution may be
      between about 3 and 37 volume percent with concentrations in the 15 to 28
      volume percent being preferred.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a plot comparing the fluid loss characteristics of several
      acid systems.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The main objective of acid fracturing of subterranean formations is to
      stimulate well productivity or injectivity. The treatment is normally
      designed to provide deep penetration of live acid into the formation to
      gain maximum stimulation. Although several factors effect the extent of
      acid penetration, such as fluid viscosity, rate of injection, acid
      reactivity, etc., laboratory tests indicate that the limiting factor is
      the fluid loss characteristic of the acid solution. If the acid solution
      leaks off into the formation rapidly, the acid will be spent within a few
      feet of the wellbore. On the other hand, if leak-off rate can be
      controlled to prevent excessive loss of fluid within the fracture, it is
      possible to inject the acid at a rate sufficient to deliver the unspent
      acid several hundred feet from the wellbore.
PAR  In accordance with the present invention, it has been found that excellent
      fluid loss control for acid solutions can be obtained using a
      three-component composition: (1) a water-soluble vinyl polymer, (2) a
      natural gum, and (3) finely divided particulate material.
PAR  The preferred vinyl polymer usable in the present invention is a
      water-soluble polymer capable of gelling aqueous acid solutions. Included
      in the class of materials are polymers, copolymers and derivatives of
      vinyl alcohol and vinylpyrrolidone.
PAR  The polymer of vinyl alcohol is available commercially in a variety of
      grades ranging from the high molecular weight, fully hydrolyzed grades to
      low molecular weight partially hydrolyzed grades. The polymer is normally
      made by first polymerizing vinyl acetate followed by the alcoholysis of
      polyvinyl acetate to polyvinyl alcohol. The degree of alcoholysis and the
      molecular weight determine the properties of the final product. The terms
      "fully hydrolyzed" and "partially hydrolyzed" denote the degree of
      substitution of the hydroxyl groups for acetyl groups along the polymer
      chain. Commercially the fully hydrolyzed grades are available at
      alcoholyzed levels of 98 to 100 percent and the partially hydrolyzed
      grades at levels of 87 to 89 percent. Although the partially hydrolyzed
      grades provide slightly more viscosity in aqueous solutions, all
      hydrolyzed grades appear to be useful in the present invention. Normally,
      the molecular weight of the polyvinyl alcohols capable of gelling aqueous
      acids fall in the 120,000 to 300,000 range. For the present invention, the
      high molecular weight grades (above about 170,000) are preferred.
PAR  In lieu of polyvinyl alcohol, polyvinylpyrrolidone (PVP), copolymers or
      derivatives thereof may be employed to thicken the aqueous acid solution.
      Various grades of this material are effective acid viscosifiers. PVP made
      from normal vinyl-2-pyrrolidone has the following general formula:
      ##EQU1##
      PVP is commercially available in several viscosity grades. Although all
      viscosity grades may be used to gell the acid solutions, the high
      viscosity grades are preferred.
PAR  Copolymers of vinylpyrrolidone and other derivatives thereof may also be
      used in the present invention. Such materials include alkylated polymers
      of vinylpyrrolidone and quaternized polymers of vinylpyrrolidone.
PAR  The natural gum usable in the present invention include the plant mucilages
      and are generally derived from plant materials which are dispersable in
      aqueous acid solutions to produce viscous solutions. The preferred natural
      gums include plant exudates such as arabic, tragacanth, karaya and ghatti
      and seed or wheat gum such as locust bean, guar, and the like. Guar gum
      and gum karaya, because of their availability and low cost, are preferred
      for use in the present invention.
PAR  The finely divided particulate material may be provided by finely ground
      silica sand, commonly referred to as silica flour. This material has a
      particle size distribution such that the majority of the particles pass
      200 mesh screen and most of the particles are between 200 mesh and 325
      mesh. A commercially available silica flour has the following particle
      size distribution:
     Mesh Size         Weight Percent                                          

     U.S. Sieve Series Retained                                                

     ______________________________________                                    

     100               3.2                                                     

     200               3.7                                                     

     270               45.7                                                    

     325               26.2                                                    

     pan               21.2                                                    

     ______________________________________                                    

PAR  In acid emulsions, the concentration of the polymers (e.g. vinyl compound
      and natural gum) should be sufficient to provide the aqueous acid phase
      with a viscosity of at least 10 centipoises at 70.degree.F. This normally
      will require from 1.0 to 5.0 weight percent of polymer. In straight acid
      solutions, the concentration of the polymer mixture in the acid should be
      somewhat higher. In either system, the vinyl polymer and natural gum
      normally will be used in a weight ratio of about 1:1 to about 3:1.
PAR  The concentration of the finely divided silica sand will depend on the
      permeability of the formation to be treated but normally will be between
      about 2 pounds per barrel and 10 pounds per barrel of treating fluid.
PAR  As mentioned previously, almost any organic or mineral acid may be employed
      in the method of the invention. Such acids include acetic, formic,
      propionic, hydrofluoric, hydrochloric or mixtures of these acids. The
      preferred acid is an aqueous solution containing from 3 weight percent to
      37 weight percent HCl. HCl, of course, is used primarily in acidizing
      limestone or other calcareous formations. In acidizing siliceous
      formations, a mixture of HCL and HF, known as mud acid may be employed.
PAR  In addition to the materials mentioned above, fracturing fluid may also
      contain corrosion inhibitors, de-emulsifiers, friction reducers and the
      like.
PAR  In carrying out the method of the present invention, the procedure for
      injecting the acid solution into the formation will depend upon the type
      of treatment contemplated.
PAR  In many treatments, injection of the gelled acid alone into the formation
      will result in well stimulation. For example, in formations that have been
      damaged by drilling or completion fluid, productivity can sometimes be
      increased by injecting the gelled acid into the formation at either matrix
      or fracturing pressures. The retarded acid penetrates through the damaged
      zone and provides conductive channels in the form of etched fracture walls
      (e.g. acid fracturing) or wormholes (e.g. matrix acidizing).
PAR  In other treatments, it may be desirable to initiate and propagate a
      fracture with a viscous fracturing fluid (commonly referred to as a "pad")
      and follow this fluid with a gelled acid. In such operations, the gelled
      acid penetrates through the viscous fracturing fluid and etches the
      fracture walls. If the treatment is successful, the etches extend deep
      into the formation and provide highly conductive channels when the
      fracture closes. An effective pad fluid for initiating the fracture is an
      oil-in-water emulsion wherein the external water phase gelled with a
      polymeric thickening agent constitutes from 20 to 50 volume percent of the
      emulsion and the internal oil phase (e.g. crude oil condensate, diesel
      oil) constitutes the balance.
PAR  In still other treatments, it may be desirable to employ the viscous acid
      solution as the pad fluid for initiating and propagating the fracture and
      following this fluid with a concentrated acid solution. In this type of
      treatment, it is preferred to use as the fracturing fluid an oil-in-acid
      emulsion wherein the external acid solution contains the polymers and the
      emulsion has the finely divided sand suspended therein. The concentration
      of the internal oil phase will normally be between 50 and 80 volume
      percent. The viscosities of the pad emulsion and trailing acid should be
      controlled to provide a viscosity ratio at least 10:1. The high viscosity
      ratio enables the trailing acid to bypass or finger through the viscous
      pad fluid and penetrate deeply into the formation. The pad fluid normally
      has a high viscosity (e.g. from 100 to 500 centipoises at formation
      temperature) for generating a fracture of the desired geometry. In order
      to enhance the fingering of the mechanism, the trailing acid solution is
      normally used in ungelled form. However, in treatments where it is desired
      to retard the trailing acid the acid solution may also be gelled.
PAR  As indicated above, the fracturing treatment is normally designed to
      provide maximum acid penetration. With the aid of computer programs,
      optimum fluid properties, injection rates and volumes for a particular
      treatment can be determined. As a general rule, the injection of the pad
      is sufficient to provide a fracture of at least 100 feet and preferably
      from 200 to 300 feet. The injection of the trailing acid is normally at
      maximum permissible rate. The ratio of pad volume to acid volume may vary
      with wide limits but normally will be between about 0.5:1 and 2:1.
PAR  The preparation and injection of either the water-external emulsion of the
      acid-external emulsion may be performed "on-the-run". In this type of
      operation, the water phase of the emulsion is prepared by adding certain
      components such as the vinyl compound, emulsifier and corrosion inhibitor
      to the aqueous acid solution contained in suitable tanks. The blending
      equipment may be employed to disperse the additives by circulating from
      the tank through the equipment and back to the tank. The acid solution is
      then pumped through the blending equipment where oil is blended into the
      water forming an acid-external emulsion. The natural gum and silica sand,
      either as a dry blend or separately, are then blended into the emulsions
      at the desired concentrations.
PAR  In lieu of pumping the fluids "on-the-run", the fluids may be prepared at
      the surface prior to commencing pumping operations. In this type of
      treatment, the gelled aqueous acid phase is circulated through the
      blending equipment and mixed with the oil and returned to suitable storage
      tanks. With the fluids prepared, the pumping operations may commence.
PAR  In either type of treatment, injection operations are generally the same.
      Following pressure testing of the equipment, a small volume of water is
      normally pumped into the formation to establish injection. The injection
      of the pad fluid is normally pumped at maximum possible rates, usually
      from 5 to 50 BPM. Following the pad fluid, the acid containing fluid is
      injected into the formation, also at maximum permissible rates. The well
      is then shut-in permitting the formation to close. The etched walls
      resulting from the acid reaction with formation materials provide highly
      conductive channels within the formation after the fracture closes. As
      indicated previously, the degree of stimulation is a function of the
      length and conductivity of the etched channels.
PAC  LABORATORY EXPERIMENTS
PAR  In determining fluid loss characteristic of various fluids, flow tests were
      performed in Indiana limestone cores ranging in permeability from 0.1 to
      60 millidarcies and in length from 3 to 27 inches. Each core was initially
      saturated with brine and the permeability (K) to brine was measured at
      70.degree.F. The system was then heated to the desired test temperature.
      The tests involved injecting the acid solution or acid emulsion into the
      cores and measuring the volume versus time for flow at a constant pressure
      differential. Each experiment was terminated at 60 minutes if breakthrough
      had not occurred by that time. Breakthrough occurs when a wormhole is
      formed through the length of the core.
PAR  Typically, the plotted fluid loss data for each test exhibited three flow
      characteristics: (1) an initial steep rise at early times indicating the
      build-up of filter cake on the face of the core, (2) a decline in the
      slope of the curve indicating that the particulate material is effectively
      retarding leakoff into the pores of the core, and (3) a straight line
      curve indicating a steady state condition. Under steady state conditions,
      the leakoff rate is a function of the quality and thickness of the filter
      cake and can be expressed by the following equation
EQU  V = (.DELTA.P)/.mu. (L/K)]
PAL  where
PA1  V is the steady state leak-off velocity
PA1  .DELTA.P is the total pressure differential across the filter cake,
PA1  .mu. is the viscosity of the fracturing fluid, and
PA1  (L/K) is the ratio of thickness to permeability of the filter cake.
PAR  From the above equation, it can be seen that the fluid should have high
      values of .mu.(L/K) for adequate fluid loss control. The fluid loss
      additives ideally provide high L values and low K values.
PAR  As indicated above, the fluid loss control additive does not exercise full
      control of the leak-off rate until the steady state filter cake has been
      formed. The volume of fluid leak-off into the formation matrix prior to
      attainment of the steady state condition is referred to in the art as
      "spurt volume". An important function of the fluid loss control additive
      is to reduce the spurt volume to a low value so as to permit more
      efficient application of the fluid injected into the formation.
PAR  The tests were performed using acid external emulsions. Each emulsion
      sample was prepared by blending No. 2 diesel (2 cp) into a 28% HCl
      solution containing the vinyl polymer and guar gum and a cationic
      surfactant. The silica sand was then blended into the emulsion. In some
      tests, brine was injected into the core ahead of the acid emulsion. In
      other tests a water external emulsion was used. The water external
      emulsion was 67 vol % No. 2 diesel, 33 vol % brine gelled with one wt %
      guar gum. The emulsifier was a cationic surfactant.
PAR  Each test was conducted for 60 minutes unless prior breakthrough occurred.
      The flow tests on samples 1 and 2 were performed at 70.degree.F and all
      other tests at 200.degree.F.
PAR  The fluid loss additive used in samples 2-8 and 11 was PVA and a
      commercially available material sold as Adomite Aqua. This material is
      finely divided particles coated with about 10 wt % of guar gum. The
      results of the tests are summarized in Table I.
PAR  Three characteristics tabulated in Table I relate to fluid loss behavior of
      the fluid samples. "Breakthrough" data indicate that the acid fluid was
      able to completely wormhole through the core in the reported time. This
      means that the fluid loss additives had little effect on the leak-off
      rate. "Spurt volume" is a measure of the ability of the fluid loss
      additive to establish leak-off control. Low values indicate good
TBL                                    TABLE I                                 
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     Viscous Acid Fluid Loss Experimental Data                                 

                                                  Core                         

                             Polymer              Perme-                       

                                                       Break-                  

     Sam-                    Concen-                                           

                                  Solids    Pressure                           

                                                  ability                      

                                                       through                 

     ple                                                                       

        Pad           Polymer                                                  

                             tration                                           

                                  Concentration                                

                                            Gradient                           

                                                  .sup.K brine                 

                                                       Time Spurt              

                             (lb/bbl        (psi/                              

     No.                                                                       

        Fluid                                                                  

             Acid Type                                                         

                      Type   Acid)                                             

                                  (lb/1000 gal)                                

                                            inch) (md) (min)                   

                                                            Volume             

                                                                .mu.(L/K)      

     __________________________________________________________________________

      1 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 --        37    3.1  34.0     0.44           

      2 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            37    1.2       0.041              

                                                                11.00          

      3 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 100 Adomite Aqua                             

                                            37    10.0 17.0 0.549              

                                                                0.16           

      4 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            37    13.6      0.155              

                                                                7.63           

      5 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            37    38.0      0.055              

                                                                7.03           

      6 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            37    0.8       0.028              

                                                                2.93           

      7 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            91    0.8           1.15           

      8 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 200 Adomite Aqua                             

                                            173   0.8           1.59           

      9 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 --        37    1.2  3.0      0.21           

     10 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    31/2 --        37    47.0 0.5                     

     11 Brine                                                                  

             Acid Emulsion                                                     

                      Guar   2    200 Adomite Aqua                             

                                            86    1.8       0.020              

                                                                1.05           

     12 Brine                                                                  

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  --   37       15.5   31/2 0.084     5.30                               

     13 Brine                                                                  

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2   50 Silica Flour     31/2                                              

             37       60.4        0.065     10.20                              

     14 Brine                                                                  

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  200 Silica Flour     31/2                                              

             37       52.5        0.020     13.18                              

     15 Brine                                                                  

             Acid Emulsion                                                     

                      PVA    7     50 Silica Flour                             

                                            37    41.0      0.040              

                                                                35.15          

     16 Brine                                                                  

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  200 Silica Flour     31/2                                              

             339      29.0   0.7  0.016     0.40                               

     17 Emulsion                                                               

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  --   339      44.0   31/2                                              

                             0.07                                              

     18 Emulsion                                                               

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2   40 Silica Flour     31/2                                              

             339      20.0   0.25                                              

     19 Emulsion                                                               

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  100 Silica Flour     31/2                                              

             339      32.6        0.018     25.47                              

     20 Emulsion                                                               

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  200 Silica Flour     31/2                                              

             339      22.0        0.014     25.11                              

     21 Emulsion                                                               

             Acid Emulsion                                                     

                      PVA-Guar                                                 

     2  200 Silica Flour     31/2                                              

             339      15.5        0.011     19.97                              

     22 Brine                                                                  

             Acid Emulsion                                                     

                      PVP-Guar                                                 

     2  200 Silica Flour     31/2                                              

             167      11.0        0.020     16.8                               

     23 Brine                                                                  

             Acid Emulsion                                                     

                      PVA-Karaya                                               

     2  200 Silica Flour     31/2                                              

             167      16.7        0.030     9.7                                

     __________________________________________________________________________

PAL  performance. The .mu.(L/K) values measure the steady state quality of the
      filter cake provided by the fluid loss composition. High .mu.(L/K) values
      mean low leak-off rate.
PAR  It should be observed that the values of each of the fluid loss
      characteristics [e.g. breakthrough, spurt volume, and .mu.(L/K] are
      strongly effected by the differential pressure, core permeability, and
      length of the cores used in each test.
PAR  Using the three characteristics noted above, the performance of the various
      fluid samples can be evaluated.
PAR  The systems without guar or solids (samples 1, 9, 10, 12, and 17) had poor
      fluid loss characteristics. All of the samples except sample number 12
      broke through the core before the test was completed. Sample number 12 did
      not break through but this sample had a relatively high spurt volume and
      low .mu.(L/K) value when compared with samples 13 and 14.
PAR  The sample without PVA (sample 11) had a low .mu.(L/K) value.
PAR  Table I results also clearly show that the guar gum should be present in
      relatively high concentrations to provide better fluid loss control. One
      hundred pounds of Adomite Aqua per 1000 gallons of acid emulsion provide
      about 11/2 pound per barrel of acid phase. The data shows that improved
      results are obtained with 2 pounds of guar per barrel of acid phase.
PAR  The data also shows that fluid loss of a fluid is effected by the pad
      fluid. Best results were obtained using an oil-in-water emulsion pad and
      at least 100 pounds of silica flour (see samples 19, 20, and 21).
PAR  The plot shown in the drawing compares typical systems tested. Sample
      number 1, which contains only PVA exhibited very poor fluid loss control.
      Sample number 5 which contained the three component fluid loss additives
      performed satisfactorily. However, sample number 14, which contained more
      silica flour than sample 5 gave far superior results. The best performance
      was obtained with sample number 19-21. Sample 21  (plotted in the drawing)
      was the same as sample number 14 except an emulsion pad was used instead
      of a brine pad.
PAR  Tests on sample 22 indicate that PVP may be substituted for PVA in the
      three component composition with comparable results. Other gums in lieu of
      guar may also be used. (See the results of the test on sample 23
      containing PVA-Karaya and Silica Sand.)
PAC  FIELD TESTS
PAR  The following filed tests illustrate specific procedures for carrying out
      the method of the present invention. The three component fluid loss
      additive used in the first test was PVA, and Adomite Aqua (guar and silica
      sand and clay mixture). The second test employed the three components as
      separate additives.
PAR  A producing well completed in four intervals between about 15,000 to about
      16,000 feet was converted to a water injection well. In order to increase
      water injectivity, the well was acid fractured by the method of the
      present invention. The subsurface temperature of the formation was about
      285.degree.F. In order to insure that each of the producing zones was
      fractured, the acid fracturing treatment was performed in four separate
      stages. Each stage consisted of the sequential injection of (a) acid
      external emulsion; (b) aqueous solution of 15% HCl (ungelled); (c) a fresh
      water; and (d) diverting fluid.
PAR  The emulsion was prepared by adding 1% by volume of a commercial
      oil-in-water emulsifier (sold as Corexit 8596 by Exxon Chemical Company)
      to 28% HCl solution and blending field crude oil into the acid solution at
      a volume ratio of two parts oil per part acid solution. A commercial
      corrosion inhibitor was also used in the emulsion. The blending operations
      were performed on the run during which the polyvinyl alcohol (sold as
      Elvanol 522-22) in a concentration of 3.5 pounds per barrel of acid phase
      and Adomite Aqua in a concentration of 200 pounds per 1000 gallons were
      added to the emulsion.
PAR  The gelled water was prepared by adding guar gum and a commercial fluid
      loss additive to brine at a concentration of about 12 pounds per barrel
      and 9 pounds per barrel of fluid respectively.
PAR  Following pressure testing of the equipment and injection of about 100
      barrels of fresh water, the pumping schedule was as follows:
     First Stage:                                                              

                150     barrels of acid external emulsion                      

                150     barrels of 15% HCl                                     

                100     barrels of fresh water                                 

                12      barrels of diverting fluid                             

     Second Stage:                                                             

                150     barrels of acid external emulsion                      

                150     Barrels of 15% HCl                                     

                100     barrels of fresh water                                 

                24      barrels of diverting fluid                             

     Third Stage:                                                              

                150     barrels of acid external emulsion                      

                150     barrels of 15% HCl                                     

                100     barrels of fresh water                                 

                36      barrels of diverting fluid                             

     Fourth Stage:                                                             

                150     barrels of acid external emulsion                      

                150     barrels of 15% HCl                                     

                100     barrels of fresh water                                 

PAR  Fluid in the casing was then displaced with crude oil.
PAR  Following the treatment, the well was put on water injection. The 30-day
      stabilized injection rate was 12,300 B/D at 1700 psi surface pressure
      compared to a calculated injectivity of 7000 B/D at 3000 psi without
      stimulation.
PAR  A second field test was performed on a gas well producing from limestone
      formations between about 8300 and 8900 feet.
PAR  Prior to commencing pumping operations 6300 gallons of an acid external
      emulsion was prepared. The emulsifier and corrosion inhibitor were added
      to 2100 gallons of 28% HCl. Two hundred pounds of PVA (Elvanol 522-22) was
      then added to the acid solution and permitted to hydrolyze for one hour.
      Forty-two hundred gallons of lease condensate was then blended into the
      acid solution using an oil field blender forming an emulsion comprising
      two parts oil (internal phase) per part of acid (external phase).
PAR  Following pressure testing of equipment, pumping operations were commenced.
      Guar gum and silica flour were blended into the acid external emulsion at
      concentrations of 1 pound per barrel of acid solution and 8.5 pounds per
      barrel of fluid, respectively.
PAR  The pumping schedule was as follows:
TBL  First Stage:                                                              

                75     barrels of acid external emulsion                       

                48     barrels of 15% HCL acid containing                      

                       125 pounds of guar gum                                  

                2      barrels of acid emulsion containing                     

                       commercial diverting agent                              

     Second Stage:                                                             

                75     barrels of acid external emulsion                       

                50     barrels of 15% HCl acid solution                        

                       containing 125 pounds of guar gum                       

PAR  Fluid in the casing was displaced with field salt water containing a
      commercial corrosion inhibitor, and the well was shut in.
PAR  Although the present invention has been described with particular reference
      to emulsion acid systems, it will be appreciated by those skilled in the
      art that the three component system, e.g. vinylpolymer, natural gum, and
      finely divided particles, may be employed to improve the fluid loss
      characteristics of other acid systems, thereby achieve deeper acid
      penetration than otherwise possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of fracturing a subterranean formation which comprises
      injecting into said formation at a pressure sufficient to form a fracture
      therein an acid emulsion comprising a major volume proportion of a
      hydrocarbon liquid as the internal phase and a minor volume proportion of
      an aqueous acid solution as the external phase, said acid emulsion
      containing an effective amount of a fluid loss additive comprising finely
      divided particulate material present in a concentration of at least 2
      pounds per barrel of said emulsion; and from about 1 to about 5 weight
      percent in said acid solution of a polymer mixture of (a) a vinyl polymer
      for increasing the viscosity of said aqueous acid solution and selected
      from the group consisting of polyvinyl alcohol, polyvinyl pyrrolidone, and
      copolymers of vinyl alcohol and vinyl pyrrolidone, and (b) a water-soluble
      natural gum, said natural gum constituting at least 25 weight percent of
      said polymer mixture.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said particulate material is
      silica sand having an average particle size smaller than 74 microns and is
      present in said acid emulsion in a concentration between about 2 and 10
      pounds per barrel.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the acid solution is HCl, the
      vinyl polymer is selected from the group consisting of polyvinyl alcohol
      and polyvinylpyrrolidone, and the natural gum is selected from the group
      consisting of guar and karaya.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the concentration of vinyl
      polymer in the acid solution is between 0.75 and 3.0 weight percent, and
      the concentration of the natural gum in the acid solution is between about
      0.25 and 1.0 weight percent.
NUM  5.
PAR  5. A method as defined in claim 4 wherein the weight ratio of said vinyl
      polymer and said natural gum ranges from about 3:1 to about 1:1.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the internal oil phase of the
      emulsion comprises no more than 80 volume percent of the emulsion.
NUM  7.
PAR  7. A method as defined in claim 6 wherein a fracturing fluid is injected
      into said formation ahead of said acid emulsion to form a fracture
      therein, said fracturing fluid having a viscosity substantially greater
      than the acid solution.
NUM  8.
PAR  8. A method as defined in claim 1 wherein said vinyl polymer is selected
      from the group consisting of polyvinyl alcohol and polyvinylpyrrolidone
      and said natural gum is selected from the group consisting of guar and
      karaya.
NUM  9.
PAR  9. A method as defined in claim 1 wherein the finely divided particulate
      material is silica sand, having an average particle size smaller than
      about 74 microns.
NUM  10.
PAR  10. A method of fracturing a subterranean formation containing calcareous
      constituents which comprises injecting into said formation at a pressure
      sufficient to form a fracture therein an emulsion comprising from about 50
      to about 80 volume percent of a hydrocarbon liquid as the internal phase
      and from about 20 to 50 volume percent of an aqueous liquid as the
      external phase, said aqueous liquid containing a polymeric thickening
      agent; and thereafter injecting into said formation an acid emulsion
      comprising from about 50 to about 80 volume percent of a hydrocarbon
      liquid as the internal phase and from about 20 to about 50 volume percent
      of an aqueous acid solution having dispersed therein a fluid loss additive
      comprising (a) finely divided particulate material present in a
      concentration of at least 2 pounds per barrel of said acid emulsion, and
      (b) a water-soluble polymer mixture including a water-soluble natural gum,
      and a vinyl polymer selected from the group consisting of polyvinyl
      alcohol, polyvinyl pyrrolidone, and copolymers of vinyl alcohol and vinyl
      pyrrolidone, the concentration of the vinyl polymer being sufficient to
      substantially increase the viscosity of the acid solution, and the
      concentration of the polymer mixture in the aqueous acid solution being at
      least one weight percent and said natural gum comprises at least 25 weight
      percent of said polymer mixture.
NUM  11.
PAR  11. A method as defined in claim 10 wherein the concentration of said vinyl
      polymer and said natural gum in said aqueous acid solution is at least
      0.75 and 0.25 weight percent respectively.
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ABST
PAL  Apparatus and method for cementing a liner in a well bore in which the
      apparatus may comprise: a setting tool having a tubular mandrel connected
      in a pipe string for extension through the liner; a liner wiper releasably
      disposed within the liner near one end of the mandrel; a plug member for
      effecting a movable seal behind cement as it is pumped through the pipe
      string into the liner; a seal assembly sealingly engaging the exterior of
      the mandrel and the interior of the liner above the liner wiper; and a
      latch assembly releasably connecting the seal assembly to the liner so as
      to permit limited axial movement of the mandrel without disturbing the
      axial position of the seal assembly. In the method of cementing a liner
      using the apparatus, the force due to pressure applied to the seal
      assembly, during pumping of cement, is transferred to the liner without
      transfer to the mandrel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention pertains to apparatus and methods for cementing
      liners in well bores. More specifically, it pertains to apparatus which
      permits cementing of liners in well bores without some of the attendant
      pressure problems of the prior art.
PAR  2. Brief Description of the Prior Art.
PAR  A liner is a section of casing or tubing which is usually suspended in a
      well casing without normally extending to the surface. Cemented liners are
      utilized for a number of reasons: providing well control, reducing initial
      cost of casing, more rapid installation than full casing strings, etc.
      Liners may be installed entirely within outer casing strings or partially
      within an open hole.
PAR  Conventionally, a liner is set and cemented by first lowering the liner and
      a setting tool, connected to an operating string, into the well bore. The
      liner is hung, usually on slips, and the setting tool is released from the
      liner. Then cement is pumped through the operating string, into the liner,
      and displaced from the liner, usually through a foot valve, into the
      annular space between the liner and surrounding casing or well bore.
PAR  Usually, at least one wiper plug is introduced into the liner string
      immediately behind the cement in order to separate the cement from the
      displacing fluid and to wipe cement from the liner surface as the cement
      is pushed out of the liner into the surrounding annular space. It is also
      conventional to utilize at least one additional plug for introduction into
      the operating string to separate the cement from the displacing fluid and
      to wipe the cement from the operating string as cement is pumped into the
      liner. In more recent cementing operations, the plug which is to wipe the
      operating string is pumped behind the cement until it engages the liner
      wiper plug and then both plugs are forced downwardly together in the liner
      string so as to displace cement therefrom and to wipe the liner walls.
      Such apparatus may be seen in U.S. Pat. No. 3,364,996 - C. C. Brown and
      U.S. Pat. No. 3,635,288 - Lebourg.
PAR  In such cementing operations, it is also necessary to provide some sort of
      seal in the annular space between the setting tool and the surrounding
      liner since fluid pressure must be maintained in the operating string
      during the cementing operation. It has been common to provide this seal by
      attaching chevron or inverted swab cup type seal assemblies to the setting
      tool mandrel for sealing engagement with the surrounding liner at some
      point above the liner wiper plug. However, once the pumpdown plug has
      engaged the wiper plug and both plugs are forced downwardly through the
      liner to displace the cement therein, the pressure applied thereto acts
      against the lower end of the mandrel and the seal assembly applying an
      upwardly directed force tending to force the operating string out of the
      well. Therefore, a substantial amount of weight must be maintained on the
      operating string to prevent this from occurring.
PAR  To reduce the forces which tend to force the operating string out of the
      well, the seal assembly has been directly connected in the liner string.
      In such cases, the setting tool is provided with a "slick" stinger or
      mandrel for sealing engagement with an annular seal provided in a central
      opening of the seal assembly. Thus, the forces acting upwardly on the seal
      assembly during cementing are transferred to the liner rather than the
      operating string. However, once cementing has been completed, such a seal
      assembly must be drilled out. This requires additional time and money and
      may result in problems.
PAC  SUMMARY OF THE INVENTION
PAR  The cementing apparatus of the present invention includes a setting tool
      having a tubular mandrel connected in a pipe string for extension through
      the liner which is to be set. A wiper seal or plug is releasably disposed
      within the liner near one end of the mandrel and may have an opening
      through which cement may be pumped. A pumpdown plug or seal is provided
      for sliding and sealing engagement with the interior of the pipe string
      and mandrel, effecting a movable seal behind the cement as it is pumped
      into the liner. The pumpdown plug is engageable with the wiper plug and
      movable therewith, upon release of the wiper plug, to effect a movable
      seal behind the cement as cement is displaced from the liner into the
      surrounding well bore.
PAR  Like in other cementing apparatus, a seal assembly is disposed in the
      annular space between the mandrel and the liner. However, unlike the prior
      art, such a seal assembly, which sealingly engages the interior of the
      liner and the exterior of the mandrel, is releasably connected to the
      liner by a latch assembly and permits limited axial movement of the
      mandrel without disturbing the axial position of the seal means.
PAR  Since the seal assembly is initially connected to the liner, any pressure
      acting against the seal, in either direction, is transmitted to the liner
      and not to the setting tool and operating string as is the case in the
      prior art. Thus, it is necessary to maintain only enough weight on the
      operating string to overcome the pressure acting directly on the end of
      the mandrel. Furthermore, there is no resistance due to hydraulic heads
      within the space surrounding the operating string when the operating
      string and setting tool are lifted upwardly relative to the liner.
PAR  These are substantial improvements over the prior art. In broad terms, the
      apparatus of the present invention keeps cement inside and below the
      setting tool, separates the inside of the liner from the annular area to
      be cemented and allows axial movement of the setting tool without
      disengaging the sealing member. All this is made possible by providing a
      seal which isolates the interior and exterior of the liner during
      circulating and sealing operations and can be removed without drilling
      out.
PAR  These objects are accomplished by apparatus which is relatively easy to
      manufacture and operate. Many other objects and advantages of the
      invention will become apparent from a reading of the description which
      follows in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view, partially in section, showing a setting tool,
      liner string and associated apparatus in a well bore in which the liner
      string is to be cemented;
PAR  FIG. 2 is an elevation view, partially in section, showing the apparatus of
      FIG. 1 after cement has been pumped into the annular space between the
      liner and well bore;
PAR  FIG. 3 is a longitudinal sectional view of the invention, showing the
      setting tool and seal assembly in the initial running in position;
PAR  FIG. 4 is a longitudinal sectional view, similar to FIG. 3, showing the
      setting tool released from the liner;
PAR  FIG. 5 is a longitudinal sectional view, similar to FIGS. 3 and 4, showing
      the setting tool picked up to initiate release of the seal latch assembly;
PAR  FIG. 6 is a longitudinal sectional view, similar to FIGS. 4 and 5, showing
      the setting tool set down to release the latches of the seal latch
      assembly;
PAR  FIG. 7 is a longitudinal sectional view, similar to FIGS. 3-6, showing the
      setting tool picked up and the seal latch assembly released for removing
      the setting tool and the seal assembly from the well;
PAR  FIG. 8 is a cross-sectional view, taken along line 8--8 of FIG. 3,
      illustrating the disposition of the latches of the seal assembly in the
      extended or latched in position; and
PAR  FIG. 9 is a cross-sectional view, taken along line 9--9 of FIG. 6,
      illustrating the disposition of the latches of the seal assembly in the
      retracted or released position.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 of the drawings, there is shown a liner string L
      disposed near the bottom of a well bore W. The well bore W may or may not
      be lined by a casing string C which may extend to the surface of the well.
      In any event, there is an annular space A between the liner string and the
      surrounding well bore W.
PAR  The liner string L may include a liner hanger H, liner extension E, landing
      section LS and cementing shoe S. In addition, a liner packer (not shown)
      may be attached to the liner string above the liner hanger H.
PAR  Most of the components of the liner string are not materially different
      from liner components of the prior art. The liner hanger H may be provided
      with slips 1 and a setting cone 2 by which the liner string is supported
      in the well bore. Such construction is well known in the industry and will
      not be described in detail herein. The landing section LS is provided with
      a seat and latch engaging profile 3 for receiving a liner wiper plug as
      will be more fully understood hereafter. The cementing shoe S is provided
      with a back pressure or check valve 4 which permits passage of cement from
      within the liner into the annular area A via ports 5.
PAR  One material difference in the liner string may be the provision of an
      annular recess 6 by which a liner wiper plug 7 may be initially maintained
      at a predetermined level within the liner string. In addition, the liner
      string may be provided with an internal latch profile 8 for engagement by
      latches of a seal assembly, generally designated by the numeral 9, to be
      more fully described hereafter.
PAR  The liner string L is initially attached by rotatably releasable connector
      means 10 to a setting tool generally indicated at T. The setting tool T is
      in turn connected to an operating pipe string O which extends to the
      surface of a well.
PAR  Referring also to FIG. 3, the setting tool T comprises a tubular mandrel 11
      provided with an external snap ring groove 12 for cooperation with a seal
      assembly snap ring, as will be seen hereafter. The upper portion of the
      setting tool T is provided with an annular shoulder 13 and ring 14 forming
      races for ball bearings 15. This permits the setting tool and operating
      string O to be rotated, without axial displacement, relative to the liner
      string. The bearing ring 14 is adapted to engage a portion of the liner
      string to remain stationary during such rotation.
PAR  The liner string is initially attached to the setting tool T by rotating
      connector means 10. The rotating connector means 10 may take the form of a
      lefthand threaded nut 16 which engages coarse lefthand threads 17 on the
      interior of the hanger setting sleeve 18. The interior of the nut 16 may
      be provided with longitudinal slots for engagement with corresponding
      splines 19 on the setting tool T. Thus rotation of the setting tool T in
      the righthand direction will cause the nut 16 to move upwardly on the
      splines 19 and to eventually disengage the threads 17 and the setting
      sleeve 18, effectively releasing the setting tool from the liner string.
      It should be noted at this point that upon release of the connector means
      10, the setting tool T may be raised a limited amount without interrupting
      the seal between the setting tool mandrel and the seal assembly.
PAR  As previously mentioned, a liner wiper plug 7 (see FIG. 1) may be
      releasably disposed within the liner string near one end of the tool
      mandrel 11. Such a plug may comprise a tubular body 20 having a central
      opening 21 therethrough. The body 20 may have an upwardly and outwardly
      flaring portion 22 creating a guide funnel into the central opening 21. A
      resilient lip-type seal 23 may be attached to the body for sliding and
      sealing engagement with the internal walls of the liner string. An
      external latch, such as a snap ring 24, may be provided around the lower
      portion of the body 20. The central opening 21 may be provided with a
      frictionally engageable surface such as downwardly directed teeth 25.
PAR  The liner wiper plug 7 may be initially maintained at a predetermined level
      within the liner string by a frangible projection 26 which engages the
      annular recess 6 provided in the liner string. In the alternative, the
      wiper plug 7 may be connected to the setting tool mandrel. It will be
      noted that the central opening 21 is engaged by the lower end of the
      mandrel 11 and is in fluid communication with the interior thereof.
PAR  As seen in FIG. 2, a pumpdown plug 27 may also be utilized with the
      invention. Such a pumpdown plug might be provided with lip-type seals 28
      for sliding and sealing engagement with the interior of the operating
      string O and the setting tool mandrel 11. The pumpdown plug 27 is also
      sized and adapted to engage the central opening 21 of the liner wiper plug
      7. A latching device such as slips 29 may be provided for frictional
      engagement with the friction surfaces 25 provided in the central opening
      21 to latch the pumpdown plug 27 to the liner wiper plug 7.
PAR  The seal assembly 9 of the preferred embodiment may comprise a body or
      outer sleeve member 20 having apertures 31 in which are carried latch
      members 32, which in the extended position of FIG. 3 engage the latch
      groove 8. Although the latches 32 could be designed in several ways they
      may be provided, as shown in FIGS. 8 and 9 with longitudinal projections
      33 for engagement with corresponding shoulders 34 of the sleeve member 30
      to assure that the latches remain in the apertures 31.
PAR  The seal assembly also includes an inner sleeve member 35 or cam means
      which is attached by frangible member 36 to the outer sleeve member 30. In
      the attached position, as shown in FIG. 3, the inner sleeve prevents
      retraction of latches 32. However, if the inner sleeve member 35 were
      removed, the latch members 32 would be retractable within the apertures 31
      for disengagement from the latch groove 8. The upper portion of the inner
      sleeve member 35 has a reduced outside diameter 35a which if in
      registration with the latch members 32 would also permit their retraction.
      (See FIG. 6) The inner sleeve member 35 may be provided with inner and
      outer snap rings 37 and 38, respectively, the function of which will be
      understood hereafter.
PAR  A seal ring 39 attached to the inner sleeve member 30 by seal retainer 40
      sealingly engages the interior of the liner string. An annular seal 41 is
      provided on the inner sleeve member 35 for sliding and sealing engagement
      with the mandrel 11 of the setting tool T. A seal is also established
      between the inner and outer sleeve members by annular seal 42. In addition
      to being held to the liner string by latch members 32, the seal assembly 9
      may also be connected by engagement of frangible pin 43 with connection
      groove 43a. It is important to notice that although the seal assembly 9 is
      attached to the liner string and may not move axially relative thereto,
      there is nothing in the seal assembly to prevent the setting tool mandrel
      11 from moving axially relative to the seal assembly 9.
PAC  STATEMENT OF OPERATION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 - 9 of the drawings, operation of the preferred
      embodiment of the invention would proceed as follows. The liner string L,
      liner wiper plug 7, seal aysembly 9 and setting tool T would be assembled
      as is shown in FIGS. 1 and 3 and lowered on operating string O into the
      well bore W. After reaching the setting depth, the liner hanger would be
      actuated and hung in a conventional manner. Circulation would be
      established by pumping circulating fluid down through the operating string
      O, the setting tool T, the liner string L and through the liner shoe S
      into the annular space A surrounding the liner string L.
PAR  After circulation is established, the setting tool T is then released from
      the liner string L by rotating the operating string O in the righthand
      direction to release the splined nut connector 10 as shown in FIG. 4. The
      operating string O may be lifted a few inches to be sure that this release
      has been effected.
PAR  A properly measured amount of cement is then pumped into the operating
      string O. At this point, the pumpdown plug 27 is placed in the operating
      string O effecting a movable seal behind the cement as it is pumped
      through the operating string O, setting tool T and the central opening 21
      of the liner wiper plug 7 into the liner string. A displacing fluid is
      pumped behind the pumpdown plug 27 forcing the pumpdown plug 27 into the
      central opening 21 and into engagement with the liner wiper plug 7.
PAR  Further pressure, induced by pumping a displacing fluid behind pumpdown
      plug 27, will cause the frangible connection 26 between the liner wiper
      plug 7 and liner string to break releasing both the pumpdown plug 27 and
      liner wiper plug 7 for further movement down the liner string. The
      pumpdown plug and liner wiper plug are movable together, upon release of
      the liner wiper plug, to effect a movable seal behind the cement as the
      cement is displaced from the liner through the shoe 5 into the annular
      space A surrounding the liner string L. (See FIGS. 1 and 2). Upon reaching
      the landing area LS, the liner wiper plug 7 lands and seats in the latch
      profile 3 and the latching mechanism 24 latches the liner wiper plug 7 and
      pumpdown plug 27 in the position shown in FIG. 2. At this point, cement
      should have been pumped upwardly into the annular space A surrounding the
      liner string to the desired level. The relative position of the setting
      tool T and seal assembly 9 upon termination of pumping cement is shown in
      FIG. 4.
PAR  It should be noted that during cementing, the force applied to the seal
      assembly 9 as a result of pressure within the annular space A is
      transferred to the liner string L and not to the setting tool T or
      operating string O. Thus, unlike in cementing methods of the prior art, it
      is not necessary to maintain a great deal of weight on the operating
      string O to prevent this pressure from forcing the setting tool T and
      operating string O out of the liner string.
PAR  Since the seal assembly 9 is not connected directly to the mandrel 11, the
      mandrel 11 may be lifted or axially displaced by a limited amount without
      interrupting the seal between seal member 41 and the exterior of the
      mandrel 11. See, for example, FIG. 5 in which the setting tool T has been
      lifted a substantial amount. This may be done to check whether or not the
      setting tool T has been released from the liner hanger by disengagement of
      the connector means 10.
PAR  After cementing has taken place and the liner wiper plug and pumpdown plug
      have been pumped and latched into the landing collar displacing cement
      into the area surrounding the liner string, the setting tool T may be
      lifted to the position shown in FIG. 5. At this point, the snap ring 37
      carried by the inner sleeve 35 and the seal assembly 9 snaps into
      engagement with snap ring groove 12 carried on the setting tool mandrel
      11. Then, weight may be applied to the setting tool T through the
      operating string causing the frangible member 36 to shear and allowing the
      inner sleeve 35 to move downwardly relative to outer sleeve 30 (see FIG.
      6). As can be seen, such downward movement places the reduced outside
      diameter portion 35a of the inner sleeve in registration with the latch
      members 32 permitting their retraction and disengagement from latch groove
      8.
PAR  It will also be noted that in its downwardly displaced position, the inner
      sleeve snap ring 38 is permitted to expand for engagement with the seal
      retainer 40. This makes it possible now to apply an upwardly directed
      force to setting tool T, shearing connector 43 and allowing the entire
      seal assembly 9 to be displaced upwardly with the setting tool T, as shown
      in FIG. 7. Once the seal is broken between the seal assembly 9 and the
      surrounding liner string, reverse circulation may take place, if desired,
      to wash out any excess cement which may remain in the liner string. Then
      the setting tool T and seal assembly 9 may be withdrawn from the well.
PAC  CONCLUSION
PAR  As can be seen from the description of the preferred embodiment of the
      invention the apparatus and method thereof offer improvements and distinct
      advantages over the prior art. Probably the most apparent advantage is the
      removal of pressure forces which would normally be transferred from the
      seal assembly to the operating string. With the unique design of the
      present invention, these forces are transferred to the liner string and
      have no effect on the operating string. Thus, maintenance of great weights
      on the operating string during cementing is eliminated and pressure heads
      normally encountered in many of the prior art designs when the operating
      string is lifted are also eliminated.
PAR  Although only one embodiment of the invention has been described herein,
      many variations may be made by those skilled in the art without departing
      from the spirit of the invention. It is therefore intended that the scope
      of the invention be limited only by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for cementing a liner in a well bore comprising:
PA1  a. a setting tool having a tubular mandrel connected in a pipe string for
      extension through said liner;
PA1  b. seal means releasably attached to said liner and sealingly engaging the
      exterior of said mandrel and the interior of said liner permitting at
      least limited axial movement of said mandrel without movement of said seal
      means;
PA1  c. said seal means comprising latch means engageable with corresponding
      groove means within said liner to releasably hold said seal means against
      axial displacement therein, said latch means comprising a plurality of
      latch members radially movable between extended positions, in which said
      latch members engage said groove means, and retracted positions, in which
      said latch members are not in engagement with said groove means;
PA1  d. said seal means comprising a sleeve member having a first portion and an
      axially spaced second portion of less diameter than said first portion,
      said first portion when in registration with said latch members preventing
      retraction and disengagement of said latch members from said groove means,
      said second portion when in registration with said latch members allowing
      retraction and disengagement of said latch members from said groove means.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 in which said mandrel and sleeve
      member are provided with means engageable, upon predetermined axial
      displacement of said mandrel, to effect said registration of said inner
      sleeve second portion with said latch members.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 in which said seal means comprises
      tubular body means, having apertures in which said latch members are
      mounted for said radial movement, and cam means movable between a first
      position engaging and holding said latch members in said extended
      positions, and a second position permitting said latch members to move to
      said retracted positions.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 in which said cam means is initially
      attached to said body means and held in said first position by means
      releasable upon application of a predetermined axial force to said mandrel
      to permit movement to said second position.
NUM  5.
PAR  5. Apparatus as set forth in claim 4 in which one of said cam means and
      mandrel is provided with an annular groove engageable with a cooperative
      latch member carried by the other of said cam means and mandrel upon
      limited axial movement of said mandrel for applying said predetermined
      axial force.
NUM  6.
PAR  6. Apparatus as set forth in claim 4 in which said body means is also
      attached to said liner by connection means releasable upon application to
      said mandrel of a force greater than said predetermined force to release
      said mandrel and seal means for removal from said liner.
NUM  7.
PAR  7. Apparatus for cementing a liner in a well bore comprising:
PA1  a. a setting tool having a tubular mandrel connected in a pipe string for
      extension through said liner;
PA1  b. seal means releasably attached to said liner and sealingly engaging the
      exterior of said mandrel and the interior of said liner permitting at
      least limited axial movement of said mandrel without movement of said seal
      means;
PA1  c. said seal means comprising a first sleeve carrying a first annular seal
      for sealing and sliding engagement with said mandrel and a second sleeve
      carrying a second annular seal for sealing engagement with said liner;
PA1  d. said seal means comprising latch means engageable with corresponding
      groove means within said liner to releasably hold said seal means against
      axial displacement therein.
NUM  8.
PAR  8. Apparatus for cementing a liner in a well bore comprising:
PA1  a. a setting tool having a tubular mandrel connected in a pipe string for
      extension through said liner creating an annular space therebetween;
PA1  b. connector means carried by said setting tool for releasably connecting
      said liner thereto;
PA1  c. wiper means releasably disposed within said liner near one end of said
      mandrel and having a central opening through which cement may be pumped
      into said liner through said pipe string and mandrel;
PA1  d. plug means adapted for sliding and sealing engagement with the interior
      of said pipe string and mandrel effecting a movable seal behind said
      cement as it is pumped into said liner, said plug means being engageable
      with said wiper means and movable therewith, upon release of said wiper
      means, to effect a movable seal behind said cement as said cement is
      displaced from said liner into said surrounding well bore;
PA1  e. seal means disposed in said annular space and comprising a first sleeve
      carrying a first annular seal for sealingly engaging the interior of said
      liner and a second sleeve carrying a second annular seal for sealingly
      engaging the exterior of said mandrel; and
PA1  f. latch means releasably connecting said seal means to said liner
      permitting limited axial movement of said mandrel without disturbing the
      axial position of said seal means.
NUM  9.
PAR  9. Apparatus for cementing a liner in a well bore as set forth in claim 8
      in which said connector means is operable by rotation of said mandrel to
      release said mandrel for said limited axial movement relative to said
      liner.
NUM  10.
PAR  10. Apparatus as set forth in claim 8 in which said latch means comprises a
      plurality of latches carried by said first sleeve for movement from
      extended positions, engaging corresponding surfaces carried by said liner,
      to retracted positions not engaging said corresponding liner surfaces,
      said latches being held in said extended positions by the exterior of said
      second sleeve preventing axial movement of said seal means relative to
      said liner.
NUM  11.
PAR  11. Apparatus as set forth in claim 10 in which said second sleeve is
      provided with a reduced diameter portion which upon registration with said
      latch means by predetermined axial movement of said mandrel permits
      movement of said latches to said retracted positions to permit removal of
      said seal means from said liner.
NUM  12.
PAR  12. Apparatus for cementing a liner in a well bore comprising:
PA1  a. a setting tool having a tubular mandrel connected in a pipe string for
      extension through said liner creating an annular space therebetween;
PA1  b. connector means carried by said setting tool for releasably connecting
      said liner thereto;
PA1  c. wiper means releasably disposed within said liner near one end of said
      mandrel and having a central opening through which cement may be pumped
      into said liner through said pipe string and mandrel;
PA1  d. plug means adapted for sliding and sealing engagement with the interior
      of said pipe string and mandrel effecting a movable seal behind said
      cement as it is pumped into said liner, said plug means being engageable
      with said wiper means and movable therewith, upon release of said wiper
      means, to effect a movable seal behind said cement as said cement is
      displaced from said liner into said surrounding well bore;
PA1  e. seal means disposed in said annular space sealingly engaging the
      interior of said liner and the exterior of sand mandrel; and
PA1  f. latch means releasably connecting said seal means to said liner
      permitting limited axial movement of said mandrel without disturbing the
      axial position of said seal means, said latch means comprising an outer
      sleeve member carried by said seal means, having apertures in which are
      carried latch members movable from an extended position engaging
      corresponding surfaces in said liner to retracted positions free of said
      corresponding surfaces; and an inner sleeve member axially movable from a
      first position, engaging said latch members and holding them in said
      engagement with said liner surfaces, to a second position permitting
      movement of said latch members to their retracted positions and permitting
      removal of said seal means from said liner.
NUM  13.
PAR  13. Apparatus as set forth in claim 12 in which said inner sleeve member is
      initially connected to said outer sleeve member in said first position by
      releasable connection means.
NUM  14.
PAR  14. Apparatus as set forth in claim 13 in which said inner sleeve member
      and mandrel are provided with cooperable attachment means engageable upon
      predetermined axial movement of said mandrel to attach said inner sleeve
      member to said mandrel for release of said connection means and movement
      of said inner sleeve member to said second position on further axial
      movement of said mandrel.
NUM  15.
PAR  15. Apparatus as set forth in claim 14 in which said outer sleeve member is
      connected to said liner by means frangible upon application of an axial
      force to said seal means, when said inner sleeve member is in said second
      position, to permit removal of said mandrel and seal means from said
      liner.
NUM  16.
PAR  16. A method of cementing a liner in a well bore with a setting tool,
      having a tubular mandrel, connected to an operating string, comprising the
      steps of:
PA1  a. lowering said setting tool with said liner attached therearound into
      said well bore, wiper means sealingly engaging the interior of said liner
      and seal means sealingly engaging the interior of said liner and the
      exterior of said mandrel;
PA1  b. anchoring said liner in said well bore;
PA1  c. releasing said setting tool from said liner;
PA1  d. pumping cement into said liner through said operating string and tool
      mandrel;
PA1  e. pumping plug means, sealingly engaging said operating string and
      mandrel, behind said cement into engagement with said wiper means;
PA1  f. pumping said cement out of said liner into said surrounding well bore by
      forcing said plug means and wiper means through said liner;
PA1  g. releasing said seal means by predetermined non-rotating axial movement
      of said mandrel; and
PA1  h. removing said setting tool and seal means from said well bore.
NUM  17.
PAR  17. A method of cementing a liner in a well bore as set forth in claim 16
      in which the force due to pressure applied to said seal means during said
      pumping of said cement is transmitted to said liner without transmission
      to said mandrel.
NUM  18.
PAR  18. A method of cementing a liner in a well bore as set forth in claim 16
      in which the force applied to said seal means due to any fluid head within
      said well bore above said seal means is transmitted to said liner without
      transmission to said mandrel.
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ABST
PAL  A semi-mounted or trailing roll-over plow arranged for maximum control over
      the plowing components. In such a plow wherein the axis of rotation of the
      roll-over (rotatable) slow part does not go through the center of gravity
      of such rotatable plow part, there is provided mechanism by which the
      rotatable plow part is shifted, and thereby its center of gravity is moved
      from an operating position substantially in a horizontal direction toward
      the axis of rotation, for thereby minimizing eccentricity of the rotatable
      plow part during a subsequent roll-over, or rotation. Hydraulic means are
      provided for effecting the lifting and/or shifting of the plow components
      as required for various phases of operation thereof.
BSUM
PAR  The invention relates to a semi-mounted or trailing rollover plow, in which
      in the operating position the axis of rotation does not go through the
      center of gravity of the rotatable portion of the plow.
PAR  Semi-mounted roll-over plows of the mentioned type have in general two
      rotary bearings which support shafts connected to the ends of the
      rotatable portion of the plow. The front rotary bearing is carried by a
      bearing support which is connected to the draw bar of the plow and the
      rear rotary bearing is carried by an axle support of the rear wheel
      carriage or by a rear transport wheel held by a stabilizer. In such plows
      the center of gravity is for structural reasons spaced relatively far from
      the imaginary axis of rotation (i.e. an imaginary line connecting the
      front and rear bearing systems of the rotatable portion of the plow), so
      that in the first half of rotation the center of gravity is lifted
      substantially and in the second half of rotation same drops again
      accordingly. Thus during the first half of rotation a relatively large
      amount of work must be carried out, while in the second half of rotation
      the energy which becomes free due to the lowering of the center of gravity
      must be dissipated by suitable means. In order to reduce the work which
      must be carried out in the first half of rotation and in order to reduce
      the energy which must be dissipated in the second half of rotation, it has
      been suggested to lower the plow end in the first half of rotation and to
      lift same again in the second half of rotation. Since the center of
      gravity lies approximately in the center of the plow, the plow end must be
      lowered approximately at twice the amount at which the center of gravity
      is lowered. In the case of longer plows, the work which must be carried
      out still in spite of the lowering and the energy which must be dissipated
      remain considerable because the ground clearance of the plow and thus the
      path available for lowering the plow is limited.
PAR  The basic purpose of the invention is to construct a semimounted or
      trailing roll-over plow of the type mentioned above in such a manner that
      the center of gravity even during rotation of a longer plow need not be
      lifted or need only be lifted slightly.
PAR  This purpose is attained according to the invention by causing the
      rotatable portion of the plow to be movable relative to the front and/or
      rear bearing point which carries said rotatable portion in a horizontal
      direction toward the imaginary axis of rotation. If the center of gravity
      is shifted far enough to lie in the imaginary axis of rotation, then
      during one rotation of the plow neither a lifting nor a lowering of the
      center of gravity takes place.
PAR  To shift the rotatable plow part in the horizontal direction, either a
      hydraulic cylinder or a mechanical gearing (e.g. mechanical linkage) is
      used. When the mechanical gearing is used, the vertical movement is
      transformed, during lifting of the rear plow end through a lever system
      which engages the axle support of the rear wheel carriage, into a
      horizontal movement which shifts the rotatable plow part, or is
      transformed into a relative movement of parts of the three-point linkage.
      If a hydraulic cylinder is used for the movement of the rotatable plow
      part in the horizontal direction, then the inlet opening of the cylinder
      for the swinging of the front and/or the rear end of the rotatable portion
      of the plow is advantageously connected to the feed line for the lift
      cylinder of the transport wheel or the carriage or the outlet opening of
      this lift cylinder for lifting the rear end of the plow. Either a
      hydraulic storage means or a hydraulic line leading to the tractor can be
      connected to the outlet opening of the shift cylinder. If a single acting
      shift cylinder is used, then a spring is used for returning the shift
      cylinder into its initial position.
PAR  In one embodiment of the invention, the end or the ends of the rotatable
      plow part are pivotal about a vertical axis which is held by a base frame
      which is connected to the axis of rotation of the plow. In a preferred
      embodiment of the invention the end of the rotatable plow part is
      connected through two linkage members to the base frame which is rigidly
      connected to the axis of rotation of the plow. The use of two linkage
      members which form a four-bar linkage has the advantage that the rotatable
      plow part can be shifted without the rear wheel carriage being deflected
      from the direction of travel. When the rotatable plow part is hinged only
      to one pin, the rear wheel carriage is deflected from the direction of
      travel. In order to keep this deflection as small as possible, it is
      advantageous to construct the wheels of the rear wheel carriage as
      trailing wheels. After a rotation of the plow into a half-rotated
      position, the rear wheel carriage again swings into the direction of
      travel because the formerly lateral shift is now again vertical, so that
      the transport of the plow is not affected by the shifting of the rotatable
      plow part.
DRWD
PAR  Several exemplary embodiments of the invention are described more in detail
      hereinafter in connection with the drawings, in which:
PAR  FIG. 1 is a top view of a parallel shift of the rotatable part of a
      semi-mounted roll-over plow according to the invention at the front end
      thereof,
PAR  FIG. 2 is a top view of the front end of a further exemplary embodiment of
      a semi-mounted roll-over plow of the invention, FIG. 3 illustrates an
      embodiment similar to FIG. 2, however, with a specially large field of
      traverse so that the tractor can travel during plowing in or beside the
      previous furrow,
PAR  FIG. 4 is a side view of the rear end of a semi-mounted roll-over plow of
      the invention, in which the parallel shift is effected by means of a
      mechanical gearing,
PAR  FIG. 5 is a top view of the exemplary embodiment illustrated in FIG. 4.
PAR  FIG. 6 is a top view of the rear plow end of an exemplary embodiment of the
      invention having a movable hydraulic means,
PAR  FIG. 7 is a top view of the rear plow end of a further exemplary embodiment
      of the invention, and
PAR  FIG. 8 illustrates a rear wheel carriage for a plow embodying the
      invention, the wheels of which are constructed as trailing wheels.
DETD
PAR  In FIG. 1, which illustrates the operating position of the plow, the lower
      linkage members 1 are secured through pins 2, 3 on a hitch member 4. In
      the center of the hitch member 4 there is mounted an upstanding frame
      element 5 at the upper end of which the upper linkage member 6 of the
      tractor engages. A rearwardly extending draw bar 7 is secured on the hitch
      member 4, which draw bar is connected to a bearing mount 9 through a
      universal joint 8. The universal joint 8 has a vertical axis 10 and a
      horizontal axis 11.
PAR  A rotary bearing 12 for a rotatable stub shaft 13 is arranged in the
      bearing mount 9, which rotatable stub shaft is connected to a frame base
      14. The frame 16 which carries the plow members 15 is hinged through two
      linkage members 17, 18 to the base frame 14 which is connected to the axis
      of rotation 13. The linkage members 17, 18 are pivotal about axes 19, 20
      which are hinged to the base frame 14 and the plow frame 16. An arm 21 is
      formed onto the linkage member 18 and the end of such arm is engaged by a
      shift cylinder 22. The piston 23 of the shift cylinder 22 is hinged to a
      fork 24 which is secured on the frame 16. The inlet or outlet opening of
      the shift cylinder 22 are identified by reference numerals 25, 26. An
      adjustable screw 27 is mounted on the arm 21 to adjust cutting width of
      the first plow member.
PAR  The inlet opening 25 of the pressure cylinder 22 is connected through a
      not-illustrated hydraulic line either to the inlet or outlet opening of a
      lift cylinder for lifting the rear plow end. The outlet opening 26 of the
      shift cylinder 22 can either be connected to a hydraulic storage or can be
      connected to the tractor. It is also possible to use a one-way acting
      cylinder with a return spring. If pressure oil is fed into the shift
      cylinder 22 through the inlet opening 25, then the plow frame 16 pivots
      (rotates) with its plow members 15 about the axes 19, 20 which causes the
      center of gravity of the plow to be shifted toward the imaginary axis of
      rotation. The joints 19, 20 do not need to form a parallelogram. The
      extensions of the linkage members 17, 18 intersect advantageously at a
      rearwardly spaced point.
PAR  In FIG. 2, the functionally corresponding parts are identified by the same
      reference numerals. The full lines show the plow in a position which is
      swung in the horizontal direction, however, which is not yet rotated,
      while the dashed lines show the plow in the operating position. Aside from
      the special construction of the universal joint 8 this plow differs from
      the one of FIG. 1 in that the plow frame 16 is hinged directly through a
      pin 28 to the frame base 14 which is connected to the axis of rotation 13.
      The frame base 14 is in turn again fixedly connected to the stub shaft 13.
      The shift cylinder 22 engages the other end of the frame base 14, the
      piston 23 of which shift cylinder engages the plow frame 16 through a fork
      24.
PAR  The horizontal axis means 11 of the universal joint 8 is carried by a long
      fork 29 which is fixedly connected to the bearing support 9. An
      intermediate part 30 is connected at its one end to the draw bar 7 through
      the vertical axis 10 and is connected at its other end pivotally to the
      horizontal axis means 11. This construction of the universal joint has the
      advantage that the horizontal axis means 11, through which passes the pull
      line of the plow, lies very close to the hinge points of the lower linkage
      members. One thus obtains a small lever arm for the load acting on the
      tractor so as to minimize the danger of tilting up of the tractor.
PAR  In FIG. 3, the functionally corresponding parts are identified by the same
      reference numerals. The plow illustrated in FIG. 3 differs from the one
      illustrated in FIG. 2 only in that the swing axis 10 is arranged closer to
      the draw bar of the plow and the axis 28 is arranged farther back.
      Further, the hinge points of the shift cylinder 22 lie on the frame base
      14 and of the fork 24 near the central plane of the tractor. The axis 28
      is spaced from the swing axis 10 sufficiently that it is positioned
      adjacent the rear tire of the tractor when the tractor is swung 90.degree.
      to the plow, as illustrated in dash-dotted lines in FIG. 3. In this
      manner, the turning of the plow is facilitated such that the tractor can
      travel also beside the previous furrow 32 which is desired in the case of
      multishare plows. The position of the plow in FIG. 3 which is shown by
      dots illustrates the position of the plow in which the tractor runs
      alongside of the previous furrow, thus on the unplowed ground. The degree
      of the furrow-side swing of the plow is adjusted by means of an adjustable
      stop 27, as same is illustrated in FIG. 1. The dotted lines in FIG. 3
      illustrate the plow in the normal position in which the tractor runs in
      the furrow 31.
PAR  Especially when the tractor travels alongside the previous furrow, the
      first plow member, and thus all of the remaining ones, must be moved
      laterally much farther on the furrow side so that the eccentric distance
      of the center of gravity of the pivoted plow unit is very far from the
      axis of pivoting and a very large pivot cylinder would have to be used for
      effecting the desired pivoting of the plow. The parallel shift of the plow
      in the horizontal plane makes it possible to shift same with the same
      small shift cylinder as needed for a plow with which the tractor travels
      beside the first furrow.
PAR  The width adjustment of the first plow member or the adjustment of the
      swinging out of the plow in operating position takes place here just as in
      FIG. 2 by an adjustable stop, not shown, which is, however, generally
      similar to the stop 27 illustrated in FIG. 1.
PAR  FIG. 3 also illustrates, in dash-dotted lines, two swungout positions of
      the lifted, but less than half-rotated plow, which positions show that the
      tractor can be swung more than 90.degree. relative to the plow. In the
      present case this is 105.degree.. Neither the one nor the other side of
      the plow hits the rear wheels of the tractor. The half-rotated plow can be
      swung yet farther, here approximately 120.degree. to both sides.
PAR  FIGS. 4 and 5 show the rear end of the frame 16 with its plow member 15 in
      the transporting position. Plates 31 are welded on the end of the frame
      16, between which plates linkage members 32, 33 are pivoted. The other
      ends of the linkage members are pivoted to a base member 34 which carries
      the rear stub shaft 35. The linkage members 32, 33 are pivotal about axes
      36, 37.
PAR  The stub shaft 35 of the plow is supported in a rotary bearing 38 on which
      is hinged an axle support 39 of a rear wheel carriage. Further, an arm 40
      is secured on the rotary bearing 38, at the end of which arm a lift
      cylinder 41 is hinged for lifting the rear end of the plow. The piston rod
      42 of the lift cylinder 41 is pivoted to the axle support 39. A pressure
      oil line 56 is connected to the inlet opening 43 of the lift cylinder 41,
      which pressure oil line leads to the tractor.
PAR  A further horizontal shaft 44 is supported on the base member 34
      perpendicularly to the rotary axis 35 of the plow, to the two ends of
      which shaft 44 one crank arm 45, 46 each is keyed. The crank arm 46 is
      connected through a universal joint 47 to a linkage member 48 which is
      rotatably supported on the axle support 39. One end of a linkage member 49
      pivotally engages the crank arm 45 and the other end of the linkage member
      49 is pivotally connected to a shoulder 50 formed onto the linkage member
      33. The one axis 51 of the universal joint 47 is arranged in the
      transporting position in alignment with the stub shaft 35 of the plow.
      During a lowering of the rear end of the plow, which lowering is effected
      by the lift cylinder 41, the vertical movement of the rotary bearing 38 is
      transferred through the mechanical gearing 48, 46, 44, 45, 49 and 50 onto
      the plow frame 16 in such a manner that same carries out a horizontal
      swinging movement.
PAR  FIG. 6 illustrates an exemplary embodiment in which the swinging movement
      of the pivotal part of the plow frame in the horizontal plane is effected
      by a hydraulic cylinder 22'. The same parts are again identified by the
      same reference numerals. The shift cylinder 22 is secured on a fork 52
      which is formed onto the frame 16. The piston rod 23 of the cylinder 22'
      engages the arm 50 of the linkage member 33. The inlet opening 25 of the
      cylinder 22' is connected through a hydraulic line 54 to the outlet
      opening 55 of the lift cylinder 41. A hydraulic line 56 is connected at
      the inlet opening 43 of the cylinder 41, which line leads to the tractor.
      A hydraulic line 58 is connected to the outlet opening 26 of the shift
      cylinder 22', which line 58 leads either to the tractor or to a pressure
      storage means. If pressure oil is fed to the cylinder 41 through the line
      56, then the pressure oil which is displaced in the cylinder 41 flows
      through the outlet opening 55, the pressure line 54 into the shift
      cylinder 22' through which the swinging of the shiftable plow part in the
      horizontal plane is started. By connecting the cylinders 41 and 22' in
      series, the swinging of the shiftable plow part in the horizontal
      direction is concluded when the rear end of the plow is lifted out. The
      two cylinders can, however, also be connected in parallel.
PAR  In the exemplary embodiment which is illustrated in FIG. 7, the same parts
      are identified by the same reference numerals. The embodiment according to
      FIG. 7 differs from the one of FIG. 6 in that the frame 16 is secured
      directly through only one vertical swivel axis 59 onto a base frame 34
      which comprises a carrier. The base frame 34 is in turn again fixedly
      connected to the rotational axis 35. The shift cylinder 22', the control
      of which is the same as in FIG. 6, is secured at one end on a bent part 60
      of the plow frame 16 and engages with its other end the base frame 34. The
      plow end which is illustrated in dashed lines in FIG. 7 represents its
      position during plowing. At the lifted plow which is swung in the
      horizontal plane, the rear wheel carriage is positioned sloped to the
      direction of travel of the plow because for the swinging of the rotatable
      part of the plow in the horizontal plane only one vertical axis 59 is
      available. If the plow is rotated halfway so that the two alternately
      useable plow members 15 lie horizontally side-by-side, then the plow
      assumes a symmetric position. By positioning the rear wheel carriage in
      the sloped manner shown in solid lines, when the plow is lifted but not
      rotated, the rear wheel carriage would, if the plow would be transported
      in this position, travel at a laterally wide shifting with respect to the
      tractor. By using trailing wheels in place of rigidly secured wheels, this
      lateral shifting can be reduced. Thus FIG. 8 shows a plow rear frame
      according to the invention in which the plow carriage is provided with
      trailing wheels 61 which can pivot about vertical axes 62.
PAR  Although particular preferred embodiments of the invention have been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part including an elongate frame member, said rotatable
      plow part further including first and second sets of plow members fixedly
      mounted upon said elongate frame member and alternately selectable for
      plowing by rotation of said elongate frame member to corresponding first
      and second operating positions, said first and second plow member sets
      being vertically stacked and horizontally offset from the same side of
      said elongated frame member in said first and second operating positions,
      the center of gravity of said rotatable plow part being horizontally
      offset from said axis of rotation and elongate frame member in both said
      operating positions due to said horizontal offset of said plow member sets
      on the same side of said elongate frame member;
PA1  means carrying said elongate frame member and having front and rear bearing
      means for supporting said elongate frame member for rotation about an axis
      of rotation and longitudinally therebetween;
PA1  locating means supportingly interposed between at least one of said front
      and rear bearings and the adjacent end of said elongate frame member and
      horizontally shiftably locating said rotatable elongate frame member with
      respect to said one of said front and rear bearing means for permitting a
      shift of the center of gravity of said rotatable plow part substantially
      to said axis of rotation;
PA1  shift means interengaging the locating means with one of said frame member
      and carrying means adjacent said one bearing means and actuable
      preparatory to rotation for horizontally shifting said center of gravity
      of said rotatable plow part substantially to said axis of rotation by
      sufficient horizontal shifting of the adjacent end of said elongate frame
      member out of operating position, thereby substantially reducing the
      vertical lifting and retarding forces required to rotate the rotatable
      plow part between operating positions.
NUM  2.
PAR  2. Plow according to claim 1, in which said shift means are connected
      cooperatively with said locating means and the adjacent end of said
      elongate frame member and are actuable prior to rotation for horizontally
      shifting said center of gravity toward said axis of rotation from an
      initial horizontal offset position and actuable after rotation for
      returning said center of gravity to said initial horizontal offset
      position, said shift means thus substantially horizontally moving said
      rotatable plow part.
NUM  3.
PAR  3. Plow according to claim 2 in which said shift means comprises a
      hydraulic shift cylinder and means interconnecting same between said
      elongate frame member adjacent said one bearing and said locating means
      for carrying out said shifting of said rotatable plow part and center of
      gravity.
NUM  4.
PAR  4. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means movably locating said rotatable plow part with respect to at least
      one of said front and rear bearing means for shifting of the center of
      gravity of said rotatable plow part in a substantially horizontal
      direction toward said axis of rotation, whereby to reduce the energy input
      to and output from the rotatable plow part during portions of its rotation
      between the operating positions of its sets of plow members;
PA1  means cooperative with said locating means and actuable prior to rotation
      for accomplishing said shifting of said center of gravity toward said axis
      of rotation from an initial position and actuable after rotation for
      returning said center of gravity to said initial position, said actuable
      means thus substantially horizontally moving said rotatable plow part,
      said actuable means comprising a hydraulic shift cylinder and means
      interconnecting same with said rotatable plow part and locating means for
      carrying out said moving of said rotatable plow part and center of
      gravity;
PA1  said carrying means including a double acting lift cylinder actuable for
      lifting one said bearing means and thereby the corresponding end of said
      rotatable plow part from said operating position to a lifted position,
      said lift cylinder having an outlet for discharging of pressure fluid
      during such lifting, said shift cylinder having an inlet connected to said
      outlet of said lift cylinder, whereby said shifting of said center of
      gravity horizontally toward said axis of rotation is accomplished
      substantially during lifting of the ground engaging set of plow members
      from said operating position to said lifted position, as in preparation
      for a rotation of said rotatable plow part.
NUM  5.
PAR  5. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means movably locating said rotatable plow part with respect to at least
      one of said front and rear bearing means for shifting of the center of
      gravity of said rotatable plow part in a substantially horizontal
      direction toward said axis of rotation, whereby to reduce the energy input
      to and output from the rotatable plow part during portions of its rotation
      between the operating positions of its sets of plow members;
PA1  means cooperative with said locating means and actuable prior to rotation
      for accomplishing said shifting of said center of gravity toward said axis
      of rotation from an initial position and actuable after rotation for
      returning said center of gravity to said initial position, said actuable
      means thus substantially horizontally moving said rotatable plow part,
      said actuable means comprising a hydraulic shift cylinder and means
      interconnecting same with said rotatable plow part and locating means for
      carrying out said moving of said rotatable plow part and center of
      gravity;
PA1  a single acting lift cylinder on said carrying means and means connecting
      said lift cylinder to adjacent one of said bearing means for lifting the
      adjacent end of said rotatable plow part, and a pressure fluid feed line
      connected to the inlet of said lift cylinder and the inlet side of said
      shift cylinder, whereby to substantially simultaneously lift said
      rotatable plow part and carry out said shifting of said center of gravity
      thereof horizontally toward said axis of rotation, as prepatory to a
      rotation of said rotatable plow part.
NUM  6.
PAR  6. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means movably locating said rotatable plow part with respect to at least
      one of said front and rear bearing means for shifting of the center of
      gravity of said rotatable plow part in a substantially horizontal
      direction toward said axis of rotation, whereby to reduce the energy input
      to and output from the rotatable plow part during portions of its rotation
      between the operating positions of its sets of plow members;
PA1  said carrying means including lifting means engageable with one of said
      bearing means and actuable for lifting of said rotatable plow part from
      said operating position, wherein a selected set of plow members is
      engageable with the ground for plowing, to a lifted position;
PA1  means adjacent at least one of said bearing means and actuable for carrying
      out said horizontal shifting of said rotatable plow part toward said axis
      of rotation, and means interconnecting said lifting means and actuable
      means for causing said shifting of said rotatable plow part in said
      horizontal direction substantially simultaneously with said lifting of
      said plow part.
NUM  7.
PAR  7. Plow according to claim 6 in which said lifting means comprises a double
      acting lift pressure fluid cylinder and means securing same on said
      carrying means adjacent to rear end of said rotatable plow part for
      lifting the latter, said actuable means comprises a shift pressure fluid
      cylinder connected to one end of said rotatable plow part, said shift
      cylinder being double acting and having an inlet opening and an outlet
      opening for respectively receiving and exhausting pressure fluid to
      accomplish said shifting of said rotatable plow part in said horizontal
      direction toward said axis of rotation, said lift cylinder being double
      acting and having an outlet opening for exhausting pressure fluid during
      said lifting, said shift cylinder inlet being connected to said lift
      cylinder outlet, and including a pressure fluid supply-return line from
      said shift cylinder outlet.
NUM  8.
PAR  8. Plow according to claim 6 in which the lifting means comprises a single
      acting lift pressure fluid cylinder, said carrying means include a rear
      wheel carriage supporting said rear bearing means above the ground, means
      operatively interconnecting said lift cylinder between said rear wheel
      carriage and rear bearing means for lifting the rear end of said rotatable
      plow part upon actuation of said lift cylinder, said actuable means
      including a shift pressure fluid cylinder connected to said rotatable plow
      part and having an inlet, and including a pressure fluid feed line
      connected to the shift cylinder inlet and the sole inlet of said single
      acting lift cylinder for simultaneously lifting and horizontally shifting
      said rotatable plow part in said horizontal direction toward said axis of
      rotation.
NUM  9.
PAR  9. Plow according to claim 6 including mechanical linkage means
      interconnecting a part of said carrying means, adjacent one end of said
      rotatable plow part, with the adjacent locating means of said rotatable
      plow part, and responsive to said lifting of said plow part for
      simultaneously carrying out said shifting of said plow part in said
      horizontal direction.
NUM  10.
PAR  10. Plow according to claim 9 in which said carrying means include a ground
      engaging rear wheel carriage at the rearward end of said rotatable plow
      part and having a wheel support member supported by a ground engaging
      wheel and in turn supporting and being reorientable to adjust the height
      of said rear bearing means and comprising a portion of said lifting means,
      said locating means at the rear of said rotatable plow part being
      rotatable on said rear bearing means, said mechanical linkage means
      including a transverse horizontal shaft on said locating means, crank arms
      engaging opposite ends of said transverse horizontal shaft, linkage
      members connecting the free ends of said crank arms respectively to said
      wheel support means and to a horizontally shiftable portion of said
      locating means, for shifting said rotatable plow part in said horizontal
      direction toward said axis for rotation in response to lifting of the rear
      end of said rotatable plow part.
NUM  11.
PAR  11. Plow according to claim 10 including a universal joint interconnecting
      the one of said crank arms associated with said wheel support and the
      corresponding said linkage member, said universal joint having one axis
      aligned with the rear bearing means axis with said plow part in lifted
      position, to permit sufficient rotation of said rotatable plow part as to
      exchange one of said plow members for the other.
NUM  12.
PAR  12. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means adjacent at least one of said front and rear bearing means and
      movably locating said rotatable plow part with respect to said one bearing
      means for shifting of the center of gravity of said rotatable plow part in
      a substantially horizontal direction toward said axis of rotation, whereby
      to reduce the energy input to and output from the rotatable plow part
      during portions of its rotation between the operating positions of its
      sets of plow members, said locating means including a base frame rotatable
      on the axis of the adjacent bearing means, the adjacent end of the
      rotatable plow part being pivotable about a vertical axis on said base
      frame for said shifting of said plow part in said horizontal direction
      toward said axis of rotation;
PA1  a shift pressure fluid cylinder interconnected between said rotatable plow
      part and said base frame and extensible and contractable for relatively
      pivoting said base frame and rotatable plow part to accomplish said
      shifting of the latter in said horizontal direction.
NUM  13.
PAR  13. Plow according to claim 12 including pivot means securing the opposite
      ends of said shift cylinder to said rotatable plow part and base frame and
      in which said pivot means and said vertically arranged axis lie near the
      central plane of that portion of the carrying means connectible to a
      tractor, and thereby lie near the central plane of such tractor.
NUM  14.
PAR  14. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means adjacent at least one of said front and rear bearing means and
      movably locating said rotatable plow part with respect to said one bearing
      means for shifting of the center of gravity of said rotatable plow part in
      a substantially horizontal direction toward said axis of rotation, whereby
      to reduce the energy input to and output from the rotatable plow part
      during portions of its rotation between the operating positions of its
      sets of plow members, said locating means including a base frame rotatable
      on the axis of the adjacent bearing means, the adjacent end of the
      rotatable plow part being pivotable about a vertical axis on said base
      frame for said shifting of said plow part in said horizontal direction
      toward said axis of rotation, said base frame being a rigid member fixed
      for rotation about the axis of the adjacent said bearing means, said
      locating means further including two transversely spaced linkage members
      each pivoted at one end thereof to said base frame and correspondingly
      pivoted at the opposite ends thereof to the adjacent end of said rotatable
      plow part.
NUM  15.
PAR  15. Plow according to claim 14 including an arm fixed on one said linkage
      member adjacent one said linkage member pivot, and including a shift
      pressure fluid cylinder interconnecting said arm and said rotatable plow
      part for carrying out said shifting of the latter in said horizontal
      direction.
NUM  16.
PAR  16. Plow according to claim 14 in which said linkage members of said pair
      lie at an angle to each other.
NUM  17.
PAR  17. Plow according to claim 16 in which extensions of the longitudinal axes
      of said linkage members intersect at a point lying behind such linkage
      members, referred to the normal direction of travel of said plow.
NUM  18.
PAR  18. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means adjacent at least one of said front and rear bearing means and
      movably locating said rotatable plow part with respect to said one bearing
      means for shifting of the center of gravity of said rotatable plow part in
      a substantially horizontal direction toward said axis of rotation, whereby
      to reduce the energy input to and output from the rotatable plow part
      during portions of its rotation between the operating positions of its
      sets of plow members, said locating means including a base frame rotatable
      on the axis of the adjacent bearing means, the adjacent end of the
      rotatable plow part being pivotable about a vertical axis on said base
      frame for said shifting of said plow part in said horizontal direction
      toward said axis of rotation, a linkage member pivotally interconnecting
      said base frame and rotatable plow part, one end of said linkage member
      being on said vertical axis, and including adjustable stop means coacting
      between said linkage member and rotatable plow part for adjusting the
      cutting width of the forwardmost plow member on said rotatable plow part,
      said stop means being capable of limiting the horizontal shift of said
      rotatable plow part toward a previously cut furrow during plowing.
NUM  19.
PAR  19. Semi-mounted or trailing roll-over plow, comprising:
PA1  a rotatable plow part;
PA1  means carrying said rotatable plow part and having front and rear bearing
      means for supporting said rotatable plow part for rotation about an axis
      of rotation;
PA1  said rotatable plow part including first and second plow members
      alternately selectable for use by rotation of said rotatable plow part to
      a corresponding operating position, said rotatable plow part having a
      center of gravity offset from said axis of rotation in said operating
      position;
PA1  means movably locating said rotatable plow part with respect to at least
      one of said front and rear bearing means for shifting of the center of
      gravity of said rotatable plow part in a substantially horizontal
      direction toward said axis of rotation, whereby to reduce the energy input
      to and output from the rotatable plow part during portions of its rotation
      between the operating positions of its sets of plow members, said first
      and second plow members being opposed, said rotatable plow part including
      an elongate frame member having ends secured to said carrying means
      through said locating means and laterally offset to one side of both plow
      member sets when either set is in operating position, said carrying means
      including front carrying means incorporating a universal joint having a
      vertical pivot axis for securement to a tractor hitch, a transverse
      horizontal axis and a member fixedly supporting said front bearing means
      and pivoted on said transverse horizontal axis, said locating means
      including a front base frame rotatable on said front bearing means about a
      substantially horizontal and normally substantially forwardly aligned axis
      and means pivotally connecting said rotatable plow part in generally
      trailing relation to said base frame, and further including an extensible
      power member pivotally interconnected between said base frame and
      rotatable plow part for carrying out said shifting in said horizontal
      direction toward said axis of rotation of at least the forward end of said
      rotatable plow part, from an operating position to a swung position and in
      preparation for a rotation of said rotatable plow part, said rotatable
      plow part in operating position normally angling rearwardly from said base
      frame, said locating means including a rear portion pivoted on said rear
      bearing means and extending forwardly therefrom to the rear portion of
      said rotatable plow part and pivotally interconnecting therewith on a
      vertical pivot axis, said carrying means extending rearwardly from said
      rear bearing means and including a ground engaging wheel and a lift
      cylinder actuable for lifting said rear bearing means from an operating
      position to a lifted position thereabove, and including shifting means
      engageable with said rear locating means for carrying out said shifting in
      the horizontal direction toward said axis of rotation as to the rear
      portion of said rotatable plow part, said shifting means being actuable
      substantially simultaneously with actuation of said lift means to
      coordinate lifting and shifting of said rotatable plow part and to
      thereafter enable a rotation of said rotatable plow part about the axes of
      said front and rear bearing means.
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ABST
PAL  An earthworking blade arrangement, such as for a grader or snow plow blade
      or the like, in which a steel blade is mounted on the lower edge of a
      moldboard and extends downwardly therefrom while an axially segmented
      blade is secured to the lower edge of the steel blade and extends
      downwardly therefrom and is provided with hard wear resistant inserts
      mounted in the lower edge thereof and which forms the working edge of the
      blade assembly. Advantageously, the axially segmented member extends a
      substantial distance upwardly along the back of the steel blade and is
      bolted thereto.
BSUM
PAR  The present invention relates to earthworking blades and is particularly
      concerned with an improvement in grader blades and snow plow blades and
      the like.
PAR  Graders and snow plows are both well known devices and each thereof
      comprises a relatively long moldboard which extends generally laterally of
      the surface being worked and is moved over the surface in a direction
      generally perpendicular to the length of the moldboard. It is conventional
      to mount steel blade members on the lower edges of such moldboards with
      the steel blade members extending downwardly below the lower edge of the
      moldboard and having a lower edge forming the working surface of the
      device.
PAR  It is also known to slot the lower edges of the steel blade members and to
      mount therein in side by side relation blocks of hard wear resistant
      material such as cemented hard metal carbide, particularly, tungsten
      carbide.
PAR  The conventional arrangements of providing a moldboard with blade members,
      and including blade members having carbide blocks mounted therein, is
      rather wasteful of steel because a steel blade member will wear away quite
      rapidly and a blade member provided with carbide blocks is generally
      discarded when the blocks are worn away.
PAR  With the foregoing in mind, an object of the present invention is the
      provision of an improved arrangement for providing the moldboard of an
      earthworking device such as a grader or scraper or snow plow with a wear
      resistant working edge region.
PAR  Another object of the present invention is the provision of a working edge
      for a device of the nature referred to which is economical in respect of
      the use of steel.
PAR  Still another object is the provision of an arrangement for providing a
      working edge for a device of the nature referred to in which improved
      working conditions are obtained by the particular configuration of the
      element forming the working edge of the moldboard.
PAR  A further object is the provision of a working edge for the moldboard of a
      device of the nature referred to in which the working edge is segmented
      axially into sections substantially smaller than the total length of the
      moldboard.
PAC  BRIEF SUMMARY OF THE INVENTION:
PAR  According to the present invention, a moldboard for a grader or scraper or
      snow plow is provided and connected to the lower edge thereof and
      extending downwardly therefrom is a steel blade. Extending along the steel
      blade, near the bottom, and dependent from the lower edge of the steel
      blade, is a working edge element which is axially segmented so that each
      section of the working edge member is substantially shorter than the steel
      blade to which it is attached.
PAR  In the lowermost edge of each edge member, there is provided an axial slot
      and mounted in side by side relation in each slot is a plurality of hard
      wear resistant blocks formed, for example, from cemented hard metal
      carbide, such as tungsten carbide cemented by cobalt. Bolts secure the
      steel blade to the moldboard and further bolts extending through the steel
      blade and the edge members secure the steel blade and the edge members
      together.
PAR  The edge member is preferably an extrusion or forging and is of such a
      configuration that, taken together with the carbide blocks, provides for
      long wearing capabilities of the edge members. In particular, the lower
      ends of the carbide blocks are so configured as to deflect material moved
      by the blade forwardly and away from the steel of the edge member thereby
      inhibiting the rapid wear, or washing out of the steel of the edge member
      in front of the carbide blocks.
PAR  Furthermore, the blocks are so configured that in a preferred position of
      the blade which carries the edge members, a substantial area of each block
      faces downwardly and is substantially parallel to the surface being
      worked.
PAR  The edge members are advantageously mounted on the rearward side of the
      steel blades and include a forwardly offset region at the bottom extending
      forwardly beneath the lower edge of the steel blade. However, the edge
      members could be mounted on the forward side of the steel blade, if
      desired.
DRWD
PAR  The exact nature of the present invention will become more apparent upon
      reference to the following detailed specification taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a vertical sectional view showing the lower edge of a moldboard
      with a steel blade secured to the bottom edge thereof and with edge
      members according to the present invention secured to the lower portion of
      the steel blade extending downwardly beneath the lower edge of the steel
      blade.
PAR  FIG. 2 is a schematic front elevational view showing the manner in which
      the members forming the working edge of the steel blade are provided in
      the form of relatively short sections and are placed end to end on the
      steel blade.
PAR  FIG. 3 shows a modification.
PAR  FIG. 4 shows a further modification.
PAR  FIG. 5 is a perspective view showing a typical wear resistant insert.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring to the drawings somewhat more in detail, in FIG. 1, 10 indicates
      the lower portion of a substantially conventional moldboard such as might
      be employed on a grader or scraper or a snow plow. The extreme lower edge
      of the moldboard is offset to the rear as indicated at 12 and fits over
      the rear of the top region of a steel blade 14 and which is substantially
      rigidly secured to moldboard 10 as by plow bolts 16 extending through the
      steel blade and the lower offset region 12 of the moldboard.
PAR  According to the present invention, the lower edge of steel blade 14 tapers
      inwardly toward the bottom by virtue of a flat region 18 formed on the
      rear thereof and which may be, for example, about 11/4  inches in length.
PAR  The steel blade 14 is generally concave toward the front and may be formed
      to a radius of about 101/2  to 11 inches, for example.
PAR  Mounted on the blade member 14 so as to project downwardly from the lower
      edge thereof are blade edge members according to the present invention and
      generally indicated at 20.
PAR  As will be seen in FIG. 2, the edge members 20 are substantially shorter
      than steel blade 14. The edge members, for example, may be 12 inches long
      whereas blade 14 may be several feet in length.
PAR  The steel blade 14 is provided with holes through which plow bolts 22
      extend to connect the edge members to the steel blade. As will be seen in
      FIG. 2, these bolts may be 6 inches apart so that each edge member has two
      holes formed therein each 3 inches inwardly from the adjacent edge and 6
      inches apart.
PAR  Each edge member 20 comprises an inwardly tapering upper portion 24 and an
      intermediate region 26 through which bolts 22 pass. Below intermediate
      region 26 each edge member tapers outwardly along a region 28 so as to fit
      against the inclined rearward face 18 of blade 14 near the lower edge
      thereof. The forward side of the region 28 includes a forwardly projecting
      portion 30 immediately beneath the lower edge of the blade 14 and
      advantageously projecting slightly forwardly therefrom to provide for the
      flow of earth upwardly along the face of blade 14 without an accumulation
      at the lower edge of the blade.
PAR  At the extreme lower edge of each blade member 20, the edge member is
      formed to a somewhat rounded configuration as indicated at 32 and each
      edge member also comprises a longitudinal slot 34 in which hard wear
      resistant inserts 36 are mounted in side by side relation.
PAR  FIG. 5 shows a typical insert 36. Such an insert might be an inch long and
      can vary in front to back thickness and also in heighth. The lower edge 38
      of each insert is "V" shaped in cross section and, as will be seen in FIG.
      1, the rearward side of the "V" shape is substantially parallel to the
      surface 40 being worked and substantially tangent to the rounded portion
      32.
PAR  The forward side of the "V" shaped configuration on the lower edge of each
      insert inclines upwardly and forwardly and merges with the forward face of
      the respective edge member. Due to the disposition of the wear resistant
      inserts and the presenting of one face of the "V" shaped outer edge
      downwardly and the other face forwardly at a forwardly inclined angle, the
      edge members wear slowly when engaging an abrasive surface such as a
      roadway or a berm while earth, sand, stones and rocks and the like
      dislodged by the blade tend to be deflected in the forward direction and
      thereby reduce the abrasive effect of the material on the blade.
PAR  In cases where the hard wear resistant inserts have a steeply rising front
      face, the material moving upwardly therealong tends to abrade the steel in
      front of and above the wear resistant inserts to a considerable degree and
      when the supporting steel around an insert is diminished, even though the
      diminishing of the steel support is only in front of the insert, the
      possibility exists that the insert can become dislodged and lost from the
      steel support while there is a great deal of life left in the insert.
PAR  Such inserts are advantageously formed of cemented hard metal carbide
      material, such as tungsten carbide cemented with cobalt or the like and
      are extremely hard and wear resistant but do require adequate support by
      steel and must be fixedly connected to the steel, as by brazing. With the
      arrangement of the present invention, the steel support remains in
      surrounding relation to the inserts, and with the inserts brazed in
      position, long life of the insects is insured.
PAR  FIG. 3 shows a modified arrangement in which the forwardly protruding
      portion 30a of the edge member 20a is formed to a hook formation 50 which
      engages the lowermost edge of the steel blade 14a. The hook region 50 can
      be formed on the steel portion of the edge member as by extrusion or
      forging and prevents the bolt 22a from being unduly stressed as would be
      the case if the edge member were to strike an obstruction. In all other
      respects, the modification of FIG. 3 conforms to that of FIGS. 1 and 2.
PAR  FIG. 4 shows an arrangement wherein an edge member 20b according to the
      present invention is mounted on the forward side of a blade 14b and
      secured thereto by plow bolts 22b. In the FIG. 4 modification, the general
      configuration of the edge member 20b is about the same as it is in FIG. 1
      except that the edge member is secured to the forward side of the blade
      and has a rearwardly protruding portion 52 disposed at the bottom edge of
      steel blade 14b.
PAR  The configuration of the lower portion of the edge member is substantially
      the same as that described in connection with FIG. 1. In the FIG. 4
      arrangement, the edge member 20b protects the lower region of the steel
      blade 14b and substantially all abrasive wear will take place on the edge
      member itself.
PAR  Furthermore, a somewhat longer lever arm is presented for the load placed
      on bolt 22b than is the case with the FIG. 1 arrangement and the bolt is
      thereby less subject to breakage on account of shock loading that may be
      imposed on the edge member.
PAR  In each of the illustrated modifications, the body of the edge member is
      advantageously formed of a steel having greater resistance to abrasion
      than the steel of the blade. Tool steel, for example, can be used for the
      body of the edge member and the body will exhibit substantially greater
      hardness than the steel of the blade and this will retard wear of the body
      in front of the carbide inserts and provide for longer life of the edge
      members.
PAR  It is to be further understood that the blade member 14 referred to in the
      illustrations is preferably a steel material when used with earthworking
      devices but may be made of any material other than steel.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An edge member adapted for mounting on the lower part of a blade for a
      scraping device such as a grader or snow plow so as to extend downwardly
      from the blade and a fraction of the length of the blade; said edge member
      comprising a steel body configured to engage one of the forward and
      rearward sides of the lower part of the blade in face to face engagement
      therewith, said edge member having a region at the bottom which is
      thickened in the fore and aft direction, said thickened region being
      formed with a downwardly opening slot therein, blocks of hard wear
      resistant material fixedly seated in said slot in side by side relation
      and having a "V" shaped profile in cross section at the bottom with the
      apex of the "V" at the bottom, the rearward side of said profile extending
      substantially horizontally and the forward side of said profile extending
      upwardly and forwardly to deflect material taken by said edge member
      upwardly and forwardly.
NUM  2.
PAR  2. An edge member according to claim 1 in which said thickened region is
      rounded on the rearward side and at the bottom is substantially tangent to
      the rearward side of said profile.
NUM  3.
PAR  3. An edge member according to claim 1 in which said thickened region
      comprises an upwardly facing shoulder adapted to be disposed directly
      beneath the lower edge of said blade.
NUM  4.
PAR  4. An edge member according to claim 1 in which said steel body is an
      extrusion.
NUM  5.
PAR  5. An edge member according to claim 1 in which said steel body is a
      forging.
NUM  6.
PAR  6. An edge member according to claim 1 in which said steel body is adapted
      to be mounted on the rearward side of said blade.
NUM  7.
PAR  7. An edge member according to claim 1 in which said steel body is adapted
      to be mounted on the forward side of said blade.
NUM  8.
PAR  8. An edge member according to claim 1 in which said steel body is adapted
      to be mounted on the rearward side of said blade, and said thickened
      region includes an upwardly opening hook formation on the forward side
      extending the full length of the steel body and adapted to receive the
      lower edge of said blade therein.
NUM  9.
PAR  9. In combination; a steel blade adapted for mounting on the lower edge of
      the moldboard of a grader or snow plow so as to project downwardly
      therefrom, and a plurality of blade edge members mounted on the lower edge
      of said steel blade in side by side relation and extending downwardly from
      the lower edge of the steel blade, each edge member comprising a steel
      body configured to engage one of the forward and rearward sides of the
      lower part of the steel blade in face to face engagement therewith, said
      edge member having a region at the bottom which is thickened in the fore
      and aft direction, said thickened region being formed with a downwardly
      opening slot therein, blocks of hard wear resistant material fixedly
      seated in said slot in side by side relation and having a "V" shaped
      profile in cross section at the bottom with the apex of the "V" at the
      bottom, the rearward side of said profile extending substantially
      horizontally and the forward side of said profile extending upwardly and
      forwardly to deflect material taken by said edge member upwardly and
      forwardly.
NUM  10.
PAR  10. The combination according to claim 9 in which said thickened region is
      rounded on the rearward side and at the bottom is substantially tangent to
      the rearward side of said profile.
NUM  11.
PAR  11. The combination according to claim 9 in which said thickened region
      comprises an upwardly facing shoulder disposed directly beneath the lower
      edge of said steel blade.
NUM  12.
PAR  12. The combination according to claim 9 in which said steel body is
      mounted on the rearward side of said steel blade, and said thickened
      region includes an upwardly opening hook formation on the forward side
      extending the full length of the steel body and adapted to receive the
      lower edge of said steel blade therein.
NUM  13.
PAR  13. The combination according to claim 9 in which the steel of the steel
      body is more resistant to abrasion than the steel of said steel blade.
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ABST
PAL  A tractor mounted, hydraulically actuated, manually controlled, fence post
      setting and fence wire reeling apparatus including a post driving assembly
      having a vertically guided, reciprocal weight, a hydraulic motor for
      lifting the weight and a unique sprocket chain drive assembly
      interconnecting the motor and weight. The apparatus also includes a
      multiple fence wire reel assembly with each reel including a spool
      connected to a hydraulic power device which operates either in a motor
      mode or pump mode to enable fence wire to be reeled onto the spools or
      unreeled therefrom with a desired adjustable tension. The apparatus is
      mounted on a conventional three-point hitch of a farm tractor and the post
      setting assembly is mounted for lateral swinging movement in order to
      orient the post in desired alignment and to position the post setting
      assembly in an out-of-the-way position when the fence wire is being
      reeled.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application U.S.
      Ser. No. 223,136, filed Feb. 3, 1972 for Post Setting and Wire Dispensing
      Apparatus and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a fence post driving and fence
      wire reeling apparatus adapted to be mounted on a farm tractor to
      facilitate the stringing of a fence of from one to five strands of wire
      with uniform tension and also to rewind the wires when desired. The post
      driver guides the post and drives it without splitting and can swing
      laterally of a tractor for positioning of the post driver and the post
      driver can be leveled into a plumb position.
PAR  2. Description of the Prior Art
PAR  Fence post driving and fence wire reeling apparatuses are known and
      facilitate to a certain degree the stringing of a fence or removal of a
      fence when desired. The following prior patents are exemplary of the known
      devices for setting or removing fence posts, reeling or unreeling fence
      wires and providing power reels for reeling or unreeling cable and
      providing power hammer devices for general utility. U.S. Pat. Nos.
      626,107, issued May 30, 1899; 1,128,131, issued Feb. 9, 1915; 1,443,689,
      issued Jan. 30, 1923; 2,476,390, issued July 19, 1949; 2,659,583, issued
      Nov. 17, 1953; 2,665,081, issued Jan. 5, 1954; 2,759,684, issued Aug. 21,
      1956; 2,940,267, issued June 14, 1960; 3,037,720, issued June 5, 1962;
      3,079,129, issued Feb. 26, 1963; 3,100,530, issued Aug. 13, 1963;
      3,104,863, issued Sept. 24, 1963; 3,490,548, issued Jan. 20, 1970; and
      3,658,270, issued Apr. 25, 1972.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a fence post setting assembly and
      fence wire reeling assembly incorporating a plurality of reels or spools
      for reeling out or taking up one or a plurality of fence wires under
      uniform tension conditions and set a post in an accurate vertical position
      and in a desired laterally adjusted position in relation to a tractor on
      which the apparatus is mounted.
PAR  Another object of the invention is to provide a post driving apparatus in
      the form of a vertically guided reciprocal weight which is elevated and
      dropped onto the upper end of a post with the post being received in guide
      means for retaining vertical positioning of the post together with
      mounting means for the post driving apparatus to enable it to swing
      laterally about a pivot point in order to enable a post to be driven even
      though it may be laterally spaced from a supporting tractor.
PAR  A further object of the invention is to provide a wire reeling apparatus in
      which each reel or spool is directly connected to a hydraulic power unit
      which may be operated in a motor mode or pump mode for reeling or
      unreeling wire under uniform tension from one or all of the reels.
PAR  Another object of the invention is to provide a post driving and wire
      reeling apparatus adapted to be attached to a three-point hitch of a farm
      tractor and incorporates a leveling feature therein to properly orient the
      apparatus in relation to the terrain with the apparatus being relatively
      simple in construction, dependable and long lasting, easy to install and
      operate and resulting in a substantial labor saving when stringing a
      fence.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the post setting and wire reeling
      apparatus.
PAR  FIG. 2 is a side elevational view of the device in use.
PAR  FIG. 3 is a top plan view of the apparatus illustrating the lateral
      swinging capability of the post setting assembly.
PAR  FIG. 4 is an end view of the apparatus.
PAR  FIG. 5 is a vertical sectional view of the post driving apparatus.
PAR  FIG. 6 is a transverse, sectional view taken substantially upon a plane
      passing along section line 6--6 of FIG. 5 illustrating further structural
      details of the post driving apparatus.
PAR  FIG. 7 is a fragmental plan view of one of the wire reels.
PAR  FIG. 8 is a sectional view of a wire guide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The fence post driving and wire reeling apparatus of the present invention
      is generally designated by reference numeral 10 and is mounted on a
      conventional three-point hitch assembly generally designated by the
      numeral 12 of a conventional farm tractor 14 of the type having a
      hydraulic power system which controls the elevational position of the
      three-point hitch assembly 12 and also supplies hydraulic power for
      operation of the apparatus 10. The apparatus 10 is utilized to drive posts
      16 into the ground surface 18 and to string one or a plurality of fence
      wires 20 alongside of the posts 16 so that they may be secured thereto by
      staples 22 or the like. As illustrated, five barbed wire strands 20 may be
      strung at one time although this number may be varied depending upon the
      particular requirements of each fence.
PAR  The wire reeling and unreeling apparatus is generally designated by the
      numeral 24 and includes a pair of vertically extending, parallel
      supporting members 26 in the form of plates which have their lower ends
      rigidly fixed to a framework generally designated by numeral 28. A
      plurality of hydraulic motors 30 are supported from one of the plates 26
      by brackets 32 with the motors 30 being drivingly connected to a shaft 34
      journaled in bearing blocks or assemblies 36 fixedly attached to the other
      of the plates 26. The output of each motor 30 is connected to the shaft 34
      by a coupling 38 in the form of two adjacent sprocket gears and an
      encircling chain. This enables separation of the motor and shaft to
      facilitate assembly and replacement of components. The end of the shaft 34
      remote from the motor 30 is provided with a wire spool generally
      designated by numeral 40 and which includes a circular disk or plate 42 at
      the inner end thereof and a square hub 44 which fits into existing wire
      spools on which barbed wire is normally stored or if desired, wire can be
      reeled directly onto the hub 44. The outer end of the hub 44 is provided
      with a circular disk 46 which has an aperture therein receiving the hub 44
      so that the plate 46 may be removed for placing a spool of wire onto the
      hub 44 or removing a spool of wire therefrom. To releasably secure the
      plate 46 in position, the plate is provided with a pair of diametrically
      opposed radially movable latch members 48 which are slidably mounted in
      sleeves 50 and provided with a laterally extending handle 52 at the outer
      end thereof by which the inner ends of the latches 48 may be moved into
      engagement with a plurality of longitudinally spaced apertures 54 in the
      hub 44 thereby releasably and adjustably securing the plate or disk 46 to
      the hub 44.
PAR  The plates 26 may be spaced by spacer bolts 56 and the hydraulic motors 30
      are powered by hydraulic fluid supplied through flexible conduits or hoses
      58 and 60 which are connected respectively to manifolds 62 and 64 which
      are vertically oriented and disposed alongside of the plates 26 to supply
      hydraulic fluid through either of the hoses 58 and 60 thereby driving the
      motors in reverse directions or enabling the motors 30 to be operated in a
      motor mode or in a pump mode in which the motor actually pumps hydraulic
      fluid so that uniform tension may be exerted on each of the wire strands
      20 regardless of whether the strand is being wound onto the reel or spool
      40 or being unwound therefrom.
PAR  Oriented rearwardly of the reel assembly 24 is a guide assembly generally
      designated by numeral 66 which includes vertically disposed support
      members 68 which are in spaced parallel relation to each other and may be
      in the form of channel-shaped members or two right-angular members secured
      together with each support member 68 including a vertically elongated slot
      70. The lower ends of the members 68 are secured to the frame 28 by
      bracket structures 72 which may be welded into position, bolted or
      otherwise secured to the frame 28 so that the vertical members 68 are
      rigidly and fixedly secured in position.
PAR  Positioned in vertically spaced position and adjustable position between
      the members 68 is a plurality of guide members each generally designated
      by reference numeral 74 and each including a threaded inner member 76 and
      a sleeve 78 thereon. A large washer 80 is disposed on the threaded member
      76 against the inner and outer ends of the sleeve 78 and against the inner
      surface of the support members 68 as illustrated. Each outer end of the
      threaded members 76 is provided with a smaller washer 82 and a nut 84
      which fixedly secures the guide assembly 74 in vertically adjusted
      position between the support members 68. As illustrated in FIG. 2, the
      guide members are oriented below the reels 40 so that each wire 20 being
      unwound from or wound onto a reel will pass under a corresponding guide
      assembly 74. By vertically adjusting the guide assemblies 74, the vertical
      spacing between the wire strands 20 may be varied so that equal spacing of
      the strands may be obtained regardless of the number of strands being
      employed or, in some instances, the lower or upper strands may be spaced
      closer or further apart depending upon the requirements of each fence.
PAR  Supported from the framework 28 is a fence post driving assembly generally
      designated by numeral 86 and which includes an elongated vertically
      disposed tubular guide sleeve 88 of preferably square cross-sectional
      configuration which is rigidly supported from the framework 28 by
      horizontally disposed parallel support members 90 which have tubular
      sleeves 92 on their inner ends journaled on the remote ends of a tubular
      member 94 rigidly secured to a corner of the frame 28 by welding or the
      like which enables the post driving assembly to be swung about a vertical
      axis defined by the central axis of the tubular member 94 and the sleeves
      92 disposed thereon in the manner illustrated in FIG. 3. The upper sleeve
      92 rides on a lug 96 welded to the tubular member 94 and is in the form of
      a split sleeve having spaced lugs and bolt assembly 98 to lock the post
      driver in angular position.
PAR  Reciprocally disposed in the guide sleeve 88 is an elongated tubular member
      100 of the same shape as the sleeve 88 and being slidably received therein
      and relatively close fitting within the interior of the sleeve 88 with the
      upper end of the member 100 projecting upwardly beyond the upper end of
      the sleeve 88. On the rear of the member 100, a rearwardly extending
      plate-like bracket 102 is provided which is vertically oriented and
      centrally disposed for projection through and longitudinal sliding
      reception in a longitudinal slot 104 formed in the sleeve 88. Attached to
      the plate 102 is a block or weight 106 having a plate 108 rigidly fixed to
      the bottom surface thereof for engagement with the top end of a post 16 as
      illustrated in FIG. 2. The post 16 being driven is guided and engaged by a
      generally U-shaped saddle or guide 110 rigidly fixed to the rear of the
      sleeve 88 adjacent the bottom end thereof which guidingly receives the
      lower portion of the post adjacent the ground surface when the post 16 is
      being driven. At the bottom end of the slot 104, a split cylindrical guide
      112 is provided with one half of the split cylindrical guide being welded
      or otherwise fixedly secured to the sleeve 88 and the other half being
      hingedly attached thereto by a hinge 114. The pivoting portion 116 of the
      guide 112 is provided with a laterally extending notched lug 118 for
      receiving a link of a retaining chain 120 so that when the post is
      positioned in the guide 110 and the guide 112, the movable part 116 of the
      guide 112 may be pivoted to a closed position, as illustrated in FIG. 6,
      with the chain 120 serving to retain the guide member 112 in closed
      condition. Thus, the guide 110 and the guide 112 engage the post 16 at
      vertically spaced positions and the guide 112 is below the lower end of
      movement of the weight 106 and plate 108 thereon and serve only to
      stabilize the post and retain the upper end of the post in alignment with
      the plate 108 on the weight 106. Thus, with the weight 106 being rigidly
      fixed to the vertically reciprocal member 100, when the vertically
      reciprocal member 100 is elevated and released, the weight of the assembly
      will impact against the top end of the post 16 thus driving the post into
      the ground in a well known manner.
PAR  The structure for elevating the member 100 and the weight 106 thereon is in
      the form of an elongated sprocket chain 122 having the upper end thereof
      fixedly secured to a forwardly extending bracket 124 on the upper end of
      the member 102 and the lower end fixedly secured to a bracket 126 at the
      lower end of the member 100 with the bracket 126 extending out through a
      slot 128 in the forward portion of the sleeve 88 with the slot 128 being
      of a length to enable a complete range of movement of the bracket 126.
PAR  The portion of the sprocket chain 122 between the ends thereof is entrained
      over a drive sprocket gear 130 mounted on an output shaft 132 of a
      hydraulic motor 134 which is mounted on and supported by brackets 136 and
      bearing supports 138 so that as the motor 134 is actuated and the sprocket
      gear 130 rotated, the rigid mounting of the brackets 136 on the sleeve 88
      will cause the member 100 to be elevated. To retain the chain 122 in
      meshing engagement with the sprocket gear 130, a pair of idler sprocket
      gears 140 and 142 are provided in engagement with the opposite surface of
      the sprocket chain from the sprocket gear 130 as illustrated in FIG. 5
      with the idler gears 140 and 142 being journaled from shafts carried by
      the bracket plates 136. Thus, there is a positive drive connection between
      the hydraulic motor output shaft 132 and the chain 122 and this connection
      provides for lifting or elevation of the member 100.
PAR  The weight 106 may be elevated to a position at the upper end of the sleeve
      which will have sufficient height to receive a post as long as ten feet
      with the height of the sleeve being such to enable the weight to be
      disposed above the upper end of the post a sufficient distance to enable
      impact to drive the post.
PAR  The hydraulic motor 134 is capable of operation in either the pump mode or
      motor mode and is supplied with hydraulic fluid under pressure through
      conduits or hoses 144 and 146. When the motor 134 is operating in the
      motor mode, the hammer 106 is lifted to a desired elevation or to its
      uppermost elevation and when the hammer 106 or weight 106 is elevated to
      its desired or limit position, the hydraulic motor 134 then becomes
      operative in a pump mode without restriction to flow so that the weight or
      hammer falls free thus driving the hydraulic power unit 134 in a pump
      mode. This is accomplished by a manual valve arrangement interconnecting
      the conduits 144 and 146 so that in one position, fluid pressure will flow
      through the power unit 134 from a source of pressure supply and then
      return to a supply tank or the fluid will merely circulate from the power
      unit 134 through the control valve 148 and back to the power unit 134 with
      the power unit 134 acting as a pump. The control valve 148 may be manually
      controlled or automatically controlled in response to the elevational
      position of the hammer 106, that is, when the hammer reaches an elevated
      position as the power unit 134 is in its motor mode, the valve 148 will
      automatically be moved to cut off the supply of pressure fluid and enable
      the fluid to circulate through the power unit 134 without pressure so that
      the power unit 134 then acts as a pump for circulating the fluid through
      the valve and the two short conduits 144 and 146. When the hammer is
      dropped and it reaches its lowermost point of movement the valve can
      automatically again be shifted to a position so that the power unit 134
      becomes a motor. The particular details of this mechanism are not shown
      but rather only a simple manually actuated device is shown in the form of
      a valve schematically illustrated in FIG. 1 with it being pointed out that
      this valve may be oriented in any position and serves to enable the power
      unit 134 to be operated either in a motor mode or in a pump mode so that
      when it is in a motor mode, it will be connected to the hydraulic pressure
      system of the tractor and when in the pump mode, it will be isolated from
      the hydraulic system of the tractor.
PAR  The manifolds 62 and 64 which are communicated with the power units 30 on
      the reel are likewise connected to the hydraulic fluid pressure system
      through a control valve 149 which enables the power units 30 to act in a
      motor mode. In this condition, the power units and the associated conduits
      are in communication with the hydraulic power system of the tractor for
      circulating pressurized fluid through the power units 30. The valve 149
      may be also positioned so that the power units become operative in a pump
      mode so that the manifolds and their associated conduits and power units
      are isolated from the hydraulic system of the tractor and the hydraulic
      fluid merely circulates through the power units 30 when in their pump mode
      as well as the conduits or hoses 58 and 60 and the manifolds 62 and 64
      with any degree of resistance to flow being provided by the valve 149 thus
      maintaining a tension on each of the wire strands equal to the flow
      resistance in the system when the hydraulic fluid is being circulated when
      the units 30 are in pump mode. The particular details of the valve 149 are
      not illustrated since this valve along with the valve which controls the
      hammer are conventional and are associated with a hydraulic power system
      of a farm tractor in a conventional manner by connecting into the
      hydraulic system by conventional quick connect couplings or the like so
      that both the reeling device and the post driving device may be operated
      when the hydraulic motors on each are in the pump mode or in their motor
      mode.
PAR  Plumbing of the apparatus is accomplished by the use of a doubleacting
      hydraulic piston and cylinder assembly 152 which extends between the lower
      link or arm 154 on only one side of the three-point hitch assembly to the
      corresponding lift arm 156 on that same side thus enabling one side of the
      frame 28 to be elevated for orienting the apparatus in vertical position
      laterally of the tractor. The upper control link on the A frame is in the
      form of a piston and cylinder assembly 158 that is also hydraulically
      operated and by extending and retracting this piston and cylinder
      assembly, the wire dispensing device and post driver is oriented
      vertically with respect to fore-and-aft movements. Control valves are
      provided for supplying hydraulic fluid from the hydraulic system of the
      tractor to the hydraulic piston and cylinder assembly or ram 152 and the
      hydraulic piston and cylinder assembly or ram 158 thereby enabling manual
      control of the attitude of the hydraulic post driver and wire reeling
      device with these control valves being conveniently mounted on the
      framework or upstanding plate structure 26 at a convenient location in
      order to enable the operator to observe the positioning of the apparatus.
      A simple leveling device could be provided to indicate vertical
      orientation in both a lateral direction and a fore-and-aft direction.
      These control devices are also not illustrated since they are conventional
      and incorporation of the hydraulic rams 152 and 158 do not alter the
      existing structure but merely replace the usual connecting link between
      the lift arm 156 and the lower arm or link 154 and the upper links
      respectively of a conventional three-point hitch assembly. The connections
      between the lower links or arms 154 and the frame 28 and the connection
      between the ram 152, the lower link 154 and the lift arm 156 as well as
      the connection between the ram 158 and its associated structure enables
      sufficient movement of the apparatus to orient it vertically so that the
      posts may be vertically oriented regardless of the inclination of the
      terrain on which the tractor rests.
PAR  The swinging of the apparatus in an arcuate direction as illustrated in
      FIG. 3 enables the post driver to be disposed laterally of the tractor.
      This enables the tractor to be stationary or driven parallel to a ditch
      line, timber line or existing fence structure and posts to be driven at a
      position spaced laterally of the tracking of the wheels of the tractor.
      While in actual practice, the drop hammer weighs approximately 185 pounds
      which has been found to be adequate in most instances, additional weight
      can be added depending upon the conditions encountered. The wire reeling
      device serves as a wire stretcher and can string from one to five strands
      of wire and has the ability to rewind a roll of wire as quickly and
      effectively as it has been stretched. This device enables wire of various
      types and spacings to be strung and greatly increases the quantity of
      fencing which can be installed in a given period of time. Also, if
      desired, a post may be pulled from the ground by using a rope, chain or
      other structure wrapped around the post adjacent the post guide structures
      and also wrapped around the sleeve 88 in the form of a half hitch to
      enable the hydraulic three-point system to elevate the entire apparatus
      and pull a post from the ground.
PAR  The foregoing ia considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An apparatus for driving fence posts or the like into the ground, said
      apparatus comprising a support framework, a weighted driving member
      carried by said framework for generally vertical reciprocation, lift means
      connected to said driving member for raising said driving member to an
      elevated position and permitting free fall of said weighted driving member
      to engage the upper end of a post for driving it into the ground, said
      lift means including a hydraulic motor adapted to be operable in either a
      motor mode when lifting the driving member or a pump mode when permitting
      the driving member to free fall, said driving member including an
      elongated member, said framework including a sleeve slidably guiding said
      elongated member, an elongated chain mounted alongside of said elongated
      member and having end portions thereof anchored to respective end portions
      of the elongated member, drive sprocket means on said hydraulic motor
      continuously engaged with the chain for moving the chain and elongated
      member generally vertically when the sprocket means is driven by the
      hydraulic motor when in a motor mode, said elongated member including a
      horizontal post engaging member intermediate the ends thereof for engaging
      the upper end of a fence post.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said guide sleeve is
      vertically elongated, said sleeve including a longitudinally extending
      slot therein enabling movement of the lower end of the chain, and post
      receiving and guiding means associated with said sleeve for retaining the
      post in substantially vertical position and guiding the post during its
      downward movement.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said framework includes a
      pair of arms rigid with the sleeve, a supporting assembly adapted to be
      connected with a three-point hitch of a tractor, said supporting assembly
      including a pivot connecting means for the arms to enable the arms and
      sleeve to swing laterally about substantially a vertical axis to enable
      the fence post driver to be oriented in overlying relation to the upper
      end of a post oriented alongside of a tractor for enabling a fence to be
      strung in a position laterally of the tractor.
NUM  4.
PAR  4. The structure as defined in claim 3 wherein said supporting assembly
      includes a hydraulic piston and cylinder assembly utilized between the
      lower arm and lift arm on one side of the three-point hitch to adjust the
      framework about an axis longitudinally of the tractor and a hydraulic
      piston and cylinder assembly as the upper arm in a three-point hitch
      assembly to adjust the framework in a fore-and-aft direction about a
      transverse axis thereby enabling the guide sleeve to be positioned
      vertically for driving a post vertically into the ground regardless of the
      uneven terrain on which the tractor may rest.
NUM  5.
PAR  5. The structure as defined in claim 1 wherein said framework includes an
      upstanding supporting member generally paralleling the sleeve and
      elgonated member and located adjacent the sleeve, a plurality of hydraulic
      motors mounted on the supporting member, each of said motors including a
      drive shaft and being operable in either a motor mode or a pump mode,
      wheel means drivingly connected to each of said drive shafts for storing
      and dispensing wires, first and second hydraulic fluid manifolds
      communicating with said motors and adapted to be communicated with a fluid
      pressure source wherby fluid flow into a motor from said first manifold is
      effective to operate said motor in a motor mode and fluid flow in an
      opposite direction being effective to operate the fluid motor in a pump
      mode, said fluid motors being connected in parallel to each other and
      relative to said first and second manifolds whereby said fluid motors are
      independent of each other to assure constant tension on any one wire
      independently of the other wires when the motors are in motor mode or pump
      mode.
NUM  6.
PAR  6. The structure as defined in claim 5 wherein the drive shaft of each
      motor includes a hub forming an extension of the drive shaft, said reel
      means including spaced end disks on said hub, the end disk remote from the
      motor being removable to enable a spool of wire to be placed on the hub or
      removed therefrom, wire guide means disposed adjacent each of the reel
      means, said guide means including a vertically supported member, a
      plurality of vertically spaced horizontally disposed guide members
      supported therefrom with each guide being disposed below a corresponding
      hub and reel means thereon for guiding the wires from the reel means or
      onto the reel means, means supporting the guides on the vertical support
      member for vertical adjustment for enabling variation in the spacing of
      the wires, said guides and reel means being oriented so that wires passing
      therefrom or being wound onto the reel means will be oriented alongside of
      a line of fence posts to facilitate dispensing of or reeling in of fence
      wires, the hub on each of said reel means including a series of apertures
      adjacent the end thereof remote from the motor, said removable end disk
      being slidable on the hub and including a radially movable lockpin mounted
      thereon for engagement with one of the holes in the hub, each of said
      guides including a cylindrical tubular member, a threaded inner member
      received in said tubular member and extending through and being rigidly
      fixed to the vertical support member, said vertical support member
      including an elongated slot enabling vertical adjustment of the guides.
NUM  7.
PAR  7. The structure as defined in claim 1 wherein said sprocket means is in
      the form of a sprocket gear in continuous engagement with said chain, said
      chain being in the form of a sprocket chain entrained over a substantial
      portion of the periphery of the sprocket gear, said post engaging member
      on said elongated member extending laterally of the sleeve to enable
      association of the post engaging member with the upper end of a post
      without interference from the sleeve, said sleeve being elongated with the
      hydraulic motor and sprocket gear being fixed to the upper end thereof,
      said sleeve having a longitudinal slot therein remote from the motor and
      sprocket gear through which said post engaging member extends, said
      support framework including means supporting the sleeve, elongated member,
      hydraulic motor and post engaging member for pivotal movement about a
      generally vertical axis spaced from the post engaging member to enable the
      sleeve, elongated member, motor and post engaging member to be swung
      laterally about a vertical axis for positioning the post engaging member
      into overlying relation to the upper end of a post when the support
      framework is located laterally of a line of fence posts.
NUM  8.
PAR  8. An apparatus for driving fence posts or the like into the ground, said
      apparatus comprising a support framework, a weighted driving member
      carried by said framework for generally vertical reciprocation, lift means
      connected to said driving member for raising said driving member to an
      elevated position and permitting free fall of said weighted driving member
      to engage the upper end of a post for driving it into the ground, said
      lift means including a hydraulic motor adapted to be operable in either a
      motor mode when lifting the driving member or a pump mode when permitting
      the driving member to free fall, said driving member including an
      elongated member, said framework including a sleeve slidably guiding said
      elongated member, an elongated chain mounted alongside of said elongated
      member and having the ends thereof anchored to the respective ends of the
      elongated member, drive sprocket means on said hydraulic motor engaged
      with the chain for moving the chain and elongated member generally
      vertically when the sprocket gear is driven by the hydraulic motor when in
      a motor mode, said elongated member including a laterally extending plate
      member having a weight associated therewith for engaging the upper end of
      a fence post, said guide sleeve being vertically elongated, said sleeve
      including a longitudinally extending slot therein enabling movement of the
      lower end of the chain, and post receiving and guiding means associated
      with said sleeve for retaining the post in substantially vertical position
      and guiding the post during its downward movement, said framework
      including a pair of arms rigid with the sleeve, a supporting assembly
      adapted to be connected with a threepoint hitch of a tractor, said
      supporting assembly including a pivot connecting means for the arms to
      enable the arms and sleeve to swing laterally about substantially a
      vertical axis to enable the fence post driver to be oriented in overlying
      relation to the upper end of a post oriented alongside of a tractor for
      enabling a fence to be strung in a position laterally of the tractor, said
      supporting assembly including a hydraulic piston and cylinder assembly
      utilized between the lower arm and lift arm on one side of the three-point
      hitch to adjust the framework about an axis longitudinally of the tractor
      and a hydraulic piston and cylinder assembly as the upper arm in a
      three-point hitch assembly to adjust the framework in a fore-and-aft
      direction about a transverse axis thereby enabling the guide sleeve to be
      positioned vertically for driving a post vertically into the ground
      regardless of the uneven terrain on which the tractor may rest, said
      framework including an upstanding supporting plate generally paralleling
      the sleeve and elongated member and located between the connection to the
      three-point hitch and the sleeve, a plurality of hydraulic fluid motors
      mounted on the supporting plate, each of said motors including a drive
      shaft and being operable in either a motor mode or a pump mode, reel means
      drivingly connected to each of said fluid motor drive shafts for storing
      and dispensing wires or the like, first and second hydraulic fluid
      manifolds communicating with said motors and adapted to be communicated
      with a fluid pressure source whereby fluid flow into a fluid motor from
      said first manifold is effective to operate said motor in a motor mode and
      fluid flow in an opposite direction being effective to operate the fluid
      motor in a pump mode, said fluid motors being connected in parallel to
      each other relative to said first and second manifolds whereby said fluid
      motors are independent of each other to assure constant tension on any one
      wire independently of the other wires when the motors are in motor mode or
      pump mode.
NUM  9.
PAR  9. The structure as defined in claim 8 wherein the drive shaft of each
      motor includes a hub forming an extension of the drive shaft, said reel
      means including spaced end disks on said hub, the end disk remote from the
      hydraulic motor being removable to enable a spool of wire to be placed on
      the hub or removed therefrom.
NUM  10.
PAR  10. The structure as defined in claim 9 together with guide means
      interposed between each of the reel means and the post driver, said guide
      means including a vertically supported plate assembly, vertically spaced
      horizontally disposed guide members supported from the plate assembly with
      each guide being disposed below a corresponding hub and reel means thereon
      for guiding the wires from the reel means or onto the reel means, means
      supporting the guides for vertical adjustment on the plate assembly for
      enabling variation in the spacing of the wires, said guides and reel means
      being oriented so that wires passing therefrom or being wound onto the
      reels will be disposed alongside of a line of fence posts being driven by
      the post driver.
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PAL  An automatic hydraulic hammer including a frame with suitable mountings to
      attach the frame to an existing hydraulic feed test boring drill machine.
      A weighted hammer is reciprocal within the frame through a measured
      distance and is arranged for substantially frictionless operation. A
      hydraulic cylinder mounts upon the frame and receives its power from the
      hydraulic test boring drill machine. A plunger is responsive to function
      of the hydraulic cylinder and terminates downwardly in an arrow-shaped
      head which releasably connects to a plurality of pivotally mounted clamps.
      When the head engages the clamps, the hydraulic cylinder is functioned to
      raise the plunger and the releasably attached hammer through a known
      distance. The top of the frame is provided with a plurality of depending
      fingers which function with the clamps to quickly and positively release
      the head at the top of the hammer travel. The release of the hammer
      permits a free fall within the guide frame through a known distance in
      accordance with standard penetration test procedures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to soil test apparatus, and more
      particularly, is directed to an automatic hydraulic hammer which is
      compatible with and which can be employed in conjunction with existing
      hydraulic feed test boring drill machines.
PAR  In the construction industry, it is common practice to investigate
      underground soil and rock formations in order to properly evaluate site
      conditions in order to properly design foundations for structures such as
      buildings and roads. In conducting such investigations, various code
      officials and standard associations, such as the American Society for
      Testing and Materials have attempted to develop standard sampling
      procedures to establish reliable data concerning such engineering
      properties of soil as plasticity, permeability, unit weight,
      compressibility, strength and gradation. With respect to rock gathering
      data such as stratigraphy, lithology, structure and morphology has been
      found desirable. In the case of soils, the necessary information is
      usually determined by the Standard Penetration Test of Soils (STP)
      conducted in accordance with ASTM designation: D 1586-67 entitled
      "Standard Method For Penetration Test and Split-Barrel Sampling of Soils".
      In accordance with this standard, a drive weight assembly is specified
      which consists of a one hundred and forty pound weight, a driving head and
      a guide permitting a free fall of thirty inches. The lifting and dropping
      of the standard weight is usually accomplished by means of a winch which
      is part of a test boring drill machine.
PAR  Even though the standard penetration test is in general use and engineers
      have attempted to follow the criteria set forth in ASTM Standard D
      1586-67, careful analysis of the results obtained have shown that the
      desired accuracy cannot always be guaranteed by using the presently
      employed methods due to such variables as inertia, friction of the winch,
      chattering of the weight along the guide rods as it drops and other
      inaccuracies inherent in the equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to the field of penetration testing
      and sampling of soils and more particularly, is directed to a novel,
      automatic hydraulic hammer which employs hydraulic power to repeatedly
      raise a known weight through a given distance and to automatically drop
      the weight.
PAR  The present invention comprises a frame upon which a vertically acting
      hydraulic cylinder is secured. The frame incorporates a pair of opposed
      guide rods upon which a weight of one hundred and forty pounds is guided
      and freely retained for vertical, substantially frictionless
      reciprocation. The cylinder is connected to the hydraulic circuit of a
      conventional hydraulic feed test boring drill machine and the frame is
      conventionally secured to the machine in position to apply repeated,
      automatic blows to the test boring apparatus. Suitable mountings are
      provided to readily affix the unit to most presently available test boring
      drill machines so that the device can be made compatible for use with
      existing field apparatus.
PAR  A plunger is vertically reciprocal upon action of the hydraulic cylinder to
      raise the weight through a known distance for repeated applications. The
      plunger terminates downwardly in a lifting head which is secured to the
      weight by means of a pair of opposed spring clamps which serve to
      releasably secure the heavy weight to the plunger. The roof of the frame
      includes a pair of depending fingers which vertically align with the
      spring clamps and which pivot the clamps whcn the weight is brought to its
      uppermost point to automatically release the weight from association with
      the plunger. By providing an automatic hydraulic hammer, all chance for
      human error is avoided and the device will vertically function in response
      to the operation of the hydraulic cylinder and the clamp release fingers.
      Accordingly, a known weight will always be dropped precisely the same,
      known distance without human intervention to thereby provide a method for
      assuring greater accuracy in determining the desired "end" values
      (penetration resistance).
PAR  By the adoption of the automated device in accordance with the present
      application, human error is completely eliminated and as a result "values"
      would not differ from man to man and from machine to machine. All test
      results would be homogeneous and standardized throughout the entire soil
      engineering field. Thus, a soil engineer could design more efficiently
      without fear of faulty test results affecting his foundation designs.
PAR  It is therefore an object of the present invention to provide an improved
      automatic hydraulic hammer of the type set forth.
PAR  It is another object of the present invention to provide a novel automatic
      hydraulic hammer which is compatible for use with existing hydraulic drill
      rigs.
PAR  It is another object of the present invention to provide a novel automatic
      hydraulic hammer which is capable of repeatedly, automatically lifting and
      dropping a known weight through a known distance for soil penetration test
      purposes.
PAR  It is another object of the present invention to provide a novel automatic
      hydraulic hammer which includes a guide frame, a hammer which is
      reciprocal within the guide frame and which includes automatic release
      clamps and a hydraulic plunger releasably connected to the hammer at the
      clamps thereof, the said hydraulic plunger lifting the hammer in response
      to hydraulic power supplied by a drill rig.
PAR  It is another object of the present invention to provide a novel automatic
      hydraulic hammer which includes in combination a guide frame, a hydraulic
      cylinder mounted upon the frame, a plunger vertically reciprocal within
      the guide frame in response to function of the hydraulic cylinder, said
      plunger terminating downwardly in a weight attaching head, a weight being
      reciprocal within a guide frame and releasably connected to the head, the
      hammer including a pair of release clamps each having a connected position
      and a release position, the said clamps automatically gripping the head
      when the plunger is reciprocated to its lowest position and the clamps
      being automatically activated by guide positioned release fingers when the
      hydraulic cylinder powers the plunger to its uppermost position whereby
      the weight is automatically released for penetration test purposes.
PAR  It is another object of the present invention to provide an automatic
      hydraulic hammer that is rugged in construction, automated in operation
      and trouble free when in use. Other objects and a fuller understanding of
      the invention will be had by referring to the following description and
      claims of a preferred embodiment thereof, taken in conjunction with the
      accompanying drawings, wherein like reference characters refer to similar
      parts throughout the several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the automatic hydraulic hammer attached to
      a hydraulic feed test boring drill machine in position for use.
PAR  FIG. 2 is an enlarged, top plan view of the automatic hydraulic hammer
      illustrated in FIG. 1.
PAR  FIG. 3 is a sectional view taken along Line 3--3 of FIG. 2, looking in the
      direction of the arrows, partly in section and partly broken away to show
      details of interior construction.
PAR  FIG. 4 is a view similar to FIG. 3 showing the position of the hammer
      immediately after it reaches the upper limits of travel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings, and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, I show in FIG. 1 a modern hydraulic feed
      test boring machine 10 of conventional design incorporating a hydraulic
      system (not shown) and adjustable structure 12 to hold the usual test
      boring equipment. An automatic hydraulic hammer 14 affixes to the
      adjustable structure 12 by means of suitable mountings 16 which can be
      readily designed to function with all of the popular test machines 10
      which are currently in use. The automatic hydraulic hammer 14 of the
      present invention is thus intended to be entirely compatible with existing
      field equipment.
PAR  As best seen in FIGS. 2, 3 and 4, the automatic hydraulic hammer 14
      includes a frame 18 of rigid construction employing a top yoke 20, a
      bottom support 22 and a pair of spaced, vertical guides 24, 26
      interconnecting the top yoke 20 and the bottom support 22. A hammer 28, in
      the form of a precise one hundred and forty pound weight, is vertically
      reciprocal along the guides 24, 26 between the top yoke 20 and the bottom
      support 22 for penetration purposes using, for example, a split barrel
      sampler 30. A hydraulic cylinder 32 of conventional design mounts upon the
      top of the yoke 20 and is provided with hydraulic fluid inlet and outlet
      connections 34, 36 which connect into the hydraulic circuit (not shown) of
      the hydraulic test machine 10. The speed of operation of the automatic
      hydraulic hammer 14 depends upon the capacity of the hydraulic pump (not
      shown) which is already part of the test machine 10. The hydraulic
      cylinder 32 vertically reciprocates a plunger 38 for hammer lifting
      purposes in the manner hereinafter more fully set forth. The plunger 38
      terminates downwardly in a hammer connecting means which may be an
      arrow-shaped head 40. The arroe-shaped head 40 is reciprocated between a
      lower, pick-up position 42 as illustrated in FIG. 3 to an upper, release
      position 44 as illustrated in FIG. 4. The top 46 of the hammer 28 is
      preferably provided with a centrally positioned, arrow-shaped recess 48
      which is designed to receive therein the plunger head 40 in relatively
      tight engagement when the plunger 38 is activated to its pick-up position
      42. The arrow-shaped recess 48 serves both to center the head 40 relative
      to the hammer 28 and also to prevent relative movement between the parts
      during all periods of operation when the parts are normally associated.
PAR  A pair of spaced, vertical sleeves 27, 29 interconnect the top yoke 20 and
      the bottom support 22 in a manner to allow the frame 18 to move vertically
      downwardly for sampler 30 driving purposes upon repeated operational blows
      delivered by the hammer 28. A pair of spaced slide rods 35, 37 vertically
      slide within the respective sleeves 27, 29 and terminate upwardly in the
      connecting flanges 31. The rods 35, 37 terminate downwardly in the bottom
      flanges 33. Accordingly, the frame 18 is free to travel along the slide
      rods 35, 37 upwardly a distance equal to the spaces between the top yoke
      20 and the top flanges 31 and downwardly a distance equal to the spaces
      between the bottom support 22 and the bottom flanges 33.
PAR  The top surface 46 of the hammer 28 is provided with a quick release means
      52 which is illustrated as including a pair of diametrically opposed
      clamps 50, 54 which are each fixedly secured to the top surface 46 of the
      hammer 28 in conventional manner, such as by bolting or welding. The
      clamps should be of adequate strength to withstand the rigors of repeated
      field use without breaking or other permanent deformation. Each clamp 50,
      includes a spring housing 56 and a plunger 58 which is reciprocal within
      the housing. A compression spring 62 is carried within each housing 56 and
      continuously biases the plungers 58 in a direction to continuously engage
      the plunger head 40 at the shoulder 66 thereof.
PAR  Each clamp 50, 54 terminates inwardly in a holding end 64 which removable
      secures against the shoulder 66 which is defined between the arrow-shaped
      head 40 and the plunger body 38. The arrow-shaped head 40 includes a
      lower, inclined, cam surface 41 which slides over the inclined ends 63 of
      the clamps 50, 54 when the plunger is reciprocated from the release
      position 44 as in FIG. 4 to the pick-up position 42 as illustrated in FIG.
      3. Thus, when the hydraulic cylinder 32 functions the plunger 38 to its
      pick-up position 42, (FIG. 3), the holding ends 64 of the clamps 50, 54
      are urged into holding contact against the shoulder 66 of the arrow-shaped
      head 40 by action of the springs 62 which function to bias the respective
      clamps 50, 54 toward the plunger 38. It will be noted that the
      arrow-shaped recess 48 serves to center the head 40 to assure that the
      shoulder 66 will always be properly positioned for clamping engagement
      with the holding ends 64 of the respective clamps 50, 54.
PAR  Engagement of the holding ends 64 of the clamps 50, 54 with the shoulder 66
      is assured at all times by action of the coil springs 62 which bias
      against the rear of the housing 56 to thereby prevent accidental
      disengagement of the hammer from the plunger 38. With the clamps 50, 54
      properly secured to the arrow-shaped head 40 at the shoulder 66, the
      hydraulic cylinder 32 is functioned by action of the test machine 10 to
      raise the hammer 28 in the direction of the arrow 68.
PAR  As best seen in FIGS. 3 and 4, the top yoke 20 of the frame 18 is equipped
      with clamp release means which may be in the form of a pair of
      transversely outwardly positioned depending fingers 70, 72 which
      vertically register over the respective upwardly positioned, inclined face
      triggers 60 of the clamps 50, 54. The inclined bottom surface 74 of the
      fingers 70, 72 precisely terminate the exact desired distance above the
      bottom support 22 of the frame 18 for test purposes, such as, for example
      exactly 30 inches, as may be dictated by the test procedure being
      followed, for example, ASTM standard test designation D 1586-67. Of
      course, should an alternate test standard specify a different distance,
      the distance between the inclined bottom surfaces 74 of the fingers 70, 72
      and the bottom frame support 22 can be readily varied as may be necessary
      or desired. The threaded nuts 76, 78 permit precise adjustment of the
      spacing between the top yoke 20 and the bottom support 22 for varying the
      length of travel of the hammer 28.
PAR  When the cylinder 32 functions to pull the plunger 38 to its uppermost
      limit of travel, the arrow-shaped head 40 acts in conjunction with the
      clamps 50, 52 to raise the hammer 28 upwardly until the triggers 60 of the
      clamps 50, 54 strike the bottom inclined surfaces 74 of the fingers 70,
      72. The action of the fingers 70, 72 against the triggers 60 pushes the
      plungers outwardly in the direction to compress the coil springs 62. See
      FIG. 4. The movement of the triggers 60 into the housings 56 urges the
      respective holding ends 64 sufficiently outwardly away from contact with
      the shoulder 66 of the head 40 to thereby quickly and positively disengage
      the hammer 28 from the plunger 38. The quick release of the clamps 50, 54
      from the shoulder 66 automatically allows the hammer to fall by gravity in
      the direction of the arrow 77 for test drive purposes. As previously
      stated, the frame 18 is so constructed and dimensioned as to permit the
      hammer 28 to fall only a predetermined distance, as for example, a precise
      thirty inch test fall. After the hammer has fallen to the position
      illustrated in FIG. 3, the hydraulic cylinder 32 is again actuated by the
      test machine 10 to drive the plunger 38 downwardly to again engage the
      hammer 28 as in FIG. 3 by interaction of the clamps 50, 54 and the plunger
      shoulder 66.
PAR  Although I have described the present invention with reference to the
      particular embodiments therein set forth, it is understood that the
      present disclosure has been made only by way of example and that numerous
      changes in the details of construction may be resorted to without
      departing from the spirit and scope of the invention. Thus, the scope of
      the invention should not be limited by the foregoing specification, but
      rather only by the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic hydraulic hammer suitable for use with a hydraulic feed
      test boring machine having a hydraulic circuit, the combination of
PA1  A. a frame defining an interior space,
PA2  1. said frame including a top yoke, a bottom support which is vertically
      spaced the yoke and vertical guides interconnecting the top yoke and
      bottom support;
PA1  B. a hydraulic cylinder connected into the hydraulic circuit and affixed to
      the top yoke,
PA2  1. said cylinder vertically reciprocating a plunger within the space
      between an upper position and a lower position,
PA2  2. said plunger including a body which terminates downwardly in a hammer
      connecting means to removably attach the plunger to the hammer,
PA2  3. said hammer connecting means including an arrow-shaped head,
PA3  a. the arrow-shaped head being formed with a lower, inclined, cam surface,
      the said surface contacting the quick release means when the plunger falls
      to its said lower position;
PA1  C. a hammer being vertically reciprocal within the space,
PAR  1.  said hammer vertically sliding upon the glides,
PA2  2. said hammer being upwardly defined by a top surface;
PA1  D. quick release means affixed to the top surface of the hammer to interact
      with the hammer connecting means for hammer lifting and releasing
      purposes; and
PA1  E. clamp release means affixed to the top yoke to function the quick
      release means when the plunger is urged to its said upper position.
NUM  2.
PAR  2. The invention of claim 1 wherein the arrow-shaped head defines a
      shoulder between the head and the plunger body, the said shoulder being
      releasably gripped by the quick release means when the plunger moves to
      the said lower position to releasably connect the hammer to the plunger
      for hammer lifting purposes.
NUM  3.
PAR  3. The invention of claim 2 wherein the quick release means includes a
      member having reciprocal movement relative to the top surface of the
      hammer.
NUM  4.
PAR  4. The invention of claim 3 wherein the quick release means includes an
      elongate clamp including a plunger, said plunger terminating inwardly in a
      holding end and outwardly in a spring end, said holding end releasably
      engaging the said shoulder to interconnect the hammer to the plunger for
      hammer lifting purposes.
NUM  5.
PAR  5. The invention of claim 4 and a spring biasing the spring end of the
      plunger, said spring continuously biasing the plunger inwardly to urge the
      holding end into engagement with the shoulder.
NUM  6.
PAR  6. The invention of claim 5 wherein the clamp release means include a
      finger depending from the top yoke, and a trigger upwardly projecting from
      the plunger, said finger vertically registering above the trigger, said
      finger being contacted by the trigger when the plunger is activated to its
      upper position, said finger urging the plunger in a direction opposite to
      the direction urged by the spring bias, said finger and trigger
      cooperating to compress the spring to release the holding end from the
      shoulder whereby the hammer is automatically released from the plunger
      when the plunger reaches its said upper position.
NUM  7.
PAR  7. The invention of claim 6 wherein the top surface of the hammer is
      provided with a depressed area in registry with the plunger, said
      depressed area being of sufficient size to receive the said arrow-shaped
      head when the plunger is activated to its said lower position, the said
      holding end of the plunger engaging upon the shoulder when the
      arrow-shaped head enters the recess.
NUM  8.
PAR  8. The invention of claim 7 wherein the recess is formed to the same
      arrow-shaped configuration as the arrow-shaped head and of size to tightly
      receive the arrow-shaped head therein, whereby the recess guides the head
      into position when the plunger reaches its lower position and prevents
      relative movement between the plunger and the hammer during all periods of
      operation when the plunger is normally associated with the hammer.
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PAL  A safety control means for a portable power tool, such as a pneumatically
      driven hand grinder, wherein fluid supply and discharge passages are
      provided in the support handles of the tool and are respectively connected
      to the fluid inlet and outlet of the motor. First and second fluid control
      members are mounted in the handles on the upstream and downstream sides,
      respectively, of the fluid inlet and outlet of the motor. The first
      control member is movable to a first position preventing motive fluid from
      flowing through the supply passage and a second position permitting motive
      fluid to flow through the supply passage. The second control member is
      likewise movable to a first position preventing motive fluid from flowing
      through the discharge passage and a second position permitting flow
      through the discharge passage. A control lever is pivotally mounted on
      each of the tool support handles for effecting movement of the respective
      control members between their first and second positions. Start up and
      continuous operation of the tool is obtained only so long as both levers
      are grasped by the operator of the tool and retained in positions holding
      the control members in their second position.
BSUM
PAR  This invention relates to safety controls for power tools, and more
      particularly relates to a dual safety control means for a pneumatically
      driven portable grinder.
PAR  Various types of safety control devices have been heretofore advanced for
      protecting the operators of power tools when the latter are in operation
      or to prevent unintentional starting of the tool. In the case of portable
      power tools, various types of "dead man" type controls have been developed
      to effect shutdown of the tool whenever the operator removes one or the
      other or both of his hands from the control or throttle levers of the
      tool. An example of a dual safety control of the foregoing character is
      disclosed and claimed in the Andrew Flagge U.S. Pat. No. 3,775,911, issued
      Dec. 4, 1973 and assigned to the assignee of this application.
PAR  While many of the safety control devices heretofore advanced for use with
      portable power tools have proved generally satisfactory for their intended
      purpose, others have not for various reasons, such as a capability of
      causing startup of the tool if the latter was accidentally tipped over or
      dropped while connected to its power and excessively long coast down times
      after the control lever of the safety device was released by the operator.
PAR  Accordingly, it is a general object of the present invention to provide a
      novel safety control means for a power tool.
PAR  A more particular object is to provide a novel dual safety control means
      for a portable or hand-held power tool.
PAR  Another object is to provide a novel dual safety control means of the
      foregoing character, which requires the user to manually and concurrently
      actuate two separate control elements in order to initiate and maintain
      operation of the tool.
PAR  A more particular object is to provide a novel safety control means for a
      hand-held, pneumatically driven grinder, which prevents operation of the
      tool until two separate, manually actuated throttle levers are shifted to
      their open positions by the user.
PAR  A specific object is to provide a novel safety control means for a power
      tool of the character described, which effects rapid shutdown of the tool
      and cessation of rotation of the output shaft thereof whenever the user
      releases one or the other or both of the throttle levers of the tool.
DRWD
PAR  Other objects and advantages of the invention become apparent from the
      following detailed description and accompanying sheets of drawings, in
      which:
PAR  FIG. 1 is a perspective view of a portable grinder incorporating a dual
      safety control means embodying the features of the present invention;
PAR  FIG. 2 is a top plan view of the grinder shown in FIG. 1;
PAR  FIG. 3 is an enlarged, sectional view taken substantially along the line
      3--3 of FIG. 1;
PAR  FIG. 4 is a vertical sectional view taken along the line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 are staggered, transverse sectional views taken along the
      lines 5--5 and 6--6, respectively, of FIG. 4;
PAR  FIG. 7 is a fragmentary sectional view taken along the line 7--7 of FIG. 6;
      and
PAR  FIG. 8 and 9 are sectional views taken along the lines 8--8 and 9--9 of
      FIGS. 6 and 4, respectively.
PAR  In FIGS. 1 and 2, a power tool embodying the features of the present
      invention, in this instance a portable hand grinder, is illustrated and
      indicated generally at 10. The grinder 10 includes a housing 11 which is
      circular in cross section and which encloses a fluid motor indicated
      generally at 12 in FIGS. 4 and 6. The motor 12 in the present instance is
      of the pneumatic type and includes a power output member in the form of a
      shaft 13 which projects axially from the lower end of the housing 11 as
      viewed in FIGS. 1 and 4 and which is adapted to receive a work performing
      member, such as a grinding wheel 14 (FIG. 1). Thus, when motive fluid
      under pressure, such as compressed air, is supplied to the motor 12, the
      shaft 13, as well as the grinding wheel 14, are driven at a suitable rate
      of speed.
PAR  Referring now to FIGS. 4, 5 and 6, in conjunction with FIGS. 1 and 2, it
      will be seen that the motor 12 comprises a rotor 16 mounted in a cylinder
      bushing 17 and having a plurality of plate-like vanes 18 mounted in a
      plurality of circumferentially spaced, axially extending slots 19 (FIG. 6)
      in the rotor 16. The radially outer edges of the vanes 18 engage the inner
      surface of the bushing and reciprocate in their slots 19 as the rotor 16
      rotates due to the eccentricity of the axis of rotation of the rotor 16
      with respect to the axis of the cylinder bushing 17. A pair of upper and
      lower end plates, indicated at 22 and 23, respectively, in FIG. 4, engage
      the end faces of the rotor 16 and cylinder bushing 17 and provide
      mountings for upper and lower bearing assemblies, indicated at 26 and 27,
      for the rotor 16.
PAR  When the motor 12 is in operation, compressed air is supplied to pumping
      chambers defined between the respective pairs of vanes 18 and the opposite
      inner and outer surfaces of the cylinder bushing 17 and rotor 16,
      respectively, through a fluid inlet provided by a plurality of axially
      spaced arcuately extending ports 28 (FIGS. 4, 6 and 7) in the side wall of
      the cylinder bushing. The ports 28 communicate with a plurality of
      intersecting axial bores 32 (FIGS. 4-7), inclusive) in a radially
      thickened portion 33 (FIGS. 4 and 6) of the cylinder bushing 17, the upper
      ends of the bores 32 communicating with a chamber 34 (FIG. 4) in the
      housing 11 on the upper or outer side of the upper end plate 22. A
      plurality of radial bores 36 and 37 in the upper and lower end plates 22
      and 23 have their radially outer ends connected with the bores 32 and at
      their radially inner ends with arcuate slots 42 and 43 in the axially
      inner end faces of the plates, the slots 42 and 43 serving to supply air
      under pressure to the bottoms of the slots 19 for urging the vanes 18
      outwardly against the inner surface of the cylinder bushing 17.
PAR  Air under pressure is supplied to the chamber 34 through a port 44 (FIG. 4)
      in the tubular upper end, indicated at 46, of the shaft of a governor
      assembly, indicated generally at 50, carried at the upper end of the rotor
      16. The governor assembly 50 includes a plurality of governor weights 52,
      which serve to effect axial movement of a sleeve 53 on the upper end 46 of
      the governor assembly and hence reduce or increase the effective size of
      the port 44 with changes in the speed of rotation of the rotor 16. Air
      under pressure is supplied to the interior of the tubular upper end 46 of
      the governor assembly 50 from a cored passage 54 in the housing 11, the
      upstream end of which communicates with a recess 56 in the outer side of
      the side wall of the housing 11.
PAR  Air is discharged from the pumping chambers of the motor 12 through a
      plurality of primary and secondary exhaust ports, respectively indicated
      at 62 and 63 in FIGS. 4 and 6 in the cylinder block 17. The primary and
      secondary exhaust ports 62 and 63, which comprise the fluid outlet of the
      motor 12, communicate with a chamber 64 in the housing 11 and surrounding
      the cylinder block 17 and thence with a port 66 in a recessed portion 67
      of the side wall of the housing 11.
PAR  In order to permit an operator of the tool to manipulate the same over a
      work area, handle means in the form of a pair of elongated, right and left
      handle assemblies, respectively indicated at 72 and 73 in FIGS. 1, 2 and
      6, are secured to the housing 11 of the tool 10. In the present instance,
      the handle assemblies 72 and 73 are secured to bosses 71 on the exterior
      of the housing 11, the bosses being positioned so that the handle
      assemblies 72 and 73 lie in a plane generally perpendicular to the axis of
      the motor shaft 13 and so that the angle between the axes of the handle
      assemblies is about 110.degree..
PAR  The handle assemblies 72 and 73 include elongated, tubular bodies 74 and
      75, respectively, each of said bodies having a cylindrical outer end 76
      (FIG. 3) and a generally rectangular inner or housing engaging end 77. The
      handle assemblies 72 and 73 respectively include manually actuated means
      in the form of a pair of pivotally mounted levers 78 and 79 each having a
      mounting portion in the form of a pair of bifurcated arms 80 and a handle
      portion 81 connected to said mounting portions and normally extending in
      angularly diverging relation with respect to the handle bodies 74 and 75
      when the levers are mounted thereon. Cross pins 82 extend through the arms
      80 and bodies 74 and 75 and pivotally secure the levers 78 and 79 to the
      bodies. The handle portions 81 of the levers 78 and 79 are positioned so
      as to be moved toward their respective bodies 74 and 75 when a user grasps
      the handle assemblies to lift the tool or to place the same in operation.
      The manner in which the levers 78 and 79 control the operation of the tool
      10 will be described more fully hereinafter.
PAR  Referring now more particularly to FIG. 3 it will be seen that the handle
      assembly 72 includes a control member in the form of a valve plate 83
      mounted in a cavity 85 in the rectangular inner end 77 of the body 74. The
      valve plate 83 is movable toward and away from a seat 86 carried between a
      pair of plates 87 and 88 secured to the end face of the inner end 77 of
      the handle body 74. The plate 88 has a central opening 92 therethrough
      defining a port at the inner end of the handle assembly 72 through which
      air under pressure may flow when the valve plate 83 is spaced from its
      seat 86, as shown in full lines in FIGS. 3 and 6.
PAR  Pivotal movement of the valve plate 83 from its closed position illustrated
      in full lines in FIG. 4 and in broken lines and indicated at 83' in FIG.
      3, to its open position illustrated in full lines in FIGS. 3 and 6 is
      effected by a plunger 93, which contacts the plate 83 below its fulcrum
      point, the latter being provided by a pair of balls 94 positioned in
      opposed recesses in the plate 87 and valve plate 83. The opposite or outer
      end of the plunger 93 is engaged by a cross pin 96 extending between the
      ends of the arms 80 of the lever 78. One end of a spring 97 engages the
      valve plate 83 and causes the latter to pivot to its aforementioned closed
      position whenever the operator of the tool releases his grip on the handle
      portion 81 of the lever 78.
PAR  As heretofore mentioned, the interior of the body 74 of the handle assembly
      72 is hollow. Such hollow interior defines a supply passage, indicated at
      98 in FIG. 3, in the handle body 74 through which motive fluid under
      pressure may flow. Such motive fluid enters the supply passage 98 through
      a fitting 99 threaded into the outer end of the body 74, the fitting 99
      being connected to a suitable source of fluid under pressure, such as
      compressed air, by a fluid conduit, such as a hose. A portion of the hose
      is shown in FIGS. 1 and 2 and indicated at 101.
PAR  Referring now to FIGS. 6, 8 and 9 in conjunction with FIGS. 1 and 2, it
      will be seen that the handle assembly 73 likewise includes a control
      member in the form of a valve plate 103, which is positioned in a cavity
      104 defined by the recessed side wall portion 67 of the housing 11 and the
      adjacent side face of a plate 105 secured to the inner end 77 of the
      handle body 75. The valve plate 103 is movable toward and away from a
      valve seat 106, which projects somewhat inwardly of the side face,
      indicated at 107, of the plate 105. Another plate 108 is disposed between
      the plate 105 and the inner end 77 of the handle 75 and defines a port 112
      at the inner end of the handle assembly 73 through which air from the
      exhaust chamber 64 of the motor 12 may discharge after passing through the
      port 66 and cavity 104.
PAR  The port 112 communicates with the inner end of a fluid discharge passage
      113 in the handle body 75, such passage being provided by the hollow
      interior of the body. Thus, when valve plate 103 is spaced from its seat
      106, as shown in full lines in FIG. 6, a substantially unrestricted flow
      path is provided from the outlet port 66 in the side wall portion 67 of
      the housing 11 to the atmosphere through the outer end, indicated at 114
      in FIG. 1, of the discharge passage 113.
PAR  The valve plate 103 is secured, as by a screw 122, to the outer end of an
      extension 123 of a pivot arm 124, the extension 123 being located
      intermediate the length of the pivot arm 124 and extending generally
      axially inwardly or upstream toward the port 112. The pivot arm 124
      extends generally transversely of the handle body 75 and is pivotally
      mounted in a cavity 125 in the rectangular inner end 77 of the handle body
      75 by a pin 126 (FIGS. 6 and 9) extending through one end of the arm 124.
PAR  Pivotal movement of the valve plate 103 from its first or closed position
      illustrated in broken lines and indicated at 103' in FIG. 6 to its second
      or open position illustrated in full lines in this figure, is effected by
      a plunger 133 which contacts the free end of the pivot arm 124 and causes
      the valve plate 103 to be shifted away from its seat 106. Pivotal movement
      of the lever 79 is transmitted to the opposite or outer end of the plunger
      133 by a cross pin 136 extending between the ends of the arms 80 of the
      lever 79. The valve plate 103 will shift to its closed, broken line
      position 103' by the pressure of the air in the chamber 104 whenever the
      operator releases his grip on the handle portion 81 of the lever 79. The
      valve plates 83 and 103 of the handle assemblies 72 and 73 thus comprise
      control members for preventing motive fluid, in the present instance
      compressed air, from flowing into the fluid inlet or ports 28 and out of
      the fluid outlet or slots 62 and 63 of the motor 12 so as to rapidly stop
      the motor 12 and output shaft 13 thereof whenever one or the other or both
      of the valve plates moves to their closed position.
PAR  The tool 10 and the safety control means thereof, operates as follows:
PAR  Assuming that a work performing member, such as the grinding wheel 14, has
      been secured to the output shaft 13 of the tool 10 and that the distal end
      of the hose 101 has been connected to a suitable source of motive fluid
      under pressure, such as compressed air, the tool 10 and the safety control
      means thereof are capable of performing their intended functions. Thus, if
      an operator should pick up the tool 10 by one of the handle assemblies 72
      or 73 and in so doing pivot the handle portion 81 of the lever associated
      with that handle assembly to a position such as to open the valve thereof,
      the tool will not begin to operate since the valve associated with the
      lever of the other handle assembly will be closed at that time.
      Consequently, injury to the user or bystanders due to unintentional
      starting up of the tool at this time is prevented.
PAR  The foregoing characteristic of the safety control means of the tool 10
      also prevents the tool from operating if the tool is inadvertently tipped
      over while resting on the floor or other supporting surface, or if the
      tool is otherwise moved to a position such that the handle portion 81 of
      one or the other of the levers 78 and 79 is moved toward its associated
      handle body a sufficient amount to open the associated control valve.
PAR  The safety control means of the tool 10 is also effective when the tool is
      in operation to rapidly stop rotation of the motor 12 and hence the output
      shaft 13 thereof whenever the operator releases his grip on one or the
      other or both of the handle portions 81 of the levers 78 and 79.
PAR  Thus, if the operator of the tool should release his grip on the handle
      portion 81 of the lever 78 when the tool is operating, the spring 93 as
      well as the force of the compressed air in the chamber 85 will cause the
      valve plate 83 to shift from its open position illustrated in full lines
      in FIGS. 3 and 6 to its closed position illustrated in full lines in FIG.
      4. Consequently, air under pressure in the supply passage 98 of the valve
      body 74 will be prevented from flowing into the passage 54 in the housing
      11 and also through the inlet ports 28 into the motor 12. Rotation of the
      motor 12 and grinding wheel 14 will thus rapidly terminate.
PAR  Alternatively, if the operator should release his grip on the handle
      portion 81 of the lever 79 when the tool is operating, the pressure of the
      air in the cavity 104 will cause the valve plate 103 to shift from its
      open position shown in full lines in FIG. 6 to its closed position
      illustrated in full lines in FIG. 4. Consequently, exhaust air exhausting
      from the outlet ports 62 and 63 of the motor 12 will be prevented from
      flowing from the exhaust chamber 64 of the housing 11 through outlet port
      66 and discharge passage 113 in the handle body 75 to the atmosphere.
      Rotation of the motor 12 and grinding wheel 14 will thus rapidly
      terminate. Cessation of rotation of the motor 12 and grinding wheel 14
      takes place in a matter of milliseconds after the valve plate 103 moves to
      its closed position since the closed valve plate 103 causes the motor 12
      to operate as a compressor and thus dynamically brake rotor 16.
PAR  If the operator should simultaneously release his grip on the handle
      portion 81 of both of the levers 78 and 79 while the tool is operating,
      the motor 12 and grinding wheel 14 will cease to rotate substantially
      instantaneously.
PAR  While the safety control means herein disclosed has been described in
      connection with a portable hand grinder utilizing a pneumatic motor, it
      should be understood that the control means could also be employed in
      other types of tools of both a portable and fixed character. It should
      further be understood that the safety control means herein disclosed could
      be used with tools which employ motors other than those of the rotary type
      and which utilize motive fluids other than compressed air.
PAR  While only one embodiment of the invention has been herein illustrated and
      described, it will be understood that modifications and variations thereof
      may be effected without departing from the concepts of the invention as
      exemplified in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a power tool including a housing having a fluid motor therein, said
      motor having a fluid inlet, a fluid outlet and a power output member
      adapted to supply power to a work performing member, the improvement of
      safety control means for controlling the flow of motive fluid supplied to
      and discharged from said motor and consequently the operation of said
      tool, said safety control means comprising first and second control
      members respectively associated with the inlet and outlet of said motor,
      and manually actuated means operable to effect movement of said control
      members from a first position preventing motive fluid from flowing into
      the fluid inlet of said motor and out of the fluid outlet of said motor to
      a second position permitting motive fluid to flow into said motor inlet
      and out of said motor outlet so that said motor drives said power output
      member, said manually activated means including a lever member for each of
      control member, each of said lever members being movable in the same
      direction toward said first and second positions, whereby said safety
      control means is operable to permit operation of said motor when both of
      said control members are in said second position and render said motor
      inoperative to drive said power output member or to rapidly stop the same
      whenever one or the other or both of said control members is in or moves
      to said first position.
NUM  2.
PAR  2. The safety control means of claim 1, further characterized in that one
      of said manually actuated lever members is connected to said first control
      member and the other of said manually actuated lever members being
      connected to said second control member.
NUM  3.
PAR  3. The safety control means of claim 2, further characterized in that a
      pair of spaced handles are carried by said housing and adapted to be
      grasped by the respective hands of a user of said tool, and said manually
      actuated lever members are respectively carried by said handle members.
NUM  4.
PAR  4. In a power tool including a housing having a fluid motor therein, said
      motor having a fluid inlet, a fluid outlet and a power output member
      adapted to supply power to a work performing member, the improvement of
      safety control means for controlling the flow of motive fluid supplied to
      and discharged from said motor and consequently the operation of said
      tool, said safety control means comprising first and second control
      members respectively associated with the inlet and outlet of said motor,
      and manually actuated means operable to effect movement of said control
      members from a first position preventing motive fluid from flowing into
      the fluid inlet of said motor and out of the fluid outlet of said motor to
      a second position permitting motive fluid to flow into said motor inlet
      and out of said motor outlet so that said motor drives said power output
      member, whereby said safety control means is operable to permit operation
      of said motor when both of said control members are in said second
      position and render said motor inoperative to drive said power output
      member or to rapidly stop the same whenever one or the other or both of
      said control members is in or moves to said first position, said manually
      actuated means including a pair of manually actuated members carried by
      said housing and adapted to be engaged by the respective hands of a user,
      one of said manually actuated members being connected to said first
      control member and the other of said manually actuated members being
      connected to said second control member, a pair of spaced handles carried
      by said housing and adapted to be grasped by the respective hands of a
      user of said tool, and said manually actuated members are respectively
      carried by said handle members, said manually actuated members including a
      pair of levers pivotally mounted on said handles, and said levers having
      handle portions adapted to pivot said levers to positions effecting
      movement of said control members to their second position when said
      handles are grasped by the hands of a user of said tool.
NUM  5.
PAR  5. In a power tool including a housing having a fluid motor therein, said
      motor having a fluid inlet, a fluid outlet and a power output member
      adapted to supply power to a work performing member, the improvement of
      safety control means for controlling the flow of motive fluid supplied to
      and discharged from said motor aand consequently the operation of said
      tool, said safety control means including first and second control members
      respectively associated with the inlet and outlet of said motor, and
      manually actuated means operable to effect movement of said control
      members from a first position preventing motive fluid from flowing into
      the fluid inlet of said motor and out of the fluid outlet of said motor to
      a second position permitting motive fluid to flow into said motor inlet
      and out of said motor outlet so that said motor drives said power output
      member, whereby said safety control means is operable to permit operation
      of said motor when both of said control members are in said second
      position and render said motor inoperative to drive said power output
      member or to rapidly stop the same whenever one or the other or both of
      said control members is in or moves to said first position, said manually
      actuated means including a pair of manually actuated members carried by
      said housing and adapted to be engaged by the respective hands of a user,
      one of said manually actuated members being connected to said first
      control member and the other of said manually actuated members being
      connected to said second control member, a pair of spaced handles carried
      by said housing and adapted to be grasped by the respective hands of a
      user of said tool, and said manually acutated members are respectively
      carried by said handle members, said control members including a pair of
      valve members.
NUM  6.
PAR  6. In a power tool including a housing having a fluid motor therein, said
      motor having a fluid inlet, a fluid outlet and a power output member
      adapted to supply power to a work performing member, the improvement of
      safety control means for controlling the flow of motive fluid supplied to
      and discharged from said motor and consequently the operation of said
      tool, said safety control means comprising first and second control
      members respectively associated with the inlet and outlet of said motor,
      and manually actuated means operable to effect movement of said control
      members from a first position preventing motive fluid from flowing into
      the fluid inlet of said motor and out of the fluid outlet of said motor to
      a second position permitting motive fluid to flow into said motor inlet
      and out of said motor outlet so that said motor drives said power output
      member, whereby said safety control means is operable to permit operation
      of said motor when both of said control members are in said second
      position and render said motor inoperative to drive said power output
      member or to rapidly stop the same whenever one or the other or both of
      said control members is in or moves to said first position, said manually
      actuated means including a pair of manually actuated members carried by
      said housing and adapted to be engaged by the respective hands of a user,
      one of said manually actuated members being connected to said first
      control member and the other of said manually actuated members being
      connected to said second control member, a pair of spaced handles carried
      by said housing and adapted to be grasped by the respective hands of a
      user of said tool, and said manually actuated members are respectively
      carried by said handle members, said control members including a pair of
      valve members, said handles having fluid supply and discharge passages
      therein respectively communicating with the fluid inlet and outlet ports
      in said housing, and said valves being movable between positions
      permitting and preventing fluid flow through said passages.
NUM  7.
PAR  7. The safety control means of claim 6, further characterized in that said
      handles have valve seats therein circumscribing said fluid passages and
      spaced from the inlet and outlet ports of said housing, and said valve
      members are biased toward said seats by fluid under pressure in said
      passages.
NUM  8.
PAR  8. In a power tool including a housing having a fluid motor therein, said
      motor having a fluid inlet, a fluid outlet and a power output member
      adapted to supply power to a work performing member, the improvement of
      safety control means for preventing motive fluid from discharging from
      said motor to rapidly render the tool inoperative, said safety control
      means comprising means providing a discharge passage for receiving motive
      fluid exhausting from the fluid outlet of said motor, a control member
      operatively associated with said discharge passage, and manually actuated
      means for effecting movement of said control member from a first position
      preventing motive fluid from flowing through said discharge passage to a
      second position permitting motive fluid to flow through said discharge
      passage, whereby said safety control means is operable to permit operation
      of said motor when said control member is in said second position and to
      prevent operation of said motor or to rapidly stop the same when said
      control member is in or moves to said first position.
NUM  9.
PAR  9. The safety control means of claim 8, further characterized in that said
      housing has a fluid outlet port communicating with the fluid outlet of
      said motor, at least one handle having said discharge passage therein is
      carried by said housing with said discharge passage in communication with
      said fluid outlet port, a valve seat is provided in said handle at the end
      of said discharge passage adjacent to said fluid outlet port, and said
      control member comprises a valve carried by said handle and positioned
      between said fluid outlet port and said valve seat, said valve urged
      toward its seat by fluid under pressure discharging through said fluid
      outlet port.
NUM  10.
PAR  10. The safety control means of claim 9, further characterized in that said
      valve is urged toward its seat by fluid under pressure discharging through
      said fluid outlet port.
NUM  11.
PAR  11. The safety control means of claim 9, further characterized in that an
      arm is pivotally mounted in the end of said handle adjacent to said fluid
      outlet port, said handle is elongated and said arm extends generally
      transversely to the axis of said handle and is positioned downstream from
      said valve seat, and said valve is mounted on an extension of said arm and
      extending upstream toward said valve seat.
NUM  12.
PAR  12. The safety control means of claim 11, further characterized in that
      said arm is pivotally connected at one end to said handle, said extension
      of said arm is located intermediate the length of said arm, and said
      manually actuated means effects movement of the free end of said arm.
PATN
WKU  039346587
SRC  5
APN  5071828
APT  1
ART  354
APD  19740919
TTL  Modular underwater well platform system
ISD  19760127
NCL  15
ECL  1
EXA  Favreau; Richard E.
EXP  Abbott; Frank L.
NDR  8
NFG  17
INVT
NAM  Nelson; Norman A.
STR  2422 W. 18th St., Apt. 169
CTY  Houston
STA  TX
ZIP  77008
CLAS
OCL  175  7
XCL   61 46
EDF  2
ICL  E21B 1502
FSC  175
FSS  7-10
FSC  173
FSS  45
FSC   61
FSS  46;46.5
UREF
PNO  2657540
ISD  19531100
NAM  Templeton
OCL   61 46.5
UREF
PNO  2747840
ISD  19560500
NAM  Miles
OCL  175  9
UREF
PNO  2863293
ISD  19581200
NAM  Plumer
OCL   61 46.5
UREF
PNO  3176470
ISD  19650400
NAM  Stiff
OCL   61 46
UREF
PNO  3364684
ISD  19681200
NAM  Sandberg
OCL   61 46
UREF
PNO  3517735
ISD  19700600
NAM  Fairbanks et al.
OCL  166   .5
UREF
PNO  3626447
ISD  19711200
NAM  Hindlin
OCL   61 46.5
UREF
PNO  3797256
ISD  19740300
NAM  Giblon
OCL   61 46.5
LREP
FRM  Fulbright & Jaworski
ABST
PAL  A modular underwater well platform system comprising a plurality of modular
      units which are assembled and connected to the underwater floor based on
      results obtained as drilling of wells progresses and which allows
      flexibility in the positioning, size, and location of the platform while
      reducing the expense and time required for manufacturing and construction
      of the platform. A first guide base is provided connected to the
      underwater floor by the initial exploratory well pipe and the base
      includes a plurality of connecting and supporting frames directed
      outwardly in various directions and having interconnecting elements for
      allowing interconnection with additional modular guide bases in any of the
      various directions. After an exploratory well or wells has been drilled
      through an opening in the first base and when the results of the first
      wells indicate the location at which the platform is to be constructed,
      one or more spacer members having first and second ends, the first end of
      which includes interconnecting elements may be connected to one of the
      interconnecting elements of one of the frames of the first guide base for
      extending the base of the platform in the desired direction. One or more
      additional guide bases may be connected to the second ends of the spacing
      members and supported from the underwater floor. The platform base can
      then be extended in any desired direction with the modular components as
      indicated by the results of further drilling. The interconnecting elements
      between the guide bases and the spacer members may include vertical
      telescoping members and locking means. The guide bases may include
      vertical guide means for coacting with and supporting upper support
      structures from the guide bases for building up the drilling structure to
      the desired height.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The search for additional oil and gas has turned to deeper underwater
      locations. Virtually all commercial offshore production is in water less
      than three hundred feet deep, but plans are going forth for drilling for
      oil and gas to water depths of greater than 1,000 feet. Various types of
      drilling platforms have been suggested of various configurations. The
      design most widely used is the fourleg design having provisions for
      drilling multiple wells therefrom and which is generally floated to the
      drill site and secured in place to the underwater floor. However, such
      platforms are extremely expensive, costing millions of dollars, require a
      considerable amount of lead time to construct, and once secured in place,
      cannot readily be modified to meet changing conditions which may be
      required depending upon the drilling conditions encountered.
PAR  The present invention is directed to a modular underwater well drilling
      platform in which the modules are connected to the underwater floor only
      when needed and the location and size of the platform is not committed
      until the field size and location is defined. The modular structure of the
      present invention offers maximum flexibility with a minimum of cost. The
      various modular units can be manufactured at different locations to cut
      down on lead time, the modular units can be made up and stocked for future
      use, the configuration of the platform can be put together in modular form
      to meet the varying needs as they are encountered in day-to-day
      operations, and the modular configuration permits expansion of the
      platform as conditions dictate at a later date.
PAC  SUMMARY
PAR  The present invention is directed to a modular underwater well platform
      system utilizing a modular guide base which is adapted to be connected to
      the underwater floor wherein the base includes a plurality of connecting
      and supporting frames directed outwardly in various directions and having
      interconnecting elements allowing for interconnection with additional
      modular units in any of the various directions.
PAR  A still further object of the present invention is the provision of a
      plurality of guide bases which may be interconnected in any of a plurality
      of directions when desired and secured to the underwater floor for forming
      a base support for a well drilling platform as the results of well testing
      dictate.
PAR  Yet another object of the present invention is the provision of spacer
      members having first and second ends for connection to one of the
      connecting and supporting frames of one guide base with a second guide
      base connected to the second end of the spacer member for locating and
      positioning a second guide base at a desired direction and distance from
      the first guide base when desired.
PAR  Still a further object of the present invention is the provision wherein
      the interconnecting elements on the guide base and spacer member include
      vertical telescoping members and locking means.
PAR  Yet a still further object of the present invention is the provision of
      vertical guide means connected to the guide base for securing additional
      and further structural members to the guide base.
PAR  Yet a still further object of the present invention is the provision of
      supporting and connecting the guide bases to the underwater floor by
      connector pipe in which the guide bases include an opening for passage of
      drill pipe through the bases and conductor pipe for drilling additional
      wells.
PAR  Still a further object of the present invention is the provision of
      connecting the first guide base to the underwater floor from a pipe and
      rotatably supporting the guide base from the pipe so that the first guide
      base may be rotated to modularly add additional units in any desired
      direction.
PAR  Other and further objects, features and advantages will be apparent from
      the following description of a presently preferred embodiment of the
      invention, given for the purpose of disclosure, and taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, showing a floating vessel beginning an
      underwater well,
PAR  FIG. 2 is an elevational view showing a pipe cemented in place in the well
      and a modular guide base of the present invention supported therefrom,
PAR  FIG. 3 is an elevational view, similar to FIG. 2, utilizing an acoustic
      type of guidance system for positioning subsequent components and other
      equipment to the modular base,
PAR  FIG. 4 is an enlarged isometric view of the modular guide base of the
      present invention supported in position from the underwater floor by a
      pipe,
PAR  FIG. 5 is an isometric elevational view, illustrating a spacer member
      having one end being lowered into engagement with and supported from a
      modular guide base,
PAR  FIG. 6 is an enlarged fragmentary elevational view, partly in cross
      section, illustrating the releasable connection between a running tool and
      a spacer member for lowering the spacer member into engagement with a
      modular guide base,
PAR  FIG. 7 is an isometric view illustrating the attachment of a spacer member
      and a second modular guide base to a first modular guide base,
PAR  FIG. 8 is an enlarged elevational view, partly in cross section, of one
      type of connection between the supporting pipe and a guide base,
PAR  FIG. 9 is an enlarged fragmentary elevational view, partly in cross
      section, illustrating the locking of a spacer member to the modular guide
      base,
PAR  FIG. 10 is a plan view of a modular underwater drilling platform composed
      of modular guide bases and spacer members of the present invention,
PAR  FIG. 11 is a fragmentary elevational view, illustrating the positioning of
      an upper support structure being supported from a modular guide base,
PAR  FIG. 12 is an elevational view showing a permanent upper support portion of
      a platform lowered into position and connected from the modular guide
      bases and spacer members,
PAR  FIG. 13 is an elevational view of an underwater drilling platform having a
      second modular upper section which is completed below the surface of the
      water,
PAR  FIG. 14 is an elevational view of an underwater drilling platform showing a
      second modular upper section added to complete the platform above the
      water surface,
PAR  FIG. 15 is a partial elevational view of an underwater drilling platform
      completed below the water level but having a jackup rig positioned on top
      of the permanent platform,
PAR  FIG. 16 is a plan view of a modified modular guide base in which the
      connecting and supporting frames are directed in different directions than
      the embodiment of FIG. 4, and
PAR  FIG. 17 is a plan view of the base of an underwater drilling platform using
      the modular guide base of FIG. 16.
DETD
PAC  Description of the Preferred Embodiment
PAR  Generally, a fixed offshore drilling platform is designed to drill multiple
      wells in order to reduce the unit cost of the platform per well. However,
      because a fixed platform is expensive and the prospect for producing oil
      or gas is unknown, the first well is generally drilled by a retrievable
      drilling rig such as a floating vessel 10 shown in FIG. 1 which drills an
      exploratory hole 12 conventionally by a drill string 14 driving a bit 16.
      The drilling is performed through a temporary base 18 through a gimball
      joint 20 in which a guide frame 22 centers the drill string 14 relative to
      the base 18.
PAR  It has been conventional to place a conductor pipe 24 into the hole 12 and
      secure it to the underwater floor 19 by cement 28. The conductor pipe 24
      may include a hub 30 for receiving a conventional blowout preventer stack.
      Drilling is then continued through the conductor pipe 24 from the floating
      vessel 10. In the event that the results of the drilling is favorable, the
      floating vessel 10 is generally moved and a fixed drilling platform
      installed since further drilling and production can be more economically
      obtained from a fixed structure than a floating vessel.
PAR  However, fixed drilling rigs are extremely expensive, require a
      considerable lead time for manufacturing, and once set in place, cannot be
      relocated or conveniently expanded to meet drilling conditions which may
      be encountered in the future, or even worse, may not have been justified
      at all because of limited potential.
PAR  The present invention is directed to a modular underwater drilling platform
      in which the location and size of the platform is not committed until the
      size and location of the field is more fully defined as additional wells
      are drilled. Referring now to FIG. 2, after a well has been drilled as a
      conductor 24 is being installed a modular guide base of the present
      invention, generally indicated by the reference numeral 32, is installed
      and supported from the conductor 24 by any suitable means such as from a
      collar 34. As shown in FIG. 2, the guide base 32 may be oriented in any
      desired direction by means of suitable orientation means such as guide
      lines 48, or as shown in FIG. 3, an acoustical transducer 38 may be
      provided for locating the guide base 32 and for guidance and orientation
      of subsequent equipment. Preferably, the guide base 32 is positioned above
      the underwater floor 19 to allow additional modular units to be easily
      horizontally aligned with the first guide base 32 regardless of whether
      the underwater floor 19 is level or not.
PAR  Referring now to FIG. 4, the modular guide base 32 includes a plurality of
      connecting and supporting frames 38 here indicated as four, although any
      suitable number may be used, and directed outwardly in various directions,
      here shown as in four different directions. Each of the frames 38 includes
      interconnecting elements such as funnels 40 which telescopically engage
      coacting interconnecting elements, which will be more fully described
      hereafter, for connection to and support of other structural members in
      any desired direction. Preferably, each of the frames 38, include for
      greater strength, multiple horizontal supports or steps 42 and 44 which
      are positioned vertically with respect to each other with the lower
      support 44 extending horizontally a further distance outwardly than the
      upper support 42. Therefore, each of the frames 38 provides
      interconnecting and supporting elements which will telescopically accept
      and support another structural member for extending the modular platform
      in a desired direction.
PAR  While these modular guide bases 32 may be secured to the conductor pipe 24
      by any suitable means, such as welding, the use of the collar 34 allows
      the first guide base 32 to be supported from the conductor pipe 24 and to
      be rotatable relative to the pipe 24 in order to provide greater
      flexibility by rotationally orienting the guide base 32 to direct the
      frames 38 in any desired direction for attaching the next platform
      structure.
PAR  The base 32 as shown will support additional structure members in any one
      of or a combination of various directions. The base 32 may also include a
      plurality of guide posts 46 connected to guide lines 48 for landing
      subsequent equipment and structural members onto the base 32.
PAR  After the first well is drilled through the first modular guide base 32 and
      the results indicate the positioning of the base of the drilling platform,
      additional structures may be connected to the first guide base 32.
PAR  Referring now to FIGS. 5 and 7, the sequence of attaching additional
      structural members to the first guide base 32 is best seen. FIG. 5 shows a
      spacer member 50, which may be of any desired length, being lowered into
      engagement and supported from the first guide base 32. A running tool 52
      is releasably connected to the spacer member 50 and is in turn connected
      to running cables 54. The running tool 52 includes rings 56 to encircle
      the guide lines 48 and for engaging the guide posts 46 to accurately align
      the spacer member 50 with the selected frame 38 of the base 32. The spacer
      member 50 includes connector pins 58 for interconnecting with the funnels
      40 of the base 32 to form telescoping members which provide the
      interconnection between the spacer member 50 and the base 32. The
      configuration of the ends of the spacer member 50 is such that it will
      engage and set on and be supported from the horizontal supports 42 and 44
      of the base 32.
PAR  While the spacer member 50 may have a second end identical to the first end
      shown in FIG. 5, it is more convenient, as best seen in FIG. 7, to rigidly
      attach a second modular guide base 32a to the second end of the spacer
      member 50 by rigid connections, such as welding or bolts, for ease and
      accuracy of location of the second base 32a. Thus, as shown in FIG. 7, a
      spacer member 50 and a second guide base 32a are connected together above
      the water surface and simultaneously lowered by means of the running
      cables 54 supporting one end of member 50 and guide lines 48a connected to
      the second base 32a. The spacer member 50 and base 32a are lowered until
      the connecting pins 58 telescopically engage the funnels 40 of the first
      guide base 32. The second guide base 32a is held in position until a hole
      may be drilled through the opening 25a in the underwater floor and a
      conductor pipe 24a placed in the opening 25a and cemented into the
      underwater floor to provide a structure to rigidly support the second
      modular guide base 32a from the underwater floor as best shown in FIG. 8.
      While any suitable connection may be made between the conductor pipe 24a
      and the opening 25a of the second guide base 32a, a conventional breach
      lock connection generally shown in FIG. 8 and indicated by the reference
      numeral 60 may be provided.
PAR  Referring now to FIG. 9, the interconnection of the spacer member 50 and
      the modular guide base 32 is best seen in which one of the connecting pins
      58 on the spacer member 50 is shown in telescopic engagement with one of
      the funnels 40 on one of the frames 38 for locking and supporting the
      spacer member 50 in position. Suitable locking means is provided which
      includes a shoulder 60 at the bottom of the funnel 40 and a resilient
      locking ring 62 carried by the connecting pin 58 which will retract as the
      pin 58 is pushed through the funnel 40 and will thereafter expand into
      engagement with the shoulder 60 for securing the spacer member 50 in
      engagement with the frame 38.
PAR  After the modular guide base 32a is set in place, and secured to and
      supporting from a conductor 24a from the underwater floor, the running
      tool 52 may be disconnected from the spacer member 50. As best seen in
      FIG. 6, the running tool 52 may be releasably connected to the spacer
      member 50 by one or more supports 64 having openings 66 therein. The
      spacer member 50 includes a plurality of engaging rods 68 which are
      initially extended through the openings 66 for supporting the frame 50
      therefrom. The rods 68 are held in an extended position by a latch pin 70
      releasably secured to the frame 50 by a shear pin 72 thereby holding the
      rods 68 in an extended and engaging position against resilient springs 74.
      After the spacer member 50 is moved into position, as best seen in FIG. 7,
      a weight (not shown) is dropped downwardly along the running cables 54 to
      engage the top of the latch pin 70 shearing the pin 72 and moving the
      enlarged portion 71 of the latch pin 70 out of engagement with the ends of
      the engaging rod 68. The springs 74 will then retract the rod 68 from the
      openings 66 and allow the running tool 52 to be released from the frame
      50.
PAR  Referring again to FIG. 7, it is to be noted that the second guide base 32a
      also includes a plurality of frame members 38a extending in various
      directions for receiving additional interconnecting structural components
      for extending the base of the drilling platform in any desired direction
      as dictated by drilling results encountered through either the conductor
      pipe 24 or 24a or from any other location. For example, as best seen in
      FIG. 10, additional interconnection modular units may be connected to the
      structure shown in FIG. 7. For example, a second spacer member 50a and
      connected modular guide base 32b may be connected to the first guide base
      32, and a third spacer member 50b and connecting modular guide base 32c
      may be connected to the guide base 32a. While as has previously been
      indicated and shown in FIG. 7, it is preferable to lower into the water a
      spacer member 50 having a modular guide base, such as 32a, already
      connected to the second end of the spacer member 50, in the event that the
      components are of such a size that it is desired to set the modular guide
      bases 32a, 32b and 32c separately, they may be individually set and in
      that event the spacer members 50, 50a and 50b would include telescoping
      interconnecting members at both ends such as the connecting pins 58 shown
      in FIG. 5. And, of course, the spacer member 50c shown in FIG. 10 would
      require telescoping interconnecting members at both ends for connecting to
      the already set modular guide bases 32b and 32c for providing the
      desirable structural strength therebetween. The advantages of the modular
      platform of the present invention is apparent in FIG. 10 wherein the
      location and size of the platform is not committed until the field size
      and location has been defined as the wells are drilled. In addition, the
      modular guide bases 32 and frames 50 may be manufactured at different
      locations with a short lead time, can be made up and stocked for future
      use, and the platform can be expanded in any direction as drilling
      conditions dictate at a later date. The configuration shown in FIG. 10 may
      provide the base for a conventional four-legged drilling rig or
      alternatively may form the base of a single leg of the drilling platform.
PAR  After the leg of the drilling platform consisting of the modular guide
      bases 32 and spacer members 50 have been positioned, upper structural
      members may be lowered and connected to the base, as best seen in FIGS. 11
      and 12, 13, 14 and 15 for completing the platform. Referring to FIGS. 11
      and 12, an upper support structure generally indicated by the reference
      numeral 76 may be lowered onto the guide posts 46 of the modular bases 32
      to telescope and seat thereon and may include upright supports 78 and
      cross bracing 80. The structure 76 may also be modular structured in
      height to allow the drilling platform to be installed in any desired water
      depth. The modular support structure 78 may include telescoping
      connections for receiving additional modular support structures, such as
      modular support structure 84 (FIG. 13), to complete the platform beneath
      the surface of the water whereby the top of the support 84 may be diver
      accessible but below the danger level of passing ships and damage from
      storms. Suitable platform well control and processing equipment may be
      supported therefrom. Or, as best seen in FIG. 14, the upper modular
      support structures 84 and 86 are completed above the surface of the water
      to provide a platform 88 for the usual production or drilling equipment.
      Or, as best seen in FIG. 15, the platform consisting of section 84 may be
      completed below the water surface and a conventional jack-up rig 90 may be
      provided to coact therewith and be supported from the upper section 84 to
      provide a releasable drilling and/or servicing platform extending above
      the water, which may be removed in the event of storms, while leaving the
      usual completion equipment 92 positioned beneath the water surface on the
      upper structure 84.
PAR  While the modular guide base 32, as shown in FIGS. 1-15, has shown that the
      connecting and supporting frames 38 may be directed in various directions,
      another modular guide base 132, as best seen in FIGS. 16 and 17, is shown
      in which a plurality of connecting and supporting frames are provided
      showing that the modular bases of the present invention may be utilized to
      provide drilling platforms other than the usual rectangular shape. In the
      embodiment shown shown in FIGS. 16 and 17, the guide base 132 is shown
      with six frames 138 which can be interconnected by one or more spacer
      members 150 to provide varying types of supporting structures as may be
      dictated by drilling results and environmental conditions encountered.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others inherent
      therein. While the presently preferred embodiment of the invention has
      been given for the purpose of disclosure, numerous changes in the details
      of construction and arrangement of parts may be made without departing
      from the spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modular underwater well drilling platform comprising,
PA1  a first guide base adapted to be connected to a well member at the
      underwater floor, said base including a plurality of connecting and
      supporting frames directed outwardly in various directions and having
      interconnecting elements for allowing interconnection with additional
      guide bases in any of the various directions, said base including an
      opening for passage of a drill pipe.
NUM  2.
PAR  2. The apparatus of claim 1 including, locating and positioning means
      connected to the guide base for positioning the guide base relative to the
      well member.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the guide base includes a circular
      opening for connection to and supported from a pipe connected to the
      underwater floor and the base is rotatable relative to the pipe.
NUM  4.
PAR  4. The apparatus of claim 1 including,
PA1  a spacer member having first and second ends each having an interconnecting
      element, said interconnecting element on said first end adapted to be
      connected to one of said connecting and supporting frames of said first
      guide base, and
PA1  a second guide base adapted to be connected to the interconnecting element
      on the second end of the spacer member, and
PA1  means for supporting said second guide base from the underwater floor.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the interconnecting elements include
      telescoping members for telescoping with the first and second guide bases.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the interconnecting elements include
      locking means for locking the spacer member to the first and second guide
      bases.
NUM  7.
PAR  7. A modular underwater well drilling platform comprising,
PA1  a first guide base secured to a pipe which is secured to the underwater
      floor,
PA1  said first base including an opening for passage of a drill pipe,
PA1  said first base including a plurality of connecting and supporting frames
      directed outwardly in various directions and having interconnecting
      elements for allowing interconnection therewith,
PA1  a plurality of spacer members having first and second ends, each end having
      an interconnecting element, said interconnecting element on said first end
      adapted to be connected to the interconnecting elements of one of the
      frames of the first guide base,
PA1  a plurality of additional guide bases each of which is adapted to be
      connected to the second end of one of the spacer members, said additional
      guide bases including a plurality of connecting and supporting frames
      directed outwardly in various directions and having interconnecting
      elements for allowing interconnection to a spacer member, and
PA1  means for supporting said additional guide bases from the underwater floor.
NUM  8.
PAR  8. The apparatus of claim 7 wherein each of the additional guide bases
      include an opening for passage of a drill pipe.
NUM  9.
PAR  9. The apparatus of claim 7 wherein the connecting and supporting frames
      include more than one horizontally extending support positioned vertically
      with respect to each other with the lower supports extending horizontally
      a further distance than the upper supports.
NUM  10.
PAR  10. The apparatus of claim 7 wherein the first guide base includes a
      circular opening for connection to and supported from a pipe connected to
      the underwater floor and the first base is rotatable relative to the pipe.
NUM  11.
PAR  11. The apparatus of claim 7 wherein the first guide base is secured to the
      pipe at a position above the underwater floor.
NUM  12.
PAR  12. The apparatus of claim 7 wherein the interconnecting elements include
      telescoping members for telescoping with said guide bases.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the interconnecting elements
      including locking means for locking the spacer members to the guide bases.
NUM  14.
PAR  14. The apparatus of claim 7 wherein each of the guide bases include
      vertical guide means connected to the guide bases.
NUM  15.
PAR  15. The apparatus of claim 14 including,
PA1  an upper support structure having vertical guide means for coacting with
      the vertical guide means on the guide bases for supporting the upper
      support structure from the guide bases.
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ABST
PAL  The apparatus is a rocket with a drill head provided with a group of jet
      nozzles. One nozzle of this group is the face-forming one, while the
      plurality of the rows of the rest of the nozzles belong to imaginary
      circles concentric with the longitudinal axis of the rocket. The spacing
      of the nozzles in each row equals 4 to 7 critical diameters of the jet
      nozzle of the respective row, while the spacing of any pair of the
      adjacent rows of the nozzles in a projection of the drill head upon a
      plane perpendicular to the longitudinal axis of the rocket is 4 to 7 times
      greater than the mean diameter of the nozzles of the said pair of rows of
      nozzles.
BSUM
PAR  The present invention relates to improvements in apparatus for drilling
      holes in earth surface and can be widely utilized in geology,
      construction, agriculture and other fields, whenever a high rate of
      penetration is required.
PAR  The present invention can be used to utmost effectiveness in drilling
      holes, such as in charting, structural, stratigraphic, prospecting, and
      the like, which are drilled for geological charting, survey and
      prospecting for minerals and oil, as well as in drilling of production
      wells, of holes for studying the physical and mechanical properties of
      rock and soil, of hydrology wells for investigation of the quality and
      supply of ground water. Furthermore, the present invention can be utilized
      for drilling water level-lowering wells to bring down the head of ground
      water or else to reduce the inflow of water driving mine shafts, drifts
      and the like, of ventilation holes, of air supply holes for feeding air to
      fire faces in underground gasification of coal and for feeding the fuel
      gas to the surface. Moreover, the present invention can be utilized for
      drilling special-purpose wells, e.g. for supplying materials to fight
      underground fires, for leading power cables, water and air conduits to
      underground structures, to supply air and food and to bring out men in
      emergency in mines, for making underground gas and oil reservoirs. When
      utilized in agriculture, the present invention can be employed for
      supplying potable and industrial water, for land reclamation; in
      construction the invention can be used for drilling holes for bridge
      supports, for a variety of purposes in civil engineering, for making blast
      holes and the like.
PAR  At present, there are in existence numerous devices of various kinds for
      drilling holes in earth surface by means of rock-breaking tools such as
      drill bits brought into direct contact with the rock being broken.
PAR  Depending on the strength of the rock and the required rate of drilling
      there are used either drilling rings with metal bits or those with bits or
      those with bits made of extra-hard materials, such as diamond bits.
PAR  The use of rotary bits inadvertently puts a practical limit to the drilling
      rate, even when the bits employed are super-hard; thus with the speed of
      rotation being 600 revolutions per minute the drilling rate is about 40
      m/hour. However, it is possible in principle to step up the drilling rate
      i.e. to increase it 2 or 3 times, although it affects the commercial
      aspects of the performance of drillings.
PAR  Increasing the rate of penetration at drilling of wells, particularly of
      great-diameter ones, involves increasing the capacity of the main and
      auxiliary equipment, which, in its turn, results in an increased weight of
      this equipment.
PAR  As long as most of the parts and units of a drilling rig are made of metal,
      an increased capacity means an increased amount of metal in the rigs,
      which is reflected in a substantially increased cost of manufacture. One
      should not overlook the fact that the greater the weight and bulk of a
      drilling, the less transportable it becomes. And, finally, among the
      disadvantages of the known well drilling devices is relatively rapid wear
      of the rock-breaking tools on account of a forceful contact and abrasion
      properties of the rock.
PAR  Thus, by employing the hitherto known drilling devices it is impossible at
      present to step up considerably the productivity of hole and well
      drilling.
PAR  I have offered a principally novel method of drilling holes in earth
      surface by acting upon the face of a hole with a dynamic gas jet
      continuously issuing from the jet nozzles of a drill head of a rocket
      which is maintained in a suspended state relative to the wall of the hole
      and moves in the direction of the face in the course of penetration.
PAR  Prior to the drilling operation the rocket is positioned with its drill
      head facing the face of the hole, the tip of the nozzle being spaced from
      the face by about four diameters of the nozzle. Thereafter the rocket is
      started and released, whereby the dynamic gas jet issuing from the jet
      nozzle acts upon the face. The rocket is pressed toward the face with a
      force slightly in excess of the reactive force of the dyanmic gas jet and
      of other forces directed in opposition to the required movement of the
      rocket. The broken rock is carried back from the hole by a stream of spent
      gas being discharged through the space between the wall of the hole and
      that of the rocket.
PAR  A rocket capable of performing this method includes a drill head situated
      in the leading or head portion of the rocket and provided with a group of
      nozzles to create a dynamic gas jet and means for generating gas under
      high pressure.
PAR  However, this rocket can be effectively used for drilling holes of
      diameters up to 300 mm. This is explained by the fact that when a hole
      being drilled has a diameter in excess of 300 mm the rocket is liable to
      get stuck in the hole adjacent to the face, since the hitherto disclosed
      arrangement of the jet nozzles in the drill head does not ensure uniform
      breaking of the rock throughout the face area.
PAR  It is an object of the present invention to create a rocket for drilling
      holes in earth surface, which should enable to increase the diameter of
      the holes that can be drilled.
PAR  This and other objects are attained in an apparatus for drilling holes in
      earth surface by acting upon the face of a hole with a dynamic gas jet,
      comprising a rocket with a generator of a gas under high pressure, having
      in the head portion thereof a drill head provided with a group of jet
      nozzles communicating with the gas generator to form a dynamic gas jet,
      the group including a central nozzle belonging to the longitudinal axis of
      the rocket and constituting the hole-face forming nozzle, in which
      apparatus, in accordance with the present invention, the rest of the jet
      nozzles of the group are arranged in a plurality of rows of these nozzles,
      belonging to imaginary circles spaced from one another longitudinally of
      the rocket, the spacing on any pair of the adjacent rows of these nozzles
      in a projection of the drill head upon a plane perpendicular to the
      longitudinal axis of the rocket being 4 to 7 times greater than the mean
      diameter of the nozzles of this pair of adjacent rows of nozzles, the
      spacing of adjacent nozzles in each row equalling 4 to 7 critical
      diameters of the nozzles of the respective row of these nozzles.
PAR  The above arrangement of the jet nozzle in the drill head provides for
      uniform breaking of the rock throughout the face area, which is of
      paramount importance in drilling holes having a diameter in excess of 300
      mm. The abovespecified spacing of the rows of nozzles and of the nozzles
      in each row ensures performance ability of the rocket and enables to
      reduce the overall number of jet nozzles in the drill head, while
      maintaining high penetration rate irrespectively of the hole diameter.
PAR  I have established that maximal diameter of the rocket should be 0.5 to 0.7
      of the hole diameter. Should the diameter be less than 0.5 of the hole
      diameter the supply of fuel per one metre length of the rocket will be
      reduced, resulting in shortened time of operation of the rocket (on
      account of rapid burning away of the fuel). With the diameter of the
      rocket exceeding 0.7 of the hole diameter, the pressure of gas under the
      rocket will force the rocket out of the hole.
PAR  It is expedient that in one of the rows of the jet nozzles there should be
      at least one pair of the nozzles diametrally opposing each other in this
      row and facing opposite directions in a projection of the row upon a plane
      perpendicular to the longitudinal axis of the rocket, to create a torque
      relative to this axis.
PAR  With the rocket rotating as it penetrates, the surface of the walls of the
      hole is improved.
PAR  When the weight of the rocket and its fuel is relatively small in
      comparison with the reactive force acting in a direction opposite to the
      face of the hole, it is expedient, in order to create an additional
      dynamic gas jet producing an additional force helping to retain the rocket
      in front of the face, that at least a pair of jet nozzles arranged
      diametrically opposite in one of the rows of the nozzles should be
      directed in opposition to the direction of the progress of the rocket.
PAR  Alternatively, when the weight of the rocket and its fuel is relatively
      great in comparison with the reactive force of the jet acting upon the
      face of the hole, it is expedient that all the jet nozzles of the drill
      head should face in the direction of the progress of the rocket, to form
      an additional dynamic gas jet propagating in the direction of the progress
      of the rocket, so as to create an additional force helping to retain the
      rocket above the face.
PAR  According to one of the embodiments of the invention, the apparatus
      includes at least one aerodynamic flap means in the form of trapezoidal
      plates mounted on the housing of the rocket and retainable in two
      positions in one of which the plates are pulled in to extend along the
      rocket and in the other of which the plates are projected to extend at an
      angle relative to the longitudinal axis of the rocket, to span the hole.
PAR  By means of the last-mentioned flap means it becomes possible to create an
      aerodynamic force necessary for retracting the rocket from the hole at
      minimal power expense; furthermore, with the rocket having a relatively
      great weight, the action of the flap helps to retain the rocket at
      required spacing from the face of the hole and to control the force
      pressing the rocket toward the face.
PAR  According to an embodiment of the invention, the drill head incorporates a
      cooling system including a vessel with a supply of coolant, accommodated
      within the housing of the rocket intermediate of the drill head and the
      gas generator, a passage being defined in the central portion of the
      vessel through which the gas can flow into the drill head, the end face of
      the vessel, remote from the drill head, being perforated to build up gauge
      pressure within the vessel and the opposite end face of the vessel being
      provided with ejection nozzles for injection of the coolant into the drill
      head.
PAR  Alternatively, the cooling system of the drill head can include a vessel
      with a supply of coolant, arranaged along the longitudinal axis of the
      rocket and defining with the housing of the latter an annular passage
      through which the gas can flow into the drill head.
PAR  As the gas jet is cooled, it becomes heavier and denser, whereby the
      intensity of rock desintegration is increased.
PAR  Moreover, the reduction of the temperature of the gas jet enables to use
      less expensive materials in the production of the jet nozzles and prolongs
      the life of the drill head, the life of the rocket as a whole being
      prolonged accordingly.
PAR  In certain applications of the present invention it is expedient that the
      trailing or tail portion of the rocket should have mounted therein an
      auxiliary gas generator associated with another group of jet nozzles of
      which some are arranged in the end face of the rocket, opposite to that
      with the hole-face jet nozzle, to create an additional force pressing the
      rocket toward the face of the hole, the rest of these auxiliary jet
      nozzles being arranged intermediate of the drill head and the aerodynamic
      flap means, to create pressure under the latter and thus to enable the
      rocket to retract itself from the hole.
PAR  The additional propelling means described hereinabove is required when the
      diameter of the rocket is relatively small, and the rocket is used for
      drilling deep holes, i.e. in cases when an additional source of energy is
      required.
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PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description of embodiments thereof, with
      reference being had to the appended drawings, wherein:
PAR  FIG. 1 schematically illustrates a rocket for drilling holes in earth
      surface;
PAR  FIG. 2 depicts a projection of the jet nozzles of the drill head (as shown
      in FIG. 1) upon a plane perpendicular to the longitudinal axis of the
      rocket;
PAR  FIG. 3 schematically illustrates the drill head of a relatively light
      weight rocket;
PAR  FIG. 4 schematically illustrates the drill head of a relatively heavy
      weight rocket;
PAR  FIG. 5 schematically illustrates the drill head provided with jet nozzles
      creating torque relative to the longitudinal axis of the rocket;
PAR  FIG. 6 is a sectional view taken on line VI--VI of FIG. 5;
PAR  FIGS. 7 and 8 show a rocket in accordance with the invention in the
      starting position; FIG. 9 is a longitudinally sectional view of a
      modification of a rocket in accordance with the invention;
PAR  FIGS. 10 and 11 are achematic illustrations of the embodiments of the drill
      head cooling means;
PAR  FIG. 12 shows schematically the aerodynamic flap means.
DETD
PAR  Referring now in particular to the appended drawings, the herein disclosed
      apparatus is a rocket 1 (FIG. 1) with a housing 2 accommodating therein a
      gas generator 3 with a supply of fuel 4. The head or leading portion of
      the rocket 1 carries a drill head 5. The drill head 5 may have different
      shapes, such as conical, cylindrical, etc. depending on the application of
      the rocket 1 and on the physical and mechanical properties of the rock to
      be drilled.
PAR  The drill head 5 is provided with a group of jet nozzles including a
      central nozzle 6 belonging to the longitudinal axis of the rocket 1 and
      being the hole-face forming nozzle, as well as several rows of jet nozzles
      7 belonging to imaginary circles concentric with the longitudinal axis of
      the rocket 1 (FIG. 2). In each row the nozzles 7 are arranged at a uniform
      spacing l equal to 4 to 7 critical diameters of the nozzles of the
      respective row. By the "critical diameter" I mean in the present
      disclosure the diameter of the minimal cross-section of the nozzle. The
      spacing l.sub.1 between each pair of adjacent rows of the nozzles 7 in the
      projection of the drill head 5 upon a plane perpendicular to the
      longitudinal axis of the rocket is 4 to 7 times greater than the mean
      diameter of the nozzles 7 of this pair of rows.
PAR  The actual number of rows of the nozzles 7 and the actual values of the
      spacing l and l.sub.1 within the abovespecified range are selected to
      correspond to the physical and mechanical properties of the rock, to the
      hole diameter and to the jet energy of the gas issuing from each nozzle,
      to the temperature of the gas jet and to the geometry of the arrangement
      of nozzles 7 over the drill head 5.
PAR  In cases when the weight of the rocket and of its fuel supply is
      substantially less than the thrust of the jet engine, it is necessary to
      procure an additional force to press the rocket 1 to the hole face, i.e.
      to ensure a state when the forces pressing the rocket towards the face of
      the hole should be in excess of the sum total of the reactive force
      created by the dynamic gas jet, of the friction between the housing 2 of
      the rocket, the rock fragments and the flow of spent gas exiting through
      the annulus between the housing 2 of the rocket 1 and the wall of the
      hole.
PAR  There is shown in FIG. 3 the drill head of a rocket of the abovespecified
      kind. At least one pair of jet nozzles 8 in the top row of the nozzles are
      arranged in diametrical opposition to each other and are facing in the
      direction opposite to the direction of penetration of the rocket 1.
PAR  The actual number of the nozzles 8 facing the direction opposite to that of
      the progress of the rocket 1 should be such that the resultant force of
      all the external forces acting upon the rocket 1 should be directed in the
      direction of the required progress of the rocket 1.
PAR  When the weight of the rocket 1 is relatively great with respect to the
      force of the reactive jets acting upon the face of the hole, it is
      necessary to form dynamic gas jets issuing in a direction coinciding with
      that of the progress of the rocket 1, to procure an additional reactive
      force helping to maintain the rocket 1 above the face.
PAR  FIG. 4 of the appended drawings depicts the drill head 5 of the rocket of
      this kind. The majority of rows of the nozzles 7 of the drill head 5 are
      oriented in the direction of the progress of the rocket, whereas the
      nozzles 9 of the top row are directed normally to the progress of the
      rocket I to expand the hole. The actual value of the angle ".alpha." at
      which each respective jet issues from each nozzle 7, 9 of the drill head 5
      is selected to achieve a maximum degree of rock desintegration and depends
      on the properties of the rock and the design of the rocket.
PAR  To obtain smoother surface of the walls of the hole it is expedient that
      the rocket 1 should rotate in operation about its longitudinal axis. This
      is attained by increasing the respective critical diameters of the nozzles
      and by providing at least in one of the rows of the nozzles 7 at least a
      pair of nozzles 10 arranged in diametral opposition to each other and
      facing opposite directions in a projection of the drill head 5 upon a
      plane perpendicular to the longitudinal axis of the rocket (see FIGS. 5
      and 6). It is expedient that this pair or these pairs of the nozzles 10,
      as the case may be, should belong to the row of the nozzles arranged in
      the circle having the greatest diameter. This is explained by the fact
      that in this way the greatest torque is produced;
PA1  M equals P .sup.. l.sub.3,
PAL  where P is the reactive force produced by a dynamic gas jet,
PA1  l.sub.3 is the spacing of a pair of nozzles.
PAR  The gas generator 3 (FIG. 1) in the presently described embodiments
      operates with solid rocket fuel accommodated within the combustion chamber
      11.
PAR  The actual shape of the solid fuel charges and the composition of the fuel
      are known per se and are similar to the shape of the charges and the
      composition of the fuel used with rockets of other kinds. Whatever the
      embodiment of the herein disclosed rocket, the volume of gas produced by
      the gas generator 3 per unit of time, e.g. per second, should provide for
      drilling a hole of the required diameter and for the removal of broken
      rock over the entire cross-section of the hole.
PAR  To provide for uniform combustion of the fuel and for the specified
      production of gas by the gas generator 3 per unit of time, the supply of
      the fuel 4 is subdivided with spacer rings 12 made of a heat-resistant
      material, e.g. of steel, into severe compartments arranged within the
      combustion chamber 11 longitudinally of the rocket 1.
PAR  The combustion chamber 11 further accommodates a charge of an igniter
      substance 13 arranged adjacent to the ignition cylinders 14 mounted in the
      housing 2 of the combustion chamber 11.
PAR  Alternatively, the gas source within the rocket 1 may operate with liquid
      fuel with a corresponding oxidant; in other words, it may be any kind of
      fuel used in liquid-fuel rockets.
PAR  The trailing or tail portion of the rocket 1 has a yoke 15 mounted thereon
      for attachment of a cable 16 by means of which the rocket 1 can be reacted
      from a relatively shallow hole.
PAR  I have found that the maximal diameter of the rocket 1 should equal 0.5 to
      0.7 of the diameter of the hole.
PAR  Reduction of the diameter below the above range is undesirable, since this
      results in reduction of the fuel supply per unit of length of the rocket,
      while increasing of the diameter above this range might result in the
      rocket being pushed out of the hole under the action of the pressure under
      the rocket.
PAR  Prior to starting, the rocket 1 is charged with the fuel 4 and positioned
      in guides 17 at a specified distance from the face of the hole to be (FIG.
      7), with the drill head 5 bearing upon a support 18 made of a readily
      breakable material, e.g. wood or a plastic.
PAR  Alternatively, the rocket 1 prior to starting can be positioned in the
      guides 17 in a start up hole having a diameter equal to that of the hole
      to be drilled (see FIG. 8).
PAR  The ignition cylinders 14 are threadedly inserted into the housing 2 (FIG.
      1) of the combustion chamber 11 and electrically connected to a power
      source (not shown). Upon the application of an electric pulse to the
      ignition cylinders 14, the igniter charge 13 is fired to ignite the fuel
      4. The gas starts issuing from the jet nozzles of the drill head 5, and
      the rocket starts moving in the drilling direction, breaking the
      underlying rock and blowing the rock fragments out of the hole.
PAR  When the design of the drill head 5 is that illustrated in FIGS. 5 and 6,
      the rocket also starts rotating about its longitudinal axis, providing for
      uniform desintegration of the wall rock in the hole being drilled.
PAR  After the rocket 1 has spent the entire supply of the fuel 4 calculated to
      enable the rocket 1 to drill a hole of a specified depth and diameter, the
      rocket 1 is pulled from the hole by the cable 16. After recharging it with
      the fuel 4 the rocket is ready for repeated use.
PAR  There is shown in FIG. 9 of the appended drawings a modification of the
      structure of the herein disclosed rocket.
PAR  This modification of the rocket 1 incorporates a system 19 for cooling the
      drill head, mounted in the housing 1 of the rocket 1 intermediate of the
      drill head 5 and the gas generator 3. The cooling system 19 (FIG. 10) is
      in the form of a vessel 20 with the supply of coolant 21. Centrally of the
      vessel 20 along the longitudinal axis of the rocket 1 there extends a
      passage or conduit 22 for the flow of gas from the gas generator 3 into
      the drill head 5. The end face of the vessel 20, remote from the drill
      head 5 has perforations 23, so as to create pressure within the vessel 20,
      while the opposite end face of the vessel 20 is provided with ejector
      nozzles 24 for ejection of the coolant 21 into the stream of gas flowing
      into the drill head 5. A grid 25 is mounted between the gas generator 3
      and the vessel 20, through which the gas flows toward the vessel 20. The
      grid 25 is provided to retain the fuel charge 4 within the combustion
      chamber 11 and to prevent clogging of the jet nozzles of the drill head 5.
PAR  Alternatively, the cooling system may be in the form of a vessel 20 with
      the supply of coolant 21, arranged along the longitudinal axis of the
      rocket 1 and defining an annular gap 26 with the housing 2 of the rocket 1
      (see FIG. 11). The gap 26 provides a passage for the flow of gas toward
      the drill head 5. The perforations 23 in the vessel 20 with the coolant 21
      (FIG. 10 and 11) are initially closed off with plugs (not shown in the
      drawings) made of a material which is readily meltable.
PAR  The housing 2 of the rocket 1 has mounted thereon an aerodynamic flap means
      27 associated with a fluid actuator 28 (FIGS. 9 and 12). The aerodynamic
      flap means 27 is made up by trapezoidal plates 29 pivotally mounted on the
      housing 2 and retainable in two positions.
PAR  The fluid actuator 28 of the flap means 27 may include a plunger 30
      reciprocable in a fluid cylinder 31, the free end of the plunger 30 being
      connected via an arm 32 with the plates 20. The arm 32 is urged by a
      spring 33, to dampen eventual impacts of the plates 29 against the wall of
      the hole.
PAR  In the unoperating position of the flap means 27, i.e. in the position
      corresponding to the rocket 1 penetrating the earth, the plates 29 of the
      flap means 27 are pulled in by the plunger 30 and are accommodated within
      an annular recess 34 provided in the housing 2; the operating position of
      the flap means 27 corresponds to retraction of the rocket 1 from the hole,
      in which case the fluid actuator 28 has an actuation command sent thereto,
      whereby compressed air is fed into the space in the fluid cylinder 31
      above the plunger 30 through a connection 35, and the plunger is driven
      downward, displacing the arm 32. As a result the plates 29 of the flap
      means 27 are set at an angle to the longitudinal axis of the rocket 1,
      spanning the cross-section of the hole.
PAR  To pull in the flap means 27, compressed air is fed through a connection 36
      into the space of the fluid cylinder 31 under the plunger 30, the
      connection 35 being in this case open to bleed air from the space above
      the plunger. The plunger 30 is driven upward, and the plates 29 are
      retracted into the annular recess 34.
PAR  In some cases, e.g. when the weight of the rocket is relatively great with
      respect to the thrust directed to retract the rocket from the hole, it is
      expedient to mount on the housing of the rocket several identical flap
      means, as shown in FIG. 9. With this structure, waste of energy on account
      of the gas bleeding through the annulus between the rocket 1 and the wall
      of the hole is minimized.
PAR  In one embodiment (see FIG. 9) there is mounted in the tail portion of the
      rocket 1 an auxiliary gas generator 37 having a structure identical to
      that of the abovedescribed gas generator 3.
PAR  The auxiliary gas generator 37 is associated with a group of jet nozzles of
      which some nozzles 38 are arranged in the end face of the rocket 1,
      opposite to the hole face of the nozzle 6, and are oriented in a direction
      opposite to that of the progress of the rocket 1, to create an additional
      thrust pressing the rocket 1 toward the face of the hole. Other nozzles 39
      of the auxiliary generator 37 are mounted on the housing 2 of the rocket 1
      intermediate of the aerodynamic flap means 27 and the drill head 5 and are
      oriented in the direction of the progress of the rocket 1, to create an
      additional thrust and pressure under the aerodynamic flap means 27, as the
      rocket 1 is being retracted from the hole.
PAR  With the length of the rocket 1 being relatively great, it may be expedient
      to make it of a sectional structure, so as to facilitate its
      transportation to the drilling site. In this case the rocket is assembled
      and secured together by means of couplings 40.
PAR  Stabilization of the desired direction of the progress of the rocket 1 in a
      hole is effected by means of a known per se gyroscopic system (not shown
      in the drawing) which is of any suitable kind used for similar purposes in
      known rockets and aircraft.
PAR  To stabilize the position of the rocket 1 relative to the walls of the
      hole, the rocket 1 is provided with stabilizers of fins including plates
      41 mounted externally on the housing 2, symmetrically with respect to the
      longitudinal axis of the rocket 1.
PAR  The diameter of the rocket together with the stabilizers should be somewhat
      shorter than the calculated diameter of the hole being drilled.
PAR  The rocket 1 is provided with a program control unit 42 sending a
      succession of commands to control the operation of the rocket 1. The
      control unit 42 thus supervises the performance of the mechanisms and
      units of the rocket 1 in accordance with a preset program.
PAR  To operate the rocket, prior to its being started it is charged with fuel
      and positioned over the place to be drilled (see FIGS. 7 and 8). The
      ignition cylinders 14 are mounted in the housing of the combustion chamber
      11.
PAR  Following a command sent by the program control unit 42, an electric pulse
      is sent to the ignition cylinders 14 from a power supply source (not
      shown).
PAR  The ignition cylinders 14 ignite the charge of the igniter 13 which ignites
      the fuel in the combustion chamber 11, whereby gas starts issuing in jets
      from the jet nozzles 6 and 7 of the drill head 5, and the rocket 1 starts
      moving toward the face of the hole breaking the rock and blowing the rock
      fragments out of the hole through the annular space between the rocket 1
      and the wall of the hole. While passing through the vessel 20 with the
      coolant 21, the hot stream of combustion products destruct, e.g. by
      melting away, the plugs in the vessel 20. Following this, the coolant 21
      is continuously injected from the ejector nozzles 24 into the stream of
      gas coming into the drill head 5.
PAR  The coolant 21 cools down the stream of gas coming to the drill head 5 to a
      temperature that can be withstood by the material of the jet nozzles 6 and
      7. With the temperature of the stream being brought down, the stream
      becomes heavier which enhances its breaking ability:
      ##EQU1##
      where .tau. is speed-related head of the jet, kg/m.sup.2,
PA1  .gamma. is density of the gas jet, kg/m.sup.3,
PA1  V is speed of the gas jet, m/sec.
PAR  After the rocket 1 has either penetrated to a specified depth or has burnt
      away its supply of fuel 4 of the generator 3 or both, there is sent a
      signal to start the auxiliary gas generator 37. Simultaneously, there is
      sent a control signal to the fluid actuator 28 operating the aerodynamic
      flap means 27. The flap means 27 is projected to span the cross-section of
      the hole Jets of gas begin to issue from the jet nozzles 39, pressure
      builds up under the flap means 27, and the rocket 1 starts in a reverse
      direction toward the mouth of the hole. This reverse motion of the rocket
      1 continues until the rocket 1 is within the hole. The moment the tail
      portion of the rocket 1 appears above the mouth of the hole, the pressure
      under the flap means 27 is relieved, and the rocket hangs in the mouth of
      the hole, since should it start falling into the hole the reappearing
      pressure ensured by the jet streams issuing from the jet nozzles 39 would
      prevent the rocket from moving into the hole any deeper than the mouth of
      the latter.
PAR  The advisability of providing the rocket with the auxiliary gas generator
      37 is decided upon in accordance with the construction and applications of
      the rocket 1.
PAR  The provision of the auxiliary gas generator 37 proves to be most effective
      in rockets operating on solid fuel and used for deep drilling, since in
      this case an additional supply of fuel is required. Besides, it is quite
      expedient to use the auxiliary gas generator 37 with heavy rockets
      operating on liquid fuel, when the amount of gas produced per unit of time
      is not sufficient to create the necessary pressure under the flap means
      27.
PAR  The jet nozzles 38 of the auxiliary gas generator 37 can be utilized to
      increase the thrust toward the face of the hole, e.g. when the progress of
      the rocket is directed from the centre of the earth and when horizontal
      holes are driven.
PAR  In embodiments when the structure of the herein disclosed rocket does not
      include an auxiliary gas generator 37, to retract the rocket from the hole
      the flap means 27 is projected with the gas generator 3 still operating,
      whereby pressure builds up under the flap means 27, and the rocket starts
      its reverse motion toward the mouth of the hole.
PAR  The rockets illustrated in FIGS. 1 to 9 are capable of drilling holes with
      diameters in excess of 250 mm and as deep as several hundred metres when a
      solid fuel is used; the use of a liquid fuel enables the rocket
      illustrated in FIG. 9 to drill to a practically unlimited required depth,
      i.e. to any depth where the walls of the hole can maintain their natural
      stability, and the temperature of the rock makes normal performance of the
      rocket possible.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for drilling holes in earth surface, including a rocket
      comprising: a generator of gas under high pressure; a drill head situated
      in the head portion of said rocket and including a group of jet nozzles
      communicating with said gas generator to create a dynamic gas jet acting
      on the face of the hole, said group of nozzles including a central nozzle
      belonging to the longitudinal axis of said rocket and being the hole-face
      nozzle and a plurality of rows of nozzles belonging to imaginary circles
      spaced from one another along the longitudinal axis of said rocket, the
      spacing between any adjacent pair of said rows of nozzles in a projection
      of sadi drill head upon a plane perpendicular to the longitudinal axis of
      said rocket being 4 to 7 times greater than the mean diameter of the
      nozzles of said adjacent pair of said rows of nozzles, the spacing between
      any two adjacent nozzles in each row being equal 4 to 7 critical diameters
      of the nozzles of said respective row.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein one of said rows of said
      nozzles includes at least one pair of said nozzles arranged in diametrical
      opposition to each other in said one row and oriented in opposite
      directions in a projection upon a plane perpendicular to the longitudinal
      axis of said rocket, to create a torque with respect to this longitudinal
      axis.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein, in order to provide an
      additional dynamic gas jet creating an additional force helping to
      maintain the rocket above the face of the hole, at least one pair of said
      nozzles is arranged in diametrical opposition to each other in the
      respective one of said rows of said nozzles aand are oriented in a
      direction opposite to that of the progress of said rocket.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein all said nozzles of said
      drill head are oriented in the direction of the progress of said rocket.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, having at least one aerodynamic flap
      means including trapezoidal plates mounted on the housing of said rocket
      and retainable selectively in two positions in one of which said plates
      extend longitudinally of said rocket and in the other of which said plates
      extend at an angle to the longitudinal axis of said rocket, spanning the
      cross-section of the hole being drilled.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, including an auxiliary gas generator
      arranged in the tail portion of said rocket and associated with a group of
      jet nozzles of which some are arranged in the face of said rocket,
      opposite to said hole-face nozzle thereof, to create additional thrust and
      of which the other nozzles are arranged intermediate of said drill head
      and said aerodynamic flap means to build up pressure under the latter.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, including a system for cooling said
      drill head, including a vessel with a supply of a coolant, arranged within
      the housing of said rocket intermediate of said drill head and said gas
      generator, a conduit offering a flow passage for the gas to flow toward
      said drill head extending centrally of said vessel, the end face of said
      vessel, remote from the drill head, having perforations to create pressure
      within said vessel, the opposite end face of said vessel being provided
      with ejector nozzles for injecting the coolant into the flow of the gas
      coming into said drill head.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein said cooling system for
      cooling said drill head includes a vessel with a supply of coolant,
      arranged along the longitudinal axis of said rocket and defining, together
      with the housing of said rocket, and annular passage through which the gas
      flows toward said drill head.
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ABST
PAL  This is a deep well drill employing a Nelson air motor, a Nelson engine or
      other air motor for drilling power at the face of a petroleum or other
      deep well and having a cable and tube attached thereto and suspended from
      spools on a drill rig. A cutting container is attached to the drill to
      remove cuttings without mud. Drills for varying types of rock strata are
      provided. A type of foldable casing employed permits the use of the same
      diameter casing throughout the entire well of any depth, including deep
      wells to over 25,000 feet. Expandable bits at the end of the cable are
      provided for drilling selectively larger diameters for foldable casing
      walls and for safety valve and flow control anchors. The bits are also
      contractable for unobstructed travel up and down the well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rotary drills to date have used largely the rotary stem principle with a
      rotary drill at the end of a stem extended to the face of the well being
      drilled. Another type of rotary drill has been the use of the stem but
      without rotating it. Rather than rotating the stem there has been the
      practice of forcing mud down through the stem to turn a mud motor which
      drills at the bottom. The chips, or cuttings, are circulated back up the
      outside of the stem. In the rotary stem approach mud is also used to carry
      the chips up the outside of the stem after the mud is forced down through
      the center of the stem. The mud also acts as a coolant in both cases.
PAR  In both of these practices the time and cost of changing bits by bringing
      up the drill stem piece-by-piece and then putting it back in after
      changing the bit in the reverse piece-by-piece process is immense.
      Ordinarily it consumes approximately 90% of the time, ranging from 50% up
      to 98%, depending on the depth of the well. The deeper the well, the
      higher percentage of time it takes to change bits. Time, of course, is
      cost because it is both labor and equipment being utilized over a period
      of time.
PAR  The costs of preparing, supplying and processing the mud as it is used are
      also extremely expensive. The cost of power to turn the drill is extremely
      high also, owing to the friction of the mud and the extremely heavy drill
      stem.
PAR  Only about 10% of power actually used in the drilling process is required
      for the cutting action separate and apart from other power requirements of
      turning the drill stem. This is not diminished appreciably by the mud
      power motor drill because of the high friction of mud being pressured in
      and out of the drill stem. Cable drilling that has been practiced to date
      is a bounce power system. The bit at the bottom of the well is bounced to
      give a jack-hammer effect with non-cutting rotation. This is a good
      drilling system for some purposes, but it is highly ineffective for deep
      drilling.
PAR  The instant invention utilizes a cable but in a far different manner. It is
      utilized as a method of suspending a power system rather than a method of
      moving a drilling mechanism directly. The cable is a conveyance means
      rather than a power transfer means in this invention.
PAR  Objects and distinguishing features of this invention are that it provides
      a method of changing bits that consumes no more than 10% of the time and
      as little as 2% of the time of present drill stem drilling systems,
      whether they are rotary drill stem or mud drilling motor systems. It
      provides a total rig cost system that is approximately 10% or less of
      present rig equipment cost systems for equal depth capacity. It provides a
      drilling system which requires less than one third the labor cost per time
      of drilling, thus making the total labor cost average between 3-10% of
      present labor drilling costs.
PAR  Another objective is to provide a means of drilling without changing hole
      diameters throughout an entire 25,000 feet or more of well drilling. The
      outset and the final hole diameter can be approximately eight inches for
      optimum drilling to any depth.
PAR  Another object is to provide a casing system with a capability of being
      used only at the strata where casing is needed rather than at entire hole
      lengths or depths just to case certain required sections.
PAR  Another objective is to provide a drilling system that can be portable on a
      truck for drilling up to 25,000 feet with the equipment carried on one
      semi-trailer truck.
PAR  Another objective is to provide a system that allows drilling from the
      ocean bottom or from the surface of the ocean with the same proportional
      advantages over present offshore or ocean drilling as the portable
      semi-trailer rig has over the land drilling conventional systems.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view of a drilling platform in which a truck trailer is
      used as a drilling platform.
PAR  FIG. 2 is a cut-away side view of a ship with ocean surface and ocean floor
      operability and with ice cutter front section being employed as a drilling
      platform.
PAR  FIG. 3 is a side view cut-away drawing of a drill guide with drill bit,
      motor, auger and other drilling members included therein.
PAR  FIG. 4 is an end view of a drill bit showng a combination of a rotary bit
      and a bladed bit.
PAR  FIG. 5 is a side view cut-away of a jackhammer drill head used for certain
      types of soft strata.
PAR  FIG. 6 is an end view of the jackhammer bit shown in FIG. 5.
PAR  FIG. 7 is a side view cut-away of a jackhammer centrally positioned within
      a collector sleeve.
PAR  FIG. 8 is a side view cut-away of a sock spool onto which a cutting
      collector sleeve is flattened and wound after the cuttings or chips are
      removed from it.
PAR  FIG. 9 is a top view of the sock in progressive unfolding condition.
PAR  FIG. 10 is a cross section of the sock ribs showing double hooks to hold
      the sock together when in use but to allow its unhooking for flattened
      condition when wound around the spool.
PAR  FIG. 11 is a cross section end view of the ribs in locked position.
PAR  FIG. 12 is a top view of a cutting catcher with an orifice for passing the
      sock and cable through.
PAR  FIG. 13 is a side view cut-away of an expandable casing.
PAR  FIG. 14 is a top view of the expandable casing locked in folded position by
      an explosive bolt or other fastening device.
PAR  FIG. 15 is determines double or rachet hook section of the expandable
      casing in unfolded and locked position.
PAR  FIG. 16 is an end view of a hollow cable used to transport pressurized
      media down to the drill motor, to transport the media back to the surface
      and to transport electrical or other control medial and cooling water or
      other fluid to the drill.
DETD
PAC  CONSTRUCTION AND OPERATION
PAR  The construction and operation of this invention are described in
      accompanying drawings as follows:
PAR  Referring to FIG. 1, a drilling platform 1 is provided as a truck trailer,
      ship, or other portable or non-portable structure. An upper level cable
      spool 2 and a lower level cable spool 3 are positioned on axis 4 and 5
      respectively at opposite sides of platform drill orifice 6. Hollow cable 7
      is wound around each spool
PAR  The hollow cable has multiple functions. It is used to lower and raise a
      drill head 8 in and out of a well 9. It is used to convey air or other gas
      to a drill motor 10 and to return air, exhaust or other gas from the drill
      motor. Electricity for operating controls at the drill head and water for
      cooling the drill bit can also be channeled through the cable. A major
      function of the cable is to bring up cuttings from the well. It is also
      used to lower and place expandable diameter casing in the well at rock
      strata requiring casing without casing the remainder of the well.
PAR  The cable is shown in FIG. 1 as extended from the platform around a pulley
      11; through a cutting sock 12; through an emergency underground remote
      control shutoff valve 13; through upper sealing strata rock 14; through
      casing required strata 15; through lower sealing strata rock 16; and
      finally to the drill head at the well face 17.
PAR  The cutting sock is shown in FIG. 1 where it is partially wound around a
      sock spool 18 in the process of being unhooked from a cylindrical
      condition at a sock fastener 19 and spread in a flat condition to be wound
      around the sock spool. The fastening and winding is a reversible process.
PAR  The sock is caused to receive the cuttings above the drill head and to
      contain them for being removed from the well without friction of the
      cuttings against the walls of the well. Cuttings from the sock are
      collected on a cutting catcher 20 over which the cuttings are transferred
      to a cutting conveyor 21 to be removed and analyzed.
PAR  The spools are turned by a motor or prime mover 22 with an appropriate
      power train between the power source and the spools. The platform vehicle
      engine can also be used for this purpose. A Nelson air motor and
      compressor combination are recommended for this purpose.
PAR  A second pulley 23 is provided for use with the lower level cable spool and
      also as a clamp means for holding cable from one spool while it is being
      connected or disconnected to cable from the other spool.
PAR  The cable can be graduated in diameter and strength for different levels
      and corresponding weights to be held by the cable. The cable on the lower
      level spool can also be smaller in diameter than the cable on the upper
      level spool.
PAR  Regardless of how the cable is varied in thickness or whether it is of
      uniform size, the average footage for each cable spool with an average
      appropriate 21/4 inch diameter hollow cable is 12,500 feet. This allows a
      total drilling depth capability of 25,000 feet for a drilling platform and
      all equipment and supplies to be transportable on a single semi truck
      trailer.
PAR  Referring to FIG. 2, the drilling platform can be a ship or submarine or a
      marine vessel capable of being used as a platform either at the ocean
      bottom 24 or at the surface of the ocean 25. A vessel with both bottom and
      surface of the ocean capability and also with ice-cutting formation is
      illustrated. Included with this marine vessel are a commuter vessel 26, an
      air supply buoy 27, the mechanisms shown in FIG. 1, and the propulsion
      system 28 for the vessel. A Nelson engine, U.S. Pat. No. 3,570,463, is
      recommended for the propulsion system and for all purposes.
PAR  Referring to FIG. 3, a drill guide 29 is extended from the bottom end of
      the cable and sock at a cable and sock attachment 30 to a bit 31.
PAR  Air or other gas is directed from the cable through an auger axis 32 and
      then to an auger motor 33 that rotates an upper auger 34 to cause cuttings
      from the well face to be conveyed into the cutting sock and removed from
      the well therein.
PAR  The air or other gas, or a portion thereof, is further directed from the
      auger motor shaft to a drill motor 35 which is employed to turn the drill
      bit.
PAR  The auger motor and the drill motor can either or both be Nelson engines,
      referred to above, or Nelson air motors, U.S. Pat. No. 3,513,657, or other
      appropriate electric or hydraulic motors or engines. The drill motor can
      also be any mode or combination of modes of Nelson excavator engines
      described in U.S. Pat. No. 3,489,230.
PAR  Variable extension of the bit cutter members radially outward at right
      angles to the axis of the drill sleeve causes cutting at diameter
      dimensions determined by the extent out of such extension. The farther
      outwardly they are extended the larger diameter they are caused to cut.
      The cutting members can also be withdrawn inwardly to where they can be
      moved readily up and down the well for changing bits and for cutting
      removal.
PAR  There are three main diameter dimensions at which the cutters are to be
      positioned. One is a diameter slightly smaller than the well diameter cut.
      This small diameter position is for moving the bit up and down the well
      without interference with the walls of the well.
PAR  The next diameter is slightly larger than the diameter of the drill sleeve.
      This is the diameter that the bit will be set to cut the main portion of
      the well. It should be a sufficiently large diameter to allow free passage
      of the sleeve within the well diameter cut by the bit. This cutting
      diameter should not be great enough to allow the sleeve to slant within
      the well and thus result in directional drilling that is not desired.
PAR  The third extension variation is a wide enough diameter to receive the
      thickness of expandable diameter casing wall to be inserted in strata
      requiring casing. It is also a diameter great enough to allow for slanting
      of the sleeve for desired directional drilling in a controlled manner by
      varying the cutting angle of the drill motor with attachment arms 36.
PAR  The drill cutter members can be extended or withdrawn in diameter by
      pressure actuation of a bit control piston 37. Air or other gas
      pressurized against the upper side of the bit control piston causes it to
      travel downward in bit control cylinder 38 and thus to move cutter lever
      arms 39 downwardly with a resulting outward movement effect on the cutters
      which are pivotably attached to cutter axis 40 in a lever-fulcrum
      relationship.
PAR  The extent to which the piston is moved downwardly can be controlled by the
      insertion or removal of control stoppers 41 placed between the bottom side
      of the control piston head and the bottom cylinder head 42. The stopper
      has a graduated thickness such that the farther in it is inserted when the
      control piston is up, the smaller the diameter will be when the piston is
      forced to the bottom of its travel. The downward travel is restricted by
      the stopper selectively, therefore, to control the cutting diameter.
PAR  Actuation of the motor attachment arms, the stopper, and the piston can
      either or all be accomplished using electrical solenoid practices.
      Electrical current for actuation of these and other controls can be
      supplied and remote control can be applied from the drilling platform by
      conventional electrical control practices through electrical cable within
      the hollow drill cable.
PAR  Cuttings are conveyed upwardly between the inside diameter of the drill
      guide 43 and the outside diameter of the drill motor 44 by lower auger 45
      attached to the rotational section 46 of the drill motor. Cuttings are
      conveyed upwardly into the cutting sock by the upper auger.
PAR  Transverse rotation of the drill guide in opposing reaction to the rotation
      of the drill motor and bit is arrested by transverse cutters 47 which are
      extendable from inside the drill guide through transverse cutter slots 48
      as caused by pressure from a transverse spring 49 or by gas pressure or
      electrical operation. The transverse cutters are provided with slanting
      leading and trailing edges to cause them to be pushed inwardly by hard
      rock strata and yet cut a groove sufficiently deep to resist reactionary
      rotational movement of the guide. They can also be made broad and long
      enough and extendable widely enough to arrest sleeve rotation in sand
      drilling strata.
PAR  Referring to FIG. 4, the cutters can be either wheel type 50 or blade type
      51 or both as shown by this bottom view of the sleeve and bit. One
      advantage of using both wheel and blade together is the increased ability
      to drill through varying strata conditions without changing the bit for
      the different kinds of strata. Another advantage is that efficient and
      rapid cutting can be accomplished not only by having the advantages of
      both types of cutters but also by a synergistic effect achieved by the
      conditioning of the well face advantageously by each type of bit for the
      other type following it. Still a fourth advantage is an improved
      jackhammer effect that can be accomplished with the blade-type bit from
      the vertically reciprocating action that can be achieved to the extent
      desired by the Nelson air motor or Nelson engine employed as the drill
      motor. The jackhammer effect can be advantageous to both types of cutters
      but more advantageously to the blade type.
PAR  Referring to FIG. 5, a drill head with a greater jackhammer effect is
      provided with hammer 52 actuated against anvil 53 by reciprocating travel
      of jackhammer motor piston 54. Air or other gas is conveyed from the
      hollow drill cable to jackhammer shaft 55 and through the hammer to the
      piston where it is either used in combustion for engine mode or used to
      pressurize the piston in air motor mode at alternately opposite sides of
      the jackhammer motor piston.
PAR  The cam groove 56, as described in the patents referred to above for the
      Nelson engine and for the Nelson air motor, is made relatively or totally
      vertical for downward travel of the piston and hammer for maximum input
      velocity when the hammer strikes the anvil at the bottom of each stroke.
      Turning of a bit section 57 is caused during upward travel of the piston
      by inclined sections of the cam drive groove. Vertical sections are
      indicated by 58 and inclined sections by 59.
PAR  Drill sleeve and transverse cutters are provided substantially as for the
      rotary cutter described in relation to FIG. 3.
PAR  The cutter section of the jackhammer bit is provided with a cone section 60
      and blades 61 extended radially therefrom.
PAR  Referring to FIG. 6, an end view of the jackhammer bit shows the blades
      extended from the cone section to form cutters the full diameter of the
      sleeve or sufficiently farther to allow free passage of the drill head
      through the well or for passage of cuttings past the drill head.
PAR  There may or may not be cutting retrieval for the jackhammer drill head.
      This drill head can be used in strata where it is feasible and more
      advantageous to force the drill head through the strata without removing
      cuttings. It can also be used with a small sleeve diameter such that
      cuttings are removed for the mode described for FIG. 3.
PAR  A vertical spring attachment 62 is provided between the shafts connecting
      the hammer and the jackhammer actuation piston. This allows travel of the
      drive teeth 63 beyond the stopping point caused by the anvil for
      simultaneous rotary motion of the drill and reciprocating travel of the
      hammer in striking action against the anvil.
PAR  Referring to FIG. 7, a sleeve-type jackhammer drill head is provided with a
      guide 64 and a concentrically positioned jackhammer attached to the sleeve
      by radially extended flat spoke mounts 65. The jackhammer is provided with
      a hammer 66, an anvil 67, an actuation piston 68 in cylinder 69 and a
      compressed air or other gas supply 70 from the cable spool terminal end of
      the hollow cable.
PAR  The cutting sock is attached for receiving cuttings for removal the same as
      for the modes of the device described for FIG. 3 and FIG. 5.
PAR  Jackhammer effect is transferred to the sleeve and to the centrally
      positioned jackhammer to force them thereby into the strata being drilled.
      This mode is more favorable for beginning a hole and for drilling through
      sand than for hard rock drilling.
PAR  A one-way valve 71 is provided to prevent return of the sand when the bit
      is removed with the cuttings being retained in the sock above the drill
      head. A similar appropriate valve or retainer is provided for the other
      modes of the invention.
PAR  Referring to FIG. 8, the cutting sock is shown in winding or unwinding
      process around the sock spool. In a winding process, cuttings would be
      collected on the cutting catcher for transfer by the cutting conveyor
      after the sock were unfastened by the sock fastener. In unwinding process,
      the sock would be unwinding from the sock and passing downward through the
      sock fastener. This unwinding would change the sock from a flat condition
      to a cylindrical container.
PAR  The sock is comprised of a series of flat spring ribs 72, preferably metal,
      joined at the outside and center of each to a back spring 73. They may
      also be joined by interlocking sections of each rib, not illustrated.
PAR  The ribs are hooked together by inward hooks 74 and outward hooks 75. These
      hooks are caused to engage each other by bringing the ends together by
      graduated fastener section 76 originating in a flat condition 77 near the
      sock spool and terminating in a circular section 78. The ribs are caused
      to take the graduated shape of the fastener by being passed over it
      downwardly and then through it at the circular section.
PAR  Fastening is achieved by bringing the ends to an overlapping condition and
      then allowing them to expand. This engages mating hooks at each end.
PAR  Unfastening is achieved by the reverse action of fastening. The hook ends
      are allowed to expand to a straightening condition without hook engagement
      for unfastening. The hooks are guided to an engaging relationship after
      reaching an overlap condition for hooking to form the sock into a ribbed
      cylindrical container.
PAR  The cutting catcher is a slanted table positioned below the fastener. It is
      provided with a catcher orifice 79 through which the sock passes for
      catching cuttings after it is unfastened when the sock passes through it
      in upward travel. The cable also passes through the catcher orifice.
PAR  Referring to FIG. 9, the sock spring rib 72 sections are shown in an
      unfolding attitude from a circular position at the fastener circular
      section 78 and progressively to a flat section 77 which terminates at the
      outside diameter of the sock spool 18. The back spring 73 is shown
      attached to the outside of the ribs. This is a top view of the
      fastening-unfastening physical relationship of the parts between the
      fastener and the sock spool.
PAR  Referring to FIG. 10, double hooks of the sock ribs are shown in an
      exploded sectional view in a locked position.
PAR  Referring to FIG. 11, an entire locked rib section is shown in a top view.
PAR  Referring to FIG. 12, a top view of the cutting catcher is shown with the
      sock and cable passing through its orifice vertically.
PAR  Referring to FIG. 13, two expandable casing sections 80 and 81 are shown
      connected with tongues and grooves 82 at joining section 83.
PAR  Referring to FIG. 14, an end view of a casing is shown locked in folded
      position by explosive lock bolt 84. In this position, double hook wall
      ends 85 of the casing are overlapped to an extent that the casing is in
      what is referred to as a folded condition. When the lock bolt is released,
      the casing expands from its folded position by its own outward spring
      tension to where the double hooks are engaged and the ends are only
      partially overlapped.
PAR  Referring to FIG. 15, the double hooks are shown in an exploded section
      view with lock hooks 86 and 87 to prevent unlocking of the hooks from
      inward pressure against the outside of the casing from liquids, gases or
      cave-in material in the hole.
PAR  The casing can be relatively light or thin walled in comparison to present
      casing. This wall thinness facilitates the ease of folding the casing to a
      locked position. The thinness is possible because there is relatively
      little casing with resulting casing support weight required, owning to the
      necessity of casing only sand or overly porous, or objectionable fluid
      sections of the well. Almost all of the rock strata in most wells and all
      of the rock strata in some wells can be left uncased either for production
      or further drilling purposes.
PAR  The underground shutoff 13 is anchored to a thick wall flanged pipe 88 that
      is entended towards the surface, to obviate the need for connecting a
      shutoff valve to a longer string of casing. The flange can be mostly
      cement that is poured into an increased diameter undercut section that is
      drilled by using the expandable drilling capability of the drill bit.
PAR  The expandable casing is employed to provide the capability of uniform hole
      diameter from the underground shutoff depth of approximately fifty feet
      down to any depth drilled. This reduces drilling costs further by not
      requiring large diameter drilling at the outset, followed by telescoped
      smaller diameters at lower depths. It decreases the need for duplicity of
      drilling heads and bits for different diameter drilling. It also
      facilitates equipment entry into the well by elimination of step sections.
PAR  Referring to FIG. 16, the hollow cable 7 can consist of an inlet conduit
      89, outlet conduit 90, electrical control card 91, cooling water conduit
      92 and such other conduits as needed. Terminal input and outlet of the
      cable channels can be provided by appropriate revolving connections at the
      axis of the cable spools.
PAR  The conduits can also be separate from the cable to wind on a separate
      spool. This allows for a smaller diameter of cable such that the entire
      25,000 feet for an all-purpose drilling unit can be wound onto one spool.
      But the conduits, preferably in one combined strand, would require the
      other spool such that the total machinery requirement remains relatively
      constant. The separate cable and conduit system can be less expensively
      and more rapidly produced but short lived. The long-range costs and ease
      of operation factors would favor the integrated cable and conduit section
      as illustrated.
PAR  Cooling of the cutting blades can be achieved for longer bit life by the
      transfer of water to the blades from a platform supply source to the
      blades through the water conduit. Appropriate engine bypass water conduit
      93 is provided between the cable connection 94 (FIG. III) and the bit.
PAR  The extensive time and cost for separate core drilling for testing strata
      characteristics and determining the presence or probability of oil is not
      necessary. A core type sampling far better than present coring samples is
      provided continuously by the immensely rapid drilling and cutting removal
      of this drilling system.
PAR  A total drilling system has thus been described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A well-drilling device having a drill motor, a drill bit attached to a
      drive shaft of the motor in rotatable contact with the housing of the
      motor, a drill guide from which the bit is extended in contact therewith
      from the bottom end thereof, a cable attached to the guide, a hydraulic
      supply line attached at one end to the motor in inlet port relationship
      therewith and attached at the other end to a fluid supply source, a cable
      spool onto which the cable can be wound and unwound to allow the drill
      guide and bit assembly to be raised and lowered respectively, and an
      exhaust return conduit attached to the motor in outlet port relationship
      therewith.
NUM  2.
PAR  2. A well-drilling device as described in claim 1 and having a Nelson air
      motor as the drill motor.
NUM  3.
PAR  3. A well drilling device as described in claim 1 and having a hollow
      cylindrical cutting sock in cutting receiving relationship to the upper
      end of the drill guide, a sock fastening and unfastening means parallel to
      the axis of the sock, a cutting conveyance means, and an emptied sock
      holder.
NUM  4.
PAR  4. A well drilling device as described in claim 1 and having conduits
      attached to the said cable appropriately for conveying various required
      fluids and electricity.
NUM  5.
PAR  5. A well-drilling device as described in claim 1 and having transverse
      cutters radially extendable from the drill guide appropriately for
      pressure penetration into the well walls to arrest transverse action of
      the drill guide in opposing reaction to rotary motion of the drill motor
      and drill bit.
NUM  6.
PAR  6. A well-drilling device as described in claim 1 and having a Nelson
      excavator, U.S. Pat. No. 3,489,230, as the drill motor.
NUM  7.
PAR  7. A well-drilling device as described in claim 1 and having an electrical
      motor as the drill motor.
NUM  8.
PAR  8. A well-drilling device having a drill motor, a drill bit attached to a
      drive shaft of the motor in rotatable contact with the housing of the
      motor, a drill guide from which the bit is extended in contact therewith
      from the bottom end thereof, a cable attached to the guide, a cable spool
      onto which the cable can be wound and unwound to allow the drill guide and
      bit assembly to be raised and lowered respectively, a hollow cylindrical
      cutting sock in cutting receiving relationship to the upper end of the
      drill guide, a sock fastening and unfastening means parallel to the axis
      of the sock, a cutting conveyance means, an emptied sock holder, conduits
      attached to the cable appropriately for conveying various required fluids
      and electrical current, transverse cutters extendable radially from the
      drill guide in opposing reaction to rotary motion of the drill motor and
      drill bit, an expandable cutting diameter bit with attachment arms
      pivotably attached to the drive shaft of the drill motor, and a bit
      cutting diameter control piston with a shaft extended therefrom in lever
      arm actuation relationship to cutters of the bit in expandable and
      contractable working relationship therewith.
NUM  9.
PAR  9. A well-drilling device as described in claim 8 and having bit cutting
      diameter control piston stoppers with graduated thickness selectively
      insertable between the control piston head and a restriction abutment head
      appropriately to cause the bit to cut at larger diameters to the extent of
      insertion of the said stoppers.
NUM  10.
PAR  10. A well-drilling device as described in claim 9 and having a stopper
      setting for a bit cutting diameter approximately six inches larger than
      the diameter of the drill guide, a stopper setting for a bit cutting
      diameter approximately 2 inches larger than the diameter of the drill
      guide, a stopper setting for a bit cutting diameter approximately one
      quarter of an inch larger than the diameter of the drill guide, and a
      stopper setting for a bit cutting diameter approximately 1/32 of an inch
      larger than the diameter of the drill guide.
NUM  11.
PAR  11. A well-drilling device as described in claim 10 and having a remote
      control safety valve positioned in an undercut large cemented diameter
      section of rock beneath ground appropriate to contain oil or gas well
      blowouts and to shut off their flow in the event of fire in the hole, and
      a thick wall pipe attached to the cemented section and extended to the
      surface for surface valve and control attachments.
NUM  12.
PAR  12. A well-drilling device as described in claim 10 and having an auger
      screw positioned in rotatable relationship with the inside of the drill
      guide, and an auger motor in rotary power transfer relationship to the
      auger screw.
NUM  13.
PAR  13. A well-drilling device as described in claim 10 and having axial open
      and foldable casing in interlocking attachable lengths insertable into the
      well and caused to unfold and lock in full diameter large enough to allow
      passage of the drill bit and guide therethrough at drill strata requiring
      casing where well diameter cuts have been large enough to allow for the
      foldable casing wall thickness in the said strata and in sealing rock
      above and below said strata.
NUM  14.
PAR  14. A well-drilling device as described in claim 13 and having a portable
      rig drilling platform onto which the machinery is mounted and from which
      the drill bit assembly is suspended with the cable for drilling.
NUM  15.
PAR  15. A well-drilling device as described in claim 14 and having a wheeled
      vehicle as the portable platform.
NUM  16.
PAR  16. A well-drilling device as described in claim 14 and having a marine
      vehicle as the portable platform.
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ABST
PAL  A dust cap particularly for use with an overhead rotary hammer. The dust
      collector is a cup-like member with a bellows side wall, integrally formed
      in one piece. It has a thickened neck to fit on the tool shank below the
      chuck, thereby encompassing the chuck and the lower end of the anchor.
      Dust is efficiently caught in that the bulk of the dust passes through the
      anchor and chuck, and then directly into the dust collector cup, plus most
      of the dust outside the anchor is also caught as it falls around the
      anchor. The bellows side wall facilitates changing tools and removing
      anchor ends.
BSUM
PAR  This invention pertains to a dust collector or dust cup adapted for use in
      drilling or other material deforming operations wherein objectionable
      cuttings, dust, chips, debris and the like (hereinafter generally called
      "dust") are created. The invention is particularly adapted for use with
      tools useful with certain types of masonry anchors, and still more
      particularly when such anchors are used in an overhead mode, that is when
      drilling in ceilings. If the dust from this type of operation were not
      caught, then it would fall on the operator with the risk of falling in his
      eyes, and could also cause other problems.
PAR  Thus an advantage of dust cups generally, including the invention device,
      is that it protects the operator, while it also protects the tool from the
      incursion of fine dust which possibly could harm the tool. Dust collection
      tends to keep the work site and the surrounding air cleaner and safer.
PAR  The invention was developed for and is particularly adapted for use with a
      specific type of self drilling masonry anchor. This anchor, and associated
      tools, are known as self drilling anchors, and they and their associated
      tools are described in a large number of patents, typical of which are
      U.S. Pat. Nos. 1,968,055; 2,794,922; 2,801,614; and 2,936,736. When these
      anchors are driven into masonry, relatively large amounts of concrete dust
      and debris are produced. When operating in a ceiling or overhead, or even
      in walls on occasion, this dust is objectionable. The invention provides
      an improved dust collector for cooperation with the tools used to drive
      this type of anchor wherein virtually all of this dust is collected, thus
      solving the prior problems of dust accumulation and the like, as mentioned
      above. The invention utilizes the fact that the anchor and the special
      chuck used to drive the anchor are both hollow whereby the bulk of the
      dust produced travels through the anchor itself and through the chuck and
      is thereby readily collected by the invention dust collector. The anchors
      are typically driven by a portable electric rotary hammer.
PAR  Another advantage of the invention dust collector is that it inherently
      acts as a depth guide for the drilling of the anchor into the masonry
      ceiling or other "work." Since the bulk of the dust is passed through the
      anchor and chuck, the front end of the dust collector is made to terminate
      just at the parting line in the anchor, whereby by observing the
      contacting of the front end of the collector with the surface of the
      ceiling or other work the operator is automatically advised when the
      anchor is sufficiently deeply drilled into the work. This particular
      advantage is not available in prior art dust collectors which start in
      contact with the work and compress or otherwise deform as the anchor or
      tool bit is driven into the work.
PAR  Dust cups are not generally new, and many prior devices are available or
      known to those skilled in the art. However, all of these devices are
      either not adaptable for use with the usual type of anchor and chuck, or
      else suffer from other inherent disadvantages, or else suffer from both of
      these general disadvantages. One general type or class of such prior dust
      collectors are those which resemble force cups or plungers of the ordinary
      variety used in the home. These suffer from the disadvantages of blocking
      the operator's view of the location of entry of the tool bit or anchor
      into the work, and in some instances of requiring substantial force to
      compress them as they are driven towards the work surface. Another general
      type or feature found in prior dust cups are those which incorporate
      reinforcing members of various sorts, such as coils of spring wire or the
      like about which a compressible member is located. Such devices suffer
      from the disadvantages of additional cost of manufacture, greater
      susceptibility to wear because of the metal/flexible material interface,
      greater weight, and undesirable effect on visibility. Still another class
      of prior art devices or feature frequently found are those which comprise
      complicated means between the interface between the dust cup and the tool.
      Some such devices are fixed to the housing of the power tool, which
      suffers from the disadvantage of locating the dust cup further from the
      location of the bit or other working implement on the work, complicating
      the mounting of the dust collector on the tool, and, again, having a
      detrimental effect on operator visibility. Such prior devices often
      include clamps, bearings, screw devices, and the like which complicates
      the mounting and removal of the dust collector, and which discourages the
      use of the dust collection device because of the time required to
      manipulate it. Still another class of prior dust cups requires the
      operator to rotate or otherwise manipulate the cup in order to see the
      work site, and then move it again in order to continue drilling. Yet
      another feature found in prior art devices are those which mount on the
      drill bit or other working implements itself. Oftentimes such means will
      include bearings of various sorts to permit the dust collector to contact
      the work and remain stationary while the working implement rotates into
      the work. This has the obvious disadvantages of greatly increasing cost,
      weight, complication, susceptibility to wear, and the like. Yet another
      feature found in prior devices is a front wall or web of the dust cup
      which serves to guide the relative motion between the dust cup and the
      tool bit, to improve the contact between the dust cup and the work
      surface, and to add rigidity to the dust cup, particularly those made of
      resilient material. Such front walls suffer from the disadvantages of
      adding to cost, reducing the efficiency of dust collection and of reducing
      the flexibility aand usefulness of the dust cup by limiting the sizes of
      the bits or other working implements with which it may be used.
PAR  In summation of the present state of the dust collection art, the available
      devices are in fact very seldom used by operators of power tools, mostly
      because of the complications involved in mounting and dismounting. The
      operator would prefer the dust rather than the trouble of mounting and
      dismounting the prior art dust collectors.
PAR  It is highly desirable that, in order to cooperate with the anchor, the
      dust collector be flexible enough to allow insertion of a tool into the
      side of the chuck to remove the broken off driving end of the anchor from
      the chuck after the anchor itself is driven and broken off from its
      driving end, and flexible enough to allow insertion of a drift key for
      chuck head removal. Absent this flexibility, the cup would have to somehow
      be removed after each anchor driving operation, and to change chucks which
      would severely damage if not destroy its utility to the user. These
      capabilities are provided by the invention dust cup, while at the same
      time achieving all of its other advantages.
PAR  The present invention solves all of these problems, and at the same time
      provides an improved dust collector which is low in cost, easy and
      relatively inexpensive to manufacture, extremely simple to mount and
      dismount from its working implement, which is self supporting without the
      need for additional members, which has no harmful effect on the worker's
      visibility of the work in progress, which is virtually totally impervious
      to fatigue and breakage, which is of a very light weight, and yet which is
      highly efficient in dust collection use and general operation.
DRWD
PAR  The above and other advantages of the invention will be pointed out or will
      become evident in the following detailed description and claims, and in
      the accompanying drawing also forming a part of the disclosure in which;
PAR  FIG. 1 is a cross-sectional elevational view of a dust collector embodying
      the invention mounted on a modified rotary hammer adaptor shank;
PAR  FIG. 2 is a view similar to FIG. 1 showing a self-drilling masonry anchor
      partially drilled into the work with the chuck partly in cross-section;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 showing the anchor fully driven;
      and
PAR  FIG. 4 is an elevational view showing the manner of removal of the broken
      off anchor driving end out of the adaptor chuck.
DETD
PAR  Referring now in detail to the drawings, the preferred embodiment of the
      invention dust cup 10 has been used with the common type of self driving
      anchor system referenced above. This system comprises a specially adapted
      driving shank 12, a chuck 14, and the anchor 16. While the preferred form
      of the invention dust collector and the tools with which it has been
      successfully used are shown in the drawing, the specific tools do not form
      an integral part of the present invention, it being understood that other
      embodiments of the dust collector are possible, and the invention may be
      used in other systems, all within the ambit of the following teaching, and
      the scope of the appended claims.
PAR  Since the invention is not limited to use with the particular chuck and
      anchor shown in the drawings, the term "working implement," "tool bit,"
      and the like as used herein shall be understood to mean a drill, an
      anchor, masonry nails, or the like, which produce dust and which is
      adaptable to include a formed portion for cooperation with the invention
      dust cup 10.
PAR  The adaptor member 12 comprises a main shank portion 18 which is fitted
      into a rotary hammer or other power supply or tool (not shown) for driving
      anchor 16 into the ceiling C or other work. Beyond the main shank 18,
      adaptor 12 comprises a pair of shoulders 20 and 24 which define a reduced
      neck portion 22 therebetween. Neck 22 cooperates with a conventional
      retainer, not shown, which defines the limits of motion of the entire
      adaptor 12 with the parts 14 and 16 together with the invention dust cup
      10 mounted thereon. Shoulder 24 is thinner than shoulder 20 for
      manufacturing reasons not important to the invention. Beyond collar 24,
      the adaptor 12 comprises invention cooperating means in the form of a
      cylindrical section 26 which serves as the connection means for the
      invention dust cup, as will be explained below. Finally, referring to FIG.
      1, the outer end of the adaptor 12 comprises a tapered portion 30 which
      cooperates with the chuck 14, as is more fully explained in the above
      identified patents.
PAR  Chuck 14 is more fully described in the above identified patents. Briefly,
      it is a generally cylindrical member having an internal taper at each end,
      one for the adaptor 12, and the other at the forward end for cooperation
      with a similar taper in the anchor 16. Chuck 14 has a central opening
      interconnecting the two tapers, and is formed with two through bores at
      right angles to each other and at different locations along the chuck
      axis. These two bores 32 and 34, which extend completely across the chuck
      14, each serve a dual function. The upper bore 32 serves as a location
      into which to insert a tool 36 (See FIG. 4) for removal of the broken off
      end of the anchor from the upper end of the chuck. The bore 34 serves a
      similar function for removal of the chuck itself. Additionally, and more
      importantly for purposes of the invention, and as is shown schematically
      in FIG. 2, both of these bores serve as conduits for dust produced by the
      drilling operation. It is significant that the bulk of the dust passes
      through the central hole in the anchor, then into the central opening in
      the chuck, and then through the various openings 33 and 34 and directly
      into the bottom of the dust collector 10.
PAR  Anchor 16 is well known in the art and is fully described in the above
      references. For purposes of the present invention, the significant point
      is the weakened portion 38. The manner of operation is to first place the
      invention dust cup then the chuck on the adaptor 12, and then the anchor
      in the chuck. The anchor is placed against the concrete and the tool is
      run, in the hammer only mode, until the anchor teeth have penetrated the
      surface of ceiling C. This will keep the anchor from "walking" when the
      drilling operation starts. Once started, drilling continues, with
      occasional stops to empty the dust cup and anchor of dust as needed, until
      the anchor is fully seated as shown in FIG. 3. After a final clearing of
      the dust out of the anchor, an expander plug (not shown) is put into the
      end of the anchor, the hammer only mode is used again, and the anchor is
      set into the hole by driving the plug into the anchor. The tool is then
      pulled sharply towards the operator to snap off the cone end of the
      anchor. This disposable driving end of the anchor can then be removed
      using the ejector key or tool 36, as shown in FIG. 4.
PAR  The invention dust cup is a one piece resilient member of generally
      bellows-like configuration, having several advantagous features built
      therein. More specifically, cup 10 comprises a thickened neck portion 42
      which is inturned inside the cup, and which serves to hold the cup on the
      adaptor 12. At its inside end, the neck 42 is provided with a relatively
      large radius relieved curve 44. At its inside end, a chamfer 46 is
      provided. The relieved portions 44 and 46 facilitate removal and mounting
      of the cup on the cooperating portion 26, respectively. At its bottom end
      adjacent the chamfer 46, cup 10 comprises a bottom wall or web 48 disposed
      in a plane generally perpendicular to the axis of the adaptor 12, and of
      annular configuration. The body or side of the cup 10 is made up of a
      series of five walls 50, the rearmost one of which is connected to the
      outside edge of the bottom web 48. The walls 50 define the bellows-like
      configuration of the cup 10. They are disposed alternately radially
      outwardly and radially inwardly at an angle of approximately 45.degree.
      from the axis of the adaptor 12. More or fewer walls 50 could be provided
      to adjust the overall length of the cup 10 as required by a specific chuck
      14 or other environment in which the invention might be used. Beyond the
      outermost of the walls 50, cup 10 comprises a longer more steeply inclined
      wall 52 which defines the end of the bellows side of the cup. Wall 52 is
      inclined at a steeper angle to the axis, 30.degree. for example, and is
      slightly longer than the walls 50, for improved visibility. Finally, at
      the forward end of the wall 52, cup 10 comprises an inturned short bead
      54.
PAR  In regard to visibility, an important moment in time is when the anchor
      begins to enter the ceiling C. It is at this time, with the operator
      holding the hammer overhead and looking for the correct entry that the
      greater angle of the steep wall 52 comes into play. This wall 52 balances
      the need to have as wide an opening as possible in order to collect the
      maximum amount of dust while at the same time having a relatively steep
      angle so as to assure good visibility to the operator at the moment of
      entry. The inturned bead 54 stops dust which might adhere to the inside of
      the cup from migrating out of the cup due to the vibration and motion to
      which the cup is subjected in use. Bead 54 has no detrimental effect on
      dust collection because of its relatively short length, but has a material
      effect on preventing dust migrating out of the cup because of its inwardly
      facing flat annular surface 56, as shown in FIG. 2.
PAR  A significant advantage of the present invention is its great cost savings
      over prior cups which are fabricated in various ways, as by the inclusions
      of internal springs, collars, bearings, and the like. The invention cup is
      a simple one piece molded member formed entirely of a resilient material.
      Neoprene is presently preferred, although plastics, and possibly
      transparent plastics, could be used in place of neoprene or other rubber
      or rubber-like material. Fabricated dust cups are susceptible to being
      mishandled, stepped on, or broken, whereas the invention one piece molded
      rubber part is substantially impervious to such damage.
PAR  FIG. 4 shows another advantage of the invention. The anchor end removal
      tool 36 can be inserted by merely pushing the cup aside slightly to insert
      the tool in the upper through opening 32, as shown. In this manner, the
      collected dust at the bottom of the cup is not disturbed, whereby the
      possibility of accidentally spilling collected dust is substantially
      eliminated.
PAR  Another advantage of the invention cup 10 is that its length is made to
      coincide with the length from the upper collar 24 to the end of the chuck
      14, as shown in FIG. 2. In this manner, the operator is given an automatic
      indication of when the anchor is properly driven by movement or deflection
      of the cup when it first touches the ceiling of work C. Thus, just at
      about the time when visibility is totally cut off, the operator will be
      informed that the anchor is drilled to its proper depth, and driving and
      rotation should cease. Of course, for a different size and length chuck
      14, an appropriately shortened or lengthened cup 10 may be provided.
PAR  It is significant that the invention dust cup can be used with many
      different tools and working implements, the only requirement being that
      the implement be formed with a cooperating portion such as cylindrical
      portion 26 to mate with an appropriately formed neck 42 in the invention
      cup. It is a simple matter to provide such cooperating means.
PAR  The thickened neck 42 and the cooperating shank portion 26 are both
      cylindrical in the preferred embodiment in the drawing. However, this
      interface between the invention cup 10 and the cooperating portion of the
      tool bit 26 could take many different forms, for example, in
      cross-section, splines could be provided, or a hexagonal, oval, pentagonal
      or other non-round cross-sectional shape could be provided. The variation
      could be along the axis, for example, a tapered interface could be
      provided or a hyperbolic surface, or other shapes. In summary then, what
      is necessary is merely some cooperating means between cup and shank to
      hold the cup in place while permitting easy mounting and dismounting.
      Thus, the term "cooperating portion," "cooperating means" and the like as
      used in the specification and claims herein shall be understood to include
      all such ways and devices for holding the cup in place.
PAR  The invention cup is mounted and dismounted from the cylindrical section 26
      by simply working the neck 42 onto the tool bit with a simultaneous
      rotation and pushing or pulling motion. Removal can be even simpler, the
      operator simply gets a firm grasp of the sides of the cup and pulls the
      cup directly off of the cylindrical section 26. The resiliency of the
      material and its strength prevent damage to the cup by this technique.
      Removal and insertion respectively are facilitated by the two relieved
      portions 44 and 46.
PAR  Another advantage of the relatively thickened portion of the neck 42 is
      that by providing a greater amount of resilient material, the part is
      protected against material fatigue with repeated use, and against rolling
      over or "peeling" during mounting and dismounting. The amount of
      interference between neck 42 and cylindrical section 26 is not critical,
      simply loose enough to permit assembly and disassembly, but tight enough
      to prevent a sloppy fit.
PAR  While the invention has been described in detail above, it is to be
      understood that this detailed description is by way of example only, and
      the protection granted is to be limited only within the spirit of the
      invention and the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a self-drilling anchor, a chuck for holding said
      anchor, an adaptor shank for holding said chuck, and a power tool to drive
      said shank and chuck and anchor; the improvement comprising a cooperating
      portion on the adaptor shank located below said chuck and opposite said
      anchor mounted in said chuck, a dust cup operatively cooperable with said
      formed portion to hold said dust cup on said formed portion, said dust cup
      consisting of resilient material and comprising a neck portion adapted to
      be engaged with said cooperating portion of said shank, an annular wall at
      the rear end of said neck portion and extending radially outwardly
      therefrom, a plurality of sidewall portions extending forwardly from the
      outside of said annular wall and overlying said neck portion and said
      chuck, and each of said sidewall portions being alternately radially
      inwardly forwardly and radially outwardly forwardly disposed, whereby the
      side of said dust cup is of a bellows-like configuration.
NUM  2.
PAR  2. The combination of claim 1, wherein said power tool is an electric
      rotary hammer.
NUM  3.
PAR  3. The combination of claim 1, wherein the rear and forward ends of the
      inside of said neck portion are relieved to facilitate the mounting and
      dismounting of said cup on said cooperating portion of said shank.
NUM  4.
PAR  4. The combination of claim 1, wherein said forward sidewall portion is
      inclined radially inwardly forwardly at a predetermined angle to the axis
      of said shank which is smaller than the angle of any of the others of said
      sidewall portions to said axis.
NUM  5.
PAR  5. The combination of claim 1, and a radially inwardly extending short bead
      portion having a rearward facing annular wall at the forward end of the
      forwardmost sidewall portion, whereby dust migration out of said cup is
      reduced.
NUM  6.
PAR  6. The combination of claim 1, wherein said cooperating portion of said
      shank is of a predetermined shape; and said neck is thickened compared to
      either one of said annular wall and sidewall portions, and is of a mating
      predetermined shape.
NUM  7.
PAR  7. The combination of claim 6, wherein said cooperating portion of said
      shank is cylindrical.
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ABST
PAL  An impact type of anvil core bit includes a body having a central opening
      through its bottom drilling face, a plurality of spaced cutters, such as
      sintered tungsten carbide buttons, being secured to the body and extending
      downwardly from the face to drill against the bottom of the bore hole
      outwardly of the central opening, the cutters including inner cutters for
      forming the core in the bottom of the hole, a cutter ring being secured to
      the body and circumscribing the opening above the bottom of the hole to
      shape the core for movement into the central opening.
PARN
PAR  This is a division, of application Ser. No. 392,628, filed Aug. 29, 1973
      now U.S. Pat. No. 3,871,486.
BSUM
PAR  In the drilling of bore holes into the earth, it is desirable to have
      samples of the formation being drilled on a continuous basis, so that the
      formation samples may be examined for various purposes, as the drilling
      progresses.
PAR  Heretofore, efforts to continuously take a core sample from the bottom of
      the bore hole, while drilling with mud, have resulted in reduced drilling
      efficiency and problems of cuttings removal. Dual concentric drill pipes
      have been utilized to conduct the drilling fluid from the surface to the
      drill bit in the drill pipe annulus, the fluid returning through the inner
      drill pipe to carry core samples to the top of the bore hole. However,
      inefficient cuttings removal in the bore hole annulus may result in the
      drill string becoming stuck, and the core samples may also stick in the
      inner drill pipe, if the fluid velocity is low. In addition, the core
      samples have been contaminated with debris from the bore hole which may be
      reground. In the absence of high velocity fluid carrying of the core
      samples, moreover, gravity separation of sample particles of different
      size or weight precludes the samples recovered at the top of the bore hole
      from being representative of the formation at any given time. Such
      problems are even greater when drilling with air and a percussion bit.
PAR  The present invention provides a novel system and apparatus for more
      efficiently drilling a bore hole while continuously taking core samples,
      using an airhammer and percussion bit.
PAR  More particularly, the present invention provides a novel system and
      apparatus whereby the core samples are taken at the center of the bottom
      of the bore hole and are protected against contamination by side wall
      material. The drilling fluid velocity which carries the core samples to
      the top of the bore hole is high, so as to minimize gravity separation of
      the core sample particles of different weight or size, so that the samples
      are representative of the formation at any given time during drilling. In
      addition, the drilling fluid which carries the other cuttings to the
      surface is of sufficient volume and velocity as to prevent fall out and
      regrinding of material at the bottom of the bore hole.
PAR  The entire system of the invention consists of a continuous coring adaptor
      swivel assembly, a continuous coring airhammer drill, completely
      integrable with any existing top drive or table drive rig for drilling
      bore holes, employing a rotatable drill pipe and air as the flushing
      fluid.
PAR  In its basic operation, compressed air is moved through the continuous
      coring adaptor swivel, down the annulus of the double-walled continuous
      coring drill pipe, to the coring airhammer. In the hammer, the compressed
      air is divided in such a way as to allow the major part, say approximately
      90%, of the energy derived from the air flow, to properly run the coring
      tool. This air is exhausted from the tool at the bit face and allowed to
      return to the surface in the outer bore hole annulus carrying a major
      portion of the cuttings as in conventional airhammer drilling processes.
      The remainder of the air is diverted through the hammer and enters the
      core receiving tube just above the bit face at high pressure and velocity.
      Formation cores and smaller chips are picked up by the air in the core
      tube and carried through the inner tube to the adaptor swivel at the
      surface where the core samples are removed and collected in any suitable
      fashion, such as a vortex type separator.
PAR  The continuous coring adaptor swivel of the invention, is adapted for
      application to any existing top drive or table drive rotary drilling rig.
      When in place, the swivel offers no interference to ordinary drilling
      operations, In addition, the swivel affords easy access to full flow
      reverse circulation, at high pressure, in the event the drill string
      becomes stuck in the bore hole.
PAR  The continuous coring adaptor pipe or dual concentric drill pipe, is of a
      standard size in use on conventional rigs and all tool joints are
      standard, and the core tube does not interfere with conventional drilling.
      The core tube is securely held within outer pipe and cannot, accidentally
      come out during handling, but the core tube is free to move longitudinally
      with respect to the outer pipe, as may be necessary for making up and
      breaking out joints of the drill pipe, say during round tripping to
      replace a bit. The pipe assembly is such that energy transients causing
      vibration in the core tube are dampened with respect to the outer pipe.
PAR  The continuous coring airhammer structure of the present system, in
      general, is constructed to develop high horsepower for maximum
      penetration. The airhammer has little chance of becoming stuck in the bore
      hole because the hammer provides adequate bore hole circulation, as well
      as adequate core sample-carrying circulation.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of the form
      in which it may be embodied. This form is shown in the drawings
      accompanying and forming part of the present specification. It will now be
      described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      description is not to be taken in a limiting sense.
PAR  The drilling bit for forming the core includes a bit body having a central
      opening through its lower face, with cutters projecting from the face to
      drill the bottom of the hole and form the core coaxial of the central
      opening, the bit having a cutter ring circumscribing the opening to shape
      the core to its final diameter for movement into the opening.
DRWD
PAR  Referring to the drawings:
PAR  FIGS. 1a and 1b, together, constitute a general illustration of a
      continuous coring, air drilling system according to the invention, FIG. 1b
      being a downward continuation of FIG. 1a;
PAR  FIGS. 2a through 2i together constitute an enlarged, vertical section, as
      taken on the line 2--2 of FIGS. 1a and 1b, FIGS. 2b through 2i
      constituting successive downward continuations of FIG. 2a;
PAR  FIG. 3 is a horizontal section through the swivel, as taken on the line
      3--3 of FIG. 2a;
PAR  FIG. 4 is a horizontal section, as taken on the line 4--4 of FIG. 2b;
PAR  FIG. 5 is a horizontal section, as taken on the line 5--5 of FIG. 2f;
PAR  FIG. 6 is a horizontal section, as taken on the line 6--6 of FIG. 2g;
PAR  FIG. 7 is a horizontal section, as taken on the line 7--7 of FIG. 2h;
PAR  FIG. 8 is a horizontal section, as taken on the line 8--8 of FIG. 2h;
PAR  FIG. 9 is a horizontal section, as taken on the line 9--9 of FIG. 2i;
PAR  FIG. 10 is a horizontal section, as taken on the line 10--10 of FIG. 2i;
      and
PAR  FIG. 11 is an enlarged fragmentary detail in vertical section, at the lower
      end of the airhammer drill, as taken on the line 11--11 of FIG. 10, but
      showing the drilling and coring operation.
DETD
PAR  As seen in the drawings, the continuous coring system of the invention, as
      generally shown in FIGS. 1a and 1b, involves a coring swivel adaptor or
      assembly S having a rotor 10 adapted to rotate in a stator 11 by a power
      swivel or air motor M, to which air is supplied via a conduit 12. The
      stator 11 is held against rotation by means 13 in the derrick D, which
      allows the swivel S to move downwardly, as drilling progresses, as is well
      known in the case of drilling with power swivels.
PAR  Connected beneath the swivel rotor 10, for rotation therewith, is the dual
      concentric drill pipe P, made up of lengths or stands as the drilling
      progresses, and having at its lower end an airhammer assembly H for
      applying successive hammer blows to a core bit B, as the bit B is rotated
      to drill the well bore W, while taking a continuous core sample, the
      pieces of which are carried upwardly in the drill pipe by air supplied
      through the airhammer H, the other cuttings being carried in the bore hole
      annulus to the top of the well, as customary, by the major portion of the
      air supplied to the airhammer. The core sample pieces CS are discharged
      from the coring adaptor swivel into a suitable receiver 14.
PAR  As is well known in air drilling, the air may be supplied from a suitable
      compressed air source, not shown, at high volume and pressure to drive the
      power swivel or motor M, and thus to drive the drill pipe P, as
      illustrated. If desired, however, the power swivel or motor M may be
      eliminated and a Kelly drive may be employed to rotate the drill pipe
      while allowing it to progress downwardly during the drilling operation. In
      other words, the invention is not concerned with the manner of applying
      torque to the drill pipe P, but with adapting the system to cut and carry
      a continuous core sample to the receiver 14, utilizing the novel coring
      swivel adaptor S, the novel dual concentric drill pipe P, and the novel
      coring bit and airhammer B and H, respectively, whereby the usual cuttings
      are effectively removed from the well bore without contaminating the core
      sample, and the core sample fragments are efficiently carried to the
      receiver, without substantial fallout or blockage of the drill pipe, the
      core sample being uniform and representative of the earth formation at the
      bottom of the bore hole at any given time during the drilling operation.
PAR  The coring adaptor swivel S is best seen in FIGS. 2a and 3. More
      particularly, the rotor 10 is revolvable in the stator 11 and has an
      internally threaded receptacle 22 for connection at 23 with the rotary
      driven pipe 24 which is driven by the power swivel M and which conducts
      air to the system from the compressed air source on the rig. The rotor 10
      has an air inlet chamber 25 which communicates with a suitable number of
      ports or passages 26 which extend longitudinally through the rotor 10 and
      open at its lower end. The rotor 10 also has another passage 27 opening at
      its lower end and having a laterally extending branch 28 opening at the
      side of the rotor. At its lower end, the rotor is externally threaded at
      29 to receive the internally threaded box 30 of the outer pipe P1 of the
      dual concentric pipe P, which will be described below, and the rotor also
      threadedly receives at 31 the inner pipe P2 of the dual concentric pipe P,
      the inner pipe P2 communicating with the port 27. A resilient seal ring 32
      is disposed in the threaded joint between the pipe box 30 and the rotor
      10, but a sealing joint such as that commonly employed in drill pipe tool
      joints may be employed.
PAR  The stator 11 is composed of a horizontally split housing having an upper
      part 33 and a lower part 34, having peripheral flanges 35 interconnected
      by fastenings 36, these body parts having a cylindrical bore 37 in which
      the rotor 10 is revolvable. At the upper, inner portion of the body part
      33 is an inner peripheral flange 38 which rests on a bushing 39 which in
      turn engages an upwardly facing shoulder 40 on the rotor 10. A lock ring
      41 carried by the rotor is disposed above the flange 38 to maintain the
      rotor assembly. Suitable bushings such as lubricated brass bushings 42 and
      43 are carried between the rotor and the stator body parts to minimize
      friction.
PAR  At vertically spaced locations above and below the laterally opening port
      28, the body sections 33 and 34 have suitable sealing ring elements or
      cups 44 in grooves 45 sealingly engaged with the cylindrical wall of the
      rotor 10 to prevent leakage between the rotor and the stator from an
      annular chamber 46 formed between the stator body parts 33 and 34,
      particularly under the high pressure of reverse circulation, when
      necessary to flush the well bore.
PAR  As seen in FIG. 3, the body sections 33 and 34 also provide a tangential
      outlet 47 for the chamber 46, and a coupling 48 has its flanged end 49
      engaged in a groove 50 in the stator body when the body parts 33 and 34
      are assembled. This coupling 48 is adapted to be threadedly connected at
      51 to the conduit 52 through which core sample fragments CS are conducted
      to the receiver 14.
PAR  Adjacent to the location where the port 28 opens into the chamber 46 is a
      wiper or sample diverter 53 fastened to the rotor 10 by fastenings 54.
      This wiper conforms in profile to the chamber 46 and has an advancing face
      55 angled to gently impart motion to the particles of core sample in a
      right-hand direction in the chamber 46 and assist the air in inducing
      movement of the particles to the outlet 47 with a minimum of breakage and
      mixing of the samples.
PAR  The continuous coring adaptor pipe or dual concentric pipe P, as indicated
      above, consists of the outer pipe string P1 and the inner pipe string P2.
      The outer pipe P1 is typical standard drill pipe and the inner pipe P2 is
      standard tubing, assembled in a novel manner to minimize problems of
      assembly, vibration, differential expansion, and the like, but enabling
      the lengths of pipe P to be made up and broken out in the usual manner
      during the drilling operations.
PAR  The dual concentric pipe string P and its interconnection with the swivel S
      and the airhammer H are illustrated in FIGS. 2a through 2f. As seen in
      FIGS. 2a and 2b, means are provided for coupling the pipe P to the swivel
      rotor 10 for rotation as a unit. As previously indicated, however, if the
      rig has a rotary table drive, a Kelly assembly would be interposed at this
      location to drive the pipe rotatively, in lieu of the power swivel or
      motor M.
PAR  The internally threaded box 30 of FIG. 2a has a downwardly extended pipe
      section 60 threaded at its lower end at 61 to an adaptor sub 62 which has
      at its lower end a typical drill pipe threaded pin 63 engaged in the
      threaded box 64 of a tubular coupling member 65 which, in turn, has at its
      lower end a typical threaded pin 66 at the upper end of a typical length L
      of the dual concentric drill pipe or continuous coring adaptor pipe. The
      inner pipe P2 of FIGS. 2a and 2b includes a length of adaptor tubing 68
      threaded at 31 with the swivel rotor 10 and extending downwardly through
      the adaptor sub 62 and into the coupling 64. At its lower end, the adaptor
      tubing 68 is centralized in the coupling 65 by a suitable spider 69,
      formed in the illustrative embodiment, as a square body (FIG. 4) having a
      square opening 70 through which the tube 68 extends. The spider 69 is held
      against downward movement on the tube 68 by a snap ring 71 engaged in a
      companion groove 72 in the tube 68. The openings 73 between the spider 69
      and the inside of the coupling 65 allow air to flow through the coupling
      65 without substantial interference.
PAR  Below the spider 69 the tube 68 has a cylindrical lower end section 74 on
      which is affixed an inner pipe coupling sleeve 75 having an inner tubular
      body 76 of elastomeric material supported within an outer metal sleeve 77,
      and adapted to have a friction or slip fit at 78 with the inner tube or
      pipe 80 which is disposed in the box end 67 of the typical length of dual
      concentric pipe shown in FIGS. 2b through 2d.
PAR  Such a length of dual concentric drill pipe includes the inner tube or pipe
      80 and the outer length of pipe 81. The box end 67 of the outer pipe 81
      is, as customary, applied as a tool joint to the body of the pipe. At the
      lower end of the pipe body 81, it is provided with a typical drill pipe
      tool joint 83 having a threaded pin 84 engageable in the next below length
      of drill pipe, as customary.
PAR  In the present case, the inner tube 80 is centralized in the outer pipe 81
      and longitudinally positioned thereon by a suitable number of vibration
      absorbing centralizer means 85, the cross sectional configuration of which
      is seen in FIG. 5. Each centralizer means 85 is composed of elastomeric or
      rubber-like material capable of resilient deformation. It includes a
      central tubular body 86 frictionally engaged with the inner tube 80.
      Preferably, the body 86 is axially deformed between opposed stop rings 87
      in companion axially spaced grooves in the tube 80, whereby the body 86 is
      also radially or circumferentially deformed into tight holding engagement
      with the tube 80 on assembly. At circumferentially spaced locations about
      the centralizer body 86, it has longitudinally extended radiating ribs 88
      frictionally engaged on the outer edge surfaces 89 within the outer pipe
      81. Preferably, the diametrical dimension of the ribs 88 is greater than
      the inside diameter of the pipe 81 to enhance the frictional engagement
      and compensate for wear, the ribs being radially deformed upon assembly of
      the drill pipe length L. The ribs 88 afford abundant air flow spaces 90
      therebetween.
PAR  In order to prevent significant relative longitudinal movement of the inner
      and outer pipes 80 and 81, moreover, the centralizers 85 at the upper and
      lower ends of the drill pipe lengths L also are adapted to resiliently
      position the inner pipe 80 longitudinally with respect to the outer pipe
      81. As seen in FIGS. 2c and 2d, there are three centralizers 85 in the
      typical drill pipe length L, each constructed as above described. However,
      the upper tool joint 67 and the lower tool joint 83 are modified, as
      compared with standard tool joints, to provide downwardly and upwardly
      facing shoulders 67a and 83a, respectively, engaged by opposing end
      surfaces 67b and 83b on the ribs 88 of the upper and lower centralizers
      85, preferably under compression axially of the assembly. Due to the above
      described friction or interference fit between the centralizers 85, the
      inner pipe 80 and the outer pipe 81, the pipes are interconnected so as to
      resist accidental separation, even after substantial wear. The resilient
      centralizer material dampens vibration and reduces shock loads travelling
      in the drill string.
PAR  A suitable number of the drill string lengths L are added to the drill pipe
      string P, as the drilling progresses, between the coupling 65 and the
      uppermost pipe length L, and, except for the lowermost pipe length L, each
      length has, at the lower end of the inner pipe 80, as seen in FIG. 2d, one
      of the coupling sleeves 75 previously described affixed to the cylindrical
      lower pipe end 80a and adapted to telescopically engage over the upper
      tubular end 80b of the inner pipe 80 in the length L below. Such a
      resilient and telescopic connection between the inner pipes 80 not only
      seals the connection but compensates for tolerances and some relative
      longitudinal movement of the pipes 80 and 81.
PAR  As seen in FIGS. 2f and 2g, the lowermost length of drill pipe P is
      connected to the novel airhammer H, hereinafter to be described. As shown,
      the threaded pin 84 of the tool joint 83 is threaded into the internally
      threaded box of a top sub 91 for the airhammer H. This top sub 91 has an
      outer body 92 threaded at 93 at its lower end for connection with the
      upper end of the airhammer H. Internally, the sub body 92 has a central
      tube 94 which sealingly and slidably receives at 95 the lower tubular end
      96 of the pipe 80 of the above pipe length L. At its lower end the stem 94
      has a circumferentially outwardly extended flange 97 held in place, when
      the top sub is connected to the hammer assembly H, between the latter and
      an internal shoulder 98 at the lower end of the body 92. This flange 97
      has a number of circumferentially spaced ports 99 (FIG. 6) communicating
      with the annular space between the body 92 and the tube 94, which annular
      space communicates, in FIG. 2f, with the annular space between the outer
      pipe P1 and the inner pipe P2 of the drill string P, which then in turn,
      as seen in FIG. 2a, communicates through the swivel rotor ports 26 with
      the air inlet conduit 24. The tube 94 of the hammer top sub 91, on the
      other hand, communicates through the inner pipes 80 with the swivel rotor
      port 27, and thence through the stator chamber 46 of the swivel with the
      sample discharge port 47.
PAR  The airhammer and bit construction are illustrated in FIGS. 2g through 2i.
PAR  More particularly, as shown in the drawings, the airhammer apparatus H is
      secured to the lower end of the top sub 91 by a valve body and coupling
      100 by means of which the apparatus is rotated to correspondingly rotate
      an impact anvil bit used for drilling the bore hole W and cutting the
      core, the apparatus delivering repeated impact blows upon the anvil bit
      when compressed air is forced down the drill pipe annulus for actuating
      the apparatus and for cleaning the cuttings from the bottom of the hole,
      and carrying core sample fragments upwardly through the inner pipe 80. The
      apparatus is relatively simple, consisting of an elongate housing
      structure 110 that includes the upper connector 100 for threaded
      attachment to the lower end 93 of the top sub and thus to the string of
      drill pipe that extends to the drilling rig at the top of the bore hole W.
      This connector 100 is threadedly secured to the upper portion of an
      elongate housing section 114, which can be of one piece, the lower end of
      which is threadedly secured to a lower housing head or drive member 115,
      the lower end 116 of the housing section bearing against an upwardly
      facing shoulder 117 formed on the head.
PAR  An elongate anvil portion 118 of the anvil bit B is piloted upwardly within
      the drive member 115, a hammer piston 120 being reciprocable in the
      housing section 114 above the anvil 118 to deliver repeated impact blows
      thereagainst. The anvil is preferably formed integrally with the drill bit
      portion 121 of the anvil bit, and which has suitable cutting elements 122,
      such as sintered carbide buttons, mounted in its drilling face 123 for
      impacting against the bottom of the bore hole, to produce cuttings
      therein, the cutting elements 122 also acting against the side of the bore
      hole adjacent to its bottom to insure the production of a bore hole W of
      the desired diameter.
PAR  As best seen in FIGS. 10 and 11, the bit also has an inner circular set of
      cutting elements 122a disposed in spaced relation about a central opening
      122b in which is a cutter ring 122c of sintered carbide, or the like, for
      cutting a core sample, as will be later described.
PAR  During the reciprocation of the hammer piston 120 in the housing to deliver
      impact blows upon the anvil bit, the drill pipe string P and housing
      structure 110 are rotated at a desired speed, such as 20 r.p.m., by the
      power swivel M or by a rotary table drive, to correspondingly rotate the
      anvil bit B and insure an impacting action of the cutting members 122 and
      122a over substantially the entire cross-sectional area of the bottom of
      the hole, except for the central area within the member 122a. During the
      impacting action, suitable drilling weight is imposed on the anvil bit
      through the drill pipe string P and the housing structure 110, such
      drilling weight being transferred from the lower end 124 of the housing
      head or drive member 115 to an upwardly facing shoulder 125 of the bit
      121. The rotary drive itself is transferred from the housing structure 110
      to the anvil 118 through a slidable spline type of connection 126, FIG. 9
      and FIG. 2i.
PAR  In general, the upper portion of the anvil has circumferentially spaced
      elongate recesses 127 in which drive segments 128 are disposed, these
      segments being carried in circumferentially spaced windows 129 in the
      drive member 115. The recesses 127 are substantially longer than the
      length of the segments 128, permitting relative longitudinal movement of
      the anvil bit B with respect to the housing structure 110. The rotary
      effort is transferred from the housing section 114 to the drive member 115
      by virtue of the threaded connection 130d, and from the sides 129a of the
      openings or windows 129 to the segments 128, from where the turning effort
      is transmitted through the abutting segment surfaces 127a on the segments
      128 to the anvil.
PAR  The housing section 114 includes an elongate, upper, inner cylindrical
      housing wall 130, the lower end 131 of which constitutes an upper housing
      flow control corner at the upper end of an elongate internal
      circumferential exhaust groove 132 of a larger internal diameter than the
      sub-jacent inner cylindrical housing wall 134, which may be of the same
      internal diameter as the upper housing wall 130, the upper end of the
      lower wall 134 providing a lower flow control corner 133. The lower end
      135 of the wall 134 provides a by-pass corner at the upper end of an
      enlarged internal diameter circumferential by-pass groove 136.
PAR  The hammer piston 120 includes an upper piston portion 137 having an
      external diameter 137a conforming to the diameter of the upper inner
      cylindrical housing wall 130, this upper piston portion terminating at the
      upper end 138 of an external, reduced, circumferential exhaust groove 139.
      This groove 139 terminates at a lower piston portion 140 having an
      external diameter conforming to the internal diameter of the lower inner
      cylindrical housing wall 134. Below its lower piston portion 140, the
      hammer is of a reduced external diameter 141 to provide an air passage and
      the lower end has guide ribs 142 which, upon removal of the anvil bit from
      the housing 110, engage a limit ring 143 mounted in the housing section
      114 to prevent the piston 120 from dropping from the housing structure.
PAR  Above its upper piston portion 137, the hammer portion 120 has a plurality
      of relief spaces 144 (FIG. 7) extending from the upper piston portion 137
      to the upper end 146 of the piston, there being spaced elongate arcuate
      sections 147 slidably engaging the wall 130.
PAR  When the hammer piston 120 is at the lower end of its stroke, as shown, a
      flow control piston corner 150 at the upper end of the piston portion 137
      is spaced below the upper housing flow control corner 131, allowing air in
      the housing above the piston 120 to flow down through the passages 144 and
      into the internal circumferential exhaust groove 132, around the upper
      piston portion 137, then into radial exhaust ports 151 formed in the
      hammer piston below an intermediate annular barrier wall 152 that
      communicate with an elongate central piston cavity 153, into which an
      exhaust tube 154 extends upwardly from the anvil 118, the tube forming a
      continuation of the exhaust passage 153 and communicating with an annular
      exhaust passage 155 through the anvil and through one or a plurality of
      exhaust passages 156 extending downwardly through the bit 121 and opening
      outwardly thereof for the purpose of enabling the drilling fluid to flow
      into the bore hole W for removing cuttings from the bottom of the hole.
      The tube 154 makes a slidable seal with the wall 153a of the piston cavity
      153, being secured to the anvil 118 by a lower outwardly extending flange
      157 received within an inner circumferential groove 158 in the anvil. The
      tube may be made of an elastic material, such as Delrin, which permits it
      to be inserted within the anvil passage, the flange 157 contracting
      sufficiently until it is opposite the circumferential groove 158.
PAR  Disposed in the airhammer is a tubular core tube and air tube assembly 101,
      including an inner core tube 102 and an outer air tube 103. The core tube
      102 extends from adjacent the lower end of the bit 121 above the central
      opening 122b, upwardly through the connector or valve housing 100 into a
      socket 100a in the latter, so as to communicate with central tube 94 in
      the top sub 91, and, thus, with the inner pipe 80 of the dual concentric
      drill pipe string P leading to the swivel S. The air tube 103 is disposed
      about the core tube 102 in spaced relation thereto, and has an upper end
      flange 104 engaged in a companion groove in a reversing valve tube 178 to
      be later described. Here again, the tube 103 may be of resilient material
      adapted to snap into engagement with the valve tube 178, when inserted
      into the socket 178b. The tube 103 engages within the intermediate piston
      wall 152. At the lower end of the core tube 102 and air tube 103, they are
      provided with a retainer ring 105 and seal 106' below a number of air
      ports 107 which extend at an angle inwardly and upwardly from the lower
      end of the annular space 106 between the tubes 102 and 103 into the core
      tube 102 just above its open, lower end adjacent to the bottom of the bit
      121. At its upper end, the air tube 103 is connected to the valve tube
      178, the upper end of which has a flange 108 engageable in a groove in the
      socket 108a in the connector and valve body 100. The structure and
      function of the valve tube 178, in reversing the hammer piston, will be
      later described.
PAR  When the piston 120 is shifted upwardly within the housing on its return
      stroke, the return air corner 160 at the lower end of the lower piston
      portion 140 will be disposed above the housing lower flow control corner
      133, whereupon the compressed air below the piston can exhaust into the
      internal circumferential housing groove 132 and flow through the exhaust
      ports 151 and exhaust passages 153, 155 and 156 to the bottom of the bore
      hole. At this time, the upper flow control piston corner 150 will be
      disposed above the upper housing flow control corner 131, which will seal
      the upper piston portion 137 against the upper inner cylindrical housing
      wall 130, whereupon compressed air can drive the piston 120 downwardly on
      its hammer or power stroke. When the return air corner 160 moves below the
      housing lower flow control corner 133, the air below the piston and within
      the housing, which remains after the lower piston portion 140 is closed
      within the lower end of the cylindrical housing wall 134, is subject to
      compression, but such air will be at a relatively low pressure.
PAR  Compressed air for reciprocating the hammer piston 120 passes downwardly
      through the annulus provided in the string of drill pipe P and into the
      upper housing sub 92, flowing through the ports 99 past a downwardly
      opening check valve 170 which may be in the form of a ring 171 received
      within a bore 172 in the connector 100, the ring 171 having a resilient
      valve head 173 movable upwardly to engage beneath the flange 97 by a
      coiled spring 175 which seats on a shoulder 175a in the connector 100.
      Downward movement of the valve ring 171 is limited by its engagement with
      an intermediate shoulder 176 in the body 100. With air being pumped
      downwardly through the apparatus, the valve 170 is unseated and the air
      can flow between the ring 171 and the core tube 102, into the annulus 177
      defined between the valve tube 178 and the core tube 102.
PAR  The inlet air under pressure is caused to flow alternately into the housing
      below the piston 120 and the housing above the piston, to effect
      reciprocation of the hammer, by the reversing valve tube 178, which
      separates an upper annular air chamber 179 from the lower air chamber 153.
PAR  The piston 120 has an elongate upper cylindrical surface 182 opening
      through its upper end 146 and terminating at an inner, flow control piston
      corner 183, which is the upper end portion of an elongate internal
      circumferential impact passage groove 184 having a larger internal
      diameter than the inside diameter of the upper piston portion 182. The
      impact passage groove 184 terminates at an intermediate inner cylindrical
      piston wall 185, which may have the same internal diameter as the upper
      cylindrical piston wall 182, the intermediate wall terminating at an
      internal circumferential return passage groove 186 formed in the piston
      and terminating at a lower flow control piston corner 187, which is the
      upper end of a lower internal piston seal wall portion 188 that forms a
      bore extending between the intermediate piston wall 152 and the corner
      187. The inlet tube 178 has an upper external cylindrical sealing portion
      189 having labyrinth seal grooves 189a, relatively sealingly slidable
      within the upper piston wall 182 and terminating in an external
      circumferential inlet groove 190 communicating with radial inlet ports 191
      that open to the central annular inlet passage 192 between the valve tube
      178 and core tube 102. Below this inlet groove 190, the tube 178 is formed
      with an intermediate cylindrical sealing section 193 having labyrinth seal
      grooves 193a slidably and sealingly engageable with the intermediate inner
      cylindrical piston wall 185 and also with the lower piston wall 188.
PAR  When the piston 120 is in its lowermost operative position, with the drill
      bit 121 pressed against the bottom of the bore hole W, compressed air can
      flow downwardly through the inlet passage 192, discharging into the return
      passage 186 that communicates with the upper portion of one or more
      longitudinal return passages 195 extending downwardly through the hammer
      piston and opening outwardly through its lower end 196. When the hammer
      piston 120 moves upwardly within the housing 110 and along the inlet tube
      178, the cylindrical piston wall 185 seals with the sealing section 193 of
      the tube 178 to interrupt communication between the inlet passage 192 and
      the return passages 195, continued upward movement of the piston then
      placing the inner upper flow control piston corner 183 above the upper
      flow control valve tube corner 198, which then allows compressed air to
      flow from the inlet passage 192 through the ports 191 into the
      circumferential inlet groove 190 and into the internal circumferential
      impact passage groove 184, and thence into the housing above the upper end
      146 of the piston. At this time, the upper piston portion 150 will have
      moved partially above the upper housing flow control corner 131, so that
      the air under pressure between the upper end 146 of the piston and the
      connector 100 can act downwardly on the piston, urging it in a downward
      direction.
PAR  The piston 120 thus will be shifted downwardly until the upper flow control
      piston corner 183 moves below the flow control housing tube corner 198,
      which shuts off air pressure into the housing above the piston, the piston
      continuing to move downwardly, as the compressed air expands, until the
      outer upper flow control piston corner 150 moves below the upper housing
      flow control corner 131, which then permits air above the piston to pass
      through the passages 144 into the internal circumferential exhaust passage
      132, and through the exhaust ports 151 and exhaust passages 153, 155 and
      156 to the bottom of the hole below the drill bit, the hammer piston being
      driven against the upper face 118a of the anvil to deliver an impact blow
      to the impact bit B. As the piston 120 nears the end of its downward
      stroke, the cylindrical sealing wall 185 of the piston moves below the
      valve tube sealing section 193, thereby allowing the compressed air to
      flow from the inlet passage 192 into the upper piston cavity 179 and
      internal circumferential return passage groove 186, passing downwardly
      through the longitudinal return passages 195 to the lower end of the
      piston, such air then moving the piston in an upward direction, until the
      piston wall 185 passes upwardly into sealing relation to the valve tube
      wall 193 once again, to shut off the flow of air into the return passages
      195. When this occurs, the outer upper flow control piston corner 150
      moves above the upper housing flow control corner 131 to shut off the
      exhaust of air from the housing region above the piston 120, the
      compressed air below the piston expanding and driving the hammer piston
      upwardly toward the connector 100. Before the hammer reaches the connector
      100, the inner upper flow control piston corner 183 will have shifted
      upwardly along the tube 178 to a position above the upper flow control
      housing tube corner 198, allowing air under pressure to pass from the
      inlet passage 192 through the impact passage grooves 190, 184 to a
      position in the housing above the piston 120.
PAR  The upward travel of the piston 120 is cushioned by the compression of the
      air remaining in the housing above the piston. However, the piston will
      still move upwardly sufficiently to place the lower corner 160 of the
      lower piston portion 140 above the housing lower flow control corner 133,
      which then permits the compressed air below the piston to travel into the
      internal circumferential exhaust groove 132 and through the exhaust ports
      151 into the exhaust passages 153, 155 and 156 for discharge from the
      drill bit. The compressed air in the housing structure above the piston
      then expands to drive the piston downwardly, and the foregoing cycle of
      operation is repeated, the piston reciprocating to deliver repeated impact
      blows against the anvil portion 118 of the anvil bit B, while the drill
      string P is being rotated, to insure that the drilling or cutting elements
      122, 122a will cover substantially the entire cross-sectional area of the
      bore hole bottom.
PAR  As seen in FIGS. 2i and 11, the cutters 122a are adapted to form a core 200
      at the center of the bottom of the bore hole, the core being generally
      frusto-conical in shape. As the cutter ring 122c progresses downwardly, it
      will trim the core 200 and forms with the core a seal which is adapted to
      preclude entry of other earth particles into the core passage 122b. As
      drilling progresses, the upper portion of the core will break off or
      fragment, as indicated at CS, to produce core sample fragments which are
      clean and representative of the bore hole bottom, without contamination by
      sidewall cuttings or debris.
PAR  These core samples CS are carried upwardly through the core tube by a
      portion of the air being circulated to effect reciprocation of the hammer.
      Again, referring to FIGS. 2g through 2i, it will be noted that the annular
      space 106, between the core tube 102 and the air tube 103, which
      communicates with the ports 107 at the bottom of the core tube 102, also
      is in open communication with the annulus 177 between the core tube 102
      and the valve tube 178. The flow restriction of the annulus 106 and the
      ports 107 is such, as compared with the lesser restrictions to air flow in
      the hammer operating system, that the major portion of the air is utilized
      to operate the hammer and flush cuttings upwardly in the bore hole W, and
      the minor portion of the air is utilized to carry the core samples
      upwardly in the core tube 102 and on up to the swivel chamber 46 through
      the inner pipe 80 of the dual concentric drill pipe, at high velocity.
PAR  The core sample fragments are carried through the drill pipe and are
      discharged into the swivel chamber 46, where the air and the revolving
      pusher 53 carry them to the outlet 47 for collection as described above.
PAR  From the foregoing, it will be apparent that the invention provides a novel
      and advantageous system for continuously taking the core sample while
      drilling with a percussion type core bit, which efficiently makes use of
      the available air for removing cuttings from the well bore and
      transporting the core sample fragments to the top of the well. The novel
      swivel S enables the core samples to be recovered with a minimum of damage
      or breakage, due to the gentle direction changes in the path of the
      fragments. The dual concentric drill pipe is simple in its construction,
      easy to assembly and facilitates utilizing typical well drilling pipe, as
      well as make up and break out tongs, when adding or removing lengths to
      and from the drill string. The novel airhammer drill, with its air
      dividing means and core cutting arrangement in the bit enable clean
      samples to be taken and carried to the surface at high velocity and
      uniformly without gravity separation, so that the samples are
      representative of the formation being drilled through at any given time.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anvil core bit for producing a core in a bore hole in an earth
      formation, comprising a bit body having an upper anvil portion terminating
      in an upper transverse face adapted to be struck by an airhammer piston, a
      bottom drilling face, and a central cylindrical lower opening into which a
      core can pass, said body further having a central cylindrical passage
      extending upwardly continuously and longitudinally from said opening and
      terminating at said upper face, whereby said passage is adapted to receive
      a core tube, cutter elements secured to said body and extending downwardly
      from said bottom drilling face for drilling the bore hole laterally
      outwardly of said opening, core cutting means immovably fixed to said body
      and disposed about said central opening for cutting the core to a first
      diameter greater than the diameter of said opening, and cutter means
      immovably fixed to said body and circumscribing said opening to shape the
      core to a final diameter smaller than said first diameter, said cutter
      means comprising a circumferentially continuous ring coaxial of said body
      for trimming the core to said final diameter.
NUM  2.
PAR  2. An anvil core bit as defined in claim 1; said core cutting means
      comprising a plurality of circumferentially spaced cutter elements
      radially equidistant from the axis of said bit body.
NUM  3.
PAR  3. An anvil core bit as defined in claim 1; said core cutting means
      comprising a plurality of circumferentially spaced sintered carbide
      buttons radially equidistant from the axis of said bit body.
NUM  4.
PAR  4. An anvil core bit as defined in claim 1; and means on said anvil portion
      for operatively relating said anvil portion to an airhammer.
NUM  5.
PAR  5. A core bit for producing a core in a bore hole drilled in an earth
      formation, comprising a bit body having a bottom drilling face and a
      central opening into which a core can pass, cutter elements secured to the
      body and extending downwardly from said face for drilling the bore hole
      laterally outwardly of said opening, core cutting means fixed to said body
      and disposed about said central opening for cutting the core to a first
      diameter greater than the diameter of said opening, and cutter means fixed
      to said body and circumscribing said opening to shape the core to a final
      diameter smaller than said first diameter; said core cutting means
      comprising a plurality of circumferentially spaced sintered carbide
      buttons, said cutter means comprising a sintered carbide ring for trimming
      the core to said final diameter.
NUM  6.
PAR  6. A core bit as defined in claim 5; said bit body having a longitudinally
      extending anvil portion provided with an axial bore therethrough
      communicating with said opening, said anvil portion having a surface
      circumscribing said bore and adapted to be impacted by an airhammer
      piston.
NUM  7.
PAR  7. A core bit as defined in claim 5; said bit body having a longitudinally
      extending anvil portion provided with an axial bore therethrough
      communicating with said opening, said anvil portion having a surface
      circumscribing said bore and adapted to be impacted by an airhammer
      piston, and means on said anvil portion for operatively relating said
      anvil portion to an airhammer.
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ABST
PAL  Apparatus for attaching at least one weight sensing gauge to a vehicle
      supported by at least two spring assemblies such that the weight sensing
      gauge senses the forces transmitted to the spring assemblies, comprising a
      bracket secured to the vehicle chassis and at least one attachment means
      coupled to one end of the weight sensing gauge and pivotally mounted to
      the bracket. The other end of the weight sensing gauge is pivotally
      secured to the chassis of the vehicle via the bracket. The attachment
      means include first and second levers pivotally connected to each other,
      the first lever being coupled to the first spring assembly of the vehicle
      and the second lever being coupled to the second spring assembly of the
      vehicle for mechanically interpreting the forces applied to the spring
      assemblies and for transmitting the forces to the weight sensing gauge.
BSUM
PAR  The present invention relates to an attachment device incorporated in a
      preferably electronic weighing machine for at least one gauge which is
      adapted to sense the forces which are transmitted to more than one spring
      assembly provided, on a vehicle, the said attachment device comprising at
      least one bracket secured to the chassis of the vehicle, in which bracket
      an attachment means for one end of the gauge is pivotably mounted and
      arranged to be actuated by the forces which are transmitted to the end of
      a first spring assembly.
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods for sensing the load and axle pressure of a vehicle are
      known. Among them, mention may be made of measuring of deflection in
      springs, of shear stresses in axle necks, etc. One known method utilizes a
      gauge placed between a vehicle chassis and an attachment means, which is
      so designed that the end of the spring assembly slides in the inverted
      U-shaped attachment means. This latter method has been found highly
      suitable in order to eliminate various unwanted forces, which otherwise
      could affect the obtained measuring result negatively, e.g. lateral
      forces, torsional forces and frictional forces. This method, however, has
      its limitations when it comes to sensing loads in the ends of a plurality
      of spring assemblies. For example there exists a certain time lag before
      force equalization takes place, between several spring assemblies and in
      many cases the force equalization takes place only when the vehicle
      starts, i.e. at a time when any overloading has already occurred.
PAR  One object of the present invention is to reduce the said time lag to such
      an extent that its influence when measuring the vehicle load and axle
      pressure will be negligible. A further object of the invention is to
      provide an attachment means which can even be located in that end of the
      spring assembly which is normally stationary and to provide an attachment
      device which utilizes to the greatest possible extent parts already
      included in certain vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention will become evident from a study of the
      embodiments illustrated in the accompanying drawings, wherein
PAR  FIG. 1 shows the principle of the construction of a vehicle weighing
      machine,
PAR  FIG. 2 illustrates the invention applied to a spring assembly provided with
      an auxiliary spring assembly, i.e. where the spring assemblies work
      mutually parallel,
PAR  FIG. 3 shows the invention applied to a vehicle where the spring assemblies
      are connected in series, and
PAR  FIG. 4 shows the invention applied to another form of spring assemblies
      which are connected in series with the aid of a pull equalizing rod.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The principle of the design will now be demonstrated and described with
      reference to FIG. 1, after which follows the adapted embodiments according
      to the other Figures.
PAR  In FIG. 1 reference numeral 5 designates an attachment plate for attachment
      of a bracket 3 to the chassis (not shown) of a vehicle. Between the shanks
      of the bracket 3 a wire strain gauge is placed on a support plate 4, one
      end of which is pivotably attached and the other end of which, via a
      shackle and a roller 2, is connected to one end of a first spring assembly
      1. The roller 2 is also articulately connected to the bracket 3 in such a
      manner that an extension line from spring assembly 1 runs essentially
      through the articulated attachment of the roller 2 in the bracket 3. The
      wire strain gauge 4 is electrically connected in turn to an electronic
      weighing machine 6 (not specifically described) where the total load and
      axle pressure can be read off on the different vehicle parts, as intimated
      in FIG. 1 on the instrument 6.
PAR  Shown in FIG. 2 is an embodiment adapted to a spring assembly 1 fitted with
      an auxiliary spring assembly 8 connected in parallel with the main spring
      assembly 1. The attachment device according to the invention is placed in
      that end of the spring assembly 1 which is normally stationary. The
      attachment device comprises a bracket 3 which is secured in a not more
      closely illustrated manner to the chassis of the vehicle and a pivotably
      mounted attachment means 10. This in turn is articulately connected to one
      end of a gauge 4, the other end of which is articulately attached to the
      bracket 3. The attachment means 10 is also articulately connected to one
      end of the first spring assembly 1 and to the second spring assembly 8 via
      a lever 9, which is provided with a roller 7 which interacts with one end
      of the second spring assembly 8. The attachment of the first spring
      assembly 1 in the attachment means 10 is placed straight under one
      attachment of the lever 9 in the attachment means 10. The attachment
      device works in such a manner that the weight of a load placed on the
      vehicle is transmitted via the bracket 3 to the attachment means 10, which
      in turn transmits to and distributes the weight on the first spring
      assembly 1 and, via the lever 9 and the roller 7, on the second spring
      assembly 8. The gauge 4 which is located between the bracket 3 and the
      attachment means 10 thus senses the weight exerted on the spring
      assemblies and issues a thereto directly proportional to the weight
      exerted on the spring assemblies and feeds the; to the electronic weighing
      machine 6, which is suitably located in the cab of the vehicle. The
      additional signal from the shorter auxiliary spring assembly 8 can thus be
      added linearly to the output signal from the longer main spring assembly 1
      thanks to the arrangement with the lever 9 and the roller 7. These signals
      are dealt with in a manner not specifically described in the electronic
      weighing machine, in many cases also together with signals from additional
      gauges placed on the vehicle, and are subsequently presented in the form
      of rear axle pressure, from axle pressure, bogie pressure or total load on
      the front of the weighing machine 6.
PAR  Shown in FIG. 3 is a bogie version, in which the attachment devices
      according to the invention are placed diagonally in the bogie. This type
      of bogie comprises in principle, two pairs of spring assemblies connected
      in series, each of which pair is placed on one side each of the vehicle.
      The brackets 3 and 33 have been slightly differently, depending on where
      they are located, as evident from FIG. 3, but in principle they function
      in the same manner, so that only one attachment device will be described
      in more detail. In the bracket 33, one end of the gauge 34 is pivotably
      mounted and the other end of the gauge 34 is connected via a roller 32
      with one end of the other spring assembly 8, which can thus be moved in
      relation to the bracket 33 on the roller 32. The other end of the second
      spring assembly 8 is connected via a second roller 37, a lever 9, which is
      pivotably mounted in the chassis, and a roller 7 to one end of a first
      spring assembly 1, the other end of which via a roller 2 is connected to
      an attachment means 10 which in a previously described manner is connected
      to the bracket 3 and to the gauge 4. The weight of a load placed on the
      vehicle is thus transmitted to the two gauges 4 and 34, which emit a
      signal to the weighing machine 6 which is not shown specifically, the
      signal being treated there in a manner not more closely described.
PAR  The embodiment shown in FIG. 4 comprises another type of bogie with a
      so-called English spring carriage, where a draw equalizing rod 11 normally
      connects in series the effect of the spring assemblies. In this
      embodiment, part of the weight of the load placed on the vehicle is
      transmitted to the first spring assembly via the bracket 3, the attachment
      means 10 and the roller 2 and to one side of the gauge 4 via the
      attachment means 10. The other part of the weight is transmitted via a
      bracket 43, an attachment means 9 and a roller 7 to the second spring
      assembly 8 and to the other side of the gauge 4 from the attachment means
      9 via the draw equalizing 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for attaching at least one weight sensing gauge (4,34) in a
      vehicle having a chassis and at least two spring assemblies (1,8)
      supporting said chassis, such that the at least one weight sensing gauge
      (4,34) senses the forces transmitted to said at least two spring
      assemblies (1,8), said attaching apparatus comprising:
PA1  at least one bracket (3,33,43) secured to the chassis of the vehicle;
PA1  at least one attachment means (10,9) coupled to one end of said at least
      one weight sensing gauge (4,34) and which is pivotably mounted to said at
      least one bracket (3,33,43);
PA1  means pivotally securing the other end of said at least one weight sensing
      gauge (4,34) to said chassis via said at least one bracket (3,33,43);
PA1  said at least one attachment means each including first (10) and second (9)
      levers pivotally connected to each other; and
PA1  means operatively coupling said first lever (10) of said attachment means
      to the first spring assembly (1) of the vehicle, and means (7) coupling
      said second lever (9) of said attachment means to the second spring
      assembly (8) of the vehicle, for mechanically interpreting the forces
      applied to the spring assemblies and for transmitting the interpreted
      forces to said at least one weight sensing gauge (4,34).
NUM  2.
PAR  2. Apparatus according to claim 1 including a weighing machine (6) coupled
      to said at least one weight sensing gauge (4,34) for determining said
      transmitted forces.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said spring assemblies (1,8) are
      connected in parallel (FIG. 2), and wherein said attachment means (10,9)
      is coupled to that end of said first spring assembly (1) which is normally
      stationary.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said spring assemblies (1,8) are
      connected in parallel (FIG. 2), and wherein said first lever (10) is
      pivotally coupled to said at least one bracket (3), and wherein said one
      end of said at least one weight sensing gauge (4,34) is pivotably secured
      to said first lever (10) between the point at which said first lever (10)
      is coupled to said first spring assembly (1) and the point at which said
      first lever (10) is coupled to said at least one bracket (3).
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said spring assemblies (1,8) are
      connected in series (FIG. 3), and comprising two of said attachment means,
      two of said weight sensing gauges and two of said brackets secured to said
      chassis, and wherein two of said attachment means (10,31) are pivotably
      mounted each to its own bracket (3,33), said two attachment means being
      located in the remote ends of the series connected spring assemblies (1,8)
      and each of which actuates its own weight sensing gauge (4,34) and each of
      which via a roller (2,32) interacts with one end of the respective spring
      assembly (1,8); and wherein said attachment means includes a lever (9)
      which is balance-suspended in the chassis of the vehicle and located
      between the spring assemblies (1,8) to distribute via two additional
      rollers (7,37) the forces exerted on the vehicle among the spring
      assemblies (1,8) and thus among the weight sensing gauges (4,34).
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said two attachment means
      (10,31) are respectively located on either side of and diagonally on the
      vehicle.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein said spring assemblies (1,8) are
      connected in series (FIG. 4), and comprising a draw equalizing rod (11)
      located between the spring assemblies, two of said attachment means, one
      of said weight sensing gauges and two of said brackets secured to said
      chassis, and wherein said two attachment means are each pivotably mounted
      to its own bracket (3,43) and which are arranged to transmit, each via its
      own roller (2,7) the forces to the spring assemblies (1,8); and wherein
      one of said attachment means (10) is pivotably connected to one side of
      the weight sensing gauge (4) and the other of said attachment means is
      pivotably connected to the other side of the weight sensing gauge (4).
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said other of said attachment
      means is pivotally connected to said other side of said weight sensing
      gauge (4) via said draw equalizing rod (11).
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said draw equalizing rod is
      pivotally connected at one end thereof to said other of said attachment
      means, and is pivotally connected at the other end thereof to said other
      side of said weight sensing gauge (4).
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said spring assemblies (1,8) are
      connected in parallel (FIG. 2), and wherein the attachment of said first
      spring assembly (1) to said first lever (10), and of said second lever (9)
      to said first lever (10) are located in substantially the same vertical
      line and are turnable relative to each other.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein said first lever (10) is
      pivotally coupled to said at least one bracket (3) and wherein said one
      end of said at least one weight sensing gauge (4,34) is pivotably secured
      to said first lever (10) between the point at which said first lever (10)
      is coupled to said first spring assembly (1) and the point at which said
      first lever (10) is coupled to said at least one bracket (3).
NUM  12.
PAR  12. Apparatus according to claim 10, wherein said attachment means (10,9)
      is coupled to that end of said first spring assembly (1) which is normally
      stationary.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein said spring assemblies (1,8)
      are connected in parallel (FIG. 2), and wherein said first lever (10) is
      pivotally coupled to said at least one bracket (3) and wherein said one
      end of said at least one weight sensing gauge (4,34) is pivotably secured
      to said first lever (10) between the point at which said first lever (10)
      is coupled to said first spring assembly (1) and the point at which said
      first lever (10) is coupled to said at least one bracket (3).
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PAL  A vehicle which has a pair of end rolls and an endless track guided around
      the end rolls is provided at its endless track with a central
      substantially non-stretchable region cooperating with the endless track
      structure to render the latter substantially rigid at the ends of the
      track which extend around the end rolls to prevent any slipping of the
      track with respect to the end rolls particularly when at least one of the
      end rolls is swung about an upright axis to enable the vehicle to execute
      a turn. On opposite sides of its central endless region the endless track
      has a pair of opposed lateral regions capable of automatically expanding
      and contracting when the vehicle executes turns so that the inside lateral
      region contracts while the outside lateral region expands during a turn,
      and the manner of contraction and expansion of these lateral regions of
      the endless track is such that together with a curving of the central
      non-stretchable region the endless track assumes a smooth uniform curve
      configuration when the vehicle executes turns.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles.
PAR  In particular, the present invention relates to vehicles which are
      propelled by way of at least one endless track guided around a pair of end
      rolls.
PAR  In particular, the present invention relates to structure of endless tracks
      of the above type which enable the vehicle to execute turns. Thus, when
      the vehicle executes a turn one side of the endless track contracts while
      the other side expands enabling the track to assume a curvature
      corresponding to the turning of the vehicle.
PAR  In general with vehicles of the above type where an endless track is guided
      around a pair of end rolls, if the vehicle should turn to the right, for
      example, then the right ends of the end rolls approach each other while
      the left ends are displaced further apart from each other, and the endless
      track must contract along its right side and expand along its left side
      when the vehicle executes such a turn to the right. Of course the opposite
      operations take place when the vehicle executes a turn toward the left in
      that at this time the left side of the endless track will contract and the
      right side thereof will expand.
PAR  Experience has shown that when steering a vehicle in the above manner,
      although a number of substantial advantages are achieved, it is important
      to provide the endless track with special properties creating special
      problems in the construction of the endless track.
PAR  It is to be understood that the endless track of the invention can form the
      only track of a vehicle or can be combined with additional tracks which
      are arranged one beside the other and/or consecutively.
PAR  Attempts have already been made to provide constructions of the above
      general type where the endless track will not slip with respect to the end
      rolls or the equivalent of the latter. For example in U.S. Pat. No.
      3,565,198 there is shown a construction where sprocket wheels are provided
      to form a construction similar to end rolls around which an endless track
      is guided, with these sprocket wheels having teeth which are received in
      mating openings of the endless track elements to prevent slippage between
      the track and the end rolls. However, there is nothing in the latter
      patent to indicate the significance of this feature, and it has been found
      from experience that a construction where sprocket wheels extend into
      openings of track elements has inherent problems which do not provide the
      possibility of preventing slipping with substantially cylindrical end
      rolls which are highly desirable.
PAR  As the endless track of a vehicle of the above type travels onto a swinging
      end roll, with the latter being swung in order to steer the vehicle, the
      endless track necessarily assumes an oblique position resulting from the
      fact that one side of the endless track slips while the other side has a
      good grip or engagement on the end roll, while in the case of partial
      turns of relatively large radius there is a tendency of the tension and
      traction forces of the endless track to straighten the track at a part
      thereof which extends between a lateral steadying wheel and the end roll,
      so that for this latter reason also the endless track tends to arrive in
      an oblique condition onto the end roll. These latter operations result in
      a number of undesirable effects which include an undesirable increase in
      the turning radius, imposing a high stress on the endless track and
      preventing a relatively high speed of travel when executing turns. As a
      result of the above undesirable effects, an endless track such as one
      which is made of rubber will acquire objectionable "bagging" portions
      during execution of turns, which is to say portions of the track will
      ripple and become undesirably corrugated, preventing the load from being
      uniformly distributed and preventing the vehicle from carrying out smooth
      turns at relatively high speeds.
PAR  Thus, when a vehicle of the above general type executes a turn which is
      larger than that provided at the minimum radius of curvature of the
      endless track, the track necessarily encounters a tendency to contract at
      its side which is directed toward the center of the turn and a tendency to
      expand at the opposite side, providing inside contractions and outside
      dilations while the remainder of the track remains substantially straight.
      As a result when executing a fairly wide turn at a relatively high speed
      the several elements of the track strike against each other as well as
      against the lateral supports for the endless track, and the result is
      creation of impacts which must be absorbed by the remainder of the track
      structure such as a structure for limiting the extent to which the length
      of the track can increase. In addition when executing turns as a result of
      the above actions there is a lateral dragging force at the lateral
      supports for the track.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      vehicle of the above general type which avoid the above drawbacks.
PAR  Thus, it is an object of the present invention to provide a vehicle of the
      above type with an endless track structure which in itself will enable the
      endless track to have a non-slip engagement with end rolls which can be of
      a substantially cylindrical configuration.
PAR  In addition it is an object of the present invention to provide an endless
      track construction which is capable of expanding and contracting at its
      opposed lateral regions in such a way that the entire track can curve in a
      smooth uniform manner when the vehicle executes turns so as to make it
      possible for the vehicle to curve along relatively large radii in a manner
      which will avoid undesirable impacts while achieving a smooth stable
      operation which will permit the vehicle to travel at a relatively high
      speed when executing a turn.
PAR  In addition it is an object of the present invention to provide an endless
      track structure of the above general type which is simple and rugged so
      that at a relatively low cost it is possible to provide an endless track
      structure of a long maintenance-free operating life at relatively low
      cost.
PAR  According to the invention the endless track means has an elongated endless
      central region which is substantially non-stretchable and which cooperates
      with the remainder of the endless track means to render the latter
      substantially rigid with respect to the end rolls at the portions of the
      endless track means which at any given instant extend around the end rolls
      to achieve a non-slip engagement with the end rolls even when executing
      turns in response to swinging of one of the end rolls about an upright
      axis. Furthermore, in accordance with the invention, the endless track
      means has on each side of the substantially non-stretchable central
      endless region a pair of lateral regions capable of automatically
      contracting at the inside of the turn and expanding at the outside of a
      turn, while the central region curves, to provide the endless track means
      with a smooth uniform curvature enabling stable turns to be executed at
      relatively high speed with a minimum of stress at the track means itself
      as well as at the remaining components of the vehicle.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic partly sectional plan view of a vehicle according to
      the invention, FIG. 1 showing the swingable end rolls and track means
      cooperating therewith in a top plan view;
PAR  FIG. 2 is a fragmentary partly sectional view of the manner in which part
      of a track means goes around an end region of an end roll, FIG. 2
      illustrating how a track means is braced on the end roll;
PAR  FIG. 3 is a fragmentary schematic illustration taken along line III-III of
      FIG. 1 in the direction of the arrows and showing how steadying wheels
      cooperate with lateral regions of the endless track means;
PAR  FIG. 4 is a fragmentary top plan view of an endless track means of the
      invention, illustrating length-limiting means at central and lateral
      regions of the endless track means;
PAR  FIG. 5 is a fragmentary side elevation of the endless track structure of
      FIG. 4;
PAR  FIG. 6 is a fragmentary plan view of a central band and a pair of
      transversely extending track elements having a stretchable sheet material
      such as rubber or the like situated therebetween for eliminating the
      requirement of lateral length-limiting bands;
PAR  FIG. 7 is an end view of the structure of FIG. 6 as seen from the right of
      FIG. 6;
PAR  FIG. 8 is a longitudinal sectional elevation of a pair of successive track
      elements of a different construction;
PAR  FIG. 9a shows track elements similar to those of FIG. 6 having a different
      structure situated between the track elements to eliminate the necessity
      for the lateral length-limiting bands by providing inserts situated
      between the track elements;
PAR  FIG. 9b is an end view of the structure of FIG. 9a as seen from the right
      of FIG. 9a;
PAR  FIG. 10a is a schematic fragmentary longitudinal sectional elevation of an
      endless track means of the invention at the part thereof which extends
      around and beyond an end roll means with FIG. 10a illustrating in
      particular how a lateral length-limiting means operates at the region of
      the endless track which extends around an end roll as well as beyond the
      end roll;
PAR  FIG. 10b is a schematic side elevation of another embodiment of a structure
      for rendering the endless track means rigid with respect to the end rolls;
PAR  FIG. 11a is a fragmentary side elevation of another embodiment of an
      endless track means according to the invention having at its track
      elements configurations enabling the endless track means to assume a
      substantially rigid non-slip relationship with respect to each end roll
      means;
PAR  FIG. 11b is a transverse partly sectional elevation of one of the track
      elements of FIG. 11a, taken along line XI--XI of FIG. 11a in the direction
      of the arrows;
PAR  FIGS. 11c and 11d are respectively partly sectional fragmentary views of
      variations in the structure of the central region of FIG. 11b according to
      which the central band may have a different relationship with respect to
      the transverse track components;
PAR  FIG. 12a is a fragmentary plan view of an endless track means having a
      central band fixed to an endless track structure in the form of a sheet of
      vulcanized rubber or other plastic by means of bolts, rivets, steel
      plates, or the like, which are not illustrated in FIG. 12a, while the
      endless band may also be fixed to the sheet which forms the endless track
      by being bonded thereto during vulcanizing or by being embedded therein
      during vulcanizing;
PAR  FIG. 12b schematically illustrates a central structure which does not take
      the form of an endless band but instead includes longitudinal bracing
      elements which prevent stretching and which are jointed with the sheet
      material of the endless track during the vulcanizing process;
PAR  FIGS. 13a and 13b respectively illustrate schematically and fragmentarily
      parts of elongated endless track means which have alternating relatively
      weak and relatively rigid portions distributed along the endless track and
      extending transversely thereof with the relatively rigid portions having
      transversely extending stiffening elements so as to provide the track
      means with alternate stretchable and non-stretchable portions;
PAR  FIG. 13c is a schematic transverse section of the structure of FIG. 13b
      taken along line XIII--XIII of FIG. 13b in the direction of the arrows;
PAR  FIG. 14 is a schematic representation of an endless track means of the
      invention extending around and beyond an end roll means with this endless
      track means having overlapping transversely extending track components;
PAR  FIG. 15 is a plan view, as seen from the outside of the endless track
      means, of one of a number of transverse track sections, FIG. 15
      illustrating the central region of the track section as well as a complete
      lateral region on one side of the central region and part of a lateral
      region on the other side of the central region with FIG. 15 showing in
      phantom lines an adjoining track section and illustrating the structure at
      the surface thereof which engages the road on which the vehicle travels;
PAR  FIG. 16 is an elevation of the structure of FIG. 15;
PAR  FIG. 17 shows the structure of FIGS. 15 and 16 as it appears from the
      inside of the track, at the surface thereof opposite to that which engages
      the ground and which is shown in FIG. 15;
PAR  FIGS. 18-23 are respectively sectional elevations of different parts of the
      section shown in FIG. 17 respectively taken along line XVIII--XVIII,
      XIX--XIX, XX--XX, XXI--XXI, XXII--XXII, and XXIII--XXIII of FIG. 17 in the
      direction of the arrows;
PAR  FIG. 24 is a fragementary plan view of still another embodiment of an
      endless track means of the invention as seen from the inside of the track;
      and
PAR  FIG. 25 is a fragmentary longitudinal sectional elevation of the track of
      FIG. 24 taken along line XXV--XXV of FIG. 14 in the direction of the
      arrows.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 3, there is schematically illustrated a
      chassis 1 (FIG. 3) which carries pivots 5 which extend vertically to form
      upright swinging axes for front and rear frame parts 3 which are pivotally
      supported by the pivots 5 which are fixed to the chassis 1. These parts 3
      terminate in their outer ends in supports for front and rear shafts 6 on
      which a pair of end roll means 2 are supported for rotary movement about
      the axes of the horizontal shafts 6. These shafts as well as the pair of
      end roll means 2 extend transversely of the vehicle. Steering of the
      vehicle is brought about by swinging in a known way which does not form
      part of the present invention either one or both of the frames 3, and the
      shafts 6 and end roll means 2 therewith about the upright axis defined by
      each pivot 5. In this way it will be ssen that along that part of the
      vehicle which is located at the inside of a turn the ends of the pair of
      end rolls 2 will approach each other while along the side of the vehicle
      which is located at the outside of a turn the ends of the end rolls 2 will
      move apart from each other.
PAR  An endless track means 10 which is schematically illustrated in FIG. 1
      extends around the between the pair of end rolls 2 in order to guided by
      the latter. Although a single endless track means 10 is illustrated
      extending longitudinally of the vehicle and transversely across
      substantially the entire width thereof, it is to be understood that the
      invention is equally applicable to arrangements where a plurality of
      endless track means are arranged either beside each other or consecutively
      with respect to the direction of travel of the vehicle.
PAR  It will be understood that the chassis 1 has an upper platform or the like
      for carrying a load as well as the operator of the vehicle, and beneath
      this upper platform the chassis 1 has a lower horizontal frame connected
      by suitable uprights to the upper platform with these uprights defining
      between themselves a space through which the upper run of the endless
      track means 10 can freely travel in the space defined between the upper
      and lower platforms of the chassis. In this way the lower platform or
      frame of the chassis 1 will carry the pivots 5 while the upper run of the
      endless track means 10 can pass freely through the space between the upper
      and lower platforms as well as through the space between the upright
      chassis members which connect the lower platform to the upper platform.
PAR  In the example illustrated in FIGS. 1-5, the endless track means 10 is
      composed of a plurality of elongated transversely extending track elements
      11. These track elements 11 which extend transversely with respect to the
      direction of travel of the vehicle are in the form of plates, for example,
      made of any suitable metal, for example, and having relatively wide
      central regions while tapering in opposite directions from their central
      regions so that the several track elements 11 have their narrowest
      portions at their opposed outer ends. As a result of this construction the
      space between successive track elements 11 becomes gradually wider in a
      direction from the center toward a side region of the track means 10,
      enabling the elements 11 freely to approach each other when the track
      means 10 curves during execution of a turn, these track elements 11 freely
      approaching each other at the inside of the turn while being free to move
      apart from each other at the outside of the turn.
PAR  The endless track means 10 of the invention furthermore includes a central
      length-limiting means 12 in the form of an endless flexible band of steel
      or the like, and the central widest portions of the transversely extending
      track elements 11 are fixed directly to the length-limiting central band
      12 in any suitable way as by the illustrated bolts 17. Thus the central
      regions of the successive track elements 11 are fixed to the central
      endless band 12. While the central band 12 of the endless track means 10
      is flexible in a vertical plane it is substantially unstretchable, so that
      while the length of the endless track means 10 will become shorter at the
      inside of a turn and longer at the outside of a turn the average length of
      the track means determined by the length of the central band 12 will
      remain substantially unchanged. Because the band 12 is flexible in a
      vertical plane it can curve freely around the pair of opposed end roll
      means 2 so as to have a curvature determined by these end rolls. It will
      be noted that in fact each of the end roll means 2 includes a pair of end
      roll components defining between themselves a space which receives the
      band 12 while the track elements 11 directly engage the outer surfaces of
      the components of the end roll means 2. Thus the diameter of the end roll
      means 2 at the portions thereof which directly engage the track elements
      11 is greater than the diameter which receives the central band 12. While
      the central band 12 is laterally of a considerably greater rigidity than
      in the vertical direction it nevertheless is capable of curving in
      accordance with the turning radius of the vehicle when the latter executes
      a turn. As a result the central band 12 will curve uniformly in accordance
      with the turning radius of the vehicle, and by properly selecting the
      lateral rigidity of the central band the latter will contribute to the
      prevention of non-uniformity in the distribution of the contraction of the
      elongated track means 10 at the inside of a turn so as to avoid any
      "bagging" tendency on the end rolls 2, an effect which is particulary
      encountered with conventional constructions at partial turns of relatively
      large radius, particularly when the track elements are not braced against
      each other as they are when the vehicle turns along its minimum turning
      radius. Thus in accordance with the one of the important features of the
      present invention the elongated track means 10 is substantially rigid with
      the pair of opposed end roll means 2 so as to have no possibility of
      slipping therewith to avoid the above bagging, as well as to avoid
      gathering together of the track elements 11 one upon the other. In
      accordance with one of the features of the present invention a number of
      different solutions are provided for stiffening the endless track means on
      the pair of opposed end roll means 2 so as to form a rigid entity
      therewith according to which no slippage will take place.
PAR  For the purpose of laterally guiding and steadying the endless track means
      10 there are steadying wheels 7 carried by the chassis 1 on suitable
      pivots 8 as shown in FIG. 3. The outer ends of the track elements 11 carry
      the substantially V-shaped end braces 14 which receive the steadying
      wheels 7 in the manner shown most clearly in FIG. 3. It is to be noted
      that instead of separate components 14 the ends of the track elements 11
      may be given a suitable angled configuration to cooperate with the
      steadying wheels 7.
PAR  As is shown in FIG. 2, the components of the end roll means 2 may have
      outer tapered end surfaces 2a engaging the free ends of the angled members
      14 for steadying the track means at its portions which at any given
      instant extend around the end roll means 2. In the case where these
      components 14 are separate elements the components of the end roll means 2
      are formed at their outer end regions with circular notches or shoulders 9
      for accommodating the components 14 as illustrated in FIG. 2.
PAR  As has been pointed out above, the central band 12 forms a length-limiting
      means which limits the extend to which the length of the endless track
      means 10 can increase at its central region. The length-limiting means
      also includes a pair of opposed endless bands 13 which are fixed to the
      outer ends of the track elements 11, these endless bands 13 being fixed to
      the ends of the track elements together with the components 14 by way of
      suitable bolts 15. Thus, each of the endless bands 13 is also made of a
      non-stretchable sheet material which however is flexible in the same way
      as the endless band 12. The endless bands 13 are each fixed to the
      transverse track elements 11 in the manner shown most clearly in FIG. 10a.
      Thus referring to FIG. 10a it will be seen that between successive track
      elements 11 which are situated between the end rolls 2 and the band 13 has
      an outwardly bulging portion 13a. However, at the portions of the endless
      track means which at any given instant extend around the end roll means 2
      the slack of the portions 13a is taken up so that these portions become
      tensioned to form the portions 13b shown in FIG. 10a. In this way the
      endless track means is stiffened at each portion which extends around one
      of the end roll means 2, providing from the track means a rigid entity
      with the end roll means 2 so that there will be no slip with respect to
      the latter. As is apparent from FIGS. 1 and 2 the track elements 11 extend
      outwardly beyond the end extremities of each end roll means 2, and it is
      beyond the opposed extremities of each end roll means 2 that the band 13
      is located at each side of the track means 10. In this way the limiting
      bands 13 form a stiffening means for the endless track means 10 on the end
      rolls 2. Thus, the pair of bands 13 serve to brace the endless track means
      on the pair of opposed end roll means 2. Moreover the endless bands 13 are
      fastened to those surfaces of the track elements 11 which engage the road
      on which the vehicle travels so that the largest radius is provided for
      the bands 13 at their portions which extend around the axes of the end
      rolls 2. Thus when the vehicle executes a turn of relatively large radius
      the bands 13 will have the slack portions 13a while still maintaining the
      taut portions 13b.
PAR  Although the central band 12 may be made of any desired material which is
      substantially non-stretchable, it can have the construction of a steel
      band having laterally a rigidity greater than in the vertical direction so
      that it will curve uniformly as pointed out above. In the particular
      construction shown in FIG. 4 plates 16 are situated on the endless band 12
      to press the latter against the track elements 11 by way of the fastening
      screw or bolts 17, so that these plates 16 will serve in this way to
      increase the lateral rigidity of the band 12 even if it should be made of
      an elongated non-stretchable sheet material which is in itself incapable
      of providing the required lateral rigidity. These rigid plates 16 may be
      made of sheet steel and have a width substantially equal to that of the
      track elements 11.
PAR  As may be seen from FIG. 11b, the central band 12 of the length-limiting
      means of the endless track means 10 may be fixed to the transversely
      extending track elements 11 at the inner surfaces thereof which are
      directed inwardly toward the space which is surrounded by the endless
      track means, these surfaces being opposed of those which engage the
      surface on which the vehicle travels. However, such as arrangement is not
      essential. Thus FIG. 11c shows an arrangement where the endless central
      band 12 is fixed to each of the track elements 11 at the outer surface
      thereof which engages the road on which the vehicle travels, and FIG. 11d
      shows an arrangement where the central band 12 is fixed to the elements 11
      between the opposed faces thereof. The arrangement as shown in FIG. 11d
      may be provided in any suitable way such as by providing each track
      element 11 with a central notch for receiving the element 12 with this
      notch being closed by a suitable plate situated against the element 12.
      Also each of the elements 11 may be made of a pair of sheets of metal
      which are fastened to each other in any suitable way and which grip
      between them the central band 12 to provide in this way an arrangement as
      illustrated in FIG. 11d.
PAR  While the extent to which the endless band 12 can curve laterally will
      contribute to the uniformity of the curvature of the endless track means
      when executing a turn, this uniformity also can be enhanced by providing
      elastic filler bodies 18 as illustrated in FIGS. 6 and 7. Thus it will be
      seen that the tapered spaces defined between the successive track elements
      11 are filled by elastic stretchable sheet material 18 bonded in any
      suitable way to the edges of the elements 11 and filling the gaps
      therebetween in the manner illustrated in FIGS. 6 and 7. Although the
      elements 18 are shown as extending along the entire space between the
      successive track elements 11, these filler bodies 18 may extend only over
      part of the space between successive track elements. The elastic filler
      bodies 18 may be made of rubber or the like and will automatically
      contract when the elements 11 approach each other at the inside of a turn
      while readily stretching at the spaces between the elements 11 on the
      outside of a turn. In this way these elastic bodies 18 will also
      contribute to the smoothness and uniformity in the curvature of the
      endless track means 10 when the latter executes turns.
PAR  FIGS. 9a and 9b illustrate inserts 19 which may be situated at the spaces
      between successive track elements 11. These inserts 19 may be made of a
      relatively rigid or elastic material and are fastened in any suitable way
      to the edges of successive elements 11 as illustrated to occupy part of
      the space between the successive elements 11. Thus these elements 19
      permit the elements 11 to move freely apart from each other along the
      outside of a curve while they will engage each other along the inside of a
      curve to contribute to the uniformity of the curvature of the track means
      when executing turns. While the elements 19 may be used by themselves,
      they also may be used in conjunction with the fillers 18 which in this
      case do not extend to that part of the space between successive elements
      11 which is occupied by the inserts 19. The inserts 19 and/or bodies 18
      may completely replace the length-limiting bands 13. Thus, instead of the
      elastic bodies 18 it is possible to use an endless elastic band of rubber
      or the like which encircles the side regions of the endless track means
      10, such an endless elastic band being dimensioned so as to have a
      rigidity enabling it to act as a length-limiting band 13 for a side region
      of the endless track means 10 as well as a stiffener for the endless track
      means 10 on the end rolls 2 as described above.
PAR  The stiffening of the endless track means 10 on each of the end roll means
      2 may also be carried out, for example, with an arrangement as shown in
      FIGS. 11a and 11b according to which each of the track elements 11 has at
      its opposite ends inwardly extending angled portions 24 each having front
      and rear inclined end surfaces 24a. Thus, at the lower run of the endless
      track means the angled portions 24 extend upwardly away from the surface
      on which the vehicle travels while at the upper run these angled portions
      extend downwardly toward the surface on which the vehicle travels, and at
      each of the end roll means 2 the angled portions 24 extend inwardly toward
      the axes of the end roll means 2, as is apparent from FIG. 11a. The
      spacing between the successive track elements 11 and the curvature of each
      of the end roll means 2 is such that the bevelled surfaces 24a engage the
      press against each other at each end portion of the endless track means 10
      which at any given instant extends around an end roll means 2, as
      illustrated in FIG. 11a, and in this way the track means is rendered rigid
      to form an entity with the end roll means 2 which will not slip with
      respect thereto. A similar effect can be achieved by providing the end
      rolls 2 with radii at their end regions which engage the parts of the
      elements 11 which carry the length-limiting bands 13 which are larger than
      the radii of the end roll means 2 at the portions thereof which receive
      the central band 12. It will be seen that such an arrangement is indeed
      provided as illustrated in FIG. 1. In addition to the above arrangements
      for stiffening the endless track means 10 at its portions which at any
      given instant extend around the pair of end roll means 2 it is possible to
      provide structures where the end rolls 2 carry prongs or other projections
      which enter into the gaps between the elements 11 or the end rolls 2 may
      be provided with openings such as suitable holes or depressions to receive
      projections on the track elements 11. Arrangements of this latter type
      support the track means 10 on the end rolls 2 in a lateral direction and
      are of particular advantage when the power which propels the vehicle is
      transmitted to the track means 10 through one or both of the end rolls 2.
PAR  As is shown in FIG. 14, the transverse track elements 11c are each provided
      with forwardly and rearwardly extending thinner end edge regions which
      overlap similar end edge regions of the immediately preceding and
      immediately following track element 11c. The spacing between the track
      elements 11c, determined by the manner in which they are fixed to the
      central band 12, is such that the end edge of one track element presses
      against the next track element as shown at 28 in FIG. 14, to achieve the
      desired rigidity on the end roll means 2 in this way.
PAR  Also it is possible to provide an arrangement as shown in FIG. 10b where
      the central band 12 is fixed to the transverse elements 11 at the outer
      surfaces of the latter as illustrated. In this case the elements 11 are
      spaced from each other at distances which will cause the elements 11 to
      press directly against each other at the portions of the endless track
      means 10 which at any given instant extend around the end roll means 2,
      and in this way also the desired rigidity and non-slipping of the track
      means with respect to the end rolls is achieved.
PAR  FIG. 8 shows a construction where transverse track elements 11a alternate
      with transverse track elements 11b, although if desired the track means
      may be made up entirely of elements 11a or elements 11b. The outer
      portions of the elements 11a which engage the surface on which the vehicle
      travels are formed with the hollow internal cavities 22b which extend
      longitudinally of the elements 11a, transversely of the endless track
      means. Moreover, these elements 11a are formed with inwardly directed ribs
      21 which are formed with the cavities 22a which extend together with the
      ribs 21 longitudinally of each track element 11a, transversely with
      respect to the endless track means and the direction of travel of the
      vehicle. Preferably these cavities 22a and 22b taper so that they are
      relatively narrow at the central region of the track means and become
      gradually wider toward the opposed side edge regions thereof.
PAR  The track element 11b has an exterior surface configuration which
      corresponds to that of the track element 11a. However the track element
      11b is provided in its interior with elongated reinforcing rods or wires
      23. Thus, these track elements 11a and 11b are made of a material such as
      rubber, and during vulcanizing thereof the reinforcements 23 are bonded to
      the rubber, being embedded therein as illustrated in FIG. 8. Thus, these
      reinforcements 23 extend longitudinally of each track element, in a
      direction which is transverse to the direction of travel of the vehicle.
      With an arrangement as shown in FIG. 8 the elements 11b will be more rigid
      than the elements 11a so that the latter form relatively weak portions
      which alternate with the relatively rigid portions 11b, providing in this
      way yielding of the track means at the alternate elements 11a. The
      elements 11a and 11b have the extensions 20 which extend from one track
      element into overlapping relation with respect to the next track element.
      As shown at 20a at the right of FIG. 8, when these parts are not stressed
      they are curved as illustrated. As a result when the track is assembled
      the elements 20 will press against the adjoining track element, and in
      this way an exceedingly effective operation is achieved with the
      successive track elements lending rigidity to the endless track means at
      its portions which extend around the end roll means 2.
PAR  Instead of providing an endless track means 10 composed of the transversely
      extending elements 11, it is possible to construct the track means 10 from
      a continuous sheet material in the nature of a continuous endless mat or
      carpet, as illustrated in FIGS. 12a and 12b. Such a continuous sheet
      material 10a may be stretchable and contractable so as to automatically
      conform at the opposed side regions of the endless track means to the
      requirements encountered during turning of the vehicle as set forth above.
      However, as shown in FIG. 12a, the stretchable and contractable side
      regions are situated on opposed sides of a central elongated
      length-limiting means formed by the endless central band 12a which may be
      a steel band embedded directly in the rubber sheet material during
      vulcanizing of the latter, with the endless band 12a having a lateral
      rigidity substantially greater than its rigidity in a vertical direction
      to provide the uniform curvature referred to above. As is shown in FIG.
      12b, instead of using a single elongated band 12a it is possible to render
      the central endless region of the track means substantially
      non-stretchable by embedding in the material thererof or otherwise
      fastening to the material of the endless track means a plurality of wire
      reinforcing components 12b which may be situated either beside each other
      or consecutively and which may take the form of corrugated stiffening
      inserts 12b  which during the vulcanizing of the rubber which forms the
      continuous sheet material 10a is bonded or embedded in the material
      thereof.
PAR  FIGS. 13a, 13b, and 13c illustrate a construction where the endless track
      means is also in the form of a continuous body of a sheet material 10a
      such as rubber. This sheet material 10a is constructed so as to have
      alternate relatively weak regions between which are located relatively
      rigid regions which do not yield to the same extend as the relatively weak
      regions. Thus according to FIG. 13a the sheet material which forms the
      endless track means 10a has relatively thick portions 21 which alternate
      with relatively thin portions provided with the transversely extending
      cavities 22, the relatively thick portions 21 having the transversely
      extending reinforcements 23 embedded therein. Thus, the stretching and
      contracting will take place primarily at the relatively weak portions
      which are thinner and provided with the cavities 22 while the track means
      will remain relatively rigid at its thicker portions 21 provided with the
      reinforcements 23. These cavities 22 also are preferably formed in such a
      way that they become narrower toward the center of the track means, so
      that the cavities 22 are widest at the opposed outer side regions of the
      track means. In this way a desirable lateral elasticity of the endless
      track means 10a is achieved to promote the uniform turning referred to
      above.
PAR  With the arrangement shown in FIGS. 13b and 13c, the continuous sheet 10a
      of rubber or the like also has relatively thick portions 26 provided with
      the transversely extending reinforcements 23 respectively embedded therein
      as illustrated. Between these relatively thick portions 26 the track means
      10a is formed with the transversely extending gaps 25 which are occupied
      by the relatively thin transversely extending strips of sheet material 27
      (FIG. 13c) which are integral with the thicker portions 26 and which are
      curved as illustrated in FIG. 13c. Thus contraction and expansion during
      turning will take place at the thinner more yieldable or weaker portions
      27 rather than at the more rigid portions 26. The reinforcements 23 may be
      bonded to the portions 26 during vulcanizing.
PAR  FIGS. 15-23 show part of an endless track means of the invention which is
      made up of a series of transversely extending sections 31 which are
      connected one to the next as described below. These elongated transversely
      extending track elements 31 have a substantially plate-like construction,
      and by joining them together at their end edges they can make up an
      endless track means according to the invention which is capable also of
      contracting the expanding at the opposed side regions to provide the
      uniform turning capability referred to above. These sections which form
      the track elements 31 are made of a suitable elastic and wear-resistant
      plastic material such as polypropylene or a synthetic rubber such as a
      butadiene rubber. Each of the sections 31 has a central substantially
      non-stretchable region 41 situated between the elongated transversely
      extending regions 32 which have a pleated, zigzag, substantially
      accordion-shaped configuration as shown most clearly in FIG. 20. Thus,
      these elongated side regions of each of the sections 31 are capable of
      elastically expanding and contracting at each side of the central
      substantially non-stretchable region 41 in response to turning of the
      vehicle, while the endless track means is also capable of curving around
      the pair of opposed end roll means 2 during travel of the vehicle. Thus,
      the central regions 41 of the successive elements 31 form the central
      substantially non-stretchable length-limiting means which is capable of
      bending so as curve smoothly not only around the end rolls but also in
      accordance with the turning radius of the vehicle.
PAR  The accordion-like elongated side regions 32 of each section 31 is made up
      of alternating strip portions 33 and 34 which are integrally joined at
      their edges so as to form the accordion-like parts 32 which have the
      zigzag cross section illustrated most clearly in FIG. 20. The strip
      portions 33 and 34 are respectively fixed at their inner ends to the
      central region 41 by being formed integrally therewith. As is apparent
      from FIG. 20 the strip portions 34 extend substantially vertically at the
      upper and lower runs situated between the end rolls while the alternating
      strip portions 33 are inclined. Preferably the inclined strip portions 33
      have a rigidity greater than the vertical portions 34. This can be brought
      about by embedding in the strip portions 33 suitable reinforcing wires or
      rods 23, as shown in FIG. 25. Thus the more flexible or weaker portions 34
      are oriented so as to extend vertically as illustrated in FIG. 20. During
      expansion and contraction bending of the sections 31 will occur primarily
      at the junctions 35 where the alternating strip portions 34 and 33 are
      joined to each other. At these junctions the sections 31 are provided with
      planar surfaces 38 and 39. Thus the surfaces 38 are the outer surfaces
      which engage the surface on which the vehicle travels while the surfaces
      39 form the inner surfaces directed toward the space which is surrounded
      by the endless track means. It will be noted from FIGS. 15 and 21-23 that
      the planar surfaces 38 extend across the central substantially
      non-stretchable region 41.
PAR  It is possible to situate in the spaces defined between the strip portions
      33 and 34 projecting bodies which will act to limit the extent to which
      the side regions 32 can contract.
PAR  Along each of its opposed end edges each track element 31 is provided with
      the projections 36 which are formed with the bores 37 passing
      therethrough. An adjoining section 31 will have projections 36 received in
      the spaces between the projections 36 of the next element 31 as is
      apparent from the phantom line illustration in FIG. 15. These elongated
      projections 36 may be fluted. Suitable pins which are not illustrated are
      placed in the lined bores 37 of the adjoining sections 31 to hingedly
      connect them to each other. In this way each section 31 can swing with
      respect to the next section so that the endless track means can pass
      around the end rolls 22. Of course, the attachment of the consecutive
      track elements may be provided in other ways.
PAR  The central substantially non-stretchable region 41 of each element 31 is
      formed with an opening 40a of rectangular configuration passing
      therethrough. These openings 40a of the successive elements 31 will
      receive the teeth of steadying and/or traction sprocket wheels which are
      not illustrated and which are provided for the endless track means. Such
      sprocket wheels are provided with an additional row of teeth, and the
      additional row of teeth can be received in openings formed by notches 40b
      which extend into the opposed end edges laterally of the opening 40a as
      illustrated in FIGS. 15 and 17. The notches 40b of one section 31 will
      become aligned with the corresponding notches of the adjoining section 31
      to define therewith elongated openings corresponding to the opening 40a
      but alternating therewith longitudinally of the endless track means, and
      thus the openings which are formed by the pairs of adjoining notches 40b
      will cooperate with the second row of teeth of the steadying and/or
      traction sprocket. Because of this arrangement there will always be one
      tooth from one of the rows of teeth or the other which will be firmly in
      engagement with the central region 41 of each element 31. A steadying
      wheel of the type referred to above may, for example, be a lateral
      steadying wheel for the endless track means.
PAR  Of course, the specific details referred to above in connection with FIGS.
      15-23 are not absolutely essential. For example, it is possible to make
      the endless track means of a continuous sheet material which has a zigzag
      accordion-shaped configuration as illustrated in FIGS. 24 and 25, this
      endless track means also being made of the same material as used for the
      sections 31. Such a continuous endless sheet material may be joined at its
      inner surface to a central endless band 12 which will form a
      length-limiting means. Thus the central band 12 is substantially
      non-stretchable to provide the same effect as the central regions 41 of
      the successive sections 31. A continuous endless track means as
      illustrated in FIGS. 24 and 25 is inexpensive to manufacture and requires
      only one joint where the ends of the sheet material are fused together. It
      is also possible to provide with such a construction at the opposed side
      regions additional length-limiting bands.
PAR  Because of the accordion-like configuration of the regions 32 as referred
      to above the endless track means of FIGS. 15-25 is of considerable
      advantage in that it is substantially more sensitive to expansions and
      contractions which take place in the plane of the endless track means than
      it is to bending and deformation in a direction which is perpendicular to
      this plane. It is possible to increase the transverse rigidity of this
      endless track means by providing various types of bracing bodies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle, a pair of end roll means extending transversely of the
      direction of travel of the vehicle and endless track means extending
      between and around said pair of end roll means to be guided thereby, said
      endless track means having a substantially non-stretchable central
      elongated endless region which is flexible and capable of assuming a
      curvature in accordance with turns which are executed by the vehicle when
      at least one of said end roll means turns about an upright axis, said
      endless track means having on each side of said central elongated region
      thereof a lateral elongated endless region for automatically contracting
      when said lateral region is on the inside of a curve executed by the
      vehicle and expanding when the lateral region is on the outside of a curve
      executed by the vehicle, said lateral regions of said endless track means
      automatically expanding and contracting while said central region assumes
      a curved condition to cooperate with said central region for providing
      said endless track means with a smooth, substantially uniform curvature
      substantially throughout its length when the vehicle executes turns, said
      endless track means having on each side of said central elongated endless
      region thereof an elongated endless stretchable sheet material for
      reversibly expanding and contracting during execution of turns.
NUM  2.
PAR  2. In a vehicle, a pair of end roll means extending transversely of the
      direction of travel of the vehicle and endless track means extending
      between and around said pair of end roll means to be guided thereby, said
      endless track means having a substantially non-stretchable central
      elongated endless region which is flexible and capable of assuming a
      curvature in accordance with turns which are executed by the vehicle when
      at least one of said end roll means turns about an upright axis, said
      endless track means having on each side of said central elongated region
      thereof a lateral elongated endless region for automatically contracting
      when said lateral region is on the inside of a curve executed by the
      vehicle and expanding when the lateral region is on the outside of a curve
      executed by the vehicle, said lateral regions of said endless track means
      automatically expanding and contracting while said central region assumes
      a curved condition to cooperate with said central region for providing
      said endless track means with a smooth, substantially uniform curvature
      substantially throughout its length when the vehicle executes turns, each
      lateral region of said endless track means on each side of said elongated
      endless central region thereof having relatively weak portions spaced
      uniformly along said endless track means for yielding during expansion and
      contraction of said lateral regions, and said relatively weak portions
      being separated from each other by relatively rigid portions of each
      lateral region which are situated between said relatively weak portions
      thereof.
NUM  3.
PAR  3. The combination of claim 2 and wherein said relatively rigid portions
      include elongated reinforcements extending transversely of said track
      means and fixed with said relatively rigid portions thereof.
NUM  4.
PAR  4. The combination of claim 3 and wherein said relatively rigid portions
      are made of a vulcanized material to which said reinforcements are bonded.
NUM  5.
PAR  5. The combination of claim 2 and wherein said relatively weak and
      relatively rigid portions of each lateral region alternate with each other
      therealong and have in a vertical plane a substantially zigzag,
      accordion-shaped configuration.
NUM  6.
PAR  6. The combination of claim 5 and wherein each lateral region has
      successive strip portions extending transversely of said track means and
      having different inclinations one with respect to the next to provide said
      zigzag configuration, and alternate strip portions having reinforcements
      therein for providing the latter strip portions with a greater rigidity
      than the remaining strip portions which have a greater flexibility.
NUM  7.
PAR  7. The combination of claim 6 and wherein said successive strip portions
      have a junction where they are connected to each other and which bends
      during expansion and contraction of each lateral region.
NUM  8.
PAR  8. The combination of claim 7 and wherein said junctions respectively have
      outer planar surface regions for engaging the surface on which the endless
      track means travels.
NUM  9.
PAR  9. The combination of claim 7 and wherein the more flexible strip portions
      extend substantially vertically at opposed upper and lower runs of said
      track means which extend between said pair of end roll means while the
      remaining more rigid strip portions are inclined between said
      substantially vertical more flexible strip portions when said track means
      is substantially unstretched.
NUM  10.
PAR  10. The combination of claim 5 and wherein said endless track means is
      composed of elongated transversely extending sections which are hinged one
      to the next for swinging movement with respect to each other about an axis
      extending transversely of said track means, and each section having a
      central substantially non-stretchable region and on both sides of the
      latter a lateral region of substantially accordion-shaped configuration.
NUM  11.
PAR  11. The combination of claim 10 and wherein said central region is formed
      with an opening between opposed end edges thereof and to the side of said
      opening with a pair of notches extending into said end edges, the notches
      of one section cooperating with notches of preceding and following
      sections to form with the latter notches openings corresponding to the
      opening between the opposed end edges of each central region so that the
      successive notches form openings which alternate with the openings between
      the end edges of each central region whereby all of said openings may
      cooperate with teeth of sprocket wheels which provide a steadying and/or
      traction effect.
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ABST
PAL  The drive has two steps, one consisting of a pair of spur gear wheels and
      the other being a planetary reducer. The reducer incorporates a ring gear
      and a carrier, with the carrier being attached to the tractor frame. The
      track sprocket is supported by bearings at a free end of the carrier
      between a pivot of the track roller frame and the planetary reducer and is
      linked up with the ring gear. Fitted to the same free end of the carrier
      is the track roller frame.
PARN
PAR  This is a continuation of application Ser. No. 371,691, filed June 20,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to transport and tractor engineering, and
      more specifically to two-step final drives of the transmission of a
      crawler tractor provided with track roller frames whose bearings are
      disposed coaxially with respect to the track sprockets.
PAR  The present invention may be used to advantage in tractors developing a
      tractive force of considerable magnitude in coping with heavy cyclic
      loads. It may also find application in transport vehicles operating under
      the conditions of heavy dynamic loads.
PAC  PRIOR ART
PAR  There are known two-step final drives for crawler tractors provided with
      track roller frames arranged so that their pivotal supports are disposed
      coaxially with respect to the track sprockets and the drives comprise two
      steps, one in the form of a pair of spur gears and the other in the form
      of a planetary reducer. In the final drive, the first and second steps are
      accommodated in a final drive housing rigidly secured to the tractor
      frame. The first step consists of a pinion and a large diameter gear
      rotatably mounted on an axle shaft rigidly attached to said tractor frame.
      The planetary reducer is disposed immediately adjacent the first step and
      comprises a ring gear rigidly secured in the final drive housing and a sun
      gear disposed in driving relation with a plurality of planet pinions
      which, in turn, mesh with the ring gear. The large diameter gear and the
      sun gear are each provided with integral coaxial hollow shaft portions
      which accommodate the axle shaft so that at its free end, there is fitted
      a pivot of a track roller frame with a support of composite construction.
PAR  A carrier of the drive is rotatably supported by bearings disposed in the
      final drive housing and accommodates a rigidly secured sprocket for
      transmitting the drive to a track.
PAR  This arrangement, although an advanced one, is not free from certain
      drawbacks. A disadvantage of the arrangement is a too large diameter of
      the final drive because the sun gear is of an enlarged diameter to provide
      give room for the axle shaft which passes therethrough and the ring gear
      is of a larger than normal diameter to provide for the requisite speed
      ratio.
PAR  Another disadvantage is the fact that the axle shaft is rigidly secured to
      the tractor frame and, projecting out through the final drive, forms a
      cantilever beam of considerable extent sustaining at its end heavy loads
      due to the action of a pivot of a track roller frame in transmitting a
      high tractive force, particularly while turning. This fact called for
      providing the pivot with a support of composite construction comprising a
      plurality of tapered roller bearings.
PAR  A further disadvantage of such arrangement is the necessity to install the
      drive piecemeal on the tractor with the result that its repair is
      substantially impaired.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a twostep final drive
      of a tractor which assures an extended service life.
PAR  Another object of the present invention is to provide a final drive which
      assures better repair.
PAR  A further object of the present invention is to provide a final drive of
      simplified construction.
PAR  The above and other objects are attained in that in a two-step final drive
      of a crawler tractor provided with track roller frames, said drive
      comprising a pair of spur gear wheels of which the pinion is linked up
      with the tractor transmission shaft and the driver gear meshes with a sun
      gear of a planetary reducer incorporating a carrier and a ring gear,
      according to the invention, said carrier is secured to a tractor frame, a
      track roller frame is pivotally attached to a free end of said carrier, a
      track sprocket is supported by bearings on the same free end of the
      carrier between a pivot of the track roller frame and the planetary
      reducer and is linked up with the ring gear. The disposition of all
      elements of the drive on the carrier of the planetary reducer and the fact
      that the drive is secured to the tractor frame through the intermediary of
      the same carrier have enabled the carrier to operate as the principal
      load-carrying component of the drive so that neither an axle shaft nor an
      intricate support of composite construction is required. The use of the
      carrier as the load-carrying component is a factor which adds to the
      service life of the drive, makes it compact and provides for assembling
      the drive as a separate unit, improving thereby the repair of the tractor.
PAR  To facilitate the fabrication of the carrier of the planetary reducer,
      preference is given to a split construction, comprising a carrier body
      statically fixed to the tractor frame and a carrier end piece secured in
      the body and serving the purpose of accommodating the track sprocket and
      one of the pivots of the track roller frame.
PAR  To facilitate the assembling of the final drive, it is preferred to link up
      the track sprocket with the ring gear of the planetary reducer by means of
      an externally-splined sleeve supported by bearings on the free end of the
      carrier.
DRWD
PAR  The present invention will be best understood from the following detailed
      description of the invention when read in conjunction with the
      accompanying drawings in which
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view illustrating the general arrangement of the track
      roller frame and final drive with respect to the tractor frame;
PAR  FIG. 2 is a section on line II--II of FIG. 1, the view being on an enlarged
      scale; and
PAR  FIG. 3 is a section of another embodiment of the planetary reducer.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A final drive 1 (FIG. 1) is secured to a frame 2 of a tractor also
      accommodating a pivot 3 of a track roller frame 4 of the tractor. Another
      pivot 5 of the track roller frame is fitted to a carrier 6 (FIG. 2) of a
      planetary reducer 7. Pivotal supports of the track roller frame are
      disposed coaxially with respect to a sprocket 8 of the tractor.
PAR  According to the invention, the carrier 6 is attached to the frame 2 with
      the aid of bolts 9 and fitted to a free end 10 of the carrier is the pivot
      5 of the track roller frame 4. The same free end 10 of the carrier 6
      accommodates the sprocket 8 supported by bearings 11 between the pivot 5
      and the planetary reducer 7. The sprocket 8 is linked up with a ring gear
      13 of the planetary reducer 7 by means of splines 12. The ring gear 13 is
      in mesh with planet gears 14 carried by rolls 15 supported by pins 16 of
      the carrier 6. The planet gears in turn mesh with a sun gear 17. The sun
      gear is connected with a driven gear 18 of the first step by means of a
      splined connection 19. The driven gear 18 meshes with a pinion 20
      supported by bearings 21 in a body 22 held fast to the carrier 6 by bolts
      23. The pinion 20 is secured to a shaft 25 of the tractor transmission
      with the aid of a splined connection 24. The driven gear 18 is supported
      by bearings 26 in the body 22. For lubricating the components of the
      drive, a hub 27 of the gear 18 accommodates a drive gear 28 of an oil pump
      (not shown). There is a casing 29 bolted to the carrier 6 by bolts 30 and
      which serves as an oil reservoir. Seals 31 and 32 prevent oil leaks from
      the reservoir.
PAR  To facilitate the fabrication of the carrier 6, preference is given to a
      split construction as shown in FIG. 3. It will be noted that one part of
      the construction is a body 33 statically fitted to the tractor frame and
      the other part is an end piece 34 press-fitted into the body 33 and also
      held fast by bolts 35 so as to counteract the action of any possible
      loads, such as those due to vibration or coming into play while turning.
      Supported by bearings 36 on the end piece 34, there is a sleeve 37 with
      external splines 38 and 39. The sleeve 37 is also supported by a bearing
      40 disposed in the body 33 and is linked up with the sprocket 8 and sun
      gear 13 through the intermediary of the splines 38 and 39, respectively.
      Secured to the same end piece 34 is the pivot 5 of the track roller frame.
PAR  The drive operates in the following way:
PAR  The flow of power is transmitted from the shaft 25 of the tractor
      transmission to the pinion 20 and thence to the driven gear 18 of the
      first step which, in turn, transmits power to the sun gear 17. On being
      subdivided into several flows whose number depends on the number of planet
      gears 14 provided in the drive, power is transmitted through the planet
      gears to the ring gear 13 and from the ring gear to the sprocket 8 either
      directly or via the sleeve 37 with external splines 38 and 39.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-step final drive of a crawler tractor provided with track roller
      frames, comprising a tractor frame; a carrier of a planetary reducer of a
      tractor transmission, said carrier being secured to said frame; a body
      disposed on one side of said carrier; a pinion supported by bearings in
      said body; a shaft of the tractor transmission, said shaft being linked up
      with said pinion through a splined connection; a driven gear supported by
      bearings in said body and meshing with said pinion; planet gears supported
      by bearings on said carrier; a sun gear meshing with said planet gears and
      connected to said driven gear by splines; said carrier being provided with
      a free end; a pivot for a track roller frame of the tractor, said pivot
      being disposed at said free end of the carrier; a track sprocket disposed
      at said free end between said pivot and the planetary reducer; and a ring
      gear linked up with said track sprocket by a splined connection and
      meshing with said planet gears.
NUM  2.
PAR  2. The two-step final drive as claimed in claim 1 in which the carrier of
      the planetary reducer is of split construction, one part consisting of a
      body statically attached to the tractor frame and the other part being an
      end piece secured in said body and serving to accommodate the track
      sprocket and one of the track roller frame pivots.
NUM  3.
PAR  3. The two-step drive as claimed in claim 1 in which the track sprocket is
      linked up with the ring gear of the planetary reducer by a sleeve provided
      with external splines with, said sleeve being supported by bearings on the
      free end of the carrier.
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PAL  This invention combines a power booster unit with ready means of attachment
      to a bicycle, without altering the bicycle in any way, whereby the booster
      unit drives independently and to the rear of the bicycle through the
      booster wheels and may be simply detached.
BSUM
PAC  BRIEF SUMMARY
PAR  Various means have been conceived and tried for propelling a bicycle,
      without rider effort, to provide a practical, economical, rapid means of
      transportation. To do this it has been necessary to attach a power unit in
      various semi or permanent arrangements usually by altering the bicycle and
      making it unfit for use, without power, by simple pedaling. It follows
      that any scheme combining a bicycle and power unit should propel the
      bicycle within prudent speeds relieving the rider of this burden over
      prolonged distance to effect a faster and more practical means of
      transportation, but should be removable so that use of the bicycle by
      normal pedaling is not impaired.
PAR  It is the object of this invention to fulfill such requirement by using a
      rear power booster unit having its own drive wheels so that there is no
      interference with the wheels or crank mechanism of the bicycle. Also, it
      is the object of this invention to connect the rear power booster unit to
      the bicycle by the simplest means so that the unit effectively boosts but
      does not cause any adverse effect in balance or directional control of the
      bicycle. Furthur, it is the object of this invention to provide a joint of
      attachment which allows thrust from the booster unit, or pull from the
      bicycle, from any rearward direction, without affecting the stability of
      either bicycle or booster unit.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the rear portion of a bicycle showing the
      booster unit in connection with the bicycle.
PAR  FIG. 2 is an expanded perspective view of the connecting universal joint.
DETD
PAC  DETAILED DESCRIPTION
PAR  In view 1, the booster unit is comprised of a prime mover, or motor 10,
      which applies the motive power to one or both wheels 12 through a clutch
      14 and drive chain, or belt, 16 over sprockets, or pulleys, integral with
      the clutch and wheel, as shown. It will be evident to one versed with such
      drives that the wheel axle may be either live or fixed. In the case of a
      fixed axle both wheels rotate independently and the driven wheel propels.
      A live axle is fixed to both wheels with the drive through one wheel, but
      both wheels propel and the axle rotates in bearings apart from the wheels,
      as fixed to axle brace 18. This invention is not limited by either
      arrangement, but may employ the fixed or live axle for propulsion by one
      or both wheels.
PAR  Clutch 14 is preferably of the centrifugal type for automatic engagement
      depending on motor speed. The motor speed is controlled by any
      commercially available twist grip or lever control attached to the bicycle
      handle bar through throttle control cable 20 to motor 10.
PAR  Motor 10 is mounted on a slotted base 22 with attaching bolts through the
      slots allowing motor movement for take-up adjustment of drive chain 16.
PAR  Arm brace 24 is firmly fixed to and extends forward of base 22 and is of
      substantial section to provide connection between the booster unit and
      bicycle 8 by arm 26. Arm 26 fits and adjusts vertically of brace 24 for
      size of bicycle and is fixed by fastner 24'. Arm extension 28 adjusts
      horizontally with arm 26 for size of bicycle and is fixed by fastner 26'.
PAR  Collar 32 and link 30 acting with arm extension 28 comprise the essential
      universal joint of attachment between booster unit and bicycle. Collar 32
      is positioned around the seat post 34 and is held vertically between frame
      and seat and swings freely about post 34 indicated indicated by arrows,
      FIG. 2. Link 30 is attached to collar 32 between the two bosses and is
      fixed by fastner 32', or preferably by the shackle of a pad lock which
      makes for security and quick easy assembly. Link 30 is free to rotate
      about fastener 32', or a lateral axis perpendicular to the seat post, as
      indicated by arrows, FIG. 2. The shank of link 30 is threaded and screws
      into the internally threaded end of arm extension 28 allowing arm 26 to
      rotate about an axis parallel and coincident with the shank of link 30 and
      arm extension 28. Thus it is evident that the connecting arm of the
      booster unit can rotate freely relative to the bicycle about the seat post
      axis and mutual axes allowing unrestricted movement. It is evident that
      the connecting arm of the booster unit can move in any direction relative
      to the bicycle without causing adverse reaction and will always direct a
      forward thrust component by the booster unit.
PAR  The invention embraces and defines the action of this universal joint and
      it can be seen by one versed in such things that some variation exists
      such as using a commercially available clevis, to replace link 30,
      connected to one boss on the collar but serving the same function. The
      double bosses of collar 32 make possible a tighter joint of close
      clearance while still retaining complete freedom of movement. Any
      variation such as the clevis is deemed to be within the scope of this
      invention.
PAR  The motor 10, FIG. 1, is drawn to represent a small single cylinder
      gasoline engine, however, the invention is not so limited and can also
      embrace an electric motor, with storage batteries stowed in any practical
      manner on or about the motor base, or any suitable power unit.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of a bicycle and a rear independent booster unit, with
      means connecting the booster unit to the bicycle and an attaching joint,
      wherein the improvements comprise: in the booster unit a single axle brace
      fixed to a single motor base piece, said base piece providing support and
      fixity for a double adjustable telescoping connecting means to which an
      attaching universal joint allows complete unrestricted rotary movement of
      the booster unit with relation to the bicycle, or of the bicycle with
      relation to the booster unit, about three mutual closely perpendicular
      axes.
NUM  2.
PAR  2. In the booster unit of claim 1, a single base piece consisting of a
      structural section having slotted adjustment openings through which
      fasteners secure the prime mover to the single base piece.
NUM  3.
PAR  3. The base section of claim 2 wherein longitudinal inverted vertical edge
      stiffeners form a strong rigid structural section.
NUM  4.
PAR  4. In the booster unit of claim 1, a rigid one piece axle brace fixed
      transversely to said booster unit base, to which the axle means is closely
      attached and of sufficient length to support the axle.
NUM  5.
PAR  5. The connecting means of claim 1 consisting of an arm brace, arm and arm
      extension, wherein said arm brace fixes to said booster base, said arm
      telescopes adjustably within and fixes to said arm brace for vertical
      variation, said arm extension telescopes adjustably within and fixes to
      said arm for horizontal variation, both adjustments thereby varying for
      sizes of bicycles.
NUM  6.
PAR  6. The arm extension of claim 5 wherein the exposed extending forward end
      is internally threaded to accept the threaded link shank of the universal
      joint.
NUM  7.
PAR  7. The universal joint of claim 1 consisting of a collar, with bosses, and
      a link, whereby said collar is sized to fit and swing around a bicycle
      seat post, said link being sized to closely fit and easily and quickly
      detach from the bosses of said collar by a fastener passing through said
      bosses and link and about which said link is free to rotate, wherein the
      shank of said link is threaded and provides positive fixity and freedom of
      rotation for the threaded arm extension of the connecting means.
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ABST
PAL  This invention relates to a steerable articulation coupler for effecting
      rapid connection of the two sections of a ground vehicle. The coupler also
      provides for rapid automatic connection of the power transmission shaft.
      The coupler consists of a socket member and an insertion member. The
      insertion member includes a forward semi-spherical support surface, a
      rearward large diameter support surface, a guide receptacle and a set of
      alignment members. Counterparts on the socket member cooperate with the
      insertion member to align the two members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a coupler for connecting two sections of a ground
      vehicle which may have relative articulation and more particularly to such
      a coupler that also provides for the rapid connection of the power
      transmission shaft. The coupler of this invention is particularly suitable
      for ground vehicles that include a first or power and control section that
      can be connected to a load carrying or ground working section. A ground
      vehicle on which this coupler can be used is shown in co-pending U.S.
      patent application Ser. No. 318,540, filed Dec. 26, 1972, now U.S. Pat.
      No. 3,831,693 issued Aug. 27, 1974, entitled "Steerable Articulation
      Joint". This co-pending application is assigned to the same assignee. The
      first or power and control section normally includes, in addition to a
      prime mover, an operator's station and electrical and hydraulic control
      systems for controlling the vehicle and may include means for transmitting
      power to the second section. The second or load carrying or ground working
      section can take any desired form, such as a container for hauling
      material, a loader, a dozer, a scraper, a grader, etc. Because the first
      or power and control section includes a greater number of complex moving
      parts then the second member, the first section is more expensive to build
      and to maintain. Also, a common standardized power section which mates
      with a variety of work sections results in simplified maintenance, repair
      and training of personnel as well as reducing the required investment in
      vehicles. Accordingly, a readily engagable and disengagable coupler is
      provided by the present invention which enables two or more different load
      carrying or ground working sections to be interchangeable with a given
      power and control section. This readily attachable and detachable coupler
      also expedites disconnection of the power and control section as may be
      needed to expedite maintenance and repair.
PAR  Because the apparatus for coupling the two sections may afford articulation
      between the two sections, the wheels of both sections maintain power
      driving contact with the ground at all times. This allows the articulated
      vehicle to maneuver and maintain traction on extremely rugged and
      irregular terrain and particularly in soft soils. Relative movement
      between the two sections is afforded along a roll axis (a horizontal axis
      extending longitudinally of the vehicle) and a yaw axis (a vertical axis
      through the midpoint of the vehicle) but not in the pitch axis (a
      horizontal axis extending transversely of the vehicle). The articulation
      feature may be omitted or locked out for some vehicles where it is not
      required for vehicle function. The present invention achieves the above
      advantages of all wheel drive ground vehicles in a straightforward manner
      and permits the two sections to be quickly attached to one another.
PAR  The present invention provides a readily engagable or disengagable coupler
      and drive shaft for joining the two sections. This is achieved by
      providing a socket affixed to one of the sections and an entering member
      affixed to the other section that telescopically enters and is received
      and retained within the socket by uncomplicated mechanisms. Where
      articulation between the section is required, the connection between the
      entering member and the section to which it is attached is adapted to
      allow the requisite movement with respect to the roll axis and the yaw
      axis, and may also allow the transmission of drive power across the
      coupler.
PAR  The present invention also provides a joint between the two sections that
      can be rapidly engaged and disengaged on rough or irregular terrain
      rapidly by one operator. This is achieved by providing a coupler that is
      automatically aligned over a range of elevations and angles. For aligning
      the two members, a socket member with a relatively large mouth is adapted
      to receive the entering member. Inward at the mouth, the socket tapers to
      a relatively small cross sectional shape. The entry member is tapered
      correspondingly with a non-uniform taper which includes an aligning guide.
      Thus, precise initial positioning of the two parts of the joint is
      unnecessary because the two parts telescopically align automatically as
      the two sections are moved toward one another. The guide on the socket
      member, in cooperation with the taper of the entry member, allows the two
      parts to telescope into alignment automatically as the two sections are
      moved towards one another so that when the entry member is fully received
      in the socket, the two parts are precisely aligned and ready for final
      encouplement.
PAR  The insertion member includes a first cylindrical surface and a second
      cylindrical mating surface whose axis is parallel with the axis of said
      first surface. A tapered guideway is intermediate the first and second
      cylindrical surfaces. The socket member of the joint has corresponding
      first and second internal cylindrical surfaces. The socket member also
      includes an aligning guide which cooperates with the tapered guideway of
      the insertion member to automatically complete the alignment of insertion
      member into the socket.
PAR  A system of radial keys provides for final alignment of the coupler members
      and provides torsional load-carrying ability. A breechblock lock connected
      to the radial keys provides positive locking of the coupler members. This
      lock allows a single operator to rapidly and positively lock the coupler
      members together.
PAR  A power connection between the two sections is usually required so that all
      ground contact members can be powered. This is achieved in one form of the
      present invention by providing, as a part of the coupler, a drive shaft
      between the two sections of the coupler. This drive shaft is coupled by
      universal joints so as to avoid interference with articulation movement,
      and is coupled automatically when the coupler is fully engaged.
DRWD
PAR  The foregoing, together with other objects, features and advantages of the
      present invention would be more apparent after referring to the following
      specification and accompanying drawings in which:
PAR  FIG. 1 is a partially schematic side elevation view of a vehicle employing
      the coupler of the present invention;
PAR  FIG. 2 is a perspective view of one embodiment of the insertion member of
      the coupler according to the present invention.
PAR  FIG. 3 is a perspective view of a coupler according to the present
      invention in the disengaged position, portions being broken away to reveal
      internal details;
PAR  FIG. 4 is a side elevation view of the insertion member of FIG. 2, portions
      being broken away to reveal internal details.
PAR  FIG. 5 is a cross-sectional side elevation of a second embodiment of the
      coupler according to the present invention.
DETD
PAR  Referring more particularly to the drawings, reference numeral 12 indicates
      the first or power and control section of a ground vehicle and 14
      indicates a second or load carrying or ground working section which is
      joined to section 12 by an articulating coupler 16. Vehicle section 14, in
      the example shown in FIG. 1, comprises a grader for grading dirt, rock or
      the like. Vehicle section 14 includes a frame 18. A pair of ground
      contacting members, such as wheel 20 are attached to frame 18 by a
      conventional vehicle suspension system. Through suitable drive trains, not
      shown, power is supplied to wheel 32 and wheel 34 and their counterpart on
      the opposite side of the vehicle, and such power train is also connected
      to the second section 14, through coupler 16. The first or power control
      section of the vehicle includes a prime mover such as a gasoline, diesel
      or turbine engine of conventional form which is supplied with conventional
      air intake and which exhaust combustion products through an exhaust system
      22. The first section also includes an operator station 24 which is
      provided with appropriate steering and power controls. The suspension
      system for the first section includes a walking beam 30 at the forward end
      of which is mounted a wheel 32 and the rear end of which is mounted a
      wheel 34. Wheels 32 and 34 have their counterparts on the opposite side of
      the vehicle. The walking beam suspension system permits both wheels 32 and
      34 to remain in ground contact at all times through suitable drive train
      which includes suspension system shaft 28. Suspension system shaft 28 is
      connected to the first section 12 through the longitudinal frame structure
      26. Wheel 32 along with its counterpart on the opposite side of the
      vehicle are steerable.
PAR  With reference to FIG. 2, 3 and 4, the outer housing 84 of the insertion
      member 74 is pivotably attached to the first or power control section 12
      by yaw pin 82. A roll limit pin 86 is rigidly attached to the outer
      housing 84 and projects inwardly therefrom. Inner housing 90 is rollably
      mounted by roll bushing 92 on the interior of outer housing 84. Roll limit
      pin 86 projects into elongated guide 88 defined by the inner housing 90.
      Thrust ring 96 is attached to the other end of inner housing 90 by an
      annular ring of bolts 98. Lockring 100, which includes a plurality of
      circumferential keys, is rotatably mounted on the outer periphery of inner
      housing 90. The plurality of circumferential keys on lockring 100 mesh
      with the slots in radial keys 91 on inner housing 90. A lockring stop 122
      projects from inner housing 90 and cooperates with lockring stop guide 123
      machined in lockring 100 to limit the travel of the lockring 100. Detent
      lock 124 cooperates with two detents in inner housing 90 to assist holding
      the locking ring 100 in either the locked or open position. The specific
      details of the detent lock 124 are conventional and are not shown. A shaft
      drive line 102 which includes a yoke drive line 104 is mounted in inner
      housing 90. Shaft drive line 102 includes a male spline 106 splined to
      clutch 127. Clutch 127 includes interlocking teeth 128. A first exterior
      semi-spherical support surface 94 is machined or otherwise formed on the
      outer or distal extremity of insertion member 74. External semi-spherical
      support surface 94 is concentric with drive shaft 102. The second external
      cylindrical support surface 110 is formed on the proximal outer periphery
      of insertion member 74 adjacent to inner housing 90. The second external
      cylindrical support surface 110 is machined or otherwise made parallel to
      and eccentric with the first external semi-spherical support surface 94. A
      snout shaped surface is mesial the support surface 110 and the
      semi-spherical support surface 94.
PAR  Socket member 78 of articulated coupler 16 is rigidly affixed to the load
      carrying or ground working section 14 of the ground vehicle. Projecting
      within socket member 78 is T shaped guide 112 which cooperates with guide
      receptacle 114 for aligning the insertion member 74 and the socket member
      78. Lockring flanges or radial keys 116 are machined on the outer
      extremity of socket member 78. Radial keys 116 mesh with similar radial
      keys 91 on inner housing 90 of socket member 28. Radial keys 116 include a
      radial slot that cooperates with the circumferential keys on lockring 100
      when the socket member 78 and the insertion member 74 are fully engaged
      and lockring 100 is turned to the locked position. Radial keys 116 and
      radial keys 91 also function as a first and second set, respectively, of
      final alignment members for fine alignment of socket member 78 and
      insertion member 74. Internal of socket member 78 are first internal
      cylindrical support surface 118 and second internal cylindrical support
      surface 120 that correspond to and cooperate with the first external
      semi-spherical support surface 94 and the second external cylindrical
      support surface 110 on insertion member 74. Although support surface 94 is
      described as semi-spherical, it could be cylindrical or conical, if
      desired.
PAR  To explain the operation of the present invention, it will be power and
      control section 12 and the load carrying or ground working section 14 are
      disconnected from one another and lockring 100 is set in the unlocked
      position so as to not interfere with the coupling. In this disengaged
      position the mouth 125 of socket number 78 presents a broad, unobstructed
      opening for receipt of the relatively narrow end of insertion member 74.
      Power and control section 12 is then backed slowly towards the load
      carrying or ground working section 14. Misalignment in the vertical
      direction is compensated for by the guide receptacle 114 of insertion
      member 74. As backing movement of the power and control section 12
      proceeds, T shaped guide 112 of socket member 78 eventually contacts one
      or the other side faces of guide receptical 114. Because of the tapered
      configuration of the walls of guide receptical 114, contact and further
      rearward movement of the insertion 74 brings the insertion member into
      approximate alignment with socket member 78. As the mating nears
      completion the first external semispherical support surface 94 and the
      compliment first internal cylindrical support surface 118 on the walls of
      socket member 78 and the second external cylindrical support surface 110
      and its complimental second internal cylindrical surface 120 in socket
      member 78 bring the insertion member into proper vertical alignment within
      socket member 78. At the same time, T shaped guide 112 rides within guide
      receptical 114 so that lockring ring flange 116 and radial keys 91 mesh.
      Thus, the guide and the guide receptacle afford a fine or precise final
      alignment between the members so that when the members are fully aligned,
      lockring 100 can be rotated, and the engagement of the joint is complete.
      Shaft drive line 102 is automatically connected to the drive shaft 126 in
      the second or load carrying or ground working section 14 through the
      interlocking teeth 128 and 129. If the interlocking teeth are not lined up
      when the coupler members are fully aligned, collar 132 will be pushed back
      on spline 106. As the shaft drive line 102 is turned further, the
      interlocking teeth 128 and 129 will eventually mesh, at which time spring
      134 will force collar 132 toward drive shaft 126 in the second vehicle,
      thus forcing interlocking teeth 128 and 129 to lock together.
PAR  It would be appreciated that when the joint is connected as has been
      described in the proceeding paragraph, inner housing 90 semi spherical
      support surface 94 are rigidly mated to socket member 78 and this
      assembly, as a unit, is free to rotate in the roll direction (relative to
      the outer housing 84) within the limits described by elongated guide 88.
PAR  In order to disconnect the power and control section 12 from load carrying
      or ground working section 14 to use the former section with another
      working section, it is only necessary to rotate lockring 100 and then the
      power and control section 12 can be driven away under its own power.
PAR  In the second embodiment of the coupler shown in FIG. 5, the insertion
      member is mounted for pivital movement and the socket member is mounted
      for roll movement. Specifically, the insertion member 75 is pivotably
      attached to the first or control section 12 by yaw pin 82. A drive shaft
      (not shown) includes a yoke drive line 104 is mounted within insertion
      member 75. A first exterior semi-spherical support surface 94 is
      concentric with the drive shaft (not shown). A second external cylindrical
      support surface 111 is formed on the outer periphery of insertion member
      75. The second external cylindrical support surface 111 is machined or
      otherwise made parallel to and concentric with the first external
      semi-spherical support surface 94.
PAR  Socket member 79 is rollably mounted by roll bushings 93 on the load
      carrying or ground working section 14. A roll limit pin 87 is rigidly load
      carrying or ground working section 14 and projects inwardly into elongated
      guide 89 in socket member 79. The roll limit pin 87 in cooperation with
      elongated guide 89 limit the roll of socket member 79.
PAR  A T shaped guide 112 cooperates with guide receptacle 114 for aligning the
      insertion member 75 and the socket member 79. Internal of socket member 79
      are a first cylindrical support surface 118 that corresponds to and
      cooperates with the first exterior semi-spherical support surface 94 and a
      second internal cylindrical support surface 120 that cooperates with the
      second external cylindrical support surface 111 on insertion member 75.
      The lockring 101 cooperates with lockring flanges for final alignment and
      locking of the insertion member 75 and the socket member 79. Since this
      procedure is the same as the procedure for the first embodiment shown in
      FIGS. 2, 3 and 4, the details are not repeated here.
PAR  It is understood that the lockring 100 could be mounted on the insertion
      member 75 instead of the socket member 79 if desired.
PAR  From the above, it can readily be seen that the present invention provides
      a fast acting, simple and rugged apparatus for joining the sections of a
      ground vehicle and also provides alignment between the two vehicle
      sections.
PAR  While the articulated joint described herein is presently considered to be
      preferred, it is contemplated that numerous various other variations and
      modifications within the purview of those skilled in the art can be made
      therein. For example, roll rotation between the insertion member and the
      control section may be omitted where not required, or a supplemental roll
      lockout provided if desired. Also, the insertion member may be rigidly
      mounted on the control section rather than through the yaw pin. The
      following claims are intended to cover all such variations and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Coupler apparatus for joining first and second sections of a ground
      vehicle comprising
PA1  a socket forming member adopted to be attached to said first section,
PA1  an insertion means adopted to be attached to said second section, said
      insertion means complementary with and receivable in said socket member,
PA1  said insertion means including a forward semi-spherical support surface and
      a rearward larger diameter cylindrical support surface,
PA1  a guide receptacle defined by a pair of tapered walls in said insertion
      means,
PA1  a guide projecting from said socket forming member, said guide cooperating
      with the tapered walls of said guide receptacle to assist in angularly
      aligning said insertion means and said socket member,
PA1  first set of final alignment members on the said socket member,
PA1  second set of final alignment members on the said insertion means, said
      first and second set of alignment members meshing for providing final
      alignment of said insertion means and said socket member,
PA1  locking means, said locking means cooperating with said first set of final
      alignment members and said second set of final alignment members for
      rigidly attaching said insertion means and said socket member.
NUM  2.
PAR  2. Coupler apparatus according to claim 1 wherein said insertion means
      includes a pair of yaw pins adapted to mount said insertion means for yaw
      movement relative to said second vehicle section.
NUM  3.
PAR  3. Coupler apparatus according to claim 1 including means for mounting said
      socket forming member for roll movement relative to the said first vehicle
      section.
NUM  4.
PAR  4. Apparatus according to claim 1 where said first final alignment member
      comprises a plurality of first radial keys projecting from the proximal
      end of said insertion member, said second final alignment member
      comprising a plurality of second radial keys on the distal end of said
      socket member, and wherein said locking means comprises a breechblock lock
      of circumferential keys, said breechblock lock mounted for rotational
      movement on said insertion member so that the first and second plurality
      of radial keys can be meshed with said circumferential keys when the lock
      is in a first position and said breechblock lock unlocks the insertion
      member and socket member when the lock is in a second position.
NUM  5.
PAR  5. Coupler apparatus according to claim 1 including means for mounting said
      insertion means for roll movement relative to said second vehicle section.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said socket forming member is
      further defined as having a cylindrical flange defining a throat opening
      and the cylindrical mouth define a tapered throat.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said cylindrical mouth is further
      defined as mounted eccentric to said throat opening.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein the distal end of said insertion
      member defines a spherical guideway corresponding to said throat opening
      of said socket forming member, the proximal end of said insertion member
      defined by a cylindrical support surface, a snout shaped surface mesial
      said spherical guideway and said cylindrical support surface.
NUM  9.
PAR  9. Apparatus according to claim 8 including a guide receptacle defined by
      said snout shaped surface of said insertion member, said guide receptacle
      further defined as including a tapered flat bottom surface for cooperating
      with said guide on said socket member for fine alignment of the insertion
      member and the socket member.
NUM  10.
PAR  10. The coupler apparatus according to claim 1 including a power
      transmission means rotatably mounted within said insertion means, a power
      receiving means rotatably mounted within said socket forming member
      automatically engagable with said power transmission means when said
      socket member and said insertion member are fully engaged.
NUM  11.
PAR  11. Apparatus according to claim 10 where said power transmission means
      includes a vehicle driveshaft, said driveshaft including a yoke drive line
      on one end and a spline on the other end, a spring loaded clutch meshing
      with said spline, said spring loaded clutch allowing connection of said
      power transmission means to the power receiving means when the said
      insertion member and said entry members are fully engaged.
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ABST
PAL  A lightweight vehicle giving very high performances but affording a
      considerable degree of security for young athletic customers. It includes
      an aerodynamic cockpit protected by the spare-wheel and two lateral
      shields.
PAL  Both occupants take places on two seats disposed tandem-fashion. An
      horizontal stabilizer extending on either side of the rear point of the
      cockpit ensures a perfect stability while an aerodynamic brake disposed at
      the upper part of said horizontal stabilizer affords a great security.
BSUM
PAR  The present invention relates to a lightweight vehicle giving very high
      performances but affording a considerable degree of security, more
      particularly designed for young, athletic customers.
PAR  This vehicle is a hybrid between two-seater motorcycles which are rapid and
      suitable for competition but which are very uncomfortable and, in
      particular, extremely dangerous, on one hand, and conventional classical
      automobiles which are generally fragile and lack sufficient power for good
      performances when they are within a price range compatible with the
      finances of the purchasers.
PAR  The Applicant has made a synthesis of the new concepts made possible by
      recent progress in aerodynamics, the application of new materials used in
      architecture and the well known permanent bases. The present inventor has
      U.S. Pat. Nos. 3,298,707 and 3,539,030 also directed to such vehicles.
      These vehicles and the present invention have in common the basic concept
      of comprising a body of tapered shape, the front part forming the large
      end of which is well rounded, the master couple of which is placed
      substantially in the first third of the total length of the vehicle, the
      front end of which is occupied by the spare wheel which is mounted on a
      shaft firmly secured to the vehicle and is combined with two side shields
      very strong and resistant in the horizontal plane, smooth and devoid of
      asperities.
PAR  Each of the patents concerns a particular construction seeking to resolve a
      specific problem. In U.S. Pat. No. 3,298,707 there is above all resolved
      the problem of stability by means of a central body provided on either
      side with two wing portion arranged one behind the other and offset one
      with respect to the other, these wing portions having a negative
      aerodynamic lift which balance at any moment the position lift of the
      central body. U.S. Pat. No. 3,539 resolves the problem of a vehicle just
      as capable of carrying the conductor alone as a large number of passengers
      with numerous baggage at high speed and in full security without the
      equilibrium of the vehicle being disturbed.
PAR  The present invention resolves the problem of a lightweight vehicle giving
      very high performances but affording a considerable degree of security,
      more particularly designed for young, athletic customers.
PAR  In addition to the means employed in the basic concept mentioned above, are
      combined the following:
PAR  The rear wheels are separate from the cockpit and housed at the two
      extremities of a profiled transverse appendix extending on either side of
      the rear point of the cockpit and forming a horizontal stabilizer;
PAR  TWO SEATS ARE DISPOSED TANDEM-WISE INSIDE THE COCKPIT; AND
PAR  AN AERODYNAMIC BRAKE CONSTITUTED BY FLAPS PIVOTABLE ABOUT A TRANSVERSE PIN
      LOCATED BEHIND THE HORIZONTAL APPENDIX AND DISPOSED ON THE UPPER SIDE OF
      SAME, SAID FLAPS BEING CONTROLLED BY THE DRIVER, WHEN THE VEHICLE SPEED IS
      SUFFICIENT FOR AERODYNAMICALLY ACTING BRAKING TO BE EFFICIENT.
PAR  Owing to this synthesis, the Applicant has been able to design a vehicle
      that is extremely rapid but which is of medium power, owing to its
      aerodynamic properties and lightness; it is very robust and shock
      resistant owing to its enveloping structure and its frontal and lateral
      shields; it is very stable and reliable owing to its tail stabilizer unit
      and aerodynamic braking system and its ability to lean into bends in order
      to cancel out the effects of centrifugal force, in the same way as a
      motorcycle.
PAR  For this purpose, the vehicle comprises a stream-lined cockpit the front
      portion of which is well rounded, both horizontally and vertically, and
      whose maximum cross-section is located substantially in the front third of
      the total length of the vehicle and which is perfectly circular.
PAR  The two front wheels are integrated inside the rounded front portion
      assembly while the two rear wheels are, on the contrary, separate from the
      cockpit and housed at the two extremities of a profiled transverse
      appendix extending on either side of the rear point of the cockpit and
      forming a horizontal stabilizer.
PAR  This horizontal stabilizer is completed by vertical stabilizers forming
      fins located respectively above the cockpit and at the two extremities of
      the horizontal stabilizer.
PAR  Two seats are disposed tandem-wise inside the cockpit, the driver's seat
      being at the point of maximum cross-section, with the provision of a
      framework constituted by a self-supporting main box-girder protecting the
      two occupants and a light truss forming a multi-tubular system with which
      the cockpit bodywork, the transverse appendix and the fins are integral.
PAR  Finally, there is an aerodynamic brake constituted by flaps pivotable about
      a transverse pin located behind the horizontal appendix, controlled by the
      driver, when the vehicle speed is sufficient for aerodynamically acting
      braking to be efficient.
PAR  Other characteristics, advantages and features of the present invention
      will become clear from the following description given with reference to
      the attached diagrams representing a possible form of embodiment of said
      invention by way of a purely explanatory and in no way limitative example.
DRWD
PAR  In these drawings:
PAR  FIGS. 1 to 4 represent respectively an elevation, top, front and rear view
      of a vehicle according to the present invention;
PAR  FIG. 5 is an elevation view of the vehicle, analogous to that in FIG. 1,
      but showing the silhouettes of the two occupants in their seats;
PAR  FIGS 6 and 7 are explanatory diagrams showing the arrangement of the
      internal structure of the vehicle, the latter being represented
      respectively viewed in elevation and from the top;
PAR  FIG. 8 is a larger scale detail representing the way in which the shield
      laterally protecting the structure can be fitted;
PAR  FIGS. 9 and 10 are respectively top and elevation explanatory diagrams
      representing the principle on which one of the main flaps of the
      aerodynamic brake functions, the upper wall of said flap being made
      transparent for clarity;
PAR  FIGS. 11 and 12 are details representing the system for actuating the
      conventional brakes by the aerodynamic brakes when the latter reaches end
      of travel position, an elevation and a top view respectively of the system
      being represented;
PAR  FIGS. 13 and 14 are details representing two different functioning
      positions for the locking system of one of the main flaps of the
      aerodynamic brakes on the upper surface of the corresponding profiled
      shelter;
PAR  FIGS. 15 and 16 are explanatory diagrams showing, in a simplified manner,
      how the active area of each main flap of the aerodynamic brakes can be
      increased by means of a mobile secondary flap, the wall of said flaps
      being taken as transparent for clarity;
PAR  FIG. 17 is a front view of the vehicle according to the invention as it
      appears in a high speed braking phase, i.e. with its aerodynamic braking
      system fully extended;
PAR  FIG. 18 is a front view of the vehicle in the position inclined towards the
      inside of the bend that it can occupy in order to cancel out the effects
      of centrifugal force; and
PAR  FIG. 19 is a larger scale detail representing the steering wheel provided
      with its suspension control buttons.
DETD
PAR  Generally speaking it is immediately clear from FIGS. 1 to 4 that the
      vehicle according to the invention has a rigorously perfect shape
      aerodynamically.
PAR  Indeed, the body forming the cockpit designated by general reference number
      1 comprises a forward portion 1.sub.A that is well rounded, both in the
      vertical plane (see FIG. 1) and in the horizontal plane (see FIG. 2).
PAR  The maximum cross-section M.sub.C is located in the front third of the
      total length of the vehicle, and its cross-section S.sub.C is that of the
      substantially perfect circle.
PAR  The median and rear portions of the body, designated by general reference
      1.sub.B which occupy the remaining two thirds of the total vehicle length,
      possess, on the contrary, a tapered shape, only the trailing point of
      which is truncated to receive the registration plate.
PAR  It should be noted that the two front wheels of the vehicle 1AG and 1AD are
      completely integrated inside the overall volume of front portion 1.sub.A.
PAR  On the contrary, rear wheels 1BG and 1BD are housed, for reasons which will
      be explained in detail subsequently, at the two extremities of a profiled
      transverse appendix extending on either side of the rear point of the
      cockpit, and which will simply be designated by general reference numbers
      2G, 2D for the time being.
PAR  Before pursuing the description, it is immediately noticeable that cockpit
      1, viewed from the top, has the shape of a body capable of good
      penetration through the air and, in elevation view, the shape of a thick
      wing profile the elongation of which is approximately the ideal elongation
      4.
PAR  To prevent the vehicle from taking off at high speed, particularly when it
      is subject to the vertical accelerations resulting from bumps in the road,
      the cockpit-body 1 is set in such a way that its normal attitude PP.sub.1
      has a slightly negative angle .alpha., for example in the order of
      -3.degree., in relation to the horizontal plane HH.sub.1.
PAR  Furthermore, in order to obtain perfect road holding from drive wheels IBG,
      IBD, the longitudinal cross-section of transverse appendix 2G, 2D,
      previously mentioned, is given the profile of a thick wing matching that
      of the cockpit properly speaking, but with a far more marked
      contra-lifting effect than that of said cockpit.
PAR  For this purpose, appendix 2G, 2D is set in such a way that its normal
      attitude PP.sub.2 has a markedly negative angle .beta., for example in the
      order of -18.degree., in relation to the horizontal plane HH.sub.1. This
      appendix somewhat constitutes a negatively set horizontal stabilizer.
PAR  Furthermore, three vertical stabilizers are provided, one 3C in the center
      and above the rear extremity 1B of the cockpit, the other two 3G and 3D at
      the two extremities of horizontal stabilizer 2G, 2D.
PAR  It should be pointed out that the assembly constituted by this horizontal
      stabilizer and the three fins forming vertical stabilizers, can be likened
      to the tail stabilizer unit of a dirigible balloon whose fuselage is
      constituted in this case by cockpit 1.
PAR  Aerodynamically speaking, the vehicle according to the invention, apart
      from its air penetration qualities which are excellent owing to a very low
      air resistance factor C.sub.X in the order of 0.12 to 0.15, has the prime
      advantage of being perfectly stable, and, consequently, unaffected by the
      particularly prejudicial action of cross winds. In fact, owing to the tail
      stabilizers, the resultant of the aerodynamic forces is applied at a point
      well behind the center of gravity and the vehicle is consequently
      autostable.
PAR  Furthermore, the vehicle is also mechanically stable, as the resultant of
      the action of the wheels on the ground is applied at a point located
      behind the center of gravity.
PAR  Owing to its aerodynamic qualities, its small height, its extremely small
      ground clearance, its small wheel base, the vehicle can be displaced by a
      low power engine (not represented) disposed just ahead of the geometrical
      axis of rear wheels 1BG, 1BD, while having a very low center of gravity
      located practically in the front third of the total vehicle length, i.e.,
      practically at the maximum cross-section M.sub.C. Furthermore, the vehicle
      can reach very high speeds in complete security.
PAR  As the vehicle according to the invention is destined, as already seen to
      very young, athletic clients fresh from their experience of motorcycles
      and, consequently, usually favouring two-seaters, it will automatically
      adopt the solution recommended by the Applicant, which appears very
      clearly from FIGS. 2 and 5.
PAR  This consists, on one hand, in housing the two occupants, whose silhouettes
      are diagrammatically represented at 4.sub.A and 4.sub.B, behind one
      another on two seats 5A and 5B disposed tandem-fashion, and on the other
      hand, in protecting these occupants extremely efficiently, as will be
      described in detail subsequently with reference to FIGS. 6, 7 and 8, by
      means of a protective robust smooth shield constituted by two lateral
      members 6G, 6D disposed on the sides of the vehicle and by spare wheel 7,
      forming an impact deflector. Furthermore, two very robust outer tubes, for
      example of steel, 8G and 8D, are anchored between the base of cockpit 1,
      at the level of the maximum cross-section and the respective bases of
      lateral fins 3G, 3D.
PAR  Owing to this design, the vehicle does not risk running foul of obstacles
      but quite to the contrary can ricochet against them. Head-on impacts,
      which are the most fatal, are thus completely eliminated.
PAR  The two seats 5A, 5B are naturally provided with markedly rearward
      reclining backs so as to have as small a maximum cross-section M.sub.C as
      possible. Furthermore, front seat 5.sub.A at least has a forward folding
      back so as to enable the occupants of the rear seat, first, and then the
      driver, to take his seat inside the vehicle through a pivoting hatch 9
      disposed on the roof of cockpit 1.
PAR  Wide curved bay windows 10 are provided all along the upper portion of the
      cockpit and enable the occupants to enjoy an excellent panoramic view,
      forwards and laterally and to the rear of the vehicle.
PAR  Furthermore, the vehicle is advantageously provided with an adjustable
      suspension of the type described in the Applicant's U.K. patent 1,240,147
      and U.S. Pat. No. 3,539,030.
PAR  As a brief reminder, by means of this adjustable suspension, the vehicle
      can occupy six different ground clearance levels diagrammatically
      represented in FIG. 3 by the six lines referenced 1 to 6, corresponding
      respectively to the following different vehicle positions: very low for I;
      motor way for II; highway for III; dirt roads for IV; very high for V; and
      ultra-high for VI. Ground clearance can be selected by the driver by means
      of a special control.
PAR  This suspension also makes it possible, as will be seen in detail
      subsequently, to cause the vehicle to lean into the bends to cancel out
      the effect of centrifugal force.
PAR  As regards the structure of the vehicle itself, it can be generally defined
      as being of the multi-tubular chassis type with a light weight alloy or
      plastic bodywork cladding said chassis and integral therewith.
PAR  More specifically, in order to obtain efficient protection for the
      occupants as well as good bodywork rigidity for a reasonable price, the
      base of said chassis is constituted using the cemented lamellated wood
      technique that has now been used for a certain time in the building
      industry.
PAR  Practically speaking (see FIG. 6), the vehicle framework is constituted by:
      a self-supporting protective box type truss girder made of wood and
      designated by general reference number P; a truss of light alloy anchored
      in the girder and serving as a substrate for the bodywork, designated by
      general reference T; and a light alloy or plastic bodywork cladding the
      girder and the truss, designated by general reference C.
PAR  More particularly, and by way of a non-limitative example represented in
      FIGS. 6, 7 and 8, the constituents P, T and C above can be designed as
      follows:
PAR  Girder P is advantageously constituted by:
PAR  two lower side-members 10G, 10D, curved upwardly at their front extremities
      in order to constitute a front shield 11 in which is anchored a housing 12
      receiving impact-deflecting spare wheel 7 which is itself mounted idle on
      a pivot pin 12A solidly attached to housing 12;
PAR  two upper side-members constituting lateral shields 6G, 6D, mentioned
      above, which are anchored, by their front extremities, to front shield 11;
PAR  transverse reinforcing pairs disposed respectively at the front of the
      vehicle at 13, at the level of the maximum cross-section at 14, and just
      ahead of the tail stabilizer unit at 15.
PAR  Truss T is constituted in a manner known per se by a system of steel or
      light alloy tubes appropriately triangulated as clearly seen from the
      diagram of FIG. 6. Naturally, the different nodal points of the system are
      disposed at suitable locations and serve as anchor points.
PAR  Bodywork C is constituted: either of light alloy sheets such as those known
      commercially under the names: "DURALUMIN" and "DURALINOX," or of a
      laminated plastic cladding. The sheets or plastic cladding are made
      integral as known "per se" with truss T.
PAR  It should, however, be pointed out that a shield 18 articulated at 18A and
      constituted by a resistant sheet metal enables the front portion of the
      cockpit located above deflecting spare wheel 7 to be capped and protected.
PAR  Furthermore, bulbs 19A and 19B can advantageously be provided on the roof
      of the cockpit, respectively over hatch 9 and over the tapered portion of
      the cockpit located under central fin 3C. These bulbs allow the occupants
      greater ease of movement, more particularly if they wish to take part in a
      competition and are consequently obliged to wear helmets.
PAR  According to a particularly advantageous form of embodiment, each of the
      lateral protective shields 6G and 6D can be constituted, as represented in
      the cross-section of FIG. 8, by a certain number of strips, for example
      five, referenced 20.sub.A, 20.sub.B, 20.sub.C, 20.sub.D and 20.sub.E of
      low density resistant wood. These strips are shaped according to the
      required curvature and then cemented to one another so as to form a
      perfectly homogeneous unit.
PAR  A recess 21 is provided on the outer strip, 20.sub.E in this case, and a
      soft rubber cushion 22 affording protection against slight impacts is
      cemented in said recess.
PAR  Cushion 22 attachment can be reinforced along its periphery by suitably
      distributing attachments such as 23.
PAR  Assembly between wooden girder P and the members of the metallic truss is
      by means of metallic collars.
PAR  Bodywork members C can be attached to the shield, for example by means of
      longitudinal angle irons such as 24, which are themselves attached by
      means of attachments such as 25, suitably distributed along strip 20.sub.D
      in this particular case.
PAR  According to another basic characteristic of the present invention, the
      front portion of the vehicle is equipped with aerodynamic brakes which
      considerably increase the security conditions when driving at high speeds.
PAR  Before describing the means enabling the design of aerobrakes by making
      full use of the very particular characteristics of vehicle according to
      the invention, a brief reminder will be given of the advantages of such
      aerodynamic brakes.
PAR  While it is difficult for conventional drum or disk brakes to retain their
      efficiency when the speed at which the vehicle is used increases, if only
      owing to the difficulty of discharging the calories generated by their
      prolonged use, the case of a brake using only air resistance is quite
      different. First of all, it should be noted that such a brake does not
      heat up, however long it is used. Furthermore, as air resistance increases
      as a square of the speed, it becomes extremely efficient, even for speeds
      commonly reached on the roads by present vehicles and more particularly by
      a vehicle according to the present invention.
PAR  Furthermore, as the aerobrake according to the invention is disposed, as
      will be described hereinafter, at the very rear of the vehicle, it
      increases the stability of the vehicle during braking in somewhat the same
      manner as the tail chute of an aircraft.
PAR  Furthermore, as the aerobrake has a contra lifting effect, it markedly
      increases the road holding of the rear drive wheels, which makes it
      possible to provide for a system actuating the normal vehicle brakes by
      the air brake itself, this comprising no risk of somersaulting or any
      particular effort on the part of the driver.
PAR  A description will now be given of a possible way of adapting an
      aerodynamic brake to the vehicle according to the invention referring
      first of all more particularly to FIGS. 9 to 14, it being noteworthy that,
      in order to avoid complicating the description and drawings to no purpose,
      only one brake flap will be described, although the vehicle clearly
      comprises two disposed symmetrically in relation to longitudinal axis
      XX.sub.1.
PAR  In accordance with the invention, the transverse contra lifting stabilizer
      2G, 2D is used to form, on either side of the vehicle, a main aerodynamic
      brake flap. To do so, a trapezium shaped portion 26 is cut out of the
      upper surface wall and articulated on a rear transverse pivot 27 by means
      of a robust reinforcing framework designated by reference 28. It is
      immediately clear that flap 26 constituted in this way, when displaced
      from the position represented by the broken line in FIG. 10 to that
      represented by a continuous line in the same figure, will expose a braking
      surface to air displacement whose effect will be the more efficient the
      higher the speed of the vehicle.
PAR  It is clearly understandable that no outside force need be applied to open
      flap 26. In fact, it suffices, as will be seen in detail subsequently,
      simply to enable it to be released from its closed position for the action
      of the relative wind to cause it to open immediately to its maximum
      position represented in FIG. 10. It should be noted that the depression on
      the upper surface of the stabilizer clearly favours flap opening.
PAR  On the other hand, a control system of a possible form of embodiment of
      which has been represented in FIGS. 9 and 10, is necessary to close the
      flaps.
PAR  Framework 28 comprises a solid fin 29 on which is articulated the rear
      extremity of a longitudinal control rod 30. The front extremity of the
      latter comprises a yoke 31 articulated on a slide 32 capable of sliding
      along the guide rod 33 firmly anchored at both its extremities to two
      supports 34 and 35 integral with the lower side-member 10G of the box
      girder P forming the framework of the cockpit.
PAR  Slide 32 is connected, by means of a cable 36, to a reel drum 37 mounted on
      a transverse drive shaft 38 by means of a free-wheel system (not
      represented) enabling a drive motor 39 to return the slide 32 from its
      rear position to its forward position and, consequently, to return the
      brake flap 26 from its open position to its closed position.
PAR  The motor 39 is preferably an electric motor actuated by a control button
      at the disposal of the driver. An electric limit-switch 40 automatically
      stops motor 39 when slide 32 reaches its forward end position.
PAR  Furthermore, drum 37 is provided with an internal braking system (not
      represented) of any conventional type braking the movement of slide 32
      when it is displaced from its forward position to its rear position,
      during the opening phase of flap 26.
PAR  As already seen, use can advantageously be made of the opening of flap 26
      to act automatically on the conventional brakes, for example drum brakes,
      of the vehicle, and on the brake drum 41G in the case in point.
PAR  For this purpose (see particularly FIGS. 10, 11 and 12), a lever 42 whose
      rotation is associated with that of steering wheel 26, as clearly seen in
      FIG. 10, is articulated in the axis XX.sub.1, of the vehicle on fin 27 so
      that, when displaced from its initial position 42.sub.I to its final
      position 42.sub.II (see FIG. 11), said lever engages, by its extremity
      42.sub.A curved for this purpose, with the transverse pin 43 of a yoke 44
      elastically carried by a support 45 and causes it to pivot through an
      angle .theta..
PAR  This link 44 is connected by a connecting rod 46 to a transverse bar 47, on
      the two extremities of which are articulated connecting rods 48G and 48D
      respectively cooperating with the extremities of levers 49G, 49D
      controlling the two drum brakes 41G and 41D.
PAR  It is immediately clear that, when flap 26, under the action of a relative
      wind, opens and is displaced to position 26.sub.I in FIG. 10, lever 42
      will at this moment engage pin 43. By passing from position 26.sub.I to
      position 26.sub.II, in which its aerodynamic braking effect is maximized,
      flap 26 will cause lever 42 to pivot through the same angle .theta..sub.1
      and, through lever 46, bar 47 and rods 48G, 48D, will actuate drum brakes
      41G, 41D, causing control levers 49G, 49D, to pivot through an angle
      .theta..sub.2, causing efficient braking without danger or effort on the
      part of the driver.
PAR  It is quite clear that, as the aerodynamic brake is effective only when the
      vehicle is travelling at a sufficient high speed, a locking system should
      be provided to maintain flap 26 in closed position as long as the driver
      desires.
PAR  It is possible, for example, to adopt the form of embodiment represented in
      FIGS. 13 and 14.
PAR  Flap 26 comprises at its front extremity a support 50 carrying a pin 51
      which, when the flap is in closed position (FIG. 13), is located between
      the two arms of a supporting fork 52 articulated on a fixed pin 53. An
      elastic return system 54 interconnecting fork 52 to a fixed point 55 on
      profiled shelter 2G maintains fork 52 in closed position.
PAR  Furthermore, the latter is extended by a substantially orthogonal lever 56.
      A cable 57 passing over a lazy pulley 58 connects the extremity of lever
      56 to a lever 59 having the same pivot pin 60 as pedal 61 actuating the
      drum brakes of the vehicle and forming therewith an angle .gamma. when it
      is in rest position.
PAR  Lever 59 is normally disengaged so that, when the driver depresses pedal
      61, this has no effect on said lever 59. A control (not represented)
      placed at the disposal of the pilot, enables lever 59 to be engaged, when
      the vehicle is travelling at a high speed, for example over 80 to 100
      km/hour, which has the result of pushing out a stop 62 with which it is
      provided, behind brake pedal 61.
PAR  From this moment, it can be seen that when the driver depresses brake pedal
      61, the latter when it has pivoted through angle 0.gamma., causes lever 59
      to rotate. The latter then pulls on cable 57, which causes assembly 56-52
      to pivot about pin 53. Immediately the spring return system 54 arrives at
      the level of pin 53, it exerts a bias effect and the pivoting assembly
      reaches the position represented in FIG. 14 in which flap 26 is slightly
      open and released. The relative wind then causes flap 26 to open to its
      maximum position, as already described with respect to FIGS. 9 to 12,
      giving rise to very energetic aerodynamic braking as well as, at end of
      travel, the automatic action of the conventional vehicle brakes.
PAR  When the vehicle speed has dropped to a value compatible with non-use of
      the aerodynamic brakes, the flap is returned, by means of the previously
      described control system, to its closed position. When the flap reaches
      the position represented in FIG. 14, pin 51 penetrates fork 52 and pivots
      it to return it to its initial position as represented in FIG. 13, where
      it is locked immediately the spring return system 54 travels past the
      median instability position at the level of pin 53.
PAR  Quite clearly, the locking system can be actuated by any means other than
      lever 59. The latter can, in fact, be replaced by a small aerodynamic flap
      placed at the front of the vehicle and which only moves when it is
      subjected to sufficient thrust by the relative wind, it being possible to
      set this thrust, for example, for a vehicle speed in excess of 80-100
      km/H.
PAR  It is immediately clear (FIG. 17) that, when the two lateral flaps 26G and
      26D are in maximum open position, there is a vacuum, set up by the tapered
      shape of the rear portion of the vehicle, between said flaps and central
      pin 3C.
PAR  In order to cause the aerodynamic brake to act even more efficiently, each
      main flap 26G and 26D can advantageously be provided with a laterally
      pivoting additional flap 63G, 63D, which moves from a fully retracted
      position inside the corresponding main flap, as represented in FIG. 15, to
      a fully extended position, as represented in FIG. 16, the pivoting of
      additional flap 63 being automatically actuated by the pivoting of
      corresponding main flap 26, thus automatically ensuring complete blocking,
      as perfectly clear from FIG. 17.
PAR  Quite clearly, additional flap 63 matches the shape of the orifice to be
      blocked. It is attached to a solid tubular armature 64, articulated on a
      pin 65 integral with the framework 28 of main flap 26.
PAR  Furthermore, this armature 64 of flap 63 comprises a roller 66 rolling in a
      circular guide coaxial with the axis of pivot 65.
PAR  In order to synchronize the extension of additional flap 63 with that of
      main flap 26, an extremely simple cable system such as that
      diagrammatically represented by way of example in FIGS. 15 and 16 can be
      used. To the attachment point 68 of mobile armature 74, which is offset in
      relation to the pivot 65, is attached the extremity of a cable 69 of fixed
      length which, after passing over a first lazy pulley 70 mounted on a pin
      70.sub.A integral with the main flap 26, and over a second lazy pulley 71
      the pivot 71.sub.A of which is integral with the fixed portion of appendix
      2G, is attached by its other extremity to a fixed attachment point 72 of
      appendix 2G.
PAR  It is immediately clear that if, with the main flap in closed position and
      the additional flap 63 in retracted position as represented in FIG. 15,
      the driver actuates brake pedal 61 to release the main flap 26 in the way
      previously described with respect to FIGS. 13 and 14, said main flap 26
      will open under the effect of the relative wind to reach the fully open
      position represented in FIG. 10 and cause the extension of the additional
      flap, as in proportion as main flap 26 pivots about pin 27, pulley 70
      itself pivots about the same pin. Now, pin 70.sub.A of pulley 70 is
      disposed in relation to pin 27 and fixed pin 71.sub.A of pulley 71 in such
      a way that, when said pulley 70 pivots, its distance in relation to fixed
      point 72 to which cable 69 is attached increases. As the latter is of
      constant length, it is consequently clear that, under the tensile stress
      applied by pulley 70, it causes the additional flap 63 to pivot about its
      pin 65 to bring it to the expanded position in FIG. 16.
PAR  In order to return the additional flap 63 to its retracted position inside
      the main flap 26, when the latter returns to its initial position, a
      spring return system is provided.
PAR  According to a particularly simple form of embodiment represented in FIGS.
      15 and 16, this return system can be constituted by a single elastic cable
      of the "sandow" type fixed, at one of its extremities, to an attachment
      point 74 integral with armature 64 of flap 63 and, at its other extremity,
      to an attachment point 75 integral with the main flap 26 and passing over
      two lazy pulleys 76 and 77 whose pivot pins 76.sub.A and 77.sub.A are also
      integral with the armature of main flap 26.
PAR  It is immediately clear that, when the additional flap 63 moves from its
      retracted position as shown in FIG. 15 to its extended position as
      represented in FIG. 16, the elastic cable 73 is compelled to elongate,
      clearly applying tensile stress to mobile flap 63. Immediately the latter
      is not longer subject to the tensile stress of cable 69, mobile flap 63 is
      automatically returned to its initial retracted position in proportion as
      the main flap 26 itself returns to its initial position.
PAR  Quite clearly, as distinctly illustrated in FIG. 17, the vehicle comprises
      a double aerodynamic braking system, a set of two flaps 26D, 63D in the
      case in point, opening between lateral fin 3D and a central fin 3C and a
      set of two flaps 26G, 63G, opening between lateral fin 3G and central fin
      3C.
PAR  It has already been seen that the driver could, as he chose, give the
      vehicle a ground clearance selected from six options by actuating a
      special control at his disposal.
PAR  Furthermore, it is well known that the young drivers for whom the vehicle
      according to the invention is particularly intended, tend to approach
      curves or bends very quickly owing to the fact that the motorcycles that
      they drive can be inclined to balance the effect of the centrifugal force.
PAR  According to the invention, the principle of adjustable suspension
      described in the applicant's U.K. patent No. 1,240,147 and U.S. Pat. No.
      3,539,030 previously mentioned, which enables the vehicle to be caused to
      lean towards the inside of the bends in order to cancel out the effect of
      the centrifugal force, is applied to the vehicle by adaptation.
PAR  For this purpose, (see FIGS. 18 and 19), steering wheel 80 comprises on its
      rim two pressure actuated control buttons 81G and 81D disposed in such a
      way that the driver can reach them selectively with his left or right
      thumb, without having to release the steering wheel.
PAR  For a left-hand bend, for example as represented in FIG. 18, the driver
      depresses button 81.sub.G with his thumb on entering the bend, which has
      the result of varying the position of each of the four wheels so that they
      occupy the respective corresponding positions in said FIG. 18. In the case
      in question, only the front left-hand wheel 1AG does not have to change
      position in relation to its initial position.
PAR  On the other hand, the ground clearance for the left rear wheel 1BG
      decreases while this ground clearance increases both for the front and
      rear right-hand wheels 1AD, 1BD.
PAR  The suspension assembly is automatically reset when the steering wheel
      returns to its neutral position.
PAR  It goes without saying that this control can be designed in any appropriate
      known manner, preferably in accordance with the technique described in the
      above mentioned patents filed by the Applicant.
PAR  It goes without saying, moreover, that the present invention has been
      described and represented only by way of a preferred example of embodiment
      and that any equivalent means can be added to its constituents without
      forasmuch departing from the scope of said invention as defined in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lightweight high performance vehicle affording a great degree of
      security comprising
PA1  a tapered cockpit with a well rounded forward portion both in the
      horizontal and in the vertical plane;
PA1  a profiled transverse horizontal appendix extending from both sides of the
      rear of said cockpit;
PA1  two front wheels at the front portion of said cockpit;
PA1  two rear wheels detached from said cockpit and housed at the two
      extremities of said profiled transverse appendix and forming therewith a
      transverse horizontal stabilizer;
PA1  three vertical stabilizers forming fins disposed respectively above said
      cockpit and at the two extremities of said transverse stabilizer;
PA1  and an aerodynamic brake including
PA2  a transverse pin located at the rear of said horizontal appendix,
PA2  flaps capable of pivoting on said transverse pin, under control of the
      driver, when the speed of the vehicle is sufficient for aerodynamic brake
      action to be efficient,
PA2  additional flaps contained inside said aerodynamic brake flaps and capable
      of pivoting laterally and automatically in proportion as said brake flaps
      pivot towards their fully open position so that, when the latter is
      reached, the space between said brake flaps and said central fin disposed
      above said cockpit is substantially completely blocked by said additional
      flaps.
NUM  2.
PAR  2. Vehicle according to claim 1, wherein the synchronization between the
      pivotal movements of said brake flaps around said rear transverse pin and
      the lateral pivoting movements of said additional flaps is ensured by a
      fixed length cable connection for the extension phase and by an elastic
      cable connection for the retraction phase.
NUM  3.
PAR  3. A lightweight high preformance vehicle affording a great degree of
      security comprising
PA1  a tapered cockpit with a well rounded forward portion both in the
      horizontal and in the vertical plane;
PA1  a profiled transverse horizontal appendix extending from both sides of the
      rear of said cockpit;
PA1  two front wheels at the front portion of said cockpit;
PA1  two rear wheels detached from said cockpit and housed at the two
      extremities of said profiled transverse appendix and forming therewith a
      transverse horizontal stabilizer;
PA1  three vertical stabilizers forming fins disposed respectively above said
      cockpit and at the two extremities of said transverse stabilizer;
PA1  and an aerodynamic brake including
PA2  a transverse pin located at the rear of said horizontal appendix,
PA2  flaps capable of pivoting on said transverse pin, under control of the
      driver, when the speed of the vehicle is sufficient for aerodynamic brake
      action to be efficient,
PA2  said flaps each being constituted by a wall of the upper surface of said
      transverse appendix located on each side of said cockpit and provided with
      a reinforcing frame which is articulated on said transverse pin so that
      said flaps can occupy a fully open substantially vertical position in the
      aerodynamic braking phase,
PA1  said aerodynamic brake flaps being normally maintained in a closed position
      by a mechanical locking device having a two-position pivoting lever which,
      when actuated, causes the leading portion of the flaps to lift slightly
      and enables the relative wind to open the forward edge and pivot said flap
      about said transverse pin on its rear edge and bring said flap
      automatically to the fully open aerodynamic braking position.
NUM  4.
PAR  4. Vehicle according to claim 3, wherein the aerodynamic brake flaps are
      returned from their fully open position to their closed position by means
      of a mechanical rod and slide system subjected to the action of a control
      system which is motive in the flap closure direction and has a braking
      effect in the opening direction of said flaps.
NUM  5.
PAR  5. Vehicle according to claim 3, wherein the aerodynamic brake flaps
      comprise a lever which, at the end of the opening travel of said flaps,
      engages a rod type connection system actuating the conventional rear
      brakes of the vehicle.
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ABST
PAL  A two wheeled, electrically powered vehicle having an outer contour
      resembling a piece of luggage and including a handlebar controlled
      steering column which is retractable into the luggage shaped vehicle to
      facilitate the carrying of the vehicle. The steering column is connected
      to one of the wheels and is movable to facilitate the steering of the
      vehicle while, at the same time, an electrically powered motor mounted to
      the steering column provides the motive force for driving the steered
      wheel to propel the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates generally to powered vehicles and, more
      particularly, to a low cost, two wheeled, electrically powered vehicle
      shaped to resemble a piece of luggage.
PAR  II. Description of the Prior Art
PAR  Heretofore, numerous two wheeled vehicles, such as motorcycles, scooters
      and the like have been known and examples of such known vehicles are
      disclosed in U.S. Pat. Nos. 2,910,130, 2,577,951, 3,079,172, 3,314,494,
      3,354,976, 3,483,937, 3,554,311, 3,605,929, and 3,710,883. While many of
      the vehicles disclosed in the aforementioned examples of prior art
      structures have achieved compactness of design, the vehicles in many
      instances must be of the type that permits a folding of the various
      components, or the vehicle must be completely dissassembled in order to be
      transported. In such arrangements, generally, the wheels and steering
      columns of the vehicles are disassembled and stored in a suitable
      compartment for transportation.
PAR  In almost all situations, the motorized vehicle is so designed that the
      vehicle cannot physically be carried and/or will not be permitted into a
      building or room for storage; such aforementioned vehicles must be stored
      in a parking lot or similar type of facility.
PAR  It would therefore be desirable to provide a powered vehicle that is
      capable of transporting at least one adult person on urban streets with
      the vehicle being so designed that it is completely contained within a
      frame that resembles, in appearance, a piece of luggage. It is also
      desirable to design such a powered vehicle that is light enough and simple
      enough in its construction that an adult may simply carry the same or roll
      it on one or both of its wheels when it is in an inoperative, immobile
      condition.
PAR  Such a feature would permit the use of a so-designed vehicle to transport
      an adult, while at the same time, permit the user to take the vehicle into
      a building or room for storage and, thus, eliminate the aforementioned
      parking problems associated with the prior art vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention which will be described in greater detail hereinafter
      comprises a powered vehicle of sufficient size to permit the
      transportation of an adult while being of such a size and shape as to
      resemble a conventional piece of luggage for easy transport of the vehicle
      when the same is not being driven.
PAR  It is therefore an object of the present invention to provide a new and
      improved powered vehicle.
PAR  It is also a further object of the present invention to provide such a
      power vehicle which is propelled by an electrically driven motor that is
      simple in its design and inexpensive to manufacture and maintain.
PAR  It is still another object of the present invention to provide a powered
      vehicle that is light weight in construction, attractive in appearance,
      strong and durable, and which is capable of being produced at a relatively
      low cost.
PAR  Other objects, advantages and applications of the present invention will
      become apparent to those skilled in the art of powered vehicles when the
      accompanying description of the best mode contemplated for practicing the
      invention is read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The description herein makes reference to the accompanying drawings wherein
      like reference numerals refer to like parts and components throughout the
      several views, and in which:
PAR  FIG. 1 is a perspective view of a powered vehicle constructed in accordance
      with the principles of the present invention and illustrated as
      transporting an adult.
PAR  FIG. 2 is a perspective view of the power vehicle illustrated in FIG. 1
      with the handlebar assembly in position to permit the manual
      transportation of the powered vehicle;
PAR  FIG. 3 is a longitudinal cross-sectional view of the powered vehicle
      illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a fragmentary cross-sectional view of the powered vehicle taken
      along line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary cross-sectional view of the powered vehicle taken
      along line 5--5 of FIG. 3;
PAR  FIG. 6 is a fragmentary cross-sectional view of the powered vehicle with
      the seat section removed and taken along line 6--6 of FIG. 3; and
PAR  FIG. 7 is a fragmentary perspective view of the foot pedal assembly
      illustrated in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, in particular, to FIGS. 1 and 2 wherein
      there is illustrated an example of the present invention in the form of a
      powered vehicle 10 having a pair of longitudinally spaced wheels 12 and 14
      which support the frame 16 of the vehicle 10. The vehicle 10 further
      comprises a steering column assembly 18 which includes a removable
      handlebar 20 that is utilized by the driver 22 to steer the front wheel 12
      and, thus, to control the direction of movement of the vehicle 10 as the
      same is propelled in a manner that will be described hereinafter. The
      vehicle 10 further comprises a pair of foldable foot pedals 24 and 25
      (FIG. 5) which are disposed on the opposite sides of the vehicle 10 for
      the purpose of accomodating the driver's feet as illustrated in FIG. 1.
      When not in use, the foldable foot pedals 24 and 25 are positioned in
      recesses 27 on the opposite sides 26 of the vehicle 10 as shown in the
      FIGS. 2 and 5.
PAR  The vehicle further includes a kickstand 28 (FIGS. 2 and 3) for purposes of
      maintaining the vehicle 10 in an upright position when the vehicle 10 is
      not in use. It should be noted that the kickstand 28 is movable from an
      upright position where the kickstand 28 is disposed in a horizontal
      position and the vehicle 10 may be driven to a downward position (FIG. 3)
      wherein the kickstand 28 supports the vehicle 10 in an upright position
      while abutting the tire of the rear wheel 14 to function as a parking
      brake.
PAR  The handlebar 20 is removable from the vehicle and may be reinserted into
      the vehicle 10 in a raised position (FIG. 1), as will be described in
      greater detail hereinafter, in which position the handlebar 20 is grasp by
      the driver 22 to steer the vehicle 10 in a conventional manner. The
      handlebar 20 may be removed from the vehicle 10 and reinserted in a
      lowered position, as shown in FIG. 2, wherein the hand grips 30 and 32 are
      pointed toward the forward and rearward sections, respectfully, of the
      powered vehicle 10, such that the handlebar 20 itself generally lies in
      the longitudinal plane of the powered vehicle 10. Still referring to FIG.
      2, it can be seen that when the handlebar 20 is repositioned in this
      manner, the handlebar section 34 that is associated with the rearwardly
      directed handlebar grip 32 is raised slightly above the top surface 36 of
      the vehicle to permit the driver 22 to grasp the bar section 34 to lift
      and carry the powered vehicle 10 in the same manner as one would grasp a
      handle of a piece of luggage. The portion 38 of the handlebar 20
      associated with the forwardly directed handlebar grip 30 extends upwardly
      and outwardly with respect to the top of the powered vehicle 10, such that
      the grip 30 may be grasped by the user to raise the front end of the
      vehicle 10 to lift the wheel 12 off the ground. This permits the user to
      push the vehicle 10 rearwardly while the vehicle 10 is supported by and
      rides on the rear wheel 14, and thus, provides a very simple and
      convenient means for the driver 22 to move the vehicle 10 when it is not
      possible to drive the vehicle, such as within a building.
PAR  It can be envisioned that after the driver 22 has reached his destination
      by driving the vehicle 10 in the street, he may lower the handlebar 20 in
      a manner to be described such that he may grasp the grip 30 and transport
      the powered vehicle 10 along the sidewalk or into a building, as desired.
      When it is necessary to lift the vehicle 10, such as when walking
      upstairs, the driver 22 may grasp the handlebar portion 34 in the
      aforementioned manner as one would grasp a suitcase handle and thereby
      carry the powered vehicle 10. The same situation would apply to the
      placement of the vehicle 10 in a conventional transportation vehicle such
      as a car or a bus or the like.
PAR  Referring now to FIGS. 2 through 7 for a more detailed description of the
      powered vehicle 10, it can be seen that the frame 16 may be fabricated
      from any suitable material and preferably from a one piece plastic casting
      having a metal insert 35, such as an aluminum insert, to reinforce the
      steering column 20 of the vehicle 10 as will be described hereinafter. In
      addition to the aforementioned opposite sides 26, the frame 16 has a top
      36, an inclined front section 40 and a rear section 42, all of which, as
      aforementioned, are preferably of an integral one piece plastic
      construction. The vehicle 10 has a seat 37 to accomodate the driver 22,
      and the rear edge of the seat 37 is attached to the upper edge of the rear
      section 42 of the frame 16 by means of a hinge like connection 46. The
      seat 37 may be raised by pivoting the same about the hinge 46 to permit
      access to the interior of the frame 16 wherein the same forms a storage
      compartment 48, the floor 49 of which is removable for access to two lower
      compartments 50 and 56.
PAR  The forward compartment 50 preferably houses one or more electric batteries
      52 which supply the necessary electric power for driving an electric motor
      54 as will be described hereinafter. The rearward portion of the frame 16
      defines the second compartment 56 which preferably functions as a storage
      area for a battery charger and other necessary electrical control elements
      such as switches, fuses and the like, all of which are indicated by the
      number 57. It can be seen that the easy access to the compartments 48, 50
      and 56 can be had simply by raising the seat 37 and removing the floor 49.
      The forward end of the frame wall and insert 35 defined by compartment 50
      also mounts the steering column bracket 58. The bracket 58 is attached to
      the frame wall and insert 35 by fasteners 59 extending through suitable
      bores for attachment to nuts, or the like.
PAR  As can best be seen in FIGS. 3 and 6, the rear wheel 14, which may be
      conventional in construction, is rotatably mounted on an axle 62, the
      opposite ends of which are carried by the extended ends of a pair of
      control bars 66 which, in turn, are mounted to the opposite sides of a
      U-shaped bracket 68 (FIGS. 3 and 5). Intermediate the opposite ends of
      each of the control bars 66, shock absorbers and spring assemblies 70 are
      mounted in a conventional manner to afford the driver 22 of the vehicle 10
      a smooth suspension. The upper ends of the shock absorber and spring
      assemblies 70 are attached to the frame 16 at 71 (FIG. 3) by any suitable
      fastening means.
PAR  As can best be seen in FIGS. 5 and 7, the foot pedals 24 and 25 are
      preferrably of a metal construction having end flanges 72 which receive
      the reduced end sections 73 of support bars 75 and 77, respectively, and
      through which elongated hinge members such as pins 76 extend.
PAR  This arrangement provides a simple means for pivotally attaching the foot
      pedals 24 and 25 to the opposite sides 26 of the vehicle 10 such that the
      foot pedals 24 and 25 may be moved from the position shown in FIG. 2, that
      is, from an upright or vertical position when the vehicle 10 is not being
      driven to the lowered or horizontally disposed position such as shown in
      FIG. 1, when it is desired to provide support for the driver's feet.
PAR  Still referring to FIG. 5 and 7, it can be seen that the support bars 75
      and 77 are rotatably carried by the aforementioned U-shaped bracket 68
      which is, in turn, fastened to the underside of the wall of the frame 16
      that defines the compartment 50. The support bar 75 has an axial bore 80
      (FIG. 5) which rotatably receives a reduced diametered end 82 of the
      support bar 77 such that the supports bar 75 and 77 support each other
      while being able to rotate relative to each other. The support bar 77
      which is attached to the left end pedal 25 carries a T-shaped flange 84 to
      which is attached brake wires 86 which, in turn, are connected to front
      and rear commercially available mechanical brake assemblies 88. It can
      thus be seen that when the driver 22 exerts a downwardly directed force on
      the brake pedal 25, and the same is rotated forwardly, that is counter
      clockwise in FIG. 2, the mechanical brake assemblies 88 will be actuated
      to stop the motion of the vehicle 10.
PAR  The support bar 75 attached to the foot pedal 24 carries an L-shaped member
      90 which terminates in an on-off switch 92 which, in turn, is electrically
      connected by wires 93 to a solenoid 94 located within compartment 56. The
      electrical switch 92 is actuated to an "on" position when the foot or
      drive pedal 24 is rotated forwardly and the switch 92 is moved to the
      "off" position when the drive pedal 24 is rotated in the opposite
      direction. The solenoid 94 (FIG. 3) is adapted to electrically connect the
      batteries 52 to the electrical motor 54 via wire 96 and suitable switches
      not shown. Switches 98 carried on the floor 49 are adapted to function as
      a main switch to turn the entire system on and off, as desired, and to
      operate headlight 100 carried by the front section 40 and tail light 102
      carried by the rear section 42. The various switches and electrical
      components utilized in the vehicle 10 are all connected by suitable
      wiring, all of which is known to those skilled in the art of electrical
      devices and the like.
PAR  Referring now to FIGS. 3 and 4, the steering column assembly 18 is
      illustrated as comprising a tubular member 104 having a square
      cross-section which terminates at its upper end in the handlebar 20. The
      handlebar 20 may be attached to the upper end of the tubular member 104 by
      any suitable fastening means (not shown) such as by welding, or the two
      components may be of an integral construction. As can be seen in FIG. 3,
      the lower portion of the tubular member 104 is slidably received into a
      complementary shaped collar member 106, the lower portion of which is
      mounted in a bushing 108 such that the collar member 106 is free for
      rotational movement about the longitudinal axis defined by the bushing
      108. The bushing 108 is, in turn, fixedly secured to the frame 16 by means
      of the aforementioned bracket 58 (FIG. 3).
PAR  The interior wall surface of the collar member defines a female spline 110
      which mates with and slidably engages the male spline 112 formed in the
      upper end of a support post 114.
PAR  The lower end of the support post 114 is attached by any suitable means,
      such as welding or the like, to the outer peripheral surface of the
      electric motor 54 which, in turn, has its lower peripheral surface seated
      on and fixedly secured to the base of an angled member such as a U-shaped
      fork element 116. A coil spring 118 disposed around the support post 114
      between the motor 54 and collar member 106 functions as a shock absorber
      since the support post is movable up and down with respect to the collar
      member 106 due to the sliding relationship of the splines 110 and 112. The
      extended ends of the legs of the fork element 116 rotatably support an
      axle 120 which, in turn, supports a driven pulley 122 and the front wheel
      12. The mechanical output of the electric motor 54 is connected to the
      driven pulley 122 by means of a drive pulley 124 and a suitable drive belt
      126 (FIG. 3), such that the front wheel 12 is driven by the electric motor
      54. In the preferred embodiment the pulleys 122 and 124 and the drive belt
      126 form the components of a variable ratio-belt drive which is standard
      in construction and commercially available. The most economical and
      efficient operation may be obtained by this arrangement when electric
      energy transmitted from the battery 52 to the electric motor transmission
      54 is utilized to drive the front wheel 12.
PAR  The handlebar 20 and the tubular member 104 are so arranged as to be
      movable from the raised position, as aforementioned and shown in FIG. 1,
      to a lowered position as shown in FIG. 2. This is accomplished by means of
      an over center locking mechanism 128 which is carried at the front end of
      the tubular member 106 and, as can best be seen in FIGS. 2 and 4,
      comprises a pair of outwardly disposed brackets 130 which rotatably
      support thereinbetween, a circular cam member 132 which is moved by a
      lever 134. Thus, to maintain the handlebar 20 in the raised position, the
      lever 134 is used to rotate the cam member 132 (clockwise as viewed in
      FIG. 2) into engagement with the forward force of the tubular member 104
      and lock the same in position. Rotation of the cam member 132 in an
      opposite direction permits a complete withdrawal of the handlebar 20 from
      the square shaped tubular member 106. After withdrawal, the handlebar 20
      is rotated 90.degree. and the end tubular member 104 of the handlebar 20
      is reinserted within the square opening in the tubular member 106. The
      handlebar 20 is lowered to the position illustrated in FIG. 2, locked in
      position by the cam member 132; the vehicle 10 may then be moved in the
      aforementioned manner. In the raised position the engagement of the square
      complementary surfaces of the tubular members 104 and 106 secures these
      members such that rotation of the handlebars 20 about the longitudinal
      axis of the steering column 18 will rotate the wheel 12 so as to steer the
      vehicle 10. In the lowered position the engagement of the square
      complementary surfaces of the tubular members 104 and 106 maintains
      handlebar assembly 20 in the rotated position as illustrated in FIG. 2, to
      enable the driver 22 to selectively carry or push the vehicle 10 on one or
      both wheels in the aforementioned manner.
PAR  It should be noted that the tubular members 104 and 106 may be either
      mechanically or electrically keyed to the motor 54 such that complete
      removal of the handlebar will minimize the possibility of a theft.
PAR  It can thus be seen that the present invention provides a unique powered
      vehicle having numerous advantages that are not disclosed in the prior
      art, and which may be utilized as a transportation system having many
      applications. Because of its unique shape and one piece molded body, the
      inventive powered vehicle may be brought into a building and stored
      therein. Examples of typical applications for the present invention
      include, but are not limited to, the use of the vehicle in shopping
      centers having limited parking facilities; the use of the vehicle by
      students who may not or cannot leave their vehicles unattended because of
      possibility of theft; by commuters between their homes and a common
      carrier such as a bus or train where upon the vehicle may be carried onto
      the bus or other common carriers for transportation to the ultimate
      destination of the driver. Similarly, it is anticipated that the vehicle
      will be of invaluable use to residents who live in congested urban areas
      where it is impractical to own other types of transportation and where an
      owner may store the vehicle within a home or apartment during the evening
      for theft prevention purposes.
PAR  It should also be noted that because of the new one piece molded body
      construction that functions both as a frame and structure, the attractive
      vehicle is extremely strong, rugged, but inexpensive to fabricate in large
      quantities.
PAR  Although only one form of the present invention has been disclosed, it
      should be apparent to those skilled in the art of powered vehicles that
      other forms may be had all coming within the spirit of the present
      invention and the scope of the appended claims.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A powered vehicle comprising:
PA1  an integrally formed body frame, resembling a suitcase, bounded by a top
      wall, a front wall, a rear wall, and side walls;
PA1  a pair of wheels supporting said frame;
PA1  a steering column having a lower portion rotatably carried by said frame,
      said lower portion of said steering column being coupled to one of said
      wheels to facilitate the steering of said vehicle when said steering
      column is rotated with respect to said frame;
PA1  an upper portion of said steering column being longitudinally slidably
      received in said lower portion and movable between a raised position and a
      lowered position;
PA1  means for releasably securing said upper portion to said lower portion when
      in either said raised or lowered positions, such that said upper portion
      of said steering column is rotatable with said lower portion when said
      upper portion is in said raised position and releasably secured with said
      lower portion, and said upper portion is movable with respect to said
      lower portion when not secured to said lower portion;
PA1  handlebar means carried by said upper portion and movable with said upper
      portion to a front to rear position with respect to said vehicle such that
      one end of said handlebar means is in close proximity to said top wall of
      said frame when said upper portion of said steering column is in said
      lowered position; and
PA1  the other end of said handlebar means projecting outwardly from said front
      wall of said vehicle, whereby, when said handlebar means is in said front
      to rear position, said one end of said handlebar means serving as a means
      for lifting and carrying said vehicle, the other end of said handlebar
      means serving to facilitate the manual propelling of said vehicle on at
      least one of said wheels; said handlebar means are coupled with said
      steering column by a non-circular arrangement for positioning said
      handlebar in 90.degree. increments for fail-safe torsional coupling for
      steering said vehicle in said operative mobile condition and for acurate
      positioning of said handlebar means with respect to said steering column
      in said front to rear position.
NUM  2.
PAR  2. An electrically powered vehicle comprising:
PA1  an integrally formed body frame;
PA1  a plurality of wheels supporting said frame including a front driven wheel;
PA1  a steering column carried by said frame having an upper and a lower
      portion;
PA1  an electric motor carried by said steering column;
PA1  an angled member having a base and means for mounting an axle on which said
      driven wheel is rotatably mounted and supported, said base of said member
      mounting said electric motor;
PA1  means connecting the mechanical output of said electric motor to said wheel
      to drive the same; and
PA1  means fixedly attaching one end of said lower portion of said steering
      column to said electric motor such that said front driven wheel, said
      angled member, said electric motor, and said lower portion of said
      steering column unitedly form one member adapted to facilitate the
      steering of said electrically driven wheel;
PA1  bearing means carried by said frame and rotatable with respect to said
      frame, said bearing means having a splined bore, the opposite end of said
      lower portion of said steering column having a splined portion slidably
      received within said splined bore; and
PA1  shock absorbing spring means carried by said lower portion of said steering
      column and engaging with a portion of said frame.
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ABST
PAL  A vehicle for propulsion of gardening, road-sweeping, snow-clearing and
      similar implements and having a single engine for propulsion of both the
      vehicle itself and an implement attached to the vehicle. The vehicle is
      provided with articulated steering, i.e., it has two wheeled, pivotably
      connected sections. The drive engine is mounted on the front section,
      which is also arranged to be rigidly connected with the implement. The
      vehicle is driven from at least one wheel of the rear section which wheel
      obtains its drive from a vertical axle driven by the engine and rotatably
      mounted in the pivot between the two sections of the vehicle and serving
      as a pivot pin. A regulatable gearing device is mounted between the said
      axle and the drive wheel or drive engine of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a vehicle for the propulsion of and operation of
      a gardening, roadsweeping, snow-clearing and similar implement, the
      vehicle having a single engine for propulsion of the vehicle itself and
      for operation of an implement or the like attached to the vehicle.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  For effective gardening and for the cleaning of roads and paths, vehicles
      are needed for the propulsion of lawn mowers, sweeping devices,
      snow-blowing machines and the like. Several vehicles for these purposes
      are already on the market having different designs and varying prices. The
      majority of these vehicles, however, incorporate expensive components such
      as differential gears and complex gearboxes, and consequently the price of
      these vehicles is high and their maintenance is complicated and expensive.
      Moreover, the vehicles do not possess the flexibility and manoeuvrability
      which may be required in certain circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a vehicle for the
      propulsion of an operation of a gardening, road-sweeping, snow-clearing or
      similar implement with a single engine for the propulsion of the vehicle
      itself and for the operation of an implement or the like attached to the
      vehicle, said vehicle comprising two sections, said sections being wheeled
      and being pivotally connected by a pivot, the engine being mounted on one
      section, which is also arranged to be connected to the implement, the
      other section being provided with at least one wheel serving as a drive
      wheel for the vehicle, means being provided for driving the said drive
      wheel from a vertical axle driven by the engine and rotatably mounted in
      the pivot between the two sections of the vehicle and serving as a pivot
      pin, and a regulatable gearing device mounted between the said axle and
      the drive wheel of the vehicle or between the said axle and the drive
      motor of the vehicle.
PAR  In one embodiment of a vehicle in accordance with the invention the vehicle
      is provided with articulated steering, i.e., the vehicle has two sections
      which are pivotally connected for relative movement around a pivot, which
      enables the vehicle to turn with a turning circle of small radius. By
      attaching an implement, such as a lawn mower, to the front section of such
      a vehicle very good accessibility for the implement is attained.
PAR  In order to simplify the power transmission from the engine to the
      implement, which may be driven at a constant rate, the engine is also
      mounted in the front section of the vehicle. For effective propulsion of
      the vehicle it is, however, necessary for at least one wheel of the rear
      section to be driven, and in an embodiment of a vehicle in accordance with
      the invention the driving power for the said wheel is transmitted via a
      vertical axle which is driven by the engine and which is rotatably mounted
      in the pivot between the front and rear sections of the vehicle which axle
      is connected by a suitable drive mechanism or transmission to the wheel.
      For regulation of the speed of the vehicle a gearing device is mounted
      between the drive wheel and the said axle or alternatively between the
      axle and the engine.
PAR  In a preferred embodiment of the invention which permits an extremely
      simple arrangement of the power transmission system as well as very simple
      continuous regulation of the gearing, the said vertical axle is utilized
      as the driving shaft in a gearing device of the friction type,
      specifically a gearing device of a type which comprises a first flat disc
      mounted on the said shaft and a second disc rotatably mounted at right
      angles thereto which is made to engage with the flat surface of the first
      disc so that the rotational speed of the second disc which can travel
      along the supporting axle thereof will be governed by the distance of the
      point of contact of the discs from the centre of the rotating flat first
      disc. The supporting axle of the driven second disc is connected via a
      suitable transmission to the drive wheel of the vehicle. By this means a
      very simple gearing arrangement is provided, since the axle for
      transmission of the driving power between the front and rear sections of
      the vehicle can also be utilized as an operative part in the gearing
      device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more readily understood, and so that
      further features thereof may be appreciated, the invention will now be
      described by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a diagrammatic side view of a vehicle in accordance with the
      invention, with one wheel removed,
PAR  FIG. 2 is a side view, partly in section, of the pivot between the front
      and rear sections of the vehicle illustrated in FIG. 1, and
PAR  FIG. 3 is a rear view, partly in section of the power transmission and the
      pivot illustrated in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a vehicle for the propulsion of gardening implements
      and the like comprises a front section 1 and a rear section 2, which are
      pivotably connected by pivot means extending around an axle 3. The front
      section 1 is provided with two wheels 4 (only one of which is shown) and
      the rear section 2 is provided with one wheel 5. Also mounted on the front
      section is an engine 6 which drives an axle 7 which is provided with
      pulleys 8 and 9 adopted to accommodate V-belts 10 and 11 respectively. The
      V-belt 11 is intended for driving an implement (not shown) such as a lawn
      mower which may be mounted on an attachment means 12 at the front end of
      the vehicle. The V-belt 10 is arranged to drive the vertical axle 3 via a
      pulley 13. Mounted at the rear end of the front section 1 is a vertical
      tubular sleeve 14, through which the axle 3 driven by the engine 6 is
      passed.
PAR  The vehicle is steered by means of a steering wheel 15, which is connected,
      via a steering column 16 mounted in a tubular sleeve 17 attached to the
      front section to, a gearwheel 18 secured to the lower end of the steering
      column, which gearwheel meshes with a toothed segment 19 fixed to the rear
      section of the vehicle. The reference numeral 34 denotes a seat for the
      driver.
PAR  FIGS. 2 and 3 show the arrangement for the power transmission between the
      front and rear sections of the vehicle and the gearing device in more
      detail. As can be seen from FIG. 2, the drive axle 3 is rotatably mounted
      in an upper flange 30 and a lower flange 31, which together form a fork.
      The tubular sleeve 14 provided on the front section of the vehicle is
      rotatably mounted about the axle 3 between the said flanges 30 and 31.
PAR  Mounted on the upper end of the axle 3 is a generally horizontal friction
      disc 32, having a flat upper surface which is urged in the upwards
      direction by a spring 33. When the disc 32 is in an uppermost position, it
      engages with a generally vertical friction disc 20 which is mounted on a
      horizontal support axle 19. The disc 20 is unrotatably connected with the
      support axle 19 but can be displaced laterally along the support axle 19,
      and the speed of the disc 20 -- when the disc 32 is driven by the axle 3
      at constant speed and the disc 20 is in contact with the disc 32 -- will
      be varied according to the distance between the point of contact between
      the disc 32 and the disc 20 and the centre of the disc 32.
PAR  The position of the disc 20 along the axle 19 can be regulated by means of
      a lever 21, the lower end of which is provided with a sleeve 23, slidable
      along an axle 22 and unrotatable in relation to the axle 22. The sleeve 23
      and the friction disc 20 are interconnected via a link 24. The friction
      disc 32 can be lowered out of engagement with the disc 20 against the
      action of a spring 33 with the aid of a lever mechanism 25, which is
      operable via a control rod 26, which is connected with the axle 22. The
      control rod 26 is so attached to the axle 22 that it will be pushed
      upwards or pulled downwards in response to turning of the said axle in one
      direction or the other, which can be done with the aid of the lever 21,
      since as described above the sleeve 23 is unrotatably connected with the
      said axle. By this means it is possible to achieve disengagement of the
      discs 20 and 32 and to prevent the discs 32 and 20 from being in mesh when
      the disc 20 passes the centre of the disc 32, which otherwise would result
      in excessive wear of the said discs.
PAR  The axle 19 driven via the friction disc 20 is connected at one end to a
      gearwheel 27, which meshes with a larger gearwheel 28, which via a chain
      29 or belt drives the rear wheel 5 of the vehicle.
PAR  The gearing arrangement comprising the friction discs 32 and 20 represents
      a very simple and reliable gear, which is simple to operate and which
      allows stageless or continuous regulation of the speed of the vehicle as
      well as simple changing of the driving direction, since for this purpose
      it is only necessary to displace the disc 20 past the centre of the disc
      32, so that it will interact with the other half of the disc 32. This
      together with the simple and very easy steering of the vehicle via the
      steering wheel 15, any turning movement of which is converted into a
      change of the angle between the longitudinal axes of the two sections of
      the vehicle through the gearwheel 18 and the toothed segment 19, results
      in the vehicle being very easily manoeuvred, which is of great importance,
      for instance when mowing uneven lawn areas. The steering arrangement also
      enables the vehicle to turn with a turning circle of very small radius.
      Since only one wheel is utilized to drive the vehicle, the utilization of
      differentials or the like is also avoided.
PAR  A feature which contributes to the simple construction and low maintenance
      cost of the vehicle is the simple and robust power transmission system
      between the front and rear sections of the vehicle. By utilizing the axle
      serving as a turning pivot for the vehicle sections also for the power
      transmission, which axle as shown in FIGS. 2 and 3 is additionally
      utilized as an operative part of the gearing arrangement, it is possible
      for the number of parts subjected to wear and requiring maintenance to be
      reduced to a minimum.
PAR  Whilst the invention has been described with reference to a vehicle for the
      propulsion of gardening implements such as lawn mowing devices it is to be
      understood that vehicles in accordance with the invention may be utilised
      for propelling and operating road-sweeping, snow-clearing or similar
      implements.
PAR  It is to be further understood that whilst in the specifically described
      embodiment the gearing arrangement is located between the vertical axle
      and the driven wheel of the vehicle the gearing arrangement could be
      located between the motor and the vertical axle, the vertical axle then
      being connected to the driven wheel by a suitable transmission.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a vehicle for the propulsion and operation of gardening,
      road-sweeping, snow-clearing and the like implements, said vehicle
      including first and second wheeled sections, the first section having an
      engine mounted thereon and the second section having at least one wheel
      adapted to be driven by the engine, means for pivotally connecting the
      first and second sections for articulated steering movement about a
      vertical axis, steering means mounted on one of the sections for
      implementing said steering movement, and a drive train extending between
      the sections for drivably coupling the engine to said one wheel, the
      improvements characterized by:
PA1  the means for pivotally connecting including a fork member extending from
      one of the sections and a tongue member extending from the other section
      and interposed in the fork member, and a vertical axle extending through
      the tongue and fork member and rotatably mounted therein to define said
      vertical axis, one end of said axle being coupled to the engine and the
      other end of said axle being coupled to said one wheel by a regulatable
      gearing device, wherein said axle serves both as a pivot pin rotatably
      connecting the first and second sections together and as a vertical drive
      shaft for coupling driving power from the first section to the second
      section.
NUM  2.
PAR  2. A vehicle according to claim 1, wherein the gearing device consists of a
      stageless, continuously regulatable friction disc transmission, including
      a driven disc attached to the upper end of the vertical axle.
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ABST
PAL  A seat belt buckle means which provides a connection for one or more
      opto-electric circuits (control circuits employing light for control of
      electrical circuits) as an incident to the establishing of the mechanical
      supporting connection of the buckle means, the respective portions of the
      opto-electrical connection being respectively operatively aligned with the
      buckle member components which establish the mechanical supporting
      connection, thus providing that the opto-electrical connectors are
      operatively engageable with one another whenever but only whenever the
      mechanically-acting buckle member components are operatively engaged, and
      thus correspondingly assuring that establishment and dis-establishment of
      the opto-electrical circuitry will be coincident with the establishment
      and dis-establishment of the mechanical supporting connection of the
      buckle means, in an arrangement in which the thief-resistant starter
      switch is provided as a part carried on one of the seat buckle components.
BSUM
PAR  This invention relates to thief resistant seat buckles, as for vehicles
      such as automobiles and trucks.
PAR  The provision of seat buckles for vehicles is becoming increasingly more
      common, and many governmental jurisdictions are requiring their presence
      due to the increased safety they provide in case of many types of vehicle
      accidents.
PAR  But many persons, due to carelessness, forgetfulness, or whatever, do not
      bother to buckle the seat belt provided; and it seems that no amount of
      safety education or reminders have succeeded or can succeed in causing
      full adherence to the safety precaution of buckling the seat belt.
PAR  Accordingly, the present invention provides a novel and automatically
      effective interlock between the seat belt and certain electrical circuitry
      of the vehicle, automatically requiring that the seat belt be buckled
      prior to driving the vehicle, and providing that the user is automatically
      compelled to touch one of the belt's buckle members even to turn on the
      vehicle's ignition switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above description is of an introductory and generalized nature. More
      particular details, features, components, and concepts of the invention
      are set forth in the accompanying more detailed description of an
      illustrative embodiment, taken in conjunction with the accompanying
      somewhat schematic drawings, in which:
PAR  FIG. 1 is a plan or face-on view of a buckle assembly, the co-operating
      buckle members being shown in dis-assembly thereof, and illustrating the
      vehicle's ignition key directly above a slot carried on one of the belt's
      buckle members.
PAR  FIG. 2 is an enlarged detail cross-sectional view taken at line 2--2 of
      FIG. 1 and viewed in the direction of the arrows.
PAR  FIG. 3 is a view like FIG. 2, but with the buckle members connected (seat
      belt fastened).
PAR  FIG. 4 is an enlarged cross section taken at line 4--4 in FIG. 1 and viewed
      in the direction of the arrows; and
PAR  FIG. 5 is a schematic view of the opto-electrical circuitry of the vehicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings, the present invention provides a seat belt buckle
      providing a connection means for establishing one or more opto-electric
      circuits upon the establishing of the mechanical supporting connection of
      the buckle means, with the vehicle's ignition key being carried on one of
      the buckle components, thus providing that the buckle components not only
      must be latched, but also that one of the buckle members be actually
      touched even to turn on the vehicle's ignition switch.
PAR  The buckle assembly with respect to mechanical supporting means, may be
      generally of conventional construction. That is, it has first and second
      co-operating buckle members 10 and 14 releasably engageable for
      establishing the mechanical supporting connection of the buckle means
      whereby the seat belt straps 26 are fastened together; and this latched
      engagement is provided by inserting member 14 manually into the slot 16 in
      member 10 between a back plate 18 and a cover plate 20 of the other buckle
      member 10. Plate 20 is spring loaded in the direction of the arrow 19 by
      spring 21 affixed to member 18B extending between walls 18C affixed to
      backplate 18.
PAR  Co-operating latch socket 22 of the member 14 and latch bar 23 affixed to
      plate 20, releasably retain an assembled condition of the buckle members
      10 and 14, when they are engaged as just indicated, by movement toward one
      another along the axis of the seat buckle straps 26 to which they are
      connected.
PAR  According to concepts of this invention, there are provided optical
      conductor means on each of the buckle members 10 and 14, and in the
      belt-straps 26. These are used to enable or disable engine ignition and
      starting electrical circuitry in box 32 in FIG. 5. The key 28 received
      through slot 29 in cover plate 20 and into slot 30 in back 18 co-operates
      in this function.
PAR  Thus, not only do the buckle components 10 and 14 have to be latched
      together in order to complete the opto-electrical circuitry in the buckle,
      belts and box 32, but the need of the vehicle's ignition key 28 in between
      portions of the buckle member 10 forces the user to touch that buckle
      member in turning on the vehicle's ignition even if he tries to avoid
      latching the buckle members together.
PAR  The said optical conductor means include optical light pipes 33A, 33B, 34A,
      and 34B in belts 26, with 33A, 33B, and 34A being continued through opaque
      block 36 affixed to back 18, and terminating at slot 30. A return loop 33C
      is embedded in portion 36A of block 36 facing the slot 30. Pipe 34B
      extends through buckle member 14 to the end thereof abutting block 36 at
      37. A short length 34C of light pipe is embedded in block portion 36A
      between the end 36B thereof and slot 30.
PAR  Key 28 has three short lengths of light pipe therein, 33D, 33E, and 34D.
      When the key is in the position shown in FIG. 3, the pipes 33D and 33E
      therein register with pipes 33A and 33B respectively, and 33C to complete
      an optical light path from a light emitting diode (LED) 37 in box 32 to a
      photo-sensitive transistor 38 in box 32. Transistor 38 is an ignition
      control transistor and, when activated in response to light thus received,
      turns on the engine ignition. When the key is pushed down against the
      resistance of spring 39 in buckle member 10, light pipe 34D therein
      registers with light pipes 34C and 34A to complete a light pipe path from
      LED 37 thorugh pipes 34A, 34D, 34C and 34B, in that order, to
      photo-sensitive transistor 41 which, when light-activated, turns on the
      engine starter motor. Details of the ignition circuit and starter circuit
      in box 32 are not shown because such are so well known and not per se
      features of this invention.
PAR  It will be noted that the optical light pipe portions 34B and 34C for the
      starter control are operatively aligned or in registry with each other in
      the buckle members 14 and 10 (which with latch components 22 and 23
      establish the mechanical supporting connection) only when latching is
      effected. Light pipe portion 34D in the key is aligned with portions 34A
      and 34C in block 36 only when the key is pushed in fully against the
      spring 39 and thus is operable to start the engine whenever but only
      whenever the mechanically-acting buckle members 10 and 14 (with member 14
      fully in slot 16) are operatively engaged. This assures that a
      pre-requisite for establishment of the opto-electrical circuitry for the
      starter is the establishment of the mechanical supporting connection of
      the buckle means; and thus it assures that the buckle members 10 and 14
      will be buckled to close the opto-electrical starter circuitry.
PAR  As a safety feature, the short lengths of light pipe in the key are of
      sufficient size to insure registry thereof at all times that the key is in
      slots 29 and 30 far enough that the coil detent spring 43 in the key is
      under the retainer faces 44 in the cover plate 20 regardless of whether
      the key is pushed in fully for starting the engine, or only to the
      position shown in FIG. 3 for establishing and maintaining the ignition on.
PAR  Reference numerals 20A and 20B represent integral side walls of the cover
      plate, disposed immediately inboard of side walls 18C of the buckle back
      18. Only three optical light pipes are shown in the straps, although
      depending upon the circuitry to be monitored or controlled by the seat
      belt, and buckle and key, more of these optical light pipes may be
      provided as desired. The ability to use fine glass or plastic filaments in
      the belt (1/32 inch diameter in "Lucite," for example) should enhance the
      opportunity to incorporate the pipes directly in the belts in the numbers
      and locations needed. Also, by varying the specific locations of inlets to
      the pipes at the slots in the buckle assembly for one car as compared to
      another, different keys will be required for different cars. Of course,
      this invention could also be used for other vehicles.
PAR  If desired, more than one LED can be used to supply the source of energy
      for optical light pipe conductors in the belt, belt buckle, and key. The
      receptors of conducted light can be photo transistors or equivalents. A
      clocked or chopper driven electrical output can be used for the LED's, and
      there may be internal feedback from LED emitter to photo transistor
      receptor to determine coherency of clocked or chopped signal. This can be
      done conventionally to prevent ambient light or unauthorized false light
      signals from activating ignition or starter switching.
PAR  It is thus seen that an ignition safety seat belt and buckle device
      according to the present invention provides a novel and advantageous
      safety means and device, providing control of electrical circuitry in
      response to seat belt buckling condition, and is able to provide
      associated electric circuitry with whatever type of electrical
      responsiveness or monitoring is desired in the system, and, provides the
      vehicle's ignition switch as a component carried on one of the buckle
      members.
PAR  Accordingly, it will thus be seen from the foregoing description of the
      invention according to this illustrative embodiment, considered with the
      accompanying drawings, that the present invention provides a new and
      useful dependable seat buckle device for carrying the vehicle's ignition
      switch and for monitoring associated electrical circuitry, the buckle
      device having desired advantages and characteristics, and accomplishing
      its intended objects, including those hereinbefore pointed out and others
      which are inherent in the invention.
PAR  Modifications and variations may be effected without departing from the
      scope of the novel concepts of the invention; accordingly, the invention
      is not limited to the specific embodiment or form or arrangement of parts
      herein described or shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.
PA1  A seat belt buckle means providing a connection means for establishing one
      or more circuits as an incident to the establishing of the mechanical
      supporting connection of the buckle means, and comprising:
PA1  first and second co-operating buckle members releasably engageable for
      establishing the mechanical supporting connection of the buckle means;
PA1  co-operating optical conductor means on each of the buckle members, the
      respective optical conductor means being optically connected to and
      providing a portion of an associated opto-electrical circuitry, said
      optical conductor means being respectively operatively aligned with the
      buckle member components which establish the mechanical supporting
      connection, and thereby operatively aligned for co-operating with one
      another whenever and only whenever the said buckle members are
      co-operatively engaged and are establishing said mechanical supporting
      connection; and
PA1  a key receivable in said first buckle member and including a portion of
      said optical conductor means therein, and removable from said buckle
      member to disable said opto-electrical circuitry.
NUM  2.
PAR  2. The combination of claim 1 and further comprising:
PA1  strap means including optical conductor means associated with said optical
      conductor means in said buckle means.
NUM  3.
PAR  3. The combination of claim 1 and further comprising:
PA1  additional opto-electrical circuitry; and
PA1  additional optical conductor means in said key to enable said additional
      opto-electrical circuitry whenever said key is in said first buckle
      member, regardless of whether or not said buckle members are engaged, and
      disable said additional opto-electrical circuitry whenever said key is
      removed from said first buckle member.
NUM  4.
PAR  4. The combination of claim 3 and further comprising:
PA1  a starter circuit coupled to the first mentioned opto-electrical circuitry;
      and
PA1  an ignition circuit coupled to said additional opto-electrical circuitry.
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ABST
PAL  A seismic gas exploder is coupled to the movable piston of a hydraulic
      catching system so that the piston is constrained to move with the
      exploder as it rebounds upward from a shot and then falls back to earth.
      The weight of the gas exploder is applied through the piston to increase
      the pressure of the hydraulic fluid in the system when the exploder is
      moving in a downward direction. A two-position diaphragm actuated pressure
      switch monitors the fluid pressure, the position of the switch contacts
      being effective to control an exploder firing circuit or provide other
      indication of the exploder's position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the field of geophysical prospecting
      and more particularly to a method and apparatus for sensing when a seismic
      gas exploder is in contact with the earth.
PAR  2. Description of the Prior Art
PAR  The invention to be described is of primary interest in connection with the
      control and operation of so-called seismic gas exploders. Typically, these
      are devices resting on the ground wherein a gas explosion takes place
      within an expansible chamber formed between a bottom impact mass and a
      movable piston assembly causing the impact mass to move downwardly to
      generate a seismic wave within the earth. The piston assembly moves in an
      opposite direction, followed by the upward rebound of the entire exploder
      housing. When operating such exploders, the possibility exists that the
      exploder may be fired when it is not in contact with the earth. Some
      versions of gas exploders cannot withstand such a stress safely.
      Furthermore, the resultant seismic pulse may differ substantially from one
      generated when the exploder interfaces the earth. Thus, there is a need
      for indicating reliably when the exploder has returned to earth so that
      such firing does not occur prematurely, for example as a result of
      malfunction or by attempting to employ a firing sequence more rapid than
      the system can tolerate.
PAR  As a corollary to the above, the Applicant has appreciated that it would be
      advantageous if a gas exploder could be made self-actuating so that its
      contact with the earth after firing would automatically trigger the next
      firing sequence. This would eliminate the need for a separate timer for
      controlling the firing circuit.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the general object of this invention to provide a method
      and apparatus for sensing when a gas exploder is in contact with the
      earth.
PAR  It is a further object of this invention to provide a method and apparatus
      for inhibiting or disabling the firing circuit of a seismic gas exploder
      when the exploder is not in contact with the earth.
PAR  It is a still further object of this invention to provide a method and
      apparatus for automatically actuating the firing circuit of a seismic gas
      exploder at the instant of its return to earth from a previous shot.
PAR  Other objects and advantages of the method and apparatus of this invention
      will become apparent to those skilled in the art from a consideration of
      the detailed description hereinafter set forth and from the accompanying
      drawings and appended claims.
PAR  In accordance with the preferred embodiment of this invention, a seismic
      gas exploder is dependently attached to the rod of a piston movable within
      an upstanding hydraulic catcher cylinder suitably affixed to a supporting
      frame so that the piston and the gas exploder are constrained to move
      together. The cylinder is formed as an integral part of a catcher system
      wherein movement of the piston in one direction responsive to the upward
      rebound of the gas exploder is essentially without restraint, while motion
      in the opposite direction of said piston responsive to the fall of said
      exploder is damped by the passage of hydraulic fluid through a metering
      orifice. As the gas exploder falls from its maximum rebound height, its
      weight is applied through the piston to increase the pressure of the
      hydraulic fluid in the system. A flexible diaphragm is positioned in the
      wall of a fluid return conduit interconnected between opposite sides of
      the piston and controls the setting of a two-position pressure switch so
      as to monitor the internal fluid pressure. The pressure switch is designed
      to control the operation of an output device such as a capacitor discharge
      firing circuit for the gas exploder. As soon as the diaphragm senses a
      significant pressure increase due to the weight of the exploder, the
      pressure switch shifts from a first spring-biased position in which the
      firing circuit is ready to a second position disabling said circuit.
      Return of the exploder to the ground returns the pressure switch to the
      first position to enable passage of a signal through the firing circuit to
      ignite an explosive mixture.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of an apparatus in accordance with this
      invention.
PAR  FIG. 2 is a circuit diagram illustrating electric connections for a
      preferred embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the preferred embodiment of the apparatus of this
      invention, a seismic gas exploder 10 resting on the ground 11 is
      interconnected with an upstanding hydraulic catcher cylinder 12 which is
      in turn affixed to a supporting frame 14, which may be either stationary
      or truck mounted. The gas exploder 10 may consist generally of any of
      various types adapted to impart a downwardly directed seismic pulse into
      the ground 11 and then rebound upwardly responsive to the reaction force.
      The gas exploder 10 is suitably fastened to the lower end of a piston rod
      15 projecting downwardly from a catcher piston 16 movable within the
      catcher cylinder 12. The upper and lower ends of fluid bypass conduit 18
      are respectively interconnected with the catcher cylinder 12 above and
      below the piston 16. At a position intermediate the upper and lower ends
      of the conduit 18, a metering tube or orifice 20 is positioned so as to
      restrict fluid flow therethrough. An oil reservoir or accumulator 22 also
      intercommunicates with the bypass conduit 18.
PAR  A channel 24 extends in an axial direction through the piston 16 so that
      when the exploder 10 rebounds in an upward direction from a seismic shot,
      fluid 26 flows essentially without restraint through the channel 24 in a
      downward direction. When the exploder 10 reverses direction and starts to
      fall, a flapper valve 28 positioned behind the piston 16 shuts off the
      lower opening of channel 24 so that fluid 26 is forced to return slowly to
      the upper part of the cylinder 12 through the restricting orifice 20 in
      the conduit 18 thereby damping the motion of exploder 10. The reservoir 22
      stores excess hydraulic fluid 26 on the upward stroke of the piston 16 and
      returns such excess fluid to the system on the downward stroke thereof.
PAR  Turning now to the features more particularly concerned with this
      invention, a flexible diaphragm 30 may be positioned in a wall of the
      conduit 18 so that it is responsive to pressure in the fluid 26. The
      diaphragm 30 is adapted to operatively engage a pivotable contact arm 32
      of a dual position pressure switch 34 normally urged against fixed contact
      36 by means of spring 38.
PAR  As the exploder 10 falls and the flapper valve 28 closes due to upward
      pressure of fluid 26, the weight of the exploder 10 rests on the piston 16
      and is transmitted thereby to increase the pressure of the hydraulic fluid
      26 beneath the piston 16 from a few psi to a substantial value, for
      example 100 psi or more. As the pressure in the fluid 26 increases, the
      diaphragm 30 moves and exerts a force to separate arm 32 and contact 36.
      This condition persists until such time as the exploder 10 returns to
      earth so that its weight no longer rests on the piston 16. In this manner,
      therefore, the condition of the exploder 10 with respect to earth contact
      is automatically and continuously sensed and monitored.
PAR  Clearly the diaphragm 30 and pressure switch 34 may be designed so that arm
      32 and contact 36 will separate at any predetermined pressure. In this
      manner, an indication may be received when any predetermined percentage of
      the weight of the exploder 10 is supported by the earth 11.
PAR  It is desirable, particularly in repetitive operation of the exploder 10,
      to insure that a firing signal is not provided thereto in accordance with
      known techniques until exploder 10 has been returned to the earth. To this
      end, the pressure switch 34 may be positioned to control the operation of
      a conventional firing circuit 37 as more particularly exemplified in FIG.
      2, which is illustrative of known commercial circuits such as, for
      example, the Delta Products type Mark X capacitor discharge firing
      circuit, as will now be explained.
PAR  In a typical operation, the gas exploder 10 may be truck mounted and
      transported in a raised position preparatory to firing. The exploder 10
      can be initially lifted to such a position by firing or by means of
      separate hydraulic means (not shown), well-known in the art, adapted to
      inject additional fluid 26 beneath the piston 16. A solenoid valve 39
      (FIG. 1) is actuated to block fluid return through the conduit 18, thus
      holding the exploder 10 in the raised position. In this position the
      weight of exploder 10 applies pressure to fluid 26 and diaphragm 30 urges
      the contact arm 32 away from contact 36 and against contact 35. This
      completes a charging circuit for capacitor 41 from power supply 42 through
      a resistance 43. When it is desired to fire the exploder 10, the solenoid
      valve 39 may be actuated to lower it again to the ground, permitting
      spring-biased contact arm 32 to again engage contact 36. A firing signal
      may be provided by a well-known means to close a switch such as tone
      control switch 44. This enables the capacitor 41 to discharge through the
      primary of the spark coil 45 to yield a high voltage across the secondary
      thereof and to generate a hot spark across the gap 46. This spark in turn
      is suitable for ignition of an explosive mixture within the exploder 10.
      The firing circuit 37 will be disabled as long as switch contact arm 32
      and contact 36 are separated, which indicates a continued high pressure in
      fluid 26 and an above-ground condition of the exploder 10.
PAR  An alternate mode of operation can be achieved by maintaining the switch 44
      in a closed position. In that event, the capacitor 41 will discharge to
      provide a spark at gap 46 automatically when the exploder 10 reaches the
      earth. During the rebound of the exploder 10 to its maximum height, the
      diaphragm 30 is not under pressure and consequently the charging circuit
      for the capacitor 41 is not completed. However, during the downward stroke
      of the exploder 10 and the piston 16, the pressure switch 34 is actuated
      to again move arm 32 against contact 35 so that the capacitor 41 has
      adequate time to charge before the exploder 10 returns to earth. It is
      understood, of course, that the above cycle of operation will be
      coordinated in a well-known manner with an explosive mixture filling
      operation. For safety purposes, the capacitor charging circuit is
      interruptable by means of a switch 47 as shown.
PAR  Those skilled in this art will have no difficulty in envisaging other
      purposes in connection with the operating cycle of seismic gas exploders
      wherein it will be advantageous to have a simple and effective means of
      determining when the exploders have fully or partially returned their
      weight to the ground.
PAR  It should also be pointed out that although the invention has been
      described and illustrated with a certain degree of particularity, it is
      understood that the present disclosure has been made only by way of
      example and that numerous changes in the details of construction and the
      combination and arrangement of parts may be resorted to without departing
      from the spirit and scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for generating seismic energy by means of a gas exploder of
      the type adapted to apply a downwardly directed pulse to the earth and
      which is driven upwardly by the resultant reactive force, the method of
      determining when the gas exploder is in contact with the earth, comprising
      the steps of:
PA1  a coupling the gas exploder to the movable piston of a hydraulic cylinder
      so that said gas exploder and said piston are constrained to move
      together,
PA1  b applying the weight of said gas exploder through said piston to increase
      the pressure of the fluid in said hydraulic cylinder when said gas
      exploder moves in a downward direction from its maximum rebound height,
      and
PA1  c continuously sensing the pressure in said fluid to thereby permit an
      indication when said pressure increase is relieved and the weight of said
      gas exploder is again substantially supported by the earth.
NUM  2.
PAR  2. The method of claim 1 wherein said step of sensing the pressure in said
      fluid further comprises providing means movable in response to variations
      in said fluid pressure adapted to shift a dual position pressure switch
      from a first position to a second position at a preselected threshold
      value of said fluid pressure.
NUM  3.
PAR  3. A method as in claim 2 including the further step of including said
      pressure switch in a firing circuit for said gas exploder so as to ready a
      firing circuit for said gas exploder in said first position of said
      pressure switch and to disable said firing circuit in said second
      position.
NUM  4.
PAR  4. In a system for generating seismic energy by means of a gas exploder of
      the type adapted to apply a downwardly directed pulse to the earth and
      which is driven upwardly by the resultant reactive force, the improvement
      comprising:
PA1  a a support structure,
PA1  b a hydraulic cylinder fixed to said support structure and having a piston
      movable therein,
PA1  c a quantity of hydraulic fluid in said cylinder,
PA1  d means for coupling said gas exploder to said piston so that the weight of
      said gas exploder is exerted through said piston during the fall of said
      exploder to increase the pressure in said fluid, and
PA1  e means for sensing the pressure in said fluid to determine when said
      pressure increase has been relieved by the return of said exploder to
      earth.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said hydraulic cylinder is in axial
      alignment with said gas exploder.
NUM  6.
PAR  6. Apparatus as in claim 4 wherein said gas exploder is dependently
      connected to the piston of said hydraulic cylinder by means of a piston
      rod.
NUM  7.
PAR  7. Apparatus as in claim 4 wherein said pressure sensing means comprises a
      dual position pressure switch for controlling the operation of an external
      signal circuit, said pressure switch being normally biased in a first
      position to ready said circuit and means intercommunicating with said
      fluid adapted to move said pressure switch to a second position responsive
      to said pressure increase to disable the operation of said external
      circuit.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said means intercommunicating with said
      fluid is a pressure sensitive diaphragm.
NUM  9.
PAR  9. Apparatus as in claim 8 wherein a fluid return conduit is interconnected
      with said cylinder on opposite sides of said piston and wherein said
      pressure sensitive diaphragm is integral with a wall of said fluid return
      conduit.
NUM  10.
PAR  10. Apparatus as in claim 7 wherein said external signal circuit is a
      firing circuit adapted to operate said gas exploder.
NUM  11.
PAR  11. Apparatus as in claim 10 wherein said firing circuit is completed
      through said pressure switch in said first position by closure of a radio
      controlled electronic switch.
NUM  12.
PAR  12. Apparatus as in claim 10 wherein said firing circuit is completed
      through said pressure switch in said first position.
NUM  13.
PAR  13. Apparatus as in claim 7 wherein said pressure switch is adapted to move
      from said first position to said second position when said fluid pressure
      exceeds a predetermined value.
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ABST
PAL  This abstract describes vibrator systems for generating elastic waves in
      the earth, in which an actuator has a mechanical output drive means
      responsive to an electrical oscillatory signal, the drive means operates a
      variable volume compartiment filled with fluid, which is connected by
      conduit to a least one vibrator, comprising an expandable closed chamber
      connected between a base plate and a reaction mass. Two or more
      compartments can be used with two or more actuator drive means, the
      compartments connected separately to a plurality of vibrators. The
      vibrators may operate in-phase on in phase opposition. The plurality of
      vibrators may operate in horizontal and/or vertical arrays.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 223,896, filed Feb. 2, 1972, entitled "Vibrator Systems for Generating
      Seismic Waves in the Earth" now U.S. Pat. No. 3,789,951, granted Feb. 5,
      1974. Ser. No. 223,896 is made a part of this application by reference.
      U.S. Pat. No. 3,727,122 is also entered into this application by
      reference. This application is also related to Disclosure Document No.
      008,213 filed Dec. 16, 1971, and to Disclosure Document No. 011,478, filed
      June 20, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of high power vibrators, such as are used
      in the seismic method of geophysical prospecting.
PAR  The background of the vibrator methods of seismic prospecting is fully
      covered in my copending application Ser. No. 223,896, which is made part
      of this application by reference, and need not be repeated here.
PAC  SUMMARY OF THIS INVENTION
PAR  It is a primary object of this invention to provide a vibrator system in
      which a closed hydraulic liquid system, under pressure, is used to expand
      and/or contract, cyclically, two relatively reciprocating parts of an
      expandable chamber, positioned between a reaction mass and a base place
      resting on the earth.
PAR  It is a further object to control the liquid flow into and out of said
      chamber by use of an expandable compartment connected to the chamber by
      means of a conduit, the compartment being compressed and expanded by a
      mechanical actuator, which can be electromechanical or electrohydraulic.
PAR  It is a further object of this invention to provide a vibrator system which
      has a plurality of separate vibrator units connected in parallel between
      the reaction mass and the base place, and arrayed in a two-dimensional
      horizontal array close to the base plate to provide a lesser mass of
      moving system and greater lateral stability.
PAR  These and other objects are accomplished, and the limitations of the prior
      art are overcome in the design of the present invention, by using one or
      more closed expandable chambers supporting a reaction mass on top of a
      base plate. An actuator means having a mechanical output drive means that
      follows a selected oscillatory pattern signal is used to alternately
      compress and expand a closed compartment. The compartment and chamber are
      connected by a conduit and all three are filled with high pressure liquid,
      thus, as the output drive means compresses the compartment, the chamber
      expands, and vice versa.
PAR  There can be a single chamber, or a plurality of chambers connected in
      parallel to the compartment.
PAR  There can be two compartments driven in opposite phase by the output
      actuator drive means, the two compartments connected separately to two
      chambers adapted to operate in opposite phase, etc.
PAR  A reaction force means is provided to oppose the steady state force on the
      actuator output drive means by the fluid pressure in the compartment, thus
      the actuator means supplies only the alternating component of the force on
      the compartment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of this invention and a clear understanding of the
      principles and details of the invention will be evident from the following
      description taken in conjunction with the appended drawings, in which:
PAR  FIG. 1 is a generalized view of the system of this invention in its
      simplest form.
PAR  FIGS. 2A, 2B illustrate an electro-mechanical and an electrohydraulic
      actuator drive means.
PAR  FIGS. 3A, 3B illustrate two types of reaction force systems.
PAR  FIGS. 4A, 4B and 4C illustrate three types of vibrator elements.
PAR  FIG. 5 illustrates the system of FIG. 1 with a plurality of chambers in
      parallel and in synchronism.
PAR  FIG. 6 illustrates a system employing an electrohydraulic actuator drive
      means.
PAR  FIGS. 7A, 7B illustrate two systems using a plurality of chambers in
      opposite phase of operation.
PAR  FIGS. 8A, 8B, 8C illustrate valve controlled gas systems for control of
      vibrators, directly and through actuators.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and in particular to FIG. 1, there is shown
      an actuator indicated generally by the numeral 10, which is controlled by
      an electrical or mechanical means controlled by a signal S, numeral 60 and
      lead 61. The actuator has a mechanical output drive means having two
      colinear shafts 21, 22. One shaft is coupled to a piston rod 23 connected
      to a piston 28 in a cylinder 26. The cylinder 26, piston 28, and piston
      rod 23 form one type of a variable volume compartment indicated generally
      by the numeral 16 controlled by the actuator 10 through drive means 21.
PAR  There is a vibrator indicated generally by the numeral 14 having a variable
      volume chamber 40 having two parts, or frames 31, 33, one 31 connected to
      a reaction mass 36, and the other 33 connected to a base plate 34 resting
      on the earth 35. The compartment 16 is connected to the vibrator 14 by
      conduit 38 and the entire joined volume of compartment, conduit and
      chamber is filled with liquid from a pressurized accumulator 29, through
      pipe 30 and valve 32. When the internal volume is filled with liquid
      (without any gas bubbles) any change in the volume 27 of the compartment
      16 causes a corresponding opposite change in the volume of the vibrator
      14. Thus, oscillation of the piston 28 by the actuator 10 will cause a
      corresponding oscillation of the mass 36 with respect to the base plate
      34.
PAR  It will be clear that the weight of the mass 36 is supported by the fluid
      pressure in the chamber 40. This steady pressure is supplied by the
      accumulator 29. Also, this pressure in space 27 causes a steady force to
      the right on the actuator rod 21, which is opposed by an equal and
      opposite force 24 exerted on the rod 22 by the reaction force means 12.
      Thus, in steady state, the forces are all balanced. To oscillate the mass
      36, the actuator need only supply an oscillatory force approximately equal
      to the force required to relatively move the mass 36 and base plate 34.
PAR  Referring now to FIGS. 3A and 3B, two examples of force systems 12A, 12B
      are shown, both of which are springs. In FIG. 3A a helical steel spring 68
      is shown, the compression in which is controlled by a crank 72 and screw
      70 passing through the wall 71. The spring pushes on the end of the shaft
      22, opposing the force on the rod 21 due to the pressurized liquid in
      space 27. In FIG. 3B the opposing force is generated by a pressurized gas
      in space 80 of cylinder 74, the piston of which is driven by rod 22. The
      pressure in 80 is set by source 77 and valve 79 to provide the desired
      reaction force. Of course, other types of force systems which can supply a
      relatively constant force even with considerably amplitude of motion of
      the rod 22, such as electromagnetic systems, can be used.
PAR  In FIGS. 2A, 2B are shown two types of actuators, an electro-mechanical
      drive and an electrohydraulic drive. FIG. 2A shows a rod 41 adapted to
      longitudinally reciprocate in bearings 44 in a housing 42. The rod 41 is
      connected to a crosshead 45, a connecting rod 46, a crank 48 connected to
      a shaft 49 driven by a motor 50. The motor can be a variable speed
      electric, or hydraulic motor, as is well known in the art, under control
      of a suitable control signal, not shown, but well known in the art.
PAR  An electrohydraulic actuator is shown in FIG. 2B. This comprises a cylinder
      52, with piston 54 and piston rods 55, 56 corresponding to rods 21, 22 of
      FIG. 1. A valve system 58 connected by ports 59 to the cylinder 52 and by
      conduit 62 to a high pressure liquid accumulator, serves to oscillate the
      piston 54 under control of a signal means 60 through leads 61. The
      vibrator control systems used in seismic vibrator operations can be used
      in this application.
PAR  Referring now to FIGS. 4A, 4B, 4C three types of variable volume chambers
      14A, 14B, 14C are shown. FIG. 4A shows a hydraulic ram, or cylinder 84 and
      piston 86 sealed into the cylinder. The piston 86 supports a reaction mass
      36. The cylinder 84 is supported on the base plate 34, which rests on the
      surface of the earth 35. The internal volume 85 of the cylinder 84 is
      connected by conduit 38 to the compartment 16 of FIG. 1.
PAR  The volume 85 of chamber 14A is varied by the sealed sliding of the piston
      into and out of the cylinder. Both parts are rigid and the operation is
      dependent on adequate seals, which are well known in the art. The
      technique illustrated in FIG. 10 of copending application Ser. No. 223,896
      using pressure guarded seals 165, 166 can, of course, be used in
      connection with chamber 14A, and elsewhere in this invention.
PAR  The chamber 14B illustrated in FIG. 4B differs from 14A in that a closed
      flexible walled chamber 88 is used. This is contained in a cylindrical
      wall 90 and a top plate 89 adapted to be guided by the wall 90. The
      conduit 38 enters the chamber 88 through a suitable fitting in the top or
      bottom plates 89 or 90. The flexible walled chamber, or bag 88 can be of
      reinforced flexible, molded material, such as used widely in commercial
      vehicles as springs etc. These bags support heavy loads and endure shock
      forces, and countless repetitive oscillations without failure. Gas or
      liquid under pressure can be used. Such air bags are commonly used as
      compliances, or air springs, between the columns supporting the truck and
      the base plate in seismic vibrators. Another form of flexible walled
      chamber would be an automabile tire 88' (FIG. 4C) mounted on a rim 87 and
      supporting the reaction mass 36 from the base plate 34. For the
      underinflated condition 88" the neutral spacing between mass 36 and base
      plate 34 is 82. For the overinflated case the spacing is 83 with the tire
      and mass shown in dashed line. Various combinations of fluid pressure,
      internal volume, area of contact of support, etc. can be used in various
      embodiments of the vlexible walled containers.
PAR  FIG. 5 is patterned after FIG. 1 but with a plurality of vibrators 14' and
      14" connected in parallel between the reaction meass 36 and the base plate
      34. By using a suitable number of chambers spaced in a two dimentional
      array, such as a triangle or rectangle, for example, a much greater
      lateral stability is provided for the heavy reaction mass 36, than is
      possible with the single piston and cylinders provided in conventional
      vibrators today. This is particularly true when the truck itself is used
      as the reaction mass, as disclosed in copending application Ser. No.
      223,896. Also, if two or more vibrators are used, they can be disposed on
      either side of a central drive shaft of the transport vehicle as disclosed
      in Ser. No. 223,896.
PAR  The two chambers 14' and 14" can be connected to the same compartment 16,
      if desired, in which case it is desirable to make the two conduits 38A,
      38B of the same dimensions of area, length and volume.
PAR  In FIG. 6 is shown a modification of the embodiment of FIG. 1 in which a
      hydraulic actuator 10 is used, with a compartment 16 and a gas spring
      force means 12, with a chamber 14 as in FIG. 1. The hydraulic actuator 10
      comprises a cylinder 52 with piston 54 and two piston rods 55, 56
      corresponding to the rods 21 and 22 of FIG. 1. The rod 55 acts as a piston
      in the compartment 16 comprising a cylinder 26. The pressure accumulator
      29, conduit 30 and valve 32 are the same as in FIG. 1. The valve 32 is
      opened to pressurize the system, but is closed when the vibrator 14 is
      operating.
PAR  The opposite rod 56 acts as a piston in a cylinder 97 connected through a
      flexible diaphragm 92 to a gas or air chamber 98 with internal volume 94
      pressurized by high pressure gas accumulator 77 through conduit 78 and
      valve 79. The two cylinders 26 and 97 are connected by bypass 100 with
      valves 101, 102. The vibrator chamber 40 is connected to compartment 16 by
      conduit 38.
PAR  In operation, the cylinder 52 is filled with high pressure oil from
      accumulator 65 through line 62, through valve 58 to the cylinder through
      ports 59. The valve 58 is controlled by signal S, 60 through means 61 as
      is well known in the art. The valves 32, 101, 102 and 79 are opened and
      the compartments 27, 96 and chamber 40 are filled with liquid, and space
      94 filled with gas. When everything is balanced, and all moving parts are
      centralized, the four valves 32, 79, 101, 102 are closed. The pressure in
      the liquid system should be sufficient to support the mass 36 in its
      proper intermediate position. Thereafter, hydraulic fluid applied to valve
      58 and control signal 60 applied to the valve 58 will cause the piston 54
      to oscillate, and the vibrator or vibrators 14, 14', 14" to oscillate in
      synchronism.
PAR  A preferred embodiment is shown in FIG. 7A. Here the hydraulic actuator 10
      is similar to that in FIG. 6. The piston rod 56, however, is connected to
      piston rod 106 of a cylinder 104 and piston 110. Thus two volumes 103, 105
      are provided which vary in volume in opposite phase, as the piston 54
      oscillates.
PAR  Two vibrators 14C 14D are positioned vertically, 14C on top of 14D. The top
      134 of 14C is connected by frame 132 to the base plate 134 on which rests
      part 137 of vibrator 14D. The other two parts 135, 136 are attached, on
      top and bottom of frame 130 which supports the mass 136. As 14D expands as
      the piston 110 moves to the left and liquid flows from space 103 through
      conduit 124, the chamber 14C must contract because of frame 132. This is
      taken care of by the expansion of space 105 pulling liquid from 14C
      through conduit 126. Since the liquid system in 14C, 14D etc. is
      pressurized by source 112 through pipes 114, 116, 118 and valves 120, 122,
      the lesser changes in pressure due to the piston 110 never cause a
      negative pressure, and therefore there is no cavitation.
PAR  The systems 10 and 18 of FIG. 7A are equivalent to that of FIG. 6 with a
      rigid plate substituted for the flexible diaphragm 92. The cylinder 97
      becomes similar to the compartment 16. Thus, two separate compartments
      16A, 16B can be used as in FIG. 7B instead of the cylinder 104.
PAR  It will be clear that the vibrator system can consist of a plurality of
      horizontally, two-dimensionally arrayed, separate elements or chambers, as
      a single large diameter (but vertically small) chamber. It would be
      helpful in such a case to provide cables or linkages to ensure parallelity
      of motion of the top and bottom plates of the single large chamber and
      also for the top and bottom frames that connect the separate small
      chambers. Such means to control the parallel motion of the top and bottom
      frames is well illustrated in patent art on seismic vibrators as concern
      the parallel motion of the base plate and the frame of the vehicle.
PAR  As was described in connection with FIG. 7A there is a way to ensure
      parallel motion of the two frames of the vibrator, and that is illustrated
      in FIG. 7B. There are four chambers 14C, 14D, 14E, 14F and two
      compartments 16A, 16B. Compartment 16A is connected by conduit 124 to 14D.
      Chamber 14C is connected by conduit 123 to chamber 14F, and chamber 14E is
      connected by conduit 126 to compartment 16B. Thus, since the same volume
      of liquid moves into 14D as moves into 14F, and the same liquid moves out
      of 14C and out of 14E, the two frames 130, 132 move parallel to each
      other, without any control means. This provides complete rotational
      stability for the heavy reaction mass, as the vehicle when clamped to the
      reaction mass 136 as described in application Ser. No. 223,896.
PAR  There has recently been issued a U.S. Pat. No. 3,701,968 which describe the
      use of low pressure air to support a reaction mass, and to exert an
      oscillating force on the earth. Using such sources of pressurized gas, an
      electro-pneumatic actuator can be provided as in FIGS. 8A, 8B, and/or a
      direct application of pulsations of high pressure gas can be applied
      directly to the chamber 14 as in FIG. 8C.
PAR  In FIG. 8A is shown a cylinder 150 with a pistion 152 and piston rod 154
      which corresponds to the actuator rod 21 of FIG. 1. A spring 156 restrains
      the piston in the cylinder. The piston is shown in one extreme position.
      The other position is shown by the dashed line 152'. There is one, or a
      plurality of vents 158, which are uncovered as the piston moves to the
      left. A rotary valve 160 is driven at selected speed by motor 162 through
      drive 164. Pressurized gas (such as air) enters the conduit 166 in
      accordance with arrow 163. When the valve 160 is open (as shown) gas flows
      through the valve and forces the piston 152 to the left, compressing the
      spring 156. As the gas pressure builds up on the piston it moves far
      enough to the left to uncover the vents 158, dropping the pressure. By
      that time the valve 160 has rotated 90.degree., closing off the air to the
      cylinder. The spring forces the piston back to the point 152', by which
      time the valve turns another 90.degree., to open, and again causing the
      piston to move to the left, to repeat the cycle.
PAR  The spring 156 should be chosen of such spring constant that with the mass
      of the piston 152 and the constants of the compartment 16, the period of
      oscillation should be approximately in the center of the range in
      frequency of the signal, and thus of the frequency of valving. The motor
      162 would be driven by well known servo means to follow the desired sweep
      signal supplied by source 60, for example, of FIGS. 1, 2B.
PAR  Another system of valving for the piston 152 of FIG. 8A is shown for the
      piston 186 of FIG. 8B. Here two valves 178, 180 are shown driven
      synchronously, 90.degree. out of phase by drive means 179,181,182,
      respectively, by motor 184. As in FIG. 8A, the motor would be controlled
      by source 60 of FIG. 1, 2B. Again pressurized gas would enter conduit 172
      in accordance with arrow 163, would pass through valve 180 into cylinder
      176, out through valve 178 and exit conduit 174 in accordance with arrow
      165, to the atmosphere. While any gas can be used, for convenience, the
      apparatus will be described in terms of air. For example, an air
      compressor or blower would be used to provide the inlet air at 172.
PAR  When valve 180 is open and 178 closed, pressurized air flows into the
      cylinder 176 and causes the piston 186 to move down, compressing the
      spring 190, and causing the operating rod 188 to move against the piston
      rod 23 of the compartment 16 of FIG. 1, for example. Then as the valve 178
      opens and the valve 180 closes the pressurized air in 176 discharges to
      the atmosphere, and the piston 186 moves up again, ready for the next
      cycle of operation, as the valve 180 again opens.
PAR  If desired, as indicated in FIG. 8C the cylinder 176 can be connected by
      conduit 175 so that the pressure of the source of air at 172 is used
      directly to pressurize the chamber 40. The action of the two valves 170B,
      170A, as described in connection with FIG. 8B provides the pulsating fluid
      pressure to operate the vibrator 14. The flow of pressurized fluid shown
      by arrow 163 can be liquid or gas. If liquid, a high pressure gas chamber,
      such as 94 of FIG. 6 would be connected to cylinder 176 to absorb
      pulsations.
PAR  It will be clear that the valve system including inlet 172, valve 170A,
      cylinder 176, valve 170B and outlet 174 is equivalent to the compartment
      16 of FIG. 1 or 16A of FIG. 7B. A second similar system driven by the same
      motor 184 but 180.degree. out of phase, would then be equivalent to 16B of
      FIG. 7B. Therefore, such two systems powered by the same motor 184 and the
      same fluid source could be used with chamber configuration as shown in
      FIGS. 7A and 7B. The preferred system would be with the two valve systems
      and six or eight chambers, with three or four groups of two chambers, such
      as 14C, 14D. The case of four groups arranged in a square, which would
      provide optimum lateral or rotational stability (such as when the vehicle
      is used as the reaction mass). In this case one valve system would connect
      to chamber 14D, 14C would connect to 14F, 14E would connect to 14H, 14G
      would connect to 14J, and 14I would connect to the other valve system.
PAR  In FIG. 8C, instead of using the second valve 170B, it can remain closed,
      and an adjustable air leak, indicated by the pipe 171 and valve 173, can
      be used to expell gas from the space 176. Then as the valve 170A rotates,
      the chamber 40 will expand when the valve is open and contract when the
      valve is closed. This would be a simpler, but less efficient system than
      that shown in FIG. 8C.
PAR  In FIGS. 2A, 8A, 8B, 8C a motor drive is shown as the source of power or of
      control of a fluid system. This motor can be used as a variable speed
      drive in accordance with conventional servo drives. However, a preferred
      method of drive would be to use a system similar to that shown in U.S.
      Pat. No. 3,727,122, granted Apr. 10, 1973, to Hughes et al, and titled
      "Field Modulated Alternator System and Control Therefor." This is an
      electrical conversion system in which a high frequency alternator is
      provided with a low frequency current in its field winding. The low
      frequency current would be the amplified sweep signal. By use of
      controlled rectifiers as shown in this patent, an output power current to
      drive the motor is provided which follows in phase and frequency the field
      current supply. By the use of a synchronous motor, the drive system would
      then faithfully follow the applied sweep signal.
PAR  Applicant introduces U.S. Pat. No. 3,727,122 into this application by
      reference.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibrator system for generating seismic waves in the earth, comprising;
PA1  a. at least one vibrator comprising a first expandable closed chamber
      having two parts which reciprocate with respect to each other, one part in
      contact with the earth, and the other part connected to a reaction mass;
PA1  b. an actuator drive means controlled in accordance with an oscillatory
      drive signal and having an output drive means responsive to said drive
      signal;
PA1  c. a first compartment comprising an expandable closed cavity having two
      parts which oscillate with respect to each other, the internal volume of
      said first compartment responsive to said output drive means, said first
      compartment connected by a first conduit to said first chamber, said first
      chamber and said first compartment filled with pressurized fluid at a
      selected pressure P;
PA1  d. said fluid at pressure P in said first compartment creating a first
      force F1 acting against said actuator output drive means; and
PA1  e. passive means to exert a second force F2 on said actuator output drive
      means in opposition to and substantially equal to the time average value
      of said force F1 on said drive means exerted by said fluid in said first
      compartment.
NUM  2.
PAR  2. The system as in claim 1 in which said means for exerting said second
      force F2 on said drive means comprises spring means.
NUM  3.
PAR  3. The system as in claim 1 in which said means for exerting said second
      force F2 on said drive means comprises a second compartment filled with
      pressurized gas.
NUM  4.
PAR  4. The system as in claim 1 in which said first chamber is a piston and
      cylinder.
NUM  5.
PAR  5. The system as in claim 1 in which said first chamber is a flexible
      walled closed chamber.
NUM  6.
PAR  6. The system as in claim 1 including a plurality of chambers in horizontal
      spaced array, each chamber connected through similar conduits to said
      first compartment.
NUM  7.
PAR  7. The system as in claim 1 including a plurality of chambers in horizontal
      spaced array, a plurality of compartments, each driven in parallel by said
      actuator output drive means, each compartment connected by separate
      conduit to one of said plurality of chambers.
NUM  8.
PAR  8. The system as in claim 1 in which said actuator is a motor driven crank
      and connecting rod means.
NUM  9.
PAR  9. The system as in claim 1 in which said actuator is a hydraulic cylinder
      and double acting piston.
NUM  10.
PAR  10. The system as in claim 1 in which said means to exert said second force
      comprises
PA1  a. a second chamber connected between said first and second frames but
      adapted to decrease in volume when said first chamber increases in volume
      and vice versa;
PA1  b. a second compartment connected to said actuator output means in
      opposition to said first compartment, said second chamber connected by a
      second conduit to said second compartment, said second compartment adapted
      to operate in opposite phase to said first compartment;
PA1  c. all compartments, conduits and chambers filled with fluid at pressure P.
NUM  11.
PAR  11. The system as in claim 10 in which said first and second compartments
      comprise the two portions of a cylinder on opposite sides of a piston.
NUM  12.
PAR  12. The system as in claim 10 including at least four chambers in which a
      first and third expand together while a second and fourth contract
      together, said first compartment connected to said first chamber, said
      third chamber connected by a third conduit to said second chamber, and
      said fourth chamber connected to said second compartment.
NUM  13.
PAR  13. The system as in claim 12 in which said four chambers are in a
      horizontal array on the corners of a rectangle, said first and third
      chambers at the ends of one diagonal, and the second and fourth chambers
      at the ends of the second diagonal.
NUM  14.
PAR  14. A vibrator system for generating seismic waves in the earth,
      comprising;
PA1  a. a plurality of vibrator elements each comprising an expandable closed
      chamber having two parts which reciprocate with respect to each other, one
      part connected to a first frame connected to a base plate, and the other
      part connected to a second frame connected to a reaction mass;
PA1  b. said plurality comprising two groups of vibrator elements, a first group
      which all expand and contract in synchronism with each other, and a second
      group which all expand and contract in synchronism with each other but
      which operate in phase opposition to those of said first group;
PA1  c. an actuator drive system controlled in accordance with an oscillatory
      drive signal and having an output drive means responsive to said drive
      signal;
PA1  d. a first and second compartment, each comprising an expandable closed
      cavity having two parts which oscillate with respect to each other, the
      internal volume of each compartment responsive to said drive means, said
      first compartment operating in opposite phase to said second compartment;
PA1  e. said first compartment connected by a first conduit to a first chamber
      of said first group, the last chamber of said second group connected by a
      second conduit to said second compartment; and
PA1  f. each of the other chambers of said second group connected respectively
      to one of the other chambers of said first group.
NUM  15.
PAR  15. A gas driven vibrator system for generating seismic waves in the earth
      comprising;
PA1  a. at least two vibrators each comprising an expandable flexible walled
      closed chamber having two parts which reciprocate with respect to each
      other, one part in contact with the earth, the other part connected to a
      reaction mass;
PA1  b. a first chamber adapted to expand while the second contracts, and vice
      versa;
PA1  c. a pressurized gas system, and valve means comprising two valves,
      controlled by a control means responsive to an oscillating electric
      signal, whereby the gas pressure output of said valve means is responsive
      to said electrical signal, the gas pressure output of one of said valve
      means connected to said first chamber and the output of the second valve
      means connected to said second chamber, while the gas pressure output is
      connected to said first chamber, said second chamber is connected to a
      reduced gas pressure, and vice versa.
NUM  16.
PAR  16. The system as in claim 15 in which said valve means includes a rotating
      inlet valve and a rotating outlet valve in phase quadrature.
NUM  17.
PAR  17. The system as in claim 15 in which said valve means includes an inlet
      valve and a controllable gas leak.
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ABST
PAL  Acoustic headsets, especially for transmitting sound from stereo
      transducers to the listener's ears, include two tubes, earpieces at first
      ends of the tubes, and a frame for constraining the tubes into a
      convenient U-shape near the wearer's face. The headset has resilient arms
      at the sides of the U-shaped frame, and more particularly, the arms have
      resilient inner and outer strips along respective ones of said tubes,
      facing toward and away from the center line of the frame. The strips are
      interconnected at their extremities, and in the exemplary embodiment the
      inner and outer strips of each arm are interconnected by a bridge between
      the extremities of the strips.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to acoustic headsets, for transmitting sound from a
      transducer or a pair of transducers along tubes to a listener's ears.
PAC  BACKGROUND OF THE INVENTION
PAR  A widely used type of acoustic headset includes earpieces carried at first
      ends of a pair of sound-transmitting tubes, and a one-piece frame to hold
      the earpieces in place against the wearer's outer ears and to shape the
      tubes conveniently alongside the wearer's face. In the known headsets,
      there are two rigid arms in the form of elongated channels for supporting
      the earpieces, the arms being carried on resilient portions of the frame.
      The arms move angularly apart and then toward each other when the headset
      is being put on, thus fitting different persons differently. Moreover, the
      resilient support for the arms which is primarily intended to provide
      gentle bias of the earpieces against the ears must additionally be firm
      enough to bear the weight of the arms, a weight that changes when the
      wearer moves his head from time to time. Slight changes in attitude and in
      pressure of the earpieces can develop discomfort in some individuals where
      the listening period is prolonged.
PAC  SUMMARY OF THE INVENTION
PAR  The disclosed embodiment of the invention involves a one-piece U-shaped
      frame for the acoustic tubes of an improved headset, wherein the arms of
      the U-shaped frame provide the requisite resilience. More particularly,
      each of the arms includes an inner strip and an outer strip along the
      tube, facing toward and away from the center-line of the frame between the
      arms, and the strips are connected at their extremities. The in-turned
      portions of the arms which direct the earpieces against the wearer's outer
      ears are small and light parts, carried by the resilient arms and, as will
      be seen, the outer strips of each arm, acting against the constraint of
      the inner strip, has a tendency to maintain reasonably constant the
      attitude of the in-turned frame portions despite use of the headsets by
      various people. These features and others promote improved comfort for the
      wearer.
DRWD
PAR  The nature of the invention and its further novel features and advantages
      will be better appreciated from the following detailed description of an
      illustrative embodiment, which is shown in the accompanying drawings. In
      the drawings:
PAR  FIG. 1 is a front view drawn to reduced scale of an acoustic headset
      incorporating the features of the invention;
PAR  FIG. 2 is an enlarged framentary cross-section of an in-turned frame
      portion and an earpiece as viewed at the plane 2--2 in FIG. 1; and
PAR  FIG. 3 is an enlarged cross-section of the headset of FIG. 1 at any of the
      planes 3--3 in FIG. 1.
DETD
PAR  The acoustic stereo headset in the drawings has a frame 10 for holding the
      flexible acoustic or sound-transmitting tubes 12 in the shape shown. The
      frame is molded of any suitable plastic, in one piece. Earpieces 14 are of
      readily deformable material. Earpieces 14 are supported on first end
      portions 12a of tubes 12 projecting from the in-turned upper end portions
      16 of the frame which contain second portions 12b of the tubes. As seen in
      FIG. 2, end portions 16 of the frame have slant ends 16a that directs the
      earpieces at a slight forward angle relative to the front surface 17 of
      the frame (the lower surface 17 of in-turned frame portion 16 as shown in
      FIG. 2). This angle is for aiming the earpieces conveniently into the
      external ears of the wearer.
PAR  Frame 10 includes two flexible arms 20 extending from a rigid center
      portion 22. Tubes 12 extend to a fitting or plug-in terminal 21 for a
      receptacle containing two chambers and a pair of stereo sound-producing
      transducers (not shown). Between fitting 21 and portion 22 of the frame,
      the two tubes 12 are united where they are tangent to each other, and they
      extend (as shown) separately in frame 10. Rigid central portion 22 and
      in-turned end portions 16 of the frame are of known construction.
      Heretofore most of the length of the arms has been rigid in one known form
      of comparable headset, while in another known form of headset the entire
      length of each arm has been rigid and the arms are connected by a
      resilient central section of the frame.
PAR  Center portion 22 provides two channels 23 for containing third portions
      12c of acoustic tubes 12 extending from tube portions 12b in the upper end
      portions of the frame to further tube portions 12d. Arms 20 comprise inner
      strips 24 and outer strips 26, which guide and confine tubes 12, facing
      toward and away from the center-line of the frame between the arms.
      Channels 23 are defined by front wall 17a and side walls 24a and 26a
      extending from strips 24 and 26, respectively. A bridge 30 of each arm
      interconnects strips 24 and 26 of that arm at the front of the frame as
      viewed in FIG. 1. Plural detents 28 and 28a (FIGS. 1, 2 and 3) restrain
      the tubes 12 in the position described. Detents 28 and 28a are provided at
      suitable places, such as those represented at the three section lines 3--3
      in FIG. 1. Each detent 28 extends from a side wall of a tube-containing
      channel in portions 16 and 22 of the head-set at the back of the head-set
      (FIG. 3) partway across the channel, and each detent 28a extends from a
      tube-guiding strip 26 in each of the arms of the head-set, at the back of
      the head-set and only partway across the space between strips 24 and 26.
      (Windows 29 have no purpose in the use of the headset, but result from
      penetration by parts of the mold involved in shaping detents 28.) At their
      upper ends, the separation or spacing of strips 24 and 26 is fixed by
      front surfaces 17 of end portions 16 of the frame. This spacing is
      suitable for snugly receiving the tubes 12. At the lower ends of arms 20,
      the separation of strips 24 and 26 is fixed by center portion 22 at the
      same tube-receiving space. Bridges 30 fix the same spacing between strips
      24 and 26 about midway along their lengths. Strips 24 and 26 inherently
      tend to spread apart when the arms are spread in use, and the restraint
      afforded by bridge 30 improves the appearance of the head-set and enables
      strips 24 and 26 to guide and confine the acoustic tubes. Detents 28a are
      located close to bridges 30 where spreading of the strips is prevented,
      thereby assuring the efficacy of these detents.
PAR  When the headset is not in use, arms 20 hold earpieces 14 at a separation
      much less than the ear-to-ear dimension of a person's head. The arms 20 of
      the frame are highly resilient, so that the earpieces can be spread far
      apart in putting on the headset, and then the resilience of the arms
      presses the earpieces gently but dependably into the outer ears of the
      wearer.
PAR  When arms 20 are moved farther apart from each other than they are in the
      at-rest state of the headset illustrated there is a tendency of outer
      strips 26 to bow away from inner strips 24. Bridges 30 serve to restrict
      this action, for improved appearance and for confining these strips
      against such separation as would allow the tubes 12 to become free of
      detents 28a. Thus detents 28a and bridges 30 assure retention of tubes 12
      between strips 24 and 26.
PAR  The disposition of in-turned end portions 16 of the frame is designed to
      direct the earpieces properly for comfortable and effective cooperation
      with the wearer's ears. As arms 20 are pulled apart for putting on the
      headset, they move through appreciable angles, and while such separation
      is taken into account in designing the angle of in-turned portions 16, the
      angle of separation of the arms 20 varies among different users, depending
      on their head sizes. However, strips 24 and 26 have an action that tends
      to compensate for the angular motions of the arms. Outer strips 26 have a
      tendency of tilting frame portions 16 slightly inward toward frame part 22
      while strips 24 exert restraint and cooperate in this action.
PAR  The entire headset is of a design that virtually eliminates risk of hair of
      the wearer becoming entangled or trapped. This is a consideration of
      practical importance and yet it is satisfied in what is otherwise an
      economical and effective form of headset.
PAR  The nature of the invention in its various aspects is represented in the
      illustrative embodiment shown in the accompanying drawings and described
      in detail above. However, that embodiment is susceptible of modification
      in various details by those skilled in the art and therefore the invention
      should be construed broadly in accordance with its full spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic headset having a pair of sound-transmitting tubes, a pair of
      earpieces carried by respective first end portions of said tubes, and a
      generally U-shaped frame having in-turned end portions containing and
      directing second portions of said tubes adjacent first end portions
      thereof, said frame further including resilient arms containing third
      portions of said tubes extending from said in-turned end portions thereof,
      said frame further including a central portion carrying said arms, and a
      plug-in terminal, said tubes each including a further length extending to
      said plug-in terminal from said third portions thereof, respectively, said
      arms having inner and outer strips separated from each other along their
      entire lengths except for localized interconnections at widely spaced
      locations including interconnections at their extremities, and said inner
      and outer strips extending along said third portions of said tubes at the
      sides thereof facing toward and away from the center-line of the U-shaped
      frame.
NUM  2.
PAR  2. An acoustic headset in accordance with claim 1, wherein a said localized
      interconnection forms a bridge in each of said arms between the
      extremities thereof at one side of the associated tube, and including a
      detent on at least one of said strips near said bridge at the side of said
      associated tube opposite said bridge.
NUM  3.
PAR  3. An acoustic headset in accordance with claim 1, wherein said central
      portion of the frame is essentially rigid and includes channel means
      retentively containing portions of said further lengths of said tubes.
NUM  4.
PAR  4. An acoustic headset in accordance with claim 1, wherein said in-turned
      end portions and said central portion of said frame comprise channel
      formations containing portions of said tubes and include detents for
      restraining said tube portions in said channel formations.
NUM  5.
PAR  5. An acoustic headset in accordance with claim 4, wherein a said
      interconnection forms a bridge in each of said arms connecting said inner
      and outer strips between the extremities thereof at one side of the
      related tube and including a tube-retaining detent at the opposite side of
      said tube near each last-named interconnection.
PATN
WKU  039346757
SRC  5
APN  4714768
APT  1
ART  214
APD  19740520
TTL  Jet engine noise suppressor
ISD  19760127
NCL  15
ECL  1
EXA  Gonzales; John F.
EXP  Tomsky; Stephen J.
NDR  2
NFG  6
INVT
NAM  Lear; William P.
CTY  Verdi
STA  NV
ASSG
NAM  Lear Avia Corporation
CTY  Reno
STA  NV
COD  02
CLAS
OCL  181 33HC
EDF  2
ICL  F02K  126
FSC  181
FSS  33 HB;33 HC;33 HD;43;51;72
FSC  239
FSS  265.13;265.17
UREF
PNO  2990905
ISD  19610700
NAM  Lilley
OCL  181 43
UREF
PNO  3027710
ISD  19620400
NAM  Maytner
UCL  181 33HC
UREF
PNO  3153319
ISD  19641000
NAM  Young et al.
XCL  181 43
UREF
PNO  3227240
ISD  19660100
NAM  Lee et al.
UCL  181 33HC
UREF
PNO  3495682
ISD  19700200
NAM  Treiber
UCL  181 33HC
UREF
PNO  3579993
ISD  19710500
NAM  Tanner et al.
XCL  181 33HC
UREF
PNO  3599749
ISD  19710800
NAM  Millman
OCL  181 33HC
OREF
PAL  National Advisory Committee for Aeronautics Technical Note 4317; "Turbojet
      Engine Noise Reduction With Mixing Nozzle-Ejector Combinations," Aug.
      1958, Washington, D.C.,  p. 19.
LREP
FR2  Gess; Albin H.
ABST
PAL  The sound suppressor hereof significantly reduces the operational noise of
      jet engines, particularly on takeoff and approach of jet aircraft. The
      system hereof is simple, effective, and relatively low in cost. It adds
      relatively little weight to the engine assembly, and absorbs negligible
      power. The suppressor comprises convolutions of sheet metal that surround
      the exhaust nozzle, and direct cool air to the outer periphery of the
      engine exhaust gases. The result is a reduction of jet engine noise
      sufficient to meet the Federal Air Regulations Standards as currently
      established by the FAA. The suppressor is particularly advantageous for
      business-type executive jet aircraft.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  There is a world-wide drive by governments to greatly reduce the noise of
      jet aircraft under their jurisdiction, particularly on takeoff and landing
      approaches. The FAA requirements are Part 36 of its Federal Air
      Regulations; International regulations are in Annex 16 of ICAO.
PAR  The sound suppressors of the present invention add relatively little to
      engine weight, drain negligible power, and are relatively inexpensive to
      fabricate and install. A series of metal convolutions are arranged about
      the engine exhaust gases, to provide cool air directed to intermix
      peripherally with the hot central gases, in a manner that materially
      reduces the jet noise condition.
PAR  An exhaust tailpipe is integrated with the suppressor, and is a replacement
      assembly for the original exhaust nozzle. The nacelle remains unaltered.
      Only about 14 pounds is added overall per engine to GE Model CJ-610
      engines. The FAR 36 noise reductions are fully met by the suppressors
      hereof. They are rugged, and do not deteriorate despite their location in
      the hot exhaust region of the engine.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a jet engine containing the jet noise
      suppressor of the invention.
PAR  FIG. 2 is an elevational view, in partial perspective, of the engine
      tailpipe integrated with the sound suppressor structure.
PAR  FIG. 3 is a partial end or outboard view into the tailpipe sound suppressor
      assembly hereof.
PAR  FIG. 4 is a partial elevational view, in perspective, of the noise
      suppressor assembly.
PAR  FIG. 5 is a cross-sectional view through the sound suppressor, taken along
      the line 5--5 of FIG. 3.
PAR  FIG. 6 is a perspective view from the outboard end, of the sound
      suppressor, in partial extent.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The jet engine 15 is mounted on the aircraft within a conventional nacelle
      assembly 16, as indicated in FIG. 1. Engine 15 is an axial flow type, with
      its air intake through nose cap 17, indicated by the set of arrows a. The
      hot exhaust gases from engine 15 exit outboard at b, through conical
      exhaust nozzle 18, also termed the tailpipe. The sound suppressor 20 is
      attached to, and forms an integral assembly with the tailpipe 18. A flange
      19 on tailpipe 18 is used to securely bolt it to the engine. In practice,
      suppressor 20 is supplied together with a replacement tailpipe, making for
      efficient installation. For a twin jet plane, as a Learjet, there are two
      engine assemblies, one on each side. It would use a sound suppressor (20)
      for each engine.
PAR  An air scoop 30 is positioned at the forward end of the nacelle, with its
      entry air c at the bottom of nose cap 17. The "internal" air c passes
      through scoop 30 into the bay area d of the engine assembly 15,16. Such
      air flow d cools the engine exterior, and while still cold flows between
      tailpipe 18 and the suppressor 20 mounted thereabout, as indicated at (e).
      A cooling duct or hose 35 conducts cold air between a wall of scoop 30 and
      the starter generator (not shown) of engine 15.
PAR  FIG. 2 illustrates air and gas relations in general at sound suppressor
      assembly 18,20. Cool air e flows about the exhaust nozzle 18 into the
      region between it and the conical envelope (20), for the sound suppression
      action to be described. A high temperature, high pressure exhaust thrust
      column of gases b flows centrally through the suppressor 20. Its radially
      outer regions f,f are laminations of cold air flow, generated from the e
      air, that interact with the envelope of exhaust gases thereat.
PAR  FIGS. 3 through 6 show the exemplary sound suppressor 20 assembled with
      exhaust nozzle 18. Actually, the sound suppressor assembly comprises both
      the tailpipe 18 together with the conical surround 20 and the
      interconnecting convoluted sheet metal member 25. Member 25 comprises a
      number of lobes 21,21 at the outboard end, eight (8) in the assembly
      hereof. Lobes 21,21 extend from the conical surround 22 into the thrust
      column b of exhaust gas, as best seen in FIGS. 3 and 6. Dashed lines 18'
      and 22' in FIG. 3 represent the inner edges of the conical tailpipe 18 and
      surround 22 respectively.
PAR  Convoluted assembly 25 is constructed of sheet metal, such as No. 321
      stainless steel. Its outboard section contains lobes 21,21 that are
      directed radially inward. The radially outer portions or seats 23,23 are
      spot welded to surround 22. In addition, the axially inward section 24,24
      of lobe assembly 25 is welded to exhaust nozzle 18, as seen in FIG. 4.
      Extensions 24,24 of upper sections 23,23 of assembly 25 extend across to
      the edge of surround 22, and have dependent arms 26,26 that are spot
      welded along their extension 27 to tailpipe 18; see FIGS. 3 and 4.
      Depending arms 26,26 of extensions 24,24 permit the cool air e to pass
      between surround 22 and tailpipe 18 towards the outboard convolutions
      21,23 of assembly 25, as will be now understood by those skilled in the
      art. The convoluted assembly 25 (FIG. 3) by means of lobes 21 and the
      axially inward sections 24 define a plurality of mixing channels
      identified as areas (f) and (g) in FIG. 3. Each channel has a pair of
      dependent arms or channel walls 26 (FIG. 4) that are supported by the
      exhaust nozzle 18. The lobes 21 connect respective pairs of channel walls
      26 in the peripheral region of the exhaust gas flow of nozzle 18.
PAR  It is to be noted that the conical configuration of both tailpipe 18 and
      surround 22 are parallel, and the bottom edge of lobe 21 is parallel
      thereto; see FIG. 5. In this manner the axial and laminar flow of the cool
      air (e) and exhaust thrust air (b), particularly where they intermix, are
      maintained with minimum turbulence of flow. Further, minimum extraneous
      forces are thereby exerted on the suppressor assembly 25 from the air e
      flow, and the thrust air b.
PAR  The air flow into outboard section 21, 23 of assembly 25 is in cylindrical
      laminar form. This air e encloses the periphery of the exhaust gas thrust
      column b. The lobes 21 and seats 23 of suppressor assembly 25 at its
      outboard section cause an interaction of the outer regions g of the high
      pressure hot thrust gases eminating from the engine at b with the cool air
      e that is introduced about the hot jet blast. The resultant is to
      effectively attenuate the sound level. The intermixed gases at g, g
      interact to produce a substantial drop in the sound level thereat.
PAR  It is thought that a form of thermal transfer and frequency phase shift
      causes the engine noise suppression. Tests have been performed with the
      described sound suppressor on Learjet twin-engine aircraft Model 24D using
      General Electric engines, Model CJ610-6. These have rated engine thrust in
      the order of 3000 pounds. Noise level reductions as much as 30 percent
      were effected on takeoffs and approaches, with the corresponding Effective
      Perceived Noise level, based on FAA measurement procedures, reduced up to
      the order of 5 EPNdb. In fact, the sound suppressor hereof is being
      manufactured, and has obtained Certification from the FAA as meeting all
      requirements of its FAR 36 that governs aircraft noise levels. It also
      meets the International regulations, such as ICAO's Annex 16.
PAR  The sound suppresor hereof is more effective and lighter in weight than
      other types. It takes less power from the aircraft. It is more economical
      to fabricate, install and service. A total weight of about 14 pounds is
      added to each Model CJ610-6 engine. The original nacelle of the engine is
      utilized without modification.
PAR  The radial extent of lobes 21, 21 inwardly is determined by several
      factors. The more important one is that if they were extended too much
      they would be subject to deterioration due to the extremely hot exhaust
      gases having powerful thrust. As the sound phase displacements and noise
      reduction are primarily effected at the lamination boundaries between the
      cold air introduced by the sound suppressor about the cylinder of central
      hot gases at the exhaust, as described, the radial extent is secondary.
PAR  It is very important to have a rigid assembly, as the lobes 21,21 remain
      unsupported except by the attachment structure described including the
      spot welding of its upper sections 23,23 to the suppressor cone 22, and
      the rear extensions 26,26 welded between the suppressor cone 22 and the
      spaced tailpipe 18, as best seen in FIG. 4. It is also important to have a
      sufficient spot welding array and strength, as well as design of the basic
      metal and convolutions of the suppressor assembly, to minimize vibration
      and any possible interference with the effectiveness of exhaust nozzle 18.
      It is important to avoid vibration in the convolutions of the sound
      suppressor assembly, as their purpose is to attenuate noise without
      introducing any. Besides, vibration would weaken such metal assembly. The
      suppressor lobes 21,21 are in extreme thrust regions of the hot exhaust
      gases of the jet engines. With careful conventional design and
      construction the sound suppressors hereof can be made to effect their
      attenuation of the sound, as well as outlast the life of the engines on
      which they are installed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sound suppressor for a jet engine having an exhaust nozzle through
      which hot exhaust gases are thrust along its longitudinal axis from the
      engine, said sound suppressor, comprising:
PA1  a plurality of mixing channels arranged about the downstream exit of the
      exhaust nozzle receiving both the exhaust gases and cooling air for
      directing cool air into the peripheral regions of the exhaust gas flow,
      thereby effectively attenuating the sound output, said channels having
      respective channel walls extending into the peripheral region of the
      exhaust gas flow, each channel wall having a surface configuration
      perpendicular to the inside surface of the exhaust nozzle and parallel to
      the direction of the longitudinal axis.
NUM  2.
PAR  2. A sound suppressor as claimed in claim 1, further including a plurality
      of lobes arranged about the exhaust nozzle, by connecting together pairs
      of said channel walls in the peripheral region of the exhaust gas flow.
NUM  3.
PAR  3. A sound suppressor as claimed in claim 2, in which said channels and
      said lobes are formed in substantially continuous array.
NUM  4.
PAR  4. A sound suppressor as claimed in claim 1, further including a sound
      coaxial about said exhaust nozzle, said surround being attached to said
      channel walls.
NUM  5.
PAR  5. A sound suppressor as claimed in claim 1, further including a surround
      coaxial about said exhaust nozzle and attached thereto, said exhaust
      nozzle being of conical form, narrower at its outboard end, said surround
      being similarly shaped and mounted in substantially parallel relation with
      the nozzle.
NUM  6.
PAR  6. The sound suppressor of claim 1 wherein said channel walls comprise -321
      stainless steel.
NUM  7.
PAR  7. A sound suppressor for a jet engine having an exhaust nozzle through
      which hot exhaust gases are thrust from said engine, said suppressor,
      comprising:
PA1  a convoluted assembly having a longitudinal profile parallel and coaxial to
      the longitudinal profile of said exhaust nozzle, said convoluted assembly
      comprising a plurality of dependant arms in sheet form, a portion of each
      arm lying in a radial plane of said exhaust nozzle and projecting beyond
      said exhaust nozzle in the gas flow direction, each arm being fastened to
      said exhaust nozzle along its non-projecting length, the projecting length
      of each arm extending across peripheral regions of the exhaust gas flow,
      and each pair of said plurality of dependent arms being joined together
      along their projection length, in the peripheral regions of said gas flow,
      to form a series of lobes about said exhaust nozzzle in said exhaust gas
      flow.
NUM  8.
PAR  8. The sound suppressor of claim 7 wherein the profile of said exhaust
      nozzle and said convoluted assembly is conical, the narrower end being the
      outboard end.
NUM  9.
PAR  9. The sound suppressor of claim 8 further comprising a surround, coaxial
      to said exhaust nozzle, supported by the arms of said convoluted assembly.
NUM  10.
PAR  10. The sound suppressor of claim 9 wherein each arm is fastened to said
      exhaust nozzle along its non-projecting length by extensions of said arms
      spot-welded to said exhaust nozzle.
NUM  11.
PAR  11. The sound suppressor of claim 10 wherein said surround is fastened to
      said support arms by spot-welds.
NUM  12.
PAR  12. The sound suppressor of claim 7 further comprising a surround, coaxial
      to said exhaust nozzle, supported by the arms of said convoluted assembly.
NUM  13.
PAR  13. The sound suppressor of claim 7 wherein said plurality of dependent
      arms and said series of lobes are formed in a substantially continuous
      array.
NUM  14.
PAR  14. The sound suppressor of claim 13 wherein the profile of said exhaust
      nozzle and said convoluted assembly is conical, the narrower end being the
      outboard end.
NUM  15.
PAR  15. The sound suppressor of claim 14 further comprising a surround, coaxial
      to said exhaust nozzle, supported by the arms of said convoluted assembly.
PATN
WKU  039346765
SRC  5
APN  508525&
APT  1
ART  353
APD  19740923
TTL  Scaffold structure
ISD  19760127
NCL  10
ECL  1
EXP  Machado; Reinaldo P.
NDR  2
NFG  4
INVT
NAM  Rice; Robert C.
STR  6137 Lincoln Highway East
CTY  Fort Wayne
STA  IN
ZIP  46803
CLAS
OCL  182182
XCL  182183
XCL  182227
EDF  2
ICL  E04G  132
ICL  F16M 1100
FSC  182
FSS  182;227;183
UREF
PNO  926320
ISD  19090600
NAM  Croner
OCL  182182
UREF
PNO  984846
ISD  19110200
NAM  Pichler
OCL  182182
UREF
PNO  1107881
ISD  19140800
NAM  Berntsen
OCL   85  5CP
UREF
PNO  1109505
ISD  19140900
NAM  Bonenberger
OCL  182227
UREF
PNO  1853566
ISD  19320400
NAM  Lingo
OCL  182227
UREF
PNO  2410330
ISD  19461000
NAM  Ashenfelter
OCL  182182
FREF
PNO  1,112,968
ISD  19680500
CNT  UK
OCL  182182
ABST
PAL  A scaffold structure comprising a pair of leg frames and a support frame.
      The support frame includes a pair of posts vertically slidably received in
      the leg frames and means for locking the same thereto at selected
      elevations. The support frame includes telescopically engaged members
      whereby it can be extended or contracted and locked to provide a support
      of different lengths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to scaffold structures and in particular to a
      self supporting and vertically and longitudinally adjustable scaffold
      structure for supporting a work platform or a work piece.
PAR  2. Description of the Prior Art
PAR  Scaffold structures used during construction to support platforms or work
      pieces are well known. Such scaffolds are embodied in various structures
      ranging from the prefabricated steel structures that can be assembled into
      complex scaffold assemblies for erecting large buildings and the like to
      the simple and widely used sawhorse. Other such scaffold structures take
      the form of specially fabricated brackets adapted to be suspended from
      conventional extension ladders. The large commercial scaffold assemblies
      are too bulky and expensive for general use. The scaffold brackets for use
      with extension ladders require that the ladders be placed against a wall,
      typically the wall that is being worked upon. The conventional sawhorse
      cannot be adjusted for length or the height of the support above the
      floor, are bulky items to store and transport, and are, because they are
      typically fabricated of wood, subject to deterioration over extended
      periods of use. There exists, therefore, a need for a scaffold structure
      of reasonable size and cost. There exists a need for such a scaffold
      structure that can be adjusted both for the height of the support above a
      floor and for the length of the supporting member. There further exists a
      need to provide such a scaffold structure that can be disassembled and
      folded for compact storage.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is a scaffold structure that provides a
      support for a work platform, work piece, or the like wherein the support
      can be adjusted both as to its height and the length of the supporting
      member thereof. The scaffold structure can be disassembled and compactly
      stored.
PAR  The scaffold structure specifically comprises at least two rigid leg
      frames, each of the leg frames including a pair of spaced-apart legs and a
      top portion. A brace is fixedly secured between the legs in spaced-apart
      relationship to the top portion. Upper and lower collar elements, each
      having an opening therethrough, are secured to the top portion and the
      brace, respectively, with the openings thereof disposed in vertical
      registry. A platform or support frame including a pair of parallel
      spaced-apart post members is provided, the posts having cross-sections
      complementary to the collar openings whereby the posts are slidably
      vertically received through the upper and lower collars. A platform
      support is provided and includes a pair of telescopically engaged platform
      or support members fixedly secured adjacent their distal ends to
      respective ones of the upper ends of the post members. Post locking means
      are provided for locking the posts in selected vertically displaced
      positions in the collar members with the platform member extending
      laterally between the leg frames with the platform support disposed either
      above or below the aforementioned top portion of the leg frames. Means are
      provided for locking the support members in selected telescopically
      extended positions to thereby provide a support of selected length.
PAR  In one specific embodiment of the invention, the legs and top portion of
      the leg frames are made of a single piece of rigid tubular metal formed
      into an arch.
PAR  In another specific embodiment of the invention, the collar elements are
      fabricated of tubular material having a square cross-section, the posts of
      the platform or support frame also being fabricated of tubular material of
      square cross-section whereby, when assembled, the leg frames and platform
      frame are restrained from relative rotation.
PAR  In yet another specific embodiment, the leg frames and platform can be
      disassembled, the leg frames stacked, and the platform frame secured
      thereto in a relatively flat configuration for compact storage.
PAR  It is therefore an object of the invention to provide an improved scaffold
      structure.
PAR  It is another object of the invention to provide a scaffold structure that
      enables adjustment of both the height and the length of the support
      platform.
PAR  Still another object of the invention is to provide a scaffold structure
      fabricated entirely of lightweight metal members.
PAR  Yet another object of the invention is to provide such a scaffold structure
      that can be disassembled and placed into a substantially flat
      configuration for easy storage.
PAR  Another object of the invention is to provide a scaffold structure wherein
      the components thereof can be simply and easily locked together to provide
      a secure platform of selected height and width.
PAR  Still another object of the invention is to provide such a scaffold
      structure wherein the components thereof can be secured together when
      stored to provide a unitary structure of substantially flat configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The abovementioned and other features and objects of this invention and the
      manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is an exploded, perspective view of a scaffold structure in
      accordance with the present invention;
PAR  FIG. 2 is a perspective view of the scaffold structure of the present
      invention assembled for use with the platform support disposed above the
      top portion of the leg frames;
PAR  FIG. 3 is a perspective view of the scaffold structure of the present
      invention with the platform support disposed below the top portions of the
      leg frames; and
PAR  FIG. 4 is a perspective view of the scaffold structure of the present
      invention in its storage configuration.
DETD
PAC  DESCRIPTION OF A SPECIFIC EMBODIMENT
PAR  Referring now to the drawings, there is shown a scaffold structure 10
      comprising leg frames 12, 14 and a support frame 16. Leg frame 14 inludes
      an elongated member 18, made of a suitable rigid, tubular material such as
      steel or aluminum and having a hollow, rectangular cross-section and being
      formed into a generally arch-shaped configuration as by bending. Thus
      formed, member 18 includes a pair of spaced-apart legs 20, 22 joined by a
      top portion 24.
PAR  A rigid brace 26 is fixedly secured as by welding to the leg portions 20,
      22 in spaced-apart relationship to top portion 24. Preferably, suitable
      skid-resistant caps 28, 30 are frictionally secured to the distal ends 32,
      34, respectively, of leg portions 20, 22.
PAR  Upper and lower collar elements 36, 38, respectively, made from a suitable
      tubular material of rectangular cross-section are fixedly secured to top
      portion 24 and brace 26, respectively, in positions such that the openings
      40, 42, respectively, thereof are disposed in vertical registry.
PAR  Leg frame 12 is similarly constructed including an arched member 44 having
      leg portions 46, 48 joined by a top portion 50. A brace 52 extends between
      leg portions 46, 48 with upper and lower collar elements 54, 56 being
      secured to portion 50 and brace 52 as by welding with their openings 58,
      60, respectively, being disposed in vertical registry. Anti-skid pads 62,
      64 are frictionally secured to the lower ends of leg portions 46, 48,
      respectively.
PAR  Platform frame 16 includes a pair of telescopically engaged platform
      support members 66, 68. In a working embodiment of the invention, members
      66, 68 are fabricated from a rigid, tubular material of rectangular
      cross-section with members 66 and 68 having outside and inside dimensions,
      respectively, such that member 66 is slidably received within member 68.
      Both members 66 and 68 are elongated such that they may be relatively
      extended or contracted to a desired length without significant reduction
      in the rigidty thereof. Member 68 is provided with a threaded element 70
      such as a conventional nut, element 70 being fixedly secured to the
      sidewall 72 of member 68 as by welding. Sidewall 72 further has a hole
      (not shown) therethrough disposed in registry with the threaded opening of
      element 70. A threaded fastener 74 such as a wing nut bolt is threadingly
      received in element 70 whereby, when member 66 is received within member
      68, fastener 74 can be manually tightened to thereby lock member 66 to
      member 68.
PAR  Platform frame 16 further includes a pair of posts 76, 78. Posts 76, 78 are
      elongated and are secured at ends 80, 82, thereof respectively, to the
      distal ends 84, 86 of members 66, 68, posts 76, 78 being disposed in
      position with their axes 88, 90, (FIG. 1 only) respectively, extending
      perpendicular to the axis 92 of members 66, 68. Posts 76, 78 are again of
      rectangular cross-section and have outside dimensions such that they are
      slidably received within the openings 40, 42 and openings 58, 60 of collar
      elements 36, 38 and 54, 56, respectively. It will be observed that,
      because of the rectangular cross-section of the openings 40, 42 and 58,
      60, and the rectangular cross-section of the posts 76, 78, the leg frames
      12, 14 will be positively retained with their leg portions 20, 22 and 46,
      respectively in planes generally perpendicular to the plane of platform
      frame 16, the rectangular cross-sections restraining the leg frames 12, 14
      against relative rotational movement with respect to the platform frame
      16.
PAR  Upper collar elements 40 and 54 are each provided with axially aligned
      holes as at 96, 98 extending through oppositely disposed walls thereof.
      Posts 76, 78 are further provided with holes as at 100, 102 formed
      therethrough. Holes 100, 102 and holes 96, 98 are positioned such that
      respective pairs of the holes 100, 102 will be in registry with
      corresponding ones of the holes 96, 98 at different selected and
      vertically displaced positions of the platform frame 16.
PAR  Locking pins 104, 106 are provided for securing the platform frame 16 in
      its selected vertically displaced positions. Pins 104, 106 are provided
      with enlarged heads as at 108, have a length dimension greater than the
      outside dimensions of the collar elements 36, 38, and have a diameter such
      that they are slidably received through the holes 96, 98 and corresponding
      holes 100, 102 of platform frame 16. Preferably, pins 104, 106 are also
      provided with spring clips as at 110. Clips 110 are resilient and formed
      into a generally U-shaped configuration such that, when the pins 104, 106
      are inserted through the collar elements 36, 38, the clips 110 will
      lockingly engage the collar elements 36, 38 and thereby positively retain
      the pins 104, 106 in their inserted positions. To remove the pins it is
      only necessary to manually deform the clips 110 sufficiently to disengage
      them from the collar elements 36, 38 and slide the pins outwardly from the
      holes 96, 98.
PAR  In FIG. 2, the scaffold structure 10 is shown assembled with the posts 76,
      78 inserted vertically downwardly through the collar elements 40, 42 and
      54, 56. Thus assembled, the platform frame has its members 66, 68 disposed
      above top portions 24 and 50 of the leg frames 12 and 14. In the
      alternative, posts 76, 78 can be inserted vertically upwardly through the
      collar elements 36, 38 and 54, 56 as shown in FIG. 3. Thus assembled,
      members 66, 68 are disposed below top portions 24 and 50. It will further
      be observed that the platform frame can be secured in a multiplicity of
      selected vertically spaced-apart positions ranging from a position closely
      adjacent to the supporting floor to a substantially elevated position.
PAR  Referring now particularly to FIG. 4, the scaffold structure 10 is shown
      disassembled and secured for storage. To further enhance the storability
      of the structure 10, leg frames 12, 14, may each be provided with a
      storage collar 114, 116, respectively. Collars 114, 116 are substantially
      identical to collar elements 36, 38 and 54, 56 except that collars 114,
      116 are fixedly secured to the leg frames 12, 14 with their openings
      disposed horizontally (as viewed in the drawings) the openings 118, 120
      thereof being dimensioned to slidably receive therein the posts 76, 78. To
      store the scaffold structure 10, the platform frame 16 is removed from the
      leg frames 12, 14 by removing pins 104, 106. The leg frames 12, 14 are
      then stacked as shown in FIG. 4. Platform frame 16 is secured to the leg
      frames 12, 14 by removing member 66 from member 68 and reinserting member
      66 into member 68 from the opposite end 122 thereof. Posts 76, 78 are then
      slidably inserted through the collar elements 114, 116. Preferably, collar
      element 114 is provided with holes 124 therethrough dimensioned to receive
      one of the retaining pins 104, 106. Further, one of the posts 76, 78 is
      provided with holes therethrough as at 126 whereby the retaining pin 106
      passes through the collar 114 and post 76 to positively secure the support
      platform 16 to the leg frames 12 and 14. Thus secured, it will be seen
      that the elements 12, 14 and 16 are all positively locked together such
      that they cannot be separated. It will further be observed that the
      platform structure thus assembled for storage is a relatively flat package
      that can be easily carried in an automobile trunk, hung on a wall, or the
      like.
PAR  From the above description, it will be seen that the scaffold structure of
      the present invention provides a uniquely suitable structure for
      supporting a work platform or a work piece. The scaffold structure is
      rugged, simple in construction, and can be adjusted both for the height of
      the work platform and the width thereof. The scaffold structure 10
      includes locking means that positively prevents accidental separation of
      relative movement between the components thereof. The structure 10 is
      light in weight, and can be disassembled and reassembled in a storage
      configuration wherein the structure 10 is exceptionally compact and,
      because all of the components thereof are secured together, loss thereof
      is obviated. The support platform 16 can be inserted into the leg frames
      12, 14 either with the platform members 66, 68 disposed above or below the
      top portions 24, 50 of the leg frames 12, 14 as desired whereby, when the
      structure is used to support a work platform, the platform can be situated
      at a height for optimum utilization.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A scaffold structure comprising at least two rigid leg frames, each set
      of leg frames including a pair of spaced-apart legs and a top portion,
      upper collar elements each having an opening therethrough and being
      secured to said top portion with said openings extending vertically, a
      platform frame including a pair of parallel spaced-apart post members
      having cross-sections complementary to said collar openings whereby said
      posts are slidably, vertically received through said upper collars,
      respectively, a platform support including a pair of telescopically
      engaged platform members fixedly secured adjacent their distal ends to
      respective ones of the upper ends of said post members, post locking means
      for locking said posts in selected vertically displaced positions to said
      collar members with said platform members extending laterally between said
      leg frames in a plane generally perpendicular to the plane including said
      legs, support locking means for locking said support members in selected
      telescopically extended positions, a storage collar element fixedly
      secured to each of said leg frames, each said storage collar element
      having an opening therethrough, said openings having an axis disposed
      generally parallel to a plane including said legs, said storage collar
      openings being dimensioned to slidably receive said posts therethrough,
      the outer one of said platform members being open at both ends thereof,
      the inner one of said platform members being slidably receivable into
      either end thereof, whereby said leg frames can be vertically stacked in
      interlocking relationship upon one another, said platform support can be
      assembled with said posts in closely spaced-apart relationship with said
      posts being slidably received in said storage collar elements.
NUM  2.
PAR  2. The structure of claim 1 wherein said support locking means includes a
      threaded opening through the outer one of said telescopically engaged
      platform members and a threaded element threadingly received therein, said
      threaded element frictionally engaging the inner one of said
      telescopically engaged platform members upon rotation thereof to thereby
      lock said members.
NUM  3.
PAR  3. The structure of claim 1 wherein at least one of said storage collar
      elements includes locking means for locking one of said posts thereto.
NUM  4.
PAR  4. The structure of claim 1 further including a brace fixedly secured
      between said leg portions of each said leg frame in vertically
      spaced-apart relationship to said top portion, a lower collar element
      having an opening therethrough secured to each of said braces with the
      opening thereof in axial alignment with the respective one of said
      openings of said upper collar elements, said lower collar element openings
      being dimensioned to receive said posts therein.
NUM  5.
PAR  5. The structure of claim 4 wherein said upper and lower collar elements
      are tubular elements of rectangular cross-section, said posts having a
      rectangular cross-section dimension to be slidably received within said
      upper and lower collar elements, relative rotational movement therebetween
      being restrained thereby.
NUM  6.
PAR  6. The structure of claim 4 wherein said post locking means includes a pair
      of holes formed in axial registry through opposite sides of one of said
      upper and lower collar members, a plurality of vertically spaced-apart
      holes through said posts in positions in registry with said collar holes
      at each vertically spaced-apart position of said platform frame, and a
      retaining pin having a length greater than the distance between said
      collar holes and a diameter dimensioned to be slidably received therein.
NUM  7.
PAR  7. The structure of claim 6 wherein said retaining pins further include a
      spring clip having a U-shaped configuration and dimensioned to resiliently
      and lockingly engage said collar elements when said retaining pins are
      received therein.
NUM  8.
PAR  8. The structure of claim 4 wherein said leg frames are formed of a single
      elongated member formed into an arch, said leg portions being the distal
      ends of said member, said top portion being the apex portion of said arch.
NUM  9.
PAR  9. The structure of claim 8 wherein said posts are received through said
      upper and lower collar elements with said platform members disposed in a
      position above said top portions.
NUM  10.
PAR  10. The structure of claim 8 wherein said posts are received through said
      upper and lower collar elements with said platform members disposed below
      said top portions.
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ABST
PAL  A chain lubricating device having a vessel with lubricating oil therein
      connected by a conduit to an applicator head with passages therein for
      discharging lubricating oil adjacent the links of the chain. The
      applicator head is retained on the chain for sliding movement relative
      thereto by a permanent magnet carried by the head. The magnet attacks the
      links of the chain and thus the head is held to the chain during the
      lubricating operation.
BSUM
PAR  This invention relates to a lubricating device and more particularly to a
      device for lubricating a chain, especially a roller chain of the type
      commonly used for driving the tractive wheel of bicycles and motorcycles.
PAR  A roller type chain is normally lubricated with an oil can which results in
      considerable waste of lubricating oil, inadequate lubrication of some
      rollers and joints of the chain, and failure to flush old lubricating oil
      and particulate contaminants from the rollers and joints of the chain.
PAR  Objects of this invention are to provide a roller chain lubricator which
      decreases the amount of oil wasted in lubricating a roller chain,
      adequately lubricates all of the roller joints of the chain, flushes old
      oil and particulate contaminants from the rollers and joints of the chain,
      may be readily used by unskilled persons and is of simplified design and
      economical manufacture and assembly.
DRWD
PAR  These and other objects, features and advantages of this invention will be
      apparent from the following description, appended claims and accompanying
      drawing, the various views of which may be briefly described as:
PAR  FIG. 1, a fragmentary side view of a lubricator device embodying this
      invention positioned to apply a lubricant to a roller chain;
PAR  FIG. 2, a fragmentary top view of the lubricator device and roller chain of
      FIG. 1;
PAR  FIG. 3, a sectional view on line 3--3 of FIG. 2;
PAR  FIG. 4, a longitudinal sectional view on line 4--4 of FIG. 2 of the
      applicator head of the lubricator device; and
PAR  FIG. 5, a bottom view of the applicator head of the lubricator device.
DETD
PAR  Referring in more detail to the drawing, FIG. 1 illustrates a lubricator
      device 10 embodying this invention with a pressurized vessel 12 with a
      gaseous propellant and a lubricating oil therein connected by a conduit 13
      to an applicator head 14 positioned to apply the lubricating oil to a
      roller chain 16 of the type commonly used to drive the tractive wheel of a
      bicycle or motorcycle. Chain 16 is made of steel and has a plurality of
      links 18 and 20 pivotally interconnected adjacent their ends by pins 22 on
      which roller sleeves 24 are freely received for rotation on the pins.
PAR  Applicator head 14 has an elongate body 26 which extends longitudinally
      approximately two links of chain 16 and has a transverse width
      substantially equal to the width of the chain. Applicator head 14 is
      releasably retained for sliding engagement with chain 16 by an elongate
      generally rectangular-shaped permanent magnet 28 received in a pocket 29
      in the lower face of body 26 and secured therein by a suitable adhesive.
      Applicator head 14 is retained in longitudinal alignment with chain 16 by
      guides 30 and magnet 28 which project downwardly from body 26 and in
      cooperation therewith define shoulders 32 thereon. As shown in FIG. 3,
      when applicator head 14 is received on chain 16, shoulders 32 of the body
      thereof bear on the edges of the links of the chain and both magnet 28 and
      guides 30 project between and lie closely adjacent links 18 of the chain
      to align the applicator head longitudinally thereon.
PAR  Lubricating oil is discharged from applicator head 14 immediately adjacent
      the links of the chain through transversely spaced passageways 34 (FIGS. 3
      and 5) formed in applicator head 14 by cooperation of magnet 28 with an
      overlying blind pocket 36 in a pilot housing 38 of body 26 of the
      applicator head. Lubricating oil from pressure vessel 12 is supplied to
      applicator head 14 through conduit 13 which has three rigid tubes 40, 42
      and 44 interconnected by flexible hoses 46 and 48. The free end of tube 40
      is press fit in a passageway 50 in pilot housing 38 which communicates
      with passageways 34 via pocket 36 and the free end of tube 44 is connected
      to the outlet of a control valve 52 mounted on the upper end of pressure
      vessel 12. Preferably, an atomizer is incorporated with valve 52 so that
      the lubricating oil is discharged from applicator head 14 as a foam or
      froth of oil. The positioning of applicator head 14 on chain 16 is
      facilitated by flexible hoses 46 and 48. As indicated in phantom in FIG.
      1, flexible hose 48 also permits applicator head 14 to swing downward to
      be retained by magnet 28 in engagement with the side of pressure vessel
      12, which is of a ferromagnetic material, such as steel, thereby keeping
      the applicator head free of dust and dirt and providing a compact
      lubricator device 10 for storing, packaging and shipping.
PAR  In using lubricator device 10, applicator head 14 is manually positioned on
      chain 16 in longitudinal alignment therewith with guides 30 and magnet 28
      received between the links of the chain. Lubricating oil is applied to the
      chain by manually depressing valve 52 and simultaneously moving the chain
      and head 14 relative to each other. This relative movement may be produced
      by either sliding the applicator head longitudinally along the chain or by
      moving the chain such as by turning the pedal on a bicycle. With valve 52
      depressed, lubricating oil is discharged from passageways 34 in applicator
      head 14 immediately adjacent the links of chain 16, thereby flushing old
      oil and particulate contaminants from the chain and particularly the
      rollers and pivotal connections of the links thereof and wasting less
      lubricating oil than with conventional lubrication of the chain by
      discharging oil from the spout of an oil can. The relative movement
      between chain 16 and applicator head 14 provides a more uniform
      distribution of oil throughout the length of the chain and assures that
      all of the pivot connections and roller sleeves thereof are adequately
      lubricated.
PAR  When lubrication of the chain is completed, applicator head 14 is manually
      removed from the chain and may be swung downwardly to engage the side of
      lubricator vessel 12 where it will be retained by magnet 28 to prevent the
      head from accumulating dust and other particulate contaminants therein.
      Lubricator devices embodying this invention are of simple design and
      economical manufacture and assembly since they have comparatively few
      component parts, most of which are readily available as stock items.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lubricator for a chain having a plurality of links pivotally
      interconnected adjacent their ends comprising an applicator head, a guide
      carried by said head and aligning said head with a chain for relative
      longitudinal movement therebetween, a magnet carried by said head for
      retaining said head on a chain in alignment therewith during relative
      longitudinal movement between said head and a chain, and means forming a
      passageway carried by said head for a lubricant, said head having a blind
      chamber therein in communication with said passageway overlying said
      magnet and having a width exceeding the transverse width of said magnet to
      define in cooperation therewith at least two passageways for discharging
      the lubricant onto a chain.
NUM  2.
PAR  2. A lubricator for a chain having a plurality of links pivotally
      interconnected adjacent their ends comprising an applicator head, a guide
      carried by said head and aligning said head with a chain for relative
      longitudinal movement therebetween, a magnet carried by said head for
      retaining said head on a chain in alignment therewith during relative
      longitudinal movement between said head and a chain, and means forming a
      passageway carried by said head for a lubricant to be discharged onto a
      chain for lubricating a chain, said magnet being a permanent magnet having
      a pair of spaced apart longitudinally extending parallel side walls
      projecting from said head into the space between and lying closely
      adjacent opposed transversely spaced apart links of a chain when said head
      is received thereon, thereby providing at least a portion of said guide
      carried by said head.
NUM  3.
PAR  3. The lubricator of claim 2 which comprises at least two passageways
      carried by said head for discharging a lubricant onto a chain, one of said
      passageways lying closely adjacent one of a pair of opposed links of a
      chain for discharging a lubricant thereon and the other of said
      passageways lying closely adjacent the other of the links of said pair of
      opposed links of a chain for discharging a lubricant thereon.
NUM  4.
PAR  4. The lubricator of claim 2 wherein said guide extends longitudinally at
      least substantially continuously for a distance of at least two links of a
      chain.
NUM  5.
PAR  5. The lubricator of claim 2 wherein said head has a blind chamber therein
      overlying said magnet and having a width exceeding the transverse width of
      said magnet to define in cooperation therewith at least two passageways
      for discharging the lubricant onto a chain.
NUM  6.
PAR  6. A lubricator for a steel chain having a plurality of links pivotally
      interconnected adjacent their ends which comprises an elongate applicator
      head having a chain contact surface and provided with a lubricant passage
      extending to said surface, guide means on said head to engage
      longitudinally extending portions of a chain to guide said head in
      alignment on a chain during relative longitudinal movement between said
      head and a chain, a portion of said head adjacent the contact surface
      having magnetic means to provide a magnetic attraction with steel portions
      of a chain to hold said head on a chain while lubricant is forced through
      said lubricant passage.
NUM  7.
PAR  7. A lubricator as defined in claim 6 in which a lubricant vessel is
      provided, and means for connecting said vessel with said lubricant
      passage.
NUM  8.
PAR  8. The lubricator of claim 6 which also comprises a vessel for a lubricant
      having a side wall of ferromagnetic material, and a conduit
      interconnecting said vessel and said lubricant passage of said head for
      supplying a lubricant from said vessel to said passage of said head, at
      least a portion of said conduit being flexible such that said head can be
      releasably retained on said side wall of said vessel by said magnetic
      means carried by said head.
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ABST
PAL  An apparatus for detecting abnormal gains or losses in the amount of liquid
      lubricant being circulated through a lubrication system of the type having
      a pressurized side for delivering the lubricant from a main receiving tank
      to the equipment being lubricated, and an unpressurized drain side for
      returning the lubricant from the equipment to the receiving tank. The
      apparatus is located on the drain side of the system, and includes an
      indicating tank having a cross-sectional area substantially smaller than
      that of the main receiving tank. The lubricant is returned from the
      equipment being lubricated to the indicating tank, which is in turn
      drained into the main receiving tank through a drain line which has a
      metering valve adjusted to maintain a given operating level in the
      indicating tank during normal operation of the system. A level indicator
      generates a warning signal when the liquid level in the indicating tank
      undergoes an abnormal change from said given operating level.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates generally to circulating lubricating systems, and is
      concerned in particular with a novel and improved means for rapidly
      detecting abnormal gains or losses in the amount of liquid lubricant being
      circulated through the unpressurized drain sides of such systems. The
      invention is particularly suited for, although not limited in use to,
      circulating oil systems for oil film bearings of the type employed in
      rolling mills.
PAR  Conventional circulating oil systems normally include suitable alarm
      devices installed on the pressure side of the system to guard against the
      possibility of equipment damage should serious oil leakage or loss of
      pressure occur. Leakage or contamination of the lubricant on the
      unpressurized drain side of such systems is normally detected by
      monitoring the level of liquid in the main receiving tank into which the
      lubricant is drained after being applied under pressure to the equipment
      being lubricated. Experience has indicated, however, that it is difficult
      to establish a normal operating level for the lubricant in the main
      receiving tank. Moreover, because of the large cross-sectional area of the
      receiving tank, abnormal changes in the level of liquid contained therein
      occur slowly and are thus not rapidly indicative of either leakage or
      contamination of the liquid lubricant. Hence, with conventional
      arrangements, there exists the possibility of extensive loss or
      contamination of the lubricant before the problem is noticed and
      appropriate remedial action is taken by operating personnel. Apart from
      being extremely costly, loss of the lubricant into streams, ponds, etc.
      creates ecological problems. Contamination of the lubricant can of course
      be damaging to either the lubricant or the equipment being lubricated.
PAR  It is, accordingly, an object of the present invention to avoid the
      problems and difficulties outlined above by providing a novel and improved
      means for detecting abnormal gains or losses in the amount of lubricant
      being circulated through the unpressurized drain sides of circulating
      lubricating systems. In the preferred embodiments of the invention to be
      hereinafter described in greater detail, this is accomplished by draining
      the lubricant from the equipment being lubricated into an indicating tank
      having a cross-sectional area substantially smaller than that of the
      system's main receiving tank. The indicating tank is in turn connected to
      the main receiving tank by a drain line which has a metering valve
      adjusted to maintain a given operating level in the indicating tank during
      normal operation of the system. A level indicator generates a warning
      signal when the liquid level in the indicating tank undergoes an abnormal
      change from the established operating level. Because the cross-sectional
      area of the indicating tank is substantially less (preferably on the order
      of 1/5 to 1/20) that of the main receiving tank, the response time of the
      level indicator is correspondingly shortened and thus operating personnel
      are provided with a more rapid indication of any leakage and/or
      contamination in the unpressurized drain side of the system.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent as the description proceeds with the aid of the accompanying
      drawings, wherein:
PAR  FIG. 1 is a schematic view of a portion of the unpressurized drain side of
      a circulating lubricating system embodying the concepts of the present
      invention; and,
PAR  FIG. 2 is a schematic illustration of an alternate embodiment of the
      indicating tank.
DETD
PAR  Referring now to the drawings wherein like numbers designate like parts
      throughout the several views, and with initial reference to FIG. 1, there
      is shown at 10 the main receiving tank of a circulating lubricating system
      of the type employed to circulate oil to oil film bearings in a rolling
      mill. The dimensions and capacities of such tanks will of course vary
      depending on the requirements of a particular installation. By way of
      example, however, and for purposes of the following discussion, it will be
      assumed that the tank 10 has a cross-sectional area of 300 square feet and
      a capacity of 20,000 gallons.
PAR  An indicating tank 12 is shown at a position adjacent to the main receiving
      tank 10. Lubricating oil is drained from the equipment being lubricated
      through lines 14 and 16, the latter being connected as at 18 to the lower
      portion of the indicating tank 12. The indicating tank 12 is connected by
      means of a drain line 20 to the main receiving tank 10, the latter being
      vented in a conventional manner as at 21. An adjustable metering valve 22
      is located in the drain line 20.
PAR  During normal operation of the system, the metering valve 22 is adjusted to
      equate the flow of lubricant being drained from the indicating tank 12
      through line 20 to the flow of lubricating oil being received into the
      indicating tank through line 16, thereby maintaining the lubricant
      contained in the indicating tank at a given level as at 24.
PAR  A level indicator 30 is connected to the indicating tank 12 and functions
      as a means for measuring changes in the level of liquid contained therein.
      The level indicator 30 may be of any known conventional type, for example
      model 249B "Level-Trol" manufactured by Fisher Controls Company of
      Marshalltown, Iowa, USA.
PAR  Any change in the measured level is converted by the indicator 30 to a
      rotary motion output, which in turn may then be converted by another
      commercially available control (not shown), such as for example the Fisher
      Type 2340 electronic transmitter, to a proportional electrical signal. The
      signal is then used to actuate an appropriate alarm.
PAR  As previously indicated, the cross-sectional area of the indicating tank 12
      is substantially less than that of the main tank 10. In the embodiment
      herein under consideration, indicating tank 12 has a cross-sectional area
      of 15 square feet, or 1/20 of that of the main tank 10. Thus, when a
      change is experienced in the volume of liquid being drained into the
      indicating tank 12, the rate at which the level 24 will fluctuate will be
      20 times as fast as the rate at which the level of liquid in the main tank
      10 would fluctuate in a conventional system where the returning liquid is
      drained directly to the main tank. Accordingly, the response time of the
      level indicator 30, which as previously indicated is employed to generate
      an alarm signal when abnormal fluctuations in the flow of returning liquid
      are experienced, will be 20 times as fast as the signal generated by level
      indicators which are positioned on the main receiving tank in accordance
      with conventional practice.
PAR  The faster reaction time made possible by the present invention is of
      substantial importance when, for example, leakage occurs on the return
      side of the system. Under these circumstances, operating personnel receive
      an early indication of this problem and are thus able to take prompt
      remedial action. The same holds true when the volume of returning liquid
      undergoes an abnormal increase, as for example when the lubricating oil is
      being contaminated by cooling water. Here again, operating personnel are
      given a prompt indication of this condition and are thus able to take
      remedial action before the lubricating oil undergoes extensive
      contamination. In the event that contamination occurs at a rate such that
      the indicating tank is filled before appropriate remedial action is taken
      by operating personnel, a high level emergency by-pass line 32 is provided
      above line 20 to drain the indicating tank into the main receiving tank
      10. The line 32 also serves as a means of handling any overflow caused by
      an improper adjustment of valve 22.
PAR  Referring now to FIG. 2, an alternate embodiment of an indicating tank is
      shown at 12' comprising a base section 36 to which is connected the line
      16. The base section 36 is suitably adapted to have interchangeably
      mounted thereon one of several upper tank sections 38 having different
      cross-sectional areas. Each upper tank section may be secured in place by
      any conventional means, such as for example the collar and bolts indicated
      typically at 40.
PAR  A drain line 20 and an emergency by-pass line 32 connects the upper tank
      section 38 to the main receiving tank 10, and a metering valve 22 is again
      employed to equate the flow through lines 20 and 16 so as to maintain a
      liquid level 42 in the upper tank section 38. A level indicator 30 is
      again employed to monitor fluctuations in the level of liquid in the upper
      tank section 38. This embodiment thus functions exactly like the
      embodiment shown in FIG. 1, the only difference being that the indicating
      tank 12' is divided into a base section 36 and an upper tank section 38.
      This construction enables upper tank sections of different cross-sectional
      areas to be employed with a common base section 36, and thus affords more
      adaptability to installations having different sized receiving tanks.
PAR  It is my intention to cover all changes and modifications of the
      embodiments herein chosen for purposes of disclosure which do not depart
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for circulating lubricating systems comprising a main
      receiving tank containing lubricant which is circulated through part of
      the system under pressure and unpressurized drain lines for returning the
      lubricant to the main receiving tank for recirculation, the improvement
      which comprises:
PA1  a. an indicating tank for receiving lubricant from said unpressurized drain
      lines, said indicating tank having a horizontal cross-sectional area which
      is substantially less than the horizontal cross-sectional area of said
      main receiving tank at any fluid level;
PA1  b. level indicator means for indicating the level of lubricant in the
      indicator tank, said level indicator means operatively connected to said
      indicating tank;
PA1  c. drain line means for draining lubricant by gravity flow from said
      indicating tank into said main receiving tank; and,
PA1  d. valve means located along said drain line means for maintaining a
      substantially constant fluid level in said indicating tank during ordinary
      operating conditions.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein the cross-sectional area of
      said indicating tank is in the range of 1/5 to 1/20 of the cross-sectional
      area of the main receiving tank.
NUM  3.
PAR  3. The apparatus as claimed in claim 1 further comprising a second overflow
      drain pipe connecting said indicating tank to said main receiving tank.
NUM  4.
PAR  4. The apparatus as claimed in claim 1 wherein said indicating tank is
      comprised of a lower base section having said piping means connected
      thereto, the said base section having removably mounted thereon a
      differently sized upper tank section, said upper tank having a
      cross-sectional area substantially smaller than that of the main receiving
      tank.
NUM  5.
PAR  5. In a method for continuously lubricating a system comprising circulating
      a lubricant under pressure from a main receiving tank and returning the
      lubricant to said main receiving tank by means of unpressurized drain
      lines, the improvement which comprises:
PA1  a. draining the lubricant from said unpressurized drain lines into an
      indicating tank having a horizontal cross-sectional area which is
      substantially less than the horizontal cross-sectional area of said main
      receiving tank;
PA1  b. monitoring the fluid level in said indicating tank by means of a level
      indicator; and,
PA1  c. draining the lubricant from said indicating tank into said main
      receiving tank by gravity flow through a drain line containing valve means
      for maintaining a substantially constant fluid level in said indicating
      tank during ordinary operating conditions.
NUM  6.
PAR  6. The method of claim 5 wherein the ratio of the horizontal
      cross-sectional area of said indicating tank to that of said main
      receiving tank is in the range of 1/5 to 1/20.
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ABST
PAL  A retractable overhead guard for use on vertical lifting machines which
      protects an operator of such equipment from falling objects or material.
      The overhead guard swings down into protective position in response to
      vertical load lifting movement by the machine and retracts to a
      non-obstructing position in response to load-lowering movement of the
      machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to overhead guards for use on vertical lifting
      machines, such as warehouse fork lifts or high stackers, where a load is
      lifted above the head of the machine operator and could present a safety
      hazard to the operator.
PAR  Some vertical lifting machines are of a type where the operator walks
      behind and controls a steering carriage of a self-propelled apparatus.
      This manually-operated steering carriage permits the vertical lifting
      machine to be maneuvered in narrow aisles or other close quarters. Such
      machines are ordinarily not equipped with overhead guards, as a fixed
      overhead guard would increase the overall length of the apparatus, thereby
      significantly limiting its maneuverability.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides overhead protection for the operator of a vertical
      lifting machine during elevation of the load, yet does not add to the
      length of the machine or diminish its maneuverability in the transport
      mode.
PAR  A primary advantage of the invention is the retractable characteristic of
      the overhead guard. By having the guard retractable or withdrawable from
      its protective position, maneuverability of the machine while in a
      load-lowered position is not reduced by any lengthening projection or
      extension of the machine beyond its required original length.
PAR  An important feature of the invention is that the position of the overhead
      guard into an operator-protective position is not dependent upon separate
      operator actuation. The posture of the overhead guard in both the
      operator-protective and retracted positions is established automatically
      in response to upward or downward motion of the machine.
PAR  Automatic positioning of the overhead guard is achieved mechanically
      without the need for electric or hydraulic accessory equipment. This
      feature provides for a high degree of reliability which is important for
      safe machine operation.
PAR  A further advantage of the invention is its rugged construction which
      provides a reliable shield against falling objects. The degree of
      structural rigidity can be adapted to suit the requirements of the working
      environment.
PAR  Still another feature of the invention is that the overhead guard is
      perforated to permit the operator to see the load carried by the machine
      in an elevated position. Likewise, when the overhead guard has been
      retracted upward to a non-protective position, the operator can see beyond
      it for safe steering of the machine.
PAR  Another feature of the invention is that it can be fabricated and installed
      on a fork lift unit or high stacker or other form of lifting machine at a
      relatively low cost.
PAR  It is to be noted that the invention can be utilized on a variety of
      lifting equipment where overhead protection for the operator is needed and
      where a fixed overhead guard would interfere with maneuverability of the
      apparatus or would otherwise create a space problem, regardless of whether
      the equipment carries the operator or he walks alongside.
PAR  Other objects and advantages of the invention will become apparent during
      the course of the following description and with reference to the
      following drawings in which like numerals are used to designate like parts
      throughout the same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a representative form of lifting apparatus
      having a retractable overhead guard embodying the features of the
      invention, with the retracted position in phantom outline.
PAR  FIG. 2 is a fragmentary view, as seen from the left side of FIG. 1, showing
      details of the pivotal connection of the retracted overhead guard.
PAR  FIG. 3 is a fragmentary view of the overhead guard in the
      operator-protective position, as seen from the right side of FIG. 1.
PAR  FIG. 4 is a fragmentary cross-sectional view, taken as indicated on line
      4--4 of FIG. 3, showing the relationship of the cooperating parts with the
      apparatus in load-elevating position.
PAR  FIGS. 5 and 6 are views similar to FIG. 4 and showing the sequential
      movement of the guard to retracted position.
PAR  FIG. 7 is a fragmentary side elevation showing a modified form of the
      invention, with a phantom outline of the retracted position of the guard.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A self-propelled vertical lifting machine 11, such as a warehouse fork lift
      truck, is provided with a movable steering arm 12 having a switch or
      electrical control box 13 mounted thereon within convenient reach of the
      operator. In order to keep the length of the apparatus to a practicable
      minimum where maneuverability of the apparatus in restricted space
      conditions is a factor, no provision is made for carrying the operator on
      the machine. The operator steers and operates the machine while walking or
      standing behind or adjacent to the arm 12 and its associated control box
      13. The machine is equipped with a retractable overhead guard 14 which, in
      the protective position shown, overhangs the operator to shield him from
      injury by cartons or objects which may accidentally be dislodged from
      overhead shelves or from the fork of the machine when it is raised. As
      best seen in FIG. 2, the overhead guard has a rigid peripheral frame 15
      with intermediate spaced support cross members 16 attached thereto and
      underlying an attached panel member 17. The panel member could be a metal
      sheet, a wire mesh net, a closely spaced lattice of metal rods, or a
      grate, etc. It is desirable to use a panel member that is perforated to
      permit visibility therethrough, permitting the operator to see the work
      area overhead.
PAR  The overhead guard is pivotally connected to a fixed portion of the
      machine. As best seen in FIGS. 2 and 3, spaced and coaxially aligned
      tubular journal members 18 are welded to one end of the frame 15. Spaced
      support brackets or ears 19, having aligned openings 20, are welded to a
      cross bar 21 of the stationery column of the machine. An axle or shaft 22
      extends through the journal members 18 and through the support brackets 19
      to pivotally connect the overhead guard to the fixed portion of the
      machine. Any conventional means, such as cotter pins, can be used to
      retain the axle or shaft against longitudinal displacement.
PAR  A telescopic or extendable strut or brace 23 is provided for the guard 14
      in the form of a tube assembly comprising an inner tube or rod 24 slidably
      contained within an outer tube 25. It is desirable, but not mandatory,
      that a pair of such braces be utilized in parallel spaced relationship on
      opposite sides of the overhead guard. The opposite ends of the telescopic
      assembly are pivoted to the overhead guard and to the machine, as at 26
      and 27 respectively.
PAR  The telescopic strut has a minimum operating length established by the
      abutment of one end of outer tube 25 with a stop 28 which is slidably
      mounted on the rod 24 and adjustably secured thereto. At the selected
      minimum operating length, the tube assembly acts as a structural support
      member which arrests further downward angular movement of the overhead
      guard about the shaft 22. As a structural member capable of carrying
      loads, the extendable strut 23 enables the overhead guard to withstand
      impact loads from falling objects.
PAR  Adjustment of the position of the stop 28 establishes the angle of rest for
      the guard and the extent to which it will project in a horizontal
      direction beyond the nominal periphery defining the inherent length of the
      lifting machine. If adjustability of the lowered position of the guard is
      not desired, the adjustable stop 28 may be eliminated and the minimum
      length of the strut assembly is then determined by a fixed stop or by the
      abutment between the telescopic components 24 and 25. When the strut 23
      has telescoped to its minimum length, the overhead guard is in an
      operator-protective position, as shown in solid lines in FIG. 1.
PAR  As is well known in the art, high-lift fork trucks or stackers are
      ordinarily provided with one or more slidably movable column assemblies 29
      which nest relatively to a fixed column assembly 30. The movable column
      assembly includes parallel spaced uprights or column members 31 and an
      integrated cross-member or cross-bar 32 extending across the uprights and
      functioning as a stay or tie bar. Integrated with the overhead guard and
      projecting therefrom are one or more extensions or lever arms 33 which
      project beyond the pivotal connection of the guard and into the path of
      movement of the cross-bar 32 as it moves between its elevated and its
      lowered positions.
PAR  FIGS. 4-6 show the sequence of operation of the overhead guard in relation
      to the operation of the lifting machine. FIG. 4 shows the fork 41 of the
      lifting machine in a raised position. As the load or the fork is lowered,
      the cross-bar 32 approaches and engages the lever arm or arms 33 to
      initiate downward camming displacement of the free ends of the lever arms
      and cause pivotal upward movement or retraction of the guard 14, as
      indicated in FIG. 5. As cross-member 32 continues its downward movement,
      as shown in FIG. 6, the cross-bar approaches its lowermost position and
      the undersurface 34 thereof disengages from the lever arms which now abut
      the adjacent vertical surface 35 of the cross-bar and are thereby held or
      restrained against reverse pivotal movement. The overhead guard has
      thereby been automatically pivoted to its upward or retracted position in
      response to downward movement of the load-carrying fork of the lifting
      machine. It will be noted that there is a lost-motion relationship between
      the lever arms 33 and the cross-bar 32 which permits a substantial
      downward movement of the movable column 29 and its cross-bar 32 without
      affecting the operator-protective posture of the overhead guard 14. It is
      only when the movable column and the fork 41 approach their lowermost
      positions that the cross-bar 32 engages the lever arms 33 to initiate
      withdrawal of the guard 14. In its retracted position, the guard 14 does
      not extend or increase the effective length of the lifting machine and the
      operator can maneuver the machine around corners and within narrow aisles
      as easily as if the overhead guard were not present.
PAR  When the operator elevates the load, the column assembly 29 and its
      cross-member 32 move upwardly from the lever-restraining position shown in
      FIG. 6, allowing the preponderant weight imbalance of the overhead guard
      rearwardly of the pivot shaft 22 to cause its downward pivotal movement to
      the extent permitted by the restraining engagement of the cross-member 32
      with the lever arm 33, as indicated in FIG. 5. This downward angular
      displacement of the guard continues until the pivotal movement is arrested
      by the established limit of telescopic contraction of the strut assembly
      23. At this point, the cross-member 32 disengages from the lever arms; the
      overhead guard is in its operator-protective posture, as shown in FIG. 4;
      and further elevation of the fork may continue to any desired height
      without affecting the position of the guard.
PAR  Thus, without any required attention from the operator, the overhead guard
      is automatically lowered into protective position during the initial phase
      of elevating movement of the lifting machine so that the head and body of
      the operator will be protected against falling objects which may be
      dislodged as a result of the lifting and stacking movement. At this point
      in the operation of the lifting machine, the machine has already been
      maneuvered into a selected position and any increase in length of the
      machine which is attributable to the rearward extension of the overhead
      guard in its horizontal position will not interfere with the stacking
      function of the machine. After the fork has been lowered, the danger or
      hazard of operator injury as a result of falling objects is minimized so
      that the contemporaneous retraction of the overhead guard then permits the
      lifting machine to be maneuvered to its next destination or function
      without the increased length that would result from the use of a fixed
      rearwardly extending overhead guard.
PAR  A modification of the invention is shown in FIG. 7. In this modified
      embodiment, a force-exerting member in the form of a compression coil
      spring 36 is retained within the outer tube 25 of the extendable strut and
      reacts against an enlarged end 37 of the rod 24. The force exerted by the
      energized spring 36 is of a sufficient magnitude to raise the overhead
      guard to the retracted position.
PAR  An extension arm 38 is affixed to the overhead guard at an upwardly
      directed angle relatively to the plane of the overhead guard. A shoe or
      roller 39 is attached to the free end of the extension arm 38. Each
      extension and roller assembly defines a cam which is positioned for
      abutment with the opposed surface or face 40 of an adjacent column upright
      31 when the column 29 is moved upwardly, as shown in solid outline in FIG.
      7, but the roller 39 assumes an elevated position projecting above the
      column 29 and its cross-bar 32 when the column is in its lowermost
      position shown in phantom outline in FIG. 7.
PAR  In the load-lowered position, the roller is free of engagement with the
      face 40 of upright 31 but does overlie and engage the cross-bar 32 to
      limit the upward pivotal movement of the guard 14. This upward movement is
      effected by the action of the spring 36 in yieldably extending the
      telescopic tube assembly or strut 23. When the fork 41 is raised, the
      column 29 moves upwardly and the cross-bar 32 cams the roller 39 in
      opposition to the spring-loaded telescopic struts to cause pivotal
      displacement of the guard to its operator-protective position. In this
      position, the roller abuts the opposed column face 40 to prevent any
      counter-rotation of the guard. Further impact or load-induced downward
      pivotal movement of the guard is limited by the minimum operating length
      established for the strut assembly. Downward movement of the guard effects
      energization of the spring 36 to cause retraction of the guard when the
      fork is again lowered.
PAR  It is to be understood that the forms of my invention, herewith shown and
      described, are to be taken as preferred examples of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of my invention, or the
      scope of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a protective overhead guard for a vertical lifting machine having a
      vertical mast and having a member guided by and vertically movable on said
      mast for load-lifting, the combination of an overhead guard pivotally
      connected to said mast for angular displacement relatively thereto, first
      means associated with said overhead guard and cooperating with said
      movable member for raising said overhead guard pivotally to a retracted
      position in response to downward motion of said movable member, second
      means associated with said overhead guard and cooperating with said
      movable member for lowering said overhead guard about said pivotal
      connection to a substantially horizontal operator-protective position
      rearwardly of said mast in response to upward motion of said movable
      member, and third means mounted on said machine for supporting said
      overhead guard at rest in said operator-protective position.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said overhead guard
      comprises a flat panel member having a rigid peripheral frame.
NUM  3.
PAR  3. A combination as defined in claim 2, wherein said panel member is
      perforated for visibility therethrough.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said third means for
      supporting said overhead guard comprises a strut member interposed between
      said overhead guard and said machine for limiting downward angular
      displacement of said overhead guard.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said strut member comprises
      an extendable assembly, one end of said assembly being movably attached to
      said overhead guard in spaced relationship to said pivotal connection, and
      the opposite end of said assembly being movably attached to said machine,
      whereby said assembly establishes a minimum load-bearing length for
      support of said overhead guard.
NUM  6.
PAR  6. A combination as defined in claim 5, including a movable stop adjustably
      secured to said strut for selectively establishing said load-bearing
      length thereof.
NUM  7.
PAR  7. A combination as defined in claim 5, including a spring compressively
      retained within said assembly for effecting extension thereof.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said first means for
      raising said overhead guard comprises a lever element engageable by said
      movable member for translating said downward motion of said movable member
      into upward angular displacement of said overhead guard about said pivotal
      connection.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said lever element extends
      to one side of said pivotal connection opposite to the body of said
      overhead guard, said lever being disposed in the path of movement of said
      movable member for camming engagement therewith.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein said body of said guard
      establishes a weight imbalance about said pivotal connection to provide
      said second means urging said guard downwardly toward operator-protective
      position in response to upward movement of said movable member.
NUM  11.
PAR  11. A combination as defined in claim 1, wherein said first means for
      raising said overhead guard comprises a force-exerting member acting upon
      said overhead guard, said force-exerting member operating to raise said
      guard in response to downward motion of said movable member to a
      predetermined position.
NUM  12.
PAR  12. A combination as defined in claim 11, wherein said force-exerting
      member is a spring energized in response to downward movement of said
      overhead guard and yieldably urging said guard to retracted position.
NUM  13.
PAR  13. A combination as defined in claim 11, wherein said second means is a
      lever element engageable by said movable member for camming said guard
      into operator-protective position in opposition to said first means.
NUM  14.
PAR  14. In a protective overhead guard for an operator-controlled vertical
      load-lifting machine having a longitudinally movable vertical-lifting
      member, the combination of an overhead guard pivotally connected to said
      machine for angular displacement relatively thereto, first means
      associated with said overhead guard and cooperating with said member for
      raising said guard axially about said pivotal connection to a retracted
      substantially upright position in response to downward longitudinal motion
      of said member to a load-carrying position below the operator, and second
      means associated with said guard and cooperating with said member for
      lowering said guard axially about said pivotal connection to an
      operator-protective position in response to upward longitudinal motion of
      said member toward a load-carrying position above the operator.
NUM  15.
PAR  15. A combination as defined in claim 14, including guard-support members
      for limiting downward pivotal movement of said guard to a predetermined
      position.
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ABST
PAL  The disclosed safety latch is operable with automotive hoists that have a
      rack gear connected to and movable with the hoist piston. The piston,
      which carries the hoist superstructure, is disposed in a cylinder so that
      the piston telescopes to raise and lower the hoist in response to
      hydraulic or pneumatic pressure acting thereon. A pinion gear mounted on
      the latch is in engagement with the rack and, through a slip clutch
      mechanism, drives an operating lever that is connected with a latch dog
      for securely engaging the rack to prevent movement of the rack and the
      piston downwardly with respect to the cylinder. The latch operating
      mechanism can be operated manually to completely disengage the latch dog
      from the rack whereby the hoist may be lowered. The slip clutch mechanism
      is provided with a lost motion coupling member between the latch operating
      member and the latch dog so that the latch dog remains in engagement with
      the rack should the system for raising the hoist become inoperative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in automotive hoists or
      the like. More specifically, the invention relates to an improved safety
      latch apparatus for automotive hoists.
PAR  Numerous approaches have been taken to design safety latches for automotive
      hoists or lifts. Three of these are illustrated in U.S. Pat. No. 2,059,059
      issued to E. B. Thompson on Oct. 27, 1936, U.S. Pat. No. 2,750,004 issued
      to J. B. Harrison on June 12, 1956, and U.S. Pat. No. 2,849,084 issued to
      I. V. K. Hott et al on Aug. 26, 1958.
PAR  In addition to the above, it has also been relatively common practice to
      equip the hoist with a tubular member that is attached to the piston of
      the hoist and thus rises therewith. The tube telescopes within a cylinder
      or sleeve that is mounted in the ground. Upon reaching the full upper
      position of the hoist, a pin is simply inserted through the cylinder and
      the tube to prevent the telescoping of the tube within the cylinder until
      the pin is removed.
PAR  Another approach to the design of safety latches for hoists has been to
      provide a tube that is hinged on the piston so that it rises with the
      piston. Upon reaching the uppermost position of the hoist, the tube is
      pivoted downwardly engaging the surface of the ground to prevent
      inadvertent downward movement of the hoist.
PAR  Each of the foregoing described latches will operate to prevent accidental
      downward movement of the hoist. Some of the latches are rather complex,
      resulting in maintenance difficulty and increased cost.
PAR  As those skilled in the art will appreciate, some of the prior art latches
      have the disadvantage of locking only when the hoist is in its uppermost
      position and, should a failure occur during raising of the hoist, the
      latch is inoperative. However, some of the aforementioned latches can be
      utilized at intermediate positions of the hoist, but most must be engaged
      manually at such intermediate positions.
PAR  The improved latch apparatus of this invention is operative during the
      raising of the hoist and is, in fact, biased into latching engagement by
      the act of raising the hoist so that no matter when the failure of the
      hoist power system occurs the latch will immediately engage to prevent
      downward movement of the hoist.
PAR  Further, the improved latch of this invention is relatively simple, thereby
      reducing maintenance and manufacturing costs.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved safety latch apparatus for automotive
      hoists or the like that includes a piston telescopingly arranged within a
      fixed cylinder and means for causing the piston to move relative to the
      cylinder. The latch apparatus comprises: a rack gear attached and movable
      with the piston; a latch housing attached to the cylinder and encompassing
      a portion of the rack gear, whereby the rack gear can move through the
      housing upon movement of the piston; a gear shaft journaled in the
      housing; a spur gear attached to the gear shaft in mesh with the rack
      gear, whereby the spur gear and shaft rotate in response to movement of
      the rack gear through the housing; and, a latch dog member that is
      pivotally supported by the housing. The latch dog includes a toothed
      portion that is engageable with the teeth of the rack gear. The latch
      apparatus also includes a friction clutch means on the gear shaft for
      automatically urging the latch dog toward the rack gear when the piston is
      raised relative to the cylinder. The friction clutch means includes a
      latch operating member movable with and, at other times, movable relative
      to the spur gear and gear shaft and the clutch means also includes a
      connecting member extending between the latch operating member and the
      latch dog member. Resilient means on the latch operating member is
      provided for biasing the latch dog member relatively toward the rack gear.
      As arranged, the movement of the operating member moves the latch dog
      member into and out of engagement with the rack gear to prevent or to
      permit movement of the rack relative to the housing. The resilient means
      also permits movement of the dog member relatively away from the rack gear
      permitting relative upward movement of the rack relative to the housing
      when the latch dog member is engaged with the rack gear.
PAR  The foregoing and additional objects and advantages of the invention will
      become more apparent as the following detailed description is read in
      conjunction with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially cutaway, pictorial view of a hoist including a safety
      latch apparatus constructed in accordance with the invention.
PAR  FIG. 2 is a top view of the safety latch apparatus, partially in cross
      section, taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a side elevational view, partially in cross section, that is
      taken generally along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view of the safety latch apparatus taken
      generally along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a partially broken away view similar to FIG. 3 and illustrating
      the safety latch mechanism in one operating position.
PAR  FIG. 6 is a view similar to FIG. 5, but illustrating the safety latch
      mechanism in still another operating position.
PAR  FIG. 7 is also a view similar to FIG. 5, but illustrating the safety latch
      mechanism in the position that the various parts thereof occupy when the
      latch is released.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and to FIG. 1 in particular, shown therein and
      generally designated by the reference character 10 is an automotive hoist
      constructed in accordance with the invention. The automotive hoist 10 is
      of the two-post type, that is, it includes identical pistons 12 and 14
      that are telescopically arranged with respect to identical cylinders 16
      and 18. The cylinders 16 and 18 are positioned below the surface of the
      ground. Although, not shown, it will be understood that an appropriate
      system is provided for causing the telescoping of the pistons 12 and 14
      within the cylinders 16 and 18.
PAR  At the upper end of the pistons 12 and 14 is a superstructure that is
      generally designated by the reference character 20. The superstructure 20
      is provided to engage the underside of the automotive vehicle to be lifted
      by the hoist 10.
PAR  Mounted on the hoist 10, and externally of the piston 12 and cylinder 16,
      is a rack gear 22. The rack gear 22 is arranged to move with the piston 12
      and extends through a housing 24, which is mounted on the cylinder 16. The
      housing 24 contains a pinion gear (not shown) that is in mesh with the
      rack gear 22. Similarly, a rack gear 26 is mounted externally of the
      piston 14 in the cylinder 18. The rack gear 26 is mounted for movement
      with the piston 14 and extends through a safety latch assembly 27. The
      latch assembly 27 includes a housing 28 that is mounted on the cylinder
      18. The housing 28 has a pinion gear 30 therein that is in mesh with the
      rack gear 26.
PAR  The pinion gear 30 in the housing 28 and the pinion gear in the housing 24
      are mounted on a shaft 32 that extends therebetween. The mounting of the
      two pinion gears on the shaft 30, in mesh with the rack gears 22 and 26,
      assures that the pistons 12 and 14 move in concert.
PAR  The foregoing description makes reference to the two-post hoist 10 as shown
      in FIG. 1. However, it should be understood that the safety latch
      apparatus constructed in accordance with the invention herein can be
      utilized in conjunction with a single-post hoist as well as with the
      two-post hoist 10 illustrated.
PAR  FIGS 2, 3 and 4 show, in more detail, the structure of the safety latch
      assembly 27. In addition to the housing 28, the pinion gear 30 and the
      shaft 32, the latch assembly 27 also includes a slip clutch mechanism 34
      that is located on one end of the shaft 32. In order to make the slip
      clutch 34 operate properly, the end of the shaft has been formed into a
      square as is shown more clearly in FIG. 3. Friction discs 36 and 38 are
      provided with square holes to fit the end of the shaft 32 so that the
      discs rotate therewith. Located between the friction discs 36 and 38 is a
      latch operating member 40 that is provided with a circular hole 42 (see
      FIG. 3) which is sized to receive the rectangular end of the shaft and to
      rotate thereon. Since the latch operating member 40 has the circular hole
      42, it is not connected to the shaft 32 except frictionally through the
      friction discs 36 and 38.
PAR  Referring again to FIG. 2, it can be seen that a compression spring 44
      encircles the shaft 32. The spring 44 has one end disposed in engagement
      with the friction disc 38 and the opposite end disposed in engagement with
      a washer 46 that is held in place on the shaft 32 by a threaded nut 48.
      The end of the shaft 32 is provided with threads 50 to permit the
      adjustment of the nut 48 inwardly and outwardly to vary the force exerted
      by the spring 44 on the friction disc 38. The spring 44 thus provides the
      force to cause the latch operating member 40 to be moved by the friction
      discs 36 and 38.
PAR  Referring to FIG. 3, it can be seen that a stop pin 52 is located in the
      housing 28 in a position to engage the latch operating member 40. The
      engagement of the pin 52 in the latch operating member 40 limits the
      rotational movement of the latch operating member 40 in one direction.
      Since the clip clutch 34 is provided, the pinion 30 can continue to rotate
      even though the latch operating member 40 is held from rotating by the
      stop pin 52.
PAR  In FIG. 3, it can also be seen that the lower end of the latch operating
      member 40 is pivotally connected with an elongated connecting member 54.
      The connecting member 54 extends from the latch operating member 40 to a
      generally U-shaped latch dog 56 that is pivotally supported in the housing
      28 by a pivot pin 58. The pivot pin 58 is disposed on the side of the rack
      gear 26 opposite to the teeth thereon so that the latch dog 56 is
      "overcenter" with respect to the rack gear 26.
PAR  The connecting member 54 extends through an opening in a bracket 60 that is
      mounted on the latch dog 56. The connecting member 54 is slidable with
      relation to the bracket 60, but is prevented from being moved outwardly
      therethrough by an enlargement 62 formed on the free end of the connecting
      member 54. A compression spring 64 encircles the connecting member 54 and
      is disposed between a shoulder on the connecting member 54 and the bracket
      60 to resiliently bias the latch dog 56 relatively toward the rack gear
      26.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  In operation of the lift 10, a car or other vehicle (not shown) would be
      placed on or over the superstructure 20. The hoist power system (not
      shown) is activated to provide fluid to the hoist raising the pistons 12
      and 14 relative to the cylinders 16 and 18 and, thus, lifting the vehicle.
      The safety latch assembly 27 is engaged with the rack 26 by positioning
      the latch operating member 40 in the position shown in FIGS. 3 and 5.
PAR  With the operating member 40 in the position illustrated, the connecting
      member 54 extends through the bracket 60 on the latch dog 56 so that the
      compression spring 64 thereon biases the latch dog 56 into engagement with
      the rack gear 26. In this position, the tooth on the latch dog is in
      engagement with one of the teeth in the rack gear 26.
PAR  As the rack gear 26 moves upwardly with the piston 14, the latch dog 56 is
      biased relatively away from the rack gear 26 due to the angle of the teeth
      thereon. Stated in another way, the rack gear 26 "ratchets" upwardly. Such
      ratcheting action is possible due to the location of the pivot pin 58 on
      the latch dog 56. In other words, clockwise rotation of the latch dog 56
      tends to move the latch dog 56 relatively away from the rack gear 26, but
      the latch dog 56 engages each tooth of the rack gear 26 placing the safety
      latch assembly 27 in position to function in the event of a failure of the
      power system in all positions of the hoist 10.
PAR  It will be seen that any attempt of the rack gear 26 to move downwardly
      causes the latch dog 56 to rotate in a counterclockwise direction about
      the pivot pin 58 which tends to bring the latch dog 56 into tighter
      engagement with the rack gear 26 thus locking the rack gear 26 and
      preventing downward movement of the piston 14.
PAR  As shown in FIG. 6, the downward movement of the rack gear 26 relative to
      the cylinder 18 and the safety latch assembly 27, rotates the spur gear
      30, which forms part of the safety latch assembly 27, in a clockwise
      direction and through the slip clutch 34 rotates the latch operating
      member 40 in a direction to pull the latch dog 56 out of engagement with
      the rack gear 26. However, it will be noted that considerable distance or
      "lost motion " is provided between the latch dog 56 and the abutment 62 on
      the latch connecting member 54. Thus, the "lost motion" permits the latch
      operating member 40 to rotate slightly in a clockwise direction as shown
      in FIG. 6 without disengaging the latch dog 56 from the rack gear 26. The
      length of the lost motion has been designed so that the self-energizing
      forces between the latch dog 56 and the rack gear 26 occur prior to the
      engagement of the enlargement 62 on the latch connecting member 54 with
      the latch dog 56. Accordingly, the latch assembly 27 is constantly engaged
      with the rack gear 26 and in a position to prevent downward movement of
      the rack gear 26 in the event of a power failure.
PAR  In FIG. 7, the latch operating member 40 has been moved in a clockwise
      direction until the enlarged portion 62 on the latch connecting member 54
      engages the latch dog 56. When this occurs, the latch dog 56 is manually
      moved out of engagement with the rack gear 26 so that the piston 14 can be
      lowered relative to the cylinder 18. Stated another way, manual
      disengagement of the latch dog 56 from the rack gear 26 permits the
      superstructure 20 and the vehicle mounted thereon to be lowered. It should
      be pointed out that because of the self-energizing characteristic of the
      latch dog 56 and the rack gear 26 upon downward movement of the rack gear
      26, it may be necessary to move the rack gear 26 slightly upwardly to
      relieve the load on the latch dog 56 before the latch operating member 40
      can be moved to the position illustrated in FIG. 7.
PAR  As mentioned earlier, the shaft 32 connects the spur gear 30 in the safety
      latch assembly 27 with a similar spur gear located in the housing 24 which
      is mounted on the cylinder 16. Since the gears are mounted on a common
      shaft, both the pinion 12 and the piston 14 will be lowered or raised
      simultaneously, thus assuring that the superstructure 20 remains level to
      prevent dropping the vehicle located thereon.
PAR  From the foregoing, it will be apparent that a hoist having an improved
      safety latch apparatus constructed in accordance with the invention will
      operate at any elevated stage of the hoist and that such operation is
      fully automatic not necessitating the manual actuation by the hoist
      operator after the initial engagement of the safety latch mechanism. The
      improved safety latch apparatus is relatively simple and requires little
      or no maintenance during its operating life.
PAR  It will also be apparent from the foregoing that the embodiment of safety
      latch apparatus described in detail hereinbefore is presented by way of
      example only and that many changes and modifications can be made thereto
      without departing from the spirit and scope of the invention.
CLMS
STM  The embodiments of an invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. Improved safety latch apparatus for automotive hoists or the like that
      includes a piston telescopingly arranged within a fixed cylinder and means
      for causing said piston to move relative to said cylinder, said latch
      apparatus comprising:
PA1  a rack gear attached to and movable with the piston;
PA1  a latch housing attached to the cylinder and encompassing a portion of said
      rack gear, whereby said rack gear can move through said housing upon
      movement of said piston;
PA1  a gear shaft journaled in said housing;
PA1  a spur gear attached to said gear shaft in mesh with said rack gear,
      whereby said spur gear and shaft rotate in response to movement of said
      rack gear through said housing;
PA1  a latch dog member pivotally supported by said housing and including a
      tooth portion that is engageable with said rack gear; and,
PA1  friction-clutch means on said gear shaft for automatically urging said
      latch dog toward said rack gear when the piston is raised relative to the
      cylinder, said friction-clutch means including a latch operating member
      movable with and, at other times, movable relative to said spur gear and
      gear shaft, said clutch means also including a connecting member extending
      between said latch operating member and said latch dog member and
      resilient means on said latch operating member for biasing said latch dog
      member relatively toward said rack gear, whereby movement of said
      operating member moves said latch dog member into or out of engagement
      with said rack gear to prevent or permit movement of said rack relative to
      said housing, said resilient means permitting movement of said dog member
      relatively away from said rack gear permitting relative upward movement of
      said rack gear relative to said housing when said latch dog member is
      engaged with said rack gear.
NUM  2.
PAR  2. The safety latch apparatus of claim 1 wherein the pivotal support for
      said latch dog is located in said housing toward the side of said rack
      gear away from the teeth thereon whereby said latch dog, when in
      engagement with said rack gear, is urged into tighter engagement by a
      relatively downward force on or movement of said rack gear and is urged
      out of engagement by a relatively upward movement or force on said rack
      gear.
NUM  3.
PAR  3. The safety latch apparatus of claim 1 for use with an automotive hoist
      having a second piston and second cylinder, said latch apparatus also
      including:
PA1  a second rack gear attached to and movable with the second piston;
PA1  a gear housing attached to the second cylinder and encompassing a portion
      of said second rack gear;
PA1  said gear shaft extending through said gear housing and being journaled
      therein; and,
PA1  a second spur gear mounted on said gear shaft in mesh with said second rack
      gear, whereby said first and second piston are constrained to move in
      concert.
NUM  4.
PAR  4. The safety latch apparatus of claim 3 wherein said connecting member is
      longer than the distance from said latch operating member to said latch
      dog member when said latch operating member is in the position wherein
      said latch dog member is in engagement with said rack gear, whereby and
      upon downward movement of said pistion without intentional disengagement
      of said latch dog member, partial rotation of said spur gear, gear shaft,
      and latch operating member occurs, said latch dog member securely engages
      said rack gear stopping the downward movement before said connecting
      member moves said latch dog member outwardly to an unlatched position.
NUM  5.
PAR  5. The safety latch apparatus of claim 1 wherein said friction-clutch means
      also includes:
PA1  a pair of friction members mounted for movement with said shaft and
      disposed on either side of said latch operating member;
PA1  said latch operating member being rotatably positioned on said shaft; and,
PA1  biasing means on said shaft holding said friction member in frictional
      engagement with said latch operating member, whereby said latch operating
      member tends to rotate with said spur gear and shaft, but can be moved
      independently by overcoming the frictional force exerted by said friction
      members.
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ABST
PAL  An overhead service unit provided with a base having a fixed frame
      projecting upwardly therefrom. A series of movable frames are slidably
      interconnected to each other and to said fixed frame with a platform
      movably supported on one of said movable frames. A pair of cylinders are
      mounted on said base and are provided with a pair of rams which are
      movable in opposite directions to cause a plurality of chains operatively
      connected to said rams, the fixed and movable frames and platform to raise
      and lower said movable frames and platform for moving said platform to and
      from elevated work positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Overhead service units in which a platform is carried upon a series of
      slidably interconnected frames for raising and lowering the platform have
      long been known in the art. One such unit is shown in U.S. Pat. No.
      3,031,027.
PAR  It has been a common practice in such units to employ a single hydraulic
      cylinder and to interconnect the frames and platform in a series fashion.
      This requires that each of the movable frames be moved to effect a
      movement of the platform. Thus, extra power will have to be expended to
      move all of the movable frames even though it may be desired to raise the
      platform to a height less than the height of one of said frames.
PAR  It is an object of this invention to provide an overhead service unit
      having a platform which will be vertically movable both with, and
      independently of, a series of vertically movable frames, and which will
      permit said platform to be movable from a fully lowered position in which
      a workman can easily step thereon to a fully raised position in which it
      is adjacent the upper end of the uppermost one of said vertically movable
      frames.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the preferred form of the invention, there is provided a
      base having a frame fixedly mounted thereon and extending upwardly
      therefrom. Said base is adapted to be mounted on a vehicle, such as for
      example, a small tractor, and is provided with a pair of laterally
      projecting arms having ground-engageable wheels mounted thereon. A second
      frame is slidably supported on said base frame; a third frame is slidably
      supported on said second frame; and a platform adapted to support a
      workman is movably supported on said third frame. Each of said second and
      third frames and said platform is vertically movable with and with respect
      to each other for moving said platform to and from elevated work stations.
PAR  In order to effect vertical movement of said platform and said second and
      third frames, a pair of hydraulic cylinders are mounted on said base. Each
      of said cylinders is provided with a vertically movable ram. The ram on
      one of said cylinders, which is in a vertically extended position when the
      platform is in its lowermost position, has a pair of sprockets operatively
      connected thereto which engage a first set of chains connected at one of
      their ends to said base frame and extending successively over sprockets
      mounted on said base frame, the lower end of said second frame and the
      upper end of said third frame with their opposite ends connected to said
      platform. The ram on the other of said pair of cylinders, which is in a
      vertically retracted position when the platform is in its lowermost
      position, has a pair of sprockets operatively connected thereto which
      engage a a second set of chains connected at their opposite ends to said
      base and the lower end of said second frame. Still a third set of chains
      have their opposite ends connected to said base frame and the lower end of
      said third frame with their intermediate portions engaging sprockets
      mounted on said second frame.
PAR  Thus, to raise the platform said one cylinder is actuated to cause its ram
      to vertically retract. This causes said first set of chains engaging the
      sprockets on said ram, base and second and third frames to raise said
      platform along said third frame. The other cylinder is then actuated to
      cause its ram to move upwardly into a vertically extended position. This
      causes said third set of chains engaging the sprockets on said ram to
      raise the second frame upwardly along the base frame. As the second frame
      is being raised the sprockets thereon drive the third set of chains to
      raise the third frame upwardly along the second frame.
PAR  As will be understood, since the third frame is connected to the second
      frame and the platform is connected to the third frame, upward movement of
      said second frame also raises the third frame with respect to the base
      frame, and upward movement of the third frame raises the platform with
      respect to second and base frames.
PAR  The cylinders are actuated to raise the frames and platform by hydraulic
      fluid forced into said cylinders by a pump driven by a motor controlled by
      a switch on the platform. The fluid is discharged from the pump through a
      common line, and said one cylinder for raising the platform has a lower
      operating pressure than the other cylinder which raises the movable
      frames. Thus, the platform will be raised before the frames. The fluid is
      evacuated from the cylinders through a solenoid valve which is connected
      to the switch so that said valve will open when the switch shuts off the
      power to the pump motor. This permits the fluid to return to the sump from
      both cylinders simultaneously so that the platform and the movable frames
      are simultaneously returned to their lowered positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the invention. In such drawings:
PAR  FIG. 1 is a perspective view of an overhead service unit embodying the
      invention and showing said unit mounted on a tractor;
PAR  FIG. 2 is a perspective view of the unit shown in FIG. 1, but showing said
      unit in a raised position;
PAR  FIG. 3 is a rear elevation of the unit shown in FIG. 1, but with portions
      thereof being broken away;
PAR  FIG. 4 is an enlarged fragmentary side elevation of one of the wheel
      assemblies shown in FIG. 2, but with portions thereof being broken away
      and showing an outrigger mounted thereon;
PAR  FIG. 5 is an enlarged vertical section taken on the line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged fragmentary horizontal section taken on the line 6--6
      of FIG. 5;
PAR  FIG. 7 is an enlarged fragmentary horizontal section taken on the line 7--7
      of FIG. 5;
PAR  FIG. 8 is an enlarged fragmentary horizontal section taken on the line 8--8
      of FIG. 5;
PAR  FIG. 9 is an enlarged fragmentary horizontal section taken on the line 9--9
      of FIG. 5; and
PAR  FIG. 10 is a diagrammatic view of the hydraulic system for the unit shown
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The embodiment of the invention shown in the drawings is illustrated as
      being connected to a conventional garden or industrial type tractor 10. As
      shown in FIGS. 1 and 5, the unit is provided with a base having a floor 12
      to which are connected a pair of upstanding side walls 13 and rear wall
      14. A pair of laterally spaced upwardly projecting arms 16 are connected
      to the rear wall 14. The upper ends of the arms 16 are connected to
      rearwardly projecting beams 18 connected at their rearward ends to the
      tractor frame for thus mounting the unit on said tractor.
PAR  A first or base frame 20 is fixedly connected to the base and projects
      upwardly therefrom. As shown in FIGS. 6 and 7, the frame 20 comprises a
      pair of laterally spaced, inwardly open, opposed channels 21 each having a
      pair of inwardly projecting arms 22 and 23 interconnected by a web 24. The
      lower ends of the channel arms 22 and 23 are connected to the lateral
      edges of the floor 12 forwardly of the side walls 13 with the front edges
      of said side walls being connected to the rearward channel arms 23. A
      rearwardly projecting plate 25 is connected to each of the rearward
      channel legs 23 intermediate the height of the channel. An arm 26 extends
      inwardly from each of the plates 25 and is connected to a strut 27
      extending obliquely downwardly therefrom for connection to one of the
      beams 18. Thus, the struts 27 serve to interconnect the first frame 20 to
      the beams 18 for bracing the frame structure.
PAR  As shown in FIGS. 1 and 4, a pair of arms 30 project laterally outwardly
      from the channel webs 24 adjacent the lower ends thereof. Each of the arms
      30 is braced by a triangular plate 32 connected to said arm and the
      adjacent channel web 24. A ground-engageable wheel 34 is mounted on each
      of said arms adjacent the outer end thereof. Each of the wheels 34 is
      connected to its associated arm by a conventional caster-type mounting in
      order to permit said wheels to swivel about vertical axes and thus
      facilitate turning during movement of the tractor 10.
PAR  As shown in FIG. 4, a pair of horizontally disposed parallel flanges 33
      project forwardly from the front faces of each of the arms 30 and plates
      32. A pair of outrigger beams 35 are removably received between the sets
      of flanges 33 and project laterally outwardly from the opposite sides of
      the unit. Each of the beams 35 has a socket 36 at its outer end in which a
      vertically extending foot 37 is received. Said socket and foot are
      provided with matingly engageable threads for vertically adjusting the
      position of the foot to bring it into a ground-engaging position for
      stabilizing the unit at the work location. The beams 35 are releasably
      locked in position between their respective sets of flanges 33 by pairs of
      pins 38 received in vertically aligned openings 39 in the flanges 33 and
      beams 35.
PAR   A second frame 40 is slidably carried in the first frame 20. As best
      illustrated in FIGS. 6 and 7, the frame 40 comprises a pair of laterally
      spaced, opposed, inwardly open channels 41 each having a pair of inwardly
      projecting legs 42 and 43 interconnected at their outer ends by a web 44.
      The channels 41 are cross-braced by a plurality of vertically spaced
      cross-bars 46 connected at their outer ends to the forwardly presented
      faces of the rearwardly disposed channel legs 43. As shown in FIG. 7,
      vertically extending wear pads 48 are mounted on the inner faces of the
      legs 22 and 23 and webs 24 on the first frame channels 21 and engage the
      outwardly presented faces of legs 42 and 43 and web 44 on the second frame
      channels 41 to locate the channels 41 in the chanels 21 and reduce the
      frictional contact therebetween.
PAR  Still a third frame 50 is slidably carried by the second frame 40. Frame 50
      comprises a pair of laterally spaced, opposed, generally S-shaped channels
      51 each having a pair of inwardly projecting legs 52 and 53 interconnected
      by a web 54 at the outer ends thereof. The forwardly presented channel leg
      52 is also connected at its inner end to a web 55 set inwardly from the
      inner ends of the forwardly presented channel legs 22 and 42 and connected
      at its forward end to a laterally outwardly projecting leg 56. As shown,
      the channels 51 of frame 50 are cross-braced by a plurality of vertically
      spaced transversely extending crossbars 57 connected to the webs 55. In
      order to locate the channels 51 in channels 41 and reduce the frictional
      contact therebetween, vertically extending wear pads 58 are mounted on the
      inwardly presented faces of the channel legs 42 and 43 and webs 44 which
      engage the outwardly presented faces of the channel legs 52 and 53 and
      webs 54.
PAR  A platform 60 is movably carried on the frame 50. Said platform comprises a
      horizontally disposed floor 62 mounted on a support frame 63. As shown,
      kick plates 65 are connected to the floor 62 at its periphery and project
      upwardly from the sides and rear thereof. A plurality of posts 66 extend
      vertically upwardly from the corners of the floor 62, and are
      interconnected at the sides and rear of the platform assembly by a
      plurality of vertically spaced horizontally extending rails 67. A gate 68
      is swingably mounted on one of the front posts 66 to permit access to the
      cage formed by the posts 66 and rails 67.
PAR  In order to movably mount the platform on the frame 50 a plate 69 haing a
      rearwardly projecting peripheral skirt 70 extends downwardly from platform
      floor 62 at the rear thereof. A pair of laterally spaced ribs 71 are
      mounted on the front face of plate 69, and a pair of braces 72
      interconnect said ribs to the support frame 63. Two pairs of vertically
      spaced stub axles 75 are mounted on the lateral stretches of the plate
      skirt 70 and carry pairs of rollers disposed laterally outwardly from the
      opposed sides of said plate. As shown in FIG. 7, the rollers 74 are
      received in a pair of opposed, vertically extending tracks 80 mounted on a
      series of cross-bars 82 connected to the legs 56 on frame channels 51 for
      thus movably interconnecting the platform 60 to frame 50.
PAR  The frames 40 and 50 and platform 60 are movable between their fully
      retracted positions as shown in FIG. 1 and their fully extended positions
      as shown in FIG. 2. The power source for raising said frames and platform
      comprises a pair of hydraulic cylinders 90 and 91, the cylinder 90 having
      a lower operating pressure than cylinder 91. The cylinders are mounted in
      longitudinally spaced relationship on the base floor 12 as by yokes 93 on
      their lower ends swingably and slidably carried on pins 95 received in
      brackets 94 mounted on the base floor 12. As shown in FIGS. 6 and 7,
      cylinder 90 has a ram 96 projecting upwardly therefrom and fixedly
      connected at its upper end by a bracket 97 to a transversely extending
      axle 98. Similarly, cylinder 91 has an upwardly projecting ram 92
      connected by a bracket 99 to a transversely extending axle 100.
PAR  As shown in FIG. 7, a pair of wings 102 project rearwardly from the legs 23
      of frame channels 21 and are interconnected at their rear ends by a
      transversely extending plate 104. A cover plate 105 is connected to the
      upper ends of the frame channels 21 and extends rearwardly therefrom and
      is connected to the upper edges of the wings 102 and plate 104. The plate
      104 is also connected to a cross-bar 106 interconnecting the legs 23 on
      frame channels 21 by a pair of laterally spaced arms 107. As shown in FIG.
      7, a second pair of arms 108 in vertical alignment with the arms 107
      project rearwardly from the plates 26 and are interconnected at their
      rearward ends by a transversely extending plate 109.
PAR  A pair of opposed, inwardly open channels 103 are connected to the inner
      faces of the plate arms 107 and 108 and extend vertically therebetween.
      The rearwardly disposed legs on the channels 103 form a pair of guides 110
      in alignment with the axle 98, and the forwardly disposed legs on said
      channels form a pair of guides 115 in alignment with the axle 100. As
      shown in FIGS. 6 and 7, a slide 111 is mounted on each end of the axle 98
      and is provided with an outwardly open slot 113 at its outer end which is
      slidably received on the adjacent guide 110. In a like manner, a slide 117
      is mounted on each end of axle 100 and is provided with a slot 119 at its
      outer end slidably received on the adjacent guide 115. Thus, the guides
      110 and 115 cooperate with the slides 111 and 117 for guiding the vertical
      movements of the axles 98 and 100 upon actuation of cylinders 90 and 91.
      With the cylinders 90 and 91 being slidably and swingably mounted on the
      pins 95, said cylinders are movable to compensate for any misalignment of
      the slides and guides and thereby prevent the rams 92 and 96 from bending
      or binding up in the cylinders.
PAR  The platform 60 is vertically movable along the front face of the frame 50
      upon vertical movement of the axle 98. The transmission of this vertical
      axle movement to the platform is accomplished by a series of cooperating
      sprockets and chains which will now be described. A pair of laterally
      spaced sprockets 125 are mounted on bearings 126 carried on the axle 98.
      The bearings 126, and thus the sprockets 125, are retained in a fixed
      axial position on the axle 98 by collars 128 bearing against the inwardly
      presented faces of said sprockets and bearings and retaining their outer
      faces in engagement with the guides 111. As shown in FIG. 7, a
      transversely extending axle 130 is rotatably carried in a pair of bearing
      blocks 132 mounted on the bottom face of the cover plate 105. A pair of
      sprockets 134 are fixedly mounted on the axle 130 for rotation therewith.
      As shown, the sprockets 134 are mounted axially along the length of the
      axle 130 to dispose said sprockets in fore and aft alignment with the
      sprockets 125 on axle 98.
PAR  As shown in FIGS. 5 and 9, two pairs of laterally spaced ears 140 are
      mounted on one of the cross-bars 46 adjacent the lower ends of the frame
      channels 41. A sprocket 142 is rotatably connected to each of the pairs of
      ears 140 by a pin 143. As shown in FIG. 7, the sprockets 142 are mounted
      along the length of the cross-bar 46 in the same vertical planes as the
      sprockets 125 and 134.
PAR  As shown in FIGS. 5 and 8, two pairs of ears 146 are mounted on a cross-bar
      82 interconnecting the frame channels 51 adjacent the upper ends thereof.
      A sprocket 148 is rotatably connected to each pair of ears by a pin 149.
      Again, as shown in FIG. 7, the sprockets 148 lie in the same vertical
      planes as the sprockets 142, 134, and 125.
PAR  The cylinder 90 is operatively connected to the platform 60 by a pair of
      chains 150. As best shown in FIG. 5, each of the chains 150 is fixedly
      connected at one of its ends to the cover plate 105 by a bracket 152
      threadably connected to said plate. From its connection at 152, each of
      the chains 150 extends successively over the sprockets 125, 134, 142, and
      148. The ends of the chains 150 opposite the cover plate 105 are fixedly
      connected to a pair of flanges 103 on the bottom stretch of platform plate
      skirt by a bolt 154. Thus, upon a downward retracting movement of the ram
      96, the axle 98 will move downwardly with its slides 111 moving along
      guides 110. This causes the sprockets 125 to move the section of the
      chains 150 between the sprockets 134 and their connections 152 move
      downwardly so that said chains will exert an upward pull on the platform
      moving it upwardly with respect to the frames 20, 40, and 50. Conversely,
      when the ram 96 is permitted to move upwardly into an extended position,
      the sprockets 125 will permit the chains 150 to move into the position
      shown in FIG. 5 so that the platform will be in its lowered position on
      frame 50.
PAR  The cylinder 91 is operatively connected to the frame 40 by a second set of
      sprockets and chains. As shown in FIG. 6, a pair of sprockets 160 are
      mounted on a pair of bearings 162 in a fixed axial position along the axle
      100 by a pair of collars 164 abutting the inner faces of said bearings and
      sprockets and retaining the outer faces of said bearings and sprockets in
      abutting engagement with the slides 117. As shown in FIG. 6, the sprockets
      160 are disposed in vertical planes located laterally outwardly from the
      vertical planes in which sprockets 125, 134, 142 and 143 lay.
PAR  A pair of chains 165 extend over the sprockets 160. One end of the chains
      165 is fixedly connected to the base floor 12 by a bracket 167 threadably
      connected to said floor. The opposite ends of said chains are fixedly
      connected to the frame 40 by bolts 168 mounted on laterally spaced pairs
      of ears 170 on the cross-bar 46 at the lower ends of the frame channels
      41.
PAR  Still a third pair of chains 175 interconnect the frames 20 and 50. The
      chains 175 extend over a pair of sprockets 178 rotatably mounted on pins
      180 carried in a pair of ears 182 on the cross-bar 46 interconnecting the
      frame channels 41 at the upper ends thereof. As shown in FIG. 7, the
      sprockets 178 lie in vertical planes disposed laterally outwardly from the
      vertical planes of the sprockets 160. The chains 175 are fixedly connected
      at one of their ends, as by a pair of bolts 185, to laterally spaced pairs
      of ears 186 projecting forwardly from the plates 26 on frame 20. The
      opposite ends of the chains 125 are connected, as by a pair of bolts 188,
      to laterally spaced pairs of ears 190 projecting rearwardly from the
      cross-bar 57 interconnecting the frame channels 51 at the lower ends
      thereof.
PAR  Thus, upon upward movement of the ram 92, the axle 100 will move upwardly
      with its slides 117 moving along the guides 115. During such upward
      movement of the axle 100, the sprockets 160 will drive the chains 165 to
      raise the frame 40 upwardly with respect to the frame 20. As the frame 40
      is moved upwardly, its sprockets 178 will drive the chains 175 to thus
      cause said chains to move the frame 50 upwardly with respect to the frame
      40. Thus, as will be understood, the frame 40 is movable with respect to
      frame 20; frame 50 is movable with and with respect to frame 40; and
      platform 60 is movable with and with respect to frames 40 and 50.
PAR  The fluid for the cylinders 90 and 91 is supplied by a sump and pump-motor
      unit mounted on the base floor 12. As shown in FIG. 10, the fluid is
      pumped from the sump 190 through the inlet 191 of the pump 192 driven by
      the motor 193 which is actuated by a three-way switch 197 carried on the
      platform 60. The pump outlet is connected to a conduit 194 which in turn
      is connected by a T-joint 195 to a pipe 196 connected to the upper end of
      cylinder 90 and to a pipe 198 connected to the lower end of cylinder 91.
      As shown, a check valve 199 is mounted in the conduit 194 to prevent the
      return flow of fluid through the motor 193.
PAR  The hydraulic pressure necessary to move ram 96 of cylinder 90 is less than
      the pressure required to move ram 92 in cylinder 91. Thus, as fluid moves
      through the conduit 194, the ram 96 will first be moved to cause platform
      60 to move vertically upwardly on frame 50. After the ram 96 has moved
      through its full stroke, the fluid pressure on ram 92 of cylinder 91 will
      cause said ram to move the frames 40 and 50 upwardly with respect to the
      frame 20. Because of this pressure differential required to actuate the
      cylinders, when the motor is deenergized and the fluid is permitted to
      return to the sump 190 it will return from both cylinders simultaneously
      so that the platform 60 and frames 40 and 50 all return to the lowered
      positions at the same time. As will be understood, if it is desired to
      raise the platform 60 to a height less than the height of the retracted
      frames, cylinder 91 will not be actuated and said frames will not be
      raised from their lowered position shown in FIG. 5.
PAR  As shown, the switch 197 is connected by a line 200 to an electrical power
      source (not shown) and is closable against a contact 201 on line 202
      leading to one side of the motor 193. Said switch is also closable against
      a contact 203 on line 204 connected to one side of a single ended solenoid
      valve 206 with a spring return. As shown, the sides of the motor and valve
      opposite lines 202 and 204 are connected by lines 207 to the power source.
      The valve 206 is mounted in a pipe 210 interconnecting the sump 190 with
      the conduit 194 downstream of check valve 199.
PAR  Thus, with the switch 197 closed against contact 201 the motor 193 will be
      energized to drive pump 192 to raise the platform and/or the platform and
      frames 40 and 50 while the valve 206 remains closed. Once the platform is
      at the desired elevation, switch 197 is moved to its open position shown
      in FIG. 10, to open both contacts 201 and 203 so that the platform will
      remain at that elevation. When it is desired to lower the platform, switch
      197 is closed against contact 203 to open the valve 206 while the motor
      193 remains deenergized. This permits  the fluid from cylinder 91 to flow
      back into the sump 190. Concurrently, with pressure removed from pipe 196
      and the valve 206 open, the ram 96 of cylinder 90 will be pulled upwardly
      by the weight of the platform 60 acting through chains 150. Thus, the
      fluid in cylinder 90 will be expelled through pipes 196 and 210 back into
      sump 190. With the fluid removed from the cylinders, the frames 40 and 50
      and platform 60 will be in their lowered retracted positions so that a
      worker can easily step onto or down from said platform.
PAR  A manually controlled by-pass valve 215 is mounted in a pipe 217
      interconnecting the sump 190 and conduit 194 downstream of check valve
      199. Thus, in the event of a power failure which would prevent the
      solenoid valve 206 from opening, valve 215 can be manually opened to
      permit the fluid in cylinders 90 and 91 to return to the sump 190 through
      pipe 217 so that the platform 60 and frames 40 and 50 can be lowered into
      their retracted positions.
PAR  While the unit has been shown and described as being mounted on the tractor
      10, it is to be understood, however, that it can be mounted on any desired
      type of device or vehicle without departing from the spirit and scope of
      the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An overhead service unit, comprising a base, a first frame fixedly
      mounted on said base and projecting upwardly therefrom, a plurality of
      second frames slidably interconnected to each other and to said first
      frame, a platform movably mounted on one of said second frames, a pair of
      cylinders mounted on said base and each having an upwardly projecting
      vertically movable ram, a plurality of sets of chains operatively
      connected to said base, first and second frames, platform and rams whereby
      upon actuation of said cylinders to extend one of said rams and retract
      the other of said rams said chains will cause said second frames and
      platform to move vertically with and with respect to each other, and means
      for selectively actuating said cylinders to move said rams with respect to
      each other.
NUM  2.
PAR  2. An overhead service unit, comprising a base, a first frame fixedly
      mounted on said base and projecting upwardly therefrom, a plurality of
      second frames slidably interconnected to each other and to said first
      frame, a platform movably mounted on one of said second frames, a pair of
      cylinders mounted on said base and each having an upwardly projecting
      vertically movable ram, an axle mounted on each of said rams for movement
      therewith, guide means mounted on said first frame, slide means mounted on
      said axles and engageable with said guide means for guiding the movements
      of said axles, a plurality of sprockets mounted on said axles and first
      and second frames, and a plurality of chains connected to said base, first
      frame, one of said second frames and platform and received on said
      sprockets whereby actuation of said cylinders to extend one of said rams
      and retract the other of said rams will cause said rams to move said axles
      in opposite directions and cause said chains to move said frames and
      platform vertically with and with respect to each other.
NUM  3.
PAR  3. An overhead service unit as set forth in claim 2 in which each of said
      cylinders is movably connected to said base.
NUM  4.
PAR  4. An overhead service unit, comprising a base, a first frame fixedly
      mounted on said base and projecting upwardly therefrom, a plurality of
      second frames slidably interconnected to each other and to one side of
      said first frame, a pair of vertically extending tracks mounted on one of
      said second frames at the side of said second frames opposite said first
      frame, a platform, a plurality of rollers mounted on said platform and
      carried in said tracks for supporting said platform in said tracks, a pair
      of cylinders mounted on said base and each haing an upwardly projecting
      vertically movable ram, a plurality of sets of chains operatively
      connected to said base, first and second frames, platform and rams whereby
      upon actuation of said cylinders to extend one of said rams and retract
      the other of said rams said chains will cause said second frames and
      platform to move vertically with and with respect to each other, and means
      for selectively actuating said cylinders to move said rams with respect to
      each other.
NUM  5.
PAR  5. An overhead service unit as set forth in claim 4 in which each of said
      first and second frames comprises a pair of interfitting channels, and
      pluralities of vertically spaced crossmembers interconnect the channels of
      each frame.
NUM  6.
PAR  6. An overhead service unit as set forth in claim 4 in which said platform
      is provided with a floor, a vertically extending plate is interconnected
      to said floor at the side thereof adjacent said tracks, and said rollers
      and one of said sets of chains are connected to said plate.
NUM  7.
PAR  7. An overhead service unit, comprising a base; a first frame fixedly
      mounted on said base and extending upwardly therefrom; a second frame
      slidably interconnected to said first frame; a third frame slidably
      interconnected to said second frame; a platform movably carried on said
      third frame; a first cylinder having a ram projecting upwardly therefrom
      and mounted on said base; a second cylinder having a ram projecting
      upwardly therefrom and mounted on said base; sprocket means interconnected
      to each of said rams, the upper ends of said first and third frames, and
      the upper and lower ends of said second frame; first chain means connected
      to said first frame and platform and extending over the sprocket means on
      said first cylinder ram, first and third frames, and the lower end of said
      second frames; second chain means connected to said base and second frame
      and extending over the sprocket means on said second cylinder ram; third
      chain means connected to said first and third frames and extending over
      the sprocket means on said second frame; said cylinders being actuatable
      to cause said first, second, and third chain means to move said second and
      third frames, and said platform vertically with and with respect to each
      other.
NUM  8.
PAR  8. An overhead service unit as set forth in claim 7 in which each of said
      rams is connected to an axle, guide means are mounted on said first frame
      for guiding the movements of said axles, and said axles have said sprocket
      means mounted thereon.
NUM  9.
PAR  9. A platform assembly, comprising a base, a first frame fixedly mounted on
      said base and projecting upwardly therefrom, a plurality of second frames
      slidably interconnected to each other and to said first frame, a platform
      slidably connected to one of said second frames and projecting outwardly
      therefrom, a pair of cylinders mounted on said base in longitudinally
      spaced relationship and each having an upwardly projecting vertically
      movable ram, an axle connected to each of said rams, pairs of laterally
      spaced guides interconnected to said first frame, slides mounted on the
      ends of said axles and slidably received on said guides, a plurality of
      sprockets mounted on said axles, and first and second frames, and a
      plurality of chains operatively connected to first and second frames,
      platform and base and received over said sprockets whereby upon actuation
      of said cylinders to extend one of said rams and retract the other of said
      rams said chains will cause said second frames and platform to move
      vertically with respect to each other.
NUM  10.
PAR  10. An overhead service unit, comprising a base, a first frame fixedly
      mounted on said base and projecting upwardly therefrom, a plurality of
      second frames slidably interconnected to each other, one of said second
      frames being slidably connected to said first frame, a platform movably
      supported on another of said second frames and projecting outwardly
      therefrom, first chain means connected to said first frame and platform
      and operatively connected to said second frames, second chain means
      connected to said base and said one of said second frames, third chain
      means connected to said first frame and said other of said second frames
      and operatively connected to said one of said second frames, and means for
      moving said first and second chain means to cause said first, second and
      third chain means to move said platform and second frames vertically with
      and with respect to each other.
NUM  11.
PAR  11. An overhead service unit as set forth in claim 10 in which said means
      for moving said first and second chain means comprises a first cylinder
      having a ram operatively connected to said first chain means and a second
      cylinder having a ram operatively connected to said second chain means.
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ABST
PAL  A safety device for lifts having a lift speed responsive means arranged to
      be activated when the lift moves at a speed higher than a predetermined
      speed and when thus activated causes a wheel to rotate, which wheel has a
      plate against which one or more brake shoes engage under a pressure force.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a safety device for lifts, hoists and like
      apparatus, and more specifically to such a device which includes means
      arranged to be activated in response to the speed of travel of the lift,
      said means being arranged to co-act with a wheel which, upon activation of
      said means, is caused to rotate at a speed corresponding to the speed of
      the lift, and said wheel having a plate arranged to co-act with one or
      more brake pads or the like.
PAC  DESCRIPTION OF PRIOR ART
PAR  It is previously known to use with safety devices of the type envisaged, a
      centrifugal device arranged to co-act with a wheel so as to reduce the
      speed of a lift, for example when a certain predetermined speed of
      rotation is reached. Different arrangements have been proposed within the
      art for co-action with the wheel, for the purpose of slowing down the rate
      of travel of the lift. Thus, according to one such proposal there is
      placed around the wheel a strap, wire or the like whose one end is
      attached to the wheel and whose other end is attached to a frame structure
      via a spring means arranged to absorb all the retardation forces. The
      disadvantage with such an arrangement, irrespective of whether the spring
      means, has the form of conventional springs, or of a damping cylinder, is
      that the braking force is often far too strong, i.e. the braking distance
      is too short. It is a prime desire within the art that when a lift, hoist
      or like elevatable apparatus, exceeds a predetermined speed of travel the
      lift is braked gently at a preferably constant rate of retardation.
PAC  OBJECTS OF THE PRESENT INVENTION
PAR  One object of the invention is to provide a safety device which fulfills
      this desire and which comprises but simple and inexpensive components.
PAR  As previously mentioned, the present invention specifically relates to lift
      safety devices having a wheel which is provided with a plate with which
      one or more braking pads are arranged to co-act. It has been found
      difficult with such devices, however, to provide for automatic adjustment
      of the brake pads to a position of engagement with the plate when new
      brake pads are fitted to the safety device or when the brake pads wear
      during use.
PAR  Another object of the invention is therefore to provide a practical and
      simple solution of this problem.
PAR  Accordingly, the safety device of the present invention is mainly
      characterized in that the plate is arranged for rotation around a part
      firmly attached to a frame structure upon activation of the lift speed
      responsive means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the invention may be better understood and other features thereof
      may be made apparent, an embodiment of the invention will now be described
      with reference to the accompanying drawings, in which
PAR  FIG. 1 is a side view of the safety device according to the invention,
PAR  FIG. 2 is a cross-sectional view of the safety device shown in FIG. 1, FIG.
      3 shows in planview a proposed embodiment of a centrifugal device arranged
      to co-act with the safety device of the present invention, and
PAR  FIG. 4 shows a suitable embodiment of a means for limiting the extent to
      which the plate can rotate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Thus, the accompanying drawings show an embodiment of a safety device
      constructed in accordance with the invention for lifts, hoists and like
      apparatus. The safety device is generally identified in the drawings by
      the reference numeral 1 and is mounted on the lift, hoist or like
      apparatus by conventional attachment means not shown. With the exemplary
      embodiment, the safety device includes a plate 2 which is fixed to the
      lift by means of bolts or any other appropriate securing means. Since the
      lift does not constitute any part of the invention, it is not shown in the
      drawing.
PAR  Extending through the plate 2 is a shaft 3 which on one side of the plate
      supports a toothed wheel or pinion wheel 4 arranged to co-act with a rack
      (not shown) to impart upward and downward movement of the lift. It will be
      readily perceived that the pinion 4 can be replaced with other means
      equally as suitable for achieving the intended function, although such
      means must be connected to the lift in a manner such that rotation of said
      means is dependent on the speed at which the lift travels.
PAR  In the embodiment shown, the shaft 3 extends between the pinion wheel 4 and
      a centrifugal device 5, which latter will be hereinafter described with
      reference to FIG. 3. The plate 2 is securely joined to a sleeve 6 by means
      of a weld joint 29. The sleeve 6 is provided with a first bearing 7 and a
      second bearing 8 for the shaft 3, thereby to position the shaft 3
      centrally of the sleeve 6. The sleeve 6 has a bearing surface 6a arranged
      to co-act with a sleeve 9, the sleeve 9 being arranged for rotation and
      axial displacement on said surface 6a. Co-acting with the sleeve 9 is a
      further plate 10 which extends radially outwards from the shaft 3 in the
      vicinity of the bearing 8 and which supports a tube 11 arranged
      concentrically in relation to the shaft 3. With the illustrated embodiment
      the tube 11 has arranged on the inside thereof stop means 12 for the
      centrifugal device 5, the stop means 12 also serving to retain a further
      plate 13 covering the centrifugal device 5. As shown in the drawing, the
      plate 13 is also secured by means of a number of screws 14.
PAR  A first brake pad 15 is securely fixed to a carrier 16 which is attached to
      a beam 18 by means of a number of screws 17. The beam 18 is firmly welded
      to the plate 2, as shown at 18a. A second brake pad 19 is securely fixed
      to a carrier 20 by known means, which in turn is attached to a beam 22 by
      means of screws 21. As will be seen from the drawing, the brake pads 15,
      19 are placed on opposite sides of the plate 10 and are arranged to be
      urged towards each other by means of a pressure device 23, comprising a
      bolt 23a extending through the plate 2, the beam 18 and the beam 22 and
      arranged to be tensioned by means of nuts 23b, to enable the required
      pressure of the brake pads against the plate 10 to be set. Arranged
      between the nuts 23b and the beam 22 is a number of springs 23c. With the
      shown embodiment, two bolts are considered sufficient to ensure that the
      brake pads 15, 19 bear against the plate 10 at the desired pressure.
PAR  FIG. 3 shows the centrifugal device 5 in side view. As will be seen from
      the drawing, the shaft 3 co-acts with an arm 51 and is joined thereto by
      means of two welds 52. Attached to the arm 51, in the vicinity of the ends
      thereof are two wing arms 53. It should be mentioned here, however, that
      although two wing arms have been shown, the device will operate
      satisfactorily with only one such arm. Each wing arm 53 has at its end
      close to the arm 51 a support surface 53a which is arranged to be
      accommodated in a support means 51a on the arm 51, the support means 51a
      with the shown embodiment having the form of a recess in the arm 51.
PAR  Extending through the arm 51 is a hole 54, the wing arm 53 being provided
      with a similar hole 55. A hook 56 extends through the hole 55 and the hole
      54 in arm 51 and is arranged to co-act at one end with the wing arm 53.
      Arranged at the other end of the hook 56 is a spring means 57. The spring
      means 57 comprises a spring 57b arranged between two plates 57a and 57c.
      Co-acting with the washer 57c is a nut 57d, by means of which the force
      with which the wing arm 53 is held against the arm 51 can be regulated, as
      can also the critical value of the centrifugal device, i.e. the value at
      which the rotary speed of the arm 51 is such that the wing arm 53 falls
      out from the position A shown in full lines to the position B shown in
      ghost lines. In position B, the surface 53b on the wing arm 53 is arranged
      to engage stop means 12. As will be apparent from the aforegoing, the
      shaft 3 will rotate at a speed dependent on the speed at which the lift
      moves, the arm 51 rotating in the direction of arrow P.
PAR  FIG. 4 illustrates means for restricting the extent to which the plate 10
      can be rotated. Securely arranged on the plate 10 is a stop means 25. The
      stop means is not shown in FIG. 2, but may be located on the other side of
      plate 10 in relation to the tube 11. The plate 10 is only shown by dash
      lines in FIG. 4 to facilitate illustration of the rotary movement
      restricting means. It is assumed that the plate 10 rotates in the
      direction of arrow P1. Thus, when the centrifugal device 5 is caused to
      co-act with the stop means 12, the plate 10 will be rotated. Securely
      mounted to the plate 2 is a pivot pin 26 around which an L-shaped member
      is arranged to pivot. The L-shaped member has a first leg 27 and a second
      leg 28 and is held in its desired position by means of a spring 29, one
      portion 30 of which spring is securely attached to the plate 10 and the
      free end of which lies against the L-shaped member.
PAR  The means for restricting the extent to which the plate 10 can be rotated
      operates in the following manner. When the plate 10 is rotated in the
      direction of arrow P1, the stop 25 rotate with the rotation of the plate
      since the stop is securely attached thereto. When the stop 25 has moved
      one revolution it will impinge against the portion 27 of the L-shaped
      member causing the portion 27 to be rotated counter clockwise around the
      pivot pin 26 and the portion 28 to point down towards the shaft 3. The arm
      27 moves passed the stop 31. When the stop 25 has completed another
      revolution, the stop 25 will co-act with the arm 28 and move the arm
      against the stop 31. Thus, the safety device will definitely stop after
      two revolutions of the plate 10. If it is desired to stop the device after
      only one revolution of the plate 10, the arm 28 may be set manually to the
      position in which it points towards the shaft 3.
PAR  The invention operates in the following manner. The safety device is
      coupled to a rack for moving the lift by means of the pinion wheel 4. When
      the shaft 3 rotates at a speed which exceeds a predetermined value, namely
      the value determined by the tension in the spring 57b of the centrifugal
      device 5, the wing arm 53 co-acting with the arm 51 is moved out into
      engagement with a stop 12, the stop in turn causing the plate 10 to
      rotate. As heretofore mentioned, the brake pads 15, 19 press against the
      plate 10 with a predetermined force which is selected according to the
      desired retardation, and the brake pads 15, 19 thus stop the lift. When
      the lift has stopped, the wing arm 53 remains in engagement with the stop
      means 12 as a result of the friction between the surface 53b and the stop
      means 12. Should, for some reason, the brake shoes be inoperative or fail
      to operate with the desired effect, the invention provides a further stop
      means which causes the plate 10 to stop after an alternative two
      revolutions.
PAR  The invention is not restricted to the described and illustrated
      embodiments, but can be modified within the scope of the accompanying
      claims.
PAR  For example, the means for restricting the rotation of plate 10 is shown to
      co-act with a member 31 on the member 2. As an alternative, it is possible
      to give the arm 28 a length such that the arm engages the sleeve 6 or the
      member 9.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety device for braking a hoist and the like to a stop when its
      downward movement in a frame structure reaches a predetermined rate of
      descent, comprising:
PA1  a. a plate member fixed to the frame structure of said hoist having a
      sleeve member within which a shaft is journalled to rotate with the
      movement of the hoist;
PA1  b. a brake disc mounted to rotate about said sleeve in frictional
      engagement with stationary friction means effective to brake the
      descending movement of the hoist;
PA1  c. centrifugal means connected to said shaft and responsive to the
      rotational speed thereof to engage and rotate said brake disc when the
      rotation of the shaft reaches a predetermined velocity;
PA1  d. means carried by said plate member mounted to co-act with means on said
      brake disc to stop the rotation thereof after a predetermined number of
      revolutions;
PA1  e. said rotation stopping means comprising a spring biased rocker arm
      pivotally mounted on said plate member and an impingement member carried
      by said brake disc adapted to engage and move said rocker arm against a
      stop member carried by said plate upon completion of the predetermined
      number of revolutions.
NUM  2.
PAR  2. A safety device according to claim 1 in which said stationary friction
      means comprise a pair of brake pads disposed on opposite sides of said
      brake disc and adjustable tensioning means for maintaining said brake pads
      in engagement with said brake disc under a predetermined pressure.
NUM  3.
PAR  3. A safety device according to claim 2, in which said adjustable
      tensioning means comprise bolts and associated nuts, which bolts extend
      through said plate, and an oppositely disposed beam member, one of the
      brake pads being connected to said plate member, the other brake pad being
      connected to the beam member.
NUM  4.
PAR  4. A safety device according to claim 1, in which said centrifugal means
      comprise an arm connected to said shaft to rotate therewith free of said
      brake disc, at least one wing member having one end thereof pivoted to
      said arm to rotate therewith and to swing radially outward therefrom under
      the effect of centrifugal force at a predetermined rotational speed of
      said shaft into engagement with a stop member carried by said brake disc.
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ABST
PAL  A locking bracket is provided which may be affixed to the floor of a truck,
      warehouse, market, or the like, adjacent to a wall, and which releasably
      holds wheeled dollies in a locked condition against the wall. The bracket
      includes a pair of pedestals which are mounted on the floor in spaced
      relationship adjacent to the wall. A pair of side rails are pivotally
      mounted to the pedestals to assume a normally inclined position relative
      to the floor with the rear ends of the side rails resting on the floor and
      with the forward ends displaced up from the floor and spaced a
      predetermined distance out from the wall. The forward edge of a dolly may
      then be moved up and over the side rails until it drops from the forward
      end of the rails to be held thereby in a locked position against the wall.
      A foot pedal is coupled to the rails, and it may be operated to turn the
      rails to a horizontal position in which the dolly is released from its
      locked position, and may be pulled away from the wall with its forward
      edge passing over the rails.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Wheeled dollies are in widespread use for the transportation, for example,
      of stacks of receptacles. Difficulties have been encountered in the past,
      however, in the prior art attempts to provide an adequate means for
      holding the dollies in a fixed position, and in preventing the dollies
      from moving freely about, when the dollies and their stacks of receptacles
      are being transported by truck, for example, to a warehouse or market, and
      while the dollies and their stacks of receptacles are in the warehouses or
      markets.
PAR  The present invention provides a simple and inexpensive assembly for
      providing a structure which positively and securely locks the dollies
      against a wall of the transporting truck, warehouse or market, and which
      can be readily released by a simple foot pedal to permit the dollies and
      their receptacles to be pulled out and away from the wall when so desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGSS
PAR  FIG. 1 is a perspective representation of a locking bracket representing
      one embodiment of the invention;
PAR  FIG. 2 shows a dolly in the process of being moved up and over the locking
      bracket; and
PAR  FIG. 3 shows the dolly held in a locked position by the locking bracket.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  In the representation of FIG. 1, the locking bracket of the assembly is
      shown, by way of example, as being mounted on the deck 10 of a truck
      adjacent one of the side walls 12. The locking bracket includes a pair of
      pedestals 14 and 16 which are mounted on the deck 10 along an axis spaced
      and parallel to the side wall 12. A pair of side rails 18 and 20 are
      pivotally mounted on the pedestals 14 and 16, at pivot points displaced
      from the centers of the side rails towards the forward ends thereof. This
      causes the side rails to assume a normal position, such as shown in FIG.
      1, in which the rear ends of the side rails 18 and 20 rest on the deck 10,
      and the forward ends are displaced up from the deck. The forward ends are
      also displaced inwardly a predetermined amount from the surface of side
      wall 12.
PAR  A reinforcing cross bar 22 extends between the side rails 18 adjacent the
      pivot points, but displaced slightly from the pivot points towards the
      rear ends of the rails. A foot pedal 24 is provided which includes, for
      example, a U-shaped wire-formed member 26 which is pivoted at its open end
      to a wire-like member 28, the latter member extending from one of the side
      rails to the other, and interconnecting points on the side rails displaced
      from the axis of the cross bar 22 towards the rear ends of the side rails.
PAR  The bite portion of the wire-formed member 26 is turned upwardly, as shown,
      so that when foot pressure is applied thereto, the U-shaped member pivots
      about two pivot points 30 to turn the side rails 18 and 20 to a horizontal
      position. As shown, the pivot points 30 are formed simply by bending the
      sides of the U-shaped member 26 into an appropriate beaded configuration.
PAR  As shown in FIGS. 2 and 3, a typical dolly 50 which may, for example, be
      loaded with a stack of receptacles, is moved up over the locking bracket,
      with the forward edge 52 of the dolly engaging the side rails 18 and 20.
      When the dolly 50 is moved to the left in FIG. 2, the forward edge 52
      rides up over the side rails 18 and 20, until the dolly reaches the
      position of FIG. 3, in which its forward edge 52 drops over the front
      edges of the side rails 18 and 20 and is held by the front edges of the
      side rails securely against the wall 12. As mentioned above, in order to
      release the dolly, foot pressure is applied to the bite portion of the
      foot pedal 24, so as to turn the side rails 18 and 20 to an essentially
      horizontal position, and thereby to release the front edge 52 of the dolly
      50, permitting the dolly to be pulled back from the wall.
PAR  The invention provides, therefore, an exceedingly simple lock mechanism
      whereby a wheeled dolly may be releasably held against a side wall, and by
      which the dolly can be simply and easily released, merely by applying foot
      pressure to an appropriate foot pedal.
PAR  Although a particular embodiment of the invention has been shown and
      described, modifications may be made. It is intended in the claims to
      cover the modifications which come within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A locking bracket assembly for a dolly, or the like, comprising: a pair
      of pedestals to be mounted on a horizontal supporting surface in spaced
      positions along an axis adjacent and parallel to a wall, or the like; a
      pair of side rails respectively pivotally mounted on said pedestals at
      points displaced from the centers thereof toward the forward ends of the
      rails and with the forward ends of the rails spaced a predetermined
      distance from the wall surface, said side rails assuming a normally
      inclined position with the rear ends thereof resting on the horizontal
      supporting surface and with the forward ends thereof displaced up from the
      horizontal supporting surface; and a foot pedal coupled to said side rails
      to turn said rails to a generally horizontal release position, in which
      said foot pedal comprises a wire-like cross member affixed to said side
      rails at respective points displaced from the pivot points towards the
      rear ends of the side rails; and a U-shaped member pivotally coupled at
      its open end to the wire-like cross member.
NUM  2.
PAR  2. The locking bracket assembly defined in claim 1 and which includes a
      reinforcing cross member attached to the side rails at respective points
      between said wire-like cross member and the pivot point.
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ABST
PAL  A combined hydraulically operated service and mechanically operated parking
      brake of the disk type. The components are arranged to provide an
      extremely compact assembly that may be fit into existing vehicles. The
      mechanical actuator includes a roller type cam mechanism with an
      externally actuated operating lever. The mechanism is constructed to
      provide a minimum number of seals and a lip type seal is embodied that
      will provide a ready indication on test if the seals of the hydraulic
      portion of the brake are defective. An improved automatic adjustor
      interconnects the mechanical actuator with the piston of the hydraulic
      brake to adjust for wear of the brake linings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a disk type brake and more particularly to an
      improved brake of this type that is both hydraulically and mechanically
      operated and to an automatic adjustor for such brake.
PAR  Although the advantages of disk brakes for automotive applications have
      been acknowledged, the adoption of rear disk brakes has been slow. One
      reason for the reluctance of vehicle manufacturers to adopt rear disk
      brakes is the difficulty in providing an effective and compact parking
      brake. For the most part, the parking brake function has been provided by
      a separate pair of mechanically actuated brake pads. The use of a
      completely separate parking brake adds greatly to the expense.
PAR  It is, therefore, a principal object of this invention to provide an
      improved disk brake assembly that is both hydraulically and mechanically
      operated.
PAR  It is a further object of this invention to provide an improved dual
      actuated disk brake assembly in which both the hydraulic and mechanical
      actuators operate on the same brake pad.
PAR  Although disk brake structures have been proposed in which both hydraulic
      and mechanical actuators operate the same brake pad, the previously
      proposed devices have been relatively bulky. Specifically, such devices
      have had considerable dimension in the direction parallel to the axis of
      rotation of the brake rotor. As a result, it has been difficult if not
      impossible to fit such brakes into existing vehicles.
PAR  It is, therefore, a still further object of this invention to provide a
      compact hydraulically and mechanically operated disk brake assembly.
PAR  It is another object of this invention to provide a compact hydraulically
      and mechanically actuated disk brake assembly that may be conveniently fit
      into existing vehicles.
PAR  When both hydraulic and mechanical actuators operate on the same brake pad,
      it has been the practice to have the mechanical actuator operate on the
      piston of the hydraulic motor to achieve mechanical actuation. With such
      an arrangement, the intrusion of additional elements into the fluid motor
      presents problems in effecting good sealing of the fluid motor.
PAR  It is, therefore, yet another object of this invention to provide a
      hydraulically and mechanically actuated disk brake assembly with a minimum
      number of seals.
PAR  With hydraulically and mechanically operated disk brakes of the type
      described it has been the practice to position the mechanical actuator in
      a separate chamber in the brake housing assembly which chamber is adjacent
      the cylinder bore of the fluid motor. Previous constructions have provided
      seals around the externally operated component of the mechanical actuator
      to prevent fluid leakage. Such arrangements, however, present certain
      disadvantages in initial assembly line testing. If the seal of the
      externally operated mechanical element is good and the internal seal
      between the fluid motor and the mechanical actuator is bad, initial
      testing will fail to indicate this internal leakage.
PAR  It is, therefore, another ojbect of this invention to provide a sealing
      arrangement for a combined hydraulically and mechanically operated disk
      brake assembly in which failures of the seals of the hydraulic portion of
      the brake may be readily detected.
PAR  Although many commercial forms of hydraulically operated disk brakes are
      inherently self-adjusting, mechanically operated disk brakes or combined
      hydraulically and mechanically operated disk brakes require some form of
      adjusting mechanism to permit compensation for lining wear. It has been
      the practice with brakes of the type described to provide an automatic
      adjustor between the mechanical actuator and the hydraulic piston for this
      purpose.
PAR  It is another object of this invention to provide an improved automatic
      adjustor for a disk brake assembly and to provide an improved mechanically
      and hydraulically operated disk brake embodying an improved automatic
      adjustor.
PAC  SUMMARY OF THE INVENTION
PAR  A first feature of this invention is adapted to be embodied in a combined
      hydraulically and mechanically actuated disk brake assembly. The brake
      includes a housing assembly that defines a cylinder bore adapted to be
      juxtaposed to the braking surface of an associated brake rotor. The
      cylinder bore terminates at a wall of the housing assembly. A piston is
      slidably received in the cylinder bore and is adapted to actuate an
      associated brake pad. A fluid inlet communicates with the cylinder bore
      for selective pressurization of the cylinder bore and hydraulic actuation
      of the brake pad. A bore extends through the housing assembly wall and an
      imperforate actuating member extends through this bore. The actuating
      member has an operative connection with the piston for mechanically
      actuating the piston upon movement of the actuating member. Mechanical
      actuating means positioned externally of the cylinder bore is adapted to
      move the actuating member and mechanically actuate the brake pad. Sealing
      means is interposed between the bore and the actuating member for
      providing the sole fluid seal preventing fluid leakage from the cylinder
      bore past the actuating member.
PAR  Another feature of this invention is adapted to be embodied in a combined
      hydraulically and mechanically actuated disk brake assembly. The brake
      includes a housing assembly that defines a cylinder bore adapted to be
      juxtaposed to the braking surface of an associated brake rotor. The
      cylinder bore terminates at a wall of the housing assembly. A piston is
      slidably received in the cylinder bore and is adapted to actuate an
      associated brake pad. A fluid inlet communicates with the cylinder bore
      for selective pressurization of the cylinder bore and hydraulic actuation
      of the brake pad. A bore extends through the housing assembly wall and an
      actuating member extends through this bore. The actuating member has an
      operative connection with the piston for mechanically actuating the piston
      upon movement of the actuating member. Rotary cam means exert an axial
      force on the actuating member for actuating the piston. An actuating lever
      is supported for rotation about an axis and is held against movement along
      the axis. Means operatively connect the actuating lever with the rotary
      cam means for mechanically operating the brake pad upon pivotal means of
      the actuating lever.
PAR  Yet a further feature of the invention is adapted to be embodied in a
      combined hydraulically and mechanically actuated disk brake assembly. The
      brake includes a housing assembly that defines a cylinder bore adapted to
      be juxtaposed to the braking surface of an associated brake rotor. The
      cylinder bore terminates at a wall of the housing assembly. A piston is
      slidably received in the cylinder bore and is adapted to actuate an
      associated brake pad. A fluid inlet communicates with the cylinder bore
      for selective pressurization of the cylinder bore and hydraulic actuation
      of the brake pad. A bore extends through the housing assembly wall and an
      actuating member extends through the bore. The actuating member has an
      operative connection with the piston for mechanically actuating the piston
      upon movement of the actuating member. The housing assembly defines an
      opening contiguous with the cylinder bore on the opposite side of the wall
      at the base of the cylinder bore. Seal means cooperate with the actuating
      member for precluding fluid leakage from the cylinder bore into the
      housing assembly opening. Cam means are contained within the housing
      assembly opening for operating the actuating member to mechanically
      actuate the piston. Operating means are provided for operating the cam
      means. The operating means has a portion that extends through the housing
      assembly for permitting external mechanical actuation. A lip type seal is
      interposed between the housing assembly and the operating means portion.
      The lip type seal is disposed to prevent the ingress of foreign material
      into the housing assembly opening but is disposed to permit the leakage of
      fluid under pressure from the housing assembly opening to provide a visual
      indication of leakage from the cylinder bore in the event the seal means
      that cooperates with the actuating member is defective.
PAR  Yet another feature of this invention is adapted to be embodied in an
      automatic adjusting mechanism for a disk brake or the like. The automatic
      adjusting mechanism has a housing that is adapted to be received in a
      piston of the associated brake. A threaded member is rotatably journalled
      within the housing and has internal threads adapted to engage a
      cooperating externally threaded member and external threads. A drive ring
      is rotatably positioned within the housing between the threaded member and
      the housing and has a threaded connection with the external threads of the
      threaded member. Means are provided for transferring an axial force
      exerted on said housing to an axial force on the drive member for rotating
      the threaded member. One-way brake means are interposed between the
      housing and the drive member for limiting the degree of reverse rotation
      of said drive member for altering the axial at rest position of the
      automatic adjusting mechanism upon the cooperating externally threaded
      member in response to a predetermined degree of overtravel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a combined service and parking type
      disk brake embodying this invention and taken along the longitudinal axis
      of the hydraulic motor.
PAR  FIG. 2 is an enlarged cross-sectional view of the automatic adjustor of the
      brake shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, a disk brake assembly embodying the invention is
      identified generally by the reference numeral 11. The disk brake assembly
      11 includes a caliper, indicated generally by the reference numeral 12,
      which is supported in any known manner for sliding movement in a direction
      parallel to the axis of rotation of the associated brake rotor, which
      rotor is indicated generally by the reference numeral 13 and is shown in
      phantom. The caliper 12 has a first leg portion 14 juxtaposed to a first
      braking surface 15 of the rotor 13 and a second leg portion 16 juxtaposed
      to a rotor braking surface 17. As is well known in this type of brake,
      brake pads (not shown) are interposed between the caliper leg portions 14
      and 16 and the respective rotor braking surfaces 15 and 17.
PAR  The caliper leg portion 14 contains the actuating mechanisms for the brake.
      The actuating mechanisms include a hydraulic actuator comprising a fluid
      motor, indicated generally by the reference numeral 18 and a mechanical
      actuator, indicated generally by the reference numeral 19. The fluid motor
      18 is comprised of a cylinder bore 21 that extends axially through the
      caliper leg portion 14 and which terminates at a wall 22. A piston 23 is
      slidably supported within the bore 21. A seal 24 is positioned within a
      groove 25 formed adjacent the actuator end of the bore 21 to sealingly
      engage the piston 23 and preclude the leakage of fluid from the cylinder
      bore 21. A dust boot 26 of any known type is positioned at the outer
      terminus of the bore 21 and prevents the impinging of dirt on the sliding
      surface of the piston 23. A fluid inlet passage 27 extends through the
      caliper 12 into the cylinder bore 21 at the base of the piston 23. Fluid
      is introduced to the bore 21 by the passage 27 from a master cylinder (not
      shown) to cause the piston 23 to exert a hydraulic actuating force on its
      associated brake pad. At the same time, a reactive force is exerted on the
      caliper 12 that causes it to slide in an axial direction whereby the
      caliper portion 16 urges its associated brake pad into engagement with the
      rotor braking surface 17.
PAR  The mechanical actuator 19 includes a bore 28 formed in the caliper 12
      concentrically with the cylinder bore 21 and extending through the wall
      22. At its outer end, the bore 28 terminates in an opening 29 formed by
      the caliper portion 14. An actuating member, indicated generally by the
      reference numeral 31 has a cylindrical portion 32 that is slidably
      received in the bore 29. Adjacent the inner termination of the portion 32,
      a threaded extension 33 is formed. An automatic adjusting mechanism,
      indicated generally by the reference numeral 34 has a threaded connection,
      to be described, with the threaded extension 33 and is in turn press fit
      into an adaptor 35. The adaptor 35 is, in turn, staked in any suitable
      manner to the piston 23 so that it will move simultaneously with the
      piston.
PAR  The actuating member portion 32 is formed with a circumferential groove 36
      in which a seal 37 is positioned. It should be noted that the actuating
      member 31 is a solid piece so that the seal 37, which engages the bore 28,
      provides an effective and the sole fluid seal between the cylinder bore 21
      and the caliper opening 29.
PAR  The actuating member 31 has an enlarged diameter portion 38 that extends
      into the opening 29 and in which a keyway 39 is formed. A key 41 is
      received in the keyway 39 and into a corresponding keyway 42 formed in the
      caliper portion 14. Thus, the actuating member 31 is held against rotation
      but is free to move in an axial direction.
PAR  The actuating member portion 38 has an outwardly extending face 43 in which
      a plurality of cam recesses 44 are formed. In the preferred embodiment,
      three of these recesses are provided although only one appears in the
      drawings. Balls 45 are positioned within the cam recess 44 and within
      corresponding cam recesses 46 of an operating member 47. The operating
      member 47 has a cylindrical portion 48 that is journalled within a bore 49
      of a retainer plug 51. The retainer plug 51 has external threads 52 that
      engage internal threads 53 of the caliper portion 14. Thurst bearings 54
      are interposed between the retainer plug 51 and the operating member 47 so
      as to hold the operating member 47 against axial movement. At the outer
      end of the bore 49, a counter bore 55 is provided. A lip type seal 56 is
      positioned within the counter bore 55 and sealingly engages the operating
      member portion 48. The lip seal 56 is configured so that it will prevent
      the ingress of dirt and foreign material through the bore 49. The
      configuration is such, however, that it will not resist leakage from the
      opening 29 if any fluid pressure is present in this opening.
PAR  An actuating lever 57 is affixed angularly and axially to the operating
      member 47 by means including a bolt 58. For shipment, a retainer pin 59 is
      pressed into an opening 61 in the caliper portion 14 and passes through an
      opening 62 in the actuating lever 57. The retainer pin 59 holds the
      actuating lever 57 against rotation both during shipment and during
      installation. Once the brake assembly 11 has been completed and installed
      and the flexible actuator (not shown) attached to the lever 57, the pin 59
      is removed and discarded.
PAR  The construction of the automatic adjusting mechanism 34 will now be
      described by reference to FIGS. 2 thorugh 4. The automatic adjusting
      mechanism 34 includes an adjustor housing 65 that has a generally
      cylindrical, hollow shape. A threaded member, indicated generally by the
      reference numeral 66 is rotatably supported within the housing opening 65.
      The threaded member 66 has internal threads 67 that are threadably engaged
      with the threaded extension 33 of the actuating member 31. The threads 67
      and 33 are of a relatively low pitch. The threaded member 66 also has
      external threads 68 of a substantially greater pitch than the threads 67.
PAR  A drive ring 69 is rotatably positioned within the housing 65 and has
      internal threads 71 that mate with the threaded member external threads
      68. The drive ring 69 also has a face 72 that is in abutment with a
      corresponding face 73 of the housing 65.
PAR  Radially outwardly of the threads 71, the drive ring 69 is formed with a
      serrated face 74. A locking ring 75 has corresponding serrations that are
      adapted at times to engage the serrated face 74 to preclude rotation of
      the threaded member 69 in one direction and thus act as a one way brake.
      The locking ring 75 has a splined outer surface that is engaged with
      corresponding splines 76 of the actuator housing 65 so as to hold the
      locking ring 75 against rotation relative to the actuator housing 65. A
      spring washer 77 engages the locking member 75 and urges its serrated
      teeth into engagement with the drive member serrations 74. The drive ring
      69 has a cylindrical projection 80 on which the locking ring 75 is
      positioned to locate these two members radially relative to each other.
PAR  The spring washer 77 bears against a spring retainer 78 which, in turn, is
      engaged by a coil compression spring 79. The opposite end of the spring 79
      engages an enlarged flange 81 formed on the threaded member 66 and exerts
      a frictional drag tending to resist rotation of the member 66. The flange
      81 is urged by the spring 79 also into engagement with a snap ring or
      locking washer 82 that is received within the groove 83 of the outer
      housing 65 to hold the components in their assembled condition. The spring
      79 also exerts a restoring force on the elements of the adjusting
      mechanism 34 when the brake is deactuated.
PAC  OPERATION
PAR  To hydraulically actuate the brake assembly 11 fluid pressure is introduced
      into the cylinder bore 21 via the passage 27. The fluid pressure will
      cause the piston 23 to slide axially in the bore 21 and bring the
      associated brake pad into engagement with the rotor braking surface 15.
      Simultaneously, a reactive force will be exerted on the caliper 12 and the
      caliper portion 16 will force its associated brake pad into engagement
      with the rotor braking surface 17.
PAR  During this operation, the actuating member 31 is held against axial
      movement by the fluid pressure acting on the face of the portion 32. Thus,
      an axial force is exerted on the adjusting member 34 by the adaptor 35.
      This axial force is transmitted to the housing 65 of the adjustor 34 and,
      in turn, to the drive ring 69. The drive ring 69 will, by virtue of its
      threaded engagement with the threaded member 66 cause the threaded member
      66 to rotate. The degree of this rotation will be a function of the
      differential screw action between the internal and external threads 67 and
      68 of the threaded member 66. During this rotation, the ratchet action
      between the serrated face 74 of the drive ring 69 and of the locking ring
      75 will, presumably, be less than the distance between adjacent pairs of
      the serrated face, assuming that there has been insufficient lining wear
      to require adjustment. When the brake is released, the movement of the
      adjustor 34 will be reversed and the pads will be returned to their normal
      at rest position.
PAR  In the event there is more than a predetermined degree of lining wear, as
      determined in part by the angular distance between the serrated teeth 74,
      the serrated teeth will move to new registry and the threaded member 66
      will undergo less rotation than it experienced during actuation of the
      brake. Therefore, the threaded member 66 will be advanced axially along
      the threaded extension 33 of the actuating member 31. Since the threaded
      member 66 is axially fixed relative to the housing 65 and the housing 65
      is axially fixed relative to the adaptor 35 and piston 23, the piston 23
      will be held in a newly adjusted position relative to the caliper 12.
      Thus, the degree of brake lining wear is compensated for.
PAR  When the brake is to be operated mechanically, the operating lever 57 is
      pivoted. This pivotal movement is transmitted to the operating member 47
      and causes relative rotation between the cam pockets 46 and 44. Thus, an
      axial force will be transmitted on the actuating mmember 31 which, in
      turn, acts through the automatic adjustor 34 and adaptor 35 on the piston
      23. The combined action of the screw threads and the frictional resistance
      to turning of the threaded member 66 caused by the spring 79 overcomes any
      tendency for the automatic adjustor 34 to deadjust during mechanical
      operation. That is, the threaded member 66 will not rotate when the brake
      is mechanically adjusted.
PAR  Frequently when disk brakes are originally manufactured or when they are
      installed, the fluid pressure system is charged to permit the bleeding of
      air from it and to provide a hydraulic pressure test. If the seal around
      the operating member 47 were a tight fluid seal and the seal around the
      actuating member 31 were defective, fluid would leak from the
      hydraulically actuated portion 18 of the brake and specifically from the
      cylinder bore 21 into the opening 29. No visual indication of this leakage
      would, however, result. With the described construction, on the other
      hand, any pressurization of fluid within the opening 29 will cause the
      fluid to leak past the lip seal 56 and provide a visual indication of
      failure in the hydraulic portion of the brake assembly.
PAR  It is to be understood that the foregoing description is that of a
      preferred embodiment of the invention. Various changes and modifications
      may be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sliding caliper type disk brake comprising a caliper housing having
      first and second portions adapted to be disposed contiguous to respective
      braking surfaces of an associated disk brake rotor, a cylinder bore formed
      in said first caliper portion, a piston slidably supported in said
      cylinder bore and adapted to cooperate with a first brake pad, means for
      pressurizing said cylinder bore and urging said piston toward the
      associated rotor braking surface to actuate the associated brake pad and
      for creating a reactive force for sliding said caliper assembly axially
      relative to the associated brake rotor, said cylinder bore terminating at
      a wall of said first caliper portion, a bore extending through said wall
      and terminating at an opening, an actuating member having a first portion
      slidably terminating at an opening, an actuating member having a first
      portion slidably received in said bore and a second, threaded portion
      extending into said piston, automatic adjusting means operatively
      connecting said threaded portion of said actuating member to said piston
      for actuating said piston upon axial movement of said actuating member,
      said automatic adjusting means comprising a housing received within the
      piston and affixed against axial movement relative thereto, a threaded
      member rotatably supported within said adjustor housing, the externally
      threaded portion of the actuating member extending into said threaded
      member, said threaded member having internal threads engaged with the
      threads on said actuating member, said threaded member having external
      threads of different pitch from said internal threads, a drive ring
      positioned within said adjustor housing and having a threaded connection
      with said external threads of said threaded member, means for transmitting
      axial force exerted upon said adjustor housing into axial force upon said
      drive ring for effecting a differential screw rotation of said threaded
      member, and one-way brake means operatively interposed between said
      threaded member and said housing for limiting the degree of reverse
      movement of said threaded member upon return brake action in response to a
      predetermined degree of lining wear, seal means interposed between said
      bore and said actuating member for preventing the leakage of fluid from
      said cylinder bore through said bore into said opening, said actuating
      member having a portion defining a first cam surface disposed within said
      caliper opening, an operating member rotatably supported by said first
      caliper portion and having a second cam surface facing said first cam
      surface, a plurality of balls interposed between said cam surfaces, means
      for precluding rotation of said actuating member, said operating member
      having a portion extending through said caliper assembly and journalled
      therein, thrust bearing means interposed between said operating member and
      said caliper housing for holding said operating member against axial
      movement, a lever affixed to said operating member for rotating said
      operating member and exerting an axial force upon said actuating member to
      mechanically actuate said piston.
NUM  2.
PAR  2. A sliding caliper type disk brake comprising a caliper housing having
      first and second portions adapted to be disposed contiguous to respective
      braking surfaces of an associated disk brake rotor, a cylinder bore formed
      in said first caliper portion, a piston slidably supported in said
      cylinder bore and adapted to cooperate with a first brake pad, means for
      pressurizing said cylinder bore and uring said piston toward the
      associated rotor braking surface to actuate the associated brake pad and
      for creating a reactive force for sliding said caliper assembly axially
      relative to the associated brake rotor, said cylinder bore terminating at
      an integral wall of said first caliper portion, a bore extending through
      said wall and terminating at an opening formed integrally with said first
      caliper portion, an actuating member having a first portion slidably
      received in said bore and a second portion extending into said piston,
      automatic adjusting means operatively connecting said second portion of
      said actuating member to said piston for actuating said piston upon axial
      movement of said actuating member and for automatically adjusting for wear
      of at least the first brake pad, said automatic adjusting means comprising
      a housing received within said piston and affixed against axial movement
      relative thereto, a threaded member rotatably supported within said
      adjustor housing, said actuating member having an externally threaded
      portion extending into said threaded member, said threaded member having
      internal threads engaged with the threads on said actuating member, said
      threaded member having external threads of different pitch from said
      internal threads, a drive ring positioned within said adjustor housing and
      having a threaded connection with said external threads of said threaded
      member, means for transmitting axial force exerted upon said adjustor
      housing into a force acting upon said ring for effecting a differential
      screw rotation of said threaded member and one-way brake means operatively
      interposed between said threaded member and said housing for limiting the
      degree of reverse movement of said threaded member upon return brake
      action in response to a predetermined degree of lining wear, seal means
      interposed between said bore and said actuating member for preventing the
      leakage of fluid from said cylinder bore through said bore into said
      opening, rotary cam means disposed within said caliper opening, an
      operating member rotatably supported by said first caliper portion and
      operably connected to said rotary cam means for axially moving said
      actuating member upon rotary movement of said operating member to
      mechanically actuate said piston.
NUM  3.
PAR  3. A disk brake assembly as set forth in claim 2 wherein the rotary cam
      means has a portion extending through a second bore in the caliper housing
      adjacent said opening and further including a lip type seal interposed
      between said second bore and said cam means portion, said lip type seal
      being disposed to prevent the ingress of foreign material and to permit
      the discharge of fluid under pressure.
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ABST
PAL  An improved wheel speed sensor assembly for installation in association
      with a wheel rotatably mounted on a hollow axle which has an open-ended
      spindle is of a type which includes an excitor ring mounted within a hub
      cap of the wheel and a magnetic sensor device capable of electrically
      transmitting a speed signal through electrical wiring extending through
      the interior of the axle. The improvement includes the sensor device being
      disposed within a sensor housing which is, in turn, disposed within the
      hub cap and mounted thereon for relative rotation about a central axis of
      hub cap with the sensor device in alignment with the excitor ring. The
      sensor housing has a connector portion generally extending toward and
      aligned with the open-ended spindle and electrically coupled to the wiring
      when the hub cap is secured on the wheel. A friction and sealing member
      between the spindle and the sensor housing prevents relative rotation of
      the spindle and the sensor housing prevents lubricating fluid within the
      hub cap from entering the hollow axle through the open-ended spindle
      during operation of the assembly.
BSUM
PAC  Background of the Invention
PAR  1. Field of the Invention.
PAR  This invention relates to an improved wheel speed sensor and, more
      specifically, to such a sensor installed at the wheel of tractor trailer
      and utilized in an anti-skid braking system.
PAR  2. Description of the Prior Art.
PAR  It has been found desirable in the operation of an anti-skid braking system
      to provide an input representing the wheel speed. The wheel speed input is
      usually in the form of electrical signals indicative of the angular
      velocity of the wheel. These signals are generally derived from an
      electromagnetic sensor, including a magnet carried by a stationary portion
      of the trailer such as the axle spindle and a toothed or notched metal
      ring which rotates with the wheel relative the magnet. As the ring teeth
      pass the magnetic sensor, the resulting variations in flux produce a
      signal, the frequency of which is a function of the angular velocity of
      the wheel.
PAR  Because of the free-wheeling aspect of trailer wheels and the fixed
      mounting of the trailer axles upon which they are rotatably mounted, most
      trailer wheel speed sensors heretofore provided have been rigidly mounted
      at the open end of the spindle of the axle so that the sensor connecting
      wire can extend axially within the hollow interior of the axle. The wire
      exits the interior of the axle at a intermediate region remote from the
      wheel to be connected to the anti-skid braking system. Since the sensor
      extends from the end of the spindle, the notched ring is accordingly
      mounted within the hub cap rather than within the wheel housing so that
      only the cap need be removed to allow access to the sensor.
PAR  However, the easy accessibility offered by the prior art sensing means
      increases the likelihood of accidental damage to the sensor when the hub
      cap is removed. The exposed, unprotected sensor might be broken or
      otherwise rendered inoperative by physical contact during normal axle
      maintenance, such as during the removal of the wheel housing.
PAR  Further, since the gap between the sensor and the ring must be of a
      predetermined value and constantly maintained throughout wheel rotation,
      the configuration utilized in these prior art devices requires the
      manufacturing tolerances of the spindle and hub cap to be well-defined and
      maintained. Satisfying these tolerance requirements has increased the cost
      of manufacturing.
PAR  It is, therefore, of concern that the configuration heretofore employed in
      these prior art trailer wheel speed sensing devices has increased the cost
      of manufacturing the axle assembly and is susceptible to being
      accidentally damaged during normal axle maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a trailer
      wheel speed sensor configuration in which the components will be protected
      from accidental damage during maintenance.
PAR  It is a further object to provide a speed sensor configuration of the type
      described which can be easily installed at the end of a trailer axle
      requiring less rigid tolerances during its manufacture.
PAR  To accomplish these and other objects of the invention, a preferred
      embodiment thereof includes an improved wheel speed sensor assembly for
      installation in association with a wheel rotatably mounted on a hollow
      axle which has an open-ended spindle. The assembly is of a type which
      includes an excitor ring mounted within a hub cap of the wheel and a
      magnetic sensor device capable of electrically transmitting a speed signal
      through electrical wiring extending through the interior of the axle.
PAR  The improvement includes the sensor device being disposed within a sensor
      housing which is disposed within the hub cap and mounted thereon for
      relative rotation about a central axis of the hub cap with the sensor
      device in alignment with the excitor ring.
PAR  The sensor housing has a connector portion generally extending toward and
      aligned with the open-ended spindle and electrically coupled to the wiring
      when the hub cap is secured on the wheel. The improvement further includes
      means disposed between the spindle and the sensor housing for providing
      friction contact therebetween to prevent relative rotation of the spindle
      and the sensor housing during operation of said assembly and for
      preventing lubricating fluid within the hub cap from entering the hollow
      axle through the open-ended spindle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional side view of the preferred configuration of the
      trailer axle speed sensor partially fragmented to include various features
      of the invention.
PAR  FIG. 2 is an enlarged partial view of the configuration of FIG. 1 showing
      an alternative embodiment.
PAR  FIG. 3 is a view like that of FIG. 2 showing another alternative embodiment
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in FIG. 1, the preferred wheel speed sensor configuration 10 is
      mounted within the hub cap 12 of a trailer axle 14. The axle 14 includes a
      hollow interior 16 and an open-ended spindle 18. The spindle 18 is adapted
      to receive a wheel hub 20 and associated tapered roller bearing 22. The
      hub 20 and bearing 22 are retained on the spindle 18 by a bearing
      adjusting nut 24, lock ring 26, and jam nut 28 on its threaded end 30.
PAR  As in the normal trailer axle installation, the wheel hub 20 is protected
      from accidental removal from the axle 14 by the hub cap 12 being bolted at
      32 to the hub 20 to cover the retaining members 24, 26, 28. However, the
      preferred hub cap 12 includes both the excitor ring 34 and the sensor
      device 36 rather than their being mounted respectively on the hub cap and
      spindle as was the case in the prior art devices. The preferred excitor
      ring 34 is secured to the interior of the hub cap 12, is formed from sheet
      steel and includes a plurality of slots 38 punched therethrough and in an
      evenly-spaced array around the ring 34. With the hub cap 12 made of
      aluminum, the slotted ring 34 alters the magnetic field at the sensor
      device 36 to indicate the wheel speed when there is relative motion
      between the ring 34 and the device 36. The space 40 between the device 36
      and ring 34 is typically about .030 inches and must be accurately and
      evenly maintained throughout trailer operation for accurate braking
      control.
PAR  To accurately establish and maintain the space 40, the device 36 is mounted
      within a circular housing 42. The housing 42 includes a centrally located
      cavity 44 which encircles to receive therein an inwardly extending axle
      portion 46 of the hub cap 12. A radial and axial bearing member 48 having
      a low coefficient of sliding friction is secured to the axle portion 46 to
      insure the radial position of the housing 42 with respect to the ring 34
      and to allow the hub cap 12 to axially locate the housing 42 with respect
      to the axle 14 as will be discussed hereinbelow. It will be obvious that
      the surface of the housing 42 and cavity 44 might additionally or
      alternatively be of a low-friction material with the primary object being
      to locate the housing 42 relative the hub cap 12 and to insure
      low-friction contact therebetween during their relative rotary movement.
      Further, it can be seen that the desired relative motion could also be
      provided if the housing had an axle portion and the hub cap had a cavity
      into which its axle portion could be positioned.
PAR  The housing 42 further includes a central connector portion 50 which
      extends inwardly of the open-ended spindle 18 when the hub cap is
      installed on the wheel hub 20. The connector portion 50 includes
      electrical coupling means 52 by which a wire 54 may be electrically
      connected, through wiring within the housing 42, to the sensor device 36
      to provide power thereto and to receive the speed signal therefrom. The
      wire 54 extends through the interior 16 of the axle 14 and eventually to
      the anti-skid control system (not shown).
PAR  To generate the desired relative motion between the ring 34 and the sensor
      device 36, it is essential to provide a means for preventing relative
      rotational motion between the sensor device 36 and the axle 14 as the ring
      34 rotates with the hub cap 12 and wheel hub 20. In the preferred speed
      sensor configuration 10, a conical ring 56 encircles the connector portion
      50 and is secured thereto. The conical ring 56 is made of a low durometer
      rubber and accordingly has a surface with a high coefficient of friction
      and is capable of resilient deformation. As seen in FIG. 1, the dimensions
      of the conical ring 56 are such that installing the hub cap 12 on the
      wheel hub 20 forces the conical ring toward the opening in the end of the
      spindle 18. When fully installed, the inner edge 58 of the spindle 18
      depresses the conical ring 58 to generate sufficient frictional forces
      therebetween to effectively couple the housing 42 and sensor 36 to the
      axle 14 to insure the desired relative rotation between the ring 34 and
      sensor device 36 during operation.
PAR  It should be apparent that the significant tolerance requirements are now
      limited to the hub cap 12 and housing 42. The dimensions of the conical
      ring 56 are predetermined to insure depressed contact with the entire edge
      58 of the spindle 18 which may have less rigid manufacturing tolerances.
      Further, the dimensions would also be sufficient to accommodate reasonable
      misalignment between the central axis of the hub cap 12 and the central
      axis of the axle 14. Therefore, even if the housing 42 to remain aligned
      with the hub cap 12 is required to wobble within the open end of the
      spindle 18, it will be prevented from rotating by the conical ring 56.
PAR  As stated hereinabove, the conical ring 56 must make contact with the
      entire edge 58 throughout operation. Although this would not appear
      necessary to insure ample friction to prevent their relative rotation, the
      ring 56 also provides another function. To insure proper lubrication for
      the wheel bearing 22, the hub cap of a trailer axle is filled with oil.
      The conical ring 56 of the preferred sensor configuration 10 thus
      additionally provides a seal which prevents the escape of oil from the
      bearing 22 to the interior 16 of the axle 14.
PAR  As described hereinabove, the sensor configuration 10 will effectively
      satisfy the operational and manufacturing objectives. However, as
      previously stated, the preferred sensor configuration 10 is less
      susceptible to damage during wheel and axle maintenance. Therefore, to
      insure the housing 42 and sensor 36 remain within the protective cover of
      the hub cap 12 when it is removed from maintenance purposes, a retainer 60
      is provided. The retainer 60 is press-fitted or otherwise secured to the
      interior of the hub cap 12 after the housing 42 is installed on the
      bearing 48. Although retention might be accomplished without full
      encirclement, the preferred retainer 60 also tends to prevent any foreign
      matter from entering between the ring 34 and housing 42 where it might
      damage the sensor device 36 when operation is restored.
PAR  To remove the hub cap 12, the bolts 32 are withdrawn from the hub 20 and
      the hub cap 12 is moved axially. The retainer 60 insures that the housing
      42 also moves axially so that the connector portion 50 and wire 54 are
      withdrawn from the interior 16 of the axle 14. The wire 54 may then be
      disconnected to release the hub cap 12. During installation, the wire 54
      is coupled to the connector portion 50 before the hub cap 12 is positioned
      to be bolted to the hub 20.
PAR  As seen in FIG. 2, an alternative means for coupling the sensor housing 42
      to the spindle 18 is shown in the form of a multiple-lip seal 62. This
      embodiment will provide the same function as the conical ring 56 described
      hereinabove. It, however, might be utilized in certain wheel and axle
      assemblies where there is substantial axial alignment of the hub cap and
      the axle but the longitudinal tolerances greatly vary. The seal 62 would
      be made of a higher durometer rubber and its deformation would be less
      while still providing adequate frictional contact.
PAR  If in some assemblies the axial misalignment is found to be substantial, a
      drive and seal diaphragm 64, shown in FIG. 3, could alternatively be
      utilized. The diaphragm 64 would also be made of rubber and secured to the
      connector portion 50. Prior to insertion into the spindle 18, the
      diaphragm 64 would extend further to the right in an undeformed state.
      However, with insertion, the diaphragm 64 would be deformed to roll back
      over itself to provide substantial surface contact with the spindle 18
      even if there were significant wobbling of the housing 42 within the
      spindle 18. Further, the oil pressure that existed within the hub cap
      would tend to increase the force on the diaphragm to increase the friction
      and to improve the seal.
PAR  The present invention is not limited to the preferred embodiments described
      hereinabove, but the disclosure provided will enable one to practice the
      invention by utilizing other means while nevertheless being within the
      scope of the invention as claimed. For example, the housing might be
      retained within the hub cap by a spring or clip device at the axle portion
      rather than with a retainer. Further, the resiliently deformable seal and
      friction member might be installed on the spindle rather than the housing
      or might be adapted to be removably positioned between the housing and the
      spindle with only frictional contact with both.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved wheel speed sensor assembly for installation in association
      with a wheel rotatably mounted on a hollow axle which has an open-ended
      spindle and being of a type which includes an excitor ring mounted within
      a hub cap of said wheel and a magnetic sensor device capable of
      electrically transmitting a speed signal through electrical wiring
      extending through the interior of said axle; wherein the improvement
      comprises:
PA1  said sensor device being disposed within a sensor housing;
PA1  said sensor housing being disposed within said hub cap and mounted thereon
      for relative rotation about a central axis of said hub cap with said
      sensor device in alignment with said excitor ring;
PA1  said sensor housing having a connector portion generally extending toward
      and aligned with said open-ended spindle and electrically coupled to said
      wiring when said hub cap is secured on said wheel; and
PA1  means disposed between said spindle and said sensor housing for providing
      frictional contact therebetween to prevent relative rotation of said
      spindle and said sensor housing during operation of said assembly.
NUM  2.
PAR  2. An assembly as set forth in claim 1 further including means for
      preventing lubricating fluid within said hub cap from entering the
      interior of said hollow axle through said open-ended spindle.
NUM  3.
PAR  3. An assembly as set forth in claim 1, wherein said means for providing
      frictional contact further prevents lubricating fluid within said hub cap
      from entering said hollow axle through said open-ended spindle.
NUM  4.
PAR  4. An assembly as set forth in claim 3, wherein said means for providing
      frictional contact and for preventing lubricating fluid from entering said
      axle includes a resiliently deformable member encircling said connector
      portion and secured thereto.
NUM  5.
PAR  5. An assembly as set forth in claim 4, wherein said member has an outer
      surface lying within a right conical surface.
NUM  6.
PAR  6. An assembly as set forth in claim 4, wherein said member has a generally
      cylindrical outer surface including a multiplicity of alternating ridges
      and grooves extending around the circumference.
NUM  7.
PAR  7. An assembly as set forth in claim 4, wherein said member is a diaphragm.
NUM  8.
PAR  8. An improved sensor housing configuration for a magnetic sensor device
      which is of a type utilized in a wheel speed sensor assembly for
      installation in association with a wheel rotatably mounted on a hollow
      axle which has an open-ended spindle which assembly also includes an
      excitor ring mounted within a hub cap of said wheel so that said sensor
      device is capable of electrically transmitting a speed signal through
      electrical wiring extending through the interior of said axle; wherein the
      improvement comprises:
PA1  a sensor housing being disposable within said hub capable and mountable
      thereon for relative rotation about a central axis of said hub cap with
      said sensor device in alignment with said excitor ring,
PA1  said sensor housing having a connector portion extendable toward and
      alignable with said open-ended spindle and capable of being electrically
      coupled to said wiring when said hub cap is secured on said wheel; and
PA1  means capable of being disposed between said spindle and said sensor
      housing for providing frictional contact therebetween to prevent relative
      rotation of said spindle and said sensor housing during operation of said
      assembly.
NUM  9.
PAR  9. A configuration as set forth in claim 8, wherein said means for
      providing frictional contact is further capable of preventing lubricating
      fluid within said hub cap from entering said hollow axle through said
      open-ended spindle.
NUM  10.
PAR  10. A configuration as set forth in claim 8 further including means capable
      of being disposed between said spindle and said sensor housing for
      preventing lubricating fluid within said hub cap from entering said hollow
      axle through said open-ended spindle.
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ABST
PAL  A carbon brake disc has its torque transmitting formations (keyways or
      keys) reinforced by filament reinforced carbon inserts which are
      preferably located, and may be bonded, in cut-out areas of the disc
      periphery. The formations are formed by a separate series of operations
      from those used to form the remainder of the friction members such as by
      application of a filimentary reinforcement of carbonized cloth, textile
      tape, random textile fibers or boron fibers.
BSUM
PAR  This invention relates to carbon friction members for brakes and clutches,
      and particularly, though not exclusively, to such friction members for use
      in aircraft.
PAR  In the aircraft disc brake field the use of friction members constructed
      from carbon is alreadly well established. Such friction members may
      comprise, for example, an annular disc provided on its inner or outer
      periphery with torque-transmitting formations. If desired this basic disc
      may be provided with separate friction pads on one or both sides.
PAR  Although carbon is a particularly attractive material for use as an
      aircraft disc brake friction member on account of its good frictional
      properties and high specific heat, the relatively weak structural
      properties of carbon cause problems in transmitting the concentrated loads
      imposed on the torque-transmitting formations of aircraft friction
      members.
PAR  It is an object of the present invention to provide an improved form of
      carbon friction member for use in a brake or clutch.
PAR  According to one aspect of the present invention a carbon friction member
      for a brake or clutch comprises an annular carbon disc, one periphery of
      which is provided with a number of circumferentially-spaced
      torque-transmitting formations being formed reinforced by filamentary
      material, the formations being formed by a separate sequence of operations
      from those used to form the remainder of the friction member.
PAR  The filamentary reinforcement of the torque transmitting formations may,
      for example, take the form of carbonized cloth, textile tape or random
      textile fibers or alternatively may comprise any other suitable
      filamentary material such as, for example, boron fibers.
PAR  The torque-transmitting formations may, for example, take the form of
      inserts incorporating keyways and positioned in cut-outs provided in one
      of the peripheries of the discs or alternatively the formations may
      comprise keys which are secured to and project from one of the peripheries
      of the disc.
PAR  References throughout this specificiations to "carbon" should be understood
      to include all suitable forms of carbon including graphite.
PAR  Several embodiments of the present invention, as applied to friction
      members for use in a multi-plate aircraft disc brake, wil now be described
      with reference to FIGS. 1 to 17 of the accompanying drawings.
PAR  A multi-plate aircraft disc brake (not shown) conventionally comprises a
      number of non-rotatable friction members or stator discs keyed at their
      inner peripheries to a torque tube and interleaved between a number of
      rotatable friction members or rotor discs keyed at their out peripheries
      to an associated aircraft wheel. The rotor and stator discs are arranged
      to be axially displaced, and hence brought into frictional engagement, by
      a hydraulic brake applying mechanism.
DRWD
PAR  FIGS. 1-3, 5 and 6 are partial perspective views of the outer periphery of
      a disc showing various means of reinforcing a keyway thereon;
PAR  FIGS. 4 and 7-10 are elevational views of a portion of the outer periphery
      of a disc showing other means of reinforcement;
PAR  FIGS. 11, 12 and 14 are elevational views of the inner peripheries of an
      annular disc showing various reinforcement inserts;
PAR  FIG. 3 is a perspective view of one of the inserts of FIG. 12;
PAR  FIGS. 15-17 are elevational views showing channel-shaped key on the outer
      periphery of a disc.
DETD
PAR  FIG. 1 of the accompanying drawings shows part of the outer periphery of a
      rotor disc 1, suitable for use in an aircraft multi-plate disc brake,
      provided with a number of circumferentially-spaced keyways 2 which
      co-operate with corresponding keys (not shown) provided on an associated
      aircraft wheel structure. Each keyway is formed in a torque-transmitting
      insert 4 which is bonded into a cut-out 5 provided in the outer periphery
      of the rotor disc.
PAR  In the construction shown in FIG. 1 the disc is formed from material
      comprising a matrix of carbon and a filamentary reinforcement in the form
      of a carbonized circumferential winding of tape, while the
      torque-transmitting inserts are formed from a material comprising a matrix
      of carbon and a filamentary reinforcement in the form of carbonized
      laminations of cloth. Alternatively, the disc may be reinforced by a
      carbonized felt.
PAR  The various disc and torque-transmitting formations described in this
      specification can be produced either by the well-known vapor deposition
      technique in which the filamentary reinforcement is first bonded and
      subsequently densified by passing through it, under suitably controlled
      conditions, a carbon bearing gas, or alternatively by the well-known
      liquid impregnation technique in which the reinforcement is impregnated
      with resin or pitch which is then carbonized under suitably controlled
      conditions.
PAR  The density of the components can be raised to the desired level by
      repeating the gaseous deposition or liquid impregnation processes the
      requisite number of times.
PAR  If desired, a combination of the vapor deposition and liquid impregnation
      techniques can be employed.
PAR  The torque-transmitting formations and disc may be initially separately
      formed and then bonded together when both the torque-transmitting
      formations and disc are in their finally densified condition, but better
      results are normally achieved when one or both mating components is or are
      only partially densified. Furthermore, the joint is generally more
      satisfactory when the components are bonded together by the vapour
      deposition technique.
PAR  If desired the torque-transmitting formations can be built-up in situ on a
      separately formed disc in which the reinforcement is already carbonized
      and partially or finally densified. Alternatively the torque-transmitting
      formations can be separately formed, carbonized and partially or finally
      densified and the disc can then be built up around the formations.
PAR  In constructions in which the torque-transmitting formations comprise
      inserts mounted in cut-outs provided in a periphery of the disc, no actual
      bond may be required between the inserts and the disc if the inserts are
      suitably shaped and are a sufficiently tight fit in the cut-outs.
PAR  Although in all the constructions described in this specification both the
      torque-transmitting formations and discs contain some degree of
      filamentary reinforcement it is possible, if the intended operating
      conditions of the disc are suitable, that the discs themselves need not be
      reinforced. Further, although throughout this specification reference is
      made to the various types of reinforcement used in the constructions
      described, it will be understood by those skilled in the art, that the
      various types of carbonized reinforcement available such as cloth, felt,
      tape and ordinary filaments are to some degree interchangeable and that
      where a particular type of reinforcement is described as being suitable
      other types may also be used.
PAR  When the torque-transmitting formations take the form of inserts, as shown
      in FIG. 1, the precise shape of the joints between the torque-transmitting
      inserts and the disc is not critical providing the use of small radii or
      other shapes which result in stress concentrations are avoided. For
      example, the construction shown in FIG. 1 can be modified, as shown in
      FIG. 2, by making the inserts 8 substantially semi-circular in shape and
      providing a tongue 6 on each insert which co-operates with a corresponding
      groove 7 in the cut-out in the outer periphery of the disc to form a
      tongue and groove joint between each insert and the disc. The provision of
      this tongue and groove joint between each insert and the disc increases
      the surface area of contact between the inserts and the disc and hence the
      strength of the joints between these components. If desired the bond
      between the inserts and the disc can be further strengthened by the use of
      pins 9 again formed from a material comprising a carbon matrix and a
      filamentary carbon reinforcement extending from the tongue of the insert
      into holes formed in disc.
PAR  A still further modification of the construction shown in FIG. 1 is shown
      in FIG. 3. In this further modification the inserts 10, which are cloth
      reinforced with cloth, textile tape, random textile fibers or boron
      fibers, are fully recessed into the disc so that the disc surrounds the
      inserts on all but their radially outer faces. This again increases the
      area of contact between the inserts and the disc and allows the disc
      itself to be reinforced with a structurally weaker material such as random
      fibers.
PAR  The arrangement shown in FIG. 4 shows part of a disc brake rotor 12, formed
      with a tape wound reinforcement as shown in FIG. 1, which is keyed to the
      associated wheel structure by a number of circumferentially-spaced keys
      13. The keys are reinforced by laminations of carbonized cloth, as
      described above with reference to FIG. 1, and are received in cut-outs 14
      provided in the outer periphery of the disc. As an alternative to cloth
      the keys may be reinforced by substantially radially extending filaments
      of carbon. Again the desirability of avoiding small radii and other
      configurations which will promote stress concentrations is the deciding
      factor in determining the shape of the keys 13.
PAR  The construction shown in FIG. 4 can be strengthened, as shown in FIG. 5,
      by providing on each insert 17 a tongue 15 which co-operates with a
      corresponding groove 16 provided in the cut-out 18 which receives the
      insert. The use of this tongue and groove joints increases the area of
      contact between the inserts and the disc, as described with relation to
      FIG. 2, and thus increase the strength of the joint between these
      components and reduces the tendency of the disc to fracture as a result of
      the keys tending to lever open the cut-outs under load. The construction
      shown in FIG. 5 can be further strengthened by the use of pins 19, which
      may be reinforced by filamentary carbon and which extend through the disc
      and the tongue.
PAR  A modification of the construction shown in FIG. 5 is shown in FIG. 6. In
      this modification the tongue 20 formed on each insert 21 and the groove 22
      provided in each cut-out in the disc are serrated to further increase the
      surface area of contact between the inserts and the disc to provide a
      strong locking action between these components.
PAR  FIG. 7 of the accompanying drawings shows a further modification of the
      construction shown in FIG. 4. In this modification the portion of each
      insert 23 which is received in the cut-out 24 in the disc is dove-tail
      shaped and the portion of the insert which projects beyond the outer
      periphery of the disc is shaped to provide two flanges 25 which abut the
      outer periphery of the disc 26. As a result of the abutting contact
      between flanges 25 and the outer periphery of the disc the insert is
      provided with a greater degree of support within the cut-out and is less
      liable to tend to lever the cut-out apart under load. This means that a
      disc material with a lower hoop strength (i.e. strength in a
      circumferential direction) can be utilized such as, for example, a random
      fiber or cloth reinforcement material.
PAR  FIGS. 8, 9 and 10 of the accompanying drawings show three further ways in
      which a torque-transmitting insert incorporating a keyway and reinforced
      by filamentary carbon can be accommodated in a cut-out formed in the outer
      periphery of a rotor disc.
PAR  In the construction shown in FIG. 8 the insert 27 takes the form of a
      number of layers of carbonized tape which extend substantially parallel to
      the sides and base of the keyway 28. This construction is advantageous as
      the tape layers are strongest in tension and the principal stresses occur
      in planes substantially parallel to the sides and base of the keyway, thus
      by arranging the tapes substantially parallel to the sides and base of the
      keyway the tapes are stressed mainly in tension.
PAR  The construction shown in FIG. 9 is a combination of the constructions
      shown in FIGS. 1 and 8 and comprises a laminated cloth insert 29 in which
      the edges of the keyway are reinforced by several layers of tape 30. By
      turning the ends of each of the tapes in a direction substantially
      parallel to the outer periphery of the disc the edges of the cloth
      laminations and tapes of the insert are not exposed on the outer periphery
      of the disc and the dangers of oxidation and delamination are thus
      reduced. The use of the larger insert also increases the area of contact
      between the insert and disc thus increasing the strength of the joint
      between these two components.
PAR  The construction shown in FIG. 10 shows a further alternative form of
      insert comprising cloth laminations 31 in which the edges of the keyways
      are reinforced by several layers of tape 32 and the edge of each insert
      which is bonded to the disc is also reinforced by several layers of tape
      33. The mating faces of the disc are similarly reinforced by several
      layers of tape 34. The reinforcement of the mating portions of the inserts
      and disc with similar tape material matches the physical properties of the
      disc and inserts thus avoiding the difficulties associated with joining
      dissimilar materials.
PAR  Stator discs, suitable for use in aircraft multiplate disc brakes, can also
      be provided with torque-transmitting inserts in a similar manner to the
      rotor constructions described above.
PAR  FIG. 11 shows part of the inner periphery of a stator disc provided with
      torque-transmitting inserts which are reinforced by laminations of
      carbonized cloth and are substantially identical to those previously
      described with reference to FIG. 1. Because of the closer spacing of
      stator keyways the inserts abut each other and, under load, the ring of
      inserts is loaded in compression so that the inserts provide some degree
      of support for each other and thus relieve some of the loading from the
      joints between the inserts and the disc. The construction shown in FIG. 11
      requires the disc material to have a reasonable tensile hoop strength and
      thus a tape wound disc construction is particularly suitable.
PAR  The construction shown in FIGS. 12 and 13 is the stator equivalent of the
      construction shown in FIG. 5. Each insert 35, which is of a laminated
      cloth construction, is provided with a key 36 and a tongue 37 which
      engages a corresponding groove 38 provided in the inner periphery of the
      disc. The inserts, which again abut each other, may, if desired, be pinned
      to the disc by pins 39 which may be reinforced with filamentary carbon.
PAR  FIG. 14 shows a further form of stator construction in which the inserts
      comprise a number of U-shaped layers of tape 40 which define the sides of
      the keyways and semicircular cloth reinforced fillets 41 which are bonded
      into the bottoms of the U-shaped tape layers and which define the bases of
      the keyways.
PAR  In the various constructions described above the torque-transmitting
      formations comprise inserts which are mounted in cut-outs provided in one
      of the peripheries of the brake disc. Those skilled in the art will
      realize that the torque-transmitting formations can take other forms such
      as for example the arrangements shown in FIGS. 15 and 16 in which a number
      of carbon keys 42, reinforced with filamentary material, are bonded to the
      outer periphery of a random fibre reinforced carbon rotor disc 43.
PAR  In the arrangement shown in FIG. 15 the keys are each channel-shaped so as
      to extend across the outer periphery of the disc and contact the sides of
      the disc in the vicinity of the outer periphery. The keys are reinforced
      by cloth laminations which extend in substantially radially aligned planes
      at right angles to the plane of the disc.
PAR  In the arrangement shown in FIG. 16 the bond between the keys and disc is
      strengthened by setting the keys 42 into recesses 44 provided in the sides
      of the disc.
PAR  FIG. 17 shows a further form of torque-transmitting formation in which a
      random fiber reinforced carbon rotor disc 45 is rotated with a number of
      circumferentially spaced keyways 46 the sides of which are each reinforced
      with two carbon blocks 47 partially recessed into the disc. The carbon
      blocks, which provide the abutment surface for contact with the keys
      provided on the associated wheel, are reinforced with cloth laminations
      which extend in substantially circumferentially aligned planes at right
      angles to the plane of the disc.
PAR  Although in the rotor and stator constructions described above the
      torque-transmitting formations have been described as being reinforced by
      various forms of filamentary carbon, other forms of filamentary
      reinforcement, such as boron fibers, are also suitable. These fibers may
      conventionally be formed by depositing boron from a boron containing gas
      onto filaments of a high melting point metal such as tungsten.
PAR  It will also be understood by those skilled in the art that, although the
      various rotor and stator constructions described above do not employ
      separate friction pads secured to one or both faces of the disc, separate
      friction pads can be utilized if desired.
PAR  The rotor and stator constructions described above with reference to FIGS.
      1 to 14 also possess the advantage that the torque-transmitting inserts
      can, if desired, form part of the friction surfaces of the discs.
PAR  All the friction member constructions described above include simple and
      yet efficient torque-transmitting formations capable of taking the
      concentrated loads imposed in an aircraft disc brake. This enables
      friction members to be produced in which the special qualities desired in
      the vicinity of the torque-transmitting formations can be readily
      incorporated without any substantial complication, and hence increased
      cost, in the construction of the remainder of the friction member.
CLMS
STM  Having now described our invention, what we claim is:
NUM  1.
PAR  1. A carbon frictional member for a brake or clutch comprising an annular
      carbon disc one periphery of which is provided with a number of discrete
      circumferentially-separated carbon torque-transmitting formations
      reinforced by filamentary material, the formations being formed by a
      separate sequence of operations from those used to form the remainder of
      the friction member and recessed into the periphery so that the disc
      surrounds the inserts on all but their radially outer faces.
NUM  2.
PAR  2. A member as claimed in claim 1, wherein the filamentary reinforcement of
      the torque-transmitting formations takes the form of carbonized cloth.
NUM  3.
PAR  3. A member as claimed in claim 1, wherein the filamentary reinforcement of
      the torque-transmitting formations takes the form of carbonized textile
      tape.
NUM  4.
PAR  4. A member as claimed in claim 1, wherein the filamentary reinforcement of
      the torque-transmitting formations takes the form of carbonized random
      textile fibers.
NUM  5.
PAR  5. A member as claimed in claim 1, wherein the filamentary reinforcement of
      the torque-transmitting formations takes the form of carbonized boron
      fibers.
NUM  6.
PAR  6. A member as claimed in claim 1 wherein the disc is formed from material
      comprising a matrix of carbon and a filamentary reinforcement in the form
      of carbonized felt.
NUM  7.
PAR  7. A member as claimed in claim 6 wherein each torque-transmitting
      formation takes the form of an insert positioned in and substantially
      filling a respective cut-out provided in one of the peripheries of the
      disc.
NUM  8.
PAR  8. A member as claimed in claim 7 wherein each cut-out and the associated
      insert are in mutual contact at surfaces comprising large radius curves.
NUM  9.
PAR  9. A member as claimed in claim 8 wherein a tongue-and-groove joint is
      formed between each insert and the associated cut-out of the disc.
NUM  10.
PAR  10. A member as claimed in claim 1 wherein the disc is formed from material
      comprising a matrix of carbon and a filamentary reinforcement in the form
      of a circumferential winding of textile tape.
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PAL  A valve-controlled hydraulic coupling fluid clutch is provided with a
      reservoir compartment containing first and second chambers, the first
      chamber receiving liquid from the working chamber during normal operation,
      while the second chamber receives such liquid only while the turbine is
      stalled or slowed excessively. Liquid flow means are provided between the
      two chambers of less capacity than means feeding liquid into the second
      chamber. Operator controlled valve means between the first reservoir
      chamber and the coupling working chamber are normally open and upon
      closing retain liquid in the first reservoir compartment to declutch the
      coupling, while automatic declutching takes place upon the slowing or
      stalling of the turbine to prevent overload by removal of working liquid
      from the working chamber into the second compartment.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with improvements in or relating to
      hydraulic couplings of the type that are operable as fluid clutches.
PAC  DEFINITION OF THE INVENTION
PAR  It is an object of the invention to provide a new hydraulic coupling fluid
      clutch permitting rapid clutching and declutching.
PAR  In accordance with the present invention there is provided a new hydraulic
      coupling fluid clutch comprising co-operating pump and turbine elements
      each having radial vortex-producing vanes and forming a working chamber, a
      reservoir chamber carried by the pump or turbine element, said reservoir
      chamber comprising two separate compartments connected by flow means,
      means for feeding the liquid from the working chamber separately to the
      two compartments of the reservoir chamber, the said feeding means feeding
      liquid to one compartment under normal operating conditions of the
      coupling and feeding liquid to the other compartment under stall operating
      conditions, valve means returning liquid from the reservoir chamber to the
      working chamber, the said valve means connecting the said one compartment
      and the working chamber, and the said flow means between the compartments
      being of less flow capacity than the means feeding liquid to the other
      compartment, and operator-controlled means for closing the valve means to
      retain the liquid in the reservoir chamber and thereby declutch the
      coupling.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Particular preferred embodiments of the invention will now be described, by
      way of example, with reference to the accompanying diagrammatic drawings,
      wherein:
PAR  FIG. 1 is a plane cross-section through the upper part of a first
      embodiment taken along the longitudinal axis thereof, and
PAR  FIG. 2 is a similar cross-section through a second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The fluid clutch coupling is enclosed in an outer casing 10 adapted to be
      mounted to the corresponding casing of its driving motor (not shown). The
      pump or impeller part of the coupling is mounted on a power input shaft 11
      for rotation therewith and comprises a pump chamber casing 12 with the
      usual radial vanes 13, a reservoir casing 14 and a shroud 15 extending
      parallel to the casing 10. The turbine or runner part of the coupling is
      mounted on a power output shaft 16 and comprises a turbine chamber casing
      17 with the usual radial vanes 18.
PAR  The reservoir casing 14 contains an annular baffle 19 dividing the interior
      thereof into two separate compartments 20 and 21. The interior of the
      compartment 21 can connect with the pump compartment interior via a series
      of circumferentially disposed valves each constituted by a valve casing
      part 22, a valve opening 23 and a valve closure member 24. The valves are
      biased open by compression springs 25 and can be closed by operation of an
      operators pedal 26 via a spring biased crank lever 27, transfer ring 28,
      push rods 29, clutch member 30, compression springs 31, valve operator 32
      and push rods 33.
PAR  Operating liquid circulating in the usual vortices is guided by deflectors
      34 and 35, and some of the liquid is interrupted by deflector 36, passing
      into a turbine passage formed between turbine deflectors 36 and 37 and
      then into a pump passage formed between deflectors 38 and 39, from which
      it passes via aperture 40 and director 41 into the compartment 21. The
      liquid in the compartment 21 returns immediately to the working circuit
      via the open valve. The pump and turbine chambers therefore remain at the
      required filling for normal operation.
PAR  With the coupling operating under load and normal slip normal vortices are
      formed. If the turbine is stalled then the vortices are disrupted and the
      liquid flows into a turbine passage formed between deflector 37 and casing
      17, thence into the passage between deflector 39 and casing 12, and via
      aperture 42 and director 43 into the chamber 20.
PAR  The liquid in the compartment 20 can bleed relatively slowly to the
      compartment 21 via openings 44, but liquid will enter more quickly than
      can escape this way and the reservoir compartment 20 will quickly fill
      until liquid spills via overflow apertures 45 into the compartment 21. The
      quantity of liquid retained by the compartment 20 under these conditions
      is just sufficient that the vortices remaining in the working compartment
      can only transmit about the maximum available power from the engine,
      enabling it to keep operating at an efficient speed and not be stalled by
      the stalled coupling.
PAR  Upon any reverse flow of liquid in the working compartment, such liquid is
      caught by catches 46 and passes through apertures 47 into either or both
      of the compartments.
PAR  To declutch the operator depresses the pedal 26 against the action of a
      spring 48 and thereby operates the valve closing mechanism. With the valve
      closed both compartments 20 and 21 now fill and the working chamber is
      quickly emptied of its contents. Apertures 49 in the member 32 permit
      liquid to flow freely from one side to the other as it moves. After
      emptying the turine will keep running due to its momentum, and this may
      cause difficulty in engagement etc. of any subsequent mechanical gear
      train. To prevent this the movement of the clutch member 30 that is
      required to fully declutch the coupling causes engagement of clutch teeth
      50 and 51 respectively on the member 30 and a brake rotor 52, the member
      30 sliding on splines 53. The rotor rotates in a chamber formed between
      the outer casing 10 and a supplementary casing 54 fastened thereto, this
      chamber being filled with a viscous liquid so that it applies the
      necessary braking torque to the turbine. As the valve moves to the open
      condition to re-clutch the coupling then the turbine brake is
      automatically disengaged.
PAR  When the vehicle is moving while shifting gears the turbine should be
      allowed to run. This is obtained by depressing the clutch pedal
      sufficiently to close the valve opening 23, but not sufficiently to engage
      the clutch teeth 50 and 51, so that the working circuit is emptied but the
      clutch is not engaged.
PAR  In the embodiment of FIG. 2 similar parts are given the same reference
      number. It will be seen that the reservoir is in this embodiment carried
      by the turbine and not by the pump, but otherwise its operation is
      essentially the same. When the turbine has slowed or stopped the liquid
      therein will fall to the bottom and may flow back into the working circuit
      causing a larger drag then can be overcome by the rotor 52. To prevent
      this speed-sensitive valves 55 are provided which close the opening 40
      unless the turbine is rotating at more than a predetermined minimum speed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic coupling fluid clutch comprising co-operating pump and
      turbine elements each having radial vortex-producing vanes and forming a
      working chamber, a reservoir chamber carried by the pump or turbine
      element, said reservoir chamber comprising two separate compartments
      connected by flow means, means for feeding the liquid from the working
      chamber separately to the two compartments of the reservoir chamber, the
      said feeding means feeding liquid to one compartment under normal
      operating conditions of the coupling and feeding liquid to the other
      compartment under stall operating conditions, valve means returning liquid
      from the reservoir chamber to the working chamber, the said valve means
      connecting the said one compartment and the working chamber, and the said
      flow means between the compartments being of less flow capacity than the
      means feeding liquid to the other compartment, and operator-controlled
      means for closing the valve means to retain the liquid in the reservoir
      chamber and thereby declutch the coupling.
NUM  2.
PAR  2. The invention as claimed in claim 1, wherein the said reservoir chamber
      comprises two separate compartments connected by flow means, the said
      feeding means feeding liquid to one compartment under normal operating
      conditions of the coupling and feeding liquid to the other compartment
      under stall operating conditions, the said valve means connecting the said
      one compartment and the working chamber, and the said flow means between
      the compartments being of less flow capacity than the means feeding liquid
      to the other compartment.
NUM  3.
PAR  3. The invention as claimed in claim 1, wherein the said reservoir chamber
      is carried by the pump element, and the said liquid feeding means are
      disposed in the turbine element and feed the liquid via passages in the
      pump element to the reservoir chamber.
NUM  4.
PAR  4. The invention as claimed in claim 1, wherein the said feeding means
      comprises first liquid catch means intercepting liquid vortices in the
      working chamber under normal operating conditions and feeding the
      intercepted liquid to said one compartment, and second liquid catch means
      closer to the rotational axis of the coupling and intercepting liquid in
      the working chamber only under stall operating conditions and feeding it
      to said other compartment.
NUM  5.
PAR  5. The invention as claimed in claim 1,
PA1  and including a brake for connection to the turbine element and a
      mechanical clutch operable between the brake and the turbine element to
      connect the two together, the said operator-controlled means actuating the
      clutch with closing of the valve means to connect the brake and turbine
      element together.
NUM  6.
PAR  6. The invention as claimed in claim 5, wherein the brake comprises a
      liquid filled annular compartment in the coupling casing and a rotor
      rotable in the annular compartment, whereby braking torque is produced by
      friction between the liquid in the brake compartment and the rotor, the
      mechanical clutch connecting together the turbine element and the rotor.
NUM  7.
PAR  7. The invention as claimed in claim 1,
PA1  wherein the reservoir chamber is carried by the turbine element and the
      liquid feeding means are provided with speed sensitive valves which close
      when the turbine element is rotating at less than a predetermined minimum
      speed to prevent liquid returning from the reservoir to the working
      chamber.
NUM  8.
PAR  8. The invention as claimed in claim 1,
PA1  wherein the element carrying the reservoir chamber is provided with catch
      means intercepting liquid flowing in reverse direction in the working
      chamber and feeding such liquid to the reservoir chamber.
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PAL  An improved shifter mechanism for the transmission of a power tool in which
      the operating lever can be located to either side of the transmission
      housing. The operating rod has a flat which operates one end of a pivoted
      shift member, the other end of which moves a clutch member to engage or
      disengage a rotation clutch. The shifter provides positive action, a long
      throw, and permits operation in either direction. The clutch itself
      includes an improved lubrication feature and improved mounting of the
      fixed clutch member to the armature shaft.
BSUM
PAR  This invention pertains to a shift mechanism. More particularly, the
      invention pertains to a combined gear shifter and slip clutch. Still more
      particularly, the invention pertains to such a combined mechanism for use
      as stop rotation means in an electrical rotary hammer.
PAR  In its most general application, the invention could be used anywhere it is
      desired to mechanically move an inaccessible enclosed member by means of
      an external handle or lever. The invention is particularly suitable to
      applications in which space is at a premium, such as gear cases generally,
      and particularly the transmissions of electrical tools. Along this general
      line, in addition to the environment of power tools for which it was
      developed, the invention could also be used in self-propelled lawn mowers,
      chain saws, or other applications including power trains.
PAR  Stop rotation mechanisms in hammers are known in the prior art. For
      example, in U.S. Pat. No. 3,430,708 to Daniel A. Miller, assigned to the
      same assignee as the present invention, there is shown a shift mechanism
      for disengaging a clutch to stop the rotation. A problem with this and
      many other clutches in the art is that the clutch remains disengaged only
      so long as the operating member is held depressed. That is, there are no
      positive clutch engaged and clutch disengaged positions. Another problem
      with this and many other shift mechanisms is the relatively poor location
      of the operating member and/or the difficulty of determining the condition
      of the operating member. Push buttons are located sometimes at the front
      face of the tool, at the top of the tool, and at other locations less
      desirable than the side locations of the present invention. Further,
      certain of these operating members, knobs and dials in particular, are
      difficult to "read" by a quick visual inspection. That is, one could look
      at the operating member and not be apprised at a glance of the tool's mode
      of operation. In the present invention, the shift mechanism operating
      member is located to the side of the housing, and is in the form of a
      lever. By simply observing whether the lever is pointing up or pointing
      down the operator is immediately apprised of the operating mode of the
      tool.
PAR  Another important advantage of this shift lever is that it is amenable, by
      an extremely simple adjustment, to being located on either the left side
      or the right side of the housing, to thereby accommodate the convenience
      and preference of both righthanded and lefthanded users. This particular
      advantage is totally unknown in the state of the art and the prior art,
      and is an important step forward for the present invention. The prior art
      attempted to accommodate righthandedness and lefthandedness by locating
      the operating member in a central position, such as on the top of the
      tool. Such a location is at best a compromise, and does not fully satisfy
      either righthanded or lefthanded persons.
PAR  The invention has a number of important advantages either not found in or
      not strongly emphasized in various prior art shifters. Among these
      advantages are that the operator experiences a strong feedback or detent
      force on the operating lever. This makes the tool phychologically more
      comfortable to use as opposed to other prior art "soft" mechanisms in
      which the feel is "mushy". Another advantage of the invention mechanism is
      that a positive lock or "home" position is provided in both the engaged
      and disengaged positions. Because of this feature, the invention shifter
      is much less susceptible to accidental operation than are some prior art
      shifters of the character described above. That is, with a strong detent
      force as a positive lock to both positions, it is highly unlikely that the
      operator will accidentally throw the shift mechanism. Yet another
      advantage is that a relatively long throw is provided on the lever, so
      that, again, shifting is a positive action and not accidental, with a
      strong feedback force, so the user knows he is throwing the shift
      mechanism.
PAR  The invention mechanism also provides means to trap the rod, and provides a
      lever which is both easy to reach and easy to use. The trapped rod assures
      that the shift mechanism will not fall out of the tool housing. In
      operation, the operator moves the handle 180.degree., in either direction
      (the reversible operation feature being yet another advantage of the
      invention) in order to change mode of operation. At the end of the travel
      the detenting mechanism snaps the entire mechanism home, and a relatively
      strong force is required to overcome this spring detent in order to move
      the lever in the opposite direction.
PAR  Another advantage of the invention mechanism, in conjunction with the
      ability to move the handle either way thus facilitating the convenience of
      the operator, is that the spring which provides the biasing force on the
      detent applies equal force in either direction to hold the mechanism in
      either position. Thus, a uniform snap action is provided regardless of the
      direction of lever rotation. A corollary advantage is that the rather
      substantial vibration to which hammers are subjected in use has no effect
      on the shift mechanism, because of this strong spring detenting and snap
      action. Yet another advantage of the invention shifter is that the parts
      are so configured that at no time does any part of the shift mechanism, as
      opposed to the gear which is shifted, contact a rotating part. Thus, the
      invention mechanism is protected from wear which would occur if the
      shifting parts were in contact with moving parts.
PAR  The invention was developed for and is being used in the environment of
      power tools. In the successfully constructed embodiment, the invention
      shift mechanism was used with a specially designed slip clutch. In this
      particular hammer, the motor shaft axis and the axis of the hammer and
      tool are spaced apart and parallel. The invention shift mechanism is
      disposed on a shaft between these two lines, and at right angles thereto.
      The shifter operates a flange on a member which has clutch teeth at one
      end and a pinion at the other end. This clutch-flange-pinion member is
      mounted on the armature shaft of the motor driving the tool. When the
      clutch teeth are disengaged, it idles on the armature shaft.
PAR  A number of improved features are provided around this portion of the
      invention. Among these advantages and features are means to prevent an
      overtorque from injuring the operator or tearing the tool from his hands,
      an adjustable force on the slip clutch with means to readily change the
      force of this clutch, improved locking means using only slightly modified
      standard parts to hold the fixed part of the slip clutch on the armature
      shaft, improved lubricating means between the moving and idling parts of
      the rotation clutch and the motor armature shaft, and an arrangement
      wherein the entire gear train between the pinion of the rotation clutch
      and the rotating part of the tool are at rest whenever the rotation clutch
      is disengaged. In summation of this last feature and advantage of the
      invention over the prior art, the invention shift mechanism operates to
      totally disengage the armature shaft from the hammer's rotation mechanism.
      This is an improvement over the prior art where the disengagement occurs
      either at the end of the gear train and the rotating part, or else at some
      point within the transmission itself, in which cases part or all of the
      transmission continues to operate even when it is doing no useful work.
DRWD
PAR  The above and other advantages of the invention will be pointed out or will
      become evident in the following detailed description and claims, and in
      the accompanying drawing also forming a part of the disclosure, in which;
PAR  FIG. 1 is a partially prospective side view of a rotary hammer embodying
      the invention;
PAR  FIG. 2 is a schematic diagram of the operating linkages therein;
PAR  FIG. 3 is a front elevational view of the hammer of FIG. 1 partially broken
      away and showing a first embodiment of the invention shifter;
PAR  FIG. 4 is a view similar to the lower part of FIG. 3 showing another
      embodiment of the invention shifter and the lever reversing feature;
PAR  FIG. 5 is a cross-sectional view taken on line 5--5 of FIG. 3; and
PAR  FIGS. 6 and 7 are companion views showing the rotation clutch in engaged
      and disengaged positions, respectively, and certain other parts.
DETD
PAR  Referring now in detail to the drawings, reference numeral 10 indicates an
      electrical rotary hammer embodying the invention. Hammer 10 comprises an
      end handle 12 having a power cord 14 and a trigger 16. The mid-section of
      the tool comprises a motor field case 18 having a side handle 20. Finally,
      the tool comprises a front end housing assembly 22. Except for the
      invention shift mechanism and slip clutch described in greater detail
      below, the hammer 10 is conventional, and a more detailed explanation of
      its various parts can be found in many places, for example, U.S. Pat. No.
      3,203,490 entitled "Compact Rotary Hammer" by George W. McCarty and Harold
      O. Short, and assigned to the same assignee as the present invention.
PAR  Referring to FIG. 2, the power trains in the hammer 10 as well as the
      interaction of the invention therewith are shown schematically. The hammer
      10 has an electrical motor 24, preferably of the universal type. This
      motor has an armature shaft 26, which drives a hypoid gear set 28 at its
      rear end. The output drives a crankshaft 30 which in turn drives a
      suitable impact mechanism 34 through a crank 32 and delivers hammering
      blows to a tool shank 38, the outer or forward end of which carries a tool
      or working bit in the conventional manner. Returning to motor 24, the
      opposite or forward end of the motor shaft 26 is used to provide rotating
      motion to the tool shank 38, as opposed to the rear end of the shaft which
      is used to deliver hammering blows, as described above. The forward end of
      the armature shaft carries a pinion 40 forming part of the shift and
      clutch mechanism 42 of the invention. A train of gear and pinions 44
      through 54 delivers the power from the pinion 40 to the tool shank 38.
      Suitable means, indicated schematically in the upper left of FIG. 2,
      insulate the gear train from the hammer blows, in a known manner. The gear
      train serves to reduce the speed of the motor as delivered to the shank
      38, to increase the torque, and to assure the desired direction of
      rotation of the tool.
PAR  Referring now in detail to FIGS. 3 and 5, the front end 22 of the
      successfully constructed embodiment is shown in detail. Referring to FIG.
      5, a spindle or sleeve 56 fixedly mounts the gear 54 on its outside, and
      is formed on its inside with a non-round, preferably hexagonal shape to
      cooperate with the shank 38, whereby the gear 54 will rotate the shank 38.
      The tool bit 58 proper is held by a conventional retainer 60.
PAR  Referring now simultaneously to FIGS. 3 and 5, the invention shift
      mechanism comprises a pivot or rock shaft 62 which is mounted in an
      enlarged portion 64 of the housing 22, and is free to rotate about its own
      axis, but is restrained against axial movement by a pin 66 fixed into the
      housing which is slidingly received in a groove 68 in the shaft 62. The
      inside end of pivot shaft 62 is flattened as at 70. The middle web 72 of a
      shifter member 74 is fixed to said flat 70 by means of a pair of screws
      76, or other suitable fastening means, such as roll pins or the like. In
      addition to such more or less conventional fastening means, the function
      could also be accommodated by a rigidly mounted member, corresponding to
      the rock or pivot shaft 62, and other means, such as a dimple and groove,
      or a dowel and slot, to permit the necessary motion of the shifter member
      74. Below middle web 72, member 74 comprises a forwardly generally
      horizontally disposed web 78, at the forward end of which the member
      comprises an operating end 80, which operates the rotation clutch, as will
      be described below. Finally, member 74 comprises a top end 82 which
      cooperates with the shifter operating rod 84. Rod 84 is slidably and
      rotatably mounted in a suitably formed opening in enlarged portion 64, and
      in a similar opening in the opposite wall 86 of the housing 22 (see FIG.
      4). Rod 84 is formed with a reduced diameter neck portion 88 of
      predetermined axial length, and a collar 90 separates the neck from a flat
      92. The flat 92 cooperates with the top end 82 of the shifter member 74. A
      pin 94 is fixedly mounted in enlarged portion 64, and defines the limits
      of axial travel, left and right, of the rod 84 by fitting into the reduced
      diameter neck portion 88. At its opposite ends, the rod is formed with a
      pair of openings 95, which cooperate with a set screw 96 in the lever 98.
      A torsion spring 100 is coiled about the rock shaft 62, has an upper leg
      102 which bears on operating rod 84 opposite the top end 82 of the shift
      member, and a lower leg 104 which bears against the back side of the
      operating end 80 of the shift member. In this manner, shifter 74 is biased
      clockwise about the axis of rock shaft 62 as viewed in FIG. 5, and biased
      always with its top end 82 against the operating member 84 in the vicinity
      of the flat 92.
PAR  Member 84, as shown, has the form of a rod or shaft disposed parallel to
      rock shaft 62. However, the function could as well be provided by other
      forms of members to move the shift member 74, such as a cam, or lever, or
      other equivalent means.
PAR  In operation of the shifting mechanism as thus far described, the user need
      only turn the lever 98, from outside the casing, 180.degree. so that it is
      pointing down instead of up, which brings the round side of the operating
      rod 84 into contact with the top end 82 of the shifter member 74. As shown
      in FIGS. 6 and 7, this rotates the entire shifter member about the axis of
      the rock shaft 62, which moves the operating end of the shifter member to
      the right to thereby disengage the clutches. The throw of the shifter
      member is a function of the thickness of the operating rod 84 at the
      vicinity of the flat, in conjunction with the distances between that flat
      and the axis of the pivot shaft, and the distance between the axis of the
      pivot shaft and the operating end.
PAR  Thus, the operating rod naturally moves 180.degree. only between its two
      positions. This is so because the flat 92 acts as a detent either against
      the spring leg 102 or against the top end 82 of the shifter member 74.
      However, other detent means could be provided, such as a cam surface, or a
      concavity, or the like, in lieu of flat 92. For this reason, the rod will
      naturally take one or the other of these two positions. The force provided
      by the torsion spring 100 insures that the shift mechanism will come to
      rest in one or the other of these two stop positions, and will not come to
      rest at any intermediate position. If the mechanism were delicately
      balanced at an intermediate position, the force of the spring would "snap"
      the mechanism into one or the other of the stop positions in response to
      the slightest motion. Thus, the spring and the flat together, or their
      equivalents, comprise the invention detent means.
PAR  The relatively simple manner in which the invention accommodates
      righthanded and lefthanded operators is shown clearly by a comparison of
      FIGS. 3 and 4. The operator need only loosen the set screw 96, remove the
      lever 98 from that end of the operating shaft 84, push the operating shaft
      to the opposite side, and reconnect the lever to the second end. The
      interaction of the fixed pin 94 with the reduced diameter neck portion
      assures that the rod 84 can be moved only between the stops defined by the
      length of the neck, which distance, of course, is predetermined so that
      just the right amount of free end will extend for attachment of the lever
      to the shaft, while at the same time preventing the shaft from being
      completely removed from the housing. The cylindrical neck 88, of course,
      also permits the operating rod 84 to be turned freely about its own axis,
      in either direction, that is, rotation either clockwise or
      counterclockwise about the axis of the operating rod 84.
PAR  FIG. 4 also illustrates a modified shifter member 74a. Parts which are the
      same as shifter member 74 shown in the other drawings are indicated by the
      same reference numeral. The difference resides primarily in the modified
      operating end 80a. The operating end 80 has two points at which it
      contacts the clutch because it encircles approximately half of the clutch
      operating flange. Thus, when the clutch is disengaged, the two bottom
      points on the operating ends contact the flange 120. In the FIG. 4, 80a
      embodiment, there is a tradeoff between compactness and having only one
      point contact on the clutch when in the disengaged position. The 80a
      embodiment was in fact successfully built because the particular
      transmission housing in which it was used was extremely tightly packed
      with other parts and there was not sufficient room for the FIG. 3
      embodiment. The difference is primarily one of engineering practice and
      conditions, the effect on operation is virtually indistinguishable.
PAR  The arrangement of the operating rod above the rock shaft with the shift
      member fixed to the rock shaft yields a number of advantages for the
      invention shift mechanism. These advantages become more apparent when an
      alternate structure, not preferred, is considered. It might be suggested
      that the pivot or shaft 62 could simply be extended out to one side, and
      the lever 98 fixed thereto. Then, the upper leg 102 of the torsion spring
      100 could be arranged to rest against some rigid part of the housing, and
      the entire operating rod 84 and its associated parts could be omitted.
      Such a modified structure would be highly undesirable because the
      advantageous moment arm of the upper leg 82 of the shifter member would be
      lost. Thus, with the arrangement as shown, the amount of force required to
      operate the shift mechanism can be predetermined by a combination of the
      strengths of the shift and torsion springs, and the distance between the
      axes of the rock shaft and the operating rod. Thus, the arrangement of the
      invention shown in the drawing is much more versatile than a mechanism
      where the shift device is operated directly by the operator. In the tool
      for which the invention was developed, if the rock shaft 62 were turned
      directly, then the advantage of 180.degree. swing, the advantage of either
      direction operation, and the advantage of snap-action, would all be lost.
PAR  The invention rotation clutch assembly 106 is mounted on the armature shaft
      26. A ball bearing 108 is press fitted on the armature shaft, and the
      other race is prevented from turning by a plug 110 mounted in a suitable
      internal wall of the tool. The commutator end of the motor 24 is supported
      in this bearing, as are all of the remaining parts on the shaft including
      the rotation clutch assembly 106. Bearing 108 is of a known type having an
      integral non-rotating dust shield 112.
PAR  The rotation clutch assembly 106 is built around a pair of clutch members
      114 and 116. Member 114 comprises and is formed integrally with the pinion
      40, which is the driving member for the gear train to rotate the tool bit
      58, as described above. To the left of the pinion 40, member 114 comprises
      an undercut 118, the flange 120 which cooperates with the operating end 80
      or 80a of the shifter mechanism, and is finally completed by a cylindrical
      portion formed with the clutch teeth 122. The undercut 118 serves to
      facilitate tooth formation.
PAR  Member 114 is spring biased to the left, into clutching engagement with
      member 116, by a conical spring 124, which has its enlarged end against
      the bearing shield 112, and which has its smaller diameter end bearing
      against a pair of slip discs 126 and 127 interposed between the spring and
      the pinion 40. To facilitate and lubricate the rotation of the member 114
      with respect to the armature shaft 26 when the clutch is disengaged, shaft
      26 is formed with a plurality of shallow cutout grooves 128. These grooves
      are of rectilinear cross-sectional shape as shown in the drawing, are
      relatively shallow, and four in number were provided in the successfully
      constructed embodiment. These grooves are filled with a suitable lubricant
      in use. As to the shape and number of the grooves, the important factors
      are strength of the shaft, support surface for the pinion, and total
      volume of lubricant when applying the invention to other environments. For
      example, one relatively wide and relatively deep groove might be practical
      elsewhere, or other combinations could be used.
PAR  The companion clutch member 116 is simple in configuration, comprising a
      disc formed with a through opening for the armature shaft, clutch teeth
      122 identical to the clutch teeth 122 on the member 114, but, of course,
      reversed left to right, and provided with a finished surface at its
      opposite end (left side). A pair of slip discs 130 and 132 are interposed
      between the finished face of the clutch member 116 and a relatively strong
      spring 134. A flanged guide member 136 confines the spring 134 between its
      flanged portion and the slip disc 132. A shoulder 135 on the armature
      shaft defines the right-most position of the member 136. Member 136 has a
      cylindrical portion which surrounds the armature shaft and guides the
      coils of the spring 134. An adjustable lock nut 138 is provided on the
      threaded outer end of the armature shaft 26, and defines the relative
      position of the flange portion of the member 136 with respect to the slip
      disc 132, and thus, of course, also defines the degree of compression of
      the spring 134. The free end of the armature shaft is provided with a
      relatively large hex or Allen type socket 140. Access can be had to this
      socket via a protective cap 142 (see FIG. 5) suitably sealingly and
      threadedly attached to the housing 22.
PAR  Improved means are provided to hold the clutch member 116 on the shaft, and
      to prevent it from moving to the right beyond its predetermined position,
      as shown in the drawings. To this end, a suitable lock member such as
      spring ring 144 is fitted into a suitably formed groove in the motor
      shaft. A key washer 146 and a slip disc 147 are interposed between the
      inside surface of the clutch member 116 and this lock member 144. Key
      washers are known in the art, and comprise an ordinary washer having an
      additional tab or key on the inside which is fitted into a suitably formed
      keyway 148 (see FIG. 5) in the shaft, whereby the washer rotates with the
      shaft. The improvement resides in an undercut in the key washer which
      encompasses the ring 144. Absent this undercut which confines the ring
      144, it is highly likely that the vibration to which the clutch and the
      tool generally are subjected in use would shake the ring loose from its
      slot in the shaft, thereby permitting the clutch member 116 under the
      influence of the spring 134 to move to the right, compressing the
      relatively much lighter spring 124. In this manner, it is likely that the
      clutch could never be disengaged. Other types of lock members 144, such as
      a square cross-sectional shape ring member, could also be used, as is
      clear to those skilled in the art.
PAR  The parts 130 through 138, together with key washer 146 and disc 147,
      comprise the essential parts of an adjustable over-torque slip feature of
      the invention clutch. The slip members 132 and 146 are keyed to the shaft
      26, thus assuring that they will rotate with the shaft along with the
      parts 134, 136 and 138. In order to adjust the tension of the spring, and
      hence the torque at which slippage will occur, the operator need only
      remove the protective cap 142, insert an Allen wrench in the socket 140,
      and then adjust the position of the nut 138 and the guide member 136 with
      respect to the clutch member 116. Of course, as is known, over-torque
      protection is required since rotary hammers can strike hard or immovable
      objects, such as metal reinforcing rods, in concrete. Such a chance
      occurrence would cause a sudden stoppage of the tool which in turn could
      cause injury to the operator due to the tool flying from his hands, tool
      breakage, and the like.
PAR  When the clutch teeth 122 are engaged, the pair of slip discs 126 and 127
      take up the relative motion between the non-rotating shaft bearing shield
      112 and the rotating clutch member 114. A comparison of FIGS. 6 and 7
      graphically illustrates the advantage of using a conical type spring 124.
      The coils of the spring nest within each other when the clutch is
      disengaged, as shown in FIG. 7, whereby the spring could occupy an axial
      length equal to only one coil, or the thickness of the spring wire.
PAR  Since the shaft idles within the clutch part 114 when the clutch is
      disengaged, the grooves 128, filled with lubricant, aid in preventing any
      galling or high wear between these two parts. Further, clutch member 114
      is preferably made of some good bearing material, a high graphite tool
      steel was used in the successfully constructed embodiment. Other bearing
      materials, such as oil impregnated sintered steel, or the like, could also
      be used, all as is well known to those skilled in the art.
PAR  While the successfully constructed embodiment shown in the drawing
      comprised nine clutch teeth 122 on each clutch member, the number of teeth
      is thought to be critical. The number of teeth shown was chosen as a
      matter of convenience, more or fewer teeth could also be used, consistent
      with good clutch design practice.
PAR  The number of grooves 128, similarly, is not critical. An important
      criteria is that the pinion always covers all of the grooves in all
      positions of the pinion. If a groove should become uncovered during
      operation, the high speed of the armature shaft would rapidly fling the
      lubricant from that groove, thus possibly creating a condition of high
      wear, due to "dry" operation thereafter.
PAR  While the invention has been described in detail above, it is to be
      understood that this detailed description is by way of example only, and
      the protection granted is to be limited only within the spirit of the
      invention and the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable power tool including an elongated housing having handle means
      at one end, a motor in said housing, output means at the other end of said
      housing, a drive train connecting said motor and said output means, said
      drive train including disengageable clutch means, a manually operable
      operating rod extending transversely of and supported by said housing and
      operable to selectively engage and disengage said clutch means, said
      operating rod being movable axially of its length to extend selectively
      from opposite sides of said housing, whereby to facilitate easy right and
      left hand operation of said operating rod and said clutch means.
NUM  2.
PAR  2. A portable power tool including an elongated housing having handle means
      at one end, a motor in said housing, output means at the other end of said
      housing, a drive train connecting said motor and said output means, said
      drive train including disengageable clutch means, a rock shaft supported
      by said housing for rotation about its own axis, a shift member rotatable
      with said rock shaft and having a first portion engageable with said
      clutch means, a manually operable operating rod extending transversely of
      and supported by said housing and engageable with a second portion of said
      shift member and operable to rotate said rock shaft to selectively engage
      and disengage said clutch means, said operating rod being movable axially
      of its length to extend selectively from opposite sides of said housing,
      whereby to facilitate easy right and left hand operation of said operating
      rod and said clutch means.
NUM  3.
PAR  3. A portable power tool including an elongated housing having handle means
      at one end, a motor in said housing, output means at the other end of said
      housing, a drive train connecting said motor and said output means, said
      drive train including disengageable clutch means, a rock shaft supported
      by said housing for rotation about its own axis, a shift member rotatable
      with said rock shaft and having a first portion engageable with said
      clutch means, a manually operating rod extending transversely of and
      supported by said housing and having a cam surface engageable with a
      second portion of said shift member and operable to rotate said rock shaft
      to selectively engage and disengage said clutch means, spring means
      normally biasing said shift member first portion into engagement with said
      operating rod, said operating rod cam surface forming detent means
      operable to hold said shift member in a first and second position
      corresponding to engagement and disengagement of said clutch means, said
      operating rod being movable axially of its length to extend selectively
      from opposite sides of said housing, whereby to facilitate easy right and
      left hand operation of said operating rod and said clutch means.
NUM  4.
PAR  4. A portable power tool including an elongated housing having handle means
      at one end, a motor in said housing, output means at the other end of said
      housing, a drive train connecting said motor and said output means, said
      drive train including disengageable clutch means, a manually operable
      operating rod extending transversely of and supported by said housing and
      operable to selectively engage and disengage said clutch means, detent
      means operable to releasably hold said operating rod in a first and second
      position corresponding to engagement and disengagement of said clutch
      means, said operating rod being movable axially of its length to extend
      selectively from opposite sides of said housing, whereby to facilitate
      easy right and left hand operation of said operating rod and said clutch
      means.
NUM  5.
PAR  5. A portable power tool including an elongated housing having handle means
      at one end, a motor in said housing, output means at the other end of said
      housing, a drive train connecting said motor and said output means, said
      drive train including disengageable clutch means, a rock shaft supported
      by said housing for rotation about its own axis, a shift member rotatable
      with said rock shaft and having a first portion engageable with said
      clutch means, a manually operable operating rod extending transversely of
      and supported by said housing and having a cam surface engageable with a
      second portion of said shift member and operable to rotate said rock shaft
      to selectively engage and disengage said clutch means, spring means
      normally biasing said shift member first portion into engagement with said
      operating rod, said operating rod cam surface forming detent means
      operable to hold said shift member in a first and second position
      corresponding to engagement and disengagement of said clutch means, said
      detent means comprising at least one flat formed on said operating rod and
      engaged by said shift member first portion, said operating rod being
      movable axially of its length to extend selectively from opposite sides of
      said housing, whereby to facilitate easy right and left hand operation of
      said operating rod and said clutch means.
NUM  6.
PAR  6. An improved shifting mechanism, the combination comprising a rock shaft
      mounted for rotation about its own axis, a shift member secured to said
      rock shaft and having a first end and a second end, an operating member in
      spaced relation to said rock shaft, said operating member comprising
      detent means adapted to cooperate with said first end of said shift
      member, and said second end of said shift member being adapted to
      cooperate with other means, said detent means comprising spring means for
      urging said shift member first end into contact with said operating
      member, said spring means comprising a torsion spring having its coils
      about said rock shaft, said torsion spring having a first end bearing
      against said operating member in the vicinity of contact between said
      shift member and said operating member, and said torsion spring having a
      second arm bearing against said second end of said shift member.
NUM  7.
PAR  7. An improved shifting mechanism, the combination comprising a housing, a
      rock shaft mounted inside said housing for rotation about its own axis, a
      shift member secured to said rock shaft and having a first end and a
      second end, an operating member in spaced relation to said rock shaft,
      said operating member comprising an operating rod, and means to mount said
      operating rod in said housing for rotation about its own axis, said
      operating member including detent means adapted to cooperate with said
      first end of said shift member, said detent means comprising a flat formed
      on said rod whereby said shift member is rotated a distance proportional
      to the depth of said flat into said operating rod when said operating rod
      is rotated 180.degree. from said flat to the rounded side of said rod
      opposite said flat.
NUM  8.
PAR  8. An improved shifting mechanism, the combination comprising a housing, a
      rock shaft mounted within said housing for rotation about its own axis, a
      shift member secured to said rock shaft and having a first and a second
      end, an operating member in spaced relation to said rock shaft, said
      operating member comprising an operating rod, means to mount said
      operating rod in said housing for rotation about its own axis, said
      operating member including detent means adapted to cooperate with said
      first end of said shift member, said second end of said shift member being
      adapted to cooperate with other means, means to mount said operating rod
      in said housing for additional motion along its longitudinal axis, said
      operating rod mounting means comprising a pair of opposed openings formed
      in said housing, said operating rod having a length a predetermined amount
      longer than the distance between the outside ends of said opposed openings
      in said housing, stop means to define the limits of axial motion of said
      operating rod within said housing, whereby at least a portion of one end
      or the other end of said operating rod extends out to one side or the
      respective other side of said housing.
NUM  9.
PAR  9. The combination of claim 8, said stop means comprising a reduced
      diameter neck portion formed on said operating rod and of a predetermined
      length, and a pin fixed in said housing and cooperable with said reduced
      diameter neck portion to permit an amount of axial motion of said
      operating rod substantially equal to the axial length of said reduced
      diameter neck portion.
NUM  10.
PAR  10. In a portable electric tool, a transmission housing, a rock shaft
      mounted inside said transmission housing for rotation about its own axis,
      a shift member secured to said rock shaft and having a first end and a
      second end, an operating rod mounted in said transmission housing for
      rotation about its own axis, said operating rod including detent means
      adapted to cooperate with said first end of said shift member, said second
      end of said shift member being adapted to cooperate with a transmission
      gear in said housing, said gear being formed with a flange portion, said
      second end of said shift member being formed in a part-circular
      configuration for contacting said flange, whereby said second end of said
      shift member contacts said flange at at least one point when the second
      end moves said flange.
NUM  11.
PAR  11. In a portable electric tool, a transmmission housing, a rock shaft
      mounted inside said transmission housing for rotation about its own axis,
      a shift member secured to said rock shaft and having a first end and a
      second end, an operating rod mounted in said transmission housing for
      rotation about its own axis, said operating rod including detent means
      adapted to cooperate with said first end of said shift member, said second
      end of said shift member being adapted to cooperate with a transmission
      gear in said housing, said rock shaft being located between said operating
      member and the axis of said gear, and said first and said second ends of
      said shift member extending to opposite sides of the axis of said rock
      shaft.
NUM  12.
PAR  12. In a portable power tool having rotary drive means controlled by clutch
      means, the combination comprising shift means positioned out of contact
      with said clutch means in a first condition of said clutch means, means
      manually operable either right-handedly or left-handedly and externally of
      said power tool, said manually operable means comprising an operating rod,
      means to permit said operating rod a predetermined amount of axial motion,
      said permitting means comprising a reduced diameter neck portion formed in
      said operating rod and stop means cooperable with said reduced diameter
      neck portion to define the limits of axial motion of said operating rod,
      said operating rod having a predetermined length such that one end or the
      other end thereof will always extend out from said tool, and a manual
      lever cooperable with said one or the other extending end of said
      operating rod, whereby said tool is readily accommodated to use by
      right-handed or left-handed users, and said shift means comprising a
      portion adapted to contact and move said clutch means from said first
      condition to a second condition thereof.
NUM  13.
PAR  13. In a portable power tool having a rotary drive means controlled by
      clutch means, the combination comprising a rock shaft mounted in said
      housing for rotation about its own axis, shift means positioned out of
      contact with said clutch means in a first condition of said clutch means,
      said shift means comprising a shift member fixed to said rock shaft, means
      manually operable either right-handedly or left-handedly and externally of
      said housing, said manually operable means comprising a portion adapted to
      move said shift means in both said right-handed and left-handed modes of
      operation, said shift means comprising a portion adapted to contact and
      move said clutch means from said first condition to a second condition
      thereof, and a torsion spring having its coils wrapped about said rock
      shaft and having a first arm cooperable with said manually operable means,
      and said torsion spring having a second arm bearing against said shift
      member.
NUM  14.
PAR  14. In combination, a shift member mounted for rotation about a first axis,
      said shift member having first and second ends extending to opposite sides
      of said first axis, an operating member mounted for rotation about a
      second axis, said second axis being in spaced relation and parallel to
      said first axis, and detent means for moving said first end of said shift
      member.
NUM  15.
PAR  15. The combination of claim 14, said operating member comprising an
      operating rod, spring means for urging said first end of said shift member
      into contact with said operating rod, said detent means comprising a flat
      formed in said contacting portion of said operating rod, whereby said
      shift member is rotated about said first axis a distance proportional to
      the depth of said flat into said operating rod when said operating rod is
      rotated 180.degree. from said flat to the rounded side of said operating
      rod opposite said flat.
NUM  16.
PAR  16. The combination of claim 15, said first axis being defined by a rock
      shaft mounted in said housing for rotation about its own axis, said spring
      means comprising a torsion spring having its coils about said rock shaft,
      said torsion spring having a first end bearing against said operating rod
      in the vicinity of said flat and opposite the area of contact between said
      shift member and said operating member, and said torsion spring having a
      second arm bearing against second end of said shift member.
NUM  17.
PAR  17. The combination of claim 14, spring means for urging said first end of
      said shift member into contact with said operating member, wherein said
      shift member, operating member, and spring means are in the transmission
      housing of a portable electrical tool, said second arm of said shift
      member being cooperable with a gear of the transmission in said housing,
      and said first axis being defined by a rock shaft mounted in said housing
      for rotation about its own axis.
NUM  18.
PAR  18. The combination of claim 17, said operating member comprising an
      operating rod, means to permit said operating rod a predetermined amount
      of axial motion, said permitting means comprising a reduced diameter neck
      portion formed in said operating rod and stop means cooperable with said
      reduced diameter neck portion to define the limits of axial motion of said
      operating rod, said operating rod having a predetermined length such that
      one end or the other end thereof will always extend out from said housing,
      and a manual lever cooperable with said one or the other extending end of
      said operating rod, whereby said tool is readily accommodated to use by
      righthanded or lefthanded users.
NUM  19.
PAR  19. The combination of claim 17, said gear comprising a flange portion, and
      said first end of said shift member comprising a part-circular portion
      adapted to contact at least one point on said gear flange portion.
NUM  20.
PAR  20. In an electrical tool, the combination comprising a motor shaft, a
      transmission driven by said shaft, clutch means interconnecting said shaft
      and said transmission, said clutch means comprising a first clutch member
      rotatably and slidably mounted on said shaft and a second clutch member,
      means to locate said second clutch member in a predetermined axial
      position on said shaft and for rotation with said shaft, spring means for
      urging said first clutch member into engagement with said second clutch
      member, said first clutch member comprising a pinion portion engaged with
      said transmission and a flange portion, shift means cooperable with said
      flange portion to move said first clutch member axially on said shaft and
      out of engagement with said second clutch member, said shift means
      comprising a shift member rotatably mounted in the housing of said tool
      and having a first portion cooperable with said flange portion of said
      first clutch member, said shift member having a second portion, said shift
      means further comprising an operating member mounted for motion in said
      housing, and spring means for urging said shift member second portion into
      engagement with said operating member, whereby a predetermined motion of
      said operating member causes a corresponding motion of said shift member
      which in turn moves said first clutch member into or out of engagement
      with said second clutch member.
NUM  21.
PAR  21. The combination of claim 20, said first portion of said shift member
      comprising a semi-circular portion adapted to contact at least two points
      on said flange portion.
NUM  22.
PAR  22. The combination of claim 20, said first portion of said shift member
      comprising a quarter-circular portion adapted to contact one point on said
      flange portion.
NUM  23.
PAR  23. The combination of claim 20, said means to locate said second clutch
      member on said shaft comprising a key washer having its key portion
      engaged in a keyway formed in said shaft, a lock member seated in a
      suitably formed groove in said shaft, and said key washer being formed
      with a recess to receive at least a substantial portion of said lock
      member, whereby said lock member is held trapped in its said groove in
      said shaft by said recess in said key washer.
NUM  24.
PAR  24. The combination of claim 20, at least one recess formed in said shaft
      in the vicinity of said first clutch member, said recess being so located
      on said shaft that it is covered by said first clutch member in both the
      engaged and disengaged positions of said first clutch means, and a
      lubricating substance within said at least one recess.
NUM  25.
PAR  25. The combination of claim 20, said first clutch member consisting of a
      metal having relatively good lubricating qualities.
NUM  26.
PAR  26. The combination of claim 20, and slip clutch means cooperable with said
      second clutch member, said slip clutch means comprising a pair of slip
      discs arranged in tandem against said second clutch member on the side
      thereof remote from said first clutch member, second spring means bearing
      against said slip discs, a guide member cooperable with said second spring
      means, and lock means adapted to define the axial location of said guide
      member on said shaft with respect to said second spring means and said
      slip discs, whereby the pressure force of said second spring means against
      said slip discs can be predetermined by changing the axial position of
      said lock means and said guide member on said shaft.
NUM  27.
PAR  27. The combination of claim 20, said operating member comprising a rod
      formed with a flat for engagement with said end of said shift member,
      whereby said operating end of said shift member is moved a distance
      proportional to the depth of said flat into said operating rod when said
      operating rod is rotated 180.degree. from said flat to the rounded side of
      said operating rod opposite said flat.
NUM  28.
PAR  28. The combination of claim 27, a rock shaft, means to mount said rock
      shaft in said housing for rotation about its own axis, means to fix said
      shift member to said rock shaft, and a torsion spring having its coils
      wrapped about said rock shaft and having a first arm bearing against said
      operating rod in the vicinity of said flat, and said torsion spring having
      a second arm bearing against said first portion of said shift member,
      whereby said torsion spring urges said shift member against said operating
      rod and urges said first clutch member away from said second clutch
      member.
NUM  29.
PAR  29. The combination of claim 28, the axis of said rock shaft and of said
      operating member being disposed parallel to each other and at right angles
      to the axis of said shaft.
NUM  30.
PAR  30. The combination of claim 28, said rock shaft being located between said
      operating rod and said shaft, and said shift member having said first and
      second portions extending to opposite sides of said rock shaft.
NUM  31.
PAR  31. The combination of claim 28, said means to mount said rock shaft in
      said housing comprising a closed circumferential groove formed in said
      rock shaft and a pin fixed in said housing and received in said groove.
NUM  32.
PAR  32. The combination of claim 27, a pair of opposed through openings formed
      in said housing and adapted to receive the opposite ends of said operating
      rod, said operating rod having a total axial length a predetermined amount
      longer than the distance between the outside ends of said pair of opposed
      through openings, said operating rod being formed with a reduced diameter
      neck portion of predetermined axial length, a stop pin fixed in said
      housing and cooperable with said reduced diameter neck portion, and a
      lever member including means to fix said lever member to either exposed
      end of said operating rod, whereby both right handed and left handed users
      of said tool are accommodated by fixing said lever member to one or the
      other of said exposed ends of said operating rod.
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ABST
PAL  A synchronization mechanism, especially for change-speed transmissions of
      motor vehicles, in which a slotted synchronizing ring is under the
      influence of slotted ring-shaped blocking means increasing the
      servo-effect thereof which is arranged between the synchronizing ring and
      the hub of its associated coupling member; the blocking means is supported
      during the synchronizing operation at an abutment extending into a recess
      in the hub of a coupling member whereby the abutment is anchored together
      with the blocking means intermediate the ring ends thereof.
BSUM
PAR  The present invention relates to a synchronization mechanism, especially
      for change-speed transmissions of motor vehicles, in which a slotted
      synchronizing ring is under the influence of slotted, ring-shaped blocking
      means increasing the servo-effect thereof, which is arranged between the
      synchronizing ring and the hub of its associated coupling member.
PAR  Synchronizing mechanisms of the aforementioned type are known in the art
      (German Offenlegungsschrift 1,919,294), in which the blocking means is
      formed by a slotted band receiving the displaceable abutment between its
      ring-ends, which band is supported with a cam-like shaped body disposed
      opposite the ring ends in a recess of the coupling member of the gear
      wheel to be shifted or engaged. The counter-surfaces of the recess which
      cooperate with the shaped body may thereby receive a different
      configuration corresponding to the desired blocking and return force. In
      connection with this prior art blocking means construction, however, the
      frequent breakage of the blocking means within the area of the cam-like
      shaped body has proved as particularly disadvantageous. Therebeyond, the
      manufacture of such a blocking means was possible only with considerable
      manufacturing expenditures.
PAR  Furthermore, synchronization mechanisms, especially for the lowest speed of
      a change-speed transmission are known (French Pat. No. 1,586,353) in which
      slotted and springy synchronizing rings are under the influence of means
      increasing the servo-effect, which are arranged between the synchronizing
      ring and the hub of the coupling member of the gear to be shifted and are
      acted upon by a double-armed slide member which, equipped with a nose,
      extends between the slot of the synchronizing ring, one arm of the slide
      member cooperating with a blocking band and the other arm of the slide
      member being supported at the nose of the coupling member by interposition
      of a springy means, whereby the springy means are formed by a compression
      spring which is inserted into the enlarged end of the arm of the slide
      member and is retained in the tangential direction in a recess of the hub
      of the coupling member. In addition to the high manufacturing costs of
      this prior art slide member, it has proved in connection therewith as
      particularly disadvantageous that the compression spring becomes effective
      on the slide member in the tangential direction in such a manner that the
      slide member is forced outwardly which has as a consequence a frequent
      jamming of the slide member. The considerable assembly expenditures which
      become necessary during the exchange of the compression spring is also
      disadvantageous in such an arrangement.
PAR  The aim of the present invention, in contradistinction thereto, essentially
      consists in providing a synchronization installation for the lowest speed
      of a change-speed transmission, which during the engagement of the first
      speed with a standing-still vehicle under relinquishment of an additional
      springy or elastic means, produces during the synchronizing operation such
      a large elastic return force as assists to a sufficient extent the
      disengagement of the blocking means, and in which during the shifting down
      into the first speed, like the synchronization mechanisms of the remaining
      speeds, the blocking means so increase the servo effect of the
      synchronizing ring that an easy and fast engagement of the speeds becomes
      possible.
PAR  The underlying problems are solved according to the present invention in
      that the blocking means is supported during a synchronization operation at
      an abutment extending into a recess or aperture provided in the hub of the
      coupling member which abutment is anchored together with the blocking
      means intermediate the ring ends of the blocking means. It has thereby
      proved as particularly advantageous in connection with synchronization
      installations for the lowest speed that the abutment is supported in the
      circumferential direction A with a perpendicular surface at a
      perpendicular side surface of the recess and in the circumferential
      direction B with a deflection surface at a perpendicular side surface of
      the recess. The deflection surface may thereby be formed by a curved
      surface or by a flat, straight surface extending at an inclination to the
      perpendicular side surface of the recess. The blocking means has within
      the area C a concentrically extending radius R and within the areas D a
      radius R.sub.1 extending eccentrically to the area C. A further embodiment
      according to the present invention of the blocking means resides in that
      the blocking means has within the area E a concentrically extending radius
      R and within the area F a radius R.sub.2 extending eccentrically to the
      area E.
PAR  It has proved as particularly advantageous in synchronization mechanisms
      for the remaining speeds that the abutment is supported in the
      circumferential direction A and B by means of a deflection surface at a
      perpendicular surface of the aperture or recess. The deflection surface is
      formed either by a curved surface or by a flat, straight surface extending
      at an inclination to the perpendicular side surface of the recess. It is
      advantageous if the blocking means has a concentrically extending radius
      R.
PAR  The anchoring of the abutment in the blocking means may be realized
      advantageously in all speed stages in such a manner that the blocking
      means is provided within the area of the abutment at the end surfaces with
      opposite radial grooves, the abutment is provided on the side opposite the
      recess with a groove extending in the circumferential direction and the
      webs of the abutment delimiting the groove engage into the grooves of the
      blocking means, or in such a manner that the abutment includes a pin at
      the side opposite the recess which engages into an aperture of any desired
      shape arranged between the end surfaces of the blocking means.
PAR  The advantages achieved by the present invention reside in particular in
      that an easy and fast engagement is possible with the blocking means
      according to the present invention in cooperation with the abutment
      projecting into the recess provided at the coupling member during a
      shifting down into the first speed and during the engagement of the
      remaining speeds, and in that during the engagement of the first speed
      with a standing-still vehicle, a hung-up speed is avoided with certainty
      without exposing the blocking means to loads within the area of the
      abutment which effect a breaking of the blocking means. By reason of the
      simple construction, the synchronization mechanism according to the
      present invention offers, particularly at the lowest speed, a high
      operating reliability and ease of assembly as compared to other known
      mechanisms of the prior art.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a partial longitudinal cross-sectional view through a
      synchronization mechanism in accordance with the present invention for the
      first speed of a shifting-sleeve transmission of a motor vehicle;
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a side view of one embodiment of a blocking means in accordance
      with the present invention;
PAR  FIG. 4 is a plan view on the blocking means of FIG. 3;
PAR  FIG. 5 is a side view of a further embodiment of a blocking means in
      accordance with the present invention;
PAR  FIG. 6 is an elevational view of one embodiment of an abutment in
      accordance with the present invention;
PAR  FIG. 7 is a partial longitudinal cross-sectional view through a
      synchronization mechanism according to the present invention for the
      further speeds of a shifting-sleeve transmission of a motor vehicle;
PAR  FIG. 8 is a cross-sectional view taken along line VII--VII of FIG. 7;
PAR  FIG. 9 is a side view of another embodiment of a blocking means in
      accordance with the present invention;
PAR  FIG. 10 is an elevational view of a further embodiment of an abutment in
      accordance with the present invention;
PAR  FIG. 11 is a plan view of still another embodiment of a blocking means in
      accordance with the present invention; and
PAR  FIG. 12 is an elevational view of still another embodiment of an abutment
      in accordance with the present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 and 2, in the transmission section illustrated in
      these two figures, gears 2 and 3 are freely rotatably but longitudinally
      non-displaceably supported on a transmission shaft indicated by reference
      numeral 1. The gears 2 and 3 are in constant meshing engagement with gears
      (not shown) disposed on a further transmission shaft (not shown) and are
      rigidly connected together with coupling bodies or members 4 and 5. The
      coupling members 4 and 5 are adapted to be coupled with a shifting sleeve
      6 which is axially displaceably retained on webs 7 of a shifting sleeve
      carrier 8. The shifting sleeve carrier 8 is non-rotatably connected with
      the transmission shaft 1 for rotation in unison therewith and is axially
      fixed between abutment disks 9. The head surfaces of the teeth 10 of the
      shifting sleeve 6 cooperate with synchronizing rings 11 and 12 which are
      arranged under prestress on the hub 13 of the coupling members 4 and 5 of
      the gears 2 and 3 to be shifted. Each of the synchronizing rings 11 and 12
      is provided with a centering surface 14 and with a friction surface 15.
      The nose portion 18 of a slide member 19 projects between the ends 16 and
      17 of the synchronizing ring 11; the slide member 19, in turn, is retained
      displaceable in the circumferential direction on the hub 13 of the
      coupling member 4. A blocking means 21 in the form of a band is arranged
      between the hub 13 and the inner surface 20 of the synchronizing ring 11;
      surface 22 of the blocking means 21 cooperates with the synchronizing ring
      11. The blocking means 21 is provided in its curvature bottom with
      mutually opposite radial grooves 23 and 24 (FIGS. 3 and 4) at its end
      surfaces, into which engage the webs 25 and 26 (FIGS. 1 and 2) of a loose
      abutment 27 and whereby the abutment 27 is anchored together with the
      blocking means 21. The webs 25 and 26 delimit a groove 28 (FIG. 1)
      extending in the circumferential direction within the abutment 27 which
      with the side opposite the groove 28 is supported in a recess 29 (FIG. 2)
      of the coupling member 4 or 5. During a synchronizing operation, the
      abutment 27 is supported with its perpendicular surface 30 at the
      perpendicular surface 31 of the recess 29 or with the inclined surface 32
      at the perpendicular surface 33 of the recess 29.
PAR  During the engagement of the first speed from standstill of the vehicle,
      the shifting sleeve 6 is moved axially with respect to the sleeve carrier
      8 toward the left as viewed in FIG. 1 with a running engine and the head
      surfaces of the shifting teeth 10 are brought into frictional engagement
      with the friction surface 15 of the synchronizing ring 11, whereby the
      synchronizing ring 11 is taken along in the direction of rotation A (FIG.
      2). The abutment of the end 17 of the synchronizing ring 11 thereby forces
      the slide member 19 in the same direction so that the blocking means 21
      actuates the abutment 27 which is then supported with the perpendicular
      surface 31 at the perpendicular surface 30 of the recess 29 whereby the
      left portion (FIG. 2) of the blocking means 21 is stressed. During this
      operation, a relative movement takes place between the inner surface 20 of
      the synchronizing ring 11 and the surface 22 of the blocking means 21
      together with a friction work resulting therefrom which becomes effective
      at the synchronizing ring 11 in the form of a radial expansion force. If
      synchronism is attained as a result of the friction work between the
      friction surface 15 and the shifting sleeve 6, on the one hand, and
      between the blocking member 21 and the inner surface of the synchronizing
      ring 11, on the other, then the synchronizing mechanism is unstressed. The
      shifting sleeve 6 can then be forced over the synchronizing ring 11 and
      can be brought into engagement with the coupling member 4 whereby the
      shifting operation is completed. When shifting down from the second to the
      first speed, the shifting sleeve 6 is moved with respect to the sleeve
      carrier 8 axially toward the right as viewed in FIG. 1 and the head
      surfaces of the shifting teeth 10 are brought into frictional contact with
      the friction surface 15 of the synchronizing ring 12 whereby the
      synchronizing ring 12 is taken along in the direction of rotation B (FIG.
      2). The abutting end 16 of the synchronizing ring 12 thereby forces the
      slide member 19 in the same direction so that the blocking means 21
      actuates the abutment 27 which is then supported with the inclined surface
      32 at the perpendicular surface 33 of the recess 29 whereby the right
      portion of the blocking means 21 is forced more strongly against the inner
      surface 20 of the synchronizing ring 11 than is the case with the left
      portion of the blocking means 21 so that the friction force between the
      blocking means 21 and the inner surface 20 of the synchronizing ring 11 is
      larger than during the engagement of the first speed from standstill of
      the vehicle. The engagement of the speed now takes place in the same
      manner as already described.
PAR  Particularly appropriately shaped blocking means are illustrated in FIGS. 3
      and 5. The blocking means 21 of FIG. 3 is provided within the area E with
      a concentrically extending radius R and within the area F with a radius
      R.sub.2 extending eccentrically to the area E. The blocking means 21a of
      FIG. 5 is provided within the area C with a concentrically extending
      radius R and within the areas D with a radius R.sub.1 extending
      eccentrically to the area C. A further embodiment of an abutment is
      illustrated in FIG. 6. This abutment 27a is provided with a curved surface
      34 in lieu of the inclined surface 32.
PAR  The transmission section illustrated in FIGS. 7 and 8 corresponds
      essentially to the transmission section illustrated in FIGS. 1 and 2. Only
      the configuration of the blocking means 35 and of the abutment 36 is
      changed in this synchronizing mechanism which is used for the remaining
      speeds. The blocking means 35 which has a concentrically extending radius
      R (FIG. 9), actuates during synchronizing operations the abutment 36 which
      in the direction of rotation A is supported with the curved surface 37 at
      the perpendicular surface 30 and in the direction of rotation B with the
      curved surface 38 at the perpendicular surface 33 so that the blocking
      action is equally large in both directions of rotation. The shifting
      operation takes place in the same manner as already described in
      connection with FIGS. 1 and 2.
PAR  A further embodiment of an abutment is illustrated in FIG. 10. This
      abutment 36a is provided, in lieu of the curved surfaces 37 and 38, with
      straight surfaces 39 and 40 extending at an inclination to the
      perpendicular surfaces 30 and 33.
PAR  The synchronization mechanism illustrated in FIGS. 7 and 8 is not limited
      to the use of the blocking means 35. Thus, for example, the use of the
      blocking means 21a (FIG. 5) is also quite feasible in connection with this
      synchronization mechanism.
PAR  The blocking means 41 of FIG. 11 is provided with a recess or aperture 42
      of any suitable shape which is preferably contructed as round aperture. A
      pin 43 of the abutment 44 of FIG. 12 projects into this aperture 42,
      whereby the abutment 44 is anchored together with the blocking means 41.
      The pin 43 is preferably matched in its shape to the aperture 42. The pin
      43 and the webs 25 and 26 (FIG. 1) are limited in their height in such a
      manner that they do not come into contact with the inner surface of the
      synchronizing ring during a synchronizing operation. The application of a
      pin at an abutment is not limited to abutments of the type illustrated in
      FIG. 12 but is feasible also in connection with all other illustrated
      abutments. Therebeyond, the anchoring of the abutment is not limited to
      the illustrated embodiments. Thus, it is possible, for example, to anchor
      the abutment only in one groove arranged at one of the end faces of the
      blocking means.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is thus understood that it is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servoeffect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an independent abutment means extending in a
      recess means provided in the hub of the coupling means, the abutment means
      being engaged in a groove in the hub of the coupling means and being
      effectively anchored together with the blocking means between the ring
      ends thereof and the abutment means being loosely guiding in the blocking
      means such that a minor relative movement of said blocking means with
      respect to said abutment means takes place during synchronizing
      operations.
NUM  2.
PAR  2. A synchronizing mechanism according to claim 1, characterized in that
      the abutment means is supported in one circumferential direction with a
      substantially perpendicular surface at a substantially perpendicular side
      surface of the recess means and in the opposite circumferential direction
      with a deflection surface means at a substantially perpendicular side
      surface of the recess means.
NUM  3.
PAR  3. A synchronization mechanism according to claim 2, characterized in that
      the deflection surface means is formed by a curved surface.
NUM  4.
PAR  4. A synchronization mechanism according to claim 2, characterized in that
      the deflection surface means is formed by a flat surface extending at an
      inclination to the perpendicular side surface of the recess means.
NUM  5.
PAR  5. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof, and characterized in that the blocking means has within a
      first area a substantially concentrically extending radius and within a
      second area a radius extending eccentrically to the first area.
NUM  6.
PAR  6. A synchronization mechanism according to claim 5, characterized in that
      the first area is adjacent to the second area and is at least as large as
      the second area.
NUM  7.
PAR  7. A synchronization mechanism according to claim 6, characterized in that
      the first area extends from one end over more than half of the
      circumferential extent of the blocking means while the second area is
      adjacent to the first area.
NUM  8.
PAR  8. A synchronization mechanism according to claim 6, characterized in that
      the first area is disposed between adjacent second areas of the blocking
      means.
NUM  9.
PAR  9. A synchronization mechanism according to claim 8, characterized in that
      the second areas extend from a respective end of the blocking means to the
      first area.
NUM  10.
PAR  10. A synchronization mechanism according to claim 1, characterized in that
      the abutment means is supported in both circumferential directions with a
      deflection surface means at a substantially perpendicular surface of the
      recess means.
NUM  11.
PAR  11. A synchronization mechanism according to claim 10, characterized in
      that the deflection surface means is formed by a curved surface.
NUM  12.
PAR  12. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof, characterized in that the abutment means is supported in
      both circumferential directions with a deflection surface means at a
      substantially perpendicular surface of the recess means, and characterized
      in that the deflection means is formed by a flat surface extending at an
      inclination to the substantially perpendicular side surface of the recess
      means.
NUM  13.
PAR  13. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof, and characterized in that the blocking means has an
      eccentrically extending radius.
NUM  14.
PAR  14. A synchronization mechanism according to claim 1, characterized in that
      the blocking means is provided within the area of the abutment means at
      the end faces thereof with oppositely disposed radial grooves, the
      abutment means being provided at the side opposite the recess means with a
      groove means extending in the circumferential direction, and the webs of
      the abutment means delimiting the groove means extending into the grooves
      of the blocking means.
NUM  15.
PAR  15. A synchronization mechanism according to claim 1, characterized in that
      the abutment means is provided with a pin on the side opposite the recess
      means, which engages into an aperture means arranged between the end
      surfaces of the blocking means.
NUM  16.
PAR  16. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof, characterized in that one of the abutment means is supported
      in one circumferential direction with a substantially perpendicular
      surface at a substantially perpendicular side surface of the recess means
      and in the opposite circumferential direction with a deflection surface
      means at a substantially perpendicular side surface of the recess means,
      and characterized in that the blocking means is provided within the area
      of the abutment means at the end faces thereof with oppositely disposed
      radial grooves, the abutment means being provided at the side opposite the
      recess means with a groove means extending in the circumferential
      direction, and the webs of the abutment means delimiting the groove means
      extending into the grooves of the blocking means.
NUM  17.
PAR  17. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which each slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at a respective abutment means extending in a
      recess means provided in the hub of the associated coupling means, the
      abutment means being effectively anchored together with the corresponding
      blocking means between the right ends thereof,
PA1  characterized in that one of the abutment means is supported in one
      circumferential direction with a substantially perpendicular surface at a
      substantially perpendicular side surface of the recess means and in the
      opposite circumferential direction with a deflection surface means at a
      substantially perpendicular side surface of the recess means,
PA1  characterized in that another one of the abutment means is supported in
      both circumferential directions with a deflection surface means at a
      substantially perpendicular surface of the recess means,
PA1  and characterized in that the last mentioned deflection means is formed by
      a flat surface extending at an inclination to the substantially
      perpendicular side surface of the recess means.
NUM  18.
PAR  18. A synchronization mechanism according to claim 16, characterized in
      that at least one of the deflection surface means is formed by a curved
      surface.
NUM  19.
PAR  19. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which each slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at a respective abutment means extending in a
      recess means provided in the hub of the associated coupling means, the
      abutment means being effectively anchored together with the corresponding
      blocking means between the ring ends thereof,
PA1  characterized in that one of the abutment means is supported in one
      circumferential direction with a substantially perpendicular surface at a
      substantially perpendicular side surface of the recess means and in the
      opposite circumferential direction with a deflection surface means at a
      substantially perpendicular side surface of the recess means,
PA1  characterized in that another one of the abutment means is supported in
      both circumferential directions with a deflection surface means at a
      substantially perpendicular surface of the recess means,
PA1  and characterized in that at least one of the deflection surface means is
      formed by a flat surface extending at an inclination to the perpendicular
      side surface of the recess means.
NUM  20.
PAR  20. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which each slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at a respective abutment means extending in a
      recess means provided in the hub of the associated coupling means, the
      abutment means being effectively anchored together with the corresponding
      blocking means between the ring ends thereof,
PA1  characterized in that one of the abutment means is supported in one
      circumferential direction with a substantially perpendicular surface at a
      substantially perpendicular side surface of the recess means and in the
      opposite circumferential direction with a deflection surface means at a
      substantially perpendicular side surface of the recess means,
PA1  characterized in that another one of the abutment means is supported in
      both circumferential directions with a deflection surface means at a
      substantially perpendicular surface of the recess means,
PA1  and characterized in that at least one of the blocking means has within a
      first area a substantially concentrically extending radius and within a
      second area a radius extending eccentrically to the first area.
NUM  21.
PAR  21. A synchronization mechanism according to claim 20, characterized in
      that the first area is adjacent to the second area and is at least as
      large as the second area.
NUM  22.
PAR  22. A synchronization mechanism according to claim 21, characterized in
      that the first area extends from one end over more than half of the
      circumferential extent of the blocking means while the second area is
      adjacent to the first area.
NUM  23.
PAR  23. A synchronization mechanism according to claim 21, characterized in
      that the first area is disposed between adjacent second areas of the
      blocking means.
NUM  24.
PAR  24. A synchronization mechanism according to claim 23, characterized in
      that the second areas extend from a respective end of the blocking means
      to the first area.
NUM  25.
PAR  25. A synchronization mechanism according to claim 18, characterized in
      that at least one of the abutment means is provided with a pin on the side
      opposite the recess means, which engages into an aperture means arranged
      between the end surfaces of the blocking means.
NUM  26.
PAR  26. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof,
PA1  characterized in that the abutment means is supported in one
      circumferential direction with a substantially perpendicular surface at a
      substantially perpendicular side surface of the recess means and in the
      opposite circumferential direction with a deflection surface means at a
      substantially perpendicular side surface of the recess means, and
PA1  characterized in that the deflection surface means is formed by a flat
      surface extending at an inclination to the perpendicular side surface of
      the recess means.
NUM  27.
PAR  27. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends thereof,
PA1  and characterized in that the blocking means is provided within the area of
      the abutment means at the end faces thereof with oppositely disposed
      radial grooves, the abutment means being provided at the side opposite the
      recess means with a groove means extending in the circumferential
      direction, and the webs of the abutment means delimiting the groove means
      extending into the grooves of the blocking means.
NUM  28.
PAR  28. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a slotted synchronizing ring means is under
      the influence of slotted, substantially ring-shaped blocking means
      increasing the servo-effect thereof, the blocking means being arranged
      between the synchronizing ring means and a hub of an associated coupling
      means, characterized in that the blocking means is supported during a
      synchronizing operation at an abutment means extending in a recess means
      provided in the hub of the coupling means, the abutment means being
      effectively anchored together with the blocking means between the ring
      ends, thereof,
PA1  and characterized in that the abutment means is provided with a pin on the
      side opposite the recess means, which engages into an aperture means
      arranged between the end surfaces of the blocking means.
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ABST
PAL  A helical clutch spring has one end thereof fixed to a continuously
      rotating input member of the clutch, and some of the turns of the spring
      partially envelop a floating magnetic ring secured to a rotatable output
      member of the clutch. The input and output members are made of nonmagnetic
      material, and when the clutch's coil is energized, a magnetic flux path
      passing through the clutch spring and the magnetic ring causes the clutch
      spring to tighten on the magnetic ring to provide a driving connection
      between the input and the output members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a magnetic spring clutch which has an improved
      magnetic flux path which provides for a more reliable operation of the
      clutch and which also has a simplified, low-cost construction.
PAR  This invention belongs to that class of clutches which has a normally,
      continuously-running input hub which is coupled, when the clutch is
      activated, to a normally, stationary, output hub. The input and output
      hubs are axially aligned with each other, and the clutch includes a
      helical spring having one end which is secured to one of the hubs and
      having some of the turns of the spring surrounding the remaining hub.
      Various means are used to cause the free end of the spring to tighten on
      the associated hub to provide a driving connection between the input and
      output hubs whenever the clutch is energized.
PAR  Some of the means for causing a clutch spring to tighten on the associated
      hub of a magnetic spring clutch which are representative of the prior art
      are shown in the following U.S. Pat. Nos.
PA1  2,976,976 which issued Mar. 28, 1961;
PA1  3,349,880 which issued Oct. 31, 1967;
PA1  3,414,100 which issued Dec. 3, 1968;
PA1  3,684,068 which issued Aug. 15, 1972; and
PA1  3,735,847 which issued May 29, 1973.
PAR  In general, the clutches shown in the above named patents utilize
      intermediate moveable members (like a brake shoe for example) which are
      acted upon by the magnetic force of a coil when the coil is energized. The
      intermediate member, in moving, acts upon the helical spring of the clutch
      causing the spring to tighten on the output hub of the clutch to provide a
      driving coupling between the input and output hubs.
PAR  In contrast with the above, the magnetic spring clutch of this invention
      does not utilize an intermediate moveable member which is magnetically
      actuated to act upon the clutch spring, causing it to tighten on the
      output hub of the clutch. This invention utilizes a floating magnetic ring
      (to be later defined herein) which is secured to the output hub of the
      clutch, and also uses a construction which concentrates the magnetic flux
      of its associated coil means along the length of the helical spring itself
      and the floating magnetic ring to provide for a reliable, quick-acting
      clutch of simple construction. The assignee of this application has
      manufactured for several years a magnetic spring clutch without an
      intermediate moveable member; however, this prior art clutch does not have
      the floating magnetic ring, the improved magnetic flux pattern, or the
      simplified construction of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The magnetic spring clutch of this invention includes a frame means, a
      continuously rotating driving member means and an output member means
      mounted in axial alignment with each other in said frame means. It also
      includes a helical clutch spring having one end thereof secured to the
      driving member means and a free end. A floating magnetic ring is fixed to
      the output member means, and the ring is at least partially enveloped by
      the turns of the clutch spring. A coil means, when energized, produces a
      magnetic flux path which passes through the clutch spring and the magnetic
      ring so as to cause the clutch spring to tighten on the magnetic ring to
      provide a driving connection between the driving member means and the
      output member means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view, partly in cross section, showing a
      magnetic spring clutch made in accordance with this invention, and
      including a driving member means, output member means with a floating
      magnetic ring fixed thereto, coil means, and a helical clutch spring;
PAR  FIG. 2 is an end view, partly in cross section, which is taken along the
      line 2--2 of FIG. 1 to show additional details of the clutch;
PAR  FIG. 3 is an end view of another embodiment of the output member means
      which may be used with the clutch shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view, taken along the line 4--4 of FIG. 3 to
      show additional details of the output member means;
PAR  FIG. 5 is an end view of another embodiment of the output member means
      which may be used with the clutch shown in FIG. 1;
PAR  FIG. 6 is a cross-sectional view, taken along the line 6--6 of FIG. 5 to
      show additional details of the output member means; and
PAR  FIG. 7 is a schematic view showing a control circuit which may be used with
      the clutch of this invention to facilitate accurate positioning of the
      clutch.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a side-elevational view of a magnetic spring clutch designated
      generally as 10 and made according to the teaching of this invention.
PAR  The magnetic spring clutch 10 (FIG. 1) hereinafter called clutch 10,
      generally includes a frame means 12, driving member means 14, output
      member means 16, coil means 18 and a helical clutch spring 20.
PAR  The driving member means 14 of the clutch 10 includes a driving shaft 22 of
      hexagonal cross section which is mounted in a tubular shaft 24 whose
      internal, cross-sectional shape complements that of the shaft 22 to
      provide a driving connection therebetween. One end of the shaft 22 has a
      pulley 26 fixed thereto, and the pulley 26 is drivingly connected to a
      motor 28 whose output pulley 30 and belt 32 rotate the pulley 26 and
      shafts 22 and 24 whenever the motor 28 is energized.
PAR  The tubular shaft 24 of the driving member means 14 (FIG. 1) has an outer
      diameter which is circular in cross section, and the shaft 24 is rotatably
      mounted near one end thereof in a bushing 34 which is press fitted into a
      matching annular recess 36 in a tubular extension 38 of the housing 40 of
      the coil means 18. The housing 40 is made of ferrous material and is
      generally cylindrical in shape, having the cross section shown in FIG. 1.
      The tubular extension 38 of the housing 40 passes through an opening 42 in
      the frame means 12, and the housing 40 is fixed to the frame means 12 by
      any conventional technique, such as welding, as shown at point 44. A ring
      type coil 46 is mounted within the housing 40 and is insulated therefrom
      by insulation 48. After the coil 46 is inserted in the housing 40, a thick
      ferrous washer 50 is used to retain the coil 46 therein by press fitting
      the washer 50 into an annular seat 52 formed in the open end of the
      housing 40.
PAR  The remaining end of the tubular shaft 24 (FIG. 1) is rotatably mounted in
      an output member 54 of the output member means 16. The output member 54 is
      made of a nonmagnetic plastic material like acetal resin which is sold
      under the trademark Delrin, and is manufactured by Dupont of Wilmington,
      Delaware. The output member 54 has a tubular extension 56 which abuts
      against a nonferrous sleeve 58 which is conventionally secured to the
      tubular shaft 24 by press fitting, cementing, or the like. The output
      member 54 also has a projecting reinforcing, annular rim 60 which comes
      close to but does not abut against the thick washer 50 when the clutch 10
      is in the assembled relationship shown in FIG. 1. Suitable C-type locking
      washers 62 and 64, placed in complementary, annular grooves in the tubular
      shaft 24 prevent axial displacement of the shaft 24, secure the clutch 10
      in the assembled relationship shown, and maintain the sleeve 58 and the
      tubular extension 56 in abutting relationship with each other to prevent a
      coil of spring 20 from entering therebetween.
PAR  The sleeve 58 (FIG. 1) alluded to in the previous paragraph is part of the
      driving member means 14. The sleeve 58 has a radially aligned hole therein
      into which one end of the ferrous, helically-wound, clutch spring 20 is
      positioned so that the spring 20 is rotated by the sleeve 58. The turns of
      the spring 20 have a square cross section, and the turns are wound closely
      to one another.
PAR  Some of the turns of the spring 20 (FIG. 1) envelop a floating magnetic
      ring 70 (to be later defined herein) which is fixed to the output member
      means 16 to rotate therewith in the following manner. The extension 56 of
      the output member 54 has a reduced diameter portion thereon to receive a
      ring 72 which is made of a nonferrous material like brass or a thin layer
      of ferrous material, and the ring 72 is keyed or conventionally fixed to
      the extension 56 to rotate therewith. The floating magnetic ring 70 is
      made of a thin layer of nickel, which for best results, should be at least
      .001 inch thick. The magnetic ring 70 is fixed to the ring 72 by
      conventional techniques, as for example, by plating the layer of nickel on
      the ring 72. In the embodiment shown, the outer diameter of the magnetic
      ring 70 is the same as the exposed outer diameter of the tubular extension
      56 so that the turns of the spring 20 may envelop the magnetic ring 70
      without encountering any projecting surface between the ring 70 and the
      extension 56. By way of illustration, the outer diameter of the magnetic
      ring 70 is .575 inch and the inner diameter of the spring 20, when in a
      relaxed state, is 0.580 inch so that the turns of the spring 20 closely
      envelop the magnetic ring 70 without placing a drag thereon when the
      spring 20 is in the relaxed state. It should also be noted that the spring
      20 has a length (as measured in an axial direction) which extends from the
      secured end in sleeve 58 to a point which lies within the plane of the
      washer 50, and the free end of the spring 20 lies within the hole 74 of
      the washer 50. The magnetic ring 70 has a length (as measured in an axial
      direction) which extends from the sleeve 58 to a point which lies in the
      plane of the washer 50 but which point is located slightly beyond the free
      end of the spring 20.
PAR  The clutch 10 (FIGS. 1 and 2) operates in the following manner. When the
      motor 28 is energized, its output pulley 30 will rotate the driving member
      means 14 at a constant velocity via pulley 26. Because the clutch spring
      20 is fixed to rotate with the tubular shaft 24, the spring 20 will also
      rotate when the driving shaft 22 and the tubular shaft 24 rotate. In the
      embodiment shown, the shaft 22 rotates at 400 RPM. When the coil 46 is not
      energized, the output member means 16 will remain stationary while the
      driving member means 14 rotates because, at this time, the spring 20
      loosely surrounds the magnetic ring 70. When the clutch 10 is to be
      actuated, the leads 76 of the coil 46 are connected to a source of DC
      potential, producing a magnetic flux which causes the spring 20 to wrap
      tightly around the magnetic ring 70 to couple the output member 54 to the
      driving member means 14 to rotate therewith. The spring 20 is of that
      variety which is commonly referred to as the wrap-down type in that it is
      wound in a direction such that a drag on the free end of the spring 20
      causes it to wrap tightly around the magnetic ring 70. In the embodiment
      shown, the free end of the spring 20 drags on the inside diameter of the
      washer 50 to produce the frictional drag thereon. When the coil 46 is
      deenergized, the spring 20 relaxes to uncouple the clutch 10.
PAR  The construction described enables the clutch 10 to have an improved
      magnetic flux pattern and enables the clutch to be produced at low cost
      compared to prior art clutches. When the coil 46 is energized, a flux
      pattern, as shown by the closed line 78 in FIG. 1 is generated. The flux
      pattern 78 passes through the housing 40, the clutch spring 20, the
      floating magnetic ring 70, and the washer 50. The term floating magnetic
      ring, as defined herein, means that the elements surrounding the magnetic
      ring 70 are made of nonferrous materials so as to concentrate the magnetic
      flux in the magnetic ring 70 and the spring 20. This flux pattern 78
      causes the spring 20 to grip the magnetic ring 70 over the entire axial
      length of the ring 70 causing a faster response time for clutch 10 when
      compared to prior art clutches. When the coil 46 is energized, the free
      end of the spring 20 which lies in the hole 74 (which hole acts as a
      magnetic gap) is attracted to the washer 50 to retard the free end of the
      spring 20 and thereby initiate the winding down of the spring 20 on the
      magnetic ring 70 to provide the coupling between the driving member means
      14 and the output member means 16. When the coil 46 is deenergized, the
      spring 20 relaxes to disconnect the output member means 16 from the
      driving member means 14 which continues to rotate while the motor 28 is
      energized. The output member 54 may have a helical thread 80 (FIG. 1) or
      cams (not shown) to transfer the motion of the clutch 10 to a utilization
      device (not shown) with which the clutch 10 may be used.
PAR  FIGS. 3 and 4 show another embodiment of the output member means 82 which
      may be used in the clutch 10. The output member 82 is made of a plastic
      material as previously described, and is substantially identical to output
      member 54 except that it has a nonferrous bearing 84 for rotatably
      mounting the tubular shaft 24 therein. The bearing 84 is fixed to rotate
      with the output member 82 by any conventional technique such as cementing.
      The output member 82 has a thickened area 86 near the end thereof which
      abuts against the sleeve 58 (FIG. 1), and the floating magnetic ring 70 is
      fixed thereto as by plating as previously described. A projecting annular
      rim 60 is also located on the output member 82 for the same purpose for
      which annular rim 60 on output member 54 was used. A cam 88 on the output
      member 82 illustrates an alternative structure by which the output member
      82 of the clutch 10 may be connected to a utilization device like a paper
      feed mechanism on a printer. The output member 82 also has thereon a twin
      lobed cam 90 which may be used in conjunction with a follower arm to be
      described in conjunction with the embodiment of the output member 92 shown
      in FIGS. 5 and 6.
PAR  The output member 92 (FIGS. 5 and 6) is generally similar to the output
      member 54 shown in FIG. 1 and has the same annular rim 60 and threads 80
      as does output member 54. When mounted in the clutch 10, the tubular shaft
      24 thereof is rotatably mounted in the mounting hole 94 of the output
      member 92 which is made of plastic material as previously described. The
      end 96 of the output member 92 has opposed keys 98 formed thereon to fit
      into complementary recesses in a magnetic ring 100 which performs the same
      function as the magnetic ring 70 in FIG. 1. Nickel is a good material for
      the magnetic rings 70 and 100 in that it has a high coefficient of
      friction when it is in a magnetized state and a lower coefficient of
      friction when it is in a demagnetized state. Accordingly, the use of
      nickel in rings 70 and 100 and the improved flux pattern described
      facilitate a rapid and consistent response by the clutch 10 in coupling
      and uncoupling the driving member means 14 and output members 54, 82 and
      92. As an illustration, clutch 10, in one embodiment thereof, takes about
      11 milliseconds, .+-. 1 millisecond, to be actuated, whereas at least one
      of the prior art clutches referred too takes about 18 milliseconds, .+-. 6
      milliseconds, to be actuated or to become coupled.
PAR  In some situations, it may be desireable to add a monitoring switch means
      to the clutch 10 to shut off the enerigizing current to the coil 46 when
      accurate positioning by the clutch 10 is desired. This may be accomplished
      by a normally-open, monitoring switch 102, shown in FIG. 5. The switch 102
      is actuated by a follower arm 104 which is resiliently biased into
      engagement with the periphery of a twin lobed cam 90 by a spring 106 which
      abuts against a support member 108 of the frame means 12. When the
      follower arm 104 is on one of the low points of the cam 90 as shown in
      FIG. 5, the switch 102 is open.
PAR  The switch 102 may be part of any conventional energizing circuit; however,
      for ease of illustration, a simple, relay-type circuit is shown in FIG. 7.
      In FIG. 7, there is shown a relay 110 whose coil 112 is connected to a
      source of DC potential by a start switch 114. The switch 114 may be a
      conventional manual, push-button type switch which remains closed when
      actuated for about 30 to 40 milliseconds for the example shown, or it may
      be controlled by a central processing unit (CPU) (not shown) which is part
      of a machine in which the clutch 10 is used. As soon as switch 114 is
      closed, the normally-open contacts 116 and 118 of the relay 110 will
      close. The closing of contacts 118 will connect the coil 46 to a source of
      D.C. potential to thereby energize the coil 46 of the clutch 10, causing
      the output member 92 (FIG. 5) thereof to rotate in the direction of arrow
      120. In the embodiment of the clutch 10 described, it was stated that the
      clutch 10 has an actuation time of about 11 milliseconds and therefore, a
      time delay or time constant of 30 to 40 milliseconds associated with
      switch 114 would provide ample time for the follower arm 104 to rise on
      one of the lobes of the cam 90 to enable it to close switch 102 (FIGS. 5
      and 7) associated therewith. The closing of switch 102 in conjunction with
      the now-closed contacts 116 of relay 110 provide a holding circuit 122 for
      relay 110 enabling coil 46 to remain energized as the output member 92
      rotates in the direction of arrow 120 and switch 114 opens. Later, after
      approximately 153 to 175 degrees of rotation of the output member 92, the
      follower arm 104 contacts a point 124 on cam 90 causing switch 102 to
      open. Upon the opening of switch 102, the holding circuit 122 associated
      with relay 110 will open, and the relay 110 will be deenergized causing
      its contacts 116 and 118 to open, thereby deenergizing coil 46 of the
      clutch 10 to uncouple the output member 92 from the constantly rotating
      driving member means 14. Point 124 is located on cam 90 so as to enable
      the switch 102 to open at an angle of rotation of the output member 92
      which angle represents a position where the load on the clutch 10 is
      approaching its minimum to thereby facilitate the uncoupling of the clutch
      10 and the accurate positioning of the output members 92, 82 and 54
      thereof. In this regard, as the load on the clutch is approaching a
      minimum, the spring 106 on the follower arm 104 which pushes the roller
      126 into engagement with the cam 90 causes the output member 92 to be
      speeded up slightly in the direction of arrow 120 when the roller 126
      approaches the area of point 124, thereby causing the clutch spring 20 to
      relax somewhat from its "wrapped down" or driving condition to facilitate
      the uncoupling of clutch spring 20 from the output member 92. Naturally,
      the specific times, angles of rotation of cam 90, and design of cam 90 are
      merely illustrative of one emembodiment of the clutch 10 of this
      invention, and these factors may be altered by conventional design
      techniques to adapt the clutch 10 to a particular application or use.
      Several clutches similar to clutch 10 may be operated from one driving
      shaft 22 by simply passing the shaft 22 through the tubular shafts 24 of
      the additional clutches 10 which may be positioned in side by side
      relationship.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic spring clutch having a driving member means; a coil means,
      an output member means, and a helical clutch spring having one end fixed
      to said driving member means to rotate therewith; the improvement
      comprising:
PA1  a floating magnetic ring fixed to said output member means with said
      magnetic ring being at least partially surrounded by said clutch spring;
PA1  said coil means when energized having a magnetic flux path which passes
      through said clutch spring and said magnetic ring so as to cause said
      clutch spring to tighten on said magnetic ring to provide a driving
      connection between said driving member means and said output member means.
NUM  2.
PAR  2. The clutch as claimed in claim 1 in which said driving member means and
      said output member means are made of nonmagnetic material.
NUM  3.
PAR  3. The clutch as claimed in claim 2 in which said magnetic ring is made of
      a magnetic material which is very thin in thickness in relation to its
      outer diameter.
NUM  4.
PAR  4. The clutch as claimed in claim 3 in which said magnetic ring has a high
      coefficient of friction when in the magnetized state and a lower
      coefficient of friction when in the non-magnetized state.
NUM  5.
PAR  5. The clutch as claimed in claim 3 in which said output member means is
      made of a plastic material like acetal resin and said magnetic ring has a
      thickness of at least 0.001 inch and is made of a material like nickel.
NUM  6.
PAR  6. The clutch as claimed in claim 1 in which said driving member means and
      said output member means are axially aligned with each other for rotation
      on a common axis of rotation:
PA1  said clutch spring and said floating magnetic ring each having an axis of
      rotation which is coincident with said common axis;
PA1  said coil means including an annular coil whose longitudinal axis is
      coincident with said common axis;
PA1  said magnetic flux path of the coil means having a magnetic gap therein;
PA1  said clutch spring having a free end which is positioned in said magnetic
      gap; and
PA1  said magnetic ring having a length as measured in an axial direction so as
      to enable an end thereof to extend into said magnetic gap.
NUM  7.
PAR  7. The clutch as claimed in claim 1 in which said output member means has
      switch monitoring means connected thereto so as to deenergize said coil
      means at a predetermined point in the rotation of said output member
      means.
NUM  8.
PAR  8. A magnetic spring clutch comprising:
PA1  a frame means;
PA1  a nonmagnetic driving member rotatably supported in said frame means on an
      axis of rotation and means for rotating said driving member;
PA1  a nonmagnetic output member means rotatably supported on a portion of said
      driving member for rotation on said axis and having a magnetic ring fixed
      thereto for concentric rotation relative to said driving member;
PA1  a helical clutch spring at least partially encircling said magnetic ring
      and having one end fixed to said driving member, and also having a free
      end;
PA1  a coil means fixed to said frame means in concentric relationship with said
      helical clutch spring, and said coil means when energized having a
      magnetic flux path which passes through said magnetic ring and said clutch
      spring so as to attract said free end towards said coil means so as to
      cause said clutch spring to tighten on said magnetic ring to provide a
      driving connection between said driving member and said output member
      means.
NUM  9.
PAR  9. The clutch as claimed in claim 8 in which said output member means is
      completely made of a plastic material like acetal resin and said magnetic
      ring is fixed thereto for rotation therewith.
NUM  10.
PAR  10. The clutch as claimed in claim 8 in which said output member means has
      a nonferrous bearing fixed thereto to rotate therewith, and with said
      bearing being rotatably mounted on said portion of said driving member;
      said magnetic ring being fixed to a portion of said bearing to rotate
      therewith.
NUM  11.
PAR  11. The clutch as claimed in claim 10 in which said magnetic ring includes
      ferrous material.
NUM  12.
PAR  12. The clutch as claimed in claim 8 in which said magnetic ring is made of
      nickel.
NUM  13.
PAR  13. The clutch as claimed in claim 8 in which said output member means has
      switch monitoring means connected thereto so as to deenergize said coil
      means at a predetermined point in the rotation of said output member
      means.
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ABST
PAL  An ice-discharge chute of an ice-dispensing system of a
      refrigerator-freezer has first and second spaced-apart doors, each formed
      of a plurality of deflectable overlapping elements. The elements of each
      door are movable between a first position at which the elements seal the
      chute for preventing the passage of air therethrough and a second position
      at which the elements are deflected downwardly in response to contact by
      an ice piece for passage of the ice piece through the door and the chute.
      Heating elements are associated with the overlapping portions of at least
      a portion of the deflectable elements for preventing freezing of one
      element to another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to ice-dispensing means for
      refrigerators-freezers. Freezer compartments of refrigerators are known
      which contain ice-making units capable of producing and storing pieces of
      ice in predetermined amounts. Ice dispensers are now being provided which
      include through-the-door ice-delivery passageways so that cubes and
      crushed ice can be obtained without opening the freezer or refrigrator. An
      example of this type of dispenser is described in U.S. Pat. No.
      3,537,273-Alvarez. "Cubes", of course, is the general term now employed
      for pieces of ice other than crushed, whether they are hexahedral,
      cylindrical, crescentshaped, or in the form of irregular chunks. The term
      refers more to the size of the ice piece, four to six cubes generally
      filling an ordinary drinking glass.
PAR  A desirable ice dispenser of the type having a passageway through the
      refrigerator-freezer door is illustrated in U.S. Pat. No.
      3,718,237-Gittelson et al. This dispenser includes a slanting
      ice-conveying passageway extending from an ice maker storage receptacle,
      diagonally downwardly through the refrigerator-freezer door to an outlet
      which opens into a recessed service area in the refrigerator door itself.
      Since the recessed service area is on the outside of the door, ice is
      available without the door being opened. As the ice-conveying passageway
      must be kept closed except during use, to prevent warm air from entering
      the freezing compartment, a normally closed, closure member is adapted to
      close the outlet.
PAR  Satisfactory operation of dispensers of this type depends to a great extent
      on the proper operation of the closure member. It was essential that the
      temperature of the chute normally be below freezing temperatures.
      Otherwise, discharged cubed and crushed ice melted, stuck to the chute and
      froze within the chute when the closure member was closed. In order to aid
      in preventing the chute from being excessively warm during use, the
      opening of the closure member was synchronized with the operation of the
      ice ejector. This was by pivotal operation of the closure member.
PAR  The closure members of the heretofore utilized ice-dispensing apparatus
      solved many of the problems which have been described. Nevertheless, they
      are subject to improvement. These heretofore utilized closure members or
      doors had a relatively large number of moving parts and were sometimes
      subject to being displaced from alignment.
PAR  It is therefore desirable to provide a closure which is of simple
      construction and has improved performance.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an ice-dispensing system of a
      refrigerator-freezer has an ice-discharge chute passing through a wall of
      the refrigerator-freezer. First and second doors, or closure members, are
      positioned within the chute at locations spaced one from the other along
      the length of the chute. Each of the doors comprises a plurality of
      deflectable elements. The deflectable elements are each attached at one
      edge about the inner walls of the chute and extend toward the chute axis
      in overlapping relationship. The elements of each door are movable between
      a first position at which the elements seal the chute and a second
      position at which the elements are deflected downwardly in response to
      contact by an ice piece for passage of the ice piece through the door and
      the chute. Heating elements are associated with the overlapping portions
      of at least a portion of the deflectable elements for preventing freezing
      of one element to another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic, longitudinal, sectional view of the ice-discharge
      chute and the apparatus of this invention;
PAR  FIG. 2 is a diagrammatic view of the ice-discharge chute taken along lines
      II--II of FIG. 1; and
PAR  FIG. 3 is a diagrammatic view of one of the deflectable elements having a
      heating element.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the embodiment of FIGS. 1 and 2, an ice-dispensing system of a
      refrigerator-freezer 10 has an ice-discharge chute 12 passing through a
      wall 14 of the refrigerator-freezer 10. The chute 12 has an inlet 16
      positioned adjacent an ice-delivery apparatus 18 for recovering ice pieces
      20 therefrom. The chute extends through the wall 14 in a downward
      direction for gravitational movement of the ice pieces 20 through the
      chute 12.
PAR  First and second doors 22, 24 or closure means are positioned within the
      chute 12 at locations spaced one from the other along the length of the
      chute 12. The spaced-apart distance of the doors is dependent upon the
      size of the ice pieces expected to be discharged through the chute 12. In
      order to reduce the amount of cold air passing through the chute from the
      refrigerator-freezer and/or warm air passing through the chute 12 and into
      the refrigerator-freezer, it is preferred that the doors be spaced one
      from the other a distance of at least 5.8 centimeters. At spacing less
      than 5.8 centimeters, an ice piece of a size generally associated with
      this apparatus would be sufficiently large to simultaneously maintain both
      doors 22, 24 in an open position. For reducing air flow through the chute
      12, as set forth above, it is desirable that the spacing between the doors
      22, 24 be sufficient to permit the first door 22 to at least be free from
      contact with the ice piece 20 at the moment of contact of the ice piece 20
      with the second door 24.
PAR  Each of the doors 22, 24 are formed of a plurality of deflectable,
      resilient elements 26, 28, 30, 32. An example material which has been
      found to be useful in the construction of the doors 22, 24 is rubber.
PAR  The deflectable elements 26, 28, 30, 32 are each attached at one edge about
      the inner walls 34 of the chute 12 and extend toward the chute axis in
      overlapping relationship relative to adjacent elements. The elements 26,
      28, 30, 32 can be secured to the inner walls by insertion of the edge into
      a groove formed on the chute inner wall 34. An example overlap of the
      elements that has been found effective in sealing the chute 12 is an
      overlap of about .15 centimeters.
PAR  It has also been found desirable to form a chute 12 having a columnar
      configuration and providing each door 22, 24 with at least four of the
      deflectable elements.
PAR  The elements 26, 28, 30, 32 are movable between a first position at which
      the elements 26, 28, 30, 32 seal the chute 12 (see door 24 of FIG. 2) and
      a second position (see door 22 of FIG. 1) at which the elements are
      deflected generally downwardly in response to contact by an ice piece 20
      for passage of the ice piece 20 through the door and the chute 12.
PAR  In the embodiment of FIG. 3, a heating element 36 is associated within the
      overlapping portion 33 of the deflectable element for preventing freezing
      of one inlet to another. It is preferred that the heating element 36 be
      associated with each overlap portion 33 of the deflectable elements. These
      heating elements 36 can be an electrical resistance wire, as is known in
      the art, and be embedded in or attached to an outer surface of the
      deflectable elements along the overlap edge portion 33 thereof. The
      heating elements are preferably intermittently energized in response to
      the discharge of ice pieces through the chute 12.
PAR  In the operation of this invention, as an ice piece 20 is discharged from
      the ice-delivery apparatus 18, it passes into the inlet 16 of the chute 12
      and falls by gravity into contact with the first door 22. The weight of
      the ice piece 20 causes the deflectable elements 26, 28, 30, 32 of the
      first door 22 to move from the closed first position to the open second
      position for passage of the ice piece 20 through the first door 22. The
      resilience of the elements 26, 28, 30, 32 thereafter causes the
      deflectable elements 26, 28, 30, 32 to return to their first, closed
      position. The ice piece 20 then passes through the middle portion of the
      chute 12, contacts the second door 24 which similarly functions and
      permits the ice piece to pass through the chute 12. The heating elements
      36 sufficiently heat the overlapping portions 33 of the elements 26, 28,
      30, 32 to prevent the freezing and sticking of the elements one to the
      other.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion, and it should
      be understood that this invention is not to be unduly limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an ice-dispensing system of a refrigerator-freezer having an
      ice-discharge chute passing through a wall of the refrigerator-freezer,
      the improvement comprising:
PA1  first and second doors positioned within the chute at locations spaced one
      from the other along the length of the chute, each of said doors
      comprising a plurality of deflectable elements each attached at one edge
      about the inner walls of the chute and extending toward the chute axis in
      overlapping relationship, said elements being movable between a first
      position at which the elements seal the chute and a second position at
      which the elements are deflected in response to contact by an ice piece
      for passage of the ice piece through the door and the chute; and
PA1  heating elements associated with the overlapping portions of at least a
      portion of the deflectable elements for preventing freezing of one element
      to another.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, wherein each door comprises at least
      four deflectable elements.
NUM  3.
PAR  3. Apparatus, as set forth in claim 1, wherein the heating element is a
      resistance wire extending along the overlapped portion of the deflectable
      element.
NUM  4.
PAR  4. Apparatus, as set forth in claim 1, wherein the doors are spaced one
      from the other a distance along the chute axis of about 5.8 centimeters.
NUM  5.
PAR  5. Apparatus, as set forth in claim 1, wherein the deflecting elements are
      formed of rubber.
NUM  6.
PAR  6. Apparatus, as set forth in claim 1, wherein the chute is of columnar
      configuration.
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ABST
PAL  Disclosed is a coin and currency changer utilizing a coin chute having two
      continuously intersecting arms wherein coins may be alternately stored. A
      plunger assembly is positioned at the bottom of the chute along the line
      of intersection of the two arms and is operative to dispense one coin at a
      time therefrom. The coin in the chute immediately above the dispensed coin
      is retained within the chute by a pinching action between the plunger
      assembly and the structure of the chute. A sensor is positioned in
      operative relation with the plunger assembly and senses the actual
      dispersal of the coins from the chute. Control circuitry counts the number
      of coins dispensed and is operative to inhibit functioning of the system
      if more than the desired number of coins is actually dispensed. There is
      further provided means for maintaining a proper number of coins within the
      chute by transferring the coins from a bulk hopper to the chute. Further,
      the combination of change dispensable by the changer is pre-programmable
      by a serviceman or alternately could be customer selected or controlled by
      data computed according to the requirements of any transaction which
      requires a flexible amount of change.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore various types of coin and currency changers have been known and
      utilized. However, most known changers have certain drawbacks with regards
      to the jamming of coin chutes, the necessity of stacking the coins in a
      magazine, non-positive payouts, jackpotting, and the inflexibility of the
      system to adapt to payouts of varying combinations of change for any given
      currency or coin.
PAR  Consequently, it is an object of the instant invention to present a changer
      utilizing an angled edge stacking coin chute which eliminates the inherent
      problem of jamming due to coin deformation or the insertion of an improper
      denomination of coins into a given chute.
PAR  Yet another object of the invention is to present a changer which utilizes
      a bulk hopper wherein coins may be loaded without stacking and from which
      coins may be uniquely transported for depositing into the angled edge
      stacking chute.
PAR  Still another object of the invention is to present a changer which
      utilizes a positive payout technique wherein accounting is made of the
      number of coins actually dispensed rather than the number of times which a
      coin dispensing mechanism has functioned.
PAR  Still another object of the invention is to present a changer utilizing an
      overpayment detector circuit which immediately terminates the dispensing
      cycle and inhibits further operation of the changer when a first coin,
      constituting an overpayment, is dispensed.
PAR  A further object is to provide an instantaneously data controlled change
      system for providing variable change combinations or amounts.
PAR  Yet a further object of the invention is to present a changer which is
      field programmable by a serviceman to preselect the particular combination
      of coins to be dispensed for any particular change-making operation so as
      to optimize the utility of the changer.
PAR  These objects and other objects which will become apparent as the detailed
      descripton proceeds are achieved by a positive payout coin and currency
      changer operative to dispense change from money of any of numerous
      denominations, comprising: first circuit means for determining the
      validity of the money for which change is desired and producing a signal
      indicative of the validity and denomination thereof; coin chutes, one for
      each denomination of coins to be dispensed, operative to receive coins
      from associated hoppers and maintain said coins therein, and second
      circuit means interconnecting said first circuit means and said chutes for
      receiving and responding to said signal to effectuate the release of
      respective predetermined numbers of coins from each chute and operative to
      sense the escapment of each coin from each chute.
DRWD
PAR  For a complete understanding of the structure and techniques of the
      invention reference should be had to the following detailed description
      and accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the angled-edge stacking chute utilized
      with the preferred embodiment of the invention;
PAR  FIG. 2 is a showing of a solenoid-actuated plunger of the invention in
      cooperation with the chute as shown by taking a section along the line
      2--2 of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of the control circuitry of the invention.
DETD
PAR  Referring now to the drawings and more particularly FIG. 1, it can be seen
      that the money changer of the instant invention preferably utilizes an
      angled-edge stacking coin chute designated generally by the numeral 10.
      Such a coin chute is detailedly described in co-pending patent application
      Ser. No. 336,083, filed Feb. 26, 1973, and now U.S. Pat. No. 3,844,298.
      The coin chute 10 receives coins from a bulk hopper (not shown) similar in
      nature to the bulk hopper described in co-pending patent application Ser.
      No. 413,429 filed Nov. 7, 1973. Suffice it to say, that the bulk hopper
      utilizes a belt having coin receiving cleats thereon to transport coins
      from a mass reservoir upward and into the neck 12 of the angled-edge
      stacking coin chute 10. While reference should be had to the
      above-identified patent application for a complete understanding of the
      chute 10, a brief description thereof will here be given so as to
      facilitate an understanding of the instant invention.
PAR  The coins from the bulk hopper are deposited into the neck 12 in a singular
      time-spaced manner such that the coins fall one at a time upon the flipper
      18 positioned therein. The flipper 18 is pivotal about a pin 20 such that
      the coins falling in the neck 12 and upon the flipper 18 are caused to hit
      an exposed leg 22 causing the flipper 18 to pivot about the pin 20 and
      thus directing a coin into an appropriate channel 14, 16. As can be seen,
      the depositing of the coin into the appropriate channel leaves the flipper
      18 in a position so as to direct the next coin into the opposite channel.
      A slot 24 is presented in the structure of the neck 12 and makes stopping
      engagement with a pin 26 perpendicularly protruding from the structure of
      the flipper 18. An anti-bounce spring 28 is interconnected between the top
      of the flipper 18 and a portion of the structure of the neck 12 at a point
      below the pivotal pin 20 to prevent bouncing of the flipper 18 after the
      passing of a coin to guarantee that the flipper will be properly
      positioned for the passage of the next coin.
PAR  The coins, alternately passed into the channels 14, 16, are directed into
      the coin chute 30 comprising coextensively intersecting arms 32, 34. As
      can be seen, the channel 14 directs coins into the arm 32 while the
      channel 16 directs coins into the arm 34. Thus the coins will be stored
      within the chute 30 alternately between the arms 32 and 34 with each coin
      supporting a subsequently received coin upon the edge thereof with the two
      coins having non-aligned edges. As is mentioned in the above referenced
      patent application, such a coin chute 30 guarantees that no jamming of the
      chute will occur since no two coins within the chute will have their edges
      aligned and since the arms 32, 34 of the chute may be of sufficient width
      to allow for the passage and reception of over-sized or bent coins.
PAR  As is best seen in FIG. 2, the chute 30 further includes a light source 38
      and an associated photodetector 40, the significance of which will become
      apparent hereinafter. The light sensing means 38, 40 is positioned along
      the line of intersection between the arms 32, 34 of the chute 30. Also
      positioned along this line of intersection is a plunger assembly
      comprising a support plunger or pawl 44 and a pinching plunger or pawl 46.
      As can be seen, these pawls respectively enter into the confines of the
      chute 30 at the point of intersection of the arms 32 and 34 through the
      holes 54 and 52, respectively. The pawls 44 and 46 are interconnected by
      means of a connecting rod 48 which is pivotal about a pivotal pin 50. A
      solenoid 42 is operative to control the actuation of the pawls 44 and 46
      so that the pawls enter and leave the confines of the chute 30 through the
      holes 52, 54 in a mutually exclusive manner. As can be seen from the
      particular embodiment shown, the pawls 44, 46 enter into the chute 30 in
      such a manner as to come into close proximity with the edge 56 of the arm
      32 and thus substantially restrict the common passage of the two arms.
PAR  A unique provision of the instant invention is that the connecting rod 48
      is substantially one and one half times the diameter of the coin to be
      associated with the particular chute 30. As can be readily appreciated
      from an understanding of FIG. 2, with the pawls 44 and 46 positioned as
      shown in the figure, coins received within the chute 30 will be restrained
      from dispensing from the chute by the support plunger or pawl 44. Upon
      appropriate actuation of the solenoid 42, the pawl 44 is withdrawn and a
      pawl 46 is forced into the chute 30. The coin which was resting
      immediately upon the pawl 44 is then dispensed from the chute 30 and,
      simultaneously with the dispensing, the pawl 46 makes contact with the
      coin immediately opposite the hole 52 and forces the same against the edge
      56 thus retaining that coin and all other coins retained in the chute
      thereabove. As will be further discussed hereinafter, the photodetector 40
      will sense the absence of the coin which has been dispensed since light
      is, subsequent to the dispensing of the coin, passed from the light source
      38 to the detector 40. The solenoid 42 is then deactuated and the pawl 44
      returns into the chute 30 through the hole 54 while the pawl 46 is removed
      therefrom. The coin which was pinched against the edge 56 by means of the
      pawl 46 is then free to drop upon the pawl 44 so as to initialize the
      chute 30 for another coin dispersal. It should be readily apparent that,
      with the pawls 44, 46 entering the holes 54, 52 obliquely to the arms 32,
      34, there is required but a single solenoid actuated plunger assembly to
      achieve the dispensing of coins from both of the arms of the chute.
PAR  As is also shown in FIG. 1, and as will be elaborated on hereinafter, there
      is also provided a light source 36 and an accompanying photodetector (not
      shown) similar to the assembly 38, 40. The assembly utilizing the light
      source 36 is positioned at a point within the chute 30 such that the
      presence of a particular number of coins above the support plunger or pawl
      44 will block the transmission of light between the source and detector.
      This detector as will become apparent, guarantees that there is a
      sufficient number of coins within the chute to achieve a desired
      dispersal. While the light source 36 may be positioned so as to detect the
      presence of any particular number of coins, it is preferred that the
      source 36 and accompanying detector be positioned so as to detect the
      presence or absence of the maximum payment coin within the chute 30.
PAR  As can further be seen from FIG. 2, the light source and detector 38, 40
      are positioned at a point closely adjacent the support plunger 44 so as to
      not be interfered with by means of the coin being pinched against the edge
      56 by the plunger 46.
PAC  CIRCUIT DESCRIPTION
PAR  In FIG. 3 there is presented a preferred embodiment of the control
      circuitry necessary for achieving the objects of the invention. It is to
      be understood of course and it will be apparent to those skilled in the
      art that any of numerous circuit configurations might be implemented to
      perform the desired functions. It should further be noted that the
      circuitry of FIG. 3 is but one circuit of a plurality of identical
      circuits which would be used in a money changer. There would be a circuit
      similar to that shown utilized for each value of coin which the system
      would be capable of dispensing in making change. In a dollar bill changer,
      for instance, there would be three circuits identical to those shown in
      FIG. 3, one for nickels, one for dimes, and one for quarters. There would
      similarly be provided three bulk hoppers such as those described
      hereinabove by reference to the copending patent application. Associated
      with each of the bulk hoppers would be a coin chute assembly again similar
      to that described above. For purposes of brevity, only one such circuit
      will be herein described and it will be understood that one skilled in the
      art can appropriately interconnect several such circuits, hoppers, and
      coin chutes to achieve the specific desired structure.
PAR  Referring now to FIG. 3, it can be seen that the circuitry of the invention
      utilizes a multiplexer 60 having three sets of binary coded decimal (BCD)
      inputs connected thereto. There is one set of such inputs for the
      appropriate dispensing of change for a dollar, a half dollar, and a
      quarter. The three sets of BCD inputs are connected to a series of thumb
      wheel switches or other appropriate programming means (not shown) whereby
      the particular values S1, S2 and S4 for each of the three sets of inputs
      might be appropriately chosen. This programming allows the one who
      maintains the system to preprogram the particular combination of change
      which will be dispensed by the structure of the invention. Thus the
      maintenance man may pre-program, for the purposes of the establishment
      within which the system is placed, that particular combination of change
      which will be dispensed for each of the various denominations of money
      which may be changed. Of course, it should be apparent to those skilled in
      the art that the combinations of change need not be preprogrammed but
      could indeed be selected by the customer or, in a vending machine
      application, be dependent on the particular item selected for purchase.
PAR  The particular set of BCD inputs which will be evidenced at the output of
      the multiplexer 60 is determined by the presence of any one of three vend
      signals (VS) as shown and as is well known in the art. A vend signal is
      created when the associated currency validity tester of the invention
      determines that the money for which change has been sought is indeed
      valid. Such validity detectors are well known in the art and it should be
      understood that any of numerous such detectors would be appropriate for
      achieving the objects of the invention. Evidence of the presence of a vend
      signal is also passed as an output from the multiplexer 60 and applied to
      an input of the AND gate 62. The BCD outputs of the multiplexer are
      respectively applied to the AND gates 64, 66 and 68 which in turn feed the
      down counter 70. The output of the down counter 70 feeds a zero state
      detector 76 which fundamentally comprises decode circuitry determining
      when the down counter 70 has reached a count of 000. As will be discussed
      hereinafter, a count of 000 is achieved by the down counter 70 either on
      initial reset of the system or after the proper payment of coins with
      which the circuitry is associated. At that time, the true output of the
      circuit 76 is at a logic one state and enables the AND gate 86.
PAR  The other input of the AND gate 86, as will also be discussed hereinafter,
      is an indication of the presence of a particular number of coins within
      the coin chute 30 as indicated by the upper light source and photo
      detector 36. When the zero state detector 76 is set and when the proper
      number of coins are positioned within the coin chute 30, the output of the
      AND gate 86 is at a high level thus enabling AND gates 64 - 68 to present
      the output of the multiplexer 60 at the input of the down counter 70. The
      output of the AND gate 86 is also applied to the AND gate 62 which
      combines with the presence of the vend signal to actuate the positive edge
      detector 72 which presents a pulse upon the rising edge of the output of
      the AND gate 62 to preset the down counter 70 at the binary value
      indicated by the outputs of the AND gates 64 - 68. Quite obviously, if a
      binary state other than zero is set into the down counter 70, the zero
      state detector 76 will reset indicating that the down counter 70 is not at
      a zero value.
PAR  With the zero state detector 76 reset, the AND gate 74 is enabled to
      receive signals from the bottom detector comprising the light source and
      photo detector 38, 40 described hereinabove. With a coin resting on the
      support plunger or lower pawl 44, the light between the source 38 and
      detector 40 is inhibited and a low level is presented to an input of the
      AND gate 74 and the NOR gate 94. It should be appreciated than that both
      of the inputs to the NOR gate 94 are at a low level and hence the output
      of that gate and the subsequent output of the driver 100 are at a high
      level and the solenoid 42 is actuated so as to dispense the coin resting
      upon the support plunger 44 and pinch the coin immediately thereabove by
      means of the pinching plunger 46 in the manner described above. The coin
      lowermost in the chute therefore passes from the chute and is dispensed as
      a portion of the change to be made.
PAR  With the bottom coin dispensed, light passes from the source 38 to the
      detector 40 thus presenting a logic 1 level at the input of the enabled
      AND gate 74 thus clocking the down counter 70 once and causing the same to
      count down 1 count. Simultaneously, a one level is passed to the NOR gate
      94 which, through the driver 100, releases the solenoid 42 thus
      withdrawing the pinching plunger 46 and forcing the support plunger 44
      into the chute to allow the coins therein to again be prepared for a
      subsequent dispensing. When the coins fall upon the lower pawl 44, the
      photo detector circuitry 38, 40 again presents a zero level to an input of
      the NOR gate 94 again causing actuation of the solenoid and a subsequent
      dispensing of the coin. The absence of the coin is again detected by the
      circuitry 38, 40 and this condition is signalled to the down counter 70
      via the AND gate 74. This process continues until such time as the down
      counter 70 has been counted down to zero. At that time, the zero state
      detector 76 sets and the NOR gate 94 is consequently latched with its
      output at a logic zero thus disabling the actuation of the solenoid 42.
PAR  As can be seen, there is also provided a driver 98 directly connected to
      the output of the bottom detector 38, 40 and producing an output pulse
      upon the dispersal of each individual coin. It is preferred that the
      output of the driver 98 be connected to individual counters whereby the
      total number of coins dispensed by each of the various circuits of the
      system may be tallied so as to present a running total of all coins
      dispensed.
PAR  It should be here briefly noted that the structural positioning of the
      light source 38 and photo detector 40 with respect to the support plunger
      44 is important to guarantee the proper actuation of the solenoid 42 and
      to guarantee that but a single coin will be dispensed with each actuation
      thereof. For this purpose, the bottom detector 38, 40 is positioned
      directly above the positioning of the lower pawl 44 so as to guarantee
      that the light passed between the elements 38 and 40 will be blocked until
      such time as the coin has almost totally escaped from the chute 30. The
      mechanical delay characteristic of the solenoid and plunger assembly
      allows the coin to totally escape and to pass the remaining distance of
      the chute 30 after clearing the light path between the elements 38 and 40
      so as to guarantee that the coin has totally cleared the actuation path of
      the lower pawl 44 before the pawl makes its movement back into the
      confines of the chute 30.
PAR  A unique provision of the instant invention is the incorporation of an
      overpayment detector 96. As can be seen, one input of the detector 96 is
      the true output of the zero state detector 76 while the other output
      thereof is the signal created by the bottom detector 38, 40.
      Fundamentally, the overpayment detector 96 comprises a sequence detector
      which detects a change in state of the signal from the bottom detector 38,
      40 when the other input to the circuit 96 is at a logic one level
      indicating that the down counter 70 has counted down. In other words, the
      overpayment detector 96 is operative to detect the subsequent passing of a
      coin after the proper number of coins has been dispensed. This is commonly
      referred to in the art as a jackpotting effect and the circuit 96 is
      presented to detect the same. The overpayment detector 96 is normally in a
      reset condition such that the setting of the same produces a logic zero at
      the output which in turn produces a logic one at the output of the
      inverter 102 which forces a latching relay (not shown) to actuate.
      Normally closed contacts of the latching relay conduct the power from the
      power supplies of the system to the circuitry and operating mechanisms
      thereof. Consequently, the actuation of the latching relay disconnects the
      power supply from the circuitry thus inhibiting the entire mechanism of
      the system and presenting the same in an inoperative form. Thus it can be
      seen, that the system is rendered inoperative upon the detection of the
      first coin passing during jackpotting.
PAR  It should be apparent to those skilled in the art that any of numerous
      circuit configurations might be developed to satisfy the desired function
      of the overpayment detector 96. One particular embodiment is illustrated
      within the dotted block 96 to comprise the inverter 110, OR gate 112, NAND
      gates 114, 116 and AND gate 118. As is well known to those skilled in the
      art, the gates 114 and 116 are interconnected to form a latch or flip
      flop. It should be readily appreciated that when the changer is prepared
      to receive money the true output of the zero state detector 76 is at a
      logic 1 while the output of the bottom detector 38, 40 is a logic zero.
      Consequently, the latch 114, 116 is set at a logic 1 with the output of
      the AND gate 118, and consequently the zero state detector 96, being at a
      logic zero level. When a vend signal is received, as discussed above, the
      true output of the zero state detector 76 goes to a logic zero latching
      the output of the flip flop 114, 116 at a logic zero not withstanding the
      toggling of the output of the bottom detector 38, 40 as coins are
      dispensed. The output of the AND gate 118 is consequently held at a logic
      zero level. Directly after the proper payout is completed, the true output
      of the element 76 goes to a logic 1 as described above. At this instant in
      time the output of the bottom detector 38, 40 is at a logic 1 since the
      coin immediately positioned above the last coin dispensed is pinched
      between the upper pawl 46 and the chute structure. After this coin falls
      down onto the support plunger 44, the output of the detector 38, 40 goes
      to a logic zero causing the output of the flip flop 114, 116 to latch at a
      logic one. Now, if the coin resting upon the support plunger 44 is
      dispensed or "paid out" then the detector 38, 40 will supply a logic 1 to
      the associated input of the AND gate 118 thus causing the output of that
      gate to go to a logic 1 indicating that an overpayment has been made.
PAR  It should of course be apparent that the features necessary for achieving
      the objects of the overpayment detector 96 might also be supplied by means
      of comparator logic operative to receive BCD data relating to the number
      of coins to be dispensed and other BCD data relating to the number of
      coins actually dispensed and producing outputs indicating the correlations
      between the two.
PAR  As can be seen, there is a second input to the AND gate 92 which can
      similarly cause actuation of the latching relay. This input is from the OR
      gate 90 which itself has two inputs which will be discussed directly
      hereinafter.
PAR  There is provided with the control circuitry of the invention a 15 second
      one shot 78 and a 100 millisecond one shot 80. It should be apparent from
      an understanding of the bulk hopper as identified in the above-mentioned
      copending patent application, that there is provided a motor which, when
      caused to drive, drives a belt which conveys the coins from the bulk
      reservoir upward and into the neck and down the chute of the chute
      assembly 10. The one shot 78 is operative to control the timing for which
      the motor will run and more particularly to control the maximum amount of
      time which the motor will be allowed to run. Upon actuation of the one
      shot 78, the true output will go to a high state for a 15 second duration.
      Of course, it should be readily understood that the time duration of the
      one shot 78 is controlled in a normal manner by appropriate adjustment of
      an RC circuit connected to the timing control line. As can be seen, the
      one shot 78 may be actuated by any of three signals all of which are
      operative to begin anew a 15 second timing duration. The first of these
      signals is the output of the positive edge detector 72 which is indicative
      of the fact that a vend signal has been established and the zero state
      detector 76 is set and there are the appropriate number of coins contained
      within the chute. The one shot 78 is also initialized by means of the
      initial reset signal (IR) which is created in the normal manner when power
      is first turned on for the system. A third means for actuating the 15
      second time interval is the actuation of the top detector comprising the
      upper light source 36 and its associated photo detector. Any one of these
      three signals will initiate a 15 second time interval output from one shot
      78.
PAR  The one shot 80 is again adjustable by means of its associated timing
      control arm and is preferably set at a 100 millisecond time interval. This
      one shot is provided for time delay purposes only and is actuated each
      time that a signal is produced by the top detector. As can be seen, the
      signal produced by the top detector is also applied to an input of the OR
      gate 82. The other input of the OR gate 82 is the 100 millisecond output
      pulse from the one shot 80. It should be apparent that if no coin is
      blocking the light transmission of the top detector then the output of the
      OR gate 82 will be at a high level. In other words, the output of the OR
      gate 82 indicates the absence of a coin blocking the light transmission
      associated with the top detector. As coins drop down the chute 30 and
      intermittently pass through the light path of the top detector, false
      signals would be emitted indicating the presence of a coin at that level.
      To alleviate this problem, the one shot 80 provides, upon the immediate
      sensing of the leading edge of a coin, a 100 millisecond positive level
      pulse which is applied to the OR gate 82 to negate the effect of the zero
      level pulse created by the top detector during the passage of the coin.
PAR  The output of the OR gate 82 which indicates the absence of a particular
      number of coins within the chute 30 is applied to an input of the AND gate
      88. There is further applied to an input of the AND gate the output of the
      zero state detector 76. A further input to the AND gate 88 is the true
      output of the one shot 78 which will be at a logic one level for a 15
      second period time duration from the receipt of any one of the
      above-mentioned pulses. Thus it can be seen that the output of the AND
      gate 88 is at a high level when a particular number of coins is not
      present within the chute and when the output of the zero state detector 76
      indicates that the down counter 70 has counted down and when the output of
      the one shot 78 is at a high level. The output of the AND gate 88 is
      applied through the driver 104 to the motor associated with the bulk
      hopper which achieves the loading of the chute 30. Thus it should be
      apparent that the motor will not operate to further attempt the delivery
      of coins from the bulk reservoir to the chute if the desired number of
      coins is present in the chute or if the output of the down counter 70 is
      not at a zero level or if the 15 second timer is not actuated. It should
      be readily apparent then that the intereaction of the three circuit
      elements by means of their application to the AND gate 88 guarantees that
      the chute 30 will always maintain a sufficient number of coins to achieve
      a change making operation.
PAR  The output of the OR gate 82 passes through an inverter 84 and is then
      applied to an input of the OR gate 90. The output of the inverter 84 is
      indicative of the fact that there are indeed a particular number of coins
      within the coin chute 30. It should now be readily apparent that by means
      of the OR gate 90 the latching relay mentioned hereinabove is actuated to
      disconnect the power supply from the circuitry of the system if the
      predetermined number of coins is not present in the chute after the motor
      has been caused to operate for a 15 second time period. In other words, if
      the prescribed number of coins is not present in the chute and if the
      output of the one shot 78 is at a low level then a low level input will be
      incident to the AND gate 92 creating a logic one level at the output of
      the inverter 102 thus actuating the latching relay. Consequently, the
      system is operative to disable the entire system when it is discovered
      that there are either insufficient coins in the bulk hopper to load the
      chute or there has been a jamming or malfunction whereby the loading of
      the chute cannot be achieved.
PAR  There is further provided in combination with the circuitry of the
      invention a control loop for an inhibit relay which prevents the insertion
      of a subsequent piece of money for change while another change operation
      is being performed. As can be seen, the inhibit relay receives two
      signals, the output of the zero state detector 76 and the complementary
      output of the OR gate 82. In other words, the output of the AND gate 86
      will be a zero and consequently the output of the inverter 106 will be a
      one at any time that the zero state detector 76 is at a reset condition or
      when there are fewer than the prescribed number of coins within the chute
      30. It should be readily apparent that these two conditions will exist
      when a change operation is being performed. As was mentioned hereinabove,
      any total system will include several of the identical circuits as shown
      in FIG. 3 and in such incidence the outputs of the inverter 106 may be
      wire-ORed together and applied to the single inhibit relay such that no
      money will be received for change while any of the circuits are still in
      the operation of making change. Similarly, the outputs of the respective
      inverters 102 may also be wire-ORed together.
PAR  Thus it can be seen that the objects of the invention have been achieved by
      the structure and technique presented hereinabove. While in accordance
      with the Patent Statutes only the best mode and preferred embodiment of
      the invention have been presented and described in detail, it is to be
      understood that the invention is not limited thereto or thereby.
      Consequently, for an appreciation of the scope and breadth of the
      invention reference should be had to the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A positive payout coin dispenser operative to dispense change for money
      of any of numerous denominations, comprising:
PA1  first circuit means for determining the validity of the money for which
      change is desired and producing a signal indicative of the validity and
      denomination thereof;
PA1  coin chutes, one for each denomination of coins to be dispensed, operative
      to receive coins from associated hoppers and maintain said coins therein;
      and
PA1  second circuit means, interconnecting said first circuit means and said
      chutes for receiving and responding to said signal to effectuate the
      release of respective predetermined numbers of coins from each chute and
      operative to sense the actual escapment of each coin from each chute; said
      second circuit means including a solenoid-actuated release mechanism
      positioned at the bottom of the chute to control the release of coins and
      a first sensing means positioned above said release mechanism for sensing
      the passing of a coin from said chute.
NUM  2.
PAR  2. The coin dispenser as recited in claim 1 wherein said chutes comprise
      two intersecting arms, each capable of receiving and storing coins, and
      means for directing the depositing of coins such that each coin will
      support a subsequently received coin on an edge thereof with the edges
      being misaligned.
NUM  3.
PAR  3. The coin dispenser as recited in claim 2 wherein the second circuit
      means further includes a plunger having two pawls positioned along the
      intersection of the chute arms and connected to said release mechanism,
      the pawls being operative to pass into said chute and make contacting
      engagement with the coins in either of said arms.
NUM  4.
PAR  4. The coin dispenser as recited in claim 3 wherein one of said pawls makes
      contacting engagement with the coins by pinching the same between the pawl
      and the chute and the other makes contacting engagement by supporting
      coins on their edges, the solenoid actuated release mechanism being
      operative to cause the pawls to make contacting engagement with the coins
      in a mutually exclusive manner.
NUM  5.
PAR  5. The coin dispenser as recited in claim 1 wherein said second circuit
      means further includes an overpayment detecting means connected to said
      first sensing means for determining when the number of coins passing from
      the chute exceeds the predetermined number of coins to be passed.
NUM  6.
PAR  6. The coin dispenser as recited in claim 5 wherein said overpayment
      detecting means is operative to inhibit the operation of the changer upon
      sensing the passage of a first coin in excess of the predetermined number.
NUM  7.
PAR  7. The coin dispenser as recited in claim 1 wherein said chute comprises
      two intersecting arms, each capable of receiving and storing coins, and
      means for directing the depositing of coins such that each coin will
      support a subsequently received coin on an edge thereof with the edges
      being misaligned.
NUM  8.
PAR  8. The coin dispenser as recited in claim 1 which includes a second sensing
      means positioned adjacent said chute at such a point as to determine the
      presence or absence of a particular number of coins in said chute and
      operative to inhibit the operation of the changer if the particular number
      is not present in the chute at a particular time.
NUM  9.
PAR  9. The coin dispenser as recited in claim 1 wherein said second circuit
      means includes programming means providing for the selectability of the
      combination of change to be dispensed for each of the numerous
      denominations of money.
NUM  10.
PAR  10. In a coin dispenser, the improvement comprising:
PA1  a chute having two intersecting arms, the arms alternately receiving and
      storing coins in an angled edge stacked manner;
PA1  dispensing means positioned at the bottom of the chute along the
      intersection of the two arms and operative at said intersection to
      alternately release coins from each of said arms, said means including a
      solenoid and an arm connected to said solenoid, the arm having a pawl at
      each end, said pawls entering the chute at said intersection in a mutually
      exclusive manner and wherein one of said pawls is operative to support a
      coin thereon and the other of said pawls is operative to retain a coin by
      forcing the same against structure of the chute.
NUM  11.
PAR  11. The improvement in a coin dispenser as recited in claim 10 which
      further includes sensing means positioned at said intersection between
      said pawls for sensing the presence and absence of coins between said
      pawls.
NUM  12.
PAR  12. In a coin dispenser having validity detection circuitry to ascertain
      the validity of any of numerous denominations of money and cause the
      dispensing of coins in change therefore, the improvement, comprising:
PA1  first circuit means for selecting a number of coins to be dispensed;
PA1  second circuit means connected to the first circuit means for sensing the
      actual dispersal of coins;
PA1  third circuit means connected to the first circuit means for determining
      when the selected number of coins have been dispensed, said third circuit
      means including a sequence detector operative to inhibit the changer at
      that time when the output of the third circuit means indicates that the
      selected number of coins have been dispensed and the output of the second
      circuit means indicates that a subsequent coin has been dispensed; and
PA1  fourth circuit means connected to the second and third circuit means for
      rendering the changer inoperative for dispensing change upon detection of
      the first excess dispersal.
NUM  13.
PAR  13. The improvement in a coin dispenser as recited in claim 12 wherein the
      second circuit means comprises a photodetector actuated by the dispersal
      of a coin, and wherein the first circuit means comprises a multiplexer
      connected to the validity detection circuitry and a counter connected to
      and controlled by the photodetector.
NUM  14.
PAR  14. The improvement in a coin dispenser as recited in claim 13 wherein the
      counter is a down counter connected to and loaded by the multiplexer and
      the third circuit means comprises a decode circuit operative to sense the
      output of the down counter and detect a zero level thereat.
NUM  15.
PAR  15. The improvement in a coin dispenser as recited in claim 12 wherein the
      first circuit means includes a counter and the third circuit means
      comprises decode circuitry connected to the counter and the sequence
      detector and operative to determine when the proper number of coins have
      been dispensed.
NUM  16.
PAR  16. The improvement in a coin dispenser as recited in claim 15 wherein the
      second circuit means comprises a photodetector connected to the counter
      and the sequence detector.
NUM  17.
PAR  17. In a coin dispenser having validity detection circuitry to ascertain
      the validity of any of numerous denominations of money and calls to the
      dispensing of coins in change therefore, the improvement, comprising:
PA1  a multiplexer connected to the validity detection circuitry for selecting a
      number of coins to be dispensed;
PA1  a counter connected to said multiplexer;
PA1  a photo detector connected to said counter for sensing the actual dispersal
      of coins and stepping the counter on each such dispersal;
PA1  first circuit means connected to the counter for determining when the
      selected number of coins have been dispensed; and
PA1  second circuit means connected to the first circuit means and the photo
      detector for rendering the changer inoperative for dispensing change on
      detection of a first excess dispersal.
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ABST
PAL  An automatic deposit receiving and handling machine into which all the
      bills a depositor intends to deposit can be put at one time, so that the
      time required for making a deposit is greatly reduced. When the bills have
      been placed on a tray provided for the purpose, access to the tray is
      prevented.
BSUM
PAR  This invention relates to an automatic deposit receiving and handling
      machine and more particularly to improvements in the speed and efficiency
      with which the machine receives and handles bank notes or bills presented
      to it by depositors.
PAR  There are known various types of deposit machines which automatically
      receive and handle deposits. The general arrangements of a known typical
      deposit machine are such that a depositor introduces into the machine his
      card and the money he wishes to deposit, whereupon the machine calculates
      the amount of money introduced, enters the credit into his account,
      records the deposit on the card, performs other necessary clerical work
      and returns the card to the depositor. In the known types of deposit
      machines, the depositor must introduce a plurality of bills or bank notes
      one by one into the machines, so that the more the bills to be introduced,
      the longer will be the time required for the introduction and subsequent
      handling of the bills within the machine. Since the depositor must stand
      in front of the machine for a long time with cash money in his hand, there
      is a danger of robbery and other illegal acts on the depositor.
PAR  Accordingly, it is one object of the invention to provide an improved
      deposit receiving and handling machine.
PAR  Another object of the invention is to provide a deposit receiving and
      handling machine in which the time required for receiving and handling
      deposits is greatly shortened.
PAR  Another object of the invention is to provide a deposit receiving and
      handling machine in which operation by a depositor for introducing paper
      money into the machine is much simplified.
PAR  Still another object of the invention is to provide a deposit receiving and
      handling machine in which many bills to be deposited can be introduced at
      one time into the machine without attracting much public attention.
PAR  In accordance with the invention, all of the bank notes or bills to be
      deposited are put into the machine at one time. A bill receiving tray is
      provided in the machine so that the depositor places all the bills piled
      up on the tray, whereupon access to the bills on the tray from outside the
      machine is prevented. Since all the bills to be deposited are placed on
      the tray at one time, it takes far less time than if the bills were put
      into the machine one by one as is usually the case with the prior art
      machines of the type.
PAR  If a card is used for making deposits, prior to the introduction of bills
      into the machine the depositor inserts his card into the machine,
      whereupon a card reader provided in the machine reads the information
      recorded on the card and checks the genuineness and validity of the card.
      If the card is recognized as genuine and valid, the depositor places bills
      on the tray. The arrangements may be such that normally access to the tray
      is prevented and upon recognition of genuineness and validity of the card
      access to the tray is allowed.
PAR  When the bills have been placed on the tray, access thereto from outside
      the machine is again prevented. The bills piled upon the tray are then
      removed therefrom one by one so as to be checked with respect to their
      genuineness and counted. The total value of the bills introduced is
      calculated and indicated in an indicator on the front panel of the
      machine. If the depositor recognizes agreement between the indicated value
      and the value of the money he has put into the machine, he allows the
      bills to be accepted by the machine. If disagreement occurs between the
      two values, or if the depositor wishes to cancel the deposit, the bills
      introduced are returned to the depositor.
PAR  When the bills have been accepted, the new balance is written on the card
      or a deposit slip or receipt is made and other necessary clerical work
      involved in the deposit such as rewriting the balance of the depositor's
      account is conducted. Finally the card is returned to the depositor with
      or without the deposit slip or receipt.
PAR  In accordance with the invention, all the bank notes or bills are put into
      the machine at one time and inside the machine those bills are
      successively and continuously handled so that the time required for
      depository of many bills becomes shorter and there is less chance of
      attracting public attention to a large amount of money than in the prior
      art deposit machines.
DRWD
PAR  The invention will be explained in further detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a front view of an automatic deposit receiving and handling
      machine of the invention;
PAR  FIG. 2 is a side view of the interior mechanism of the invention;
PAR  FIG. 3 is a block diagram of the electrical control circuit of the machine
      of the invention.
PAR  FIG. 4 is a side view of a different form of the bill receiving tray and
      its associated mechanism.
DETD
PAR  Referring first to FIG. 1, there is shown an automatic deposit receiving
      and handling machine (which will be referred to simply as the "machine"
      hereinafter) having a front panel 10 in which there is formed an
      indicating window 11 in the upper portion in which instructions regarding
      the operations of the machine to be performed by the depositor are
      successively indicated. First, the indication is that the depositor should
      insert his card into a slot 12. When the card has been put into the slot
      12, the window 11 indicates that the depositor should now input his secret
      number into the machine by means of a keyboard 13. When the depositor does
      this, whether the card is valid and whether the depositor is the proper
      holder of the card are checked on the basis of the information read from
      the card and the number input through the keyboard 13. If the card has
      been recognized as invalid or if the depositor has been recognized as an
      improper holder of the card, the card is delivered out of an outlet 14.
PAR  When the card has been recognized as valid and the depositor has been
      recognized as the proper holder thereof, an indication that the depositor
      should now place the bills he intends to deposit at one time piled on a
      tray 15 appears in the window 11. When the depositor has done this, the
      bills are checked with respect to genuineness and kind, and their total
      value is calculated and indicated in a window 16. If any of the bills is
      false, it is delivered out through an outlet 17.
PAR  If the indicated value in the window 16 agrees with the total value of the
      bills introduced, an indication that a deposit button 18 should be pressed
      appears in the window 11. If the two values disagree, the indication is
      that a cancel button 19 should be pressed. Also, if the depositor wishes
      to cancel the deposit, he may press the button 19.
PAR  When the deposit button 18 has been pressed, the bills introduced into the
      machine are now accepted and after necessary operations for depository
      have been finished, the card is returned through the outlet 14 together
      with a deposit slip or receipt. If the cancel button 19 is pressed, the
      bills introduced as well as the card are returned through the outlets 17
      and 14, respectively. Thus the operations that a depositor must conduct
      for making a deposit and the receiving and handling of the deposit inside
      the machine have been finished.
PAR  Now, turning to FIG. 3, the information on the card introduced through the
      inlet 12 is read by a card reader 21. The card information includes the
      secret number of the card, the bank number and the account number of the
      card owner, which the card reader applies to registers 22, 23 and 24,
      respectively. The bank number is previously stored in a register 25. A
      comparator 26 compares the bank number stored in the register 25 and the
      bank number read from the card and stored in the register 23. If the two
      numbers agree, the comparator 26 produces an output to be applied as one
      input to an AND element 27. If they disagree, the comparator applies a
      signal to an OR element 28, whereupon the OR element produces an output to
      actuate a card returning device 29 to return the card through the outlet
      14.
PAR  When the depositor has entered his secret number into the machine by means
      of the keyboard 13, the secret number is stored in a register 30. A
      comparator 31 compares the numbers stored in the registers 24 and 30, and
      if the two numbers agree, the comparator 31 produces an output to be
      applied as a second input to the AND element 27. If there is no agreement
      between the two numbers, the comparator produces an output to be applied
      to the OR element 28 so that the output from the element causes the device
      29 to return the card to the depositor in the same manner as previously
      mentioned. The output from the AND element 27 is applied as a set input to
      a fip-flop 31. A third input may be applied to the AND element 27 when the
      card has been recognized as genuine. When the flip-flop is set, it
      produces a set output to be applied to a tray locking device 40 to release
      it from its tray locking operation.
PAR  As shown in FIG. 2, the device 40 comprises a solenoid, which is energized
      upon application of the set output from the flip-flop to the device 40 so
      that the plunger or stopper 40a that has until then been preventing the
      tray 15 from being drawn out of the front panel of the machine is pulled
      upward to release the tray 15. A spring 41 biases the tray 15 in the
      direction in which the tray 15 is drawn out of the front panel. Therefore,
      when the stopper 40a is pulled upward, the tray is drawin out by the force
      of the spring 41.
PAR  The tray is formed with an inclined surface 42, on which the depositor
      places all his bills M at one time and then after putting a weight 43 on
      the piled bills the depositor pushes the tray with the bills thereon into
      the machine as far as the inner end of the tray closes a limit switch 44,
      whereupon a reset signal is applied to the flip-flop 31. This causes the
      set output of the flip-flop to disappear so that the solenoid 40 is
      deenergized to project the plunger 40a to hold and lock the tray at the
      pushed-in position against the force of the spring 41. Under this
      condition the tray is completely enclosed inside the machine housing so
      that access to the bills M on the tray is prevented.
PAR  The tray is provided with rollers 45 which ride on guide rails 46 for
      smooth movement of the tray as it is pulled out of or pushed into the
      machine housing.
PAR  The tray is further provided with a through bore 47 at such a position of
      the tray that when the tray is pushed into the machine, a lamp 48 projects
      light through the bore 47 onto a phototransistor 49. However, if a bill is
      placed on the tray, it blocks the bore thereby preventing the light from
      the lamp from passing through the bore. If the light from the lamp once
      blocked again passes through the bore to be received by the
      phototransistor, the condition means that the bills on the tray have been
      removed therefrom in the manner to be described below.
PAR  In the lower portion of the inclined surface 42 of the tray there is formed
      a slot which has a width correspoinding to the width of the bills and
      communicates with a downwardly flared recess 50 opening at the under
      surface of the tray. In the recess 50 there is provided a bill remover 52
      which removes the bills one by one from on the inclined surface 42 of the
      tray. The remover 52 is in the form of a sucking pipe which is swingable
      about a pivot 53 between upper and lower positions. At the upper position
      the forward end of the sucker is positioned adjacent to and directed
      toward the exposed lower end portion of the under surface of the lowest
      one of the bills piled on the inclined surface 42 of the tray, so that
      when suction is applied through the sucking pipe, the lower end portion of
      the lowest bill is sucked by the pipe and upon clockwise movement thereof
      the bill is drawn downwardly through the slot. When the sucking pipe has
      been turned to its lower position, the bill has its lower edge nipped
      between a pair of rollers 61 and 62. The sucking pipe then releases the
      bill and is swung back to its upper position. The sucker repeats the above
      swinging movement thereby removing the bills one after another from on the
      tray.
PAR  The above operation of the sucker is initiated by the set output produced
      by a flip-flop 55 when the switch 44 is closed by the tray to apply a
      reset signal to the flip-flop (FIG. 3).
PAR  The bill passing the rollers 60 and 61 is then nipped between an endless
      belt 63 running round three rollers 62 and a drum 64 pressed against the
      belt 63. After moving along a portion of the circumference of the drum 64,
      the bill enters a bill checker 66, which comprises an endless belt 69
      passing round six rollers 67 and a suction roller 68, a drum 70 having a
      portion of its circumference pressed againt the belt 69 and guide rollers
      71. The bill is sandwiched between the drum 70 and the belt 69 and
      conveyed along the circumference of the drum as the latter is rotated by
      means of a motor 71.
PAR  Inside the drum 70 and spaced along the circumference thereof there are
      provided a plurality, say, three magnetic heads (or optical heads) 72
      which detect the bill passing by the heads and send the detected
      information to a memory circuit, not shown, wherein the genuineness, kind
      and number of the bills are checked and the total value thereof is
      calculated.
PAR  The suction roller 68 is disposed at the outlet end of the bill checker and
      so arranged that when a suction supplier 80 (FIG. 3) is actuated, the
      roller 68 sucks and deflects the bill so that it passes between a pair of
      rollers 81.
PAR  The set output from the flip-flop 55 (which is produced upon closure of the
      switch 44) is applied to an off-delay timer 83, the output of which is
      applied through an INHIBIT element 84 to the suction supplier 80 to
      actuate the same. If the bill has been found false by the checker 66, a
      signal is applied through a terminal P to a monostable circuit 85, the
      output of which is applied as an inhibit input to the element 84 so as to
      prevent the operation of the suction supplier 80. As a result, no suction
      works in the roller 68 so that the bill is not deflected but advances
      straight along a guide plate 86 and then passes between a belt 88
      supported by four rollers 87 and a belt 90 supported by two rollers 89 and
      then over a guide plate 91 finally to be delivered out onto the tray 17.
PAR  The genuine bill that has passed between the rollers 81 is sent into a
      temporary storage 93 comprising an endless belt 95 horizontally supported
      by a pair of rollers 94 driven by a motor 97 through a drive belt 98. All
      the bills that have passed the rollers 81 are piled one upon another on
      the upper span of the belt 95 to be temporarily stored thereon.
PAR  When the last bill on the inclined surface 42 of the tray 15 has been
      removed therefrom, the light from the lamp 48 passes through the bore 47
      to reach the phototransistor 49, whereupoun the flip-flop 55 is reset so
      that its set output disappers, thereby terminating the operation of the
      sucker 52. At the same time the input to the timer 83 disappers, but its
      output continues until the last bill from the tray has been sent out onto
      the tray 17 or put on the previously piled bills on the belt 95, whereupon
      the output of the timer 83 disappers so that a roller drive 96 which has
      until then been driving all the rollers and drums is deenergized.
PAR  When all the bills introduced into the machine have been piled on the belt
      95, the total value of the bills is indicated in the window 16. The
      depositor recognizes the indicated value and presses the deposit button
      18, whereupon a motor 97 is energized to drive the belt 95 in the
      direction of an arrow 99 through a belt 98, so that the bills on the belt
      95 are collected into a receptacle 100. At the same time a deposit slip or
      receipt and the card are sent out through the outlet 14.
PAR  If the depositor recognizes disagreement between the value indicated in the
      window 16 and the total value of the bills he has put into the machine, or
      if he wishes to cancel the deposit, he presses the cancel button 19,
      whereupon the belt 95 is turned in the opposite direction, so that the
      bills are all sent out onto the tray 17.
PAR  FIG. 4 shows a modified form of the device for preventing access to the
      tray 15 from outside the machine housing. The same reference numerals as
      in FIG. 1 are used here to designate corresponding parts. The device
      includes a cover plate 110 pivoted at 111 and extending over the upper
      surface of the tray 15, which in this embodiment is not movable but
      remains stationary inside the machine housing. The plunger 40a is normally
      pulled downward by the solenoid 40 so that the cover can be manually
      opened by the depositor. When the depositor opens the cover and puts the
      bills M to be deposited on the tray 15 and then closes the cover, the
      switch 44 is actuated to cause the plunger 40a to project upward to the
      dot-and-dash line position thereby preventing the cover 110 to be opend.
      When handling of all the bills on the tray have been finished, the plunger
      40a is pulled back to its original real-line position.
PAR  The apparatus of the invention can be applied to both on-line and off-line
      depositing systems. In the case of the off-line system it is required that
      the balance should be recorded on the deposit card. Therefore, whenever a
      deposit is made, the sum of the value of the money that has now been
      deposited and the balance till that time is recorded on the card as a new
      balance. In the case of the on-line system the data from each of the
      deposit machines in the system are transmitted to a central station so as
      to be processed in a suitable manner.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A deposit receiving and handling apparatus, comprising:
PA1  a first means for receiving from a depositor one or more items to be
      deposited, said first means including a receptacle means having open and
      closed conditions, said receptacle means being capable of receiving said
      items from said depositor only when in said open condition, said first
      means also including locking means normally maintaining said receptacle
      means in said closed condition,
PA1  b second means for receiving from said depositor a card, said second means
      including validity checking means providing a first output signal when a
      card so received is valid;
PA1  c a third means which is responsive to said first output signal to disable
      said locking means, whereupon said receptacle means may be operated to its
      open condition,
PA1  d fourth means detecting an operation of said receptacle means from said
      open condition to said closed condition to provide a second output signal,
      said fourth means additionally being responsive to said second output
      signal to enable said locking means,
PA1  e fifth means operable in response to said second output signal to remove
      said items one at a time from said receptacle means.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said receptacle means
      comprises a tray capable of receiving all of said items at one time in a
      stack, and wherein said first means further includes means permitting
      movement of said tray in and out of said apparatus, said closed condition
      of said receptacle means existing when said tray is moved entirely within
      said apparatus and said open condition of said receptacle means existing
      when said tray is moved at least partially outside of said apparatus.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said tray has a surface on
      which said items are to be placed in a stack, said tray defining an
      opening in said surface; and wherein said fifth means includes means for
      sucking said items one at a time through said opening, said apparatus
      further comprising:
PA1  a a second validity checking means,
PA1  b means for transferring said items one at a time from said sucking means
      to said second validity checking means, said second validity checking
      means providing a third output signal whenever an item transferred to it
      is valid,
PA1  c means defining an outlet in said apparatus and means providing a
      temporary storage location in said apparatus,
PA1  d means operable to transfer said items one at a time back to said
      depositor through said outlet in the absence of said third output signal,
      and further operable to transfer said items one at a time to said
      temporary storage location in the presence of said third output signal;
PA1  e means providing a permanent storage location in said housing; and
PA1  f deposit selection means controlled by said depositor to transfer said
      items in a stack from said temporary storage location either back to said
      depositor through said outlet or to said permanent storage location.
NUM  4.
PAR  4. An apparatus as recited in claim 2, wherein said card has recorded
      thereon a first secret number, and wherein said first validity checking
      means includes means reading said first secret number from said card and
      storing the first secret number so read; keyboard means operable to enter
      a second secret number known to the depositor and to store the second
      secret number so entered; comparator means operable to provide said first
      output signal when said stored first and second secret numbers have a
      predetermined relationship to each other.
NUM  5.
PAR  5. An apparatus as recited in claim 2, wherein said card has recorded
      thereon a first bank number, and wherein said first validity checking
      means includes means reading said first bank number from said card and
      storing the first bank number so read; means storing a second bank number;
      comparator means operable to provide said first output signal when said
      stored first and second bank numbers are the same.
NUM  6.
PAR  6. An apparatus as recited in claim 2, wherein said card has recorded
      thereon a first secret number and a first bank number; and wherein said
      first validity checking means includes means reading said first secret
      number and said first bank number from said card and storing the first
      secret number and the first bank number so read; keyboard means operable
      to enter a second secret number known to the depositor and to store the
      second secret number so read; means storing a second bank number; first
      comparator means operable to provide a first checking signal when said
      stored first and second secret numbers have a predetermined relationship
      to each other; second comparator means operable to provide a second
      checking signal when said stored first and second bank numbers are the
      same; and, gating means operable to provide said first output signal upon
      the occurrence of said first and said second checking signal.
NUM  7.
PAR  7. An apparatus as recited in claim 1, wherein said receptacle means
      comprises a tray and a cover disposed on said tray and movable between
      open and closed positions, and wherein said first means further includes
      means in said apparatus permitting access to said tray and cover, said
      closed and open conditions of said receptacle means existing when said
      cover is in said closed and open positions, respectively.
NUM  8.
PAR  8. An apparatus as recited in claim 7, wherein said tray has a surface on
      which said items are to be placed in a stack, said tray defining an
      opening in said surface; and wherein said fifth means includes means for
      sucking said items one at a time through said opening, said apparatus
      further comprising:
PA1  a a second validity checking means,
PA1  b means for transferring said items one at a time from said sucking means
      to said second validity checking means, said second validity means
      providing a third output signal whenever an item transferred to it is
      valid,
PA1  c means defining an outlet in said apparatus and means providing a
      temporary storage location in said apparatus,
PA1  d means operable to transfer said items one at a time back to said
      depositor through said outlet in the absence of said third output signal,
      and further operable to transfer said items one at a time to said
      temporary storage location in the presence of said third output signal;
PA1  e means providing a permanent storage location in said housing; and
PA1  f deposit selection means controlled by said depositor to transfer said
      items in a stack from said temporary storage location either back to said
      depositor through said outlet or to said permanent storage location.
NUM  9.
PAR  9. An apparatus as recited in claim 7, wherein said card has recorded
      thereon a first secret number, and wherein said first validity checking
      means includes means reading said first secret number from said card and
      storing the first secret number so read; keyboard means operable to enter
      a second secret number known to the depositor and to store the second
      secret number so entered; comparator means operable to provide said first
      output signal when said stored first and second secret numbers have a
      predetermined relationship to each other.
NUM  10.
PAR  10. An apparatus as recited in claim 7, wherein said card has recorded
      thereon a first bank number, and wherein said first validity checking
      means includes reading said first bank number from said card and storing
      the first bank number so read; means storing a second bank number;
      comparator means operable to provide said first output signal when said
      stored first and second bank numbers are the same.
NUM  11.
PAR  11. An apparatus as recited in claim 7, wherein said card has recorded
      thereon a first secret number and a first bank number; and wherein said
      first validity checking means includes means reading said first secret
      number and said first bank number from said card and storing the first
      secret number and the first bank number so read; keyboard means operable
      to enter a second secret number known to the depositor and to store the
      second secret number so read; means storing a second bank number, first
      comparator means operable to provide a first checking signal when said
      stored first and second secret numbers have a predetermined relationship
      to each other; second comparator means operable to provide a second
      checking signal when said stored first and second bank numbers are the
      same; and, gating means operable to provide said first output signal upon
      the occurrence of said first and second checking signals.
PATN
WKU  039346943
SRC  5
APN  5521238
APT  1
ART  311
APD  19740224
TTL  Coin-controlled fluid dispenser
ISD  19760127
NCL  8
ECL  1
EXP  Tollberg; Stanley H.
NDR  1
NFG  2
INVT
NAM  Pedersen; Harry
STR  Terneveien 50
CTY  4042 Hafrsfjord
CNT  NO
CLAS
OCL  194 82
EDF  2
ICL  G07F 1302
FSC  194
FSS  78;79;80;81;82
UREF
PNO  1031140
ISD  19120700
NAM  McLaren
OCL  194 79
UREF
PNO  1794641
ISD  19310300
NAM  Payson et al.
OCL  194 82
LREP
FRM  Young & Thompson
ABST
PAL  A coin-operated apparatus for dispensing a predetermined volume of a fluid
      to be purchased by insertion of a coin into a slot, includes a plunger for
      forcing the coin between two slides, one of which is moved by the coin to
      a fluid pumping position and the other of which is moved by a piston after
      the predetermined volume of fluid has been pumped, to a coin release
      position. Upon coin release, the fluid pumping is discontinued and the
      piston moves back to dispense the purchased fluid, whereupon the parts
      return to their initial position. The two slides move at right angles to
      each other.
BSUM
PAR  The present invention relates to coin-controlled apparatus for dispensing a
      predetermined volume of fluid. Preferably, the fluid is a liquid, such as
      water or a solvent, for washing, degreasing or desalting operations.
PAR  It is an object of the present invention to provide a coin-controlled
      apparatus for fluid dispensing, which will be relatively simple and
      inexpensive to construct, easy to operate, maintain and repair, and rugged
      and durable in use.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat diagrammatic front view of a coin-controlled apparatus
      according to the present invention, with a cover plate thereof removed;
      and
PAR  FIG. 2 is a somewhat diagrammatic side elevational view of the apparatus
      shown in FIG. 1, but with the cover plate in place.
DETD
PAR  Referring now to the drawing in greater detail, there is shown apparatus
      according to the present invention, comprising a fixed mounting plate 1 to
      which is removably secured a cover plate 2, the cover plate 2 being shown
      in place in FIG. 2, but removed in FIG. 1 for clarity of illustration. An
      inclined coin chute or guideway 3 in mounting plate 1 is of a size to
      receive coins of the desired denomination and is closed by cover plate 2,
      the plates 1 and 2 defining a coin chute 3 between them. A spring 4
      secured between plates 1 and 2 continuously urges upwardly an actuating
      plunger 5 so that when coins 7 are inserted through slot 6 and reach the
      lower end of chute 3, the plunger 5 can be depressed to push them into the
      FIG. 1 position. When the plunger 5 is depressed and pushes down the coin
      7, the coin 7 does not fall but rather is held between a horizontally
      reciprocable slide 8 and a slide 9 which remains stationary at that time.
      The downward movement of the coin 7 under the pressure of plunger 5 causes
      the coin to act on inclined cam surface 10 of slide 8, which forces slide
      8 to the right or FIG. 1 position against the action of spring 11 fixed to
      mounting plate 1.
PAR  Rightward movement of slide 8 to the FIG. 1 position swings the finger 12
      counterclockwise as seen in FIG. 1, which opens compressed air valve 13
      for the flow of compressed air from a source 13' thereof, the compressed
      air then flowing through conduit 14 to operate pump 15 which pumps the
      fluid to be dispensed, in this case a liquid, from a reservoir 16 thereof
      through the conduit 17 and through a check valve 18 to a cylinder 19. A
      piston 20 in cylinder 19 is moved by the pumped fluid, in this case a
      liquid, to the right so as to reduce the volume of chamber 21 within
      cylinder 19. Compressed air under pressure which has been reduced through
      a pressure reduction valve 22 is applied to chamber 21 to oppose but not
      to prevent the rightward movement of piston 20 under the impetus of the
      pumped fluid.
PAR  Piston 20 carries an axially extending piston rod 23 that extends toward
      slide 9. A coil-compression spring 24 continuously urges slide 9 toward
      its coin-retaining position shown in the drawing. But when piston rod 23
      moves sufficiently far to the right as seen in FIG. 2, it contacts an
      abutment 9' on slide 9, to move slide 9 to the right as seen in FIG. 2,
      out of coin-retaining position. At this time, the predetermined quantity
      of fluid now occupies cylinder 19 to the left of piston 20.
PAR  With slide 9 no longer retaining it, the coin 7 then drops into coin box
      25, whereupon slide 8 moves to the left as seen in FIG. 1, under the
      impetus of spring 11, swinging finger 12 clockwise to close compressed air
      valve 13, whereupon pump 15 stops and the flow of pumped fluid also stops.
      At the same time, a stud 26 carried by piston rod 23 swings finger 27
      clockwise to open valve 28 so that the stored fluid to be dispensed can
      flow out through a conduit 29 to a gun or other dispensing head or nozzle
      (not shown) through which the predetermined quantity of the purchased
      fluid can be dispensed in the desired manner.
PAR  However, the supply of compressed air from source 13' through pressure
      reducing valve 22 continues, so that piston 20 is now forced to the left
      as seen in FIG. 2, whereby the purchased fluid is dispensed. When stud 30
      on piston rod 23 contacts and swings finger 27 counterclockwise, as seen
      in FIG. 2, valve 28 is closed thereby terminating the flow of dispensed
      fluid through conduit 29 when that flow has equaled the purchased volume.
      Spring 24 returns slide 9 to its coin-retaining position, and the parts
      are again in their initial position, ready to receive another coin and
      dispense another predetermined quantity of fluid.
PAR  From consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited objects of the present invention have
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in the art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the present
      appended claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A coin-controlled apparatus for dispensing a predetermined quantity of a
      fluid, comprising a coin chute defined in part by a pair of slides, means
      for inserting a coin in said chute between said slides so as to move one
      of said slides in one direction, means responsive to movement of said one
      slide in said one direction to pump said predetermined quantity of fluid
      while said coin holds said one slide in its moved position, and means
      responsive to movement of said dispensing means to move the other said
      slide in another direction different from said one direction when said
      predetermined quantity of fluid has been pumped thereby to permit said
      coin to fall out of contact from said slides, and means to return said
      slides to their initial position.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, said directions being at right angles
      to each other.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, and a source of compressed air, a valve
      communicating with the source of compressed air, means responsive to
      movement of said one slide to open said valve when said coin is held
      between said slides and to close said valve when said coin is out of
      contact with said one slide, thereby to actuate and de-actuate
      respectively said pumping means.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, and piston means for dispensing said
      pumped fluid, and means to supply compressed air from said source to said
      piston means to actuate said piston means to dispense said pump fluid.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, and valve means responsive to the
      position of said piston to open and close a conduit for the dispensing of
      said pumped fluid.
NUM  6.
PAR  6. Apparatus as claimed in claim 4, and means responsive to the position of
      said piston to move said other slide in said another direction and to
      return said other slide to an intial position in a direction opposite said
      another direction.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, and a cylinder in which the pumped
      fluid is stored, a piston reciprocable in said cylinder, means
      continuously urging said piston in a direction to dispense said fluid from
      said cylinder, and means responsive to the position of said piston to move
      said other slide in said another direction.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, and means responsive to the position of
      said piston to open and close a conduit through which said stored fluid is
      dispensed from said cylinder.
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ABST
PAL  The quality of thermally printed characters is enhanced by controlling the
      time at which and the time for which power is applied to the resistive
      printing elements in a battery-operated moving-head thermal dot matrix
      printer. By sequentially strobing the elements in the pattern of the
      character to be formed as the print head moves across thermal sensitive
      paper, a high-quality slanted character is printed and parasitic losses
      are reduced. By inversely varying the time power is supplied to each dot
      as battery voltage varies, character quality is maintained and useful
      battery life is extended.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Uniform clarity and contrast of printed characters, both as to media on
      which they are printed and as between individual characters, is important
      in the design of printers generally. In battery-operated thermal dot
      matrix printers, such character quality can vary from
      character-to-character and from time-to-time as a function of dot matrix
      configuration or battery voltage, respectively, or both.
PAR  Thermal printing techniques include use of a moving print head with seven
      resistive elements (i.e., "dots") deposited thereon in columnar
      configuration for generating concentrations of heat at the surface of
      thermally sensitive paper when power is applied thereto. Referring to FIG.
      1a, characters are formed on the paper by selectively energizing dots 1
      through 7 as printer head 10 moves across and in close proximity to the
      paper. Each character comprises a pattern of dots selected from a 5
      .times. 7 dot matrix.
PAR  As shown in FIG. 1a, when a typical 7 dot thermal head such as shown in
      FIG. 1b prints an "8," a maximum of 4 dots on the head are energized at
      any one time (e.g. t.sub.1 or t.sub.5). All 7 dots are energized at time
      t.sub.2 when the same head prints a "1". Parasitic losses, such as are
      produced by battery return lead and resistance, reduce the amount of power
      supplied to each dot as a function of the number of simultaneously
      energized dots. Thus, these losses increase as the number of
      simultaneously powered dots increase. Print contrast, therefore, is more
      uniform for an "8" than for a "1," since fewer dots are energized
      simultaneously when printing an "8." For good quality print, the dot
      contrast should be consistent from character-to-character irrespective of
      character dot pattern.
PAR  The amount of power delivered to the dots, hence the amount of heat
      generated thereby, is a function of battery voltage. The more dots that
      the battery must power to print a character, the more the battery voltage
      decays. Battery voltage also decays simply as the energy stored therein is
      depleted with continued use. As battery voltage decays, printed character
      quality deteriorates because the dots generate heat nonuniformly from
      character-to-character. Therefore parasitic losses caused by battery
      resistance and connector and lead resistance should be minimized since
      they waste battery power which should be delivered to the printer head.
      These losses are significant where the printer is part of a hand-held
      calculator and the battery is small. However, in order to reduce battery
      resistance, typically a larger battery must be used. Connector and lead
      resistances cannot be further reduced without also sacrificing
      miniaturization, changing head geometry or greatly increasing cost of
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore the present invention reduces parasitic losses while at the same
      time extending useful battery life and enhancing printed character quality
      by controlling the time at which and the time for which the dot is
      energized relative the movement of the print head. The time at which
      individual dots are energized is controlled by a slant generator
      comprising a circulating shift register and related control logic. The
      slant generator circuit sequentially strobes columnar-configured dots in
      the print head in the pattern of the character to be formed thus reducing
      the number of simultaneously energized dots. Since fewer dots are powered
      simultaneously, the instantaneous current from the battery and in the
      common return to the battery from each dot is less thereby reducing losses
      attributable to lead and battery resistances. The resultant character is
      slanted owing to the movement of the printer head.
PAR  The time for which the dot is energized is controlled by a variable duty
      cycle generator comprising a capacitor charging circuit and a comparator.
      By inversely varying the duty cycle of the signal applied to the dots as
      the magnitude of the battery voltage varies, the temperature each dot
      attains when energized is essentially the same for a greater range of
      battery voltage. Thus, substantially uniform print quality is assured for
      a greater variation of battery voltage.
PAR  The combination of the two control circuits provides substantially uniform
      quality of printed characters and improves the efficiency of the thermal
      printer head subsystem by supplying more useful power to the printer head
      dots, and extends useful battery life by compensating for variations in
      battery voltage.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a illustrates a typical prior art character printed in a 5 .times. 7
      dot matrix by a typical moving head thermal printer.
PAR  FIG. 1b is a block diagram of a typical 7 dot thermal moving print head.
PAR  FIG. 2a is a logic diagram of a character slant generator constructed
      according to one embodiment of the present invention.
PAR  FIG. 2b is a timing diagram of power applied to print head dots in a
      printer using the slant generator of FIG. 2a.
PAR  FIG. 2c illustrates a character printed in a 5 .times. 7 dot matrix by a
      printer system including the slant generator of FIG. 2a.
PAR  FIG. 3 is a timing diagram of the power applied to the print head dots to
      print the slanted character "one" of FIG. 2c.
PAR  FIG. 4 compares the time typical print head dots require to attain the same
      operating temperature for different battery voltages.
PAR  FIG. 5a is a circuit diagram of a duty cycle generator constructed
      according to the preferred embodiment of the present invention.
PAR  FIG. 5b is a timing diagram of the output voltage and the input voltage of
      the duty cycle generator of FIG. 5a compared with the voltage across
      capacitor 504 thereof.
PAR  FIG. 5c is a curve showing the change of percentage ontime of the dot drive
      signal as a function of battery voltage.
PAR  FIG. 6a is a logic diagram of a thermal printer system including character
      slant and duty cycle generators constructed according to the preferred
      embodiment of the present invention.
PAR  FIG. 6b is a timing diagram of control signals employed by the printer
      system of FIG. 6a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 2a, one embodiment of a slant generator according to the
      present invention comprises clocked circulating shift register (SR) 201,
      inverters 202 through 205, NOR gates 206 through 208, flip-flops 209
      through 211 and AND gates 212 through 219. SR 201 operates as a ring
      counter wherein a one shifts left to right each clock pulse for five clock
      pulses and is then fed back to a serial input. NOR gates 206 through 208
      and inverters 202 through 205 encode the output signals from the output
      taps of SR 201 and the timing signals shown in FIG. 2b are obtained. These
      signals are then gated with dot matrix data from a read-only memory (ROM)
      through print command AND gates 213 through 219. The outputs therefrom
      form dot driver command signals which are applied to the input of the dot
      drivers. Note that one column of a character is printed for every
      circulation of SR 201. Thus, the circulation rate of SR 201, which is the
      same as the repetition rate of the output signals, coupled with the speed
      of the moving head, determines the interval between columns of a
      character.
PAR  For a one dot slant, the timing signals for dots 1 and 7 will coincide in
      time as shown in FIG. 2b. A more detailed description of the control of
      character slant is given later in this specification. Flip-flops 209
      through 211 hold data on lines 5, 6 and 7 since printing of the next
      column data in the 5 .times. 7 (column x line) matrix begins before
      printing the present column data is finished. This overlap of column data
      is illustrated in FIG. 2b where signals, 1, 2 and 3 of the next dot column
      overlap with signals 4, 5 and 6 of the present dot column. Thus parts of
      more than 2 columns of dots in the matrix may be printing simultaneously.
PAR  FIG. 2a also shows the circuit schematics of each of seven identical dot
      drivers. Resistors 301, 302, 303, 304, 305, 306 and 307, represent the
      resistances of the dots located on printer head 30. Referring to dot
      driver 31, the base of transistor 313 is connected to base resistor 312,
      the collector is connected to resistor (i.e., dot) 301 and the emitter is
      grounded. Transistor 313 is selected for low V.sub.CE in saturation. When
      the output of one of the AND gates 212 through 219 (i.e., a dot driver
      command signal) is applied to the base of transistor 303 through resistor
      312, transistor 313 saturates, and current is drawn through the dot which
      generates heat.
PAR  In operation, the 7 dots are sequentially strobed from top to bottom (i.e.,
      dots 1 through 7 respectively) according to the timing of the dot driver
      command signals shown in FIG. 2b in the pattern of the character to be
      formed as print head 30 on which they ride is driven across the paper by
      motor 40. The pattern of the character is determined by the character data
      from a character generator. Slanted characters are formed on the paper as
      shown in FIG. 2c. The timing of dot driver command signals to form the
      slanted character "1" of FIG. 2c is shown in FIG. 3. The timing of the
      command signal coupled with the speed of the moving head determines the
      "slant" of the character (refer to FIG. 2c). For a one-dot slant from top
      to bottom of the character (i.e., dots 1 and 7 vertically aligned) where
      the speed of the moving head is 1.33 inches/sec, the period of command
      signals is 5 milliseconds.
PAR  A one-dot slant was selected as a compromise between the resultant
      reduction in parasitic losses, the amount of logic circuitry necessary to
      achieve greater slant and the aesthetic appearance of the printed
      characters. For a one-dot slant, an average of less than 4 dots are
      energized at any one time. The instantaneous current in the common is
      thereby reduced with concomitant reduction in parasitic power losses.
      Since the instantaneous current from the battery is less, the voltage drop
      across the unavoidable battery resistance is also reduced. Hence, the
      voltage supplied by the battery to associated calculator electronics is
      affected less by printer operation as well.
PAR  Slanting of characters is also achievable by moving the paper across the
      print head or combining the movement of both relative to one another. The
      advantages of such slanting are achievable so long as there is some
      movement of print head relative to print media.
PAR  It should be noted that the character slant concept according to the
      present invention makes it feasible to package all seven dot driver
      transistors in one integrated circuit. As shown above without slanting all
      seven drivers could be energized simultaneously. The total instantaneous
      power necessarily dissipated by all seven drivers could cause a damaging
      increase of chip temperature. Reliability of such circuits is frequently a
      function of the temperature at which they are forced to operate. By
      slanting according to the present invention, the instantaneous power
      dissipated is substantially reduced, hence, the maximum chip temperature
      attained during operation is reduced and integrated circuit packaging is
      practical.
PAR  The temperature attained by the dots in the head is proportional to the
      magnitude of applied voltage and the length of time that voltage is
      applied. As mentioned earlier uniformity of dot temperature from
      character-to-character is essential to uniform print quality. FIG. 4 shows
      that the same temperature may be reached with different battery voltages
      if, as the voltage decreases it is applied to the dot longer. Thus, by
      using duty cycle (DC) generator 500 shown in FIG. 5a, the voltage applied
      to the dot can be modulated in time as a function of the magnitude of the
      battery voltage available.
PAR  Referring now to FIGS. 5a and 5b, since
EQU  C.DELTA.V = i.DELTA.t,
PAL  if capacitor 504 = 1 .times. 10.sup.-.sup.6, .DELTA.V = V.sub.REF, then
      ##EQU1##
      and 0.7 is the V.sub.BE of transistor 501. Therefore,
      ##EQU2##
      where .DELTA.t, the time it takes capacitor 504 to charge to V.sub.REF,
      represents the change in DC (i.e., on-time/off-time) of the command signal
      applied to the dot drivers. As will be shown later .DELTA. t also
      represents the time during which a shift register similar to SR 201 is
      filled with ones.
PAR  For the preferred embodiment, the battery voltage V.sub.B varies from 3.3 V
      to 4.2 V, or a variation of approximately 27 percent. If the required
      value of .DELTA.t were linearly proportional to the variation in V.sub.B,
      then the base of transistor 501 could be grounded and V.sub.REF would
      control comparator 503 only. However, applying 3.3 V to the dot 27 percent
      than 4.2 V is inadequate additional time for the dot to reach the same
      temperature at the lower voltage extreme. Therefore the change in V.sub.B
      must produce a greater relative change in DC of power applied to the dots.
      A 50/50 DC is shown in FIG. 2d for a fixed dot drive period of 5 ms at
      nominal battery voltage. If a 75/25 DC is desirable at 3.4 V and a 45/55
      DC is desirable at 4.15 V, the values of R and V.sub.REF in the variable
      DC generator of FIG. 5a can be determined from simultaneous solution of
      equation 1. Then, for a total DC period of 5 ms,
      ##EQU3##
      and
      ##EQU4##
      or
EQU  R = 2.65k and V.sub.REF = 1.58 volts.
PAL  Using these values of R and V.sub.REF,
      ##EQU5##
      Expressed as a percentage of total DC period, on-time is
      ##EQU6##
      Referring to FIG. 5c, at 3.5 V, for example, the DC generated is
      approximately 69/31 whereas at 4.0 V the DC is approximately 49/51.
PAR  To combine the advantages of the slant generator and variable DC generator
      into one system, the contents of the slant generator SR are redetermined
      on a line-by-line basis by the variable DC generator. Referring now to
      FIG. 6a, the thermal printer system according to the preferred embodiment
      of the present invention includes character generator 610, variable DC
      generator 500 described above, character slant generator 609 similar to
      the one described above with interconnecting logic, and the command logic
      for the dot drivers also described above. Character generators are
      commonly available on the commercial market and provide the data necessary
      to select the appropriate dots to form a character within the 5 .times. 7
      matrix format. Thus, the character generator can be, for example, the
      Signetics 2516 or equivalent.
PAR  Character slant generator 609 comprises 18-bit tapped shift register (SR)
      605, AND gate 602, OR gate 604, inverter 607 and NAND gate 608. The delay
      elements of SR 605 can be a series of two Signetics 74164 and one
      Signetics 7474 or equivalent. While circulation of SR605 as observed at
      the output taps thereof provides the basic timing necessary to
      electrically slant the characters as the print head moves across the
      paper, the contents of SR 605 (i.e., the relative number of ones and
      zeroes) provides the DC modulation needed to electrically compensate for
      decaying battery voltage. Duty-cycle-modified, slant modulation data
      modulates character data via gates 634 through 646. The dot drivers are
      driven only when these gates are enabled. Since these gates are enabled if
      and only if ones appear at both inputs, even if a character data one is
      applied to one input, the dot drivers will be driven only for the time
      ones from SR 605 (referred to hereinafter as slant ones) appear at the
      other input. If SR 605 contains 9 slant ones and 9 zeroes, a 50/50 DC
      signal is sequentailly received by the dot drivers. Thus, the DC of the
      signal applied to the dots is controlled by the number of slant ones
      circulating in SR 605 since that number determines the length of time
      gates 634 through 646 are enabled. The number of slant ones in SR 605 is
      determined prior to the printing of each line by the DC generator.
PAR  Referring again to FIG. 6a, slant ones are fed into SR 605 during the time
      it takes capacitor 504 in DC generator 500 to charge to a voltage equal to
      V.sub.REF. When print control delayed (PCD) signal 690 is low, the output
      of DC generator 500 is high and SR 605 receives slant ones therefrom via
      gates 602 and 604. During this time, the print head dots cannot be
      energized. The supply of slant ones from DC generator 500 is terminated
      when capacitor 504 charges to a voltage equal to V.sub.REF and comparator
      503 changes state. The charging time of capacitor 503 relative to the
      clock time of SR 605 is such that comparator 503 changes state before SR
      605 is completely filled with slant ones (i.e., 18 one-bits). While SR 605
      is filling with slant ones at the B input of gate 604, the A input thereof
      is low because the contents of SR 605 were cleared before PCD 690 switched
      low. SR 605 shifts its contents, which amount to at least 6 but less than
      18 slant ones, until gate 608 switches low. When PCD 690 then switches
      high, the contents of SR 605 circulate and capacitor 504 in the DC
      generator discharges through transistor 502.
PAR  Referring to FIG. 6b, column advance signal (CA) 660, the generation of
      which is detailed later in this specification, and PCD 690 are gated by OR
      gate 613 to produce a low output when the leading slant one circulating in
      SR 605 is at bit 17 (refer to E). When this occurs, SR clock signal 670 is
      disabled by gate 611 and SR 605 stops circulating. When the PCD signal 690
      goes high, SR clock signal 670 is again applied to SR 605 and its contents
      circulate. By stopping circulation of SR 605 when the column advance
      signal 660 is low, the leading slant one in SR 605 is always known to be
      at bit 17. The location of the leading slant one is important since PC 600
      is asynchronous. Since the leading slant one always starts from bit 17,
      vertical alignment of the first dot of the first character of all printed
      lines is assured. SR clear signal 680 clears the contents of SR 605 of all
      slant ones prior to determination of each new DC by DC generator 500.
PAR  The process of filling SR 605 with slant ones described above is repeated
      prior to the printing of each line. The output signals from the seven taps
      of SR 605 are the same as the signals shown in FIG. 2d if DC generator 500
      fed 9 slant ones into SR 605. Of course DC generator 500 can provide
      variable DC from 30/70 to 90/10 as V.sub.B varies as shown in FIG. 5c.
      Note that, while output taps 1 and 7 of SR 605 are electrically the same,
      the signal at tap 7 is delayed 18 clock pulses from the signal at tap 1
      wherein the signal at both taps includes the same number of slant ones and
      zeroes. This signal delay generates the printed character "slant" and the
      signal content of slant ones and zeroes determines to dot driver signal
      duty cycle.
PAR  To provide the timing necessary for printing each column of character data
      gate 608 generates a CA signal 608 only when bit 17 is a one and the
      complement of bit 18 is one. Signals representing these conditions are
      applied to inputs A and B, respectively of gate 608. The signal is used by
      character generator 610 and logic to know when the printer head has
      advanced to the next column on the character being printed. Gates 634
      through 646 receive slant data from SR 605 and character data from
      character generator 610 via 622 through 632. These latches are necessary
      to preserve character data. Owing to the one-dot slant, the seventh dot of
      column 1 and the first dot of column 2 are printed at the same time. If
      the DC is long, for example, 70/30, then when the first dot of column 2 is
      starting to be printed, five dots (3-7) of column 1 are still printing.
      Since column 2 data needs to be present for its first dot to be energized,
      column 1 data must be held in latches 632 if a dot is being printed when
      column data changes.
PAR  As indicated above a new duty cycle is determined at the end of each
      printed line. Print control 600 signal can be generated from print head
      carriage contact logic, or other logic which synchronizes the relative
      movement of the printer head and paper with respect to completion or start
      of the printing of a line of characters.
CLMS
STM  I claim:
NUM  1.
PAR  1. A printer for printing characters on a printing medium comprising:
PA1  a printer head, having a plurality of spaced transducers mounted in a line
      thereon, movably mounted in close proximity to the printing medium, the
      line of transducers being oriented transverse to the direction of head
      movement;
PA1  motive means coupled to the printer head for driving the printer head past
      the printing medium at a predetermined rate;
PA1  timing means for producing timing signals;
PA1  character generating means coupled to the timing means for generating
      character data signals in response to timing signals therefrom;
PA1  slant generating means coupled to the timing means for generating periodic,
      sequentially-timed command signals at a preselected repetition rate in
      response to timing signals received therefrom; and
PA1  gating means coupled to the printer head, the slant generating and the
      character generating means for selectively activating successive ones of
      the transducers in response to command and character data signals to print
      characters on the printing medium as a matrix of rows and columns of dots,
      the interval between rows being determined by the spacing between
      transducers and the interval between columns being determined by the
      repetition rate of the command signals and the rate at which the printer
      head is driven.
NUM  2.
PAR  2. A printer as in claim 1 wherein:
PA1  the printing medium produces a mark on the surface thereof in response to
      heat generated in close proximity thereto; and
PA1  the transducers generate heat in response to an electrical signal applied
      thereto.
NUM  3.
PAR  3. A printer as in claim 1 wherein the slant generating means includes a
      circulating shift register having a plurality of output ports for coupling
      command signals therefrom and first gating means coupled to the shift
      register for controlling the contents thereof.
NUM  4.
PAR  4. A printer as in claim 1 powered by a battery wherein the slant
      generating means includes duty cycle generating means for controlling the
      period of the command signals generated thereby to activate the
      transducers to produce printed characters having uniform quality on the
      printing medium.
NUM  5.
PAR  5. A printer as in claim 4 wherein:
PA1  the slant generating means includes a circulating shift register having a
      plurality of output ports; and
PA1  the duty cycle generating means includes a capacitor and a capacitor
      charging circuit coupled to the battery for charging the capacitor to a
      voltage substantially equal to the voltage thereof, and having an output
      port for coupling an electrical signal representing the capacitor voltage
      therefrom; a comparator having an output port and at least two input
      ports, one of the input ports being coupled to a reference voltage
      representing the voltage required for the transducers to produce printed
      characters having uniform quality on the printing medium and the other of
      the input ports being coupled to the output port of the capacitor charging
      circuit, said comparator being effective for comparing the voltages
      applied to the input ports thereof and for providing a signal at the
      output port representing the time it takes the capacitor to charge to a
      voltage substantially equal to the reference voltage; and second gating
      means coupled to the comparator and to the shift register for controlling
      the contents thereof in response to the signal at the output port of the
      comparator, said contents being effective for controlling the period of
      the command signals.
NUM  6.
PAR  6. A printer as in claim 5 wherein the time it takes the capacitor to
      charge to a voltage substantially equal to the reference voltage is
      approximately equal to the length of time the transducers must be
      activated at the battery voltage available to produce printed characters
      having uniform quality on the printing medium.
NUM  7.
PAR  7. A printer as in claim 4 wherein the duty cycle generating means controls
      the period of the command signals inversely as a function of the battery
      voltage.
NUM  8.
PAR  8. A printer as in claim 7 wherein the function of the battery voltage is
      substantially exponential.
NUM  9.
PAR  9. A printer as in claim 4 wherein the command signals include an on-time
      and an off-time, said on-time being set by the duty cycle generating means
      as a function of the magnitude of the battery voltage and being effective
      for enabling activation of the transducers.
NUM  10.
PAR  10. A printer as in claim 9 wherein the on-time of the command signals is
      an inverse function of the magnitude of the battery voltage.
NUM  11.
PAR  11. A printer as in claim 4 wherein:
PA1  the slant generating means includes a circulating shift register having a
      plurality of output ports;
PA1  the duty cycle generator includes:
PA2  sampling means for determining the magnitude of the battery voltage;
PA2  comparator means coupled to the sampling means, for comparing the magnitude
      of the battery voltage with a reference voltage to determine the length of
      time the transducers must be activated at the magnitude of battery voltage
      available to produce printed characters having uniform quality on the
      printing medium; and
PA2  gating means, coupled to the comparator means, for controlling the contents
      of the circulating shift register, said contents being effective for
      controlling the period of the command signals.
NUM  12.
PAR  12. A printer as in claim 1 for printing slanted characters wherein the
      slant of the columns of the printed characters is determined by the
      sequential timing of the command signals and the rate at which the printer
      head is driven.
NUM  13.
PAR  13. A method for printing characters on a printing medium comprising the
      steps of:
PA1  supplying power;
PA1  driving a printer head having a plurality of spaced transducers mounted in
      a line aligned thereon transverse to the direction of head movement past
      the printing medium in close proximity thereto and at a predetermined
      rate;
PA1  producing timing signals;
PA1  generating character data signals in response to the timing signals;
PA1  generating periodic, sequentially-timed command signals at a preselected
      repetition rate in response to the timing signals; and
PA1  activating successive ones of the transducers selectively in response to
      command and character data signals to print characters on the printing
      medium as a matrix of rows and columns of dots, the interval between rows
      being determined by the spacing between transducers and the interval
      between columns being determined by the repetition rate of the command
      signals and the rate at which the printer head is driven.
NUM  14.
PAR  14. A method as in claim 13 wherein:
PA1  the printing medium produces a mark on the surface thereof in response to
      heat generated in close proximity thereto; and
PA1  the transducers generate heat in response to an electrical signal applied
      thereto.
NUM  15.
PAR  15. A method as in claim 13 wherein the step of generating command signals
      includes coupling command signals from a circulating shift register having
      a plurality of output ports and controlling the contents thereof.
NUM  16.
PAR  16. A method as in claim 13 wherein:
PA1  the step of supplying power comprises the step of supplying power from a
      battery; and
PA1  the step of generating periodic, sequentially-timed command signals
      includes the step of controlling the period of the command signals to
      activate the transducers to produce printed characters having uniform
      quality on the printing medium.
NUM  17.
PAR  17. A method as in claim 16 wherein:
PA1  the step of controlling the period of the command signals includes the step
      of controlling the contents of a circulating shift register having a
      plurality of output ports which comprises the steps of:
PA2  a. charging a capacitor to a voltage substantially equal to the voltage of
      the battery;
PA2  b. comparing the capacitor voltage with a reference voltage representing
      the voltage required for the transducers to produce printed characters
      having uniform quality on the printing medium;
PA2  c. providing a signal representing the time it takes the capacitor to
      charge to a voltage substantially equal to the reference voltage; and
PA2  d. controlling the contents of the circulating shift register in response
      to the signal representing the time it takes the capacitor to charge to a
      voltage substantially equal to the reference voltage, said contents being
      effective for controlling the period of the command signals.
NUM  18.
PAR  18. A method as in claim 16 wherein the step of controlling the period of
      the command signals includes controlling that period inversely as a
      function of the battery voltage.
NUM  19.
PAR  19. A method as in claim 16 wherein the function of the battery voltage is
      substantially exponential.
NUM  20.
PAR  20. A method as in claim 16 wherein:
PA1  the step of generating command signals includes coupling command signals
      from a circulating shift register having a plurality of output ports; and
PA1  the step of controlling the period of the command signals includes the
      steps of:
PA2  determining the magnitude of the battery voltage;
PA2  comparing the magnitude of the battery voltage with a reference voltage to
      determine the length of time the transducers must be activated at the
      magnitude of battery voltage available to produce printed characters
      having uniform quality on the printing medium; and
PA2  controlling the contents of the circulating shift register.
NUM  21.
PAR  21. A method as in claim 13 for printing slanted characters wherein the
      slant of the columns of the printed characters is determined by the
      sequential timing of the command signals and the rate at which the printer
      head is driven.
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ABST
PAL  A keylever touch control mechanism for typewriters includes keylevers
      mounted on a common pivot which spans the distance between the spaced side
      frames of the typewriter. The keylevers are supported in their rest
      position by a plurality of underlying leaf springs. Keylever touch is
      controlled by the amount of force exerted on the underside of the
      keylevers by the leaf springs. A spring loaded pivotal bail having rigid
      extensions underlying the leaf springs pivots into abutment with the
      springs to vary the tension of the springs. A detented control mechanism
      is coupled to the bail to pivot the bail extensions into and out of
      abutment with the leaf springs. When the bail extensions are pivoted into
      abutment with the leaf springs and a keylever is depressed, the force
      required to overcome the biasing force of the spring loaded bail
      extensions to depress a keylever is increased and the keylever touch is
      correspondingly increased.
PAL  When the bail extensions are pivoted out of abutment with the leaf springs
      and a keylever is depressed, the leaf springs are deflected independent of
      the bail extensions and therefore the force required to depress a keylever
      is decreased and the keylever touch is correspondingly decreased.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to typewriters and more particularly to a keylever
      touch control mechanism for selectably varying the force required to
      depress a keylever.
PAR  Desirable features of touch control mechanisms for typewriters are
      simplicity, economy, and adjustability. Meeting these requirements has
      resulted in a variety of mechanisms.
PAR  For example, one such touch control mechanism as shown in U.S. Pat. No.
      2,098,285 to C. Gabrielson et al, teaches a plurality of keylever coil
      springs that couple a plurality of keylevers to a common bail. The spring
      tensions are individually adjustable for each keylever and collectively
      adjustable for all keylevers by pivoting the bail through a control means.
PAR  The many parts in such mechanisms resulted in a complex and costly design.
PAR  An improved design as shown in U.S. Pat. No. 3,229,798 to A. Grashoff,
      included a spring urged common bail underlying all keylevers and
      selectively biased against the keylevers in a plurality of positions by an
      adjustable detent. Still another improved design, as shown in U.S. Pat.
      No. 2,528,450 to J. L. Petz, that incorporated a rigid plate underlying a
      flat spring tension comb to support and restore the keylevers was
      introduced.
PAR  None of the prior art provides for a simple and inexpensive variable
      keylever spring force to be exerted between the different rows of
      keylevers to offset the different lengths of keylevers in the different
      rows. Furthermore, none of the prior art provides for the engagement of an
      additional spring system to provide maximum force to depress a keylever
      and the disengagement of the additional spring system to necessitate
      minimum force to depress a keylever.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a keylever touch control mechanism for the
      keylevers of typewriters. The keylevers are supported on a common pivot
      and are of different lengths for each row. The touch control mechanism
      includes a flat flexible spring that extends transverse the typewriter.
      One edge of the spring is mounted on the keylever segment and the other
      edge is slotted to define multiple leaf springs of various widths. The
      leaf springs underlie projecting abutments of each keylever to support and
      restore the individual keylevers to their rest position. A spring loaded
      pivotal bail having individual rigid extensions underlying the individual
      leaf springs may be pivoted into or out of abutment with the leaf springs.
      A control mechanism includes a control lever pivotally supported on a
      frame and engageable by a detent mechanism to maintain the control
      mechanism in any one of two selected positions. The control mechanism is
      coupled to the bail to pivot the bail into and out of abutment with the
      leaf springs in response to the selected position of the control lever.
PAR  When the control lever is positioned to pivot the bail extensions out of
      abutment from the leaf springs, the keylever touch is then determined by
      the amount of force required to depress a keylever against and to deflect
      a corresponding leaf spring. This amount of force is minimal and is
      substantially the same among the keylevers in each row due to the various
      widths of the leaf springs which compensates for the different length
      keylevers.
PAR  When the control lever is positioned to pivot the bail extensions into
      abutment with the leaf springs, the amount of force required to overcome
      the normal spring tension of the leaf springs and the spring loaded bail
      is maximum and the keylever touch is increased.
PAR  The individual rigid extensions of the bail are of different lengths for
      engaging the leaf springs different distances relative to the ends of the
      leaf springs. The different length rigid extensions pivot the spring
      loaded bail a different amount for each row of keylevers to substantially
      equalize the keylever touch for all rows in the maximum touch condition.
PAR  Accordingly, an object of the present invention is to provide a keylever
      touch control mechanism that is of simple construction.
PAR  Another object of the present invention is to provide a keylever touch
      control mechanism that is selectively operative in a plurality of
      operating positions.
PAR  A further object of the present invention is to provide a keylever touch
      control mechanism where the amount of force exerted by a spring system
      upon the underside of the different length keylevers is variable between
      the different rows.
PAR  A further object of the present invention is to provide a keylever touch
      control mechanism where an additional spring system is introduced to the
      keylever touch to necessitate a maximum amount of force to depress a
      keylever in one of the adjustable positions.
PAR  A further object of the present invention is to provide a keylever touch
      control mechanism that is operable to completely disengage the additional
      spring system from the keylever touch to necessitate a minimal amount of
      force to depress a keylever in the other adjustable position.
DRWD
PAR  Other objects, features, and advantages of the invention will become more
      apparent from the following description, including appended claims and
      accompanying drawing in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a left side elevation view of a typewriter showing the present
      invention.
PAR  FIG. 2 is a perspective view of the control mechanism of the present
      invention.
PAR  FIG. 3 is a plan view showing several keylevers and their relationship with
      the leaf springs.
PAR  FIG. 4 is a sectional side elevation view showing the keylever of row 1 in
      a rest and depressed position and its relationship with the touch control
      mechanism which is ineffective due to there being no underlying rigid
      extensions in alignment with the first row of keylevers.
PAR  FIG. 5 is a sectional side elevation view showing the keylever of row 2 in
      a rest and depressed position and its relationship with the touch control
      mechanism in the effective position.
PAR  FIG. 6 is a sectional side elevation view showing the keylever of row 3 in
      a rest and depressed position and its relationship with the touch control
      mechanism in the effective position.
PAR  FIG. 7 is a sectional side elevation view showing the keylever of row 4 in
      a rest and depressed position and its relationship with the touch control
      mechanism in the effective position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a portion of a typewriter is shown having a pair
      of side frames 10 supported on a base 11. Spanning side frames 10, a
      keylever segment 12 provides the support for a plurality of keylevers 14,
      15, 16, and 17 at a common pivot 28. When depressed, keylevers 14, 15, 16,
      and 17 engage a pivotal pawl 18 that pivots into the path of a rotating
      power roll 19. An actuator 20 that supports pawl 18 is urged to pivot and
      pull a connecting link 22 forward to place a typebar 24 in flight with
      sufficient momentum to strike a platen 26 with sufficient force to imprint
      a character on a printing medium placed therebetween.
PAR  Keylevers 14, 15, 16, and 17 are pivotally supported at one end on common
      pivot 28 that is supported by keylever segment 12. The keylevers are
      limited in their upward movement by a keylever extension 32 abutting an
      up-stop 33 and in their downward movement by extensions 29, 31, 35, and 37
      abutting a down stop 34. The other ends of keylevers 14, 15, 16, and 17
      terminate in four forward extensions 21, 23, 25, and 27 respectively of
      different lengths to define four rows of keylevers.
PAR  To restore the keylevers to their rest positions and equalize the different
      mechanical advantage of the different length keylevers, a flat spring 30
      is utilized. Flat spring 30 underlies keylevers 14, 15, 16, and 17. Spring
      30 is of single piece construction having one side fixed along the length
      of keylever segment 12 and the other side slotted towards the fixed side
      to define a series of different width leaf springs 36, 38, 40, and 42.
      Leaf springs 36, 38, 40, and 42 underlie and abut an abutment 44 of
      keylevers 14, 15, 16, and 17 to support the keylevers in their rest
      position and to restore the keylevers to rest position when they are
      depressed during operation. Leaf springs 36, 38, 40, and 42 underlie
      keylevers 14, 15, 16, and 17 in relation to the length of the keylevers.
      For example, the widest leaf springs 36 having the greatest bias tension
      underlie keylevers 14 that have the longest forward extensions and
      greatest mechanical advantage, best shown in FIGS. 3 and 7. The next
      widest leaf springs 38 having less tension underlie keylevers 15 that have
      shorter forward extensions than keylevers 14 and less mechanical
      advantage, best shown in FIGS. 3 and 6. The next widest leaf springs 38
      having still less bias tension underlie keylevers 16 that have shorter
      forward extensions than keylevers 15 and still less mechanical advantage,
      best shown in FIGS. 3 and 5. The narrowest leaf springs 42 capable of
      exerting the least bias tension underlie keylevers 17 that have the
      shortest forward extensions and the least mechanical advantage, best shown
      in FIGS. 3 and 4. Therefore, the amount of force required to depress
      keylevers 14, 15, 16, and 17 is substantially equalized as a result of the
      proper selection and relationship of springs 36, 38, 40, and 42 to
      keylevers 14, 15, 16, and 17.
PAR  The amount of force required to depress any keylever against a
      corresponding leaf spring is directly proportional to the length of the
      keylever measured from pivot 28 to the end of the keylever. In other
      words, the mechanical advantage of keylever 17, the shortest keylever, is
      less than the mechanical advantage of keylever 14, the longest keylever.
PAR  A bail 46 is pivotally suported about a fulcrum 48 formed on and extending
      along the length of keylever segment 12. Bail 46 is an elongated member
      having its ends 50 formed to cooperate with fulcrum 48 of keylever segment
      12, best shown in FIG. 2. A retainer 51 overlies bail ends 50 and
      maintains the cooperation between bail 46 and fulcrum 48. Spaced along the
      length of one edge of bail 46 are a series of extensions 52, 53, and 54
      that terminate in upstanding tabs 55, 56, and 57. Extensions 52, 53, and
      54 are of different lengths and extension tabs 55, 56, and 57 are in
      vertical alignment for engagement with the lever surface of leaf springs
      36, 38, and 40 when bail 46 is in an effective operative position. For
      example, tab 55 of the shortest extension 52 is in alignment with the
      widest leaf spring 36 and shown in FIG. 7. Tab 56 of intermediate length
      extension 53 is in alignment with the next widest spring 38 as shown in
      FIG. 6. Tab 57 of the longest extension 54 is in alignment with the next
      widest leaf spring 40 as shown in FIG. 5. The narrowest leaf spring 42 as
      shown in FIG. 4 does not cooperate with any extension of bail 12 and
      hence, is not affected by the additional spring system of the touch
      control mechanism. An upstanding arm 58 on one end of bail 46 as shown in
      FIG. 2 carries the free end of a spring 60 so as to bias bail 46 and
      therefore upstanding tabs 55, 56, and 57 into an abutting relationship
      with leaf springs 36, 38, and 40 when bail 46 is in its operative
      position. A rod link 62 extending from an arm 74 of a control mechanism 64
      engages bail arm 58 to detain bail 46 in an inoperative position. Rod link
      62 is formed to include an inclined abutment 63 which is positioned
      adjacent to and behind bail arm 58. Therefore, forward movement of arm 74
      will result in a corresponding movement of rod link 62 to overcome the
      bias effect of spring 60 on bail 46. Inclined abutment 63 will
      simultaneously engage arm 58 and urge it forward to place bail 46 in an
      inoperative position.
PAR  Control mechanism 64, best shown in FIG. 2, selectably controls the
      positioning of bail 46 and includes a horizontal platform 66, a control
      lever 68 and a detent member 70. Platform 66 is fixed to end frame 10 and
      provides support for control mechanism 64.
PAR  Control lever 68 is pivotally supported about a pivot stud 67 located on a
      platform 66 and includes a pair of angularly disposed horizontal arms 72
      and 74 that are fixed relative to one another. Arm 72 extends forward and
      arm 74 extends laterally and includes an upstanding detent pin member 75
      projecting therefrom.
PAR  Detent member 70 is pivotally supported on platform 66 at one end 71 about
      a pivot stud 76. Spring 78 extends and is fixed between an opposite end 80
      of detent member 70 and an ear 69 of platform 66 serves to bias detent
      member 70 in a counterclockwise direction. Detent member 70 extends above
      and crosswise of arm 74 of control lever 68 whereby either holding recess
      82 or 84 formed in the edge face of detent member 70 is biased into
      selective retaining engagement with upstanding detent pin member 75 of
      control lever 68.
PAR  In operation, the touch control mechanism is normally disposed in an
      ineffective position to produce a minimum key touch. An ineffective
      position of the touch control mechanism prevails when control lever 68 is
      pivotally positioned clockwise by manually moving lever 72 laterally to
      the left until upstanding member detent pin 75 is engaged in holding
      recess 82 of detent member 70. Control lever arm 74 is now at its most
      forward position and link 62 is urged forward which, in turn, urges bail
      46 to pivot downward thereby positioning bail extensions 52, 53, and 54
      away from leaf springs 36, 38, and 40.
PAR  If a keylever 14, 15, 16 or 17 is now depressed, the force required to
      depress the keylever is a minimal force required to overcome only the
      spring tension of the opposed leaf springs 36, 38, 40, and 42.
PAR  If an operatively effective position of the touch control mechanism is
      desired, control lever 68 is pivotally positioned counterclockwise by
      manually moving lever 72 laterally to the right until upstanding detent
      pin member 75 is engaged in holding recess 84 of detent member 70. Control
      lever arm 74 is now at its most rearward position and rod link 62 is
      carried rearward, thus allowing spring 60 to urge bail 46 to pivot upward,
      thereby positioning bail extensions 52, 53, and 54 in abutment with leaf
      springs 36, 38, and 40.
PAR  If a keylever 14, 15, and 16 is now depressed, the force required to
      depress the keylever is increased. When keylever 14, 15, or 16 is now
      depressed, the force required to depress the keylever must be increased to
      overcome combination of the spring tension of leaf springs 36, 38, and 40,
      and the spring bias of bail spring 60 which maintains the abutting
      relationship of extension tabs 55, 56, and 57 with leaf springs 36, 38,
      and 40.
PAR  Moreover, the amount of force required to overcome the biasing effect of
      bail spring 60 is directed about fulcrum 48 and is predicated by the
      distance from bail fulcrum 48 to the predetermined point at which a bail
      tab abuts a leaf spring or what hereafter will be referred to as the
      mechanical advantage of bail extension. The greater the mechanical
      advantage of bail extension, then less force is required to pivot ball 46.
PAR  More specifically, as shown in FIG. 7, leaf springs 36 of the fourth row
      cooperate with bail extensions 52 that have the least mechanical advantage
      thereby effecting a necessary increase in force required to pivot bail 46
      when depressing a keylever in the fourth row. As shown in FIG. 6, leaf
      springs 38 of the third row cooperate with bail extensions 53. Bail
      extensions 53 have a greater mechanical advantage than bail extensions 52
      thereby requiring a necessary force to depress a keylever in the third row
      that is substantially equal to the force required to depress a keylever in
      the fourth row. As shown in FIG. 5, leaf springs of the second row
      cooperate with bail extensions 54. Bail extensions 54 have a greater
      mechanical advantage than bail extensions 53 thereby requiring a necessary
      force to depress a keylever in the second row that is substantially equal
      to the force required to depress a keylever in the third row.
PAR  While the foregoing description has shown and described the fundamental
      novel features as applied to a preferred embodiment, it will be understood
      by those skilled in the art that modifications embodied in various forms
      may be made without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frame supported keylever touch control mechanism for typewriters
      having a plurality of keylevers, the touch control mechanism comprising:
PA1  holding means supported on the frame and movable relative to said frame;
PA1  control means engaged by said holding means for maintaining a selectable
      position of said control means;
PA1  a plurality of leaf springs underlying and upwardly biasing the keylevers;
PA1  a shiftable bail supported on the frame and movable by said control means
      between an inoperative position and an operative position, the shiftable
      bail in the inoperative position being spaced from the keylever leaf
      springs to avoid affecting the touch of the keylevers and in the operative
      position being disposed in contact with said leaf springs; and
PA1  a touch control spring connected to the shiftable bail to cause the bail to
      add to the upward bias of the leaf springs to effect a heavier touch on
      the keylevers when the shiftable bail is in the operative position.
NUM  2.
PAR  2. A mechanism as defined in claim 1 wherein said shiftable bail includes
      extensions extending therefrom and underlying said keylever leaf springs
      for abutting the keylever leaf springs when said shiftable bail is in the
      operative position thereby affecting the touch of the keylevers.
NUM  3.
PAR  3. A mechanism as defined in claim 2 wherein said shiftable bail extensions
      are of different lengths for contacting the keylever leaf springs at
      different predetermined points along said keylever leaf springs for
      equalizing the keylever touch of the different rows.
NUM  4.
PAR  4. A mechanism as defined in claim 3 wherein a keylever leaf spring for a
      keylever in a first row of keylevers engages an extension of said
      shiftable bail at a first point along said keylever leaf spring when said
      shiftable bail is in said operative position and said shiftable bail
      includes a pivot means spaced from said first point and said shiftable
      bail actuates said touch control spring to provide a predetermined force
      required to depress a keylever in said first row of keylevers.
NUM  5.
PAR  5. A mechanism as defined in claim 4 wherein a second keylever leaf spring
      for a keylever in a second row of keylevers shorter than said first row of
      keylevers engages a second extension of said shiftable bail at a second
      point along said second keylever leaf spring and wherein said second point
      is spaced nearer said shiftable bail pivot means than said first point to
      provide a predetermined force required to depress a keylever in said
      second row of shorter keylevers that is substantially equal to said
      predetermined force required to depress a keylever in said first row of
      longer keylevers.
NUM  6.
PAR  6. A mechanism as defined in claim 5 wherein a third keylever leaf spring
      for a keylever in a third row of keylevers shorter than said second row
      keylevers engages a third extension of said shiftable bail at a third
      point along said keylever leaf spring wherein said third point is spaced
      nearer said shiftable bail pivot means than said second point to provide a
      predetermined force required to depress a keylever in said third row of
      shorter keylevers that is substantially equal to said predetermined force
      required to depress a keylever in said second row of longer keylevers.
NUM  7.
PAR  7. A mechanism as defined in claim 1 wherein said control means further
      includes a means for detaining said shiftable bail in said inoperative
      position.
NUM  8.
PAR  8. A mechanism as defined in claim 7 wherein said touch control spring
      cooperates with said control means for biasing said shiftable bail to said
      operative position when said detaining means is displaced from said
      shiftable bail.
NUM  9.
PAR  9. A frame mounted keylever touch control mechanism for typewriters having
      a plurality of keylevers, the touch control mechanism comprising:
PA1  a two position detent lever pivotally supported on the frame and movable
      relative to the frame;
PA1  a control lever engageable by said detent lever for maintaining a
      selectable position of said control lever;
PA1  a plurality of variable width leaf springs underlying and upwardly biasing
      the keylevers;
PA1  a shiftable bail pivotally supported on the frame, the bail having
      extensions extending therefrom at different lengths underlying said
      keylever leaf springs, and movable by said control lever from an
      inoperative position spaced from said keylever leaf springs to avoid
      affecting the touch of the keylevers to an operative position wherein said
      bail extension abut the keylever leaf springs thereby affecting the touch
      of the keylevers.
PA1  a touch control spring connected to the shiftable bail to cause the bail to
      add to the upward bias of the leaf springs to effect a heavier touch on
      the keylevers when the shiftable bail is in the operative position.
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ABST
PAL  A shift mechanism for a typewriter comprises a platen supporting frame
      which is mounted for movement about a predetermined axis to align the
      position of the platen with the type case, numeral or symbol to be
      printed. The mechanism has capability of shifting the platen and is used
      both for the change-over of the two different types and for selecting one
      of three different types. A locking device is provided for the typewriter
      which allows the continuous printing operation with the changed-over type
      position maintained as it is, while, for the change-over of letters, such
      as from a lower to an upper case letter for a single printing operation,
      the changed-over position is released from the locked state. The holding
      and releasing of the changed-over position of type can be effected by
      actuating the key for the type change-over operation without requiring any
      specific manipulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to a type change-over or shifting
      apparatus for a typewriter, the shifting apparatus being particularly
      adapted for selection of a desired type from a number of different type
      faces arranged on a single type bar in a typewriter.
PAR  In previously known type change-over or shifting apparatus for typewriters
      of the kind considered herein, the change-over from one type such as lower
      case letters to a different type such as upper case letters is carried out
      either by moving a platen supporting frame vertically with respect to the
      type bars or vice versa. Generally, a complicated and expensive mechanism
      is required to move either the platen supporting frame or the assembly of
      the type bars in this manner and at the same time maintain their relative
      horizontal positions. Furthermore, high momentum is required for the
      operation.
PAR  Additionally, in the conventional type change-over or shifting apparatus,
      the mechanism for carrying out the change-over or shift from one of two
      different types to the other requires structure in addition to that for
      shift operations for carrying out selection capability whereby a desired
      type from three different kinds of type may be selected for printing.
PAR  Thus, the apparatus lack capability of performing separate operations with
      various structural components which are used in both operations.
PAC  SUMMARY OF THE INVENTION
PAR  The change-over shifting apparatus of the present invention seeks to
      overcome the disadvantages which exist in the prior art, as noted above.
      For carrying out the invention the change-over or shifting apparatus
      includes a platen supporting frame which is mounted for movement about an
      axis and capable of being positioned in the path of movement of a type bar
      and the particular form of indicia to be printed. The change-over or
      shifting apparatus may carry out both the function of change-over of the
      two different types and of selecting one type of three different types for
      printing. A locking device allows a continuous printing operation while
      maintaining the changed-over type position, while, for the change-over of
      letters, such as from a lower case letter to an upper case letter for a
      single printing operation, the changed-over position is released from the
      locked state. The holding and releasing of the changed-over position of
      type can be effected merely by actuating a key for the type change-over
      operation without requiring any specific manipulation.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood and in order that the present contribution to the
      art may be better appreciated. There are, of course, additional features
      of the invention that will be described hereinafter and which will form
      the subject of the claims appended hereto. Those skilled in the art will
      appreciate that the conception upon which this disclosure is based may be
      readily utilized as a basis for the designing of other structures for
      carrying out the several purposes of the invention. It is important,
      therefore, that the claims be regarded as including such equivalent
      construction as do not depart from the spirit and scope of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of the typewriter according to the present
      invention with the top and side enclosing housing structure removed;
PAR  FIG. 2 is a side elevation, in enlarged scale, of the typewriter of FIG. 1
      wherein certain portions are broken away and other portions are
      illustrated in section for purposes of description and understanding;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating, however, in enlarged scale
      the type change-over structure of the invention;
PAR  FIG. 4 is a rear elevation of the typewriter illustrated in FIG. 1;
PAR  FIG. 5 is a view similar to FIG. 1 illustrating in enlarged scale the
      carriage feeding mechanism of the typewriter; and,
PAR  FIG. 6 is a side elevation of the type change-over structure of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The typewriter which may be characterized as, although by no means limited
      to, that variety of typewriter generally denominated as a toy typewriter
      includes generally a manipulation unit 1, a printing unit 2, and a
      carriage unit 3. These units will be discussed separately below.
PAR  As illustrated in FIG. 1 the manipulation unit 1 generally is disposed
      within an area toward the front of the typewriter and includes a plurality
      of finger engageable keys in the form of pad 12, each supported by a key
      lever including key levers 9, 10 and 11. The key levers are disposed in a
      plurality of tiers, for example, three tiers (see FIG. 2), with each tier
      including a plurality of key levers. The carriage unit 3 is generally
      disposed to the rear of the typewriter and includes a platen 73 and
      structure for moving the platen between typing limit positions. Finally,
      the printing unit 2 includes a plurality of type bars 49 which are
      responsive to the action of any one of the key levers 9, 10 and 11 to
      cause desired indicia to be transferred to paper supported by the platen
      73 as the platen moves in a typing direction between the limit positions.
      The indicia may be in the form of upper and lower case letters, numerals
      and symbols of varying kinds. Each type bar 49 may carry a plurality of
      indicia. Selection of the indicia on the respective type bars is
      accomplished by means of a type change-over mechanism to be described
      hereafter in conjunction with other features of the invention.
PAR  The manipulation unit 1 is secured to a frame 4 which is supported by a
      base plate 5 of the enclosing housing.
PAR  The frame 4, seen to best advantage in FIG. 2 is configured in the form of
      an L-shaped enclosure having a front wall, a spaced rear wall including a
      pair of offset sections and, side walls which are removed inwardly from
      the side limit of the base plate 5. Each of the front, rear and side walls
      extend upwardly of the base plate 5. A top wall which completes the
      enclosure extends generally downwardly to cooperate with the rear wall. A
      plurality of shafts or rods 6, 7 and 8 are supported by the frame in
      vertical array. More particularly, the ends of each of the shafts are
      immovably supported by the side walls.
PAR  Each of the key levers 9, 10 and 11 are mounted for pivotal movement about
      one of the shafts 6, 7 or 8. Thus, the plurality of key levers 9 of a top
      tier are pivotally mounted on the shaft 6. The plurality of levers 10 of a
      middle tier are pivotally mounted on the shaft 7. And the plurality of
      levers 11 of a lower tier are pivotally mounted on the shaft 8. Additional
      tiers each including a plurality of key levers similarly may be mounted
      for pivotal movement.
PAR  Each of the key levers 9, 10 and 11 generally are similar in form. To this
      end, the key levers are of bell crank construction having a first
      projecting arm for supporting the key upon an upwardly bent portion and
      second actuator arms 15 projecting from a pivot point substantially
      90.degree. from the first arms. The first arms are extended somewhat as at
      13 to the rear of each shaft. Each of the actuator arms are incremently
      extended to approximately the same height above the frame 4.
PAR  The key levers 9, 10 and 11 are movable within the confines and relative to
      the frame 4. To this end the frame provides a plurality of slots within
      the planes of the several key levers. Particularly, a slot in the front
      wall accommodates the first projecting arm, a slot in the top wall
      accommodates the actuator arm, and a slot in the upper rear offset section
      accommodates the extension 13. The length of the rear slot limits or
      restricts movement of the key lever about a shaft 6, 7 or 8 in response to
      finger engagement of a key 12.
PAR  A projecting ear 16 is formed on each actuator arm of each key lever. The
      projecting ear is formed within the portion of the actuator arm located
      outside of the frame 4. A spring member 17 is secured at one end to the
      projecting ear and at the other end to the downwardly extending portion of
      the top wall. The spring member 17 serves to bias each key lever in the
      clockwise or resetting direction of lever movement.
PAR  An aperture 18 is formed in each of the actuator arms of the key levers 9,
      10 and 11 for purposes to be brought out below.
PAR  A bar 19 for actuated advance of the carriage unit 3 and of the ribbon
      (both to be described) is supported by the frame 4. To this end, the bar
      in the form of an elongated member to extend across the frame 4 is
      supported by a pair of spaced vertical legs 20 which extend through a pair
      of spaced slots in the top wall of the frame 4 and are rotatably mounted
      on the shaft 8. The bar 19 is disposed adjacent the front edge of the arm
      of the several key levers. Thus, the bar 19 is caused to pivot about shaft
      8 upon each actuation of a key lever of any tier of key levers. The bar is
      normally biased in the clockwise direction about shaft 8 into engagement
      with the actuator arms 15.
PAR  Structure forming a type change-over or shift mechanism also is supported
      by the manipulation unit 1. To this end, the shift mechanism includes a
      plurality of levers 21, 22 and 23. Each key lever is substantially
      configured for operation as the levers heretofore described, and each is
      mounted for pivotal movement on the shaft 8. A further lever 24, defining
      a shift release is also mounted for pivotal movement on shaft 8. The
      levers 21 and 22 are disposed within the left side region, while the
      levers 23 and 24 are disposed within the right side region of frame 4 (see
      FIG. 1). The frame 4 includes a further plurality of slots to accommodate
      therethrough the projecting, actuating and extending arms of each of the
      last-named lever 5. One of the slots such as the slot in the upper offset
      portion of the rear wall may be of a length to determine the extent of
      pivotal movement of each lever. Each lever is biased in the clockwise or
      normal direction by a spring 34 acting between an ear on the actuating arm
      29 and an extension of the top wall of the frame.
PAR  The levers 21, 22 and 23 serve as shift levers. Each of the shift levers
      and the shift release lever 24 carries a key 25, 26, 27 and 28,
      respectively, on its projecting arm.
PAR  A plurality of rods 30, 31, 32 and 33 are connected at one end to the
      actuating arm 29 of the levers 21, 22, 23 and 24 and extend toward the
      rear of the base plate 5 for connection with structure comprising the
      carriage unit 3. The operation derived through pivotal action of the
      levers of the shift mechanism will be described below.
PAR  Advancement of the carriage unit 3 in the typing direction may be obtained
      through pivotal movement of a space bar 37 carried at opposite ends by a
      pair of levers 36. As illustrated to best advantage in FIG. 2, a shaft 35
      is supported within the frame 4 near the base plate 5. Each lever 36 also
      generally of bell crank outline is supported by the shaft for pivotal
      movement from an inoperative disposition for advance carriage unit 3.
      Again, the frame is provided with the necessary slots for passing both a
      forwardly extending arm and an arm 38 projecting substantially at right
      angles from the location of the shaft 35. As illustrated, the space bar is
      carried on the forwardly extending arms. A spring 39 is connected to at
      least one of the arms 38 at one end and at the other end to an ear at the
      base plate 5 for biasing the levers 36 to the inoperative disposition.
PAR  A rod 95 is connected to one of the projecting arms 38 and to the carriage
      unit advance structure to be described.
PAR  The printing unit 2 of the typewriter may be seen to best advantage in FIG.
      2. As illustrated, the printing unit is disposed generally within the
      central portion of the base plate 5 between the manipulation unit 1 and
      the carriage unit 3. Structure in the form of a mounting plate 41 having a
      foot portion 40 received on the base plate by any suitable means supports
      the printing unit for operation. The mounting plate at its upper end is
      inclined generally toward the carriage unit 3. A further pair of plates 43
      and 45 are supported at the incline. The plates 43 and 45 are supported in
      spaced apart relation by means of a plurality of spacers 44 which may be
      of cylindrical outline. The plates 43 and 45 may comprise a lower and an
      upper plate, respectively. The lower plate 43 may be attached to the
      inclined portion of the mounting plate 41 by one or more screws 42. And
      the upper plate 45 may be attached to the lower plate by screws 48
      received by both plates 43 and 45 and through the cylindrical spacer.
PAR  Both the lower plate 43 and the upper plate and 45 define an arcuately
      shaped lower edge, each including a multiplicity of slots 46 equidistantly
      spaced across the length of the plates and in alignment between plates.
PAR  A rod 47 which follows the arcuate outline is disposed between the upper
      and lower plates 43 and 45. The rod may be secured between the plates by
      any means (not shown).
PAR  A plurality of type bars 49 equal in number to the number of slots 46 are
      mounted by the rod 47 for free rotation. The type bars provide at the
      mounting end a generally circular base portion received through the
      respective aligned slots and an elongated arm for receipt of a type
      carrier 53. The type carrier includes typing indicia at the locations 50,
      51 and 52. The arms are adapted to receive carriers interchangeably. The
      indicia may be in the form of upper and lower case letters, numerals, or
      symbols as are commonly found in typewriters.
PAR  Each of the type bars 49 are connected to for actuation by one of the key
      levers 9, 10 and 11. The connecting means may comprise a rod 171 adapted
      for receipt at one end within an aperture in an actuating arm 15 of a key
      lever 9, 10 or 11 at the other end in an aperture in the base portion of a
      corresponding type bar 49.
PAR  A supporting member 54 may be provided for positioning the type bars 49 in
      a ready - for - printing disposition. The supporting member forms a basket
      which is secured at the sides to the upper plate 45. Securement may be
      carried out by means of screws 55.
PAR  A guide 56 also is carried by the upper plate 45. The guide includes a pair
      of members 57 which are inclined toward the rear and toward one another to
      provide a slot through which the elongated arm of each type bar 49 may
      pass toward the platen. A bar 58 is disposed at the opening and serves as
      a stationary brake to reduce the striking action of the type bar 49 in
      response to actuation of a key lever.
PAR  The carriage unit 3 is located to the rear of the base plate 5. The
      carriage unit serves to support a platen 73 for stepped movement in
      response to finger engagement with the key of any one of the key levers 9,
      10 and 11 and to position the platen by means of the shift mechanism in
      position to be struck by the indicia at one of the locations 50, 51 or 52.
PAR  The supporting structure includes a frame 60 including a base 60a, a rear
      portion at substantially a right angle thereto and opposed side walls at
      substantially right angles to the rear wall. The side walls extend for a
      short distance toward the front of the typewriter (see FIG. 6) to the
      region of a lift plate 61. The frame 60 is carried by a pair of spaced
      legs 59 mounted at one end to the base plate 5. An elongated, inclined
      slot 62 is formed in each side wall. A supporting shaft 63 is received for
      movement within the confines of the slots to traverse at least between the
      side walls. As illustrated in FIGS. 2 and 3, the lift plate is of L-shaped
      construction and includes a pair of rearwardly directed spaced ears. The
      ears are apertured for mounting the lift plate for pivotal movement on
      shaft 63. Preferably the lift plate 61 resides between the side walls of
      the frame 60.
PAR  The rear wall of frame 60 mounts a pair of brackets of L-shaped outline.
      The brackets are disposed at opposite sides of the rear wall and support
      an elongated interlocking shaft 65 within an aperture in each. A member 64
      is carried at each end of for rotation about the interlocking shaft. The
      supporting shaft 63 is received through an elongated slot 66 in each of
      the members 64.
PAR  A guide frame 69 including upper and lower spaced guide plates 68 is
      mounted on the lift plate 61 forwardly of the supporting shaft 63. The
      guide frame 69 is fixed against horizontal movement. A second guide frame
      71 similarly formed by a pair of spaced guide plates 70 is cooperatively
      mounted for movement relative to the former. Movement is enhanced by means
      of a bearing race disposed between the facing concave portions in the
      respective guide plates. Movement of the carriage unit 3 in the typing
      direction is controlled by an escapement mechanism 79 activated by the key
      levers 9, 10 and 11 as well as the levers 36 of space bar 37. A constant
      load spring 72 is secured between the stationary and movable guide frames
      69 and 71, respectively, and biases the carriage to the left as viewed in
      FIG. 1.
PAR  A frame 76 including a pair of plates 74 are carried at opposite ends of
      the movable guide frame 71. The plates 74 are connected together by a pair
      of connecting rods 75. The platen 73 is mounted for free rotation by the
      frame 76.
PAR  The escapement mechanism 79 includes a rack 77 carried by the movable guide
      frame 71. The escapement mechanism is disposed on a mounting plate 78. The
      mounting plate extends from and is secured to the lift plate 61. A gear 80
      is keyed or otherwise secured to a shaft journelled for movement in the
      mounting plate. The gear is disposed for meshing cooperation with the
      teeth of rack 77.
PAR  A ratchet wheel 81 (see FIG. 5) is similarly mounted to the shaft. A pawl
      or feed lever 83 generally of bell crank outline and a holding lever 85
      having a pair of oppositely extending arms are disposed adjacent to for
      cooperation with the ratchet wheel 81 for moving the carriage. The feed
      and holding levers 83 and 85 are carried by a pin 84 depending from the
      mounting plate 78. Both the feed and holding levers are freely pivotable
      about the pin 84. The feed lever 83 includes an extension 82; whereas the
      holding lever 85 includes an extension 86. The extensions are movable into
      position of engagement and disengagement with the teeth of ratchet wheel
      81 during operation. The feed lever is normally biased about pin 84 to the
      disengaged position. To this end a spring 87 is secured between the feed
      lever 83 and the mounting plate 78. At this time the holding lever is
      biased about pin 84 into the engaged position as illustrated in FIG. 5. To
      this end, a further spring 88 is secured between the holding lever 85 and
      the mounting plate 78.
PAR  An extension 89 is formed on the holding lever 85. The extension is
      disposed in the path of movement of the feed lever 83 toward the engaged
      position. Thus, upon movement of the feed lever 83 for intercooperation of
      the extension 82 and the ratchet wheel 81, the holding lever 85 moves
      similarly in a counterclockwise direction and the extension 86 disengages
      from the teeth of ratchet wheel 81.
PAR  An actuation lever 90 controls movement of the feed lever 83 and extension
      82 into engaging position with the ratchet wheel 81. The actuation lever
      90 is formed by opposed arms and is mounted for pivotal movement on a pin
      91 carried by the base 60a of frame 60. The lever 90 includes a portion 93
      formed at the end of one arm. A pair of spaced slots 122 and 123 are
      provided in the other arm of the lever. By means of the slots the lever 90
      is connected both to the bar 19 and to the space bar 37. To this end, a
      rod 94 is connected between the slot 122 and the bar 19. A rod 95 is
      connected between the slot 123 and one of the levers 36 of the space bar
      37. Upon each actuation of either a key 12 or space lever 36 of spacer bar
      37 the portion 93 engages with the end 92 of feed lever 83 to cause the
      lever to pivot counterclockwise against the bias of spring 87. Full
      movement causes engagement of extension 82 with and disengagement of
      extension 86 from the teeth of ratchet wheel 81. Upon release of the
      extension 82 to the disengaged position the carriage unit 3 steps by one
      step to the left under the bias of spring 72. Disengagement of the
      extension 82 follows as the various levers return to the normal position
      under the control, for example, of springs 17 and 39. The feed lever 83 is
      biased toward disengagement by spring 87 which functions, also, to bias
      the bar 19 into engagement with the actuator arms 15 of the levers 9, 10
      and 11.
PAR  An actuator shaft 97 which traverses the carriage unit 3 is carried by the
      spaced legs 59 of frame 60. To this end, the spaced legs are provided with
      elongated slots 96 within which the actuator shaft is free to move. The
      shaft 97 may be restrained axially between the spaced legs 59 in any
      convenient manner.
PAR  The actuator shaft near the ends supports a pair of extensions 98 which
      depend downwardly from the mounting plate 78. As may be appreciated each
      pair of slots 62 and 96 are inclined at substantially the same angle
      thereby to be parallel each to the other. The actuator shaft 97 is
      tensioned toward the upper end of slots 96. To this end, a spring 99 is
      secured between the actuator shaft 97 and a fixed ear on the frame 60 near
      the rod 65.
PAR  Referring to FIGS. 1 and 6 in particular, a pair of levers 100 are keyed or
      otherwise mounted to a shaft 102 at opposite sides of the carriage unit 3.
      Each lever includes a slot 101 in the region removed from the pivot
      connection for receipt of one end of the rods 31 and 32. The rod 31 is
      connected at the other end to the actuation arm of lever 22 while the rod
      32 at the other end is connected to the actuation arm of lever 23. The
      shaft 102 is secured against axial movement relative to levers 100.
PAR  A frame member 103 is secured at the region of the pivot connection of one
      of the levers 100. As illustrated the frame member 103 is secured to the
      left hand (FIG. 1) lever 100.
PAR  The frame member 103 is movable with the lever 100 and includes a pair of
      substantially juxtaposed plates, the rearward of the plates being coplanar
      with the lever 100 and including a forwardly directed foot 100a, while the
      forward of the plates includes an offset portion adjacent the foot to
      provide a slot between the plates. A lift actuator 104 is movable backward
      and forward within the slot above the foot 100 a. The lift actuator is
      formed with a slant guide surface edge 105 at the end toward the carriage
      unit 3. A spring 106 is disposed between the frame member 103 and the lift
      actuator 104 for purposes of biasing the latter toward the carriage unit 3
      and into engagement with the lower surface of shaft 102.
PAR  A further lever 108 is connected to the lift actuator 104. A connecting
      element 107 may be pivotally connected to the lever 108 at one end and to
      the lift actuator 104 at the other end. The lever 108 depends from and
      freely pivots about a stud carried by the frame 110 supported on base
      plate 5. A plurality of screws 109 may be employed for mounting
      securement.
PAR  The rod 30 acting as a changeover interlocking rod is connected at one end
      to the actuation arm of lever 21 and at the other end to the lever 108.
      Connection may be at a position between the two lever pivot points. A
      reset or return lever 111 (see FIG. 5) is mounted freely on pin 112
      carried by mounting plate 78. The reset lever includes a claw element 172.
      The claw element is mounted on the reset lever for engagement with the
      ratchet wheel 81. The reset lever normally is biased to a position at
      which the claw element is out of engagement. A spring 113 is connected
      between the reset lever and the mounting plate for purposes of clockwise
      bias of the lever. A pin 114 is carried and projects upwardly from the
      reset lever. The pin engages in a slot 115 in the mounting plate which
      defines the unit of rotation of the reset lever about the pin 112.
PAR  The reset lever 111 provides an extending finger portion. A rod 116 is
      pivotally connected to the reset lever at the finger portion. The rod
      extends through an opening 117 in the base 60a of frame 60. The other end
      of the rod 116 is linked to a reset actuator 118 located below the base
      60a. The reset actuator is defined by an elongated arm terminating in a
      crank portion. A lever 120 likewise of bell crank construction is mounted
      by the base 60a adjacent to the crank portion of the reset actuator. The
      lever 120 is rotationally supported on the base 60a by a pin 121 and
      coupled by one arm to the crank portion of the reset actuator 118 by means
      of a pin 119. The rod 33 also acting as a change-over interlocking rod is
      connected to the other arm of lever 120. The change-over interlocking rod
      33 in turn is connected to and controlled in movement by the actuating arm
      of lever 24, the shift release lever.
PAR  Referring now to FIG. 3, a type change-over locking plate 124 is
      illustrated as mounted on the upper surface of the frame 4. The type
      change-over locking plate is adapted for sliding movement either to the
      right or to the left as viewed in FIG. 3. The type change-over locking
      plate 124 is formed with a pair of elongated guide slots 125 located
      generally at the ends. A guide screw 126 received by the frame 4 projects
      through the respective slots to engage the type change-over locking plate
      on the frame. A spring secured between the type change-over locking plate
      124 and the frame 4 biases the type change-over locking plate toward the
      right. A locking latch portion 128 is carried by the type change-over
      locking plate 124 at one end thereof. The locking latch portion 128
      projects rearwardly and defines a lock recess 129 along the right edge.
      The locking latch portion 128 is engaged by the actuator arm 29 of the
      type change-over lever 22. Rotation of the type change-over lever 22
      results in release from a latch condition. To this end, the actuating arm
      29 disengages from the locking latch portion 128 to a position at which
      the actuating arm is adjacent to the lock recess 129. This results in the
      type change-over locking plate 124 under spring bias moving to the right.
      The actuating arm 29 of the type change-over lever 22 then engages with
      the lock recess 129, whereby the type change-over lever 22 is held in the
      type changed-over state. Additionally, a release piece 130 is disposed at
      the other end (right hand end as viewed in FIG. 3) of the type change-over
      locking plate 124. The release piece projects rearwardly. The rearward
      projection is formed with a slant release projection 131. The release
      piece 130 is arranged for intercooperation with the actuating arm 29 of
      type change-over lever 23 provided at the other side of the typewriter.
      Upon rotation of the type change-over lever 23, the actuating arm 29
      pivots to engage slant release the projection 131 of the type change-over
      locking plate 124, whereby the type change-over locking plate 124 is moved
      against the force of the spring 127 in the leftward direction. The
      actuating arm 29 of the type change-over lever 22 at the other side of the
      typewriter thereby disengages from the lock recess 129 formed in the
      locking latch portion 128. As a result, the type change-over lever 22
      which theretofore had been in the locked state resets to the released
      position under the influence of spring 34.
PAR  The ribbon feed mechanism 133 for drive of a carbon ribbon 132 is
      controlled by actuation of key levers 9, 10 and 11 as well as the space
      bar 37 as will now be described. The ribbon feed mechanism is disposed
      immediately to the front of and at opposed ends of the carriage unit 3 for
      positioning the ribbon in the path of movement of the several type bar 49
      thereby to transfer indicia to a paper on the platen 73. Preferably, the
      ribbon feed mechanism is supported above the base plate 5, by means of a
      pair of frame components 134. The frame components 134 is in the form of a
      pedestal thereby to dispose the ribbon in the position described. A shaft
      135 is journelled for movement in each pedestal. A cam 136 is supported
      for rotation on each shaft. Each cam includes a projecting edge 138 and
      the two cams are connected together for conjoint movement, as will be
      discussed. The connecting means includes a rod 137 coupled to an extending
      ear on each cam.
PAR  An actuator 139 is disposed adjacent to each cam. The actuator 139 is
      mounted by a stud 140 carried by each frame component 139 for
      intercooperative engagement with the projecting edge 138 of the respective
      cams. A feeding actuator 141 is supported for free movement on a second
      stud 142, also carried by each frame component 134. Each feeding actuator
      is formed to provide a projection 143. One end of a rod 144 is connected
      to each projection while the other ends of the rods are connected to the
      bar 19 at opposite ends (see FIG. 3).
PAR  A gear 145 is mounted on each of the shafts 135. A feeding claw member 146
      is mounted for pivotal movement into and out of engagement with the
      respective gears. To this end, the feeding claw member 146 is mounted to
      the feeding actuator 141. Mounting is carried out by means of a pin 147. A
      holding claw 148 also engages the respective gears 145. The latter claws
      148 are supported by the stud 140 serving as a mount for each actuator
      139. A spring 149 engaged between an extending ear on each of the feeding
      and holding claws 146 and 148 biases the claws into engagement with gear
      145.
PAR  One of the cams 136, for example, the right-side cam (FIG. 3) includes a
      position limit projection 150. A resilient piece or leaf spring 151
      immovably carried by the frame component 134 of the mechanism supports a
      roll 152 at the free end. The roll bears against the projection. Each cam,
      further, is formed with an extension 154 having an upwardly directed wall
      having a vertical slot 153 throughout a portion of its length. The slot
      provides a guide surface for the carbon ribbon 132. The slot is of a width
      such that the elements 155 secured at the opposite ends of the ribbon 132
      are prevented from passage.
PAR  A bobbin 157 is mounted on each of the shafts 135 for movement in stepped
      advance with the stepped advance of gear 145. To this end, the respective
      bobbins engage with a projection 156 carried by the associated gear 145.
      In a similar manner both the bobbin and the gear may be keyed or otherwise
      secured to the shaft to obtain the same movement.
PAR  A feeding ratchet 158 (see FIG. 2) is mounted at one side and coaxially of
      the platen 73. A pawl 159 is mounted for engagement with the feeding
      ratchet. To this end, the pawl may be mounted on a member 160. The member
      is supported by the frame 76 for pivotal movement about pin 160a to draw
      the pawl into engagement with a tooth on the feeding ratchet. A control
      member 161 is mounted to the member 160 and pivotal, also, about pin 160a.
      The control member is adapted for movement between a lowered inoperative
      position and a raised operative position. In the operative position the
      control member 161 may be pivoted about pin 160a with resultant pivotal
      movement of the member 160 and longitudinal movement of pawl 159.
      Consequently the feeding ratchet is rotated by stepped advance as is
      well-known. Thus, the platen is moved for purposes of feeding the paper.
PAR  A push rod 163 including opposed crank arm portions 164 at the ends is
      supported by the frame 76. A return lever 162 likewise mounted by the
      frame 76 controls rotational movement of the push rod 163. Therefore, the
      push rod rotates in response to a swinging movement of the return lever
      162. This results, further, in pivotal movement of the holding lever 85 in
      the counterclockwise direction in opposition to spring 88. To this end,
      the extension 86 of holding lever 85 provides a projection 165 (see FIG.
      5) which engages with push rod 163 substantially within an intermediate
      zone. The movement of the holding lever 85 follows rotational movement of
      the push rod 163 for disengagement of the extension 86 from the ratchet
      wheel 81. This action permits hand movement of the frame 76 and carriage
      unit 3 in the direction toward the right in FIG. 1.
PAR  A rod 166 is loosely connected to a lever 169 (see FIG. 3) at one end and
      to the bar 19 at the other end. The lever 169 is mounted on the frame 60
      by means of a shaft or pin 167. The pin provides a free rotatable mount.
      The lever 169 is linked to a holding frame 168 by way of a connecting rod
      170. The holding frame 168 likewise is mounted for free rotation on the
      frame 60 and serves to hold the ribbon 132 at an intermediate portion.
      Upon rotation of the holding frame 168, the carbon ribbon 132 may be
      displaced upwardly or downwardly to be positioned between the type carrier
      53 and the platen 73 for printing.
PAR  The operation of the typewriter apparatus as described above is as follows:
PAR  Selective actuation force on a key 12 of a key levers 9, 10 or 11, for
      example one of the levers 9, results in counterclockwise pivotal movement
      of that key lever about shaft 6 in opposition to the force exerted by the
      spring member 17. The rod 171 connected to the actuator arm 15 of key
      lever 9 is drawn forward and type bar 49 is rotated clockwise around the
      rod 47. Upon this operation the imprint of a lower case letter, for
      example, positioned in the middle location 51 of the type carrier 53 is
      transferred to a paper sheet on the platen 73 by way of the carbon ribbon
      132. Thereafter, when the actuating force is relieved the key lever 9
      resets to the normal disposition under the bias influence of the spring
      member 17. Substantially simultaneously with the printing operation the
      carriage advance escapement mechanism is rendered operative. To this end,
      actuation of the key lever 9 causes counterclockwise movement of the bar
      19 around the shaft 8. This movement results in a clockwise rotation of
      the actuator lever 90 (as viewed in FIG. 5) about the pin 91. Clockwise
      movement is imparted by rod 94 connected between actuator lever 90 and bar
      19 whereby portion 93 of the actuator lever 90 in engagement with end 92
      of the feed lever 83 moves the latter in the counterclockwise rotational
      direction against the force of the spring 87. Extension 82 thus engages
      with the ratchet wheel 81 to prevent the ratchet wheel from being rotated.
      The movable guide frame 71 for the platen 73 under the bias control of
      spring 72 is stopped and held in place. The rotation of the feed lever 83
      to the engaged position causes the extention 89 of the holding lever 85 to
      cooperatively follow this movement in the counterclockwise direction
      against the bias of spring 88, whereby the extension 86 is disengaged from
      the ratchet wheel 81. When the print transfer has been completed and key
      lever 9 is reset, the feed lever 83 as well as the holding lever 85 return
      to their respective inactive positions of FIG. 5 under the bias control of
      springs 87 and 88. Actuator lever 90 is also reset. And the ratchet wheel
      81 is released from the meshing state with the extension 82 on feed lever
      83. Gear 80 and ratchet wheel 81 are mounted for conjoint movement. Thus
      the carriage unit 3 under the bias of spring 72 is stepped by one step for
      each ratchet movement. Particularly, the movable guide frame 71 is moved
      through the intermeshing of rack 77 and gear 80. This operation continues
      through each subsequent actuation whereupon the extension 86 of the
      holding lever 85 meshes with the next and each succeeding tooth of the
      ratchet wheel 81. The movable guide frame 71 and hence the platen 73 are
      displaced by a distance corresponding to the width of a printed letter to
      the position ready for next printing or spacing actuation.
PAR  The feeding actuator 141 for the ribbon drive are controlled by bar 19
      through the rods 144 connected between the feeding actuator 141 and the
      bar 19. The feeding actuator 141 are mounted for rotation on studs 142
      provided at both sides of the typewriter. Depending on which of the
      projecting edges 138 of the cams 136 provided at the left hand and right
      hand sides engage the respective actuator 139, one of the gears 145 is
      rotated by means of the associated feeding claw member 146. Movement of
      the gear results in the rotation of the corresponding one of the bobbins
      157 to wind the ribbon 132 thereon.
PAR  The type key 26 is activated downwardly to change-over the type from, for
      example, lower to upper case letters. This activation results in movement
      of rod 31 in response to pivotal movement of lever 22. One of the
      change-over actuator levers 100 is then rotated about shaft 102, giving
      rise to the rotation of the lift actuator 104 of the rotatable frame
      member 103. The actuator shaft 97 responds with movement within the slot
      96 while the lift plate 61 is rotated clockwise around supporting shaft
      63, as viewed in FIG. 2. Thus, the platen 73 is moved upwardly to the
      position where the indicia at the location 50 of the type carrier 53 may
      be printed through movement of a type bar 49 in response to movement of a
      particular one of key levers 9, 10 and 11.
PAR  When the type change-over lever 22 is rotated as above described, the
      actuating arm 29 thereof is released from the locking latch position 128
      to assume a position within the lock recess 129. Thus, the type
      change-over locking plate 124 is able to move under the bias control of
      spring 127. The actuating arm 29 of the change-over lever 22 thereafter
      engages with the lock recess 129 and the carriage unit 3 and platen 73 is
      held in the position described. Thus, a type location bar 49 upon
      actuation in response to movement of one of the key levers 9, 10 and 11
      operates to transfer the type 50 by means of the ribbon 132.
PAR  When, in this state, the other type change-over lever 23 is operated by the
      corresponding key 27 its actuation arm 29 engages the slant release
      projection 131 of the release piece 130 formed in the type change-over
      locking plate 124. The effect is to move the locking plate 124 against the
      bias of spring 127, whereby the actuation arm 29 of type change-over lever
      22 is released from the engagement with the type change-over locking
      recess 129 of the lock plate 124. As a result, the type change-over lever
      22 is returned to the normal position by the spring 34. At the same time,
      the change-over actuator levers 100 are also reset and the actuator shaft
      97 is relieved of a pushing force exerted by lift actuator 104. Thus, the
      platen 73 is lowered to the position where the type at location 51 of the
      type carrier 53 can be printed.
PAR  Actuation of type change-over lever 23, by means of the key 27 causes the
      change-over interlocking rod 32 to be drawn forwardly to pivot the other
      of the type change-over actuator levers 100. Both the lever and shaft 102
      rotate and, again, the actuator shaft 97 is lifted by the lift actuator
      104 through the rotatable frame member 103. Concurrently, the lever 100
      rotates. The platen 73 is thus lifted to the position where the indicia of
      type at location 50 of the type carrier 53 is transferred. When the key 27
      is released, the type change-over actuator levers 100 and the lever 22 are
      reset. And the platen 73 is returned to the rest or normal position for
      transferring the indicia of type at locations 51 to the paper.
PAR  If the key 25 is depressed, the lever 108 is caused to pivot by the rod 30
      linked to the type change-over lever 21. The lift actuator 104 is drawn
      against the bias of the spring 106. This is accomplished by connecting
      element 107. To this end, the lift actuator escapes from the position
      below the actuator shaft 97 whereupon the actuator shaft 97 moves
      downwardly in slot 96 thereby to lower the lift plate 61. In consequence,
      the indicia of the type at location 52 of the type carrier 53 is in
      position to move toward the platen 73. When key 25 is released, the type
      change-over lever 21 resets by the spring 34. At the same time the lift
      actuator 104 also resets because of the force of the spring 106. The lift
      actuator thereafter is positioned once again below the actuator shaft 97.
      The actuator shaft 97 moves upwardly in slot 96 through the action of the
      slant guide surface edge 105. Thus, the carriage unit 3 and platen 73 is
      returned to the position where the printing of the indicia of the type at
      location 51 of the type carrier 53 may be carried out. Upon depression of
      reset or backspace key 28 the reset actuator 118 will be moved toward the
      right (see FIG. 5). Action is by means of pivotal movement of lever 120 in
      response to a drawing action of rod 33 and consequent movement of the
      crank end of the rod about the pin 119. The reset lever 11' is then
      rotated against the spring 113 whereupon the claw element 172 engages the
      ratchet wheel 81. The ratchet wheel is caused to rotate in the opposite
      direction in the state engaged by the feed lever 85. Because of the fact
      that the ratchet wheel 81 intercooperates with the gear 80 in engagement
      with rack 77, the movable guide frame 71 is displaced in the return
      direction and the carriage unit 3 and platen 73 is moved back for a
      distance corresponding to one type space. Space bar 37, through rod 95 and
      levers 36 operates the actuator lever 90 to allow the carriage unit 3 and
      platen 73 to be displaced by a distance corresponding to one type space in
      the typing direction.
PAR  Upon pushing the return lever 162, the push rod 163 is rotated to push the
      projection 165 of the holding lever 85, whereby the extension 86 of the
      holding lever 85 is released from the engagement with the ratchet wheel
      81. Then, the movable guide frame 71 having the frame 76 can be moved to
      the starting position against the force of spring 72.
PAR  The carbon ribbon 132 is wound on one of the bobbins and movable to the
      other bobbin 157 in stepped fashion upon every printing operation. The
      element 155 secured to the ribbon 132 reaches the position of the groove
      153 after full advance of the ribbon 132. The element 155 is of a size so
      that it will not pass the groove. Thus, under the influence of tension
      exerted by the ribbon 132 on the projecting edge 138 of the cam 136 the
      cam will release the actuator 139 from the pressing condition and the
      feeding claw 146 together with the holding claw 148 interconnected by the
      spring 149 will mesh with the feeding gear wheel 145. Rotation of one cam
      136 results in the rotation of the other cam 136, the projecting edge 138
      of the latter moving the actuator member 139 outwardly to release the
      claws 146 and 148 from the meshing positions with the feeding gear wheel
      145. The ribbon 132 can thus be wound in the opposite direction throughout
      the following printing operations. In this manner, the ribbon 132 is
      alternatively wound by both bobbins 157 because of the elements 155
      operating first on one structure and then on the other opposed ribbon
      feeding structure.
PAR  As will be appreciated from the foregoing description, according to the
      present invention, the movable guide frame 71 having a frame 76 for
      rotationally mounting the platen 73 is mounted on a lift plate 61 which is
      moved upwardly or downwardly by means of a lift actuator element 104
      mounted reciprocatably on a rotable frame member and spring-biased in the
      operative direction. Due to this arrangement, the change-over of two or
      three different types can be effected by one and the same lift actuator
      element 104. Furthermore, the novel arrangement according to the invention
      as above mentioned may function as a change-over mechanism and allows the
      changed-over positions to be releasably locked, for which mere control of
      the type change-over levers is sufficient, whereby the manipulation of the
      machine is simplified. Because the type change-over operation is effected
      by rotational movements, the operation can be carried out very smoothly.
PAR  Having described the invention with particular reference to the preferred
      form thereof, it will be obvious to those skilled in the art to which the
      invention pertains after understanding the invention, that various changes
      and modifications may be made therein without departing from the spirit
      and scope of the invention as defined by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. Printing type change-over apparatus for a typewriter comprising a
      printing type change-over lever supporting a key, means mounting said type
      lever for pivotal movement from a first to a second position upon finger
      engagement of said key, a change-over actuator lever, means mounting said
      actuator lever for pivotal movement also from a first to a second
      position, a rod interconnecting said type lever and actuator lever for
      conjoint movement of said levers from the first to the second position, a
      frame member mounted on said actuator lever, a lift actuator, said lift
      actuator being mounted by said frame member, means urging said lift
      actuator to a first operative position, a lift plate adapted to be moved
      in a first direction by said lift actuator, a movable guide frame, means
      mounting said guide frame on said lift plate for movement with said lift
      plate and relative thereto, a platen, a platen supporting frame mounted on
      said guide frame, a plurality of type bars in juxtaposition to one another
      and each having a type carrier on which different types are disposed in a
      vertical row, means pivotally mounting said type bars for movement toward
      and away from said platen, and means operatively connecting said lift
      plate and lift actuator so that said lift plate moves in the first
      direction when said type lever moves from the first to second position to
      locate said platen thereby to be struck by one of said different types.
NUM  2.
PAR  2. Printing type change-over apparatus for a typewriter, comprising a pair
      of type change-over levers, a pair of change-over actuator levers, an
      elongated shaft pivotally supporting said actuator levers at spaced
      locations therealong, a rod connecting each actuator lever to a
      corresponding one of said type levers, means mounting said type levers for
      pivotal movement, pivotal movement of any one type lever being followed
      conjointly by movement of said actuator levers, a frame member, said frame
      member being mountned on one of said actuator levers, a type change-over
      locking plate formed with a locking recess for holding one of said type
      levers in a change-over actuating state and further formed with a release
      projection engageable with the other of said type levers to release said
      one type lever from the change-over actuating state, a lift actuator, said
      lift actuator being mounted by said frame member, means urging said lift
      actuator to a first operative position, a lift plate adapted to be moved
      in a first direction by said lift actuator, means mounting said guide
      frame on said lift plate for movement with said lift plate and relative
      thereto, a platen, a platen supporting frame mounted on said guide frame,
      a plurality of type bars in juxtaposition to one another and each having a
      type carrier on which different types are disposed in vertical row, means
      pivotally mounting said type bars for movement toward and away from said
      platen, and means operatively connecting said lift plate and lift actuator
      so that said lift plate moves in the first direction when one of said type
      levers is pivoted to locate said platen to be struck by one of said
      different types.
NUM  3.
PAR  3. Printing type change-over apparatus for a typewriter, comprising a first
      type change-over lever supporting a key, a second type change-over lever
      supporting a second key, a lift actuator, a change-over actuator lever, a
      second change-over actuator lever, means mounting each of said levers for
      pivotal movement from a first to a second position and means connecting
      said first and second levers for conjoint movement, means mounting said
      lift actuator on one of said actuator levers for pivotal movement
      therewith and for reciprocating movement relative thereto, means urging
      said lift actuator to a first operative position, means connecting said
      lift actuator to the other of said actuator levers for movement of said
      lift actuator against said urging means to a second operative position
      when said other actuator lever pivots to said second position, a lift
      plate, a movable guide frame, means for mounting said guide frame on said
      lift plate for movement with said lift plate and relative thereto, a
      platen, a platen supporting frame mounted on said guide frame, a plurality
      of type bars in juxtaposition to one another and each having a type
      carrier on which different types are disposed in a vertical row, means
      pivotally mounting said type bars for movement toward and away from said
      platen, and means operatively connecting said lift plate and lift actuator
      so that said lift plate moves in a first direction when said one actuator
      lever is pivoted to the second position and in a second direction when
      said other actuator lever is pivoted to the second position to locate said
      platen to be struck by different ones of said different types.
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ABST
PAL  A simple carriage mechanism for a thermal printer or the like is provided
      wherein an escapement mechanism advances the printer from one character to
      the next.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a carriage mechanism for a printing unit
      wherein one character is printed at a time as the carriage is advanced and
      wherein it is necessary to advance the paper from one line to the next.
      The invention was particularly developed for use with a thermal printing
      unit but it will be obvious to those skilled in the art that the carriage
      mechanism could be used with other similar devices. Thus, the invention is
      broadly applicable to printers used in electronic calculators, terminal
      printers and similar mechanisms.
PAR  Thermal printers are well known to those skilled in the art and are
      typified by the unit sold by Texas Instruments under the designation
      EPN2100 and so the thermal printer and decoder head and thermal paper will
      not be described.
PAR  Typical printers print one character at a time so that it is necessary to
      advance the printing head from left to right as the characters are printed
      and to advance paper by one line and return the carriage to its left hand
      position at the end of each line. Conventional electronic data inputs
      provide alternating pulses between each character and also a line feed
      pulse at the end of each line and the printer of the present invention
      utilizes these pulses to advance the printing head from character to
      character and the paper from line to line.
PAR  The carriages for thermal printing heads which have been used in the past
      have been relatively expensive and have ordinarily used stepping motors.
      In contrast, the device of the present invention utilizes an ordinary
      inexpensive motor to actuate the head.
PAR  A further disadvantage of thermal printer carriages used in the past is
      that the stepping motor is relatively bulky as well as expensive and has a
      high power consumption and requires an expensive logic circuit to drive
      the stepping motor.
PAR  A still further object is to provide a carriage of low power consumption
      and wherein the main power for actuating the mechanism does not pass
      through the logic circuits.
PAR  Thus, an object of the present invention is to provide an inexpensive
      mechanism for advancing a thermal print head which does not require a
      stepping motor.
PAR  A further object of the invention is to provide a simple, yet positive
      mechanical structure which is inexpensive to manufacture, requires little
      maintenance and is of small size.
PAR  Other objects and advantages of the present invention will be brought out
      later in the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming part of this application:
PAR  FIG. 1 is a perspective view of a printer embodying the present invention.
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1.
PAR  FIG. 3 is an exploded view of the printer with certain parts cut away to
      better illustrate the mechanism.
PAR  FIG. 4 is a top view of the printing carriage of the present invention.
PAR  FIG. 5 is a front view of the device shown in FIG. 4.
PAR  FIG. 6 is a partial enlarged view of the drive end of the mechanism.
PAR  FIG. 7 is a section view, particularly showing the action of the paper
      advance.
PAR  FIG. 8 is a partial view showing the platen and paper drive mechanisms.
PAR  FIG. 9 is an enlarged partial view of the escapement mechanism.
PAR  FIG. 10 is a view similar to FIG. 9 showing the further action of the
      escapement mechanism.
PAR  FIG. 11 is a view similar to FIG. 9 showing the pawl action during the
      printing head return.
PAR  FIG. 12 is a wiring diagram illustrating the motor actuating switch.
PAR  FIG. 13 is a diagram showing the action of the escapement mechanism.
PAR  FIG. 14 is a diagram showing the action at the end of a line just before
      the paper is advanced.
PAR  FIG. 15 is a diagram showing the action of the paper advancing mechanism.
PAR  FIG. 16 is a diagram showing the action during the head return motion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The overall operation of the thermal printing device will first be
      described with particular reference to FIGS. 1, 2 and 3 and the specific
      details of operation will be later described.
PAR  The printer includes a fixed frame generally designated 15 having a base 17
      and end plates 19 and 21. Shaft rails 23 and 25 extend from one end plate
      to the other and on these rails a carriage 27 is slideably mounted. A
      spring 29 passing around a spring pulley 31 biases the carriage to the
      right. Carriage 27 carries the thermal printing head 33. The thermal
      printing head carries its own decoding logic and the electric impulses for
      actuating the thermal printer are carried to the head through the multiple
      wire cable 35. Carriage 27 carries a pawl 37 which has two faces and which
      moves along rack 39. The rack is pivoted at 40 for back and forth motion
      through a limited arc to two positions. Plunger 41 actuated by solenoids
      27 43 and 45 move the rack between the two positions. Carriage 27 moves
      stepwise to the right by means of spring 27 and by alternate pulses to
      solenoids 43 and 45. An electric motor, shown in skeleton form at 47
      drives gear 49 which in turn drives gear 51 which is mounted on shaft 98
      carrying a worm 53. Mounted behind the carriage 27 is a platen generally
      designated 55. Thermal paper 57 from a source, not shown, passes between
      idler rollers 59 and drive rollers 61 upwardly through the machine between
      the printing head 33 and the platen 55. At the end of a line a pulse from
      the logic mechanism turns on the motor and causes the pawl 37 to engage
      the worm 53, advances the paper one line and returns the carriage to the
      left for a repetition of the cycle.
PAR  Having described the overall operation of the machine, a detailed
      description now will be given of the various individual parts.
PAR  Carriage 27 carries the C-shaped pawl 37 which is pivoted on pin 63 and is
      biased in a clockwise direction by spring 65 which is connected between
      the frame of the carriage and arm 67 which extends from the pawl adjacent
      the pivot point. The top arm of the C-shaped pawl is bent into a U
      configuration to form two faces, namely, 69 and 71. Adjacent face 71 has a
      notch 73 of sufficient depth to clear the teeth 75 on rack 39. The teeth
      75 on rack 39 are spaced by an amount equal to twice the width of a
      character while the separation between the faces 69 and 71 on pawl 37 is
      equal to the space of one character. Pawl 37 also has a lower face 70, the
      purpose of which will be later explained. The stepwise motion of the
      carriage can now be readily understood, particularly by reference to FIGS.
      9, 10, and 13. Spring 29 is urging carriage 27 to the right but its motion
      is normally stopped by one or the other of the upper faces on pawl 37,
      since pawl 37 is biased in a clockwise direction by spring 65. For
      instance, in FIGS. 9 and 13, tooth 75 is being held against the face 69.
      If solenoid 45 is pulsed, the rack will pivot forward and now the next
      adjacent tooth 76 will engage on face 71. This action is shown in FIG. 10.
      As was pointed out previously, the distance between faces 69 and 71 is
      equal to the character spacing, while the space between adjacent teeth on
      the rack is twice this. Thus, by alternately pulsing solenoids 43 and 45,
      the carriage proceeds stepwise to the right, one character space at a
      time. In the embodiment illustrated, the rack has eight teeth so that a 16
      character line can be printed but it is obvious, of course, that a smaller
      or larger number might be used.
PAR  When the carriage reaches the right hand extremity of its path, it is
      necessary to do three things, namely, advance the paper by one line,
      release the pressure on the platen and return the carriage to its left
      hand extremity, ready for the printing of the next line. The method
      accomplishing these particular motions will now be described.
PAR  A bell crank generally designated 78 having an arm 79 is mounted on shaft
      80 which is attached to the framework of the machine and the bell crank is
      free to rotate and slide on shaft 80. The bell crank has one end formed as
      a cam follower 82 while the opposite end has a paper feed pawl 84 thereon
      and near the center the bell crank has a stud 86 extending therefrom. The
      bell crank is biased to the right by means of spring 88.
PAR  The platen assembly 55 is mounted for rotation on pivot 89 and is normally
      biased in a counterclockwise direction by means of spring 90, i.e., the
      spring holds it against the printing head 27 with paper therebetween. The
      platen assembly carries the paper feed rollers 61 and the idler rollers
      59. The feed rollers are mounted on a shaft 92, having a sprocket 94 on
      the end thereof wherein the number of teeth on the sprocket is such that
      advancing sprocket 94 one tooth will advance the paper by one line. Pawl
      95 prevents reverse rotation and insures accurate line spacing. Platen 55
      carries a bar 96 which extends across the entire width of the platen while
      the bell crank stud 86 extends under the platen. Thus, the spring 90 will
      normally hold the platten against the thermal printing head in the normal
      printing position but if the bell crank is rotated, stud 86 will raise bar
      96 rotating the entire platen assembly, freeing the paper from pressure
      between the platen and the printing head.
PAR  Worm 53 is mounted for rotation on the frame of the machine and passes
      through the carriage assembly while the C-shaped pawl 37 is mounted so
      that the worm passes between its arms. The worm is mounted on a shaft 98
      which is attached to gear 51 previously described. At the end of the worm
      is a cam assembly which has three faces, namely, a low concentric face
      100, a cam lobe 102 and a high concentric face 104. The lowest point of
      lobe 102 corresponds with the diameter of face 100 while the highest point
      of lobe 102 corresponds with the high concentric face 104.
PAR  Mounted on the frame of the machine is a clutch arm 106 which is pivoted
      near one end at 108 and biased in a clockwise direction by means of spring
      110. The clutch arm lies directly below the arm of bell crank arm 79 and
      adjacent to a projection 112 on the bottom of the arm of the bell crank.
      An arm 114 projects below the clutch arm and can engage the lever 116 of
      switch 118. Also mounted under the clutch arm is a solenoid magnet 120
      which can be energized from a power source 122 by closing switch 124. The
      position of the parts is such that switch 118 can be closed by energizing
      solenoid 120 and is kept closed if the projection 112 is lying over the
      clutch arm even when the solenoid is deenergized. Motor 47 is on at all
      time when switch 118 is closed.
PAR  When the carriage reaches its right hand path of travel, switch 124 is
      closed. This energizes solenoid 120 bringing arm 106 down, closing switch
      118 thus starting motor 47. This starts the rotation of shaft 98 carrying
      the worm 53 and the tripple cam 100, 102 and 104. At the same time the
      clutch arm releases the bell crank arm from projection 112 and spring 88
      tends to pull the bell crank to the right. This causes cam follower 82 to
      ride out onto cam lobe 102 as quickly as the low point on the cam is
      reached. Now as the cam rotates further, the bell crank is forced to
      rotate in a counterclockwise manner causing the stud 86 to rotate the
      platen clockwise against the action of spring 90, releasing the paper. At
      the same time 84 pushes upwardly on sprocket 94 advancing it one tooth.
      Bar 96 which is attached to the platen presses upwardly on the bottom of
      pawl 37 against the action of spring 65, causing the lower face 70 of the
      pawl to engage worm 53 as is shown in FIG. 11. As soon as cam follower 82
      reaches the high point of lobe 102, spring 88 will cause the follower to
      ride out onto the high concentric portion 104 of the cam and it will
      continue to ride on 104 until the bell crank is moved to the left as is
      later described. Now, as worm 53 continues to rotate, the carriage will be
      drawn to the left against the action of spring 96. As the carriage
      approaches the left hand limit of its path of travel, projection 126 on
      carriage 27 engages a collar 128 on bell crank shaft 80 which moves the
      bell crank assembly to the left, causing the cam follower 82 to come into
      contact with the low concentric portion 100 of the cam. At the same time
      this rotation releases the platen so that it comes back into pressure
      relationship with the paper and printing head and also releases the
      pressure on the bottom of pawl 37 so that it rotates counterclockwise,
      bringing the lower face 70 out of contact with the worm and causing one of
      the upper faces of the pawl to engage a tooth on the rack. Also, at this
      time clutch arm 102 is cleared by projection 112 causing its end to catch
      on projection 112 which opens switch 118 and shuts off the motor. The
      carriage is now in its left hand position ready for printing another line.
PAR  The usual logic circuits in a calculator or the like supply the alternate
      pulses for pulsing the solenoids 43 and 45. In addition, the logic circuit
      ordinarily provides a line feed pulse at the end of a printed line or,
      alternately, switch 124 can be mechanically activated by the carriage as
      it reaches its right hand limit of the path of travel. Although it has
      been assumed that the carriage will be returned and the paper advanced at
      the right hand side of the path of travel, the carriage can be returned
      from any position when switch 124 is closed. In fact, in some instances it
      may be desirable to advance the paper without having the carriage traverse
      as would be the case when there is multiple spacing between printed lines.
      Thus, if switch 124 is closed (i.e., a pulse supplied by the logic
      circuit) the paper will be advanced even if the carriage is in its left
      hand position.
PAR  Although certain specific constructions have been shown it will be obvious
      to those skilled in the art that many variations can be made on the exact
      mechanism shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanism for carrying a thermal printer head or the like comprising
      in combination:
PA1  a. a frame having a slideably mounted carriage with a printing head thereon
      adapted to slide from a first side of said frame to the second side of
      said frame and return,
PA1  b. said printing head being adapted to print when traversing from said
      first side to said second side and to not print when being returned from
      said second side to said first side,
PA1  c. spring means for biasing said carriage from the first side of the frame
      to the second side of the frame,
PA1  d. escapement means for permitting said carriage to move by the action of
      said spring against said escapement means from the first side of the
      carriage to the second side of the carriage, said escapement means
      including a rack lying parallel to the path of travel of said carriage and
      pivot means on said rack whereby said rack can be rotated from a first
      position to a second position,
PA1  e. means for rotating said rack from said first position to said second
      position,
PA1  f. a first pawl mounted on said carriage, said pawl having a first tooth
      adapted to engage said rack when said rack is in the first position, and a
      second tooth adapted to engage said rack when said rack is in said second
      position, said rack and pawl means permitting said carriage to move
      stepwise through its path of travel from the first side of said frame to
      the second side of said frame as said rack is moved from the first
      position to said second position,
PA1  g. power means for returning said carriage from the second side of said
      frame to the first side of said frame, said power means including a worm
      extending from one side of said frame to the other and a second pawl on
      said carriage whereby said second pawl can engage said worm and said worm
      will move said carriage against said spring, moving said carriage to its
      opposite limit of travel,
PA1  h. means for rotating said worm,
PA1  i. said worm having a cam thereon, said cam having three faces, namely, a
      low concentric face, a cam lobe and a high concentric face,
PA1  j. a cam follower riding on said low concentric face while said carriage
      moves stepwise through its path of travel, and
PA1  k. means to shift said cam follower to said lobe, whereby said cam follower
      rises on said lobe to the high concentric face, engaging said second pawl
      with said worm, whereby the carriage is caused to reverse its path of
      travel.
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ABST
PAL  A moving stairway having inlet housings provided externally of skirt
      guards, adjacent to entrance and exit portions thereof, through which
      handrails run in or run out. This handrail safety device comprises each of
      said inlet housings being provided externally of each skirt guard entrance
      and exit portions through which the handrails run in or run out; and a
      detecting switch provided in each inlet housing, said detecting switch
      being actuated in response to an external force acting on the inlet
      housing in a horizontal or vertical direction thereof, thereby
      interrupting movement of the moving stairway.
BSUM
PAR  This invention relates to a handrail safety device for use in a moving
      stairway, and more particularly to a safety device provided in entrance
      and exit portions, through which handrails run in or run out, in a
      position adjacent to upper and lower landing or treading plates of the
      moving stairway.
PAR  The moving stairway in general is equipped with a pair of handrails
      unidirectionally travelling at the same speed as that of the moving
      stairway. The handrails run into a machine section in the turnback
      portions adjacent to the landing places.
PAR  Recently, in an attempt to improve the appearance of a moving stairway,
      there have been used a lot of moving stairways, having considerable
      length, being covered from projecting bent portions at the upper most and
      lower most ends of the handrail to the coverings provided for entrance and
      exit portions, through which handrails run in or run out. Such a moving
      stairway has been proposed by U.S. Pat. No. 3,321,059 and is now in wide
      use.
PAR  Such a construction is attractive in the aspect of the improvements in
      design, while it necessarily results in a considerably large opening
      between a lower run of handrail and the floor surface, thereby presenting
      a risk that a part of body or the like is liable to be caught in the
      aforesaid opening. In detail, in the event that a luggage or the like
      accidentally touches a lower run of moving handrail, the frictional force
      acts to draw the luggage into the aforesaid opening. Especially, if a
      human body inadvertently comes to contact the moving handrail, he will be
      injured due to pressure or friction present between the lower run of the
      moving handrail and the floor. In the case of a piece of luggage, damage
      results on the side of the luggage or otherwise the side of the handrail
      is damaged.
PAR  A moving stairway in general is equipped with inlet housings near entrance
      and exit portions through which handrails run into or out of a machine
      section, the inlet housing being generally made of a comparatively hard
      synthetic rubber or the like. Meanwhile, as stated in U.S. Pat. No.
      2,846,045, accidents frequently happen where an infant is caught in the
      inlet housing by the moving handrails, especially at the entrance and exit
      portions where the handrails run in or run out. This is because the
      instinctive curiosity of an infant requiring him to touch the moving
      handrail with his fingers.
PAR  A number of means for preventing such accidents for infants, have been
      hitherto proposed, for example by U.S. Pat. Nos. 2,846,045, 2,848,093 or
      the like. Those patents, however, still suffer from the problem that a
      safety device very often fails to operate, because of the small size of
      the inlet housing, when an infant has caught in the inlet housing opening
      or in the aforesaid opening between the lower run of handrail and the
      floor.
PAR  It is an object of the present invention to provide a handrail safety
      device for use in a moving stairway, wherein in the event that something
      gets into an opening defined between the lower run of the handrail and the
      floor, or in the event that an infant has his fingers caught in the inlet
      housing openings, the handrail safety device is immediately actuated to
      interrupt the movement of the moving stairway.
PAR  Another object of the present invention is to provide a handrail safety
      device, which is simple in construction and which ensures an interruption
      of the movement of a moving stairway, as required.
PAR  A further object of the present invention is to provide a handrail safety
      device which is easy in maintenance.
PAR  A still further object of the present invention is to provide a handrail
      safety device which is free from malfunctions.
PAR  To attain the objects described, a handrail safety device is provided for
      use in a moving stairway having inlet housings provided externally of
      skirt guards adjacent to entrance and exit portions, through which the
      handrails run into or run out, characterized in that said inlet housings
      are arranged in a manner to project outwardly or externally from the skirt
      guards at the entrance and exit portions into which the handrails run in
      or run out of a machine section, and a detecting switch is provided in
      each inlet housing, said detecting switch being actuated in response to an
      external force which would be applied to the inlet housing in a horizontal
      or vertical direction thereof.
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PAR  These and other objects and features will be understood from the
      description of preferred embodiments made in conjunction with accompanying
      drawings.
PAR  FIG. 1 is a side view of an exit portion, through which a handrail runs
      into or out of a machine room, and which is provided with a safety device
      of the present invention;
PAR  FIG. 2 is an enlarged view illustrating the interior of the handrail exit
      portion;
PAR  FIG. 3 is an enlarged view of an essential part of the handrail exit
      portion of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 3;
PAR  FIGS. 5 and 6 illustrate a condition where the safety device of the present
      invention is in operation; and,
PAR  FIG. 7 shows another embodiment of the handrail safety device according to
      the present invention, showing in an enlarged scale portion which
      corresponds to that of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A moving handrail 2 entrained around a handrail frame 1 travels at the same
      speed as that of the moving steps (not shown), past a turn-back portion in
      a projecting bent end portion, to merge via an inlet 3 into a skirt guard
      4. From the viewpoint of the improvements in design, the handrail frame 1
      is so arranged as to project externally of the skirt guard 4 to a
      considerable extent. This defines an opening Q between a lower run of the
      handrail 2 and the floor 5. The inlet housing 3 is made of comparatively
      soft rubber, or the like, and with a comparatively elongated shape as best
      seen in FIG. 2. The inlet housing 3 involves therein a supporting member
      50 rigidly mounted by a rivet 15 on the skirt guard 4; a supporting lever
      or member 8 removably fastened by a rivet 51 to the supporting member 50;
      a detecting switch 9 attached to the supporting member 8; pairs of springs
      10, 10 and 11, 11; a lever 12; an actuating plate 13; and a pair of bolts
      14, 14. The inlet housing 3 has a front wall 3A reduced in thickness so as
      to be readily yieldable. The inlet housing 3 is provided with a hole 7 in
      its bottom wall, through which drains water introduced in the inlet
      housing 3. A supporting rod 12A is formed integrally with the lever 12,
      and pierces through-holes 8b provided in arms 8A, 8A of supporting member
      8, but is free to rotate. A pair of arms 8A, 8A of the supporting member 8
      are provided in mirror-image relation to each other with the lever 12
      being interposed therebetween. A pair of bolts 14, each of which pierces
      through spring 10 for the retention thereof, are arranged in parallel
      relation. Each bolt 14 extends through a hole 8c provided in the
      supporting member 8, with its one end fixedly attached to the actuating
      plate 13 at the point C, so that a length l.sub.1 of each spring 10 may be
      maintained constant. The lever 12 is a substantially inverted U-shape
      member having an arm 13B and an arm 12C. The lever 12 is normally urged
      towards the actuating plate 13, from behind, with a constant force given
      by a pair of springs 11 which are arranged in parallel relation, in a
      manner that a gap g.sub.2 is left between the front face of actuating
      plate 13 and the lever 12, and a gap g.sub.1 is left between the actuating
      rod 9a of detecting switch 9 and the lever 12. The lever 12 is free to
      rotate about the supporting rod 12A serving as a fulcrum. The actuating
      plate 13 is rigidly mounted on respective bolts 14 through springs 10 and
      extends widthwise in the inlet housing 3 at a distance G from the
      detecting switch 9, with the lever 12 being interposed therebetween. The
      detecting switch 9 is provided so as to bring its actuating rod 9A in
      alignment with a mid portion of the lever 12 and constitutes part of a
      control circuit (not shown) for the moving stairway, such that when the
      actuating rod 9A is subjected to compression or deflection, the movement
      of the moving stairway, and hence the handrails, may be stopped. The inlet
      housing 3 is reduced in thickness for the front wall portion 3A adjacent
      to the actuating plate 13, so as to decrease the rigidity inherent in the
      material of the inlet housing, as set forth in the foregoing. Thus, the
      actuating plate 13 may be operated in response to any external force which
      would be applied to the inlet housing 3, so as to actuate the handrail
      safety device, whenever the external force is exerted thereon. As an
      alternative, a flexible sheet of sponge may be separately attached to the
      front wall portion 3A. If an extremely soft material is used as the
      material for the inlet housing 3, there is no necessity to reduce the
      thickness in that portion or to attach another material thereto. In this
      embodiment, a comparatively large hole 7 is provided in the bottom of the
      inlet 3 for facilitating the drainage of water, however such a large hole
      may be replaced by a number of pinholes so small in diameter as to be
      imperceptible. Otherwise, there may be provided a groove through which
      water is discharged outwardly, or the bottom wall in its entirety may be
      formed in a convexed funnel shape. Anyway, a requirement is that such
      means are effective for thoroughly draining water introduced in the inlet
      housing, so as to avoid electric leakage into the electric devices as well
      as to protect the safety device from corrosion.
PAR  It should be noted that the inlet housing 3, in this embodiment, is
      increased in dimension to a considerable extent, as compared with the
      conventional inlet structure. The reason is that the height from the floor
      surface 5 up to the surface of lower run of handrail 2 is greater than a
      thickness of the body of an infant on to the floor, so that even if an
      infant should be on the floor, his body cannot touch the lower run of
      handrail 2. The inlet housing 3 protrudes frontwardly from the front face
      of skirt guard 4 by a length L, which is several times (200 mm in the
      embodiment) as long as that of the conventional one (usually 30 mm), so
      that the height H from the floor surface 5 up to the lower run of handrail
      2 may be increased. The length of the inlet structure in the conventional
      moving stairway, as well as the height from the floor to the lower run of
      handrail, were designed when such accidents to infants in the exit
      portions of the handrails were not contemplated. Recently, such accidents
      have been frequently reported, and thus it is necessary to increase the
      height H which is dependent on the length L of the inlet housing which
      encloses the front end portion of skirt guard to the front end portion of
      inlet structure. To this end, it is most efficacious that, without
      changing the handrail proper, improvements are made only in the inlet, as
      in the present invention, so as to positively protect an infant from being
      caught by the moving handrail, in the event that he is on the floor. It is
      anticipated that it will be infants who get caught in the opening between
      the floor and the lower run of handrail, in the event of the falling to
      the floor adjacent to the exit portion of handrail. The thickness of an
      infant body, when he lies on his back, is in general approximately 100 to
      120mm, and hence the height H of 120mm is sufficient. Thus, considering
      the overall size of an moving stairway, the length L of the inlet housing
      3 may be so increased that the height H becomes 120mm. In this case, the
      bottom of the inlet housing 3 should be maintained parallel with respect
      to the floor surface 5, in view of the fact that the inlet housing 3
      houses therein the detecting switch 9, pairs of springs 10, 10 and 11, 11
      and the lever 12. In other words, the inlet housing 3 is so arranged that
      the upper surface adjacent to the inclined lower run of handrail
      accommodates the slope of the handrail, with its bottom maintained in
      parallel relation to the floor 5, whereas the dimension of the inlet
      structure increases towards the front wall portion thereof. Thus, if the
      length L of the inlet housing 3 is long enough to provide the height H of
      at least more than 120mm (more than 100mm in the moving stairway of the
      general type), the safety device including the detecting switch 9 can be
      housed therein. It is preferable that the height H be more than 150mm,
      such that the safety device may be operated immediately when something is
      caught in the spacing Q. There exists a moving stairway having means for
      protecting infants from being dragged by the lower run of moving handrail,
      wherein the spacing between the lower run of handrail and the floor is
      more than 150mm. For such a moving stairway, the length of the inlet
      structure should be large enough (in general, 50mm) to house therein the
      detecting switch.
PAR  The description will be given in FIGS. 5 and 6 showing the operation of the
      handrail safety device when an external force acts on the inlet housing,
      immediately before an infant gets injured.
PAR  In the event that an infant or something is caught in the opening Q, if the
      external force acts on the inlet 3 in the direction of arrow P.sub.1 of
      FIG. 5, the front end portion 3A of the inlet 3 is forced, from a normal
      position shown by the two-dotted line in FIG. 5 so as to press on the
      actuating plate 13. Due to the actuating plate 13 being pressed by the
      front wall portion 3A, the pair of springs 10, 10 are compressed to a
      length l.sub.2, whereby the gap G between the actuating plate 13 and the
      actuating rod 9A of detecting switch 9 is narrowed to a gap E, where
      normally G &gt; E. Consequently, a gap g.sub.3 equivalent to a difference
      between the gaps G and E is created between the bolt shoulder of each bolt
      14 passing through the hole 80 and the supporting member 8. Stated
      otherwise, the actuating plate 13 comes in contact with the front end
      portion 12C of 12, whereby the lever 12 is caused to slightly rotate about
      the supporting rod 12A serving as a fulcrum, thereby urging the actuating
      rod 9A, and thus the detecting switch 9 is actuated. It will be apparent
      that the detecting switch is put into operation when respective gaps
      g.sub.1 and g.sub.2 become nil, and when the gaps between respective
      members are in the relationship as follows:
EQU  g.sub.1 + g.sub.2 = g.sub.3, and l.sub.1 - l.sub.2 = l.sub.3
PAR  In the event that an infant has his hand 60 caught in the opening m defined
      between the lower run of handrail and the upper side of inlet housing 3 as
      shown in FIG. 6, i.e., in case the external force acts on the inlet in the
      direction of arrow P2, a partitioning wall 3C, which extends to cover the
      whole width of inlet housing 3, yields downwardly to turn the opening m to
      M &gt; m. Consequently, the arm 12B of lever 12 is urged by the partitioning
      wall 3C, causing the lever 12 to rotate about the supporting rod 12A
      serving as a fulcrum, whereby the springs 11, 11 are compressed and the
      gap g.sub.2 is turned to g.sub.2 &lt; g.sub.4. Thus, the actuating rod 9A is
      urged by the lever 12 to actuate the detecting switch 9. The detecting
      switch 9, as set forth in the foregoing, is so arranged as to operate in
      response to the external force acting on the inlet housing 3 in the
      transverse direction P1 thereof or in the vertical direction P2, in the
      event that something or a human body is caught in the spacing Q or that an
      infant has his hand caught in the opening m between the lower run of
      handrail and the inlet housing 3. In addition, the detecting switch 9
      constitutes part of a control circuit for the moving stairway, such that
      due to the actuation of the detecting switch 9, the movement of the moving
      stairway, and hence the handrails, may be automatically interrupted. Owing
      to the partitioning wall 3C provided over the upper surface of inlet
      housing 3 for separating the safety device portion, including detecting
      switch 9, the lever 12 and other members from the lower run of handrail 2,
      and even if an infant has his hand 60 caught in the inlet 3, he cannot
      contact the lever 12 or other members, and hence he is free from being
      hurt. If his hand 60 should get into a further inner portion of the inlet
      housing 3 and be stuck between the rigidly mounted supporting member 8 and
      the lower run of handrail 2, the screw 51 can be unscrewed, with the skirt
      guard and the body of handrail remaining intact, whereby the safety device
      is demounted in its entirety, thereby releasing the infant from the stuck
      condition. The screw 51 serves as an auxiliary safety means.
PAR  The spring force for respective springs 10 or springs 11 is optional.
      Accordingly, it is possible to provide a sufficient spring force so the
      safety device will not operate due to a slight push applied to the inlet
      housing 3. In addition, pairs of springs 10, 10 and 11, 11 are so arranged
      as to act under a constant spring force whenever the external forces P1
      and P2 are applied to the inlet respectively. As a result, the safety
      device is free from malfunctioning, which has been inevitable for previous
      devices of this type. The pair of springs 10 and 10 are given a resiliency
      larger than the other pair of springs 11 and 11. This is because the
      external force P1 is more frequently applied in comparison with the
      external force P2, and a rather bulky object may be caught in the opening
      between the lower run of handrail 2 and the floor 5, such that the
      actuating plate 13 may be moved by applying even a strong force thereto.
PAR  FIG. 7 illustrates another embodiment of the present invention, wherein
      there is provided in the inlet housing 3 a leaf spring 70, which is
      composed of a front portion 71, an upper portion 72, a rear portion 73 and
      a bent portion 74, said leaf spring being rigidly fastened by rivet 51 to
      the supporting member 50 rigid with the skirt guard. When the external
      force P1 or P2 is applied to the inlet 3, the leaf spring 70 is
      resiliently deformed to urge the actuating rod 9A of detecting switch by
      the bent portion 74, whereby the moving stairway and hence the handrails
      may be automatically stopped.
PAR  According to the present invention, it is essential that the inlet
      structure has a length in the horizontal direction, of more than 100mm,
      with the detecting switch being housed therein, and the external force
      given to the inlet either in the horizontal or vertical direction thereof
      may be positively transmitted to the detecting switch for the actuation
      thereof. Accordingly, so far as the above-described requirements are
      satisfied, any mechanical modification is acceptable. In addition, better
      results may be attained by providing drain holes and providing the
      partitioning front wall of the inlet housing more flexible, and forming
      the safety device section separately from the supporting member 50.
PAR  The safety device of the present invention is available, without giving any
      change to the device, for an electrically driven path having entrance and
      exit portions through which handrails run in or run out.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a moving stairway having handrails which pass into or out of entrance
      and exit portions of skirt guards for the moving stairway, a handrail
      safety device comprising
PA1  inlet structure means fixed to each skirt guard adjacent to the entrance
      and exit portions, said inlet structure means projecting outwardly
      externally from the skirt guards; and
PA1  detecting means provided in said inlet structure means for detecting either
      one of a horizontally directed force acting on said inlet structure means
      or a vertically directed force acting within said entrance and exit
      portions to interrupt movement of the moving stairway at the occurrence of
      such force,
PA1  wherein said inlet structure means includes a flexible housing containing
      said detecting means, said flexible housing having a front end portion
      being more flexible than the remaining housing portion.
NUM  2.
PAR  2. A handrail safety device according to claim 1, wherein said inlet
      structure means projects outwardly from said skirt guard to a distance
      sufficient to limit the presence of objects between the lower run of the
      handrail and a floor surface.
NUM  3.
PAR  3. A handrail safety device according to claim 2, wherein said inlet
      structure projects to at least 100 mm from the skirt guard.
NUM  4.
PAR  4. A handrail safety device according to claim 1, wherein a height from a
      floor surface up to a lower run of the handrail at a front wall of said
      inlet structure means is at least 120 mm.
NUM  5.
PAR  5. A handrail safety device according to claim 1, wherein said detecting
      means includes a switch means for providing an interrupting signal to
      interrupt the movement of the moving stairway and an actuating mechanism
      for actuating said switch means, said actuating mechanism being operable
      by yielding deformation of said inlet structure means in response to at
      least one of said horizontal and vertical forces.
NUM  6.
PAR  6. A handrail safety device according to claim 5, wherein said actuating
      mechanism includes resistance means for providing resistance to inward
      movements of said actuating mechanism.
NUM  7.
PAR  7. A handrail safety device according to claim 6, wherein said resistance
      means provides a low resistance to said horizontally directed force and
      provides a higher resistance to said vertically directed force.
NUM  8.
PAR  8. A handrail safety device according to claim 5, wherein said inlet
      structure means includes a partitioning wall for separating the lower run
      of the handrail from said actuating mechanism.
NUM  9.
PAR  9. A handrail safety device according to claim 5, wherein said detecting
      means is supported within said inlet structure means from a supporting
      member, said detecting means being demountable from said supporting
      member.
NUM  10.
PAR  10. A handrail safety device according to claim 5, wherein said actuating
      mechanism includes a leaf spring, said leaf spring including:
PA1  a vertically extending front portion,
PA1  a horizontally extending upper portion connected to an upper extremity of
      said front portion and directed inwardly of the inlet structure means,
PA1  a vertically extending rear portion connected to an inner end of said upper
      portion and directed downwardly in the inlet structure, and
PA1  an inclined portion bent at the lower end of said rear portion towards said
      front portion, said vertically extending front portion being adapted to
      receive said horizontally directed force applied to the inlet structure
      means, and said upper portion being adapted to receive said vertically
      directed force, whereby said inclined portion actuates said switch means.
NUM  11.
PAR  11. A handrail safety device according to claim 1, wherein said inlet
      structure means includes means for draining water introduced into said
      inlet structure means.
NUM  12.
PAR  12. A handrail safety device according to claim 1, wherein said detecting
      means is supported within said inlet structure means from a supporting
      member, said detecting means being demountable from said supporting
      member.
NUM  13.
PAR  13. In a moving stairway having inlet structures provided externally of
      skirt guards adjacent to entrance and exit portions through which
      handrails run into or out of, a handrail safety device comprising:
PA1  each of said inlet structures being projected externally of each skirt
      guard adjacent to the entrance and exit portions to a distance at least
      100 mm from the skirt guard, and
PA1  a detecting switch provided in the inlet structure, said detecting switch
      being actuated in response to an external force applied to the inlet
      structure either in a horizontal direction thereof or in a vertical
      direction, thereby interrupting movement of the moving stairway, wherein
      there is provided in the inlet structure a mechanism for actuating said
      detecting switch,
PA1  wherein said actuating mechanism is composed of a first actuating member
      adapted to shift inwardly of the inlet structure under the external force
      applied to the inlet structure in the horizontal direction thereof, and a
      second actuating member adapted to shift inwardly of the inlet structure
      under the external force given to the inlet structure in a vertical
      direction thereof.
NUM  14.
PAR  14. In a moving stairway having handrails which pass into or out of
      entrance and exit portions of skirt guards for the moving stairway, a
      handrail safety device comprising:
PA1  inlet structure means fixed to each skirt guard adjacent to the entrance
      and exit portions, said inlet structure means projecting outwardly
      externally from the skirt guards; and
PA1  detecting means provided in said inlet structure means for detecting at
      least one of a horizontally directed force or a vertically directed force
      acting on said inlet structure means to interrupt movement of the moving
      stairway at the occurrence of such force,
PA1  wherein said detecting means includes a switch means for providing an
      interrupting signal to interrupt the movement of the moving stairway and
      an actuating mechanism for actuating said switch means, said actuating
      mechanism being operable by yielding deformation of said inlet structure
      means in response to at least one of said horizontal and vertical forces,
      and
PA1  wherein said actuating mechanism includes a first actuating member adapted
      to shift inwardly of the inlet structure means under said horizontally
      directed force, and a second actuating member adapted to shift inwardly of
      the inlet structure means under said vertically directed force.
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ABST
PAL  The invention concerns a transfer line with at least one work station for
      machining workpieces, which can be advanced intermittently by a timed
      drive, and with a substantially U-shaped return line connected at its
      respective ends to two transfer stations, upon which line workpieces,
      clamped on a workpiece-carrier, can be slidably conveyed along a slideway
      by a transporting device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  Transfer lines for machining workpieces, e.g. for the chip-removing
      machining of housings or the like, are often equipped with a so-called
      return line. This return line has the purpose of taking the
      workpiece-carriers, at the end of the transfer line, and carrying them
      back to the entry into the transfer line. Along this return line the
      workpieces may for their part pass again through treatment stations, in
      which for example the workpieces are cleaned of chips and adherent coolant
      or lubricant.
PAR   2. Description of the Prior Art
PAR  With the transfer lines known in practice the arrangement is such that the
      individual workpiece-carriers, at the end of the transfer line, are for
      example pushed at a transfer station by hydraulic piston drives or chain
      conveyors at right angles to their former direction of conveyance and onto
      the slideway of the return line, after which they are pushed along the
      slideway as far as the first corner of the return line. There the work
      carriers, while retaining their spatial orientation, are taken over, again
      for example by hydraulic pushing mechanisms or chain conveyors, which push
      the workpiece-carriers onward along the slideway, substantially parallel
      to the intermittently-moved line, until they reach the second corner. At
      this second corner the workpiece-carriers, again retaining their spatial
      orientation, are taken over by a new pushing mechanism, which brings them
      back by a 90.degree. turn to the entry into the transfer line. This method
      of returning the workpiece-carriers requires that the individual
      workpiece-carriers, at both corners of the U-shaped return line must in
      each case be brought to a standstill, and then accelerated again at right
      angles to their previous direction of movement by conveying mechanism. It
      is thereby inevitable that the workpiece-carriers are subjected to a
      substantial acceleration forces, which in the case of certain workpieces
      brings a risk of tipping the workpiece-carrier. There is moreover a
      certain difficulty in braking the workpiece-carriers at their arrival at
      the corners of the return line, because the workpiece-carriers being
      pushed ahead become detached, under too rapid a braking, from their
      conveying element, and run away in the direction of conveyance.
      Furthermore, such a return line, where use is not made of square
      workpiece-carriers, requires slideways of different widths for the parts
      located between the corner-points, because the workpiece-carriers at the
      corners in each case retain their spatial orientation, which means that
      with workpiece-carriers which are not square a workpiece-carrier has to be
      moved endways and then sideways, or vice versa.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention therefore has the fundamental objects of creating a transfer
      line upon whose return line the workpiece-carriers, with or without a
      workpiece, can be moved at a considerbly higher speed of transportation,
      eliminating the need for an arrangement having slideway lengths of
      different widths, and achieving an overall simplification of the entire
      return line.
PAR  For carrying out these objects, the transfer line named at the outset is
      characterized in that the return line has at least one endless chain
      conducted along the slideway by a pulling length of the chain, and the
      individual workpiece-carriers are in each case coupled to the chain at a
      first point by an entrainment means, and at a second point are conducted
      laterally. The invention is further characterized in that the
      workpiece-carriers can in each case be automatically coupled to the
      entrainment means of the chain at a transfer station and by a transporting
      mechanism.
PAR  In an advantageous form of construction the arrangement may be such that
      each workpiece-carrier may in each case be coupled to the entrainment
      means by a pin-connection or a hole-connection, whereby each
      workpiece-carrier is conducted laterally at the second point on the chain.
PAR  Each workpiece-carrier may advantageously have an elongated hole, aligned
      with the longitudinal axis in the direction of conveyance, into which hole
      there engages a cylindrical pin of an entrainment means.
PAR  The new transfer line is characterized by very simply construction, because
      only a simple driven endless chain is needed for conveying the
      workpiece-carriers. This chain by its entrainment means positively takes
      over the individual workpiece-carriers. Because the individual
      workpiece-carriers are in each case coupled to the chain only at a first
      point, while at the second point only a lateral conveyance occurs, it is
      ensured that the workpiece-carriers are able to follow the guidance of the
      chain. This means that the return line may follow any desired path, the
      entrained workpiece-carriers automatically altering their spatial
      alignment in accordance with their guidance by the chain. This ensures
      that the return line may at all places have the same width, independently
      of whether square or elongated workpiece-carriers are used. Moreover, and
      depending on the arrangement of the entrainment means, the
      workpiece-carriers may be carried along by the chain at practically any
      desired spacings, and it is even possible to think of certain
      workpiece-carriers being moved directly abutting against one another.
PAR  Because the workpiece-carriers are not brought to a standstill at the
      corners of the return line, then turned 90.degree., and then again have to
      be accelerated, it is possible to obtain a relatively high chain-speed,
      and thus a similar speed of transportation, which is a number of times
      higher than the maximum transport speed obtainable when the
      workpiece-carriers have to be braked at the corners, and then accelerated
      anew. Because of the high speed of transportation, the number of expensive
      workpiece-carriers may be correspondingly reduced, and the endless chain
      moreover, with a suitable design, has a very low noise level.
PAR  It should finally be mentioned that the individual workpiece-carriers, in
      the case of the new transfer line may on the return line for example in a
      washing station be moved repeatedly to and fro, forward and back that is,
      in order to intensify the washing process. This eliminates the long
      washing tunnels which were formerly often needed, while in one washing
      station, and even with a lower number of washing nozzles, removal of chips
      can be ensured.
PAR  The chain itself may at the corner points of the return line in each case
      be deviated by means of a sprocket-wheel. In order to obtain an
      enlargement of the deviating radius, it may however be advantageous to
      make the arrangement such that the chain, at the corner points of the
      return line, is deviated over two sprocket wheels at least, which are set
      near one another. Moreover it is advantageous for the loose length of the
      chain to be brought back alongside the return line and close to the
      slideway. Thus the arrangement may be such that, at the return line and
      below the endless chain, a catch-channel is disposed to catch coolant or
      lubricant that drips off, this channel having at its end a collection
      channel. For the purpose of facilitating the passing of the individual
      workpiece-carriers over at the transfer stations from the intermittent
      drive to the chain it is advantageous for the chain, in the region of the
      transfer station, with its length associated with the slideway, to be
      conducted for a certain length parallel to the direction of conveyance of
      the intermittent drive. For the purpose of ensuring that during the
      transfer of the workpiece-carrier to the chain there may be perfect
      coupling of the workpiece-carrier with the entrainment means of the chain,
      the arrangement may be such that the chain at the transfer station may be
      temporarily couplable with a timed rod of the timed-rod drive, and be
      moved by this a predetermined distance in the direction of conveyance. In
      this way there is ensured absolutely accurate synchronization of the chain
      movement with the timed-rod movement, and thus an accurate position of the
      chain entrainment means for the take-over operation.
PAR  The take-over arrangement itself has in an advantageous form of
      construction at least one vertically movable lifting plate, on which each
      workpiece-carrier can be conducted by the intermittent drive, and through
      which this workpiece-carrier, with automatic coupling of the
      workpiece-carrier to the entrainment means of the chain, can be lowered on
      this chain, whereby the lifting movement of the lifting plate is
      positively controlled dependent on the intermittent drive.
PAR  At the transfer station it is on occasion necessary for workpieces, which
      have to be machined on a number of sides, to run set differently through
      the work-station, e.g. twice, whereby during each run-through the
      machining is done at one side. In order to turn the workpiece, there have
      been heretofore provided, in the region of the transfer stations or along
      the return line, some stations for turning, which are operated by an
      attendant.
PAR  The new transfer line permits obtaining automatic turning of the workpieces
      in a simple manner. Similarly, it is also possible to consider a change in
      the sequence of the workpiece-carriers, which may be needed in certain
      applications.
PAR  In order to achieve this, the transfer line may be designed so that the
      workpiece-carriers along the return line may, by a suitable guidance of
      the chain, and while retaining their coupling with the pulling length of
      the chain, be turned through a predetermined angle from their position in
      a transfer station and/or be introduced in a different sequence into the
      other transfer station.
PAR  Further advantageous characteristics and properties of the new transfer
      line are shown by the following description of an example of construction
      of the subject of the invention shown in the drawings, and also given in
      the annexed claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows, in a simplified perspective representation, a transfer line
      according to the invention;
PAR  FIG. 2 shows a transfer station or passing-over station of the transfer
      line of FIG. 1, shown partly schematically and partly in section;
PAR  FIG. 3 shows the passing-over station of FIG. 2 in a perspective view,
      looking in the direction of the arrow III of FIG. 2;
PAR  FIG. 4 shows a corner point of the transfer line of FIG. 1, in a schematic
      plan view;
PAR  FIG. 5 shows a corner point of the return line of the transfer line of FIG.
      1, in a plan view and schematically, with a modified form of construction;
PAR  FIG. 6 shows a passing-over station of the transfer line of FIG. 1, with
      another form of construction, shown partly in perspective, partly
      schematically, and partly sectioned;
PAR  FIG. 7 shows a transfer line according to the invention in another form of
      construction, showing it in a simplified form of representation and in
      plan view; and
PAR  FIG. 8 shows a transfer line according to the invention in a further form
      of construction, showing it in a simplified representation and in plan
      view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The transfer line of FIG. 1 has a schematically indicated work-station 1,
      in the region of which workpieces are machined by tools 2, mounted on
      drive-spindles shown schematically at 3. The workpieces, not shown
      individually, are in each case clamped on a workpiece-carrier in the form
      of a carriage. The individual workpiece-carriers with their clamped-on
      workpieces are conveyed rhythmically or intermittently by a timed drive
      along a first slideway 5, whereby the arrangement, in a way known for
      transfer lines, is such that the workpiece-carriers 4 are held immovably
      at work-station 1 during the machining by the tools 2. Rhythmic drives are
      in themselves known in numerous forms of construction. Their special
      design at the work-station 1 therefore needs no description, any more than
      does the devices provided for fixing and clamping the workpiece-carrier 4
      during the machining. It may be mentioned in this connection that
      reference may be made to the book "Die Bauformen der Sondermaschinen"
      ("The forms of construction of Special Machines"), by Dipl. -Ing. Dr.
      Helmut Gobel, Karl-Hamser-Verlag, 8 Munchen, 1956.
PAR  The rhythmic drive of the transfer line shown in FIG. 1 has a horizontally
      directed timed bar 6 which carries upwardly extending pinlike entrainment
      elements 7, permitting transportation of the individual workpiece-carriers
      4 from an introduction station or takeover station 8, at the entry into
      the transfer line, as far as a pass-over station 9 at the end of the
      transfer line. The movement of the timed bar 6 is further explained below.
PAR  The length of the transfer line, that is the spacing between the two
      pass-over or transferring stations 8, 9, depends on the number of
      work-stations existing. For the sake of simplicity, FIG. 1 shows only one
      work-station 1, and one workpiece-carrier 4.
PAR  A return line 10, substantially of U-shape, is connected at the two
      take-over or transfer stations 8, 9 and permits the individual
      workpiece-carriers, after the machining operations at the work-station 1,
      to be brought back from the pass-over station 9 to the pass-over station 8
      at the entry to the transfer line. In the region of the return line 10
      there may be provided stations for the treatment of the workpieces, these
      being for example washing-tunnels or the like. For greater clarity, such
      contrivances are not shown in FIG. 1.
PAR  The return line 10 has a slideway 12, set horizontally and following its
      course, and formed, in the region between the corner points 13, 14, by two
      profiled rails 15 which, as can be seen from FIG. 2, are set in spaced
      parallel relation. The slideway 12 is supported at its corners 13, 14, in
      each case on a part 16 of the framework, and is connected at its ends with
      the pass-over or transfer stations 8, 9.
PAR  Associated with the return line 10 is a transporting mechanism, which
      consists of an endless chain 17, provided at predetermined spacings with
      pinlike entrainment means 18, of which only two are shown in FIG. 2. The
      endless chain 17 is conducted by its pulling length 19 intermediate the
      slideway 12 of the return line 10 in a manner such that the length 19 of
      the chain runs somewhat below the slideway 12, and the entrainment means
      18 extend upward into the slideway 12 between the two rails 15 which
      define the slideway.
PAR  In the form of construction shown in FIGS. 1 to 4, the endless chain 17 is
      deviated from its length 19, at each of the corners 13, 14, 90.degree. by
      means of a sprocket-wheel 20 turning on a vertical axis. In the region of
      the two pass-over or transfer stations 8, 9, length 19 is conducted at 21
      for a certain length parallel to the rhythmic-drive conveyor. For this
      purpose there is provided at each pass-over or transfer station 8, 9, a
      deviating wheel 22 rotatable on a vertical axis and suitably spaced from a
      deviating wheel 23 rotatable on a parallel axis. The remaining length of
      the endless chain runs near the slideway 12, and is conducted over
      suitably disposed deviating wheels 24, 25, which are each freely
      rotatable. A chain tautening device, shown schematically at 26 of FIG. 1,
      serves for tautening the endless chain and enables the associated
      deviating wheel 24 to move toward or away from the chain 17, so as to vary
      the tautness of the chain in a known manner.
PAR  The drive of the endless chain is by a drive motor, not shown in detail,
      which drives one of the deviating wheels 22, by means of a suitable
      transmission and is disposed in the region of one of the transfer stations
      8, 9.
PAR  In the region of the slideway 12 the chain length 19 is run between two
      guide rails 27 (FIG. 2), so that lateral deviation of this length is not
      possible. A catch channel 28 is set below the chain 17 and in the region
      of the slideway 12, and substantially follows the course of the slideway
      12 and thus that of the chain-length 19. At the transfer stations 8, 9, as
      well as at the framework parts 16 in the corners 13, 14 and at the
      intermediate trestles 29, it is supported in common with the slideway 12.
      The catch channel 28 has its outlet in the region of the transfer station
      9 and as shown in FIG. 1, leads into a continuous chip-collecting channel
      30 of the transfer line, through which the chips dropping from the
      work-stations are continuously carried away.
PAR  The individual workpiece-carriers 4, formed as pallets, have a smooth
      sliding undersurface 31 (FIG. 3), by which they can be pushed along on the
      slideway 12. Each workpiece-carrier 4 can be coupled to the chain-length
      19 at two link-points. For this purpose the workpiece-carrier 4 is
      provided with a cylindrical bore 32 made in a suitable bushing in the
      region of its sliding surface 31, as shown in FIG. 4, which in common with
      an engaging entrainment means 18 forms the first link-point of the
      chain-length 19, at which point a positive drive of the workpiece-carrier
      4 is obtained by the chain-length 19. In the vicinity of the bore 32 and
      advantageously on a line running parallel to the edge 33 of the
      workpiece-carrier 4, an elongated hole 34 is provided in the
      workpiece-carrier in the region of the slide surface 31, which forms the
      second link-point together with an engaging entrainment means 18 of the
      chain-length 19. The elongated hole 34 is arranged with its longitudinal
      axis in the direction of conveyance; and it effects a lateral guidance of
      the workpiece-carrier 4 during the conveying movement. A transmission of
      the entrainment force from the corresponding engaged entrainment means 18
      to the workpiece-carrier 4 does not occur at the second link-point; the
      entrainment force being transmitted only at the first link-point by means
      of the cylindrical hole 34.
PAR  In order to show the relationships more clearly, FIG. 4 shows only the
      outline of the slide surface 31 of the workpiece-carrier 4, with the
      associated hole 32 and the corresponding elongated hole 34.
PAR  With the illustrated form of construction the lateral guidance of the
      workpiece-carrier 4 at the second link-point is accomplished by the
      elongated hole 34 and by the corresponding entrainment means 18 directly
      on the chain-length 19. In a modified form of construction it is also
      possible to have the lateral guidance of the workpiece-carrier 4 produced
      for example at edges 35 which laterally define the chainlength 19 at the
      slideway 12 (FIG. 4). However, in this case the transmission of the
      entrainment-element force at the first link-point 32 is the same.
PAR  The workpiece-carriers 4 are conducted centrally by the chain-length 19,
      because the hole 32 and associated elongated hole 34 are in each case
      situated on a line running centrally of the slide surface 31 and parallel
      to the longitudinal edges 33. During their transportation the
      workpiece-carriers 4 always keep their same alignment relative to
      chain-length 19. When passing a corner, elongated hole 34 permits
      compensation for the tangential shortening of the chain in the corner.
      This is shown in FIG. 4. Because the workpiece-carriers during their
      transportation are properly guided at each corner, i.e. change their
      spatial alignment, the transporting movement does not need to be
      interrupted at corners 13, 14. The workpiece-carriers travel at uniform
      speed around the corners.
PAR  Moreover, the workpiece-carriers 4 are positively coupled to their
      associated entrainment means 18, which is a cylindrical pin engaged in
      cylindrical hole 32, at the first link location, so that during braking of
      the workpiece-carriers, e.g. on entering transfer or passover station 8,
      the workpiece-carriers are not able to run ahead of the decelerating
      chain, but remain at all times exactly coupled to it. Because the
      workpiece-carriers are thus towed along by the chain only at the first
      link point (hole 32), the result is an excellent arrangement for the
      motion of the workpiece-carriers 4.
PAR  As previously mentioned, the coupling of workpiece-carriers 4 with
      chain-length 19 at the two link points 32,34, ensures that the
      workpiece-carriers always keep the same alignment relative to the
      chain-length 19. For this reason workpiece-carriers of different lengths
      and widths may be moved along without requiring any alteration of
      slideway. This is seen in FIG. 4, where there is shown at 4a the outline
      of a workpiece-carrier of substantially greater dimensions, and with its
      hole 32a and elongated hole 34a shown by dot-dash lines; while the outline
      of a square workpiece-carrier is shown by broken lines at 4b. The
      workpiece-carrier 4b is likewise provided at its slide-surface 31b with a
      cylindrical hole and an elongated hole, which in the illustration coincide
      with the hole 32 and the elongated hole 34.
PAR  The movement of chain 17 is moreover controlled by the indexing movement of
      the timed drive of the transfer line, which is done electrically by
      suitable signals to the electric drive-motor of chain 17. This advancing
      movement does not need to be in one direction; it is possible to also move
      the chain in oscillating fashion, e.g. in the region of the washing
      station, so that there is an intensification of the washing by the
      to-and-fro movement.
PAR  In cases where, because of special conditions, the return line 10 or the
      size of the workpiece-carrier makes desirable a greater deviating radius
      in the region of corners 13, 14, the deviation of endless chain 17 in the
      region of the corners can be as shown in FIG. 5. Instead of one deviation
      radius 20 there are provided two adjacent deviation radii 20a, 20b, which
      sequentially provide for the deviation of the chain-length 19 in two
      steps.
PAR  A lifting device is provided at the transfer or pass-over station 9 which
      automatically transfers workpiece-carrier 4, brought up by the rhythmic
      drive, to the slideway 12, in such a way that it becomes coupled to
      entrainment means 18 of chain-length 19. At the other end (at transfer
      station 8) there is provided a corresponding transferring device, which
      lifts the arriving workpiece-carriers out of entrainment means 18 of
      chain-length 19, and transfers them again to slideway 5 where, after
      replacement of the machined workpiece by an unmachined piece, they are
      again ready for a passage through work-station 1.
PAR  The lifting device, described now in connection with the passover or
      transfer station 9, has two horizontal lifting plates 35, 36, set parallel
      to one another, and disposed on both sides of portion 21 of the
      chain-length 19, extending in the conveying direction of the rhythmic
      drive (FIG. 2). Lifting plates 35, 36 are able to move vertically between
      their lowered and raised positions. In their raised position they lie in
      the plane of slideway 5 of the transfer line. This slideway is formed by
      two spaced-apart slideway rails 50, between which the rhythmic-motion rod
      or bar 6 moves longitudinally. Each of the lifting plates 35, 36, is
      mounted on two lifting pistons 37 and 38 respectively, which are installed
      in a framework 39 of transfer station 9 so as to be able to move up and
      down. The lifting movement of pistons 37,38, and thus of lifting plates
      35, 36, is produced by a lifting device positively synchronized with the
      movement of indexing bar 6.
PAR  The lifting device has two parallel drive rods 40 (FIGS. 2,3) installed so
      as to be movable lengthwise and horizontally in the framework part 39, and
      connected firmly together at their ends by a yoke 41. In the region of
      lifting pistons 37, 38, the two drive rods 40 are made with wedge-surfaces
      42, which in their turn engage in corresponding slotlike guideways 43 in
      lifting pistons 37, 38. When a lengthwise movement is imparted to the
      drive rods 40, slotted guideways 43 of lifting pistons 37, 38, slide on
      wedgelike surfaces 42, so that with a movement of drive rods 40 directed
      to the right in FIG. 2, lifting pistons 37, 38, go downwardly until they
      reach the lowered position, shown at 35a by dot-dash lines; while with a
      movement to the left shown by solid lines in FIG. 2 they go to a raised
      position. The longitudinal displacement of the drive rods 40 is by means
      of a drive rod 44, connected to yoke 41 and extending substantially
      parallel to timed bar 6.
PAR  Timed bar 6, which extends between the transfer stations 8 and 9, is
      mounted on rollers 45 carried by rockers 46, which in their turn are each
      disposed to pivot about a horizontal pivot pin 470 (FIG. 6). Timed bar 6
      is supported along its entire length by a corresponding number of rockers
      46, only one of which is shown in FIG. 3. The individual rockers 46 are
      positively coupled with actuating rods 44 by cylindrical drive cams 47,
      which engage in corresponding recesses 48 in actuating rods 44. Thus when
      a lengthwise movement is imparted to actuating rods 44, all rockers 46 are
      pivoted in the same direction about their pivot pins 470, whereby timed
      bar 6 is carried by rollers moved along an arc, whose center point is
      situated on pivot pin 470.
PAR  The longitudinal movement of actuating rods 44 is produced by a hydraulic
      piston-pushing motor 49, flanged on the framework part 39 of transfer
      station 9, and mounted with its piston rod 51 movable longitudinally in
      framework part 29. Piston rid 51 is provided with a wedgelike surface 52,
      disposed at an acute angle, in a horizontal plane, to the longitudinal
      axis of piston rod 51, and it engages in a slotted guideway 53 in
      actuating rod 44. Thus when piston rod 51 is moved to the left in FIG. 3
      by the piston of motor 49, then actuating rod 44 becomes moved to the rear
      in the same figure.
PAR  The timed bar 6 itself is connected with a drive arrangement, schematically
      shown at 54 (FIG. 1) in the form of a hydraulic pistontype motor, the
      connection being by a piston rod 55 which is operated depending on the
      operating cycle of the work-station 1. Furthermore, the timed bar in the
      vicinity of the transfer station is provided with an entrainment means 56,
      which extends into the path of movement of entrainment means 18 of
      chain-length 19, enabling the entrainment means 18, with which it is in
      engagement, to advance a certain distance.
PAR  The take-over or transfer arrangement described thus far operates as
      follows:
PAR  Workpiece-carriers 4, which are situated on slideway 5 and carry workpieces
      that are to be machined in work-station 1 or already been machined in it,
      are coupled with timed bar 6 in that the associated drivers 7 of bar 6
      engage in corresponding holes in the region of slide-surface 31 of
      workpiece-carrier 4. Through suitable operation of the pushing-piston
      motor 54 it is ensured that timed bar 6 becomes moved to the right in FIG.
      1. Thus a workpiece-carrier is brought to the pass-over or transfer
      station 9, and upon the two lifting plates 35, 36, situated in their
      raised position. During this forward movement of the timed bar 6 the
      entrainment nose 56, comes into engagement with an entrainment means 18 of
      chain-length 19, in the manner shown in FIG. 2, so that chain 17 moves
      with it a certain amount. At the end of the longitudinal movement of timed
      bar 6, entrainment means 18 on the portion 21 of chain 17 parallel to
      timed bar 6 is situated positively in an exact location with respect to
      timed bar 6 and particularly driver 7 of timed bar 6. The drive of chain
      17 is switched off during this small further movement effected by the
      drive-nose 56, so that chain 17 can be carried along by drive-nose 56
      unhindered. When timed bar 6 has in the course of this movement reached
      its end position, push-piston motor 49 is operated, and advances its
      piston-rod 51 to the left in FIG. 3, the result of which is that actuating
      bar 44 moves backward in FIG. 3 in the manner previously described.
      Consequently drive-rods 40 are moved rearwardly through yoke 46, which has
      the result that the lifting pistons 37, 38, together with the lifting
      plates 35, 36, move downwardly, while at the same time rockers 46 become
      pivoted to the rear in FIG. 3 about their pivot pins 470. As a result of
      this pivoting movement of rockers 46 rollers 46, supporting the timed bar
      6, swing arcuately downwardly about pivot-pins 470, so that timed bar 6,
      simultaneously with the lowering of lifting pistons 37, 38, and lifting
      plates 35, 36, becomes lowered a double amount. With this lowering
      movement the workpiece-carrier, in the manner shown in FIG. 3, becomes
      lowered onto chain-length 19 in the region of its portion 21, whereby the
      pinlike entrainment means 18 engages in hole 32 and elongated hole 34 of
      workpiece-carrier 4, while driver 7 of bar is brought out of engagement
      with its associated hole in the workpiece-carrier 4, because the lowering
      movement is doubled. Because chain entrainment means 18 become positively
      carried along by driver nose 56 during the advance of bar 6 for a part of
      their travel, it is ensured that during the lowering of the
      workpiece-carrier 4 chain entrainment means 18 are exactly aligned with
      hole 32 and associated elongated hole 34 of workpiece-carrier 4. When
      lifting plates 35, 36 are completely lowered and brought into the position
      35a of FIG. 2, and driver 7 of bar 6 is completely out of engagement with
      the workpiece-carrier 4, then there is transmitted to the drive of endless
      chain 17 a switch-on signal, as a result of which workpiece-carrier 4 is
      carried along by chain's entrainment means 18 in engagement with it, and
      becomes transported along return line 10 upon the slideway 12. This is
      easily possible because lifting plates 35, 36 in their lowered position of
      35a exactly at the level of slideway 12, which is somewhat lower than
      slideway 5.
PAR  When the workpiece-carrier 4 has left the transfer station 9, motor 54 is
      operated in the reverse direction, so that the timed bar 6 in its lowered
      position of FIG. 2 becomes moved one timed stroke farther to the left.
      Then motor 49 is switched on, and pulls its piston rod 51 back again, the
      result of which is that actuating bar 44 becomes moved forward in FIG. 3.
      This has the result that lifting pistons 37, 38, together with lifting
      plates 35, 36, become raised again to the level of slideway 5, while at
      the same time rockers 46 swing back round their pivot axes 470, so that
      rollers 45 go upward on their arcuate path, and bar 6 moves up again. Upon
      this upward movement bar 6 with its drivers 7 comes again into engagement
      with workpiece-carriers 4 set down on slideway 5, so that at the following
      advance of bar 6 to the right in FIG. 2, the next work-carrier can be
      brought into the pass-over or transfer station 9 in the manner already
      described.
PAR  The lifting arrangement installed at transfer station 8 at the entry to the
      transfer line works in a similar way, so that there is no need to repeat
      the description. The workpiece-carriers 4 are brought in succession into
      the pass-over or transfer station 8 by the chain-length 19, at which
      station the first workpiece-carrier 4 is set onto lifting plates 35, 36,
      which are in each case in their lowered position. Lifting-plates 35, 36,
      which are operated similarly to transfer station 9 by the lifting pistons
      37, 38, and drive rods 40, as well as actuating bars 44, lift
      workpiece-carrier 4 to the level of slideway 5, so that upon the
      previously described lifting movement of timed bar 6, its driver 7 comes
      into engagement with workpiece-carrier situated at the time at transfer
      station 8, while workpiece-carrier 4 becomes lifted out of the chain
      entrainment means 18. Upon the advance toward the right in FIG. 2 of the
      lifted bar 6 in the course of the timed lift, the workpiece-carrier
      situated at transfer station 8 is moved again in a direction toward
      work-station 1.
PAR  FIG. 6 shows an alternative form of construction of the pass-over or
      transfer device which may be provided at stations 8 and 9. Because this
      arrangement corresponds in principle to that described relative to FIGS. 2
      and 3, similar parts are provided with the same reference numerals.
PAR  The lifting device shown in FIG. 6 likewise has two horizontal lifting
      plates 35, 36, set parallel to one another and disposed on both sides of
      the part of the towing length of chain and parallel with the direction of
      conveyance of the rhythmic drive. For greater clarity in FIG. 6, the
      towing length is not shown; it is similar to what is shown in FIG. 3.
PAR  Lifting plates 35, 36 are each disposed on lifting pistons 37 and 38
      respectively, which in their turn are able to move upward and downward at
      37a and 37b in a part of the housing which is not shown. Lifting pistons
      37, 38, are formed as racks at their lower ends 370 and 380. The teeth of
      the pair of racks 370, 380 engage pinions 60, mounted in pairs on
      horizontal shafts 61, and are in their turn able to turn in bearings 60a
      in the housing (not shown). Each shaft 61 is fastened to a drive gear
      wheel 62, both gear wheels 62 (FIG. 6) in their turn meshing with
      corresponding teeth of actuating bar 44 substantially parallel to timed
      bar 6.
PAR  The longitudinal movement of actuating bar 44 is again produced by
      hydraulic piston-type motor 49, which is flanged onto the frame part of
      the transfer station 9, and installed with its piston rod 51 movable
      longitudinally in the frame part. Piston rod 51 is made with a wedgelike
      surface 52a, upon which the actuating bar 44 is supported by its
      corresponding face. When the piston rod 51 is pushed forward to the left
      in FIG. 6, actuating bar 44 is moved forward in the same figure, while
      with a movement of piston rod 51 toward the right actuating bar 44 is
      driven in the direction shown by the arrow.
PAR  The transferring arrangement shown in FIG. 6 works fundamentally in the
      same way as that of FIGS. 2 and 3, so that it is unnecessary to repeat the
      description. With this transfer arrangement, moreover, actuated bar 6 is
      operated by motor 54 shown in FIG. 1. With this design it also carries a
      drive nose corresponding to drive nose 56 of FIG. 2, which however in FIG.
      6, like the associated chain, is omitted for greater clarity.
PAR  With the transfer line of FIG. 1 workpiece-carriers 4 are advanced on
      return line 10 so that they have the same spatial alignment at transfer
      station 8, in going over to slideway 5, as when leaving slideway 5 in the
      region of the other transfer station 9.
PAR  In the case of certain workpieces, which for example have to be machined on
      a number of sides, or which have to undergo a number of machining
      operations, it may be necessary to turn the workpiece, e.g. 180.degree.,
      into another position and to send it once more through the work station to
      effect the additional machining operation. The return line 10 may now be
      made so that, through suitable guidance of chain 17 and its towing length
      19, the workpiece may be turned some 180.degree. during travel between
      transfer station 9 and transfer station 8. FIG. 7 shows one example of
      construction of such a transfer line.
PAR  In this case endless chain 17 is, as shown in FIG. 7, deviated by
      deviating-wheels 20a, 20b, 22, 23, 25, in such a way that towing
      chain-length 19, in the region of the two transfer stations 8, 9, at 21
      and 21a respectively, is for a certain length guided parallel to the
      direction of timed drive. Here the two deviating wheels 23, 35 at transfer
      station 8 are situated at the right-hand side on slideway 5, shown
      schematically by its centerline, while deviating wheels 23, 22 of the
      other transfer station 9, looking in the same direction, are situated to
      the left of slideway 5.
PAR  The individual workpiece-carriers 4a are, in the manner described with
      respect to FIG. 1, coupled at transfer station 9 individually to the
      towing-length 19 of chain 17. During the actual transferring operation,
      chain 17 is uncoupled from its drive, as already described, and is carried
      along by the nose 56 of timed bar 6 (see FIGS. 2 and 3) for a certain
      distance, for the purpose of thereby obtaining exact engagement of
      entrainment means 18 into cylindrical hole 32 or elongated hole 34 of the
      workpiece-carrier 4 or 4a concerned. After the coupling of a
      workpiece-carrier 4, 4a, with the towing chain-length 19 of chain 17 in
      the direction of movement, workpiece-carrier 4, 4a becomes transported out
      of the transfer station 9 to the other transport station 8, so that the
      workpiece-carrier 4 or 4a concerned, because of the special guidance of
      towing length 19, makes a 180.degree. turn, and at transfer station 8 it
      is given over to slideway 5 turned accordingly.
PAR  Therefore while workpiece-carrier 4 or 4a with the workpiece it is carrying
      becomes machined on one side during its first passage through the work
      stations shown at 1a to 1g, at the second passage there is machining on
      another side. In this way, with a saving of work stations obtained, it is
      possible during a first passage to do certain machining operations on one
      side, and at a second passage on another side. On the other hand it is
      also possible to imagine for example that the work stations 1d to 1e shown
      by dot-dash lines in FIG. 7 are retained for subsequent use, so that the
      workpieces are in the first place machined on both sides at the
      already-existing work stations 1 to 1c.
PAR  The fundamentally similar run of chain 17 and its towing length 19, in the
      manner shown in FIG. 8, can also be used to obtain an automatic change of
      sequence, in that the workpiece-carriers 400 or 400a respectively are sent
      through the work stations shown at 100 to 100e in FIG. 8. The workpieces
      400 and 400a are always associated with one another in pairs, as shown in
      FIG. 8.
PAR  It is moreover possible to imagine, by a suitable running of the towing
      length 19, a turning of the workpiece 90.degree. or some other suitable
      angle.
PAR  The parts of the return line shown in FIG. 8 corresponds to the similar
      parts of FIG. 7, so they are given the same reference numerals. A new
      description can be dispensed with.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a transfer line of the type having at least one work station for
      machining workpieces, which can be moved onward rhythmically by a timed
      drive having a transporting device, and with a substantially U-shaped
      return line connected at its respective ends to two transfer stations,
      upon which line workpieces, clamped on a workpiece-carrier, can be
      slidingly conveyed along a slideway by said transporting device, at least
      one endless chain on said return line having a pulling length extending
      along said slideway, entrainment means for coupling the individual
      workpiece-carriers to the chain at a first point and at a second point,
      means at the second point permitting relative movement between the chain
      and carrier, and a transferring mechanism at each transfer station for
      automatically coupling or uncoupling the chain and carrier.
NUM  2.
PAR  2. A transfer device according to claim 1, the coupling means at said
      points comprising pin-and-hole connections.
NUM  3.
PAR  3. A transfer device according to claim 1, the coupling means at said
      second point performing relative lateral guidance between the chain and
      carrier.
NUM  4.
PAR  4. A transfer device according to claim 3, the coupling means at said
      points comprising pin-and-hole connections, the hole of said second
      connection being a slot in each carrier with its axis extending in the
      direction of movement of the carrier, in which a cylindrical pin is
      engaged.
NUM  5.
PAR  5. A transfer device according to claim 1, further provided with sprocket
      wheels at the ends of the center leg of said return line for deviating
      said chain.
NUM  6.
PAR  6. A transfer device according to claim 1, further provided with at least
      two adjacent sprocket wheels at each end of the center leg of said return
      line for deviating said chain.
NUM  7.
PAR  7. A transfer line according to claim 1, said pulling length of the chain
      being disposed within said slideway, the chain having a non-pulling length
      parallel to but to one side of said slideway, the chain being slightly
      below said slideway plane.
NUM  8.
PAR  8. A transfer line according to claim 7, further provided with a receiving
      chute below one leg of said return line, and a collection chute at the
      mouth of said receiving chute.
NUM  9.
PAR  9. A transfer line according to claim 1, said pulling length of the chain
      having a portion in the area of each of said transfer stations which
      extends parallel to said transporting device for a predetermined distance.
NUM  10.
PAR  10. A transfer device according to claim 9, said transporting device
      comprising reciprocable bar, and means for temporarily coupling said bar
      to said portion of the chain and thereby moving said chain portion a
      predetermined distance in the direction of movement of the bar.
NUM  11.
PAR  11. A transfer device according to claim 1, each of said transferring
      mechanisms comprising at least one vertically movable lifting plate over
      which a carrier is movable by said transporting device, whereby lowering
      of said plate will cause a carrier to be coupled to said chain by said
      entrainment means, means for raising and lowering said transporting device
      and lifting plate, and means synchronizing the vertical movement of said
      transporting device and lifting plate.
NUM  12.
PAR  12. A transfer line according to claim 11, said means for raising and
      lowering the lifting plate comprising a horizontally reciprocable drive
      rod, and a second drive rod parallel to said transporting device for
      actuating said first drive rod.
NUM  13.
PAR  13. A transfer device according to claim 12, said synchronizing means
      comprising movable supporting means along the length of said transporting
      device connected to said second drive bar and responsive to reciprocation
      thereof to raise and lower said transporting device, whereby a carrier may
      be coupled to or uncoupled from said transport device.
NUM  14.
PAR  14. A transfer device according to claim 13, said lifting plate being
      vertically movable half the distance of said transporting bar.
NUM  15.
PAR  15. A transfer device according to claim 13, further provided with means
      interconnecting the lifting plate raising and lowering means at said two
      transfer stations, whereby the lifting plates at the two transfer stations
      will move in opposite directions.
NUM  16.
PAR  16. A transfer line according to claim 11, said means for raising and
      lowering said lifting plate comprising at least one driving gear and
      meshing rack, and a drive rod extending parallel to said transporting
      device for actuating said gear.
NUM  17.
PAR  17. A transfer device according to claim 1, further provided with means at
      said transferring station for reversing the orientation of said carriers
      in their direction of movement for each successive passage along said
      slideway.
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ABST
PAL  A linear indexing machine comprising a continuously driven conveyor for
      conveying a plurality of pallets to and from a plurality of index stations
      to allow work functions to be performed on work pieces carried by the
      pallets. At each station, the pallets are detached from the conveyor while
      at conveyor speed; decelerated; stopped for a predetermined time interval
      to allow a work function to be performed on their work pieces; accelerated
      to conveyor speeds; and then attached to the conveyor for conveyance to
      the next station. An index cam follower is carried by each pallet and an
      index cam, driven in synchronism with the conveyor, is disposed at each
      station for co-acting with the cam followers of the pallets to decelerate,
      stop, and accelerate the pallets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pallet-type, multi-station indexing machine and
      more particularly to such a machine wherein the pallets are conveyed by a
      continuously driven endless conveyor to the stations, detached from the
      conveyor for a predetermined time interval to allow work functions to be
      performed on work pieces carried by the pallets, and then attached to the
      conveyor for conveyance to the next station.
PAR  In the conventional pallet-type, multi-station indexing machine, a
      plurality of pallets are fixedly attached to an endless chain or flexible
      metallic belt which is indexed or intermittently driven a predetermined
      index distance to sequentially convey the pallets to each work station to
      allow work functions to be performed on the work pieces carried by the
      pallets. Although such machines are in use in the industry, they have
      disadvantages. For example, all of the pallets must be started and stopped
      at the same time which results in inertia problems. In addition, any
      inaccuracy in pallet location is cummulative since the accuracy of
      location of a pallet along the chassis or frame is determined by the
      cummulative error in the links of the chain or the links of the metallic
      belt from the drive sprocket to the location of the pallet. In the case of
      the pallet near the end of the machine where the idler sprocket is
      located, the error may be considerable. Moreover, a force exerted in any
      station tending to displace a pallet is transmitted to the chain or the
      belt and has a tendency to displace all of the pallets. Furthermore, the
      conventional machines require the work stations to be located at one of
      the points where the pallets come to rest and in addition, require
      indexing between stations or a large number of pallets, which increases
      the cost of the machine.
PAR  Indexing machines have been proposed wherein a continuously driven endless
      conveyor is employed for conveying the pallets which are detached from the
      conveyor at each station to allow a work function to be performed on its
      work piece and then attached to the conveyor for conveyance to the next
      station. The proposed machines of this type known to the inventor,
      however, have not proved to be satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an effective and unique
      pallet-type multi-station indexing machine wherein the pallets are
      conveyed by a continuously driven endless conveyor to the stations,
      detached from the conveyor, decelerated to a stop position for a
      predetermined time interval to allow work functions to be performed on the
      work pieces carried by the pallets, and then accelerated and attached to
      the conveyor for conveyance to the next station.
PAR  It is a further object of the present invention to provide such a machine
      which includes an indexing cam at each station driven in synchronism with
      the conveyor for coacting with a cam follower on each of the pallets for
      decelerating the pallets to a stop postion after they have been detached
      from the conveyor at conveyor speed, holding the pallets for a
      predetermined time interval, and thereafter accelerating the pallets to
      conveyor speed for attachment to the conveyor.
PAR  In a further aspect, the linear indexing machine comprises a plurality of
      pallets each of which is adapted for carrying a work piece; conveyor means
      for conveying said pallets to and from a plurality of index stations; an
      index cam follower carried by each said pallet; an index cam disposed at
      each index station and having a cam surface means for co-action with said
      index cam followers; and means for driving said index cams in synchronism
      with said conveyor means. In addition, there is provided means for
      detaching said pallets from said conveyor means as said pallets approach
      each index station, with said index cam surface means co-acting with said
      cam followers to decelerate said pallets to stop at said index stations,
      to hold said pallets at said index stations for a predetermined time
      interval, and to thereafter accelerate said pallets to conveyor speeds,
      and means for thereafter attaching said pallets to said conveyor means.
PAR  In the embodiment disclosed, said conveyor means comprises an endless
      conveyor means supported for movement along a linear path of a
      predetermined distance with the index stations being located at spaced
      positions along said linear path. Each index cam comprises a cylindrical
      member supported for rotation at its associated station near said conveyor
      means and located such that its axis of rotation is parallel to the path
      of travel of said conveyor means at its associated station. The cam
      surface means comprises a slot formed in the cylindrical surface of the
      cylindrical member for receiving the cam followers carried by each pallet.
      Each slot extends continuously from one end of the cylindrical member to
      the other and comprises, in serial order, a helical entry portion, a
      deceleration portion, a dwell portion which extends a predetermined number
      of degrees around the cylindrical member in a plane perpendicular to the
      axis of the cylindrical member, an accleration portion, and a helical exit
      portion having the same pitch as that of the helical entry portion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective side-view of the linear indexing machine of the
      present invention;
PAR  FIG. 2 is a perspective view of the other side of the machine of FIG. 1,
      with the machine being shown in broken form;
PAR  FIG. 3 is a view of one of the stations of the indexing machine of the
      present invention, showing an indexing cam with a pallet approaching the
      cam and the station;
PAR  FIG. 4 is a view of the station and index cam of FIG. 3, with a pallet in
      the work station and with its cam follower in the cam track, or slot, of
      the index cam;
PAR  FIG. 5 is a perspective view of the bottom of one of the pallets used in
      the indexing machine of the present invention;
PAR  FIG. 6 is a view of one of the stations illustrating a pallet guide channel
      and a latch cam for detaching a pallet from the conveyor chain and for
      allowing the pallet to be attached to the chain as it leaves the station;
PAR  FIG. 7 illustrates the chain latch of one of the pallets shown latched or
      connected to the conveyor chain;
PAR  FIG. 8 illustrates the chain latch of the pallet of FIG. 7, raised by the
      chain latch cam to a detaching position;
PAR  FIG. 9 illustrates the pallet latch attached to the conveyor chain after
      the pallet has passed the chain latch cam and, hence, the index station;
PAR  FIG. 10 is a side-view of one of the index cams an which also shows a shot
      pin and its lever employed at the station for holding a pallet after its
      cam follower reaches the dwell position of the index cam;
PAR  FIG. 11 is an end-view of a portion of FIG. 10, illustrating the end of the
      index cam, the shot pin and its associated lever, and a shot pin cam
      formed on the end of the index cam of FIG. 10; and
PAR  FIG. 12 is a view of the cam track, or slot, of the index cam of FIG. 10,
      shown in unfolded form.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 and 2, the linear indexing machine of the present
      invention is identified at 21. It is an over and under type and comprises
      an elongated frame or chassis 23, supported by legs 25. Rotatably
      supported at opposite ends of the frame are a drive sprocket 27 and an
      idler sprocket 29, around which is continually driven an endless conveyor
      chain 31. Supported at the top of the frame 23 at spaced apart positions
      along the linear path of travel of the conveyor chain 31, are a plurality
      of work stations 41A - 41K. A plurality of pallets or carriages 43 are
      detachably secured to the conveyor chain 31 for carrying work pieces for
      sequential conveyance to each of the stations to allow different types of
      work operations or functions automatically to be performed on the work
      pieces.
PAR  The pallets are illustrated in more detail in FIGS. 3, 4 and 5. Each pallet
      has a latch 45 supported at its bottom side for detachably securing the
      pallet to the conveyor chain. Located at each station is a pallet
      detaching device or cam 47, illustrated in FIGS. 6, 8 and 9 and a rotating
      cylindrical index cam 49, illustrated in FIGS. 3, 4, 10 and 11. All of the
      index cams 49 are driven in synchronism with the drive sprocket 27 and
      hence, with the linear speed of travel of the conveyor chain 31. Each of
      the devices 47 detaches a pallet from the conveyor chain at conveyor speed
      as the pallet approaches its station and the index cam 49 decelerates and
      stops and holds the pallet at its station for a predetermined time
      interval to allow a work function to be performed on the work piece
      carried by the pallet. At the termination of the holding period, the index
      cam 49 accelerates the pallet to conveyor speed at which time, the device
      47 allows the pallet to be attached to the conveyor chain for conveyance
      to the next station. The index cam 49 has a slot or track 51 for co-acting
      with a cam follower 53 carried by the pallet to perform the pallet
      deceleration, holding, and acceleration function. The index cam slot 51 is
      illustrated in detail in FIGS. 10 and 11.
PAR  The machinery and equipment at the work stations for performing the work
      functions on the work pieces carried by the pallets are not illustrated
      for purposes of clarity. Neither is their drive system. The system for
      driving the drive sprocket 27 and hence the conveyor chain 31 and the
      index cams 49 comprise a drive motor 55 which drives a speed reducer 57 by
      way of a belt 59. As illustrated, the motor 55 and speed reducer 57 are
      supported on a table 61 having one end connected to the frame 23 and its
      other end supported by legs 63. The speed reducer 57 drives an elongated
      shaft 65 by way of a chain 67 and sprocket 69, the latter of which is
      connected to the shaft 65. The shaft 65 is supported for rotation by
      plates such as 71 and 73 connected to the frame 23. At the drive sprocket
      end of the frame 23, the shaft 65 drives a miter gear box 75 which in turn
      drives or rotates the drive sprocket 27 for moving the conveyor chain 31.
      The miter gear box 75 is driven by way of a drive chain 77 coupled around
      a sprocket 79 connected to the end of the shaft 65 and a sprocket 81
      connected to the gear box 75. The drive and idler sprockets 27 and 29 are
      supported for rotation by a bearing assembly supported by plates 83 and 85
      connected to the frame 23.
PAR  The shaft 65 also drives each of the cylindrical index cams 49 in
      synchronism with the linear speed of the conveyor chain 31. As illustrated
      in FIGS. 3, 4 and 10, each index cam 49 is rotatably supported by a shaft
      87 which in turn is supported by plates 89 and 91 secured to a base 93
      which in turn is secured to the top of the frame 23 at each station near
      and to one side of the conveyor chain 31. Each index cam 49 is located
      near and to one side of the conveyor chain 31 with its axis of rotation
      parallel to the linear path of travel of the conveyor chain 31 at its
      station. Secured to one end of each of the index cams 49 around its shaft
      87 is a sprocket 95. A sprocket 97 (see FIG. 2) is connected to the shaft
      65 in line with each of the cam sprockets 95 and a drive chain 99 is
      coupled around the cam sprocket and the associated sprocket of the shaft
      65. Thus, when the shaft 65 is rotated, it drives the drive sprocket 27
      and hence the conveyor chain 31 and at the same time drives all of the
      index cams 49, by way of their chains 99 and sprockets 95, in synchronism
      with the rotation of the drive sprocket 27 and hence, in synchronism with
      the linear speed of travel of the conveyor chain 31.
PAR  As illustrated in FIG. 5, each of the pallets 43 has a pair of spool shaped
      guide wheels 101 rotatably secured on one side and a pair of plain
      cylindrical wheels 103 rotatably secured on its other side. These wheels
      rotate on and between two pairs of rails 105, 107 and 109, 111, supported
      on opposite sides of the conveyor chain 31 for supporting the pallets as
      they are driven by the conveyor chain and while at the work stations. As
      seen in FIGS. 3 and 4, rails 105, 109 and 111 are rectangular or square in
      cross-section while rail 107 is octagonal in cross-section, although it
      could be hexagonal in cross-section. Wheels 101 rotate on the octagonal
      rail 107 which provides contact across the cylindrical portion of the
      wheels and on the sloping sides of their rims to maintain the wheels 101
      and hence the pallet 43 in alignment between the indexing or work
      stations. The top rail 105 maintains contact with the cylindrical portion
      of the wheels 101 to prevent them from raising. Both of rails 109 and 111
      maintain contact with the cylindrical surfaces of the wheels 103. In FIG.
      6, the rail 105, above rail 107, is shown octagonal in cross-section,
      however, it is to be understood that it may be rectangular in
      cross-section as shown in FIGS. 3 and 4.
PAR  The rails 105, 107 and 109, 111 extend in a linear path from one end of the
      frame 23 to the other at the top where the work stations are located;
      curve around the end of the frame; continue along the bottom; and then
      curve around the other end of the frame to form two pairs of continuous
      rails for supporting and guiding the pallets over and under the frame as
      the pallets are conveyed from the beginning work station to the last work
      station at the top of the frame, around the end and under the frame and
      then around the other end, back to the beginning work station. At the top
      of the frame 23, rail 109 is supported by members 113 and 115 connected to
      plates 89 and 91 while rail 105 is supported by members 117 and 119
      connected to plates 89 and 91. Both of rails 107 and 111 are supported
      directly by the plates 89 and 91. At the ends of the frame, the rails 105,
      107 and 109, 111 are supported by members 121 and 123 connected to the
      frame structure 83 and 85. At the bottom of the frame, the rails are
      supported by members 125 connected to the frame 23.
PAR  The pallets 43 have threaded aperatures 127 formed in their top sides for
      mounting work pieces to the pallets. Thus, the pallets, in effect, are
      chucks for holding the work pieces which are mounted above the pallets for
      conveyance to the different stations located on the top side of the frame
      23. As illustrated in FIGS. 1, 3 and 4, the pallets move from left to
      right. At the first work station 41A, as seen in FIG. 1, the work pieces
      are mounted to the pallets and removed from the pallets at the last work
      station 41K. Work functions are performed on the work pieces at the
      intermediate stations 41B - 41J. In addition, work functions may be
      performed on the work pieces at the first and last stations 41A and 41K.
PAR  In FIGS. 3 - 5, the forward end of a pallet is identified at 131 and the
      rear end is identified at 133. The conveyor chain latch 45 and the index
      cam follower 53 are coupled to the bottom side of the pallet, as well as
      two pallet guide cam followers 135, the latter of which are employed to
      accurately align and guide the pallet while at a work station. The
      conveyor chain latch 45 has its rear end pivotally connected in a slot 137
      of an L-shaped member 139 which in turn is connected to the bottom, rear
      end of the pallet 43. The pivotal connection between the latch 45 and the
      member 139 is by way of a pivot pin 141. The latch 45 can pivot downward
      and upward in the slot 137 relative to its pivot point 141. This is
      illustrated in FIGS. 7 - 9. A compression spring 143 is located in the
      slot 137 of member 139 and is supported in an aperature (not shown) formed
      in the bottom side of the pallet for normally biasing the free end of the
      latch 45 downward as illustrated in FIGS. 5, 7 and 9. The bottom end of
      the spring is not connected to the latch 45 but engages its top side.
PAR  Extending downward from the bottom end of the latch 45 are two spaced tabs
      or dogs 145 and 147 for attaching the latch 45 and hence the pallet 43 to
      the conveyor chain. As illustrated in FIGS. 7 - 9, the conveyor chain
      comprises links 31A and 31B with rectangular shaped attachments 149 (see
      also FIG. 6) secured to the top of alternate links 31A. The dogs 145 and
      147 are spaced apart sufficient to straddle an attachment 149, as
      illustrated in FIG. 9 or to be located between adjacent attachments, as
      illustrated in FIG. 7 when the free end of the latch 45 is biased downward
      by the spring 143. In either position, the latch 45 and hence the pallet
      43 is attached to the conveyor chain 31 such that the pallet 43 will move
      with the conveyor chain with its wheels supported and guided by the rails.
      When a pallet is on the underside of the frame 23 and is upside down, the
      spring 143 will bias the free end of the latch 45 upward to maintain it
      latched to the conveyor chain.
PAR  As illustrated in FIG. 6, a pallet guide member 151 having a guide channel
      153 extends from the conveyor chain side of the rectangular bottom rail
      111 at each station for receiving the pallet guide cam followers 135 to
      accurately align and guide the pallets at each work station. In FIG. 6,
      the direction of travel of the chain is from right to left. At the entry
      end of the station, the channel 153 is flared at 155 to facilitate proper
      entry of the pallet guide cam followers 135. Each of the cam followers 53
      and 135 comprise cylindrical bearings which rotate around a rod attached
      to the bottom of the pallet. The pallet guide channels are located only at
      the work stations for accurate alignment of the pallets at the stations.
      Between the work station, where accurate alignment of the pallets is not
      required, at the curved corners and at the bottom of the machine, the
      pallets are guided by their two spool shaped wheels as described above.
      With this arrangement, there is avoided the necessity of continuing the
      guide channels the full length of the machine, around the corners and at
      the bottom, which also reduces wear of the cam followers 135.
PAR  As a pallet approaches a station and after its guiding cam followers 135
      enter the guide channel 153 for proper alignment, its index cam follower
      53 enters the index cam track or slot 51, formed in the cylindrical
      surface of the index cam. As shown in FIG. 10, the index cam slot 51
      extends continuously from the leading edge 157 of the index cam 49 to its
      trailing edge 159. The leading edge is defined as the edge which the
      pallet first approaches and the trailing edge is defined as the edge which
      the pallet leaves last, after leaving a station. Refering to FIG. 12, the
      slot 51 comprises an entry portion 51A, a dwell portion 51B, and an exit
      portion 51C. In FIG. 12, the vertical axis represents degrees while the
      horizontal axis represents the axial length of the index cam which in one
      embodiment is 4 inches. The entry portion may be divided into a constant
      velocity entry portion and a deceleration portion while the exit portion
      may be divided into an acceleration portion and a constant velocity exit
      portion. In FIG. 12, on the horizontal axis, the constant velocity entry
      portion extends between 0 and 1; the deceleration portion extends between
      1 and 2; the acceleration portion extends between 2 and 3; and the
      constant velocity exit portion extends between 3 and 4.
PAR  The index cam follower 53 extends from the front bottom end of a bar 161
      connected to the side of the pallet 43 at a position such that it is
      located outward of the wheels 103. Connection is by way of hex bolts,
      illustrated at 162, in FIG. 4 whereby the bar 161 is in effect a part of
      the pallet 43 and travels with the pallet. When the pallet is on the
      rails, its index cam follower 53 is located on the outside of rails 109
      and 111 and extends below the top surface of bottom rail 111. The index
      cam 49 also is located on the outward side of rails 109 and 111 at a level
      and at a position such that the cam follower 53 can enter the entry
      portion of the slot 51 as the index cam 49 rotates. In FIG. 3, the
      direction of rotation of the index cam 49 is illustrated by the arrow 163.
      As shown in FIG. 10, the top of the index cam 49 will turn toward the
      reader while the bottom will turn away from the reader. The index cams 49
      are driven in synchronism with the conveyor chain 31, as indicated above,
      such that when the cam follower 53 of a pallet 43 approaches the leading
      edge of an index cam, the entry portion of the slot 51 will be at a
      position to allow the cam follower to enter the slot.
PAR  The entry portion of the index cam slot 51 between 0 and 1, as seen in FIG.
      12, is helical in form. Since the index cam 49 is turning at a constant
      rpm, the cam follower 53, when in the helical entry portion, will be
      displaced linearly from left to right, as seen in FIGS. 10 and 12, at a
      constant linear velocity. The pitch of the helix is such that the cam
      follower and hence the pallet will move linearly from left to right (as
      seen in FIGS. 10 and 12) in the helical entry portion at the same linear
      velocity as the conveyor chain 31. Hence, when the cam follower is in the
      helical entry portion of the index cam slot 51, the pallet is moving at
      the same linear velocity as the conveyor chain. During the travel of the
      cam follower in the helical entry portion of the index cam slot, the
      pallet latch 45 is lifted off of the conveyor chain whereby the pallet is
      detached from the conveyor chain while traveling at the same linear speed
      as the conveyor chain. This will be described subsequently.
PAR  As shown in FIG. l2, the deceleration portion of the slot between 1 and 2
      is not helical but progresses from helical form to circular form. Thus,
      when the cam follower is in the deceleration portion, after the pallet has
      been detached from the conveyor chain, the linear velocity of the cam
      follower and hence of the pallet from left to right as seen in FIGS. 3, 4,
      10 and 12 is decelerated. The dwell portion of the index cam slot extends
      around the circumference of the index cam in a plane perpendicular to its
      axis for a certain number of degrees. When the cam follower is in this
      portion of the slot, there is no linear displacement of the cam follower
      and hence of the pallet. It is during this period that a work function is
      performed on a work piece carried by the pallet. A shot pin assembly is
      provided for holding the pallet in a stable position during this time
      interval to allow the work function to be effectively performed on the
      work piece.
PAR  As seen in FIG. 12, the acceleration portion of the slot between 2 and 3
      progresses from circular form to helical form. Thus, when the cam follower
      is in this portion of the slot, the linear speed of the cam follower and
      hence of the pallet, from left to right, as seen in FIG. 12, is
      accelerated toward conveyor speed. The constant velocity exit portion of
      the slot between 4 and 3 also is helical with the same pitch as that of
      the helical entry portion. Thus, when the cam follower is in the helical
      exit portion of the slot, the linear speed of the cam follower and hence
      of the pallet is equal to that of the conveyor chain. During the travel of
      the cam follower in this portion of the slot, the pallet latch 45 and
      hence the pallet 43 is attached to the conveyor chain.
PAR  In one embodiment, the entry portion 51A of the index cam slot extends
      angularly around the cam about 50.degree.; the dwell portion 51B extends
      angularly around the cam for about 240.degree. and the exit portion 51C
      extends angularly around the cam about 60.degree.. The width of the entry
      portion of the slot is wider than the cam follower by about 0.075 of an
      inch which permits a slight error in the timing of the conveyor chain and
      the index cam without causing binding between the cam follower and the cam
      slot. In addition, the exit portion flares outward at 51C' on one edge to
      an exit funnel shaped to releive any binding that may occur in the event
      of an error in timing between the index cam and conveyor chain.
PAR  Referring again to FIGS. 5 and 6, there will be described the mechanism for
      detaching a pallet from the conveyor chain when its cam follower is in the
      helical entry portion of the index cam slot and for attaching the pallet
      to the conveyor chain when its cam follower is in the helical exit portion
      of the index cam slot. This mechanism comprises the cam member 47 which is
      secured to a base 165 at each station to one side of the conveyor chain 31
      between the longitudinal ends of the pallets guide member 151. The cam
      member 47 has a ramped shaped leading edge 47A, a flat top edge 47B and a
      ramped shaped trailing edge 47C. These edges form a camming surface which
      coacts with the bottom of a cam follower 167 formed on one side of the
      latch 45 about midway between the dogs 145 and 147. As shown in FIG. 5,
      the bottom of the cam follower 167 is trough shaped with a flat center
      portion 167B and leading and trailing edges 167A and 167C, respectively.
PAR  Referring to FIGS. 7 - 9, the manner in which the cam member 47 and cam
      follower 167 coact to detach and attach the pallet from and to the
      conveyor chain will be described. In FIGS. 7 - 9, the path of travel of
      the conveyor chain and hence of the pallet is from right to left. In FIG.
      7, the dogs 145 and 147 of the latch 45 are shown latched between the
      attachments 149 of alternate chain links 31A. In this figure, the pallet
      is approaching a work station (not shown). As the pallet approaches the
      cam member 47, the leading slanting edge 167A of the cam follower 167 will
      ride up the leading ramped shaped edge 47A of member 47 to raise and
      detach the latch and hence the pallet from the conveyor chain. This occurs
      during the time that the cam follower 53 is in the helical entry portion
      of the index cam slot 51. As the index cam follower moves from the
      deceleration portion of the slot to the dwell portion and then to the
      acceleration portion, the flat bottom portion 167B of the cam follower 167
      rides on the upper flat surface 47B of the cam member 47 to maintain the
      latched dogs above and out of contact with the conveyor chain to maintain
      the pallet detached from the conveyor chain during this period. As the
      index cam follower enters the helical exit portion of the index cam slot,
      the trailing slanting edge 167C of the cam follower 167 rides down the
      trailing ramped edge 47C of the cam member 47 to allow the latch and hence
      the pallet to become attached to the conveyor chain again.
PAR  Although the dogs 145 and 147 of the latch 45 are shown in FIGS. 7 - 9 as
      being initially attached between the attachments 149 of alternate chain
      links 31A and then attached to the chain 31 by straddling the attachment
      149 of one of the chain links 31A, it is to be understood that the dogs of
      a given latch will always drop down for attachment to the conveyor chain
      in the same manner in order to maintain the proper position and hence
      timing. For example, if the dogs 145 and 147 are to straddle an attachment
      149, they will do so each time they are reattached to the conveyor chain
      at each station following detachment.
PAR  Referring again to FIG. 3, there is illustrated a friction brake 169 for
      applying a retarding force to the pallets to insure that they are latched
      in the proper position to the conveyor chain when leaving the index cam.
      The index cam is so dimensioned that a pallet is moved by the exit portion
      of the index cam slot to a position slightly ahead of the proper position
      on the conveyor chain. During the terminal part of the exit portion of the
      index cam slot, where the funnel portion 51C' is located, a retarding
      force is applied to the pallet by the friction brake 169 to retard its
      movement so that its latch will drop at the droper position on the
      conveyor chain. The friction brake, illustrated, comprises a spring arm
      171 having one end connected to rail 109 by a connector 173 and a friction
      pad member 175 connected to the under side of the other end of the spring
      arm for engaging a pallet when it reaches the sponge rubber member 175 for
      applying the retarding force.
PAR  As indicated above, a shot pin assembly is employed for holding the pallet
      in a steady stable position at each station during the dwell period to
      allow the work functions to be performed on the work pieces. Referring to
      FIGS. 3, 4, 10 and 11, the shot piece assembly comprises a bar 181
      moveably supported by a lever 183 and having a round pin 185 and a diamond
      pin 187 adapted to fit into an aperature 189 and a slot 191 respectively
      formed in the outward facing side of the pallet bar 161. Shortly after the
      pallet enters the dwell period, the bar 181 moves toward the pallet to
      insert its pins 185 and 187 into the hole and slot 189 and 191,
      respectively, to prevent the pallet from moving. Shortly before the end of
      the dwell period, the bar 181 is moved away from the pallet to pull its
      pins out of the pallet to allow the pallet to move. The shot pin bar 181
      is held in the retracted position until the next pallet is in the station.
PAR  As shown in FIGS. 10 and 11, the shot pin lever 183 is located in front of
      the leading end of the index cam 49. Its lower end is pivotally coupled to
      the base 93 by way of a pivot pin 193 supported in members 195 which are
      secured to the top of the base 93. The bar 181 is connected to the free
      end of the lever 183. With this arrangement, the free end of the lever and
      hence the bar 181 may be moved to the left, as shown in FIG. 11, to a
      holding position to insert its pins in the pallet, and to the right to a
      retracted position to remove its pins from the pallet. The lever is moved
      to its holding and retracting positions by a cam 201 attached to the
      leading end of index cam 49. As seen in FIG. 11, the cam 201 comprises a
      circular holding surface 201A and a circular retracting surface 201B. The
      radius of curvature of surface 201B is greater than that of 201A.
      Normally, the bar 181 is biased toward the rails 109 and 111 (toward the
      left, as seen in FIG. 11) by two compression springs 203 supported in
      aperatures 205 formed in support bar 207. The other ends of the springs
      203 are supported in aperatures 209 formed in the back side of the shot
      pin bar 181. Attached to the lever 183 is a cam follower 202 which is
      adapted to engage the cam surfaces 201A and 201B. As the shot pin cam 201
      is rotated clockwise, as seen in FIG. 11, the holding surface 201A of cam
      201 is turned for engagement with the cam follower 202 to allow the
      springs 203 to bias the bar 181 to the left to insert its pins into the
      pallet. As the cam 201 continues to rotate clockwise, the retracting
      surface 201B is presented for engagement with the cam follower 202. Since
      this surface has a larger radius, the lever 183 and hence the bar 181 is
      moved to the right to pull the shot pins 185 and 187 out of the pallet.
PAR  In order to insure that the pallets arrive at the work stations at the
      proper time, a safety timing system is provided. This system comprises
      timing cams 211 (see FIG. 2) driven in synchronism with the shaft 65 and a
      limit switch 213 having a lever 215 tripped by the pallet bars 161 as they
      approach the station. A pair of timing cams are provided for each station,
      each of which controls a separate timing switch associated with the
      stations. Each limit switch normally is closed and each timing switch is
      closed during certain time intervals defined as "Safe" or "Gate" times and
      is opened at other time intervals. If a given limit switch is opened by a
      pallet during any time other than the "Safe" or "Gate" time of its
      associated timing switch, the conveyor chain 31 is stopped. Thus, if a
      pallet arrives at the limit switch 213 location either too early or too
      late, the limit switch will be opened at a time not within the gate time
      of the timing switch which will result in the circuit being interrupted to
      stop the conveyor chain.
PAR  In one embodiment, the indexing machine of the present invention has 21
      work stations, although only 11 stations are shown, and 49 pallets. Since
      the pallets are not fixedly attached to the conveyor, it may be driven
      continuously and the work stations may be located at staggered positions
      so that no two pallets are accelerated or decelerated at the same time
      thereby eliminating the inertia problem present in the prior art devices.
      Moreover, the problem of accuracy of the pallet location on the conveyor,
      due to cummulative error, does not exist with the present system. Accuracy
      is determined by the station location which is independent of the conveyor
      system. In addition, since the location of the stations are not tied to
      specific intervals as required by the prior art, the location of the
      stations may be tailored to the particular work station requirements.
      Further, the present system permits a low ratio of pallet indexing time to
      dwell time, thus, contributing significantly toward maximum production for
      the machine.
PAR  Although the present machine was disclosed as having a conveyor chain and
      as being of the over and under type, it is to be understood that the
      principles of the present invention may be employed on machines having an
      endless belt rather than an endless conveyor chain and which are of the
      around the corner type rather than the over and under type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A linear indexing machine comprising:
PA1  a. a plurality of pallets each of which is adapted for carrying a work
      piece;
PA1  b. conveyor means for conveying said pallets to and from a plurality of
      index stations;
PA1  c. an index cam follower carried by each said pallet;
PA1  d. an index cam disposed at each index station;
PA1  e. means for driving said index cams in synchronism with said conveyor
      means;
PA1  f. each said index cam having a cam surface means for coaction with said
      index cam follower;
PA1  g. means for detaching a said pallet from said conveyor means as said
      pallet approaches each index station, with said index cam surface means
      coacting with said cam follower to decelerate said pallet to stop at said
      index station, to hold said pallet at said index station for a
      predetermined time interval and to thereafter accelerate said pallet to
      conveyor speed, and means for thereafter attaching said pallet to said
      conveyor means.
NUM  2.
PAR  2. A linear indexing machine comprising:
PA1  a. a plurality of pallets each of which is adapted for carrying a work
      piece;
PA1  b. conveyor means for conveying said pallets to and from a plurality of
      index stations;
PA1  c. an index cam follower carried by each said pallet;
PA1  d. an index cam disposed at each index station;
PA1  e. means for driving said index cams in synchronism with said conveyor
      means;
PA1  f. each said index cam having a cam surface means for coaction with said
      index cam follower, said cam surface means having in serial order from the
      entry end an entry portion, a deceleration portion, a dwell portion, an
      acceleration portion, and an exit portion;
PA1  g. means for detaching a said pallet from said conveyor means while said
      cam follower is coacting with the entry portion of said cam surface means
      and attaching the said pallet to said conveyor means while said cam
      follower is coacting with the exit portion of said cam surface means.
NUM  3.
PAR  3. The machine of claim 1 wherein:
PA1  said conveyor means comprises an endless conveyor means supported for
      movement along a linear path of a predetermined distance,
PA1  said work stations being located at spaced positions along said linear
      path,
PA1  each index cam comprises
PA2  a cylindrical member supported for rotation at its associated station near
      said conveyor means and located such that its axis of rotation is parallel
      to the path of travel of said conveyor means at its associated station,
PA2  said cam surface means extends continuously from one end of said
      cylindrical member to the other and comprises in serial order a
      deceleration portion, a dwell portion which extends a predetermined number
      of degrees around said cylindrical member in a plane perpendicular to the
      axis of said cylindrical member, and an acceleration portion,
PA2  said means for driving said index cams in synchronism with said conveyor
      means comprises:
PA2  means for rotating said cylindrical members in synchronism with the
      velocity of travel and position of said conveyor means along said linear
      path.
NUM  4.
PAR  4. The indexing machine of claim 3 wherein said cam surface means
      comprises:
PA1  an initial constant velocity portion serially ahead of said deceleration
      portion and which is helical in form, and
PA1  a trailing constant velocity portion serially behind said acceleration
      portion and which is helical in form.
NUM  5.
PAR  5. The indexing machine of claim 1 wherein:
PA1  said conveyor means comprises an endless conveyor means supported for
      movement along a linear path of a predetermined distance,
PA1  said index stations being located at spaced positions along said linear
      path,
PA1  each index cam comprises
PA2  a cylindrical member supported for rotation at its associated station near
      said conveyor means and located such that its axis of rotation is parallel
      to the path of travel of said conveyor means at its associated station,
PA2  said cam surface means comprises a slot formed in the cylindrical surface
      of said cylindrical member for receiving said cam followers carried by
      each pallet,
PA2  said slot extends continuously from one end of said cylindrical member to
      the other and comprises a helical entry portion, a deceleration portion, a
      dwell portion which extends a predetermined number of degrees around said
      cylindrical member in a plane perpendicular to the axis of said
      cylindrical member, an acceleration portion, and a helical exit portion
      having the same pitch as that of said helical entry portion,
PA2  said means for driving said index cams in synchronism with said conveyor
      means comprises means for rotating said cylindrical members in synchronism
      with the velocity of travel of said conveyor means along said linear path.
NUM  6.
PAR  6. The indexing machine of claim 5 wherein said means for detaching and
      attaching said pallets from and to said conveyor means, detaches said
      pallets when their cam followers are in said helical entry portions of
      said slots of said cylindrical members and attaches said pallets to said
      conveyor means when their cam followers are in said helical exit portions
      of said slots of said cylindrical members.
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ABST
PAL  The invention provides improved apparatus for transferring articles from a
      transfer station to a receiving station which comprises gripping members
      including oppositely disposed elastic bands for gripping the sides of an
      article to be transferred, engagement members for displacing the elastic
      bands toward one another to grip the sides of the article at the transfer
      station, and transfer members for transferring the gripping members from
      the transfer station to a receiving station. The use of the oppositely
      disposed elastic bands renders the apparatus especially suitable for
      transferring fragile articles such as bakery products from a transfer
      station to a package or packaging station.
BSUM
PAR  The present invention relates to improved apparatus for transferring
      articles from a transfer station to a receiving station, and more
      particularly to improved transfer apparatus which is particularly adapted
      to the handling of fragile articles.
PAR  The handling of fragile articles, particularly readily crushable articles
      such as baked goods, has long presented serious difficulties, and
      mechanization of such handling has largely been avoided. Thus, in the case
      of baked goods, such as cupcakes and the like, even mass production in
      large quantities has required the goods to be placed into packages by
      hand. Of course, such hand transfer involves a large amount of labor
      expense, while it does not completely eliminate the possibility of product
      being damaged by improper handling.
PAR  Generally, the present invention provides improved apparatus for
      transferring articles from a transfer station to a receiving station
      without requiring the use of the human hands. Such apparatus comprises
      gripping means including oppositely disposed elastic bands for gripping
      the sides of an article to be transferred, engagement means for displacing
      the elastic bands toward one another to grip the sides of the article at
      the transfer station, and transfer means for transferring the gripping
      means from the transfer station to a receiving station. Because the
      article is gripped at the sides by elastic bands, damage to even delicate
      articles, such as freshly baked cupcakes, is avoided.
DRWD
PAR  The invention, its construction and method of operation, together with the
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of a preferred embodiment, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a cupcake packaging system embodying the present
      invention;
PAR  FIG. 1a is a fragmentary, detail view of a portion of the package conveyor,
      as indicated by 1a in FIG. 1;
PAR  FIG. 2 is an elevation view of an article transfer apparatus embodying the
      present invention;
PAR  FIG. 3 is a plan view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a partial elevation view of the apparatus of FIG. 2 at the
      transfer station; and
PAR  FIG. 6 is a partial elevation view of the apparatus shown in FIG. 2 at the
      receiving station.
DETD
PAR  Referring to FIG. 1, the apparatus of the present invention is illustrated
      in conjunction with a system for packaging cupcakes into a package such as
      that shown in U.S. Pat. No. 215,271. In FIG. 1, a transfer apparatus in
      accordance with the present invention is generally indicated by reference
      numeral 10. In the apparatus of FIG. 1, fresh baked cupcakes 12 are
      delivered from the final processing step (such as an icing machine or the
      like) along a conveyor belt 14 to an alignment conveyor 16. In the
      embodiment shown, the alignment conveyor simply comprises a series of
      chutes 18 which deliver the cupcakes to a series of single-row conveyors
      20. As can be seen in the drawing, each of these single-row conveyors 20
      leads to a packaging station, generally indicated by reference numeral 22.
      As shown in FIG. 1, only three of the packaging stations 22 are in
      operation, the station 22 to the far left being held as an auxiliary
      station. The chutes 18 on the alignment conveyor 16 can be shifted in
      order to deliver cupcakes 12 to any three packaging stations 22, so that
      any packaging station 22 may be shut down in the event of a malfunction or
      during routine maintenance.
PAR  The packaging stations 22 are all alike, and each comprises a package
      storage and denesting apparatus 24, which retains the packages in nested
      condition, and delivers them to a package conveyor 26. The package
      conveyor 26 carries cupcake packages 28 in individual receptacles 30, as
      shown in FIG. 1a. The package conveyor 26 moves intermittently in
      coordination with the transfer apparatus 10, so that the conveyor 26 is
      stopped when cupcakes are delivered to the packages 28, and moves to
      locate a second series of packages 28 in the proper alignment with the
      transfer apparatus 10, as hereinafter described.
PAR  After cupcakes 12 have been placed into the packages 28 by the transfer
      apparatus 10, they are delivered to a covering apparatus 32, which-heat
      seals a sheet of plastic film to the top of the packages 28. The packages
      are then delivered to a cutting machine 34, where the plastic sheet that
      has been applied to the tops of the packages is cut to separate the
      packages, and then to a labeling machine 36, which places labels on top of
      the packages. Subsequently, the closed packages are removed from a
      downstream portion of the conveyor 26.
PAR  The cupcakes themselves are delivered by the conveyors 20 to a distributing
      conveyor 38 which alternately distributes equal numbers of cupcakes to
      parallel transfer conveyors 40. The distributing conveyor 38 is a
      commercially available apparatus, which utilizes a light source and
      photocell to count the cupcakes and separate equal numbers into two
      separate rows.
PAR  The cupcakes are delivered by the transfer conveyors 40 to transfer
      stations at each transfer apparatus 10. As shown in FIG. 1, each transfer
      conveyor 40 delivers cupcakes to an individual transfer apparatus 10. As
      hereinafter described, the transfer apparatus 10 properly orients the
      cupcakes with respect to one another and transfers them to the packages 28
      on the package conveyor 26. A gate (not shown) is provided upstream of the
      transfer apparatus 10, so that cupcakes are not delivered to the transfer
      apparatus 10 except when the apparatus 10 is ready to receive them.
PAR  Referring to FIG. 2, the transfer apparatus generally 10 comprises a
      gripping assembly generally 50, engagement means generally 52, a transfer
      assembly generally 54, and disengagement means, generally 56. In the
      embodiment shown, the gripping assembly 50 is constructed to
      simultaneously position and grip four cupcakes 12, as shown in FIG. 3.
PAR  Referring to FIGS. 2 and 3, the gripping assembly 50 comprises a pair of
      horizontal bars 60 which are affixed to a pair of transverse bars 62. The
      transverse bars are, in turn, affixed to a central supporting bar 64 which
      is affixed to a pair of vertical bars 66 associated with the transfer
      assembly 54.
PAR  The horizontal bars 60 have a plurality of oppositely disposed left-hand
      and right-hand connecting heads 68, 69, respectively, journalled thereto.
      For reasons that will hereinafter become clear, the number of pairs of
      connecting heads 68, 69 equals the number of cupcakes to be handled by the
      gripping assembly plus one. Thus, in the embodiment shown, there are five
      pairs of connecting heads 68, 69.
PAR  As shown in FIGS. 2, 5, and 6, the right-hand connecting heads 69 each have
      a rod 70 projecting upwardly therefrom, the rod 70 having a cam following
      head 72 on its upper end. This cam following head 72 cooperates with the
      engagement means 52 as hereinafter described. Similarly, the left-hand
      connecting heads 68 have disengagement levers 74 projecting outwardly
      therefrom. These disengagement levers 74 cooperate with the disengagement
      means 56 as hereinafter described.
PAR  Each of the connecting heads 68, 69 has a rod 76, 78, respectively,
      extending downwardly therefrom. Each of these rods 76, 78, in turn, has a
      second parallel rod 80, 82, attached thereto. The second rods 80, 82
      associated with the connecting heads 68, 69, at the ends of the gripping
      assembly 50 each have a small, horizontal disc 84 having a circumferential
      groove 86 therein. As shown in FIG. 3, the alternate pairs of second rods
      80, 82, carry large discs 88 having a pair of locating grooves 90. These
      large discs 88 are eccentrically connected to the second rods 80, 82, and
      are positioned so that the centers of the large discs 88 are outboard of
      the centers of the small discs 84, as can be seen in FIGS. 2 and 3. As
      shown in FIG. 3, the central pair of connecting heads 68, 69 each has a
      pair of second rods 80, 82, each of which carries a small disc 84.
PAR  As shown in FIG. 3, each pair of adjacent discs 84, 88 carries an elastic
      band 92 in the locating grooves 86, 90. This elastic band is normally
      under a slight amount of tension. Any elastic material may be employed,
      and conventional rubber bands are quite suitable. The only requirement is
      that the width and elasticity of the elastic bands 92 be such that they be
      capable of lifting cupcakes 12 without causing any damage thereto.
PAR  As best shown in FIG. 2, each of the connecting heads 68, 69, has an
      inwardly projecting engagement lever 94. These engagement levers 94 are
      fitted into a slot 96 in a vertically movable engagement pin 98. As shown
      in FIG. 2, the engagement pins 98 pass through the central supporting bar
      66, and are each upwardly biased by a coil spring 100 positioned between
      the bar 62 and a washer 102 at the upper end of the engagement pin 98. The
      upper end of the engagement pin 98 is threaded, and the washer 102 is held
      in a place by a nut 104.
PAR  As can be seen in FIG. 2, by biasing the engagement pin 98 in an upward
      direction, the coil spring 100 also biases the rods 76, 78 toward one
      another by biasing the engagement levers 94 in an upward direction,
      thereby rotating the connecting heads 68, 69. As shown in FIG. 3, when the
      rods 76, 78 are biased toward one another, the elastic bands 92 contact
      the sides of the cupcakes 12 so that they may be lifted by the transfer
      apparatus 10.
PAR  The engagement means 52 comprises a plurality of cam levers 120, one such
      cam lever being associated with each cam following head 72. The cam levers
      120 are hingedly mounted to supporting brackets 122 at hinges 124. The
      supporting bracket 122 is, in turn, secured to an upright supporting
      stanchion 126 which supports the entire transfer assembly 10. The cam
      lever 120 has a generally vertical cam surface 128, and is downwardly
      biased by a spring 130 connected between the cam lever 120 and the
      supporting bracket 122.
PAR  The cam lever 120 may be upwardly displaced by an air cylinder 132. The air
      cylinder 132 operates in response to a signal received from a photocell
      134, which is opposite a light source 136 as shown in FIGS. 3 and 5. Thus,
      the air cylinder 132 is activated when a cupcake 12 interrupts the beam
      between the light source 136 and photocell 134. This disengages the cam
      surface 128 from the cam following head 72, as can be seen by comparing
      FIGS. 5 and 2. The bracket 122 also carries an adjustable stop screw 140
      upon which the cam lever 120 rests in its downwardmost position as shown
      in FIG. 5.
PAR  Referring again to FIG. 2, the transfer assembly 54 is supported on a
      cantilever arm 150, and includes a pair of parallel, vertical mounting
      plates 152. The mounting plates 152 have a pair of horizontal shafts 154
      journalled thereto, as can be seen in FIGS. 2 and 4. These shafts have a
      pair of parallel transfer levers 156 mounted on their ends outboard of the
      mounting plates 152. The transfer levers 156 are, in turn, journalled to
      pins 158 extending outwardly from the vertical bar 66. As can be seen from
      FIG. 2, a parallelogram is formed by the ends of the shafts 154 and the
      pins 158, so that counterclockwise rotation of the shafts 154 (as shown in
      FIG. 2) will move the vertical bars 66 and the entire gripping assembly 50
      through an arcuate path to position the gripping assembly above the
      package conveyor 26, as shown in FIG. 6.
PAR  In order to permit such rotation of the shafts 154, eah shaft 154 has a
      pinion gear 160 mounted thereon. These pinion gears 160 engage a vertical
      rack 162, which, in turn, is connected to a rod 164 extending downwardly
      from a pneumatic cylinder 166. The pneumatic cylinder 166 is mounted on a
      stanchion 168 connected to the cantilever arm 150. Thus, actuation of the
      pneumatic cylinder 166 produces vertical movement of the rack 162 rotating
      the pinion gears 160, and transferring the entire gripping assembly 50
      from the position shown in FIG. 2 to that shown in FIG. 6.
PAR  Referring to FIGS. 2, 3, and 6, the disengagement means 56 simply comprises
      a pair of rods 180 extending downwardly from the mounting plates 152.
      These rods 180 carry a horizontal bar 182 having a plurality of releasing
      screws 184 extending upwardly therefrom. These releasing screws 184 are
      aligned with the disengagement levers 74 on the gripping assembly 50, so
      that these levers 74 will contact the screws 184 as shown in FIG. 6. This
      contact produces upward movement of the disengagement levers 74, causing
      the connecting heads 68, 69 to rotate, moving the elastic bands 92 away
      from one another, and releasing the cupcake 106 so that it is dropped into
      a package 28. The releasing screws 184 are adjustable in order to provide
      the desired amount of travel of the disengagement levers 74.
PAR  Referring to FIG. 1, in operation, freshly baked and iced cupcakes 12 are
      delivered to the transfer conveyors 40 via the conveyor belt 14, the
      alignment conveyor 16, the conveyors 20, and the distributing conveyor 38.
      A gate (not shown) prevents the delivery of cupcakes 12 into a position
      below the gripping assemblies 50.
PAR  Referring to FIG. 2, assuming that the gripping assembly 50 has just
      completed the operation of depositing a group of cupcakes 12 into packages
      28, the pneumatic cylinder 166 is actuated to move the rack 162 in a
      downward direction, rotating the shafts 154 in a clockwise direction (as
      seen in FIG. 2), and transferring the gripping assembly 50 through an
      arcuate path into the position shown in FIG. 5. As the gripping assembly
      50 descends through its arc, the cam following head 72 contacts the cam
      surface 128, and slides along this surface, until the gripping assembly 50
      comes to rest in the position shown in FIG. 5. In order to insure that the
      gripping assembly 50 stops in the proper position, suitable stops may be
      provided for the transfer levers 156 or for the rod 164 leading to the
      pneumatic cylinder 166.
PAR  With the transfer assembly 50 in the position shown in FIG. 5, the gate
      (not shown) is opened, permitting cupcakes 12 to be delivered along the
      transfer conveyor 40 between the second rods 80, 82 and discs 84, 88
      carrying the elastic bands 92, as shown in FIG. 5. The first cupcake
      travels the entire length of the gripping assembly 50, until it reaches
      the position indicated by the cupcake 12 at the bottom of FIG. 3. As it
      passes into this position, it interrupts the light beam between the
      photocell 134 and the light source 136. This interruption of the light
      beam produces a signal which actuates the air cylinder 132, displacing the
      cam lever 120 in an upward direction, and permitting the first pair or
      large discs 88 to move inwardly to the position shown in FIG. 3. A signal
      from the first photocell 134 also activates the next photocell 134
      upstream.
PAR  As the next cupcake passes into the gripping assembly 50, the interruption
      of the light beam from the next light emitter and photocell 136, 134,
      respectively, actuates the next air cylinder 132 upstream, moving two
      pairs of small discs 84 toward one another, so that the second cupcake 12
      is held in position and a stop is provided for the third cupcake. This
      procedure is repeated as the third and fourth cupcakes come into position,
      the arrival of each being sensed by the interruption of a light beam
      between a photocell 134 and light source 136. After the last cupcake 12 is
      in position, the cupcakes are held in a predetermined spatial relationship
      with respect to one another, as shown in FIG. 3. The device is now ready
      to transfer the cupcakes to a receiving station, in this instance defined
      by the packaging station 22.
PAR  As previously mentioned, the package conveyor 26 moves intermittently, and
      is stopped while cupcakes are being deposited in packages 28. After the
      gripping assembly 50 begins to move from the position shown in FIG. 6 to
      the position shown in FIG. 5, the package conveyor 26 begins to move, and
      stops as soon as two more cupcakes packages (each package holding two
      cupcakes) become aligned with the position of the gripping assembly 50
      when it is over the packages as shown in FIG. 6.
PAR  The gripping assembly, gripping the cupcake as previously described, will
      appear as shown in FIG. 2. The pneumatic cylinder 166 is actuated to move
      the rack 162 in an upward direction, rotating the pinion gears 160, and
      moving the gripping assembly 50 in an arcuate path to the position shown
      in FIG. 6. During the initial portion of this movement, the cam levers 120
      are simply pushed out of the way by the cam following heads 72. As soon as
      they have been cleared by the cam following heads 72, the cam levers 120
      are returned to their original positions by the springs 130.
PAR  When the gripping assembly 50 reaches the receiving station as shown in
      FIG. 6, the disengagement levers 74 contact the releasing screws 184, so
      that the engagement pin 98 is moved in a downward direction, spreading the
      rods 78, together with their associated discs 88, 90 and elastic bands 92,
      away from one another so that the cupcakes 12 are dropped into the
      packages 28. After the cupcakes have been released, the gripping assembly
      50 is returned to the transfer station, as shown in FIG. 5, for the
      receipt of more cupcakes, as previously described.
PAR  Because each packaging station 22 employs two transfer apparatus 10, as
      shown in FIG. 1, suitable interconnecting means are provided to insure
      that they operate together.
PAR  Although the foregoing description has been in connection with a machine
      for handling cupcakes, it will be understood by those skilled in the art
      that the article transfer apparatus of the present invention may be
      utilized to handle any number of articles, and is particularly adapted to
      the handling of fragile articles such as bakery items.
PAR  Obviously, many modifications and variations of the invention as
      hereinbefore set forth will occur to those skilled in the art, and it is
      intended to cover in the appended claims all such modifications and
      variations as fall within the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Improved packaging apparatus comprising:
PA1  conveyor means for conveying articles to a transfer station;
PA1  a plurality of gripping means positioned to receive a plurality of articles
      from said conveyor means, said gripping means comprising oppositely
      disposed elastic bands for gripping the sides of said articles;
PA1  engagement means associated with each of said gripping means for displacing
      said elastic bands toward one another to grip articles at said transfer
      station in a predetermined spatial relationship with respect to one
      another;
PA1  sensor means for sensing the presence of an article in each of said
      gripping means, said sensor means being operatively connected to actuate
      said engagement means;
PA1  transfer means for transferring said gripping means from said transfer
      station to a receiving station; and
PA1  disengagement means for moving said elastic bands away from one another at
      said receiving station, whereby to release articles engaged by said
      gripping means.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said sensor means comprise a
      light source and a photocell positioned so that a light beam from said
      source to said photocell is interrupted by an article at said gripping
      means.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said receiving station
      comprises package conveyor means.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said gripping means are
      moved from said transfer station to said receiving station through an
      arcuate path.
NUM  5.
PAR  5. The apparatus as defined in claim 3 wherein said gripping means each
      comprise a pair of oppositely disposed elastic bands each band being
      carried by a pair of generally horizontal discs having locating grooves
      for said bands at the circumference thereof.
NUM  6.
PAR  6. Improved apparatus for packaging cupcakes and the like comprising:
PA1  conveyor means for conveying cupcakes to a transfer station;
PA1  a plurality of gripping means positioned to receive a plurality of cupcakes
      from said conveyor means, said gripping means comprising oppositely
      disposed elastic bands each carried by a pair of generally horizontal
      discs having locating grooves for said bands at the circumference thereof;
PA1  engagement means associated with each of said gripping means for displacing
      said elastic bands toward one another to grip said cupcakes at said
      transfer station in a predetermined spatial relationship with one another;
PA1  sensor means for sensing the presence of a cupcake at each of said gripping
      means, said sensor means being operatively connected to actuate said
      engagement means;
PA1  transfer means for transferring said gripping means from said transfer
      station to a cupcake package at a receiving station; and
PA1  disengagement means for moving said elastic bands away from one another at
      said receiving station, whereby to release articles engaged by said
      gripping means and to drop them into said package.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said gripping means are
      moved from said transfer station to said receiving station through an
      arcuate path.
NUM  8.
PAR  8. The apparatus as defined in claim 6 wherein said sensing means comprise
      a light source and a photocell positioned so that a light beam from said
      source to said photocell is interrupted by an article at said gripping
      means.
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ABST
PAL  A container discharger with safety mechanism consisting of a group of
      finger elements positioned to guide the containers in the initial
      discharge from the pockets of a conveyor, and in which the finger elements
      are mounted so as to be readily movable when engaged by even one misplaced
      or improperly discharged bottle, a safety switch in the power circuit of
      the apparatus which is actuated in response to the movement of any finger
      element being engaged by a bottle not in proper discharge position to stop
      the apparatus, and means to jiggle the fingers with the object in mind of
      dislodging any improperly placed bottle so that there will be no need to
      dismantle the apparatus or remove any components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to improvements in container discharger for
      bottle conditioning apparatus such as washing apparatus for an example and
      in which safety mechanism is incorporated.
PAR  Heretofore, washers have been provided with a container or bottle discharge
      means which combined bottle guides, landing platforms and conveyor
      sections associated with a unit movable to stop the apparatus in response
      to a bottle failing to properly discharge. It is at once appreciated that
      in a multiple width carrier the mass of the combined components becomes
      quite unresponsive to rapid stopping and when the apparatus is finally
      stopped the bottles that have made the proper discharge are in positions
      where they are liable to topple if disturbed, and this can further
      complicate the restoration of the apparatus to continuing operation.
PAR  Prior mechanisms for handling the discharge of bottles from conditioning
      machines have involved the simultaneous dropping of forty or more bottles,
      and the structure needed to handle this mass is quite substantial and not
      easily moved rapidly if one or two bottles hang up and do not drop with
      all the others. When stoppage is achieved it may be that a component of
      the mechanism has been bent or moved out of proper alignment, or the
      bottles that have dropped successfully will topple forward as the position
      thereof is not sufficiently stable to resist toppling.
PAR  The general aim of this invention is to avoid and overcome these and other
      problems that exist or require attention so that a more efficient
      discharge apparatus can be provided.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An important object of this invention is directed to an improvement in
      dischargers for bottle conditioning apparatus having a bottle carrier with
      pockets movable over a guide ending in a bottle discharge drop-off station
      aligned with a bottle lowering mechanism communicating with a platform and
      pushing bottles over the platform and onto a conveyor, and in which the
      improvement further comprises a safety means in the form of a plurality of
      fingers movable together, and each having one end portion adjacent said
      bottle lowering mechanism in position to be engaged by and support bottles
      with the crown portion free of contact with the finger, means supporting
      an opposite portion of each finger for movement generally in the direction
      toward or away from said bottle drop-off station, and a safety switch
      responsive to movement of said fingers, to interrupt operation of the
      bottle conditioning apparatus. Each finger is formed with a surface
      portion spaced from said bottle drop-off station at least the distance of
      a bottle diameter and adjacent the path of travel of the bottle carrier
      pockets so that the finger surface portion will be engaged by a bottle
      failing to drop clear of its carrier pocket and move said finger away from
      said bottle drop-off station to actuate the safety switch for stopping the
      machine.
PAR  Other important objects of this invention are directed to means to adjust
      the position of the bottle engaging fingers to accommodate bottles of
      different sizes, to place the safety switch in command of the power for
      stopping the operation of the bottle conditioning apparatus, to utilize
      the motion of only the fingers to actuate the safety switch so that the
      movement of large masses of the apparatus and disturbing the properly
      discharged bottle may be avoided, to utilize the fingers to support the
      bottle in a position such that upon stopping of the apparatus bottles will
      not be caused to topple and become disarranged, and to provide means for
      moving the fingers back and forth after the apparatus has stopped for the
      purpose of achieving dislodgement of the obstructing bottle while avoiding
      the more complicated chore of dismantling parts of the assembly to reach
      the trouble area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a portion of the bottle conditioning
      apparatus showing the power drive on the outside of the tank wall and
      discharge conveyor for carrying off the bottles as they are discharged;
PAR  FIG. 2 is a side elevation view of the mechanism inside the apparatus as
      seen at line 2--2 in FIG. 3 with the near side of the tank wall removed;
PAR  FIG. 3 is a fragmentary transverse view of the internal mechanism as seen
      at line 3--3 in FIG. 1;
PAR  FIG. 4 is a fragmentary view of the adjustable support means for the
      fingers that are responsive to the failure of a bottle to drop properly;
      and
PAR  FIG. 5 is a fragmentary view of the operating means seen previously in FIG.
      2, but with a bottle discharge condition in which the safety mechanism is
      adapted to function.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  The bottle discharger apparatus of FIGS. 1 and 3 has certain structure
      which comprises spaced side sheets 10, each having a cut-out portion
      indicated at the margins 11, 12 and 13. Each side sheet 10 supports a
      bearing 14 for a cam shaft 15 which extends across the width of the
      apparatus between side sheets 10 (FIG. 3). Each side sheet 10 also
      supports a bearing 16 for a pivot shaft 17 which supports levers 18, one
      at each external side of the apparatus. Bottle landing plates 19 extends
      across the width of the apparatus at the cut-out margin 12, and a bottle
      collecting and feed-off conveyor 20 is mounted above the cut-out margin
      11.
PAR  The cam shaft 15 (FIGS. 2, 3 and 5) carries a plurality of axially spaced
      guide discs 21, and the facing surfaces of adjacent discs carry cam
      elements 22 so that there are a pair of steps 23 and a pair of bottle
      pusher surfaces 24. Thus, for each complete revolution of each pair of the
      disc 21 two bottles will be handled. At about the level of the shaft 15
      there are disposed the bottle landing plates 19 which are narrow so as to
      project into and between the guide discs 21 and cams 22. As each cam step
      23 passes below the landing plates 19 the bottle is picked off by the
      plates and the cam pusher surfaces 24 can then slide the bottles outwardly
      and, as subsequent bottles are treated in the same manner, the bottles
      will eventually be crowded onto the conveyor 20 by moving between fixed
      partitions 26 aligned with the discs 21.
PAR  FIGS. 2 and 3 show the assembly of the safety fingers 27 in which a finger
      27 is disposed between each pair of discs 21, and its abutment end 28 is
      supported so as to be suspended in spaced above the shaft 15. Each finger
      27 is formed with a bottle abutment surface 28 at the free end and the
      opposite end 29 is pivotally connected to a shaft 30. The shaft 30 (FIG.
      3) extends across the width of the apparatus and is carried by a series of
      spaced bearing eyes 31 secured to one edge of an angle bar 32 that spans
      the assembly of cams 22 and discs 21 and project to the outside through
      suitable windows 33. The opposite ends of the angle bar 32 are connected
      respectively to arms 34, and these arms are supported for pivoting
      movement about the axis of the common shaft 17 which extends across the
      width of the apparatus and is mounted in end bearings 16 (FIG. 3). The
      arms 34 are coordinated to move together by the shaft 17 with the result
      that the angle bar 32 is moved through an arcuate path with the center in
      the axis of shaft 17. The movement of the angle bar 32 causes the group of
      fingers 27 to move the free ends 28 relative to the cams 22. The end 28 of
      each finger is formed with a projecting nose 28A to guide the bottles.
PAR  The assembly above described is positioned below the bottle discharge zone
      of the apparatus and such zone is best seen in FIG. 2. The bottle
      conveying apparatus is provided with large diameter sprockets 37 at each
      end portion of a shaft 38 to move the carriers for the bottle supporting
      pockets 39. Power is supplied to the shaft 38 for driving the carriers
      which support and move the bottles along the guide wall 40 and over a
      roller 41 which forms the drop-off margin and assists in the proper or
      desired locating of the bottom of each bottle at the time of beginning of
      the drop. The roller 41 may be positionally adjusted by the means 42 to
      suit the size of bottle being conditioned. The drop zone if also defined
      by the several abutment surfaces 28 on the fingers 27, so that a space is
      formed to allow the bottles to drop onto the apex 23A of the rotating cam
      step 23. The extended surface 28A of the fingers 27 cushions the impact,
      reduces noise, and steers the bottles onto the step 23 of the adjacent cam
      22. As the bottom of each of the bottles follows a cam step 23 it is
      cradled between the guide discs 21 until it is set down on the plate 19 in
      preparation for being pushed toward the conveyor 20 by the cam surface 24.
PAR  It is observed that the line of travel of the bottom of the bottles is
      determined by the guide wall 40. The abutment surfaces 28 and 28A on the
      fingers 27 are projecting into that line of travel, but do not interfere
      with the line of travel of the bottom of the pockets 39. With this
      condition satisfied, if a bottle does not drop freely and clear the pocket
      in which it arrived at the drop zone it will be propelled by the pocket
      against the surface 28 of one of the fingers 27. Instead of a jam occuring
      or the bottle being crushed, the finger 27 is pushed back and either one
      or both of a pair of safety switches 43 (FIGS. 1 and 2) become activated
      to cut off the power to the drive motor for the sprocket shaft 38. This
      power cut-off also stops the rotation of the cam shaft 15 so that the
      synchronized condition of the cams and the conveyor pockets will not be
      upset.
PAC  THE SAFETY MECHANISM AND DRIVE
PAR  FIG. 1 discloses one embodiment of safety switch 43 that can be employed.
      Preliminary to describing such mechanism, it will be appreciated that the
      shaft 30 (FIG. 2) and the angle bar 32 which carries all of the fingers 27
      is supported by the arms 34 mounted on the opposite ends of shaft 17 in
      bearings 16, and that both of the levers 18 will move when activated by
      the angle bar 32 rotating about the axis of shaft 17 through an arc that
      allows the fingers to back away from the drop off roller 41, thereby
      opening the gap at the drop zone. The motion of the fingers 27 when
      propelled by a bottle is utilized to trip the switch 43 in the power
      circuit (not believed necessary to show as it is well known) and stop the
      apparatus.
PAR  The angle bar 32 is provided at its mid point between the side walls (FIGS.
      2 and 3) with a bracket 44 which is fixed on the back side of the bar. The
      bracket 44 is pinned to the upper end 45 of a rod 46 stabilized by a guide
      tube or sleeve 47. The rod has its upper end 45 pivoted in bracket 44 and
      the opposite lower end is threaded into the sleeve 47. The bottom portion
      of the sleeve 47 is guided by sliding in a plate 48 which is fixed to a
      bracket 49 mounted on a channel member 50 which is fixed at the side walls
      10. The plate 48 carries a collar 51 which has an internal diameter larger
      than the sleeve 47 so that an annular recess is formed to capture the
      lower end of a spring 52. The upper end of the spring 52 presses on a
      washer 53 held by a nut 54 against the end of the sleeve 47. The spring 52
      presses the angle bar 32 upwardly with sufficient force to over come the
      weight of the system of fingers 27 and the bar 32. The position of the
      finger elements 27 may be adjusted by threading the rod 46 in or out
      relative to the tube 47.
PAR  The upward push of the spring 52 and the bar 32 causes the arms 34 to pivot
      clockwise (FIG. 1) about the axis of shaft 17. This motion moves the
      levers 18 in a similar direction, but an adjustable stop 55 on each side
      catches the levers 18, thereby providing a second means for setting the
      desired position of the fingers 27 relative to the roller 41. Each safety
      switch 43 is located on the walls 10 adjacent the lever 18 so that when
      the stops 55 are adjusted, the switches will be held in normally closed
      position to allow for the drive to the sprockets 37. Thus, when any finger
      27 is forced to the left (FIG. 2) by a bottle abutting the surface 28, it
      will compress the spring 52 and allow the levers 18 to lift off of the
      switches 43 and open the circuit to stop the drive.
PAR  It is to be understood that the spring 52 is strong enough to overpower the
      weight of the assembly of the fingers 27 and rotate the arms 34 in the
      direction to hold the switches 43 in circuit make positions until a bottle
      jams and strikes a surface 28 on any one of the fingers 27. The bottle jam
      forces the finger 27 to move back and overpower the spring 52, thereby
      allowing one or both of the safety switches 43 to move to its open circuit
      condition. With the apparatus stopped due to a bottle not dropping as seen
      in FIG. 5, an operator can jiggle the arms 18 and pivot levers 34 which
      will move the angle bar 32 and the fingers 27. Thus jiggle of the fingers
      27 within the limits determined by the stop means 55 is intended to cause
      the bottle to become unjammed and drop free. This action is confined to
      the fingers 27 and does not change the position of the bottles already
      supported by the cams 22 or the guide discs 21 so that the bottles which
      have dropped will not be disturbed or caused to topple.
PAR  Looking at FIG. 1 the main power input shaft 60 is driven by an electric
      motor (not shown) and the sprocket 61 on this shaft drives a sprocket 62
      mounted on shaft 63. The drive chain 64 is provided with slack adjustment
      through a suitable sprocket gear cluster at 65. The shaft 63 carries a
      second sprocket 66 which is connected by a chain 67 to a sprocket 68 on
      the shaft 15 so that the cams 22 and discs 21 and the drum 29 are rotated
      at the desired speed.
PAR  Looking at FIGS. 1 and 3 it can be seen that the shaft 63 carries a gear 70
      which meshes with a larger gear 71 carried on shaft 72. Shaft 72 also
      carries a smaller gear 73 in position to mesh with a gear 74 on the shaft
      38 for carrier drive sprockets 37. This arrangement of gears and shafts
      produces a two-stage speed reduction between shaft 63 and shaft 38.
PAR  It is, of course, understood that the electrical current for the motor (not
      shown) drive to shaft 60 is wired into the normally closed safety switches
      43, and the opening of either switch will stop the drive.
PAR  One of the important features of the apparatus resides in the means for
      supporting the fingers 27 so that they do not drop down between the cams
      22. As seen in FIGS. 2 and 4, each finger 27 is provided with a block 75
      at the pivoted end 29, and each block carries an adjusting screw 76 in
      position to abut the angle bar 32. The screws 76 can be locked in adjusted
      position by a jam nut 77 once the free end of the finger 27 is located as
      desired. In some apparatus a drum type shaft is substituted for the shaft
      15 and it then becomes important to use the adjustment means 76 (FIG. 4)
      to hold the fingers 27 from engaging on the drum and creating a drag
      effect.
PAC  RESUME
PAR  The foregoing description relates to a presently preferred embodiment of
      the container discharger and safety mechanism. The action of the operating
      components may be seen best in FIGS. 2 and 5 where the discharge of the
      bottles is depicted. In FIG. 2 a bottle has passed over the roller 41 and
      has dropped onto the apex 23A of the cam step 23 that has moved under the
      gravity drop zone. The dropping bottle is guided by the extension 28A on
      the adjacent finger 27 into positive engagement on the cam step and causes
      the bottle to assume an inclined position with the crown ring suspended
      and out of contact with any structure. As the cam step moves down in a
      clockwise direction the bottle leaves the finger extension 28A and is
      firmly cradled on the facing cams 22 between the discs 21 which carry
      those cams. The bottle continues in this cradled condition until it is
      deposited on the fixed landing plate 19 and made ready to be pushed off
      toward the conveyor 20.
PAR  In FIG. 5 a condition is depicted wherein a first bottle has dropped
      correctly and a second or subsequent bottle has hung in the carrier pocket
      and is being pushed leftwardly against the abutment surface 28 on the
      finger 27. This pushing action causes the finger 27 to move back and pivot
      the arm 34 about the axis of shaft 17 against the lift of the spring 52 on
      the bar 32. The pivoting action of arm 34 moves the lever 18 off the
      switch 43 which breaks the circuit to the drive motor connected to shaft
      60 (FIG. 1). It is clear that the movement of the finger 27 does not
      affect the bottle already cradled on the cam step 23, and if the lever 18
      is jiggled up and down it will affect only the bottle that hung in the
      carrier pocket 39. The rightward advance of the finger extension 28A is
      arrested by the stop 55 (FIG. 2) before it can contact the bottle that has
      dropped properly, thereby assuring that there will be no chance of
      toppling or displacing that bottle.
PAR  The description relating to the actions occurring in FIGS. 2 and 5 has been
      given with reference to one bottle. However, it should be understood that
      the action relates to an entire row of bottles, and it is not uncommon to
      have 40 or more bottles in each row as the carrier pockets 39 pass the
      drop zone. The improvements herein set forth have been given in respect of
      the apparatus for discharging bottles from a washer with the objects in
      mind of avoiding damage to the bottles and protecting the components of
      the washer in the event of a faulty discharge of a bottle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Discharge apparatus for containers moved by a pocketed conveyor into a
      discharge zone comprising: rotary cam means adapted to receive bottles in
      a gravity discharge zone from the conveyor pockets, bottle sensing finger
      means adjacent said cam means in said zone, said sensing finger means
      having a free end adjacent said cam means and an extension on said free
      end disposed in the path of the bottles moved into said discharge zone,
      means supporting said sensing finger means for movement between a normal
      position guiding the bottles dropped in said zone onto said cam means and
      a displaced position sensing a bottle jammed in said zone; means normally
      driving said pocketed conveyor and said cam means in timed relation, and a
      safety device to stop said drive, said safety device having a normal
      position corresponding to the normal position of said sensing means and
      the normal driving of said pocketed conveyor and cam means, and said
      safety device having a drive stop position corresponding to said displaced
      position of said sensing finger means, said safety device being moved into
      said drive stop position upon said sensing finger means moving to said
      displaced position.
NUM  2.
PAR  2. Discharge apparatus for bottle conditioning apparatus in which: said
      apparatus comprises a conveyor, bottle carrying pockets moved by said
      conveyor through a gravity discharge zone, rotary cam means in said zone
      below said pockets in position to receive the bottles in a gravity drop, a
      fixed landing platform spaced below said discharge zone to receive the
      bottles from said cam means, said cam means including a pusher section to
      push the bottles across said platform, drive means connected to said
      conveyor and cam means to drive the same in time relation; and safety
      mechanism comprises a first element normally in an operative position to
      permit operation of said drive means and movable to a position to stop
      operation of said drive means, a second element disposed in said gravity
      zone in position to be engaged by each bottle reaching said zone, said
      second element having a normal position guiding the bottles onto said cam
      means and a displaced position corresponding to a bottle pushed against
      said second element due to failure to complete the gravity drop, and an
      operating connection between said first and second elements normally
      effective to maintain said first element in its normal position but moving
      said first element into said stop operation position in response to a
      bottle pushing said second element into said displaced position, said
      operating connection including a lever pivoted between its end and
      connected at one end to said second element, the opposite end of said
      lever extending to a position adjacent said first element, resilient means
      supporting said second element and said one end of said lever, and
      abutment means engaged by said lever to oppose said resilient means, said
      resilient means and said abutment means being adjustable.
NUM  3.
PAR  3. Discharge apparatus for bottle conditioning apparatus in which: said
      apparatus comprises a conveyor, bottle carrying pockets moved by said
      conveyor through a gravity discharge zone, rotary cam means in said zone
      below said pockets in position to receive the bottles in a gravity drop, a
      fixed landing platform spaced below said discharge zone to receive the
      bottles from said cam means, said cam means including a pusher section to
      push the bottles across said platform, drive means connected to said
      conveyor and cam means to drive the same in time relation; and safety
      mechanism comprises a first element normally in an operative position to
      permit operation of said drive means and movable to a position to stop
      operation of said drive means, a second element disposed in said gravity
      zone in position to be engaged by each bottle reaching said zone, said
      second element having a normal position guiding the bottles onto said cam
      means and a displaced position corresponding to a bottle pushed against
      said second element due to failure to complete the gravity drop, and an
      operating connection between said first and second elements which includes
      a bar having a pivot connected to said second element, an arm connected at
      one end to said bar and pivotally supported at a position remote from said
      bar, load carrying means in the apparatus connected to said bar, an
      operating lever connected to said arm to respond to the motion of said arm
      about said pivot support, said load carrying means urging said bar and arm
      into positions supporting said second element in its normal position, said
      first element being disposed in the path of motion of said operating
      lever, whereby upon motion of said arm in response to a bottle pushing on
      said second element said operating lever moves said first element into the
      stop operation position.
NUM  4.
PAR  4. The discharge apparatus for bottle conditioning apparatus set forth in
      claim 3, wherein said load carrying means includes a spring and means to
      vary the load carrying capacity of said spring.
NUM  5.
PAR  5. The discharge apparatus for bottle conditioning apparatus set forth in
      claim 3, wherein stop means is disposed in the path of motion of said
      operating lever, said stop means opposing the urging of said load carrying
      means to fix the normal position of said second element.
NUM  6.
PAR  6. Discharge apparatus for handling bottles to be discharged and moved to a
      conveyor, said apparatus comprising means forming a bottle drop zone, a
      plurality of discs mounted in spaced relation adjacent said drop zone and
      rotating on a common axis, cam means carried by said discs in facing pairs
      such that a bottle dropped at said drop zone is cradled between spaced
      discs on said facing pairs of cam means, a plurality of elongated bottle
      position sensing elements each one lying in the space between paired ones
      of said spaced discs and spaced above said facing pair of cam means, said
      sensing elements having a forward end formed with an abutment surface
      adjacent the drop zone and a rearward pivoted end remote from the drop
      zone, means to support said sensing elements out of contact with said cam
      means and independently of said discs, means to deliver bottles in
      successive order for gravity drop onto said cam means guided by said
      forward end of said sensing element, said sensing element support means
      including a bar connected to said pivoted remote ends, arms connected to
      said bar at spaced points and having pivots spaced from said drop zone,
      and resilient means holding said bar and all said sensing elements with
      said forward ends of said sensing element adjacent the drop zone, said
      arms and resilient means being mounted for permitting displacement of said
      sensing element upon any one thereof receiving a push from a bottle that
      has failed to complete the gravity drop, and means responsive to the
      movement of said arms to stop said bottle delivery means and the rotation
      of said discs.
NUM  7.
PAR  7. The discharge apparatus of claim 6 wherein said arms are movable to
      jiggle said sensing elements into prodding the bottle failing to complete
      the gravity drop into completing the drop.
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ABST
PAL  A device by which soap cakes are centrifugally fed, at high speed to a
      machine wherein imprints are made thereon. The device comprises a trunnion
      type fixture, revolving about a vertical axis, and carrying radially
      extending guides, whereon the soap cakes, taken from a slow-running
      conveyor band, are placed and caused to advance at an ever increasing
      speed. From such guides the soap cakes are then transferred to a high
      speed running conveyor band, interlocked with the rotary motion of the
      trunnion type fixture.
BSUM
PAR  This invention relates to a device by which products can be centrifugally
      delivered, under a suitable control, to post-finishing machines, and in
      particular for the delivery of soap cakes to an imprinting machine, e.g.
      of the type as disclosed in Italian Patent No. 997,666. The rotary
      automatic machine for continuously molding and imprinting soap cakes of
      any type and shape, as disclosed in said Patent, is fitted with a
      high-speed running conveyor, driven by the main shaft of the same machine
      (running at about 50-60 RPM). Said conveyor consists of a chain wherefrom
      suitably spaced dishlike pans are hung for receiving the soap cakes and
      carrying them to imprinting punches. To supply said loading conveyor with
      soap cakes it was therefore necessary to solve the problem of taking the
      soap cakes from a conveyor band running at a slow linear speed, and
      transferring them, accurately and uniformly spaced, onto the pans of the
      chain conveyor, running at a very high speed.
PAR  Such problem appears far from having been adequately solved by the
      heretofore known conventional devices, which are usually fitted with
      flat-nose pliers, or suckers or other similar means for takingup a single
      piece and transferring it from the slow running conveyor, to the
      high-speed running conveyor, as well as with complex mechanisms by which
      the required very high accelerations are imparted to the pieces.
PAR  The main object of this invention consists in the provision of a
      distributing device by which the required increase in the speed is
      progressively imparted to each piece, ensuring at the same time the
      accurate positioning thereof in the pans of the high speed chain conveyor.
PAR  The device for a controlled centrifugal distribution of products to
      post-finishing machines, and in particular of soap cakes to an imprinting
      machine, is characterized in that it comprises a horizontally revolving
      trunnion type fixture, having means located in a center portion thereof,
      by which pieces are taken out of a slow-running band conveyor and
      transferred into substantially radially extending guides, wherein said
      pieces, due to the action of centrifugal force, are radially moved at a
      progressively increasing speed, from the center of said trunnion type
      fixture, to the outer edge thereof, said fixture being revolvingly
      interlocked with a high speed running loading conveyor carrying dish like
      pans, whereinto each piece, delivered by the trunnion type fixture, is
      transferred and accurately positioned.
DRWD
PAR  Further advantages and features of the distributing device according to the
      invention, will be better understood from a consideration of the following
      description of a preferred embodiment thereof, in conjunction with the
      accompanying drawings, being both given as a non restrictive example only.
      In the drawings:
PAR  FIG. 1 is a part sectional front view of a centrifugal distributor, in its
      entirety;
PAR  FIG. 2 is a part sectional side view of the distributor of FIG. 1;
PAR  FIG. 3 is a diagrammatic plan view of the distributor of FIG. 1; and
PAR  FIG. 4 is an enlarged view of a detail of device by which the pieces are
      taken out of band conveyor, as shown in chain-dotted outline in FIG. 1.
DETD
PAR  Referring now to the drawings, the machine as shown therein comprises a bed
      1, wherefrom uprights 2 extend for supporting a structure 3. Journalled on
      a shaft 4, vertically extending from said bed 1, is a trunnion type
      fixture 5, which comprises a lower platform 6, formed with a peripheral
      toothing 7 in mesh with a chain 8, by which dish-like pans 9 of a high
      speed running loading conveyor are supported. In the considered
      embodiment, the pitch diameter of toothing 7 corresponds to a
      circumferential length which is twice the center-to-center spacing of pans
      9 supported by the chain 8, since the platform 6 is formed with two
      feeding channels. When a different number of feeding channels is provided
      in said platform, the pitch diameter of toothing 7 should be accordingly
      changed.
PAR  Fitted on shaft 4 are a first stationary cam 10, which is formed in the
      lower front side of structure 3, as well as a second cam 11 and a third
      cam 12.
PAR  A device by which single soap cakes 13 are fed to the trunnion type fixture
      comprises (see FIG. 2) a slow-running conveyor band 14, whereon said soap
      cakes are conveyed inside bed 1 onto a plate 15 up to a catch 16, which is
      located directly adjacent to shaft 4. Fitted on said catch 16 is a small
      vacuum sucker 17, connected with a suction pump (not shown), to retain a
      soap cake 13 coming from band 14 and prevent bouncing back thereof. Also
      fitted on said shaft 4 is a pushbutton 18, by which the intervention of
      cam 11 is allowed only when the soap cake 13 is in contact with said
      pushbutton, i.e. in its correct takeout position, as it will be explained
      in more detail later on.
PAR  As previously stated, any bouncing back of soap cake from the catch 16, is
      positively prevented by the small sucker 17.
PAR  The platform 6 is formed with two channels 19, extending in an
      approximately radial direction from the center to the outer edge thereof,
      and is designed to serve as a guide for the single soap cakes 13 that are
      taken out of the underlying plate 15, and which are therein moved, under
      the action of centrifugal force developed by the trunnion like fixture 5,
      at a gradually increasing speed, toward the outlet of said channels 19.
PAR  The mechanism by which each soap cake 13 is taken from plate 15 comprises
      (see FIG. 4) a blade 20 pivotally fitted on an axle 21, supported by the
      platform 6.
PAR  The blade 20 is operated by the cam 11 through a system of levers 11' and
      of toothed sectors 11" (see FIG. 4), by which it is moved from its
      horizontal rest position A, firstly to its operative vertical position B,
      and finally to its horizontal loading position C. The soap cake 13,
      supported by the plate 15 against the catch 16, is overturned by the
      swinging motion of said blade 20, and transferred to the inlet of one of
      guide channels 19. A convex shaped chute 22, operated by the cam 12, is
      simultaneously moved (again as shown in the FIG. 4), from its position
      indicated in dotted lines, to its position indicated in solid lines. By
      said chute 22, the soap cake 13 is positively guided while it is being
      taken-up and transferred by the blade 20, thus preventing a possible
      lateral deviation thereof, due to centrifugal force.
PAR  The blade 20 is kept in its swung position, whereby to serve as a rest for
      the soap cake, located at the inlet of guide channel 19, until the soap
      cake is propelled into the channel 19 toward the outlet thereof by the
      centrifugal force as developed by the rotary motion of the trunnion like
      fixture 5. When the soap cake 13 is not in its correct taking-up position,
      then the pushbutton 18, with which the catch 16 is fitted, causes
      electromechanical device control 16' to shift the lever system 11' on a
      second track 11"' of cam 11, thus keeping the blade 20 in its inoperative
      position A. Therefore, the soap cake 13 is not transferred into the radial
      channel 19, and is handled by the next blade 20.
PAR  Controlling the opening of the outlets of channels 19 is a tilting catch
      23, controlled by a fourth cam 24, and by which the soap cake 13 is
      allowed to pass only when one of the dish shaped pans 9 of the high-speed
      runing loading conveyor is correctly aligned with the outlet of one of the
      channels 19.
PAR  The trunnion type fixture 5 is moreover equipped with a device by which the
      motion of single soap cakes along the channels 19 and toward the outlets
      thereof, for the transfer onto the pans 9, can be controlled. Such device
      is utilized when, for the timing of an imprinting machine, the distributor
      is to be slowly operated by hand, whereby no centrifugal force sufficient
      for the forward motion of soap cakes is generated. Said device consists of
      a pusher 25, which is slidingly fitted in the channel 19, thereby driving
      the soap cake 13, said pusher 25 being controlled by the cam 10 through a
      lever system 26. Since two radially extending channels 19 are provided in
      the considered distributor, and with two blades 20, two pushers 25, along
      with the related controls are needed.
PAR  The operation of the centrifugal distributor is as follows:
PAR  Each soap cake 13 delivered by the band conveyor 14, is stopped against the
      catch 16, which is located as close as possible to shaft 4. Said soap cake
      is taken by the rotary or tilting blade 20, controlled by the cam 11, and
      transferred to the inlet of either of the channels 19. For performing said
      operation, the blade 20 is moved (see FIG. 4) from its horizontal rest
      position A, to vertical operating position B, wherein it comes into
      engagement with the soap cake 13, and then to horizontal loading position
      C. Simultaneously the convex shaped chute 22 is moved from the position as
      shown in dotted lines, to the position as shown in solid lines, thereby
      guiding the soap cake 13 while it is being transferred.
PAR  The soap cake 13, positioned at the inlet of channel 19, is supported by
      the blade 20, until is is moved, by the centrifugal force developed by the
      trunnion type fixture 5, at a gradually increaing speed, toward the outlet
      of channel 19.
PAR  If the soap cake 13 is not in its correct taking-up position on the plate
      15, the pushbutton 18 fitted on catch 16 will not be depressed, to cause
      -- through the electromechanical control 16' -- the lever system 11' to be
      shifted to the second track 11"' of cam 11, thus keeping the blade 20 in
      its rest position A. Thus, in such a case, the blade 20 is not operated,
      and the next blade will be operated should the soap cake 13 be in its
      correct taking-up position. The dish-like pan 9, running across the outlet
      of channel 19 wherein no soap cake is fed, should in turn not be loaded,
      which results only in the inconvenience of having one soap cake not fed to
      the imprinting machine.
PAR  The soap cake 13 resting on the plate 15 in contact with the catch 16, is
      retained by the sucker 17, by which any displacement of soap cakes, coming
      from conveyor 14, is positively prevented. The soap cake 13 can be
      disengaged by the blade 20 from the sucker 17 since a sidewise motion in
      respect of the sucker mouth is imparted thereto.
PAR  The soap cake 13, after having been introduced into the radially extending
      channel 19, is driven by centrifugal force, toward the outlet thereof,
      wherein it is stopped by the tilting catch 23. Said catch 23, controlled
      by the cam 24, allows for the passage of soap cake 13, only when a dish
      shaped pan 9, supported by the high speed running loading conveyor, is
      correctly aligned with the outlet of channel 19.
PAR  While the imprinting machine is being timed, the centrifugal distributor is
      slowly operated by hand, and therefore a centrifugal force sufficient for
      driving the soap cakes across the radially extending channels 19 is not
      developed. Under such conditions, pusher 25, drives each soap cake 13
      across its radial channel 19.
PAR  As it can be readily appreciated, the correct positioning of dish like pans
      9 in front of the outlets of radial channels 19, to safely receive the
      soap cakes coming at a high speed therefrom, is ensured by the fact that
      the trunnion type fixture is directly driven by the high speed running
      conveyor, i.e. chain 8 is in mesh with the peripheral toothing 7 of
      platform 6 of said trunnion type fixture 5.
PAR  It is also manifest, from the previous disclosure, that many different
      operations are simultaneously performed by said channels, and namely: the
      centrifugal feeding of soap cakes to dish-like pans, a smooth and stepless
      acceleration of the cakes, starting from a zero speed, and the correct
      centering of cakes into the dish like pans, notwithstanding the very high
      speed of the conveyor by which they are carried, said pans, in the course
      of their parabolic travel about the trunnion type fixture, being always
      precisely followed by the soap cake feeding channels.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for a controlled, centrifugal distribution of product pieces
      from a slow traveling band conveyor to pans on a high speed conveyer for
      delivery to a post-finishing machine, said device comprising a
      horizontally revolving trunnion type fixture, transfer means centrally
      located in said fixture for removing product pieces from the slow
      traveling band conveyor, radially extending guides positioned on said
      trunnion type fixture to receive said pieces from said transfer means and
      to transport the pieces under the action of centrifugal force in outward
      radial direction, at a progressively increasing speed, from the center to
      the periphery of said trunnion type fixture, and means on said fixture for
      revolvingly interlocking the same with the high speed conveyor carrying
      the pans, such that each product, delivered by the trunnion type fixture,
      is transferred to and accurately positoned in a respective pan.
NUM  2.
PAR  2. A device according to claim 1, wherein said trunnion type fixture is
      driven directly by the high-speed conveyor via the interlocking means.
NUM  3.
PAR  3. A device according to claim 2 comprising a fixed bed, a shaft vertically
      extending from said bed, said trunnion type fixture being journalled on
      said shaft and the interlocking means on the fixture including a lower
      horizontal platform comprising a peripheral toothing on said platform,
      said guides being respectively constituted by a channel which extends
      radially from the center to the peripheral edge of said platform.
NUM  4.
PAR  4. A device according to claim 3, wherein said peripheral toothing is in
      mesh with said high speed conveyor, said toothing having a pitch diameter
      which provides a circumferential length equal to n times the
      center-to-center spacing of dish-like pans carried by the high speed
      conveyor, where n is the number of radial channels on said platform.
NUM  5.
PAR  5. A device according to claim 4, wherein said transfer means includes
      means for displacing single product pieces from the slow conveyor onto
      said bed and catch means for stopping each product piece.
NUM  6.
PAR  6. A device according to claim 5, wherein said catch means includes a
      vacuum sucker for retaining each product piece coming from the slow
      conveyor to prevent bouncing back thereof.
NUM  7.
PAR  7. A device according to claim 6 wherein said transfer means further
      comprises a blade pivotally fitted on said trunnion type fixture, a first
      stationary cam controlling said blade to tilt the same and transfer a
      product piece to an inlet of one of said radial channels, a pivotal convex
      shaped chute, and a second stationary cam controlling said chute for
      pivotal movement with said blade to guide said piece.
NUM  8.
PAR  8. A device according to claim 7 comprising a further cam and a pusher
      slidingly fitted in each of said radial channels and controlled by said
      further cam to move the piece through the channel when the device is being
      timed with the post-finishing machine.
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ABST
PAL  A system for offloading bacon strips arranged side-by-side in equally
      spaced transverse rows on a continuously moving conveyor belt comprises a
      transfer station for transferring bacon strips from the conveyor belt to a
      serial arrangement on a second unidirectionally driven conveyor, a product
      grouping station for rearranging the bacon strips into groups, and a paper
      feed station for placing the groups on sheets of parchment paper prior to
      packaging. The transfer station includes a cyclically driven carriage
      which transfers the bacon strips in each transverse row from a carriage
      loading station comprising a plurality of cantilevered rotatably driven
      rollers contiguous to the conveyor belt to a carriage offloading station
      comprising a plurality of cantilevered conveyor belt assemblies. The
      product grouping station comprises hydraulically-actuated lifters which
      lift groups of the bacon strips clear of the unidirectionally driven
      conveyor as they proceed away from the transfer station, and then release
      the groups in time sequence to achieve separation on the conveyor. The
      transfer and product grouping stations are particularly adapted to
      handling thin strip-like products such as bacon slices, and employ novel
      control circuitry to obtain a continuous uniform operation for the loading
      system which does not interfere with the operation of the continuously
      moving conveyor belt. The system is particularly well suited for
      offloading fried bacon strips from the conveyor of a bacon frying oven.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to transfer systems, and more
      specifically to an offloading system for removing strip-like products such
      as sliced bacon arranged side-by-side from a first unidirectionally driven
      conveyor, and for rearranging the products in predetermined serial
      groupings on a second conveyor. The system finds particular utility for
      offloading fried bacon strips from the endless conveyor of a bacon frying
      oven, and for shingling the offloaded bacon strips in predetermined groups
      for packaging.
PAR  Bacon frying ovens of the type to which the present invention is
      particularly adapted employ a wide continuously moving conveyor belt on
      which bacon strips are arranged side-by-side in transverse rows. As the
      bacon strips progress through the oven a second continuously moving belt
      is brought down on top of the bacon slices. The two belts, with the bacon
      strips pressed flat inbetween, are driven between heated platens which
      simultaneously apply pressure and heat to fry the bacon strips. After the
      bacon strips have been fried the second belt is removed to enable the
      bacon strips to be removed from the conveyor belt.
PAR  For efficient operation of such bacon frying ovens it is necessary that the
      bacon strips be arranged to provide maximum utilization of the conveyor
      belt surface. That is, the bacon strips must not be so close together as
      to stick together during the frying operation, or so far apart as to cause
      large areas of the belts to be heated and pressed with no bacon strips
      therebetween. Accordingly, it has become standard practice to arrange the
      bacon strips lengthwise side-by-side in transverse rows extending across
      the entire width of the belt, the transverse rows being equally spaced
      along the entire length of the top surface of the conveyor belt.
      Furthermore, since the oven platens must necessarily be continuously
      heated and short term temperature changes are not practicable it is highly
      desirable for consistent frying action that the fryer oven conveyor move
      continuously at a predetermined constant speed.
PAR  The need for loading and offloading bacon strips from the oven conveyor
      without interfering with the operational efficiency of the oven has
      presented a need for loading and unloading systems capable of
      automatically handling the thin strips of bacon with a high degree of
      precision and in a manner which interfaces with the cyclic operation of
      upline and down-line processing machinery. The co-pending application of
      the present inventors, Ser. No. 447,392, filed Mar. 1, 1974 and assigned
      to the present assignee, is directed to a system meeting these criteria
      which is eminently well suited for loading the oven conveyor with limp
      unfried bacon slices, and the present application is directed to a system
      meeting these criteria for offloading prefried bacon slices from the oven
      conveyor.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved system for offloading products arranged side-by-side in
      transverse rows on a unidirectionally driven conveyor.
PAR  It is another object of the present invention to provide a new and improved
      system for offloading strip-like products arranged side-by-side on a
      unidirectionally driven conveyor which does not interfere with the
      continuous motion of the conveyor.
PAR  It is another object of the present invention to provide a new and improved
      apparatus for offloading bacon strips or the like from a continuously
      moving conveyor wherein the offloaded bacon strips are arranged in a
      serial configuration on a second conveyor.
PAR  It is another object of the present invention to provide new and improved
      apparatus for removing bacon strips from the conveyor belt of a bacon
      fryer oven and for delivering the bacon strips in a serial arrangement on
      a second conveyor perpendicular to the oven conveyor.
PAR  It is another object of the present invention to provide a system for
      grouping a finite number of items serially arranged on a
      unidirectionally-driven conveyor into individual groups each having a
      predetermined number of items.
PAR  It is another object of the present invention to provide a system for
      grouping items serially arranged along a continuously moving conveyor into
      groups having a predetermined number of items each, and for shingling the
      items in each group and depositing the shingled groups onto underlying
      parchment paper for subsequent packaging.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a system for transferring a product from a
      first conveyor to a second conveyor perpendicular to the first conveyor.
      The system includes a carriage loading station comprising a plurality of
      parallel spaced-apart cantilevered support rods arranged at the discharge
      end of the first conveyor to form a contiguous path therewith for the
      product, at least a portion of the support rods being rotatably driven so
      as to move the product from the first conveyor into a predetermined
      loading position. A product transfer carriage comprising a plurality of
      parallel spaced-apart cantilevered support members anchored to a carriage
      support block at one end is provided, the support members being arranged
      in a plane and spaced so as to pass between respective ones of the
      cantilevered support rods. A carriage offloading station comprising a
      plurality of parallel spaced-apart cantilevered conveyor belts arranged at
      the input end of the second conveyor is provided to form a contiguous path
      therewith for the product, the belts being substantially parallel to the
      support members and being spaced to allow respective ones of the support
      members to pass therebetween, at least a portion of the belts being driven
      to move the product from a predetermined offloading position to the second
      conveyor. Means defining an operating path for the product transfer
      carriage are provided such that the support members are caused to
      successively pass between the cantilevered support rods and the
      cantilevered conveyor belts while being maintained in a substantially
      horizontal plane, and drive means for advancing the product transfer
      carriage along the operating path are provided to transfer the product
      from the predetermined loading position to the predetermined offloading
      position.
PAR  The invention is further directed to a product grouping system for dividing
      a finite number of items serially spaced along a unidirectionally driven
      conveyor into first and second groups of first and second predetermined
      numbers of items, respectively. The system comprises a first product
      retardation means responsive to an applied control effect for lifting a
      first group of items corresponding in number to the second predetermined
      number clear of the conveyor as they immediately precede a reference point
      along the conveyor, and control means for actuating the product
      retardation means for a predetermined period of time after a group of
      items corresponding in number to the first predetermined number of items
      has advanced past the reference point to cause the group of items
      immediately ahead of the reference point to be separated from the group of
      items immediately behind the reference point by the motion of the conveyor
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention, which are believed to be novel, are
      set forth with particularity in the appended claims. The invention,
      together with the further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a top plan view, partially diagrammatic, of a bacon fryer oven
      and the loading and offloading systems associated therewith.
PAR  FIG. 2 is a front elevational view of the off-loading system of FIG. 1
      taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged top plan view, partially fragmented, of the product
      transfer apparatus employed in the offloading system shown in FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3 showing one of
      the cantilevered conveyor belt assemblies incorporated in the product
      transfer apparatus.
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 3 showing the
      support shaft for the center portion of the carriage cam plate.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 3 showing one of
      the rotatably driven product support rods employed in the product transfer
      apparatus.
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 3 showing
      the product sensing rod employed in the product transfer apparatus.
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 3 showing
      the chain drive for the rotatably driven product support rods.
PAR  FIG. 9 is an enlarged top plan view of the drive assembly for the transfer
      carriage employed in the product transfer carriage.
PAR  FIG. 10 is a cross-sectional view taken along line 10--10 of FIG. 9
      partially broken away and partially in section to illustrate the operation
      of the geneva drive employed in the transfer carriage drive assembly.
PAR  FIG. 11 is a cross-sectional view taken along line 11--11 of FIG. 9 showing
      the cam track support block utilized for maintaining the transfer carriage
      horizontal during its operating cycle.
PAR  FIG. 12 is an enlarged cross-sectional view taken along line 12--12 of FIG.
      11 showing the guide rollers and cam tracks utilized to support the
      transfer carriage.
PAR  FIG. 13 is a diagrammatic view taken along line 13--13 of FIG. 12 useful in
      explaining the functioning of the transfer carriage.
PAR  FIG. 14 is a diagrammatic view similar to that of FIG. 13 showing the
      transfer carriage in an advanced position along its operating path.
PAR  FIG. 15 is an enlarged sectional view taken along line 15--15 of FIG. 14
      showing one end of the transfer carriage offloading station.
PAR  FIG. 16 is a side elevational view, partially diagrammatic and partially in
      functional block form, of the product grouping, shingling and parchment
      feed stations of the offloading system.
PAR  FIG. 17 is a cross-sectional view taken along line 17--17 of FIG. 16
      showing the product retardation means utilized in the product grouping
      station.
PAR  FIG. 18 is a diagrammatic illustration of the product retardation means in
      a first portion of their operating cycle.
PAR  FIG. 19 is a diagrammatic illustration of the product retardation means in
      a second portion of their operating cycle.
PAR  FIG. 20 is a diagrammatic illustration of the product retardation means in
      a third portion of their operating cycle.
PAR  FIG. 21 is a diagrammatic illustration of the product retardation means in
      a fourth portion of their operating cycle.
PAR  FIG. 22 is a simplified schematic diagram of the electrical control circuit
      of the offloading system.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an offloading system constructed in accordance with
      the invention is shown in connection with a bacon frying oven 30, which
      may be conventional in design and construction. Basically, oven 30
      comprises a horizontal continuous conveyor belt 31 which is
      unidirectionally driven to transport bacon strips through the oven. To
      facilitate this function, the conveyor belt 31 may be coated with Teflon
      or have a similar non-adhesive surface to prevent the bacon strips from
      sticking to the belt. A second unidirectionally driven continuous conveyor
      belt (not shown) is brought into engagement with belt 31 within the bacon
      fryer oven to press the bacon strips flat during the frying operation.
      While the bacon strips are being held flat between the two conveyor belts
      the belts pass between heated platens (not shown) which simultaneously
      apply heat and pressure to fry the bacon.
PAR  The bacon frying oven 30 has at its input end a loading system which
      includes a bacon slicer 32, a unidirectionally driven conveyor 33 for
      conveying the bacon slices from the slicer 32, and a transfer carriage
      assembly 34 for transferring the bacon slices from a serial arrangement on
      conveyor 33 to a side-by-side arrangement of equi-spaced transverse rows
      on the oven conveyor belt 31. The details of this loading system are
      covered in the aforementioned application of the present inventors, Serial
      No. 447,392.
PAR  Referring to FIGS. 1 and 2, the offloading system provided at the output
      end of oven 30 comprises a product transfer station 35 for transferring
      the fried bacon strips from the oven conveyor belt 31, on which they are
      arranged side-by-side, to a serial arrangement on a unidirectionally
      driven transfer conveyor 36 extending at a right angle to the oven
      conveyor 31. Conveyor 36 conveys the bacon strips to a product grouping
      station 37 wherein the bacon strips are rearranged into groups each having
      a predetermined number of bacon strips. The grouped bacon strips then
      proceed to a sheet feeding station 38 wherein the groups are arranged on
      underlying sheets of parchment paper or the like for subsequent packaging.
PAR  The components and mechanism of the product transfer station 35 is shown in
      FIG. 3, wherein a plurality of bacon strips 39 are shown at the discharge
      end of the oven conveyor 31. As the bacon strips 39 leave conveyor 31 they
      transfer onto a horizontal carriage loading platform 40 formed by four
      parallel spaced-apart six-sided support rods 41 and a product sensing rod
      46. Five parallel four-sided support members 42 are positioned between the
      support rods 41, the rods 41 and members 42 extending transversely to
      conveyor 31 and in a horizontal plane so as to form with the oven conveyor
      31 a contiguous transfer path for the bacon strips 39. As shown in FIGS. 6
      and 8, the support rods 41 are cantilevered, being journaled at one end to
      a pair of laterally spaced support blocks 43 attached to the frame of the
      transfer apparatus. To convey or transfer the bacon strips forwardly onto
      platform 40 the support rods 41 are rotatably driven at equal angular
      speeds by means of sprockets 44 carried on the supported ends thereof and
      a pair of drive chains 45. As the bacon strips 39 are conveyed away from
      conveyor 31 by support rods 41 they pass over support members 42, which
      are disposed between the support rods 41 to bridge the gaps therebetween.
      The bacon strips continue to advance until their leading edges abut a
      transversely extending stop plate 49.
PAR  The product sensing rod 46 is disposed between the last two support members
      42 of the carriage loading platform to sense when the bacon strips 39 have
      advanced completely onto the platform. As shown in FIG. 7, product sensing
      rod 46, like support rods 41, is supported at one end from the
      spaced-apart blocks 43. However, sensing rod 46 is not rotatably driven,
      and is insulated from blocks 43 by a pair of insulated bushings 47, which
      may be formed of ceramic or other suitable non-conductive material. As the
      bacon strips progress across the platform 40 their leading edges
      eventually touch sensing rod 46, and in so doing establish an electrical
      circuit between rod 46 and a preceding support member 42 or rod 41. As
      will be seen presently, this initiates a transfer cycle which removes the
      bacon strips from the carriage loading platform 40.
PAR  The bacon strips 39 are lifted clear of the carriage loading platform 40 by
      a product transfer carriage 50 (FIG. 3), which comprises the support
      members or rods 42 and a carriage support block 51 to which the support
      members 42 are attached at one end. In practice, three such transfer
      carriage 50 are included in product transfer station 35, the support
      members 42 of each being successively passed between the cantilevered
      support rods 41 and the sensing rod 46 of the carriage loading platform
      40. Since the three transfer carriages are identical, the structure and
      operation of only one such transfer carriage will be described, it being
      understood that the description pertains to all three.
PAR  It is the function of the transfer carriage 50 to convey the bacon strips
      39 on carriage loading platform 40 to a carriage offloading platform 52
      (FIGS. 1 and 15), wherein the five product support members 42 of the
      carriage pass between four parallel spaced-apart cantilevered conveyor
      belt assemblies 53. Each of these conveyor belt assemblies 53 is seen in
      FIGS. 4 and 15 to comprise a cantilevered support beam 54 which is
      attached at one end to the frame 55 of the transfer apparatus by machine
      screws 56 or other appropriate means, and which is bifurcated at its other
      end to support a pulley 57. A belt or tape 58 is reeved over pulley 57 and
      extends back along the top and bottom edges of support beam 54 to upper
      and lower guide pulleys 60 and 61, respectively. The cantilevered conveyor
      belt assemblies 53 collectively form offloading platform 52, which serves
      to remove bacon strips from each transfer carriage 50 for conveyance to
      the product grouping station 37 by conveyor 36.
PAR  To achieve the desired transfer action between loading platform 40 and
      offloading platform 52 it is necessary that each product transfer carriage
      50 follow an operating path which causes its support members 42 to
      successively pass between the stationary components of the two platforms;
      i.e. support rods 41 and sensing rod 46, and conveyor belt assemblies 53,
      respectively. To this end, each carriage support block 51 is journaled to
      one end of an adjacent carriage support shaft 62 (FIG. 9), the other end
      of which shaft is journaled to two annular spaced-apart flange plates 63
      and 64 separated by spacers 65. These plates are mounted at their centers
      on a hub 66, which in turn is rotatably coupled to and supported by a
      carriage drive shaft 67. By journaling each shaft 62 to plates 63 and 64
      at an appropriate radial position, each transfer carriage 50 will follow a
      circular operating path which causes its support members 42 to pass
      through the loading and unloading platform positions.
PAR  Referring to FIGS. 11 and 12, the five support members 42 of the product
      transfer carriage 50 are maintained in a substantially horizontal plane as
      the transfer carriage advances along its operating path by means of a pair
      of rollers 68 and 69 which engage respective ones of guide channels 70 and
      71 on the inside face of a carriage guide block 72. The center portion 73
      of this guide block is formed separately to provide an intervening space
      74 through which the carriage support shaft 62 passes as the carriage
      advances along its operating path. As shown in FIG. 5, this center portion
      73 is supported on a reduced diameter end portion 75 of the carriage drive
      shaft 67, and is prevented from rotating by means of a cylindrical support
      member 76 which extends from center portion 73 to the machine frame 55.
PAR  The three product transfer carriages 50 of the product transfer station 35,
      henceforth termed the "A", "B" and "C" carriages, are mounted on
      individual support shafts 62 spaced 120.degree. apart on the support
      flanges 63 and 64. Referring to FIG. 13, when the product transfer station
      35 is not in operation, one of the transfer carriages 50 is aligned at a
      home position between support rods 41 to facilitate conveyance of the
      bacon strips 39 onto the carriage loading platform 40. In FIG. 13 the "A"
      carriage is shown in the home position, and strips of bacon 39" are being
      conveyed onto the carriage loading platform 40 from the oven conveyor 31.
      The "B" carriage is stationary at a position 120.degree. advanced along
      the operating path carrying strips of bacon 39' previously picked up from
      platform 40. In operation, when the bacon strips 39" advance sufficiently
      to bridge the product sensor rod 46 and the adjacent support rod 41, an
      electrical circuit is completed and after a predetermined time delay
      sufficient to allow the bacon strips to advance against stop plate 49, the
      three product transfer carriages 50 are each advanced one-third of the way
      around their circular path. As shown in FIG. 14, this causes the "B"
      carriage to deposit bacon strips 39' onto the carriage offloading platform
      52, formed by the cantilevered conveyor belt assemblies 53. The "B"
      carriage continues to advance to the position previously occupied by the
      "C" carriage, the "C" carriage advances to the home position previously
      occupied by the "A" carriage, and the "A" carriage advances to the
      position previously occupied by the "B"  carriage. At the completion of
      the cycle the "A" carriage holds the bacon strips 39", and upon initiation
      of the next transfer cycle as bacon strips 39"' come into position the "A"
      carriage will offload bacon strips 39" onto the offloading station 52
      formed by cantilevered conveyor assemblies 53. Thus, each transfer cycle
      results in a 120.degree. advance of the product transfer conveyors, and
      two such transfer cycles result in the incoming bacon slices being
      transferred from a side-by-side configuration on the bacon fryer conveyor
      31 to a serial spaced configuration on the cantilevered conveyor
      assemblies 53.
PAR  Referring to FIGS. 9 and 10, the three transfer carriages 50 are advanced
      through 120.degree. product transfer cycles by means of a geneva drive
      assembly. Drive power is supplied to the drive assembly by means of a
      chain belt 80, which engages a sprocket 81 on the input shaft 82 of an
      electrically operated clutch 83. The output shaft 84 of clutch 83 is
      connected to a geneva drive gear 85 which is positioned to operatively
      engage a geneva follower gear 86. Follower gear 86 is carried on one end
      of a shaft 87 which is journaled to the machine frame 55 by means of a
      pair of bearing blocks 88 and 90. A gear 91 carried on the end of shaft 87
      meshes with a gear 92 carried on the end of drive shaft 67, which is
      journaled to the machine frame 55 at two locations by means of a pair of
      spaced bearing blocks 93 and 94 to provide a solid torsion-resistant
      support for the three product transfer carriages 50.
PAR  As shown in FIG. 10, the geneva drive gear 85 comprises an outer flange
      portion having two drive rollers 95 and 96 arranged at diametrically
      opposed circumferential locations. The drive gear 85 further comprises a
      butterfly-shaped inner portion 97 of reduced diameter which engages an
      adjacent concave quarter section of the rim of the geneva follower gear
      while the drive is not in operation, thereby locking the three product
      transfer carriages 50 in position. When the geneva drive wheel 85 is
      rotated by energization of clutch 83, drive roller 96 engages the aligned
      one of the radially-extending drive slots 98 on the geneva follower wheel
      86, causing that wheel to rotate 90.degree. for each 180.degree. rotation
      of drive gear 85.
PAR  In practice, the geneva drive gear 85 is rotated 180.degree. clockwise
      during each transfer cycle, clutch 83 being de-energized by limit switch
      LS1 as the limit switch is actuated by either drive roller 95 or drive
      roller 96. Although this causes the geneva follower wheel 86 to turn
      counterclockwise only 90.degree., the step-up provided by gears 91 and 92
      causes drive shaft 67 to rotate 120.degree..
PAR  The bacon strips or slices 39 deposited by the product transfer carriage 50
      on the four cantilevered conveyor belt assemblies 53 are conveyed by the
      conveyor belts 58 of these assemblies away from the transfer carriage
      offloading platform 52. The conveyor belts 58, as they extend in parallel
      spaced relationship beyond the cantilevered belt assemblies 53, together
      forms conveyor 36, which it will be recalled conveys the bacon strips 39
      to the product grouping station 37. It will be appreciated that at this
      point the bacon strips 39 are arranged serially on conveyor 36 in groups
      each consisting of a finite number of strips equal to the number of strips
      present in each transverse row in the oven conveyor 30. In the present
      example each row consists of fifteen bacon strips, and accordingly, the
      groups serially advancing along conveyor 36 each consist of fifteen
      strips.
PAR  It is often desirable that the groups of bacon strips formed on conveyor 36
      by the product transfer station 35 be divided into smaller groups for more
      convenient packaging. To this end the product grouping station 37 of the
      illustrated offloading system is provided with a grouping system
      comprising first and second product retardation means in the form of
      hydraulically actuated rails or lifter assemblies 101 and 102 (FIG. 16).
      When actuated, these assemblies retard or detain that portion of the group
      of bacon strips then overlying the assembly on conveyor 36. As shown in
      FIG. 17, the first hydraulic lifter assembly 101 comprises a hydraulic
      cylinder 103 having an upwardly extending actuator arm 104. The top end of
      the actuator arm 104 is attached to a carriage 105 which extends
      transversely beneath. Three longitudinally extending product lifter rails
      106 are mounted edge-wise on carriage 105 so as to extend between the
      individual conveyor belts 58 of conveyor 36 when the hydraulic cylinders
      are actuated. As shown in FIG. 17, this has the effect of lifting a strip
      of bacon 39 clear of the conveyor belt surface, thereby detaining or
      retarding the bacon strip. The number of bacon strips retarded for a given
      strip-to-strip spacing is dependent on the length of product support rails
      106, and can be varied by the user by making an appropriate adjustment in
      the length of this rail. The second hydraulic lifter assembly 102 is
      identical in structure to the first lifter assembly 101, comprising a
      hydraulic cylinder 107, an actuator arm 108, a carriage 109, and three
      product lifter rails 110.
PAR  The operation of the two hydraulic lifter assemblies is controlled by means
      of a product detector 112, a counter 113, and two product lifter control
      circuits 114 and 115. Product detector 112, in this instance a photocell
      positioned immediately down-line of lifter rail 110, is adapted to sense
      the passage of the bacon strips 39 at that reference point. Each such
      passage produces an output signal which steps counter 113, and when
      counter 113 reaches a predetermined count it produces a control signal
      which is simultaneously applied to the two product lifter control circuits
      114 and 115. These circuits, control appropriate hydraulic circuitry, to
      actuate respective ones of hydraulic cyclinders 103 and 107 for
      predetermined periods of time.
PAR  The operation of the product grouping system is illustrated
      diagrammatically in FIGS. 18-21, wherein the product grouping system has
      been set up to divide an original group of fifteen bacon strips into three
      equal groups of five bacon strips each. To this end, the lengths of the
      product support rails 105 and 106 have been adjusted so that each detains
      or retards five strips of bacon, and the product sensor 112 has been
      positioned to sense the passage of bacon strips at a reference point
      immediately down line of lifter rail 109, as shown in FIG. 18. Counter 113
      is set to generate an output signal when the number of bacon strips
      desired in the first of the three product groups, in this case five, has
      passed the reference point. The output signal from counter 113 is applied
      to the first and second product lifter control circuits 114 and 115, which
      immediately actuate the hydraulic cylinders 103 and 107 upon receipt of
      the control signal from counter 113, causing the bacon strips then
      overlying rails 106 and 110 to be lifted clear of conveyor belt 36 as
      shown in FIG. 19.
PAR  Control circuit 115 actuates cylinder 107 for a first predetermined period
      of time, and then releases it, allowing the bacon strips 39 lifted by rail
      110 to again be conveyed by conveyor 36, as shown in FIG. 20. Since
      conveyor belt 36 continued to move during the period cylinder 107 was
      actuated, a space is developed between the bacon strips in the first
      group, i.e. those counted by detector 112, and those in the second group,
      i.e. those lifted by rail 110. Control circuit 114 energizes cylinder 103
      for a second and slightly longer predetermined period before releasing the
      bacon strips lifted by support rail 106 onto conveyor 36. As a result,
      these bacon strips are formed into a third group spaced on conveyor 36
      from the second group previously formed by the operation of cylinder 107,
      as shown in FIG. 21. Thus, three distinct groups of bacon strips are
      formed on the continuously moving conveyor belt 36.
PAR  It will be appreciated that while solenoid-controlled hydraulic cylinders
      have been shown as the product retardation means, it would be possible to
      accomplish the same result by means of an electromagnetic actuator.
      Furthermore, it will be appreciated that other lifting structures can be
      utilized for the product support rails 105, other types of product
      detectors 112 can be employed, and that the predetermined maximum counting
      state of counter 107 and the relative length of the product support rails
      105 and 106 can be changed to segregate the bacon strips into groups of
      unequal size, should this be desirable in the packaging operation.
      Furthermore, it is contemplated that the product detector 112 could be
      placed at a predetermined distance down line of lifter rail 110 to detect
      the lead bacon slice as the first group to be segregated has cleared rail
      110, thereby obviating the need for counting the strips as they pass rail
      110.
PAR  The bacon strips 39, having been segregated into uniform groups, are next
      shingled in preparation for packaging. The shingling operation is
      accomplished in a conventional manner by transferring the serially
      arranged bacon strips from conveyor 36 onto a slower moving shingling
      conveyor 120. To this end, conveyor 120 comprises five unidirectionally
      driven conveyor belts 121 which are routed around pulleys 122 co-axial
      with the end pulleys 123 of conveyor 36. As a result, each bacon strip 39
      carried by conveyor 36 is transferred from conveyor 36 to conveyor 120,
      and because of the slower speed of conveyor 120 the strips are caused to
      partially overlap. To permit the speed of conveyor 120 to be independently
      adjusted from that of conveyor 36, conveyor 120 is powered by an
      independent power source in the form of a motor 124. Motor 124 is coupled
      by a chain 125 to a drive shaft assembly 127 from which the individual
      belts 121 of conveyor 120 are powered. A spring-loaded belt follower
      pulley 128 is provided on each conveyor belt to maintain tension.
PAR  Conveyor 120 is arranged with a slight downward incline to feed onto a
      parchment sheet feed conveyor 130. Conveyor 130 comprises part of a
      parchment feed system for introducing individual sheets 131 of parchment
      paper beneath the groups of shingled bacon strips on conveyor 120 to
      facilitate subsequent packaging. To this end, the parchment feed conveyor
      130 is powered from motor 124 by means of a chain 132 and an electrically
      actuated clutch 133 so that its motion can be selectively started and
      stopped as each successive group of shingled bacon strips advances into
      position. A product sensor 134 in the form of a photo-detector PC-2 is
      provided to detect the lead bacon strip in each such group, and the output
      of this detector is applied to a parchment feed control circuit 135 which
      provides appropriate signals for controlling the operation of clutch 133.
      To insure that the individual sheets 131 of parchment paper are properly
      positioned, a pair of limit switches LS3 and LS4 are provided to sense the
      positioning of the lead sheet 131' of parchment paper. A stack 136 of
      parchment paper may be provided at the bottom end of conveyor 130 as a
      source for successive sheets of parchment paper.
PAR  Two modes of operation for the parchment feed conveyor system are
      available. In a first or so-called single start mode a single sheet 131 of
      parchment paper is advanced by conveyor 130 until its leading edge is
      detected by limit switch LS3. At that point the conveyor 130 is stopped
      until the lead strip of a group of shingled bacon strips is detected by
      detector PC-2, at which time conveyor 130 is started and the product group
      is deposited on the advancing sheet of parchment paper. In a second or
      double-start mode a sheet 131 of parchment paper is also advanced until
      limit switch LS3 is actuated, at which time the parchment feed conveyor
      130 is stopped. However, the first product group detected by detector PC-2
      causes conveyor 130 to advance the sheet 131 of parchment paper
      approximately half its length, or until the trailing edge of the parchment
      paper clears limit switch LS4. The first product group is therefore
      received on the first half of the parchment paper. Upon detection of the
      next succeeding product group, conveyor 130 is again advanced so that the
      second product group is deposited on the second half of the sheet 131. The
      conveyor 130 then continues to run until the sheet 131 clears and a second
      sheet 131 of parchment paper is moved into the loading position, as
      detected by limit switch LS3. In this way two product groups are deposited
      on a single sheet of parchment paper.
PAR  As shown in FIG. 2, conveyor 36 and the product transfer carriages 50 are
      powered by means of a motor 140 and a horizontal longitudinally extending
      shaft 141, which is coupled to motor 140 by a chain 142. Shingling
      conveyor 120 is powered by means of a right angle drive 143, which is
      coupled to drive shaft 141 by a chain 144 and to conveyor 120 by means of
      a chain 145 and a conveyor drive roller assembly 146.
PAR  A simplified schematic diagram for the electrical control circuits of the
      offloading system is shown in FIG. 22. The secondary winding of an
      isolation transformer 150 is connected through a fuse 151 to a supply bus
      152 which supplies AC current to individual circuits of the system control
      circuit.
PAR  Cycling of the transfer carriages 50 in the product transfer station 35 is
      controlled by relay CRS, which is supplied from bus 152 through an ON-OFF
      switch 154, a normally-closed MANUAL CYCLE push button switch 155, the
      normally-closed carriage indexing limit switch LS1, and the
      normally-closed contacts 156 of a time delay relay TD1. Supply bus 152 is
      also connected to a bridge rectifier network 157 which supplies direct
      current through the normally-closed contacts 158 of relay CRS to the
      clutch solenoid of the transfer carriage control clutch 83, and through
      the normally-open contacts 159 of relay CRS to the brake solenoid of
      clutch 83. Upon de-energization of control relay CRS, either by actuation
      of MANUAL CYCLE push button 155, or by operation of relay TD1, clutch 83
      is engaged and the product transfer station 35 is caused to cycle. Relay
      TD1 is powered through the normally-open contacts 160 of a product
      detection circuit 161, which may comprise a conventional resistance bridge
      and amplifier adapted to respond to the resistance between the product
      sensing bar 46 and the adjacent product support members 42 to detect the
      presence of bacon strips at the carriage loading station 40. Upon
      detection of bacon strips at sensing bar 46 contacts 160 close and cause
      time delay relay TD1 to be actuated, thus de-energizing carriage control
      relay CRS and causing clutch 83 to cycle the transfer carriages through
      120.degree.. A short predetermined time delay is established by relay TD1
      to enable the bacon strips to completely advance onto the carriage loading
      platform 40 until they abut stop plate 49 before the transfer carriages
      are cycled. Limit switch LS1 causes the carriages to continue to rotate
      until they complete their 120.degree. cycle, i.e. until the geneva drive
      gear 85 has completed one complete half revolution.
PAR  Bus 152 also powers a step-down transformer 162, which provides a lower AC
      voltage to a bridge rectifier 163. The low voltage direct current from
      this rectifier is applied to a bus 164, which supplies a portion of the
      system control circuits.
PAR  Operation of the product grouping station 37 is initiated by limit switch
      LS2, which is positioned adjacent the operating path of the product
      transfer carriages 50 so as to be momentarily actuated during each
      transfer cycle. Actuation of limit switch LS2 causes the cycle start relay
      CR1 to be actuated through the normally-closed contacts 165 of time delay
      relay TD5. Once actuated, relay CR1 is maintained energized by its own
      holding contacts 166. The actuation of relay CR1 also closes contacts 167,
      allowing time delay relay TD5 to energize after a predetermined delay
      period. When this relay energizes product counting circuit 113, which it
      will be recalled produces an output when a predetermined number of bacon
      strips have passed detector PC1, is reset to a zero counting state by
      contacts 168.
PAR  The energization of time delay relay TD5 also results in contacts 165
      opening, causing relay CR1 to be de-energized. This causes contacts 170 to
      close, so that when a sufficient number of bacon strips have passed
      detector PC1 to cause product counting circuit 113 to produce an output,
      and the internal contacts 171 of that circuit close, the first and second
      product retardation lifters 101 and 102 are energized through
      normally-closed contacts 172 and 173 of time delay relays TD3 and TD4,
      respectively. Control relay CR2 is also energized, closing holding
      contacts 174 to maintain the lifters energized, and closing contacts 175
      to apply power to time delay relays TD3 and TD4. These relays
      independently close after a predetermined period of time, causing contacts
      172 and 173 to sequentially open to sequentially release the first and
      second product lifters 101 and 102. Thus, the desired product grouping
      action is obtained.
PAR  Paper is positioned on the paper feed conveyor 130 by limit switch LS3,
      which remains closed and causes relay CR3 to be energized until a sheet
      131 of parchment paper is fed into position. Energization of relay CR1
      causes closure of contacts 180, which allows the DC output of a bridge
      rectifier network 181 supplied by bus 152 to energize the control solenoid
      of the parchment feed conveyor clutch 133 until the paper is positioned.
      The paper feed cycle is initiated by detection of a group of bacon strips
      by detector PC2, which results in the closure of contacts 182 in a
      conventional photodetector amplifier circuit 183 associated with
      photodetector PC2. This causes relay CR4 to be energized through the
      normally-closed contacts 184 of time delay relay TD2, which is maintained
      energized by its holding contacts 185 through the normally-closed contacts
      186 of relay CR3. The energization of relay CR4 causes contacts 187 to
      close, applying direct current from bridge rectifier network 181 through
      the normally-closed contacts 188 to relay CR7 to the control solenoid of
      parchment feed control clutch 133. As a result, paper is fed by conveyor
      130 to receive a first group of shingled bacon slices. In the first or
      single-start mode of the paper feed system, the paper continues to feed
      until it runs out and another sheet is brought into position so as to open
      limit switch LS3, which again causes control relay CR3 to be energized and
      contacts 180 to supply power to the paper feed clutch control solenoid. In
      the second or double start mode of the paper feed conveyor system, mode
      selector switch 190 is closed so that relay CR7 will be energized when the
      paper is advanced to an intermediate position. This opens normally-closed
      contacts 188 to stop conveyor 130 with the sheet 131 of parchment paper
      positioned half way along the conveyor. Time delay relay TD2 is energized
      through contacts 191 and the normally-closed contacts 192 of relay CR3 at
      this time by reason of relay CR4 being energized. The energization of
      relay TD2 closes contacts 193 so that when the next group of bacon slices
      is detected by sensing circuit 183 and contacts 182 close, relay CR6 is
      energized. This causes contacts 194 to close, supplying power to the
      control solenoid of the parchment conveyor clutch 133 and advancing the
      paper to receive the second group of bacon strips. Contacts 195 hold relay
      CR6 energized through contacts 186 of relay CR3 during this period. As
      before, the paper then continues to feed until another sheet of parchment
      paper opens limit switch LS3.
PAR  Thus, a system has been shown and described for removing strip-like
      products such as bacon slices from a side-by-side arrangement on the
      continuously moving conveyor belt of a bacon frying oven, and for
      rearranging these bacon slices in shingled groups on individual sheets of
      parchment paper. The transfer process is continuous and accurate, and in
      no way interferes with the continuous operation of the oven conveyor belt.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for transferring a product from a first conveyor to a second
      conveyor at right angles to said first conveyor, said system comprising,
      in combination:
PA1  a loading platform comprising a plurality of parallel spaced-apart
      cantilevered support rods arranged at the discharge end of said first
      conveyor to form a contiguous path therewith for said product;
PA1  means for rotating at least a portion of said support rods so as to move
      said product from said first conveyor into a predetermined loading
      position on said loading platform;
PA1  at least one product transfer carriage comprising a plurality of parallel
      spaced-apart cantilevered support members anchored to a carriage support
      block at one end, said support members being arranged to form a product
      supporting platform and spaced so as to pass between respective ones of
      said cantilevered support rods;
PA1  an offloading platform comprising a plurality of parallel spaced-apart
      cantilevered conveyor belts arranged at the input end of said second
      conveyor to form a contiguous path therewith for said product, said belts
      being substantially parallel to said support members and being spaced to
      allow respective ones of said support members to pass therebetween;
PA1  means for driving at least a portion of said belts to move said product
      from a predetermined offloading position on said offloading platform onto
      said second conveyor;
PA1  means defining an orbital operating path for said product transfer carriage
      whereby said support members are caused to successively pass between said
      cantilevered support rods and said cantilevered conveyor belts while being
      maintained in a substantially horizontal plane; and
PA1  drive means for advancing said product transfer carriage along said
      operating path to transfer said product from said predetermined loading
      position to said predetermined offloading position.
NUM  2.
PAR  2. A transfer system as defined in claim 1 wherein said orbital operating
      path of said transfer carriage is circular and in a plane perpendicular to
      said product support members.
NUM  3.
PAR  3. A transfer system as defined in claim 2 wherein said means for defining
      an operating path for said transfer carriage comprise a stationary cam
      track and at least one cam follower operatively engaged thereto on said
      carriage support block.
NUM  4.
PAR  4. A transfer system as defined in claim 2 wherein said carriage has a home
      position at said loading platform with said support members interspaced
      between said support rods, and wherein said drive means include detection
      means for detecting the presence of said product at said predetermined
      loading position to cause said drive means to advance said carriage from
      said home position along said operating path.
NUM  5.
PAR  5. A transfer system as defined in claim 4 wherein said product detection
      means comprise a cantilevered product detection rod insulated from one of
      said support rods, and means responsive to the ohmic state between said
      insulated rod and said one support rod for initiating the operating cycle
      of said transfer carriage.
NUM  6.
PAR  6. A transfer system as defined in claim 4 wherein at least three product
      transfer carriages are disposed with equal angular spacing about said
      orbital operating path, and wherein said drive means advance one of said
      carriages from said home position and another one of said carriages into
      said home position upon detection of said product at said predetermined
      loading position.
NUM  7.
PAR  7. A transfer system as defined in claim 6 wherein said drive means
      comprise a geneva drive assembly for advancing each of said carriage
      assemblies along a fractional portion of said operating path upon
      detection of said product at said predetermined loading position.
NUM  8.
PAR  8. A transfer mechanism for transferring bacon slices from a first conveyor
      to a second conveyor extending at right angles to said first conveyor,
      said transfer mechanism comprising in combination:
PA1  a loading platform comprising a plurality of parallel spaced-apart
      cantilevered support rods arranged at the discharge end of said first
      conveyor to form a contiguous path therewith for said bacon slices;
PA1  means for rotating at least a portion of said support rods so as to move
      said bacon slices from said first conveyor into a predetermined loading
      position;
PA1  a plurality of transfer carriages each comprising a plurality of parallel
      spaced-apart cantilevered support members anchored to a carriage support
      block at one end, said support members being arranged in a plane and
      spaced so as to pass between respective ones of said cantilevered support
      rods;
PA1  an offloading platform comprising a plurality of parallel spaced-apart
      cantilevered conveyor belts arranged at the input end of said second
      conveyor to form a contiguous path therewith for said bacon slices, said
      belts being substantially parallel to said support members and being
      spaced to allow respective ones of said support members to pass
      therebetween;
PA1  means for driving at least a portion of said belts to move said bacon
      slices from a predetermined offloading position on said offloading
      platform onto said second conveyor;
PA1  means including a stationary cam track and at least one cam follower on
      each of said transfer carriages for defining an operating path for said
      product transfer carriages whereby said support members are caused to
      successively pass between said cantilevered support rods and said
      cantilevered conveyor belts while being maintained in a substantially
      horizontal plane; and
PA1  drive means for advancing said transfer carriages along said operating path
      to transfer said bacon slices from said predetermined loading position to
      said predetermined offloading position.
NUM  9.
PAR  9. A transfer mechanism as defined in claim 8 wherein said operating path
      of said transfer carriages is circular and in a plane perpendicular to
      said product support members, wherein said product transfer carriages are
      disposed with equal spacing about said path, and wherein said drive means
      advance one of said carriages from a home position wherein said support
      members are interspaced between said support rods upon arrival of said
      product at said predetermined loading position.
NUM  10.
PAR  10. A transfer mechanism as defined in claim 9 wherein said drive means
      include means for detecting the presence of one of said bacon slices at
      said loading station, and a geneva drive assembly for advancing each of
      said carriage assemblies along a predetermined fractional portion of said
      operating path upon arrival of one of said bacon slices at said
      predetermined loading position.
NUM  11.
PAR  11. A transfer mechanism as defined in claim 10 wherein said detection
      means comprise an insulated cantilevered support rod, and wherein said
      drive means is responsive to the ohmic state between said insulated
      support rod and adjacent support rods.
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ABST
PAL  An apparatus for channeling a disorderly array of articles that are being
      transported on a conveyor into a uniform single row of articles. The
      apparatus includes a pair of spaced article confining walls. The walls
      converge towards each other in a direction corresponding to the flow of
      the articles. One of the walls has a plurality of longitudinally spaced
      vertically extending rows of beads provided thereon for engaging the
      disorderly array of articles as they pass therethrough and force such into
      single file minimizing jamming thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article conveying device and more particularly
      to an article conveying device wherein a disorderly array of articles are
      re-arranged into a single, uniform row of articles.
PAR  Heretofore, when articles were being transferred along a conveyor in a
      disorderly array and it was necessary to place the articles into single
      file so that some function could be performed thereto such as filling with
      fluid, the bottles or articles were often passed between converging walls.
      One problem with passing the articles between converging walls as they
      were carried on a moving conveyor is that they would sometimes jam between
      the walls. The jamming of the bottles would interrupt the normal supply of
      bottles to the apparatus.
PAR  Various devices have been developed for causing articles to be transformed
      from a disorderly array into a single file and two of such apparatus are
      disclosed in U.S. Pat. Nos. 3,310,151 and 3,604,551. In U.S. Pat. No.
      3,310,151, the articles are fed between converging walls into a single
      row. This device appears to depend upon critical alignment of the walls
      for proper operation.
PAR  In U.S. Pat. No. 3,604,551, accumulating belts are utilized in combination
      with various conveyors for transforming the articles from a disorderly
      array into single file. As shown therein, substantial amounts of equipment
      must be utilized in order to obtain this single file of articles.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that articles
      such as bottles and cans can be channeled from a disorderly array into a
      uniform row of single file articles. These articles can be transported on
      a single conveyor or can be shifted from one conveyor to another. The
      apparatus for transforming such articles includes a pair of spaced article
      confining walls. The spaced walls converge towards each other in a
      direction corresponding to the flow of the articles on the conveyor. The
      spaced walls have a wide end for receiving the disorderly array of
      articles and a narrow end for directing the articles into a uniform row of
      single file articles. A plurality of longitudinally spaced, vertically
      extending rows of beads define the surface of one of said walls. These
      beads are rotatably supported so that as the articles of the disorderly
      array engage the beads while being moved forward on the conveyor, the
      beads tend to rotate permitting the articles to be moved through the
      narrow end of the spaced wall without jamming. The wall with the beads
      thereon can be referred to as a live wall and takes the overall
      configuration of an abacus.
PAR  Accordingly, it is an important object of the present invention to provide
      an apparatus for channeling a disorderly array of articles being
      transported on a conveyor into a uniform, single file row of articles.
PAR  Another important object of the present invention is to provide a simple
      wall having rotating elements therein for engaging bottles being passed
      thereby and directly such in a particular direction.
PAR  Still another important object of the invention is to provide a wall of
      beads for engaging articles being transported on a conveyor and for
      directing the articles in a particular direction.
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, plan view showing articles being moved along a
      conveyor in a disorderly array engaging a wall which directs such into a
      single file,
PAR  FIG. 2 is an enlarged, perspective view illustrating a live wall
      constructed in accordance with the present invention,
PAR  FIG. 3 is an enlarged, elevational view with parts removed for purposes of
      clarity illustrating a live beaded wall constructed in accordance with the
      present invention,
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3,
PAR  FIG. 5 is a plan view showing a portion of the live wall, and
PAR  FIG. 6 is an enlarged, side elevational view illustrating the live wall
      with the rows of beads shifted at an angle producing a smoother contact
      surface.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in more detail to the drawings, there is illustrated in FIG. 1 a
      conveyor belt 10 moved to the left as indicated by the arrow. Carried on
      this conveyor belt 10 is a disorderly array of articles 12. Positioned
      adjacent the left hand end of the conveyor belt are a pair of spaced
      article-confining walls 14 and 16. The spaced article-confining walls
      converge towards each other in a direction corresponding to the flow of
      the articles on the conveyor 10. The spaced walls 14 and 16 have a wide
      end which extends over the conveyor 10 for receiving the disorderly array
      of bottles 12. The spaced converging walls 14 and 16 also have a narrow
      end that is positioned over another conveyor 18 to which a single file row
      of articles, generally designated by the reference character 20, is
      deposited. The articles 12 may be any type of articles which are usually
      round, and in the drawings, such are illustrated as bottles. The wall 14
      may be any suitable conventional wall constructed of rods or a smooth,
      flat member such as shown in FIG. 2. In FIG. 2, the wall is defined by an
      elongated, vertical member 22 that is joined by horizontal members 24 and
      26 carried on the top and bottom thereof. The inner wall of the vertical
      member 22 engages the bottles as such pass thereby.
PAR  The live wall 16 is constructed of a pair of vertically spaced, horizontal,
      flat bars 30 and 32. These flat bars may be constructed of any suitable
      material such as aluminum or stainless steel. The upper flat bar 30 has a
      pair of elongated slots 34 and 36 provided therein. Extending through the
      slots 34 and 36 are frame spacers 38 and 40, respectively. Each of the
      frame spacers 38 and 40 has an enlarged head 42 which rest against an
      upper surface of the flat bar member 30. Threads 44 are provided on a
      lower end for threadably engaging the lower flat bar 32. The frame spacers
      have a larger diameter sleeve 46 carried thereon which extends between the
      lower and upper flat bar members 32 and 30, respectively, so that when the
      frame spacers 38 and 40 are rotated the threads 44 carried in the bottom
      thereof draw the lower flat bar member 32 toward the upper flat bar member
      30 until there is a rigid connection between the upper and lower members
      30 and 32. Also provided in the upper and lower flat bar members 30 and 32
      are recesses 47 into which the vertically extending rods 48 are provided.
PAR  A plurality of beads 50, each of which have a bore extending therethrough,
      are threaded on the rods 48 so as to provide a plurality of longitudinally
      spaced vertically extending rows of beads. The beads, in one particular
      application, are constructed of phenolic and have a diameter of one-half
      inch. The rods 48 are carried between the spaced, flat members 30 and 32
      in such a manner that the beads extend inwardly beyond the inner surface
      of the flat members 30 and 32 such as illustrated in FIG. 5.
PAR  The bore extending through the beads 50 is slightly larger than the
      diameter of the rod 48 so that the beads 50 can be rotated readily when a
      bottle is forced thereagainst. An elongated flat bar 52 is welded to the
      frame spacers 38 and 40 so as to provide a means of mounting the live wall
      20. Positioned in the end of the elongated, flat bar 52 are elongated
      mounting slots 54. Bolts 56 extend through the elongated slots 54 and are
      attached to any suitable means such as a bracket 58 of an adjoining rail
      defined by the elongated rods 60 and 62. Any suitable means could be
      utilized for mounting or supporting the rail 16.
PAR  In operation, as the disorderly array of bottles is shifted along on the
      conveyor 10, the bottles 12 engage the surface of the live wall 16. The
      surface that the bottles engage is defined by the rotatable beads 50. If
      several of the bottles engage the beads simultaneously, such as shown in
      FIG. 1, and other bottles extend laterally towards the fixed wall 14, the
      beads will rotate preventing the bottles 12 from becoming jammed between
      the converging walls 14 and 16.
PAR  The bottles 12 are manipulated between the walls until they can be forced
      into the single file row such as illustrated in FIG. 1.
PAR  Sometimes as the bottles are passing through the converging walls 14 and 16
      chattering takes place. In order to minimize the chattering, the vertical
      alignment of the rows of beads 50 can be altered such as illustrated in
      FIG. 6 to produce a smoother surface to the oncoming bottles. Such is
      accomplished by loosening the frame spacers 38 and 40 and sliding the
      upper bar longitudinally to the right until the spacers 38 and 40 engage
      the other end of the slots 34 and 36. The spacers 38 and 40 are then
      tightened so that the rods 48 extend upwardly at an angle as shown in FIG.
      6. It is noted in FIG. 6 that the beads within the same row or column are
      not directly above each other. As can be seen in the drawings the beads 50
      of adjacent rows are touching each other and are nested within each other.
      Furthermore, the beads 50 of each row are stacked one on top of the other.
PAR  Since the beads 50 are spherical they make a point contact with the
      articles being moved on the conveyor 10 while the bore extending through
      the bead provides a much larger bearing surface on the rods 48.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be mde without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for channeling a disorderly array of articles being
      transported on a conveyor into a uniform row of articles, said articles
      being moved on a conveyor, the improvement comprising:
PA1  a pair of spaced articles confining walls;
PA1  said spaced walls converging towards each other in a direction
      corresponding to the flow of said articles on said conveyor;
PA1  said spaced walls having a wide end for receiving said disorderly array of
      articles and a narrow end for exiting a uniform row of said articles; one
      of said walls including a pair of vertically spaced elongated members,
      longitudinally spaced vertically extending rods carried between said
      elongated members, a plurality of spherical beads carried on said rods
      defining longitudinally spaced rows of beads, said beads each having a
      bore extending therethrough through which said rods extend, said beads of
      each row being stacked one above the other in surface contact with the
      bead directly above and directly below, said beads of adjacent rows being
      nested within each other and in surface contact with beads of adjacent
      rows;
PA1  whereby said beads present an aligned surface for engaging said articles
      with a point contact while rotating on a larger bearing surface on said
      rods.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 further comprising:
PA1  means for supporting said rods at an angle so that beads carried on the
      said rods are not in vertical alignment.
NUM  3.
PAR  3. A wall for use with another spaced converging wall for channeling a
      disorderly array of articles being transported on a conveyor to a single
      file of articles;
PA1  said wall comprising;
PA1  a pair of vertically spaced elongated members, longitudinally spaced
      vertically extending rods carried between said elongated members,
PA1  a plurality of spherical beads carried on said rods defining longitudinally
      spaced rows of beads,
PA1  said beads each having a bore extending therethrough through which said
      rods extend,
PA1  said beads of each row being stacked one above the other in surface contact
      with the bead directly above and directly below,
PA1  said beads of adjacent rows being nested within each other and in surface
      contact with beads of adjacent rows,
PA1  whereby said beads present an aligned surface for engaged said articles
      with a point contact while rotating on a larger bearing surface on said
      rods.
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ABST
PAL  A continuously driven belt conveyor transports and accumulates articles
      supported thereon. Ways are positioned alongside the conveyor belt and are
      movable to vary the relative vertical position of the ways between an
      accumulation position wherein the support surface of the ways is above the
      conveyor belt causing the articles to accumulate and a drive position
      wherein the support surface of the ways is below the conveyor belt to
      permit movement of the articles therealong. Preferably, the ways are moved
      vertically by elongated inflatable tubes which lift the ways together with
      the articles above the moving conveyor surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to conveyors, and more particularly, to a belt
      conveyor capable of accumulation.
PAR  Conveyors of the wheel and roller-type utilize a variety of accumulation
      devices, a more popular type being the kind where the application or
      release of propelling force on the wheels or rollers is effected through
      changes in the vertical position of the propelling member. One way of
      effecting this is by supporting the belt on flattened rollers. Another way
      of doing this is by supporting the belt on pivoted hangers. Examples of
      these types of accumulating conveyors are illustrated in U.S. Pat. No.
      3,253,697 entitled VARIABLE PRESSURE CONVEYOR issued May 31, 1966 to
      Maynard J. DeGood and Clyde L. Bowman, U.S. Pat. No. 3,062,359 entitled
      ACCUMULATOR CONVEYOR issued Nov. 6, 1962 to T. C. McGow, et al., and U.S.
      Pat. No. 3,012,652 entitled LIVE ROLLER CONVEYOR WITH SENSING issued Dec.
      12, 1961 to N. C. Poel, et al. These types of conveyors provide both
      selective accumulation and automatic termination of article movement when
      the lead article's forward motion is stopped for any reason.
PAR  A principal drawback with roller and wheel conveyors is that the article
      containers themselves must be of sufficient strength to support the
      articles contained therein since the roller or wheel support is
      intermittent in the sense that it does not provide a continuous support
      surface. Thus, if the container has an insufficient bottom area to provide
      adequate support for its contents or it is deteriorated for example by
      moisture, the bottom of the container interferes with proper movement
      along the conveyor. There are many types of articles and containers which
      cannot be effectively transported on roller or wheel conveyors, such as
      for example, chimed drums, crated goods, or bagged articles such as
      potatoes, citrus fruit and the like. Further, no practical sensing
      mechanisms are available to detect such articles or containers.
PAR  Present ecological trends in this country indicate a dissatisfaction with
      the size and material consumption of individual packaging as presently
      practiced. Such packaging provides a vast amount of waste which must be
      handled and disposed of. An alternative trend is foreseen whereby goods
      will be packed and shipped in much less massive, or, by present standards,
      flimsy or low strength packages. Where relatively flimsy packages are
      utilized, a belt conveyor offers distinct advantages over a wheel or a
      roller conveyor since it provides a substantially continuous support
      surface. Satisfactory accumulation for belt conveyors, however, has not
      been obtained. Still another drawback to the present accumulation art is
      that regardless of the type of conveyor, the devices of the prior art are
      quite expensive and complex since they require, in some fashion, a
      complete shifting of a major component part of the drive support
      undercarriage. Thus, there is a need today in this art for an improved
      mechanism for providing conveyor accumulation at selected desired
      locations--particularly one that operates satisfactorily in a belt
      conveyor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, one or more article supporting and
      transporting conveyor members are driven continuously within a conveyor
      trackway. Support ways are positioned alongside the conveyor member,
      selected portions of the ways or conveyor member being movable vertically
      relative to each other between a drive position wherein the upper surface
      of the conveyor member is above the ways for movement of the articles and
      an accumulating position wherein the upper surface of the conveyor member
      is below the ways causing the article to rest entirely on the ways.
      Control means are provided for actuating the vertical movement
      automatically or upon demand to provide accumulation at selected locations
      for termination of article movement when the lead article is stopped for
      any reason. In this type of conveyor, the entire weight of the articles,
      during transport mode, is supported by the conveyor belt and during
      accumulation mode by the ways.
PAR  In the preferred embodiment, the conveyor member is a driven belt supported
      at generally constant elevation and the ways are moved vertically by
      elongated inflatable tubes which, when inflated, raise a support surface
      above the belt, lifting the articles entirely off the belt. The ways are
      of preselected length and arranged in tandem along each side of the belt.
      Control means are provided for sensing the articles and causing inflation
      of one or more groups of tubes to cause accumulation.
PAR  A principal advantage of the present invention is the utilization of one or
      more flat conveyor belts which both entirely support and transport the
      articles conveyed in an environment which permits selected accumulation
      and termination of article flow when the lead article is stopped for any
      reason. The upward movement of the ways provides more gradual transition
      between transport and accumulation modes thereby decreasing the propensity
      to rupture or damage the cartons or articles. The utilization of a
      conveyor belt as the sole article support during transport mode increases
      the effective area of article support, permitting the use of flimsier
      containers. The overall simplicity of the invention provides automatic
      accumulation economically for articles and containers not previously
      capable of accumulation.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a belt conveyor incorporating
      this invention;
PAR  FIG. 2 is a cross-sectional view of the conveyor illustrated in FIG. 1
      illustrated in an article conveying position or mode;
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 illustrating the
      conveyor in an article accumulating position or mode;
PAR  FIG. 4 is a fragmentary side elevation view in cross section illustrating
      the conveyor incorporating the invention;
PAR  FIG. 5 is a schematic view, in elevation, of the fluid pressure control
      system at the discharge end of the conveyor;
PAR  FIG. 6 is a cross-sectional view of the actuating mechanism of the
      invention;
PAR  FIG. 7 is a partially schematic illustration, in elevation, of one section
      of the fluid pressure system controlling the operation of the accumulator
      ways;
PAR  FIG. 8 is a partially schematic illustration, in plan view, of one section
      and portions of two adjacent sections of the fluid pressure system
      controlling the operation of the accumulator ways; and
PAR  FIG. 9 is an enlarged fragmentary view of the joint between two of the
      control links for the fluid pressure control system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, in detail, FIG. 1 illustrates a belt
      conveyor 10 comprising a pair of endless belts 12 and 12a mounted within a
      trackway 14. Conveyor belts 12, 12a are driven, respectively, about idler
      rollers 16, 16a and supported by a group of support rollers 18, 18a
      arranged in spaced relationship along the conveyor in a common plane to
      form a conveyor transport surface. Rollers 18 and 18a are suspended by
      side channel supports 20 and 22 which are, in turn, supported on a pair of
      longitudinally extending support arms 24 and 26. Any other side frame
      structure may be used with this invention.
PAR  The endless belts 12 and 12a are spaced longitudinally from each other and
      from side channels 20 and 22. Within these spacings are mounted and
      secured, a plurality of longitudinally extending ways 30, 32 and 34
      forming accumulators. The outer ways 30, 32 are located between the
      conveyor belts 12, 12a and their adjacent channel supports 20 and 22 while
      the intermediate way 34 is mounted in the medial lane formed between the
      two continuous belts 12, 12a.
PAR  Referring to FIG. 4, one of the ways 34 is illustrated extending along a
      section of the trackway with the endless conveyor belt 12 illustrated in
      position behind way 34. It is continuously driven by the powered end
      pulley 36. Each way 30, 32 and 34 includes an inflatable elongated
      tube-like member 40 seated between its upper and lower channels 42 and 44.
      Referring to FIGS. 2 and 3 in addition to FIG. 4, the lower upstanding
      U-shaped channel 44 is supported on the same axles 19 as the belt
      supporting rollers 18 and 18a. As such it is vertically stationary. The
      upper inverted U-shaped channel 42 has a high friction surface and a width
      smaller than channel 44 to permit telescoped positioning therewithin. The
      inflatable tube 40 seats with the pocket or chamber formed by the channels
      42 and 44. When tube 40 is inflated, the pressure acts against upper
      channel member 42 since lower channel member 44 is stationary. The
      resultant inflation urges upper channel member 42 upwardly in a vertical
      direction within the confines of the arm portions of lower channel 44 from
      the position illustrated in FIG. 2 to that illustrated in FIG. 3 lifting
      the web portion 48 of the upper channel above the plane of the top surface
      of the belts 12, 12a. In doing so, the ways lift an article such as the
      article "A" off the belts 12 and 12a as illustrated in FIG. 3. Article "A"
      is illustrated in transport mode in FIG. 2 and completely disengaged from
      the ways in FIG. 3 in the accumulation mode. It is important that the
      tubes 40 for all of the ways affecting a particular article be inflated
      equally and simultaneously.
PAR  Referring to FIG. 4, the tube-like member 40 may be made of a fabric
      reinforced neoprene rubber. The member 40 is closed at both its ends 50
      and 52 in any convenient fashion such as by vulcanizing. One of the ends
      such as end 50 is provided with an inlet tube or fitting 54 which is
      connected by means of suitable tubing (not shown) through an actuator
      control valve 60 to a source of fluid under pressure (not shown).
PAR  Referring to FIG. 5, a sensor arm 62 is pivotally anchored about a suitable
      pivot 64 secured to the framework of the conveyor support. The upper end
      of the sensor arm projects above the surface of the belts 12 and 12a,
      preferably between the center way 34 and one of the belts.
PAR  FIGS. 5 - 9 illustrate one type of arrangement which can be used to control
      the sequential actuation of the various sections of the conveyor. FIG. 5
      schematically illustrates a stop 100 which can be erected into the path of
      the articles by any suitable means. When the stop is erected (illustrated
      in phantom) it opens the normally closed valve 101 thereby admitting fluid
      under pressure from any suitable source to the common supply line 102. The
      valve 101 will remain open as long as the gate is erected.
PAR  When the first or lead article reaches the conveyor section at the gate, it
      will depress sensor 62 which will rock counterclockwise about its pivot
      support against the bias of the spring 70. As it does so, its lower end 66
      will shift lengthwise along the slot 103 in the control link 104. It will
      also open normally closed valve 105 which is supplied from common supply
      line 102. This will admit fluid to the inflatable tube associated with the
      sensor 62 through line 106, raising the ways and shifting that section of
      the conveyor into accumulation mode.
PAR  At the next station upstream the opposite end of the control link 104 is
      also slotted at 106 to receive the end 66 of the next sensor 62a (FIGS. 8
      and 9). Sensor 62a is also biased into erected position by a spring 70. At
      this same end, the control link 104 overlaps the end of a second control
      link 107 which is also slotted at 108 (which cannot be seen because it is
      superimposed behind slot 106). When the sensor 62a is erected and both
      control links 104 and 107 are in normal or transport mode position, the
      end 66 of sensor 62a is at the downstream ends of both slots 106 and 108.
      As shown in FIG. 8, the upstream end of control link 104 has a laterally
      extending flange 109 to which is attached a spring 110 urging the link to
      shift upstream or to the right as illustrated. The flange 109 also engages
      the normally closed valve 111 which, in turn, is connected to the common
      supply line 102.
PAR  The upstream or right-hand end of control link 107 is identical to that of
      link 104, having a flange 109a, a spring 110a and a normally closed valve
      111a also connected to supply line 102. It is also slotted at 112 (FIG. 7)
      and overlaps the slotted downstream end of control link 113 (FIG. 8). The
      end 66 of sensor 62b is mounted through the slots at the overlapping ends
      of control links 107 and 113 in a manner identical to that illustrated in
      FIG. 9 for sensor 62a.
PAR  The springs 110 and 110a are weaker than any one of the springs 70, 70a or
      70b. Thus, when sensor 62 is depressed the control link 104 cannot shift
      upstream or to the right as illustrated, because the spring 110 cannot
      overcome the bias of spring 70a which is effectively holding the end 66 of
      sensor 62a at the left-hand end of slot 106. Thus, valve 111 remains
      closed. When the next article depresses sensor 62a, this restraint is
      eliminated and spring 110 shifts control link 104 to the right opening
      valve 111. This inflates the tubes supporting the ways associated with
      sensor 62a.
PAR  In repeat fashion, the shifting of sensor 62a does not permit control link
      107 to shift because it is restrained by the erected sensor 62b. Thus, the
      several way sections will be sequentially actuated, one by one, upstream
      of the conveyor as more and more articles accumulate.
PAR  To unload the conveyor and reestablish transport mode, the stop 100 is
      lowered, closing valve 101. Valve 101, as illustrated in FIG. 6, provides
      an automatic bleed when it is closed. This exhausts fluid through open
      valve 105 from beneath the ways adjacent the stop. This will redeposit the
      first accumulated article on the belts and it will be moved off sensor 62.
      The spring 70 will then erect the sensor, shifting control link 104 to the
      left closing valve 111. Valve 111 being identical in construction to valve
      101 will then bleed fluid from its associated tubes lowering the ways at
      sensor 62a. This process will continue sequentially upstream of the
      conveyor until transport mode has been established for all of the
      articles.
PAR  The opening of valve 101 is prevented from bleeding fluid through any of
      the valves except valve 105 by the check valve 115 installed in line 102
      between valves 105 and 111.
PAR  Although various types of valves can be used with this invention, a
      preferred embodiment is illustrated in FIG. 6. Although this is described
      as valve 101, it will be understood that the following description applies
      equally to valves 105, 111 and 111a. The valve 101 has a centrally
      chambered housing 120. One end of the chamber is enlarged to form a seat
      for the ball check 121 which is biased closed by the spring 122. Fluid
      under pressure is supplied to the valve through the inlet port 123.
PAR  Also seated in the chamber is the piston 124 having at one end, an exterior
      head 125 and at the other end a reduced shank 126. The spindle adjacent
      the head has a sufficiently loose fit in the housing to provide a bleed
      127 from the inner portion of the chamber. Surrounding the spindle at the
      head is an O-ring seal 128 which, when the spindle is shifted to open the
      ball check 121, closes the bleed 127. Fluid is discharged from the central
      chamber through the outlet port 129.
PAR  Although not illustrated, it will be recognized that the laterally adjacent
      ways of each section or zone must be operated simultaneously. Thus, each
      of the valves 105, 111 or 111a is connected to as many of the inflatable
      tubes as there are ways in the section. By connecting them to a single
      valve, coordinated operation is assured.
PAR  It will be recognized that a single, wide belt could be substituted for the
      two belts 12 and 12a. It will also be recognized that for certain
      applications, chains or mesh-type belts could be substituted for belts.
PAR  Although but one embodiment has been shown and described in detail, it will
      be obvious to those having ordinary skill in this art that the details of
      construction of this particular embodiment may be modified in a great many
      ways without departing from the unique concepts presented. It is,
      therefore, intended that the invention is limited only by the scope of the
      appended claims rather than by particular details of construction shown,
      except as specifically stated in the claims.
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STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An accumulator conveyor for conveying articles and packages comprising
      an endless, continuously driven article transport means defining at least
      one continuous article transporting and support surface moving
      continuously in one direction, at least one pair of article lifting means
      arranged adjacent each side of said conveyor for lifting packages and
      articles from transporting engagement with said continuous supporting
      surface; said lifting means including a plurality of vertically shiftable
      support means for shifting the conveyed articles or packages between a
      first position wherein articles on said conveyor above the same are lifted
      up from transport influence by said transport means and a second position
      in which articles are supported entirely on said transport means; said
      vertically shiftable support means having high friction surfaces, being
      elongated and extending at least the length of the packages or articles
      being conveyed, being stationary lengthwise of said article transporting
      and support surface, and being arranged adjacent, along and generally
      parallel to each side of said article transporting and support surface;
      said support surface extending substantially entirely between said pair of
      vertically shiftable support means to substantially entirely support any
      packages and articles on said support surface; a normally inoperative
      powered actuator for raising and lowering each of said support means; a
      sensor connected to each of said powered actuators for actuating the same
      in response to the presence of an article; a stop; means for moving said
      stop into the path of any articles or packages on said transport means;
      means interconnecting said stop and said sensor to allow activation of
      said actuators only when said stop is in the path of any articles or
      packages on said transport means.
NUM  2.
PAR  2. An accumulator conveyor as described in claim 1 including a plurality of
      pairs of lifting means arranged in tandem along either side of said
      transport means; a second sensor; each of said powered actuators for each
      of said lifting means except that at the discharge end of said conveyor
      being connected to said second sensor; the first of said sensors being
      located in the same section of said conveyor as the lifting means moved by
      the actuator connected to said first sensor; and second sensor being
      located in the next downstream section of said conveyor; second means
      interconnecting said sensors and responsive to the positioning of said
      stop in the path of any articles and packages on said transport means
      whereby said actuator connected to said first sensor remains inoperative
      until both of said sensors simultaneously respond to the presence of
      articles and said stop is moved into the path of any articles or packages
      on said transport means.
NUM  3.
PAR  3. An accumulator conveyor as described in claim 2 wherein said transport
      means is a belt and said lifting means are elongated way bars flanking the
      sides of said belt and said actuators are pneumatically inflatable tubes
      beneath said way bars; a source of air under pressure and a normally
      closed valve between said source and each of said actuators; said stop and
      each of said sensors connected to the valve for its associated actuator,
      said second interconnecting means including a lost motion connection
      rendering said first sensor inoperative to open said valve unless said
      second sensor is responding to the pressure of an article.
NUM  4.
PAR  4. An accumulator conveyor as described in claim 1 wherein said article
      transport means is a pair of parallel spaced belts forming a medial lane
      between them; said lifting means including a plurality of said support
      means arranged in tandem in said medial lane and operatively
      interconnected to the laterally adjacent support means of said lifting
      means which flank said belts.
NUM  5.
PAR  5. An accumulator conveyor as described in claim 4 wherein the width of
      said belts is such as to constitute a major portion of the width of the
      conveyor.
NUM  6.
PAR  6. An accumulator conveyor as described in claim 1 wherein said lifting
      means has a lower U-shaped channel rigidly supported from said frame and a
      plurality of upper channels of inverted U-shape seated within said lower
      channel; said channels forming an elongated chamber therebetween; said
      powered actuators being elongated inflatable tubes seated in said chamber
      and arranged in tandem, one beneath each of said upper channel sections.
NUM  7.
PAR  7. An accumulator conveyor adapted for conveying articles and packages
      comprising an endless belt driven continuously in one direction defining
      an article transporting and support surface, a plurality of accumulator
      sections having a pair of accumulator members, one accumulator member on
      each side of and paralleling said belt and being arranged laterally
      opposite a corresponding accumulator member adjacent the opposite side of
      said belt, said support surface of said belt extending substantially
      entirely between said pair of accumulator members in each of said sections
      to substantially entirely support any package or article on said support
      surface; each of said accumulator members having a rigid article engaging
      portion; a powered actuator beneath each of said article engaging portions
      for shifting said article engaging portion from a normal first lower
      position beneath said article transporting surface to a raised second
      position for supporting an article above said belt, the powered actuators
      of each pair of members being operatively connected for simultaneous
      operation; the actuators for each pair of actuator members being
      separately operable from those of the other pairs of actuator members; an
      article responsive sensor adjacent each of said sections, each sensor
      connected to the powered actuators for the pair of accumulator members in
      one of said sections to actuate said actuators; a stop; means for moving
      said stop into the path of any articles or packages on said belt; first
      means interconnecting said stop and said sensors to allow activation of
      said actuators only when said stop is in the path of any articles or
      packages on said belt; and second means interconnecting the sensor for one
      section with the sensors of each adjacent section, said second
      interconnection means restraining the sensor of one section from
      activating its associated powered actuators unless the sensor of the next
      downstream section is responding to the presence of an article.
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ABST
PAL  In a conveyor system having a flexible material-supporting belt made up of
      a plurality of sections connected end to end, there is provided a single,
      generally channel-shaped track for establishing a selected course of
      travel for the belt and an arrangement for moving the belt along the track
      inclusive of a pulling chain and a plurality of roller carriages on
      rollers affixed to the pulling chain at selected spaced intervals along
      the chain, the chain and rollers being entirely enclosed inside the track
      with the track providing entirely inside track surfaces for the rollers.
      Each roller carriage fastens to the belt and there may be provided a
      minimum spacing between roller carriages preferably one roller carriage
      per belt section with a roller carriage attached to each vertical chain
      link section placing a roller carriage at each pair of abutting ends of
      each belt section. The track configuration and roller mountings include
      combinations of vertical, horizontal and inclined dispositions for
      different applications.
BSUM
PAC  FIELD
PAR  This invention relates to conveyor systems and more particularly to
      improvements in the conveyor systems that are specifically adapted to move
      a variety of materials on a flexible belt in three dimensions through a
      curved path.
PAC  BACKGROUND
PAR  A variety of different styles of conveyor systems utilizing a flexible belt
      that moves in three dimensions through a curved path have heretofore been
      provided and afford several features and advantages over other types of
      known conveyors presently in use for moving materials. A conveyor system
      of the type described herein has a flexible, material-supporting belt
      designed and supported to pass in three dimensions through curves wherein
      there is utilized a track, a pulling member and a plurality of spaced
      roller carriages affixed between the belt and pulling member. The movement
      in three dimensions refers to the capability of the belt moving up and
      down, laterally, and with substantial rotation about its longitudinal axis
      along the course of travel through a curved path while supporting the load
      from below the load. The features and advantages of a conveyor system of
      the present invention over other types commonly in use include the
      capability of negotiating horizontal, vertical and spiral curves, moving
      goods up relatively steep grades, the provision of side discharges without
      sloping or slowing of the conveyor and the capability of carrying loads in
      either direction.
PAR  In prior known conveyor systems presently in use, there is provided a track
      with both inside and outside track surfaces, a track pulling chain or the
      like and a plurality of roller carriages affixed at spaced intervals
      between the belt and the pulling chain, the carriages and in turn the belt
      being moved by the movement of the pulling chain with the roller surfaces
      and chain being exposed to corrosive and abrasive materials and the like.
      Each roller carriage has four rollers arranged two on each side of the
      pulling chain, one roller on each side of the chain has its axis disposed
      horizontally and the other roller has its axis disposed vertically. The
      horizontal rollers bear on the bottom flanges of the track while the
      vertical rollers bear on the outside track surfaces. In this arrangement,
      the roller carriages are relatively heavy and are usually spaced at about
      one roller carriage for each five belt sections leaving a substantial
      space between roller carriages.
PAR  With a roller arrangement in which there are pairs of both inside and
      outside rollers relative to the track, the bottom surface of the track is
      the only surface on which support legs and other support structure can be
      affixed. Moreover, the wall thickness of the track has to be within
      certain limits and in some instances a very thick track wall is necessary
      for special features such as a side discharge or the like. This prior art
      arrangement does not provide for the taking of the roller carriage out of
      the track except when a tension or drive station or a combination thereof
      are provided. The rollers and chain located outside the track result in an
      abrasive material or other undesirable corrosive or foreign materials
      being free to enter between the roller and the chain links resulting in
      undue wear on the rollers surfaces and the chain links. Moreover, with a
      roller arrangement disposed outside the track the roller carriage has to
      have additional structure to hold the rollers so that the roller carriages
      become relatively heavy. In arrangements where there is substantial
      spacing between roller carriages there is a limit as to the radius curves
      and substantial tension is required on the chain to avoid undue sagging.
PAR  Accordingly, it is an object of this invention to provide an improved
      conveyor system that will readily move in three dimensions along a curved
      path.
PAR  Another object of this invention is to provide an improved conveyor
      characterized by a unique construction and arrangement of roller carriage
      and rollers in which the rollers exert lateral and vertical thrust against
      the track entirely from within the track against the inside surfaces of
      the track.
PAR  Yet another object of this invention is to provide an improved conveyor
      system characterized by smaller and lighter roller carriages using more
      per length of belt that will travel around smaller radius curves and
      requires less chain tension and had less chain sag between roller
      carriages.
PAR  Yet a further object of this invention is to provide a novel conveyor
      system in which there are no external carriage rollers but the rollers and
      the pulling chain are entirely within the track and inside of the track is
      closed off to provent abrasive and like foreign materials from affecting
      the bearing surfaces supporting the carriage rollers and the pulling chain
      links.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a generally schematic side elevation view of portions of a
      conveyor system showing both upper and lower runs embodying features of
      the present invention;
PAR  FIG. 2 is a vertical sectional view taken along lines 2--2 of FIG. 1 with
      the belt removed;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary generally schematic side elevation view of a form
      of the invention showing a portion of the upper run using separate
      carriages for alternating pairs of horizontal and vertical roller sets;
PAR  FIG. 5 is a vertical sectional view taken along lines 5--5 of FIG. 4
      through the roller carriage with the pari of vertical rollers;
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 5;
PAR  FIG. 7 is a vertical sectional view taken along lines 7--7 of FIG. 4
      through the roller carriage with a pair of horizontal rollers;
PAR  FIG. 8 is a sectional view taken along lines 8--8 of FIG. 7;
PAR  FIG. 9 is a vertical sectional view of another form of track, rollers, and
      roller carriage arrangement having all track surfaces arranged on an
      incline; and
PAR  FIG. 10 is a vertical sectional view of yet another form of track, roller
      and roller carriage arrangement using horizontal and inclined track
      surfaces.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in FIG. 1 there is shown a conveyor system
      embodying features of the present invention which in general is comprised
      of an endless belt 11 made up of a plurality of similar interconnected
      material-supporting belt sections S for supporting the material being
      conveyed and a single, generally channel-shaped track 12 in an endless
      configuration establishing a course of travel for the belt 11. The belt is
      moved by a pulling chain 13 located entirely inside the track 12 having
      alternating horizontal links 13a and vertical links 13b driven by a
      suitable power source in a conventional manner while a plurality of roller
      carriages 14 are fastened at selected spaced intervals to the pulling
      chain 13 and as specifically shown there is one roller carriage for each
      belt section S with the abutting ends of each belt section being attached
      to each successive vertical link 13b of the chain with the roller
      carriages each being affixed to the belt at their upper ends as described
      in detail hereinafter. In the system shown in FIG. 1 the pulling chain
      extends over a drive sprocket on a drive head 16 associated with a source
      of rotating power at one end of the belt and a tensioning sprocket 17 on a
      tensioning head 18 at the other end of the belt in a conventional manner.
      The tensioning head functions to change the tension in the pulling chain.
PAR  The endless belt 11 is comprised of a plurality of similar sections S
      connected end to end at each end by bolt fasteners or the like. Each belt
      section has a fiberless rubber or rubberized portion R vulcanized to a
      pan-shaped steel plate P, the places P being fastened together by bolts B
      that attach to the carriages as described fully hereinafter. On the
      conveying surface, a vertical fold F is molded into the rubberized portion
      R between the end plates P so that when turning curves, the folds F allow
      the inner side of the belt to compress and the outer side to stretch. The
      details of construction of a belt and belt sections that is suitable for
      use in the present invention is fully described in detail in U.S. Pat. No.
      2,818,962.
PAR  As above noted in FIG. 1 there is shown using a channel-shaped track and
      carriage support rollers entirely within the track, a preferred ratio of
      one roller carriage for each belt section and a ratio of two chain links
      for each roller carriage and each belt section. This represents the use of
      more roller carriages and a shorter spacing between roller carriages than
      those heretofore provided. In the typical prior art roller carriage above
      described because of the weight of the roller carriage that supported
      rollers both inside and outside the track they were spaced at about one
      carriage per five belt sections. In terms of distance, each belt section
      has a length of eight inches and each chain link a pitch length of four
      inches. While the ratio of one roller carriage per belt section represents
      the minimum spacing between roller carriages that can be achieved and
      advantageously used for some applications but it is understood that for
      other applications fewer roller carriages and thus greater spacing between
      roller carriages may be desirable and can also be carried out with the
      present invention.
PAR  The track 12 shown in FIG. 2 is generally channel-shaped and symmetrically
      arranged on each side of a vertical center line and as shown is comprised
      of a horizontally disposed flat bottom wall 21, a pair of opposed, spaced,
      vertically disposed side walls 22 and 23 extending up from opposite ends
      of the bottom wall and a pair of inturned top walls 24 and 25 extending
      inwardly from side walls 22 and 23, respectively, that terminate so as to
      form a centrally disposed top slot 26 extending along the lengthwise
      extent of the track.
PAR  Each of the roller carriages 14 that roll along the track 12 are comprised
      of a carriage body, preferably formed as a single body in the form of
      FIGS. 1 through 3 having a main body portion 31 from which project a pair
      of laterally projecting opposed side portions 32 and 33 of generally
      circular contour, each side portion having a central recess 34 bounded by
      an upper flange section and a lower flange section, a neck portion 36 of
      reduced size that projects up from the main body portion 31 through the
      top slot 26 and terminates in a bracket 37 of right angle cross section
      provided with holes 38 that fastens to the abutting fastening plate P at
      the abutting ends of two belt sections S by bolt fasteners B. The main
      body portion 31 has an inverted U-shaped center slot 39 opening along the
      bottom thereof through which a vertical link 13b of the pulling chain
      extends and the chain is held in place by a removable bottom cap 41 shown
      as being held in place by a pair of bolt fasteners 42.
PAR  A horizontal roller 45, rotatable about a horizontal axis, is mounted on
      side support 32 and in a like manner a horizontal roller 46 is mounted on
      side portion 33 with these rollers having peripheral surfaces that bear on
      the inside of the top or bottom walls of the track to transmit the
      vertical thrust of the material on the belt and the chain to the inside
      surfaces of the track. The horizontal rollers 45 and 46 are shown to be
      mounted on similar ball bearing structure. Referring to roller 45, it is
      mounted on a plurality of circumferentially spaced ball bearings 47
      mounted in a race 48 affixed to the outer periphery of the associated side
      portion 32.
PAR  Vertical rollers 51 and 52 of the sleeve bearing type and preferably nylon
      or the like are mounted within recesses in side portions 32 and 33,
      respectively. The vertical rollers are rotatably mounted in a similar
      manner and with reference to roller 51, it is mounted on a central journal
      shaft 53 with its peripheral surfaces bearing on the inside of the side
      walls of the track to transmit the lateral thrust of the load on the belt
      and chain to the inside track surfaces of side walls 22 and 23.
PAR  A movable closure for the slot 26 in the track is provided by an elongated
      flexible flap 55 of generally rectangular cross section with flat surfaces
      that is split longitudinally into two sections 55a and 55b and the two
      sections making up the flap and has central openings 56 that are spaced
      apart along the flap to receive the neck of each roller carriage. Each
      section is shown as affixed to the underside of the fastening flange 37 by
      a rivet-type fastener 57 and rests on the top surfaces of the track to
      close the top slot as the belt is moved relative to the track. It is
      understood that the closure for the slot is advantageous for keeping out
      some materials being conveyed but is an optional feature that is not
      essential for all applications.
PAR  In another roller carriage and roller arrangement shown in FIGS. 4 through
      6 there is provided a track similar in shape to that above described in
      which a pair of roller carriages 60 and 61 spaced from one another along
      the track 12 and again are preferably disposed with one roller carriage
      per belt section and per vertical chain link as shown in FIG. 4. The
      roller carriage 60 has a pair of opposed similar side portions one of
      which is designated by numeral 62 for reference purposes and is movably
      supported on a set of vertical, sleeve-supported rollers 63 rotatable
      about a vertical axis while carriage 61 is movably supported on a set of
      sleeve-supported horizontal rollers 65 rotatable about a horizontal axis.
      Each vertical roller is mounted in a similar manner and is mounted on a
      central vertical journal shaft 67 affixed to the side portion at its upper
      and lower ends. Each horizontal roller 65 is mounted in a similar manner
      and is supported on the side portion 68 which forms a hub. The use of a
      pair of the carriages with alternating horizontal and vertical rollers on
      separate carriage bodies allows the use of a lighter weight and simpler
      carriage body design since only one set of bearings is attached to each of
      the laterally projecting side portions of the roller carriage. An
      alternative form of closure for sealing off the inside of the track is
      shown in FIGS. 4 through 6. Again the closure is in the form of an
      elongated flexible flap 64 that is split into two sections 64a and 64b.
      Each flap has a flat section that is affixed to the fastener flange 37 by
      a rivet and a downwardly bowed section that bears against the top of the
      track outwardly of the slot. The inner ends of the two sections overlap.
      The thickness of this flap is considerably less than the spacing between
      the flanges and the track to allow considerable flexure in the closure.
PAR  The above described arrangements with the rollers entirely inside the track
      and particularly the arrangement shown in FIGS. 4 through 8 using
      carriages with alternating horizontal and vertical rollers makes possible
      a smaller and lighter roller carriage than heretofore provided. This
      reduces the cost of construction and allows more roller carriages to be
      used at closer intervals between roller carriages. As a result each roller
      takes a smaller force and relatively light load bearings such as nylon,
      sleeve-type bearings can be used. Other advantages of more roller carriage
      per length is that the conveyor will travel around smaller radius curves
      and less chain tension is required because the chain does not sag between
      roller carriages. There is also less wear on the chain because of a
      smaller angle between chain links.
PAR  Referring now to FIG. 9, there is shown another form of the invention
      characterized by the use of another form of generally channel-shaped track
      having inclined track and roller dispositions in which a track 70 is
      arranged so that on each side of a vertical center line there is an upper
      section 71 that extends in and up at a 45.degree. angle to the vertical
      and a lower section 72 that extends down and in from the outer end of the
      upper section at a 45.degree. angle to the vertical and a horizontal
      bottom section 73. The roller carriage for this form has a main body
      portion 75 with a centrally disposed slot 74 opening through the bottom
      thereof to receive a vertical link 13b of the pulling chain and a pair of
      opposed side portions having an upper side portion 76 arranged on a
      45.degree. angle to the vertical and complementary to the upper track
      section 71 and a lower side portion 77 on a 45.degree. angle to be
      complementary with the lower track section 72. An upper roller 78 is
      rotatably mounted on a journal shaft 79 in a recess in the upper side
      portion 76 to bear against the inside surface of the upper track section.
      In a like manner a lower roller 80 is rotatably mounted on a journal shaft
      81 in a recess in the lower side portion 77 on a 45 degree angle to bear
      against the inside surface of the lower track section 72.
PAR  Again, a closure in the form of a flexible flap 82 is made in two sections
      fastened to the flange 37 by rivets that abut along the inner ends and
      extend down and out over the upper portions of the track to form a moving
      seal. In this form all of the bearings carry a portion of both the
      horizontal and vertical thrusts resulting from a load on the moving belt
      and the tension on the chain.
PAR  In yet another form of the present invention shown in FIG. 10, a generally
      channel-shaped track 84 has a horizontally disposed upper track section 85
      on each side of a vertical center line to form a slot 86 in the top
      thereof together with a lower track section 87 on each side of the
      vertical center line that extends down and in from an associated top track
      section on an angle of 45.degree. to the vertical. In this form the roller
      carriage has a main body portion made in two separate parts, an upper part
      88 and a lower part 89 that are held by fasteners such as bolts (not
      shown) and separate along horizontal parting line 90 with a central slot
      91 in both upper and lower parts for the vertical link 13b of the pulling
      chain. A side portion 92 of the upper part supports a horizontal roller 93
      in a recess therein on a journal shaft 94 to engage the inside surface of
      the upper track section 85 and an inclined roller 95 in a recess therein
      on a journal shaft 96 on a side portion of the lower part 89 to engage the
      inside inclined surface of the lower track section 87. The seal 97 is of
      the type above described with reference to FIGS. 4 through 8.
PAR  In each of the above forms it will be observed that the center line of each
      of the carriage rollers is in a plane through the center of the links of
      the pulling chain. This feature has been found to afford more stability
      and when the belt is twisted for a side discharge it is easier to twist
      without displacing the location of the pulling chain.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a conveyor system capable of moving up and down, laterally, and with
      substantial rotation about its longitudinal axis along the course of
      travel through a curved path while supporting a load from below the load,
      the combination comprising:
PA1  a flexible, material-supporting belt made up of a plurality of repetitive
      belt sections arranged end to end;
PA1  a generally channel-shaped track having inside track surfaces arranged for
      establishing a selected course of travel for the belt, said track
      including a top run in which the belt is arranged for supporting a load
      thereon from below the load, said top run having a track section with a
      center slot in a top wall and a closed bottom wall; and
PA1  belt moving means including a pulling chain adapted to be moved by a source
      of motive power, said pulling chain having a series of generally
      ellipsoidal-shaped alternating horizontal and vertical interconnnected
      links extending along the inside of the track and a plurality of roller
      carriages releasably affixed at selected spaced intervals to the link
      chain to space said roller carriages along the track, each said roller
      carriage having a main body portion, a pair of side portions projecting
      laterally outwardly from opposite sides of said main body portion and a
      neck portion extending from said main body portion through and beyond the
      center slot and affixed to the belt, each said main body portion having a
      center slot centered so that the geometric center of one of said chain
      links positioned in said center slot is in the geometric center of said
      main body portion, at least one support roller mounted on each of said
      side portions, said support rollers being contained entirely within the
      track and bearing on the inside track surfaces as said support rollers
      move inside said track, said side portions being symmetrically arranged on
      each side of a horizontal center line through the geometric center of said
      main body portion whereby load forces applied to the main body portion
      from the rollers are at all times in a direction toward the geometric
      center of the associated main body portion.
NUM  2.
PAR  2. In a conveyor system as set forth in claim 1 wherein there is one roller
      carriage for each belt section and each successive vertical link of the
      chain is affixed to a roller carriage, the roller carriage in turn being
      connected to abutting ends of each of two adjacent belt sections.
NUM  3.
PAR  3. In a conveyor system as set forth in claim 1 further including a closure
      means for the slot, said closure means being in the form of a flexible
      flap affixed to the carriages and bearing against an upper surface of the
      track to close the top slot of the track while said roller carriages are
      moving therealong.
NUM  4.
PAR  4. In a conveyor system as set forth in claim 1 wherein said track is
      generally channel-shaped and said top run having a horizontal bottom wall,
      a pair of opposed vertical side walls and a pair of inturned top wall
      portions forming a central top slot.
NUM  5.
PAR  5. In a conveyor system as set forth in claim 4 wherein each said roller
      carriage supports a roller on each side of a vertical center line of the
      carriage that is mounted to rotate about a vertical axis to transmit
      lateral thrust produced by the moving belt and pulling member to the
      inside track surfaces of the side walls of the track and supports a roller
      on each side of a vertical center line of the carriage that is mounted to
      rotate about a horizontal axis to transmit vertical thrust produced by the
      moving belt and pulling member to the inside track surfaces of the bottom
      and top wall portions of the track.
NUM  6.
PAR  6. In a conveyor system as set forth in claim 4 wherein said roller
      carriages are arranged in pairs spaced a selected distance from one
      another along the belt, one of said pairs of roller carriages having a
      roller supported on each side of a vertical center line of the carriage
      that is mounted to rotate about a vertical axis to transmit lateral thrust
      produced by the moving belt and pulling member to the inside track
      surfaces of the side walls of the track and the other of said roller
      carriages of each pair having a roller supported on each side of a
      vertical center line of the carriage that is mounted to rotate about a
      horizontal axis to transmit vertical thrust produced by the moving belt
      and to the inside track surfaces of the bottom and top wall portions of
      the track.
NUM  7.
PAR  7. In a conveyor system as set forth in claim 1 wherein said top run of
      said track has an upper inclined section and a lower inclined section on
      each side of a vertical center line, each said upper inclined section
      being inclined upwardly and inwardly at a selected angle to the vertical,
      said upper inclined sections terminating at their inner end to form a top
      center slot and each said lower inclined section being inclined downwardly
      and inwardly from an associated upper section at a selected angle to the
      vertical to form inclined inside track surfaces to guide the roller
      carriages.
NUM  8.
PAR  8. In a conveyor system as set forth in claim 7 wherein each roller
      carriage supports an upper roller on each side of a vertical center line
      of the carriage mounted on an inclined axis to transmit thrust produced by
      the moving belt to the adjacent upper inclined section of the track and a
      lower roller on each side of a center line of the carriage mounted on an
      inclined axis to transmit thrust produced by the moving belt to the
      adjacent lower inclined section of the track.
NUM  9.
PAR  9. In a conveyor system as set forth in claim 1 wherein said track has a
      horizontal upper section and a lower inclined section on each side of a
      vertical center line, said upper sections terminating at their inner ends
      to form a top slot, each said lower section being inclined downwardly and
      inwardly from the outer end of the associated upper section at a selected
      angle to form inclined inside track surfaces to guide the roller
      carriages.
NUM  10.
PAR  10. In a conveyor system as set forth in claim 9 wherein each roller
      carriage supports an upper roller on each side of a vertical center line
      of the carriage mounted on a horizontal axis to transmit thrust produced
      by the moving belt and pulling member to the adjacent lower inclined
      section of the track.
NUM  11.
PAR  11. In a conveyor system as set forth in claim 1 wherein the roller
      carriage is split along a parting line to form a pair of separable parts
      to afford access to the rollers supported thereon.
NUM  12.
PAR  12. In a conveyor system capable of moving up and down, laterally, and with
      substantial rotation about its longitudinal axis along the course of
      travel through a curved path while supporting a load from below the load,
      the combination comprising:
PA1  a flexible, material-supporting belt made up of a plurality of
      interconnected belt sections;
PA1  a generally channel-shaped track for the belt having inside track surfaces
      for establishing a selected course of travel for the belt, said track
      including a top run in which the belt is arranged for supporting a load
      thereon from below the load, said top run having a track section with a
      center slot in a top wall and a closed bottom wall;
PA1  a pulling chain adapted to be moved in either direction, said pulling chain
      having a series of generally ellipsoidal-shaped alternating horizontal and
      vertical chain links;
PA1  a plurality of roller carriages releasably affixed at selected spaced
      intervals to selected vertical links of the pulling chain to space said
      roller carriages along the track, each of said roller carriages having a
      main body portion, a pair of side portions projecting laterally outwardly
      from opposite sides of said main body portion and a neck portion extending
      through and above the slot and having a bracket affixed to the belt, each
      said main body portion having a center slot centered so that the geometric
      center of one of said chain links positioned in said center slot is in the
      geometric center of said main body portion, at least one support roller
      mounted on each of said side portions, said support rollers being
      contained entirely within the track and bearing on the inside track
      surfaces as said support rollers move inside said track, said side
      portions being symmetrically arranged on each side of a horizontal center
      line through the geometric center of said main body portion whereby load
      forces applied to the main body portion from the rollers are at all times
      in a direction toward the geometric center of the associated main body
      portion; and
PA1  closure means operatively associated with the roller carriages sealing off
      the inside of the track at said center slot so that the carriage rollers
      and pulling chain are enclosed therein.
NUM  13.
PAR  13. In a conveyor system capable of moving up and down, laterally, and with
      substantial rotation about its longitudinal axis along the course of
      travel through a curved path while supporting a load from below the load
      and having a drive sprocket driven by a bi-directional drive head and
      chain tensioning means adapted to move in three dimensions through curves,
      the combination comprising:
PA1  a material-supporting endless belt made up of a plurality of similar,
      flexible belt sections connected end to end, each said belt section having
      a flexible fold and rigid end plates at each end, the end plates of each
      adjacent belt sections being fastened together;
PA1  a single, generally channel-shaped track for the belt having inside track
      surfaces for establishing a selected course of travel for the belt, said
      track including a top run in which the belt is arranged for supporting a
      load thereon from below the load, said top run having a track section with
      a center slot in a top wall and a closed bottom wall;
PA1  a pulling chain adapted to be moved in either direction by the drive head
      and tensioned by said tensioning means, said pulling chain being inside
      the track and having a series of generally ellipsoidal-shaped alternating
      horizontal and vertical chain links with one vertical chain link per belt
      section;
PA1  a plurality of roller carriages with one roller carriage for each belt
      section, each roller carriage being releasably affixed to a vertical chain
      link to be spaced apart and moved by the pulling chain, each said roller
      carriage having a main body portion, a pair of side portions projecting
      laterally outwardly from opposite sides of said main body portion and a
      neck portion extending through and beyond the track slot and terminating
      in a bracket attached to the end plates to two adjacent belt sections,
      each said main body portion having a center slot centered so that the
      geometric center of one of said chain links positioned in said center slot
      is in the geometric center of said main body portion, at least one support
      roller mounted on each of said side portions, said rollers being contained
      entirely within the track and bearing on the inside track surfaces as said
      support rollers move inside said track, said side portions being
      symmetrically arranged on each side of a horizontal center line through
      the geometric center of said main body portion whereby load forces applied
      to the main body portion from the rollers are at all times in a direction
      toward the geometric center of the associated main body portion; and
PA1  a flexible closure flap affixed to the roller carriages and encompassing
      the neck portion and extending over and in engagement with the upper
      portion of the track to close off the center slot and enclose the carriage
      rollers and chain entirely within the track.
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ABST
PAL  The present invention relates to conveyors for the transportation of piles
      of newspapers and can be used with the utmost effictiveness for conveying
      piles of newspapers delivered by a web-fed rotary printing press.
PAL  The disclosed conveyor for piles of newspapers comprises a chain supporting
      carriages carrying clamps thereon in the form of fork-shaped flaps
      together making a closed receptacle for piles of newspapers, with one of
      the fork-shaped flaps having the prongs thereof bent at both ends toward
      the other one of the fork-shaped flaps, with the central part of each one
      of these prongs being a curved one, with the convex portion facing the
      same direction as the bent ends, and with the flaps being associated with
      flap opening mechanism. The disclosed structure provides for reliable
      retention of the newspapers in the clamp preventing displacement of the
      newspapers in the pile being conveyed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to conveying means in the printing arts
      industry and, more particularly, it relates to conveyors for the
      transportation of piles of newspapers.
PAR  The invention can be used to the utmost effectiveness for conveying piles
      of newspapers delivered by a delivery arrangement of a web-fed rotary
      printing press.
PAR  At present, newspapers delivered in a continuous stream by the folder of a
      web-fed rotary printing press are conveyed by means of a conveyor
      comprising a driven endless chain having carriages mounted thereof for
      joint travel therewith. Each carriage, in its turn, has clamps mounted
      thereon for gripping each newspaper in the stream by its side margins,
      said clamps being actuated by stationary cams.
PAR  This known conveyor provides for the reliable transportation of individual
      newspapers, however, it cannot be used for conveying piles of newspapers.
PAR  Conveyors are presently being developed for the newspaper industry for
      piles of newspapers, comprising a driven three-dimensional endless chain
      having mounted thereon carriages for travelling jointly therewith. Each
      carriage has mounted thereon in a cantilever fashion rods with platforms
      adapted to support piles of newspapers, with the platforms being retained
      against rocking by a corresponding retaining means during motion of the
      chain.
PAR  These conveyors ensure the reliable conveyance of piles of newspapers with
      the platforms being retained against rocking; however, this structure is
      fit predominantly for conveyors having no portions thereof where the plane
      of the travel varies. Otherwise, it is necessary to provide at such
      portions additional means for ensuring the strictly horizontal position of
      the platforms with the piles thereon, as the latter might fall off the
      platforms.
PAR  The provision of such additional means complicates the structure of the
      conveyor; furthermore, it puts stricter requirements as to the accuracy of
      the manufacture of the known conveyors.
PAR  In a pending application by the same inventors, a conveyor has been
      disclosed in detail for piles of newspapers, which incorporate clamps
      comprising spring-biased fork-shaped flaps mounted on the conveyor chain
      for alternating rotation for the opening and closing of the flaps at
      loading and unloading stations of the conveyor.
PAR  Since the folds of the newspapers in each pile leaving the web-fed rotary
      press are rotated through 180.degree. relative to the preceding pile, the
      flaps with their bent-away prongs in each clamp in the known conveyor are
      alternatingly inclined toward the folds of the newspapers in the pile
      being conveyed. The flaps are opened by means of followers fixed directly
      on the flaps, and engageable by stationary cams positioned at the loading
      and unloading areas.
PAR  Although the above-described conveyor is structurally simple and provides
      for facilitated loading and unloading of the clamps, as well as for
      three-dimensional conveying of the piles, this conveyor requires, however,
      in order to prevent displacement of the piles in the clamps, the necessity
      to ensure uniform clamping of the piles at several points along their
      margin, which is a relatively complicated task.
PAR  Besides, due to the necessity of alternatingly mounting clamps with flaps
      having their prongs inclined in opposite directions on the conveyor to
      conform to the position of the folds in the successive piles, a certain
      difficulty is encountered when the associated web-fed rotary press is
      being started. This is explained by the fact that prior to starting the
      rotary press, it is necessary to match the operation of its delivery with
      the position of the respective clamps of the conveyor, because when the
      operation of printing is either halted or completed, the conveyor operates
      independently of the press. Let us explain this in some more detail. In
      operation of the conveyor, which is driven indepenently of the web-fed
      rotary press, a clamp arriving at either the loading or unloading area may
      have its flaps inclined, e.g. to the right, whereas at the same moment the
      pile of newspapers leaving the delivery of the rotary press may have the
      folds facing to the left. Therefore, in order to clamp this particular
      pile, the conveyor must be halted and a clamp appropriate to this
      particular pile should be brought to the loading area, which involves a
      loss of time, and hinders the operation of the printing-conveying complex.
PAR  It should be also mentioned that the rotation of the flaps by the
      interaction of their own followers with stationary cams has been found to
      require highly accurate manufacturing and accurate positioning of the
      stationary cams.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to create a conveyor for piles of
      newspapers, which should provide for the reliable retention of the
      newspapers in the piles against displacement during transportation.
PAR  It is an important object of the present invention to create a conveyor for
      piles of newspapers, which provides for the reliable opening and closing
      of the clamps at the loading and unloading areas of the conveyor.
PAR  It is a further object of the present invention to create a conveyor for
      piles of newspapers, which are of a simple and easily operable structure.
PAR  It is still another object of the present invention to create a conveyor
      which is operable along any three-dimensional path including portions
      where the plane of travel of the conveyor varies.
PAR  These and other objects are accomplished in a conveyor for piles of
      newspapers comprising a driven three-dimensional endless chain having
      mounted thereon, for joint travel therewith, a plurality of
      newspaper-carrying carriages, in which conveyor, in accordance with the
      invention, each carriage has mounted thereon a clamp consisting of two
      fork-shaped spring-biased flaps making together a closed receptacle
      adapted to accommodate therein a pile of newspapers, one of the two forks
      having the prongs thereof bent at both ends toward the other fork, the
      central portion of each said prong of said one fork being curved to form a
      convex portion facing the same direction as the said bent ends, the two
      flaps being associated with a flap opening mechanism including two
      coaxially arranged tubes of which the internal one is relatively
      stationary and has a rectangular slot cut therein, the external tube
      carrying the said flaps and having a helical slot cut therein, the
      external tube being rotatable about the internal one, a stud with a
      follower thereon extending through said two slots, the follower being
      adapted to engage at the loading and unloading areas the respective
      stationary cams, which engagement resulting in the rotation of said
      external tube relative to said internal tube, whereby said flaps are
      opened. The provision of the fork-shaped flaps with the prongs being bent
      at both ends and which are curving at the centre thereof provides for the
      fixed retention of a pile in the clamp, i.e. prevents the displacement of
      the newspapers in the pile during transportation. This is due to the fact
      that the convex portions of the prongs of the flap offers something like a
      reinforcement rib for the pile and retains it at the bending points along
      the margins of the newspapers. Besides, the provision of this flap enables
      the clamping of piles irrespectively of the position of the folds in these
      piles. This has become possible owing to the fact that the apex of the
      convex portion divides the space intermediate of the bent ends of the
      prongs of the flap into two equal sub-spaces, with each affording a recess
      for the folds of the newspapers. Therefore, irrespective of the position
      of the folds in a pile, each pile is reliably and easily accommodated in
      the clamp.
PAR  With the flap opening mechanism consisting of tubes with slots receiving a
      stud therein with the follower, the entire structure of the conveyor is
      simplified, since in this case the cam's stationary position for
      engagement of the follower can be rectilinear. It has become possible
      because the follower has been transferred from the movable flaps, as was
      the case with the hitherto known conveyors, onto the stud movable in the
      plane of the arrangement of the flaps.
PAR  In accordance with a preferred embodiment of the present invention all the
      apices of the convex portions of the respective prongs of the fork belong
      to one plane, so to render the pile of the newspapers more rigid during
      transportation.
PAR  For the present invention to be better understood, there follows
      hereinbelow a description of an embodiment of the invention, with
      reference being had to the accompanying drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of the herein disclosed conveyor for
      piles of newspapers;
PAR  FIG. 2 is a side elevation of a clamp with the flaps together making a
      closed receptacle;
PAR  FIG. 3 is a longitudinally sectioned plan view of the flap opening
      mechanism;
PAR  FIG. 4 is a side elevation of the clamp at the position of loading
      newspapers thereinto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The herein disclosed conveyor comprises a driven three-dimensional endless
      chain 1 (FIG. 1) carrying clamps 2 uniformly spaced therealong for piles 3
      of newspapers. The chain 1 is driven by an electric motor 4 through a
      reducing gear 5 and a driving sprocket 6. As it can be seen from the
      drawing, FIG. 1 the path of the chain has several portions whereat the
      plane of its travel varies, with the chain running vertically at the
      loading and unloading areas where stationary cams 7 and 8 are mounted,
      respectively. The chain 1 carries thereon carriages 9 (FIG. 2), each
      having its wheels 10 running along guideways 11 arranged congruently with
      the path of the chain 1. The carriages 9 support thereon the clamps 2 of
      which each clamp 2 is defined by two spring-biased fork-shaped flaps 12
      and 13 forming together a closed receptacle adapted to accommodate therein
      a pile of newspapers.
PAR  Flap 13 has the prongs 14 thereof having their ends bent toward the other
      flap 12, with the central portions of the prongs 14 being curved to form
      convex portions 15 facing the same direction as the bent ends of the
      prongs 14. The apex of each convex portion 15 divides the space between
      the bent ends of the prongs 14 into two symmetrical sub-spaces 16 and 17,
      each offering a recess for a pile of newspapers. As a result, a pile of
      newspapers is reliably and positively clamped in the receptacle,
      irrespectively of the position of the folds of the newspapers in the pile.
      This is explained by the fact that the apex of the convex portion 15
      offers a reinforcement rib to the pile of the newspapers and enables it to
      retain the pile at the points of bending of the newspapers along their
      margins.
PAR  In order to open the flaps 12 and 13, there is provided a mechanism
      including two coaxially arranged tubes 18 and 19 (FIG. 3), with the tube
      19 being the internal one, and being fixedly secured on the shaft 20 of
      the clamp 2, whereas the external tube 18 is mounted for rotation about
      the internal tube 19 and has mounted thereon prongs 21 of the flap 12, and
      prongs 14 of the flap 13.
PAR  The tubes 18 and 19 have slots 22 and 23 made therein respectively, with
      the slot 22 being a rectangular one, while the slot 23 is helical. These
      slots are aligned and receive therein a stud 24 with a follower 25, which
      are adapted to engage the cams 7 and 8 mounted at the areas of loading and
      unloading the clamps 2.
PAR  The result of this engagement is the opening of either of the flaps 12 or
      flaps 13, as can be seen in FIG. 4.
PAR  The side walls of the receptacle are defined by pins 26 fastened to the
      prongs 14 of the flap 13. A spring-urged panel 27 effects additional
      retention of a pile in the clamp 2.
PAR  Piles 3 of newspapers delivered by the associated web-fed rotary printing
      press (not shown in the drawings) are brought onto a fork-shaped table 28
      from which the piles are loaded into the successive clamps 2.
PAR  The herein disclosed conveyor operates, as follows. As the electric motor 4
      is energized, the chain 1 with the carriages 9 starts moving along its
      three-dimensional path. At the area of loading the clamps 2, the
      engagement of the respective follower 25 associated with the flap 12 with
      the cam 7 results in the stud 24 being displaced along the slot 22,
      whereby the flap 12 is rotated owing to the stud 24 being also displaced
      along the helical path 23, in which way the clamp 2 is opened. As the
      prongs of the flap 13 pass between the prongs of the table 28, the flap 13
      snatches the pile 3 of newspapers off with the table 28, the pile 3 being
      accommodated in this flap and acquiring its curving shape, whereby the
      pile becomes more rigid and offers an area where the newspapers may bend
      in order to follow the outline of the prongs for retaining the newspapers.
      As the chain 1 moves on, the follower 25 gradually rolls off the cam 7,
      and the stud 24 returns under the action of the spring into its initial
      position, whereby the flap 12 is closed, and the pile 3 of newspapers is
      reliably retained in the clamp 2. In this fixed position the pile 3 is
      conveyed toward the unloading area where the clamp 2 enters in an
      overturned position, i.e. with the flap 13 overlying the flap 12. Then the
      followers 25 associated with the flaps 13 engage the cams 8 in the
      above-described manner, whereby the flap 13 is first opened, and then the
      pile is taken off the flap 12, e.g. by a multi-run chain conveyor (not
      shown in the drawings). After having cleared the unloading area the clamp
      2 is closed once again.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A conveyor for piles of newspapers, comprising: an endless chain movable
      along a three-dimensional path having areas where piles of newspapers are
      loaded thereon and unloaded therefrom; means for effecting motion of said
      chain along said path; cam means mounted at said loading and unloading
      areas; carriages mounted on said chain for joint travel therewith; a clamp
      mounted on each said carriage and comprising two spring-urged flaps, each
      in the form of a fork, with the two flaps together making a closed
      receptacle adapted to accommodate therein a pile of newspapers; one of
      said two forks having prongs bent at both ends thereof toward the other
      one of said flaps and being curved centrally thereof to form a convex
      portion facing the same direction as said bent ends; two coaxially
      arranged tubes of which one is internal and the other one is external;
      said internal one of said tubes being relatively stationary and being
      secured on said respective carriage and having made therein a rectangular
      slot; said external one of said tubes having said flaps mounted thereon
      and having a helically shaped slot made therein, with said external tube
      being mounted for rotation about said internal tube; a stud extending
      through said slots; a follower fastened on said stud adapted to engage at
      said loading and unloading areas said cam means of said conveyor to effect
      rotation of said external tube relative to said internal tube, whereby the
      opening and closing of said flaps is effected.
NUM  2.
PAR  2. The conveyor as claimed in claim 1, wherein all the apices of said
      convex portions of said curving prongs of said fork belong substantially
      to the same plane, so as to render a pile of papers being conveyed more
      rigid.
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ABST
PAL  A material handling conveyor comprising an overhead conveyor which supports
      containers or magazines for the material. The magazines have top and
      bottom openings and a closure for each which includes a closure mechanism
      having a movable lever. The first part of the movement of said lever
      effects the closing of the magazine and the last part of the movement of
      said lever clamps the closure down tight on the magazine to provide a
      leakproof seal. The entire area of the magazine which is in contact with
      the material being carried is made of an inert substance such as stainless
      steel or a plastic which is supported by a frame made of a stronger
      substance which also carries the full weight of the magazine and the
      material being in the magazine, thereby relieving the inert substance part
      of the magazine from carrying the load which enables that part to be made
      of lighter construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bulk material handling conveyors of the type
      wherein closed containers or magazines which hold the material being
      conveyed and which magazines are themselves conveyed by a flexible
      multi-plane and direction conveyor such, for example, as an overhead
      conveyor. This type of invention is best exemplified by U.S. Pat. No.
      3,266,621 on which the present invention is an improvement. All of the
      objects and advantages of the invention stated in that patent apply with
      equal force and accuracy to the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that some bulk materials are in such finely divided state
      that the magazine closures must be tightly sealed under considerable
      pressure in order to avoid all spillage. It is an object of this invention
      to provide such a tight closure. It is also an object of the present
      invention to provide an inexpensive magazine in which all areas in contact
      with the material being conveyed is formed of a substance which is
      entirely unaffectby the material.
PAR  It is a further object of the present invention to provide an inexpensive
      magazine in which all areas of the magazine in contact with the material
      being conveyed is formed of a substance which does not in any way affect
      the material. It is another object of the invention to provide an
      inexpensive magazine in which the material of the magazine which is in
      contact with the material being carried does not carry the weight of the
      magazine and material being carried which thereby enables such magazine
      material to be of lighter and cheaper construction.
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art upon recourse to the following specification
      and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The now preferred embodiment of the present invention is disclosed in the
      accompanying drawings which are to be considered as descriptive and not
      limitative as many changes and modifications can be made in the structural
      details without departing from the spirit of the Invention.
PAR  In the drawings:
PAR  FIG. 1 is an end view of a conveyor material container or magazine
      constructed in accordance with the present invention;
PAR  FIG. 2 is a side view of the magazine shown in FIG. 1;
PAR  FIG. 3 is a fragmentary cross sectional view taken on the plane indicated
      by line 3 --3 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 4 is a fragmentary cross sectional view on the plane indicated by the
      line 4 -- 4 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 5 is a fragmentary cross sectional view on the plane indicated by line
      5 -- 5 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 6 is a view of three of the components of the magazine closing and
      locking mechanism, and
PAR  FIG. 7 is a side view of one of the components shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  The magazine of the present invention comprises a hanger fork 10 provided
      with hanger plates 12 and 14 for attachment of the magazine to any desired
      type of overhead conveyor in the manner shown by U.S. Pat. No. 3,266,621.
PAR  A magazine shell 16 is suitably attached to the hanger fork 10 as by bolts
      and nuts 18. The shell 16 is formed of any desired material such, for
      example, as carbon steel, stainless steel, copper, aluminum or a plastic.
      Numerous plastics may be used such as nylon; polyproplyene or
      polyethylene. A preferred plastic at the present time is polyethylene
      because of its strength, price, cleanability, moldability and because it
      is inert to most chemicals and food stuffs and is approved by regulatory
      agencies. When a plastic is used for shell 16 the inner heads of the bolts
      18 can be buried in the walls so that they do not come in contact with any
      material. The plastic is also light and can be flared outwardly at the top
      and bottom as shown at 20 and provided with inwardly extending flanges 22
      (see FIG. 3) stiffen the shell and form a seat for a suitable gasket 24
      molded from rubber or neoprene or the like to fit tightly over the top and
      bottom rims of the shell 16. This type of gasket can be removed for
      cleaning and replaced very quickly where regulatory agency rules require
      such maintainance.
PAR  The closures for the top and bottom of the shell 16 are identical so that
      only one will be described in detail. The top closure 26 is shown in open
      position and the bottom closure 26 is shown in closed position in FIGS. 1
      and 2. Each closure 26 consists of two end plates 28 interconnected by a
      panel 30 also preferably formed of polyethylene. Each plate 28 is provided
      with a flange 32 on which a panel 30 is supported and fastened to the
      flange 32 in a suitable manner as by rivets (not shown) positioned outside
      of the area contacted by the material being conveyed so that the material
      comes into contact with nothing but the plastic which does not in any way
      contaminate the material, nor does the material in any way affect the
      rivets. Each of the end plates 28 is provided with an elongated opening 34
      which fits over a bolt 18 and thus forms a pivot point around which a
      closure rotates from open to closed position and vice versa, see FIG. 6. A
      closure liner actuator fork 36 is pivoted on each pair of opposite bolts
      18 and is operated by a cam follower 38 in the same manner as shown in
      FIG. 5 of said U.S. Pat. No. 3,266,621 or if desired can be operated by an
      air cylinder or even a hand lever when the overhead conveyor is
      intermittently driven. The bend 40 is placed in the fork 36 for a reason
      to be described later and a second bend can be placed in the fork 36
      nearer the cam follower 38 if such is required for any reason, such as to
      avoid obstacles. Each closure actuator fork 36 is connected to its
      respective closure 26 by means of a latch 42 (see particularly FIGS. 4 and
      5). Each latch 42 comprises a channel 44 connected to an end plate 28 by a
      web 46. One side of the channel 44 is removed in FIG. 5 to reveal the
      inner mechanism of the latch which comprises a latch lever 48 which is
      turned up at one end as shown at 50. A screw 52 is passed through an
      enlarged hole (not shown) in the latch lever and seated in the bottom
      plate of the channel 44 which permits the latch lever to move in the
      channel from the position shown in FIG. 4 to the position shown in FIG. 5
      while guided by the sides of the channel. A coil spring 54 surrounds the
      screw between its head and the latch lever and normally retains the latch
      lever in the position shown in FIG. 4. A retainer lug 56 is suitably
      fastened to the latch lever 48. This retainer lug 56 captures the closure
      actuator fork 36 in the position shown in FIGS. 1 and 4 and effectively
      connects the closure actuator 36 and the closure 26 for movement together.
      When the closure actuator fork 36 is suitable moved (as explained above)
      in a clockwise direction as shown in FIG. 1 the top closure 26 will move
      with it about its bolt pivot 18 until the top closure 26 completely covers
      the opening in the top of the magazine shell and assumes the position
      shown by the bottom closure shown in FIG. 1. At this point the end plates
      28 of the top closure strike the stops 58 carried by the tines of the
      hanger fork 10 (stops 58, 60, 62 and 64 are not shown in FIG. 2 to avoid
      obscuring other components) and the top closure 26 stops farther movement
      and remains in closed position. This stoppage was possible because the
      retainer lugs 56 were moved out of contact with the closure actuator fork
      36 just as the closure end plates contacted the stops 58, and the actuator
      fork 36 continued movement until it contacted the top bar of the hanger
      fork 10 and assumed a position corresponding to the position of the bottom
      actuator fork 36 shown in FIG. 1. This movement of the retainer lugs 56
      was caused by movement of the latch levers 48 to which the lugs are
      attached due to the turned up ends 50 of the latch levers striking cams 66
      carried by the hanger fork 10, as shown in FIG. 5.
PAR  It will thus be seen that the first part of the continuous movement of the
      closure actuator 36 produced a complete closing of the top closure 26. The
      second part of the continuous movement of the top closure actuator caused
      the top closure to be clamped tightly down upon the top gasket 24 to
      produce air, dust and water tight sealing of the top closure. This
      clamping action was effected as follows: refer to FIG. 6 wherein three
      elements are shown, a closure end plate 28, a closure actuating fork 36
      and a pressure link 68 having a stud 70 on one side of one end which has a
      bearing fit in a hole formed in the end plate and a stud 72 on the
      opposite side of the other end which has a bearing fit in a hole in the
      closure actuating fork 36. The actuating fork is actually pivoted on the
      bolt 18 in FIG. 6 assembly but has been cut away in order to show the
      elongated opening 34 for bolt 18 in end plate 28. As the closure actuating
      fork continued moving after being released by the latch stud 56 which
      enabled the closure to stop when it contacted stops 58, it was then moving
      relative to end plates 28 instead of with them. This relative movement
      caused pressure link 68 to rotate in the direction of the arrow about stud
      70 and the stud 72 to rotate in the hole in actuator fork 36 which
      permitted the actuator fork to gradually overlie the link 68 as the two
      assumed a vertical position. This caused the link 68 to press the end
      plates 28 downwardly as the stud 70 approached bolt 18 and move the end
      plates downwardly to compress the gasket 24 which end plate movement was
      possible because of the elongated opening 34 for the bolt 18. The amount
      of pressure exerted against the gasket 24 by the closure 26 can be
      increased by shortening the pressure link 68 and maintaining the center of
      stud 70 on the center line shown in FIG. 6. This makes practically any
      desired sealing pressure possible.
PAR  The bend 40 in the closure actuating fork 36 makes it possible for the fork
      to move slightly over the center line shown in FIG. 6 before it contacts
      the hanger fork 10 and stops. The reaction force of the gasket then acting
      along the pressure link 68 creates a toggle effect which releasably locks
      the actuation fork 36 in the over center position and prevents accidental
      release of the closure pressure. The actual position of the closure
      actuation fork when locked is better shown on the bottom closure 26 in
      FIG. 1.
PAR  The opening action of the top closure 26 is just the reverse of the closing
      action. That is, the initial moving force against the cam follower 38 in a
      counterclockwise direction as viewed in FIG. 1 unlocks the top closure
      actuating fork and then moves it along to reduce the pressure on the
      gasket 24 and gradually raise the top closure 26 until it is just touching
      the gasket 24 and then the fork 36 picks up the web 46 of the latch 42 and
      moves it and the end plates 28 which releases the latch lever 48 and
      permits the retainer lug 56 to move in behind the actuating fork 36 which
      continues until the end plates 28 contact the stops 62 and stop in the
      position shown in FIG. 1.
PAR  The pressure control action of the pressure link 68 is adjusted as above
      explained so that the panels 30 lightly brush the gaskets 24 during
      closing movements so as to wipe them clean of any foreign matter or dust
      and thus prevent any build up upon the gaskets. The opening and closing
      action of the bottom closure shown in FIG. 1 is exactly the same as that
      of the top closure explained above from the time it leaves the stops 64
      until it contacts the stops 60 and then returns on the closing action. The
      only structural difference between the top and bottom closures is a stop
      74 attached to the hanger fork 10 for the bottom actuator fork 36 which is
      needed because the hanger fork has no bar at the bottom. Reinforcing bars
      76 are connected to and extend between the flanges 36 to stiffen the
      closures 26 and add support to the panels 30. The magazine shells 16 are
      preferably given slight inside draft downwardly to expedite dropping of
      the material from the magazines very quickly.
PAR  It will be noted that the entire weight of the magazine and its contents
      will be carried by the load hanger 10, the bolts 18, the bottom closure
      actuator 36, the pressure link(bottom) 68, the bottom sideplates 28 and
      the reinforcing bars 76. Thus the plastic shell 16 and the plastic closure
      panels are entirely relieved of carrying any tensile load which makes it
      possible to make these elements much thinner and lighter than if they were
      load carrying elements. The elements 10,18,36,68 28 and 76 form a metallic
      frame. It will be noted that the closures 26, particularly the top closure
      26, can be made as much smaller than the entire horizontal shell 16
      section as desired in order to decrease the area of the opening.
PAR  A fork 36 serves as a closure actuating lever for both the top and bottom
      closures.
PAR  It can thus be seen that the material handling system of the present
      invention includes a material containing magazine in which all areas in
      contact with the material can not in any way affect the material or be
      affected by the material, in which the closures for the magazine can be
      tightly clamped in sealing condition so that absolutely no leakage can
      occur, and in which the full load weight of the magazine and its contents
      is carried by a frame separate from the elements which form the material
      contacting areas.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A material handling system comprising a supporting conveyor, a material
      holding magazine including a shell for restraining the material laterally
      being conveyed and having a bottom opening, a closure for said opening for
      restraining said material vertically and movable from an open to a closed
      position in which it is in contact with said shell, a movable lever, means
      interconnecting said closure and lever which causes the movement of said
      lever to first move said closure across said shell and stop in closing
      position adjacent said opening and then upon further movement of said
      lever clamp said closure towards said shell into closed sealing position
      over said opening and in contact with said shell, and a supporting frame
      for said shell including said movable lever and extending from said
      conveyor down under said magazine and in contact with said closed closure
      so as to carry the full load of said magazine and its contents when said
      closure is closed and thus relieve said shell of the weight load of said
      magazine and its contents.
NUM  2.
PAR  2. A material handling system comprising a supporting conveyor, a material
      holding magazine, means supporting said magazine on said conveyor, said
      magazine including a shell having an opening therein surrounded by walls
      which have arcuate extremeties on two sides, a movable closure for said
      shell opening which is curved to fit said arcuate extremeties of said
      walls, a movable lever pivotally mounted directly on said shell for
      arcuate movement only, and means interconnecting said closure and lever
      which causes arcuate movement of said lever to first move said closure
      across and in close proximity to said arcuate extremeties of said shell
      and adjacent to said opening and stop and then upon further arcuate
      movement of said lever clamp said closure in a straight path towards and
      into contact with said arcuate extremeties of said shell in closed,
      sealing position.
NUM  3.
PAR  3. A material handling system as specified in claim 2 in which said means
      includes a link pivoted near one end to said lever and pivoted near the
      other end to said closure.
NUM  4.
PAR  4. A material handling system as specified in claim 2 in which said closure
      includes an end plate pivoted to said shell with an elongated pivot
      opening in said end plate at the pivot point, a closure panel carried by
      said end plate, and said means includes a link pivoted near one end to
      said lever and pivoted near the other end to said end plate.
NUM  5.
PAR  5. A material handling system as specified in claim 4 in which said lever
      is pivoted on the same center as said end plate is pivoted to said shell
      and the pivot point of said link to said end plate is at a distance in the
      direction of said closure panel from the pivot point of said lever and end
      plate to said shell, whereby the closure panel is clamped against said
      shell over said opening in closed sealing position as said lever and said
      link become superposed.
NUM  6.
PAR  6. A material handling system as specified in claim 5 in which said means
      also includes a releasable connection between said lever and said end
      plate and a cam for releasing said releasable connection when said closure
      reaches closing position adjacent to said opening to free said lever for
      further movement to clamp said closure panel in closed sealing position
      over said opening.
NUM  7.
PAR  7. A material handling system as specified in claim 5 in which a stop is
      provided to discontinue all movement of said lever slightly after said
      lever and said link become superposed whereby the clamping pressure holds
      the lever in the over center position thus created.
NUM  8.
PAR  8. A material handling system comprising a supporting conveyor, a material
      holding magazine including a shell having a bottom opening, a movable
      closure for said opening, means for moving said closure from an open to a
      closed position, and a supporting frame for said magazine connected to and
      extending from said conveyor down under said magazine and in contact with
      said closure when in closed position so as to carry the full load of said
      magazine and its contents when said closure is in closed position and thus
      relieve said shell of of the weight load of said magazine and its
      contents.
NUM  9.
PAR  9. A material handling system as specified in claim 8 wherein said shell
      and that part of said closure which closes the opening in said shell is
      formed of a plastic, and said supporting frame is formed of metal with no
      metal part extending in to the interior of said shell even when closed by
      said closure whereby the material being conveyed never comes into contact
      with any metal.
NUM  10.
PAR  10. A material holding magazine comprising a shell having an opening
      therein surrounded by walls which have arcuate extremeties on two opposite
      sides, a movable closure for said shell opening which is curved to fit the
      arcuate extremeties of said walls, a movable lever pivotally mounted
      directly on said shell for arcuate movement only, and means
      interconnecting said closure and lever which causes said arcuate movement
      of said lever to first move said closure across and in close proximity to
      said arcuate extremeties of said shell and adjacent to said opening into
      closing position and stop and then upon further arcuate movement of said
      lever clamp said closure in a straight path towards and into contact with
      said arcuate extremeties of said shell in closed, sealing position over
      said opening.
NUM  11.
PAR  11. A material holding magazine comprising a shell for holding the material
      and having an opening therein, a closure for said opening comprising a
      panel for covering said opening and a side plate attached to said panel
      and pivoted loosely to said shell to enable said closure to rotate from
      open to closed position and vice versa, a movable lever pivotably
      connected to said shell, a releasable clamp carried by said side plate in
      position to clamp said lever to said side plate when said closure is in
      open position so as to move said closure upon movement of said lever, a
      linkage connected between said lever and said side plate and not movable
      other than with said lever and side plate when clamped together, and a
      release for said clamp in position to release said clamp when said closure
      reaches closed position so as to enable said lever to move relative to
      said closure and through said linkage to clamp said closure tightly
      against said shell over said opening.
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ABST
PAL  Two embodiments of a keeper for retaining the ends of a pair of idler rolls
      within upwardly opening apertures in a bracket having a pair of outwardly
      extending ears are disclosed; both embodiments are executed in a malleable
      metal that retains a set once it has been manipulated into locking
      engagement with the ears on the bracket. The first embodiment of the
      keeper comprises two interlocking metal members of substantially similar
      configuration, each member having a body with a shallow crease, a leg with
      an aperture defined therein depending from one end of the body, and a tab
      projecting from the opposite end thereof. The members are interlocked with
      one another by inserting the tabs into the apertures in the opposing
      member. The second embodiment of the keeper comprises a unitary member
      having a body with pivotable legs at opposite ends and depending flanges
      at opposite sides thereof. The legs have apertures defined therein so that
      the keeper can be secured in locking engagement with the ears on the
      bracket. A simple manual tool is employed to facilitate the installation
      of the second embodiment of the keeper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to keepers for idler rolls which lock the
      ends of a pair of adjacent rolls in fixed position within a bracket.
PAR  2. Description of the Prior Art
PAR  The desirability of providing a sturdy, inexpensive, easily insertable and
      removable device for retaining idler rolls in fixed position within a
      bracket has long been recognized. Several attempts have been made to
      realize these goals with varying degrees of success. One of the most
      common approaches has been to provide an upwardly opening U-shaped seat to
      receive the end of the idler roll, aligned apertures in the upper ends of
      the arms of the seat, and a wedge member of sufficient length to span the
      opening and press against the end of the idler roll. One representative
      wedge configuration is disclosed in U.S. Pat. No. 2,391,272, granted Dec.
      18, 1945 to David Rose. The wedges, however, even when firmly driven into
      place, exhibit a tendency to work loose from the apertures as the idler
      rolls are transported to a job site.
PAR  Another common approach has been to provide a resilient spring clip that is
      secured to the bracket and fits over the end cap of the idler roll to
      capture the roll within an aperture in the bracket. One representative
      clip configuration is disclosed in U.S. Pat. No. 3,157,272, granted Nov.
      17, 1964, to James Bay.
PAR  The strength of such resilient clips, however, which make contact with the
      roll over a small area is sorely limited, so that the vibrations
      encountered during transport of an idler roll assembly to a job site may
      cause the clip to spring out of locking position; at the least, the clip
      may be deformed and its strength and effectiveness diminished. Also, two
      resilient clips are required for each idler roll, i.e., one clip for each
      end of the roll, and the insertion of a pair of clips into the closely
      spaced supports of an interior bracket of an idler roll set may prove to
      be difficult to accomplish. Similarly, two wedges are normally utilized
      for each idler roll, and the accurate insertion of the wedges within the
      confines of an interior bracket may also prove to be a difficult task.
PAR  Another common, and probably more successful, attempt to realize the goals
      set forth above has been to provide a rigid sheet metal clip having a
      planar body and a pair of depending legs. Short, downwardly extending
      flanges are formed at opposite sides of the body. Ears or tabs are struck
      in the depending legs, and cooperating abutments are formed in the bracket
      proximate to its upper end. The ends of the adjacent rolls are positioned
      in upwardly opening apertures or slots in the sidewalls of the support
      posts. Then the clip is forced downwardly over the ends of the idler rolls
      until the ears and abutments interengage to lock the rolls in fixed
      position within the post. The flanges press downwardly against the idler
      rolls. A representative rigid clip configuration is disclosed in U.S. Pat.
      No. 2,843,432, granted on July 15, 1958 to A. J. Kindig.
PAR  While one rigid clip can hold a pair of rolls in fixed position, and the
      rigid clip is thus well suited for use with the interior brackets on an
      in-line, idler roll assembly, commonly used to support a troughing
      conveyor, the clip disclosed in the Kindig patent necessitates the
      modification of existing brackets to form appropriate abutments thereon,
      or alternatively, the manufacture of specially designed brackets having
      such abutments. Furthermore, the tabs struck in the depending legs are
      relatively small in size and limited in strength, so that upwardly
      directed forces caused by the vibration of the rolls during transport may
      shear off the tabs and permit the rolls to "bounce" out of the bracket.
PAC  SUMMARY
PAR  Thus, with the defects of known securing devices for idler rolls clearly in
      mind, the instant invention contemplates two embodiments of inexpensive,
      interlocking metal keepers that can positively retain adjacent rolls in
      fixed position, will not work free even during transport to the job site,
      and are compatible with many existing brackets. The simple metal pieces
      that form the keepers can be installed within limited clearances between
      the supports of a central bracket, and yet form sturdy keepers that
      effectively resist all upwardly directed forces but can be removed by
      simple manual tools preparatory to the replacement or repair of the idler
      rolls. the characteristics of the metal from which the pieces are
      fabricated improve significantly the performance of the two keeper
      embodiments.
PAR  Other desirable objectives achieved by the unique keepers will become
      readily apparent from the ensuing description when construed in harmony
      with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, on a reduced scale, of an idler roll
      set for a conveyor;
PAR  FIG. 2 is a side elevational view of a first embodiment of a keeper
      constructed in accordance with the principles of this invention, such view
      being taken along line 2--2 of FIG. 1 and in the direction indicated;
PAR  FIG. 3 is a vertical cross-sectional view of the belt, end cap, bracket and
      keeper of FIG. 2, such view being taken along line 3--3 of FIG. 2 and in
      the direction indicated;
PAR  FIG. 4 is an exploded perspective of the first embodiment of the keeper;
PAR  FIG. 5 is a front elevational view of a second embodiment of a keeper
      constructed in accordance with the principles of this invention;
PAR  FIG. 6 is a side elevational view of the bracket, end cap and keeper of
      FIG. 5, such view being taken along line 6--6 of FIG. 5 and in the
      direction indicated;
PAR  FIG. 7 is a perspective view of the second embodiment of the keeper;
PAR  FIG. 8 is a side elevational view of a tool employed to assist in the
      installation of the second embodiment of the keeper;
PAR  FIG. 9 is a top plan view of the tool of FIG. 8; and
PAR  FIG. 10 is a side elevational view of a fragment of the tool and the
      keeper.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 depicts an idler roll set within
      which the keepers of the instant invention find particular utility. The
      upper run of a conveyor 10 is entrained over the idler roll set to define
      a troughing conveyor. The idler roll set comprises a right end bracket 12,
      a first interior bracket 14, a second interior bracket 16, and a left hand
      end bracket 18. An angle 20 extends between the end brackets and supports
      the interior brackets 14 and 16. Bolts 22 passing through the longitudinal
      braces 24 at the base of end brackets 12 and 18 are employed to secure the
      idler roll set in fixed position.
PAR  Interior bracket 14 comprises a first support 14a and a second support 14b
      interconnected by a continuous loop (not shown). Interior bracket 16 also
      comprises a first support 16a, a second support 16b, and a continuous loop
      16c, as also shown in FIG. 3, for support 16 is the mirror-image of
      support 14. The supports are angularly disposed relative to one another to
      accommodate rolls held at various angular orientations to achieve
      troughing of belt 10. As indicated by the dotted lines in FIG. 2, an
      upwardly opening aperture 16d is defined at the upper end of supports 16a,
      and 16b; a similar aperture is defined at the upper end of supports 14a
      and 14b. The apertures continue on to interrupt the lateral run of the
      loops, such as loop 16c, so that the aperture extends laterally from
      support to support. Laterally extending ears 16e, 16f that project
      outwardly from each side of the brackets 14, 16 are also visible in FIG.
      2. The cooperation between such ears and both embodiments of the keeper is
      described hereinafter.
PAR  The dimensions of the apertures are chosen to be slightly larger than the
      radial dimensions of the support surfaces (see FIG. 2) of multi-purpose
      end caps of conventional design secured to opposite ends of a central
      shaft passing laterally through the idler rolls, so that the surfaces 26
      can easily be inserted into the aperture and follow the contour of its
      walls. A hexagonal collar 28 is situated on each end cap so that the idler
      roll cannot be forced laterally out of the apertures within which surfaces
      26 are seated.
PAR  One end of a first canted idler roll, or wing roll, 30 is seated in an
      aperture in end bracket 18 and the opposite end is seated in an aperture
      in support 16a of interior bracket 16. The outer end of roll 30 is secured
      in position in a conventional fashion. One end of second idler roll 32,
      which extends laterally between the wing rolls, is seated in an aperture
      in support 16b and the opposite end of roll 32 is seated in an aperture in
      support 14b of bracket 14. The inner end of a second canted idler roll, or
      wing roll, 34 is seated in an aperture in end bracket 12. Conventional
      means are used to secure the outer end of roll 34 within the aperture in
      bracket 12. Since rolls 30 and 34 are mounted at an acute angle to the
      plane passing laterally through roll 32, belt 10 assumes a concave
      configuration.
PAR  FIGS. 2-4 reveal a keeper, indicated generally by reference numeral 36,
      constructed in accordance with the principles of the instant invention.
      Keeper 36 comprises a first member 38 and a second member 40 possessing a
      substantially similar configuration. First member 38 has a shallow,
      creased body with a depending leg 42 having a first rectangular aperture
      44 formed in its central portion. A second rectangular aperture 46 of
      slightly smaller dimensions is formed in the body of member 38 in
      proximity to the juncture of the body and leg 42. A tab 48 of step-like
      configuration having a short vertical run and a longer horizontal run is
      situated at the free end of the body of member 38. The extent of the
      vertical run must exceed the thickness of the body of member 40.
PAR  Second member 40 has a shallow, creased body with a depending leg 50 having
      a first rectangular aperture 52 formed therein. A second rectangular
      aperture 54 of smaller dimensions is formed in the body of member 40 in
      proximity to the juncture of the body and leg 50. A tab 56 projects
      outwardly from the free end of the body of member 40.
PAR  After rolls 30, 32 and 34 have been seated in the appropriate apertures in
      brackets 12, 14, 16 and 18, keeper 36 is assembled in the following
      manner. The application of keeper 36 to bracket 16 is deemed to be
      exemplary. Initially, member 40 is positioned in operative relationship to
      the supports of each interior bracket, such as bracket 16, so that ear 16f
      passes through aperture 52 in leg 50. Then, tab 48 is inserted into
      aperture 54 so that its horizontal tongue extends under the body of member
      40 and toward its juncture with leg 50. Lastly, member 38 is bent
      downwardly until ear 16e on bracket 16 passes through aperture 44 in leg
      42 and tab 56 projects outwardly through second aperture 46 in member 38.
      Since the bodies of members 38 and 40 are creased at the same location,
      and are similarly shaped, the two members are interlocked together in an
      overlapping fashion which enhances the strength and effectiveness of
      keeper 36. The interaction of the interlocking and overlapping members 38,
      40 successfully resists the upward movement of the idler rolls during
      transport of the idler roll set to a job site as well as during operation
      of the idler rolls. Additionally, keeper 36 is fabricated from a malleable
      metal, such as steel, that takes a set and does not exhibit any resilience
      characteristic in marked contrast to conventional keepers which have been
      fabricated as sheet metal stampings, such sheet metal being of light gauge
      and normally exhibiting a resilience characteristic that resists taking a
      set, once deformed.
PAC  DESCRIPTION OF THE ALTERNATIVE EMBODIMENT
PAR  A second embodiment of a keeper constructed in accordance with the
      principles of the instant invention is shown in FIGS. 5-7 and 10, such
      keeper being indicated generally by reference numeral 58. Keeper 58 is a
      unitary member comprising a body 60 having a pair of legs 62,64, one leg
      disposed at each end thereof. An aperture 66 is formed in leg 62, while an
      identical aperture 68 is formed in leg 64. Flanges 70 and 72 extend
      downwardly, from opposite edges of body 60, and hemispherical cut-outs 74
      are removed from the lower ends of the flanges. The flanges enable the
      keeper to be seated securely in locking engagement with a pair of idler
      rolls, even though the rolls may be canted relative to one another.
      Openings 76 and 78 are formed in trough body 60.
PAR  The manner in which keeper 58 is installed is clearly shown in FIG. 6. Leg
      66 is bent downwardly at right angles to body 60 so that ear 16e can
      project through aperture 66 and lock one leg of the keeper in fixed
      position as indicated by the directional arrow. The cut-outs 74 follow the
      contour of support surface 26 on the end cap secured to the central shaft
      of roller 32, and the end cap is seated within the upwardly opening
      aperture 16d in support 16b. Lastly, leg 68 is bent downwardly from its
      normal attitude parallel to body 60 to a position at right angles to body
      60 so that ear 16f can project through aperture 68 and lock the second leg
      of the keeper in fixed position. The normal attitude is shown in dotted
      outline in FIG. 6, while the locking position is shown in solid outline.
PAR  While keeper 58 can be installed with conventional tools, the unique tool
      80, shown in FIGS. 8 and 9 has proven to be a superior implement for this
      purpose. Tool 80 comprises an elongated handle 82 with a U-shaped cavity
      84 at its forward end; an L-shaped member including a horizontal arm 86
      and a vertically extending finger 88 is secured within the cavity by pin
      90. A lug 92 is joined to the handle 82 near its forward end, and a spring
      94 normally maintains a predetermined angular relationship between finger
      86 and lug 92. The lower end of finger 88 gradually tapers down to a size
      that can be inserted into openings 76, 78 in keeper 58.
PAR  FIG. 10 depicts the manner in which tool 80 is used to install keeper 58.
      Since spring 94 biases finger 88 away from lug 92, there is normally
      sufficient clearance for the tool to be positioned over the corner of the
      keeper so that finger 88 can be inserted into, and anchored within,
      opening 76. Openings 76, 78, in effect, provide fulcrum points for the
      rotational movement of tool 80. When handle 82 is rotated in a clockwise
      fashion, lug 92 presses against the lower end of leg 62 below aperture 66
      and forces leg 62 into a vertical orientation in which ear 16e extends
      through aperture 66. Tool 80 is then removed from opening 76 and is
      inserted into opening 78, so that the same procedure can be followed in
      bending leg 64 into a vertical orientation to lock the keeper onto the
      bracket.
PAR  As previously noted, keeper 58, as well as keeper 36, are fabricated from a
      malleable metal, such as steel, that takes a set and does not exhibit any
      resilience characteristic. Accordingly, the keeper can be removed from its
      locking engagement with ears 16e, 16f and reused, so long as the repeated
      bending of the legs does not set up stresses in the hinge line defined
      between the legs and the body that exceed the elastic limit of the
      particular malleable metal from which the keepers are fabricated.
      Obviously, simple manual tools may be used to install, or remove, both
      embodiments of the keeper from its locking engagement with the ears on the
      brackets.
PAR  The structural configurations of the instant one and two piece keepers, and
      the functional advantages attributable thereto, are susceptible of minor
      changes and modifications which fall within the inventive scope of this
      application. Consequently, it is submitted that the appended claims should
      not be severely limited to their literal terms, but should be accorded an
      interpretation commensurate with the technical advance in the useful arts
      and sciences to which this invention appertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. An idler roll set comprising, in combination,
PA1  a. a bracket having a frst and a second support spaced and interconnected
      by a continuous loop that spans a predetermined distance between said
      supports,
PA1  b. said first and second supports having upwardly opening apertures defined
      therein,
PA1  c. a pair of ears projecting beyond said continuous loop, one ear situated
      at each lateral side of the bracket,
PA1  d. idler rolls having support surfaces defined at each end thereof,
PA1  e. said support surfaces being insertable into said apertures in a vertical
      direction so that opposite ends of a first and a second idler roll are
      positioned adjacent to one another within said bracket,
PA1  f. a keeper comprising first and second coacting members, each member
      having a shallow, creased body and a leg depending from one end thereof,
PA1  g. said leg of each of said members having a first aperture formed therein
      that enables an ear on said loop to pass therethrough as each member is
      joined to the bracket, and
PA1  h. interlocking means defined between said first and second coacting
      members for joining said members together in overlapping relationship as
      they span the lateral distance across said apertures in said supports and
      lock the idler rolls in fixed position.
NUM  2.
PAR  2. The idler roll set of claim 1 wherein said first and second coacting
      members are executed in a malleable metal that takes a set and lacks any
      significant resilience characteristic.
NUM  3.
PAR  3. An idler roll set comprising, in combination,
PA1  a. a bracket having a first and a second support spaced and interconnected
      by a continuous loop that spans a predetermined distance between said
      supports,
PA1  b. said first and second supports having upwardly opening apertures defined
      therein,
PA1  c. a pair of ears projecting beyond said continuous loop, one ear situated
      at each lateral side of the bracket,
PA1  d. idler rolls having support surfaces defined at each end thereof,
PA1  e. said support surfaces being insertable into said apertures in a vertical
      direction so that opposite ends of a first and a second idler roll are
      positioned adjacent to one another within said bracket,
PA1  f. a keeper comprising first and second coacting members, each member
      having a shallow, creased body and a leg depending from one end thereof,
PA1  g. said leg of each of said members having a first aperture formed therein
      that enables an ear on said loop to pass therethrough as each member is
      joined to the bracket, and
PA1  h. interlocking means defined between said first and second coacting
      members for joining said members together in overlapping relationship so
      that they span the lateral distance across said apertures in said supports
      and lock the idler rolls in fixed position;
PA1  i. said interlocking means including a second aperture in the body of each
      member and a tab at a free end of the body of each member, the tab of the
      first member being insertable into the second aperture of the second
      member, and the tab of the second member being insertable into the second
      aperture of the second member.
NUM  4.
PAR  4. The idler roll set of claim 3 wherein the tab of the first member has a
      short vertical run and a longer horizontal run, and the body of the second
      member has a predetermined thickness, the extent of the vertical run of
      the first member being greater that the thickness of the body of the
      second member.
NUM  5.
PAR  5. The idler roll set of claim 3 wherein the first aperture in the leg of
      each member is larger than the second aperture in the body of each member,
      the second aperture in the body of each member being located in the body
      proximate the leg.
NUM  6.
PAR  6. A keeper for use with an idler roll set, said keeper comprising:
PA1  a. a first member having a shallow, creased body with a leg at one end
      depending therebelow,
PA1  b. said leg of said first member having a first aperture formed therein and
      said body of said first member having a second aperture formed therein,
PA1  c. a second coacting member having a shallow, creased body with a leg at
      one end depending therebelow,
PA1  d. said leg of said second member having a first aperture formed therein
      and said body of said second member having a second aperture formed
      therein,
PA1  e. said first aperture in said first member adapted to be forced over a
      first projection on a bracket and said second aperture in said second
      member adapted to be forced over a second projection on a bracket, and
PA1  f. interlocking means defined at the other ends of said first and second
      members so that said members can be joined together in overlapping
      relationship.
NUM  7.
PAR  7. A keeper as defined in claim 6 wherein said first and second coacting
      members are executed in a malleable metal that takes a set and lacks any
      significant resilience characteristic.
NUM  8.
PAR  8. A keeper as defined in claim 7 wherein said interlocking means comprises
      a first tab at the other end of said first member and a second tab at the
      other end of said second member, said first tab being inserted into the
      second aperture of said second member, and said second tab being isnerted
      into the second aperture of said first member.
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ABST
PAL  Two reversing pulleys are spaced apart transversely to their axes. At least
      one of said pulleys is a drive pulley. Each of said pulleys comprises
      first and second axially spaced discs, each of which is formed with
      radially outwardly open recesses, which are angularly spaced and are
      defined each by side faces which are convexly curved like sides of gear
      teeth. A series of slats of predetermined length extends along an endless
      path of travel between and around said reversing pulleys. First and second
      sets of connective members are respectively aligned with said first and
      second discs along said path of travel and disposed on opposite sides of
      said series of slats. A plurality of pins are mounted on said slats on
      opposite sides thereof at each end edge portion of each slat and in
      adjacent ones of said connecting members. Each of said pins is rotatable
      in at least one of said parts consisting of the slat and the connecting
      member in which said pin is mounted, so that mutually adjacent slats are
      articulatedly connected. Each of said connecting members has side faces
      which are convexly curved like sides of gear teeth. These faces establish
      rolling contact with those of the recesses in the pulleys.
BSUM
PAR  This invention relates to an apron conveyor, which comprises a series of
      slats, which are arranged one behind the other in the path of travel and
      are hingedly connected and adapted to be driven by reversing pulleys,
      which have spider arms, which at their outer end have a recess for
      receiving a connecting member, which connects adjacent slats, and are
      angularly spaced so that the secant between the profiles of adjacent arms
      is equal to one slat length.
PAR  Such apron conveyors are used as assembly line conveyors and for carrying
      commodities between machines and the like. It is known to provide the
      slats of the apron conveyor with rollers, which face away from the outside
      and engage backing rails disposed between the reversing pulleys.
PAR  Such apron conveyors are usually provided with two roller chains, which
      serve to move the slats and are trained around reversing sprockets and
      provided with brackets which carry the slats. This structure is relatively
      expensive because separate conveyor chains are required, the links of
      which must be provided with the brackets, and the load is not transmitted
      to the chains directly by the slats but is transmitted through the
      brackets carried by the roller chains. For this reason, the conveyors of
      that type have a relatively small load-carrying capacity, and special
      provisions are required to prevent a jamming at the points of reversal.
PAR  Particularly in conjunction with engagement-backing and/or drive pulleys
      which have spider arms it is also known to provide part-elliptical
      connecting members, which are guided in peripherally open recesses in such
      arms and hold angled adjacent end portions of slats together. The
      disadvantages of that arrangement reside in that there is a considerable
      friction between the connecting members and the associated recesses during
      the reversal and that adjacent slats are connected by resilient joints,
      which are expanded during operation under load. The angled slat end
      portions are subjected to a bending stress, which results in an increase
      of the angle between the body of the slat and the angled end portion. At
      the bend, this gives rise to stresses, particularly to repeated
      alternating stresses, which result in a fatigue and eventually in a
      fracture of the material. Even in normal operation when the conveyor is
      still operative, the distance between the load-carrying surfaces of
      adjacent slats may be of an order of several millimeters to one
      centimeter. Dirt may enter the connecting member so that the function of
      the conveyor is even more adversely affected. The lost motion which is
      present under load is particularly undesirable where these known
      connecting members are used because the angled edge portions of the slats
      as well as the connecting rails, which are part-elliptical in
      cross-section, can bend outwardly or resiliently yield in an outward
      direction so that the slats are jammed in the recesses of the arms.
PAR  It is also known to provide an apron conveyor having an endless series of
      slats which is trained around two reversing pulleys, at least one of which
      is spring-loaded to tension the series of slats. In such conveyor, the
      series of slats will yield to an extent which depends on the weight of the
      load carried by it and on its speed of travel so that the charging of
      items differing in weight onto the conveyor results in vibration which in
      the known conveyors inevitably gives rise to jamming or friction so that
      the operation is adversely affected.
PAR  It is an object of the invention to provide an apron conveyor of the kind
      stated first hereinbefore which under its conditions of operation ensures
      a reversal of the slats substantially without friction, particularly on
      drive pulleys, even when articles differing in weight are charged onto the
      conveyor, and without an occurrence of jamming or vibration, and in which,
      specifically, the slats are joined without need for chainlike elements
      moving in unison with the slats, and which can be driven without an
      overloading of the connecting members even under a heavy load.
PAR  This object is accomplished according to the invention in that each slat is
      provided on both sides with pins at both end edges of the slats, the two
      pins on adjacent end edges of adjacent slats on each side of the series of
      slats are mounted in a segment-shaped connecting member and are rotatable
      relative to the slat and/or the connecting member, said connecting members
      are provided on both sides of the series of slats, the reversing pulleys
      have end discs, which are associated with the connecting members and
      formed with said recesses, which are defined by wall portions and
      engageable with wall portions of the connecting members, and said wall
      portions of said outer discs and of said connecting members extend
      generally at right angles to the path of travel and are convexly curved
      toward each other like the sides of gear teeth.
PAR  This design results surprisingly in a rolling contact as between meshing
      gears so that a non-frictional movement of the connecting members into and
      out of the recesses of the reversing pulleys is enabled even when a
      driving torque is exerted. It is emphasized that the pins can be firmly
      mounted on curled-in portions of the slats and these curled-in portions
      will not be expanded under driving stresses. As a result, a predetermined
      spacing of the slats will be reliably maintained and adjacent slats can be
      angled relative to each other without a deformation of the connecting
      members.
PAR  Whereas the pins might be arranged under the slats, a particularly
      preferred embodiment of the invention comprises slats which have end edge
      portions which at least at their outer ends are curled to receive the
      pins, which with their end portions protruding over the side edge of the
      slats are mounted in the connecting members. This results in a relatively
      simple design, in which adjacent slat edge portions can be curled in
      throughout their width.
PAR  The contacting wall portions of the connecting members and of the reversing
      pulleys are preferably designed like teeth of involute gears, particularly
      of gears having a pressure angle of 20.degree.. In accordance with remarks
      made in the introductory part of this specification, other profiles may be
      used too but the use of involute gear teeth has the advantage that they
      can be formed with simple teeth and can even take up changes of the
      distance between the axes without periodic deviations. Another
      particularly desirable improvement resides in that the profile of the wall
      portions is flared by a decrease in radius outside of the pitch circle.
      This design enables the provision of apron conveyors which advantageously
      have particularly small dimensions. A special feature resides in that,
      e.g., slats having in the direction of travel a length of about 13.5
      centimeters are combined with reversing pulleys which have an effective
      diameter of an order of 25 centimeters and in which the width of the
      profiled recess, measured in the pitch circle, is about 20.degree..
PAR  In connection with the flaring mentioned above, a flaring profile in
      accordance with an arc of a circle is preferred. This will particularly
      enable the use of smaller reversing pulleys as mentioned above.
PAR  According to another preferred feature the connecting members consist of
      sections which extend in the longitudinal direction of the conveyor and
      which are arranged one beside the other transversely to the direction of
      travel, and the apertures in the connecting member is provided with
      bearing bushings. According to a further feature the connecting members
      consist of sintered metal.
DRWD
PAR  The invention will be described hereinafter with reference to two
      embodiments, which are shown diagrammatically and by way of example in the
      drawings, in which
PAR  FIG. 1 is a fragmentary side elevation showing one end of a portion of a
      series of slats in conjunction with a reversing pulley of a first
      embodiment,
PAR  FIG. 2 is partly an end view of the arrangement of FIG. 1 and in its upper
      part is a sectional view taken on line II--II of FIG. 1,
PAR  FIG. 3 is a view which corresponds to part of FIG. 1 and diagrammatically
      illustrates a second embodiment,
PAR  FIG. 4 is a sectional view taken on line IV--IV in FIG. 3, and
PAR  FIG. 5 is a side elevation showing an apron conveyor having details which
      will be described with reference to FIGS. 1 to 4.
DETD
PAR  FIG. 5 shows diagrammatically two reversing pulleys 1, 1' , which are
      mounted on shafts 2, 2' and around which a series of slats 60 is trained
      by special means which will be described hereinafter. This series of slats
      comprises, e.g., the slats 14, 15, 16, which are connected by special
      connecting members, some of which are designated 26, 29, 30. Additional
      connecting members are diagrammatically indicated at 57, 58. The shaft 2
      is driven by a motor 59.
PAR  FIGS. 1 and 2 show the reversing pulley 1, which is non-rotatably connected
      to the shaft 2. The reversing pulley comprises two discs, which are
      mounted on the ends of the shaft 2. One of said discs is designated 3 in
      FIG. 2. Each of these discs forms a spider having spider arms 4 to 8.
      These arms are provided at the end of the reversing pulley and at their
      outer ends are formed with recesses 9 to 13. The angular spacing of the
      arms depends on the length of the slats 14, 15 of the apron conveyor.
      These slats are closely spaced and hingedly connected. In FIG. 1, the
      slats 14, 15 are shown in alignment, and the next slat 16 which precedes
      in the direction of travel extends along a secant between the arms 4 and
      5.
PAR  The recesses 9 to 13 shown in FIGS. 1 and 2 have inwardly facing sides 17,
      18, which are shaped like involute gear teeth having a pitch circle 19.
PAR  At their adjacent edges, the slats 14 to 16 have curled-in portions 20, 21,
      22, which extend throughout the width of the slats and have outer end
      portions in which pins 23, 24, 25 are non-rotatably mounted. Each of these
      pins has an end portion 56, which may be stepped down and which protrudes
      outwardly and on which at least a part of the connecting member 26 is
      rotatably mounted. Such connecting member has two bores 27, 28 and the
      outwardly protruding end portions of the pins of two adjacent slats are
      rotatably mounted in said bores. Connecting members 29, 30, . . . are
      similar to the connecting member 26 and connect adjacent slats. Various
      connecting members are shown in rolling contact with the recesses 9 to 12.
      Those sides 31, 32 and 33, 34 of the connecting members which are spaced
      along the path of travel of the apron conveyor are curved just as the
      sides 17, 18 like teeth of involute gears so that a rolling contact is
      enabled even in case of an inclination during a hunting motion. It should
      be taken into account that when a driving force is applied to the
      reversing pulley 1, the connecting member 26 can yield by assuming an
      inclined position in that its side 31 ascends and its side 32 descends in
      FIG. 1. With respect to the shaft 2, the height of the connecting member
      26 below the pitch circle 19 is less than the depth of the recess 9.
PAR  It is apparent from FIGS. 1 and 2, that backing rails 35 are disposed along
      the path of travel between adjacent reversing pulleys, and backing rollers
      36, 37 are mounted on the slats 14, 15, 16 and run on said rails. The
      backing roller 37 is shown also in FIG. 2. It is rotatably mounted on a
      bracket 38, which is secured to the underside of the slat 14.
PAR  The backing rails 35 are mounted on a frame 39, which extends as far as to
      the reversing pulleys. Adjacent to the latter, the slats are supported
      only by the engagement of the connecting members 26, 29, 30 in the
      recesses 9 to 13.
PAR  Due to the provision of the backing rollers 37 on the lateral brackets 38,
      the returning lower course of the series of slats may also be supported by
      rails which engage the backing rollers from below so that a sag is
      prevented. These rails are not shown.
PAR  FIG. 3 shows the pin 23 and a pin 41 in the slat 16, which is adjacent to
      the slat 14. These pins shown in FIG. 1 are rotatably mounted in bores 27,
      28 of the connecting member 26. According to FIG. 3 the connecting member
      is designed as described with reference to FIG. 1 but the sides of the
      recess 9 differ from those shown in FIG. 1 because they are shaped like
      involute gear teeth only inwardly of the pitch circle 42 whereas outwardly
      of the pitch circle the recesses flare, e.g., in accordance with arcs of a
      circle 43, 44 so that the movement of the connecting members into and out
      of the recesses is facilitated.
PAR  According to FIG. 4, the pin is non-rotatably mounted in the curled-in
      portion 45 and has a stepped-down outer end portion 46, which extends
      through the bores 47, 48, 49 of three sections 50, 51, 52 of the
      connecting member, which is generally designated 53. The three sections
      50, 51, 52 are aligned in a direction which is transverse to the
      longitudinal direction of the apron conveyor and are held together by a
      circlip 54 at the extreme end of the stepped-down end portion 46. The
      bores 47 to 49 may be lined with a bearing bushing 55. It is preferred,
      however, to use sections 50 to 52 which like the connecting members as
      such consist of a low-friction material, particularly sintered metal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conveyor assembly comprising:
PA1  a pair of pulleys each rotatable about an axis and spaced apart with their
      axes generally parallel to define an endless path of travel extending
      between said pulleys and about their peripheries, with a pitch circle
      being defined about each of said pulleys having a center which is
      coincident with the axis of rotation of each pulley, respectively;
PA1  a plurality of recess means defined about the periphery of each of said
      pulleys, each of said recess means being defined between at least a pair
      of circumferentially spaced curved convex terminal side walls extending
      generally parallel to said pulley axes with a widening configuration
      opening radially outwardly of said pulleys;
PA1  said terminal side walls of said recess means including a portion thereof
      extending radially outwardly of said pitch circle and a portion extending
      radially inwardly therof, said radially outwardly extending portion having
      a radius of curvature which is smaller than the radius of curvature of
      said radially inwardly extending portion;
PA1  a plurality of slats each having a pair of ends and a predetermined length
      extending therebetween;
PA1  a plurality of connecting means each joined between the ends of adjacent
      slats to form said slats in an endless assembly extending in a direction
      lengthwise of said slats along said endless path of travel between said
      pair of pulleys;
PA1  said connecting means including means enabling relative pivotal motion
      between each of said connecting means and each of said slats joined
      thereto about a pivot axis extending generally parallel to said axes of
      said pulleys;
PA1  means defining on each of said connecting means at least a pair of opposed
      convex walls adapted to be engaged within each of said recess means
      between terminal side walls thereof, said opposed convex walls being
      spaced apart in the direction of said endless path of travel a distance
      commensurate with spacing between said terminal side walls to enable each
      pair of said opposed convex walls to be engaged with rolling contact in
      succession between pairs of said terminal side walls during rotation of
      said pulleys;
PA1  each of said recess means being spaced apart circumferentially about said
      pulleys a distance determined by said predetermined length of said slats
      to enable said connecting members to become engaged in succession within
      said recess means to drive said endless slat assembly through said endless
      path of travel upon rotation of said pulleys;
PA1  said terminal side walls of said recess means and said opposed convex walls
      of said connecting means being configured to form said pulleys and said
      connecting means essentially as intermeshing gearing members.
NUM  2.
PAR  2. An assembly according to claim 1 wherein each of said pulleys is formed
      with a pair of discs spaced apart axially upon the axis of rotation of
      said pulley, each of said recess means being formed by a pair of recesses
      located on the periphery of each of said discs, said pair of recesses
      being aligned axially of said pulley, and wherein each of said connecting
      means comprise a pair of connecting members located on opposite sides of
      said slats each adapted to be engaged, respectively, with one of said
      recesses of said aligned pair of recesses.
NUM  3.
PAR  3. An assembly according to claim 2 wherein said connecting means include a
      plurality of pins, each of said ends of said slats having one of said pins
      attached thereto, said pins extending in a direction parallel to the axes
      of said pulleys beyond said slats and into pivoted engagement with a pair
      of said connecting members on opposite sides of said slats, each of said
      pair of connecting members extending between adjacent ends of a pair of
      slats with each pair of connecting members having a pair of said pins in
      engagement therewith.
NUM  4.
PAR  4. An assembly according to claim 1 wherein each of said radially outwardly
      extending portions have a curvature corresponding to the arc of a circle.
NUM  5.
PAR  5. An assembly according to claim 1 wherein said predetermined length of
      said slats is about 13.5 cm and wherein each of said pulleys comprises an
      effective diameter of about 25 cm.
NUM  6.
PAR  6. An assembly according to claim 1, wherein each of said terminal side
      walls of said recess means are spaced apart a distance corresponding to an
      angle of about 20.degree. bounded by a pair of radial lines both extending
      from the axis of the pulley upon which said recess means are formed.
NUM  7.
PAR  7. An assembly according to claim 1 wherein said terminal side walls of
      said recess means and said opposed convex walls of said connecting means
      are formed in the shape of teeth of involute gears having a pressure angle
      of about 20.degree. .
NUM  8.
PAR  8. An assembly according to claim 3 including bushing means interposed
      between each of said pins and each of said connecting members.
NUM  9.
PAR  9. An assembly according to claim 3 wherein each of said connecting members
      is formed of sintered metal.
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ABST
PAL  A method and apparatus for palletizing articles such as, for example,
      hollow cylindrical containers or the like is disclosed herein and includes
      an apparatus section positionable adjacent a support member such as a
      pallet and defining a receiving station and a sweep station for receiving
      a plurality of the containers and transferring the same to the support
      member. A conveyor extending from the receiving station into the sweep
      station and terminating adjacent the pallet is adapted for continuous
      movement during the operation of the apparatus so as to convey a first
      group of the containers from the receiving station to the sweep station
      and to aid in the transfer of the first group from the sweep station onto
      the pallet. A first overhead assembly, positioned above the sweep station
      and adapted to move along a predetermined at least partially angularly
      deviating endless path, is provided for engaging behind and with the group
      of containers located at the sweep station for pushing the group onto the
      pallet. In addition, a second overhead assembly positioned above the
      conveyor and in a vertical plane separating the receiving and sweep
      stations is provided for allowing initial conveyance of a second group of
      containers onto the sweep station after beginning the transfer of said
      first group onto said pallet but before completion thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a method and apparatus for transferring
      articles from one area to another and more particularly to a method and
      apparatus for palletizing articles such as, for example, beverage cans or
      the like.
PAR  2. Description of the Prior Art
PAR  In todays society of highly automated mass production, the importance of
      minimizing production time and expensive down time is readily apparent.
      This is especially true, for example, in the high speed automated
      manufacturing of articles such as beverage containers. In this regard,
      large sums of money have heretofore been expended in the research and
      development of more efficient, economical and rapid ways of producing such
      articles, thereby resulting in highly complex machinery and controls for
      the automation thereof.
PAR  While the aforedescribed machinery so developed has been quite successful
      for the use intended, that is, for mass producing beverage containers in a
      rapid and economical fashion, it has been found, heretofore, that many
      improvements can be made to the method and machinery utilized in handling
      finished products. Today, for example, many of the known palletizers which
      are utilized in finished product handling, especially the handling of
      cylindrical containers such as beverage cans or the like, have been found
      not to be completely satisfactory in keeping pace with the production
      machinery used in conjunction therewith. Many of these palletizers do not,
      for example, have the capability of overlapping the various successive
      steps required in transferring layered groups of containers from a
      finished product point and ultimately onto an awaiting pallet. Rather, in
      many cases, complete transfer of one layer of containers must be carried
      out before transfer of a following layer can be initiated. This, of
      course, can slow down the overall production and handling process, thereby
      diluting many of the advantages in rapidity of the manufacturing
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a heretofore unavailable improvement over known
      palletizing methods and apparatus in that it provides for a more
      dependable and accurate system for rapidly transferring layered groups of
      articles such as, for example, cylindrical beverage containers from a
      finished article point to a support member such as a pallet. Briefly, the
      system, provided in accordance with the present invention, conveys a first
      group of articles from an article receiving station to a transfer station,
      thereafter transfers said first group of articles on to a support member
      and before completing the transfer of said first group conveys a second
      group of articles from the receiving station to the transfer station.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved article transferring apparatus which is uncomplex in design,
      dependable in use, and rapid in operation.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for transferring groups of articles such as beverage cans from a
      finished article point to a support member such as a pallet.
PAR  Still another object of the present invention is to provide a new and
      improved apparatus for transferring groups of articles from a finish
      article point to a support member such as a pallet, which apparatus
      minimizes undue back-log of finished articles prior to the palletization
      thereof.
PAR  Yet another object of the present invention is to provide a new and
      improved article transferring apparatus which, during the transfer of one
      group of articles from a first point to the second point, initiates
      conveyance of a second group of articles from an article receiving point
      to the first point so as to minimize the time required in transferring a
      plurality of such groups.
PAR  Yet another object of the present invention is to provide a new and
      improved apparatus for transferring groups of articles from one point to
      another wherein said apparatus arranges the groups of articles in a
      predetermined pattern.
PAR  A further object of the present invention is to provide a palletizing
      apparatus including a new and improved assembly for aiding in the direct
      transfer of articles such as beverage cans onto a support member such as a
      pallet.
PAR  Still a further object of the present invention is to provide a palletizing
      apparatus including a new and improved article transfer assembly which is
      positioned over and engages behind groups of articles to be transferred
      for pushing said groups toward a support member such as a pallet.
PAR  Yet a further object of the present invnetion is to provide a new and
      improved palletizing apparatus for regulating the movement of articles
      between an article receiving station, pallet sweep station and an awaiting
      pallet.
PAR  These and other objects and features of the present invention will become
      more apparent from the following descriptions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a perspective view of a palletizing apparatus constructed in
      accordance with the present invention;
PAR  FIG. 2 is a perspective view of a receiving and transfer assembly
      constructed in accordance with the present invention and utilized with the
      palletizing apparatus illustrated in FIG. 1;
PAR  FIG. 3 is a partially broken-away top view of the assembly of FIG. 2;
PAR  FIG. 4 is a partially broken-away side view of the assembly illustrated in
      FIG. 2; and
PAR  FIG. 5 is an enlarged and partially broken-away perspective view of a
      component utilized in the assembly of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings, wherein like components are designated by like
      reference numerals throughout the various figures, an apparatus 10,
      constructed in accordance with the present invention and illustrated in an
      overall perspective view in FIG. 1, is provided for receiving layered
      groups of articles such as, for example, hollow cylindrical beverage
      containers 12 and positioning these layered groups on a support member
      such as, for example, a pallet 14. In this regard, it is to be understood
      that the present invention, while being especially suitable for
      palletizing containers of the type described, is not limited thereto but
      may be provided for palletizing or otherwise generally stacking articles
      of any reasonable size and shape. However, for purposes of clarity,
      apparatus 10 will be described with regard to the manner in which it
      palletizes the aforedescribed containers and therefore will hereinafter be
      referred to as a palletizing apparatus.
PAR  As illustrated in FIG. 1, palletizing apparatus 10 includes an upright or
      vertically extending pallet feed elevator 16 which receives empty pallets
      14 at its lower end or base 20 from a conventional conveyor mechanism 22
      and which elevates the pallets upwardly in the direction of arrow 24. A
      fork-lift assembly 26, which is positioned adjacent the top of elevator
      16, is adapted to transfer an empty pallet positioned thereat to a pallet
      transfer station 28 in the direction indicated by arrow 30. As
      illustrated, the pallet transfer station is located at the top of an
      adjacent upright or vertically extending apparatus section 32.
PAR  As indicated by arrow 34, an empty pallet positioned at transfer station 28
      is transferred to the top of a second or palletizing elevator 36 which is
      positioned adjacent section 32. The transferred pallet is now in position
      to receive a first layer of containers, as illustrated best in FIG. 2.
      After receipt of this first layer, elevator 36 moves the pallet downwardly
      in the direction of arrow 38 and a distance substantially equal to the
      height of the containers. In this manner, a second layer of containers can
      be transferred on top of the first layer whereupon the pallet is again
      moved downward. As will be seen hereinafter, this procedure is repeated
      until the desired number of layers of containers are positioned on the
      pallet whereupon the loaded pallet is ultimately transported away for
      further handling by a conventional conveyor mechanism 40 extending out
      from under elevator 36 and apparatus section 32. In this regard, it should
      be readily apparent that a second empty pallet can be transferred from
      transfer station 28 to the top of elevator 36 as soon as the last
      container layer has been transferred to the pallet being loaded and that
      pallet moved down an incremental step equal to the height of the layer. In
      this manner, the time delay which would otherwise be required in
      completely removing a loaded pallet before initiating the loading of a
      subsequent pallet is eliminated.
PAR  Attention is now directed to the manner in which apparatus 10 receives
      containers 12 and transfers the same in layered groups to an awaiting
      pallet 14. For this purpose, apparatus 10 includes a receiving and
      transferring assembly 41 having a horizontally extending conveyor
      mechanism 42 supported at the top of another upright or vertically
      extending apparatus section 44 which is positioned adjacent palletizing
      elevator 36. Containers 12 are conventionally transported by means not
      shown to one end of conveyor 42 where they are conveyed in the direction
      of arrow 45 or towards the awaiting pallet. In this regard, it should be
      noted that the conveyor terminates adjacent palletizing elevator 36 and is
      substantially horizontally flush with an initially transferred pallet, as
      illustrated in FIG. 2.
PAR  In accordance with the present invention, an overhead sweep assembly 46, to
      be described in more detail hereinafter, is supported by apparatus section
      44 and positioned directly above a portion of the conveyor 42, which
      portion is adjacent palletizing elevator 36 and which will hereinafter be
      referred to as sweep station or area 48. As will be seen hereinafter,
      assembly 46 is provided for arranging the containers 12 conveyed to sweep
      station 48 into a predetermined pattern and thereafter, in cooperation
      with conveyor 42, transferring the patterned group to an awaiting pallet
      14.
PAR  After sweep station or area 48 has been completely filled with containers
      or after a predetermined number of containers have been received thereat,
      the passage taken by the containers entering the sweep station is blocked.
      This is accomplished by a passage inhibiting assembly 50 which will be
      described in more detail hereinafter and which, like assembly 46, is
      supported by apparatus section 44. Assembly 50 is positioned directly
      above conveyor 42, behind assembly 46 and substantially within a vertical
      plane separating the aforedescribed sweep station or area 48 and a
      receiving station or area 52 which comprises that portion of conveyor 42
      behind assembly 50. As will be seen hereinafter, portions of the passage
      inhibiting assembly are movable between a lowered position for inhibiting
      passage of containers 12 from receiving station 52 to sweep station 48 and
      a raised position for allowing passage therebetween.
PAR  As will be illustrated, conveyor 42, sweep assembly 46 and passage
      inhibiting assembly 50 cooperate to transfer a first group of containers
      from sweep station 48 to an awaiting pallet 14 and before completion of
      this transfer step cooperate to begin the conveyance of a second group of
      containers from receiving station 52 to sweep station 48. In this manner,
      the overall time required for receiving containers and transferring layers
      thereof to pallet 14 is minimized.
PAR  Turning to FIGS. 2 to 5, attention is directed to the details of receiving
      and transferring assembly 41 and particularly to overhead sweep assembly
      46 and passage inhibiting assembly 50, which, in accordance with the
      present invention, cooperate with conveyor 42 for receiving containers 12
      and transferring the containers to an awaiting pallet 14 in a manner to be
      described hereinafter. In this regard, it should be noted that the
      conveyor is driven in the direction of arrow 45 by a drive assembly 54
      which is illustrated in FIG. 1 and which includes a drive motor 56 and
      drive belt 58, the drive assembly being appropriately mounted to apparatus
      section 44 and conventionally connected to the conveyor for driving the
      latter.
PAR  For purposes of clarity, those conventional means for mounting or
      connecting various components discussed herein such as, for example, drive
      motor 56 and drive belt 58 will not be described unless they effect the
      operation of apparatus 10, it being understood that such means are well
      within the ordinary skill of the art.
PAR  Referring particularly to FIGS. 2, 3 and 4, the overhead sweep assembly 46,
      as illustrated, includes two elongated U-shaped channel members 60 and 62
      which are provided for supporting most of the remaining components making
      up the assembly. The channel members, which are conventionally mounted to
      apparatus section 44 by a plurality of upright or vertical support bars 64
      are positioned above and on opposite sides of conveyor 42 and extend in
      the direction of the conveyor the length of sweep station 48. A pair of
      cylindrical shafts 66 and 68 are mounted at their ends to opposite ends of
      channel members 60 and 62 by respective flanged bearings 70 and 72 which
      allow the shafts to freely rotate about their respective axes.
PAR  Each of the shafts 66 and 68 carry at their opposite ends and within the
      channels 60 and 62 respective sprockets 74 and 76 which are rigidly fixed
      to the shafts for rotation therewith. As illustrated best in FIGS. 2 and
      3, each sprocket 74 cooperates with a sprocket 76 positioned on the same
      side of conveyor 42 for supporting and endless chain 78 which, as will be
      seen hereinafter, is adapted to move along a closed loop endless path
      defined by the chain. In this regard, a drive sprocket 80 rotatably
      mounted to the outside of channel member 60 is connected with a sweep
      assembly drive motor 82 by a connecting belt 84, the drive motor 82 being
      suitably mounted to apparatus section 44 as illustrated in FIG. 1.
      Sprocket 80 is connected to shaft 68 by a key element 86 so that, upon
      energization of motor 82, the sprocket and keyed shafted are rotated
      causing the chains 78 to move around both of the shafts 66 and 68 in the
      direction of arrow 88.
PAR  Two elongated and rectangular container sweep members 90 and 92, which are
      best illustrated in FIG. 4, are mounted to chains 78 in a manner to be
      described hereinafter and are positioned 180.degree. apart along the path
      taken by the chains, that is, a distance of one-half of the overall path
      taken by the chains. The sweep members 90 and 92, which are perpendicular
      to channel members 60 and 62 and which extend substantially completely
      therebetween, are each suitably mounted at one horizontally extending end
      to the leg of an elongated T-bar, the T-bars being respectively designated
      by the reference numerals 94 and 96 as shown best in FIG. 4. Each of the
      T-bars, in turn, is mounted at opposite ends to the two chains 78 by pin
      plate attachments 98, one of which is generally illustrated in FIG. 2.
PAR  As illustrated best in FIG. 4, both of the sweep members 90 and 92 extend
      outwardly and away from chains 78 and are appropriately dimensioned so
      that their otherwise free horizontally extending ends are positioned
      slightly above conveyor 42 when the sweep members move along the lower
      half of the path defined by the chains. In this manner, as will be seen
      hereinafter, the sweep members are adapted to engage behind and with a
      substantial side portion of various ones of the containers positioned on
      the conveyor and within sweep area 48 for pushing those containers toward
      awaiting pallet 14 which, as stated hereinabove, is positioned adjacent
      the forward end of the conveyor.
PAR  Two elongated pattern forming members 100 and 102, which extend in a
      direction substantially perpendicular to channel members 60 and 62 and
      substantially completely therebetween, are, like sweep members 90 and 92,
      mounted at their horizontally extending ends to the legs of respective
      elongated T-bars 104 and 106 (FIG. 5), the latter being mounted at their
      opposite ends to chains 78 by pin plate attachments (not shown) similar to
      the aforementioned pin plate attachments 98. Like sweep members 90 and 92,
      the pattern formers 100 and 102 extend outwardly and away from chains 78
      and are appropriately dimensioned so that their otherwise free
      horizontally extending ends are positioned slightly above conveyor 42 as
      they travel along the lower half of the path defined by the chains, this
      being best illustrated in FIG. 4. In addition, it should be noted that
      pattern former 100 is positioned slightly behind sweep member 90 in its
      movement about the aforedescribed sweep path and pattern former 102 is, in
      a similar manner, positioned behind sweep member 92 and 180.degree., along
      the path, from pattern former 100. As will be described in more detail
      hereinafter, each of the pattern formers is provided for blocking the
      passage taken by containers 12 in their movement from sweep station 48 to
      an awaiting pallet 14 until a desired number of containers have been
      accumulated within the sweep station and the sweep assembly initiated for
      transferring the accumulated containers to the pallet.
PAR  In order to position the containers conveyed to sweep station 48 in a
      predetermined array or pattern, each of the pattern formers 100 and 102 is
      fashioned as a plurality of integrally connected angle irons defining a
      plurality of transversely spaced pockets, each of which is suitably
      dimensioned to receive one of the containers. Accordingly, as the
      containers move along the conveyor 42 and into sweep station 48, those
      containers making up the leading row thereof enter into the pockets of,
      for example, pattern former 102 which, as illustrated in FIGS. 2 and 3, is
      positioned rearwardly of the forward terminating end of the conveyor. As
      seen in FIG. 5, after accumulation of the first row of containers within
      the pockets of pattern former 102, a second row is positioned behind the
      first row and staggered between the containers comprising the first row.
      The third and subsequent rows are, of course, staggered in the same
      manner. In this way, wastage of container space in the sweep station is
      minimized. In this regard, it should be noted that side rails (not shown)
      positioned on opposite sides of sweep station 48 and suitably mounted to
      upright support bars 64 would be provided for preventing the containers
      received in the sweep station from otherwise being diverted off the sides
      of the conveyor.
PAR  For reasons to be described hereinafter, sweep assembly 46 further includes
      a pair of vertically spaced limit switches 110 and 112 which are suitably
      mounted to channel member 60 and positioned slightly forwardly of shaft 68
      as illustrated in FIG. 2. In this regard, the T-bars respectively
      supporting sweep members 90 and 92 include cam members or other suitable
      projections 114 (FIG. 4) connected therewith, each of these cam members
      being appropriately positioned for engaging and actuating one of the limit
      switches as an associated sweep member reaches a point along its path of
      movement adjacent that particular limit switch.
PAR  Attention is now directed to passage inhibiting assembly 50 which includes
      a drive arrangement 116 for moving a plurality of elongated and downwardly
      extending plunger elements 118 between a raised position, as indicated by
      solid lines in FIG. 4, and a lowered position, as indicated by dotted
      lines in the same figure. The drive arrangement may be operated in any
      suitable manner such as, for example, pneumatically, electrically or
      hydraulically. As illustrated best in FIG. 2, the plunger elements are
      arranged in two rows and staggered so that a particular element in one row
      is positioned between two elements of the second row. As stated
      hereinabove, assembly 50 is positioned directly above conveyor 42 and
      substantially within a vertical plane separating the aforedescribed sweep
      station 48 and receiving station 32, that is, directly behind sweep
      assembly 46. In this regard, a pair of upright support members 120 may be
      provided for suitably mounting the assembly to apparatus section 44 in the
      aforedescribed position. With assembly 50 so positioned, the plunger
      elements 118 when in their lowered position extend to a point slightly
      above the conveyor 42 for inhibiting passage of containers from the
      receiving station to the sweep station and when in their raised position
      allow passage therebetween, this being best illustrated in FIG. 4. Where
      two rows of plunger elements are shown, it is to be understood that any
      reasonable number thereof may be provided.
PAR  With receiving and transfer assembly 41 constructed in the aforedescribed
      manner, attention is now directed to the manner in which it operates. In
      this regard, it will be assumed that the assembly is initially in the
      position shown in the FIGS. 2 and 4 and that no containers have, as of
      yet, been transferred from the receiving station to the sweep station or
      transferred from the latter to an awaiting pallet 14. Operationally,
      conveyor 42, which is adapted for continuous movement in the direction of
      arrow 45, conveys a plurality of containers 12, received at the receiving
      station, under passage inhibiting assembly 50 and into sweep station 48
      where they are prevented from going any further by pattern former 102
      which, in addition, positions the containers in the aforedescribed
      pattern. As is generally the case, the operator allows the sweep station
      to be completely filled so that the containers begin to backup behind
      passage inhibiting assembly 50. At this time, the operator by appropriate
      means (not shown) may energize the receiving and transfer assembly which
      initiates movement of chains 78 in the direction of arrow 88 so that sweep
      members 90 and 92 and pattern formers 100 and 102 begin to move in the
      same direction and along the path defined by the chains.
PAR  At the same time that chains 78 begin to move, drive arrangement 116 of
      passage inhibiting assembly 50 is energized for moving plunger elements
      118 from their retracted or raised position to their lowered position
      whereupon the plunger elements enter into the two rows of containers which
      are positioned directly under the assembly and which like the other
      containers being transferred have their top ends open. In this manner,
      those containers receiving the plunger elements and any containers
      therebehind are blocked from passing into the sweep station even though
      the conveyor 42 continues to move. In the mean time, pattern former 102
      has moved around and out of the path between the conveyor 42 and pallet 14
      for allowing the containers accumulated within sweep station 48 to move in
      the direction of the pallet. Simultaneously, the sweep member 90 which is
      travelling along the path defined by chains 78 at a faster rate than the
      movement of conveyor 42, is moved directly behind and in engagement with
      the accumulated containers. In reaching this position, sweep member 90
      actuates the lower limit switch 112 which, in turn, is connected to
      appropriate controls (not shown) for actuating assembly 50 and raising the
      plunger elements 118. Accordingly, the containers within the receiving
      station 32 begin to move into the sweep station directly behind pattern
      former 100 which, as stated above, is positioned directly behind sweep
      member 90. As they enter, sweep member 90 continues to move forwardly
      pushing the first group of containers onto pallet 14. When this sweep
      member reaches the position previously assumed by sweep member 92, the
      last-mentioned sweep member reaches the position previously assumed by
      sweep member 90 and actuates the limit switch 110 for stopping operation
      of the entire assembly. At this point, the second pattern former 100 is in
      the position previously assumed by pattern former 102 for blocking passage
      of the newly received group of containers and forming them in the same
      pattern. In addition to stopping operation of the receiving and transfer
      assembly, actuation of limit switch 110 initiates downward movement of the
      pallet 14 positioned within elevator 36 so that the pallet may receive a
      second layer of containers, this being described in more detail
      hereinafter. This procedure is repeated each time the operator energizes
      assembly 41.
PAR  It should be readily apparent from the aforedescribed operational
      description, that a short period of time is required for transferring
      groups of containers from receiving station 52 to the sweep station and
      ultimately onto an awaiting pallet 14.
PAR  Returning to FIG. 1, attention is redirected to feed elevator 16 which, as
      illustrated, includes two vertically extending and spaced apart conveyor
      belts 120 and 122 which are suitably mounted to the frame defining the
      elevator on opposite sides of conveyor mechanism 22 and which are
      respectively driven counter-clockwise and clockwise, as viewed in FIG. 1,
      by an appropriately connected and mounted drive assembly including a drive
      motor 124. Both of the belts 120 and 122 carry a plurality of suitably
      connected and horizontally extending flange supports 126 and 128,
      respectively, each of the flange supports 126 being in horizontal
      alignment with an associated flange support 128 and in confronting
      relationship therewith. In this manner, as the belts are driven in the
      manner described, a pair of aligned and confronting flange supports 126
      and 128 are adapted to move under an empty pallet positioned at the bottom
      of the feed elevator by conveyor 22 and raise the pallet in the direction
      of arrow 24, as illustrated in FIG. 1. This procedure may be repeated for
      raising subsequent empty pallets by the remaining pairs of aligned support
      members.
PAR  While only two pairs of aligned support members 126 and 128 are shown in
      FIG. 1, it is to be understood that a larger number thereof may be
      included so that more than two pallets may be stored in the feed elevator,
      or the same aligned members may carry a plurality of pallets. In addition,
      while the arrangement comprising elevator 16 is shown to include conveyors
      120 and 122 and support members 126 and 128, it is to be understood that
      any suitable means such as, for example, chain and sprocket arrangements
      may be provided for accomplishing the same results.
PAR  Attention is now directed to fork lift assembly 26, which as stated
      hereinabove, is provided for transferring an empty pallet positioned at
      the top of elevator 16 to transfer station 28. In this regard, assembly 26
      includes a pair of spaced-apart L-shaped fork members 130 having their
      vertical leg portions mounted to a fork-lift base 132 and their horizontal
      leg portions positioned adjacent the top of elevator 16 and extending
      toward transfer station 28. Base 132 is suitably mounted, on opposite
      sides thereof, to a pair of spaced apart tracks 134 which are supported by
      the elevator 16 and which extend to a point adjacent transfer station 28.
      A conventional drive assembly including drive motor 136 mounted on the
      outside of one of the tracks is provided for reciprocally moving the
      forklift assembly between the position in which it is shown in FIG. 1 and
      a point adjacent transfer station 28. At the same time, the fork-lift
      assembly includes conventional means (not shown) for raising and lowering
      the fork members a slight distance. In this manner, after an empty pallet
      has been positioned at the top of elevator 16, the latter may be
      transferred to transfer area 28 by energizing motor 136 and causing the
      forklift assembly to move in the direction of arrow 30. In so doing, the
      fork members enter between the opposite sides of the pallet, lift the
      pallet slightly upwardly and move the same to the transfer station where
      the pallet is again lowered thereon and the fork-lift assembly moved back
      to its initial position for repeating the operation with a subsequent
      pallet.
PAR  The transfer station 28, as illustrated in FIG. 1, includes a horizontally
      extending conveyor mechanism 140 mounted to the top of apparatus section
      32 and driven in the direction of arrow 34 by an appropriately connected
      and mounted drive assembly including drive motor 142 and drive belt 144.
      The Conveyor 140 is positioned to receive an empty pallet from elevator 16
      and, upon energization of motor 142, moves the pallet thereon towards the
      top of palletizing elevator 36. In this regard, a plurality of elongated
      angled flange members 146 extending across the conveyor and suitably
      mounted thereto are provided for engaging behind the received pallets and
      pushing the same onto the top of the palletizing elevator.
PAR  The palletizing elevator 36, like feed elevator 16 may include two
      vertically extending and spaced apart conveyor belts 150 and 152 which
      support a plurality of similar aligned flange supports 154 and 156 (only
      one pair being shown) and which are respectively driven counter-clockwise
      and clockwise (as viewed in FIG. 1) by an appropriately connected and
      mounted drive assembly including drive motor 158 and drive belt 160. In
      this manner, upon energization of motor 158, a pair of aligned flange
      supports 154 and 156 carry a pallet supporting containers 12 downward in
      the direction of arrow 38.
PAR  For reasons to be described hereinafter, palletizing elevator 36 includes a
      conventional arrangement (not shown) which initiates a signal when the
      pallet positioned within the elevator moves downwardly an increment
      substantially equal to the height of one layer of containers positioned
      thereon. This arrangement may include, for example, a light source and
      photoelectric cell positioned on opposite sides of the elevator so as to
      initiate the aforestated signal after the last layer has passed
      therebetween. In this manner, the pallet may be moved downwardly one
      increment and stopped so that a subsequent layer can be placed thereon.
PAR  With feed elevator 16, fork-lift assembly 26, transfer station 28, and
      palletizing elevator 36 constructed in the aforedescribed manner,
      attention is now directed to the manner in which they operate in
      conjunction with container receiving and transfer assembly 41. In this
      regard, as stated hereinabove, upon actuation of assembly 41 by the
      operator, conveyor mechanism 42, sweep assembly 46 and passage inhibiting
      assembly 50 cooperate to transfer a first layer of containers 12 onto a
      pallet 14 positioned at the top of palletizing elevator 36. At the end of
      this operation, it was noted that limit switch 110 comprising part of the
      sweep assembly was actuated for terminating operation of the receiving and
      transfer assembly.
PAR  In addition to terminating operation of assembly 41, actuation of the limit
      switch 110, through suitable controls (not shown) energizes palletizing
      elevator drive motor 158 for initiating movement of pallet 14 downwardly
      in the direction of arrow 38. When the pallet has moved down a distance
      substantially equal to the height of the containers positioned thereon,
      the aforedescribed photoelectric cell arrangement or other suitable
      arrangement is triggered for de-energizing motor 158 and causing the
      pallet to stop. The pallet is now in position to receive a second layer of
      containers from receiving and transfer assembly 41 and operation of the
      latter may be repeated. In this regard, it should be noted that a layer of
      cardboard or other suitable material, which is often referred to as a
      chipboard, may be either manually or mechanically positioned betweeen the
      first and subsequent layers of containers for providing greater support
      stability thereto.
PAR  After the desired number of layers have been transferred onto pallet 14, it
      is readily apparent that the latter is at a predetermined point along
      elevator 36. Accordingly, a limit switch or other similar actuating device
      170 which is appropriately mounted to the frame defining the palletizer
      elevator may be appropriately positioned so that the pallet or other
      suitable means moving with the pallet actuates the limit switch when the
      pallet reaches that point. In this manner, the aforedescribed
      photoelectric cell arrangement may be by-passed for allowing the loaded
      pallet to continue its movement downward and onto conveyor mechanism 40
      which thereafter carries the loaded pallet away. In this regard, limit
      switch 170 or another suitable limit switch (not shown) upon being
      actuated may be provided for energizing the transfer station drive motor
      142 so as to cause an empty pallet positioned in the transfer station to
      be moved to the top of palletizing elevator 36. In this regard, a limit
      switch or other suitable actuating device 172 may be mounted to apparatus
      section 32 and positioned directly under the forward end of transfer
      conveyor 140. Accordingly, after the flange 146 has completely transferred
      a pallet from transfer station 28 to palletizing elevator 36 and during
      its initial movement along the lower side of conveyor 140, it will actuate
      the limit switch 172 causing de-energization of motor 142 for stopping
      transfer station conveyor 140 and energization of fork-lift motor 136 so
      that the fork-lift assembly may transfer another pallet from the feeder
      elevator to the transfer station. Another limit switch 174 may be suitably
      mounted to one of the tracks 134 which guides the fork-lift assembly and
      positioned for actuation by the fork-lift assembly when the latter returns
      to its initial position. In this way, upon actuation of the limit switch
      174, operation of the fork-lift assembly may be terminated by
      de-energizing motor 136 and feed elevator drive motor 124 may be energized
      for lifting another pallet to the top of the elevator, a limit switch (not
      shown) being appropriately mounted and positioned for terminating
      operation of the feeder elevator when the pallet reaches the top thereof.
PAR  It should be readily apparent that the overall operation of palletizing
      apparatus 10 including operation of receiving and transfer assembly 41
      requires various control devices such as, for example, relays to be
      connected with the various limit switches and drive motors as well as the
      aforedescribed photoelectric cell arrangement. Because such control
      devices and the manner in which they are connected would be readily within
      the skill of the art in view of the aforedescribed operation, a
      description thereof is deemed unnecessary, the same being readily
      providable by one with ordinary skill in the art. In addition, although a
      perferred embodiment of the present invention has been illustrated and
      described, it is anticipated that various changes and modification will be
      apparent to those skilled in the art and that such changes may be made
      without departing from the true scope of the present invention as defined
      by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for transferring articles from a first area to a second
      area, said assembly comprising: support means adapted to be moved along a
      closed loop endless path; first means connected with said support means
      and movable with said support means along said path, said first means
      being adapted for engagement with at least one of said articles when said
      one article is within said first area and when said first means is moved
      along a predetermined portion of said path whereby said first means moves
      said one article by pushing towards said second area; second means
      connected with said support means a distance of approximately one-half of
      said path from said first means and movable therewith, said second means
      being adapted for engagement with at least a subsequent article received
      within said first area when said second means is moved along a
      predetermined portion of said path for moving said subsequent article
      towards said second area; third means connected with said support means,
      movable therewith and positioned directly behind said first means, said
      third means being adapted for blocking the transfer path between said
      first and second areas when said third means is at a predetermined point
      along said fixed path; and fourth means connected with said support means,
      movable therewith and positioned directly behind said second means a
      distance of approximately one-half of said fixed path from said third
      means, said fourth means being adapted for blocking said transfer path
      when said fourth means is at a predetermined point along said fixed path.
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ABST
PAL  The invention is an apparatus to automatically regulate the orientation of
      articles having a screw thread at their mouth during transport. The
      apparatus comprises: a turntable disposed at one side of a conveyor for
      transporting articles of a constant speed and rotatable in timed relation
      to the conveyor; a plurality of rotary tables supported by the turntable
      in circumferentially equidistant arrangement and each rotatable about its
      axis, the rotary tables being adapted to receive the articles from the
      conveyor onto the rotary tables; detecting elements disposed above the
      rotary tables and identical in number to the number of the rotary tables,
      the detecting elements being adapted to revolve at a speed equal to that
      of the turntable, each of the detecting elements being engageable with the
      screw thread around the mouth portion of the article; means for operating
      the detecting elements to bring each of the detecting elements into
      elastic engagement with the screw thread around the mouth portion of the
      article when the article is placed on the rotary table and to disengage
      the element from the screw thread within a specified angle of rotation of
      the turntable; drive means for driving the rotary table to rotate the
      article about its axis upon detecting the engagement of the detecting
      element with the screw thread; means for stopping the rotation of the
      rotary table at the position where the detecting element has detected the
      end of the screw thread as the article rotates; and means for delivering
      the articles from the rotary tables onto the conveyor at a specified angle
      of rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for regulating the
      orientation of containers, such as glass bottles or like articles, during
      transport; more particularly to a method and an apparatus by which
      articles such as glass bottles of a square, polygonal or elliptical cross
      section are regulated to a specified orientation and then sent out by
      mechanically detecting, during the transport of the articles, the end of a
      screw thread formed at a definite position of the mouth of each article,
      the thread end thus serving as a mark for the detecting operation.
PAR  Such glass bottles or like containers each bear a printing, label, pattern
      or different patterns on its surface or on several planar surfaces
      thereof. When wrapping or packaging these articles automatically, it is
      desired to regulate them to a specified orientation and thereafter feed
      them to a wrapping or packaging apparatus. Generally, however, the
      articles are conveyed in random orientations, and there is a need to
      manually regulate the orientation of the articles on a conveyor for the
      subsequent wrapping or packaging operation. Thus the manual procedure is a
      bottleneck in effecting a full-automatic wrapping or packaging operation.
PAR  The glass bottles or like containers are formed around their mouth portions
      with a screw thread for screwing the caps thereon. Since the screw thread
      is formed integrally with the glass bottle when it is molded, the ends of
      screw threads on bottles of the same kind are positioned approximately at
      a definite position even if they are made in different lots.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to automatically regulate containers such as
      the above-mentioned glass bottles or like articles to a specified
      orientation and then send them out by mechanically detecting the end of
      the aforementioned screw thread or like marking on the article.
PAR  Another object of this invention is to provide means for automatically
      controlling the orientation of the articles during transport on a
      conveyor.
PAR  Still another object of this invention is to assure savings of labor for
      automatic wrapping or packaging operations by automatically regulating the
      orientation of the articles in the course of transport on a conveyor.
PAR  The present invention provides a method comprising the steps of engaging a
      detecting element with a screw thread around the mouth portion of an
      article during transport, the detecting element moving at a speed equal to
      that of transport of the article, rotating the article about its axis as
      engaged by the detecting element to detect the position of the end of the
      screw thread, and stopping the rotation of the article at the position
      where the end has been detected to thereby regulate the orientation of the
      article.
PAR  The apparatus for automatically practicing this method comprises: a
      turntable disposed at one side of a conveyor for transporting articles at
      a constant speed and rotatable in timed relation to the conveyor; a
      plurality of rotary tables supported by the turntable in circumferentially
      equidistant arrangement and each rotatable about its axis, the rotary
      tables being adapted to receive the articles from the conveyor and to
      rotate the received articles each about its axis; transfer means for
      transferring the articles from the conveyor onto the rotary tables;
      detecting elements disposed above the rotary tables and identical in
      number to the number of the rotary tables, the detecting elements being
      adapted to revolve at a speed equal to that of the turntable, each of the
      detecting elements being engageable with the screw thread around the mouth
      portion of the article; means for operating the detecting elements to
      bring each of the detecting elements into elastic engagement with the
      screw thread around the mouth portion of the article when the article is
      placed on the rotary table and to disengage the element from the screw
      thread within a specified angle of rotation of the turntable; drive means
      for driving the rotary table to rotate the article about its axis upon
      detecting the engagement of the detecting element with the screw thread;
      means for stopping the rotation of the rotary table at the position where
      the detecting element has detected the end of the screw thread as the
      article rotates; and means for delivering the articles from the rotary
      tables onto the conveyor at a specified angle of rotation of the
      turntable.
PAR  According to this invention, therefore, articles having a polygonal or
      elliptical cross section are conveyed as regulated to a specified
      orientation by fully-automatically detecting the end of the screw thread
      on the mouth portion of each article, whereby savings of labor are
      achieved, for example, in an automatic wrapping or packaging operation.
      Inasmuch as the apparatus is designed to be installed at one side of a
      conveyor for transporting the articles, the apparatus is employable easily
      in combination with a conveyor system of any type.
PAR  Other objects and features of this invention will become more apparent from
      the following description of the preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of an embodiment of this invention;
PAR  FIG. 2 is a plan view of the principal part of the same;
PAR  FIG. 3 is a front view partly broken away to show means for rotating a
      rotary table;
PAR  FIG. 4 is a front view partly broken away to show an orientation detecting
      means; and
PAR  FIG. 5 is a time chart of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, a turntable 1 fixed to a cylindrical shaft
      34 is disposed at one side of a conveyor belt 31 driven at a constant
      speed and is rotated at a constant speed by drive means 35 in timed
      relation to the belt 31.
PAR  A number of rotary tables 4 are supported on the turntable 1 at
      circumferentially equal spacing. Each of the rotary tables 4 is rotatable
      about its own axis. The speed of rotation of the turntable 1 is fixed so
      that the peripheral speed of revolution of the rotary tables 4 is
      substantially equal to the speed of travel of the belt 31. Articles 9,
      such as glass bottles conveyed on the conveyor belt 31, are transferred
      onto the rotary tables 4 by arms 30a of a star wheel 30 serving as
      transfer means. Accordingly, the speed of rotation of the star wheel 30 is
      in timed relation to the speed of travel of the belt 31, such that the
      peripheral speed of the wheel 30 coincides with the belt speed. In place
      of the star wheel 30, hydraulically operable means (not shown), such as a
      hydraulic cylinder, are alternatively employable by which the articles 9
      will be pushed from the far side of the conveyor belt 31 and thereby
      transferred onto the rotary tables 4.
PAR  As shown in detail in FIG. 3, the rotary table 4 carries thereon an
      attachment 37 having a hole 22 in conformity with the shape of the bottom
      of the article 9. The attachment 37 is replaceable as desired in
      accordance with the shape of the article 9.
PAR  The rotary table 4 has a hole 4a through which extends a shaft 2 having a
      pin 23 thereon. The table 4 is rotatable with the shaft 2 by virtue of the
      engagement of the pin 23 in a vertically elongated hole 4b. The shaft 2
      has a head portion 2a which is movable upward from and downward to the
      bottom of hole 22 of the attachment 37. Interposed between the shaft 2 and
      the rotary table 4 is a spring 24 biasing the shaft 2 downward.
PAR  The shaft 2 has a steel ball 25 rollably attached to its lower end. The
      steel ball 25 is pressed against a stationary plate cam 3 by the action of
      the spring 24. During the revolution of the rotary table 4, the shaft 2 is
      movable up and down, following the configuration of the upper surface of
      the plate cam 3 to permit the head portion 2a of the shaft 2 to move up
      and down within the hole 22. More specifically with reference to FIG. 2,
      the shaft 2 shifts upward to render its top surface substantially flush
      with the top surface of the attachment 37, as indicated in the solid line
      in FIG. 3, when the article 9 is transferred from the belt conveyor 31
      onto the rotary table 4 and also when the article 9 is delivered from the
      rotary table 4 onto the conveyor belt 31, as will be described later.
      During the detecting operation to be described later, the head portion 2a
      of the shaft 2 is retracted to the bottom of the hole 22, causing the
      bottom portion of the article 9 to fit in the hole 22 of the attachment 37
      (as indicated in the phantom line in FIG. 3) and rendering the article 9
      rotatable with the rotary table 4.
PAR  Means for rotating the rotary table 4 comprises: a friction wheel 17
      supported by the cylindrical shaft 34 and rotatable by drive means 36,
      independently of the cylindrical shaft 34; another friction wheel 18
      mounted on the shaft 2 and rotatable by the friction wheel 17 in
      frictional engagement therewith while the shaft 2 is moving on the low
      level portion 3a of the plate cam 3, namely while the head portion 2a of
      the shaft 2 is held retracted to the bottom 22 of the attachment 37; and
      electromagnetic clutch means 19 and 20 for causing the shaft 2 to rotate
      about its axis together with the friction wheel 18 in response to a
      detection initiating signal to be described later and for freeing the
      shaft 2 from the friction wheel 18 in response to a detection terminating
      signal. Furthermore, an electromagnetic brake 21 is provided around the
      rotary table 4 to brake and stop the rotary table 4 in response to the
      detection terminating signal. In FIG. 2 the turntable 1 rotates in the
      direction of an arrow N and the rotary table 4 therefore revolves with it
      in the same direction, whereas within the orientation detecting area T
      shown, the rotary table 4 is rotatable about its axis in the opposite
      direction, indicated by an arrow M. During the revolution of the table 4
      within the detecting area T, the rotary table 4 is brought to a halt in
      response to the detection terminating signal. The slider 20 of the
      electromagnetic clutch means 19 and 20 is slidably fitted around a splined
      portion 2b of the shaft 2 to perform a clutch action as already known.
PAR  The cylindrical shaft 34 is provided with arms 5 extending to above the
      rotary tables 4 and identical in number to the number of the rotary tables
      4. Each of the arms 5 carries at its distal end a bracket post 13 that is
      vertically movable. A spring 14 biases the post 13 upward, keeping a
      roller 7 at its upper end in rolling contact with the cam surface of a
      control plate cam 6 secured to the upper end of a main pole 33 which
      extends through the cylindrical shaft 34. The rotation of the cylindrical
      shaft 34 with respect to control plate cam 6 moves the bracket posts 13 up
      and down, accordingly. Between the bracket post 13 and the arm 5, there is
      disposed a detection initiating microswitch 16 by means of a mounting
      member 15. When the bracket post 13, which is movable up and down by
      contact with the control plate cam 6, is lowered at the detection
      initiating point of the orientation detecting area T shown in FIG. 2, the
      microswitch 16 emits a rotation initiating signal for the rotary table 4
      to energize the electromagnetic clutch means 19 and 20, whereby the torque
      of the friction wheel 18 driven by the friction wheel 17 is delivered by
      way of the shaft 2 to the rotary table 4, which is in turn rotated about
      its axis as already described.
PAR  Fixed mounted on the lower end of the bracket post 13 is a bracket 29
      having tubular portions 28 carrying head supporting members 26 in a
      vertically movable manner. To the lower ends of the supporting members 26
      is fixed a caplike detecting head 8 which is biased downward by springs
      27. A detecting element 11 projects into the inner cavity of the head 8. A
      microswitch 12 for emitting a detection terminating signal is provided
      between the bracket 29 and the detecting head 8.
PAR  The downward movement of the bracket post 13 fits the detecting head 8 over
      the mouth of the article 9 as seen in FIG. 4. The springs 27 act to keep
      the detecting element 11 in elastic contact with a screw thread 10 on the
      mouth. When the article 9 is rotated by the rotary table 4, the detecting
      element 11 is pushed upward along the screw head 10 and then released from
      the thread 10 at its end 10a, whereupon the springs 27 forces the
      detecting element 11 down into contact with the lower screw thread 10b at
      a point P. Thus the microswitch 12 acting on the detecting head 8 detects
      the end of the screw thread 10 and emits a detection terminating signal at
      that position, deenergizing the electromagnetic clutch means 19 and 20 to
      stop the rotation of the shaft 2 and actuating the electromagnetic brake
      21 to stop the rotation of the rotary table 4. In this way, the detection
      of the end of the screw thread 10 stops the rotation of the article 9. The
      articles of the same kind are therefore stopped all at the same position.
PAR  The detecting element 11 may possibly reach the point P in FIG. 4 directly
      upon the downward movement of the bracket post 13. To accurately control
      the orientation of the article in such case, the apparatus may be so
      adapted as to cause the article 9 to make one turn of rotation from that
      position and to thereby permit the detecting element 11 to move down again
      to the point P from the end 10a of the screw thread 10, whereupon the
      terminating signal will be emitted. This can be achieved, for example, by
      incorporating delaying means in an unillustrated electric circuit.
PAR  When the article 9, stopped from rotation upon completion of the detecting
      operation, is brought close to the conveyor 31 as the turntable 1 further
      rotates, an arm 32a of a star wheel 32 serving as delivering means pushes
      out the article 9 from the rotary table 4 onto the conveyor belt 1. The
      means for rotating the star wheel 32 may be the same as one for the star
      wheel 30 for the transfer operation already described.
PAR  In this way, the shaft 2 and bracket post 13 are moved up and down in timed
      relation to each other as determined by the cam plates 3 and 6, i.e. with
      specified timing, while the rotary table 4 rotates and stops under the
      control of the microswitches 16 and 12 coupled to the bracket post 13 and
      detecting head 8, whereby the orientation of the article is automatically
      determined and it is thereafter sent out onto the conveyor.
PAR  The construction of the detecting head 8 is not limited to one in the
      foregoing embodiment. For example, a split nut is brought close to the
      mouth of the article 9 on the opposite sides thereof and the nut is
      fastened from the opposite sides, the construction being such that when
      the female screw thread in the internal hole of the nut intimately fits
      with the screw thread on the mouth as the article rotates about its axis,
      the position will be detected to stop the rotation of the rotary table to
      control the orientation of the article.
PAR  FIG. 5 shows the time chart of the operation of the embodiment described,
      in which indicated at A is the actuating signal from the microswitch 16 to
      initiate the rotary table 4 into rotation, at B the actuating signal from
      the microswitch 12 for stopping the rotation of the rotary table 4, at C
      the actuating signal for the electromagnetic clutch means 19 and 20, at D
      the actuating signal for the brake 21. At section I, the rotary table 4 is
      brought into rotation about its axis, at section II the detecting element
      11 comes into contact with the screw thread 10 to initiate the orientation
      detecting operation, which is terminated at section III, whereupon the
      rotary table 4 is prevented from rotation. One cycle is completed at
      section IV. Repetition of the detecting operation follows as indicated at
      I', II'. . . I".
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for regulating the orientation of containers or like
      articles, each formed with a screw thread around its mouth portion, during
      transport comprising:
PA1  a turntable disposed at one side of a conveyor for transporting the
      articles at a constant speed and rotatable in timed relation to the
      conveyor;
PA1  a plurality of rotary tables supported by the turntable in
      circumferentially equidistant arrangement and each rotatable about its
      axis, the rotary tables being adapted to receive the articles from the
      conveyor and to rotate the received articles each about its axis;
PA1  transfer means for transferring the articles from the conveyor onto the
      rotary tables, one by one;
PA1  detecting means disposed above the rotary tables and identical in number to
      the number of the rotary tables, the detecting means capable of sending
      signals to a drive means being adapted to revolve at a speed equal to that
      of the turntable, each of the detecting means being engageable with the
      screw thread around the mouth portion of the article;
PA1  means for operating the detecting means to bring each of the detecting
      means into elastic pushing engagement with the screw thread around the
      mouth portion of the article within a specified range of angle of
      revolution of the detecting means and to disengage the detecting means
      from the screw thread outside the range;
PA1  drive means for rotating the rotary table about its axis in response to a
      signal detecting the engagement of the detecting means with the screw
      thread and for stopping the rotation of the rotary table in response to a
      signal detecting that the engagement has changed as the rotary table
      rotates; and
PA1  delivering means for delivering the articles from the rotary tables onto
      the conveyor after the articles have been positioned in a specified
      orientation upon completion of the detecting operation.
NUM  2.
PAR  2. An apparatus for regulating the orientation of containers or like
      articles, each formed with a screw thread around its mouth portion, during
      transport comprising:
PA1  a turntable disposed at one side of a conveyor for transporting the
      articles at a constant speed and rotatable in timed relation to the
      conveyor;
PA1  a plurality of rotary tables supported by the turntable in
      circumferentially equidistant arrangement and each rotatable about its
      axis, the rotary tables being adapted to receive the articles from the
      conveyor and to rotate the received articles each about its axis;
PA1  transfer means for transferring the articles from the conveyor onto the
      rotary tables, one by one;
PA1  detecting elements disposed above the rotary tables and identical in number
      to the number of the rotary tables, the detecting elements being adapted
      to revolve at a speed equal to that of the turntable, each of the
      detecting elements being engageable with the screw thread around the mouth
      portion of the article;
PA1  means for operating the detecting elements to bring each of the detecting
      elements into elastic pushing engagement with the screw thread around the
      mouth portion of the article within a specified range of angle of
      revolution of the detecting element and to disengage the detecting element
      from the screw thread outside the range, said means for operating the
      detecting element includes
PA1  support members downwardly biasing and supporting the detecting elements,
      arms biasing the support members upward and rotatable with the turntable,
      cams for moving the support members up and down at specified angles of
      rotation of the turntable, means for detecting the engagement of each of
      the detecting elements with the screw thread around the mouth of the
      article to emit a detecting signal, and means for detecting a change in
      the engagement of the detecting element with the screw thread during the
      rotation of the article to emit a detecting signal;
PA1  drive means for rotating the rotary table about its axis in response to a
      detection signal detecting the engagement of the detecting element with
      the screw thread and for stopping the rotation of the rotary table in
      response to a detection signal detecting that the engagement has changed
      as the rotary table rotates; and
PA1  delivering means for delivering the articles from the rotary table onto the
      conveyor after the articles have been positioned in a specified
      orientation upon completion of the detecting operation.
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ABST
PAL  A disposable cauterizing (electro-surgical) instrument (pencil) is packaged
      in sterile condition in a sealed envelope. The instrument has a reversible
      electrode having a narrow needle at one end and a broad flat blade at the
      other. The handle has an electrical connector consisting of two flat
      leaves which will accept either end of the electrode and establish
      electrical contact therewith, the opposite end extending out of the handle
      in working position. The holder has a sheath which receives the electrode
      and handle and has a flange which has two slits for attachment of the
      instrument cord to the holder, a hole to hang, clamp or pin the tab to a
      drape or other available support and electrode cleaners of two types. One
      type cleaner is an upstanding boss formed with a V-shaped notch. The other
      cleaner is a broad tab surface hinged to the flange formed with serrations
      or abrasive surface.
BSUM
PAR  This invention relates to a new and improved cauterizing instrument for
      electro-surgery and holder therefor.
PAR  A feature of the invention is the fact that the instrument consisting of a
      handle and a electrode insertable in the handle and a holder for the
      electrode and handle which may be attached to a surgical drape or other
      support are pre-packaged as a unit in sterile condition and preferably are
      disposable after use.
PAR  A feature of the invention is the fact that the holder is provided with
      means for attachment to a surgical drape, or other support, and is formed
      with a sheath which receives the handle and electrode between uses and is
      shaped so that the instrument may be inserted therein with little
      attention required by the surgeon. It also has means at its upper end of
      anchoring the instrument cord to the sheath thus preventing the wire from
      falling from the sterile field. Further, the upper end of the holder has
      several means to assist in cleaning the blade during surgery.
PAR  A further feature is the fact that the electrode is removable from the
      handle and has blades of two different shapes at its opposite ends. Thus,
      either end may be positioned to extend from the handle and the opposite
      end is received by the handle and holds the electrode assembled. The
      opposite ends may be a flat blade and a pointed needle for different kinds
      of surgery or other convenient shapes may be formed.
PAR  The interior of the handle has an electrical connector with two electrical
      contact leaves which are biased to fit tightly against the internal
      portion of the electrode and establish electrical contact therewith. These
      leaves are shaped so that they will engage either the flat broad blade or
      the pointed needle so that either end may be exposed.
PAR  Another feature of the invention is the fact that the holder has a tab
      hinged thereto which is used to attach to a drape or other support with
      the sheath disposed at any convenient angle. Further, the provision of the
      hinge makes it possible to fold the tab parallel to the sheath to reduce
      the bulk of packaging.
PAR  Another feature of the invention is the fact that the instrument and its
      holder are so inexpensive as to be disposable and the entire package may
      be sold sterile, opened at the time of commencement of the surgery, and
      then discarded after the surgery.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan view partly broken away in section to reveal internal
      construction showing a package for the holder, the instrument and its
      cord.
PAR  FIG. 2 is an enlarged side elevational view partly broken away to reveal
      internal construction of the holder.
PAR  FIG. 3 is an enlarged view of the handle and needle partly broken away to
      conserve space and to reveal internal construction.
PAR  FIG. 5 is a fragmentary view of a portion of the structure of FIG. 4
      showing the electrical contacts receiving an end of the needle opposite
      that received in FIG. 4.
PAR  FIG. 6 is a view similar to FIG. 4 showing the needle reversed.
PAR  FIG. 7 is a fragmentary view showing the holder clamped to a drape and FIG.
      8 shows a modification wherein the holder is attached to a drape by
      adhesive.
DETD
PAR  Holder 11 is preferably formed of a plastic material, polypropylene being
      particularly suitable because of the hinge hereinafter described. Holder
      11 has a thin walled sheath 12 which is tapered at the distal end 13 and
      has an outward flared entrance 16 at the upper end. This shape facilitates
      dropping the instrument into the sheath when not in use without requiring
      careful attention by the surgeon. Upward of entrance 16 is a transverse
      flange 14 formed integral with sheath 12. Flange 14 provides means for
      attachment of the instrument cord and for cleaning the electrode as
      hereinafter explained. Lateral extension 17 of flange 14 is arcuate in
      plan and at either end has inwardly directed slots 18 which terminate in
      circular enlargements 19. Instrument cord 37 may be slipped into one of
      the slots 18 in enlargement 19, lain over extension 17, then slipped into
      the other slot 18 in enlargement 19, to anchor the cord. To either side of
      the slots 18 are upstanding bosses 21 each formed with a V-shaped slit 22
      having a narrow inner extremity 23. The blades of the electrode,
      hereinafter defined, may be cleaned by drawing the blades through the
      slits 22.
PAR  Opposite extension 17 and hinged to flange 14 by means of hinge 26 is a tab
      24. The hinge 26 permits packaging the tab 24 parallel to sheath 12 to
      reduce bulk (see FIG. 1) and also permits the tab 24 to be bent at a
      convenient angle relative to sheath 12. Near the outer end of tab 24 is a
      blind hole 27 into which one side of a drape clamp 56 is fastened to
      attach the tab to a convenient location on the drape and a plurality of
      protrusions 28 are formed in a circular pattern around the periphery of
      the hole 27 on the underside of tab 24 to reduce slippage when the hole 27
      is used in this fashion. A plurality of transverse serrations 29 are
      formed on the top surface of tab 24 and these are also used to clean the
      blade of the instrument as an alternative to, or as a supplement to, the
      slits 22.
PAR  Handle 41 is formed of a plastic material and has a circular opening 32 at
      its distal end which is shaped to receive the electrode 41. Immediately
      inside opening 32 is an electrode receiving recess 33 which is separated
      from the contact chamber 34 by a partition 35 apertured to receive and
      guide either end of the electrode. Within chamber 34 is an electrical
      connector 36 consisting of two brass contact leaves preferably bent as
      shown in FIG. 5 so that they come together at the middle to grip and
      establish good electrical contact with either end of the needle. The
      connector 36 is electrically connected to the inner end of a cord 37 which
      extends out through the proximal end of handle 31. Cord 37 has a terminal
      38 on its remote end to insert into a socket in the electrical portion of
      the cauterizing machine.
PAR  A feature of the invention is the use of a needle 41 which has a round
      cross-section middle portion 42 and has different shaped blades at
      opposite ends. End 43 is broad and flat and is beveled to a tapered edge
      44. The opposite end of needle 41 has a small diameter portion 46 which
      terminates in a tapered point 47. The point 47 and the terminus 44, as
      well as the small diameter end 46 and blade 43, are used in different
      cauterizing situations. The needle 41 may be withdrawn from the handle 31
      and the ends of the needle reversed depending upon the type of blade
      required. In either position the blade is firmly held in the handle and
      good electrical contact obtained. Thus the opening 32 is shaped to allow
      clearance during insertion of either the needle diameter or the blade end.
      On the other hand, the aperture in partition 35 is non-circular and on one
      axis has a width equal to the maximum width of broad flat blade 43 and on
      the opposite axis has a width equal to the diameter of the upper end of
      needle 46 to guide either needle or blade end into connector 36.
PAR  The leaves 36 are bent so that they will engage the broad flat surfaces of
      end 43 when the needle is in the position shown in FIGS. 4 and 5 and also
      to engage the small diameter end 46 when the needle is in the position of
      FIG. 6.
PAR  The entire assembly of holder 11, handle 31, electrode 41, cord 37 and
      terminal 38 is preferably packaged in an envelope 51 of suitable plastic
      or paper closed at the left end, as viewed in FIG. 1, and formed with a
      double seal 52 at the right-hand end. The contents are preferably
      sterilized after packaging. At the time of the operation, the seal 52 is
      torn open, the flange 14 attached to a surgical drape or other support
      using a drape clamp 56 or towel clip, and one tooth of the clamp is
      pressed into blind hole 27 while the opposite tooth of the clamp is
      pressed to the drape 57 with flange 14 and the drape 57 captured and
      clamped between the two teeth of the drape clamp 56. The electrode 41 is
      inserted in the handle 31 with the proper end exposed. As the operation
      continues, the surgeon occasionally needs to temporarily put down the
      handle 31 and the holder sheath 12 is used for this purpose. Merely
      dropping the handle into the sheath protects the handle and electrode 41
      from contamination. From time to time if there is an accummulation of
      material on the electrode, it may be scraped clean either using the slits
      22 or the serrations 29. Because of the inexpensive nature of the
      assembly, the entire assembly may be discarded after use if desired.
PAR  In the modification of FIG. 8 a pad 58 having adhesive on opposite faces is
      attached to the back of tab 24a and is used to attach the holder to drape
      57a. Initially the exposed adhesive surface is protected by release paper
      (not shown), which is peeled off immediately prior to use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A kit for an electro-surgical cauterizing instrument comprising a hollow
      handle, an electrode insertable in and removable from said handle, an
      electrical fitting in said handle, said handle having electrical contacts
      in its interior to establish electrical connection with said electrode
      when said electrode is inserted in said handle, an elongated core
      connected to said contacts inside said handle and extending out one end of
      said handle, a terminal on the end of said cord remote from said handle
      for electrical connection to a cauterizing machine, a holder formed with a
      sheath to receive said electrode and handle and having one closed end,
      said handle with said electrode inserted therein being insertable in and
      removable from said holder and said electrode being protected from
      electrical and germ contact  with the exterior when inserted in said
      holder, said holder being substantially larger than said handle, a flange
      on the open end of said sheath opposite said closed end, said flange
      formed with means for attachment of said holder to a surgical drape, and
      an envelope to maintain said handle, electrode and holder sterile until
      said envelope is opened, said electrode being inserted into said handle
      and electrically connected to said contacts, said electrode and the end of
      said handle adjacent said electrode being positioned inside said sheath,
      most of said cord being inside said sheath, said terminal being exposed
      immediately outside said sheath, said envelope enclosing the assembly of
      holder, handle, core and terminal.
NUM  2.
PAR  2. A kit according to claim 1 in which said flange is formed with a boss
      having a notch for use in cleaning the point of said electrode, said
      flange being formed with at least one slot into which said cord may be
      anchored, said flange being formed with a tab hinged thereto, said tab
      being formed with transverse serrations for use in cleaning said
      electrode.
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ABST
PAL  To provide yarn cops to textile machines in predetermined, uniform
      alignment and orientation of the yarn cops, typically to supply yarn cops
      to spooling or spinning machines, the diameter of the core ends of the
      yarn cops is sensed and a difference signal obtained. This difference
      signal is stored, mechanically or electrically and, when a cop is required
      to be fed to the spinning machine, the stored difference signal is
      transferred to an orientation alignment apparatus, typically a pair of
      pins which retain the cop in horizontal position and, upon withdrawal of a
      selected one of the pins, permit the cop to drop into a delivery chute,
      selectively, with the selected end first, to deliver the cop in properly
      oriented alignment to the textile machine, that is, typically to the
      spooling or spinning machine.
PARN
     Cross reference to related patents and application:
PA1  U.s. pat. No. 3,380,677
PA1  U.s. pat. No. 3,608,843
PA1  U.s. pat. Ser. 304,875, by the inventor hereof, filed Nov. 8, 1972, all
      assigned to the assignee of the present invention.
BSUM
PAR  The present invention relates to an apparatus to coordinate the end-for-end
      orientation and alignment of yarn cops to supply the yarn cops to a
      textile machine, typically to a spooling or spinning machine in
      predetermined orientation.
PAR  Yarn cops, as supplied from a storage container and by a transport device
      are delivered to the spooling or spinning machine in random orientation.
      It has previously been proposed to determine the orientation of spinning
      cops by measuring the differences in diameter of the cores of the cops
      (see Swiss Pat. No. 454,691). One of the two ends of the core is sensed
      while the cop is pressed against a stop. A signal is derived
      representative of the distance of the outer circumference of the core from
      the stop, the signal controlling a subsequent orientation device. The
      orientation device has stop pins which can be moved out of the transport
      path and, by engaging the cop selectively, rotate or twist the cop to have
      a predetermined end-for-end orientation.
PAR  Spooled cops, on which yarn is stored, are not always identical and, in
      dependence on the structure of the core, the axis of the cop, that is, of
      the core, is not always parellel to the sensing or measuring plane. Thus,
      erroneous measurements may result. Due to skew of the cop, it is possible
      that the thicker end of the core is so located that it simulates the
      thinner end, that is, it becomes located in a position spaced from a
      sensing plane which is usually the position of the thinner end. The
      subsequent orientation device then receives an erroneous signal, and the
      yarn cop is erroneously aligned.
PAR  It is an object of the present invention to provide a system in which
      erroneous measuring results are essentially eliminated.
PAL  Subject matter of the present invention:
PAR  Briefly, the diameters of both ends of the cores are measured and a
      difference signal is derived which is representative of the difference
      between the core ends. The orientation device includes storage means which
      store the difference signal and, upon sensing of a control signal
      requiring delivery of a cop, control the orientation device to deliver the
      cop and to orient the cop in proper orientation.
PAR  The diameter of the two core ends is sensed independently of the yarn wound
      on the cop, or on the cop, or pirn construction; additionally, sensing of
      the differences of the two core ends eliminates any alignment difficulties
      of the cop in the measuring apparatus and renders the measurement
      independent of the position of the cop therein. A precise control signal
      for the subsequent orientation device can thereby be obtained. The
      structure of the present invention has the additional and substantial
      advantage that no specific adjustment of the apparatus is necessary when
      different sizes of cops are to be measured, since the controlling signal
      is a difference signal; any type of cop which is wound on cores having
      different diameters may be aligned and oriented by the apparatus of the
      present invention.
PAR  In accordance with a feature of the invention, the measuring system
      includes parallel jaws located in the transport path of the cops and so
      arranged that one pair of jaws engages one end of the core of the cop, and
      another pair of jaws engages the other end of the core of the cop, the two
      pairs of measuring jaws being coupled together and providing a difference
      signal which, depending on the orientation of the cop, will be either in
      one direction, or in the other. The direction of this difference signal is
      then utilized to control the orientation device.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective, highly schematic general view of an automatic
      cross spooling machine to which the present invention may be applied;
PAR  FIG. 2 is a perspective view of a measuring system to sense core diameters
      of the cops, showing a plurality of cops in a transport path;
PAR  FIG. 3 is a perspective view of one embodiment of an orientation device,
      responsive to the control signal developed by the system of FIG. 2; and
PAR  FIG. 4 is another embodiment of an orientation device, responsive to the
      control signal of FIG. 2.
DETD
PAR  An automatic cross spooling machine (FIG. 1) has a turret, or rotatable
      table 10 on which a plurality of spooling positions 11 are located. Each
      one of the spooling positions 11 has means (not shown) to receive a yarn
      cop, from which yarn is wound on yarn packages 12. When the cops,
      supplying yarn to the packages 12 are empty, the turret 10 rotates and a
      new cop is placed in winding position at the respective spooling station
      11. For further details of such a structure, which is well known,
      reference is made to U.S. Pat. No. 3,380,677.
PAR  New yarn is supplied from a yarn supply magazine 13 in which cops 14 are
      located, side by side. Suction means are located at the position A to
      receive free yarn ends, or pigtails, and to knot the yarn ends together so
      that the yarn packages 12 will have considerably more yarn wound thereon
      than the length of yarn on any one of the cops 14. The free yarn end from
      cop 14 is knotted to the terminal end of the yarn on the package 12.
PAR  The magazine 13 must be properly loaded. The system B provides the
      apparatus to properly orient the yarn cops, so that the yarn cops are
      supplied to the magazine 13 with proper orientation. It is this portion of
      the apparatus which forms the subject matter of the present invention. The
      individual yarn cops 14 are supplied to the apparatus B by a transport
      device 15, taking yarn cops, with random orientation, from a storage
      container 16.
PAR  A chute 6 is located between the apparatus B and the magazine 13, through
      which properly oriented cops 14 are delivered to the magazine 13. A device
      to remove the free yarn end from the cops being supplied to the magazine
      13 may be located between the apparatus generally indicated at B in FIG.
      1; such apparatus is not specifically shown nor described herein, and
      reference may be had to U.S. Pat. application Ser. 304,875, by the
      inventor hereof, and assigned to the assignee of the present application.
PAR  The apparatus, generally indicated at B in FIG. 1, includes, in general, a
      device to measure the relative diameters of the core ends and a subsequent
      apparatus responsive to the measuring result and to then orient the cops
      being delivered to the magazine 13 with a predetermined, uniform
      end-for-end orientation.
PAR  FIG. 2 illustrates the measuring device of the apparatus B of FIG. 1.
      Generally, two pairs of measuring jaws 21, 22 and 21' and 22' are located
      to engage the respective core ends 14', 14" of the cop 14. Each one of the
      jaws 21, 22 and 21', 22' is supported by the free ends of a parallelogram
      linkage 210, 220 and 210', 220'. Support brackets 24, 24a and 24', 24'a
      support the other ends of the parallelogram linkages 210, 220, 210', 220',
      respectively to obtain parallel movement of the measuring jaws 21, 22. The
      distance between the brackets 24, 24' and 24a, 24'a is preferably
      adjustable; these brackets are secured to a frame (not shown) of the
      transport device 15 (FIG. 1). Distance adjustment of the brackets 24, 24'
      and 24a, 24'a is preferably provided so that the jaws can be spaced
      properly to receive cores of different lengths. The associated
      parallelogram linkages 210, 220, and 210', 220' are connected together by
      offset links 25, 26, 25', 26', respectively. The offset links 26, 26'
      merge in a control arm 27, 27', respectively. The free end of the control
      arm moves upwardly, to provide a control movement, or control signal when
      the jaws 21, 22, 21', 22', respectively, approach each other. The control
      movement, or control signal is downward when the jaws are spread.
PAR  The free ends of the control arms 27, 27' are angled with respect to each
      other, and are connected together by means of a difference lever 29. As
      clearly shown in FIG. 2, arm 27 is double-angled, to make a general
      U-shaped bend to form a pivot 28 for the difference lever 29. The end 29'
      of the difference lever 29 in the double bend offset of the control arm 27
      forms a pivot axis 29' of the lever. The angled portion of the control arm
      27 is formed with a slit 30 in which the free and straight end of the
      difference lever 29 can pass.
PAR  Dissimilar change of the distance between the measuring jaw pairs 21, 22
      and 21', 22' is transferred to form a pivoting movement of the difference
      lever 29 which can be sensed as a rotating signal at the outer end 29',
      forming the pivot axis of the lever 29. The rotary motion of the end 29'
      is a measure for the difference in distance between the two measuring jaw
      pairs 21, 22, and 21', 22', respectively. This signal, as will be
      described below, is used as a measuring result signal representative of
      difference of the diameters of the ends of the cores of the cops, and is
      used as a control signal for the orientation device, to be described. The
      control signal, in the form of rotation of the shaft end 29', is
      transferred to a flexible shaft 31, from the end of which the signal can
      be taken off in form of rotation of the shaft.
PAR  The common connection points 32, 32' of the levers 25, 26, and 26' are
      connected to a tension spring 33, 33', respectively, which is connected to
      a portion of the frame, for example to a projecting bracket from the side
      brackets 24, 24'. The springs, therefore, tend to bias the jaws of each of
      the measuring pairs towards each other.
PAR  A transport chain 35, which may be the same chain as the transport device
      15 of FIG. 1, has extending brackets 35 to form holding cups, or holding
      projections for the cops 14. The cops 14 are transported by the chain 35
      to a position between the measuring jaw pairs 21, 22 and 21', 22',
      respectively; they are then further transported to an ejection position
      where the cops are thrown on a slide 40 by means of an ejector 37. The
      ejector 37 and the slide 40 form portion of the orientation device, to be
      described.
PAR  The ejectors 37 are held in a rest or quiescent position by means of a
      spring 38. They are formed with an ejection projection 39 which extends
      into the path of movement of control pins 38' on the transport chain 35. A
      feeler T, engaging through a slit in the support brackets 36, operates a
      switch S which, if a cop 14 is missing from the respective support bracket
      36 controls the drive motor for the transport chain 35 to start the
      transport chain. If the feeler T senses the presence of a cop, the
      transport chain is stopped, as will be described.
PAR  One embodiment of the orientation device is shown in FIG. 3. This
      orientation device orients the cops for delivery towards chute 6 (FIG. 1)
      by causing the cop to enter the chute with the one, or the other end
      first, in dependence on the rotary position of the shaft 31, that is, in
      dependence on the measured difference signal derived from the measuring
      jaws 21, 22 and 21', 22', respectively. The slide 40 forms part of the
      orientation device, and is again shown in full in FIG. 3.
PAR  The backside of the slide 40 (FIG. 3) has two bearings 44, 44' secured
      thereto in which double-armed levers 45, 45' are rotatably located. Lever
      arms 46, 46' extending through slits 40' in the slide 40 form support
      rods, or pins for the cop 14 which is ejected from the measuring device,
      as previously described. Tension springs 47, 47' engage the levers 45 and
      have the tendency to rotate the levers 45 in counterclockwise direction,
      that is, to disengage the support arms 46, 46' from engagement with cops
      14. An opening 48 is located in the slide 40 in the region of a cop 14 --
      when supported on arms 46, 46'. A sensing switch 49 has a sensing blade
      which, when engaged by a cop 14, provides a signal indicative of presence
      of a cop. The sensing switch 49 which switches ON with some delay (as will
      be described) is in circuit with the chain drive for the transport chain
      45, and parallel to the switch S of the measuring system described in
      connection with FIG. 2. A slider 51 is located on two spacer bars 50
      secured to the backside of the slide 40. Slider 51 is formed at its ends
      with an inclined surface 52 and an open notch 53, into which the outer
      ends of levers 45, 45' may engage. Slider 51 is shorter than the distance
      between the levers 45, 45' so that at any time only one of the two levers
      can engage in the slider. The slider 51 is formed with an additional notch
      54, in which a leaf spring 55 engages, the other end of which is secured
      to a hub 56. Leaf spring 55 forms a control lever and is secured to the
      flexible shaft 31, the rotation of which is controlled by the measuring
      device of FIG. 2. The non-rotary part, or jacket of the flexible shaft 31
      is secured to the machine by a bracket 57 which, in turn, is suitably
      secured to the frame thereof. Rotation of the flexible core of flexible
      shaft 31, therefore, is transferred to leaf spring 55 to move, or to tend
      to move the lever 51 in the one, or the other direction; since two
      directions of movement are involved, the output may be expressed in binary
      terms, e.g. 0 -1, assigning, for example, the 1 output to movement to the
      right.
PAR  A shaft 59 is journalled on two bearing brackets 58, 58', secured to the
      slide 40. Shaft 59 has two levers 60, 60', which are pivoted to reset
      links 61, 61'. Each one of links 61, 61' are formed with a slit 510 at
      their respective ends. Pins 62, 62' located inwardly of the free end of
      the respective levers 45, 45' engage in the respective slots 510. A third
      lever 63, also secured to shaft 59 has a cam follower roller at its free
      end, which is engaged by a cam track forming three control zones 67, 68,
      69 on a cam disk 65. Cam disk 65 is secured to a shaft 66. The shaft 66 is
      connected to the yarn supply control system of the textile machine. If the
      textile machine signals that a new yarn cop is needed (for example when
      the magazine 13 has a free magazine position, as indicated by a feeler
      switch at the bottom of a yarn cop receiving chamber), then shaft 66 is
      rotated by 1 revolution, that is, 360.degree., in the direction of the
      arrow. Rotation may be effected, for example, by a single-revolution
      motor, by a clutch engaging a normally rotary shaft, for 1 revolution or
      the like. The three control zones or portions 67, 68, 69 of the cam disk
      65 -- with respect to the location of the levers 45, 45'-- are sensed by
      the cam follower 64 and follower lever 63 upon rotation of shaft 66, and
      thus control movement of the reset links 61, 61', respectively.
PAR  In rest position -- shown in FIG. 3 -- lever 63 is engaged by the first
      control zone 67 of the cam disk 65. In this position, the reset links 61,
      61' are moved all the way downwardly, so that the cop engagement or
      holding arms 46, 46' extend from slide 40 in approximately horizontal
      direction; a cop 14 may, therefore, be held on the arms 46, 46' and be
      retained thereon.
PAR  Operation: Upon receipt of a signal that a new cop is to be supplied, shaft
      66 will begin to rotate in direction of the arrow (FIG. 3) and the cam
      follower lever 63 will drop into the subsequent control track zone 68.
      Shaft 59, therefore, will rotate in counter-clockwise direction and the
      reset links 61, 61' will move upwardly. That one of the levers 45, 45'
      which is not blocked by the locking slider 51 may rotate in
      counter-clockwise direction, due to the weight of the yarn cop thereon and
      under the assistance of the spring. The yarn cop will thus be released and
      drop downwardly, with that end first, or forward, which previously was
      supported on the lever arm 46 which is not engaged by the control or
      locking slider 51. The other one of the levers 45, or 45', respectively,
      which remains blocked in this phase by means of the locking or control
      slider 51 assists the cop on tipping to the respective desired side so
      that the cops, as desired, are properly oriented with respect to their
      end-for-end alignment.
PAR  Upon further rotation of shaft 66, and hence of the cam disk 65, the cam
      follower lever will be engaged by the reset zone 69. This causes shaft 59
      to be extensively rotated in clockwise direction, thus pulling the reset
      links 61, 61' downwardly and, with it, pulling the levers 45, 45'
      downwardly. This movement of the levers 45, 45' in clockwise direction
      extends over an angle which is below that of the rest position (shown in
      FIG. 3) so that the levers 45, 45' will clear the control, or locking
      slide 51. The respective lever 45, 45' previously engaged in the notch 53
      is thus released from locking engagement with the slider or rod 51. In
      this position, the signal from the shaft 31 can be transferred to the
      slider 51 to move the slider 51 into the desired direction, that is, to
      engage the respective lever 45, 45.degree. depending on the orientation of
      the subsequent cop, being measured, upon return of the links 61, 61' to
      the position shown in FIG. 3. This return will occur upon further rotation
      of the shaft 66 and, consequently, of cam disk 65. Cam follower 63 will
      again reach the rest position or zone 67 of the cam track. The reset links
      61, 61' will again reach the position shown in FIG. 3, that is, their rest
      position, in which the one, or the other one of the levers 45, 45' is
      engaged in the respective notch 53 of the control or locking slider 51.
PAR  The angular rotation of cam disk 65 over the control zone 68, 69 also forms
      a measure for the turn-on delay of the sensing switch 49.
PAR  Overall operation: Transport device 15 transports yarn cops from the supply
      16 upwardly. The uppermost one of the cops 14 in the transport chain 35
      (FIG. 2) will be transported, from below, between the measuring jaw pairs
      21, 22 and 21', 22'. The measuring jaw pairs are spread apart upon further
      movement of the cops 14, that is, as they are being carried along by the
      transport chain 35. In the example shown in FIG. 2, the wider end of the
      core is between the jaw pair 21, 22; the narrower end is between the jaw
      pair 21', 22'.
PAR  Switch S in the circuit of the transport chain drive, in this position of
      cop 14, is open. This switch, however, is in parallel to switch 49 (FIG.
      3). If there is no cop on the orientation device of FIG. 3, then switch 49
      (FIG. 3) will close so that the transport chain drive 35 will be
      energized, and will continue to operate. Transport chain drive 35 will be
      stopped only when both switches S and 49 are open, that is, when a cop is
      present both in the measuring device as well as on the orientation device.
PAR  The measuring jaws 21, 22 are spread apart to a greater extent than the
      jaws 21', 22' (assuming the orientation of the cop of FIG. 2) so that the
      lever extension 27 receives a greater deflection (over levers 25, 26) than
      the lever extension 27 has received over its associated levers 25', 26'.
      As previously described in connection with FIG. 2, the difference lever 29
      will provide a rotary output signal at its pivot end 29', in
      counterclockwise direction, indicative of the difference between the
      diameter of the core at the end 14" and 14' of the cop 14.
PAR  The rotary movement of the shaft end 29", as previously explained, provides
      the control signal for the orientation device described in connection with
      FIG. 3. Counter-clockwise rotation is transferred to the orientation
      device and signals thereto that the thicker core end is at the left side
      and that the thinner core end of the cop being measured is at the right
      side. If a cop which is rotated 180.degree. end-over-end is located in the
      upper support bracket of the transport chain then, as is clearly apparent
      from FIG. 2, the difference lever 29 will provide rotary movement at its
      end in clockwise direction, so that the orientation device receives the
      opposite control signal.
PAR  The jaw pairs 21, 22 and 21', 22' are spread apart counter the direction of
      the reset springs 33, 33'. The angular offsets, as previously described,
      of the lever extensions 27, 27' increase the proportional movement of the
      difference lever, representative of the difference in spreading of the
      jaws of the pairs.
PAR  Rotation of the pivot end 29" of the difference lever 29 is transmitted
      over the flexible shaft 31 to the leaf spring 35. Leaf spring 35 moves the
      locking or control slider 51 to the right from the position shown in the
      drawing, that is, it moves the slider from a central or null direction.
      Slider 51 then slides with its inclined surface 52 over the lever 45' and
      its notch 53' engages lever 45'. In the meanwhile, the transport chain 35
      -- which continued to operate -- pushed the respective cop 14 through the
      measuring range of the measuring jaws (FIG. 2). The ejector 37, triggered
      by the respective ejector control pin 39' on the transport chain 35 ejects
      the respective cop 14 from its support on the transport chain 35 and moves
      it to the slide 40. Cop 14 drops on the arms 46, 46' of the levers 45,
      45', respectively. The cop, initially, merely remains at rest on the
      levers, as seen in FIG. 3.
PAR  If the textile machine requires supply of a new yarn cop, shaft 66 is
      energized (for example by means of a magnetic clutch, a motor, or the
      like) for rotation, thus rotating the cam disk 65. Cam follower 63, as
      previously explained, drops into the first control zone 68, lifting the
      reset links 61, 61'. As clearly seen in FIG. 3, only the left one of the
      levers 45 can follow movement of the links 61 and pivot in
      counter-clockwise direction. The right lever 45' is held in fixed, locked
      position by means of the locking slider 51. The cop 14 thus tips with its
      free, thicker end about its support surface on the lever 46' in downward
      direction; so oriented, it is transported or delivered to the next
      station, for example into the chute 6 (FIG. 1). In the meanwhile, the
      levers 45 and 45', as well as the slider 51 revert to rest position. As
      previously described, the cam disk 65 has fully rotated about a complete
      revolution and, on the other hand, the measuring jaws (FIG. 2) have again
      closed after the cop has passed therethrough, and the flexible shaft 31
      has returned to rest position (indicating no difference in the distance
      between the respective jaws of the pairs).
PAR  Switch 49, unloaded upon tipping of the yarn cop only closes the transport
      chain after a predetermined time delay; the previously described cycle may
      then repeat, that is, after measuring the orientation of the next yarn
      cop, described in connection with FIG. 2, the measuring results are stored
      by the position of the locking or control slider 51. The yarn cop is
      delivered to the orientation device in accordance with FIG. 3 and, when a
      new yarn cop is required, is delivered by freeing the orientation device
      upon request, that is, when a demand signal is received causing rotation
      of shaft 66 and hence of cam 65.
PAR  FIG. 4 illustrates the circuit to be used in the system of the present
      invention, and additionally an electrically controlled cop release
      mechanism. Transport chain 35 is schematically shown; it is driven by a
      drive motor M and transports various cops 14, in upward direction, between
      the measuring jaws. Measuring jaws 21, 22 are schematically illustrated,
      ready to measure the smaller diameter 14' of the cop 14 being presented
      thereto. The arrangement of slide 40 with respect to the cops is likewise
      illustrated. Slide 40 is secured to the frame of the machine in a suitable
      manner. The electrical release mechanism 86, 86', 87, 87' essentially
      replaces the mechanical levers 45, 45' and arms 46, 46'. The circuit
      connection to operate the transport chain, and to sense presence of cops,
      is the same in the electrically controlled apparatus as well as in the
      mechanically controlled apparatus of FIG. 3.
PAR  Transport chain 35, driven by motor M, transports cops 14 to the measuring
      jaws 21, 22, 21', 22', as previously described. Switch S is located in
      advance of the position in which the core enters the measuring jaws. A
      second sensing switch 81 is provided, located in the measuring range of
      the jaws 21, 22. The third sensing switch 49 corresponds identically to
      the switch 49 of the embodiment of FIG. 3. This switch is preferably an
      OFF-ON-OFF pulse switch. All three switches, S, 81, and 49 are connected
      in parallel to the circuit of the motor M forming the drive for transport
      or conveyor chain 35. An ejector 82 is located at the inlet to slide 40,
      preferably formed as a double-armed lever which, displaced by a lifted cop
      14, closes switch 83. Switch 83 is in circuit with a pull magnet 84.
      Spring 85 retains lever 82 in interfering position with respect to the
      transport path of the cops. Two electro-magnets 86, 86' are located at the
      backside of slide 40. Magnets 86, 86' have movable cores 87, 87' which
      penetrate the front face of the slide 40 and form bearings or support
      elements for the cops 14. Cores 87, 87' are held in the rest position, as
      shown in FIG. 4, by means of suitable springs (not shown). The two magnets
      may be alternatingly energized by means of a transverse switch 88.
      Selection of the operating direction, that is, the transfer engagement of
      switch 88, is provided by means of a dual relay 89, for example a
      differential relay, which is in turn energized, selectively, by a mercury
      tip switch 90. The position of the mercury tip switch 90 is determined by
      rotation of the flexible shaft 31 (FIG. 2) as schematically indicated. The
      transfer switch 88 is connected in series with a further switch 91 which
      is operated by the control apparatus of the textile machine, for example
      by the magazine 13, and is closed if a cop is required, as schematically
      indicated by the arrow P. Switch 91, when closed, responds to a "cop
      required" signal, applied by arrow P, similar to rotation of the cam disk
      65, when a cop is required in the construction of the embodiment of FIG.
      3.
PAL  Operation:
PAR  If either the switch S, or switch 49 closes, indicating that a cop is
      lacking in either the measuring apparatus, or in the orientation
      apparatus, or in both, the motor M is energized to start the conveyor
      chain 35. The signal indicating the differential width of the ends of the
      core of the cop, that is, the orientation signal is provided in identical
      manner to that described in connection with FIG. 2, and is transferred
      over the flexible shaft to the mercury switch 90. The mercury switch 90,
      upon tipping in the one, or other direction, energizes the respective
      windings of the bistable transfer relay 89, which operates the relay
      contacts 88. The required control pulse for relay operation is derived
      from switch 81 which responds upon passage of the cop through the
      measuring jaws. If the textile machine then requires a cop, switch 91 is
      closed temporarily to provide a pulse. In the illustrated example, this
      causes energization of the left magnet 86. The core which forms the cop
      support 87 is pulled in so that the respective cop is permitted to tip
      over the projected core 87', with its thicker end forward and to fall down
      the slide 40 and through the chute to the next station of the textile
      machine. Switch 49 is now released to again energize the motor M to supply
      a new cop 14 to the measuring jaws. This cop, likewise, by switch 81
      provides a setting signal for the new position of the bistable relay 89,
      88, in dependence on the measured or sensed position of the cop between
      the measuring jaws, which cause the respective rotation of the flexible
      shaft 31.
PAR  The cops are ejectted from the conveyor chain 35 by first deflecting the
      lever 82, due to their presence, thus causing switch 83 to close. This
      energizes magnet 84 which pulls in its armature, again opening switch 84
      and flipping lever 82 outwardly to eject the cop towards slide 40. The
      spring 85 retains the ejector arm 82 in the initial position.
PAR  Transfer of the measuring result, indicative of orientation of the cop, is
      again effected over shaft 31 and transmitted to the orientation device.
      Depending on rotation of shaft 31, the mercury switch 90 is tipped to the
      one side, or towards the other. Upon closing of switch 81 by a cop, which
      has just been measured, the respective coil 89 (depending on the direction
      of tip of mercury switch 90) is energized. The relay contact 88 is thereby
      pulled in the one or the other direction. The relay contact remains in
      this position, even after de-energization of the coils 89 (the relay being
      a "bistable" relay), thus storing the sensed orientation signal from the
      measuring jaw pairs. The position of the relay contact 88 remains stored
      until the "cop required" signal is received (closing of switch 91)
      whereupon the respective magnet 86, 86' responds, pulling in the
      respective core 87, 87' and thus delivering the cop thereon, with proper
      orientation, in the same manner as previously described in connection with
      FIG. 3, support levers 45, 45' with support arms 46, 46', respectively.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept, and features described in connection with one
      embodiment may, similarly, be used with the other. The invention has been
      described, essentially, in connection with coil operated relays;
      electronic relays and solid-state devices may also be employed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for coordinating the end-for-end orientation of spinning cops
      (14) for transport with proper end orientation to a textile machine having
PA1  a transport means (15, 35) transporting spinning cops with random
      end-for-end orientation, and orientation means (46, 46'; 87, 87') to
      orient the cops to have a predetermined end-for-end orientation and to
      deliver the oriented, aligned cops to the textile machine,
PA1  comprising
PA1  spaced movable measuring means (21, 22; 21', 22'; 31) located in the
      transport path of the cops engaging the end portions of the cops to
      measure the diameters thereof;
PA1  means coupled to the measuring means to provide a measuring result signal
      representative of the difference of the diameters, as measured, thereof;
PA1  and control signal generating means (63-69; P, 91) applying said measuring
      result signal to the orientation means to effect delivery of a cop, in
      oriented alignment upon command of said control signal.
NUM  2.
PAR  2. Apparatus according to claim 1, further comprising storage means (51-55;
      88, 89, 90) connected to the measuring means and storing the measuring
      result signal;
PA1  the control signal generating means (63-69; P, 91) being connected to said
      storage means to transfer the stored measuring result signal to the
      orientation means to effect delivery thereby of the cop, in oriented
      alignment.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the measuring means comprises
PA1  first gauging means (21, 22) sensing the diameter of one end (14') of the
      core of the cop;
PA1  second gauging means (21', 22') sensing the diameter of the other end (14")
      of the core of the cop;
PA1  comparison means (29) connected to both said gauging means and providing a
      difference signal having at least binary characteristics depending upon
      whether the first or second gauging means senses a larger core diameter
      than the other gauging means.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said gauging means comprises
      parallel gauging jaws (21, 22; 21', 22') located in the path of transport
      of the cops and biassed towards each other, the jaws being spread apart by
      the respective ends (14', 14") of the cores of the cop (14);
PA1  link means (25, 26, 27; 25', 26', 27') sensing spreading movement of the
      jaws of the first and second gauging means;
PA1  a difference lever (29) connected to the links of both said gauging means;
PA1  and means (31) sensing deflection of said difference lever upon
      differential movement of the respective jaws of the first and second
      gauging means.
NUM  5.
PAR  5. Apparatus according to claim 4, further comprising a parallelogram
      linkage (210, 220; 210', 220') supporting said gauging jaws (21, 22; 21',
      22') of the respective gauging means;
PA1  the link means comprises linkages (25, 26, 27; 25', 26', 27') connecting
      said parallelogram link means;
PA1  and the difference lever (29) being coupled to the lever deflection sensing
      means (31), said lever deflection means providing a mechanical
      position-variable output signal representative of change in position of
      said difference lever upon differential movement of said gauging jaws (21,
      22; 21', 22').
NUM  6.
PAR  6. Apparatus according to claim 4, further comprising storage means (51-55;
      88, 89, 90) coupled to the difference lever deflection sensing means (31)
      and storing the measuring result of the gauging jaws, said storage means
      being connected to said orientation means to set the orientation means in
      a selected predetermined cop end-for-end orienting position.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein control signal generating means
      (63-69; P, 91), connected to the orientation means, effects release of the
      cop upon generation of the control signal from the orientation means, in
      the oriented position, as commanded by the measuring result signal
      transferred by the difference lever deflection sensing means (31).
NUM  8.
PAR  8. Apparatus according to claim 5, wherein the link means comprises two
      spaced control arms (27, 27') extending transversely to the gap between
      the gauging jaws (21, 22; 21', 22')
PA1  one of the control arms (27) forming a pivot journal for one end (29") of
      the difference lever (29), and the other arm (27') being formed with a
      slit (30) adjacent its free end, the difference lever (29) extending
      through the slit (30).
NUM  9.
PAR  9. Apparatus according to claim 6, wherein the difference lever deflection
      sensing means comprises a flexible shaft (31) rotatably connected with the
      difference lever (29).
NUM  10.
PAR  10. Apparatus according to claim 9, comprising a positioning slide (51) and
      a transfer lever (55), the transfer lever being connected to the flexible
      shaft (31).
NUM  11.
PAR  11. Apparatus according to claim 9, wherein the orientation means includes
      electro-magnetically operated positioning elements (86, 87; 86', 87'), and
      the free end of the flexible shaft (31) is connected to an electrical
      switch in circuit with said electro-magnetic means.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein a tip switch (90) is provided,
      connected to the flexible shaft (31) to selectively energize the
      electro-magnetic means.
NUM  13.
PAR  13. Apparatus according to claim 1, wherein the orientation means comprises
      support arms 45 45') selectively positionable in the path of movement of a
      cop (14) to the textile machine;
PA1  selective positioning of a respective support arm in interfering, or
      non-interfering position being controlled by the measuring result signal
      from said measuring means (21, 22; 21', 22'; 31).
NUM  14.
PAR  14. Apparatus according to claim 1, wherein the orientation means comprises
      electro-magnetically retractable plunger means (87, 87') selectively
      positionable in the path of movement of a cop to the textile machine;
PA1  said electro-magnetically operated plungers being selectively retracted out
      of interfering position in said path of movement under command of the
      measuring result signal as determined by said measuring result signal as
      determined by said measuring means (21, 22; 21', 22'; 31)
NUM  15.
PAR  15. Apparatus for orienting spinning cops (14) end-for-end to have uniform
      orientation, and for transporting the spinning cops with uniform
      orientation to textile machines comprising
PA1  transport means (15, 35) transporting spinning cops with random end-for-end
      orientation;
PA1  two pairs of movable jaws (21, 22; 21', 22') located in the path of the
      cops and engaging respective ends of the cops;
PA1  a parallelogram linkage (210, 220; 210', 220') supporting said jaws and
      link means (25, 26, 27; 25', 26', 27') linking the jaws of each pair;
PA1  a difference lever (29) connected to the link means and changing position
      as determined by the relative spacing between the pairs of measuring jaws,
      and by its position providing an output signal representative of which one
      of the pairs of jaws are spaced farther apart than the other;
PA1  an orientation device (40, 46, 46'; 40, 87, 87') including a position
      storage means (55, 51; 90, 89) and spaced, selectively movable cop support
      means (46, 46'; 87, 87') in the transport path of the cops;
PA1  and signal transfer means (31) connected to the difference lever (29) and
      to the orientation device (40, 46, 46'; 40, 87, 87') to transfer the
      position signal representative of the particular position of the
      difference lever to the orientation device and to selectively control the
      cop support means for withdrawal of support from a cop at either,
      selective, spaced position and thereby orient said cop.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein the linkage means comprises
      two spaced control arms (27, 27') one control arm (27) being formed with a
      journal, the other control arm being formed with a slit (30);
PA1  a shaft element (29") being formed at one end of the difference lever (29)
      and engaged into said journal of the one control arm (27), the other end
      of the difference lever (29) extending through the slit (30) of the other
      control arm (27').
NUM  17.
PAR  17. Apparatus according to claim 2, wherein the signal transfer means (31)
      comprises a flexible shaft connected to the shaft portion (29") of the
      difference lever (29).
NUM  18.
PAR  18. Apparatus according to claim 17, further comprising an electrical
      switch connected to the free end of the flexible shaft (31).
NUM  19.
PAR  19. Apparatus according to claim 15, wherein the orientation device (40,
      46, 46') further comprises mechanically controlable support levers (45,
      45'), connected to and supporting said cop support means (46, 46'), the
      position of said levers (45, 45') being controlled by the position signal
      from said signal transfer means (31).
NUM  20.
PAR  20. Apparatus according to claim 5, wherein the orientation device (40, 87,
      87') comprises electric solenoids (86, 87; 86', 87'), controlling the
      position of the cop support means (87, 87').
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ABST
PAL  Apparatus for orienting flat articles having straight edges such that a
      long edge of the article is brought into or retained in contact with the
      bottom surface of a transport path. The apparatus comprises an upwardly
      open, U-shaped transport path and at least one member disposed above the
      U-shaped transport path by a predetermined distance and having a surface
      in a plane generally perpendicular to the bottom of the U-shaped transport
      path and oriented at an acute angle to the flow of flat articles in the
      U-shaped transport path. In the preferred embodiment, the bottom of the
      U-shaped transport path is an upwardly inclined conveyor, and a plurality
      of the members are positioned along the U-shaped transport path at angles
      which alternate in sense.
BSUM
PAR  This invention relates to a flat-article orienting apparatus for an
      automatic mail handling system or the like.
PAR  In a mail handling system, such flat articles as cards, envelopes, and
      postcards must be oriented in a longitudinal direction thereof so that a
      long edge of the flat article is laid on a transport means, such as a
      conveyor belt. Additionally, mail culling apparatus is designed to
      segregate the flat articles of widths exceeding a predetermined width
      after the orientation thereof is completed.
PAR  For this purpose, various kinds of flat-article orienting apparatuses have
      been proposed. In the conventional apparatuses, however, mechanically
      processable flat articles having widths smaller than a predetermined width
      with their short edges lying on the conveyor belt are fed together with
      flat articles of widths exceeding the predetermined width to the
      segregator in the mail culling apparatus. In that arrangement, not only
      the larger-width articles but also the smaller-width ones tend to be
      segregated.
PAR  It is an object of this invention, therefore, to provide an improved
      flat-article orienting apparatus in which flat articles of a variety of
      sizes and conditions may be oriented in a longitudinal direction.
PAR  According to this invention, there is provided an improved flat-article
      orienting apparatus comprising (1) a U-shaped transport path having at
      least one conveyor belt for transporting flat articles and (2) an elastic
      member positioned above the U-shaped transport path. The conveyor belt and
      the elastic member should be made of materials satisfying a relationship
      such that the coefficient of friction between the flat article and the
      elastic member is greater than that between the flat articles themselves
      and is smaller than that between the flat article and the conveyor belt.
DRWD
PAR  The features and advantages of this invention will be better understood
      from the following detailed description of a preferred embodiment of this
      invention taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of an embodiment of this invention;
PAR  FIG. 2 is a cross-sectional view of the embodiment taken along the line
      2--2 on FIG. 1; and
PAR  FIG. 3 through 6 illustrate various modes of operation of the embodiment.
DETD
PAR  Referring to FIGS. 1 and 2, the presently preferred embodiment of this
      invention comprises: an inclined U-shaped transport path 10 composed of a
      first conveyor belt 11 supported on rollers 12 and 13, a second conveyor
      belt 14 supported on rollers 15 and 16 for transporting the flat articles
      in a direction of the arrows A, a side plate 17, and a plurality of
      elastic members 18a, 18b, 18c, 18d, and 18e positioned above the U-shaped
      transport path 10 and oriented with respect to the longitudinal direction
      of the conveyor 11 and 14 in such a manner that the individual imaginary
      extended portions thereof in the direction of the arrows A are in
      intersection with the adjacent elastic member. In other words, the sense
      of the acute angle between the contact surfaces of the elastic members
      18a-18e and the flow of the flat articles alternates between positive and
      negative. The distance D between the upper surface of the second conveyor
      belt 14 and the lower side of the elastic members 18a-18e is determined
      depending on the width of the widest flat article mechanically processable
      in the system. The distance between the conveyor belt 11 and the side
      plate 17 is such that the flat articles to be oriented by the apparatus
      are kept on their edges -- or, in other words, with their planar surfaces
      generally parallel to the sides of the U-shaped transport path. The second
      conveyor belt 14 and the elastic members 18a-18e should be made of
      materials satisfying the relationship that the coefficient of friction
      k.sub.1 between the flat articles and the elastic members 18a-18e is
      greater than the coefficient of friction k.sub.2 between the flat articles
      themselves and is less than the coefficient of friction k.sub.3 between
      the flat articles and the second conveyor belt 14. That is,
EQU  k.sub.3 &gt; k.sub.1 &gt; k.sub.2.
PAL  More fundamentally, the desired relationship is:
EQU  F.sub.3 = k.sub.3 gp &gt; F.sub.1 = k.sub.1 f.sub.1 &gt; F.sub.2 = k.sub.2
      f.sub.2
PAL  wherein k.sub.1, k.sub.2, and k.sub.3 are as defined above and
PA1  F.sub.3 = the friction force between the flat articles and the conveyor
      belt 14
PA1  F.sub.1 = the friction force between the flat articles and the elastic
      members 18a-18e
PA1  F.sub.2 = the friction force between the flat articles themselves
PA1  gp = the component of the force of gravity perpendicular to the conveyor
      belt 14
PA1  f.sub.1 = the force with which the flat articles are pushed against the
      elastic members 18a-18e
PA1  f.sub.2 = the force with which the flat articles are pushed against each
      other
PAL  However, the first relationship given above represents an entirely
      satisfactory approximation for the second, and one which is much easier to
      work with. In the case of a mail handling system, the elastic members
      18a-18e may be rubber plates.
PAR  A flat article 20 on the second conveyor belt 14 inclined by an angle
      .theta. has a gravity component in a direction B opposite to the direction
      A. The flat article 20 is transported in the direction A by the conveyor
      belt 14 due to a frictional force between the flat article 20 and the
      conveyor belt 14 which is applied to the lower portion thereof in the
      direction A. Furthermore, because the flat article 20 is in a standing
      state in which the short edge thereof is laid on the conveyor belt 14, the
      center of gravity thereof is in its upper portion. Thus, the posture of
      the flat article 20 is unstable.
PAR  Under the circumstances, when the flat article 20 comes in contact with the
      first elastic member 18a, a frictional force is produced between the flat
      article 20 and the elastic member 18a. That frictional force is applied to
      the upper portion of the flat article 20 in the direction B. Therefore,
      the flat article 20 is easily brought down so that the long edge of the
      flat article 20 is laid on the conveyor belt 14. In other words, the flat
      article 20 is oriented in a longitudinal direction. Thus, the flat-article
      orienting is achieved by the elastic member.
PAR  The orientation of the overlapped articles will be described below
      referring to FIGS. 3 through 6.
PAR  Referring to FIGS. 3 through 6, flat articles 21 and 22 on the second
      conveyor belt 14 overlap each other. The flat article 21 has a wider width
      than the distance D and is lying on a long edge. The flat article 22 has a
      length shorter than the width of the flat article 21 and longer than the
      distance D and is lying on a short edge. Furthermore, the flat article 22
      is fully convered by the flat article 21, as shown in FIG. 3.
PAR  The overlapped flat articles 21 and 22 are transported in the direction A
      by the conveyor belt 14, and the flat article 21 comes in contact in turn
      with the elastic members 18a, 18b, 18c .... . Although the frictional
      forces between the flat article 21 and the elastic members are applied to
      the flat article 21, the flat article 21 is transported through the
      elastic members while continuing to be on its long edge, because its
      center of gravity is not in its upper portion, and the coefficient k.sub.3
      between the flat article and the conveyor belt 14 is greater than the
      coefficient k.sub.1 between the flat article and the elastic member.
PAR  On the other hand, the flat article 22 does not come in contact with the
      first elastic member 18a because the flat article 22 comes behind the flat
      articles 21. However, it does come into contact with the second elastic
      member 18b. (See FIG. 4). Because the coefficient of friction k.sub.2
      between the flat articles is less than the coefficient of friction k.sub.1
      between the flat article and the elastic members, the differential
      frictional force is applied in the direction B to the flat article 22,
      which is lying on its short edge. Therefore, as shown in FIG. 5, the flat
      article 22 is brought down to the conveyor belt 14 in the same manner as
      described above. Thus, the flat article 22 is oriented in a longitudinal
      direction, and transported in the direction A by the conveyor belt 14
      while not coming in contact with the following elastic members.
PAR  In the above embodiment of this invention, a plurality of elastic members
      are installed so that an individual imaginary portion of the elastic
      member extended in the direction of motion of the flat articles intersects
      the next elastic member. Therefore, even if the standing flat articles are
      on either side or on both sides of the wide flat article 21, the
      orientation of the flat articles will be completed.
PAR  The effect of the orientation is increased with the inclination angle
      .theta. of the U-shaped transport path. The maximum value of the angle
      .theta. depends upon the coefficients of friction between the flat
      article, the conveyor belt, and the elastic member, i.e., the materials of
      the conveyor belt and the elastic member.
PAR  Furthermore, it is obvious to those skilled in the art that the orientation
      of the flat articles is possible by using the horizontally installed
      U-shaped transport path, i.e., it is possible to make the angle .theta.
      zero.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for orienting flat articles having straight edges such that a
      long edge of the article is brought into or retained in contact with the
      bottom surface of a transport path, said apparatus comprising:
PA1  a. an upwardly open, U-shaped transport path adapted to retain flat
      articles having straight edges and coefficients of friction of k.sub.2
      relative to each other in an orientation such that their planar surfaces
      are generally parallel to the sides of said U-shaped transport path, the
      bottom of said U-shaped transport path being made of a material having a
      coefficient of friction of k.sub. 3 with respect to the flat articles
      which are to be oriented by the apparatus, and
PA1  b. at least one member disposed above said U-shaped transport path by a
      predetermined distance and having a surface in a plane generally
      perpendicular to the bottom of said U-shaped transport path and oriented
      at an acute angle to the flow of flat articles in said U-shaped transport
      path, the said surface of said member being made of a material having a
      coefficient of friction of k.sub.1 with respect to the flat articles which
      are to be oriented by the apparatus, the coefficient of friction k.sub.1
      being smaller than the coefficient of friction k.sub.3 but larger than the
      coefficient of friction k.sub.2.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the bottom of said U-shaped
      transport path is a conveyor belt.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein at least one side of said
      U-shaped transport is a conveyor belt.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said U-shaped transport path is
      inclined to the horizontal when in use.
NUM  5.
PAR  5. Apparatus as clamed in claim 4 wheren said U-shaped transport path is,
      when in use, inclined upwardly in the direction of motion of the flat
      articles which are to be oriented by the apparatus.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 and comprising a plurality of said
      members mutually oriented such that the individual imaginary extended
      portions of each member except the last member in the direction of motion
      of the flat articles which are to be oriented by the apparatus intersect
      the adjacent member.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 and comprising a plurality of said
      members, the sense of the acute angle made by the said surfaces of said
      members alternating between positive and negative.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 wherein the said surface of said member
      is made of an elastic material.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein the said surface of said member
      is made of rubber.
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ABST
PAL  A combination of a supply container and a conveyor belt for receiving and
      orienting textile coils and the like includes a conveyor surface extending
      into said supply container, at least part of said conveyor surface having
      cover means disposed so as to divert at least part of the textile coils
      from said conveyor surface.
BSUM
PAR  The invention relates to a supply container or hopper with a conveyor belt
      for receiving and suitably orienting textile coils or the like. More
      particularly, the conveyor belt extends into the supply container or
      hopper in order to remove the coils from the hopper at a supply location
      thereof and to pass them on to a discharge location.
PAR  It has been found that surface damage occurred in some coils such as actual
      injury to the thread or yarn, for example, or displacement of the yarn
      windings, so that the unwinding process was impeded. Another disadvantage
      of heretofore known apparatus or combinations of the foregoing general
      type is that the coils are advanced upwardly a given distance by the
      conveyor belt but that then a rather large number thereof falls back
      again. This process is continually repeated, so that the free ends of the
      threads get wound together into a ball, and difficulties result therefrom
      when separating the coils. The heretofore known devices of the general
      type of the invention of this application have the further disadvantage
      that the quantity of coils advanced varies, depending upon whether the
      supply container or hopper is full or empty. Although this can be
      corrected by varying the conveyor speed gradually as the supply container
      or hopper goes from full to empty, this demands additional expenditures.
PAR  It is accordingly an object of the invention of the instant application to
      provide a combination that eliminates the afore-mentioned shortcomings of
      the heretofore known devices of this general type.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, in combination, a supply container and a
      conveyor belt for receiving and orienting textile coils and the like, the
      conveyor belt having a conveyor surface extending into the supply
      container, at least part of the conveyor surface having cover means
      disposed so as to divert at least part of the textile coils from the
      conveyor surface.
PAR  Through this construction of the invention, not all of the coils lie on top
      of one another on the conveyor belt, but only in the uncovered part of the
      conveyor surface in the region of the supply location thereof. Since this
      region of the supply location is relatively short in length, as viewed in
      the direction of travel of the conveyor belt, the underlying coils or the
      like are not subjected to continuous frictional stress with the spools
      lying on top thereof. Moreover, fewer coils than heretofore are entrained
      simultaneously due to the diminished supply, or charging area, so that
      also fewer coils fall back, and the formation of snarls or tangles is
      thereby reduced or prevented. Furthermore, by means of the cover provided
      in accordance with the invention, the delivered output from a full to an
      empty supply container or hopper is maintained nearly constant, so that
      readjustments of the conveyor speed are no longer required.
PAR  The cover means provided according to the invention can extend over the
      entire width of the conveyor belt or only over parts of the width thereof.
      In accordance with a particularly advantageous feature of the invention,
      the cover means comprise two collecting shells defining therebetween,
      above the conveyor surface, a gap extending in the longitudinal direction
      of the conveyor belt and sloping toward or being inclined to the edges of
      the conveyor belt. By this construction, coils are prevented from getting
      jammed under the cover means so as to completely prevent further
      advancement or even movement of the conveyor belt because of the jamming.
      With the invention of the instant application, the coils can escape
      upwardly through the gap, so that clamping thereof cannot occur. Due to
      the other feature of having the collecting shells slope toward the edges
      of the conveyor belt, not all of the coils have to be propped up or
      supported at the supply or charging location, but can rather be supported
      laterally at the side walls of the conveyor belt and at inclined base
      plates, and slide therefrom gradually to the charging or supply location,
      depending upon the rate at which they are used up.
PAR  In accordance with a further feature of the invention, the collecting
      shells are disposed parallel or substantially parallel to the conveyor
      belt, which is inclined to the horizontal, so that the continuous feeding
      of the coils can be advanced to the charging or supply location. It is,
      however, also advantageous to construct the collecting shells in
      accordance with the invention, so that they expose an increased conveyor
      surface in direction toward the deepest point of the supply container or
      hopper. In this manner, an increased i.e. greater, uncovered conveyor
      surface is provided in the area of the supply or charging location, by
      which premature cogging or up-ending of the coils at the cover means is
      avoided.
PAR  It has been known heretofore to provide the conveyor surface of the
      conveyor belt with mutually offset or staggered entrainer members, in
      order to improve the conveyance or advancement of the coils. It is
      possible, however, for the coils to become caught or jammed between the
      entrainer members and the cover means, particularly if collecting shells
      are used and are constructed so that they expose an increased conveyor
      surface at the lowest or deepest point of the supply container or hopper
      and therefore necessarily have two terminating edges running transversely
      or diagonally to the direction of the conveyor belt. In order to prevent
      such blocking due to jamming of the coils between the entrainer members
      and the transverse or diagonal terminating edges of the collecting shells,
      there is provided, in accordance with an additional feature of the
      invention, that the entrainer members are disposed in oppositely-directed
      diagonal or transverse rows extending outwardly from the middle of the
      conveyor surface, preferably in the form of a herringbone pattern, so that
      the rows of entrainer members in the left-hand side of the conveyor
      surface, as viewed in the upper half of FIG. 2, begin from the middle of
      the conveyor belt between the rows of entrainer members of the right-hand
      side of the conveyor surface, as viewed in the lower half of FIG. 2.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in
      supply container with conveyor belt for receiving and suitably orienting
      textile coils or the like, it is nevertheless not intended to be limited
      to the details shown, since various modifications and structural changes
      may be made therein without departing from the spirit of the invention and
      within the scope and range of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof, will be best
      understood from the following description when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of the inventive combination taken
      along the line I--I of FIG. 2 in the direction of the arrows;
PAR  FIG. 2 is a top plan view of the supply container or hopper and the
      conveyor belt of the invention; and
PAR  FIG. 3 is a cross-sectional view of FIG. 1 taken along the line III--III in
      the direction of the arrows.
DETD
PAR  Referring now to the figures of the drawing, there is shown therein a
      supply container or hopper formed of a frame with vertical limiting walls
      1, which are assembled on a base plate 2. A conveyor belt 3, which conveys
      or transports coils from a supply or charging location A to a discharge
      location B, which, in the case at hand, is a slide trough or chute 4,
      extends into the supply container or hopper. The conveyor belt 3 travels
      in the direction of the arrows 3a.
PAR  As is readily apparent from the figures, part of the conveyor surface of
      the conveyor belt 3 extending into the supply container or hopper is
      provided with a covering formed of two collecting shells 5 and 6. Above
      the conveyor surface of the conveyor belt 3, the two collecting shells 5
      and 6 define a gap 7 therebetween running first in longitudinal direction
      of the conveyor belt 3, and then falling off or sloping toward the edges
      3b of the conveyor belt. If the collecting shells are additionally
      disposed parallel or substantially parallel to the conveyor belt, which is
      inclined to the horizontal, as shown in the illustrated embodiment, one
      could say that the collecting shells 5 and 6 cover the conveyor belt like
      a saddle roof, the ridge of the saddle roof, however, being opened up and
      forming the gap 7. If a very large quantity of coils or the like, which
      are disposed on top of one another, is advanced or conveyed, the coils
      cannot get jammed or clamped under the covering formed by the two shells 5
      and 6 but can escape through the gap 7.
PAR  The coils or the like, such as textile coils, particularly, are randomly
      thrown into the supply container or hopper, and, as is very clearly shown
      in FIG. 3 in an example which includes spinning cops, the coils form a
      bridge over the gap 7, so that the conveyor belt is relieved of the weight
      of the coils or cops lying above. Naturally, the coils slide down to the
      supply or charging location A on the two cover members 5 and 6, if a
      sufficiently adequate number of coils have been conveyed by the conveyor
      belt to the discharge location B. The transfer from the two collecting
      shells 5 and 6 to the conveyor belt then takes place not only in the lower
      region but also in the area therebetween, due to the collapse of the
      bridge formed by the coils over the gap 7. Nevertheless, it may be
      advantageous for the collecting shells 5 and 6 to be so shaped that they
      expose an increased or larger conveyor surface of the conveyor belt in
      direction toward the lowest point of the supply container or hopper, and
      are, for example, constructed in a manner similer to the collecting shells
      according to FIG. 2 with sloping edges 5a and 6a.
PAR  It is generally of advantage, in accordance with the invention, to provide
      the conveyor surface of the conveyor belt 3 with staggered entrainer
      members or dogs 8. As is clearly seen from FIG. 2, the entrainer members 8
      are disposed in oppositely directed diagonal or transverse rows extending
      outwardly from the middle of the conveyor surface, the oppositely disposed
      arrangement being such that, in condition of rest, the rows run toward the
      edges 5a and 6a of the collecting shells. For this reason, the coils lying
      on the conveyor belt cannot be caught or jammed between the dogs or
      entrainer members 8 and the edges 5a and 6a of the collecting shells even
      in an extremely unfavorable position and cause consequent blockage of the
      conveyor belt.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a supply container and a conveyor belt for receiving and
      orienting textile coils and the like, said conveyor belt having a conveyor
      surface extending into said supply container, at least part of said
      container extending over said conveyor surface, said container having
      diverting cover means disposed so as to divert at least part of the
      textile coils from said conveyor surface, wherein said cover means
      comprises two collecting shells defining, above said conveyor surface, a
      gap extending in longitudinal direction of said conveyor belt and sloping
      toward the edges of said conveyor belt, said gap being shaped so that
      coils can escape upwardly through the gap, said cover means being spaced
      above said conveyor surface a distance several times greater than the
      diameter of said coils, so as not to interfere with coils properly held on
      said conveyor surface.
NUM  2.
PAR  2. The combination of claim 1 wherein said conveyor belt is inclined to the
      horizontal, and said collecting shells are disposed substantially parallel
      to said conveyor belt.
NUM  3.
PAR  3. The combination of claim 1, wherein said collecting shells are
      constructed so that said gap exposes an increased conveyor surface in
      direction toward the deepest point of said supply container.
NUM  4.
PAR  4. The combination of claim 1, including mutually offset entrainer members
      mounted on the conveyor surface of said conveyor belt, said entrainer
      members being disposed in oppositely-directed transverse rows extending
      outwardly from the middle of said conveyor surface.
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ABST
PAL  A display carton for deformable dispensing tubes in which the tube is
      oriented with the cap down in an opening formed in the front of the
      carton, with an inwardly folded flap at the bottom thereof on which the
      tube cap rests. The crimped base of the tube is held in position between
      opposed sections of the front of the carton above the opening, the opposed
      sections formed by a line cut and separated to exert a shearing force on
      the crimped end of the tube. Also disclosed is a locking flap positioned
      to restrain the crimped end of the tube from moving inward by holding the
      tube in position in the carton.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This application relates generally to cartons with means for displaying the
      contents thereof and more particularly to display cartons adapted for
      containing and displaying deformable dispensing tubes.
PAR  2. Description of the Prior Art
PAR  It is undesirable in some instances to ship deformable plastic tubes
      loosely together in a large carton, and therefore most tubes are shipped
      in individual paperboard cartons. In those instances where it is desirable
      to display the tube it is necessary to either remove the tube from the
      carton and place it in a special stand or fabricate the carton with a
      window therein. Cartons with windows having transparent film overlays are
      expensive and do not allow the consumer to get a good view of the product.
PAC  SUMMARY OF THE INVENTION
PAR  A carton for use with deformable dispensing tubes which holds the tube in
      an opening cut in the side of the carton making a package appropriate for
      display purposes, wherein there is a support flap inwardly folded from the
      lower portion of an opening cut in the front panel of the carton and on
      which the dispensing tube is placed with a line cut at the opposite end
      into which the crimped end of the dispensing tube is inserted to hold it
      in position. A restraining flap engageable with the crimped end of the
      tube prevents the tube from moving out of position on the support flap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the front of a package embodying the
      present invention;
PAR  FIG. 2 is a plan view of a blank adapted to be folded into a carton
      embodying the present invention;
PAR  FIG. 3 is a front elevation view of the carton folded into a blank in FIG.
      2, with the position of the dispensing tube shown in dash lines;
PAR  FIG. 4 is a top plan view in section on the carton in FIG. 3 taken along
      section lines 4--4 in FIG. 3;
PAR  FIG. 5 is a side elevation view of the package shown in FIG. 1 taken along
      section lines 5--5 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIG. 1 a novel display package 10 is illustrated suitable for
      displaying a dispensing tube 11 having a cap 12 attached to one end
      thereof. The opposite end of the tube 11 is flattened and crimped into a
      conventioanl closure. The carton in FIG. 1 is erected from the blank of
      FIG. 2 and illustrates that the blank includes a front panel 15, a back
      panel 16 and side panels 17. Conventional flaps making up an end closure
      are used on each end of the carton and the particular embodiment shown. An
      additional side flap 18 is shown having attached to the top end thereof a
      restraining flap 20 made up of a first restraining portion 21 extending
      horizontally and hingedly connected to the additional side flap 18 and a
      second restraining portion 22 hingedly connected to the first restraining
      portion 21, and having an additional vertical length for engaging the
      crimped end of the tube 11. The front panel 15 has formed therein an
      opening 30 whose size and shape is dependent on the particular dispensing
      tube to be contained therein, but it is generally extensive toward the top
      and bottom of the front panel 15. At the lower end of the opening 30 is a
      support flap 31 which is hingedly attached along hinge line 32 and is
      adpated to be folded inwardly to provide support for the dispensing tube
      11 by contacting the cap 12.
PAR  The dimensions of the bottom closure flaps may be varied to provide
      additional support for the tube. The vertically extending tucked in flap
      19 may be arranged to directly underlie the inwardly folded flap 31 to
      prevent ripping or distortion. The particular embodiment shown illustrates
      a cut out area 19A shown in FIG. 2 to provide a recess to surround the
      flap 31 along the line 32.
PAR  A horizontal line cut 40 establishes tube base restraining sections 41
      including two vertically disposed areas in the front panel 15 and having
      downwardly angled sections 43 and 44 on either side of the line cut 40
      which permit the two base restraining sections 41 to be flexed inwardly
      below said line cut to form a recessed slot which can receive the crimped
      base of the tube 11 and hold it in place against that restraining section
      41 located immediately above the line cut 40. In addition, it may be
      desirable with certain proportioning of the tube and the carton to include
      a downwardly angled connecting section 50 on at least one side of the line
      cut 40 which allows a second line cut to be made 52 extending across the
      remainder of the front panel 15 which reduces the amount of inward flex on
      that portion of the front panel 15 not directly adjacent to the tube 11
      when in position on the support flap 31. The connecting section 50 is
      defined by a line cut extension 52A at an angle parallel to the downwardly
      angled line cut 43 and by hinge lines 53 normal thereto defining a
      substantially rectangular connecting section 50. A hinge line made by
      scoring or the like 60 is formed immediately above the opening 30 to help
      that portion of the base restraining section 41 directly below the line
      cut 40 to flex inwardly without distorting the surface of the paperboard.
      As viewable in FIG. 3 and FIG. 4 the line cut allows the two sections to
      be moved relative to one another forming a recess adaptable for receiving
      the wide or crimped end of the tube 11, and the package may be designed so
      that the crimped end of the tube extends upwardly to the end of the
      carton. For those configurations where that is not desirable, it is often
      desirable to include the restraining flap 21 along with the extension 22
      which are folded out and cross the plane of the crimped end of the tube 11
      as shown in FIG. 4 hooking it in and preventing it from moving.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my improvement in DISPLAY CARTON FOR TUBES;
      and while I have endeavored to set forth the best embodiment thereof, I
      desire to have it understood that obvious changes may be made within the
      scope of the following claims without departing from the spirit of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A carton made from foldable paperboard or similar sheet-like material
      and suitable for storage, shipment and display of deformable dispensing
      tubes or the like, said carton comprising:
PA1  opposed, parallel front and back panels;
PA1  first and second side panels in opposed relation connecting said front and
      back panels in a rectangular tube-like configuration;
PA1  means for supporting the cap of said tube, said means adapted to bear the
      weight of said tube and locate said tube near said front panel;
PA1  an elongated die cut opening in said front panel located above said means
      for supporting said tube and adapted to serve as a clearance recess for at
      least a portion of said tube;
PA1  a tube base restraining section formed in a first portion of said front
      panel including a first line cut formed horizontally across said first
      portion of said front panel and spaced above said means for supporting
      said tube and said tube opening, said first line cut having downwardly
      angled portions on either side thereof to permit that portion of said
      front panel located below said first line cut to be flexed inwardly and
      thereby create a recessed slot adapted to receive the crimped base of said
      tube and hold it in place against the portion of said front panel located
      above said first line cut; and
PA1  a downwardly angled connecting section at one side of said first line cut
      connecting said first line cut to a second line cut extending horizontally
      across the remainder of said front panel, said downwardly connection
      section permitting that section of said front panel below said line cut to
      flex inwardly to receive said tube yet allowing the remainder of said
      front panel above said line cut to stay in normal flat position.
NUM  2.
PAR  2. The carton of claim 1 and including a restraining flap hingedly attached
      to the interior of said tube-like configuration and adapted to extend
      horizontally over the crimped base of said tube and thereby prevent said
      tube, when in position, from moving out of vertical position against said
      means for supporting said tube.
NUM  3.
PAR  3. The carton of claim 2 wherein said restraining flap includes a bottom
      edge adapted to cross said crimped end of said tube and including a second
      restraining portion having an additional vertical length adapted to engage
      said crimped end of said tube in a vertical direction to further restrict
      movement of said tube when in position.
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ABST
PAL  A suspension box member for use as a base or platform of a shipping
      container is disclosed. The suspension box is made of fiberboard or other
      material which deflects to absorb shock and other forces which would
      otherwise be transmitted directly to the item being shipped. The
      suspension box is of relatively simple design, thus making it easily
      adaptable for use with various types of covers for the shipping container.
      Such covers may be in the form of a box with an open bottom, a slotted
      telescope cover for rectangular items or various form-fit covers, the
      latter being particularly suitable for upholstered chairs.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a suspension box for use in shipping items
      of furniture. More particularly, the present invention relates to a
      suspension box in the form of a hollow box construction which forms a
      platform within a container which is useful in shipping furniture.
PAR  Previous containers for use in shipping chairs or other items of furniture
      have included such configurations as that shown in U.S. Pat. No.
      3,642,127, in which a chair is attached to a support panel, which in turn
      is secured to the bottom of the box by means of a rail structure formed by
      two opposite flaps. The remaining two flaps are then employed to form the
      bottom of the box. In this prior art configuration, a slotted container
      with flaps to close the container is thus provided, and the support panel
      is an additional interior part which does not form the bottom of the
      container.
PAR  Other prior art containers employing base support units which form the
      bottom of the container include those such as are disclosed in U.S. Pat.
      Nos. 2,331,753 and 2,633,982. Each of these patents describes a base unit
      which supports the piece of furniture by bearing against the bottom of the
      front and back rails and/or side rails of the item of furniture. The legs
      of the item of furniture penetrate into the support base. Thus, any impact
      on the bottom of the container is transferred through the base into the
      frame of the furniture. The position of the suspension boards or holes for
      positioning the furniture are determined by the position of the legs on
      the item of furniture being packed, while the thickness of the base is
      determined by the length of the leg on the particular item of furniture.
      Such prior art construction as disclosed in these two latter patents
      requires that individual bases be built for each furniture frame of a
      different size.
PAR  By the present invention there is provided a suspension box construction
      which comprises an improved platform on which to attach an item of
      furniture to be shipped. The suspension box, which is constructed of
      corrugated fibergoard or other similar material, has four vertical faces,
      as well as a horizontal top wall and a horizontal bottom wall. The chair
      or other item of furniture can be packed so as to rest directly on the
      platform which is formed by the horizontal top wall of the suspension box.
      The cover for the container fits closely over the vertical faces of the
      suspension box and is fastened to these faces by means such as staples or
      adhesive to provide a complete enclosure for the item of furniture to be
      shipped.
PAR  Since the suspension box is made of fiberboard or other similar material,
      the platform face formed by the top wall of the suspension box, on which
      the chair, for example, rests, deflects slightly under the weight of the
      chair, or under the impact of the chair as the container bounces along in
      a truck or railcar. This deflection of the platform face cushions any
      shock which may be transferred into the legs of the chair during shipment,
      thus reducing the possibility of breaking legs or glue joints. The ability
      of the suspension box to absorb shock is an essential distinguishing
      feature of the present invention over prior art shipping containers having
      a bottom panel through which shock is transmitted directly to the lower
      portion of the article of furniture being shipped.
PAR  Thus, by the present invention, there is provided a new package
      construction for bulky products such as upholstered furniture or the like.
      A suspension box member defines a base or platform upon which the product
      is supported within the container. This suspension box member represents
      an essential distinguishing characteristic of the package construction of
      the present invention. A cover member may be provided to fit downwardly
      over the product for connection at its lower edges with the suspension box
      member. The cover may be of any desired construction such as a box with an
      open bottom or a slotted telescope cover for rectangular items. Various
      form-fit covers as disclosed herein may also be advantageously employed
      with the suspension box member of the present invention.
PAR  Included within the scope of the present invention is the use of a
      plurality of suspension boxes in one package construction, such as in the
      case where side chairs are packed two to a box, one up and one upside
      down, with the cover comprising a tube and suspension boxes employed as
      the top and bottom of the container. Also, in accordance with the present
      invention, the depth of the container may be varied by allowing the cover
      to fit only partially over the sides of the suspension box member. Other
      embodiments include that in which the suspension box has the item of
      furniture connected by a "shrink wrap," so that the item is completely
      suspended away from the outer walls of the container. In a further
      variation, the suspension box member may be employed as a compartment
      divider to hold various parts of the product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantages of the present invention will become more understandable
      from the detailed description which follows, taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view showing the suspension box of the present
      invention;
PAR  FIG. 2 is a plan view of a blank suitable for forming the walls of the
      suspension box shown in FIG. 1;
PAR  FIG. 3 is a plan view of an alternative embodiment of the blank shown in
      FIG. 2;
PAR  FIG. 4 is a second embodiment of the suspension box of the present
      invention;
PAR  FIGS. 5 through 8 are full or partial perspective views of alternative
      embodiments of containers constructed in accordance with the present
      invention;
PAR  FIG. 9 is an elevational view in cross-section showing one embodiment of a
      container constructed in accordance with the present invention;
PAR  FIGS. 10 and 11 are perspective views of alternative embodiments of the
      blank shown in FIG. 1;
PAR  FIG. 12 is a perspective view of a first embodiment of a form-fit cover
      employed with the suspension box member of the present invention;
PAR  FIGS. 13 and 14 are plan views of the blanks employed in constructing the
      cover of FIG. 12;
PAR  FIG. 15 is a perspective view of a second embodiment of a form-fit cover
      employed with the suspension box member of the present invention;
PAR  FIGS. 16 and 17 are plan views of the blanks employed in constructing the
      cover of FIG. 15;
PAR  FIG. 18 is a perspective view of a third embodiment of a form-fit cover
      employed with the suspension box member of the present invention;
PAR  FIG. 19 is a plan view of the blank employed in constructing the cover of
      FIG. 18;
PAR  FIG. 20 is a perspective view of a fourth embodiment of a form-fit cover
      employed with the suspension box member of the present invention; and
PAR  FIGS. 21 and 22 are plan views of the blanks employed in constructing the
      cover of FIG. 20.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 through 3, there is provided a suspension box member 11
      having four vertical side walls 12, a horizontal bottom wall 13 and a
      horizontal top wall 14. Two of the side walls 12 are formed by flaps 15
      attached to the bottom 13 and top 14 walls and the remaining two side
      walls 12. The item of furniture to be shipped rests on the top wall 14 and
      may be attached to the suspension box by straps or other suitable means.
PAR  The blank 10 shown in FIGS. 2 and 3, which can be folded to provide the
      suspension box member 11 of FIG. 1, is provided with score or fold lines
      16 to define the side walls 12, the bottom 13 and the top wall 14. The top
      wall 14 is connected upon folding of the blank 10 to the side wall 12 on
      the opposite end of the blank 10 by means of tape 17 applied to the outer
      portions of the top wall 14 and side wall 12, as shown in FIG. 2.
      Alternatively, the connection of the top wall 14 to the side wall 12 may
      be made by means of a tab 18 attached to the top wall, as shown in FIG. 3.
      This tab 18 may be secured to the opposite side wall 12 by any suitable
      means such as gluing or stitching.
PAR  In FIGS. 10 and 11, there are shown alternative securing means for
      connecting the walls of the blank to form the suspension box 11. Thus the
      embodiment of FIG. 10 is provided with a stitched or glued joint 31 in the
      panel 14 with a suitable overlap being provided to reinforce the joint 31.
      The embodiment of FIG. 11 is provided with a tape joint 32 in the panel
      14, and in this case no overlap is necessary due to the reinforcement
      provided by the tape itself. The use of a tape joint 32 has been found to
      be particularly useful in the case where the height of the vertical side
      walls 12 is relatively small.
PAR  It should be pointed out that it is not mandatory that the top wall 14 be
      designated as the wall to be connected to the opposite side wall 12, as
      the wall to be connected to the opposite side wall 12 may also serve as
      the bottom wall 13. Thus, the positions of the top wall 14 and bottom wall
      13 as shown in FIGS. 2 and 3 may be reversed without affecting the
      characteristics of the suspension box member 11 of the present invention.
      An essential aspect of the present invention to be kept in mind is that
      the suspension box member 11 is constructed in a box shape as shown, of a
      material which will provide sufficient deflection to cushion the forces of
      shock to which the item of furniture may be subjected during shipment.
PAR  In the previously described embodiment of the suspension box member 11 as
      shown in FIG. 1, each of the flaps 15 is of a length which is equal to the
      height of the vertical side walls 12, forming a full overlap slotted
      construction. Thus the flaps 15 attached to the top 14 and bottom 13 walls
      will completely overlap each other. These flaps 15 may be folded one over
      the other and secured by suitable means such as staples to provide a
      closed suspension box structure. This embodiment is the preferred
      structure where strength and durability are required and, in addition,
      such a structure is easily closed by staples or other means, particularly
      when the height dimension of the suspension box is relatively small.
PAR  In an alternative embodiment of the suspension box member as shown in FIG.
      4, the suspension box 11a is provided with flaps 15a which form opposite
      side walls 12a, with the flaps 15a being of a length which is equal to
      one-half the height of the side walls 12a, providing a configuration known
      as a regular slotted construction. Thus the flaps 15a which form a side
      wall 12a, will meet along a line midway of the height of the side wall
      12a, and the outer flaps 15a may be secured to the underlying flaps 15a by
      staples or other suitable means. Suspension box 11a may also be formed
      from a blank, similar to that shown in FIGS. 2 and 3. Another construction
      which may be employed for the suspension box is that in which the flaps
      overlap to a limited extent, thus providing a configuration known as an
      overlap slotted construction.
PAR  A variety of covers may be employed with the suspension box member 11 to
      provide a complete container for the item being shipped. As shown in FIG.
      5, the cover 21 may be in the form of a box having one open end which fits
      over the suspension box 11. In the embodiment shown in FIG. 6, the cover
      21a is constructed as a tube, with suspension box members 11 positioned at
      either end. Such a construction is particularly suitable in the case where
      two chairs, for example, are shipped in a single container, with one chair
      being inverted and attached to the upper suspension box member 11.
PAR  FIG. 7 shows an embodiment of the present invention in which the cover 21b
      only partially covers the sides of the suspension box member 11, the cover
      21b being secured to the sides of the suspension box member 11 by staples
      or other suitable means at the point along the sides which will provide
      the desired height for the container. In FIG. 8 there is shown a form-fit
      cover 21c for use in shipping a furniture item such as an upholstered
      chair.
PAR  The embodiment of the present invention which is illustrated in FIG. 9 is
      that in which a shrink-wrap material 22 has been employed to cover an item
      of furniture 23, with the shrink-wrap material 22 also being wrapped
      around the suspension box member 11, thus serving to secure the item 23 to
      the suspension box member 11. A suitable cover 21 fits down over the
      shrink-wrapped item 23 to provide a complete container assembly. FIG. 9
      also shows the use of the suspension box member 11 as a separate shipping
      compartment within the container, chair cushions 24 being stored within
      the suspension box 11 during shipment.
PAR  In FIGS. 12 through 22 there are shown various embodiments of a form-fit
      cover of the general type shown in FIG. 8. In the embodiment of FIGS. 12,
      13 and 14, there is illustrated a form-fit cover constructed of two blank
      portions 33 and 34. The blanks 33 and 34 are joined by tape joints 39 of
      blank 33 which are in sealing engagement with tape joints 40 of blank 34
      when the cover is assembled.
PAR  The blank 33 is provided with score or fold lines 35 which define the back
      wall 36 and the two L-shaped side walls 37. Also defined by the score
      lines 35 are the flaps 38 which are folded inwardly in the assembled
      configuration and extend around the inner periphery of the blank 33 to
      provide support for attachment of blank 34. Blank 34 is provided with
      parallel score lines 41 and 42, with score line 42 being a reverse score
      line. These lines 41 and 42 fold to produce the upper and lower front wall
      43 and upper and lower top wall 44 of the cover, as shown in FIG. 12.
      Blank 34 may be attached to the flaps 38 by suitable means such as gluing.
PAR  The cover shown in FIGS. 15, 16 and 17 is formed of blank portions 45 and
      46 which together define a form-fit cover 45 with a cap 46. Blank 45 is
      provided with score lines 58 which fold to define a back wall 47, two
      L-shaped side walls 48 and a front wall 49. A tab 50 attached to the front
      wall 49 provides a means for connecting the front wall 49 to the opposite
      side wall 48, by means such as gluing or stitching. The score lines 58
      also define flaps 51 which fold inwardly in the assembled configuration
      and extend around the inner periphery of blank 45 immediately adjacent the
      upper edges of the front wall 49 and that segment of each L-shaped side
      wall 48 which is of the same height as the front wall 49.
PAR  Blank 46, the cap portion of the cover, includes score lines 52 which fold
      to define the side walls 53 joined at opposite ends of the blank 46 by a
      glue or stitch tab 54. The flaps 55 on one side of the blank 46 fold in
      overlapping relationship to form the top wall 56 when sealed by glue or
      similar means. The flaps 57 on the opposite side of the blank 46 are
      folded as shown in FIG. 15 to fit down over the folded cover 45. When
      assembled, the flap 57 on the front of the blank 46 has its outer edge in
      sealing engagement with the outer edge of the flap 51 connected to the
      front wall 49, with the result that the top portion of the cover is
      completely sealed. The flaps 57 may be secured to the blank 45 by
      conventional securing means.
PAR  In the embodiment shown in FIGS. 18 and 19, there is provided a cover
      having a back-break configuration along the center of the length dimension
      of the cover. Referring to FIG. 19, the score lines 61 fold to define a
      back wall 62, two L-shaped side walls 63 and a lower front wall 64. The
      back wall 62 is folded at its upper end to provide a top wall 65, having a
      length equal to the length of the higher segment of the L-shaped side
      walls 63, as shown in FIG. 18. Each of the side walls 63 is folded along
      its upper edge to provide inwardly projecting flaps 66, 67, and 68 along
      the entire length of the upper edge of the L-shaped walls 63. Each of the
      flaps 66 and 68 is preferably of a length equal to at least one-half the
      width of the back and front walls 62 and 64. Thus the flaps 66 provide
      support along the entire length of the top wall 65. Flaps 69 fold down
      from flaps 66 and engage flaps 67 to provide a reinforced corner portion
      as shown in FIG. 18. Flaps 68 provide support for the top wall portion 70
      formed by folding the upper portion of the front wall 64. A reverse score
      line 71 allows further bending of the top wall 70 to define upper front
      wall 72. The lower front wall 64 may be attached to the side wall 63 at
      the opposite side of the blank by means such as a tab 73. The top wall and
      front wall portions 70 and 72 may be attached to the respective flaps by
      gluing or other suitable means. When assembled, the outer edge of front
      wall 72 is in sealing engagement with the outer edge of top wall 65.
PAR  The embodiment of FIGS. 20, 21 and 22 is formed of blanks 81 and 82, with
      blank 82 having a score line 83 and a reverse score line 84 which allow
      the blank 82 to be folded so as to provide a one-piece top wall for the
      L-shaped cover. The blank 81 which provides the L-shaped configuration is
      folded along score lines 85 to define a back wall 86, two L-shaped side
      walls 87 and front wall 88. The front wall 88 may be attached to the side
      wall 87 on the opposite end of the blank 81 by a stitch or glue tab 89.
      Also defined by the score lines 85 are flaps 90 which are folded inwardly
      and extend completely around the inner periphery of the upper edge of the
      first blank portion in the assembled configuration, thus providing support
      for the top wall 82.
PAR  In use, the suspension box construction of the present invention allows the
      legs or casters of a chair or other item of furniture to bear against the
      platform surface of the suspension box in the same way that the chair
      would bear against the floor in normal use. An impact to the bottom of the
      container is cushioned by the deflection of the platform surface and shock
      to the legs is reduced. Since the position or length of the legs is not
      relevant to the function of the suspension box, a variety of styles and
      sizes of furniture may be packed on a suspension box of a given size. Thus
      the suspension box of the present invention provides a container base
      member having highly advantageous features for use in shipping and storage
      of furniture and other similar products.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description, and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts without departing from the spirit and scope of the invention or
      sacrificing all of its material advantages, the forms hereinbefore
      described being merely preferred embodiments thereof.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A shipping container for articles of furniture and the like, comprising
PA1  a. an integral hollow suspension box base unit for supporting the article,
      said suspension box base unit consisting of horizontal rectangular top and
      bottom walls and four vertical side walls, said top and bottom walls being
      spaced to define an open unobstructed chamber extending between said four
      vertical side walls;
PA1  b. a cover consisting of horizontal top and vertical side walls, said cover
      being open at its bottom thereby to permit said cover to be fitted
      downwardly over the article to a closed position in which the cover top
      wall is spaced from the top wall of said suspension box base unit, thereby
      to enclose the article of furniture, and the lower edge portions of said
      cover are adjacent the outer surface of the vertical side walls of said
      base unit; and
PA1  c. means connecting the lower edge portions of said cover with the vertical
      side walls of said base unit;
PA1  d. at least the top wall of said base unit being imperforate and formed of
      a material which deflects under load, thereby to cushion the article
      against shock forces applied to said container.
NUM  2.
PAR  2. A shipping container as defined in claim 1, wherein said base unit is
      formed of fiberboard.
NUM  3.
PAR  3. A shipping container as defined in claim 1, wherein said base unit is
      formed of a side-opening container in which two of the side walls are
      formed by flaps attached to the remaining side walls and the top and
      bottom walls.
NUM  4.
PAR  4. The shipping container of claim 3 wherein the length of each of the
      flaps is equal to the height of the vertical side walls.
NUM  5.
PAR  5. The shipping container of claim 3 wherein the length of each of the
      flaps is equal to one-half the height of the vertical side walls.
NUM  6.
PAR  6. The shipping container of claim 3 wherein the length of each of the
      flaps is greater than one-half the height of the vertical side walls but
      less than the height of the vertical side walls.
NUM  7.
PAR  7. The shipping container of claim 4 wherein a tape joint is provided both
      in the top wall and in the flaps attached to the top wall.
NUM  8.
PAR  8. The shipping container of claim 4 wherein a stitched or glued joint is
      provided both in the top wall and in the flaps attached to the top wall,
      and with an overlap being provided in the portions of the top wall and
      flaps being joined.
NUM  9.
PAR  9. The container of claim 1, wherein the cover is in the form of a box
      having one open end which fits over the base unit.
NUM  10.
PAR  10. The container of claim 1, wherein the cover is in the form of an open
      tube having four side walls and wherein two base units are employed, one
      at each end of the cover.
NUM  11.
PAR  11. The container of claim 1, wherein there is included within the base
      unit a compartment for carrying a component being shipped.
NUM  12.
PAR  12. The container of claim 1, wherein the item of furniture is attached to
      the base unit by a shrink-wrap material.
NUM  13.
PAR  13. The container of claim 1, wherein the cover is in the form of an
      L-shaped box having an open end which fits over the base unit.
NUM  14.
PAR  14. The container of claim 13 wherein the cover is formed of first and
      second blank portions, the first blank portion having score lines which
      define a back wall and two L-shaped side walls, and wherein the first
      blank portion is provided with flaps which, when folded inwardly, extend
      completely around the inner periphery of the upper edge of the first blank
      portion in the assembled configuration, the second blank portion being
      provided with three score lines in parallel relationship, the middle score
      line of which has a reverse score, the second blank portion being folded
      on the three score lines to define the top wall and upper and lower front
      walls of the cover, and with the side walls of the first blank portion
      being connected to the lower front wall of the second blank portion by a
      pair of tape joints.
NUM  15.
PAR  15. The container of claim 13 wherein the cover is formed of first and
      second blank portions, the first blank portion having score lines which
      define a back wall, two L-shaped side walls and a front wall, and wherein
      the first blank portion is provided with flaps which, when folded inwardly
      in the assembled configuration, extend around the inner periphery of the
      first blank portion immediately adjacent the upper edges of the front wall
      and that segment of each L-shaped side wall which is of the same height as
      the front wall, the second blank portion being provided with score lines
      which define a back wall, two side walls and a front wall, together with
      flaps attached to the upper and lower edges of each of said four walls of
      the second blank portion, the flaps attached to the upper edges of each of
      said four walls folding together in overlapping relationship to define a
      top wall, the flaps attached to the lower edges of the back wall and side
      walls of the second blank portion extending downwardly for attachment
      along the sides and back wall of the first blank portion, and the flap
      attached to the lower edge of the front wall of the second blank portion
      extending horizontally outward so that its outer edge is in sealing
      engagement with the outer edge of the flap attached to the upper edge of
      the front wall of the first blank portion, with the result that the
      container is completely sealed.
NUM  16.
PAR  16. The container of claim 15 wherein tab means is employed to connect the
      opposite ends of each blank portion.
NUM  17.
PAR  17. The container of claim 13 wherein the cover is formed of a blank having
      score lines which define a back wall, two L-shaped side walls and a front
      wall, a flap attached to the upper edge of the back wall to define a top
      wall for the higher segment of the L-shaped configuration, inwardly folded
      flaps attached to the upper edges of the side walls to extend along the
      entire inner periphery of the side walls in the assembled configuration,
      the flaps attached to the horizontal edge of the higher and lower segments
      of the side walls being of a length at least equal to one-half the width
      of the front and back walls, the flap attached to the back wall being
      provided with a flap which folds downwardly to overlap the flap attached
      to the vertical edge of the higher segment of the L-shaped configuration,
      and a flap attached to the upper edge of the front wall, said front wall
      flap having a reverse score line and being of a size sufficient to cover
      the top portion of the lower segment of the L-shaped configuration and the
      front portion of the higher segment of the L-shaped configuration, so that
      the outer edge of the front wall flap is in sealing engagement with the
      outer edge of the flap attached to the upper edge of the back wall.
NUM  18.
PAR  18. The container of claim 17 wherein tab means is employed to connect the
      opposite ends of the blank.
NUM  19.
PAR  19. The container of claim 13 wherein the cover is formed of first and
      second blank portions, the first blank portion having score lines which
      define a back wall, two L-shaped side walls and a front wall, and wherein
      the first blank portion is provided with flaps which, when folded
      inwardly, extend completely around the inner periphery of the upper edge
      of the first blank portion in the assembled configuration, the second
      blank portion being provided with a score line and a reverse score line
      which define a one-piece top wall for the L-shaped cover.
NUM  20.
PAR  20. The container of claim 19 wherein tab means is employed to connect the
      opposite ends of the first blank portion.
NUM  21.
PAR  21. The container of claim 1, wherein said cover is connected to fully
      cover the sides of the base unit.
NUM  22.
PAR  22. The container of claim 1, wherein said cover is connected to only
      partially cover the sides of the base unit.
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ABST
PAL  A packaged catheter arrangement having a soft and pliable latex rubber
      catheter for body orifice use and having its shaft slidably removably
      disposed within a relatively rigid tube sheath of plastic to form a
      catheter handling assembly which is enclosed as a unit within a
      peripherally sealed peel-apart dual sheet overpackage. The tube sheath is
      sealed closed at one end and the catheter preferably has a pre-lubrication
      coating on its insertion shaft and enclosed within the closed-ended tube
      sheath.
PARN
PAR  This application is a continuation of copending application Ser. No.
      149,990, filed June 4, 1971, now abandoned.
BSUM
PAR  This invention relates to an improved packaged catheter arrangement, and
      particularly to a packaged catheter arrangement which enables opening of
      the package and subsequent aseptic handling of the catheter in a mann that
      substantially reduces the likelihood of possible contamination of the
      catheter shaft prior to insertion into a patient.
PAR  It is conventional practice to furnish catheters in individual packages, so
      as to enable the catheters to be maintained in sterile condition until the
      desired time of use. Various packaging arrangements have been proposed and
      used for this purpose. It is a feature of the present invention to provide
      an improved packaging arrangement for point-of-use opening, and which
      enables subsequent rehandling of the catheter on a subassembly basis after
      opening of the overpackage, without seriously endangering the sterility of
      the catheter shaft.
PAR  It is a further feature of the invention to provide a package arrangement
      for catheters in which a catheter is reliably held in an extended position
      within a longitudinal overpackage, through the medium of a relatively
      rigid tube sheath which encompasses the insertion shaft of the catheter,
      thereby preventing the catheter from sliding down in the package and
      possibly kinking, and also making the catheter much easier to handle after
      removal from the overpackage, by grasping the tube sheath rather than the
      insertion shaft of the catheter.
PAR  Still a further feature is the provision of a catheter package arrangement
      which enables the packaging and storing until opening for use, of a
      catheter having a pre-lubricated shaft, while substantially obviating the
      normal likelihood of lubrication bleeding and staining of the outer
      package, and which further holds the catheter in a generally straight and
      unkinked packaged condition until removed for use, and which also enables
      controlled withdrawal of the catheter from a protective handling portion
      of the package arrangement.
DRWD
PAR  Still other objects, features and attendant advantages will become apparent
      to those skilled in the art from a reading of the following detailed
      description of a preferred embodiment constructed in accordance with the
      invention, taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view illustrating a preferred embodiment of the
      invention.
PAR  FIG. 2 is a fragmentary view of one end corner of the package of FIG. 1.
PAR  FIG. 3 is an enlarged view of the assembled catheter and sheath assembly of
      FIG. 1.
PAR  FIG. 4 is an exploded view of the tubular sheath and catheter of FIGS. 1
      and 3, together with a conventional syringe for catheter retention ballon
      inflation and deflation.
PAR  FIG. 5 illustrates the removal of the catheter from the tube sheath of FIG.
      1, and the handling of the catheter by an operator during this removal
      operation.
PAR  FIG. 6 illustrates a further manipulated position of the catheter
      preparatory to patient insertion.
DETD
PAR  In the preferred embodiment as illustrated in FIG. 1, a catheter, generally
      indicated at 31, is inserted with its shaft 33 extending through a major
      extent of the length of a relatively rigid tube sheath 21, and the
      catheter 31 and tube sheath 21 are in turn contained within a peripherally
      sealed sterile zone pocket formed within an overpackage 13, thereby
      forming a complete package 11 of removable catheter and tube sheath unit
      31, 21 contained within a sealed overpackage container 13.
PAR  The catheter 31 is merely an illustrative form of catheter, and may be of
      any suitable or desired catheter construction having a Y or other
      divergent fluid passage arm configuration. In the illustrative catheter
      construction, the catheter has the conventional form of a patient
      insertion shaft 33 with a drainage lumen 33c and drainage eye 33c', and
      connecting with a drainage arm 35, the catheter further having a branch
      arm 37 which is conventionally utilized for other fluid passage such as
      the passage of inflation fluid through a lumen 33a to and from a balloon
      section 33b spaced from the forward tip end 33f of the catheter shaft 33.
      Conventionally, the catheter is formed of soft latex rubber or other
      suitable soft, flexibly limber material, thereby providing a problem in
      packaging of the catheter so as to retain the shaft 33 in a desired
      generally straight condition from the time of packaging to the time of
      use. The present invention facilely enables such a packaging and handling
      of the catheter 31.
PAR  Tube sheath 21 is formed of material which is relatively rigid as compared
      to the highly flexible and bendable soft latex rubber insertion shaft 33
      of the catheter 31. It is desirable that the material be selected for the
      tube sheath 21 such that the tube sheath will self-retain and restore its
      own cylindrical tube form, yet be sufficiently elastically flexible to
      enable subsequent pinching of the tube shaft for control during removal of
      the catheter shaft 33 from the tube sheath, as will be later discussed. To
      this end, it has been found that a suitable material for the tube sheath
      21 is extruded polyethylene tubing. As an example, a catheter having a
      shaft 13 of 1/4 inch O.D. has been assembled in a tube sheath of extruded
      polyethylene having an I.D. of approximately 9/32 inch, and a wall
      thickness of approximately 0.02-0.03 inch. The particular thickness,
      diameter, and clearance are not critical, so long as the desired rigidity
      is provided for a given tube sheath material, and provided that such
      clearance is provided between the catheter shaft and the inside of the
      tube sheath to enable the desired control and ease of assembly and
      disassembly of the catheter relative to the tube sheath. It is desirable
      that the tube sheath be translucent or transparent, as this provides
      aesthetic appeal to the overall package, although in some instances the
      tube sheath may, if desired, be formed of opaque or relatively opaque
      and/or colored material.
PAR  Tube sheath 21 is sealed across its free end, as by a transverse
      thermoplastic heat seal bond 25, which may be suitably effected as by a
      heated jaw clamp or by heated pressure rolls, or otherwise as may be
      desired. The closing of this end of tube sheath 21 aids in preventing the
      entry of foreign particles or other contaminant into the tube interior and
      preventing exit of material from within the tube, being of particular
      value in enabling the facile packaging of prelubricated catheters where
      shaft lubricant may tend to bleed or run to some extent.
PAR  The catheter 31 and the tube sheath 21 are disposed within the peripherally
      sealed pocket of the overpackage 13, with the closed end of the tube 21
      adjacent one end of the longitudinal package, and the opposite open end of
      the tube sheath 21 and the extending arms 15, 17 of the catheter 11
      disposed adjacent the opposite closed end of the overpackage 13.
PAR  The overpackage 13 preferably takes the form of a sandwich of two peelably
      separable sheets 15, 17. The two sheets 15, 17 may be suitably formed
      respectively of a gas permeable paper base sheet 15 and a cover sheet 17
      of interbonded mylar and polyethylene layers. The mylar-polyethylene cover
      sheet 17, which is preferably transparent except for such printing as may
      be placed thereon may itself be a bonded sandwich of an outer layer of
      mylar and a bottom layer of polyethylene, so as to provide the benefit of
      both materials, including the strength of mylar and the thermoplastic
      bonding and ease of sheet handling of polyethylene.
PAR  Prior to assembly of the catheter 31 and tube sheath 21 with the
      overpackage 13, the overpackage may be and is preferably partially
      pre-formed, by thermoplastic or other suitable peripheral bonding of the
      plastic cover sheet 17 to the paper base sheet 15, as indicated generally
      at 17a, preferably employing spaced multiple parallel seal lines to aid in
      preventing bacterial tunneling, and thereby providing a longitudinally
      extending central pocket sealed on three sides and with an open unsealed
      end at one longitudinal end of the dual-sheet overpackage. The assembled
      catheter 31 and tube sheath 21 may then inserted through the open end of
      the pocket, to the position as shown in FIG. 1, and thereupon the
      previously open end may be sealed shut, as indicated at 17a', as by
      heat-sealing (preferably also multiple line spaced heat seals) of the
      thermoplastic cover sheet 17 to the paper base sheet 15 across this entire
      end. The entire package assembly 11, 21, 31 may then be subjected to gas
      sterilization, and if desired sterilization steps may be effected prior to
      or after various ones of the preceding assembly operations.
PAR  The peripheral seal zone of the overpackage 13, as provided by the seal
      lines 17a, 17a', provides an unsealed end flap zone 15b, 17b which may be
      easily separated and pulled apart as indicated at 15b', 17b' to peel the
      two sheets apart (note FIG. 1, in which the cover sheet is shown in
      phantom lines partially peeled away from the base sheet 17) and expose the
      catheter 31 and the tube sheath 21 for removal from the pocket 13a of the
      overpackage 13.
PAR  Upon peeling of the two sheets 15 and 17 apart, the operator may thereupon
      grasp the tube sheath 21 and remove the tube sheath and catheter assembly,
      preparatory to operator insertion of the tube sheath into a patient. In
      removing the catheter 31 from the tube sheath 21, the operator may proceed
      as illustrated in FIG. 5, grasping tube sheath 21 adjacent its open end
      with the normally contaminated gloved hand of the operator, while
      initially grasping the extended and exposed arm section 35, 37 with the
      opposite sterile gloved hand. In this respect, it will be appreciated that
      in the course of preparing the patient for catheterization the operator
      will have normally contaminated one gloved hand while leaving the other
      gloved hand sterile. The catheter 31 is then withdrawn from the open end
      of the sheath 21, and the operator may readily control this withdrawal by
      pinching the tube 21 to a desired extent, as indicated at 21p in FIG. 5,
      the catheter being indicated by broken lines in the process of being
      withdrawn from the tube sheath 21, and in full lines in a typical
      withdrawn position. Thus, a desired frictional retarding force is exerted
      on the catheter shaft 33 to prevent the shaft from uncontrollably and
      undesirably slipping out of the tube sheath 21 and striking a foreign
      object or falling on the floor prior to or while wrapping of the shaft
      about the fingers of the operator to a position as shown in full lines in
      FIG. 5, preparatory to further manipulation of the catheter by the
      operator for insertion of the tip end 33f into a patient. After insertion
      of the shaft 33 into a patient the operator may then inflate the retention
      balloon 33b, as by inserting an inflation syringe 5, of conventional
      construction, into the inflation arm 37 and pumping fluid through arm 37
      and lumen 33a to the balloon 33b. It will of course be apparent that the
      catheter 31 may be of any desired type or construction, and that the
      present illustration of a Foley-type catheter and inflation syringe 5 for
      use therewith is only by way of illustration of a typically packaged
      catheter according to the invention. Also, while one might package a
      syringe 5 with a catheter, such is not normally desirable, as the syringe
      may be reusable, whereas it is now the better practice to employ catheters
      on a single use basis.
PAR  From the foregoing discussion it will be apparent that through the
      employment of the novel catheter packaging arrangement according to this
      invention, a total packaging arrangement 11 is provided which facilitates
      assembling of the catheter within the outer overpackage, which maintains
      the catheter in a generally straight condition from point of packaging to
      end use, which provides protection for the sterile catheter shaft in case
      of undetected puncture of the outer overpackage 13, which facilitates the
      catheter removal from the outer package and subsequent handling of the
      catheter, such as illustrated in FIG. 6, preparatory to final operator
      insertion. In addition, the tube sheath materially aids in reducing the
      likelihood of lubricant staining of the outer package or bleeding of the
      lubricant from the shaft of a pre-lubricated shaft catheter through the
      outer package, thereby also better retaining the initial content of
      lubricant on the catheter shaft in view of the relatively nonporous and
      low absorption characteristic of the plastic tube sheath, particularly as
      compared to the paper sheet 17 forming a portion of the overpackage 13. In
      addition, the smooth extruded plastic tubular sheath reduces the
      likelihood of pick-up of fibrous or other foreign particles from the paper
      sheet 15 of the outer package, or from other fibrous or particle sheet
      material which may be employed, and particularly as has been employed in
      prior arrangements where cardboard stiffening insert sheets have been
      utilized to retain the catheter in some semblance of a desired straight
      configuration.
PAR  While the invention has been illustrated and described with respect to a
      particular illustrative and preferred embodiment, it will be appreciated
      that various modifications and improvements can be made without departing
      from the scope and spirit of the invention. For instance, the overpackage
      might take other forms than as illustrated, such as with both sheets, 15
      and 17, being formed of paper. Accordingly, the invention is not to be
      limited by the particular illustrative embodiment, but only by the scope
      of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A packaged catheter arrangement, comprising
PA1  a flexible rubber catheter having an easily flexible insertion shaft with
      an insertion tip at one end and having two divergent fluid passage arms,
PA1  a flexible tube sheath, the tubular extent and shape of said tube sheath
      laterally enveloping and serving to protect the length of said catheter
      insertion shaft during and subsequent to assembly as a dual component unit
      of said packaged catheter arrangement,
PA1  said tube sheath being closed at one end and open at its other end,
PA1  the interior of said tube sheath being of a size to accommodate said
      catheter shaft, but insufficient to accommodate said two divergent fluid
      passage arms,
PA1  and said catheter insertion shaft being removably disposed within said tube
      sheath with its insertion tip adjacent said closed end of said tube sheath
      and having its two divergent fluid passage arms adjacent and extending
      beyond said open end of said tube sheath.
NUM  2.
PAR  2. A packaged catheter arrangement according to claim 1,
PA1  one of said divergent fluid passage arms being an inflation arm disposed
      adjacent and extending beyond said open end of said tube sheath.
NUM  3.
PAR  3. A packaged catheter arrangement according to claim 1,
PA1  said closed other end of said tube sheath having a heat seal crimp
      extending transversely thereof.
NUM  4.
PAR  4. A packaged catheter arrangement according to claim 1,
PA1  said catheter insertion shaft being coated with a lubricating medium, and
      said coated insertion shaft being enclosed within said tube sheath.
NUM  5.
PAR  5. A packaged catheter arrangement according to claim 1,
PA1  said catheter having a further fluid conducting arm extending beyond said
      tube sheath.
NUM  6.
PAR  6. a packaged catheter arrangement according to claim 1,
PA1  and a flexible overpackage surrounding said entire catheter and tube sheath
      and being closed therearound.
NUM  7.
PAR  7. A packaged catheter arrangement according to claim 6,
PA1  said flexible overpackage comprising a base of fibrous sheet material and a
      cover sheet of light-transmitting see-through plastic peripherally bonded
      to said base sheet about said catheter and tube sheath to form an enclosed
      loose pocket or cavity for said catheter and tube sheath,
PA1  said cover sheet being removably peelably separable from said base sheet,
      and said sheets having unbonded tab ends at one end of said overpackage
      for ease in separating said sheets to remove said catheter and tube sheath
      therefrom.
NUM  8.
PAR  8. a packaged catheter arrangement according to claim 7,
PA1  said sheets having a peripheral heat seal bond.
NUM  9.
PAR  9. A packaged catheter arrangement according to claim 1,
PA1  said flexible tube sheath being substantially more rigid than said catheter
      insertion shaft and serving the dual function of protecting and
      rigidifying the length of said insertion shaft and presenting said two
      divergent passage arms in open accessible extended relation beyond the
      adjacent open end of said tube sheath.
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ABST
PAL  A tamperproof sterile needle package including a relatively rigid cartridge
      loosely supporting a hypodermic needle for aseptic removal. After the
      cartridge is opened, the needle is removed by tipping the cartridge body
      and spilling the loosely-supported needle onto a sterile surface. When
      sealed within the cartridge, the needle and its tip are fully protected
      against damage and contamination despite the loose fit between the parts.
      The cartridge includes a cover with an integral lever which is lifted to
      pry the cover free of the body, without contaminating either the needle or
      the mouth of the cartridge, when removal of the needle is desired.
BSUM
PAC  BACKGROUND
PAR  Prior cartridges for storing sterile needles commonly include means for
      frictionally retaining the needles so that after the cartridges are opened
      the exposed hubs of the needles must be grasped to pull the needles from
      the cartridges. To avoid contamination of such a needle, or of the gloved
      hand used for extracting it, extreme care must be taken to make certain
      that the non-sterile surfaces of the cartridge cap do not contact the
      needle hub as the cartridge is opened, and that the sterile glove does not
      contact the non-sterile surfaces of the cartridge as the needle is grasped
      and removed. It is apparent that the consequences of inadvertently
      contaminating a spinal needle or other type of hypodermic needle during
      such removal could be extremely serious.
PAR  Loose packaging of needles in non-rigid or semi-rigid containers such as
      bubble packs is also known, but while such packs permit the needles to be
      spilled rather than pulled from their containers, they fail to insure
      avoidance of contamination problems. Thus, a danger exists that
      contaminating contact may inadvertently occur as the closure strip which
      seals the back of the bubble chamber is peeled away to expose the needle
      for removal.
PAR  Prior packages in which needles are loosely held also tend to present other
      serious problems. For example, the tip of a needle loosely supported in a
      flexible wrapper might engage the package wall and either puncture that
      wall or scrape material from it. In the latter event, even if the needle
      tip should remain free of particulate contamination, dulling or other
      damage to that tip might nevertheless occur.
PAR  References indicating the state of the prior art are U.S. Pat. Nos.
      3,021,942, 3,101,841, 2,799,272, 2,854,976, 3,525,264, 3,149,717,
      3,329,146, 3,333,682 and 3,370,588.
PAC  SUMMARY
PAR  One aspect of this invention lies in providing a needle package in which a
      hypodermic needle is loosely supported in a relatively rigid cartridge,
      and from which the needle may be easily "poured" or freely slid onto a
      sterile surface without danger that the needle might become contaminated
      during such a transfer. Because the needle hub does not project from the
      body of the cartridge to any appreciable extent, a user cannot grasp the
      hub and pull the needle from the cartridge; he must instead follow the
      proper aseptic technique of spilling the needle from the opened cartridge.
      Once the seal between the body and cover of the cartridge has been broken,
      the cover is incapable of being resecured to the body; hence, the
      cartridge is tamperproof for all practical purposes since prior rupture of
      the seal cannot be concealed.
PAR  Despite the fact that the needle is loosely held within the cartridge,
      there is virtually no danger of puncturing the cartridge wall, or of
      dulling, damaging, or contaminating the needle tip, partly because of the
      relatively rigid structure of the cartridge body and partly because the
      needle is suspended so that the tip is incapable of contacting the inside
      wall surface of the sealed cartridge.
PAR  The cover is readily separable from the cartridge body by means of a
      handle-equipped lever hingedly carried by the cover. Lifting of the handle
      serves the dual functions of prying the cover from the cartridge body and
      forcing the cover upwardly from the body's open end as the lifting action
      is continued. Since such action lifts the cover axially away from the
      body, there is virtually no danger that the mouth of the cartridge body
      might somehow become contaminated during the opening operation.
PAR  Briefly, the needle package comprises a cartridge having a stiff elongated
      tubular body closed at its lower end and open at its upper end. The open
      upper end is closed by a removal cover or cap, and a hypodermic needle,
      such as a spinal needle, is loosely supported within the sealed cartridge.
      Within the cartridge body is an annular ledge spaced downwardly from the
      body's upper end a distance approximating the length of the needle hub.
      The ledge supports the hub to suspend the needle with its sharpened tip
      spaced above the bottom of the cartridge body.
PAR  The body is also provided with an enlarged bottom chamber or compartment
      enclosing the tip, and with a relatively narrow neck portion communicating
      directly with the upper end of that compartment. The neck portion is
      engagable with the shaft of the needle directly above the needle tip to
      prevent the tip from engaging any portion of the inside surface of the
      enlarged bottom compartment.
PAR  Externally, the body is provided with an outwardly projecting annular
      shoulder spaced below the open upper end thereof. The cap is provided with
      a lower edge joined to that shoulder, and is also provided with a stiff
      lever hingedly connected to the cap along a hinge line extending in a
      plane substantially normal to the axis of the cartridge and spaced
      outwardly from that axis. The lever has a distal handle portion located
      outwardly beyond the hinge line and a proximal contact portion disposed
      inwardly from that line. As the handle is lifted from its normal lowered
      position into a raised position, the contact portion of the lever pivots
      downwardly into forceful engagement with the shoulder of the cartridge to
      pry the cap free from the body.
PAR  Other structural aspects of the invention, and the advantages and operation
      thereof, will become apparent from the specification and drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view, taken partly in section, showing a
      needle package embodying this invention.
PAR  FIG. 2 is an enlarged top plan view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary elevational view of the upper portion of
      the needle package, the structure being broken away to illustrate more
      clearly the relationship of parts.
PAR  FIG. 4 is an enlarged fragmentary elevational view illustrating an initial
      step in the opening of the package.
PAR  FIG. 5 is a fragmentary elevational view showing a further step in the
      opening of the package.
PAR  FIG. 6 illustrates the emptying of the cartridge by spilling the sterile
      needle onto a sterile supporting surface.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the numeral 10 generally designates a needle
      package comprising a cartridge 11 and a needle 12. The needle is of the
      hypodermic type and, in the illustration given, is a spinal needle;
      however, it will be understood that other types of needles may be
      supported within the cartridge. The upper end of the needle is provided
      with an enlarged hub 12a for attachment to a suitable syringe. At its
      lower end, the needle terminates in a tip portion 12b with sharpened bevel
      edges 12c. Since the construction of such a needle is entirely
      conventional and well known, further description is believed unnecessary
      herein.
PAR  Cartridge 11 includes a body 13 and cap 14. As shown in FIG. 1, the body is
      elongated and tapers towards its closed lower end 15. The tubular body
      defines a chamber 16 and is open at its upper end for removal of the
      needle stored theren. It will be observed from FIGS. 1 and 3 that there is
      an annular spacing between the outside surface of hub 12a and the surface
      of chamber 16 or, in other words, that the needle is loosely received
      within the chamber of the cartridge. It will also be observed that the
      upper end of the hub is at approximately the same level as the top 17 of
      the cartridge body. The top of the needle hub need not be at precisely the
      same level as the upper end of the cartridge body and in some cases it may
      be desirable to extend the collar portion 18 a substantial distance above
      the hub. It is important, however, that the open upper end of the hub not
      extend any substantial distance above the top surface 17 of the cartridge
      body so that a user cannot empty the cartridge by grasping the needle and
      withdrawing it from the cartridge body.
PAR  The needle is supported in chamber 16 by annular ledge 19. The enlarged
      portion of hub 12a rests upon the ledge to suspend the needle with its tip
      12b spaced well above the bottom 15 of the cartridge. Tip portion 12b is
      disposed within an enlarged chamber portion or compartment 16a. The cross
      sectional dimensions of compartment 16a are substantially greater than the
      neck portion 16b of the chamber directly thereabove. The walls of neck
      portion 16b are engagable with the shaft of hollow needle 12 directly
      above tip portion 12b to prevent the tip from engaging any surface within
      compartment 16a. The range of lateral movement of the tip portion is
      illustrated in broken lines in FIG. 1. While the needle is only loosely
      held, and is capable of considerable lateral movement within the
      cartridge, the tip with its sharpened edges is protected against contact
      with the cartridge that might dull the edges, deform or otherwise damage
      the tip, or cause a scraping action that could contaminate the tip and the
      lumen of the needle with particulate material.
PAR  In the illustration given, the portion of the cartridge body defining
      compartment 16a is formed separately and is then cemented or otherwise
      secured to the remainder of the cartridge body directly thereabove;
      however, it is to be understood that such a construction is primarily one
      of manufacturing convenience and that if desired the entire body may be
      formed as an integral unit.
PAR  Referring to FIGS. 1 and 3, an annular shoulder 20 projects outwardly from
      the cartridge body directly below collar 18. Cap 14 has a top wall 21 and
      an integral depending side wall 22, the bottom surface of the side wall
      engaging the top of shoulder 20 and being heat welded or otherwise secured
      thereto at a plurality of circumferentially spaced points 23 (FIG. 2). If
      desired, the outer surface of collar 18 and the opposing surface of side
      wall 22 may be stepped as shown in FIG. 3 to redeuce the thickness of wall
      22 at its lower limits, thereby reducing the strength of the attachment
      between the cap and cartridge body. As clearly depicted in FIG. 3, there
      is an appreciable space between the outer surface of collar 18 of the
      cartridge body and the inside surface of the cap's side wall 22, with the
      result that firm attachment between the cap and cartridge body is achieved
      only because of the fusion or other means used to secure the undersurface
      of side wall 22 to shoulder 20. Once the points of connection between the
      parts are broken, cap 22 is incapable of being securely fitted upon the
      collar.
PAR  Rupturing of the points of attachment between the cap 14 and the cartridge
      body 13, and removal of the cover, is achieved by manipulation of lever
      24. The lever 24 is formed integrally with the cap, being a continuation
      of a pair of spaced arms or projections 25 extending outwardly from a side
      portion of the cap. The lever includes an enlarged handle portion 24a and
      a reduced contact or lug portion 24b. The lever is relatively rigid, being
      reinforced by beading 26, but it connects or merges with the remainder of
      the cap along a thin web of material defining a hinge line 27 extending in
      a plane normal to the longitudinal axis of the cartridge and spaced
      outwardly a substantial distance from that axis. It will be noted from
      FIGS. 2-5 that the length of the handle portion 24, measured outwardly
      from hinge line 27, is substantially greater than the length of lug porion
      24b measured from that same hinge line.
PAR  Normally the lever assumes the downwardly inclined or lowered position
      illustrated in FIGS. 1 and 3. It may, however, be pivotted into the raised
      positions of FIGS. 4 and 5 and, when so raised, the free end of lug
      portion 24 swings into contact with the upper surface of shoulder 20 (FIG.
      4). Continued lifting of handle portion 24a causes rupturing of the bonds
      of attachment between the cover and cartridge body with such lifting
      movement ultimately resulting in complete removal of the cap from the
      body. Since such removal is achieved by uninterrupted upward movement of
      the handle portion 24a, the possibilities that non-sterile external
      surface portions of the cap might somehow be brought into contact with
      collar 18 or needle 12 are virtually non-existent. Both the internal and
      external surface of the collar remain sterile and, therefore, the needle
      may be easily slipped or poured from the cartridge body onto a suitable
      sterile surface without danger of needle contamination.
PAR  Referring particularly to FIG. 5, it will be seen that lug portion 24b also
      projects upwardly a substantial distance above hinge line 27 and is
      engagable with the side wall of the cap to limit further upward pivotal
      movement of lever 24 about that hinge line. The lug portion therefore
      locks the lever against further upward pivotal movement relative to the
      cap, so that continued upward force exerted upon the handle portion of the
      lever is transmitted directly to the cap to facilitate lifting of the cap
      from the cartridge body.
PAR  The cap and cartridge body are preferably formed of plastic although other
      materials such as metal might conceivably be used. Polypropylene has been
      found particularly effective although other plastics having similar
      properties may be used.
PAR  Whle in the foregoing an embodiment of the invention has been disclosed in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of these details may be varied without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A needle package comprising a cartridge having a stiff elongated tubular
      body closed at its lower end and open at its upper end, a removable cap
      closing said open upper end, and a needle loosely supported within said
      cartridge, said needle having a sharpened tip portion at its lower end and
      an enlarged hub at its upper end, said cartridge body being provided with
      an internal ledge spaced below the body's upper end and engaging the
      underside of said hub to support said needle with the tip portion thereof
      spaced from the bottom of said body, said body also being provided with an
      enlarged compartment enclosing said tip portion and a relatively narrow
      neck portion directly above said compartment, said neck portion being
      engagable with said needle above said tip portion to prevent said tip
      portion from engaging the inside surface of said compament.
NUM  2.
PAR  2. The needle package of claim 1 in which said internal ledge is spaced
      below the body's upper end a distance no less than the approximate axial
      length of said hub.
NUM  3.
PAR  3. The needle package of claim 1 in which said cartridge body is provided
      with an outwardly projecting annular shoulder spaced below the open upper
      end thereof, said cap having a lower edge joined to said shoulder.
NUM  4.
PAR  4. The needle package of claim 3 in which said cap is also provided with a
      lever hingedly connected to said cap along a hinge line extending in a
      plane substantially normal to the axis of said cartridge and spaced
      outwardly from said axis, said lever having a handle portion disposed
      outwardly beyond said hinge line and movable between a lowered position nd
      a raised position, said lever also having a lug portion disposed inwardly
      of said hinge line and movable downwardly into engagement with said
      shoulder, as said handle portion is raised, to pry said cap free from said
      body.
NUM  5.
PAR  5. The needle package of claim 4 in which said handle portion has a length
      substantially greater than said lug portion as measured from said hinge
      line.
NUM  6.
PAR  6. The needle package of claim 4 in which said lug portion also projects
      upwardly above said hinge line, said lug portion above said hinge line
      being engagable with said cap to limit upward movement of said lever about
      said line and to cause a lifting of said cap from said body as continued
      upward force is exerted upon said handle portion.
NUM  7.
PAR  7. The needle package of claim 1 in which said cartridge body and said cap
      are formed from relatively rigid plastic material.
NUM  8.
PAR  8. A needle package comprising a cartridge having a tubular body open at
      its upper end and adapted to support a sterile needle therein, said body
      having an annular shoulder spaced below the open upper end thereof and
      projecting outwardly from said body, and a cap fitting over the open upper
      end of said body and having a lower edge joined to said shoulder, said cap
      being provided with a lever hingedly connected thereto along a line
      extending in a plane substantially normal to the axis of said cartridge
      and spaced outwardly from said axis, said lever having a handle portion
      disposed outwardly beyond said hinge line and movable between a lowered
      position and a raised position, said lever also having a lug portion
      disposed inwardly of said hinge line and movable downwardly into
      engagement with said shoulder to pry said cap free from said body when
      said handle portion is raised.
NUM  9.
PAR  9. The needle package of claim 8 in which said cap is fused to said body at
      a plurality of points spaced circumferentially about said shoulder.
NUM  10.
PAR  10. The needle package of claim 8 in which said handle portion has a length
      substantially greater than said lug portion as measured from said hinge
      line.
NUM  11.
PAR  11. The needle package of claim 8 in which said cap has top and side walls,
      said lug portion of said lever also projecting upwardly above said hinge
      line for engagement with the side wall of said cap when said lever is in
      its raised position, thereby limiting further upward movement of the
      handle portion of said lever about said hinge line.
NUM  12.
PAR  12. The needle package of claim 8 in which said cap and cartridge body are
      formed of relatively rigid plastic material.
NUM  13.
PAR  13. The needle package of claim 8 in which a hub-equipped needle is loosely
      supported within said tubular body.
NUM  14.
PAR  14. The needle package of claim 13 in which said cartridge body is provided
      with a bottom wall spaced below the tip of said needle, and means disposed
      within said cartridge body above the tip of said needle for preventing
      contact between said tip and the interior of the tubular body.
NUM  15.
PAR  15. The needle package of claim 13 in which said needle includes a hub
      portion supported within said body adjacent the open upper end thereof,
      said hub havng its upper limits at substantially the same level as the
      upper opening of the cartridge body.
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ABST
PAL  A light bulb container is made of a plastic foam material and includes a
      lower open topped receptacle portion with a downwardly opening top member
      pivotally connected to the receptacle portion along one edge thereof. The
      receptacle portion has a raised partition therein defining areas in which
      light bulbs can be received. The partition has a horizontal cross section
      defined by two continuous arcuate sections having their centers on
      opposite sides of the partition so that the partition continuously engages
      each light bulb in the container to prevent damage to the bulbs either
      from external or internal sources.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to box-type containers and more
      particularly to a box-type container designed to retain light bulbs in a
      protected manner.
PAR  Containers for light bulbs have not changed appreciably for numerous years
      and accordingly have not been updated to take advantage of modern day
      containerizing techniques. More particularly, plastic and particularly
      plastic foams have recently been used to containerize articles such as
      eggs or the like and due to the mass production capabilities of plastic
      molding, the containers can be manufactured in an economical manner.
PAR  Since light bulbs have a unique configuration and are also extremely
      fragile, it is difficult to design a container, particularly out of a
      plastic material, which will suitably cushion the bulb, protect it from
      outside forces and provide the necessary dividing means within the
      container for separating a plurality of bulbs since light bulbs are
      frequently marketed with more than one bulb per package.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      container for light bulbs which can be manufactured on a mass production
      basis without detrimentally affecting the utilitarian function of the
      container.
PAR  It is another object of the present invention to provide a new and improved
      light bulb box made of a plastic foam material and adapted to reliably
      retain a plurality of light bulbs in isolated relationship to prevent
      damage to the bulbs.
PAR  It is another object of the present invention to provide a new and improved
      light bulb box wherein the light bulbs are separated by divider means
      which lie in continuous engagement with a portion of the light bulb to
      prevent movement of the one bulb in the box into engagement with another
      bulb in the box.
PAR  It is another object of the present invention to provide a light bulb box
      which is designed to adequately protect light bulbs stored in the box and
      which can be nested when empty for convenience in storage.
PAR  Other objects, advantages and capabilites of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The light bulb container of the present invention is designed to be mass
      produced in an economical manner and to adequately protect light bulbs
      during normal handling of the containers.
PAR  The light bulb box includes a lower receptacle portion having an open top
      and a raised divider extending upwardly from the bottom of the receptacle
      to separate the receptacle into two light bulb receiving areas. The
      partition is uniquely designed to follow the contour of each light bulb so
      that it lies in continuous engagement with the light bulb and thereby
      prevents one light bulb from moving within the container into engagement
      with another light bulb. As is well known, light bulbs have a metallic
      contact portion at their lower end which is capable of breaking the glass
      of another light bulb if allowed to engage the glass portion of the other
      bulb with any force. With the design of the partition of the light bulb
      box of the present invention, it is physically impossible for the metallic
      contact portion of one bulb to pass over the partition and engage the
      glass portion of the other bulb when the box is closed.
PAR  The light bulb box has a top member which is hinged along one edge to the
      receptacle portion of the box and includes a latch to releasably secure it
      in a closed position over the top of the receptacle. The receptacle
      portion of the box has downwardly convergent walls and the partition opens
      through the bottom of the box so that empty boxes can be nested in stacked
      relationship to save space when the boxes are in storage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is perspective view of the light bulb container of the present
      invention in an open condition with light bulbs received therein.
PAR  FIG. 2 is a perspective view of the light bulb container of FIG. 1 in a
      closed position.
PAR  FIG. 3 is a side elevation of the light bulb container as shown in FIG. 2.
PAR  FIG. 4 is a front elevation of the light bulb container as shown in FIG. 2.
PAR  FIG. 5 is a horizontal section taken along line 5--5 of FIG. 1.
PAR  FIG. 6 is a vertical section taken along line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the light bulb container or box 10 of the
      present invention can be seen to include a lower receptacle portion 12 and
      a top member 14 which is connected to the receptacle portion by a hinge
      member 16 extending along the rear edge of the top member and receptacle
      portion. In the preferred form, the box 10 is made of a polystyrene foam
      material and the hinge 16 takes the form of an integral living hinge.
PAR  The receptacle portion 12 as can be seen in FIG. 5, is of quadrangular
      horizontal cross sectional configuration having a front wall 18, a rear
      wall 20, each preferably forming a 20.degree. angle with vertical so as to
      be downwardly convergent with each other, left and right side walls 22 and
      24 respectively, each preferably forming a 20.degree. angle with vertical
      so as to be downwardly convergent with each other, and a bottom wall 26.
      Each corner 28 of the receptacle is rounded so that a continuous flange 30
      is established around the top perimeter of the receptacle 12 as defined by
      the top edges of the front, rear and side walls. The flange 30 protrudes
      outwardly and has a flat upper surface.
PAR  An upwardly extending tab 32 of generally trapizoidal configuration is
      integrally and hingedly connected to the flange 30 along the front wall of
      the receptacle and has a forwardly protruding horizontally extending
      elongated bead 34 formed therein. The tab 32 forms one part of a
      releasable latch which will be further described later.
PAR  As best seen in FIGS. 1, 5, and 6, a raised partition 36 on the bottom wall
      26 of the receptacle extends generally in the same direction as the front
      and rear walls of the receptacle. The uppermost edge 37 of the partition
      36 has a horizontal cross sectional configuration defined by two
      continuous arcuate portions 36a and 36b of equal radius having their
      centers 38 on opposite sides of the partition. In the preferred form, to
      handle most standard light bulbs, the radius of each arcuate portion 36a
      and 36b is approximately 2 inches. The configuration of the partition is
      such that it continuously engages the sides of light bulbs LB retained in
      the receptacle along a majority of the length of the bulbs as best
      illustrated in FIG. 5. The partition has upwardly convergent sides 40, has
      its ends terminating slightly short of the side ends of the bottom wall,
      and opens downwardly through the bottom of the receptacle. It will be
      appreciated, that with this design, a plurality of identical light bulb
      boxes 10 can be nested when the top members 14 of the boxes are in an open
      condition. This of course saves valuable storage space when the boxes are
      not in use.
PAR  The upperward inclination of the sides 40 of the partition is not uniform
      but rather increases from one end of the partition to the other. One side
      40 of the partition is steepest at the end of the partition where the
      other side 40 is the least steep. The varying slope of the sides 40 of the
      partition allows the partition to lie in continuous engagement with a
      light bulb LB when the top and bottom ends of the bulb are engaging
      opposite side walls 22 and 24 of the receptacle.
PAR  As is best illustrated in FIGS. 1, 5, and 6, the partition 36 divides the
      receptacle portion of the box into two light bulb receiving areas on
      opposite sides of the partition in which light bulbs LB can be firmly
      received for desirable packaging purposes. In other words, a light bulb
      positioned in one of the light bulb receiving areas of the box will engage
      the bottom wall 26 of the box and will be gripped between the front wall
      18 and the partition 36 in a lateral direction, and between the opposite
      side walls 22 and 24 in a longitudinal direction to positively position
      the light bulb within the box. Since the partition is in continuous
      engagement with the side of the light bulb along an intermediate portion
      of the bulb and along a majority of the length of the light bulb, movement
      of the metallic contact end 42 of the light bulb in a substantially
      vertical direction will be allowed to a limited extent due to the reduced
      size of the metallic contact end of the bulb relative to its opposite
      enlarged glass end 44 but the partition will not allow the contact end of
      the bulb to pass thereacross when the top member 14 of the box is closed
      and accordingly, the contact end of one bulb cannot engage the other light
      bulb in the box and cause damage thereto when the box is closed.
PAR  Accordingly, when the top of the box is closed, each bulb is tightly
      retained within the area provided therefor and is not allowed to shift
      enough to cause damage either to itself or to an adjacent bulb in the box.
      This limitation on the movement of the light bulbs within the box is
      accomplished, even though the partition 36 extends only to the height of
      the receptacle portion 12 of the box, principally due to the fact that the
      partition continuously engages the side of each light bulb and positively
      restricts its movement.
PAR  The top member 14 of the box 10 is practically a mirror image of the
      receptacle portion 12 and has a top wall 46, front and rear walls, 48 and
      50 respectively, which preferably form a 20.degree. angle with vertical
      and are upwardly convergent with each other, and left and right side walls
      52 and 54 respectively which also form a 20.degree. angle with vertical
      and are upwardly convergent with each other. Each corner 56 of the top
      member is rounded and a continuous flange 58 is provided along the lower
      perimeter of the top member. The flange 58 has a flattened lower surface
      which is adapted to abut the flat surface of the flange 30 on the
      receptacle portion when the box is closed.
PAR  To selectively retain the box in the closed condition of FIGS. 2 through 4,
      the front wall 48 of the top member 14 is provided with an elongated
      opening 60 conforming in configuration to the forwardly projecting bead 34
      on the tab 32 of the receptacle 12 and is of slightly smaller dimension so
      as to frictionally grip the bead when the bead is inserted thereinto. The
      frictional grip serves to releasably retain the top member in a closed
      condition such that slight digital pressure applied to the bead will force
      the bead in an inward pivotal direction to release it from the opening and
      thereby allow the top member to be swung to its open condition of FIG. 1.
PAR  It will be appreciated that a light bulb box has been described which is
      simple in construction, can be readily molded out of plastic foam material
      in a mass production manner and yet retain light bulbs in a safe and
      reliable manner so that they will not be damaged by external forces
      applied to the box during normal handling. The light bulbs are also more
      readily accessible than in presently used light bulb boxes wherein the
      bulbs are retained in corrugated sleeves which are slid within other
      retaining members to retain the bulb in the desired position. The plastic
      box-like construction of the present invention further provides more
      adequate protection against external forces than currently used corrugated
      paper boxes.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nestable container for light bulbs, said container comprising in
      combination:
PA1  an open-topped receptacle of quadrangular horizontal cross-section having
      bottom and side walls, said receptacle side walls forming an angle with
      vertical so as to be downwardly convergent,
PA1  a top member adapted to lie over the open top of said receptacle, said top
      member having a top wall and side walls, said top member side walls
      forming an angle with vertical so as to be upwardly convergent,
PA1  a raised partition formed in said bottom wall of said receptacle having
      upwardly convergent sides defining an uppermost edge and opening
      downwardly to the bottom of said receptacle for defining separate light
      bulb receiving areas, said partition being generally S-shaped so that
      light bulbs placed in adjacent receiving areas are diametrically opposed,
      said uppermost edge of said partition extending to the height of said
      receptacle, tapering downwardly into ends level with said bottom wall, and
      terminating slightly short of the side ends of said bottom wall so that
      said light bulb positioned in one of said receiving areas engages said
      partition along the intermediate portion of said light bulb,
PA1  means for hinging said top member to said receptacle along the
      corresponding rear side walls of said receptacle and said top member, and
PA1  means for releasably connecting said top member with said receptacle along
      the front side walls of said container so that when said top member is
      connected to said receptacle the enlarged glass end of said light bulb
      frictionally engages said top wall, said bottom wall, and two side walls
      of said receptacle and the metallic contact end of said light bulb
      frictionally engages said bottom wall and one side wall of said
      receptacle.
NUM  2.
PAR  2. The container of claim 1 wherein each corner of said receptacle is
      rounded and said container further comprises a continuous flange around
      the top perimeter of said receptacle and a continuous flange around the
      bottom perimeter of said top member so that when said top member covers
      said receptacle the abovesaid two flanges abut and protrude outwardly from
      said container encircling the mid-section of said container.
NUM  3.
PAR  3. The container of claim 2 wherein said releasable connecting means
      comprises:
PA1  an upwardly extending tab of generally trapezoidal configuration integrally
      and hingedly connected to said flange of said receptacle on said front
      wall,
PA1  a forwardly protruding horizontally extending elongated bead formed along
      the longitudinal center axis of said tab, and
PA1  an elongated opening conforming to the configuration of said bead in said
      front wall of said top member so that said bead engages said opening when
      said top member covers said receptacle.
NUM  4.
PAR  4. The container of claim 3 wherein said container is formed from molded
      plastic.
NUM  5.
PAR  5. The container of claim 1 wherein said top of said partition defines two
      continuous accurate portions of equal radius having their centers in
      opposing receiving areas,
PA1  one side of each portion having a steep slope conforming to the surface of
      said enlarged glass end of said light bulb, and
PA1  the opposite side of each portion having a shallow slope conforming to the
      surface of the contact end of said light bulb.
NUM  6.
PAR  6. The container of claim 5 wherein said bottom wall is substantially flat
      and wherein the said partition opens upwardly in a narrow channel from
      said bottom wall, said channel being defined by the sides of said
      partition.
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ABST
PAL  A nest and stack container adapted to nest in, or stack on, a lower
      container of like construction, depending upon the orientation of the
      upper container with respect to said lower container. The walls of the
      container comprise bar members which extend between the bottom and an
      upper guide rail of the container. Said bar members are arranged such that
      the bar members of an upper container parallel the bar members of a lower
      container during nesting. Said guide rails on opposite ends or sides of
      the container make possible "blind stacking" or "blind nesting" of the
      containers, even at heights greater than the height of the person stacking
      or nesting the containers.
BSUM
PAR  This invention relates to a nest and stack container.
PAR  Nest and stack containers, e.g., containers so constructed that an upper
      container will nest within, or stack on, a like lower container, depending
      upon the container structure and the orientation of the upper container
      with respect to the lower container, are known in the art. It is common
      for such prior art containers to be provided with stacking means so
      constructed, and/or so located, as to require rather precise registering
      or engagement between the stacking feet on the upper container and the
      corresponding stacking saddles on the lower container.
PAR  Said precise registering or engagement has, at least in many instances,
      created problems in stacking and has lessened the utility of such
      containers. For example, said required precise registering of the stacking
      means slows the stacking operation. Another difficulty which is commonly
      encountered with most prior art containers is that said required precise
      registering of the stacking means makes it necessary for the operator
      stacking the containers to visually observe the stacking means during the
      stacking operation. This limits the height to which an operator can
      ordinarily stack the containers without making special provisions. For
      example, when the height of a stack of stacked or nested containers
      approaches or is greater than eye level, the operator must start a new
      stack or else employ a ladder.
PAR  The present invention solves the above problems by providing a container
      having stacking feet adjacent the bottom of the container and stacking
      saddles adjacent the top of the container which do not require the precise
      registering therebetween during stacking operations which is required of
      most of the prior art containers. In stacked position the stacking feet
      adjacent the bottom of an upper container of the invention engage the
      stacking saddles adjacent the top of a lower container of the invention
      over a relatively broad are. Furthermore, the containers of the invention
      are provided with guide means and guide rails, which cooperate to
      facilitate "blind stacking" and "blind nesting". An operator stacking or
      nesting the containers of the invention can stack or nest same essentially
      as high as he can reach without having to visually observe and precisely
      register the stacking means on the containers.
PAR  Thus, according to the invention, there is provided a generally rectangular
      nesting and stacking container, comprising: a generally horizontally
      disposed bottom; first and second guide means projecting outwardly from
      opposing first and second sides of said bottom, respectively; first and
      second wall structures respectively projecting upwardly from said first
      and second sides of said bottom, said wall structures respectively
      comprising first and second guide rails disposed generally vertically
      above said first and second sides of said bottom and adapted to coact with
      said first and second guide means during pre-nesting and pre-stacking
      operations and provided with clearway means therein for accommodating said
      guide means during nesting and stacking operations; first and second
      pluralities of stacking feet respectively disposed at spaced apart
      locations on said first and second sides of said bottom; and first and
      second pluralities of stacking saddles respectively disposed at spaced
      apart locations on the inner wall surfaces of said first and second guide
      rails, and adapted to coact with said stacking feet and support an upper
      said container on a like lower container in stacked relationship.
DRWD
PAR  FIG. 1 is a top plan view of one presently preferred container of the
      invention.
PAR  FIG. 2 is a perspective view of the container of FIG. 1.
PAR  FIG. 3 is an end elevation view of the right-hand end of the container
      illustrated in FIGS. 1 and 2. It will be understood that the left-hand end
      of said container is a mirror image of the right-hand end.
PAR  FIG. 4 is a side elevation view of one side of the container of FIGS. 1 and
      2.
PAR  FIG. 5 is a side elevation view of the other side of the container of FIGS.
      1 and 2.
PAR  FIG. 6 is a cross section view taken along the line 6--6 of FIG. 3.
PAR  FIGS. 7, 8, and 9 are cross section views taken along the lines 7--7, 8--8,
      and 9--9, respectively, of FIG. 4.
PAR  FIG. 10 is an enlarged detail view of the lower right corner of FIG. 5.
PAR  FIG. 11 is a partial perspective view of another container of the
      invention.
PAR  FIG. 12 is an end elevation view looking through another container of the
      invention.
PAR  FIG. 13 is a side elevation view looking through the container of FIG. 12.
PAR  FIG. 14 is a partial perspective view of another container of the
      invention, similar to the container of FIGS. 12 and 13.
PAR  FIG. 15 is a side elevation view showing two of the containers of FIG. 2 in
      stacked relationship.
PAR  FIG. 16 is a side elevation view showing two of the containers of FIG. 2 in
      nested relationship.
DETD
PAR  Referring now to the drawings, wherein like reference numerals are employed
      to denote like elements, the invention will be more fully explained. In
      FIGS. 1 to 10, the container there illustrated comprises, in one
      embodiment, a generally rectangular and horizontally disposed bottom. Said
      bottom will preferably comprise a suitable gridwork, here denoted
      generally by the reference numeral 10. Said bottom can comprise any other
      suitable bottom means such as a planar sheet, a perforated planar sheet,
      etc.
PAR  Preferably, a first border flange 12 extends along a first side of said
      bottom. A first guide means preferably projects outwardly from said first
      border flange 12. Said first guide means can comprise a plurality of
      spaced apart guide lugs which project outwardly from said first border
      flange. As here illustrated, said first guide means comprises a first
      guide lug 14 located at least adjacent, but preferably at one end of said
      first border flange 12, and preferably a second guide lug 16 located at
      least adjacent, but preferably at, the other end of said first border
      flange 12. Preferably, a second border flange 18 extends along a second
      side of said bottom, and a second guide means preferably projects
      outwardly from said second border flange. As here illustrated, said second
      guide means comprises first and second guide lugs 14' and 16' projecting
      from said second border flange in like locations corresponding to the
      locations of said guide lugs 14 and 16 which project from said first
      border flange 12.
PAR  A first guide rail 20, provided with clearway means A and B therein to
      accommodate said first guide means during nesting operations, or said
      second guide means during stacking operations, is disposed generally
      vertically above and preferably extends substantially the length of said
      first side of said bottom and comprises a portion of a first wall
      structure of said container. Said first wall structure further comprises a
      plurality of spaced apart inclined bars 22, 24, 26, and 28 which extend
      upwardly between said first side of said bottom and said first guide rail
      20. When a border flange 12 is provided on said first side of said bottom,
      the lower end portions of said inclined bars are secured to the outer
      surface of said border flange.
PAR  A second guide rail 30, provided with clearway means therein (like said
      clearway means A and B) to accommodate said guide means similarly as
      described above, is disposed generally vertically above and preferably
      extends substantially the length of said second side of said bottom and
      comprises a portion of a second wall structure of the container. Said
      first guide rail 20 and said second guide rail 30 are adapted to coact
      with said first and second guide means, respectively, during pre-nesting
      operations; and to coact with said second and first guide means,
      respectively, during pre-stacking operations. Said second wall structure
      further comprises a plurality of inclined bars 22', 24', 26', and 28',
      preferably located, arranged, and inclined in the same manner and
      direction as said inclined bars in said first wall structure of the
      container, which extend upwardly between the second side of said bottom
      and said second rail 30. When a second border flange 18 is provided along
      the second side of said bottom, the lower end portions of said inclined
      bars 22', 24', 26', and 28' are secured to the outer surface of said
      second border flange. Preferably, said first and second border flanges 12
      and 18 each extend generally vertically above and below the plane of said
      bottom 10.
PAR  Preferably, a first upper rim 32 is disposed generally vertically above and
      has a length which is preferably slightly greater than the length of said
      first side of said bottom. When said first upper rim is provided, said
      first guide rail 20 is secured to the inner surface of said first upper
      rim, and the upper end portions of said inclined bars 22, 24, 26, and 28
      are secured to the inner surface of said first guide rail 20. Likewise, a
      second upper rim 34 is preferably disposed generally vertically above and
      has a length which is preferably slightly greater than the length of said
      second side of said bottom. When said second upper rim is provided, said
      second guide rail 30 is secured to the inner surface of said second upper
      rim 34, and the upper end portions of said inclined bars 22', 24', 26',
      and 28' are secured to the inner surface of said second guide rail 30.
PAR  As here illustrated, said inclined bar members in each of said first and
      second walls preferably comprise two pairs of bars, with one pair
      providing a truncated V-form and the other pair providing an inverted
      truncated V-form. Preferably, when a said pair of bar members forms an
      inverted truncated V-form, the tops of the adjacent bar members therein
      are connected by means of a connecting member 40 for increased strength
      and to increase the length of the stacking saddles on the tops of said bar
      members. See FIG. 2. Similarly, the tops of the other inclined bar members
      in said first and second wall structures are provided with extensions 42
      on one side thereof. See FIG. 2.
PAR  Preferably, the bottom of each of said bar members 22, 24, 26, and 28 in
      said first wall structure comprises a stacking foot in a first plurality
      of stacking feet, and the bottom of each of said bar members 22', 24',
      26', and 28' in said second wall structure comprises a stacking foot in a
      second plurality of stacking feet. However, it is within the scope of the
      invention for said stacking feet to be disposed at other appropriately
      spaced apart locations along the first and second sides of said bottom,
      e.g., along said first and second border flanges 12 and 18. Similarly, it
      is preferred that the top of each of said bar members in said first and
      second wall structures comprise a stacking saddle in first and second
      pluralities of stacking saddles, respectively. However, it is within the
      scope of the invention for said stacking saddles to be disposed at other
      appropriately spaced apart locations along the inner surfaces of said
      first and second guide rails 20 and 30.
PAR  The bottoms and the tops of said bar members which comprise said stacking
      feet and said stacking saddles, respectively, can be essentially flat
      surfaces. However, it is preferred that the bottoms of said bar members be
      provided with an upwardly extending and downwardly open recess 36 therein.
      Preferably, said recess 36 can be formed in one side of the bottoms of
      said bar members with a said border flange forming one side of said
      recess. See FIGS. 3, 6, 7, and 8. Thus, in the preferred embodiments of
      the invention each said stacking foot in said plurality of stacking feet
      comprises a recess in the bottom of one of said bar members. Similarly, it
      is preferred that the tops of each of said bar members be provided with an
      elevated crown 38 having a shape generally corresponding to the shape of
      said recesses 36 in the bottoms of said bar members. Preferably, said
      elevated crown 38 can be formed on one side of the tops of said bar
      members, e.g., the side in which said recess 36 is formed. See FIGS. 6, 7,
      and 8. Thus, in the preferred embodiments of the invention each said
      stacking saddle in said pluralities of stacking saddles comprises an
      elevated crown formed on top of one of said bar members.
PAR  Referring again to said first and second guide rails 20 and 30, it is
      preferred that the top of each of said guide rails be provided with an
      elevated crown 39 formed on one side thereof, similarly as described above
      for the tops of said bar members. See FIGS. 2 and 6. Referring again to
      said guide lugs 14, 16, 14', and 16', it is preferred that the bottom of
      each of said guide lugs be provided with an upwardly extending and
      downwardly open recess 37, similar to and formed similarly as described
      above for said stacking feet. See FIGS. 2, 4, 5, and 6. Preferably, said
      recess 37 has a shape generally corresponding to the shape of said crowns
      39 on the top of said guide rails and is adapted to coact with said crowns
      39 in a sliding engagement during pre-stacking and pre-nesting operations.
      As illustrated, said recess 37 has a span or width great enough to also
      span the crowns 38 formed on the tops of said bar members when said guide
      lugs engage said crowns 39 on said guide rails. See FIG. 6.
PAR  The above-described container comprising said bottom, said first wall
      structure, and said second wall structure comprises one embodiment of a
      nest and stack container in accordance with the invention.
PAR  It will be noted that in the above described embodiments of the invention,
      the location, arrangement, and inclination of the inclined bars of said
      first wall and the inclined bars of said second wall with respect to each
      other, the spacing and lateral placement of said clearway means in said
      first guide rail with respect to the spacing and lateral placement of said
      first guide means, and the spacing and lateral placement of said clearway
      means in said second guide rail with respect to the spacing and lateral
      placement of said second guide means are such that a said container will
      nest within a like oriented container of like construction. Similarly,
      said first plurality and said second plurality of stacking feet, and said
      first plurality and said second plurality of stacking saddles are adapted
      to support an upper said container in stacked relationship upon a lower
      container of like construction when said upper container is turned with
      respect to said lower container so as to align said first and second walls
      thereof with the second and first walls, respectively, of the lower
      container, with said first stacking feet registering with said second
      stacking saddles and said second stacking feet registering with said first
      stacking saddles.
PAR  In another embodiment of the invention, the container can further comprise
      a third wall structure positioned between and generally perpendicular to
      said first and second wall structures. Said third wall structure
      preferably comprises a third border flange 46 extending along a third side
      of the bottom of the container with the ends thereof connected to adjacent
      ends of said first border flange 12 and said second border flange 18.
      Preferably, a third upper rim 48 is disposed generally vertically above
      and has a length slightly greater than the length of said third side of
      the bottom of the container. Said upper rim 48 is connected at its ends to
      adjacent ends of said first upper rim 32 and said second upper rim 34. A
      plurality of inclined bars 50, 52, 54, 56, 58, and 60 extend upwardly
      between said third side of the bottom and said third upper rim 48. When
      said third border flange 46 is provided, the lower ends of said inclined
      bars are secured to the outer surface thereof. As illustrated in FIG. 2,
      the inclined bars in said third wall preferably comprise three pairs of
      bars 50-52, 54-56, and 58-60, with each said pair forming an inverted
      truncated V-form. The tops of the bar members forming said inverted
      truncated V-forms are connected by means of a connecting member 40, as in
      the above-described first and second wall structures, for increased
      strength and to increase the length of the stacking saddles on the tops of
      the bar members. Said last mentioned stacking saddles are preferably
      formed in the same manner as the stacking saddles on the tops of the bar
      members in the above-described first and second wall structures, i.e., by
      providing elevated crowns 38 on the tops of the bar members and their
      connecting members 40. However, if desired, the tops of said bar members
      can be flat. The bottom of each of the bar members in said third wall
      structure comprises a stacking foot as in the above described first and
      second wall structures. When the bottoms of oppositely inclined bars are
      closely adjacent they are preferably merged to form a truncated V-form.
      See, for example, bar members 56 and 58, and 52 and 54, in FIG. 5.
PAR  Said last-described embodiment of the invention provides a three-walled
      container wherein one side of the container is open. Said open side is
      convenient for reaching into a loaded container in a stack of containers
      to remove articles therefrom without having to remove the loaded container
      from the stack of containers.
PAR  In the present most preferred embodiment of the invention, there is
      provided a fourth wall structure which is disposed opposite said third
      wall structure and which is positioned between and generally perpendicular
      to said first and second wall structures. Said fourth wall structure
      preferably comprises a fourth border flange 62 which extends along a
      fourth side of the bottom of the container with the ends thereof being
      connected to adjacent ends of said first and second border flanges 12 and
      18. Preferably, a fourth upper rim 64 is disposed generally vertically
      above and has a length slightly greater than the length of said fourth
      side of said bottom. The ends of said fourth upper rim 64 are connected to
      adjacent ends of said first and second upper rims 32 and 34. A plurality
      of inclined bar members 66, 68, 70, 72, 74, and 76 extend upwardly between
      said fourth border flange 62 and said fourth upper rim 64. When said
      fourth border flange 62 is provided, the lower ends of said inclined bar
      members are secured to the outer surface thereof. Preferably, the inclined
      bar members in said fourth wall are inclined oppositely from the inclined
      bars in said third wall, as illustrated in FIGS. 2 and 4. Said inclined
      bar members preferably comprise three pairs of bars 66-68, 70-72, and
      74-76, with each said pair forming a truncated V-form wherein the closely
      adjacent bottoms of oppositely inclined bar members are merged. The tops
      of end bar members 66 and 76 are preferably provided with horizontally
      extending extensions 42, similarly as for bar member 22 in said first wall
      structure. The tops of bar members 68 and 70, and the tops of bar members
      72 and 74 are preferably connected by connecting members 40 as described
      above. The tops of all of said bar members are provided with stacking
      saddles as described above. The bottoms of said bar members are provided
      with stacking feet as described above.
PAR  In the four walled container of the invention, said first border flange 12
      preferably extends below the plane of the bottom of the container to
      provide a first guide foot 78 at one end of the container. Similarly, said
      second border flange 18 preferably extends below the plane of the bottom
      of the container to provide a second guide foot 80 at the other end of the
      container. Preferably, said third and fourth upper rims 48 and 64 are each
      provided with first guide recesses 82 and 84, respectively, located in the
      upper edge thereof vertically above said first guide foot 78 on first
      border flange 12. Each of said upper rims 48 and 64 is also provided with
      second guide recesses 86 and 88, respectively, located in the upper edges
      thereof vertically above said second guide foot 80 on the bottom of second
      border flange 18. Said first guide recesses 82 and 84 are adapted to
      receive said first guide foot 78, and said second guide recesses 86 and 88
      are adapted to receive said second guide foot 80 while a like container is
      being moved into nested or stacked relationship with another like
      container, as described further hereinafter.
PAR  Referring now to FIG. 11, the container of the invention there illustrated
      is like the containers illustrated in FIGS. 1-10, except that an inwardly
      extending ledge 44 is provided on each of the bar members conprising the
      wall structures of containers intermediate the ends of said bar members.
      Preferably, said ledge will be provided at about the midpoint of said bar
      members. The bar members in the two wall structures of the above-described
      two-wall containers, the bar members in the three wall structures of the
      three-wall containers, and the bar members in the four wall structures of
      the four-wall containers can all be provided with ledges 44. However, it
      is within the scope of the invention to provide ledges 44 on the bar
      members in only two opposite wall structures. Said ledges 44 provide means
      for "partial-nesting", e.g., "half-nesting" of the containers of the
      invention, as will be understood by those skilled in the art in view of
      this disclosure.
PAR  Referring now to FIGS. 12, 13, and 14, there are illustrated other
      containers of the invention wherein the bar members provided in the wall
      structures of the container are disposed essentially vertical, e.g.,
      extend upwardly between a lower border flange and an upper guide rail or
      an upper rim. Otherwise, said containers of FIGS. 12, 13, and 14 are like
      the above-discussed containers illustrated in FIGS. 1-11.
PAR  For example: said vertically extending bar members can be provided with
      inwardly extending ledges intermediate the ends thereof as shown in FIG.
      14, preferably at about the midpoint thereof; the bottom of each of said
      vertically exending bar members comprises a stacking foot, and can be
      essentially flat or have an upwardly extending and downwardly open recess
      provided therein, preferably in one side thereof; the top of each of said
      vertically extending bar members comprises a stacking saddle, and can be
      essentially flat or have an elevated crown provided thereon, preferably on
      one side thereof; and said recesses and said crowns, when provided, have
      generally corresponding shapes and are adapted to coact in the stacking of
      said containers as described further hereinafter.
PAR  Referring to FIG. 12, the end view there shown corresponds generally to the
      end view shown in FIG. 3. Thus, the vertical bar members 90, 92, 94, and
      96 can be said to correspond generally to the inclined bar members 22, 24,
      26, and 28 in FIG. 3. In order to reduce the number of drawings, the view
      in said FIG. 12 is taken looking through the container so as to show the
      bar members 98, 100, 102, 104, and 106 in the distant opposite end wall
      structure of the container. It will be noted that in the container
      illustrated in FIG. 12 the near end wall structure comprises four vertical
      bar members, whereas the distant opposite wall structure comprises five
      vertical bar members. It should be further noted that each bar member in
      said distant opposite end wall structure is positioned opposite a space
      which is between two bar members in said near end wall structure.
PAR  Referring to FIG. 13, the side view there shown corresponds generally to
      the side view shown in FIG. 4. Thus, the vertical bar members 108, 110,
      112, 114, and 116 can be said to correspond generally to the inclined bar
      members 66, 68, 70, 72, 74, and 76 in FIG. 4. Similarly as in FIG. 12, the
      view in FIG. 13 is taken looking through the container so as to show the
      bar members 118, 120, 122, and 124 in the distant opposite sidewall
      structure of the container. It will be noted that in the container
      illustrated in FIG. 13 the near sidewall structure comprises five vertical
      members, whereas the distant opposite side wall structure comprises four
      vertical bar members. It should be further noted that each bar member in
      said distant opposite sidewall structure is positioned opposite a space
      which is between two bar members in said near sidewall structure.
PAR  The number and positioning of the vertical bar members in the containers of
      FIGS. 12, 13, and 14 is not critical. All that is required is that the bar
      members and spaces of a first wall must be arranged with respect to the
      bar members and spaces of an opposed second wall so that the columns of
      said first wall will be received into the spaces of said second wall when
      an upper container is rotated for nesting.
PAR  In all the containers of the invention, it is preferred that the bottom
      border flanges 12, 18, 46, and 62 extend above the plane of the container
      bottom a small finite distance.
PAR  The nesting of the containers of the invention having inclined bar members
      in the walls thereof is illustrated in FIG. 16. As there shown, in
      nesting, the corresponding wall structure of a like oriented upper
      container fits directly downward into the corresponding wall structure of
      a like lower container. For example, the truncated V-form of inclined bars
      66 and 68 of an upper container fit into the like truncated V-form of the
      inclined bars 66 and 68 of the lower container with the like inclined bars
      of said V-forms paralleling each other.
PAR  The guide lugs 14 and 16 are accommodated by and passed through clearways B
      and A in guide rail 20, respectively. See FIG. 2. Guide lugs 14' and 16'
      pass through similar passageways in guide rail 30. During nesting, the
      feet 78 and 80 on the bottom of border flanges 12 and 18 of an upper
      container abut and rest on top of border flanges 12 and 18 of a lower
      container.
PAR  The nesting of the containers of the invention having essentially vertical
      bar members in the wall structures, e.g., those containers illustrated in
      FIGS. 12, 13, and 14 differs from that of the containers having inclined
      vertical bar members in the wall structures, e.g., those containers
      illustrated in FIGS. 1-11. Said containers of FIGS. 1-11 will nest within
      a like oriented container whereas the containers of FIGS. 12, 13, and 14
      must be rotated 180.degree. in order to nest. For example, referring to
      FIGS. 12 and 13, an upper container must be rotated 180.degree. with
      respect to a like lower container so that the bar members of the opposite
      distant wall structure will be received within spaces between the bar
      members of the near wall structure when the containers are nested.
PAR  The stacking of the containers of the invention having inclined bar members
      in the walls thereof is illustrated in FIG. 15. The stacking operation is
      initiated by turning an upper container 180.degree. with respect to a like
      lower container. If the lower container is at a low level, e.g., on the
      floor or on a low table, the upper container can be placed directly onto
      the lower container. In stacked position, the stacking feet on the bottoms
      of the bar members in a first wall of the upper container register with
      and are supported by the stacking saddles on the tops of the bar members
      in a normally opposite second wall. For example, referring to FIGS. 2 and
      15, the feet on the bottoms of bar members 70 and 72 register with and are
      supported by the saddles on the tops of the bar members 56 and 54.
      Preferably, said stacking feet and stacking saddles are provided with
      recesses 36 and crowns 38, respectively, as described above. In the
      four-wall containers of the invention, the bottom periphery of the upper
      container is positioned well below the periphery of the top edge of the
      upper rims 32, 34, 48, and 54 of the lower container, thus locking the
      upper container with respect to lateral movement in any direction.
PAR  The stacking of the containers of the invention having essentially vertical
      bar members in the wall structures, e.g., those illustrated in FIGS. 12,
      13, and 14, differs from the stacking of the containers having inclined
      bar members in the wall structure, e.g., those illustrated in FIGS. 1-11.
      Said containers having inclined bar members in the wall structures thereof
      are stacked by rotating an upper container 180.degree. with respect to a
      like lower container. In contrast, like oriented containers having
      essentially vertical bar members will stack directly on each other. For
      example, referring to FIGS. 12, 13, and 14, the bottoms of the bar members
      of an upper container stack directly on top of the bar members of a like
      oriented lower container of like construction.
PAR  As mentioned above, an outstanding feature of the containers of the
      invention is the blind stacking and blind nesting which the construction
      of the containers of the invention makes possible. This feature of the
      invention is of great value when the containers are being stacked at any
      height at which it is inconvenient to lift the upper container to a
      position directly above the lower container. In such instances, the
      stacking operation of the preferred four wall containers can be initiated
      by placing the feet 78 and 80 (on the bottom of border flanges 12 and 18)
      of the upper container in register with guide recesses 84 and 88, or guide
      recesses 82 and 86, of one of the upper rims 48 and 64 of the lower
      container. The specific register of a specific one of said guide feet 78
      and 80 with a specific one of said guide recesses 84 and 88, for example,
      will depend upon the orientation of the upper container with respect to
      the lower container, which in turn depends upon the specific construction
      of said containers and whether it is intended to stack or nest said
      containers, as discussed herein. The upper container is then moved across
      the lower container, preferably at a slight tilt so as to bring recesses
      37 in the guide lugs 14 and 14', or 16 and 16', in register with crowns 39
      of the guide rails 20 and 30, until the bottom periphery of the upper
      container is within the top periphery of the lower container. Said
      recesses 37 and crowns 39 thus cooperate in a sliding engagement with said
      guide recesses 84 and 88 (or 82 and 86) and feet 78 and 80, in guiding the
      upper container into proper position for stacking or nesting. The just
      described operation can be considered a "prenesting" or a "pre-stacking"
      operation. When the upper container is oriented for nesting and the bottom
      periphery of the upper container is within the top periphery of the lower
      container, the guide lugs 14 and 14', and 16 and 16', will be accommodated
      by and pass through the clearways B and A respectively (or A and B
      depending upon container construction), and the upper container will drop
      into the lower container in nested relationship. When the upper container
      is oriented for stacking and the bottom periphery of the upper container
      is within the top periphery of the lower container, said guide lugs will
      pass into and be accommodated by said clearways and the upper container
      will drop into stacked relationship with said lower container. In said
      stacked relationship the stacking feet on the bottom of the bar members in
      the walls of the upper container register with and are supported by the
      stacking saddles on the tops of the bar members in the walls of the lower
      container. It will be noted that the level of crowns 39 on guide rails 20
      and 30 is higher than the level of the crowns 38 on the tops of the bar
      members. See FIG. 6, for example.
PAR  The above-described blind stacking and blind nesting can be readily carried
      out without visual observation of the guide means and the stacking feet or
      stacking saddles by an operator because feet 78 and 80 will readily drop
      into guide recesses 84 and 88 (or 82 and 86) when an upper container is
      placed on an upper rim 48 or 64 of a lower container. If necessary, said
      guide recesses can be readily located with said feet by a slight back and
      forth lateral movement of the upper container. Said blind stacking and
      blind nesting can also be carried out in the containers of the invention
      which are provided with only two opposing walls, and which are thus not
      provided with guide recesses 82, 84, 86, and 88. In such instances it is
      only necessary that the operator place the recesses 37 in guide lugs 14
      and 14' (or 16 and 16') into register with crowns 39 on guide rails 20 and
      30 and proceed as described above. This can be readily accomplished
      because, as pointed out above, the span or width of said recesses 37 is
      great enough to span both said crowns 39 and the crowns 38 on the tops of
      the bar members when the latter crowns are provided.
PAR  From the above descriptions of the containers of the invention, and the
      nesting and stacking features thereof, it is clear that: the location, the
      arrangement, and the directional disposition of the bar members in
      opposite wall structures with respect to each other, e.g., a first and
      second wall structure which also respectively comprise first and second
      guide rails; and the spacing and lateral placement of clearway means
      provided in said guide rails with respect to the spacing and lateral
      placement of respective first and second guide means provided on said
      containers; are such that an upper said container will nest within a like
      lower container when said upper container is in one of the positions of
      (a) identical orientation with respect to said lower container, and (b)
      rotated orientation with respect to said lower container. It is also clear
      that: first and second pluralities of stacking feet, and first and second
      pluralities of stacking saddles, provided in said first and second wall
      structures respectively, are adapted with respect to the relative
      positions and structures thereof to support an upper said container in
      stacked relationship on a like lower container when said upper container
      is in one of the positions of (a) identical orientation with respect to
      said lower container so as to align the first and second walls of said
      upper container with the first and second walls respectively of said lower
      container, with said first stacking feet registering with said first
      stacking saddles and said second stacking feet registering with said
      second stacking saddles, and (b) rotated orientation with respect to said
      lower container so as to align the first and second walls of said upper
      container with the second and first walls respectively of said lower
      container, with said first stacking feet registering with said second
      stacking saddles and said second stacking feet registering with said first
      stacking saddles, and with said guide means disposed in said clearway
      means. Thus, all the containers of the invention will nest when an upper
      container is in one of said positions (a) and (b) with respect to a lower
      container of like construction, and will stack when said upper container
      is in the other of said positions (a) and (b) with respect to said lower
      container.
PAR  The containers of the invention can be fabricated in any suitable manner
      known to the art. Injection molding, for example, is one presently
      preferred method for fabricating said containers. Said containers can be
      fabricated from any suitably material. High density polyethylenes are
      especially desirable materials from which to fabricate said containers.
      The high density polyethylenes prepared by the methods disclosed and
      claimed by J. P. Hogan et al. in U.S. Pat. No. 2,825,721, issued Mar. 4,
      1958, comprise one group of presently preferred materials. Said containers
      can also be fabricated from butadiene-styrene copolymers, and other
      plastic materials. If desired, a reinforcing fibrous material, such as
      asbestos or glass fibers, can be incorporated in the plastic material.
      While the various plastics are presently preferred for the manufacture of
      the containers, it is within the scope of the invention to fabricate said
      containers from other materials, e.g., lightweight metals such as
      aluminum, reinforced pulp materials, etc.
PAR  As an example, one model of a container fabricated in accordance with the
      invention had an overall length of about 24 inches, an overall width of
      about 21 inches, and an overall height of about 6 inches. Guide lugs 14,
      14', 16 and 16' had a width of about 1 inch. The inclined bars in the wall
      of the container were approximately six inches in length. The upper
      surface of the T bars in the gridwork bottom was approximately one-fourth
      inch wide. The dimensions of the other elements of the container were
      generally proportional in size.
PAR  Herein and in the claims, the word "rectangular" has been employed
      generically to include four-side structures which are generally square and
      four-sided structures wherein one pair of sides is longer than the other
      pair of sides.
PAR  While certain embodiments of the invention have been described for
      illustrative purposes, the invention is not limited thereto. Various other
      modifications or embodiments of the invention will be apparent to those
      skilled in the art in view of this disclosure. Such modifications or
      embodiments are within the spirit and scope of the disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A generally rectangular nesting and stacking container comprising:
PA1  a generally horizontally disposed bottom; opposed first and second wall
      structures respectively projecting upwardly from opposed first and second
      sides of said bottom; with each of said wall structures comprising, in
      combination:
PA1  a pair of spaced apart guide lugs projecting outwardly from a said side of
      said bottom, one of said lugs being adjacent one end of said side of said
      bottom and the other lug adjacent the other end of said side;
PA1  a guide rail disposed generally vertically above said side of said bottom
      for receiving and supporting on its upper surface a said guide lug of a
      like upper container only during pre-nesting and pre-stacking operations;
PA1  a plurality of spaced apart inclined bar members extending upwardly between
      said side of said bottom and the inner surface of said guide rail for
      supporting said guide rail, and arranged so that, , whereby an upper said
      container will nest within a like oriented lower said container with the
      bars of corresponding wall structures paralleling each other but will
      stack on a reversely oriented lower said container as described
      hereinafter;
PA1  a plurality of stacking saddles provided on the tops of a like plurality of
      said bar members at an elevation less than that of said upper surface of
      said guide rail;
PA1  a plurality of stacking feet provided on the bottoms of a like plurality of
      said bar members at an elevation greater than that of said guide lugs for
      registering in vertical alignment with a said plurality of stacking
      saddles on a said reversely oriented like lower container in supporting a
      said upper container on a said lower container in stacking relationship;
      and
PA1  clearway means provided in said guide rail in vertical alignment with said
      guide lugs for permitting passage therethrough of the guide lugs of a like
      upper container during nesting operations when said stacking feet and said
      stacking saddles are not in vertical alignment, and for receiving therein
      the guide lugs of said upper container at the end of stacking operations.
NUM  2.
PAR  2. A container according to claim 1 wherein:
PA1  an upper rim is disposed generally vertically above a said side of said
      bottom;
PA1  said guide rail is secured to the inner surface of said upper rim;
PA1  the upper end portions of said bar members are secured to the inner surface
      of said guide rail;
PA1  a border flange extends along a said side of said bottom;
PA1  the lower end portions of said bar members are secured to the outer surface
      of said border flange; and
PA1  said guide lugs are secured to the outer surface of said border flange.
NUM  3.
PAR  3. A container according to claim 2 wherein:
PA1  each said stacking foot comprises a recess in the bottom of one of said bar
      members; and
PA1  each said stacking saddle comprises an elevated crown on the top of one of
      said bar members, said crowns having a shape generally corresponding to
      the shape of said recesses in the bottoms of said bar members.
NUM  4.
PAR  4. A container according to claim 3 wherein:
PA1  the top of said guide rail is provided with an elevated crown; and
PA1  each said guide lug is provided with a recess in the bottom thereof which
      has a shape generally corresponding to the shape of said crown on said
      guide rail and is adapted to coact with said crown in a sliding engagement
      during said pre-nesting and pre-stacking operations.
NUM  5.
PAR  5. A container according to claim 4 wherein said bar members in each of
      said first and second wall structures comprise two pairs of bars, with one
      pair providing a truncated V-form and the other pair providing an inverted
      truncated V-form.
NUM  6.
PAR  6. A container according to claim 5 wherein an inwardly extending ledge is
      provided on each of said bar members intermediate the ends thereof.
NUM  7.
PAR  7. A container according to claim 6 wherein said ledge is provided at about
      the mid-point of each of said bar members.
NUM  8.
PAR  8. A container according to claim 5 wherein there are also provided
      opposing third and fourth wall structures, each positioned between and
      generally perpendicular to said first and second wall structures, and
      wherein said third and fourth wall structures each comprises,
      respectively:
PA1  a third border flange and a fourth border flange, extending respectively
      along a third side and a fourth side of said bottom with the ends thereof
      connected to adjacent ends of the border flanges in said first and second
      wall structures;
PA1  a third upper rim and a fourth upper rim respectively disposed generally
      vertically above said third side and said fourth side of said bottom, and
      connected at the ends thereof to adjacent ends of the upper rims in said
      first and second wall structures; and
PA1  a plurality of spaced apart inclined bar members extending upwardly between
      the outer surface of said border flange and the inner surface of said
      upper rim in each of said third and fourth wall structures;
PA1  with the bar members in said third wall structure comprising three pairs of
      bars, with each pair of bars providing a truncated V-form;
PA1  and with the bar members in said fourth wall structure being inclined
      oppositely from corresponding bar members in said third wall structure and
      also comprising three pairs of bars, with each pair of bars providing an
      inverted truncated V-form, whereby an upper said container will nest
      within an identically oriented lower said container and will stack on a
      reversely oriented lower container.
NUM  9.
PAR  9. A container according to claim 8 wherein:
PA1  the bottom of each of said bar members in said third and fourth wall
      structures comprises a stacking foot; and
PA1  the top of each of said bar members in said third and fourth wall
      structures comprises a stacking saddle.
NUM  10.
PAR  10. A container according to claim 9 wherein:
PA1  each said stacking foot comprises a recess in the bottom of one of said bar
      members; and
PA1  each said stacking saddle comprises an elevated crown on the top of one of
      said bar members, with each said crown having a shape corresponding
      generally to the shape of said recesses in the bottoms of said bar
      members.
NUM  11.
PAR  11. A container according to claim 10 wherein an inwardly extending ledge
      is provided on each of said bar members, intermediate the ends thereof, in
      said third and fourth wall structures.
NUM  12.
PAR  12. A container according to claim 11 wherein said ledge is provided at
      about the mid-point of each of said bar members.
NUM  13.
PAR  13. A container according to claim 8 wherein:
PA1  said first and second border flanges of said first and second wall
      structures, respectively, each extend vertically above and below the
      horizontal plane of said bottom; and
PA1  said third and fourth upper rims of said third and fourth wall structures,
      respectively, are each provided with guide recesses therein at positions
      in vertical alignment above said first and second border flanges and are
      adapted to receive therein and coact with the downwardly extending
      portions of said first and second border flanges during pre-nesting and
      pre-stacking operations.
NUM  14.
PAR  14. A generally rectangular nesting and stacking container comprising:
PA1  a generally horizontally disposed bottom; opposed first and second wall
      structures respectively projecting upwardly from opposed first and second
      sides of said bottom; with each of said wall structures comprising, in
      combination:
PA1  a pair of spaced apart guide lugs projecting outwardly from a said side of
      said bottom, one of said lugs being adjacent one end of said side of said
      bottom and the other lug adjacent the other end of said side;
PA1  a guide rail disposed generally vertically above said side of said bottom
      for receiving and supporting on its upper surface a said guide lug of a
      like upper container only during pre-nesting and pre-stacking operations;
PA1  a plurality of spaced apart bar members extending vertically between said
      side of said bottom and the inner surface of said guide rail for
      supporting said guide rail, with the bar members in one of said opposed
      wall structures being located opposite a space not occupied by a bar
      member in the other of said wall structures, whereby an upper said
      container will nest within a reversely oriented lower said container with
      the bars in one said wall structure occupying open spaces in the opposing
      wall structure but will stack on a like oriented lower said container as
      described hereinafter;
PA1  a plurality of stacking saddles provided on the tops of a like plurality of
      said bar members at an elevation less than that of said upper surface of
      said guide rail;
PA1  a plurality of stacking feet provided on the bottoms of a like plurality of
      said bar members at an elevation greater than that of said guide lugs for
      registering in vertical alignment with a said plurality of stacking
      saddles on a said like oriented lower container in supporting a said upper
      container on a said lower container in stacking relationship; and
PA1  clearway means provided in said guide rail in vertical alignment with said
      guide lugs for permitting passage therethrough of the guide lugs of a like
      upper container during nesting operations when said stacking feet and said
      stacking saddles are not in vertical alignment, and for receiving therein
      the guide lugs of said upper container at the end of stacking operations.
NUM  15.
PAR  15. A container according to claim 14 wherein:
PA1  an upper rim is disposed generally vertically above a said side of said
      bottom;
PA1  said guide rail is secured to the inner surface of said upper rim;
PA1  the upper end portions of said bar members are secured to the inner surface
      of said guide rail;
PA1  a border flange extends along a said side of said bottom;
PA1  the lower end portions of said bar members are secured to the outer surface
      of said border flange; and
PA1  said guide lugs are secured to the outer surface of said border flange.
NUM  16.
PAR  16. A container according to claim 15 wherein:
PA1  each said stacking foot comprises a recess in the bottom of one of said bar
      members; and
PA1  each said stacking saddle comprises an elevated crown on the top of one of
      said bar members, said crowns having a shape generally corresponding to
      the shape of said recesses in the bottoms of said bar members.
NUM  17.
PAR  17. A container according to claim 16 wherein:
PA1  the top of said guide rail is provided with an elevated crown; and
PA1  each said guide lug is provided with a recess in the bottom thereof which
      has a shape generally corresponding to the shape of said crown on said
      guide rail and is adapted to coact with said crown in a sliding engagement
      during said pre-nesting and pre-stacking operations.
NUM  18.
PAR  18. A container according to claim 17 wherein an inwardly extending ledge
      is provided on each of said bar members intermediate the ends thereof.
NUM  19.
PAR  19. A container according to claim 18 wherein said ledge is provided at
      about the midpoint of each of said bar members.
NUM  20.
PAR  20. A container according to claim 17 wherein there are also provided
      opposing third and fourth wall structures, each positioned between and
      generally perpendicular to said first and second wall structures, and
      wherein said third and fourth wall structures each comprises,
      respectively:
PA1  a third border flange and a fourth border flange, extending respectively
      along a third side and a fourth side of said bottom with the ends thereof
      connected to adjacent ends of the border flanges in said first and second
      wall structures;
PA1  a third upper rim and a fourth upper rim respectively disposed generally
      vertically above said third side and said fourth side of said bottom, and
      connected at the ends thereof to adjacent ends of the upper rims in said
      first and second wall structures; and
PA1  a plurality of spaced apart bar members extending vertically between the
      outer surface of said border flange and the inner surface of said upper
      rim in each of said third and fourth wall structures;
PA1  with the bar members in said third wall structure being located opposite a
      space not occupied by a bar member in said fourth wall structure, whereby
      an upper said container will nest within a reversely oriented lower said
      container but will stack on a like oriented lower container.
NUM  21.
PAR  21. A container according to claim 20 wherein:
PA1  the bottom of each of said bar members in said third and fourth wall
      structures comprises a stacking foot; and
PA1  the top of each of said bar members in said third and fourth wall
      structures comprises a stacking saddle.
NUM  22.
PAR  22. A container according to claim 21 wherein:
PA1  each said stacking foot comprises a recess in the bottom of one of said bar
      members; and
PA1  each said stacking saddle comprises an elevated crown on the top of one of
      said bar members, with each said crown having a shape corresponding
      generally to the shape of said recesses in the bottoms of said bar
      members.
NUM  23.
PAR  23. A container according to claim 22 wherein an inwardly extending ledge
      is provided on each of said bar members, intermediate the ends thereof, in
      said third and fourth wall structures.
NUM  24.
PAR  24. A container according to claim 23 wherein said ledge is provided at
      about the midpoint of each of said bar members.
NUM  25.
PAR  25. A container according to claim 24 wherein:
PA1  said first and second border flanges of said first and second wall
      structures, respectively, each extend vertically above and below the
      horizontal plane of said bottom; and
PA1  said third and fourth upper rims of said third and fourth wall structures,
      respectively, are each provided with guide recesses therein at positions
      in vertical alignment above said first and second border flanges and are
      adapted to receive therein and coact with the downwardly extending
      portions of said first and second border flanges during pre-nesting and
      pre-stacking operations.
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ABST
PAL  The present invention relates generally to nestable type articles, and more
      particularly to nestable containers designed to counteract the jamming or
      wedging of telescopically associated or stacked containers. The invention
      is particularly useful for one-piece thin-walled plastic containers of the
      type used in vending machines and comprises a unique wall formation for
      urging or guiding adjacent identical containers in a nested stack into
      different rotational positions to insure a positive and substantial
      stacking abutment between adjacent containers. An embodiment of the
      present invention disclosed herein includes a one-piece, thin-walled
      plastic container having a sidewall diverging generally upwardly from the
      bottom, said container being equipped with novel stacking means comprising
      upper internal and lower external circumferential stacking sections formed
      by a series of axially spaced abutments and recesses. The abutments and
      recesses extend generally axially and radially. Each abutment and recess
      is defined by axially converging and generally radially extending
      surfaces. When like containers are in nested or stacked relation, the
      abutment surfaces will rest in the recesses of the next adjacent container
      in such a manner as to preclude wedging or jamming of the said containers.
PARN
PAR  This application is a continuation-in-part of applicant's application Ser.
      No. 233,979, filed Mar. 13, 1972, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Applicant is familiar with the problem of handling nestable or stackable
      type containers, as evidenced by patents which have heretofore been
      granted to him. Thus, for example, applicant's Pat. Nos. 3,091,360 and
      3,139,213, covering improvements in nestable thin-walled plastic cups,
      have found extensive commercial acceptance in instances where such cups
      are to be shipped or vended in stacked relation. Pertinent prior art
      containers have generally used reverse taper in a wall of the container or
      have relied upon accidental rotational misalignment of adjacent cups in a
      stack to prevent such thin-walled containers from jamming or wedging in
      transport or handling. The subject invention without requiring the use of
      reverse taper provides a wall configuration which insures rotational
      mis-alignment of adjacent containers in a stack.
PAR  More specifically, the present invention contemplates a unique and very
      practical arrangement whereby containers, as for example thin-walled
      plastic cups, may be telescopically associated or nested without the
      potential hazard of wedging or jamming.
PAR  It is a further object of the present invention to provide a nestable type
      container of the type referred to above in which the novel structural
      characteristics are such that, in order to effect complete nesting of one
      container within another, a predetermined degree of relative rotation
      between said containers is necessitated.
PAR  The present invention further contemplates an improved and highly practical
      nestable container or cup of the type set forth above, wherein the
      aforesaid relative rotation is automatically effected by a novel
      arrangement of cam or guiding surfaces.
PAR  The present invention contemplates nestable type containers of the type
      referred to above, wherein a unique stacking section is incorporated in
      the container which may be positioned at the top of the container, in the
      bottom of the container or intermediate the top and bottom of the
      container in the side wall.
PAR  It is also an important object of the present invention to provide a
      uniquely designed "non-jammable" nestable article which may be produced by
      the practice of available molding or forming methods. Examples of such
      articles are bottle caps and other covers. Examples of materials other
      than plastics are metal foils, paper and composite materials.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages will be more apparent from
      the following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a container having the novel stacking
      arrangement contemplated by the present invention;
PAR  FIG. 2 discloses the container as viewed from the underside of the
      disclosure in FIG. 1;
PAR  FIG. 3 is a fragmentary enlarged vertical sectional view of a bottom
      section of the container, taken substantially along the line 3--3 of FIG.
      2;
PAR  FIG. 4 is also an enlarged fragmentary vertical sectional view of the lower
      portion of the container, taken substantially along the line 4--4 of FIG.
      2;
PAR  FIG. 5 is a fragmentary vertical sectional view disclosing the portion of
      the container illustrated in FIG. 3 nested within the portion of the
      container illustrated in FIG. 4;
PAR  FIG. 6 is a fragmentary perspective view disclosing a section of the bottom
      periphery of the container of FIG. 1;
PAR  FIG. 7 is a detailed vertical sectional view, taken substantially along the
      line 7--7 of FIG. 5, more clearly to illustrate the manner in which the
      lower external stacking section or abutment of one container nests within
      the internal upper stacking section or recess of a companion container;
PAR  FIG. 8 diagramatically illustrates in three steps designated by the letters
      A, B and C, the progressive camming or guiding action which causes
      relative rotation between telescopically associated containers as they
      move automatically into complete nesting relation;
PAR  FIG. 8A is a fragmentary vertical sectional view similar to FIG. 3 and
      discloses a modified bottom portion;
PAR  FIG. 9 is an elevational view of the container having a stacking section of
      the present invention located at the upper extremity of a container;
PAR  FIG. 10 is a fragmentary, central, vertical sectional view of the container
      disclosed in FIG. 9 having associated therewith a like container
      illustrated in dotted lines said container being disclosed in partial
      telescopic association;
PAR  FIG. 11 is an enlarged fragmentary detailed sectional view taken
      substantially along the line 11--11 of FIG. 9;
PAR  FIG. 12 is a fragmentary perspective view of the stacking section
      illustrated in FIG. 11;
PAR  FIG. 13 is an elevational view of a container having a stacking section of
      the present invention located intermediate the upper and lower extremities
      of the container, a like container shown by dotted lines being illustrated
      in partial telescopic association therewith;
PAR  FIG. 14 is a fragmentary central vertical sectional view of the upper
      portion of the container shown in FIG. 13;
PAR  FIG. 15 is an elevational view of a container having a stacking section of
      the present invention located in the bottom of a container;
PAR  FIG. 16 is a fragmentary central vertical sectional view of the bottom
      portion of the container shown in FIG. 15;
PAR  FIG. 17 discloses a plurality of stacked cover elements for incapsulating
      the upper extremity of a bottle and having a stacking section constructed
      in accordance with the teachings of the present invention; and
PAR  FIG. 18 discloses one of the stacked cover members of FIG. 17 crimped in
      position upon the upper extremity of a bottleneck.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings more in detail, wherein like numerals have
      been employed to designate similar parts throughout the various views,
      FIG. 1 discloses a side elevational view of a thin wall plastic container
      designated generally by the numeral 10, said container at its lower
      extremity being provided with circumferential stacking means designated
      generally by the numeral 12. A wall section 14 of the container 10
      diverges generally upwardly and outwardly to an upper rim 16 defining the
      open end of the container.
PAR  In the disclosed embodiment, the stacking means 12 is positioned at the
      lower extremity of the container and has an over-all vertical extent
      indicated by the bracket 18 in FIG. 1. A lower external section of the
      stacking means 12 comprises a plurality of circumferentially distributed,
      generally triangular-shaped abutment surfaces 20 which diverge upwardly
      from bottom radial lines of intersection 22. Each pair of surfaces 20
      terminate inwardly in wall portions 24.
PAR  The upper internal section of the stacking means 12 comprises a plurality
      of pairs of generally triangularly-shaped internal recess surfaces 26,
      which converge downwardly and extend radially inwardly from the inner
      surface of the sidewall 14. The recess surfaces 26 of each pair intersect
      at 25 at the lower ends thereof, and the extreme upper ends of adjacent
      pairs intersect on the line 27. Pairs of the converging recess surfaces 26
      define downwardly and radially extending recesses for interlockingly
      accommodating complementary pairs of external abutment surfaces 20 of a
      like container. These internal recess surfaces 26 extend inwardly from the
      inner surface of the container wall 14 and define a series of
      circumferentially positioned, downwardly and radially extending recesses
      spaced upwardly from and circumferentially offset from the aforesaid
      abutment surfaces 20 of the lower stacking section. Thus, as illustrated
      in FIG. 7, when like containers are in completely nested relation each of
      the internal recess surfaces 26 are adapted to accommodate complementary
      upwardly diverging abutment surfaces 20 of the lower stacking section. In
      other words, the recess surfaces 26 of one container at the line 25 serve
      as a support or shelf for the lower abutment surfaces 20 of the other
      container.
PAR  It will also be apparent from the foregoing description that in a stack of
      nested containers, each pair of upwardly diverging abutment surfaces 20 is
      in vertical alignment with a complementary pair of the downwardly
      converging recess surfaces 26.
PAR  In each container a rib 28 extends upwardly from the radially outward end
      of line 22 to the inner end of line 27. If desired the ribs 28 may be
      inclined upwardly and inwardly to produce a longer line 27 for more
      positive guiding in the stacking operation of complementary containers.
      Further, in each container, a rib 29 extends upwardly from the upper end
      of wall portion 24 to the inner end of the line 25. The ribs 29 and 28 are
      interconnected through obvious wall portions producing a fluted
      configuration circumferentially of the container. By reasons of this
      construction the outer peripheral extremities of the diverging abutment
      surfaces 20 terminate within a concentric circle of the container 10
      having a diameter not in excess of and preferably slightly less than the
      internal diameter of the container sidewall surface adjacent the line or
      intersection 25 of recess surfaces 26, and further having a diameter
      greater than the diameter of a circle defined by the radially inward ends
      of the lines 27. From the disclosure in FIG. 5, it will be apparent that
      there is no contact of the ribs 28 of the stacking means 12 with the inner
      surface of the container sidewall 14. Each pair of external abutment
      surfaces 20 engage and interact with a portion of a complementary pair of
      internal recess surfaces 26 in such a manner as to assure complete and
      concentric nesting in a stack.
PAR  The abutment surfaces 20 and the recess surfaces 26 function as cam or
      guiding surfaces in effecting the complete nesting of containers 10. This
      camming feature is diagrammatically illustrated in FIG. 8. The lower
      section of the stacking means 12 is illustrated by solid lines and the
      upper section of said stacking means is represented by dot-and-dash lines.
      In the diagram A of FIG. 8, the lower horizontal lines of intersection 22
      of the surfaces 20 are shown in contact with the upper line 27 between
      adjacent recess surfaces 26. Obviously, because of the line to line
      contact the upper container will not remain in this position but will be
      rotatably guided either to the left or to the right. In the diagram B of
      FIG. 8, the upper container is shown as initially shifting to the right,
      due to the camming coaction of the above-mentioned abutment and recess
      surfaces. In the diagram C, the upper container is illustrated as
      approaching its final position of complete nesting.
PAR  The recess surfaces 26 of the upper stacking section and the abutment
      surfaces 20 of the lower stacking section in the aggregate present a
      circumferential series of axially spaced inclined converging and diverging
      surfaces. From the inner end of lines 27, the recess surfaces 26 extend
      downwardly and inwardly to ribs 29. From the outer end of line 22, the
      abutment surfaces 20 extend upwardly and inwardly to ribs 29. From the
      foregoing description of the inclinations of the abutment surfaces 20 and
      recess surfaces 26, it will be apparent that the necessary circumferential
      offset of those surfaces is accomplished. Thus, the abutment surfaces 20
      and recess surfaces 26 cooperate as cams in effecting relative rotation
      between telescopically associated containers, thereby assuring automatic
      engagement of the abutment surfaces 20 with the shelf means provided by
      the recess surfaces 26. In this final position of nesting, the containers
      are secured against further relative rotation and are also concentrically
      nested with sufficient clearance between the inner surface of the sidewall
      14 and the ribs 28 to preclude any possibility of jamming. In the
      disclosed embodiment, the included angle of each pair of diverging,
      abutment and converging recess surfaces is substantially ninety degrees,
      thereby avoiding wedging engagement of said surfaces. While the present
      invention is not necessarily limited to the use of an included angle of
      90.degree., said included angle must be such as to avoid any tendency for
      the contacting surfaces to wedge or jam. In the disclosed embodiment of
      the invention, see particularly FIG. 7, the included angle of the upwardly
      diverging abutment surfaces 20 is slightly less than the included angle of
      the downwardly converging recess surfaces 26. As a result, only the lower
      portions of the abutment surfaces 20 and recess surfaces 26 are in contact
      with each other when the containers are completely nested. This angular
      relationship of the abutment and recess surfaces serves to facilitate
      complete container nesting.
PAR  In FIGS. 1 to 8 inclusive the bottom section of the container 10 is
      identified by the numeral 30. In FIG. 8a the container bottom 30 is
      positioned below the plane coincident with the bottom lines of
      intersection of the abutment surfaces 20. This construction serves to
      shield the lateral strength to the lines of intersection 22 from damage in
      handling.
PAR  In FIGS. 9 to 12 inclusive a container is designated generally by the
      numeral 10a and is provided with circumferentially disposed stacking means
      designated generally by the numeral 12a. A wall section 14a of the
      container 10a diverges generally upwardly and outwardly and a rim 16a is
      positioned immediately adjacent the upper margin of the stacking means
      12a. The stacking means 12a is structurally identical with the previously
      described stacking means 12 but is located at the upper extremity of the
      container as distinguished from the stacking means 12 which is located at
      the lower extremity of the container. The structural details of the
      stacking means 12a corresponding with structural details of the previously
      described stacking means 12 are identified by similar numerals bearing the
      suffix a.
PAR  The stacking means 12 has an overall vertical extent indicated by the
      bracket 18a in FIGS. 9 and 10. The lower external portion of the stacking
      means 12a comprises a plurality of circumferentially distributed,
      generally triangularly shaped abutment surfaces 20a which diverge upwardly
      from bottom radial lines of intersection 22a, FIG. 11.
PAR  The upper internal portion of the stacking means 12a comprises a plurality
      of pairs of generally triangularly shaped internal recess surfaces 26a
      which converge downwardly from lines 27a to lines 25a and extend radially
      inwardly from the inner surface of the sidewall portions 23. Pairs of the
      converging recess surfaces 26a define downwardly and radially extending
      recesses for interlockingly accommodating complementary pairs of external
      abutment surfaces 20a of a like container. The internal recess surfaces
      26a extend inwardly from the inner surface of the container wall portion
      23 and define a series of circumferentially positioned, radially extending
      recesses spaced upwardly from and between the external abutment surfaces
      20a. When like containers 10a are in completely nested relation, the lower
      diverging abutment surfaces 20a of the upper container will interlock with
      the upper converging recess surfaces 26a of the container positioned
      therebeneath in the manner illustrated in FIGS. 5 and 7 relating to the
      previously described containers 10. It will be apparent from the foregoing
      that the only significant structural difference between the stacking means
      12a  of the containers 10a and the stacking means of the containers 10 is
      in the location thereof.
PAR  In FIGS. 13 and 14, a container is illustrated and identified generally by
      the numeral 10b. The only structural difference between the container 10b
      and the containers 10-10a is in the location of the stacking means
      designated by the numeral 12b. It will be seen that the stacking means 12b
      is located intermediate the upper and lower extremities of the container
      10b. Thus, the bottom abutment surfaces of the stacking means 12b of an
      upper container will interlock with complementary upper recess surfaces of
      a like nested lower container in the manner herebefore described. The
      axial extent of the stacking means 12b is indicated by the bracket 18b and
      the rim at the upper extremity of the container wall 14b is indicated by
      the numeral 16b.
PAR  In FIGS. 15 and 16, a container designated generally by the numeral 10c is
      shown which includes a stacking means designated generally by the numeral
      12c and disposed in the bottom of the container 10c. The container 10c
      comprises an upwardly flaring wall 14c and an upper rim 16c. The stacking
      means 12 is formed in the container wall 14 whereas the stacking means 12c
      is formed in a bottom reentrant section 30c. The stacking means 12c is
      structurally identical with the previously described stacking means 12,
      12a, and 12b except that it is inverted and thus the previously described
      upwardly diverging abutment surfaces are downwardly diverging abutment
      surfaces and the previously described downward converging recess surfaces
      are upwardly converging recess surfaces. By having the stacking means 12c
      thus formed in the reetrant bottom section 30c, said stacking means is
      somewhat shielded against damage which might otherwise result from
      inadvertent contact therewith and the outer sidewall of the container is
      undisturbed.
PAR  In FIGS. 17 and 18 a modified shallow cover 10d is shown. This cover 10d
      may be used as a "crimped-on" sealing cap for the upper extremity of the
      neck 32 of a bottle 34. It will be noted that the cover 10d is provided
      with stacking means 12d at the closed extremity thereof. The arrangement
      of abutment and recess surfaces forming the stacking means 12d is
      identical with the previously described arrangement of abutment surfaces
      of the container 10 except in reference to the upward and downward
      directions. This permits nesting of one cover within another as
      illustrated in FIG. 17 to conserve space in storage and shipping of such
      covers prior to application. Extending axially beyond the stacking means
      12d and forming a closure for one end of the cover 10d is a top section
      30d. Each of the covers 10d includes a wall section 14d and the stacking
      means 12d is of relatively short axial extent as indicated by the bracket
      18d. In instances where it is found desirable, the covers 10d may be
      formed of suitable material such as relatively thin metal. After one of
      the members 10d has been initially associated telescopically with the
      upper end of the bottleneck 32, it may be crimped into tight sealing
      engagement as clearly illustrated in FIG. 18. Devices such as covers 10d
      may be compactly nested without the potential hazard of jamming in a
      manner similar to that described in connection with the containers 10,
      10a, 10b and 10c.
PAR  It should be understood that the vertical extent of the stacking section
      may be varied to meet the needs incident to the use thereof. Also, the
      number, size and shape of the complementary abutment and recess surfaces
      may vary from the disclosure as herein described without departing from
      the spirit and scope of the present invention. The one piece containers
      10, 10b, and 10c are so designed as to enable the economic production
      thereof by practicing available plastic molding and forming methods. The
      invention contemplates that the containers 10, 10b and 10c may also be
      formed of other materials such as metal foils, papers or composite
      materials.
PAR  As herein set forth, the improved stacking means of the present invention
      may also be employed to facilitate stacking of plyable, metallic devices
      which serve in one example as seals for the open extremity of bottles and
      the like. Thus, the above described stacking means is adapted for use with
      various nestable devices to preclude jamming of such devices when in
      nested relation.
PAR  The present invention contemplates structural changes and modifications
      without departing from the spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a generally nestable article which is formed from a substantially
      uniform thickness sheet material, the improvement of stacking means which
      permits non-jamming nesting of a plurality of identically formed such
      articles for the storage and transport of said articles in nested stacks,
      said stacking means formed in a wall of said article and comprising a
      series of contiguous stacking abutments each comprising a pair of planar
      surfaces angularly arranged relative to each other and to the axial
      direction of nesting of said articles and said abutments being
      continuously circumferentially arranged in said wall of said article and
      extending in a radial direction, a series of contiguous stacking recesses
      each comprising a pair of planar surfaces angularly arranged relative to
      each other and to the axial direction of nesting of said articles and said
      recesses being continuously circumferentially arranged in said wall with
      adjacent recesses having a portion thereof meeting on a juncture line
      extending in a radial direction opposite from the radial direction of said
      stacking abutments, said stacking recesses further being axially spaced
      and circumferentially offset from said stacking abutments, and said
      juncture lines forming a series of guiding means in said wall at the line
      of contiguity of said stacking recesses and extending in the same radial
      direction as said stacking recesses for engaging and guiding the stacking
      abutments of a like article into stacking cooperation with said stacking
      recesses during telescopic concentric nesting of said like article
      therein.
NUM  2.
PAR  2. In a generally nestable article which is formed from a substantially
      uniform thickness sheet material, the improvement of stacking means which
      permits non-jamming nesting of a plurality of identically formed such
      articles for the storage and transport of said articles in nested stacks,
      said stacking means formed in a wall of said article and comprising a
      series of contiguous pairs of generally triangularly shaped stacking
      abutment surfaces continuously circumferentially arranged in said wall of
      said article and extending in one radial direction, the abutment surfaces
      of each pair being arranged at an angle to each other and inclined to the
      axial direction of nesting of said articles and joined on a common
      abutment line which extends in said one direction, adjacent pairs of said
      abutment surfaces being contiguous at said wall, a series of contiguous
      pairs of generally triangularly shaped stacking recess surfaces
      continuously circumferentially arranged in said wall of said article and
      extending in the opposite radial direction from said one radial direction,
      the recess surfaces of each pair being arranged at an angle to each other
      and inclined to the axial direction of nesting of said articles and joined
      on a common recess line which extends in said opposite radial direction,
      said pairs of recess surfaces further being axially spaced and
      circumferentially offset from said pairs of abutment surfaces, adjacent
      pairs of said recess surfaces being contiguous on a juncture line which
      extends from said wall in said opposite radial direction, a plurality of
      generally axially extending first ribs, each of said first ribs extending
      between the radially extending end of one of said abutment lines and the
      radially extending end of one of said juncture lines, and a plurality of
      generally axially extending second ribs, each of said second ribs
      extending between one of the junctions of adjacent pairs of abutment
      surfaces and the radially extending end of one of said recess lines.
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ABST
PAL  A bale carrier comprising a first pipe having a second pipe selectively
      rotatably mounted therein with the ends of the second pipe protruding
      outwardly from the first pipe. The ends of the second pipe are pivotally
      connected to the rearward ends of a pair of lifting arms of a tractor
      three-point hitch apparatus. A tine is secured to each end of the second
      pipe and extends rearwardly therefrom for piercing engagement with the hay
      bale. A support frame extends upwardly from the first pipe and has a
      hydraulically operated cylinder mounted thereon which controls a pivotal
      hook arm extending rearwardly therefrom which is adapted to engage the
      upper portion of the bale. The support frame is pivotally connected to the
      rearward end of the third lifting arm of the three-point hitch apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bale ball carrier and more particularly to a bale
      carrier which may be mounted on a three-point hitch of a tractor.
PAR  Hay bales are being formed in extremely large sizes and are quite difficult
      to handle. Lifting apparatuses have been provided for transporting the
      large bales but the conventional apparatus requires that support arms or
      the like be extended beneath the bale prior to the bale being lifted from
      the ground. This is extremely difficult since many of the bales are frozen
      to the ground or are covered with snow. Further, the bales tend to rot and
      flatten at the lower ends which makes it extremely difficult to position
      the support arms therebeneath. Additionally, snow and mud tend to collect
      on the support arms.
PAR  Therefore, it is a principal object of the invention to provide an improved
      bale carrier.
PAR  A further object of the invention is to provide a bale carrier which may be
      quickly and easily attached to the three-point hitch of a tractor.
PAR  A further object of the invention is to provide a bale carrier which has a
      pair of spaced apart tines which pierce the bale above the lower end
      thereof.
PAR  A further object of the invention is to provide a bale carrier device which
      is easy to use.
PAR  A still further object of the invention is to provide a bale carrier which
      is economical of manufacture and durable in use.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the bale carrier:
PAR  FIG. 2 is a side view of the bale carrier with portions thereof cutaway to
      more fully illustrate the invention:
PAR  FIG. 3 is a top elevational view of the bale carrier:
PAR  FIG. 4 is an enlarged sectional view seen on lines 4 -- 4 of FIG. 3:
PAR  FIG. 5 is an enlarged sectional view similar to FIG. 4 except that the
      tines have been rotated to an inoperative position:
PAR  FIG. 6 is a side view of the apparatus illustrating the bale engaging tines
      and hook in an inoperative or stored condition; and
PAR  FIG. 7 is a side view of a tractor having the bale carrier of this
      invention mounted thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 refers generally to a conventional tractor having a
      conventional three-point hitch apparatus mounted on the rearward end
      thereof and which is generally referred to by the reference numeral 12.
      Three-point hitch 12 comprises lifting arms 14, 16 and 18 which extend
      rearwardly from the tractor and which are conventionally operated by the
      tractor hydraulic power system.
PAR  The numeral 20 refers generally to the bale carrier of this invention which
      is adapted to be secured to the three-point hitch apparatus 12. The
      numeral 22 refers to a pipe having pipe 24 selectively rotatably mounted
      therein and having its opposite ends extending outwardly therefrom as seen
      in FIG. 1. As seen in FIGS. 4 and 5, pipe 24 is provided with a pair of
      bores 26 and 28 extending therethrough in a transverse relationship. The
      bores 26 and 28 are adapted to be selectively registered with the openings
      30 and 32 formed in pipe 22 so that pipe 24 may be selectively rotated
      90.degree. and held in either of the two positions by bolt 34 extending
      therethrough. A bolt 34' extends through the other end of the pipes 22 and
      24 in identical fashion to that just described.
PAR  Brackets 36 and 38 are welded to the outer ends of pipe 24 and are
      pivotally connected to the rearward ends to the lifting arms 14 and 18
      respectively. Tines 40 and 42 are welded to the outer ends of pipe 24 and
      extend rearwardly therefrom as also seen in the drawings. The tins 40 and
      42 are provided with sharpened rearward ends to permit the tines to pierce
      the hay bale which is referred to generally by the reference numeral 44.
PAR  The numeral 46 refers generally to a support frame which is secured to pipe
      22 by welding or the like such as illustrated in FIG. 1 and which extends
      upwardly therefrom. An arm 48 is pivotally connected to the upper end of
      frame 46 at 50. A hook 52 is welded to the rearward end of arm 48 as seen
      in the drawings and a hydraulic cylinder 54 is pivotally connected to the
      forward end of arm 48. The other end of hydraulic cylinder 54 is pivotally
      connected to a bracket 56 which is rigidly secured to the support frame
      46. The hydraulic cylinder 54 is fluidly connected to the tractor
      hydraulic system. so that movement of the cylinder rod thereof causes the
      arm 48 to pivotally move upwardly and downwardly with respect to the
      support frame 46. Lifting arm 18 is pivoally connected to support frame 46
      at 60.
PAR  The normal method of operation is as follows. The carrier 20 is easily
      connected to the tractor three-point hitch system in a few minutes by
      simply connecting the lifting arms 14, 16 and 18 to the apparatus as
      previously described. The hydraulic cylinder 54 is also connected to the
      tractor hydraulic system. When it is desired to move a bale, the hydraulic
      cylinder 54 would be actuated so that the rearward end of arm 48 is
      pivotally moved upwardly. The three-point hitch 12 is also operated so
      that the tines 40 and 42 are supported above the ground. The tractor 10 is
      then backed towards the bale 44 so that the tines 40 and 42 pierce the
      bale above the lower end thereof. When the tines 40 and 42 have completely
      pierced the bale 44, the tractor is stopped and the hydraulic cylinder 54
      is actuated to cause the rearward end of the arm 48 to pivotally move
      downwardly so that the hook 52 pierces the upper portion of the bale to
      cause the bale to be securely grasped.
PAR  The three-point hitch apparatus 12 may then be actuated to raise the bale
      out of ground engagement with the bale then being transported to the
      desired location. The bale is released from the carrier by simply
      operating the three-point hitch apparatus to cause the bale to be lowered
      into ground engagement or on to a low-boy trailer. Hydraulic cylinder 54
      is then actuated to move the hook 52 out of engagement with the upper
      portion of the bale 44. The tractor 10 is then driven forwardly with
      respect to the bale so that the tines 40 and 42 are withdrawn therefrom.
      Thus, it is not necessary that the tines 40 and 42 engage the ground at
      any time during the loading or unloading operation which prevents snow and
      mud from accumulating therein. The tines 40 and 42 are also maintained out
      of engagement with the bed of the trailer since the tines are positioned
      about the lower end of the bale.
PAR  The bolts 34 and 34' permit the tines 40 and 42 to be either positioned in
      the working position such as seen in FIG. 2 or the inoperative position
      such as seen in FIG. 6 as previously described. The arm 48 may also be
      positioned in an inoperative position by removing the hydraulic cylinder
      54 from the carrier. The weight of the arm 48 causes the arm 48 to
      automatically pivotally move downwardly to the position illustrated in
      FIG. 6. The carrier does not interfere with the normal towing use of the
      tractor when the tines 40, 42 and arm 48 are positioned in their
      non-working positions.
PAR  Thus it can be seen that a bale carrier device has been provided which
      accomplishes at least all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bale carrier for use with a tractor three-point hitch having three
      lifting arms extending rearwardly therefrom comprising,
PA1  an elongated first horizontally disposed support means, said first support
      means being transversely disposed with respect to the longitudinal axis of
      the tractor,
PA1  a pair of tine members operatively secured to said first support means
      adjacent the opposite ends thereof and extending rearwardly therefrom for
      piercing engagement with the bale above the lower end thereof,
PA1  first connection means for operatively connecting said first support means
      to two of the lifting arms,
PA1  second support means extending upwardly from said support means, second
      connection means for connecting said second support means to the third
      lifting arm,
PA1  an arm means pivotally secured to said second support means adjacent the
      upper end thereof and extending rearwardly therefrom,
PA1  means on said arm means for engagement with the upper portion of the bale,
PA1  means for selectively pivotally moving said arm means,
PA1  said first support means comprising a first pipe means and wherein a second
      pipe means is selectively rotatably mounted in said first pipe means and
      has its opposite ends positioned outwardly of the opposite ends of said
      first pipe means, the two lifting arms being secured to the opposite ends
      of said second pipe means, one tine member of said pair of tine members
      being secured to each end of said second pipe means.
NUM  2.
PAR  2. The bale carrier of claim 2 wherein said first and second pipe means
      have registering openings formed therein for receiving a bolt means to
      selectively maintain said second pipe means in at least two positions
      relative to said first pipe means.
NUM  3.
PAR  3. The bale carrier of claim 2 wherein said registering openings are
      provided to selectively maintain said pair of tine members in a
      substantially vertically disposed, non-working position.
NUM  4.
PAR  4. A bale carrier for use with a tractor three-point hitch having three
      lifting arms extending rearwardly therefrom comprising,
PA1  an elongated first horizontally disposed support means, said first support
      means being transversely disposed with respect to the longitudinal axis of
      the tractor,
PA1  a pair of tine members operatively secured to said first support means
      adjacent the opposite ends thereof and normally extendly rearwardly
      therefrom for piercing engagement with the bale above the lower end
      thereof, said tine members being selectively rotatably mounted relative to
      said first support means so that said tine members may be moved from a
      rearwardly extending working position to an upwardly extending inoperative
      position,
PA1  first connection means for operatively connecting said first support means
      to two of the lifting arms,
PA1  second support means extending upwardly from said support means, second
      connection means for connecting said second support means to the third
      lifting arm,
PA1  an arm means pivotally secured to said second support means adjacent the
      upper end thereof and extending rearwardly therefrom,
PA1  means on said arm means for engagement with the upper portion of the bale,
PA1  a hydraulic cylinder connected to said arm means,
PA1  means for selectively pivotally moving said arm means,
PA1  said arm means assuming a substantially vertically disposed non-working
      position when said hydraulic means is disconnected therefrom.
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ABST
PAL  A merchandise display utilizing a pegboard hook supporting a plurality of
      cards upon which merchandise is mounted, and a fixed position bracket or
      the like mounted on a background member on the hook, said bracket having a
      hinged cover which is very simply manually locked in position preventing
      the removal of any of the cards containing the merchandise until the lock
      is unlocked.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Merchandise displays, particularly for small articles, have developed into
      hook or peg supported cards upon which the merchandise is individually
      mounted. Many such displays are for self-service but since the cards and
      the merchandise are relatively small they lend themselves to shoplifting;
      and it is the object of the present invention to provide a relatively
      simple device for avoiding such shoplifting and making it necessary, in
      order to remove any of the merchandise, to unlock it so that the cards are
      released and may be removed.
PAC  SUMMARY OF THE INVENTION
PAR  An elongated hook is applied to a perforated board and a snubber or
      stabilizing clip which is the subject matter of U.S. Pat. No. 3,813,070,
      May 28, 1974 is utilized to hold this elongated hook in horizontal
      condition and against sagging. A background plaque having an opening in it
      in a predetermined location is slid onto the hook to the perforated board,
      and at its rear surface it has a pair of projections which enter
      corresponding perforations in the pegboard holding the plaque against
      tilting. The background plaque has on its front surface a pair of pins and
      associated therewith is a flange which is inclined relative to the
      horizontal. The flange and the pins are in fixed position on the
      background plaque.
PAR  An elongated bracket is provided with apertures at one end to receive the
      pins referred to, and a similarly pinned cap is mounted on the bracket at
      the other end. The bracket extends horizontally forwardly at right angles
      to the plaque.
PAR  Pivotally mounted along the entire length of the bracket is a locking cover
      which has an elongated tab which is normally located within the bracket. A
      simple manually operated lock mounted on the exterior of the bracket
      extends through the same into engagement with the tab on the pivoted
      cover, locking the same in position. The bracket and the pivoted cover are
      mounted on the background plaque in such a way as to ensure that the hook
      which supports the merchandise is in very close association with the
      pivoted cover when it is in locked position; and the merchandise is
      mounted on cards having side opening hooks and bights adjacent the top
      edge portions of the cards. The top edge of each card is adjacent to and
      practically in contact with the lower surface of the pivoted cover which
      has an elongated side flange embracing the cards at the top edge portions
      thereof, and the result is that none of the cards can be slid off the hook
      because of the end cap and they cannot be lifted because of the pivoted
      cover. They can only be released without damage when the lock is unlocked
      and the pivoted cover is raised.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the invention with all the parts
      in position for display;
PAR  FIG. 2 is an exploded perspective view illustrating the parts in more
      detail;
PAR  FIG. 3 is an end view of the bracket and hinged cover with the end cap
      removed showing the relationship of the merchandise cards with respect to
      the hinged cover, and the cover being unlocked;
PAR  FIG. 4 is a similar view showing the cover locked; and
PAR  FIG. 5 is an enlarged view of the lock.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The merchandise display card used to illustrate this invention is generally
      according to that disclosed in copending application Ser. No. 374,668,
      filed June 28, 1973, for MERCHANDISE DISPLAY, now U.S. Pat. No. 3,870,144.
      This is here shown in FIG. 3 wherein the card 10 bears a ripoff box 12
      containing the merchandise and a tab 14 which has some description or
      identification of the merchandise thereon. At the top edge of the card it
      is provided with a left-opening bight 16 forming a hook 18 and the top
      edge of the card is slanted down to the right as shown at 20. The bight is
      undercut or recessed top and bottom as at 21, 21. A plurality of these
      cards are mounted on an elongated hook 22 in the arrangement shown in FIG.
      1 where the tabs are offset from each other so that regardless of the
      number of cards with different types of merchandise, the same can be
      identified at a glance.
PAR  The reference numeral 24 indicates a perforated board upon which the
      elongated hook 22 is mounted in the usual way except that the snubber or
      stabilizing clip 26 (U.S. Pat. No. 3,813,070) is utilized to hold the hook
      22 in a horizontal fixed position so that it does not tend to sag as
      usually happens when the hooks are as long as indicated herein and mount
      several cards.
PAR  A background plaque which may contain advertising and description of the
      merchandise is provided with a hole 28 receiving rod 22 and at its rear
      surface is provided with two rearwardly extending projections 30, 30 which
      extend into corresponding holes in the pegboard 24 thereby anchoring the
      background plaque solidly in position on the pegboard.
PAR  At its front face the background plaque is provided with a pair of
      vertically spaced forwardly projecting pins 32 and a flange 34 which
      inclines downwardly and to the right just above the hook 22.
PAR  An elongated bracket which has the general form of an angleiron is
      generally indicated at 34. This bracket has a generally horizontal top
      portion 36 and a generally vertical side portion 38. All along the exposed
      edge of top portion 36 there is a cylindrical rod-like edge 40. At the
      inner aspect of the vertical side 38 there is an aperture or the like in a
      projection indicated at 42, and a similar aperture is provided at 43 at
      the junction of the top 36 and the side 38. This construction is repeated
      at the opposite end of the device for the press-fit reception of pins 32
      holding bracket 34 in the FIG. 1 position with one end snugly against the
      background plaque. Inasmuch as it is convenient to manufacture the bracket
      by extrusion, the openings 42 and 44 may extend the full length of the
      bracket, but they are used only at the ends thereof.
PAR  An elongated hinged cover member 44 which is as long as the bracket, is
      provided adjacent one end with a continuous semicylindrical ferrule 46
      which is slidably received on the cylindrical rodlike edge 40 and
      encompasses it past the diameter of the latter so that when slid on it it
      cannot be taken off or removed in a lateral direction. At the inner side
      edge portion of the ferrule it is provided with a continuous tab 48. The
      tab 48 holds the hinged cover 44 in the position shown in FIGS. 1, 2, and
      4, and the rodlike edge 40 acts as a hinged pivot so that the cover can be
      raised, i.e., pivoted upon member 40, see FIG. 3. The cover has an edge
      flange 50. The top edges 20 of the cards 10 are in close association with
      respect to the undersurface of cover 44 and due to the flange 50 and the
      construction of the hook 18 and the bight 16, see FIG. 3, it is not
      possible to remove a card without raising the cover without violently
      breaking the cards which are preferably made of a relatively heavy plastic
      material.
PAR  FIGS. 3-5 illustrate the locking member 52 which is rotated by a coin or
      screwdriver between locking and unlocking position with respect to tab 48.
      The part 52 is exposed for this purpose and inside the bracket, the
      locking member is secured to a triangular lock part 54 rotatable
      therewith. With the inner lock part 54 vertical, FIG. 4, the cover 44
      cannot be raised because the tab strikes this lock part, but with lock
      part 54 horizontal, the tab can swing part it.
PAR  Although a coin or tool operated lock can be utilized, obviously a lock
      operable with a key could be used as well.
PAR  Finishing off the structure there is an end cap 60 having pins 62 which are
      the same as but opposite to pins 32 and which are press fitted into the
      openings 42, 44 for substantially permanent association with the bracket.
      There is also a rearwardly directed flange 64 on the cap comparable to
      that at 34 and complementary thereto, upon which the edges of the cover 44
      as at 66 and 68 are adapted to rest in the closed locked position of cover
      44. The cards therefore cannot be slid along and off the hook 22, the
      latter continuing to the inside surface of the cap.
CLMS
STM  I claim:
NUM  1.
PAR  1. Display apparatus for merchandise mounted on cards, comprising an
      elongated hook member, a generally planar vertical support for the hook,
      means holding the hook on the support a plaque mounted on said hook
      members, said plaque in a plane generally parallel to said support
      generally horizontal and at right angles to the support, a plurality of
      cards mounted on said hook member, an elongated bracket, extending in a
      direction generally perpendicular to said plane of said support, one end
      of said bracket mounted on said plaque, the hook and bracket terminating
      in free ends adjacent to each other, a pivotable cover on the bracket, the
      cover being coextensive with the bracket and the hook, means hinging the
      movable cover along the bracket, said cover having one position in close
      association with the hook and the top edges of said cards and a pivoted
      position freeing the same, the cards and cover being constructed and
      arranged to allow removal of the cards from said hook only upon the
      movement of said cover to card freeing position, and means on said bracket
      temporarily securing said cover in locked position adjacent to the top
      edges of said cards.
NUM  2.
PAR  2. The merchandise display of claim 1 wherein the cover hinging means is
      arranged along a long edge of the bracket.
NUM  3.
PAR  3. The merchandise display of claim 1 including means maintaining said
      cover in a slanted position when covering the merchandise cards, the
      latter having corresponding inclined top edges.
NUM  4.
PAR  4. The merchandise display of claim 2 wherein each of the cards has a side
      opening hook and bight for mounting on the elongated hook member.
NUM  5.
PAR  5. The merchandise display of claim 4 wherein the top edges of the cards
      are inclined in conformance with the inclination of the slanted cover.
NUM  6.
PAR  6. The merchandise display of claim 5 including a longitudinal edge flange
      on the cover preventing lateral removal of the cards.
NUM  7.
PAR  7. The merchandise display of claim 1 including said background plaque with
      the means for mounting the bracket being on said plaque at the forward
      face thereof.
NUM  8.
PAR  8. The merchandise display of claim 7 including means on the background
      plaque for mounting on the hook and means at the rear surface of the
      plaque for engagement with spaced holes in a perforated board.
NUM  9.
PAR  9. The merchandise display of claim 7 wherein the means for mounting the
      bracket comprises a pair of spaced pins on the plaque, the bracket
      including complementary spaced openings for a press-fit therewith, said
      pins and said bracket being substantially horizontal.
NUM  10.
PAR  10. The merchandise display of claim 9 including an end cap for said
      bracket.
NUM  11.
PAR  11. The merchandise display of claim 10 including an inclined flange on the
      end cap and an inclined flange at the opposite end thereof adjacent the
      pins for holding the hinged cover in slanted position.
NUM  12.
PAR  12. The mechandise display of claim 1 wherein said hinged cover is provided
      with an inwardly directed tab at the opposite side of the pivot axis from
      the main body portion of the cover, and a lock engaging said tab in locked
      position thereof and releasing it in unlocked position.
NUM  13.
PAR  13. A merchandise display for a perforated board comprising an elongated
      hook adapted to be mounted on said perforated board, a stabilizer on said
      hook holding the same in sustantially horizontal position,
PA1  a background plaque, means for mounting the same on said hook and on said
      perforated board, a pair of vertically spaced pins on the front face of
      said plaque,
PA1  an elongated bracket having apertures receiving said pins mounting the
      bracket in horizontal position extending at a right angle from said
      background plaque, a generally cylindrical rodlike member at an edge of
      said bracket extending generally the length thereof, and a lock on said
      bracket,
PA1  a cover, means on said cover hinging the same with respect to said rodlike
      member, the main portion of the cover extending away from the bracket, a
      tab on said cover extending to the opposite side of said rodlike member
      from the main portion of the hinged cover, means on said bracket forming
      an abutment against which the tab abuts holding the cover in position
      covering said hook, said lock engaging said tab and holding the cover in
      locked position, said lock being actuatable to release the tab to allow
      the cover to be raised to expose the hook, and an end cap on the bracket
      covering the terminal end portion of said hook.
NUM  14.
PAR  14. The merchandise display of claim 13 including a flange on the main
      portion of the cover at its edge remote from the bracket.
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ABST
PAL  An improved dishwasher rack in which a small items secondary rack is
      pivotally connected to a base rack and movable between a vertical storage
      position substantially perpendicular to the base rack and a horizontal
      position overlaying the first rack, thus providing an extra rack for
      drying of small items both in the base rack and on the secondary rack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of a household automatic dishwasher, it is desirable to alter
      the configuration of the dish rack to more efficiently accommodate varying
      types of loads. Where there are many short, relatively small items, a
      greater number of the items could be effectively positioned in the
      dishwasher if a plurality of racks were available in the dishwasher. The
      next load desired to be cleaned might, however, comprise a plurality of
      tall items which could not be placed generally upright between the
      abovementioned plurality of racks owing to the space limitations between
      the plurality of racks.
PAR  Dishwashers have been constructed having a plurality of base racks that are
      separable from the dishwasher and movable to various elevations in the
      dishwasher for solving the above-described problems. An example of such a
      dishwasher is found in U.S. Pat. No. 2,635,760-Nicholas.
PAR  However, this approach to solving the problem utilized additional
      rack-holding elements. Further, some racks when not in use were sometimes
      required to be removed from the dishwasher to accommodate tall items. This
      removed dish rack then generated a storage problem, and racks when stored
      were sometimes damaged.
PAR  In accordance with the apparatus of this invention, the above-described
      disadvantages are alleviated with the advantage of having a unitary
      assembly that generally remains within the dishwasher.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an automatic dishwasher has a base rack
      having a plane, a first side portion, and upstanding spaced-apart rack
      fingers. A secondary rack has a first side portion and is pivotally
      connected to the first side portion of the base rack. The secondary rack
      is pivotally movable between a first position at which the second rack
      extends substantially perpendicularly to the plane of the base rack and a
      second position at which the secondary rack overlays the plane of the base
      rack. Holding means on the secondary rack are associated with the base
      rack fingers for maintaining the secondary rack with and supporting said
      secondary rack by said fingers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side view of the dishwasher rack of this
      invention; and
PAR  FIG. 2 is a partial, top view of the secondary rack of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the embodiment of FIGS. 1 and 2, an automatic dishwasher 10 has a base
      rack 12, as is known in the art. The base rack is generally rectangular,
      has a first side portion 14, and upstanding fingers for holding items to
      be cleaned.
PAR  A secondary rack 18 has a first side portion 20 pivotally connected to the
      first side portion 14 of the base rack 12.
PAR  Referring to FIG. 1, the secondary rack 18 is pivotally movable between a
      first position, shown by broken lines, at which the secondary rack extends
      substantially perpendicularly to the plane P of the base rack 12 and a
      second position, shown by solid lines, at which the secondary rack 18
      overlays the plane P of the base rack 12.
PAR  The secondary rack 18 is releasably connected to and supported by the base
      rack fingers 16. The secondary rack 18 has holding elements 22 extending
      downwardly therefrom and into contact with the fingers 16. The holding
      elements 22 have a concave portion 24 of dimensions sufficient for
      frictionally receiving one of the fingers 16 therein at the second
      position of the secondary rack 18. These holding elements 22 are
      preferably formed of rubber or plastic.
PAR  Referring to FIG. 2, the secondary rack 18 is formed of a plurality of
      longitudinally, transversely extending spaced-apart support elements 26,
      28 forming an open grid work.
PAR  Referring to FIG. 1, the secondary rack 18 can have a slot 30 extending
      outwardly from the first side portion 20 and slidably receiving a
      retaining element 32 of the base rack 12 defining a slideable pivot
      arrangement for providing slidable movement of the secondary rack 18
      between the second position, wherein substantially the entire secondary
      rack is at a higher elevation than the base rack 12 and the stored
      position, as shown by broken lines, at which a major portion of the
      secondary rack 18 is at an elevation lower than said first elevation. The
      retaining element 32 can be a portion of the secondary rack 18 and be
      provided with fastening means for releasably connecting it to the base
      rack 12.
PAR  In the stored position of the secondary rack 18, tall items can be placed
      on the base rack for washing. When it is desired to wash a number of small
      items greater than the number of items accommodated by the base rack, the
      secondary rack can be moved from the stored or the first position to the
      second position after the base rack has been filled with items to be
      washed. The secondary rack at the second position can then be filled with
      items to be washed.
PAR  After washing is completed, the secondary rack 18 can be moved to the
      second or stored position.
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion, and it should
      be understood that this invention is not to be unduly limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rack assembly for an automatic dishwasher having a base rack lying
      in a generally horizontal plane, a first side portion, and upstanding
      spaced-apart rack fingers, the improvement comprising:
PA1  a secondary rack having a first side portion connected by a slidable pivot
      arrangement to the first side portion of the base rack and being pivotally
      and slidably movable between a first position at which the secondary rack
      extends substantially perpendicularly to the plane of the base rack and a
      second position at which the secondary rack overlies the horizontal plane
      of the base rack in parallel alignment therewith; and
PA1  holding elements for securing the secondary rack to said fingers and
      supporting said secondary rack in said horizontal position overlying said
      base rack.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, wherein the secondary rack comprises
      a plurality of longitudinally and transversely extending spaced-apart
      support elements forming an open gridwork.
NUM  3.
PAR  3. Apparatus, as set forth in claim 1, wherein said slidable pivot
      arrangement of said secondary rack includes a slot extending outwardly
      from the first side and slidably receiving a retaining element of the base
      rack for providing slidable movement of the secondary rack between the
      second position, wherein substantially the entire secondary rack is at a
      first higher elevation than the base rack, and a stored position at which
      a major portion of the secondary rack is at an elevation lower than said
      first elevation.
NUM  4.
PAR  4. Apparatus, as set forth in claim 1, wherein said holding elements each
      have a concave portion of dimensions sufficient for frictionally receiving
      one of the fingers therein thereby securing said rack in its second
      position.
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ABST
PAL  A tower pivotally connected to a base mounting on a mobile platform is
      movable by raising means between a vertical operating position and a
      substantially horizontal travel position. A turntable at the top of the
      tower carries a tiltable unit which includes a jib support means and a jib
      pivotally connected to the jib support and adapted for luffing movement by
      a first hydraulic cylinder means connected between the jib and jib support
      means. The tiltable unit is pivotally connected to the tower and a second
      hydraulic cylinder means is connected to pivot the tiltable unit between
      an operating position and a folded position. After the jib is lowered by
      the first hydraulic cylinder means to an angle between about 60.degree.
      and 90.degree. with the tower axis the second hydraulic cylinder means
      pivots the tiltable unit through an equivalent angle to fold the jib
      alongside the tower when the tower crane is being moved from the vertical
      operating position to the substantially horizontal travelling position on
      the mobile platform.
PARN
PAR  This application is a division of application Ser. No. 144,199 filed May
      17, 1971, now abandoned, which in turn was a continuation-in-part of
      application Ser. No. 818,751, filed Apr. 23, 1969, now abandoned.
BSUM
PAR  The present invention relates to mobile tower cranes particularly for use
      on building sites. In the construction of tall buildings, there is a
      requirement for cranes having a tower comparable in height to the
      building, and having a jib mounted near the top of the tower and
      preferably capable of reaching out over the building.
PAR  Known mobile tower cranes are generally of the type having a mobile
      platform, for example the chassis of a carrier vehicle, and having a large
      turntable mounted directly on the mobile platform which turntable carries
      all the main structure of the crane. The turntable has a pivotal mounting
      for the base of a mast or tower allowing tilting movement of the tower
      from a horizontal travelling position to a vertical or nearly vertical
      operating position. A jib is pivotally mounted for luffing movement at the
      top of the tower, and cables are provided for luffing the jib, and also
      for staying the tower. Generally, the supporting cables are sheaved at
      positions spaced above and behind the jib pivot, having their lower ends
      attached to the turntable on the side of the tower opposite the jib. The
      turntable also supports a large counterweight which is on the side of the
      tower opposite the jib and which is associated with the lower ends of the
      cables. The whole crane structure rotates as a unit on the turntable.
PAR  In this type of mobile crane, the tower and the jib are stressed largely or
      entirely in compression and are relatively unstressed in bending, the
      forces which would otherwise cause bending of the tower and jib being
      carried by the cables. Accordingly, the tower and jib of such a crane can
      be relatively light and slender, as compared to a structure which could
      carry the same forces without resort to cables. Also, there is no need for
      firm fixing of the tower at its base, and in some designs the tower is
      merely pin-jointed at its base, and is kept upright by the cables. In
      conventional crane design, it seems to have been assumed that a tower and
      jib arrangement of this type (i.e. supported by cables) was the only
      suitable type for use in tall transportable tower cranes, due to its
      inherent lightness, and also possibly to the fact that, lacking the need
      for firm fixing at its base, the tower could readily be made tiltable for
      travelling.
PAR  These known tower cranes, although termed "mobile," in fact require
      considerable time and effort in erection and folding or dismantling, when
      moving the crane from one site to another. This is largely due to the
      requirement for cables for supporting the tower and jib and for luffing
      the jib. The many cables required have to be positioned on sheaves each
      time the crane is erected, and often become displaced and tangled when the
      crane is being transported. The fixing, sheaving, and tensioning and
      winching of these cables may occupy many man-hours during erection of the
      crane. Also, erection of such cranes always requires at least two men, one
      of whom is a rigger specialized in this work.
PAR  In addition, mobile cranes are known having a short telescopic tower
      mounted on a carrier vehicle which is fixed in the vertical position
      (i.e., which is non-tiltable), being merely telescopically collapsed for
      travelling, while remaining upright. Such cranes have a very limited
      height capability and are not of great use in the erection of tall
      buildings.
PAR  The present invention provides a crane which is much more mobile than known
      tower cranes of comparable height, and which has many advantages in
      operation, and particularly in erection, which will be explained
      hereinafter.
PAR  In accordance with the present invention, a mobile tower crane comprises
      mobile platform means (for example a truck or trailer chassis) carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      the mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which the tower is
      supported by the mobile platform means, and raising means interconnecting
      the platform means and the tower for moving the tower between the two
      positions. This combination of base mounting, tower and raising means is
      such that the tower when in the operating position and without any bracing
      cables provides a firm support suitable for supporting a jib structure
      which is rotatable relative to the tower about the tower axis and thereby
      in operation causes bending moments to be applied to the tower in various
      different directions. The jib structure carried by the tower includes a
      jib and jib support means, the jib support means including a turntable
      mounted at the top of the tower and allowing slewing of the jib support
      means about the tower axis, the jib being connected to the tower by pivot
      means including a jib pivot carried by the jib support means to allow
      luffing movement of the jib. Also in accordance with the invention,
      luffing movement of the jib is effected by hydraulic cylinder means
      connected between the jib and the pivot means are such as to allow the jib
      to be aligned with the tower for travelling. In addition, the crane may
      include support means and the jib, jib alignment means capable of causing
      angular movement of the jib independently of operation of said hydraulic
      cylinder means, such that combined operation of said jib alignment means
      and said hydraulic cylinder means can move the jib into alignment with the
      tower for folding the crane. Preferably, said jib alignment means is
      arranged to alter the relative dispositions of the tower, the jib pivot
      and an end of the jib luffing cylinder to cause the angular movement of
      the jib. The means for raising the tower, and the jib alignment means, are
      preferably also both hydraulic.
PAR  Preferably, the jib comprises at least two telescoping sections, and
      hydraulic cylinder means for telescoping the said sections. The term "jib"
      will be understood to mean a projecting arm of any suitable form, and
      includes what is known in the crane art as a boom.
PAR  An important feature of the invention is the combination of a tiltable
      tower which when erected does not need to be supported by cables, with a
      jib which is arranged to be luffed by hydraulic cylinder means, and which
      can also be folded alongside the tower preferably by hydraulic means
      operable to cause pivotal movement of the jib about said pivot means
      between a folded position in alignment with the tower and an operative
      position in which the jib forms an angle of the order of 90.degree. with
      the tower axis. This arrangement allows the crane to be folded rapidly and
      compactly, all under hydraulic control. Also, both the jib and the tower
      may be made telescopic, in which case retraction of the telescopic jib and
      the tower would be the first operation on folding the crane. All the
      movements described are preferably controlled hydraulically, so that no
      cables are required for any of these movements. Also, the tower and its
      mounting arrangement, and the means for supporting and moving the jib, are
      such that no cables are required for staying the tower or supporting the
      jib, and in the preferred embodiment the only cable required for the crane
      is that which is attached to the crane hook. The crane may thus be erected
      entirely by hydraulic means (apart from certain fixing operations), under
      push button control.
PAR  Another advantage of the crane in accordance with the invention is that, as
      compared to known mobile tower cranes, a much smaller turntable can be
      used, since this has only to support the weight of the jib, and generally
      a counterweight, but does not have to support the whole weight of the
      tower.
PAR  It must be particularly noted that the tower of the crane in accordance
      with this invention is very different from the towers of known mobile
      cranes at least those having towers of substantial height. Instead of
      being a slender tower, stressed almost entirely in compression and stayed
      by cables, it is a rigid tower, providing a firm support for the jib
      structure which is rotatable about the tower axis and which therefore
      subjects the tower to bending stress in various directions depending on
      the position of the jib around the tower. To Applicant's knowledge, rigid
      towers which provide a firm support in this way have hitherto only been
      used in tower cranes which are not mobile tower cranes in the sense used
      herein, but wherein the base of the tower is fixed to a ground anchorage
      or to a building, or is carried by a rail mounted trolley. Although such
      cranes may be transportable in the sense of being capable of being
      dismantled for transportation, the dismantling and erection times of such
      cranes are very considerable, and these cranes cannot therefore be
      considered as being mobile cranes.
PAR  The jib alignment means is arranged to move between an operating position
      and a folded position. In the said operating position the jib luffing
      cylinder is capable of luffing the jib in the normal operating range
      between a raised position above the top of the tower and a lowered
      position in which the jib forms a substantial angle of the order of
      90.degree. or somewhat less with the tower axis. In the folded position of
      the jib alignment means the jib luffing cylinder is capable of aligning
      the jib with the tower axis.
PAR  The pivot means connecting the jib to the tower preferably includes a
      pivotal connection between the tower and a part of the jib support means,
      so that the jib alignment means forms a tiltable unit at the top of the
      tower comprising at least a part of the jib support means, tilting of this
      unit altering the relative disposition of the jib pivot and the jib
      luffing cylinder to the tower. The tiltable unit may be of two different
      forms. In a first embodiment the tiltable unit comprises a top section of
      the tower, and this top section is movable by a gear ring and pinion
      arrangement through an angle considerably greater than 90.degree. and
      preferably about 180.degree., between an operating position in which the
      unit forms an extension of the tower and a folded position in which the
      unit lies alongside the tower, and thereby effectively shortens the tower
      for travelling. In this embodiment the jib is aligned with the tower by
      firstly raising the jib to a position vertically above the tower (with the
      tiltable unit in its operating position), and then pivoting the tiltable
      unit through 180.degree. until the tiltable unit and the jib lie alongside
      the tower. Since the tiltable unit of this embodiment lies alongside the
      tower when folded, it may be of fairly substantial length, and may for
      example include a crane operator's cab.
PAR  In the first embodiment just described, the jib alignment means (which is
      the tiltable unit) is arranged to cause angular movement of the jib
      through 180.degree.. In new embodiments to be described, the jib alignment
      means is arranged only to cause movement of the jib through a folding
      angle equivalent to the substantial angle (of the order of 90.degree. or
      somewhat less, say between 60.degree. and 90.degree.) between the jib in
      its lowermost normal operating position and the tower. Thus where in these
      new embodiments, the jib alignment means is a tiltable unit, as is
      preferred, the tiltable unit is only required to move through this folding
      angle, and may be movable in this manner by a hydraulic cylinder, no gear
      ring being required. In these new embodiments, the relationship of the
      pivotal mounting for the tiltable unit to the jib pivot is such that the
      jib lies close to the tower when the tiltable unit is in its folded
      position. This would not be the case if the top section shown in the first
      embodiment of crane were to be rotated through an angle of much less than
      180.degree., since the jib pivot would then be displaced well to the side
      of the tower. In this connection, the term "close to the tower" includes
      the case where parts of the jib are in contact with the tower, and aligned
      therrewith, and where the jib is spaced from the tower by a small amount
      for example in relation to the width of the tower.
PAR  An advantage of the arrangement using the tiltable unit, as compared to
      other possible methods of altering the relationship between the jib pivot
      and an end of the jib luffing cylinder, is that by the use of the tilting
      unit the jib pivot is brought forwards during folding with respect to the
      tower axis, i.e. is moved relative to the tower axis towards the side of
      the tower on which the jib is to be folded. Accordingly, it is possible
      for the jib pivot to be fairly near the axis of the jib, which would not
      be possible if it were required to fold the jib along the tower by
      rotation about a jib pivot which remained located near the tower axis.
      Also, in accordance with the new embodiments of my invention, with the
      tiltable unit in the operating position the jib pivot is behind the tower
      axis with respect to the outer end of the jib, and with the tiltable unit
      in the folded position the jib pivot is well in front of the tower axis
      and is preferably approximately in line with or in front of the front of
      the tower. The arrangement wherein, in the operating position, the jib
      pivot is behind the tower axis is advantageous in that most of the weight
      of the jib support means, in this operating position, is concentrated
      behind the tower axis, so partially counterbalancing the weight of the
      jib.
PAR  In addition, counterweight means are also preferably mounted on the rear
      side of the jib support means, preferably behind the jib pivot. The
      counterweight may be mounted on means which allow the counterweight to be
      extended and retracted relative to the tower axis by hydraulic means.
PAR  Another advantage of a tiltable unit is that this can be arranged so that
      the counterweight, and the main part of the jib support bracket, are
      raised relative to the tower axis when this is in the folded position, so
      that these parts do not interfere with folding of the tower. The tiltable
      unit can thus be arranged to extend over raised parts of the carrier,
      including for example the "goose neck" of a trailer. In one particular
      arrangement, the base of the tower is pivotally connected at its base to
      the rear end of mobile platform means in the form of a carrier such as a
      truck or trailer, and the tiltable unit is arranged to extend over the cab
      of the carrier when the crane is in the folded position.
PAR  The tower is preferably a lattice-type structure, of the type generally
      known in non-mobile tower cranes referred to. The tower may comprise two
      telescoping portions, hydraulic means being provided for causing relative
      movement of these portions and so altering the height of the tower. The
      preferred hydraulic means is a single multi-section telescoping hydraulic
      cylinder extending up the tower. However, for cranes of relatively low
      tower height, a rack and pinion mechanism for raising the tower may be
      preferred.
PAR  The new embodiments of crane described herein also have new folding
      arrangements which are advantageous from a space saving point of view.
      Thus, in accordance with a further aspect of the invention, a crane of the
      type described has a tower comprising a plurality of telescoping sections
      of which the lowermost section is the shortest section, and wherein the
      means for causing telescoping movement of said sections is such that when
      the tower has been laid substantially horizontal for travelling, the inner
      upper tower section or sections can be moved within the lower, outer tower
      section, so that portions of the upper section or sections project through
      the base of the lowermost section. This enables more space on the carrier
      to be utilized, as will be apparent from the following description.
PAR  A particularly advantageous arrangement from the space saving point of view
      is a sloping arrangement in which part of the tower projects over the top
      of the cab when the crane is folded. This is achieved in accordance with a
      further aspect of the invention by providing a crane having a tower
      comprising an outer member surrounding one or more tower sections slidable
      therein, said outer member being shorter than at least one of said tower
      sections, and wherein the tower is tiltably mounted on a raised mounting
      carried by the carrier vehicle, i.e., the mobile platform means, means
      being provided for causing sliding movement of said section or sections
      within said outer member such that when the tower is substantially
      horizontal a tower section or sections can be moved within said member so
      that its base projects well beyond said member and beyond said raised
      mounting, whereby in the travelling position of the tower a part of said
      section projects above a driver's cab forming a part of or linked to the
      carrier. Said outer member may be the base section of a telescopic tower.
      In a preferred arrangement, the tower is arranged to tilt down towards the
      rear end of the carrier, and in the travelling position of the tower the
      base portion of a section or sections of the tower projects above the
      driver's cab, the tower being sloped in the travelling position so that
      the tops of the tower sections are below the bases of the sections. The
      term "substantially horizontal" will be understood to include such a
      sloping arrangement.
PAR  A further advantageous space saving arrangement in accordance with yet
      another aspect of the invention includes a raised mounting on the carrier,
      said mounting being in the form of a bracket including two spaced apart
      plates, capable of accommodating between them part of the lower section of
      the tower, said bracket carrying a raised pivot for the tower which pivot
      is on the side of the bracket remote from the side on which the main part
      at least of the tower (and including the lowermost section of the tower)
      lies when in the travelling position. Accordingly, the height of the tower
      when raised includes the height of the bracket, up to the tower pivot.
PAR  The towers of my latest designs of crane include three or more tower
      sections. In order to achieve good rigidity with towers having or more
      tower sections, it is preferable for the tower sections to be provided
      with clamping means, such as hydraulically actuated plates mounted on one
      tower section and which clamp and firmly hold parts of an adjacent tower
      section, when the tower has been erected.
PAR  In order to increase the lifting capacity of my patented cranes, the
      carrier may be provided with areas near to the base mounting of the tower
      which may be suitably reinforced and which are capable of receiving
      counterweights for stabilizing the crane when erected.
PAR  In accordance with yet another aspect of this invention, a crane is mounted
      on mobile platform means provided with both crawler tracks and road
      wheels, and means are provided for causing relative vertical movement
      between the crawler tracks and the road wheels so that these can be
      selectively placed in contact with the ground or road. In a preferred
      arrangement, the rear chassis portion of the carrier (e.g., a
      semi-trailer) is pivotally connected to the main part of the carrier
      chassis for pivotal movement in the vertical plane. The main part of the
      carrier chassis has crawler tracks near to its rear end, and the pivotal
      portion has road wheels, and hydraulic means are provided for pivotally
      moving the pivotal portion from a raised position in which the road wheels
      are raised clear of a surface engaged by the crawler tracks, to a lowered
      position in which the road wheels contact the ground, movement of the
      pivotal portion to this lowered position also causing the tracks to be
      raised from the surface contacted by the road wheels.
DRWD
PAR  Preferred embodiments in accordance with the invention will now be
      described by way of example with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows a side elevation of a first embodiment of tower crane in
      erected condition, mounted on a semi-trailer;
PAR  FIG. 2 is a side elevation of the same crane folded into its travelling
      condition, and with the trailer prepared for travelling;
PAR  FIG. 3 is a perspective view of the top portion of the tower of the first
      embodiment showing the cab mounting arrangement;
PAR  FIG. 4 is a perspective view of the base of the tower of the first
      embodiment;
PAR  FIGS. 5 and 6 are respectively a longitudinal section and a cross-section
      of the jib;
PAR  FIG. 7 shows a side elevation of a second embodiment of a crane in
      accordance with the invention, in the erected condition,
PAR  FIG. 8 shows a similar view of the second embodiment of crane in the
      travelling condition,
PAR  FIGS. 9 and 10 show detail side views of the jib support means of the crane
      of FIGS. 7 and 8, in the operative and folded conditions respectively,
PAR  FIGS. 11 and 12 show side elevations of a third embodiment of a crane in
      the erected and travelling conditions, respectively,
PAR  FIGS. 13 and 14 show detail side views of the jib support means of the
      crane of FIGS. 5 and 6 in the operative and folded conditions,
      respectively,
PAR  FIG. 15 shows a side elevation of a fourth embodiment of crane, in
      travelling condition,
PAR  FIG. 16 shows an end view of the crane of FIG. 15, in the travelling
      condition,
PAR  FIG. 17 shows the main parts of the crane of FIG. 15, in the operative
      condition,
PAR  FIG. 18 shows a top plan view of the crane of FIG. 15 in the operative
      condition, and
PAR  FIG. 19 shows a side view of a fifth embodiment of crane in the folded
      condition.
DETD
PAR  Referring to FIGS. 1 to 6, the crane is shown supported on a mobile
      platform 10, which is constituted by the trailer portion of an articulated
      vehicle, the cab portion of which is shown in FIG. 2. The trailer 10 has
      road wheels 11, and three outriggers 12 on each side which engage the
      ground to support the trailer while the crane is in use. The outriggers
      are pivotally mounted beneath the trailer on vertical axes so that they
      can be swung outwardly from the sides of the trailer, as shown in FIG. 4.
      The outriggers have screw jacks 14 at their outer end with pads 14a for
      engaging the ground. When the jacks engage with the ground, the outriggers
      provide adequate stability for the crane which does not normally require
      any other stabilizing means such as guy-wires.
PAR  A tower 20 is mounted on trailer 10, the base of the tower resting on a
      reinforced pad 21 and being pivotally connected at the side thereof
      nearest the front of the trailer by hinge pins 22. The tower is tiltable
      between the erected, operative position shown in FIG. 1 to the horizontal
      travelling position on the trailer shown in FIG. 2, in which latter
      position the tower is wholly supported by the platform 10. Tilting
      movement of the tower is effected by two double acting hydraulic rams 24
      which are connected at one end to fixed points on the trailer chassis and
      which pass one on each side of the tower and connect to a horizontal bar
      25 firmly secured to the side of the tower facing the rear of the trailer.
      When the tower has been raised to its vertical position by rams 24, it is
      held in this position either by maintaining suitable pressure within the
      rams, or by fixing the base of the tower to pad 21 by known means such as
      latches, or bolts inserted through corresponding bolt holes in the pad and
      tower base.
PAR  The tower is a lattice type structure of form known for non-mobile tower
      cranes, having box beam corner members and tubular cross bracing members.
      Also, the tower is of known telescopic form, incorporating uppe (inner)
      and lower (outer) telescoping portions 30 and 31 respectively, and
      raisable by means of a known hydraulic climbing mechanism 32. This
      climbing mechanism is mounted in the upper telescoping portion, and
      includes two cross members 33 and 34, the upper member 33 being rigidly
      attached to the base of the upper tower portion, and being connected by
      hydraulic ram 35 to the lower cross member 34. Both cross members have at
      their ends automatic latching lugs which engage on two reinforced ladder
      members 36 on opposite sides of the outer or lower tower portion. With the
      lugs of member 34 engaging rungs of the ladder members 36, the ram 35 is
      extended to raise the member 33 and with it the upper tower portion, until
      the latches of member 33 engage on rungs of the ladder. The ram 35 is then
      retracted until the latches of member 34 engage on a higher rung, and the
      procedure is then repeated so raising the upper tower portion.
PAR  As best seen in FIG. 3, the top of the tower is constituted by a reinforced
      plate 45, on which rests a box-like platform 46 carrying the lower portion
      47 of a large diameter ball bearing. The upper portion of this bearing
      forms a turntable 48 to which is fixed the base of an operator's cab 40.
      The cab contains a hydraulic motor geared to a gear ring attached to the
      platform 46, by means of which the turntable and cab are rotated for
      slewing the jib.
PAR  The platform 46 is pivotally attached to the top of the tower 20 by means
      of hinge pins 41 passing through lugs attached to platform 46 and further
      lugs attached to the tower at the side thereof facing the rear of the
      trailer. Pivotal movement of the cab in the vertical plane is effected by
      a pinion 42 driven by a hydraulic motor within platform 46, which pinion
      engages with the internal teeth of a gear ring 43 attached to the top of
      the tower. The arrangement enables the platform 46 with the turntable and
      cab to be pivoted about hinge pins 41 through approximately 180.degree. of
      movement, between an operating position in which the cab forms an
      extension of the tower, and a travelling position, shown in FIG. 2, in
      which the cab lies alongside the tower. Locking means are provided for
      securing the platform 46 in its operating position on the tower.
PAR  The top of cab 40 is constituted by a heavy plate member on which is
      mounted a bracket having two side plates 49. These side plates carry
      between them a horizontal pivot supporting a jib 50 and allowing for
      vertical pivoting (i.e. luffing) movement thereof. This luffing movement
      is effected by a hydraulic ram 51 connected between a pivot point on the
      jib near to the inner end thereof and to the base of bracket 49.
PAR  It will be noted that, since the jib structure including the cab 40, the
      bracket 49, and the jib 50, rotates about the tower axis on the turntable,
      in operation the tower is subject to bending stresses in various
      directions, as the jib rotates around the tower carrying a load. It is
      evident therefore that the combination of the tower and its base mounting,
      and the means used to hold the tower in the vertical position, must be
      designed to resist such bending stresses, and to provide a firm support
      for the jib structure. Accordingly, the tower itself is similar to those
      used in the previously described non-mobile cranes, rather than the towers
      used in conventional mobile cranes which cannot withstand substantial
      bending forces without being held by stays, and which rotate with the jib.
PAR  The jib 50, which is shown in detail in FIGS. 5 and 6, comprises three
      telescoping sections, 50a, 50b, and 50c respectively. These sections are
      of hollow box-type construction, the side plates of which are apertured
      for lightness. Each of the sections 50a and 50b has internal wear plates
      55 acting as guides for the plates of the next section telescoping
      therein. In addition, support pads 56 are provided near the outer ends of
      the sections 50a and 50b, which provide strong support means for the ends
      of the next outer sections when these are in the extended position shown.
      These support pads 56 are of such thickness as to be clear of the adjacent
      surfaces of the respective top and bottom plates when the jib is being
      extended under no-load conditions and the sections are moving on rollers
      54, but as soon as the jib is loaded to any substantial extent deflection
      occurs in the rollers to bring the top and bottom plates of the sections
      into contact with these support pads 56.
PAR  The jib sections are extendible and retractable by longitudinally extending
      hydraulic cylinders 57 and 58 within and attached to the sections 50a and
      50b, the piston rod of each hydraulic cylinder being connected to the next
      outer section. Thus the piston rod of the cylinder 57 within section 50a
      controls section 50b, and the piston rod of the cylinder 58 within section
      50b controls section 50c.
PAR  A cable winch 60 is mounted on bracket 61 on the top of the inner jib
      section 50a, and this winch is driven via gearing by motor 62. Cable 63
      passes from the winch drum through guides along the top of the jib to a
      pulley 65 at the outer end of section 50c, and finally to a hook 66. The
      winch motor is controlled from within the cab to raise or lower the crane
      hook in accordance with known practice.
PAR  The cab 40 has attachment points 70 fixed to the four corners of the rear
      of the cab, for attachment of a counterweight support frame 72 shown in
      FIG. 1. This support frame has main members 73, the inner ends of which
      engage in attachment points 70, being held by removable pins. The upper
      horizontal frame members carry an A frame 75 supporting a pulley 76. The
      outer end of the support frame is formed with an aperture through which a
      counterweight 77 can be raised by a cable passing over pulley 76, and
      holding means such as slidable bars are provided to extend across this
      aperture and support the counterweight when in position as shown in FIG.
      1.
PAR  The hydraulic supply for the tower raising rams 24, the tower climbing
      mechanism, and the jib movement, is provided for by a pump and drive motor
      contained in a power unit 80 mounted at the rear of the trailer. This
      power unit also has control gear in particular related to those functions
      not controlled from the cab, i.e. the raising and lowering of the tower,
      and the vertical pivoting movement of the cab 40 on the tower and the
      pivoting of the tower for folding this onto the platform.
PAR  When erected as shown in FIG. 1, the crane is operated from the cab 40 in
      accordance with normal practice for tower cranes. The jib performs all the
      usual motions of a luffing-type crane jib, with the additional telescoping
      motion controlled by the hydraulic means described.
PAR  When it is required to prepare the crane for movement to a different site,
      the counterweight is first lowered, with the cab swung around so that the
      counterweight can be positioned on a suitable part of the trailer, or on a
      separate vehicle. In this operation, the jib is first raised to near its
      vertical position, and the cable 63 is run out so that this may be sheaved
      under a pulley within bracket 49 (not shown) and over the pulley 76, hook
      66 being then attached to the counterweight. Winch 60 is operated to raise
      the counterweight slightly to allow the removal of the holding means from
      under the counterweight, and then operated in reverse manner to lower the
      counterweight through the frame 72.
PAR  After the removal of the counterweight, the hydraulic climbing mechanism 32
      is operated to cause the upper tower portion 30 to telescope within the
      lower portion 31 to reduce the tower to the minimum height. With the jib
      50 raised to a position above the cab, the rams 24 are then operated to
      lower the tower structure onto the platform 10. The motor geared to pinion
      42 is then operated to raise the cab and jib to a position just above
      centre, at which position the jib cable and hook 66 can be used for
      supporting the frame 72 while this is removed by extraction of the holding
      pins 70. With the frame 72 stowed separately, the cab 40 is then folded
      completely horizontally against the top section of the tower so that the
      crane assumes the travelling position shown in FIG. 2. With the motor
      driven cab section attached to the trailer as shown, the outriggers 12 are
      raised to allow the whole unit to move.
PAR  The movements described above are all interlocked in sequence to prevent
      the rams 24 being operated while the tower is extended or while jib 50 is
      not properly positioned, and also to prevent the cab from being folded
      until the tower has been lowered onto the platform.
PAR  Erection of the crane to the operating position is effected by reversing
      the above sequence of operations, interlocks also being provided to ensure
      that the operations are correctly sequenced.
PAR  As an alternative to using the jib cable 63 for lowering and raising the
      counterweight, a separate winch may be provided near the rear end of the
      jib, having a cable passing over pulley 76 and permanently attached to the
      counterweight, and this latter winch may be operated by the same motor 62
      as operates winch 60.
PAR  It will be seen that the crane as described is readily mobile and versatile
      due to the extendibility of both the tower and the jib. The extendible jib
      allows loads to be manoeuvred close to the tower with the jib retracted
      and without the jib being canted up at a steep angle, so that swinging of
      the load at the end of the cable is minimized.
PAR  When it is required to raise very heavy loads, the jib may be supported by
      cables extending from an A frame erected on top of the cab. This A frame
      may be lifted into position by the jib itself.
PAR  In the first embodiment of crane described above, the tiltable unit
      comprising the turntable 48, the cab 40, and the jib support bracket 49,
      is tiltable through an angle of 180.degree. by the gear ring 43. This is
      necessary since the jib pivot is spaced well above the pivotal connection
      between the tiltable unit and the tower, so that with tilting movement of
      much less than 180.degree. the jib could not be aligned closely with the
      tower. This arrangement has the drawback that the tilting movement of
      180.degree. or thereabouts cannot be achieved with a single hydraulic
      cylinder. In accordance with my new embodiments of crane, this drawback is
      avoided by using jib folding means in the form of a tiltable unit carrying
      the jib pivot in which the pivotal mounting for the tiltable unit is
      relatively close to the jib pivot, so that the jib can lie close to the
      tower when the tiltable unit has been rotated to a folded position which
      is displaced about 90.degree. from the operating position. The tiltable
      unit is thus rotatable through a folding angle of about 90.degree.  or
      less to align the jib with the tower, and this folding angle need be no
      more than the angle between the jib and the tower when the jib is in its
      lowermost normal operating position; accordingly movement of the tiltable
      unit can be achieved by a single hydraulic cylinder.
PAR  The new embodiments of cranes also have new folding arrangements, and other
      new features described below.
PAR  Referring now to FIGS. 7 to 11, these show a readily mobile tower crane
      supported on mobile platform means in the form of a truck having a unitary
      chassis 110 supported by front and rear pairs of steerable crawler tracks
      111. The chassis is also provided with outriggers 112, for engaging the
      ground and supporting the chassis firmly when the crane is in use. The
      outriggers are pivotally mounted on the chassis for swinging movement
      about a vertical axis, and are provided with hydraulically operated ground
      engaging pads 112a.
PAR  Near to the front of the chassis, behind the driver's cab, there is
      provided a base mounting 113 for the tower 114 of the crane. The base
      mounting 113 includes a reinforced portion of chassis arranged to support
      the base of the tower when erected, and pivot means 115 connecting the
      base of the tower to the mounting. The pivot means 115 comprise hinge pins
      which pass through upstanding lugs 115' fixed to the chassis, and through
      holes in plate members 116 which are firmly fixed to each lateral side of
      the base of the tower. The base mounting also includes lugs 117, near to
      the driver's cab, which have bolt holes which become aligned with further
      bolt holes 118 in the plate member 116 when the tower is raised to its
      vertical operating position, and the tower may be fixed in this vertical
      position by inserting bolts through corresponding holes 118 and those in
      the lugs 117. The tower is tiltable between the horizontal travelling
      position of FIG. 8 and the vertical operating position of FIG. 7 by
      raising means comprising two double acting hydraulic rams 120, arranged
      one at each side of the tower. The rams are connected between lugs 121 on
      the chassis to the rear of the mounting 113, and further hinge pins 122
      carried by an extension of the plates 116. The arrangement is such that
      extension of the rams 120 raises the tower to the vertical position by
      pivoting this about the pivot means 115.
PAR  The tower is of lattice type structure of a type generally known for
      non-mobile tower cranes which are normally fixed in position and which
      carry a turntable at their upper ends. The tower has box beam corner
      members and tubular bracing members. The tower is of telescopic form,
      incorporating a lower, outer section 125, and an inner upper section 126,
      and these sections are slidably arranged in a manner known in the art.
      Sliding movement is effected by a rack and pinion arrangement, including a
      hydraulically operated motor attached to the lower section 125 near to its
      upper end, and driving a pinion which cooperates with a rack extending
      along the upper section 126.
PAR  It will be noted that the upper section 126 is somewhat longer than lower
      section 125. During folding of the crane, the upper section 126 is firstly
      retracted within the lower section while the tower is still vertical,
      until the base of the upper section is adjacent that of the lower section.
      After the tower has been lowered to the horizontal position by rams 120,
      the upper section 126 can be slid further within the section 125 to the
      position shown in FIG. 8, in which the upper ends of the two sections are
      adjacent and the lower end of section 126 projects beyond that of section
      125, thus projecting over the area of the base mounting 113 and thereby
      utilizing space on the vehicle which would otherwise be wasted.
PAR  The top portion of the tower section 126, as shown in detail in FIGS. 9 and
      10 incorporates a cab 130, and the jib structure including the jib support
      means with which the present invention is primarily concerned are mounted
      on top of this cab. The jib support means includes a plate 132 forming the
      roof of the cab and which carries the lower portion of a large diameter
      ball bearing 133. The upper portion of this bearing forms a turntable for
      the rotatable part of the jib support means, and the cab includes a
      hydraulically operated motor for rotating the turntable and thus slewing
      the jib. The turntable carries a fixed support plate 135, and the
      remainder of the jib support means is constituted by a tiltable unit 136
      which is carried by a tiltable support plate 137 pivotally mounted on the
      support plate 135. The pivotal mounting for the tiltable unit 136 is
      constituted by hinge means 138 which connect brackets on one side of the
      fixed plate 135 (hereinafter termed the front side) with similar brackets
      on the front side of the tiltable support plate 137. Similar brackets 140
      and 141 are provided on the rear side of the plates 135 and 137, and these
      latter brackets have holes which are aligned when the tiltable unit is in
      the operating position as shown in FIG. 7, so that the tiltable unit can
      be locked in this operating position by insertion of suitable bolts
      through the holes in these brackets.
PAR  The tiltable support plate 137 carries a jib mounting bracket 143 including
      heavy side plates defining a recess for the inner end of a jib 144, and
      carrying bearing means for a jib pivot 145 on which the jib is mounted.
      The jib projects outwardly over the front side of the jib support means,
      and the jib pivot 145 is such as to allow luffing movement of the jib, and
      is positioned to the rear of the tower axis, being behind the plane of the
      rear face of the tower. A pair of jib luffing cylinders 147 are provided
      each having one end connected to a bracket on the top of the jib and the
      other end connected to the jib mounting bracket 143 at a point near to the
      pivot mounting 138 of the tiltable unit. The jib luffing cylinders 147 are
      dimensioned and arranged so that, with the tiltable unit in the operating
      position, the cylinders 147 can cause luffing movement of the jib between
      a raised position about 30.degree. below the horizontal.
PAR  The jib 144 itself is a three section telescoping jib, which includes
      hydraulic cylinder means operable to cause telescoping movement of the
      sections. The jib may be of the type described in my aforesaid Canadian
      patent, or may be other similar types of jib known in the hydraulic crane
      art. It will be noted that the proportions of the tower and the jib are
      such that the majority of the height of the crane hook is provided for by
      the tower, the jib when extended being shorter than the tower when
      extended.
PAR  The jib mounting bracket also carries a pivot mounting 150 for the outer
      end of a second hydraulic cylinder 151, the piston rod end of which is
      connected to a lug 152 on the rear of the side of the fixed plate 135.
      This second hydraulic cylinder 151 is dimensioned and arranged so that,
      with the bolt means connecting the brackets 140 and 141 removed, the
      cylinder 151 can be used to tilt the tiltable unit 136 about pivot
      mounting 138 from the operative position shown in FIG. 9 to the folded
      position shown in FIG. 10. This movement involves a tilting of the unit
      136 through a folding angle of about 60.degree., or at least equivalent to
      the substantial angle between the tower axis and the jib when the unit 136
      is in its operating position and when the cylinder is retracted to bring
      the jib 144 to its lowered position. Accordingly, with the turntable so
      positioned that the jib is at the front side of the tower in relation to
      the vehicle (i.e., the top side of the tower when folded), the jib may be
      folded alongside the tower by firstly operating the hydraulic cylinder 147
      to bring the jib down to its lowermost operating position, and then
      operating the second hydraulic cylinder 151 to tilt the unit 136 through
      about 60.degree. and to bring the jib into alignment with the tower, as
      shown in FIG. 10.
PAR  It will be seen that the relationship between the jib pivot 145 and the jib
      itself, as well as the positions of the pivot mounting 138 and the amount
      of tilting movement given by cylinder 151, are such that in the folded
      position the jib lies closely alongside the front of the tower, so that in
      the folded position of FIG. 8 the height of the crane is at a minimum.
PAR  Also, it may be noted that in the operating position, the jib pivot 145,
      and therefore the main weight of the jib mounting bracket 143, is behind
      the tower axis, so that the bracket 143 itself forms a partial
      counterweight for the jib. In addition, however, a further heavy
      counterweight 154 is provided, fixed to the rear end of the bracket 143.
      The provision of fixed counterweight means significantly reduces the
      erection time for the crane as compared to that required for the erection
      of the crane shown in FIGS. 1 to 6, which showed a removable counterweight
      and counterweight support frame which had to be fixed in place during the
      erection of the crane.
PAR  The tilting of the unit 136 from the operative position to the folded
      position moves the jib pivot 145 forwards from the position behind the
      tower axis to a position in front of the tower axis. The fact that the jib
      pivot moves in this way simplifies construction of the jib, since it means
      that in order for the jib to be foldable alongside the tower it is not
      necessary for the jib pivot to be offset to a large extent from the jib
      axis.
PAR  The jib 144 has a cable winch recessed therein at its inner end near to the
      jib pivot, which is connected to the crane hook cable 160. This is in
      accordance with usual hydraulic crane construction.
PAR  Erection of the crane as described is very simple. Firstly, when a suitable
      site has been chosen, and beginning with the crane in the travelling
      position of FIG. 8, the outriggers 112 are positioned to give firm support
      for the chassis 110. Next, the hydraulic motor connected to the tower
      telescoping rack and pinion mechanism is operated to move the upper tower
      section 126 a short distance towards the rear of the vehicle, until the
      base of the upper section passes through the base of the lower section
      125. Next, the rams 120 are operated to raise the tower to the vertical
      operating position, and the tower is secured in this position by bolts
      passed through lugs 117 and holes 118. The ram 151 is then operated to
      tilt the unit 136 to the operating position of FIG. 7, bringing the jib to
      its lowermost normal operating position. The hydraulically powered rack
      and pin mechanism is again operated to raise the tower to the required
      height, and the tower sections are then locked together by means known in
      the art. The crane operator then climbs a ladder provided (not shown), and
      after entering the cab 130 secures the tiltable unit 136 by inserting
      bolts through holes in the brackets 140 and 141. The crane is then ready
      for operation. The estimated erection time for this crane is less than 10
      minutes.
PAR  A crane having a tilting top similar to that of FIGS. 7 to 10 may also have
      a cab which, instead of being fixed in the tower, is rotatable with the
      jib. One rotatable cab arrangement is shown in the embodiment of crane
      shown in FIGS. 11 to 14, which also differs from the crane just described
      in other significant respects, in particulaar the manner in which the
      tower is folded to allow use of a minimum length of vehicle in relation to
      tower height.
PAR  The crane shown in FIGS. 11 to 14 has many parts similar to corresponding
      parts of the crane described with reference to FIGS. 7 to 10, and these
      parts are shown by the same reference numerals but with the suffix a.
      These include mobile platform means in the form of a vehicle having a
      unitary chassis 110a on which the crane structure is mounted. The chassis
      110a carries, behind the vehicle cab, a mounting 110a raised above the
      vehicle chassis. This mounting comprises a short tower section 170 similar
      in height to the vehicle cab and which carries a bracket consisting of two
      side plates 171 of triangular form the top ends of which carry bearings
      for pivot means 115a. The lower section 125a of the tower has two side
      plates 116a attached to the lateral sides of its base, and these plates
      116a have lugs 116b pivotally connected by pivot means 115a to the bracket
      plates 171 thus allowing tilting movement of the tower about pivot means
      115a, the plates 171 being spaced apart sufficiently to allow the lower
      tower section to move therebetween. The plates 171 also have lugs 172
      which have bolt holes which are aligned with bolt holes 173 in the plates
      116a when the tower is erected as shown in FIG. 11, so that the tower can
      be held in the erected position by inserting bolts through these bolt
      holes. Rams 120a are provided for tiltably moving the tower between the
      slightly sloping travelling position of FIG. 12 and the vertical erected
      position of FIG. 11. A rest 174 is provided to the rear of mounting 113a
      for supporting the rear of the tower when in the travelling position. It
      will be noted that the use of the raised mounting 113a serves two
      purposes; firstly it increases the tower operating height by an amount
      equivalent to the height of the mounting up to the pivot means 115a, and
      secondly it allows the use of a special sloping arrangement (to be
      described) in which part of the tower is above the cab.
PAR  The tower comprises two telescoping sections 125a and 126a, generally
      similar to the sections of the crane described above and telescopingly
      movable by similar means, but with the upper section 126a being much
      longer than the lower section 125a, in fact being nearly twice the length
      of this lower section. The difference in length between the upper and
      lower sections is greater than the distance separating the mounting 113a
      and the rear of the vehicle cab. When the tower is being folded, it is
      first telescoped downwards while erect, until the base of upper section
      126a is adjacent that of lower section 125a, and the tower is then tilted
      down to a position in which the tops of the tower sections (i.e. the upper
      ends in the erected position) are below the bases of the sections. The
      telescoping of the tower is then resumed until the base of the upper tower
      section 126a comes above the cab of the vehicle, as shown in FIG. 12, and
      in which the tops of the tower sections are adjacent each other.
PAR  It will be seen that this modified arrangement allows utilization of the
      space above the vehicle cab for accommodating the folded tower, and
      therefore allows the folded crane and vehicle combination (for a given
      tower height) to be shorter, although higher, than with the configuration
      of FIG. 8.
PAR  The top of the tower carries the lower part of a ball bearing 133a, the
      upper part of which bearing forms a turntable supporting a fixed support
      plate 135a. Plate 135a carries a tiltable support plate 137a hingedly
      attached thereto at 138a, this support plate 137a carrying the tiltable
      unit 136a. Brackets 140a and 141a are provided on the respective support
      plates 135a and 137a, and these brackets have bolt holes which are in
      alignment with each other in the operating position of the unit 136a, as
      shown in FIGS. 11 and 13, so that the tiltable unit can be fixed in the
      operating position by inserting bolts through these bolt holes.
PAR  The tiltable unit 136a includes a jib mounting bracket 143a generally
      similar to that of FIGS. 7 to 10, except in that this extends further
      rearwardly, so that the counterweight 154a is displaced further from the
      tower axis. The arrangement of the jib luffing cylinders 147a and the
      cylinder 151 which tilts the unit 136a are also arranged in similar manner
      to those of FIGS. 7 to 10. In this embodiment, however, both the cylinders
      147a and 151a are arranged to give about the same degree of pivotal
      movement to their respective parts, i.e. the angle through which the
      cylinders 147a are capable of moving the jib 144a between its uppermost
      and lowermost positions is roughly equivalent to the angle through which
      the tiltable unit 136a is tilted between its operating and folded
      positions, both these angles being around 85.degree..
PAR  The main difference between the modified arrangement of FIGS. 11 to 14
      however, and FIGS. 7 to 10, lies in the arrangement of the cab, this cab
      175 being mounted on a forwards extension of the plate 137a and to one
      side of the path of movement of the jib 144a. The arrangement is such that
      in the lowered position of the jib, for example as in FIG. 12, the jib
      lies alongside the cab. Clearly, in this arrangement, the cab is not a
      structural part required to carry any bending stress.
PAR  Another feature of the embodiment of FIGS. 11 to 14 is the provision of an
      engine 176, which is also mounted on an extension of the plate 137a, this
      extension being on the opposite side to the jib from the cab 175, and
      central in the fore and aft direction. This engine is connected to a
      hydraulic pump, which is capable of supplying power for the hydraulic
      movements of the jib.
PAR  Operation of the crane as shown in FIGS. 11 to 14 is generally identical to
      that of FIGS. 7 to 10, and therefore will not be further described. It may
      be noted, however, in this connection that in the folded position of the
      tiltable unit the jib pivot is in a position well forward of the top side
      of the folded tower, so that in fact the jib pivot can be almost aligned
      with the jib axis.
PAR  The jib support means as shown in either of the embodiments described above
      may be modified by the provision of a movable counterweight, for example
      slidable on rail means on a frame extending behind the jib mounting
      bracket, hydraulic cylinder means being provided for moving the
      counterweight to alter its distance from the tower axis. This arrangement
      has two advantages: firstly the position of the counterweight may be
      adjusted either automatically or manually to give the minimum bending
      moment on the tower and turntable at all times, and secondly the
      counterweight may be retracted towards the tower axis for folding the
      crane, so that the folded crane occupies a minimum of space.
PAR  In the embodiments described the jib alignment means comprises a tiltable
      unit, which is a convenient arrangement due to its simplicity, and to the
      manner in which is allows the jib pivot to be moved from a rearwards
      position (where the jib mounting bracket partially counterbalances the
      jib) to a forwards position (in which the alignment of the jib with the
      tower is facilitated). However, other forms of jib folding means may be
      contemplated, which do not require any movement of the jib pivot. For
      example, the end of the jib luffing cylinder connected to the jib could be
      made movable along the jib, or the other end of the jib luffing cylinder
      could be made movable along the tower, in such manner as to fold the jib
      alongside the tower. Alternatively, the end of the jib luffing cylinder
      remote from the jib, instead of being fixed in relation to the jib
      mounting bracket, could be mounted on a swinging member, this member being
      enabled to be swung by second hydraulic cylinder means to a position in
      which the jib is brought alongside the tower.
PAR  FIGS. 15 to 18 show a semi-trailer mounted crane having several features
      not shown in the cranes described above.
PAR  The semi-trailer carrier shown in FIGS. 15 to 18 is provided with both
      crawler tracks 180 and rear road wheels 182 mounted on tandem axles. The
      crawler tracks 180 are mounted one at each side of the rear of a main
      chassis part 183, and the road wheels 182 are mounted on a rear chassis
      portion 185 which is connected to chassis part 183 by a pivot 186 which
      allows pivotal movement of portion 185 in the vertical plane. This pivotal
      movement is effected by a double acting hydraulic cylinder 188 connected
      between a lug 183a on the chassis part 183 and a lug 185a on the portion
      185. The cylinder 188 is capable of moving the portion 185 from a raised
      position (shown in FIG. 15) in which road wheels 182 are raised clear of
      the surface engaged by tracks 180, to a lowered position (shown in FIG.
      17) in which the road wheels 182 contact the ground, the movement of
      portion 185 to this lowered position causing the tracks 180 to be raised
      off the ground. Thus it will be seen that operation of cylinder 188 causes
      movement of the road wheels 182 between positions which are selectively
      above and below the plane of the lower surface of the crawler tracks.
PAR  The chassis part 183 on which tracks 180 are mounted is connected to
      detachable front portion 183a by interengaging connecting means in the
      form of a releasable joint 184, at the end of part 183 remote from road
      wheels 182, this is not however an articulated joint. It will be apparent
      that the separable front chassis part 183a, in the travelling condition of
      the crane (FIG. 15), extends under a portion of the length of the tower.
PAR  The chassis part 183 is also provided with outriggers which are set when
      the crane is operating.
PAR  The chassis part 183 forward of the tower mounting, and the pivotal portion
      185, are each provided with reinforced areas for the reception of
      counterweights 190 shown in FIG. 17, which stabilize the crane and
      increase its operating capacity.
PAR  The tower shown in FIGS. 15 to 18 is tiltably mounted on a raised mounting
      113b carried by chassis part 183 at the rear of the trailer, this mounting
      being centrally located with respect to crawler tracks 180. The mounting
      113b is in the form of a bracket including two side plates 191 spaced
      apart to accommodate the lower section 125b of the tower, which tower
      section is pivotally attached to the plates 191 by a raised pivot 193
      which pivot is at the rear upper corner of the bracket 113b, i.e., at the
      side remote from the side on which the main part of the tower lies in its
      travelling position. Accordingly, the tower height when raised includes
      the height of the bracket 113b up to pivot 193, and in the folded
      condition the base of the tower rests within the bracket 90 so that this
      space is not wasted.
PAR  The tower comprises three telescoping sections, each with hollow box beam
      corner members set diagonally across the corners of the sections, as shown
      in FIG. 16. The tower sections may be telescopically moved by a single
      multi-section telescoping hydraulic ram having a stroke equivalent to the
      total required movement of the top section.
PAR  The top of the crane of FIGS. 15 to 18 includes a rotatable cab 200,
      mounted on a turntable 133b. The cab has a structure similar to that of
      the tower. The cab has bracing struts 202 associated therewith and
      carrying bearing means 203 adjacent the top of cab 200 on which the
      tiltable unit 136b is pivotally mounted. A pair of hydraulic cylinders
      151b is provided for tilting the unit 136b, these cylinders extending
      substantially the length of the cab and being mounted at their lower ends
      on the turntable. As seen in FIG. 15, the cylinder 151b is capable of
      tilting the unit 136b through a folding angle of approximately 90.degree.,
      for folding the crane. A pair of jib luffing cylinders 147b are connected
      between brackets 205 attached to the base of tiltable unit 136b, and a
      bracket on the top of the jib 144b, the jib being pivoted to tiltable unit
      136b at jib pivot 145b (FIG. 18) above the top of the cab. The nature of
      the jib mounting, the counterweight, and the cable winch, are all
      generally as described in detail with reference to the embodiment of FIGS.
      7 to 10.
PAR  The operation of the crane is also similar to that of FIGS. 7 to 10, but
      includes operation of the crane on its crawler tracks 180. After arrival
      on site in the condition of FIG. 15, the cylinder 188 is operated to raise
      wheels 182, so that the trailer rests on tracks 180. The crane is then
      erected in manner similar to that described with reference to the
      embodiment of FIGS. 7 to 10. After erection, the crane is used to support
      the chassis portion 183a while this is detached from portion 183 at joint
      184, and the portion 183a is then removed by the tractor vehicle. The
      crane is then in the condition shown in FIG. 17, and can be moved on its
      crawler tracks around a building site. Before such movement, the
      outriggers 207 are of course raised, and the tower is preferably
      telescoped down to its minimum height to improve the stability. The
      removal of chassis portion 183a improves the mobility of the crane in this
      condition. For operation of the crane in a selected position, the
      outriggers 207 are set, as shown in FIG. 18.
PAR  For preparing the crane for travelling, the trailer chassis portion 183a
      can be re-positioned and attached at joint 184 while being supported by
      the crane hook.
PAR  FIG. 15 illustrates the manner in which the tilting of unit 136b causes
      this unit to be effectively raised from the carrier when the crane is
      folded, as compared to the position which would be occupied by a
      non-tiltable unit, thus avoiding carrier parts such as the trailer "goose
      neck" and the cab. In fact, with the arrangement of FIGS. 10 to 12, in
      which the tower mounting is at the rear of the trailer, the folded
      tiltable unit 136a fits conveniently above the carrier cab. This is
      achieved by arranging that bearing means 203 are approximately aligned
      with the side of the turntable 133b which is uppermost when the crane is
      in the travelling condition. Since the main part of the jib is disposed
      above these bearing means, this allows part of the jib to project over the
      upper side of the tower and a further part to be raised above an upwardly
      projecting part of the carrier such as the goose-neck and/or the carrier
      cab which part lies beyond the top of the lowered tower.
PAR  FIG. 19 shows a crane similar to that of FIGS. 15 to 18, but mounted on a
      standard truck without crawler tracks. Again, it will be seen that the
      tiltable unit 136d fits conveniently over the truck cab.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile tower crane, comprising mobile platform means carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      said mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which travelling
      position the tower is supported by said mobile platform means, and raising
      means interconnecting the platform means and the tower for moving the
      tower between said positions, said combination being such that the tower
      when raised provides a firm support suitable for supporting a jib
      structure which is rotatable relative to the tower about the tower axis
      and which thereby in operation causes bending moments to be applied to
      said tower in various directions; and a jib structure carried by said
      tower which structure includes jib and jib support means, said jib support
      means including a turntable mounted at the top of the tower and means for
      rotating said turntable to cause slewing of the jib support means about
      the tower axis, a jib pivot mounting said jib on said jib support means to
      allow luffing movement thereof, and first hydraulic cylinder means
      connected between said jib support means and said jib for causing said
      luffing movement; wherein there is provided a tiltable unit carrying the
      jib pivot which unit is pivotally connected to the tower, and second
      hydraulic cylinder means connected to said tiltable unit for causing
      pivoting thereof between an operating position and a folded position, in
      which operating position, with the tower vertical, the said first
      hydraulic cylinder means is capable of luffing the jib between a raised
      position in which it forms an extension of the tower and a lowered
      position in which the jib forms a substantial angle of between about
      60.degree. and 90.degree. with the tower axis, and in which the said
      second hydraulic cylinder means is capable of tilting said tiltable unit
      through an angle equivalent to said substantial angle, whereby the jib may
      be folded alongside the tower by operating said first cylinder means to
      lower the jib, and subsequently operating said second cylinder means to
      tilt the tiltable unit through said substantial angle, and wherein the
      relationship between the pivotal connection connecting the tiltable unit
      to the tower and the jib pivot is such that the jib lies close to the
      tower when the tiltable unit is in its folded condition.
NUM  2.
PAR  2. A mobile tower crane according to claim 1, wherein a cab is provided at
      the top of the tower, and wherein said tiltable unit is mounted on top of
      said cab.
NUM  3.
PAR  3. A mobile tower crane according to claim 2, wherein said cab is mounted
      on said turntable, and wherein said second hydraulic cylinder means
      extends substantially the length of said cab between a mounting near to
      the cab base and a connection with said tiltable unit.
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ABST
PAL  In a molding process wherein a press delivers molded parts alternately to
      two or more stations, an apparatus is provided for moving a part from any
      one of the alternate press unloading stations to a common receiving
      station. The apparatus moves the part along a curvilinear path while
      maintaining the orientation of the part constant with respect to the
      receiving station. The apparatus includes a carriage which is supported on
      an overhead track, and which itself supports a rotatable holder. The
      apparatus further includes mechanical means capable of rotating the holder
      in response to the change in angular orientation of the carriage as it
      moves along the curved track, to effect the controlled orientation of the
      part as desired.
BSUM
PAR  This invention relates to a method and apparatus for handling articles such
      as workpieces or finished parts. More specifically the invention finds use
      in manufacturing processes where it is necessary to move the article from
      one station to another along a curved path and place it at the second
      station according to a predetermined orientation.
PAR  Notwithstanding the many modern day processes for manufacturing, packaging,
      distributing, etc., articles of manufacture in which the invention may
      have application, it has proven particularly useful in a representative
      process which will be referred to in the discussion of the invention which
      follows.
PAR  The process, known as the filter press process, is used for making molded
      thermal insulation products of hydrous calcium silicate. In this process a
      slurry is prepared consisting of cellular siliceous material, hydrated
      lime, and reinforcing fibers such as glass, mineral wool, or asbestos.
      This slurry is poured into a foraminous mold. The mold is closed in a
      press with sufficient pressure to force most of the water out of the
      slurry through the porous walls of the mold. The pressure imparted
      compacts the solids content in the slurry to develop sufficient
      shaperetaining cohesive strength in the resulting wet molded part to make
      the product handleable without support. The "green ware" is then placed in
      an autoclave under high pressure and temperature where it is cured and
      dried.
PAR  Calcium silicate products made by the filter press process are widely used
      as insulating materials in high temperature applications. Products can be
      molded in a variety of shapes, but the most common shapes are flat blocks
      and semi-cylindrical sections for insulating pipes. In the discussion of
      the invention and its association with the filter press process which
      follows, semi-cylindrical sections of calcium silicate green ware have
      been chosen to typify a workpiece which can be handled by the apparatus of
      the invention. Orientation of the semi-cylindrical workpiece will be
      discussed in relation to its longitudinal axis since this reference is
      most easily understood.
PAR  In a typical filter press process, the press is designed to unload parts
      alternately in one of two positions on opposite sides of the press. It is
      necessary to transfer the green ware from both unloading stations of the
      press to the next work station, which is usually the autoclave.
PAR  It has been found convenient to stack a large number of the uncured pieces
      on a flat car, which in turn is placed with other cars in the autoclave.
      In a commercially sized process the autoclaves are capable of handling a
      number of such cars at one time. It is therefore desirable to have a means
      for quickly and efficiently loading or stacking the green ware on the
      cars. An automatic loading facility can be more easily and inexpensively
      provided if the green ware is conveyed to the loading station according to
      a particular orientation. Otherwise, it is necessary to have a man arrange
      the workpieces before they go into the loaders, or to provide a
      complicated and expensive loader which can handle random parts.
PAR  It is therefore desirable to have a means for removing the workpieces from
      either of the unloading positions of the filter press, and transporting it
      to a station where it is deposited according to the same predetermined
      orientation regardless of which position it is transferred from. The green
      ware can then be either stacked directly on an autoclave car or conveyed
      to another position for further automatic handling as desired.
PAR  It is therefore a principal object of the invention to provide a method and
      apparatus for transferring articles, such as filter press green ware, from
      one or more press station along a curvilinear path to a common station
      where the workpiece is deposited according to a predetermined orientation.
PAR  Although it is within the scope of the invention to provide for any curved
      path which passes through a number of work stations, it has been found
      particularly convenient to have the transfer device travel a circular
      path. With this particular path it is possible to have the transferring
      device maintain a particular orientation constantly throughout the path.
PAR  It is therefore another object of the present invention to provide a method
      and apparatus for moving an article along a circular path while
      maintaining the orientation of the article constant with respect to a
      fixed reference lying in the plane of the circular path.
PAR  It is a further object to provide an apparatus capable of performing the
      above method which is both simple in construction and operation.
PAR  These and other objects are achieved in the present invention by an
      apparatus which includes a carriage which traverses a curvilinear path
      embodied in the form of a track. An elevatable and rotatable holder for
      the article is attached to the carriage. A device is provided for sensing
      the change in angular orientation of the carriage as it moves along the
      path. Also provided is a device responsive to the sensing device for
      rotating the article holder to control its orientation and therefore the
      orientation of the article. In one embodiment of the invention, discussed
      in detail below, the track is circular, and simple mechanical transmission
      components are combined to provide for constant corrective rotation of the
      holder to maintain the orientation of the article constant at all points
      along the circular path.
DRWD
PAR  Further discussion and description of the invention follows with reference
      to the accompanying drawings forming a part of this specification, of
      which:
PAR  FIG. 1 is a plan view showing the apparatus of this invention in
      association with a typical filter press process arrangement;
PAR  FIG. 2 is a view in perspective of an apparatus embodying the present
      invention;
PAR  FIG. 3 is a side elevation view in section of the drive for the apparatus
      of FIG. 2 as taken along the line 3--3 in FIG. 2; and
PAR  FIG. 4 is a side elevation view of the apparatus of FIG. 2.
DETD
PAR  Referring to FIG. 1, a typical filter press for making molded calcium
      silicate products is shown and indicated generally at 1. The filter press
      1 includes a hydraulically operated mold ram head. Attached to the ram
      head is a male mold section. The filter press also includes a
      reciprocating table 2, which is provided with a female mold section 3, 3'
      on each end. In the operation of the filter press, parts are molded
      alternately on the female mold sections 3 and 3' with the press table
      indexing back and forth between cycles. When a molding cycle is complete,
      the press opens and the table 2 shifts to the opposite position whereupon
      the formed part can be removed from the female mold section as another
      part is being formed. In FIG. 1 the table is shown in the left-hand
      position A with the part on the left-hand mold 3 ready to be removed.
PAR  A receiving conveyor 4 is shown on an axis parallel to the centerline of
      the filter press 1. An autoclave car loading station 6 is shown at the end
      of the receiving conveyor. An autoclave car 5 can be indexed transversely
      to the conveyor 4 to facilitate the automatic stacking of the workpieces 7
      thereon. This method of loading the cars is only representative; no
      attempt is made to show or describe any or all of the many devices for
      automatically stacking, packing or otherwise handling objects, with which
      the invention could be used.
PAR  A transfer device is shown generally at 10. The carriage 20 is designed to
      travel along the circular track 12. The carriage can travel from a
      position directly over the left-hand unloading position A of the press
      table 2 to position B above the receiving conveyor 4, and subsequently on
      to the position C over the right-hand unloading portion of the press
      table. Thus workpieces 7 can be removed from either unloading position A
      or C of the press 1 and delivered to the receiving station B according to
      the same orientation for easy loading onto the autoclave car 5.
PAR  The track 12 comprises an inside rail 14, an outside rail 16, and a length
      of roller chain 18 pulled tightly along the outer circumference of the
      inside rail 14. Although the track 12 is shown circular, it is intended to
      be representative of any curvilinear pathway, since as will be discussed
      later, the invention in its broadest sense has application to other
      curvilinear pathways besides circular ones. The circular arrangement of
      the track 12 is shown since it is particularly suited in the filter press
      process arrangement as shown, and in other processes where a larger number
      of stations are to be served.
PAR  FIG. 2 shows the transfer device 10 in more detail. The carriage assembly
      20 consists of a top support plate 22 which is supported on the track 12
      by rollers 27. The bottom support plate 24 is supported from the top plate
      22 by an air cylinder 28. The female guides 25 extend down from the bottom
      of the top support plate 22 and mate with the guide rods 26 extending up
      from support plate 24 to maintain the alignment of the apparatus. The air
      cylinder 28 is capable of raising or lowering the bottom support plate 24
      when removing the workpieces from the molds or depositing them on the
      receiving conveyor 4.
PAR  The drive for the carriage 20 is shown in FIG. 3. It consists of an air
      motor 30, a reducer 31 and a sprocket 32. The drive assembly is mounted on
      the top support plate 22 with the sprocket 32 engaging the chain 18
      mounted on the inside rail 14. Although any of a number of conventional
      drive systems could be used, a hydraulic or pneumatic motor is
      particularly suitable, since its direction is easily reversed through a
      simple application of valves and controls.
PAR  Referring again to FIG. 2, a workpiece holder 8 is shown suspended from the
      bottom support plate 24 of the carriage by shaft 48. Since the green ware
      produced in the filter press process is somewhat fragile, the workpiece
      holder 8 in this embodiment is designed with suction means 9 to lift the
      workpiece 7 from the molds of the filter press. Of course in other
      applications, depending on the workpiece or article to be handled, other
      types of holders including hooks, clamps, brackets, belt slings, forks,
      magnets, and many others would be satisfactory. Although there may be
      applications where it is not necessary, it is preferred that the article
      be held fixed, so that there is little or no movement of the article with
      respect to the holder.
PAR  FIGS. 2 and 3 show the mechanism by which the workpiece holder 8 is rotated
      as the carriage 20 traverses along the track 12. The mechanism consists of
      sprocket 43, shaft 39, splined collar 42, spline 41, sprocket 44, chain
      50, shaft 46, sprocket 45, gear 47, and gear 49. As the carriage is driven
      along the track sprocket 43 engages the chain 18 which extends parallel to
      the track 12. Sprocket 43 rotates the shaft 39, the spline collar 42, the
      spline 41 and the sprocket 44, which through chain 50 drives the larger
      sprocket 45. The small gear 47 which is on a common shaft with sprocket 45
      is then rotated to turn the larger gear 49, which through shaft 48 turns
      the holder 8.
PAR  It can be seen from the arrangement of these drive elements that all
      sprockets rotate in the same direction as does the small gear 47. However
      the large gear 49 will rotate oppositely to the direction of rotation of
      the sprockets and the small gear and therefore rotate the workpiece holder
      in the opposite direction from the angular rotation of the carriage 20 as
      it moves around the track. As will be discussed below, by the proper
      selection of sprocket and gear ratios in this arrangement the rotation of
      the workpiece holder can be made equal to that of the carriage or in any
      proportion thereto.
PAR  As mentioned earlier, at the end of a cycle, the press 1 opens and the
      table 2 shifts to the opposite station which in FIG. 1 is shown as A. At
      this time the carriage 20 is in position over the unloading station. As it
      moves into position the press table 2 trips a limit switch or other
      control mechanism to actuate the air cylinder 28 and lower the bottom
      support plate and the workpiece holder 8 into contacting engagement with
      the workpiece 7. The suction means connected to the workpiece holder 8 is
      activated and the air cylinder is retracted to lift the workpiece off the
      mold on the press table.
PAR  Another limit switch or control mechanism is now tripped to actuate the
      drive motor 30 and the carriage begins its traverse to position B. At
      position B the air cylinder lowers the bottom support plate and the
      workpiece holder to deposit the workpiece 7 on the receiving conveyor 4.
      The suction is released and the air cylinder is then retracted and the
      carriage continues on its journey until it is at position C ready for the
      next part to come out of the filter press.
PAR  As the carriage traverses from position A to position B or any other
      position along the track 12, its orientation with respect to the
      centerline of the press 1 or the receiving conveyor 4 is changed by the
      angle .theta.. Consequently if the workpiece holder were fixed with
      respect to the carriage 20, the orientation of the workpiece would also
      change by that same angle .theta..
PAR  However, in the present invention the apparatus described above is capable
      of compensating for the rotation of the carriage. As the carriage moves
      along the track 12, sprocket 43 is rotated thus indicating a change in the
      position of the carriage, and consequently because of the design of the
      system, indicating the change in angular orientation of the carriage. The
      rotation of the sprocket 43 is proportioned in amount and reversed in
      direction by the combination of sprockets 44 and 45 and gears 47 and 49 to
      rotate the workpiece holder 8 an amount equal to or in direct proportion
      to the angular change of the carriage. As a result of the action of the
      above mechanical transmission the orientation of the workpiece 7 is
      controlled at all times.
PAR  In the specific embodiment of the invention described above, and as shown
      on the drawings, the proper selection of transmission components will
      produce rotation of the workpiece holder equal but opposite to the angular
      change of the carriage as it moves around the track, thereby maintaining
      the orientation of the workpiece constant. For example it will become
      apparent to one skilled in the art that as the carriage moves around the
      track from position A to position B, its angular orientation changes by
      some clockwise angle .theta.. Consequently, the mechanical drive system
      can be designed to revolve the workpiece holder 8 counterclockwise the
      same portion of a revolution as the angle .theta. bears to a full
      revolution. Accordingly, the drive ratio between the sprocket 43 and gear
      49 can be determined as follows:
      ##EQU1##
      where R is measured to the centerline of the chain 18.
PAR  It is apparent that in its simplest form, the selection of components for
      the above-described embodiment is dependent on the radius R of the track.
      When the radius R has been selected the calculation of the drive mechanism
      follows readily to one skilled in the art.
PAR  Although the specific example of an apparatus embodying the present
      invention as shown includes a circular track, it is conceived that other
      curvilinear paths are within the scope of the invention. It will be
      apparent however, to one skilled in the art, that the more tortuous the
      path, the more complex will be the means for compensating for the angular
      change of the carriage. The circular track therefore offers a primary
      advantage in the simplicity of its geometry.
PAR  Furthermore, although the invention has been illustrated above including a
      particular mechanical system of various power transmission components to
      compensate for the rotation of the carriage, other mechanical systems
      might also be used. For example the chain 18 and the sprocket 43 could
      readily be replaced by a rack and pinion, or a friction wheel and surface,
      as the means for detecting the change in angular orientation of the
      carriage 20. Similarly, the mechanical drive reduction could consist of
      numerous combinations of well-known mechanical components including
      sprockets, gears, pulleys, sheaves, friction wheels, cams, etc.
PAR  Furthermore, in its broadest sense, the invention contemplates pneumatic,
      hydraulic, and electronic systems as well as the mechanical systems
      described. However, no further attempt is made here to specify all the
      various modifications or variations of the teaching of the invention which
      are within the scope of the invention as set forth in the claims which
      follow.
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STM  I claim:
NUM  1.
PAR  1. Apparatus for horizontally transporting an article from any of a number
      of delivery stations lying along a horizontal curvilinear path to a
      receiving station while controlling the orientation of the article about a
      vertical axis with respect to the receiving station, comprising:
PA1  an elevated track which follows a horizontal curvilinear path passing over
      the delivery and receiving stations;
PA1  a carriage supported from the track;
PA1  a holder for fixably holding the article, the holder being rotatably
      supported from the carriage for rotation about a vertical axis;
PA1  means mounted on the carriage for raising the holder to lift the article
      from a delivery station and for lowering the holder to deposit the article
      at the receiving station;
PA1  means for moving the carriage along the curvilinear track while angularly
      changing its orientation about a vertical axis;
PA1  and means responsive to the angular change in orientation of the carriage
      as it moves along the curvilinear track for rotating the holder to
      maintain the article at all times in fixed angular relationship with
      respect to the receiving station.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein the means for rotating the
      holder comprises: a stationary mechanical transmission element extending
      parallel to the track; and a rotatable transmission element mounted on the
      carriage and engaging the stationary transmission element.
NUM  3.
PAR  3. Apparatus as recited in claim 2, wherein the means for repositioning the
      holding means is a combination of mechanical power transmission elements
      connected to the rotatable transmission element of the sensing means and
      to the holding means for rotating the holding means in response to the
      rotation of the sensing means.
NUM  4.
PAR  4. Apparatus as recited in claim 3, wherein the stationary mechanical
      transmission element is a length of roller chain and wherein the rotatable
      transmission element is a sprocket.
NUM  5.
PAR  5. Apparatus for horizontally transporting an aritcle from any of a number
      of delivery stations lying along a horizontal circular path to a receiving
      station while controlling the orientation of the article about a vertical
      axis with respect to the receiving station, comprising:
PA1  a circular horizontal track;
PA1  a carriage supported by the track;
PA1  holding means for holding the article, the holding means being rotatably
      mounted on the carriage for rotation about a vertical axis;
PA1  means for moving the carriage along the track while angularly changing its
      orientation about a vertical axis;
PA1  and means responsive to the angular change in orientation of the carriage
      as it moves along the track, comprising: a rotator mounted on the carriage
      and engaging the track for rotation about a vertical axis as the carriage
      is moved along the track; and mechanical transmission means connected to
      the rotator and the holding means for rotating the holding means in
      response to the rotation of the rotator, to maintain the article at all
      times in fixed angular relationship with respect to the receiving station.
NUM  6.
PAR  6. Apparatus as recited in claim 5, including a length of roller chain
      extending parallel to the track; and wherein the rotator is a sprocket
      engaging the roller chain.
NUM  7.
PAR  7. In a molding facility wherein a press delivers molded parts alternately
      to a number of different stations, an apparatus for horizontally
      transporting a part from any of the delivery stations along a horizontal
      curvilinear path common to all of the delivery stations to a receiving
      station while controlling the orientation of the article about a vertical
      axis with respect to the receiving station, comprising:
PA1  a carriage;
PA1  holding means for holding the part, the holding means being rotatably
      mounted on the carriage for rotation about a vertical axis;
PA1  means for moving the carriage along the curvilinear path while angularly
      changing its orientation about a vertical axis;
PA1  and means responsive to the angular change in orientation of the carriage
      as it moves along the curvilinear path for rotating the holding means to
      maintain the part at all times in fixed angular relationship with respect
      to the receiving station.
NUM  8.
PAR  8. In a molding facility wherein a molding press delivers molded parts
      alternately to two or more different stations, an apparatus for
      horizontally transporting a molded part from one of the press delivery
      stations to a receiving station while controlling the orientation of the
      part about a vertical axis with respect to the receiving station,
      comprising:
PA1  a track following a horizontal curvilinear path passing above all of the
      press delivery stations;
PA1  a carriage mounted on said track;
PA1  holding means for holding the part, the holding means being rotatably
      mounted on said carriage for rotation about a vertical axis;
PA1  means for moving the carriage along the track while angularly changing its
      orientation about a vertical axis;
PA1  and means responsive to the angular change in orientation of the carriage
      as it moves along the curvilinear path for rotating said holding means to
      maintain fixed the orientation of the part relative to said receiving
      station at all points along the track.
NUM  9.
PAR  9. An apparatus as recited in claim 8, wherein the track is circular.
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ABST
PAL  An apparatus is provided for use with a pressurized-water reactor's steam
      generator having a manifold chamber enclosing the bottom side of a
      horizontal tube sheet having holes therethrough in which are mounted the
      tubes of a heat exchanger tube bundle, the manifold chamber having a
      manhole giving access to the tube's bottom side to permit internal
      inspection or repair of the tubes by registration of an end of a flexible
      guide conduit with the tube sheet holes and through which a flexible
      carrier can be guided for insertion via these holes in the tube sheet and
      through the tubes extending from the tube sheet's other side. The
      apparatus is a light-weight fixture which is manually insertable through
      the manhole and comprising a beam, means for detachably supporting the
      beam horizontally in the chamber beneath the tube sheet's bottom side, a
      horizontal cantilever arm having one end provided with means for
      supporting the aforementioned guide conduit with its end pointing upwardly
      and means for mounting the other end of the arm on the beam for horizontal
      movement of its end having the guide conduit supporting means. The carrier
      is a flexible hose insertable through any one of the heat exchanger tubes,
      and being tubular, the carrier hose can carry conductors from an
      inspection or repair device mounted on the inner end of the carrier hose,
      back to the relatively safe, remote location for measuring or controlling
      purposes. The apparatus has additional features.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A steam generator for a pressurized-water nuclear reactor, comprises a
      cylindrical upstanding housing having a steam output outlet at its top and
      provided with a feed-water inlet, the bottom of the housing being closed
      by a horizontal tube sheet of cylindrical contour. An upstanding, inverted
      U-shaped heat exchanger tube bundle has its inlet and outlet legs, each
      comprising a multiplicity of tubes and defining a generally
      semicylindrical cross-sectional contour, mounted in holes formed in the
      tube sheet. A hemispherical enclosure below the tube sheet has a vertical
      partition separating it into inlet and outlet manifolds, respectively
      provided with inlet and outlet water-coolant connections, defines inlet
      and outlet chambers for the holes opening through the tube sheet and in
      which the heat exchanger legs are mounted. Within each of these chambers
      the cross-sectional contour adjacent to the tube sheet is of a generally
      semi-circular contour and cross section.
PAR  In operation, water coolant from the pressurized-water reactor is
      circulated through the heat exchanger via the inlet and outlet manifold
      chambers. The water coolant picks up radiation activity from the reactor
      and transfers it to these chambers and with time these chambers become
      active to a degree which is dangerous to a workman who might enter either
      chamber when empty, and remain there far too long a time.
PAR  Using either of the chambers as an example, it is provided with a manhole
      which, when opened, permits a workman to enter the chamber, the latter
      being empty and the reactor normally being in a shut-down condition during
      such time. A workman must enter this chamber whenever the heat exchanger
      tubes are to be internally inspected or repaired because such work must be
      done via the bottom ends of the tubes and their holes through the tube
      sheet.
PAR  It is possible to make such inspection and repair by the workman entering
      the chamber, by attaching the end of a flexible guide conduit to the tube
      sheet at the hole of the tube to be inspected or repaired. After such
      attachment, the workman may leave the chamber and from a safer location a
      flexible carrier hose can be inserted via this guide conduit into the heat
      exchanger tube. The carrier hose may carry on its inserted end various
      devices for either inspection or repair, as by plugging the tube involved.
      This procedure must be repeated as to each of the heat exchanger tubes,
      thus subjecting the workman to an undesirably prolonged exposure to the
      radiation activity persisting within the chamber.
PAR  It is apparent that the foregoing presents a problem requiring a solution.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide such a solution.
PAR  According to the invention, a light-weight fixture is provided which the
      workman can carry into the chamber via the manhole, and organize in a
      detachable manner, this fixture supporting the end of the flexible guide
      conduit which is also carried into the chamber, and being motorized and
      constructed in such a fashion that from a safer remote position, by remote
      control there, the carrier hose can be moved into registration with any
      one of the openings of the tube sheet, and with each registration the
      carrier hose may be used for inspection and repair of that tube. The
      workman is required to enter the chamber only twice, once to install the
      fixture and once to remove the fixture, thus greatly reducing his exposure
      time to the radiation activity in the chamber.
PAR  Briefly stated, this fixture comprises a beam having means on its ends for
      pressing against the chamber's walls adjacent to the linear portion of the
      semi-circular group of hole openings through the tube sheet. This beam has
      a longitudinal guideway mounting a primary cantilever carriage extending
      transversely from it towards the curve side of the chamber, and a motor is
      provided for causing this arm to traverse the beam. This carriage, in
      turn, has a longitudinal guideway extending from its end on the beam
      guideway and transversely with respect to the latter, and a secondary
      carriage is mounted by this guideway to travel therealong, a second motor
      being provided to effect this traverse of the arm. This secondary carriage
      pivotally mounts one end of a horizontally swinging cantilever arm and
      which is also provided with a motor for effecting this swinging.
PAR  With the above construction, with the three motors remotely controlled, the
      swinging end of the arm mounted by the secondary carriage, which can be
      moved back and forth on the primary cantilever carriage, can be moved to
      register beneath the tube sheet with any one of the latter's heat
      exchanger tube openings, this swinging end being capable of traversing all
      of the clustered group of holes.
PAR  Therefore, by providing the swinging end of this arm with means for
      mounting the flexible guide conduit end, the latter may be moved into
      registration with any one of the holes from the safer remote location
      where suitable control equipment may be located. The electric control
      systems prior art is adequate to permit the design of the various motors
      and the remote control equipment to provide for programming whereby with a
      known pattern and interspacing of tube sheet hole openings, the fixture
      can be used to register the guide conduit end with any one of the holes,
      the fixture including means for initially centering it within the manifold
      chamber beneath the tube sheet, when installed.
PAR  The flexible carrier hose inserted via the guide conduit into the heat
      exchanger tubes may carry inspection devices and tools of various kinds on
      an inner end with, when necessary, conductors being carried through the
      inside of the conduit back to the control location. For example, the
      device may be an electric eddy current probe for measuring the tightness
      and integrity of the tube, permitting detection of even small leaks or
      cracks in the tube inspected. This requires conductors running back
      through the inside of the carrier hose. Continuity of a tube can be
      checked by sending compressed gas through the inside of the carrier hose,
      and this may also be done for tube cleaning, and in this instance, the
      conductors running through the tube are not required. Another example of
      the latter is the use of compressed gas sent through the carrier hose to
      activite a rotary brush passed through the heat exchanger tube by being
      mounted on the inner end of the carrier hose.
PAR  If the tube being inspected is found to be defective, it may be put out of
      service by closing off its defective portion by explosively expandable
      metal plugs inserted at appropriate locations via the carrier hose, such a
      plug requiring electric ignition wires to extend back to the location via
      the inside of the carrier hose.
PAR  At the control location, a number of reels, each carrying an adequate
      length of carrier hose, each having on its inner or working end a
      different kind of inspection or repair device. At this relatively safe
      location, any one of the reels may be used to feed its carrier hose
      through the flexible guide conduit, the latter being provided with powered
      means for pushing and pulling the hose through the conduit as required for
      it insertion and removal in the heat exchanger tube involved. The linear
      travel of the hose may be measured so that the position of any fault or
      defect in the tube can be determined. The location of such a fault being
      known, repair measures may be taken either in the direction of cleaning or
      plugging, the reel carrying the hose used for measuring the defect reeling
      the measuring hose back and being removed, with another reel carrying the
      hose with the repair or plugging device being substituted and then used to
      carry the device to the detected location of trouble. At its location the
      control may comprise a suitable control console carrying positioned
      detecting and condition measuring equipment.
PAR  A pressurized-water nuclear reactor power plant facility includes an
      electronic computer for controlling the reactor operations, and such a
      computer ordinarily has a substantial unused capacity. The apparatus of
      the present invention may feed information to this computer for storage
      and retrieval, sequential operation of the motorized fixture to permit
      inspection of one heat exchanger tube after another, storage of
      information concerning the tube inspected and the location of any located
      fault, etc. Also, the computer may be used to activate the control console
      as required to perform the various functions previously suggested, this
      being of advantage because the computer is customarily located in a room
      entirely free from radiation activity. Using the computer, a workman needs
      to be present at the control console only long enough to change the reels
      of carrier hose, it being assumed that although the location of this
      console, which may be portable, is relatively safe, it may still be
      somewhat close to the steam generator and exposed to some activity, which,
      however, should not be anything like so intense as exists within the
      manifold chamber of the steam generator.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An example of the invention is schematically illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a simulated perspective view showing the steam generator for a
      pressurized-water reactor with the tube bundle shown schematically in
      phantom;
PAR  FIG. 2 is a simulated perspective view of the fixture;
PAR  FIG. 3 is a side view showing an electric eddy current probe attached to
      the end of a carrier hose, this and the device illustrated by the
      following figures having a suitable diameter for insertion in the heat
      exchanger tube;
PAR  FIG. 4 is a side view of a rotative cleaning brush attached to another
      carrier hose;
PAR  FIG. 5 is a side view showing a scouring plug attached to the end of still
      another carrier hose; and
PAR  FIG. 6 is a side view of an explosively expandable metal plug attached to
      the end of still another carrier hose.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 representatively illustrates the steam generator comprising a
      housing forming a steel dome 1 in the top of which the steam output is
      located, and beneath which a cylindrical housing 2 extends vertically to a
      hemispherical bottom wall 3 which forms one of the previously mentioned
      manifold chambers, the bottom of the cylindrical housing portion 2 being
      closed by a horizontal tube sheet 4 from which the inverted U-shaped tube
      bundle extends upwardly into the portion 2 with its individual tubes
      indicated at 5 having their lower ends positioned in the holes formed in
      the tube sheet 4. The inlet and outlet legs are supplied via the manifolds
      by an inlet connection 6 and an outlet connection 7. The two legs of the
      tube bundle are not specifically illustrated, but the broken line 8, shown
      as extending across the top of the tube sheet 4, indicating the center
      line or plane dividing the two vertical tube bundle legs. The manhole or
      manifold chamber access opening is shown at 9.
PAR  This FIG. 1 is intended only for illustrative purposes, the details of the
      construction of the described type of steam generator being well known
      industrially. The manhole 9 is necessarily offset horizontally from
      vertical alignment with the bottom ends of the tubes and their holes
      through the tube sheet, this making it necessary to use the flexible guide
      conduit containing the flexible carrier hose previously referred to. It is
      to be understood that the inside diameter of the guide conduit is
      substantially the same as the inside diameter of the heat exchanger tube
      bundle tubes, that the carrier hose has an outside diameter that is
      smaller and that any device to be inserted through the bottom of the tube
      sheet into the heat exchanger tubes must have a diameter permitting its
      insertion in the latter.
PAR  The new fixture is illustrated by FIG. 2 installed in the inlet manifold
      chamber, the outline of which is indicated by the broken line 10, the
      contour of the other or outlet manifold being indicated by the broken line
      11. In this way the semi-circular cross-sectional contour of the upper
      portion of the manifold chamber beneath the bottom of the tube sheet is
      illustrated as to both manifold chambers, the fixture in this instance
      being installed in the inlet manifold. The pressurized-water coolant
      delivered from the reactor is at its highest temperature while going
      through the inlet leg of the tube bundle so that the tubes of this leg
      operate under the maximum thermal stress to which the heat exchanger is
      subjected.
PAR  THe fixture includes the beam 12 which is made as light as possible as is
      consistent with structural rigidity, the beam being in the form of a
      channel having weight-reducing holes 12a formed in its web and being made
      of relatively light-gauge metal. To center the fixture, the beam has
      upstanding pins 13 adapted to enter holes (not shown) formed in the bottom
      of the tube sheet 4 prior to the steam generator being put into operation.
      At one end the beam has a horizontal pin 14 which by manual screw
      adjustment may be extended to press against the inside of the manifold
      chamber, while at the other end of the beam there is a horizontal
      extensible member 15 which may, for example, be of the pneumatic type and
      which serves to press against an opposite side of the manifold chamber so
      that the beam can be frictionally retained and positioned up close to the
      tube sheet horizontally inside of the flat side of the semi-circular
      pattern of tube holes in the tube sheet.
PAR  The beam 12 has vertical members 16 and 17 extending between its upper and
      lower flanges and which mount the previously referred to guideway in the
      form of a guide rod 18 extending between these members 16 and 17 in
      parallel relationship to the beam.
PAR  The primary cantilever carriage 19 slidably rides on this guideway 18, so
      as to traverse the beam substantially from one of its ends of the other,
      this carriage extending from the beam for a substantial distance and at a
      right angle to the beam. The cantilever construction of this carriage 19
      is also made as light in weight as is consistent with structural rigidity,
      its side walls tapering to the end away from the beam and having
      weight-reducing openings 19a. The top of this cantilever carriage mounts a
      guideway in the form of laterally interspaced mutually parallel bars 20 in
      which the secondary carriage 21 slidably rides back and forth at a right
      angle to the traversing direction of the secondary carriage 19 with
      respect to the beam 12. This carriage is removable from the beam.
PAR  It is this secondary carriage 21 that carries the horizontal swinging arm
      22 by having its end connected to the carriage 21 by a rotating shaft 23
      keyed to that end of the arm 22. The arm swings as a cantilever about this
      shaft 23 in the horizontal direction and its swinging end 24 has the
      connection 25 by which the end of the flexible guide conduit or tube 26 is
      connected to this arm end 24. This connection 25 is tubular and provides
      an inside diameter the same as the inside diameter of the flexible guide
      conduit 26.
PAR  A miniaturized electric motor 27 of the reducing gear type rotatively
      drives a screw-threaded drive shaft 28 journaled between the beam's end
      member 16 and 17, and which is in screw-threaded engagement with the
      carriage 19. In this way the primary cantilever carriage 19 is motorized
      for the horizontal transverse motion back and forth indicated by the arrow
      A. The secondary carriage 21 mounted by the primary carriage 19 has a
      corresponding type of motor 29 to effect its right angular traverse in the
      direction of the arrow B via a screw-threaded drive shaft 20 which is in
      screw-threaded engagement with this secondary carriage 21. This secondary
      carriage itself, as a part of its construction, carries a third motor of
      the type described which drives the shaft 23 which both supports the
      swinging arm 22 and is keyed to it to swing it in the direction of the
      arrows C.
PAR  The three motors described above have been suggested as being electric
      motors. Other types may be used. To enjoy the advantages of the invention,
      each of the three motors should be capable of being remotely controlled to
      effect the motions A, B and C for positively determined extents known to
      register the swinging end of the arm 22 carrying the conduit connection 25
      into registration with each of the tube holes in the tube sheet. Motors of
      suitable types are known in the automated control systems art.
PAR  The motor 27 is connected to a flexible power line 27a which may be, for
      example, of the multi-conductor type in case the motors are of the
      electrically powered type, and within the housing of the motor 17, through
      another circuit, connected by a flexible conductor 21a with the motorized
      carriage 21, another branch circuit powering a suitable conductor rail 20a
      which is provided for the motor 29 which via sliding contactors picks up
      its power via these conductor rails. The conductor 27a, if of the
      multi-conductor type, can carry the three individual circuits for the
      three motors away via the manhole 9 through which the fixture is inserted
      and removed and through which the flexible guide conduit 26 is also
      passed.
PAR  With the fixture carried into the manifold chamber via the manhole by the
      workman and installed as described, reference may now be made back to FIG.
      1 where the flexible guide conduit 26 is shown as extending from the
      manhole 9 to an end connected with a transport hose feeding device 31
      powered by a motor 31a and which may contain, for example, pinch rolls
      (not shown) engaging the carrier hose and powered by the motor 31a. From
      this feeding device 31 another section of guide conduit 26a extends to a
      control console 32 where the end of this section 26a is connected to a
      carrier hose insertion box 33 mounted on the top of the console. One of
      the previously referred to reels on which one of the carrier hoses is
      stored in coil form, is indicated at 34 supported by the console 32 via an
      upstanding branch arm 35 through which the reel 34 is removably attached.
      As previously indicated, there may be a number of these reels 34 each
      carrying a coil of the carrier hose with a different device on the
      insertion end of each hose. In the case of the reel 34 the hose would have
      its insertion end inserted in the insertion box 33 and pushed forward
      manually or the insertion box 33 may contain a drive, although this is not
      indicated, to the feeding device 31 where the motor 31 a then applies the
      feeding force both to feed and remove the insert hose used in the heat
      exchanger tube. The multi-conductor cable 27a from the fixture goes via
      the manhole 9 to the control console where the latter is indicated as
      having three control buttons 36 for actuating the three motors of the
      fixture. Preferably a control system is provided so that actuation of any
      one or combination of the control buttons actuates the fixture's motors to
      move the guide connection 25 to a next successive one of the tube openings
      of the tube sheet. The reel 34, and the other reels, should be provided
      with an internal connection for the end of the transport hose for
      obtaining signals from conductors in the latter, supplying it with
      compressed gas and the like. Such signals may be read directly by
      installations at the console 32 or as previously indicated, fed via
      conductors 37 to a control station 38 located in the power plant's control
      room entirely free from radiation hazards. The console 32 would normally
      be positioned reasonably remote from the steam generator where the
      radiation hazard is substantially less than exists within the steam
      generator's manifold chamber.
PAR  This control station 38 includes, among other things, equipment 39 for
      recording measured data, for example, via magnetic storage, as well as an
      operating controller 39a which permits exact control of the three motors
      of the fixture, which may here be done by computerized electronic
      circuitry. Control lights and the like may be used here to indicate the
      operation of individual tools motors, and position of devices in any one
      of the heat exchanger tubes, and the like.
PAR  The suggested use of the new apparatus is as follows:
PAR  It is to be assumed that previously the apparatus has been used to obtain
      results from an eddy current test of the tubes, the results having been
      stored in a suitable memory such as by the equipment at the station 38.
      This information includes the heat exchanger tubes having suspected
      defects, these being marked exactly on an overall plan (for each of the
      steam generators of the plant) and the sequence of the approach to the
      various tube positions advantageously set before any repair work begins.
PAR  The various tube positions are once more subjected to an eddy current test
      to obtain a new recordal which can be compared to the results of the first
      measurements.
PAR  A suitable test probe is shown by FIG. 3 as including a testing head 65
      with coils 66 supported by a connector 67 with a flexible transport hose
      68 carrying conductors 69 which via the hub of the reel 32, or any of the
      other reels on which the hose 68 is coiled, go to installation and
      recording arrangements. The coils 66 are, of course, energized with
      alternating electric current to make the test. After this test, the hose
      68 via the feeding device 31 is withdrawn and recoiled on its reel and
      another reel with a compressed air motor and cleaning brush on its ends is
      inserted via the insertion device 33 for ultimate insertion, using the
      fixture, into the tube measured and possibly found to need repair.
PAR  FIG. 4 shows the cleaning brush 70 having the rotating brush head 71 with
      bristles 72 fixed in movable segments, the bristles being pushed outward
      when a compressed air motor 73 revolves the segments and the bristles via
      the drive shaft 74, in this instance compressed air being supplied via the
      carrier hose shown here at 68'. After this brushing operation of the area
      to be repaired within the heat exchanger tube, this hose 68' is then
      recoiled on its reel and the latter removed. Such cleaning brush operation
      need only occur for about twelve to fifteen seconds.
PAR  The next reel with a scouring plug 75 as the tool is placed on the mounting
      35 and secured. The scouring plug includes as shown in a side view in FIG.
      5, flexible washers 76 fitting the inside diameter of the tube, which are
      clamped on a bolt 77 which is fastened to the end of this transport hose
      68'. The scouring plug 75 is inserted into the opening of the guide
      conduit 26a, being moved manually to the vicinity of the insertion device
      33, and thereby releases an indication at the console 50. The scouring
      plug 75 is pushed into the heat exchanger tube up to the stop position and
      then pulled out of the tube. It is subsequently pulled out of the conduit
      26a and is recoiled on its reel.
PAR  Then, the size of a sealing plug 80 is determined, which is shown in FIG. 6
      partly in cross section. The reel with prepared carrier hose 68'" and
      cables 81 situated therein, is placed on the mounting 35 and secured. The
      complete sealing plug 80 of defined diameter is taken from a supply
      container, is equipped with a primer 82 and detonator capsule 83, and the
      two ignition cables at 84 are securely connected with each other, together
      with the cables 81 in the carrier hose 68'" via a special connection in
      the region of the plug sleeve 85.
PAR  The sealing plug 80 is inserted by hand into the insertion device 33 and is
      moved up to the tube connection 25 where the indication at the console 50
      takes place again. The plug is then pushed into the heat exchanger tube
      until a stop at the conduit feeder 31 indicates the required depth in the
      tube. The transport hose 68'" is pulled out of the tube again and the arm
      22 is advanced by several tube pitches, so that the tube end is definitely
      free. The cable ends 81 protruding from the opposite tubing end at the
      reel are connected to the ignition equipment, whereby the ignition is
      prepared.
PAR  Through the ignition the ignition cables are sheared off and the sealing
      plug 80 is securely fastened in the tube.
PAR  After the work in the chamber is completed, the fixture of FIG. 2 is
      removed. To this end, the primary carriage 19 is run into a position
      favorable for disassembly and the arm 22 is set to the row of tubes next
      to the beam 12. Prior to the removal, the various supply elements are
      disconnected at the control console 32.
PAR  A man climbs into the chamber through the manhole 9 and disconnects the
      conduit 26 from the arm 22, and deposits it at the bottom. The primary
      carriage 19 is caught with one hand, at its end, is swung into an oblique
      position after loosening of locking devices and is lifted out and is
      passed through the manhole to a second man and is carefully laid down.
      After release and removal of the beam 12 from the chamber 3, the entire
      equipment is carried out of the area of the installation and subjected, as
      far as possible, to decontamination. Also the control console 32 is moved
      out of the area of the installation.
PAR  In other words, the primary carriage 19 is releasably connected with the
      guide conduit 18 and threaded drive shaft 28, so it can be removed from
      the beam 12, the latter and this carriage being then individually
      transversely compact enough for passage through the manhole 9. Although
      not shown, the primary carriage may have a hook connection with the guide
      conduit 18, which is secure when the primary carriage is horizontal, this
      carriage resting on the threaded drive shaft 28 via a threaded rest to
      strut and thereby hold this cantilever carriage horizontal. Upward
      swinging of this carriage then permits its release from the beam 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use with a pressurized-water reactor's steam generator
      having a manifold chamber enclosing the bottom side of a horizontal tube
      sheet having holes therethrough in which are mounted the tubes of a heat
      exchanger tube bundle which extends upwardly from the tube sheet's top
      side, said chamber having a manhole giving access to said tube sheet's
      bottom side to permit internal inspection or repair of said tubes by
      registration of an end of a flexible guide conduit with said holes and
      through which a flexible carrier can be guided for insertion via said
      holes through the tubes extending from the tube sheet's other side; said
      apparatus including a fixture insertable through said access opening and
      comprising a beam, means for detachably supporting said beam horizontally
      in said chamber beneath said tube sheet's bottom side, a horizontal
      cantilever arm having one end provided with means for supporting said
      guide conduit with its end pointing upwardly, and means for mounting the
      other end of said arm on one side of said beam and means for horizontally
      moving the end of said arm having said supporting means relative to said
      beam, whereby said guide conduit may be aligned with said holes in said
      tube sheet.
NUM  2.
PAR  2. The apparatus of claim 1 in which said beam has a longitudinal guideway,
      a primary cantilever carriage having one end mounted by said guideway to
      travel therealong, said carriage extending transversely from said beam and
      having a longitudinal guideway extending therealong transversely with
      respect to said beam's guideway, and a secondary carriage mounted by said
      carriage's guideway to travel therealong and rotatively mounting said
      arm's said other end to form its said mounting means with said arm's said
      one end having said conduit supporting means, swinging horizontally to
      register with said holes.
NUM  3.
PAR  3. The apparatus of claim 2 including remotely controlled motors
      respectively connected to move said primary and secondary carriages along
      the guideways by which they are mounted and to pivotally swing said arm's
      end having said conduit supporting means.
NUM  4.
PAR  4. The apparatus of claim 3 having means for orienting said beam in said
      chamber when supported therein so that operation of said motors by
      programming causes them to move said carriages and swing said arm's end
      having said conduit supporting means to positions registering the latter
      with any selected one of said tube sheet holes.
NUM  5.
PAR  5. The apparatus of claim 4 in which said beams said supporting and said
      orienting means respectively comprise means on the opposite ends of said
      beam for releasably pressing against opposite insides of said chamber, and
      positioning pins extending upwardly from said beam for insertion into
      holes in the bottom side of said tube sheet.
NUM  6.
PAR  6. The apparatus of claim 4 including a flexible guide conduit having an
      inner end supported by said conduit supporting means on said arm's said
      end which swings, said conduit being long enough to extend therefrom
      through said access opening to an outer end at a location outside thereof,
      and means at said location for mounting a coil of flexible carrier hose
      having an end for carrying tube interior inspection and repairing devices,
      said hose being long enough to extend from said location into various
      locations in the heat exchanger tube in which it may be inserted and
      having an inside through which signals and power may be transmitted.
NUM  7.
PAR  7. The apparatus of claim 4 including flexible power conductors connected
      individually with each of said motors and extending therefrom through said
      access opening to a location relatively remote therefrom, and means at
      said location for controllably powering said motors individually via said
      conductors.
NUM  8.
PAR  8. The apparatus of claim 6 in which means are provided for transmitting
      signals via said hose's interior to said location for obtaining data via
      said signal transmitting means.
NUM  9.
PAR  9. An apparatus for use with a pressurized-water reactor's steam generator
      having a manifold chamber enclosing a first side of a tube sheet having
      holes therethrough in which are mounted the tubes of a heat exchanger tube
      bundle which extends from the tube sheet's second side, said chamber
      having a manhole giving access to said tube sheet's first side to permit
      internal inspection or repair of said tubes by registration of an end of a
      flexible guide conduit with said holes and through which a flexible
      carrier can be guided for insertion via said holes through the tubes
      extending from the tube sheet's second side; said apparatus including a
      fixture insertable through said access opening and comprising a beam,
      means for detachably supporting said beam in said chamber near said tube
      sheet's first side, a cantilever arm having one end provided with means
      for supporting said guide conduit with its end pointing towards the tube
      sheet, and means for mounting the other end of said arm on one side of
      said beam and means for horizontally moving the end of said arm having
      said supporting means relative to said beam, whereby said guide conduit
      may be aligned with said holes in said tube sheet.
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PAL  An object transfer machine has a carrier with separate reversible drives
      for vertical and horizontal motions controlled by a bank of control cams
      driven through a control cycle by a motor, each cam causing one of the
      drives to operate for a set period in the required direction.
BSUM
PAR  The present invention relates to a machine for transferring objects from
      one work station to another, particularly but not exclusively for use in a
      glass-making factory.
PAR  The object of the invention is to provide an inexpensive machine capable of
      executing a series of movements for transferring objects between work
      stations which are spaced vertically and horizontally.
PAR  According to the present invention, there is provided a machine for
      transferring objects from one work station to another, comprising an
      object carrier guided for vertical and horizontal movements, a first
      reversible drive means for raising and lowering the object carrier, a
      second reversible drive means for moving the object carrier horizontally
      to and fro, and mechanism for controlling the operation of the two
      reversible drive means, the control mechanism including a motor and a bank
      of control cams coupled therewith to be driven through a control cycle,
      the cams being operably connected to one or the other of the drive means
      so that each cam causes its associated drive means to operate for a
      predetermined period, and the cam arrangement being such that the two
      drive means cause the object carrier to move through a set sequence of
      vertical and horizontal movements during each control cycle. The number of
      cams in the bank is basically immaterial, the actual number being governed
      by the required number of individual movements in a given sequence.
PAR  The length of the "dwell" of each cam governs the fraction of the complete
      cycle of movements occupied by the particular movement controlled by that
      cam. The period during which the associated drive means operates to
      produce this particular movement is therefore influenced by the dwell and
      by the speed of the control motor. The actual distance moved by the object
      carrier during this particular movement depends, of course, upon the speed
      of operation of the drive means. For greatest versatility, it is preferred
      that the speeds of the two reversible drive means and the control motor
      can be varied. Advantageously, independently presettable speed controls
      are provided for the two drive means and the control motor. Conveniently,
      each cam is fast with a gear of a train of meshing gears driven by the
      control motor. The cams are thus interlocked one with another and rotate
      at constant rates. It is most convenient if the gearing is such that the
      cams all rotate at the same rate. A complete control cycle can then be
      accomplished by a single revolution of the control motor.
PAR  The two drive means incorporate motors which could be hydraulically or
      pneumatically operated. The control motor could likewise be hydraulically
      or pneumatically operated. It is preferred, however, for each of the
      motors to be electrically operated, since the operative connections
      between them and the cams can then be simple microswitches. Reversible
      drive can be obtained through reverse gearing, although considerable
      simplification is possible if the main drive motors are themselves
      reversible.
PAR  In a preferred embodiment, the object carrier is secured to a horizontally
      disposed, elongated arm which is guided for movement to and fro in its
      lengthwise direction. The arm is borne on a carriage which is guided for
      up and down movement in a vertical direction.
PAR  If desired, it would be possible to make the arm and object carrier execute
      movements other than vertical and to and for horizontal movements. Thus,
      the arm could be mounted on the carriage through a slideway enabling the
      arm to be shifted sideways parallel to its length. Furthermore, the arm
      could be so supported as to be able to swing about an axis at right angles
      to its longitudinal axis. Finally, it would be possible to arrange for the
      arm to revolve about its longitudinal axis. This could enable the object
      carrier to invert objects carried thereby. Additional drive means and
      control cams would, of course, be required to effect the further movements
     .
DRWD
PAR  An embodiment of the present invention will now be described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation, with a side panel removed, of an object
      transfer machine,
PAR  FIG. 2 is a front elevation of the machine shown in FIG. 1, with internal
      components thereof shown in dashed lines,
PAR  FIGS. 3 and 4 illustrate the machine in use for carrying out a
      predetermined cycle of operations,
PAR  FIG. 5 illustrates the machine shown in use in FIGS. 3 and 4 when viewed
      from above, and
PAR  FIG. 6 illustrates a mechanism for controlling the machine through a
      predetermined cycle of operations.
DETD
PAR  The purpose of the illustrated machine 10 is to carry one or more objects
      from one work station to another in a production line, and is capable of
      raising and lowering the objects as well as moving them in a horizontal
      path. The machine is useful for transferring objects from one conveyor to
      another and for stacking the objects. The machine 10 was specifically
      designed for automatically transferring drinking glasses from a conveyor
      to a lehr, but was wider application as will be understood.
PAR  The machine 10 has an object carrier 11 which is detachably secured to a
      cylindrical arm or spindle 12 to enable different types of object carrier
      to be fitted to the machine. The arm enters the body of the machine 10
      through a vertical slot 13 at the front of a surrounding cabinet 14. The
      back of the cabinet 14 has a similar slot to allow the end 15 of the arm
      remote from the carrier 11 to protrude therefrom. The end 15 is received
      inside a closed sleeve which protects the end 15 from dirt.
PAR  The arm 12 is supported horizontally within the cabinet 14 for up and down,
      and for in and out movements, i.e. for vertical and horizontal movements
      respectively. Inside the cabinet 14 is a carriage 16 bearing the arm 12
      and having rollers 17 which run in vertically-disposed V-shaped guide
      tracks 18. The guide tracks 18 are attached to a main frame of the
      machine. A stationary support plate 19 is attached to the main frame and
      bears an electric drive motor 20 for driving the carriage 16 and hence the
      arm vertically. Motor 20 is coupled through a direction-changing gear box
      21 to a pinion 22 which meshes with a rack 23 secured to the carriage 16.
      It will be appreciated that, depending upon the direction in which the
      pinion 22 is driven, the carriage 16 and hence the arm 12 will be raised
      or lowered, guided by the tracks 18.
PAR  At the front and back of the carriage 16, that is at 24 and 25, the arm 12
      is journalled for reciprocating in and out movement parallel to its
      longitudinal axis. There are three journals equispaced about the
      circumference of the arm 12 at both 24 and 25. In each case, one journal
      which preferably is uppermost, is spring loaded to accommodate wear
      between the arm and the journals. The journals are of any convenient form
      and have been omitted from the drawings for simplicity.
PAR  Horizontal in and out movement of the arm 12 is obtained by a second
      electric drive motor 28 mounted on the support plate 19 a drive spindle 29
      and a gear train 30. The gear train 30 is borne by a bracket 31 secured to
      the carriage 16, and the individual gears are fast with spindles running
      in ball races mounted in the bracket 31. The gears comprise two meshing
      bevel gears 33, 34 and a spur gear 35. The bevel gear 34 and the spur gear
      35 are fast with a common spindle and hence rotate together. The spur gear
      35 meshes with a rack 36 secured to the arm 12. The bevel gear 33 is
      mounted on the bracket 31 through a thrust race and locking collar 37
      which prevent play between bracket and gear but allow the gear 33 to
      revolve freely.
PAR  The drive spindle 29 is supported vertically and rotatably on the carriage
      16 by the bevel gear 33 and the bracket 31, and by a ball race 38 fitted
      to the top of the carriage 16. The spindle 29 is fast with the bevel gear
      33 so that when the spindle 29 is rotated, the gear train 33, 34, 35 is
      set in motion to drive the arm 12 via the rack 36.
PAR  The spindle 29 cannot be directly coupled to the drive motor 28, or to a
      gear box associated therewith. This is because the spindle 29 moves up and
      down with the carriage 16 whilst the motor is stationary upon the fixed
      plate 19. A lost-motion coupling is therefore required. The motor 28
      drives a shaft, not visible in the drawings, which is telescoped into an
      axial bore in the spindle. The shaft is coupled to the spindle to rotate
      the latter by a suitable key connection. In this case, the connection is
      via a pin carried by the shaft and a slot 39 in the wall of the spindle
      29. At its lower end the shaft is coupled through a reduction gear box 40
      to the drive motor 28.
PAR  The machine 10 is designed to move the object carrier 11 from a starting
      position to a first work station, thence to a second work station and then
      back again to the starting position. This requires that the vertical and
      horizontal drives, comprising the parts 20 to 23 and 28 to 30 and 36
      respectively, be reversible. Most economically, reversible drive is
      obtained by employing reversible motors 20, 28. Alternatively, the motors
      20, 28 could be unidirectional, reverse drive being obtained by means of
      reverse gearing and magnetic clutches. This would be rather more complex
      and costly, however. The preferred reversible motors 20, 28 are of
      infinitely variable speed and are provided with conventional speed
      controls, not shown, which allow the motors to be independently
      controlled. They are fitted with dynamic braking.
PAR  The precise nature of the object carrier 11 will depend upon the type of
      objects to be handled. In the drawings, wherein the machine 10 is for use
      in a glasswork factory, the carrier 11 includes a notched plate 41, see
      FIG. 5. The notches 42 are equally spaced along the plate 41 and each has
      an inner, circular portion 43 and a V-shaped outer portion 44 which opens
      to the free edge 45 of the plate 41. The plate 41 is made from a
      temperature resistant material which will not crack or check the surfaces
      of hot glasses when in contact therewith. A suitable material, based upon
      asbestos, is supplied by Turner Newal Ltd., under the name "SINDANYO".
PAR  A typical sequence of movements of the object carrier 11 is shown in FIGS.
      3 to 5, wherein the machine 10 is employed for transferring stem glassware
      50 from a first conveyor 51 to a second conveyor 52 in a lehr 53. It will
      be seen that the conveyors are at different heights above the floor and
      are spaced apart horizontally.
PAR  At an appropriate moment, governed by a glass 50a interrupting a beam of
      light from a source of light 55 to a photoelectric cell 56, the machine 10
      is set in motion. First, the horizontal drive is initiated to move the arm
      12 and object carrier 11 outwardly a pre-set distance from the starting
      position which is shown in FIG. 5. This is movement I in FIG. 3. This
      advances the notches 42 until the stems of the glasses are located within
      the inner notch portions 43, whereupon the horizontal drive terminates.
      The plate 41 is approximately half way up the stems. Next, the vertical
      drive is set in motion, whereby the plate 41 engages the bowls of the
      glasses and raises them, during movement II, to just above the level of
      conveyor 52. When movement II is completed, the vertical drive stops and
      the horizontal drive is initiated to advance the object carrier 11 and arm
      12 outwardly once more, movement III. Once this movement is accomplished,
      the glasses 50 are directly above the conveyor 52. Next, the vertical
      drive is initiated, in a reverse direction, to lower the glasses onto
      conveyor 52. Upon completion of this movement IV, the plate 41 is located
      about half-way up the stems of the glasses 50 which are therefore free to
      be withdrawn by the conveyor 52 from the notches 42. The machine 10 is
      then zeroed to return the object carrier 11 and arm 12 to their starting
      position. Zeroing is accomplished by movements V and VI, during which the
      horizontal and vertical drives are driven in reverse.
PAR  Control of the vertical and horizontal drives is effected by a mechanism
      shown in FIG. 6. The control mechanism 60, which makes and breaks a series
      of switches which start and stop the vertical and horizontal drive motors
      20, 28 includes a small, fractional horse-power electric motor 61 which is
      of infinitely variable speed. The motor 61 drives a set or bank of cams
      through a train of enmeshed gears 62, which are interlocked with the cams.
      The gearing is designed to drive the cams at equal speeds. In view of the
      interlocking of the cams and the fact that they rotate at the same speed,
      the "timing" of the cams can be set through 360.degree.. Thus, one
      complete revolution of the motor 61 be arranged to control the complete
      cycle of movements I-VI.
PAR  When, at the beginning of a cycle, the motor 61 is started, the gears 62
      and cams begin rotating. Cam 62.sup.I is shown in a setting which
      immediately makes a cam-follower 63 rise over a stop 64. The follower is
      coupled to the blade of a microswitch 65.sup.I connected in circuit with
      the horizontal drive motor 28. As the follower 63 rises over the step 64,
      the switch 65.sup.I starts motor 28. The motor 28 continues operating,
      while cam 62.sup.I rotates, to advance the object carrier 11 and arm 12
      through the movement I, until the follower 63 drops down at step 66. As
      the follower 63 drops of the step 65, the switch 65 opens and switches off
      the motor 28, movement I now being completed. For the remainder of the
      cycle cam 62.sup.I and switch 65.sup.I play no part in controlling the
      motor 28.
PAR  By the time cam 62.sup.I has rotated sufficiently to open switch 65.sup.I,
      a step on cam 62.sup.II has been brought into coincidence with a follower
      which controls switch 65.sup.II. Switch 65.sup.II closes to start the
      vertical drive motor 20, causing the carriage 16 to rise. The object
      carrier 11 and arm 12 are then executing movement II.
PAR  Cams 62.sup.III to 62.sup.VI, and their associated microswitches 65.sup.III
      to 65.sup.VI operate in the same way as described in detail with reference
      to cams 62.sup.I, 62.sup.II and switches 65.sup.I, 65.sup.II. The cams
      62.sup.III to 62.sup.VI control movements III to VI of the operating cycle
      of the machine 10. The dwells of the cams, i.e. the periods during which
      the cams allow their associated motors 20, 28 to operate, differ from one
      cam to the next according to a predetermined pattern, so that the
      movements I to VI occupy different fractions of the complete control
      cycle. The individual dwells and the speeds of the motors 20, 28 and 61
      therefore govern the distances moved by the object carrier 11 during the
      movements I to VI. It will be appreciated that switches 65.sup.IV to
      65.sup.VI cause their associated drive motors 20, 28 to function in
      reverse, whereas switches 65.sup.I to 65.sup.III cause the motors to
      function in forward.
PAR  Cam 62.sup.VII and its associated switch 65.sup.VII operate to switch off
      the control motor 61 at the end of a cycle, the machine remaining idle
      until it is required to repeat the sequence of movements I to VI. The
      machine 10 is started again when another glass interrupts the light beam
      falling on the photocell 56. The exact way in which the photocell 56
      starts the control motor 61 is immaterial. There should be a time delay
      between the photocell 56 actuating the motor 61 and initiating movement I,
      to ensure that the glasses arriving on conveyor 51 have reached positions
      central relative to the notches 42.
PAR  The control mechanism comprising the motor 61, cams 62.sup.I to 62.sup.VII
      and microswitches 65.sup.I to 65.sup.VII can be mounted in any convenient
      position within the cabinet 14 of the machine 10. If desired, and as
      shown, indicator lights 70 can be connected in circuit with the
      microswitches to show at a glance in which phase of its cycle the machine
      10 is functioning.
PAR  It will be understood that the machine 10 and its control mechanism is very
      versatile. The distances moved by the object carrier 11 are widely
      adjustable and can be exactly controlled by appropriate adjustment of the
      speed controls of the motors 20, 28. The frequency at which the individual
      movements I to VI are accomplished, which likewise affects the overall
      distances moved by the carrier 11, is controllable by adjusting a speed
      control (not shown) of the control motor 61. Further versatility is
      attainable if the cams are replaced by cams having different dwells to
      alter the points in the control cycle at which certain movements of the
      sequence are executed and the fraction of each control cycle occupies by
      any given movement. For safety, the machine 10 is provided with a set of
      limit switches 72 for switching off the motors 20, 28 to prevent
      overloading thereof and to restrict the movement available to the carriage
      16 and arm 12.
PAR  Whilst the illustrated embodiment uses six cams and switches -- giving
      twelve switching operations -- further cams and switches may be added
      where a more complex cycle of movements is required of the object carrier
      11. Although the machine 10 as described executes vertical and horizontal
      movements in turn, there is no fundamental reason why the cams should not
      be arranged to allow the main motors 20, 28 to operate simultaneously. The
      exact sequence of movements can be easily set by the manufacturer to
      fulfil customers different requirements, or by the customers themselves.
      Apart from selecting and arranging appropriate cams, substantially no
      modifications are necessary to allow the machine to make many diverse
      sequences of movements. Adapting the machine to conduct a new sequence of
      movements is very inexpensive: the cost is limited to the cost of
      replacement or additional cams. Furthermore, the control mechanism itself
      is particularly simple and inexpensive, so that little capital is tied up
      in the equipment.
PAR  The described machine 10 can handle hot stemward glasses and tumblers
      without marking or damaging them in any way, and can cope with many
      varieties of shapes and sizes. The machine 10 operates smoothly, and since
      glasses merely rest on the object carrier 11, without being gripped
      thereby, a minimum of vibration is to be expected. The machine is
      substantially unaffected by high ambient temperatures.
PAR  The present invention is particularly applicable to a stemware lehr stacker
      and such a stacker, as described in detail above, has numerous advantages
      over the prior lehr stackers. The present stacker is able to pick up
      stemware glasses standing upright on a conveyor and to set them positively
      on a lehr belt. Prior stackers can only shift stemware glasses by pushing
      them fron one conveyor to another, and such equipment is only practicable
      for handling glasses which are inverted, bowl down. It is disadvantageous,
      however, to have to anneal glasses when upside down, and this disadvantage
      is readily avoided if the present stacker is employed.
PAR  The drive means and control mechanism are contained in a single unit
      forming the present stacker, and are most conveniently constituted by
      standard, commonly available parts, irrespective of the control
      requirements. It will be appreciated that the construction described above
      can provide a particularly versatile yet inexpensive machine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for transferring objects from one work station to another,
      comprising an object carrier guided for vertical and horizontal movements,
      a first reversible drive means for raising and lowering the object
      carrier, a second reversible drive means for moving the object carrier
      horizontally to and fro, and mechanism for controlling the operation of
      the two reversible drive means, the control mechanism including a motor, a
      plurality of gears driven by said motor, said gears being in mesh with one
      another to form a gear train, and a bank of control cams, each of said
      control cams being fast with a respective one of said gears to be driven
      through a control cycle, each of the cams being operably connected to a
      selected one of said first and second drive means to cause said selected
      drive means to operate for a predetermined period, and the cam arrangement
      being such that the two drive means cause the object carrier to move
      through a set sequence of vertical and horizontal movements during each
      control cycle.
NUM  2.
PAR  2. A machine as claimed in claim 1 including independent pre-settable speed
      controls for each of the two reversible drive means and for the control
      motor driving the cams.
NUM  3.
PAR  3. A machine as claimed in claim 1 in which each of said first and second
      reversible drive means comprises an electric motor.
NUM  4.
PAR  4. A machine as claimed in claim 3, in which each of said electric motors
      is reversible.
NUM  5.
PAR  5. A machine as claimed in claim 1 comprising a carriage, means guiding the
      carriage for up and down movement in a vertical direction, and a
      horizontally-disposed arm mounted on the carriage for movement to and fro
      in the direction of its length, the object carrier being secured to the
      said arm.
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ABST
PAL  This patent discloses a transfer system for transferring discs from a
      furnace boat to a cleaning carrier in which alternate discs are
      transferred from the boat to a carrier and then the remainder of the discs
      are transferred to a carrier.
BSUM
PAR  This invention relates to transfer devices and more particularly to a
      transfer system for transferring a number of discs such as silicone discs
      from a supporting device into another supporting device such as a carrier.
PAR  Silicon discs are usually treated in furnaces. During this treatment they
      are placed in quartz containers known as boats. They are positioned very
      close to each other in the furnace boat. After treatment in the furnace,
      the silicon discs or wafers are transferred to cleaning boats or carriers.
      In these carriers the spacing between adjacent discs is twice the spacing
      of the furnace boats to facilitate cleaning and other operations. Thus,
      there has existed a problem of quickly and readily transferring the
      contents of a furnace boat into two cleaning carriers in which the space
      between the discs or wafers to be treated has been doubled.
PAR  It is an object of this invention to provide a transfer system for discs in
      which discs are transferred from a furnace boat into a cleaning carrier in
      which half of the discs are simultaneously transferred to a carrier and
      then the remaining discs are simultaneously transferred to another
      carrier.
PAR  Another object is to provide a transfer adapter for sandwiching between a
      furnace boat and a cleaning boat which will retain every other disc within
      the furnace boat while permitting the remaining discs to pass through the
      adapter into a cleaning boat and further in which movement of the transfer
      adapter to a second position will permit transfer of the remaining discs
      into a cleaning boat.
PAR  Other objects, features and advantages of this invention will be apparent
      from the drawings, specification and the claims.
DRWD
PAR  In the drawings wherein illustrative embodiments of this invention are
      shown and wherein like parts are indicated by like numerals,
PAR  FIG. 1 is an end view of a furnace boat, a transfer adapter and carrier,
      each spaced slightly from the other, but arranged in position to sandwich
      the adapter between the boat and carrier with portions of the devices
      shown in cross section;
PAR  FIG. 2 is a view similar to FIG. 1 in elevation with parts shown in cross
      section in which the transfer adapter has been sandwiched between the boat
      and carrier and the entire assembly inverted from the FIG. 1 position to
      permit one-half of the discs to move from the boat into the carrier;
PAR  FIG. 3 is a top view of the assembly shown in FIG. 2;
PAR  FIG. 4 is a side view of the assembly shown in FIG. 2 with the carrier
      shown in vertical cross section;
PAR  FIG. 5 is a fragmentary cross sectional view taken along the lines 5--5
      showing the wafer receiving slots in the boat and omitting for clarity the
      structure therebelow.
PAR  FIG. 6 is a fragmentary sectional view taken along the line 6--6 and
      omitting the structure therebelow for clarity illustrating the lands and
      grooves in the transfer adapter;
PAR  FIG. 7 is a view of the boat slot structure FIG. 5, superimposed upon the
      lands and slots of the adapter of FIG. 6 illustrating the manner in which
      alternate discs are obstructed by the lands in the transfer apparatus and
      the remaining discs permitted to pass through the transfer apparatus into
      the carrier;
PAR  FIG. 8 is a fragmentary view of the boat adapter and carrier seen in side
      elevation with parts broken away to show in comparison with similar
      structure in FIG. 4, the manner in which the transfer adapter permits
      one-half of the wafers to pass therethrough in FIG. 4 and then upon
      reversal permits the other half of the wafers to pass therethrough in FIG.
      8;
PAR  FIGS. 9 and 10 are similar fragmentary views in side elevation with parts
      broken away to illustrate the alignment of the slots in the transfer
      apparatus with different slots in the boat when the transfer apparatus is
      provided with asymmetrical dowels or alignment means which cooperates with
      symmetrical aligning means in the boat.
DETD
PAR  Referring first to FIGS. 1, 2 and 3, a conventional boat indicated
      generally at 11 is illustrated.
PAR  The boat is fabricated from quartz and includes the plurality of
      longitudinal quartz rods 12, 13, 14 and 15 to which the end quartz pieces
      16 and 17 are attached. Also extending lengthwise of the boat are quartz
      members 18 and 19 which are positioned on opposite sides of the boat and
      are provided with a multitude of confronting slots 21 (FIG. 3). At the end
      of the boat, and extending between the members 18 and 19, are reinforcing
      ribs, one of which is shown at 22 (FIG. 1).
PAR  At each of the four corners of the boats in symmetrical arrangement
      therein, aligning slots 23, 24, 25 and 26 are positioned (FIG. 3). The
      boat as above described is conventional in form and any desired
      conventional form of boat may be substituted therefor.
PAR  Also shown in FIGS. 1, 2 and 3 is a conventional cleaning carrier, or boat,
      shown generally at 27.
PAR  The carrier 27 is normally made of plastic and includes two side standards
      28 and 29, which are joined at their opposite ends by the cross-bar 31 and
      the slotted cross-member 32. A plurality of slots 33 are provided in the
      carrier for receiving discs or wafers 30 from the boat 27.
PAR  A transfer apparatus indicated generally at 34 permits the passage of
      alternate discs therethrough in one position of the transfer apparatus and
      the remainder of the discs therethrough in another position of the
      transfer device. The transfer device is generally rectangular in shape
      with a plurality of alternate slots 35 and lands 36 (FIG. 4) on opposite
      sides of the passageway 37 (FIG. 1) extending through the transfer
      apparatus. The lands 36 could extend all the way across the transfer
      apparatus, but for convenience of manufacturer it is preferred that an
      open bore be provided through the transfer apparatus and that the slots
      and lands be provided at opposite sides of the bore as illustrated.
PAR  The number of slots per inch provided in transfer apparatus 34 is equal to
      one-half of the number of slots per inch provided in boat 27. It of course
      follows that the number of lands in the transfer apparatus per inch are
      equal to one-half the number of slots per inche in boat 27, or, stated
      another way, the total number of lands and slots in the transfer apparatus
      34 are equal to the number of slots in the boat 11.
PAR  The number of slots provided in the carrier 27 is also equal to the number
      of slots provided in the transfer apparatus 34.
PAR  In order to align the slots between the transfer apparatus 34 and the
      carrier 27, suitable means such as matching holes 38 in the adapter 34 and
      dowel pins 39 carrier by the carrier 27 are provided. As illustrated in
      the drawings, these holes and dowel pins are provided at each corner of
      the transfer apparatus 34 and the carrier 27 and align the grooves in the
      carrier with the grooves in the transfer apparatus as illustrated in FIG.
      4. With the grooves thus aligned, any discs that are free to pass through
      the transfer apparatus will pass into the carrier.
PAR  Means are provided for aligning the adapter slots in one position with
      alternate slots in the furnace boat 11 so that one-half of the boat's
      capacity of discs may pass through the adapter into the carrier with the
      boat carrier and adapter positioned as shown in FIG. 4. Such means may be
      provided by the slots 23 through 26 as hereinabove identified and dowel
      pins 41, which are symmetrically carried at each corner of the adapter as
      shown in FIG. 1 through 8.
PAR  As the number of slots 35 in the adapter 34 are only one-half of the slots
      21 in the boat 17, it will result that the slots at one end of the
      transfer adapter and one end of the boat are in alignment as shown to the
      righthand side of FIG. 4 while a land is in alignment with the last slot
      in the boat at the opposite end of the transfer apparatus. Thus, the first
      disc in the boat beginning from the right of the FIG. 4 position, will
      pass through the transfer apparatus while the first disc beginning at the
      left of the boat, as viewed in FIG. 4 will be retained in the boat by the
      transfer apparatus. This relationship is illustrated by the comparison of
      distance A from the edge of the adapter which is used as a reference
      point, to the center line of the most adjacent slot and the distance
      A.sup.1, which is the same as A, between the edge of the adapter and the
      center line of the land between slots. It will further be noted that the
      distance B and B.sup.1, which is the distance between the center line of
      adjacent grooves and lands in the adapter 34, may be subtracted from the
      distance A and A.sup.1 to give the resulting A-B and A.sup.1 -B.sup.1, as
      shown in the drawings, which is the distance from the end of the adapter
      to the first land in the case of A-B and from the end of the adapter to
      the first groove on the other end which is A.sup.1 -B.sup. 1.
PAR  This relationship is further illustrated in FIGS. 5, 6 and 7. In FIG. 7 it
      is shown that the alternate grooves 21 line up with grooves 35 in the
      transfer adapter and in like manner, alternate grooves 21 align with the
      lands 36 in the transfer adapter.
PAR  It will be seen from FIG. 4 that as the distance A-B is equal to the
      distance A.sup.1 -B.sup.1, that swapping ends of the boat 11 relative to
      the carrier 27 and the transfer adapter 34 will result in the arrangement
      shown in FIG. 8 so that the grooves which were blocked by lands in the
      FIG. 4 arrangement will now be in alignment with grooves in the transfer
      adapter and the remaining discs may pass therethrough as illustrated in
      FIG. 8.
PAR  In FIGS. 9 and 10, an alternative form of this invention is shown. In this
      form of the invention, the grooves 35 in the transfer adapter are
      symmetrical relative to the ends 42 and 43 of the adapter. That is, they
      are equal distance therefrom. In order to provide for the two positions of
      the adapter relative to the furnace boat, that is the one position in
      which one-half of the discs may pass therethrough and the other position
      for aligning the boat with the remainder of the slots as shown in FIG. 8,
      a different aligning configuration is utilized. As shown, the dowel pins
      44 are not symmetrical relative to the slots. The dowel pin on the
      left-hand side of the adapter as viewed in FIG. 9 is further away from the
      most adjacent slot than the pin 44 on the right-hand side of the adapter.
      This spacing is such that when the boat is reversed, or swapped end to
      end, relative to the adapter, a different group of alternate slots will be
      aligned. It is also apparent that other suitable steps could be provided
      so that the transfer apparatus could merely be slid longitudinally
      relative to the boat between its two positions.
PAR  In use of the device, a furnace boat filled with discs and a carrier having
      only half as many slots as the furnace boat are positioned opposite each
      other with the transfer adapter therebetween as shown in FIG. 1. The
      assembly is then inverted to the FIG. 4 position and every other disc
      falls through the slots in the transfer adapter into the carrier. The
      transfer adapter and boat may then be lifted free of the carrier inverted
      so that the boat supports the discs and the transfer adapter rotated
      180.degree. and re-engaged with the boat in the position shown in FIG. 8.
      A new carrier 27 is then positioned over the furnace boat and adapter to
      sandwich the adapter between the boat and carrier and the assembly again
      inverted to the FIG. 8 position. At this time, the remaining discs fall
      into the second carrier.
PAR  The use of the apparatus shown in FIGS. 9 and 10 is identical to that just
      described as the difference in positioning of the dowel pins 44 serves the
      same function as the special alignment of the lands and grooves in the
      form of apparatus shown in FIG. 1 through 8.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof and various changes in the size, shape and
      materials, as well as in the details of the illustrated construction, may
      be made within the scope of the appended claims without department from
      the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Transfer apparatus comprising;
PA1  at least one disc carrier having slots for receiving and supporting a
      plurality of side-by-side discs,
PA1  a boat having twice as many slots per inch for receiving and supporting
      discs as said carrier,
PA1  a transfer adapter having alternate lands and slots extending therethrough
      for directing discs from said boat to said carrier when the adapter is
      sandwiched between said boat and carrier,
PA1  said adapter having the same number of slots per inch as said carrier,
PA1  said carrier and adapter having means in interengagement holding the slots
      therein in alignment when the adapter is in engagement with a boat,
PA1  and means for aligning the adapter slots in one position with alternate
      slots in the boat to transfer one-half of a boat's capacity of discs to
      said carrier while the lands prevent the transfer of the remainder of the
      discs and in another position for aligning the adapter slots with the
      remaining slots in the boat for transferring the remainder of the boat's
      capacity to a carrier.
NUM  2.
PAR  2. Transfer apparatus comprising,
PA1  a boat having slots for receiving and supporting discs,
PA1  a transfer adapter having alternate lands and slots extending therethrough
      which in total are equal in number per inch to the number of slots per
      inch in the boat,
PA1  and means for aligning the adapter slots in one position with alternate
      slots in the boat to retain one-half of the boat's capacity while
      permitting discs from alternate boat slots to pass through the adapter and
      in another position to permit the remainder of the discs in the boat to
      pass through the adapter.
NUM  3.
PAR  3. A transfer adapter for transferring discs from a boat to a carrier
      comprising,
PA1  a rectangular body having a plurality of alternate slots and lands
      extending therethrough,
PA1  and means on said body for engaging a boat to align the adapter and boat
      one relative position with the slots in the adapter aligned with alternate
      slots in a boat and in another relative position to align the slots in the
      adapter with the remaining slots in a boat.
PATN
WKU  039347346
SRC  5
APN  3909719
APT  1
ART  314
APD  19730823
TTL  Bale wagon
ISD  19760127
NCL  6
ECL  1
EXA  Paperner; Leslie J.
EXP  Spar; Robert J.
NDR  9
NFG  26
INVT
NAM  Grey; Donald M.
CTY  Selma
STA  CA
INVT
NAM  Butler; Lee D.
CTY  Kingsburg
STA  CA
ASSG
NAM  Sperry Rand Corporation
CTY  New Holland
STA  PA
COD  02
RLAP
COD  74
APN  139324
APD  19710503
PSC  03
CLAS
OCL  214  6B
XCL  214  85G
XCL  214518
EDF  2
ICL  B65G 5732
FSC  214
FSS  6 B;6 BA;8.5 R;8.5 A;8.5 G;8.5 K;8.5 SS;518;519;152
UREF
PNO  3278050
ISD  19661000
NAM  Tarbox
OCL  214  6B
UREF
PNO  3325021
ISD  19670600
NAM  Burns et al.
OCL  214  6BA
UREF
PNO  3363781
ISD  19680100
NAM  Magnetti
XCL  214  6BA
UREF
PNO  3446369
ISD  19690500
NAM  May et al.
OCL  214  6B
UREF
PNO  3502230
ISD  19700300
NAM  Grey et al.
OCL  214  6B
UREF
PNO  3521762
ISD  19700700
NAM  Walters
OCL  214  6B
UREF
PNO  3549023
ISD  19701200
NAM  Backman
OCL  214  6B
UREF
PNO  3631992
ISD  19720100
NAM  Dickinson
OCL  214  6B
LREP
FR2  Flanagan; John R.
FR2  Seemar; Frank A.
FR2  Brown; Joseph A.
ABST
PAL  A bale wagon adapted to pick up bales and form them into a composite stack
      and further adapted to unload individual bales from the formed stack in
      single bale fashion. The bale wagon basically comprises a load rack, a
      slightly forwardly inclined transfer table spaced forwardly of the load
      rack and moveable back and forth therebetween, and a vertically
      reciprocable receiving table interposed between the transfer table and
      load rack. During the loading mode of operation, the receiving table
      functions to transfer bales to the transfer table and after a complete
      tier has been formed thereon the transfer table moves rearwardly to a
      position adjacent the front end of the load rack where the tier is
      deposited. To unload, the transfer table is actuated rearwardly to the
      position adjacent the load rack, retrieves the end tier and moves back to
      its original position. The receiving table then operates through a series
      of cycles, retrieving a portion of the tier from the transfer table during
      each cycle while the complement of the tier is held by hooks which engage
      the lower layer of bales of the tier. At the end of each cycle of the
      receiving table, the retrieved bales are conveyed transversely from the
      bale wagon in single bale fashion.
PARN
PAR  This is a division of application Ser. No. 139,324, filed May 3, 1971, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to agricultural machinery and more particularly to
      wagons adapted for loading and unloading bales of hay and the like.
PAR  One of the most significant advances made in agricultural mechanization
      over the past two decades was the development of the automatic bale wagon
      by G. E. Grey. G. E. Grey's bale wagon, commomly referred to as "the basic
      Grey Wagon" and described in U.S. Pat. No. 2,848,127, is principally
      adapted for stacking bales and is basically comprised of three tandemly
      arranged cooperating tables. In operation, the basic Grey wagon functions
      to pick up bales, form them into a composite stack, and subsequently
      discharge the entire stack in a storage area. Although the basic Grey
      wagon has met with wide acceptance especially in the more arid
      geographical regions where stacking can be done in open space without
      significant risk of spoilage, there has been an increasing need for the
      development of a bale wagon having single bale unloading capability,
      especially among hay farmers in the more humid geographical regions
      unsuited for open space stacking.
PAR  Various approaches have been taken in the development of a single bale
      unloading wagon. One such approach is represented in U.S. Pat. No.
      3,448,879 to C. Van Der Lely. Van Der Lely's wagon, commonly referred to
      as a "random loading wagon", delivers bales to the wagon in random
      fashion--not in a composite stack as the basic Grey wagon does. To unload,
      the floor of the Van Der Lely wagon is driven rearwardly, causing bales to
      fall into a rear-transverse cross conveyor which conveys the bales to one
      side of the wagon. The obvious deficiency of this wagon is the lack of
      orderly control of the load during unloading, due in great part to the
      random disposition of the loaded bales.
PAR  The most successful single bale unloading wagon to date is that shown in
      U.S. Pat. No. 3,502,230 issued Mar. 24, 1970 to D. M. Grey, et al. This
      wagon employs the basic Grey three table concept but modifies the
      intermediate table by adding a cross conveyor and separating mechanism.
      Briefly pointing out the unloading operation, the stack is moved forwardly
      in small increments such that a tier at a time is pushed onto the
      intermediate table. The separating mechanism then separates a row of the
      tier and the separated row is conveyed transversely from the intermediate
      table by the cross conveyor. Although successful in most respects, this
      wagon does have a relatively low load capacity. Moreover, it is noted that
      the first table, essential for loading, is not utilized during unloading
      and that the modifications in the intermediate table, essential for
      unloading, are not utilized during loading.
PAC  SUMMARY OF THE INVENTION
PAR  The bale wagon of the present invention basically comprises a load rack, a
      forwardly inclined transfer table spaced forwardly of the front end of the
      load rack, and a receiving table disposed intermediately between the load
      rack and transfer table and moveable up and down therebetween for either
      delivering bales to the transfer table or receiving bales therefrom.
      During the loading operation, a layer of bales is received by the
      receiving table and the layer is then transferred to the transfer table.
      After a sufficient number of layers have been transferred to the transfer
      table to form a tier, the transfer table is then moved rearwardly over the
      receiving table to deposit the formed tier onto the front end of the load
      rack. The above loading steps are repeated until the load rack contains a
      load of side-by-side disposed tiers. To unload, the bale wagon employs the
      same basic elements as used in loading, i.e., load rack, transfer table,
      and receiving table. In the unloading operation, the transfer table is
      adapted to move to the load rack and retrieve a tier therefrom and return
      to its original position. The receiving table then proceeds to move up and
      down through a series of cycles, during each cycle retrieving a portion of
      a tier on the transfer table and bringing that portion of the tier down to
      its lower position where the bales are conveyed transversely in single
      file from the bale wagon. The receiving table continues to cycle until the
      entire tier disposed on the transfer table has been retrieved and conveyed
      from the wagon. The above unloading steps are repeated until the entire
      load has been discharged. It is therefore the principal object of the
      present invention to provide a bale wagon adapted loading and single bale
      unloading which utilizes the same basic components for carrying out the
      loading and unloading operation.
PAR  A further object of the present invention is to provide a transfer table
      normally disposed in an upright, slightly forwardly inclined position
      which is moveable in a fore-and-aft direction between its original forward
      position and a rear position adjacent the front end of the load rack, the
      transfer table being further provided with retaining means for supporting
      a tier during loading and for retrieving a tier from the load rack during
      unloading.
PAR  Another object of the present invention is to provide a receiving table in
      a disposition intermediately between the forward position of the transfer
      table and the load rack and to provide the same receiving table with drive
      means for cycling the receiving table up and down relative to the transfer
      table such that bales during the loading operation will be delivered from
      the receiving table to the transfer table and during the unloading
      operation bales will be received from the transfer table by the receiving
      table.
PAR  Another object of the present invention is to provide control means for
      actuating the retaining means of the transfer table in timed relationship
      relative to the position of the receiving table during its cycle.
PAR  A further object of the present invention is to provide control means for
      actuating the retaining means of the transfer table during the transfer of
      bales to the load rack for deposit thereon and during the retrieving of a
      tier from the load rack by the transfer table.
PAR  A more general object of their present invention is to provide a high
      capacity single bale unloading wagon. Other objects and advantages of the
      present invention will become apparent and obvious from a study of the
      following description and the accompanying drawings which are merely
      illustrative of the present invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present bale wagon drawn in accordance
      with the present invention.
PAR  FIG. 2 is an enlarged fragmentary side elevational view of the load rack,
      transfer table, receiving table, and rolling rack assembly.
PAR  FIG. 3 is a view taken through the lines 3--3 of FIG. 2.
PAR  FIG. 4 is a rear elevational view of the transfer table.
PAR  FIG. 5 is a plan view of the transfer table shown in FIG. 4.
PAR  FIG. 6 is a plan view of the control system for actuating the receiving
      table and retaining means of the transfer table.
PAR  FIGS. 7 and 8 are fragmentary views of the single revolution clutch
      assembly for actuating the receiving table during both loading and
      unloading, FIG. 7 showing the clutch engaged while FIG. 8 shows the clutch
      disengaged.
PAR  FIG. 9 is a fragmentary side elevational view of the control system shown
      in plan in FIG. 6.
PAR  FIG. 10 is a fragmentary side elevational view of the cam assembly for
      actuating the retaining means of the transfer table in timed relationship
      relative to the position of the receiving table.
PAR  FIG. 11 is a schematic circuit diagram of the hydraulic system for
      controlling the various hydraulic powered components of the present
      invention.
PAR  FIGS. 12-19 are schematic illustrations of the loading operation of the
      present bale wagon.
PAR  FIGS. 20-26 are schematic illustrations of the unloading operation of the
      present bale wagon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following description right hand and left hand reference is
      determined by standing at the rear of the bale wagon and facing in the
      direction of travel.
PAC  In General
PAR  With particular reference to FIG. 1, the bale wagon of the present
      invention is comprised of a wheel supported load rack 10, the front and
      rear left side wheels being indicated by the numerals 12 and 14
      respectively. Spaced along intervals on the left and right hand side of
      the load rack 10 is a series of upstanding posts 16. The posts 16 support
      a series of longitudinally extending, vertically spaced apart side
      railings 18. Extending transversely the rear portion of the load rack is a
      retaining bar 20.
PAR  The load rack 10 further includes a rolling rack 22 which is moveable in a
      fore-and-aft direction along the load rack by carriage means disposed in a
      pair of laterally spaced longitudinally extending rails. Rolling rack 22
      is adapted to move towards the rear of the wagon in increments
      corresponding to the thickness of a single tier during loading and is
      further adapted to move towards the front of the wagon in like increments
      during unloading.
PAR  Fixed to the front portion of the load rack 10 and extending forwardly and
      downwardly therefrom is a box frame 24 which supports the tier forming
      components and their associated drive units. Extending forwardly from the
      bale wagon is a tongue 25 having a clevis, not shown, which is adapted to
      be connected to the drawbar of a power source, not shown. It will be
      obvious to those skilled in the art that the present invention can
      likewise be incorporated into a self-propelled unit, obviating the
      necessity of having a tongue and clevis arrangement.
PAR  Disposed within box frame 24 is a slightly forward inclined transfer table
      26 adapted to move back and forth with a carriage means that is confined
      in a pair of guide rails that extend between the box frame 24 and the load
      rack 10. The transfer table 26 includes a series of bale retaining means
      in the form of hooks which engage a lower portion of a tier of bales and
      retain it in an upright manner adjacent the transfer table 26.
PAR  Interposed between the load rack 10 and the transfer table 26 is a
      receiving table which is reciprocably moveable up and down adjacent the
      transfer table 26 for delivering bales thereto or receiving bales
      therefrom. A bale pickup mechanism 32 is disposed to the left side of
      receiving table 28 and is so arranged to pick up bales from the field and
      deliver them to the receiving table by a conveyor means 30. The pickup
      mechanism 32 forms no material part of the present invention and therefore
      is not described in great detail. Various types of the bale pickup
      mechanisms may be suitably employed in a bale wagon of the type shown
      herein. Those skilled in the art and those who are not can find detailed
      teachings of pickup mechanisms in U.S. Pat. Nos. 3,367,522 and 3,543,958.
PAR  As will be described hereafter in greater detail, the transfer table 26,
      rolling rack 22, and hooks (indicated generally by numeral 46, 48 in FIG.
      5) are powered hydraulically while the receiving table 28 is mechanically
      driven. To effectuate the sequential operation of these components during
      loading and unloading it is necessary to provide various sensing and trip
      mechanisms and link them with the control means of the respective
      components. Some of these linking mechanisms, although particularly
      described, are not shown because they are not considered material to the
      present invention and certainly fall within the skill of individuals
      engaged in the art.
PAC  Transfer Table
PAR  The upper portion of transfer table 26, as best seen in FIG. 4, is of a
      generally open rectangular construction having like side members 34, 36
      joined at their end extremeties by upper and lower cross members 38, 40
      respectively. A center support 42 extends between the medial portions of
      the upper and lower cross members 38, 40. The lower portion of transfer
      table 26 includes a transversely extending pusher plate 44 which depends
      downwardly from the lower cross member 40 and is co-planar with the upper,
      open rectangular construction.
PAR  Disposed about the transfer table 26 in lateral spaced apart relationship
      just above lower cross member 40 is a first and second set of hooks 46,
      48, each set of hooks being spaced a distance slightly greater than a bale
      height above the receiving table 28 and adapted to grasp and retain a bale
      of hay against the rear face of the transfer table 26. More particularly
      each set of hooks include 4 individual hooks, the individual hooks of set
      46 being denoted by 46a, 46b, 46c, 46d, and likewise, the individual hooks
      of set 48 being indicated by 48a, 48b, 48c and 48d. As best seen in FIG.
      4, each pair of vertically spaced hooks are axially aligned and are
      supported and actuated by a series of laterally spaced rocker arms 50, 52,
      54 and 56. The rocker arms are journalled for rotative movement within
      upper cross member 38 and lower cross member 40. The rocker arms and
      consequently the individual hooks are actuated by a hydraulic cylinder 58
      which is anchored to center support 42 and extends laterally therefrom
      where its rod end is operatively connected to a compound linkage
      arrangement that in turn actuates each of the rocker arms. Viewing the
      linkage particularly, in FIG. 5, it is seen that the rod end of the
      cylinder 58 is pivotally connected to plate 62 which is in turn fixed to
      rocker arm 54. Plate 62 is connected to plate 66 by a connecting link 64.
      Also plate 62 is connected to plate 70 by a tie link 68, with plate 70
      being affixed to rocker arm 52. Plate 70 is connected to plate 74, which
      is fixed to rocker arm 50, by a connecting link 72. In order for the
      individual hooks to be engaged and disengaged it is obvious that the
      connecting links 64, 68 and 72 must be pivotally connected between the
      respective plates, as shown in FIGS. 4 and 5. Means, to be described in
      greater detail, are provided for actuating the hooks in timed relationship
      relative to the position of the receiving table 28 and transfer table 26.
PAR  Turning to FIG. 2, it is seen that the transfer table 26 is adapted to move
      in a translatory manner from a first position adjacent the supporting box
      frame 24 (shown in solid lines) to a position adjacent the front end of
      the load rack 10, hereafter referred to as the second position. In
      particular, transfer table 26 is adapted to move with a carriage which
      includes a carriage plate 76 having a pair of longitudinally spaced
      rollers 78, 80 rotatively mounted thereto and confined within a pair of
      guide rails 82 which extend along each side of the wagon between the
      supporting box frame structure 24 and the forwardmost pair of upstanding
      posts 16. Carriage plate 76 is powered along the confines of guide rail 82
      by a pair of double acting hydraulic cylinders, each indicated by numeral
      84 and disposed on one side of the wagon and having an anchor end fixed to
      a mounting plate 86 which in turn is secured to a rearwardly spaced post
      16. The rod end of the cylinder 84 is connected to a rocker arm 90 at
      point 92. Rocker arm 90 is adapted to pivot back and forth about a
      transverse axis 94 and is pivotally connected to carriage plate 76 by a
      connecting link 96. Therefore it is seen that as the cylinders 84 are
      retracted and extended, the carriage is actuated back and forth in guide
      rails 82 between said first and second positions.
PAC  Receiving Table
PAR  Receiving table 28 is adapted to receive bales from pickup mechanism 32 and
      transfer them to the transfer table 26 during loading or to retrieve
      individual bales from the transfer table and convey them from the wagon,
      one bale at a time during unloading. Structurally, the receiving table 28
      is comprised of transversely extending cross members 98, 100, the cross
      members being longitudinally spaced apart to accommodate conveying means
      30 therebetween (FIG. 9). Cross members 98, 100 are secured to support
      member 104 which is in turn fixed to a carriage 106, as best seen in FIG.
      6. Carriage 106 includes pairs of upper and lower rollers, each roller
      being indicated by the numeral 108 and confined within a pair of side
      guide rails 110, 112. Guide rails 110, 112 extend generally vertical but
      are slightly inclined fowardly so as to lie in a plane generally parallel
      with that assumed by the transfer table 28. Cross members 98, 100 extend
      in a plane generally normal to that of the carriage 106 and therefore as
      the carriage moves up and down within guide rails 110 and 112, cross
      members 98, 100 move vertically adjacent the rear face of transfer table
      26.
PAC  Rolling Rack
PAR  Rolling rack 22, shown generally in FIG. 1, is comprised of upper and lower
      transversely extending frame members 114, 116 and a plurality of vertical
      supports 118 laterally spaced and joined to the inner sides of the frame
      members 114, 116. Secured to the lower portions of the two outer supports
      118 are a pair of carriage plates 120, each carriage plate including a
      pair of longitudinally spaced rollers 122, 124 (FIGS. 2 and 3) rotatively
      mounted thereto and confined within a pair of longitudinally extending
      guide rails 126 disposed on each of the load rack and spaced slightly
      thereabove. The carriage is provided with a mechanical brake and as best
      seen in FIG. 2 the brake includes an arm 128 pivotally mounted about axis
      130. Fixed to the rear portion of arm 128 is a brake pad 132 which engages
      the lower rail portion of the left side guide rail 126 during the movement
      of the rolling rack and carriage along the load rack 10. Arm 128 is biased
      for braking by a spring 134 which extends from the forward upward portion
      of the arm to a point 136 slightly thereabove.
PAR  The rolling rack 22 is brought forward during unloading by a ratchet
      assembly which is operatively connected to the rolling rack carriage plate
      120 and actuated by cylinders 84. The ratchet assembly, as best seen in
      FIG. 2, includes a ratchet bar 138 which extends nearly the entire length
      of the load rack on the left side of the wagon. Specifically, the lower
      edge of the ratchet bar 138 is slidably contained along the upper edge of
      the left side guide rail 126. The upper edge of the ratchet bar 138
      includes a series of aligned, forwardly inclined serrated teeth. To
      provide back and forth reciprocation, the ratchet bar is connected to
      rocker arm 90 by a pivotal link 140. A pawl 142 is pivotally secured to
      the outer face of carriage plate 120 just above the serrated teeth of the
      ratchet bar 138 and is moveable from a ratchet engaged position, shown in
      solid lines FIG. 2, to a disengaged position shown in dotted lines of the
      same figure. To assure engagement and disengagement, a compression spring
      144 is pivotally connected to pawl 142 by pin 146. The upper portion of
      spring 144 is pivotally connected to a tab 148 extending upwardly from
      carriage plate 120.
PAC  Receiving Table Drive and Cam Control for Hooks
PAR  With particular reference to FIGS. 6-10, it is seen that the receiving
      table forming a part of a present invention is mechanically driven through
      a pin and crank arrangement which is actuated by a single revolution
      clutch assembly, indicated generally by numeral 149. In particular,
      rotative motion is provided by a circular chain sprocket 154 driven by an
      outside source, not shown, which is fixed to a sleeve 152 that is
      rotatively mounted around drive shaft 150. The sprocket 154 is
      continuously driven and includes a clutch housing 156 disposed about its
      rear face. Spaced rearwardly of the chain drive sprocket 154 is a circular
      carrier plate 158 which is fixed by welds or other suitable means to drive
      shaft 150 and rotatable therewith. Fixed to the face of carrier plate 158
      and depending generally downwardly therefrom is a carrier block 160 which
      is pivotally connected to crank 162 by lower pivot pin assembly 164. The
      upper portion of crank 162, as best seen in FIG. 9, is likewise pivotally
      connected to carriage 106 by pivot pin assembly 166. Thus as the carrier
      plate 158 is rotated about a single revolution, the carriage 106 is driven
      up to its maximum altitude and returned to its lower position.
PAR  The carrier plate is actuated through a single revolution clutch 149 housed
      in clutch housing 156. As shown in FIGS. 6, 7 and 8, a finger 168 is fixed
      to one side of carrier block 160 and extends through an opening 170 of
      carrier plate 158 and curls inwardly adjacent the front face thereof. The
      clutch mechanism includes a pawl arm 172 pivotally connected at 174 to the
      curled end of finger 168 and further having a roller 176 disposed
      oppositely from the pivotal connection with finger 168. Disposed along the
      inside periphery of clutch housing 156 is a stop 178 which continuously
      runs with the chain sprocket 154. Extending downwardly from the pawl arm
      172 is a lever arm 180 in which the lower end thereof is spring biased by
      spring 182 such that the roller end 176 tends to be pulled towards the
      periphery of clutch housing 156.
PAR  Disposed below the clutch housing 156 is an actuating mechanism for
      selectively actuating the clutch for engagement with stop 178. The
      actuating mechanism includes a mounting tab 190 fixed to support posts 184
      and extending upwardly therefrom. A pivot plate 188 is fixed to the upper
      portion of mounting tab 190 and pivots back and forth about axis 192.
      Fixed to an outside upper edge of pivot plate 188 is a locking plate 186
      which has an edge portion 187 which curls back for engagement with the
      lower end of lever arm 180. The pivot plate 188 is actuated back and forth
      by an actuating arm 194 which during loading is operatively connected to a
      two bale trip mechanism 195 (FIG. 2) disposed above the receiving table
      28, opposite the pickup mechanism 32. During the unloading mode of
      operation, the actuating arm 194 is temporarily disconnected by means, not
      shown, from the trip mechanism 195 and is operatively connected to sensing
      plate 196 which is disposed transversely the front edge of the load rack
      10 and senses the disposition of bales on the receiving table during
      unloading.
PAR  The opening and closing of the hooks during transfer between the transfer
      table 26 and receiving table 28 is controlled by a cam assembly 200, (FIG.
      10), keyed to drive shaft 150 forwardly of the single revolution clutch
      assembly 149. Cam assembly 200 includes a hub 202 and a housing having a
      periphery band 204 and a back portion 206. Axially disposed within the cam
      assembly 200 is a first and second set of cams 208, 210. The first cam set
      208 is spaced rearwardly of the second cam set 210 and is employed for
      loading and includes a hook opening cam 208a fixed to hub 202 and a hook
      closing cam 208b fixed to the inside of periphery bank 204.
PAR  Second cam set 210 is employed during unloading bales from the transfer
      table 26 to the receiving table 28 and includes a hook opening cam 210a
      and a closing cam 210b.
PAR  The control valve for controlling hook cylinder 58 is shown schematically
      in the hydraulic diagram of FIG. 11 (indicated by numeral 232). As shown
      therein, the valve 232 is of a three position type valve and is normally
      spring centered. For actuating the control valve 232, a roller 212 is
      fixed to the rear end of shaft 214 which is in turn fixed to swing arm 216
      (FIG. 9). It is noted that as the cam assembly 200 rotates with drive
      shaft 150, the cams fixed on the hub and periphery of the cam assembly 200
      causes roller 212 to oscillate back and forth, causing the swing arm 216
      to pivot about longitudinal axis 218 which results in the actuation of the
      control valve 232 for controlling the hook cylinder 58. Swing arm 216 is
      pivotally connected to C-channel 220 which is in turn pivotally secured
      about transverse shaft 222. Thus to change from the loading to the
      unloading mode of operation the swing arm 216 is pivoted about transverse
      shaft 222 rearwardly until roller 212 is aligned with the second set of
      cams 210.
PAC  Loading Operation
PAR  The loading operation of the present invention is shown schematically in
      FIGS. 12-19. It may be noted that prior to loading the bale wagon,
      individual bales are discharged from a hay baler into the field, the bales
      being generally disposed in spaced apart relationship, longitudinally
      aligned. To load, the bale wagon is driven alongside the row of bales and
      individual bales are guided into the offset pickup mechanism 32. The
      pickup mechanism 32 engages the individual bales and conveys them onto the
      receiving table 28, the bales being disposed thereon in end-to-end
      relationship transversely of the bale wagon. Once two bales have been
      received on the receiving table 28, the bale disposed on the right side,
      opposite the pickup mechanism 32, actuates the two bale trip mechanism
      195, which is operatively connected to link 194 (FIG. 7). As particularly
      seen in FIG. 7, the movement of link 194 to the left causes the roller 176
      of the clutch assembly to engage stop 178 of the clutch housing 156. The
      engagement of the clutch assembly with stop 178 results in the rotation of
      carrier plate 158 and since carrier plate 158 is fixed to drive shaft 150,
      the drive shaft is rotated simultaneously. The rotation of carrier plate
      158 drives crank 162 upwardly, raising receiving table 28 in the process.
      Once the carrier plate 158 has made approximately one-half revolution, the
      pivot pin assembly 164 will be at top dead-center and the receiving table
      will be at its maximum altitude. During the second half revolution the
      carrier plate 158 will pull crank 162 downwardly and bring the receiving
      table to its downward or lowermost position. Since cam assembly 200 is
      likewise fixed to drive shaft 150 it rotates as carrier plate 158 rotates.
      In the loading operation roller 212 is disposed in its rearmost position
      for selective engagement with the first set of cams 208a and 208b. It is
      noted from FIG. 10 that as the cam assembly begins to rotate the roller
      212 engages cam 208a causing the hook cylinder to extend, thereby opening
      the hooks. As the cam assembly continues to rotate, roller 212 engages
      closing cam 208b at approximately the time the receiving table reaches its
      maximum altitude. This causes the hooks to close and engage the two bales
      disposed on the receiving table. Thus the drive shaft continues to make
      one half more revolution and then come to a stop. The stop is brought
      about by the fact that the trip mechanism is spring loaded such that after
      the two bales are raised to the hooked position the trip mechanism moves
      back to its initial position pushing link 194 to the right which causes
      edge 187 of the locking plate 186 to engage the lever 180, causing the
      roller to be pivoted from the path of stop 178, as seen in FIG. 8.
PAR  Two more bales are received on the transfer table in like manner and the
      trip mechanism once again actuates the single revolution clutch 149
      causing the receiving table to move upwardly. Just as the receiving table
      begins to move upwardly cam 208a again opens the hooks at a time in which
      the top of the two bales on the receiving table is just below the lower
      portion of the two bales previously retained on the transfer table 26.
      Thus the opening of the hooks causes the previously retained pair of bales
      to be supported by the present pair of bales on the receiving table. As
      the receiving table continues to move up, the four bales are moved
      upwardly until the receiving table has reached approximately its maximum
      altitude at which time the hooks close, retaining the lower pair of bales.
      Thus it is seen that the hooks retain the last pair of bales and the
      previous pair of bales are supported thereabove in overlying relationship.
      As seen in FIG. 2, the hooks are spaced a distance slightly greater than a
      pair of bales above the receiving table 28. Thus once the transfer table
      26 includes four pair of bales, there is yet room for another pair of
      bales on the receiving table 28. Thus two more bales are received in
      end-to-end relationship on receiving table 28. Once the four pair of bales
      are supported adjacent the transfer table 26 by the hooks a trip mechanism
      indicated by numeral 224 (FIG. 1) causes the trip mechanism 195 disposed
      adjacent the right hand side of the receiving table to be operatively
      connected to the control valve for the transfer table cylinders 84. Thus
      when the last two bales are received on the receiving table the trip
      mechanism 195 actuates the control valve of hydraulic cylinders 84 causing
      them to be retracted and the five pair of bales to be moved rearwardly
      onto the front part of load rack 10. As the transfer table 26 becomes
      disposed adjacent the load rack 10, the hooks are disengaged thereby
      depositing the tier on the front of the load rack. At approximately the
      same time, a trip mechanism which is operatively connected to the control
      valve for hydraulic cylinder 84 reverses the control valve, thereby
      extending the rod end of cylinders 84 and returns the transfer table back
      to its forward loading position. Successive tiers are loaded on the
      transfer table similar to that just described and the tiers are
      successively stacked in side-by-side relationship onto the load rack 10
      until a full load is contained thereon.
PAC  Single Bale Unloading
PAR  After the bale wagon is loaded it is moved to an appropriate storage sight
      for single bale unloading. To unload it is necessary to deactivate the
      loading controls for the transfer table 26 and receiving table 28. This is
      accomplished by a manually operated central control lever, not shown,
      which when moved from a loading to an unloading position deactivates the
      loading controls and activates the unloading controls. The unloading
      controls include a system of sensing mechanisms, not shown, disposed about
      said transfer table 26 and operatively connected to the hydraulic control
      valve of the pair of cylinders 84. This system of sensing mechanisms sense
      the presence of the bales about the transfer table 26 and control the
      movement thereof between a first forward inclined position (also referred
      to as the single bale unloading position) and a second position (also
      referred to as a tier receiving position) adjacent the front end of load
      rack 10. As the central control lever is moved to the unloading position,
      a second major unloading control is also activated, that being the sensing
      plate 196 which is disposed intermediately between the load rack 10 and
      cross conveyor 30. The sensing plate 196, which as seen in FIG. 2 is
      disposed along a front edge of the load rack 10, when activated is spring
      biased to an upward position and is operatively connected to the single
      revolution clutch assembly for driving the receiving table up and down
      relative to the hooks on transfer table 26.
PAR  To complete the conversion from loading to unloading, pawl 142 which is
      pivotally secured on the rolling rack carriage plate 120 is moved to the
      lower position for engagement with the ratchet portion of ratchet bar 138.
      This assures that the rolling rack 22 will be moved forwardly in
      increments equal to a tier thickness as the transfer table is moved from
      the second position (tier receiving position) adjacent the front end of
      the load rack 10 to the first or forward inclined position.
PAR  Parenthetically, it should be noted that the unloading control linkage
      contains interlocking means to prohibit the simultaneous actuation of
      transfer table 26 and receiving table 28.
PAR  To commence the unloading operation, the transfer table 26 is powered to
      the second position adjacent the front end of load rack 10. Once the
      transfer table 26 is disposed adjacent the front end of load rack 10, the
      hooks are closed retaining the second row of bales from the bottom of the
      tier. The transfer table 26 is then actuated forwardly, carrying the upper
      portion of the tier therewith. As the transfer table 26 is moved
      forwardly, ratchet bar 138 which is engaged with pawl 142 causes the
      rolling rack to be moved forwardly an increment equal to one tier
      thickness. As the rolling rack moves forwardly the bottom row of the tier
      being retrieved is pushed forwardly onto the receiving table 28. The cross
      conveyor 30, which is mechanically driven, conveys the two bales
      transversely from the bale wagon, toward the side of the wagon opposite
      the pickup 32 where the bales fall therefrom, one bale at a time. Once the
      bottom two bales of the tier have been conveyed from the cross conveyor,
      the sensing plate 196 springs upwardly and actuates the single revolution
      clutch which drives the receiving table 28 upwardly towards the bottom two
      bales disposed on transfer table 26. As the receiving table 28 moves
      upwardly it is noted that the cam assembly 200 is rotated by drive shaft
      150. It also should be pointed out at this time that roller 212 is now
      aligned for engagement with the second set of cams 210. Therefore as the
      receiving table 28 moves upwardly to a point just before it reaches its
      maximum altitude, cam 210a engages the roller 212 which actuates the hook
      control valve, causing the hook cylinder to extend, opening the hooks and
      allowing the lower pair of bales retained thereby to be deposited on the
      receiving table 28. As the receiving table 28 moves downwardly the cam
      assembly 200 also continues to rotate and cam 210b engages roller 212 just
      before the receiving table reaches its lower position, causing the hooks
      to close and retain the pair of bales disposed above the pair of bales now
      disposed on the receiving table 28.
PAR  The pair of bales retrieved from the transfer table are then conveyed
      transversely from the wagon by cross conveyor 30, the bales being
      discharged in single file relationship, one bale at a time. Once the bales
      have been completely discharged from the receiving table, the sensing
      plate 196 springs upwardly, causing the receiving table to cycle and
      retrieve the lower pair of bales presently being retained by the hooks 46,
      48 as just described.
PAR  Once the complete tier has been retrieved by the receiving table 28, the
      transfer table 26 moves back to the second position to retrieve another
      tier. This process of retrieving a tier from the load rack and bringing it
      back to the first position and then retrieving individual pairs of bales
      from the tier and conveying them transversely from the bale wagon is
      continued until the entire load is discharged from the load rack 10.
PAR  Once the entire load is discharged, the central control lever is shifted to
      the loading position and deactivates the unloading controls and activates
      the loading controls and enables the bale wagon to return to the field and
      load a stack as previously described.
PAC  Hydraulic System
PAR  FIG. 11 shows schematically the hydraulic circuitry for controlling the
      loading and unloading operation of the bale wagon. From the foregoing
      discussion it is apparent that the basic power units of the hydraulic
      system comprise (1) a pair of side mounted cylinders, each denoted by the
      numeral 84, for powering the transfer table 26 and rolling rack 22 and (2)
      the hook control cylinder 58. These power units are shown in the hydraulic
      diagram and are primarily controlled through a pair of three position
      directional control valves indicated by numerals 230 and 232, valve 230
      being operatively connected to the parallel cylinders 84 while valve 232
      is operatively connected to the hook control cylinder 58.
PAR  Referring generally to the structure of the hydraulic circuitry, a pair of
      combination relief-check valves 238 are inserted in the hydraulic system
      between the second table control valve 230 and the parallel arranged
      cylinders 84. Interposed between cylinder 58 and control valve 232, is a
      cross-over valve 234 which is manually operated by the central control
      lever, not shown, which changes the mode of operation of the bale wagon
      from loading to unloading. Various lines and other components of the
      hydraulic system are indicated by numerals for the purposes of explaining
      the function of the hydraulic circuit during loading and unloading.
PAR  In the aforementioned description of the loading and unloading operation it
      is observed that the control of the hooks on the transfer table is
      accomplished by cam assembly 200. This cam assembly is operatively
      connected to the control valve 232 and effectuates the placement of bales
      from the receiving table 28 to the transfer table 26 or effectuates the
      release of bales from the same transfer table to the receiving table. But
      during the loading operation it was further necessary to control the
      opening and closing of the hooks when the transfer table 28 was disposed
      in its second position adjacent the front end of the load rack 10. To
      accomplish this a secondary hook control valve 236 is inserted in the
      hydraulic system between the hook controls cylinder 58 and the parallel
      disposed cylinders 84. As seen in FIG. 11, which shows all of the
      components of a hydraulic system as they are disposed in the no load
      condition, the secondary hook control valve is a two position valve, the
      two positions being (1) a block position and (2) a straight-through
      position. Preferably the secondary hook control valve 236 is spring biased
      to assume the straight-through position but is mounted between the
      transfer table and the box frame such that it assumes the block position
      when the transfer table is in its forward inclined position. Thus as the
      receiving table moves rearwardly the secondary control valve assumes the
      straight-through position because it is spring biased accordingly.
PAR  Briefly discussing the function of the hydraulic system during the
      operation of the bale wagon, it is seen that in the no load condition, oil
      flows from the pump 240 through line 246, through relief-valve 242,
      through the center position of control valve 232, and onto reservoir 244.
PAR  During the loading operation pairs of bales are transferred from the
      receiving table 28 to the transfer table 26 where the bales are retained
      thereon by the hooks 46, 48. As the receiving table begins to move upward
      cam 208a (FIG. 10) shifts control valve 232 to the straight-through
      position. Thus oil flows from the pump through line 250 and 252 into the
      anchor end of cylinder 58, causing the rod to extend and open the hooks.
      Once the receiving table has moved up to near its maximum altitude, cam
      208b shifts the control valve 232 to the cross-over position. The
      cross-over position directs the flow of oil from pump 240 into the rod end
      of cylinder 58, thereby closing the hooks and retaining the pair of bales
      previously supported by the receiving table 28. This is repeated until a
      full tier is supported by the hooks 46 and 48.
PAR  After the full tier has been received by the transfer table, a trip
      mechanism actuates the transfer table control valve 230 to the cross-over
      position. Oil then flows from the pump through the normally centered
      position of control valve 232, through control valve 230, into line 274.
      At this point the oil would tend to flow through secondary control valve
      236 except for the fact that the cylinder 58 is extended and line 250 is
      blocked at control valve 232; thus oil is not free to flow into line 272
      and pressure is built up therein. Once pressure build-up reaches the
      predetermined limits of the relief-valve 238, oil flows into the rod end
      of each of the cylinders 84, retracting the cylinders and pulling the
      transfer table rearwardly towards a position adjacent the front end of
      load rack 10. As the transfer table 26 moves rearwardly, the secondary
      hook control valve 236 is shifted to its straight-through position. Thus
      once the cylinders 84 are fully retracted and adjacent the front end of
      load rack 10, the oil in line 274 is allowed to flow through the secondary
      hook control valve 236 into the anchor end of cylinder 58; thus opening
      the hooks and depositing the entire tier onto the front portion of the
      load rack 10. Then a trip mechanism shifts transfer table control valve
      230 over to the straight-through position. Oil then flows into line 262
      and since cylinder 58 is extended and line 250 is blocked at valve 232;
      the oil flows into line 282 through the relief-check valve combination 238
      and into the anchor end of cylinders 84. The cylinders 84 are extended
      causing the transfer table 26 to be moved back to its receiving position
      for receiving another tier from the receiving table. The process of
      forming a tier on the transfer table and moving the transfer table back
      and forth between the load rack and the first position is continued until
      a full load is received thereon.
PAR  To unload it is recalled that the central control lever is shifted from the
      loading position to the unloading position. The cross-over valve 234 is
      operatively connected to the central control lever and as the control
      lever is shifted to the unloading position the cross-over valve is shifted
      to the cross-over position.
PAR  The unloading operation is commenced by a tripping mechanism which shifts
      the transfer table control valve 230 to the straight-through position. Oil
      then flows through control valve 232, through control valve 230 and into
      line 274. Flow is blocked in line 272 because the cylinder 58 is in a
      retractive position and line 250 is blocked at control valve 232.
      Therefore oil flows into the relief portion of the upper relief-check
      valve 238 once the predetermined pressure range is reached. The oil flows
      from the combination relief-check valve 238, into line 278 and into the
      rod end of cylinders 84, thereby retracting the cylinders and bringing
      them rearwardly to the second position adjacent the front end of the load
      rack 10. Once the cylinders are completely retracted the transfer table 26
      is adjacent the front end of the load rack in close proximity to the end
      tier of bales. As the transfer table moves to this position adjacent the
      load rack 10, the secondary control valve 236 is shifted to the
      straight-through position. Since the oil can no longer flow into the rod
      end of cylinders 84, the oil flows back through line 272, through the
      cross-over valve 234, into the anchor end of cylinder 58. This extends the
      rod of cylinder 58, causing the hooks to close and retain the second row
      of bales from the bottom of the tier. Then the second table control valve
      230 is shifted to the straight through position and oil flows into line
      262. The oil flow is restricted in line 264 since the cylinder 58 is fully
      retracted and line 250 is blocked at control valve 232. Therefore once the
      predetermined pressure range is reached oil flows from line 262, through
      line 282, through the relief portion of the combination relief-check
      valve, into the anchor end of cylinders 84. The rods of the respective
      cylinders 84 are then extended, causing the transfer table 26 to move from
      the position adjacent the load rack to the first forward inclined
      position, carrying the retrieved tier therewith. It is noted at this point
      that the bottom row of bales of the retrieved tier is then pulled down
      onto the receiving table 28 by the movement of the rolling rack a distance
      forward equal to one tier thickness. Once the transfer table is brought
      back to its first position, the second table control valve 230 is shifted
      to its neutral or block position.
PAR  The cross conveyor 30 then conveys the lower pair of bales from the
      receiving table 28, one bale at a time. At this time the sensing plate 196
      springs upwardly and actuates the single revolution clutch assembly 149
      which in turn actuates the cam assembly 200. As the receiving table 28
      moves upwardly control valve 232 is shifted to the cross-over position by
      cam 210a just before the receiving table reaches its maximum altitude.
      Thus oil flows into line 256, through the cross-over valve 234, into the
      anchor end of cylinder 58. Therefore the rod of the cylinder is extended
      causing the hooks to open and release the lower pair of bales retained on
      transfer table 26. As the receiving table moves downwardly, cam 210b moves
      control valve 232 to the straight-through position. Thus oil flows into
      line 250, through cross-over valve 234 and into the anchor end of cylinder
      58. As the rod of cylinder 58 is retracted the hooks are closed. The
      positioning of cam 210b is critical inasmuch as it is necessary that the
      hooks close as the tier of bales slide down the transfer table just before
      the receiving table reaches its lowermost position. The cycling of the
      receiving table 28 is continued until all of the bales on the transfer
      table have been retrieved and conveyed transversely from the bale wagon.
      Once all of the bales have been retrieved, the transfer table 26 is once
      again moved rearwardly to the second position adjacent the load rack 10
      where it retrieves another tier that was brought forward on its last cycle
      by the rolling rack 22. The transfer table then returns the tier to the
      first position where the receiving table goes through a series of cycles
      to retrieve individual pairs of bales from the receiving table. This total
      process is continued until the entire wagon is unloaded.
PAR  Thus it is seen that the present bale wagon had the advantage of employing
      the same stacking elements to load and single bale unload. This gives a
      very desirable design arrangement that no other bale wagon in the prior
      art includes in that the same stacking components are used to unstack and
      single bale unload without the addition of any type of conversion unit to
      adapt the bale wagon to perform in unloading situations.
PAR  The terms, "upper," "lower," "forward," "rearward" etc., have been used
      herein merely for the convenience of the foregoing specification and in
      the appended claims to describe the bale wagon and its parts as oriented
      in the drawings. It is to be understood, however, that these terms are in
      no way limiting to the invention since the bale wagon may obviously be
      disposed in many different positions when in actual use.
PAR  The present invention, of course, may be carried out in other specific ways
      than those herein set forth without departing from the spirit and esential
      characteristics of the invention. The present embodiments are, therefore,
      to be considered in all respects as illustrative and not restrictive, and
      all changes coming within the meaning and equivalency range are intended
      to be embraced herein.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. A bale wagon adapted for loading and unloading bales of hay or the like,
      comprising in combination:
PA1  a load rack for supporting a stack of bales, said stack being comprised by
      side-by-side tiers;
PA1  a generally upright transfer table normally disposed in a first position
      spaced forwardly of said load rack and movable between said first position
      and a second position in which said transfer table is disposed adjacent a
      front end of said load rack for delivering said tiers in succession to
      said load rack during loading and for receiving said tiers in succession
      from said load rack during unloading;
PA1  a carriage means disposed below said transfer table and adjacent said front
      end of said load rack;
PA1  a bale receiving table fixed to said carriage means;
PA1  a mechanical drive for moving said carriage means and thereby said
      receiving table up and down relative to said transfer table for delivering
      bales thereto to load bales and for receiving bales therefrom to unload
      bales, said mechanical drive comprising: a drive shaft, a drive disc fixed
      to said drive shaft, and a crank pivotally connected at one end to a
      peripheral point of said disc and pivotally connected at the other end to
      said carriage means, whereby the selective rotation of said drive shaft
      cycles said carriage means and thereby said receiving table up and down;
PA1  bale retaining means disposed on said transfer table and being operative to
      transfer bales from said receiving table to said transfer table to form
      said tier of bales thereon during loading when said transfer table is at
      its first position and to transfer bales from said transfer table to said
      receiving table during unloading when said transfer table is at its first
      position, said retaining means further being operative to transfer a tier
      to the front end of said load rack from said transfer table upon the
      movement of said transfer table to said second position during loading and
      to transfer a like tier from the front end of said load rack to said
      transfer table upon the movement of said transfer table to said second
      position during unloading; and
PA1  conveying means disposed adjacent said receiving table for carrying bales
      received thereon from said wagon.
NUM  2.
PAR  2. A bale wagon as set forth in claim 1 wherein means are provided for
      actuating said retaining means in timed relationship to the up and down
      movement of said receiving table, said actuating means comprised of a cam
      assembly having first and second cam means fixed to said drive shaft and
      rotatable therewith, said first cam means being operative during loading
      while said second cam means is operative during unloading.
NUM  3.
PAR  3. A bale wagon as set forth in claim 2 wherein said cam assembly includes
      a housing and hub portion which is fixed to said drive shaft and wherein
      each of said cam means includes a pair of cams, one fixed to said hub and
      the other disposed radially therefrom within the housing.
NUM  4.
PAR  4. A bale wagon as set forth in claim 2 wherein said drive shaft is
      selectively actuated by a single revolution clutch assembly.
NUM  5.
PAR  5. A bale wagon as recited in claim 1 wherein said retaining means
      comprises a plurality of hooks disposed along a lower level of said
      transfer table for engaging a row of bales and supporting a plurality of
      rows thereabove in overlying relationship.
NUM  6.
PAR  6. A bale wagon as set forth in claim 5 wherein control means are provided
      for actuating said hooks in time relationship to the up and down movement
      of said receiving table, during loading said control means being operative
      to (1) open said hooks as said receiving table moves upwardly and (2)
      close said hooks as said bales disposed on said receiving table reach an
      altitude adjacent said hooks, during unloading said control means being
      operative to (1) open said hooks once said receiving table has reached an
      altitude near the underside of the lower row of bales being retained and
      (2) close said hooks once the row above the lowermost row has dropped to
      an altitude adjacent the hooks.
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PAL  A system for enabling X-ray films, of the type primarily used in the dental
      and medical fields, to be handled in daylight for exposure to X-rays. The
      system utilizes identical film sheets emulsion coated on one or both
      faces, each sheet having a notch, displaced from the sheet center line,
      formed in one edge thereof. A stack of sheets is packed in an opaque
      envelope with the sheets being alternated so that all of the notches lie
      along a common stack edge arranged in two parallel rows, the notches in
      adjacent sheets lying in different rows. The system includes a light tight
      dispenser which receives the envelope and is capable of being operated to
      strip the envelope from the film sheet stack. The dispenser includes a
      pair of rotatable selector cams, each aligned with a different row of
      notches. A spring mounted back-up plate urges the film sheet stack against
      the selector cams with the two selector cams respectively bearing against
      notched and unnotched portions of the top sheet. Means are provided for
      alternately rotating the two cams so as to successively release the top
      sheet from the stack into a cassette removably engaged with the dispenser.
      The cassette includes parallel screens normally spring urged together in
      light tight relationship when disengaged from the dispenser. Engagement of
      the cassette with the dispenser in light tight relationship urges the
      screen plates apart to enable the released film sheet to fall
      therebetween. The cassette in turn operatively cooperates with a processor
      to enable the film sheet therein to be transferred to the processor.
PARN
PAR  This is a division of application Ser. No. 52,848, filed July 7, 1970, now
      U.S. Pat. No. 3,790,160 which issued Feb. 5, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to a film handling system particularly
      useful for enabling the daylight handling of X-ray film sheets of the type
      primarily used in the dental, medical and industrial fields.
PAR  In the conventional use of X-ray films, as by dental and medical
      technicians, an X-ray film sheet is normally loaded into a cassette in a
      darkroom, exposed with the patient, and then again taken into the darkroom
      for removal from the cassette for processing. The necessity of darkroom
      handling of the X-ray film is inconvenient, time-consuming, and costly.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a film handling system
      which enables a film sheet to be loaded into a cassette and transferred
      from the cassette to a processor in daylight without inadvertently
      exposing the film.
PAR  Briefly, in accordance with the preferred embodiment of the present
      ivention, standard X-ray film sheets are all notched on one edge prior to
      packaging in a light tight envelope. The notches are all spaced from a
      center line normal to the edge so that when a plurality of sheets are
      stacked with the orientation of successive sheets being alternated, the
      notches lie in two rows all along a common edge of the stack. Thus, in a
      stack of one hundred sheets for example, the fifty odd sheets will have
      notches lying in one row, while the 50 even sheets will have notches lying
      in the other row. The stack of sheets is packed in a light tight envelope.
PAR  In accordance with a significant feature of the present invention, a light
      tight dispenser is provided for storing the film sheet stack. The
      dispenser is capable of being operated to strip the envelope from the
      stack and to then dispense one sheet at a time from the stack.
PAR  In accordance with a further significant aspect of the invention, sheets
      are dispensed one at a time by alternately rotating a pair of film
      selector cams adapted to bear against the stack in alignment with the two
      rows of notches to thus free the top sheet from the stack when one cam
      moves out of engagement therewith and the other cam moves into alignment
      with the notch thereof.
PAR  In accordance with still a further aspect of the invention, a removable
      cassette is provided for cooperating with the dispenser to enable it to
      receive a film sheet released from the dispenser without exposing the film
      sheet to light. Preferably, operation of the film selector cams is
      prevented unless the cassette is in proper position to receive a dispensed
      film sheet. In accordance with another feature of the invention, means are
      provided for indicating when a film sheet is dispensed from the dispenser
      and when a film sheet is present in the cassette.
PAR  In accordance with a still further aspect of the invention, a processor is
      provided for operatively cooperating with the cassette to enable a film
      sheet to be easily transferred from the cassette to the processor without
      exposing it to ambient light.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will be best understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is a fragmentary plan view partially illustrating a stack of X-ray
      film sheets notched in accordance with the present invention;
PAR  FIG. 2 is an isometric view of a film package in accordance with the
      present invention;
PAR  FIG. 3 is an isometric view of a dispenser apparatus constructed in
      accordance with the present invention;
PAR  FIG. 4 is an enlarged fragmentary sectional view taken substantially along
      the plane 4--4 of FIG. 3 showing the film sheet stack resting on a pair of
      package support bars;
PAR  FIG. 5 is a sectional view similar to FIG. 4 illustrating the film stack in
      dispensing position resting on a pair of film selector rods;
PAR  FIG. 6 is an enlarged plan view illustrating the gear train for alternately
      driving the film selector cam;
PAR  FIG. 7 is a side view of a film selector cam particularly illustrating its
      taper;
PAR  FIG. 8 is an isometric view partially broken away illustrating a film X-ray
      cassette in accordance with the present invention;
PAR  FIG. 9A is an enlarged sectional view taken substantially along the plane
      9A--9A of FIG. 8 illustrating the position of a spacer plate when the
      screens of the cassette are closed;
PAR  FIG. 9B is an enlarged sectional view taken substantially along the plane
      9B--9B of FIG. 8 illustrating the relationship of the screen plates when
      the cassette is closed;
PAR  FIG. 9C is an enlarged sectional view corresponding to FIG. 9A illustrating
      the position of the spacer plate when the cassette is engaged with the
      dispenser pins to thus open the cassette and space the screen plates from
      one another;
PAR  FIG. 9D is a sectional view corresponding to FIG. 9B illustrating the
      cassette screen plates spaced apart from one another;
PAR  FIG. 10 is a plan view of a cassette spring cover plate in accordance with
      the present invention;
PAR  FIG. 11 is a sectional view taken substantially along the plane 11--11 of
      FIG. 10; and
PAR  FIG. 12 is an isometric illustration showing the cassette in operative
      relationship with a processor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is now called to FIG. 1 which constitutes a fragmentary plan view
      showing the bottom edge of a stack of rectangular X-ray film sheets
      notched in accordance with the present invention. More particularly, in
      the preferred embodiment of the present invention, all of the film sheets
      20 are notched along a common stack edge 22 with the notches being spaced
      from a center line 24 extending normal to the edge 22. All of the sheets
      20 are notched identically, i.e., with a notch 26 being formed in the edge
      22 at a certain spacing, d, from the center line 24. The film sheets 20
      are stacked with the orientation of successive sheets being alternated so
      that the notches 26 all lie along a common stack edge 22 but arranged in
      two rows 28 and 30 equally spaced from the center line 24. Thus, in a
      stack of one hundred film sheets, for example, the 50 odd sheets in the
      stack will have a notch 26 aligned with the row of notches 28. The fifty
      even sheets will each have a notch 26 aligned with the row of notches 30.
PAR  In accordance with the present invention, a stack of film sheets, notched
      as shown in FIG. 1 is inserted into an opaque envelope 32 as shown in FIG.
      2. Preferably, the envelope 32 is formed of opaque black plastic material
      and has a length exceeding the length of the film sheets 20. More
      particularly, the envelope 32 is preferably made sufficiently long so that
      its leading and trailing ends 34 and 35 can loosely extend beyond the
      leading and trailing edges 36 and 37 of the film sheet stack when the
      stack is contained within the envelope. The envelope is preferably heat
      sealed along line 38 and its bottom edge 39. A hole 40 is provided in the
      leading end 34 of the envelope and the envelope is preferably sealed
      around the hole 40.
PAR  Attention is now called to FIG. 3 which illustrates a dispenser,
      particularly adapted to function with the specially packaged film sheets
      shown in FIGS. 1 and 2, for dispensing film sheets one at a time, into a
      cassette in daylight without inadvertantly exposing the film sheets to
      light. More particularly, a dispenser 54, as shown in FIG. 3, is provided
      in accordance with the present invention for the purpose of initially
      stripping the envelope 32 from the stack of film sheets contained therein
      and to thereafter dispense one sheet at a time from the stack into a
      cassette adapted to be operatively supported beneath the dispenser exit
      opening 56.
PAR  The dispenser 54 is comprised of a housing 57 having a film package
      compartment 58 defined therein between side walls 60 and 62, and between
      back wall 64 and slide door 66. The door 66 is provided to permit access
      to the film package compartment and to prevent light from seeping therein
      when the door is closed. The plane of the door 66 is spaced sufficiently
      from the back wall 64 to contain the film sheet stack therebetween.
PAR  A bar 70 is supported within the housing 54 between side walls 60 and 62
      and close to the top of the housing 57. The bar is mounted for rotation
      about its axis under the control of a manual crank 72 extending outwardly
      from the housing side wall 62. Means are provided on the bar 70 to permit
      the leading end of envelope 32 to be secured thereto in order to enable
      the envelope to be stripped from the film sheet stack. Thus, the bar 70
      may be provided with a hook adapted to thread the hole 40 in the envelope
      or it may merely be bifurcated, as illustrated, to receive the envelope
      leading end between the two portions thereof. It will be appreciated that
      many alternative arrangements could also be employed to releasably secure
      the leading end 34, of the envelope 32 to the rotatable bar 70.
PAR  In order to enable the envelope 32 to be stripped from the stack of film
      sheets 20, a door 80 (FIG. 4) is provided carrying a manually actuatable
      cutting blade therein. The door 80 is hinged about axis 81 extending
      between side walls 60 and 62. The door 80 supports a cutting blade 82
      therein mounted for reciprocal movement in the plane of the door. A handle
      83 is carried on the upper edge of the cutting blade. The blade is spring
      urged upwardly (by means not shown), so that its lower cutting edge 85 is
      normally contained within the profile of the door 80. A notched cutting
      bar 84 is fixedly mounted between the walls 60 and 62 beneath the blade 82
      cutting edge 85.
PAR  A pair of stack support bars 86, 88 are contained within the film package
      compartment projecting forwardly from the back wall 64. The stack support
      bars each terminate at their forward end in an upwardly extending flange
      90.
PAR  In the use of the portion of the dispenser apparatus thus far described,
      with the sliding door 66 open, the leading end of the envelope 32 is
      passed between the portions of the bifurcated bar 70 and the bar 70 is
      rotated through perhaps one turn to secure the envelope thereto. The free
      trailing end 35 of the envelope 32 is inserted between the cutting bar 84
      and the lower edge of the door 80 as shown in FIG. 4. This insertion is of
      course facilitated by initially swinging the door 80 out of the way about
      hinge axis 81. After the envelope trailing end has been inserted between
      the door 80 and the cutting bar 84, the door  is returned to the position
      shown in FIG. 4. The envelope trailing end is then cut by manually forcing
      the cutting bar downwardly. The sliding door 66 is then closed to light
      seal the film package compartment. Rotation of the crank 72 then pulls the
      envelope 32 vertically upward stripping it from the film sheet stack.
PAR  The stack support bars 86 and 88 are pivotally secured at their rear ends
      to a channel member 92 for rotation about spindles 94 carried by the
      channel member. The channel member 92 is mounted for linear vertical
      movement and has a rack 98 mechanically secured thereto. The rack 98 is
      engaged with a pinion 100 which is operatively coupled to crank 102 (FIG.
      3) extending out of the housing. Rotation of the crank 102 rotates the
      pinion 100 to in turn move the rack 98 therepast to thus slide the channel
      member 92 downwardly from the position shown in FIG. 4. Each of the stack
      support bars has a follower pin 103 secured thereto. Each follower pin
      extends through a slot 104 formed in a plate 105 fixedly mounted in the
      housing. The slot 104 is comprised of a substantially vertical portion 106
      and a rearwardly directed portion 107. With the channel member 92 in its
      upper position shown in FIG. 4, the follower pin 103 will be accommodated
      in slot portion 106 and as a consequence, the bars 86 and 88 will extend
      forwardly in a substantially horizontal plane. As the channel member 92 is
      moved downwardly by rotating crank 102, the follower pins 103 will move
      into slot portion 107 so as to permit the bars 86, 88 to pivot downwardly
      out of the way as illustrated in FIG. 5.
PAR  With continuing reference to FIGS. 4 and 5, it is pointed out that a
      pressure plate 110 is provided which is supported for pivotal movement on
      a pair of hinge pins 112 fixedly mounted in the dispenser housing. A
      spring 114 bears against the back of plate 110 tending to pivot it in a
      clockwise direction about hinge pins 112. A rearwardly projecting arm 116
      is secured to the plate 110 and carries a roller follower 118 riding on a
      cam surface 120. The cam surface 120 is formed on the lower end of the
      rack 98. When the channel member 92 and rack 98 affixed thereto are in
      their upper position shown in FIG. 4, then the roller follower 118 is
      forced rearwardly to hold the pressure plate 110 in a substantially
      vertical orientation. It is pointed out that a recess 121 is formed on the
      lower surface of the rack 98. A latch member 122 is adapted to engage the
      rack in the recess 121 to hold the rack in the upper position of FIG. 4.
      The latch is mounted on a rod 123 extending from the housing and
      selectively rotatable by the user to enable him to disengage the latch and
      rack to then permit him to lower the rack to the position of FIG. 5 by
      rotating crank 102.
PAR  As can be seen from FIG. 5, when the crank 102 is turned to move the rack
      98 downwardly, the follower 118 will ride up the cam surface 120 to enable
      the spring 114 to pivot the plate 110 clockwise about hinge pin 116 to
      thus resiliently urge the film pressure plate 110 forwardly.
PAR  A pair of film selector cam rods 130 and 132 are mounted for rotation about
      their own axes beneath the stack support bars 86, 88 positioned as
      illustrated in FIG. 4. The rods 130 and 132 respectively carry cams 134
      and 136 at their forward ends. As is best shown in FIG. 6, the cams 134
      and 136 are essentially triangularly shaped and eccentrically mounted on
      the rods 130 and 132. That is, the rods connect to the cams essentially at
      the apex thereof with the major portion of the cam surface extending
      perpendicular to and beyond the rod. Prior to considering the manner in
      which the rods are mounted to effect the alternate rotation thereof,
      attention is called to FIG. 5, wherein it will be noted that when the
      channel member 92 is lowered from the position shown in FIG. 4, to the
      position shown in FIG. 5, by rotation of the crank 102, the film stack
      will be correspondingly lowered as the stack support bars 86 and 88 move
      downwardly, so that as the bars 86 and 88 move past the rods 130 and 132,
      the film stack will be deposited on the rods 130 and 132 as shown in FIG.
      5. Concurrently with the downward movement of the stack support bars 86
      and 88, the film pressure plate 110 will move forward as has been already
      discussed, to urge the film stack against the cams 134 and 136.
PAR  In order to facilitate the proper retention of the stack against the
      pressure plate 110, a plurality of arms are provided to bear against the
      stack. More particularly, an upper arm 138 is provided having a flanged
      forward end 139. The arm 138 is pivoted about pin 140 secured in a short
      channel member 141. The channel member 141 is mounted for linear vertical
      movement in the housing in alignment with channel member 92 so that when
      the channel member 92 is up, it holds channel member 141 up. When the
      channel member 92 is lowered from the position shown in FIG. 4 to the
      position shown in FIG. 5, channel member 141 correspondingly falls. As can
      be seen in FIG. 4, when the channel member 141 is in its elevated
      position, the end of arm 138 rearwardly of pin 140 is engaged with the
      stop 142 so as to hold the arm 138 pivoted clockwise. With the arm
      positioned as shown in FIG. 4, adequate clearance is provided to insert
      the film package against the pressure plate 110. When the channel member
      92 is lowered, channel member 141 will be correspondingly lowered to
      permit the arm 138 to pivot counter clockwise so that the flanged forward
      end engages the front film sheet.
PAR  In addition to the arm 138, a pair of arms 143 and 144 are provided for
      bearing against the film sheet stack to prevent it from buckling from its
      own weight. More particularly, the arms 143, 144 are hinged about pins 145
      fixedly mounted in the housing. The arms are provided with orthogonally
      oriented front terminal stubs 146, adapted to bear against the front film
      sheet. A rear end 147 of the arm extends beyond the hinge 145 and is
      coupled to a link 148. Thus, when the link 148 is raised, the arms 143,
      144 are pivoted clockwise thus moving the stubs 146 out of engagement with
      the film sheet stack. On the other hand, when the link 148 is pulled
      downwardly, the arms 143, 144 are pivoted counter clockwise to engage the
      stubs with the film sheet stack. As will be explained in greater detail
      hereinafter, the link 148 is coupled to a cassette tray mechanism so that
      when there is no cassette in position to receive a dispensed film sheet,
      the stubs bear against the film sheet stack to prevent buckling. When a
      cassette is moved into position to accept a dispensed film sheet, the
      stubs 146 are moved out of engagement with the stack to permit a sheet to
      be released therefrom.
PAR  The film selector cam rods 130 and 132 are positioned so as to be aligned
      with the two rows of notches 28, 30 formed in the lower edge 22 of the
      film sheet stack. As will be seen hereinafter, the cams 134 and 136 will
      be alternately rotated by actuation of the gear train of FIG. 6. A single
      rotation of one of the cams will release the top sheet from the film sheet
      stack. That is, the top sheet in the film stack will have a notch lying
      either in the first or second row of notches. Assume for example, that the
      top sheet in the stack has a notch in alignment with cam 134. This means
      that cam 136 will be bearing against an unnotched portion of the sheet.
      When the gear train of FIG. 6 is actuated, it will rotate cam 136 to move
      it out of engagement with the top sheet. Inasmuch as the dimensions of the
      notches are larger than the corresponding dimensions of the cams 134 and
      136, there will no longer be anything bearing against the top sheet and it
      will therefore effectively jump out from the stack with the notch therein
      passing over the cam 134. The cam 134 of course, will however, be bearing
      against the next sheet in the stack so that only one sheet at a time will
      be released from the stack.
PAR  In order to understand why the released top sheet effectively jumps out
      from the stack beyond the cam, it is pointed out that when the cams 134
      and 136 are bearing against the stack of film sheets, that although there
      may be one hundred sheets in the stack, there only will be the thickness
      of 50 sheets in alignment with the notched rows. That is, cam 134 will be
      bearing against only 50 sheets since 50 of the sheets will be notched in
      alignment therewith. Similarly, cam 136 will only be bearing against 50
      sheets. However, since there are twice that many sheets in the stack, the
      cams will somewhat buckle the sheets adjacent to the notched areas. This
      effect is desirable because as a consequence, when the cam bearing against
      the top sheet moves out of the way, the pressure release against the top
      sheet enables the top sheet to jump forwardly due to the inherent
      resiliency of the sheet.
PAR  FIG. 6 illustrates the gear train for rotating the rods 130 and 132
      alternately. The gear train of FIG. 6 includes a main gear 150 having
      teeth extending halfway around its circumference. The main gear 150 is
      mounted on a shaft 152 in common with a gear 154 engaged with a sprocket
      chain 156. The sprocket chain is preferably driven by a motor but
      alternatively can be driven by a manual crank. The gear ratios are
      selected so that a single actuation of the drive motor or one full
      rotation of the manual crank causes the gears 150 and 154 to rotate
      through one half turn.
PAR  The teeth extending halfway around the circumference of gear 150 are
      engagable with the circumferential teeth on gears 160 and 162. Each of the
      gears 160 and 162 is provided with a keyway 164 for accommodating a spring
      detent 166.
PAR  When the gear 150 is rotated one half turn in a clockwise direction from
      the position shown in FIG. 6, the gear 162 will be rotated one full turn.
      During this action, the gear 160 will not be rotated. However, when the
      gear 150 is rotated through another half turn, the gear 160 is rotated one
      full turn while the gear 162 remains idle. Thus, it should be appreciated
      that the gears 160 and 162 will be alternately rotated as the drive motor
      or crank is turned. Gear 162 is coupled via gears 168 and 170 to film
      selector cam rod 132 which drives cam 136. Gear 160 is coupled via gears
      172 and 174 to film selector cam rod 130 which carries cam 134.
PAR  It is to be noted that in FIG. 7 the cams 134 and 136 are shaped so as to
      define a narrow leading edge to assure, in the rotation thereof, that the
      leading edges approach the stack outwardly of the top sheet thereof. The
      center portion 178 of the cam is thickened to increase the bearing
      engagement of the cam against the film sheet stack.
PAR  Attention is now called to FIGS. 8-11 which illustrate a film sheet
      cassette intended to be used in cooperative relationship with the
      dispenser 54 of FIG. 3. More particularly, the cassette 56 is intended to
      be mounted beneath the dispenser 54 so as to accept therefrom one film
      sheet at a time as dispensed from the dispenser. The cassette 56 is
      comprised of a frame having a screen plate back wall 200 as well as side
      walls 202 and 204 and a bottom wall 206 extending upwardly therefrom. A
      spring equipped cover plate 208 is provided for being received over the
      screen plate 200. More particularly, the walls 202 and 204 are provided
      with cut out portions 210 for accommodating ears 212 provided on the cover
      plate 208. Aligned holes are provided in both ears 212 and cut out
      portions 210 for receiving screws for fastening the plate 208 to the
      cassette frame in opposition to the back screen plate 200. A plurality of
      U-shaped springs 218 are secured to the cover plate 208. More
      particularly, the bight portion 220 of the springs are secured to the
      plate with the spring leg portions extending towards the screen plate 200
      and adapted to bear against an intermediate screen plate 224.
PAR  A channel 226 is formed in the side wall 202 while a channel 228 is formed
      in the side wall 204. A spacer plate 230 is mounted within the channel 228
      for sliding movement therealong. The spacer plate 230 is provided with a
      plurality of ramp portions 232 along the length thereof. The screen plate
      224 is provided with a plurality of studs 234 extending therefrom which
      rest on the ramps 232. FIG. 9A illustrates the stud 234 at the bottom of
      the ramp 232 formed in the spacer plate 230. By sliding the spacer plate
      230 downwardly, as shown in FIGS. 9A and 9C, the stud 234 will ride up the
      ramp 232 to thus substantially increase the spacing between plate 224 and
      screen plate 200.
PAR  In order to prevent light from entering the cassette, a light shield is
      provided comprised of a flange 233 formed on the upper edge of screen
      plate 224 adapted to cooperate with a slotted flexible sealing member 234
      secured to the screen plate 200. That is, when the cassette is closed as
      shown in FIGS. 9A and 9B, the flange 233 projects into the slot 235 in the
      sealing member 234 to prevent light from entering therebetween. When the
      spacer plate 230 is moved downwardly to spread apart the screen plates,
      the flange 233 is, of course, withdrawn from the slot 235 to permit a film
      sheet to pass therebetween. In order to facilitate the entry and exit of a
      film sheet into and from the cassette, the edge surfaces 236, 237 of the
      sealing member 234 are beveled. In addition, a bevel member 238 is
      provided adjacent the flange 233 to facilitate entrance of a film sheet
      into the cassette and bevel members 239 ae provided on the opposite side
      of the flange for projecting through openings 240 in the screen plate 224
      to facilitate exit of a film sheet from the cassette.
PAR  In accordance with the present invention, a pair of depending pins 241 and
      242 (FIG. 3) are provided on the dispenser, adjacent the exit opening 56,
      for extending into the channels 226 and 228 to slide the spacer plates 230
      and thus open the spacing between the screen plates 224 and 200.
PAR  In order to load a cassette into position to receive a dispensed film
      sheet, the cassette is placed in tray 243 secured to arms 244. The arms
      244 are coupled to a rod 245 terminally secured to a link 246 fixedly
      secured to shaft 247. The shaft extends externally of the housing and is
      coupled to crank 248. Thus, by turning the crank 248, the link 246 will be
      rotated to raise the tray 243 to position a cassette therein adjacent the
      dispenser exit opening 56. In raising the cassette to the exit opening 56,
      the cassette will engage pins 241 and 242 to open the cassette and permit
      it to receive a dispensed film sheet, as has previously been described.
PAR  In order to assure that no light enters the dispenser housing, a light
      shield is provided therein consisting of a finger 249 pivoted on one end
      about pin 250 and engaged on the other end with a slidably mounted plate
      251. As the cassette is raised, it engages the bevel surface of finger 249
      and pivots it clockwise to slide the plate 251 to the right. The slide
      plate 251 has a slot 252 therein adapted to align with slot 253 in a fixed
      plate to permit a dispensed film sheet to fall therethrough. An additional
      light shielding hinge plate 254 is preferably mounted beneath the slide
      plate 251. Thus, as the cassette is raised into position for receiving a
      dispensed film sheet, both the cassette and dispenser light shields are
      automatically opened. Preferably, the raising of the cassette also closes
      a switch (not shown) to actuate a motor to operate the gear train of FIG.
      6 to thus release a film sheet into the cassette. A spring urged bell
      crank 255 is preferably provided for urging the cassette forwardly to
      facilitate removal of the cassette from the tray.
PAR  An indicator is provided on the dispenser to indicate the dispensing of a
      film sheet from the stack into the cassette. In its simplest form, the
      indicator constitutes a lever 256 pivoted somewhere intermediate its ends.
      The inner end of the lever 256 is positioned so as to be engaged by the
      falling film sheet to thus pivot the outer end of the lever upwardly to
      expose a flag 257 carried thereby in an indicator window 258. The cassette
      is preferably also provided with an indicator 259 for indicating when a
      film sheet is present in the cassette even after the cassette has been
      removed from the dispenser. The indicator 259 includes a window 260
      through which a flag 261, carried by a lever 262 can be seen. If the
      cassette contains a film sheet, the sheet will bear against the lever
      showing the flag 261 through the window 260. With the cassette removed
      from the dispenser, the springs 218 will lock the film sheet, thus causing
      the indication to be held as long as the film sheet remains in the
      cassette.
PAR  In the use of the film dispensing apparatus in accordance with the
      invention, a film package as shown in FIG. 2, is placed into the dispenser
      against the pressure plate 110. This is done, of course, with the channel
      member 92 in the raised position as shown in FIG. 4, with the arm 138
      raised and out of the way and with the stack support bars 86 and 88 in
      position for supporting the film package. Additionally, in order to
      facilitate the loading of the film package into the dispenser, the
      cassette tray 243 is preferably raised, without the cassette therein, in
      order to raise the links 148 and move the stubs 146 outwardly from the
      pressure plate 110. The leading end of the film package envelope is then
      engaged with the bar 70 and the trailing end of the envelope is passed
      between the hinged door 80 and the cutting bar 84. The blade handle 83 is
      then forced downwardly to cause the blade 85 to sever the trailing end of
      the envelope. The housing door 66 is then closed and the crank 72 rotated
      to strip the envelope from the film sheet stack. Subsequently, the crank
      102 is rotated to lower the channel member 92 and deliver the film sheet
      stack onto the cam rods 130 and 132. In so doing, the pressure plate 110
      is permitted to move forwardly under the pressure of spring 114 to urge
      the film sheets against the cams 134 and 136. The cassette tray is lowered
      to move the stubs 146 into engagement with the front sheet of the stack to
      prevent buckling. The dispenser apparatus is then ready for dispensing a
      film sheet into a cassette. A user will place a cassette into the tray 243
      and then raise the cassette by rotating crank 248. This action will lift
      the stubs 146 from the stack. Additionally, as the cassette is raised into
      the dispenser exit opening, the dispenser light shield and cassette light
      shield both open. Further, the cassette will engage a switch to actuate a
      drive motor to operate the gear train of FIG. 6 to thus release a single
      sheet from the stack which will then free fall into the open cassette
      therebelow.
PAR  It will be recognized that in accordance with the foregoing procedure and
      apparatus, a technician is able to load a film sheet into the cassette in
      daylight without inadvertantly exposing the film sheet to light. With the
      film sheet in the cassette, the film sheet can then be exposed with the
      patient. Thereafter, as shown in FIG. 12, the cassette can be used to
      release its exposed film sheet into a processor 260 in daylight without
      inadvertantly exposing it. That is, the processor includes upwardly
      projecting pins for engaging the spacer plates 230 within the cassette so
      as to space the screen plates 224 and 200 from one another to thereby
      enable the film sheet within the cassette to fall into the processor.
PAR  From the foregoing, it should be recognized that a system has been
      disclosed herein for enabling X-ray film sheets primarily of the kind used
      in the dental and medical fields to be handled exclusively in daylight
      thus eliminating the costly and cumbersome procedure of loading and
      unloading film sheets into a cassette in the darkroom only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus useful for dispensing film sheets into a cassette, each sheet
      having a notch extending inwardly from an edge thereof, one at a time from
      a stack of such sheets, said stack being comprised of alternate odd and
      even sheets with the notch in all of said odd sheets being aligned in a
      first row and the notch in all of said even sheets being aligned in a
      second row, said apparatus comprising:
PA1  a housing having an exit opening adapted to accommodate said stack therein;
PA1  first cam means in said housing for engaging said stack in alignment with
      said first row of notches;
PA1  second means in said housing for engaging said stack in alignment with said
      second row of notches;
PA1  means for alternately disengaging said first and second cam means from said
      stack to successively release one sheet at a time therefrom through said
      exit opening;
PA1  a cassette having an entrance opening for receiving a film sheet
      therethrough;
PA1  cassette light shield means disposed in said entrance opening;
PA1  means on said housing removably engagable with said cassette for opening
      said light shield means to permit a film sheet released from said exit
      opening to pass through said entrance opening;
PA1  said first cam means comprising a first cam member eccentrically secured to
      a first rotatable rod;
PA1  said second cam means comprising a second cam member eccentrically secured
      to a second rotatable rod; and
PA1  said means for alternately disengaging said first and second cam means
      including means for alternately rotating said first and second rods.
NUM  2.
PAR  2. Apparatus useful for dispensing film sheets into a cassette, each sheet
      having a notch extending inwardly from an edge thereof, one at a time from
      a stack of such sheets, said stack being comprised of alternate odd and
      even sheets with the notch in all of said odd sheets being aligned in a
      first row and the notch in all of said even sheets being aligned in a
      second row, said apparatus comprising:
PA1  a housing having an exit opening adapted to accommodate said stack therein;
PA1  first cam means in said housing for engaging said stack in alignment with
      said first row of notches;
PA1  second cam means in said housing for engaging said stack in alignment with
      said second row of notches;
PA1  means for alternately disengaging said first and second cam means from said
      stack to successively release one sheet at a time therefrom through said
      exit opening;
PA1  a cassett having an entrance opening for receiving a film sheet
      therethrough;
PA1  cassette light shield means disposed in said entrance opening;
PA1  means on said housing removably engageable with said cassette for opening
      said light shield means to permit a film sheet released from said exit
      opening to pass through said entrance opening; and
PA1  means for preventing release of said film sheets when said cassette is not
      engaged with said means on said housing.
NUM  3.
PAR  3. Apparatus useful for dispensing film sheets into a cassette, each sheet
      having a notch extending inwardly from an edge thereof, one at a time from
      a stack of such sheets, said stack being comprised of alternate odd and
      even sheets with the notch in all of said odd sheets being aligned in a
      first row and the notch in all of said even sheets being aligned in a
      second row, said apparatus comprising:
PA1  a housing having an exit opening adapted to accommodate said stack therein;
PA1  first cam means in said housing for engaging said stack in alignment with
      said first row of notches;
PA1  second cam means in said housing for engaging said stack in alignment with
      said second row of notches;
PA1  means for alternately disengaging said first and second cam means from said
      stack to successively release one sheet at a time therefrom through said
      exit opening;
PA1  a cassette having an entrance opening for receiving a film sheet
      therethrough;
PA1  cassette light shield means disposed in said entrance opening;
PA1  means on said housing removably engagable with said cassette for opening
      said light shield means to permit a film sheet released from said exit
      opening to pass through said entrance opening; and
PA1  means on said processor removably engageable with said cassette for opening
      said cassette light shield means to permit a film sheet to be transferred
      from said cassette to said processor.
NUM  4.
PAR  4. Apparatus useful for dispensing film sheets into a cassette, each sheet
      having a notch extending inwardly from an edge thereof, one at a time from
      a stack of such sheets, said stack being comprised of alternate odd and
      even sheets with the notch in all of said odd sheets being aligned in a
      first row and the notch in all of said even sheets being aligned in a
      second row, said apparatus comprising:
PA1  a housing having an exit opening adapted to accommodate said stack therein;
PA1  first cam means in said housing for engaging said stack in alignment with
      said first row of notches;
PA1  second cam means in said housing for engaging said stack in alignment with
      said second row of notches;
PA1  means for alternately disengaging said first and second cam means from said
      stack to successively release one sheet at a time therefrom through said
      exit opening;
PA1  dispenser light shield means disposed in said exit opening;
PA1  a cassette having a film sheet entrance opening;
PA1  cassette light shield means disposed in said entrance opening;
PA1  means for engaging said cassette and said housing with said exit and
      entrance openings in alignment;
PA1   said first cam means comprising a first cam member eccentrically secured
      to a first rotatable rod;
PA1  said second cam means comprising a second cam member eccentrically secured
      to a second rotatable rod; and
PA1  said means for alternately disengaging said first and second cam means
      including means for alternately rotating said first and second rods.
NUM  5.
PAR  5. Apparatus useful for dispensing film sheets into a cassette, each sheet
      having a notch extending inwardly from an edge thereof, one at a time from
      a stack of such sheets, said stack being comprised of alternate odd and
      even sheets with the notch in all of said odd sheets being aligned in a
      first row and the notch in all of said even sheets being aligned in a
      second row, said apparatus comprising:
PA1  a housing having an exit opening adapted to accommodate said stack therein;
PA1  first cam means in said housing for engaging said stack in alignment with
      said first row of notches;
PA1  second cam means in said housing for engaging said stack in alignment with
      said second row of notches;
PA1  means for alternately disengaging said first and second cam means from said
      stack to successively release one sheet at a time therefrom through said
      exit opening;
PA1  dispenser light shield means disposed in said exit opening;
PA1  a cassette having a film sheet entrance opening;
PA1  cassette light shield means disposed in said entrance opening;
PA1  means for engaging said cassette and said housing with said exit and
      entrance openings in alignment; and
PA1  means responsive to said engagement of said cassette and housing for
      opening said dispenser light shield means and said cassette light shield
      means.
NUM  6.
PAR  6. The apparatus of claim 5 including a plate adapted to bear against said
      stack; and
PA1  spring means coupled to said plate for resiliently urging said stack
      against said first and second cam means.
NUM  7.
PAR  7. The apparatus of claim 6 including at least one arm positioned to bear
      against said stack for retaining said stack against said plate.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said means for engaging said cassette
      and housing includes a tray adapted to hold said cassette and mounted for
      movement toward and away from said housing; and
PA1  means responsive to said tray moving said cassette into engagement with
      said housing for lifting said arm from said stack.
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ABST
PAL  Apparatus for stacking spring assemblies produced on a machine for making
      spring assemblies wherein the coils are connected by lacing wire,
      comprising a table onto which the spring assemblies are discharged, a
      first conveyor for removing the assemblies from the place of discharge
      towards a place of stacking, a second conveyor for lifting the
      successively discharged spring assemblies from the table and placing them
      in a stack on a dolly, a third conveyor for ejecting the stacked dolly
      when a predetermined number of spring assemblies have been deposited
      thereon and drive mechanisms for taking and synchronizing the successive
      operations.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  It is customary in the manufacture of spring assemblies to discharge each
      completed spring assembly from the spring assembly machine onto a platform
      or apron where it is either removed manually by the operator or his
      assistant or is permitted to be pushed off onto the floor by the next
      assembly as the latter is discharged. This is an exceedingly inefficient
      way of handling the assemblies requiring either that someone be constantly
      in attendance on the machines to remove the assembly from the platform and
      stack them on a dolly or that someone be assigned to periodically gather
      up assemblies allowed to fall to the floor and stack them upon a dolly.
      The manual handling and stacking of these assemblies is time consuming,
      arduous and potentially hazardous. The apparatus of this invention is
      designed to be used in conjunction with a spring assembly machine and
      particularly at the discharge side thereof for receiving the assemblies as
      they are discharged and automatically stacking them on a dolly and when a
      predetermined number have been deposited on the dolly removing the dolly
      so that it may be wheeled away to a place for storage.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated, the apparatus is designed for stacking spring
      assemblies produced on a spring assembly machine and comprises in line
      with the discharge side of a spring assembly machine transfer means for
      receiving assemblies one by one from the spring assembly machine and a
      dolly upon which the transfer means deposits the assemblies one by one in
      a stack, said transfer means comprises a table supported at the discharge
      side of the assembly machine, means arranged along opposite sides of the
      table and movable along the table for engaging and drawing an assembly
      forwardly along the table to a predetermined position, means situated at
      opposite sides of the table below the level of the top of an assembly
      resting on the table at a position substantially midway between the
      leading and trailing ends of the assembly movable upwardly relative to the
      sides of the assembly to engage and lift the assembly from the table, move
      it forwardly to a position above the dolly, lower it into engagement with
      the dolly and return to said predetermined position, means for ejecting
      the dolly when a predetermined number of assemblies are stacked thereon,
      and a counter actuated by return of said last means to said position to
      count the number of assemblies and when a predetermined number of
      assemblies is reached to effect operation of the means for ejecting the
      dolly. The table is narrower than the spring assembly so that the
      longitudinal sides of the spring assemblies extend beyond the sides of the
      table and the means movable along the sides of the table for advancing the
      spring assemblies therealong comprise conveyor chains supported with
      portions parallel to the table and below the laterally extending portions
      of the spring assembly and upstanding dogs on the chains for engagement
      with said laterally extending portions of the spring assemblies. The table
      is comprised of telescoping parts to enable adjusting the width of the
      table for spring assemblies of different size and one of the conveyors is
      adjustable relative to the other width-wise of the apparatus according to
      the adjusted width of the table. The means for lifting the spring
      assemblies from the table for movement forwardly and deposit on the dolly
      comprise hooks supported for rectilinear movement from a predetermined
      position below the top of an assembly resting on the table, vertically
      upward, horizontally forward to a position above the dolly, vertically
      downward to a position below the top of an assembly deposited on the dolly
      and then back to said position. Rectilinear movement of the hooks is
      effected by switch means actuated by movement of an assembly to said
      predetermined position on the table. Conveyor chains provide for
      rectilinear movement of the hooks and the latter are pivotally suspended
      thereon for free swinging movement in the planes of the chains. The hooks
      are pivotally supported on the hangers for angular movement from vertical
      positions to positions inclined inwardly and upwardly relative to path of
      movement of the chains and there is means for supporting the hooks in
      their vertical positions until they near the top of an assembly resting on
      the table and then for releasing them for engagement with the assembly.
      The hooks become automatically released from the assembly as they are
      moved downwardly relative to the dolly following deposit of the assembly
      on the dolly. The means for ejecting the dolly comprises a ram and
      conveyor chains to effect reciprocation thereof. There is a continually
      driven main drive shaft which drives the first means, a first clutch
      operable by operation of the switch to initiate operation of the means for
      removing the assemblies from the table and depositing them on the dolly
      and a second clutch operable by the counter to initiate operation of the
      means for ejecting the dolly. Each clutch when actuated traverses the
      conveyor with which it is associated one turn.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, wherein:
PAR  FIG. 1 is a side elevation of the stacking apparatus of this invention;
PAR  FIG. 2 is a plan view;
PAR  FIG. 3 is a side elevation to larger scale omitting the assembly forming
      apparatus at the one end and the dolly at the other end to show the drive;
PAR  FIG. 4 is a plan view of FIG. 3;
PAR  FIG. 5 is a fragmentary elevation showing one of the hooks for engaging the
      spring assembly;
PAR  FIG. 6 is an end view of FIG. 5 showing a hook engaged with the spring
      assembly;
PAR  FIG. 7 is a view looking downwardly on FIG. 6;
PAR  FIG. 8 is a view looking downwardly on FIG. 5;
PAR  FIG. 9 is a plan view taken on the line 9--9 of FIG. 1 with the ejecting
      means withdrawn;
PAR  FIG. 10 is a view showing the ejection means extended and
PAR  FIG. 11 is an elevation of FIG. 10.
DETD
PAR  Referring to the drawings, FIGS. 1 and 2, there is shown a discharge
      platform or apron 10 of a spring assembly machine and in dot and dash
      lines a portion of a spring assembly 12 resting on the apron.
PAR  The apparatus of this invention is designed to be used in conjunction with
      spring assembly machines and is placed at the end of the discharge apron
      10 and comprises a frame 14 which supports a table 16 at the level of the
      apron for receiving assemblies from the apron and conveyors 18--18 for
      automatically removing the assemblies from the table and stacking them on
      a dolly 20 resting on the floor by means of which they may be trundled
      away for storage or shipment.
PAR  The frame 14 comprises rectangularly arranged sides and ends 22--22 and
      24--24. Intermediate the top and bottom of the frame there are at opposite
      sides longitudinally extending beams 26.sup.a --26.sup.a, 28.sup.a
      --28.sup.a. Bars 30--30 are mounted transversely of the structure on the
      beams 26.sup.a --26.sup.a and these support the table 16. The table 16 is
      comprised of telescopically interengaged parts 16.sup.a, 16.sup.b, FIG. 4,
      to enable adjusting the width of the table according to the width of the
      assembly. In conjunction with the adjustable table there is provided an
      adjustable side 22.sup.a which is supported at its opposite ends in the
      ends 24--24 for adjustment transversely of the frame between the sides
      22--22.
PAR  Conveyors 31--31 are provided at opposite sides of the table for moving the
      assemblies along the table. Each conveyor comprises a pair of
      longitudinally spaced sprockets 34-36 mounted on transversely extending
      shafts 38 and 40 journaled at their opposite ends on the sides 22--22 and
      a chain 42 entrained about the sprockets. The sprockets at the near side
      of the table are fixed and those at the far side adjustable along the
      shafts according to the width of the table. The width of the table is
      adjusted so that the opposite sides of the spring assembly projects at
      opposite sides of the table above the conveyors 31--31 and there are lugs
      44--44 on the conveyor chains movable in translation with the conveyors
      into engagement with the undersides of the assemblies to draw the
      assemblies forwardly on the table. As related heretofore, there are
      conveyors 18--18 designed to lift the assemblies from the table, move them
      forwardly and then deposit them on the dolly. Operation of the conveyors
      18--18 is initiated by a switch S1 mounted on the table so as to be
      engaged by a spring assembly as it is moved forwardly on the table. Each
      conveyor 18 comprises sprockets 48, 50, 52, 54 and 56 mounted on the inner
      side of the frame 22 and the frame 22.sup.a and a chain 58 entrained about
      the sprockets. As thus arranged the conveyors have vertical runs 60 which
      extend from the sprockets 48 below the table upwardly to the sprockets 50
      above the table, horizontal runs 62 which extend from the sprockets 50
      parallel to the top of the table to the sprockets 52, vertical runs 64
      which extend from the sprockets 52 downwardly the sprockets 54 below the
      table and a return run 66 which extend from the sprockets 54 horizontally
      along the lower part of the frame under sprockets 56 and then upwardly to
      the sprockets 48.
PAR  The conveyors move in vertical planes close to the opposite sides of the
      spring assembly resting on the table and carry hooks 70--70 which are
      adapted to the sides of the assemblies as they are moved upwardly along
      the vertical runs 60 to lift the spring assemblies from the table, move
      forwardly along the horizontal runs 62 parallel to the table and then
      downwardly along the vertical run 64 to deposit the assembly on the dolly.
      The hooks 70--70 are mounted rods 72--72, FIGS. 6 to 8, journaled at their
      opposite ends in the lower parts of stirrups 76--76 which are pivotally
      connected to the chain 58 by pins 78--78. The hooks 70--70 are mounted on
      the inner sides of the stirrups and normally hang inwardly with respect to
      the chains as shown in FIG. 6. It is desirable that these hooks engage the
      top wires 80 of the assemblies to lift them from the table and so while
      these hooks are traveling upwardly from the underside of the table along
      the sides of the spring assemblies they are held retracted by guides
      82--82 within which bent ends 84--84 of the rod 72--72 are confined. When
      the bent ends move out of the upper ends of the guides as the hook nears
      the top of the spring assemblies they are allowed to tip inwardly and
      hence to become engaged with the undersides of the wires 80 as shown in
      FIG. 6. Since the hooks are pivotally suspended on the chains 58 the
      spring assemblies will be carried upwardly, balanced in a substantially
      horizontal position, then moved forwardly parallel to the top of the table
      and finally downwardly towards the dolly. When the spring assemblies come
      to rest on the dolly or a previously deposited spring assembly the
      continued downward movement of the conveyors automatically disengages the
      hooks from the spring assemblies whereupon they are moved forwardly to
      their initial positions in readiness for the next spring transferring
      operation.
PAR  Operation of the conveyors 18--18 is initiated each time that a spring
      assembly is moved into position by a switch S1 which is placed so as to be
      engaged by the forward end of the spring assembly in a position such that
      the spring assembly will extend about equally forwardly of the hooks and
      rearwardly of the hooks so as to insure that when assembly is lifted by
      the hooks from the table it will be substantially in balanced equilibrium.
PAR  The stirrups 76--76 are so pivotally attached to the chains that as they
      pass over the pulleys they are free to swing downwardly and thus maintain
      the horizontal position of the assembly throughout its movement.
PAR  A counter 86, FIG. 3, is mounted in a position to be engaged by the stirrup
      at one side as it is moved back to its initial position in readiness for
      the next operation and this operates when a predetermined number of
      springs have been stacked to actuate means for initiating operation of
      ejection means 88 located at the base of the frame for ejecting the loaded
      dolly. The ejector means 88 as shown in FIGS. 9, 10 and 11 comprise a pair
      of conveyor chains 90--90 entrained about sprockets 92-96. The chains
      90--90 have secured between them a rod 96 to which are connected a pair of
      spaced parallel rods 98--98 at the distal ends of which there is a bar
      100. Wheels 101--101 support the bar 100. In the retracted position of the
      rods 98--98 as shown in FIG. 9 the bar 100 is located to the left of the
      dolly 20. When the counter initiates operation of the conveyors 88 the
      latter move the rods 98--98 from their retracted position as shown in FIG.
      9 to their extended position as shown in FIGS. 10 and 11 to cause the bar
      100 to push the stack of assemblies supported on the dolly 20 away from
      the frame of the machine so that it may be easily wheeled away. The
      conveyors 88 make one complete cycle so as to retract the bar 100 to its
      initial position whereupon the operator moves an empty dolly into place
      for the next loading. It is within the scope of the invention to employ
      means for discharging loaded dollies and replacing them with empty dollies
      automatically.
PAR  The drive mechanism for the apparatus as herein illustrated is disclosed
      most clearly in FIGS. 3 and 4. The drive is provided for by a constantly
      driven main drive shaft 102 supported in suitable bearings transversely of
      the frame driven by a constant speed motor 104 with suitable reduction
      gearing 106 therebetween. There are a pair of air operated clutches
      108-110 on this shaft. On the end of the drive shaft 102 opposite the
      motor, that is, on the forward end of the shaft as disclosed in FIG. 4,
      there is a drive sprocket 120 and this sprocket has entrained about it one
      end of a chain 114, the other end of which is entrained about a sprocket
      116, fixed to the shaft 40 on which are mounted the sprockets 36--36, thus
      the conveyor chains 42--42 are continuously driven while the machine is in
      operation. Idlers 120--120 provide for maintaining the chains taut.
      Alternately, a clutch may be employed to connect the sprocket 120 to the
      shaft 102 and a switch mounted on the table in a position to be engaged by
      an assembly as it is discharged from the assembly machine to initiate
      operation of the chains 42--42.
PAR  When the switch S1 is engaged by the leading end of an assembly it actuates
      the clutch 108 which locks a sprocket 122 associated therewith to the
      drive shaft 102 and this by way of a chain 124 and sprocket 126 effects
      rotation of the shaft 128, also mounted transversely of the frame in
      suitable bearings. Shaft 128 has on one end a sprocket 130--130 about
      which are entrained the ends of chains 132--132, the other ends of which
      are entrained about sprockets 134--134 fixed to shafts 136--136 on which
      are mounted the sprockets 48--48 thus providing for driving the conveyors
      18--18.
PAR  When the counter reaches a predetermined count a switch, not shown,
      associated therewith actuates the air clutch 110 and this clutches a
      sprocket 140 to the drive shaft 102. A chain 142 is entrained at one end
      about the sprocket 140 and at its opposite end about a sprocket 144 on a
      shaft 146. Sprocket 148--148 on the shaft 146 by way of chains 150--150
      drives sprockets 152--152, fixed to shafts 154--154, on which are mounted
      the sprockets 94--94. This provides for driving the conveyor chains
      90--90. The air clutch 110 will remain engaged long enough to effect
      extension and retraction of the bar 100 to expel the dolly from the
      apparatus.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for stacking spring assemblies produced on a spring assembly
      machine, comprising in line with the discharge side of the spring assembly
      machine, transfer means for receiving assemblies one by one from the
      spring assembly machine and a dolly upon which the transfer means deposits
      the assemblies one by one in a stack, said transfer means comprising a
      table supported at the discharge side of the assembly machine, said table
      being comprised of telescoping parts for adjusting the width of the table
      for springs of different widths, means arranged along opposite sides of
      the table and movable along the table for engaging and drawing an assembly
      forwardly along the table to a predetermined position, lifting means
      situated at opposite sides of the table below the level of the top of an
      assembly resting on the table at an initial position substantially midway
      between the leading and trailing ends of the assembly, said lifting means
      being movable upwardly relative to the sides of the assembly to engage and
      lift the assembly from the table, move the assembly forwardly to a
      position above the dolly, lower the assembly onto the dolly and return the
      lifting means to said initial position, means for ejecting the dolly when
      a predetermined number of assemblies are stacked thereon, and a counter
      actuated by return of said lifting means to said initial position to count
      the number of assemblies and when said predetermined number of assemblies
      is reached to effect operation of the means for ejecting the dolly.
NUM  2.
PAR  2. Apparatus for stacking spring assemblies produced on a spring assembly
      machine, comprising in line with the discharge side of the spring assembly
      machine, transfer means for receiving assemblies one by one from the
      spring assembly machine and a dolly upon which the transfer means deposits
      the assemblies one by one in a stack, said transfer means comprising a
      table supported at the discharge side of the assembly machine, said table
      being comprised of telescoping parts for adjusting the width of the table
      for springs of different widths, means arranged along opposite sides of
      the table and movable along the table for engaging and drawing an assembly
      forwardly along the table to a predetermined position, comprising conveyor
      chains supported with portions parallel to the top of the table and
      upstanding dogs on the chains for engagement with the assembly, one of
      said conveyor chains being adjustable relative to the other widthwise of
      the apparatus according to the adjusted width of the table, lifting means
      situated at opposite sides of the table below the level of the top of an
      assembly resting on the table at an initial position substantially midway
      between the leading and trailing ends of the assembly, said lifting means
      being movable upwardly relative to the sides of the assembly to engage and
      lift the assembly from the table, move the assembly forwardly to a
      position above the dolly, lower the assembly onto the dolly and return the
      lifting means to said initial position, means for ejecting the dolly when
      a predetermined number of assemblies are stacked thereon, and a counter
      actuated by return of said lifting means to said initial position to count
      the number of assemblies and when said predetermined number of assemblies
      is reached to effect operation of the means for ejecting the dolly.
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ABST
PAL  Paper, cardboard, thin wood chips, and other feltable, non-flowable and
      generally laminar materials are stored in a silo and supported by
      generally parallel beams at a level above a base platform. The material
      mats together and is self-supporting in a general arch shape between the
      beams and is removed from the silo by lowering the beams one at a time to
      lower a portion of the material while the rest of the material is
      self-supporting in a general arch shape upheld by beams other than the
      lowered beam. Lowered material is moved off the base platform and out from
      under the self-supporting material above, the lowered beam is raised to
      its original level, then another beam is lowered to repeat the process
      indefinitely.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  Present methods for handling and storing waste paper and similar materials
      are relatively expensive. Waste paper is usually baled, stored in
      warehouses, and moved about with forklift trucks. Paper-making plants
      using waste paper normally operate 24 hours a day and require a steady
      supply, and yet the practicalities of the waste paper market often require
      recyclers to take all the output from a single supplier at an irregular
      rate. When many tons a day are involved, the storing and handling of waste
      paper becomes very expensive.
PAR  The invention involves recognition of a way that waste paper and similar
      materials can be stored in silos and unloaded from the bottom of the silo.
      The inventive discovery followed considerable experimentation, including
      observation of the behavior of loose paper stored in a silo, and many
      unsuccessful attempts at unloading the paper from the bottom of the silo.
      The invention aims at simple, practical, and economical storing and
      handling of waste paper and similar materials at lower cost and without
      fire hazards or other disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive method and apparatus applies to feltable, non-flowable and
      generally laminar material, such as paper, cardboard, corrugated cardboard
      and thin wood chips stored in a silo elevated above a base platform. The
      silo has generally parallel beams elevated above the base platform and
      supporting the material which is self-supporting in a general arch shape
      between the beams. The material is unloaded by lowering one of the beams
      to the region of the base platform to lower a portion of the material
      above the lowered beam, with the material above the lowered portion being
      self-supporting in a general arch shape upheld by beams other than the
      lowered beam. The lowered material is moved from the base platform and out
      from under the arch of self-supporting material above the lowered beam,
      and the lowered beam is raised back up to the level of the other beam. The
      process is repeated with other beams in succession, and each lowering of a
      beam loosens and lowers another volume of material that is removed before
      the beam is returned to its original elevated position.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a partially schematic plan view of a processing plant and an
      arrangement of silos according to the invention;
PAR  FIG. 2 is an enlarged, cross-sectional view of one of the silos of FIG. 1
      taken along the line 2--2 thereof;
PAR  FIG. 3 is an enlarged, cross-sectional view similar to the view of FIG. 2
      and showing the lowering of material by a support beam;
PAR  FIG. 4 is a partially schematic, partially cut-away elevational view of one
      of the silos of FIG. 1; and
PAR  FIG. 5 is an enlarged, fragmentary, cross-sectional view of the silo of
      FIG. 4 taken along the line 5--5 thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention applies to waste paper storage and to storage of materials
      having similar properties that are generally described as feltable,
      non-flowable, and generally laminar. Such materials include loose waste
      paper, cardboard, corrugated cardboard, and thin wood chips. These
      materials are all generally laminar, and tend to lie together in
      overlapping planes, so that when the material is piled very deep, pressure
      between adjacent sheets or layers produces enough friction so that
      discreet pieces of material are held together with considerable friction
      and cannot move laterally or slide one surface along another. The pressure
      of storage in a silo then makes such materials effectively felted together
      and non-flowable so that even with access to the bottom of a storage silo,
      such materials cannot be pulled apart or separated from the stored mass by
      previous techniques.
PAR  Experiments have been performed with loose waste paper stored in a silo,
      and from the observed effects with paper, the invention is expected to
      work satisfactorily with cardboard and corrugated cardboard. In addition,
      previous experience of the applicant with thin wood chips intended for
      more rapid pulping than conventional wood chips suggests that thin,
      laminar wood chips approximately the thickness of thick paper or cardboard
      are also feltable and non-flowable in a way similar to the behavior of
      paper, and are also subject to silo storage according to the invention.
      Other materials, such as hay, straw, and sugar cane may have similar
      enough storage characteristics so that the invention will apply to them,
      too.
PAR  In experiments leading up to the inventive discovery, loose paper was
      stored in a silo with the intention of cutting the paper free at the
      bottom of the silo to accomplish unloading. Bottom unloading is important,
      because otherwise relatively complex equipment has to be developed to
      cover the whole area of the silo and work from top to bottom, and loading
      and unloading cannot be accomplished at the same time. Many attempts at
      cutting away paper from the bottom of the storage stack, including saws
      and high-pressure water jets all proved ineffective, because the stored
      sheets could not be moved relative to each other and only small quantities
      could be cut away at one time with considerable effort and expense.
PAR  In the process, applicant made several discoveries about paper and similar
      materials stored in silos. One important factor is that these materials do
      not pack tightly against the silo walls and hence do not build up pressure
      against the walls as flowable materials do. This means that the outer
      walls of the silo do not have to be circular, and do not have to be made
      increasingly stronger toward the bottom of the silo. It is possible to
      thrust a hand up through an arm's length of stored paper along outer wall
      of the silo, whereas the paper is hard and tightly packed inward from the
      outer wall. Stored paper also packs to a density approximately equal to
      the density of paper bales, so that a silo can store as much loose paper
      as an equal volume of warehouse space for baled paper. Also, loose paper
      stored in a silo does not allow air to pass from bottom to top and so is
      relatively safe from fires. If the bottom of the storage stack is set
      afire, it does not burn well, and the flames cannot get access to upper
      layers of paper. If a fire starts in the top of a silo, it can be dealt
      with quickly and effectively, especially if the silo is closed at the top
      as preferred.
PAR  These observations showed that great economies could be effected if silos
      60 m or so tall could be loaded with loose paper by blowing the paper up
      into the top of the silo and could be unloaded somehow from the bottom.
      The silos would not have to be made especially strong because of the low
      pressure of paper against the outer walls, they could be made rectangular,
      and in rising to a considerable height, they could provide much cheaper
      storage than warehousing of baled paper. Also, the silos could be erected
      adjacent a processing plant to supply a steady flow of material while
      loading proceeded at variable rates.
PAR  The solution to the problem is described below relative to loose waste
      paper, with the understanding that the solution applies equally at least
      to cardboard, corrugated cardboard, and thin wood chips, and possibly also
      to other materials.
PAR  The inventive solution is to arrange vertically movable, generally parallel
      beams across the bottom of the silo, with the beams normally elevated
      above a base platform and with the beams supporting the paper which mats
      or felts together to be self-supporting in general arches between the
      beams. Then the beams are lowered one at a time in succession to lower a
      portion of the paper to the base platform with the remainder of the paper
      being matted and self-supporting in a general arch above the lowered beam
      and supported by adjacent beams. The lowered paper is then moved off the
      base platform and out from under the self-supporting arch of paper
      overhead, the lowered beam is raised to its original level, and the
      process repeated by lowering another beam.
PAR  The inventive unloading process will be described in greater detail as the
      preferred silo and unloading equipment is described.
PAR  A processing plant 10 is schematically shown in FIG. 1 as having a
      plurality of silos 11 arranged in two parallel rows adjacent plant 10.
      Each silo 11 can cover a considerable area such as 300 sq. m or more and
      rise to a height of 70 m or more for storage capacity of over 20,000 cubic
      meters. Each of silos 11 is preferably rectangular and covered at the top,
      and the walls of silo 11 protect the stored paper from the weather, and
      keep outside air away from the paper to prevent fires.
PAR  Generally known equipment (not shown) is used for loading silos 11, and
      this is preferably done by blowing loose paper into the tops of silos 11
      while drawing air from the tops of silos 11. Silos 11 are all preferably
      relatively airtight, and if a fire occurs in the top of a silo, carbon
      dioxide can be blown into the silo with the paper-loading equipment to
      extinguish the flames.
PAR  A conveyor 12 runs between the two rows of silos 11 and leads to processing
      plant 10 so that paper unloaded from a silo 11 can be pushed onto conveyor
      12 and delivered to plant 10.
PAR  Each row of silos 11 has a pair of cranes 13 on opposite sides, so that
      cranes 13 can move along the length of each silo row for lowering and
      raising beams to unload stored paper. Also, platform cleaners 14,
      preferably operating from outside of each silo row toward conveyor 12,
      clear the platforms under the silos of paper deposited on the platforms by
      lowering one of the cross beams under the silos. Platform cleaners 14 can
      be self-propelled loaders or bulldozers that push a mass of lowered paper
      out from under a silo, or hydraulic or other pusher devices can be built
      in place alongisde each silo 11 for pushing out lowered paper. Moreover,
      the base platform under each silo 11 can be formed as a conveyor
      transverse to conveyor 12 so that paper lowered to the base platform under
      a silo 11 can be moved to conveyor 12 by the moving platform under the
      silo.
PAR  FIGS. 2 and 3 show cross beams 15 that extend across the full width of each
      silo 11 and support the paper or other stored material 16 extending from
      beam 15 upward as far as desired in silos 11. The paper 16 above any beam
      15 mats in layers that prevent any lateral movement so that a wider and
      wider load of paper can be supported above any one of the beams 15 with
      increasing height above beam 15. Paper 16 is then self-supporting across
      fairly wide gaps between beams 15, and broken lines 17 schematically show
      the general line of firmly packed, self-supporting paper sheets 16 between
      beams 15. Loose edges 18 of paper sheets having an edge trapped in the
      hard-packed mass of paper 16 above broken line 17 dangle downwardly from
      the region of broken line 17, but the frictional matting together of paper
      16 supports many meters of paper above beams 15 without collapsing or
      falling into the space between beams 15. Experience with the invention
      suggests that beams 15 can be placed between 2 and 3 meters apart and
      still support the stored mass generally, even when one of the beams is
      lowered.
PAR  The effect of lowering a beam 15 is best shown in FIG. 3. Elevated beams 15
      support paper mass 16 above broken line 17, while a lowered beam 15 lowers
      a portion of paper 16 to base platform 19, which preferably has recesses
      20 receiving lowered beam 15 approximately flush with the upper surface of
      base platform 19 as illustrated. Then a loader or pushing device 14 pushes
      the lowered paper 16 off of platform 19 and out from under the
      self-supporting arch of paper 16 above broken line 17. Lowered beam 15 is
      then raised to the original level above base platform 19, and the process
      is repeated by lowering another beam 15. The stored mass of paper 16
      generally settles down on beams 15 so that the entire mass lowers as the
      unloading process proceeds. Lack of pressure against the silo walls
      prevents the walls from upholding the stored mass.
PAR  Silo 11 preferably has access openings 21 on opposite sides in the region
      of the opposite ends of beams 15 as best shown in FIG. 4, so that
      equipment for moving lowered paper can move in through an access opening
      21 and push paper 16 out through the opposite access opening 21.
PAR  Beams 15 are preferably pinned or locked in their elevated positions, and
      as schematically shown in FIG. 4, beams 15 are locked in channels 22 by
      pins 23 that are held in place by interlock devices 24 so that only one of
      the pins 23 can be removed at a time. Many different mechanical or
      electromechanical interlocking devices 24 are possible within the spirit
      of the invention and some such device is preferred so that only one beam
      can be lowered at a time. If several or all the beams were lowered, then
      the entire silo load would be dropped on base platform 19 and would be
      very difficult and expensive to remove. So to prevent any working errors,
      it is important that only one beam 15 be lowered at a time, or at least
      only widely separated beams 15 be allowed to be lowered at once, so that
      the main silo load remains supported above platform 19 by the elevated
      beams locked in place while another beam is lowered.
PAR  A self-propelled pusher vehicle 14 is shown schematically in FIG. 5 as
      moving lowered paper 16 off of support platform 19 above a lowered beam
      15, while elevated beams 15 support the rest of the silo load 16 above
      base platform 19. Many pushing or paper moving devices are possible
      besides a self-propelled vehicle.
PAR  To facilitate the initial loading of the silo a plane support plate 25,
      which can be formed of sheets of plywood or other supporting material, is
      placed between beams 15 and upheld by removable posts 26 as shown in
      broken lines in FIG. 3. After a self-supporting depth of paper is piled
      above beams 15 and supports 25, posts 26 are removed, supports 25 and a
      small quantity of paper 16 above them are dropped to platform 19, the
      paper coming down with supports 25 is pushed off of platform 19, and the
      remainder of paper 16 is left self-supporting above beam 15 as
      illustrated. An alternative is to fill the silo from platform 19 up over
      beams 15 and then push out all the paper below beams 15 to produce the
      same general result.
PAR  Those skilled in the art will appreciate the advantages of using the
      inventive silo storage and unloading methods and apparatus for paper,
      cardboard, and corrugated cardboard, and the invention may also be applied
      to other feltable and non-flowable or generally laminar materials. Thin
      wood chips sliced to cardboard thickness or less have many known
      advantages in being rapidly pulped for paper making, but they felt
      together and mat like paper, so they are not flowable, and there has been
      no previous way of storing and handling thin wood chips to take advantage
      of their efficiency. However, the inventive silo storing and unloading
      should work on thin wood chips as well as on paper and should make
      possible the widespread use of thin wood chips for more efficient paper
      making than has been possible with the relatively thick but flowable chips
      previously used. Those skilled in the art will appreciate the many ways
      the invention can be put to use and the many advantages of the invention
      once they understand the operating principles involved. They will also
      know of many ways that variation in silo structure and equipment and
      devices for raising and lowering beams can be made effectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of unloading feltable, non-flowable, generally laminar
      materials such as paper, cardboard, corrugated cardboard, and thin wood
      chips from a storage silo elevated above a base platform and having a
      plurality of vertically movable cross beams normally held at a level above
      said base platform in the bottom region of said silo for supporting said
      material in said silo, said method comprising:
PA1  a. lowering one of said beams to the region of said base platform to lower
      a portion of said material above said lowered beam, said material above
      said lowered portion of said material being self-supporting in a general
      arch shape upheld by ones of said beams other than said lowered beam;
PA1  b. moving said lowered portion of said material from said base platform and
      out from under said arch of said material above said lowered beam; and
PA1  c. raising said lowered beam back to said level of said plurality of beams.
NUM  2.
PAR  2. The method of claim 1 including repeating steps (a)-(c) for successively
      different ones of said beams.
NUM  3.
PAR  3. The method of claim 1 including using generally plane supports between
      said beams to support said material during the beginning of the filling of
      said silo, removing said plane supports after a substantial depth of said
      material is deposited in said silo, and moving from said base platform any
      of said material falling to said base platform upon removal of said plane
      supports.
NUM  4.
PAR  4. A silo for feltable, non-flowable, generally laminar materials such as
      paper, cardboard, corrugated cardboard, and thin wood chips, said silo
      comprising:
PA1  a. a base platform;
PA1  b. walls extending above said base platform and substantially enclosing a
      storage chamber;
PA1  c. a plurality of generally parallel beams extending across the bottom
      region of said silo at a level above said base platform, said material
      being supported on said beams and being self-supporting in a general arch
      shape between said beams;
PA1  d. said walls providing an access opening to said base platform from the
      region of the ends of said beams;
PA1  e. means for lowering said beams one at a time in succession from said
      level above said base platform to the region of said base platform and for
      raising said beams back to said level above said base platform; and
PA1  f. means for moving from said base platform the portion of said material
      lowered by lowering each of said beams while the remainder of said
      material is self-supported in a general arch shape upheld by ones of said
      beams other than a lowered one of said beams.
NUM  5.
PAR  5. The silo of claim 4 including interlock means for allowing only one of
      said beams to be lowered at a time.
NUM  6.
PAR  6. The silo of claim 4 wherein said walls provide one of said access
      openings at opposite sides of said silo in the region of the opposite ends
      of said beams.
NUM  7.
PAR  7. The silo of claim 4 wherein said base platform includes recesses for
      receiving a lowered one of said beams so said lowered beam is flush with
      the top of said base platform as said material moving means operates.
NUM  8.
PAR  8. The silo of claim 7 including interlock means for allowing only one of
      said beams to be lowered at a time.
NUM  9.
PAR  9. The silo of claim 7 wherein said walls provide one of said access
      openings at opposite sides of said silo in the region of the opposite ends
      of said beams.
NUM  10.
PAR  10. The silo of claim 9 including interlock means for allowing only one of
      said beams to be lowered at a time.
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ABST
PAL  Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of the materials handler about a first axis fixed with
      respect to the boom, and comprising a hitch adapted for pivotal connection
      to the boom for rotation about the first axis and including spaced apart
      hook and lock members, and cooperating structure on the materials handler
      for receiving and engaging the hook member and for engaging the lock
      member; the hook member extending downwardly from the body of the hitch
      with the nose of the hook facing the first axis and having a predetermined
      maximum width, a tapering nose portion of lesser width, a jaw having an
      engagement surface, a rear surface, and an overall depth defined by the
      rear surface and the front of the nose; the cooperating structure
      including a top wall for engaging the bottom of the hitch body, an opening
      in the wall of width substantially equal to the maximum width of the hook
      member for receiving the hook member, a rigid cross member extending
      transversely the width of the opening adjacent the forward edge thereof,
      and a locking member spaced from the opening on the side thereof opposite
      the cross member for engaging the hitch locking member, the distance
      between the hitch locking member and a point on the hook engagement
      surface being substantially equal to the distance between the materials
      handler locking member and the point of the cross member engaging the
      point on the hook engagement surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to materials handling and, more particularly, to
      mounting materials handling tools (e.g., buckets, blades, rippers, augers
      and the like) on, for example, dippersticks of backhoes.
PAR  The changing of materials handling tools mounted on a backhoe dipperstick
      traditionally has been a laborious and timeconsuming job. In recent years
      there have appeared suggestions for simplifying this task by connecting
      different tools to, rather than replacing, the bucket; and by providing
      connecting mechanisms on the tool and dipperstick which reduce the time
      and effort required for tool change-over. Such schemes have suffered from
      various drawbacks, however. Principal among these are the need for precise
      vertical alignment of the tool and dipperstick, the inability of the
      backhoe operator either to change tools himself or to make the change
      without either leaving his seat, the necessity of manually locking each
      tool to the dipperstick or bucket, the danger presented by improperly or
      incompletely connected tools, and the requirement that a different set of
      tools be provided for each size or type of backhoe.
PAC  SUMMARY OF INVENTION
PAR  In view of the foregoing, it is a principal object of the present invention
      to provide a system for releasably engaging any of a wide range of
      materials handling tools to any type of backhoe. Other objects include
      overcoming the above-mentioned problems by providing such a system in
      which, inter alia, a single operator can change tools, often without
      leaving his seat; the danger of falling tools is eliminated; and the same
      tools may be used with either a fixed or a swinging connector.
PAR  The invention features apparatus for releasably securing a materials
      handler to a boom while permitting rotation of the materials handler about
      a first axis fixed with respect to the boom, and comprising a hitch
      adapted for pivotal connection to the boom for rotation about the first
      axis and including spaced apart hook and lock members, and cooperating
      structure on the materials handler for receiving and engaging the hook
      member and for engaging the lock member; the hook member extending
      downwardly from the body of the hitch with the nose of the hook facing the
      first axis and having a predetermined maximum width, a tapering nose
      portion of lesser width, a jaw having an engagement surface, a rear
      surface, an overall depth defined by the rear surface and the front of the
      nose; the cooperating structure including a top wall for engaging the
      bottom of the hitch body, an opening in the wall of width substantially
      equal to the maximum width of the hook member for receiving the hook
      member, a rigid cross member extending transversely the width of the
      opening adjacent the forward edge thereof, and a locking member spaced
      from the opening on the side thereof opposite the cross member for
      engaging the hitch locking member, the distance between the hitch locking
      member and a point on the hook engagement surface being substantially
      equal to the distance between the materials handler locking member and the
      point of the cross member engaging said point on said hook engagement
      surface. In preferred embodiments in which the hook jaw has parallel upper
      and lower engagement surfaces and the cross member is substantially
      cylindrical, tangential to the top wall, and has a diameter substantially
      equal to the distance between the upper and lower engagement surfaces,
      there are featured tangentially projecting flat engagement surfaces on the
      cross member, a hook maximum depth greater than the distance from the rear
      edge of the materials handler opening to the nearest point of the cross
      member and not less than the sum of that distance and one-half the
      diameter of the cross member, an upper portion of the hook defining
      parallel surfaces spaced apart the hook maximum width and arranged for
      engaging the sides of the materials handler opening, locking members
      including camming surfaces for urging the rear engagement surface of the
      hook against the cross member and relatively aligning the locking members,
      a floating hydraulic cylinder actuating a locking pin extending through
      the locking members along an axis parallel to the top wall and
      perpendicular to the first axis, and means for pivoting the hitch hook and
      body relative to each other about an axis generally perpendicular to said
      first axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of preferred embodiments thereof, taken together
      with the accompanying drawings in which:
PAR  FIGS. 1-3 are partially broken away side elevations of a backhoe
      dipperstick and a materials handling tool which embody features of the
      present invention; the figures being slightly simplified and illustrating
      three stages in the attachment of the tool to the dipperstick;
PAR  FIG. 4 is a partially broken away side elevation of portions of the
      dipperstick and materials handling tool of FIGS. 1-3, illustrating certain
      additional features thereof in greater detail;
PAR  FIG. 5 is a partially broken away front elevation of the apparatus shown in
      FIG. 4;
PAR  FIG. 6 is a sectional view, taken at 6--6 of FIG. 4, of a portion of the
      apparatus of FIG. 1-5;
PAR  FIG. 7 is a side view, partially in section, of a modified embodiment of
      the present invention;
PAR  FIG. 8 is a sectional view, taken at 8--8 of FIG. 7; and,
PAR  FIGS. 9 and 10 are plan views, partially in section, of a further modified
      embodiment of the present invention.
DETD
PAR  Referring now to FIGS. 1-6 the drawings, a hitch, generally designated 10
      and including a main body 14 and a downwardly depending hook 32, is
      pivotally connected to the dipperstick 12 of a backhoe for rotation about
      an axis 16 perpendicular to the longitudinal axis of the dipperstick. As
      shown, the connection between the hitch and dipperstick is conventional.
      Axis 16 is defined by the bucket hinge pin, which connects one end of the
      main body 14 of hitch 10 to the end of the dipperstick. The bucket and
      guide links 22, 24 are connected to each other by hinge pin 28 and,
      respectively, to body 14 and dipperstick 12, at points spaced from axis
      16, by hinge pins 26, 30. The piston 20 of bucket cylinder 18 is connected
      to link hinge pin 28, and the cylinder 18 is connected to the dipperstick
      at a point (not shown) spaced further from axis 16.
PAR  As shown, hook 32 projects downwardly from hitch body 14, intermediate axis
      16 and hinge pin 26, with its nose portion 46 facing toward axis 16. It
      comprises a pair of generally parallel, spaced apart side plates 52, a
      generally U-shaped channel 34 extending between and welded to a recess in
      the forward edges of side plates 52 and defining the jaw of the hook, and
      a rear plate 36 extending between and welded to the rear edges of side
      plates 52.
PAR  Hitch body 14 comprises a pair of spaced side plates 40, each having a
      lower edge 37 and to which hinge pins 16, 26 are connected and a
      receptacle 38 recessed between plates 40 adjacent the end of hitch body 14
      opposite axis 16. In cross-section, receptacle 38 defines a trapezoid,
      open at its bottom. The bottom edge 39 of the receptacle front wall is not
      flat, but rather defines a downwardly pointing, rounded tongue, as shown
      in FIG. 4. A pair of aperatures 42, axially aligned with each other along
      an axis perpendicular to axis 16, extend through the front and rear walls
      of receptacle 38.
PAR  Hitch 10 is shown attached to a bucket 54, which is of generally
      conventional construction except for the portion thereof which is
      specially designed to cooperate with and engage the hitch. As should be
      evident, similar cooperating structure may be provided on any materials
      handling tool, thereby permitting the desired releasable engagement
      between hitch 10 and the particular desired tool.
PAR  The cooperating structure for permitting such engagement with bucket 54
      includes an opening 58 in the top wall 56 of the bucket, pair of bearing
      plates 59 welded on the inside surfaces of bucket side walls 62, 64 and
      defining the width of opening 58 (a width substantially the same as the
      maximum width of hook 32); a cylindrical cross member 60 spanning the
      width of opening and positioned at the forward end of opening 58 with its
      top tangent to the top of top wall 56; and a laterally centered ear 66
      spaced to the rear of opening 58 and projecting upwardly from the rear
      edge of bucket top wall 56. As shown, ear 66 is generally trapezoidal in
      longitudinal cross-section. Its front surface 67 is arranged to engage the
      inner surface 41 of the front wall hitch of receptacle 38 in tight
      face-to-face engagement when hitch 10 and bucket 54 are attached.
      Aperatures 68 in the front and rear walls of ear 66 permit a locking pin,
      designated 44 in FIGS. 3 and 5, to extend through the ear (and through
      aperatures 42 of receptacle 38) with the axis of the pin parallel with and
      slightly above to wall 56 and perpendicular to the axis of cross member
      60. For structural rigidity, cross member 60 spans the width of bucket 54
      and is rigidly secured (e.g., welded) to the bucket side walls 62, 64.
PAR  Referring to FIGS. 4-6, the jaw of hook 32 is formed by channel 34 which
      defines an upper engagement surface 74, a lower engagement surface 76, and
      a rear engagement surface 78. In the illustrated embodiment, in which
      upper and lower surfaces 74, 76 are parallel to each other and
      perpendicular to rear surface 78, the vertical (perpendicular) distance
      between surfaces 74 and 76 is substantially equal (to provide a tight fit)
      to the outer diameter of cross-member 60; and the depth of the hook jaw
      (the distance from the front of rear surface 78 to the forward edge of
      nose 46) is about the same as the cross-member diameter. In other
      embodiments, the jaw may, for example, be semi-cylindrical or V-shaped,
      and the jaw will be sized tightly to engage an appropriately shaped,
      typically cylindrical, cross-member.
PAR  The overall width of hook 32 is defined by the sides of channel 34 and rear
      plate 36 which, as shown, project beyond hook side plates 52 and define
      side edges 48, 50, respectively. The major portion of hook 32 has a width,
      designated A in FIG. 5 substantially equal (to provide a tight fit) to the
      width of opening 58 between bearing plates 59. The nose portion of the
      hook, that portion forward of rear surface 78 and not above surface 76,
      tapers to a lesser width, designated B, at the forward end of the nose.
      The taper is provided by the side edges of the portions of channel 34
      defining lower surface 76; and, since the minimum width is less than the
      normal distance between plates 52, by the converging nose portions 53
      thereof.
PAR  As best seen in FIG. 4, hook rear plate 36 extends generally vertically
      downwardly from within hook housing 14 along the back of hook side plates
      52 and then curves partially around the bottom of the hook. Most of the
      hook bottom (i.e., between the lower edge of rear plate 36 and nose 46) is
      open. The overall depth of hook 32, thus, is the perpendicular distance
      from nose 46 to the plane of the flat, vertical rear surface portion 70 of
      plate 36. In the illustrated embodiment, the overall depth is about 81/2
      inches. The minimum depth (between surfaces 70 and 78) is about 41/2
      inches.
PAR  The length of opening 58 in bucket top wall 56, defined by rear edge 72 of
      the opening and by the portion of cylindrical member 60 nearest edge 72,
      is less than the overall depth of hook 32, typically by not less than the
      radius of cross member 60. In the illustrated embodiment in which radius
      of the outer surface of cross member 60 is approximately 21/4 inches, the
      length of opening 58 is about 55/8 inches. When hook 32 has been fully
      engaged with cross member 60, the distance between rear edge 72 of opening
      58 and the rear 70 of hook 32 is about 11/2 inches.
PAR  As shown most clearly in FIG. 4, the outer surface of cross member 60 is
      not entirely cylindrical, but includes a pair of projections 80, 82, each
      of which defines a flat bearing surface, designated 84, 86, extending the
      width of the portion of member 60 engaged by hook 32. Upper bearing
      surface 84 extends tangentially from the top of member 60 toward opening
      58, and bearing surface 80 extends tangentially from the bottom of member
      60 away from the opening. When hook 32 is attached to bucket 54, bearing
      surfaces 84, 86 engage, respectively, hook surfaces 74, 76. In the
      disclosed embodiment, in which hook surfaces 74, 76 are parallel to top
      wall 56, upper bearing surface 84 is coplanar with upper wall 56 and lower
      bearing surface 86 is spaced therebelow a distance equal to the distance
      between hook surfaces 74, 76.
PAR  Referring again to FIGS. 4 and 5, hook 32 is pivotal with respect to the
      main body 40 of hitch 10 about an axis generally perpendicular to axis 16.
      As shown, a pair of parallel supports 88, 90 project upwardly into hook
      body 14 from adjacent the front and rear of hook 32. Support 90 is a
      reinforced extension of rear plate 36. A hinge pin 92, secured between
      supports 94, 96 welded to the side walls 40 of hitch body 14, passes
      through openings in supports 88, 90. The axis 98 of hinge pin 92 is
      coincident with the axis of the openings 42, 68 which receive locking pin
      44; and accordingly is elevated above top wall 56 and perpendicular to the
      axis of cross member 60.
PAR  A hydraulic cylinder 100 and piston 104 are secured between hook support
      plates 88, 90 (by a pivot pin 102 above hinge pin 92) and to a projecting
      abutment 108 at a side wall 40 of hitch body 14 (by pivot pin 106). As
      shown, pivot pin 102 is connected to a center portion, rather than an end,
      of cylinder 100; and the cylinder, piston 102, and abutment 108 are all
      generally in line with hook 32 and between axis 16 and pin 26. Hydraulic
      lines 110 provide for flow of fluid into and from cylinder 100. To provide
      for freedom of rotation, the height of receptacle 38 in hitch body 14 is
      greater than the height of ear 66 on bucket 54, resulting in free space
      112 within the receptacle above the ear, and front surface 67 of ear 66
      and inner surface 41 of receptacle 41 are perpendicular to axis 98.
PAR  The operation of hitch 10 and its cooperation with the connecting structure
      of bucket 54 can be best understood from the sequence illustrated in FIGS.
      1-3. As shown, in FIG. 1, the hitch is initially positioned above and
      closely adjacent bucket 54 with hook 32 laterally and longitudinally
      aligned with opening 58 in bucket upper wall 56. In this position, the
      axis of apertures 42 makes an acute angle with the axis of openings 68 in
      ear 66. Bucket cylinder piston 20 is then extended, causing hitch 14 to
      rotate about axis 16 and inserting hook 32 into opening 58. As the hitch
      is rotated, upwardly-facing hook engagement surface 76 engages and slides
      under cross member 60. Simultaneously, the angle between the axes of
      aperatures 42 and openings 68 diminishes, all as seen in FIG. 2. Continued
      rotation of hitch 14 about axis 16 results in the hook jaw sliding forward
      around cross member 60, and ear 66 passing into receptacle 38. The lower
      front edge 39 of receptacle 38 engages the forward surface 67 of ear 66,
      and the interaction between the edge and surface provides a camming action
      which forces hook jaw surface 78 into engagement with the rear of cross
      member 60. Ear 66 then slides completely into receptacle 38, with the ear
      front surface 67 in tight face-to-face engagement with receptacle inner
      front surface 41, providing precise fore and aft alignment of the hitch
      and bucket. The lower point of the tongue of receptacle front wall edge 39
      engages the top wall 56 of bucket to provide a "stop" for precise relative
      vertical alignment of the hitch and bucket, with holes 42 of receptacle 38
      aligned with holes 68 of ear 66. Locking pin 44 may then by manually
      inserted into place, from the rear of the bucket, and rotated 90.degree.
      to lock it in position.
PAR  The upper body portion of hook 32 and bucket opening 58 are substantially
      the same width to prevent relative twisting when the hitch and bucket are
      attached. The tapered nose makes for easy insertion of the hook into
      opening 58 despite minor misalignment or inexpert maneuvering of the
      dipperstick by providing a sort of guiding or funnelling effect during the
      connecting operation, especially the initial portions thereof depicted in
      FIGS. 1-2.
PAR  The length of opening 58 relative to the overall and minimum depths of hook
      32 make it virtually impossible for the hook accidentally to disengage
      from bucket 54 during an attempted link-up. The depth of opening 58
      between its rear edge 72 and cross member 60 is such that if the hook in
      the partially attached configuration shown in FIG. 2 should begin to slip
      off cross member 60, it would simply become wedged in opening 58. The back
      of the hook would bear against the rear edge 72 of opening 58 while the
      upwardly-facing hook engagement surface 76 would continue to bear against
      the bottom of cross member 60. Further rotation of hitch 10 would continue
      to draw the hook around cross member 60 into more positive engagement
      therewith, as shown in FIG. 3.
PAR  As shown in FIG. 4, hook 32 can, in addition to swinging about axis 16,
      pivot about the axis 98 which is perpendicular to the axis 16. With piston
      rod 104 secured to the sidewalls of hitch body 14 and the cylinder 100
      secured to hook plates 88, 90, relative motion between cylinder 100 and
      piston 104 will cause rotation of hook 32 about axis 98. This extra degree
      of freedom not only permits greater flexibility and utility of bucket 54
      in handling materials after secured to hitch 10, but cooperates with the
      "funnelling" effect discussed above to achieve the easy and rapid
      engagement of hitch 10 with bucket even if the bucket is resting on a
      tilted or inclined surface prior to its engagement with the hitch. Locking
      pin 44 serves as a second support point along axis 98 for the swinging
      movement of bucket 54 about axis 98 as hook 32 moves. The free space 112
      in receptacle 38 and the tongue shape of bottom edge 39 assure that there
      will be no interference of such swinging motion of the bucket 54. Also
      bottom edges 37 of side plates 40 must be elevated above bucket wall 56 to
      avoid interference with swinging of the bucket.
PAR  Referring now to FIGS. 7-8, there is shown a slightly modified hitch 10'
      attached to a bucket 54'. Hitch 10' and the cooperating portions of bucket
      54' are substantially similar to hitch 10 and the cooperating portions of
      bucket 54 described hereinbefore, and similar parts are identified by the
      same reference numerals as used previously, with a differentiating prime
      (') added.
PAR  Hitch 10' comprises two generally vertical side plates 40', each of which
      includes a downwardly depending portion 52' which defines one side of hook
      32'. Receptacle 38', a base plate 120 which closes the bottom of hitch
      body 14' between the rear of hook 32' and the front of receptacle 38', and
      channel member 34' are welded between side plates 40'. As shown, channel
      34' includes, in addition to the portions thereof defining the jaw of hook
      32', a reinforcing portion 122 projecting upwardly into hitch body 14
      between side plates 40'.
PAR  In lieu of the manually operated locking pin 44 of the previously described
      embodiment, hitch 10' includes a hydraulic cylinder 124 and piston 126
      mounted in hitch body 14'. Cylinder 124 is positioned between a pair of
      locking stops 125, with its forward end adjacent reinforcing portion 122
      of channel 34'. In its retracted position, (shown in dashed lines in FIG.
      7), piston 126 extends partially into the aperture 42' in the forward wall
      of receptacle 38'. When the piston is extended, by flow of fluid in
      cylinder hydraulic lines 128, it extends completely through receptacle
      38'. For self-alignment of piston 126 with aperture 42', stops 125 permit
      cylinder 124 to float both horizontally and vertically.
PAR  As shown most clearly in FIG. 8, hitch 10' does not include a plate on the
      rear of hook 32', and the sides of channel 34' do not project outwardly
      beyond sides 52'. Thus, the width of hook 32' is defined by sides 52',
      which as before converge toward nose 46' to provide the desired funnelling
      effect during engagement of the hook and cooperating structure on bucket
      54'; and the overall and minimum depth are defined, in part, by the rear
      edges 53 of sides 52'.
PAR  The cooperating structure on bucket 54' includes an opening 58' in the top
      wall 56' of the bucket, a generally cylindrical cross member 60' with
      respective upper and lower flat bearing surfaces 84' and 86' and welded
      between the supporting side walls 62', 64' of the bucket, and ear 66'
      projecting upwardly above the top wall 56' at a point spaced to the rear
      of the rear edge 72' of opening 58'. As in the cooperating structure of
      bucket 54, flat bearing surface 84' is substantially coplanar with top
      wall 56' and cross member 60' defines the front of opening 58'.
PAR  Bearing plates 59' are mounted on the inside of side walls 62', 64' each
      defining one side of opening 58' and extending vertically downwardly from
      the plane of top wall 56' a distance equal to about one-half the height of
      hook 32'. When hitch 10' and bucket 54' are attached, each of bearing
      plates 59' engages the adjacent side 52' of hook 32' and prevents twisting
      of hook 32' in opening 58' relative to bucket 54.'
PAR  The construction of ear 66' is slightly different from that of ear 66 of
      bucket 54. As shown, ear 66' includes a solid generally semi-cylinder 130
      mounted above top wall 56' with its base parallel to the axis of
      cylindrical cross member 60' and receptacle inner wall 41'; and a
      reinforcing plate 132 extending from the rear of semi-cylinder 130 to the
      rear of bucket 54', and welded to both. A cylindrical opening 68' extends
      coaxially through semi-cylinder 130 to tightly receive piston 126 when ear
      66' is fitted within receptacle 38' and piston 126 is extended.
PAR  Since hook 32' is not designed to pivot with respect to hitch body 14',
      relative vertical alignment is provided by having the top of ear 66'
      engage the inner top surface of the receptacle when the hitch and bucket
      are engaged; alternatively, the top wall 56' of the bucket may engage base
      plate 120 of the hitch. As with the previously described embodiment,
      fore-and-aft alignment of the hitch and bucket is determined by the
      respective engagement of the forward surface of ear 66' with the adjacent
      inner wall of receptacle 38', and of jaw surface 78' with cross member
      60'.
PAR  Reference is now made to FIGS. 9 and 10 which illustrate a modified ear 66"
      and receptacle 38". Portions of the device illustrated are substantially
      the same as corresponding portions of embodiments previously described and
      are identified by the same reference numerals as used previously, with a
      differentiating double prime (") added thereto. As will become apparent,
      the modification of FIGS. 9 and 10 is especially useful with systems of
      the type described in FIGS. 1-6, in which the hook and hitch body can be
      rotated relative to each other. It also presents advantages in systems in
      which the hook and hitch body are relatively fixed.
PAR  As shown, ear 66" differs from ear 66' in that a cylindrical boss 150 is
      welded to the center of the flat base of semicylinder 130". The axis of
      boss 150 is coaxial with the axis of ear opening 68", and its vertical end
      surface 152 is perpendicular to the axis of opening 68" and arranged to
      engage inner wall 41" of receptacle 38" face-to-face when the hitch and
      tool are engaged.
PAR  A guide plate 154 defining an upwardly concave, annular guide surface 156
      is welded on the inside of wall 41". The radius of guide surface 156 is
      equal to that of the cylindrical peripheral surface 153 of boss 150, and
      the guide surface is coaxial with openings 42". When guide surface 156 and
      cylindrical peripheral surface 153 engage each other, openings 68" and 42"
      will be accurately coaxially aligned.
PAR  To permit relative rotation of the hitch and tool (and of receptacle 38"
      and ear 66"), the engaged surface 152 of boss 150 and 41" of receptacle
      38" are perpendicular to each other, free space 112" is provided above
      semi-cylinder 130", and lower edges 37" of hitch sides 40" are spaced
      above the upper wall 56" of the tool. Forward of receptacle 38", bottom
      closure plate 160 extends between hitch sides 40". As shown in FIG. 10,
      closure plate 160 is in the form of a wide "V", with its lower edge
      rounded and spaced above tool upper wall 56" and its upper edges secured
      to hitch sides 40".
PAR  In operation, the engaged surfaces 153, 156 of boss 150 and guide plate 154
      provide for relative alignment of ear 66" and receptacle 38" in both the
      vertical and transverse directions. Because it is not required to provide
      a vertical stop, as it did in the embodiment of FIGS. 1-5, the rounded
      lower front edge 39" of receptacle 38" is spaced above upper wall 56".
      When the modification of FIGS. 9-10 is used in a system in which the hook
      and hitch are rotated about the axis of the connecting pin (and of
      openings 68", 42"), engaged surfaces 153, 156 act as bearings and relieve
      much of the load otherwise placed on the connecting pin.
PAR  While particular preferred embodiments have been illustrated in the
      accompanying drawings and described in detail herein, other embodiments
      are within the scope of the invention and following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of said materials handler about a first axis fixed
      with respect to said boom, said apparatus comprising:
PA1  a hitch adapted for pivotal connection to said boom for rotation about said
      first axis and including a hitch body, a hook member of predetermined
      maximum width projecting outwardly from said body, and a hitch locking
      member spaced from said hook member in a direction generally perpendicular
      to said first axis,
PA1  said hook member defining a jaw having a jaw engagement surface, a tapering
      nose portion of width less than said predetermined maximum width facing
      away from said hitch locking member in a direction generally perpendicular
      to said first axis, and a rear surface intermediate said nose portion and
      said hitch locking member and facing generally towards said hitch locking
      member; and,
PA1  cooperating structure secured to said materials handler for receiving and
      engaging said hook member and for engaging said hitch locking member,
PA1  said cooperating structure defining an opening of width substantially equal
      to said maximum width of said hook member for receiving said hook member,
      a cooperating structure locking member spaced from said opening on one
      side thereof for engaging said hitch locking member, and a rigid
      crossmember extending transversely the width of said opening adjacent the
      side thereof opposite said cooperating structure locking member for
      engaging said jaw engagement surface when said hook member is inserted
      within said opening,
PA1  the overall depth of said hook member being defined by said rear surface
      and the end of said nose portion most distant therefrom,
PA1  the length of said opening being defined by one surface intermediate said
      rigid cross-member and said cooperating structure locking member and
      facing generally towards said cross-member, and a second and generally
      oppositely facing surface on the side of said one surface opposite said
      cooperating structure locking member,
PA1  said length of said opening being less than the distance from said jaw
      engagement surface to said hitch locking member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said jaw defines a pair of said
      engagement surfaces, and said cross-member includes a pair of flat bearing
      surfaces extending generally axially thereof and projecting in generally
      opposite directions from spaced portions thereof, one of said flat
      surfaces projecting toward the rear of said opening from the upper half of
      said cross-member and being adapted for engaging the upper one of said
      hook engagement surfaces, and the other of said flat surfaces projecting
      from the lower half of said cross-member and being adapted to engage the
      other of said hook engagement surfaces.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said cross-member is substantially
      cylindrical and said pair of flat bearing surfaces project generally
      tangentially thereof.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the front and rear of said hook member
      above said upper one engagement surface are of said overall width.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the bottom of said hook member is open.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said opening is in a wall of said
      cooperating structure and the top of said cross-member is in the plane of
      said wall.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said hook jaw includes generally
      parallel upper and lower engagement surfaces and a rear engagement surface
      extending between said upper and lower engagement surfaces and defining
      said minimum depth, said cross member is substantially cylindrical, and
      the diameter of said cross member is substantially equal to the distance
      between said upper and lower engagement surfaces.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said rear engagement surface is
      generally perpendicular to said upper and lower engagement surfaces and
      parallel to said first axis.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said opening is in a top wall of said
      cooperating structure, and the top of said cross-member is tangential to
      the plane of said wall.
NUM  10.
PAR  10. The apparatus of claim 7 wherein said cross member includes a pair of
      axially-extending flat bearing surfaces projecting generally tangentially
      and in opposite directions from opposite sides of said cross member, one
      of said flat surfaces being adapted for engaging said upper hook
      engagement surface and projecting toward the rear of said opening, and the
      other of said flat surfaces being adapted for engaging said lower hook
      engagement surface.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said opening is in a top wall of said
      cooperating structure, and said one flat surface is substantially coplanar
      with said wall.
NUM  12.
PAR  12. The apparatus of claim 10 wherein each of said bearing surfaces is
      parallel to said wall, the one of said bearing surfaces nearer said wall
      extending tangentially of said cross member towards said rear edge of said
      opening.
NUM  13.
PAR  13. The apparatus of claim 1 wherein said overall depth is greater than the
      distance from said one surface of said opening to the nearest portion of
      said cross-member.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said overall depth is not less than
      the sum of said distance from said one edge and one-half the front-to-back
      thickness of said cross member.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the difference between said overall
      depth and said minimum depth is not less than about said front-to-back
      thickness.
NUM  16.
PAR  16. The apparatus of claim 1 wherein each of said locking members includes
      aperatures extending therethrough in a direction perpendicular to said
      first axis, said hitch and said cooperating structure include stops for
      coaxially aligning said apertures with each other when said locking
      members are engaged with each other, and including a locking pin extending
      through said apertures and securing said locking members together.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said cooperating structure includes a
      pair of spaced bearing members defining the width of said opening, each of
      said bearing members having a height equal to not less than about one-half
      the height of said hook member above said rear engagement surface thereof.
NUM  18.
PAR  18. The apparatus of claim 1 wherein said hitch includes a
      downwardly-facing surface spaced from said hook member and arranged to
      engage an upwardly-facing portion of said handler spaced from said
      cross-member when said hitch and said handler are engaged and thereby
      vertically locate said locking members relative to each other.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said downwardly-facing surface is
      defined by the body of said hitch, and said opening and said
      upwardly-facing portion are defined by a top wall of said handler.
NUM  20.
PAR  20. The apparatus of claim 18 wherein said downwardly-facing surface is
      defined by said locking member of said hitch.
NUM  21.
PAR  21. The apparatus of claim 1 wherein said hook projects downwardly from the
      body of said hitch, said hitch locking member is above said jaw engagement
      surface, said opening is defined by a wall of said cooperating structure,
      and said locking member of said cooperating structure projects above said
      wall.
NUM  22.
PAR  22. The apparatus of claim 1 wherein the distance between said hitch
      locking member and a point on said hook jaw adapted to engage said
      cross-member is substantially equal to the distance between said materials
      handler locking member and the portion of said cross-member arranged to be
      engaged by said point.
NUM  23.
PAR  23. Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of said materials handler about a first axis fixed
      with respect to said boom, said apparatus comprising:
PA1  a hitch adapted for pivotal connection to said boom for rotation about said
      first axis and including a hitch body, a hook member of predetermined
      maximum width projecting outwardly from said body, and a hitch locking
      member spaced from said hook member in a direction generally perpendicular
      to said first axis,
PA1  said hook member defining a jaw having a jaw engagement surface, a tapering
      nose portion of width less than said predetermined maximum width facing
      away from said hitch locking member in a direction generally perpendicular
      to said first axis, and a rear surface intermediate said nose portion and
      said hitch locking member and facing generally towards said hitch locking
      member; and,
PA1  cooperating structure secured to said materials handler for receiving and
      engaging said hook member and for engaging said hitch locking member,
PA1  said cooperating structure defining an opening of width substantially equal
      to said maximum width of said hook member for receiving said hook member,
      a cooperating structure locking member spaced from said opening on one
      side thereof for engaging said hitch locking member, and a rigid
      cross-member extending transversely the width of said opening adjacent the
      side thereof opposite said cooperating structure locking member for
      engaging said jaw engagement surface when said hook member is inserted
      within said opening,
PA1  the overall depth of said hook member being defined by said rear surface
      and the end of said nose portion most distant therefrom,
PA1  the length of said opening being defined by one surface intermediate said
      rigid cross-member and said cooperating structure locking member and
      facing generally towards said cross-member, and a second and generally
      oppositely-facing surface on the side of said one surface opposite said
      cooperating structure locking member,
PA1  said length of said opening being less than the distance from said jaw
      engagement surface to said hitch locking member,
PA1  said body of said hitch and said hook member of said hitch being connected
      for pivotal movement relative to each other about a second axis generally
      perpendicular to said first axis, and
PA1  said apparatus including an actuator connected thereto and operable for
      pivoting said hook member relative to said body.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said actuator is substantially in
      line with said hook member and intermediate the axes of connection of said
      hitch to said boom.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said actuator includes a piston and
      cylinder, said piston being pivotally connected to said body of said
      hitch, and said cylinder being pivotally connected intermediate its ends
      to said hook of said hitch.
NUM  26.
PAR  26. The apparatus of claim 23 including a pivot pin coaxial with said
      second axis and pivotally connecting said hitch body and said hook member
      together, said second axis being spaced from said hook jaw on the side
      thereof towards said hitch body.
NUM  27.
PAR  27. The apparatus of claim 26 including a second pin coaxial with said
      second axis and adapted for removably connecting said hitch body and said
      handler together whereby said hitch body and said handler are pivotable
      relative to each other about said pivot pin and said second pin.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said actuator is pivotally connected
      to said body and to a portion of said hook member on the side of said
      pivot pin opposite said jaw.
NUM  29.
PAR  29. The apparatus of claim 27 wherein each of said locking members include
      apertures extending therethrough, each of said apertures is coaxial with
      said second axis, and said second pin is a locking pin extending removably
      through said apertures and securing said locking members together.
NUM  30.
PAR  30. The apparatus of claim 29 wherein said hitch locking member defines a
      downwardly-facing surface, said locking member of said cooperating
      structure defines an upwardly-facing surface arranged to engage said
      downwardly-facing surface when said hitch and said handler are engaged,
      and each of said surfaces is generally semi-cylindrical and coaxial with
      said apertures and said second axis whereby said edges vertically and
      transversely relatively located said locking members and provide bearing
      surfaces for said pivoting of said handler relative to said hitch body.
NUM  31.
PAR  31. Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of said materials handler about a first axis fixed
      with respect to said boom, said apparatus comprising:
PA1  a hitch adapted for pivotal connection to said boom for rotation about said
      first axis and including a hitch body, a hook member of predetermined
      maximum width projecting downwardly from said body, and a hitch locking
      member spaced from said hook member in a direction generally perpendicular
      to said first axis,
PA1  said hook member defining a jaw having a jaw engagement surface, a tapering
      nose portion of width less than said predetermined maximum width facing
      away from said hitch locking member in a direction generally perpendicular
      to said first axis, and a rear surface intermediate said nose portion and
      said hitch locking member and facing generally towards said hitch locking
      member; and,
PA1  cooperating structure secured to said materials handler for receiving and
      engaging said hook member and for engaging said hitch locking member,
PA1  said cooperating structure defining an opening of width substantially equal
      to said maximum width of said hook member for receiving said hook member,
      a cooperating structure locking member spaced from said opening on one
      side thereof for engaging said hitch locking member, and a rigid
      cross-member extending transversely the width of said opening adjacent the
      side thereof opposite said cooperating structure locking member for
      engaging said jaw engagement surface when said hook member is inserted
      within said opening,
PA1  the overall depth of said hook member being defined by said rear surface
      and the end of said nose portion most distant therefrom,
PA1  the length of said opening being defined by one surface intermediate said
      rigid cross-member and said cooperating structure locking member and
      facing generally towards said cross-member, and a second and generally
      oppositely-facing surface on the side of said one surface opposite said
      cooperating structure locking member,
PA1  said length of said opening being less than the distance from said jaw
      engagement surface to said hitch locking member,
PA1  said hitch including a downwardly-facing surface defined by said locking
      member of said hitch and arranged to engage an upwardly-facing portion of
      said handler spaced from said cross member, and
PA1  said downwardly-facing surface and said upwardly-facing portion being
      generally semi-cylindrical whereby said downwardly-facing surface and said
      portion vertically and transversely locate said locking members relative
      to each other when said hitch and said handler are engaged.
NUM  32.
PAR  32. The apparatus of claim 31 wherein each of said locking members include
      apertures extending therethrough in a direction perpendicular to said
      first axis, a locking pin extends through said apertures and secures said
      locking members together, and said semi-cylindrical edge is coaxial with
      said apertures of said hitch locking member and said semi-cylindrical
      portion is coaxial with said apertures of said handler locking member.
NUM  33.
PAR  33. The apparatus of claim 32 wherein said body of said hitch and said hook
      member of said hitch are connected for pivotal movement about the axis of
      said apertures of said hitch locking member, said axis being perpendicular
      to said first axis; and including an actuator connected to said body and
      said hook member for causing said pivoting.
NUM  34.
PAR  34. Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of said materials handler about a first axis fixed
      with respect to said boom, said apparatus comprising:
PA1  a hitch adapted for pivotal connection to said boom for rotation about said
      first axis and including a hitch body, a hook member of predetermined
      maximum width projecting outwardly from said body, and a hitch locking
      member spaced from said hook member in a direction generally perpendicular
      to said first axis,
PA1  said hook member defining a jaw having a jaw engagement surface, a tapering
      nose portion of width less than said predetermined maximum width facing
      away from said hitch locking member in a direction generally perpendicular
      to said first axis, and a rear surface intermediate said nose portion and
      said hitch locking member and facing generally towards said hitch locking
      member;
PA1  cooperating structure secured to said materials handler for receiving and
      engaging said hook member and for engaging said hitch locking member,
PA1  said cooperating structure defining an opening of width substantially equal
      to said maximum width of said hook member for receiving said hook member,
      a cooperating locking member spaced from said opening on one side thereof
      for engaging said hitch locking member, and a rigid cross-member extending
      transversely the width of said opening adjacent the side thereof opposite
      said cooperating structure locking member for engaging said jaw engagement
      surface when said hook member is inserted within said opening,
PA1  the overall depth of said hook member being defined by said rear surface
      and the end of said nose portion most distant therefrom,
PA1  the length of said opening being defined by one surface intermediate said
      rigid cross-member and said cooperating structure locking member and
      facing generally towards said cross-member, and a second and generally
      oppositely-facing surface on the side of said one surface opposite said
      cooperating structure locking member,
PA1  said length of said opening being less than the distance from said jaw
      engagement surface to said hitch locking member,
PA1  each of said locking members including an aperture extending therethrough
      in a direction perpendicular to said first axis:
PA1  said hitch and said cooperating structure including stops for coaxially
      aligning said aperatures with each other when said locking members are
      engaged with each other;
PA1  a locking pin extending through said aperatures and securing said locking
      members together; and,
PA1  a hydraulic piston and cylinder for actuating said locking pin mounted on
      said hitch, said pin being attached to said piston, and said cylinder
      being restrained against movement in a direction parallel to the axis of
      said aperatures but being free to float in the plane perpendicular to said
      axis of said apertures whereby said pin is self-aligning.
NUM  35.
PAR  35. The apparatus of claim 34 wherein said piston and cylinder are operable
      to move said pin between a first position wherein said pin extends through
      said apertures and secures said locking members together and a second
      position wherein an end of said pin is positioned within the aperture of
      said hitch locking member nearest said cylinder and said locking members
      are free to move relative to each other.
NUM  36.
PAR  36. Apparatus for releasably securing a materials handler to a boom while
      permitting rotation of said materials handler about a first axis fixed
      with respect to said boom, said apparatus comprising:
PA1  a hitch adapted for pivotal connection to said boom for rotation about said
      first axis and including a hitch body, a hook member of predetermined
      maximum width projecting outwardly from said body, and a hitch locking
      member spaced from said hook member in a direction generally perpendicular
      to said first axis,
PA1  said hook member defining a jaw having a jaw engagement surface, a tapering
      nose portion of width less than said predetermined maximum width facing
      away from said hitch locking member in a direction generally perpendicular
      to said first axis, and a rear surface intermediate said nose portion and
      said hitch locking member and facing generally towards said hitch locking
      member; and,
PA1  cooperating structure secured to said materials handler for receiving and
      engaging said hook member and for engaging said hitch locking member,
PA1  said cooperating structure defining an opening of width substantially equal
      to said maximum width of said hook member for receiving said hook member,
      a cooperating structure locking member spaced from said opening on one
      side thereof for engaging said hitch locking member, and a rigid
      cross-member extending transversely the width of said opening adjacent the
      side thereof opposite said cooperating structure locking member for
      engaging said jaw engagement surface when said hook member is inserted
      within said opening,
PA1  the overall depth of said hook member being defined by said rear surface
      and the end of said nose portion most distant therefrom,
PA1  the length of said opening being defined by one surface intermediate said
      rigid cross-member and said cooperating structure locking member and
      facing generally towards said cross-member, and a second and generally
      oppositely-facing surface on the side of said one surface opposite said
      cooperating structure locking member,
PA1  said length of said opening being less than the distance from said jaw
      engagement surface to said hitch locking member, and
PA1  each of said locking members including a camming surface arranged for
      engaging the camming surface of the other of said locking members and
      urging said engagement surface of said hook jaw into engagement with said
      cross member when said locking members are moved into engagement with each
      other.
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ABST
PAL  A portable self-erecting surge storage system for temporarily storing
      asphaltic hotmix. The system includes a cylindrical surge bin and an
      elongate conveyor having a roller yoke at one end thereof to ride a track
      affixed on the outer surface of the surge bin. The surge bin is pivotally
      pinned to a subframe to enable hydraulic cylinders to pivot the bin
      upwardly from a horizontal transit position to an erect operational
      position. The roller yoke simultaneously travels up the bin track,
      elevating one end of the conveyor to the top of the erect surge bin.
      Retraction of the cylinders lowers the bin and conveyor to their transport
      positions for movement to another construction site.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In the hotmix asphalt industry, the hotmix prepared in an asphalt
      production plant is either discharged directly into waiting dump trucks
      for transport to a highway construction site, or is temporarily stored in
      auxiliary surge storage bins from which the hotmix may be intermittently
      dispensed to the dump trucks. In order to minimize trucking expense, the
      asphalt production plant is commonly located near the construction site.
      However, it is frequently necessary to move the plant as one project is
      finished and a new one is begun, and it is therefore desirable for the
      plant to be easily portable for transport between different job sites.
      Consequently, production plants have been developed which may be
      dismantled, transported to a new job site, and reassembled, all without
      the aid of cranes or other heavy construction equipment foreign to the
      ordinary operation of an asphalt plant.
PAR  The development of portable asphalt plants has left the auxiliary surge
      storage bins and their associated conveyors for elevating the hotmix from
      the plant to the top of the bins as the only equipment requiring the use
      of a crane for erection and dismantling. Due to the tremendous size and
      weight of the bins and conveyors required to store large volumes of
      asphalt, the various attempts heretofore made to provide self-erecting
      storage bins have suffered from numerous shortcomings.
PAR  One self-erecting silo assembly that has been developed is disclosed in
      U.S. Pat. No. 3,586,181, issued to James D. Brock and entitled "Portable
      Self-Erecting Silo". The silo assembly of Brock basically employs an
      upright bin structure having telescoping cylindrical walls which may be
      upwardly extended. The complex erection method, however, is somewhat
      cumbersome, including a number of motor reversals and various manual
      connections and disconnections. Furthermore, in the retracted or collapsed
      transport position, the Brock silo presents a profile as tall as the upper
      cylindrical section, which is approximately half the total height of the
      erect silo. The upper portion of the silo, therefore, is necessarily
      restricted in height so that the silo can pass beneath bridges and
      overpasses when transported on the highway. Such a height limitation runs
      contrary to the goal of providing a tall, large volume storage bin.
PAR  Accordingly, a need exists in the asphalt industry for a self-erecting
      surge storage system to temporarily store large volumes of hotmix and to
      be easily transportable between job sites and quickly erected without the
      aid of a crane or the like. The primary goal of this invention is to meet
      this need.
PAR  More specifically, an object of this invention is to provide a
      self-erecting surge storage system, including a large volume bin and
      associated conveyor, that can be quickly and easily raised from a travel
      position to an upright operational position and that can be readily
      lowered from the upright position to the travel position.
PAR  Another object of the invention is to provide a self-erecting surge storage
      system which may be easily and quickly raised or lowered to and from an
      upright operational position without the aid of a crane or other special
      equipment normally absent in the day-to-day operations of an asphalt
      plant.
PAR  Another object of the invention is to provide a self-erecting surge storage
      system of the character described which may be raised or lowered in safety
      to the construction personnel with the entire erection procedure
      controlled by a single operator remote from the structure itself.
PAR  Yet another object of the invention is to provide a surge storage bin which
      may be rotatably raised from a horizontal transport position to a
      vertically upright, operational position without the aid of a crane or the
      like.
PAR  An additional object of the invention is to provide a conveyor for a
      self-erecting surge storage bin which may be raised from a horizontal
      transport position to an inclined operational position without the aid of
      a crane or the like. Such positioning of the conveyor is accomplished
      simultaneously with the erection of the storage bin in order to minimize
      the assembly time.
PAR  Another object of the invention is to provide a self-erecting surge storage
      system of the character described which is readily transportable from one
      job site to another.
PAR  A further object of the invention is to provide a self-erecting surge
      storage system of the character described which presents a low profile
      when transported between job sites.
PAR  Still a further object of the invention is to provide a method of erecting
      a substantially conventional surge storage bin and conveyor from a travel
      position to an operational position without the aid of a crane or the
      like.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, which form a part of the specification and
      are to be read in conjunction therewith, and in which like reference
      numerals are utilized to indicate like parts in the various views:
PAR  FIG. 1 is a fragmentary side elevational view of a preferred embodiment of
      the self-erecting surge storage system in a pre-erection position;
PAR  FIG. 2 is a side elevational view of the surge storage system showing a
      second progressive stage of the erection process subsequent to the
      position shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of the surge storage system showing a
      third progressive stage of the erection process subsequent to the position
      shown in FIG. 2;
PAR  FIG. 4 is a side elevational view of the surge storage system showing the
      fully erected position of the equipment;
PAR  FIG. 5 is an enlarged, fragmentary elevational view of the upper portion of
      the surge storage system shown in FIG. 4 to illustrate the operational
      connection between the bin and conveyor;
PAR  FIG. 6 is an enlarged, fragmentary view taken generally along line 6--6 of
      FIG. 2 in the direction of the arrows;
PAR  FIG. 7 is an enlarged, fragmentary view taken generally along line 7--7 of
      FIG. 2 in the direction of the arrows;
PAR  FIG. 8 is a perspective view of the lower portion of the surge storage
      system shown in FIG. 4, with broken lines illustrating the removable
      nature of certain support components which form the drive-through beneath
      the bin; and
PAR  FIG. 9 is a top plan view of the compression rails, bin subframe, and
      conveyor wheel chock assembly which support and position the bin and
      conveyor.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings in more detail, the major components of the
      self-erecting surge storage system generally include a surge bin 11, for
      temporarily storing hotmix, a conveyor 12 for delivering hotmix from the
      asphalt production plant to the top of the bin 11, a bin subframe 13 to
      support and position the bin 11, a conveyor wheel chock assembly 15 to
      support and position the conveyor 12, and a hydraulic power system 16
      employed to raise and lower the bin 11 as will be described.
PAR  It should be understood at the outset that any surge bin and conveyor such
      as conventionally used and known to those skilled in the asphalt industry
      may be readily adapted for use with this invention. The surge bin 11,
      shown for the purposes of illustration, typically comprises a cylindrical
      tank 17 integrally connected at its lower end to a frusto-conical portion
      18 having a central opening 19. Associated with the discharge opening 19
      are movable gates or closure members (not shown) which are activated to
      dispense hotmix stored in the tank 17 and frusto-conical portion 18 to
      loading vehicles positioned beneath the discharge 19.
PAR  The bin assembly 11 may also include an intermittent bin feeder 20
      surmounting the tank portion 17 to receive hotmix from the conveyor 12 and
      intermittently discharge the hotmix to the tank 17 in order to prevent
      segregation. A more detailed description of the intermittent bin feeder 20
      is found in U.S. Pat. No. 3,777,909, issued Dec. 11, 1973 to Rheinfrank,
      entitled "Apparatus for Loading Hotmix in a Surge Bin", and incorporated
      by reference herein. The feeder 20 is provided with a chute 21 having a
      telescopingly extendable flange 22 for connection with the conveyor 12 in
      order to direct hotmix flow from the conveyor into the feeder 20 as shown
      in FIG. 5. Conversely, the feeder 20 may be eliminated entirely for the
      purposes of this invention and, in such event, the hotmix would of course
      be discharged directly from the conveyor 12 to the surge bin 11.
PAR  A support frame for the surge bin includes four spaced apart stilt legs;
      the two legs seen in FIG. 2 are designated by the numerals 23a and 23b and
      the two legs hidden in FIG. 2 are designated by the numerals 24a and 24b.
      The stilt legs are of sufficient height to form a "drive-through" to allow
      a dump truck or similar load carrying vehicle to pass beneath the
      discharge 19 of the bin when it is raised to its upright vertical
      position.
PAR  Attached to the ends of legs 23 and 24 are bin support members 25 which
      angle inwardly to engage the lower end of the tank 17. As viewed in FIG.
      2, the two opposed support members 25 from legs 23a and 24a are attached
      to elongate structural members 26 which are joined to the tank portion 17
      throughout the height thereof to provide additional support and rigidity.
      Intermediate the ends thereof, each elongate structural member 26 carries
      a bracket 27 adapted to receive a pin 28 for connection with the hydraulic
      power system 16 later to be described. The opposite support members 25
      (attached to legs 23b and 24b) are attached to structural stubs 29 which
      are likewise firmly secured to the surface of cylindrical tank 17.
PAR  Between the pairs of legs 23a and 23b and legs 24a  and 24b are removably
      bolted cross braces 30a and 30b, respectively. With reference to FIG. 8,
      the broken line view of cross braces 30a and 30b represents the position
      of the braces during transit. Upon erection of the bin 11, however, both
      braces 30a and 30b are removed to provide the drive-through for trucks and
      one of braces 30a or 30b is reconnected between legs 23b and 24b, as shown
      in full lines in FIG. 8 and indicated by the numeral 30', to provide
      additional structural rigidity.
PAR  To permit over-the-road towing of the surge bin 11, a running gear assembly
      is mounted near the lower end of the bin. Wheels 34 are mounted between
      the support members 25 attached to stilt legs 23a and 24a. As shown in
      FIG. 8, wheels 35 are carried on a frame 36 pivotally connected between
      legs 23a and 24a to rotate outwardly from the drive-through when the bin
      is erected. In the transit position, the frame 36 is held in substantially
      the same plane as the legs 23a and 24a to assist the wheels 34 in
      supporting the bin.
PAR  Mounted longitudinally on the surge bin 11 is an erection track comprising
      a pair of spaced parallel rails 38. At the lower end of the bin 11, the
      track assembly comprises an inclined ramp portion 38a removably secured to
      the frusto-conical section 18 of the bin and extended downwardly between
      the pairs of legs 23 and 24 and terminated in approximately the same plane
      as legs 23a and 24a near the lower ends of said legs. A straight section
      38b of the rails extends along the tank portion 17 and an inwardly sloped
      section 38c extends above the tank 17 to terminate between the upper ends
      of support members 26. At various points along the track, the rails may be
      reinforced by cross pieces or struts (not shown).
PAR  The upper ends of the rails 38 are attached to a cross brace 42 (FIG. 6)
      which rigidly interconnects the ends of the support members 26. Removably
      mounted on cross brace 42 and support members 26 is a hitch or "fifth
      wheel" attachment 41, shown only in FIG. 2, employed for towing the bin 11
      during transit.
PAR  Mounted on cross bracing (not shown) between members 26 at the upper end of
      the bin is a level indicating device 44. Indicator 44 includes a
      background plate 45 hingedly mounted to pivot at least from a position
      substantially normal to the plane of the members 26 to a position
      substantially parallel to the plane of members 26. As shown in FIG. 6, the
      front face of the plate 45 preferably includes a background colored area
      45a and a contrasting colored stripe or wedge area 45b vertically and
      centrally of the plate 45. A needle 46 is pivotally mounted on the front
      face of the plate 45 near the upper end of the wedge area 45b and is
      operable to swing freely across the face of the plate 45. The position of
      the needle 45 coinciding with the center of the wedge area 45b indicates a
      level torsional condition of the bin.
PAR  To support the surge bin in a longitudinally horizontal position when
      disconnected from a towing vehicle, forward support legs 48 attached to
      the structural members 26 are provided. The legs 48 may be hydraulically
      powered to raise the bin slightly for disconnection of the fifth wheel
      from the towing vehicle.
PAR  As previously mentioned, the conveyor 12 may be any one of several types
      well known to those in the asphalt industry. An example of a typical
      conveyor for use with this invention is disclosed in U.S. Pat. No.
      3,756,379 issued Sept. 4, 1973 to Rheinfrank, and entitled "Inclined Drag
      Conveyor for Hot Asphalt Mix and the Like". Conveyors of this genre
      commonly include a feed hopper 50 which may be positioned under the pug
      mill of the production plant or may be fed by an auxiliary conveyor from
      the pug mill, the main body portion 51 inclined against the bin 11, and a
      discharge 52 at the upper end. The conveyor discharge 52 is equipped with
      a flange 52a which is bolted to the extendable flange 22 of the chute 21
      for discharge of hotmix to the feeder 20. In the operating condition, as
      shown in FIG. 5, the conveyor 12 is further secured to the bin 11 by means
      of one or more turnbuckles 53a connected between the rails 38 and brackets
      53b fixed to the underside of the conveyor.
PAR  As is conventional, the conveyor 12 is provided a power unit (such as motor
      M) to drive the conveyor. Walkways (not shown) may likewise be installed
      along the length of the conveyor for maintenance and inspection.
PAR  To be adapted for use with this invention to provide the portable feature,
      the lower end of the conveyor 12 is mounted on a running gear 54. A
      connection bracket 55 hingedly connects the conveyor 12 to the wheel
      assembly 54, permitting the conveyor to pivot upwardly about the shaft 56
      of the wheel assembly. To permit connection with a towing vehicle, the
      conveyor 12 is further provided with a removable fifth wheel or towing
      hitch 57 (FIG. 1). A pair of extendable support legs 58 are mounted on
      each side of the conveyor to support the upper end of the conveyor in a
      horizontal disposition after it has been disconnected from its towing
      vehicle.
PAR  The forward or upper end of the conveyor 12 is also provided with a roller
      yoke 60 which, as shown in FIG. 7, includes a pair of rollers 61 rotatably
      pinned between forks 62 mounted on a crosspiece 63. Rollers 61 are spaced
      apart so as to ride on the erection rails 38 attached to the bin. For
      limited pivotal movement, the crosspiece 63 is pinned at 64 between the
      forward end of the conveyor and a brace structure comprising the vertical
      supports 65 bolted to the conveyor frame 67 and a mounting plate 66 welded
      to the supports 65.
PAR  Adapted to position and support the surge storage system, the subframe 13,
      as shown in FIG. 9, underlies the bin and conveyor in ground engaging
      fashion. The stilt legs 23 and 24 of the bin are supported on pads as
      shown in FIG. 8; the pads underlying legs 23b and 24b are designated by
      the numeral 70 and the legs 23a and 24a pivotally are supported on pads 69
      by removable pin members 72. The pads 69 are rigidly interconnected by a
      cross member 71 and each pad 70 is attached to an elongate beam 73 which
      is removably locked to the cross member 71 (FIG. 8). The pads 70 are
      interconnected and disconnectably pinned to a cross tie 74. When the beams
      73 are disconnected from cross member 71, the beams 73 and their
      associated pads 70 may be telescopingly moved together on the cross tie
      74.
PAR  Extending from each pad 69 is an elongate compression rail 75 which carries
      a removable pin 77 (FIG. 9) for coupling a hydraulic cylinder. The
      compression rails 75 are held in parallel alignment by a plurality of
      removable cross braces 76.
PAR  Underlying the conveyor 12, the wheel chock assembly 15 (FIG. 9) includes a
      pair of wheel chocks 81 held in spaced parallel relationship by removable
      bracing members 82. The wheel chock assembly 15 is connected to the pads
      70 of the bin subframe by a pair of tension cables 79 which may be
      adjusted by turnbuckles 80.
PAR  On each side of the bin, a hydraulic cylinder 86 is interconnected between
      the pin 77 of the compression rail 75 and the pin 28 of the bracket 27
      attached to the elongate structural beam 26 of the bin. In a transit
      condition, however, the cylinders 86 are pinned to the bracket 27 and to
      forks 83 attached to the beams 26 as shown in FIG. 1. For convenience, the
      cylinders 86 are preferably a multistage, telescoping type. To supply
      hydraulic fluid to the cylinders 86, they are fitted with hoses 87
      connected to a conventional, portable hydraulic power unit 85. The power
      unit 85 typically includes a suitable valving system to regulate the
      hydraulic fluid flow so as to pressure each cylinder 86 equally, causing
      both of the cylinders to extend or retract at the same rate. On the other
      hand, the valve controls permit the operator to supply power to each
      cylinder 86 individually if the two cylinders fall out of synchronization
      as they are extended or retracted. Referring again to FIG. 8, mounted on
      each pad 70 is a switch 88 which, when engaged by stilt leg 23b or 24b,
      overrides the control of the valving system or the operator controls to
      shut off power to the cylinder 86 on the associated side of the bin.
PAC  Operation
PAR  In the following operational description, it is assumed that the
      self-erecting surge storage system is in a transit condition arriving at a
      new job site. This being the case, the bin 11 will be in a substantially
      horizontal position, being towed by the hitch 41 coupled to a truck
      tractor. Likewise, the conveyor 12 is disposed in a substantially
      horizontal position, being towed by the hitch 57 coupled to a second truck
      tractor or similar towing vehicle. The collapsible nature of the bin
      subframe 13 and the wheel chock assembly 15 permits convenient storage
      within the bin 11 during transit. Unless the asphalt plant already has a
      portable power unit 85 on site, this equipment may also be towed to the
      job by a suitable vehicle.
PAR  The first step in the erection process is to position the conveyor wheel
      chock assembly 15 at a predetermined location near the production plant so
      the feed hopper 50 of the conveyor will be beneath the pug mill or beneath
      the discharge of any auxiliary transfer conveyor from the pug mill. With
      the aid of the towing vehicle, conveyor 12 is backed onto the chock
      assembly 15 with its wheels resting on the wheel chocks 81. With legs 58
      being extended to support the conveyor, the towing vehicle may be
      disconnected and the hitch 57 is then removed from the conveyor. The bin
      subframe 13 is then assembled and spaced the proper distance from the
      wheel chock assembly 15, and the two components are connected with the
      tension cables 79.
PAR  With the aid of the towing truck, the horizontally disposed bin 11 is
      slowly backed toward conveyor 12 until the sloped section 38a of the track
      engages the roller 60 as shown by FIG. 1. As the bin is backed further,
      roller yoke 60 rides upwardly on the ramp section 38a and the support legs
      58 on the conveyor may then be retracted. When bin 11 is backed to the
      position shown in FIG. 2, the roller yoke 60 rides on the straight section
      38b of the track and stilt legs 23a and 24a can be pivotally pinned to the
      support pads 69 by inserting the pins 72 therethrough. After bin 11 has
      been pinned to subframe 13, support legs 48 are extended to support the
      bin and the towing vehicle is uncoupled from the hitch 41. Thereafter, the
      hitch 41 may be removed from the bin.
PAR  The hydraulic cylinders 86 are then disconnected from the fork carriers 83
      attached to the bin and are reconnected to the compression rails 75 by
      pins 77. With the hydraulic hoses 87 coupled to the power unit 85, the
      operator activates power unit 85 to extend the cylinders 86 which
      gradually pivots bin 11 upwardly about a horizontal axis coincident with
      the pins 72 in the support pads 69. As the bin is raised by the gradually
      extending cylinders 86, rollers 61 ride upwardly along the track 38, thus
      simultaneously raising the front portion of conveyor 12 in response to the
      upward pivoting of bin 11 as shown in FIG. 3.
PAR  When the bin has been elevated to the fully upright position shown in FIG.
      4, the stilt legs 23b and 24b come to rest on the support pads 70, to
      which the legs may then be secured. Switches 88 automatically shut off the
      power unit 85 when the bin legs 23b and 24b contact pads 70 if the
      operator does not manually do so. With the bin in its erect operational
      position, the turnbuckles 53 are installed to lock the bin and conveyor
      together as a rigid structure, and the flange 22 is extended from the
      chute 21 and bolted to the conveyor discharge 52.
PAR  Both hydraulic cylinders 86 preferably extend and retract at the same rate
      during raising and lowering the bin to assure that the bin is not in
      torsion during movement. However, due to the inprecision of the hydraulic
      controls or in the event of a malfunction, one cylinder may extend faster
      than the other and the level indicator 44 will alert the operator to the
      situation so he can take the proper corrective measures. Because the
      background plate 45 is pivotally connected to the bin, it hangs vertically
      throughout the raising and lowering of the bin. If the bin becomes twisted
      during erection, the indicator needle 46 will swing from the striped area
      45b (safe condition) to the contrasting background portion 45a (danger
      condition) to inform the operator of any slight twisting of the bin. Upon
      recognizing a danger condition, therefore, the operator can manipulate the
      proper control valves to halt the further extension of the appropriate
      cylinder until the two cylinders are again extended exactly the same
      amount.
PAR  To complete the installation, the two cross braces 30a and 30b are removed
      from legs 23 and 24 and one of the braces 30a or 30b is reinstalled
      between the bin legs 23b and 24b. The inclined rails 38a (shown in broken
      lines in FIG. 8) are then detached, thereby completing the formation of a
      space beneath bin discharge outlet 19 defining a drive-through large
      enough to accommodate a dump truck or other load carrying vehicle.
PAR  When the bin subframe 13 is securely locked to the bin in the manner
      described, it provides a rigid foot to counteract the moment of the
      conveyor bearing against the top of the bin. Consequently, the hydraulic
      pressure in the cylinders 86 may then be relieved to reduce wear on the
      cylinders or the cylinders may be removed altogether. Alternatively the
      cylinders may remain in the extended position, but would then preferably
      be covered for protection against corrosion and contamination.
PAR  To further increase temporary storage capacity, it should be apparent that
      a similar erection process can be utilized to raise an additional bin
      (without associated conveyor 12) beside the first erect bin. A short
      horizontal transfer conveyor of a type well known to those in the asphalt
      industry can be pre-attached to the top of the second bin to communicate
      with the outlet of the elongate conveyor 12, allowing the introduction of
      hotmix into the top of either bin. In this manner, a plurality of bins can
      be erected side by side to handle any desired volume of hotmix.
PAR  When the self-erecting surge storage system is to be moved to another job
      site, it can be lowered from the erect position (FIG. 4) to the horizontal
      transport position (FIG. 1) by a reversal of the steps previously
      described with respect to the erection process. Hydraulic pressure is
      first built up in the cylinders 86 to support the bin. The stilt legs 23b
      and 24b are unbolted from the support pads 70 and cross brace 30 is
      removed. The two cross braces 30a and 30b and the ramp rails 38a are
      resecured in their original positions (broken lines in FIG. 8), and
      conveyor 12 is disconnected from its attachment to the bin. The cylinders
      86 are then retracted to pivot bin 11 downwardly; the roller yoke 60
      carries the conveyor 12 downwardly on the track 38. When the position of
      FIG. 2 is reached, the fifth wheel 41 of bin 11 is attached and connected
      to a towing vehicle and the bin is towed slowly forward until conveyor 12
      rests in the horizontal position shown in FIG. 1. Conveyor 12 may then be
      connected with its towing vehicle and the subframe 13 and wheel chock
      assembly 15 may be disassembled for storage in the bin.
PAR  Over the road, the bin 11 and conveyor 12 present a low enough profile when
      in the horizontal transport position to assure adequate clearance for
      passage beneath bridges, overpasses, and low hanging wires. And, at the
      new job site, the system can be quickly and safely erected once again.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and to within the scope of the
      claims.
PAR  Since many possible embodiments may be made of the invention without
      departing from the scope thereof, it is to be understood that all matter
      herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A portable, self-erecting storage system comprising:
PA1  a storage bin including a large volume tank and a supporting frame
      therefor, said bin positionable in a substantially horizontal position and
      in a vertical, operational position;
PA1  a foundation structure underlying said storage bin in ground engaging
      fashion and providing a pivotal connection with said bin, said pivotal
      connection defining a horizontal pivot axis;
PA1  power means including a pair of extendable hydraulic cylinders pivotally
      connected to said bin and said foundation structure on each side of said
      bin to pivot said bin on said horizontal pivot axis from the horizontal
      position to the operational position and from the operational position to
      the horizontal position; and
PA1  visual indicating means connected to said storage bin to detect and
      indicate the torsional condition of said bin during the pivotal raising
      and lowering thereof.
NUM  2.
PAR  2. The storage system as in claim 1, said visual indicating means
      comprising a pivotal plate member with a horizontal pivot axis mounted on
      said bin and an indicator arm pivotally pinned to said plate member to
      freely swing with respect thereto, whereby said plate member remains
      substantially vertically oriented during the raising and lowering of said
      bin and said indicator arm indicates any twisting condition to which said
      bin may be subjected by the uneven extension of said hydraulic cylinders.
NUM  3.
PAR  3. A portable, self-erecting storage system comprising:
PA1  a storage bin including a large volume, material storage tank and a
      supporting frame therefor, said bin positionable in a substantially
      horizontal position and in a vertical, operational position;
PA1  an elongate, material transfer conveyor having a material receiving end and
      a material discharge end, said conveyor positionable in a substantially
      horizontal position and in an inclined, operational position adjacent said
      bin in said operational position with the discharge end of said conveyor
      disposed above said storage tank whereby material fed to said conveyor at
      said receiving end is conveyed to said discharge end and is discharged
      therefrom to said storage tank;
PA1  a foundation structure underlying said bin and said conveyor in ground
      engaging fashion to support said bin and to support the receiving end of
      said conveyor, said foundation structure providing a pivotal connection
      with said bin and said pivotal connection defining a horizontal pivot
      axis;
PA1  track means connected longitudinally to said storage bin; and
PA1  power means communicating between said foundation structure and said
      storage bin to simultaneously pivot said bin on said horizontal pivot axis
      from the horizontal position to the operational position and elevate along
      said track means the discharge end of said conveyor from the horizontal
      position to the inclined operational position and to simultaneously pivot
      said bin on said horizontal pivot axis from the operational position to
      the horizontal position and lower along said track means the discharge end
      of said conveyor from the inclined operational position to the horizontal
      position.
NUM  4.
PAR  4. The storage system as in claim 3, said storage bin including a running
      gear near the lower end thereof and a hitch connection near the upper end
      thereof to facilitate over-the-road transport with the aid of a towing
      vehicle coupled to said hitch connection.
NUM  5.
PAR  5. The storage system as in claim 3, said conveyor including a running gear
      near the receiving end thereof and a hitch connection near the discharge
      end thereof of facilitate over-the-road transport with the aid of a towing
      vehicle coupled to said hitch connection.
NUM  6.
PAR  6. The storage system as in claim 3, said foundation structure comprising,
      in an assembled condition, a first rigid framework supportingly underlying
      said bin and providing said pivotal connection therewith, a second rigid
      framework supportingly underlying the receiving end of said conveyor, and
      linkage means interconnecting said first and second frameworks, but said
      foundation structure being, in a disassembled condition, readily stowable
      within the tank of said storage bin for transit.
NUM  7.
PAR  7. The storage system as in claim 3 including visual indicating means
      connected to said storage bin to detect and indicate the torsional
      condition of said bin during the pivotal raising and lowering thereof.
NUM  8.
PAR  8. The storage system as in claim 3, said power means including a pair of
      extendable hydraulic cylinders pivotally connected to said bin and to said
      foundation structure on each side of said bin and a portable, hydraulic
      pressure generation plant connected to said hydraulic cylinders.
NUM  9.
PAR  9. A method of erecting an asphalt surge storage system from a
      substantially horizontal, transit position to an operational position
      without the aid of a crane or similar hoisting equipment, said storage
      system comprising a surge storage bin having a large volume tank
      surmounting a supporting frame that provides a drive-through in which a
      hauling vehicle may be positioned to receive material dispensed from the
      storage tank and an elongate, material transfer conveyor having a material
      receiving end and a material discharge end and being inclined in an
      operational position adjacent said storage bin with the discharge end of
      the conveyor disposed above said storage tank whereby material fed to said
      conveyor at said receiving end is discharged therefrom to said storage
      tank, the erection method comprising the steps of:
PA1  providing a ground engaging foundation for the erection and support of said
      storage system;
PA1  securing one edge of the lower end of said supporting frame to said
      foundation to thereby define a horizontal pivot axis;
PA1  installing a conveyor guidance track longitudinally to said storage bin;
PA1  engaging the discharge end of said conveyor with said guidance track;
PA1  securing the receiving end of said conveyor to said foundation; and
PA1  supplying an oppositely urging force between said foundation and said
      storage bin at a position remote from said horizontal position to an
      upright, operational position and elevating along said guidance track the
      discharge end of said conveyor from said horizontal position to an
      inclined, operational position.
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ABST
PAL  An improved over the road transport vehicle and method of unloading its
      cargo container. The transport vehicle includes a chassis having a wheeled
      tandem support and a flatbed that is selectively positionable relative to
      the tandem and may be tilted on the tandem to permit a container support
      thereon to be moved longitudinally off the flatbed to either ground level
      or to an elevated loading platform.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates generally to trucks having removable cargo
      containers, and more particularly, to a system for loading and unloading
      such containers.
PAR  In the past several years, considerable interest has developed in the
      transportation of "intermodal" containers. These containers are designed
      for transport by truck or rail to a loading dock, such as at a shipyard.
      At present, virtually all commercially suitable intermodal containers that
      are carried by truck must be loaded and unloaded by expensive lifting
      equipment such as cranes or the like. SUch lifting equipment is not only a
      substantial capital investment, but also requires specially trained
      workmen to operate the equipment. As a result, if a driver reaches a
      destination for pickup or unloading of his cargo container at a time when
      the workmen are not on duty, he must wait until the following day before
      he can effect a transfer or pickup of his load.
PAR  It is an object of the present invention to provide a truck with a reusable
      cargo container that may be rapidly and easily removed from the truck
      chassis without special lifting equipment.
PAR  Another object is to provide a truck of the above kind in which the driver
      of the truck may himself readily unload the cargo container from his truck
      and reload another container.
PAR  A further object is to provide a truck having a container hauling chassis
      as characterized above that is of rigid, simple construction, and thus
      economical to manufacture and use.
PAR  Still another object is to provide an efficient method of loading and
      unloading the cargo container on such tracks.
DRWD
PAR  Other objects and advantages of the invention will become apparent as the
      following description proceeds, taken in conjunction with the accompanying
      drawing, in which:
PAR  FIG. 1 is a perspective of a truck embodying the present invention with its
      chassis positioned for unloading the cargo container;
PAR  FIG. 2 is a side elevational view of the illustrated truck with the rear
      tandem wheels shown in solid lines in their transport position and in
      phantom lines at a position for supporting the chassis immediately prior
      to the chassis being moved to a container unloading position;
PAR  FIG. 3 is a side elevational view of the illustrated truck with its chassis
      tandem wheels at a central cantilever location and the chassis tilted to a
      position for unloading a container to ground level;
PAR  FIG. 3a is a side evelational view of the truck shown in FIG. 3, but with
      the chassis support tandem located at a rearward location and the chassis
      tilted to a position for unloading a container onto an elevated loading
      platform;
PAR  FIG. 4 is an enlarged top plane view of the chassis of the truck shown in
      FIG. 2 with the container removed;
PAR  FIG. 5 is an enlarged fragmentary section taken in the plane of line 5--5
      in FIG. 3;
PAR  FIG. 6 is an enlarged vertical section taken in the plane of line 6--6 in
      FIG. 4;
PAR  FIg. 6a is an enlarged fragmentary section of the chassis with the
      container supported thereon in a raised mobilized condition;
PAR  FIG. 6b is a fragmentary section similar to FIG. 6a, but showing the
      container in a lowered immobile position;
PAR  FIG. 6c is a fragmentary section of one of the twist locks for releasably
      securing a container onto the flatbed of the illustrated truck chassis;
PAR  FIG. 7 is an enlarged fragmentary section taken in the plane of line 7--7
      in FIG. 6;
PAR  FIG. 8 is an enlarged fragmentary section taken in the plane of line 8--8
      in FIG. 7;
PAR  FIG. 9 is a fragmentary section taken in the plane of line 9--9 in FIG. 8;
PAR  FIG. 10 is an enlarged perspective illustrating the releasable locking pin
      arrangement for securing the rear wheel tandem of the illustrated truck to
      the chassis to prevent relative sliding and pivotable movement;
PAR  FIG. 11 is an enlarged side elevational view of the dropramp at the rear of
      the illustrated chassis, shown in solid lines in its unloading position
      and in phantom in its transport portion;
PAR  FIG. 12 is a plan view of the drop-ramp shown in FIG. 11 taken in the plane
      of line 12--12;
PAR  FIG. 13 is a perspective of the drop ramp in vertical transport position;
PAR  FIG. 14 is a partial perspective of one of the stop members for limiting
      relative movement of the containers on teh chassis; and
PAR  FIG. 15 is an enlarged side elevational view of the stop member shown in
      FIG. 14.
DETD
PAR  While the invention is susceptible of various modifications and alternative
      constructions, a certain illustrative embodiment thereof has been shown in
      the drawings and will be described below in more detail. It should be
      understood, however, that there is no intention to limit the invention to
      the specific form disclosed, but, on the contrary, the intention is to
      cover all modifications, alternative constructions, and equivalents
      falling within the spirit and scope of the invention.
PAR  Referring more particularly to the drawings, there is shown an illustrated
      cargo transport truck 10 embodying the present invention. The truck 10
      comprises a tractor 11 and a chassis 12 that supports one or more
      removable and reusable freight hauling and shipping containers 14. The
      tractor includes a rear extension 15 to which the chassis 12 may be
      releasably connected through a conventional king pin coupling 16 to permit
      the tractor to pull the chassis. As is conventional, the tractor 11 has a
      front set of wheels 17 and two sets of wheels 18 at the rear extension 15.
PAR  The container 14 preferably is of the type disclosed in applicant's
      co-pending application, Ser. No. 269,978 filed July 10, 1972. The
      container 14 is rectangular shaped and has extensible and retractable
      support dollies 19, 20 adapted to convert the container from an immobile
      frame based storing container to a mobile wheeled hauling container for
      easy placement onto and removal from the chasis flatbed 12. In the
      illustrated container, first and second support dollies 19 are located
      near the base corners at one end of the container and a third pivotable
      support dolly 20 is located near the center of the base at the other end
      of the container. The dolly 20 in this case includes a pair of dolly
      wheels journaled on a common axle 21 and spaced laterally apart so that an
      intermediate portion of the axle can be journaled to an ear 24. The ear 24
      is connected to a shaft 25 mounted on the piston of a hydraulic cylinder
      26 supported within the container. The dollies 19 each comprise a pair of
      wheels interconnected in longitudinally spaced relation by brackets 28
      secured to the respective wheel shafts 29. The brackets 28 are mounted to
      the lower end of a depending piston rod 30 of a hydraulic cylinder 31 also
      supported within the container. The dollies 19, 20 each are recessed
      within the outer periphery of the container 14 to permit close positioning
      of several containers.
PAR  It will be understood that while the illustrated truck 10 is shown with a
      single cargo container 14, alternatively two smaller sized containers 14a,
      14b could be carried by the chassis 12, as shown in phantm in FIGS. 2 and
      3. In such case, the containers preferably would be releasably connected
      through appropriate hitches provided at opposite ends of the container.
      Preferably the chassis 12 is of such length as to accommodate a single 40
      foot length container, or two 20 foot length containers positioned in
      spaced end to end relation.
PAR  To extend and retract the dollies 19, 20, the container has a
      self-contained hydraulic system for operation of the hydraulic cylinders
      26, 31. The hydraulic system includes a hydraulic pump, a hydraulic fluid
      reservoir, and a low voltage direct current motor all contained within the
      container as described in the applicant's aforesaid co-pending
      application. Upon energization of the motor, such as by a self-contained
      12 volt battery, the pump supplies pressurized fluid to the three
      hydraulic cylinders 26, 31 via appropriate conduits to cause the piston
      rods 25, 30 to be moved downward and thereby raise the container so that
      it is supported by the dollies.
PAR  For guiding rolling movement of the container 14 along the chassis 12 when
      the dollies are extended, longitudinally extending guide tracks 34, 35 in
      the form of upturned channels are provided on the upper surface of the
      chassis within which the dollies 19, 20 respectively, of the container are
      received. Since the guide tracks 34 receive the longitudinally aligned
      corner wheels 19 of the container in this case, they are narrower than the
      central guide tracks 35 that receive the laterally spaced dolly wheels 20
      at the center of the opposite end of the container. As shown in FIG. 6a,
      when the dolly wheels 19, 20 are in their fully extended position, they
      extend below the base of the container to lift and thereby support the
      base of the container above the guide tracks. The container 14 is then in
      a mobilized condition and the guide tracks 34, 35 will guide movement of
      the container longitudinally along the chassis. When the dolly wheels 19,
      20 are drawn to their retracted position, as shown in FIG. 6b, it will be
      seen that the wheels terminate above the bottom level of the container
      base causing the container to rest on the guide tracks 34, 35 in an
      immobile condition.
PAR  To lock the container 14 to the chassis in its immobile condition for
      transport, twist locks 36 are located below the guide tracks 34, 35 for
      securing each corner of a container position thereon, as shown in FIG. 6c.
      The illustrated twist locks 36 each have a vertical stem 38 with an
      elongated head 39 at the upper end thereof. Each bottom corner of the
      container 14 has a corner casting 40 formed with a suitable elongated
      bottom aperture adapted to receive a respective one of the twist lock
      heads 39. The stem 38 is supported below the track for relative rotational
      and axial movement, and preferably is biased in an upward direction by a
      suitable spring means not shown. A handle 41 is connected to the stem to
      facilitate such movement. As will be apparent, the container may be placed
      upon the chassis so that each corner casting 40 is positioned over one of
      the twist locks 36. By then raising the twist lock head 39 into the corner
      casting and rotating it to a transverse position relative to the corner
      casting slot by means of the handle 41, the head will lock the container
      14 on the chassis 12. Suitable means, such as a spring detent, not shown,
      is provided for securing the stem 38 in a retracted position when the
      container is being removed or placed in position.
PAR  The chassis 12 comprises a flatbed 45 supported on a tandem 46 having two
      sets of wheels 48a, 48b. The flatbed 45 has a structural beam construction
      including a plurality of I beam cross members 50 interconnected by
      longitudinal structural members 51. A frame 52 depending from the
      underside of the flatbed 45 supports the flatbed on the tandem 46. To
      provide support for the forward end of the chassis 12 in the event that it
      is detached from the tractor 11, a pair of extensible support legs 54 of a
      known type are secured to the underside of the flatbed.
PAR  Each set of tandem wheels 48a, 48b are supported on a respective axle 55a,
      55b. The axles 55a, 55b in this case are connected together in spaced
      relation by a pair of leaf spring assemblies 56 of a conventional type. As
      shown in FIG. 6, a tandem axle 58 is rotatably supported under the leaf
      spring assemblies 56 and centrally between the wheel axles by a pair of U
      bolt bearing brackets 59 that each engage one of the spring assemblies 56
      and support an end of the tandem axle 58 for relative rotational movement.
      A rectangular box-like tandem frame 60 is mounted on the tandem axle 58 by
      a pair of support brackets 61 fixed to the tandem axle immediately
      adjacent the U bolt bearing brackets 59. It will be understood that the
      tandem wheels 48a, 48b are provided with a conventional brake system, not
      shown, that is operable from the tractor.
PAR  In accordance with the invention, the chassis flatbed is selectively
      positionable relative to its tandem support and may be tilted on the
      tandem to permit a cargo container supported thereon to be moved
      longitudinally off of the flatbed at either ground level or at an elevated
      loading platform. To this end, the tandem frame 60 is provided with
      laterally extending support members 63 that extend the length of the frame
      63 on its opposite sides and upon which longitudinal bottom plates 52a of
      the flatbed frame 52 ride. To facilitate relative sliding movement between
      the flatbed frame plates 52a and the trunion support members 63, a
      plurality of wear plates 67 are mounted on the trunion support members 63.
      For strengthening the flatbed frame 52 and guiding its sliding movement
      relative to the tandem frame 60, transverse flanges 52b are mounted on the
      support frame 52 in spaced relation above the bottom plate 52a and
      immediately adjacent the upper corner of the tandem frame 60. An L shaped
      clamp 73 is secured to the side of each trunion support member 63 by bolt
      73a and has a flange overlying in closely spaced relation the flatbed
      frame bottom plate 52a for preventing the bottom plate 52a against lifting
      movement from the support member 63.
PAR  In order to releasably lock the tandem 46 to the flatbed 45 to prevent
      relative sliding movement therebetween during transport of the chassis, a
      selectively operable locking pin mechanism 62 is provided on the front
      side of the tandem frame 60. The locking mechanism 62, as best shown in
      FIGS. 7, 9, and 10, includes a pair of oppositely disposed pins 64 that
      are engagable in respective apertures 65 in the flatbed frame 52 when the
      tandem 46 supports the flatbed 45 at its travel position. The apertures 65
      are formed in a vertical panel 53 protruding inwardly from each wall of
      the flatbed support frame 52. The locking pins 64 each are fixed at the
      end of a connecting rod 66 which in turn is connected to a rotary link 68
      carried on a shaft 69 supported within a frame plate 70. The pins 64 in
      this instance are outwardly biased by springs 71 toward their locking
      positions. By pulling a handle 72, the rotary link 68 may be rotated to
      withdraw the pins from the apertures 65 against the biasing force of the
      springs 71. A notch 74 in the connecting linkage for the mechanism is
      engagable with a stationary plate 75 on the locking mechanism 62 for
      securing the locking pins 64 in their unlocked position which permits
      sliding movement of the flatbed relative to the tandem, as will become
      apparent. A second notch 76 is engagable with the stationary plate 75 for
      positively maintaining the pins 64 in their locked positions, as shown in
      FIG. 9.
PAR  In keeping with the invention, upon disengagement of the locking pins 64,
      the flatbed 45 may be moved to a central cantilever position over the
      tandem 46 and tilted to lower the rearward end of the flatbed to ground
      level, as shown in FIGS. 1 and 3. To this end, the brakes for the tandem
      wheels 55a, 55b are first locked to prevent their rotational movement, and
      then by backing the cab in a rearward direction, the flatbed 45 is then
      moved rearwardly relative to the tandem support 46 until it reaches a
      centered position over the tandem. To facilitate locating such position, a
      stop member 78 is mounted on the underside of the flatbed frame 52 which
      engages the stationary tandem.
PAR  To tilt the flatbed 45 relative to the tandem 46, a pair of hydraulically
      actuated cylinders 80 are interposed between the tractor extension 15 and
      the forward end of the flatbed 45. The cylinders 80 are pivotably mounted
      at one end to a frame 81 located over the king pin connection 16 and each
      have a piston rod 82 pivotably connected at its outer end to the underside
      of the flatbed 45. A plurality of lifting and support arms 84 are provided
      on opposite sides of each of the cylinders 80 and are pivotably connected
      at their opposite ends to the frame 81 and flatbed 45. It will be
      understood that the frame 81 is detachably secured to the truck extension
      to permit its removal therefrom when the chassis is disconnected. As shown
      in phantom in FIGS. 2 and 3, when the flatbed is in its horizontal
      position, the support arms 84 are substantially horizontal and are
      received between the longitudinal flatbed support members 51. At the same
      time, the hydraulic cylinders 80 with their piston rods retracted are
      disposed at an angle to the horizontal.
PAR  For operating the hydraulic cylinders 80 to lift the flatbed 45, the
      tractor 11 has a fluid reservoir and a power take-off operated from a
      console 85 adapted to supply pressurized fluid through the lines 86 to
      extend the piston rods 82. As the piston rods 82 are extended, the
      hydraulic cylinders 80 in cooperation with the lifting of support arms 84
      cause the forward end of the flatbed 45 to be elevated. Since the tandem
      wheels remain braked at this time, the raising of the front end of the
      flatbed 45 causes the tractor 11 to be pulled rearwardly a short distance
      from its original position, shown in phantom in FIG. 3. It will be seen
      that since the flatbed is tilted about a single point suspension, lifting
      of the flatbed does not require excessive force, particularly if the
      container mounted thereon is loaded with a relatively uniform weight
      distribution. In practice it has been found that hydraulic cylinders with
      80,000 pounds lifting capacity will operate reliably and satisfactorily in
      lifting the end of the flatbed.
PAR  After the flatcar 45 has been tilted so that its rearward end is at ground
      level, the container 14 with its support dollies 19, 20 in their extended
      positions may be rolled longitudinally off the end of the flatbed on to
      the ground. To guide and control such rolling movement, a rope 88 of a
      hydraulic actuated winch 89 mounted on the tractor 11 is connected to the
      forward end of the container 14. The winch 89, preferably having a load
      capacity of about 65, 000 pounds, is controlled by the hydraulic console
      85 to allow the container to gradually roll off the flatbed 45 under the
      force of gravity. It will be understood that the container twist locks 36
      may be released and the dollies 19, 20 extended, either before or after
      the flatbed 45 has been tilted since it is under the firm control of the
      winch 89.
PAR  To facilitate moving the container off the end of the flatcar, a pivotable
      ramp 90 is mounted at the end of each guide track 34. The ramp 90 is
      pivotable between an upright travel position shown in FIG. 13 and an
      outwardly extended unloading position shown in FIGS. 3 and 12. An
      appropriate locking or latching mechanism may be provided for releasably
      maintaining the ramp in the upright position.
PAR  When the container 14 has been removed from the flatbed, the winch rope 88
      may be disconnected and attached to another container for loading onto the
      flatbed through operation of the winch. Removable stop members 91 in this
      case, are supported in the tracks 34 for establishing the exact location
      of a container 14 positioned on the flatbed so that the twist locks 36
      will reliably engage the container corner castings 40. The stop members 91
      each have a pair of lugs 92 that are engagable with apertures formed in
      each track 34 and a vertical surface 94 for engaging the forward end of a
      container that is moved against it.
PAR  After the new container or containers have been loaded on the flatbed 45,
      the hydraulic cylinders 80 may be operated to lower the forward end of the
      flatbed 45 to its horizontal travel position shown in FIG. 2. The tractor
      11 may then be driven forwardly to again move the flatbed 45 relative to
      the stationary tandem 46 until the tandem is at its rearward travel
      position. At that point, the locking pin mechanism may be actuated to
      permit the locking pins 64 to re-engage the flatbed frame apertures. Once
      in position on the flatbed, the container dollies 19, 20 may be retracted
      and the ramp 90 raised.
PAR  In keeping with the invention, the flatbed 45 may be positioned over the
      tandem 46 and tilted so that the rearward end of the flatbed is adjacent a
      raised loading dock or ramp. In FIG. 3a, the flatbed 45 is shown being
      tilted about the tandem 46 when it is located at its rearward travel
      position. In such case, it is still necessary to disengage the locking
      pins 64 from the flatbed frame 52 to permit the flatbed to be pivoted
      about the tandem axle 58. When the flatbed is pivoted with the tandem in
      such a rearward position, it can be seen that the flatbed is still tilted
      at an angle with respect to the horizontal so that the container 14
      mounted thereon may be rolled longitudinally off the end of the flatbed
      under the force of gravity and guidance of the hydraulic winch 89, but
      that the rearward end remains elevated to the height of a loading dock.
      Again, the ramps 90 are lowered prior to unloading of the container to
      bridge any slight gap between the end of the flatbed and the ramp and to
      compensate for slight differences in elevation.
PAR  In the event that two containers 14a, 14b are to be loaded on the tilted
      flatbed 45 rather than a single large container, the first container 14a
      may be drawn into position against the permanent stop 95 by the winch 89,
      its support dollies 19, 20 retracted, and the container locked in place.
      The winch rope may then be passed under the container 14a through the
      central guide track 35 and connected to the second container 14b which can
      then be drawn into loading position onto the flatbed. A similar procedure
      may be used in unloading the two containers. Alternatively, of course, the
      two containers may be coupled together and simultaneously loaded and
      unloaded on the tilted flatbed.
PAR  To summarize the steps of unloading the cargo container 14 from the truck
      10 in a typical case, the truck would arrive at its destination with its
      chassis in a horizontal transport position, as shown in FIG. 2 in solid
      lines. The truck would be maneuvered so that the rear end of the chassis
      12 is adjacent the desired location for placement of the container 14. The
      locking mechanism 62 would then be operated to withdraw the locking pins
      64 from the flatbed frame apertures 65, thereby freeing the flatbed 45 for
      subsequent sliding and pivotable movement relative to the tandem 46. By
      braking the tandem wheels 48a, 48b and then by backing the tractor 11
      rearwardly until the fixed stop 78 is engaged by the tandem, the flatbed
      45 is centered in cantilever position over the tandem 46. The flatbed then
      may be tilted about the single tandem axle 58 by operation of the
      hydraulic cylinders 80 until the rearward end of the flatbed is at ground
      level. During such tilting of the flatbed, since the tandem wheels remain
      locked, the scissoring effect of the hydraulic cylinders 80 and support
      arms 81 causes the tractor to be drawn rerwardly a short distance, as
      shown in FIG. 3.
PAR  After the guide ramps 90 have been lowered and the container unlocked and
      its dollies 19, 20 extended, the winch may be operated to gradually permit
      the container to roll off the flatbed under the force of gravity. After
      the container has been removed from the area of the truck, a new container
      may be drawn onto the tilted flatbed by the winch 89. The stop 91 will
      establish the position where the container may be lowered onto the tracks
      34, 35 and secured thereto by the twist locks. The hydraulic cylinders 80
      may then be operated to draw the flatbed to its horizontal transport
      position, and the tractor 11 driven forward until the flatbed 45 is again
      located over the tandem 46 in its travel position. The locking mechanism
      36 is then engaged to positively lock the tandem to the flatbed frame and
      complete the tansfer.
PAR  From the foregoing, it will be appreciated that the transport vehicle of
      the present invention permits quick transfer of relatively large heavy
      cargo containers between the truck chassis on which it is mounted and a
      loading platform or work area without the need for expensive special
      lifting equipment as heretofore been customarily required. Moreover, such
      unloading or reloading may be effected by the driver of the truck so as to
      reduce labor costs incident to the transfer operation, as well as
      eliminating the need for timing such transfers when crane operators are on
      duty. Furthermore, the truck chassis of the present invention is simple
      and more efficient to maintain. For example, by merely removing the bolts
      for the angle clamps 73 and disconnecting the hydraulic hoses to the
      chassis, the flatbed 45 may be readily removed from the tandem 46 for
      repairs and maintenance.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A transport vehicle comprising a tractor, a chassis releasably attached
      to said tractor for transport therewith, said chassis having a flatbed
      supported on a wheeled tandem, a removable and reusable freight hauling
      and storing container mounted on said flatbed, said container having
      retractable and extensible wheels, selectively operable means for
      retracting and extending said wheels, said container being supported in an
      immobile condition on said flatbed when said support wheels are in a
      retracted position, means for releasably securing said container to said
      bed when said wheels are in said retracted position, said container being
      supportable by said wheels on said bed when said wheels are in an extended
      position for longitudinal rolling movement with respect to said flatbed,
      said tandem supporting said flatbed for relative sliding and tilting
      movement, means for selectively positioning said flatbed longitudinally
      relative to said tandem, pivot means on said tandem for pivotably
      supporting said flatbed and about which said flatbed pivots regardless of
      the relative longitudinal position of said flatbed to said tandem, and
      means connected between said chassis and flatbed for tilting said flatbed
      relative to said tandem to permit removal of said container longitudinally
      off the end of said flatbed.
NUM  2.
PAR  2. The transport vehicle of claim 1 in which said flatbed positioning means
      is operable to position said flatbed to a substantially centered position
      over said tandem where said tilting means is operable to lower the
      rearward end of said flatbed to ground level.
NUM  3.
PAR  3. The transport vehicle of claim 1 in which said flatbed positioning means
      is operable to position said flatbed so that a rearward end thereof is
      supported by said tandem whereby said tilting means is operable to tilt
      said flatbed with respect to the horizontal while the rearward end of said
      flatbed is elevated to a predetermined height.
NUM  4.
PAR  4. The transport vehicle of claim 2 including selectively engagable means
      for locking said flatbed to said tandem to prevent relative sliding
      movement when said flatbed is located on said tandem at a position for
      transport with said tractor.
NUM  5.
PAR  5. The transport vehicle of claim 4 in which said flatbed and tandem each
      have a support frame, said flatbed support frame being mounted on said
      tandem support frame for relative sliding movement, saif flatbed support
      frame being formed with an aperture, said locking means including an
      extendable and retractable locking pin, and means for selectively
      extending said locking pins into engagement with one of said flatbed frame
      aperture to prevent relative tilting and sliding movement between said
      flatbed and tandem.
NUM  6.
PAR  6. The transport vehicle of claim 5 in which said flatbed frame and tandem
      frame are maintained in mating support relation by a removable clamp
      secured to said tandem, said clamp being removable to permit disassembly
      of said flatbed from said tandem.
NUM  7.
PAR  7. The transport vehicle of claim 1 in which said flatbed has
      longitudinally extending guide tracks for receiving said container support
      wheels when in an extended position and for guiding rolling movement of
      said container relative to said turntable.
NUM  8.
PAR  8. The transport vehicle of claim 7 in which said locking means includes a
      plurality of twist locks mounted below said flatbed tracks for releasably
      engaging corners of said container when in a lowered transport position,
      said twist locks being vertically movable between a raised locking
      position and a lowered unlocked position which permits rolling movement of
      said container wheels along said tracks.
NUM  9.
PAR  9. The transport vehicle of claim 8 in which said flatbed has positive stop
      means for locating said container thereon at a predetermined position for
      engagement by said twist locks.
NUM  10.
PAR  10. The transport vehicle of claim 1 in which said tilting means includes a
      hydraulically actuated cylinder pivotably mounted on said tractor, said
      cylinder having a piston rod pivotably connected to the underside of a
      forward end of said flatbed, and said hydraulic cylinder being operable to
      extend said piston rod and elevate said forward flatbed end from a
      substantially level travel position engaging said tractor to a raised
      container unloading position.
NUM  11.
PAR  11. The transport vehicle of claim 7 including a ramp at the end of each
      said flatbed tracks, said ramps each being pivotable from an upright
      travel position to a substantially horizontal container unloading
      position.
NUM  12.
PAR  12. The transport vehicle of claim 1 including a winch having a rope
      attached to said container, and said winch being operable to control
      movement of said container off said flatbed when in a tilted container
      unloading position.
NUM  13.
PAR  13. A transport vehicle comprising a tractor having a chassis mounting
      extension, a chassis connectable to said tractor extension for transport
      with said tractor, said chassis including a straight one piece flatbed and
      a wheeled tandem, one end of said flatbed being positionable on said
      tractor extension and releasably secured thereto, a removable and reusable
      freight hauling and storing container mountable on said flatbed, said
      container having retractable and extensible wheels, selectively operable
      means for retracting and extending said wheels, said container being
      supported in an immobile condition on said flatbed when said support
      wheels are in a retracted position, means for releasably securing said
      container to said bed when said wheels are in said retracted position,
      said container being supportable by said wheels on said bed when said
      wheels are in an extended position for longitudinal movement with respect
      to said flatbed, said tandem having two longitudinally spaced sets of
      wheels and a support frame mounted for pivotable movement about a
      horizontal pivot point centrally located between said sets of wheels, said
      tandem frame supporting said flatbed for relative sliding movement, means
      for selectively positioning said flatbed longitudinally relative to said
      tandem frame, and means connected between said chassis and flatbed for
      tilting said flatbed and tandem frame about said tandem pivot point to
      permit removal of said container longitudinally off the end of said
      flatbed.
NUM  14.
PAR  14. The transport vehicle of claim 13 including selectively engageable
      means for locking said flatbed to said tandem to prevent relative sliding
      movement when said flatbed is in position for transport with said tractor,
      said flatbed having longitudinally extending guide tracks for receiving
      said container support wheels when in an extended position and for guiding
      rolling movement of said container relative to said flatbed, and said
      tilting means including a hydraulically actuated cylinder pivotably
      mounted on said tractor extension, said cylinder having a piston rod
      pivotably connected to said flatbed end, and said hydraulic cylinder being
      operable to extend said piston rod and elevate said flatbed end from a
      substantially level travel position on said tractor extension to a raised
      container unloading position.
NUM  15.
PAR  15. The transport vehicle of claim 14 including a winch mounted on said
      tractor extension, said winch having a rope attached to said container,
      and said winch being operable to control movement of said container off
      said flatbed when in a tilted container unloading position.
NUM  16.
PAR  16. The transport vehicle of claim 13 in which said retractable and
      extensible wheels are mounted within the outer periphery of said
      container, and said means for retracting and extending said wheels
      includes fluid operated cylinders.
NUM  17.
PAR  17. The transport vehicle of claim 1 in which said means for retracting and
      extending said wheels includes fluid operating means and an electric motor
      means for powering said fluid operating means, said fluid operating means
      and said electric motor means both being contained within said container.
NUM  18.
PAR  18. The transport vehicle of claim 13 in which said means for retracting
      and extending said wheels includes fluid operating means and an electric
      motor means for powering said fluid operating means, said fluid operating
      means and said electric motor means both being contained within said
      container.
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ABST
PAL  A telescopic load transfer device used as a stacker crane tray mechanism.
      The device comprises a tray and moveable support means therefor which are
      a plurality of pairs of telescopically articulated beams. One beam pair is
      attached to the tray and one other beam pair is relatively fixed and all
      other beam pairs are telescopically moveable with respect to the
      relatively fixed beam pair.
PARN
PAR  This application is a division of Ser. No. 198,917, now U.S. No. Pat. No.
      3,792,758, filed Nov. 15, 1971, in turn a continuation of Ser. No.
      840,667, filed July 10, 1969, now abandoned.
BSUM
PAR  Reference is made to corresponding divisional applications Ser. No.
      314,146, filed Dec. 11, 1972, and 314,160, filed Dec. 11, 1972.
PAR  Briefly the invention contemplates a roller mounted tower comprising a pair
      of spaced columns, intermediate spacing having an elevator in which a tray
      is disposed and supported for reciprocal vertical movement driven by a
      sprocket chain arrangement for raising or lowering cargo laden pallets.
      The tray is mounted on a telescopic transport mechanism for sliding
      movement to either side of the tower from a retracted or neutral position
      so as to insert or remove cargo laden pallets relative to storage grids at
      selected positions, i.e., cells in the grids. The invention can be used
      with manual, semi-automatic, or fully automatic control. The transport
      mechanism can extend the tray to either of two distances or pallet
      positions to either side of the tower so that storage grids of double
      depth cell construction at the same level on each side of the tower can be
      served.
PAR  The device is capable of handling very heavy loads albeit with a telescopic
      tray transport which is relatively flat and compact, comprising a
      combination of telescopic cantilever beams and four hydraulic cylinders
      coupled to each other in a novel manner and to a drive member. Such drive
      member is coupled to a series of telescopically arranged drive members,
      coupled by flexible members, e.g., sprocket chain arrays in such a manner
      that hydraulic actuation of the first drive member causes an additively
      increased actuation of the series for telescopically extending the drive
      members. The combination of actuations effects a telescopic movement of
      the drive members and of the beams to transport of the pallet laden tray.
      Such telescopic coaction is simultaneous and reversible so as to move the
      tray to either side of the tower, and control of the hydraulic cylinder
      actuation can effect a half or full distance of tray movement to utilize
      double depth storage cells for handling two pallets to a cell.
PAR  The drive members all nest within each other to form a compact structure,
      but are not subject to cargo load nor weight stress. Such weight stress is
      borne by the beams distributed at both sides of the nested drive members
      and substantially in the same plane to effect compactness. A first pair of
      beams is secured to the tower frame while a final pair is secured to the
      tray. Intermediate pairs articulate the first and final pairs thus
      described, for reversible telescopic load supporting effect on either side
      of the tower. The load carrying beams slide with respect to each other on
      intermediate roller bearing arrays.
PAR  The tower is driven on a track intermediate the storage grids, there being
      two rollers supporting the tower each independently driven by an electric
      motor. Accordingly, very tall towers can be utilized, albeit the higher
      the tower, the higher the center of gravity. Thus, a lessening of traction
      of either roller due to forward or rearward pivotal forces on the tower
      about a roller caused by deceleration or acceleration will not affect
      drive of the tower since one roller or the other will inherently have
      traction increased when traction of the other is decreased.
DRWD
PAR  A detailed description of the invention now follows in conjunction with the
      appended drawing, in which:
PAR  FIG. 1 is a front elevation showing the horizontally movable tower and the
      vertically movable elevator for carrying a tray in relation to the cells
      of a structural storage grid at one side of the track on which the tower
      rolls, the tray being extensible towards and away from the plane of the
      paper;
PAR  FIG. 2 is an end elevation of a tower between a pair of storage grids
      showing the reversible direction of motion of the tray elevator, the tower
      being movable toward and away from the plane of the paper;
PAR  FIG. 3 is a plan view of a storage system having a plurality of towers in
      movable and parallel array with an infeed conveyor:
PAR  FIG. 4A is a front elevation of the upper construction of the tower:
PAR  FIG. 4B is a continuation of FIG. 4A showing the construction of the lower
      portion of the tower;
PAR  FIG. 5 is a section generally through 5--5 of FIG. 4B;
PAR  FIG. 6A is a vertical section through 6A--6A of FIG. 4A;
PAR  FIG. 6B is a vertical section through 6B-6B of FIG. 4B;
PAR  FIG. 6C is a fragmentary perspective of an upper corner of the tower;
PAR  FIG. 7 is a front elevation showing details of the fingers of a mechanism
      for horizontally aligning pallets on the tray so as to be centralized
      thereon;
PAR  FIG. 8 is a side elevation of the tray on line 8--8 of FIG. 7 showing the
      tray position indicator assembly;
PAR  FIG. 9 is a front elevation of the tray showing the relationship of the
      telescopic drive members, support channels, support rollers and chain and
      hydraulic drive mechanism;
PAR  FIG. 10A is a fragmentary plan view showing the telescopic mechanism for
      the tray in transported, i.e., extended condition;
PAR  FIG. 10B is a fragmentary plan view which is a continuation of FIG. 10A
      showing the remainder of the telescopic transport mechanism with the tray
      supported at the end thereof fully extended outwardly for depositing a
      pallet in a storage coil, or lifting a pallet out of a cell;
PAR  FIG. 11A is a section through 11A--11A of FIG. 10A;
PAR  FIG. 11B is a section through 11B--11B of FIG. 10B;
PAR  FIG. 12 is a side elevation of the support roller layout on a slide beam of
      the tray transport mechanism;
PAR  FIG. 13 is an end view of one of the support beams of the telescopic
      transport mechanism;
PAR  FIG. 14 is a plan view of the hydraulic system comprising respective pairs
      of articulated cylinders for actuating the tray in respective directions
      transversely of the tower wherein the sub figures A, B, and C show
      progressive extension of a drive member as certain cylinders are
      pressurized for transport of the tray toward the left;
PAR  FIG. 15 is a view similar to FIG. 14, but wherein the sub figures
      illustrate the progressive drive member positions A, B and C away from the
      tower wherein the cylinders are pressurized for extension to the right.
PAR  FIG. 16 is a diagram of the chain drive of the tray wherein sub figures A,
      B and C show central position and full left and right extensions,
      respectively.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring to FIG. 1, the invention comprises a tower 10 having a pair of
      spaced structural columns 15 built up of corner angle irons and diagonal
      cross braces as generally illustrated and supporting for vertical movement
      a pallet carrier or tray elevator 18 comprising a tray 20 and capable of
      vertically lifting pallets 24 carrying, e.g., boxed merchandise as
      illustrated, the vertical arrows indicating the reverse directions of
      motion of the elevator. The tower is movable reversibly as indicated by
      the horizontal arrows, being supported on a roller 28 under each column,
      which rollers travel on a track 32. The lower end of the tower is thus
      supported and guided on track 32 while the upper end frame 33 of the tower
      (FIG. 6A) is guided by an angle iron member 36 between guide rollers 30
      (FIG. 2) carried by the tower on arm 39.
PAR  Referring to FIGS. 2 and 3, the tower rolls between storage grids 40 and 44
      made up of structural members in cellular construction in a known manner.
PAR  A grid 40 and a grid 44 can be assembled back to back to effect a plurality
      of bays as illustrated in FIG. 3. Each cell can be double depth
      horizontally to hold two pallets 24 as illustrated in FIG. 3.
PAR  As seen in FIG. 2, tray 20 is extended toward the right for the purpose of
      moving a pallet 24 containing a load of cartons to be deposited in a cell
      at 46. Extension of the tray is indicated in solid lines, the cargo being
      stored at the full horizontal depth of the cell, i.e., towards the rear.
      Another pallet as indicated in phantom at .music-sharp.' is stored at the
      front. Obviously, the same extension of the tray can be used for lifting
      to retrieve a pallet and its cargo. Likewise in FIG. 2, the position of
      cargoes at 47 and 47' (in phantom) to the left illustrates the reversible
      movement of the tray 20 as indicted by the dotted arrow.
PAR  Thus the tower can move horizontally into alignment in any desired location
      between a pair of storage grids and the tray elevator can then move
      vertically. Subsequently the tray can move transversely horizontally
      toward or away from the storage grids for depositing or retrieving loads.
      Obviously, vertical control of the tray elevator is such as to place the
      tray initially slightly above the spaced cell beams 48 in inserting a
      pallet and slightly below for withdrawal, final vertical movement of a
      couple of inches then being had to reset the pallet or lift it. The tray
      is slightly narrower than the distance between beams 48 as noted in FIG.
      5.
PAR  The members 48 are support rails on which pallets are stored, and are
      spaced apart a sufficient distance for tray clearance in moving up or down
      between them.
PAR  FIG. 3 shows a schematic layout whereby the invention can be used for a
      plurality of storage rids back to back, with a track 32 intermediate such
      grids 40 and 44 formed in bays and each track being served by a diverter
      chute 50. Thus, a series of diverter chutes such as 50 are spaced along an
      infeed conveyor 55 and the diverter device 58 can divert cargo carrying
      pallets 24 to any chute 50 in accordance with manual or automatic control.
PAR  Referring again to FIGS. 1 and 2, the tower carries a control panel 60 and
      a platform 64 on which an operator may stand for manual control of the
      tower and tray. The tower and tray may likewise be controlled by automatic
      electronic means from a remote console by conventional equipment, or by
      computer programming.
PAR  Power for motivating the tower is derived from a pair of motors 70 (see
      FIG. 4B) each driving a flanged roller 28 on track 32 via conventional
      reduction gearing, the motors, rollers and gearing all being supported by
      the roller shafts 76 with bracing 77 to the columns, FIGS. 4B, 5, and 6B.
PAR  The base frame 75 may be made up of welded plates and structural members as
      illustrated, in any conventional manner.
PAR  Referring to FIG. 1, it will be appreciated that the tower can be of any
      desired height. However, the taller it is the higher the center of
      gravity. This is especially true if the tray elevator 18 is at some
      elevated level, and cargo loaded, when the tower is moving in either
      direction on track 32. Accordingly, assuming that the tower is starting to
      move from a standstill position, going to the left, the acceleration force
      will cause a reduction of traction on the left hand roller. However, load
      remains on the right hand roller for traction effect. Similarly, when the
      tower slows down, the deceleration causes lessening load on one or the
      other roller, depending on direction, and braking effect is then applied
      to the more heavily loaded roller. Therefore, by providing a separate
      motor 70 for each roller, the traction differential is minimized. Where a
      tower is set in motion or slowed down with a simultaneously rising load in
      the tray elevator, the advantage of the independent motor or arrangement
      is apparent.
PAR  The tray elevator motor 80 (FIGS. 4B and 5) is carried by the base frame 75
      of the tower and as in the case of the tower drive motors 70 is disposed
      on a vertical axis, driving the multiple sprocket chains 90 for rotating a
      shaft 95 having a gear 100 at the left end of the shaft as shown in FIG.
      4B which will be understood to mesh with the lower loop of the chains 90.
PAR  The shaft 95 (FIGS. 4B and 6B) has a pair of gears 105 at respective ends
      keyed thereto around each of which is a tray lifting chain 110. The chains
      110 each terminate at their lower ends through a spring tensioned
      connection 115 (FIG. 6B), being thus fastened to the frame of tray
      elevator structure 18 through the take up bolt 118 and a spring 122. The
      frame of the tray elevator will be later described. By taking up on a
      respective bolt via the nut 123 (FIG. 6B) chain wear elongation is
      compensated. Elongation due to load variation is compensated by respective
      springs 122, adjusted by nut 124. The other ends of the chains 110 (FIGS.
      4A, 6A) are ultimately secured at respective points 124 to the tray
      structure 18 as later described. Chains 110 pass upwardly to the top frame
      33 of the tower and around idler gears 128 carried on a shaft 131 having
      suitable bearing blocks 132 in a box like structure comprised of heavy
      longitudinal beams 135 which form the rigidifying top frame 33 (FIG. 4A)
      in conjunction with equally heavy transverse channels 140, for the columns
      of the tower. The bearing blocks 132 rest on the inner vertical structural
      iron angle members 145 of the columns 15 (FIGS. 4A, 6A, 6B) specifically
      on cross brackets 155.
PAR  From the foregoing description it will be understood that energization of
      motor 80 will raise or lower the tray elevator 18 via chains 110 dependent
      upon direction of motor rotation (FIGS. 1, 2, 4B, 6A, 6B) drive being had
      via chains 90 and shaft 95 and associated gears so that both sides of the
      tray elevator 18 have lifting force applied thereto at the respective
      connections 124, FIG. 6A.
PAC  THE TRAY ELEVATOR
PAR  Referring to FIGS. 4A, 4B, 5, 6A, 6B, 7 and 8, the tray elevator 18
      comprises a frame having a top beam 200 (FIGS. 4A, 6A) extending between
      tower columns 15 and secured at its ends on the back of a short channel
      202. A pair of transverse beams (FIG. 4A) or channels 205 carry transverse
      guide rollers 210 that ride (FIG. 4A) on vertical members 145, on tracks
      212 welded thereto. The construction is symmetrical at both ends of beam
      200. A longitudinal guide roller 218 is carried at each side of the tray
      elevator in a respective vertical frame channel 220 which form the sides
      of the elevator frame structure and which are secured at their upper ends
      to respective pairs of beams 205. Rollers 218 ride on fixed vertical guide
      bars 222 (FIGS. 5, 6A) intermediate members 145.
PAR  The side frame members 220 are secured at their lower ends to the elevator
      base frame 226 (FIGS. 4B, 5, 6B) and the upper flange edges are welded to
      the flange edges of short channels 202 to form openings for chain passage
      and the plates 222 welded therein which form the chain end fastenings at
      124 (FIG. 6A).
PAR  As seen in FIG. 6B the lower ends of chains 110 (one shown) are secured via
      bolts 118 as heretofore mentioned, passing through cars 227 welded inside
      channels 220.
PAR  The construction is symmetrical as far as the guide roller arrangement at
      top and bottom (FIGS. 4B, 6B) of the tray elevator is concerned in that
      guide rollers 230 at the sides of column members 145 are similar to
      rollers 210. Also, guide rollers 235 are similar to rollers 210, provided
      to roll on bars 222.
PAR  The elevator base frame 226 (FIGS. 4B, 5, 6B, 7, 8) comprises a box beam
      construction shown in transverse section in FIGS. 6B and 8 and in full
      line front elevation in FIG. 7, being built up of plates such as 245a,
      245b, 245c, 245d, and channel members 245e, 245f in a rigid welded
      construction suitable for load support. Other types of frame construction
      can, of course, be used.
PAR  The plates 245c and 245e extend longitudinally across the frame 226
      construction (FIGS. 7, 9, 10A, 11A, 14, 15) at a central area as a main
      support for the tray transport mechanism later described.
PAR  The side channel members 220 are secured at respective sides of the base
      frame 226. The webs of such channel members 220 form the lateral side
      walls of frame 226 to some extent by being coplanar with angle iron
      members 250 (FIG. 5) which carry rollers 230.
PAR  The construction permits lift chains 110 to be nested within the flanges of
      the side members 220 as seen in FIG. 5. Also nested within such flanges
      are hydraulic cylinders 255 (FIGS. 5, 6B, 7) pivotally secured to the webs
      at 258 and having rods articulated via levers 260 to respective shafts 262
      having bearing support as by pillow blocks 265 secured to respective cross
      plates 245a and 245b of the elevator base from 226. The shafts are on
      respective sides of tray 20 and each has a pair of spaced fingers 270
      (FIGS. 6B, 7) which are thus rockably actuated upon the pressurizing of
      cylinders 255 to engage the sides of pallets such as 24 in order to center
      the pallets on the tray 20. The fingers move in unison to the same
      predetermined inner limits, e.g., as may be provided by identical
      positioning of identical cylinders 255 and full movement of the piston
      rods, in the instant case such movement being one of retraction.
PAC  THE TELESCOPIC TRAY TRANSPORT
PAR  Referring to FIGS. 7, 8 and 9, the plates 245c and 245b support heavy
      cantilever channel beams 275 on spacers 276 and secured by bolts 278,
      provided in plurality (FIG. 8), and these beams will be understood to be
      thus fixed to elevator frame 226. Lateral adjustment bolts 281 provided on
      side plates 283 secured to the frame 226 effect alignment and parallelism
      of beams 275.
PAR  Referring to FIGS. 9, 10A and 10B, three additional pairs of channel beams
      275a, 275b, 275c similar to beams 275 are provided, all coplanar and of
      progressively smaller size, but all cantilever load carrying beams
      telescopically connected with each other and ultimately with beams 275,
      including a final pair of channel beams 275c of smallest size.
PAR  Slide bearings 277 (FIGS. 9, 12) are secured to the beams for ease of
      sliding engagement and precise spacing.
PAR  All such beams except 275 carry groups of rollers 285 (FIG. 12), three
      rollers to a group, four groups to a beam, which rollers ride the upper
      and lower surfaces of the channel of the adjoining beam (FIG. 9).
PAR  The innermost pair of channel beams 275c carry angle iron beams 290 to
      which tray 20 is secured (FIGS. 9 and 10B). Such support of beams 290 are
      likewise by groups of rollers 285.
PAR  It will be apparent from consideration of FIGS. 10A and 10B that the tray
      20 is supported for horizontal reversible movement away from and back to
      or through the tower (as represented by plates 245c and 245d) wherein the
      tray can extend to either side of the tower to the maximum distance
      provided within predetermined limits, due care being had to provide proper
      support by two roller groups 285 for all beams within adjoining channels
      at maximum extension in either direction.
PAR  The driving mechanism for tray 20 for reversible motion away from and back
      to or through the tower comprises three nested drive members or plates
      300, 305, 310 (FIGS. 4B, 9, 10A, 10B, 11A, 11B). As seen in FIG. 9, the
      drive members are nested channel shaped plates having progressively wider
      horizontal flanges and spaced vertical flanges as well as vertically
      spaced horizontal webs. The horizontal flanges of each drive plate are
      secured to the lower surfaces of a pair of channel beams. Thus, flange
      pairs 300a, 305a, 310a are secured to beam pairs 275a, 275b, 275c,
      respectively, (FIG. 9).
PAR  The drive plates may be secured to the beams by bolts (not shown) or in any
      other suitable manner, and are thus carried by the beams. Bracing tubes
      311 which have slide bearings 312 are welded to plates 305 and 310.
PAR  The drive plates are telescopically movable with respect to each other, the
      innermost plate 300 being driven hydraulically. Plates 305 and 310 are
      chain driven from plate 300 as is tray 20 via angle iron beams 290, in a
      manner to be described.
PAR  Referring to FIGS. 10A, 11A, 14 and 15, the hydraulic drive for plate 300
      comprises four double ended cylinders 350, 355, 360, 365 (FIG. 14).
      Cylinders 350 and 355 are welded at their rod ends to each other, at 370,
      as are cylinders 360 and 365 welded at 375. The piston rods 355a and 360a
      of cylinders 355 and 360 are pivotally connected to each other by a pin
      380 having bearing support on a T-slide guide block 385. A T-slide guide
      bar 390 (also see FIG. 10A) is secured to fixed cross plates 245c and 45d
      being thus rigidly secured horizontally to the elevator base frame 226.
      Rod 350a of cylinder 350 is pivotally secured at 395 to cross plate 245c
      via plate 398 secured to plate 245c (FIG. 14) and is thus fixed to provide
      reaction support (FIG. 9). Rod 365a of cylinder 365 is pivotally secured
      at 400 (FIG. 9) to drive plate 300.
PAR  The four cylinders are carried in a common plane and thus float as an
      integral assembly having pivotal securement to the frame 226 of the tray
      elevator (via the cross plates 245c and 245d) and the innermost drive
      plate member 300, as described.
PAR  In FIG. 14, a neutral position A with all rods extended is shown wherein
      the cylinders are under pressure at one side to hold such position locked
      and drive plate 300 (and tray 20) is centered between the tower columns
      (FIG. 5). For such purpose hydraulic blocking is possible but positive
      pressure is preferred. However, in FIG. 14 the result of pressurizing by
      valving (not shown) the right end of cylinder 365 is noted in position B:
      rod 365a has been shifted to the left (see arrow) carrying plate 300 with
      it to the left toward an intermediate position away from the tower. This
      would be the position for moving tray 20 into the first half of the full
      horizontal depth of a cell, e.g., to first pallet position 47' of FIG. 2.
      This is possible because of the reaction support at 395 and by maintaining
      all pistons (not shown) of the cylinders hydraulically blocked or
      pressurized against movement except for the cylinder being pressurized. If
      full tray movement, e.g., to second pallot position 47 (FIG. 2) is to be
      had, then simultaneously with the pressurizing of cylinder 365, the left
      end of cylinder 360 is pressurized, rod 360a remains stationary (cylinders
      350 and 355 blocked) but the cylinder 360 shifts to the left (see arrow)
      carrying cylinder 365 with it to the left since they are welded together.
      This causes continued shifting of rod 365a additively to the left. The
      position of plate 300 is thus to its maximum shift leftwards as shown in
      position C, via rod 365a and connection 395.
PAR  Referring now to FIG. 15, position A of the hydraulic system again shows
      the neutral position, with centralized drive plate 300. However, by
      pressurizing the left end of cylinder 355, rod 355a moves to the right
      (see arrow) into cylinder 355, pulling rod 360a via pin 380 and T-slide
      385 therewith. Rod 360a is hydraulically blocked in cylinder 360 and
      therefore pushes that cylinder along with attached cylinder 365 and its
      hydraulically blocked rod 365a to the right. Plate 300 is thus moved to
      the right as illustrated in position B for a movement of tray 20 to
      position 46' of FIG. 2. However, a simultaneous movement added thereto can
      be effected by pressurizing the right end of cylinder 350 causing it to
      shift to the right with respect to rod 350a which is fixed at its outer
      end. Therefore, cylinders 350 and 355 shift to the right further shifting
      (via T-slide 385) rod 360a, cylinder 360, cylinder 365, and rod 365a to
      maximum extended position C for drive plate 300 for a full depth position
      of tray 20 at 46, FIG. 2. The guiding function of T-bar 390 will be
      evident in comparing positions A, B and C to maintain alignment of the
      multi-cylinder floating array with the drive plate.
PAR  Referring to FIG. 16, the chain and sprocket extending arrangement for the
      drive plates 300, 305, and 310 and angle beams 290 is diagrammatically
      illustrated in conjunction with the hydraulic system comprising the four
      cylinders 350, 355, 360 and 365.
PAR  The neutral position of the cylinders wherein the tray 20 is centralized
      with respect to the tower is illustrated at position A. Thus all cylinders
      are under pressure in order to positively lock the tray in the central
      position. Pressure maintenance for locking the position is preferred as,
      in fact, it is preferred also for the extended position of sub figures B
      and C even though hydraulic blocking by valving in a well known manner
      could be used. Referring to the diagrammatic components shown at position
      A, the drive plate 300 will be noted as being fastened at 400 to the
      piston rod 365A whereas at the other end of the hydraulic system array,
      the piston rod 350A is connected to the elevator frame at 395, all as
      herein before described and illustrated in the several views preceding,
      e.g., FIGS. 14 and 15.
PAR  Suitably fastened to the elevator frame (FIGS. 9, 10A, 10B) as by a clamp
      or other member, at 415, on a plate 416 wherein such plate is fastened to
      the cross plates 245c and 245d, is a sprocket chain 410 which passes
      around a sprocket wheel 410B carried by and just forward of the right edge
      of plate 300. Chain 410 is then fastened to the left end of and on the
      underside of drive plate 305 at 445.
PAR  Reference character 445 represents two fastening locations for chains, one
      above and one below the drive plate 305 (FIG. 9) as set forth below.
PAR  From the upper surface of plate 300 to a sprocket 410D carried at the edge
      of drive plate 305 is a chain 411 the other end of which chain is fastened
      to the lower surface of the plate 310. Finally, a third chain 412 is
      fastened at 445, upper surface of plate 305, passing around the sprocket
      410f for securement at 420 with one of the iron angle beams 290 which
      carried the tray 20.
PAR  All flexible members are thus described as chains although, of course, it
      will be understood that equivalent components such as cables, pulleys,
      belts, etc. could be used. All sprocket wheels are carried on ears
      extending just beyond the edges of the drive plates to which they are
      secured, e.g., the sprocket wheel 410f (FIG. 10B) carried at the edge of
      plate 310.
PAR  All chains shown in solid lines (FIG. 16A), and just described, effect
      positioning of the several plates and ultimately the tray 20 to the right
      to position 46, FIG. 2, for the chain position D, FIG. 16, and reference
      may be had to FIG. 15 for comparison therewith insofar as the hydraulic
      system is concerned. Either position 46 or 46' can be thus reached and the
      tray 20 held locked by full actuation of the cylinder or cylinders
      required for the desired extent of tray motion and subsequent maintenance
      of pressure to hold the position.
PAR  In the same manner, position of the tray to the first or second pallet
      positions for handling of pallots to positions 47 or 47' (FIG. 2) is
      accomplished by simple reverse action effected by the chains 410', 411',
      and 412' and the hydraulic positioning shown for the cylinders at position
      C of FIG. 14, such chains being shown dotted in the position A, FIG. 16.
      For neutral tray position the opposite set of chains are used, in either
      case.
PAR  Chain 410' is frame fastened at 425 to cross plate 245c and passes around
      the sprocket 410aat the left end of plate 300 (FIG. 10A) to terminate at
      the fastening 445' below plate 305. A second chain 411' is secured at the
      upper surface of 440' of plate 300 and passes around sprocket 410C to
      fastening at 450' at the lower surface of plate 310. Finally, a chain 412'
      fastens at 445' to the upper surface of plate 305 and passes around the
      sprocket 410E to be fastened at 430 to the other iron angle beam 290.
PAR  In general it will be noted that all of the drive plates carry sprockets at
      their ends and that the two series of chains are a reversed in layout
      geometrically.
PAR  In operation, when the plate 300 is hydraulically motivated in either
      direction it exerts a thrust via the sprocket wheel at one end or the
      other against the chain engaged therearound and for each increment of
      hydraulically driven travel of plate 300, the plate 305 moves outwards in
      the same direction for twice the distance of plate 300, in accordance with
      well known principles. Of course, the angularity as shown in FIG. 16A, of
      the sides of the chain 410 or 410' makes a slight reduction in exact
      doubling of the movement, but this if of no significance since it is not
      present in the device and only a very large angle would appreciably reduce
      the doubling of the distance. However, plate 305 being thus driven in
      either direction does not double the travel of plate 310, nor does the
      travel of plate 310 double the travel of beams 290 and tray 20, but merely
      give single increment additive travel at each step. The reason for this is
      that the plate 300 must move in the same direction in order to actuate
      either chain series and this subtracts from relative increment increase
      between the remaining plates and the tray because their drive chains do
      not have fixed ends as do chains 410 and 410'. However, the actual travel
      of tray 20 is four time the travel of the plate 300.
PAR  The compactness and versatility of the tray transport power drive mechanism
      comprising hydraulic cylinders, and chains or other suitable belt-like
      members, will be apparent from the above description and the drawings.
      Thus, the tray and the coplanar nested beam pair supports are reversible
      and pass through their own rest positions in either direction. The
      hydraulic cylinders are all coplanar in a flat array integral unit
      floating between drive plates and beams and having limited rocking
      movement as the beams move. All chains and sprocket wheels are also
      disposed in this beam plane and are located in the spacing between the
      innermost beam pair 290. All sprockets are carried on short outrigger arms
      at the edges of the drive plates, and most of the chains pass between the
      webs of such plates. In particular, space is saved by skewing the
      sprockets 410cand 410d at the edges of drive plate 305, the chains 411 and
      411'passing respectively therearound on both sides of that plate.
PAR  Thus, what may be termed "left" and "right"telescopic chain systems have
      chains and sprockets in reverse but symmetrical series, the chains of each
      system being individually secured in sequence from the elevator frame 226
      to the final beams 290 via the drive plates 300, 305, 310 whereby
      sequential pull is exerted on the next succeeding plate (or ultimately
      beams 290) by virtue of thrust exerted by a preceeding plate. Except for
      chains 410 and 410', which have fixed reaction connections, the reaction
      connection for each chain is on the drive plate preceding the drive plate
      that carries the thrust sprocket for that chain. Accordingly, the initial
      thrust of plate 300 is transformed into a series of alternate chain
      tensions and plate thrusts via the sprockets to simultaneously telescope
      the beams by a succession of pulling forces which are virtually
      simultaneous in either left or right direction as viewed on FIG. 2,
      depending on which of the dual chain systems is being actuated, a matter
      of the direction of hydraulic drive of plate 300.
PAC  THE POSITION INDICATING SYSTEMS
PAR  While in commercial practice the stacker crane described herein would be
      fully automatically controlled by a system which does not form part of the
      present application. It can be manually controlled, if desired, by more
      personal skill in positioning the tower and the tray. However, as a
      practical matter for precise positioning mechanical position indicating
      means should be utilized, particularly since the tower may have a
      horizontal traverse of several hundred feet and a height of as much as 60
      feet. Obviously it would be quite impractical for an operator to be
      present at the tower location in order to precisely control it and to
      control the tray for the precise positioning needed.
PAR  Accordingly, referring to FIG. 4A, an indicating sensor and signal
      transmitter arrangement for vertical movement is illustrated which
      comprises a shaft angle encoder 500 secured to the elevator on an
      outrigger arm 505 and coupled to a sprocket wheel 515. A fixed sprocket
      chain 520 is carried on the corner angle iron 145. As the elevator moves
      vertically the sprocket wheel is caused to rotate by the fixed chain which
      rotates the encoder. The encoder is a conventional rotary type, for
      example, Norden type ADC-13-BNRY-E, style 46, which by conventional
      electrical connections is capable of sending a binary signal of distinct
      character for each quarter inch of vertical movement of the elevator. Such
      binary signals can be utilized in conventional readout aparatus to apprise
      an operator of the vertical position of the tray elevator and the tray 20.
      The operator can thus control motor 80 to reach a selected storage cell
      level. Of course, the tray would be initially positioned a couple of
      inches below the cell support rails 48 for picking up a pallet or
      initially positioned a couple of inches above for depositing a pallet,
      prior to being horizontally extended either to first or second pallet
      positions for either purpose. The final slight movement of the tray up or
      down would be under slow motor control, either by gearing, or circuitry or
      motor construction, all long known, and with the aid of the indicating
      system readout in an obvious manner.
PAR  Referring now to FIG. 6A, the same arrangement is used for indicating the
      precise horizontal position of the tower wherein the shaft angle encoder
      550, the same type as encoder 500, and sprocket wheel 560 are carried on
      the arm 39 to engage the chain 565 fixed lengthwise to the guide rail iron
      angle 36 fixed to the storage neck construction. Thus by the vertical and
      horizontal indicating systems an operator would know the position of the
      tower with respect to the length of the storage grid and could thus
      precisely position the tower in front of a selected storage cell as well
      as positioning the tray vertically, it being understood that suitable slow
      speed control motors 70 and 80 are utilized or other means for effecting
      "creep" are present.
PAR  It is, of course, necessary for an operator too far removed from a tray to
      observe it visually, to have an indicating system so that he will know the
      exact position of the tray 20 with respect to the tower. Referring to FIG.
      8, such a system is illustrated comprising a chain reel 600 carried by a
      fixed beam 275 and having a sprocket chain 610 maintained in tension by a
      spiral spring (not shown) within the reel which chain extends around a
      sprocket wheel 615 carried at the outer end of plate 245d and thence
      passes between a pair of rollers 620 and 625 carried by the fixed beam and
      having an end 630 fixed to the tray 20 (FIG. 7). Accordingly, regardless
      of the direction of motion of tray 20 as indicated by the reversed arrows
      (FIG. 8), the sprocket chain will be pulled in the same direction from the
      reel. This causes rotation of sprocket wheel 615 to actuate the arm of a
      switch 640 between contact positions such that a first position of the
      switch arm gives a signal to apprise the operator that the tray is in
      central position, whereas when the tray starts to move the switch arm
      moves to a successive contact position indicating that the tray is in
      first pallet position, or the switch moves to a further contact position
      to signal that the tray is in second pallet position, corresponding to
      positions 46, 47 or 46', 47'.
PAR  Details of the switch mechanism are not necessary, but obviously a suitable
      gearing between sprocket wheel 615 and the switch 640 would be utilized so
      that full traverse of the tray in either direction would move the switch
      arm through the several contacts and return. The signals used could be
      three lights of different colors wired to the switch in an obvious manner.
PAC  CONTROLS
PAR  From all the preceding, it will be apparent that any conventional control
      system can be utilized, for example, the motors 70 and 80 can be energized
      simultaneously and either the motors 70 or the motor 80 controlled to
      "creep" when the operator is apprised by readout that the tray is close to
      the proper respective horizontal or vertical position, the respective
      motors being stopped by braking when the readout indicates precise
      positions, i.e., within 1/4 inch with the particular encoders used.
      Similarly, the hydraulic cylinders 255 (FIG. 7) for centralizing the
      pallet would be operated by solenoid valves and this could be done at the
      time the pallet is picked up on the tray 20 from conveyors, or at any time
      prior to actual insertion in a cell.
PAR  The hydraulic cylinders 350, etc. (FIGS. 14, 15, 16) for the tray
      tranasport telescopic mechanism are likewise solenoid valve operated and,
      in fact, such hydraulic system requires only respective solenoid operated
      multiway valves all of conventional construction and hook-up, although, of
      course, any suitable hydraulic circuitry control system could be utilized.
      In an operative embodiment conventional solenoid spool valves as made by
      Vickers Div. of Sperry-Rand Corp. were used, Model DC 454-012A-50
      connected to a pressure source and sump and to the cylinders, all in the
      usual manner and carried by the tower and elevator, whereby one end of
      each cylinder was always under pressure (position A, FIG. 14) to maintain
      the tray 20 in central position until it is desired to actuate it. Such
      valves are spring biased to an initial position for that effect, by spring
      biased return from an actuated position.
PAR  It will of course be appreciated that various obviously required components
      are omitted for the sake of clarity, such as flexible hoses to hook up to
      the hydraulic cylinders and electric cables for the motors. Such
      connecting components are well known in the field, and as a matter of
      design, various types are usable. Likewise, as a matter of design, the
      solenoid valves for the various sets of hydraulic cylinders can either be
      at a fixed control point or carried by the tower. Further, power control
      circuitry and switching circuitry likewise could be at a fixed control
      point, but preferably is carried by the tower at the control panel 60
      (FIGS. 1, 2).
PAR  The compactness and practicality of the invention should be apparent from
      the description and the drawing, and in particular, the exceedingly simple
      power drive means for telescopically transporting the tray reversibly via
      flexible loop members such as sprocket chains which roll around sprocket
      wheels, all within the vertical and horizontal planes defined by the
      innermost pair of beams 290. Thus by providing dual systems of what might
      be called zig-zag orders of sequentially connected chains, a very
      economical yet highly effective arrangement is provided.
PAR  Having thus described the invention, I am aware that various modifications
      can be made within the spirit of the concept and therefore do not seek to
      be limited to the exact illustration herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stacker crane tray mechanism comprising a tray and movable support
      means therefor, said support means comprising a plurality of pairs of
      telescopically articulated beams;
PA1  one beam pair being attached to said tray and one other beam pair being
      relatively fixed and with respect to which fixed beam pair all other beam
      pairs are telescopically movable;
PA1  the beam pairs intermediate said fixed beam pair and the beam pair attached
      to said tray having guide channels at one face thereof and guide rollers
      at the other face thereof;
PA1  wherein all said beam pairs are telescopically connected by rollers of beam
      pairs extending into guide channels of immediately adjacent beam pairs;
PA1  drive plates in superimposed array and secured to respective beam pairs for
      effecting telescopic movement thereof and having central nested channels;
PA1  drive chain means and said drive plates being sequentially coupled by said
      drive chain means so that driven movement of a first of said drive plates
      effects progressively extended movement of the remainder of said drive
      plates and the respective beam pairs, to drive said tray;
PA1  said drive plates being reversibly movable;
PA1  and hydraulic drive means comprising a plurality of double acting hydraulic
      cylinders secured in pairs, one pair being connected to another pair by
      connection of a piston rod of each of said pairs to each other;
PA1  the cylinders of each pair being connected to each other and the respective
      rods thereof extending in opposite directions and;
PA1  said cylinders and pistons being disposed in the lowermost drive plate
      channel;
PA1  means whereby the other piston rod of one of said pairs has an end
      relatively fixed with respect to said relatively fixed beam pair and the
      other piston rod of the other of said pairs is drivingly connected to said
      first drive plate;
PA1  whereby selective pressurization of said cylinders effects motion of one or
      both of said piston rods to actuate said first drive plate to a selective
      extent and in a direction dependent upon direction of pressurization of
      said cylinders.
NUM  2.
PAR  2. A stacker crane tray mechanism as set forth in claim 1;
PA1  said chain means comprising a series of chains for a particular direction
      of telescopic movement of said beam pairs and tray;
PA1  wherein a first chain has a relatively fixed end and passes around bearing
      means carried by said first drive plate and is secured to the next
      adjacent drive plate;
PA1  and succeeding chains are sequentially secured from said first drive plate
      to alternate drive plates passing around bearing means of drive plates
      intermediate said alternate plates;
PA1  a final chain being secured from a final drive plate to said tray;
PA1  said series of chains being provided in to sets for respective directional
      telescopic movement;
PA1  the individual chains of one set being arranged in opposed formation to the
      corresponding chains of the other set so as to exert drive forces in
      opposed directions dependent upon initial direction of movement of said
      first drive plate.
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ABST
PAL  A spool type control valve mechanism for use with backhoes, front end
      loaders, and other apparatus having a number of hydraulic cylinder driven
      work performing members whose motions must be coordinated in order to
      produce a prescribed work operation. Pressure compensating valve means
      which provides for regulation of the rate of flow to the cylinders of
      pressure fluid from a common supply passage also functions automatically
      to control connection of the cylinders with the supply passage in
      accordance with the work load on the cylinders, at times when the valve
      spools of all the control valves are in their working positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to valve mechanisms of the type employed for the
      control of hydraulic cylinders or other fluid motors, and has more
      particular reference to the provision of valve mechanism for automatically
      controlling and coordinating the motions of a number of hydraulically
      operated work performing members which must be actuated singly and/or in
      concert in order to effect a desired work cycle.
PAR  Front end loaders and backhoes are but two examples of apparatus having
      work performing members that are hydraulically operated, and whose motions
      must be coordinated to produce a prescribed work operation. In a front end
      loader, for instance, it is the boom and the bucket on the outer end of
      the boom whose motions must be coordinated in order to effect the dig
      cycle of the loader.
PAR  In a backhoe, however, there are three hydraulically actuated work
      performing members whose motions must be coordinated in order to effect a
      digging cycle. These are its boom, the dipper stick which is pivotally
      mounted on the outer end of the boom, and the dipper or bucket which is
      pivotally mounted on the outer end of the dipper stick.
PAR  The operator of a backhoe must be highly skilled in the proper manipulation
      of conventional control valves which govern the motions of the boom, stick
      and bucket during digging. At the start of a dig cycle, for example, the
      operator must actuate the stick cylinder control valve to its "crowd"
      position so that the stick will force the bucket on its outer end into the
      ground. He must be able to sense when digging prssures rise to an
      objectionably high level and at that time "curl" the bucket to a less
      effective digging attitude to relieve excessive digging pressure. He may,
      at times, also have to stop the digging or "crowd" motion of the dipper
      stick by its control valve in order to sufficiently reduce the work load
      on the stick cylinder. Frequently, as in cases where the bucket strikes an
      obstruction or encounters extremely compact soil, the operator may have to
      effect elevation of the boom in order to effect the desired reduction in
      work load on the hydraulically driven members.
PAR  From this it will be seen that there can be times when the operator should
      be able to continually manipulate the actuating levers of all three
      control valves governing operation of the hydraulically driven stick,
      bucket and boom. This is exceedingly difficult, and has greatly limited
      the operation of backhoes to only those persons having the necessary high
      degree of skill essential to efficient digging.
PAR  Efforts have been made in the past to achieve "automatic dig" for backhoes,
      to enable their operation by unskilled operators such as might be in the
      employ of contractors who rent such apparatus. These efforts however, have
      met with more or less indifferent success. Much of the reason for this
      resulted from the costly and complicated control mechanism which was
      needed in order to effect "automatic dig." In some cases, two complete
      sets of controls were required, one to enable manual control of each work
      performing member, and the other to effect automatic control of the
      hydraulic cylinders for the work performing members. The high initial cost
      and upkeep expense of such a system of automatic dig can be readily
      appreciated.
PAC  SUMMARY OF THE INVENTION
PAR  With this in mind it is a purpose of this invention to provide control
      valve means which, though capable of automatically achieving coordinated
      operation of a plurality of hydraulic cylinders or other fluid motors,
      features a degree of simplicity hitherto unheard of in automatic controls
      for fluid motors.
PAR  Thus, it is an object of the invention to provide for automatic and
      coordinated control of a number of hydraulic cylinders by means of
      substantially conventional flow control valve mechanisms.
PAR  In a more specific sense, it is an object of the invention to provide
      control valve means for a number of hydraulic cylinders with special
      pressure compensating valves which not only serve to govern the rate of
      cylinder operation but also automatically assure the coordinated cylinder
      operation so essential to efficient digging with backhoes.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the accompanying
      drawings, which exemplify the invention, it being understood that changes
      may be made in the specific apparatus disclosed herein without departing
      from the essentials of the invention set forth in the appended claims:
DRWD
PAR  The accompanying drawings illustrate two complete examples of the
      embodiments of the invention constructed according to the best modes so
      far devised for the practical application of the principles thereof, and
      in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a more or less diagrammatic view of a stacked control valve
      comprising three valve sections, and embodying the principles of this
      invention;
PAR  FIG. 2 is a diagrammatic view of the three work performing members of a
      backhoe, showing the same in the extended positions they occupy at the
      start of a digging cycle;
PAR  FIG. 3 is a schematic view in which graphic symbols represent the control
      valve mechanism when the valve spools of all of them are in their
      automatic dig positions;
PAR  FIG. 4 is a diagrammatic view showing how the pressure compensating valve
      mechanisms seen in FIGS. 1 and 3 operate to relieve excessive work
      pressure during the digging cycle; and
PAR  FIGS. 5 and 6 are diagrammatic views similar to FIGS. 3 and 4,
      respectively, but illustrating a modified embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the accompanying drawings, the control valve mechanism 9
      seen in FIG. 1 illustrates a stacked valve which is comprised of three
      control sections 10, 11 and 12. The valve of FIG. 1 corresponds to the
      open center priority type control valve disclosed in FIG. 2 of U.S. Pat.
      No. 3,722,543 issued to Francis H. Tennis March 27, 1973, to which
      reference may be had for a more complete description of the valve and its
      operation. There are, however, certain important improvements in the
      control valve of this invention, which will be discussed at greater length
      hereinafter.
PAR  Strictly by way of example, the control valve mechanism of FIG. 1 can be
      considered as one which is provided in a backhoe to have the motions of
      its dipper stick, bucket and boom governed by the valve sections 10, 11
      and 12, respectively.
PAR  Reference may be had to FIG. 2 for a diagrammatic representation of these
      work performing members of a backhoe and the hydraulic cylinder therefor.
      As therein seen, the numerals 13, 14 and 15 respectively designate the
      boom, dipper stick and bucket, while the numerals 13', 14' and 15'
      respectively represent their double acting drive cylinders. As is
      customary, the inner end of the boom is pivotally supported on the frame
      structure (not shown) of the backhoe; the inner end of the dipper stick is
      pivotally connected to the outer end of the boom; and the bucket is
      pivotally mounted on the outer end of the dipper stick.
PAR  The control sections 10, 11 and 12 are respectively provided with pressure
      compensating valve mechanisms 17, 18 and 19, and they are respectively
      located greater distances from the inlet 16 with which they are connected
      via a common pressure fluid supply passage L1. The body of each control
      section is formed with a pair of parallel bores 23 and 24. A control valve
      spool 25 is axially slidably received in each bore 24, while the plunger
      26 of the associated pressure compensating valve mechanism is axially
      slidably received in each bore 23.
PAR  One end of the supply passage L1 is connected to the valve inlet 16 and its
      other end is connected to a return port 22 in the bottom section of the
      stack. The supply passage serially intersects the bores 23 of all three
      pressure compensating valve mechanisms. It has upstream and downstream
      branches 20 and 21 respectively which intersect each bore 23 at axially
      adjacent zones, and the downstream branches 21 of each of the control
      sections 10 and 11 can be said to be portions of the upstream branches 20
      of the control sections 11 and 12.
PAR  The stick control valve 10 has service ports 27 and 28 which are
      respectively connected with the head and rod ends of the stick cylinder
      14'; the bucket control valve 11 has similar service ports 27 and 28 which
      are respectively connected with the head and rod ends of the bucket
      cylinder 15'; and the service ports 27 and 28 of the boom control valve
      have been shown as respectively connecting with the rod (lift) and head
      ends of the boom cylinder 13'.
PAR  Supply fluid from the passage L1 is directed to one or the other of the
      service ports 27, 28 of each control section by its valve spool via a
      feeder passage having a first branch 31 that bridges the bores 23, 24 of
      its associated control section. Each such feeder branch joins with the
      bore 23 of the associated pressure compensating valve mechanism at a zone
      spaced from the junction between said bore and the adjacent upstream
      branch 20 of the supply passage and at the side thereof remote from the
      junction of the downstream supply branch 21 with the bore 23.
PAR  The feeder branch 31 and a second branch 33 thereof intersect the bore 24
      in each control section at axially spaced zones which are communicable
      with one another through circumferential grooves in the valve spool 25
      when the latter is shifted out of neutral to working positions at either
      side of neutral.
PAR  The second or downstream feeder branch 33 in each valve section leads to an
      inverted U-shaped bridge passage 32 through a check valve 34. The bridge
      passage can be said to comprise a third branch of the feeder passage, and
      its opposite legs are disposed inwardly adjacent to the service ports to
      be selectively communicable therewith through the bore 24 under the
      control of the valve spool therein.
PAR  Return or reservoir passages 30 in each control section intersect its bore
      24 at locations outwardly adjacent to the service ports, to likewise be
      selectively communicable therewith under the control of the valve spool 25
      in said bore.
PAR  The valve spool 25 in section 10 will, when shifted to a dig position to
      the right of neutral, as seen in FIG. 3, direct pressure fluid from supply
      branch 20 through the feeder passage branches 31, 33, 32 and the bore 24
      to service port 27 connecting with the head end of the stick cylinder 14'.
      This will cause extension of the piston in said cylinder and "crowd" or
      downward digging motion of the dipper stick 14. Fluid exhausting from the
      rod end of cylinder 14' will be returned to service port 28 for flow to
      the adjacent reservoir passage 30.
PAR  It should be noted, however, that pump fluid entering the inlet 16
      ordinarily flows through an unloading valve 66 to a tank-connected bypass
      port 70. Consequently, actuation of any one of the valve spools 25 to a
      working position must effect closure of the unloading valve before supply
      fluid can flow through passage LI to its upstream feeder branch 31. The
      nature and operation of the unloading valve will be discussed at greater
      length hereinafter.
PAR  In all cases, supply fluid flowing to any feeder branch 31 must first pass
      through the bore 23 of its pressure compensating valve 17.
PAR  As explained in my aforesaid U.S. Pat. No. 3,722,543, the plungers 26 in
      all of the pressure compensating valve mechanisms are of the priority or
      series parallel type. This is to say that in the right hand or dig
      position of the valve spool 25 in either control section 10 or 11, the
      plunger 26 of its compensating valve 17 will occupy a position blocking
      flow of supply fluid through its downstream supply branch 21 to the
      pressure compensating valve mechanism of the next control section. Hence,
      if the spool of only the stick control valve 10 is actuated to an
      operating position, pressure fluid from the source can flow only to the
      service passage 27 of the stick control valve 10, and to the head or dig
      end of the stick cylinder 14'.
PAR  When all the valve spools are in their neutral positions seen in FIG. 1,
      however, the plungers 26 of all of the pressure compensating valve
      mechanisms 17, 18 and 19 are held in what can be referred to as closed
      positions at which they block fluid flow from their upstream to their
      downstream supply passage branches 20, 21. Substantially strong springs 39
      in actuating chambers 42 at the right hand ends of the plungers act
      thereon to yieldingly urge the same to their closed positions.
PAR  The left hand end of each plunger 26 extends into an actuating chamber 41,
      to be acted upon by pressure of supply fluid in its associated upstream
      feeder branch 31. For that purpose, radial holes 45 are formed in the
      plungers 26, to communicate their chambers 41 with the upstream feeder
      branches 31 via the hollow left hand end portions of the plungers.
PAR  Each pressure compensating plunger serves to regulate the flow of supply
      fluid to its upstream feeder branch 31 in accordance with variations in
      the pressure differential between said upstream feeder branch and its
      associated downstream branch 33. This is to say, that when any one of the
      valve spools 25 is in a working position, the plunger of its associated
      pressure compensating valve mechanism will be moved in response to
      variations in the pressure drop across said spool, upstream from its
      associated load holding check valve, in directions such as to restore the
      pressure drop to a value which corresponds to the desired speed of motor
      operation, thus assuring that the motor will be operated at a uniform
      rate.
PAR  At such time, the pressure of supply fluid in the upstream feeder branch 31
      is imposed upon a surface on the left hand end of the plunger in its
      chamber 41, and the left hand end of the plunger is subjected to a fluid
      pressure corresponding to that present in the associated downstream feeder
      branch 33.
PAR  For this purpose, a duct 47 connects the downstream feeder passage branch
      33 of each valve section to the spring chamber 42 of its associated
      pressure compensating mechanism, so that the end of the plunger in said
      chamber will be subjected to a so-called feedback force which varies with
      the load on the governed motor. This feedback force, of course, opposes
      the force which supply fluid in the associated feeder branch 31 exerts on
      the left hand end of the plunger in chamber 41.
PAR  According to this invention, the pressure compensating valve mechanisms 17
      and 18 of the first and second control sections 10 and 11 are provided
      with relief valves R1 and R2 respectively, which are adapted to vent the
      spring chambers 42 of their associated pressure compensating valves when
      the pressures of feedback fluid therein rise to predetermined relief
      values. For this purpose, a passage 60 is provided in the plug 44 closing
      the right hand end of the bore 23 in each of the control sections 10 and
      11. These passages open inwardly to the spring chambers 42, and their
      outer ends are connected by ducts 61 with the inlets of the associated
      relief valves R1 and R2.
PAR  Thus, if the pressure of feedback fluid in the spring chamber 42 of the
      compensating valve mechanism 17 rises to an excessively high value, of say
      2500 p.s.i. for example, the relief valve R1 will open to connect said
      chamber 42 to tank and thereby relieve it of said excessive pressure. As
      soon as chamber 42 is vented by relief valve R1 in this fashion, the
      pressure of supply fluid in chamber 41 at the opposite end of the
      mechanism 17 will effect actuation of the plunger 26 thereof to its bypass
      open position at which it disrupts flow of supply fluid to the upstream
      feeder branch 31 and allows supply fluid to flow to the inlet of the
      pressure cmpensating valve mechanism 18 for the bucket control section 11.
PAR  The relief valve R2 for the spring chamber of the bucket control
      compensator 18 similarly effects actuation of the compensating plunger 26
      thereof to bypass open position at which it blocks supply fluid flow to
      the associated upstream feeder branch 31 while allowing supply fluid to
      flow to the inlet of the pressure compensating valve mechanism 19 for the
      boom control valve 12. The relief valve R2, however, is preferably set to
      open when pressure of feedback fluid in the associated spring chamber
      reaches a value higher than the relief setting of the valve R1 of the
      dipper stick compensator 17, for example at about 2900 p.s.i.
PAR  These relief valves are of the essence of the invention, in that they not
      only allow their respective pressure compensating valve mechanisms to
      regulate the speed of cylinder operation in accordance with variations in
      the load thereon, but more importantly, they cause the pressure
      compensating plungers to act as automatic shut-off valves for their
      associated control sections at times when working pressures in the
      cylinders governed thereby rise to predetermined high values. This is to
      say, that a plural spool control valve mechanism like that of my aforesaid
      U.S. Pat. No. 3,722,543 can be readily converted to one that achieves
      automatic dig merely through the provision of suitable relief valves for
      the spring chambers of its stick and bucket compensator valves.
PAR  Referring now particularly to the FIG. 3 diagram, it will be seen that an
      automatic digging cycle will be carried out when the boom, dipper stick
      and bucket of the backhoe are in their extended positions seen in FIG. 2,
      and the valve spools 25 of all three control sections are actuated to
      their right hand working positions which they must occupy in order to
      effect downward digging motion of the dipper stick, inward curling of the
      bucket, and lifting of the boom.
PAR  Because of the priority type plungers 26 in the pressure compensating valve
      mechanisms 17 and 18, only the stick cylinder 14' will then receive
      pressure fluid to start the digging action produced by downward movement
      of the dipper stick. The digging movement of the stick will continue until
      the pressure of fluid in the expanding end of the stick cylinder, as
      manifested in the downstream feeder branch 33 of the stick control valve
      10 and spring chamber 42 of its pressure compensating mechanism 17 reaches
      and/or exceedss the 2500 p.s.i. relief setting of the relief valve R1
      thereof.
PAR  When that load pressure is reached, the spring chamber 42 of the
      compensator 17 is vented through its relief valve R1 and the compensating
      plunger thereof responds to the resulting greatly increased pressure
      differential across its ends by moving to the right to its position seen
      in FIG. 4, at which it disrupts flow of supply fluid to the stick cylinder
      and at the same time opens the supply passage to the inlet of the pressure
      compensating valve mechanism 18 for the bucket control valve. Note that
      the control spool 25 for the stick cylinder should be kept in its "dig"
      position at this time.
PAR  Pressure fluid from the supply passage L1 is then directed to the "curl"
      (head) end of the bucket cylinder 15' by the valve spool of the second
      control section 11, to curl the bucket inwardly to a less positive digging
      attitude. This will ordinarily relieve the work load on the bucket
      cylinder to the extent that the resulting decreased fluid pressure force
      exerted on the left hand end of the plunger in the chamber 41 of the
      dipper stick compensator can no longer overcome the opposing force of the
      strong spring 39 on said plunger. At that time, the plunger 26 in the
      stick compensator 17 is propelled to its left hand position by its spring,
      to again open the supply passage to the upstream feeder branch 31 of the
      stick valve 10 and also block flow of supply fluid to the bucket control
      valve 11.
PAR  In the way, the "curl" motion of the bucket is halted, and the crowd motion
      of the dipper stick is resumed.
PAR  In the event that digging pressure is not relieved during curling of the
      bucket as described above, the relief valve R2 will open when the pressure
      in the curl end of the bucket cylinder, as manifested in the spring
      chamber 42 of compensator 18, reaches a second predetermined value of, for
      example, 2900 P.S.I. This causes the plunger 26 of the bucket compensator
      to be actuated to its right hand limit of motion at which it disrupts flow
      of supply fluid to the bucket cylinder and opens the supply passage to the
      inlet of the pressure compensating valve mechanism 19 for the boom control
      valve 12. As a result, pressure fluid is then directed to the "lift" end
      of the boom cylinder 13' to effect raising of the boom the extent
      necessary to relieve the excessive digging pressures in the bucket and
      stick cylinders.
PAR  These pressures are then quickly reduced to values at which the springs 39
      acting on the plungers in the compensators 17, 18 and 19 are able to shift
      the plungers back to their left hand positions. This, of course,
      automatically renders the stick cylinder operative and digging is resumed
      by the dipper stick while the bucket and boom cylinders remain in an
      inactive state.
PAR  From this it will be seen that a dig cycle of the work performing members
      will be automatically effected, although a complete cycle may involve
      curling of the bucket and/or lifting of the boom several times, depending
      upon the nature and density of the earth being excavated.
PAR  If desired, the compensator 17 for stick control valve 10 can be provided
      with a second relief valve R3, which is connected in parallel with the
      valve R1, and which may have a lower relief setting. Merely by way of
      example, the valve R3 can be set to open at a pressure of 2750 p.s.i.
PAR  When two such relief valves R1 and R3 are connected in parallel with one
      another and with the spring chamber 42 of the pressure compensating valve
      mechanism 17, a manually operable selector valve 63 is connected with the
      outlets of the relief valves to enable one or the other thereof to be
      effective. In this way, "high" and "low" relief settings for the
      compensator 17 are available choices to the operator of the apparatus, and
      he can readily select whichever setting is best suited for existing
      digging conditions.
PAR  It should also be apparent that, if desired, the spring chambers 42 in the
      compensators of both the stick and bucket control valves 10 and 11 could
      be connected to the inlet of a common relief valve; or separate relief
      valves could be provided therefor but having the same relief setting. In
      such cases, an overload condition in the hydraulic system during digging
      serious enough to open the common relief valve or separate valves would
      result in closing off of the stick and bucket control valves from the
      supply passage and lifting of the boom by its cylinder to effect reduction
      of digging pressures.
PAR  Another important feature of the control valve mechanism of this invention
      resides in the provision of its inlet section 65 with an unloading valve
      mechanism 66. This mechanism features a poppet 68 that is only very
      lightly urged toward closed position by a spring 69 which is substantially
      weaker than the strong springs 39 that act upon the pressure compensating
      plungers.
PAR  The inlet 16 of the control valve mechanism is located in the end section
      65, and it is communicable with a tank-connected bypass port 70 through an
      annular valve seat 71 that is normally engaged by the poppet 68 under the
      relatively light force exerted thereon by its spring 69. Pressure fluid in
      the inlet 16 at all times exerts opening force on the seat engaging end of
      the poppet, but it can only be moved off of its seat at times when all of
      the valve spools 25 are in their neutral positions seen in FIG. 1. At that
      time, a pressure chamber 72 containing the end of the poppet remote from
      its seat 71 is vented through a reservoir connected passageway 73 that
      extends serially through the bores 24 of all the valve spools 25 to be
      controlled by said spools.
PAR  Only slight movement of any one of the valve spools 25 will effect closure
      of the reservoir passageway 73 to allow pressure fluids from the inlet to
      flow into the chamber 72 behind the unloading poppet and exert closing
      thereon to hold it closed against the opening force which fluid at the
      same pressure exerts upon its seat engaging end. For this purpose, the
      chamber 72 is communicated with the inlet 16 in any desired fashion, as by
      means of an axial passage leading through the poppet from front to rear
      thereof.
PAR  The control valve mechanism described can be characterized as an open
      center priority type. It functions as a priority valve because its
      pressure compensating plungers 26 are so designed to allow flow of supply
      fluid to their respective control sections while blocking flow to any
      downstream control section. It is an open center type valve because the
      downstream supply branch 21 of the last central section 12 is connected to
      a return port 22 in the bottom section 14 of the stack.
PAR  The control valve shown in FIGS. 5 and 6 is of the closed center parallel
      type, on the order of that seen in FIG. 7 of my aforesaid U.S. Pat. No.
      3,722,543. It distinguishes from the open center priority valve in that
      the downstream supply passage branch 21 of the boom control pressure
      compensator 19 is dead ended at the bottom section of the stack; its
      pressure compensating plungers 126 are formed with a wider circumferential
      groove therein so that they are capable of disrupting flow of supply fluid
      to only their respective upstream feeder branches 31; and the unloading
      valve chamber 72 is pressurized by fluid from the upstream feeder branch
      31 of any one control section upon shifting of the spool thereof to a
      working position. Pilot lines 173 are provided for this last mentioned
      purpose.
PAR  It is a feature of the valve mechanism seen in FIGS. 5 and 6 that it can
      automatically effect stick crowd, bucket curl and boom raising motions by
      their cylinders all at the same time. For such operation, however, it may
      be necessary to restrict the stroke of the valve spools, as by adjustable
      stop mechanisms 80 such as seen in FIG. 1, so as to effect flow of supply
      fluid to the bucket and boom cylinders, for example, in metered amounts.
PAR  Again, to initiate a digging cycle, the control spools of the stick, bucket
      and boom control spools are actuated to crowd, curl and lift positions
      respectively. The drive cylinders for these work performing members than
      become operative, although it will be understood that fluid flow to the
      bucket and boom cylinders may be limited to very slowly cause bucket curl
      and boom lift while the stick is more rapidly advanced in the dig
      direction.
PAR  In the event digging pressure in the stick cylinder then rises to a value
      sufficiently high as to effect opening of the relief valve R1 of the stick
      compensator 17, the plunger thereof will be actuated to its right hand
      limit of motion at which it disrupts flow of pressure fluid to the dig end
      of the stick cylinder (see FIG. 6). Supply fluid will continue to flow in
      metered amounts to the bucket and boom cylinders, so as to thus rapidly
      and automatically effect reduction in the work load to the value at which
      the plunger of compensator 17 is spring propelled back to its "crowd"
      position at which supply fluid is again able to flow to the dig end of the
      stick cylinder, to cause digging action by the stick to be resumed.
PAR  The parallel type of valve described can be used to advantage in a front
      end loader, to achieve automatic control over the boom and bucket
      cylinders during a digging cycle. In that case, the boom is elevated by
      its cylinder to effect the digging action, and the pressure compensator
      associated with its control valve will shut off flow of supply fluid to
      the boom cylinder whenever digging pressure therein rises to the relief
      setting of the boom compensator. Subsequent curling of the bucket will
      reduce digging pressure to the point where the plunger of the boom
      compensator is returned to its original position, after which the lifting
      or digging action of the boom is resumed.
PAR  In this case also, the stroke of the spool for the bucket control valve
      will have to be limited, to effect slow curling action of the bucket
      during the digging cycle.
PAR  From the foregoing description, together with the accompanying drawings, it
      will be readily apparent that this invention makes it possible to achieve
      automatic and coordinated operation of a number of hydraulically driven
      work performing members with substantailly simple and low cost control
      valve mechanism.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
PAR  The invention is defined by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. Means for governing operation of first and second hydraulic motors each
      of which has a work performing element for connection with a load and an
      operating port to which pressure fluid can be delivered to effect
      actuation of the load, characterized by:
PA1  A. respective first and second motor control valves, each having a service
      port connected with the operating port of its motor, and a valve spool
      movable to a working position at which it communicates said service port
      with a pressure fluid supply port common to said valves;
PA1  B. a flow control mechanism connected with said control valves; through
      which pressure fluid from said common supply port must flow to reach the
      operating port of each motor, said mechanism having a valve member movable
      from a first position providing for flow of supply fluid to the operating
      port of said first motor to a second position obstructing such flow and
      providing for flow of supply fluid to the operating port of the second
      motor providing the spool of said second control valve is in its working
      position;
PA1  C. means to hold said flow control valve member in its said first position
      in response to the pressure of fluid present in the service port of said
      first control valve in said working position of the spool thereof;
PA1  D. means so interlinking said work performing elements that the load on the
      first motor can be reduced in consequence of movement of said flow control
      valve member to its second position at times when said valve spools are
      concurrently in their working positions;
PA1  E. and means rendered operative in consequence of and whenever the load on
      the first motor causes pressure at the service port of the first control
      valve to rise to a predetermined high value at said times when both spools
      are in their working position, for effecting actuation of said flow
      control valve member to its second position to thereby automatically
      provide for reduction of the load on the first motor.
NUM  2.
PAR  2. The motor governing means of claim 1, further characterized by:
PA1  A. said flow control mechanism comprising a pressure compensating valve
      having pressure chambers into which spaced apart portions of the valve
      member project to be acted upon by pressure fluid therein;
PA1  B. spring means in one of said chambers yieldingly urging the valve member
      toward said first position thereof;
PA1  C. duct means through which said spring chamber can be pressurized by
      supply fluid directed to the service port of said first control valve;
PA1  D. other duct means through which the other of said chambers can be
      pressurized by supply fluid in the feeder passage of said first control
      valve, whereby the pressure of such supply fluid in said other chamber can
      effect actuation of the valve member to said second position thereof
      provided that pressure fluid is able to exhaust from said one chamber;
PA1  E. and a relief valve connected with said one chamber and through which
      fluid can be exhausted at times when the pressure in said one chamber
      exceeds said predetermined high value.
NUM  3.
PAR  3. The motor governing means of claim 1, further characterized by:
PA1  A. said flow control valve mechanism comprising a chamber which is
      subjected to pressure of a value corresponding to that of supply fluid
      entering the service port of the first control valve, and which chamber
      must be relieved of pressure before said flow control valve member can be
      actuated to its said second position;
PA1  B. and a relief valve connected with said chamber and adapted to open
      whenever pressure therein rises to said predetermined high value.
NUM  4.
PAR  4. The motor governing means of claim 3, further characterized by:
PA1  A. a second relief valve connected with said chamber and adapted to open
      whenever pressure therein exceeds a second predetermined value
      substantially differing from said first designated high value;
PA1  B. and a selector valve independent of said valve spools, to operatively
      couple one or the other of said relief valves with said chamber.
NUM  5.
PAR  5. The motor governing means of claim 1, further characterized by:
PA1  A. a third hydraulic motor having an operating port and a work performing
      element so interconnected with that of the second motor that an excessive
      load on the second motor is reduced in consequence of delivery of pressure
      fluid into the operating port of said third motor;
PA1  B. a third one of said control valves having its service port connected
      with the operating port of the third motor and connectable with said
      supply port by its spool upon movement thereof to a working position which
      it must occupy in order to provide for automatic actuation of said third
      motor at times when the load on said second motor becomes excessive;
PA1  C. a second one of said flow control mechanisms connected with said first
      and second control valves, and through which supply fluid must flow to
      reach the service ports of said second and third control valves, said
      second flow control mechanism having a valve member which is movable from
      a first position providing for flow of supply fluid to the service port of
      said second control valve to a second position obstructing such supply
      fluid flow and providing for flow of supply fluid to the service port of
      the third control valve;
PA1  D. means operable in response to the pressure of fluid directed to the
      service port of the second control valve by the valve spool thereof to
      hold the valve member of the second flow control mechanism in its said
      first position;
PA1  E. and means rendered operative in consequence of increase in the pressure
      of supply fluid in the service port of the second control valve to a
      predetermined high value substantially greater than said first designated
      high value, for effecting actuation of the valve member of the second flow
      control mechanism to its second position obstructing supply fluid flow to
      the service port of the second control valve and providing for flow of
      supply fluid to the service port of said third control valve for as long
      as said greater pressure condition prevails.
NUM  6.
PAR  6. The motor governing means of claim 5 further characterized by a backhoe
      having:
PA1  A. a boom mounted for up and down pivotal motion about an axis adjacent to
      one end thereof;
PA1  B. a dipper stick supported at one end portion from the outer end of the
      boom for pivotal motion toward and from the underside thereof;
PA1  C. a dipper supported from the outer end of the stick for pivotal motion
      toward and from the underside of the stick;
PA1  D. said hydraulic motors having their work performing elements operatively
      connected to the stick, the dipper and the boom to effect such pivotal
      motions thereof;
PA1  E. the service ports of said first, second and third control valves being
      connected with said stick, dipper and boom motors, respectively, to in
      turn effect dig motion of the stick toward the underside of the boom,
      curling of the dipper toward the underside of the stick, and finally
      lifing of the boom in the event load pressures at the service ports of
      said first and second control valves continue to rise to said
      predetermined high values at times when the valve elements of all three
      control valves are simultaneously in said working positions thereof.
NUM  7.
PAR  7. The valve means of claim 5, further characterized by:
PA1  A. each of said flow control mechanisms comprising a chamber which is
      subjected to pressure of fluid of a value corresponding to that in the
      service port of its associated control valve, and which chamber must be
      relieved of pressure before the valve member of said mechanism can move to
      said second position thereof;
PA1  B. and a pair of relief valves, one for each flow control mechanism and
      connected with said chamber thereof to provide for relief of pressure
      therein at a predetermined high relief value, the relief valve for said
      second flow control mechanism being adapted to open at a pressure which is
      greater than the relief setting of the relief valve for said first
      designated flow control mechanism.
NUM  8.
PAR  8. The hydraulic motor governing means of claim 5, wherein the valve member
      of said second flow control mechanism is operable in its said first
      position to block flow of supply fluid to the operating port of the third
      motor.
NUM  9.
PAR  9. The hydraulic motor governing means of claim 5, wherein the valve member
      of said second flow control mechanism is operable in said second position
      thereof to block flow of supply fluid to the operating port of the second
      motor.
NUM  10.
PAR  10. The hydraulic motor governing means of claim 1, wherein flow of supply
      fluid to the operating port of the second motor is blocked by the flow
      control valve member in said first position thereof.
NUM  11.
PAR  11. The hydraulic motor governing means of claim 1, wherein flow of supply
      fluid to the operating port of the first motor is blocked by said flow
      control valve member in said second position thereof.
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ABST
PAL  A molecularly oriented article having a tubular sidewall is blow-molded
      from a thermoplastic parison which is heat-treated prior to blowing to
      provide the parison sidewall with a temperature gradient wherein the
      temperature of the inside of the sidewall is greater than that of the
      outside, both of said temperature being within the orientation temperature
      range of the thermoplastic. The temperature gradient results in the
      sidewall of the article having a different and more uniform
      circumferential orientation release stress distribution radially across
      the sidewall than would be obtained if the parison were blown
      isothermally.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention relates to the manufacture of articles having
      sidewalls of oriented thermoplastic polymeric materials. More
      particularly, the invention relates to plastic bottles having in their
      sidewall a high level of circumferential orientation as measured by
      circumferential orientation release stress (ORS), as hereinafter defined,
      and to the manufacture of such bottles from closed-end tubes or parisons
      by blow-molding.
PAR  Molecular orientation of thermoplastic polymeric materials is not new.
      Molecularly oriented film and sheet are widely used and have improved
      physical properties, including superior impact resistance, increased
      resistance to creep, increased stiffness, increased resistance to stress
      rupture and reduced stress crazing, when compared to their unoriented
      counterparts. Examples of such materials are given in U.S. Pat. No.
      3,141,912.
PAR  For a given polymer and end use application, there is an optimum level of
      orientation, which may be below the maximum possible orientation level.
      For example, impact strength may reach a maximum value as the amount of
      orientation is increased, with additional orientation resulting in a
      decreased impact strength. Another example of a property which may
      deteriorate with attempts to achieve high levels of orientation is optical
      transparency; certain polymers "stress whiten," giving them a milky
      appearance.
PAR  The amount of orientation in an article formed from a polymeric material is
      affected by the conditions under which the material is oriented. For
      example, in a tubular article higher levels of circumferential orientation
      result from increasing the amount of stretch in either the circumferential
      or axial direction, by increasing the stretching rate, and by decreasing
      the stretching temperature.
PAR  It has been proposed to form plastic bottles by blow-molding a parison, or
      closed-end tube. While such proposals have met with some success, it has
      not generally been economically practicable to form bottles for carbonated
      beverages by this technique. The reason has been that if the bottle is
      oriented, by stretching, sufficiently to develop the creep resistance
      required of containers for carbonated beverages (assuming a wall thickness
      thin enough to be economic), stress whitening has been observed to occur,
      making the container unsalable. Impact strength is also found to be
      undesirably low.
PAR  Further analysis of this phenomenon has brought the realization that stress
      whitening and reduced impact strength, which develop primarily at the
      inner portion of the bottle wall, is due to the fact that the inside of
      the parison is stretched to a much higher extent, proportionally, than the
      outside. It has been found that the degree of orientation is not constant
      across the bottle wall thickness, but on the contrary varies substantially
      across the wall, and at or near the inner portion of the wall is
      sufficiently high to give rise to the stress whitening and low impact
      strength.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, these deficiencies are overcome
      in a self-supporting article, such as a bottle, having a tubular sidewall
      made of an oriented, polymeric, thermoplastic material and having inner,
      middle and outer portions, and characterized in that in an axial zone of
      said sidewall, the percentage variation of the circumferential orientation
      release stress (ORS), as defined below, or the percentage variation of the
      circumferential orientation as indicated by the ORS, from the inner
      portion to the outer portion is less than about 4 percent per mil of wall
      thickness, the percentage variation being determined by multiplying 100 by
      a fraction in which the numerator is the difference between the ORS at the
      inner and outer portions and the denominator is the average ORS of the
      inner, middle and outer portions multiplied by the radial distance between
      the centerlines of the inner and outer portions.
PAR  Articles according to the invention are also characterized in most
      instances in that the maximum circumferential orientation release stress,
      or the orientation as indicated by the ORS, in an axial zone of the
      sidewall along each line defined by the intersection of a plane normal to
      the axis of the tubular sidewall and a plane including said axis is less
      than about twice the minimum ORS, or orientation as indicated by the ORS,
      along that line. Further, the ORS, or orientation as indicated by the ORS,
      in the inner portion of the wall, along such a line is usually from about
      75 to about 125 percent of the ORS, or orientation as indicated by the
      ORS, in the middle portion.
PAR  Further in accordance with the invention, an improvement is provided in
      methods for stretching articles which methods involve stretching one
      surface of the article to a proportionately greater extent than a second
      surface spaced apart from the first. The improvement comprises
      heat-treating the article to establish a temperature gradient between the
      surfaces such that the first surface is hotter than the second, both
      temperatures being within the molecular orientation range of the polymeric
      material involved, and stretching the article while maintaining that
      gradient.
PAR  Specifically, in connection with forming an article from a closed-end tube,
      the invention envisions heat-treating an axial zone of the tube to
      establish a temperature gradient across the thickness of the sidewall in
      the zone such that the inner surface is brought to a higher temperature
      than the outer surface, blow-molding the tube to form the article and
      maintaining the temperature of the inner surface greater than the
      temperature of the outer surface during at least a portion of said
      molding.
PAR  Preferably, in accordance with the invention, and particularly when the
      article is a bottle, the temperature gradient in the zone in Farenheit
      degrees is in the range from about
EQU  25([SR(i)/SR(o)] - 1)
PAL  to about
EQU  150([SR(i)/SR(o)] - 1),
PAL  and preferably is
EQU  75-125([SR(i)/SR(o)] - 1),
PAL  and most preferably is
EQU  100([SR(i)/SR(o)] - 1).
PAR  In the above formulae, SR(i) is the ratio of the inner diameter of the
      bottle in said zone to the inner diameter of that portion of the tube form
      which the zone was formed and SR(o) is the ratio of the outer diameter of
      the bottle in said zone to the corresponding outer diameter of the tube.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central vertical sectional view of an injection molded parison
      to be heat treated prior to blow-molding into a bottle.
PAR  FIG. 2 is a partial central vertical sectional view and partial elevational
      view of a bottle blow-molded from the parison of FIG. 1.
PAR  FIG. 3 is a central, vertical, sectional view of an electrical, contact
      heating apparatus for establishing a temperature gradient in the parison
      of FIG. 1 prior to blow-molding.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is preferably utilized in the production of a
      molecularly oriented bottle by blow-molding from a thermoplastic parison.
      It has been found that the temperature gradient to be established in the
      parison in order to produce a more uniformly oriented blow bottle is
      affected by the relative amounts of stretch of the inner and outer
      surfaces of the parison in the blowing operation, by the stretching rate
      and by the average temperature of thermoplastic material during the
      blowing operation. The temperature gradient is greater for a larger
      relative amount of stretch, a lower stretching rate and a higher blowing
      temperature.
PAR  The amount of stretch of the inner surface of the parison during the
      process of forming the parison into a blow-molded article may be expressed
      in terms of an "inside stretch ratio, " SR(i), which is the ratio of the
      inside diameter of the blown article at any given axial location to the
      inside diameter of that portion of the parison which was formed into the
      article at the axial location where the article's diameter was measured.
      The amount of stretch of the outer surface of the parison may similarly be
      expressed in terms of an "outside stretch ratio", SR(o). In the case of a
      non-circular cross-sectional shape of the parison or the blown-article,
      the effective diameters may be used to obtain the respective stretch
      ratios.
PAR  The effect of the relative amounts of stretch of the inner and outer
      surfaces of the parison is illustrated by reference to the parison 11
      shown in FIG. 1 and the bottle 13 blown therefrom as shown in FIG. 2. When
      parison 11 is blow-molded into bottle 13, the inside of the parison is
      stretched, for example, from a diameter of 0.525 inch at point A, 3.56
      inches from the top of the parison, to become the inside of the bottle
      wall at point A', 4.7 inches from the top of the bottle, at a diameter of
      2.194 inches, with a resultant SR(i) of 4.17. At the same time, the
      outside of parison 11 is stretched at point B from a diameter of 0.787
      inch to a diameter of 2.24 inches at point B' on the outside of bottle 13,
      with a resultant SR(o) of 2.85. The extent to which SR(i) is greater than
      SR(o) is a measure of the relative amounts of stretch of the inner and
      outer surfaces of the parison.
PAR  If, during the blowing operation, there is a uniform temperature across the
      thickness of the sidewall of the parison, the inside portion of the blown
      article's sidewall will be substantially more highly oriented than the
      outside because, relative to the outside portion, the inside is stretched
      to a greater extent.
PAR  The parison is heat treated in accordance with the present invention to
      compensate for the relative difference in amounts of stretch of the
      parison sidewall from the inner to the outer portions thereof. Since less
      orientation occurs, for a given amount of stretch, at a higher stretching
      temperature, a temperature gradient is imparted to the parison sidewall
      prior to the blowing operation, with the temperature of the inner surface
      being greater than that of the outer surface.
PAR  It has been found that, in order to produce a blown bottle in which the
      maximum circumferential ORS at any axial location in the bottle sidewall
      is less than about twice the minimum ORS at that location, the temperature
      gradient across the parison sidewall in Farenheit degrees at the
      corresponding axial location in the parison, should be from about:
EQU  25([SR(i)/SR(o)] - 1)
PAL  to about:
EQU  150([SR(i)/SR(o)] - 1)
PAR  A preferred range of the temperature gradient in Farenheit degrees is from
      about:
EQU  75([SR(i)/SR(o)] - 1)
PAL  to about:
EQU  125([SR(i)/SR(o)] - 1)
PAR  For the parison and bottle of the type illustrated in FIGS. 1 and 2, the
      most preferred temperature gradient, in Farenheit degrees, in an axial
      zone of the parison is determined according to the formula:
      100([SR(i)/SR(o)] - 1).
PAR  It has been found that when the maximum circumferential ORS, in an axial
      zone of the bottle sidewall and along each line defined by the
      intersection of a plane normal to the axis of the bottle and a plane
      including said axis, is less than about twice the minimum circumferential
      ORS along said line, the circumferential orientation of the polymeric
      material from which the bottle is formed is substantially more uniform,
      throughout the thickness of the sidewall, than the orientation obtained in
      a bottle that is blown from a parison in which there is an essentially
      isothermal temperature profile in the sidewall thereof. Preferably, for
      greater uniformity of orientation, the maximum ORS is less than about 1.5
      times as large as the minimum ORS, and, in the most preferred case, the
      ORS is substantially uniform across the bottle's sidewall. The improved,
      more uniform, orientation distribution in the bottle's sidewall enables
      the optimum circumferential orientation to be achieved over a substantial
      portion of the sidewall's thickness.
PAR  The orientation release stress (ORS) of a polymeric material has been found
      to be a useful measure of the relative degree of molecular orientation of
      one portion of the thickness of an article's sidewall with respect to
      orientation of another portion.
PAR  For purposes of this specification, the orientation release stress is
      determined according to an adaptation of ASTM Test D 1504. In this method,
      bottles are first conditioned at 72.degree. F (.+-.5.degree. F) at 50
      percent relative humidity (.+-.10 percent) for about 6 hours. The bottle
      specimens are prepared as follows:
PAR  The tops and bottoms of a given bottle are removed by cutting with a band
      saw. Annular rings of approximately 1/8 inch width and approximately 20 to
      30 mils thick in Zone 4 (see FIG. 2) are cut off with a lathe in sequence
      from the resulting cylindrical section of the bottle wall. After the edges
      of each annulus are filed to remove flash material, the maximum and
      minimum thicknesses of each are measured in the region to be analyzed.
PAR  To obtain "inside" specimens which will provide information of the average
      circumferential direction orientation near the inner surface of the bottle
      wall, an annulus is slipped over a mandrel mounted on a lathe and material
      is removed from the outside surface in 2.5 mil steps, thereby resulting in
      an annulus thickness of about 10 mils. The lathe is operated at a lineal
      speed of 250 feet per minute at the cutting tool. The last few mils of
      material are always removed on a milling machine according to the
      procedure described below.
PAR  To obtain "outside" specimens from which the average circumferential
      direction orientation near the outer surface of the bottle wall can be
      determined, an annulus is slipped into a collet mounted on the lathe and
      the material is removed from the inside surface in 2.5 mil steps, to give
      an annulus thickness of about 10 mils. An additional few mils of material
      are then removed on a milling machine.
PAR  To obtain "middle" specimens which provide a measure of the average
      circumferential direction orientation midway through the thickness of the
      bottle sidewall, material is first removed from the inside of an annulus
      as set forth above to give a thickness of 15 to 20 mils. An almost equal
      amount of material is then removed from the outside of the annulus as set
      forth above to give "middle" specimens approximately 10 mils thick.
PAR  The final step in sample preparation is milling of the annuli to assure
      reasonably uniform cross-sections. This is accomplished by cutting each of
      these annuli so that the resulting three strips can be mounted via
      double-faced masking tape onto an aluminum block previously locked onto
      the table of the milling machine and "faced off" to assure parallel
      positioning of the samples to be milled. The milling operation is
      performed on the specimens by removing only about 1 mil of material per
      pass until 1 mil from the required 6 to 7 mil thickness, followed by 1/3
      mil steps so that the desired thickness is achieved. The slowest machine
      cross head speed, 9/16 inch per minute, is used in conjunction with a
      two-fluted end mill 3/4 inch in diameter, rotating at 1150 r.p.m. The
      three specimens are then stripped from the mounting plate, cut into
      minimum one inch lengths and the maximum and minimum thickness measured
      with a micrometer. These specimens are now ready for the actual
      measurement of ORS according to ASTM Test D 1504. In the modified
      procedure employed herein, samples are immersed in a 133.degree. C.
      silicone oil bath.
PAR  The present invention is particularly applicable to the production of
      plastic bottles containing fluids under a high internal pressure, such as,
      for example, beer, carbonated beverages and aerosol container products.
      Such bottles require that the polymeric material from which the bottle is
      formed have a low permeability to gases such as carbon dioxide.
PAR  Suitable polymers for these purposes are prepared by polymerizing a major
      portion of an olefinically unsaturated nitrile, such as acrylonitrile, and
      a minor portion of an ester of an olefinically unsaturated carboxylic
      acid, such as ethyl acrylate, in the presence of a rubber containing a
      major proportion of a conjugated diene monomer, such as butadiene, and a
      minor proportion of olefinically unsaturated nitrile, such as
      acrylonitrile.
PAR  The conjugated diene monomers useful in the preparation of such polymers
      include 1,3-butadiene, isoprene, chloroprene, bromoprene, cyanoprene,
      2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-butadiene,
      2,3-diethyl-1,3-butadiene and the like.
PAR  The olefinically unsaturated nitriles useful in the preparation of such
      polymers are the alpha, beta-olefinically unsaturated mononitriles having
      the structure
      ##EQU1##
      wherein R is hydrogen, a lower alkyl group having from 1 to 4 carbon
      atoms, or a halogen. Such compounds include acrylonitrile,
      alpha-chloroacrylonitrile, alpha-fluoroacrylonitrile, methacrylonitrile,
      ethacrylonitrile, and the like.
PAR  The esters of olefinically unsaturated carboxylic acid useful in the
      preparation of such polymers are preferably the lower alkyl esters of
      alpha, beta-olefinically unsaturated carboxylic acids and more preferred
      are the esters having the structure
      ##EQU2##
      wherein R.sub.1 is hydrogen, an alkyl group having from 1 to 4 carbon
      atoms, or a halogen and R.sub.2 is an alkyl group having from 1 to 6
      carbon atoms. Compounds of this type include methyl acrylate, ethyl
      acrylate, the propyl acrylates, the butyl acrylates, the pentyl acrylates,
      and the hexyl acrylates, methyl methacrylate, ethyl methacrylate, the
      propyl methacrylates, the butyl methacrylates, the pentyl methacrylates,
      and the hexyl methacrylates, methyl alphachloroacrylate, ethyl
      alpha-chloroacrylate and the like.
PAR  The more preferred polymers are derived from (A) about 60 to 90 parts by
      weight of an alpha, beta-olefinically unsaturated mononitrile having the
      structure CH.sub.2 =C(-R.sub.1)-CN where -R.sub.1 is selected from the
      group consisting of hydrogen, halogen, and the lower alkyl groups, (B)
      about 40 to 10 parts by weight of an ester of an olefinically unsaturated
      carboxylic acid having the structure CH.sub.2 =C(-R.sub.1)-C(O)-O-R.sub.2
      where -R.sub.1 is as defined above and -R.sub.2 is an alkyl group having
      from 1 to 6 carbon atoms, (A) and (B) together comprising 100 parts by
      weight, polymerized in the presence of (C) about 1 to 20 parts by weight
      of a nitrile rubber containing about 60 to 80 percent by weight of
      moieties derived from a conjugated diene monomer and about 40 to 20
      percent by weight of moieties derived from a mononitrile having said
      CH.sub.2 =C(-R.sub.1)-CN structure.
PAR  The most preferred polymers are derived from about 60 to 90 parts by weight
      of acrylonitrile or methacrylonitrile and about 40 to 10 parts by weight
      of an ester selected from the group consisting of methyl acrylate, ethyl
      acrylate and methyl methacrylate, polymerized in the presence of about 1
      to 20 additional parts by weight of a nitrile rubber containing about 60
      to 80 percent by weight butadiene or isoprene moieties and about 40 to 20
      percent by weight of acrylonitrile or methacrylonitrile moieties.
PAR  More specifically, the most preferred polymers are derived from about 73 to
      77 parts by weight acrylonitrile and 27 to 23 parts by weight methyl
      acrylate, polymerized in the presence of 8 to 10 additional parts by
      weight of a nitrile rubber containing about 70 percent by weight butadiene
      moieties and about 30 percent by weight acrylonitrile moieties.
PAR  Further examples of such polymers may be found in U.S. Pat. No. 3,426,102,
      the entirety of which is hereby incorporated into the instant
      specification by reference.
PAR  Preferred embodiments of the instant invention are described below, in the
      following examples, in conjunction with the parison and bottle illustrated
      in FIGS. 1 and 2 wherein the invention is utilized in heat treating a
      parison to be blow-molded into a bottle suitable for containing beer or a
      carbonated beverage.
PAC  EXAMPLE 1
PAR  Parison 11, shown in FIG. 1, to be blown into the bottle 13 having a
      sidewall 15, shown in FIG. 2, is formed by injection molding a
      thermoplastic polymer derived from 75 parts by weight acrylonitrile and 25
      parts by weight methyl acrylate polymerized in the presence of 9
      additional parts by weight of a nitrile rubber containing about 70 percent
      by weight 1,3-butadiene and about 30 percent by weight acrylonitrile. As
      is well known to the art, injection molding is a technique used to form a
      closed-end tube, commonly referred to as a "parison", having a particular
      material distribution, such as is shown in FIG. 1, but any other of the
      conventional parison forming techniques may be employed.
PAR  Parison 11 is then subjected to a heat treatment wherein a temperature
      gradient according to the present invention is established therein,
      whereby the temperature of its inner surface 17 is higher than that of its
      outer surface 19, both temperatures being within the molecular orientation
      temperature range of the polymer. During at least a portion of the
      blow-molding of parison 11 into bottle 13, the temperature of the inner
      surface of the parison is greater than that of its outer surface.
PAR  The contact heating apparatus of FIG. 3 which may be employed in
      heat-treating the parison 11 to form the temperature gradient comprises a
      metal blowing core pin 31 and in direct contact therewith lie three
      electrically-activated ceramic heaters 35, 37 and 39, and two
      electrically-activated metal cartridge heaters 41 and 43. Five thermistors
      45, shown on the exterior of the core pin 31, are utilized to measure and
      control the temperature in each of the five core pin heating zones.
      Appropriate lead wires are employed for each thermistor and each heating
      unit in the core pin 31, which also include apertures 47 for releasing a
      high pressure fluid such as, for example, air in the subsequent
      blow-molding operation.
PAR  Surrounding the outer shell 33 is electrical insulation 49 around which are
      wrapped five band heaters 51. Electrical leads are shown leading from each
      of the band heaters to a source (not shown) of electrical power.
PAR  By suitably choosing the temperature of the core pin heating zone and the
      shell at any one or more of the five axial locations, the portion of the
      sidewall of parison 11 at each correlative zone can be given a
      predetermined radial temperature gradient. The temperature gradient may be
      the same in each of the zones, or it may vary from zone to zone, depending
      upon the variation, from one zone to another, of parison sidewall
      thickness, of the relative amount of stretch of the sidewall surfaces, of
      the stretching rate and of the average sidewall temperature.
PAR  For example, in the parison illustrated in FIG. 1, the sidewall temperature
      gradient varies from zone to zone. The outer surface temperature at the
      time when each zone begins to inflate is about: 180.degree. F. in zone 1;
      180.degree. F. in zone 2; 175.degree. F. in zone 3; 175.degree. F. in zone
      4; and 175.degree. F. in zone 5. The inner surface temperature at that
      time, in each zone, is about: 190.degree. F. in zone 1; 195.degree. F. in
      zone 2; 205.degree. F. in zone 3; 220.degree. F. in zone 4; and
      225.degree. F. in zone 5.
PAR  The parison 11 is blow-molded with an increasing pressure which reaches
      about 250 p.s.i. in about 15 seconds to produce a bottle 13 whose sidewall
      15 has a circumferential ORS varying between 1000 and 1500 p.s.i., the
      greater stress being on the inside.
PAR  The following examples illustrate that the use of a temperature gradient in
      the parison in accordance with the present invention is effective to give
      an ORS distribution in a bottle sidewall that is more uniform than when
      the same parison is blown isothermally into a bottle.
PAC  EXAMPLE 2
PAR  Parisons according to FIG. 1 were injection molded from the polymer
      described in Example 1 and were found to exhibit the following axial
      orientation release stress (ORS) distribution in Zone 4 prior to blowing:
TBL                        ORS                                                 

     Inside of parison     9 p.s.i.                                            

     Middle of parison     0 p.s.i.                                            

     Outside of parison    13 p.s.i.                                           

PAR  These parisons, which may be considered to be substantially unoriented,
      were then mounted on a blow-molding core pin with five, axial, heating
      zones and placed within a heating shell having five corresponding heating
      zones, as described above and as shown in FIG. 3 to heat treat the parison
      prior to blowing. Axial heating zone 1 extended from the open end of the
      parison to about 1.25 inches from that end, measured along the
      longitudinal axis of the parison; zone 2 extended from about 1.25 inches
      to about 2.3 inches from that end; zone 3 extended from about 2.3 inches
      to about 3.3 inches from that end; zone 4, from about 3.3 inches to about
      4.3 inches from that end; and zone 5, from about 4.3 inches from the open
      end to the closed end of the parison.
PAR  The parisons of Group A were heat treated to produce a different radial
      temperature gradient in each heating zone. The parisons of Group B were
      heat treated to be isothermal in a radial direction in each zone.
PAR  Table I gives the zonal temperatures of the pin and shell employed to
      heat-treat the parisons. The temperature of the inner and outer surfaces
      of the parison immediately after the parisons left the heating shell were
      substantially as shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PIN TEMP./SHELL TEMP. (.degree.F.)                                        

          (Top)                   (Bottom)                                     

                                        Gradient                               

     Parison                                                                   

          Zone 1                                                               

                Zone 2                                                         

                      Zone 3                                                   

                            Zone 4                                             

                                  Zone 5                                       

                                        in Zone 4                              

     __________________________________________________________________________

     A 1  180/165                                                              

                190/160                                                        

                      204/160                                                  

                            230/160                                            

                                  237/160                                      

                                        70F..degree.                           

       2  180/165                                                              

                190/160                                                        

                      204/160                                                  

                            230/160                                            

                                  237/160                                      

                                        70F..degree.                           

       3  180/180                                                              

                185/185                                                        

                      190/190                                                  

                            200/200                                            

                                  200/200                                      

                                        --                                     

     B 4  180/180                                                              

                185/185                                                        

                      190/190                                                  

                            200/200                                            

                                  200/200                                      

                                        --                                     

       5  180/180                                                              

                185/185                                                        

                      190/190                                                  

                            200/200                                            

                                  200/200                                      

                                        --                                     

     __________________________________________________________________________

PAR  The pin temperatures of Table I, in the respective zones, were measured at
      the distance from the open end of the parison and at the parison diameters
      and sidewall thicknesses stated in Table II; the shell temperatures of
      Table I were measured at the distances from the open end of the parison
      stated in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Pin           Outer    Sidewall   Shell                                   

     Temperature   Diameter Thickness  Temperature                             

     ______________________________________                                    

     Zone 1 0.5 inch   0.88 inch                                               

                                0.045 inch                                     

                                         0.80 inch                             

     Zone 2 1.5 inches 0.86 inch                                               

                                0.047 inch                                     

                                         1.8 inches                            

     Zone 3 2.5 inches 0.82 inch                                               

                                0.072 inch                                     

                                         2.9 inch                              

     Zone 4 3.8 inches 0.78 inch                                               

                                0.150 inch                                     

                                         4.0 inches                            

     Zone 5 4.9 inches 0.77 inch                                               

                                0.194 inch                                     

                                         5.0 inches                            

     ______________________________________                                    

PAR  These 5 parisons were then blown into the bottle of FIG. 2. The average
      sidewall thickness in zone 4 of the bottles blown from the parisons of
      Group A was 22 mils; the bottles blown from the Group B parisons had an
      average sidewall thickness of 27 mils in zone 4.
PAR  The parisons of Group A were blown into a polymethylmethacrylate mold with
      an increasing pressure which reached 140 p.s.i. in about 18 seconds; the
      parisons of Group B, were blown with an increasing pressure which reached
      150 p.s.i. in about 20-25 seconds.
PAR  Inflation of each parison began approximately 6 seconds after the parison
      was removed from the heating shell and occurred at that part of zones 1
      and 2 where the sidewall thickness was a minimum. Inflation began in zone
      3 at about 9 seconds after removal from the heating shell; in zone 4, at
      about 11 seconds after removal; and in zone 5, at about 15.5 seconds
      removal. The inner surface of the portions of the parison corresponding to
      zones 1-4 remained in contact with the heating pin until inflation
      occurred. The surface portion in zone 5 broke contact at about 11 seconds
      after removal due to axial elongation occurring during inflation of zones
      1-4.
PAR  The first row of Table III gives the inside and outside surface
      temperatures of the Group A parisons, at each axial zone thereof as
      determined at the locations stated in Table II, approximately six seconds
      after the parison was removed from the heating shell. The second row of
      Table III gives the corresponding temperatures at the respective times
      when inflation commenced in each zone.
TBL                                    TABLE III                               

     __________________________________________________________________________

     INSIDE/OUTSIDE TEMP. (.degree.F.)                                         

                                         Gradient                              

     Parison                                                                   

           Zone 1                                                              

                 Zone 2                                                        

                       Zone 3                                                  

                             Zone 4                                            

                                   Zone 5                                      

                                         in Zone 4                             

     __________________________________________________________________________

     A1 & A2                                                                   

           180/172                                                             

                 190/176                                                       

                       204/176                                                 

                             230/172                                           

                                   237/170                                     

                                         58F..degree.                          

     A1 & A2                                                                   

           180/172                                                             

                 190/176                                                       

                       204/179                                                 

                             230/176                                           

                                   227/175                                     

                                         54F..degree.                          

     __________________________________________________________________________

PAR  Orientation release stresses (ORS) for the "inside", "middle" and "outside"
      portions of the bottle sidewall at Zone 4 were as stated in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Bottle From                                                               

     Parison           ORS (p.s.i.)                                            

     Indicated  Specimen   Inside   Middle Outside                             

     ______________________________________                                    

     A   1          a          1078   1318   578                               

                    b           984   1246   689                               

         2          a           951   1058   588                               

                    b           968    996   598                               

                    Avg.        995   1156   613                               

         3          a          2293   1408   572                               

                    b          1941   1066   584                               

     B   4          a          1616    707   365                               

                    b          1061    772   345                               

         5          a          1342   1274   598                               

                    b          1387   1246   630                               

                    Avg.       1607   1079   516                               

     ______________________________________                                    

PAR  As seen above, the bottles of Group A, which were blown from parisons
      having the radial temperature gradients of Table III, exhibited less
      variation in circumferential orientation across the sidewall in Zone 4
      then did the isothermally blown bottles of Group B. In the case of the
      inside, middle and outside sidewall portions of the Group A (temperature
      gradient) bottles taken as a whole, the maximum circumferential
      orientation release stress (Zone 4) was no more than about twice as large
      as the smallest orientation release stress, whereas in the case of the
      bottles of Group B (isothermal), taken as a whole, the maximum orientation
      release stress (Zone 4) was greater than three times the minimum. A
      comparable reduction in the variation of orientation is effected in the
      other axial zones of the sidewall of the bottle.
PAR  Considering 7 mils to be the average thickness of each of the "inside,"
      "middle" and "outside" portions of the bottle sidewall that were utilized
      to obtain the ORS data of Table IV, a "percentage full width ORS gradient"
      from the "inside" portion to the "outside" portion can be determined from
      the ORS data of Table IV by (1) subtracting the "outside" ORS from the
      "inside" ORS, by (2) dividing the difference by the product of (a) the
      radial distance from the center-line of the "inside" portion to the
      center-line of the "outside" portion times (b) the average of the
      "inside," "middle" and "outside" orientation release stresses, and (3) by
      miltiplying the quotient by one-hundred. The resultant "percentage full
      width ORS gradients," in percent per mil, are given in Table V, together
      with the respective center-line to center-line distance, in mils, for each
      specimen.
TBL                TABLE V                                                     

     ______________________________________                                    

     Bottle From          Center-Line  Percentage                              

     Parison    Specimen  Distance     ORS Gradient                            

     ______________________________________                                    

     A1         a         16.4         3.08                                    

                b         16.3         1.86                                    

     A2         a         15.2         2.76                                    

                b         15.25        2.84                                    

     Average                           2.64                                    

     B3         a         19.9         6.07                                    

                b         19.9         5.70                                    

     B4         a         21.7         6.43                                    

                b         21.75        4.53                                    

     B5         a         20.7         3.35                                    

                b         20.8         3.35                                    

     Average                           4.91                                    

     ______________________________________                                    

PAR  The data of Table V illustrate that the bottles of Group A, blown from
      parisons that were heat-treated to have a radial temperature gradient in
      accordance with the present invention, have a substantially greater
      uniformity of circumferential orientation in their sidewalls than do the
      bottles of Group B, blown from radially isothermal parisons.
PAR  Bottles made from parisons having the temperature gradient of the present
      invention have in their sidewalls a "percentage full width ORS gradient"
      of less than about 4 percent per mil of sidewall thickness, and preferably
      less than about 3 percent per mil.
PAR  In the above examples, the parisons were substantially unoriented in the
      axial and circumferential directions prior to being heated for the blowing
      operation. Depending upon the process used to form it, the parison may
      itself have a given amount of axial of such orientation upon the ORS
      distribution in the bottle sidewall is illustrated in the following
      example.
PAC  EXAMPLE 3
PAR  The parisons of FIG. 1 are injection molded from the same polymer set forth
      above and their sidewalls in Zone 4 exhibit the following orientation
      release stress (p.s.i.):
TBL  Parison     Inside      Middle      Outside                               

     ______________________________________                                    

     6           61          0           36                                    

     7           61          0           36                                    

     8           89          0           43                                    

     9           89          0           43                                    

     ______________________________________                                    

PAR  These parisons are then heat-treated similarly to the parisons of Group A
      to produce radial temperature gradients in the sidewalls thereof in
      accordance with the present invention.
PAR  Table VI gives the zonal temperatures of the pin and shell employed to
      heat-treat the parisons. The temperatures were measured at the locations
      stated above in Table II, and the parison dimensions were as stated
      therein.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     PIN TEMP./SHELL TEMP. (.degree.F.)                                        

                                        Gradient                               

     Parison                                                                   

          Zone 1                                                               

                Zone 2                                                         

                      Zone 3                                                   

                            Zone 4                                             

                                  Zone 5                                       

                                        Zone 4                                 

     __________________________________________________________________________

     6    200/162                                                              

                200/157                                                        

                      205/157                                                  

                            212/163                                            

                                  210/158                                      

                                        49F..degree.                           

     7    207/167                                                              

                204/162                                                        

                      217/161                                                  

                            218/168                                            

                                  --/165                                       

                                        50F..degree.                           

     8    196/167                                                              

                193/163                                                        

                      206/162                                                  

                            222/170                                            

                                  --/167                                       

                                        52F..degree.                           

     9    196/167                                                              

                193/163                                                        

                      206/162                                                  

                            222/170                                            

                                  --/167                                       

                                        52F..degree.                           

     __________________________________________________________________________

PAR  These four parisons were then blown into the bottle of FIG. 2 with an
      increasing pressure that reached 180 p.s.i. in about 20 seconds. The
      average sidewall thickness in zone 4 of the bottles was 22 mils.
PAR  The chronology of the sequential, axial inflation and the residence times
      on the heating pin of the zonal portions of the parison after removal of
      the heating shell were the same as in Example 2.
PAR  The first three rows of Table VII give the inside and outside surface
      temperatures of parisons 6-9, at each axial zone thereof as determined at
      the locations stated in Table II, approximately 6 seconds after the
      parison was removed from the heating shell. The second three rows of Table
      VII give the corresponding temperatures at the respective times when
      inflation commenced in each zone.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     INSIDE/OUTSIDE TEMP. (.degree.F.)                                         

                                        Gradient                               

     Parison                                                                   

          Zone 1                                                               

                Zone 2                                                         

                      Zone 3                                                   

                            Zone 4                                             

                                  Zone 5                                       

                                        in Zone 4                              

     __________________________________________________________________________

     6    200/182                                                              

                200/183                                                        

                      205/174                                                  

                            212/171                                            

                                  210/164                                      

                                        41F..degree.                           

     7    207/189                                                              

                204/185                                                        

                      217/181                                                  

                            218/175                                            

                                  220/173                                      

                                        43F..degree.                           

     8 & 9                                                                     

          196/183                                                              

                193/179                                                        

                      206/176                                                  

                            222/178                                            

                                  220/173                                      

                                        44F..degree.                           

     6    200/185                                                              

                200/183                                                        

                      205/178                                                  

                            212/173                                            

                                  203/167                                      

                                        39F..degree.                           

     7    207/189                                                              

                204/185                                                        

                      217/185                                                  

                            218/177                                            

                                  213/176                                      

                                        41F..degree.                           

     8 & 9                                                                     

          196/183                                                              

                193/179                                                        

                      206/186                                                  

                            222/180                                            

                                  213/176                                      

                                        42F..degree.                           

     __________________________________________________________________________

PAR  Orientation release stresses (p.s.i.) for the "inside," "middle" and
      "outside" portions of the bottle sidewall at Zone 4 were as stated in
      Table VIII.
TBL                TABLE VIII                                                  

     ______________________________________                                    

     Bottle From       ORS (p.s.i.)                                            

     Parison    Specimen   Inside   Middle Outside                             

     ______________________________________                                    

     6          a          1207     1278   808                                 

                b          1015     1072   690                                 

     7          a           936     1061   545                                 

                b          1255     1144   570                                 

     8          a           890     1127   598                                 

                b          1077     1132   595                                 

     9          a           876      973   531                                 

                b          1015     1049   584                                 

                Avg.       1034     1105   615                                 

     ______________________________________                                    

PAR  From the data of Table VIII, taken as a whole, for bottles from parisons
      6-9, it can be seen that with respect to the "inside", "middle" and
      "outside" portions of the bottles' sidewalls, the maximum circumferential
      orientation release stress was no more than about twice as large as the
      smallest orientation release stress therein.
PAR  From the data of Table VIII, the "percentage full width ORS gradient" for
      each specimen can be determined in the same manner as in Example 2. The
      resultant gradients, in percent per mil, are presented in Table IX,
      together with the respective center-line to center-line distance, in mils,
      for each specimen.
TBL                TABLE IX                                                    

     ______________________________________                                    

     Bottle From          Center-Line  Percentage                              

     Parison    Specimen  Distance     ORS Gradient                            

     ______________________________________                                    

     6          a         15.0         2.42                                    

                b         14.2         2.47                                    

     7          a         15.1         3.06                                    

                b         15.2         2.47                                    

     8          a         15.2         2.20                                    

                b         15.4         3.35                                    

     9          a         15.0         2.91                                    

                b         15.0         3.26                                    

     Average                           3.03                                    

     ______________________________________                                    

PAR  The data of Table IX illustrate that parisons which themselves possess a
      given amount of axial orientation in the sidewall prior to blowing may be
      heat-treated in accordance with the present invention to impart a
      temperature gradient to the sidewall thereof whereby the sidewalls of the
      bottles blown therefrom have substantially the same full width ORS
      gradient as to bottles made from essentially unoriented parisons.
PAR  Blow-molded articles made from parisons heat-treated according to the
      present invention have a substantially more uniform circumferential
      orientation from the inner to the middle portions of the sidewall thereof
      than do articles made from radially isothermal parisons. In an axial zone
      of the sidewall, the circumferential ORS in the inner portion of the
      sidewall is between about 75 and about 125 percent of the ORS in the
      middle portion thereof, and, preferably, is between about 90 and 110
      percent of the ORS in said middle portion.
PAR  The instant invention is applicable for any bottle sidewall thickness, but
      is especially useful for thicknesses between 5 and 60 mils, and
      particularly between 15 and 35 mils. The invention is also applicable for
      any parison which at its thickest part, exclusive of closure finish, is
      between 100 and 300 mils thick.
PAR  Bottles blow-molded by the method of this invention can be produced from
      any glassy, essentially non-crystalline, thermoplastics which can be
      biaxially oriented. Examples of such materials are polyvinyl chloride,
      polystyrene, acrylonitrile copolymers and methacrylonitrile copolymers.
PAR  The molecular orientation temperature range of an essentially
      non-crystalline thermoplastic polymer useful in the practice of the
      present invention is that temperature range above the glass transition
      temperature, and below the softening temperature, in which the polymer is
      rubbery or leathery. The highest degree of molecular orientation is
      obtained by stretching the polymer when it is in the leathery state, viz.
      where its behavior is retarded, highly elastic, which is evidenced when
      the polymer is subjected to a stress and undergoes a small, instantaneous
      strain and then a much larger strain over a relatively long period of
      time. The orientation temperature range of the polymer described in
      Example 1 is from about 170.degree.F. to about 275.degree.F.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description; and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts of the article and that changes may be made in the steps of the
      method described and their order of accomplishment without departing from
      the spirit and scope of the invention or sacrificing its material
      advantages.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-supporting biaxially oriented plastic container blow molded from
      a parison across the thickness of its sidewall an outwardly radially
      decreasing temperature gradient within the orientation temperature range
      of and made from a glassy, essentially non-crystalline thermoplastic
      polymeric material which is capable of being biaxially oriented during
      blow molding, said container having a tubular sidewall with inner and
      outer surfaces, said sidewall having inner, middle and outer portions and
      being characterized in that in an axial zone thereof the percentage
      variation of the circumferential orientation release stress from said
      inner portion to said outer portion is less than about 4% per mil of
      sidewall thickness, said percentage variation being determined by
      multiplying 100 by a fraction in which the numerator is the difference
      between the orientation release stresses at said inner and outer portions
      and in which the denominator is the average of the orientation release
      stresses in said inner, middle and outer portions multiplied by the radial
      distance in mils between the centerlines of the inner and outer portions.
NUM  2.
PAR  2. A container according to claim 1 wherein the tubular sidewall has a
      circumferentially directed orientation, said sidewall being characterized
      in that the maximum circumferential orientation release stress in an axial
      zone of said sidewall along each line defined by the intersection of a
      plane normal to the axis of said tubular sidewall and a plane including
      said axis, is less than about twice the minimum circumferential
      orientation release stress along said line.
NUM  3.
PAR  3. A container according to claim 1 wherein the tubular sidewall has a
      circumferentially directed orientation, said sidewall being characterized
      in that in an axial zone thereof the maximum circumferential orientation,
      as measured by the orientation release stress, in said sidewall along each
      line defined by the intersection of a plane normal to the axis of said
      sidewall and a plane including said axis is less than about twice the
      minimum orientation along said line, as measured by the orientation
      release stress.
NUM  4.
PAR  4. A container according to claim 1 wherein the tubular sidewall is
      characterized in that, in an axial zone of said sidewall and along each
      line defined by the intersection of a plane normal to the axis of said
      sidewall and a plane including said axis, the orientation release stress
      in the inner portion is from about 75 percent to about 125 percent of the
      orientation release stress in said middle portion.
NUM  5.
PAR  5. A container according to claim 1 wherein the tubular sidewall is
      characterized in that, in an axial zone in said sidewall and along each
      line defined by the intersection of a plane normal to the axis of said
      tubular sidewall and a plane including said axis, the orientation, as
      measured by the orientation release stress, in the inner portion is from
      about 75 percent to about 125 percent of the orientation, as measured by
      the orientation release stress, in said middle portion.
NUM  6.
PAR  6. The blow molded oriented plastic container claimed in claim 1 wherein
      said percentage variation is less than about 3 percent per mil.
NUM  7.
PAR  7. The blow molded oriented plastic container claimed in claim 6 wherein
      said container is a bottle.
NUM  8.
PAR  8. The blow molded oriented plastic container claimed in claim 1 wherein
      said container is a bottle, said percentage variation is less than about 3
      percent per mil, and wherein said polymeric material is prepared by
      polymerizing a major portion of an olefinically unsaturated nitrile and a
      minor portion of an ester of a polymerizable olefinically unsaturated
      carboxylic acid in the presence of a preformed rubbery copolymer composed
      of a major proportion of a conjugated diene monomer and a minor proportion
      of an olefinically unsaturated nitrile.
NUM  9.
PAR  9. The blow molded oriented plastic container claimed in claim 1 wherein
      said container is a bottle, said percentage variation is less than about 3
      percent per mil, and wherein said polymeric material is derived from (A)
      about 60 to 90 parts by weight of an alpha, beta-olefinically unsaturated
      mononitrile having the structure CH.sub.2 =C(-R.sub. 1)-CN where -R.sub.1
      is selected from the group consisting of hydrogen, halogen, and lower
      alkyl groups, (B) about 40 to 10 parts by weight of an ester of an
      olefinically unsaturated carboxylic acid having the structure CH.sub.2
      =C(-R.sub. 1)-C(O)O-R.sub. 2 where -R.sub.1 is as defined above and
      -R.sub.2 is an alkyl group having from 1 to 6 carbon atoms, (A) and (B)
      together comprising 100 parts by weight, polymerized in the presence of
      (C) about 1 to 20 parts by weight of a nitrile rubber containing about 60
      to 80 percent by weight of moieties derived from a conjugated diene
      monomer and about 40 to 20 percent by weight of moieties derived from a
      mononitrile having said CH.sub.2=C(-R.sub. 1)-CN structure.
NUM  10.
PAR  10. The blow molded oriented plastic container claimed in claim 1 wherein
      said container is a bottle, said percentage variation is less than about 3
      percent per mil, and wherein said polymeric material is derived from 73 to
      77 parts by weight acrylonitrile and 27 to 23 parts by weight methyl
      acrylate, polymerized in the presence of 8 to 10 additional parts by
      weight of a nitrile rubber containing about 70 percent by weight butadiene
      moieties and about 30 percent by weight acrylonitrile moieties.
NUM  11.
PAR  11. The blow molded oriented plastic container claimed in claim 2 wherein
      said container is a bottle.
NUM  12.
PAR  12. The blow molded oriented plastic container claimed in claim 11 wherein
      said polymeric material is prepared by polymerizing a major portion of an
      olefinically unsaturated nitrile and a minor portion of an ester of a
      polymerisable olefinically unsaturated carboxylic acid in the presence of
      a preformed rubbery copolymer composed of a major proportion of a
      conjugated diene monomer and a minor proportion of an olefinically
      unsaturated nitrile.
NUM  13.
PAR  13. The blow molded oriented plastic container claimed in claim 11 wherein
      said polymeric material is derived from (A) about 60 to 90 parts by weight
      of an alpha,beta-olefinically unsaturated mononitrile having the structure
      CH.sub.2 =C(-R.sub. 1)-CN where -R.sub.1 is selected from the group
      consisting of hydrogen, halogen, and lower alkyl groups, (B) about 40 to
      10 parts by weight of an ester of an olefinically unsaturated carboxylic
      acid having the structure CH.sub.2 =C(-R.sub. 1)-C(O)O-R.sub. 2 where
      -R.sub.1 is as defined above and -R.sub.2 is an alkyl group having from 1
      to 6 carbon atoms, (A) and (B) together comprising 100 parts by weight,
      polymerized in the presence of (C) about 1 to 20 parts by weight of a
      nitrile rubber containing about 60 to 80 percent by weight of moieties
      derived from a conjugated diene monomer and about 40 to 20 percent by
      weight of moieties derived from a mononitrile having said CH.sub.2
      =C(-R.sub. 1)-CN structure.
NUM  14.
PAR  14. The blow molded oriented plastic container claimed in claim 11 wherein
      said polymeric material is derived from 73 to 77 parts by weight
      acrylonitrile and 27 to 23 parts by weight methyl acrylate, polymerized in
      the presence of 8 to 10 additional parts by weight of a nitrile rubber
      containing about 70 percent by weight butadiene moieties and about 30
      percent by weight acrylonitrile moieties.
NUM  15.
PAR  15. The blow molded oriented plastic container claimed in claim 14 wherein
      said maximum circumferential orientation release stress is less than about
      1.5 times said minimum circumferential orientation release stress.
NUM  16.
PAR  16. The blow molded oriented plastic container claimed in claim 4 wherein
      said container is a bottle.
NUM  17.
PAR  17. The blow molded oriented plastic container claimed in claim 16 wherein
      said polymeric material is prepared by polymerizing a major portion of an
      olefinically unsaturated nitrile and a minor portion of an ester of a
      polymerizable olefinically unsaturated carboxylic acid in the presence of
      a preformed rubbery copolymer composed of a major proportion of a
      conjugated diene monomer and a minor proportion of an olefinically
      unsaturated nitrile.
NUM  18.
PAR  18. The blow molded oriented plastic container claimed in claim 16 wherein
      said polymeric material is derived from (A) about 60 to 90 parts by weight
      of an alpha,beta-olefinically unsaturated mononitrile having the structure
      CH.sub.2 =C(-R.sub. 1)-CN where -R.sub.1 is selected from the group
      consisting of hydrogen, halogen, and lower alkyl groups, (B) about 40 to
      10 parts by weight of an ester of an olefinically unsaturated carboxylic
      acid having the structure CH.sub.2 =C(-R.sub. 1)-C(O)O-R.sub. 2 where
      -R.sub.1 is as defined above and -R.sub.2 is an alkyl group having from 1
      to 6 carbon atoms, (A) and (B) together comprising 100 parts by weight,
      polymerized in the presence of (C) about 1 to 20 parts by weight of a
      nitrile rubber containing about 60 to 80 percent by weight of moieties
      derived from a conjugated diene monomer and about 40 to 20 percent by
      weight of moieties derived from a mononitrile having said CH.sub.2
      =C(-R.sub.  1)-CN structure.
NUM  19.
PAR  19. The blow molded oriented plastic container claimed in claim 16 wherein
      said polymeric material is derived from 73 to 77 parts by weight
      acrylonitrile and 27 to 23 parts by weight methyl acrylate, polymerized in
      the presence of 8 to 10 additional parts by weight of a nitrile rubber
      containing about 70 percent by weight butadiene moieties and about 30
      percent by weight acrylonitrile moieties.
NUM  20.
PAR  20. The blow molded oriented plastic container claimed in claim 19 wherein
      said orientation release stress in said inner portion is from about 90
      percent to about 110 percent of said orientation release stress in said
      middle portion.
NUM  21.
PAR  21. The blow molded oriented plastic container claimed in claim 1 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  22.
PAR  22. The blow molded oriented plastic container claimed in claim 6 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  23.
PAR  23. The blow molded oriented plastic container claimed in claim 7 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  24.
PAR  24. The blow molded oriented plastic container claimed in claim 10 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  25.
PAR  25. The blow molded oriented plastic container claimed in claim 2 wherein
      said sidewall has inner, middle and outer portions and wherein said
      average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  26.
PAR  26. The blow molded oriented plastic container calimed in claim 14 wherein
      said sidewall has inner, middle and outer portions and wherein said
      average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  27.
PAR  27. The blow molded oriented plastic container claimed in claim 15 wherein
      said sidewall has inner, middle and outer portions and wherein said
      average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  28.
PAR  28. The blow molded oriented plastic container claimed in claim 4 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  29.
PAR  29. The blow molded oriented plastic container claimed in calim 16 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  30.
PAR  30. The blow molded oriented plastic container claimed in claim 19 wherein
      said average of the orientation release stresses in said inner, middle and
      outer portions is in the range from about 800 p.s.i. to about 1,000 p.s.i.
NUM  31.
PAR  31. The blow molded oriented plastic container claimed in claim 1 wherein
      said sidewall is further characterized in that the maximum circumferential
      orientation release stress in an axial zone of said sidewall along each
      line defined by the intersection of a plane normal to the axis of said
      tubular sidewall and a plane including said axis, is less than about twice
      the minimum circumferential orientation release stress along said line.
NUM  32.
PAR  32. The blow molded oriented plastic container claimed in claim 31 wherein
      said sidewall is further characterized in that, in an axial zone of said
      sidewall and along each line defined by the intersection of a plane normal
      to the axis of said sidewall and a plane including said axis, the
      orientation release stress in the inner portion is from about 75 percent
      to about 125 percent of the orientation release stress in said middle
      portion.
NUM  33.
PAR  33. The blow molded oriented plastic container claimed in claim 1 wherein
      said container is a bottle, and wherein said sidewall is further
      characterized in that the maximum circumferential orientation release
      stress in an axial zone of said sidewall along each line defined by the
      intersection of a plane normal to the axis of said tubular sidewall and a
      plane including said axis, is less than about twice the minimum
      circumferential orientation release stress along said line.
NUM  34.
PAR  34. The blow molded oriented plastic container claimed in claim 33 wherein
      said sidewall is further characterized in that, in an axial zone of said
      sidewall and along each line defined by the intersection of a plane normal
      to the axis of said sidewall and a plane including said axis, the
      orientation release stress in the inner portion is from about 75 percent
      to about 125 percent of the orientation release stress in said middle
      portion.
NUM  35.
PAR  35. The blow molded oriented plastic container claimed in claim 1 wherein
      said container is a bottle.
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ABST
PAL  An outer cap for association with a conventional externally knurled screw
      closure cap and serving as a safety overcap converting the same to a
      double cap safety closure for sealing threaded bottles and other
      containers with contents which might be harmful to children; with the
      outer cap constructed for trapped association with the inner cap for
      permissive free rotation relative thereto but provided with internal
      knurling and an adjacent relieved or slotted area permitting inward
      flexing of the adjacent knurled wall of the overcap into engagement with
      the external knurling of the inner cap upon selected pressure applied by
      an adult to effect rotation of both caps in unison, such as the unscrewing
      direction, for authorized access to the contents of the container.
BSUM
PAR  The present invention is concerned with a safety overcap which may be
      applied to standard or conventional externally knurled screw closures as a
      complete safety closure assembly for cappind machinery but which may be
      supplied separately to pharmacies and other establishments which generally
      have a stock of bottles and conventional screw caps for dispensing
      products. In such situations, where a dangerous drug or other product or
      ingredient is to be dispensed, the pharmacist may snap the safety overcap
      on the screw cap of the filled container before delivery to the customer.
PAR  In the prior art, there are many forms of safety closures designed to
      prevent or render it difficult for children to remove the same from
      bottles and the like containing medicines or other contents which might be
      harmful without supervision. There are those requiring implements for
      removing the closures and those requiring some undisclosed, and not
      readily apparent manipulation of the closure before it can be removed or
      unscrewed from the associated container, and various other types. Among
      those requiring some manipulation of the closure, there is the type
      including an inner cap for threaded engagement with a container and an
      overcap which will rotate relative to the inner cap in counterclockwise
      unscrewing direction but which may be manipulated by an adult to effect
      interengagement between the two caps for opening rotation of the closure
      assembly. This interengagement between the two caps may be accomplished by
      some axial movement of the overcap relative to the inner cap or by a
      radial squeezing pressure application of force to selected portions of the
      overcap. It is the latter type to which the present invention is directed.
PAR  An object of the present invention is to provide a safety overcap for
      association with a conventional externally knurled screw cap of plastic or
      metal and converting the same to a double cap safety closure assembly
      preventing or rendering it difficult for children to remove the same from
      bottles or other containers.
PAR  Another object of the invention is to provide such an overcap with internal
      knurling on the skirt, as at opposed areas, and with weakened or relieved
      areas adjacent the internal knurling permitting adult application of
      radial pressure to flex the internally knurled areas into engagement with
      the external knurling of the associated screw closure for rotating both
      caps in either opening or closing directions.
DRWD
PAR  The above and other objects of the invention will in part be obvious and
      will be hereinafter more fully pointed out in the following detailed
      description of the drawings in which
PAR  FIG. 1 is an exploded perspective view of the overcap, a conventional screw
      closure, and the threaded neck of a bottle;
PAR  FIG. 2 is an enlarged side view of the parts of FIG. 1 assembled with the
      overcap in complete vertical section and with the inner screw closure in
      partial vertical section;
PAR  FIG. 3 is an enlarged top view of the overcap in partial transverse
      section, and
PAR  FIG. 4 is a side view of FIG. 3 in partial vertical section.
DETD
PAR  With reference to FIG. 1, there are shown, in separated fashion, a
      conventional bottle 10 with thread convolutions 12 along the neck which
      terminates in a top finish or lip 14; a conventional or standard screw
      closure cap 16, and the overcap 18. The screw closure cap may be of
      relatively rigid plastic material, such as polypropylene, with a top
      closing wall and a depending skirt with internal threads and external
      vertical knurling or ribs. However, the screw closure cap 16 is
      illustrated as being of sheet metal having a top closing wall 20 carrying
      a sealing disc 22 (FIG. 2) and a depending threaded skirt 24 terminating
      in an outward bead 26, and having external knurling or vertical ribs 28
      around the upper external periphery thereof. With the overcap 18 removed
      from the showing of FIG. 2, the bottle 10 and conventional screw cap 16
      constitute a normal assembly for dispensing to customers from drug stores
      and other retail outlets. The conversion of such an assembly to a double
      cap safety closure is accomplished by its association with the overcap 18
      as in FIG. 4 and which will be described below.
PAR  With reference to FIGS. 3 and 4, the overcap 18 includes a top wall 30 and
      a depending skirt 32, both to overlie the top wall and depending skirt,
      respectively, of the inner screw cap when assembled therewith for
      conversion. The skirt 32 is illustrated as having diametrically opposed
      external knurled or vertically ribbed areas 34, 34a for finger gripping
      although this knurling may be continuous around the periphery, if desired,
      for more conventional appearance. The interior surface of the skirt 32 is
      provided with similarly located areas of knurling or reduced size ribbing
      36 normally spaced for clearance from the knurling 28 on the inner screw
      cap so that the outer cap can rotate freely relative to the inner cap and
      normally prevent unscrewing of the inner cap from the container. The lower
      edge portion of the skirt 32 is flared outwardly, as at 40, to overlie the
      bead 26 and is then turned inwardly to provide a trapping flange 42
      underlying the bead 26 for snap assembly of the overcap with the inner
      screw cap, the overcap being formed of suitable metal or plastic, as
      polyethylene, of sufficient resiliency or reduced thickness in this area
      to permit the flange 42 to snap by the head 26 for assembly purposes, and
      with the inner surface of the skirt 32 adjacent the bead 26 contacting the
      same to maintain the outward spacing of the knurling 36 from the knurling
      28 on the screw cap. The overcap 18 is provided with areas of weakness in
      a wall portion generally coextensive with and adjacent to the ribbed areas
      36 or at diametrically opposed portions thereof where the same might be
      continuous around the inner periphery of the skirt 32. Such area or areas
      of weakness are for the purpose of giving flexibility to the adjacent
      knurled area permitting bodily movement thereof inwardly under applied
      force by an adult to bring that knurling into engagement with the knurling
      28 on the inner screw cap for rotation thereof in opening and closing the
      container. As illustrated, the top wall 30 is provided with arcuate slots
      44, 44a which break the continuity of connection between the top wall 30
      and the skirt 32, thus providing flexibility for that portion of the skirt
      to be urged inwardly by adult finger pressure applied radially thereon,
      that is, on the ribs 34, 34a. This will cause the knurling 36 to be urged
      inwardly into engagement with ribbing or knurling 28 on the inner screw
      cap so that both caps can be removed from or applied to the container by
      rotation in unison. Otherwise the remaining portions of the skirt 32 are
      of sufficient rigidity to resist any inward pressure applied thereto in
      efforts to open the container. This inward bending of the knurled skirt
      portions 34, 34a need be only very slight where the spacing of the
      knurling 36 and 28 is also very slight but the resistance to such inward
      movement is controlled by selection of material characteristics which tend
      to prevent such movement under efforts of children attempting to open the
      container. The extent of the arcuate slots is also selected to resist such
      inward movement of the skirt by finger pressure of children. The areas of
      relief or weakness provided by the slots 44, 44a for flexibility may also
      be provided by slots transversely through the ribbed portions 34, 34a or
      by reduced thickness of cap material at the locations of slots 44, 44a so
      that such areas of reduced thickness may yield, as by buckling, for the
      intended purpose.
CLMS
STM  I claim:
NUM  1.
PAR  1. An outer cap for association as a safety overcap for a standard metal
      closure cap of the type having a relatively flat top wall and a depending
      skirt with knurling on the upper edge portion of said skirt and with
      threads in said skirt below said knurling and with an outwardly rolled rim
      at the lower edge portion of said skirt for threading of said closure cap
      onto complementary thread-like formations on a container neck portion for
      closing the same, said outer cap being formed of a resilient plastic
      material and comprising a top wall to overlie the top wall of the closure
      cap and a depending skirt of sufficient height to completely encircle the
      skirt of the closure cap, and a radially inwardly extending flange
      integrally formed on the lower edge of said depending skirt of said outer
      cap for trapping the outer cap on the closure cap, the upper portion of
      the inner wall of said skirt of said outer cap having a diameter larger
      than the diameter of a circle through the tips of said knurling on said
      closure cap, said upper portion of said inner wall of said skirt of said
      cap having two integrally formed teeth segments which are diametrically
      disposed to each other, the tips of said teeth segments lying on a circle
      of a diameter greater than the diameter of said circle through the tips of
      said knurling on said closure cap, the top wall of said outer cap being
      formed to have two arcuate slots therethrough which are diametrically
      disposed to each other and immediately radially inwardly of said two teeth
      segments and in substantially circumferential alignment with said two
      teeth segments, and said teeth segments having tooth profiles capable of
      mechanically interlocking with said knurling on said closure cap when said
      outer cap is mounted on said closure cap and a person squeezes opposed
      upper outer wall portions of said skirt of said outer cap radially
      outwardly of said teeth segments.
NUM  2.
PAR  2. The outer cap as claimed in claim 1, wherein said opposed upper outer
      wall portions of said skirt of said outer cap radially outwardly of said
      teeth segments are provided with vertical rib means formed for finger
      gripping support in manipulating the outer cap.
NUM  3.
PAR  3. A safety closure assembly for a container having a threaded container
      lip, said assembly comprising a metal closure cap having a relatively flat
      top wall and a depending skirt, said depending skirt of said closure cap
      being formed to have knurling about the upper edge portion of said skirt,
      and threads formed in said skirt below said knurling and with an outwardly
      rolled rim at the lower edge portion of said skirt, said knurling
      permitting said closure cap to be threaded over said container lip to seal
      said container, an outer cap formed of a resilient plastic material and
      comprising a top wall superposed on said top wall of said closure cap and
      a depending skirt completely encircling the skirt of said closure cap, a
      radially inwardly extending flange integrally formed on the lower edge of
      said depending skirt of said outer cap to trap said outer cap on said
      closure cap, the upper portion of the inner wall of said skirt of said
      outer cap having a diameter larger than the diameter of a circle through
      the tips of said knurling on said closure cap, said upper portion of said
      inner wall of said skirt of said outer cap having two integrally formed
      teeth segments which are diametrically disposed to each other, the tips of
      said teeth segments lying on a circle of a diameter greater than the
      diameter of said circle through the tips of said knurling on said closure
      cap, the top wall of said outer cap being formed to have two arcuate slots
      therethrough which are diametrically disposed to each other and
      immediately radially inwardly of said two tip segments and in
      substantially circumferential alignment with said two teeth segments and
      said teeth segments having tooth profiles capable of mechanically
      interlocking with said knurling on said closure cap when a person squeezes
      opposed upper outer wall portions of said skirt of said outer cap radially
      outwardly of said teeth segments.
NUM  4.
PAR  4. A safety closure assembly as defined in claim 3, wherein said opposed
      upper outer wall portions of said skirt of said outer cap radially
      outwardly of said teeth segments are provided with vertical ribs for
      finger gripping support in manipulating the outer cap.
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ABST
PAL  A safety closure cap for wide mouth bottles or jars comprising a domed
      central portion with a depending inwardly directed flange at the periphery
      thereof, a series of mutually spaced circumferentially arranged slots in
      said flange; the bottle having a rim and below the rim there is an annular
      groove defined at both sides by lips sloping up to the edges of the
      groove, the edge of the flange on the safety cap snapping into said groove
      and being located in overlapped relation to one of said lips so that it is
      substantially protected thereby against prying.
PARN
     RELATED APPLICATION
PAR  This application is a continuation in part of Ser. No. 315,608, filed Dec.
      15, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the problems in the pharmaceutical industry resides in the provision
      of safety caps for containers for poisons or other dangerous materials,
      particularly with regard to children too young to understand the poison
      symbol or to read warnings. Many suggestions have been made in this
      connection but most of the prior art constructions are too expensive and
      complicated for every day use, and it is the particular object of the
      present invention to provide a safety closure cap which cannot be removed
      by children wherein said closure cap is a simple one-piece plastic part.
PAR  There is the well known palm and turn cap which in most cases is difficult
      even for an adult to operate. There is also the overcap type which is
      expensive because it uses two cap parts.
PAR  The present invention is directed to the type of safety cap wherein a
      substantially self-sustaining but deformable upwardly extending dome is
      adapted to be pressed downwardly centrally thereof to release
      interengaging means at the edge of the container so that the cap may be
      removed, and in order to replace, it merely has to be snapped on.
PAR  One example of this type of cap is U.S. Pat. No. 3,484,016, which however
      is not a safety cap because of the fact that it releases with only one
      motion and is therefore not safe, whereas in safety caps, two motions are
      necessary. In the patent identified, when pressure is applied as described
      therein, the surrounding continuous skirt at 16 moves generally upwardly
      on fulcrum 18a for instance, thus merely be pressing down on the dome the
      entire cap is immediately released.
PAR  Referring to column 3, lines 38 et seq of this patent, it is described that
      there may be a possibility that the cover member (periphery of the cap)
      may not quite clear the curved surface around the outside of the mouth
      portion of the container, and if this happens the cover member may be
      removed by the application of lateral pressure as indicated by the arrow
      26a in FIG. 5, but this is not expected to occur. The principal object of
      the invention in the patent is to release the cap by a single motion as
      shown by arrow 19 in FIG. 2. In any event it will be clear in FIG. 5 that
      the skirt 16 rises and rises either above the surrounding curved surface
      13 or opposite it, so that the cover is actually fully released. Also in
      the patent the same is rather difficult to operate because of the fact
      that the skirt 16 is continuous and it has to stretch in order to move
      from the FIG. 1 condition thereof into the FIG. 2 condition thereof. It
      can stretch to some extent because it is made of rubber, but when made of
      flexible plastic material such as polyethelene it often fails to operate
      and is broken under excessive pressure used at 19 in FIG. 2 to try to
      operate it. If pressure is released from the dome the cover will come off
      without further effort, at least that is what it is expected to do.
PAR  All of these objections are avoided by the present invention in which the
      cover is not completely dislocated from the container by the application
      of pressure downwardly on the dome thereof. If the pressure is released
      the cap periphery moves back into locking engagement with respect to the
      container so it will be seen that in the present invention a true safety
      device is presented which definitely requires two motions and usually two
      hands in order to operate it. In addition in the present case, slits are
      utilized in the surrounding skirt and this makes the operation easier
      although it does not in any case cause the cover to be released by a
      single motion as in the patent identified.
PAC  SUMMARY OF THE INVENTION
PAR  The safety cap in the present invention comprises a domed flexible but
      self-sustaining molded plastic member having an edge flange which is
      directed on a slant inwardly, said flange terminating in a relatively thin
      edge. The flange is slotted in mutually spaced positions circumferentially
      thereof to render it more flexible.
PAR  A special bottle is used in connection with the safety cap, the bottle
      having a wide mouth. This wide mouth is provided with a rim having an edge
      with slants in a direction downwardly away from the mouth; and in spaced
      relation thereto there is a complementary spaced lip which slants upwardly
      and away from the container, these lips defining between them a relatively
      deep peripheral groove into which the relatively thin edge of the flange
      on the bottle cap is easily snapped, the thin edge of the flange being
      substantially covered by one of said lips so that it is not free for
      prying as by a fingernail or pick of any kind but is protected against
      such actions by being substantially overlapped.
PAR  In the use of the present device the domed part is pushed down manually at
      the center thereof thus causing the flange to spread outwardly in the
      position where another motion upwardly on any portion of the periphery of
      the cap is necessary to remove it, but at the same time should pressure be
      released before this second action is accomplished, the flange will snap
      back into the groove relocking the top in position without any further
      action on the part of the user and therefore it is seen that such a device
      although easily activated by an adult is almost impossible to be opened by
      an infant.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in elevation with the cap in place on the bottle;
PAR  FIG. 2 is a view in elevation showing the rim of the bottle;
PAR  FIG. 3 is a sectional view through the bottle with the cap in position; and
PAR  FIG. 4 is a similar view showing the flange spread out under downward
      pressure on the domed portion of the cap.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The reference numeral 10 indicates a container which may be of any suitable
      material e.g., plastic. As shown in FIG. 2 it is provided with a wide
      mouth having a rim at 12, defined by a lip 14 which extends downwardly and
      outwardly on a slant as clearly shown. Spaced downwardly from this rim
      there is an outwardly and upwardly extending lip 16 complementary thereto,
      these two lips defining between them a groove 18.
PAR  The cap is generally indicated by the reference numeral 20. It is provided
      with a central dome 22 and is preferably made of a resilient, yielding but
      self-sustaining plastic so that the dome can be flexed downwardly in the
      direction of the arrows in FIGS. 1, 3, and 4. FIGS. 1 and 3 show the
      normal closed position of the cap and FIG. 4 shows the cap in condition to
      be removed.
PAR  The cap is provided with an inwardly slanting peripheral flange 24 which
      terminates in a thin edge 26, which might be referred to as a "feather"
      edge. The flange 24 is provided with a series of spaced slots 28, see FIG.
      1, extending to the feather edge 26, to make the flange 24 more flexible
      and more easily operated as will be described.
PAR  The flange 24 has a peripheral inwardly directed shoulder 30 formed by an
      annular groove 32 at the interior of the flange, and this forms a
      continuous "arrowhead" or the like, with edge 26, except for the
      interruptions caused by slots 28. The groove 32 is substantially reentrant
      as at 34, forming a rounded ridge 36 that is continuous and annular, and
      in effect faces the shoulder 30.
PAR  The cap is easily applied to the bottle merely by pushing it onto and over
      the slanting lip 14, the flange snapping over this lip, so that the
      feather edge 26 comes to rest in groove 18 substantially against the
      inside aspect of lip 16, see FIG. 3. The shoulder 30 snaps under lip 14,
      forming a continuous positive lock all about the rim of the container, the
      continuous ridge 36 forms a seal between the closure cap and the mouth of
      the container. In this condition the bottle is locked shut, and it will be
      seen that the feather edge 26 cannot be picked at because it is
      substantially covered by the lip 16. The cap cannot be pulled out because
      the shoulder 30 extends inwardly under the edge of lip 14.
PAR  In order to move the cap it is necessary to push downwardly on the dome in
      the direction of the arrows in FIGS. 1, 3, and 4, to distort the dome 22
      so that it will appear as in FIG. 4, in which case the flange is forced to
      spread outwardly, and in this condition the cap is easily removed. This is
      done by holding the bottle between the forefinger and the adjacent finger
      with the cap under the thumb, pressing down with the thumb to distort the
      cap from the FIG. 3 to the FIG. 4 position, and then pulling upwardly on
      the now outstanding rim 24 with the fingers at any location
      circumferentially of the cap. This action takes two hands, but after
      practise, it may be done with but one hand, but still the two separate
      actions are required. No infant would be able to do this, and should the
      dome be pressed accidentally, it will be released at some time, and the
      cap snap back on the container, closing it.
PAR  In further explanation of the safety action of the new cap, the ridge 36
      acts as a fulcrum at the inside aspect of the mouth of the container, at
      34, not on the top of the rim. Therefore the locking shoulder 30 as well
      as the entire flange at 24, moves outwardly but not upwardly, and thus is
      not really released from shoulder 14, so that should the pressure on the
      dome be released, the flange and shoulder snap back into locked position.
      This outward motion is possible because of slits 28, which break the
      flange 24 into segments that can move independently of each other.
PAR  Therefore it will be seen that it is definitely necessary to use two
      complete and different motions in order to release the cap from the
      container in the present invention. First the dome must be depressed, see
      the arrow in FIG. 4, but while the finger maintains the dome thus
      depressed another finger usually on the other hand must engage the feather
      edge 26 and move it generally longitudinally with respect to the axis of
      the container. This can be done at any point around the edge of the flange
      24 and does not have to be done at any particular locality or position.
      Nevertheless it is necessary to be done as an inspection of FIG. 4 will
      show because the shoulder at 30 is really not completely disengaged from
      the lip at 14, even though the dome is strongly pressed.
PAR  If the pressure indicated by the arrow is relaxed the resiliency of the cap
      will cause the shoulder at 30 to snap back under lip 14 so that the
      container is once more closed as shown in FIG. 3.
CLMS
STM  I claim;
NUM  1.
PAR  1. A safety closure for a bottle, said bottle having an open rim defined by
      a lip, said lip having an outwardly extending portion, a complementary lip
      in spaced relation to the outwardly extending portion of the first named
      lip, said lips defining a groove between them, said first named lip having
      a reaction surface at the inner side of the bottle, opposite the outwardly
      extending portion of the first named lip,
PA1  the closure comprising a cap of a deformable resilient and substantially
      self-sustaining plastic material including a main closed portion in the
      form of a dome, an inwardly inclined flange depending therefrom at the
      periphery thereof, said flange being constructed and arranged to snap over
      the first named lip to enter the groove to close the bottle,
PA1  a series of slots in the flange in mutually spaced relation
      circumferentially of the flange providing for expansion of the flange upon
      pressure downwardly applied to the dome to a position wherein the flange
      substantially clears the outwardly extending portion of the first named
      lip,
PA1  and a downwardly extending generally circular ridge at the inside portion
      of said cap, said ridge being spaced inwardly from the flange and forming
      a fulcrum, said fulcrum normally bearing on said reaction surface and
      causing the flange to pivot outwardly upon the application of the downward
      pressure on the dome aforesaid.
NUM  2.
PAR  2. The safety closure of claim 1 wherein said flange has a peripheral thin
      edge conforming to the complementary lip, the latter overlapping the thin
      edge in relaxed condition of the cap.
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ABST
PAL  A fluid product reservoir to store a fluid product as for use in a
      pressurized spray system of the type concurrently discharging a gas and a
      spray product. The reservoir is leak-proof, economic to manufacture, and
      minimizes pressure fluctuations upon the dispensing of the fluid product.
      The reservoir provides a closed container having an open neck with
      interior walls defining an open throat. A plug is located in and closes
      the throat. An elastically penetrable insert is sealably located in a
      central opening of the plug. The method includes a method of storing a
      liquid product in a reservoir by providing a closed container having a
      neck portion defining an open throat. A plug is provided to close the open
      throat, and an elastically penetrable insert is provided in the plug. The
      method further includes a method of sealing the plug in the open throat.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of United States
      application Ser. No. 413,768, filed Nov. 8, 1973, now U.S. Pat. No.
      3,841,555, which is a continuation-in-part of U.S. Pat. No. 3,780,943,
      filed Aug. 14, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of liquid product reservoirs as usable,
      among other applications, in liquid spray systems and in particular those
      systems meant to provide a fine, particulate spray of liquid and a gas.
      Such a system finds application, for example, in beauty salons where hair
      setting liquids and hair holding liquids are in general use. These liquids
      are often packaged in aerosol cans. However, large scale use of aerosol
      cans is not economically feasible, and it is preferable to ship, store and
      use liquid products in non-aerosol containers for use in spray systems.
      One such spray system is that shown in U.S. Pat. No. 3,841,555, from which
      the present application derives. Such liquid product reservoirs must be
      durable yet economical to manufacture. Spray product reservoirs of the
      prior art systems employ dip tubes to draw spray product from the
      container. Dip tubes add to the expense of the container and are
      susceptible of malfunctioning and breakage. When the reservoir is to be
      used in inverted orientation, it must provide a leak-proof seal which will
      withstand pressure in the bottle.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a fluid product reservoir having general utility as
      for use such as in a pressurized spray system or as for dispensing medical
      solutions such as plasma and intravenous feeding solutions. The reservoir
      has a leak-proof seal and is thus usable in an inverted position. An open
      neck to the container of the reservoir defines a throat closed by a plug.
      A circumferential, inwardly directed ledge extending radially inward from
      the walls of the throat mates with and makes sealing contact with a ledge
      on the plug. A central insert in the plug is formed of an elastically
      penetrable material, as a latex rubber. The insert is adapted to be
      penetrated by a hollow needle for delivery of the fluid product within the
      container. Upon removal of the needle, the insert closes to seal the
      container. A needle for delivery of gas under pressure to the container
      may also penetrate the insert.
PAR  A method of storing a fluid product in a reservoir includes providing a
      closed container having a neck defining an open throat with an interior,
      outwardly facing ledge, and having a plug with outside walls closely
      conforming to the walls of the neck located in the throat; and further
      having an inwardly facing ledge on the plug mating with the ledge in the
      throat. The method further comprises locating an elastically penetrable
      insert in a central opening in the plug and fusing the same therein,
      filling the container with the liquid product, and fusing a portion of the
      plug to the ledge in the neck. A method of closing the plug in the throat
      includes inducing an ultrasonic vibration on both the plug and the walls
      of the throat to fuse the respective ledges of the plug and the throat
      together to form a seal.
PAR  An object of the invention is to provide a fluid product reservoir of
      general utility for storing a fluid product. A second object of the
      invention is to provide such a reservoir usable in a pressurized spray
      system of the type providing a concurrent discharge of spray product and
      gas to form a fine particulate spray. A further object of the invention is
      to provide such a reservoir usable in an inverted position and providing a
      fluid-tight seal. A yet further object of the invention is to provide a
      method for storing a fluid product in such a reservoir and a method of
      sealing the plug in the open throat of such a reservoir.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic view of a spray apparatus of a type for using a fluid
      product reservoir of the present invention;
PAR  FIG. 2 is a side elevational view of a spray applicator usable in the spray
      apparatus of FIG. 1;
PAR  FIG. 3 is a schematic view of the valving means of the spray applicator of
      FIG. 2 in a fully open position;
PAR  FIG. 4 is a schematic view of the valving means of FIG. 3 in an
      intermediate position;
PAR  FIG. 5 is a schematic view of the valving means of FIG. 3 in a fully closed
      position;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 2;
PAR  FIG. 7 is a side elevational view of a fluid product reservoir according to
      a first embodiment of the present invention located in a holder with
      portions sectioned for illustration;
PAR  FIG. 8 is a top plan view of the reservoir and holder of FIG. 7;
PAR  FIG. 9 is an exploded sectional view of the closure portion of the fluid
      product reservoir of FIG. 7;
PAR  FIG. 10 is an enlarged sectional view of a portion of the fluid product
      reservoir of FIG. 7 illustrating a modification thereof;
PAR  FIG. 11 is a side elevational view of a fluid product reservoir according
      to a second embodiment of the invention located in a holder with portions
      broken away for purposes of illustration;
PAR  FIG. 12 is a detail view of a portion of the reservoir of FIG. 11 with
      portions broken away for purposes of illustration;
PAR  FIG. 13 is an end view of the reservoir of FIG. 12 taken along the line
      13--13 thereof;
PAR  FIG. 14 is an enlarged sectional view of the reservoir of FIG. 11 taken
      along the line 14--14 thereof;
PAR  FIG. 15 is an end view of the reservoir of FIG. 14 taken along the line
      15--15 thereof;
PAR  FIG. 16 is an end view of a portion of the plug of the reservoir of FIG. 14
      taken along the line 16--16 thereof;
PAR  FIG. 17 is a sectional view of a portion of a reservoir illustrating a
      method of closure thereof according to the present invention;
PAR  FIG. 18 is an end view of the horn of FIG. 17 taken along the line 18--18
      thereof;
PAR  FIG. 19 is a sectional view of a portion of a reservoir further
      illustrating the method of closure thereof;
PAR  FIG. 20 is a sectional view of a plug for a reservoir illustrating the
      method of closure thereof according to the present invention;
PAR  FIG. 21 is an end view of the horn of FIG. 20 taken along the line 21--21
      thereof; and
PAR  FIG. 22 is a sectional view of a plug for a reservoir further illustrating
      the method of closure thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Among the diverse applications for the fluid product reservoir of the
      present invention is that of a spray product reservoir in a spray
      apparatus as will be herein shown and described.
PAR  Referring to FIG. 1, there is shown schematically the various components of
      a spray apparatus, indicated generally at 10, in assembled relationship
      relative to one another. Spray apparatus 10 is of the type described and
      claimed in U.S. Pat. No. 3,841,555, from which the present application is
      derived. A product reservoir according to the present invention including
      a container 11 is supported by a stand or holder 12 on a surface 14, and
      is secured in place by appropriate strap 15. Container 11 stores or
      contains a liquid spray product, for example, a hair spray for use as a
      hair fixative in a beauty salon. Container 11 has a lower necked-in
      portion 13 closed and sealed by suitable closure means 16, as will be
      presently described. One end of a flexible, hollow, tubular spray product
      line 17 connects with an outlet of container 11 at closure means 16 as by
      engaging a hollow needle (not shown) inserted through closure means 16.
PAR  A spray applicator or spray gun 18 is adapted to concurrently discharge
      first and second fluids such as a spray product and air under pressure
      upon the surface to be sprayed. Spray gun 18 includes the usual base or
      handle 19 and a forwardly projecting barrel 20 terminating in an
      appropriate spray nozzle 21. A trigger 23 is movably mounted to the handle
      19 of the gun. The product supply line 17 and the end of an applicator air
      supply line 24 extend through the bottom of handle 19 upwardly to barrel
      section 20.
PAR  Gas or air supply means includes an air compressor 25 shown supported on a
      suitable stand 26. A first section 27 of a main air line 28 extends from
      the air discharge 29 of compressor 25 to a first T-connector 31. The
      perpendicular leg of the T-connector 31 connects through a tubular branch
      32 to an inlet 33 of an air pressure accumulator 35. The pressure
      accumulator 35 comprises a closed, empty container or vessel providing a
      sealed volume where air under pressure is accumulated for use when the air
      compressor 25 is shut off. The compressor 25 is of the variety equipped
      with a standard pressure switching mechanism whereby the compressor 25 is
      energized when the line pressure drops to a predetermined level or low
      limit, and shuts off when the line pressure has been raised to a second
      predetermined level or high limit. Compressor 25 provides pressurized air
      to applicator 18 and at the same time pressurizes accumulator 35.
PAR  A second section 36 of the main air supply line 28 extends from the first
      T-connector to a second T-connector 37. A connecting tube 39 extends from
      the perpendicular leg of the second T-connector 37 to provide air under
      pressure from main air supply line 28 to the container 11 and spray gun 18
      of the spray apparatus. The main air supply line 28 continues from the
      second T-connector 37, as at 40, where it may be extended to additional
      spray systems connected in series, as, for example, in a beauty salon
      where there may be a plurality of stations, each having a separate spray
      product reservoir and spray applicator.
PAR  Connecting tube 39 extends from the second T-connector 37 to the
      perpendicular leg of a thid T-connector 42. A reservoir air pressure
      supply branch 43 extends from one of the aligned legs of a third
      T-connector 42 to the product container 11. The end of supply branch 43
      opposite the third T-connector 42 communicates with the interior of the
      container 11 as by enaging a tubular pin or needle (not shown) disposed
      generally in the upper portion of the container 11 and opening into the
      interior thereof. Connected to the opposite aligned leg of the third
      T-connector 42 is the applicator air supply line 24 which extends through
      the handle of the spray gun 18, as previously described.
PAR  Intermediately disposed in the reservoir pressure supply branch 43 is a
      one-way air valve 44 of the type to allow free air movement in one
      direction while restricting air movement in the opposite direction. As
      disposed in the reservoir air supply branch 43, valve 44 is orientated to
      allow flow of air under pressure into the container 11 from the main air
      line 28, but operable to prevent air from flowing back through the branch
      43 from the container 11.
PAR  In the use of the spray apparatus of the invention, spray product is stored
      in the container 11, as, for example, a hair holding liquid. Compressor 25
      pressurizes the spray system to the predetermined high limit. Accumulator
      32 and the upper or empty portion of container 11 are likewise
      pressurized. Upon engagement of the trigger 23 of spray gun 18 by the
      operator, air and spray product are concurrently discharged from the
      nozzle. The air mixes with and atomizes the spray product to form a fine,
      particulate, uniform spray. Air in the container 11 does not back up
      through the branch 43, whereby an erratic pressure fluctuation is not
      experienced by the spray product in the container. The spray is therefore
      fine and uniform at low pressure.
PAR  A specific spray applicator for use in conjunction with the spray apparatus
      10 in FIG. 1 is shown in FIG. 2 and is fashioned for convenience as a
      spray gun 47 having an outer housing with a handle portion 48 and a barrel
      portion 49. Spray gun 47 includes sequential fluid discharge valving means
      51 for staging of the air spray and the liquid spray at initiation and
      termination of spraying. A valve casing or housing 52 of valving means 51
      is cylindrical and is centrally located in handle 48 and is secured in
      position by suitable struts 53, as shown in FIG. 3, extending from the
      interior walls of handle 48. Valve casing 52 defines an interior valve
      chamber 55 having separate inlet means and outlet means for a first and
      second fluid or, specifically, for air and a liquid spray product. Spray
      product line 17, entering the bottom of handle 48, engages a fluid or
      liquid inlet port 56 on casing 52 opening to chamber 55, as by snugly
      engaging an open nipple associated with a port 56. Likewise, air line 24
      enters the bottom of handle 48 and engages an open nipple associated with
      fluid or air inlet port 57 spaced from liquid inlet port 56. A liquid line
      59 leads from a liquid spray product outlet port 60 from valve chamber 55
      to a mixing chamber 61 afforded by a suitable spray nozzle 63 having spray
      orifice 62 and threaded into the end of barrel portion 49 of applicator 47
      to establish fluid communication between the fluid outlet means and spray
      nozzle 63. A pair of flexible, tubular air lines 64, 65 extend from a pair
      of open nipples integral with a pair of circumferentially aligned air
      outlet ports 67, 68 in communication with chamber 55 of valve casing 52.
      Air lines 64, 65 extend to and open into mixing chamber 61 to establish
      fluid communication between the air outlet means and the spray nozzle.
      Movably located in valving chamber 55 is a valving element 71 having first
      and second fluid passages or conduits for establishing communication
      between the air inlet and outlet parts and the liquid spray product inlet
      and outlet ports, respectively. Valving element 71 located in valve
      chamber 55 is sequentially movable between a first position in blocking
      relationship to the spray product inlet and outlets, and in blocking
      relationship to the air inlet and outlets shown in FIG. 5; a second
      position in blocking relationship to the spray product inlet and outlet,
      but with the first fluid conduit allowing fluid communication between the
      air inlet and air outlets, shown in FIG. 4; and a third position with the
      second fluid conduit allowing fluid communication between the spray
      product inlet and outlet and with the first conduit allowing fluid
      communication between the air inlet and outlets, shown in FIG. 3.
PAR  Referring to FIGS. 3 through 5, valving element 71 is comprised as a
      plunger having a plurality of spaced apart, aligned, cylindrical heads 72,
      73 and 76 having outer walls with portions in sealing relationship to the
      interior walls of the valve chamber 55. The heads are relatively spaced
      apart to provide passages to accomplish, in conjunction with the spacing
      of the various ports, the aforementioned staging or sequential valving
      action. A first head 72 is located at the interior end of valving plunger
      71 relative to chamber 55, and is movable into and out of blocking
      relationship relative to the air inlet port 57 and air outlet ports 67,
      68. A second head 73 is connected in aligned relationship to the first
      head 72 by a first neck 74, and is movable into and out of blocking
      relationship between the spray product inlet port 56 and the spray product
      outlet port 60. A neck 74 connected to heads 72 nd 73 has a reduced
      diameter and outer walls spaced from the interior walls of the chamber 55,
      thus providing a first fluid conduit or passage through the chamber 55. A
      third head 76 is spaced from the second head 73 and connected to it by a
      second neck 77. Second neck 77 is likewise reduced in diameter and
      provides a second fluid conduit or passage through the chamber 55. A valve
      shaft 78 extends from the third head 76 outward of chamber 55 through a
      suitable aperture 80 wherein there is provided usual and preferred sealing
      means to prevent leakage. The various heads 72, 73, 76 have outwardly
      projected circumferential ridges 81 which contact the interior walls of
      the chamber 55 and provide the necessary sealing relationship.
PAR  Plunger 71 is movable between three operative positions in the initiation
      and termination of spraying. In the initiation of spraying, plunger 71 is
      linearly movable from a first or closed position of FIG. 5, wherein both
      air and fluid passages are blocked; to a second position of FIG. 4,
      wherein fluid passage is blocked but air passes through inlet passge 57,
      around the first neck 74, and through air outlet ports 67, 68, thereby
      commencing air flow; and to a third position of FIG. 3 wherein fluid flow
      is initiated through fluid inlet port 56, around second neck 77 and out
      fluid outlet port 60 while air flow continues are previously described.
      The commencement of air and fluid flow is thus staged. Termination of
      spraying is also staged, first fluid then air, by the reverse of the above
      procedure. The staging is accomplished by the relative sizing and spacing
      of the first and second heads 72, 73 as well as the spacing of the various
      ports.
PAR  Referring again to FIG. 2, linear movement of plunger 71 in valving chamber
      55 is controlled by linear movement of plunger shaft 78 linearly extending
      from the third head 76 and second neck 77. Plunger shaft 78 extends
      outward from the valve chamber 55 and outward of the gun handle 48 and is
      attached at one end to a trigger 83. The upper end of trigger 83 is guided
      for linear movement in a suitable channel 84. A helical compression spring
      35 surrounds the outboard portion of shaft 78 between the trigger 83 and
      gun handle 48 to bias valve plunger 71 in the outermost or closed
      position. Digital pressure on trigger 83 is operative to actuate valving
      means 51 to provide the previously described staged spray of spray product
      and air.
PAR  The spray applicator 47 allows the spray operator to alternate between a
      fine and a more coarse spray. Air outlet means on the valve casing 52, as
      previously noted, includes a pair of outlet ports 67, 68 which are joined
      respectively to a pair of air lines 64, 65, of which at least one is
      comprised of a flexible tubing. The flexible tubular air line 65 extends
      upward from valve casing 52 and then extends forwardly to the mixing
      chamber 61. A portion of the air line 65 passes over a ledge 87 extending
      inward from a vertical wall of applicator 47 near the top of barrel
      portion 49. A button 88 located exteriorly of barrel 49 has a shaft 89
      passing through an aperture provided in barrel 49, and terminates in a
      plate 91. A portion of the air line 65 is sandwiched between the plate 91
      and the ledge 87. Application of digital pressure downward on the button
      88 results in the pinching off of the air line 65 cutting the flow of air
      to the mixing chamber 61 by approximately one-half. The resultant spray is
      more coarse.
PAR  In the use of the applicator 47, the operator simply engages the trigger
      83. As the shaft 78 moves the plunger 71 interiorly of the valve chamber
      55, the air and liquid product sprays are automatically staged. Likewise,
      upon termination of spraying, simply by release of the trigger 83 the
      termination of the air and liquid sprays is staged. The spring 85 returns
      the plunger 71 to the closed position. Pneumatic pressure developed in the
      interior end of the chamber 55 upon inward movement of plunger 71 also
      biases the plunger toward a closed position.
PAR  Shown and illustrated in FIGS. 7 through 10 is a liquid product reservoir
      or container assembly, and a container closure assembly according to a
      first embodiment of the present invention, indicated generally at 92. A
      generally cylindrical spray product container 93 contains the spray
      product and is mounted in a holder 94 in an inverted position with the
      dispensing end downwardly directed. Container 93 is preferably plastic,
      such as polypropylene or polyethylene, formed by a conventional forming
      process. Container 93 has a rounded shoulder 96 at the dispensing end
      thereof, in the orientation shown in FIG. 7, which rests on a radially
      inward projected shelf 95 integral with holder 94. A plurality of vertical
      guides 97, shown in FIG. 8, correctly position the container 93. At the
      lower-most portion of container 93 is an open neck member 98 defining an
      open throat closed by a plug member 99. An open central portion of the
      plug 99 is closed by an insert 101 formed of an elastically penetrable
      material such as latex rubber or a suitable plastic. A pointed hollow
      needle 102 is securely, vertically positioned by suitable brace means 103
      at the bottom of holder 94. The upper pointed portion of the needle 102
      penetrates the insert 101 and communicates with the interior of the
      container 93. The lower end of the needle 102 is engaged by one end of the
      spray product delivery line 17A as at 105. Spray product delivery line 17A
      is trained upwardly along holder 94, emerging therefrom to extend to the
      spray applicator, as previously described.
PAR  An arm 106 is pivotally assembled to the top of holder 94 at the back
      thereof as at 107. Interiorly mounted in arm 106 and extending downward
      therefrom is a hollow, pointed, slightly curved needle 109. The pointed
      end of needle 109 penetrates the upper portion of container 93 and
      communicates with the interior thereof. The opposite end of needle 109 is
      connected to a one-way air valve 44A of the type previously described. The
      one-way valve 44A is connected to one leg of a T-connector 42A mounted
      interiorly of the arm 106. The other two legs of the T-connector 42A are
      connected respectively to a branch 39A leading from a main air supply
      line, and an air supply line 24A leading to the applicator, as previously
      described. It may be seen that the air delivery line 24A and spray product
      delivery line 17A correspond to the air supply line 24 and product
      delivery line 17 of FIG. 1, while the branch line 39A corresponds to the
      branch 39 of FIG. 1.
PAR  In use, a full liquid product reservoir 92 of spray product is placed in
      the holder with the arm 106 pivoted out of the way. The guides 97 properly
      position the container in the holder with the insert 101 of plug 99 in
      neck 98 positioned over the liquid product needle. A gentle push downward
      on the container 93 causes the fluid needle 102 to pierce the insert 101
      which seals around the needle 102 to prevent leakage, thereby establishing
      the liquid communication between the spray product in container 93 and the
      spray applicator. Arm 106 is pivoted downward to a position whereby the
      air needle 109 punctures the container 93 and enters it. The air needle
      109 is slightly curved so as not to rip or tear the surface of container
      93, but enter in a smooth continuous motion. With the air needle 109
      seated in the container 93, the air pressure connection is established
      between the main air line and the interior of the container 93. After the
      container 93 is emptied, it is simply removed from the holder 94 and
      discarded. Upon removal of liquid product needle 102 from insert 101,
      insert 101 reseals to prevent loss of liquid in the event that container
      93 is not yet empty.
PAR  As shown in FIG. 10, the air needle could optionally be situated adjacent
      the liquid product needle 102. An air needle 109A is suitably secured in
      brace 103 adjacent liquid needle 102 and penetrates insert 101. A suitable
      connecting tube 112 connects air needle 109A to the air pressure supply
      branch. Air under pressure is delivered to the container 93 through air
      needle 109A as spray product is delivered through the liquid needle 102 to
      the applicator. The one-way air valve 44A prevents the backing up of the
      spray product into the main air line 24A or air delivery line 39A.
PAR  The closure assembly of liquid product reservoir 92 is shown in greater
      detail in FIG. 9. Container 93 terminates in neck member 98 having an open
      throat 110 adapted to snugly receive plug member 99. Plug 99 is generally
      cylindrical having outside walls to closely conform to the interior walls
      of neck 98, and has a central cylindrical opening 111 having a reduced,
      tapered opening 113 facing the interior of container 93. Peripherally
      surrounding the opposite end of opening 111 on plug 99 is, in the
      unassembled form of FIG. 9, an outwardly directed, upstanding annular
      ridge 114.
PAR  Insert 101 has a generally cylindrical body 117 adapted to snugly fit in
      the central opening 111 of plug 99. A conical shoulder 115 extends from
      body 117 toward the interior of container 93, terminating in a reduced
      cylindrical section 116.
PAR  In assembly, insert 101 is first positioned in the central opening 111 of
      plug 99 whereby the conical shoulder 115 and reduced cylindrical portion
      116 of insert 101 make sealing contact with the interior walls definiing
      reduced tapered opening 113 in plug 99. Ridge 114 is fused by heat or
      other suitable means over the outer end of insert 101, as seen in FIG. 7,
      whereby the insert is tightly sealed in plug 99.
PAR  The container 93 having been filled with the proper spray product, plug 99
      is positioned in throat 110 of neck 98. An exterior outer peripheral ledge
      118 on plug 99 abuts a mating, interior annular ledge 119 at the interior
      end of throat 110. A tapered, interiorly directed lip 120 adjacent ledge
      118 on plug 99 is forced radially inward by the corner of ledge 119 in
      throat 110 to effect a seal. An annular ridge 122 located at the exterior
      end of plug 99 and coextensive with the perimeter thereof, is fused to the
      end portion 123 of the interior walls of neck 98 as by spin welding or
      such other method to form a leak-proof seal between the plug 99 and the
      neck 98.
PAR  The assembly of the insert 101, plug 99 and container 93 is such that the
      container 93 is not reusable upon depletion of the spray product. The
      mixing of volatile or toxic substances and residues is avoided.
PAR  Shown and illustrated in FIGS. 11 through 16 is a product reservoir and
      closure assembly according to a second embodiment of the invention,
      indicated generally at 126. A generally cylindrical spray product
      container 127, as shown in FIG. 11, is mounted in a holder 128 having the
      dispensing end orientated downward. Container 127 has a rounded shoulder
      130 which rests on a radially inward projected shelf 131 integral with
      holder 128. Shoulder 130 of container 127 is interrupted by a notch or
      groove 132, as shown in FIGS. 12 and 13. An arm 133 is assembled to the
      holder 128 by suitable screws or the like and extends inward toward the
      container 127. The groove 132 rests on the arm 133 to insure that the
      container 127 is correctly positioned in the holder 128 about its
      longitudinal axis. At the dispensing end of container 127 is a neck member
      135 defining an open throat 136 closed by a plug member 137. An annular
      rib 138 surrounds the neck 135 at an intermediate position thereon. An
      open central portion 140 of plug 137 is closed by an insert 141 formed of
      an elastically penetrable material such as latex rubber or a suitable
      plastic.
PAR  A pointed hollow needle 142 is securely, vertically positioned by a
      suitable brace means 143 at the bottom of holder 128. The upper pointed
      portion of the needle 142 penetrates the insert 141 and communicates with
      the interior of the container 127. The lower end of the needle 142 is
      engaged by one end of a spray product delivery line 144 which is trained
      upwardly along the holder 128, emerging therefrom to extend to the spray
      applicator, as previously described.
PAR  An arm 146 is pivotally assembled at one end to the top of holder 128 for
      pivotal movement of the free end proximate to and away from the closed end
      of container 127. A hollow, pointed and slightly curved needle 147 is
      mounted in the free end of arm 146 adapted to penetrate container 127, as
      shown, upon pivotal movement of the arm 146 toward the container.
      Container 127 has a dished-in portion or dimple 148 to receive the needle
      147. Dimple 148 is properly aligned in the rotational path of travel of
      needle 147 when the groove 132 at the opposite end of container 127 is
      properly situated on the arm 132. Dimple 148 facilitates penetration of
      the needle 147 in the container 127 by restricting sliding of the needle
      147 over the surface of the container. An air line 149 provides air under
      pressure to the container 127 through the needle 147, as previously
      described.
PAR  The closure assembly of reservoir 126 is shown in detail in FIGS. 14
      through 16. A circumferential, outwardly facing ledge portion 151 is
      located in the throat 126. Plug 137 is generally cylindrical, having an
      annular side wall 150 to closely conform to the interior walls of neck 135
      outward of ledge 151. The inner end of plug 137 is provided with a ledge
      portion 152 in mating contact with and bonded to the ledge 151 of neck
      135. The ledges 151 and 152 may be sealably joined or bonded in
      conventional fashion but preferably are sealably joined or welded
      according to the method of the present invention, as will be more fully
      explained. A tapered, inwardly directed lip 153 extends from the inner
      edge of ledge 152 on plug 137 toward the interior of container 127. Plug
      137 rests in throat 136 with the outer edge of side wall 150 recessed
      relative to the outer end 154 of the neck 135. To further secure plug 137
      in throat 136, as shown in FIGS. 14 and 15, discrete portions of the end
      154 of the neck 135 are turned over the outer end of side wall 150 of plug
      137 to form a plurality of tabs 156 holding the plug 137 in place.
PAR  Plug 137 has a horizontal bulkhead or end wall 157 extending diametrically
      between the inner surfaces of side wall 150 and having the central opening
      140 accommodating the elastically penetrable insert 141. On the interior
      side of wall 157 is an annular sleeve 158 surrounding the opening 140 and
      providing a chamber for accommodation of the base 160 of insert 141. Base
      160 is snugly accommodated in the chamber of sleeve 158 and bears against
      the peripheral portion of wall 157 surrounding the opening 140. Base 160
      has a central depression 155 facing the interior of container 127 with an
      inwardly directed, conical shaped nipple 159. Nipple 159 has an indented
      tip and facilitates closure of insert 141 upon removal of one or more
      needles therefrom. A neck 161 extends from base 160 through the opening
      140 and terminates at an enlarged head 162 on the opposite or exterior
      side of wall 157. A tapered rim 163 surrounds the outer endge of opening
      140 and bears against the neck 161 of insert 141. As shown in FIGS. 14 and
      16, insert 141 is held in position in plug 137 by a flange 164. Flange 164
      is constituted as an arcuate segment extending radially inward from the
      inner edge of sleeve 158 over the top of base 160 of insert 141.
PAR  The use of container assembly 126 of the second embodiment of the present
      invention is the same as that described in the use of the container
      assembly 92 of the first embodiment. The container 127 is inserted in the
      holder 128, the needle 144 passing throughh the elastically penetrable
      insert 141 and establishing fluid communication with the interior of the
      container. The arm 146 of holder 128 is rotated to a position where the
      needle 147 supplying air under pressure punctures the container 127 at the
      dimple 148. The dimple 148 is correctly aligned to receive the needle 147
      by proper positioning of the container such that the groove 132 engages
      the arm 133 in the lower portion of the holder 128. Container 127
      eliminates the use of the conventional overcap to close the neck and
      provides a well sealed container which is usable in the inverted position,
      as shown.
PAR  The method of closing a container contemplated by the present invention is
      illustrated in FIGS. 17 through 19 and utilizes a technique termined
      ultrasonic welding such as is described in U.S. Pat. Nos. 3,563,822 to
      Fesh and 3,224,916 to Soloff et al. The method allows use of containers
      constituted of economic lowgrade thermoplastic, such as polyethylene and
      polypropylene. Prior to the method described herein, far field ultrasonic
      welding of such plastics yielded poor results which are believed to result
      from the poor energy transmission characteristics of such plastics.
      Application of the present method allows the reliable joining and welding
      of such materials affording a method of sealably closing containers of the
      type described herein. The method allows far field welding, or application
      of ultrasonic energy from a location remote from the intended weld
      location, at greater distances than is known in the prior art.
PAR  It has been found that thermoplastic parts may be reliably and efficiently
      welded by ultrasonic means at a first location through the application of
      ultrasonic energy at a second location remote from the first location. The
      thermoplastic parts are provided with ledges, edges, flanges, or the like,
      in abutting relationship and intended to be welded together by ultrasonic
      energy induced at a location remote from the abutting portions. Such a
      procedure is useful when the intended weld location is inaccessible to an
      ultrasonic welding horn. The procedure involves the application of
      ultrasonic energy to both thermoplastic parts. If the parts have portions
      in adjacent relationship at a second location other than at the location
      of the intended weld, the ultrasonic energy may be imparted to both parts
      simultaneously at the second location through a single ultrasonic horn.
      Preferably at the first location, or the location of the intended weld,
      one of the parts has a pointed edge in abutting relationship to the other
      part in order to concentrate ultrasonic energy to produce a weld.
      Preferably also, one of the parts is securely fixtured proximate the weld
      location such that the weld location is located between the fixture and
      the second location or the location of application of ultrasonic energy.
      So fixturing the part serves also to concentrate the ultrasonic energy.
      The method is useful in assembling thermoplastic parts such as closing
      containers of the type having the traditional over-cap and also in closing
      containers of the type described herein.
PAR  Referring to FIG. 17, plug 137 is located in throat 136 of neck 135 of
      container 127 preparatory to being sealed therein. A suitable fixture,
      indicated at 165 in FIG. 17, firmly grasps container 127 about neck 135
      proximate annular rib 138. The intended weld location is between fixture
      165 and the location of application of ultrasonic energy. Container 127
      is, for example, located in an assembly line having already been filled
      with an appropriate liquid or spray product. In lieu of a flat ledge, the
      inner end of side wall 150 of plug 137 terminates in an inwardly directed
      annular pointed ledge or edge 166 which functions as an energy director
      and is in contact with the ledge 151 of the neck 135. A first ultrasonic
      horn 167 is poised over the plug 137 and outer end 154 of container 127.
      Horn 167 is assembled in an ultrasonic welding machine having the usual
      converter and ultrasonic power supply (not shown).
PAR  Plug 137 rests in the neck 135 with the outer edges of side wall 150
      slightly recessed relative to the outer end 154 of the neck 135. Horn 167
      has a flat, circular face 169 adapted to contact the outer edges of plug
      137. The end of horn 167 also has four equally spaced horn elements 155
      adapted to contact the outer end 154 of neck 135 at four discrete
      locations thereon at substantially the same time the face 169 contacts the
      outer edges of the side wall 150 of plug 137. Ultrasonic energy is thus
      transmitted both to the plug and the bottle neck at the same time. The
      horn elements 170 also serve to turn over a portion of the outer end 154
      of neck 135 to thus form the tabs 156 illustrated in FIG. 15. According to
      the method of closing a container, the plug 137 is rested in the neck 135
      of container 127 with the sharpened edge 166 of side wall 150 in contact
      with the outwardly facing ledge 151 of neck 135, as shown in FIG. 17. The
      energized horn 167 is brought into contact with both the outer end 154 of
      neck 135 and the outer edge of wall 150 of plug 137 at substantially the
      same time. The face 169 of horn 167 contacts the outer edge of wall 150 of
      plug 137 pushing it downward, while the horn elements 170 contact the
      outer end 154 of neck 135 at four discrete locations thereon. The induced
      ultrasonic energy causes fusion of the sharpened edge 166 of wall 150 and
      the outwardly directed ledge 151 of neck 135. In the fusion process, the
      material of edge 166 softens and flows into the outwardly directed ledge
      151 of neck 135, as shown in FIGS. 19 and 14. In the fusion process, there
      may occur what is known as splash-out wherein a portion of melted material
      moves away from the joint. The tapered lip 153 extending from the ledge
      152 of plug 137 prevents the splash-out from falling into the product
      contained in the container 127. While transmitting ultrasonic energy to
      the neck 135, at the same time the horn elements 170 push material from
      the outer end 154 of neck 135 over the outer edge of the wall 150 of plug
      137 to form the tabs 156, as shown in FIGS. 19 and 14, to further secure
      the plug 137 in place. The method is effective in the sealing of low-grade
      thermoplastic material such as polyethylene and polypropylene which
      heretofore could not be reliably welded using far field ultrasonic welding
      techniques. It is believed that the introduction of ultrasonic energy at
      the same time to both the plug 137 and the neck 135 produces out of phase
      ultrasonic vibration in both pieces to increase the efficiency of the
      ultrasonic welding. The pieces are of sufficiently differing geometry that
      out of phase vibrations are produced in the respective pieces even though
      the ultrasonic energy is introduced through a single horn. The weld
      produced between the ledges 151 and 152 of the bottle neck and plug
      respectively is substantially continuous along the perimeter of the neck
      and is reinforced at those locations where the horn elements 170 of horn
      167 come in contacting relationship with the outer end 154 of the neck
      135.
PAR  The method of securing an elastically penetrable insert in a container plug
      is illustrated in FIGS. 20 through 22. Elastically penetrable insert 141
      is provided in the plug 137 with the base 160 situated in the annular
      sleeve 158 and the neck 161 extending through the central opening 140 in
      the wall 157 of plug 137. The head 162 emerges from the opposite side of
      the central opening 140. As the insert 141 is elastic, the head 162
      squeezes through the central opening 140. A second ultrasonic welding horn
      172 is poised over the annular sleeve 158 of plug 137 in position to
      contact the ends thereof. Referring to FIG. 21, the base of horn 172 is
      provided with a plurality of arcuate horn segments 173 equally spaced
      about the perimeter thereof. As shown in FIGS. 20 through 22, each horn
      segment 173 has an exterior prong 174 adapted to contact the end of
      annular sleeve 158, and an interior prong 175 is adapted to bear against
      the base 160 of insert 141 when the exterior prong 174 is in contact with
      the edge of sleeve 158. The interior prongs 175 squeeze the base 160
      toward the wall 157 while the exterior prongs 174 move a portion of the
      material from the edge of sleeve 158 over the base 160 of insert 141, thus
      to form the flanges 164 securing the base 160 in the annular sleeve 158.
      Compression of the base 160 by the interior prongs 175 while moving the
      edge material with the exterior prongs 174 insures that the insert will be
      snugly and sealably accommodated in the annular sleeve 158 and central
      opening 140.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A fluid product reservoir comprising:
PA1  a closed container having an open neck portion with interior walls defining
      an open throat;
PA1  an interior, outwardly facing ledge integral with said interior walls of
      said throat;
PA1  a plug located in said throat having outer walls closely conforming to the
      interior walls of said neck portion to close the neck portion;
PA1  said plug having a peripheral, inwardly facing ledge in mating contact with
      the outwardly facing ledge in said throat;
PA1  the end portion of said neck being attached to the end of said plug to
      secure said plug in said throat;
PA1  a lip on said plug extending inwardly from the inwardly facing ledge of
      said plug, said lip being tapered inwardly and toward the center line of
      said container making biasing, frictional contact with said outwardly
      facing ledge of the throat to at least partially form a seal;
PA1  said plug having a central opening;
PA1  an elastically penetrable insert sealably located in said central opening
      of said plug.
NUM  2.
PAR  2. The reservoir of claim 1 wherein: said central opening in said plug has
      a reduced tapered portion facing the interior of the container, said
      insert having a conical shoulder snugly fitting in said reduced tapered
      portion of the central opening to form a seal.
NUM  3.
PAR  3. A fluid product reservoir comprising:
PA1  a closed container having an open neck portion with interior walls defining
      an open throat;
PA1  an interior, outwardly facing ledge integral with said interior walls of
      said throat;
PA1  a plug located in said throat having an outer wall closely conforming to
      the interior walls of said neck portion to close the throat;
PA1  said plug having a peripheral inwardly facing ledge in mating contact with
      the outwardly facing ledge in said throat;
PA1  means sealably joining the ledge of said plug to the ledge of said throat;
PA1  the end of said neck having a plurality of tabs extending radially inward
      over the outward end of said plug to hold said plug in place;
PA1  said plug having a central opening;
PA1  an elastically penetrable insert sealably located in said central opening
      of the plug.
NUM  4.
PAR  4. The reservoir of claim 3 wherein: said means sealably joining the ledge
      of said plug to the ledge of said throat constitutes an ultrasonic weld.
NUM  5.
PAR  5. The reservoir of claim 4 including: an inwardly tapered lip extending
      from the ledge of said plug toward the interior of said container.
NUM  6.
PAR  6. The reservoir of claim 4 including: an inwardly directed dimple in said
      container located on said container generally opposite said neck and
      adapted to receive and be punctured by a pointed needle.
NUM  7.
PAR  7. A fluid product reservoir comprising:
PA1  a closed container having an open neck portion with interior walls defining
      an open throat; in interior, outwardly facing ledge integral with said
      interior walls of said throat; a plug located in said throat having side
      walls closely conforming to the interior walls of said neck portion to
      close the throat; said plug having a peripheral, inwardly facing ledge in
      mating contact with the outwardly facing ledge in said throat; means
      sealingly joining the ledge of said plug to the ledge of said throat;
PA1  said plug having an end wall extending diametrically between the inner
      surface of said side walls; said end wall having a central opening; an
      elastically penetrable insert sealingly located in said central opening
      having a base located on the interior side of said end wall, a neck
      extending through said central opening, and a head on the opposite side of
      said end wall.
NUM  8.
PAR  8. The reservoir of claim 5 including: an annular sleeve located on the
      interior side of said end wall surrounding the base of said elastically
      penetrable insert.
NUM  9.
PAR  9. The reservoir of claim 6 wherein: said sleeve has an inwardly directed
      flange extending over the base of said elastically penetrable insert to
      secure said elastically penetrable insert in position relative to said
      plug.
NUM  10.
PAR  10. The reservoir of claim 6 including: a tapered rim on the exterior side
      of said end wall surrounding and bearing against the neck of the
      elastically penetrable insert.
NUM  11.
PAR  11. A fluid product reservoir comprising:
PA1  a closed container having an open neck portion with interior walls defining
      an open throat;
PA1  an interior, outwardly facing ledge integral with said interior walls of
      said throat;
PA1  a plug located in said throat having side walls closely conforming to the
      interior walls of said neck portion to close the throat;
PA1  said plug having a peripheral, inwardly facing ledge in mating contact with
      the outwardly facing ledge in said throat;
PA1  means sealably joining the ledge of said plug to the ledge of said throat;
PA1  the outer end of the side walls of said plug being recessed relative to the
      outer end of the neck;
PA1  discrete portions of the end of said neck being turned over the outer end
      of the side walls of said plug to form a plurality of tabs extending
      radially inward over the outward end of said plug to hold said plug in
      place.
NUM  12.
PAR  12. The reservoir of claim 9 wherein: said means sealably joining the ledge
      of said plug to the ledge of said throat constitutes an ultrasonic weld.
NUM  13.
PAR  13. The reservoir of claim 9 including: an inwardly tapered lip extending
      from the ledge of said plug toward the interior of said container.
NUM  14.
PAR  14. A plug for closure of a thermoplastic container of the type having a
      cylindrical open neck with an outwardly facing annular ledge in the neck,
      said plug including:
PA1  an annular side wall having a contour to closely conform to the interior
      walls of the neck of said type of container;
PA1  an end wall extending diametrically between the interior surfaces of said
      side wall;
PA1  means on said end wall permitting fluid communication with the interior of
      said chamber;
PA1  one edge of said side wall adapted for sealing engagement with the annular
      ledge in the neck of said type of container;
PA1  said one edge being a pointed, annular edge comprising an energy director
      adapted to be ultrasonically welded to the annular ledge in the neck of
      said type of container.
NUM  15.
PAR  15. The plug of claim 14 including: inwardly directed tapered lip means
      extending from said side wall proximate said one edge positioned to
      prevent splash-out when said plug is ultrasonically assembled to said type
      of container to close the container.
NUM  16.
PAR  16. A plug for closure of a thermoplastic container having a cylindrical
      open neck with an outwardly facing ledge in the neck, said plug including:
PA1  an annular side wall having a contour to closely conform to the interior
      walls of the neck of the container;
PA1  one edge of said side wall adapted to sealingly contact the ledge in the
      neck of the container;
PA1  an end wall extending diametrically between the interior surfaces of the
      side wall;
PA1  said end wall having a central opening;
PA1  an annular sleeve surrounding said central opening on said end wall on the
      side of the end toward the edge of the side wall adapted to contact the
      ledge in the neck of the container;
PA1  an elastically penetrable insert sealingly located in said central opening;
PA1  said insert having a base located in said annular sleeve, a neck extending
      through said central opening, and a head located on the opposite side of
      said end wall.
NUM  17.
PAR  17. The plug of claim 16 wherein the edge of the side wall adapted to
      contact the ledge in the neck of the container comprises: a pointed
      annular edge adapted to be ultrasonically welded to the ledge in the neck
      of said container.
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ABST
PAL  A container, particularly for liquids, consisting of at least two coaxial
      parts manufactured from synthetic material, wherein each part has a ring
      which is concentrically connected with the peripheral edge thereof. In the
      two interconnected parts, both the end edges concerned and the facing
      edges of the rings are interconnected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a container, particularly for liquids, consisting
      of at least two coaxial parts manufactured from synthetic material and
      interconnected by their peripheral edges.
PAR  It is known per se to form containers of synthetic material, e.g., for
      liquids, from two adjoining and interconnected parts. The Netherlands
      Patent application 64,14980, describes a container made of plastic and
      constructed from two tapering parts of which the end edges are outwardly
      bent over and interconnected by sealing them together.
PAR  The Netherlands Patent application 72,05432 proposes a container
      manufactured from synthetic material and consisting of at least two parts,
      the two parts being interconnected by means of teeth extending along the
      circumference and engaging each other.
PAR  As to the manufacture of a container from synthetic material, there are
      only a limited number of processes which are considered.
PAR  The process which is mostly and universally followed is extrusion blow
      molding, wherein an extruded tube is introduced into a divisible die,
      which tube, after closing the die, is inflated by comprssed air, so that
      the still pliable tube conforms to the configuration of the die. The
      compressed air acts as the core of the mold form. In this way it is
      possible to manufacture hollow articles like vessels and containers in one
      piece. This process is attractive due to the comparatively moderate die
      cost, since, contrary to an injection molding process, the die for blow
      molding has no core and in fact consists only of the outer mold which
      moreover is not exposed to such high pressure as the injection molding
      dies.
PAR  This method suffers from the disadvantage that there are limitations as to
      the shape of the finished article, in particular the limited possibility
      of separately determining the wall thicknesses at various locations.
PAR  A cylindrical container with a flat bottom manufactured according to this
      method has the drawback that on the point of tangency of the shell with
      the bottom or cover, the extruded tube is more stretched than in the
      central part or the upper surface and lower surface, respectively.
PAR  In practice those locations, i.e., the locations at which the shell merges
      into the upper or lower surface, are consequently most liable to damage,
      and if those weak spots should be reinforced, this implies that almost the
      whole container should be stiffened which involves a certain waste of
      material.
PAR  In order to avoid this more or less excessive blow-out, the bottoms of
      blown containers are usually constructed in such a way that their diameter
      is smaller than that of the shell, whereby the surface by which it bears
      on the ground is not insignificantly reduced which impairs the stability
      when conveyed by conveyor tracks or other means of conveyance. Although
      attractive due to low cost of production, the blow molding process has
      drawbacks which may weigh heavily.
PAR  By using an injection molding method it is possible to obtain certain
      shapes for tube rings and bottoms which, when assembled, constitute a
      container which at the most damageable locations, in this case the
      locations at which the shell merges into the upper and lower face and at
      one or more locations on the circumference of the shell, is provided with
      reinforcements.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims to provide a container structure which does not hamper
      the manufacture of the vessel by injection molding and which does not
      render it necessary to use complicated and expensive dies, but which also
      allows great strength to be easily imparted to the connection between the
      parts.
PAR  The container according to the invention has in each part a ring which is
      concentrically connected with the circumferential edge thereof, while of
      two interconnected parts both the end edges concerned and the facing edges
      of the rings are interconnected.
PAR  The concentric ring may be placed outside the related part of the
      container. According to the invention a reinforcing band of two concentric
      rings is obtained, the inner ring forming part of the container proper and
      the outer ring serving as a reinforcement which protects the container
      from injuries or destruction owing to loads applied thereto when it falls
      or bumps.
PAR  By locally increasing the thickness of the material of this double wall,
      the strength against the loads referred to above may be adapted according
      to the requirements by using a minimal quantity of additional material.
PAR  In molding the band, ribs can be simultaneously forced in one piece
      therewith, which are regularly spaced on the circumference and impart an
      additional stability to the double-walled band and are disposed in such a
      way that in cases of a point load the forces which are applied to the
      outer wall of the band are absorbed and to a much lesser extent are
      transmitted to the container proper. The facing edge parts of the
      respective ribs may be interconnected. The ring can also, via a closed
      bridge part, be connected with the wall of the vessel.
PAR  When containers are filled under pressure, or when the pressure can
      increase, e.g., owing to a rise in temperature of the contents of the
      vessel, the reinforcing bands limit the deformation of the container so
      that it can still be rolled.
PAR  A container may also be constructed such that each container part carries
      at both ends a concentric ring, while the container constructed from
      interconnected parts is closed at both ends by cover parts provided with a
      corresponding ring. The construction may be such that the inside diameter
      of each part decreases gradually from the two ends to the central part,
      while the container is composed of a number of interconnected parts.
PAR  Containers made of synthetic material in the conventional structures tend
      to sag when they are horizontally placed on the ground, whereby a steadily
      increasing flat side forms on the shell at the location where it contacts
      the ground or floor.
PAR  When cases are stored this is a drawback, since after a lapse of time the
      deformation is such that the container can only be rolled with difficulty.
PAR  The reinforcing rings according to the invention allow the vessels to be
      rolled over guide booms or rails, as is usual with metal vessels, the
      protruding reinforcing ring serving as a flange wheel causing the
      container to track along the rails or guide beams.
PAR  Since the container is provided with upper and lower surfaces with a
      diameter which is at least equal to that of the shell, better stability in
      vertical stacking is achieved than is possible in the case of blown
      containers with reduced upper and lower surfaces. The container can also
      take a higher axial load, with the same use of material, than is the case
      with blow-molded containers, which is of interest for consumers and
      shippers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a container, according to the invention,
      which is composed of two parts;
PAR  FIG. 2 is partially an elevational view and partially a longitudinal
      section through a vessel constructed from two shell parts and two cover
      parts;
PAR  FIG. 3a is a fragmentary plan view of a cover part used in a container
      according to FIG. 2;
PAR  FIG. 3b is a longitudinal section of the cover part;
PAR  FIG. 3c is an inverted plan view of the cover part;
PAR  FIG. 4 is partially an elevational view and partially a longitudinal
      section of a vessel according to the invention constructed from three
      shell parts and three cover parts.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS:
PAR  The container depicted in FIG. 1 consists of parts 1a, 1b manufactured from
      synthetic material by injection molding. The two parts are identical; each
      consists of a shell portion 2a, 2b, respectively, which via ribs 3a is
      connected with the edge 4a, 4b, respectively. According to the invention
      the parts are interconnected in a special way. At the open end of each of
      the parts 1a, 1b, respectively, is disposed a ring 5a, 5b, respectively,
      concentric therewith, which via both a colsed bridge part 6a, 6b,
      respectively, and a plurality of ribs 7b is connected with the associated
      shell portion. The two parts may be interconnected by means of the
      well-known "mirror molding" process. The parts to be interconnected are
      smoothed by means of a rotating milling cutter; thereupon the edges are
      heated by means of the sealing mirror and, after the mirror has been
      removed, pressed one on the other. It is ensured that the corresponding
      facing edges on the ribs 7a, 7b of the two container portions are sealed
      together.
PAR  Thus, a structure is produced which not only has the advantage of providing
      a proper connection of the two parts of the container, but which,
      moreover, as a rolling and protective edge, give these parts an additional
      protection.
PAR  Since the corresponding end edges of the ribs of the two parts 7b are
      interconnected, a plurality of air chambers is forced which damp shocks
      and sudden loads on the rolling edges.
PAR  FIG. 2 shows partially in section and partially in elevation a container
      constructed from two shell parts and two cover parts. The shell parts 10a,
      10b are identical. Their diameter decreases slightly, in order to allow
      removal from the injection molding die, from the respective outer ends
      toward the central part. The facing ends of the shell parts 10a, 10b are
      provided with edges 11a, 11b concentric thereto and situated inwardly
      therefrom, the edges being connected, via the bridge parts 12a, 12b and
      the ribs (not shown) arranged as shown in FIG. 1, to the wall of the
      container. At the ends remote from each other are rings 13a, 13B,
      respectively, on the outer side of the shell parts 10a, 10b. They are
      connected, via the birdge parts 14a, 14b, respectively, and ribs of the
      aforementioned kind, to the respective shell parts. The cover parts 15a,
      15b, too, are provided on their outer sides, with rings 16a, 16b, which,
      via the bridge parts 17a, 17b and ribs, are connected to the cylindrical
      cover part 18a, 18b, respectively.
PAR  FIGS. 3a, 3b and 3c show a fragmentary plan view, a longitudinal section,
      and an inverted plan view, respectively, of a cover part like the cover
      part 15a. This part includes a bung hole 20 and an outlet opening 21 used
      for cleaning the vessel and, as shown in FIG. 3c, connecting ribs 22.
      These ribs are also provided on the container part with which the cover
      part is connected.
PAR  FIG. 4 shows how it is possible to construct, from a limited number of
      standard parts, a plurality of vessels with mutually differing volumes.
PAR  Each of the parts 30, 31, and 32 is shaped in such a way that the diameter
      from the two ends toward the central part slightly decreases in order to
      permit the container to be removed from the die. At the ends of the parts
      the diameter is mutually identical.
PAR  The rings 33a, 33b, 34a, 35a, 35b are disposed on the outer side of the
      container in the way described hereinbefore. The two end covers 36, 37 are
      shaped in the way described with reference to FIG. 2 and FIGS. 3a to 3c.
      This container, too, presents the aforementioned advantages.
PAR  By spraypainting the parts of the complete container in various colors and
      assembling these differently colored parts, it is possible to manufacture
      containers painted in two or more colors. There is a need for such
      containers by companies which want to use vessels having their "company
      colors" so that the owner or the contents can be identified by color or
      combinations of colors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container comprising at least two coaxial shell parts arranged
      end-to-end and made of synthetic moldable material, each shell part having
      a ring concentric with its respective shell part and connected to a
      peripheral edge of its respective shell part, the ring of each part having
      an edge facing an edge of the other ring, said facing edges engaging each
      other in only a single plane and being permanently connected to each
      other.
NUM  2.
PAR  2. A container as defined in claim 1 wherein each shell part has an end
      edge facing an end edge of the other shell part, said facing shell part
      edges engaging each other in only a single plane and being connected to
      each other.
NUM  3.
PAR  3. A container as defined in claim 1 including connecting ribs connecting
      each ring to its respective shell part, said ribs being uniformly
      distributed around the periphery of the shell part.
NUM  4.
PAR  4. A container as defined in claim 3 wherein the ribs of each shell part
      have edges facing the ribs of the other shell part, said facing edges of
      the ribs engaging each other in only a single plane and being connected to
      each other.
NUM  5.
PAR  5. A container as defined in claim 4 wherein each shell part has an end
      edge facing an end edge of the other shell part, said facing shell part
      edges engaging each other in only a single plane and being connected to
      each other, the planes of engagement of said rings, ribs, and shell parts
      all being the same plane.
NUM  6.
PAR  6. A container as defined in claim 1 including a solid bridge part
      connecting each ring to its respective shell part.
NUM  7.
PAR  7. A container as defined in claim 1 wherein each end of the container is
      provided with an end ring concentric with the container and connected to
      the peripheral edge of its respective container end, and including a cover
      part at each end of the container, each cover part having a concentric
      ring corresponding to the ring at the container end, said container end
      ring and its respective cover part ring each having an edge facing an edge
      of the other, said facing edges engaging each other in only a single plane
      and being connected to each other.
NUM  8.
PAR  8. A container as defined in claim 7 wherein the diameter of each shell
      part decreases from each end toward its center.
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ABST
PAL  The container of a cookware unit includes a cartridge member and a
      replaceable infix member, both of which are of substantially the same
      configuration and in which the infix member is removably positioned in the
      cavity of the cartridge member. A non-stick coating coats the interior of
      the infix member and the infix and cartridge members are removably
      fastened together into an integral unit. Heat diffusion means may also be
      located between the cartridge and the infix member to distribute the heat
      which is applied to the container.
PARN
PAR  This is a continuation of application Ser. No. 242,325, filed Apr. 10,
      1972, now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  A cookware unit may be employed as any one or all of the following: for
      heating, cooling, storing, serving and/or transporting food contents.
      Cookware units are generally composed of a container, with or without
      handle, the protective non-stick or decorative coatings of the container,
      the closure of the container and the coatings of the closure. According to
      the present state of art, the handle of the container, the closure of the
      cookware unit and the entire container with all its coatings must
      generally be discarded when any one of them has deteriorated or has been
      damaged, particularly where the container is part of a matched set which
      has been discontinued.
PAR  The most vulnerable, the most short lived and most expensive coating of the
      cookware unit is the interior non-stick coating of the container. Due to
      the inherent limitations of non-stick coating materials in their
      resistance to wear, their life is normally limited to approximately 2 to 3
      years. The container itself, however, which is usually formed of strong
      metals, has the potential to serve a user for his entire lifetime.
      Nevertheless, the present state of art necessitates the replacement of the
      entire container each time its non-stick coating is damaged or reaches the
      end of its useful life. This invention relates to a cookware unit, and
      more particularly, a container of a cookware unit having a replaceable
      infix or insert member.
PAR  Cookware containers having non-stick coatings, such as PTFE, are well known
      in the cookware field. Such containers are generally formed of solid
      aluminum and the interior aluminum surface which contacts the food to be
      prepared is coated with a suitable non-stick coating. Prior to the
      application of the non-stick coating, the aluminum surface of these
      containers must first be prepared by suitable methods in order to insure
      adequate adhesion between the non-stick coating and the aluminum. Such
      methods include etching, either chemically or mechanically, or the
      application of a sintered ceramic anchor frit which is heat bonded to the
      aluminum and to which, in turn, the non-stick coating is bonded. Either
      where the aluminum is etched or where the sinter bonded anchor frit is
      applied, the thickness of the aluminum must be substantially increased
      relative to the thickness which would otherwise be satisfactory where
      non-stick coatings are not employed. If the aluminum is etched, the
      increased thickness is necessary to insure that adequate container
      strength remains after the extensive metal erosion attendant to the
      etching. On the other hand, where a heat bonded anchor frit is employed,
      the container thickness must also be increased to compensate for the loss
      of strength which results from the annealing of the aluminum which occurs
      when the container is raised to the temperatures necessary to bond such
      anchor frits to the metal substrate, these temperatures frequently being
      in excess of 1000.degree.F.
PAR  In my copending United States application for Letters Patent, Ser. No.
      3,044, filed Jan. 15, 1970 now U.S. Pat. No. 3,788,513, a laminated
      cookware construction is disclosed in which heat bonded anchor frits and
      non-stick coatings may be employed while actually realizing a decrease in
      the amount of relatively expensive aluminum necessary in such non-stick
      cookware containers from that previously required. Similarly to the
      invention disclosed in the aforementioned application, the present
      invention also has as an important object, the substantial reduction in
      the amount of relatively expensive aluminum materials in non-stick
      cookware containers, either in the container as initially purchased by the
      consumer, in the consumption of aluminum over the cooking lifetime of the
      consumer, or both.
PAR  In the present invention, a removable and replaceable infix or insert
      member is provided which may be readily replaced when the non-stick
      coating has deteriorated after its normal useful life of 2 to 3 years,
      rather than necessitating disposal of the entire container at that time as
      in the past. The infix member of the invention is not relied upon to
      provide any substantial amount of the requisite strength of the container
      and, thereby the relatively expensive aluminum from which the infix member
      is formed may be substantially reduced in thickness and quantity. The
      principal requirement of the infix member and its composition is that it
      be a compatible substrate for the bonding of the non-stick coating, e.g.
      aluminum and PTFE respectively. In turn, a permanent, highly durable
      exterior cartridge or shell member, into which the infix member is
      positioned during use, is relied upon to provide in predominant measure
      the structural and thermal prerequisites of the container and its
      aesthetic appearance. This cartridge member is constructed so as to be
      highly durable and to last the lifetime of the consumer and be
      rechargeable with a new infix member once the non-stick performance of the
      coating has deteriorated to an unacceptable level.
PAR  Thus, the initial expense to the consumer of the cookware container of the
      present invention may be substantially reduced by the use of a ferrous
      metal, such as carbon steel, in the cartridge member, the latter material
      being relatively inexpensive compared to aluminum. Moreover, such ferrous
      steels not only are relatively inexpensive, but also display several
      advantages over aluminum, including strength, resistance to high
      temperatures and weldability to mention a few, and also are compatible for
      use with well known decorative and protective coatings, such that the
      resulting cartridge is extremely durable and attractive. Even if the
      exterior cartridge or shell member or the closure of the cookware unit is
      formed of a more expensive material than carbon steel, such as aluminum,
      metal laminates, or stainless steel, the consumer will still realize a
      substantial saving over his cooking lifetime, since only the thin infix
      member need be discarded and replaced upon deterioration of its non-stick
      coating, rather than the entire cookware container as in the present state
      of the art.
PAR  In passing, it should be noted that any reduction in the intial fabrication
      cost of a cookware unit results in a substantial reduction in the ultimate
      initial purchase price to the consumer. This becomes particularly evident
      when it is considered that the retail consumer not only must bear the
      initial cost of fabrication of the product, but also the substantial
      overhead and the markup throughout the fabricating, marketing and
      advertising levels, as well as the sales level, both wholesale and retail.
      Since these markups, which must cover the overhead and profit throughout
      the commercial chain are based upon a given percentage of respective
      costs, any saving realized in the fabrication of the product will usually
      be substantially compounded by the time the product reaches the consumer.
PAR  In addition to the savings in material expenses afforded by the
      separability features of the container of the present invention, such
      separability also renders possible the performance of certain processing
      steps performed upon the respective components of the container, which can
      not otherwise readily be performed on containers of the present state of
      the art without probable adverse effects.
PAR  The handle of cookware containers can not be attached directly to the
      container, since the thermal expansion and contraction of the handle
      during use will loosen the seal between the interior side wall and the
      head of the handle fastener and result in leakage. However, in the present
      invention, the handle may be directly affixed to the cartridge without
      studs or other auxiliary connections. Leakage will not develop since the
      head of the handle fastener may be positioned between the interior of the
      cartridge and the exterior of the infix member in an area which is not
      exposed to contact with the food content. Also if spot welding is to be
      performed upon a conventional container, such as in the affixation of the
      handle, such welding would raise the temperature of any previously applied
      non-stick coating to a level at which this coating would decompose.
      Moreover, if the handle is riveted to conventional non-stick utensils, the
      metallic head of the rivet will be exposed to the food directly and caking
      will occur on these heads which necessitates abrasive action for removal.
      Such abrasion accelerates the deterioration and frequently damages the
      non-stick coating in the vicinity of the rivet heads and thus renders the
      container unsuitable for non-stick use in a short time. If cleaning of
      rivet heads with metallic or other abrasive means is not performed, the
      food components which settle between the rivet head and the non-stick
      coating may result in objectionable odors, inconvenience, and under
      extreme conditions, health hazards. In contrast to these shortcomings, the
      handle of the cookware unit of my invention may be riveted or bolted to
      the cartridge of the container without risk of damage to the non-stick
      coating from cleaning because the infix member of the container prevents
      the food content from contacting the rivet or bolt heads and prevents
      leakage due to thermal deformation of the handle. Moreover, since the
      infix insert and cartridge member of the present invention are separable,
      welding may be readily performed upon the exterior of the cartridge shell
      in the absence of the infix member without risk of damage to the non-stick
      coating of the infix member.
PAR  In conventional cookware containers, the handles are usually formed of a
      heat insulative organic composition, such as a phenolic resin or wood, in
      order to prevent burns while handling the container. Since such materials
      are somewhat combustible, and in any event subject to decomposition from
      flame impingement, flame protection of the handle has frequently been
      provided in the form of a separate ferrule or the like which is fitted
      over the end of the handle adjacent the container. In the cookware unit of
      the present invention, the flame protection component may be formed as an
      integral part of the container eliminating the need for expensive,
      separate components for this purpose. Moreover, integration of the flame
      protector with the container is facilitated by the novel infix member
      construction of the present invention which provides a smooth continuous
      container rim.
PAR  Also, in the present state of art, stainless steel and its laminates are
      known to offer certain advantages in hygiene, cleanability and aesthetic
      appearance when employed in a cookware unit. Nevertheless, stainless steel
      and its laminates are poor heat conductors and thus facilitate the
      excessive accumulation of heat which tends to burn and cake the food. In
      order to prevent this, most stainless steel cookware containers include a
      heat dissipating bottom exterior. Such bottom exterior may be copper or
      aluminum which may be welded, soldered, electrolytically coated or
      deposited by other known means onto the exterior of the container bottom.
      Thus, great care and expense are involved in maintaining a suitable
      aesthetic appearance of the cookware in view of this visible addition to
      the bottom. Also added fabricating costs and care are necessary to insure
      the cleanability of this exterior bottom addition which is not only in
      direct contact with flame, but also is exposed to contamination by
      overflowing food and water and various detergents in the sink or
      dishwashing machine. Moreover, detergents which may be compatible with
      stainless steel may not always be compatible with copper and aluminum and
      any recess or crevice in the attachment of the exterior bottom addition
      impedes the cleanability of such utensil. In contrast, the container of
      the present invention permits the incorporation of an interior member to
      facilitate heat dissipation in the container bottom and to prevent the
      thermal deformation or buckling of the container bottom due to repeated
      expansion and contraction from repeated heating and cooling. The buckling
      of the container bottom is particularly detrimental to heat transfer where
      a hot plate is the heat source, since hot plate cooking is convenient and
      effective only so long as the bottom of the cookware is flat so as to
      maximize contact with the hot plate, heat transfer being primarily
      effected by conduction in such hot plates. However, deformation or
      buckling of the bottom of the utensil will result in air gaps between the
      hot plate and the container and thus reduce the effectiveness and economy
      of heat transfer. The likelihood of such buckling or deformation will be
      substantially reduced in the present invention, since an inexpensive
      carbon steel member may be placed in the interior bottom of the cartridge
      member. Since the interior of the cartridge is never exposed to food, the
      method of placement of this member need not take into account
      cleanability. Also, since the bottom member is placed in the interior of
      the cartridge member, it will not be visible and the aesthetic appearance
      of the container will not be impaired. It is evident that both of these
      factors will reduce the labor cost of fabrication, in addition to the
      saving realized by the use of inexpensive carbon steel, rather than
      expensive copper or aluminum.
PAR  Finally, since the cartridge and infix members are formed as separate
      components, they may also be constructed such that they are spaced
      somewhat from each other in the finally assembled cookware container,
      thereby readily diffusing the heat which flows through the container to
      prevent hot spotting and/or loss of heat from the food being prepared
      through the side walls of the container, as well as thermal deformation of
      the container.
PAR  In summary, a cookware unit constructed in accordance with the principles
      of the invention renders possible the realization of at least several or
      all of the following advantages.
PAR  The performance of one or more highly desirable or economical fabricating
      steps upon either the cartridge shell or infix insert or closure member by
      themselves which could not be otherwise readily performed on prior
      cookware, may be readily performed on the cookware unit and on its
      individual members of the present invention.
PAR  A substantial reduction is realized in the cookware unit of the present
      invention in the usage of expensive materials, such as aluminum, stainless
      steel, laminates thereof, etc., and in expense to the consumer over the
      prior non-stick cookware containers, either or both in the initial
      manufacture or during the consumer's lifetime.
PAR  Enhanced welding and riveting qualities and integral affixation and flame
      protection of handles are realized in the present invention.
PAR  Pollution due to metal scrap waste, handles, closures and packaging
      therefor is substantially reduced, since when practicing the principles of
      the present invention, only the thin infix insert will become scrap and
      not the entire cookware unit, as in the past.
PAR  The container constructed in accordance with the principles of the present
      invention is capable of an aesthetic pleasing appearance, even though the
      usage of expensive materials is substantially reduced.
PAR  The infix or insert member of the present invention may be replaced either
      by the individual consumer or by a service facility, as desired.
PAR  The thermal performance of a container constructed in accordance with the
      principles of the present invention is substantially improved thereby
      effecting a substantial reduction in the possibility of hot spotting in
      that portion of the container which is to be exposed to the heat source.
      Such hot spotting might result in decomposition of the non-stick coating
      which, in turn, would cause destruction of the coating and the generation
      of potentially toxic vapors. The thermal performance of the container also
      substantially reduces the likelihood of burning-on of the food which is to
      be prepared in the container, the latter of which is not only undesirable
      from the standpoint of damage to the food being cooked, but also generally
      necessitates the scraping of the container to remove the burned food and
      consequent damage to the non-stick coating.
PAR  Due to the improved thermal performance of the cookware container
      incorporating the principles of the present invention, the likelihood of
      thermal deformation between the bottom and side walls of the cookware
      container is also substantially reduced. Such deformation generally occurs
      as the result of undesirable temperature gredients which result from
      unequal conduction through the container walls so as to cause buckling of
      the side walls and/or bottom walls of the container. Such buckling is not
      only undesirable from an aesthetic standpoint, but also, where the
      container is to be employed on a hot plate heat source where the
      transmission of heat to the container from the heat source depends
      primarily upon conduction, such deformation will result in inefficient
      heat transfer.
PAR  Moreover, the improved thermal performance of the container of the present
      invention may be realized without employing thick expensive materials of
      construction or cladding and plating manufacturing techniques as in the
      past.
PAR  In a principal aspect of the invention, a cookware unit constructed in
      accordance with the principles of the present invention includes heat
      conductive cartridge means and infix means, both of which are of a
      substantially predetermined configuration and which define cavities
      therein. The infix means is removably positioned in the cavity of the
      cartridge means and an easily cleaned coating is provided on the infix
      means. Fastening means removably attaches the cartridge means and the
      infix means together into an integral container.
PAR  These and other objects, features and advantages of the present invention
      will be more clearly understood from a consideration of the following
      detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of this description, reference will frequently be made to the
      attached drawing in which:
PAR  FIG. 1 is an exploded view of a preferred embodiment of cookware container
      constructed in accordance with the principles of the invention;
PAR  FIG. 2 is a cross-sectioned elevation view of a preferred embodiment of
      assembled cookware container of the present invention and in which the
      exterior of the container is coated with a decorative aesthetic coating;
PAR  FIG. 3 is a cross-sectioned elevation view of another preferred embodiment
      of cookware container of the invention similar to the container shown in
      FIG. 2, but in which the exterior cartridge member is formed of a material
      capable of being processed, without a coating, to provide a decorative
      aesthetic appearance itself;
PAR  FIG. 4 is a cross-sectioned elevation view of still another preferred
      embodiment of cookware container of the present invention including a heat
      diffusing strengthening plate therein;
PAR  FIG. 5 is a cross sectioned elevation view of a preferred embodiment of
      cookware container of the present invention in which the handle is affixed
      by a bolt or rivet;
PAR  FIG. 6 is a plan view of a container cartridge blank before forming showing
      a portion of the blank which is to be formed into an integral flame
      protector; and
PAR  FIG. 7 is a cross sectioned elevation view of a container in which the
      flame protector has been formed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a cookware container is shown which is constructed in
      accordance with the principles of the present invention. The container
      generally comprises a cartridge or shell member 10, an infix or insert
      member 12 which is receivable in the cavity 14 of the cartridge member and
      is shaped of similar configuration as that of the cartridge member, and a
      fastening member 16 which may be affixed over the top edge of members 10
      and 12 to fasten them together for use by the consumer, but yet be removed
      to enable replacement of the infix member 12. In addition, a handle 18 may
      be provided for the container which is affixed to the exterior of the
      cartridge member 10 by way of a suitable stud 20.
PAR  Specifically, referring to FIGS. 1 and 2, the cartridge member 10 includes
      walls 11 which are preferably formed of a ferrous, relatively inexpensive,
      strong metal, such as carbon steel. These walls 11 include a substantially
      flat bottom wall 22 and an upstanding side wall 24 which extends upward
      from the bottom wall and which may be formed, as by stamping, in an
      integral one piece construction. The strength of the cartridge member 10
      is substantial, this member providing the structural strength of the
      container of the present invention.
PAR  Since ferrous metals are generally subject to rust and corrosion during
      use, the ferrous metal should be such that it is readily compatible with
      suitable durable permanent and aesthetically pleasing exterior coatings,
      such as various high temperature sintered porcelain enamels. Such
      decorative and protective coating 25 covers the exterior surface of the
      cartridge member 10. Suitable decorative exterior coatings are not
      specifically enumerated herein since they are well known and well within
      the selection of one of ordinary skill in the art. Although carbon steel
      is generally preferred in the construction of the cartridge member 10
      other materials both metallic and non-metallic may be employed, such as
      ceramics, if desired.
PAR  The handle stud 20 is also preferably formed of a ferrous metal. Thereby it
      may be readily affixed to cartridge member 10 by well known and superior
      welding techniques to the exterior of the container. Since both the stud
      20 and the cartridge walls 11 are formed of ferrous materials in the
      preferred form of the invention, a weld substantially superior to stud
      welds is realized, with the attendant increase in durability and safety to
      the container user over the previous aluminum welded studs which were
      subject to breaking during use and the possibility of scalding of the
      user. This stud 20 may be suitably threaded or the like for attachment of
      the container handle 18 which, in turn, may be formed of a suitable heat
      insulative material.
PAR  Again referring to FIG. 2, the walls 13 of the infix or insert member 12
      are preferably formed of aluminum and also include a bottom wall 26 and an
      upstanding side wall 28 extending upward from the bottom wall. Again the
      basic infix member 12 may be formed by well known stamping methods or the
      like and in one piece form. The configuration of the infix member 12 is
      preferably substantially the same as that of the cartridge shell member.
      In this embodiment, however, the diameter and the height of the infix
      member 12 are preferably slightly less than that of the cavity 14 of the
      cartridge member 10, such that when the infix member is positioned in the
      cartridge member, a slight space or gap 30 obtains between the walls of
      the infix member and the cartridge member. This gap 30 renders removal of
      the infix member easier and substantially improves the thermal performance
      of the container as will be explained in further detail later.
PAR  Again although aluminum is preferred as a construction material for the
      infix member 12, other materials, both metallic or non-metallic, may be
      employed in the construction of the infix member, so long as the material
      is sufficiently stable at high temperatures and is compatible with
      non-stick coatings. For example, the infix member might be constructed of
      fiber glass.
PAR  The interior surfaces of the infix member walls 13, the surfaces which
      define the cavity in which the food is to be received for preparation, are
      coated with a suitable non-stick coating 32 bonded thereto. This coating
      32 for example, may comprise PTFE or other suitable fluorinated
      hydrocarbons which have been widely employed in the past in such non-stick
      coating applications. Thus, the infix member is preferably formed of
      aluminum or other material which is highly compatible with such
      fluorinated hydrocarbon coatings. Also as in the past, the non-stick
      coating may be applied either directly to the aluminum walls of the infix
      member after the aluminum surfaces which are to be coated have been
      prepared either by well known blasting or etching techniques, or may be
      applied to a previously applied suitable sintered anchor frit.
PAR  At this point, attention is called to the fact that the thickness of the
      walls 13 of the infix member 12 may be and preferably is substantially
      reduced, since the infix member is looked to primarily only for its
      non-stick coating substrate qualities and not for the strength of the
      container. The strength of the container of the present invention is
      principally provided by the cartridge member 10. Thus, whether the surface
      is aluminum which is prepared for receipt of the non-stick coating either
      by etching or by sintering at high temperatures, the affect of these
      surface preparation operations upon the strength of the infix member is
      not important.
PAR  The infix member 12 is also preferably provided with a slightly flanged
      outwardly extending top rim 34 which is adapted to accurately mesh with
      the internal surface 36 of a corresponding top rim 38 of the cartridge
      member. These meshing rims 34 and 38 both position the infix member 12 in
      spaced relationship to the cartridge member 10 so as to define gap 30 and
      prevent entry of food particles and other contaminants into the gap 30.
PAR  The fastening member 16 preferably comprises a ring which fits over the
      rims 34 and 38 of the infix member and cartridge member as shown in FIGS.
      1 and 2 when the former has been positioned in cavity 14 of the latter.
      This ring 16 not only presents a pleasing finished appearance to the
      container, but also further prevents the inadvertent introduction of food
      particles and liquids into gap 30 either during cleaning or use. Most
      important, ring 16 removably fastens the cartridge member 10 and infix
      member 12 together into an integral cookware container unit during
      cleaning use and storage in the kitchen. The fastening ring 16 may be
      removably attached to the container by any one of several suitable
      methods, such as by screwing onto the top of the container, pressing
      thereon or a suitable adhesive bond. It will be understood that the method
      of attachment of the ring to the container will depend to some extent upon
      whether the infix member is to be replaceable by the consumer or by a
      service facility. If designed to be replaced by the consumer, the ring 16
      will preferably be readily removable without the need for elaborate
      special tools.
PAR  As previously mentioned, the cartridge member 10 and infix member 12 are
      preferably spaced from each other so as to define a gap 30 therebetween.
      As shown in FIG. 2, this gap is present between both the upstanding side
      walls 24 and 28 and the bottom walls 22 and 26 of the respective members
      and is preferably slighly greater in thickness between the bottom walls
      than between the side walls. Gap 30 effects several important functions.
      In the first instance, the gap 30 facilitates withdrawal and insertion of
      the infix member 12 into the cartridge cavity 14 without the use of
      elaborate apparatus, such as vacuum forming equipment and the like. In the
      second instance, the gap 30 provides substantial heat diffusion which not
      only prevents hot spots in the bottom wall of the infix member 12 such as
      might otherwise result in decomposition of the non-stick coating 32 and/or
      the burning-on of the foods which are being prepared in the container, but
      also enables the ready diffusion of heat from the bottom walls to the side
      walls of the container to substantially reduce the likelihood of thermal
      deformation in both the bottom and side walls. In addition, the gap 30
      also tends to insulate the container side walls so as to substantially
      reduce heat loss from the food through these side walls. The gap 30 may
      either be evacuated or may be filled with a gas, such as air or an inert
      gas.
PAR  The embodiment shown in FIG. 3 is substantially identical to that shown in
      FIG. 2 and, accordingly, like reference numerals will be employed to
      designate like components. The principal difference between the embodiment
      shown in FIG. 3 and that shown in FIG. 2 is that the material from which
      the cartridge member is formed in FIG. 3 is a material which itself is
      capable of being processed to a durable, long lasting decorative finish
      such as the polished exterior surface 40. Such materials for example, may
      include a heavy gauge aluminum or stainless steel, both of which are
      readily adaptable to polishing techniques and both of which are corrosion
      resistant.
PAR  Again the embodiment shown in FIG. 4 is substantially identical to that
      shown in FIG. 2, except for the provision of a plate 42 in the gap 30
      between the bottom walls 22 and 26 of the cartridge and infix members 10
      and 12 and the absence of the gap between the side walls 24 and 28 of
      these respective members. Accordingly, again like reference numerals will
      be employed with like components.
PAR  In the embodiment shown in FIG. 4, the plate 42 is of substantial mass and
      of substantially the same shape and circumferential size as the bottom
      walls of the respective cartridge and infix members. The plate 42 is
      preferably permanently fixed to the upper surface 44 of the bottom wall 22
      of the cartridge member 10, as by welds 46. This plate is also preferably
      formed of carbon steel and thereby is suceptible to well known and
      superior welding techniques. The lower surface 48 of the bottom wall 26 of
      the infix member also preferably rests upon and is supported by the upper
      surface of the plate 42 as shown in FIG. 4.
PAR  Due to its relatively large mass, the plate 42 provides an extremely
      effective heat diffusion means for diffusing the heat furnished by the
      heat source through the bottom walls of the container to prevent hot
      spots. In addition, the plate 42 substantially strengthens the overall
      container and particularly the bottom wall thereof. This is particularly
      advantageous since, as previously mentioned, the bottom wall 26 of the
      infix member 12 does not display substantial strength properties. Finally,
      and in addition to its hot spot prevention qualities, plate 42 also
      diffuses the heat toward the side walls of the container, reducing the
      likelihood of thermal deformation in the container.
PAR  By way of example, the following dimensions may be employed in the
      construction of a one quart sauce pan constructed in accordance with the
      preceding description of the invention:
TBL  cartridge shell bottom                                                    

     metal thickness  --    0.95-1 mm, carbon steel                            

     (The side walls may be a minimum of 25%                                   

     thinner than the bottom wall thickness)                                   

     infix insert metal thickness                                              

                      --    0.3-0.5 mm, aluminum                               

     non-stick coating                                                         

                      --    25-30 microns, PTFE                                

     decorative enamel coating                                                 

                      --    75-100 microns, porcelain                          

                            enamel                                             

PAL  For larger sauce pans, e.g. 5 quart, and fry pans the bottom walls of the
      cartridge member would be preferably slightly thicker than the
      above-mentioned thickness -- on the order of 1.3 mm thickness.
PAR  Also by way of example and in comparison to the above dimensions, present
      aluminum cookware container thicknesses are as follows:
TBL  Non-non stick fry pans                                                    

                           --       1.2-1.6 mm                                 

     PTFE coated and enamelled                                                 

     fry pans              --       2.6 mm                                     

     Electric fry pans     --       3.2 mm                                     

     Cookware container to be em- -ployed on hot plate heat sources            

                           --       4.6 mm                                     

PAL  It will be seen that the thickness and quantity of aluminum in the infix
      member 12 of the present invention is substantially reduced over that
      necessary in present cookware containers, such reduction being an
      important feature of the present invention.
PAR  Referring to FIG. 5, an embodiment of container is shown in which the
      handle 18 is attached by way of a rivet or bolt 20'. It will be seen that
      the head 50 of the rivet 20' is easily received in the gap 30 between the
      upstanding walls of the cartridge member 10 and infix member 12 such that
      the head will not be exposed during use.
PAR  Finally, referring to FIGS. 6 and 7, a typical blank 52 is shown in FIG. 6
      from which the cartridge member 10' may be formed. Portion 53 of the blank
      52 is that portion of the blank which is to be formed into the concave
      cartridge member and a tab 54 may be formed integrally on portion 53 and a
      pair of oppositely extending ears 55 extending from the tab. In the
      finally formed cartridge member 10', tab 54 and ears 55 may be bent to
      form an integral flame protector 54' for handle 18, the ears 55 being bent
      upward about the end of the handle adjacent the container. One form of
      such integral flame protector 54' is shown in FIG. 7. In this form of
      flame protector, the flame protector spaces the handle 18 from the
      exterior of the cartridge member 10' and a suitable bolt 20' extends
      through the cartridge member, flame protector 54' and into the handle 18
      for affixing the latter to the unit. It will be seen when considering the
      embodiment of container shown in FIG. 7, that the infix member 12 not only
      functions to cover the head 50' of bolt 20', but also defines a continuous
      rim for the container which might otherwise be broken by the provision of
      the integral flame protector 54'.
PAR  It will be appreciated when considering the above description of the
      preferred embodiments of the present invention, that various given ones of
      the above described embodiments may be modified in accordance with the
      teachings in other ones of the embodiments. For example, the gap 30
      between the upstanding side walls of the cartridge and infix members as
      shown in FIGS. 2 and 3, may be eliminated as shown in the embodiments in
      FIG. 4, without loss of the many advantages of the replaceable infix
      member construction of the present invention. In addition, it will also be
      evident upon consideration of the above described invention, that various
      materials, metallic or non-metallic, other than the materials previously
      described, may be utilized in the construction of the cartridge and/or
      infix members, so long as the particular materials selected display the
      physical, chemical and biological characteristics which have been
      explained herein for each of these members. It will also be evident upon
      consideration of the principles of the invention that methods for
      removably fixing the cartridge and infix members together other than ring
      16 may be employed, such as threading the members directly together or
      providing projections on one of the members which cooperate with recesses
      on the other member.
PAR  Finally, it should also be understood that the several embodiments of the
      invention which have been described are merely illustrative of some of the
      applications of the principles of the invention. Numerous modifications
      may be made by those skilled in the art without departing from the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cookware unit including a container, said container comprising:
PA1  durable heat conductive cartridge means having heat conductive walls
      arranged in a predetermined configuration defining a cavity therein which
      is liquid-free, said walls conducting heat from a heat source to said
      liquid free cavity,
PA1  infix means also having walls arranged in substantially the same said
      predetermined configuration and sealingly positioned in the cavity of said
      cartridge means, said infix means walls also being heat conductive and
      defining a cavity therein for receipt of the food which is to be prepared
      in said container, said walls conducting heat to the food from said
      liquid-free cavity of said cartridge means, the walls of said cartridge
      means and said infix means being substantially dissimilar in at least one
      of composition and thickness such that the strength of said cartridge
      means is substantially greater than the strength of said infix means, and
      a heat bonded non-stick coating suited for food contact on said infix
      means coating the food contacting surfaces of said infix means cavity, and
PA1  fastening means attaching said infix means into said liquid free cavity of
      said cartridge means to thereby define an integral container at all times
      during cooking use and cleaning of said container, said fastening means
      together with the walls of said cartridge means and infix means defining
      sealing means to prevent the passage of matter to and from said liquid
      free cavity of said cartridge means at all times during cleaning and
      cooking use of the container, but allowing said durable cartridge means
      and infix means to be separated when said container is not in use for
      replacement of said non-stick coated infix means with new infix means when
      the non-stick coating of said non-stick coated infix means has
      deteriorated.
NUM  2.
PAR  2. In the cookware unit of claim 1 wherein said cartridge means and infix
      means are spaced from each other to define a gap therebetween.
NUM  3.
PAR  3. In the cookware unit of claim 2 wherein said cartridge means and infix
      means each include a bottom wall and a side wall extending upward from
      said bottom wall and said gap is located between the bottom wall of said
      cartridge means and said infix means, respectively.
NUM  4.
PAR  4. In the cookware unit of claim 3 including plate means positioned in the
      gap between and in contact with said bottom walls.
NUM  5.
PAR  5. In the cookware unit of claim 4 wherein said plate means is a ferrous
      metal.
NUM  6.
PAR  6. In the cookware unit of claim 2 wherein at least a portion of said gap
      comprises a void space.
NUM  7.
PAR  7. In the cookware unit of claim 2 wherein said cartridge means and infix
      means each include a bottom wall and a side wall extending upward from
      said bottom wall, and said gap is located between both said bottom and
      side walls.
NUM  8.
PAR  8. In the cookware unit of claim 7 wherein the thickness of said gap
      differs between said bottom walls and said side walls.
NUM  9.
PAR  9. In the cookware unit of claim 1 wherein said infix means is aluminum and
      said coating is a non-stick fluorinated hydrocarbon.
NUM  10.
PAR  10. In the cookware unit of claim 9 wherein said cartridge means is a
      ferrous metal.
NUM  11.
PAR  11. In the cookware unit of claim 1 including stud means welded to the
      exterior of said cartridge means.
NUM  12.
PAR  12. In the cookware unit of claim 11 in which said cartridge means and said
      stud means are a ferrous metal.
NUM  13.
PAR  13. In the cookware unit of claim 1 wherein said cartridge means is a
      ferrous metal and a decorative coating coats the exterior of said
      cartridge means.
NUM  14.
PAR  14. In the cookware unit of claim 1 wherein said cartridge means is a
      ferrous metal, said infix means is aluminum and said coating is a
      fluorinated hydrocarbon, said cartridge means and infix means each include
      a bottom wall and a side wall, the bottom walls of said cartridge means
      and infix means being spaced from each other to define a gap therebetween,
      and heat diffusing means in said gap.
NUM  15.
PAR  15. In the cookware unit of claim 14 wherein said heat diffusing means
      comprises a ferrous metal plate of substantially the same size as said
      bottom walls fixed to the bottom wall of said cartridge means, said infix
      means resting on said plate.
NUM  16.
PAR  16. In the cookware unit of claim 14 wherein said side walls are also
      spaced from each other to define a gap therebetween.
NUM  17.
PAR  17. In the cookware unit of claim 16 wherein said gaps are of differing
      thickness.
NUM  18.
PAR  18. In the cookware unit of claim 1 including handle attachment means
      having a head thereon, said head being located in a gap between said
      cartridge means and infix means.
NUM  19.
PAR  19. In the cookware unit of claim 1 including handle flame protecting and
      supporting means formed integrally from said cartridge means.
NUM  20.
PAR  20. In the cookware unit of claim 1 wherein said infix means is
      non-metallic.
NUM  21.
PAR  21. In the cookware unit of claim 20 wherein said infix means is
      fiberglass.
NUM  22.
PAR  22. In the cookware unit of claim 1 wherein said cartridge means is
      non-metallic.
NUM  23.
PAR  23. In the cookware unit of claim 22 wherein said cartridge means is a
      ceramic.
NUM  24.
PAR  24. In the cookware unit of claim 1 wherein said durable cartridge means is
      carbon steel.
NUM  25.
PAR  25. In the cookware unit of claim 1 wherein said infix means is aluminum or
      alloys thereof.
NUM  26.
PAR  26. In the cookware unit of claim 1 wherein said durable cartridge means is
      metal, and a porcelain enamel coating coated on the exterior thereof.
NUM  27.
PAR  27. In the cookware unit of claim 1 wherein said durable cartridge means is
      stainless steel.
NUM  28.
PAR  28. In the cookware unit of claim 1 wherein said durable cartridge means is
      aluminum or alloys thereof of substantially greater thickness than the
      thickness of said infix means.
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ABST
PAL  A covered plastic container, and a method for the manufacture thereof, is
      provided in which a plastic laminate cover is sealed to the walls of the
      container in such a manner that only the inner layer of the laminate cover
      is sealed to the container and that the outer layer or layers of the
      laminate cover are removable therefrom and thereafter usable as a press-on
      cover.
BSUM
PAR  This invention relates to lidded containers and more particularly to
      plastic containers as are used for food products and the like, the
      containers having fluid-tight sealing layers across the container opening
      and unitized with said sealing layer, but separable therefrom and
      replaceable thereover, a preformed press-on lid.
PAR  Many saleable products, and especially food products, need to be packaged
      in sealed containers in order to preserve the freshness of the product
      from the time of packaging until ultimate use by the consumer. It has also
      been found to be advantageous to frequently use containers having hermetic
      seals because the container is tamper proof and the product has an
      increased shelf life. The consumer may use the product in small portions
      over a period of time and the container thereby requires a replaceable
      cover having reasonable sealing properties to replace the seal which has
      been destroyed, partially or totally, in order to reach the contents of
      the container.
PAR  Many such containers, of various forms, are known. Tobacco and ground
      coffee is frequently packaged in a metal can having a hermetic seal at one
      end which is removed and subsequently replaced with a press-on lid or
      replaceable cover supplied with the can. Glass or plastic jars having wax
      paper hermetic seals and equipped with screw-on lids or replaceable covers
      are used for foodstuffs such as instant coffee and peanut butter. Adequate
      seals compatible with normal standards of hygiene are thereby obtained for
      use of the container and its contents subsequent to the rupture of the
      hermetic seal.
PAR  It is also known to use a plastic layer adhered to the rim of a container
      to provide a hermetic seal and, separately from this but operable over the
      membrane or in the absence of the membrane, a replaceable cover.
PAR  In all of these methods of closure the hermetic seal is manufactured and
      applied in one operation and the replaceable cover is separately
      manufactured and applied.
PAR  In the co-extrusion or lamination of plastic sheet materials, certain
      combinations of plastic layers in the laminate have strong, virtually
      inseparable bonds between the layers such that the individual layers
      cannot be readily separated. Other combinations of plastics as layers
      within a laminate possess only weak bonds between the layers and the
      layers may be readily separated, as by peeling. Such weak bonds have been
      attributed, by some, to electrostatic attraction between the layers.
PAR  It has now been discovered that a superior container having a hermetic seal
      comprises as the sealing member a laminate of at least two layers of
      different plastic material which are weakly bonded, one to the other, such
      that the outermost layer or layers may be readily removed to be
      subsequently used as a snap-on lid and the innermost layer is sealed to
      the container rim to form a hermetic seal which is broken only to reach
      the contents of the container.
PAR  It is an objective of this invention to provide an improved covered plastic
      container comprising a plastic body wall and plastic closed bottom end
      which, when filled with merchandise, has sealed to the upper end of the
      body wall a laminate cover comprising an inner plastic layer sealed to
      said upper end of the body wall and weakly adhered to the outer surface of
      said inner plastic layer at least one outer plastic layer which is
      separable from said inner layer, said at least one outer plastic layer
      being so shaped and formed as to act as a press-on lid for said container
      when separated from said inner plastic layer, said inner plastic layer and
      said at least one outer plastic layer being originally formed as a
      laminate cover.
PAR  It is a further objective of this invention to provide a method for the
      manufacture of a plastic container equipped with a plastic laminate cover
      wherein the inner layer of said plastic laminate cover is sealed to the
      upper end of the body wall of said container.
DRWD
PAR  The accompanying drawings illustrate the sealed container embodied by this
      invention.
PAR  FIG. 1 is a cross-sectional view of a sealed container.
PAR  FIGS. 2, 3 and 4 are enlarged views of a container wall having attached
      thereto a lid.
DETD
PAR  The container shown in FIG. 1 consists of a plastic body wall 10 and a
      plastic closed bottom end 20. The upper end of the body wall is formed
      into a rim having a plain horizontal flange 11 and a short dependent edge
      wall 12. The cover 13 for the container has a top flat portion 13a and a
      dependent edge wall 14, the interior radial dimension for the edge wall
      being such as to provide a tight fit to the outer dimension of the edge
      wall of the container. The body wall 10 of the container may be a single
      layer of plastic or may be a laminate of at least two strongly adhering
      layers, 17 and 18. The cover 13 will be a laminate of at least two layers
      15 and 16 of plastic materials.
PAR  FIG. 2 shows an alternative form for the rim and cover for a container. The
      container body wall 100 is shown as a two-layer laminate, layer 101 being
      the interior layer and layer 102 being the outer layer. The container wall
      terminates at an outwardly, downwardly and inwardly curled lip 155. The
      lid 150 is shown as composed of a two-layer laminate, layer 151 being the
      outer layer and layer 152 the inner layer which is in contact with the
      inner layer of the container wall at the curled lip. The outer end of the
      lid terminates such that the inner layer finishes at 157 which is slightly
      inside the end of the outer layer 156, thereby forming a lip of the outer
      layer which may be easily grasped for purposes of removing the lid. FIG. 3
      shows a container body wall 201 having a plain horizontal flange 203. The
      lid 211 is composed of a two-layer laminate, layer 215 being the outer
      layer and layer 213 being the inner layer in contact with the container
      wall at the horizontal flange. FIG. 4 shows a container body wall 301
      terminating in a plain horizontal flange 303. The lid 311 is shown as
      fitting inside the top of the container wall and over the horizontal
      flange of the container wall. The lid comprises a two-layer laminate,
      layer 315 being the outer layer and layer 313 being the inner layer in
      contact with the container wall and flange. Many other variations are
      obvious to one of average skill in the art for the design of the upper end
      of the body wall and the lid, the drawings herein being illustrative only.
PAR  In the practice of this invention, suitable materials for manufacture of
      the container include, as single layers, polyethylene, polypropylene,
      polyvinyl chloride, acrylonitrile-butadiene-styrene (ABS) resins,
      polystyyrene including high impact polystyrene and the acrylonitrile and
      methacrylonitrile barrier resins, and as laminates (with the outer layer
      recorded last) polyethylene -- polystyrene, polyethylene -- high impact
      polystyrene, polyethylene -- ABS resin, polypropylene -- polystyrene
      (including high impact polystyrene), polyvinyl chloride -- polyethylene,
      polyvinyl chloride -- polystyrene and high impact polystyrene --
      polystyrene. For the lid, which has to be an at least two-layer laiminate,
      suitable laminates (with the top exterior layer recorded last) include
      polyethylene -- crystal polystyrene, polyethylene -- high impact
      polystyrene, polyethylene -- high impact polystyrene -- crystal
      polystyrene, polypropylene -- high impact polystyrene, polyvinyl chloride
      -- polystyrene and high impact polystyrene -- polystyrene. Other
      combinations of suitable plastics will be readily apparent to one of
      average skill in the art. The major considerations in selecting the
      materials for the manufacture of the container and the lid are that the
      product to be contained therein does not affect the material - thus, the
      container or the inner layer of a laminate for use as the container may be
      selected from polyethylene or polypropylene as for fats and certain fruit
      juices, impact polystyrene as for cottage cheese and ABS as for margarine
      and peanut butter. For carbonated beverages, a barrier resin would be
      required. The inner layer of the laminate used for the lid would be
      selected on a similar basis. The outer layer or layers of the lid and of
      the container, if a laminate is used therefor, would be selected for
      reasons of aging characteristics, aesthetic appeal, paintability, etc. In
      the lid, there may be a layer of a release agent, e.g., a silicone
      compound, between the inner plastic layer and the at least one outer
      plastic layer to facilitate separation of the at least one outer plastic
      layer from the inner plastic layer.
PAR  The containers are filled with the product to be packaged therein under
      conditions suitable for the particular product. The container lid is then
      fitted onto the top of the container by, for example, automated mechanical
      means and the filled container and lid are then subjected to a suitable
      sealing system so that the inner layer of the lid is sealed to the top of
      the container. Referring to FIG. 1, the inner surface 15 of the lid may be
      sealed to the inner layer of the container 17 at the point of contact
      along the horizontal flange 11 and optionally, at the edge wall 12,
      thereby providing a fairly large surface area of seal. Alternatively, the
      seal may be provided between the lid and only the edge wall. It is
      apparent from FIGS. 2, 3 and 4 that the inner surface of the lid may be
      sealed at a point of contact with the container wall as may be the most
      convenient and practical. The area of the seal may vary considerably as
      desired and may include only a portion of the contact area between the lid
      and the upper end of the container or it may include the whole such
      contact area. Such sealing may be achieved by any of the well known
      processes such as heat sealing, friction welding, ultrasonic welding, heat
      shrinking and adhesive sealing. For heat sealing, a heated or heatable
      element is brought into contact with the lid located on the container and
      sufficient heat applied to cause the inner layer of said lid to seal to
      the surface of the container. For friction or spin welding, the lid would
      be spun in a rotating motion and brought into contact with the container
      so that the fraction at the point of contact by the spinning of the top
      causes a melting and softening thereby forming a seal when the spinning is
      discontinued. For ultrasonic welding, the ultrasonic radiation is directed
      to the site to be so welded in the normal manner. The filled container now
      has a lid sealed to it. The lid may be readily removed in part by
      separation of the laminate at the weak bond between two layers. Thus, the
      lid applied to the container becomes two units. One unit, a single layer
      of a plastic, is sealed to the top of the container retaining the product
      within the container in a suitable condition. A second unit, being an at
      least one layer of a plastic, removed from the container, is a reusable
      press-on lid. The second unit, or press-on component, may be removed from
      the container, and thereby separated from the sealed layer, by any
      reasonable methods. The press-on component may be peeled off, with the
      hand, by means of a tab or lip or by separation of the two layers at the
      edge. This peeling may be facilitated by the presence of a release agent
      between the layers. The press-on component may be removed by a rotary
      motion -- such removal might be facilitated by the application of a
      limited rotational motion after the factory sealing process. When the
      contents of the container are to be used, the sealed layer is punctured
      and may be cut or torn away to the desired extent and the contents become
      accessable. If a portion of the contents are to remain in the container,
      then the press-on portion of the lid is used to reseal the container in a
      conventional manner.
PAR  In selecting the plastic to be used as the inner layer of the lid, i.e.,
      that layer to be sealed to the container, consideration may be given to
      whether or not it is desirable to visually inspect the contents of the
      container. Thus the contents of the container are not only tamperproof
      but, if the sealing layer of the lid is essentially transparent, the
      quality of the contents may be visually inspected. The container and lid
      of the invention is thus a tamperproof container having a fluid-tight
      sealing layer across the container opening, has a replaceable lid for
      subsequuent use and, in a preferred embodiment, allows for visual
      inspection of the contents through the sealing layer. In selecting the
      plastic to be used in the layer of the laminate in contact with this inner
      layer, consideration may be given to the shipping, storage and use aspects
      for the container in order to establish the strength of the bond between
      the two layers and whether it is necessary to design the lid such that a
      lip is available for ready removal. The strength of the whole lid must be
      compatible with the strength of the container and must be such as to not
      limit the use of the container. It is obvious that the strength of the lid
      lies mainly with the removable portion of the laminate.
PAR  The outside of the wall of the container and the outer layer of the lid
      will be designed for aesthetic appeal including coloration, printing and
      decorative trim. The material may be essentially transparent or may be
      colored white or any other suitable color and the nature of the contents
      and the supplier thereof will normally be printed onto the surface.
PAR  Having now described and illustrated my invention, I claim as follows:
CLMS
NUM  1.
PAR  1.  A covered plastic container comprising a body wall and closed bottom
      end and sealed to a rim of the upper end of the body wall a plastic
      laminate cover comprising an inner plastic layer sealed to said rim of
      said upper end of the body wall thereby forming a hermetic seal and weakly
      adhering to the outer surface of said inner plastic layer and at least one
      outer plastic layer which is separable from said inner layer, said at
      least one outer plastic layer being so shaped and formed as to act as a
      press-on lid for said container when separated from said inner plastic
      layer, said inner plastic layer and said at least one outer plastic layer
      being originally formed as a laminate cover.
NUM  2.
PAR  2. The container of claim 1 wherein said body wall and said closed bottom
      end are a single layer of plastic selected from polyethylene,
      polypropylene, polystyrene, polyvinyl chloride and
      acrylonitrile-butadiene-styrene resin.
NUM  3.
PAR  3. The container of claim 1 wherein said body wall and said closed bottom
      end are a laminate of two plastics selected from polyethylene-polystyrene,
      polyethylene-high impact polystyrene, polypropylene-polystyrene, polyvinyl
      chloride-polystyrene and high impact polystyrene-polystyrene.
NUM  4.
PAR  4. The laminate cover of claim 1 in which the inner layer is selected from
      polyethylene, polypropylene, polyvinyl chloride and high impact
      polystyrene.
NUM  5.
PAR  5. The laminate cover of claim 1 in which the at least one outer layer is
      selected from crystal polystyrene, high impact polystyrene and high impact
      polystyrene/crystal polystyrene.
NUM  6.
PAR  6. A process for the manufacture of a plastic container equipped with a
      plastic laminate cover wherein the inner layer of said plastic laminate
      cover is sealed to a rim of the upper end of the body wall of said
      container by a sealing process selected from heat sealing, friction or
      spin welding, ultrasonic welding, heat shrinking and adhesive sealing,
      said plastic laminate cover comprising said inner layer sealed to a rim of
      said body wall thereby forming a hermetic seal and weakly adhering to said
      inner layer and at least one outer plastic layer which is separable from
      said inner layer.
NUM  7.
PAR  7. The process of claim 6 wherein a heated or heatable element is contacted
      with said laminate cover and sufficient heat is applied to cause the inner
      layer of said laminate cover to seal to the upper end of the body wall of
      said container.
NUM  8.
PAR  8. The process of claim 6 wherein said laminate cover is sealed to said
      body wall by friction or spin welding by causing said cover to be spun in
      a rotating motion while in contact with said body wall.
NUM  9.
PAR  9. A covered plastic container comprising a body wall and closed bottom end
      and sealed to the upper end of the body wall a laminate cover comprising
      an inner plastic layer sealed to said upper end of the body wall and
      weakly adhering to the outer surface of said inner plastic layer an at
      least one outer plastic layer which is separable from said inner layer,
      said at least one outer plastic layer being so shaped and formed as to act
      as a press-on lid for said container when separated from said inner
      plastic layer, said inner plastic layer and said at least one outer
      plastic layer being originally formed as a laminate cover, and having a
      release agent provided between said inner layer and said at least one
      outer layer.
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ABST
PAL  An improved non-detachable end closure has an outwardly facing dome-shaped
      opening flap. Non-detachable end closures, wherein the rivet for tab
      attachment is located in the center of the opening flap, may evidence low
      panel distortion under internal pressure. Forming the opening flap as an
      outwardly-facing dome provides increased distortion resistance and making
      the tab ring-shaped permits nesting of the ring in shielded location to
      prevent accidental opening. The arrangement of a dome within a well, which
      nests the ring tab, permits locating an expandable securing lug for the
      tab to the non-detachable dome panel within an upwardly widening space
      between the dome and interior of the ring tab. The structure makes the
      ring tab relatively inaccessible and inhibits the tendency of users who
      are familiar with current detachable ring pull tabs from pulling the tab
      off and encourages the user to push the tab inwardly.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Non-detachable end closures, of the type wherein the rivet for tab
      attachment is located in the center of the opening flap, may evidence low
      panel distortion under internal pressure. At present these opening flaps
      are formed as inwardly facing domes and the area around these domes is
      strengthened by coining as described in copending application, filed
      concurrently herewith, in the names of Harold Arnold Peyser and Edward J.
      Herbst and entitled End Panel Coining, docket number H-4081, Ser. No.
      521,996, to raise the blow-out pressure. End closures formed in this
      manner can tolerate internal pressures of approximately 90-92 p.s.i.
      without distortion.
PAR  Forming the opening flap as an outwardly-facing dome increases the pressure
      tolerance to over 110 p.s.i. while eliminating the need for coining of the
      area around the wall. In addition, hinging is made easier and the flap may
      be opened further without insertion of the user's finger into the interior
      of the container. Further, use of the improved opening flap prevents the
      user from mistakenly lifting the tab with his finger in the manner of a
      conventional pull tab easy-open end closure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The various features and advantages of the improved non-detachable end
      closure of this invention will be more apparent from the following
      detailed description when considered in connection with the accompanying
      drawing wherein:
PAR  FIG. 1 is a top view of the end closure.
PAR  FIG. 2 is a fragmentary cross-sectional view taken through the center of
      the opening flap, illustrating the prior art configuration.
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2, illustrating the
      improved flap of this invention.
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, illustrating the end
      closure in the opened condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is illustrated a non-detachable end closure generally designated 1
      having a chuck wall 4 joined to an end panel 3 by a chime 5. The end panel
      3 is formed with a substantially vertically walled circular well 6 in an
      area between the end panel center and the chuck wall 4, said well 6 having
      at its base a score 7 partially encircling an opening flap 8. The unscored
      area provides a hinge portion 15 which connects the flap 8 with the end
      panel 3 when the flap 8 is torn away from the end panel 3 and pushed into
      the container.
PAR  The flap 8 is opened by a circular tab 9 which has a radial anchor lug 10
      fastened to an integral rivet 11 formed in the center of the opening flap
      8. The tab 9 comprises a tab flange 12 and a tab body 13, said tab body 13
      having a retaining boss 14 diametrically opposite the anchor lug 10. The
      boss 14 serves to retain the tab 9 in the depressed position (FIG. 4)
      after the container is opened, the tab 9 shielding the sharp edge produced
      by breaking the score 7.
PAR  The anchor lug 10 comprises a strap 16 with rivet receiving hole 17 and an
      expansion hinge 18 integrally formed at the point of attachment to the tab
      body 13. The anchor lug 10 secures the tab 9 to the opening flap 8 which,
      in turn, is attached to the end panel 3 by the hinge portion 15. The
      possibility of the tab 9 becoming separated from the container after use
      and thereupon posing a litter problem is thus eliminated. The increased
      rigidity of the straight strap 16 insures that the tab 9 is held in close
      contact with the well floor 21, thereby preventing the user from
      mistakenly lifting the tab with his finger in the manner of a conventional
      pull tab easy-open end closure.
PAR  Formerly, the flap 8 was formed as an inwardly facing dome as shown in FIG.
      2 and the periphery of the well 6 was coined as described in copending
      application, Ser. No. 521,996. End panels with the former configuration
      are usually capable of withstanding internal pressures of approximately
      90-92 p.s.i. before buckling.
PAR  In the present invention, the flap 8 is formed as an outwardly facing dome
      19, surrounded by an annular depression 20 of substantially U-shaped
      cross-section. The bottom of the depression 20 lies below the plane of the
      score 7 and allows the opening force on the flap edges to be taken in
      shear rather than tension, thereby eliminating the possibility of buckling
      of the flap 8 in the area immediately adjacent to the score 7. The top of
      the dome lies below the plane of the tab flange 12 and is shielded
      thereby, thus reducing the probability of unintended opening of the
      container during handling.
PAR  The improved end closure is usually capable of withstanding internal
      pressures in excess of 110 p.s.i. before buckling while eliminating the
      need for coining of the area around the well. In addition, the improved
      flap configuration makes hinging of the opened flap easier and allows the
      flap to be opened further without insertion of the user's finger into the
      interior of the container.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved non-detachable end closure for a can or similar container
      comprising an end panel having a chuck wall joined to a body by a chime,
      said end panel being formed with a well in an area between the end panel
      center and said chuck wall, said well having a substantially vertical
      sidewall and a base, and a score formed in said base, defining and
      partially encircling an opening flap, said flap being formed as an
      outwardly projecting dome with a peripheral depression thereabout, said
      depression being defined by a U-shaped contour of said end panel and
      having a portion at one side merging into said dome and having another
      portion at its opposite side merging into said base.
NUM  2.
PAR  2. The invention described in claim 1 wherein the bottom of said peripheral
      depression lies beneath the plane of said score.
NUM  3.
PAR  3. The invention described in claim 1 and a tab disposed in fracturing
      relation to said score to effect opening of the container.
NUM  4.
PAR  4. An improved non-detachable end closure for a can or similar container
      comprising an end panel having a chuck wall joined to a body by a chime,
      said end panel being formed with a well in an area between the end panel
      center and said chuck wall and terminating in a base, said base having a
      score partially encircling an opening flap, said flap being formed as an
      outwardly projecting dome with a peripheral annular depression, and a tab
      disposed in fracturing relation to said score to effect opening of the
      container, said tab having a radial anchor lug for attachment to said
      opening flap.
NUM  5.
PAR  5. The invention described in claim 4 and an integral rivet formed in the
      center of said flap fastened to said anchor lug.
NUM  6.
PAR  6. The invention described in claim 5 wherein said anchor lug is
      substantially L-shaped.
NUM  7.
PAR  7. The invention described in claim 2 and an annular tab encompassing said
      dome and telescoped therewith.
NUM  8.
PAR  8. The invention described in claim 7 wherein said tab has a lower edge and
      a radial expandable anchor lug extending therefrom and attached to the top
      of said dome.
NUM  9.
PAR  9. The invention described in claim 8 wherein said dome has an integral
      rivet formed in the center of said flap serving as the attachment for the
      lug.
NUM  10.
PAR  10. The invention described in claim 9 wherein said tab is shaped as a ring
      and said anchor lug is substantially L-shaped having a first leg between
      the ring and the dome and terminating in an upper end, and said leg having
      another leg extending from the upper end of the first leg radially of the
      ring and tangentially to the top of the dome.
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ABST
PAL  An overcap for use with aerosol dispensing containers including a top
      member having a skirt extending from the peripheral edge thereof, a
      resilient and flexible central portion, a plurality of arms extending
      downwardly from the central portion carrying inwardly turned lips at the
      ends thereof and web means connecting the arms to the peripheral portion
      of the overcap. When mounted on the aerosol dispensing container the
      inwardly turned lips engage a protruding rim of the cup member portion of
      the container, and upon depressing the central portion of the top member,
      the arms are pivotally moved outwardly to release the container and permit
      removal of the overcap therefrom.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 498,440, filed Aug. 19, 1974 which is a continuation of application
      Ser. No. 352,555, filed Apr. 19, 1973 now abandoned which is a
      continuation-in-part of application Ser. No. 254,191, filed May 17, 1972,
      now abandoned all three in the names of Edward Howard Green and Edward
      Howard Green, Jr.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains to overcaps for containers and, more
      particularly, to safety overcaps for aerosol containers, which overcaps
      cannot easily be removed from such containers by children or those not
      instructed in the method of removing the overcaps.
PAC  DISCUSSION OF THE PRIOR ART
PAR  In recent years many products of widely varying natures have been packaged
      in aerosol containers due primarily to the ease with which the products
      can be dispensed. Such dispensing normally requiring only the depressing
      of a sprayhead or other dispensing device which opens a valve to dispense
      the product under the influence of pressure within the container. In order
      to protect the dispensing device and valve assembly from damage, overcaps
      have been provided for aerosol containers, such overcaps covering the
      dispensing device and requiring removal prior to use of the aerosol
      containers.
PAR  The convenience and ease of dispensing of aerosol containers present
      problems with respect to the packaging of potentially harmful products,
      such as paints and adhesives, and with respect to unauthorized dispensing
      of products to determine if the valve assembly is in working order or to
      sample the product stored within the container. These problems are
      generally related in that both involve unauthorized operation of the
      dispensing devices of aerosol containers. The problem of preventing
      dispensing of potentially harmful products by children is particularly
      acute in that irreparable damage may result. The unauthorized testing of
      aerosol containers frequently results in a tested container becoming
      unsalable due to depletion of the product, attendant damage and/or visual
      signs of prior use rendering the aerosol container unacceptable to
      subsequent customers.
PAC  SUMMARY OF INVENTION
PAR  The present invention is specifically directed to a safety overcap for a
      dispensing container including a top member having an annular portion, a
      resilient and flexible central portion, a skirt depending from a
      peripheral edge of the top member, arms depending from the central
      portion, the arms having at their lower end locking means adapted to
      engage a protruding rim of the cup member of the container and web means
      connecting the arms to the outer peripheral portion of the overcap. The
      arms are connected to the central portion of the top member and are
      movable away from the center of the overcap with depression of the central
      portion. The overcap can be removed from the container by depressing the
      central portion to cause the arms to move away from and the locking means
      to disengage the rim of the container.
PAR  The webs may have any desired configuration. The webs can be generally
      square, rectangular, triangular or in the form of a quarter circle in
      shape. The webs can extend one forth the length of arms 56 or can extend
      the full length of the arms 56. The bottom of the web adjacent the arm 56
      can be angled upward to terminate at a point adjacent to the peripheral
      edge of the top member or can be angled to terminate at the inner wall of
      the skirt directly opposite. The length of the web is preferably one forth
      to three forths the length of the arm 56. Where a generally triangular
      shaped web is used the included angle formed between the arms and the
      bottom of the web can be 20.degree. to 90.degree. and preferably
      30.degree. to 60.degree.. Where the web 58 is in the form of a quarter
      circle, the curved portion is towards skirt 42.
PAR  The force required to remove the overcap, for an overcap of specified
      material and thickness, can be varied by varying length of the web and/or
      the angle between the lower portion of the web and the arm 56.
PAR  An object of the present invention is to construct an overcap for an
      aerosol dispensing container which is not easily removed by those
      uninstructed in the manner of removing the same, to prevent access to a
      dispensing device enclosed within the overcap by children and to deter
      unauthorized testing of the aerosol dispensing container.
PAR  Another object of the present invention is to provide an overcap having a
      plurality of equally spaced arms depending from a central portion of the
      overcap which arms engage a protruding peripheral rim of a dispensing
      container. The central portion is flexible and resilient. There is a
      peripheral annular pivot point at the outer edge of the top of the overcap
      such that downward depression of the central portion of the overcap
      pivotally moves the locking means outwardly away from the center of the
      overcap.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiment taken in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a broken perspective view of a safety overcap according to the
      present invention assembled on an aerosol container.
PAR  FIG. 2 is a section taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 1.
PAR  FIg. 4 is a bottom plan view of the safety overcap of FIG. 1.
PAR  FIG. 5 is a broken view partially in section of the safety overcap of FIG.
      1 depressed for removal from the aerosol container.
PAR  FIG. 6 is a bottom plan view of the overcap of FIG. 7.
PAR  FIG. 7 is a broken perspective view of the safety overcap of FIG. 6.
PAR  FIG. 8 is a broken view partially in section of the safety overcap of FIG.
      7 depressed for removal from the aerosol container.
PAR  FIG. 9 is a bottom plan view of the overcap of FIG. 10.
PAR  FIG. 10 is a broken perspective view of the safety overcap of FIG. 9.
PAR  FIG. 11 is a broken view partially in section of the safety overcap of FIG.
      10 depressed for removal from the aerosol container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the discussion of the figures of the drawings that follows like numbers
      illustrate like structural features.
PAR  The safety overcap of the present invention is discussed with reference to
      the embodiment illustrated in FIGS. 1 - 5 in combination with an aerosol
      dispensing container 10; however, while the safety overcap of the present
      invention is described for use with an aerosol dispensing container, it
      can be utilized with any suitable dispensing container. The aerosol
      container 10 is of conventional construction and includes a cylindrical
      body 12 having an upper edge 14 sealably engaging a peripheral lip 16 of a
      domed cover member 18. Cover member 18 has an annular recessed base 19 and
      a shoulder 20 extending from base 19 and terminating at a generally
      frusto-conical neck 22 which extends inwardly to a central collar 24
      defining an aperture in which a mounting cup 26 is disposed. The mounting
      cup 26 has a protruding rim 28 rolled over collar 24 in a sealed
      engagement therewith and extending radially outwardly and spaced over
      shoulder 20 to form an annular recess 30 around neck 22. The peripheral
      rim 28 terminates in a downwardly facing generally horizontally disposed
      edge 28a. Neck 22 can have an annular bulge 31 extending therearound
      within recess 30. Mounting cup 26 supports a valve assembly 32, and a
      dispensing device, such as a spray nozzel 34, communicates with the valve
      assembly 32 through a valve stem and extends axially above the aerosol
      container.
PAR  The safety overcap of the present invention is generally indicated at 36
      and includes a top member 38 having a circular peripheral edge 40 from
      which depends a substantially cylindrical outer skirt 42 having a lower
      end 44. Top member 38 has an annular portion 46 surrounding a central
      portion 48. The annular portion 46 can be generally flat. The central
      portion 48 can be generally flat. The juncture between portions 46 and
      skirt 42 defines an annular pivot point, at about the peripheral edge 40.
      The place at which central portion 48 and annular portion 46 meet forms a
      circular junction 49. The diameter of the circle formed by junction 49 is
      about the same as the diameter of the outer circumference of rim 28. The
      arms can comprise four equally spaced curved sections 56, as illustrated
      in FIG. 4.
PAR  The four arms 56 depend from about the circular junction 49 of the top
      member 38. The sides of arms 56 are spaced from the side edges of adjacent
      arms 56 so as to be freely movable. Each arm 56 is formed with a web 58.
      The web 58 can have a generally triangular configuration. The angle formed
      between the arm 56 and the lower edge of the web 58 is about 45.degree..
      The lower portion of arm 56 terminates at an inwardly turned, radially
      extending locking lip or flange 62 which engages under edge 28a. Web 58
      has an upper portion 64 extending radially outward along the undersurface
      of annular portion 46. The length of upper portion 64 can extend all the
      way to peripheral edge 40. Web 58 functions to transmit force and movement
      of central portion 48 and annular portion 46 to withdraw locking lip 62
      from beneath rim 28.
PAR  The use of the safety overcap 36 with aerosol container 10 will be
      described with reference to FIG. 2 wherein the safety overcap is
      illustrated in a storage position on the aerosol container and FIG. 5
      wherein the safety overcap is illustrated in a released position just
      prior to removal of the safety overcap from the aerosol container.
PAR  As shown in FIG. 2, the length of outer skirt 42 is sufficient to extend
      below lip 16 of cover member 18 and into annular recess base 19 in the
      storage position. The arms 56 are of such a length that they are spaced
      above the shoulder 20 of cover member 18. The length of skirt 42, relative
      to arms 56, is such that when the central portion 48 is depressed and the
      bottom 44 of skirt 42 is in contact with the cover 18, there is sufficient
      clearance between the bottom of arms 56 and shoulder 20 to allow locking
      lip or flange 62 of arms 56 to swing outward. The length of arms 56 is
      such that inwardly turned lips 62 are received in recess 30 and engage the
      underside edge 28a of peripheral rim 28 and the bulge 31 extending around
      neck 22. The dimensions of top member 38, outer skirt 42 and arms 56 are
      variable in accordance with the dimensions and configuration of the
      container of which the overcap is to be used. Overcap 36 is held in the
      storage position with lower end 44 of skirt 42 spaced from cover member 18
      due to the resting of locking lips 62 on annular bulge 31.
PAR  Alternatively, the annular bulge 31 is omitted and overcap 36 is held in
      the storage position with bottom end 44 of skirt 42 resting in recess 19
      and abutting cover 18 and locking lips 62 engaged to the underside edge
      28a of peripheral rim 28.
PAR  In the storage position the safety overcap 36 is securely mounted on
      aerosol container 10 and can be easily removed therefrom only in the
      prescribed manner. The safety overcap 36 cannot be pried from the
      container, due to the engagement of locking lips 62 with the downwardly
      facing generally horizontally disposed edge 28a of rim 28 and the
      extension of the lower end 44 of outer skirt 42 below the lip 16 of the
      cover member 18.
PAR  The procedure for the removal of the overcap is shown in FIG. 5. In order
      to remove safety cap 36, central portion 48 is depressed by an axially
      applied force as indicated by arrow 68. The force for depressing central
      portion 48 may be simply applied by grasping the overcap with one hand
      with the forefinger applying pressure to the central portion. The central
      portion 48 and annular portion 46 are, in the at rest position, both
      generally flat. Depression of central portion 48 causes arms 56 to pivot
      outwardly away from the center of the overcap, to release the container 10
      and permit removal of the overcap. The force and movement of central
      portion 48 and annular portion 46 are transmitted to locking lips 62
      through webs 58, in an outwardly directed manner, pulling the arms 56 away
      from rim 28 due to the pivot-like action of the upper portions 64 of the
      webs 58 at the peripheral edge 40. That is, arms 56 are pulled away from
      rim 28 by webs 58 due to the flexible, resilient nature of the material of
      the overcap as force is applied to central portion 48. The overcap is thus
      released from interlocking engagement with the aerosol container. As
      pressure is applied to central portion 48, the movement of the overcap 36
      toward the container is limited by abutment of the bottom end 44 of skirt
      42 with the annular recessed base 19 of cover member 18. That is, the
      bottom end 44 acts as a stop to limit downward movement of the overcap.
      Once central portion 48 is depressed sufficiently to place the overcap in
      the released position shown in FIG. 5, the overcap is simply removed by
      lifting the overcap from the container.
PAR  Another embodiment of the safety overcap of the present invention is
      discussed with reference to the FIGS. 6, 7 and 8.
PAR  The overcap illustrated in FIGS. 6, 7 and 8 is similar to that illustrated
      in FIGS. 1 - 5 and operates in substantially the same manner as previously
      described.
PAR  The safety overcap is generally indicated at 36 and includes a top member
      having a circular peripheral edge 40 from which depends a substantially
      cylindrical outer skirt 42 having a lower end 44. Top member has an
      annular portion 46 surrounding a central portion 48. The annular portion
      46 and the central portion 48 can be generally flat, as shown. The
      junction between annular portion 46 and the peripheral edge 40 defines an
      annular pivot point. The central portion 48 can be made of more resilient
      material to increase its ability to stretch slightly, such that the
      pivotal function of annular pivot point at edge 40 is enhanced. Eight
      equally spaced arms 56 depend from about the junction 49 of annular
      portion 46 and central portion 48.
PAR  The sides of arms 56 are spaced from each other so as to be freely movable.
      Each arm 56 is formed with a web 58a having a partially triangular
      configuration. The web 58a is about two thirds the length of arm 56. The
      lower edge of the web, adjacent the lower portion of arm 56, angles upward
      and outward at about a 45.degree. angle and terminates at the inner wall
      of the skirt 42. The arms 56 terminate in an inwardly turned, radially
      extending locking lip or flange 62. In this embodiment locking lip 62 is
      in the form of a chord of the portion of the arc of the arm 56. Web 58a
      has an upper portion 64 extending radially outwardly along the
      undersurface of annular portion 46 toward the peripheral edge 40 and the
      skirt 42. The upper portion of web 58a serves to connect arm 56 to skirt
      42. Web 58a functions to transmit force and movement of central portion 48
      and annular portion 46 to locking lip 62 to pull the arms 56 away from rim
      28 and out of the locking position.
PAR  The use of the safety overcap 36 with aerosol container 10 will be
      described with reference to FIG. 6, 7 and FIG. 8. In FIG. 8 the safety
      overcap is illustrated in a released position just prior to removal of the
      safety overcap from the aerosol container.
PAR  The depression of the central portion 48 of top member 38 causes the arms
      56 to deflect outwardly away from the center of the overcap and causes the
      top member 38 to flex downward and the upper portion of skirt 42 adjacent
      the webs 58a to slightly flex or stretch outward. Because the overcap is
      made of flexible, resilient material the replacement of the overcap and
      the removal of the downward pressure from the central portion 48 will
      allow the top member 38 and the skirt to flex back to their original
      shapes and the locking lips 62 to again engage the lower edge 28a of rim
      28.
PAR  The dimensions of top member 38, outer skirt 42 and arms 56 can be varied
      in accordance with the dimensions and configuration of the container on
      which the overcap is to be used. As shown in FIG. 8, the length of outer
      skirt 42 is sufficient to extend below lip 16 and into the annular
      recessed base 19 of cover member 18. In this embodiment the lower end 44
      can be of such length as to be in contact with and abut annular recessed
      base 19 when in the at rest or storage position. The arms 56 contact the
      side of peripheral rim 28 with the bottom ends thereof spaced above the
      shoulder 20 over cover member 18. The length of arms 56 is such that when
      the central portion is depressed there is sufficient clearance between the
      bottom of arms 56 and shoulder 20 to allow locking lip or flange 62 of
      arms 56 to swing outward. The length of arms 56 is such that inwardly
      turned lips 62 are received under and engage the underside edge 28a of
      peripheral rim 28. Thus, in the storage position safety overcap 36 is
      securely mounted on aerosol container 10 and can be easily removed
      therefrom only in the prescribed manner.
PAR  The safety overcap illustrated in FIGS. 9, 10 and 11 is another embodiment
      of the present invention.
PAR  The safety overcap is generally indicated at 36 and includes a top member
      38 having a circular peripheral edge from which depends a substantially
      cylindrical outer skirt 42 having a lower end 44. Top member 38 has an
      annular portion 46 surrounding a central portion 48. The annular portion
      46 and central portion 48 are generally flat. The junction between portion
      46 and skirt 42 defines an annular pivot point at or near edge 40. The
      place at which central portion 48 and annular portion 46 meet forms a
      circular junction 49 from which arms 56 depend. Four equally spaced arms
      56 depend from junction 49 at about the periphery of central portion 48.
      The annular portion 46 is made to be about the same thickness as central
      portion 48. However, in order to improve the flexibility of the annular
      portion 46, the annular portion 46 can be made of slightly thinner
      material. Each arm 56 is formed with a web 58b having a generally square
      configuration. The webs 58b form a connection between arms 56 and skirt
      42. The arms terminate at their lower end in an inwardly turned, radially
      extending locking lip or flange 62. Web 58 b has an upper portion 64
      extending radially outwardly along the undersurface of central portion 48
      toward skirt 42. Web 58b is connected to the undersurface of annular
      portion 46 and skirt 42 and functions to transmit force and movement of
      central portion 48 to locking lip 62.
PAR  The dimensions of top member 38, outer skirt 42 and arms 56 can be variable
      in accordance with the dimensions and configuration of the container on
      which the overcap is to be used. As shown in FIG. 11, the length of outer
      skirt 42 is sufficient to extend below lip 16 of cover member 18. In this
      embodiment, the lower end 44 can be of such length as to be in contact
      with and abut annular recess 19 when in the storage position. The arms 56
      contact the side of peripheral rim 28 with the bottom ends thereof spaced
      above the shoulder 20 of cover member 18. The length of arms 56 is such
      that when the central portion 48 is depressed there is sufficient
      clearance between the bottom of arms 56 and shoulder 20 to allow locking
      lip or flange 62 of arms 56 to swing outward. The length of arms 56 is
      such that inwardly turned lips 62 are received in recess 30 and engage the
      underside edge 28a of peripheral rim 28.
PAR  In order to remove safety cap 36, central portion 48 is depressed by an
      axially applied force as indicated by arrow 68. The force for depressing
      central portion 48 may be simply applied by grasping the overcap with one
      hand with the forefinger applying pressure to the central portion.
      Depression of central portion 48 causes arms 56 to deflect outwardly away
      from the center of the overcap and causes the top member 38 to flex
      downward and the upper portion of skirt 42 adjacent webs 58b to flex
      outward, as shown in FIG. 11, to release the container 10 and permit
      removal of the overcap. The force and movement of annular portion 46 and
      central portion 48 is transmitted to locking lips 62 through webs 58b, in
      an outwardly directed manner, due to the pivot-like action of the upper
      portions 64 of the webs. The pivot point being at or near peripheral edge
      40. That is, arms 56 pivot outwardly due to the flexible, resilient nature
      of the material of the overcap as force is applied to central portion 48
      and, thus, the overcap is released from interlocking engagement with the
      aerosol container.
PAR  The safety overcap is preferably integrally constructed of a flexible,
      resilient plastic material such as polypropylene, polyethylene and the
      like. A primary requirement in constructing the overcap is in having the
      top member of the overcap and the outer depending skirt resilient and
      flexible and/or capable of a slight degree of stretching. This is
      necessary because the central portion is required to be depressed and
      flexed downwardly and in some embodiments the upper portion of the outer
      skirt has to be flexed outwardly a slight degree to release the overcap.
PAR  While the specific embodiment of the safety overcap of the present
      invention as described above and shown in the drawings is extremely
      advantageous due to its simplicity in structure and function, the
      configuration of the overcap may be modified within the basic concept of
      the present invention. There may be any desired number of locking arms and
      the locking arms can take the form of a two to eight or more equally
      spaced members. Preferably four equally spaced arms are used.
PAR  From the above it will be appreciated that in order to remove the overcap
      of the present invention from an aerosol container one must realize that
      the central portion must be depressed; and, without this realization, the
      overcap cannot be easily removed from the container. Thus, the overcap of
      the present invention is an extremely effective means of preventing access
      to dispensing containers by children and further is a deterrent to
      tampering or unauthorized testing of containers by those not knowing the
      prescribed manner in which the overcap must be removed. This is
      particularly true since the generally flat construction of the top of the
      overcap makes the overcap similar in outward appearance to conventional
      overcaps. This construction gives no hint of how the overcap is removed.
      Though it is preferred to have the top member generally flat, it can also
      be made of a slightly concave or convex configuration. The thickness of
      the material of the overcap, particularly the flexible, resilient central
      portion 48 and the annular portion 46 may be varied dependent on the
      desired force required to deflect the locking arms away from the center of
      the overcap to release the container. For example, the thickness of the
      material which forms annular portion 46 may be decreased relative to the
      central portion 48 so as to provide greater flexibility such that the
      pivotal function of annular pivot point near edge 40 is enhanced.
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all matter
      described above or shown in the accompanying drawings be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety overcap for a dispensing container having a cup member
      supporting dispensing means for dispensing a product stored in the
      container and including a protruding rim, said overcap comprising
PA1  a top member have a flexible central portion, an annular portion and a
      peripheral edge;
PA1  a skirt depending from said peripheral edge of said top member; and
PA1  a plurality of spaced arms depending from said top member internally of
      said skirt, the lower portion of said arms having locking means, including
      an inwardly extending end portion for engaging the rim of the cup member
      of the container;
PA1  each of said arms including a web portion extending radially outwardly from
      said arms towards said skirt; and
PA1  said arms being connected with said central portion and said annular
      portion of said top member of said overcap to be movable away from the
      center of said overcap with depression of said central portion of said top
      member.
NUM  2.
PAR  2. The safety overcap of claim 1 in which each of said arms carries an
      inwardly turned lip for engaging the rim of the cup member of the
      container.
NUM  3.
PAR  3. The safety overcap as recited in claim 1 wherein said central portion of
      said top member has an external flat configuration and said web portion of
      each of said arms connects with said annular portion at a position
      outwardly spaced from said central portion.
NUM  4.
PAR  4. The safety overcap as recited in claim 1 wherein said overcap is
      integrally formed of a flexible, resilient material.
NUM  5.
PAR  5. The safety overcap as recited in claim 1 wherein there are four arms
      spaced at 90.degree. intervals.
NUM  6.
PAR  6. The safety overcap as recited in claim 1 wherein the top member,
      including the central portion and annular portion, is generally flat.
NUM  7.
PAR  7. The safety overcap as recited in claim 1 wherein said top member
      includes a flat portion extending around said central portion and said
      central portion comprises a flexible resilient material.
NUM  8.
PAR  8. The safety overcap of claim 1 wherein the annular portion of the top
      member between the skirt and the central portion is of lesser thickness
      than the central portion.
NUM  9.
PAR  9. The safety overcap of claim 1 wherein a pivot point is defined at the
      juncture of the peripheral edge of the top member and the skirt.
NUM  10.
PAR  10. A safety overcap for a dispensing container comprising
PA1  a top member having a flexible central and flexible annular portion and a
      peripheral edge;
PA1  a skirt depending from said peripheral edge of said top member;
PA1  a plurality of spaced arms depending from said top member, said arms
      including locking means at the lower end thereof;
PA1  web means connected to said arms, said web means extending radially outward
      toward the peripheral edge of said overcap, said web means connecting the
      arms to the underside of said annular portion of said top member and to
      the skirt whereby flexing of said central portion and annular portion of
      said top member moves said web means and arms outwardly away from the
      center of said overcap.
NUM  11.
PAR  11. The safety overcap as recited in claim 10 wherein said locking means
      includes a plurality of spaced inwardly turned lips.
NUM  12.
PAR  12. The safety overcap as recited in claim 10 wherein said web means
      includes a plurality of equally spaced webs, each of said webs having a
      generally triangular configuration and connected with one of said
      depending arms.
NUM  13.
PAR  13. The safety overcap of claim 10 wherein said web means includes a
      plurality of equally spaced webs, each of said webs having a generally
      square configuration and connecting one of said depending arms to said
      skirt.
NUM  14.
PAR  14. A safety overcap for a dispensing container comprising
PA1  a top member having a flexible central and annular portion and a peripheral
      edge;
PA1  a skirt depending from said peripheral edge of said top member; and
PA1  a plurality of spaced arms depending from said central portion of said top
      member internally of said skirt, the lower portion of said arms having
      locking means including inwardly turned lips, each of said arms including
      a web portion extending radially outwardly from said arms towards said
      skirt;
PA1  said web means being connected to the underside of said annular portion and
      said skirt;
PA1  said central portion and said annular portion of said top member having a
      configuration whereby depressing said central portion and annular portion
      moves said arms and locking means outwardly away from the center of said
      overcap.
NUM  15.
PAR  15. The safety overcap of claim 14 wherein a pivot point is defined at the
      juncture of the peripheral edge of the top member and the skirt.
NUM  16.
PAR  16. In combination,
PA1  an aerosol dispensing container including a cylindrical body, a cup member
      having a protruding rim, and dispensing means supported by and extending
      axially from said cup member; and
PA1  a safety overcap mounted on said aerosol dispensing container including a
      top member, a flexible central portion an annular portion and a peripheral
      edge, an outer skirt depending from said peripheral edge of said top
      member, and a plurality of spaced arms depending from said central portion
      of said top member, said arms having at the lower ends thereof locking
      means having inwardly turned lips engaging said protruding rim of said cup
      member, each of said arms including a web portion extending radially
      outward from said arms towards said skirt, said arms and webs being
      connected to said top member at a position radially outwardly displaced
      from said central portion whereby said overcap can be removed from said
      aerosol dispensing container by depressing said central portion of said
      top member to disengage said locking means from said protruding rim.
NUM  17.
PAR  17. The combination as recited in claim 16 wherein said aerosol container
      includes a domed cover member having a shoulder, and a neck extending from
      said shoulder to the protruding rim of the cup member, said protruding rim
      extending over said shoulder to define an annular recess receiving said
      inwardly turned lip means.
NUM  18.
PAR  18. The combination as recited in claim 17 wherein said neck has an annular
      bulge extending therearound, said inwardly turned lip means being
      supported on said annular bulge and said skirt having a lower end spaced
      from said domed member.
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ABST
PAL  An end wall closure device for supporting the end wall of a pressure vessel
      against axial movement when subjected to load conditions. A retaining
      member made up of a segmented shear key and a segmented compression key is
      inserted within an internal groove provided within the vessel casing. The
      shear key is seated in a recessed shoulder formed in the end wall and is
      provided with a pair of raised moment control pads which, in assembly, act
      upon the compression key and the casing wall. The pads are strategically
      positioned to negate the bending moments acting on the retaining member
      thus minimizing the deflection of the retaining member when placed under
      load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many pressure vessel applications, particularly those involving rotating
      machinery, it is extremely important to maintain the position of the end
      wall closure relatively constant under varying load conditions. In a case
      of a turbo machine, such as turbines and compressors, the end wall
      generally serves to support the stationary machine components in relation
      to the shaft mounted moving components. As can be seen, any axial shifting
      of the end wall, beyond allowable limits, will have a deleterious effect
      upon the operation of the machine and, in extreme cases, may lead to
      complete machine failure.
PAR  Various retaining or closure devices have been devised to accomplish the
      above-noted results as exemplified by Fisher in U.S. Pat. No. 2,342,186
      and Evans in U.S. Pat. No. 3,552,789. However, these prior art devices all
      suffer from the same disadvantages in that they are complex, difficult to
      assemble and, more importantly, they are all subject to undesirable
      bending stresses which cause the retaining mechanisms to deflect under
      load. This deflection allows the end wall to shift axially, thus producing
      a misalignment of the interrelated components.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to improve apparatus for
      supporting an end wall within a pressure vessel.
PAR  It is a further object of the present invention to provide an end wall
      closure device for use in a pressure vessel which retains the end wall
      against axial movement.
PAR  A still further object of the present invention is to reduce the effects of
      unwanted bending stresses exerted upon an end wall closure key.
PAR  Yet another object of the present invention is to provide a simple, easily
      assembled, end closure device for preventing axial shifting of an end wall
      supported within a pressure vessel.
PAR  These and other objects of the present invention are attained by means of
      an end wall retaining member including a compression key and a shear key
      insertable in face-to-face alignment within an internal groove formed
      within the casing of a pressure vessel, the shear key further being seated
      within a recessed shoulder formed in the end wall and being provided with
      a pair of raised moment control pads arranged to act upon the compression
      key and the casing of the vessel, the moment control pads being
      strategically located to substantially eliminate the effect of bending
      stresses acting on the retaining device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following detailed
      description of the invention to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a partial sectional view of a turbo machine incorporating a
      retaining member embodying the teachings of the present invention;
PAR  FIG. 2 is a reduced sectional view taken along line 2--2 in FIG. 1
      illustrating the segmented sections of the retaining member;
PAR  FIG. 3 is an enlarged exploded view showing the shear key and compression
      key which make up the retaining member embodying the teachings of the
      present invention and further illustrating the load forces acting thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The end wall retaining member of the present invention will herein be
      described with reference to a turbo machine, generally referenced 10.
      However, it should be clear to one skilled in the art that the apparatus
      of the present invention has suitable application for retaining the end
      wall structure of any type of pressure vessel and is not necessarily
      limited to this specific turbo machine application.
PAR  The turbo machine illustrated in FIG. 1 is a "barrel" type compressor
      fabricated of a relatively heavy cylindrical outer casing 11 having an
      axially aligned cylindrical bored hole 12 provided therein. A second
      cylindrical casing 13 is mounted within the bore of the main outer casing
      and has secured thereto a number of diaphragms, some of which are
      indicated as 14, 15 and 16. The particular compressor illustrated is of
      the multi-stage, two section type having an impeller 17 located in the
      first stage of the first section and a second impeller 19 located in the
      first stage of the second section. As shown in FIG. 1, the two impellers
      are mounted so as to face in opposite directions whereby the stages in the
      first section and the stages in the second section are in back-to-back
      relationship. By opposing the stages of each section in this manner, the
      thrust forces exerted upon the rotor shaft 20 are minimized.
PAR  The last stage of the first section is arranged to discharge, via a
      diffuser passage and transfer crossover (not shown), into the inlet area
      of the second stage between diaphragms 14 and 15. The impellers of the
      machine are secured to the shaft 20 and the shaft is journaled for
      rotation within the machine. As viewed in FIG. 1, the left-hand end of the
      shaft is supported in a bearing structure 22, which is carried in the
      horizontal wall of the main machine casing, and at the opposite end in
      bearing structure 25, which is carried within independent end wall 26. For
      a more detailed description of the structural arrangement involving this
      type of turbo machinery, utilizing the transfer crossover, reference is
      had to U.S. Pat. No. 1,910,811.
PAR  As noted above, the apparatus of the present invention involves a retaining
      member for supporting the end wall structure within the casing of a
      pressure vessel and preventing the wall from shifting in an axial
      direction beyond allowable limits when placed under load.
PAR  In this particular structure, the inner casing 13 terminates some distance
      inwardly from the open end of the outer casing 11. An internal annular
      groove 28, having a radially extending outer wall 30, a radially extending
      inner wall 31 and an axially extending bottom wall 32, is machined in the
      reinforced section 34 of the outer casing in proximity to the open end
      thereof. A retaining member, generally referenced 35, is mounted within
      the internal groove in the manner illustrated. The retaining member is
      made up of a pair of segmented keys including a shear key 39 and
      compression key 40. In assembly, the outer face of the compression key is
      mounted in contact with the radially extending outer wall 30 of the casing
      groove. The two assembled keys coact to make up an annular shaped
      retaining ring which complement the bottom wall 32 of the groove machined
      in the casing 11. As illustrated in FIGS. 1 and 3, both keys have a
      generally rectangular cross-sectional geometry; however, as will become
      apparent from the disclosure below, the size, shape and cross-sectional
      configuration of the keys are not limited to the particular structure
      herein disclosed and the retaining member geometry can be modified to
      accommodate any machine configuration without departing from the teachings
      of the present invention.
PAR  In practice, the radial thickness of the two keys exceeds the radial depth
      of the internal groove 28 such that a portion of each key extends
      downwardly beyond the internal casing wall into the axially extending
      opening 12. The lower left-hand corner of the shear key is seated within a
      complementary annular recessed shoulder 42 machined in the outer face 43
      of the end wall structure. Although not shown, conventional means are
      provided to pull the end wall axially into assembly against the retaining
      member thus tensioning the retaining member in tight seating engagement
      against the outer radial wall of the casing and the recessed shoulder
      within the end wall.
PAR  Each key is made up of four distinct segments to facilitate their mounting
      within the casing groove. In the case of the compression key, as shown in
      FIG. 2, these segments include parts 50-53. The segments are arranged so
      that when seated in the groove, the segment ends are in abutting contact
      with each other thus forming three axially aligned joints 56, 57 and 58
      and a radially aligned joint 59. The shear key segments are prevented from
      moving in a radial direction by the recessed shoulder provided in the end
      wall structure. As can be seen, however, further means must be provided
      for supporting the compression key segments against movement or
      misalignment. To this end, a series of cap screws 49 are passed through
      openings provided in the compression key segments and threaded into the
      corresponding shear key segments. When tightened, the cap screws pull the
      two keys into tight face-to-face alignment whereby a substantially
      unitized one-piece structure is superimposed between the end wall and the
      machine casing. The keys are machined to a predetermined size so that when
      the closure is locked in place, the end wall is accurately located in
      regard to the machine casing.
PAR  The depth of the recessed shoulder machined in the end wall provides
      sufficient contact area between the end wall structure and the retaining
      member whereby the contact stresses are maintained within allowable limits
      based upon the machine operating conditions. Because of the shear key
      seating arrangement, the end wall, when under load, exerts both an axial
      force F.sub.4 and radial force F.sub.1 (FIG. 3) against the end wall
      contact area of the shear key. These two determinable resultant forces are
      displaced some known distance from the center of gravity 65 of the shear
      key and act to create unwanted bending moments in the key. If the key is
      permitted to bend about its center of gravity, the key will deflect and
      thus drastically change its geometry. This, in turn, permits the end wall
      to shift axially from its predetermined position.
PAR  It is believed that this unwanted and uncontrolled deflection of the key is
      one of the primary factors contributing to the failure of most end wall
      retaining structures.
PAR  The shear key is provided with a pair of raised moment control pads 67, 68
      (FIG. 3). As will be described in greater detail below, the pads are
      strategically positioned upon the shear key to produce opposite and
      substantially equal moments to the deflection inducing stresses described
      above. As a result, the bending moments acting on the key are negated and
      the key is primarily loaded in compression against the machine casing.
PAR  As more clearly illustrated in FIG. 1, a first raised moment control pad 67
      is located upon the outer periphery of the shear key and is arranged to
      rest in contact against the machine casing within the bottom wall 32 of
      the groove 28. Similarly, the second raised moment control pad 68 is
      carried on the outer face of the shear key and is arranged to rest in
      contact against the inner face of the compression key 40. As noted above,
      once the end wall contact surfaces are defined, the forces F.sub.1 and
      F.sub.4, and thus the resultant moments about the center of gravity of the
      shear key, are determinable. The raised moment control pads are positioned
      in regard to the center of gravity of the shear key so as to establish
      oppositely acting moments, which because of their location, substantially
      offset the moments created by forces F.sub.1 and F.sub.4.
PAR  From the free body diagram, it can be seen that the resultant forces
      F.sub.2 and F.sub.3 acting on the moment control pads are substantially
      equal to forces F.sub.1 and F.sub.4 respectively. The contact surface area
      of the upper raised pad 67 is formed so that resultant force F.sub.2 acts
      about the center of gravity of the shear key at a predetermined distance
      d.sub.2 whereby the moment (F.sub.2 .times. d.sub.2) is substantially
      equal to the moment (F.sub.4 .times. d.sub.4). By the same token, the
      second radially aligned raised pad 68 is positioned so that the moment
      (F.sub.3 .times. d.sub.3) is substantially equal to the moment (F.sub.1
      .times. d.sub.1). Accordingly, the moments acting in a clockwise direction
      about the center of gravity of the shear key are substantially equal to
      the moments acting in a counterclockwise direction.
PAR  By offsetting the bending moments acting on a closure wall retaining member
      in the manner herein described, the retaining member is loaded in
      compression against the casing. As a result, the deflection of the
      retaining member is considerably reduced and its load carrying capability
      greatly increased. The compressive forces are resolved into a radially
      acting force F.sub.2, which is exerted against the bottom wall of the
      internal groove 28 of the casing 11, and an axially acting force F.sub.3,
      which is translated through the compression key to the outside wall 30 of
      the groove (F.sub.3 = F.sub.4 = F.sub.5).
PAR  While the invention has been described with reference to the structure
      herein disclosed, it is not confined to the details as set forth and this
      application is intended to cover any modifications or changes as may come
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for supporting an end wall closure structure within an opening
      formed in the casing of a pressure vessel including
PA1  a shear key seated within a groove formed in the interior wall of the
      opening provided within the casing with a portion of the shear key
      extending inwardly beyond the interior wall of the casing and being
      received with a complementary shoulder formed within the outer face of the
      end wall closure structure, and
PA1  a pair of raised moment control pads carried upon the shear key and being
      arranged to act against one radial side face and the bottom wall of said
      groove in the casing, the control pads being located in regard to the
      center of gravity of the shear key so that the reactive bending moments
      translated by the end wall to said key are offset by the bending moments
      translated by the casing to said shear key whereby the sum of the moments
      acting about the key are substantially negated.
NUM  2.
PAR  2. The apparatus of claim 1 wherein a compression key is interposed between
      one of the moment control pads and said one radial side wall of the groove
      to facilitate the assembly of the shear key within said casing.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said shear key and said compression key
      are formed in segments to facilitate their insertion into said groove.
NUM  4.
PAR  4. The apparatus of claim 2 having further means to hold said shear key and
      said compression key in face-to-face alignment.
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ABST
PAL  A number of discs are simultaneously dispensed into a culture dish from a
      dispenser having an array of self-contained dispensers locked in apertured
      sockets on a base frame. The individual dispensers are simultaneously
      operated by an actuating plate which engages actuating pins on each of
      them. The height of the dispenser above the culture dish is adjustable by
      cam and follower engagement of the base plate within a height-adjusting
      ring. Indicia and yieldable detents are provided for indexing the height
      of the base plate. The individual dispensers each include a
      chute-incorporating body, cover, slide plate, spring and tubular
      cartridge. The open tops of the chutes provide visual confirmation that a
      disc has been discharged from each of the dispensers. Weights and spring
      clips in the cartridges push the discs successively into firm contact with
      the dispensing slide plates for dependably delivering them into the
      dispenser chutes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Mechanisms for dispensing antibiotic saturated discs from tubular
      cartridges are described in U.S. Pats. NO. 3,031,819, 3,032,179, 3,036,703
      and 3,115,992 and Canadian Pat. No. 687,149.
PAR  Some of these dispensers simultaneously drop a number of discs into a
      culture dish or into separate compartments of solutions for comparing the
      effectiveness of the different antibiotics. Such multiple disc dispensers
      are subject to malfunctions which are significant because the failure to
      discharge even only one of the array of discs ruins the test. An object of
      this invention is, therefore, to provide a multiple disc dispenser which
      is dependable in operation and in which malfunctions may be readily
      detected and corrected.
PAC  SUMMARY
PAR  A number of individual self-contained antibiotic disc dispensers capable of
      dispensing single discs in response to an actuating movement are locked
      into apertured sockets on a base frame. A drive mechanism operates an
      actuating linkage, which simultaneously operates each of the individual
      dispensers to discharge discs through the base frame. An adjustable
      support, such as a cam profiled adjusting ring may support the base frame
      at an adjustable height above a culture medium into which it dispenses the
      discs. Yieldable detent and indexing projections indicate the height of
      the dispenser above the culture medium. The individual dispensers may each
      include a chute body, a springbiased shouldered slide carriage plate, a
      cover and a cartridge. The upper ends of the chutes are maintained open to
      permit the operator to visually verify that all discs are discharged. A
      manually actuated plunger may drive the actuating plate through a crank,
      and the actuating plate may engage actuating pins on each of the
      individual dispensers. The individual dispensers are locked in the sockets
      by an apertured locking plate which engages over lugs at the bottom ends
      of the chutes. The actuating and locking plates are apertured to permit
      the chutes and discs to pass through them. Smooth dependable feeding of
      the discs from the dispenser cartridges is facilitated by improved
      non-binding weighted clips which push the discs down through the tubular
      cartridges.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is an exploded three-dimensional view of one embodiment of this
      invention;
PAR  FIG. 2 is a side view in elevation of one of the individual dispensers
      incorporated in the embodiment shown in FIG. 1;
PAR  FIG. 3 is a top plan view of the individual dispenser shown in FIG. 2;
PAR  FIG. 4 is a left-end elevational view of the individual dispenser shown in
      FIG. 2;
PAR  FIG. 5 is a right-end elevational view of the individual dispenser shown in
      FIG. 2;
PAR  FIG. 6 is a cross-sectional view taken through FIG. 3 along the line 6--6
      in the unactuated condition;
PAR  FIG. 7 is a cross-sectional view similar to FIG. 6 in the actuated
      condition;
PAR  FIG. 8 is a side view in elevation of an assembled embodiment of this
      invention (of which an exploded view is shown in FIG. 1) in an
      intermediate position of height adjustment;
PAR  FIG. 8A is a fragmental view of a lower central portion of the embodiment
      shown in FIG. 8 in the upper position of height adjustment;
PAR  FIG. 9 is a cross-sectional view taken through FIG. 8 along the line 9--9;
PAR  FIG. 10 is a cross-sectional view taken through FIG. 9 along the line
      10--10;
PAR  FIG. 11 is a bottom plan view of the embodiment shown in FIG. 8 with most
      of the locking plate removed;
PAR  FIG. 12 is a cross-sectional view taken through FIG. 11 along the line
      12--12 in the unactuated condition;
PAR  FIG. 13 is a fragmental cross-sectional view taken through the lower
      lefthand portion of the embodiment shown in FIG. 8 in the actuated
      condition; and
PAR  FIG. 14 is a bottom plan view of the embodiment shown in FIG. 8 in the
      locked condition.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT
PAR  In FIG. 1 is shown an antibiotic disc dispenser 10 for simultaneously
      dispensing an array of antibiotic discs 12 from an array of twelve
      individual self-contained disc dispensers 14 mounted on base frame 16 in
      apertured sockets 18 and locked therein by engagement of a side of
      apertures 20 in locking plate 22 over lugs 24 at the lower ends of chutes
      26 disposed below dispensers 14. Dispenser 14 is operated by pushing
      actuating plate 32 against pin 28 on slide carriage 30 through engagement
      of pin 28 within one of pin slots 34 in actuating plate 32. Actuating
      plate 32 is moved against the force of return springs 36 by plunger 38
      mounted on top of dispenser 10 within guide tube 40. Plunger 38 is
      actuated by downward pressure on knob 42 and its motion is transmitted to
      actuating plate 32 by crank 44.
PAR  Base frame 16 is supported at an adjustable height above a culture dish
      (later shown) by sliding disposal of the bottom edges 33 of three profiled
      cam strips 46 upon three sets of two uneven follower ribs 48 within
      height-adjusting ring 50. Upper retaining projections 52 within
      height-adjusting ring 50 engage over the top edges 54 of profiled cam
      strips 46 and cooperate with the tops of follower ribs 48 in holding
      profiled cam strips 46 between them. Angular projections 56 within the
      bottom edge of ring 50 center a culture dish within the bottom of
      dispenser 10, and slots 58 prevent air locks from blocking operation of
      the dispenser. Detent rib 51 below retaining or holddown projections 52
      yieldably engage slots 37 for indexing the relative angular portions of
      ring 50 about base frame 16 and the height adjustment obtained thereby.
PAR  Individual dispenser 14 shown in FIG. 1 includes chuted body 60 within
      which slide carriage 30 moves against the force of compression spring 62
      and upon which cover 64 is mounted on horn 66. Cartridge tube 68 is
      inserted between internal contact ridges 69 in clamp 70 on the front of
      cover 64 and contains weight 72 pushing down on feed clip 74 which rests
      on the stack of antibiotic discs 12 to be discharged by dispenser 14 as
      later described.
PAR  Plunger guide tube 40 is secured on pedestal 76 on top of base frame 16 by
      insertion of four pins 78 in corresponding pin holes 80 on top of pedestal
      76 and cementing thereto. Actuating plate 32 is secured to slide under
      base frame 16 by retaining screws (later shown) inserted through three
      slots 82. Apertures 84 and 86 permit chutes 26 of dispensers 14 to pass
      through them. Locking holes 20 in locking plate 22 also permit passage of
      chutes 26 and discs discharged through them and lock over lugs 24 on
      chutes 26. Locking plate 22 is mounted to slide back and forth under base
      frame 16 by screws (later shown) through four slots 88. Vertical tab 90 at
      the rear of locking plate 22 extends upwardly through base frame 16 as
      later described and permits mnovement of the locking plate from above
      dispenser 10.
PAR  Details of self-contained dispensers 14 are shown in FIGS. 2-7. Dispenser
      14 is shown in an unactuated condition in FIGS. 2-6 with the return
      movement of slide carriage 30 arrested by tail plate 92 of cover 64. The
      apertured end 94 of slide plate 95 remote from pin 28 is thinner than the
      rear end 96 to dispose disc feeding aperture 98 in a thinner shouldered
      portion 94 of slide plate 95. This facilitates smooth operation of slide
      carriage 30 and dependable feeding of discs 12. The thicker rear portion
      96 of slide plate 95 smoothly confines discs 12 within tubular cartridge
      68, which is inserted within shouldered socketed funnel 100 in body 60.
PAR  Weight 72 in tube 68 has a bottom stem 102 disposed against the bottom of
      angular U-shaped clip 74 to urge it downwardly. Weight 72 weighs, for
      example, 4 grams and clip 74, which is for example made of spring material
      such as beryllium copper, causes about two grams of frictional resistance
      in rubbing against the inner walls of tubes 68, to leave a resultant two
      grams of force pushing down on the stack of discs 12. Points 104 of clip
      74 ratchet the downward movement of clip 74 and maintain the stack of
      discs 12 firmly packed together. The disposition of stem 102 of weight 72
      on the bottom arm 106 of clip 74, clear of side arms 108, prevents weight
      72 from bending clip 74 and interfering with the efficient operation of
      clip 74. Dimple 110 at the center of bottom end 106 of clip 74 is higher
      than slot 112 in body 60 through which slide 30 passes to prevent clip 74
      from dropping into aperture 98 and binding operation of slide 30.
PAR  FIGS. 6 and 7 show the engagement of socket 114 within cover 64 over horn
      66 on body 60. Clearing hole 116 in the rear actuating end 117 of slide
      carriage 30 passes over tapered guide shaft 118 on body 60 about which
      compression spring 62 is mounted. The rearward movement of slide carriage
      30 is arrested by tail plate 92 extending downwardly from cover 64.
      Forward movement of slide 30 from the position shown in FIG. 6 to that
      shown in FIG. 7 carries a disc 12 from the stack in cartridge 68 over the
      open upper end 27 of chute 26 through which it is dropped. Dispenser 14 is
      shown being manually actuated by fingers 122 in FIG. 7, which is the
      manner in which dispensers 14 are individually used. Dispensers 14 are
      also capable of simultaneous multiple operation when mounted on base frame
      16 as otherwise described herein. Semicircular portion 29 of the upper rim
      of open end 27 of chute 26 is chamfered to help direct discharged discs 12
      into chute 26.
PAR  FIGS. 9-14 show how dispensers 14 are mounted and locked on base frame 16
      and actuated by operation of plunger 38 by pushing down on knob 42.
      Downward pressure on knob 42 moves the lower split prongs 124 of plunger
      38 downwardly against the force of actuating plate return springs 36 and
      return springs 62 on individual dispensers 14. Arm 130 of crank 132 is
      inserted through hole 128 in plunger 38 and lower crank arm 134 is engaged
      in slot 136 in actuating plate 32 to urge it to the left as shown in FIGS.
      10 and 11 against the force of return springs 36. Shoulders 125 on prongs
      124 engage under the lower ends of plunger socket 127 to prevent plunger
      38 from being lifted out of base frame 16.
PAR  Actuating plate 32 is maintained in sliding engagement below base frame 16
      as shown in FIGS. 10-12 by insertion of three machine screws 138 through
      slots 82 and the disposition of the sides of actuating plate 32 between
      guide ridges 140 at the bottom of base frame 16. The reciprocating
      movement of actuating plate 32 is more than sufficient to move slide
      carriages 30 of dispensers 14 by engagement of actuating pins 28 in pin
      slots 34 in actuating plate 32, through a distance which moves apertures
      98 and the discs carried in them over the opening 27 on top of chute 26
      with sufficient overtravel to insure operation of each of dispensers 14,
      each time plunger 38 is moved downwardly through its full stroke.
PAR  Locking plate 22 is mounted within base frame 16 below actuating plate 32
      as shown in FIGS. 10-14 and is locked by movement of vertical tab 90 by
      finger pressure on upper end 142 in the direction of arrow 144 as shown in
      FIG. 13. Upper end 142 of vertical tab 90 is of a reduced width dimension
      forming shoulders 93. Shoulders 93 engage cam surfaces 97 disposed to
      either side of slot 99 through which upper end extension 142 projects.
      Actuating plate 32 is maintained locked in its disengaged or engaged
      position by disposition of shoulders 93 on either side of cam surfaces 97
      and contact of end extension 142 with rearward or forward edge of slot 99.
PAR  As shown in FIG. 12, chutes 26 of dispensers 14 pass through the previously
      described slots 84 and 86 in actuating plate 32 and slots 20 in locking
      plate 22 (which engage lugs 24 on chutes 26) to dispose them above culture
      dish 146 as shown in FIGS. 8, 8A, 12 and 13. FIG. 13 shows a disc 12
      dropping from chute 26 onto agar medium 148 in dish 146. Twelve such discs
      are simultaneously dispensed from array of dispensers 14 on each downward
      movement of plunger 68, as shown in FIG. 13 in the direction of arrow 150.
PAR  The height of base frame 16 and dispensers 14 above a supporting surface
      for it and culture dish 146 and contained medium 148 is adjusted by the
      angular engagement of adjusting ring 50 with base frame 16. This
      adjustment is provided by the angular disposition of profiled cam strips
      46 on inner follower support ribs 48 of slightly different height within
      support ring 50 as previously described in conjunction with FIG. 1.
      Profiled cam strips 46 are yieldably held between upper ends of support
      projections 48 and upper retaining projection 52. Since all of the parts
      of dispenser 10 with the exception of the metal springs and glass
      cartridge tubes are made of resilient plastic material, such as a
      polycarbonate, the engagement of profiled cam strips between projections
      48 and 52 and other engaged portions of the apparatus, is readily
      disengageable.
PAR  Stop projections 152, also within the upper portion of adjusting ring 50
      yieldably abut against the terminal ends 154 of profiled cam strips 46 to
      indicate the limit of raised movement of adjusting ring 50 relative to
      base frame 16 as shown in FIG. 8A. In this position, the height of the
      bottom of the chutes 26 above a surface supporting it and a culture dish
      146, such as a Petri dish, is, for example, approximately 20 mm., which is
      the largest magnitude indicia 156 shown marked on the top edge of base
      frame 16 in FIG. 9. The lowest height marked on scale of indicia 156 is 6
      mm., which is above the table upon which culture dish 146 and dispenser 10
      are disposed. For a standard agar thickness of approximately 3 to 5 mm. in
      a dish having a bottom about 1 to 2 mm. thick, this provides a minimum
      clearance of about 3 mm. above the upper surface of the agar medium. The
      14 mm. range of adjustment permits a variety of dishes and agar deposits
      to be accommodated under dispenser 10. Indexing of angular
      height-adjusting movement of ring 50 relative to base frame 16 is
      accomplished by the yieldable engagement of outer indexing ribs 51 on cam
      strips 46 within adjusting ring 50 below retaining projections 52.
PAR  FIG. 9 also shows a pair of tabs 158 adjacent the ends of height indicia
      156, which provide a means for grasping base frame 16 and holding it
      steady while height adjusting ring 50 is rotated relative to it in
      changing the height of base frame 16 above a surface 164 (shown in FIG.
      13). FIG. 9 also shows the upper end 142 of vertical tab 90 in the locked
      position with shoulders 93 inside of cam surfaces 97 at the inner end of
      slot 99. Apertured sockets 18 of rectangular outline have keyhole-shaped
      apertures in their bases which receive chutes 26, one of which is shown in
      a socket 18 at the lower right-hand portion of FIG. 9 with its locking lug
      24. Sockets 18 also have elongated slots 162 in their bases which permit
      actuating pins 28 to extend through and below base frame 16. There are
      twelve apertured sockets shown in FIG. 9, which are accordingly numbered
      from 1 through 12. Some of them have complete dispensers 14 inserted
      within them and others only have partial dispensers 14 inserted within
      them to illustrate various features including the open tops 27 of chutes
      26 which permit the discharge of discs 12 from all dispensers 14 to be
      visually verified. FIG. 9 also shows upper retaining projections 52 above
      profiled cam strips 46 and stop projections 152 which contact terminal
      ends 154 of profiled cam strips 46.
PAR  FIG. 14 shows the locked position of locking plate 22 in which locking
      apertures 20 are in the left-hand position, (in the direction of arrow
      144) engaged about locking lugs 24 of dispensers chutes 26. When locking
      plate 22 is moved to the right in the direction of arrow 145, it assumes
      the unlocked position shown at the left-hand side of FIG. 11 in which
      apertures 20 are moved to their right-hand position clear of
      keyhole-shaped apertures 160 through which chutes 26 and locking lugs 24
      are inserted or removed. FIGS. 11-14 also show U-shaped stiffening ribs
      166 on the left-hand sides of locking apertures 20 and which therefore do
      not interfere with the locking function of apertures 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disc dispenser for simultaneously dispensing a number of discs
      comprising a base frame, a number of individual self-contained disc
      dispensers capable of dispensing single discs in response to an actuating
      movement, each of said individual dispensers having a body and a cartridge
      containing a plurality of discs connected to said body, a tubular chute
      disposed on each body extending in an opposite direction from said
      cartridge, apertured sockets in said base frame for receiving said bodies
      of said individual disc dispensers with said tubular chutes extending
      through the apertures whereby said disc dispensers are mounted upon said
      base frame in position for simultaneously dispensing their discs through
      apertures in said base frame with said cartridges disposed above said base
      frame whereby they are visually and physically accessible while said
      bodies are disposed within said sockets, a detachable connecting means on
      each of said bodies for removably connecting a cartridge to each of said
      bodies whereby each of said cartridges may be removed and be connected to
      said body while each of said dispensers is mounted on said base frame, a
      locking means on said disc dispenser and said base frame for securing said
      disc dispensers to said base frame, an actuating element on each of said
      bodies of said disc dispensers, an actuating linkage mounted on said base
      frame, said actuating linkage engaging said elements, and a drive
      mechanism mounted on said base frame connected with said actuating linkage
      whereby said actuating linkage is moved for simultaneously operating said
      elements and simultaneously dispensing discs from each of the said
      individual dispensers.
NUM  2.
PAR  2. A disc dispenser as set forth in claim 1 wherein an adjustable support
      means is engaged with said base frame and extending below it for
      supporting said base frame at an adjustable height above a base surface.
NUM  3.
PAR  3. A disc dispenser as set forth in claim 2 wherein said adjustable support
      means comprises an adjustable support ring.
NUM  4.
PAR  4. A disc dispenser as set forth in claim 3 wherein cam and follower means
      adjustably connects said support ring to said base frame.
NUM  5.
PAR  5. A disc dispenser as set forth in claim 4 wherein said base frame and
      support ring are cylindrical.
NUM  6.
PAR  6. A disc dispenser as set forth in claim 5 wherein said support ring is
      larger in diameter than said base frame, and said base frame is movably
      engaged within said support ring.
NUM  7.
PAR  7. A disc dispenser for simultaneously dispensing a number of discs
      comprising a base frame, a number of individual self-contained disc
      dispensers capable of dispensing single discs in response to an actuating
      movement, each of said individual dispensers having a body and a cartridge
      containing a plurality of discs connected to said body, apertured sockets
      in said base frame for receiving said bodies of said individual disc
      dispensers whereby said disc dispensers are mounted upon said base frame
      in position for simultaneously dispensing their discs through apertures in
      said base frame, a locking means on said disc dispenser and said base
      frame for securing said disc dispensers to said base frame, an actuating
      element on each of said bodies of said disc dispensers, an actuating
      linkage mounted on said base frame, said actuating linkage engaging said
      elements, a drive mechanism mounted on said base frame connected with said
      actuating linkage whereby said actuating linkage is moved for
      simultaneously operating said elements and simultaneously dispensing discs
      from each of the said individual dispensers, an adjustable support means
      is engaged with said base frame and extending below it for supporting said
      base frame at an adjustable height above a base surface, said adjustable
      support means comprises an adjustable support ring, cam and follower means
      adjustably connects said support ring to said base frame, said base frame
      and support ring are cylindrical, said support ring is larger in diameter
      than said base frame, said base frame is movably engaged within said
      support ring, said cam and follower means comprises profiled cam strips on
      the outer periphery of said base frame, and supporting follower ribs
      within said support ring upon which said profiled cam strips rest for
      supporting said base frame at an adjustable height above said base
      surface.
NUM  8.
PAR  8. A disc dispenser as set forth in claim 7 wherein a series of indexing
      slots is disposed upon the outer periphery of said base frame, and a
      detent rib is mounted within the periphery of said adjusting ring for
      yieldably engaging said indexing slots and indexing relative angular
      movement of said adjusting ring about said base frame and the height of
      said base frame above said base surface.
NUM  9.
PAR  9. A disc dispenser as set forth in claim 8 wherein said cam profiled
      strips comprise three cam strips disposed about the periphery of said base
      frame in a saw-toothed manner having substantially vertical terminal ends
      disposed between them.
NUM  10.
PAR  10. A disc dispenser as set forth in claim 9 wherein stop lugs are disposed
      within the periphery of said adjusting ring for engaging said terminal
      ends of the cam surfaces to indicate the upper and lower extremities of
      height adjustment of said base frame.
NUM  11.
PAR  11. A disc dispenser as set forth in claim 10 wherein said lug is yieldable
      to permit the terminal ends to be passed.
NUM  12.
PAR  12. A disc dispenser as set forth in claim 7 wherein said supporting
      follower ribs comprise at least a pair of ribs of slightly uneven height.
NUM  13.
PAR  13. A disc dispenser as set forth in claim 12 wherein a retaining
      projection is disposed within an upper portion of said adjusting ring a
      distance away from the tops of said support ribs which is substantially
      equal to the height of said profiled cam strips whereby said cam strips
      are disengageably retained within said support ribs and said retaining
      projection.
NUM  14.
PAR  14. A disc dispenser as set forth in claim 12 wherein apertures are
      provided in said adjusting ring to prevent air locks from interfering with
      the operation of said dispenser.
NUM  15.
PAR  15. A disc dispenser as set forth in claim 14 wherein said drive mechanism
      comprises a reciprocating plunger device mounted upon said base frame, and
      a crank connects said reciprocating plunger device to said actuating
      plate.
NUM  16.
PAR  16. A disc dispenser for simultaneously dispensing a number of discs
      comprising a base frame, a number of individual self-contained disc
      dispensers capable of dispensing single discs in response to an actuating
      movement, each of said individual dispensers having a body and a cartridge
      containing a plurality of discs connected to said body, apertured sockets
      in said base frame for receiving said bodies of said individual disc
      dispensers whereby said disc dispensers are mounted upon said base frame
      in position for simultaneously dispensing their discs through apertures in
      said base frame, a locking means on said disc dispenser and said base
      frame for securing said disc dispensers to said base frame, an actuating
      element on each of said bodies of said disc dispensers, an actuating
      linkage mounted on said base frame, said actuating linkage engaging said
      elements, a drive mechanism mounted on said base frame connected with said
      actuating linkage whereby said actuating linkage is moved for
      simultaneously operating said elements and simultaneously dispensing discs
      from each of the said individual dispensers, said actuating element on
      each of said disc dispensers comprises an actuating pin, and pin holes in
      said actuating plate within which said actuating pins are inserted whereby
      sliding movement of said actuating plate simultaneously operates each of
      said dispensers.
NUM  17.
PAR  17. A disc dispenser as set forth in claim 16 wherein said reciprocating
      plunger device comprises a guide tube substantially vertically mounted on
      said base frame and a plunger rod mounted to slide up and down within said
      guide tube.
NUM  18.
PAR  18. A disc dispenser for simultaneously dispensing a number of disc
      comprising a base frame, a number of invidual self-contained disc
      dispensers capable of dispensing single disc in response to an actuating
      movement, each of said individual dispensers having a body and a cartridge
      containing a plurality of discs connected to said body, apertured sockets
      in said base frame for receiving said bodies of said individual disc
      dispensers whereby said disc dispensers are mounted upon said base frame
      in position for simultaneously dispensing their discs through apertures in
      said base frame, a locking means on said disc dispenser and said base
      frame for securing said disc dispensers to said base frame, an actuating
      element on each of said bodies of said disc dispensers, an actuating
      linkage mounted on said base frame, said actuating linkage engaging said
      elements, a drive mechanism mounted on said base frame connected with said
      actuating linkage whereby said actuating linkage is moved for
      simultaneously operating said elements and simultaneously dispensing discs
      from each of the said individual dispensers. said locking means comprises
      an apertured locking plate disposed below said base frame, slide means
      connectng said locking plate to slide back and forth under said base
      frame, dispensing chutes on the bottoms of each of said individual disc
      dispensers, locking lugs on lower portions of said chutes and apertures in
      said apertured locking plate for receiving said chutes, and said locking
      plates having a range of sliding movement which optionally releases and
      engages said lugs for optionally securing said individual dispensers to
      said base frame with said chutes extending through said locking plate.
NUM  19.
PAR  19. A disc dispenser for simultaneously dispensing a number of dics
      comprising a base frame, a number of individual self-contained disc
      dispensers capable of dispensing single discs in response to an actuating
      movement, each of said individual dispensers having a body and a cartridge
      containing a plurality of discs connected to said body, apertured sockets
      in said base frame for receiving said bodies of said individual disc
      dispensers whereby said disc dispensers are mounted upon said base frame
      in position for simultaneously dispensing their discs through apertures in
      said base frame, a locking means on said disc dispenser and said base
      frame for securing said disc dispensers to said base frame, an actuating
      element on each of said bodies of said disc dispensers, an actuatng
      linkage mounted on said base frame, said actuating linkage engaging said
      elements, a drive mechanism mounted on said base frame connected with said
      actuating linkage whereby said actuating linkage is moved for
      simultaneously operating said elements and simultaneously dispensing discs
      from each of the said individual dispensers, a discharge chute for each of
      said individual dispensers is provided in line with the apertures in said
      sockets, and said chutes having open upper ends to permit the discharge of
      discs through all of said chutes to be verified.
NUM  20.
PAR  20. An individual disc dispenser comprising a small elongated body whereby
      said dispenser is held for dispensing manually or mechanically, a slot
      extending through said body, a socketed funnel in said body intersecting
      said slot, a tubular chute in said body intersecting said slot adjacent
      and spaced from said socketed funnel, a slide carriage having a slide
      plate disposed in said slot for sliding movement therein, the chute end of
      said plate having an aperture for receiving said discs, said chute end of
      said slide plate being thinner than the funnel end thereby providing a
      thin shouldered end on said plate containing said aperture whereby
      discharge of said discs from said funnel into said aperture is
      facilitated, a cover being mounted upon and above said body on a side
      opposite from said tubular chute, said cover having a retainer disposed
      above said socketed funnel for securing said cartridge above and within
      said socketed funnel, resilient means urging said slide carriage to the
      loaded position in which said aperture is disposed below said socket, and
      an actuating pin on said slide carriage disposed opposite from said chute
      with said socketed funnel disposed inbetween them whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute.
NUM  21.
PAR  21. A disc dispenser as set forth in claim 20 for dispensing discs from a
      tubular cartridge wherein a cover is mounted upon said body, said cover
      having a retainer disposed above said socketed funnel for securing said
      cartridge above and within said socketed funnel, and said cover having a
      tail plate for restraining the movement of said slide carriage away from
      said chute and said socketed funnel.
NUM  22.
PAR  22. A disc dispenser comprising a body, a slot extending through said body,
      a socketed funnel in said body intersecting said slot, a tubular chute in
      said body intersecting said slot adjacent and spaced from said socketed
      funnel, a slide carriage having a slide plate disposed in said slot for
      sliding movement therein, the chute end of said plate having an aperture
      for receiving said discs, said chute end of said slide plate being thinner
      than the funnel end thereby providing a thin shouldered end on said plate
      containing said aperture whereby discharge of said discs from said funnel
      into said aperture is facilitated, resilient means urging said slide
      carriage to the loaded position in which said aperture is disposed below
      said socket, an actuating pin on said slide carriage whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute, a cover is mounted upon said body, said cover having
      a retainer disposed above said socketed funnel for securing said cartridge
      above and within said socketed funnel, said cover having a tail plate for
      restraining the movement of said slide carriage away from said chute and
      said socketed funnel, and said retainer on said cover comprises a pair of
      clamping fingers.
NUM  23.
PAR  23. A disc dispenser comprising a body, a slot extending through said body,
      a socketed funnel in said body intersecting said slot, a tubular chute in
      said body intersecting said slot adjacent and spaced from said socketed
      funnel, a slide carriage having a slide plate disposed in said slot for
      sliding movement therein, the chute end of said plate having an aperture
      for receiving said discs, said chute end of said slide plate being thinner
      than the funnel end thereby providing a thin shouldered end on said plate
      containing said aperture whereby discharge of said discs from said funnel
      into said aperture is facilitated, resilient means urging said slide
      carriage to the loaded position in which said aperture is disposed below
      said socket, and an actuating pin on said slide carriage whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute, a cover is mounted upon said body, said cover having
      a retainer disposed above said socketed funnel for securing said cartridge
      above and within said socketed funnel, said cover having a tail plate for
      restraining the movement of said slide carriage away from said chute and
      said socketed funnel, said slide carriage comprises a slide plate and a
      rear actuating end, a guide shaft on said body, an aperture in said rear
      actuating end of said slide carriage for engaging over said guide shaft,
      and a compression spring disposed over said guide shaft and reacting
      between said body and said rear end of said slide carriage for returning
      it to the loaded position against said tail plate of said cover.
NUM  24.
PAR  24. A disc dispenser as set forth in claim 23 wherein a horn extends
      upwardly from said body substantially parallel to said socketed funnel,
      and said cover includes a socket in its upper end which engages the top of
      said horn for mounting said cover on said body.
NUM  25.
PAR  25. A disc dispenser comprising a body, a slot extending through said body,
      a socketed funnel in said body intersecting said slot, a tubular chute in
      said body intersecting said slot adjacent and spaced from said socketed
      funnel, a slide carriage having a slide plate disposed in said slot for
      sliding movement therein, the chute end of said plate having an aperture
      for receiving said discs, said chute end of said slide plate being thinner
      than the funnel end thereby providing a thin shouldered end on said plate
      containing said aperture whereby discharge of said discs from said funnel
      into said aperture is facilitated, resilient means urging said slide
      carriage to the loaded position in which said aperture is disposed below
      said socket, an actuating pin on said slide carriage whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute, and said top of said tubular chute is open to permit
      the discharge of discs through said chute to be visually verified.
NUM  26.
PAR  26. A disc dispenser comprising a body, a slot extending through said body,
      a socketed funnel in said body intersecting said slot, a tubular chute in
      said body intersecting said slot adjacent and spaced from said socketed
      funnel, a slide carriage having a slide plate disposed in said slot for
      sliding movement therein, the chute end of said plate having an aperture
      for receiving said discs, said chute end of said slide plate being thinner
      than the funnel end thereby providing a thin shouldered end on said plate
      containing said aperture whereby discharge of said discs from said funnel
      into said aperture is facilitated, resilient means urging said slide
      carriage to the loaded position in which said aperture is disposed below
      said socket, an actuating pin on said slide carriage whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute, and in combination with a base frame wherein a
      locking lug is disposed on a lower portion of said chute for optionally
      securing said dispenser to said base frame.
NUM  27.
PAR  27. A disc dispenser comprising a body, a slot extending through said body,
      a socketed funnel in said body intersecting said slot, a tubular chute in
      said body intersecting said slot adjacent and spaced from said socketed
      funnel, a slide carriage having a slide plate disposed in said slot for
      sliding movement therein, the chute end of said plate having an aperture
      for receiving said discs, said chute end of said slide plate being thinner
      than the funnel end thereby providing a thin shouldered end on said plate
      containing said aperture whereby discharge of said discs from said funnel
      into said aperture is facilitated, resilient means urging said slide
      carriage to the loaded position in which said aperture is disposed below
      said socket, an actuating pin on said slide carriage whereby actuating
      movement is imparted to it for moving a disc loaded in said aperture over
      and into said chute, in combination with a tubular disc-containing
      cartridge having a lower end disposed in said socketed funnel, a weighted
      feeding clip assembly in said cartridge above said discs for smoothly
      feeding them downwardly, said weighted clip assembly comprising a U-shaped
      clip having outwardly sloping arms with pointed ends for resiliently
      engaging the walls of said cartridge to ratchet the downward movement of
      said clip assembly, said weight having an upper larger diameter for
      smoothly sliding downwardly within said tubular cartridge, and said weight
      having a smaller lower tip end for bearing against the bottom of said
      U-shaped clip and urging it downwardly clear of pressure of said arms.
NUM  28.
PAR  28. A disc dispenser as set forth in claim 27 wherein said clip has a
      projection on its lower end having a height greater than the thickness of
      said slot whereby said clip is prevented from entering within said
      aperture and blocking operation of said slide carriage.
NUM  29.
PAR  29. A disc dispenser as set forth in claim 28 wherein said projection
      comprises a dimple.
NUM  30.
PAR  30. A weighted feeding clip assembly for a tubular cartridge which feeds
      discs into a slot comprising a U-shaped clip having outwardly sloping arms
      with pointed ends for resiliently engaging the walls of said cartridge to
      ratchet the downward movement of said clip assembly, said clip having a
      bottom disposed between said outwardly sloping arms, a weight disposed
      against said bottom and between said outwardly sloping arms, said weight
      having an upper larger diameter for smoothly sliding downwardly within
      said tubular cartridge, and said weight having a smaller diameter lower
      stem for bearing against the bottom of said U-shaped clip and urging it
      downwardly clear of pressure on said arms.
NUM  31.
PAR  31. A disc dispenser as set forth in claim 30 wherein said clip has a
      projection on its lower end having a height greater than the thickness of
      said slot whereby the lower end of said clip is held clear of said slot,
      and said projection having an inclined base whereby said projection and
      clip are cammed upwardly in response to a lateral movement against it
      whereby said lower end of said clip is prevented from jamming.
NUM  32.
PAR  32. A disc dispenser as set forth in claim 31 wherein said projection
      comprises a dimple.
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ABST
PAL  A device for issuing single copies of flat flexible articles, such as
      newspapers or magazines. A stripper member comprising a rotatable conveyor
      has engagement elements which engage an article to be issued near one of
      the edges of the article. The conveyor is rotated while traversing the
      face of the article, carrying the edge with it so as to wrap the article
      upon the conveyor's periphery until the article is stripped (peeled) from
      the stack. The article is then released and discharged through an exit
      orifice. The device may be coin-controlled, so as to issue an article only
      after the necessary coins have been provided, either by permitting the
      stripper member to be moved with an engaged article only when proper coins
      have been inserted, or by permitting the engagement elements to engage the
      article only when a coin has been inserted. The device may be provided
      with a holder to display one of the articles and issue it as the last
      article, after the other inventory has been issued.
PARN
PAC  CROSS-REFERENCE TO OTHER PATENT APPLICATION
PAR  This is a continuation of U.S. patent application Ser. No. 295,128, filed
      Oct. 5, 1972, entitled "Device for Issuing Single Units of Flat Flexible
      Articles", now abandoned.
BSUM
PAR  This invention relates to a device for issuing single copies of flat
      flexible articles, such as newspapers or magazines.
PAR  The problem of selling single copies of newspapers and magazines at retail
      has been a particularly nagging one. Even when a newsstand is under
      full-time supervision, shoplifting is a problem, particularly of more
      expensive magazines. Of course most newstands cannot economically be
      operated 24 hours per day, and therefore are not. Single copy sales
      devices, such as are commonly found along the sidewalks and used for
      unsupervised dispensing of copies, have the inherent problem that the
      entire stack is exposed each time a single coin is presented to the
      machine. Such machines rely upon the honesty of the individual, and the
      assumption is that he will take no more than one copy. While this may be
      true for low cost items, such as weekday newspapers (although surveys have
      shown this to be far from true), distributors have been most reluctant to
      take the risk with magazines, whose retail value and cost to them are very
      much higher than of newspapers, and which represent a considerably greater
      temptation to the thief. Accordingly, potential sales of the more
      expensive articles are lost because they cannot be sold in unattended
      places (and even in attended places theft is an important economic drain),
      and shoplifting of the less expensive articles sold in known machines is a
      significant economic loss.
PAR  It is an object of this invention to provide a device which can issue
      single copies of newspapers, magazines or other flat flexible articles,
      one at a time, in response to the proper number of coins. It is a further
      object of this invention to provide this objective in a simple and rugged
      device which is proof against tampering, and which can be made relatively
      inexpensively.
PAR  It is another object of this invention to provide such a device wherein no
      article in the inventory, much less the entire inventory is ever made
      directly available to the operator of the machine. The single copy
      purchased and paid for is issued through a sidewall of the machine only
      after the proper sum has been paid, and it is issued without giving access
      to the inventory.
PAR  It is another object of this invention to provide a device wherein even the
      most vigorous activation, or attempted activation, by a potential user
      cannot cause spurious actuation of the device itself.
PAR  It is an optional objective of this invention to provide a device wherein
      the last copy in the inventory is visible to the user to assure him that
      there is a copy to be purchased, this display copy being issued last,
      after the remainder of the inventory has been exhausted.
PAR  A device according to this invention includes a stripper member upon which
      an article to be dispensed can be wrapped. The stripper member has an axis
      of rotation and is mounted for rotation around this axis. It is also
      mounted for lateral translation relative to this axis. Support means
      supports articles in the inventory in a stack adjacent to the path of the
      stripper member. Engagement means is carried by the stripper member, which
      engagement means can engage the article to be dispensed near an edge
      thereof so as releasably to hold the article to the periphery of the
      stripper member as the stripper member is rolled along adjacent to the
      surface of the article to be dispensed while traversing the face of the
      article. This motion will strip (in the sense of "peel") an article from
      the stack, and, after the article is brought up over the top of the
      stripper member, it will be released through a slot in the wall of the
      vending machine.
PAR  According to an optional feature of the invention, extension means is
      provided to move the engagement means to an extended position, where it
      will engage an article to be issued, as a consequence of the receipt of
      coins totaling a predetermined sum.
PAR  According to another optional feature of the invention, transmission means
      is provided between the stripper member and a source of power which
      decouples the source of power from the stripper means in the absence of
      coins totaling the predetermined amount.
PAR  According to yet another optional feature of the invention, a last,
      display, copy in the inventory is held in a display slot so it can be seen
      by a purchaser in order that he will know there is a copy available to him
      if he deposits his money. Means is provided to release this display copy
      after the remainder of the inventory has been exhausted.
DRWD
PAR  The above and other features of this invention will be fully understood
      from the following detailed description and the accompanying drawings in
      which:
PAR  FIG. 1 is a front elevation of the presently preferred embodiment of the
      invention with portions of its mechanism removed for clarity of
      disclosure;
PAR  FIGS. 2 and 3 are sections taken at lines 2--2 and 3--3 of FIG. 1,
      respectively;
PAR  FIG. 4 is an enlarged fragmentary side view of a portion of FIG. 2, showing
      the device in a driving position;
PAR  FIG. 5 is an enlarged fragementary view similar to FIG. 4, showing the
      device in a position where driving is attempted, but in which sufficient
      or no coins have been provided;
PAR  FIG. 6 is a fragmentary side view, partly in cutaway cross section showing
      an alternate embodiment in two operating positions;
PAR  FIG. 7 is an enlarged elevation of a portion of FIG. 1;
PAR  FIGS. 8, 9 and 10 show modifications of transmissions useful with this
      invention; and
PAR  FIG. 11 is a schematic showing of yet another embodiment of this invention.
DETD
PAR  A vending machine 20 (sometimes called a "Device") according to the
      invention is shown in FIGS. 1 and 2. It has a frame which includes a pair
      of side plates 21, 22, and as shown in FIG. 2, a front wall 23 and a rear
      wall 24. A cover 25 extends between the side frames and the two walls. The
      device is self-supporting. A base plate 26 closes the bottom.
PAR  As best shown in FIG. 2, an external shelf 27 is provided to receive an
      issued article. It has a flange 28 to support the article. The article
      passes through a slot 29 (sometimes called an "aperture") formed in the
      front wall. The front wall is partly comprised of a pivoted door 30 hinged
      to the frame just above the slot. The door is pivoted at hinges 31 so that
      it can be lifted. When lifted, the device can be re-supplied through the
      enlarged aperture. The inventory cannot be reached through the small slot
      which exists when the door is closed.
PAR  The door is also provided with a display window 32 and a back rest 33. A
      display slot 34 is formed between the display window and the back rest to
      receive and display a "last article" 35. A trap door 36 is hinged by hinge
      37 to the bottom edge of pivoted door 30. It includes a latch aperture 38
      which can be engaged by a latch arm 39 which latch arm is hinged to the
      door. This latch arm is spring-loaded to the locked position as shown in
      FIG. 2 by a bias spring 40 which is in compression between a flange 41
      mounted to the door and a lever arm 42 on the latch arm. The bias spring
      thereby biases the latch arm to the illustrated locked position. A shaft
      43 is pivoted to a lever plate 44, the lever plate being mounted by pivot
      45 to structure 46 connected to the pivoted door. A grapple 47 swings
      freely from plate 44 to be engaged by means yet to be described for the
      purpose of unlatching the trap door at the proper time. It dangles freely
      unless swung out of the way by an article wrapped on the conveyor as shown
      in dotted line in FIG. 2. The structure just described in connection with
      the pivoted door permits the last article of the inventory to be display
      and remain in the door until it is dispensed after the remaining (other)
      inventory has already been dispensed by the machine.
PAR  A shelf 50 (sometimes called "support means") is provided to receive and
      support a stack 51 of articles 52 to be dispensed by the device. The shelf
      is supported by means of a spring-loaded shaft 53 which is telescopically
      fitted into a sleeve 54. A collar 55 on shaft 53 restrains a compression
      spring 56 whose constant is related to the expected weight of a stack of
      articles so that it will tend to keep the top article of the stack
      adjacent to the mechanism above it, as will presently be described. The
      spring is opposed by collar 55 and by sleeve 54. The sleeve 54 is mounted
      to the side plates by cross members 57 (see FIG. 1). There is a plurality
      of shafts 53 and sleeves 54 to prevent the shelf from cocking and to
      provide better support.
PAR  A stripper means 60 is placed within the vending machine. It has an axis of
      rotation 61 and is adapted to be moved laterally relative thereto along a
      path 62 (FIG. 2) that overlays the stack of articles, and is generally
      parallel to it. The stripper means includes a central shaft 63 coaxial
      with axis 61.
PAR  The stripper means also includes a rotatable conveyor 65 (sometimes called
      a "rotatable member") which comprises a plurality of discs 66 (sometimes
      called "circumferential bodies") which are rigidly mounted to shaft 63,
      and therefore rotate with it. These discs carry stop members 67 which
      align the edge of an article to be dispensed in the position of FIG. 1.
      The peripheries of the discs lie on the surface of a theoretical cylinder,
      and comprise 37 abutment means" or "abutment surfaces" spaced radially
      from axis 61 upon which the article can be wrapped. The reason for
      providing this abutment means in the form of the peripheries of a
      plurality of discs is to make space for various mechanisms between them,
      and to lighten the weight and expense of the device itself. A circular
      shape such as a cylinder is the preferred form of abutment surface, but it
      is obvious that other shapes of surfaces radially spaced from the axis of
      rotation 61 may be used instead, as may be spaced-apart slices of a
      cylinder as shown.
PAR  The discs are spaced apart by spacers 68 which keep them aligned on shaft
      63. Shaft 63 is journaled in a pair of support arms 69, 70 which are
      pinned to a journal shaft 71 near the bottom of the device. Two journals
      72, 73 mounted to the device rotatably support shaft 71. Accordingly,
      shaft 63 is movable laterally along an arc which is relatively flat
      because of the relatively large radius from the centers of journals 72 and
      73. The resulting movement is a traverse (travel across) of the top of the
      stack in particular of the face of the article being issued.
PAR  Drive means 75 (sometimes called "power means") comprises a handle 76 and a
      drive shaft 77. The drive shaft is journaled by journal 79 in the side
      frame of the machine. As can be seen in FIG. 1, the drive shaft drives a
      transmission means 78 which can drive the stripper means when engaged, as
      will later be described. Alternatively to the construction shown, the
      transmission could have been arranged to drive journal shaft 71, but then
      the lever would have to be too long for the most suitable device. The use
      of drive shaft 77 where indicated enables a shorter handle to be used.
PAR  A shaft rotation means 80 is attached to shaft 63. It comprises a sprocket
      81 pinned to shaft 63 by pins 82. As shown in FIG. 3, a chain 83 is fixed
      to the back wall by attachment 84 and brought around the sprocket. This
      chain will cause the shaft to rotate as it is moved away from the rear
      wall. A second chain 85 is pinned to a disc 86 that is also rigidly fixed
      to shaft 63, the other end of the second chain being attached to a return
      spring 87 which in turn is connected to the frame of the device. This
      second chain wraps around the outside of disc 86 and will tend to return
      the system to the left-hand position shown in FIG. 3. Return spring 87
      tends to resist motion away from this position. A decelerator pin 88 stubs
      out from disc 86 and bears against chain 83 to provide a different radial
      spacing of the chain from shaft 63 for part of the movement. This will
      vary the rate of the rotation of the shaft as a function of its distance
      from the rear wall and tend to keep it at a rate which will cause the
      peripheral surface to rotate at such a velocity as not to pull the article
      in shear off the stack.
PAR  Engagement means 100 is placed between the discs, and provides a plurality
      of points 101 which are rigidly mounted to an engagement shaft 102 that is
      journaled in the discs 66 so as to rotate therewith. The engagement means
      has a retracted position, shown in FIG. 2, and an extended position, best
      shown in FIG. 4 (sometimes called a "disengaged" and "engaged" condition,
      respectively). The means includes hardened pointed objects which are
      mounted to arms 103 that project from shaft 102 and turn with it. In the
      retracted position, the point lie within the periphery of the discs. In
      the extended position, they project beyond the periphery of the discs. The
      pointed objects are mounted to the stripper member through shaft 102.
PAR  As best illustrated in FIG. 4, there is also a latch means 105. The latch
      means includes a latch plate 106 having a notch 107 thereon. The latch
      plate is rigidly fastened to shaft 102, and turning this plate as a lever
      moves the engagement means between its two positions. A bias spring 108
      biases the latch plate, and also the engagement means, toward the extended
      position shown in FIG. 4. A latch bar 109 is pivotally mounted to the
      right-hand disc 66 and is loaded by bias spring 110 toward contact with
      the latch plate. It has a latch notch 111 and carries a dog 112 which can
      be engaged and shoved upwardly by an extension means 113 as shown in FIG.
      4. The end 113a of the extension means is channeled so as to embrace dog
      112 when brought against it. Such a channeling is also used on the
      extension means of the other embodiment of the invention. When the
      engagement means is retracted as in the right-hand portion of FIG. 2, the
      latch means latches it in that retracted position, and the bias spring 108
      biases the engagement means toward its extended position of FIG. 4, the
      latch means preventing its going to that position until the latch means is
      released by the extension means, in which event, under the bias force of
      spring 108, the points will move beyond the periphery of the discs and
      engage the topmost article in the stack.
PAR  A last-article hook 115 is mounted rigidly to shaft 63, and it will move
      into the path of the grapple 47 unless the grapple 47 is held away from it
      by the presence of an article. Such a situation is shown in the left-hand
      portion of FIG. 2.
PAR  A retraction means 120 comprises a rigid link 120a which is pivotally
      mounted to lever 70 by a pivot pin 121 (FIG. 4) and to a driven lever 120b
      by a pivot pin 120c. Retraction means has a retraction surface 122 (whch
      may be channeled) at its end which, as can be seen in the left-hand
      portion of FIG. 2, is adapted to move upward to strike a dog 123 on the
      latch plate 106. This will cause the latch plate to rotate and move the
      engagement means into the retracted position to release and deliver the
      article over the top of the stripper. The latch means will rotate as the
      consequence of the bias spring 110 and engage and hold the engagement
      means retracted until the coin release again releases the extension means
      and the handle is pulled to issue another article to cause the extension
      means to engage dog 112.
PAR  It will be noted that the retraction of the engagement means is against the
      spring bias of bias spring 108. The continued rotation of the stripper
      wheel and the upward motion of retraction surface 112 together exert a
      compressive force which overcomes the spring bias.
PAR  A dash pot 124 is pivotally joined to the frame, and to support arm 70. It
      retards the return of the system to its rest position. It need not retard
      the driving stroke toward the left in FIG. 2, because this is opposed by
      spring 87 and is not likely to be violent.
PAR  A driven shaft 125 is journaled by bearings 125a to the frame, and rotates
      freely inside drive shaft 77. The transmission includes a plate 126 that
      is rigidly attached to drive shaft 77 and is therefore always rotatable by
      the handle. Driven lever 120b is rigidly connected to driven shaft 125 and
      forms an extension thereof. The transmission 78 couples the drive shaft
      and driven shaft under certain conditions to be described. Reciprocating
      the handle will rotate plate 126 and, because extension means 113 is
      rotatably pinned thereto by pin 126a, will raise and lower the end of the
      extension means. A slack chain 129 is joined between arm 70 and extension
      means 113, and has such a length that, when the lever 70 is at its
      left-hand position in FIG. 2, the chain will pull the lower end of the
      extension means to the left until it engages stop 130 and moves its upper
      end toward the rear wall where a magnet 137a attracts the magnetizable
      metallic extension means, or a magnetizable plate attached thereto so as
      to hold the means 113 against the wall until wedged away from it by a
      wedge 137 to be described. The stop comprises a flange 130a that projects
      into the path of means 113 as it attempts to pivot around pin 126a and
      move away from the wall.
PAR  A coin release mechanism 135 is fitted to the rear wall of the device and
      includes a coin chute 136. This is simply one example of a coin release
      mechanism which is useful for this device. Any other type can be used
      instead which will cause the required reactions to occur.
PAR  The extension means carries a wedge 137 at its edge, and if, as shown in
      FIG. 5, there is no coin in the slot, the upper end of the trigger arm can
      move up and down in a path which will pass by dog 112 without striking it,
      and will, therefore, not release the latch means. The magnet 137a holds
      the wedge to the right in FIG. 4 until the wedge is forced away from the
      wall. The engagement means, therefore, remains in its retracted position
      if there is not coinage presented in a predetermined amount. If, on the
      other hand proper coinage is present, as shown in FIG. 4, then the coin
      (or some part of the coin release means) will deflect the extension means
      to the left, overcoming the magnetic force, so that it does strike dog
      112, the latch means will release, and the engagement means will be moved
      by the bias spring to the extended position, piercing the article to be
      delivered near its edge, and holding the article to the periphery of the
      stripper means. The channeled end of the means 113 causes this means to
      remain against the boss.
PAR  Catch means 140 is mounted to arm 70. It comprises a pivoted flange plate
      141 with a slit 142 through which a rod 143 extends. This rod is journaled
      by journal 144 to the rear wall. Two collars 145, 146 are fitted to the
      rod. As can be seen in FIG. 2, when arm 70 is moved to the left, the
      flanged plate will rotate to permit this motion. However, if the arm is
      stopped part way to collar 145 and attempts to move back, the result will
      be a wedging action between the rod and the sides of the slit which will
      prevent the arm from moving back. This insures that the device will be
      operated through a full cycle to deliver an article. Arms 69 and 70 can be
      returned to "start" only after arm 70 has been pulled so far that the
      flanged plate strikes collar 145. This contact will turn the flanged plate
      to change its position so it will let the rod pass freely between the
      edges of the slit while arm 70 returns to its initial position.
PAR  In FIGS. 1-4, the spring bias on the engagement means is such as to cause
      the engagement means, absent restraint by the latch means, to engage the
      top article in the inventory, and the engagement means will be released to
      penetrate the top article by release of the latch means caused by the
      extension means. FIG. 6 shows a reversal of this arrangement, where the
      bias is opposite. Only those portions which are essential to an
      understanding of this reversal will be described herein. Disc 66 is shown
      in FIG. 6 returned to start and ready for extension of the engagement
      means. Engagement means 150 is shown pivotally mounted to the same
      engagement shaft 102. Instead of a tension spring for bias, a compression
      bias spring 151 is provided, which biases the engagement means toward the
      retracted position, rather than to the extended position. A latch plate
      153a is pinned to the engagement shaft 102 by pin 153b. It carries a latch
      notch 153. Latch means includes a latch bar 154 pivotally mounted to disc
      66 by pin 153c, and having a latch face 155. A tension spring 156 urges
      the latch bar toward its latched position. In this device, the latched
      position cannot occur until after a coin has been inserted. A dog 112a is
      fixed to the latch bar, and a dog 123a is fixed to the latch plate. As can
      be seen in the left-hand portion of FIG. 6, the retraction means has
      contacted dog 112a and released the latch means, and the engagement means
      has been withdrawn by the bias spring. It will remain withdrawn until
      forced out by the extension means. It can be forced out by contact between
      the extension means 113 and the dog 123a on the latch plate, when there
      has been sufficient upward movement of the extension means (proper coinage
      having been supplied) beyond that position shown at the right-hand side of
      FIG. 6 to cause the engagement means to extend beyond the periphery of the
      disc. Then, the point having been forced into the top article, the latch
      means will latch the engagement means in the extended position. This is,
      therefore, a reversal of the operation of the device of FIG. 1, all other
      significant features of the two constructions being alike.
PAR  The transmission means 78 is best shown in FIGS. 1, 4 and 7. In FIG. 4,
      certain parts have been omitted for clarity of presentation, and it is
      suggested that this figure be referred to at this point. The transmission,
      as has previously been stated, includes plate 126 which is directly
      attached to drive shaft 77 so as to rotate with it at all times. Plate 126
      includes a periphery 150 which is circular except for a drive notch 151
      having a drive wall 152. A pawl 153 is pivotally mounted by pivot 154 to
      driven lever 120b. Driven shaft 125 is loosely journaled in drive shaft 77
      and is rotatably free therefrom, except when the two are coupled by the
      transmission. The pawl is adapted to rest against the periphery and fall
      into the drive notch if released to do so.
PAR  A retainer 155 (see FIGS. 5 and 6) is pivotally mounted to journal 156 in
      the rear wall of the device. It is joined by a connecting rod 157 that is
      pivotally mounted to the retainer and to a follower bar 158 that is
      mounted to the back wall by a journal 159. The follower bar 158 is biased
      upwardly in FIG. 4 by a bias spring 160, and the extension means is held
      to the right in FIG. 4 by the magnet until separated from it by the
      wedge's reaction with the coin release means. It will now be seen that the
      tendency of the transmission is to be in a decoupled (dis-engaged)
      condition unless the follower bar is pressed downwardly by contact with
      dog 123 on the latch plate. When the latch means is released, as shown in
      FIG. 4, the engagement means will move counterclockwise, and dog 123 will
      strike the top of the follower bar which in turn will press the connecting
      rod and the retainer downwardly to release the pawl to fall into the drive
      notch, and couple the drive shaft to the driven shaft 125 through driven
      lever 120b. A stub 162 projects laterally from the pawl to rest against
      the top of the retainer so the retainer will control the elevation of the
      pawl.
PAR  The device is shown in FIG. 4 just starting to drive the driven lever 120b.
      There will have been previous counterclockwise rotation of plate 126 in
      order that there will have been upward movement of the extension means
      sufficient to release the latch means and engagement means before the
      drive wall of the drive notch passes beyond the point at which the pawl
      will be received by it for driving, assuming that proper coinage was
      presented. This "slack" enables the coin release means to be sensed before
      the transmission is engaged to driven lever 120b (or, more generically, to
      driven shaft 125 through this lever). In the indicated position in FIG. 4,
      further movement of the handle will drive the driven shaft and driven
      lever, and with it the stripper means, to operate as described. The driven
      lever 120b and link 120a are duplicated on the left-hand side of the
      device in FIG. 1, the duplicate driven lever being rigidly fixed to the
      driven shaft. The retraction means need be provided on only one side.
PAR  Had the follower bar not been depressed as a consequence of the release of
      the engagement means in response to proper coinage, then the smooth
      periphery 150 of the disc would have simply rotated beneath the raised
      pawl and driving would not have occurred. Therefore, the handle is
      completely loose from the issuing mechanism unless coupled to it by the
      transmission.
PAR  The foregoing arrangement is one in which the coin actuation controls the
      extension means, which obviously can be done even if there were a direct
      drive between the drive shaft 77 and driven lever 120b. It is also
      possible directly to couple driven shaft 125 and drive shaft 77, without
      using a transmission that has a de-coupled condition. It is good practice
      to accomplish this by utilizing the transmission 78, as shown, but without
      the connecting rod, follower bar, and retainer. This is for the reason
      that it is desirable to have the said initial slack movement of the
      extension means so as to extend the engagement means prior to appreciable
      lateral movement of the stripper means, and the notch and pawl arrangement
      is a good way of doing this. This enables the article to be engaged before
      the stripper means starts to rotate. Alternatively, a direct drive may be
      provided without this slack by modifications which will be apparent to a
      person skilled in the art. Accordingly, there has been shown a means for
      controlling the device so as to be responsive to coin means by acting upon
      the extension means and also by acting upon a transmission through the
      extension means.
PAR  FIGS. 8-10 indicate that it is also possible to control the device entirely
      at the transmission. For this situation, the transmission has been altered
      so that, instead of the connecting rod 157, there is provided a spring
      anchor 170 holding one end of a spring 171 which urges retainer 155 toward
      its upper position to lift the pawl away from the disc. Coin release means
      175 includes a pivoted arm 176 with an overhang 177 which can move to
      strike the retainer and move it down to the position shown in FIG. 9. A
      coin slot 178 receives a coin 179 and stands aligned with an aperture 180
      through which a push-rod 181 extends which is pivotally joined to the
      disc. When proper coinage is placed in the slot and stands in the path of
      the push-rod, rotation of the plate will cause the rod to press against
      the coin, and spread apart a flexible wall 181a of the coin slot to push
      the coin out of it. Still bearing against the coin, it will pivot the arm
      176 so as to press down the retainer and permit the pawl to fall and
      engage the disc and the device will operate to issue an article. This is
      shown in FIG. 9. If, however, no coin is present as in FIG. 10, then the
      push-rod simply moves through aperture 180 and through a hole 182 in the
      pivoted arm 176 and will not cause actuation.
PAR  Therefore, FIG. 9 shows a condition in which the transmission is coupled,
      and FIG. 10 shows a condition where the transmission is decoupled. It is
      immaterial whether the engagement means in the stripper member is extended
      or retracted, so that the device of either FIG. 1 or of FIG. 6 can be
      used. In the device of FIG. 1, the engagement means will be biased toward
      the extended position, the movement of the extension means being such as
      always to be on a path to engage dog 112 and thereby release the
      engagement means when the handle is pulled with the transmission engaged.
      FIG. 1 as illustrated is the presently preferred embodiment of the
      invention. However, when the device is to be controlled only at the
      transmission, the device of FIG. 6 is to be preferred.
PAR  FIG. 11 schematically illustrates that the transmission may always be
      engaged, and that a direct drive can be provided between the drive shaft
      and the driven shaft 125, (or driven lever 120b) and that a coin actuated
      switch 190 or some other means can be interposed between a source of power
      191 and the output gear 192 of power means such as a motor 193, which will
      drive the drive shaft 77 or directly drive the driver shaft 125.
PAR  Also, if desired, the support arm may be directly pulled by the purchaser,
      instead of a handle. This involves the disadvantage of a longer lever, or
      of slotting the framework, but it can be done, and sometimes may be. This
      may be accomplished by extending one of arms 69 or 70 through a side or
      through the top of the device. If this is done, then the coin actuated
      means will be used directly to control the engagement means, so as to
      extend them when proper coinage is presented, and pulling the arm will
      then deliver a copy. The lever may be freely pulled, and no copy will be
      delivered unless the engagement means is extended.
PAR  Alternatively, coin release means may lock the driven shaft 125 unless
      there is proper coinage, and then there need be no control over the
      engagement means. Any suitable coin-operated lock may be used to prevent
      or alternatively to permit rotation of shaft 125.
PAR  It is believed that the operation of the device will be evident from the
      foregoing. It may generally be stated that the article engagement means,
      which preferably comprises means for piercing an article to be dispensed
      (although other article engagement techniques may be used instead) has an
      extended and a retracted position (or engaged and disengaged),
      respectively inside of the outside of the stripper means. Retraction means
      comprising surface 122 on the end of link 120a is adapted to cause the
      article engagement means to move to its retracted position at the end of
      the delivery stroke, i.e., as shown at the left-hand position of FIG. 2.
      This surface 122 is at the end of a "grasshopper" linkage, which
      interlinks driven lever 120b and support arm 70, and either engages dog
      123 to retract the engagement means against their bias means, or in the
      embodiment of FIG. 6, to engage dog 112a to release the latch and permit
      the engagement means to be retracted by the bias force.
PAR  An extension means, such as extension means 113 has an active position and
      a passive position relative to the engagement means when control over the
      device is exerted by means of controlling the extension or retraction of
      the engagement means. When such control is not provided, then the
      extension means will have only an active position and coinage control will
      be exerted elsewhere. The extension means will cause the engagement means
      to assume its extended position. In FIG. 2, the extension is caused by
      unlatching the latch means and permitting the bias means to extend the
      engagement means. In FIG. 6, the extension is caused by forcing the
      engagement means to the extended position against its bias means, and
      latching it. Coin control means can be provided which is determinative of
      the active or passive position of the extension means, or of the coupled
      or decoupled condition of the transmission, or of the availability or lack
      of availability of power to the driven shaft.
PAR  The transmission means has a coupled and a uncoupled sometimes called
      ("de-coupled") condition, the coupled condition being responsive to the
      receipt of proper coins when the transmission means is controlled directly
      by the coin control means or indirectly through the engagement means.
PAR  In the usage of the device, the pivoted door is unlocked and opened, and
      the desired inventory is placed atop the shelf, which will be lowered by
      the weight of the inventory so that the top article will just be pressed
      against the bottom of the stripper member and so that the rear edge of the
      stack will abut the stop members 67. If a last article is used, it is
      placed in its slot and the trap door latched. The door is then closed and
      locked. In the device of FIGS. 1-5, if there is no coin present, the
      handle can be moved back and forth, and the pawl will not engage with the
      notch in the transmission so that there will be no internal effect on the
      stripper member. The extension means will move up and down to the right of
      dog 112 without striking it.
PAR  Had a transmission been provided which would always be coupled, then the
      stripper member would have been moved back and forth because arm 70 and
      lever 120b would be driven. The movement of the stripper member would not
      cause delivery of an article unless the engagement means is extended,
      except in case a last article is provided in the door. It will, however
      deliver the last article unless an article covers hook 115 when it passes
      the grapple. The last article means is therefore not provided in this
      device unless there is a control over the transmission, because the
      grapple would be engaged at any time the stripper member is at the
      left-hand position in FIG. 2 unless there is an article engaged to the
      periphery of the stripper member and covering hook 115. The same situation
      would pertain for the embodiment of FIG. 11 where the control is over the
      source of power only, and also when the support arm is directly driven.
PAR  Returning now to FIGS. 1-5, should there be no coinage present in the
      predetermined amount, then the extension means will simply move up and
      down on its right-hand path with the magnet holding the extension means in
      this path. However, should there be a coin present, the coin directly, or
      some other means actuated by the coin release means as a consequence of
      the coinage, will deflect the wedge face on the extension means to the
      left (FIG. 4) as means 113 moves upwardly, and the end of the extension
      means will strike dog 112, which it will cradle in its channeled end, and
      push to unlatched the latch means. The engagement means will then be
      extended by the bias means to engage the article, and boss 123 will cause
      the pawl to drop and couple the transmission. Further driving of the
      device by continuing to pull the handle will cause the top article to be
      peeled off the stack and wrapped around the stripper member on the
      abutment surface as the stripper member rolls along path 62 at a rate
      determined by the rotation means. The article goes up and over the top of
      the stripper member, which reaches the end of its travel as shown at the
      left in FIG. 2. At this time the retraction means will cause the
      engagement means to be withdrawn to their retracted position, by engaging
      dog 123 and pressing on the latch plate. This releases the article, which
      will fall through the slot to the purchaser. Releasing the handle will
      cause the device to return to its start position.
PAR  In the reversal of parts situation in FIG. 6, the operation is the same
      except that, when the coin release commands it, the extension means will
      itself force the engagement means to its extended position against the
      bias means by pressing against dog 123a on the latch plate connected to
      shaft 102, and the engagement means will be latched by the latch in the
      extended position. When the article is to be released, the latch is
      released by the retraction means at the end of the stroke, which strikes
      dog 112a.
PAR  When the device is solely under control of the transmission, then the
      arrangement of FIGS. 8, 9 and 10, or some other functionally similar
      means, will be provided for the coupling at the transmission of the pawl
      and the drive shaft so as to deliver the article. The operation of this
      transmission has already been described.
PAR  When the last article is to be dispensed, and the device is actuated, the
      engagement means obviously will not pick up any article from the stack.
      When the stripper means reaches the end of its path, the grapple is
      engaged by hook 115 so as to release the latch on the trap door. The trap
      door opens and lets the last article fall out. Thereafter, a prospective
      purchaser will be able to tell that there is no article for purchase and
      will not put in any coins, because the device will obviously be empty.
PAR  It is evident that means other than lever-type arms can be used to support
      the stripper means. For example, shaft 63 could be mounted to a pair of
      tracks, and sprocket 81 could engage a rack, the track and rack being
      parallel to the top of the stack of articles. Shaft 63 would be rotated by
      reaction of the rack and sprocket as shaft 63 is moved along the track by
      some means such as a handle.
PAR  The stripper means is distinguished from other known devices by its
      rotation as it moves along a stack of articles, in adjacency there to,
      with the article to be delivered engaged to its periphery so as to peel,
      rather than to slide, the end article off of the stack. Of course some
      slight shear movement might result as a consequence of the relative
      dimensions involved, but the primary movement is that of peeling rather
      than pulling. For example, this device is to be distinguished from a wheel
      whose axis is fixed relative to the stack, and which would engage and pull
      an article from the stack. Such delivery would be that of a shearing
      separation, rather than that of a peeling or stripping separation.
PAR  Because there is no shear (or "sliding") movement between adjacent articles
      of the inventory, many problems of the prior art are avoided, such as
      wrinkling and tearing of the articles or adherence of them one to another
      so that multiple copies are delivered. This device completely avoids these
      problems. The phrase "traversing the exposed face of the article to be
      issued" as used herein means moving the axis of the rotatable member of
      the stripper means so that the rotatable member does not drag the article
      in shear away from the stack. The "exposed face" of the article is the
      flat surface exposed to the stripper means. The axis is moved far enough
      that the article will mainly be lifted from the stack, and will be able to
      slide off, over the top of the stripper member.
PAR  Among other advantages is that there is no access afforded to the purchaser
      to any part of the inventory. Further, engagement to the article is not
      damaging or destructive in any way (pin holes being an expected feature in
      printed articles).
PAR  The device is subject to numerous techniques of control, such as control
      over the transmission of applied power, control over the source of power,
      and control of engagement of non-engagement to an article.
PAR  The device may be made of rugged parts, which are relatively inexpensive,
      and is proof against misuse by a vandal.
PAR  This invention is not to be limited by the embodiments shown in the
      drawings and described in the description, which are given by way of
      example and not of limitation, but only in accordance with the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vending machine for issuing a single article from a stack of such
      articles, stripper means for stripping an end article from said stack, the
      article to be issued having an exposed face, and the stripper means
      comprising: a rotatable member having an axis of rotation and a direction
      of rotation when the article is being removed by it from the stack, an
      abutment surface on the rotatable member radially spaced from said axis,
      means for rotating the rotatable member and for simultaneously moving it
      laterally in a path across the stack, whereby to traverse the exposed face
      from adjacent one edge thereof, engagement means pivotally mounted to the
      rotatable member, said engagement means comprising an elongated pointed
      article-engaging element having a point and a piercing axis, and and
      extended engaged and a retracted disengaged condition in which the point
      is respectively radially outside of and inside of the abutment surface,
      the piercing axis of the engagement means making an acute angle with the
      exposed face of the article when extended and engaged thereto, with the
      piercing axis facing in the direction of rotation, whereby the
      article-engaging elements can be engaged to the article near said edge in
      the engaged condition, and while engaged to an article, the rotatable
      member may be simultaneously rotated and moved laterally across the face
      of the stack so as to wrap the article against the abutment surface with
      the article held to the rotatable member as a consequence of the said
      angularity of the said piercing axis, and strip it from the stack, and
      whereby the engagement means may be placed in the disengaged condition to
      permit said article to be released and delivered over the top of the
      rotatable member, and the rotatable member can be returned to the initial
      position to repeat the said sequence, and stop means fixed to the
      rotatable member, projecting beyond its abutment surface, to be abutted by
      the article to be stripped so as to align the same at the time the
      article-engaging elements pierce the article.
NUM  2.
PAR  2. Apparatus according to claim 1 in which extension means is provided to
      move the said elements to the extended engaged position, and in which
      retraction means is provided to move the said elements to the retracted
      disengaged position.
NUM  3.
PAR  3. Apparatus according to claim 2 in which spring bias means is provided to
      force the said engagement means toward one of said positions, and in which
      latch means is provided to hold them in the position opposed by the said
      bias means, and in which one of said extension means or retraction means
      is effective to force the engagement means to said opposed position where
      the latch means holds it, and in which the other is effective to release
      the latch means to enable the bias means to move the engagement means to
      the other position.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said bias means biases the
      engagement means toward its disengaged condition.
NUM  5.
PAR  5. Apparatus according to claim 3 in which said bias means biases the
      engagement means toward its engaged condition.
NUM  6.
PAR  6. Apparatus according to claim 3 in which the engagement means comprises a
      plurality of said article engaging elements.
NUM  7.
PAR  7. Apparatus according to claim 3 in which the stripper member includes a
      central shaft, in which the abutment surface is located on a
      circumferential body mounted to said shaft for rotation therewith, and in
      which the engagement means comprises a plurality of said article engaging
      elements pivotally mounted to said circumferential body in such manner as
      to be extensible beyond and retractible within said abutment surface.
NUM  8.
PAR  8. Apparatus according to claim 1 in which coin-controlled means prevents
      the engagement means from assuming the engaged condition except upon the
      presentation of predetermined coinage.
NUM  9.
PAR  9. Apparatus according to claim 1 in which coin-controlled means prevents
      the said stripping movement of the stripper means except upon the
      presentation of predetermined coinage.
NUM  10.
PAR  10. Apparatus according to claim 9 in which coin-controlled means prevents
      the engagement means from assuming the engaging condition except upon the
      presentation of predetermined coinage.
NUM  11.
PAR  11. A vending device for issuing a single flexible article from a stack of
      such articles, the article to be issued having an exposed face, the
      vending device comprising: a frame excluding persons from its interior and
      thereby from an inventory of articles therein and having an aperture
      through which an article is issued; a support means supporting the stack;
      a door in said frame giving access to the support; stripper means for
      stripping an end article from said stack and comprising a rotatable member
      having an axis of rotation and a direction of rotation when the article is
      being removed by it from the stack, an abutment surface radially spaced
      from said axis, means for rotating the rotatable member and for moving it
      laterally in a path across the stack toward the slot, whereby to traverse
      the exposed face, engagement means comprising elongated pointed
      article-engaging elements having a point, a piercing axis, and an engaged
      and a disengaged condition in which the point is respectively radially
      outside of and inside of the abutment surface, the piercing axis of the
      engagement means making an acute angle with the exposed face of the
      article when extended and engaged thereto, with the piercing axis facing
      in the direction of rotation, whereby with the article-engaging elements
      in the engaged condition and engaged to an article, the rotatable member
      may be simultaneously rotated and moved laterally across the face of the
      stack so as to wrap the article against the abutment surface with the
      article held to the rotatable member as a consequence of the said
      angularity of the said piercing axis, and strip it from the stack, and
      whereby the engagement means may be placed in the disengaged condition to
      permit said article to be released and delivered over the top of the
      rotatable member, and the rotatable member can be returned to the initial
      position to repeat the sequence, and stop means fixed to the rotatable
      member, projecting beyond its abutment surface, to be abutted by the
      article to be stripped so as to align the same at the time the
      article-engaging elements pierce the article.
NUM  12.
PAR  12. A vending machine according to claim 11 in which coin-controlled means
      prevents the engagement means from assuming the engaging condition except
      upon the presentation of predetermined coinage.
NUM  13.
PAR  13. A vending device according to claim 11 in which power means is provided
      as a source of force to move the stripper member, and in which
      coin-controlled means is interposed between the stripper member and said
      power means to prevent movement of said stripper member except upon the
      presentation of predetermined coinage.
NUM  14.
PAR  14. A vending device according to claim 13 in which said coin-controlled
      means is a coin-actuated power switch.
NUM  15.
PAR  15. A vending device according to claim 13 in which said coin-controlled
      means is a lock which prevents said movement.
NUM  16.
PAR  16. A vending device according to claim 13 in which said coin-controlled
      means is a transmission having a coupled and a de-coupled condition.
NUM  17.
PAR  17. A vending device according to claim 16 in which said power means is a
      handle.
NUM  18.
PAR  18. A vending machine according to claim 11 in which extension means is
      provided to move the said article-engaging elements to the extended
      position, and in which retraction means is provided to move the said
      article-engaging elements to the retracted position.
NUM  19.
PAR  19. A vending machine according to claim 18 in which spring bias means is
      provided to force the said engagement means toward one of said positions,
      and in which latch means is provided to hold them in the position opposed
      by the said bias means, and in which one of said extension means or
      retraction means is effective to force the engagement means to said
      opposed position where the latch means holds it, and in which the other is
      effective to release the latch means to enable the bias means to move the
      engagement means to the other position.
NUM  20.
PAR  20. A vending machine according to claim 19 in which said bias means biases
      engagement means toward its engaged condition.
NUM  21.
PAR  21. A vending machine according to claim 19 in which the engagement means
      comprises a plurality of said article-engaging elements pivotally mounted
      to said stripper member.
NUM  22.
PAR  22. A vending machine according to claim 19 in which the stripper member
      includes a central shaft, in which the abutment surface is located on a
      circumferential body mounted to said shaft for rotation therewith, and in
      which the engagement means comprises a plurality of said article-engaging
      elements pivotally mounted to said circumferential body in such manner as
      to be extensible beyond and retractible within said abutment surface.
NUM  23.
PAR  23. A vending machine according to claim 19 in which said bias means biases
      the engagement means toward its disengaged condition.
NUM  24.
PAR  24. A vending device for issuing a single flexible article from a stack of
      such articles, the article to be issued having an exposed face, and the
      vending device comprising: a frame excluding persons from its interior and
      thereby from an inventory of articles therein, and having an aperture
      through which an article is issued; a support means supporting the stack;
      a door in said frame giving access to the support; stripper means for
      stripping an end article from said stack and comprising a rotatable member
      with an axis of rotation and having a peripheral abutment surface radially
      spaced from the axis of rotation, article engaging means pivotally mounted
      to the rotatable member so as to be extensible beyond and retractible
      within the abutment surface to an extended position and a retracted
      position, respectively, bias means forcing the engagement means toward one
      of said positions, and releasable latch means for holding the engagement
      means in the position opposed by the bias means; a pivotally mounted
      support arm mounting the rotatable member for rotation around its axis and
      for simultaneous movement lateral to said axis and generally adjacent to
      and across the said stack, whereby to traverse the exposed face; extension
      means to move the engagement means to the extended position; retraction
      means to move the said engagement means to the retracted position, one of
      said extension means or retraction means being effective to force the
      engagement means to said opposed position, and the other being effective
      to release the latch means to enable the bias means to move the engagement
      means to the other position; power means for moving the support arm; and
      means for rotating the stripper means as the support arm is moved.
NUM  25.
PAR  25. A vending device according to claim 24 in which the extension means has
      a passive condition in which it has no effect on the engagement means, and
      an active condition where it causes extension thereof, and coin-release
      means to maintain the extension means in the passive condition in the
      absence of coinage of predetermined amount and to permit it to assume its
      active condition in the presence of coinage of the predetermined amount.
NUM  26.
PAR  26. A vending device according to claim 24 in which the door has a window,
      a slot to hold a "last article", and a trap door to hold the last article
      in the slot, and grapple means to open said trap door when the stripper
      means moves into adjacency with it and does not carry an article to be
      issued.
NUM  27.
PAR  27. A vending device according to claim 24 in which stop means is fixed to
      the rotatable member, projecting beyond its abutment surface, to be
      abutted by the article to be stripped so as to align the same at the time
      the elements pierce the article.
NUM  28.
PAR  28. A vending machine according to claim 24 in which said bias means is
      resilient, and biases the engagement means toward its engaged condition.
NUM  29.
PAR  29. A vending machine according to claim 28 in which said article-engaging
      means comprises a plurality of pointed elements.
NUM  30.
PAR  30. A vending device according to claim 24 in which the power means is a
      handle, and in which a transmission having a coupled and a de-coupled
      condition is interposed between the handle and the support arm.
NUM  31.
PAR  31. A vending device according to claim 30 in which coin-actuated means is
      provided to de-couple the transmission in the absence of predetermined
      coinage, and to couple the same in the presence of sufficient coinage.
NUM  32.
PAR  32. A vending device according to claim 30 in which a driven link and link
      are interposed between the support arm and the transmission, the handle
      driving the support arm through said driven link and link.
NUM  33.
PAR  33. A vending machine according to claim 32 in which the retraction means
      is formed on said link.
NUM  34.
PAR  34. A vending machine according to claim 30 in which a driven link and a
      link are interposed between the handle and the support arm.
NUM  35.
PAR  35. A vending machine according to claim 34 in which the retraction means
      is formed on said link.
NUM  36.
PAR  36. A vending device according to claim 24 in which the stripper means has
      a direction of rotation when the article is being removed by it from the
      stack, in which the article engaging means comprise elongated pointed
      article-engaging elements having a piercing axis, the piercing axis of the
      engaging means making an acute angle with the exposed face when extended
      and engaged thereto, with the piercing axis facing in the direction of
      rotation.
NUM  37.
PAR  37. A vending device according to claim 36 in which stop means is fixed to
      the rotatable member, projecting beyond its abutment surface, to be
      abutted by the article to be stripped so as to align the same at the time
      the elements pierce the article.
NUM  38.
PAR  38. A vending device according to claim 36 in which said bias means is
      resilient, and biases the engagement means toward its engaged condition.
NUM  39.
PAR  39. A vending device according to claim 36 in which the power means is a
      handle, and in which a transmission having a coupled and a de-coupled
      condition is interposed between the handle and the support arm.
NUM  40.
PAR  40. A vending device according to claim 39 in which coin-actuated means is
      provided to de-couple the transmission in the absence of predetermined
      coinage, and to couple the same in the presence of sufficient coinage.
NUM  41.
PAR  41. A vending device according to claim 39 in which a driven link and link
      are interposed between the support arm and the transmission, the handle
      driving the support arm through said driven link and link.
NUM  42.
PAR  42. A vending device according to claim 39 in which a driven link and a
      link are interposed between the handle and the support arm.
NUM  43.
PAR  43. In a vending machine for issuing a single article from a stack of such
      articles, stripper means for stripping an end article from said stack, the
      article to be issued having an exposed face, and the stripper means
      comprising: a rotatable member having an axis of rotation and a direction
      of rotation when the article is being removed by it from the stack, an
      abutment surface on the rotatable member radially spaced from said axis,
      means for rotating the rotatable member and for simultaneously moving it
      laterally in a path across the stack, whereby to traverse the exposed face
      from adjacent one edge thereof, engagement means pivotally mounted to the
      rotatable member, said engagement means comprising an elongated pointed
      article-engaging element having a point and a piercing axis, and an
      extended engaged and a retracted disengaged condition in which the point
      is respectively radially outside of and inside of the abutment surface,
      the piercing axis of the engagement means making an acute angle with the
      exposed face of the article when extended and engaged thereto, with the
      piercing axis facing in the direction of rotation, whereby the
      article-engaging elements can be engaged to the article near said edge in
      the engaged condition, and while engaged to an article, the rotatable
      member may be simultaneously rotated and moved laterally across the face
      of the stack so as to wrap the article against the abutment surface with
      the article held to the rotatable member as a consequence of the said
      angularity of the said piercing axis, and strip it from the stack, and
      whereby the engagement means may be placed in the disengaged condition to
      permit said article to be released and delivered over the top of the
      rotatable member, and the rotatable member can be returned to the initial
      position to repeat the said sequence, extension means to move the said
      elements to the extended engaged position, retraction means to move the
      said elements to the retracted disengaged position, and spring bias means
      to force the said engagement means toward one of said positions, latch
      means to hold the engagement means in the position opposed by the said
      bias means, one of said extension means or retraction means being
      effective to force the engagement means to said opposed position where the
      latch means holds it, the other being effective to release the latch means
      to enable the bias means to move the engagement means to the other
      position, the said stripper member further including a central shaft, a
      plurality of axially spaced-apart discs rigidly mounted to said shaft, the
      engagement means comprising a plurality of said pivoted, pointed
      article-engaging elements located between the discs, and a rotatable latch
      plate rigidly connected to said pointed article-engaging elements so as to
      move the pointed members to the extended position beyond the abutment
      surface which lies on the periphery of the discs, and to the retracted
      position which lies radially within the same, and a latch bar mounted to
      one of the discs, said latch bar and latch plate comprising said latch
      means.
NUM  44.
PAR  44. A vending device for issuing a single flexible article from a stack of
      such articles, the article to be issued having an exposed face, the
      vending device comprising: a frame excluding persons from its interior and
      thereby from an inventory of articles therein and having an aperture
      through which an article is issued; a support means supporting the stack;
      a door in said frame giving acess to the support; stripper means for
      stripping an end article from said stack and comprising a rotatable member
      having an axis of rotation and a direction of rotation when the article is
      being removed by it from the stack, an abutment surface radially spaced
      from said axis, means for rotating the rotatable member and for moving it
      laterally in a path across the stack toward the slot, whereby to traverse
      the exposed face, engagement means comprising elongated pointed
      article-engaging elements having a point, a piercing axis, and an engaged
      and a disengaged condition in which the point is respectively radially
      outside of and inside of the abutment surface, the piercing axis of the
      engagement means making an acute angle with the exposed face of the
      article when extended and engaged thereto, with the piercing axis facing
      in the direction of rotation, whereby with the article-engaging elements
      in the engaged condition and engaged to an article, the rotatable member
      may be simultaneously rotated and moved laterally across the face of the
      stack so as to wrap the article against the abutment surface with the
      article held to the rotatable member as a consequence of the said
      angularity of the said piercing axis, and strip it from the stack, and
      whereby the engagement means may be placed in the disengaged condition to
      permit said article to be released and delivered over the top of the
      rotatable member, and the rotatable member can be returned to the initial
      position to repeat the sequence, extension means to move the said
      article-engaging elements to the extended position, retraction means to
      move the said article-engaging elements to the retracted position, and
      spring bias means to force the said engagement means toward one of said
      positions, latch means to hold the said engagement means in the position
      opposed by the said bias means, one of said extension means or retraction
      means being effective to force the engagement means to said opposed
      position where the latch means holds it, and the other being effective to
      release the latch means to enable the bias means to move the engagement
      means to the other position, the stripper member including a central
      shaft, a plurality of axially spaced-apart discs rigidly mounted to said
      shaft, the engagement means comprising a plurality of said pivoted,
      pointed article-engaging elements located between the discs, a rotatable
      latch plate rigidly connected to said pointed article-engaging elements so
      as to move the pointed members to the extended position beyond the
      abutment surface which lies on the periphery of the discs, and to the
      retracted position which lies radially within the same, and a latch bar
      mounted to one of the discs, said latch bar and latch plate comprising
      said latch means.
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ABST
PAL  A method of preventing slag from escaping when emptying a pouring vessel
      with a bottom outlet. The vessel contains steel and slag. During the end
      phase of the emptying of the pouring vessel, between the discharge opening
      and the interior space of the vessel a barrier of liquid steel is built up
      by passing the steel through a system of communicating flow paths
      surrounding the discharge opening. Thus the steel is caused with the
      remainder of its content in the vessel prior to the discharge of this
      remainder from the vessel, due to its greater specific weight
      automatically to prevent the lighter slag from entering the system and to
      reach the discharge opening. The vessel for practicing the above mentioned
      method has its discharge opening surrounded by a groove-shaped recess, the
      lowermost portion of which is located below the level of the upper edge of
      the discharge opening. A wall annularly extends from above into the recess
      without contacting the lowermost portion of the recess.
BSUM
PAR  The present invention relates to a method of preventing the escape of slag
      when emptying a pouring vessel which has a discharge opening in its bottom
      and contains steel and slag in liquid form. The invention also concerns a
      device, namely, a pouring vessel for carrying out the above mentioned
      method.
PAR  When emptying a pouring vessel containing a liquid steel and a liquid slag,
      the slag should be retained if possible completely because it has a
      harmful effect upon the later steel producing process. Its oxygen content
      increases the melting loss of alloy elements and of such additions which
      serve for deoxidization as, for instance, aluminum, manganese, and
      silicon. When the slag contains phosphorous, a return of phosphorous into
      the steel might occur. Furthermore, the slag increases the wear of
      refractory material. When casting steel in continuous casting machines,
      slag entering the ingot mold may deposit between the mold and the billet
      or casting. Due to the poor heat conductivity of the slag, it impedes the
      cooling of the steel so that breakouts may form. Therefore, with
      increasing employment of continuous casting machines in the steel
      industry, particular attention has to be paid to the problem of possibly
      completely retaining the slag when emptying a pouring or casting vessel.
PAR  It has become known when pouring from a converter with a tap hole to
      provide a float with a guiding bar above the tap hole. The specific weight
      of the float is to be greater than that of the slag and is supposed to be
      less than that of the steel so that after the steel has left the vessel,
      the float will seat upon and close the tap hole thereby retaining the
      slag. In order to be able also with a vessel having an outlet in the
      bottom and having a stopper closing system, for instance, of an ordinary
      casting ladle, to retain the slag completely while the steel leaves the
      vessel in the form of a jet, it has been suggested to provide an annular
      float with a specific weight between that of steel and slag by means of
      which the stopper bar is guided. This float floats on the steel and is,
      during the emptying of the vessel, moving downwardly until it rests on the
      bottom and blocks the path for the slag toward the outlet.
PAR  These known floats have the drawback that they are greatly attacked by the
      slag. Therefore, special devices have been provided which bring about that
      the float will only at the end of the pouring out of the bath rest upon
      the outlet and contact the slag. The erosion of the discharge of stone and
      of the float affect the seal between said stone and said float when the
      float has seated on the bottom so that depending on the extent of erosion,
      still some slag can escape.
PAR  There has furthermore become known a method of producing cast steel with a
      high degree of purity, according to which the steel will, during the
      pouring enter an intermediate container where it intermixes with cleaning
      slag. To this end, the steel is by a specific design of the intermediate
      container forced into a flow path which brings the steel into intensive
      contact with the cleaning slag. The design may be such that the steel
      first passes below a partition in the intermediate container and then has
      to flow over a dam at the bottom of the container, in other words, has to
      flow along a path designed in conformity with the principle of
      intercommunicating tubes. The upward flow in the vessel or container to
      the purifying slag as created in this manner will see to it that also fine
      impurities which rise only under difficulties are brought into contact
      with the slag. The escape of the slag during the emptying of the
      intermediate container, however, is not prevented in this way.
PAR  Similarly, it has been suggested to provide transverse webs in a
      distributing device for pouring quieted-down steel. The transverse webs
      bring about a repeated upward flow of the steel in the direction toward
      the slag thereabove so that a cleaning effect will be obtained. The escape
      of the slag during the emptying of the device has to be prevented by other
      means.
PAR  Finally, it has become known to provide a collecting vessel for liquid
      metal in which a metallurgical influence is exerted by a slag former. To
      this end, the vessel is provided with an antechamber, and the transfer
      from this chamber to the collecting vessel is provided with a siphon which
      prevents the slag from entering the collecting vessel. In order to be able
      also when tilting the vessel for purposes of emptying the same, to prevent
      the slag from flowing from the antechamber into the vessel, the siphon may
      be supplemented by a wall arranged in the collecting vessel behind the
      transfer section. The problem of preventing the slag from escaping with
      vessels having a discharge in the bottom does not occur in this
      connection.
PAR  It is therefore an object of the present invention to provide a method and
      device for preventing slag from escaping when emptying a pouring vessel
      containing steel and slag, which will overcome the above mentioned
      drawback and will be free from the defects inherent to the employment of a
      float as encountered with heretofore known devices.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 diagrammatically illustrates a longitudinal section through a
      casting ladle with bottom discharge of the prior art.
PAR  FIG. 2 illustrates on a larger scale than that of FIG. 1, a bottom outlet
      in a pouring vessel according to the invention.
PAR  FIG. 3 likewise illustrates on a scale larger than that of FIG. 1, a second
      embodiment of a device according to the invention.
PAR  FIG. 4 illustrates, similar to FIGS. 2 and 3, a third embodiment of the
      device according to the invention.
DETD
PAR  The method according to the present invention is characterized primarily in
      that during the end phase of the emptying of the pouring vessel, between
      the emptying opening and the interior of the vessel there will be built up
      a barrier of liquid steel by the steel passing through a system which
      surrounds the emptying or discharge opening and is designed in the manner
      of communicating flow paths whereby the steel will be caused automatically
      together with the remainder of the content of the vessel prior to leaving
      the bottom of the vessel, due to its greater specific weight, to prevent
      the lighter slag from advancing into said system to the discharge opening.
      Such an arrangement brings about the advantage that for purposes of
      retaining the slag, no specific structural element has to be inserted into
      the pouring vessel, nor any corresponding tool. The retaining of the slag
      is effected by the steel itself, and more specifically, automatically, in
      view of the emptying process. In addition to a great saving, above all a
      simplification of the method is realized due to the fact that the operator
      does not have to pay the heretofore necessary careful attention during the
      pouring operation.
PAR  A pouring ladle for practicing the method according to the invention is
      characterized primarily in that the discharge opening of the pouring
      vessel is surrounded by a groove-shaped recess, the deepest section of
      which is located below the level of the upper edge of the discharge
      opening. The pouring ladle according to the invention is furthermore
      characterized by a wall which annularly extends from above into said
      recess without contacting the deepest bottom portion of the recess.
      According to one embodiment of the invention, the recess may also comprise
      the radial extension of the bottom of the vessel.
PAR  A preferred embodiment of the invention consists in that the wall is
      designed as an annular bottom which rests upon the lowermost portion of
      the recess where it is provided with perforations which are located at a
      level lower than the depth of the recess. The extent to which the
      effective bottom edge of the wall extends into said recess should be at
      least half as much as the largest possible thickness of the slag. The wall
      with its perforations may form a part of the recess itself.
PAR  Referring now to the drawings in detail, the pouring ladle 1 illustrated in
      FIG. 1 is adapted to be opened and closed by an upward and downward
      movement respectively of a stopper which controls the discharge opening 3
      in the discharge stone 4. The discharge stone 4 is arranged in the
      perforated brick 5 which forms a part of the fire resisting ladle bottom
      6.
PAR  In FIG. 2, the stopper 2, the discharge stone 4, and the perforated brick
      5, have the above described function. In order to realize a complete
      closure of the outlet when the level of the steel has dropped to that of
      the ladle bottom 6, an annular recess or groove 7 is provided in the
      perforated brick 5. This annular recess extends around the discharge stone
      4. An annular wall 8 is immersed into the recess 7 and is connected to the
      bottom of the recess 7 in any convenient manner. However, between the
      bottom of recess 7 and edge portions 9 of the wall 8, openings 10 are
      defined which are distributed over the entire circumference.
PAR  When opening the stopper 2, a portion of the steel jet flows through the
      annular chamber between stopper 2 and wall 8 while the major quantity of
      steel will with a corresponding dimensioning of the cross sections passed
      through flows through the recess 7 below the immersed wall 8 and then
      rises again, flows over the inner portion 11 of the recess 7 into the
      discharge stone 4 with the discharge opening 3. When the steel has flown
      out from the ladle 1 to such an extent that its upper level is
      substantially flush with the upper edge of wall 8, the steel merely flows
      through the recess 7 and the openings 10 to the discharge stone 4. If the
      steel level now drops further down to the ladle bottom 6, the flowing
      through stops. The slag on the steel cannot follow because the steel
      provided in the recess 7 forms a barrier and blocks the way for the slag.
      The steel still drops slightly outside the wall 8 due to the weight of the
      slag pressing thereon. The slag, however, cannot flow through as long as
      it has not reached the edge of wall 8.
PAR  When the slag layer has, for instance, a thickness 10 centimeters, at a
      ratio of the specific weight of the steel to the slag of 2:1, the level of
      the steel will drop outside the annular wall 8 by approximately 5
      centimeters, which means that the spacing between the lower edge 9 of wall
      8 on one hand, and the upper edge of part 11 on the other hand, must at
      least be half as much as the thickness of the greatest possible slag
      layer. Under these circumstances, an escape of the slag will be safely
      prevented.
PAR  FIG. 3 illustrates an embodiment which is particularly well suited for
      larger pouring ladles. The reference numerals 2 - 7 designate the same
      elements as in FIGS. 1 and 2. Around the discharge stone 4 there is
      provided a separate ring 12. This ring is, for instance, connected to the
      perforated stone 5 by means of a bayonet joint. The outlet stone 4 is
      again connected to the ring 12, for instance, by a bayonet joint. The ring
      12 forms the inner wall of the recess 7. Similar to the arrangement of
      FIG. 2, an annular wall may be inserted into the recess 7. However, it is
      simpler to provide the ring 12 with openings 13 in the form of passages
      which lead from the bottom of the recess 7 in upward direction. This ring
      12 with the openings 13 will then have the same barrier effect as the wall
      8 of FIG. 2 described above. The openings 13 may extend over the entire
      circumference of ring 12 and may be interrupted only by the supports which
      interconnect the upper and lower portion of ring 12. The cross section of
      the openings 13 should be considerably greater than that of the discharge
      opening 3. The greater this cross section is, the smaller will be the
      flow-through velocity and the erosion of ring 12 and the stones which
      surround the stopper bar 2, and the less will also be the danger that the
      steel freezes in the cold ladle at the start of the pouring of steel into
      said ladle.
PAR  In order to reduce the exit speed in the interior of ring 12, the cross
      section of the openings 13 may be increased in the direction from the
      outside toward the inside. The lateral walls of the openings 13 may extend
      in radial direction. However, they may also extend in such a way that in
      the space between the inner wall of ring 12 and the lining of the stopper
      bar 2, a circulating movement of the steel is brought about by means of
      which slag particles which might have entered this space will be
      centrifuged away beyond the upper edge of the ring 12. The height of the
      ring 12 is determined by the size of the ladle and by the steel quality
      and the required degree of purity. When the ring has a great height, it
      may be expedient to form the upper portion of the ring cylindrical. It
      depends on the quality and the machining possibility of the fire-resistant
      stone material whether the ring 12 and the discharge stone 4, as shown in
      FIG. 3, is inserted in the form of two separate pieces or whether already
      during the manufacturing process both are combined to one piece.
PAR  According to a further embodiment of the invention, the recess 7 (FIG. 3)
      may be entirely discarded when the openings 13 in ring 12 extend to the
      bottom 6 of the ladle 1. The quantity of steel retained in the ladle will
      in such an instance, however, be somewhat greater and will fill the entire
      surface of the ladle at a level which is determined by the lower edge of
      the openings 13 on the inner wall of ring 12. It will have to be
      determined from case to case whether this simple construction without
      recess 7 and with higher steel losses is to be selected, or whether the
      embodiment illustrated in FIG. 3 with lower steel losses is to be
      preferred.
PAR  FIG. 4 shows an embodiment which operates with floats, known per se. The
      reference numerals 2 - 7 indicate corresponding elements shown in FIG. 1.
      During the discharge of the last remnants of the steel, the lower end 14
      of a bushing-shaped float 15 immerses into the recess 7 where it brings
      about a liquid closure similar to the wall 8 in the embodiment of FIG. 2.
      The advantage of this float arrangement over heretofore known float
      arrangements consists in that the liquid flows will be tight also when the
      perforated stone 4 and the lower end 14 of the float 15 has been strongly
      corroded by the slag.
PAR  The above outlined embodiments according to the invention relate to ladles
      with a stopper closure by the method of the invention may also be applied
      to other vessels. A considerable simplification is obtained if the stopper
      is replaced by a slide closure. The ring 12 (FIG. 3) is, in such an
      instance, closed at the top by a cover or stopper so that the entire steel
      must flow through the openings 13.
PAR  The embodiments according to FIGS. 2 and 3 have, over the embodiment of
      FIG. 4 with float, the advantage that only parts which are fixedly
      connected to the vessel are used for retaining the slag. These parts may
      be installed when exchanging the discharge stone 5 in the manner customary
      in metallurgy.
PAR  The method according to the invention can in technical analogy be applied
      to all methods according to which two liquids of different specific weight
      are to be separate from each other when being emptied from one and the
      same vessel.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for preventing relatively lighter slag from escaping when
      emptying a pouring vessel containing steel of a specific weight heavier
      than that of slag and the relatively lighter slag in liquid form and
      provided with a stopper operated discharge opening in the bottom of the
      vessel, which includes in combination therewith the steps of providing a
      means for maintaining a barrier of heavier liquid steel between the
      relatively lighter slag and the discharge opening during the end phase of
      the vessel emptying operation and allowing said means to shutoff the flow
      of steel through the discharge opening while maintaining the barrier of
      steel between the slag and discharge opening.
NUM  2.
PAR  2. A pouring vessel adapted to receive liquid steel of a specific weight
      heavier than that of slag and relatively lighter slag, which includes: a
      bottom with a discharge opening therein, annular trough means extending
      around said discharge opening and having its deepest surface area located
      at a level lower than the level of the upper edge of said discharge
      opening, and tubular wall means entering said trough means from the
      interior of said vessel and at least partially defining passage means
      leading from the deepest surface area of said trough means for keeping
      heavier steel as a barrier up to a level at least as high as the level of
      the upper edge of said trough means to prevent relatively lighter slag
      from reaching said discharge opening.
NUM  3.
PAR  3. A pouring vessel adapted to receive liquid steel and slag, which
      includes: a bottom with a discharge opening therein, annular trough means
      extending around said discharge opening and having its deepest surface
      area located at a level lower than the level of the upper edge of said
      discharge opening, and tubular wall means entering said trough means from
      the interior of said vessel and at least partially defining passage means
      leading from the deepest surface area of said trough means to a level at
      least as high as the level of the upper edge of said trough means, said
      tubular wall means having portions of its lower edge in spaced
      relationship to said deepest surface area of said trough means, so as to
      define openings therewith.
NUM  4.
PAR  4. A pouring vessel according to claim 3, in which said trough means
      extends in radial direction with regard to said vessel bottom.
NUM  5.
PAR  5. A pouring vessel according to claim 4, in which the lower edge portion
      of said wall means extends into said trough means by at least half the
      depth of the maximum possible slag thickness to be expected.
NUM  6.
PAR  6. A pouring vessel according to claim 3, in which said tubular wall means
      forms an annular body resting on the deepest surface area of said trough
      means.
NUM  7.
PAR  7. A pouring vessel according to claim 3, in which said trough means are
      provided in a vessel bottom portion of perforated brick.
NUM  8.
PAR  8. A pouring vessel according to claim 3, in which said tubular wall means
      has the shape of an inverted cup with a central passage in the bottom of
      said cup.
NUM  9.
PAR  9. A pouring vessel according to claim 3, in which said tubular wall means
      is designed as a floating body.
NUM  10.
PAR  10. A pouring vessel adapted to receive liquid steel and slag, which
      includes: a bottom with a discharge opening therein, annular trough means
      extending around said discharge opening and having its deepest surface
      area located at a level lower than the level of the upper edge of said
      discharge opening, and tubular wall means entering said trough means from
      the interior of said vessel and at least partially defining passage means
      leading from the deepest surface area of said trough means to a level at
      least as high as the level of the upper edge of said trough means, said
      wall means being provided with openings therethrough leading from said
      trough means to a level higher than the upper edge of said trough means.
NUM  11.
PAR  11. A pouring vessel adapted to receive liquid steel and slag, which
      includes: a bottom with a discharge opening therein, annular trough means
      extending around said discharge opening and having its deepest surface
      area located at a level lower than the level of the upper edge of said
      discharge opening, and tubular wall means entering said trough means from
      the interior of said vessel and at least partially defining passage means
      leading from the deepest surface area of said trough means to a level at
      least as high as the level of the upper edge of said trough means, said
      trough means being provided in a vessel bottom portion of perforated
      brick, said wall means forming a portion of said perforated brick, and
      said conduit means extending radially while extending from the lower most
      portion of said trough means to a level at least as high as the level of
      the upper edge of said trough means.
NUM  12.
PAR  12. A pouring vessel according to claim 11, in which the cross section of
      said conduits increases in the ascending direction.
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ABST
PAL  A blending-type motor fuel dispensing apparatus operates to blend together,
      in various proportions, two liquid motor fuels (gasolines) of different
      octane ratings, to produce various grades of product. The quantity and
      cost displays, and also the automatic control of the blend during
      dispensing, are based upon the summation of two sets of pulses, the number
      of pulses in each set being proportional to the integrated flow rate of a
      corresponding one of the two fuels. The pulses are counted and multiplied
      by a price per gallon, which has been previously set for the grade being
      dispensed, to provide a cost display. A pulse comparison circuit, which
      compares pulses representative of the flow of one fuel with a percentage
      (settable for each blend) of the summed pulses, is used to control the
      proportioning of the two fuels.
PAL  Selection of a desired product for dispensing (one out of five products,
      for example) is made by operating an appropriate pushbutton; when this is
      done, the proportioning control valves are automatically pre-positioned to
      a setting corresponding to the particular selection that has been made.
BSUM
PAR  This invention relates to motor fuel dispensing apparatus and more
      particularly to dispensing apparatus of the so-called "multigrade" type,
      wherein a plurality of different grades of fuel (each having a different
      octane rating) are selectively dispensed by a single apparatus; these
      various grades are provided by various blends of two fuel components of
      different octane ratings, and in addition by solely one component and
      solely the other component. Since such apparatus provides blends, it may
      be termed "blending-type" apparatus.
PAR  Examples of blending-type motor fuel dispensing apparatus according to the
      prior art are described in Young U.S. Pat. No. 2,880,908, referred to
      hereinafter as the '908 patent, and in Young U.S. Pat. No. 3,587,337,
      referred to hereinafter as the '337 patent. The '908 patent discloses a
      blending-type dispensing apparatus which is now being used to a
      considerable extent in gasoline marketing operations, in service stations;
      this apparatus is 100% mechanical in construction. The '337 patent
      discloses a simplified blending-type dispensing apparatus which utilizes
      pushbuttons for motor fuel grade selection; here again, however, the
      apparatus is essentially entirely mechanical in construction.
PAR  An electronic blending apparatus offers several advantages, as compared to
      a mechanical apparatus. In the first place, since there are very few
      moving parts to wear out, the maintenance costs are lower. Again, since an
      electronic apparatus is more compact than a mechanical one, and is in
      general of modularized construction, all units are readily accessible, and
      may be easily replaced.
PAR  In addition, the electronic blending apparatus of the invention, utilizing
      pushbuttons, is easy to operate. This makes it attractive to customers,
      for self-service, and makes it highly beneficial even for attended
      operation.
PAR  The electronic blending apparatus of this invention provides improved
      accuracy, due to an automatic pre-positioning of the blend control valve
      effected before actual dispensing begins. As compared to the mechanical
      apparatus typefied by the above-mentioned patents, the starting error is
      reduced by at least a factor of five.
PAR  An electronic blending apparatus can provide for extreme flexibility in
      price settings. By way of example, any product (i.e., any "grade" of
      gasoline, the number of "grades" usually being two greater than the number
      of "blends") can be priced independently, anywhere within the range of
      0.1.cent. to 99.9.cent. per gallon (or per liter).
PAR  An electronic blending apparatus can provide for extreme flexibility in
      blend percent settings. By way of example, the percentage of one component
      (a certain one, of two components) in any blend can be set independently,
      anywhere within the range of 1% to 99%, in steps of 1%.
PAR  An electronic blending apparatus enables convenient data collection. Data
      on total gallons of any selected liquid fuel (blend, or individual
      component) sold, total dollars, etc., can be made available in the service
      station building, for local collection, or for transmittal over lines.
PAR  Prior gasoline blending apparatus, such as that described in the '908
      patent, is quite bulky and voluminous. The electronic blending apparatus
      of this invention, on the other hand, is much less bulky, so that the
      apparatus readily lends itself to the design of dual blenders, with a
      resulting first cost per outlet less than is possible with known
      apparatus. Also, the apparatus of this invention costs less to install,
      since one set of suction pipes and one electrical conduit will serve two
      outlets.
PAR  The electronic blending apparatus of the invention provides improved
      flexibility in arrangement, since the blend control box and the hose can
      be located remotely from the remainder of the components. This flexibility
      would allow various special arrangements; one possibility would be
      pedestal mounting, as described hereinafter.
PAR  An object of this invention is to provide a novel electronic blending-type
      gasoline dispensing apparatus.
PAR  Another object is to provide an electronic blending-type gasoline
      dispensing apparatus which is of greatly simplified operation and is
      therefore eminently suitable for self-service.
PAR  A further object is to provide an electronic blending apparatus which
      entails the advantages (as compared to a mechanical blending apparatus)
      previously set out.
DRWD
PAR  A detailed description of the invention follows, taken in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram illustrating the liquid, mechanical, and
      electrical connections of various elements involved in a dispensing
      apparatus according to this invention;
PAR  FIG. 2 is a block diagram illustrating the electronic circuitry utilized in
      the dispensing apparatus of this invention;
PAR  FIG. 3 is a logic diagram of a flow pulse adder and synchronized keyer
      utilized in this invention;
PAR  FIG. 4 (made up of two parts, FIG. 4a and FIG. 4b) is a logic diagram of
      the gallons counters, associated decoders, and the gallons display;
PAR  FIG. 5 is a timing-coding diagram useful in explaining the invention;
PAR  FIG. 6 is a segment-digit key for FIG. 5;
PAR  FIG. 7 is a schematic circuit diagram of the blend select, percent "hi"
      select, and price select portions of the apparatus;
PAR  FIG. 8 is a plan view of a price selector printed circuit board;
PAR  FIG. 9 is a front elevation, partly in section, of a set of price selector
      switches;
PAR  FIG. 10 is a block diagram of the dollars counters and dollars display;
PAR  FIG. 11 is a schematic plan view of a percent selector switch arrangement;
PAR  FIG. 12 (made up of two parts, FIG. 12a and FIG. 12b) is a logic diagram of
      the motor control portion of the apparatus;
PAR  FIG. 13 is a face view of the mechanism which operates the blend control
      valves;
PAR  FIG. 14 is a side view, partly in section along line 14--14 of FIG. 14a, of
      the mechanism of FIG. 13;
PAR  FIG. 14a is a face view of a portion of the mechanism of FIG. 13;
PAR  FIG. 15 is a face view of a blend control valve, taken in the direction
      15--15 of FIG. 14;
PAR  FIG. 16 is a logic diagram of a start-up strobe generator;
PAR  FIG. 17 is a logic diagram of a position detector, used in pre-positioning
      of the blend control valves; and
PAR  FIG. 18 is a diagrammatic view of a physical layout utilizing the apparatus
      of the invention.
DETD
PAR  Refer first to FIG. 1, for a somewhat generalized description of the
      apparatus of the invention. A "lo" (for relatively low-octane liquid fuel
      component) pump 1 is driven by a motor as is usual and is arranged to
      receive through pipe 2 from a supply tank the lower-octane gasoline
      referred to above. In FIG. 1, for convenience, the pump 1 is illustrated
      as being located in the dispensing apparatus housing or casing; however,
      in many instances this pump would be of the submersible type and would be
      located in the underground supply tank or storage tank containing the "lo"
      fuel. In the usual fashion, the "lo" pump 1 is provided with a bypass 3 in
      which is located a loaded relief valve 4 so that if the delivery hose
      outlet is shut off the "lo" pump may continue to operate, recirculating
      the "lo" gasoline through the valve 4 from its outlet to its inlet.
      Delivery of gasoline from the "lo" pump takes place through a pipe 5 which
      delivers the gasoline through a check valve 12 into a "lo" meter 6 which
      meter may be of conventional type. The meter 6 accurately measures the
      liquid flowing therethrough; this meter has an output shaft, schematically
      indicated at 7, which rotates at a rate proportional to the volumetric
      flow of liquid (gasoline) through such meter.
PAR  The meter shaft 7 mechanically drives a "lo" pulse generator 8 (later
      detailed) which operates to produce output pulses at 9 at the rate of 1000
      pulses per gallon of "lo" gasoline flowing through the meter 6. The pulse
      output of generator 8 is fed to a pulse adder 10 as one of the two inputs
      to such adder.
PAR  From the meter 6, the "lo" gasoline is delivered through a pipe 11 to a
      "lo" blend control valve 13 (later detailed) from which it is delivered
      through a conduit 14 extending to a blending-type nozzle (not shown).
PAR  A "hi" (for relatively high-octane liquid fuel component) pump 15 draws its
      supply of "hi" gasoline from a tank through pipe connection 16. This pump
      15 may be of the same type as the "lo" pump 1 and has provided in
      association with it a bypass 17 incorporating a relief valve 18.
PAR  The "hi" pump 15 delivers "hi" gasoline through line 19 containing a check
      valve 26 to the meter 20 which may be of the type serving to meter the
      "lo" gasoline (to wit, meter 6). The output shaft 21 of meter 20 (which
      rotates at a rate proportional to the volumetric flow of liquid such as
      gasoline passing through this meter) mechanically drives a "hi" pulse
      generator 22 which operates to produce output pulses at 23 and 24 at the
      rate of 1000 pulses per gallon of "hi" gasoline flowing through the meter
      20. Output pulses are fed at 23 from the generator 22 to the adder 10, as
      the other of the two inputs to such adder.
PAR  Delivery from the meter 20 takes place through piping 25 to a "hi" blend
      control valve 27 (later detailed) from which it is delivered through a
      conduit 28 to the nozzle aforementioned.
PAR  The valves 13 and 27 deliver the "lo" and "hi" gasolines through a twin
      hose arrangement (involving the conduits 14 and 28) which provides for
      admixture of the "lo" and "hi" liquid fuel components at the location of
      the manually-operated control valve of a dispensing nozzle.
PAR  The solid connecting lines provided with arrows in FIG. 1 indicate
      electrical connections; the dotted connecting lines indicate mechanical
      connections; and the double lines indicate fluid connections (piping).
PAR  For purposes of the present invention, and for simplicity in showing, it
      may be assumed that the apparatus is capable of delivering five different
      grades of motor fuel, including as one grade the "lo" gasoline alone and
      as another grade the "hi" gasoline alone. By way of illustration, these
      five grades may be denoted by the following terms, beginning with the
      highest octane fuel and proceeding downwardly, in the direction of
      decreasing octane: "super premium" ("hi" gasoline only); "premium" (herein
      termed Blend A); "super regular" (herein termed Blend B); "regular"
      (herein termed Blend C); and "economy regular" ("lo" gasoline only). On
      the face of a dispensing apparatus enclosure or housing according to this
      invention, there is an array of five blend select pushbuttons 29, one
      adjacent to and correlated with each respective one of the above terms
      (imprinted as legends on the housing face). These pushbuttons are manually
      operable individually to select for dispensing any one of the five grades.
PAR  Also on the housing face is a set of three openings for each one of the
      five grades, and positioned behind each of these openings is an individual
      manually-operable selector switch (thumbwheel switch) 30, the switches
      being settable (when the transparent protective cover for the face is
      removed) to establish the prices per gallon for the various grades. Thus,
      the cents-per-gallon selector switches are settable by the service station
      operator (dealer). Each of the individual switches contains a series of
      numerals ranging from zero to nine, the particular numeral corresponding
      to the switch position selected being visible through the housing face
      opening for that switch. There are three price selector switches 30,
      related to each other in decade fashion, for each of the five grades, so
      that by setting these switches any grade (i.e., any dispensed product) can
      be priced independently anywhere within the range of 0.1 cent to 99.9
      cents per gallon.
PAR  As previously described, the pulse output of generator 8 (representing the
      flow of "lo" gasoline through the meter 6) and the pulse output of
      generator 22 (representing the flow of "hi" gasoline through the meter 20)
      are summed or added in the pulse adder 10, to provide an output from this
      adder representing the combined flow of both liquids. Since the number of
      pulses in the output of each of the generators 8 and 22 corresponds to the
      quantity of fuel measured by the associated meter, the pulse summation
      (output of adder 10) represents the total quantity of fuel delivered or
      dispensed.
PAR  The output of pulse adder 10 is passed through a divide-by-ten circuit 31
      and then applied to a decade arrangement 32 of total gallons counters, for
      counting the number of pulses in the output of divider 31.
PAR  A train of pulses, corresponding to the summed-pulse output of divider 31,
      is taken off at 33 and fed to the selector switch arrangement 30. Each of
      the five sets (of three each) of switches in the arrangement 30, in
      effect, selects for utilization in a price-per-gallon multiplier
      arrangement 34 (which may be simply an amplifier) a certain number of
      pulses which is determined by the switch settings. The particular set of
      selector switches in 30 which is utilized in a dispensing operation
      depends upon which of the five "blend select" pushbuttons in 29 has been
      operated; this is indicated by the connection 35. It may be noted that the
      pulses selected by the switches 30 are selected from the summed
      (total-quantity-of-liquid) pulses supplied thereto via 33.
PAR  The selection of a certain number of pulses (which number corresponds to
      the price, to the tenth of a cent, per gallon of gasoline being
      dispensed), from the summed, total-quantity pulses, has the effect of a
      multiplication of the quantity (gallons) of liquid dispensed times the
      price per gallon (in cents), developing at the output 36 of the
      multipliers 34 a number of pulses directly indicative of the cost of the
      liquid fuel (gasoline) dispensed. These pulses are counted by a decade
      arrangement 37 of dollars counters, and these last-mentioned counters
      provide an output to a four-digit dollars diplay (total price exhibiting
      means) 38. The four digits of the dollars display give the price of the
      fuel dispensed to the hundredth of a dollar (that is, to whole cents). The
      display 38 is preferably a seven-segment, liquid crystal display (that is,
      one wherein seven segments are used in combinations to form the various
      numerals zero through nine, for each digit). The four-digit dollars
      display 38 is mounted in close juxtaposition to the face of the dispensing
      apparatus housing, so that the digits thereof are visible through suitable
      openings in the housing face.
PAR  The summed, total-quantity-of-liquid pulse train output of divider 31 is
      counted by the gallons counters 32, and these last-mentioned counters
      provide an output to a four-digit gallons display (total volume or
      quantity exhibiting means) 39. The four digits of the gallons display give
      the total volume of fuel dispensed to the hundredth of a gallon. The
      display 39, like display 38, is a seven-segment, liquid crystal display,
      and, like the latter, is mounted in close juxtaposition to the housing
      face so that the digits of display 39 are visible through openings
      provided in the housing face.
PAR  The dispensing apparatus of this invention also includes a set of two
      manually-operable selector switches 40 for each of the three blended
      products A, B, and C, these switches being set-table to pre-set or
      establish the percent of "hi" gasoline in each of these three blends. The
      percent switches 40, unlike the price switches 30, are not accessible to
      the service station operator or dealer, but only to authorized maintenance
      personnel. Each of the percent switches 40 is settable to any one of ten
      positions, labeled respectively zero through nine, and since the two
      switches of each set are related to each other in decade fashion, any of
      the three blends A, B, or C can be set independently (by setting the
      appropriate set of switches 40) within the range of 1% "hi" to 99% "hi",
      in steps of 1%.
PAR  The connection 33 branches off to the percent selector switch arrangement
      40, so that the summed-pulse output of divider 31 is also fed to the
      percent switches 40. Also pulses are taken off from divider 31 (which
      pulses are in effect generated within this divider) and fed by connection
      128 to percent switches 40. Each of the three sets (of two each) of
      switches in the arrangement 40 selects for utilization in a percent "hi"
      circuit 41 (which may be simply an amplifier), from the summed
      (total-quantity-of-liquid) pulses supplied thereto, a certain percentage
      of the pulses which is determined by the switching settings. The
      particular set of selector switches in 40 which is utilized in a
      dispensing operation depends upon whether or not one of the three blends
      A, B, or C has been selected by the pushbuttons 29, and if so, which one
      of the three; this is indicated by the connection 42.
PAR  The certain percentage of pulses selected (according to the preset percent
      switches 40) from the summed, total-quantity pulses represents the flow of
      "hi" gasoline which is desired to be taking place through line 25 (and
      meter 20) for the blend being dispensed; this flow would be the preset
      percent "hi" (set on switches 40) multiplied by the total flow of both of
      the blending components (represented by the summed, total-quantity
      pulses).
PAR  The pulses selected by the arrangement 40, 41 appear at the output 43 of
      the circuit 41 and are fed as one of the two inputs to a differential
      comparison circuit and motor drive unit 44. The other input to the
      comparison circuit is obtained at 24 from the "hi" pulse generator 22; it
      should be understood that the pulse repetition rate in the output of
      generator 22 is directly proportional to the actual flow of "hi" gasoline
      through the meter 20.
PAR  Output from unit 44 is fed to a stepping motor 45 which mechanically drives
      as at 46 a double-acting cam 47 which simultaneously actuates the "lo"
      valve 13 and the "hi" valve 27, but in opposite senses.
PAR  Operation of the automatic blend control portion of the dispensing
      apparatus will now be explained. During dispensing of any one of the
      blends A, B or C, the "desired flow" pulses appearing at 43 are
      differentially compared (in unit 44) with the "actual flow" pulses
      appearing at 24; if the pulses from 41 and 22 do not appear alternately
      and one at a time at unit 44, the motor drive in unit 44 energizes the
      motor 45 to adjust the positions of the blend control valves
      (proportioning valves) 13 and 27 to reduce this difference to
      substantially zero, thereby to maintain the desired proportion of "hi"
      gasoline in the blend. If the "actual flow" of "hi" gasoline (through
      meter 20) is less than the "desired flow" (i.e., the preset percentage of
      the total flow of both liquids), motor 45 is energized to actuate "hi"
      valve 27 toward the fully open position, and to actuate "lo" valve 13
      toward the fully closed position. If, on the other hand, the "actual flow"
      of "hi" gasoline is in excess of the "desired flow", motor 45 is energized
      to actuate "hi" valve 27 toward the fully closed position, and to actuate
      "lo" valve 13 toward the fully open position.
PAR  The first step in the recommended procedure for the operation of the
      dispensing apparatus of the invention would be the removal of the
      dispensing nozzle from its rest or storage position, for example in a
      "boot" formed in the outside of the apparatus housing. As will be later
      detailed, this automatically puts into operation a start-up sequencer,
      which effects certain resetting and enabling operations, including the
      enabling of the "blend select" pushbuttons (switches) 29 (which latter
      might be more aptly termed "grade select" switches, since the product
      selected for dispensing may be solely one of the components, rather than
      an actual blend).
PAR  The second step in the standard operating procedure for the dispensing
      apparatus would be the selection of a product for dispensing by operating
      the appropriate pushbutton 29. When the selected pushbutton has been
      actuated, the pumps 1 and 15 are started, the gallons 32 and dollars 37
      counters are reset (as will be explained), and in addition a pre-position
      control circuit 48 is enabled, as indicated by the connection 49. The
      circuit 48 operates through the motor drive unit 44 to energize the
      stepping motor 45 in such a way as to pre-position the control valves 13
      and 27 in accordance with the particular grade of gasoline desired to be
      dispensed. Once this pre-positioning has been effected, gasoline is pumped
      through one or both of the lines 11 and 25.
PAR  At the end of each dispensing operation, the nozzle is returned to its rest
      position. This automatically turns off the pumps 1 and 15 and operates the
      valves 13 and 27 to their "off" or fully closed positions, as will be
      explained further hereinafter.
PAR  All of the apparatus previously described in connection with FIG. 1 is
      electronic, except of course the actual pumps 1 and 15, the motor-cam
      arrangement 45-47, and the blend control valves 13, 27. All of the
      calculation, display, and control operations utilize digital logic
      circuitry.
PAR  Refer again to FIG. 1 for additional details of the "lo" pulse generator 8;
      the "hi" pulse generator 22 is very similar so will not be described in
      detail. The volumetric meter 6 is provided with an output shaft 7 the
      rotations of which correspond to the quantity of fuel delivered (i.e.,
      dispensed); purely by way of example, eight rotations of the shaft
      correspond to one gallon delivered. The output shaft 7 drives the pulse
      generator 8 to produce one thousand pulses per gallon. A perforated disc
      50 is driven by the meter output shaft 7 through a gear drive having a
      step-up ratio of 2.5 to 1, so that the disc rotates through 20 revolutions
      for each gallon of "lo" fuel measured by meter 6. The disc has 50 equally
      spaced holes therein near its periphery, but is otherwise imperforate, and
      is arranged to interrupt a beam of light passing from a lamp 51 to a
      photocell 52 the pulsating output of which (1000 pulses per gallon of
      liquid flowing through meter 6) is fed via coupling 9 to the adder 10.
      Preferably, the lamp 51 is a light-emitting diode (LED) and the photocell
      52 is a phototransistor; both of these items are contained in a single
      housing of U-shaped configuration which surrounds the edge of the disc.
PAR  Refer now to FIG. 2, which is a representation in block diagram form of the
      electronic circuitry involved in the apparatus of this invention. An
      oscillator 53, which is energized continuously regardless of whether or
      not the apparatus is actually being used for dispensing, generates a 10
      kHz square wave which appears at the oscillator output 54. The square wave
      output of the oscillator is divided by ten in a unit 55, which may be a
      conventional binary/decimal counter with the connection 54 coupled to the
      "clock" terminal of the counter, the 1 kHz square wave output of unit 55
      then appearing on a lead 56 connected to the "carry out" terminal of such
      unit.
PAR  Lead 56 feeds the output of unit 55 to a combination divide-by-four and
      two-phase generator 57, which may comprise a pair of flip-flops of the
      toggle, trigger, or complementary type connected in cascade, the two-phase
      output leads 58 (.PHI.2) and 59 (.PHI.1) being connected to the respective
      outputs of the second flip-flop. The elements 53, 55, and 57 together
      comprise a 250 Hz two-phase generator which produces pulses at the rate of
      250 Hz. The outputs of the second flip-flop are gated with the input to
      that flip-flop, so that the two-phase pulses are separated in time.
PAR  Refer now to FIG. 3, which is a logic diagram of the flow pulse adder and
      "hi" and "lo" synchronized keyer 10. During dispensing, the "lo" pulses
      from the "lo" pulse generator 8 (produced at the rate of 1000 pulses per
      gallon of liquid flowing through the meter 6) appear on lead 9, and are
      applied to the toggle (trigger) input T of a flip-flop 60 one of whose
      outputs is connected to one of the two inputs of an AND circuit 61 with
      logic negation at its output. Keying pulses (250 Hz, .PHI.2) are taken off
      from lead 58 by way of lead 62 and utilized as the other input for the AND
      61. Each pulse coming in from the pulser 8 reverses the state of the
      flip-flop 60, and this reversal of state is transferred over to the OR
      circuit 63 at the time of occurence of the next keying pulse appearing on
      lead 62. The 250 Hz pulses, .PHI.2, are applied to the input of a single
      shot (one shot) 64, which produces for each input pulse an output pulse of
      very short duration (e.g., 2 microseconds); these latter pulses are
      applied by way of lead 65 to the clear (reset) input C of the flip-flop
      60, to reset this flip-flop at the 250 Hz frequency. The flip-flop 60 is
      always reset before another pulse from pulser 8 can be present.
PAR  The "hi" pulses from the "hi" pulse generator 22 appear on lead 23 during
      dispensing, and are applied to the toggle input T of a flip-flop 66 one of
      whose outputs is connected to one of the two inputs of an AND circuit 67
      with logic negation at its output. Keying pulses of the other phase (250
      Hz, .PHI.1) are taken off from lead 59 by way of lead 68 and utilized as
      the other input for the AND 67. Each pulse coming in from the pulser 22
      reverses the state of the flip-flop 66, and this reversal of state is
      transferred over to the OR circuit 63 at the time of occurrence of the
      next keying pulse appearing on lead 68. The 250 Hz pulses, .PHI.1, are
      applied to the input of a single shot (one shot) 69, which produces for
      each input pulse an output pulse of very short duration e.g., 2
      microseconds); these latter pulses are applied by way of lead 70 to the
      clear (reset) input C of the flip-flop 66, to reset this latter flip-flop
      at the 250 Hz frequency. The flip-flop 66 is always reset before another
      pulse from pulser 22 can be present.
PAR  The result of the action described above is to produce in the OR output 71
      a train or succession of pulses which is the sum of the pulses produced by
      the two pulse generators 8 and 22, this sum representing the combined flow
      of "lo" and "hi" gasolines through both meters 6 and 20. It may be here
      noted that since the keying pulses supplied at 62 and 68 to the AND
      circuits 61 and 67 are obtained from respective opposite phases of a
      two-phase source, the AND circuits 61 and 67 will never emit
      simultaneously any pulses to the OR 63. There is thus no necessity for the
      provision of any "anti-coincidence" arrangement of the type frequently
      used in other apparatus to avoid improper counting when pulses may be
      emitted simultaneously.
PAR  The pulse train output at 71, representing the sum total from the "hi" and
      "lo" pulsers 22 and 8, respectively, is passed through an inverter 72 and
      is then applied to the input of a single shot 73, which produces for each
      input pulse an output pulse of rather short duration (e.g., about 1
      millisecond), and thus acts as a pulse shaper. The narrow-pulse output
      from the one shot 73 is fed into the divide-by-ten circuit 31 (FIGS. 1 and
      2), and thence into the cost and quantity calculating units.
PAR  Refer now to FIG. 4, which is a logic diagram, in somewhat simplified form,
      of the gallons counters 32, the associated BCD (Binary Coded Decimal)
      decoders, and the gallons display 39. The train of narrow (short-duration)
      pulses from the pulse adder 10, which represents the summed pulses from
      the two pulsers 8 and 22, is applied to the input (CL) of an IC 31, which
      can function as a counter (divide by ten) and seven-segment decode. The
      output terminals of unit 31 are connected to the OR-AND logic arrangement
      enclosed by the dotted-line box 74, which functions as a BCD
      non-coincidental decoder, producing from the summed, divided-by-ten pulse
      output of unit 31, 1-2-4-8 binary coded signals, which appear at the
      correspondingly-labeled leads 75, 76, 77, and 78, respectively. These
      latter leads are cabled at 128 to supply such coded signals to the most
      significant digit (of the two digits) of all three of the % "hi" selector
      switches 40. The line (lead) 79 provides the decode carry-out (i.e., the
      zero) for the decoder 74, and also provides pulse width control.
PAR  Refer now to FIG. 5, the upper portion of which is a timing diagram
      illustrating the coding arrangement of the 1-2-4-8 pulses appearing on the
      leads 75-78, referred to a timing wave denoted as "clock". This
      illustrates the non-coincidental arrangement of the pulses. For the
      numeral "1", one pulse would be selected by using lead 75 alone. For
      numeral "2", lead 76 would be used alone; although the pulses on this lead
      occur at the same time as some of the pulses on lead 78, these two leads
      are never used simultaneously. For numeral "3", leads 75 and 76 are used
      together; the respective pulses are non-coincidental. For numeral "4",
      lead 77 would be used alone; it may be noted that leads 77 and 78 are
      never used simultaneously. For numeral "5", leads 75 and 77 are used
      together; the respective pulses are non-coincidental. For numeral "6",
      leads 76 and 77 are used together; the respective pulses are
      non-coincidental. For numeral "7" , leads 75, 76, and 77 are used
      together; the respective pulses are non-coincidental. For numeral "8",
      lead 78 is used alone. For numeral "9", leads 75 and 78 are used together;
      the respective pulses are non-coincidental.
PAR  The 1-2-4-8 coding arrangement just described in connection with FIG. 5, is
      used for both the price selector switches 30 and the percent "hi" selector
      switches 40. This will be further explained hereinafter.
PAR  From the carry-out terminal of unit 31, a lead extends through a carry-out
      circuit 81 (not detailed) to the input (CL) of a second IC 32.sub.1, which
      functions as a counter (divide by ten) and a seven-segment decode and is
      preferably of the same construction as IC 31. The output terminals of unit
      32.sub.1 are connected to the BCD non-coincidental decoder 74.sub.1, which
      is exactly similar to unit 74. The 1-2-4-8 coded signals produced from the
      decade-divided output of unit 32.sub.1 (a description similar to that of
      FIG. 5 would apply here also) are cabled at 33.sub.1 to supply such coded
      signals to the least significant digit of all three of the % "hi" selector
      switches 40, and also to the most significant digit (of the three digits)
      of all five of the cents per gallon (price) selector switches 30.
PAR  The seven segment decode connections of the IC 32.sub.1 are coupled through
      an EXCLUSIVE OR display coupling circuit 80 to the seven segments of a
      so-called liquid crystal digit 39.sub.1 representing hundredths of
      gallons. The scheme for energizing these segments is illustrated in the
      lower portion of FIG. 5, taken in conjunction with the key in FIG. 6; the
      energization scheme is for the respective decimal digits given above the
      "clock" wave at the top of FIG. 5 and a segment waveform extending above
      the base line for that waveform indicating that the corresponding segment
      is energized.
PAR  From the carry-out terminal of unit 32.sub.1, a lead 82 extends to the
      input (CL) of a third IC 32.sub.2, which functions as a counter (divide by
      ten) and seven-segment decode and is preferably of the same construction
      as IC 31. The output terminals of unit 32.sub.2 are connected to the BCD
      non-coincidental decoder 74.sub.2, which is exactly similar to unit 74.
      The 1-2-4-8 coded signals produced from the decade-divided output of unit
      32.sub.2 are cabled at 33.sub.2 to supply such coded signals to the middle
      digit of all five of the price selector switches 30.
PAR  The seven segment decode connections of the IC 32.sub.2 are coupled through
      a display coupling circuit 80.sub.1 (similar to circuit 80) to the seven
      segments of a liquid crystal digit 39.sub.2 representing tenths of
      gallons. The digit display 39.sub.2 operates in the same manner as digit
      display 39.sub.1, previously described.
PAR  From the carry-out terminal of unit 32.sub.2, a lead 83 extends to the
      input (CL) of a fourth IC 32.sub.3, which functions as a counter (divide
      by ten) and seven-segment decode and is preferably of the same
      construction as IC 31. The output terminals of unit 32.sub.3 are connected
      to the BCD non-coincidental decoder 74.sub.3, which is exactly similar to
      unit 74. The 1-2-4-8 coded signals produced from the decade-divided output
      of unit 32.sub.3 are cabled at 33.sub.3 to supply such coded signals to
      the least significant digit of all five of the price selector switches 30.
PAR  The seven segment decode connections of the IC 32.sub.3 are coupled through
      a display circuit 80.sub.2 (similar to circuit 80) to the seven segments
      of a liquid crystal digit 39.sub.3 representing gallons. The digit display
      39.sub.3 operates in the same manner as digit display 39.sub.1, previously
      described.
PAR  From the carry-out terminal of unit 32.sub.3, a lead 84 extends to the
      input (CL) of a fifth IC 32.sub.4, which functions as a counter (divide by
      ten) and seven-segment decode and is preferably of the same construction
      as IC 31. The seven segment decode connections of the IC 32.sub.4 are
      coupled through a display coupling circuit (similar to circuit 80) to the
      seven segments of a liquid crystal digit 39.sub.4 representing tens of
      gallons. The digit display 39.sub.4 operates in the same manner as digit
      display 39.sub.1, previously described.
PAR  The net result of all the foregoing is that, during dispensing, the summed
      pulse output of the two flowmeters 6 and 20 (representing the total volume
      of fuel delivered) is counted, and displayed in four digits (to hundredths
      of gallons) by the display devices 39.sub.1 - 39.sub.4. A fixed decimal
      point is provided between the digits of 39.sub.3 and 39.sub.2 ; this
      decimal point may be painted on the outside of the housing. (In this
      connection, it is pointed out that the digits of the liquid crystal
      display 39.sub.1 -39.sub.4 are located so as to be visible through
      suitable openings provided in the dispensing apparatus housing.) Also, it
      may be noted that the total-flow pulses are coded in binary fashion for
      supply (by cables 128 and 33.sub.1-3) to the selector switches 30 and 40.
PAR  Refer now to FIG. 7, which is a circuit schematic of the blend select, %
      "hi" select, and price select portions of the system. The five "blend
      select" pushbuttons 29.sub.1, 29.sub.2, 29.sub.3, 29.sub.4, and 29.sub.5
      (one for each of the five grades which may be dispensed) are located at
      the right-hand side of this figure. In this connection, it is noted that
      the term "blend select" is used herein for these pushbuttons because this
      term has become more familiar in the art; actually, the term "grade
      select" would be more appropriate since two of the grades which may be
      selected (to wit, solely "hi" gasoline, and solely "lo" gasoline) are of
      course not "blends".
PAR  The blend select pushbuttons 29.sub.1 -29.sub.5 are preferably individual
      single-pole, single-throw switches, normally open but manually operated to
      a closed position when a blend selection is made by the operator of the
      apparatus. They are mounted for operation from outside the apparatus
      housing, and are associated with the various grades, as follows:
      pushbutton 29.sub.1, "hi" or "super premium"; pushbutton 29.sub.2, "Blend
      A" or "premium"; pushbutton 29.sub.3, "Blend B" or "super regular";
      pushbutton 29.sub.4, "Blend C" or "regular"; pushbutton 29.sub.5, "lo" or
      "economy regular".
PAR  Blend select flip-flops 85.sub.1 -85.sub.5 (actually, each may be a
      so-called flip-flop complementary) are individually associated with the
      pushbuttons 29.sub.1 -29.sub.5, respectively. When one of the pushbuttons
      29.sub.1 -29.sub.5 is operated, a strobe voltage (denoted by STB 2, and
      derived as described hereinafter) is supplied through the operated
      pushbutton to the toggle (or trigger) T of the corresponding flip-flop
      85.sub.1 -85.sub.5, reversing the state of this flip-flop.
PAR  A plurality of transfer gates 86-93 (solid-state switches) are associated
      with the various flip-flops 85.sub.1 -85.sub.5, to be operated by the
      latter. The gates 86-93 operate as series on-off switches operated by the
      flip-flops 85.sub.1 -85.sub.5, each switch being closed or turned on (and
      then having a low series resistance between the gate input and the gate
      output) when the associated flip-flop is reversed in state, and being
      opened or turned off (and then having in effect a very high series
      resistance between the gate input and the gate output) at all other times.
PAR  When the flip-flop 85.sub.1 is reversed in response to the operation of
      pushbutton 29.sub.1, the "price" gate 86 is operated to connect its price
      pulse input 94 to a common price pulse output 36. When the flip-flop
      85.sub.2 is reversed in response to the operation of pushbutton 29.sub.2,
      the "percent" gate 87 is operated to connect its % pulse input 96 to a
      common % "hi" pulse output 43; also, the "price" gate 88 is operated to
      connect its price pulse input 98 to the common price pulse output 36. When
      the flip-flop 85.sub.3 is reversed in response to the operation of
      pushbutton 29.sub.3, the "percent" gate 89 is operated to connect its %
      pulse input 99 to the common % output 43; also, the "price" gate 90 is
      operated to connect its price pulse input 100 to the common price pulse
      output 36. When the flip-flop 85.sub.4 is reversed in response to the
      operation of pushbutton 29.sub.4, the "percent" gate 91 is operated to
      connect its % pulse input 101 to the common % output 43; also, the "price"
      gate 92 is operated to connect its price pulse input 95 to the common
      price pulse output 36. Finally, when the flip-flop 85.sub.5 is reversed in
      response to the operation of pushbutton 29.sub.5, the "price" gate 93 is
      operated to connect its price pulse input 97 to the common price pulse
      output 36.
PAR  As previously mentioned, the cents per gallon (i.e., the price) selector
      switches 30 comprise five sets (one set for each of the grades or products
      which may be dispensed) of three switches each, one switch representing
      tens of cents, the second representing cents, and the third, tenths of
      cents. These switches are thumbwheel-operated switches (5 .times. 3, or 15
      in all) which are individually operable and are so located as to be
      accessible to the service station operator (dealer). Each switch is
      provided with indicia consisting of the numerals zero through nine,
      inclusive, which indicia are visible (one numeral at a time, of course,
      for each wheel) through openings in the dispensing apparatus housing. The
      three price selector switches 30 for each particular grade of product are
      located, physically, adjacent the pushbutton 29 for that same product, so
      that, by looking at the visible indicia on the switches, the customer can
      easily determine what price (in cents per gallon) has been pre-established
      for each respective product.
PAR  Assume, for purposes of discussion, that pushbutton 29.sub.2 has been
      operated to select Blend A for dispensing, and that the price of this
      product is 27.9 cents per gallon (as previously stated, it may be priced
      anywhere within the range of 0.1 cents to 99.9 cents per gallon). When
      pushbutton 29.sub.2 is operated, the price pulse input lead 98 is
      connected to the common price pulse output 36.
PAR  Refer now to FIGS. 8 and 9, which illustrate the construction of the set of
      price selector switches 30.sub.1, 30.sub.2, and 30.sub.3 for Blend A. This
      set of switches may be considered typical of all five sets. Referring
      again to FIG. 7, the output sides of the three price selector switches for
      the "hi" gasoline are all coupled to the price pulse input lead 94 for
      "hi" gasoline; the output sides of the price selector switches 30.sub.1,
      30.sub.2, and 30.sub.3 are all coupled to the price pulse input lead 98
      for Blend A; the output sides of the three price selector switches for
      Blend B are all coupled to the price pulse input lead 100 for Blend B; the
      output sides of the three price selector switches for Blend C are all
      coupled to the price pulse input lead 95 for Blend C; the output sides of
      the three price selector switches for the "lo" gasoline are all coupled to
      the price pulse input lead 97 for the "lo" gasoline.
PAR  FIG. 8 is a plan view of the price selector switch arrangement 30.sub.1 -
      30.sub.3 with the price wheels removed, while FIG. 9 is a front elevation,
      with certain portions in cross-section. The three thumbwheel switches
      30.sub.1, 30.sub.2, and 30.sub.3 are mounted in side-by-side relationship
      on a printed circuit board denoted generally by numeral 102. The 1-2-4-8
      binary pulses from decoder 74.sub.1 are fed to the first switch 30.sub.1
      (in FIG. 8, these pulses are denoted as 10-20-40-80 to indicate that the
      selection made by this particular switch represents tens of cents). The
      "40" pulses (corresponding to the line labeled "lead 77" in FIG. 5) are
      fed through a diode D1, poled as indicated, to a conductive strip 104 of
      arcuate configuration with an arrangement or pattern of spaced
      radially-extending teeth or projections thereon; the conductive strip 104,
      like others to be described, is formed on one surface of the board 102.
      The "10" pulses (corresponding to the line labeled "lead 75" in FIG. 5)
      are fed through a diode D2 to a conductive strip 106 of arcuate
      configuration with an arrangement or pattern of spaced radially-extending
      teeth or projections thereon. The "20" pulses (corresponding to the line
      labeled "lead 76" in FIG. 5) are fed through a diode D3 to a conductive
      strip 108 of arcuate configuration with an arrangement or pattern of
      spaced radially-extending teeth or projections thereon. The "80" pulses
      (corresponding to the line labeled "lead 78" in FIG. 5) are fed through a
      diode D4 to a conductive strip 110 of arcuate configuration with an
      arrangement or pattern of spaced radially-extending teeth or projections
      thereon.
PAR  All of the conductive strips 104, 106, 108, and 110 are centered at the
      center of a hole 111 which is provided in the board 102 for mounting of
      the thumbwheel 112 (see FIG. 9), which latter cooperates with the said
      conductive strips. The thumbwheel (price wheel) 112, although omitted from
      FIG. 8, is mounted for rotation about an axis perpendicular to the plane
      of the paper in FIG. 8. The wheel 112 is made of an electrically
      insulating material, this wheel having attached thereto four spring
      contacts or fingers 113 (see FIG. 9) which are connected together
      electrically and which are arranged to slide over the board 102 and to
      make contact selectively with the conductive strips 104, 106, 108, and
      110.
PAR  In addition to the conductive strips 104, 106, 108, and 110, there is
      provided on board 102 an additional conductive area 114 which provides a
      common output connection for all three selector switches 30.sub.1
      -30.sub.3 of the set, and which has separate arcuate portions associated
      with each respective one of the three thumbwheels of the set. The spring
      contacts or fingers 113 also make contact selectively with the conductive
      area 114. At the terminal side of the board 102 (upper edge in FIG. 8),
      the conductive area 114 is connected to the price pulse input lead 98 for
      the gate/switch 88 (see FIG. 7). Also, it may be noted that the four
      diodes D1, D2, D3, and D4 (for switch 30.sub.1) are illustrated in FIG. 7.
PAR  The price wheel 112 carries the numerals 0 through 9 around its periphery
      (see FIG. 9 for the illustration of this on the similar wheels for
      switches 30.sub.2 and 30.sub.3), and is provided with a detenting means
      (schematically illustrated at 116 in FIG. 8) for indexing the wheel to any
      one of its ten positions, 36.degree. apart. In FIG. 8, the locations on
      the board 102 of the contacts 113 are indicated at 115, and the electrical
      interconnection thereof is illustrated by means of a dotted line. The
      locations of the contact points 115, as well as the layout of the
      conductive strips 104, 106, 108, 110, and 114, are made such that, as
      thumbwheel 112 is rotated to its various positions, the appropriate number
      of pulses is selected (from the 1-2-4-8 input binary pulses supplied
      thereto) in accordance with the scheme set forth hereinabove (in
      connection with FIG. 5), and is fed to the output (area 114, lead 98, gate
      88).
PAR  In FIG. 8, the first thumbwheel 112 (described in detail) is illustrated in
      the "2" position, a setting corresponding to a digit 2 in the tens place
      of the price per gallon in cents. In this position, one of the contact
      points 115 engages the "20" pulse strip 108, and another engages the
      common output area 114, which means that of the pulses in the output of
      the decoder 74.sub.1, two pulses out of every ten will be delivered to the
      line 98.
PAR  The 1-2-4-8 binary pulses from decoder 74.sub.2 are fed to the second
      switch 30.sub.2 (in FIG. 8, these pulses are denoted as 1-2-4-8 to
      indicate that the selection made by this particular switch represents
      cents). The construction, connection, and mode of operation of the second
      switch 30.sub.2 are all very similar to those of the first switch 30.sub.1
      previously described, so the same reference numerals are employed. In
      switch 30.sub.2, the " 4", "1", "2", and "8" connections correspond
      respectively to the "40", "10", "20", and "80" connections in switch
      30.sub.1.
PAR  In FIGS. 8-9 the second thumbwheel (i.e., the one for the second switch
      30.sub.2) is illustrated in the "7" position, corresponding to seven
      cents. In this position, one of the contact points 115 engages the "4"
      pulse strip 104, a second engages the "1" pulse strip 106, a third engages
      the "2" pulse strip 108, and the fourth engages the common output area
      114, which means that of the pulses in the output of the decoder 74.sub.1,
      seven pulses out of every hundred will be delivered to the line 98 (since
      only every tenth pulse entering the unit 32.sub.2 will enter the unit
      74.sub.2).
PAR  The 1-2-4-8 binary pulses from decoder 74.sub.3 are fed to the third switch
      30.sub.3 (in FIG. 8, these pulses are denoted as 0.1-0.2-0.4-0.8 to
      indicate that the selection made by this particular switch represents
      tenths of cents). Again, the construction, connection, and mode of
      operation of the third switch 30.sub.3 are all very similar to those of
      the first switch 30.sub.1, so the same reference numerals are employed. In
      switch 30.sub.3, the "0.4", "0.1", "0.2", and "0.8" connections correspond
      respectively to the "40", "10", "20", and "80" connections in switch
      30.sub.1.
PAR  In FIG. 8-9, the third thumbwheel (i.e., the one for the third switch
      30.sub.3) is illustrated in the "9" position, corresponding to 0.9 cent.
      In this position, one of the contact points 115 engages the "0.8" pulse
      strip 110, another engages the "0.1" pulse strip 106, and a third engages
      the common output area 114, which means that of the pulses in the output
      of the decoder 74.sub.1, nine pulses out of every thousand will be
      delivered to the line 98 (since only every tenth pulse entering the unit
      32.sub.3 will enter the unit 74.sub.3).
PAR  The above means (assuming that the switches 30.sub.1 -30.sub.3 are set to
      27.9 cents per gallon) that for every 1000 pulses appearing in the output
      of the flow pulse adder 10, 279 pulses will be selected (by the selector
      switches 30) and passed (by way of lead 98 and switch 88, assuming Blend A
      has been selected for dispensing by actuation of pushbutton 29.sub.2) to
      the price pulse output lead 36. Speaking more generally, there will appear
      on the price pulse output lead 36, for each delivery of fuel, a total
      number of pulses representing the product of the quantity of gasoline (in
      gallons) delivered (which is proportional to the cumulative pulse output
      of the pulse adder 10) and the price of the gasoline (in cents per gallon,
      as preset on whichever set of selector switches is operative for the
      delivery). The theory of operation of this pulse selection-multiplication
      process is explained more fully in Livesay U.S. Pat. No. 3,081,031, Mar.
      12, 1963.
PAR  As previously stated, there are provided five sets of price selector
      switches 30, one set for each of the five grades of gasoline which may be
      selected for dispensing. One set of such switches (to wit, that for Blend
      A) has been described in detail in connection with FIGS. 8 and 9. These
      sets of switches are all supplied with pulses similarly, and all are
      constructed and operate like switches 30.sub.1 -30.sub.3. In FIG. 7, the
      commoned outputs (that is, the output area corresponding to 114 in FIG. 8)
      of the uppermost set of price switches 30 are connected to price pulse
      input lead 94, and these switches are set manually to establish the price
      per gallon for the "hi" gasoline; the outputs of the next set of switches
      (switches 30.sub.1 -30.sub.3) are commoned to price pulse input lead 98,
      and these switches are set manually to establish the price per gallon for
      Blend A; the outputs of the next lower set of switches are commoned to
      price pulse input lead 100, and these switches are set manually to
      establish the price per gallon for Blend B; the outputs of the next lower
      set of switches are commoned to price pulse input lead 95, and these
      switches are set manually to establish the price per gallon for Blend C;
      the outputs of the next lower set of switches are commoned to price pulse
      input lead 97, and these switches are set manually to establish the price
      per gallon for the "lo" gasoline.
PAR  As previously explained, the total number of pulses which appear on the
      price pulse output lead 36 during dispensing represents the product of the
      total volume or quantity of gasoline delivered and the unit price (in
      cents per gallon), which product of course is the total cost of the
      gasoline dispensed. These pulses are counted and displayed by means of the
      circuit arrangement of FIG. 10, now to be described.
PAR  The pulses appearing on the price pulse output lead 36 are applied to the
      input (CL) of an IC 37.sub.1, which functions as a counter (divide by ten)
      and seven-segment decode. The seven segment decode connections of the IC
      37.sub.1 are coupled through a display coupling circuit 130.sub.1 (similar
      to coupling circuit 80, previously described) to the seven segments of a
      liquid crystal digit 38.sub.1 representing hundredths of dollars. The
      scheme for energizing these segments is exactly similar to that previously
      described in connection with digit 39.sub.1.
PAR  From the carry-out (CO) terminal of unit 37.sub.1, a lead 131 extends to
      the input (CL) of a second IC 37.sub.2, which functions as a counter
      (divide by ten) and seven-segment decode, and is preferably of the same
      construction as IC 37.sub.1. The seven segment decode connections of the
      IC 37.sub.2 are coupled through a display coupling circuit 130.sub.2
      (similar to circuit 130.sub.1) to the seven segments of a liquid crystal
      digit 38.sub.2 representing tenths of dollars. The digit display 38.sub.2
      operates in the same manner as digit display 38.sub.1 previously
      described.
PAR  From the carry-out terminal of unit 37.sub.2, a lead 132 extends to the
      input of a third IC 37.sub.3, which functions as a counter (divide by ten)
      and seven-segment decode and is preferably of the same construction as IC
      37.sub.1. The seven segment decode connections of the IC 37.sub.3 are
      coupled through a display circuit 130.sub.3 (similar to circuit 130.sub.1)
      to the seven segments of a liquid crystal digit 38.sub.3 representing
      dollars. The digit display 38.sub.3 operate in the same manner as digit
      display 38.sub.1, previously described.
PAR  From the carry-out terminal of unit 37.sub.3, a lead 133 extends to the
      input of a fourth IC 37.sub.4, which functions as a counter (divide by
      ten) and seven-segment decode and is preferably of the same construction
      as IC 37.sub.1. The seven segment decode connections of the IC 37.sub.4
      are coupled through a display circuit 130.sub.4 (similar to circuit
      130.sub.1) to the seven segments of a liquid crystal digit 38.sub.4
      representing tens of dollars. The digit display 38.sub.4 operates in the
      same manner as digit display 38.sub.1, previously described.
PAR  Thus, during dispensing, the pulses appearing on the price pulse output
      lead 36 (which represent the total cost of the gasoline delivered or
      dispensed) are counted, and displayed in four digits (to hundredths of
      dollars, that is, cents) by the display devices 38.sub.1 -38.sub.4. A
      fixed decimal point is provided between the digits of 38.sub.2 and
      38.sub.3 ; this decimal point may be painted on the outside of the
      dispensing apparatus housing. (In this connection, it is pointed out that
      the digits of the liquid crystal display 38.sub.1 -38.sub.4 are located so
      as to be visible through suitable openings provided in the housing.)
PAR  Refer again to FIG. 7. As mentioned hereinabove, the % "hi" selector
      switches 40 comprise three sets (one set for each of the three blends A,
      B, and C which may be dispensed) of two switches each, one switch
      representing tens of percent and the other, units of percent. These
      switches are manually-operable (rotatable) switches (3 .times. 2, or six
      in all) which are individually operable and are so located (for example,
      within a locked enclosure) as to be accessible only to authorized
      maintenance personnel (not to the service station operator or dealer).
      Each rotatable switch wafer is provided with indicia consisting of the
      numerals zero through nine, inclusive.
PAR  Again assume that pushbutton 29.sub.2 has been operated to select Blend A
      for dispensing, and that the percentage of "hi" gasoline in this blend is
      63 (as previously stated, it may be set anywhere within the range of 1% to
      99%, in steps of 1%). When pushbutton 29.sub.2 is operated, the % pulse
      input lead 96 is connected to the common % pulse output 43.
PAR  Refer now to FIG. 11, which illustrates the construction of the set of %
      switches 40.sub.1, 40.sub.2 for Blend A. This set of switches may be
      considered typical of all three sets. Referring again to FIG. 7, the
      output sides of the two % selector switches 40.sub.1, 40.sub.2 are both
      coupled to the % pulse input lead 96 for Blend A; the output sides of the
      two % selector switches for Blend B are both coupled to the % pulse input
      lead 99 for Blend B; the output sides of the two % selector switches for
      Blend C are both coupled to the % pulse input lead 101 for Blend C.
PAR  FIG. 11 is a plan view (somewhat schematic) of the % selector switch
      arrangement 40.sub.1 -40.sub.2 with the diode-carrying rotatable wafer
      removed. The two switches 40.sub.1 and 40.sub.2 are mounted in
      side-by-side relationship on a printed circuit board (not detailed in FIG.
      11). The 1-2-4-8 binary pulses from decoder 74 are fed to the first switch
      40.sub.1 (in FIG. 11, these coded binary pulses are denoted as 10-20-40-80
      to indicate that the selection made by this particular switch represents
      decade percents). The "40" pulses (as represented on "lead 77" in FIG. 5)
      are fed (by lead 77) to a conductive strip 117 of arcuate configuration
      which, like others to be described, would be formed on one surface of the
      circuit board. The "10" pulses (as represented on "lead 75" in FIG. 5) are
      fed (by lead 75) to a conductive strip 118 of arcuate configuration with
      an arrangement or pattern of spaced radially-extending teeth or
      projections thereon. The "20" pulses (as represented on "lead 76" in FIG.
      5) are fed (by lead 76) to a conductive strip 119 of arcuate configuration
      with an arrangement or pattern of spaced radially-extending teeth or
      projections thereon. The "80" pulses (as represented on "lead 78" in FIG.
      5) are fed (by lead 78) to a conductive strip 120 of arcuate
      configuration.
PAR  All of the conductive strips 117-120 are centered at the center of a hole
      130 which is provided in the aforesaid board for mounting of a rotatable
      switch wafer (not shown) which cooperates with the said conductive strips.
      This wafer is mounted for rotation about an axis perpendicular to the
      plane of the paper in FIG. 11. The said wafer has attached thereto four
      spring contacts or fingers (represented by the contact points 121, 122,
      123, and 124) which are arranged to make contact selectively with the
      conductive strips 117-120 and also with another conductive strip 125
      formed as a complete ring or annulus and providing a common output
      connection for both selector switches 40.sub.1 and 40.sub.2 of the set,
      the strip 125 having also a second complete ring or annulus for the second
      switch 40.sub.2. The contact 124 continuously engages the output strip
      125; this output strip is connected to the % pulse input lead 96 for the
      gate/switch 87 (see FIG. 7). The contact 121 is connected through a diode
      D5 (poled as illustrated, and mounted on the rotatable switch wafer) to
      contact 124; the contact 122 is connected through a diode D6, similarly
      mounted, to contact 124; the contact 123 is connected through a diode D7,
      similarly mounted, to contact 124. The three diodes D5-D7 (for switch
      40.sub.1) are illustrated in FIG. 7. The electrical interconnections of
      the four contacts 121-124 are illustrated by dotted lines.
PAR  The rotatable switch wafer for switch 40.sub.1 is provided with a detenting
      means (schematically illustrated at 129 in FIG. 11) for indexing the wafer
      to any one of its ten positions, 36.degree. apart. The locations of the
      contacts 121-123, as well as the layout of the conductive strips 117-120,
      are made such that, as the rotatable wafer is rotated to its various
      positions, the appropriate number of pulses is selected (from the 1-2-4-8
      input binary pulses supplied thereto) in accordance with the scheme set
      forth hereinabove, and is fed to the output (strip 125, lead 96, gate 87).
PAR  In FIG. 11, the first switch wafer (the one just described in detail, for
      switch 40.sub.1) is illustrated in the "6" position, a setting
      corresponding to a digit 6 in the decades place of the percent. In this
      position, contact 121 engages the "40" pulse strip 117 and contact 123
      engages the "20" pulse strip 119, which means that of the pulses in the
      output of the decoder 74, six pulses out of every ten will be delivered to
      the line 96.
PAR  The 1-2-4-8 coded binary pulses from decoder 74.sub.1 are fed to the second
      switch 40.sub.2 (in FIG. 11, these pulses are denoted as 1-2-4-8 to
      indicate that the selection made by this particular switch represents
      units of percent). The construction, connection, and mode of operation of
      the second switch 40.sub.2 are all very similar to those of the first
      switch 40.sub.1 previously described, so the same reference numerals are
      employed. In switch 40.sub.2, the "4", "1", "2", and "8" connections
      correspond respectively to the "40", "10", "20", and "80" connections in
      switch 40.sub.1.
PAR  In FIG. 11, the second switch wafer is illustrated in the "3" position,
      corresponding to 3%. In this position, contact 122 engages the "2" pulse
      strip 119 and contact 123 engages the "1" pulse strip 118, which means
      that of the pulses in the output of the decoder 74, three pulses out of
      every hundred will be delivered to the line 96 (since only every tenth
      pulse entering the unit 32.sub.1 will enter the unit 74.sub.1).
PAR  The above means (if the switches 40.sub.1, 40.sub.2 are set to 63%) that
      for every 100 pulses appearing in the output of the flow pulse adder 10,
      63 pulses will be selected (by the selector switches 40) and passed (by
      way of lead 96 and switch 87, assuming Blend A has been selected for
      dispensing by actuation of pushbutton 29.sub.2) to the % pulse output lead
      43.
PAR  As previously stated, there are provided three sets of % selector switches
      40, one set for each of the three blended products which may be selected
      for dispensing. One set of such switches (to wit, that for Blend A) has
      been described in detail in connection with FIG. 11. These sets of
      switches are all supplied with pulses similarly, and all are constructed
      and operate like switches 40.sub.1 -40.sub.2. The outputs of the %
      switches 40.sub.1 -40.sub.2 are commoned to % pulse input lead 96, and
      these switches may be preset manually to establish the desired percentage
      of "hi" gasoline in Blend A; the outputs of the next lower set of %
      switches (see FIG. 7) are commoned to % input pulse lead 99, and these
      switches may be preset manually to establish the desired percentage of
      "hi" gasoline in Blend B; the outputs of the next lower set of % switches
      are commoned to % input pulse lead 101, and these switches may be preset
      manually to establish the desired percentage of "hi" gasoline in Blend C.
PAR  Refer now to FIG. 12, which is a logic diagram of the motor control portion
      of the dispensing apparatus. First, the automatic control of the stepping
      motor 45 during dispensing of a blend will be described. As will be
      explained more in detail hereinafter, this motor functions, under
      blend-dispensing conditions, to automatically control (i.e., adjust) the
      "hi" and "lo" proportioning valves 13 and 27, respectively, in opposite
      senses, which is to say that as the "hi" valve 27 is moved toward its
      fully open position, the "lo" valve 13 is moved toward its fully closed
      position, and vice versa.
PAR  Assume, as before, that Blend A ("premium") has been selected for
      dispensing, by operation of the pushbutton 29.sub.2 (FIG. 7); however, the
      same description will apply to the dispensing of any other of the three
      possible blended products. During dispensing of a blend, as should be
      apparent, the pulses from the two flowmeter pulsers (pulse generators) are
      summed or added in adder 10, and the fraction (percentage) of these summed
      pulses selected for utilization by the % switches 40.sub.1, 40.sub.2
      (e.g., 63%) appears on output line 43 (see FIG. 7). These % "hi"
      (reference) pulses are fed through a pair of NOR gates 134 and 135
      (assumed for the present to be open; how this is brought about will be
      explained hereinafter) to the input T of a single shot (one shot) 136,
      which produces for each input pulse an output pulse of very short duration
      (e.g., 2 microseconds). Thus, the device 136 functions as a pulse shaper.
      The pulse output of 136 is fed as one of the two inputs to a logic unit
      137 (enclosed by a dot-dash line) which operates as a level triggered
      flip-flop whose output (of one sense or the other, depending on which way
      the flip-flop has been operated) appears at point 138.
PAR  During dispensing of a blend, the pulses produced by the "hi" pulse
      generator 22 ("hi" flowmeter pulser) are fed by way of lead 24 through a
      NOR gate 139 (assumed for the present to be open; how this is brought
      about will be explained hereinafter) to the input T of a single shot (one
      shot) 140, exactly similar to the IC 136 and also operating as a pulse
      shaper. The pulse output of 140 is fed as the other input to the flip-flop
      unit 137.
PAR  As previously described in connection with FIG. 1, the stepping motor 45,
      through a mechanical coupling 46, drives a cam 47, which in turn operates
      the blend control valves (proportioning valves) 13 and 27. The
      constructional details of this cam and the valves will be set forth
      hereinafter. Loocking at the face of the cam, clockwise rotation thereof
      may be termed the "ON" direction, or rotation away from the "OFF"
      direction. The single shot 136 may be termed the "clockwise" or "ON"
      device, since pulses appearing in its output will result in a clockwise
      rotation of the valve drive cam; the single shot 140 may be termed the
      "counterclockwise" or "OFF" device, since pulses appearing in its output
      will result in a counterclockwise rotation of the valve drive cam.
PAR  Pulses from the "on" device 136, applied to flip-flop 137, drive the latter
      to one state; pulses from the "off" device 140, applied to the flip-flop,
      reverse the state of the latter.
PAR  The flip-flop output point 138 is connected to the P/S input of a shift
      register 141 which in effect differentially compares the pulses from the
      two sources 136 and 140. Adjacent output terminals Q2 and Q3 of the
      register 141 are connected by way of the paired leads 142 and 143,
      respectively, to separate corresponding power transistors connected in a
      bidirectional motor drive circuit and included in block 144. The power
      transistors provide drive for the stepping motor 45 (included for
      illustrative purposes in block 144).
PAR  As long as the individual pulses are received by the flip-flop 137 in
      strict alternation from the two sources 136 and 140, the state of this
      flip-flop is reversed back and forth in a regular manner, there is no net
      pulse count, and no net shift occurs in the shift register 141. However,
      if two (or more) pulses are received from one source before one is
      received from the other, there will be an excess count and the flip-flop
      operation will change to produce a net shift in register 141, resulting in
      a change in the order in which the signals appear at Q2 and Q3. This
      causes the stepping motor 45 to step in one direction or the other (the
      direction depending upon the order in which the signals appear at Q2 and
      Q3), the degree of rotation of the motor depending on the number of pulses
      which are in excess. The motor, by adjusting the blend control valves 13
      and 27, will eliminate the excess pulse count, by adjusting the actual
      flow of "hi" gasoline (measured by the "hi" pulser 22) to the desired
      percentage of the total flow (measured by the preset % "hi", as set by the
      % switches 40 operating on the total flow--that is, the summed pulses from
      both flowmeters).
PAR  Refer now to FIGS. 13-14, which illustrate the mechanical construction of
      the blend control valves and the actuator therefor, by means of which the
      automatic blend control action just described is made effective. The
      stepping motor 45, which is driven by the pulse comparision circuit during
      dispensing, as described (and which is also driven to pre-position the
      blend control valves, in a manner which will be described hereinafter), is
      mounted in a fixed support denoted generally by numeral 145. The motor
      output shaft 146 drives (through a geared connection) a cam shaft 147
      which is journaled for rotation in the support 145. The output shaft 146,
      the geared connection, and the cam shaft 147 together comprise the
      mechanical coupling 46 (FIG. 1).
PAR  A slotted disc 148 (utilized in pre-positioning of the blend control
      valves, and to be later described in more detail) is fixedly secured to
      one face of the gear 149, the hub of the latter being pinned to cam shaft
      147. The gear 149 meshes with a gear pinned to the motor output shaft 146,
      and serves to drive the cam shaft 147.
PAR  The cam 47 has an integral hub at its center which is pinned to shaft 147,
      thereby to secure the cam to this shaft. Cam 47 has in its outer face a
      single continuous camming groove, denoted generally by numeral 150, in
      which ride a pair of rollers 151 and 152 which are located diametrically
      opposite each other (with respect to the cam shaft 147). Roller 151 is
      rotatably carried by the central portion of a lever 153 which is pivotally
      attached at one end to a fixed pivot (pin, or screw) 154 secured to the
      support 145. Roller 152 is rotatably carried by the central portion of a
      lever 155 which is pivotally attached at one end to a fixed pivot (pin, or
      screw) 156 secured to the support 145. One end of a link 157 is pivotally
      attached to the free end of lever 153, for adjustment of the "hi" valve
      27; one end of a link 158 is pivotally attached to the free end of lever
      155, for adjustment of the "lo" valve 13.
PAR  In FIGS. 13 and 14, the cam 47 and the valve actuating mechanism 151, 152,
      153, 155, etc. are illustrated in the "OFF" position, wherein the valves
      13 and 27 are both fully closed. From this position, rotation of the cam
      47 in the clockwise direction (indicated by the arrow 159 labeled "ON",
      the clockwise direction referring to the direction of rotation when
      looking at the face of the cam, as in FIG. 13) causes opening of the
      valves, as will be described. From this "OFF" position, movement of the
      outer or free end of lever 153 through the clockwise arc 160 causes the
      "hi" valve 27 to be opened, and movement of the outer or free end of lever
      155 through the clockwise arc 161 causes the "lo" valve 13 to be opened.
PAR  In the "OFF" position illustrated, roller 151 engages one end of the
      camming groove 150, thus limiting the rotation of the cam in the
      counterclockwise or "OFF" direction. In the opposite or "ON" position
      (180.degree. from the position illustrated), roller 152 will engage the
      end 163 of the camming groove, thus limiting the rotation of the cam in
      the clockwise or "ON" direction.
PAR  For about the first 80.degree. of rotation (in the "ON" direction 159) of
      the cam 47, from the "OFF" position, the groove 150 has a portion 150a
      (for the roller 152) which decreases in radius (measured from the center
      162 of shaft 147) from a maximum to a minimum in continuous fashion,
      causing the lever 155 to swing through arc 161 during this angular
      rotation of the cam 47; this results in gradual opening of the "lo" valve
      13, so that this valve is fully open at the end of this 80.degree. of
      rotation of the cam. Opposite this portion 150a, the groove 150 has a
      "dwell" portion 150b (of constant radius) for the roller 151, so that
      lever 153 does not move during this interval; thus, the "hi" valve 27
      remains fully closed during this initial 80.degree. (from the "OFF"
      position) of rotation of cam 47.
PAR  Immediately following the portion 150a (that is, beginning at the end of
      the initial 80.degree. arc of rotation of the cam 47) the groove 150 has a
      relatively short (about 11.degree.) portion 150c, for roller 152, which is
      a "dwell" portion (of constant radius), so that during this next
      11.degree. of cam rotation, the lever 155 remains stationary and the "lo"
      valve 13 remains fully open. Following this portion 150c, the groove 150
      has a portion 150d, for roller 152, which increases in radius in
      continuous fashion from a minimum radius (portion 150c) to a maximum
      radius (at the end 163 of the camming groove). The portion 150d of the
      camming groove 150, which may be termed the "blend portion " for the "lo"
      valve 13, causes the lever 155 to swing through arc 161 but in the reverse
      direction from its initial swing; this results in gradual closing of the
      "lo" valve 13, so that this latter valve is fully closed when roller 152
      reaches end 163 of the camming groove (that is, when the cam 47 has moved
      through its full arc of 180.degree. in the clockwise direction, from the
      "OFF" position illustrated in FIG. 13). The terminal position mentioned,
      wherein roller 152 is at the groove end 163, may be termed the "ON"
      position of the cam 47.
PAR  Following the portion 150b, the groove 150 has a portion 150e, for roller
      151, which increases in radius in continuous fashion from a minimum radius
      (portion 150b) to a maximum radius, at radial line 164. The portion 150e,
      which may be termed the "blend portion" for the "hi" valve 27, causes the
      lever 153 to swing through arc 160; this results in gradual opening of the
      "hi" valve 27, so that this latter valve is fully open when the radial
      line 164 of the cam comes into registry with the center of roller 151.
      Finally, immediately following the portion 150e, the groove 150 has a
      relatively short (about 21.degree.) portion 150f, for roller 151, which is
      a "dwell" portion (of constant radius), so that during this final
      21.degree. of cam rotation, the lever 153 remains stationary and the "hi"
      valve 27 remains fully open. Thus, in the "ON" or terminal position of the
      cam 47 (180.degree. from the "OFF" position illustrated in FIG. 13) the "
      hi" valve 13 is fully open, and the "lo" valve 13 is fully closed.
PAR  It has previously been explained, in connection with FIG. 12, how the
      stepping motor 45 automatically steps in one direction or the other (to
      rotate the cam 47 in one direction or the other), for automatic control of
      the valves 13 and 27 during dispensing of a blend. Assume, for purposes of
      illustration, that a blend is being dispensed; under these conditions, the
      "lo" roller 152 will be located somewhere in the cam "blend portion" 150d,
      and the "hi" roller 151 will be located somewhere in the cam "blend
      portion" 150e; this means that the free end of lever 155 will be located
      somewhere along the arc 161, and the free end of lever 153 will be located
      somewhere along the arc 160. Both of the valves 13 and 27 will then be
      partly open (or partly closed). If, now, the logic circuitry of FIG. 12
      senses an excess of "hi" gasoline in the blend being dispensed, stepping
      motor 45 is energized to step the cam 47 in the counterclockwise
      direction, moving the "lo" valve 13 toward its fully open position (by
      moving lever 155 upwardly, or clockwise along arc 161) and moving the "hi"
      valve 27 toward its fully closed position (by moving lever 153 downwardly,
      or counterclockwise along arc 160). If, on the other hand, the logic
      circuitry senses a deficiency of "hi" gasoline in the blend, stepping
      motor 45 is energized to step cam 47 in the clockwise direction, moving
      the "lo" valve 13 toward its fully closed position (by moving lever 155
      downwardly, or counterclockwise along arc 161) and moving the "hi" valve
      27 toward its fully open position (by moving lever 153 upwardly, or
      clockwise along arc 160).
PAR  The stepping motor transistors (in 144) for the stepping motor 45 are
      controlled by a hose switch 191 (later described in more detail), such
      that when the dispensing nozzle is replaced on its hook (i.e., when the
      dispensing hose is hung up), power is removed from the motor by transistor
      operation. When the power is thus removed from motor 45 at the end of a
      dispensing operation, cam 47 is rotated to the "OFF" position illustrated
      (wherein valves 13 and 27 are both fully closed) by a spring return means,
      now to be described.
PAR  One end of a flat, spiral "clock" spring 165 (see FIG. 14) is attached to a
      post 166 secured in the motor support 145, and the other end of this
      spring is attached to a cylindrical sleeve 167 fastened to the rear face
      of the cam 47. Spring 165 is so arranged that it is "wound up" (thus
      creating tension therein) when cam 47 rotates in the "ON" direction 159;
      when the force (torque of the stepping motor 45) which has so rotated the
      cam is released (by removal of the power from the stepping motor), the
      spring 165 "unwinds", rotating the cam 47 back to the "OFF" position of
      FIG. 13.
PAR  Refer now to FIGS. 14 and 15, which illustrate the constructional details
      of the "lo" valve 13; the "hi" valve 27 is exactly similar, so will not be
      described in detail. As mentioned previously, one end of a short link 158
      is pivotally attached to the free end of lever 155. The other end of link
      158 is secured (by means of a threaded coupling 168, which provides for
      adjustment) to one end of another link 169 the other end of which is
      pivotally connected to the outer end of a valve actuating arm 170. The
      inner end of arm 170 is pinned to the outer end of a short valve actuating
      shaft 171 which is sealed into, and journaled for rotation in, an elbowed
      valve body 172 which is in turn mounted on and sealed to the outer face of
      a manifold denoted generally by numeral 173.
PAR  The "lo" manifold 173 is mounted on and sealed to the "lo" meter 6.
      Manifold 173 is separated by a partition 174 into an inlet chamber 175 and
      an outlet chamber 176. From the inlet chamber 175 (to which the pump 1 of
      FIG. 1 supplies "lo" gasoline), the "lo" gasoline flows in the direction
      of arrow 177 through the check valve 12 of more or less conventional
      construction into and through the meter 6, and thence out of this meter
      into one end of chamber 176. The valve body 172 is sealed to the "out" end
      (opposite to meter 6) of chamber 176.
PAR  The shaft 171 extends into the interior of body 172, and its inner end
      passes sealingly through the wall 178 of body 172 which is sealed to the
      end of chamber 176. The wall 178 has therein four circular ports (holes)
      179 which are spaced 90.degree. apart with centers on a base circle having
      its center on the axis of shaft 171. When these ports are uncovered, the
      "lo" gasoline can flow in the direction of the arrow 180, through these
      ports into the hollow interior of the body 172, through this body and then
      through a tubular coupling member 181 the upper end of which is threaded
      into the elbow (valve body) 172. The delivery conduit 14 (FIG. 1) is
      suitably coupled to the lower end of member 181.
PAR  For variably covering or uncovering the ports 179, a valve shoe 182, which
      is arranged to slide (rotate) in intimate contact with the inner face of
      wall 178, is located in chamber 176 and is fastened to shaft 171 by means
      of a pin 183 which is secured to the inner end of shaft 171 and which fits
      in a diametral groove 184 formed in the inner (non-contacting) face of the
      shoe 182. One end of a coiled compression spring 185 engages the pin 183,
      and the other end of this spring engages the bottom of a counterbore 186
      (in shoe 182) surrounding the inner end of shaft 171. The valve shoe 182
      has a cruciform shape (see FIG. 15, wherein the valve 13 is illustrated in
      fully open position, with the ports 179 not covered by the respective arms
      of the cruciform shoe, although the actuating mechanism is illustrated in
      "closed" or "off" position in FIGS. 13 and 14), wherein the four arms of
      the shoe, as the latter is rotated in one direction or the other over wall
      178 by shaft 171, are adapted to variably cover or uncover the ports 179.
      In the "fully open" position of the valve illustrated in FIG. 15, the
      ports 179 are located entirely between the cruciform arms of the shoe, and
      are thus fully uncovered. In the "fully closed" or "off" position of FIGS.
      13-14, the shoe 182 would be rotated (by cam 47, acting through mechanism
      158, 169, etc. and the shaft 171) to a position wherein the cruciform arms
      of the shoe fully cover the respective ports 179. The "fully open"
      position of the "lo" valve 13 would be used for delivery of solely "lo"
      gasoline, while the "fully closed" position of this valve would be used
      for delivery of solely "hi" gasoline. In an intermediate position of the
      valve 13 (roller 152 located in the "blend portion" 150d of cam 47), shoe
      182 is rotated by the lever 155 (and the linkage associated therewith,
      including the shaft 171) to a position such as to partially cover (or
      partially uncover) the ports 179. Thus, the "lo" blend control valve 13 is
      operated (in response to the angular position of cam 47) to control the
      flow of "lo" gasoline from chamber 176 into the coupling member 181 (and
      hence to the dispensing nozzle).
PAR  The "hi" blend control valve 27 is constructed exactly like valve 13, and
      operates similarly. Valve 27 has at its outlet a tubular coupling member
      187 (duplicate of member 181) to the lower end of which the delivery
      conduit 28 (FIG. 1) is coupled. The "hi" blend control valve 27 is
      operated (in response to the angular position of cam 47, acting through
      the linkage 153, 157, etc.) to control the flow of "hi" gasoline from the
      outlet side of the "hi" meter 20 into the coupling member 187 (and hence
      to the dispensing nozzle).
PAR  It should be apparent that the pipe 11 of FIG. 1 comprises essentially the
      chamber 176 leading to the valve 13.
PAR  For an independent delivery of gasoline (which may or may not be carried on
      simultaneously with the above-mentioned delivery, using the same pumps 1
      and 15, for example), a duplicate cam 47' (see FIG. 13) may be provided,
      driven by its own, independently-controlled stepping motor. The duplicated
      items are denoted by the same reference numerals in FIG. 13, but carrying
      prime designations. The same fixed pivots 154 and 156 may be employed for
      levers 153' and 155', respectively. The same fixed support 145 may carry
      the two stepping motors and the two cams 47 and 47' in side-by-side
      relationship.
PAR  The start-up sequence (strobing sequence) of the apparatus of this
      invention will now be described. Refer to FIGS. 12 and 16. A hose switch
      191 (FIG. 2) is associated with the nozzle hook (i.e., the hook on which
      the dispensing nozzle is hung, or on which it rests, when it is not being
      used for dispensing purposes) in such a way that it is operated when the
      nozzle is removed from its hook. When the nozzle is at rest on its hook,
      there is a low potential (ground) on lead 192 connected to the hose
      switch, but when the nozzle is off its hook, a relatively high potential
      is applied to lead 192 (and thus also to one input 193 of the NAND gate
      194).
PAR  The "high" on lead 192 is applied through inverter 195 to the reset or
      cllear input R of a flip-flop 196, and through this same inverter, a NOR
      197, and another inverter 198 to the reset or clear input R of another
      flip-flop 199. The two "NOT" outputs of flip-flops 196 and 199 are used as
      inputs to a NAND 200, and under the conditions stated an enabling voltage
      for the counter 201 appears at the output 202 of the NAND 200. The counter
      201 is a scale-of-eight counter which, when enabled at its "clock enable"
      terminals, produces, in response to clock pulses supplied thereto at its
      CL terminal, pulses at its several output terminals in a regular
      succession or order, from "zero" through "seven" . Clock pulses of 1000 Hz
      are supplied to the CL terminal of counter 201 from the output of the
      divider unit 55 (FIG. 2) by way of a lead 203. As previously stated,
      divider unit 55 is operative continuously, regardless of whether or not
      dispensing is taking place.
PAR  Thus, when the dispensing nozzle is removed from its support (hook),
      counter 201 is enabled and begins to produce pulses at its output
      terminals. This starts the strobing sequence, a "strobe" comprising a
      single pulse, analogous to a test pulse. Upon the enabling of counter 201
      as aforesaid, pulses are produced at the counter output terminals,
      beginning at the "zero" output terminal. The first pulse appearing at the
      "one" output terminal of counter 201 may be termed "strobe 1", abbreviated
      as "STB 1" in the drawings.
PAR  Strobe 1 is fed by way of a lead 204 (FIG. 7) to the reset terminals (R) of
      all of the blend select flip-flops 85.sub.1 - 85.sub.5, thereby
      arrangement. reset all of these flip-flops.
PAR  Strobe 1 is also fed by way of a lead 205 (FIG. 17) to the reset terminal
      (RST) of the paired position detector counter arrangement 206, 207,
      thereby to reset this counter arrangement.
PAR  Strobe 1 is also fed by way of a lead 208 (FIG. 12) to the reset terminals
      (R) of various flip-flops 209,210,211 and 212 (to be later referred to in
      more detail) in the valve prepositioning circuit, thereby to reset these
      flip-flops and thus enable the pre-positioning circuit.
PAR  As the counting continues in counter 201, a short time later (in the
      regular order of succession) a pulse will appear at the "three" output
      terminal of this counter. This last-mentioned pulse may be termed "strobe
      2", abbreviated as "STB2" in the drawings. Strobe 2 is fed through an
      inverter 213 to a lead 214 (FIG. 7) which is connected to one terminal of
      each of the blend select switches (pushbuttons) 29.sub.1 -29.sub.5,
      thereby to enable these switches for the selection of a product to be
      dispensed. Strobe 2 is also fed by way of a lead 215 to the toggle T of
      flip-flop 199, reversing the state of the latter, which reverses the
      voltage appearing at output 202, disabling the counter 201 and stopping
      the count. So, strobe 2 is not completed as a pulse at this time,
      maintaining an enabling voltage on lead 214 until a selection is made by
      manual operation of one of the switches 29.sub.1 -29.sub.5 ; thus, strobe
      2 provides a "wait" for a blend selection to be made.
PAR  Strobe 2 is also fed as a "high" to a second input 216 of the NAND gate
      194.
PAR  Refer again to FIG. 7. The "Q" output terminals of the five blend select
      flip-flops 85.sub.1 -85.sub.5 are coupled through a pair of coordinated
      NOR gates 217 and 218 to an NAND gate 219 which can provide at its output
      220 a "blend selected" signal. When one of the pushbuttons 29.sub.1
      -29.sub.5 is manually operated, the state of the corresponding one of the
      blend select flip-flops 85.sub.1 -85.sub.5 is reversed (as previously
      described). This reverses one or the other of the NOR gates 217 or 218 as
      compared to its rest or quiescent state, providing at 220 a "high" signal
      (for "blend selected") which is fed to the third input 221 of the NAND
      gate 194 (FIG. 16).
PAR  In FIG. 7, it may be seen that the "Q-NOT" output terminals of the five
      blend select flip-flops 85.sub.1 -85.sub.5 are connected to selection
      indicator circuits (not shown) which function to provide an indication of
      the particular blend selection that has been made.
PAR  When the blend selection has been made as above, all three of the inputs to
      the NAND 194 are "high", as previously explained. When this occurs, a
      "high" is produced at the reset R of flip-flop 199, reversing the state of
      this flip-flop and thus re-enabling the counter 201 by way of output 202
      and the counter "clock enable" terminal. Counting is then resumed in
      counter 201, terminating strobe 2 (at the "three" output terminal); a
      short time later (in the regular order of succession) a pulse will appear
      at the "five" output terminal of this counter. This last-mentioned pulse
      may be termed "strobe 3", abbreviated as "STB 3" in the drawings.
PAR  Strobe 3 is fed to a pump starter (pump start circuit) schematically
      represented at 222 (FIG. 2); this pump starter circuit may include a
      flip-flop (not shown) to the "set" input of which strobe 3 is fed. Strobe
      3 reverses the state of this flip-flop, so that pumps 1 and 15 (FIG. 1)
      are started upon the appearance of the strobe 3 pulse. It may be stated
      here that if remote pumps (supplying more than one dispenser) are being
      used, they may already be on, before the appearance of the strobe 3 pulse.
PAR  Strobe 3 is also fed by way of a lead 223 (FIG. 4) to the reset terminals
      (RST) of the counters 31, 32.sub.1, 32.sub.2, 32.sub.3, and 32.sub.4,
      thereby to reset all of these (gallons) counters. Strobe 3 is fed by way
      of a lead 224 (FIG. 10) to the reset terminals (RST) of the counters
      37.sub.1 -37.sub.4, thereby to reset all of these (dollars) counters.
PAR  Strobe 3 may also be used to trigger a "lamp test" circuit (not
      illustrated) utilizing, for example, a one-shot having an on time of two
      seconds, for example; this "lamp test" circuit operates to cause all of
      the liquid crystal digits 39.sub.1 - 39.sub.4 and 38.sub.1 - 38.sub.4 to
      display "eights" for two seconds, thus establishing that all of the
      circuitry for energizing these displays is operating properly.
PAR  Strobe 3 is also used in the valve pre-positioning circuitry, as will be
      described hereinafter; however, before describing such circuitry, the
      description of the strobe generator of FIG. 16 will be completed. As
      previously mentioned, counting is resumed in counter 201 when the blend
      selection has been made, producing strobe 3 at the "five" output terminal
      of this counter. As the count continues in 201, in the regular order of
      succession a pulse will appear at the "seven" output terminal of this
      counter. This latter pulse is fed by way of a lead 272 to the toggle T of
      flip-flop 196, reversing the state of the latter, which reverses the
      voltage appearing at output 202, disabling the counter 201 and stopping
      the count. Counter 201 is reset along with flip-flops 199 and 196, when
      the dispensing nozzle is again removed from its hook, for a subsequent
      dispensing operation.
PAR  Pulses at a 250 Hz repetition rate, phase 1, are taken from the output of
      the generator 57 (FIG. 2) and fed by way of a lead 225 to the toggle input
      T of a flip-flop complementary 226, which operates as a frequency divider
      with a division factor of two. It will be recalled, from the previous
      description, that the oscillator-divider combination 53-55-57 operates
      continuously, regardless of whether or not dispensing is taking place;
      thus, pulses at a rate of 125 Hz appear on the flip-flop output connection
      227 and are fed as one input to each of the NAND gates 228, 229, and 230.
      The outputs of the three gates 228-230 are used respectively as the three
      inputs to a NOR 231, and the output of the latter is used as one of the
      inputs to a NOR 135 the output of which supplies the "clockwise" or "ON"
      single shot 136 previously referred to.
PAR  The "Q-NOT" output of the "lo" blend select flip-flop 85.sub.5 (FIG. 7) is
      fed by means of a lead 232 to one input of the NOR gate 233, to feed an
      "economy regular" signal ("low" when this grade is selected by actuation
      of the blend select switch 29.sub.5, FIG. 7) to this latter gate. The
      output of gate 233 is applied to the set input S of the flip-flop 212. The
      Q output 236 of the flip-flop 212 is utilized as the second input of NAND
      228 (the other input of the latter, as stated previously, being the 125 Hz
      pulses from the divider flip-flop 226).
PAR  The "Q-NOT" output of the flip-flop 209 is applied to the inputs of the
      three NOR gates 233, 234, and 235, and this flip-flop output is such as to
      normally (i.e., when dispensing is not taking place) block all three of
      these gates. However, the strobe 3 pulse, fed to the set input S of
      flip-flop 209, reverses the state of this flip-flop and thus removes the
      blocking potential from these gates 233-235.
PAR  First assume, for purposes of illustration, that the "economy regular"
      grade (that is, solely "lo" gasoline) has been selected for dispensing, by
      actuation of the pushbutton switch 29.sub.5 (FIG. 7).
PAR  Since the strobe 3 pulse has at this time caused the unblocking of gates
      233-235, the "economy regular" signal appearing on lead 232 acts through
      flip-flop 212 to cause a "high" on lead 236 which "opens" the NAND 228,
      resulting in the 125 Hz rate pulses from divider 226 being applied to one
      input 237 of the NOR 231. Since the other two inputs to the latter are
      "high" at this time, the 125 Hz pulses appear at the output 238 of NOR
      231, and pass through the NOR 135 to the toggle input T of the "ON" or
      "clockwise" single shot 136. The resulting pulses in the output of the one
      shot 136 cause (in the same manner as described above, in connection with
      the automatic blend control action) energization of the stepping motor 45
      in the "ON" direction (i.e., such that the motor steps the cam 47 in the
      clockwise direction in FIG. 13). When the first 125 Hz pulse is applied to
      the input T of single shot 136, a signal of appropriate polarity is fed by
      lead 239 back to the toggle input T of flip-flop 209, reversing this
      flip-flop back to its "normal" state and re-blocking all of the gates
      233-235. This prevents any subsequent changes of state in the flip-flops
      210-212, and thus any improper operation of the valve pre-positioning
      circuitry. Thus, once a given pushbutton has been depressed, no other
      pushbutton, although depressed, has any effect on the operation of the
      system until the system has been reset.
PAR  Refer now to FIGS. 13, 14, and 14a. The slotted disc 148 is fastened to the
      same shaft 147 (driven by stepping motor 45) which carries the cam 47, and
      this disc has therein five slots, one for each of the five grades of motor
      fuel which may be selected for dispensing. Cooperating with this disc is a
      fixed light-emitting-diode-phototransistor pickup combination (illustrated
      at 103) which produces an electrical pulse each time one of the five slots
      passes by the pickup. The first 105 of these five slots in disc 148 is
      correlated with the position of the control valves for dispensing solely
      "lo" gasoline (valve 13 fully open and valve 27 fully closed), and is
      spaced approximately 80.degree. from the pickup position, so that this
      slot 105 will be aligned with the pickup 103 when the cam 47 and the disc
      148 have rotated 80.degree. from the "OFF" position illustrated in FIG.
      13. Thus, the first pulse will be produced by the pickup when the cam and
      the slotted disc 148 have rotated 80.degree. from "OFF", in the clockwise
      or "ON" direction of the cam (which direction is counterclockwise in FIG.
      14a).
PAR  The fifth 107 of the five slots in disc 148 is correlated with the position
      of the control valves for dispensing solely "hi" gasoline (valve 27 fully
      open and valve 13 fully closed), and is spaced 180.degree. from the pickup
      position, so that this slot will be aligned with the pickup when the cam
      47 and the disc 148 have rotated 180.degree.from the "OFF" position. Thus,
      a total of five pulses will have been produced by the pickup when the cam
      and the slotted disc 148 have rotated 180.degree.from "OFF", in the "ON"
      direction of the cam.
PAR  The remaining three slots 109, 126, and 127 in disc 148 are correlated
      respectively with the three blends A, B, and C, and are distributed around
      the disc in the space between the first and fifth slots, at locations
      appropriate to the individual blends (utilizing the "blend portions" 150d
      and 150e of the cam 47, in which both of the valves 13 and 27 are
      partially open). Therefore, and by way of recapitulation, as the disc 148
      rotates in the "ON" direction, and starting from the "OFF" position of the
      valves, the first pulse from the pickup on the disc (at slot 105)
      corresponds to the pre-established valve position for dispensing "economy
      regular" or "lo" gasoline; the second pulse (at slot 127) corresponds to
      the pre-established valve position for dispensing "regular" or Blend C;
      the third pulse (at slot 126) corresponds to the pre-established valve
      position for dispensing "super regular" or Blend B; the fourth pulse (at
      slot 109) corresponds to the pre-established valve position for dispensing
      "permium" or Blend A; the fifth pulse (at slot 107) corresponds to the
      pre-established valve position for dispensing "super premium" or "hi"
      gasoline.
PAR  It has been explained previously how, once the blend selector switch
      29.sub.5 (FIG. 7) has been actuated for selection of "economy regular",
      energization pulses are supplied to stepping motor 45 to cause the same to
      drive cam 47 in the "ON" direction. Pulses from the pickup on the slotted
      disc 148 of FIG. 14 (which disc is driven by stepping motor 45, along with
      cam 47) are applied through an inverter 240 (FIG. 17) to the "CL" input of
      the up/down counter 206, the binary coded output of which is connected to
      the input of a decimal counter 207 which has output terminals labeled
      "zero" through "nine". The sequential pulses from the disc pickup result
      in the production of signals at the output terminals of counter 207, in
      regular succession.
PAR  The pulses from the disc pickup 148 are also applied to the inputs of the
      respective NAND gates 241, 242, and 243, by means of a connection 244. As
      the slotted disc rotates in the 37 ON" direction, the first pulse produced
      by its pickup appears at the "one" output terminal of counter 207 and is
      applied to the input of NAND 241, causing an "economy regular detected"
      signal to appear at its output 245; this latter signal is fed through an
      inverter 246 (FIG. 12) to the toggle input T of flip-flop 212, reversing
      the state thereof, producing a "low" at 236 which "closes" the gate 228.
      "Closing" of gate 228 cuts off the supply of 125 Hz pulses from the motor
      drive circuit, so the stepping motor 45 stops; as a result, the blend
      control valves are then pre-positioned for the dispensing of "economy
      regular" or "lo" gasoline (i.e., "lo" valve 13 fully open and "hi" valve
      27 fully closed. Dispensing of "lo" gasoline can then begin, and can
      proceed in the manner described hereinabove (that is, with quantity and
      cost displays, etc.).
PAR  Since no automatic control of the blend is needed for the dispensing of
      solely "lo" gasoline, the automatic blend control circuitry previously
      described must be disabled under this dispensing condition. When "economy
      regular" is selected for dispensing, the "low" on lead 232 (from the
      "blend select" flip-flop 85.sub.5, FIG. 7) is effective on one inut of the
      NAND 247, resulting in a "high" at the output 248 of the latter, which is
      applied to one input of the NOR 134 to cause this gate to be "blocked". As
      a result, no % "hi" pulses from the % switches 40 can reach the "ON" or
      "clockwise" one-shot 136. Similarly, the "high" at 248 is applied to one
      input of the NOR 139 to cause this gate to be "blocked"; as a result, no
      "hi" pulses from the generator 22 can reach the "OFF" or
      "counterclockwise" one-shot 140.
PAR  Now, assume that the "super premium" grade (that is, solely "hi" gasoline)
      has been selected for dispensing, by actuation of the pushbutton switch
      29.sub.1 (FIG. 7). The "Q-NOT" output of the "hi" blend select flip-flop
      85.sub.1 is fed by means of a lead 249 to one input of the NOr gate 235,
      to feed a "super premium" signal ("low" when this grade is selected by
      actuation of the blend select switch 29.sub.1) to this latter gate. The
      output of gate 235 is applied to the set input S of the flip-flop 210. The
      Q output 250 of the flip-flop 210 is utilized as the second input of NAND
      230 (the other input of the latter being the 125 Hz pulses from the
      divider flip-flop 226).
PAR  As before, the strobe 3 pulse has at the time under consideration (i.e., at
      the time of grade selection) caused the unblocking of gates 233-235 (by
      the action of flip-flop 209). Hence, the "super premium" signal appearing
      on lead 249 acts through flip-flop 210 to cause a "high" on lead 250 which
      "opens" the NAND 230, resulting in the 125 Hz pulses from divider 226
      being applied to one input 251 of the NOR 231. Since the other two inputs
      to the latter are "high" at this time, the 125 Hz pulses appear at the
      output 238 of NOR 231, and pass through the NOR 135 to the toggle input T
      of the "ON" or "clockwise" single shot 136. The resulting pulses in the
      output of the one shot 136 cause energization of the stepping motor 45 in
      the "ON" direction.
PAR  As the slotted disc 148 (which is driven by stepping motor 45) rotates in
      the "ON" direction, pulses are again produced in sequence by the pickup
      associated with this disc. The fifth pulse from the pickup appears at the
      "five" output terminal of counter 207 and is applied to the input of NAND
      243, causing a "super premium detected" signal to appear at its output
      252; this latter signal is fed through an inverter 253 to the toggle input
      T of flip-flop 210, reversing the state thereof, producing a "low" at 250
      which "closes" the gate 230. "Closing" of gate 230 cuts off the supply of
      125 Hz pulses from the motor drive circuit, so the stepping motor 45
      stops; as a result, the blend control valves are then pre-positioned for
      the dispensing of "super premium" or "hi" gasoline (i.e., "hi" valve 27
      fully open and "lo" valve 13 fully closed). Dispensing of "hi" gasoline
      can then begin, and can proceed in the manner described previously (that
      is, with quantity and cost displays, etc.).
PAR  As set forth hereinabove, the starting up of the pumps 1 and 15 may be
      initiated (if they are not already on) upon the appearance of the strobe 3
      pulse, and the pre-positioning of the blend control valves 13 and 27 is
      initiated upon the operation of one of the blend select buttons 29; the
      strobe 3 pulse appears substantially simultaneously with the blend select
      button operation. However, there can be no dispensing of a liquid fuel
      having a composition other than that called for (which is to say that the
      valve pre-positioning will ordinarily be completed before the pumps are
      started up), and this even though the hose nozzle is manually held open
      while the blend select button is operated. As described, 125 Hz pulses
      (that is, pulses occurring at a rate of 125 per second) are used for the
      stepping motor 45 when pre-positioning the valves; thus, even for the
      "worst" pre-positioning condition (the maximum rotation of 180.degree. of
      cam 47, from the "OFF" position), a time of only a little over one second
      will be required to complete the valve pre-positioning; whereas, due to
      mechanical inertia, etc. the pumps will ordinarily not start up in a time
      interval as short as this.
PAR  When using remote or submerged pumps, they may be on when the blend select
      button is operated; if the hose nozzle is held open when this button is
      operated, and if a high octane product is being asked for, some lower
      octane product will be dispensed as the valves 13 and 27 are being brought
      to the higheroctane position. However, the actual amount of such lower
      octane product will be inconsequential.
PAR  Again, since no automatic control of the blend is needed for the dispensing
      of solely "hi" gasoline, the automatic blend control circuitry is disabled
      when "super premium" is selected for dispensing. When "super premium" is
      selected, the "low" on lead 249 (from the blend select flip-flop 85.sub.1)
      is effective on one input of NAND 247, resulting in a "high" at the output
      248 of the latter, which again "blocks" the NOR gate 134. Also, the "high"
      at 248 causes the NOR gate 139 to be "blocked".
PAR  For pre-positioning the blend control valves when one of the blends A, B,
      and C has been selected for dispensing, transfer gates (solid-state
      switches) 188, 189, and 190 (one for each of the three blends, each quite
      similar to items 86-93, previously referred to) are utilized. Gate or
      switch 188 is controlled from the "premium" or Blend A flip-flop 85.sub.2
      (FIG. 7), as are gates 87 and 88; when this blend is selected for
      dispensing by operation of button 29.sub.2, switch 188 "closes" to connect
      the "four" output terminal of counter 207 to a common output lead 254
      which extends to the input of NAND 242. Gate or switch 189 is controlled
      from the "super regular" or Blend B flip-flop 85.sub.3, as are gates 89
      and 90; when this blend is selected for dispensing by operation of button
      29.sub.3, switch 189 "closes" to connect the "three" output terminal of
      counter 207 to common lead 254. Gate or switch 190 is controlled from the
      "regular" or Blend C flip-flop 85.sub.4, as are gates 91 and 92; when this
      blend is selected for dispensing by operation of button 29.sub.4, switch
      190 "closes" to connect the "two" output terminal of counter 207 to common
      lead 254.
PAR  The valve pre-positioning operation occurring when one particular blend is
      selected for dispensing will now be specifically set forth; the operation
      for the other two blends is quite similar and can be readily understood
      after studying what now follows.
PAR  Assume that the "premium" grade or Blend A has been selected for
      dispensing, by actuation of the pushbutton switch 29.sub.2 (FIG. 7). This
      results in the "closing" of switch 188 (FIG. 17). If a "blend selection"
      is made that is not "economy regular" or "super premium", both inputs to
      NAND 247 (FIG. 12) remain "high", giving a "low" at the output 248. The
      strobe 3 pulse having at this time caused the unblocking of gates 233-235,
      the signal appearing on 248 acts through the NOR 234 to change the state
      of flip-flop 211, giving a "high" on its output lead 273 which "opens" the
      NAND 229, resulting in the 125 Hz pulses from divider 226 being applied to
      one input 255 of the NOr 231. Since the other two inputs to the latter are
      "high" at this time, the 125 Hz pulses appear at the output 238 of NOR
      231, and pass through the NOR 135 to the toggle input T of the "ON" or
      "clockwise" single shot 136. The resulting pulses in the output of the one
      shot 136 cause energization of the stepping motor 45 in the "ON"
      direction.
PAR  As the slotted disc 148 driven by this motor rotates in the "ON" direction,
      pulses are produced in sequence by the disc pickup. The fourth pulse from
      the pickup appears at the "four" output terminal of counter 207 and passes
      through the "closed" switch 188 to lead 254 (input of NAND 242), causing a
      "mid-point detected" signal to appear at its output 256; this latter
      signal is fed through an inverter 257 to the toggle input T of flip-flop
      211, reversing the state thereof, producing a "low" at 273 which "closes"
      the gate 229. "Closing" of gate 229 cuts off the supply 125 Hz pulses from
      the motor drive circuit, so the stepping motor 45 stops; as a result, the
      blend control valves are then pre-positioned for the dispensing of
      "premium" or Blend A gasoline (i.e., valves 13 and 27 both partially
      open). Dispensing of "premium" gasoline can then begin, and can proceed in
      the manner described previously (that is, with quantity and cost displays,
      etc.).
PAR  Under conditions of dispensing any one of the three blends (A, B, or C),
      there is a "low" at the output 248 of the NAND 247, so the NOR gates 134
      and 139 are not "blocked". Therefore, the automatic blend control
      circuitry previously described is enabled under these conditions, and can
      operate (during dispensing of a blend) in the manner set forth
      hereinabove. More particularly, % "hi" pulses from the % switches 40 are
      fed through gate 134 to the "ON" or "clockwise" one-shot 136, and "hi"
      pulses from the generator 22 are fed through gate 139 to the "OFF" or
      "counterclockwise" one-shot 140.
PAR  When a dispensing operation is complete, the dispensing nozzle is replaced
      on its supporting hook (and in its boot) on the dispenser housing. The
      weight of the nozzle, effective on its hook, causes the hose switch 191 to
      be operated in reverse fashion (as compared to the operation thereof when
      the switch is removed from its hook, at the start of the dispensing
      operation). This reverse operation of the hose switch in effect removes
      power (by transistor control) from the stepping motor 45, which causes cam
      47 to be rotated to its "OFF" position (wherein valves 13 and 27 are both
      fully closed) by the spring return means 165 previously described.
PAR  This reverse operation of the hose switch also resets the "pump starter"
      flip-flop previously referred to (i.e., the flip-flop in the pump starter
      circuit 222, to the "set" input of which strobe 3 is fed), thus turning
      off the pumps 1 and 15.
PAR  Refer now to FIG. 18, which is a diagrammatic view of one typical physical
      layout utilizing the apparatus of the invention. Illustrated is a
      two-outlet arrangement (duo-blender) utilizing a pedestal mounting. On an
      "island" 258 of usual configuration there is mounted a
      vertically-extending hollow column (pedestal) 259 fastened to the top of
      which is a rigid horizontal hollow boom 260. A "meter unit" 261,
      containing most of the mechanical components of the apparatus, is mounted
      at one end of the island 258. To the unit 261 there are supplied the "lo"
      and "hi" gasolines or blending components by means of two lines 262, from
      submersible pumps located in respective subterranean storage tanks (not
      shown).
PAR  Included in the meter unit 261 are four meters (one "lo" meter and one "hi"
      meter for each of the two dispensing outlets), two filters (one for the
      combined or manifolded "lo" gasoline flow of both outlets and one for the
      combined or manifolded "hi" gasoline flow of both outlets), four blend
      control valves (one "lo" valve and one "hi" valve for each of the two
      outlets), two valve operators (in a dual arrangement such as illustrated
      in FIG. 13), and four meter pulsers (one for each of the four meters).
PAR  Mounted on the column (pedestal) 259, at a convenient height for manual
      operation, are two completely independent and duplicate blend control
      boxes (computers), mounted back-to-back in a single cabinet 263. Each of
      the two blend control boxes includes a set of blend select pushbottons, a
      gallons display, a price display, plus all the digital logic circuitry
      which has been described, including the price selector switches, the %
      "hi" selector switches, the blend controlling circuitry, the start-up
      strobing circuitry, the pulse summing circuitry, etc. One electrical
      conduit 264 carries all the electrical wires necessary between the control
      unit 263 and the meter unit 261, including the wires for the stepping
      motors in the meter unit, the wires leading from the meter pulsers in the
      meter unit, etc.
PAR  Also, there are four liquid-carrying pipes 265 (one "hi" pipe and one "lo"
      pipe for each of the two outlets), one connected to the outlet side of
      each of the four valves in unit 261; these four pipes extend from the unit
      261 up the hollow interior of the column 259 and out the boom 260, the
      paired pipes for one outlet extending out along the boom from the column
      in one direction, and the paired pipes for the other outlet extending out
      along the boom from the column in the opposite direction.
PAR  Connected to the outer ends of the pipes, at one end of the boom 260, is a
      dual hose 266 supplying a dispensing nozzle (for one outlet); connected to
      the pipes at the opposite end of the boom is a dual hose 267 supplying a
      dispensing nozzle (for the other outlet).
PAR  From the control unit 263, two wire-carrying conduits 268 extend to a
      building 269, in which may be located the power supply for all of the
      electrical equipment, and totalizers (the power supply plus totalizers
      being represented by a single box 270), and also a remote self-service
      console 271 including gallons and price indicators.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A system for proportioning a pair of liquids and comprising:
PA1  a. a pair of flow conduits, one for each liquid;
PA1  b. means in each conduit for sensing the flow of liquid therethrough and
      for providing a train of individual pulses the number of which is
      proportional to the integrated liquid flow rate through the conduit;
PA1  c. means for summing the two pulse trains to produce a series of pulses the
      total number of which is representative of the combined volumetric liquid
      flow through both of said conduits;
PA1  d. gating means receptive of said series of pulses for passing therethrough
      only a selected percentage of said such pulses;
PA1  e. valve means in each conduit for adjusting the flow of liquid
      therethrough; and
PA1  f. means for controlling both of said valve means and including means for
      differentially comparing the pulse outputs of said gating means and of
      said sensing means in one conduit, to produce an output pulse control
      signal representative of differences between the compared pulses, and a
      bidirectional rotary stepping motor means, responsive to said output pulse
      control signal, for stepping in a number of discrete steps in one rotary
      direction or the other to control both of said valve means to achieve a
      selected proportioning of the pair of liquids, and a dual control cam
      means mechanically coupled for rotation with said stepping motor means and
      having a first portion of its cammed surface controlling one of said valve
      means and a second portion of its cammed surface controlling the other of
      said valve means.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein said dual control cam means
      includes means defining a closed position in which both of said valve
      means are fully closed, and means for biasing said dual control cam means
      towards said closed position when the system is not being utilized.
NUM  3.
PAR  3. A system as set forth in claim 2 wherein the liquids are motor fuels or
      different octane rating which are proportioned and then blended to
      constitute a fuel product.
NUM  4.
PAR  4. A system as set forth in claim 3 and including means for selectively
      setting the percentage of pulses passed by said gating means.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein said means for selectively
      setting includes manually-operable means for selecting for blending any
      one of a plurality of discrete pre-set ratios of the motor fuels of
      different octane ratings.
NUM  6.
PAR  6. A system as set forth in claim 5 and including means for prepositioning
      said dual control cam means when the system is first started up such that
      the initial proportioning of the pair of liquids is substantially correct.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein said means for prepositioning
      includes means, mechanically coupled to said stepping motor, for
      generating prepositioning pulses as the stepping motor continues to step
      said dual control cam means away from said fully closed position, and
      means responsive to said prepositioning pulses for stopping said stepping
      motor when a selected number of prepositioning pulses has been received.
NUM  8.
PAR  8. A system as set forth in claim 7 wherein the system includes means for
      generating two out of phase electrical signals, said summing means
      includes means for utilizing said two out of phase electrical signals for
      capturing coincident pulses from each of said sensing means, and said
      bidirectional rotary stepping motor means utilizes one of said two out of
      phase signals in its stepping operation.
NUM  9.
PAR  9. A system as set forth in claim 1 and including means for prepositioning
      said dual control cam means when the system is first started up such that
      the initial proportioning of the pair of liquids is substantially correct.
NUM  10.
PAR  10. A system as set forth in claim 9 wherein said means for prepositioning
      includes means, mechanically coupled to said stepping motor, for
      generating prepositioning pulses as the stepping motor continues to step
      said dual control cam means away from said fully closed position, and
      means responsive to said prepositioning pulses for stopping said stepping
      motor when a selected number of prepositioning pulses has been received.
NUM  11.
PAR  11. A system as set forth in claim 10 wherein the system includes means for
      generating two out of phase electrical signals, said summing means
      includes means for utilizing said two out of phase electrical signals for
      capturing coincident pulses from each of said sensing means, and said
      bidirectional rotary stepping motor means utilizes one of said two out of
      phase signals in its stepping operation.
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ABST
PAL  A refrigerator is provided with a dispenser having a child-proof guard
      therewith for preventing the unwanted use of the dispenser. The
      refrigerator is connected to a fluid source and the cooled fluid is
      dispensed through a wall of the refrigerator. The dispenser is provided
      with structure for preventing unintended dispensing, and comprises a
      discharge spout located with reference to the wall of the refrigerator and
      adapted to discharge into a receptacle held in proximity thereto.
      Structure is controlled by movement of the receptacle and determines
      discharge or cessation of the discharge and includes a valve connected in
      the fluid source with structure for controlling the valve including a
      switch connected in circuit therewith. An actuating member is supported on
      the structure and cooperates with the receptacle to actuate the control
      structure which in turn includes structure movable selectively between a
      shut-off position and a discharge position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to devices for dispensing cold water or
      other liquids from the refrigerator without the need of opening the door
      thereof.
PAR  2. Prior Art
PAR  The prior art as developed in a search appears to be best exemplified in
      the following patents:
TBL  Pinkerton et al                                                           

                Re. 18,169  Aug. 25, 1931                                      

     Taymans et al                                                             

                2,297,814   Oct. 6, 1942 62/141                                

     Sundberg   2,512,395   June 20, 1950                                      

                                         62/141                                

     Jackson    2,527,308   Oct. 24, 1950                                      

                                         62/7                                  

     Sebens     2,644,318   July 7, 1953 62/99                                 

     Shikles, Jr et al                                                         

                2,894,377   July 14, 1959                                      

                                         62/306                                

     Middleton  3,031,860   May 1, 1962  62/189                                

     Brugioni   3,208,641   Sept. 28, 1965                                     

                                         222/108                               

     Benua et al                                                               

                3,333,438   Aug. 1, 1967 62/395                                

     White      3,429,140   Feb. 25, 1969                                      

                                         62/339                                

PAR  The invention herein appears to be distinguishable from the prior art in
      the provision of an unobtrusive on-off mechanism whereby the dispenser is
      inoperable. The unobtrusive on-off device makes the unwanted use of the
      dispenser by children, for example.
PAC  SUMMARY OF THE INVENTION
PAR  Modern day refrigerators are often times provided with storage for water,
      the storage being connected to a public supply and including a valve
      operable as desired. Ordinarily, the drawing of the water from the supply
      can be accomplished only after the refrigerator door is opened, and such
      structure is generally located out of reach of small children, for
      example. According to the invention herein, structure is provided in a
      wall of the refrigerator whereby the cooled water can be discharged into a
      receptacle located in the wall, the receptacle controlling the discharge
      of the liquid. In order to prevent unintended use by small children or the
      like, a shut-off structure is provided which is unobtrusive in appearance,
      and ordinarily not capable of being operated by small children.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a water dispenser disclosed in a wall
      of a refrigerator and having structure incorporated therewith to prevent
      the unintended use thereof;
PAR  FIG. 2 is a front elevational view to a larger scale of the dispenser seen
      in FIG. 1;
PAR  FIG. 3 is a perspective view showing the rear of actuating mechanism shown
      in FIGS. 1 and 2;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 2 looking in the
      direction of the arrows, and showing the dispenser in locked position;
PAR  FIG. 5 is a view similar to FIG. 4 showing a receptacle in position to
      actuate the mechanism and showing the discharge into a receptacle located
      thereat;
PAR  FIG. 6 is a rear view looking in the direction of the arrows 6--6 of FIG.
      5, and showing the mechanism ready for dispensing; and
PAR  FIG. 7 is a side elevational view, certain parts thereof being shown in
      cross section, showing the structure according to the present invention
      ready to be actuated.
DETD
PAR  The improved dispenser according to the present invention is referred to
      generally by the reference numeral 10 and is shown as being mounted on a
      wall W of a domestic refrigerator having structure therein for cooling
      water or other liquid from a source.
PAR  Structure 10 includes a frame F mounted in a opening of the wall W, the
      frame F holding a tray T for spilled water, and having a discharge nozzle
      DN adapted to discharge water into a receptacle R shown in position
      beneath a discharge nozzle DN. Frame F has a back wall 11, and a actuator
      lever 12 is adapted to be supported by the back wall 11, there being a
      pair of spaced pins at the top portions of actuator 12 extending through a
      pair of spaced hemispherical bosses 12A at the upper end thereof. A pin 14
      extends through each boss 12A and through mating seat 14B in frame wall
      12. A C-ring 14A in engagement with each pin 14 holds the actuator 12 in
      position for movement as will be described. The lower end of actuator 12
      is provided with a cross member 15 covered by a pad 16 of resilient
      material adapted to be engaged by the receptacle R.
PAR  The actuator 12 is adapted to engage with a pin 17A slidable within a
      hollow boss 17B extending inward from the rear wall 11, the pin 17A having
      a head 17C thereon engageable with a arm 18 pivotally supported at a
      hanger 19 extending inward from the rear wall 11. The lower end of the arm
      18 has a switch SW secured thereto in any convenient manner.
PAR  A pair of leads L extending from the switch SW are connected to a solenoid
      valve SV controlling a fluid source shown, it being connected through the
      solenoid valve SV to discharge nozzle DN.
PAR  Arm 18 is restrained in its movement by a screw 22 tapped into a boss 23, a
      spring 21 being interposed between screw 22 and the arm 18 to bias the arm
      18 and the switch SW to the left as seen in FIG. 5.
PAR  A switch actuator 24 extends through an opening 24A in the rear wall 11
      from the back face of the cross member 15, there being a spring 27
      interposed between the front of the rear wall 11 and the cross member 15
      to urge actuator 12 in a clockwise direction as seen in FIG. 4. The
      clockwise movement of actuator 12 is restrained by a keeper 24B in the
      form of a C-ring and the free end of the actuator 24 extends within a
      hollow boss 26A extending inward from the rear of the back wall 11, the
      hollow boss 26A being covered by a cap 26 interposed between the end of
      actuating pin 24 and actuator A of switch SW.
PAR  The back face of the actuator 12 has a lock-unlock slide 28, slide 28
      supporting a finger 33. The slide 28 is held in position for movement
      along spaced pins 31, the slide 28 having slots 29 for such movement. Each
      of the pins 31 retains the slide 28 in position by a locking clip 31A, and
      the slide 28 is adapted to move from an unlocked position shown in FIG. 1,
      left end of the slide 28 being concealed behind the actuator 12, and the
      right end of slide end 28 being exposed, the exposure thereof marking the
      locked position of the actuator 12.
PAR  Normally, when the slide 28 is in the unlocked position, finger 33 is out
      of contact with pins 36, and the actuator 26 is in contact with switch
      actuator A of the switch SW to open the solenoid valve SV for discharge of
      liquid in the discharge nozzle DN.
PAR  When the slide 28 is moved to the left to the locked position, member 33 is
      in contact with pin 17A to pivot arm 18 in a counter-clockwise direction
      to prevent contact of actuator 26 with actuator A of switch SW. The
      position of the parts at this time is as seen in FIG. 4 and the position
      in FIG. 4 may be compared with the positions seen in FIG. 7(which is prior
      to placement of the receptacle R in position), and FIG. 5 where the
      receptacle is in position, the switch SW being closed and the valve SV
      being actuated for discharge.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a refrigerator having a connection to a fluid source for cooling
      fluid within said refrigerator and dispensing said cooled fluid through a
      wall of said refrigerator, the combination therewith of a dispenser having
      structure for preventing unintended dispensing of said fluid, said
      structure comprising:
PA1  a. discharge spout for said fluid located with reference to said wall and
      adapted to discharge fluid into portable receptacle held in proximity to
      said discharge means;
PA1  b. means controlled by movement of said receptacle determinative of
      discharge or cessation of said discharge comprising:
PA2  i. a power operated valve connected in said fluid source;
PA2  ii. means for controlling said vlave including a switch connected in a
      circuit with said valve;
PA2  iii. an actuating member supported on said structure and cooperating with
      said portable receptacle to actuate said control means;
PA1  c. means supported on said structure and shiftable selectively between
      shut-off and discharge positions, said shut-off position preventing
      actuation of said actuating member, said discharge position enabling said
      actuating member to be actuated.
NUM  2.
PAR  2. The invention according to claim 1 wherein said actuating means supports
      said shiftable means.
NUM  3.
PAR  3. The invention according to claim 2 wherein said shiftable means includes
      a member mounted on said actuating member.
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ABST
PAL  A beverage dispenser-mixer capable of storing, cooling, mixing and serving
      beverages incorporates a thermally insulated, open-ended refrigerating
      enclosure with inside walls composed of a thermally conductive material
      communicating with a refrigerating means. A beverage container with an
      open top incorporates a thermally insulated front plate that removably
      interfits with the inside walls of the refrigerating enclosure to form a
      mechanically and thermally sealed beverage storage compartment. The
      beverage container includes a fluid agitator that removably engages with
      an agitator motor within the enclosure for mixing or stirring beverages
      within the beverage container. The beverage container further incorporates
      a handle and a spigot with a pinch-type valve for dispensing beverages
      within it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a refrigerated beverage dispenser-mixer capable
      of stirring, mixing, cooling and dispensing beverages.
PAR  At the present time there exist several devices capable of dispensing
      beverages from a container that is cooled by some means. Thus, for
      instance, in U.S. Pat. No. 2,601,319 a device is disclosed wherein a large
      quantity of milk is stored in a container with a dispensing tube and
      valve. The device includes a refrigerated compartment wherein the milk
      container is placed. These devices, however, do not allow the dispensing
      of the liquid by removing the container from the refrigerated compartment
      and pouring from it. They also do not provide means for the agitation of
      the beverage while within the container.
PAR  The present invention, however, provides for easy removability of the
      beverage container while also incorporating a beverage agitator that is
      particularly adapted for reconstituting powdered beverages or frozen
      liquid concentrates with water.
PAR  The present invention includes a version in which the cooling of the
      beverage is performed by a self-contained thermoelectric refrigerating
      device. In this version the present invention may be placed on a counter
      top for easy access without the need of any additional refrigerating
      sources. Although U.S. Pat. No. 3,248,011 discloses a device utilizing a
      thermoelectric cooling device for the dispensing of a liquid, this
      invention neither utilizes a mixing device nor a removable container for
      dispensing of the liquid from without the refrigerating enclosure.
PAR  A second version of the present invention provides for the use of the
      device in conjunction with a standard refrigerator, whereby the device is
      mounted within a portion of the refrigerator door. In such a configuration
      the cooling air of the refrigerator is utilized to cool the beverage
      container. The beverage container is likewise removable from the
      refrigerator door and includes a fluid agitator for the mixing of
      reconstituted beverages.
PAR  The prior art devices for the dispensing of beverages from a standard
      refrigerator do not teach the removability of a beverage container nor the
      utilization of a fluid agitator. In U.S. Pat. No. 2,914,218 an apparatus
      is disclosed for the dispensing of liquids from a refrigerator. This
      invention, however, requires the dispensing to be performed at the
      refrigerator and does not allow the mixing or stirring of the beverage.
PAR  Although U.S. Pat. No. 3,476,295 discloses a beverage dispenser that is
      mounted within a refrigerator door, the beverage container is not easily
      removable from the door nor are agitating means included for mixing or
      stirring reconstituted beverages.
PAR  Therefore the present invention provides a novel apparatus for dispensing,
      mixing, refrigerating and storing household beverages. The invention
      eliminates the need for opening a refrigerator door every time a
      particular beverage is desired, thus eliminating a common waste of
      refrigerating energy while providing a convenient method of obtaining a
      desired beverage. By mixing the beverage within the present invention the
      need for transferring a beverage from a mixing device to a storing
      container is also eliminated. Moreover the present invention eliminates
      the need for a cover on the beverage container since when placed within
      the enclosure of the invention a mechanical seal is formed completely
      enclosing the contained beverage.
PAC  SUMMARY OF THE INVENTION
PAR  The refrigerated beverage dispenser-mixers of the present invention perform
      the storing, refrigerating, mixing and dispensing of beverages by means of
      an open-ended enclosure structure, a fluid container, a fluid dispenser,
      and a cooling mechanism.
PAR  More particularly, in the self-contained, counter top version, devices of
      the present invention include a housing structure and a thermoelectric
      refrigerating device. In this version the outer walls of the refrigerated
      enclosure structure are formed from a thermal insulating material of
      approximately one inch thickness. The inner walls of the enclosure
      structure are formed from a thermally conductive material, wherein a
      portion of this wall is thermally connected to the thermoelectric
      refrigerating device. Heat of the thermally conductive wall is thus
      "pumped" via the thermoelectric refrigerating device to a region of this
      device of relatively high temperature. A fan located within a housing
      surrounding the refrigerated enclosure structure forces air over this high
      temperature portion of the thermoelectric refrigerating device, expelling
      this air through orifices located in the housing structure.
PAR  The beverage container includes a closure plate formed from a transparent
      thermal insulating material which allows the user to observe the beverage
      therein. A handle on the beverage container provides easy manual movement
      of the beverage container. The beverage container is capable of fitting
      within the space formed by the refrigerated enclosure structure, and when
      in this space the closure plate forms a thermal and mechanical seal in
      conjunction with the closure structure so as to completely enclose the
      beverage contained in the beverage container. A limit switch arm extension
      passes through an orifice in the inner and outer refrigerated enclosure
      walls and protrudes into the space created by the refrigerated enclosure
      structure. The outer wall of the beverage container engages the limit
      switch extension arm when the container is within the space formed by the
      enclosure structure. When so engaged the limit switch activates the
      thermoelectric refrigerating device and thus cools the contents of the
      beverage container. When the beverage container is removed from the
      enclosure space the limit switch de-activates the thermoelectric device,
      thereby minimizing heat transfer to the inner thermally conductive walls
      from the outside environment.
PAR  The beverage container does not have or need a lid since the inner walls of
      the enclosure structure provide a mechanical seal for the beverage
      container when the container is within the enclosure structure.
PAR  The beverage container further incorporates a fluid agitator mechanically
      affixed to the bottom wall of the beverage container. The agitator
      provides for the easy mixing of beverages, especially beverages prepared
      from reconstituted powders, such as powdered milk or frozen liquid
      concentrate, such as frozen orange juice.
PAR  The fluid agitator incorporates an upper drive cog. This drive cog is
      mechanically engaged to a lower motor drive cog placed within the lower
      wall portion of the enclosure structure. This lower drive cog connects to
      a motor drive mechanism and a mixer drive actuator arm which mechanically
      raises the lower drive cog so as to engage with the upper drive cog. The
      raising of the mixer drive actuator arm also activates the motor drive
      mechanism so that rotational energy is imparted to the lower drive cog.
PAR  An orifice is provided through a portion of the bottom wall of the
      thermally conductive material and the enclosure structure so as to provide
      a drainage means for any accumulated condensation on the thermally
      conductive wall. A flexible tubing is placed within the orifice and
      terminates in a drip tray within the housing structure. The exhaust air
      passing over the thermoelectric refrigerating device similarly passes over
      the drip tray before exiting from the housing structure and thereby
      evaporates the accumulated condensation.
PAR  Devices of the household refrigerator version of the present invention are
      mounted within a portion of the household refrigerator door. These devices
      utilize the refrigerated air within the refrigerator to cool the inner
      thermally conductive walls of the enclosure structure. The refrigerated
      enclosure structure of this version incorporates an air space or plenum
      between the thermally conductive walls and the thermally insulated outer
      walls of the refrigerated enclosure structure. An orifice is located in
      one section of the outer walls whereby a fan mounted over this orifice
      forces refrigerated air into the plenum generated between the inner and
      outer walls of the enclosure structure. A series of air vent holes located
      at the upper and lower portions of this plenum provide for the escape of
      the refrigerated air back to the refrigerator compartment after passing
      over substantially the entire area of the inner thermally conductive
      walls; thereby providing for the efficient cooling of these walls and of
      the beverage container when placed within these walls.
PAR  A limit switch arm extension passes through an orifice in the inner and
      outer refrigerated enclosure walls and protrudes into the space created by
      the refrigerated enclosure structure. The outer wall of the beverage
      container engages the limit switch extension arm when the container is
      within the space formed by the refrigerated enclosure. When so engaged the
      limit switch activates the fan so as to provide refrigerated air
      throughout the plenum. When the beverage container is removed from the
      refrigerated enclosure space the limit switch de-activates the fan,
      thereby reducing any heat loss from the inner thermally conductive walls
      to the outside environment.
PAR  The remaining structure and operation of the refrigerated version of the
      present invention is identical to the self-contained counter top version.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore it is a principal object of the present invention to provide a
      refrigerated beverage dispenser-mixer that is capable of storing, mixing,
      cooling, and dispensing a desired beverage.
PAR  An additional object of the present invention is to provide a beverage
      container that removably interfits with a refrigerated enclosure to form a
      mechanical seal therewith.
PAR  Another object of the present invention is to provide a thermal seal around
      the beverage container of the present device when the beverage container
      is within the refrigerated enclosure structure of the present invention.
PAR  A further object of the present invention is to provide a beverage
      container with a manual dispensing spigot for dispensing a desired
      beverage from the beverage container, without disturbing the mechanical
      and thermal seals of the invention.
PAR  A further object of the present invention is to provide a beverage
      container with a open top so as to allow pouring a desired beverage to or
      from the beverage container.
PAR  An additional object of the present invention is to provide a beverage
      agitator for mixing, stirring, or reconstituting a desired beverage which
      does not disturb the mechanical and thermal seals formed by the present
      invention.
PAR  A further object of the present invention is to provide a counter top
      version of the present invention incorporating a thermoelectric
      refrigerating device.
PAR  A further object of the present invention is to provide means for
      minimizing the cooling loss of the present invention when the beverage
      container is removed from the refrigerated enclosure structure.
PAR  An additional object of the present invention is to provide a means for
      collecting and evaporating any condensation formed within the refrigerated
      enclosure structure of the present device.
PAR  A further object of the present invention is to provide a refrigerated
      beverage dispenser-mixer that is easily cleaned.
PAR  An additional object of the present invention is to provide a beverage
      container that is immersible in water for easy and efficient cleaning.
PAR  Another object of the present invention is to provide a refrigerated
      beverage dispenser-mixer that is inexpensive to construct and repair.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of the household refrigerator version of the
      present invention showing a child dispensing a beverage from the
      invention.
PAR  FIG. 2 is a perspective view of the counter top version of the present
      invention.
PAR  FIG. 3 is a perspective view of a beverage container of the present
      invention showing a dotted figure of the counter top version of FIG. 2.
PAR  FIG. 4 is a front elevational view of the counter top version of the
      present invention with a section cut away showing the beverage agitator
      mechanism.
PAR  FIG. 5 is a side elevational view of the counter top version of the present
      invention taken along line 5--5 of FIG. 4.
PAR  FIG. 6 is a cross-sectional side elevational view of the beverage container
      taken along line 6--6 of FIG. 3 showing the dispensing spigot tubing in
      the closed position.
PAR  FIG. 7 is an enlarged cross-sectional side view of a portion of the
      beverage container of FIG. 6 showing the dispensing spigot tubing in the
      open position.
PAR  FIG. 8 is a perspective view of the lower drive cog of the beverage
      agitator.
PAR  FIG. 9 is a cross-sectional side elevational view of the household
      refrigerator version of the present invention.
PAR  FIG. 10 is a schematic diagram of the counter top version of the present
      invention.
PAR  FIG. 11 is a schematic diagram of the household refrigerator version of the
      present invention.
PAR  FIG. 12 is a cross-sectional top view of the household refrigerator version
      of the present invention showing two beverage containers.
PAR  The same reference numbers refer to the same elements throughout the
      several views of the drawings.
DETD
PAC  DETAILED DESCRIPTION
PAR  As can best be seen in FIGS. 1 and 2 a refrigerated beverage
      dispenser-mixer 20 of the present invention may be incorporated in a
      household refrigerator 22 or may be placed in a counter top housing 24. As
      best seen in FIG. 3 both the household refrigerator version and the
      counter top version of the present invention use an identical beverage
      dispenser 26 for the storing, mixing and dispensing of a desired beverage.
PAR  As best seen in FIG. 5 the counter top version of the present invention
      utilizes a thermoelectric refrigerating device 28 to provide cooling
      power. The thermoelectric refrigerating device operates on a reverse
      thermocouple effect whereby cooling is obtained at a junction of two
      dissimilar materials when direct current is passed through their junction.
      A group of these junctions 29 provide the heat pumping in thermoelectric
      refrigerating device 28. Such devices are manufactured by Ohio
      Semi-Conductors, Columbus, Ohio and also by Materials Electronic Products
      Corporation of Trenton, N.J.. These devices are advantageous in a counter
      top version of the present invention since no moving parts are present in
      the thermoelectric device and also because a compressor is not needed to
      provide cooling as is necessary in conventional refrigerating devices. It
      should be noted however that absorption type cooling units, such as the
      devices manufactured by Bernzomatic Corporation, Rochester, N.Y., may be
      used instead of the thermoelectric device.
PAR  The warmer portion 30 of the thermoelectric device is cooled by the passage
      of air from fan 32. The air passing over warmer portion 30 proceeds to
      pass over transformers 34 and 36 as well as agitator motor 38 (see FIG.
      4). The cooling air then passes over drip tray 40 and exits from counter
      top housing 24.
PAR  The counter top version of the present invention includes a refrigerating
      enclosure structure 42 with five sides forming a generally box-like space.
      The volume of this space is approximately one-one hundredth the volume of
      a standard refrigerator. The refrigerating enclosure is composed of a
      thermal insulating material, preferably one inch thick foamed
      polyurethane, so as to minimize the transfer of heat from outside the
      device when beverage container 26 is placed within the box-like space.
      Refrigerating enclosure 42 fits within housing 24 and front frame 44 via
      physical contact against these two parts of the invention.
PAR  Refrigerating enclosure structure 42 includes an inner liner 46 constructed
      from a thermally conductive material, preferably 0.063 inch thick type No.
      1100-0 aluminum sheet.
PAR  The cold portion 48 of the thermoelectric refrigerating device 28
      mechanically abuts a portion of inner liner 46 and is fastened thereto via
      thermally conductive plate 49 (preferably aluminum) and machine screws 50,
      52, and 54. Thus the removal of heat from inner liner 46 is conducted
      through cold portion 48 and thereby to warmer portion 30 where it is
      removed from housing 24.
PAR  As best seen in FIG. 6, beverage container 26 is an open-topped container
      with a closure plate 56 integrally mounted to its frontal wall 58. An
      inner chamber 59 is thus formed between the closure plate 56 and the
      frontal wall 58 providing a thermal insulating front portion to the
      beverage container.
PAR  As best seen in FIGS. 2 and 5, when beverage container 26 is placed within
      housing 24, the frontal wall 58 forms a mechanical seal with seal gasket
      61, preferably made of foamed rubber. A substantial lid is formed by the
      top portion of inner liner 46 and the top of beverage container 26. Thus a
      beverage within beverage container 26 radiates, conducts and convects heat
      to inner liner 46 whereby the heat is removed by thermoelectric
      refrigerating device 28. Due to the exceptional thermal insulating
      properties of refrigerating enclosure 42 and closure plate 56 in
      conjunction with closure plate frame 60 and seal gasket 61, the present
      invention needs relatively little cooling power from thermoelectric device
      28 in order to provide the proper cooling to any beverage within the
      beverage container 26.
PAR  As best seen in FIG. 5, when beverage container 26 is removed from
      refrigerating enclosure structure 42, spring actuator arm 62 causes push
      rod 64 to longitudinally protrude into the space formed by the
      refrigerating enclosure. At this point limit switch 66 electrically opens,
      stopping the flow of electrical current into transformers 34 and 36; and
      thus removing electromotive power to thermoelectric refrigerating device
      28 (see FIG. 10). When beverage container 26 is placed within
      refrigerating enclosure 42, push rod 64 causes spring actuator arm 62 to
      close limit switch 66 thereby supplying electromotive power to
      thermoelectric refrigerating device 28. Thus the present invention
      eliminates the escape of cooling power to the outside world when the
      beverage container is not within the refrigerating enclosure and
      additionally allows the inner liner 46 to defrost at such times so as to
      eliminate any ice buildup.
PAR  Any water or other fluid that may exist on inner liner 46 is removed by
      drain tube 68 into drip tray 40. Any liquid deposited in drip tray 40 is
      evaporated by the passage of air over the drip tray due to fan 32 and
      inner plenum 69 formed by counter top housing 24.
PAR  As best seen in FIG. 6 the beverage container 26 utilizes a handle 70 for
      easy manual movement. The beverage container also includes a spigot pipe
      72 that protrudes through frontal wall 58 and closure plate 56 so as to
      allow a substantial portion of a beverage 74 to be able to pass through
      the spigot pipe by means of gravity flow. Gaskets 75 and 76 prevent any
      beverage from entering inner chamber 59. Spigot tubing 77, preferably
      constructed from a silicone elastomer, fits over one end of spigot pipe
      72. The remainder of spigot tubing 77 protrudes substantially downward
      from spigot pipe 72 so as to allow the flow of beverage 74 from beverage
      container 26 to be in a substantially downward direction.
PAR  As best seen in FIGS. 6 and 7 a spigot clamp arm 78 is attached to a brace
      80 that pivotally interconnects with handle 70 via roll pin 73.
      Compression spring 84 normally biases spigot clamp arm 78 away from handle
      70 causing a lower finger 86 of the spigot clamp arm to impinge on spigot
      tubing 77 whereby the spigot tubing is crimped at a point between the
      lower finger 86 and a finger portion of spigot anvil 88. This crimping of
      spigot tubing 77 prevents the escape of beverage 74 from the beverage
      container 26.
PAR  As best seen in FIG. 7, when manual actuating force is applied to handle
      finger 90 and spigot clamp arm finger 92, spigot clamp arm 78 pivots away
      from spigot anvil 88 allowing spigot tubing 77 to open to its relaxed
      position, thus allowing beverage 74 to flow from beverage container 26. It
      is thus apparent that the above method of dispensing a beverage from the
      beverage container is extremely sanitary since no moving parts come in
      contact with the beverage. This method also prevents outside contaminates
      from entering the dispensing means.
PAR  As best seen in FIG. 6, beverage container 26 includes means for mixing,
      stirring or agitating beverages within the container. In particular,
      beverages prepared from a reconstituted powder such as powdered milk and
      powdered breakfast drinks require that the powder be thoroughly dissolved
      in water. Such thorough mixing and stirring is readily obtainable in the
      present invention. More particularly, beverage container 26 includes an
      agitator blade 94 perpendicularly connected to a shaft 96. The shaft
      passes through the bottom wall of the beverage container 26 and terminates
      in upper drive cog 98. The beverage 74 within beverage container 26 is
      prevented from passing through the orifice in the bottom wall of the
      beverage container by seal ring 100 through which shaft 96 passes. The
      shaft also passes through bearing 102 to minimize frictional wear as well
      as vibrations when rotational energy is imparted to the shaft.
PAR  As best seen in FIGS. 4, 6, and 9, the rotational energy that is imparted
      to shaft 96 is generated by agitator motor 38. More particularly, motor 38
      has a shaft 104 whereon a motor shaft gear 106 is formed. The shaft 104
      terminates in motor housing 108. A sliding gear 110 engages with motor
      shaft gear 106 and is mounted on a slide shaft 112. An agitator actuator
      arm 114 pivots at one end on a mounting strip 116 via pin 118. The other
      end of agitator actuator arm 114 protrudes through housing 24. A knob 120
      fits over the exposed end of agitator actuator arm 114 so as to provide
      easy manual movement of the actuator arm. Housing 24 is slotted where
      agitator actuator arm 114 protrudes so as to allow the actuator arm to be
      manually lifted.
PAR  The agitator actuator arm 114 is connected to a switch actuator arm 122.
      When the agitator actuator arm is lifted, switch actuator arm 122 engages
      with limit switch 124 causing motor 38 to be energized.
PAR  Lifting agitator actuator arm 114 also causes a sliding gear actuator 126,
      mounted to agitator actuator arm 114 via machine screw 128, to lift
      sliding gear 110. The sliding gear actuator is preferably made from Teflon
      so as to impart minimal frictional wear to sliding gear 110. Sliding gear
      110 is attached to slide shaft 112 which after passing through housing
      108, terminates with lower drive cog 132. Thus when agitator actuator arm
      114 is lifted, lower drive cog 132 engages with upper drive cog 98 and
      thus imparts rotational energy to agitator blades 94. Lower drive cog fits
      within lower drive cog bearing 133 so as to minimize frictional wear and
      to properly position the drive cog.
PAR  As is best seen in FIG. 8 lower drive cog 132 includes a perforated boss
      134 to provide for the easy removal of the lower drive cog from slide
      shaft 112 when beverage container 126 is not within refrigerating
      enclosure 42. Thus any beverage spillage or other foreign matter which may
      come in contact with the lower drive cog may be easily cleaned after such
      removal.
PAR  The electrical connections in the counter top version of the present
      invention are best seen in FIG. 10. Thus fan motor 32 is energized
      whenever refrigerated beverage dispenser-mixer 20 is plugged in. The
      direct current power supply 136 is utilized to convert the 110 VAC to +3
      VDC at 10.5 amps so as to properly energize thermoelectric refrigerating
      device 28. The direct current power supply 136 is energized whenever limit
      switch 66 is in the closed position; that is, whenever the beverage
      container 26 is within the refrigerating enclosure 42. Likewise, agitator
      motor 38 is energized whenever limit switch 124 is in the closed position;
      that is, whenever agitator actuator arm 114 is lifted.
PAR  An overheat thermostat 138 is mounted on thermoelectric device 28 which
      electrically opens whenever the thermoelectric refrigerating device
      exceeds a predetermined temperature. At such times both the direct current
      power supply 136 and the agitator motor 38 may not be activated regardless
      of the states of limit switches 66 and 124. The fan motor 32 however, is
      not de-energized if overheat thermostat 138 opens since it is preferably
      desired to continue the cooling of the thermoelectric refrigerating device
      whenever an overheat condition exists.
PAR  As best seen in FIG. 1, in the household refrigerator version of the
      present invention an identical beverage container 26 is used as described
      with respect to the counter top version of the present invention.
      Similarly, as seen in FIGS. 4 and 9, the agitator mechanisms used in the
      counter top version are also used in the household refrigerator version of
      the present invention. It is therefore noted that the same reference
      numbers refer to the same elements throughout the several views of the
      drawings.
PAR  As best seen in FIG. 9, the major differences between the household
      refrigerator version and the counter top version of the present invention
      rests in the apparatus used to effectively cool the contents of the
      beverage container. More particularly, the household refrigerated version
      of the present invention incorporates a refrigerating enclosure structure
      140 creating an air plenum 142. The outer portion 144 of refrigerating
      enclosure 140 is made from a thermal insulating material, preferably a
      self-surfacing foamed polyurethane plastic. An inner liner 146 of the
      refrigerating enclosure 140 is composed of a thermally conductive
      material, preferably 0.063 inch thick type No. 1100-0 aluminum. Fan 32
      causes refrigerated air within the household refrigerator to enter the air
      plenum 142 thus cooling inner liner 146. The outer portion of 144 of the
      refrigerating enclosure 140 includes a multiplicity of exit ports 148
      which allow the escape of air within the air plenum 142 after traveling
      over substantially all of the inner liner 146.
PAR  The household refrigerator version of the present invention utilizes an
      identical beverage container sensing means; that is push rod 64, spring
      actuator arm 62 and limit switch 66, so as to de-energize fan 32 whenever
      beverage container 26 is not within refrigerating enclosure 140. Thus only
      a nominal amount of heat loss occurs when the beverage container is not
      within the refrigerating enclosure since the shape of air plenum 142 is
      particularly opposed to air convection when fan 32 is not activated.
PAR  As best seen in FIGS. 1 and 9, the household refrigerator version of the
      present invention is mounted within a portion of a household refrigerator
      door 23 via front frame 150. A closure plate frame 60 and a seal gasket 61
      are identical to the closure plate frame and seal gasket disclosed in the
      counter top version of the present invention. In addition, the front frame
      150 is mounted to the refrigerator door 23 so as to provide pressure
      fitting areas for refrigerating enclosure 140.
PAR  As best seen in FIG. 11 the household refrigerator version of the present
      invention utilizes a relatively simple electrical wiring schematic. More
      particularly, when beverage container 26 is removed from refrigerating
      enclosure 140, limit switch 66 opens thereby de-energizing fan 32.
      Likewise, when agitator actuator arm 114 is manually lifted limit switch
      124 is closed thereby energizing agitator motor 38.
PAR  As best seen in FIG. 12, it is apparent that more than one beverage
      container 26 may be used in either the counter top version or the
      household refrigerator version of the present invention. The only
      additions necessary for use of multiple beverage containers 26 are a
      refrigerating enclosure partition 152, preferably formed from a thermally
      conductive material, which is mechanically and thermally attached to the
      inner liner 146 of the household refrigerator version of the present
      invention. Refrigerating enclosure partition 152 is attached to inner
      liner 146 via means of machine screws 154, 155, 156, 157 and 158. In
      addition, refrigerating enclosure partition 152 fits within a groove of
      front frame partition 160 which vertically spans the space formed by
      refrigerating enclosure structure 140.
PAR  An additional push rod 162 is mechanically connected to push rod 64 via
      metal strip 164. Thus fan 32 is de-energized only when both beverage
      containers are removed from refrigerating enclosure structure 140.
PAR  The remaining structure of the multiple beverage container configuration of
      the present invention is identical to the structures defined in either the
      counter top version or the household version of the present invention.
PAR  It is obvious to one skilled in the art that more than two beverage
      containers may be utilized in the present invention. Additionally, only
      one beverage agitating means is needed for one refrigerating enclosure.
PAR  Thus what has been described is a novel apparatus for storing, mixing,
      refrigerating, and dispensing beverages from either a self-contained
      counter top version of the present invention or from a household
      refrigerator door version of the present invention. It should be noted
      that although the description of the present invention utilizes a
      self-powered and a separate agitator motor 38, the fan 32 could be driven
      by the agitator motor 38, or vice versa.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above apparatus without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings will be
      interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described the invention what is claimed is:
NUM  1.
PAR  1. A refrigerated fluid dispensing and agitating apparatus comprising:
PA1  A. a thermally insulated, open-ended enclosure structure incorporating:
PA2  1. interior sidewalls defining an open-ended space therebetween to the
      outside, and
PA2  2. a thermally conductive liner forming at least a portion of the interior
      sidewalls;
PA1  B. a fluid container interfitting within and removable from the space
      defined by the interior sidewalls of the enclosure structure,
      incorporating:
PA2  1. a thermally insulated front plate forming a thermally and mechanically
      sealed compartment with said enclosure structure, and
PA2  2. a handle portion connected to the front plate for facilitating removal
      of the container from the enclosure structure;
PA1  C. fluid dispensing means cooperating with the fluid container for removal
      of fluid therefrom;
PA1  D. refrigeration means cooperating with the thermally conductive liner for
      cooling the liner; and
PA1  E. a removably engageable fluid agitator incorporating:
PAR  1. a mixing blade rotatably mounted within the fluid container;
PA2  2. first means for supplying rotational energy to the mixing blade; and
PA2  3. second means for removably engaging the first means to the mixing blade;
      and
PA1  F. switching means connected to said refrigeration means, said switching
      means incorporating a fluid container sensor, whereby said refrigeration
      means are de-energized when the fluid container is removed from the
      enclosure structure;
PAL  whereby the contents of the fluid container are refrigerated, dispensed,
      agitated, and stored when the fluid container is within the enclosure
      structure and dispensed when the fluid container is removed from the
      enclosure structure.
NUM  2.
PAR  2. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein the first means for supplying rotational energy to the
      mixing blade of the fluid agitator incorporates:
PA1  a. a shaft mounted at one end to the mixing blade,
PA1  b. a first drive cog mounted to the second end of said shaft,
PA1  c. a second drive cog removably engageable with said first drive cog, and
PA1  d. a rotational energy source engageable with said second drive cog.
NUM  3.
PAR  3. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 2, wherein the second means of the fluid agitator incorporates an
      elongated actuator arm pivotally mounted at one end to the enclosure
      structure, and having its other end protruding from the enclosure
      structure, the second drive cog connected to the arm at one point along
      the arm's longitudinal axis so that movement of the arm about its pivot
      causes proportional movement of the second drive cog to removably engage
      the second drive cog with the first drive cog.
NUM  4.
PAR  4. The refrigerated fluid dispensing and agitating apparatus as defined in
      claim 2, wherein the sidewalls of the fluid container extend below the
      bottom wall of the fluid container and where the shaft of the removably
      engageable fluid agitator protrudes through the bottom wall of the fluid
      container and where the first drive cog mounted to the second end of said
      shaft is located within the region defined by the extension of the fluid
      container sidewalls below the bottom wall of the fluid container.
NUM  5.
PAR  5. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 2, wherein said second drive cog is removably housed in said
      enclosure structure and incorporates means for removal thereof from said
      enclosure structure, to facilitate cleaning of the second drive cog and
      the enclosure structure.
NUM  6.
PAR  6. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein said refrigeration means incorporates:
PA1  1. A housing substantially enclosing said thermally insulated enclosure
      structure having an air plenum adjacent to a portion of said enclosure
      structure with at least one air inlet and at least one air outlet,
PAR  2. a thermoelectric device having a cold region connected to the thermally
      conductive liner of the enclosure structure and a warm region mounted
      within a portion of said air plenum,
PA1  3. a direct current power supply electrically connected to the
      thermoelectric device, and
PA1  4. a fan communicating with the air plenum, thereby forcing air
      therethrough for cooling the warm region of said thermoelectric device.
NUM  7.
PAR  7. A refrigerated fluid dispensig and agitating apparatus as defined in
      claim 6, further incorporating:
PA1  F. a drain structure communicating with the interior sidewalls of the
      enclosure structure and having a drip tray within said air plenum;
PAL  whereby moisture collected in said drip tray is evaporated by the forced
      air flow through the air plenum.
NUM  8.
PAR  8. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein said fluid dispensing means incorporates a valve
      comprising a flexible tubular section juxtaposed between a first finger
      portion and a second pivotal finger portion in non-aligned spacial
      relationship with said first finger portion, having a first distal
      position and a second proximal, overlap, position with respect to said
      first finger portion, whereby the inner sidewalls of said tubular section
      impinge on themselves at one place thereabout when said second finger
      portion is in the overlap position and where the inner sidewalls of said
      tubular section are in the relaxed, open, configuration for the dispensing
      of fluid when said second portion is in the distal position.
NUM  9.
PAR  9. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 8, wherein said fluid dispensing means further incorporates a rigid
      tube passing through the front plate and terminating at a first end within
      the fluid container and at a second end with the flexible tubular section;
      whereby the thermally and mechanically sealed compartment is unaffected.
NUM  10.
PAR  10. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 8, wherein a compression spring normally biases said first and
      second finger portions in the overlap position.
NUM  11.
PAR  11. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein said thermally insulated front plate is formed from a
      transparent material.
NUM  12.
PAR  12. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein the interior sidewalls of the open ended enclosure
      structure incorporate an outwardly extending closure plate frame
      substantially surrounding the open ended region of the enclosure structure
      communicating with the insulated front plate of the fluid container.
NUM  13.
PAR  13. A refrigerated fluid dispensing and agitating apparatus as defined in
      claim 1, wherein said switching means further comprises a limit switch and
      the fluid container sensor of the switching means incorporates a push rod
      protruding within the interior sidewalls of the open ended enclosure
      structure, said push rod communicating at its other end with the limit
      switch to de-energize the refrigeration means when the fluid container is
      removed from the enclosure structure.
NUM  14.
PAR  14. A refrigerated dispensing and agitating apparatus as defined in claim
      1, further comprising:
PA1  F. at least one additional fluid container interfitting within and
      removable from a portion of the space defined by the interior sidewalls of
      the enclosure structure, incorporating:
PA2  1. a thermally insulated front plate forming a thermally and mechanically
      sealed compartment with said enclosure structure and the remaining fluid
      containers, and
PA2  2. a handle portion connected to the front plate for facilitating removal
      of the container from the enclosure structure;
PAL  whereby the removably engageable fluid agitator may alternately communicate
      with each of the fluid containers.
NUM  15.
PAR  15. A beverage dispensing and agitating apparatus for use with a household
      refrigerator having a cut-out region in the outer door comprising:
PA1  A. a thermally insulated open-ended enclosure structure, mounted about said
      cut-out region, incorporating:
PA2  1. interior sidewalls defining an open-ended space therebetween to the
      outside,
PA2  2. a thermally conductive liner forming at least a portion of the interior
      sidewall,
PAR  3. thermally insulated outer walls spaced from and surrounding said
      interior sidewalls, said outer walls defining an air plenum therewith, and
      comprising a refrigerated air inlet and at least one refrigerated air
      outlet;
PA1  B. a fluid container interfitting with and removable from the space defined
      by the interior sidewalls of the enclosure structure, incorporating
PA2  1. a thermally insulated front plate forming a thermally and mechanically
      sealed compartment with said enclosure structure,
PA2  2. a handle portion connected to the front plate for facilitating removal
      of the container from the enclosure structure;
PA1  C. fluid dispensing means cooperating with the fluid container;
PA1  D. a removably engageable fluid agitator communicating with said fluid
      container incorporating:
PAR  1. a mixing blade rotatably mounted within the fluid container,
PA2  2. first means for supplying rotational energy to the mixing blade, and
PA2  3. second means for removably engaging the first means to the mixing blade;
PA1  E. a fan communicating with said refrigerated air inlet for forcing
      refrigerated air into said air plenum and out from said refrigerated air
      outlets; and
PA1  F. switching means communicating with said fan and incorporating a fluid
      container sensor for causing the switching means to de-energize the fan
      when the fluid container is removed from the enclosure structure;
PAL  whereby the contents of the fluid container are refrigerated, dispensed,
      agitated, stored, and mechanically and thermally sealed when the fluid
      container is within the enclosure structure and dispensed and stored when
      the fluid container is removed from the enclosure structure, while
      preventing the loss of refrigerating energy from the refrigerator through
      the interior sidewalls of the enclosure structure when the fluid container
      is removed therefrom.
NUM  16.
PAR  16. A beverage dispensing and agitating apparatus for use with a household
      refrigerator as defined in claim 15, wherein the first means for supplying
      rotational energy to the mixing blade of the fluid agitator incorporates:
PA1  a. a shaft mounted at one end to the mixing blade,
PA1  b. a first drive cog mounted to the second end of said shaft,
PA1  c. a second drive cog removably engageable with said first drive cog, and
PA1  d. a rotational energy source engageable with said second drive cog.
NUM  17.
PAR  17. A beverage dispensing and agitating apparatus as defined in claim 16,
      wherein the second means of the fluid agitator incorporates an elongated
      actuator arm pivotally mounted at one end to the enclosure structure, and
      having its other end protruding from the enclosure structure, the second
      drive cog connected to the arm at one point along the arm's longitudinal
      axis so that movement of the arm about its pivot causes proportional
      movement of the second drive cog to removably engage the second drive cog
      with the first drive cog.
NUM  18.
PAR  18. A beverage dispensing and agitating apparatus for use with a household
      refrigerator as defined in claim 16, wherein the sidewalls of the fluid
      container extend below the bottom wall of the fluid container and where
      the shaft of the removably engageable fluid agitator protrudes through the
      bottom wall of the fluid container and where the first drive cog mounted
      to the second end of said shaft is located within the region defined by
      the extension of the fluid container sidewalls below the bottom wall of
      the fluid container.
NUM  19.
PAR  19. A beverage dispensing and agitating apparatus as defined in claim 15,
      wherein said fluid dispensing means incorporates a valve comprising a
      flexible tubular section juxtaposed between a first finger portion and a
      second pivotal finger portion in non-aligned spacial relationship with
      said first finger portion, having a first distal position and a second
      proximal, overlap, position with respect to said first finger portion,
      whereby the inner sidewalls of said tubular section impinge on themselves
      at one place thereabout when said second finger portion is in the overlap
      position and where the inner sidewalls of said tubular section are in the
      relaxed, open, configuration for the dispensing of fluid when said second
      portion is in the distal position.
NUM  20.
PAR  20. A beverage dispensing and agitating apparatus as defined in claim 19,
      wherein a compression spring normally biases said first and second finger
      portions in the overlap position.
NUM  21.
PAR  21. A fluid dispensing and agitating apparatus as defined in claim 15,
      wherein said switching means further comprises a limit switch and the
      fluid container sensor of the switching means incorporates a push rod
      protruding within the interior sidewalls of the open-ended enclosure
      structure, said push rod communicating at its other end with the limit
      switch to de-energize the fan when the fluid container is removed from the
      enclosure structure.
NUM  22.
PAR  22. A refrigerated fluid dispensing and agitating apparatus comprising:
PA1  A. a thermally insulated open ended enclosure structure incorporating:
PA2  1. interior sidewalls defining a space therebetween to the outside, and
PA2  2. a thermally conductive liner forming at least a portion of the interior
      sidewalls;
PA1  B. a fluid container interfitting within and removable from the space
      defined by the interior sidewalls of the enclosure structure,
      incorporating:
PA2  1. a thermally insulated front plate, said plate forming a thermally and
      mechanically sealed compartment with said enclosure structure, and
PAR  2. a handle portion connected to the front plate for facilitating removal
      of the container from the enclosure structure;
PA1  C. fluid dispensing means cooperating with the fluid container for removal
      of fluid therefrom;
PA1  D. refrigeration means cooperating with the thermally conductive liner for
      cooling the liner;
PA1  E. a removably engageable fluid agitator incorporating:
PA2  1. a shaft protruding through a wall of said fluid container,
PA2  2. a mixing blade mounted to a first end of said shaft,
PA2  3. a first drive cog mounted to the second end of said shaft,
PA2  4. a second drive cog removably engageable with said first drive cog,
PA2  5. means for engaging said second drive cog with said first drive cog, and
PA2  6. a rotational energy source engageable with said second drive cog;
PA1  F. switching means connected to said refrigeration means, said switching
      means incorporating a fluid container sensor, whereby said refrigeration
      means are de-energized when the fluid container is removed from the
      enclosure structure; and
PA1  G. a drain structure communicating with the interior sidewalls of the
      enclosure structure and having a drip tray for collection of moisture from
      the thermally conductive liner of the enclosure structure; whereby the
PAL  contents of the fluid container are refrigerated, dispensed, agitated, and
      stored when the fluid container is within the enclosure structure and
      dispensed when the fluid container is removed from the enclosure structure
      while minimizing refrigeration loss when the fluid container is removed
      from the enclosure structure.
NUM  23.
PAR  23. A refrigerated beverage dispensing and agitating apparatus comprising:
PA1  A. a thermally insulated, open-ended enclosure structure incorporating:
PA2  1. interior sidewalls defining a space therebetween to the outside,
PA2  2. a thermally conductive liner forming at least a portion of the interior
      frame substantially surrounding the open-ended region of the enclosure
      structure;
PA1  B. a fluid container interfitting within and removable from the space
      defined by the interior sidewalls of the enclosure structure,
      incorporating
PA2  1. a thermally insulated front plate, said plate forming a thermally and
      mechanically sealed compartment with the closure plate frame of said
      enclosure structure, and
PA2  2. a handle portion connected to the front plate for facilitating removal
      of the container from the enclosure structure;
PA1  C. fluid dispensing means cooperating with the fluid container;
PA1  D. refrigeration means incorporating:
PA2  1. a housing substantially enclosing said thermally insulated enclosure
      structure having an air plenum adjacent to a portion of said enclosure
      structure with at least one air inlet and at least one air outlet,
PAR  2. a thermoelectric device having a cold region connected to the thermally
      conductive liner of the enclosed structure and a warm region mounted
      within a portion of said air plenum,
PA2  3. a direct current power supply electrically connected to the
      thermoelectric device, and
PA2  4. a fan communicating with the air plenum thereby forcing air therethrough
      for cooling the warm region of said thermoelectric device;
PA1  E. switching means connected to the thermoelectric device, said switching
      means incorporating a fluid container sensor communicating with the space
      defined by the interior sidewalls of the enclosure structure whereby said
      thermoelectric device is de-energized when the fluid container is removed
      from said space;
PA1  F. a removably engageable beverage agitator incorporating:
PA2  1. a shaft protruding through the bottom wall of said beverage container,
PA2  2. a mixing blade mounted in a substantially perpendicular configuration to
      a first end of said shaft,
PA2  3. a first drive cog mounted to the second end of said shaft,
PA2  4. a second drive cog removably engageable with said first drive cog and
      passing through the bottom interior sidewall of the enclosure structure,
PAR  5. means for engaging said second drive cog with said first drive cog, and
PA2  6. a rotational energy source engageable with said second drive cog; and
PA1  G. a drain structure communicating with the interior sidewalls of the
      enclosure structure and having a drip tray within said air plenum, for
      collection of moisture from said sidewalls and for evaporation of the
      collected moisture by the forced air flow through the air plenum;
PAL  whereby the contents of the beverage container are refrigerated, dispensed,
      agitated, and stored when the beverage container is within the space
      defined by the interior sidewalls of the enclosure structure and where the
      contents of the beverage container are dispensed when the beverage
      container is removed from said space and where refrigeration loss is
      minimized when said beverage container is removed from said space and
      where moisture formed on said thermally conductive liner is collected and
      evaporated away from the interior sidewalls of the enclosure structure.
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ABST
PAL  An improved mixing, blending and dispensing apparatus for milk shake
      machines in fast food restaurants which dispense a plurality and a variety
      of selected flavored milk shakes simultaneously. An unflavored comestible,
      such as a milk shake mix, or the like, is injected under pressure into a
      premix chamber together with a selected flavor syrup. As the comestible
      substance and the flavor syrup flow toward a mixing chamber, they tend to
      blend together. In the mixing chamber the comestible and the flavor syrup
      are throughly mixed by an agitator-mixer rotatably mounted within the
      cylindrical mixing chamber and forced downward through a dispensing nozzle
      into a serving container. The injection of both of the comestible
      substance and flavor syrup under pressure into a premixing chamber, the
      subsequent flow of this combination mixture into the mixing chamber, the
      action of a rapidly moving flexible shaft mixer, and its forced exit
      through a dispensing nozzle combine to produce a throughly mixed milk
      shake of consistent flavor and color, while leaving the mixing chamber
      relatively clean and free of food products, avoiding carry-over between
      flavors and permitting rapid service.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention resides in the field of food dispensing machinery and more
      particularly relates to a multiple mixing and dispensing head for
      multi-flavored high speed milk shake machines wherein an unflavored
      comestible base is mixed with one of a plurality of flavor syrups and
      rapidly dispensed at the point of sale.
PAR  2. Description of the Prior Art
PAR  Milk shake machines are readily available on the commercial market and well
      known in the prior patent art. However, recent changes in the food service
      industry have made the older-style machines inefficient and consequently
      uneconomical. The rapid proliferation of fast food restaurants has created
      a need for extremely rapid dispensing of food products. It has also caused
      an intensely competitive market in which speed of service, quality of
      product both in taste and appearance, economy of pricing and variety of
      menu items become revelant factors in the financial feasibility of a
      restaurant. Additionally, new and stricter restaurant sanitation codes and
      improved enforcement of these sanitation codes have created a need for
      improved and simplified food dispensing machinery. The improved mixing and
      dispensing head for milk shake machines disclosed in this application is
      specifically directed to overcoming limitations of the prior art devices
      in satisfying the changed market conditions just mentioned.
PAR  Among the variety of devices designed for the same purpose as the present
      invention two are fully described and known in the prior art. One such
      dispensing head is disclosed in the U.S. Pat. No. 3,276,633, Rahauser, in
      which a basic multi-flavored unit using an individual mixing chamber and
      beater for each separate flavor is described.
PAR  A refinement of this approach including a specifically adapted beater blade
      and scraper is revealed in U.S. Pat. No. 3,830,407 issued to Edward
      Wierlo.
PAR  To applicant's knowledge, none of the dispensing heads described in these
      patents or in other prior art literature utilize a premix chamber wherein
      the neutral comestible and flavoring are both injected under pressure and
      partially pre-mixed by a turburlence prior to a final mixing by a flexible
      shaft beater. As will be described below, such pre-mixing results in a
      highly homogonized mixture, eliminating streaking of colors and flavors or
      patches of unmixed flavor and comestible which detract from the appearance
      and taste of the dispensed product as received and eaten by the consumer.
PAR  These prior patents adequately describe the functions of milk shake
      machines and dispensing heads. The multiple mixing and dispensing head of
      the present invention represents an improvement over these and other prior
      art devices in several ways. First, the multiple head apparatus of the
      present invention does not require a separate mixing beater and dispensing
      nozzle for each flavor. In the embodiment illustrated there are three
      mixing beaters and dispensing nozzles, each of which can mix and dispense
      two flavors. In practice, one mixing beater and dispensing nozzle is
      equipped with only one flavor injector so that unflavored comestible may
      be dispensed for the preparation of non-standard flavored milk shakes.
      This five flavor capability plus the custom flavor option from a single
      milk shake machine represents a significant improvement in menu variety
      for fast food restaurant in a competitive market. The applicant knows of
      no other commercially available milk shake machine with this capability.
PAR  Additionally, the design and construction of the multiple mixing and
      dispensing head as disclosed herein provides the fastest mixing and
      dispensing apparatus commercially available. Its speed eliminates the need
      to pre-package milk shakes for later sale at peak hours, thus improving
      the quality and appearance of the sold product. The multiple head of the
      present invention permits the mixing and dispensing of two or more milk
      shakes of different flavors simultaneously. Furthermore, all the mixing
      and dispensing nozzles are served from a single reservoir or unflavored
      comestible.
PAR  Furthermore, the design and construction of the multiple mixing and
      dispensing head as disclosed herein is greatly simplified, uses a minimum
      of parts and is easily disassembled and reassembled for cleaning and
      sanitary purposes by usual restaurant personnel with no special training.
PAR  The multiple mixing and dispensing head for milk shake machines is designed
      to be used on a variety of machines whose individual components may be
      described in one or more of the following U.S. Pat. Nos. 3,052,381;
      3,018,614; 3,742,724; 3,267,688; 3,188,826; each of which is owned by the
      assignee of the present application or a related party.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to an improved multiple mixing, blending and
      dispensing head for milk shake machines for mixing and dispensing a
      variety of flavored milk shakes from one reservoir of unflavored
      comestible, each head of which incorporates a premix chamber, wherein an
      unflavored, neutral comestible is injected under pressure, is mixed under
      turburlence with a selected flavoring syrup which is also injected therein
      under pressure, a mixing chamber in which a flexible shaft beater
      throughly mixes the now partially mixed comestible with the flavoring
      syrup, and a novel triple port dispensing nozzle which directs the mixed
      flavored milk shake into a container for serving.
PAR  The multiple mixing and dispensing head disclosed herein further
      incorporates a variety of features and a simplified construction which
      render it efficient to use, extremely rapid in mixing and dispensing, easy
      to dismantle and clean, and durable over long periods of operation. For
      example, a plurality of mixing and dispensing mechanisms are grouped in a
      single housing to serve a variety of flavors from a single reservoir of
      unflavored comestible milk shake mix. In the preferred embodiment, three
      mixing and dispensing heads are each able to dispense either of two
      flavors, thus permitting the rapid dispensing of six flavors of milk shake
      from a single machine. At least two different mixing and dispensing
      nozzles may be used simultaneously, each dispensing a different flavor of
      milk shake. The construction of the mixing and dispensing assembly allows
      the use of rubberized O-rings throughout the head assembly to prevent
      carry-over of unflavored or flavored product in the premix and mixing
      chambers and in the nozzle.
PAR  Plastic construction, of substances approved for utilization in food
      dispensing machinery, may be used in construction of components of the
      multiple head apparatus where feasible, thus allowing quick dismantling
      for easy cleaning and reassembly.
PAR  A removable nozzle comprised of a plurality of straightening channels to
      direct the mixed and flavored product emerging from the head in a vertical
      direction to prevent splattering is designed to fit below the beater
      chamber.
PAR  A manually operated control lever is used to admit comestible and flavoring
      to the mixing stream as well as to operate the beater motor and control
      other auxilary functions associated with the assembly.
PAR  These and other features will be more fully explained in the following
      description of the preferred embodiment with reference to the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view illustrating the multiple mixing and
      dispensing head apparatus of the present invention in place on a milk
      shake machine.
PAR  FIG. 2 is a rear view of the head of FIG. 1 showing access ports to syrup
      lines and comestible reservoir.
PAR  FIG. 3 is a cross-sectional diagram of the preferred embodiment of a mixing
      and dispensing head of FIG. 1;
PAR  FIG. 4 is a cross-sectional diagram through section 4--4 of FIG. 2.
PAR  FIG. 5 is a break out perspective view of all the components in the
      multiple head apparatus illustrated in the cross-sectional view of FIG. 3.
PAR  FIG. 6 is a front perspective view of the flavor-metering valve.
PAR  FIG. 7 is a diagrammatic view of the syrup injection assembly, including
      the multiflavor manifold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a front perspective view of the
      multiple mixing and dispensing head apparatus of the present invention as
      mounted on a milk shake machine.
PAR  Multiple mixing and dispensing housing 10 is mounted on front panel 12 of
      the by four bolts 13 which may be easily removed for disassembly and
      cleaning of housing 10 and the parts contained therein. Unflavored
      comestible (milk shake mix) is contained under pressure in a cylindrical
      reservoir not shown behind housing 10 and in communication therewith. FIG.
      2, which shows a rear view of housing 10, illustrates the various ports
      and channels through which such communication is achieved, as will be
      described hereinafter.
PAR  FIG. 3, is a cross-sectional view of one mixing and dispensing unit 15
      illustrated in the multiple head of FIG. 1. FIG. 4 is a cross-sectional
      view through section 4--4 of FIG. 2. FIG. 5 is a break-out perspective
      view showing the individual components of multiple mixing and dispensing
      head 10 which are illustrated in cross-section in FIG. 3. Referring now to
      FIG. 3 and FIG. 5, the unflavored comestible enters housing 10 under
      pressure from chamber 14 and is introduced into the mixing stream of one
      mixing and dispensing apparatus 15 through entrance port 16. O-ring 18,
      (FIG. 2 also) seals housing 10 against support plate 12 to prevent leakage
      of the comestible outside the assembly.
PAR  Piston 20 is slidably mounted within bore 22 in housing 10 and is disposed
      to move vertically upon manual activation of handle 24 (illustrated in
      FIG. 1 also) and extension cam 26 within slot 27 in the piston 20.
PAR  A premix chamber 28 is formed within the bore 22 by a middle portion 30 of
      the piston 20 having a lesser diameter than the contiguous portions 32 and
      34 respectively. Flavoring syrup is introduced into chamber 28 under
      pressure through entrance port 36, and is supplied under air pressure from
      a compressor (not shown) through tube 38 from a source behind support
      plate 12. O-ring 39 prevents leakage from the rear of housing 10. O-rings
      40 and 42 seal premix chamber 28 to prevent leakage of the flavoring and
      comestible outside the head assembly. O-rings 42 and 44 similarly prevent
      leakage of the partially flavored comestible outside bore 22 and serve to
      clean the bore 22 as piston 20 moves downward within bore 22.
PAR  A mixing and blending chamber 46 is formed in the lower portion of housing
      10. Blending and mixing means such as blades 48 are positioned within
      chamber 46 and fixably attached to flexible vertical shaft 50. Shaft 50
      extends vertically upward through piston 20 and is communication with and
      rotated by power source 52, the housing 53 of which is attached to front
      panel 12 by bracket assembly 54. Lower shaft portion 56, which is of a
      flexible substance, is free to rotate within sleeve bearing assembly 58,
      around which piston 20 is arranged to slide. Gasket 60 seals the bearing
      58 against the intrusion of comestible and flavoring as the combination of
      the two exists from the premix chamber 28 via connecting bores 62.
PAR  Disposed below mixing and blending chamber 46 is a dispensing nozzle 64
      force fitted into housing 10 and secured against leakage by O-ring seal
      66. A plurality of channels 68 extend downward through nozzle 64 to
      produce a vertically-oriented exit stream which minimizes splashing and
      spattering as the flavored milk shake exits from nozzle 64 under pressure.
PAR  In operation, when handle 24 is pulled downward and outward by the
      operator, cam 26 raises piston 20 which, in turn, causes lever 70 to slide
      upwards by surface 72 and activate switch 74 which controls relay 75,
      power source 52 and solenoid 76, which controls flavor valve 80, (FIG. 7).
PAR  FIG. 6 is a front perspective view of the flavor syrup control valve 80,
      which controls the quantity of flavoring syrup injected through
      distribution manifold 78. Valve 80 consists of a block 82 having a
      cylindrical opening 84 therein through which syrup tube 86 passes. Also
      within opening 84 is a grooved plunger 88 which is placed against tube 86.
      A screw 90 having a threaded shank 91 is received into the threaded hole
      92 within block 82. Tightening or loosening screw 90 moves the end of
      shank 91 toward or away from plunger 88, causing the effective interior
      diameter of tube 86 to be increased or decreased, thus controlling the
      quantity of syrup moving through tube 86 to premix chamber 28. One such
      valve 80 is required for each flavor syrup used in the multiple mixing and
      dispensing head disclosed herein.
PAR  FIG. 7 is a diagrammatic view of the syrup injection assembly including the
      multi-flavored manifold 78, illustrating the utilization of two flavor
      conduits to supply flavor syrup of two different flavors to a single
      premix chamber 28. As in all other figures, like reference numerals refer
      to like parts of the other figures. When two flavors are dispensed to a
      single premix chamber 28, it is preferable that the two flavors be
      related, such as chocolate and mocha, or strawberry and cherry, to
      minimize the effect of flavor carry-over in tubing not cleaned by the
      various O-rings described supra.
PAR  In operation a mixing and dispensing head 15 is supplied with an unflavored
      comestible injected under pressure through entrance port or conduit 16 and
      a portion of flavoring syrup is injected under pressure through entrance
      port 36. When an operator pulls handle 24 downward and outward, cam 26
      raises piston 20 within bore 22 to bring the premix chamber 28 coincident
      with port 16 and thereby releases a portion of comestible which is
      retained under pressure in the supply reservoir into said premix chamber
      28. Piston 20 acts upon lever 70 to engage switch 74 which opens relay 75,
      solenoid 76, and valve 80, causing the release of a portion of flavor
      syrup from a syrup reservoir 78 where syrup is also retained under air
      pressure. If more than one syrup can be dispensed into the selected mixing
      and dispensing apparatus controlled by handle 24, the selection of a
      particular syrup is achieved by an operator control (not shown) on the
      front panel 12 of the milk shake machine.
PAR  The pressurized injection of unflavored comestible and flavoring syrup into
      premix chamber 28 results in a partial mixing of milk shake mix with
      flavor prior to the entry of both substances into the mixing chamber 46.
      This partial mixture is forced downward through channels 62 which are
      clear and to exit into mixing chamber 46, because piston 20 is in a raised
      position. Since the mixture has been partially blended, and power source
      52 is similarly activated by switch 74 to rotate shaft 50 to which blades
      48 are connected, the time required for beater blades 48 to mix and blend
      completely the comestible and the flavor is minimal. The upstream pressure
      forces the resulting flavored milk shake downward through channels 68 and
      nozzles 64 into a suitable serving container below nozzle 64. The
      resultant milk shake has a uniform flavor and appearance because of the
      thorough mixing described supra.
PAR  As described supra head 16 is one of three heads mounted within housing 10
      and served by a single reservoir source of unflavored comestible. While
      theoretically each of the three heads may be operated independently of the
      others and simultaneously with the others, in practice the middle head is
      usually restricted to one flavor and limitations of space combined with
      the size of normal operators in a restaurant limit the utilization of a
      single machine to two dispensing nozzles simultaneously.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multiple head mixing, blending and dispensing apparatus for mixing and
      dispensing a variety of flavored comestibles such as milk shakes from a
      single machine having a reservoir of unflavored comestible and reservoirs
      of flavoring syrups, comprising:
PA1  a housing mounted on the front panel of a milk shake machine in
      communication with its reservoir of unflavored comestible and its
      reservoirs of flavoring syrups;
PA1  a plurality of mixing, blending and dispensing heads mounted within said
      housing, each of which is in communication with said reservoir of
      unflavored comestible and each of which is in communication with at least
      one reservoir of flavoring syrup; and each of which may be operated
      simultaneously with the others;
PA1  selection means to select the desired flavoring syrup to be mixed, blended
      and dispensed from each head;
PA1  a premix compartment within said housing communicating with said comestible
      and flavor reservoirs;
PA1  a comestible inlet port for admitting said unflavored comestible under
      pressure into said premix compartment;
PA1  at least one flavoring inlet port downstream from said comestible inlet
      port for admitting a flavoring under pressure into said comestible flow
      entering said premix compartment;
PA1  a blending compartment within said housing downstream from and
      communicating with said premix compartment;
PA1  a plurality of channels interconnecting said premix chamber to said
      blending compartment;
PA1  said premix compartment, in combination with said comestible and flavor
      pressurized flows and said channels, being disposed to produce a turbulent
      mixing of said flavoring and said comestible;
PA1  blender means rotably mounted within said blending compartment;
PA1  blender power means rotating said blender;
PA1  a dispensing nozzle attached to said housing downstream from and
      communicating with said blending compartment; and
PA1  manually operable control means for actuating said blender power means, for
      controlling the flow of said comestible, and for controlling the flow of
      said flavoring within said head;
PA1  a dispensing nozzle attached to said housing downstream from and
      communicating with said blending compartment; and
PA1  manually operable control means for controlling the flow of said
      comestible, and for controlling the flow of said flavoring within said
      head and for activating said blender power means.
NUM  2.
PAR  2. The apparatus of claim 1 including a plurality of flavoring inlet ports
      for admitting a flavoring under pressure into said premix compartment and
      wherein said manually operable control means is arranged to selectively
      control the flow of said flavorings through said flavoring inlet ports.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said dispensing nozzle is comprised of
      a plurality of straightening channels.
NUM  4.
PAR  4. The multiple mixing, blending and dispensing head of claim 1 wherein
      each of said heads comprises:
PA1  a bore within said housing, said housing further having a comestible inlet
      port communicating with said bore for admitting an unflavored comestible
      under pressure into said bore, said housing further having at least one
      flavoring input port of admitting a flavoring under pressure into said
      bore;
PA1  a piston slidably mounted in said bore, said piston having an upper, a
      middle and lower portion, said upper and lower portions fitting snuggly
      within said bore, said middle portion of a lesser diameter than said upper
      and lower portions, said middle portion defining a premix compartment
      within said bore;
PA1  lever means to slide said piston within said bore to bring said middle
      portion coincident with said comestible inlet port and said flavoring
      inlet port;
PA1  a blending compartment within said housing, said blending compartment
      positioned downstream from and communicating with said piston middle
      portion;
PA1  a plurality of channels interconnecting said premix compartment with said
      blending compartment;
PA1  a blender blade rotably mounted within said blending compartment;
PA1  a power shaft attached to said blender blade extending axially through said
      piston;
PA1  blender power means for rotating said power shaft and said blender blade;
PA1  at least one dispensing nozzle comprised of straightening channels attached
      to said housing said nozzle positioned downstream from and communicating
      with said blending compartment; and
PA1  switch means for activating said blender power means, for controlling the
      flow of said comestible and for controlling the flow of said flavoring
      within said head.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said switch means are activated by said
      sliding piston.
NUM  6.
PAR  6. The apparatus of claim 4 further including seal means attached to said
      piston for preventing said comestible and said flavoring from escaping
      from the extremities of said bore.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said seal means comprises O-rings.
NUM  8.
PAR  8. The apparatus of claim 4 wherein said housing and said piston are
      comprised of a plastic material.
NUM  9.
PAR  9. The apparatus of claim 4 wherein a portion of said power shaft is
      compressible.
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ABST
PAL  A combined closure and pouring spout assembly is disclosed. The assembly
      consists of an outer closure member adapted to be received within an
      opening provided in a container and the outer closure has an outwardly
      opening recess to receive a closure plug. An inner transverse wall is
      provided in the outer closure and defines a bottom for the recess and a
      circular aperture is provided in the inner transverse wall and an elongate
      tube in the form of a pouring spout having inner and outer ends is carried
      in the circular aperture. The spout has throughout a major portion of its
      length an outer diameter less than the diameter of the aperture whereby
      the spout may be moved, when the closure plug is removed, to an extended
      pouring position and to a retracted non-pouring position. The spout is
      held captive within the aperture by an annular flange provided on the
      outer end of the spout and by an enlargement provided on the inner end of
      the spout with the annular flange and enlargement having outer diameters
      greater than the diameters of the circular aperture. The assembly is
      provided with a venting arrangement provided in association with the spout
      to provide air ingress into the container during pouring. The spout fits
      loosely within the circular aperture with the closure plug in sealing
      position within the outer closure thus providing communication between the
      interior of the spout and the interior of the container.
BSUM
PAR  The present invention relates to a conbined closure and pouring spout, and
      particularly to a combined closure for a liquid container or receptacle
      and an extensible and retractable pouring spout. The spout assembly
      incorporates an air inlet feature or air venting means to permit entry of
      air into the container during dispensing or pouring of liquid to avoid
      intermittent gushing or surging of the liquid from the container.
PAR  The surging or gushing phenomenon which occurs when one attempts to pour
      liquid from a container without any provision to equalize air pressures
      within and exteriorly of the container is well known. This phenomenon may
      be overcome by providing the container with a separate air inlet opening
      positioned some distance away from the pouting opening but such containers
      have the disadvantage that separate closure members are required to seal
      the two openings in air- and liquid-tight manner.
PAR  The present invention provides a novel construction wherein a combined
      closure member and extensible and retractable pouring pout includes a
      venting arrangement incorporated therewith, for providing smooth uniform
      liquid flow from the container and wherein only one opening in the
      container is necessary.
PAR  In known constructions of combined closures and pouring spouts where a
      retractable spout is at least partially immersed in liquid in the
      container it is a phenomenon when the container is substantially full that
      upon opening of the closure of the container (even when the container is
      upright) that sudden discharge of liquid through the spout occurs. This
      phenomenon is the result of air pressure differential between the air in
      the sealed container above the liquid and the air in the spout between the
      outer closure of the spout and the liquid in the spout, which occurs upon
      a warming of the container with resultant liquid and air expansion such as
      when the container is left in the sun or is moved to a warmer location.
      The suddent discharge of liquid through the spout upon opening of the
      assocuate closure (even when the container is upright and the spout
      substantially vertical) becomes more pronounced the higher the volatility
      of the liquid and while such spout discharge is an insignificant factor
      when the liquid is water, the spout discharge effect is critical and must
      be avoided when the liquid involved is gasoline or naptha or the like. The
      present invention completely avoids the spout discharge phenomenon by
      means providing equalization of air pressures between air in the spout and
      air in the container exterior of the spout with these means also providing
      pressure equalization of the air within the container with exterior
      atmospheric pressure immediately upon commencement of removal of the
      closure.
PAR  In general construction, the combined closure and pouring spout assembly
      consists of an outer closure member to be received by an opening provided
      in a receptacle or container. It is usual that the outer closure member
      will be provided with exterior threads to be threadably received within a
      threaded aperture provided in the container, although other various means
      of attachment such as by lug and cam securing arrangements may be used.
PAR  The outer closure is provided with a central outwardly opening generally
      cylindrical recess provided with interior threading to snugly receive a
      closure plug in threaded engagement therewith. The outer closure also has
      a rear radially of transversely extending wall having an aperture provided
      therein and additionally may have a rearwardly or inwardly projecting
      hollow collar or sleeve member extending inwardly from the aperture
      towards the receptacle interior. A length of hollow tube in the form of a
      pouring spout is carried in the aperture with the outer diameter of the
      spout throughout a major portion of its length being of a size to enable
      longitudinal movement of the spout through the aperture; the inner and
      outer ends of the spout being provided with annular beads or annular
      collars having outer diameters greater than the diameter of the aperture
      to maintain the spout captive within the aperture. In a closed non-pouring
      position, the spout is positioned inwardly (retracted) with respect to the
      aperture and the plug is threadedly positioned within the outer closure
      whereby the spout is held between the plug and the rear wall of the outer
      closure.
PAR  The diameter of the spout adjacent the innermost end may have a diameter
      which increases uniformly (in frusto-conical fashion) towares the
      innermost end whereby the spout is snugly received within the collar
      carried on the outer closure when the spout is in its pouring position. A
      venting arrangement is provided in association with the spout to permit
      ingress of air into the container during pouring of liquid therefrom. In
      one embodiment the venting arrangement is in the form of a venting
      aperture provided in the wall of the spout a distance from the inner end
      of the spout. The venting aperture is provided a distance from the inner
      end of the spout which is just somewhat greater than the longitudinal
      length of the collar carried by the outer closure whereby the venting
      aperture is in communication with outside atmospheric pressure during
      pouring. In another embodiment, the venting arrangement is in the form of
      a separate hollow venting tube carried within the spout and extending the
      length thereof to provide means for air ingress during pouring.
PAR  The collar projecting inwardly from the rear wall of the outer closure is
      of an internal diameter size greater than the outer diameter of the outer
      end of the spout so that the spout is loosely held by the collar when the
      spout is in retracted or non-pouring position. Additionally, the collar is
      provided with one or more notches or openings extending from the inner end
      of the collar to or substantially to the rear wall of the outer closure;
      and the outer surface of the flange on the outer end of the spout is
      provided with at least one (preferably two or more) upstanding ridges or
      flanges which prevent the inner surface of the inner closure from tightly
      sealing the outer end of the spout. These latter features provide means
      for eliminating the spout discharge phenomenon discussed above.
PAR  It is the main object of the present invention then to provide a combined
      container closure and extendable pouring spout facilitating the pouring of
      liquid from a container and which includes air venting means to eliminate
      gushing or surging of liquid from the container during pouring.
PAR  It is a further object to provide a combined container closure and
      extendable and retractable pouring spout including means communicating the
      interior of the spout with the interior of the container when the
      container is full or substantially full of liquid and when the container
      is sealed to eliminate discharge of liquid from the container as a result
      of air pressure differential.
PAR  The device of the invention of course provides the advantage of
      incorporating a pouring spout thus removing the necessity of having to
      provide a funnel to assist in precise and accurate pouring.
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PAR  The above and other objects and advantages will become apparent from the
      following description taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of the combined closure and pouring spout
      according to the invention shown in closed position on the container or
      receptacle;
PAR  FIG. 2 is a perspective view of the device according to the present
      invention shown in pouring position on a container or receptacle;
PAR  FIG. 3 is a longitudinal sectional view of one embodiment of the device
      mounted on a receptacle and shown in closed position;
PAR  FIG. 4 is a longitudinal sectional view of the embodiment shown in FIG. 3
      mounted on a container or receptacle and shown in pouring position;
PAR  FIG. 5 is a longitudinal view, partially in section, of a further
      embodiment shown in position on a container in pouring position;
PAR  FIG. 6 is a front view of the embodiment shown in FIG. 5; and
PAR  FIG. 7 is a sectional view of a venting tube taken along line 7--7 of FIG.
      5.
DETD
PAR  Referring now to the drawings in detail, numeral 2 illustrates an outer
      closure provided with exterior threading 4 for threaded engagement with a
      suitable threaded aperture (not numbered) provided in a receptacle or
      container 6. While the drawings illustrate the securement of the outer
      closure to a container 6 by means of threaded engagement, it will be
      appreciated that other means such as by interlocking lugs, etc., may be
      provided both upon the receptacle and outer closure to effect the desired
      securement. Moreover, the size of the outer closure 2 and the threading 4
      provided thereon will be such to be received by standard threading
      provided on jerry-cans, 25 gallon and 45 gallon drums, etc., and other
      containers commonly used.
PAR  The outer closure 2 has an inner recess 8 and interior threads 10 provided
      therein to threadedly receive a closure plug 12 as well shown in FIGS. 1
      and 3.
PAR  The inner or rear wall 14 of the outer closure is provided with an aperture
      (not numbered in the drawings) and may be provided with an inwardly
      directed collar 16. The collar 16 is provided with at least one notch or
      recess 17 to enable equalization of air pressure within and without in the
      event that the container is completely or substantially completely filled.
PAR  A hollow tube 18 in the form of a pouring spout is carried by the collar 16
      provided in the outer closure 2 with the outer end of the tube 18 being
      provided with an annular flange 20 and with the inner end being provided
      with a tower 22 of uniformly increasing diameter (preferably
      frusto-conical) to hold the tube captive within the collar.
PAR  The diameter of the spout 18 throughout substantially its complete length
      is more or less uniformly constant and is of a diameter somewhat less than
      the interior diameter of the collar 16 provided in the outer closure 2
      with the result that the tube is longitudinally movable with respect to
      the outer closure so that the spout may be moved from a retracted to an
      extended pouring position as shown in FIGS. 1 and 2, respectively. The
      spout may also in one embodiment be provided with a venting aperture 24
      the purpose of which will be described in more detail below. As indicated
      above, the collar 22 is snugly received within collar 16 when the spout is
      in pouring position.
PAR  This snug engagement of the inner end of the spout within the collar 16
      when the spout is in pouring position is well illustrated in FIG. 4 of the
      attached drawings. Thus, when the spout is in pouring position and the
      container is tilted, liquid leaving the container 6 by way of the spout
      will pass directly down the spout and not between the outer surface of the
      spout and the interior surface of the collar.
PAR  The outer surface 26 of the annular flange 20 is provided with at least one
      (preferably two) upstanding ridges 28 as shown in the drawings.
PAR  When the device is to be closed, the spout 18 is pushed inwardly into the
      container so that the inner surface 26' of the annular flange 20 loosely
      bears against the outer surface of the rear wall 14 of the outer closure,
      and the closure plug 12 is then threadedly inserted within the outer
      closure. The closure plug is provided with an inwardly directed bearing
      surface 30 which bears against the ridges 28 and the presence of the
      ridges 28 prevents a complete closure or sealing of the end of the spout
      18 even when the inner closure is tightly secured within the outer
      closure. The seal between the flange 20 and the rear wall 14 is also
      incomplete so that air pressure differential is avoided as air is free to
      pass between the spout 18 and collar 16, between wall 14 and flange 20 and
      flange 20 and closure plug 12 and into the upper end of the spout 18. To
      positively ensure that an incomplete seal is formed between the inner
      surface 26' of the flange 20, and the wall 14, ridges similar to ridges 28
      could be provided (not shown) or the surface 26'   could have a shallow
      frusto-conical configuration (not shown) and/or the inner surface of the
      collar 16 adjacent the upper surface of the wall 14 could be beveled
      somewhat (also not shown).
PAR  As shown in the drawings in FIG. 3, the inner surface 30 of the closure
      plug 12 is provided with two spaced-apart inwardly projecting annular
      ridges 31 and 33 which when the closure plug 12 is screwed into the outer
      closure 2 contact and bear against an annular ridge 36 of intermediate
      radius carried by the closure 2. The mating of the annular ridges 31, 33
      and 36 provide an air- and liquid-tight sealing of the closure plug 12
      within the outer closure 2. While the drawings show the closure plug 12 as
      having two annular sealing rings and the outer closure as having one, it
      will be appreciated that this could be reversed.
PAR  The annular sealing rings 31, 33 and 35 themselves guard against a tight
      sealing of the outer end of the spout 18 by the closure plug 12, and the
      ridges 28 provide a further safeguard against such happening.
PAR  When it is desired to pour liquid from the container, the closure plug 12
      is removed and the pouring spout 18 is moved outwardly with respect to the
      outer closure to the position shown in FIG. 4. This movement may be
      effected simply by inserting a finger into the outermost end of the tube
      and drawing the tube outwardly, or in suitable like manner.
PAR  During the pouring operation, the venting aperture 24 will be maintained in
      an upwardly facing position whereby fluid will leave the container as
      illustrated by arrow 32 in FIG. 4, and venting air will enter the
      container to replace the liquid as shown by arrows 34 in FIG. 4. This
      arrangement of a venting aperture overcomes the gushing or surging
      phenomenon discussed above.
PAR  If desired, the venting aperture 20 may be provided with a hollow covering
      36 having an inwardly directed opening 38 as shown in FIGS. 3 and 4.
PAR  Also, while the formal drawings show the tube 18 as being substantially
      straight, the tube, can if desired, have a curvature such as shown in
      broken lines at 18' in FIG. 3; and moreover the venting arrangement 36 may
      be provided with an inwardly directed venting tube member 40 as shown in
      broken lines in FIG. 3.
PAR  A further embodiment for venting air during pouring is shown in FIGS. 5, 6
      and 7. In this embodiment, the venting during pouring is accomplished by
      utilizing a separate venting tube 42 carried within the spout 18 by lugs
      43 and 44 formed within the spout during manufacture. The tube 42
      preferably extends the complete length of the spout 18 as shown in full
      and broken lines in FIG. 5 and may be bent as shown to achieve venting
      without bubble formation. Preferably, the tube 42 can have a rounded
      generally triangular configuration as shown in FIG. 7 with one exterior
      side surface having a curvature (in section) corresponding generally with
      the interior curvature of the spout. This venting arrangement provides for
      simple manufacture and also maintains the venting tube 42 from rotation
      relative to the spout.
PAR  The outer closure member may also be provided with additional sealing means
      in the form of an O-ring 50 if desired.
PAR  In the formal drawings, the closure plug 12 is shown as being threaded to
      be received within corresponding threading provided interiorly of the
      outer closure 2, but it will be appreciated that the plug could be secured
      within the outer closure by various means such as lugs, etc.
PAR  In a preferred form of construction, component parts of the inventive
      combined closure and pouring spout may be made of a synthetic resin
      material, such as plastic, high-impact plastic material, nylon, etc.,
      although various or all of the components may be made from other suitable
      material such as metal and metal alloys.
PAR  To facilitate the positioning in and removing of the outer closure from a
      container, suitable lugs 46 may be provided on the outer closure.
      Additionally, the closure plug 12 may have raised flange members 48 as an
      assistance in mounting and removal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combined closure and pouring spout assembly comprising an outer
      closure member to be received within an opening provided in a container,
      the outer closure having an outwardly opening recess to receive a closure
      plug, an inner transverse wall in the outer closure defining a bottom for
      the recess and a circular aperture provided in the inner transverse wall
      and an elongate tube in the form of a pouring spout having inner and outer
      ends carried in the circular aperture, the spout having throughout a major
      portion of its length an outer diameter less than the diameter of the
      circular aperture whereby the spout may be moved, when the closure plug is
      removed, to an extended pouring position and to a retracted position, the
      spout being held captive within the circular aperture by an annular flange
      provided on the outer end of the spout and by an enlargement provided on
      the inner end of the spout with the annular flange and enlargement having
      outer diameters greater than the diameter of the circular aperture, and a
      venting arrangement provided in association with the spout to provide air
      ingress into the container during pouring, the spout fitting loosely
      within the circular aperture with the closure plug in sealing position in
      the outer closure providing communication between the interior of the
      spout and the interior of the container the closure plug being threadedly
      received within the outer closure and having two annular spaced apart
      ridges on the bottom surface thereof for reception between an annular
      ridge provided on the inner transverse wall of the outer closure to effect
      air-and-liquid-tight sealing between the closure plug and the outer
      closure.
NUM  2.
PAR  2. An assembly according to claim 1, wherein the outer closure is provided
      with exterior threading for threading engagement with threading provided
      in the opening of the container.
NUM  3.
PAR  3. An assembly according to claim 1 including a hollow collar formed
      integrally with the outer closure and extending inwardly from the inner
      transverse wall and encircling the aperture and at least one notch in the
      collar extending substantially the complete length of the collar.
NUM  4.
PAR  4. An assembly according to claim 3, the enlargement provided at the inner
      end of the tube being of generally frusto-conical configuration to be
      snugly received by said hollow collar.
NUM  5.
PAR  5. An assembly according to claim 3 wherein the venting arrangement
      consists of a venting aperture provided in the wall of the spout a
      distance from the inner end thereof greater than the longitudinal length
      of the collar.
NUM  6.
PAR  6. An assembly according to claim 5, including a cover for the venting
      aperture provided interiorly of the tube and an inwardly directed aperture
      provided in the covering.
NUM  7.
PAR  7. An assembly according to claim 1, wherein the venting arrangement
      includes a venting aperture provided in the wall of the spout towards the
      inner end thereof.
NUM  8.
PAR  8. An assembly according to claim 1, wherein the venting arrangement
      includes a venting tube carried within the spout.
NUM  9.
PAR  9. An assembly according to claim 9 wherein the venting tube is of rounded
      generally triangular configuration in section carried by lugs provided in
      the spout.
NUM  10.
PAR  10. An assembly according to claim 1, wherein the outer surface of the
      annular flange on the outer end of the spout is provided with at least one
      ridge against which the closure plug may bear when in closed position
      within the outer closure.
NUM  11.
PAR  11. A combined closure and pouring spout assembly comprising an outer
      closure member to be received within an opening provided in a container,
      the outer closure having an outwardly opening recess to receive a closure
      plug, an inner transverse wall in the outer closure defining abottom for
      the recess and a circular aperture provided in the inner transverse wall
      and an elongate tube in the form of a pouring spout having inner and outer
      ends carried in the circular aperture, the spout having throughout a major
      portion of its length an outer diameter less than the diameter of the
      circular aperture whereby the spout may be moved, when the closure plug is
      removed, to an extended pouring position and to a retracted position, the
      spout being held captive within the circular aperture by an annular flange
      provided on the outer end of the spout and by an enlargement provided on
      the inner end of the spout with the annular flange and enlargement having
      outer diameters greater than the diameter of the circular aperture, and a
      venting arrangement provided in association with the spout to provide air
      ingress into the container during pouring, the spout fitting loosely
      within the circular aperture with the closure plug in sealing position in
      the outer closure providing communication between the interior of the
      spout and the interior of the container, including a hollow collar formed
      integrally with the outer closure and extending inwardly from that inner
      transverse wall and encircling the aperture and at least one notch in the
      collar extending substantially the complete length of the collar, and
      wherein the venting arrangement consists of a venting aperture provided in
      the wall of the spout a distance from the inner end thereof greater than
      the longitudinal length of the collar.
NUM  12.
PAR  12. An assembly according to claim 11, including a cover for the venting
      aperture provided interiorly of the tube and an inwardly directed aperture
      provided in the covering.
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ABST
PAL  A container for a spray aerosol is provided in which the aerosol bottle is
      placed. The container has a movable top closure for operating the atomizer
      of the bottle. The top closure is provided with directing vanes adjacent
      the atomizer to direct spray to an orifice located in the outer surface of
      the container.
BSUM
PAR  This invention relates to a container for a spray aerosol and has for its
      primary object the provision of a container of attractive design into
      which and from which a spray aerosol bottle may be quickly and easily
      placed and removed.
PAR  The present invention also relates to a novel packaging serving to deliver
      a product in the liquid state in the form of fine droplets projected in
      suspension in a vehicle gas. Liquid dispersions in a gaseous medium of
      this type are commonly used, in particular, to scent ambient air and to
      dispense cosmetic or personal hygiene products. These products are usually
      packed in receptacles with reinforced metal walls, opening to the outside
      through a valve kept closed by a spring or by the pressure of the vehicle
      gas contained in the receptacle or bomb. Pressure exerted on the head of
      the valve allows some of the gas contained in the bomb under pressure to
      escape, entraining with it a mist of fine products of active substance.
      Dispersions of this sort are used in body hygiene, cosmetic, medicinal and
      other similar preparations and such products are referred to as aerosols
      or sprays.
PAR  Products packed under pressure in containers with spray valves had a great
      many different applications and have had wide public acceptance for some
      time. Bomb or containers projecting a jet of product in fine droplets are
      relatively easy and effortless to operate; they work quickly, the jet
      action of the spray valve is easy to control, and the products are
      released in a dispersion of fine droplets thereby ensuring uniform and
      effective distribution of active substances.
PAR  However, bombs of this type are generally unattractive in appearance and
      ill fitted for prestige products such as perfume. These bombs are usually
      containers of cylindrical shape having a valve head consisting of a
      pushbutton. Attempts have been made to adorn these containers by adding a
      cap to cover the head and conceal the valve when not in use.
      Alternatively, the valve has often been covered with operating means
      actuated for example by a linkage for transmitting the gas thrust to the
      valve. These solutions have not been very reliable in their operation and
      they are generally costly to manufacture since the unit is to be discarded
      after use. As a result, the cost tends to become prohibitive for a
      disposable container.
PAR  It is likewise desirable to eliminate the risk of accidental opening of the
      valve in response to unintentional and inadvertent pressure. For example,
      if a foreign body should come to rest against the head of the valve in
      most conventional units, the valve can open and allow the vehicle gas and
      active products to escape, much to the dismay and annoyance of the
      consumer.
PAR  The object of the present invention is to remedy the various shortcomings
      of the prior art containers and provide a container for packing a liquid
      product dispersed in aerosol form in which the container is of novel and
      pleasing appearance while best providing for the aerosol dispensing
      function while at the same time avoiding the risk of accidental opening by
      pressure unintentionally exerted on the valve or spray head.
PAR  In accordance with the present invention, there is provided a container for
      housing a spray aerosol bottle having a tubular body with a spray orifice
      adjacent one end thereof. The bottle is mounted in the container and the
      spray section or atomizer of the bottle is placed adjacent one end. A
      movable top closure is positioned in the tubular body above the bottle
      spray section, and, when depressed, said closure activates the spray
      section. The normal return force of the spray section after it has been
      depressed returns the top closure to its rest position against the end of
      the body. The container of the instant invention provides a functional but
      attractive, streamlined and esthetic package which is easy to assemble and
      to manufacture.
PAR  For best results, the top closure is provided with a pair of vanes
      depending therefrom which extend from the top closure into the body. The
      vanes or fins are spaced apart and are adjacent the spray section of the
      bottle to define a spray path between the spray section and the container
      orifice. For best results, means are provided in the body and on the top
      closure for assuring that the spaced apart vanes are properly located
      adjacent the orifice.
PAR  Further, in accordance with the present invention, there is provided a
      container for housing a spray aerosol bottle which comprises an open ended
      tubular body formed with a spray outlet or orifice adjacent to the upper
      end thereof, a top closure capable of being introduced into the container
      through the open lower end thereof, and guided and slid through the body
      part, an abutment within the container adjacent the upper end thereof for
      preventing displacement of the top closure from the container through the
      upper end of the container, a pair of spaced apart vanes or fins depending
      from the underside of said top closure and defining a space that registers
      with said spray outlet and acts to guide spray discharged from an aerosol
      bottle housed in the container through the outlet, the discharge of said
      spray being effected by slight displacement of the top closure by pressing
      thereon to urge said closure against the spray release button of the spray
      section of the aerosol bottle. The top closure is suitably held flush with
      the upper surface of the container by the abutments. As such, the top
      closure does not project beyond the confines of the container and any
      accidental pressure exerted on the top of the container will be received
      by the upper edges of the container itself. As a result, external forces
      generally will not tend to act on the top closure itself and will help to
      prevent accidental triggering and opening of the spray head.
PAR  It will be understood that the dimensions of the casing are preferably
      chosen to fit the size and shape of the bottle selected so that the bottom
      of the top closure will reach the spray head, the top closure in this
      position not exerting any pressure on the spray head in its state of rest.
      Pressure is applied solely by the user's deliberately pressing the top
      closure. Generally, inexpensive glass or metal receptacles of standard
      manufacture may be used for the container.
PAR  It can be readily appreciated that the container made in accordance with
      the instant invention is esthetic in design and tends to eliminate the
      need for accessories such as protective caps which, of course, facilitate
      operation and use of the container by the ultimate consumer.
DRWD
PAR  To enable the invention to be clearly understood, a preferred embodiment
      thereof will now be described, by way of example, with reference to the
      accompanying drawings wherein:-
PAR  FIG. 1 is an exploded perspective view showing the three main parts of the
      container separated prior to assembly;
PAR  FIG. 2 is a vertical section showing an aerosol bottle in dotted outline
      inserted in the container;
PAR  FIG. 3 is an inverted cross section taken on the line A--A of FIG. 2; and
PAR  FIG. 4 is a vertical section through the upper part of the container
      showing the manner of operation.
DETD
PAR  Referring to said drawings, the container comprises an open-ended tubular
      body part 1 formed with a spray outlet 2 adjacent to the upper and
      thereof. The upper open end 3 of the container is closed by a top closure
      member 4 of substantially flat plate-like form which can be inserted into
      the container through the lower open end 5 thereof and slid along the
      inside of the container to the upper end thereof.
PAR  This top closure 4 is formed with three or any other suitable number of
      depending fins or vanes 6 each formed with a stepped portion 6a. These
      portions 6a abut against the lower edge of a depending flange 7 extending
      around the mouth of the container at the upper end thereof and so prevents
      displacement of this top closure through the upper end of the body part 1.
PAR  The top closure 4 is also formed with a pair of slightly spaced apart vanes
      or fins 8 (see particularly FIG. 3) that define between themselves a space
      9 that registers with the spray outlet 2 and acts to guide spray
      discharged from the depressable spray section of an aerosol bottle B
      indicated in dotted outline in FIG. 2. A spray tube 21 fitting between the
      spaced apart fins 8 and resting flush against spray opening 2 can be used
      to aid in directing the spray to the orifice 2 as shown in FIG. 4.
PAR  When the upper closure 4 is engaged in the body part 1 and slid
      therethrough to the upper end of the container, the fins 8, which are
      preferably made slightly wider than the vanes 6, engage in a longitudinal
      groove 11 formed in the wall of the container provided with the spray
      opening 2. This arrangement ensures that the top closure must come to rest
      with the pair of vanes 8 accurately positioned with respect to the outlet
      2. The vanes are formed with stepped portions 8a similar to the portions
      6a of the vanes 6 that abut the underside of the depending flange 7 at the
      mouth of the container.
PAR  The provision of the groove 11 also prevents turning of the top closure 4
      about the longitudinal axis of the body part 1.
PAR  After the top closure 4 has been inserted into the body part 1 and an
      aerosol bottle B fitted therein, a bottom closure plate 12 is fitted into
      the lower open end of the container. The bottom closure plate 12 is formed
      with chamferred edges 12a that snap into undercut recesses 13 formed by
      ribs 14 extending partially along the lower edge of each wall of the
      container. This bottom closure plate 12 is formed with one or more
      upstanding keys 15 (not shown), one of which engages the lower open end of
      the groove 11. The recesses permit bottom closure plate 12 to be removed
      whenever it is desired to insert a fresh bottle into the container.
      Therefore a container made in accordance with the instant invention is
      reuseable although if desired, the bottom closure plate 12 can be
      permanently affixed to the tubular body.
PAR  It will be appreciated that when a slight pressure is imparted to the top
      closure plate 4, it results in slight downward movement of plate 4, with
      the result that the spray release button or the equivalent of the aerosol
      bottle is actuated and spray released from the aerosol passes into the
      space 9 between the vanes 8 and out through the spray outlet 2.
PAR  The downwardly directed face of the top closure plate is preferably formed
      with a pair of shallow intersecting ribs 4a that co-act with and press
      against the release button or the equivalent of the aerosol bottle when
      the plate 4 is depressed. This plate 4 is returned upwardly by the button
      reasserting itself when said plate is released so as to assume a position
      ready for a subsequent operation.
PAR  The three parts of the container, i.e., the body part 1, the top closure
      plate 4 and the bottom closure plate 12 are preferably made of a suitable
      synthetic plastic material which can be decoratively colored so as to be
      of pleasing appearance.
PAR  The embodiment described and illustrated is given by way of example only
      and modifications thereof are possible within the scope of the invention.
      For example, any other number and disposition of vanes or fins 6 and 8 may
      be provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An outer container assembly for housing a spray container of the type
      having a depressable spray valve member at one end thereof and a laterally
      extending spray nozzle at said one end, said outer container assembly
      comprising a tubular body having internal dimensions of a size to receive
      a spray container to be housed therein, said tubular body having an open
      bottom of a size to permit the spray container to be passed therethrough,
      and an inwardly extending flange at its top end defining a top opening, an
      upper closure member within said tubular body, said upper closure member
      having a plurality of vanes extending to slidably engage the inner surface
      of said body to hold said upper closure member in said tubular body, said
      closure member having peripheral dimensions enabling its assembly in said
      body by way of said open bottom while inhibiting passage through said top
      opening, said body being free of internal portions which would inhibit
      passage of said upper closure member from said open bottom to said top
      opening, said vanes further defining a space for receiving the spray valve
      member of a spray container assembled within said tubular body, a spray
      outlet in said tubular body, said upper closure member further comprising
      means for holding the spray nozzle of a spray container assembled therein
      aligned with said outlet, and a bottom closure member for closing said
      open bottom for holding a spray container within said tubular body, said
      closure member having a plate-shaped member extending into said top
      opening, said vanes depending from said plate-shaped member and having
      stepped portions positioned to engage said flange to inhibit passing of
      said upper closure member through said top opening, the upper surface of
      said plate-shaped member being substantially flush with the outer surface
      of said tubular body at said flange.
NUM  2.
PAR  2. The assembly of claim 1, wherein said tubular body has a groove
      extending longitudinally in its inner surface from said open bottom
      substantially to said flange, and said vanes include at least two
      spaced-apart vanes slidably engaging said groove to inhibit rotation of
      said upper closure member with respect to said tubular body.
NUM  3.
PAR  3. The assembly of claim 2, wherein said vanes extend inwardly with respect
      to said tubular body to engage said depressable valve member, said two
      spaced-apart vanes engaging said groove being positioned to hold said
      spray nozzle therebetween and direct said spray nozzle toward said outlet.
NUM  4.
PAR  4. In a spray assembly of the type having a spray container, a spray valve
      and nozzle means for dispensing liquids from said spray container, an
      outer tubular body within which the spray container is mounted, operating
      means positioned at one end of the tubular member and coupled to said
      spray valve, and a spray outlet in said tubular member aligned with said
      nozzle means whereby upon depressing said operating means said spray valve
      may be actuated to release contents of said spray container through said
      outlet via said spray nozzle, the tubular member having a bottom opening
      covered by a bottom closure, the inner sidewalls of said tubular member
      being dimensioned to retain said spray container, whereby said spray
      container may be assembled within said tubular member via said bottom
      opening and held therein by said bottom closure; the improvement wherein
      said tubular member has an inwardly extending flange means at the end
      thereof opposite said bottom opening, said flange means defining an upper
      opening, said operating means comprises an upper closure for said tubular
      member having means depending therefrom slidably engaging said inner
      sidewalls of said tubular member, means engaging said flange means from
      the inner side of said tubular member to inhibit movement of said
      operating means through said upper opening, a groove extending
      longitudinally along said inner sidewalls of said tubular member from said
      bottom opening substantially to said flange means, said depending means
      comprising means slidably engaging said groove, whereby said operating
      means is limited substantially to only longitudinal sliding movement
      within said tubular member, the transverse dimensions of said tubular
      member at its inner sidewalls from said bottom opening substantially to
      said flange means being at least as great as the transverse dimensions of
      said depending means, whereby said operating means may be assembled in
      said tubular member via said bottom opening, said upper closure comprising
      a plate-shaped member positioned within said upper opening and of
      substantially the same shape as said upper opening, said depending means
      comprising a plurality of vanes extending longitudinally of said tubular
      member from said upper closure, said vanes having edges slidably engaging
      said inner sidewalls, and wherein said means engaging said flange means
      comprises stepped portions on said vanes.
NUM  5.
PAR  5. The spray assembly of claim 4, wherein said plate-shaped member has an
      upper surface substantially flush with the outer surface of said tubular
      member at said flange means.
NUM  6.
PAR  6. In a spray assembly of the type having a spray container, a spray valve
      and nozzle means for dispensing liquids from said spray container, an
      outer tubular body within which the spray container is mounted, operating
      means positioned at one end of the tubular member and coupled to said
      spray valve, and a spray outlet in said tubular member aligned with said
      nozzle means whereby upon depressing said operating means said spray valve
      may be actuated to release contents of said spray container through said
      outlet via said spray nozzle, the tubular member having a bottom opening
      covered by a bottom closure, the inner sidewalls of said tubular member
      being dimensioned to retain said spray container, whereby said spray
      container may be assembled within said tubular member via said bottom
      opening and held therein by said bottom closure; the improvement wherein
      said tubular member has an inwardly extending flange means at the end
      thereof opposite said bottom opening, said flange means defining an upper
      opening, said operating means comprises an upper closure for said tubular
      member having means depending therefrom slidably engaging said inner
      sidewalls of said tubular member, means engaging said flange means from
      the inner side of said tubular member to inhibit movement of said
      operating means through said upper opening, a groove extending
      longitudinally along said inner sidewalls of said tubular member from said
      bottom opening substantially to said flange means, said depending means
      comprising means slidably engaging said groove, whereby said operating
      means is limited substantially to only longitudinal sliding movement
      within said tubular member, the transverse dimensions of said tubular
      member at its inner sidewalls from said bottom opening substantially to
      said flange means being at least as great as the transverse dimensions of
      said depending means, whereby said operating means may be assembled in
      said tubular member via said bottom opening, said upper closure comprising
      a plate-shaped member extending transversely of said tubular member within
      said upper opening and being of substantially the same shape as said upper
      opening, and said depending means comprising a plurality of first vanes
      extending longitudinally of said tubular member from said upper closure
      and having edges slidably engaging said inner sidewalls, and vane means
      extending longitudinally of said tubular member from said upper closure
      and having a width greater than the width of said first vanes, said vane
      means having an edge slidably engaging said groove to inhibit rotation of
      said operating means with respect to said tubular member.
NUM  7.
PAR  7. The spray assembly of claim 6, wherein said vane means comprises a pair
      of parallel spaced-apart second vanes each having an edge extending
      slidably into said groove, said groove being aligned with said spray
      outlet.
NUM  8.
PAR  8. The spray assembly of claim 7, for use with a spray valve and nozzle
      means of the type including a nozzle tube extending laterally with respect
      to the spray container, wherein said nozzle tube extends laterally of said
      tubular member between said second vanes and is directed by said second
      vanes toward said spray outlet.
NUM  9.
PAR  9. The spray assembly of claim 8 of the type wherein said spray valve
      comprises a depressable button, wherein said first and second vanes extend
      inwardly of said tubular member to laterally engage said button.
PATN
WKU  039347621
SRC  5
APN  5351170
APT  1
ART  311
APD  19741220
TTL  Apparatus having vibrating plates for feeding powdered material
ISD  19760127
NCL  7
ECL  1
EXA  Scherbel; David A.
EXP  Tollberg; Stanley H.
NDR  3
NFG  7
INVT
NAM  Urayama; Kiyoshi
CTY  Kyoto
CNT  JA
ASSG
NAM  Kabushiki Kaisha Hosokawa Funtai Kogaku Kenkyusho
CTY  Osaka
CNT  JA
COD  03
CLAS
OCL  222200
EDF  2
ICL  B65G 6570
FSC  222
FSS  161;198;199;200
FSC  241
FSS  249
UREF
PNO  949400
ISD  19100200
NAM  McAfee
OCL  222199
UREF
PNO  2485832
ISD  19491000
NAM  Keagle
XCL  222200
UREF
PNO  3193153
ISD  19650700
NAM  Hosokawa
OCL  222199
UREF
PNO  3853247
ISD  19741200
NAM  Wahl
OCL  222199
LREP
FR2  Greigg; Edwin E.
ABST
PAL  Apparatus including vibrating plates which are vibrated and oscillated to
      cause a powdered material placed thereon to flow down at a constant rate
      from the peripheral edges of the plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for continuously feeding a
      powdered material such as talc, calcium carbonate, portland cement and the
      like at an approximately constant rate for a period of time. More
      particularly, this invention relates to improvements in the apparatus
      disclosed in U.S. Pat. No. 3,193,153 and which comprises a receiving
      member having a substantially horizontal receiving surface, a feed tube
      for feeding a powdered material onto the receiving member, and means for
      vibrating the receiving member to cause the powdered material on the
      receiving member to flow down from the peripheral edge of the receiving
      member.
PAR  In order to feed a powdered material at a greatly increased rate per unit
      time by the apparatus described above, the apparatus requires a larger
      floor space for installation or the operation entails frequent and marked
      variations of the feed rate.
PAR  More specifically, use of a receiving member of a larger diameter to raise
      the feed rate enlarges the apparatus in horizontal dimensions, increasing
      the floor space required, whilst if it is attempted to increase the
      thickness of layer of the powdered material on the receiving member to
      feed the material at a higher rate, adhesion between the particles of the
      material exerts a growing influence to produce more pronounced
      irregularities in the flow of the powdered material over the peripheral
      edge, consequently resulting in marked variations of the feed rate.
PAC  SUMMARY OF THE INVENTION
PAR  A main object of this invention is to provide an apparatus of the type is
      which a receiving member is vibrated and oscillated to cause a powdered
      material on the receiving member to flow down and which is compact and
      capable on continuously feeding the powdered material at a greatly
      increased constant rate free of frequent and marked variations without
      necessitating an increased floor space for installation.
PAR  The apparatus of the present invention comprising a first receiving member
      having a substantially horizontal receiving surface, a feed tube for
      feeding the powdered material onto the first receiving member, and means
      for vibrating the first receiving member to cause the powdered material on
      the first receiving member to flow down from the peripheral edge of the
      first receiving member, is characterized in that at least one second
      receiving member having a substantially horizontal surface for receiving
      the powdered material from the feed tube and an opening substantially
      concentric with the feed tube is interposed between the first receiving
      member and the feed tube and vertically spaced apart from both the first
      receiving member and the feed tube, whereby the powdered material placed
      on the second receiving member is made to flow down outside of the first
      receiving member from the peripheral edge of the second receiving member
      when the second receiving member is vibrated and oscillated by the
      vibrating means.
PAR  Thus since a plurality of receiving members are disposed one above another
      to cause a powdered material to flow down simultaneously from the
      peripheral edges of the receiving members, the receiving members have an
      increased overall peripheral length, permitting a remarkable and yet
      desired increase in the feed rate of powdered material.
PAR  The overall periphery of the receiving members which is lengthened to
      assure a higher feed rate makes it possible to reduce the thickness of
      layer of the powdered material on the peripheral portion relative to the
      feed rate and to thereto reduce the variations of the feed rate.
PAR  Another object of this invention is to provide an apparatus for feeding a
      powdered material of the vibratory and oscillatory type which is capable
      of easily accurately controlling the feed rate over a wide range.
PAR  Other objects and advantages of this invention will become more apparent
      from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical section showing an apparatus of this invention
      with part omitted;
PAR  FIG. 2 is a perspective view showing vibrating means included in the
      apparatus;
PAR  FIG. 3 is a diagram showing a electric circuit for the vibrating means;
PAR  FIG. 4 is a diagram showing the apparatus during operation when receiving
      members are brought to a halt;
PAR  FIG. 5 is a diagram showing the apparatus during operation with the
      receiving members in vibratory and oscillatory motion; and
PAR  FIGS. 6 and 7 are graphs showing the results of experiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A substantially cylindrical feed tube 1 has at its upper end a flange 2 to
      which a hopper 4 is fixed with bolts and nuts 3. A tube 5 substantially
      circular in cross section and slidably fitted around the lower end of the
      feed tube 1 has a flange 6 at its upper end and a tapered portion 7 at its
      lower end.
PAR  A case 8 includes a substantially cylindrical upper portion 9 and a
      funnel-shaped lower portion 10. The cylindrical portion 9 is provided at
      its upper end with a flange 12 for mounting an annular element 11, whilst
      the funnel-shaped portion 10 has at its lower end a flange 13 to which
      suitable receiving means is to be attached. The annular element 11
      includes two ring-like walls 14 and 15 vertically spaced apart from each
      other and a vertical connecting wall 16. The annular element 11 serves as
      a cover for the case 8 and is intimately fitted around the feed tube 1.
      The feed tube 1 has an annular flange 17 positioned below and spaced apart
      from the flange 2. The flange 17 is secured by bolts 18 to the ring-like
      wall 15 as spaced apart therefrom.
PAR  Rotatably disposed in the space between the wall 15 and the flange 17 is a
      ring gear 19 having a toothed inner surface and meshing with a plurality
      of pinions 20 provided in the above-mentioned space. Each of the pinions
      20 is in engagement with a threaded rod 21 which, by means of threads 22,
      is movable only upward and downward relative to the wall 15 and to the
      flange 17. The lower end of the rod 21 is fixed to the flange 6. The ring
      gear 19 has at least one handle 23 which extends outward from the space
      and which, when turned, rotates the gear 19 and pinions 20, causing the
      rods 21 to move upward or downward to shift the tube 5 vertically.
PAR  A first receiving member 24 substantially in the form of a disk is
      supported by two plate springs 25 and 25' secured to a platform 26. The
      first receiving member 24 is positioned below the feed tube 1 and is
      substantially concentric therewith. The platform 26 is supported by arm 27
      extending inward from the inner surface of the funnel-shaped portion 10
      and has a low peripheral wall. Mounted on the platform 26 is a yoke 28
      made of a magnetic material and having a winding 29 fitted around the
      center leg of the yoke 28.
PAR  As more apparently shown in FIG. 2, the plate springs 25 and 25' are
      positioned on the opposite sides of the yoke 28 as opposed to each other,
      slanting in opposite directions to each other. The lower ends 25a of the
      plate springs 25 and 25' are fixed to the platform 26, while the upper
      ends 25b, thereof are fixed to the first receiving member 24. A bar 45
      made of a magnetic material is secured to the under surface of the first
      receiving member 24 and is normally spaced apart from the upper end of the
      yoke 28, with an air gap 30 formed between the bar 45 and yoke 28. As
      illustrated in FIG. 3, the winding 29 is connected to an A.C. power supply
      31 by way of a transformer 32 and a half-wave rectifier 33. The amplitude
      of the first receiving member 24 is variable through the voltage control
      by the transformer 32. When energized, the winding 29 vibrates the first
      receiving member up and down and, at the same time, oscillates the
      receiving member in rotational direction in a horizontal plane under the
      action of the plate springs 25 and 25'.
PAR  Two annular second receiving members 34 and 35, vertically spaced apart
      from each other on substantially horizontal planes, are interposed between
      the tube 5 and the first receiving member 24 and secured to the first
      receiving member 24 by bolts and nuts 36. The second receiving members are
      concentric with the tube 5 and the first receiving member 24. The upper
      second receiving member 35 is formed with an opening 38 having a diameter
      d.sub.1 which is larger than the diameter d.sub.2 of an opening 37 of the
      lower second receiving member 34. The outer diameter d.sub.3 of the lower
      receiving member 34 is larger than the outer diameter d.sub.4 of the first
      receiving member 24, the outer diameter d.sub.5 of the upper second
      receiving member 35 being larger than the outer diameter d.sub.3 of the
      lower second receiving member 34. The second receiving members 34 and 35
      are each shiftable by means of the bolts and nuts 36 to vary the distance
      l.sub.1 between the first receiving member 24 and the lower second
      receiving member 34, the distance l.sub.2 between the two second receiving
      members 34 and 35, and the distance l.sub.3 between the upper second
      receiving member 35 and the lower end of the tube 5. Both the second
      receiving members 34 and 35 are vibrated and oscillated with the first
      receiving member 24.
PAR  Provided on the upper surface of the first receiving member 34 is a conical
      member 39 which is substantially concentric therewith and coaxial with the
      feed tube 1 and has a sharp end facing up. The member 39 assures that the
      powdered material on the first receiving member 24 will flow smoothly
      toward its peripheral edge.
PAR  In order to render the air gap 30 free of the powdered material, a flexible
      band 40 made of rubber or synthetic resin is fixed by suitable means to
      the peripheries of the first receiving member 24 and the platform 26, the
      band 40 completely enclosing the space therebetween.
PAR  For the inspection of the interior of the case 8, the cylindrical portion 9
      has an opening which is covered with a transparent or semitransparent
      plate 41 of glass, synthetic resin or the like. The plate 41 is secured to
      the case 8 by a frame 42 and bolts 43.
PAR  The powdered material sent into the feed tube 1 from the hopper 4 is placed
      onto the first and second receiving members 24, 34, 35 as seen in FIG. 4.
      Because the foregoing distances l.sub.1, l.sub.2, l.sub.3 are each
      determined taking into account the angle of repose of the powdered
      material and the outer diameters d.sub.3, d.sub.4, d.sub.5 of the
      receiving members 24, 34, 35, the powdered material will not flow down
      from the peripheral edges of the receiving members 24, 34, 35 while these
      members are out of motion. When an electric current is passed through the
      winding 29, the receiving members 24, 34, 35 are brought into vibration
      and oscillation, whereby the powdered material on the receiving members
      24, 34, 35 is moved and made to flow down from the peripheral edges
      thereof. Consequently, the powdered material is continuously led to an
      outlet 44 at the lower end of the case 8 as shown in FIG. 5.
PAR  The amount of the powdered material flowing down from the receiving members
      24, 34, 35 per unit time is dependent on the amplitude and frequency of
      the receiving members, 24, 34, 35, the length of overall periphery of the
      receiving members, the distances l.sub.1, l.sub.2, l.sub.3 and properties
      of the powdered material, etc. If these conditions are fixed, the flow
      will be maintained at a substantially constant rate. Although a higher
      flow rate can be easily achieved by increasing the number and/or diameters
      of the receiving members 24, 34, 35 and/or by increasing the
      above-mentioned distances l.sub.1, l.sub.2, l.sub.3, it is preferable to
      reduce the distances l.sub.1, l.sub.2, l.sub.3 and the outer diameters
      d.sub.3, d.sub.4, d.sub.5 of the receiving members 24, 34, 35, using an
      increased number of the second receiving members so as to reduce the
      variations of the flow rate and to minimize the horizontal dimensions of
      the apparatus.
PAR  The hopper 4 included in the apparatus of this invention may be replaced by
      a material container used in a bag filter or cyclone collector.
PAR  The shape of the first and second receiving members 24, 34, 35 in plan view
      and the cross sectional shape of the feed tube 5 may be optional. For
      example, they may be in a triangular, square, polygonal form or of any
      other irregular form. The number of the second receiving members, which
      must be at least one, is variable in accordance with the feed rate
      desired.
PAR  The means for vibrating and oscillating the first and second receiving
      members 24, 34, 35 may be of any known construction. For instance, an
      electric motor or internal combustion engine is usable in the combination
      with a crank mechanism or eccentric arm. Accordingly, these means are
      generally referred to as "vibrating means." The receiving members 24, 34,
      35 may be vibrated and oscillated by the vibrating means, for example, in
      a mere vertical direction, vertically slanting direction, horizontal
      direction, rotational direction on a horizontal plane or in these
      directions in a desired combination.
PAR  When the plurality of receiving members 34 and 35 are employed, the
      powdered material can be advantageously distributed onto each of the first
      and second receiving members smoothly, if the opening 38 of the upper
      member is larger than the opening 37 of the lower member. However, all the
      openings 37 and 38 may have the same dimensions, or the lower opening 37
      may be made larger than the upper opening 38.
PAR  Given below are the results of experiments conducted using an apparatus
      embodying this invention.
PAR  The first receiving member 24 used was in the form of a disk having a
      diameter of 200 mm. The second receiving members 34 and 35 employed were
      in the form of a disk measuring 215 mm in outer diameter and were formed
      with concentric openings of 135 mm in diameter. A cylinder 120 mm in inner
      diameter was used as the feed tube 1. Used as the vibrating means was a
      vibrator including an electromagnetic winding which vibrated, at 1,800
      Hz/min., in a direction inclined at an angle of about 45.degree. with a
      horizontal plane, along an imaginary cylindrical plane having a vertical
      axis. When the voltage applied to the winding was 40 volts, the resulting
      amplitude was 0.1 mm, whilst when the voltage was 120 volts, the vibrator
      gave an amplitude of 2.0 mm. The amplitude varied substantially
      rectilinearly when the voltage was varied between these voltage levels.
      Heavy calcium carbonate powder was used as the powdered material.
PAC  EXPERIMENT I
PAR  FIG. 6 shows the relationship, as actually determined, between the number
      of the second receiving members and the amount of the powdered material
      fed by the entire apparatus.
PAR  In FIG. 6 the amount of the powdered material fed per minute is plotted as
      ordinate vs. the voltage applied to the vibrator as abscissa. Dotted line
      a represents the results obtained when the first receiving member alone
      was used as spaced from the feed tube by a distance of 30 mm, namely by
      the largest distance permitting the heavy calcium carbonate powder to form
      an angle of repose on the first receiving member. Solid line b represents
      the results obtained when one second receiving member was provided between
      the first receiving member and the feed tube, as spaced apart by 20 mm
      from each of the member and the tube, the second receiving member being
      arranged concentrically therewith. Solid line c represents the results
      obtained when two second receiving members were used and solid line d,
      those obtained when three second receiving members were used. In the
      latter two cases, the distance between the first receiving member and the
      lowermost second receiving member, the distance between the second
      receiving members, and the distance between the feed tube and the
      uppermost second receiving member were all 20 mm, and the first and second
      receiving members and feed tube were arranged concentrically.
PAR  FIG. 6 reveals that the amount of the powdered material fed can be
      increased remarkably by using one or more second receiving members and
      also by increasing the number of the second receiving members. Moreover,
      despite the use of one or more second receiving members, the apparatus
      remains exactly the same in its horizontal dimensions, and little or no
      change results in its height.
PAC  EXPERIMENT II
PAR  FIG. 7 shows the variations of the feed rate of powdered material as
      determined when the first receiving member alone was used and when two
      second receiving members were additionally employed, using the same
      apparatus as in Experiment I. The powdered material sent out from the
      apparatus was collected for every 60 seconds in succession, and the unit
      quantities of the material collected were weighed to calculate the average
      weight thereof. In FIG. 7 deviation is plotted as ordinate and the number
      of unit quantity, as abscissa. The deviation is given by:
      ##EQU1##
      wherein A is the weight of unit quantity, and B is the average weight of
      the unit quantities.
PAR  FIG. 7 shows that the use of the first receiving member only involves
      marked deviations (of more than .+-.7 percent) as represented by the
      dotted line, whereas the use of the second receiving members in
      combination therewith greatly reduces the deviations (to less than .+-.1
      percent) as represented by the solid line. Thus the second receiving
      members remarkably reduce the variations of feed rate of the powdered
      material.
PAR  The results of Experiments I and II indicate that the apparatus according
      to this invention is capable of feeding a powdered material at a greatly
      increased rate with reduced variations, without employing an enlarged
      construction, and assures a continuous feeding operation with improved
      efficiency.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for feeding a powdered material comprising a first
      receiving member having a substantially horizontal receiving surface, a
      feed tube for feeding the powdered material onto the first receiving
      member, and means for vibrating the first receiving member to cause the
      powdered material on the first receiving member to flow down from a
      peripheral edge of the first receiving member, characterized in that at
      least one second receiving member having a substantially horizontal
      surface for receiving the powdered material fromm the feed tube and an
      opening substantially concentric with the feed tube is provided between
      the first receiving member and the feed tube and vertically spaced apart
      from both the first receiving member and the feed tube, whereby the
      powdered material placed on the second receiving member is made to flow
      down outside of the first receiving member from a peripheral edge of the
      second receiving member when the second receiving member is vibrated by
      the vibrating means.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein a plurality of the second
      receiving members are vertically spaced apart from each other as provided
      between the first receiving member and the feed tube, each of the second
      receiving members permitting the powdered material to flow down therefrom
      outside of the receiving member positioned therebelow.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 wherein the vibrating means
      vibrates all the receiving members up and down and simultaneously
      oscillates the same in rotational direction each in a horizontal plane.
NUM  4.
PAR  4. The apparatus as set forth in claim 3 wherein each of the receiving
      members is a disk.
NUM  5.
PAR  5. The apparatus as set forth in claim 2 wherein the opening of each of the
      second receiving members has a larger diameter than the opening of another
      second receiving member positioned immediately therebelow.
NUM  6.
PAR  6. The apparatus as set forth in claim 1 wherein the feed tube is provided
      at its lower portion with a tube which is shiftable axially of the feed
      tube.
NUM  7.
PAR  7. The apparatus as set forth in claim 1 wherein a conical projection is
      formed on the receiving surface of the first receiving member
      substantially coaxially with the feed tube, with its sharp end facing up.
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ABST
PAL  A small hand-held dispenser of the pump variety, comprising an aerosol-type
      can and a cooperable dispenser pump construction adapted to be carried by
      the can. The pump per se is snap-fitted into a unique plastic closure
      which is in the form of an inverted, dish-shaped member that in turn is
      assembled to the can by a snap assembly operation. The plastic closure has
      relatively thin walls enabling it to be readily molded, and has a
      depending peripheral flange which is forced over the top curled rim of the
      can so as to effect a snap fit therewith. The plastic closure not only
      securely mounts the pump assemblage on the can, but also effects a
      leak-proof connection therewith while at the same time simplifying the
      assembly operations and tooling.
BSUM
PAC  BACKGROUND
PAR  This invention relates to small hand-held dispensers involving pump
      assemblages, as distinguished from pressurized aerosol containers and
      valves. In the past there was proposed a press-fit closure assemblage for
      a pressurized aerosol container, as described and claimed in U.S. Pat. No.
      2,957,611 issued to Philip H. Sagarin on Oct. 25, 1960. The plastic
      closure member disclosed therein was characterized by very thick walls
      whereby there was entailed a relatively long curing time and therefore a
      lengthy molding cycle. Moreover, the tendency for the plastic material to
      shrink with aging meant the possibility of pressure leakage of the
      contents of the can during shipping or after a lengthy period of shelf
      storage. To my knowledge no previous constructions have been proposed for
      economically assembling a pumping unit to an aerosol-type can of the kind
      capable of containing pressurized product, such as that normally sealed by
      a crimped closure as distinguished from screw threads. Prior pump-type
      dispensers generally utilized threaded caps, and plastic or glass
      containers having cooperable threaded necks. These dispensers had the
      disadvantage of high cost of the screw threads as well as the relatively
      complex assembly machinery for attaching the screw caps and pumps to the
      threaded container necks.
PAC  SUMMARY
PAR  The above disadvantages and drawbacks of prior pressurized dispensers, and
      of prior pump or snap-closure type dispensers are obviated by the present
      invention, which has for its main object the provision of an improved,
      simplified pump-variety dispenser utilizing an aerosol-type can wherein a
      quick and easy assembly of the components is had without the likelihood of
      leakage occurring at a later time, either during storage and shipping or
      when in use. A related object of the invention is the provision of an
      improved pump-type dispenser as above set forth, which can be economically
      produced at a minimum cost with respect to components and assembly.
PAR  The above objects are accomplished by a novel snap-on type plastic closure
      member which is so constituted as to enable it to be assembled to a pump
      unit by a simple snap fit assembly, and thereafter assembled to an
      aerosol-type can by a second snap-on operation. The plastic closure member
      is in the form of an inverted, dish-shaped molding having a depending
      peripheral flange with undercuts or grooves in its inner walls. One
      undercut receives a flat, external mounting flange of the pump cylinder
      member with a snap fit, and another undercut receives the rounded or
      curled top rim of an aerosol-type can, also with a snap fit. No screw
      threads whatsoever are involved in the fabrication or assembly of the
      parts. The plastic cover overlies and fits around the curled rim of the
      aerosol can in such a manner that any shrinkage of the plastic will result
      in a tighter gripping and sealing of the closure whereby there is
      minimized the likelihood of leakage of product from the can and/or
      looseness of the pump assemblage. Other features and advantages will
      hereinafter appear.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a fragmentary axial view partly in side elevation and partly in
      section, of a hand-held dispenser construction of the pump-type, utilizing
      the present invention.
PAR  FIG. 2 is a top plan view of the snap-type plastic closure employed with
      the construction of FIG. 1.
PAR  FIG. 3 is a bottom plan view of the snap-on plastic closure.
PAR  FIG. 4 is an enlarged fragmentary view of the dispenser construction of
      FIG. 1.
DETD
PAR  As shown, the present improved pump-type dispenser construction comprises
      an aerosol-type can including a crowned top portion 12 surrounding a top
      opening 14. The top portion 12 has an out-turned curl 16 forming an
      annular rounded bead 18 which constitutes the top rim of the can. Disposed
      in the top opening 14 is a pump assemblage designated generally by the
      numeral 20, such assemblage comprising a pump cylinder 22 and a cooperable
      hollow plunger 24 carried thereby, said plunger including a piston 26 of
      usual construction, and having a central passage indicated at 25.
PAR  Mounted on the upper extremity of the plunger 24 is an orificed depress
      button 28, also of usual construction.
PAR  The pump cylinder 22, plunger 24 and button 28 are all preferably molded of
      suitable plastic substance, and the cylinder 22 has at its mouth 30 an
      annular, outwardly-extending, flat mounting flange 32. The pump cylinder
      22 can have the usual dip tube (not shown) which extends to the bottom of
      the container or can, all as is well understood.
PAR  In accordance with the present invention there is provided a unique snap-on
      plastic closure in the form of an inverted, dish-shaped member 34 having a
      disk-like body 36 provided with a central opening 38 through which the
      plunger 24 of the pump assemblage extends and in which it is
      reciprocatable. The body 36 has an upstanding annular flange or collar 40
      defining the opening 38 and providing a larger bearing surface for the
      plunger or shank 24.
PAR  The collar 40 reinforces and strengthens the body 36, which is important
      since the body constitutes a stop for the plunger 24 as will be later
      brought out.
PAR  The closure member 34 includes a depending peripheral flange 42 which has
      an annular undercut 44 closely adjacent the disk-like body 36 and adapted
      to receive and hold captive by a snap-fit assembly the mounting flange 32
      of the pump cylinder 22. In accomplishing the assembly of the pump
      cylinder to the dish-shaped member, the inner wall portion of the
      peripheral flange 42 has a substantially conical, annular camming face 45
      immediately adjacent the undercut 44, the face 45 camming outwardly the
      peripheral flange 42 when the mounting flange 32 is snapped into the
      dish-shaped member. In addition, there is provided on the periphery of the
      mounting flange 32 a cooperable annular camming face 47 of rounded
      configuration, adapted to engage and snap past the camming face 45 during
      assembly. By such an arrangement, the parts can be snapped together with a
      minimum of time and effort. The sharp nature of the undercut 44 insures
      that the two parts will not become separated following the snap operation.
      Preferably, as shown, the mounting flange 32 is positioned in the undercut
      44 so as to be engaged by major portions or areas of side 46 of the
      disk-like body 36. For maximum strength and ruggedness, I have found that
      the diameters of the pump mounting flange 32 and diskshaped member 36 are
      preferably on the order of three times the diameter of the pump cylinder
      22.
PAR  The peripheral flange 42 also has in its inside wall a shallow annular
      groove 48 which is adapted to receive the out-turned curl 16 of the can
      when the closure 34 is snapped over the top opening 14 thereof. The bead
      18 formed by the curl 16 engages the underside 50 of the mounting flange
      32 of the pump cylinder, and thereby supplements the holding action of the
      undercut 44 on the mounting flange 32. The dimensions of the various parts
      are so proportioned that, due to groove 48 being of slightly lesser extent
      that the curl 16, the plastic closure 34 permanently, forcibly engages the
      curl 16 after its assemblage thereto. The depending flange 42 of the
      closure has a sloped annular surface 52 at its bottom rim portion, which
      provides a mouth or entrance for the curl 16, camming outward and
      expanding radially and circumferentially the flange during the snap-on
      assembly operation. The flange 42 has in its inner wall an annular rib or
      bead 54 providing the sloping mouth surface 52. Such bead snaps under the
      curl 16 during the assembly operation, with the result that the closure 34
      is securely retained on the can 10 and normally resists all stresses which
      might be exerted against it, tending to remove it from the can. The rib 54
      also holds the bead 18 of the can tightly against the underside 50 of the
      pump mounting flange 32, whereby there is eliminated all looseness and
      tendency for leakage of liquid at the curl and bead.
PAR  The natural tendency for the plastic substance of which the closure 34 is
      molded, to shrink or reduce its dimensions results in the closure being
      held securely on the can, and in all leakage being prevented at the joint
      formed with the bead 18.
PAR  It will be readily observed that the closure 34 has relatively thin wall
      sections which permit of a rapid curing time during the molding process
      and provide for desirable uniformity in the molded product, as regards
      stability and dimensions. The depending flange 42 is made thicker at its
      bottom rim or edge, to increase its strength and reduce the likelihood of
      breakage.
PAR  The closure 34 is assembled to the pump 20 prior to the attachment of the
      button 28 to the plunger 24. The shank of the plunger is passed through
      the opening 38 of the closure 34 and the mounting flange 32 of the pump
      cylinder 22 forcibly press-fitted into the closure. Thereafter the button
      28 can be applied to the plunger 24. The can or container 10 is filled
      with the liquid product to be dispensed, after which the assembly of pump
      and closure is applied to the can by snapping the closure onto the curl
      and bead 16, 18 of the can. The above assembly operations are carried out
      quickly and without difficulty, and help to reduce the cost of the
      dispenser while at the same time resulting in a quality product having an
      attractive appearance.
PAR  The plunger 24 is provided with a stop shoulder 56 which is engageable with
      the undersurface 58 of the closure 34 to limit the outward travel of the
      plunger. The collar 40 of the closure provides a desirable reinforcement,
      in connection with this stop function.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hand-held dispenser pump construction comprising, in combination:
PA1  a. an aerosol-type can including a crowned top portion surrounding a top
      opening, said top portion having an outturned curl forming an annular
      rounded bead constituting the top rim of the can;
PA1  b. a plastic pump cylinder and protruding plunger carried thereby, said
      cylinder at its mouth having an integral, annular, outwardly extending
      mounting flange supported adjacent its periphery on the top rim of the
      can;
PA1  c. a one-piece, snap-on plastic closure member comprising an inverted,
      dish-shaped member having a flat disk-like body provided with a central
      opening through which the plunger extends and in which it is
      reciprocatable;
PA1  d. said closure member including an integral depending peripheral flange
      having an annular undercut closely adjacent the disk-like body for
      receiving and holding captive the mounting flange of the pump cylinder
      whereby the upper side of said mounting flange is directly engaged by the
      underside of the disk-like body; and
PA1  e. said peripheral flange having in its inside wall a shallow annular
      groove of slightly less axial extent than said curl and immediately
      adjacent said annular undercut adapted to receive the outer wall portion
      of the outturned curl of the can when the closure is snapped over the top
      opening thereof; whereby
PA1  f. said top rim of the curl directly, sealingly engages the underside of
      the mounting flange of the pump cylinder adjacent its periphery to provide
      a leak-resistant seal without the use of any sealing gasket or washer.
NUM  2.
PAR  2. A dispenser pump construction as in claim 1, wherein:
PA1  a. the pump plunger has an annular stop shoulder surrounding the central
      passage thereof and normally engaging the underside of the dish-shaped
      member,
PA1  b. said dish-shaped member thereby constituting a stop to limit the outward
      movement of the plunger.
NUM  3.
PAR  3. A dispenser pump construction as in claim 1, wherein:
PA1  a. the depending peripheral flange of the dish-shaped member is thickened
      at its bottom rim to increase its strength and reduce the likelihood of
      breakage.
NUM  4.
PAR  4. A dispenser pump construction as in claim 1, wherein:
PA1  a. the depending peripheral flange of the dish-shaped member has a camming
      surface at its bottom rim to facilitate snapping of the rim over the curl
      of the can top portion during assembly.
NUM  5.
PAR  5. A dispenser pump construction as in claim 1, wherein:
PA1  a. said depending peripheral flange has a substantially conical, annular
      camming face adjacent the undercut to facilitate snapping of the mounting
      flange of the pump cylinder into the dish-shaped member.
NUM  6.
PAR  6. A dispenser pump construction as in claim 5, wherein:
PA1  a. the mounting flange of the pump cylinder has a cooperable annular
      camming face of rounded configuration adapted to engage and snap past the
      first-mentioned camming face during the assembly of the mounting flange of
      the pump cylinder to the dish-shaped member.
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ABST
PAL  Apparatus for dispensing doses of granular material into capsules. The
      apparatus includes dosing chambers of variable geometry into which
      granules flow from a supply container. A multiple slide arrangement closes
      the inlet apertures of the dosing chambers before opening the outlet
      apertures thereof, and also temporarily enlarges the volumes of the dosing
      chambers to permit easy dispensing of the granular contents into the
      capsules.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for the dosing and dispensing of
      granular material, preferably granules having an approximately spherical
      shape, such as pellets or the like, into gelatin capsules with the aid of
      dosing chambers which are installed subsequent to a supply reservoir.
PAR  A multitude of devices for filling gelatin capsules with powder is known.
      An example of such devices is the one described in German Patent DT-PS No.
      1,174,244 in which the capsule bottoms waiting to be filled are located in
      recesses within a rotating disc. During the cyclic rotation of this disc,
      the capsule bottoms first reach a filling station where the filling
      material drops into the capsule bottoms. In the next process step, the
      capsule bottoms are located directly under a tamping device whose tampers
      compress the powder contained in the capsule bottoms. The tamping process
      is followed by a renewed supply of powder which is again followed by
      tamping. This cycle is repeated until the capsule has been filled with the
      desired quantity of powder.
PAR  This method of filling, in which the air enclosed within the powder is
      displaced by tamping, is required for powder fills, but it cannot be used
      for the dosing and dispensing of granular material, particularly of
      pellets. This is the case because the pellets have a rigid core or may
      even be filled with fluid and would be compressed or destroyed by tamping.
      Furthermore, the nearly spherical granules do not enclose as much air as
      does powder.
PAR  Attempts have been made to dispense these pellets by the known slide-dosing
      principle, but these attempts have shown that even this known system is
      not really suitable for the dosing and dispensing of these pellets,
      because when the slide closes the associated dosing chamber, there is a
      possibility of slicing through one or more pellets.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an apparatus for the dosing and
      dispensing of granular material, preferably granules of approximately
      spherical shape, such as pellets or the like, into hard gelatin capsules,
      where the apparatus permits precise and troublefree dosing with the
      gentlest possible treatment of the fill-up material.
PAR  This object is attained, according to the invention, by the provision of an
      apparatus including a separating member, located between a material supply
      container and a dosing chamber, and a slide which is located in the
      dispensing region and serves for opening and closing the dosing chamber.
      The slide is provided with penetrations and also recesses which enlarge
      the dosing chambers during the dispensing of material into capsules. The
      separating member is located between the supply container and the dosing
      chamber and is connected to the slide provided for opening and closing the
      outlet apertures of the dosing chambers. The separating member is embodied
      as a foil and its thickness is smaller than the diameter of the smallest
      granule contained in the container. In addition, the apparatus is so
      designed that the dosing chambers have a generally trapezoidal cross
      section which can be changed to a triangular cross section. The alteration
      of the cross section of the dosing chamber and, hence, the alteration of
      the dosage volume is performed by one central adjustment mechanism which
      affects all dosing chambers in the apparatus.
PAR  The separating foil is disposed between the supply container and the dosing
      chambers and it has openings whose size corresponds to the largest setting
      of the dosing chamber which insures that after the pellets have dribbled
      into the dosing chamber, this separating foil can slide without destroying
      any pellets. Any individual pellets which may be located within the path
      of the separating foil are either pushed back into the supply container or
      else are pressed down into the associated dosing chamber.
PAR  The separating foil is connected to the slide which opens and closes the
      outlet apertures of the dosing chamber. Furthermore, the openings in the
      separating foil are offset from the apertures in the lower slide and from
      the recesses in the lower slide which expand the dosing chambers by
      forming relief chambers. For these two reasons the dosing chambers are
      opened only after the separating foil has closed the upper inlet aperture.
PAR  During the dispensing of filling material into the capsules, the dosing
      chambers are enlarged by the recesses in the lower slide which mate with
      the dosing chambers guaranteeing rapid and reliable emptying of the dosing
      chamber even when the filling material has been slightly stressed because
      a few pellets may have been forced into the dosing chambers during the
      closure of the separating foil.
PAR  The invention will be now described in detail with the aid of the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical cross section through the dosing and dispensing
      apparatus of the invention,
PAR  FIG. 2 is a top view of selected members of the apparatus depicted in FIG.
      1, in two different, relative positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a supply container 2, holding the granular material to be
      dosed which consists of granules of approximately spherical shape, for
      example pellets or the like. Located beneath the supply container 2 are
      dosing chambers 1 and a separating foil 3 whose purpose it is, to close
      off the tops of the dosing chambers 1 after the filling material has
      dropped into the dosing chambers 1. A slide 4 is disposed below the
      separating foil 3. The slide 4 has penetrations 5 and recesses 6 which
      serve as relief chambers for the dosing chambers 1 when the slide is so
      positioned that the recesses 6 lie opposite the dosing chambers 1. The
      slide 4 is guided within a housing 7 which has openings 8 whose dimension
      corresponds to the size of the penetrations 5 within slide 4. The housing
      7 further contains an interchangeable plate 9 with penetrations 10 whose
      outlet diameter is adapted to the diameter of the particular type of
      gelatin capsule to be filled up. The entire dosing and dispensing
      apparatus is located above a rotating disc 11 which contains the hard
      gelatin capsules 12 to be filled.
PAR  The cross-section of the dosing chambers 1 may be altered from a
      trapezoidal shape to a triangular shape and this fact is indicated in FIG.
      1 with broken lines. This adjustment is performed by a central adjusting
      mechanism which may be of known type and is suggested in FIGS. 1 and 2 by
      the knurled knob 13. The mechanism activated by the knob 13 causes blocks
      14 and 15 to slide in and out relative to the slide 4.
PAR  FIG. 2 represents two different operational settings of selected elements
      of the apparatus. The left half of FIG. 1 shows the dosing chambers 1, the
      slide 4 and the separating foil 3 during the filling process whereas the
      right side of FIG. 2 shows the dosing chambers 1, the slide 4 and the
      separating foil 3 during the emptying process which dispenses their
      contents into the capsules below.
PAR  The two operational settings are achieved by the simultaneous displacement
      of the slide 4 and the separating foil 3. By moving the slide 4, as shown
      on the right hand side of FIG. 2, the recesses 6 register with the dosing
      chambers 1 and permit passage of the contents of the dosing chambers 1
      down through the penetrations 5, the openings 8 and the penetrations 10
      into the capsules 12. At the same time, the separating foil 3 has been
      moved due to its connection to the slide 4 to close the passage from the
      supply container 2 to the dosing chambers 1. Movement of the slide 4 and
      the separating foil 3 is accomplished by displacing a tab extension 16 of
      the slide 4 in a known manner in the direction shown by the arrows in FIG.
      2.
PAR  The adjustment of the shape of the dosage chambers, i.e., of the
      trapezoidal or triangular cross-section, permits precise dosing and this
      precision is maintained even when the volume of the dosing chambers 1
      becomes extremely small. This brings the further advantage that, even when
      the dispensing volume is extremely small, the upper inlet aperture of the
      dosing chambers 1 is still relatively large.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for dosing material, especially granular material, and
      dispensing doses of said material into capsules, including a housing
      having a supply container for the granular material and a plurality of
      dosing chambers for receiving said granular material formed therein, said
      dosing chambers each having inlet and outlet apertures, the improvement
      comprising:
PA1  first slide means mounted within said housing, said first slide means
      separating said supply container from said plurality of dosing chambers
      and controlling in its movement opening and closing of the inlet apertures
      of said dosing chambers; and
PA1  second slide means mounted within said housing, said second slide means
      including penetrations and recesses which adjoin said dosing chambers,
      said recesses being disposed laterally of the dosing chambers and their
      respective penetrations, said second slide means controlling in its
      movement opening and closing of the outlet apertures of said dosing
      chambers with said penetrations and increasing the effective volume of
      said dosing chambers with said recesses to aid in dispensing the material
      therefrom.
NUM  2.
PAR  2. A dosing and dispensing apparatus as defined in claim 1, wherein said
      second slide means is operatively coupled to said first slide means.
NUM  3.
PAR  3. A dosing and dispensing apparatus as defined in claim 2, wherein said
      first slide means comprises a metal foil whose thickness is less than the
      granular material to be dosed and dispensed into the capsules.
NUM  4.
PAR  4. A dosing and dispensing apparatus as defined in claim 3, further
      comprising third slide means which produces as a result of its movement a
      variation in the vertical cross-section of said dosing chambers which is
      between trapezoidal and triangular.
NUM  5.
PAR  5. A dosing and dispensing apparatus as defined in claim 4, further
      comprising a central adjustment mechanism mounted to said housing for
      controlling the movement of said third slide means, thereby changing the
      volume of all said dosing chambers.
NUM  6.
PAR  6. A dosing and dispensing apparatus as defined in claim 2, further
      comprising third slide means which produces as a result of its movement a
      variation in the vertical cross-section of said dosing chambers which is
      between trapezoidal and triangular.
NUM  7.
PAR  7. A dosing and dispensing apparatus as defined in claim 6, further
      comprising a central adjustment mechanism mounted to said housing for
      controlling the movement of said third slide means, thereby changing the
      volume of all said dosing chambers.
NUM  8.
PAR  8. A dosing and dispensing apparatus as defined in claim 1, wherein said
      first slide means comprises a metal foil whose thickness is less than the
      granular material to be dosed and dispensed into the capsules.
NUM  9.
PAR  9. A dosing and dispensing apparatus as defined in claim 8, further
      comprising third slide means which produces as a result of its movement a
      variation in the vertical cross-section of said dosing chambers which is
      between trapezoidal and triangular.
NUM  10.
PAR  10. A dosing and dispensing apparatus as defined in claim 9, further
      comprising a central adjustment mechanism mounted to said housing for
      controlling the movement of said third slide means, thereby changing the
      volume of all said dosing chambers.
NUM  11.
PAR  11. A dosing and dispensing apparatus as defined in claim 1, further
      comprising third slide means which produces as a result of its movement a
      variation in the vertical cross-section of said dosing chambers which is
      between trapezoidal and triangular.
NUM  12.
PAR  12. A dosing and dispensing apparatus as defined in claim 11, further
      comprising a central adjustment mechanism mounted to said housing for
      controlling the movement of said third slide means, thereby changing the
      volume of all said dosing chambers.
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ABST
PAL  An improved device for holding at least several garments during a garment
      steaming operation so that a large number of garments are more quickly
      processed through a steaming operation; the device including a bar
      assembly that is pivotable at a front of a steam table and which carries
      several sets of novel holding clamps which support garment wire forms on
      which the garments are stretched flat for pivoting against the steam table
      surface.
BSUM
PAR  This invention relates generally to garment steaming machinery, and is an
      improvement on applicant's U.S. Pat. No. 3,815,795 on a Device For Mass
      Production Garment Steaming.
PAR  A principle object of the present invention is to provide an improved
      device mountable on a garment steaming table and which permits steaming
      several garments at one time so that a large number of garments can be
      quickly processed, and wherein the device include the feature of being
      more versatile in adjustability than heretofore.
PAR  Another object is to provide an improved device for garment steaming that
      is ideal accordingly for a garment mass production industry, and which is
      made of less parts than heretofore.
PAR  Still another object is to provide an improved device for mass production
      garment steaming which does not have any projecting components upon which
      a garment or work gets hung up while being fitted upon or removed from a
      wire form of the machine.
PAR  Other objects are to provide an improved device for mass production garment
      steaming which is simple in design, inexpensive to manufacture, rugged in
      construction, easy to use and efficient in operation.
DRWD
PAR  These and other objects will be readily apparent upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of the invention.
PAR  FIG. 2 is an enlarged detail thereof.
PAR  FIG. 3 is an end view.
PAR  FIG. 4 is a cross section on line 4--4 of FIG. 3.
PAR  FIG. 5 is a cross section on line 5--5 of FIG. 1.
PAR  FIG. 6 is a perspective view of one design of a clamp used in the present
      invention.
PAR  FIG. 7 is a perspective view of another design of clamp that may be used in
      the invention.
PAR  FIG. 8 shows the invention mounted on a pressing table.
DETD
PAR  Referring now to the drawing in greater detail, the reference numeral 10
      represents an improved device for mass production garment steaming
      according to the present invention wherein the same is pivotally mountable
      upon a cylindrical, stationary shaft 11 located along a front side of a
      steam table 12 that is used to steam garments 13 in a mass production
      operation.
PAR  In the present invention, the improved device 10 includes rigid U-shaped
      frame 14 consisting of a pair of parallel, angled arms or levers 15
      fixedly secured upon opposite ends of an interconnecting bar 16 by means
      of screws 17. The levers 15 each include an opening 18, the openings 18
      being axially aligned with each other so that the shaft 11 extends
      therethrough. The frame 14 adjustably supports a clamp support bar 19 by
      means of a mounting screw 20, threading engaged in each end of the bar,
      being inserted first through a slot 21 in each lever 15, so that the
      position of the screw along the slot can be varied before screw
      tightening. Thus the radial distance of the bar 19 and the axis of shaft
      11 about which it pivots is adjustable. A washer 22 is positioned against
      the head of the screw and bears against the outer face of each lever 15.
      It is to be noted that the opposite ends of the bar 19 include narrow
      terminal portions 23 that extend inside the slots 21 so to prevent
      rotation of the bar 19 respective to the levers 15. A shoulder 24 thus
      formed near each end of the bar 19 accordingly, bears against the inner
      face of each lever 15.
PAR  Several clamps 25 may be removably mounted along the clamp support bar as
      shown in FIGS. 1 and 8. Each clamp 25 consists of parallel, spaced apart
      bars 26 interconnected by plates 27a and 27b. A pair of jaws in each bar
      26 form a mouth 26a therebetween. Each bar also includes a slot 26b
      through which the bar 19 is receivable, and each clamp 25 is securable in
      stationary position along the bar 19 by means of a single thumb screw 28a.
      The clamp 25 is designed to hold a garment supporting form shown in FIG. 8
      by means of a single thumb screw 28b. Thus the employment of only two
      single screws in retaining the clamp and the garment supporting form
      reduces the hazard of numerous projections that might otherwise get hung
      up on the garments that are to be pressed, particularly at such time as
      they are being fitted on the form or being pulled off therefrom.
PAR  In a modified design, a clamp 29, shown in FIG. 7, is employed when the
      garment supporting frame is not as wide, and wherein a single block 32 is
      used in its construction instead of the bars 26 and plates 27a and 27b.
PAR  In each clamp 25 or 29, the mouth 26a is designed to grasp a bar 30 of the
      garment supporting form 31 and hold the same by means of the thumb screw
      28b; each mouth additionally having a projecting spur 26c that prevents
      the bar 30 to slide out of the mouth in case the thumb screw 28b is not
      turned down sufficiently hard enough. Thus even as the thumb screw is
      loosely held against the bar 30, the bar will not fall out, so that the
      spur serves as a safety feature.
PAR  The garment supporting form 31 also includes a wire form 33 shaped to the
      size and style of a particular garment that is to be fitted thereupon, in
      order that the garment is in a flat position while being steamed.
PAR  In use, the frame 15 is pivotable about shaft 11 so that the flat wire
      forms 33 are pivotable between the position A and B (shown by dotted and
      solid lines respectively in FIG. 3) so that when tilted upwardly, a
      garment can be fitted thereupon or removed, while when in a horizontal
      position, the garment is against the top surface 34 of the steam table so
      that steam from the table is blown through the garment and then
      subsequently vacuum-drawn away therefrom so to steamed garment is left
      dry.
PAR  The tilted position A occurs when a sideward projection 35 on each lever 15
      abuts against a pin 36 extending from a collar 37 locked on shaft 11 by a
      set screw 38. The tilt angle can be selectively adjusted by loosening the
      set screw, rotating the collar as wished and there locking the set screw
      against rotating.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device for garment steaming, the combination of a steam table
      having a top surface, a stationary horizontal shaft supported by
      stanchions in spaced relation below a forward edge of said table, a
      U-shaped frame pivotally mounted on said shaft, said U-shaped frame
      comprising a pair of parallel, spaced apart levers and a bar between one
      end thereof, an opening in each lever near said end, said openings being
      axially aligned and receiving said shaft, an elongated slot near an
      opposite end of each said lever, a clamp support bar between said slots
      being adjustably supported therein respective to said shaft, a plurality
      of clamps adjustably mounted along said clamp support bar, a flat garment
      supporting form being removably held by each said clamp, said garment
      supporting clamps in one pivotal position of said U-shaped frame resting
      flat against said steam table upper surface, and adjustable stop means for
      limiting a pivotal travel of said U-shaped frame for a selective upward
      position of said garment supporting form, said adjustable stop means
      comprises a projection on a side of each said lever, said projection being
      axially parallel to said shaft, and a pair of collars rotationally
      adjustably mounted on said shaft, each collar having a radially extending
      pin, said pin extending into a travel path of one of said projections;
      said clamp supporting bar and said bar which is between the one ends of
      said levers being parallel to said stationary shaft which is supported by
      said stanchions, said levers being at right angle to both said bars and
      said stationary shaft; each said clamp having a slot for receiving said
      clamp support bar, and also having a mouth for receiving said garment
      supporting form, a single thumb screw on each said clamp for securement of
      said clamp on said clamp supporting bar, another single thumb screw also
      on each said clamp for securement of one said garment supporting form on
      said clamp; said mouth being formed between a pair of jaws one of which
      has a spur at its end projecting into said mouth and in a direction toward
      the other said jaw for abutting against said garment supporting form
      positioned in an inner end of said mouth, certain of said clamps each
      comprising a pair of parallel, spaced bars each of which contains one said
      slot and one said mouth and said pair of bars being held together by a
      pair of interconnecting plates, while others of said clamps each comprise
      a single block containing said slot and said mouth.
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ABST
PAL  Apparatus for accurately and fully finishing or pressing garments is shown
      that employs a motor-driven air blower whose motor has automatic braking
      means for substantially instantly stopping it when de-energized, and that
      has an electrical heater for air being supplied by the blower to the
      atmosphere of a permeable bag along which a garment is to be positioned.
      Side-mounted pairs of upper and lower creasing blades are operated to
      expand and contract and are provided with electrical heating means along
      their lengths for directly applying creasing heat. Steam is supplied to a
      piping system which extends along and within the permeable bag for both
      applying heat indirectly and applying periodic bursts of steam directly to
      the inside of the garment being finished. Steam from the indirect heat
      application is then passed through a heat exchanger for applying its
      residual heat to preliminarily heat air being supplied by the blower.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my application Ser. No.
      508,885 filed Sept. 24, 1974, entitled "Garment Finishing Appartus", now
      U.S. Pat. No. 3,883,051.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improved apparatus for finishing or pressing
      garments or articles of clothing, such as shorts, trousers, slacks,
      dresses, shirts, sweaters, skirts and jackets and particularly, to
      apparatus whose operation, temperature of air application and manner of
      heat application are accurately controlled. A phase of the invention deals
      with the accurate, direct application of heat to creasing blades of the
      apparatus.
PAR  2. Description of the Prior Art
PAR  The Paris U.S. Pat. No. 3,713,567 and my U.S. application Ser. No. 469,829
      of May 14, 1974 entitled "Pants Presser", now U.S. Pat. No. 3,866,808 and
      Ser. No. 508,885 of Sept. 24, 1974, entitled "Garment Finishing Apparatus"
      are illustrative of the general development of the art of finishing or
      pressing garments such as pants, employing creasing blades, steam and air.
      My copending application Ser. No. 508,885 deals particularly with a piping
      system, utilizing a closed array for indirectly supplying steam heat and a
      spray array for periodically supplying steam to the article being
      processed.
PAR  The apparatus of the present invention deals with the problem of the need
      for increased and accurately controlled heat, for localized blade heating,
      and for better control of the temperature of the supply of air to a
      permeable garment bag, such as of nylon.
PAC  SUMMARY OF THE INVENTION
PAR  It has thus been an object of the invention to devise a garment finishing
      apparatus that will meet the need for a more accurate control of and a
      more localized application of processing heat.
PAR  Another object has been to enable the attainment of a relatively uniform
      and a higher temperature for air being supplied to a garment being
      processed.
PAR  A further object has been to provide means for directly and individually
      heating creasing blades of a garment processing machine.
PAR  A still further object has been to increase the overall efficiency and
      adaptability of garment finishing equipment.
PAR  These and other objects will appear to those skilled in the art from the
      illustrated embodiment and the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view in elevation, partially broken away, showing a
      finishing machine employing apparatus of the invention and showing a
      permeable garment bag in an operating position with dot and dash lines.
PAR  FIG. 1A is an enlarged fragmental view taken from the front end of the
      machine of FIG. 1 to show heating means.
PAR  FIG. 2 is a further enlarged, broken-away, side perspective showing the
      construction of an electrically heated creasing blade of the machine.
PAR  FIG. 3 is a further enlarged fragmental section in side perspective also
      illustrating the blade construction and taken along the line III--III of
      FIG. 2.
PAR  FIG. 4 is an enlarged fragmental side elevation of an electrical,
      grill-like heater shown in FIG. 1 and employed for finalizing the heating
      of air being supplied to a permeable garment bag.
PAR  FIG. 5 is a diagrammatic representation of an electrical control circuit
      for the heater of FIG. 4.
PAR  FIG. 6 is a side perspective on an enlarged scale with respect to FIG. 1,
      illustrating a steam utilizing piping system.
PAR  FIG. 7 is a greatly enlarged fragmental isometric view showing details of
      the construction of a closed-off, loop pipe member and a perforated,
      tubular jacket or sleeve-like distribution head of the assembly of FIG. 6
      for providing distribution of heat and steam along the inside of the
      length of a garment being processed.
PAR  FIG. 8 is a diagrammatic showing of a motor energizing the instant braking
      arrangement and elecrical control circuit therefor.
PAR  FIG. 9 is a side fragmental elevation further illustrating air-blower
      operating motor and brake means of FIGS. 1 and 8.
PAR  And FIG. 10 is a diagrammatic showing of an electrical control circuit for
      heating the creasing blades of FIGS. 1, 1A, 2 and 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a finishing or pressing machine or apparatus has a
      floor-mounted support base or cabinet 10, as represented by a
      floor-mounted, pressurizing air supply unit. The base 10 has an enclosing
      housing 11 of plate-like construction and is open at one end and provided
      with a screen 11a for admitting air therein, see arrows a. Air thus
      introduced into the housing 11 is moved under positive or forced pressure
      by blower 13 into and along upwardly extending flow duct 14 and housing of
      a support head 15. The blower 13 is shown driven by a belt through the
      agency of an electric motor M or 12 and its drive shaft 12a on one end of
      which a drive pulley is mounted and on the other end of which a braking
      mechanism, see FIGS. 8 and 9, is operatively positioned.
PAR  Both the motor M and a pair of brake-releasing coils 65 of solenoids 64 are
      de-energized by opening a switch S.sub.m which may be a timed solenoid
      type, but which in FIG. 8 is shown as a manual type and in FIG. 1 as a
      manual pushbutton type. This assures a substantially instantaneous
      stoppage of the motor M and a quick deflation of a permeable garment bag B
      at the end of a garment finishing operation. It will be noted that a brake
      drum 12b is mounted on the one end of the motor shaft 12a, and when the
      coils 65 are de-energized, is subjected to the braking action of a pair of
      opposed shoes 62, as mechanically urged towards each other by tension
      springs 63. However, when the switch S.sub.m is closed and energizing
      current is being introduced to actuate the motor M, this simultaneously
      causes an energization of the coils 65, whereby the solenoids 64 draw the
      brake shoes 62 to an open position illustrated in FIG. 8. This braking
      assembly enables permeable nylon garment bag B to quickly collapse as a
      result of a shutting-off positive pressure supply of air from the blower
      13. After this has been accomplished upper and lower creasing blades 47
      andn 47' are then moved from expanded towards collapsed positions.
PAR  Again referring to FIG. 1, atmospheric air leaves blower 13 under positive
      pressure, as indicated by arrows b, and in its upward travel passes
      through a heat-exchanger 32 and between grid or plate-like heated members
      36a of an electric heater 36. The air being introduced into garment bag B
      (see flow arrows b, b' and c) may be accurately heated to a desired
      temperature for the particular type of garment or material being
      processed. A full showing of the shape, construction and utilization of
      the permeable bag B has been set forth in my earlier application Ser. No.
      469,829, now U.S. Pat. No. 3,866,808.  In this connection, see also FIGS.
      4, 5 and 6 of the Paris U.S. Pat. No. 3,713,567. Such a bag B is
      interposed as intermediate protective and forming agency between support
      members of the machine and the interior of the garment being finished,
      with the creasing blades 47 and 47' being used directly within the
      garment, outside the bag. Although a heat exchanger 32 which makes use of
      residual heat that is returning from the system shown in FIG. 6 is
      effective in heating the rising air, the unit 36 enables the provision of
      higher temperatures and also a better control of the exact temperature
      that is required for a particular garment or material. The heat exchanger
      32 may provide a temperature of about 160.degree. F. which is suitable for
      washable wools. However, it is desirable to employ higher temperatures for
      synthetic material. For example, air may be supplied at about 250.degree.
      F. when the garment is of nylon material, at about 310.degree. F. when the
      garment is of permanent press cotton material, and at a temperature of
      350.degree. to 375.degree. F. for a garment of synthetic material, such as
      polyester.
PAR  Details of operating mechanism for expanding and contracting the creasing
      blades 47 and 47' has been set forth and disclosed in my application Ser.
      No. 469,829. In FIG. 1, each upper and lower blade 47' and 47 is provided
      at its innermost end with a dog-leg portion (see also FIG. 2) that with an
      outer end of an expander member 45 is adapted to pivotally ride on a
      roller 46 that is guidably mounted to move along vertically slotted
      portion of a guide member 66.
PAR  FIG. 5 shows a control system for heating the unit 36. The unit 36 is shown
      provided with upright angle-shaped frame members 36c and a centrally
      disposed tie rod 36b that tie a group of transversely spaced-apart,
      vertically extending plate-like fin or grid members 36a to define through
      spacing or passageways therebetween along which the air (indicated by
      arrow b) from the duct 14 willl flow along the duct continuation
      represented by the head 15. Each plate 36a may be provided with one or
      more electrical resistance heating elements 37, such as a Calrod unit. In
      FIG. 5, four elements are shown connected in parallel. These, in turn,
      will be connected in parallel with the elements or units of the other
      plate members through the agency of electric leads, such as 37b and 37'a.
      These leads may extend along a hollow non-conductor, cross-extending tube
      36d that is positioned along the post 36b, see also FIG. 4.
PAR  The electrical heating elements 37 are preferably energized by alternating
      current, such as 220 volts, supplied to lines 37a and 37b and as
      controlled by a pushbutton switch S.sub.1, see FIGS. 1 and 5. A
      temperature indicator and adjustable control unit of conventional
      construction 39 is shown connected in the line 37a to supply current to
      output line 37'a as proportioned to the desired "set" temperature on the
      dial of the control unit. The desired set temperature may be automatically
      controlled by the unit 39 in accordance with readings imparted to its
      through line 38a from a temperature probe 38 of conventional construction.
      The probe 38 may be suspended in a central passageway between plates 36a
      of the unit 36 to give an accurate reading of the attained temperature of
      the air flowing therethrough. The operator may set the unit 39 to the
      desired temperature by moving its control pointer or arm to such a
      temperature reading on its face at which time the unit, itself, will then
      take over and automatically maintain such a temperature.
PAR  The upper end of the air supply duct 14 terminates in the support head
      structure 15. It will be noted that the open end of the permeable bag B is
      secured in position on a front flange 15a of the enclosing head structure
      15. It will also be noted that other operating structure is carried or
      supported by such head. The fabric, garment receiving bag B extends from
      the forward open end portion of the flange 15a along a pair of
      transversely spaced-apart parallel, side by side, longitudinally
      extending, support arms or members 35 of a frame or longitudinal support
      structure. The support members 35 are secured at their back ends to extend
      forwardly from a back end wall 15b of the head enclosure structure 15.
      Details of the mounting and construction of the members 35 have been fully
      disclosed in my application Ser. No. 469,829.
PAR  As shown particularly in FIG. 1, live steam is supplied through an inlet
      line or pipe 18 from a conventional generator and into a condensate
      separator and trap unit 17. Liquid collected in the trap of the unit 17
      may be taken-off through a side-mounted outlet nipple 19. Live steam
      leaves the trap 17 through a main supply line 21, see also FIG. 6, and
      then moves directly into branch line 21a and indirectly through a
      solenoid-operated valve V.sub.1 into branch line 21b. The valve V.sub.1 is
      operated by direct current supplied from a suitable source and as
      controlled by a pushbutton switch 90.  This valve is normally
      spring-pressed to a closed position and is open periodically to provide
      so-called steam bursts inside of the garment through the agency of the bag
      B. Such a steam burst is supplied to perforated, tubular, sleeve-like,
      jacket diffusion members 30 which are carried in a spaced relation along
      closed-off, indirect heat-supplying pipe members 25 and 26. The steam
      supply system represented by such piping is adapted to, as shown in FIG.
      1, extend along, above and below the support members 35 and to be held in
      position with respect to each other and thereon by cross-tie members 27.
PAR  A continuous flow of heated fluid, such as steam, is supplied through line
      21 and upper forked piping provided by the pair of branch pipe members 25
      and is advanced therealong to move downwardly along connecting, front,
      cross pipe members 25a to a pair of spaced-apart lower branch pipe members
      26, and from the latter pipe members at their back ends to a downward
      stream or outflow pipe 31. Residual heat contained in the fluid or steam,
      then as shown in FIG. 1, may be utilized by heat exchanger 32. Outflow
      from the exchanger 32 may be moved by pipe member 33 to an outlet fitting
      34 and finally, returned for reuse in the steam generator (not shown). On
      the other hand, steam introduced through line 21b flows along branch lines
      28 and vertical or cross piping 28a into end connectors 29. Inner ends of
      longitudinally forwardly extending, perforated diffusion members 30 are
      supplied with steam from the end connectors 29, and extend in a spaced
      relation substantially fully as jackets along the upper and lower pipe
      members 25 and 26 of the loop-like closed system, see also FIG. 7. Steam
      may thus be directly supplied, as in hot moisture-carrying bursts, through
      holes or perforations that are spaced along the members 30, see the arrows
      f of FIG. 7.
PAR  Reversible or dual-acting fluid motors 50, 60 and 70 (see FIG. 1) are
      connected to operate each side pair of leg creasing blades consisting of
      an upper blade 47' and a lower blade 47 along opposite sides of the
      support members 35. The operation is effected through the agency of upper
      and lower operating arm pairs 45, 55 and 56. Air under pressure is
      introduced through inlet 87, into a filter regulator and lubricator unit
      86 and thence, through flexible tubing to the motors 50, 60 and 70 and
      also 80. Air under positive pressure may be introduced into the inlet 87
      through an electrical, solenoid-operated, air-control, pushbutton switch
      89 on the panel P.
PAR  Fluid motor 80 is carried on a slide arm 78 by a panel 76 that is
      adjustably mounted on the support head 15 by mounting brackets 75 and
      bolts 77. Thumbscrews 79 are carried by the panel 76 to adjustably
      position the arm 78 with respect thereto. A fly presser head 85 is mounted
      on a cross blade 82 through the agency of a pair of spaced-apart expansion
      spring and bolt mounts 84. Piston rod 81 of dual-acting air motor 80 is
      secured to the plate 82, and a guide rod 83 extends through a hole in the
      arm 78 and is also secured to the plate 82.
PAR  The apparatus provides an improved finishing of garments of various types
      with a close control as to temperataure, so as to provide better
      conditioning without danger of heat-scorching or localized damage to the
      fabric. The operations may be controlled by air or electrically to provide
      desired sequence and timing. In FIG. 1, the various controls are shown
      mounted on a panel P that is carried on the base housing 11.
PAR  As shown particularly in FIGS. 1, 1A, 2, 3 and 10, each creasing blade 47,
      47' of the side pairs represented by an upper blade 47' and a lower blade
      47, is provided substantially fully along its length with a pair of
      electric heating elements 43 of strip-like form. Each element 43 may be
      secured flat on the side of an associated blade as by cementing. The
      elements 43 are secured along opposite sides of each blade. Each heating
      element strip 43 may be of a type similar to the type used for thawing
      roof gutters during the winter time. If a conventional creasing blade 47,
      47' of, for example, one-eighth of an inch in thickness and one-half of an
      inch in vertical heighth or dimension is employed, it will be apparent
      that the strips 43 may also be of one-half of an inch in width or vertical
      extent (see FIG. 3).
PAR  FIG. 1A somewhat diagrammatically shows the arrangement of steam piping
      system A, as well as the arrangement of the creasing blade side pairs 47,
      47'. Since the garment bag B tends to shield the lower blades 47 from
      cooling while the upper blades 47' are more exposed, separate controls are
      provided (as shown in FIG. 10) for heating elements 42, 42' of the upper
      and lower strips 43' and 43. Like the elements of the heater 36,
      temperature-sensitive probe means 41, 41' is provided and used with
      automatic control means, as represented by units 40 and 40'. In this
      manner, the desired temperature of the upper and lower element-containing
      strips 43', 43 is separately maintained for the upper and lower members of
      the creasing blades 47', 47. That is, each control unit 40, 40' may have
      it dial or hand set at a temperature to maintain the elements 42' of the
      upper blades 47' and the elements 42 of the lower blades 47 at
      individually required temperatures.
PAR  As shown in FIG. 10, the resistance elements on opposite sides of each
      creasing blade are connected in parallel with respect to each other and
      also in parallel with the elements of the other associated blade of the
      upper or lower level involved. Also, one lower blade 47 is provided with a
      temperature probe 41, and one upper blade 47' is provided with a
      temperature probe 41' which are connected through electric leads 41a to
      their respective control units 40 and 40'. As shown in FIG. 10, a 220 volt
      alternating current source of electricity is directly connected through
      lines 42b to the control units 40 and 40', and by line 42a and separate
      switches S.sub.2 and S.sub.3 to their respective heating elements 42 and
      42'. The other side of each of the control units 40 and 40' is connected
      through leads 42c to the opposite potential side of the heating elements.
      Thus, since the probes 41 and 41' are sensitive to the respective
      temperatures of the upper and lower blades 47', 47, they will through the
      agency of the control units 40 and 40', cause an automatic variation of
      energy supplied in accordance with the requirements necessary to maintain
      the temperature at which the units have been set. That is, the probes 41
      and 41' control the resistance to current flow that is offered by the
      units 40 and 40' to increase the current supplied when the temperature
      needs to be raised and for decreasing the current supplied when the
      temperature needs to be lowered.
PAR  The units 40 and 40' may be of any conventional commercial construction
      available on the market and may be set for operating within a temperature
      range of about 250.degree. to 450.degree. F. The strips 43 will provide
      each creasing blade with a localized, accurately controlled temperature
      such as to improve the forming of creases in the garment being processed
      or pressed. Such a localized application has been found to be highly
      efficacious in providing a garment with creases that are accurate,
      uninterrupted along their lengths, sharp and lasting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a garment finishing machine having a support base, a set of
      longitudinally extending creasing blades operatively carried by said
      support base, means carried by said support base for supplying heated
      fluid along said blades, said means for supplying heated fluid comprising
      an air supply duct, an electric heater of plate-like construction
      positioned to extend across said duct and define a plurality of air flow
      passageways therethrough for heating the air, and thermal probe means for
      controlling a supply of electric energy to said heater to maintain the air
      being supplied by said duct at a desired heated temperature.
NUM  2.
PAR  2. In a garment finishing machine as defined in claim 1, electric heating
      means positioned on and extending along each of said blades, and thermal
      control means for separately sensing and controlling the temperature of at
      least a pair of said creasing blades.
NUM  3.
PAR  3. In a garment finishing machine having a support base, a set of
      longitudinally extending creasing blades operatively carried by said
      support base, means for mounting a permeable garment bag along said
      blades, an air-supply duct connected to said bag, a blower for supplying
      air to and moving it through said duct to expand said bag, a motor for
      driving said blower, and means for quickly braking said motor on
      de-energization thereof to stop said blower and deflate the garment bag.
NUM  4.
PAR  4. In a garment finishing machine as defined in claim 3, said motor having
      a drive shaft, said braking means comprising a brake drum on said drive
      shaft and brake shoes that are mechanically urged into braking engagement
      with said drum, and electrical solenoid means connected for energization
      with said motor and adapted to hold said shoes out of engagement with said
      drum when said motor is being energized.
NUM  5.
PAR  5. In a garment finishing machine having a support base, a set of creasing
      blades extending longitudinally forwardly from said support base,
      heat-supplying means secured to and extending along said blades, said set
      of blades comprising transversely spaced-apart side pairs of upper and
      lower creasing blades along opposite sides of the machine, and means for
      separately sensing and controlling the temperature of the upper and lower
      blades of said side pairs.
NUM  6.
PAR  6. In a finishing machine as defined in claim 5, said heat-supplying means
      comprising electrical heating element strips secured along opposite sides
      of each of said creasing blades.
NUM  7.
PAR  7. In a garment finishing machine having a support base, a set of creasing
      blades extending longitudinally forwardly from the support base,
      heat-applying electrical heating element strips secured to and extending
      along said blades, said blades comprising spaced-apart side pairs of upper
      and lower blades, the strips of the lower blades of each side pair being
      electrically connected in parallel for connection to a common source of
      electrical energy, and the strips of the upper blades of each said side
      pair being also electrically connected in parallel for connection to a
      common source of electrical energy.
NUM  8.
PAR  8. In a garment finishing machine as defined in claim 7, said heat-applying
      heating element strips being carried along opposite sides of each of said
      blades.
NUM  9.
PAR  9. In a garment finishing machine having a support base, a fluid-supplying
      head and a longitudinally forwardly extending support frame carried by the
      head, a permeable garment bag carried by said head and extending along
      said support frame, upper and lower creasing blades operatively carried
      along said support frame and having a transversely expanding and
      contracting movement with respect to each other, an air supplying blower
      carried by the support base, a motor operatively connected to said blower
      for actuating it, an electric circuit for energizing said motor, brake
      means for said motor connected for electrical energization during
      electrical energization of said motor and operative to substantially
      instantaneously stop said motor when electrical energy to said motor is
      switched-off, an air duct leading from said blower upwardly to said head
      for supplying air to said bag, heating means operatively positioned in
      said duct for heating the air as it moves therealong, means for
      automatically controlling the heat supplied by said unit in accordance
      with a desired temperature to be attained by the air during its upward
      movement, a steam supply and heating pipe system extending along said
      support frame for supplying heat to the inside of said garment bag and for
      periodically supplying steam bursts therein, heating means carried by each
      of said creasing blades, and means for automatically controlling the
      temperature of said last-mentioned heating means in accordance with a
      desired temperature to be imparted to said blades.
NUM  10.
PAR  10. In a garment finishing machine having a support base, a set of creasing
      blades extending longitudinally forwardly from said support base,
      heat-supplying means secured to and extending along said blades,
      longitudinally extending supporting means carried on said support base, a
      steam supply header carried on said support base, a hot air supply duct, a
      permeable garment bag positioned along said supporting means and connected
      at an open end thereof to receive hot air from said supply duct, a closed
      loop piping system extending along said supporting means and connected at
      an inlet end to said steam supply header for indirectly heating air within
      the bag, perforated diffusion members extending along said loop system for
      supplying bursts of steam within said bag, electrical heating means
      extending along said blades for individually heating them, and means
      carried by at least a pair of said blades for individually sensing and
      controlling their respective temperatures.
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ABST
PAL  Comprising filaments, fibers or yarn wound around a deformable hollow
      cellular plastic core, wherein the wall thickness on the plastic core is
      such that if the inside diameter of the cellular core is increased by
      one-sixteenth inch by compression of the cellular plastic, the compressive
      forces on the inside of the core will not change the outside diameter of
      the core.
BSUM
PAR  This invention relates to textile packages comprising filaments, fibers or
      yarn wound around a deformable hollow cellular plastic core.
PAR  Innumerable types of hollow metal and/or paper cores have been used for
      textile packages. In general, these cores have to be manufactured to close
      tolerances in order to serve the intended use. For example, insulating
      yarn used to wrap electric wires is commonly wound on parallel kraft paper
      tubes, which are slotted, scored, split and waxed.
PAR  Tubes for insulating yarn have to be split since in the wire wrapping
      operaion performed in the customers plant a spare tube is mounted above
      the spindle to enable the customer to use two packages of yarn before the
      wire being wrapped must be cut. After the yarn on the first tube is
      exhausted, the split tube is removed from the spindle without breaking the
      wire running up through the hollow spindle and through the textile
      packages. Although the split tube is advantageous in the wire wrapping
      operation, it complicates the production of textile packages. The tube
      must be sufficiently thick so that the split ends can be butted together
      and not deform under the tension employed in the tubing or winding
      operaion and subsequent storage of the textile package before use. In
      order to provide this rigidity, it is necessary to wrap the circumference
      of the split tube with paper tape.
PAR  The tubes are usually slotted in order to mate them properly on the
      spindles used to wind the yarn and subsequently to unwind the yarn. They
      are also scored in order to seat the yarn properly when the first few
      hundred feet of yarn are wound on the core. The tubes are often waxed in
      order to prevent deformation of the tube under high humidity conditions.
PAR  As indicated above, these tubes must be manufactured to close tolerance on
      both the inside and outside diameter of the tubes. Cores that are too
      tight do not fit on the spindles and if too loose oftentimes result in
      improperly wound packages. Paper tubes that are of the correct diameter or
      slightly undersized may fit on a tubing spindle prior to winding but often
      compress further during storage to the extent that they are difficult or
      often impractical to position on the hollow spindle in the wire wrapping
      operation. This is the cause for a significant number of rejects by the
      customer and results in additional costs in both the yarn processing and
      wire wrapping operations.
PAR  Due to the close tolerance required, it is necessary to check all of the
      tubes prior to use in the winding operation. Sometimes rejects run as high
      as 50%. In the case of insulating yarn, where it is common to use fine
      filament size 1 to 2  denier filaments, the filaments tend to stretch
      during winding and subsequently shrink during lagging, shipping and
      storage, putting additional stress on the integrity of the inside diameter
      of the core.
PAR  The object of this invention is to provide a yarn package comprising a tube
      core that does not need to be held to close tolerance. A further object of
      this invention is to provide tube cores that do not have to be scored or
      split prior to use.
PAR  I have now found that the objects of this invention can be attained with
      tube cores comprising an unsplit deformable hollow cellular plastic. The
      inside diameter of these tubes do not have to be held to close tolerance
      since with very slight pressure a tube of even 7/16 inch inside diameter
      will slide onto a 1/2 inch spindle and can be readily removed when filled
      with yarn. Since the core is of a foamed plastic material, the plastic
      readily deforms with slight pressure on the inside surface of the tube but
      there is no change whatsoever in the dimensions of the outside diameter of
      the tube, thus leaving the outside diameter intact. If the yarn shrinks
      during storage, the outside diameter of the core compresses allowing the
      stresses in the yarn to dissipate without changing the inside diameter of
      the core, thus leaving the inside diameter intact. This compression also
      can be used to seat the yarn rigidly on the tube thereby eliminating the
      need for a scored or embossed tube surface.
DRWD
PAR  The objects and the precise nature of the present invention are made
      clearer by reference to the attached drawings.
PAR  FIG. I is a side elevation of an unused polystyrene textile core of the
      present invention;
PAR  FIG. 2 is the same as FIG. I but it shows the textile core after
      compressive forces have affected the outside diameter;
PAR  FIG. 3 is a side elevation with a partial cut-away to show how compressive
      forces affect the inside diameter of the core;
PAR  FIG. 4 demonstrates the method of using the textile core.
DETD
PAR  FIG. I shows the structure of the polystyrene textile core 10 as it appears
      prior to use. The dimensions used in FIG. I and FIG. 2 are only
      illustrative in nature and are not meant to restrict the core to only
      those dimensions shown. In FIG. 2, the core 10 is shown after it has been
      compressed by textile material wrapped about the outside diameter and
      after the material has been removed. The compressive forces have exerted
      their effect and left a portion of the core 11 deformed by about 1/16 inch
      while leaving the inside diameter, in this case 7/16 inch intact due to
      dissipation of the forces by the core. Likewise, in FIG. 3, where the core
      10 is being mounted on a spindle 13 having a diameter larger than the
      inside diameter of the core, the compressive forces deform the core, such
      as at point 14, with the core dissipating the forces and leaving the
      outside diameter of the core and the textile material 12 wound thereabout
      intact. FIG. 4 shows how a number of cores 10 are used to create textile
      package. The complete packages are formed in a conventional manner by
      winding the desired material 15 onto the cores so as to provide a package
      with the desired amount of textile material.
PAR  These tubes have the additional advantage that it is unnecessary to
      presplit the tube prior to use. Inasmuch as the cellular plastic core is
      relatively soft, it can be readily cut by a stripping knife or by a hot
      knife such as a special tipped welding gun. Since the tubes do not have to
      be split prior to use, they do not have to be taped. Waxing is also
      unnecessary since these tubes can be manufactured from hydrophobic foamed
      plastic. In addition, these cores are only a small fraction of the weight
      of the paper tubes now being used. For example, foamed polystyrene having
      a density of 2 to 2.5 pounds per cubic foot weighs only about one-nineth
      the weight of a conventional kraft paper tube now used for insulating wire
      packages.
PAR  Accordingly, the foamed plastic tubes of this invention have the advantage
      that they do not have to be inspected repeatedly prior to use, they do not
      have to be embossed or scored, they do not have to be waxed for storage
      stability, they do not have to be split before use and subsequently taped
      and they offer savings in shipping costs.
PAR  While the cellular hollow cores useful in this invention can be of the same
      size and shape (conical, tubular, kingspool, etc.) as cores now used for
      textile packages, these cellular cores are particularly useful for the
      production of tubular textile insulatng yarn packages discussed above.
PAR  In somewhat greater detail, the cellular hollow cores of this invention can
      be formed from any rigid or semi-rigid cellular plastic, such as
      polystyrene foam, polyurethane foam, epoxy foam resins, urea-formaldehyde
      foam resins, polyethylene foam, polyvinyl chloride foam, cellulose acetate
      foam, etc. Usually the cellular plastic employed will have a density of
      approximately 1.5 to 10 lbs. per cubic foot. Particularly useful are the
      cellular polystyrenes sold under the name Styrofoam having a density of
      1.5 to 3 pounds per cubic foot.
PAR  To some extent the thickness of the cellular plastic wall depends on the
      rigidity of the plastic foam used. In general, the wall thickness and
      cellular plastic should be selected in a manner such that if the inside
      diameter of the cellular plastic is increased by one-sixteenth inch by
      compression of the cellular plastic or slightly more, the compressive
      forces on the inside of the core will not deform the outside dimension or
      change the outside diameter of the core. Likewise, these parameters must
      be such that any compressive forces on the outside of the cellular core
      due to winding filaments, yarns or fibers or shrinkage of filaments, etc.
      during storage of the textile package will not result in deforming or
      decreasing the inside diameter of the core.
PAR  Excellent results have been obtaned with 2 inches long, 11/8 inch outside
      diameter tubular cores having cellular styrofoam walls of about 1/4 inch
      to 3/8 inch. Of course, these cellular walls can be thicker, 1/2 inch or
      more, and desirably are when larger outside diameter cores are used.
PAR  The plastic cellular cores of this invention can be used for fibers,
      filaments, yarns, etc. of nylon (nylon-6, nylon 6-6, etc.), polyester
      (polyethylene terephthalate), polyacrylonitrile, polyvinyl alcohol, fiber
      glass, etc.
PAR  The fibers, filaments or yarns can be wound on the hollow cellular plastic
      core in exactly the same manner as fibers, filaments or yarns are wound on
      conventinal cores in order to produce textile packages thereby avoiding
      the problems described above.
PAC  Example
PAR  A 2 inches long, 11/8 inch outside diameter, 1/2 inch inside diameter, 2.5
      pounds per cubic foot foamed polystyrene parallel tube is mounted on the
      take-up spindle of a Foster Tubing machine. Forty denier, 34 filament
      nylon is wound around the parallel core at 800 to 875 r.p.m. (about 36 to
      45 yards per minute ) yielding in about 60 minutes a textile package
      having a diameter of 2 inches. The textile package can be easily removed
      from the spindle and re-inserted on the spindle of a yarn dispensing
      machine even though the package has had its outside diameter decreased by
      shrinkage of the yarn during storage of the package. Moreover, the initial
      mounting of the core on the take-up spindle of the Foster Tubing machine
      does not change the outside diameter of the core although the inside
      diameter is increased by about one-sixteenth inch.
CLMS
STM  I claim:
NUM  1.
PAR  1. A textile package comprising a deformable, hollow, readily splitable
      cellular plastic core adapted for an interference fit on the spindle of a
      yarn takeup or yarn dispensing apparatus, and filaments, fibers or yarn
      wound on said core, said plastic core having a density of about 1.5 to 3
      lbs. per cubic foot and a wall thickness of at least about one-fourth inch
      whereby compression of the inside of the core, causing an increase of
      one-sixteenth inch in the inside diameter of the core, will not change the
      outside diameter of the core and compression of the outside of the core by
      shrinkage of the filaments, fibers or yarns thereon will not decrease the
      inside diameter of the core.
NUM  2.
PAR  2. The textile package of claim 1 wherein the plastic is polystyrene.
NUM  3.
PAR  3. The textile package of claim 1 wherein the wall thickness is about
      one-fourth to three-eighth inch.
NUM  4.
PAR  4. The textile package of claim 1 wherein the plastic is polystyrene and
      the wall thickness is about one-fourth to three-eighth inch.
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ABST
PAL  A garment carried support member for a gun having an open top pocket
      dimensioned to receive the trigger guard of the gun and interior walls
      composed of elastomeric material contoured to mate with and provide a
      substantially continuous support for and resilient gripping of the outer
      periphery of the gun trigger guard.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The invention relates to body worn devices such as slings and garment and
      belt constructions designed for assisting in the support of a rifle,
      shotgun or the like.
PAR  2. Description of Prior Art
PAR  Guns used by sportsment in hunting game are generally quite heavy and yet
      must be manually carried for protracted periods of time. The problem is
      considerably aggravated when hunting in cold climates. In such instances,
      the gun will be extremely cold and uncomfortable to touch, handle and
      carry, and the hunter will endeavor, when possible, to keep his hands in a
      warm and protected position within the folds or the pockets of his hunting
      jacket or other garment thus making the handling of his gun most difficult
      and awkward.
PAR  Various devices have been heretofore proposed for assisting the hunter in
      carrying his gun. Such devices have included an over the shoulder sling
      attached to the gun at a mid-point of its length, and clothing worn
      brackets having openings for receiving the gun trigger guard and providing
      a support for the gun adjacent to the guard. However, such prior devices
      have provided a relatively unsteady support for the gun, and have done
      little to improve the safety handling condition of the gun, as in moving
      through brush and the like.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a gun support of the
      character described in which the gun will be firmly and securely carried
      in a most advantageous position for convenient and comfortable prolonged
      support by the hunter, and yet be immediately available for withdrawing
      from the holder for movement of the gun to shooting position.
PAR  Another object of the present invention is to provide a gun support of the
      character above which will insure complete enclosure of the gun trigger
      guard and the trigger therein making impossible the accidental
      displacement of the trigger while the gun is in supported position.
PAR  A further object of the present invention is to provide a gun support of
      the character described which is readily adaptable to a variety of types,
      makes and sizes of guns.
PAR  The invention possesses other objects and features of advantage, some of
      which of the foregoing will be set forth in the following description of
      the preferred form of the invention which is illustrated in the drawings
      accompanying and forming part of this specification. It is to be
      understood, however, that variations in the showing made by the said
      drawings and description may be adopted within the scope of the invention
      as set forth in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a gun holder constructed in accordance with
      the present invention and shown in operable position on a user and
      inoperable relation ot a gun carried thereby.
PAR  FIG. 2 is a front elevation, on an enlarged scale, of the gun holder.
PAR  FIG. 3 is a cross-sectional view of the gun holder taken substantially on
      the plane of line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view of the gun holder taken substantially on
      the plane of line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring to the accompanying drawing, the gun support of the present
      invention comprises briefly a garment carried support member 11 and a
      pocket member 12 carried thereby and having an open top 13 dimensioned to
      receive the trigger guard of a gun 16 and having interior walls 17
      composed of elastomeric material contoured, see FIG. 4, to mate with and
      provide a substantially continuous support for and resilient gripping of
      the outer periphery of trigger guard 14. Preferably support member 11 is
      composed of a sheet of relatively heavy material, such as leather or the
      like, which is folded and secured upon itself, see FIG. 3, to provide
      front and rear sides 18 and 19 and a passageway 21 therethrough
      dimensioned to receive a belt 22 therethrough for mounting of the support
      member at the front waist of the user, as seen in FIG. 1, the pocket
      member 12 being mounted on the front side 18, as seen in FIG. 3.
PAR  With further reference to FIGS. 2, 3 and 4 it will be seen that support
      member 11 is formed by folding a leather or similar sheet upon itself and
      securing as by rivets 23 and 24 and/or by stiching; and the pocket member
      12 here comprises an open top casing 26 fastened to the front side 18 of
      support member 11 by rivets 23, 24 and 28; and an elastomeric member 31
      mounted in casing 26 for resiliently gripping the trigger guard 14 as
      above noted. Casing 26 is preferably formed of a relatively rigid sheet of
      material such as heavy leather or the like pressed into a cup shape as
      illustrated in FIGS. 2 and 3 and fastened to the front side 18 of the
      support member with the latter forming the back side of the pocket. As a
      feature of the present invention, the elastomeric member 31 is formed with
      a trigger guard receiving cavity 32 having an open top 33 registering with
      the open top 34 of casing 26 to form the open top 13 of the pocket member;
      and the elastomeric member 31 is formed as a demountable insert for
      positioning in casing 26, thus providing for interchangably mounting of a
      plurality of elastomeric members in one casing 26 for receiving and
      supporting different gun trigger guards of guns of different type, make
      and size while assuring full continuous resiliently gripping support for
      all of the trigger guards of the several guns for which insert members are
      customized.
PAR  Another feature of the present invention is the angled orientation of the
      pocket member 12 on the support member, see FIG. 2, for most
      advantageously carrying the gun in a secure and balanced position and with
      the gun pointing downwardly forwardly of the user, see FIG. 1. As will be
      seen from FIG. 2, the belt passageway 21 has a support axis 36 parallel to
      the longitudinal dimension of belt 22 and generally parallel to the top
      fold 37 of the support member. On the other hand, pocket member 12 in
      angularly displaced on the front side 18 of the support member so that the
      entryway axis 41 to the trigger guard receiving cavity 32, see FIG. 4,
      generally perpendicular to open top 13, is angularly displaced, clockwise
      in FIG. 2, from the perpendicular to passageway axis 36. Accordingly, gun
      16 when mounted in the present support will be rotated, clockwise as seen
      in FIGS. 1 and 2, to point the gun forwardly and downwardly of the user.
      This orientation of the gun also supports the gun near its center of mass
      and with the butt 42 rotated upwardly for convenient and comfortable
      cradling within the crook of the user's arm, as seen in FIG. 1. The gun
      may be supported in this position by the user over protracted periods of
      time without arm fatigue while the user's hands are free for positioning
      for warmth and comfort within the folds or pockets of the user's clothing.
      At the same time the full gripping peripheral support of the gun trigger
      guard will hold the gun in a very steady position with very little other
      effort being required to safely and conveniently carry the gun over all
      types of terrain and brush conditions. The complete enclosure of the gun
      trigger 43 within the cavity 32 of the elastomeric member insures complete
      safety. To further secure the gun in position, it will be noted that the
      top surfaces 33 and 34 of the elastomeric member and casing provide a rest
      surface for the gun adjacent to the trigger guard with such rest surface
      sloping downwardly, forwardly of the user. The upper end 33 of the
      elastomeric member may extend slightly above the adjacent end 34 of the
      casing, as seen in FIGS. 3 and 4, so as to provide an initial compression
      of the elastomeric member and cushioned support for the gun. Additionally,
      a retaining strap 46 may be secured to the support and pocket members for
      enveloping the gun carried by the support as depicted in the drawings. As
      here shown, one end 47 of strap 46 is secured to the rear side wall 19 of
      the support member by rivet 48 while the opposite end 49 is demountably
      attached to the front wall 26 by a snap 51 having one section riveted to
      front wall 26, see FIG. 3, and the attaching section carried by a buckle
      52 slideably mounted on strap end 49.
PAR  As another feature of the present invention, the assembly when removed from
      the belt may be applied to the gun, as illustrated in FIG. 2, to provide a
      complete enclosure for the portion of the gun at the trigger guard and as
      a safety precaution during handling and storage of the gun.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gun support including a support member formed with a passageway
      therein dimensioned for mounting of said support member to a belt-like
      garment proximate the front waist of the user, said support member further
      being formed with a pocket having an open top dimensioned to receive the
      trigger guard of a gun therein, said open top being accessible for receipt
      of said trigger guard from a front side of said member, the improvement
      comprising:
PA1  an elastomeric member removably mounted in said pocket whereby a plurality
      of elastomeric members of similar external form may be interchangeably
      mounted in said pocket;
PA1  said elastomeric member having an interior wall defining an open top cavity
      mounted in registration with said open top of said pocket, said interior
      wall of said cavity being custom formed and contoured to mate with and
      provide a substantially continuous support for and resilient gripping of
      the outer periphery of the trigger guard of a particular gun whereby a
      plurality of elastomeric members may be interchangeably mounted in said
      pocket for support of any one of a plurality of guns; and
PA1  said elastomeric member being formed to resiliently grip and support said
      trigger guard with sufficient force to provide substantially the sole
      support required for said gun to secure the same in an upright ready for
      use position proximate the front waist of the user.
NUM  2.
PAR  2. The gun support as defined in claim 1, wherein said passageway in said
      support member being formed with an axis parallel to the longitudinal
      dimension of said belt-like garment; and
PA1  the axis of entryway to said cavity being angularly displaced in a
      clockwise direction from the perpendicular to said passageway axis so as
      to support said gun in a forwardly, downwardly directed position.
NUM  3.
PAR  3. The gun support as defined in claim 2, the top of said elastomeric
      member providing rest surfaces for said gun immediately fore and aft of
      said trigger guard.
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ABST
PAL  A pair of rearwardly extending hooks are arranged to engage respective
      shoulders of a cameraman, and these hooks support a carrier body portion
      defining a top opening pocket for removably receiving a battery operated
      portable video tape machine. A standard extends up from the body portion
      at the front of the body on which a video camera is supported at eye
      level. The standard has adjustment vertically, laterally, and pivotally
      for suitable positioning of the camera to the eye of the cameraman. The
      framework includes side and front brackets for removably holding accessory
      equipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in carriers for
      body-held camera equipment and particularly pertains to carriers for video
      cameras and battery operated portable video tape machines.
PAR  Carriers for cameras have heretofore been provided which support the camera
      on the body of the cameraman in an arrangement whereby the cameraman is
      free to use his hands for operating the camera. Video tape cameras now in
      use are associated with a video tape machine connected to the camera by
      suitable wiring. In devices now in use, the cameraman carries the camera
      on a carrier and the video tape machine is generally strapped on his back
      or on his waist, or is carried by another person. Such arrangement is not
      satisfactory since not only is it tiring to carry the accessory equipment
      but such arrangement does not provide for free movement of the cameraman
      in all directions, particularly in pivot movements at the waist such as
      forward and rearward tilting and swinging from side to side.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      a shoulder carrier is provided for a portable camera and video tape
      machine which has support on both shoulders and which is unitized and
      capable of being carried at the front of the cameraman to provide
      visibility of meters and counters and easy access to controls and to
      provide free movement of the cameraman in pivot movements at the waist. In
      addition, the structural arrangement of the carrier is such that it has
      comfortable engagement with the body.
PAR  Another object of the invention is to provide a shoulder carrier of the
      type described which has a body portion defining a top opening pocket for
      readily receiving the video tape machine and which has a front standard
      for supporting a camera at eye level to the cameraman.
PAR  Another object is to provide a shoulder carrier of the type described
      wherein the standard for supporting the camera has adjustment vertically,
      laterally, and pivotally so as to be capable of moving the camera to the
      selected position desired by the cameraman.
PAR  Still another object is to provide a shoulder carrier of the type described
      having brackets on one or both of the sides and front of the body portion
      for removably supporting accessory equipment.
DRWD
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the present carrier showing a camera
      and video tape machine carried thereby;
PAR  FIG. 2 is an enlarged vertical horizontal sectional view taken on the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary front elevational view, partly broken away, taken
      on the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary sectional view taken on the line 4--4 of
      FIG. 3; and
PAR  FIG. 5 is an enlarged fragmentary sectional view taken on the line 5--5 of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With particular reference to the drawings and first to FIGS. 1, 2 and 3,
      the carrier includes a body portion 10 having a pair of rear upright
      strap-like frame members 12 terminating at their upper ends in rearwardly
      turned hooks 14 arranged to engage over respective shoulders of a
      cameraman. The underside of these hook portions preferably has padding 16,
      also seen in FIG. 5, for comfort to the cameraman. Each upright frame
      member 12 has right angle, forwardly projecting bottom extensions 12a
      which in turn have right angle upright extensions 12b short length, namely
      of a length only partially the height of the frame members 12.
PAR  A horizontal laterally extending frame member 18 is secured across the
      front of the upright extensions 12b at an upper portion of the latter and
      have right angle rearward extensions 18a at the sides, the frame member 18
      extending laterally on both sides beyond the extensions 12a as best seen
      in FIG. 2. A bottom frame member 20 extends across and is secured on top
      of the extensions 12a at a point intermediate the frame members 12 and
      their extensions 12b and has upright extensions 20a at its ends which
      project upwardly on the inside of the extensions 18a  and which are
      secured thereto, the upper ends of extensions 20a terminating at about the
      top edge of the extensions 18a . The intersecting portions of the frame
      members are secured together in any suitable manner such as by riveting to
      form a rigid body portion. This body portion is open at the top and
      arranged to receive a video tape machine M therein. The back end of the
      body portion has a flat plate 22 secured thereto, as by suitable rivets,
      to provide a flat comfortable engaging surface for the framework against
      the cameraman's body.
PAR  A standard 24 is supported on the body portion and comprises a vertical bar
      24a on the front frame member 18. The securement of bar 24a to the frame
      member 18 is detailed in FIG. 4 and is accomplished by a screw 26
      extending through the bar 24a and slidably adjustable laterally in a slot
      28, also seen in FIG. 3, in the frame member 18. The head 30 of the screw
      is disposed on the rearward side of the frame member 18 and is enlarged
      relative to the slot 28, and the threaded or shank end of the screw
      receives an enlarged knurled tightening nut 32. Preferably, the bottom end
      of the bar 24a on the rearward side thereof is notched at 34 to fit on the
      frame member 18 and provide a rigid upright support for the bar. Upon
      loosening nut 32, the bar 24 may be adjusted laterally for a purpose to be
      more fully described hereinafter.
PAR  A channel-shaped extension 24b is fitted on the bar 24a and has vertical
      supported adjustment thereon by means of a screw 36 extending through a
      slot 38 in the extension 24b and having its head 40 engaged on the
      rearward side of the bar 24a. The screw has an enlarged knurled tightening
      nut 42 thereon which upon being tightened is adapted to hold the extension
      24b vertically in a selected adjusted position.
PAR  The upper end of the extension 24b receives a cross screw 44 through its
      side walls, FIG. 3, and an inverted U-shaped head 46 is supported on the
      screw 44 with the legs thereof on the outer sides of the extension 24b.
      The screw 44 has an enlarged knurled tightening nut 48 thereon which upon
      being tightened holds the head 46 in a selected pivoted position relative
      to the extension 24b. A camera C to be supported by the present carrier
      has a handle or leg portion 50 to the bottom end of which is seated on the
      head 46 and removably secured thereto by a screw 52 extending up through
      the top of the head 46 and threadedly engaged in the bottom of handle 50.
PAR  An upright bracket 54 is secured on the outer side of frame member 18a for
      holding accessory equipment 56, FIGS. 2 and 3. This bracket has a narrow,
      plate-like construction, preferably with tapered end portions arranged to
      receive support straps 58 or the like on the accessory 56. Brackets 54 may
      be provided on one or both sides. Also, a pair of inverted U-shaped
      brackets 60 are secured on the front of front frame member 18 and have
      upright tabs 62 for supporting an accessory 64, shown only in FIG. 2,
      through the medium of bottom opening sockets 66 on the rear wall of
      accessory.
PAR  According to the present invention, a carrier is provided for a portable
      video type camera and the video tape machine which accompanies the camera.
      The carrier is designed for a cameraman to comfortably carry the camera
      with the body portion 10 disposed at his front. The video tape machine M
      is placed in the body portion by inserting it through the open top thereof
      and the camera is secured on the head 46 by means of screw 52. With the
      camera in its normal viewing position, the video machine cannot be
      displaced upwardly from the body portion, and when it is desired that this
      machine be removed, the camera and head 46 must be swung forward on the
      shaft 44. This serves as a safety feature in that the video tape machine M
      cannot be accidentally displaced.
PAR  The cameraman in use of the present carrier adjusts the camera C to its
      selected position for viewing by vertical adjustment through means of the
      screw 42, by pivotal adjustment through means of the screw 44, and lateral
      adjustment through means of the screw 32, the latter screw facilitating
      viewing by the cameraman by his left or right eye as desired. The carrier
      thus supports the camera and video tape machine in one compact unit and
      allows the cameraman to swing the camera from side to side and also to
      tilt forwardly and rearwardly, or otherwise, merely by movements of his
      body. The body portion 10 is carried high enough on the body so as not to
      interfere with the body movement. Frame members 12a are flat so that the
      unit will stand by itself when not in use.
PAR  It is to be understood that the form of my invention herein shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of my invention, or the
      scope of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A shoulder carrier for a portable camera and associated videotape
      machine, comprising
PA1  a. a body portion having front, rear and side portions,
PA1  b. a pair of rearwardly extending hooks on said body portion arranged for
      engagement frontwise over the shoulders of a cameraman for supporting said
      body portion in front of a cameraman above the waist,
PA1  c. means in said body portion defining a pocket arranged to removably
      receive and hold a video tape machine,
PA1  d. an upright standard secured at its lower end to the front of said body
      portion and projecting above said pocket,
PA1  e. means at the upper end of said standard to support a camera thereon
      which is electrically connected to the video tape machine,
PA1  f. and bracket means on said body portion exteriorly of said pocket for
      holding accessory equipment.
NUM  2.
PAR  2. The shoulder carrier of claim 1 wherein said upright standard is
      arranged to support a camera at eye level to the cameraman, and lateral
      axis pivot means intermediate the upper and lower ends of said standard to
      provide forward and rearward pivotal adjustment of the camera support
      means for selected adjustment of the camera to the eye of the cameraman.
NUM  3.
PAR  3. The shoulder carrier of claim 2 wherein said pocket is open at the top
      for receiving a video tape machine, said rearward pivotal adjusted
      position of said camera support means locating the latter above the pocket
      to hold a video tape machine therein against accidental displacement and
      said forward pivoted adjusted position locating said camera support means
      out of the way of the top opening of the pocket to allow a video tape
      machine to be removed from the pocket.
NUM  4.
PAR  4. The shoulder carrier of claim 1 wherein said bracket means includes a
      side bracket for removably holding accessory equipment.
NUM  5.
PAR  5. The shoulder carrier of claim 1 wherein said bracket means includes a
      side bracket for removably holding accessory equipment and a front bracket
      also for removably holding accessory equipment.
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ABST
PAL  An article carrier which is to be mounted over the rear wheel of a bicycle
      and includes a pair of baskets, one each on either side of the bicycle
      wheel. Each basket is connected through a scissor linkage assembly to be
      collapsible adjacent the bicycle wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention relates to bicycles, and more particularly to a
      collapsible article carrying basket assembly which is to be mounted over
      the rear wheel of the bicycle.
PAR  Most bicycles do not employ a convenient type of device for readily
      carrying articles, such as grocery bags. A front basket is a conventional
      type of carrying basket and is mounted on the front portion of the bicycle
      over the front wheel. This front basket can only carry a single bag, such
      as a grocery bag, and since it is on the front portion of the bicycle,
      this bag frequently can and does interfere with the steering of the
      bicycle.
PAR  Previously, there have been attempts at designing a carrying basket
      assembly to be located over the rear wheel of the bicycle. However, such
      carrying baskets have been quite complex in construction and as a result
      were expensive to manufacture. Additionally, most carrying baskets were
      not collapsible and when not in use would readily interfere with storage
      of the bicycle and carrying of the bicycle on another vehicle, such as an
      automobile. Also, such bicycle carrying baskets interfere with parking of
      the bicycle in a public bicycle rack.
PAR  Previously, there have been some attempts at designing collapsible baskets
      for the rear wheel of a bicycle. However, such collapsible baskets have
      been complex in construction and were difficult to open and close.
PAC  SUMMARY OF THE INVENTION
PAR  The structure of this invention relates to a fixed U-shaped frame which is
      to be mounted over the rear wheel of a bicycle. On either side of the
      U-shaped frame is mounted a scissor-linkage assembly. To each
      scissor-linkage assembly is attached an outer sidewall. The outer sidewall
      is movable to a collapsed position against the frame of extendible by the
      scissor-linkage assembly to a position spaced from the frame. When spaced
      from the frame, a bottom grill member for each basket is pivotable from a
      position adjacent the frame to a position substantially 90.degree. to the
      frame and connectable with the outer sidewall. Each basket on each side of
      the bicycle wheel is operable independently of each other.
PAR  The structure of this invention is a convenient and safe way to carry large
      grocery bags and bulky packages. The structure of this invention
      facilitates using the bicycle as a trail bike by carrying packages for
      camping purposes. The structure of this invention is an easy practical way
      to carry food, pup tents, sleeping bags, etc. by bicycles. The structure
      of this invention provides quite large compartments, when in use, but when
      not in use, the structure is collapsed very closely to the bicycle
      structure and therefore will not interfere with storage and transporting.
      The structure of this invention facilitates parking of the bicycle within
      a garage and also does not interfere with bicycle racks. The structure of
      this invention is easily openable and closeable. The structure of this
      invention is also of sufficient strength to be used as a second seat for
      the bicycle. The structure of this invention is easily installed with
      simple hand tools and is adjustable to fit all 26 inch and 27 inch
      bicycles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the rear portion of a bicycle on which the article
      carrier of this invention has been installed;
PAR  FIG. 2 is a plan view of the rear portion of a bicycle upon which the
      article carrier of this invention has been installed taken along line 2--2
      of FIG. 1;
PAR  FIG. 3 is a plan view similar to FIG. 2 but showing one side of the article
      carrier in an expanded position;
PAR  FIG. 4 is a rear view of the article carrier of this invention taken along
      line 4--4 of FIG. 1; and
PAR  FIG. 5 is a view similar to FIG. 4 but showing the expanding procedure of
      the article carrier of this invention.
DETD
PAC  BRIEF DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to the drawings, there is shown in FIG. 1, the rear
      portion of a bicycle which is composed generally of a bicycle frame 10 to
      which is attached a bicycle seat 12 and the rear wheel 14 of the bicycle.
      The bicycle is of conventional construction and need not be described
      herein in detail. The structure of this invention comprises an article
      carrier defined generally as numeral 16. Although the carrier 16 is
      particularly adapted for location over the rear wheel 14 of a bicycle, it
      is considered to be within the scope of this invention to mount the
      carrier 16 of this invention in other locations upon a bicycle or upon
      other types of vehicles, such as motorcycles, motorscooters, and the like.
PAR  The carrier 16 of this invention includes a frame 18 which is essentially
      in a U-shape configuration. The U-shape frame 18 includes an apex member
      20 which is generally in the form of a frame which is to be mounted so as
      to function as a separate seat of the bicycle. In other words, a person
      may be carried by actually sitting on the frame 20.
PAR  Attached to the frame 20 is a right leg assembly 22 and a left leg assembly
      24. Both the leg assemblies 22 and 24 are substantially identical in
      configuration and composed of a metal border structure to which are passed
      a plurality of small wire rods 26. The rods 26 are arranged to form a
      grill type of pattern which prevents most articles from becoming
      accidentally dislodged from the carrier 16 of this invention. The leg
      assemblies 22 and 24 are attached by appropriate fasteners, such as bolts
      28 to the apex member 20.
PAR  The lower side of the leg assembly 22 is attached by bracket 30 to a
      portion of the wheel structure of the bicycle. The bracket 30 includes a
      series of apertures 32 therein to facilitate adjustment of the carrier 16
      of this invention to different size and/or different types of bicycles.
      The fastening of the bracket 30 is accomplished through conventional
      fastening means, such as a bolt 34.
PAR  In a similar manner, a bracket 36 is fixed to the leg assembly 24 and
      connects such by means of a bolt 38 to the wheel structure of a bicycle.
      It is to be understood that the bracket 36 includes apertures 32 (not
      shown). The resulting attachment is such that the leg assemblies 22 and 24
      are located on opposite sides of the wheel 14. The construction of the
      carrier 16 is such that the leg assemblies 22 and 24 are located in a
      substantially parallel arrangement.
PAR  Connected to the leg assembly 22 is a scissor-linkage assembly comprising a
      forward scissor-linkage unit 40 and an aft scissor-linkage unit 42. The
      forward scissor-linkage unit 40 and the aft scissor-linkage unit 42 is
      identical in construction. Within each scissor-linkage unit 40 and 42, one
      of the links is slideable by means of being connected to a pivot pin 44
      which is slideable within a slot 46. The length of the slot 46 determines
      the amount of outward movement of each of the scissor-linkage assemblies
      40 and 42. It is to be understood that there is a given pin 44 and a given
      slot 46 for each of the linkage units 40 and 42. The slot 46 is formed
      within the right leg assembly 22.
PAR  In a manner similar to what has been previously described, a forward
      scissor-linkage unit 48 and an aft scissor-linkage unit 50 is connected to
      the leg assembly 24. A pin 52 is located on each of the units 48 and 50
      and each said pin cooperates within a respective said slot 54 of the leg
      assembly 24.
PAR  Attached to the free end of the units 40 and 42 is an outer wall 56. The
      outer wall 56 is formed of a metal border through which are interposed a
      series of small diametered wire rods 58 in a grill-like pattern in order
      to prevent small articles from accidentally falling through the carrier
      16. One of the links of each of the linkage units 40 and 42 are connected
      through a pin 60 to a slot 62 which is formed within the border member of
      the outer wall 56. The length of the slot 62 will be the same as the
      length of the slot 46. It is to be understood that the other link of the
      scissor-linkage is pivotally connected by means of a pin to the border
      element of the outer wall 56, but it is not movable within a slot. This
      type of connection is true for one of the links connected to the leg 22
      and the leg 24.
PAR  A similar outer wall 64 is connected to the free end of the linkage units
      48 and 50. Again in a similar manner one of the links of the
      scissorlinkage units 48 and 50 is pivotally connected through a pivot pin
      to the outer wall 64 with the other link of the units 48 and 50 connected
      through a pin 66 which rides within a slot 68 formed in the outer wall 64.
      The construction of the outer wall 64 is substantially identical to the
      construction of outer wall 56.
PAR  The forwardmost end of the apex 20 is fixed to a bracket 70. The bracket 70
      includes a plurality of apertures therein which cooperate with a plurality
      of fasteners, such as bolts 72. The bolts 72 connect with a back plate 74.
      A portion of the bicycle frame 10, frame rods 76 and 78, are located
      between the bracket 70 and the plate 74. The bolts 72 function to secure
      tightly in a clamping manner the brackets 70 and the back plate 74 to the
      frame rods 76 and 78. As a result, a secure mounting of the carrier 16 of
      this invention is accomplished through means of the bracket 70 and the
      brackets 30 and 36.
PAR  A bottom grill member 80 is pivotally connected to the first leg assembly
      22 adjacent the lowermost end of the first leg assembly 22. In a similar
      manner, a bottom grill member 82 is pivotally connected to the lower side
      of the leg assembly 24. Each of the grill members 80 and 82 are composed
      of wire rods 84 which are arranged in a grill-like pattern. The bottoms 80
      and 82 are substantially identical in construction. Each of the bottoms 80
      and 82 are pivotable to a position directly adjacent its respective leg
      assembly 22 or 24 and to a position substantially 90.degree. displaced.
PAR  To assemble the carrier 16 of this invention and install such upon a
      bicycle would require a minimum of tools and could be accomplished quite
      easily by one following a few simple instructions.
PAR  The operation of the carrier 16 of this invention would be as follows: When
      not in use the carrier 16 is in the collapsed position which is shown in
      FIG. 2. In this position the outer wall 56 is directly adjacent the leg
      assembly 22 with the outer wall 64 located directly adjacent the leg
      assembly 24. In this position, the bottom 80 is also located directly
      adjacent the leg assembly 22 with the bottom 82 located directly adjacent
      its leg assembly 24. Now let it be assumed that it is desired to extend
      the carrying unit of the carrier located on the right side of the bicycle.
      To accomplish this, the person merely grasps the outer wall 56 and moves
      such in an outward direction which is permitted by means of the
      scissor-linkage units 40 and 42. When in the outermost position, the pins
      44 and 60 are in contact with an end of their respective slots 46 and 62
      thereby determining the amount of outward movement of the outer wall 56.
      Once this position has been established, the bottom 80 is merely pivoted
      90.degree. so that the outermost end of the bottom 80 rests upon the outer
      wall 56. Once in this position, the friction within the hinge joints of
      the scissorlinkage units 40 and 42 cause the carrier to maintain this
      position. Also, when in the closed position, with the wall 56 adjacent the
      leg assembly 22, the friction within the hinge joints of the
      scissor-linkage units 40 and 42 maintain the carrier in this position.
      When in the open position, the carrying unit is capable of supporting
      articles such as a grocery sack. The scissor-linkage units 40 and 42
      themselves function as forward and rearward restraining walls for the
      article or articles retained therein.
PAR  If it is desired to also extend the other carrying unit, the outer wall 64
      is to be moved in the outward position and the bottom 82 is pivoted in the
      same manner as bottom 80 was pivoted.
PAR  The elements of the carrier of this invention will normally be constructed
      of sheet metal. However, it is considered to be within the scope of this
      invention to construct the unit of any rigid material, if desired.
PAR  Also, the wire rod grill unit employed within the carrier of this invention
      could be altered to a netting type of configuration, if desired, or even
      possibly could be eliminated or changed in configuration.
CLMS
NUM  1.
PAR  1.  A collapsible bicycle article carrier comprising:
PA1  a fixed frame;
PA1  said frame being substantially U-shaped in configuration with said frame
      having a pair of substantially parallel, spaced apart legs, said frame
      adaptable to be placed over the rear wheel of a bicycle with one of said
      legs located on either side of the bicycle wheel and the apex portion of
      the frame forming an additional seat for the bicycle
PA1  a carrying unit attached to each said leg, each carrying unit formed of the
      following elements:
PA1  a scissor-linkage assembly attached to said frame, said scissor-linkage
      assembly comprising a plurality of pivotally connected links, two in
      number of said links being pivotally connected to said frame forming a
      first pair of separate connection points, one of said connection points of
      said first pair being slidably movable with respect to said frame between
      a first position and a second position;
PA1  an outer wall connected to the free end of said scissor-linkage assembly,
      two in number of said links being pivotally connected to said outer wall
      forming a second pair of separate connection points, one of said
      connection points of said second pair being slidably movable with respect
      to said outer wall, said outer wall movable by said scissor-linkage
      assembly between a closed position and an open position, said closed
      position being when said outer wall is located directly adjacent said
      frame with said movable connection point of said first pair in said first
      position, said open position being when said outer wall is spaced from
      said frame with said movable connection point of said first pair in said
      second position; and
PA1  a bottom connected between said outer wall and said frame when said outer
      wall is in said open position, said bottom pivotally connected to said
      frame, said bottom positioned against said frame when said outer wall is
      in said closed position.
NUM  2.
PAR  2. The bicycle article carrier as defined in claim 1 wherein:
PA1  said outer wall comprising a wire grill, said bottom comprising a wire
      grill.
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ABST
PAL  The bracket supports transmitter cone and control components of a standard
      radar scope at points entirely within the interior of a police patrol car,
      just to one side of the driver's position for convenient manipulation by
      him or by an accompanying officer.
PAL  The bracket is of limited and substantially uniform width throughout and,
      as frictionally held to the vehicle's upholstered driver seat back rest,
      it presents an upper horizontal plate portion which rests on and is
      cushioned by the back rest, upon which plate portion the scope cone is
      stably and adjustably mounted. A rearwardly and downwardly angled integral
      projection of said portion provides a clamping lip to assist in
      frictionally but releasably mounting the bracket to the seat back, without
      tearing or other damage to the latter. Forwardly of the scope-mounting
      plate member the bracket affords an intermediate upright panel of
      adjustable two-part construction which carries on its rear surface a
      vertically adjustable stop element for frictional engagement with the
      front of the seat cushion in furthering a releasable clamping of the
      bracket to the driver's seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The radar mount and holding bracket is, of course, intended for
      installation in state or municipal traffic control cars, an application
      identical to present day uses of the mobile radar scope, primarily in
      traffic speed control monitoring.
PAR  2. Description of the Prior Art
PAR  In such typical present day installations, the radar scope proper is
      mounted on the outside of the patrol vehicle, usually the latter's left
      rear window, with its cone aimed for scanning in a given direction and the
      set adjusted for picking up a reflected beam signal, as from a vehicle
      being pursued or approaching; or the cone may be aimed from a fixed
      monitoring location, as at the side of a street or highway. The control
      box unit is usually mounted to the vehicle dashboard; but in any case
      certain characteristics are present in use. The system or set as thus
      conventionally installed may well be detrimental to a full and unimpeded
      direct and/or peripheral or side vision on the part of personnel operating
      the car, or may even be illegal in some states. The usual location is also
      unfortunate in that the police officer or trooper must reach out of the
      window to operate the instrument; and an extended reach to a
      dashboard-mounted control box unit, particularly at high speed, may not
      only be inconvenient but also perilous. Drawbacks of this general sort are
      characteristic of most present day radar scope units of which I am aware.
      They may well constitute hazards of which the present improvement will be
      free.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a stable and convenient mount for the radar scope
      and its control and read-out box to allow a more efficient and convenient
      use of both thereof. That is, pursuant to the invention the radar scope,
      as mounted in its entirety inside the vehicle, is in a position convenient
      to be aimed by the driver or an accompanying officer both to the front and
      to the rear, without leaving or materially changing his position in the
      vehicle. This operation may be performed safely, reliably and without
      physical or mental strain while the vehicle is in motion. All control
      buttons and the like on the control box are close at hand for the driver
      to manipulate, whether the vehicle is parked or in motion; the location of
      the control box is just to the driver's right and near or in the middle of
      the front seat of the patrol car. The mount unit is very compact,
      entailing minimal "cluttering" of space; and it presents no interference
      with two-way radio controls, with access to rifles or shotgun, etc. In
      fact, it offers a convenient storage place for a clipboard and assorted
      other flat paperwork items, maps, pencils, and the like. As indicated
      above, the bracket also affords protective storage till needed for items
      auxiliary to the use of the scope, for example, tuning forks for checking
      out the instrument prior to a patrol tour.
PAR  The unit is so simple in design and construction as to allow the assembly
      of its radar cone and control components in less than 20 seconds, with a
      power cable from the control box connected to a dashboard cigar lighter
      socket or other plug-in type connector member; and the assembly can be
      removed in the same time. The material of the one-piece bracket,
      preferably an acrylic plastic composition, is relatively inexpensive, and
      readily molded or otherwise formed to the bracket's special outline in
      vertical cross-section. Moreover, this type of non-metallic material will
      not snag, tear or otherwise mar the vehicle's upholstery.
PAR  Assurance is also had, in a special interlocking tongue formation of the
      bracket, that the unit will not be dislodged in the event of a quick stop
      or collision; and an adjustable stop is provided to insure a level
      horizontal position of the bracket's top plate surface on which the
      scope's cone is supported.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side perspective view illustrating a typical
      installation of the mounting bracket unit of the invention in a patrol
      vehicle installation, with outlines of the radar scope per se and its
      associated control box appearing in dot-dash line, as well as certain
      adjustable cone-leveling provisions; and
PAR  FIG. 2 is a side elevational view of the bracket with the associated radar
      scope units also appearing in dot-dash line.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows components of the radar scope unit, as mounted for use in a
      state or municipal police patrol vehicle, to comprise the scope's scanning
      cone unit, generally designated 10, and its control box unit, generally
      designated 11. Units 10 and 11 are typical of the basic components of a
      number of radar scope systems in everyday speed monitoring use. Once such
      producer (of the system herein depicted) is Kustom Electronics Company of
      1010 West Chestnut Street, Chanute, Kansas 66720, the set being designated
      its "MR-7" radar scope and unit. The improved bracket mount of the
      invention is generally identified by the reference numeral 12.
PAR  Conventionally, the scanner 10 comprises a beam-emitting cone 13 which is
      firmly connected by an upright post 14 to the bracket mount 12 of the
      invention, in a location thereon hereinafter described in detail; and the
      control unit 11 is also supported at another place on the same mount for
      convenient access by the driver or his partner. The scanner unit 10 may be
      provided with adjustable leveling screws 15 by which an initial accurate
      horizontal setting of said unit relative to bracket 12 is made.
PAR  Now referring more particularly to FIG. 2, bracket 12 is molded of a
      transparent acrylic or equivalent resin in a uniform side-to-side width
      throughout of about 53/4  inches, to provide an upper flat and
      horizontally disposed support plate portion 17 to which scope 10 is
      directly connected. This plate part is formed at its rear with an
      integral, angularly shaped clamp lip or flange 18 which, since the unit 12
      is semi-rigid, may flex relative to the remainder of the bracket, as from
      the solid line position of FIG. 2 to the dotted line position, in applying
      the bracket and scope to the upright rear seat cushion C, then return
      flexibly into a clamping engagement of lip 18 and the back of the cushion.
      Support plate 17 will be equipped with an appropriate metal adapter pad 19
      by which the post 14 of unit 10 is mounted thereon, with the leveling
      screws 15 downwardly engaging said pad.
PAR  The forward extremity of support member 17 integrally connects at about
      90.degree. to an upper component of a generally upright two-part frame
      panel unit 20 of bracket 12, which panel unit is approximately coextensive
      in overall height with the cushion C and will lie just to the right-hand
      side of the driver, and adjacent or at the midpoint of the patrol car's
      front seat when bracket 12 is properly applied. Said upper component of
      panel unit, as molded integral with support part 17, is designated 21 and
      is by preference provided on its rear surface with an open-ended
      receptacle formation 22 in which accessories to the use of the radar scope
      may be temporarily deposited, as mentioned above, until called for. They
      are thus, due to the plastic composition of the construction, protected
      from defacement or damaging motion in travel, just as the clamp lip 18
      avoids tearing or other damage to the upholstery of cushion C.
PAR  At a point approximately midway of the upright dimension of frame panel 20
      its part 21 is equipped at its rear with an adjustable stop clip 23 of
      V-shaped outline. This is also of molded acrylic and has a forward leg
      portion 24 releasably and adjustably connected to panel part 21, as by a
      wing screw 25 taking into an upright slot in said part and threadedly
      engaged appropriately at the rear of clip leg 24. The rear arm of stop 23
      is forwardly bent mildly at its top, for a non-tearing yet positive
      engagement with the front upholstery of seat cushion C as the latter is
      frictionally engaged stably between clamp lip 18 and the stop 23.
PAR  A second molded plastic component 26 of frame panel unit 20 has an inclined
      upright and forward portion thereof on which the first-mentioned unit
      component 21 is slidably mounted for a vertically setting. Such mount is
      at an integral thickened portion 21' of panel part 21; and this adjustable
      connection may be made by the same screw 25 and slot means as enables an
      adjustment of the stop clip 23 relative to upright panel member. Thus a
      quick adaptation of bracket 12 as to height is possible to accommodate
      various sizes and designs of cushion. An elongated slot or way 27 in the
      rear of panel component 21' laterally guides the latter in its sliding
      adjustment on upright panel part 26.
PAR  Adjacent its lower end the mounting frame panel upright 26 is integrally
      formed to provide a rearward extension tongue 28, including an enlarged
      terminal bight formation 29. With the bracket 12 engaged with the cusion C
      and supported from above, the tongue 28 is thrust into the space between
      the back cusion C and the seat proper of the vehicle, its bight 29 binding
      frictionally beneath said cushion and thereby resisting forward
      dislodgment of the bracket mount from a proper position, as in consequence
      of a collision or sudden stop of the vehicle.
PAR  Finally, the part 26 of bracket 12 is molded in front of the stop bight 29
      to provide an integral flat horizontal panel 30 of substantial
      rear-to-front length and a side-to-side width W (FIG. 1) of, say, 53/4
      inches. Member 30 furnishes a stable supporting surface of substantial
      width and area which may be used by the driver or accompanying trooper or
      officer for a number of purposes. Typically, it may accommodate a
      clipboard B, or maps, violation tickets and other incidental appurtenances
      in a position handy for use. Adjacent its forward extremity the panel 30
      of bracket 12 is formed with a mildly upwardly angled portion 31 which
      terminates in an approximately 90.degree. upwardly angled restraining lip
      32; and somewhat rearwardly of this lip formation the angled portion 31
      carries a similar integral, 90.degree. offset restraining lip 33. These
      formations 33 and 32 are proportioned as to their height and spacing from
      one another to conveniently accommodate the control box 11 of the radar
      scope assembly. The angularity of the mounting arrangement affords a
      reflection glare-free view of the control panel of box 13 and a very
      convenient reach to its control hand pieces.
PAR  Panel portion 31 is shown in FIG. 2 as being provided with a reel member 34
      on which is wound a dashboard plug-in cable.
PAR  It is seen from the foregoing that the invention affords means for readily
      and releasably mounting components of a monitoring device in a vehicle
      interior, these including an upright panel part which has (a) means for
      the mounting of one component of said device in its entirety wholly within
      said interior, and (b) means for the mounting, also entirely within said
      vehicle interior, and in a close setting relative to the first-named
      means, of functionally related equipment of said device. More
      specifically, although other types of equipment may come into play, said
      upright panel part has a horizontal top extension on which a radar cone is
      supported as one component of a scope set, and has a further bottom
      lateral extension on which a control unit of the set is mounted as another
      such component.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bracket for readily and releasably mounting components of a mobile
      radar scope set in a vehicle interior, said bracket comprising an upright
      panel part having plural means for the mounting, in its entirety and
      within the vehicle interior, of one component of said scope set, and also
      for the mounting, also entirely within the vehicle interior but out of
      physical engagement with an in substantially spaced relation to said one
      component, of another component of said scope set, in which said upright
      panel part has a lateral extension on which a radar cone is supported as
      said one component of said scope set, and has a further lateral extension
      spaced vertically from the first-named extension, on which further
      extension a control unit is mounted as said other component of said scope
      set, said lateral cone-supporting extension being horizontal and spaced
      vertically above said further extension, said upright panel part and
      first-named extension including means to frictionally and releasably
      engage an upright back cushion member of the vehicle interior, with said
      first-named extension resting atop said member and said further extension
      horizontally located in position to rest on a seat cushion member of the
      vehicle interior.
NUM  2.
PAR  2. The bracket of claim 1, in which said upright panel part is of
      semi-rigid non-metallic material.
NUM  3.
PAR  3. The bracket of claim 1, in which said upright panel part and said
      extensions are of semi-rigid non-metallic material.
NUM  4.
PAR  4. The bracket of claim 2, in which said further extension is provided at a
      point forward of said upright panel part with spaced upright formations
      between which said control unit is received.
NUM  5.
PAR  5. The bracket of claim 1, in which said further extension is provided at a
      point forward of said upright panel part with spaced upright formations
      between which said control unit is received.
NUM  6.
PAR  6. The bracket of claim 3, in which said further extension is provided at a
      point forward of said upright panel part with spaced upright formations
      between which said control unit is received.
NUM  7.
PAR  7. The bracket of claim 1, in which said upright panel part has means to
      adjust the upright dimension thereof in accommodating said extension to
      the upright back cushion member.
NUM  8.
PAR  8. The bracket of claim 1, in which said upright panel part has means to
      adjust the upright dimension thereof in accommodating said extensions to
      the cushion members.
NUM  9.
PAR  9. The bracket of claim 3, in which said upright panel part has means to
      adjust the upright dimension thereof in accommodating said extensions to
      the cushion members.
NUM  10.
PAR  10. The bracket of claim 8, in which said further extension is provided
      with a rear tongue portion extending between and frictionally engaging the
      cushion members to hold the bracket in operative position relative
      thereto.
NUM  11.
PAR  11. The bracket of claim 9, in which said further extension is provided
      with a rear tongue portion extending between and frictionally engaging the
      cushion members to hold the bracket in operative position relative
      thereto.
NUM  12.
PAR  12. A bracket for readily and releasably mounting components of a
      monitoring or like device in a vehicle interior, said bracket comprising
      an upright panel part having plural means for the mounting, in its
      entirety and within the vehicle interior, of one component of said device,
      and also for the mounting, also entirely within said vehicle interior but
      out of physical engagement with and in substantially spaced realtion to
      said one component, of another component of said device, in which said
      upright panel part has a first lateral extension on which one component of
      said device is supported, and has a second lateral extension spaced
      vertically from said first extension, on which second extension the other
      component of the device is mounted, said first lateral extension being
      horizontal and spaced vertically above said second lateral extension, said
      upright panel part and said first extension including means adapted to
      frictionally and releasably engage the front and back sides respectively
      of an upright back cushion member of the vehicle interior, said last
      mentioned means including a stop clip having a pair of legs, one of said
      legs being secured to said upright panel part and the other of said legs
      being adapted to engage the front side of the upright back cushion member.
NUM  13.
PAR  13. A bracket for readily and releasably mounting components of a
      monitoring or like device in a vehicle interior, said bracket comprising
      an upright panel part having plural means for the mounting, in its
      entirety and within the vehicle interior, of one component of said device,
      and also for the mounting, also entirely within said vehicle interior but
      out of physical engagement with and in substantially spaced relation to
      said one component, of another component of said device, in which said
      upright panel part has a first lateral extension on which one component of
      said device is supported, and has a second lateral extension spaced
      vertically from said first extension, on which second extension the other
      component of the device is mounted, said first lateral extension being
      horizontal and spaced vertically above said second lateral extension, said
      upright panel part and said first extension including means adapted to
      frictionally and releasably engage the front and back sides respectively
      of an upright back cushion member of the vehicle interior, said last
      mentioned means including a downwardly turned flange on said first lateral
      extension and a stop clip secured to said upright panel part, said flange
      being adapted to engage the back side of the upright back cusion member,
      said clip including a pair of legs, one of said legs being adjustably
      secured to said upright panel part and the other of said legs being
      adapted to engage the front side of the upright back cushion member.
NUM  14.
PAR  14. The bracket of claim 12, in which said second extension is provided at
      a point forward of said upright panel part with spaced upright formations
      between which the other component of the device is received.
NUM  15.
PAR  15. The bracket of claim 12 in which said upright panel part has means to
      adjust the upright dimension thereof in accommodating said extensions to
      the cushion members.
NUM  16.
PAR  16. The bracket of claim 12 in which said second extension is provided with
      a rear tongue portion extending between and frictionally engaging the
      cushion members to hold the bracket in operative position relative
      thereto.
NUM  17.
PAR  17. The bracket of claim 16, in which said rear tongue portion includes an
      enlarged terminal bight formation which binds frictionally beneath the
      upright cushion member thereby resisting dislodgment of the bracket.
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ABST
PAL  The device includes a pair of U-shaped rods, which function as jaws for
      gripping the neck of a water cooler bottle when lifting the bottle from
      its carton or case, the jaws being pivotally connected to transverse rods
      which are part of a generally rectangular frame. A pair of hoops, likewise
      in rod form, are pivotally connected to the ends of longitudinal rods
      which are also an integral part of the rectangular frame, the hoops having
      handles which facilitate the lifting. After the bottle has been removed
      from its carton and while resting on the ground or floor, the hoops are
      placed in ana encircling relation with the body of the bottle so that the
      bottle can be readily tilted into a horizontal position. Thereafter, when
      the bottle is to be inverted for placing into the water cooler, the hoop
      handles are grasped with one hand and the above-mentioned jaws with the
      other hand so that the bottle can be quickly turned upside down and
      lowered into the water cooler.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for lifting, carrying and/or inverting
      relatively large bottles, such as the 5 gallon size used in conjunction
      with water coolers.
PAR  2. Description of the Prior Art
PAR  The facile handling of water cooler bottles, which when full weigh
      approximately 60 pounds, poses a problem that has been long recognized,
      but for which a satisfactory solution has not yet, to my knowledge, been
      devised. Normally, bottled water is delivered by truck to the office or
      home, each bottle being contained in a heavy cardboard carton or case.
      While the carton is provided with hand slots at each side, such slots only
      enable the driver to lift the bottle from the truck and provide no real
      help in carrying the bottle into the office or home. Owing to the carrying
      difficulty, a two-wheeled truck is usually employed. Where steps and
      congested conditions are encountered, even the two-wheeled truck is not
      completely satisfactory. Even after the bottle of water is delivered to
      its destination, a serious hurdle still remains in that the bottle must be
      removed from its carton, inverted and placed in the dispensing cooler. The
      size and weight (60 pounds as already mentioned) of a full bottle makes
      this task quite difficult, so the need for a device that will simplify the
      procedure becomes readily apparent.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a general object of my invention is to facilitate the picking
      up, the carrying and the inverting of relatively large bottles, such as
      the 5 gallon size used in conjunction with water coolers, thereby making
      the delivery and the placing of the bottled water in the cooler much
      easier than heretofore. Thus, it is within the purview of the invention to
      reduce human fatigue and alleviate the back-breaking conditions that have
      heretofore prevailed in the manual handling of such heavy bottles.
PAR  Another object of the invention is to provide a device of the foregoing
      character that can be inexpensively made from wire or rod stock that will
      result in a bottle carrier that will be rugged yet light in weight.
PAR  Another object is to provide a bottle carrier that can be readily collapsed
      so that it occupies but little space when not in use.
PAR  Yet another object of the invention is to eliminate the need for using a
      two-wheeled truck or cart, thereby enabling the bottled water to be
      delivered without resort to equipment of this type, particularly where
      stairs and other obstacles hinder the efficient utilization of any such
      wheeled means.
PAR  A further object of the invention is to provide a bottle carrier that can
      be manipulated quickly into various usable positions. In this regard, it
      is contemplated that the carrier can be easily applied to the neck of the
      water bottle for lifting purposes, then detached from the neck and placed
      over the bottle for carrying purposes, and finally inverted without
      additional manipulation when placing it in the water cooler.
PAR  Still another object is to minimize the chance of dropping a bottle of
      water, my device reliably holding the bottle throughout the various
      angular positions through which it is moved between the delivery truck and
      cooler, thereby virtually eliminating the chance of bottle breakage.
PAR  Briefly, my invention envisages a collapsible or foldable bottle carrier
      composed of wire or rod stock covered with a plastic coating, such as
      polyvinyl chloride. A frame composed of two longitudinal rods and a pair
      of transverse rods support a pair of pivotal jaws, also of rod stock,
      which are configured so as to grip the neck of the bottle when the bottle
      is being lifted from its carton or case. A pair of wire or rod hoops are
      pivotally attached to opposite ends of the frame and have handles thereon
      which are grasped during the picking up or lifting procedure. After the
      bottle has been removed from its carton, it can be placed, still in an
      upright position, on the floor or ground. The hoops can then be swung from
      their initial position into an oppositely directed relationship. When
      placed in an encircling relation with the body of the water bottle, the
      bottle can be tilted and carried horizontally from the delivery truck to
      the water cooler. Upon reaching the cooler, the neckgripping jaws are at
      this time grasped with one hand, while the handles on the hoops are held
      with the other hand, so that the bottle of water can be elevated, tilted
      into an inverted position and easily lowered into the water cooler. After
      the bottle has been placed in the water cooler, my device is readily
      raised and removed from the bottle, then being available for handling
      another full bottle in the same fashion as outlined above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of my device with the parts thereof in the
      general relationship they assume for picking up a water bottle by its
      neck;
PAR  FIG. 2 is a top plan view of the device in a collapsed condition;
PAR  FIG. 3 is a front elevational view of the collapsed device, the view being
      taken in the direction of line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional detail view taken in the direction of line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a sectional detail view taken in the direction of line 5--5 of
      FIG. 2;
PAR  FIG. 6 is an elevational view of my device being used to lift a water
      bottle from its case or carton;
PAR  FIG. 7 is a fragmentary sectional view of the bottle neck with the jaws
      being shown in the same gripping relationship depicted in FIG. 6;
PAR  FIG. 8 is an elevational view of the bottle with my device being applied
      thereto in preparation for tilting the bottle into a horizontal position
      for carrying purposes;
PAR  FIG. 9 is a view of my device when carrying the bottle after it has been
      tilted into a horizontal position from the vertical position shown in FIG.
      8, and
PAR  FIG. 10 is an elevational view of the bottle after it has been inverted and
      lowered into a water cooler by means of my device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  My device has been denoted in its entirety by the reference numeral 10. All
      of the component parts comprising the illustrated device 10 are visible in
      FIG. 1; therefore, attention is directed at this time to this particular
      figure.
PAR  First, it will be seen that a rectangular frame designated by the reference
      numeral 12 includes a pair of longitudinal rods 14, 16 and a pair of
      transverse rods 18, 20, the ends of the transverse rods 18, 20 being
      welded to the underside of the two longitudinal rods 14, 16 at locations
      spaced from the ends of these two rods 14, 16. Centrally positioned
      beneath the rods 14, 16 are U-shaped lugs or ears 22, 24, the purpose of
      which will be explained hereinafter.
PAR  At this time, it will be noted that the opposite ends of the longitudinal
      rods 14, 16 are reversely turned or bent, these ends being labeled by the
      reference numerals 26 and 28. The purpose of bending the rod ends 26, 28
      is to pivotally mount or hinge a pair of hoops or rings 30 and 31. More
      specifically, the hoops 30 and 31 are formed with arcuate or curved
      portions 32, 33 and also outturned portions 34 which integrally connect
      with a straight segment or offset chordal portion 36. The section 36 of
      the hoop 30 is pivotally received in the reversely turned ends 26 of the
      longitudinal rods 14 and 16, whereas the corresponding section 36 of the
      ring 31 are similarly received in the reversely turned ends 28 of these
      two longitudinal rods 14, 16. Additional outturned portions 38, which are
      diametrically opposite the portions 34, are provided and a straight handle
      section 40 extends between the outturned portions 38. A brack 42 extends
      between the portions 38 in a spaced relation with the straight handle
      sections, thereby providing an adequate opening for the reception of a
      person's hand.
PAR  A pair of jaws 44, 46 are provided, the jaws actually being U-shaped and
      composed of a pair of parallel legs 48 having reversely turned ends 50
      which are looped about the previously mentioned transverse rods 18, 20. A
      connecting bight 52 extends between the legs 48, the bight in each
      instance having a curved midsection portion 54 that extends toward the
      transverse rod 18 or 20, as the case may be. As will soon become clear,
      the curved midsections 54 actually engage the neck of the bottle now to be
      referred to.
PAR  The bottle, which has been labeled 60, includes a cylindrical body 62 and a
      neck 64 having a pouring lip 64a and a strengthening rib 64b spaced
      therebeneath. A removable rubber cap 66 embraces the pouring lip 64a and
      extends downwardly toward the lower rib 64b, the cap serving the dual
      purpose of preventing leakage and also sanitarily protecting the lip 64a.
      As far as the shipping of the bottle 60 is concerned, this is usually done
      in a heavy cardboard case or carton 68 having a hinged lid 70 integral
      therewith. Although not shown in FIG. 6, the carton 68 has slots or hand
      openings in the sides thereof so that the carton can be handled more
      readily. As shown in FIG. 6, the carton is resting on the ground or floor
      72. The upper end of a typical water cooler 74 has been shown in FIG. 10.
PAR  Up to this stage, nothing has been said concerning the plastic covering
      that is recommended for the various rods constituting my device 10. This
      coating should be rather soft and resilient, and polyvinyl chloride has
      been found to admirably perform the function of preventing slippage
      irrespective of the position of the bottle 60. One purpose that FIGS. 4
      and 5 fulfill is to show the plastic covering. Since the chordal segment
      36 has just been referred to generally, being a component or integral part
      of the generally cylindrical hoop 30, it will suffice, it is thought, to
      simply indicate the metallic core or rod portion as 36a and the plastic
      covering or coating as 36b. Similarly, in FIG. 5, the core or metal rod 20
      has been labeled 20a and the coating or covering 20b. The same approach
      has been selected as far as FIG. 7 is concerned, for this view shows the
      curved midsection 54 in cross section, so the core or rod has been labeled
      54a and the covering or coating 54b. Of course, all of the metal is
      covered with the polyvinyl plastic, but it is not seen necessary to show
      the covering in any more detail than that that has been accomplished by
      resorting to FIGS. 4, 5 and 7.
PAR  It can be pointed out that when using steel rod stock having a 1/4 inch
      diameter and the complete covering of the rod parts with plastic, as
      mentioned above, the total weight of my device is still only a little over
      two pounds (actually 21/4 pounds), which is indeed light and insignificant
      in comparison to the weight of a filled bottle (60 pounds).
PAR  Having presented the foregoing information, the manner of using my device
      10 will now be described. Assuming that the bottle 60, which is filled
      with spring or distilled water, is contained in the carton 68 as
      illustrated in FIG. 6, the user of my device 10 will first manipulate the
      various parts thereof so that they assume approximately the position
      depicted in FIG. 1. It will be observed that the jaws 44, 46 incline
      upwardly, being hinged or pivotally attached to the transverse rods 18,
      20, respectfully. The upward divergence or angulation of the jaws 44, 46
      is sufficient so as to space the bights 52, more specifically the curved
      midsections 54 thereof, so that the jaws can clear and pass downwardly to
      a location such that when the device 10 is raised, the inward positioning
      of the jaws 44, 46 will result in the curved midsections 54 engaging the
      lower rib 64b of the bottle neck 64. This condition is pictured in FIG. 6
      but is probably better viewed in FIG. 7.
PAR  With the two hoops 30, 31 angled as illustrated in FIG. 6, this being with
      the handle sections 40 in a proximal relationship with each other, a
      person's left hand 78 (although it could equally well be his right hand)
      is simply inserted between the handle sections 40 and reinforcing braces
      42 of the hoops 30, 31 in preparation for lifting the device 10 and the
      bottle 60. All that the person need do is to lift the device 10 with the
      jaws 44, 46 engaged in the fashion described above and which manner is
      shown in FIGS. 6 and 7. The bottle 60, owing to its substantial weight
      (which is on the order of 60 pounds) forces the jaws 44, 46 downwardly and
      against the neck 64. Consequently, when the device 10 is raised, the
      gripping action supplied by the jaws 44, 46 result in the bottle 60 being
      lifted from the case or carton 68. Hence, there is no need to tilt the
      carton on its side, or manually grasp the bottle's neck 64 inasmuch as the
      bottle 60 can be moved directly upwardly when using my device 10.
PAR  Although not pictured, the bottle 60 would then be shifted while being
      suspended from my device 10 to one side and then lowered so that it rests
      directly on the floor or ground 72. Merely moving the device 10 slightly
      downwardly, while the bottle is on the floor 72, will release the jaws 44,
      46 in that they can be swung outwardly from their obstructive relationship
      with the lower rib 64b. When swung sufficiently outwardly, the cirved
      midsections 54 of the bights 52 will then clear the rib 64b and the device
      10 can be elevated so that it is completely separated or detached from the
      neck 64 of the bottle 60.
PAR  With the device 10 free of the bottle 60, the user then swings the two
      hoops 30, 31 through an angle of roughly 200.degree. from the position
      shown in FIG. 6. Close comparison of FIGS. 6 and 8 will reveal that the
      hoops 30, 31 in FIG. 6 project from the opposite side of the rectangular
      frame 12 than they do in FIG. 8. It will be helpful to note that the
      U-shaped lugs or ears 22, 24 are on the side of the frame 12 away from the
      hoops 30, 31, whereas in FIG. 8, they are on the same side of the frame 12
      as are the lugs or ears 22, 24.
PAR  Having swung the hoops 30, 31 into the relation just described, then the
      person grasps the jaws 44, 46, more specifically their bights 52, with his
      left hand 76 as illustrated in FIG. 8, using his right hand 78 to engage
      or grasp the straight handle sections 40. Of course, the use of one's left
      and right hands can be reversed; it is just that the designated hand
      relationship lends itself readily to the picturing resorted to in FIG. 8.
      At any rate, the device 10 is then lowered over the cylindrical body 62 so
      that it is approximately midway between the bottom and the neck of the
      bottle. The right hand 78 is then employed for literally squeezing the
      handle sections 40 into a relatively close or proximal relationship with
      each other which causes the hoops 30, 31 to bear against the body 62. It
      is at this time that the two lugs 22, 24 bear or seat themselves against
      the body 62 and help in preventing any slippage.
PAR  With the bottle 60 embraced as shown in FIG. 8, the person can then lift
      the bottle by means of the handle sections 40 and the bights 52. If the
      bottle 60 is to be carried, then the user retains his grip on the handle
      sections 40 with his right hand 78 as illustrated in FIG. 9. The bottle 60
      is then cradled against the rectangular frame 12 and can be readily
      carried to the water cooler 74.
PAR  Upon reaching the water cooler 74, then the left hand 76 is used in the
      same manner it appears in in FIG. 8, the right hand 78 remaining in a
      gripping relation with the handle sections 40, so that the bottle 60 can
      be tilted or inverted as shown in FIG. 10. The cap 66 will first have been
      removed prior to reaching the inverted position portrayed in FIG. 10.
      However, the transitional movement is difficult to picture without going
      to several additional views. Usually, the delivery man will tear off the
      cap 66 and will quickly invert the bottle 60 so that very little, if any,
      water escapes (other than into the cooler 74) during the inversion
      procedure. The same practice is followed when utilizing the teachings of
      the present invention, the use of the device 10 actually speeding up the
      inversion process and at the same time making it much easier for the
      delivery man. It should be appreciated that the inverted relationship
      shown in FIG. 10 can be more readily achieved when using my device 10 and
      that the inverted bottle 60 can also be lowered readily into the water
      cooler 74 while still being gripped by my device 10.
PAR  With the bottle 60 now resting on the cooler 74, the device 10 can be
      quickly removed by simply moving the handle sections 40 away from each
      other which releases the gripping action that the hoops 30, 31 have been
      performing. The device after it has been raised sufficiently upwardly and
      is completely free of the bottle 60 (a relationship not thought necessary
      to depict) is then available for use in handling another bottle.
PAR  FIGS. 2 and 3 have been presented in order to emphasize the complete
      collapsibility of the device 10. The hoop or ring 30 of FIG. 1 has been
      swung downwardly into a generally planar relation with the frame 12,
      whereas the hoop or ring 31 has been swung downwardly away from the reader
      in FIG. 1 and has been further swung into a generally planar relationship
      with the underside of the rectangular frame 12. When so collapsed, the
      device 10 takes up very little space and can conveniently be carried by
      the delivery man after he has completed the delivery of a bottle and can
      also be stowed readily on the truck until it is needed for the next bottle
      delivery. The conserving of space can be important in some instances and
      the compactness of my device 10 is one attribute that should not be
      overlooked.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for lifting, carrying and inverting water cooler bottles
      comprising a generally open rectangular frame means, a pair of jaw members
      each pivotally connected at one end to spaced portions of said frame means
      and each jaw member having means at its other end for gripping the neck of
      a water cooler bottle when said jaw members are pivoted into an angular
      relationship to one side of said frame means with their said other ends
      nearer each other than the distance between their said one ends so that
      the neck gripping means of said jaw members can engage the neck of said
      water cooler bottle when said neck is extending upwardly through said
      frame means in order to lift said bottle, and a pair of hoop members
      pivotally connected to portions of the frame means spaced at least as far
      apart as said one ends of said jaw members so that said hoop members can
      be pivoted in a direction to said one side of said frame means for lifting
      said bottle when said neck gripping means of said jaw members are engaging
      said bottle neck, said frame means having a width less than the body of
      the bottle and said hoop members being of a size so as to encircle the
      body of the bottle in order to carry and invert said bottle when said body
      of the bottle is against said frame means and said hoops encircle said
      body.
NUM  2.
PAR  2. The device of claim 1 in which said frame means includes a pair of
      longitudinal rods having reversely turned ends constituting said
      second-mentioned spaced portions and a pair of transverse rods inset from
      said reversely turned ends constituting said first-mentioned spaced
      portions, said hoop members constituting generally circular rods having
      segmental portions thereof pivotally received in said reversely turned
      ends to pivotally connect said hoop members to said frame means, and said
      jaw members constituting generally U-shaped rods having reversely turned
      ends for pivotally receiving therein said transverse rods to pivotally
      connect said jaw members to said frame means.
NUM  3.
PAR  3. The device of claim 2 in which each of said U-shaped rods has a pair of
      laterally spaced legs and an interconnecting bight, the bights of both
      U-shaped rods having central or midsections constituting said neck
      gripping means curving toward said transverse rods for engaging opposite
      sides of the neck of said bottle.
NUM  4.
PAR  4. The device of claim 3 in which the segmental portions of said generally
      circular rods each have a pair of outturned sections and interconnecting
      straight chordal sections, the reversely turned ends of said longitudinal
      rods receiving said chordal sections therein.
NUM  5.
PAR  5. The device of claim 4 in which said generally circular rods each have
      additional outturned sections and interconnecting straight chordal
      sections providing a pair of handles for carrying said bottle.
NUM  6.
PAR  6. The device of claim 5 including a lug integral with the center of each
      longitudinal rod for bearing against spaced body portions of the bottle
      when said bottle is carried.
NUM  7.
PAR  7. The device of claim 6 in which said lugs constitute relatively small
      U-shaped rods.
NUM  8.
PAR  8. The device of claim 5 in which all of said rods are covered with a
      resilient coating.
NUM  9.
PAR  9. The device of claim 8 in which said coating is a plastic material.
NUM  10.
PAR  10. The device of claim 9 in which said plastic material is polyvinyl
      chloride.
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ABST
PAL  A method of breaking a rod of brittle material, such as a glass optical
      fiber, so as to yield a mirrorlike surface across the entire rod end is
      described. This is achieved by establishing a decreasing tensile stress
      across the cross section of the rod which, at all points, is greater than
      zero but less than the threshold stress at which a mist zone forms. This
      is conveniently achieved by simultaneously applying longitudinal tension
      to the rod and bending it. A convenient hand tool for breaking optical
      fibers is also described.
BSUM
PAR  This invention relates to methods and apparatus for breaking rods of
      brittle materials, such as glass optical fibers, in a way which invariably
      produces flat end surfaces that are perpendicular to the longitudinal axis
      of the fiber.
PAC  BACKGROUND OF THE INVENTION
PAR  With installation and maintenance consuming an ever increasing share of
      system costs, simple and inexpensive splicing techniques become a
      prerequisite for economically competitive communication systems. One
      bottleneck encountered in splicing optical fiber cables is the fiber end
      preparation, as conventional grinding and polishing techniques turn out to
      be too time consuming and costly, especially when practiced in the field
      by service and maintenance personnel.
PAR  It is well known that glass fibers sometimes break with flat, perpendicular
      end faces if previously scored, and it has become common practice in the
      laboratory to obtain good ends in this way by a process of trial and
      error. Besides being inexpensive and simple, this technique has the added
      advantage of producing perfectly clean surfaces uncontaminated by lossy
      residues. However, for such a laboratory practice to become a useful
      technology, absolute control of the breaking process and the utmost
      reliability in obtaining successful results are required.
PAR  It is, accordingly, the broad object of the present invention to provide a
      reliable method of breaking optical fibers for producing flat,
      perpendicular end surfaces.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a clean, flat break is produced
      in optical fibers by controlling the stress distribution across the fiber.
      In particular, a tensile stress is produced in the fiber which varies from
      a maximum value along the region of the fiber circumference that is
      scored, to a minimum value along the diametrically opposite region of the
      fiber circumference. In addition, the tensile stress at all points along
      the fiber cross section is less than the threshold stress for producing
      irregularities associated with what is called a "mist" zone.
PAR  The above-described tensile stress distribution is conveniently obtained by
      simultaneously applying a tensile force to the fiber and bending it.
PAR  It is an advantage of the present invention that the range of stress
      distributions within which perfectly flat and perpendicular end surfaces
      are obtained is sufficiently wide that it was found possible to construct
      a simple hand tool for this purpose.
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PAR  These and other objects and advantages, the nature of the present
      invention, and its various features, will appear more fully upon
      consideration of the various illustrative embodiments now to be described
      in detail in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A shows the end of a rod that has been broken in such a manner as to
      produce a mirror zone, a mist zone and a hackle zone;
PAR  FIG. 1B shows the end of a rod that has been broken in such a manner as to
      produce a mirror zone across the entire end surface;
PAR  FIG. 1C shows the end of a rod that has been broken in such a manner as to
      produce a lip;
PAR  FIGS. 2A, 2B and 2C, included for purposes of explanation, shows a plot of
      the mist zone boundary curve and various stress distributions across a rod
      for producing the fractures illustrated in FIGS. 1A, 1B and 1C;
PAR  FIG. 3, included for purposes of explanation, shows a range of stress
      distributions for producing a mirror zone fracture;
PAR  FIG. 4 shows a length of optical fiber and a bending form of fixed radius
      of curvature for producing a nonuniform stress distribution in said fiber;
PAR  FIG. 5 shows, in greater detail, apparatus for breaking optical fibers by
      applying constant uniform tensile stress and constant radius bending;
PAR  FIG. 6 shows graphically the stress distribution in a fiber in accordance
      with a second mode of operation;
PAR  FIGS. 7A, 7B and 7C show details of a hand tool for breaking optical fibers
      in accordance with said second mode of operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is well known that when a glass rod is broken, it tends to break in such
      a way that the fracture face comprises three distinct regions which are
      known, respectively, as the mirror zone, the mist zone, and the hackle
      zone. As is illustrated in FIG. 1A, which shows an end surface of a glass
      rod 10, the mirror zone 11 is an optically smooth surface; the hackle zone
      12 is an area wherein the fracture has forked and the end surface has
      separated into three or more pieces; and the mist zone 13 is a transition
      region between these two zones.
PAR  It has been experimentally demonstrated (see "On the Shape and Size of the
      Fracture Zones on Glass Fracture Surfaces " by J. W. Johnson and D. G.
      Holloway, published in Philosophical Magazine 14, pp. 731-743 , 1966) that
      the distance r from the origin of the fracture to a point on the boundary
      between the mirror zone and the mist zone is given by
EQU  Z .sqroot.r = K.                                           (1)
PAR  z is the local tensile stress at the point in question;
PAL  and
PAR  K is a constant, characteristic of the given material.
PAR  A theoretical justification for equation (1) is given by O. L. Anderson
      ("The Griffith Criterion for Glass Fractures" in Fracture, B. L. Averbach
      et al, Eds, New York, John Wiley and Sons, Inc., 1960). Basically, what
      happens is that as the crack propagates, more and more strain energy is
      converted into kinetic energy until the crack reaches a limiting velocity.
      At this point, the excess energy begins to be taken up by the creation of
      subsurface cracks, forming the mist zone. When the released strain energy
      is sufficient to create new surfaces, a hackle zone is created. Thus, in
      order to break a glass rod, such as an optical fiber, in such a way that
      the mirror zone extends across the entire end of the rod, as illustrated
      in FIG. 1B, it is necessary that the tensile stress at all points along
      the desired fracture surface be low enough so that
EQU  Z.sqroot.r &lt; K.                                            (2)
PAR  The initial value of Z, i.e., the value at the origin of the fracture,
      depends upon the size of imperfection from which the fracture originates.
      For purposes of producing a controlled fracture, the imperfection will be
      deliberately induced in a controlled manner.
PAR  A second requirement is that Z not be allowed to become zero or negative
      (i.e., compressive stress) at any point across the rod or the crack will
      either cease to propagate, or propagate in a direction which is not
      perpendicular to the rod axis. Under this latter condition, a lip 15 is
      formed, as illustrated in FIG. 1C.
PAR  Thus, to produce a reliable, clean mirror zone fracture, in accordance with
      the present invention, the tensile stress distribution across the fiber
      must always be greater than zero, but less than the threshold value to
      produce a mist zone.
PAR  FIG. 2A shows the cross section of a rod 25 of diameter d. Let us assume,
      for purposes of explanation, that rod 25 is subjected to a uniform tensile
      stress Z.sub.1 which initiates a fracture at point 26. The fracture will
      propagate away from point 26 in all directions, as indicated by arrows 28,
      in a plane perpendicular to the rod axis. At a distance r.sub.1 less than
      d for which equation (1) is satisfied, the fracture reaches the mist zone
      beyond which a clean, mirror zone fracture is no longer obtainable. It
      will be noted from FIG. 2A that when subjected to a uniform stress, the
      mist zone forms along an arc whose center is located at a distance r.sub.1
      from the fracture origin 26.
PAR  FIG. 2B shows the case in which the stress distribution across the rod is
      not uniform. More specifically, the stress distribution may now be
      described by a series of uniform stress lines Z.sub.1, Z.sub.2 . . .
      Z.sub.5, where Z.sub.1, at the fracture origin 26, is a maximum, and
      Z.sub.5, at point 27 diametrically opposite point 26, is a minimum, and
      wherein the intermediate stress values are related by
EQU  Z.sub.1 &gt; Z.sub.2 &gt; Z.sub.3 &gt; Z.sub.4 &gt; Z.sub.5.           (3)
PAR  It will be noted that in the case of a nonuniform stress distribution of
      the type described, the stress at any particular distance r from the
      fracture origin is a function of the direction in which r is measured. For
      example, for the particular direction .theta. illustrated in FIG. 2B, the
      stress at distance r is Z.sub.2 whereas the stress at the same distance r
      along the diameter is Z.sub.3. From equation (3) we know that Z.sub.2 &gt;
      Z.sub.3 and, hence, the product Z.sqroot.r is correspondingly less along
      the diameter than it is at the same distance for all other fracture
      directions. In particular, the product Z.sqroot.r is a maximum in the
      direction illustrated in FIG. 2B for which r just touches the
      circumference of the rod. It is, therefore, at the circumference that the
      mist zone first develops.
PAR  In order to take this fact into account, it is convenient to express the
      critical distance r in terms of the projection
EQU  x = r cos .theta. = r.sup.2 /d                             (4)
PAL  the diameter. Making this substitution, equation (1) is now given by
EQU  Z(dx).sup.1/4 = K,                                         (5)
PAL  where the distance parameter (i.e., x) is, in all cases, the distance from
      the fracture origin measured along the diameter.
PAR  FIG. 2C included for purposes of explanation, shows a curve 20
      representative of equation (5), wherein stress Z is the ordinate and the
      distance x from the fracture origin is the abscissa. In particular curve
      20 represents the boundary between the desirable stresses, represented by
      the clear area of the plot, which produce a mirror surface, and
      undesirable stresses represented by the cross-hatched region, which
      produce mist or hackle areas.
PAR  It is apparent from FIG. 2C that in order to obtain a mirror zone fracture
      across the entire rod surface, the stress must decrease as a function of
      distance from point 26 if the mist zone boundary is to be avoided. If,
      however, the stress decreases too rapidly, as indicated by dashed line 22,
      it will equal zero at a distance x.sub.2 &lt; d and become negative
      (compressive) beyond x.sub.2. As indicated hereinabove, this will produce
      a lip which is equally undesirable. Thus, the limits between which the
      stress can vary and still produce a mirror zone across the entire face of
      the rod are clearly defined. The stress must decrease such that it is
      always positive but less than the threshold stress defined by the mist
      zone boundary curve. One such stress variation curve is given by dashed
      line 23 which decreases from a maximum stress Z.sub.1 at x = O, to a
      minimum Z.sub.2 at x = d, and at all times is less than
      K(dx).sup.-.sup.1/4. Clearly, there are an infinite number of such stress
      variation curves. In practice, however, there is a limited range of curves
      which are set by the realizable range of fracture stresses. These, as will
      be explained hereinbelow are a function of the thickness of the fiber
      cladding.
PAR  As is known, a typical optical fiber comprises an inner core region
      surrounded by an outer cladding of somewhat lower refractive index. In
      general, the useful optical wave energy is confined within the core region
      with the cladding serving primarily as a protective jacket. Z.sub.1 '
      Z.sub.1 "
PAR  To obtain a break at a prescribed point along the fiber, a controlled
      imperfection is produced at said point by scoring the fiber. Since the
      breaking stress varies inversely as the depths of the scoring, a deep
      score is advantageously made. However, inasmuch as it would be undesirable
      to score the core region, the maximum depth is, therefore, fixed by the
      thickness of the cladding. To provide an additional margin of safety, the
      actual depth of the scoring is made less than the cladding thickness. In
      general, the breaking stress will fall within a range which, as
      illustrated in FIG. 3, lies between a minimum value of Z'.sub.1, for the
      deepest score, and a maximum value of Z".sub.1, for the shallowest score.
PAR  For the case where the desired stress distribution is obtained by applying
      a constant average tensile stress and bending the fiber to a specified
      radius of curvature, as illustrated in FIG. 4, the stress distribution
      Z(x) across the fiber is given by
      ##EQU1##
      where
PAR  R is the radius of curvature of the form 41 over which the fiber 40 is
      bent;
PAR  T is the average tension applied longitudinally to the fiber;
PAR  E is Young's modulus;
PAR  and a is the radius of the fiber.
PAR  It will be noted from equation (6) that, for given values of T and R, the
      tensile stress is greatest at x = 0, and decreases linearly as a function
      of x. This is indicated by the two curves 30 and 31 in FIG. 3. So long as
      the upper curve 31, originating at the large breaking stress value Z.sub.1
      " remains less than the mist boundary curve 20, a mirror zone fracture is
      obtained. The lower curve 30, originating at the lower value breaking
      stress Z.sub.1 ' will produce a mirror zone fracture so long as the value
      of x for which Z(x) = 0 is greater than the diameter d of the fiber. The
      region between curves 30 and 31 is indicative of a practical range over
      which mirror zone fractures can be realized for given values of T and R.
      The maximum possible range over which a mirror zone fracture can be
      realized is included between dashed curve 32, which is just tangent to the
      mist zone curve 20, and dashed curve 33, for which the stress at x = d is
      zero. However, it is preferably not to operate along either of these
      boundary curves as the slightest deviation therefrom can cause a hackle
      zone fracture or a lip.
PAR  Thus, to produce a mirror zone fracture in an optical fiber in accordance
      with one embodiment of the present invention involves three steps
      including: (a) scoring the fiber; (b) applying a tensile stress to the
      fiber; and (c) bending the fiber. It will be noted that the order in which
      the steps are followed is immaterial. That is, the fiber can be stressed
      and bent first, and scored last. Alternatively, steps (b) and (c) can be
      done simutaneously before or after scoring.
PAR  FIG. 5 shows one embodiment of a device for breaking optical fibers using
      constant uniform tensile stress and constant radius of curvature bending.
      In this arrangement, the fiber 50 to be broken is clamped in place by
      means of a fixed clamp 51 and a moveable clamp 52. A teflon-coated fiber
      guide 53 holds the fiber in position while permitting free longitudinal
      movement. The average tension applied to the fiber is indicated on a
      tension gauge 54 which measures the mechanical displacement of clamp 52.
PAR  A teflon-coated form 55, of fixed radius R, is raised under the fiber by
      means of a screw adjustment 56 and imparts a fixed curvature to the fiber.
      The fiber is scored by lowering a scoring blade 57 onto the fiber by means
      of an adjustment screw 58. The pressure the blade exerts upon the fiber is
      controlled by changing the weights in the counterbalance 40.
PAR  As can be seen, the three steps for breaking the fiber can be taken in any
      sequence. For example, the radius form can be raised, the fiber scored and
      then tension applied in the indicated order. Or, alternatively, the fiber
      can be scored first, the tension then applied, and the radius form raised
      as the final step.
PAR  FIG. 6, now to be considered, shows a somewhat different mode of operation
      from that described hereinabove. In the instant case a zero stress point
      is established at a point x.sub.1 greater than the diameter d of the
      fiber. The average tension and radius of curvature are then increased
      until the stress at the scoring exceeds the necessary breaking stress. The
      stress distribution at that instant is then given by curves such as 60 and
      61 in FIG. 6. More particularly, curve 60 corresponds to the minimum
      breaking stress Z.sub.1 ' which, as explained hereinabove, is limited by
      the thickness of the fiber cladding. Curve 61 corresponds to a larger
      breaking stress Z.sub.1 ', obtained for a scoring depth that is somewhat
      less than that corresponding to the full cladding thickness. A practical
      operating range over which full mirror zone fractures are obtained would
      lie within the region included between curves 60 and 61. The maximum
      operating range is included between curve 60 and dashed curve 62 which is
      just tangent to the mist zone curve 20. However, one preferably would not
      operate along a boundary curve such as curve 62.
PAR  FIGS. 7A and 7C show two views of a convenient hand tool for breaking an
      optical fiber in accordance with the second mode of operation described in
      connection with FIG. 6.
PAR  Referring to FIG. 7A, the hand tool comprises two handles 70 and 71
      arranged in a plierslike configuration so as to pivot relative to each
      other about an axis 69. A first support bracket 72, on which there is
      located an adjustable post 78, is mounted pivotally at a point along its
      length at the operating end of handle 70. The end of bracket 72 opposite
      post 78 is provided with a slot 79 which engages a pin 80 mounted on
      handle 71.
PAR  A second support bracket 73 is similarly mounted pivotally along its length
      to the operating end of handle 71. The near end of bracket 73 is provided
      with a slot 81 which engages a pin 82 mounted on handle 70. A pair of
      springs 85 and 86 are connected between the slotted ends of brackets 73
      and 72 and points along the gripping portions of handles 70 and 71,
      respectively.
PAR  A pair of L-shaped fiber holding clamps 74 and 75 are mounted on opposite
      ends of bracket 73. Each clamp is free to rotate about a center which is
      located a distance h below that portion of the clamp that extends in a
      direction perpendicular to the bracket surface. The center-to-center
      distance of the two clamps is D.
PAR  A fiber support member 76, of thickness t is also provided.
PAR  When using the instant tool, the fiber to be broken is preferably scored
      first and then laid along support member 76 with the scored portion away
      from member 76, as shown in FIG. 7B. Member 76 is then placed between post
      78 and clamps 74 and 75 with the fiber on the side adjacent to the clamp.
      The handles are then squeezed, causing post 78 to exert an upward force on
      the lower surface of member 76, and the clamps to exert an opposing force
      on the upper surface of member 76. This causes support member 76, and the
      fiber thereon, to bend as illustrated in FIG. 7C. Since the clamps 74 and
      75 are free to pivot, they tend to conform to the curvature of member 76.
      In addition, the clamp surfaces in contact with the fiber are suitably
      coated with a material such as, for example, teflon, so that the fiber can
      slide relative to the clamp as member 76 is bent by the post.
      (Alternatively, the clamping surface can be located in the plane of the
      clamp pivot, i.e., h = 0, in which case there would be no relative
      movement between the fiber and the clamp, and no particular surface
      treatment would be necessary.) The surface of member 76, on the other
      hand, is not treated in this manner so that there is no significant
      relative motion between the fiber and the support member. Thus, the fiber
      and support member 76 can be considered to be one composite member made up
      of two dissimilar materials. However, because the moment of inertia of the
      support member is so much larger than that of the fiber, for all practical
      purposes the stress distribution is defined primarily by the support
      member. In particular, we are concerned with the zero stress region which
      falls approximately along the center of member 76, i.e., at a distance t/2
      from the fiber. With regard to FIG. 6, the zero stress point r.sub.1 is,
      therefore, equal to t/2 + d in this case. The fiber will break so long as
      the stress curve intersects the stress axis at a stress which is equal to
      or greater than the breaking stress required by the particular scoring. If
      the fiber does not break, either the scoring depth can be increased so as
      to reduce the required breaking stress or, alternatively, the stress curve
      can be varied by any one or any combination of changes in the tool
      including changing the thickness t of the support member; changing the
      height F of post 78; or changing the distance D between clamps. However,
      once the combination scoring depth and tool parameters to produce a mirror
      zone fracture are determined, for a specific type of optical fiber,
      reproducible results are readily obtained.
PAR  Thus, in all cases it is understood that the above-described arrangements
      are illustrative of but two of the many possible specific embodiments
      which can represent applications of the principles of the invention.
      Numerous and varied other arrangements can readily be devised in
      accordance with these principles by those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
NUM  1.
PAR  1.  The method of breaking a brittle material including the steps of:
PA1  scoring said material over a region along its surface;
PA1  mounting said material on a flexible bending form with said scored region
      facing away from said form;
PA1  and bending said form and said material while simultaneously applying to
      said form and said material a nonuniform tensile stress which decreases
      from a maximum value at said region to a minimum value along the opposite
      surface in contact with said form and which, at all points therebetween,
      is less than the threshold stress for producing a mist zone fracture, said
      minimum value being grater than zero by a sufficient amount to insure a
      mirror-type fracture.
NUM  2.
PAR  2. The method according to claim 1 wherein said brittle material is an
      optical fiber.
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ABST
PAL  A dual speed tape drive system for a dictating and transcribing system is
      provided with means for recording and transcribing and including a
      single-bin, random-wind tape storage magazine to store an endless loop of
      magnetic tape in random folds. The tape is drawn from the magazine at one
      side, passed over the top of the apparatus, back into the magazine and out
      of the magazine through a dictate-playback station. After passing through
      the dictate-playback station the tape is returned to the magazine where it
      may be stored in random-wound folds until a transcribe station is
      activated to draw the tape from the magazine through the transcribe
      station and back into the magazine where it is stored awaiting further
      dictation. Both the dictate-playback station and the transcribe station
      are provided with bidirectional tape drive capability and one tape drive
      system at each station is provided with dual speed tape drive capability
      to allow for tape drive at normal recording or transcribing speed as well
      as a fast forward speed.
BSUM
PAR  This invention relates to a tape drive system for a recording and
      transcribing system and more particularly to a tape drive system with dual
      speed capability for a recording and transcribing system which utilizes an
      endless loop of magnetic tape stored in random fashion in a single-bin
      tape storage magazine.
PAR  Recording and transcribing systems utilizing an endless loop of magnetic
      tape so that both dictation and transcription can be accomplished at the
      same time have been proposed heretofore. Examples of such prior art
      recording and transcribing systems are those shown in U.S. Pat. No.
      2,988,604 to Nye and U.S. Pat. No. 2,989,594 to McKaig. Each of those
      units use a double-bin tape storage, the first storage bin to store tape
      after messages have been recorded thereon and the second storage bin to
      store tape after the transcriber has listened to the recorded messages.
      Both of these storage bins must be large enough to accommodate all of the
      tape as, for example, when the dictator has recorded on the whole length
      of tape before any of it has been transcribed, or when all of the tape has
      been passed through the transcribed unit without any recording taking
      place. Hence, with such an arrangement, it is necessary to have two
      storage bins each large enough to accommodate the complete length of tape
      to be used. U.S. Pat. No. 3,596,818 to Curtis et al. and U.S. Pat. No.
      3,817,436 to Matz et al. disclose endless loop single-bin recording and
      transcribing systems which obviate many of the problems associated with a
      double-bin system. However, none of these prior art references disclose an
      endless tape loop dictating and transcribing system with dual drive speed
      capability. The present invention incorporates an improved tape drive
      system to provide dual speed tape drive capability to permit tape drive at
      standard recording or transcribing speed as well as tape drive at a fast
      forward speed.
PAR  It is therefore an object of the present invention to provide an improved
      endless loop magnetic tape dictating and transcribing system wherein the
      endless loop of tape is random-wound in a single storage bin.
PAR  It is a further object of the present invention to provide an improved
      random-wind, single-bin dictating and transcribing system wherein the tape
      feed and tape drive systems are improved to lessen tape tension and to
      provide dual speed tape drive capability at the dictate and transcribe
      stations in the forward direction.
DRWD
PAR  These and other objects and advantages of the present invention will be
      more readily apparent after consideration of the following specification
      taken in conjunction with the accompanying drawing, wherein:
PAR  FIG. 1 is a diagrammatic representational view showing a complete dictating
      and transcribing system;
PAR  FIG. 2 is an elevational view showing the front of the tape storage and
      tape drive system of the present invention;
PAR  FIG. 3 is an elevational view showing the rear of the tape storage and tape
      drive system of the present invention;
PAR  FIG. 4 is a side elevational view of the tape drive and tape storage
      system;
PAR  FIG. 5 is a top plan view of the tape drive and tape storage system; and
PAR  FIG. 6 is a partial plan view showing the mounting for the idler wheel of a
      typical tape drive unit.
DETD
PAR  With reference to the drawing and particularly FIG. 1, a dictating and
      transcribing system 10 is shown diagrammatically which includes a
      dictating station 12 and a transcribing station 14 connected to a
      dictation, transcribe and tape storage apparatus 16.
PAR  With reference now to FIGS. 2, 3 and 4 as well, the dictate-transcribe
      system 16 includes a housing 18, which is removable for service of the
      equipment, and a chassis plate 20 within the housing to which the various
      components of the system are mounted. The components of the system include
      a tape storage magazine 22 (see FIG. 4) comprising front and rear plate
      members 24 and 26, respectively, spaced from each other by peripheral
      spacer bars 30 to define a tape storage cavity 28 therebetween. The panels
      24 and 26 are spaced from each other a distance which is slightly greater
      than the width of the magnetic tape utilized in the apparatus. The tape 32
      is preferably a magnetic tape suitable for recording which is in the form
      of an endless loop of a sufficient length to provide, for example, 3 hours
      of continuous dictation and the tape accumulates in random loops within
      the tape storage magazine. Because the spacing between panels 24 and 26 is
      slightly wider than the width of the tape, no tangling or snarling of the
      tape occurs.
PAR  The tape magazine 22 is mounted to the chassis plate 20, for example, by
      suitable bolts 33 and spacer nuts 34, and the tape 32 is fed out of the
      magazine through a tape opening 36 in the upper left portion of the
      magazine 22, as viewed in FIG. 2, over a rotatably mounted roller member
      38 extending from the chassis plate 20, where the tape is held to the
      roller 38 by a pawl assembly 39, along a horizontally disposed guide track
      40, which is provided with a pressure pad assembly 42 at one end, over
      another rotatably mounted roller member 44, where the tape is held to the
      roller 38 by a guide post assembly 45, and back into the magazine 22
      through a tape receiving opening 46 in the upper right corner of the
      magazine. The tape is drawn out of the magazine 22 through a tape opening
      48, threaded through a dictate-playback station 50 to return to the
      magazine through a tape opening 52 and out of the magazine through a tape
      opening 54 to be threaded through a transcribe station 56 and returned to
      the magazine through a tape opening 58. With this construction provision
      is made to store the tape 32 in three discreet loops within the magazine
      22, as will be explained more fully hereinbelow.
PAR  Dictating and transcribing equipment must have certain inherent
      capabilities in order to be acceptable for the intended use of providing a
      means for a dictator to record a transcription, permit backspacing and
      playback so the dictator can review the transcription and also permit a
      transcriptionist to listen to the dictated material and allow the
      transcriptionist to play back the material if necessary. Hence, the
      equipment must have bidirectional drive capabilities at both the dictating
      station and the transcription station. Accordingly, the apparatus of the
      present invention is provided with bidirectional drive capability at both
      the dictating station 50 and the transcribing station 56. The drive of the
      tape through the apparatus is accomplished through a rotating capstan
      against which a pinch roller or pressure roller presses the tape. In
      addition, it is desirable to provide tape drive capability in a fast
      forward mode at both the dictating station 50 and the transcribing station
      56 to enable the dictator and transcriptionist to drive tape in a forward
      direction at a fast speed, for example after previously recorded tape has
      been reviewed.
PAR  As best seen in FIG. 3, the chassis plate 20 includes an extending plate 60
      upon which is mounted a pair of identical motors 62 and 64, respectively.
      The output shaft 66 of each motor (see FIG. 5) includes a grooved hub 68
      secured thereon and a grooved end segment 70 to receive a drive belt to
      drive the tape drive capstans. Four driven capstans 72, 74, 76 and 78,
      respectively, are provided which are drived by the motors 62 and 64. The
      capstan assemblies are identical for capstans 72 and 76, and for capstans
      74 and 78, and hence a description of one of the capstan assemblies will
      suffice. Each of the capstan assemblies include a cylindrical capstan
      system 72-78 which extends through the chassis plate 30 and is suitably
      rotatably journaled within the chassis plate by a bushing 80 and within a
      support bar 82 spaced from, and fixed to, the chassis plate 20 by suitable
      bolt members (not shown).
PAR  Secured to each capstan shaft 72 and 76 is an identical hum member 84 and
      to capstan shafts 74 and 78 as identical hub assembly 86. The hub 84 is
      associated with capstan shaft 72 and to differentiate from the other
      identical hub member the designator 84a is used for the hub associated
      with shaft 76. In like manner, hub assembly 86 is shown associated with
      shaft 74 and 86a with shaft 78.
PAR  Each hub 84 includes a disc segment 88 adjacent the chassis plate 20 and a
      grooved disc segment 90 of a lesser diameter more removed from chassis
      plate 20. Each hub assembly 86 includes a disc segment 92 closest to
      chassis plate 20 which is directly keyed to its respective capstan shaft
      74 or 78 and a disc segment 94 indirectly keyed to the respective capstan
      shaft 74 or 78 through an overriding clutch mechanism 96.
PAR  A drive belt 98 is engaged about grooved hub 68 of motor 62 and about
      grooved hub 90 of hub 84 to drive capstan 72 while another drive belt 100
      is engaged about the grooved segment 70 of the output shaft of motor 62
      and about the disc segment 94 to drive capstan 76 through the overriding
      clutch mechanism 96. In like manner, a drive belt 102 is engaged about
      grooved hub 68 of motor 64 and the grooved hub 90a to drive capstan 76 and
      a drive belt 104 is engaged about the grooved segment 70 of the drive
      shaft of motor 64 and the disc segment 94a to drive capstan 70 through the
      overriding clutch mechanism 96a. Thus, because of the various drive ratios
      between the output shaft of the motors 62 and 64 and the hubs 88 and 90,
      capstans 72 and 76 are driven at a lower rate of speed than capstans 74
      and 78. Capstans 72 and 76 are associated with the tape drive system to
      drive the tape in a forward direction at a slower recording and
      transcribing speed while capstans 74 and 78 are associated with the tape
      drive system to drive the tape in a reverse or backspace mode and,
      consequently, drive the tape at a much higher rate of speed.
PAR  The unit of the present invention is designed so that when any operation
      mode is initiated both of the motors 62 and 64 are actuated so that each
      of the drive capstans 72-78 rotate at all times when the unit is in any
      operating mode. The particular tape drive for recording, backspace and
      playback for dictating station 50 and transcription and backspace for
      transcribe station 56 are selected by engaging one or more of a plurality
      of pinch rollers against one of the driven capstans.
PAR  The fast forward tape driven mode results by utilizing the faster tape
      drive speed obtainable from the rewind capstans 72 and 76 through the
      intercession of idler wheel assemblies 106 and 106a (see FIG. 3). Both are
      identical in construction and operation so that only one will be
      described, it being understood that like parts in assembly 106a will be
      designated with the same numeral followed by a.
PAR  Idler wheel assembly 106 includes an arm 108 pivotally mounted to chassis
      plate 20, at 110, by a spacer bushing 112 secured to chassis plate 20
      above the capstan shaft 72 and its associated disc segment 88.
PAR  One end 114 of arm 108 is secured to the actuating plunger 116 of a
      solenoid 118 mounted on chassis plate 20. A compression spring 120 is
      interposed about plunger 116 between the end 114 of arm 108 and the
      solenoid 118 to bias arm 108. The other end 122 of arm 108 includes a
      bushing member 124 integrally formed thereon through which is mounted a
      shaft 126 which is slidably disposed within an elongated slot 128 of an
      idler wheel 130. Slot 128 is disposed so that when arm 108 is pivoted by
      the extension of solenoid plunger 116, shaft 126 is moved downwardly, as
      viewed in FIG. 3, and is positioned in the radial center of idler wheel
      130.
PAR  This action also moves idler wheel 130 downwardly from a first position out
      of contact with hubs 88 and 92, shown in solid line in FIG. 3, to a second
      position in contact with hubs 88 and 92, shown in broken line in FIG. 3.
      When idler wheel 130 contacts hub 88, it is driven by hub 88 at the fast
      tape drive speed and this drive motion is translated to hub 92 through the
      contacting idler wheel 130. Because hub 92 now drives the forward drive
      tape capstan 74, as this hub is directly keyed to capstan shaft 74,
      capstan shaft 74 rotates at the fast speed. The overriding clutch assembly
      96 comes into play and belt 100 disc segment 94, in essence, free-wheel,
      while capstan 74 is driven by the fast speed drive system.
PAR  Solenoids 118 and 118a are actuated responsive to an appropriate electrical
      signal through an electrical control circuit (not shown) initiated by
      either the dictator or the transcriptionist whenever fast forward tape
      drive is desired.
PAR  As best seen in FIG. 2, each of the drive capstans 72-78 has associated
      therewith a pinch roller assembly 132, 134, 136 and 138, respectively.
      Each of the pinch roller assemblies 132-138 are identical so that the
      description of one pinch roller assembly 132 will be made and the like
      elements in the other pinch roller assemblies will be designated with the
      same numeral followed by a, b or c, respectively. Pinch roller assembly
      132 includes a lever member 140 pivotally secured to the chassis plate 20,
      as at 142, and is provided with a pinch roller 144 rotatably secured to
      lever 140 at its lower end. The upper end of lever 140 includes a pin 146
      which extends through an oversized aperture 148 in chassis plate 20 where
      it is engaged by a spring member 150 (see FIG. 3) mounted on the end of a
      plunger rod 152 of a solenoid 154.
PAR  In an unactivated state solenoid 154 has its plunger rod 152 retracted and
      when it is actuated, by an electrical input from an associated electrical
      control circuit (not shown), plunger rod 152 extends moving pin 146 with
      it. Thus, extension of the plunger rod 152 causes lever 140 to pivot about
      its pivotable mounting 142 and draws the pinch roller 144 toward the
      associated capstan 72. Tape 32 is disposed between capstan 72 and the
      pinch roller 144 so that when the pinch roller is brought into abutting
      relationship with the capstan, the capstan 72 drives the tape. A pin 156
      is also provided extending from chassis plate 20 to limit the pivoting
      motion of the pinch roller 144 and lever 140 when the plunger 152 is
      retracted after the solenoid 154 is deactivated.
PAR  During operation of the apparatus in the dictate or dictator listen mode,
      solenoid 154b, whether normal forward tape drive or fast forward tape
      drive are selected, is actuated by an appropriate electrical response from
      the control electrical circuitry (not shown) so that plunger 152b is
      extended pivoting lever 140b so that pinch roller 144b contacts the tape
      32 and presses it against drive capstan 76 and the tape driven by drive
      capstan 76 is now pulled through dictate station 50. The dictate station
      50 includes transducer heads 156 and 158 for recording and playback with
      the transducer elements being suitably mounted to the chassis plate 20.
      Pressure pads 160 and 162 are also mounted to chassis plate 20 and are
      urged by coil spring members 164 and 166 against the transducer elements
      156 and 158 to firmly position the tape 32 on the face of the transducer
      heads.
PAR  In like manner, transcribe station 56 includes transducer heads 168 and 170
      and pressure pads 172 and 174 are urged by coil springs 176 and 178 to
      maintain the tape 32 in firm contact on the face of transducer heads 168
      and 170. When a transcriptionist activates the transcribe station 56,
      solenoid 154 is actuated to extend plunger 152 and pivot lever 140 to
      bring pinch roller 144 in contact with drive capstan 72 thereby pinching
      the tape 32 between the pinch roller 144 and the drive capstan 72 to draw
      the tape through the transcribe station 56. Transcribe station 56 may be
      actuated at the same time as dictate station 50 so that dictation and
      transcription may occur at the same time.
PAR  As soon as the dictate station 50 is activated; the tape 32 is drawn from
      the tape magazine 22 through tape opening 36 from an accumulation loop of
      tape 180, which may be in random-wound folds, and is passed through
      dictate station 50 and deposited back into the magazine through tape
      opening 52 to an accumulation loop 182. As long as the transcribe station
      56 is not actuated, tape drawn through the dictate station 50 will
      continue to accumulate in loop 138. As soon as the dictation begins, an
      appropriate signal at the transcriptionist's instrument indicates to the
      transcriptionist that material is ready for transcribing and the
      transcriptionist may begin transcribing the material on tape 32. Thus, the
      transcribe station 56 may be actuated and draws tape accumulated in loop
      182 through tape opening 54 through the transcribe station 56 and deposits
      the tape back in the magazine 22 through tape opening 58 to accumulation
      loop 180.
PAR  As long as there is sufficient tape in loop 182 to be drawn through
      transcribe station 56 both the dictate station 50 and the transcribe
      station 56 may operate at the same time. However, if dictate station 50
      should be deactivated, for example when dictation ceases or if the dictate
      station is activated to a backspace mode, so tape loop 182 becomes taut,
      then there will be insufficient tape in tape loop 182 to allow
      transcription and dictation to occur. Thus, a tautness will be sensed in
      tape loop 182.
PAR  Accordingly, a tape tautness assembly 184 is provided which includes a
      lever member 186 pivotally mounted within magazine 22 at the upper end of
      the magazine 22 which includes an extending finger 188. A microswitch 190
      having a microswitch actuating arm 192 extending therefrom is positioned
      so that when the tape loop 182 becomes taut, the tape contacts the sensing
      lever 186 and pivots extending finger 188 into contact with microswitch
      actuating arm 192. This closes the microswitch 190 to initiate an
      electrical signal to activate solenoid 154b thereby pivoting pinch roller
      144b into contact with drive capstans 76. Thus, both drive capstans 72 and
      76 drive tape 32 in a forward direction during periods when tape tautness
      is sensed by microswitch assembly 140. If the tautness in loop 182 results
      because the dictate station has been placed in a backspace mode, i.e.
      where pinch roller 144c is against drive capstan 78, then when microswitch
      assembly 184 is activated solenoid 154c controlling pinch roller 144c is
      deactivated and solenoid 154b activated to insure that the tape is driven
      only in the forward direction.
PAR  Tape tautness in tape accumulation loop 182 could also occur if the
      transcribe station 56 is driving the tape in a forward direction and
      dictate station 50 is activated by the dictator and placed in a backspace
      mode. In this occurrence solenoid 154c is activated extending plunger 152c
      so that lever 140c pivots pinch roller 144c into contact with capstan 78.
      Capstan 78 drives tape 32 in the reverse direction and would draw tape
      from accumulation loop 182 up through tape opening 52 and back into the
      magazine through tape opening 48 to form a tape accumulation loop 194. If
      tape accumulation loop 182 becomes small enough when dictate station 50 is
      placed in a backspace mode and microswitch assembly 184 is activated,
      solenoid 154c will be deactivated thus disengaging the backspace tape
      drive in the dictate station 50 so that no further reverse movement of the
      tape could occur.
PAR  Accumulation loop 194 is formed only when the dictate station 50 is placed
      in a backspace mode and this condition occurs most commonly when the
      dictator backspaces the tape 32 to review a portion of material that he
      has dictated previously. In the event the dictator backspaces the tape to
      a significant extent to review a portion of the dictation and subsequently
      disconnects the dictate station 50, the accumulation loop 194 would remain
      and if the dictator subsequently activated the dictate station 50 and
      began dictation immediately, the newer dictated material would be recorded
      on the tape 32 and the old dictated material erased. To avoid this
      inadvertent erasure of previously dictated material a furthest advance
      switch assembly is provided.
PAR  The furthest advance switch assembly includes a lever spring 196 upon which
      is mounted an idler roller 198. A microswitch 200 is associated wit lever
      spring 196 and is mounted on chassis plate 20. Idler roller 198 is
      positioned adjacent a roller 202 mounted in tape magazine 20 with the tape
      32 interposed between the rollers 198 and 202. During a normal operating
      mode when dictate station 50 is operating to drive the tape 32 in a
      forward direction, tape accumulation loop 194 is not formed and the tape
      follows a path around roller 198 and around a lever spring roller 204 in
      tape opening 48. The tape is taut and depresses lever spring 146 to close
      microswitch 200.
PAR  When microswitch 200 is maintained closed, an electrical response is
      intiated to the electrical control circuit (not shown) which controls
      solenoid 154 and thus the forward drive capstan 76 in dictate station 50
      under certain circumstances. If the dictator backspaces the tape to form
      accumulation loop 194, the tape tautness is relieved and the tension
      holding lever 196 is removed opening microswitch 200. When microswitch 200
      is opened, an electrical signal is initiated so that if the dictator
      disconnects his dictate instrument 12 from the system while accumulation
      loop 194 is formed, solenoid 154b is automatically actuated to drive the
      tape 32 in a forward direction until accumulation loop 194 no longer
      exists and the tape is pulled taut to close microswitch 200. With the
      closing of microswitch 200 solenoid 154b is deactivated and the dictate
      station placed in a neutral ready-to-dictate position. This feature is
      important to preserve dictation on tape which has been backspaced and to
      prevent the dictator from inadvertently dictating over and erasing
      previously dictated material. The return feature to eliminate accumulation
      loop 194 is only actuated when the dictator disconnects his dictation
      apparatus from the system and is not actuated when the dictator wishes to
      dictate over or change previously dictated material.
PAR  An additional tape tautness sensing assembly 206 is provided which includes
      a microswitch 208 having a microswitch actuating arm 210 positioned to be
      contacted by the extending finger 212 of a pivotally mounted lever 214.
      Tautness sensing assembly 206 senses tape tautness when accumulation loop
      180, which is the loop of tape from which tape to be dictated upon is
      drawn, is eliminated. This condition occurs if the dictator has dictated
      continuously for the full length of time of the tape capability in the
      apparatus without transcription taking place. Thus, if the apparatus is
      provided with sufficient tape to permit 3 hours of dictation, and the
      dictator dictates for 3 hours without transcription occurring, tape loop
      180 will be eliminated and the tape will be pulled taut pivoting extending
      finger 212 into contact with the microswitch actuating arm 210. When this
      condition occurs, solenoid 154b is deactivated precluding further forward
      drive of the tape through the dictate station 50.
PAR  Another advantage of the dictating and transcribing system of the present
      invention is afforded by the tape drive path wherein the tape is drawn
      from magazine 22 up over roller 38, along horizontal guide track 40 and
      over roller 44 to be returned to the magazine. This affords a tape path
      which lessens tape loop tension thus making the tape easier to drive.
      Accordingly, the tape drive mechanisms can be lighter and smaller than
      heretofore achieved.
PAR  Additionally, the tape path over the tape drive system permits ready
      replacement of the tape loop by a factoryspliced continuous tape loop
      making tape replacement by service personnel relatively simple should tape
      replacement be necessary. The advantage to this feature is that field
      spliced tape cannot be accomplished in as satisfactory a manner as a
      splice placed in the tape during manufacture. Thus, for ease of tape
      replacement movable cover plates 214, 216, 218, 220 and 222 are provided
      over the tape openings from tape magazine 22.
PAR  To replace a tape loop, cover plates 214-222 are removed, the tape to be
      replaced is removed and a new tape loop threaded through the fully exposed
      tape drive assembly, with the excess accumulation loops being readily
      inserted in magazine 22 through the tape openings.
PAR  In addition the tape path arrangement allows a great simplification in the
      construction of the tape storage magazine 22. Because all drive segments
      are above the magazine and the tape is drawn over the top of the tape
      drive units, the magazine need only be of a simple construction without
      extensive idler rollers and tape guides within.
PAR  Also the two-motor drive system and the preferred utilization of identical
      parts have the advantage that varying loads in the dictate and transcribe
      stations do not effect each other. Thus, speed variations are mechanically
      isolated. Direct belting from the motor shaft to the forward play drive
      capstans eliminates the necessity for intermediate step-down pulley
      mechanisms. Additionally, the belting arrangement provides for speed
      control between forward reverse play and the fast forward play modes using
      only two motors rather than the four motors employed in prior art devices.
PAR  While the present invention has been described as utilizing two identical
      synchronous motors it is to be expressly understood that the motor for the
      transcribe station could be provided with speed control capability to
      afford the transcriptionist the ability to slow the tape speed down
      whenever desired, for example if a dictator spoke too rapidly.
PAR  It is thus seen that the dictating and transcribing system of the present
      invention that the dictating and transcribing system of the present
      invention provides a system which minimizes tape loop tension to enable
      the use of smaller and lighter tape drive assemblies. Because the tape
      magazine stores the tape in loose random-wound folds, very little
      resistance to tape movement is imparted to the tape in the tape storage
      magazine. Thus, the tape path above the dictate and transcribe stations
      minimizes tape tension significantly. Further the system includes tape
      tautness sensing mechanisms which disconnect the tape drive through the
      dictate station when a tautness in the tape is detected.
PAR  The system also provides dual forward tape speed drive capability by
      coupling a fast forward drive through an overriding clutch assembly to the
      fast speed tape reverse tape drive.
PAR  Additionally, the system provides a furthest advance sensing mechanism to
      advance any tape which has been previously backspaced through the dictate
      station for review and which has not been advanced when the dictator
      ceases dictation and disconnects the dictating instrument from the system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bidirectional tape drive assembly including provision for dual speed
      tape drive in one direction for a dictating and transcribing system
      utilizing an endless loop of magnetic tape of substantial length
      comprising:
PA1  a motor including an output shaft,
PA1  said output shaft having first and second drive belt engaging means
      thereon,
PA1  said first belt engaging means having an effective diameter significantly
      greater than said second belt engaging means,
PA1  first and second tape drive capstans spaced from each other and adapted to
      engage said magnetic tape and drive said tape,
PA1  said first capstan including drive belt engaging means operatively
      associated therewith,
PA1  a first drive belt operatively disposed about said first belt engaging
      means on said motor output shaft and said drive belt engaging means on
      said first capstan thereby to rotate said first capstan when said motor
      output shaft rotates,
PA1  said second capstan including a first hub member operatively associated
      with said second capstan through an overriding clutch means,
PA1  a second drive belt operatively disposed about said second belt engaging
      means on said motor output shaft and said first hub member thereby to
      rotate said second capstan at a slower speed than said first capstan when
      said motor output shaft rotates,
PA1  said second capstan including a second hub member spaced from said first
      hub and overriding clutch member and keyed to said second capstan, and
PA1  an idler wheel member disposed between said second hub member on said
      second capstan and said drive belt engaging means on said first capstan
      and movable from a first position spaced from said second hub member and
      said first capstan drive belt engaging means and a second position in
      frictional contact with said second hub member and said first capstan
      drive belt engaging means thereby to impart the faster speed of rotation
      of said first capstan to said second capstan.
NUM  2.
PAR  2. A tape drive assembly as defined in claim 1 wherein said first and
      second tape drive capstans are spaced from each other having their
      longitudinal axes substantially parallel to each other and parallel to the
      output shaft of said motor.
NUM  3.
PAR  3. A tape drive assembly as defined in claim 2 wherein said idler wheel is
      rotatably mounted on one end of a lever arm member, the other end of said
      lever arm member operatively associated with means to move said lever arm
      end thereby to move said idler wheel from said first position to said
      second position.
NUM  4.
PAR  4. A tape drive assembly as defined in claim 3 wherein said means to move
      said lever arm end comprises a solenoid member having its plunger member
      operatively engaged with said lever arm end.
NUM  5.
PAR  5. A tape drive assembly as defined in claim 1 wherein said first and
      second capstans each have a pinch roller member associated therewith to
      press said magnetic tape against said capstans, each said pinch roller
      member being movable from a first position spaced from said capstan and
      out of contact with said tape to a second position in contact with said
      capstan thereby to drive said tape when said capstan is rotated.
NUM  6.
PAR  6. A tape drive assembly as defined in claim 1 wherein said first and
      second tape drive capstans are spaced from each other having their
      longitudinal axes substantially parallel to each other and parallel to the
      output shaft of said motor and disposed on opposite sides of a plane
      passing through the longitudinal axis of said motor output shaft thereby
      to rotate in opposite directions.
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PAL  Mechanical self-centering device to center a moving web of thin sheetlike
      material such as paper, plastic, metal or the like to prevent the web from
      drifting from side to side as it moves from one mechanical device, such as
      an unwind stand, to another mechanical device, such as a printing press,
      coating apparatus, a web splicer, a machine to fabricate finished products
      from the web such as a cup-making machine, or the like. The self-centering
      device comprises a roller extending transversely across the path of travel
      of the web and adapted to rotatingly contact the moving web on one side
      thereof. The roller is rotatingly mounted in a bracket which is free to
      pivot about an axis which is spaced from, and which extends generally
      parallel to, the path of travel of the web. Attached to the roller at
      points which are spaced apart by a distance slightly greater than the
      width of the web being processed are raised guides each of which is
      adapted to be contacted by an edge of the web as the web drifts to the
      side of the center of its intended path of travel. Such contact will cause
      the entire bracket to tilt about its axis in a plane extending
      transversely of the path of travel of the web, and this tilting action
      will tend to cause the web to return to the center of its path of travel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The rapid processing of a web of sheetlike material frequently involves
      problems arising from improper tracking of the web as it moves from one
      processing station to another. In the case of a web originally furnished
      in the form of a roll or coil wound on a core, such problem can arise from
      out of square winding of the web on to the core. In commercial practice,
      edge guiding equipment can be purchased, but such equipment is usually
      powered and electrically controlled, and is, therefore, quite expensive.
PAC  GENERAL BACKGROUND OF THE INVENTION
PAR  In accordance with the present invention, however, the satisfactory
      self-centering of a longitudinally moving web of thin sheetlike material
      is accomplished by an unpowered and relatively simple mechanical device,
      without the need for electrical controls or the like. Such device
      comprises a roller freely rotatingly journalled at its opposed ends in a
      bracket, which roller extends transversely of the path of travel of the
      web and is adapted to rotatingly contact the moving web on one side
      thereof. The bracket in which the roller is journalled is free to pivot
      about an axis which is spaced from, and which extends generally parallel
      to, the path of travel of the web, the axis being closer to the side of
      the web which does not contact the roller than to the roller-contacting
      side of the web. Attached to the roller at points which are spaced apart
      by a distance slightly greater than the width of the web being processed
      are raised guides which, when the web is centered on its intended path of
      travel, are each spaced outwardly of an edge of the web by a minimum
      predetermined distance. The bracket in which the roller is journalled also
      includes a plate or equivalent structure disposed between the moving web
      and the axis about which the bracket pivots, to confine the path of travel
      of the web to the space defined by the roller and the raised guides.
PAR  If the center of the web drifts by more than a predetermined distance to
      one side or the other of the center of its intended path of travel, the
      edge of the web on the side to which it is drifting will contact the
      adjacent raised guide, and the force of the web on the guide will create a
      turning force on the bracket which will cause the bracket to tilt about
      its axis in a plane extending transversely of the path of travel of the
      web. Such tilting action will establish forces on the web which will tend
      to draw its center back toward the center of its intended path of travel.
PAR  Accordingly, it is an object of the present invention to provide mechanical
      self-centering apparatus for centering a moving web of thin sheetlike
      material along its intended path of travel.
PAR  For a further understanding of the present invention and the objects
      thereof, attention is directed to the drawing and the following
      description thereof, to the detailed description of the invention and to
      the appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of apparatus incorporating a preferred embodiment of
      a device in accordance with the present invention;
PAR  FIG. 2 is an elevational view, at an enlarged scale, taken on line 2--2 of
      FIg. 1, with portions of the apparatus being broken away to better
      illustrate certain details of the invention; and
PAR  FIG. 3 is a view similar to FIG. 2 showing, in solid line and phantom line,
      extreme positions of certain elements of the invention which are moveable
      relative to other elements.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates apparatus for processing a web W of a thin sheetlike
      material such as paper, plastic, metal or the like. Web W may be
      considered to move on a relatively continuous basis from a first
      mechanical device 11, shown schematically, to a second mechanical device
      12, also shown schematically. Devices 11 and 12 are shown as being
      attached to a common apparatus frame 13 by means of structural elements 14
      and 15, respectively. For purposes of illustration, the apparatus in
      question may be considered to be a machine for fabricating nestable
      drinking cups on a high-speed continuous basis from expanded polystyrene,
      device 11 may be considered to be an unwind stand from which web W is
      dispensed by unwinding a roll or coil of such material, and device 12 may
      be considered to be a mechanical splicer for splicing the leading end of a
      web to be dispensed from another unwind stand (not shown) to the trailing
      end of the web from device 11, thereby to avoid the need to discontinue
      the cup production operation when a coil has been exhausted. The path of
      travel of web W from device 11 to device 12 is shown as being in a
      horizontal plane, but other arrangements are also contemplated.
PAR  For proper operation of a device such as a mechanical splicer it is
      important that the web entering such device be properly centered along its
      intended path of travel from an upstream device. In accordance with the
      present invention, this result is obtained by means of a self-centering
      device, shown generally at 16, which is attached to frame 13 by means of
      structural element 17 and which is interposed between device 11 and device
      12 along the path of travel of web W therebetween.
PAR  As is shown in more detail in FIG. 2, device 16 comprises an elongate
      double-ended roller 21 which extends transversely across the path of
      travel of web W and which rotatingly contacts one side of the web, shown
      as the upper side. The opposed ends of roller 21 are journalled in roller
      bearings, one of which, bearing 22, is shown in the drawing. Such bearings
      are retained in horizontally spaced-apart, vertically extending plates 23
      which are attached to a common horizontally extending plate 24 by threaded
      fasteners 25. Plate 24 is located on the underside of web W and is
      attached to a vertically extending member 26 which in turn is pivotally
      attached to structural element 17 along an axis A which extends generally
      parallel to the path of travel of web W from device 11 to device 12. Such
      axis is preferably located in a plane which extends perpendicularly
      through the plane of the intended path of travel of the web and in which
      the intended center of the path of travel is also located. Because of the
      pivotal nature of the attachment of member 26 to structural element 17,
      the structure comprising roller 21 and the elements by which it is
      attached to member 26 functions as a bracket B which may pivot through
      limited clockwise and counterclockwise arcs about the axis of attachemnt
      of member 26 to structural element in a plane extending through the path
      of travel of web W.
PAR  The pivoting movement of bracket B may be actuated by contact with one or
      the other of the edges of web W with the adjacent of the raised guides 27,
      as the center of the web drifts to one side or the other of the center of
      its intended path of travel, such raised guides being spaced apart along
      roller 21 by a distance which is slightly greater that the web W being
      processed and which is centered along the intended path of travel of the
      web. Contact of web W with the raised guide 27 shown at the left of FIG. 2
      will cause the bracket B to turn through a limited arc in a
      counterclockwise direction as is shown in solid line in FIG. 3, such
      turning being limited in extent by a fixed stop 28 attached to structural
      element. Such turning action will create an imbalanced force load on the
      web which will tend to draw its center back to the center of its intended
      path of travel. Similarly, when the edge of web W contacts the raised
      guide 27 shown at the right of FIG. 2, bracket B will turn through a
      limited arc in a clockwise direction, as is shown in phantom line in FIG.
      3, thereby creating an imbalanced force load on the web which will to draw
      it to the left. To permit device 16 to be used in the processing of webs
      of varying widths, raised guides may be adjustably secured to roller 21 by
      threaded fasteners 29.
PAR  In the embodiment of the invention described, plate 24 should be located
      very near the raised guides 27, it only being necessary to provide a small
      spacing therebetween to permit noncontacting rotational movement of raised
      guides 27, with roller 21 to which they are attached, relative to the
      plate 24. Such placement of the plate, on the side of the web W opposite
      from that connected by roller 21, and closer to the axis of rotation of
      bracket B will confine the path of travel of the web to the slotlike space
      defined by the roller and the raised guides. In operation of
      self-centering devices of the type described, it has been noted that the
      rate of correction of a device of the type described is dependent on the
      spacing of the axis of rotation of the bracket relative to the path of
      travel of the web. The rate of correction has been found to be slower for
      a greater web to axis spacing and faster for a lesser web to axis spacing.
PAR  The best mode known to me to carry out this invention has been described
      above in terms sufficiently full, clear, concise and exact as to enable
      any person skilled in the art to make and use the same. It is to be
      understood, however, that it is within my comtemplation that certain
      modifications of the above-described mode or practicing the invention can
      be made by a skilled artisan without departing from the scope of the
      invention and it is, therefore, desired to limit the invention only in
      accordance with the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-centering device for centering a moving web of thin sheetlike
      material along its intended path of travel, said device comprising in
      combination: a roller extending transversely across the path of travel of
      the web; a bracket rotatingly supporting said roller in rotating contact
      with one surface of the web, said bracket being pivotally mounted on an
      axis which extends parallel to the path of travel of the web and which is
      spaced from the moving web, closer to the surface of the web which is not
      contacted by the roller than to the surface which is contacted by the
      roller; and a pair of raised guides attached to the roller at spaced apart
      locations adjacent the opposed edges of the web when the web is moving
      along its intended path of travel, each of said guides being positioned to
      contact the adjacent of the edges of the web when the web drifts from its
      intended path of travel of said web toward said guide, whereby the bracket
      and the roller pivot about said axis in a plane extending transversely of
      the path of travel of the web thereby establishing an imbalanced force
      load on the web which will tend to draw the web back to its intended path
      of travel.
NUM  2.
PAR  2. A device according to claim 1 wherein said axis is located in a plane
      which extends perpendicularly through the plane of the intended path of
      travel of the web and in which the intended center of the path of travel
      of the web is also located.
NUM  3.
PAR  3. A device according to claim 1 wherein said bracket also comprises means
      spaced from the web between the web and said axis and extending across the
      web, said means being out of contact with the raised guides but spaced
      closely thereto to thereby confine the path of travel of the web to a
      slotlike space defined by the roller and the raised guides.
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PAL   This disclosure is directed to a piped opening for use in a garment and an
      apparatus for making the opening. The piped opening comprises
      corresponding die-cut slits or cuts formed in the front and facing portion
      of a garment with the flap or flaps defined thereby being reversely folded
      inwardly of the respective front and facing portions to define a
      corresponding opening therein. An edging patch having a complementary slit
      or cut and reversely folded patch flaps is secured to one of the portions
      with the patch flaps positioned contiguous to corresponding flaps of the
      adjacent portion to form a partially piped opening. The front and facing
      portions are then reversely folded to dispose the edging patch
      therebetween with the respective openings defined in each, disposed in
      coaxial alignment. The front and facing portions are then secured.
PAL  The apparatus for locating and forming an opening in a garment, e.g. the
      facing portion of a piece of material, which is adapted to correspond to a
      complementary partially formed piped opening in the front portion,
      comprises a means for supporting the front and facing portions of a piece
      of material in the expanded position thereof. The support is defined by a
      pair of hinged sections which are adapted to enfold between an open
      coplaner position and a folded overlying position. Means are provided for
      securing the piece of material in expanded position on the support. A
      locating means is operatively associated with one section of the support
      and a forming means is operatively associated with the other portion of
      the support member. Actuating means operatively couple the locating means
      with a forming means whereby the positioning of the locating means with
      respect to the partially formed piped opening formed, e.g. in the front
      portion of the garment effects the proper positioning of the forming means
      over the facing portion of the garment. With the forming means in
      position, the operating or forming head thereof is actuated to
      sequentially die cut or otherwise form the slit and reversely fold the
      flaps thus formed relative to the plane of the facing portion. With the
      opening located and formed on the piece of material, the sections of the
      support are folded to reversely fold the facing portion relative to the
      front for disposing the formed openings therein into alignment. A means is
      provided to secure the front and facing in overlying relationship.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a divisional application of a copending application
      Ser. No. 47,950 filed June 22, 1970 for "Piped Open For Use In A Garment
      and Apparatus For Forming Same", now U.S. Pat. NO. 3,654,635 granted Apr.
      11, 1972; said latter patent application being a divisional application of
      a co-pending patent application Ser. No. 739,812 filed June 25, 1968 for
      "Piped Opening for Use in a Garment and Method and Apparatus for Forming
      Same", now U.S. Pat. NO. 3,587,501 granted June 28, 1971.
BSUM
PAC  THE PROBLEM IN THE ART
PAR  The manufacture of various garments as for example, suit jackets, coats,
      pants, trousers and the like, are frequently formed with the buttonholes
      and/or pockets which are usually referred to in the trade as piped
      openings. Heretofore the making of such piped openings required several
      manual operations which greatly increased the amount of time, labor and
      cost in forming such piped openings in the various garments. Generally
      these piped openings or buttonholes were first partially formed by high
      speed automatic machines of the type disclosed in U.S. Pat. No. 1,945,104.
      The openings formed by such machines were only partially completed in that
      the underside thereof presented a raw and unfinished appearance which was
      required to be traditionally hidden by another piece of material. Such
      other piece of material is generally referred to in the art as a facing.
      However, the difficulty heretofore encountered resided in the tedious and
      time consuming manner in which the complementary opening in the facing and
      the securing of the facing to the partially preformed opening formed in
      the front portion of the garment was performed.
PAR  Prior to this invention the opening in the facing to complement the
      mechanically formed opening in the front of the garment was manually
      performed. Generally an operator was required to fold the facing portion
      of the garment into overlying relationship with the front portion of the
      garment in which the partially formed opening was made, and by sense of
      feel locate the position of the complementary opening which was required
      to be formed in the facing. Thereafter the facing was manually cut with a
      suitable cutting tool at the proper point to define a complementary slit
      for determining the appropriately shaped opening. The flaps thus defined
      by the slit were reversely folded manually, and the facing with the
      complementary opening so formed reversely folded to cover the raw edges of
      the preformed opening formed in the front portion of the garment. The
      front and facing were then secured to complete the forming of the finished
      piped opening in the garment. This latter step of manually locating the
      complementary opening in the facing, folding and securing of the facing
      onto the front of the raw machine formed opening resulted in a tedious,
      time-consuming, laborious, and expensive procedure.
PAC  OBJECTS
PAR  It is an object of this invention to provide an improved piped opening
      construction which can be readily performed in a relatively simple and
      expedient manner which will greatly minimize the time, effort and cost of
      forming such piped openings.
PAR  Another object of this invention is to provide an improved apparatus by
      which the method of forming the piped opening may be accomplished with
      much ease and facility.
PAR  Another object of this invention is to provide an apparatus for
      automatically locating and forming of a complementary opening which was
      heretofore manually performed in the making of piped openings.
PAR  Another object of this invention is to provide an apparatus for accurately
      locating and forming of the complementary opening in preparation of the
      making of a piped opening in a garment, and securing the portion of the
      material in which such opening is formed in overlying relationship to the
      raw opening formed in the complementary portion of the garment.
PAR  Another object of this invention is to provide an apparatus having a
      forming head for successively cutting, folding and forming an opening of
      predetermined shape in the portion of a garment adapted to complement the
      raw opening formed in a complementary portion of the garment in a
      relatively simple and expedient manner.
PAR  Another object of this invention is to provide an apparatus for forming
      piped openings in a garment automatically with a minimum of effort and a
      maximum of proficiency.
PAR  Another object of this invention is to provide an improved piped opening
      construction which is relatively simple and which can be readily
      fabricated automatically.
PAR  Another object of this invention is to provide a piped opening construction
      requiring a minimum of operation to form the same.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The foregoing objects and other features and advantages are attained by a
      piped opening in which a die-cut or a cut-slit is formed in complementary
      portions of a garment and the marginal portions or flaps defined thereby
      reversely folded out of the plane of their respective portions. An edging
      patch provided with a similar die-cut or slip and opening defined thereby
      is secured to the formed opening in one of the complementary portions so
      that the respective openings therein are in alignment. The complementary
      portions of the garment are then folded and secured with the edging patch
      disposed therebetween.
PAR  The foregoing piped openings are formed by locating the positioning of the
      opening to be formed in one of the complementary portions of the garment
      by reference to a partially preformed piped opening formed in the other
      portion of the garment. This is accomplished in the open or expanded
      position of the garment. The die cut or slit is then formed and the
      marginal portions reversely folded out of the plane of the garment
      material to define a formed opening complementing the preformed opening in
      the other portion of the garment. The respective garment portions are then
      folded so that the complementary formed opening is disposed opposite the
      preformed opening in the other portion and the respective garment portions
      suitably secured together.
PAR  The apparatus by which the piped opening may be automatically formed
      comprises a supporting means defined by a pair of hingedly connected
      support sections for relative movement with respect to one another. Each
      section is provided with means for securing in place thereon the garment
      portion in which the opening is to be formed. A locating means is
      operatively associated with one support section for locating the position
      of a preformed opening formed in one portion of the garment material
      supported on the associated support section. A forming means is
      operatively associated with the other support section for forming the
      opening therein to complement the preformed opening in the other portion
      of the garment material. The locating means and forming means are suitably
      coupled so that the positioning of the locating means adjacent the
      preformed opening in one portion of the garment fabric will accurately
      locate the forming means to insure that in the folded position of the
      garment material, the complementary opening formed therein will coincide
      with the preformed opening in the other portion of the garment.
PAR  The forming means includes a forming head which when actuated will
      sequentially cut and form the complementary opening in the garment fabric.
      Upon completion of the complementary opening, the forming means is pivoted
      and the hinged sections of the support means are folded to effect the
      folding of the garment fabric thereon so that the portion containing the
      formed complementary opening is disposed in contiguous relationship to the
      portion with the preformed opening. With the garment material folded and
      the respective openings formed in the respective portions of the material
      disposed in alignment, the garment portions are suitably secured, and the
      piped opening thus formed therein being completed by sewing, stitching or
      otherwise permanently secured.
DRWD
PAR  Other features and advantages will become more readily apparent when
      considered in view of the drawings and description in which:
PAR  FIG. 1 is a fragmentary portion of a garment wherein the formation of a
      piped opening to be formed therein is illustrated in the initial stage
      thereof.
PAR  FIG. 2 is a view similar to that of FIG. 1 illustrating a complementary
      opening formed in the facing portion of the garment.
PAR  FIG. 3 illustrates a fragmentary portion of the garment as shown in FIGS. 1
      and 2 reversely folded along a foldline so that the complementary facing
      portion in which the opening was formed is opposed the raw opening formed
      in the front portion of the garment.
PAR  FIG. 4 is a view similar to that of FIG. 3 and illustrating means for
      securing the reversely folded portion of the garment in the folded
      position thereof.
PAR  FIG. 5 is an enlarged detailed sectional view taken along line 5--5 on FIG.
      4.
PAR  FIG. 6 is an enlarged detail view illustrating the die-cut slit formed in
      the facing portion of a garment in accordance with this invention.
PAR  FIG. 7 is an end elevation view of FIG. 6.
PAR  FIG. 8 is a plan view of the facing portion illustrating the marginal or
      flap portions defined by the slit folded substantially normal to the plane
      of the garment.
PAR  FIG. 9 is an end view of the opening of FIG. 8.
PAR  FIG. 10 is a view similar to that of FIG. 8 but illustrating the flap
      portion reversely folded beyond a plane normal to the plane of the
      garment.
PAR  FIG. 11 is an end view of FIG. 10.
PAR  FIG. 12 is a view similar to that of FIG. 10 but illustrating the marginal
      or flap portions of the opening reversely folded to overlie the plane of
      the garment to define the formed opening in the facing.
PAR  FIG. 13 is an end view of FIG. 12.
PAR  FIG. 14 illustrates a prospective view of an apparatus for locating and
      forming the complementary opening in the facing portion in accordance with
      this invention, with portions thereof broken away and/or shown in
      sections.
PAR  FIG. 15 is an enlarged fragmentary end view of the apparatus of FIG. 14.
PAR  FIG. 15A illustrates a view similar to that of FIG. 15 but illustrating the
      component parts thereof in an intermediate folded position.
PAR  FIG. 16 is a fragmentary portion end view of the apparatus of FIGS. 15 and
      15A illustrated in the finally folded position.
PAR  FIG. 17 is a detail plan view of the support means of the apparatus of
      FIGS. 14 through 16.
PAR  FIG. 18 is a schematic illustration of the controls for actuating the
      support means of FIGS. 15, 15A and 16.
PAR  FIG. 19 is an enlarged detail front elevation view of the cutting and
      forming head of the apparatus of FIG. 14, illustrated in the die cutting
      position.
PAR  FIG. 20 is a fragmentary front elevation view of the forming head
      illustrated in an intermediate operating position thereof.
PAR  FIG. 21 is a view similar to that of FIG. 20 but illustrating the component
      parts of the forming means in another intermediate position.
PAR  FIG. 22 is a view similar to that of FIG. 21 but illustrating the forming
      means of still another intermediate position.
PAR  FIG. 23 is a view similar to that of FIG. 22 but illustrating the component
      parts of the forming means in the final forming position thereof.
PAR  FIG. 24 is an enlarged detail bottom view of the forming means taken along
      line 24--24 and rotated 90 degrees.
PAR  FIG. 25 is a plan view taken along line 25--25 on FIG. 19, rotated 90
      degrees.
PAR  FIG. 26 is an enlarged detailed view of the base portion of a forming
      means.
PAR  FIG. 27 is a fragmentary detail side elevation view of the forming means
      illustrated in a pivoted position thereof.
PAR  FIG. 28 is an illustration of the securing means adapted to temporarily
      secure the garment in the folded position thereof as shown in FIG. 4.
PAR  FIG. 29 illustrates a plan view of modified die cut for defining a modified
      shaped opening.
PAR  FIG. 30 illustrates a plan view of an opening defined by die cut of FIG.
      29.
PAR  FIG. 31 illustrates another modified die cut.
PAR  FIG. 32 illustrates an opening defined by the die cut of FIG. 31.
PAR  FIG. 33 illustrates another modified die cut.
PAR  FIG. 34 illustrates a plan view of an opening defined by die cut of FIG.
      33.
PAR  FIG. 35 illustrates another modified die cut.
PAR  FIG. 36 illustrates the shaped opening defined by die cut 35.
PAR  FIG. 37 illustrates the details of the shut off means for controlling the
      vacuum pressure on the support sections.
PAR  FIG. 38 is a schematic diagram of the control circuit for the apparatus of
      FIG. 14.
PAR  FIG. 39 is a detail view of the control valves for the respective piston
      and cylinder assembly and the means for programming the respective
      operations thereof.
PAR  FIG. 40 is an end view taken along line 40--40 on FIG. 39.
PAR  FIG. 41 is a detail construction of a valve spool.
PAR  FIG. 42 is a detail construction of another spool valve.
PAR  FIG. 43 is a detail construction of another spool valve.
PAR  FIG. 44 is a detail view of an air motor.
PAR  FIG. 45 is an end view of the air motor.
PAR  FIG. 46 is a detail view of a foot switch.
DETD
PAR  Referring to FIGS. 1 through 5, there is shown a fragmentary portion of a
      garment or fabric 50 in which a completed piped opening 51 is to be
      formed, e.g. a buttonhole of a suit, jacket, coat and the like. This
      portion of the garment is commonly defined as the front portion 52 and an
      associated facing portion 53 and, which in the finished garment, the
      facing portion is reversely folded about a fold line 54 to the rear of the
      front portion in the manner shown in FIGS. 3 and 4. The facing 53 is
      customarily made of the same fabric as the front portion 52 of the garment
      50.
PAR  In the construction of piped openings it was heretofore customary to first
      form an opening 56 in one portion of the garment, e.g. the front portion
      52 to which an edging or piping patch 55 is secured. Generally this
      opening 56 was preformed by suitable known means. However to form the
      complementary opening 57 in the other portion or facing 53, it was
      heretofore necessary to fold the material 50 and by feel locate and
      manually form the die slit or cut and then effect the necessary fold to
      define the complementary opening.
PAR  In the construction of the preformed opening 56 both the front portion 52
      and the edging patch 55 have similarly constructed die-cuts or slits
      formed therein and the respective flaps 52A and 55A defined thereby
      reversely folded and generally secured by stitching 58 as illustrated in
      FIG. 5. As noted in FIGS. 1, 2, 3 and 4, the edging patch 55 is secured to
      the back side of the front portion 52 to define a raw or revealed portion.
      In the finished garment this raw or unfinished portion is hidden by
      reversely folding the facing of the garment into overlying relationship
      with the back side portion of the garment front 52. By this invention the
      complementary opening 57 opposite the preformed opening 56 in the facing
      portion of the garment is made in a manner illustrated in FIGS. 6 through
      13. With the front and facing portions 52 and 53 of the garment 50
      disposed in an expanded position as illustrated in FIGS. 1 and 2, the
      complementary opening 57 formed in the facing 53 is initiated by forming a
      slit 59 as shown in FIG. 6. This is attained by locating the cutting means
      directly opposite the preformed opening 56 in the front portion 52 of the
      garment as will be hereinafter described so that when the fabric 50 is
      folded the complementary opening 57 will lie contiguous to the preformed
      opening 57.
PAR  As shown therein, it will be noted that the die cut or slit 59 comprises a
      severed line the end portions of which are formed with short diverging
      slits as illustrated. To form the complementary opening 57 the marginal
      portions or flaps 53A of the material circumscribing the die-cut or slit
      59 are folded out of the plane of the fabric along fold lines F1, F2, F3,
      and F4, to a position substantially normal to the plane of the garment
      portion 53 as illustrated in FIGS. 8 and 9. In this position a
      substantially rectangular opening 56 is defined thereby. The flaps 53A
      thus displaced out of the plane of the garment portion 53 are further
      folded in the direction illustrated in FIGS. 10 and 11, to a position
      wherein the respective flaps 53A are pressed against the inside surface of
      the facing portion 53. With the complementary opening so formed in the
      facing 53 of the garment, the facing is reversely folded along fold line
      54 onto the front of the material so that the marginal flaps 53A defining
      the complementary opening 57 are disposed in contiguous relationship to
      the patch 55 secured to the back surface of the front portion 52 of the
      garment 50. Folding the facing 53 onto the front 52 in the manner
      described, the opening 57 thus formed in the facing 53 is brought in
      coincident relationship with the preformed opening 56 defined in the front
      portion 52. The facing and front portions 52, 53 may then be either
      permanently secured or temporarily secured depending upon the nature of
      the next desired operation. In FIG. 4 the front and facing portions 52, 53
      are temporarily secured, e.g. by means of a staple 60. Alternatively, the
      garment may be permanently secured as by sewing about the circumference of
      the completely formed opening therein. In the alternative, the front and
      facing portions 52, 53 may be permanently secured as by adhesively bonding
      one to the other. This may be attained by interposing a suitable adhesive
      between the respective portions 51, 52 or by coating the back surface of
      the garment with a suitable heat and/or pressure sensitive adhesive.
PAR  In the finished opening 51, as illustrated in FIG. 5, it will be noted that
      by reversely folding a marginal or flap portion defined by the die-cuts or
      slits, that no raw edges are showing.
PAR  As illustrated in FIGS. 1 through 13, the die-cut or slit 59 by which the
      various openings are initiated is such that a substantially rectangular
      opening is defined thereby, e.g. opening 56 and 57. However, by varying
      the shape of the die-cut or slit, the finished opening defined thereby may
      assume other desirable shapes. Particular reference is made to FIGS. 29,
      30, 31, 32, 33, 34, 35 and 36, illustrating differently shaped die-cuts or
      slits which will define differently shaped openings. FIGS. 29 and 30
      illustrate an H-shaped die-cut or slit 60 having the horizontal slit 60A
      extending between the opposed parallel slits 60B to define an opening 62,
      when the flaps 61 thereof are reversely folded to a position as indicated
      in FIG. 30, which is substantially rectangular with pointed ends.
PAR  By providing an intersecting die-cut or slit 63 illustrated in FIG. 31, and
      reversely folding the respective flaps 64 defined thereby, a diamond shape
      opening 65 as illustrated in FIG. 32 is defined.
PAR  FIGS. 33 and 34 illustrate a rectangular die-cut or slit 66 which defines a
      rectangular opening 67.
PAR  FIGS. 35 and 36 illustrate a die-cut or slit 68 for forming shaped opening
      69. Die-cut or slit 68 is defined by an elongated single slit 68A having
      adjacent one end thereof a plurality of radially extending minor slits 68B
      centered about the end portion of the slit 68A. When the respective flaps
      70 defined by respective slits are folded, in a manner illustrated in FIG.
      36, a substantially tear-shaped opening 68 is defined thereby. It will
      become readily apparent that dependent upon the formation of the initial
      die cut or slit, the size and shape of the opening may be varied
      accordingly in the finished garment.
PAR  The making of the piped openings as herein defined comprises essentially of
      forming a die-cut or slit of desired configuration in a portion of a
      garment, e.g. the front portion 52 and reversely folding the flaps 52A
      defined thereby into overlying relationship onto the back side of the
      front. An edging flap or patch 55 is similarly die-cut or slit and folded
      so that the flaps 55A defined are disposed contiguous to the corresponding
      flaps 52A circumscribing the opening formed on the front 52 and the
      corresponding flaps 52A and 55A suitably secured together as by stitching
      58. A complementary opening 57 is then formed in the facing portion of the
      garment. This is attained by disposing the front and facing portions 52,
      53 of the garment in an expanded position as illustrated in FIGS. 1 and 2,
      and locating of the position of the die cut or slit to define the opening
      57 in the facing of the material directly opposite the formed opening 56
      in the front portion by reference to the position of the formed opening 56
      formed in the front and/or the fold line 54 about which the facing is
      reversely folded with respect to the front. A die cut or slit 59 of
      predetermined configuration is formed in the facing directly opposite the
      formed opening 57 in the front. With the die cut or slit 59 thus formed,
      the flaps 53A circumscribing the die cut or slit, as best seen in FIGS. 7
      and 8, are folded outwardly of the plane of the facing material to a
      position substantially normal thereto as in FIGS. 8 and 9. The flaps thus
      displaced are then reversely folded into contiguous relationship onto the
      back side of the facing 53. With the opening 57 so formed in the facing,
      the facing 53 is reversely folded into contiguous relationship to the
      front 52, so that the reversely folded flaps 53A of the facing 53 are
      disposed contiguous to the formed opening 56 in the edging patch 55 and
      the front 52. The facing is then secured in the assembled position thereof
      to define the completed piped opening 51.
PAR  The securing of the facing 53 to the front 52 may be provided by temporary
      securing means, as for example, by stapling or basting. If desired, the
      front 52 may be permanently secured to the facing 53 by stitching a seam
      about the circumference of the opening 51. As an alternative the facing 53
      may be adhesively secured to the front 52 of the garment to provide the
      means for permanently securing the facing to the front.
PAR  Referring to FIG. 14, there is illustrated an embodiment of an apparatus 80
      for forming the piped opening 51 in a garment 50. The apparatus 80
      comprises a housing 81 defined as a rectangularly disposed frame structure
      on which there is a support means 82 upon which the garment or fabric 50
      is supported in an expanded position as viewed in FIGS. 1 and 2. The
      support means comprises a first section 82A and a second section 82B which
      are hingedly connected so that one is rendered movable relative to the
      other. Each support section 82A, 82B includes a hollow chamber to define a
      vacuum chamber 83A, 83B. The top 84, 85 of each section is provided with a
      plurality of apertures or openings 86 which communicate with the subjacent
      vacuum chamber 83A, 83B.
PAR  A hinge means 90 hingedly connectes support section 82A to support section
      82B. Referring to FIGS. 14 and 16 the hinge means comprises a pair of
      straps 91 and 92, each being pivoted about pin 91A, 92A to the respective
      support sections 82A, 82B. A U-shaped strap 93 is secured to the
      respective sections 82A, 82B by having the ends of the respective leg
      portions thereof 93A secured thereto by pins 94. The other ends of straps
      91, 92 are pivotly connected about pins 96 to the end portions of a second
      U-shaped strap 97.
PAR  The actuation of the hinge means 90, to effect movement of the support
      section 82B relative to support section 82A, is attained by a piston and
      cylinder assembly 98. The cylinder portion 98A is secured to the cross
      piece 97A of the strap 97 and the piston rod 98B of piston 98C is secured
      to the cross piece 93B of strap 93. Thus as viewed in FIGS. 15A and 16,
      wherever the piston assembly 98 is actuated the support sections 82A, 82B
      will pivot relative to one another. The hinge means 90 secures the
      respective sections so as to define a small spacing therebetween.
PAR  As noted in FIG. 14 support sections extend the length of the frame to
      provide for one or more forming stations 87. In the embodiment of FIG. 14
      three forming stations are shown; however, it will be understood that the
      number of stations 87 may vary. Each station is similarly constructed and
      a description of one station 87 will be sufficient for an understanding of
      the invention.
PAR  Each station 87 is defined by a rectangular opening 88 which extends
      through support section 82A and an oppositely disposed slotted opening 89
      extending through support section 82B.
PAR  The forming station also includes a locating means 99 adjustably disposed
      within opening 88 of section 82A, and a forming means 100 adjustably
      mounted in the oppositely disposed slotted opening 89 of section 82B. As
      shown in FIG. 14, the locating means 99 and forming means 100 are
      adjustably coupled together by a coupling means in the form of a thread
      shaft 101.
PAR  As best seen in FIG. 15A the coupling shaft 101 is rotatably journalled in
      a suitable bearing 102 adjacent the midpoint thereof. One end of the shaft
      101 extends to the front of the apparatus and has connected thereto a turn
      wheel 103 by which the shaft 101 may be rotated. The shaft 101 is provided
      with oppositely disposed thread sections 101A and 101B on which the
      respective location means 99 and forming means 100 are mounted
      respectively to effect coordinate adjustment thereof.
PAR  The locating means 99 includes a base portion 99A having a thread bore 99B
      extending therethrough for accommodating threaded portion 101A of shaft
      101. Carried on the base 99 are a pair of space locating pins 99C which
      are adapted to extend beyond the top 84 of section 82A. If desired the
      pins 99C may be adjustably mounted on base 99A to vary the spacing
      therebetween. The locating pins 99C are adapted to engage the end portion
      of the partially formed opening 56 in the fabric or garment 50 positioned
      on the support means 82. Because the position of the preformed opening 56
      relative to the fold line 54 may vary from garment to garment, the
      locating means 99 can be readily adjusted within its opening 88 to
      accommodate a variety of garments by turning the shaft 101 in one
      direction or the other.
PAR  The forming means 100 includes a base or carrier 104 which has a portion
      104A with a threaded bore 104B for receiving the threaded portion 101B of
      shaft 101. A forming head 105 having an overhanging arm 105A extending
      over the top 85 of table section 82B is pivotally connected to the carrier
      or base 104 about pivot 106.
PAR  Pivoting of the forming head 105 relative to the base is attained by a
      piston and cylinder assembly 107. As seen in FIGS. 14 and 27 the cylinder
      107A is pivoted at one end to the base 104 and the piston rod 107B of the
      assembly 107 is pivotally connected to the overhanging arm 105A of the
      forming head 105.
PAR  The forming means 105 includes complementary means including a presser head
      and a folding head for forming the complementary opening in the garment or
      fabric 50. Referring to FIGS. 19 to 25 the forming head or anvil means 108
      is disposed in the base or carrier portion 104 of the forming means and a
      complementary presser head which includes a cutting die means 109 is
      carried in the head portion 105 of the forming means. In FIGS. 19 and 26
      the details of the anvil means or folding head 108 include a cylinder
      assembly 110 on which there is reciprocally mounted a piston 111 and
      connected piston rod 112. Connected to the piston rod 112 and adapted to
      extend beyond the top of the carrier is an anvil or folder 113. As seen in
      FIG. 25 the anvil or folder is shaped to the opening to be formed in the
      garment 50. In the illustrated embodiment the anvil 113 is rectangular in
      shape.
PAR  As seen in FIG. 26 the anvil and connected piston rod 112 and piston 111 is
      provided with a longitudinally extending bore 114 to provide a passageway
      with communicating port openings 115 opening laterally of the anvil 113.
      In the base of the cylinder 110 there is provided a needle valve 116 which
      is adapted to valve the passageway 114. The arrangement is such that the
      needle valve will prohibit the flow of fluid through passageway 114 and
      connected port openings 115 in the retracted or lowered position of the
      anvil 113 and piston 111, but which will permit fluid flow through
      passageway 114 in the extended position thereof as shown in FIG. 26 as
      will be hereinafter described. Passageways 110A and 110B connect the
      cylinder 110 to a source of fluid pressure.
PAR  The complementary cutting means 109 carried in the head 105 of the forming
      means includes a comlementary cutting means or die 117 which is
      reciprocally mounted within the head 105. As seen in FIG. 24 the cutter
      117 is provided with a cutting edge 117A which when actuated will form a
      die cut or slit in the fabric similar to that shown in FIG. 6.
PAR  Concentrically disposed with respect to the cutter means 117 is a presser
      means 118 reciprocally mounted for relative movement with respect to the
      cutter means 117. Concentrically disposed with respect to both the cutter
      means 117 and presser means 118 is a guide and hold down means 119 and it
      is rendered reciprocally mounted relative to the cutter 117 and presser
      118.
PAR  As will be herein described the cutter means 117, the presser 118, and the
      hold down means 119 are each individually actuated in a manner to be
      described for effecting the sequential operations necessary to form the
      initial die cut or slit and the subsequent folding of the flaps out of the
      plane of the material 50 to define the complementary opening 57. As seen
      in FIGS. 19 to 24 the hold down means 119 is shaped to define the outer
      periphery of the opening 57 to be formed and accordingly it is shaped to
      complement the shape of the anvil 113.
PAR  The means for effecting individual actuation of the cutter means 117,
      presser means 118, and hold down means 119, is attained by a piston and
      cylinder assembly 120 located on the overhanging arm 105A of the forming
      means 100. Referring to FIG. 19 the piston and cylinder assembly 120
      includes three axially aligned piston and cylinders 120A, 120B and 120C
      which are respectively connected to cutter 117, presser 118, and hold down
      119. As shown the outer cylinder 121 is provided with a plurality of
      partitions 122 and 123 to define the outer cylinder into three cylindrical
      chambers 120A, 120B and 120C. Each cylindrical chamber 120A, 120B and 120C
      is provided with a piston 124, 125 and 126 and a connected piston rod
      124A, 125A and 126A respectively. As shown piston rods 124A, 125A and 126A
      are concentrically disposed and each has its other end connected
      respectively to cutter 117, presser 118 and hold down and guide 119. Each
      cylindrical chamber portion 120A, 120B and 120C is provided with its
      respective fluid inlet and outlets 327, 328; 327A, 328A; 327B, 328B,
      disposed on opposite sides of the respective pistons 124, 125 and 126. As
      will be hereinafter described suitable valves and valve controls are
      provided to effect sequential operation of the respective cutter 117,
      presser 118, and hold down means 119 to effect individual operation
      thereof to form the complementary opening 57 in the fabric or garment 50.
PAR  A support bracket 127 is pivotally mounted to the frame 81 about opposed
      pivots 228 (FIG. 14). As shown opposed brackets 127 are each provided with
      forwardly extending arm portions 127A which overhang support section 82.
      Interconnected between arms 127A is a cross piece 127B on which there is
      supported a securing means 128. The securing means 128, as hereinafter
      described is to secure the garment in the folded position thereof to
      secure the finished opening. The securing means 128 may be either a
      stapling means or a sewing means for either temporarily or permanently
      securing the front onto the facing in the folded position of the garment
      or fabric 50.
PAR  The support brackets are actuated between a raised and lowered position by
      a piston and cylinder assembly 129. The piston and cylinder assembly 129
      is secured between mounting 130 and 131, the rod 129A of the piston being
      connected to the depending leg 127C of brackets 127. Accordingly the
      support brackets and connected cross arm 127B are pivoted between a raised
      and lowered position as the piston and cylinder assembly 129 is actuated.
PAR  The securing means 128 in the illustrated form of the invention, as in FIG.
      28, is raised and lowered between operative and inoperative piston by a
      piston and cylinder assembly 130. The body 128A of the securing means is
      suspended from the cross piece 127B of brackets 127 by guide rods 131. The
      cylinder 130A of assembly 130 is fixed to the bracket support and the
      piston rod 130B fixed to the body of the securing means 128. Thus when the
      piston and cylinder assembly is actuated the securing means is lowered to
      effect the securing of the fabric in the folded position. The securing
      means 128 is illustrated as a stapling device, however, it will be
      understood that other types of securing means may be substituted therefor
      depending upon the type of securing desired. For example, the securing
      means may take the form of a sewing machine which would effect a sewing
      operation to secure the front to the facing of the garment or to sew the
      formed piped opening. The securing means may also take the form of a
      heater and press in the event it was desired to effect securing by fusion
      and/or by heat and pressure as in the case of plastic garments.
PAR  In accordance with this invention the vacuum chamber 82A and 83B of support
      sections 82A, 82B are each connected to a source of negative pressure,
      e.g. a vacuum pump 132. (FIG. 14). As shown the vacuum pump 132 is
      connected to each chamber 83A, 83B by suitable conduits 132A, 132B through
      which the flow of negative pressure is controlled by suitable shut-off
      means 133 schematically illustrated in FIG. 14.
PAR  Referring to FIG. 37 the shut off means 133 in the respective lines 132A,
      132B includes a butterfly damper or shut off valve 134 pivotally mounted
      within each line 132A, 132B. An actuating arm 135 is connected to the
      damper or valve 134 to effect rotation thereof between open or closed
      positions or an intermediate position to control the fluid pressure in the
      lines 132A, 132B. The means for setting the respective valves 134 includes
      a single acting piston assembly 136. As shown in FIG. 37 the cylinder 136A
      has a piston 136B and connected piston rod 136C reciprocally mounted
      therein.
PAR  The end of the rod 136C is operatively connected to the actuating arm 135
      of valve 134. Fluid pressure for actuating the piston 136 is introduced
      through port 138. A spring 137 is disposed about the piston rod 136C
      within the cylinder 136A to normally resist the pressure of the fluid
      acting on the piston 136B and to return the piston and connected rod to
      its normal position. By controlling the position of the butterfly valve
      134 in the respective lines 132A, 132B, the amount of vacuum pressure in
      each support section can be controlled thereby.
PAR  The respective component parts of the apparatus actuated by the various
      piston and cylinder assemblies are controlled by suitable valves to
      control the flow of actuating fluid thereto, and a programming means for
      effecting sequential actuation of the respective valves in a predetermined
      sequence to effect automatic actuation of the functional parts of the
      apparatus.
PAR  Referring to FIG. 38, the control system consists of eight two-way cylinder
      assemblies, three of which are concentrically arranged to effect actuation
      of the die cutter 117, the presser 118, and the hold down guide 119. These
      two-way cylinders are 120A, 120B and 120C. The other two-way cylinders are
      cylinder 110 controlling the anvil 113, cylinder 130 controlling the
      actuation of the securing means 128, cylinder 107 actuating the pivoting
      of the forming head 105, the cylinder 98 actuating the folding of the
      table supports 82B, and cylinder 129 for pivoting the bracket supports 127
      for locating the positioning of the securing means. Actuation of cylinders
      110, 130, 120A, 120B, 120C, 107, 98 and 129 are effected by a four-way
      valve 140, 141, 142, 143, 144, 145, 146 and 147 respectively each having a
      spool valve of the type shown in FIG. 42.
PAR  The single acting cylinders 136 and 136A for controlling the vacuum
      pressure to the vacuum chambers 83A, 83B of support sections are
      controlled by three-way valves 148 and 149. Valve 149 is located at a
      convenient place so as to be readily available to an operator, and it may
      comprise a foot pedal switch as shown in FIG. 46. Actuation of this valve
      149 controls the holding of the material to the support means 82 as will
      be herein described. Valve 148 serves to actuate cylinder 136A to release
      the vacuum acting on support section 82B to release the fabric supported
      thereon.
PAR  Each of valves 140 to 148 are actuated in a predetermined sequence or order
      by a programming drum 150. The programming drum 150 is actuated by a
      suitable drive means. In the illustrated form of the invention the drive
      means comprises an air motor 151 of a type illustrated in FIGS. 44 and 45.
      The air motor comprises essentially of a housing 152 in which there is
      rotatably journalled an eccentric 153 having a plurality of movable vanes
      154 mounted thereon. The vanes 154 are biased toward the circumference of
      the housing by springs 155. Inlet 156 defines the fluid inlet to the air
      motor 151. The output shaft 157 of the motor is coupled to the shaft 158
      of the programmer drum 150.
PAR  The air motor 151 in turn is controlled by valve 159 which functions as a
      fluid metering valve capable of an on-off position. Accordingly valve 159
      is capable of stopping fluid flow and the motor 151. Valve 159 is
      programmed by an auxiliary programmer 150A which is detachably connected
      to the drum 150. Thus by interchange of auxiliary programmer section 150A,
      the speed of the fluid motor can be varied accordingly.
PAR  A valve 160 is interposed in the fluid line to the motor 151 to also effect
      the starting and stopping of the apparatus. Valve 160 in effect
      constitutes the start switch and it is conveniently located, e.g. as on
      the front of the apparatus, and it functions to override the metering
      valve 159.
PAR  The programming drum 150 is operatively conneted to a manifold block 161.
      The manifold block is formed with a plurality of valving chambers 140A to
      148A and 159A disposed in alignment on which the valve spools 140 to 148
      and 159 are located. Each of the valve chambers 140 to 148 and 159 open to
      a fluid pressure manifold chamber 162 which is connected by conduit 163 to
      a source of live fluid pressure, e.g. an air compressor. Thus the fluid
      pressure acting on the manifold will function to urge the respective valve
      spools 140 to 148 and 159 to bias toward the periphery of the programming
      drum 150. Accordingly the programming drum is provided with a plurality of
      cam grooves 140B to 148 B and 159B for receiving the bottom of the
      respective valve spools. Thereby depending upon the configuration of the
      respective cam grooves 140B to 148B and 159B, the respective spools will
      valve ports A,B or C respectively.
PAR  In valves 140 to 147 the fluid pressure is supplied at the top of each
      spool and will flow through either port A or C depending on the position
      of the spool within its respective valving chamber and thereby be directed
      to one side or the other of associated cylinder controlled thereby. Port B
      functions as the exhaust port and port B will exhaust either side of the
      associated cylinder depending on the position of the valve spool. As shown
      in FIG. 42 the valve spool adapted to be disposed in each of the four-way
      valves 140 to 147 comprises valve member 164 having spaced sealing flanges
      164A, 164B and a central bore 165 opening to the top and to a lateral port
      166. The bottom portion 167 of the valve member defines a side seal with
      the bottom edge formed as a cam follower to ride the appropriate cam
      groove of the programming drum 150.
PAR  In the up position of the valve member 164 in its respective chamber as
      noted in chamber 140A of FIG. 39, the flow of fluid from the inlet
      manifold 162 will be through bore 165 and out port 166 disposed in
      communication with port C. Port A in turn is connected in communication
      with port B or exhaust. As seen in FIG. 40 ports B communicate with a
      common exhaust manifold 167.
PAR  When the valve spool member 164 of the four-way valves is in a down
      position as seen for example only in valve chamber 141A the flow of fluid
      pressure from the inlet manifold 162 will be out port A to operate on one
      side of its associated cylinder and the other side of the associated
      cylinder is being exhausted through port C to port B. It will thus be
      apparent that by properly shaping the respective cam grooves of the
      programming drum that the respective spools are actuated to control the
      operation of their respective operating cylinders in a predetermined
      sequence.
PAR  Valve 159 does not have an A port. In the illustrated embodiment port B of
      valve 159 is to exhaust and port C connects to the exhaust side of the
      fluid motor. Valve 159 thus functions to control the exhaust from the
      fluid motor 151. In this manner the speed and/or operation of the fluid
      motor can be controlled by the appropriate shaping of the cam groove 159B.
PAR  FIG. 46 illustrates a typical foot switch for effecting the vacuum control
      on support section 82A. The foot valve 170 includes a base 171 having a
      valve chamber 172 in which a valve spool 173 is movably mounted. The upper
      end of the spool is connected by a pin and slot connection 174 to the foot
      pedal 175 hinged to base 171 about pin 176. A spring 177 normally biases
      the spool. The base is provided with ports 178, 179, and 180 communicating
      to exhaust, vacuum and pressure respectively. This valve or foot control
      serves to control the clamping and holding characteristics of the vacuum
      holding support section 82A, and valve 160 functions as a bypass for
      metering valve 159.
PAR  With the apparatus thus described its operation is as follows.
PAR  With the support sections 82A, 82B co-planarly disposed and with the
      apparatus in the non-operating position a garment 50 on which an opening
      is to be formed is disposed on the support means 82 with the partially
      preformed opening in the garment disposed with its raw side thereof facing
      upwardly on the support section 82A. The facing portion of the garment 53
      is disposed on the other section 82B. The arrangement is such that the
      fold line 54 of the garment will fall in the spacing between sections 82A,
      82B. With the garment in position the valves 148 and 149 controlling the
      vacuum pressure on the respective support sections are energized to
      subject the material thereon to a holding pressure. The vacuum also
      functions to smooth out the wrinkle therein and flattens out the material.
PAR  With the material thus positioned on the support means, the turn wheel 103
      of the coupling shaft is rotated to position the locating means 99 at the
      position of the preformed opening in the garment 50. Because of the
      complementary screw portions 101A and 101B it will be noted that the
      forming head 105A will be located over the facing at a point corresponding
      to the distance of the locating means from the center line or fold 54 of
      the garment.
PAR  With the positioning of the forming head 105 over the facing of the fabric
      the starting switch or valve 160 is actuated. This switch or valve will
      direct fluid pressure to the drive or motor. In doing so the programming
      drum 150 is actuated.
PAR  Accordingly the valve 142 and 144 controlling the operations of the cutter
      means 117 and the hold down means 119 are actuated to cause the associated
      pistons 120A and 120C to lower the hold down and cutter to the fabric 50.
      The timing is such that the hold down means precedes the cutter 117
      slightly to hold the material 50 in place as the cutter descends. The
      piston assembly controlling the anvil 113 is bottomed in its respective
      cylinder so that the top of the anvil is flush with the top of the support
      means 82B to form a backing for the cutter.
PAR  The descent of the cutter 117 thus causes the appropriate die-cut or slit
      to be formed in the facing. Upon the forming of the die-cut or slit the
      cutter is retracted by reversing the fluid flow to the associated
      operating cylinder 120A. During the retraction of the cutter 117 the hold
      down means is retained in place against the material. See FIG. 20. At this
      point the cylinder operating on the anvil is activated to advance the
      anvil above the top of the support means 82A. In doing so the associated
      piston is moved upwardly and the anvil connected thereto causes
      displacement of the flaps 53A upwardly out of the plane of the fabric; the
      hold down means 119 still in the holding position defining the shape of
      the opening.
PAR  With the flaps disposed the hold down means is retracted by the valve
      controlling the fluid pressure operating on cylinder 120C reversing the
      fluid flow thereto.
PAR  Upon the removal of the hold down means 119 to a position shown in FIG. 21,
      the flaps 53A are free to be displaced beyond the normal by jets of fluid
      pressure emanating from ports 115 in the anvil. See FIG. 22. Referring to
      FIG. 26, it will be noted that the bore 114 in piston 111 is opened in the
      raised or elevated portion. With the flaps displaced beyond the normal as
      shown in FIG. 22, the pressure means 118 and the hold down means 119 are
      lowered to effect the reverse fold of the flaps 53A onto the facing 53.
      See FIG. 23. In this operation the formation of the complementary opening
      57 is formed.
PAR  To effect the folding of the fabric so that the facing with the formed
      opening therein is superposed onto the front, the cylinder 107 and 129
      operating on the forming head 105 and the bracket supports are energized
      by actuation of their appropriate valve means 145 and 147 respectively to
      effect the pivoting of the head and support bracket to their respective up
      position. With the forming head 105 and support brackets pivoted out of
      the way the cylinder 98 actuating the hinge means 90 is actuated to effect
      the folding of support section 82B onto 82A. In doing so the fabric 50 is
      folded with the facing 53 and the complementary opening formed therein
      overlying the front and the preformed opening therein. See FIGS. 15A and
      16. With the support sections so folded as in FIG. 16, the vacuum in
      section 82B is released thereby permitting the section 82B to be returned
      to its normal co-planar position with respect to section 82A; the facing
      carried thereby remaining in overlying relationship to the front 52 lying
      on support section 82A. In this operation the formed opening in the facing
      is disposed opposite the preformed opening in the facing.
PAR  With the folded garment in position on support means 82A and section 82B
      returned to its co-planar position the cylinder operating on the support
      brackets is activated by its appropriate valve means 147 to reposition the
      bracket support and securing means carried thereby. When the securing
      means has been located over the folded fabric or garment 50, the cylinder
      130 controlling the securing means is actuated by valve 141 to secure the
      facing to the front. In the illustrated embodiment the securing means
      comprises a stapler which will temporarily staple the facing to the front
      adjacent the opening therein.
PAR  The vacuum on the support 82A is then released and the garment with the
      opening so formed is removed from the apparatus, after which the apparatus
      is readied to repeat the cycle of operation.
PAR  It will be understood that the securing means may comprise a sewing machine
      instead of a stapler or may comprise any other type of means for securing
      the facing to the front.
PAR  While the control circuit has been described as a fluid controlled circuit,
      it will be understood that the control fluid may be either air, gas or
      liquid. Also the control of the respective operating sequences may be
      electrically activated wherein solenoids and electric motors may be used
      instead of piston and cylinder assemblies.
PAR  While the present invention has been described with respect to a particular
      embodiment thereof, it will be understood that variations and
      modifications may be made without departing from the spirit or scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for locating and forming an opening in the facing of a
      piece of material adapted to overlie an opening formed in the front of
      said material to form a finished opening comprising:
PA1  means defining a support for the front and facing portions of said
      material,
PA1  means for locating the position of the opening to be formed in said facing
      with respect to a fold line between said facing and front portions,
PA1  forming means for forming the opening in the facing material to correspond
      with the opening in said front portion,
PA1  and actuating means operatively coupling said locating means with said
      forming means whereby the positioning of the locating means with respect
      to the opening in said front portion effects the location of the forming
      means over said facing with respect to said fold line a corresponding
      amount.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said support means
      comprises:
PA1  a first support section adapted to support the facing of said piece of
      material, and
PA1  a second support section adapted to support the front of said piece of
      material,
PA1  and means for hingedly connecting said first support section to said second
      support section whereby one section can fold relative to the other
      section.
NUM  3.
PAR  3. The invention as defined in claim 1 and including means for holding said
      piece of material onto said support means to prohibit relative movement
      therebetween during the locating and forming of the opening therein.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said support means defines a
      vacuum chamber,
PA1  and said support means having a surface portion formed with a plurality of
      apertures connected in communication with said vacuum chamber,
PA1  and means for subjecting said vacuum chamber to a negative pressure to hold
      said piece of material in position thereon.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein said forming means comprises
PA1  a head having an anvil means and a complementary cutting means,
PA1  said anvil means being adapted to be disposed on one side of said facing
      material and said cutting means being disposed on the other side of said
      material,
PA1  and means for effecting relative movement of said cutter means and anvil
      means relative to each other to form a die cut in said facing disposed
      therebetween.
NUM  6.
PAR  6. The invention as defined in claim 1 wherein said forming means comprises
PA1  a head having means for sequentially cutting and reversely folding the
      marginal portions of said die cut to define an opening in the facing of
      said material to correspond with the opening in said front.
NUM  7.
PAR  7. The invention as defined in claim 1 wherein said forming head comprises
PA1  a mount,
PA1  a cutting means reciprocally mounted for movement relative to said mount,
PA1  a material hold down means concentrically disposed relative said cutting
      means and reciprocally mounted for movement relative to said cutter means,
PA1  a presser means concentrically disposed with respect to said cutter means
      and material hold down means,
PA1  and means for effecting relative reciprocation of said cutter means, hold
      down means and pressure means respectively.
NUM  8.
PAR  8. The invention as defined in claim 7 and said forming head including an
      anvil means disposed opposite said cutting means whereby an anvil means is
      disposed on one side of said material and said cutter means being disposed
      on the other side of said material.
NUM  9.
PAR  9. The invention as defined in claim 8 and including means for effecting
      movement of said anvil means relative to said piece of material.
NUM  10.
PAR  10. The invention as defined in claim 9 wherein said anvil means includes
      means defining a passageway therein,
PA1  means defining a port opening formed in the side of said anvil means, said
      port opening being disposed in communication with said passageway,
PA1  and means for supplying a fluid pressure to said passageway.
NUM  11.
PAR  11. The invention as defined in claim 7 wherein said latter means includes
      a piston and cylinder assembly operatively connected to said cutter means,
      hold down means and presser means respectively.
NUM  12.
PAR  12. The invention as defined in claim 11 wherein the respective piston and
      cylinder assemblies of the respective cutter means, hold down means and
      presser means are disposed in co-axial alignment.
NUM  13.
PAR  13. The invention as defined in claim 2 and including means for securing
      said facing to said front in the folded position of said piece of
      material.
NUM  14.
PAR  14. The invention as defined in claim 13 wherein said securing means
      comprises a stapling means.
NUM  15.
PAR  15. The invention as defined in claim 10 and including means for valving
      said passageway in said anvil means to prohibit the flow of fluid
      therethrough in the inoperative position thereof.
NUM  16.
PAR  16. An apparatus for forming an opening in a piece of material comprising
PA1  a supporting means including a first section and a second section hingedly
      connected thereto, whereby said section may be folded to overlying
      position,
PA1  means for holding a piece of material in place on said support means
      whereby a portion of said material is supported on said first section and
      a portion supported on said second section,
PA1  locating means operatively associated with said first section for locating
      an opening formed in the material supported thereon,
PA1  a forming means operatively associated with said second section,
PA1  means coupling said locating means with said forming means whereby said
      locating means and forming means can be moved relative to one another
      corresponding amounts with respect to the material supported on the
      respective section of said support means,
PA1  said forming means including a head portion and a base portion,
PA1  said head portion and base portion being disposed on opposite sides of the
      material on said support means,
PA1  a cutting means disposed in said head portion and an anvil means disposed
      in said base portion,
PA1  and means for effecting relative movement of said cutter means relative to
      said anvil means for die cutting a slit in the material disposed
      therebetween on said support means.
NUM  17.
PAR  17. The invention as defined in claim 16 including means pivotally
      connecting the head portion of said forming means to said base portion for
      pivoting said head between an operative and inoperative position.
NUM  18.
PAR  18. The invention as defined in claim 17 and including means for folding
      the respective portions of the material, and means for securing the
      respective portions of the material in the folded position thereof.
NUM  19.
PAR  19. The invention as defined in claim 17 wherein said coupling means
      includes a threaded shaft having oppositely disposed thread portions
      thereon,
PA1  said locating means of said forming means being threaded to the respective
      thread portions of said shaft,
PA1  and the respective threaded portions of said shaft being pitched so that
      rotation of said shaft effects predetermined relative corresponding
      displacement of said locating means and forming means.
NUM  20.
PAR  20. The invention as defined in claim 16 wherein the head portion of said
      forming means includes
PA1  a presser means movably mounted therein,
PA1  said presser means being co-axially disposed relative to said cutter means
      and rendered movable relative thereto.
NUM  21.
PAR  21. The invention as defined in claim 20 wherein said head portion of said
      forming means includes a hold down means mounted therein,
PA1  said hold down means being co-axially disposed with respect to said presser
      means and cutter means, and rendered movable relative thereto.
NUM  22.
PAR  22. The invention as defined in claim 21 and including means for rendering
      said cutter means, presser means and hold down means individually movable.
NUM  23.
PAR  23. The invention as defined in claim 22 wherein said latter means includes
      a piston and cylinder assembly for actuating the respective cutter means,
      presser meand and hold down means, the respective piston and cylinder
      means being co-axially disposed.
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ABST
PAL  The invention relates to a machine having a drive for the attachment of
      fasteners such as rivets and the like. Each of two conventionally and
      reversibly interchangeable containers have engaging positions coupled to
      the drive and are provided to store and feed the fasteners separately to
      an operating position.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a machine for the attachment of fasteners stored
      in containers.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional machines of the above type are constructed to permit the use
      of only some fasteners for attachment to only a certain class of products.
      Thus different rivets or press fasteners are to be used or different
      classes for such operations must be utilized. A manufacturer of these
      machines must therefore produce several different types. Such operations
      are uneconomical, requiring storage of small numbers of a variety of
      different parts. It follows that a user of these machines must also
      possess several types of these machines depending on the products operated
      on, as well as different parts attachable hereto.
PAC  OBJECT OF THE INVENTION
PAR  It is accordingly an object of the invention to devise a machine which is
      easily manufactured, economical and can be easily and simply switched from
      one type of fasteners e.g. rivets of two different sizes or product to
      another.
PAC  SUMMARY OF THE INVENTION
PAR  The above object is realized by a machine having a drive for the attachment
      of fasteners such as rivets and the like using two conventionally and
      reversibly interchangeable containers with engaging portions coupled to
      the drive, which store and feed the fasteners separately to an operating
      position.
PAR  If it is desired to switch the machine over to handle different types of
      fasteners or products, switchover is achieved by simply removing one or
      both containers including their respective supply rails from the machine
      stand and replacing them with other containers. As a result of this
      construction only a single basic machine type is needed to handle
      different produts or fasteners, while the containers for storing the
      fasteners and the quickly replaceable riveting or fastening tools are
      adapted to the particular use or operation required.
PAR  It is an advantageous feature of the invention that the container housings
      are located on opposite sides and within an upper region of the machine
      stand, and that each housing also acts as carrier of a respective supply
      rail, which is freely slideable therein and easily detachable therefrom,
      and feeds parts to an operating position. If the orientation of the
      respective parts is to be changed, for example if upper and lower riveting
      parts are to be reversed, this can easily be accomplished by a mere switch
      of containers from one respective side of the machine stand to the other;
      the respective detachable supply rails are also easily interchangeable in
      the same fashion. If suitable designed, each respective container with its
      associated supply rail can also be reversed on the same side of the
      machine.
PAR  It is also advantageous that the machine housings are hung from the machine
      stand by way of plug-in pins or partly inserted screws. This permits a
      coupling between the machine stand and the housing by means of simple
      parts.
PAR  It is additionally advantageous that the coupling between the respective
      housings and the machine stand is secured by externally accessible screws.
      For this purpose screws having preferably a cylindrical head are provided
      for entering a key-hole shaped slit of the magazine housing. Upon the
      loose hanging of a housing upon partly inserted screws, the housing is
      secured to the machine stand by fully tightening the screws. By this means
      any vibrations occurring during operation of the machine do not displace
      the attached housing.
PAR  Each housing for each respective container is constructed so that it can be
      hung from the machine stand and secured thereto alternately in a reversed
      position; this is achieved by each side of a housing being formed with an
      opening, which serves either to pass a screw therethrough for attaching
      the housing to the stand, or permits in a reversed position of the housing
      the insertion of a tool, e.g. a screwdriver, to tighten a previously
      inserted screw.
PAR  It is also possible to increase the versatility of the machine by arranging
      for the arm carrying the lower tool to be settable at various heights with
      respect to the upper tool. By a simple reseting of the arm it is possible
      to change the operating depth according to the number of available
      resetting positions in, for example, the vertical column of the machine
      supporting the machine housing.
PAR  Another advantageous feature of the machine is the fact that the arm
      carrying the lower tool can be set so as to extend at various distances
      from the machine stand, and that the member carrying the upper tool can be
      correspondingly adjusted by spacers or the like, these spacers also being
      alternatively usable to increase the height of the machine.
PAR  It is finally advantageous that the machine stand is formed with a
      plurality of holes for fitting the arm into the stand, and that a handle
      is used for tightening the arm. Upon loosening of the handle the arm can
      be reset; this arrangement permits a precise aligning of the lower and
      upper arms.
PAR  All of the aforesaid features permit the retention of a basic machine type
      only requiring either an interchange of machine accessories or parts, such
      as containers or tools, or a resetting of existing parts, such as of the
      arm carrying the lower tool, or the member carrying the upper tool. This
      ensures a cost-effective usage of a machine suitable for a variety of
      products and fastening means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of our invention will be more clearly understood
      with reference to the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of the machine according to our invention;
PAR  FIG. 2 is a fragmentary cross-section of the machine in elevation;
PAR  FIG. 3 is a sideview of the machine, viewed in the direction of arrow III
      of FIG. 2; and
PAR  FIG. 4 corresponds to the view of FIG. 2, but with reversed containers.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Referring to FIG. 1, a base plate 1 supports a machine stand 2. The latter
      includes a vertical column 3, projecting from base plate 1, supporting a
      machine housing 4 and a member 5 attached thereto, the latter carrying an
      upper tool 6 which may be a riveting tool or the like. Machine housing 4
      can also be mounted on a workbench without the use of a column 3.
PAR  Details of the attachment of member 5 to machine housing 4 are discernible
      from FIGS. 2 and 3. The surfaces of the machine housing 4 and member 5
      abutting each other are provided with respective flanges 7 and 8 and held
      together by both bolts 9 and dowel pins 10. If member 5, carrying tool 6
      is required to be set for a greater distance from stand 2, appropriately
      dimensioned spacers 7' in the drawing are inserted between flanges 7 and
      8, the spacers being also usable to change the height of stand 2. A
      distance change of upper tool 6 from stand 2 also requires a corresponding
      distance change of arm 11 carrying a lower tool 11'. In the version of the
      invention shown in FIG. 2, arm 11 is positively locked within hole 14 by
      means of a handle 15, which is formed with a thread 16 and presses a wedge
      17 onto an inclined surface 18 of arm 11 upon being appropriately turned,
      thereby tightening the latter to housing 4. By loosening the aforesaid
      attachment device arm 11 can be adjusted to the distance to which upper
      tool 6 is set. It is alternately possible to fit arm 11 into holes 12 or
      13, formed in stand 2, and as shown dotted in FIG. 2 to secure the former
      at varying heights thereto by appropriate attachment means, thereby
      obtaining various depths ranges of the machine according to the product
      handled. The thread 16 is then fitted into threaded bores 16'.
PAR  The rivets, press fasteners or the like are contained in drum-like
      containers 19 and 20 having respective housings 21 and 22 and are disposed
      in an upper region of member 5 of machine stand 2.
PAR  Each housing 21 and 22 includes two parallel outer walls 23 and 24 which
      are connected by a central wall 25 and an outer wall 26, and a hub 28 for
      supporting a shaft 27 (or 27') extending from the latter. Shafts 27 and
      27' are provided on one respective side with a gear wheel 29 and 29' which
      mate with respective drive wheels 30 and 30' being supported in part 5 of
      machine stand 2, i.e. gear wheels 30 and 30' of member 5 have a common
      axle and are therefore jointly driven. Shafts 27 and 27' are provided on
      their respective other side with threaded knobs 31 and 31' for axially
      supporting respective drum-like containers 19 and 20; a protective plate
      48 is associated with the gear drive. The gear wheel periphery is
      concealed by plate 48 in FIGS. 1 and 3.
PAR  Central wall 25 extends and continues downwards by means of arms 32 and
      32', on which respective supply rails 33 and 33' slide freely. As is
      discernible from FIG. 1 supply rail 33 feeds parts to upper tool 6, while
      supply rail 33' feeds parts at an appropriate orientation to lower tool
      11'. Supply rails 33 and 33' are preferably attached to respective arms 32
      and 32' by being screwed thereon.
PAR  Containers 21 and 22 are fastened to respective sides of machine stand 2 by
      cylindrical-head screws 34 disposed at an equal height, openings 35 and 37
      being associated therewith. Openings 35 are shaped in the form of a
      keyhole and extend within thickened portions 36 of machine housing 4,
      while slits 37 are formed within thickened portions 36. Openings 35 and 37
      each have respective wide and narrow regions as shown in FIG. 3, each
      respective wide region being somewhat wider than the diameter of the
      cylindrical head of screws 34, while the narrow regions are somewhat wider
      than the screw diameter of cylindrical-head screws 34.
PAR  When containers 21 and 22 are attached to housing 4 cylindrical-head screws
      34 are aligned with openings 38 of central wall 25. This permits the
      insertion of a screwdriver or the like through openings 35 on one hand and
      openings 38 on the other hand upon swinging out of covers 39 and 39'
      pivotable about axles 40 and 40' in order to firmly attach containers 20
      and 21 to the respective sides of stand 2.
PAR  If the containers have to be replaced, it is merely necessary to loosen
      cylindrical-head screws 34. Following that step containers 20 and 21 are
      respectively slid upwards from the position shown in FIG. 2 and then
      detached; newly replaced containers are attached following the aforesaid
      procedure in reverse order.
PAR  If the orientation of the rivets, press fasteners and the like requires to
      be changed, the containers can be reversed with respect to machine stand
      2, as can be seen by viewing FIGS. 2 and 4. To this end covers 39 and 39'
      must also be reversed and hinged on opposite sides of respective housings
      22 and 21. For that reason suitable holes 41 and 41' are provided for
      interchangeably positioning pins 40 and 40' on respective opposite sides
      of machine housing 4. Also shafts 27 and 27' are interchanged with
      respective gear wheels 29 and 29' so that gearwheel 29 is now attached to
      shaft 27' and gearwheel 29' is now attached to gearwheel 27;
      cylindrical-head screws 34 are then passed through openings 35, and then
      tightened to machine housing 2 in the usual manner.
PAR  Since supply rails 33 and 33' are detachable from respective arms 32 and
      32', the former are also interchangeable.
PAR  The rivets, press fasteners and the like which glide along supply rail 33
      or 33' and which are associated with upper tool 6 arrive within the region
      of push rod 42, which slides these parts into tongs 43. Push rod 42, whose
      rhythm is controlled by the machine also controls the placements of
      corresponding parts leaving the supply rail associated with lower tool
      11', and pushes them into tongs 43 associated with the formers.
PAR  Tongs 44 encompassing upper tool 6 are controlled via a Bowden cable 45 and
      a foot pedal 46. On depressing foot pedal 46 tongs 43 are depressed via a
      pushing rod 47 in a downward direction; the former serves to position the
      rivets, press fasteners and the like securely and also protects the
      fingers of the operator.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a machine for the attachment of fasteners comprising a machine head,
      an upper tool and a lower tool mounted on said head for applying upper and
      lower fastener parts to an article, said head having a pair of lateral
      flanks, and drive means in said rotatable head, for feeding fastener parts
      to said tools, the improvement which comprises:
PA1  a pair of housings each including therein a tumbler drum rotatable to
      dispense respective fastener parts, each of said housings having a pair of
      opposite sides;
PA1  hanger means on each of said flanks of said head for engagement with either
      of said sides of a respective one of said housings for supporting said
      housings interchangeably on said flanks of said head;
PA1  a drive element extending from each of said sides of each housing for
      coupling to said drive means upon hanging of each housing on a respective
      flank of said head; and
PA1  a respective supply rail extending from each of said housings to a
      respective one of said tools for delivering the respective fastener parts
      thereto, said supply rail each being detachably secured to the respective
      housing and removable therewith from said head.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said means for hanging said
      housings on said flanks include elements threaded into said head and
      keyhole-shaped slots formed in said sides of said housing for receiving
      said elements, said elements being accessible through the side of each
      housing opposite that engaging said elements for tightening said housing
      against said head.
NUM  3.
PAR  3. The improvement defined in claim 1, further comprising a stand carrying
      said head and formed with a plurality of openings at vertically spaced
      locations therealong;
PA1  an arm receivable selectively in said opening, and carrying said lower
      tools;
PA1  means for securing said head on said stand at selected locations therein;
      and
PA1  means for securing said arm in said stand at a selected opening.
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PAL  A staple driving device comprising a nosepiece assembly including a rigid
      structure having opposed flat side surfaces defining the sides of a drive
      track for guidingly engaging the legs of a leading staple during the
      driving movement thereof, a forwardly facing flat surface extending
      between the side surfaces for guidingly engaging the rear surface of a
      leading staple during the driving movement thereof, and longitudinally
      extending surfaces defining an opening of a staple-shaped configuration
      extending forwardly into communication with the drive track defining
      surfaces, and a rigid member mounted on said rigid structure forwardly of
      said staple-shaped opening for (1) translational movement in a direction
      parallel with the movement of the staple driving element between a locked
      operating position and a raised unlocked position and (2) pivotal movement
      between the raised unlocked position and a forwardly extending open access
      position, the rigid member having (1) staple stop surfaces facing
      rearwardly when the rigid member is in its locked operative position for
      engaging the forward surface of a leading staple after the feeding
      movement thereof, (2) staple guiding surfaces facing rearwardly when the
      rigid member is in its locked operative position for guidingly engaging
      the forward surface of a leading staple during the driving movement
      thereof, and (3) cam surfaces extending upwardly and forwardly from the
      upper end of staple stop surfaces when the rigid member is in its locked
      operative position operable (1) when the rigid member is pivoted from its
      unlocked position into its open access position to permit limited forward
      movement of a leading staple feed through the opening, and (2) when the
      rigid member is pivoted from its open access position to move a leading
      staple rearwardly into a position of alignment with the drive track.
BSUM
PAR  This invention relates to staple driving devices and more particularly to
      improvements in such devices for clearing the drive track of jammed
      staples.
PAR  Many different types of staple driving devices are known including portable
      pneumatically actuated devices, electrically actuated devices, hammer
      actuated devices, manual actuated devices, etc. A common characteristic of
      all these types of staple driving devices is the provision of a drive
      track, a staple driving element mounted in the drive track and a staple
      magazine assembly for receiving a supply of staples in stick formation and
      feeding successive leading staples in the stick laterally into the drive
      track to be driven outwardly thereof by the staple driving element.
      Several different types of magazine assemblies are known. These assemblies
      are usually designated by the manner in which they are loaded such as
      bottom loaders, front loaders, rear loaders and top loaders. Rear and top
      loaders are quite popular because of their simplicity of construction and
      operation. One disadvantage of each of these assemblies is that the drive
      track is normally defined by fixed structure and therefore, unless a
      movable drive track access part is provided, clearing of staples which
      become jammed in the drive track is difficult. There have been proposed
      many different drive track access providing arrangements in the prior art.
      A typical example is disclosed in U.S. Pat. No. 3,273,777. The arrangement
      as disclosed in this patent includes a nosepiece assembly providing a
      movable member pivotally mounted on the rigid structure thereof for
      movement between an operative position wherein the member defines the
      front wall of the drive track and an access position wherein the member
      extends forwardly so as to provide open access to the fixed surfaces
      defining the rear wall and sides of the drive track. In order to prevent
      forward movement of the staple stick under the bias of the pusher of the
      magazine assembly when the movable member is in its open access position,
      a fixed portion of the rigid structure of the nosepiece is disposed in a
      position to engage the leading surface of the crown of the leading staple,
      which surface constitutes the stop surface for the leading staple when the
      movable member is disposed in its operative position as well.
PAR  Basically there are two types of jams which must be cleared. One type is
      where the legs of the staple move rearwardly into the magazine as the
      crown is moved downwardly during the driving movement of the staple
      driving element either because the legs did not properly enter into the
      drive track from the magazine or they are somehow deflected rearwardly
      during the driving action. Jams of this type can be readily cleared when
      the aforesaid movable member is disposed in its open access position since
      the entire portion of the drive track where the jam is located is open.
      Another occurs as a result of a staple crown entering the drive track in a
      horizontally canted relation so that a part adjacent one leg extends into
      the drive track and another part adjacent the other leg is still supported
      by the magazine. As the staple driving element descends, the crown may be
      deformed into wedged engagement with the drive track with a portion
      thereof still within the magazine. Jams of this type cannot be readily
      cleared in the prior art arrangement due to the provision of the fixed
      stop surface previously described.
PAR  It is an object of the present invention to provide a staple driving device
      having improved staple jam clearing means which achieves all of the
      advantages of the prior art arrangements but overcomes the known
      disadvantages thereof. In accordance with the principles of the present
      invention this objective is obtained by mounting the movable member for
      (1) upward sliding movement from a locked operative position into a raised
      unlocked position and (2) pivotal movement between the raised unlocked
      position and a forwardly extending open access position. The first
      movement requires the access member to be moved in a direction opposed to
      the direction in which the jam occurred which has a tendency to loosen the
      jam. The surfaces for preventing forward pusher biased movement of the
      staple stick beyond the drive track are provided on the access member in
      the form of cam surfaces which relieve or widen the space adjacent the
      crown cut-off surfaces for the staple adjacent the leading staple as the
      second movement of the access member is effected. In this way a crown jam
      of the second type is readily cleared.
PAR  Another object of the present invention is the provision of a staple
      driving device having improved jam clearing means which is simple in
      construction, effective in operation and economical to manufacture.
PAR  These and other objects of the present invention will become more apparent
      during the course of the following detailed description and appended
      claims.
PAR  The invention may best be understood with reference to the accompanying
      drawings wherein an illustrative embodiment is shown.
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PAR  In the drawings:
PAR  FIG. 1 is a fragmentary front elevational view of a staple driving device
      embodying the principles of the invention showing the parts in their
      normal operative position;
PAR  FIG. 2 is a fragmentary sectional view taken along the line 2--2 of FIG. 1;
      and
PAR  FIG. 3 is an enlarged fragmentary view similar to FIG. 2 showing the
      movable access member in its open access position.
DETD
PAR  Referring now more particularly to the drawings, there is shown therein a
      staple driving device, generally indicated at 10. The device 10, as shown,
      is in the form of a conventional portable pneumatically-actuated tool,
      although devices of other well-known types are contemplated as well. For
      present purposes it is sufficient to note that the device comprises a
      housing, generally indicated at 12, which includes a nosepiece assembly 14
      defining a staple drive track 16, a stapling driving element 18 slidably
      mounted within the drive track 16 for downward movement through a staple
      drive and for upward movement through a return stroke, and a staple
      magazine assembly 20 for receiving a supply of staples in stick formation
      and feeding successive leading staples laterally into the drive track 16
      for movement outwardly thereof into a workpiece by the staple driving
      element 18 during the staple drive stroke thereof.
PAR  It will be understood that the staple driving element 18 may be moved
      through successive cycles including a drive stroke and a return stroke by
      any suitable means such as a pneumatic piston and cylinder arrangement
      conventionally employed in portable pneumatically actuated tools, or other
      known means. The magazine assembly may be of any known construction of the
      conventional rear or top loading type frequently employed in portable
      pneumatic tools.
PAR  The present invention is more particularly concerned with the construction
      of the nosepiece assembly and the capabilities thereof which enable an
      operator to gain open access to the drive track when a staple becomes
      jammed therein during operation for the purposes of clearing the drive
      track of such jammed staples. As shown, the nosepiece assembly 14 includes
      a movable rigid member 22 and a rigid structure made up of two stationary
      rigid members 24 and 26 detachably fixed together and to the magazine
      assembly and housing as by a series of bolts 28.
PAR  Member 26 is disposed inwardly of member 24 and is formed with two opposed
      side surfaces 30 which define the sides of the drive track 16 for
      guidingly engaging the outer surfaces of the legs of the leading staple
      during the driving movement thereof. Inner member 26 also includes a
      forwardly facing flat vertically extending surface 32 disposed between the
      side surfaces 30 which defines the rear face of the drive track 16 and
      longitudinally extending surfaces 34 which define an opening of staple
      shaped configuration which communicates forwardly with the drive track and
      through which a leading staple of the staple stick supported with the
      magazine assembly 20 is fed into the drive track.
PAR  In the embodiment shown, the staple driving element 18 is of T-shaped
      cross-sectional configuration for strength purposes, the stem of the T
      being oriented forwardly and the cross of the T being of a size to engage
      the crown of the staple. The forward portion of the drive track 16
      extending downwardly from a position above the upper edge of the staple
      opening surfaces 34 is defined by surfaces 36 formed on the rearward face
      of the movable rigid  member 22 which conform to the forward surfaces of
      the T-shaped staple driving element 18. The upper portion of the surfaces
      36, which are disposed in opposing relation to the staple shaped opening,
      constitute staple stop surfaces for engaging the forward surface of a
      leading staple after it has been fed through the opening by the magazine
      assembly 20. These stop surfaces are disposed in a position spaced
      longitudinally from the opening surfaces 34 a distance equal to the
      thickness of the staple measured in the direction of extent of the stick
      so that when engaged by a leading staple it will be aligned within the
      drive track 16. The portion of the surfaces 36 extending below the staple
      stop surfaces guidingly engage the forward surface of a leading staple in
      the drive track 16 during its driving movement.
PAR  The surfaces 36 of the movable member 22 are disposed and function in the
      manner indicated above when the movable member 22 is disposed in its
      normal operative position as shown in FIGS. 1 and 2. The movable member
      includes a pair of spaced forwardly facing flat locking surfaces 38
      disposed parallel with the drive track surface 32 which engage cooperating
      rearwardly facing locking surfaces formed on a pair of opposed locking
      tabs 40 provided in the outer member 24. The cooperative engagement of the
      locking surfaces 38 with the locking surfaces of tabs 40 serves to lock
      the movable member 22 against forward movement out of its normal operative
      position. It will also be noted that movable member 22 includes downwardly
      facing surfaces 42 extending forwardly from the upper edges of the locking
      surfaces 38 which engage cooperating upwardly facing surfaces on the tabs
      40 to prevent downward movement of the movable member beyond its normal
      operative position.
PAR  Movable member 22 is mounted on the rigid structure defined by the inner
      and outer members 24 and 26 for (1) vertical translational movement
      between its normal locked operative position and a raised unlocked
      position and (2) pivotal movement between its raised unlocked position and
      a forwardly extending open access position, as shown in FIG. 3. This
      mounting is accomplished by any suitable means, a preferred embodiment
      shown, comprising a shaft 44 mounted within the upper portion of movable
      member 22 so that its ends protrude laterally from the member to define a
      pair of spaced pivot pins. Outer member 24 is formed with a pair of
      vertically extending grooves 46 which receive the pivot pin defining ends
      of the shaft 44.
PAR  Extending upwardly and forwardly from the drive track defining surfaces 36
      on the movable member 22 are cam surfaces 48. As shown, these cam surfaces
      48 are arcuate about an axis eccentric with respect to the axis of the
      shaft so that the horizontal distance from the forward edge of the surface
      34 upon which the staple next to the leading staple rests varies
      progressively from a distance equal to the thickness of the crown, as
      aforesaid, when the movable member is disposed in its raised unlocked
      position to a predetermined greater relief distance when the movable
      member is disposed in its forwardly extending access position. The
      predetermined greater relief distance is preferably slightly greater than
      twice the thickness of a staple crown but of course may be greater or
      slightly less. Also, as shown, the cam surfaces 48 are provided initially
      on opposite sides of the member 22 laterally outwardly of the central
      portion which receives the stem of the T-shaped driver. As the surfaces
      extend forwardly beyond the stem receiving groove they merge into a single
      surface extending all the way across the member 22, which single surface
      is curved forwardly and downwardly to the front surface of the member. The
      curved forward extension of the cam surfaces 48 serve to engage the lower
      end of a button 50 which forms a part of a means for resiliently biasing
      the movable member downwardly. As shown, the resilient means further
      includes a coil spring 52 disposed within the inner end of a bore 54
      formed in member 24, the button 50 being slidably disposed within the bore
      in engagement with the spring 52. The resilient means thus serves to bias
      the movement member toward its operative position and to yieldably
      maintain the same therein with the abutment surfaces 42 thereof in
      engagement with the tabs 40. To assist in moving the member 22 upwardly
      out of its operative position against the resilient biasing means and
      against any bias caused by a jam, a downwardly facing surface 56 is formed
      in the central forward portion of the member 22. The surface 56 is adapted
      to receive one end of an impacting tool, such as a screw driver or the
      like, (not shown) the opposite end of which can be impacted as by a hammer
      to move the member from its locked position into its raised unlocked
      position.
PAR  It can be seen that when a jam occurs and the access member 22 is moved
      upwardly from the locked operative position shown in FIGS. 1 and 2 into
      its raised unlocked position, locking surfaces 38 will move out of
      engagement with the tabs 40 permitting the member to be pivoted forwardly
      into the open access position shown in FIG. 3. The upward translational
      movement of the member in a direction opposed to the direction of the
      drive stroke of the staple driving element tends to relieve any wedging
      action that may have occurred as a result of the jam. With the member 22
      in its open access position it will be appreciated that a staple jammed in
      the lower part of the drive track, as with a leg jam, may be readily
      cleared from the open drive track. After the staple has been cleared, cam
      surface 48 prevents the staple stick from being biased forwardly out of
      the magazine by the pusher of the magazine assembly. When the member 22 is
      pivoted from its open access position back toward its raised unlocked
      position, cam surfaces 48 will cam the staple stick rearwardly by
      engagement with the forward crown surface of the leading staple until the
      leading staple is properly positioned within the drive track. The operator
      then moves the member upwardly into its raised unlocked position against
      the bias of spring 52 so that it will move downwardly thereby (and with
      manual assistance if needed) into the locked operative position.
PAR  It is important to note that if the staple jammed into the drive track is a
      crown type jam, the aforesaid two access movements will likewise enable
      the operator to clear the jammed staple since the forward confinement
      thereof is relieved by the action of cam surfaces 48. Again, when this
      jammed staple is cleared, the cam surfaces 48 will provide the camming
      function previously noted.
PAR  It thus will be seen that the objects of this invention have been fully and
      effectively accomplished. It will be realized, however, that the foregoing
      preferred specific embodiment has been shown and described for the purpose
      of illustrating the functional and structural principles of this invention
      and is subject to change without departure from such principles.
      Therefore, this invention includes all modifications encompassed within
      the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A staple driving device comprising
PA1  means defining a staple drive track,
PA1  a staple driving element slidably mounted in said drive track for downward
      movement through a staple driving stroke and upward movement through a
      return stroke,
PA1  said drive track defining means including a rigid structure having opposed
      flat side surfaces defining the sides of said drive track for guidingly
      engaging the legs of a leading staple during the driving movement thereof,
      a forwardly facing flat surface extending between said side surfaces for
      guidingly engaging the rear surface of a leading staple during the driving
      movement thereof, and longitudinally extending surfaces defining an
      opening of a staple-shaped configuration extending fowardly into
      communication with said drive track defining surfaces,
PA1  staple magazine means for receiving a stick of staples and feeding
      successive leading staples forwardly into said drive track through said
      staple-shaped opening to be driven outwardly of said drive track into a
      workpiece by said staple driving element during the staple driving stroke
      thereof,
PA1  said drive track defining means also including a rigid member mounted on
      said rigid structure forwardly of said staple-shaped opening for (1)
      translational movement in a direction parallel with the movement of said
      staple driving element between a locked operating position and a raised
      unlocked position and (2) pivotal movement between said raised unlocked
      position and a forwardly extending open access position,
PA1  said rigid member having (1) staple stop surface means facing rearwardly
      when said rigid member is in said locked operative position for engaging
      the forward surface of a leading staple after the feeding movement thereof
      through said staple-shaped opening by said magazine means, (2) staple
      guiding surface means facing rearwardly when said rigid member is in said
      locked operative position for guidingly engaging the forward surface of a
      leading staple during the driving movement thereof by said staple driving
      element, and (3) cam surface means extending downwardly and forwardly from
      the upper end of said staple stop surface means when said rigid member is
      in said locked operative position operable (1) when said rigid member is
      pivoted from said unlocked position into said open access position to
      permit limited forward movement of a leading staple fed through said
      opening, and (2) when said rigid member is pivoted from said open access
      position to move a leading staple rearwardly into a position of alignment
      with said drive track.
NUM  2.
PAR  2. A staple driving device as defined in claim 1 wherein said rigid member
      is mounted for said translational and pivotal movement by means including
      pivot pins extending from upper side edges of said rigid member, said
      rigid structure having grooves formed therein slidably and rotatably
      receiving said pivot pins.
NUM  3.
PAR  3. A staple driving device as defined in claim 2 wherein said rigid
      structure includes a bore extending upwardly therein above said cam means,
      a button slidably mounted within said bore and extending downwardly
      therefrom into engagement with said cam surface and spring means within
      said bore resiliently urging said button downwardly.
NUM  4.
PAR  4. A staple driving device as defined in claim 3 wherein said rigid member
      includes locking surface means facing forwardly in parallel relation with
      said drive track when said rigid member is disposed in said locked
      operative position and cooperating opposed locking surfaces on said rigid
      structure.
NUM  5.
PAR  5. A staple driving device as defined in claim 4 wherein the central
      forward portion of said rigid member includes a downwardly facing surface
      for receiving a tool capable of being impacted to move said rigid member
      from said locked operative position into said raised unlocked position
      when a staple is jammed in said drive track.
NUM  6.
PAR  6. A staple driving device as defined in claim 1 including spring means for
      resiliently urging said rigid member toward said locked operating position
      and cooperating abutment surfaces on said rigid member and said rigid
      structure interengageable when said rigid member is in said normal locked
      position to prevent movement therebeyond under the bias of said spring
      means.
NUM  7.
PAR  7. A staple driving device as defined in claim 1 wherein said movable
      member is formed with a downwardly facing surface in its central forward
      portion for receiving an impact tool to effect the movement of said member
      from said operative locked position into said raised unlocked position
      when a staple is jammed in said drive track.
NUM  8.
PAR  8. A staple driving device as defined in claim 1 wherein said rigid member
      includes locking surface means facing forwardly in parallel relation with
      said drive track when said rigid member is disposed in said locked
      operative position and cooperating opposed locking surfaces on said rigid
      structure.
NUM  9.
PAR  9. A staple driving device as defined in claim 8 wherein the central
      forward portion of said rigid member includes a downwardly facing surface
      for receiving a tool capable of being impacted to move said rigid member
      from said locked operative position into said raised unlocked position
      when a staple is jammed in said drive track.
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ABST
PAL  An improved fastener driving tool having particular utility at locations
      that are otherwise inaccessible is disclosed. The fastener driving tool of
      this invention includes an elongated cylinder having one closed end. A ram
      is slidably mounted in the cylinder so that one end of the ram bears
      against the inside surface of the closed end of the cylinder. An axially
      displaceable rod is mounted on the outside surface of the cylinder and
      includes a clip that is adapted to hold the head of the nail against the
      outside surface of the closed end of the cylinder. With the nail so
      positioned the tool may be inserted behind a wall, for example through a
      pre-existing window opening, so that a header may be secured to a stud. By
      using the tool of the present invention, it is not necessary to remove any
      plaster or wallboard in order to expose the header and studs that are to
      be nailed. The ram is moved axially in two opposite directions within the
      cylinder until the nail is sufficiently started. Then the rod may be
      depressed in order to free the clip from the nailhead. The tool can then
      be removed and the ram used alone for fully setting the nail.
      Alternatively, the cylinder may have two open ends so that the ram impacts
      directly on the head of the fastener.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to fastener driving tools and more
      particularly to a nail driving tool that may be used in remote,
      inaccessible locations without any unnecessary alteration to an existing
      wall.
PAR  2. Description of the Prior Art
PAR  It has long been a problem for carpenters or the like to satisfactorily
      join two members by means of nails when the two members are at an
      inaccessible location. One example of just such a situation is the nailing
      of a header to a stud after the wall has been plastered or after the
      wallboard is in place. Prior to the present invention it was frequently
      necessary to enlarge the opening such as a window opening in order to join
      the header to the stud. This of course necessitated some additional
      expense and frequently resulted in an unsightly work product. Merely using
      an elongated rod to drive the nail is unsatisfactory since frequently the
      juncture of the header and the stud is not visible. Moreover no means has
      heretofor been provided for releasably holding the nail prior to its being
      started.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest aspect the present invention provides an improved fastener
      driving tool that is particularly useful in remote and otherwise
      inaccessible locations. The present invention includes an elongated
      cylinder which in one embodiment has an open end and a closed end and
      which, in another embodiment, has two open ends. A ram that is slidably
      mounted in the cylinder abuts either the inside surface of the closed end
      thereof or the head of the fastener. A rod, supported on the cylinder by
      means of radially oriented projections carries a clip at the lower end
      thereof with the clip being in opposition to the closed end of the
      cylinder. The clip in one embodiment of the invention is provided with a
      U-shaped end so that a nail may be supported thereon. After the nail has
      been started by axially displacing the ram so as to successively bear
      against the inside surface of the closed end of the cylinder, the rod can
      be depressed against the action of a compression spring so as to free the
      clip from underneath the nail head. The cylinder, the ram, the rod and
      clip may then be removed and the ram can be used for completely setting
      the nail.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved fastener driving tool that is particularly used in remote,
      inaccessible locations.
PAR  Another object of the present invention is to provide an improved fastener
      driving tool, such as described above, that is of low cost and which is
      readily useable without any special skill.
PAR  A particular object of the present invention is to provide an improved
      fastener driving tool, such as described above, that can releasably hold a
      headed nail while it is being started at a remote and inaccessible
      location and which includes means for completely setting the nail.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
DRWD
PAC  Brief Description of the Drawing
PAR  In the various figures of the drawings, like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a fragmentary elevational view illustrating the method of using
      the present invention;
PAR  FIG. 2 is an exploded fragmentary view partially in section and partially
      in elevation illustrating and positioning of the present invention prior
      to the starting of the nail;
PAR  FIG. 3 is a fragmentary elevational view of the present invention
      illustrating the nail after it has been started and prior to its being
      set, the tool having been rotated 90.degree. about the longitudinal axis
      thereof;
PAR  FIG. 4 is a fragmentary view, similar to FIG. 2, illustrating an
      alternative embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and in particular to FIG. 1, there is shown
      an improved fastener driving tool 10 comprising the present invention
      positioned at least partially behind a wall W. It will be readily
      appreciated that, without the present invention, it would be very
      difficult to nail the header H to the stud S unless a portion of the wall
      W was removed. However, because the tool comprising this invention has not
      heretofore been available, it has been the practice to break or otherwise
      open up the wall at least in the vicinity of the juncture of the header H
      and the stud S so that these two structural members may be fastened to
      each other. Obviously breaking open the wall entails some additional
      expense and requires that the wall be refinished. Frequently an entire
      wall must be repainted or even an entire room must be repainted because of
      changes in the color of the wall that make a perfect match impossible.
PAR  The tool 10 comprising the present invention is shown best in FIG. 2. It
      will be seen therein that the tool 10 comprises a tubular cylinder 12
      having an open, upper end 14 and a closed, lower end 16. Within the tube
      there is positioned an elongated ram 18 having an upper end 20 and a lower
      end 22. As shown for example in FIG. 1 it is convenient if a hand gripping
      portion is formed at the upper end 20 of the ram 18.
PAR  A clip, generally designated by the reference character 24, is positioned
      adjacent the lower end 16 of the cylinder 12 and the lower end 22 of the
      ram 18 by means of an elongated rod that is generally designated by the
      reference character 26. The rod 26 has an upper end 28 and a lower end 30
      that is secured to the clip 24 in any convenient manner such as by a
      transverse pin, for example. A compression spring 32 normally biases the
      clip 24 in a direction towards the lower end 16 of the cylinder 12.
PAR  While a specific embodiment is illustrated, it should be clearly understood
      that the scope of the present invention is not limited necessarily to that
      precise structure. For example, the clip 24 may be made in a generally
      L-shape with one portion being defined by a pair of legs 34 that define a
      central slot 36. The other portion of the L-shaped clip 24 may be in a
      tubular form having a socket 38 for receiving the lower end 30 of the rod
      26.
PAR  Additionally, the cylinder 12 may be provided with two axially spaced
      apart, radially extending projections 40 each having a bushing 42 therein
      for slidably receiving the rod 26. A collar 44 may be secured to the rod
      26 intermediate the end 28 thereof and the upper projection 40 so that the
      spring 32 extends between the collar 44 and the upper projection 40 in
      order to bias the rod 26 in a normally upwards position. For ease of
      manipulation the upper end 28 of the rod 26 may be formed with an integral
      knob 46.
PAR  In order to use the tool 10 comprising this invention the head of a nail N
      is positioned betweeen the confronting surfaces of the lower end 16 of the
      cylinder 12 and the legs 34 of the clip 24. The shank of the nail N is
      positioned in the slot 36. Because the spring 32 normally biases both the
      clip 24 and the rod 26 in an upward direction as viewed in FIG. 2, the
      nail N will be securely held in place. The point of the nail is then
      brought into engagement with the top surface of the header H adjacent the
      stud S. With one of the users hands gripping the cylinder 12 the other
      hand is used to grip the ram 18 and to drive the ram up and down in the
      direction shown by the arrow A in FIG. 2. This will cause the lower end 22
      of the ram 18 to exert a force on the lower end 16 of the cylinder 12. The
      force exerted will be transmitted through the lower surface 16 of the
      cylinder 12 and to the head of the nail N to thereby drive the nail N
      through the corner of the header H and at least partially into the stud S
      as shown in FIG. 3.
PAR  In order to remove the tool 10 after the nail N has been started, such as
      described above and shown in FIG. 3, the rod 26 is axially depressed
      downward as viewed in FIG. 2, for example. This action spaces the clip 24
      from the lower end 16 of the cylinder 12 and the tool may then be rotated
      until there is clearance that is sufficient for permitting the removal
      thereof while leaving the nail N in place.
PAR  It should be appreciated that where the working area is extremely cramped,
      the tool 10 may be oriented such as shown in FIG. 3. That is, the tool 10
      is rotated 90.degree. about its own longitudinal axis from a position
      shown in FIG. 2. The same operating procedures outlined above of course
      apply equally well.
PAR  Once the nail N has been started, such as shown in FIG. 3, the tool may be
      removed and the ram 18 alone may be used for completely setting the nail
      N. That is, the lower end of the ram 18 is positioned against the head N
      of the nail and a hammer is used to apply a driving force to the upper end
      20 of the ram 18.
PAR  Alternatively, as shown in FIG. 4 the end wall 16 may be dispensed with so
      that the ram 18 impacts directly on the head of the nail N. For ease of
      description, primed reference characters are used in FIG. 4 to illustrate
      the similarity of structural elements with those shown in the first
      embodiment. That is, the members designated by the reference characters
      12', 22', 26', 30', 36', 38' and a' shown in FIG. 4 are structurally the
      same as their counterpart reference characters 12, 22, 26, 30, 36, 38 and
      a, respectively, in FIGS. 1, 2, and 3. To facilitate the holding of the
      nail N in the second embodiment, in the absence of the wall 16, the clip
      24', or at least the legs 34' thereof may be made of a magnetic material
      that is capable of releasably holding the nail N.
PAR  There has been disclosed heretofore, the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by United States Letters Patent
      is:
NUM  1.
PAR  1. A fastener driving tool for use at otherwise inaccesible locations, said
      fastener driving tool comprising:
PA1  a. a cylinder having a first open end and a second end;
PA1  b. an elongated ram slidably mounted in said first open end of said
      cylinder, said ram including a first end positioned outwardly of said
      first end of said cylinder and a second end adjacent said second end of
      said cylinder;
PA1  c. a clip for releasably holding the head of a fastener proximate said
      second end of said cylinder;
PA1  d. an elongated, axially displaceable rod mounted on and positioned
      substantially parallel to the longitudinal axis of said cylinder, said rod
      having a first end positioned proximate said first end of said cylinder
      and a second end coupled to said clip; and
PA1  e. spring means for normally biasing said rod and said clip to a fastener
      holding position.
NUM  2.
PAR  2. The fastener driving tool according to claim 1 wherein said clip is
      generally L-shaped and has a U-shaped first end for receiving the shank of
      the fastener whereby the head of the fastener is positioned between said
      clip and said second end of said cylinder, said clip further including a
      second end that is coupled to said second end of said rod.
NUM  3.
PAR  3. The fastener driving tool according to claim 1 wherein said rod is
      rotatable about its own longitudinal axis.
NUM  4.
PAR  4. The fastener driving tool according to claim 1 wherein said cylinder
      includes axially spaced apart, radially extending projections for
      supporting said rod and said spring means is a compression spring having
      two opposed ends that extend between and bear against a portion of said
      rod and one of said projections.
NUM  5.
PAR  5. The fastener driving tool according to claim 4 wherein said projections
      each include a bushing for slidably supporting said rod.
NUM  6.
PAR  6. The fastener driving tool according to claim 1 wherein at least the
      portion of said clip that holds the head of the fastener is made of a
      magnetic material.
NUM  7.
PAR  7. The fastener driving tool according to claim 1 wherein said second end
      of said cylinder is closed whereby the head of the fastener is held
      against the outside surface of said closed end by said clip so that said
      ram impacts against the inside surface of said closed end.
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ABST
PAL  The present tubular containers, for example for foodstuffs, toothpaste, or
      the like, have a top cap secured to an initially open ended tubular body
      by means of a heat bond such as soldering where metal containers are
      involved or welding or fusing where plastics materials are involved. The
      heat for making the bond is generated by friction resulting from relative
      rotation between the cap and the tubular body. For this purpose, a tool is
      provided with a rotatably supported counter presser forming an inner
      holding member and with a rotating presser tool forming an outer holding
      member which holding members hold the cap therebetween so that its outer
      rim contacts the edge of the tubular body to produce frictional heat when
      the cap and tubular body are rotated relative to each other, said
      frictional heat being sufficient to cause said bond.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 383,597, filed July 30, 1973,
      now abandoned.
BSUM
PAR  The present invention relates to tubular containers and a method and
      apparatus for manufacturing such containers which are used, for example,
      for toothpaste, foodstuffs, and the like.
PAR  It is known to manufacture containers of the above type from tubular bodies
      and separate caps. Various methods are known for joining the cap and the
      tubular body to each other, for example, it is known to weld or solder a
      cap to a cylindrical tubular body by the application of externally
      generated heat. It is also known to bond the cap to the tubular body by so
      called friction soldering wherein friction heat is produced by the
      friction between the exterior or outer surface of the cap and a stationary
      pressing tool. This type of arrangement has the disadvantage that
      particles are rubbed off the outer surface of the cap thereby creating a
      dust which soils the tubular containers. Thus, it has been necessary
      heretofore to clean these prior art tubular containers, for example, by an
      air blast which involves an extra manufacturing step which not only
      increases the cost of the containers but is also imperfect in its cleaning
      results. Prior to this invention it has been unavoidable to prevent said
      dust formation because the cap was rotated by a shaft extending axially
      through the tubulr body and pressed against a stationary external counter
      pressing tool whereby the outer surface of the cap was rubbing against the
      stationary counter presser tool. Such rubbing unavoidably resulted in the
      production of loose dust particles.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the invention to achieve the
      following objects, singly or in combination:
PA1  To avoid any friction between the cap and stationary tool members in order
      to avoid said dust formation;
PA1  To generate the necessary soldering or fusion heat by producing the
      friction directly between the inner surface of the tubular body and the
      circumferential surface of said cap whereby the generated frictional heat
      is confined precisely to the soldering or fusing zones;
PA1  To provide an apparatus which will securely hold the cap in actual
      alignment relative to the tubular member, so that the circumferential
      surface of the cap will be in frictional pressure contact with the free
      end surface of the tubular body; and
PA1  To provide a method and apparatus for the joining of a cap to tubular body
      whereby any frictional rubbing contact between either the cap or the
      tubular body on the one hand and a stationary tool member on the other
      hand is avoided.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a tubular container, for
      example, for toothpaste, foodstuffs, or the like which comprises a heat
      joint between a tubular body and a cap whereby the heat is generated by
      friction between the cap and the tubular body. According to the invention
      there is further provided a method for bonding a cap to an open ended
      tubular body along a joining seam adjacent one end of said tubular body by
      applying heat to said seam wherein the cap and tubular body are brought
      into frictional contact with each other along said seam and rotating said
      cap and tubular body relative to each other whereby sufficient frictional
      heat is generated for accomplishing said bond.
PAR  According to the invention there is further provided an apparatus for
      bonding a cap to one end of an open ended tubular body along a joining
      seam comprising first holding means for said tubular body and second
      holding means for said cap for holding said cap and tubular body in actual
      alignment with each other relative to a rotational axis, said apparatus
      further comprising means for moving said first and second holding means
      axially relative to each other and pressure means for pressing said
      holding means axially relative to each other to bring the cap into
      frictional contact with the tubular body along said seam, as well as drive
      means operatively connected to at least one of said holding means for
      positively rotating one of said holding means relative to the other to
      produce sufficient bonding heat by friction between the cap and the
      tubular body while avoiding frictional rubbing between a tool member and
      the cap or tubular body.
PAR  The containers according to the invention may be made from materials
      conventionally employed for this purpose, for example, tin foil or
      plastics material such as polyvinyl chloride.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described by way of example with reference to the accompanying drawings,
      wherein:
PAR  FIGS. 1, 2, and 3 illustrate different modifications of tubular containers
      according to the invention;
PAR  FIG. 4 illustrates a sectional view through an apparatus according to the
      invention for producing tubular containers; and
PAR  FIG. 5 illustrates a sectional view similar to that of FIG. 4, however,
      showing a modified embodiment of the apparatus according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS:
PAR  Referring first to FIGS. 1, 2, and 3, these figures illustrate
      longitudinal, sectional views through three different embodiments of
      tubular containers according to the invention. In FIG. 1, a tubular body 1
      is secured by frictional soldering to a cap 2 whereby the heat generating
      friction is confined to the outer circumferential surface 3 and a
      respectively inwardly facing surface of the tubular body 1. Preferably,
      the free end 3' of the tubular body 1 is flanged radially inwardly to
      securely grip the outer circumferential surface 3 of the cap 2.
PAR  The construction of FIG. 2 is similar, however, the circumferential surface
      of the cap 2 is provided with an outwardly facing shoulder 31 which
      receives the free end of the tubular body 1.
PAR  FIG. 3 illustrates a cap 2 provided with a groove 32 adjacent to its
      circumferential surface, and groove receiving the free edge of the tubular
      body 1.
PAR  With reference to FIGS. 1, 2, and 3 it will be observed that the cap 2 has
      the shape of a hollow cone whereby the outer surface 33 has preferably but
      one slope whereas the inner surface of the hollow cone is provided
      according to the invention with two separate slopes 34 and 35. Due to
      these separate inner slopes, of which the slope 35 is more acute relative
      to the longitudinal rotational axis of the container than the slop 34, the
      circumferential portion of the cap 2 is reinforced by a ring shaped bulge
      which has a cross-sectional area of substantially triangular shape.
PAR  FIG. 4 illustrates a sectional view through one embodiment of the apparatus
      according to the invention for producing tubular containers. A first
      holding means, such as a cylindrical housing 10, is secured to a base 12
      in a stationary, conventional manner. The housing 11 receives the tubular
      body 1 as shown in FIG. 4. Second holding means are provided for the cap
      2. These second holding means comprise an upper holding member 4 and a
      lower holding member 9. The lower holding member 9 acts as a counter
      presser means and is rotatably secured to the top of a supporting mandrel
      10, for example, by bearing 36. The lower end of the mandrel 10 is secured
      to the base 12, for example, by a thread and nut 37.
PAR  The counter presser holding member 9 is provided with a sloping
      circumferential surface 38 facing the inwardly facing surface of the cap
      2. The slop of the surface 38 is such, that the diameter of the counter
      presser holding member 9 increases as the distance from an upper or outer
      holding member 4 increases axially until the diameter of the counter
      presser holding member 9 corresponds to about the inner diameter of the
      tubular body 9 to permit the free rotation of the member 9 relative to the
      inner surface of the tubular body 1. Preferably, the counter presser
      holding member 9 is provided with a further sloping circumferential
      surface 39 which slopes away from the inner surface of the tubular body 1
      in order to minimize contact, if any, between the member 9 and the inner
      surface of the tubular body 1.
PAR  Due to the sloping surface 38 of the counter presser holding member 9, a
      radially outwardly extending force component will be created when the
      outer pressure member 4 is pressed axially toward the member 9. This
      radially outwardly effective force presses the outer circumferential
      surface of the cap 2 against the inner circumferential surface of the
      tubular body 1 in the region of a seam where the soldering is to take
      place by the heat generated due to the friction between said just
      mentioned surfaces. Said radially outwardly effective force components
      may, if desired, somewhat increase the normal diameter of the cap 2.
PAR  The outer holding member 4, of the holding means for the cap 2 comprises a
      cap facing surface conforming to the outer surface of the cap. Further,
      the member 4 is rotatably supported in a housing 5, for example, by means
      of a shaft 6 extending through respective bearing means, for example
      sleeve bearing means not shown in detail, in the housing 5, whereby an
      axial movement along the arrow 40 is possible. The shaft 6 is connected to
      drive means, for example a motor for rotating the holding and pressure
      exerting member 4. Since the member 4 is firmly pressed against the cap
      whereby the latter in turn is firmly pressed against the counter pressure
      holding member 9, the members 4 and 9 will rotate in the same direction
      and no relative frictional rubbing will result whereby any dust production
      is avoided.
PAR  The axial pressure may be exerted by any resilient means operatively
      connected between the stationary housing 5 and the member 4. For example,
      resilient or elastomeric means may be located between the housing 5 and
      the member 4. In the example embodiment, an elastomeric ring 8 is located
      between the bottom of the housing 5 and an intermediate plate or ring 41
      which rests on a bearing 7 which in turn bears against the member 4. The
      resiliency of the elastomeric ring 8 is sufficient to normally bias the
      member 4 downwardly against the cap 2 and thus against the counter presser
      member 9.
PAR  The housing 5 is provided with an inlet port 13 and an outlet port 14 for
      introducing into the housing 4 a lubricating fluid under pressure, for
      example, pressurized air whereby any friction between the inner surfaces
      of the housing walls and the member 4 is minimized. For this purpose, the
      member 4 is provided with a channel 15 for circumferentially distributing
      the, preferably pressurized, lubricating fluid.
PAR  It will be appricated, that the counter pressure member 9 could be actively
      driven rather than the pressure member 4. In any event, the drive means
      for the holding and pressure members are conventional and hence not shown
      in detail.
PAR  Referring to FIG. 5 there is shown a modified embodiment of the apparatus
      according to the invention. In this embodiment, the tubular body 1 is held
      in position on a fixed mandrel 16 secured to the base 12 as described
      above. The outer diameter of the mandrel 16 is sufficient to properly fit
      into the tubular body 1. The length of the mandrel 16 is such that the
      sloping surface 38 of the counter presser member 9 faces the inner surface
      of the upper end 17 of the tubular body 1.
PAR  The elements for exerting the pressure and holding the cap 2 are
      substantially the same as described above with reference to FIG. 4.
      However, the housing 50 is provided with a downwardly reaching skirt 51
      having a length preferably such that it will overlap with the mandrel 16,
      as shown in FIG. 5. Further, the inner surface of the housing 50 is
      provided with a shoulder 52 which not only holds the upper edge of the
      tubular body 1 in position but also flanges it against the circumferential
      surface of the cap 2.
PAR  Here again, the pressure exerting holding member 4 or the counter pressure
      holding member 9 may be actively driven. As illustrated, a motor drives
      the member 4 through its shaft 6.
PAR  Although the invention has been described with reference to specific
      example embodiments, it will be appreciated, that it is intended to cover
      all modifications and equivalents of the invention within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for bonding a cap to one end of an open ended tubular body
      along a joining seam adjacent one end of said tubular body by applying
      heat to said seam, comprising first means for holding said tubular body,
      said first holding means having a longitudinal axis, second means for
      holding said cap in axial alignment with said first holding means relative
      to said longitudinal axis, means for axially moving said first and second
      holding means axially relative to each other, pressure menas for pressing
      said holding means axially relative to each other to bring the cap into
      frictional contact with said tubular body along said seam, drive means
      operatively connected to at least one of said holding means for positively
      rotating one of said holding means relative to the other to produce
      sufficient bonding heat by friction between the cap and the tubular body,
      wherein said second holding means comprise an outer holding member and an
      inner holding member, a housing, means for rotatably and axially movably
      supporting said outer holding member in said housing, and means for
      rotatably supporting said inner holding member inside said tubular body in
      axial alignment with said outer holding member to receive said cap between
      the inner and outer holding members, and wherein said pressure means are
      located between said outer holding member and said housing for pressing
      the outer holding member and thus the cap against the inner holding
      member.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said first holding means
      comprise a stationary, cylindrical housing for receiving said tubular body
      therein.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein said first holding means
      comprise a stationary, cylindrical mandrel for receiving said tubular body
      thereon.
NUM  4.
PAR  4. The apparatus according to claim 1, wherein said inner holding member
      has a circumferential surface facing said cap which circumferential
      surface is inclined relative to said rotational axis such that the
      diameter of the inner holding member increases as the axial spacing from
      said outer holding member increases, whereby the diameter of the cap is
      increased.
NUM  5.
PAR  5. The apparatus according to claim 1, wherein said outer holding member
      has a cap facing surface which conforms to the outer surface of the cap.
NUM  6.
PAR  6. The apparatus according to claim 1, wherein said means for axially and
      movably supporting said holding means comprise a shaft axially secured to
      said outer holding member and axial movement permitting means in said
      housing for receiving said shaft.
NUM  7.
PAR  7. The apparatus according to claim 1, wherein said drive means are
      operatively connected to said outer holding member, said apparatus
      comprising inlet and outlet port means in said housing for admitting a
      fluid under pressure to lubricate said outer holding member as it rotates
      in said housing.
NUM  8.
PAR  8. The apparatus according to claim 1, wherein said pressure means comprise
      an elastomeric ring located to bias said inner and outer holding members
      toward each other.
NUM  9.
PAR  9. The apparatus according to claim 8, wherein said means for rotatably
      supporting said outer holding member comprise bearing means located
      between said elastomeric ring and said outer holding member whereby said
      elastomeric ring remains stationary relative to said housing.
NUM  10.
PAR  10. The apparatus according to claim 1, wherein said housing for said outer
      holding member comprises a skirt and an inner shoulder separating said
      skirt from said housing proper, said skirt receiving at least a portion of
      said tubular body whereby a free edge of said tubular body rests against
      said shoulder.
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ABST
PAL  The invention relates to a soldering bath for fluxless soldering purposes,
      consisting of a vessel containing the molten solder or a channel carrying
      molten solder, with several sonotrodes passing through the base of said
      vessel or channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The object of the invention is to provide a solder bath which is also
      suitable for the dip-tinning of elongated components. In particular, the
      solder bath should be of such a nature that within the workpiece dipping
      or transit zone the molten solder is uniformly pervaded by ultrasonic
      waves. Cancellation phenomena as a consequence of interference stemming
      from different sonotrodes or the walls of the vessel, are avoided.
PAR  2. Prior Art
PAR  In the German Auslegeschrift No. 2,107,862 a solder bath having a vessel
      comprising a sonotrode extending from the base of the vessel and affixed
      thereto by means of a collar and a set of sealing sleeves wherein the
      sonotrode is located in the neighborhood of the plane of a node of
      oscillation. By means of this design of the sonotrode seals at the point
      of penetration of the base, the ultrasonic oscillations produced by the
      sonotrode are insulated from the base of the vessel so that interference
      phenomena and damping in the molten solder are prevented. Solder baths of
      this kind are used, for example, for the fluxless soldering of small
      components which are dipped into a solder bath through which the
      ultrasonic waves are transmitted. This method of soldering makes it
      possible to produce a firmly adhering tinned coating on the components
      which are to be soldered without the need for a flux and without the
      associated disadvantages such as subsequent rinsing away of flux residues
      and damage to components due to flux vapor. In a solder bath of this kind,
      however, it is not possible to satisfactorily solder long narrow
      components such as pin strips and plug strips in the manner hereinbefore
      described because the wide sonotrodes which this necessitates result in a
      non-uniform amplitude distribution over their end faces and therefore also
      within the solder located above or flowing over the end faces of the
      sonotrodes. A non-uniform amplitude distribution precludes the development
      of a locally required cavitation effect at the locale of the component
      being soldered, resulting in the occurence of faults in the solder
      application to the component.
PAR  U.S. Pat. No. 3,266,136 depicts a solder bath in which several sonotrodes
      are extended through the base of a solder channel. Each sonotrode is
      surrounded by a seal at a point at which it penetrates through the base.
      In one embodiment, the sonotrodes are coupled with a common oscillator
      plate from which the acoustic waves are radiated into the molten solder. A
      plate of this kind, however, has its own oscillatory characteristics
      wherein, even assuming that the sonotrodes oscillate co-phasally, a
      non-uniform amplitude distribution develops in the solder melt. An
      arrangement of this kind, because of the seal which each sonotrode
      requires and the other fixing elements, necessitates a larger interval
      between the individual sonotrodes; even if the common oscillator plate is
      dispensed with. This results in the development of acoustic difficiency
      zones in the solder melt within the spaces between the sonotrodes.
PAR  The German Offenlegungsschrift No. 1,597,015 depicts a device for radiating
      ultrasonic oscillations in liquid media. The device comprises a bath
      vessel having several sonotrodes extending through the base of the vessel,
      each equipped with an ultrasonic head. The ultrasonic heads are connected
      in parallel in the excitation circuit so as to oscillate co-phasally.
      However, here again the sonotrodes are spaced far apart. Because of this
      and of the nature of the method by which the sonotrodes are taken through
      the base of the vessel, the co-phasality of the ultrasonic oscillations
      within the bath liquid, engendered by the parallel arrangement, is
      disturbed by heterodyning effects.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a set of sonotrodes, located in the neighborhood
      of the plane of their nodes of oscillation, attached together by a web and
      combined into a single component, and wherein the corresponding acoustic
      heads connected to the sonotrodes, have a common oscillatory circuit.
      Through this design and arrangement of the sonotrodes, a uniform amplitude
      distribution over the end faces of the sonotrodes is achieved in the
      neighborhood of the soldering and cavitation zone within the solder melt.
      Because of the fact that the sonotrodes are attached to one another by a
      web in the neighborhood of the plane containing their nodes of
      oscillation, it is possible to combine them into a single component and
      thus to operate them co-phasally at a very close spacing in relation to
      one another, such as a spacing on the order of less than 0.3 mm. The web,
      located in the neighborhood of the plane containing the nodes of
      oscillation of the sonotrodes, has no undesirable influence on the
      sonetrodes. Following the principle in accordance with the invention, it
      is possible to arrange a plurality of closely contiguous sonotrodes in a
      row or in a block such that the molten solder such as tin oscillates
      co-phasally in the proximity of the soldering or cavitation zone. In a
      bath of this kind, therefore, elongated components and for that matter
      larger flat components can be properly soldered without any need for a
      flux.
PAR  It is particularly advantageous to form the sonotrodes which are attached
      together by a web, from a block. The block is divided by slots extending
      parallel to the direction of oscillation of the sonotrodes and taken down
      to the web or webs, into several identically shaped sonotrodes. Each of
      the thus formed sonotrodes is a section of a block common to all the
      sonotrodes. The "sonotrode block" possesses a fixing shoulder surrounding
      it, which is disposed in the region of the webs and the plane containing
      the nodes of oscillation of all the sonotrodes, and is clamped to the base
      of the vessel or channel by means of two sealing sleeves which produce
      vibrational and acoustic insulation. Through this method of attachment of
      the sonotrode or sonotrode block to the base of the vessel, a closely
      spaced arrangement of the sonotrodes and at the same time a good sealing
      and insulation of the sonotrodes vis-a-vis the vessel base is achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional diagrammatic view of a solder bath vessel
      comprising two sonotrodes extending through a base of the vessel connected
      to two corresponding acoustic heads in accordance with the principals of
      the invention;
PAR  FIG. 2 is a diagrammatic front view of two sonotrodes in accordance with
      the principals of the invention;
PAR  FIG. 3 is a diagrammatic side view of two sonotrodes in accordance with the
      principals of the invention; and
PAR  FIG. 4 is a diagrammatic view of two sonotrodes designed as separate
      components conductive to the attachment of the two by a resistance welding
      operation in accordance with the principals of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a solder bath vessel 1 comprising two sonotrodes 3 and 4
      extending through a base 2 of the vessel 1. The sonotrodes are formed from
      a common block 5 by the formation of two slots 6 and 7. The slots extend
      parallel to a direction of oscillation 8, 8' of the sonotrodes and are so
      arranged that the sonotrodes 3 and 4 have identical forms. The depth of
      the slots 6 and 7 is so dimensioned that in the neighborhood of one of the
      oscillatory node planes of the two sonotrodes, illustrated at 9 in a
      partial chain-dotted fashion, a web 10 is produced by which the two
      sonotrodes are attached together. Because the web is located in the
      proximity of a plane of the respective nodes of oscillation of the
      sonotrodes, the two sonotrodes do not affect each other. A fixing shoulder
      11 surrounds the two sonotrodes; it is also located approximately at the
      plane 9 containing the nodes of oscillation of said sonotrodes. The
      shoulder is held at both ends in sleeves 13 and 14 by means of a clamp 15
      and a plurality of set-screws 16. The fixing shoulder is used in
      association with the sleeves and the clamp to seal the sonotrodes and
      secure them in antivibration fashion in the neighborhood of an opening 12
      in the base 2 of the solder bath 1. A molten solder 17, such as tin,
      contained in the vessel 1, covers end faces 18 and 18' of each of the
      sonotrodes 3 and 4; wherein, a soldering zone is located above the end
      faces of the two sonotrodes. The sonotrodes 3 and 4 are connected to an
      acoustic head 20, 20' by means of coupling elements 19 and 19'. The
      acoustic heads are designed in the present example as piezoceramic
      oscillators. They are arranged in parallel in an energizing circuit 21 of
      an ultrasonic generator 22 so that the sonotrodes oscillate co-phasally.
      The solder bath, illustrated purely schematically here may be provided
      with a cooling blower for cooling the coupling elements 19 and 19'. In
      this fashion, the heat transfer to the solder heads 20 and 20' is avoided.
      Furthermore, the solder bath has thermostatically controlled heating.
PAR  The shoulder 11, common to both the sonotrodes, will advantageously
      likewise be formed from the common block 5.
PAR  In FIGS. 2 and 3, two sonotrodes 3 and 4, formed from the block 5, have
      been shown in front and side elevation. The width B of the slots 6, 7
      should be no more than 0.3 mm. The base 3' and 4' of each sonotrode may be
      given a wider design to act as a coupling section, accommodating the
      coupling, cooling and transmission elements 19 and 19'. Threaded bores are
      provided to receive coupling pins belonging to the coupling elements.
PAR  Tests have shown that the height H of the web 10 to either side of the
      plane 9 containing the nodes of oscillation, should be no more than 5 and
      preferably, at a frequency of 20 KHz, 3 millimeters.
PAR  As best indicated at FIG. 4, it is also possible to design the sonotrodes 3
      and 4 as separate components conducive to the attachment of the two by a
      resistance welding operation, such as interposing a web in the form of a
      metal foil. However, it will equally suffice simply to press the web 10'
      between the two sonotrodes. An arrangement of this kind, however, creates
      difficulties; a fixing device is required and the procedure involves
      considerable outlay and utilizes more space. Here, again, a shoulder 11'
      can take the form of a collar which is then attached by welding to the
      sonotrodes, as illustrated at 24. This embodiment, however, as best seen
      at FIG. 4, involves a higher outlay so that the embodiment shown in FIGS.
      2 and 3 takes preference.
PAR  Correspondingly, arrangements with more than two sonotrodes may be formed.
      It is essential however that individual sonotrodes are acoustically
      virtually decoupled from one another and therefore operate in the manner
      of several independent systems. It is possible in this way to so equip
      virtually every elongated solder bath with sonotrodes, that the cavitation
      zone of the bath, as shown in broken line at 25 in FIG. 1, has a very
      largely uniform amplitude distribution. The close disposition of the
      sonotrodes makes it possible to transmit a greater acoustic power to the
      solder bath than previously possible. Furthermore, a particular advantage
      resides in the fact that because of the larger effective acoustic
      radiating area, a larger number of miniature components can be tinned in a
      fluxless fashion, in a single operation.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention. It is the intention therefore, to be limited only as indicated
      by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solder bath for fluxless ultrasonic soldering comprising a vessel for
      holding molten solder and having a base, at least two sonotrodes, an
      acoustic head associated with each of said sonotrodes, a common
      oscillatory circuit for said acoustic heads so that each of the sonotrodes
      has at least one node of oscillation, a web having a width of at most 0.3
      mm, said web interconnecting said sonotrodes at a common plane of the
      nodes of oscillation of said sonotrodes and spacing the sonotrodes apart
      by a distance no greater than 0.3 mm, said sonotrodes extending through
      said base into the bath so that the sonotrodes are in co-phasial operation
      and provide the bath with an enlarged cavitation zone having a uniform
      amplitude distribution.
NUM  2.
PAR  2. A solder bath according to claim 1, wherein said web is a foil attached
      between said sonotrodes.
NUM  3.
PAR  3. A solder bath according to claim 1, wherein said web and sonotrodes are
      a portion of a single block with the web being defined by at least one
      slot extending inward from each of a pair of opposite faces of said block
      and parallel to the direction of oscillation.
NUM  4.
PAR  4. A solder bath according to claim 3, wherein the height of said web is at
      most 10 mm.
NUM  5.
PAR  5. A solder bath according to claim 3, wherein the acoustic heads operate
      each of said sonotrodes at a frequency of 20 KHz and the web has a height
      of 6 mm.
NUM  6.
PAR  6. A solder bath according to claim 3, wherein a fixing shoulder surrounds
      the sonotrodes at the common plane of the nodes of oscillation, and
      wherein said vessel includes means engaging said fixing shoulder to secure
      the sonotrodes in the base of the vessel in an antivibration fashion.
NUM  7.
PAR  7. An ultrasonic bath comprising a vessel for holding a bath and having a
      base, single block having at least one slot extending inwardly from each
      of a pair of opposite faces to form at least a pair of sonotrodes
      interconnected by an integral web and spaced apart no greater than 0.3 mm,
      each of said sonotrodes having an acoustic head associated therewith and a
      common oscillatory circuit for said acoustic heads, said slot being
      dimensioned so that the web is disposed at a common plane of a node of
      oscillation of each of the sonotrodes and said block being mounted on the
      vessel with the sonotrodes extending through the base and into the bath
      whereby the sonotrodes are co-phasially operated to provide the bath with
      an enlarge cavitation zone having a uniform amplitude distribution.
NUM  8.
PAR  8. An ultrasonic bath according to claim 7, wherein said block has a fixing
      shoulder surrounding the sonotrodes at approximately the common plane of
      the node of oscillations for said sonotrodes, and wherein said vessel
      includes means engaging said shoulder for securing the block on the base
      in an antivibrational fashion.
NUM  9.
PAR  9. An ultrasonic bath according to claim 8, wherein the height of the web
      is at most 10 mm.
NUM  10.
PAR  10. An ultrasonic bath according to claim 7, wherein said bath is a bath of
      molten solder so that fluxless soldering occurs therein.
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ABST
PAL  Methods for positive displacement casting and/or for positive displacement
      bonding and, more particularly, for automatically locating the bonding
      apparatus with respect to the workpieces, locking thereon, and, thereafter
      forming, on a continuous, reproducible basis, fusion bonds devoid of
      structural, electrical and cosmetic defects between two or more workpieces
      by moving a heated electrode into the area to be bonded so as to uniformly
      heat and melt the portions of the workpieces to be bonded while, at the
      same time, displacing substantially all of the molten material from the
      area to be bonded into a storage area or reservoir surrounding the heated
      electrode where such molten material is maintained in its uniformly heated
      molten state, and then retracting the electrode so as to permit the molten
      material to return to the cavity formed by the electrode in the workpieces
      where such molten material is allowed to cool and solidify, thus forming a
      flawless bond between the workpieces--thermal or fusion bonds are made in
      accordance with the methods of the invention by a combination of (1)
      elevated temperature levels sufficient to melt the material to be bonded,
      and (2) displacement of the molten material; as contrasted with more
      conventional techniques and/or apparatus which combine elevated
      temperature levels and pressure.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to fusion casting, and/or to
      fusion bonding or thermo bonding of two or more workpieces and, more
      particularly, to methods characterized by their ability to automatically
      form, on a continuous, reproducible, high speed, production-line basis,
      cast parts having a desired shape, as well as fusion bonds devoid of
      structural, electrical and/or cosmetic defects between two or more
      workpieces by a technique hereinafter referred to as "positive
      displacement casting". It will become apparent as the ensuing description
      proceeds that the term "casting" is used herein in its broadest sense and
      encompasses the melting and shaping or reshaping of one or more parts into
      a single, unitary structure which may or may not be composite with an
      unaltered workpiece component, all by and with the positive displacement
      system disclosed herein. Thus, the phase positive displacement casting is
      intended herein to be generic to "positive displacement bonding." In its
      principal aspects, the invention is concerned with an improved method for
      automatically locating and locking onto the workpieces and, thereafter,
      for automatically moving a heated electrode through the portions of the
      workpiece(s) to be cast or bonded so as to uniformly heat and melt those
      portions of the workpiece(s) to be case or bonded while, at the same time,
      displacing the molten material into a storage area or reservoir
      surrounding the heated electrode where such material is maintained in its
      uniformly heated molted state while further movement of the electrode into
      the workpiece(s) creates a cavity therein and, thereafter, retracting the
      heated electrode so as to permit the molten material to return to the
      cavity formed by the electrode in the workpiece(s) where such molten
      material is allowed to cool and solidify, thus forming a flawless bond
      between the workpieces and/or casting one or more workpieces in a
      predetermined shape or form.
PAR  In recent years, there has been an ever increasing trend toward, and demand
      for, automation and mechanization in virtually all branches of industry.
      In many industries, typically including, but not limited to, the battery
      making industry, it is often necessary to bond two or more workpieces
      together to form a unitary assembly wherein the bond is characterized by
      its structural strength and/or, in some instances, by excellent
      characteristics of electrical conductivity. Various methods have been
      devised for bonding such workpieces together including, merely by way of
      example, welding, thermo-compression bonding, ultrasonic bonding,
      percussion welding, etc.
PAR  The particular technique selected has heretofore depended upon many
      variable parameters, including: (1) the sizes and/or shapes of the
      workpieces; and (2) various characteristics of the particular materials to
      be bonded which may vary widely in such areas as electrical and/or thermal
      conductivity characteristics, melting points, etc. Moreover, the
      particular technique employed has often been dictated by physical
      limitations in access to the region where the bonds are to be effected.
      Merely by way of example, in the battery industry it is often necessary to
      bond two or more pieces of lead together at various points, in some cases
      internally and in others externally of a given battery cell. Lead, of
      course, is characterized by having a relatively low melting point on the
      order of only 630.degree.F., as constrasted with, for example, steel which
      has a melting point on the order of 3,000.degree.F. Moreover, where the
      lead workpieces comprise battery straps, plates, terminal posts and/or
      intercell connectors, such as commonly employed in industrial motive-power
      batteries, automotive batteries, and the like, it is often difficult to
      gain access to the parts to be bonded. Even where access can be obtained,
      one is normally limited in the amount of heat that can be applied and in
      the types of reducing agents that can be utilized by virtue of other
      components present in the area of the bond to be effected such, for
      example, as the battery casing or cell jar which is commonly made of
      rubber, the electrolytic acids present in or to be added to the battery
      cells, the pasted positive and/or negative plates, the separators which
      are commonly made of microporous rubber, etc.
PAR  Many efforts have been made to devise improved bonding techniques which can
      be universally applied for the purpose of bonding two or more workpieces
      together irrespective of the wide range of variable parameters mentioned
      above. Moreover, consistent with the demands of industry today, numerous
      efforts have been made to devise bonding techniques which are capable of
      automation so as to enable automatic bonding of multiple workpieces as an
      integrated part of mass-production line and/or assembly line techniques.
      Typical of the aforementioned approaches are those described in U.S. Pat.
      Nos. 3,591,755, 3,608,809 and 3,706,126 of Robert Holbrook Cushman,
      assigned to the Western Electric Company, and relating to
      mechanical-thermal-pulse continuous fusion bonding processes and apparatus
      which are based, at least in part, upon a combination of applied and
      controlled pressure and temperature to effect a desired bond.
PAR  However, despite all such prior efforts which have met with varying degrees
      of success, certain industries have continued to employ the more tedious,
      time-consuming, manual bonding techniques which have been known and
      utilized for many years. Typical of these is the industrial motive-power
      battery industry where lead-to-lead bonds are still almost universally
      made by hand-torching or hand-burning techniques employing oxyacetylene
      torches and/or carbon burning tools. These techniques require highly
      skilled artisans who are capable of forming satisfactory bonds only after
      considerable training and, even then, a relatively high percentage of the
      bonds formed are not capable of meeting the rigorous quality control
      standards set by the battery industry. Typical of the types of
      difficulties encountered even by such skilled artisans are: (1)
      non-uniform heating of the interface between the parts to be bonded
      resulting in no bonding at all at some locations, and/or "burn-out" of
      connectors and/or other parts because of "over burning", thereby
      destroying the connector or other parts; (2) actual damage to and/or
      destruction of the rubber casing or battery cover due to inadvertent
      direct application of the flame or carbon tip thereto; (3) lack of control
      over, and resultant non-uniformity of the depth of, bond penetration into
      the parts to be bonded, thereby resulting in bonds which are
      unsatisfactory from either or both of structural and/or electrical
      conductivity characteristics; and (4) substantially complete melting of
      one of the two or more parts to be bonded accompanied by failure to melt
      the surface of a second of the pieces to be bonded, thereby resulting in a
      "cold-knit" between the properly and improperly melted pieces.
PAR  As a direct result of the inability of certain industries--for example, the
      battery industry--to utilize the aforementioned known automatic and
      semi-automatic bonding systems, and the continued industry-wide reliance
      on hand-torching and/or hand-burning techniques, numerous disadvantages
      have continued to plague such industries. More specifically: (1) various
      industries, at great expense to themselves, have had to continue to
      attempt to train personnel in the difficult, time-consuming hand-torching
      or hand-burning techniques; (2) as a result of the relatively high heat
      generated by such techniques, the use of low melting point, economical,
      lightweight plastic battery casings has been precluded; (3) the percentage
      of batteries and/or battery cells rejected because of unsatisfactory bonds
      has remained high; and (4) the number of batteries which have passed
      rigorous quality control tests and/or procedures while having latent
      defects in the bonds has been unacceptably high, resulting in customer
      dissatisfaction because of the presence of "leakers", particularly in the
      batter post/intercell connector, as well as an extremely objectionable
      phenomenon known in the art as "electro-capillary action" wherein battery
      electrolyte is actually pumped out of the battery cell through minute
      passages passing through the positive battery post/connector interface
      where the bond is defective, thereby not only weakening the cell affected
      and decreasing its life and usefulness, but often creating a direct short
      which drains the battery and which often causes corrosion and irreparable
      damage to other equipment in the immediate area.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general aim of the present invention to provide improved bonding
      and/or casting methods which overcome all of the foregoing disadvantages
      and which are characterized not only by their dependability and
      reliability in operation, but, also by their ability to continuously
      reproduce successive bonds having substantially identical characteristics
      and which meet the rigorous quality control standards set by the industry.
      More specifically, it is a principal aim of the invention to provide new
      and novel methods for forming metal-to-metal bonds which, when applied to
      the battery making industry, substantially eliminate, if not completely
      eliminate, the danger of "leakers" and/or electro-capillary action
      resulting from non-uniform bonding of the battery post/intercell connector
      interface.
PAR  A more particular object of the invention is the provision of improved
      bonding and/or casting methods which are substantially
      "operator-failproof" and which can be readily utilized even by untrained
      and unskilled personnel to produce high quality bonds on a continuous
      reproducible basis, and where each bond formed is substantially identical
      to every other bond formed in terms of such physical characteristics as
      structural strength and/or appearance, as well as in terms of electrical
      conductivity characteristics, and where all bonds formed compare favorably
      with the most perfectly formed bond heretofore obtainable from
      conventional hand-torching and/or hand-burning techniques.
PAR  Another of the general objectives of the present invention is the provision
      of improved bonding and/or casting methods which can be readily introduced
      into existing production and/or assembly lines with only minimum revisions
      to, and interruption of, such lines.
PAR  A more detailed general objective of the present invention is the provision
      of improved bonding and/or casting methods which are capable of bonding
      motive-power battery posts to intercell connectors with a high level of
      quality and repeatability, yet at reduced manufacturing costs.
PAR  A more detailed object of the invention is the provision of improved
      bonding methods for locating the workpieces to be bonded relative to the
      bonding head, and then locking the bonding apparatus to the workpieces in
      readiness for a bonding operation, thereby insuring concentricity of the
      bonds produced.
PAR  These and other objects and advantages of the present invention will become
      more readily apparent upon reading the ensuing detailed description of the
      invention and upon reference to the attached drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary exploded perspective view, here illustrating the
      various components present in a conventional lead-acid storage battery
      cell of the type commonly manufactured today and for many years past in
      the industrial motive-power battery industry.
PAR  FIG. 2 is a fragmentary perspective view, here illustrating the
      conventional and well-known technique of bonding an intercell connector
      with the use of a hand-held carbon burning tool and a hand-held source of
      supplemental lead.
PAR  FIG. 3 is a vertical side elevation, partly in section, of a conventional
      battery cover, post, bushing and intercell connector assembly, here
      illustrating the parts prior to a hand-torching or hand-burning bonding
      operation.
PAR  FIG. 4 is a perspective view of a portion of a positive displacement
      casting system embodying features of the present invention, here
      illustrating an industrial motive-power battery disposed on a conveyor
      beneath a bonding head positioned to automatically effect a bond between a
      lead battery post of one battery cell and an intercell connector.
PAR  FIG. 5 is a fragmentary perspective view taken generally at right angles to
      the view shown in FIG. 4 and here depicting other portions of the
      apparatus.
PAR  FIG. 6 is a plan view of the exemplary apparatus shown in FIG. 4, here
      depicting the bonding head over one conveyor belt and a battery positioned
      on the adjacent conveyor belt in readiness for a bonding operation.
PAR  FIG. 7 is an elevational view taken substantially along the line 7--7 of
      FIG. 6, here depicting the bonding head in solid lines disposed over a
      battery carried by the left-hand conveyor and in phantom lines over a
      battery carried by the right-hand conveyor.
PAR  FIG. 8 is a perspective view of the front of a control console utilized
      with the apparatus of the present invention, here depicting the console
      with its lower door open to expose the drawer containing certain of the
      electrical controls for the system.
PAR  FIG. 9 is an exploded perspective view, here illustrating particularly the
      relationship between a battery cover, post, bushing and intercell
      connector embodying features of the present invention.
PAR  FIG. 10 is an elevational view, partly in section, similar to FIG. 3, but
      here illustrating the various components of a battery post/intercell
      connector assembly embodying features of the present invention, again
      depicting the parts prior to a bonding operation.
PAR  FIGS. 11a through 11e are fragmentary, enlarged, simplified, and somewhat
      diagramatic side elevational views, partly in section, here depicting the
      sequence of operations in a typical positive displacement casting
      operation embodying features of the present invention; FIG. 11a depicting
      the battery components to be bonded with the bonding head disposed above
      such components; FIG. 11b illustrating the bonding head properly located
      and locked in position in readiness to initiate a bonding operation; FIG.
      11c illustrating the component parts of the system with the bonding
      ram-like electrode partially advanced into the workpieces to be bonded,
      and with the molten lead formed through this stage of the procedure having
      been displaced into surrounding relationship to the ram; FIG. 11d
      illustrating the component parts of the system with the ram-like electrode
      fully advanced into the workpieces to be bonded and with the molten lead
      formed having been displaced into surrounding relationship to the ram;
      and, FIG. 11e depicting the component parts of the system with the bonding
      head still in its down position but with the ram-like electrode retracted
      and with the molten lead having been returned to the cavity formed by the
      ram in the workpieces and having cooled and solidified to form a finished
      bond.
PAR  FIG. 12 is a fragmentary side elevation, partly in section, taken
      substantially along the line 12--12 in FIG. 6, here depicting particularly
      the supporting rail construction for the head which permits of movement of
      the head from a position above one conveyor to a position above the
      adjacent conveyor.
PAR  FIG. 13 is an enlarged plan view, partly in section, taken substantially
      along the line 13--13 in FIG. 7, and depicting certain of the clamping
      mechanisms utilized to lock the bonding head in position.
PAR  FIG. 14 is an enlarged, vertical sectional view taken substantially along
      the line 14--14 in FIG. 13, with certain parts removed for purposes of
      clarity, and illustrating the general relationship of parts in the bonding
      head.
PAR  FIG. 15 is a vertical elevational view, partly in section, similar to FIG.
      14, but here taken substantially along the line 15--15 in FIG. 13 and at
      right angles to the view depicted in FIG. 14.
PAR  FIG. 16 is an enlarged fragmentary vertical sectional view depicting the
      lower end of the apparatus shown in FIG. 14, but here greatly enlarged to
      show details of the component parts of the equipment including the
      electrode cooling system and the inert gas flow system utilized to
      minimize oxidation.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to methods which are intended to overcome
      all of the aforementioned disadvantages and to provide a system which is
      capable of performing successive fusion casting and/or fusion bonding
      operations on a relatively high speed, mass production or assembly-line
      basis, yet where each bond formed is essentially devoid of flaws or
      imperfections and is comparable in quality to the most perfectly formed
      hand-torched bond heretofore attainable by even the most skilled
      personnel. To accomplish this, the present invention contemplates novel
      methods for locating and locking onto workpieces and, thereafter, for
      moving a heated ram-like electrode co-axially through a reservoir defining
      means which, in the exemplary forms of the invention, comprises a co-axial
      barrel surrounding the electrode and defining therebetween an annular
      reservoir. The reservoir defining means--e.g., the barrel--is first
      bottomed on one of the elements to be bonded in a position co-axial with
      the axis of the bond to be formed. Thereafter, the ram-like electrode is
      moved axially through the reservoir defining means into engagement with
      the workpiece or workpieces to be bonded where the heat developed serves
      to convert the solid workpiece(s) to a molten state in the area selected
      for the fusion bond. Continued axial advance of the electrode serves to
      progressively melt the portions of the workpieces along the axis of the
      bond area, which axis, of course, coincides with the axis of the
      electrode, and the molten material thus formed is displaced by the
      electrode in an annular column surrounding the electrode and within the
      reservoir defined between the electrode and the selected reservoir
      defining means.
PAR  When the ram-like electrode reaches the limit of its advance movement, a
      limit that may be adjusted by the operator to provide for a bond of any
      desired depth, a short dwell period is provided to insure uniform heating
      of those portions of the workpieces immediately adjacent the cavity formed
      therein by displacement of molten material, as well as to insure uniform
      heating of the molten material surrounding the electrode and confined
      within the reservoir. Upon conclusion of such dwell period, the ram-like
      electrode is retracted from the workpieces and is moved axially through
      the reservoir defining means to a position out of contact with the molten
      material. As a result of such axial retraction of the electrode, the
      molten material is free to return to the cavity formed in the workpieces
      during the advance movement of the electrode, where such material is
      permitted to cool and solidify, thus forming a uniform fusion bond between
      the workpieces along the entire axis of electrode movement therethrough.
      Finally, the reservoir defining means--e.g., the barrel co-axial with the
      electrode--is retracted from its bottomed engagement with the workpieces,
      and the bond cycle is complete.
PAR  When dealing with workpieces formed of conductive metals, the activating
      circuit for the system is preferably from a suitable power source, through
      the movable electrode, through the conductive metal workpieces, through
      the reservoir defining means, and back to the source. The power source may
      be either continuous or pulsating. When dealing with non-conductive
      workpiece materials, the movable ram-like electrode may simply comprise or
      contain a suitable resistance element or the like capable of attaining and
      maintaining a desired temperature level sufficient to melt that portion of
      the workpiece material which is to be displaced and subsequently returned
      to effect the desired fusion bond.
PAR  While the present invention is susceptible of various modifications and
      alternative forms, specific embodiments thereof have been shown by way of
      example in the drawings and will herein be described in detail. More
      specifically, the invention will hereinafter be described in connection
      with equipment for forming lead-to-lead bonds and/or for positive
      displacement casting of lead, techniques that are particularly suitable
      for use in the industrial motive-power battery industry and, for that
      reason, the exemplary forms of the invention are described in connection
      with the making of such batteries. In its broadest aspects, however, it
      will be understood as the ensuing description proceeds that the invention
      may find many other applications outside of the battery making industry,
      outside of lead-to-lead fusion bonding techniques and, indeed, outside of
      metal-to-metal fusion bonding techniques. Therefore, it should be
      understood that it is not intended to limit the invention to the
      particular forms disclosed, but, on the contrary, the intension is to
      cover all modifications, equivalents and alternatives falling within the
      spirit and scope of the invention as expressed in the appended claims.
PAC  THE ENVIRONMENT OF THE INVENTION
PAR  As hereinabove explained, the present invention will be described herein in
      connection with methods and apparatus which find particularly, but by no
      means exclusive, application in the industrial motive-power battery
      industry. Accordingly, and as best seen by reference to FIGS. 1, 2 and 3
      conjointly, there have been depicted fragmentary portions of a typical
      industrial battery, generally indicated at 50 in FIG. 2, which is here
      composed of a plurality of individual battery cells 51. Such batteries may
      vary widely in size, configuration and electrical characteristics, and
      may, merely by way of example, range upwards of several feet in length,
      height and width and weigh upwards of several tons. Conversely, such
      batteries may be relatively small and may be capable of being transported
      by hand.
PAR  Referring more specifically to FIG. 1, a conventional battery cell 51 has
      been depicted in partially exploded form so as to expose most of the
      various battery components contained therein. Such components normally
      include a cell casing 52, commonly called a jar, and cover 54, both of
      which have heretofore conventionally been formed of high impact rubber.
      Contained within the cell casing 52 are a group of negative plates 55, a
      group of positive plates 56, and a group of separators 58. The negative
      plates 55 and positive plates 56 of the exemplary cell 51 comprise case
      lead grids into which selected chemical pastes, or active materials, are
      inserted. Generally, a negative plate 55 may contain a paste consisting of
      a spongy lead material containing an expander to maintain the spongy
      condition, while the positive plates 56 may contain a paste consisting of
      lead oxide, sulfuric acid and water mixed to a putty-like consistency.
      After the pastes have been applied to the respective grids, the grids are
      dried. The positive plates 56 are normally wrapped with fiberglas or the
      like (not shown) to insure retention of the active materials, and each
      positive plate is then inserted into a plastic protective envelope, as
      best indicated at 59 (FIG. 1). The separators 58 are preferably formed of
      microporous rubber which is temperature and acid resistant, and are
      generally flat on the side adjacent the negative plate and grooved on the
      side adjacent a positive plate. Such separators 58 serve as insulators
      between the interleaved positive and negative plates, although they are
      sufficiently porous to permit free passage of electrolyte therethrough.
PAR  After casting of the positive and negative plates, application of the
      active materials thereto, drying, and wrapping of the positive plates,
      positive and negative groups or assemblies of plates are formed, commonly
      by welding the lug portions 55a, 56a of the plates to battery straps
      and/or battery posts. As here shown, the negative plate lugs 55a are
      welded to a battery strap 60 integral with a pair of vertically
      upstanding, negative battery posts 61, while the positive plate lugs 56a
      are welded to a similar battery strap 62 integral with a pair of
      vertically upstanding positive battery posts 64. The thus assembled
      negative and positive plate groups are then interleaved with one another,
      there being a separator 58 between each positive and negative plate, and
      the entire assembly is inserted into the cell casing or jar 52 on top of a
      sediment bridge (not shown). A protective element 65, which may be made of
      plastic, is placed on top of the plate assembly so as to prevent: (1)
      foreign materials from entering the cell; (2) damage to the internal cell
      components by careless use of hydrometers or thermometers; and (3) moss
      shorts between the positive and negative plates. The high impact rubber
      cover 54 is then positioned on top of the jar or casing 52, with the posts
      61 and 64 passing through lead bushings 66 molded in place in the cover,
      and the cover is secured to the jar by means of a hot, pliable asphalt
      based compound. Normally at this stage of the assembly operation, the
      battery posts 61, 64 are bonded to the respective bushings inserts 66 by a
      hand-burning or hand-torching technique, electrolyte is added to the
      battery cell through a fill opening 68 adapted to be closed by a
      screw-threaded tap 69, and the cell is then repetitively charged and
      discharged to assure proper capacity and quality.
PAR  Once the cells 51 have been assembled, charged and inspected, they are then
      ready to be assembled in various configurations to provide a complete
      battery 50 to meet specific requirements of a customer or ultimate user.
      In such assembly, multiple cells are inserted into a steel battery casing
      70 (FIG. 2) and interconnected in accordance with the requirements and
      specifications of the customer or user. Such interconnections commonly
      entail the use of lead intercell connectors 71 which bridge the space
      between battery posts of opposite polarity in adjacent cells--i.e., the
      positive posts of one cell are coupled to the negative posts of an
      adjacent cell. Referring to FIGS. 2 and 3, it will be observed that each
      intercell connector 71 is designed so that one end thereof sits on and
      surrounds a bushing 66 associated with a negative post 61, while the
      opposite end thereof sits on and surrounds a bushing 66 associated with a
      positive post 64. The workman then bonds the connector 71 to the
      post/bushing combination by a conventional hand-burning or hand-torching
      technique. Thus, referring to FIG. 2, it will be observed that the workman
      is utilizing a hand-burning technique in which he is holding a carbon
      burning tool 72 in his right hand and a rod of lead bar-stock 74 in his
      left hand. The arrangement is such that the carbon burning tool 72 (which
      could, of course, be an oxyacetylene torch) is used to melt the inner rim
      75 of the opening in the connector 71 surrounding the post/bushing
      combination and, at the same time, to melt the exposed surface of the
      previously bonded post/bushing combination, with the molten lead thus
      formed being mixed or puddled by the hot tip of the tool 72. Additional
      lead is similarly melted by the tool 72 from the lower end of the
      supplemental lead rod 74 so as to provide sufficient molten lead to fill
      the entire cavity within the connector 71 defined by the edge 75 and
      surrounding the post/bushing combination. Indeed, the workman will
      commonly place a conventional mold (not shown) about the work area so as
      to permit the formation of a raised, button-like bond, as best indicated
      at 76 in FIG. 2.
PAR  It should be understood, that while it would be possible to create the
      aforementioned bond 76 in a single hand-burning or hand-torching operation
      by applying the tool 72 or torch to the assemblage of parts as shown in
      FIG. 3, the operation is most normally conducted in two stages--first
      bonding the post/bushing combination and later bonding the connector 71 to
      the previously bonded post/bushing combination. One reason for such
      two-stage bonding or torching procedure is simply that it is desirable
      that a permanent bond be created between the post 61 (64) and bushing 66
      immediately after assembly and prior to introduction of electrolyte into
      the cell so as to prevent acid or other foreign materials from becoming
      lodged in the interface between the post and the bushing.
PAR  It will be immediately recognized by those skilled in the art that the
      hand-burning and/or hand-torching operations herein described have many
      disadvantages and are frought with dangers. Such procedures are slow, and
      require skilled personnel to carry them out. As lead is melted and
      puddled, it tends to cover the surfaces of the parts to be bonded, and
      extreme care must be taken to insure that all of the mating surfaces or
      interfaces to be bonded are uniformly heated and rendered molten--
      otherwise, molten lead contained within the puddle will tend to adhere to
      a surface which has not been raised to a sufficiently high temperature
      level, thereby producing an undesirable "cold knit" rather than a sound
      molecular fusion bond. Moreover, failure to obtain uniform heating and
      melting may result in undesirable crevices or minute passages passing
      through the interface of the parts being bonded, thus creating leakers and
      giving rise to the danger of electro-capillary pumping action at the
      positive post. And, of course, if extreme care is not taken, it is
      relatively easy to overheat the parts. When this occurs, the entire
      peripheral portion or rim 78 (FIG. 3) of the connector 71 may be rendered
      molten, permitting the puddle of lead to spill over the top of the cell,
      thereby destroying the connector parts and/or permitting burning of, and
      consequent damage to the rubber cover 54. Finally, because of the problems
      associated with such overheating, it has heretofore been impractical to
      use more economical and lightweight materials such as plastic in the
      formation of cell casings and/or covers because such materials commonly
      have much lower melting points than the hard impact rubber heretofore
      used.
PAC  POSITIVE DISPLACEMENT CASTING IN ACCORDANCE WITH THE INVENTION
PAC  A. General Organization of Exemplary Apparatus
PAR  Referring now to FIGS. 4 through 8 inclusive, there has been illustrated an
      exemplary apparatus, generally indicated at 100 in FIGS. 4 - 7, for
      carrying out the present invention. As here shown, the exemplary apparatus
      100 includes a positive displacement bonding head, generally indicated at
      101, carried by an overhead suspension system, generally indicated at 102,
      for movement over and with respect to one or more batteries 50 carried on
      a pair of parallel, spaced apart, floor-mounted conveyors 104, 105. The
      conveyors 104, 105 may be power driven by any suitable means (not shown)
      and, to permit of ready control thereover, the bonding head 101 is
      provided with a pair of operator controls 106, 108 (best illustrated in
      FIGS. 4 and 5) by which the operator can activate the conveyor driving
      means to move a selected conveyor 104, 105 in either a forward or reverse
      direction, or to stop a selected conveyor in a desired location with a
      battery 50 disposed beneath the bonding head 101. Preferably the operator
      control 106 forms part of a suitable activating circuit (not shown) for
      conveyor 104, while control 108 forms part of an activating circuit for
      conveyor 105. To facilitate placement of batteries 50 on, and removal
      from, the conveyors, the batteries may be positioned on pallets 109 or the
      like which can be readily moved from place to place by conventional
      fork-lift trucks.
PAR  A-1 X-Oriented Movement
PAR  In order to permit of facile movement of the bonding head 101 over a
      stationary battery 50 so as to enable the formation of successive bonds at
      multiple battery post locations on a rapid, production-line basis, the
      overhead suspension system 102 is preferably designed to permit of
      movement of the bonding head in both an X-oriented direction (transversely
      of the conveyors as indicated by the arrows in FIGS. 4 - 7) and a
      Y-oriented direction (along the line of conveyor movement as indicated by
      the arrows in FIGS. 4 - 6). To accomplish this, the overhead suspension
      system 102 includes a pair of parallel, spaced apart beams 110, 111 (best
      illustrated in FIGS. 4 and 12) which extend transversely across both
      conveyors 104, 105 and which are connected at their opposite ends by cross
      beams 112, 114 (FIG. 6); the beams 110, 111, 112 and 114 defining a
      generally rectangular support structure (FIG. 6). Vertically disposed,
      upright stanchions 115 and 116 are permanently affixed at their upper ends
      to the cross beams 112, 114 respectively, and are mounted on the floor
      outboard of the conveyors 104, 105. The beams 110, 111 respectively
      support guide rails or tracks 118, 119 which are parallel to the beams and
      also extend transversely across the conveyors 104, 105. A carriage
      assembly, generally indicated at 120 in FIGS. 4 and 7, is provided with
      suitable bearing sleeves 121 (FIGS. 4 and 12) mounted in surrounding
      relation to the rails 118, 119, thereby permitting slidable movement of
      the entire carriage assembly 120 in an X-oriented direction along the
      rails. Suitable lubricating means (not shown) may be provided so as to
      minimize friction and thereby permit ease of movement of the carriage
      assembly 120 along the rails.
PAR  A-2 Y-Oriented Movement
PAR  For the purpose of permitting movement of the bonding head 101 in a
      Y-oriented direction--i.e., along the path of movement of the conveyors
      104, 105--the carriage assembly 120 is provided with a pair of depending
      support beams 122, 124 (best illustrated in FIG. 4) which here serve to
      support Y-oriented tracks or guide rails 125, 126, respectively. A
      sub-carriage assembly, generally indicated at 128, is slidably supported
      on the guide rails 125, 126 by means of bearing sleeves 129. Again,
      suitable lubricating means (not shown) may be provided for minimizing
      frictional resistance between the rails 125, 126 and bearing sleeves 129
      so as to permit relatively easy movement of the sub-carriage assembly 128
      along the Y-oriented guide rails 125, 126.
PAR  A-3 Z-Oriented Movement
PAR  In carrying out the present invention, provision is made for enabling
      vertical movement of the bonding head 101 along a Z-oriented axis as
      viewed in FIGS. 4, 5 and 7. To this end, the various operating parts of
      the bonding head 101 are carried by a base plate 130 which is secured to
      the lower ends of a pair of vertically disposed support shafts 131, 132,
      such shafts passing upwardly through respective ones of a pair of bearing
      sleeves 134, 135 rigidly secured to a plate 136 which forms the
      undercarriage of sub-carriage assembly 128. The upper ends of the shafts
      131, 132 have enlarged collars 138, 139 (FIG. 6; best illustrated in FIG.
      14) respectively affixed thereto which serve as stops engageable with
      plate 136 to limit downward movement of the bonding head 101.
PAR  For the purpose of permitting the bonding head 101 to "float" during
      periods between bonding cycles and during movement of the head by the
      operator, and to further permit automatic movement of the operating parts
      of the bonding head during a bonding cycle, the illustrative apparatus is
      provided with a series of fluid-operated, preferably pneumatic,
      piston/cylinder combinations 140, 141, 142, the specific functions of
      which will hereinafter be described in somewhat greater detail, but which
      are described in considerably greater detail in the aforesaid copending
      applications of Robert Holbrook Cushman, Ser. No. 435,157, and Raymond L.
      Schenk, Jr., Ser. No. 435,178. Those interested in such detailed
      descriptions are referred to the aforesaid copending applications. For the
      purpose of the present description of the general organization of parts
      for the exemplary apparatus, it will suffice to say that the opposite
      sides of the piston within piston/cyinder combination 140 are pressurized
      so as to balance the weight of the components carried by base plate 130
      and which comprise the bonding head 101, thereby permitting the head to
      float at whatever height or level it is positioned in.
PAR  A-4 Operator Controlled Positioning of Bonding Head
PAR  In accordance with the invention, when the operator wishes to move the
      bonding head 101 into a position in readiness to initiate a bonding
      cycle--for example, in readiness to bond a battery post/intercell
      connector combination such as generally indicated at 144 in FIGS. 4 and
      5--it is merely necessary that he first activate the control 106 for
      conveyor 104 (or, alternatively, control 108 for conveyor 105) to
      generally locate a battery 50 beneath the bonding head 101. Having
      generally located a battery relative to the head, the operator next grasps
      one of the handles 145 projecting laterally from the base plate 130 and
      shifts the bonding head 101 laterally in either or both of an X-oriented
      and/or Y-oriented direction until the bonding ram assembly, generally
      indicated at 146 in FIGS. 4, 5 and 7, is accurately centered over the
      particular battery post/intercell connector combination 144 to be bonded.
      The operator then needs only push downwardly on the handle 145 so as to
      urge the bonding head 101 and ram assembly 146 downwardly from the
      position shown in FIG. 7 to the position such as shown in FIGS. 4 and 5
      where the particular battery post to be bonded projects co-axially upward
      into the bonding ram assembly 146 when the latter is bottomed on the
      intercell connector to be bonded. The operator is now ready to initiate a
      bonding cycle for the particular post-connector combination 144 located
      under the bonding ram assembly 146 and, when the bond is completed, the
      bonding head 101 will automatically move upward to the position shown in
      FIG. 7. The operator then again grasps the handle 145 and moves the
      bonding head 101 in either an X- or Y- oriented direction to a position
      over the next post/connector combination 144 to be bonded, and again
      repeats the foregoing operation.
PAR  A-5 Typical Battery Post, Bushing and Intercell Connector to Be Bonded
PAR  Referring next to FIGS. 9 and 10, there have been illustrated details of a
      typical organization of battery components particularly suitable for
      bonding in accordance with the present invention. More specifically, there
      is depicted a battery post/intercell connector combination 144 which
      consists of an upstanding lead battery post 148, a lead cover bushing 149
      adapted to be molded directly into a battery or cell casing 150 (which may
      conveniently be made of plastic, hard impact rubber, or any other suitable
      material), and a lead intercell connector 151. The lower end of battery
      post 148 is, as heretofore described, affixed to, or integral with, a
      battery plate strap 152 which serves to interconnect a plurality of
      battery plates of like polarity--either positive plates or negative
      plates. The arrangement is such that, when assembled prior to bonding as
      shown in FIG. 10, the battery post 148 passes co-axially upward through
      the lead bushing insert 149 and cover 150. The opposite ends of the lead
      intercell connector (one such end being visible in FIGS. 9 and 10) are
      each provided with a vertically disposed opening or passage 154 having a
      diameter sufficiently large to permit the connector 151 to be positioned
      in co-axial surrounding relation to an upstanding flange 155 formed on the
      bushing 151, with the lower surface of the connector in direct
      lead-to-lead contact with a horizontal or radial flange 156 formed on the
      bushing.
PAR  To insure concentricity of the parts and, at the same time, to provide for
      sound electrical contact therebetween, the lead battery post 148 may be
      provided with two or more slightly raised locating ribs or projections
      (one such rib having been illustrated at 158 only in FIG. 9), which ribs
      have a slightly larger diameter than the inside diameter of the bushing
      149. However, because of the characteristic of softness inherent with
      lead, the battery post may be relatively easily "force-fit" into the
      bushing 149, and the presence of such ribs thus serves to insure good
      electrical contact between the post 148 and bushing 149 while, at the same
      time, serving to center the post within the bushing.
PAR  In accordance with one of the important aspects of the present invention,
      and for the purpose of properly locating the bonding head 101 prior to a
      bonding operation, the intercell connector is provided with an upstanding
      peripheral collar 159 surrounding each opening 154, and a radially
      disposed external peripheral shoulder 160. The peripheral shoulder 160
      defines the surface upon which the ram assembly 146 bottoms when the
      operator moves the bonding head 101 into position to effect a bond, while
      the upstanding collar 159 on the connector serves as a locating means to
      insure proper positioning of the ram assembly 146 relative to the
      post/connector combinations 144 to be bonded and, also, the collar 159
      serves as a source of lead for the bond and as a dam to confine the molten
      lead formed initially in the bonding operation.
PAR  In keeping with this aspect of the present invention, the battery post 148
      is designed to provide all of the surplus lead required to effect a
      completed bond such, for example, as the bond shown at 161 in FIG. 5. To
      this end, it will be observed that the illustrative battery post 148
      projects upwardly substantially above the upper surface of the connector
      locating collar 159 and, when the lead defining the upwardly projecting
      portion of the post is melted during a bonding cycle, such lead provides
      all of the molten material necessary to fill the annular cavity within the
      connector opening 154 and defined between the post 148 and connector 151.
      The particular height of the post 148 may vary since the amount of lead
      supplied will be a function of both the height and the diameter of the
      post 148, while the amount of lead required to form a desired bond will be
      a function of the size of the connector opening 154 and the desired height
      of the finished bond. However, it will be readily apparent to those
      skilled in the art upon comparison of a conventional
      post/bushing/connector combination such as shown in FIG. 3 with one
      embodying the features of the invention such as shown at 144 in FIG. 10,
      that the novel assemblage of parts provided by the invention will
      eliminate the need for any separate source of lead such, for example, as
      the hand-held lead bar-stock 74 (FIG. 2) which has heretofore been
      required in hand-burning and/or hand-torching operations.
PAR  A-6 Operator Controls
PAR  In order to facilitate an understanding of the ensuing description, the
      various controls that are provided for the operator and the location of
      such controls will be briefly described. During a normal series of bonding
      operations on a given battery or series of batteries, the operator will be
      required to handle only a few controls. These controls are, for the most
      part, mounted on either the bonding head 101 or on the carriage assembly
      120. Thus, as best illustrated in FIG. 5, there are two operator controls
      mounted on the bonding head 101 in addition to the conveyor controls 106,
      108 previously described. These two additional controls include a control
      button 162 which serves to activate a number of conventional pneumatically
      actuated clamps (not shown) that are mounted on the carriage assembly 120
      and which serve to engage the X-oriented and Y-oriented rails 118, 119 and
      125, 126 respectively, to lock the carriage assembly 120 and sub-carriage
      assembly 128 in position during a bonding cycle. At the same time,
      actuation of control button 162 serves to increase the pressure on the
      upper end of piston/cylinder combination 140 so as to move the electrode
      164 (FIGS. 11a - 11d) contained within the ram assembly 146 downwardly
      into engagement with the top of a battery post 148. The second control
      mounted on the bonding head 101 is indicated at 165 in FIG. 5 and serves
      only to pressurize the bottom side of the piston/cylinder combination 140,
      thereby allowing the operator to rapidly move the bonding head 101
      upwardly in a Z-oriented direction in the event that rapid removal of the
      head from the battery is required for any reason.
PAR  Depending from the carriage 120 is a small control console 166 which is
      provided with a number of additional controls and indicator lights. These
      controls include a "bond initiate" button 168, actuation of which is
      required in order to turn bond power to the electrode 164 ON, and an
      "emergency stop" control 169 which may be actuated by the operator in the
      event of some emergency such as a broken water line, severe arcing, fire
      or other similar emergency which requires turning the entire system OFF
      quickly. Similarly, there is provided a "current abort" switch 170 which
      permits the operator to turn the power supplied to the electrode 164 OFF
      at any time he desires and for any reason. Indicator lights 171, 172, 174
      and 175 serve various functions: light 171 indicates simply that (a) the
      system is in condition for locating movement of the carriage and/or
      sub-carriage assemblies 120, 128 and (b) the operator can move the bonding
      head 101 in X-, Y- and/or Z-oriented directions to locate the head
      relative to the next post to be bonded; light 172 indicates when the
      electrode 164 is locked in its down position in readiness to bond; light
      174 indicates that power is ON to the electrode 164 and a bonding cycle is
      underway; and, light 175 is simply a "fault indicating" light used to
      indicate that some fault has been detected by the monitoring portion of
      the system. When such a fault is detected, the monitoring portion of the
      system will serve to render the system inoperative until such time as the
      operator ascertains what the problem is. At that time the operator can
      activate control button 176 which is simply a "reset control" that serves
      to clear the memory of the computers (not described in detail) and permit
      continued operation of the system. Once the system has been reset, the
      operator may take whatever steps are required to correct the fault before
      proceeding with the next bonding cycle. Referring to FIG. 4, it will be
      observed that, for the convenience of the operator, the controls 162, 165
      and the small control console 166 are all duplicated on the opposite side
      of the equipment, thereby enabling the operator to handle the bonding head
      101 from either side of the conveyor.
PAR  The computer memory banks and related electronic equipment are contained
      within a mobile control panel and electronic console 178, best illustrated
      in FIG. 8. The particular electronic controls do not form an essential
      part of the present invention and, therefore, will not be described herein
      in detail. Rather, it should suffice for purposes of an overall
      understanding of the general organization of the apparatus and control
      functions available, to simply point out certain of the controls provided.
      Thus, the console 178 includes a power OFF switch 179 and a power ON
      switch 180 which includes an ON indicator light. Similarly, there is
      provided a bond power OFF switch 181 and bond power ON switch 182, the
      latter again including an indicator light. Disposed between these two sets
      of power switches is a conventional milliammeter 184 capable of displaying
      either power readings in watts or temperature, or current readings in
      amperes, dependent upon the position of toggle switch 185 mounted on the
      front of the lower console drawer 186. Conventional resettable digital
      display counters 188, 189 are provided for indicating, respectively, the
      total number of bond cycles effected by the apparatus, and the total
      number of bond cycles completed in a given period of time such, for
      example, as per shift, per day or per week. The mobile console 178 further
      includes a fault indicating light 190 and reset button 191 which
      correspond to and duplicate the controls 175, 176 shown in FIG. 5.
PAR  In order to permit presetting of the system so as to enable operation
      thereof within selected parameters, the mobile control console includes a
      number of rheostat type switches on the front of drawer 186. These
      include: a switch 192 for setting the amount of power to be provided to
      the system; a switch 194 which sets the dwell period during which the
      heated electrode remains heated after it reaches its maximum penetration
      into the bond area; a switch 195 for setting the length of the cool period
      during which the molten material is permitted to cool after the electrode
      164 has been retracted but before the ram assembly 146 is raised; and
      switches 196, 198, 199 and 200 for setting such other variable parameters
      as the length of a bond cycle. These latter switches comprise part of the
      monitoring system and are related to indicator lights 201, 202, 204 and
      205 on the console which serve to indicate when a fault condition has
      arisen requiring the operator to reset the system.
PAR  B. Positive Displacement Bonding-- Sequence of Operations
PAR  Referring next to FIGS. 11a - 11e, there will be described a typical
      sequence of steps in movement of the ram assembly 146 during a positive
      displacement bonding operation pursuant to the present invention.
PAR  In keeping with the invention, provision is made for establishing a
      reservoir surrounding the area to be bonded, advancing the heated
      electrode 164 through the reservoir and into and through the area of the
      workpieces to be bonded so as to melt those portions of the workpieces to
      be bonded and to displace the molten material formed into the reservoir,
      thereby insuring accurate control of the depth of penetration into the
      bond area, uniform heating of the surrounding unmelted parts of the
      workpieces, and uniform heating of the displaced molten material contained
      within the reservoir, and for thereafter retracting the electrode so as to
      permit the displaced molten material stored in the reservoir to return to
      the cavity formed by the electrode in the workpieces, where the material
      is permitted to cool and solidify. To accomplish this, and as best
      illustrated in FIGS. 11a and 11b, the lower end of the ram assembly 146
      includes a central ram 205 having an internal threaded bore 206 into which
      is threaded an adapter 208. The adapter 208 serves to removably support
      the electrode 164 which is threaded thereon. Preferably the ram 205 is
      formed of highly conductive material such as copper, while the adapter 208
      and electrode 164 can be formed of various materials, some of which are
      hereinafter described.
PAR  In accordance with an important aspect of the invention, provision is made
      for properly locating the bonding head 101 relative to the parts to be
      bonded while, at the same time providing for storage of molten material
      displaced during the bonding operation. To accomplish this the lower end
      of the ram assembly 146 includes a barrel 209 formed of conductive
      material and which forms the outer member of the ram assembly. The
      arrangement is such that the ram 205 and electrode 164 are capable of
      axial movement through the barrel 209 and are insulated from the barrel by
      means of a ceramic liner or sleeve 210. The lower end of the barrel 209
      has affixed thereto a suitable conductive locating and retaining ring 211
      which can be readily removed and replaced when the need arises--for
      example, in the event of wear. Excellent results have been attained with
      the present invention by forming the locating and retaining ring 211 from
      a beryllium copper alloy. A suitable annular insulating collar 212,
      preferably made of phenolic plastic, is positioned within the lower end of
      the barrel 209 and ring 211 and, together with the ceramic sleeve 210,
      prevents direct current flow from the electrode 209 and/or ram 205 through
      the molten material to the barrel 210 and ring 211. The locating and
      retaining ring 211 serves a number of functions. Thus, the ring 211 is
      provided with an inwardly extending tapered radial flange that serves to
      retain the stacked annular insulator 212 and ceramic sleeve 210 in
      position. In addition, the lower surface of the ring 211 serves as a
      locator to facilitate in accurate positioning of the ram assembly 146
      about the upright flange 159 on the connector 151. Finally, the ring
      serves to complete a current path from the lead parts back through the
      conductive barrel 209.
PAR  Referring now more specifically to FIG. 11a, it will be observed that the
      ram assembly 146 is shown in solid lines somewhat above the post/connector
      combination 144--i.e., in a position comparable to that shown in FIG.
      7--and, in phantom lines in a downward position engaging the intercell
      connector 151--i.e., in a position comparable to that shown in FIGS. 4 and
      5. Thus, it will be understood that in order to move the ram assembly 146
      from the solid line position of FIG. 11a to the phantom position shown
      therein (at which point the electrode 164 will still be positioned well
      above and out of engagement with the battery post 148), it is simply
      necessary for the operator to press downwardly on the handle 145 (FIG. 5)
      of the bonding head 101 in the manner previously described, thus forcing
      the head down and causing the locating ring 211 to pilot about the upright
      flange portion 159 of the connector. When the locating ring is properly
      positioned with respect to the connector, it will engage the radial
      shoulder 160 on the connector and complete an electrical connection
      therebetween. Because of the presence of the locating collar 159 on the
      connector, in the event that the ram assembly is misaligned with respect
      to the post/connector combination 144, the ring 211 will engage the top of
      the collar and will not seat properly, a condition that will be readily
      apparent to the operator. In this event, the operator need only shift the
      bonding head 101 slightly in an X- and/or Y-oriented direction(s) until
      proper concentricity is achieved, at which point the opening in the ring
      211 will permit further downward movement of the ram assembly until it
      reaches its proper downward position.
PAR  At this point in the operating cycle, the operator, having manually
      positioned the bonding head 101 and ram assembly 146 in proper orientation
      with respect to the battery post/connector combination 144 to be bonded
      and having observed that such proper orientation has been achieved, is now
      ready to initiate a bonding cycle. To this end, the operator will first
      engage the clamp button 162 (FIG. 5) on the bonding head, thereby serving
      to activate the pneumatic clamps (not shown) which will lock the carriage
      and sub-carriage assemblies 120, 128 in position with respect to the rails
      118, 119 and 125, 126, thereby preventing further X or Y movement of the
      bonding head. After a short time delay, pressure will be applied to the
      upper end of the piston/cylinder combination 140 (FIG. 4), which will
      serve to move the ram 205 and electrode 164 downwardly into the position
      shown in FIG. 11b where the electrode 164 engages the top of the battery
      post 148. At this point, the indicator light 172 on control console 166
      (FIG. 5) will be illuminated to indicate that the ram 205 is in position
      and the operator can initiate the next step of the bonding cycle.
PAR  When the operator observes that light 172 is illuminated indicating a "bond
      ready" condition, he then will engage the "bond initiate" button 168 which
      serves to complete an energizing circuit for the electrode 164. Referring
      to FIG. 11b, current will be supplied to the ram 205 from a suitable power
      source (not shown) and will be transmitted from the ram 205 through the
      adapter 208 to the electrode 164 which serves as a resistance element that
      is heated to a level sufficient to rapidly melt those portions of the lead
      components that it comes into engagement with. The current path thus
      passes from the electrode through the battery post 148, the lead bushing
      149, the intercell connector 151, the beryllium copper locating and
      retaining ring 211, and back through the conductive barrel 209 to the
      power source.
PAR  As current begins to flow through the foregoing circuit, the electrode 164
      is heated to a level sufficient to melt the lead battery post and, as a
      consequence, the ram 205 will start to move downwardly through the ram
      assembly 146 under the influence of the pressurized piston/cylinder
      combination 140. Referring next to FIG. 11c, it will be observed that the
      electrode 164 has moved downwardly a sufficient distance to melt all of
      the upwardly projecting portion of the battery post 148 and, at this stage
      of the cycle, the electrode has begun to melt the inner peripheral edge of
      the raised locating collar 159 on the connector. Moreover, the molten lead
      thus formed has been displaced laterally into an annular upstanding column
      as best indicated at 214 in FIG. 11c with the molten lead being disposed
      in the annular reservoir surrounding the electrode and defined by the
      insulating sleeve or collar 212 mounted within the lower end of the barrel
      209. However, because of the presence of the insulating collar 212, a
      direct electrical path from the electrode 164 to the barrel 209 or ring
      211 through the molten lead 214 is precluded.
PAR  Further downward movement of the ram 205 and electrode 164 now serves to
      melt the remainder of the upstanding locating collar 159 on connector 151,
      as well as the upper portion of flange 155 on bushing 149, thus creating a
      condition as best illustrated in FIG. 11d.
PAR  The system may be readily adjusted (in a manner to be hereinafter
      explained) to provide for penetration of the electrode 164 through the
      bond area to any desired and preselected depth within the workpieces. When
      the desired depth has been reached a limit switch LS-1 (FIG. 5) will be
      actuated by means of an actuator 215 carried by the ram, and such
      actuation will serve to initiate a short time delay period during which
      the electrode 164 will dwell in its advanced position as shown in FIG. 11d
      with bond power ON, thereby insuring that the unmelted portions of battery
      post 148, bushing 149 and connector 151 are uniformly heated, and at the
      same time serving to insure that the molten lead 214 maintained within the
      reservoir is also uniformly heated. At the conclusion of the time delay
      period, the ram 205 and electrode 164 are retracted, while the barrel 209
      of the ram assembly 146 is left in its downward position as best shown in
      FIG. 11e. In this position, the molten lead 214 is permitted to return to
      the cavity formed in the workpieces by advance movement of the electrode,
      and such molten material is thereafter permitted to cool and solidify
      during a preset cooling cycle. Upon completion of the cooling cycle, the
      barrel 209 of the ram assembly is retracted and the bonding cycle is
      complete.
PAR  C. Detailed Construction of Exemplary Bonding Apparatus
PAR  Referring next to FIGS. 13 through 16, the specific construction of the
      exemplary bonding apparatus has been illustrated and will here be
      described in detail. As best illustrated in FIGS. 14 and 15, it will be
      observed that the piston/cylinder combination 140 is bolted directly to
      plate 136 which forms the undercarriage of sub-carriage assembly 128. The
      piston/cylinder combination 140 includes a piston 140P coupled directly to
      a table 220 and having a lower piston portion 140P' extending downwardly
      from the table 220. The lower end of the piston portion 140P' passes
      through a U-shaped bracket 221 welded to base plate 130 and is rigidly
      affixed to the upper end of ram 205, thus providing a direct connection
      between the piston/cylinder combination 140 and the ram 205. The
      barrel-like reservoir defining means 209 is, in turn, bolted directly to
      the lower surface of base plate 30 in concentric surrounding relation to
      the ram 205 and lower piston portion 140P'.
PAR  In order to provide an adjustable fixed mechanical stop which limits the
      advance movement of the ram 205 and, thus, to controllably limit the
      degree of penetration of electrode 164 into the workpieces, a threaded
      sleeve 222 (FIG. 14) is affixed to the lower surface of table 220 in
      concentric surrounding relation to the piston 140P', and is threadably
      engaged with a thumbwheel screw 224 slidably mounted on the piston 140P'.
      The arrangement is such that when the operator initiates a bonding cycle
      and the piston/cylinder combination 140 is actuated to move the piston
      downwardly, the table 220 will move downward until such time as the
      adjustable thumbwheel screw 224 engages the top of U-shaped bracket 221.
      That bracket is, of course, stationary by virtue of the fact that it is
      welded to base plate 130 which, in turn, is bolted to the barrel 209 that
      is seated on the stationary battery post/connector combination 144 being
      bonded. Consequently, when the thumbwheel screw 224 engages the bracket
      221, further downward movement of the ram is precluded. The operator may,
      therefore, adjust the degree of electrode penetration into the workpieces
      by the simple expedient of threading the screw 224 into the sleeve 222 to
      extend bond penetration, or threading the screw 224 out of the sleeve 222
      to decrease bond penetration.
PAR  In order to initiate a dwell cycle with the electrode 164 in its most
      advanced position, the limit switch LS-1 (FIGS. 5 and 15) mounted on base
      plate 130 is positioned to be actuated by the switch actuator 215 which is
      carried on a bracket 226 welded directly to the ram 205. Preferably, the
      switch actuator 215 is also adjustable to accomodate for variations in
      bond penetration as determined by the position of the thumbwheel screw
      224. Thus, at about the same time as the screw 224 bottoms on bracket 221
      to prevent further advance of the ram, the actuator 215 engages and
      activates the limit switch LS-1 which serves to initiate a suitable time
      delay for maintaining bond power on the electrode during a preselected
      dwell period, after which current to the electrode is turned OFF.
PAR  During the "float" portion of an operating cycle while the operator is
      moving the bonding head 101 from one battery post position to another,
      provision must be made for maintaining the table 220 and base plate 130 in
      spaced apart relation with respect to one another, yet with freedom for
      closing movement with respect to one another during the bonding cycle when
      base plate 130 is stationary and table 220 is moving downwardly. To this
      end, and as best illustrated in FIG. 14, the cylinders of piston/cylinder
      combinations 141, 142 are bolted to the underside of table 220, while the
      pistons 141P, 142P are connected to the base plate 130. Referring to FIG.
      15, it will be observed that a pair of vertically upstanding pins 228, 229
      are mounted on bracket 221 and positioned for slidable movement within and
      through a pair of bearing sleeves 230, 231 mounted on table 220. During a
      bonding cycle, the piston/cylinder combinations 141, 142 are depressurized
      and, therefore, the table 220 is free to move downwardly toward the base
      plate 130 until engagement of the adjustable stop 224 with bracket 221.
      When this closing movement occurs, the pins 228, 229 are free to slide
      upwardly through sleeves 230, 231 where they project above the upper
      surface of the table 220. However, during the "float" portion of the
      bonding cycle and the "head retract" cycle, a slide 232 (FIG. 15) mounted
      on table 220 is moved to the right as viewed in the figure by means of a
      pneumatically actuated piston/cylinder combination 234, thus serving to
      move vertical bores formed in the slide out of alignment with the sleeves
      230, 231, thereby blocking the sleeves. In this condition, the pins 228,
      229 engage the slide 232, and further closing movement of the table 220
      with respect to the base plate 130 is precluded.
PAR  During operation of the system, and considering first the float cycle when
      the operator is positioning the bonding head 101, the lower ends of
      piston/cylinder combinations 140, 141 and 142 are all pressurized. A
      sufficient amount of pressure is maintained in piston/cylinder
      combinations 141, 142 to tend to lift the base plate 130 towards table
      220, thus holding the pins 228, 229 in engagement with slide 232. At the
      same time, sufficient pressure is maintained on the lower side of
      piston/cylinder combination 140 to balance the total weight of the system
      carried by piston rod 140P.
PAR  Once the operator has, in accordance with the invention, properly located
      the bonding head 101 with respect to a particular battery post/connector
      combination 144 to be bonded--viz., when the head is in the position shown
      in FIGS. 4 and 5--the operator will depress the clamp button 162 (FIG. 5),
      thus setting the pneumatic clamps (not shown), to lock the carriage and
      subcarriage assemblies 120, 128 in a fixed position where further X- or Y-
      oriented movement is precluded. At the same time, the lower end of
      piston/cylinder combinations 141, 142 are depressurized so as to relieve
      the force tending to separate the stationary base plate 130 and table 220,
      thereby permitting the slide 232 to move to the left as viewed in FIG. 15
      without interference by the pins 228, 229. Piston/cylinder combination 234
      is simultaneously activated to move the slide 232 to the left so as to
      align the slide openings with respect to the bearing sleeves 230, 231.
      Sufficient pressure is now applied to the upper side of piston/cylinder
      combination 140 to overcome the float pressures theretofore established,
      thus permitting table 220 to move downwardly along with piston 140P and
      ram 205 until the electrode 164 engages the top of the battery post
      disposed within the ram assembly 146. During such downward movement, pins
      228, 229 are free to move upwardly through bearing sleeves 230, 231
      respectively, and through the openings in the slide 232 which are now
      aligned with the bearing sleeves.
PAR  The operator will next depress the "bond initiate" button 168 (FIG. 5),
      thereby initiating current flow through the electrode 164 in the manner
      previously described. As the electrode 164 is heated and the lead in
      engagement therewith is melted, the ram 205 and electrode 164 are free to
      move downwardly following the melting post until such time as the
      thumbwheel stop 224 engages bracket 221. At this point in the operating
      cycle, activation of limit switch LS-1 initiates a dwell period of
      predetermined duration, after which the bond power is turned OFF and the
      pressure on piston/cylinder combination 140 is reversed to retract the ram
      205. While sufficient pressure is established on the lower end of the
      piston/cylinder combination 140 to move the ram 205 upwardly, not enough
      pressure is supplied to lift the weight of the bonding head 101 itself
      and, consequently, the barrel 209 remains in its lowermost position in
      engagement with the connector 151 being bonded.
PAR  In carrying out the present invention, provision is made for automatically
      lifting the bonding head 101 off the bonded battery post/connector
      combination upon completion of a bond cycle and after sufficient time is
      allowed for the molten lead to cool and solidify. To accomplish this, when
      the ram 205 is retracted, a suitable time delay is established which
      controls the cooling cycle. At the same time, a pair of pneumatically
      actuated clamps 240, 241 (FIG. 13) mounted on plate 136 of sub-carriage
      assembly 128 are actuated so as to clamp onto the upper ends of a pair of
      upstanding posts 242, 244 which are rigidly connected at their lower ends
      to table 220, thus locking the table 220 in a fixed position relative to
      plate 136 and preventing further upward movement of the table 220. When
      the time delay device times out, indicating completion of the cooling
      cycle, the piston/cylinder combination 234 (FIG. 15) is again actuated to
      reset slide 232 in position blocking pins 228, 229 and the lower ends of
      piston/cylinder combinations 141, 142 are pressurized so as to lift the
      base plate 130 up relative to the table 220 which is locked in position by
      clamps 240, 241 and posts 242, 244. As a result, the base plate 130 and
      ram assembly 146 "hop" upwardly a short distance until the pins 228, 229
      again engage the slide 232 and, continued pressure on the lower ends of
      cylinders 141, 142 then serves to urge the base plate 130 upwardly with
      the plate 130 and table 220 being held apart by pins 228, 229 which are in
      engagement with slide 232. At this point, the pneumatically actuated
      clamps 240, 241 are released, piston/cylinder combination 140 is
      repressurized to establish to the balanced float condition, and the
      pneumatic clamps (not shown) which serve to lock the carriage and
      sub-carriage assemblies 120, 128 to the rails are released, thereby
      permitting the operator to relocate the bonding head 101 in position to
      bond the next battery post/connector combination 144.
PAR  Provision is preferably made for continuously flushing the region where
      bonding takes place with an inert gas such, for example, as nitrogen, so
      as to minimize the effect of oxidants present and to entrain such oxidants
      and remove them from the region of the bond. To accomplish this, and as
      best illustrated in FIG. 16, the illustrative apparatus is provided with a
      gas inlet port, generally indicated at 328, which is coupled to a source
      of nitrogen (not shown). The gas supply line in the exemplary form of the
      invention is connected to a fitting 329 which is threaded into the upper
      end of the barrel assembly 209 and which communicates with a vertical bore
      330 formed in the barrel 209. As here shown, the lower end of the supply
      bore 330 is coupled directly to a gas diffusion ring 331 which is
      positioned at the lower end of ceramic sleeve 210 and interposed between
      the sleeve 210 and the insulator 212. The gas diffusion ring 331 is
      preferably formed of a phenolic material or any other suitable insulating
      material, and is provided with a series of peripherally disposed inlet
      ports 332 which permit of the introduction of a plurality of inert gas
      streams into the reservoir and towards the axis thereof.
PAR  For the purpose of positively withdrawing the gas introduced into the
      reservoir together with all contaminants entrained therein, a suitable
      vacuum type extractor (not shown) is coupled to an exhaust manifold 334
      which is positioned to surround aligned radial bores 335, 336 formed in
      the lower ends of the barrel 209 and ceramic sleeve 210 respectively. The
      arrangement is such that inert nitrogen gas is continuously supplied to
      the reservoir through the gas diffusion ring 331 so as to neutralize and
      entrain oxidants and other contaminants present in the region of the bond
      which are then removed from the area of the bond by the extractor through
      the ports 335, 336 and the manifold 334.
PAR  In an effort to further minimize the effects of oxidation, provision is
      also made for applying a suitable reducing agaent or flux 338 (FIGS. 11a
      and 11b) to the parts to be bonded. Such agents have been found to have a
      marked effect on the cosmetic appearance of the bond and, this is believed
      to result from the fact that the flux acts as a surfactant, thereby
      enhancing the surface tension of the molten lead. Severe limitations are
      present when selecting materials to be used as a reducing agent in battery
      bonding operations because many of such materials are known to be
      incompatible with the electrolytic acid present in, or to be added to, the
      battery. It has been found, however, that excellent results are achieved
      when utilizing pitch (a common asphalt based, bituminous battery sealing
      compound) as a flux. Indeed, experiments have shown that the use of pitch
      as a reducing agent in a positive displacement casting system utilized in
      the formation of lead-to-lead bonds in the battery industry has resulted
      in substantially complete release of contaminants present, thereby
      creating a substantially uninterrupted, smooth lead surface in the
      finished bond.
PAR  Provision has also been made for shaping the electrode 164 so as to insure
      that relatively smooth, flat bonds (such as the bond 161 depicted in FIGS.
      5 and 11e are obtained in virtually every lead-to-lead bonding operation.
      To accomplish this, and as best illustrated in FIGS. 11a - 11d and FIG.
      16, the electrode 164 is preferably formed with an annular downwardly
      depending ring 340 which is co-axial with the electrode. Preferably, the
      ring is dimensioned to have a median diameter approximately equal to that
      of the upstanding flange 155 on the bushing 149 to be bonded (FIG. 10),
      thereby insuring that the ring 340 will engage and penetrate substantially
      into the entire periphery of the bushing flange 155. Moreover, it has been
      found that the provision of the annular ring 340 on the tip of the
      electrode 164 serves to reduce the total amount of lead that has to be
      converted to the molten state in order to achieve a satisfactory bond and,
      additionally, the change in the shape of the electrode serves to improve
      the shrink characteristics of the molten lead, thereby insuring that all
      bonds created meet even the most rigorous standards from a cosmetic
      standpoint, and are substantially devoid of cold shoulders, pits, crevices
      and the like.
PAR  In order to couple the power supply (not shown) for the electrode 164 to
      the ram 205 and, as best illustrated by reference to FIGS. 13 and 15
      conjointly, a pair of tubular conduits 341, 342 are provided which are
      respectively secured at their lower ends to bracket 226 and base plate 130
      of the bonding head 101. The upper ends of the conduits 341, 342 (which
      are preferably made of stainless steel or other self-supporting material)
      pass upwardly through openings 344 formed in plate 136 on sub-carriage
      assembly 128, with the upwardly projecting portions of the tubes passing
      through and being engaged by a series of guide rollers 345. The
      arrangement is such that as the ram assembly 146 and, therefore, bracket
      226 and base plate 130, move up and down in a Z-oriented direction, the
      tubes 341, 342 also move up and down between the guide rollers 345.
PAR  In carrying out this aspect of the invention, the power supply cables (not
      shown)--which normally comprise limp, hollow rubber tubing containing the
      copper conductors--are fed downwardly through the tubes 341, 342. The
      cable passing through tube 341 is electrically connected to the bracket
      226 and is, therefore, electrically connected to the ram 205 to which
      bracket 226 is welded. Similarly, the power cable passing downwardly
      through tube 342 is electrically connected directly to a flange 346 (best
      illustrated in FIG. 16) which is integral with the barrel 209.
PAR  In order to provide suitable cooling for an overall positive displacement
      casting system of the type herein disclosed, including cooling of the
      power cables which pass through the tubes 341, 342, a continuous
      circulatory coolant fluid system is provided. To this end, and as best
      illustrated by reference to FIGS. 15 and 16 conjointly, it will be
      observed that a coolant fluid inlet conduit 350 is disposed within tube
      341 and is coupled at its lower end to a horizontal bore 351 formed in
      bracket 226. The inboard end of bore 351 is, in turn, coupled to the upper
      end of one leg of a vertically disposed "U-shaped" cooling bore 352 formed
      in the ram 205, with the upper end of the other leg of the U-shaped bore
      352 being coupled to a second transverse bore 354 formed in bracket 226.
      The coolant fluid for the system is then fed through a fitting 355 into a
      flexible conduit 356 having its opposite end connected to a similar
      fitting 358 on a manifold 359 mounted on the bottom of base plate 130. A
      coolant tube 360 passes from the manifold 359 around the flange portion
      346 of barrel 209 so as to provide for cooling of the upper end of the
      barrel. The opposite end of the conduit 360 is connected back to the
      manifold 359 and, from there, to a coolant fluid outlet conduit 361
      passing upwardly through tube 342. Thus, coolant fluid fed through the
      inlet conduit 350 (FIG. 16) first serves to cool the power cable in tube
      341. The coolant then passes through the ram 205 for the purpose of
      cooling the upper end of the ram and, from there, to the conduit 360
      surrounding the upper end of the barrel 209 so as to insure cooling of the
      upper end of the barrel. Finally, the continuously circulating coolant is
      then returned upwardly through conduit 361 disposed within the tube 342,
      thereby serving to cool the power cable contained therein.
PAR  In some instances, it may be desirable to circulate coolant fluid to other
      portions of the system. To enable this, and as best illustrated in FIG.
      15, a second fitting 362 is provided on the lower surface of manifold 359.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for bonding n (where n is equal to two or more) meltable
      component parts together by a positive displacement molecular fusion
      bonding process, said apparatus comprising, in combination:
PA1  a. means for supporting said n meltable component parts on an upstanding
      vertically oriented work axis, at least one of said components having an
      annular locating collar coaxial with said work axis;
PA1  b. a frame;
PA1  c. a bonding head carried by said frame in a position overlying the
      component parts;
PA1  d. a barrel carried by said bonding head for movement along said work axis
      into sealing engagement with the component parts to be bonded;
PA1  e. a ram carried by said bonding head for movement along said work axis,
      said ram being coaxial with said barrel and capable of axial movement
      therethrough;
PA1  f. means for moving said head to a position where said ram and barrel are
      coaxial with said work axis;
PA1  g. means for advancing said barrel and said ram into engagement with said
      component parts and with said locating collar extending upwardly into said
      barrel;
PA1  h. means for locking said bonding head in position when said locating
      collar is properly positioned within the lower end of said barrel;
PA1  i. means for heating said ram to a temperature sufficiently high to melt
      those portions of the component parts in the path of ram movement;
PA1  j. means advancing said ram through said barrel and said component parts
      along said work axis as said heated ram melts the portions of said
      component parts in the path of ram movement, whereby the molten material
      formed is displaced by said ram into said barrel and stored therein in
      heat transfer relation with said ram and a cavity is formed in said
      component parts;
PA1  k. means for axially retracting said ram from said component parts so as to
      enable the displaced molten material stored in said barrel to flow back to
      said cavity where said material is permitted to cool and solidify to form
      a uniform molecular fusion bond between said component parts with said
      bond being coextensive with the degree of penetration of said ram into
      said component parts;
PA1  l. means for axially retracting said barrel from engagement with said
      component parts following cooling and solidification of said molten
      material; and,
PA1  m. means for releasing said head locking means upon axial retraction of
      said barrel.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 further including a carriage carried
      by said frame with freedom for movement along a first lineal path, a
      sub-carriage carried by said carriage with freedom for movement along a
      second lineal path perpendicular to said first path, and wherein said head
      is carried by said sub-carriage.
NUM  3.
PAR  3. The method of bonding n (where n is equal to two or more) meltable
      component parts together by a positive displacement molecular fusion
      bonding process, said method comprising the steps of:
PA1  a. supporting the n meltable component parts on an upstanding vertically
      oriented work axis with at least one of the component parts having an
      annular locating collar coaxial with the work axis;
PA1  b. positioning a bonding head having a barrel and a coaxial ram above the
      component parts;
PA1  c. moving the head to a position where the ram and barrel are coaxial with
      the work axis;
PA1  d. advancing the barrel and the ram into engagement with the component
      parts and with the locating collar extending upwardly into the barrel;
PA1  e. locking the bonding head in position when the locating collar is
      properly positioned within the lower end of the barrel;
PA1  f. heating the ram to a temperature sufficiently high to melt those
      portions of the component parts in the path of ram movement;
PA1  g. advancing the ram through the barrel and the component parts along the
      work axis as the heated ram melts the portions of the component parts in
      the path of ram movement, whereby the molten material formed is displaced
      by the ram into the barrel and stored therein in heat transfer relation
      with the ram and a cavity is formed in the component parts;
PA1  h. axially retracting the ram from the component parts so as to enable the
      displaced molten material stored in the barrel to flow back to the cavity
      where the material is permitted to cool and solidify to form a uniform
      molecular fusion bond between the n component parts with the bond being
      coextensive with the degree of penetration of the ram into the n
      components parts;
PA1  i. axially retracting the barrel from engagement with the component parts
      following cooling and solidification of the molten material; and,
PA1  j. releasing the head locking means upon axial retraction of the barrel.
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ABST
PAL  A conductive wire is bonded to spaced parts of a semi-conductor device by
      an ultrasonic bonding wedge that is formed with side-by-side bonding faces
      of mutually different inclinations. One of the faces makes a forward bond
      having a lesser deformation at an inner end of the bond. The other of the
      bond faces is employed to make a rear bond in which a greater deformation
      is made at an outer end of the bond to facilitate parting of the wire at
      the second bond. A wire guide movably mounted adjacent the bonding wedge
      laterally shifts the wire from one bond face to the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for bonding of
      filamentary type wires and more particularly concerns such methods and
      apparatus for making improved multiple bonds of a single wire to a
      semi-conductor device.
PAR  In the manufacture of semi-conductor devices, small diameter wires, often
      having a diameter considerably less than the diameter of a human hair, are
      attached ultrasonically or by thermal compression to and between various
      contact areas on the devices. These filamentary wires and their
      connections are a major cause of reliability problems encountered in such
      semi-conductive devices. Problems include poor metallization, variable
      wire cross-section, improperly mounted chips, and machine variables
      including holding fixtures, among others. All of these difficulties may
      contribute to a faulty bond of the connecting wire.
PAR  Inadequacies of the bond produced by prior art ultrasonic techniques are
      fundamentally two in number. The first of these is termed "heel cracking"
      or "necking". This is caused by an increased deformation, e.g. decreased
      cross-sectional area and concomitantly increased stress concentration, at
      the inner end of the first bond of a wire that is to be bonded between two
      points. Consequently, upon subsequent handling of the wire or the bonded
      device, the wire may break at the point of increased stress concentration,
      causing an undesirable open circuit.
PAR  A second bonding problem is associated with heavy wire cut-off. The term
      "heavy wire", as employed with regard to semi-conductor connecting wires,
      refers to wires in the order of five to twenty thousandths of an inch in
      diameter, whereas the term "light wire" refers to wires generally less
      than five thousandths of an inch, and normally not greater than two
      thousandths of an inch in diameter.
PAR  Upon completion of the second bond of a heavy wire, the wire must be
      parted, or cut, at the outer end of the second bond as close to the bond
      and contact pad as possible. This is done to avoid a protruding tail that
      may interfere with other closely adjacent contact pads or wires. In some
      arrangements, it is necessary to provide a separate cut-off knife and
      thus, an additional step is required for parting of heavy wire. Other
      prior arrangements for heavy wire parting are shown in the patents to
      Reber U.S. Pat. No. 3,347,442 and Machino et al. U.S. Pat. No. 3,648,354.
PAR  Typical apparatus for ultrasonic wire bonding in which the bonding wedge is
      rocked for the second bond cut-off are shown in the patents to Pennings
      U.S. Pat. Nos. 3,305,157 and 3,328,875.
PAR  The cut-off blade is complicated, expensive, difficult to repair and
      adjust, potentially destructive to the semi-conductive devices, and is
      easily damaged. In tilting machines, attempts have been made to decrease
      the effects of the necking or heel cracking by tilting the bonding wedge
      forward during the first bond and rearwardly during the second bond.
      However, because of practical mechanical considerations, the amount of
      tilt is so small as to be of questionable value.
PAR  In the patents to Eltzroth et al. U.S. Pat. Nos. 3,689,983 and 3,718,272, a
      bonding wedge is provided with forward and aft longitudinally extending
      relief grooves for the purposes of minimizing necking of the wire at the
      bonds. Although this arrangement may somewhat decrease the necking
      problem, it can only aggravate the wire cut-off problem, particularly with
      regard to heavy wire, because the very arrangement that is directed toward
      solution of the necking problem inherently intensifies the cut-off
      problem.
PAR  Recognizing the conflict between heel cracking or necking on the one hand
      and wire cut-off requirements on the other, U.S. Pat. No. 3,627,192 to
      Killingsworth suggests a balance between a sharp corner which would
      facilitate breaking the wire, and a rounded corner which would reduce
      imprinting the wire, but which makes parting more difficult. Such a
      solution is a compromise at best and does not optimumly solve either of
      the two problems.
PAR  Accordingly, it is an object of the present invention to bond a wire at a
      first point with improved wire strength and at a second point with
      improved parting characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out principles of the present invention in accordance with a
      preferred embodiment thereof, a bonding wedge is provided with first and
      second side-by-side working heads having bond faces of mutually different
      configurations. A first configuration is optimized for a first bond and
      the second configuration is optimized for a second bond. The method of the
      invention is practiced by bonding a wire at a first point by means of a
      wire contact area of a first configuration and then bonding the same wire
      at a second point by means of a wire contact area of a second
      configuration. According to a feature of the invention, the two bond faces
      or contact areas are positioned side-by-side and the wire is shifted
      laterally from one to the other for making the first and second bonds
      respectively. Where the two bond faces are oppositely inclined, the wire
      is shifted back to registry with the first bond face after making the
      second bond.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a portion of a semi-conductor device and a filamentary
      type wire being bonded thereto;
PAR  FIG. 2 illustrates configuration of a wire section deformed for a first
      bond commonly made with prior art methods and apparatus;
PAR  FIG. 3 is a perspective view of a preferred embodiment of the tip of a
      bonding wedge of the present invention, having two bonding faces;
PAR  FIGS. 4 and 5 are side elevational views of the lower end of the bonding
      wedge of FIG. 3;
PAR  FIG. 6 is a perspective view of a wire section deformed for a first bond
      formed with the bonding wedge of FIG. 3;
PAR  FIG. 7 is a section of the wire section of FIG. 6;
PAR  FIG. 8 is a perspective view of a second bonded wire section made with the
      wedge of FIG. 3;
PAR  FIG. 9 is a cross-section of the bonded wire section of FIG. 8;
PAR  FIG. 10 is a perspective view of a modified bonding wedge having two bond
      faces;
PAR  FIGS. 11 and 12 are front and side elevational views respectively of the
      bonding wedge of FIG. 10;
PAR  FIG. 13 is a perspective view of a bonded wire section formed with the
      second bond face of the wedge of FIG. 10;
PAR  FIG. 14 is a sectional view of the bonded wire section of FIG. 13;
PAR  FIG. 15 is a perspective view of a second modification of the bonding wedge
      of FIG. 3;
PAR  FIG. 16 is a side view of the bonding wedge of FIG. 15;
PAR  FIG. 17 illustrates a third modification of the bonding wedge, being a
      perspective view showing wire positioning grooves in the bond faces;
PAR  FIG. 18 is a side view of the wedge of FIG. 17;
PAR  FIGS. 19 and 20 show a fourth modification of the bonding wedge of FIG. 3;
PAR  FIGS. 21 and 22 show a fifth modification of the bonding wedge of FIG. 3;
PAR  FIG. 23 is a side-elevational view of ultrasonic bonding apparatus
      employing a multiface bonding wedge of the present invention together with
      wire shifting means therefor;
PAR  FIG. 24 is a perspective view of part of the apparatus of FIG. 23;
PAR  FIG. 25 is an enlarged view of parts of the apparatus of FIGS. 23 and 24,
      showing a wire being bonded;
PAR  FIG. 26 is a section taken on lines 26--26 of FIG. 23;
PAR  FIG. 27 is a section taken on lines 27--27 of FIG. 23; and
PAR  FIG. 28 is a section taken on lines 28--28 of FIG. 26.
DETD
PAC  DETAILED DESCRIPTION
PAR  Illustrated in FIG. 1 is a portion of a semi-conductor chip 10 having first
      and second contact pads 12, 14 between which a fine electrically
      conductive wire 16 is connected. Bonds that provide both physical and
      electrical connection between the wire and the pads are conventionally
      made by thermal compression bonding or by ultrasonic wire bonding. It will
      be readily appreciated, as the description proceeds, that principles of
      the present invention may be applied to either of these common types of
      fine wire bonding. Nevertheless, the invention has been embodied in
      methods and apparatus for ultrasonic bonding and it is with respect to
      ultrasonic bonding that preferred modes of practicing the invention are
      disclosed.
PAR  Ultrasonic bonds of the wire are made by pressing a wire contact area or
      bond face 18 or a bonding wedge 20 against a first section 22 of the wire
      and, while so pressing the wedge against the wire, employing an ultrasonic
      transducer (not shown in FIG. 1) to vibrate the wedge for a short time.
      The vibration is generally in a direction extending along the length of
      the wire. A peak to peak vibratory motion of some 50 to 100 microinches
      may be employed to form a secure mechanical bond between the wire section
      22 and the pad 12. With the first bond of wire section 22 completed, the
      bonding tool, or wedge 20, is raised and moved rearwardly (to the right in
      FIG. 1) relative to the wire and the circuit chip or substrate 10, or the
      wedge is only raised and the chip is moved, until the wedge is positioned
      substantially vertically above a second point of contact, contact pad 14.
      The wedge is again lowered, pressing a second section 24 of the wire
      against the contact pad 14 and again simultaneously vibrating the bonding
      wedge for a short period. This completes the two bonds. Thereafter,
      according to various teachings of the prior art, a knife (not shown) may
      be employed to part the wire 16 at the outer end (toward the right in FIG.
      1) of the second bond section 24, or as in the above-identified patents to
      Pennings, the bonding wedge may be pivoted rearwardly to press its heel 25
      against the wire at the outer end of the bond section 24 thereby weakening
      the wire which is then parted by applying a tensile force thereto.
PAR  Even when bonding light wire, it is important according to prior art
      techniques, that the heel 25 of the bonding wedge 20 provide an area of
      increased stresses at the outer end of the bond so that the wire may be
      parted precisely at this point without a remaining "tail" and with a
      minimum of applied tensile force. Tensile force applied in parting the
      wire must be kept to a low value since a number of pairs of bonds may be
      made and tension is applied to a relatively long length of wire between a
      wire reel (not shown in FIG. 1) and a point at which the wire is to be
      parted. Thus, parts of the wire between the second bond and a wire supply
      reel are repeatedly subjected to the tensile force applied during parting
      of the wire at the several second bonds. This may considerably degrade
      reliability and uniformity of the wire connection.
PAR  For optimum characteristics of the first bond section 22, on the other
      hand, it is desirable to minimize the stress concentration at the inner
      end of the bond. Nevertheless, because the conventional tool is a
      compromise between characteristics desired for the first bond and
      characteristics desired for the second bond, the first bond may take a
      configuration such as that illustrated in FIG. 2, when employing prior art
      techniques. As can be seen in FIG. 2, the inner end of the first bond
      section 22 is formed with a heel mark 28 when using prior art techniques.
      At this heel mark 28, the cross-section of the wire is generally smaller
      because of extrusion of the wire longitudinally. The smaller cross-section
      provides a weakened area on the wire. In addition, there is a sharp
      discontinuity at the heel mark which provides a generally transverse line
      of greatly increased stress concentration.
PAR  It is this combination of decreased cross-sectional area and the so-called
      stress riser present in areas of increased stress concentration that
      causes heel cracking and accordingly, major reliability problems. Merely
      rounding the heel 25 or relieving its rearward edge will not solve the
      bonding problem. This is so because this very rounding to ease the necking
      and heel cracking of the first bond makes it difficult if not impossible
      to properly, efficiently and repeatedly sever the wire at exactly the
      outer or rearward end of the second bond. If the bonding wedge working
      head configuration is arranged to provide an area of increased strength at
      the rearward end of the first bond, it will likewise provide a bonding
      area of increased strength at the rearward end of the second bond. Thus,
      tensile force applied to the wire will not cause separation of the wire at
      the desired point since such point is not weakened. To the contrary, the
      wire may part at any place, leaving long and unwieldy tails and
      interfering with the subsequent feed of the wire for the next set of
      bonds. Alternatively, use of a knife for parting entails many difficulties
      and particularly endangers the sensitive and minute parts upon which the
      bonding takes place.
PAC  BONDING WEDGE
PAR  According to principles of the present invention, first and second bonds of
      a fine wire are made without compromise of either of the bonds. This is
      achieved by employing a pair of juxtaposed bonding surfaces or wire
      contact areas, each of which is made with a configuration that is optimum
      for one of the bonds that is to be made. Thus, as illustrated in FIGS. 3,
      4 and 5, a bonding wedge 30 is formed with an elongated body 32 having a
      longitudinal axis 34 and side and rear surfaces 36, 38, 40 which taper to
      provide a working tip 42 of generally decreased dimensions.
PAR  In accordance with the present invention, the bonding wedge is formed with
      a pair of side-by-side working heads integral with each other. The two
      working heads provide a first bonding surface or wire contact area 44 and
      a second bonding surface or wire contact area 46, which are of mutually
      different configurations, each specifically arranged for a different one
      of the forward and rearward bonds. In the embodiment of FIGS. 3, 4, and 5,
      wire contact area 44 slopes upwardly and rearwardly with respect to the
      longitudinal axis 34 of the tool, whereas wire contact area 46, which is
      arranged to make the second bond of a pair, slopes upwardly and forwardly
      with respect to the axis 34. In the described embodiment, the two areas or
      surfaces are mutually opositely inclined and differently oriented with
      respect to the axis 34. They are so inclined by mutually equal angles 48,
      50 (FIG. 5). It will be readily appreciated that these angles need not be
      equal to each other and may vary as required for particular applications
      of vibration, wire size and pressures employed. In a preferred embodiment,
      each of the angles, 48, 50, is approximately 10.degree.. Forward and
      rearward edges of each of the surfaces 44 and 46 are formed with a
      suitable curvature. Radius of this curvature in a preferred embodiment is
      approximately one thousandth of an inch for light wire. The radii of these
      edges 52, 54 and 56, 58, may be larger, in the order of three thousandths
      of an inch for heavy wire. However, for such heavy wire, the rear corner
      58 of the second bond surface 46 will preferably be formed with a smaller
      radius of curvature or with a projecting lip as will be described below in
      connection with FIGS. 10, 11 and 12. Nevertheless, significant features of
      the dual side-by-side working heads of bonding wedge 30 are the oppositely
      directed inclinations of the two bonding surfaces.
PAR  Surface 44, which makes the first wire bond, tapers rearwardly and upwardly
      to provide a deformation of the bonded wire section having a congruent
      taper. Surface 46 tapers rearwardly and downwardly to likewise provide a
      deformation with a congruent taper. FIGS. 6-9 illustrate the improved wire
      deformation patterns, for first and second bonds, achieved by the bonding
      wedge of FIGS. 3, 4 and 5. As shown in FIGS. 6 and 7, a first bonded wire
      section, made by the first wire contacting area 44, has a pattern of
      deformation indicated generally at 60. This deformation tapers from a
      maximum depth (magnitude of deformation) at its outer or forward end 62 to
      a minimum depth or magnitude of deformation at its rearward or inner end
      64. Thus, the inner end of the bonded wire section has relatively greater
      strength. Similarly, the configuration of the secnd wire contact area 46,
      which is specifically designed for the second bond, provides a pattern of
      deformation of the wire section at the second bond as illustrated in FIGS.
      8 and 9. Here the deformation, generally indicated at 66, tapers outwardly
      from an inner end 68 of the bond section wherein the deformation is
      minimum, toward an outer end 70 of the bond section, where the deformation
      is of greater magnitude. Further, a stress riser may be introduced by a
      sharp corner at the heel of the bonding tool. Accordingly at this outer
      end 70, the wire section is relatively weakened and a relatively slight
      tensile force imparted to the wire will sever the wire precisely at this
      outer end of the second bond section.
PAR  Apparatus for holding, moving and operating the bonding wedge is described
      in detail below and illustrated in FIGS. 23 through 28. In use of the
      described multiface bonding tool, the first wire contact surface of the
      first working head, surface 44, is positioned over the section of the wire
      at which the first bond is to be made. The tool is then moved downwardly
      along the direction of its longitudinal axis 34, pressed against the wire
      and then vibrated to form the first bond, which has an optimum pattern of
      deformation as illustrated in FIGS. 6 and 7. The bonding wedge is then
      raised and moved rearwardly relative to the semiconductor chip and
      relative to the wire, the latter having its forward end bonded to the
      workpiece at the first bond. The bonding wedge is moved until it is
      substantially above the section of wire at which the second bond is to be
      made. Because the wire contact area of the second working head is
      positioned laterally of (e.g. transversely with respect to the
      longitudinal extent of the wire to be bonded) the first wire contact area,
      it is necessary that the bonding wedge be laterally shifted or that the
      wire be laterally shifted.
PAR  Relative motion of the wire and the wedge is necessary to position the wire
      in operative relation with respect to the second wire contact surface 46.
      This relative lateral motion may take place immediately after making the
      first bond, during the course of the rearward motion of the bonding tool,
      or after the bonding tool has obtained its second position in substantial
      registry with the point at which the second bond is to be made. In any
      event, the wire is laterally shifted relative to the bonding tool to
      position the wire under the second wire contact surface 46, the bonding
      wedge is again lowered to press the wire against the second contact pad of
      the circuit chip and the wedge is vibrated. This produces the second bond
      with a wire section having the deformation pattern illustrated in FIGS. 8
      and 9. A tensile force is then applied to the wire, which precisely parts
      at its rearward or outer end 70. The parting tensile force is preferably
      applied while the tool is still pressed (but not vibrating) against the
      wire or it may be applied after the tool has been lifted. A technique for
      applying parting pressure while the tool is being vibrated has been
      originated by Michael C. Smith and is disclosed and claimed in his patent
      application for Method and Apparatus for Bonding and Breaking Leads to
      Semiconductors, Ser. No. 510417, filed on Sept. 30, 1974. The disclosure
      of the application of Smith is incorporated by this reference as though
      fully set forth herein.
PAR  Now the tool is prepared for a further pair of bonds. The wire must be paid
      out to be positioned under the first wire contact surface 44. However,
      because of the downward and rearward inclination of the second wire
      contact surface 46, this surface may block forward feeding of the wire
      from a position behind the bonding wedge. Accordingly, the wire is once
      again laterally shifted with respect to the bonding wedge upon completion
      of the second bond and parting of the wire. The shifting of the wire is in
      a direction opposite to the shifting that occurred between the first and
      second bonds. This once again positions the wire in operative relation to
      the first wire contact surface 44 whereupon the bonding wedge and the wire
      may be positioned relative to an area at which the next first bond of a
      pair is to be made.
PAC  MODIFIED BONDING WEDGES
PAR  As indicated above, the configuration of bonding wedge illustrated in FIGS.
      3, 4 and 5 is primarily designed for light wire. It may be applied for
      bonding of heavy wire without change, or, by either increasing the
      inclination of the second wire contact surface 46, that is, by increasing
      the magnitude of the angle 48, or by decreasing the radius of the heel 58
      of the second wire contact surface. Nevertheless, for certain bonding of
      heavy wire, it may be desirable to further insure precise parting of the
      wire at the outer end of the second bond. Accordingly, a configuration of
      a pair of side-by-side integral working heads as illustrated in FIGS. 10,
      11 and 12, may be employed for such heavy wire. The bonding wedge of FIGS.
      10-12 is similar to the bonding wedge previously described and includes an
      elongated body 132 having first and second working heads 144, 146, that
      provide wire contact surfaces of mutually opposite inclination with
      respect to the longitudinal axis 134 of the wedge. The angles of
      inclination may be substantially the same as previously described although
      the radii of corners 152, 154 and 156 may be enlarged, being approximately
      three thousandths of an inch for heavy wire. In this arrangement, however,
      the rear or heel of the wire contact area that makes the second bond is
      formed with a downwardly projecting lip 159 which will achieve a
      deformation pattern having an outer area of sharply increased magnitude of
      deformation, as illustrated in FIGS. 13 and 14. The projecting lip 159
      provides a heel of greatly decreased radius of curvature thus provides a
      significally attenuated outer end of the second bond which may be readily
      parted precisely at the desired point by application of relatively light
      tensile force. The increased deformation achieved by lip 159 of the wedge
      of FIGS. 10-12 is designated at 161 in FIGS. 13 and 14.
PAR  Illustrated in FIGS. 15 and 16 is still another modification of the
      side-by-side working heads for providing optimum deformation patterns on
      first and second bonds. In this arrangement, the surface 244 of the first
      working head is substantially flat and lies in a plane perpendicular to
      the longitudinal axis 234 of the wedge body. However, the rearward edge
      254 of the first wire contact surface 244 is formed with a relatively
      large radius to provide an area of decreased deformation and decreased
      stressed risers at the rear or inner end of the first bond. The second
      working head has a substantially flat wire contact surface 246 which is
      formed with a heel 258 of relatively small radius of curvature that
      provides an area of increased deformation at the rear or outer end of the
      second bond to thereby facilitate parting of the wire precisely at the
      rear bond.
PAR  It will be readily appreciated that various grooves and roughened surfaces
      and the like, may be provided in the wire contact surfaces to enhance
      gripping of the wire by the working head. Thus, as illustrated in FIGS. 17
      and 18, an elongated bonding wedge 332 has a first working head 344 formed
      side by side and integrally with a second working head 346. The two
      working heads are formed with mutually oppositely inclined wire contact
      surfaces. In each of the surfaces is formed a respective one of grooves
      345, 347 which are likewise oppositely inclined with respect to each
      other. Thus, the inclination of the grooves and of the wire contact
      surfaces provide the deformation patterns for the first bond and for the
      second bond which are optimum for each of these bonds, respectively.
      Grooves 345, 347 aid in lateral positioning, relative to the wedge, of the
      wire sections to be bonded.
PAR  Another modification of the wire contact areas of the dual working head
      bonding wedge is illustrated in FIGS. 19 and 20. In this arrangement, the
      bonding wedge 432 has a first wire contact area 444 adapted to make the
      first bond. The first wire contact area 444 is substantially flat, lying
      in a plane perpendicular to the tool axis 434 and may have a radius of
      curvature at each of its forward and rearward edges 452, 454 in the order
      of one to three thousandths of an inch. For making the second bond,
      wherein the inner end of the bond is to be of relatively high strength and
      the outer end of the bond is to have an increased deformation so as to be
      of relatively low strength, the wedge of FIGS. 19 and 20 includes an
      integral wire contact area 446 that is differently oriented than the
      surface of area 444, being upwardly and forwardly inclined with respect to
      the tool axis 434. Area 446 terminates in a rear edge 458 of a relatively
      small radius of curvature, such as one thousandths of an inch, for
      example. Thus, a weakened outer end of the second bond is achieved to
      facilitate parting.
PAR  In some situations, a single length of wire may be required to be bonded at
      three or more mutually spaced points along its length. Thus, a first bond
      of such a single wire optimumly will have a relatively high strength inner
      or rearward end and the last bond will have a relatively high strength
      inner or forward end. The last bond also will have a relatively low
      strength rearward or outer end to facilitate parting. One or more
      intermediate bonds are also made, preferably of uniformly higher strength
      at both ends.
PAR  For making such a multi-bond (three or more bonds) connection, a bonding
      wedge such as that illustrated in FIGS. 21 and 22 may be employed wherein
      three closely juxtaposed side-by-side working heads and wire contact areas
      are provided. In the modification of FIGS. 21 and 22, all of these working
      areas are formed as an integral part of a single bonding wedge 532. There
      is a first wire contact surface 544 configured and oriented substantially
      identically to any one of the previously described first wire contact
      area, such as, for example, the wire contact area 44 of FIGS. 4 and 5.
      Also included is a final wire contact area 546 configured and oriented
      just as one of the previously described second wire contact areas, such
      as, for example, wire contact area 46 of FIGS. 4 and 5. As described in
      detail in connection with the prior embodiments, the contact areas 544 and
      546 are mutually oppositely inclined and differently oriented so as to
      provide the optimum wire deformation patterns illustrated in FIGS. 6
      through 9, for example.
PAR  Integrally formed with the side-by-side contact areas 544 and 546 and
      interposed therebetween is a third wire contact area or bonding surface
      545 which is employed to provide intermediate bonds. Preferably, the
      intermediate wire contact area 545 is flat, lying in a plane perpendicular
      to the tool axis 534, whereas the first wire contact area 544 inclines
      upwardly and rearwardly with respect to axis 534 and the second wire
      contact area 546 inclines upwardly and forwardly with respect to such
      axis. As previously described in connection with the use of other
      embodiments, the bonding wedge of FIGS. 21 and 22 is first positioned with
      the contact area 544 over the section of the wire first to be bonded,
      lowered and vibrated to make the first bond. Then the tool is lifted,
      moved rearwardly relative to the wire, and laterally shifted until the
      intermediate contact area 545 is positioned over the wire at a section
      thereof at which a second bond (an intermediate bond) is to be made. The
      tool is again lowered and vibrated to make the second bond. Additional
      intermediate bonds may be made as desirable. Thereafter, the tool is
      raised, once again moved rearwardly of the wire and once again, moved
      laterally with respect to the wire, to position the final wire contact
      area 546 over the wire. Now area 546 is moved downwardly to press against
      the wire and the final bond is achieved, facilitating parting, which is
      accomplished in a conventional manner as described herein.
PAR  Because of the small size of the workpiece and wires, and the relatively
      small distances between adjacent contact pads, it is desirable that the
      bonding wedge, and particularly all of the mechanism thereof that is to be
      positioned in proximity to the work, be as simple and as small as
      possible. Accordingly, the bonding wedges described herein are formed with
      their several juxtaposed working heads made integral with each other.
      Nevertheless, it will be readily appreciated that the two juxtaposed or
      side-by-side working heads and wire contact surfaces may be formed
      separately, to be moved either together or independently of each other,
      and further, may be formed to be either vibrated by a single transducer or
      by separate transducers, all without departing from principles of the
      present invention.
PAC  BONDING WEDGE OPERATING MECHANISM
PAR  Illustrated in FIGS. 23-28 is an exemplary mechanism for operating the
      multi-face bonding wedges described above and for effecting relative
      shifting of the wire and bonding wedge to enable the two (or more) bonding
      surface or wire contact areas to successively operate upon the wire.
PAR  The apparatus of FIGS. 23 through 28 is substantially identical to that
      disclosed in the above identified patent application of Michael C. Smith.
      The Smith application does not show the wire shifting arrangement of the
      present invention, but does disclose in greater detail, specific
      mechanisms, supports, control levers and adjustments for effecting the
      various motions and operations of the apparatus. Moreover, this apparatus
      is similar to that described in the above-identified patents to Pennings,
      but modified as described below to effect lateral wire shifting. A base or
      support 80 carries a motor driven rotating cam 82 which cooperates with a
      cam follower 84 to pivot a cam arm 86 of a bell crank 85 about an axis 88
      on a support arm 87 that is pivoted to the support 80 at a pivot 89. It
      will be understood that the support carries a motor, various gears, cam,
      arms and other mechanisms (not shown), details of which are not necessary
      to an understanding of the present invention. One of such cams is cam 82.
      Clockwise urging of bell crank 85 to hold cam follower 84 against cam 82
      is provided by a spring 79 connected between the bell crank and support
      arm 87. This clockwise bell crank motion is adjustably limited by a stop
      screw 81 threaded through support arm 87 to bear upon a tongue 83 that
      projects rearwardly from the bell crank. Bell crank 85 controls pivoted
      motion of a wire clamp 89 that tensions and feeds the wire 26, as will be
      more particularly described below.
PAR  A transducer assembly 90 is pivotally mounted on a shaft 92 to a support
      frame 91 carried by support 80 for vertical motion under control of
      mechanism (not shown). Details of the arrangement for moving the entire
      transducer assembly about its pivot 92, or vertically with support frame
      91, form no part of the invention since many known arrangements and
      configurations for effecting a lifting and lowering of similar transducer
      assemblies, including those shown by the Pennings patents, are well known
      to those skilled in the art.
PAR  Briefly, the transducer assembly is raised or lowered under control of an
      operator by raising or lowering support frame 91, carrying the entire
      transducer assembly with it. The transducer assembly is pivoted about the
      axis of shaft 92 to precisely control the force applied to press the
      bonding tool upon the wire during bonding. A wire supply reel 101 is
      carried by the support frame 91 to feed the wire 26 through the wire clamp
      89 to the working head of bonding wedge 30. Wire tension is varied under
      operator control, or automatically, in sychronism with the other steps in
      the bonding, to effect parting of the wire after the last bond and to
      grasp the wire for feeding from the supply. Details of such tensioning and
      feeding are described more particularly hereinafter. Tensioning and
      feeding may be conventional, as in the Pennings patents, or may be as
      described in the above identified application of Smith.
PAR  Transducer assembly 90 (FIGS. 24, 26, 27 and 28) comprises a transducer
      mounting frame or clamp 94 that is fixed to the journalled pivot shaft 92
      and apertured to receive a connector element 96 that securely carries a
      transducer tool cone 98. At the other end of the connector element 96 is
      mounted an ultrasonic transducer 100 that is energized by a conventional
      ultrasonic power source 103 under control of a logic circuit 105. Fixedly
      secured to and projecting downwardly from the forward end of transducer
      tool cone 98 is a bonding wedge, such as the bonding wedge 30 of FIGS. 3,
      4 and 5, or a modification thereof. Conveniently, the wedge is positioned
      for vertical adjustment within an aperture in the end of the tool cone 98
      and locked therein by means of a set screw 102.
PAR  Clockwise pivotal movement of transducer assembly 90 about pivot shaft 92
      (pressing the bonding wedge against the work-piece) is urged by a
      combination of the weight of the forward part of the transducer assembly
      and an adjustable spring bias means, such motion being limited by an
      adjustable stop. Details of these elements, not shown in the drawings, are
      not necessary for understanding of the present invention and, moreover,
      are fully disclosed in the above identified application of Michael C.
      Smith.
PAC  LATERAL SHIFTING
PAR  Relative lateral shifting of wire and bonding wedge can be effected by
      moving either the wire or the bonding wedge while the other is stationary,
      or by moving both. Practice of this invention requires only the resulting
      lateral displacement of the wire relative to the working heads. Motion of
      the wire laterally in relation to a relatively stationary bonding wedge is
      employed in the exemplary apparatus disclosed herein.
PAR  To effect positioning and relative lateral shifting of bonding wire respect
      to the working heads of the bonding wedge, there is provided a rigid
      elongated wire shifter shaft 104 that is fixedly mounted in a threaded
      adjustment shaft 106 (FIG. 28) carried in a pair of bearing assemblies
      108, 110 that are secured to the transducer mounting frame 94.
      Accordingly, the wire shifter shaft 104 and adjustment shaft 106 are both
      rotatable in the bearing assemblies about the longitudinal axis 112 of
      shaft 104. Longitudinal adjustment of the wire shifter shaft is provided
      by an adjustment sleeve 114 having an internally threaded end engaging the
      externally threaded adjustment shaft 106 and butting, via an interposed
      washer 115, against the outer surface of bearing 108. A return spring 116
      is compressed between a cross-arm 118, fixed to an outer end of the
      adjustment shaft 106, and a washer 117 at the second bearing 110.
      Accordingly, threaded rotation of the adjustment sleeve 114 in one
      direction will move the shaft 104 to the left, compressing the spring 116,
      whereas rotation in the other direction will allow the spring to move the
      shaft to the right (as viewed in FIG. 28). Thus, the shaft may be moved
      longitudinally toward and away from the bonding wedge 30 to adjust the
      position of the wire with respect to the wire contact areas of the wedge.
PAR  Fixed to an end of the shaft 106 is the pivot shaft cross arm 118 which
      extends perpendicular to the axis of the shifter shaft. The cross arm is
      pivotally connected, by means of a yoke 120, to a wire shifting solenoid
      122 carried upon a solenoid support arm 124 fixed to the mounting block
      94. A second support arm 126 fixed to the mounting block 94 carries a
      housing 128 in which is mounted a tension spring 130 connected between the
      housing 128 and cross arm 118. A pair of stop screws 132, 134 are threaded
      through the support arms 124, 126, respectively, for abutment with the
      cross arm 118 to limit pivotal motion of the cross arm and wire shifter
      shaft.
PAR  Adjustably mounted within an inclined aperture formed in the forwardly
      projecting end of wire shifter shaft 104, and secured therein by a set
      screw 138, is a wire guide 140 (FIGS. 1, 25, 28) in the form of a
      capillary tube having a feed end 142 that is positioned closely adjacent
      but not in contact with the rear face of bonding wedge 30. Wire guide 140
      is inclined with respect to the axis of the wire shifter shaft and its
      feed end 142 projects downwardly and forwardly from the shifter shaft,
      being positioned at a distance from the shaft axis. A bonding wire 26 that
      is to be connected to and between contact pads on the workpiece which is
      carried by a work table 144, is guided by and through the capillary tube
      140 and thence extends upwardly to wire spool 101 (FIG. 23) which provides
      the wire supply.
PAR  When solenoid 122 is energized, cross arm 118 has one of its ends pulled
      toward the solenoid and accordingly, the cross arm together with the wire
      shifter shaft affixed thereto, pivots in a counter clockwise direction as
      viewed in FIG. 27 until its motion is stopped by stop screw 132. Upon
      de-energization of solenoid 122, spring 130 pivots the cross arm together
      with the wire shifter shaft 104 in a clockwise direction as viewed in FIG.
      27 until further motion is prevented by engagement with stop screw 134. As
      the cross arm and shifter shaft 104 pivot about the axis 112 thereof, the
      feed end 142 of the wire guide 140 is shifted laterally of the bonding
      wedge. Accordingly guide 140 is shifted from a first position in which the
      wire that protrudes from its feed end is in operation relation to the wire
      contact area of one of the working heads of the bonding wedge, to a second
      position in which the wire is in operative relation to the other of the
      wire contact areas of the bonding wedge working head.
PAR  Lateral shifting of the feed end of guide 140 and accordingly, of the wire
      which projects therefrom, is substantially linear since the radial
      distance of the feed end from axis 112 is relatively large and the
      distance of the shifting is relatively small, being typically in the order
      of about five thousandths of an inch for light wire and about 25
      thousandths of an inch for heavy wire.
PAR  It deemed necessary or desirable, a third working head may be provided on
      any one of the bonding wedges described herein. Where the bonding wedge
      has three side-by-side working heads, each with a configuration uniquely
      designed to perform a particular type of bond, as in FIGS. 21 and 22, the
      wire shifter shaft may be selectively pivoted to laterally shift the feed
      end of the wire guide into operative relation with each of the three
      working heads.
PAR  Details of wire tensioning and feeding form no part of the present
      invention and a specific arrangement for wire tensioning and parting is
      fully described in the above identified patent application of Michael C.
      Smith. A simplified arrangement of the apparatus of Smith is shown herein
      as including a clamp support arm 150 fixedly carried by mounting block 94
      and rotatably mounting a pivot shaft 152. Wire clamp 103 comprises a pair
      of levers 154, 156 having angulated lower ends that may be moved toward
      each other to grasp wire 26 therebetween. Levers 154, 156 are normally
      urged toward clamping position by a tension spring 158 connected between
      the levers below their common fulcrum which is provided by fulcrum arms
      160, 162. The clamp is caused to release the wire by energization of a
      solenoid 164, connected to one of the levers and between the two above the
      fulcrum.
PAR  Pivot shaft 152 is rotated by a connecting link 166 fixed at one end to
      shaft 152. The other end of link 166 is slotted as at 168 to slidably
      receive a pin 170 fixed to a second arm 172 of bell crank 85.
PAC  OPERATION OF MECHANISM
PAR  In operation of the apparatus described and illustrated in FIGS. 23-28,
      wire is fed from supply reel 101 to project from the feed end 142 of the
      wire guide 140 to a position wherein the end of the wire is below the
      first working head, such as working head 44 for example, of the bonding
      wedge of FIGS. 3, 4 and 5. The transducer assembly is in a relatively
      upper position thereof by virtue of support frame 91 being in an upper
      position. A circuit chip 10 upon work table 144 (FIGS. 25) is now
      precisely positioned below the bonding wedge of manual munipulation of a
      chip holder of the work table. The entire transducer assembly is lowered
      by lowering support frame 91 until the first wire contact area 44 of the
      working head presses the end of the wire against the contact pad 14. The
      transducer is energized to vibrate the working head and wire to complete
      the first bond.
PAR  The transducer assembly is then lifted, being raised with frame 91, while
      solenoid 164 is energized to release the wire from the clamp. Raising the
      transducer assembly after making the first bond moves the guide 140
      relative to the wire. As the bonding wedge is moved into position for the
      second bond, the wire clamp (in release position) is rotated clockwise (as
      viewed in FIG. 24) to move the clamp to the rear, away from wire guide 140
      so as to position the clamp for parting the wire and for feeding more
      wire. With the bonding wedge raised, the wire shifter solenoid 122 is
      energized to shift the feed end of the wire guide laterally with respect
      to the bonding wedge and thereby position the wire in operative relation
      precisely under the second working head, the wire contact area 46 of the
      bonding wedge. Rotation of shaft 104 required to effect the necessary
      lateral displacement of the wire is generally less than 1.degree.. The
      workpiece on the work table is vertically aligned precisely under the
      second working head, wire contact area 46. The solenoid 164 is now
      de-energized to clamp the wire. Frame 91 with transducer assembly 90
      carried thereby is lowered to thereby press the second wire contact area
      46 against the wire. The transducer 100 is again energized to vibrate the
      wire against the second contact pad 12 of the circuit chip 10 and to make
      a second bond. This second bond, as previously indicated, has a weakened
      or attenuated rearward end.
PAR  After the second bond has been completed the wire is parted precisely at
      the attenuated rearward end of the second bond. This is achieved(with the
      wire seized between the clamp jaws) by either further pivoting the clamp
      in a clockwise direction while the bonding wedge is still pressed upon the
      wire or lifting the entire transducer assembly (including the clamp which
      is carried thereby) to exert a parting tensile force on the wire. Because
      the rearward end of the second bond is the most weakened area of the wire
      (having an increased deformation), the wire not only parts precisely at
      such weakened area, but can be parted with application of smaller tensile
      force. Use of smaller tensile force for parting causes considerably less
      working and elongation of the wire between the clamp and second bond.
      Therefore such wire is in better condition for subsequent bonding and
      connections.
PAR  After parting the wire, the assembly is once again lifted from the
      workpiece, if it is not already raised. Wire must now be withdrawn from
      the reel and fed under the bonding wedge for subsequent bonding. However,
      in order that the advancing feed wire clear the rearwardly and downwardly
      inclined heel of the second wire contact area 46 of the second working
      head, the wire is laterally shifted back to a position at wire contact
      area 44. Thus, solenoid 122, which remained energized to hold the wire
      under area 46, is de-energized, allowing spring 130 (FIG. 27) to rotate
      the wire shifter shaft 104 and return the wire guide 140 to its first
      position. Now additional wire may be fed from the supply reel to pass
      under the rearwardly and upwardly inclined surface of the first wire
      contact area 44, and the assembly may be positioned to perform a second
      pair of bonds on the same or some other workpiece. Additional wire is
      withdrawn from the reel and wire pushed through the guide 140 by pivoting
      the clamp (in clamped position) about the axis of shaft 152 in a
      counter-clockwise direction, as viewed in FIG. 24. The clamp is pivoted in
      a clockwise direction (as viewed in FIG. 24) by clockwise rotation of cam
      82 to a point where bell crank 85 is pivoted in a counter-clockwise
      direction about pivot 88 to raise the slotted end of link 166.
      Counter-clockwise pivoting of the clamp is achieved by force exerted by
      spring 79 when the cam has rotated further and cam follower 84 contacts a
      relatively lower (at a lesser radial distance from the cam center) of cam
      82. Alternatively, wire may be pulled from the supply reel while the clamp
      is released and before the wire has been parted, by merely raising the
      transducer assembly to move the latter relative to the wire and pad to
      which it is bonded, then clamping the wire and lowering the assembly.
PAR  The above described operations and motions of the transducer assembly and
      clamp are preferably carried out as an automatically controlled sequence
      of steps initiated by the operator after positioning the chip under the
      raised bonding wedge. Such automatic operations and sequence of steps can
      be controlled by an arrangement of cams and electronic circuit logic 105.
      Alternatively each step may be manually controlled, it being understood
      that the operator is commonly provided with optical devices of high
      magnification to enable visual monitoring, and various motions (such as
      lateral wire shifting) are mechanically defined and limited in direction
      and magnitude.
PAR  The apparatus of FIGS. 23-28 is merely exemplary of various mechanizations
      of wire shifting means for use with the multiple working heads of the
      methods and tools of this invention. Other apparatus may be employed for
      relative wire shifting without departing from principles of the present
      invention.
PAR  There have been disclosed methods and apparatus for making multiple bonds
      upon a single filamentary wire without compromise of desirable
      characteristics of one of the bonds in order to accomplish another of the
      bonds. Use of closely juxtaposed working heads, each uniquely and
      specifically configured for making a particular one of the bonds of
      optimum characteristics and the shifting of the bonding wire relative to
      the working heads for operative engagement with the several heads one
      after the other provides a simple rapid and efficient bonding of greatly
      increased reliability.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Wire bonding apparatus comprising
PA1  a bonding wedge having first and second wire contact areas of mutually
      different orientation, a wire guide having a feed end adjacent said
      contact areas, and
PA1  means for movably mounting said guide with respect to said wedge for motion
      between first and second positions at which a wire extending along said
      guide and from said feed end is in registry with said first and second
      contact areas, respectively, and one at a time.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first and second contact areas are
      of mutually different inclination.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said motion of said guide is transverse
      to the longitudinal extent of a wire extending along said guide.
NUM  4.
PAR  4. An ultrasonic wire bonding wedge comprising
PA1  first and second side by side working heads having wire bonding surfaces
      that are oppositely inclined with respect to each other and mutually
      displaced in a direction transverse to the longitudinal extent of a wire
      to be bonded.
NUM  5.
PAR  5. The wedge of claim 4 wherein one of said surfaces inclines upwardly and
      rearwardly, and wherein the other of said surfaces inclines upwardly and
      forwardly.
NUM  6.
PAR  6. The wedge of claim 4 wherein one of said surfaces includes a downwardly
      projecting lip at a rearward end thereof.
NUM  7.
PAR  7. The wedge of claim 4 wherein said workinig heads are formed integrally
      with each other.
NUM  8.
PAR  8. A wire bonding tool adapted to bond a wire to a workpiece at points
      spaced along the length of the wire, said tool comprising
PA1  a first working head providing a first wire contact area having a
      configuration constructed and arranged for making a first bond of said
      wire without significantly weakening the wire at said first bond,
PA1  a second working head mounted in closed juxtaposition to said first head,
      said second head providing a second wire contact area having a
      configuration constructed and arranged for making a second bond of said
      wire and for weakening said wire at said second bond,
PA1  said second wire contact area being displaced from said first wire contact
      area in a direction transverse to said length of the wire, whereby first
      and second bonds of said wire may be made by shifting the wire both
      longitudinally and laterally relative to said tool to place a first part
      of said wire in contact with said first wire contact area and to place a
      second part of said wire in contact with said second wire contact area,
      and whereby said wire may be readily parted at said second bond.
NUM  9.
PAR  9. The tool of claim 8 including an elongated tool body carrying said
      working heads and having a longitudinal axis, said first and second wire
      contact areas having mutually different inclinations with respect to said
      axis.
NUM  10.
PAR  10. The tool of claim 9 wherein said first and second contact areas are
      inclined with respect to said axis in mutually opposite senses.
NUM  11.
PAR  11. The tool of claim 8 wherein said first wire contact area inclines
      upwardly and rearwardly with respect to said tool body and wherein said
      second wire contact area inclines upwardly and forwardly with respect to
      said tool body.
NUM  12.
PAR  12. The tool of claim 8 wherein said second wire contact area includes a
      wire weakening portion having a relatively small radius of curvature to
      facilitate parting of said wire at an outer end of said second bond.
NUM  13.
PAR  13. The tool of claim 8 including an elongated tool body carrying said
      working heads and having a longitudinal axis, said first wire contact area
      terminating at a rearward end thereof in a convex curve having a
      relatively large radius of curvature, said second wire contact area
      terminating at a rearward end thereof in a convex curve having a
      relatively small radius of curvature.
NUM  14.
PAR  14. The tool of claim 13 including a tool body carrying said working heads
      and defining a longitudinal axis of the tool, at least one of said
      surfaces extending substantially normal to said axis.
NUM  15.
PAR  15. The tool of claim 8 wherein said working heads are positioned side by
      side with respect to the longitudinal extent of the wire.
NUM  16.
PAR  16. The tool of claim 15 wherein said working heads are formed integrally
      with one another.
NUM  17.
PAR  17. The tool of claim 8 wherein at least one of said wire contact areas is
      formed with a wire positioning groove therein extending longitudinally of
      the wire to be bonded.
NUM  18.
PAR  18. The tool of claim 8 including transducer means connected thereto for
      vibrating said working heads.
NUM  19.
PAR  19. A method for bonding a wire to a workpiece at a plurality of points
      mutually spaced along the length of the wire comprising the steps of
PA1  pressing said wire over a first section of its length that is to form a
      first bond and deforming said section in a pattern of deformation that
      decreases in magnitude of deformation from a forward end of said first
      bond toward a rearward end thereof, and
PA1  pressing said wire against said workpiece at a second section of the wire
      that is to form another bond and deforming said second section in a
      pattern of deformation that increases in magnitude of deformation from a
      forward end of said second section toward a rearward end of said second
      section, whereby inner ends of said bonded wire sections are deformed less
      than outer ends of said bonded sections to provide greater strength at
      such inner ends than at such outer ends, concomitantly facilitating
      parting of the wire at the rearward end of said second section.
NUM  20.
PAR  20. The method of claim 19 wherein said step of deforming said first
      section comprises effecting a pattern of deformation that tapers
      rearwardly from a greater depth of deformation at a forward end of said
      first section to a lesser depth of deformation at an inner end of said
      first section.
NUM  21.
PAR  21. The method of claim 19 wherein said step of deforming said second
      section comprises deforming the wire at said second section with a
      deformation that tapers from a lesser depth of deformation at an inner end
      of said second section toward a greater depth of deformation at an outer
      end of said second section.
NUM  22.
PAR  22. The method of claim 19 wherein at least one of said steps of pressing
      the wire against the workpiece icludes the step of imparting a vibratory
      motion to the wire while it is so pressed.
NUM  23.
PAR  23. The method of claim 19 wherein said step of deforming said second
      section includes the step of effecting a deformation that is significantly
      greater at an outer end of said second section than the deformation at an
      inner end of said second section, whereby said wire may be readily severed
      at such end of significantly greater deformation by applying a tensile
      force thereto.
NUM  24.
PAR  24. The method of claim 19 wherein said steps of deforming the wire
      comprise the steps of engaging with said wire first and second working
      heads of mutually different configurations, and including the step of
      shifting the wire with respect to said working heads in both longitudinal
      and lateral directions between said first and second deforming steps.
NUM  25.
PAR  25. The method of ultrasonically bonding a wire to two spaced points of a
      workpiece comprising the steps of
PA1  contacting a first section of the wire with a first working head of a
      bonding wedge,
PA1  vibrating said first working head to effect a first bond, shifting said
      bonding wedge rearwardly and transversely with respect to the longitudinal
      extent of said wire,
PA1  contacting a second section of the wire with a second working head of the
      shifted bonding wedge, and vibrating the second working head to effect a
      second bond.
NUM  26.
PAR  26. The method of claim 25 wherein said steps of contacting said first
      section comprises contacting the wire with a first working head surface
      that inclines upwardly and rearwardly, and wherein said step of contacting
      said second section comprises contacting the wire with a second working
      head surface that inclines upwardly and forwardly.
NUM  27.
PAR  27. The method of ultrasonically bonding a wire to two spaced points of a
      workpiece comprising the steps of
PA1  contacting a first section of the wire with a first working head of a
      bonding wedge,
PA1  vibrating said first working head to effect a first bond,
PA1  shifting said bonding wedge rearwardly and laterally with respect to the
      wire,
PA1  contacting a second section of the wire with a second working head of the
      shifted bonding wedge,
PA1  vibrating the second working head to effect a second bond, and
PA1  parting said wire at said second bond and then shifting the bonding wedge
      laterally with respect to the wire in a direction opposite to the
      direction of said first mentioned lateral shifting in order to prepare for
      further bonds.
NUM  28.
PAR  28. Wire bonding apparatus comprising
PA1  a support,
PA1  a work holder mounted to the support,
PA1  a bonding wedge movably mounted to said support,
PA1  said wedge having first and second working heads mounted in side by side
      relation and adapted to be moved to and from a workpiece carried by the
      work holder,
PA1  a wire guide movably mounted to said support and having a wire feed
      adjacent said working heads, and
PA1  means for effecting relative motion of said bonding wedge and wire guide
      transversely to the longitudinal extent of a wire to be bonded to position
      said wire feed in operative relation with respect to one or the other, but
      not both, of said working heads.
NUM  29.
PAR  29. The apparatus of claim 28 wherein said wire guide comprises a wire feed
      tube having an axis inclined with respect to the axis of said bonding
      wedge and having a feed end thereof in close proximity to said working
      heads, and wherein said means for effecting relative lateral motion of
      said bonding wedge and wire guide comprises means for shifting said wire
      feed tube transversely of its own axis.
NUM  30.
PAR  30. The apparatus of claim 29 wherein said means for shifting said feed
      tube comprises a wire shifter shaft movably mounted with respect to said
      bonding wedge, and means for securing said wire feed tube to said shifter
      shaft.
NUM  31.
PAR  31. Wire bonding apparatus comprising
PA1  a support,
PA1  a work holder mounted to the support,
PA1  a bonding wedge movably mounted to said support,
PA1  said wedge having first and second working heads mounted in side by side
      relation and adapted to be moved to and from a workpiece carried by the
      work holder,
PA1  a wire guide movably mounted to said support and having a wire feed
      adjacent said working heads, and
PA1  means for effecting relative lateral motion of said bonding wedge and wire
      guide to position said wire feed in operative relation with respect to one
      or the other of said working heads, said wire guide comprising a wire feed
      tube having an axis inclined with respect to the axis of said bonding
      wedge and having a feed end thereof in close proximity to said working
      heads, and wherein said means for effecting relative lateral motion of
      said bonding wedge and wire guide comprises means for laterally shifting
      said wire feed tube, said means for shifting said feed tube comprising a
      wire shifter shaft movably mounted with respect to said bonding wedge, and
      means for securing said wire feed tube to said shifter shaft,
PA1  being mounted for pivotal motion with respect to said bonding wedge about a
      pivot axis that is angulated with respect to said bonding wedge.
NUM  32.
PAR  32. The apparatus of claim 31 wherein said pivot axis of said shifter shaft
      coincides with the longitudinal axis of said shaft and wherein said wire
      feed tube projects at an angle from an end of said shaft, whereby pivotal
      motion of said shaft about its axis will swing an end of said wire feed
      tube in a lateral direction with respect to said working heads.
NUM  33.
PAR  33. The apparatus of claim 29 including a bonding wedge mounting block
      fixed to the bonding wedge for movably mounting the wedge to said support,
      said means for laterally shifting said wire feed tube comprising a
      crossarm pivoted to said mounting block, a return spring connected between
      said bonding wedge mounting block and one side of the crossarm, and a
      motive device connected to pivot the crossarm in opposition to the return
      spring.
NUM  34.
PAR  34. Ultrasonic bonding apparatus comprising
PA1  a support,
PA1  a transducer tool cone mounted to the support for motion to and from a
      workpiece,
PA1  a transducer connected to impart vibration to said tool cone, a bonding
      wedge carried by said tool cone and projecting therefrom, said bonding
      wedge comprising a pair of side by side working heads, said bonding wedge
      having an elongated body with a longitudinal axis,
PA1  a wire shifter shaft mounted for pivotal motion relative to said tool cone
      about a second axis substantially normal to said longitudinal axis,
PA1  a wire feed tube fixed to said shifter shaft and having a feed end
      positioned closely adjacent said working heads, and means for effecting
      limited pivotal motion of said shifter shaft about said second axis to
      effect lateral shifting of said feed end of said wire feed tube and also
      of a wire extending therethrough, with respect to said working heads,
      whereby a wire extending through said feed tube may be operatively
      positioned with respect to one or the other of said working heads.
NUM  35.
PAR  35. The apparatus of claim 34 wherein said working heads have mutually
      different configurations to provide mutually different bonds upon a wire
      extending through said feed tube.
NUM  36.
PAR  36. The apparatus of claim 34 wherein said working heads have mutually
      different inclinations with respect to the longitudinal axis of said
      bonding wedge.
NUM  37.
PAR  37. The apparatus of claim 34 wherein said working heads are oppositely
      inclined with respect to the longitudinal extent of a wire extending
      through said feed tube.
NUM  38.
PAR  38. The apparatus of claim 34 including means for adjustably moving said
      wire feed tube toward and away from said working heads.
NUM  39.
PAR  39. The apparatus of claim 34 wherein at least part of one of said working
      heads includes a flat surface substantially perpendicular to the
      longitudinal axis of said bonding wedge.
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ABST
PAL  A combined thermal welding and cold upsetting method for interjoining
      opposing ends of stranded wire conductor cables in which the individual
      strands of each cable end are first metallurgically bonded to an
      intervening solid metal junction member which is then mechanically upset,
      cold worked and partially removed to provide a relatively thin joint or
      interface section of solid metal extending between and interjoining the
      multiple cable strands; the junction section having the circumferential
      configuration and cross-sectional area of the parent cables and
      selectively regulated strength properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to metal joining processes and more
      particularly to an improved method for interjoining multiple stranded wire
      cable ends by providing a solid metal junction therebetween having the
      same circumferential configuration and equivalent cross-sectional area of
      the parent cables and selected strength factors.
PAR  In the manufacture of wire, particularly electrical conductor wire made
      from non-ferrous materials such as aluminum, copper and their common
      conductor alloys, the manufacturer is confronted with the serious problem
      of interjoining the terminal ends of wire sections to form continuous
      lengths or runs. Such junction problem is usually encountered during
      continuous wire drawing and coating operations wherein wire diameters and
      cross-sections are reduced in size or surface coating materials applied
      thereabout to achieve a finished wire product preferably having continuity
      of form, electrical conductivity and strength and from which finite
      lengths are cut for sale to the customer or futher processing.
PAR  In my prior U.S. Pat. No. 3,828,601 issued Aug. 13, 1974, an apparatus and
      method for effecting junctions between the ends of solid metal wire
      sections are described. Briefly, as therein taught, the method utilizes
      two basic procedures, namely, interjoining solid wire ends by thermal butt
      welding techniques to insure a true metallurgical bond therebetween, and
      mechanically upsetting and cold working the welded joint and bond zone to
      remove the heat affected metal of the joint and to provide a junction
      interface between the individual solid wires having at least the original
      metallurgical and physical properties of the parent cable metal.
PAR  When such individual wires are fabricated into more complex products, such
      as stranded wire electrical conductor cables, a number of spools of wire
      are loaded in a stranding machine where they are continuously twisted and
      formed into multi-wire cables. As this stranding process proceeds, the
      terminal end of each individual wire must be joined to the starting end of
      a new spool of wire without interrupting the process. While the teachings
      set forth in my aforesaid patent are highly successful for the purposes of
      interjoining such opposing ends of the individual solid metal wires, in
      the above outlined cable making process, such teachings are not
      correspondingly immediately applicable to the interjoining of the multiple
      strands at the cable ends.
PAR  In the first instance, in contrast to the relative ease of effecting a good
      molecular interjunction between individual solid metal wire ends by normal
      electric butt welding procedures for instance, use of heat and pressure
      for interjoining the multiple strand cable end is generally unsuccessful.
      This failure is principally due to the excessive oxidation of the
      individual cable strands during the normal butt welding operations and the
      further tendency of the wire strands to radially bulge and separate under
      axial load. Thus the end result of an attempted butt welding and cold
      upsetting of opposing multiple strand cable ends is generally unreliable,
      inconsistent and productive of a highly oxidized bond zone which is very
      brittle and practically devoid of the desired metallurgical and physical
      properties of the parent cables. Consequently cables so joined are not
      ideally suited to further operations of the cable fabricating processes
      such as extruding an insulating coating thereover, since such joints or
      junctions lack the necessary strength and ductility to withstand the
      applied pulling forces and are easily broken. Any breakage of the cable
      during such continuous insulation applying operations, for example, is
      time consuming, dangerous and expensive, and may damage the production
      equipment to an extent requiring costly shut down of the entire production
      line.
PAR  By current practice, cable joints formed by known welding, brazing,
      friction welding, cold upsetting and other known techniques, frequently
      fail to meet necessary quality and strength specifications and usually
      must be removed from the completed cable and scrapped, leading to economic
      loss of both material and man hours. In other instances, such joints as
      are acceptable often fail in use, requiring costly onsite or field
      repairs.
PAR  As a result of the foregoing briefly outlined difficulties, the
      interjoining of stranded wire cable ends is and has been a major
      production and economic burden in the wire making industry, heretofore
      defying successful solution.
PAR  In brief, my present invention advances and adopts certain of the basic
      teachings and concepts found in my aforesaid prior patent to a successful
      method for the interjunction of stranded wire cable ends. To this end, I
      have discovered that if the end of a multi-strand conductor cable is first
      thermally bonded to a solid metal junction section made of the same
      material as the conductor strands, such as aluminum, copper, and their
      common conductor alloys, two such solid metal junction sections may be
      successfully and conveniently bonded by electrical butt welding
      techniques. Thereafter the welded joint area of the solid metal junction
      sections and heat affected zones adjacent thereto may be mechanically cold
      worked, formed and removed to produce a satisfactory solid metal interface
      or joint section between two cable ends. Moreover, the degree of cold
      working and forming of the junction section and adjacent areas of the
      stranded cables may be selectively controlled to produce a joint area
      having the circumferential configuration and cross-sectional area of the
      parent cables and selected strength properties.
PAR  It is an important object of this invention to provide a new and improved
      method of interjoining ends of stranded wire cables.
PAR  It is a further object of this invention to provide an improved method, as
      aforesaid, in which the junction between the joined cables comprises a
      true metallurgical bond having selectively controlled metallurgical and
      physical properties.
PAR  It is another object of this invention to provide an improved method of
      interjoining stranded wire conductor cable ends in which the resulting
      junction or joint area has the circumferential configuration and
      cross-sectional area of the joined parent cables.
PAR  Having thus described my invention, the above and further objects, features
      and advantages thereof will be understood from the following description
      of a preferred embodiment thereof, taken in conjunction with the
      accompanying drawings, as representing the best mode presently known to
      enable those skilled in this art to practice its teachings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic illustration of a pair of stranded cable end portions
      to be interjoined in accordance with this invention;
PAR  FIG. 1a is a cross-sectional showing of the cable taken substantially along
      vantage line 1a-1a of FIG. 1 and looking in the direction of the arrows
      thereon;
PAR  FIG. 2 is a schematic view, similar to FIG. 1, showing the cable end
      portions with junction sections attached thereto;
PAR  FIG. 3 is another schematic illustration, showing the shaping of the
      junction sections in radial forming dies;
PAR  FIG. 4 schematically illustrates formation of the junction section ends for
      an interconnection by electric butt welding;
PAR  FIG. 5 schematically illustrates such cable end portions interjoined by
      welded interconnection of the junction sections;
PAR  FIG. 6 is a schematic illustration in plan or side elevation showing the
      loading of the welded junction sections and cable end portions in opposed
      upsetting and forming dies;
PAR  FIG. 7 is another schematic illustration, similar to FIG. 6, showing the
      joined cable end portions fully loaded in the upsetting and forming dies
      and illustrating the means for clamping and gripping the cables for
      purposes of imposing axial thrust forces thereon;
PAR  FIG. 8 is a schematic view similar to FIG. 7, at the completion of the
      upsetting and forming operation and showing the removal of the upset
      portions of the welded junction sections; and
PAR  FIG. 9 is a schematic illustration in top or side elevation depicting the
      finished product according to this invention.
DETD
PAR  Turning now to the particulars of the preferred embodiment of the improved
      method according to this invention, as illustrated in the accompanying
      drawings, initial reference is made to FIGS. 1 and la wherein two end
      portions 15 and 16 of typical stranded wire conductor cables to be
      interjoined by my improved method are shown. As noted in particular in
      FIG. 1a, each of the cable portions is made up of six individual solid
      metal wire strands 17 twisted about a solid central core strand 18
      according to conventional cable making practice.
PAR  As best shown in FIG. 2, each of the cable end portions 15 and 16 is joined
      to a junction section 20 and 21, respectively, comprising a generally
      axially extending solid metal section made of the same conductor material
      as the parent wire strands. Such junction sections may be individual
      lengths of metal rod or comprise molten metal, buildup at the cable ends,
      for example. In either event, the attachment of the junction sections to
      the wire cable ends is accomplished successfully, while avoiding damaging
      excessive oxidation of the cable strands, by known controlled atmosphere
      welding techniques, such as the familiar Tungsten inert gas process, more
      commonly referred to as "Tig" welding. It is also within the ambit of this
      invention that the buildup of the junction sections may be accomplished by
      other techniques, such as by dipping the cable ends into a molten metal or
      employing other equivalent controlled atmosphere welding procedures. In
      any event, in accordance with the herein described invention, the
      resulting junction sections 20 and 21, as shown, are relatively amorphous
      solid metal axial extensions or projections of the outer or terminal ends
      of the cables. It is important to note that the terminal cable ends may be
      coupled to their respective junction sections remotely of the stranding
      equipment and long prior to the time actual interjunction of successive
      cable ends is necessary, thus minimizing the time required to effect
      continuous interconnection between adjacent cable spools during continuous
      insulation applying operations, for example.
PAR  Generally, after the amorphous shaped extension sections 20 and 21 shown,
      are secured to or formed on the cable ends, as hereinabove described, it
      is preferred that such be radially formed and shaped to match the general
      circumferential configuration of the associated cable portions 15 and 16.
      This may be carried out in the manner illustrated in FIG. 3 by placing a
      substantial axial length of each integrated cable and extension section in
      a cylindrical die cavity, between opposing radially movable forming dies
      25 and 26, and closing such dies therearound to radially encompass and
      circumferentially compress and shape the relatively soft annealed material
      of the extension section to match the associated cable. This procedure
      generally conforms the circumferential or exterior configuration and
      cross-sectional area of such extension section to that of the related
      cable portion. In the illustrated case of FIG. 3, it will be rocognized
      that after the radial die forming operation therein depicted, the junction
      sections 20 and 21 comprise substantially cylindrical axial projections or
      extensions of the cable end portions.
PAR  Inasmuch as it is intended that the junction sections 20, 21 be thermally
      bonded, as by electric butt or other thermal welding procedures, it is
      preferable, but not essential, that the outer ends thereof be nipped off
      to form angularly intersecting or chiseled end surfaces 27 and 28 thereon,
      preparatory to the welding operation as shown in FIG. 4. This insures
      clean, bright, non-oxidized surfaces for the welding process, and provides
      good electrical contact and a clean bond zone for electrical butt welding.
PAR  After preparation of the ends of the junction sections 20 and 21 as above
      described, the same are ready for interconnection by thermal bonding. It
      is preferred that electric butt welding procedures be followed for this
      purpose since such may be accomplished quickly in a conventional electric
      butt welding machine by placing the chiseled ends of the junction sections
      in contact while applying electrical energy therethrough and thermally
      merging the junction sections under slight axial pressure in known
      fashion. As a result of the electric butt welding step, an intermediate
      raw product is formed, as illustrated schematically in FIG. 5 of the
      drawings, from which it will be recognized that the welded interface and
      bonded zone between the unified junction sections protrudes radially
      outwardly of the joined sections 20 and 21 in a generally annular weld
      zone bulge, as designated at 30 in FIG. 5. While this bulge or weld zone
      can be removed manually, as by grinding or filing, it is preferred that
      such procedures not be followed because of attendant damage to the
      interbonded sections 20, 21.
PAR  It will be recalled that one of the objectives of this invention is to
      provide a molecularly interbonded junction or joint between joined cable
      ends which emulates both the physical and metallurgical properties of the
      parent stranded cables. Inasmuch as the thermal welding operations used
      for interjoining the junction sections 20 and 21 to each other and to
      their associated cable ends effectively anneals axially adjacent material
      of the junction sections as well as adjacent axial portions or zones of
      the cable strands, themselves, it is preferred that these annealed zones
      be hardened and densified to provide sufficient ductility and tensile
      strength for the cable joint to withstand the pulling forces applied
      during the continuous cable making operations, such as takes place, for
      example, in continuously extruding insulation materials about the cable.
PAR  While it is possible to employ other known means and apparatus for this
      purpose, one preferred way of accomplishing this procedure is in
      accordance with the basic teachings and operating techniques of the
      apparatus set forth in my aforesaid U.S. Pat. No. 3,828,601, or its
      equivalent. Accordingly, substantial axial sections of the cable ends on
      opposite sides of the weld zone or bulge 30 are enclosed in
      circumferentially conforming openings of axially spaced pairs of dies and
      gripper means capable of being axially shifted relative to one another, so
      as to axially compress, radially upset and remove the annealed material of
      the weld zone while forming a finished joint between the joined cable
      ends. A more detailed description of apparatus capable of performing the
      above desired procedures is more fully expounded in my aforesaid U.S. Pat.
      No. 3,828,601, however, representative elements thereof for carrying out
      the upsetting, forming and removing operations according to the present
      inventive method are depicted in FIGS. 6-8 of the drawings, to which
      reference is now made.
PAR  As shown in FIG. 6, the cable end portions 15 and 16 are located in axially
      aligned, smooth ground cylindrical die openings 35 and 36 of opposed
      axially spaced split die assemblies 37 and 38, made up of two half dies
      37a, 37b and 38a, 38b, respectively. The die halves are held in suitable
      die carrier assemblies 39 and 40 which are power actuated as by hydraulic
      rams, whereby to independently shift the half die portions of each die
      assembly toward and away from one another to accordingly close an open the
      same. The raw joined cable product of FIG. 5 is loaded in and between the
      die halves while the latter are in their opened condition, as illustrated
      in the left hand portion of FIG. 6. Normally the lower sections of the die
      assemblies 37b and 38b remain stationary while the upper half portions 37a
      and 38a are moved into engagement therewith once the cable has been
      located in the die openings 35 and 36.
PAR  Each of the die halves also is formed with a semiannular recess 41 in its
      outer or nose end wall 42 or 43, respectively, such recesses having a
      generally V-shaped cross-section and intersecting the central die openings
      35 and 36 when the dies are closed to provide an annular knife edge
      surrounding each such opening.
PAR  The loaded condition of the cable portions with the die assemblies closed
      radially thereabout is illustrated in FIG. 7 of the drawings from which it
      will be recognized that the weld zone 30, between the junction sections
      20, 21 is disposed centrally of the space or gap 45 between the axially
      spaced ends of the die assemblies 37 and 38. The spacing or gap 45 is
      adjustable to accommodate variations in length of the junction material to
      be upset and removed by the upsetting operation, as will be described in
      greater particular hereinafter.
PAR  As shown best in FIG. 7, substantially the full axial length of the
      interjoined junction sections 20, 21 is located between the spaced end
      walls of the die assemblies, with the respective heat affected areas or
      zones of connection between such sections and their respectively
      associated cable portions 15 and 16 importantly being located within the
      central die openings just slightly past the annular knife edges
      surrounding the outer ends of the die openings.
PAR  It is to be noted in regard to FIG. 7 in particular, that the closed
      condition of the die assemblies 37 and 38 about the cable portions 15 and
      16 serves to confine a relatively substantial axial portion of each of the
      cable end portions while the diameter of the central die openings 35 and
      36 is maintained substantially equal to or just slightly greater than the
      diameter of the confined cables. This serves to radially confine and
      straighten the substantial axial cable portions therewithin, but without
      radially gripping the same. It further is to be noted that while the
      central die openings 35 and 36 have hereinabove been shown and described
      as being cylindrical, other cross-sectional configurations therefor may be
      used, such as polygonal; the essential cross-sectional characteristic of
      the central die openings being that of conforming to the circumferential
      or external configuration of the cables with which they operate.
PAR  In order to provide sufficient gripping of the cable sections to impose
      required axial thrust thereon for the purpose of radially upsetting and
      severing and removing the material between the spaced die ends, identical
      pairs of cooperating gripping blocks 50, 51 are mounted axially outwardly
      of one end of each of the die assemblies 37 and 38 and immediately
      adjacent thereto. Each of the gripping blocks 50 and 51 is provided with
      an elongated gripping groove 52 and 53, respectively, for partly
      surrounding an elongated cable length or section disposed therein. The
      gripping blocks are mounted in axial alignment with the die blocks so that
      the openings 35 and 36 of the latter are coaxial with the gripping grooves
      52 and 53 of the closed gripper blocks. Be that as it may, radial gripping
      forces are applied to the cable sections within the gripping blocks by
      actuation of reciprocably movable, parallel wedge blocks 54 and 55
      operatively associated with hydraulic rams or other power actuator means.
      It will be understood with reference particularly to the right hand
      portion of FIG. 7 that movement of the wedge blocks 54 and 55 toward the
      dies initially effectuates relative inward movement of the gripper blocks
      in response to inter-action of the mating sloping surfaces 56 and 57
      thereof. Inter-engaging means are provided between the wedge and gripper
      blocks to positively move the gripper blocks in response to wedge block
      movement. Thus movement of the wedge blocks away from the die assemblies,
      as viewed in FIG. 7, withdraws the gripper blocks 50 and 51 to release the
      cable means therewithin.
PAR  In addition to the described initial radial gripping action imposed by the
      gripper blocks 50 and 51, additional movement of the wedge blocks toward
      die assemblies 37 and 38 imposes axial thrust forces on the gripped cable
      sections as well as on the closed die block assemblies 37 and 38 to thrust
      them toward one another until the dies are substantially abutting, as
      shown in FIG. 8.
PAR  From FIG. 8 it will be readily understood that as the die assemblies 37 and
      38 are axially closed together, the material between the spaced end walls
      42 and 43 thereof is radially upset under the opposed axial forces applied
      on the cable end portions. Such upsetting effectively causes the welded
      bead or zone 30 (see FIG. 5) between junction sections 20 and 21 as well
      as the remaining portions of such sections lying between the die ends, to
      flow generally radially outwardly into the end recesses 41 of the die
      assemblies (see FIG. 8). Engagement of the knife edges at the mouth of
      each of the die openings 35 and 36 effectively shears or nips off the
      upset material, as indicated at 60 in FIG. 8. Upon retraction and opening
      of the die assemblies for release of the joined cables, which takes place
      upon reversal of the wedge blocks 54, 55 to release the gripper blocks 50,
      51 and opening of the die halves, the upset material 60 is in the general
      shape of a doughnut or annulus which is usually ruptured and easily
      removed or, if not, may be readily nipped off and removed, leaving a
      finished end product as illustrated in FIG. 9 of the drawings comprising
      the joined end portions 15 and 16 of the cable and a short smooth walled
      cylindrical interface or joint section 61 therebetween.
PAR  In addition to removal of the annealed material of the weld section 30 and
      the adjacent heat affected and remainder portions of the junction sections
      20, 21 disposed between the die ends, as illustrated in FIG. 8, the
      attendant axial loading of the portions of the junction sections 20, 21
      and cables 15 and 16 within the die cavities are also cold worked. Thus
      the annealed or heat affected material or zones resulting from the thermal
      bonding of the junction sections to the cable ends are effectively cold
      worked to selected strength levels. Inasmuch as such worked portions of
      the junction sections 20, 21 and the cable ends are radially confined
      within the central die openings during the described upsetting operation,
      radial spreading of the cable strands is effectively prevented while a
      junction zone is formed between the cable ends which not only conforms
      with original cable circumference, but exhibits the desired metallurgical
      and physical properties.
PAR  It is to be recognized that depending on the axial extent of the portions
      of the junction sections 20 and 21 disposed between the spaced ends 42 and
      43 of the die assemblies, the foregoing described procedure of upsetting
      and removing the material between the spaced die ends may be carried out
      with one or more successive upsetting operations to minimize the axial
      extent of the finished joint zone 61. It further will be appreciated that
      the material comprising the interjoined junction sections 20, 21 and the
      portions of the cables 15 and 16 contiguous thereto, may be cold worked
      one or more times, as selected, depending on the number of upsetting
      operations involved, to effectively create a cable junction of desired
      strength; the desired criteria being that of producing a joint between the
      cables that is capable of withstanding the applied forces attendant
      continuous cable forming operation, such as the extruding of insulation
      coatings thereabout.
PAR  In practice, the above described method has successfully produced joints or
      junctions in stranded aluminum conductor cable which satisfy and meet the
      requirements for ASTM specified "soft drawn and" "medium hard drawn"
      cable, typically having tensile strengths within the range of 11,000 to
      15,000 p.s.i.
PAR  From the foregoing, it is submitted that those familiar with the art will
      readily recognize and appreciate the novel advancement achieved by the
      present inventive method and will appreciate the fact that while the same
      has been described in conjunction with a specific embodiment and exemplary
      apparatus for carrying out its various steps, changes and substitutions
      may be resorted to without departing from the spirit and scope of the
      described invention as defined in the following appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of interjoining the ends of multiple strand wire cables
      comprising the steps of: metallurgically bonding a solid section of like
      metal coaxially to and between opposing end portions of the cables, and
      upsetting and removing a substantial portion of said section to effect a
      solid metal joint between said end portions having substantially the
      circumferential configuration of the cables.
NUM  2.
PAR  2. The method of claim 1 wherein the upsetting of said section is
      selectively regulated to produce a finished joint between the cables of
      preselected tensile strength.
NUM  3.
PAR  3. The method of claim 1, wherein said end portions of the cable are
      radially confined throughout the upsetting and removing of said
      substantial portion.
NUM  4.
PAR  4. A method of interjoining the ends of multiple strand electrical
      conductor cables comprising the steps of: thermally bonding a solid
      section of like metal to and between the ends of the cables, radially
      confining substantial axial end portions of the cables including the axial
      adjacent junctions thereof with said section, simultaneously axially and
      radially upsetting and forming a substantial portion of said section
      between said confined end portions and cold working the remainder thereof
      and the axially adjacent confined portions of said cables to produce a
      finish joint between the cables having the circumferential configuration
      and cross-sectional area of said cables and selected tensile strength, and
      removing the upset material of said section to finish said joint.
NUM  5.
PAR  5. A method of interjoining the ends of multiple strand electrical
      conductor cables comprising the steps of: thermally bonding a section of
      like solid metal coaxially to one end of each of the cables to be joined,
      thermally inter-bonding said sections, upsetting and removing the heat
      affected material of said inter-bonded sections while simultaneously
      forming the exterior thereof to the circumferential configuration of said
      cables, and selectively cold working the remainder of said sections and
      adjacent thermally affected material at said cable ends sufficiently to
      produce a solid metal junction therebetween having the strength and
      properties of soft drawn to medium hard drawn conductor cable.
NUM  6.
PAR  6. The method of claim 5, wherein said thermal bonding of a said section to
      said cable end is conducted in a non-oxidizing atmosphere.
NUM  7.
PAR  7. The method of claim 5, wherein each said section is amorphously shaped
      after bonding with a cable end, and is thereafter formed to substantially
      the circumferential shape of its associated cable end prior to the thermal
      inter-bonding of said sections.
NUM  8.
PAR  8. The method of claim 5, wherein the cables are aluminum, and the tensile
      strength of said junction is within the range of 11,000 to 15,000 p.s.i.
NUM  9.
PAR  9. The method of claim 5, wherein the thermal inter-bonding of said
      sections is accomplished by electrical butt welding.
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ABST
PAL  A box car end is provided having an offset portion. A box car flat end
      liner is affixed to the end on the side opposite the offset portion. The
      assembled liner and end are placed in engagement with an end sill having a
      horizontal portion extending inwardly toward the car and a vertical
      extension at the end thereof. The offset portion is integrally affixed to
      the end sill vertical extension, preferably with mechanical fasteners. A
      floor support is integrally affixed to the horizontal portion of the end
      sill. The floor support has a horizontal portion supporting a portion of
      the car floor and an upper vertical portion providing an unobstructed end
      area on the inside of the car. The upper vertical portion of the floor
      support may be integrally affixed, preferably by welding to either the end
      and/or the flat end liner, preferably above the offset portion.
PARN
PAR  This is a division of application Ser. No. 421,462, filed Dec. 3, 1973, now
      U.S. Pat. No. 3,866,546 issued Feb. 18, 1975.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to box car end structures. In particular, it relates
      to an improved box car end structure and fabrication technique thereof
      which is easier to assemble and results in cost savings.
PAC  BACKGROUND OF THE INVENTION
PAR  In accordance with a common construction of the prior art, a box car end 10
      is provided with an offset portion 12 and a corrugated portion 14, usually
      of steel construction. The box car end 10 is welded to a flat metal end
      liner 20 leaving a space 22 between liner 20 and offset portion 12. The
      assembly of liner 20 and end 10 is then suspended by means of appropriate
      overhead crane means (not shown) and is brought above the floor portion of
      the box car indicated generally at 30. Already in place and comprising the
      lower or floor portion of the car is an end sill 32 comprising a generally
      horizontal portion 34 and a generally vertically extending portion 36.
      Welded or otherwise appropriately affixed to end sill 32 is a floor panel
      support member 40. Panel support member 40 comprises a lower generally
      vertically extending portion 42 and a generally horizontally extending
      portion 44 which is welded to end liner 20 at 43 and supports on its upper
      surface a floor panel member 48. Floor panel member 48 extends along
      horizontal portion 44 of floor panel support 40 but terminates at a point
      50 wherein it is welded or otherwise affixed to horizontal portion 44
      leaving a space or gap 52.
PAR  However, prior to welding the panel support to the end sill and the panel
      to the panel support, in order to obtain engagement of the end and end
      liner assembly with the end sill 32 it is necessary to lower the end and
      end liner assembly and in such a way as to have the vertical portion 36 of
      the end sill enter into the opening 22 defined by offset 12 and flat end
      liner 20. This is a difficult operation. It is often time consuming and
      occasionally dangerous.
PAR  In order to provide an unobstructed end area 51, countersunk fasteners, for
      example, huck bolts 58 are usually utilized to hold the liner and end in
      engagement with the vertical extension of the end sill. The countersinking
      of the end liner and extension 36 indicated respectively at 54 and 56 and
      the drilling of holes 57 in offset portion 12 is done prior to lowering
      the end and end liner over the end sill extension. However, it often
      occurs that there is misalignment between the countersunk holes 54 in the
      end sill as compared with holes 56 in the end liner and/or holes 57. As a
      result it is often necessary to recountersink in order to put the
      fasteners in place. This is a time consuming operation and when a whole
      assembly line may be held up with such operations, the expense is greatly
      multiplied.
PAR  In another construction shown in FIG. 3 a fastener 59 is utilized to hold
      the end 10 and liner 20 in engagement with the end sill 32 and vertical
      extension 36. The fastener is not countersunk and the head 59a extends
      into the car so that when the horizontal portion 44 of the floor panel
      support is welded to the liner 20 an inwardly inclined extension 44a is
      provided which provides an obstruction in the car which can damage lading
      and/or make it difficult to pack in the end area 51 of the car.
PAR  Another prior art construction utilizes a corrugated end liner in which
      mechanical fasteners are placed between or below the corrugations which
      hold the end sill vertical extension in engagement with the offset portion
      of the end. A panel support is welded to the horizontal portion of the end
      sill and to the lower portion of the corrugations and/or the vertical
      extension of the end sill. However, in this construction the end of the
      car is obstructed to the extent of the corrugations. Also, the
      corrugations may damage some ladings. Furthermore, a corrugated end is
      weaker than a flat steel end, particularly with regard to bending applied
      longitudinally to the end of the car.
PAR  Still another prior art construction is shown in FIG. 4 wherein the end 10
      and the flat end liner 20 are integral throughout the lateral extent of
      the car. The end has no offset 12 and a weld, for example, as shown at 11
      holds the members together. This construction does avoid the obstructions
      in the end area such as 44a in FIG. 3 and the countersunk construction in
      FIG. 2. However, many customers are opposed to an integral end and end
      sill because if the end of the car is damaged the entire car end structure
      must be disassembled, for example, by torch burning, resulting in
      considerable expense and downtime to repair the car. For this reason the
      integral end and end sill construction is not desired by many customers.
PAR  It therefore is an object of the present invention to provide a box car end
      construction which leaves the end portion of the car unobstructed.
PAR  It is another object of the present invention to avoid the step of lowering
      the end liner and offset of the end into alignment with a vertical
      extension of the end sill.
PAR  It is another object of the present invention to avoid the problem of
      misaligned drilled and/or countersunk holes in the end structure of the
      car after the vertical extension has been placed within the opening
      defined by the liner and offset end portion.
PAR  Another object of the present invention is to avoid an integral end and end
      sill construction.
PAR  Another object of the present invention is to provide a fabrication
      technique which is less expensive than prior techniques.
PAR  Other objects will be apparent from the drawings and the following
      description.
PAC  Summary of the Invention
PAR  A box car end is provided having an offset portion. A flat end liner is
      affixed to the end on the side opposite the offset portion. The assembled
      liner and end are placed in engagement with an end sill having a
      horizontal portion extending inwardly toward the car and a vertical
      extension at the end thereof. The offset portion is integrally affixed to
      the end sill vertical extension, preferably with mechanical fasteners. A
      floor support is integrally affixed to the horizontal portion of the end
      sill. The floor support has a horizontal portion supporting a portion of
      the car floor and an upper vertical portion providing an unobstructed end
      area on the inside of the car. The upper vertical portion of the floor
      support may be integrally affixed, preferably by welding to either the end
      and/or the end liner, preferably above the offset portion.
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PAC  THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a box car;
PAR  FIG. 2 is a view along the lines 2--2 in FIG. 1 illustrating a prior art
      construction and method of assembly;
PAR  FIG. 3 is a view of an alternative prior art construction also looking at
      the side of the box car near the end thereof;
PAR  FIG. 4 is a view of an alternative prior art construction also looking at
      the side of the car near the end thereof;
PAR  FIG. 5 is a view of the box car end construction of the present invention
      also looking at the side of the car near the end thereof;
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, as shown in FIG. 5, an offset 12a
      is provided in end member 10. Further, a flat end liner 20 is
      foreshortened as indicated at 21 and is affixed, preferably by welding to
      the end as indicated at 21a.
PAR  In order to engage the end assembly of liner 20 and end 10 it is merely
      necessary to provide longitudinal relative movement until the end assembly
      engages the vertical extension 36 of end sill 32. Then offset portion 12a
      is affixed to end sill extension 36. This is preferably done by fasteners
      60 of any desired type may be utilized to hold the end assembly in
      engagement with the end sill extension along the end of the car. For
      example, these fasteners may comprise huck bolts, heavy duty screws, etc.
      Holes 61 and 62 respectively in extension 36 and offset portion 10 are
      preferably pre-drilled or they may be drilled after the offset and
      extension have been placed together. No recountersinking or rework is
      required.
PAR  The extent of offset 12a is sufficient to provide space for vertical
      extension 36 and the head of fasteners 60 without interference with the
      upper vertical portion of 45 of floor support 40 (described hereinafter).
PAR  The use of fasteners 60 enables the end structure to be readily
      disassembled, if desired. For example, in the event of damage to some part
      of the end.
PAR  However, if desired, the offset portion 12a may be welded to vertical
      extension 36 either on the inside of the end as shown at 63 and/or on the
      outside of the end as shown at 64. Such welding may be done in addition to
      or instead of the use of fasteners 60. If welding is used it is a harder
      and more time consuming job to disassemble the end, for example, by
      burning off the welds with a torch. If welding only is used, the offset
      does not necessarily have to be large enough to allow for fastener heads
      60a. It will be apparent that the construction of the present invention
      provides considerable flexibility in affixing the end to the end sill
      extension.
PAR  After the offset portion is in place, the floor panel support 40 is affixed
      to the end sill, for example, by welding at 41. In addition to a lower
      generally vertical portion 42, support 40 is provided with a second
      generally vertically extending portion 45 with a substantially 90.degree.
      bend indicated at 45a. Vertical portion 45 is affixed with mechanical
      fasteners or welding to end 10 and/or liner 20 (shown dotted) as indicated
      at 46 and 46a respectively. If desired, any gap between the lower end of
      liner 20 and the upper termination point of upper vertical portion 45 may
      be filled with weld deposits 46c and ground to provide a smooth surface.
      The second vertical extension 45 of the floor panel support provides a
      smooth and unobstructed end area 51 to avoid damage to the lading and/or
      difficulties in stacking the same. If desired, nailable steel flooring 43
      having a floor panel 48 may then be put in place and is welded (or affixed
      with fasteners) to the horizontal portion 44 of the floor panel support as
      indicated at 50.
PAR  It will thus be apparent that the present invention has the following
      advantages. First, the liner and end assembly may be moved longitudinally
      into engagement with the end sill vertical extension 36. It does not have
      to be lowered upon the extension, and thus this difficult and sometimes
      dangerous alignment operation is eliminated. Secondly, the problem of
      misalignment of drilled and/or countersunk holes and the rework necessary
      to correct the misalignment is avoided in accordance with the present
      invention. Conventional fasteners may be utilized and countersunk holes
      are not required. If desired, in addition to or as a substitute mechanical
      fastener, the offset may be welded to the end sill extension. Thirdly,
      there is no blocking or obstruction of the end area of the box car to
      cause damage to the lading and/or stacking problem. The use of
      conventional fasteners instead of huck bolt means result in a small cost
      saving. If only fasteners have been used to hold the end in engagement
      with the end sill, in the event of damage to the car, the end structure
      can be relatively easily separated from the end sill by removing only the
      fasteners 60. Thus, customers who want this option can have it in
      accordance with the design of the present invention. Finally, the
      construction of the present invention provides a significant saving in
      labor cost on a unit car basis.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of assembling a box car end structure comprising the following
      steps in the sequence indicated:
PA1  1. providing a box car end having an offset on one side thereof;
PA1  2. welding thereto a flat end liner on the side of said end opposite to
      said offset;
PA1  3. providing longitudinal relative movement between the welded end and end
      liner assembly and a box car end sill having a horizontal portion and a
      vertical extension such that the offset portion of said end engages said
      vertical extension;
PA1  4. integrally affixing said offset portion to said vertical extension with
      mechanical fasteners having a head thickness less than the extent of said
      offset;
PA1  5. welding to the horizontal portion of said end sill a floor support
      member having a horizontal portion adapted to support a floor panel and
      having an upper vertical portion adapted to provide a smooth and
      unobstructed end portion of the box car, and
PA1  6. welding the upper vertical portion of said floor support to said box car
      at a point on said box car end above said offset.
NUM  2.
PAR  2. A method according to claim 1 wherein said floor support is provided
      with a lower vertical portion which is welded to the horizontal portion of
      said end sill.
NUM  3.
PAR  3. A method of assembling a box car end structure according to claim 2
      including integrally affixing a floor panel to said floor support.
NUM  4.
PAR  4. A method according to claim 2 wherein said upper vertical portion of the
      floor support is welded to said box car end adjacent the termination point
      of said end liner.
NUM  5.
PAR  5. A method according to claim 4 wherein any gap between said end liner and
      the vertical extent of said floor panel support is filled with weld
      material.
NUM  6.
PAR  6. A method according to claim 5 wherein said weld material is ground
      smooth to provide a generally smooth vertical box car end.
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PAL  A method and apparatus for splicing and welding the ends of stranded
      electrical cables wherein a compression connector receives and is deformed
      about portions of the cable ends while a welding fixture is positioned
      thereabout. The welding fixture effects a reduced pressure along the cable
      periphery so that as molten material is deposited in the connector to join
      the cable ends, a portion of the molten material is caused to migrate
      inward along the cable interstices.
BSUM
PAR  This invention relates to a cable splicing appliance using a compression
      connector and mandrel wherein the welding occurs in an inert gas
      environment.
PAR  With present materials the transmission of electric power is more
      economical and efficient at high levels of voltages and currents. For
      example, it is common practice to transmit power at voltages of 138,000
      volts and more. The conduction medium to which these power levels are
      applied is typically high voltage aluminum cable. Whereas copper is an
      excellent conductor of electricity and is relatively easy to work with and
      splice, it has significant drawbacks when applied to power transmission
      cable. Not the least of these drawbacks is the cost of copper. On the
      other hand aluminum cable has a number of advantages in power
      transmission. Aluminum has high electrical conductivity, it is lower in
      cost than copper and it is relatively light weight. Typically then, the
      aluminum cable itself will be a composite and may have many strands
      wrapped in layers or sections with the interstices between strands in
      layers comprising twenty percent of the total cable area. Further, it is
      advantageous to impregnate the cable interstices in a liquid or dielectric
      that is usually oil. Among other attributes, the impregnating oil acts as
      a dielectric reducing electric stress and it acts to shield the aluminum
      from contamination with its surroundings.
PAR  However, aluminum is inordinately difficult to weld and this is a severe
      disadvantage with its use. Not only is aluminum difficult to weld, but
      this problem is compounded by the fact that the cable is not a solid mass
      but, as noted, comprises a plurality of discrete strands that tend to
      separate making them difficult to evenly cut and then join. Because the
      cables are impregnated in oil, the oil must be removed before welding
      otherwise the presence of oil during welding will contaminate the weld.
      Further, it must be borne in mind that normally the splicing is done by
      workmen "in the field," all of which compounds these problems since an
      inert (gas) shield must envelop the molten metal to prevent oxidation
      and/or diffusion of hydrogen and nitrogen into the aluminum lattice sites.
      Conventionally then, it has been the practice to cut the cable, "bird
      cage" the segments and then wash the now separated strands in upwards of
      thirty gallons of solvent (Varsol III) and then repeat the process using
      about two gallons of 1, 1, 1, trichloroethane. The ends are then shaped
      and a "butter weld" is applied preparatory for the final jointing weld.
      Final welding is conducted in an inert gas environment where, depending
      on, inter alia, arc voltage, arc current and inert gas used, the
      temperatures can reach upwards of 6,000 to 10,000.degree.F. Thus, care
      must be taken to monitor adjacent cable temperature and prevent it from
      rising much past 190.degree.F. lest one burn the insulation.
PAR  The present invention is designed to simplify the procedure and apparatus
      used in splicing and jointing electric cables as disclosed in U.S. Pat.
      Nos. 3,688,397 and 3,667,119.
PAR  Generally, in the present invention a portion of the cable insulation is
      removed and the cable is cut exposing two ends. A clamp is placed over the
      cable periphery adjacent each end. A pin or mandrel having a region of
      reduced cross section is driven into each cable end along its central
      longitudinal axis until a pin end is flush with the plane of the cut.
      Another pin is likewise driven into the other cable end after which each
      clamp is loosened and slid along respective exposed cable portions for a
      short distance until contiguous to the insulation. The clamps, which may
      also be copper or stainless steel compression rings or collars, are then
      re-tightened. This isolates their respective end segment from its
      remaining cable.
PAR  Each cut end of the cable is inserted in a respective end of a compression
      connector or sleeve. The connector includes a receiving window to
      dimension the end segments in the connector with respect to each other and
      the connector itself. By an indexing compression technique, the connector
      is plastically deformed to a final diameter slightly smaller than the
      original cable diameter. This causes the cable segment between the
      compression connector and collars to "bird cage" or enlarge. A small
      quantity of solvent is poured into the viewing window.
PAR  A welding fixture operable to effect a reduced pressure is clamped onto the
      ends of the connector. The fixture has a central portion that maintains
      access to the central area of the connector or sleeve. The reduced
      pressure is coupled to the fixture which then, in combination with the
      cable interstices and reduced mandrel area, applies the negative pressure
      to the ends of the cable. The pressure gradient at the cable ends draw the
      solvent though the interstices of the cable or wire cleaning the oil
      therefrom. A bevel cut is then made in the central region of the connector
      nearly cutting through same to provide access to the cable strands for an
      efficient weld. Using the MIG (metal inert gas) welding technique a weld
      is deposited along and made to integrally connect the conductor ends. A
      pressure gradient is maintained across the weld front by application of
      the reduced pressure to the welding fixture. The pressure differential
      effects a migration of molten material into and towards the cable proper.
      Since the welding jig is a massive structure it acts as a heat sink during
      welding.
PAR  Means are provided to monitor cable temperature as well as to provide
      forced cooling. After the weld is made, the welding area is filed or
      machined to conform to the diameter of its adjacent connector. Preferably
      the weld area is then buffed or polished.
PAR  The recited procedure effects a clean and efficient weld. Electrical
      integrity between joined cable ends is maintained and the time consuming
      chore of "buttering" the strand ends is eliminated. The ten to 30 gallons
      of solvent of prior devices and procedure has been reduced to a few
      ounces.
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for welding the ends of stranded electrical conductors.
PAR  It is a further object of the present invention to provide a method and
      apparatus for jointing the ends of stranded electrical cables that
      maintains electrical integrity between the joined cable portions.
PAR  It is a further object of the present invention to provide a method and
      apparatus that can be used to weld the ends of electrical cables yet
      obviates the step of buttering the cable ends preparatory to a final weld.
PAR  It is a still further object of the present invention to provide a method
      of welding the ends of stranded, oil impregnated electrical cables which
      it is able to do by using but a few ounces of solvent.
PAR  It is yet another object of the present invention to provide apparatus
      operable to draw a vacuum on the ends of oil impregnated electrical cables
      without drawing the oil impregnant from along the adjacent cable length.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description considered in connection with the
      accompanying drawings. It is to be understood, however, that the drawings
      are designed for illustration only and not as a definition of the limits
      of the invention for which reference should be made to the appended claims
     .
DRWD
PAR  In the drawings wherein the same reference numeral denotes the same element
      throughout the several views:
PAR  FIG. 1 is a side view of the cable ends to be spliced according to the
      teaching of the invention;
PAR  FIG. 2 is an enlarged view of the end regions of the cables of FIG. 1 after
      a portion of the insulation has been stripped to expose the stranded
      conductors and showing the compression means in a first position along the
      cable ends;
PAR  FIG. 3 is a perspective view of the insertion pin or mandrel according to
      the present invention;
PAR  FIG. 4 is an enlarged view of the mandrel along the line 4--4 of FIG. 3 and
      looking in the direction of the arrows;
PAR  FIG. 5 shows the mandrel of FIGS. 3 and 4 being driven into a respective
      end of the cable with the cable in the approximate position of FIG. 2;
PAR  FIG. 6 shows the compression means at its second position near the cable
      insulation where it will act to isolate the remaining cable from the end
      regions thereof, and shows the compression connector sleeve placed on one
      cable end preparatory to its final positioning;
PAR  FIG. 7 shows the compression connector concomitantly engaging both cable
      ends and aligned thereon;
PAR  FIG. 8 is a top view of the apparatus of FIG. 7 clearly showing the welding
      window or alignment aperture;
PAR  FIG. 9 shows a first application of a press to compress and plastically
      deform the compression connector;
PAR  FIG. 10 reveals a first stage indexing sequence of the press of FIG. 9
      about the connector periphery;
PAR  FIG. 11 shows a second application of the press shown in FIG. 9 and a view
      of the slightly enlarged configuration that the portion of cable between
      the connector collar assumes when the connector compresses the cable
      immediately therein;
PAR  FIG. 12 shows the indexing sequence of a second stage application of
      compression about the connector periphery by the means of FIG. 11;
PAR  FIG. 13 is a front view showing the construction of the welding fixture and
      how the same is coupled to the cable so that the reduced pressure is
      applied about respective enlarged or separated cable portions between a
      connector end and a respective collar;
PAR  FIG. 14 is an exploded perspective view of the welding fixture of the
      present invention;
PAR  FIG. 15 is a side view of the bevel cut applied to the compression
      connector to form a welding opening and in which the weld is deposited;
      and
PAR  FIG. 16 is an enlarged side view of the weld deposited in the welding
      window and showing how the weld is formed.
DETD
PAR  Referring now to the drawings, and particularly FIGS. 1-12, there is shown
      the inventive apparatus used to prepare the cable ends prior to welding.
      The cable ends that are to be joined are placed in opposed axially aligned
      yet spaced relation. Cable insulation 10 is removed from the cable end
      region of each conductor to reveal stranded conductor end segments 12 and
      14 (FIG. 2). Compression means 16 which might typically be a hose clamp or
      deformable collar is positioned on each cable segment 12 and 14 at its
      approximate end. If means 16 is a collar then its inside diameter will be
      complimentary with the outside diameter of its respective cable segment.
      The material from which compression means 16 is chosen is one that when
      plastically deformed, as described below, will retain its deformed shape
      without creeping back or returning to its original configuration.
PAR  A mandrel or insertion pin is seen in FIGS. 3 and 4 and is generally
      indicated by reference numeral 18. Preferably mandrel 18 comprises a first
      portion 20 that has a tapered leading tip 22. Connected to first portion
      20 along the central longitudinal axis thereof and oppositely directed
      from tip 22 is a region of reduced cross section 24. And, coupled to
      region 24 likewise along the central longitudinal axis thereof is a second
      portion 26. Referring now to FIG. 4 it will be seen that each of first and
      second portions of mandrel 18 has an essentially square cross section.
      However, it will be noticed that the corresponding sides of mandrel
      portions 20 and 26 pitch or twist at an angle Theta (.theta.)
      corresponding to the convolution winding of the cable strands. Angle
      Theta, the pitch angle, while obviously fixed for a given mandrel, will be
      chosen to accord with the convolution angle or pitch of the strands.
PAR  In the example shown, since two ends are to be joined, two mandrels 18 are
      supplied. Each mandrel is driven into a respective cable end segment along
      the central longitudinal axis thereof until flush with a corresponding
      segment end or face. The compression means 16 holds the cable strands
      together about the mandrel and prevents the cable ends from bird caging,
      separating or enlarging.
PAR  After each mandrel is driven into its associated cable end, the hose clamp
      or collar 16 is loosened and then slid along the length of its respective
      cable segment until at the position of FIG. 6 where it is spaced from a
      respective segment end.
PAR  A compression connector sleeve 28 is defined by two opposed open ends and a
      sight window 30. Window 30 is formed through the sleeve wall at a position
      approximately equidistant between the open ends. With compression means 16
      at the position of FIG. 6, sleeve 28 is placed onto one cable segment,
      that in the example shown is segment 14. The other cable segment, that in
      this case is segment 12, is aligned so that sleeve 28 can then slide,
      leftward when viewing the last mentioned figure, onto segment portion 12
      so that the sleeve concomitantly engages both cable segments in a
      respective end thereof. Window 30 is used to view the position of the ends
      of cable segments 12 and 14 in sleeve 30 so that as seen in FIGS. 7 and 8,
      an annular space exists therebetween while the segments are approximately
      equidistant into and from their respective sleeve ends.
PAR  Compression means 16 is then caused to compact the cable strands
      immediately therewithin. For example, if means 16 is a hose or worm clamp,
      as above noted, it is tightened, or means 16 is a deformable collar, it is
      compressed and plastically deformed to a reduced diameter. In either case,
      compression means in its tightened or deformed configuration acts to
      compact the cable strands and thereby nearly eliminate cable interstices
      in the compression region thereof. In so doing, means 16 acts to isolate
      or block oil flow from the interstices of the remaining cable to a
      respective segment 12 or 14 when a reduced pressure is applied to the
      segment as described below.
PAR  Connector 28 is then plastically deformed to a reduced diameter by a two
      stage compression process. FIGS. 9 and 10 schematically indicate the first
      stage of compression and the means and sequence for effecting same. A die
      32 and an associated press therefor, the press not shown, is adapted to
      effect a first and intermediate reduction of the connector diameter. This
      is accomplished by sequentially rotating jaws 32 in an arc and clockwise
      direction at the indexing stations indicated at 2'-4'-6'-8'-10'-12' about
      the connector periphery. Application of a compressive load at the above
      cited indexing stations compresses connector sleeve 28 to a reduced
      diameter having a relatively smooth and uninterrupted periphery devoid of
      ridges and protrusions thereon.
PAR  Turning to FIGS. 11 and 12 there is indicated the second stage compression
      where a die 34 of smaller configuration than die 32 effects a second and
      final reduction in connector diameter albeit in a counter clockwise
      direction. Die 34 is caused to compress and plastically deform connector
      28 according to the counter clockwise indexing sequence 11'-9'-7'-5'-3'-1'
      about the connector periphery. In the deformation sequences for stations
      of FIGS. 10 and 12, the indexing compressions continue until the dies can
      fully close without connector distortion. It is to be understood that the
      final diameter to which compression connector 28 is compressed may be
      identical to the diameter or size of compression means or collar 16. This
      will facilitate manufacture and use of a welding fixture that is described
      below. By way of example, and not limitation, connector 28 might have an
      outside diameter of 2.25 in. after first stage compression and plastic
      deformation its outside diameter is reduced to 2.06 in. After second stage
      compression the connector's outside diameter has been reduced to 1.930 in.
      This last mentioned outside diameter of connector 28 accords with and may
      equal the outside diameter of collar 16. Upon completion of the
      compression sequences, the die and press are removed from the working
      area.
PAR  The connector and adjacent cable strands are cleaned of oil and other
      contaminants by spraying with an ounce or two of Freon TF. Further,
      approximately one ounce of Freon TF is poured into view hole 30 to fill
      the annular space between the compressed and opposed ends of the cable. By
      dwelling in the annular space between cable ends, the Freon TF permeates
      through the interstices of the cable strands during or after which a
      vacuum welding fixture is attached to the connector and cable as will now
      be described.
PAR  Turning to FIGS. 13 and 14 there is shown in the former figure attachment
      of the fixture to the cable, and in the latter figure the construction of
      the fixture itself. The welding fixture, generally indicated by reference
      numeral 36, includes a main frame 38 formed integrally with two spaced
      cable supports 40 and 42. The spacing between the two supports is such so
      that when connector 28 is positioned therebetween, the peripheral end
      regions of connector 28 will concomitantly engage an associated support.
      The length of each support along the longitudinal axis of the cable is
      sufficient so as to extend between each connector end region and a
      peripheral portion of a corresponding and opposed compression collar 16.
      Detachable caps 44 and 46 are complimentary with the length of respective
      supports 40 and 42. And, means common in the art, and therefore not shown,
      demountably fasten a cap to its associated seat. Each cap and support
      combination 40 and 44, and 42 and 46 include seats 48 complimentary with
      the corresponding compressed peripheral portion of connector 28 and collar
      16, as the case may be and as seen in FIG. 13. A semi-annular vacuum
      chamber 50 is defined in each of supports 40 and 42 and each of caps 44
      and 46 between their respective seats 48. A manifold 52 communicates with
      each chamber 50 in each support. And, a negative pressure line 54
      extending from frame 38 is coupled to manifold 52. Preferably frame 38
      will include a plurality of cooling fins 56 to transfer heat to the
      surrounding environment.
PAR  To insure an effective seal around seats 48 it will be advantageous to wrap
      the corresponding engaging peripheries of connector 28 and collar 16 with
      a heat resistant tape typically of TEFLON. Connector 28 is then positioned
      between supports 40 and 42. This places collars 16 along with associated
      portions of segments 12 and 14 in respective supports 40 and 42. The caps
      are then clamped onto their corresponding supports causing seats 48 to
      lock against and seal respective taped peripheral regions of the connector
      and collars. Semi-annular chambers 50 of each cap and support combination
      merge to form an air-tight annular vacuum chamber about each exposed cable
      periphery extending between each end of connector 28 and its associated
      collar 16. A thermocouple or temperature indicating device 58 is coupled
      to the cable near insulation covering 10. A tape poultice or boot seal 60
      extending from each collar 16 to its adjacent cable insulation 10 effects
      an air-tight enclosure therebetween as seen in FIG. 13.
PAR  Not only does fixture 36 couple a vacuum to and act as a heat sink for the
      cable, as will be described later, but the fixture acts to mechanically
      support the connector while same is cut which will be described now.
PAR  Turning to FIG. 15 there is shown a bevel cut or welding opening 62 made in
      the connector 28 equidistant from the ends thereof and defining welding
      window 30. Opening 62 provides access to the strand ends of each cable
      segment 12 and 14 as well as providing an approach angle for an inert gas
      and electric welding gun, not shown. While the angle of cut is not
      critical, it should be at about a fifteen degree angle with respect to a
      plane perpendicular to the longitudinal axis of connector 28, as shown in
      the last mentioned figure.
PAR  After cutting opening 62 a negative or reduced pressure is coupled to line
      54. Line 54 communicates the negative pressure or vacuum to manifold 52
      that in turn distributes the negative pressure to each of the annular
      vacuum chambers formed by the respective cap and support combinations.
      This negative pressure is then applied about the cable periphery between
      each connector end and collars 16. The area of reduced cross section 24 of
      mandrel 18 is positioned in the slightly enlarged areas of the cable ends
      12 and 14 formed between respective collars 16 and connector 28. Further,
      the mandrel reduced cross section is also in the area of the annular
      vacuum chamber formed by joining respective cap and support members that
      overlie the enlarged or slightly bird caged strands of end segments 12 and
      14. This construction insures that the negative or reduced pressure
      existing in the annular chambers is communicated to the exposed ends of
      the cable strands defining opening 62. The pressure gradient coupled to
      and existing at the strand ends forming opening 62 causes a suction
      inwardly therefrom and substantially along the cable axis. A small amount
      of Freon TF is sprayed into opening 62 to effect a further cleansing and
      washing of oil from the strand ends. With the reduced pressure still
      maintained in each annular chamber, the welding begins. The welding is
      done with an electric arc and is performed in an inert gas environment as
      is commonly practiced. The welding gun, which is not shown, usually
      contains nozzle means for producing the inert gas envelope. In FIG. 16 a
      preferred welding sequence is shown consisting of five welding "passes."
      As the welding progresses the molten material is deposited in layers a, b,
      c, d and e in opening 62 thereby connecting the cable ends. It will be
      readily apparent that fixture 36 being a good conductor and having a large
      mass will act as a heat sink during the welding process. That is, during
      welding the fixture acts to inhibit temperature rise in the cable near
      insulation 10. Yet, temperature sensing means 58 continually monitors
      cable temperature near insulation 10 and if the cable temperature begins
      to rise past 190.degree.F., air can be forced over fins 58 to cool the
      fixture and lower segment temperature.
PAR  During the welding operation the molten material deposited in opening 62
      will experience a driving force caused by the aforesaid pressure gradient
      at the strand ends. The gradient effects a migration of the molten
      material sucking it inwardly substantially axially inward from the ends of
      and along the respective segment axis of each cable. This migration adds
      to the mechanical strength of the weld by joining and welding together
      lengthwise portions of the strands of each cable as well as welding the
      facing cables by the weld material in the interstices of the cable
      strands. After the weld cools, the fixture and Teflon taping is removed
      and the weld is ground down to conform to the periphery of connector 28.
      The resulting welded area comprises a solid structure of enhanced
      electrical conductivity. The collars or compression means 16 remain on
      their respective cable segments and operate to prevent excessive
      separation of the cable strands.
PAR  While only a single embodiment of the present invention has been shown and
      described, it will be apparent that many changes and modifications can be
      made hereto without departing from the spirit and scope thereof. It is the
      intention, therefore, to be limited only as indicated by the scope of the
      claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for splicing and welding together the adjacent ends of
      stranded electrical cables,
PA1  a sleeve compressibly engaging the adjacent cable ends in alignment with
      each other and having a welding window defined therein,
PA1  deformable clamp means to compressibly and clampingly engage with each
      cable to effect a compaction of and eliminate interstices between the
      strands of the cable thereat and block the flow of fluid therebeyond and
      spaced from said sleeve to form on its respective cable an area of
      enlargement between said clamp means and said sleeve means,
PA1  and a welding fixture connected about the cables adjacent said ends thereof
      and including means to effect a negative pressure at said enlarged area of
      each cable such that molten welding material deposited in said window
      experiences a migration substantially along the cable axis toward said
      enlarged area as the weld fills the window and connects said cable ends.
NUM  2.
PAR  2. An apparatus as in claim 1,
PA1  a mandrel for insertion into each cable end and having an area of reduced
      cross-section in said enlarged cable area.
NUM  3.
PAR  3. An apparatus as in claim 1,
PA1  means sealing said welding fixture air-tightly to the respective cable.
NUM  4.
PAR  4. An apparatus as in claim 1,
PA1  said sleeve being of a metallic material as copper, aluminum or stainless
      steel that when deformed retains its deformed configuration.
NUM  5.
PAR  5. In an inert gas, electric arc welding kit to weld together the adjacent
      ends of stranded cable,
PA1  a compression collar adapted to slide onto the cable periphery and compress
      the strands of the cable to eliminate spaces between the same to block the
      flow of fluid therebeyond,
PA1  a mandrel having a peripheral portion of reduced cross-section and operable
      to be driven into a respective cable end,
PA1  a compression connector having two open ends into which fit respective ends
      of the cables and a welding window therebetween whereby when said
      compression collar and connector are deformed plastically to a reduced
      size, the interstices of the cables extending therebetween in combination
      with said mandrel reduced cross-section presents a path through which
      fluid can flow,
PA1  and a welding fixture including means to effect a reduced pressure at said
      cable paths so that when said welding fixture is coupled to the cables
      said paths couple the reduced pressure to the respective cable ends to
      apply the reduced pressure thereat.
NUM  6.
PAR  6. In the kit of claim 5, said welding fixture comprising convective
      cooling means across which a cooling fluid is adapted to pass.
NUM  7.
PAR  7. In the kit of claim 6, said convective cooling means being a plurality
      of radiating fins to transfer the heat from same to the ambient
      environment.
NUM  8.
PAR  8. In the kit of claim 5, means to concomitantly seal said fixture to
      peripheral portions of said compression collar and connector.
NUM  9.
PAR  9. In the kit of claim 8, said means for concomitant sealment further
      comprises TEFLON boots to effect a fluid-tight envelope about said
      compression collar and connector.
NUM  10.
PAR  10. In an apparatus for welding together the ends of electrical cables,
PA1  means to compressibly retain the cable ends in welding spaced alignment,
PA1  clamp means to clamp each cable at a portion of the length thereof remote
      from said retainer means to so compress the strands of each cable as to
      eliminate the flow of fluid therebeyond and to form with said retainer
      means an area extending therebetween in which the cable strands are
      uncompressed,
PA1  and means on said cable ends applying a negative pressure to said cable
      areas to create a vacuum thereat and at the spaced ends of the electrical
      cables to draw into the cables from their ends fluids and molten material
      toward said cable areas and between the strands thereof.
NUM  11.
PAR  11. In an apparatus as in claim 10,
PA1  means in each cable end to provide a path for the flow of fluids and molten
      material from said cable ends toward said cable areas.
NUM  12.
PAR  12. In a method of welding the ends of stranded electrical cables,
PA1  securing the cable ends in relatively spaced relationship and from relative
      movement,
PA1  connecting each of the cable ends together in their spaced relation by a
      connector and compressing the same about the cable ends,
PA1  constricting the cable strands at a portion of the length of each cable
      remote from the respective connected ends thereof to block the flow of
      fluid therebeyond,
PA1  applying a negative pressure along a portion of the cables between their
      respective constricted portions and the connected cable ends, while
      depositing welding material at the spaced ends of the cables.
NUM  13.
PAR  13. In a method as in claim 12,
PA1  and driving a pin into the compressed end of each cable while providing a
      path in each cable in the portion thereof of the applied negative
      pressure.
NUM  14.
PAR  14. In a method as in claim 13,
PA1  introducing a cleaning solvent between the spaced cable ends during the
      application of the negative pressure and before depositing the welding
      material.
NUM  15.
PAR  15. In a method of welding the ends of stranded electrical cables,
PA1  spacing the cable ends from each other,
PA1  applying a negative pressure along a portion of each cable to weld the
      spaced cable ends while depositing molten welding material thereat,
PA1  and constricting the strands of each of the cables at a portion remote from
      the cable ends to direct the negative pressure to be applied to the cable
      ends to cause the negative pressure to draw the molten welding material
      inward from the cable ends along and between the strands.
NUM  16.
PAR  16. A method for welding the ends of stranded electrical cable including
      the steps of:
PA1  clamping the periphery of each cable near the end thereof;
PA1  driving a mandrel having an area of reduced cross-section into each clamped
      cable end;
PA1  releasing the clamp from said clamping step and repositioning it on the
      cable periphery spaced from a respective end thereof;
PA1  fitting each cable end into a respective end of a compression connector;
PA1  reclamping the clamp and isolating the respective cable end from the
      remaining cable;
PA1  compressing the compression connector and locking the cable ends therein;
PA1  attaching a welding fixture about the compression connector with the
      welding fixture coupling a reduced pressure to the cable;
PA1  cutting a welding opening in the compression connector for exposing the
      respective cable ends; and
PA1  welding the exposed ends of the cable by depositing molten material in the
      welding opening.
NUM  17.
PAR  17. The method of claim 16 wherein said step of fitting each cable end is
      accomplished by providing a viewing window in the compression connector
      for aligning the respective cable ends therein.
NUM  18.
PAR  18. The method of claim 17 wherein said step of compressing the compression
      connector by plastically deforming the compression connector to a diameter
      smaller than the adjacent and uncompressed cable.
NUM  19.
PAR  19. The method of claim 18 wherein said step of plastic deformation occurs
      in an indexing sequence about the periphery of the compression connector.
NUM  20.
PAR  20. The method of claim 19 wherein said step of reclamping the clamp is
      accomplished by plastically deforming the clamp.
NUM  21.
PAR  21. The method of claim 17 further including the step of pouring a solvent
      into the viewing window for cleaning the respective cable ends so the
      solvent is drawn through the end regions of the cable by operation of the
      reduced pressure.
NUM  22.
PAR  22. The method of claim 16 further including the step of monitoring the
      cable temperature.
NUM  23.
PAR  23. The method of claim 16,
PA1  performing the step of welding in an inert gas environment and using an
      electric arc.
NUM  24.
PAR  24. The method of claim 23 wherein said welding step is accomplished by
      providing a continuous envelope of gaseous helium.
NUM  25.
PAR  25. The method of claim 16,
PA1  and removing an excess weld material from the region of the welding opening
      conforming same to the outer periphery of the adjacent compression
      connector.
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ABST
PAL  A method for welding of steel pipe to a pressure vessel comprising the
      steps of cutting an opening in the wall of the pressure vessel, joining a
      connection member which consists of a thickened rim or lenticularly shaped
      disc, aligning the disc with a bore at a right angle to a tangential plane
      of the outer surface of the connection member, and welding in two specific
      areas whereby said first weld at the rim of said forged disc to the wall
      of said pressure vessel has greater strength against notch breaking at the
      thicker portion and the second welding at the opening of the wall of said
      pressure vessel provides a smooth transition.
PARN
PAR  This application is a Continuation-In-Part of Application Ser. No. 317,163,
      filed Dec. 21, 1972, now abandoned, on MOUNTING PIPE FLANGES IN THE WALL
      OF A PRESSURE VESSEL.
BSUM
PAR  In the construction of pressure vessels, there is a trend to use high
      quality low alloy steels in place of plain carbon steel. Low alloy steels
      have higher static and dynamic strength properties and permit the use of
      decreased wall thickness for a given design pressure, this in turn
      resulting in interesting material savings and thereby also permits
      corresponding reduction in the heaviness of the vessel supports.
PAR  All pressure vessels require various nozzles, branch connections and
      covers, but the cut-outs thus necessary on cylindrical, or conical, or
      spherical vessels always result in a weakening of the wall structure.
PAR  This inevitably lowers the admissible maximum pressure especially on
      vessels to be used in the higher pressure range. Compensation to overcome
      the weakening by cut-outs on such vessels have-to-fore practiced by one of
      the following:
PA1  Use of vessels with increased wall thickness;
PA1  Reinforcing stiffening collars around the cut-out;
PA1  Pipe branch of the flange with increased wall thickness;
PA1  Disc and pipe reinforcements used in combination.
PAR  Some of these conventional measures are illustrated by FIGS. 1a and 1b. But
      when use is made of high strength low alloy steel, then all branched
      connections must be by through welds with full penetration. Obviously
      under such conditions, connections as illustrated by FIGS. 1a and 1b are
      no longer permissible. This also applies to many other simple weld flange
      connections, which because of their low strength, danger of double stress,
      and lack of dynamic strength in the direction of the vessel wall
      thickness, are no longer allowable. There exist furthermore always varying
      external stress loads, such as for example produced by the thermal
      expansion of the wall of the vessel or increasing temperature of piping
      branched by welding to the flanges. All these have to be taken into
      consideration as well.
PAR  At the points of material transition, resulting from the reinforced welded
      joints, the maximum permissable strength is limited by the notch
      sensitivity. To overcome this drawback, the past art has used complicated
      design with stiffeners and reinforcements, and this again was only
      satisfactory if the wall of the vessel had sufficient thickness. But even
      so the design of acceptable smaller diameter branched connections is
      desirably not to be made in axial-symmetry to the vessel's wall, but
      instead is to be made tangentially or nearly so, and this requirement
      remained an unsolved problem.
PAR  The present invention discloses a method for weld joints for branched pipe
      connections to pressure vessels, the method being characterized by welding
      into the opening a centrally thickened connector piece having a form so
      that a bore therein will be practically at right angle to a plane
      tangential over the surface of the connector and that a branch pipe then
      is welded into the bore.
PAR  A connector useful for the method is characterized that its thickness in
      the bore area has several times the thickness of its border rim which is
      to be welded into the vessel's wall. Preferably, the connector may be in
      the form of a lenticular forged disc.
DRWD
PAR  In order that the invention may be well understood, it will be further
      described by way of example only, with reference to the accompanying
      drawings, which show several embodiments thereof.
PAR  In particular,
PAR  FIGS. 1a and 1b show sections through conventional welded and reinforced
      joints;
PAR  FIG. 2 shows a first embodiment of the connection according to the
      invention in a cross-section;
PAR  FIG. 3 shows a second embodiment; and,
PAR  FIG. 4 shows a third embodiment.
DETD
PAR  The connection member according to FIG. 2 has substantially the form of a
      disc 1 with its one face plane and its other face convex. Along its rim,
      it is welded at 2 to the wall 3 of a pressure vessel. The weld 2 has full
      penetration and is accessible from both sides. A bore 6 has been drilled
      through the disc 1 and a pipe 4 is welded to it so that the bore 6 forms
      the continuance of the pipe 4. Alternatively, as shown in FIG. 3, the pipe
      4 may also be pushed through the bore 6 and securely connected by weld 7.
      A further weld 8 at the side where pipe 4 emerges on the inside of the
      vessel serves to seal and reinforce the pipe connection.
PAR  As can be seen from FIG. 3, the disc 1 again has the form of a lenticule,
      but both faces being of convex shape.
PAR  A further embodiment is shown in FIG. 4. Whenever a tube of relatively
      larger diameter is centrally connected to a vessel via a connection member
      according to the invention, the remaining surface of the latter is nearly
      plane. Therefore, the connection member according to FIG. 4 has the form
      of a double cone. There is only a minor decrease in strength of this
      connection, but in turn, the machining of the forged connection member is
      facilitated. The connection of a tube 10 in the bore 12 of the member 11
      is performed analogously by means of welds 13 and 14, while the member 11
      is connected to the vessel wall 16 by weld 15.
PAR  The principle advantages obtained by the new method are manufacturing ease,
      reliability, and ease of inspection, to wit:
PAR  Welds between the connection member and the walls 2 of pressure vessels are
      easily made, they have high reliability, can be practiced with certainty,
      and will be always accessible for inspection. The smooth transition from
      the weld 2 at the wall to the rim of the piece 1 minimizes notch
      sensitivity.
PAR  In addition, there remains always adequate free space to select the optimum
      direction for the branch connection leading into the vessel even if the
      pipe has to be lead tangentially to the vessel's wall.
PAR  The convex form of the piece 1 excludes narrow angles between the surface
      and the pipe 4, so that a high quality weld 5 or 7 is always possible. The
      lenticular form permits an optimum compensation and distributes the stress
      trajactories in an especially advantageous manner, thereby minimizing the
      notch sensitivity of the whole construction.
PAC  EXAMPLE 1
PAR  The following example of the invention shows more clearly the advantages of
      the new improvement in or relating to mounting for the wall of a pressure
      vessel. This example pertains to the constructions of a gas-storage sphere
      with an 18 meter diameter and a volumn of about 3,000 cubic meters of
      liquefied gas at a maximum pressure of 15 atmospheres which is
      approximately 200 psi. It has been normal commercial practice to use for
      the manufacture of such spheres a fine grain structural steel of good
      weldability.
PAR  In this example there is used a steel with a composition of
TBL  C                less than 0.20%                                          

     Si               0.10 to 0.50%                                            

     Mn               0.90 to 1.60%                                            

     P & S            less than 0.040%                                         

PAR  This steel has the grain refined with either about 0.015% Al or 0.02% Cb or
      0.05% V singly or in combination. All of these grades have been tested.
PAR  The steel of the gas-storage sphere has the following physical properties:
TBL  tensile strength     52 kg/mm2                                            

     yield point          36 kg/mm2                                            

     elongation           22% (1=5d)                                           

PAR  In accordance with requirements the sphere has a wall thickness of 35.8 mm
      and a weight of 310 metric tons.
PAR  Alternately, for the vessel there is used a low alloy
      Manganese-Nickel-Vanadium steel with a composition of
TBL  C                less than 0.20%                                          

     Si               0.10 to 0.50%                                            

     Mn               1.20 to 1.70%                                            

     P & S            less than 0.035%                                         

     Ni               0.50 to 0.80%                                            

     V                0.10 to 0.22%                                            

PAL  and this steel has the following physical properties
TBL  tensile strength     52 kg/mm2                                            

     yield point          51 kg/mm2                                            

     elongation           16% (1=5d)                                           

PAR  The wall of the sphere could be reduced to a thickness of 29.3mm, but if
      this is done, then the notch sensitivity of the flanged connection of
      normal design of the prior art in FIGS. 1a and 1b herein, requires a
      substantial wall thickness increase for safety purposes. Therefore, the
      use of this higher strength steel brings no practical advantage over the
      first one.
PAR  Now, using the new type connection members disclosed in FIGS. 2, 3 and 4 in
      the present application, it has been possible to construct the sphere with
      an even more sensitive high strength low alloy steel of
TBL  C                less than 0.20%                                          

     Si               0.10 to 0.40%                                            

     Mn               0.20 to 0.60%                                            

     P & S            less than 0.025%                                         

     Cr               0.20 to 0.60%                                            

     Mo               0.20 to 0.60%                                            

     Ni               3.0 to 3.7%                                              

     Ti               less than 0.05%                                          

     V                0.03 to 0.08%                                            

PAL  this has
TBL  tensile strength     80 kg/mm2                                            

     yield point          70 kg/mm2                                            

     elongation           17% (1=5d)                                           

PAR  The wall of the sphere has only a thickness of 24 mm, the sphere weight is
      reduced to 210 tons. This was only made possible by the use of the novel
      type connection members, which offer the additional great advantage to
      permit straight connections even at relative small angle to curved surface
      of the sphere (illustrated with FIGS. 2 and 3) of the application. A
      number of codes, as for example, the ASME-Pressure-Vessel-Code Section III
      give formulas to calculate the construction requirements in view of the
      static load.
PAR  Under these codes, spherical tanks for the storage of liquified gas must be
      constructed to be safe under repeated load cycling and with due
      consideration for the swelling and diminishing pressure accompanying
      these.
PAR  From this stems the requirement to limit the maximum permissible pressure
      vairation during the load cycles to 20 -  30% of the maximum static load,
      for the safe cycling life of the constructions made under prior art
      practice and where the weakest point with ferritic steels is the notch of
      weldments for flanges and connections.
PAR  The present novel connection members in accordance with FIGS. 2, 3 and 4
      now allow a construction where the maximum permissible pressure variation
      during load cycles can be 100% of the maximum static load and where even
      then the safe cycling life is extended more than fivefold when compared to
      prior commercial construction of FIGS. 1 and 2.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for the connection of a steel pipe to a pressure vessel of
      uniform thickness composed of high quality low carbon steel, comprising:
PA1  cutting an opening in a wall of said pressure vessel which is of
      substantially larger diameter than that of the pipe;
PA1  joining a connection member to said pipe and to said opening which consists
      of a forged bored disc of lenticular shape having a thickened central
      portion and a rim, the thickness of said disc in the region of said rim
      being equal to the thickness of the wall of the pressure vessel, and the
      thickness of said disc in the region of its bore being several times the
      thickness of the rim;
PA1  said joining being by a first welding step of said pipe to said connection
      member in the region of said bore, whereby the first weld at the edge of
      said bore merges into the lenticular form at the thickened central portion
      adjacent the bore connection to provide better impact strength at the
      first weld, and by a second welding step in smooth transition between the
      disc and vessel, in which there is provided a smooth transition between
      the material of the pipe wall, material of the disc, and of the vessel's
      wall.
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ABST
PAL  In order to weld a cup-shaped member to a ring, claws are secured to the
      exterior surfaces of each part. In addition, a resilient member such as a
      ductile aluminum plate is placed between each pair of claws. The parts are
      spaced apart to form a gap in which a welding seam can be made. During
      cooling, the welding seam shrinks. This causes the aluminum plates between
      the claws to plastically deform. Thereafter, the claws and plates can be
      removed and the finished welding carried out.
BSUM
PAR  The invention relates to a method for welding a top part and an associated
      bottom part, spacers being employed to form a gap between both parts for
      filling with weld material whereupon the gap is filled with weld material.
PAR  In a known method the gap is located by tack welding after which the
      spacers are removed and the gap is filled with weld material by weld seams
      which are successively applied.
PAR  This method suffers from the disadvantage that the spacers, which are
      already clamped by the weight of the top, are clamped even more firmly due
      to the effect of tack weldings which shrink on cooling so that it is
      difficult to remove the said spacers. It is also possible for stress
      cracks to form in the tack welds when they cool and these cracks then
      remain as irregularities in the subsequent finish-welding operation.
PAR  It is the object of the invention to avoid these disadvantages by
      dispensing altogether with tack welding.
PAR  According to the invention this is achieved in that a plurality of
      corresponding claws is applied to both parts, the top part being located
      with respect to the bottom part in a position in which the claws are
      positioned opposite to each other and by the provision between the claws
      of each claw pairs of a resilient element which deforms when the weld
      shrinks.
PAR  The element may be such that it deforms plastically or elastically when the
      weld material shrinks. The element preferably consists of soft aluminum
      sheet. In general the material chosen for the resilient element is more
      ductile than that of the claws and has a thickness which is such that
      after the claws of the top part are placed upon the claws of the bottom
      part the gap which remains for filling with weld material will have the
      required height and the support surfaces of the claws have dimensions
      which are such that the element is deformed due to shrinkage of the weld
      seams without excessive stresses occurring therein.
PAR  The element may also comprise a spring for example, a Belleville or disc
      spring.
DRWD
PAR  One embodiment of the subject of the invention is explained in the
      accompanying drawing.
DETD
PAR  The drawing is a vertical section through part of a heavy steel ring 1
      which is to be welded to a cup 2. The steel ring is provided with a weld
      edge 1a and the cup is provided with a weld edge 2a. A plurality of claws
      5 with upwardly orientated members 6 are welded on to the external
      circumference of the steel ring 1. An identical number of claws 10, whose
      members 11 are downwardly orientated, are welded on to the external
      circumference of the cup 2 in a position which corresponds to that of the
      claws 5. The end faces 12 and 13 of the members 6 or 11 respectively are
      disposed in the same plane as the end face 15 of the steel ring 1 or the
      end face 16 of the cup 2 respectively. After placing the steel ring 1
      vertically the cup 2 is lowered thereon, a resilient element in the form
      of a spacer 20 of soft aluminium plate or in the form of a disc spring
      being placed between the corresponding claws 5, 10 of each claw pair. A
      gap 22 then remains between the cup and the steel ring. To lower the cup 2
      it is suspended from ropes 21 which are guided under the top claws 10.
PAR  At least one first circumferential welding seam 23 may then be applied to
      the welding edges 1a and 2a of the steel ring 1 or of the cup 2
      respectively. When the welding seam 23 cools a tensile stress will develop
      therein so that the spacers 20 will be subjected to pressure which is so
      high as to cause plastic deformation of the spacers which thus become
      thinner. The cup therefore approaches more towards the steel ring, thus
      preventing the tensile stresses in the welding seam 23 becoming excessive
      and thus preventing the formation of cracks. The claws can be removed for
      finish welding the welding edges 1a and 2a.
PAR  The material of the spacers 20 should be more ductile than that of the
      claws and the thickness of the said spacers should be such that the gap 22
      has the required height for finish welding after the claws of the cup are
      placed on those of the steel ring. To this end the dimensions of the
      support surfaces of the aluminium plate on the claws can be made
      sufficiently large so that deformation of the aluminium plates due to
      shrinkage of the welding seams 23 proceeds at a rate in which no excessive
      stresses occur in the said welding seams.
PAR  The resilient element may also comprise an element of a different shape,
      for example a diaphragm spring. The distance between the end faces 12 and
      13 of the members 6 or 11 respectively must be adapted to the height of
      the diaphragm spring. The diaphragm springs are preferably assembled on
      pins which are mounted on the lower claws 5.
PAR  It is advantageous to arrange for the distance s between the inside of the
      claws and external circumference of the cup or steel ring respectively to
      be equal to at least half the claw thickness (measured perpendicularly to
      the drawing). This prevents the claws causing any severe, sudden cooling
      of the welding seams.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method for welding a top part and an associated bottom part, spacers
      being employed to form a gap between both parts for filling with weld
      material whereupon the gap is filled with weld material, characterized in
      that both parts are provided with a plurality of corresponding claws, that
      the top part is located relative to the bottom part in a position which is
      such that the claws are oppositely disposed and that a resilient element
      which deforms when the weld material shrinks is provided between the claws
      of each claw pair, said resilient element comprising a spacer of a
      material which is more ductile than that of the claws and has a thickness
      which is such that the gap for filling with weld material has the required
      height after the claws of the top part are placed upon the claws of the
      bottom part and the dimensions of the claw support surfaces are such that
      the spacer is deformed when the weld seams shrink but without any
      excessive stresses occurring in the said weld seam.
NUM  2.
PAR  2. Method for welding a top part and an associated bottom part, spacers
      being employed to form a gap between both parts for filling with weld
      material whereupon the gap is filled with weld material, characterized in
      that both parts are provided with a plurality of corresponding claws, that
      the top part is located relative to the bottom part in a position which is
      such that the claws are oppositely disposed and that a resilient element
      which deforms when the weld material shrinks is provided between the claws
      of each claw pair, said element being a soft aluminum plate.
NUM  3.
PAR  3. Method for welding a top part and an associated bottom part, spacers
      being employed to form a gap between both parts for filling with weld
      material whereupon the gap is filled with weld material, characterized in
      that both parts are provided with a plurality of corresponding claws, that
      the top part is located relative to the bottom part in a position which is
      such that the claws are oppositely disposed and that a resilient spring
      element which deforms when the weld material shrinks is provided between
      the claws of each claw pair.
NUM  4.
PAR  4. Method for welding a top part and an associated bottom part, spacers
      being employed to form a gap between both parts for filling with weld
      material whereupon the gap is filled with weld material, characterized in
      that both parts are provided with a plurality of corresponding claws, that
      the top part is located relative to the bottom part in a position which is
      such that the claws are oppositely disposed and the distance between the
      inside of the claws and the external circumference of the associated top
      and bottom part are equal to at least half the claw thickness and that a
      resilient element which deforms when the weld material shrinks is provided
      between the claws of each claw pair.
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ABST
PAL  A meat spacer tray of molded plastic for freezing and storing meat is
      disclosed wherein an open array of holes, ribs, and connectors permit free
      circulation of air around meats placed thereon and, also, will hold
      odd-shaped cuts of meat such as hams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The quick freezing of meat process is aided by the disclosed device.
      Presently, most meat processing plants are using either a wooden spacer or
      a stainless steel spacer. Several disadvantages are encountered in these
      present methods:
PA1  1. The cleaning of a wooden spacer is both a difficult and time-consuming
      job;
PA1  2. Wood has a tendency to splinter and absorb water; and
PA1  3. The cost of stainless steel is much greater than the disclosed and
      instantly claimed invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A meat spacer tray of molded plastic for freezing and storing meat is
      disclosed wherein an open array of holes, ribs, and connectors permit free
      circulation of air around meats placed thereon and also will hold
      odd-shaped cuts of meat such as hams.
PAR  It is an object of this device to be easily cleanable.
PAR  It is an object of this device to be nestable for ease of storage when not
      in use.
PAR  It is an object of this device to avoid crevices which will afford sites
      for the undesirable growth of bacteria.
PAR  It is an object of this device to have both a one piece construction and a
      non-porous surface.
PAR  It is an object of this device to be steam cleanable and also withstand low
      temperatures of about -60.degree.F.
PAR  It is an object of this device to promote efficient air flow to aid rapid
      and uniform freezing.
PAR  Other objects and advantages of our invention will be apparent to those
      skilled in the art upon reading this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The meat freezing spacer and tray of molded plastic is disclosed in FIGS.
      1-4.
PAR  FIG. 1 is a top perspective view of the meat spacer tray of molded plastic.
PAR  FIG. 2 is an enlarged top plan view of the bottom corner section of the
      meat spacer tray of molded plastic as shown in FIG. 1.
PAR  FIG. 3 is an enlarged cross-section side elevation view of the meat spacer
      tray of molded plastic along the line 3--3 as shown in FIG. 1.
PAR  FIG. 4 is a front elevation view of the meat spacer tray of molded plastic
      along line 4--4 in the direction of the arrow as shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Our invention consists of a meat spacer tray of molded plastic. The tray
      has been specifically designed to facilitate uniform and rapid freezing of
      meat by permitting the passage of air around meat placed between two meat
      spacer trays. In its simplest form our meat spacer tray consists of the
      following basic elements: top planar rectangular members [FIG. 1, 1-6],
      bottom rectangular planar members [FIG. 1, 7-11], and connecting means
      [FIG. 1, 12-22] to hold the top and bottom planar rectangular members in
      fixed positions with respect to one another. To the previously described
      basic structure are added the following elements which impart additional
      strength and stability to the meat spacer tray, i.e., flanges [FIG. 3, 23]
      and ribs [FIG. 1, 24-25]. The top rectangular planar members [FIG. 3, 1-2]
      have their longer sides extending in the longitudinal direction of the
      spacer and each of said members top and bottom rectangular planar surfaces
      are coplanar to one and another, respectively. The top [FIG. 3, 37] and
      bottom [FIG. 3, 53] surfaces of one said member [FIG. 3, 1] being coplanar
      to the corresponding surfaces [FIG. 3, 38 and 30] of other said members
      [FIG. 3, 2]. There are two types of top planar members. The first said top
      type [FIG. 1, 2-5] has two rows of square holes [FIG. 1, 26] extending
      between said types' top and bottom surfaces wherein said square holes have
      rounded corners [FIG. 2, 27], the top edges of said square holes being
      rounded [FIG. 3, 28] and the side surfaces [FIG. 3, 29] of said square
      holes are normal to the bottom surfaces [FIG. 3, 30] of said top members.
      The second said top type has a single row of rectangular holes [FIG. 2,
      31] extending between said types' top and bottom surfaces wherein the
      longer sides of the said rectangular holes are parallel to said
      longitudinal direction of the spacer. The two top outside rectangular
      planar members [FIG. 1, 1 and 6] having their longer sides in the
      longitudinal direction of said spacer each have a single row of said
      rectangular holes [FIG. 2, 31]. The remaining top planar rectangular
      members, all have at least one row of square holes. It is to be noted that
      the invention is not intended to be limited to any particular kind of
      holes in either the top or bottom planar members, nor should the invention
      be limited to holes which have particular rounded surfaces or normal sides
      to the surfaces of either the top or bottom planar rectangular members.
PAR  There are two flanges [FIG. 3, 23] attached to the bottom horizontal
      rectangular surface [FIG. 3, 30] along both longitudinal edges of all top
      rectangular planar members. The sides of said flanges [FIG. 3, 32] extend
      downward from the top planar member so that the bottom surface [FIG. 3,
      33] of each said flange is spaced above the top planar surface [FIG. 3,
      34] of the hereinafter recited adjacent bottom rectangular members [FIG.
      1, 7-11]. These flanges are intended as structural pieces to strengthen
      the overall meat spacer tray. One vertical surface [FIG. 3, 36] of said
      flange and the bottom said surface [FIG. 3, 35] of the top planar member
      forms a right angle and the other vertical surface [FIG. 3, 32] of said
      flange is continuous with and coplanar to a vertical longitudinal side
      [FIG. 3, 32] of said top rectangular member. Said other vertical surface
      of said flange forms a right angle between said vertical longitudinal side
      [FIG. 3, 32] and the top rectangular planar surface [FIG. 3, 37] of said
      top planar member [FIG. 3, 1].
PAR  There are bottom rectangular members [FIG. 1, 7-11] which have their longer
      sides extending longitudinally and each of said members top [FIG. 3, 34
      and 40] and bottom rectangular planar surfaces [FIG. 3, 39 and 41] are
      coplanar to one another respectively. That is, the top [FIG. 3, 40] and
      bottom [FIG. 3, 39] surfaces of one said member [FIG. 3, 7] are coplanar
      to the corresponding surfaces [FIG. 3, 34 and 41] of other said members
      [FIG. 3, 8]. These said members are of two types. The first said type
      [FIG. 1, 7 and 11] of bottom rectangular planar members has a single row
      of square holes [FIG. 3, 42] extending between the top [FIG. 3, 40] and
      bottom [FIG. 3, 39] horizontal rectangular surfaces of said member [FIG.
      3, 7]. These holes have rounded [FIG. 2, 43] corners. The side surfaces
      [FIG. 3, 44] of said holes are normal to the top surfaces [FIG. 3, 40] of
      said members. The bottom edges [FIG. 3, 45] of said holes are rounded. The
      second said type [FIG. 1, 8-10] of bottom rectangular planar member has
      two rows of square holes extending between the top and bottom horizontal
      rectangular surfaces of said member. The said square holes have rounded
      corners. The side surfaces of said square holes are at right angles to the
      top surfaces of said members. The bottom edges of said square holes are
      rounded. It should be noted that the particular arrangement of holes
      previously described is but one claimed example in a more general meat
      spacer tray wherein the exact nature of the holes generally in a vertical
      direction to the top and bottom surfaces of the planar rectangular members
      are less defined.
PAR  In one embodiment of our meat spacer tray said bottom members have two
      sloping longitudinally extending sides [FIG. 3, 46 and 47] wherein said
      sloping longitudinally extending sides are along the two longer edges of
      said member. They form an angle ranging from 90.degree. to 170.degree. as
      measured within said member between one said sloping side [FIG. 3, 46] and
      the bottom rectangular planar surface of a bottom planar member [FIG. 3,
      39].
PAR  The top and bottom planar rectangular members are positionally related to
      one another in two ways. The first way is that the outer planar
      rectangular members [FIG. 1, 1 and 6] are top planar rectangular members
      having a single row of rectangular holes and positionally adjacent
      (hereinafter defined) to these said members are two bottom planar
      rectangular members [FIG. 1, 7 and 11] each having a single row of square
      holes. The second said way is that positionally adjacent to the two said
      bottom planar rectangular members [FIG. 1, 7 and 11], wherein each said
      member has a single row of holes, are two top rectangular [FIG. 1, 2 and
      5] members each having two rows of square holes. Positionally adjacent to
      said top planar members [FIG. 1, 2 and 5] are two bottom planar members
      [FIG. 1, 8 and 10]. Said top [FIG. 1, 2-5] and said bottom [FIG. 1, 8-10]
      planar members alternate with one another so that between each bottom
      planar member is a top planar member except for the two outside top planar
      members [FIG. 1, 1 and 6]. The top planar members on the outside have at
      least one row of rectangular holes [FIG. 3, 31]. The direction of the
      longer sides of said rectangular holes is in the longitudinal direction.
      The overall arrangement of top and bottom rectangular planar members is
      such that between two top planar rectangular members there will always be
      a bottom planar rectangular member. Again it is noted for emphasis that
      the invention should not and is not intended to be limited to the
      particular type and arrangement of holes penetrating the top and bottom
      surfaces of the planar rectangular members.
PAR  Positions of planar members adjacent to one another mean the two positions
      occupied by a top planar member [FIG. 1, 2] and one of its nearest
      neighbors, a bottom planar member [FIG. 1, 7 or 8] and vice versa, wherein
      if one were to imagine that a top planar member [FIG. 1, 2] were to be
      moved down vertically and then moved horizontally in a direction
      perpendicular to said members longer side, then said "moved" member would
      occupy the same position as said member's nearest neighbor, a bottom
      planar member [FIG. 1, 7 or 8] and similarly if one were to imagine a
      bottom planar member [FIG. 1, 7] moved upward vertically and then
      horizontally in a direction perpendicular to said members longer edge then
      said "moved" member would occupy the same position as said members nearest
      neighbor, a top planar member [FIG. 1, 1 or 2].
PAR  Connecting means are provided to hold the top and bottom planar rectangular
      members in a fixed position with respect to one another. Examples of said
      connecting means are connectors [FIG. 1, 12-22] and/or transverse ribs
      [FIG. 1, 25]. One suitable shape of these connectors is a frustum. For
      purposes of illustration the connectors will be referred to as frustum
      connectors. A plurality of spaced apart frustum connectors [FIG. 1, 12-22]
      extend between bottom rectangular planar members and top planar
      rectangular members. In one specific embodiment of our invention, there
      are three types of frustum connectors. However, it is to be noted that in
      a more general structure, the type and shape of particular connectors need
      not be so limited. The first said type of frustum connector [FIG. 1, 12
      and 22] is at each end of every bottom rectangular planar member. The
      second said type [FIG. 1, 13, 15, 17, 19 and 21] is spaced inward toward
      the center of the meat spacer tray in the longitudinal direction from the
      first said type and is connected along the longitudinal edge of said
      bottom planar rectangular member. The third type [FIG. 1, 14, 16, 18, and
      20] is spaced inward toward the center of the meat spacer tray in the
      longitudinal direction from the said second type and this third said type
      alternates with the second said type along both longitudinal top edges of
      the bottom planar member. All frustum connectors of types one, two or
      three connect the top surface [FIG. 3, 40] of said bottom planar members
      to the side [FIG. 3, 32] and flange [FIG. 3, 23] of the nearest (adjacent)
      top planar member [FIG. 3, 1 or 2]. The frustum connectors have one side
      [FIG. 1, 48, 49, and 50] sloping in such a manner as to form an angle
      between said sloping side of the frustum connector and the top planar
      surface of the top rectangular planar members. An angle of between
      90.degree. and 170.degree. as measured internally is formed between said
      sloping planar side [FIG. 1, 48, 49 and 50] of said frustum connectors and
      the top planar surface of the top planar rectangular member. The side
      [FIG. 3, 51]  of said frustum connector opposite the previously described
      sloping planar side [FIG. 3, 50] is continuous with and coplanar to the
      sloping sides [FIG. 3, 46] of said bottom rectangular planar member [FIG.
      3, 7].
PAR  A plurality of rectangular holes are defined by the sides of frustum
      connectors [FIG. 1, 12-22], the top of the bottom rectangular members and
      the bottom [FIG. 3, 33] of the downwardly extending flanges. It is to be
      noted that in the more general structure for this invention there are no
      flange pieces.
PAR  In order to impart strength and stability to our meat spacer or as
      connecting means to hold top and bottom planar members in fixed positions
      with respect to one another, there are included a plurality of ribs [FIG.
      1, 24 and 25]. Said ribs traverse the longitudinal direction of the bottom
      planar members. These ribs are of two types. The first type [FIG. 1, 24
      and 25] is attached to the top surfaces of bottom planar members wherein
      said first type forms inner [FIG. 1, 25] and outer [FIG. 1, 24] ribs. The
      outer said ribs [FIG. 1, 24] have three fused surfaces. The first said
      fused surface is between the bottom surface of each said rib and the top
      surface of each bottom planar member and the second and third fused
      surfaces are between the ends of each rib and two frustum connectors [FIG.
      1, 12 and 22] of the first type. In one of the specific embodiments, the
      first type of rib [FIG. 1, 24] used as an outer wall is connected through
      two fused surfaces to two frustum connectors of the first type [FIG. 1, 12
      and 22]. A right angle is formed between the top surface of said bottom
      planar member and the inner surface of the vertical side of said rib and
      the outer surface of said rib forms a right angle with the bottom surface
      of said bottom planar member. The inner ribs [FIG. 1, 25] of this first
      type have three fused surfaces, the first said fused surface is between
      the bottom surface of each said rib and the top surface of each said
      bottom planar member. The second and third fused surface are between the
      ends of each said rib and frustum connectors [ FIG. 1, 13, 15, 17, 19, and
      21] of the second type. In one embodiment of our invention, two right
      angles are formed between the top surface of the bottom planar member and
      both vertical wall-like sides of said inner ribs.
PAR  The second said type is connected to the bottom surfaces of top planar
      members wherein said second type forms inner [FIG. 3, 56] and outer [FIG.
      3, 57] ribs. Said outer ribs have three fused surfaces: The first said
      fused surface is between the top surface of each said rib and the bottom
      surface of the top planar member. The second and third said fused surfaces
      are between the ends of each said rib and a combination of frustum
      connectors of the first type and flanges. A right angle is formed between
      the bottom surface of the said top planar member and the inner surface of
      the vertical side of said rib. The outer surface of said rib forms a right
      angle with the top surface of the top planar member so that a continuous
      coplanar outer surface [FIG. 1, 52] is formed consisting of the surfaces
      of alternating outer ribs of said first and second types. Said inner ribs
      [FIG. 3, 56] have three fused surfaces: The first said fused surface is
      between the top surface of said rib and the bottom surface of the top
      planar member and the second and third said fused surfaces are between the
      ends of each said rib and a combination of flange pieces and frustum
      connectors of the second type. Right angles are formed between the bottom
      surface of said planar member and the two vertical wall-like surfaces of
      the said rib so that said vertical surfaces of said rib are coplanar with
      vertical surfaces of the first type of inner rib. It is to be noted that
      flange [FIG. 3, 23] described previously can be omitted. Further the
      overall appearance of the transverse inner ribs of the first and second
      type when aligned with one another is a continuous wall-like member
      divided into equal segments by frustum connectors. Said equal segments are
      inner ribs alternately of the first and second kind.
PAR  It should be noted that by having the longitudinal dimension of all frustum
      connectors (hereinbefore discussed) equal to the longitudinal dimension of
      all ribs will result in the embodiment that uses only ribs as connecting
      means. Note that this effect is approached by connectors [FIG. 1, 12 and
      22] of the first type because the longitudinal dimension of said
      connectors are almost the same as the outer ribs [FIG. 1, 24] of the first
      type.
PAR  Our invention of a meat spacer tray also includes a more general embodiment
      to be described briefly. In the more general form, our meat spacer tray
      comprises a plurality of top rectangular planar members, a plurality of
      bottom rectangular planar members and a plurality of connecting means.
PAR  The top planar members have the longer sides extending longitudinally and
      have said members' top and bottom planar surfaces coplanar to one another,
      respectively. i.e. the top and bottom surfaces of one said member is
      coplanar to the corresponding surfaces of all other said members.
PAR  The bottom rectangular planar members have their longer sides extending
      longitudinally and have each of their corresponding top and bottom
      rectangular planar surfaces coplanar to one another respectively the top
      and bottom surfaces of one said member being coplanar to the corresponding
      surfaces of other said bottom members. The top and bottom planar members
      are adjacent to [as hereinbefore defined] one another. The arrangement of
      top and bottom planar members is such that they alternate with one another
      so that the next nearest member for top planar members is always one or
      more bottom planar members and vice versa. Also, in our more general
      invention, are a plurality of connectors extending between bottom planar
      members and top planar members to secure the relative positions of each
      top member with respect to said top member's nearest neighbor, at least
      one bottom planar member. The width of these connectors may be all of
      uniform size or they may vary. For example, if the connectors extended the
      whole length of the longitudinal side of the planar rectangular members
      then there would be no vertical holes [hereinafter described] but rather a
      solid wall-like structure. It is to be noted that the advantage of the
      present invention arises from its ability to permit free circulation of
      air so that it is a significant feature of our invention to have
      connectors running along the longitudinal edge of the bottom planar
      members whose width along the longitudinal edge is smaller than the total
      width of the longitudinal direction.
PAR  A plurality of top and bottom holes which have sides defining an axis in a
      horizontal direction and in a transverse direction to the longitudinal
      arise from having connectors which do not totally extend the longitudinal
      width. A plurality of holes having the following structural members for
      said holes sides: Sides of connectors transverse to the longitudinal
      direction, top surfaces and longitudinal side surfaces of the bottom
      planar members, and the bottom surfaces and longitudinal side surfaces of
      the top planar members.
PAR  In this more general structure, it is possible to incorporate ribs of the
      first and second type as described earlier to traverse the longitudinal
      direction of top and bottom planar members and thereby add structural
      strength to our invention.
PAR  The following use and method of manufacture is but one example and should
      not be unduly limiting. There are many variations on the invention herein
      disclosed which will be readily apparent to one skilled in the art.
PAC  EXAMPLE OF USE
PAR  Said meat spacer tray is currently being used in the quick freezing of
      meats wherein meat either packaged or not is placed upon one meat spacer,
      followed by a second spacer, which is placed upon said first layer of
      meat. Several layers of meat are thereby achieved.
PAR  It should be noted that the arrangement of meat is such that the meat
      spacer placed thereon is level.
PAR  The temperatures range that a meat spacer would be subject to in freezing
      varies 10.degree. above 0.degree.F to as much as 60.degree.F below.
PAC  EXAMPLE OF METHOD OF MANUFACTURE
PAR  One method of manufacturing our meat spacer is given in U.S. Pat. No.
      3,268,636 invented by Richard G. Angelli, Jr., filed July 1, 1963. There
      are a variety of foamable polymeric material indicated such as
      polyethylene, polypropylene, polystyrene, etc. which may be employed in
      the fabrication of our meat spacer tray.
CLMS
STM  We claim:
NUM  1.
PAR  1. A meat spacer tray comprising:
PA1  A. a plurality of top rectangular planar members, said members having their
      longer sides extending longitudinally and having said members' top and
      bottom rectangular planar surfaces co-planar to one another respectively,
      wherein the top and bottom surfaces of one said member are coplanar to the
      corresponding surfaces of other said members,
PA1  B. a plurality of bottom rectangular planar members, said members having
      their longer sides extending longitudinally and having each of said
      members' top and bottom rectangular planar surfaces coplanar to one
      another respectively, wherein the top and bottom surfaces of one said
      member are coplanar to the corresponding surfaces of other said members,
      and said bottom members are positionally related to the top planar
      rectangular members in two ways: the first said way is by two distances,
      one being a vertical distance in a direction normal to said members top
      planar surfaces giving rise to a space between the bottom surfaces of said
      top planar members and the top surfaces of said bottom planar members and
      the other being a horizontal distance in a direction normal to said top
      members' longer side and the second said way is an alternation of top and
      bottom rectangular members wherein all top planar members have two nearest
      neighbors of bottom rectangular planar members and vice versa, except for
      the two planar recentgular members on the longitudinal outside edges,
PA1  C. a plurality of connecting means extending between bottom planar members
      and top planar members to secure the relative position of each top planar
      member with respect to each bottom planar member positionally adjacent to
      said top planar member,
PA1  D. a plurality of holes of at least two types; at least one said type
      extending between the top and bottom surfaces of top planar rectangular
      members, and the other said type extending between the top and bottom
      surfaces of bottom planar rectangular members,
PA1  E. a plurality of holes, wherein the sides of said holes are the sides of
      two connecting means, the top surfaces of bottom planar members, and the
      bottom surfaces of the top planar members.
NUM  2.
PAR  2. The meat spacer tray of claim 1, wherein there is added a plurality of a
      first and second type of ribs: the first type is attached to the top
      surfaces of bottom planar members wherein said first type forms two outer
      walls, which said outer walls are transverse to the longitudinal direction
      of said bottom planar rectangular members, the second type is attached to
      the bottom surfaces of top planar members, so that a continuous and
      coplanar external outer surface consisting of surfaces from both types of
      ribs and having the appearance of a uniform outer wall is formed.
NUM  3.
PAR  3. The meat spacer of claim 2, wherein there is added a plurality of a
      first, and second type of ribs: the first type is attached to the top
      surfaces of bottom planar members wherein said first type forms at least
      one inner rib, said inner rib has a first, second, and third fused
      surface: the first fused surface is between the bottom surface of said rib
      and the top surface of at least one bottom planar member, the second and
      third fused surfaces are between the ends of said rib and two connectors,
      the second type forms at least one inner rib, said inner rib has a first,
      second, and third fused surface: the first fused surface is between the
      top surface of said rib and the bottom surface of at least one top planar
      member, the second and third fused surfaces are between the ends of said
      rib and two connectors, wherein the sides of said ribs of the first and
      second type are colinear with one another and transverse to planar members
      so as together to form a continuous brace for planar rectan-gular members.
NUM  4.
PAR  4. A meat spacer tray comprising:
PA1  A. a plurality of top rectangular planar members, said members having their
      longer sides extending longitudinally and having each of said members' top
      and bottom rectangular planar surfaces co-planar to one another
      respectively, wherein the top and bottom surfaces of one said member are
      co-planar to the corresponding surfaces of other said members, which said
      members are of a first and second type: the first type having two rows of
      square holes extending between said type's top and bottom surfaces
      wherein: said square holes have rounded corners, the top edges of said
      square holes are rounded and the side surfaces of said square holes are
      normal to the bottom surfaces of said members; the second type having a
      single row of rectangular holes penetrating said type's top and bottom
      surfaces wherein the longer sides of said rectangular holes are parallel
      to said longitudinal direction,
PA1  B. two flanges being attached to the bottom horizontal rectangular planar
      surface along both longitudinal edges of each top rectangular planar
      member wherein: the sides of said flanges extend downward from the top
      planar member so that the bottom surface of each said flange is spaced
      above the upper planar surface of the hereinafter recited bottom
      rectangular planar members and an angle being formed between one vertical
      surface of said flange and the said surface of the planar member is a
      right angle, and the other vertical surface of said flange is continuous
      with and co-planar to a vertical longitudinal side of said rectangular
      planar member, and forms a right angle between said vertical longitudinal
      side and the top rectangular planar surface of said top planar member,
PA1  C. a plurality of bottom rectangular planar members, said members having
      their longer sides extending longitudinally and having each of said
      members' top and bottom rectangular planar surfaces co-planar to one
      another respectively, wherein the top and bottom surfaces of one said
      member are co-planar to the corresponding surfaces of other said members,
      which said members are of a first and second type: the first type has a
      single row of square holes penetrating the top and bottom horizontal
      rectangular surfaces of said member, wherein: said holes have rounded
      corners, the side surfaces of said holes are normal to the top surfaces of
      said members, and the bottom edges of said holes are rounded, and the
      second type has two rows of square holes penetrating the top and bottom
      horizontal rectangular surfaces of said member, wherein: said square holes
      have rounded corners, the side surfaces of said square holes are at right
      angles to the top surfaces of said members, and the bottom edges of said
      square holes are rounded; which said members have two sloping longitudinal
      sides, wherein: said sloping longitudinal sides are along the two longer
      sides of said member, said side and the bottom surface of said member form
      an angle between 90.degree. to 150.degree. as measured within said member,
      and the top and bottom planar rectangular members are positionally related
      to one another in two ways: the first said way is that the outer planar
      rectangular members are top planar rectangular members each having a
      single row of rectangular holes, and in positions positionally adjacent to
      these said members are two bottom planar rectangular members each having a
      single row of square holes; the second said way is that in positions
      positionally adjacent to the two said bottom planar rectangular members
      each said member having a single row of holes are two top rectangular
      members each having two rows of square holes wherein positionally adjacent
      to each said top planar member are two bottom planar members and said top
      and said bottom planar members, alternate with one another so that between
      each bottom planar member is a top planar member and vice versa, except
      for the two outside top planar members each having a single row of
      rectangular holes,
PA1  D. a plurality of spaced apart frustum connectors extending between bottom
      rectangular planar members and top rectangular planar members which said
      frustum connectors are of a first, second, and third type: the first type
      is at each end of every bottom rectangular planar member, the second type
      is spaced inward toward the center of said bottom rectangular planar
      member in the longitudinal direction from the first type, and the third
      type is spaced inward toward the center of said bottom rectangular planar
      member in the longitudinal direction from the second type and this third
      type alternates with this second type along both longitudinal top edges of
      the bottom planar member and which said frustum connectors connect the top
      surface of said bottom planar member to the side and flange of the top
      planar member in a position positionally adjacent to said bottom planar
      member, wherein: an angle of 90.degree.-170.degree. as measured internally
      is formed between a sloping plane of said frustum connectors and the top
      planar surface of said top rectangular planar member and the side of said
      frustum connector opposite to the said sloping plane is continuous with
      and co-planar to a sloping side of said bottom rectangular planar member,
PA1  E. a plurality of rectangular holes defined by the sides of said frustum
      connectors, the top surfaces of the bottom rectangular members, and the
      bottom surfaces of the downwardly extending flanges,
PA1  F. a plurality of ribs comprising a first and second type: the first type
      is attached to the top surface of each bottom planar member wherein said
      first type forms inner and outer ribs, said outer ribs have a first,
      second, and third fused surface: the first fused surface is between the
      bottom surface of each said rib and the top surface of each bottom planar
      member, the second and third fused surfaces are between the ends of each
      said rib and two frustum connectors of the first type so that a right
      angle is formed between the top surface of said bottom planar member and
      said rib's inner vertical surface in the direction toward the center of
      said bottom planar member and so that said rib's outer surface opposite
      said inner surface forms a right angle with the bottom surface of said
      bottom planar member, and said inner ribs have a first, second, and third
      fused surface: the first fused surface is between the bottom surface of
      each said rib and the top surface of each said bottom planar member, the
      second and third fused surfaces are between the ends of each said rib and
      frustum connectors of the second type so that two right angles are formed
      between the top surface of the bottom planar member and both vertical
      wall-like sides of said rib; the second type of rib is connected to the
      bottom surfaces of top planar members wherein said second type forms inner
      and outer ribs, said outer ribs have a first, second, and third fused
      surface: the first fused surface is between the top surface of each said
      rib and the bottom surface of the top planar member, the second and third
      fused surfaces are between the ends of each said rib and frustum
      connectors of the first type so that a right angle is formed between the
      bottom surface of the said top planar member and said rib's inner vertical
      surface in the direction toward the center of said top planar member, so
      that the outer surface of said rib forms a right angle with the top
      surface of the top planar member and so that a continuous coplanar outer
      surface is formed consisting of surfaces of alternating outer ribs of said
      first and said second types, and said inner ribs have a first, second, and
      third fused surface: the first fused surface is between the top surface of
      said rib and the bottom surface of a top planar member and the second and
      third fused surfaces are between the ends of each said rib and a
      combination of flange pieces and frustum connectors of the second type so
      that the right angles are formed between the bottom surface of said top
      planar member and the two vertical wall-like surfaces of the said rib so
      that said vertical surfaces of said rib are co-planar with vertical
      surfaces of the first type of inner rib.
NUM  5.
PAR  5. The meat spacer tray of claim 1 wherein the material used for said meat
      spacer tray is polyethylene.
NUM  6.
PAR  6. The meat spacer tray of claim 2 wherein the material used for said meat
      spacer tray is polyethylene.
NUM  7.
PAR  7. The meat spacer tray of claim 3 wherein the material used for said meat
      spacer tray is polyethylene.
NUM  8.
PAR  8. The meat spacer tray of claim 4 wherein the material used for said meat
      spacer tray is polyethylene.
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ABST
PAL  A special blank having cutouts at its side margins and a series of cutouts
      at its ends may be folded into a box having stiffening ribs in its bottom
      wall. That construction makes it especially useful as a box or tray for
      carrying produce, particularly when that produce is packed in standard
      berry boxes. Combined with a pair of end wall members, the folded blank
      provides a berry tray of the kind that will nest one in the other and is
      conveniently stacked in many-tiered stacks. The tray construction is such
      that it can withstand very high humidity environments, even when the
      construction material is corrugated paperboard. In the preferred form, the
      end members, or wall stiffeners, are formed of plural layers folded into a
      shape that is triangular in cross section so that the base of the triangle
      forms a shelf for supporting upper trays of a stack. One layer of the end
      member is notched to straddle the strengthening ribs. The other is not.
BSUM
PAR  This invention relates to improvements in containers for farm produce. It
      relates particularly to a tray or "flat" of the kind that can withstand
      high humidity conditions when fabricated in whole or in part from
      corrugated paperboard.
PAC  BACKGROUND
PAR  It is not essential that trays made according to the invention be made of
      corrugated paperboard. However, it is an object of the invention to
      provide a produce tray which can be made of paper, and which will retain
      its shape and strength and will remain entirely functional despite being
      subjected to conditions of high humidity for protracted periods. Another
      object is to provide a tray which can serve as a carrying case for 1 dozen
      one-pint size berry baskets of standard shape in an overall size that is
      smaller than the size that has heretofore been available in corrugated
      paper trays.
PAR  The reduction in overall size is an important object of the invention.
      Industry standards and United States Department of Commerce standards
      require a produce container in which berries are to be transported that is
      capable of holding 12 pint sized boxes of berries. Such trays are
      available in physical forms that will withstand conditions of high
      humidity. However, the ability to withstand humidity is achieved at the
      expense of increased outer dimension. The dimensions were compatable with
      truck and rail transportation of berries, but they are not compatable with
      air transport standards. This invention provides a produce tray which is
      equal to, or superior to, prior boxes in function, and which has reduced
      overall dimensions so that a larger number of trays, an integral number of
      dozens of them, can be placed within a standard air freight container.
PAR  Another object of the invention is to provide a produce flat, or tray,
      which is suitable for cherries, brussel sprouts, cherry tomatoes, and
      other small produce items which may be packaged in baskets or shipped in
      bulk.
PAR  Another object of the invention is to provide a produce flat, or tray,
      which can be shipped in dissembled condition to save bulk and which can be
      quickly and easily assembled into final shape at the packing site.
PAC  SUMMARY OF THE INVENTION
PAR  Several important features are combined in the preferred embodiment of the
      invention to accomplish these several objectives. Among these features are
      ribs that extend the length of the bottom of the box to prevent sagging at
      the bottom notwithstanding the presence of substantial amounts of water
      and high humidity. Another feature is an end wall construction which
      permits formation of the ribs without loss of lateral strength by making
      folds in the bottom wall of the box or tray. Another feature is the
      provision of a blank from which the box may be created by folding and
      which results in the formation of corner angles which facilitate nesting
      while permitting a free flow of air through the box and over its contents.
      Another feature of the invention is that the bottom wall may be provided
      with a large number of perforations without detracting from the strength
      of the box or from its ability to withstand conditions of high humidity.
PAR  Another feature in the preferred embodiment is an end wall member which is
      folded to triangular shape. The base, assembled inverted, serves as a
      shelf on which other trays may be stacked. One side is notched to straddle
      the ribs, the other is not.
PAR  These and other objects and advantages of the invention and other features
      of the invention will be apparent from an examination of the drawings and
      specification which follows.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a pictorial view of a produce basket made according to the
      invention;
PAR  FIG. 2 is a plan view of a blank used in forming the box or tray, shown
      from the side that will become the interior of the box;
PAR  FIG. 3 is a plan view of the blank of FIG. 2 shown from the side that will
      become the outer side of the finished box;
PAR  FIG. 4 is a pictorial view of an end wall member shown from one edge and
      the side that will face toward the interior of the finished tray;
PAR  FIG. 5 is a cross sectional view taken on line 5--5 of FIG. 1;
PAR  FIG. 6 is a diagram illustrating how two boxes of the kind shown in FIG. 1
      may be nested, one in the other;
PAR  FIG. 7 is a view in end elevation of a pair of one-pint berry baskets
      arranged side-by-side;
PAR  FIG. 8 is a view in elevation of an alternative form of end member shown
      from the side that faces the interior of the tray;
PAR  FIG. 9 is a view in elevation of an end member of FIG. 8 shown from the
      side that faces the exterior of the tray;
PAR  FIG. 10 is a cross sectional view taken on line 10--10 of FIG. 8;
PAR  FIG. 11 is a cross sectional view taken on line 11--11 of FIG. 8; and
PAR  FIG. 12 is an end view of the end member shown in FIGS. 8 and 9 as it
      appears when looking from the right in FIG. 8 and from the left in FIG. 9.
DETD
PAR  The tray of FIG. 1 is comprised of three pieces. One of them serves as the
      bottom wall and two of them serve as end walls in the finished product.
      Extensions of the material of the bottom wall at its ends are folded up
      and secured to the special end wall members and become part of the ends.
      In FIG. 1, the bottom wall of the inner side of the tray is visible
      together with the inner wall of one of the sides, at the upper right, and
      the inner wall at one of the ends, at the upper left in FIG. 1. Also
      visible are the exteriors of the other side and the outer wall of the
      other end at the lower left in FIG. 1 and the outer of the other end wall
      which is seen at the lower right in FIG. 1. For identification, the bottom
      wall is generally designated 10. The element 16 serves as part of one end
      wall and the element designated by the reference numeral 18 is part of the
      other end wall.
PAR  The tray is formed with four corner angles which are identified by the
      numerals: 20 at the junction of side 12 and end 16, 22 at the junction of
      side 12 and end 18, 24 at the junction of side 14 and end 18, and,
      finally, 26 is formed at the junction of side wall 14 and end wall 16.
      Part of wall 12 is cut away at 30 so that the upper margin of the wall,
      except at the corner angles, is lower than the upper margin or strip 32
      that forms part of end wall 16. The other end wall member is formed to the
      same height so its upper margin or strip stands above the upper margin 30
      of wall 12. Wall 14 is cut away in similar fashion at its upper edge so
      that its upper margin 38 stands at the same height as does the margin 30.
PAR  Two ribs may be seen in FIG. 1 extending up from the bottom wall 10 into
      the interior of the tray. One of those ribs is designated 42 and the other
      is designated 44. They are V-shaped in cross section with their apexes
      extending upwardly and they extend in the direction parallel to the sides
      of the tray. They are spaced so that the bottom of the tray is divided
      into three substantially equal areas that extend the length of the tray.
      The bottom is perforated by a number of air flow and water drain openings.
      One line of those openings preceeds lengthwise of the box on the center
      line of each of the three areas mentioned above. One of those perforations
      has been given the reference numeral 46 for identification.
PAR  In this embodiment, the tray is formed of three pieces of corrugated
      paperboard which ordinarily are shipped flat to the point of use where the
      corrugated board blanks are folded upon crease lines and are assembled and
      fastened together. Portions of the end of the blank that includes the
      bottom wall are secured by any convenient means, as by the use of an
      adhesive in the preferred form, to the members that comprise the bulk of
      the end walls.
PAR  The blank in FIG. 2 is formed from a flat piece of corrugated paperboard.
      The board is divided into several areas which are bounded by the outer
      construction line in some cases and by crease lines in other cases. A
      "crease line" is a line formed by indenting or piercing or lancing one
      side of the board so that the board will fold on that line in response to
      forces tending to bend the board. For identification, the construction
      line 50 is coincident with the upper edge of the board 48. The
      construction line 52 is coincident with its lower edge. The construction
      line 54 is coincident with its left end and the construction line 56 is
      coincident with its right end. The upper and lower edges of the board in
      FIG. 2 are mere images of one another and they are symmetrical about the
      vertical center line, not shown, through the board. The left end and the
      right end of the board are mirror images of one another and they are
      symmetrical about the lateral center line, not shown, through the board. A
      cutout is formed at each of the upper and lower edges of the board to form
      the margin 30 of one side wall and the margin 38 of the other side wall.
      The end of the board, the left end in FIG. 2, is formed with a V-shaped
      notch 59 near the upper edge and a V-shaped notch 60 near the lower edge.
      Between these two V-shaped notches, there is a rectangular notch 61 and a
      similar rectangular notch 62. Thus, the left end of the board 48 is formed
      with a V-shaped notch 59, a rectangular notch 61, a rectangular notch 57,
      and a V-shaped notch 60, in that order from the upper edge to the lower
      edge of the board. At the right end of the board there is a V-shaped notch
      62 across from V-shaped notch 59. There are rectangular notches 63 and 64
      across from rectangular notches 61 and 57, respectively. Finally, there is
      a V-shaped notch 65 across from the V-shaped notch 60. All of these
      V-shaped notches have the same size, and in this embodiment, the side
      walls of the notches are separated by a little less than 90.degree.. All
      of the rectangular notches have the same size and shape. The apex of the
      V-shaped notches extend toward the interior of the board and they have a
      depth that is less than the depth of the rectangular notches by an amount
      which corresponds approximately to the thickness of the board.
PAR  In each case, the board is lanced through along a line beginning at the
      inner corners of the rectangular cutouts. Those lance lines extend
      parallel to construction lines 54 and 56 and they extend for a distance
      approximately equal to one half of the width of the base of ribs 42 and
      44. There are eight of those lance lines, one proceeding from each of the
      inside corners of the rectangular notches. One of those lance lines is
      identified by the reference numeral 66 and another by the reference
      numeral 67.
PAR  There are ten crease lines. Two of them, numbered 69 and 70, respectively,
      extend parallel to the end margins of the blank. Crease line 69 extends
      through the apex of V-shaped notches 59 and 60. Crease line 70 extends
      through the apex of V-shaped notches 62 and 65.
PAR  There are eight crease lines that extend in the opposite direction,
      parallel to construction lines 50 and 52. A first one of these eight
      crease lines is designated 71 and it extends from the apex of notch 62 to
      the apex of notch 59. A second one of these eight crease lines is numbered
      72. It extends from the apex of notch 60 to the apex of notch 65. The
      third and fourth ones of those crease lines are designated 73 and 74,
      respectively, and they are visible in FIG. 3. Crease line 73 extends from
      the mid-point across the width of notch 61 to the mid-point across the
      width of notch 63. The fourth crease line 74 extends from the mid-point
      across the width of notch 62 to the mid-point across the width of notch
      64. The four remaining crease lines are visible in FIG. 2. Each one
      extends from the end of one of the lance lines at one end of the board to
      the end of the corresponding lance line at the other end of the board.
      Thus, lance lines 75 and 76 extend from the ends of the lance lines that
      are associated with notch 61 to the ends of the lance lines that are
      associated with notch 63. Crease line 77 extends from the end of lance
      line 66 to the end of the corresponding lance line 77 at the corner of
      notch 64. Finally, the crease line 78 extends from the end of the other
      lance line associated with notch 57 to the end of the other lance line
      associated with notch 64.
PAR  When the blank is folded, it is folded so that the crease is within the
      fold. The area bounded by crease lines 69, 70, 71 and construction line 50
      is the side wall 12. The area bounded by construction line 52 and crease
      lines 69, 70 and 72 is the side wall 14. The area within crease line 75
      and 76 is folded to become the rib 42 and the area between crease lines 77
      and 78 is folded to become the rib 44. There are three more areas between
      the crease lines 69 and 70, and those areas form the bottom wall 10 of the
      tray. They include the perforations that are visible in FIG. 1, including
      the perforation 46.
PAR  The remaining areas of the blank 48 are folded so that they become part of
      the end walls of the tray. Area 80 is the one bounded by construction
      lines 50 and 56, crease line 70, and the margin of notch 62. Area 81 is
      that area of the blank which is bounded by construction line 56, crease
      line 70 and margins of notches 62 and 63. Area 82 is bounded by margins of
      notches 63 and 64, crease line 70 and construction line 56. Area 83 is
      bounded by margins of notches 64 and 65, construction line 56 and crease
      line 70. Finally, area 84 is that area which is bounded by construction
      line 52 and 56, crease line 70 and a margin of notch 65.
PAR  Since the angle at which the sides of notches 59, 60, 62 and 65 converge
      upon one another is less than 90.degree., the side walls do not stand
      vertically. Instead, they extend upwardly and outwardly from the bottom
      wall as best shown in FIG. 6 where the tray at the bottom is shown in FIG.
      1.
PAR  The preferred form of the end wall member is shown in FIG. 1. The function
      of that member is not merely to serve as part of the enclosure. It serves
      to secure the ribs in folded condition, to provide a supporting surface
      for the tray that may be stacked above it, to provide a stiffening
      element, and to serve as a guide for assembly so that the assembled tray
      will have both the design shape and design dimensions. Its construction
      can be understood by examination of FIGS. 1, 4, 5 and 6.
PAR  The end wall member 18 is shown in pictorial view in FIG. 4. In this
      embodiment, it is made of corrugated paperboard which is provided with two
      crease lines that are formed by perforating the board at one side along
      two spaced, parallel lines that extend entirely across the member in the
      mid-region along its length. When the board is folded on those crease
      lines, the construction shown in FIG. 6 results. It is shown to include a
      double thickness of the corrugated board. The portion of the board between
      the two perforation lines serves as the support ledge. The side at the
      inner side of the tray is numbered 90. It is formed with two V-shaped
      notches that open at its lower edge. The notch 91 accomodates or straddles
      rib 42 in the finished construction as best shown in FIG. 5. The other V
      notch, 92, accomodates or straddles rib 44 when the tray is assembled. The
      outer wall 93 does not have the V notches. In the preferred form, wall 93
      formed with a perforation at its upper central region which serves as a
      handhold. The handhold 96 is visible in FIGS. 1 and 6. In the completed
      construction the outer wall 93 fits between the end of the ribs and the
      end areas of the blank from which the base is formed (see FIG. 4). More
      particularly, the outer wall 93 fits snugly between the end of ribs 42 and
      44 and portions 81, 82 and 83 of the blank 48. Part of wall 93 may be seen
      through the V-shaped ribs 42 and 44 in FIG. 5.
PAR  Not only do notches 91 and 92 hold the blank 48 folded so that the ribs 42
      and 44 are formed, but they pinch the sides of those ribs together such
      that the opposed surfaces of notch 63 and the opposed surfaces of notch 64
      are forced into abutment. As shown in FIGS. 1 and 6, the sides of the
      notches are forced into abuting relation or close to it. That feature is
      also seen in FIG. 5. In the space between the sides of the two V-shaped
      ridges, below the bottom edge of wall 93, a part of the bottom wall is
      visible. The surface that is formed by the lancing of the board at the
      corners of the rectangular notches 63 and 64 is exposed. Thus, the section
      of the bottom, numbered 97, and the section of the bottom numbered 98, are
      surfaces that are formed and made visible by the cut, or lance, at each
      side of the inner corner of notch 64 (see FIGS. 2 and 3). The depth of cut
      and the position of crease lines 77 and 78 is such that the sides of notch
      64 are brought into abutment when the side walls of the rib 44 have
      exactly the desired angle, which, of course, is the same angle at which
      the sides of notch 92 are formed.
PAR  The rib is given a size and angle so that it will fit in the space between
      a pair of standard berry baskets. Two such berry baskets are shown in FIG.
      7. They are arranged side-by-side with their upper edges touching. Their
      side walls slope inwardly and upwardly from the bottom wall so that the
      space between two baskets arranged side-by-side with their upper ends
      touching is V-shaped in cross section. The ribs 42 and 44 are formed so
      that they substantially fill that V-shaped space. That arrangement
      facilitates loading the tray with berry baskets and it will keep those
      berry baskets in proper position, notwithstanding rough handling of the
      tray.
PAR  The tray in this embodiment is arranged so that it will hold twelve berry
      baskets. They are arranged in three rows with four baskets in each row.
      The tray is very little wider than three baskets. Provision of the ledges
      at the top of the end members 16 and 18 makes the length of the tray
      somewhat greater than the length of the line of four berry baskets.
      However, the amount of that increase is small, and a basket made in the
      manner illustrated occupies substantially less space than does the tray
      that heretofore has enjoyed most commercial success.
PAR  It is possible to reduce the size of the tray even more by forming it of
      plastic, but to do that materially increases the volume occupied by given
      quantity of baskets. The advantage in using corrugated board is that it is
      relatively inexpensive, and it can be shipped flat for assembly at the job
      site. The advantage in shipping bulk more than offsets the need to
      complete assembly in most circumstances. A two-part contact adhesive, one
      part of which is applied to the blank of FIGS. 2 and 3, the other part of
      which is applied to the outer walls of end wall elements 16 and 18 makes
      assembly relatively simple and inexpensive. The use of that kind of
      adhesive is not mandatory and other fastening means may be employed.
PAR  While the end wall element shown in the drawings is preferred, it is
      possible, of course, to use an end wall element having a different shape
      and a different composition.
PAR  One alternative form of end wall element is shown in FIG. 8 through 12.
      This one is designed for production in plastic by the injection molding
      process. The relatively thin wall is reinforced with ribs. The ribs extend
      toward the inside of the tray and are placed so that they provide
      additional functions. Conversely, the design may be thought of as one in
      which portions of the structure are cut away or are made thinner wherever
      greater thickness is not required whereby a substantial amount of material
      may be saved. The horizontal upper rib 110 serves as the ledge upon which
      another tray may be stacked. An elongated, horizontal rib 112 serves as a
      stop for the upper edge of berry baskets that may be placed within the
      tray. So that the berry boxes next to the end wall cannot be tilted, but
      must lie flat against the bottom of the tray, a number of vertical ribs
      114 are provided. They extend from the transverse rib 112 vertically
      downward to the bottom rib 116. As best shown in FIGS. 10 and 11, those
      ribs become wider toward the bottom of the end member to conform generally
      to the shape of the sides of the berry boxes. The walls of the latter are
      tapered inwardly toward the botom of the box as best shown in FIG. 7.
PAR  In addition to the upper ledge 110, the alternate form shown in FIGS. 8
      through 12 preserves two other important features of the end wall element
      shown in FIGS. 5 and 6. Part of the lower rib 116 is cut away at the point
      where the ribs of the tray engage the end element. V-shaped ribs 118 are
      formed at those points so that they extend inwardly from the wall 120 of
      the end member. The wall 120 is not cut through under the V-shaped rib
      118. In the completed construction, the ribs 42 and 44 fit within the
      V-shaped rib 118 and the ends of the ribs 42 and 44 abut against the inner
      side of wall 120. As in the case of the corrugated board end member
      construction, this arrangement prevents moisture from entering the
      corrugated board through the ends of the ribs 42 and 44.
PAR  That kind of protection against moisture makes it possible to construct the
      blank shown in FIGS. 2 and 3 so that the corrugations are parallel to the
      eight crease lines that were described earlier. Standard practice would
      require that corrugations run the opposite way for greater strength in the
      side walls. However, the provision of the end ledges for supporting upper
      tiers of trays makes strength in the side walls less important.
PAR  Reference to FIGS. 1, 4 and 6 will show that the hand hold 96 does not
      extend entirely through the end wall member. That arrangement has two
      purposes. The primary reason for that construction is to prevent the
      handler's fingers from extending through into the interior of the tray
      where they might damage a berry and start the decomposition cycle. The
      plastic construction shown in FIGS. 8 through 12 preserves that same
      protective feature. The finger hold 122 does not extend entirely through
      the wall. An added reason for that construction in FIGS. 1 through 6 is
      that less moisture will enter the space between corrugations if the finger
      hold does not open into the interior of the tray where the amount of
      moisture is ordinarily greater than it is at the exterior of the tray.
      That problem is not presented in the plastic end member.
PAR  There is another feature of the plastic version of the end wall member that
      is important in protecting the corrugated board portions of the finished
      tray against accumulation of moisture. As best shown in FIGS. 9, 10, 11
      and 12, the plastic version has portions of its outer wall offset from
      other portions. More particularly, the lower and side portions of the
      outer face of the end wall member are recessed back from the level of the
      upper inner portion of the outer surface of the end wall element.
      Referring to FIG. 9, the area 130 extends outwardly beyond the level of
      the area 130 by an amount that is approximately equal to the thickness of
      the corrugated board that will form the remainder of the tray. When the
      end portions of the corrugated blank are folded up and glued to the outer
      surface, area 132 of the end element, the cut edges of the blank will
      generally fit under the shoulder that is formed at the change in level in
      areas 130 and 132.
PAR  It is also possible to form those end wall sections in 16 and 18 integrally
      with the blank from which the bottom wall is formed. In that case, parts
      of areas 80, 81, 82, 83 and 84 would be omitted, and would be replaced by
      an extension of the blank. That same thing would be done on both sides.
      The form shown is the preferred form. However, the alternate form in which
      the end members 16 and 18 are integrally formed with the remainder of the
      blank is one of the alternatives that is possible within the invention.
PAR  Although I have shown and described certain specific embodiments of my
      invention, I am fully aware that many modifications thereof are possible.
      My invention, therefore, is not to be restricted except insofar as is
      necessitated by the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A creased blank suitable for folding along its crease lines to form the
      longer side walls and the bottom wall of a rectangular container, said
      blank comprising;
PA1  a flat rectangularly shaped board of material capable of being creased to
      form crease lines and of being folded along said crease lines;
PA1  said blank having portions of both of its end edges and both of its side
      edges cut away;
PA1  the side edges being shaped as the mirror image of one another, each having
      an elongated cutout formed over a majority of the central region thereof;
PA1  said end edges being shaped symetrically about the mid-point along their
      length and shaped as the mirror image of one another; and
PA1  said end edges being formed with four cutouts arranged in series along said
      edges, the outer most two of said cutouts being V-shaped.
NUM  2.
PAR  2. The invention defined in claim 1 in which said end edges are formed with
      a V-shaped cutout, a rectangularly shaped cutout, another rectangularly
      shaped cutout, and another V-shaped cutout, in that order, the rectangular
      cutout extending to a greater depth in the board than do the V-shaped
      cutouts.
NUM  3.
PAR  3. The invention defined in claim 1 in which said board is formed with two
      crease lines both extending parallel to said end edges and each extending
      at a distance from a respectively associated one of the edges
      substantially equal to the depth of said V-shaped cutouts;
PA1  said board further being formed with eight crease lines extending parallel
      to one another and to the side edges of said board, a first and second one
      of said eight creases extending between the apexes of respectively
      associated pairs of said V-shaped cutouts, and a third and fourth one of
      said eight creases extending between the mid-points along the width of
      pairs of the others of the cutouts formed in the end edges of said board,
      and a fifth and sixth one of said eight creases extending on opposite
      sides of, and equidistant from, said third crease, and the seventh and
      eighth ones of said eight creases extending on opposite sides of, and
      equidistant from said fourth crease.
NUM  4.
PAR  4. The invention defined in claim 3 in which all of said creases other than
      said third and fourth creases are formed on one surface of said board,
      said third and fourth creases being formed on the opposite surface
      thereof.
NUM  5.
PAR  5. The invention defined in claim 3 in which said board is formed with
      perforations in three areas of the board all lying between said first
      mentioned two crease lines, one of said areas lying between the first one
      of said eight crease lines bottom the next adjacent crease lines, the
      second one of said areas lying between the second one of said eight crease
      lines and the crease line next adjacent to it, and the third one of said
      areas lying between the two crease lines of said eight crease lines which
      are formed most closely to the mid-line between the side edges of said
      board.
NUM  6.
PAR  6. The invention defined in claim 5 in which said board is lanced through
      in a direction parallel to the end edges of said blank for a distance at
      least equal to said thickness of said board from points beginning at each
      of the inner corners of said rectangular cutouts.
NUM  7.
PAR  7. The invention defined in claim 6 in which said board comprises a
      corrugated paperboard whose corrugations extend parallel to the direction
      of said eight crease lines.
NUM  8.
PAR  8. A tray for carrying produce comprising in combination:
PA1  a bottom wall having rectangular shape and bounded by side edges and end
      edges;
PA1  a pair of side walls extending upwardly and outwardly from respectively
      associated ones of the side edges of said bottom wall;
PA1  a pair of end walls extending upwardly and outwardly from respectively
      associated ones of the end edges of said bottom wall;
PA1  means in the form of cutouts in said side walls for providing upstanding
      nesting angles at the four corners formed by the junction of said end
      walls and said side walls;
PA1  means in the form of ledges extending inwardly from the end walls of said
      box at a level below the upper margin of said nesting angles and above the
      upper margins of the side walls in the regions of said cutouts; and
PA1  stiffening means in the form of a rib fixed to the bottom wall of said tray
      and extending parallel to said side walls;
PA1  the upper margin of the rib lying in a plane parallel to and between the
      plane of the bottom wall and the plane containing said ledges.
NUM  9.
PAR  9. The invention defined in claim 8 in which said double layers of sheet
      material are interconnected at their upper margins by a strip of said
      sheet material such that saidend wall is triangular in transverse cross
      section, said strip of sheet material forming said ledge.
NUM  10.
PAR  10. The invention defined in claim 8 in which said bottom wall comprises a
      sheet material folded along lines extending across its width to form said
      ribs.
NUM  11.
PAR  11. The invention defined in claim 10 in which said sheet material of which
      the bottom wall is comprised includes extensions at the end of the sheet,
      said extensions being folded against respectively associated end walls and
      forming a part thereof.
NUM  12.
PAR  12. A tray for carrying produce comprising in combination:
PA1  a bottom wall having rectangular shape and bounded by side edges and end
      edges;
PA1  a pair of side walls extending upwardly and outwardly from respectively
      associated ones of the side edges of said bottom wall;
PA1  a pair of end walls extending upwardly and outwardly from respectively
      associated ones of the end edges of said bottom wall;
PA1  means in the form of cutouts in said side walls for providing upstanding
      nesting angles at the four corners formed by the junction of said end
      walls and said side walls;
PA1  means in the form of ledges extending inwardly from the end walls of said
      box at a level below the upper margin of said nesting angles and above the
      upper margins of the side walls in the regions of said cutouts; and
PA1  stiffening means in the form of a pair of elongated ribs extending parallel
      to the side walls and spaced from one another and from said side walls and
      extending upwardly from said bottom;
PA1  said end walls having portions overlying the ends of said ribs and having
      other portions whose shape complements the shape of said ribs disposed to
      straddle said ribs and engage the sides thereof.
NUM  13.
PAR  13. The invention defined in claim 12 in which said ribs are V-shaped in
      cross-section and fixed to the bottom wall apex up and in which the
      complementally formed portions of said end wall members comprise V-shaped
      recesses into which said ribs are disposed.
NUM  14.
PAR  14. The invention defined in claim 13 which further comprises a finger hold
      formed in the exterior surface of said end wall member such that the
      recess does not open to the interior of said tray.
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ABST
PAL  Sealed carton closure and method for making same particularly adapted for
      paperboard cartons having inwardly foldable flaps where the carton is
      designed to contain material which is subject to sifting or leaking out of
      the carton. A first end closure flap is folded into position over the
      entire opening and a band of adhesive is placed across each side of the
      first flap with the adhesive extending onto the adjacent flaps which are
      then folded inwardly to create a sealed end with a fourth flap folded on
      top of the first folded flaps. A third band of adhesive may be used to
      hold the fourth flap in position and provide additional sealing qualities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to closures for paperboard cartons and more
      particularly to means for providing a tight seal in the closure to prevent
      the contents thereof from sifting out through the seams.
PAR  2. Description of the Prior Art
PAR  Paperboard cartons are an inexpensive and convenient method for storage,
      shipment and display of almost any type of article. Where the contents of
      the carton, however, are to be finely divided, such as powders, granulated
      materials, or any small particulate matter such as seeds, it is necessary
      that the end closures of the carton be tightly sealable. This seal is
      necessary not only to keep the contents from sifting out through the
      seams, but to prevent insects from attaining entry into the box. A common
      method of overcoming these problems is to provide the carton with a bag
      enclosure within the carton or a tight paper overwrap label over an
      unprinted paperboard package. This, of course, adds to the complexity of
      the equipment, the cost of the packaging, as well as the shipping weight.
PAR  Embossing the end flaps so that they lie in closer relationship is also
      common, as described in U.S. Pat. No. 3,003,677 which is assigned to the
      assignee of the present application. None of these solutions is entirely
      desirable nor completely satisfactory in its operation.
PAC  SUMMARY OF THE INVENTION
PAR  A configuration of bands of adhesive applied to the end flaps of a
      paperboard carton where two of the end flaps in opposed relationship
      substantially cover the area of the end of the carton. One of these flaps
      is folded into position with the other flaps outwardly opened and two
      bands of adhesive are placed along each side of this first folded flap and
      onto the adjacent secondary flaps which are then folded into position
      creating a tight seal over which the second large flap is folded which may
      have a band of adhesive placed thereon to give even further protection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a carton having an end closure embodying
      the present invention shown in perspective with one side flap folded into
      position and the adhesive bands applied thereto prior to folding the other
      flaps;
PAR  FIG. 2 is a blank shown in plan view which is adapted to be folded into a
      carton having an end closure which may be adaptable to use with the
      present invention;
PAR  FIG. 3 is a perspective view of an end of a carton similar to that shown in
      FIG. 1 with one of the secondary flaps folded into position;
PAR  FIG. 4 is a top plan view of the carton closure shown in FIG. 1 with the
      secondary flaps folded in position and the fourth flap yet open;
PAR  FIG. 5 is a top plan view of the carton closure shown in FIGS. 1, 3 and 4
      with the flaps in final folded position;
PAR  FIG. 6 is a side elevational section view of a portion of the closure shown
      in FIG. 5 taken along section lines 6--6;
PAR  FIG. 7 is a side elevational section view taken along section line 7--7 in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention has particular application to those cartons which will be
      used for containing powders or other finely divided material which have a
      tendency to sift out through the crevices between the end closure flaps in
      a conventional carton closure. Cartons designed to contain this type of
      material generally have at least two flaps which are formed in size an
      amount substantially equal to the cross sectional area of the end of the
      carton. The blank in FIG. 2 is for a standard rectangular wrap-around
      style carton having four side panels adapted to be connected in
      rectangular common tubular relation. The blank is made from a
      substantially rectangular sheet of foldable paperboard or similar
      sheet-like material and has four side panels 10, 11, 12 and 13 defined by
      three parallel fold lines 20, 21 and 22. The particular blank as shown has
      a manufacturer's joint flap 23 connected along one edge by a fourth fold
      line 24. For convenience only one end of the carton will be detailed and
      as can be seen at the top of the blank there are four closure flaps
      hingedly attached to the adjacent panels along a hinge line perpendicular
      to the first mentioned fold lines and designated as 30. The closure flaps
      are formed so that they will be in opposed relationship in the folded
      configuration of the container, and two of these opposed flaps, 40 and 41
      are attached to the side panels 11 and 13 respectively and are formed in
      height substantially equal to the width of the opposed side panels 10 and
      12, so that in folded relationship they will cover substantially the
      entire surface area of the end of the carton. The remaining two flaps 43
      and 44 are hingedly attached to the side panels 10 and 12 and in the
      particular configuration shown are not of such a size as to cover the
      entire end of the carton. When the opposing side panels are substantially
      different in width as in the blank of FIG. 2, to have these remaining
      flaps sized at about the same height as the flaps 40 and 41 facilitates
      manufacture thereof, but if a carton is designed which is substantially
      square in cross section then it becomes more feasible to have all four
      closure flaps substantially equal to the open end area of the carton.
PAR  As can be seen in the Figures, the particular carton shown has end flaps
      embossed to permit them to lie in closer relationship than standard flaps,
      such as described in the U.S. Pat. No. 3,003,677 issued Oct. 10, 1961. The
      necessity for embossing these flaps depends in large part on the thickness
      of the paperboard to be used as well as the particle size of the material
      to be contained within the carton. The dashed lines and the opposed flaps
      40 and 41 in FIG. 2 are intended to represent the borders of the embossed
      areas and are seen better in FIGS. 1 and 3.
PAR  FIG. 1 shows the opposed carton panels 10, 11, 12 and 13 in folded tubular
      relationship and illustrates the appropriate position of the flaps when
      the adhesive is to be applied. One of the two opposed flaps 40 and 41
      which substantially cover the end of the carton is folded inwardly to
      cover the end of the carton and the remaining flaps are opened outwardly
      into the same plane exposing their inwardly foldable surfaces. In FIG. 1
      flap 41 is shown folded inwardly first since it is embossed to accommodate
      the remaining flaps 43 and 44 on its outer surface, but if no embossing is
      used then either flaps 41 or 40 may be folded first. The reason for having
      the flaps in this position is that the bands of adhesive shown as 60, 61
      and 62 may be applied in straight lines by using conventional equipment
      for dispensing adhesive and may be dispensed by moving the carton linearly
      underneath the equipment. The adhesive used may be any of those well known
      in the art including cold resin and hot-melt types. The first band of
      adhesive 60 is dispensed along the outer edge of the first folded flap 41
      juxtaposed with the hinge line of the second opposed flap 40 and is spread
      in a continuous band onto the adjacent areas of the remaining flaps 43 and
      44. The purpose of this band of adhesive is to seal the opening along that
      edge where the first flap 41 meets the hinge line 30 at the top of the
      side panel 11. The second continuous band of adhesive is applied along the
      opposite edge of the first folded panel 41 along the hinge line which
      connects flap 41 to the side panel 13. The band is likewise extended onto
      the adjacent areas of the remaining flaps 43 and 44.
PAR  It can be seen in FIG. 3 that the remaining flaps 43 and 44 are folded
      inwardly and a complete seal results around the top of the carton by
      virtue of the two bands of adhesive 60 and 61 which extend the length of
      the side panels 11 and 13 and which, because the remaining flaps 43 and 44
      are folded inwardly plug up the joint or crack which results in the corner
      and also where the hinge line 30 joins the two flaps 43 and 44 to the side
      panels 10 and 12 of the carton. The second opposed flap 40 may be folded
      downward and attached by conventional means, but additional sealing
      properties and closure rigidity will be obtained if the third band of
      adhesive 62 is applied along the inwardly foldable surface of the second
      flap 40 in such a position that in its final folded position the third
      band of adhesive 62 will be located between the first and second bands of
      adhesive 60 and 61.
PAR  FIGS. 4 and 5 illustrate a plan view of the carton shown in FIG. 3 after
      the two flaps 43 and 44 are in folded position but with the second folded
      flap 40 in the outward position. FIG. 5 as previously mentioned shows a
      plan view of the final folded container with only the outward flap 40
      visible and the three bands of adhesive 60, 61 and 62 shown in dash lines,
      illustrating how the third band of adhesive 62 in the final folded
      position lies between the first two bands 60 and 61.
PAR  FIGS. 6 and 7 are two views through the sections indicated in FIG. 5 which
      help to illustrate how the present invention provides adequate sealing of
      the carton. FIG. 6 shows how the adhesive band 60 squeezes to completely
      seal off the crack resulting when the flap 41 is folded down and shows how
      in the corner of the carton the double thickness of adhesive which results
      when flap 44 is folded inwardly provides even more adhesive to form a bead
      which completely seals any openings to prevent sifting of the material
      contents from within the carton. Likewise the bands of adhesive 61 and 60
      seal off the crevices, and in the particular configuration shown, in which
      the remaining flaps 43 and 44 do not extend completely to the midpoint of
      the carton, the two bands of adhesive 60 and 61 also help to seal the
      second opposed flap 40 into position on top of the earlier folded flaps.
      FIG. 6 differs from FIG. 7 in that it is taken through a section where
      there is embossing to accommodate the remaining flap 44 between the two
      larger opposed flaps 40 and 41. FIG. 7, on the other hand, is a section
      through the center showing only the relationship of the two opposed flaps
      40 and 41.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my improvement in CARTON SEALING; and while
      I have endeavored to set forth the best embodiment thereof, I desire to
      have it understood that obvious changes may be made within the scope of
      the following claims without departing from the spirit of my invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carton closure for an end of a carton made from foldable paperboard or
      the like having four, rectangularly arranged side panels, comprising:
PA1  a first folded flap substantially covering said end of said carton hingedly
      attached to a first of said side panels along a hinge line;
PA1  a pair of opposed secondary flaps hingedly connected to the side panels at
      right angles to said first panel, said secondary flaps positioned in
      overlapping relationship to said first folded flap;
PA1  a first continuous band of adhesive extending across the length of said
      first folded flap along said hinge line, said first adhesive band located
      between said first flap and said secondary flaps;
PA1  a second line of adhesive extending across the length of said first folded
      flap juxtaposed along the edge of said flap furthest from said hinge line,
      said second band of adhesive located between said first flap and said
      secondary flaps; and
PA1  a fourth flap hingedly attached to the side panel opposite said first panel
      and located in overlapping relationship to said first folded and secondary
      flaps, said fourth flap covering substantially all of said end of said
      carton.
NUM  2.
PAR  2. The carton closure of claim 1 including a third band of adhesive located
      between said first and second bands and directly beneath said fourth flap.
NUM  3.
PAR  3. The carton closure of claim 1 wherein said adhesive is a cold wet resin
      adhesive.
NUM  4.
PAR  4. The carton closure of claim 1 wherein said adhesive is a hotmelt
      adhesive.
NUM  5.
PAR  5. The carton closure of claim 1 wherein those portions of said first
      adhesive band located between said first flap and said secondary flaps are
      of increased thickness and width, said increase resulting from folding
      said secondary flaps into contact with said first folded flap, said first
      folded flap and said secondary flaps having had applied thereto said first
      continuous band of adhesive in a straight line perpendicular to the fold
      lines connecting said secondary flaps to said side panels adjacent to said
      secondary flaps.
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ABST
PAL  A decanter centrifuge has a screw conveyor within an imperforate bowl
      defining a helical chamber. The conveyor is provided with a baffle
      extending in generally axial direction between the screw flights, thereby
      dividing the helical chamber within the bowl into a separating zone and a
      heavy phase discharging zone. The outer portion of the baffle defines with
      the bowl a restricted passageway which permits the underflow of separated
      heavy phase material from the separating zone to the heavy phase
      discharging zone. Pressurizing means, preferably means for maintaining the
      inner surface of the separated light phase layer inwardly of the weir
      surface of the heavy phase discharge port, helps advance the separated
      heavy phase material through the restricted passageway and toward the port
      through which heavy phase material is discharged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,795,361, was granted Mar. 5, 1974 in the name of C. Y. Lee
      to the assignee of the present invention. The background of that invention
      is applicable to the present invention, and it is therefore incorporated
      herein by reference.
PAR  It is advantageous to provide a baffle within the centrifuge bowl; which
      baffle, in use, extends through the inner layer of separated light phase
      material and into the outer layer of separated heavy phase material.
      Preferably, the outer edge or portion of such baffle defines with
      surrounding structure, e.g. the inner surface of the bowl, a restricted
      passageway for the underflow of heavy phase material from the separating
      zone on one side of the baffle to the discharging zone for heavy phase
      material on the other side of the baffle. With this arrangement, heavy
      phase material such as flowable solids may be discharged containing a
      controlled or reduced amount of light phase material. For example, solids
      may be discharged in dryer condition than was possible prior to the
      invention of the cited patent.
PAR  Means are provided to pressurize the heavy phase material and thereby
      promote its advance through the restricted passageway toward its discharge
      port in the tapered end of the bowl, such advance also being aided by the
      screw conveyor. The most convenient form of pressurizing means is the
      provision of light phase discharge ports having weir surfaces disposed
      closer to the rotational axis of the bowl than are the weir surfaces of
      the heavy phase discharge ports, thereby cooperating with the baffle to
      maintain a deep layer of liquid or other separated light phase material in
      the separating zone. The extra pressure head provided by a deep layer of
      light phase material provides the desired added pressure on the heavy
      phase layer. A centripetal pump may also be employed to control the rate
      of light phase discharge from the bowl and, thus, also control the level
      of the light phase layer remaining in the bowl.
PAR  The present invention is directed to accomplishing the same or a similar
      result as with the construction of the cited patent, but by means of a
      smaller and more simply constructed and installed baffle. It is an object
      of the present invention to provide an economical but effective baffle for
      the purpose described.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partly in section, of a centrifuge embodying
      one form of the invention.
PAR  FIG. 2 is an elevational view of a portion of the centrifuge shown in FIG.
      1.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1 and looking in
      the direction of the arrows.
PAR  FIG. 4 is a view similar to FIG. 3, but showing the invention in modified
      form.
PAR  FIG. 5 is a view of a fragment of FIG. 1.
PAR  Each of FIGS. 6, 7 and 8 is a view similar to FIG. 5 showing a further
      modification of the invention.
PAR  FIG. 9 shows the liquid discharge end of a centrifuge which has been
      modified for three phase separation in accordance with U.S. Pat. No.
      3,623,656.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Shown in FIG. 1 is a centrifuge 10 comprising a frame 12 having main
      bearings 14 in which are journaled the ends of a hollow, elongated
      centrifuge bowl 16 of circular cross section. The bowl 16 is adapted for
      rotation about its longitudinal axis within a housing 18. A plurality of
      discharge ports or openings 20 are formed in one end wall 22 of the bowl
      16 and annularly disposed about the rotational axis for the discharge of
      liquid or light phase material. A plurality of similarly disposed solids
      or heavy phase discharge ports or openings 24 are provided adjacent the
      other end wall 26.
PAR  In other respects the peripheral wall of the bowl 16 is of imperforate
      tubular construction, a major portion 28 thereof being cylindrical.
PAR  The end portion 30 of the bowl 16 adjacent the end wall 26 is tapered or
      convergent, its inner surface gradually decreasing in diameter towards and
      beyond the solid discharge openings 24. The liquid discharge openings 20
      and the heavy phase discharge ports or openings 24 are at selectively
      adjustable radial distances from the rotational axis, preferably so that
      during proper operation the inner surface of the light phase material will
      be disposed radially inward of the weir surfaces of the heavy phase
      discharge ports 24.
PAR  Mounted coaxially of the bowl 16, in suitable bearings adjacent the ends of
      the bowl 16, is a screw conveyor 32. The bowl 16 is rotated by connection
      through a pulley 34 to suitable drive means, such as a motor (not shown).
      In order to rotate the bowl 16 and the conveyor 32 at slightly different
      speeds, the rotation of the bowl 16 is transmitted to a gear box having
      torque control means and thence through a spline shaft within the bowl
      shaft to the conveyor 32, as shown in the cited U.S. Pat. No. 3,795.361,
      or by other well known means.
PAR  The process feed stream, or mixture to be separated, is delivered to the
      interior of the centrifuge through a stationary feed tube 42. The latter
      projects in axial direction and terminates concentrically of a feed
      chamber 44 partly defined by the interior of a hub 46 having an internal
      lining 48.
PAR  The hub 46, which is part of the conveyor 32, carries outwardly projecting,
      cylindrically coiled screw flights 50, and also outwardly projecting,
      conically coiled screw flights 52. The flights 50 and 52 are mounted in
      axial series on the hub 46, with small clearance from the bowl 16, for
      rotation with the hub 46 relative to the bowl 16, preferably at a speed
      suitably different from the speed of the bowl to move settled solids
      toward the discharge openings 24 for discharge therethrough. The hub 46 is
      further provided with one or more feed passages 54 which also extend
      through the lining 48 in order to discharge the feed outwardly from the
      feed chamber 44 for separation within the bowl 16.
PAR  The feed chamber 44 within the hub 46 extends in axial direction from a
      partition 56 to an accelerator 58. The latter comprises a cup-shaped plate
      secured in sealing relationship with the inner surface of the hub 56 and
      having a vane assembly 60 secured thereto for imparting radial and
      tangential velocity to the feed mixture delivered thereto by the pipe 42.
      As shown, the feed pipe 42 lies concentrically within the feed chamber 44.
PAR  An annular seal (not shown) may be secured to the partition 56 to close the
      space between the outer surface of the feed pipe 42 and the portion 56.
PAR  A broken line a designates the maximum and desired level of materials
      within the cylindrical portion 28 of the bowl 16 which is maintained by
      the discharge ports 20. The outermost portion of the surface defining each
      port 20 acts as a weir over which light phase material flows when
      discharged from the bowl 16.
PAR  The screw conveyor 32 defines with the bowl 16 a helical chamber extending
      about the axis of the bowl between the discharge ports 20 and the
      discharge openings 24, such chamber being bounded by the outer surfaces of
      the hub 46 and the screw flights 50, 52 and the inner surface of the bowl
      16.
PAR  The coiled screw flights 50, 52 are welded to the outer surface of the hub
      46, it being understood that the flights 50 are disposed within the
      cylindrical portion 28 of the bowl 16 and the flights 52 are disposed
      within the tapered portion 30 of the bowl 16. A "flight" is considered to
      be one helical turn or a single coil of the conveyor 32.
PAR  The screw conveyor 32, more particularly the outer surfaces of the screw
      flights 50, 52 and of the hub 46, defines with the inner surface of the
      bowl 16 a helical chamber extending about the longitudinal axis of the
      bowl between the discharge ports 20 and the discharge ports 24.
PAR  According to the invention, a baffle 62, in the form of a flat plate, is
      positioned within the bowl 16 to divide or partition the helical chamber
      into two axially adjacent zones: a first or separating zone 68 and a
      second or discharging zone 70. The first zone 68 lies between the hub 46
      and the cylindrical portion 28 of the bowl 16, while the second zone 70 is
      disposed between the hub 46 and the tapered portion 30 of the bowl 16. The
      first zone 68 extends in axial direction from one broad surface of the
      baffle 62 to the liquid discharge port 20 and end wall 22; the second or
      discharging zone 70 extends in axial direction from the other broad
      surface of the baffle 62 to the end wall 26, although for all practical
      purposes the second zone 70 terminates at the discharge ports 24. The
      ports 24 communicate with the second zone 70. The ports 20 communicate
      with the first zone 68.
PAR  Preparatory to further description of the baffle 62, it is to be understood
      that feed entering the separating zone 68 within the rapidly rotating bowl
      16 is subjected to high centrifugal forces which are usually 2,000 to
      4,000 times gravitational force. This separates the mixture of light and
      heavy phase materials in zone 68 into an inner annular layer of light
      phase material and an outer layer of heavy phase material. The annular
      interface between the two layers in zone 68 is shown by a broken line
      designated e. The layer of heavy phase material lies outwardly of the e
      line; and the layer of light phase material lies inwardly of the e line.
      The inner surface of the light phase layer is approximately in axial
      alignment with the outermost or weir surface portion of the structure
      surrounding each port 20, with some allowance for cresting of the liquid
      discharging from the ports 20.
PAR  The e line is adjustable by adjusting the level of the ports 20. This is
      commonly done by providing an end wall 22 having the ports 20 in the
      desired location. This adjustment is usually suited to the specific
      gravities of the materials comprising the feed mixture, the percentage of
      each in the feed, the inflow rate of the feed, and various other factors.
      In any event, the e line may be established by known procedures.
PAR  The baffle 62 includes an outer edge 72 which should be carefully
      positioned relative to the inner surface of the bowl 16 and the e line.
PAR  Firstly, the baffle 62 must extend outwardly beyond the inner layer of
      light phase material, i.e., the e line, in order to prevent the flow of
      light phase material from the first zone 68 to the second zone 70. It is
      better practice to have the outer edge 72 disposed outwardly of the e line
      a substantial distance in order to ensure that some light phase material
      will not be entrained by heavy phase material flowing from the first zone
      68 to the second zone 70. It can also be seen that the baffle 62 must be
      imperforate at least for the radial distance it contacts the light phase
      layer, to prevent flow of light phase material into the second zone 70.
PAR  Secondly, the outer edge 72 is positioned inwardly of the bowl 16 to define
      a restricted passageway 74 between them for the underflow of heavy phase
      material therethrough from the first zone 68 to the second zone 70. The
      spacing between the outer edge 72 and the bowl 16 determines the flow area
      of the passageway 74; it should be large enough to prevent an excessive
      accumulation of heavy phase material in the separating zone 68, that is,
      at least large enough to permit passage of the heavy phase material in the
      feed at the rate the heavy phase material is separated in the separating
      zone.
PAR  The outer edge 72 of the baffle 62 must always extend in radial direction,
      relative to the axis, at least to the weir surface of the discharge port
      24 for heavy phase material.
PAR  The centrifugal force applied to the light and heavy phase materials in the
      separating zone 68 produces a centrifugal pressure head which is
      transmitted to the heavy phase material in the discharging zone 70. This
      pressure head, when combined with the pressure applied by the screw
      conveyor 32, overcomes the oppositely directed centrifugal head of the
      heavy phase material in zone 70. The level of the heavy phase material in
      zone 70 is shown by a broken line identified by the letter x. The level
      designated x is slightly inwardly of the weir surfaces of the discharge
      ports 24, whereby heavy phase material is discharged from ports 24.
PAR  The light phase material has a lower specific gravity than the heavy phase
      material; and therefore a layer of light phase material which is thicker
      than a layer of heavy phase material is required to provide an equivalent
      centrifugal pressure head. Consequently, level x is more distant from the
      rotational axis, in radial direction, than is level a. An advantage of a
      so-called deep pond of all materials in the separating zone 68, which the
      baffle 62 permits, is that larger volumes of feed are accommodated
      therein, and therefore greater throughput capacities are obtainable.
      Furthermore, with a deep pond in the separating zone 68 greater
      centrifugal forces are imposed upon sedimented solids therein, resulting
      in better solids compaction. The more compact the solids are in the
      separating zone 68, the clearer will be the separated light phase
      material. For example, when separating oil from water and sludge, this
      improves compaction of the sludge and leads to discharged sludge with
      lower oil content. Compact solids also lend themselves to more effective
      conveying by the screw conveyor 32.
PAR  The baffle 62 is disposed between the discharge ports 24 for heavy phase
      material and the path traveled by feed entering the separating zone 68.
      This keeps the feed out of the discharging zone 70. Feed is introduced
      through the feed tube 42, the feed chamber 44, and the feed passages 54
      into the separating zone 68, it being preferred that the feed passages 54
      be axially positioned between the baffle 62 and the liquid discharge ports
      20. Feed travels outwardly and joins the separated materials in the
      separating zone 68 where it undergoes separation.
PAR  The baffle 62 is carried by the screw conveyor 32 and it is constructed to
      form an integral part thereof. In the embodiment of the invention shown in
      FIGS. 1 and 2, the baffle 62 extends in generally axial direction between
      two adjacent screw flights 52 neighboring the separating zone 68. The
      baffle 62 is preferably a flat plate disposed between the bowl 16 and one
      side of the hub 46, with its inner edge 75 welded to the hub 46. The
      baffle 62 also includes a pair of side edges 77 welded to respective ones
      of the two adjacent screw flights 52, with the weld being continuous along
      the edges 75 and 77, to provide an effective seal against the flow of
      liquid material past the edges 75 and 77. The orientation of the baffle 62
      is substantially normal to the inner surface of the bowl 16, with the two
      broad surfaces of the baffle 62 being disposed nearly parallel to a plane
      extending radially through the longitudinal axis of the bowl. The baffle
      extends inwardly from its outer edge 72 for the radial distance of the
      combined thickness of the layers of light phase material and heavy phase
      material in the separating zone 68, thus preventing the flow of light
      phase material from the separating zone 68 to the discharging zone 70.
PAR  One or more counterweights 79 are secured, as by welding, to the screw
      flights 52 in order to maintain the screw conveyor 32 in proper balance,
      it being understood that other well known measures may be employed for
      this purpose.
PAR  The baffle construction just described is more convenient, less expensive
      and simpler to install than those of the prior art performing the same
      function; and it is believed to be at least as effective.
PAR  In FIG. 3 it can be seen that the baffle 62 is not precisely disposed with
      its broad surfaces parallel to a plane passing through the longitudinal
      axis, but nearly so. This is because it is preferred that the baffle 62 be
      welded to adjacent screw flights 52 so as to be disposed normal to the
      mutually facing surfaces of the adjacent screw flights. From the portion
      shown in cross-section in FIG. 3, it will be noted that the radial extent
      of the baffle 62 is radial to the axis. The screw conveyor 32 turns in the
      direction of the arrow relative to the bowl 16.
PAC  MODIFICATION
PAR  The modification of the invention shown in FIG. 4 employs the same
      reference numerals used in FIG. 3, because the parts are functionally
      similar. Again, the baffle 62 is arranged in normal relationship to the
      mutually facing surfaces of the adjacent screw flights 52. However, the
      portion of the baffle 62 shown in cross-section can be seen to be
      non-radial to the axis, that is, at an angle to the bowl which is less
      than a right angle on the side of the baffle 62 leading its rotation
      relative to the bowl 16.
PAR  Further modifications appearing in FIGS. 6, 7 and 8 may be compared with
      FIG. 5, since FIG. 5 is a fragmentary view of FIG. 1. In FIG. 5, the outer
      edge 72 is parallel to the neighboring portion of the inner surface of the
      bowl 16, whereas in the arrangements of FIGS. 6, 7 and 8 the outer edge 72
      and the surface of the bowl 16 are non-parallel, that is, the outer edge
      is at varying distances from the bowl 16.
PAR  In FIG. 6 the outer edge 72 is curvilinear. In the preferred arrangement of
      FIG. 7, the outer edge 72 is straight and parallel to the inner surface of
      the cylindrical portion 28 of the bowl 16, with the space between the
      outer edge 72 and the adjacent bowl surface being tapered.
PAR  In FIG. 8, the baffle 62 is adjustable, since it comprises a fixed portion
      81 and a movable portion 83, with the outer edge 72 being on the movable
      portion 83. The movable portion 83 is adjustably secured to the fixed
      portion 81 by means of a pair of radial slots 85 in the movable portion
      and corresponding locking screws 87 which pass through the slots 85 to
      secure the movable portion 83 to the fixed portion 81 in desired position.
      By this arrangement, the degree of restriction afforded by the passageway
      74 may be adjusted by selectively adjusting the movable portion of the
      baffle 62 to desired position and securing the same in place with the
      screws 87.
PAR  The invention has been shown having ports 20 for discharge of the light
      phase material. These may be provided by any well known means, but it
      should be understood that the present invention may be practiced by
      providing a centripetal pump as means for discharging the light phase
      material. Such pumps are well known in the art, and therefore a
      description thereof will be omitted for the sake of brevity.
PAR  The invention also contemplates the discharge of two phases of light phase
      material, e.g. two liquids of different specific gravity. While it is
      possible to discharge two liquids of different specific gravity by means
      of a centripetal pump or a pair of centripetal pumps having inlets at
      different levels, the invention may be practiced by providing means for
      discharging light phase material having provision for separate discharge
      of two liquids of different specific gravity. A means of accomplishing
      this is more fully disclosed in U.S. Pat. No. 3,623,656, which was granted
      on Nov. 30, 1971 in the name of A. C. Lavanchy to the assignee of the
      present invention. The disclosure of the construction of the cited
      Lavanchy patent is incorporated herein by reference.
PAR  In a three-phase centrifuge having a liquid discharge end modified
      according to FIG. 9, a first group of liquid discharge openings 89 in the
      end wall 22 is symmetrically disposed with respect to the axis of
      rotation, being positioned adjacent to the inner annular face of the bowl
      16. A second group of liquid discharge openings 90 in the end wall 22 is
      symmetrically disposed with respect to the axis of rotation, with the weir
      surfaces of the discharge openings 90 being at a smaller radial distance
      from the axis of rotation than the weir surfaces of the openings 89.
      During rotation of the bowl 16, the two liquid phases separate into two
      concentric pools, with heavy phase liquid discharging through the openings
      89, while the light phase liquid is discharging through the openings 90. A
      ring dam 91 provides at each opening 90 a weir surface for light phase
      liquid which is discharged via openings 90 and passageways 92 into an
      annular zone 93. Heavy phase liquid is discharged through openings 89 into
      an annular channel 94 and thence by a skimmer tube 95 into an annular zone
      96. For additional details, reference is again made to U.S. Pat. No.
      3,623,656.
PAC  OPERATION
PAR  The operation of a centrifuge embodying the present invention will not be
      described at length herein, since it will suffice to refer in general to
      the aforementioned U.S. Pat. No. 3,795,361 to C. Y. Lee. The present
      invention differs substantially, however, by providing a restricted
      passageway 74 having a cross-sectional area bounded by the outer edge 72,
      the neighboring portion (throughout rotation) of the inner surface of the
      bowl 16, and the outer ends of the adjacent screw flights 52 to which the
      baffle 62 is welded. This is to be distinguished from the annular
      passageway 74 provided in the cited Lee patent, which passageway is
      disposed between the entire circumferential periphery of the annular
      baffle and adjacent inner bowl surface. The present invention is believed
      to have an operational advantage over the Lee device in that it provides a
      more reliable seal against the escape of light phase material from the
      separating zone 68 to the discharging zone 70. In other words, by
      establishing the restricted passageway 74 between adjacent screw flights
      52, a rather compact zone, it is believed that better control of what
      flows through the passageway 74 is afforded by the present invention when
      compared with controllability of flow for the entire circumference of the
      annular baffle provided by the Lee device.
PAR  A further advantage of the present invention is that it is extremely easy
      and inexpensive to install, and moreover exceptionally easy to alter at an
      installation site as compared with an annular baffle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a decanter centrifuge for separating light and heavy phase materials
      into respective inner and outer layers from a mixture thereof and for
      separately discharging said materials, having an elongated imperforate
      bowl with a tapered portion, said bowl being adapted for rotation about
      its longitudinal axis, feed means for delivering the mixture to be
      separated into said bowl, a screw conveyor comprising a hub and a series
      of helical flights mounted on said hub, said series of helical flights
      being coaxially arranged within the bowl to advance heavy phase material
      in the direction of the tapered portion of the bowl during rotation of
      said screw conveyor relative to said bowl, means for discharging light
      phase material from the bowl, and means for discharging heavy phase
      material from the bowl including a discharge port in the tapered portion
      of said bowl, said discharge port having a weir surface, said screw
      conveyor defining with said bowl a helical chamber extending about said
      axis between said means for discharging light phase material and said
      means for discharging heavy phase material, that improvement comprising:
PA1  a baffle carried by the screw conveyor and extending between the mutually
      facing broad surfaces of two adjacent helical flights in sealing
      relationship to thereby divide the helical chamber into
PA1  a separating zone communicating with said means for discharging light phase
      material, and
PA1  a discharging zone for heavy phase material, said discharging zone being
      disposed within the tapered portion of the bowl and communicating with
      said means for discharging heavy phase material,
PA1  said baffle having an outer edge closely spaced from said bowl to define
      therewith a restricted passageway for the underflow of heavy phase
      material from the separating zone to the discharging zone and extending
      inwardly from said outer edge for at least the radial distance of the
      combined thickness of said layers of light phase material and heavy phase
      material in the separating zone to prevent the flow of light phase
      material from said separating zone to said discharging zone,
PA1  and means cooperating with said baffle to maintain the inner surface of the
      layer of separated light phase material at a level disposed inwardly of
      said weir surface and to discharge light phase material from said
      separating zone to said discharge passageway, the centrifugal pressure
      head of the layer of separated light phase material being applied to the
      heavy phase material in the separating zone and being transmitted through
      the restricted passageway to the heavy phase material in said discharging
      zone,
PA1  whereby the centrifugal pressure head transmitted to the heavy phase
      material in said discharging zone combines with the force applied by said
      screw conveyor to the heavy phase material in said discharging zone to
      overcome the centrifugal pressure head of the heavy phase material in said
      discharging zone, and thereby advance the heavy phase material in said
      discharging zone to said discharge port for discharge therefrom.
NUM  2.
PAR  2. A centrifuge according to claim 1 wherein the baffle is substantially
      flat.
NUM  3.
PAR  3. A centrifuge according to claim 2 wherein the baffle has an inner edge
      sealed to said hub.
NUM  4.
PAR  4. A centrifuge according to claim 2 wherein at least one broad surface of
      the baffle is disposed substantially parallel to a plane extending through
      the longitudinal axis of said bowl.
NUM  5.
PAR  5. A centrifuge according to claim 1 wherein the broad surfaces of the
      baffle are disposed substantially normal to the inner surface of said
      bowl.
NUM  6.
PAR  6. A centrifuge according to claim 1 wherein the broad surface of the
      baffle is disposed to the inner surface of said bowl at an angle which is
      less than a right angle on the side thereof leading its rotation relative
      said bowl.
NUM  7.
PAR  7. A centrifuge according to claim 1 wherein the baffle includes a first
      portion secured to said adjacent helical flights, and a second portion
      including said outer edge, said second portion being adjustably secured to
      said first portion for adjustably setting the area of said restricted
      passageway by adjustably setting the space between said outer edge and
      said bowl.
NUM  8.
PAR  8. A centrifuge according to claim 1 wherein the outer edge is
      substantially equally spaced from the bowl.
NUM  9.
PAR  9. A centrifuge according to claim 1 wherein the outer edge is at varying
      distances from the bowl.
NUM  10.
PAR  10. A centrifuge according to claim 9 wherein the space between the outer
      edge and said bowl is tapered.
NUM  11.
PAR  11. A centrifuge according to claim 1 further including a counterweight for
      the baffle secured to the conveyor.
NUM  12.
PAR  12. A centrifuge according to claim 1 wherein the means for discharging
      light phase material is a second discharge port, provided in the end of
      the bowl opposite the tapered portion.
NUM  13.
PAR  13. A centrifuge according to claim 12 wherein the second discharge port
      has a second weir surface disposed closer to said axis than is said
      first-mentioned weir surface.
NUM  14.
PAR  14. A centrifuge according to claim 1 wherein the means for discharging
      light phase material comprises second and third discharge ports, provided
      in the end of the bowl opposite the tapered portion, with said second
      discharge port having a second weir surface disposed closer to said axis
      than is said first-mentioned weir surface, and with said third discharge
      port having a third weir surface disposed farther from said axis than are
      said second weir surface and said first-mentioned weir surface, whereby
      two phases of light phase material may be discharged by said means for
      discharging light phase material.
NUM  15.
PAR  15. A centrifuge according to claim 1 wherein said feed means extends along
      said axis and is provided with an outlet axially positioned between said
      baffle and the means for discharging light phase material.
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ABST
PAL  A compact, versatile voting machine is disclosed having adaptability for
      use with various vote registering devices such as tally counters and punch
      card apparatus. The voting machine includes a selector mechanism having a
      series of parallel columns housing voter operated key slides. A vertical
      interlock mechanism includes ball housing blocks which are alternately
      disposed between the key slides and house displaceable interlock balls in
      a tool line. The cam blocks are adjustable to limit the effective length
      of the tool line to establish groupings of candidates from which a single
      selection can be made. A magazine at the top of each column is adjustable
      to permit multiple selections from a grouping. Actuation of a key cams the
      interlock balls into the tool line, and when a predetermined number of
      voter selections have been made no additional keys can be actuated as they
      are blocked by the tool line. A row of adjacent horizontal keys can also
      be interlocked to established selection groups as typically found on a
      general election ballot. A bar is moveable to horizontally interlock
      adjacent columns by introducing locking pins into a position to be cammed
      by actuation of a key. A drive mechanism associated with each column
      permits the voter to vote straight party and clears the machine to ready
      it for another voter. The drive mechanism includes cam controlled clutches
      that operate four-bar linkage elements to depress or return the key
      slides. A judge controlled mechanism locks the machine between voters. For
      various voting requirements, judge operated cam arrangements are
      cooperable with the horizontal locking pins and the four-bar linkage to
      selectively lock out partial or entire columns or rows of key slides. The
      key slides are provided with a voter viewable button that registers a
      visible, luminescent "X" when a key is voted.
PARN
PAR  This is a division of application Ser. No. 309,174, filed Nov. 24, 1972,
      now U.S. Pat. No. 3,866,826.
PAR  This invention relates to voting machines and more particularly is directed
      to improved voting machines of the general construction described in prior
      U.S. Pat. Nos. 3,168,240 and 3,524,969.
PAR  A large number and variety of mechanical voting machines cna be found in
      the prior art. Machines most commonly found in use today are of the type
      as shown in the U.S. Pat. No. 3,408,002 and the patents referred to
      therein.
PAR  These machines are generally referred to as "lever-type" voting machines
      and have found general acceptance and are widely used. In lever machines,
      multiple horizontal or vertical rows of selector levers are interconnected
      by cranks or similar mechanisms to counter mechanisms which register the
      number of votes cast for a particular candidate or issue.
PAR  Machines of this general type have a number of disadvantages. One of the
      foremost disadvantages of the lever-type machines is their extreme size
      and weight, often in excess of 500 pounds. Because of the weight, a single
      machine requires the effort of several men to transport the machine from
      its place of storage to the polls. Further, the large size requires an
      extreme amount of storage space when it is considered that a city of, for
      example, one million people may own or lease several thousand voting
      machines. Transportation and storage of the machines during periods of
      non-use can constitute a major financial burden on a governmental unit.
PAR  Aside from the above-mentioned problems of storage and transportation, the
      lever-type machines require complex procedures on the part of the
      custodian to prepare the machine for voting, particularly when the machine
      is to be used in primary elections. In primary elections it is common that
      one or more candidates will be selected by the voter from a larger group
      running for the office and, accordingly, the columns must be broken down
      into subgroups of the correct number of candidates. The subgroups are
      established by various interlock arrangements which usually require that
      grouping pins or compensators be inserted in the columns to serve as
      barriers to permit only a selected number of voting keys to be depressed
      within the column. This can be a difficult operation requiring skill and
      much preparation time on the part of reelection officials in order to
      insure proper machine functioning.
PAR  Another disadvantage of the lever-type voting machine is that the
      accompanying ballot is often confusing and difficult for the voter to
      understand because it does not duplicate the format of the traditional
      paper ballot. This is especially true of machines having horizontal
      selection rows which require a specialized ballot format to adapt to the
      machine. It is generally accepted practice for conventional paper ballots
      to display the candidates in a vertical rather than a horizontal
      arrangement.
PAR  It is the primary object of the present invention to provide a simple to
      operate, console type voting machine of substantially reduced size and
      weight to facilitate handling and storage. The present invention employs a
      very efficient, compact selector mechanism using displaceable steel balls
      arranged in columns which permit lists of candidates for more than one
      office to be placed in a single column. Further, the columns can be set so
      that one or more selections from that list can be made by the voter. Such
      an arrangement would be typically used in a primary election. The voting
      machine of the present invention also permits adjacent vertical columns to
      be mechanically interlocked so that the selection groups on the ballot can
      be arranged horizontally as is necessary in a general election.
PAR  The present invention further has provision for straight party, write-in,
      and random voting procedures and insures that the voter cannot
      disenfranchise himself by casting two opposing votes. The voting machine
      of the present invention also makes chain voting impossible. A unique
      clutch mechanism performs multiple functions including a clearing and
      locking function after each voting cycle and when a straight party
      selection is made.
PAR  The present invention also permits insertion of a computer compatible card
      into the machine on which card is recorded the voter's selections. This
      card may then be processed by computer to expedite computation of the
      election results and minimize decoding and transcription. The machine
      adapts to the requirements of almost any election and the ballot can be
      arranged in a format familiar to most voters. The buttons are depressed
      and the voted buttons are easily identifiable to the voter by an "X"
      appearing at the voted button. In summary, the present invention provides
      a voting machine having improved interlock systems to render the machine
      simple, efficient, lightweight, and yet at the same time highly versatile
      and applicable to a variety of voting procedures and adaptable to the
      various voting laws and requirements in effect in the various
      jurisdictions throughout the country. These and other objects of the
      present invention will become apparant from the following drawings and
      descriptions in which:
DRWD
PAR  FIG. 1 is a perspective view of the voting machine of the present invention
      with a representative ballot in place;
PAR  FIG. 2 is a front view of the voting machine with the ballot removed;
PAR  FIGS. 3, 4 and 5 are elevational views of a voting key;
PAR  FIGS. 6 and 7 are enlarged detail views of the end of the voting key;
PAR  FIG. 8 is an enlarged detail view of the voting key and associated button;
PAR  FIG. 8A is a perspective view of the button shown in FIG. 8;
PAR  FIGS. 9 and 10 are opposite side elevational views of the individual voting
      machine columns, FIG. 10 being inverted;
PAR  FIG. 11 is an enlarged partial sectional view taken along lines 11--11 of
      FIG. 9;
PAR  FIG. 12 is a partial sectional view showing the end of the lockout bar
      mechanism;
PAR  FIG. 13 is a partial detail view showing a cam arrangement;
PAR  FIG. 14 is a top perspective view of a ball housing block and cam;
PAR  FIG. 15 is a bottom perspective view of the ball housing block of FIG. 14;
PAR  FIG. 16 is a partial detail view showing the relationship of a key
      overlying a ball housing block;
PAR  FIG. 17 is a sectional veiw taken along lines 17--17 of FIG. 16;
PAR  FIG. 18 is a sectional view taken along lines 18--18 of FIG. 16;
PAR  FIG. 19 is a view of the drive assembly as seen from the top end of FIG. 2;
PAR  FIGS. 20 to 22 are detail views of drive assembly clutches;
PAR  FIG. 23 is a sectional view taken along lines 23--23 of FIG. 19 with the
      mechanism shown in a locked position;
PAR  FIG. 24 is a view similar to FIG. 23 but with the mechanism shown in a
      voted position;
PAR  FIG. 25 is a sectional view taken along lines 25--25 of FIG. 19 with the
      straight party mechanism in a non-voted position;
PAR  FIG. 26 is a view similar to FIG. 25 but with the straight party mechanism
      in a voted position;
PAR  FIG. 27 is a detail view of a part of the straight party mechanism;
PAR  FIG. 28 is a sectional view of a portion of the column assembly as seen
      along lines 28--28 of FIG. 19;
PAR  FIG. 29 is a partial sectional view taken along lines 29--29 of FIG. 19;
PAR  FIG. 30 is a view similar to FIG. 29 but with the main voting button
      mechanism shown in an alternate position;
PAR  FIG. 31 is a partial sectional view generally taken along lines 25--25 of
      FIG. 19 with structure removed to more clearly illustrate the motor
      control switch;
PAR  FIG. 32 is a view similar to FIG. 31 showing the motor control switch in an
      actuated position;
PAR  FIG. 33 is a partial sectional view generally taken along lines 25--25 of
      FIG. 19 with structure removed to more clearly illustrate the actuation of
      the motor control switch in the straight party cycle;
PAR  FIG. 34 is a view similar to FIG. 33 showing the switch in an actuated
      position;
PAR  FIG. 35 is a flow chart representation of the clear cycle operation; and
PAR  FIG. 36 is a flow chart representation of the straight party cycle.
DETD
PAR  The voting machine is shown in FIG. 1 and is generally designated by the
      numeral 10. The machine would generally be incorporated in an appropriate
      voting machine cabinet, not shown, when placed in use. The cabinet would
      provide for either a vertical or horizontal mounting of the mechanism for
      voter access depending on preference and voting requirements. The machine
      10 generally has a basic frame structure comprising opposite side members
      12 and 13 and opposite end members 14 and 15. A top panel 16 is carried by
      the frame structure and has provision for mounting of the ballot 20. The
      ballot is divided into a series of eight vertical selection columns
      identified 18a through 18i. It should be noted, as used throughout this
      description, the term "horizontal" means a plane parallel to ends 14 and
      15 of the machine. The term "vertical" refers to a plane parallel to sides
      12 and 13.
PAR  Ballot 20 is not typical ballot one would find when voting but rather is a
      representative ballot to illustrate the operation of the machine. Left
      hand columns 18a, 18b, 18c and 18d are set up in a format corresponding to
      that used in most general and some city elections in which several
      political parties offer candidates for the same offices as are listed in
      column 18A. As shown, the voter would make a choice for the office of
      president from either columns 18b, 18c, or 18d and, once having voted one
      of the selections, is not permitted by the interlock system of the present
      invention to make another selection for that office. Column 18h
      illustrates a typical primary election ballot wherein one selection is
      chosen from several candidates to be the particular party's candidate in
      the general election. It will be appreciated that any other number of rows
      could as well be provided. At the top of each of columns 18b to 18d is a
      straight party button 21 which, as will be more fully explained hereafter,
      when depressed will cause all the voting keys in the associated vertical
      column to be depressed, clearing all other buttons on the machine. A slot
      25 in the upper right hand of the machine is provided to accept a data
      processing card which is punched in response to the voting operation. A
      resetting lock 26 is used to lock or release the mechanism after each vote
      is recorded preparing the machine for the next voter. Lock 28 operates the
      column lockouts to lock out of operation certain selected columns or
      partial columns. The keys for lock 26 and 28 are retained by the election
      judge or official on duty at the election location. When the voter has
      completed making selections, main vote button 44 initiates the machine
      through its operative cycle. A tray 30 accessible through front 15
      contains the tally counters and a public counter. One tally counter is
      provided to correspond to each of the voting buttons on the machine. For a
      more complete description and understanding of the operation the candidate
      counters and the card insert and card punching mechanism, please refer to
      commonly assigned co-pending application entitled "Punch Assembly and
      Method of Making Same", U.S. Ser. No. 309,192, and commonly assigned U.S.
      Pat. No. 3,821,522, granted June 28, 1974, entitled "Counter", both filed
      concurrently herewith.
PAR  FIG. 2 illustrates a machine of the present invention with the ballot 20
      and cover plate 16 removed to expose the basic components of the machine.
      The rectangularly arranged frame members 12, 13, 14, and 15 support eight
      vertical column members 31 through 38. Each of the columns 31 to 38 are
      similar in construction and each is generally elongate and provided with a
      vertical row of slots 39 therein which slidably receive the end key slides
      40. Slot 146 provides access to a cam device for setting up vertical
      selection subcolumns. The details of the key slides are shown in FIGS. 3
      through 6 and are discussed in the following paragraphs. The purpose of
      the present brief description is to outline the interaction of the main
      components so that the operation of the voting machine wil be more easily
      understood. To make a selection, key slides 40 are manually depressable
      through a voting button 23 extending through the panel 16 and ballot 20.
      Tray 30 containing the tally counters is horizontally positioned subjacent
      columns 31 to 38 and depression of a key slide 40 will engage a
      corresponding counter in the tray 30 through plunger 54 at the terminal
      end of slide 40. The counters may be of the well known star wheel type or
      similar to those disclosed in the co-pending application referenced above.
PAR  Also operatively engaging each of the key slides is a rod 48 which extends
      transversely of the columns and is received in punch bank selector 42.
      Rods 48 are horizontally displaced to the right by actuation of the
      corresponding key slide by cam surfaces 55 on the slides 40. Rightward
      movement of a transverse bar 48 into the punch bank selector 42 will block
      a corresponding punch selector bar 49 so that upon actuation of the voting
      cycle by main voting button 44, the card inserted in slot 25 of card
      punching mechanism 43 will be perforated in a pattern corresponding to the
      voter's choice. Clearing of the machine and actuation of the straight
      party cycle is by virtue of the multiple clutch drive mechanism 50 shown
      at the upper portion of the machine. An electric motor 45 powers the
      mechanism through the clearing and straight party cycles as will be
      explained. Provision can be included for manually driving the machine by a
      crank in case of a power failure.
PAR  The foregoing is just a brief description of the various main components to
      the machine so that their relative location and interrelationship may be
      appreciated. The operation and mechanism of the counter assembly and the
      punch mechanism form no part of the present invention but rather are the
      subject of the separate aforementioned patent applications. The present
      invention concerns itself with the voter selection mechanism and more
      particularly with the interlock arrangement for setting up and limiting
      voting selections and the clutchdrive mechanism for clearing the machine
      and for voting a straight party ticket.
PAR  Referring now to FIGS. 3 through 6, the voting key slide 40 is shown in
      detail. The key slide 40 comprises an essential part of the machine which
      is operative to register the voter's selections. Key 40 extends laterally
      in slots 39 in each of the columns and each is manually depressible
      through button 23 by the voter. Each key 40 includes an upper generally
      rectangular shank portion 52 and a lower extension 51 having opposite
      sides 77 and 78. Opposite transverse slots 65 and 66 extend across the
      intermediate portion of the key 40. Angular cam surfaces 55 are provided
      on one edge of the key. The cam surface 55 on each slide is associated
      with the end of transverse punch actuator bars 48. The longitudinal
      position of cam surfaces 55 along extension 51 varies with the column in
      which the key slide 40 is located. For example, cam surfaces 55 on the key
      slides located in column 38 are immediately adjacent the shank 52 and the
      location of the corresponding cam surfaces 55 is displaced downwardly for
      the slides in each leftwardly successive row. In this way, all rods 48
      that are associated with the keys in a horizontal row of key slides are in
      vertical alignment beneath the columns. The rods 48 are configured to
      avoid interference with the adjacent key slides.
PAR  Inward of the lower end of the key 40 a shoulder 59 projects laterally.
      Shoulder 59 is adapted to be engaged by a clear bar of the drive mechanism
      50 to return the key to a non-actuated position. Extending from the
      opposite side of the key is projection 58 which is adapted to be engaged
      by a bar in drive 50 to pull the associated key 40 downwardly when a
      straight party button 21 is actuated on the machine. The clear and
      straight party mechanism is actuated by drive mechanism 50, as will later
      be explained.
PAR  An important feature of this invention is the vertical interlock
      arrangement which limits the number of voting buttons a voter can depress
      within a column by blocking the remaining slides when the predetermined
      number of selections has been made. The vertical interlock is achieved by
      camming accurate steel balls in a tool line extending through the columns
      along a cam surface on the keys 40. Each key is provided with cam means 56
      including adjacent circular bores 67 and 68 extending through the shank of
      the key slide. A semicircular camming surface 69 extends approximately at
      a 30.degree. angle from the edge of bore 67 at surface 77 toward the edge
      of hold 68 at surface 78. Axial slot 70 extends between bores 68 and 69
      through the intermediate cam surface 69.
PAR  The vertical interlock mechanism permits the election official to set up
      the machine in vertical selection column as, for example, would be
      necessary in a primary election. Other elections may require that the
      machine be programmed horizontally as in a general election. Accordingly,
      an important feature of the present invention includes means to
      selectively interlock adjacent horizontal keys to define a selection group
      and so that only one key can be voted within the group. As best seen in
      FIGS. 6 and 7, a cam 79 is provided on the upper end of the slide 40 in
      opposite sides which cooperate with horizontal locking pins to prevent
      actuation of more than one key within a group. The cam means includes bore
      71 that extends transversely through the shank portion 52 of the slide 40.
      cam 79 includes generally V-shaped surfaces 72 and 73 which intersect bore
      71 at the longitudinal centerline of the shank portion. As best seen in
      FIG. 7, surfaces 72 and 73 diverge outwardly to oppositely arranged lands
      74 and 75, respectively, which are all commonly defined within recess 76
      in the opposite edges of the key 40.
PAR  FIGS. 9 to 11 and 16 to 18 best show the relationship of the slides 40 in
      the columns. Keys 40 are all received in adjacent vertical columns 31 to
      38 aligned vertically and horizontally. Each column contains a selected
      number of keys. The following description is with reference to column 33
      whicih is typical. column 33 is a generally elongated rectangular section
      and has an aligned series of slots 82 which receive the main body portion
      of keys 40. Enlarged slots 39 aligned with slots 82 extend to the surface
      of the column. A shoulder 84 at the bottom end of each slot 39 serves as a
      stop to engage outwardly extending flange portion 60 of the associated
      key. Thus, looking at FIG. 11, which is a sectional view through a portion
      of adjacent columns, key 40 is shown in a normal unactuated position; when
      actuated it will be moved inwardly until flange 60 contacts shoulder 84 at
      the bottom of slot 39. An over center toggle pin, not shown, may be
      associated with each key slide 40 to give the key a positive action to
      cross bore 85, approximately corresponding in diameter to the cross bore
      71 in the shank portion of key slide 40, intersects column slot 82 and
      terminates in rectangular slot 86 which extends longitudinally in column
      33. Horizontal interlock bar 90 is slidable in slot 86. Another
      longitudinal channel 91 extends the length of column 33 perpendicular to
      the axis of key slide 40 and intercepts slots 82 and houses vertical
      interlock ball housing blocks 110 which, as will be described later, are
      interposed between and cooperate with vertically adjacent keys 40 in the
      vertical interlock mechanism.
PAR  As seen in FIG. 11, a pair of plungers 92 and 93 in the form of pins having
      rounded ends are positioned in cross bore 85. The pins are dimensioned so
      that pin 92 extends from the center line of the slide key at the apex of
      the cam surfaces 72 and 73 to the edge 89 of the column 33 next adjacent
      column 34. Similarly, plunger 93 extends leftwardly from the center line
      of slide 40. Column 32 next abuts column 33 at edge 88 having bore 85a in
      direct alignment with slot 86 of column 33. Similarly, at side 89,
      adjacent column 34 has its interlock bar 90b in direct alignment with bore
      85 of column 33. The subscripts "a", "b", etc., here and throughout the
      specification, designate identical or similar elements.
PAR  Interlock bar 90 extends the vertical length of column 33 in slot 86. A
      number of cross bores 95 are provided in bar 90 and are spaced so that the
      distance between bores 95 is half the distance between adjacent vertical
      cross bores 85 in the columns. Every other bore 95 houses a compression
      spring 96 forming a socket 97. A slidable plunger 94 extends in bores 95
      not housing a spring.
PAR  Referring to FIGS. 11 and 12, the interlock bar 90 is vertically shiftable
      relative to the associated column to move either a plunger 94 or a spring
      socket 97 in axial alignment with column cross bores 85. An acutating
      handle 100 is connected to the lower end of bar 90 and projects into
      recess 101 in the column. Manually moving actuator handle 100 will
      displace bar 90 to position the bar in accordance with the election
      requirements.
PAR  It will thus be understood, referring to FIG. 11, that as key 40 is
      depressed in response to a voter operation, the cam surface 79 will be
      urged between adjacent plungers 92 and 93 parting them in opposite
      directions. If it is desired to horizontally interlock adjacent vertical
      columns, as for example when the machine is set up as shown in ballot
      columns 18b, 18c and 18d of figures, actuator 100 in column 33 is moved to
      position interlock bar 90 to align plungers 94 in the bar with bores 85 of
      the column. The interlock bars in columns 32 and 34 are similarly
      positioned. For example, when a key 40 in column 33 is depressed,
      associated plunger 93 will move leftwardly urging adjacent plunger 94 in
      bar 90 leftwardly into engagement with pin 92a located in the adjacent
      column. Pin 92a in adjacent column 32 will be moved into blocking
      engagement beneath the apex of associated cam 79a of the key slide in that
      column.
PAR  Column 34 located immediately adjacent side 89 of column 33 has been preset
      having its interlock bar 90b positioned with spring sockets 97b in axial
      alignment with cross bores 84 of column 33. Upon depression of a key slide
      40 in column 33, pin 92 will simply move into engagement in socket 97b
      causing spring 96b to be depressed. The axial motion of plunger 92 will
      not be transferred across interlock bar 90b to prevent the actuation of
      the key slides in column 34. Therefore, looking at an arrangement of FIG.
      1, it will be seen that by selectively positioning interlock bar 90,
      horizontal listings of candidates may be made and the selection limited to
      one candidate from the preselected row or group across the columns. The
      interlock bar between adjacent columns can be positioned to either
      interlocking or isolate the columns, as the case may be. An entire or
      partial horizontal row of key slides 40 may be locked out by virtue of
      cams 102 as seen in FIG. 13. Cams 102 are rotatively mounted on cam shaft
      103 immediately adjacent column 38. Each cam aligns with cross bore 85a in
      that column. To lock out a horizontal row of keys, associated cam 102 is
      rotated into engagement with pin 92a to move the horizontal interlock pins
      92 in each column into blocking engagement with the keys 40. A partial
      horizontal row can be locked out by interrupting the movement of pins 92
      by moving interlock bar 90 to align spring sockets 97 with the pins 92.
      The horizontal lock is particularly useful in accommodating more unusual
      election requirements. The operation of cam shaft 103 is controlled by the
      election judge.
PAR  The present invention also has provision for selectively interlocking the
      voter selections in a vertical column and for establishing subcolumns or
      groups. As seen in FIG. 9, a series of ball housing blocks 110 are
      received in channel 91 and form part of a vertical interlock system that
      limits the selections that can be made in a column. Blocks 110 are
      alternately interposed between adjacent key slides 40. The construction of
      the individual ball housing 110 is best seen in FIGS. 14 and 15.
PAR  Each block 110 consists of a main body portion 111 which is generally
      rectangular having flanged portions 112 and 113 extending at right angles
      from top surface 114 and bottom surface 116, respectively. Flanges 112 and
      113 are each of a depth approximately 1/2 of the width of the keys 40. A
      slot 115 extends along one side of the block to receive a corresponding
      transverse flange in column channel 91 to serve as a guide for lateral
      adjustment of blocks 110. Projecting from the back of block 110 are legs
      118, 119, 120 and 121. A U-shaped opening 122 is defined between upper
      legs 118 and 120 and a similar opening 123 is defined between legs 119 and
      121. Transverse slots 124 and 125 extend in the opposite sides of the
      block between the upper and lower legs.
PAR  Biasing spring 128 extends from the center of the front face 129 of the
      block. A bore 130 vertically extends between top side 114 and bottom 116
      of the block. Spaced from bore 130 is a socket or blind bore 131. Bore 130
      and blind bore 131 are of the same diameter. Socket 131 houses a biasing
      spring 134 which is compressible to accept a single interlock ball.
      Parallel guide members 132 and 133 at one edge of surface 114 are
      respectively aligned with the center of bores 130 and 131. At the other
      edge adjacent the bores 130 and 131, keeper members 135 and 136 are biased
      outwardly by virtue of a spring, not seen, acting within a receiving bore
      in the block. Keepers 135 and 136 serve to maintain alignment in the row
      of interlock balls as will be more fully appreciated.
PAR  Slots 124 and 125 at the end of cam housing block 110 receive cam member
      140 which carries cam 142. Eccentric actuator shaft 144 adapts the cam for
      manual actuation. As seen in FIG. 11, cam 140 is positioned with shaft 144
      supported in slot 124 and 125 so that cam member 142 abuts block end 147.
      Shaft 144 extends parallel to the keys 40 in holes 146 in each of the
      columns. Cam 140 is adjustable by insertion of a tool into hole 146 to
      rotate the cam through shaft 144.
PAR  Ball housing blocks 110 are sequentially arranged and oriented in the
      columns so that face 114 of a block 110 abuts surface 77 of a key slide 40
      and opposite surface 78 engages the surface 116 of the next adjacent block
      110 with the longitudinal axis of slide 40 transverse to block 110. Spring
      128 extending from the ball housing blocks engages side wall 89 of the
      next column to bias the blocks into channel 105. Thus, it will be observed
      that block 110 can laterally be displaced by rotation of shaft 144,
      causing cam 142 to bear against surface 147 moving the block against the
      force of biasing spring 128.
PAR  In the normal position, blocks 110 are oriented with hole 67 of key slide
      40 in line with bore 130 of the cam blocks 110. Projection 133 on the side
      114 of the adjacent ball housing block 110 aligns with slot 70 on the
      surface 77 of the key slide 40. Thus, in the assembled position, there is
      a pattern as disclosed in FIGS. 16 to 18 with a continuous column or tool
      line 150 assembled with identical steel balls 151 extending vertically
      through the column. The outer hole 68 in each key slide 40 also contains a
      steel ball 152 identical to balls 151 contained within the tool line 150.
PAR  By laterally displacing a ball housing block 110 relative to the associated
      key 40, a column can be divided into several subcolumns. As is the case in
      many primary elections, a single candidate is to be selected from a number
      of primary candidates. One voting key slide 40 would be associated with
      each of the candidates for the particular office. A subcolumn would be
      indexed by moving the cam block 110 adjacent the keys defining the group
      in the subcolumn to a blocking position relative to the associated key
      slide 40. For example, looking at FIGS. 17 and 18, upper and lower blocks
      110 and 110c have been moved to separate a subcolumn of candidates for a
      particular office. To accomplish this, cam shaft 144 was rotated
      180.degree. by an appropriate tool causing cam member 142 to bear against
      surface 147 of the cam block and urge the block against the bias of spring
      128 to the position relative to the respective keys shown in FIG. 18. In
      this blocking position, socket 130 of ball housing block 110 and 110c now
      align with tool line 150. This establishes a three candidate subgroup with
      a voter being able to select one of the three keys 40, 40a and 40b.
PAR  To understand what occurs when a key in a subcolumn is voted, assume that
      the voter has made a selection on the voting machine causing key slide 40b
      to be depressed. As the key slide 40b is moved inwardly, ball 151b in hole
      67b of key slide 40b will be forced or cammed upwardly by cam 56b into
      bore 130b of the next upper adjacent ball housing block 110a. When the key
      40b is fully depressed ball 152b will have been introduced into the tool
      line 150 causing the tool line to advance upwardly by one ball diameter
      against the action of spring 134 in socket 131 in the upper terminal ball
      housing block 110. Spring 134 in the terminal ball housing block will not
      allow the tool line to advance more than one diameter into the socket 131,
      so that it is impossible for more than one additional ball to be
      introduced into the tool line. Ball 152b in bore 68b of the key slide will
      now occupy a position in the tool line. Should the voter attempt to
      actuate another key slide, such actuation will be resisted as there is not
      room in the tool line for any additional balls, hence only one key can be
      moved in each series or subcolumn.
PAR  If it is desired to vote for more than one candidate out of a series, as
      for example in an election for city council, the upper end of the columns
      are used to index a subcolumn. Referring to FIG. 9, a receiver assembly
      160 is provided to permit multiple selections to be made. A number of
      adjacent ball housing blocks corresponding to the number of candidates are
      positioned having their bores 67 in alignment so that a continuous column
      of balls extends in the tool line.  Receiver passageway 161 aligns with
      bores 67. A guide passageway 162 extends in the column parallel to the
      receiver passageway. A slider 164 has a tubular stop 165 in passage 161
      and tubular guide member 166 in passage 162. Web 166 interconnects the
      tubular members. The inner end of stop 165 engages the uppermost ball in
      tool line 150. Slider 164 is spring biased by spring 170. Adjusting pin
      168 abuts the upper end of slide 164. Pin 168 is inserted into vertically
      spaced grouping holes 169. By vertically adjusting the position of pin
      168, the effective length of the tool line can be changed so that a
      predetermined number of balls can be introduced into the tool line. For
      example, if it is desired that three candidates be selected from the
      series, pin 168 is moved upwardly a corresponding number of grouping holes
      169 to permit slider 164 to be displaced upwardly to admit three
      additional balls 151 into tool line 150. As explained above, each time the
      voter depresses the voting key, the action of the associated cam surface
      56 will cause an additional ball to be moved into the tool line. When
      three candidates have been voted, a continuous column of balls will be
      formed in the tool line extending between the lower terminal ball housing
      block and slider 164 of the receiver 160. No additional selector keys can
      be depressed as they will be opposed by a solid chain of balls. It will be
      noted that the arrangement of the present invention has several advantages
      in that if a voter changes his mind he may simply pull the voting key out
      of its original position which will effectively remove one ball from the
      tool line thus permitting another selection to be made. Similarly, since
      the actuation of any one key in the series does not block the tool line at
      that position, the selections do not have to be made in any order. That
      is, the voter does not or is not required to vote for a number of
      candidates in ascending or descending order as was necessary with certain
      prior art types of vertical interlocks.
PAR  Clutch drive system 50 of the voting machine controls the registering
      operation of the machine and clears or depresses predetermined voting keys
      in accordance with the operational mode. Functionally, the drive system
      cooperates with the keys in the individual voting columns to perform the
      following functional operation:
PA1  1. Prevents actuation of the main voting button until at least one key in
      any of the columns has been depressed;
PA1  2. Automatically depresses all the keys under a party heading if the voter
      selects a straight party ticket;
PA1  3. Clears all previously depressed selector keys when a straight party
      button is actuated;
PA1  4. Automatically locks all voting keys and all remaining straight party
      buttons during a straight party voting cycle;
PA1  5. Clears all voting keys on the machine and restores them to an up
      position at the completion of the voting cycle;
PA1  6. Automatically locks out all voting keys in the machine after the
      completion of each voting cycle;
PA1  7. Provides a key controlled lock to be operated by the election judge to
      release all buttons to prepare the machine for the next voter; and
PA1  8. Permits selected columns or partial columns to be completely locked out
      by the election judge in accordance with the requirements of the
      particular ballot.
PAR  The mechanism of the main drive system 50 will best be understood by
      understanding operational sequence of events that occur in the voting
      cycle. When inactive, before the beginning of an operational voting cycle,
      the voting machine is in a locked condition which does not permit
      operation by a voter until the machine is placed in a ready condition by
      an appropriate election official or judge outside the voting booth.
PAR  All the voting keys are locked in an up position by means of the clear
      mechanism, a bar which extends the full length of each vertical column and
      engages each of the voting keys. The clear bar, as will be explained in
      more detail hereafter, is actuated by a clutch mechanism in drive 50. The
      bar and clutch assemblies are locked at the end of each voting cycle and
      are held in the up position by a common stop which can be released only by
      an election officail using an appropriate key in lock 26 at the side of
      the machine.
PAR  In addition, each individual bar and clutch assembly can be locked by a
      selective lockout device also actuable by an election judge using an
      appropriate key. These individual controls can be set to the requirements
      of the individual election before the election official moves the master
      control from a locked to voting position.
PAR  The return or clear bars remain in the up locked position until the voter
      presses at least one button on the panel making a voting selection. This
      operation depresses the clear bar in the column in which the selection is
      made. The main voting mechanism is locked mechanically until one of the
      clear bars is depressed by the voter making one selection. The main vote
      button 44 can then be depressed to register the voter's selections on the
      counters and punch card in the machine. Thus it will be seen that the
      clear bar performs multiple functional operations to insure the integrity
      and security of the voting operation performed on the voting machine.
PAR  The sequence of events outlined above are illustrated in FIG. 36 which is a
      system operation flow chart of the clear cycle. It will be seen from this
      flow chart that the drive mechanism 50 operates to lock the machine at the
      beginning and at the completion of the voting cycle. Further, the main
      vote buttonn button not cleared until at least one voter selection is made
      on the voting panel. After the voter's selections have been properly
      registered on the counters and punch card in the machine, the clear bar
      will return all voting keys to their normal up position.
PAR  The drive and clear bar mechanism is best seen in FIGS. 19, 24 and 28. The
      mechanism is essentially the same for each of the columns and therefore
      description as applied to one column will apply equally to all. The drive
      mechanism 50 is located at the upper end of the columns 31 to 38. A series
      of vertical frame elements 193 separates the mechanisms of the individual
      columns. Electric drive motor 45 is secured to frame element 193
      associated with right hand column 38. The output of the electric motor is
      connected by suitable gearing 191 to main clutch shaft 192 which extends
      through frame elements 193 horizontally across the width of the column
      assembly. Carried on the main clutch shaft 192 at each column is a clear
      clutch 205 which has driver gear member 206 splined to shaft. Spaced apart
      from clutch driver 206 is driven member 208. Clutch members 206 and 208
      have teeth adapted for engagement. Member 208 is biased away from member
      206 by a spring, not shown, intermediate the clutch members 206 and 208.
      Driven clutch member 208 is not keyed to main drive shaft 192 so that
      shaft 192 is free to turn within member 208 when clutch 205 is disengaged.
      A peripheral flange 210 extends from clutch driven member 208. Parallel to
      the main drive shaft 192 and extending laterally to the columns through
      frame elements 193 is clear clutch yoke shaft 215. One end of the yoke
      shaft 215 engages cam surface 216 on main cam 194. Yoke member 217 is
      secured to shaft 215 at each of the columns to engage flange 210 of clear
      clutch member 208. As seen in FIGS. 19 to 21, yoke 217 has a collar 226
      with arms 234 and 235 oppositely extending in a general "c" shape. The
      ends of arms 234 and 235 are notched at 236 accept the flange 210 on the
      driver clutch member 208. Arm 235 is provided with an internal stepped
      bore which carries pin 237 which is normally biased to the extended
      position shown in FIG. 20 by a spring. The outer end of pin 237 extends
      beyond the terminal end of arms 235 and when force is applied to the end,
      the pin will be caused to move into engagement with shaft 215. Thus shaft
      215 is free to move laterally within collar 226, until locking engagement
      occurs by virtue of inward displacement of locking pin 237.
PAR  Lateral leftward movement of yoke 217 with shaft 215 will bring clutch
      members 206 and 208 into engagement to clear the keys in that column when
      a voting button has been depressed. Yoke shaft 215 is biased toward cam
      194 by springs, not shown, and will follow cam 194 and will laterally
      shift in accordance with the rotative position of the cam surface 216.
PAR  The clear bar 202 is part of a four bar parallel linkage generally
      indicated 201 that extends the length of each column adjacent shoulder 59
      on the lower end of keys 40. The lower end of the clear bar is privotally
      connected to link 203 which in turn pivots about shaft 211 which extends
      laterally across the columns and is secured to the frame elements 193. The
      opposite end of the clear bar adjacent the drive mechanism is pivotally
      connected to link 204 at pivot 213. A crank 212 extends from pivot point
      213 on the four bar linkage to a stub shaft 214 extending from the face of
      driven clutch member 208 opposite the gear teeth. Abutment 220 is carried
      on crank 212 and is adapted to be rotatively moved into engagement with
      yoke pin 237 upon depression of a key 40 as seen in FIG. 24. This
      operation locks yoke 217 to shaft 215 and is shown in FIG. 25. The
      operational sequence of the clearing operation will be described in more
      detail hereafter.
PAR  Referring also to FIGS 29 and 30, main vote button 44 which serves to
      energize the drive motor 45 upon completion of voting selection has a
      member 31 that extends into the drive 50 in column 38. When member 301 is
      blocked the main voting button cannot be depressed and the voting cycle
      cannot be initiated. An abutment member 306 physically engages section 305
      of the member 301 to prevent actuation except when a voter selection has
      been made in one of the columns on the machine. Abutment 306 is connected
      to pivotal square shaft 222. Shaft 222 extends laterally across the
      columns pivotally engaging crank arms 204, as seen in FIG. 24 at shoulder
      225 formed at the upper end of crank 204. After the machine has been
      cleared and prior to any voting operation, all of the clear bars 202 will
      be in the up position as will all the voting keys as seen in FIG. 29. Upon
      the making of a selection at any column, the associated clear bar 202 in
      that column will be forced downwardly by shoulder 59 on key slide 40
      causing crank 204 in that column to accordingly pivot to the position seen
      in FIG. 30. The pivoting action of the crank will impart a slight rotation
      to square shaft 222 through shoulder 225 to cause shaft 222 and member 306
      to be swung out of its interfering position with member 301 of the voting
      key, leaving the voting key free to be depressed. If the voter should try
      to actuate the main voting button prior to making a selection, it will be
      obvious that the machine cannot be activated and nothing will happen. This
      insures that the voter cannot disenfranchise himself by operating the
      machine through a voting cycle without having actually made one or more
      voting selections.
PAR  Referring again to FIGS. 19 and 23 and 24, all of the voting columns are
      locked in a nonoperational condition at the completion of the voting cycle
      by means of lockout shaft 228 which extends transversely across the
      columns through frame elements 193 in a location below the main drive
      shaft 192. A locktout pawl 230 having a pawl arm 231 and flange 232 is
      provided in each of the columns. The pawl arm 231 pivots with shaft 228
      from an unlocked position below crank 212, as seen in FIG. 24, to a locked
      position, as seen in FIG. 23, with the end of pawl arm 231 bearing against
      the underside of crank 204. It will be obvious that in this latter
      position, pawl arm 231 will prevent movement of clear bar 202 by the
      depression of a voting key. Therefore, pawl 230 serves through clear bar
      202 to lock the voting keys in a nonactuated position. Pawl shaft 228 is
      connected through appropriate gearing and cable 319 to lock 26 on the side
      of the machine. After the completion of the voting cycle, the lockout
      shaft is rotated in a locked position by the election official by means of
      lock 26, thereby preventing depression of any of the column keys. To
      prepare the machine for the next voter, an election judge or official
      would simply insert a key into locking mechanism 26 and rotate it to an
      unlocked position which will rotate lockout shaft 228 and pawl arm 231 to
      an unlocked position in preparation for the next voter.
PAR  Looking at the system operation flow chart shown in FIG. 35 as well as
      FIGS. 19 to 24 and 29 and 30 which show in detail the clear mechanisms
      described above, the operation of the voting machine through the clearing
      cycle would be as follows: Several operations must be performed prior to
      placing the machine in an operational condition. The voting official or
      attendant will insert a key in lock 26 and rotate the key to move from a
      locked vote condition. This will cause lockout shaft 228 to rotate lockout
      pawl arms 231 out of engagement with the underside of cranks 212 on the
      columns. The voter must now insert a data processing ballot card in the
      slot 25 in the upper right hand of the machine. Proper positioning of the
      card releases an interfering solenoid armature that prevent depression of
      the main voting key. The machine is in the ready condition for the voter
      to make his selections. The voter proceeds with voting operations, making
      the desired selections by pushing down selected buttons which will cause
      the corresponding key slides 40 to be depressed. Once the first selection
      is made by the voter, the corresponding key 40 by virtue of shoulder 59
      will displace clear bar 202 in the column in which the selection is made
      downwardly causing square lockout bar 222 to rotate abutment 306 out of an
      interfering position with abutment 305 of main voting button member 301.
      Thus, at any time after a single selection has been made, the voting cycle
      can be initiated by the voter pushing the main button 44. The voter
      continues to make the selections of his choice with the column interlock
      system described above preventing a voter from overvoting. Ater the voter
      has completed his selections and is satisfied with his choices, he presses
      the vote button 44 and the machine punches the data card and registers the
      votes on the tally counters simultaneously. In those columns in which
      voter choices were made, the yoke 217 is engaged with shaft 215 by virtue
      of pin 237 abutting shoulder 220 of crank 212. Drive motor 45 rotates main
      shaft 192 and associated main cam 194 to a position where clear clutch
      yoke shaft 215 is cammed to cause clear clutch member 208 to contact
      member 206 to cause the clear clutch 205 to engage. Rotation of the main
      drive shaft 192 will be imparted through driven member 208 and crank 212
      to the clear bar 202 of the four bar linkage to return the keys 40 to an
      up position by engagement at shoulder 59. At the completion of the clear
      cycle and rotation of the clutch members, the cam surface on main cam 194
      will drive the yoke shaft to its nonactuated position opening clear clutch
      205. At this point the vote cycle is completed, all the voting buttons
      having returned to their up position with the tally counters and data card
      properly registered. Rotation of clutch member 206 will bring cam lobe 229
      into contact with cam surface 302 on main voting member 301 to return the
      main vote button 44 to an up position.
PAR  FIGS. 31 and 32 are views similar to FIGS. 29 and 30 and additionally show
      the components for actuation of the motor by switch 310 which is in the
      motor control circuit, not shown, when vote button 44 is depressed. Switch
      310 is a normally closed micro-switch actuable to an open position by
      lever 311 acting to depress plunger 312. Switch 310 is mounted on the end
      of switch arm 313 which is pivotal about shaft 314. Member 330 carries
      abutment 331 which is adapted to engage lever 311 when arm 313 is in the
      horizontal position. Locking pin 345 projects from switch arm 313. Arm 313
      is connected to arm 340 of member 306 by tension spring 335. Pawl 315 has
      arms 316 and 317 and is rotatable about shaft 326. Locking member 320
      includes arm 322 having a notch 324 near its terminal end and pawl 321
      rotative about shaft 228. Pawl 321 is provided with flange 336. Pawl arm
      321 and arm 322 are joined to common pivot 346. The arms are urged to the
      relative positions shown in FIG. 31 by torsion spring 323 located at pivot
      346. Actuating arm 302 of vote button body member 301 is configured to
      project adjacent switch 310 having foot 304 engaging lever 313 and foot
      member 303 engaging arm 316 in a non-actuated position.
PAR  FIG. 31 shows the motor switch 310 in a non-actuated position. Member 306
      has been pivoted downwardly by square shaft 222 by virtue of one or more
      voting selections having been made. At the completion of the voting cycle,
      button 44 is depressed which through member 304 pivots arm 313 downwardly
      about shaft 314. Locking arm 322 is disengaged from pin 345 by pawl arm
      317 which is rotated into position engaging the underside of arm 322 by
      foot member 303. The movement of arm 313 disengages switch lever 311 from
      abutment 331 permitting plunger 312 to release to close the switch 310
      energizing motor 45 to actuate the drive mechanism 50 through the clear
      cycle as described above.
PAR  Upon completion of the clear cycle, member 301 and button 44 are returned
      to the up position by cam 229 which engages roller 341. Clearing of the
      machine will move link 204 to cause member 306 to be returned to its
      vertical position as seen in FIG. 32 tensioning spring 335. Spring 335, in
      a tensioned condition, will exert sufficient form to return arm 313 into a
      non-actuated position with lever 311 engaged at abutment 331 with pin 345
      in notch 303. Should any column not be cleared, as for example due to the
      non-engagement of a clear clutch 205, member 306 will not be returned to
      the vertical position; spring 335 is not tensioned in this position of
      member 306 and switch arm 313 will remain in the down, switch-on position
      until all columns are cleared and member 306 returns to the vertical
      position.
PAR  It will be understood that drive motor 45 can be used to power the punch
      operation prior to the initiation of the clearing cycle. In such case the
      clearing operation is not commenced until these tallying operations are
      completed. This may be accomplished by appropriately configuring cam
      surface 216.
PAR  At the completion of the clearing cycle lockout shaft 228 will rotate to
      bring pawl arms 231 into engagement with cranks 212. The voting cycle is
      completed and the machine is in a locked condition with clear bar 202
      engaging the shoulders 59 on key slides 40 thereby interfering with the
      downward actuation of any of the voting keys until the machine is released
      by an official.
PAR  The present voting machine also has provision for straight party voting.
      Referring back to FIG. 1, it will be seen that a button designated by
      numeral 21 is provided at the top of each column. This button initiates
      the straight party cycle. If the voter in a general election wishes to
      vote for all of the candidates of a single party, he depresses the
      straight party button in the appropriate column. For example, depression
      of key 21 at the top of column 18c as seen in FIG. 1 would initiate the
      automatic cycle of operations shown in FIG. 36 which depresses all the
      vote buttons in a selected column causing a vote to be case for each of
      the Republican candidates. The energization of the motor circuit will be
      described later.
PAR  Referring to FIGS. 19, 25, 26 and 28, straight party yoke shaft 243 extends
      laterally across the columns the drive unit adjacent clear clutch shaft
      215. Straight party clutch assembly 240 is mounted on main clutch shaft
      192 adjacent the clear clutches 205. Straight party clutch assembly 240
      incudes driver member 241 having teeth on one face. Driven clutch member
      242 is adjacent member 241 and has teeth oppositely arranged to cooperate
      with the teeth on clutch member 241. Driven member 242 is engaged by yoke
      218 mounted on yoke shaft 243. Yoke 218 is similar to yoke 217 and has a
      pair of oppositely extending arms 244 which are notched to receive annular
      flange 245 of member 242. Moveable pin 238 extends in pin block 247 having
      an outer end adapted to depress the pin inwardly. The inner end of pin 237
      is adapted to contact shaft 243 when the outer end is depressed to engage
      yoke 218 and yoke shaft 243. Pin 238 is depressed by the action of the
      straight party button 21. The straight party clutch components are
      identical in structure to the clear clutch components shown in FIGS.
      20-22, to which reference may be made.
PAR  Straight party button 21 includes assembly 249 having elongated shaft
      portion 254 extending into the drive 50 connected to a body member 255
      adjacent the straight party yoke 218. Roller cam 251 is carried on body
      257 and aligned to engage pin 238 when depressed. Foot member 256 extends
      from member 257 in alignment with flange 232 of pawl 230. A keeper 248 is
      spring biased to a position engaging shaft 258 as seen in FIG. 25. A
      compression spring 255 exerts a downward force on assembly 244 resisted by
      the engagement of keeper 248 at shaft 258. Depression of straight party
      button 21 will, by virtue of a linkage not shown for clarity, pivot keeper
      248 out of engagement with shaft 258. Spring 255 will drive assembly 249
      downwardly so that cam 251 contacts pin 238 and foot 256 engages pawl
      flange 232.
PAR  The straight party cycle is effectuated by means of another four bar
      mechanical linkage generally designated 259. A straight party linkage bar
      260 is disposed on the side of the voting keys opposite the clear bar
      immediately below projection 58 at the terminal end of the blade. Links
      261 and 262 are pivotally connected to opposite ends of bar 260 at pivot
      points 213 and 269. A crank 263 is pivotally connected between pin
      connection 231 on bar 260 and clutch element 242 at stub shaft 266. It
      will be obvious that when straight party clutch 240 is engaged, pin
      connection 266 will be rotated causing straight party bar 260 to move into
      engagement with shoulder 58 thereby depressing all the voting keys in that
      column.
PAR  Actuation of the straight party button 21 initiates the following sequence
      of events which are represented in FIG. 36. Motor 45 is started by switch
      310, as seen in FIGS. 33 and 34, which show the motor switch 310 in
      cooperation with member 249 of straight party button 21. The switch
      actuation components have been described above in detail with reference to
      FIGS. 31 and 32. Depression of a straight party button 21 moves extension
      249 downwardly causing member 256 to engage flange 336. Locking 322 is
      pivoted, remaining in an engaged position at pin 345 causing switch arm
      313 to move downwardly away from abutment 331 to close switch 310 and
      start drive motor 45. Torsion spring 323 permits member 320 to extend to
      follow pin 345. The machine is first cleared. Main cam 194, which controls
      the sequence of operation, cams the clear clutch yoke shaft 215 so that
      the clear clutches 205 in the columns in which any individual selections
      have been previously made are cleared by means of the clear bar linkage
      201. The clear cycle is necessary to return any other selections to a
      non-voted position when a straight party ballot is indicated to prevent
      any cancellation or improper voting procedure. Description of the clear
      cycle will not be set forth in detail here as it has been discussed above.
      After rotation of the clear clutches, the clear yokes 217 will disengage
      the clutches 205 and the straight party cycle begins. Completion of one
      clear cycle and return of member 306 to its vertical position at the
      completion of the clear cycle will not, at this time, return switch arm
      313 to its non-actuated position since arm 313 is held down by locking
      member 320. Keeper 258, in the column voted, is pivoted away from
      engagement with shaft 258 permitting spring 255 to drive straight party
      assembly 249 downwardly. Lockout pawl arm 231 will be held in a disengaged
      or unlocked position by end 256 of straight party assembly 249. At the
      same time, roller cam 251 will engage pin 238 causing yoke 218 to become
      keyed to shaft 243. Cam 194 at the end of the clutch shaft 192 cams
      straight party yoke shaft 243 so that the straight party clutches 240
      clutches in the columns in which selections have been made are closed. The
      clutches are rotated and by means of four linkage 259 described above, the
      straight party bar 260 is displaced depressing all the buttons in that
      column against shoulder 58 of the keys. At the end of this stroke, cam
      surface 227 on the driver clutch 241 engages roller 251 and clears the
      straight party assembly 249 returning it to an up position with keeper 248
      in locked engagement at shaft 258. As the straight party button is cleared
      the lockout pawl 230 rotates, releasing all columns and completing the
      cycle by returning main cam 194 to its index position. Motor 45 continues
      to operate until the completion of the straight party cycle, when member
      249 is returned to an up position by cam 227 engaging roller 251. This
      permits spring 335 to return the switch arm to the non-actuated position
      seen in FIG. 33 and shuts off motor 45. Upon depression of the main voting
      button, the voter's straight party selections will be tabulated on the
      tally counters and punch card inserted in the machine and the clear cycle
      described above will be initiated. The machine will be returned to a
      locked position ready to accept another voter.
PAR  The voting machine of the present invention is highly adaptable to various
      requirements. For example, in many elections, a number of candidates or
      issues less than the total capability of the machine may be presented to
      the voter. In this case, it will be necessary to lock out the unused
      columns so that the voter cannot intentionally inadvertently actuate the
      selector buttons in the unused columns.
PAR  As seen in FIGS. 19, 23 and 24, a column lockout shaft 279 extends across
      the columns and is supported in frame elements 193. Lockout lever 271 is
      pivotally connected to shaft 279 in each of the columns. Lever 271 has
      latching end 277 which is adapted to engage a portion of the clear crank
      arm 204 at end 225 so that the clear bar is held in engagement with
      shoulder 59 on the individual keys preventing keys 40 from being
      depressed. A cam shaft 273 extends parallel to the column lockout shaft
      279 and carries a cam 278 in each of the columns. Cam shaft 273 is
      connected by a flexible cable 318 to lock 28 on the side of the frame.
      Lock 28 receives a key and has multiple positions which in turn
      correspondingly position cam shaft 273. Cams 278 on shaft 273 are
      configured to engage and actuating arm of lever 271 in selected positions
      of cam shaft 273. Therefore by employing different positions in
      conjunction with multiple position key lock 28, many combinations of
      columns can be locked in or out of use.
PAR  The column lockout mechanism described above is particularly useful when
      using the voting machine for primary elections in jurisdictions where the
      voter must declare his party preference prior to voting. The lockouts can
      then be actuated to vertical columns established for the parties other
      than the voter's particular party. In this way, the machine can
      accommodate multiple primary elections with the election official on duty
      having only to turn key lock 28 to prevent the voter from voting for
      candidates in any columns than the column corresponding to the voter's
      party.
PAR  Again referring to FIG. 1, it will be seen that ballot column 18i is
      provided to permit the voter a write-in choice candidate. For example, if
      the voter wishes to cast his ballot for a write-in candidate for the
      office of senator, he would depress the write-in button in Column 18i
      horizontally aligned with that office. Upon completion of the voting
      operation after the vote button has been depressed and the voter's
      indication is registered on the punch card, the card would be removed from
      the slot. The voter can then write the names of the candidates he wishes
      to vote for on the ballot card itself providing a permanent record thereon
      in the voter's handwriting. Appropriate blanks for each office could be
      provided on the data card to facilitate write-in voting Generally when
      provision for write-in voting is made in column 38 corresponding to ballot
      18i, the straight party mechanism may be omitted from the machine as being
      unnecessary.
PAR  Another unique feature of the present invention allows a voter to easily
      determine which voting he has previously selected. This is accomplished by
      a luminescent "X" becoming visible in the top of the voting button when
      the voting button is depressed. Referring to FIG. 8, it will be seen that
      the outer end of voting key 40 is provided with a circular flange 60 and a
      projecting conical section 61. Annular groove 64 extends around the base
      of conical section 61 adjacent flange 60. Concentric blind bore 289
      extends in the outer end of conical section 61. Diametral slot 63 extends
      axially along conical section 61. The outer end of slide 40 is capped by
      vote button 23 which is generally cyclindrical shaped having its inner
      open end surrounding flange 60 of slide 40. A compression coil spring 291
      is engaged in annular slot 61 and extends circumferentially along the
      interior of vote button 23 and is engaged with interior shoulder 297 of
      vote button. When vote button is pushed, the force will be transferred to
      the flange 60 of slide 40 causing vote button 40 to correspondingly be
      depressed. Spring 291 serves to give some resiliency to the voting
      operation and also serves to protect the voting machine by absorbing any
      shock that may be imposed on the voting button by unusual voting tactics
      resulting from voter frustration and anger. A smaller coil spring 292
      extends axially within vote button 23 and seats on the botton of blind
      bore 262. Spring 292 terminates short of the end of button 23 and is
      provided on its outer end with a small cylindrical cap 293. Cap 293 is
      provided with an "X" indicator 294 on its outer surface. Cap 293 is
      preferably of a bright luminescent color having light gathering
      characteristics. In this way no special lighted or external illumination
      is needed for the voting button. This eliminates expensive and complicated
      electrical circuitry. A retainer 295 extends from the lower end of coil
      spring 292 in  slot 63 along the shank of voting key 40. With voting key
      40a in a position in a voting column, retainer wire 295 is secured to
      shoulder 84 in bore 39 of the column. Similarly, the exterior surface of
      vote button 23 is snugly fit within bore 39 in the column. Button 23 is
      transparent and is preferably of a clear plastic material having end
      surface 298 frosted to diffuse light passing through. Thus it will be seen
      that when the vote button is in a nonactuated position, cap 293 is
      positioned away from the inner end 296 of vote button 23. The "X" on the
      end of cap 293 is thus not visible to the voter as the light is diffused
      at surface 298. When a voter depresses button 23, relative movement
      between button 23 and cap 293 will occur causing end 296 to come into
      close contact with the end of cap 293. The light diffusion is reduced on
      the "X" on the outer end of cap 293 highly visible to the voter through
      the end surface 298 of the vote button. The luminescent color of cap 293
      further improves the visibility of the " X" on the voted buttons. Thus,
      the voter can easily visually determine which button he has selected by
      simply locating those buttons on which the "X" is visible. Also, as a
      further indication to the voter, the physical displacement or depression
      of the button serves to indicate a voted selection.
PAR  Thus, the present invention provides a compact mechanically operated voting
      machine which records each voter's choice simultaneously on mechanical
      counters and on conventional data cards for computer completion. The
      voting panel is arranged similar to a conventional paper ballot providing
      space for condidates and issues. Vertical and horizontal interlock devices
      provide almost an infinite number of voting arrangements including
      straight ticket, split ticket, and selective voting in accordance with the
      requirements of almost any election or jurisdiction. Lockout devices
      insure the integrity and security of the voting operation. It will be
      noted that no one person can alter the election judge since such would
      require the concerted action of the judge operating the key locks, the
      person responsible for the tally counting, as well as tampering with the
      computer checked results. Such concert of action would be easily detected
      and therefore is not likely, adding to the security of the system. The
      straight party mechanism permits the voter to choose to vote a straight
      party ticket with ease and accuracy. It will be noted that the machine was
      described as being powered in the drive system by an electric motor. It
      will be obvious to those skilled in the art that the main drive system can
      be operated by means of a hand crank, for example, mechanically connected
      at gears 191. With this option, the voting machine of the present
      invention is totally mechanical permitting voting operations to be
      effectively carried on during periods when electric power is not available
      or if electric service is interrupted.
PAR  Although preferred embodiments of the invention have been described in
      detail, it is to be understood that various changes, substitutions, and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voting machine comprising:
PA1  a columnar frame;
PA1  a plurality of voting keys arranged in said frame moveable between a first
      position and a second position, said keys carrying abutment means thereon;
PA1  linkage means including a bar pivotally connected at opposite ends and
      engaging said abutment means and adapted for planar movement from a first
      position with said keys in said first position to a second position with
      said keys in said second position;
PA1  a drive shaft;
PA1  clutch means operatively connected by crank means to said linkage means for
      moving said linkage means from said first to said second position, said
      clutch means including a first clutch member connected to said drive shaft
      and having gear teeth at one face, a seocnd clutch member slidably mounted
      on said drive shaft and having teeth on one face adapted for mating
      engagement with the teeth on said first clutch member;
PA1  a yoke shaft;
PA1  yoke shaft cam means adapted to position said yoke shaft;
PA1  yoke means carried on said yoke shaft and engaging said second clutch
      member; and
PA1  connector means for securing said yoke means to said yoke shaft with said
      linkage means in said first position,
PA1  whereby said yoke means may be selectively secured to said yoke shaft and
      cammed by said cam means to engage said clutch members thereby moving said
      keys from said first to said second position.
NUM  2.
PAR  2. The voting machine of claim 1 wherein said first linkage position
      corresponds to a key voted position and said second linkage position
      corresponds to a key unvoted position, and wherein said connector means
      comprise pin means actuable to secure said yoke means to said yoke shaft
      and further including abutment means carried by said crank means adapted
      to depress said pin means when said linkage means is moved to said first
      position by voter actuation of one of said voting keys to said first
      position whereby said clutch members are engaged to clear said machine by
      moving said keys to said key unvoted position following a voting
      operation.
NUM  3.
PAR  3. The voting machine of claim 2 including selectively positionable pawl
      means having an arm engageable with said linkage means in a first locked
      position preventing movement of said keys from said second to said first
      position.
NUM  4.
PAR  4. The voting machine of claim 3 including key actuated lock means
      operatively controlling the positioning of said pawl means.
NUM  5.
PAR  5. The voting machine of claim 1 wherein said first linkage position
      corresponds to an unvoted key position and said second linkage position
      corresponds to a key voted position, and wherein said connector means
      comprise pin means actuable to secure said yoke means to said yoke shaft
      and further including voter actuable means for selectively depressing said
      pin means to engage said clutch members thereby moving selected aligned
      keys to a voted position to register a straight party vote.
NUM  6.
PAR  6. The voting machine of claim 2 wherein said yoke shaft is parallel to
      said drive shaft and said yoke shaft cam means is carried on said drive
      shaft and said yoke shaft is biased into engagement with said cam means.
NUM  7.
PAR  7. The voting machine of claim 5 wherein said yoke shaft is parallel to
      said drive shaft and said yoke shaft cam means is carried on said drive
      shaft and said yoke shaft is biased into engagement with said cam means.
NUM  8.
PAR  8. The voting machine of claim 5 wherein said voter actuable means comprise
      a plunger having a cam surface adapted to depress said pin means.
NUM  9.
PAR  9. The voting machine of claim 8 wherein said clutch means include cam
      means adapted to return said plunger to a non-actuated position at the
      completion of the cycle.
NUM  10.
PAR  10. The voting machine of claim 8 wherein said plunger is spring biased to
      an actuated position and further and further including keeper means
      restraining said plunger against said bias and means for releasing said
      keeper upon a voter operation permitting said plunger to be actuated by
      virtue of said spring.
NUM  11.
PAR  11. A voting machine comprising:
PA1  a plurality of aligned rows of voting keys arranged within a frame member,
      said keys being voter moveable relative to said frame from a non-voted
      position to make a selection;
PA1  clearing means for each of said rows of keys, said clearing means including
      abutment means on said keys and bar means in engagement with said abutment
      means and moveable with said keys and adapted to return said keys to a
      non-voted position;
PA1  power means for actuating said clearing means including a drive shaft
      common to said rows of keys;
PA1  clutch means for each row of keys including a driver clutch member
      connected to said common drive shaft and a driven clutch member connected
      to said bar means and adapted to drive said bar means;
PA1  means on each clutch means for engaging said driver clutch member with said
      driven clutch member to actuate said bar means to return said keys; and
PA1  registering means actuable by said keys to register voter selections.
NUM  12.
PAR  12. The voting machine of claim 11 further including voter operated main
      control means for actuating said registering means to register said voter
      selections.
NUM  13.
PAR  13. The voting machine of claim 11 including means interlocking said clear
      means to said main control means whereby said main control means remain
      inoperable until movement of a key to said voted position clears said
      interlock means.
NUM  14.
PAR  14. The voting machine of claim 11 further including at selected rows of
      voting keys, straight party means for each selected row including:
PA1  a second abutment means on said keys;
PA1  second moveable bar means adapted to engage said second abutment means to
      move said keys to a voted position;
PA1  second clutch means including a second driver clutch member connected to
      said common drive shaft and a second driven clutch member connected to
      said second bar means and adapted to drive same; and
PA1  means for engaging said second clutch means to move said second bar means
      in engagement with said second abutment means.
NUM  15.
PAR  15. The voting machine of claim 11 further including cam means adapted to
      sequentially control the actuation of said first and second clutch means
      wherein actuation of said means for engaging with second clutch means will
      first engage and disengage said first clutch means to clear said voting
      keys.
NUM  16.
PAR  16. The voting machine of claim 11 wherein said registering means comprise
      mechanical tally counters.
NUM  17.
PAR  17. The voting machine of claim 16 further including means for punching a
      computer compatible card in accordance with a voter key selection.
NUM  18.
PAR  18. The voting machine of claim 12 wherein said power means include an
      electric motor and control circuit, switch means in said circuit, switch
      arm means carrying said switch means, means associated with said main
      control means for moving said switch arm means to a first position to
      close said switch means and energize said motor and means for returning
      said switch arm means to a second position after said keys have been moved
      to said non-voted position to open said switch means.
NUM  19.
PAR  19. The voting machine of claim 18 wherein said means for returning said
      switch include biasing means extending between said switch arm means and a
      member positionable by said clearing means, said member tensioning said
      spring only when said bar means has moved said keys to said non-voted
      position.
NUM  20.
PAR  20. The voting machine of claim 18 further including at selected rows of
      voting keys, straight party means for each selected row including:
PA1  second abutment means on said keys;
PA1  second moveable bar means adapted to engage said second abutment means to
      move said keys to a voted position;
PA1  second clutch means adapted to drive said second bar means; and
PA1  voter actuated means for moving said switch means to said second position
      to energize said electric motor to operate said staight party means.
NUM  21.
PAR  21. A voting machine comprising:
PA1  a columnar frame;
PA1  a plurality of voting keys arranged in said frame and movable between a
      voted position and an unvoted position;
PA1  selection means on said frame connected to said voting keys including an
      actuable staight party selector for moving selected ones of said voting
      keys to the voted position in response to actuation of said straight party
      selector, said selected keys being representative of a straight party
      vote; and
PA1  clearing means associated with said selector means and said voting keys to
      move all of said voting keys which are in the voted position to the
      unvoted position in response to actuation of said straight party selector
      preparatory to said selection means moving said selected keys to the voted
      position, whereby said voting keys are cleared before said straight party
      vote is registered to prevent malfunctioning of said voting machine.
NUM  22.
PAR  22. The voting machine of claim 21 and further comprising drive means
      common to said selection means and said clearing means for mutually
      exclusively driving said selection means and said clearing means.
NUM  23.
PAR  23. The voting machine of claim 22 and further comprising first clutch
      means in communication with said drive means for engaging said drive means
      with said selection means and second clutch means in communication with
      said drive means for engaging said drive means with said clearing means.
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ABST
PAL  A voting machine includes a band interlock system for limiting the number
      of selections made. A plurality of aligned moveable selector keys are
      provided with cam surfaces on each key shaft. A rotatable column locking
      mechanism is mounted adjacent each key having a pair of removeable pins,
      one pivotal about the other. A slide device connects each key with the
      adjacent locking mechanism to rotate the mechanism as the key is
      depressed. A metal interlock band is threaded between each pair of
      removeable pins of selected column locking mechanisms to interconnect the
      corresponding voting keys. The interlock band is secured between clamps
      with a predetermined amount of slack. As each selection is made, the
      locking mechanism corresponding to the voted selection key pivots to
      reduce the slack in the interlock band. After a certain number of
      selections, the slack in the interlock band has been eliminated and the
      band is taut against the selected locking mechanism so that additional
      mechanisms cannot be rotated. The blocked locking mechanisms in turn
      prevent further voting acting through their corresponding slide devices
      which abut the cam surfaces of the voting keys. A row locking mechanism is
      also disposed adjacent each selector key for interconnecting the key with
      other selector keys in the same row or in other rows.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to voting machines and more particularly
      to an improved voting machine of the general construction described in
      commonly assigned U.S. Pat. application Ser. No. 309,174, filed by
      Cothburn M. O'Neal, et al on Nov. 24, 1972, now U.S. Pat. No. 3,866,826.
PAR  Many types of mechanical voting machines are shown in the prior art. U.S.
      Pat. Nos. 3,524,969 and 3,630,434, both granted to the applicant, show and
      describe a compact, light weight manually-operated machine which may be
      used in primary and general elections. That system provides for straight
      ticket, selective and write-in voting and includes a punch card assembly
      for recording each voter's selections. A vertical interlock system
      utilizes columns of steel balls to block selector keys after a certain
      number of choices were made. Mechanical counters are also used to total
      the votes for each candidate.
PAR  U.S. Pat. application Ser. No. 309,174 represents an improvement on the
      previous system in several respects. The key-ball design for the vertical
      interlock system was improved to allow selections to be made in any order.
      A horizontal interlock was added utilizing plungers and key cams to
      interconnect horizontal keys rows for primary elections. A unique clutch
      and drive mechanism was added to automatically perform many functions,
      such as clearing and locking.
PAR  The present invention is directed to unique and substantial improvements to
      the previously described machines. Metal bands are utilized in conjunction
      with rotatable locking mechanisms to limit the number of voting
      selections. The bands extend parallel to rows or columns of selector keys
      between rotatable locking mechanisms adjacent the keys. The bands are
      clamped at spaced intervals to define selection groups. A specific amount
      of slack is left in each band portion corresponding to the allowed number
      of selections in the group. Each time a selector key is pushed the
      corresponding locking mechanism rotates, reducing the slack in the band.
      After a predetermined number of selections, the band is taut against all
      the locking mechanisms in the selection group preventing rotation of
      additional locking mechanisms. This action locks the other interconnected
      keys to prevent further selections from being made.
PAR  The use of a band interconnect system allows numerous combinations of
      selector keys to be included in a selection group. The band is threaded
      between a pair of removeable pins on each rotatable locking mechanism
      included in the group. If the pins are removed from a locking mechanism,
      the corresponding selector key is disabled and excluded. A second similar
      locking mechanism is provided adjacent each selector key so that the key
      can be interconnected in two separate voting groups.
PAR  In accordance with one aspect of the present invention, a mechanical
      interlock is provided for a voting machine having a plurality of aligned
      voting keys, each key being moveable between an unvoted position and a
      voted position. Each key is provided with a cam surface abutting an
      adjacent slide means which is shifted in response to movement of the key.
      A pivoting device adjacent each key is provided for rotation in response
      to movement of the slide means. The pivot devices associated with certain
      voting keys, are interconnected by an interlocking means which blocks
      rotation of the pivot devices after a predetermined number of voting keys
      have been moved to the voted position. The blocked rotation of the
      remaining pivot means prevents movement to the voted position of
      additional voting keys within the voting group defined by the interlocking
      means.
PAR  In accordance with another aspect of the present invention, a voting
      machine includes a plurality of aligned voting keys, each key being
      moveable from an unvoted position to a voted position. Shiftable means are
      provided for movement in response to selection of certain voting keys. A
      band interlock is disposed adjacent the voting keys for blocking movement
      of the shiftable means after a predetermined number of keys have been
      selected, thus preventing other keys from being moved to the voted
      position.
PAR  In accordance with yet another aspect of the present invention, a voting
      machine includes a frame member and a plurality of aligned voting keys
      moveable from a first to a second position. A slide bar is associated with
      a cam surface on each voting key for shifting normal to the key in
      response to key movement. A pivot piece adjacent each key is mounted above
      the slide bar for rotation in response to slide bar movement. The pivot
      piece includes a first pivot pin rotatable around a second pivot pin about
      an axis parallel to the longitudinal axis of the key. An interlocking band
      extends parallel with the voting keys between each of the first and second
      pivot pins. The band is secured at both ends and has a predetermined
      amount of slack which is partially taken up as each pair of pivot pins
      rotates. After a predetermined number of keys have been moved to the
      second position, the band is taut, blocking rotation of other pairs of
      pivot pins in contact with the band. The corresponding pivot pieces block
      shifting of their related slide bars which in turn prevent movement of
      further voting keys to the second position.
PAR  In accordance with yet another aspect of the present invention, a voting
      machine is provided having moveable selection keys aligned in vertical
      columns and horizontal rows on frame members. A vertical column interlock
      is provided for limiting the number of selected keys in any given column,
      including a slide in contact with each of the keys for shifting transverse
      to the keys in response to a selection. A first pivot piece is responsive
      to movement of the slide for rotation against a first interlocking band
      which connects the first pivot piece with other similar first pivot
      pieces. After a first predetermined number of selections has been made,
      the other first pivot pieces are blocked by the first band interlock from
      further rotation. A horizontal row interlock is provided including a
      second pivot piece adjacent each of a selected group of voting keys for
      responding to movement of the respective slides when a selection is made.
      A second interlocking band connects the pivot pieces of the second voting
      group to block rotation of additional second pivot pieces after a second
      predetermined number of selections has been made.
PAR  In summary, the present invention provides for interconnecting numerous
      combinations of selector keys into voting groups and will allow selection
      of any number of candidates from within each voting group. The band
      interlocking system of the present invention is particularly useful in
      unusual election situations where several votes may be registered in any
      combination within a voting group. For example, some states permit a
      candidate to run under more than one party, but he cannot receive more
      than one vote from each voter. The candidate's name must therefore appear
      more than once on the ballot to enable straight party voting. At the same
      time the system must insure that the candidate is not voted for twice on
      the same ballot by interconnecting the voting keys related to each
      appearance of the candidate's name.
PAR  In some at-large elections a number of votes are allowed within a voting
      group in various combinations. For example, in one state election for
      legislators, three votes may be registered for a group of candidates in
      any combination of three votes for one man, 11/2 votes for two candidates,
      or one vote for each of the three candidates. The voting possibilities
      require a specially designed complex interconnected system. The band
      interlocking system of the present invention eliminates the need for a
      special machine, since the selector keys may be interconnected in any
      order.
PAR  Numerous other voting situations may arise which can easily be handled by
      slight modifications of the disclosed machine. The present invention
      provides for a generalized voting machine with an interlocking system
      which can be interconnected in any order to satisfy many unusual voting
      requirements. The invention comprises a compact, simple to operate console
      voting machine for easy handling and storage. As in the previously
      described system, the present invention has provision for straight party,
      write-in and random voting procedures. The system of the present invention
      includes the automatic clutch and drive mechanisms, the computer punch
      card assembly, and the counter system which has been shown and described
      in copending U.S. Pat. application Ser. No. 309,174. These aspects of the
      voting machine are not considered to be part of the invention for purposes
      of the present application and reference is made to the previously
      mentioned patent application for a more complete disclosure of those
      features.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following detailed description when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of the voting machine of the present invention
      with a representative ballot in position;
PAR  FIG. 2 is a top view of the voting machine with the ballot removed;
PAR  FIG. 3 is a perspective partial view of the machine of FIG. 2;
PAR  FIGS. 4 and 5 are elevational views of the voting key used in the voting
      machine of the present invention;
PAR  FIG. 6 is a perspective view of the slide bar and the slide pin used in
      conjunction with the voting key of FIGS. 3 and 4;
PAR  FIG. 7 is an exploded perspective view of the pivot interlocking mechanism
      associated with the slide device of FIG. 5;
PAR  FIG. 8 is a partial perspective view showing the relationship between the
      voting key, slide device, pivot pieces and band interlock of the present
      invention with the voting key in the unvoted position;
PAR  FIG. 9 is a perspective view similar to that of FIG. 7 with the voting key
      in the voted position and with a second voting key in the unvoted
      position;
PAR  FIG. 10. is a partial sectional view of the voting machine shown in FIG. 3
      taken along lines 10--10.
PAR  FIG. 11 is a partial sectional view of the voting machine shown in FIG. 3
      taken along lines 11--11.
PAR  FIG. 12 is a perspective view of the clamp device for holding the
      interlocking bands of the present invention;
PAR  FIG. 13 is a side view of the clamp of FIG. 12 showing operation of the
      clamp by a tool;
PAR  FIG. 14 is a partial plan view of the spool and ratchet combination
      together with the interlocking band mechanism and the clamps of the
      present invention;
PAR  FIG. 15 is a diagrammatic view showing an interlocking pattern for the
      voting machine of the present invention;
PAR  FIG. 16 is a diagrammatic view showing another interlocking pattern for the
      voting machine of the present invention using a special patch plate;
PAR  FIG. 17 is a plan view of the slide bar for the patch plate of FIG. 16; and
PAR  FIG. 18 is an elevational view of the slide bar of FIG. 17.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a voting machine 10 incorporating the present
      invention is shown. The machine is essentially the same as that shown in
      U.S. Pat. application Ser. No. 309,174, except for the voting keys and
      interlocking systems which are the subject of this application. The other
      features of the voting machine will be described only generally for
      clarity in better understanding the present invention. Reference is made
      to U.S. Pat. application Ser. No. 309,174 for greater detail concerning
      the other features of the voting machine.
PAR  The voting machine 10 is normally placed in an appropriate cabinet, not
      shown, for convenient voter access when in use. The housing of voting
      machine 10 includes side members 12 and 13 and end members 14 and 15. A
      top panel 16 provides a selection area with voting buttons 17 and a ballot
      20. The ballot is divided into a series of eight selection columns
      indicated by 18a-18i. Ballot 20 is not a typical voting ballot, but is
      presented here only to illustrate the operation of the machine. In left
      hand columns 18a, 18b, 18c and 18d, the ballot format shown is the type
      normally used in general elections in which several political parties each
      present a candidate for election to a particular office. Candidate groups
      are presented in rows, and a voter is allowed to make one selection for
      each office from columns 18b, 18c, or 18d. Further selections for that
      office are precluded by the row interlock system of the present invention.
      At the top of each of columns 18b-18d is a straight party button 21 which
      may be depressed if all candidates for a given party are selected.
PAR  A typical primary election ballot is illustrated in columns 18h wherein
      candidate groups are listed in a column beneath each office for selection
      to represent a particular party. A column interlock system allows a voter
      to select a given number of candiates within each office group in a column
      and then locks out votes for additional candidates. It is understood that
      any number of rows and columns may be provided as shown in FIG. 1 with
      candidate groupings being determined by arrangement of the interlock
      systems mentioned.
PAR  A slot 24 in the upper right area of top panel 16 is provided for data
      processing cards to be inserted and punched in response to a voter
      selection. A resetting lock 26 is provided for locking and releasing the
      voting machine after each vote is recorded. A columns lock 28 can be used
      to lock out of operation of certain selected columns or a partial column.
      The keys for locks 26 and 28 are held by an election official during
      voting operation.
PAR  A main vote button 22 is provided near the top center of panel 16 for
      activating the vote recording mechanisms after the voter's selections are
      made. A tray 30 accessible through front 15 contains tally counters and a
      public counter. For a more complete understanding of the counters,
      reference is made to U.S. Pat. No. 3,821,522 issued on June 28, 1974.
      Greater detail concerning the card punch mechanism is given in U.S. Pat.
      application Ser. No. 309,192 filed on Nov. 24, 1972.
PAR  With reference to FIG. 2, voting machine 10 is shown with top panel 16 and
      its associated ballot removed. A structural framework 39 includes eight
      columns 31-38 corresponding to columns 18a -18i of ballot 20. Each of the
      columns 31-38 are similar in construction and include an elongate member
      40, more clearly illustrated in FIG. 3. Each elongate member is of
      integrally molded plastic and comprises a broad lower level 42 and an
      adjacent narrow upper level 44 both running along the full length of
      member 40. As shown in column 32 of FIG. 2 and in FIG. 3, upper level 44
      is provided with annular bores 46 evenly spaced vertically along member
      40. Within each bore 46 is a press fit tube 47 which projects upward above
      upper level 46. A key slide 50 is reciprocably disposed within each of
      tubes 47, projecting downward into member 40. The outer end of slide 50 is
      capped by a removeable vote button 41 having a general cylindrical shape
      to fit over the end of slide 50. A compression coil spring 43 is provided
      to extend circumferentially within button 41 and engage the end of key
      slide 50. Spring 43 acts as a buffer to protect slide 50 from extreme
      external forces. On lower level 42 a pair of spaced holes 48 and 49 is
      provided adjacent each bore 46. As shown in FIGS. 2 and 3, holes 48 and 49
      support pivot pieces 70 and 72, respectively which are used in the
      interlocking system of the present invention.
PAR  FIG. 2 shows column 31 prepared for voting, except for top panel 16 and
      ballot 20. In column 32, buttons 17 have been removed to show key slides
      50 disposed in press tubes 47. Column 33 shows pivot pieces 70 and 72 also
      removed from lower level 42 leaving holes 48 and 49. It will be understood
      that the remaining columns are of similar construction and are not fully
      shown only for purposes of simplicity.
PAR  The mechanisms shown at the right side of voting machine 10 are unchanged
      from that shown and described in previously mentioned U.S. Pat.
      application Ser. No. 309,174 and will not be described in great detail
      here. Briefly, rods 88 extend from key slides 50 to a punch bank selector
      82 at the right side of voting machine 10. The movement of a key slide 50
      downward causes a corresponding rod 48 to be displaced to the right into
      punch bank selector 82. This motion will block a corresponding punch
      selector bar 89 so that upon actuation of the voting cycle by main voting
      button 22, a card inserted in slot 24 of a card punching mechanism 83 will
      be perforated in a pattern corresponding to the voter's choice. An
      electric motor 45 is provided adjacent card punching mechanism 43 for
      carrying out the voting and other powered functions of machine 10.
PAR  As shown in FIG. 2, a column interlocking band 90, preferably of metal, is
      threaded through each column locking pivot piece of column 31.
      Interlocking band 90 is carried over to column 32 by way of a stationary
      post 95 and a removeable spool 92 at the top of column 31 and a second
      removable spool 93 and a post 99 at the top of column 32. Holes 95 are
      provided across the top part of framework 39 above each column for
      additional spools as needed. The upper end of interlocking band 90 is
      secured by a clamp 94, as shown in column 32. The lower end of metal band
      90 is connected to a spool and ratchet mechanism 96 for adjusting the
      tension on the band to a desired degree. Although an interlocking band is
      shown only in columns 31 and 32, and spools and ratchets are only shown in
      connection with that metal band, it is understood that similar mechanisms
      may be provided for the other columns 33-38. A row interlock band 91 is
      shown in FIG. 2 threaded to interlock the top row of columns 31 and 32. An
      anchor 97 on the left side is removeably attached to the framework 39 and
      grips band 91 firmly. A clamp 98 in column 33 similar to clamp 94 grips
      the other end of band 91 as will be explained in more detail. Having now
      briefly shown and described the present invention, reference is made to
      the following figures for a more complete understanding.
PAR  Referring first to FIGS. 4 and 5, key slide 50 is shown in detail. The main
      body of slide 50 comprises a thin rectangular shank 52 preferably of a
      light weight molded plastic. A cam shaped ramp 56 is provided along one
      edge of the upper part of shank 52. Three similar cams 58 are spaced along
      the same edge of the lower part of shank 52. The surface of each of cams
      58 includes grooves 62 for receiving the ends of rods 88. A shoulder 59
      extends near the lower end of lower shank 53 for engaging a clear bar of
      the drive mechanism to return the key slide to a non-voted position. On
      the opposite side of lower shank 53 is a projection 60 adapted for
      engagement when a straight party is being voted. Projecting outward from
      the end of lower shank 53 is a plunger 61 for activating the counters
      previously mentioned. All parts of the key slide 50, except cam-shaped
      ramp 56, interact with other parts of the voting machine as described in
      U.S. Pat. application Ser. No. 309,174 to which reference is made for a
      detailed description.
PAR  Cam-shaped ramp 56 comprises the portion of key slide 50 interacting with
      the interlock mechanism of the present invention. A groove 63 similar to
      groove 62 is provided in cam-shaped ramp 56 to receive a slide pin 64 as
      shown in FIG. 6. Pin 64 comprises a small solid metal cylinder having
      rounded ends for following groove 63. Referring to FIG. 11, a bottom plate
      45 is provided below elongate member 40. An annular groove 65 in bottom
      plate 45 contains slide pin 64 for reciprocation transverse to key slide
      50. A slide bar 66 is provided adjacent slide pin 64 abutting the end of
      pin 64 remote from key slide 50 to reciprocate in response to the movement
      of pin 64. Slide bar 66, shown more clearly in FIG. 6, is preferably a
      molded plastic piece having the shape of an inverted T with shoulders 67a
      and 67b on either side of a center stem 68. Extending upward from the top
      of slide bar 66 are two small connecting pins 80 and 81 in longitudinal
      alignment along center stem 68.
PAR  Referring now to FIG. 7, the vertical locking pivot pieces 70 are shown in
      greater detail. Each pivot piece 70 includes a main body 100 having an
      elliptical cross section with holes 104 and 105 through the body 100 at
      the focal points of the ellipse. Removeable pivot pins 106 and 107 are
      provided having lower and upper cylindrical surfaces 76 and 78
      respectively. A small shaft 102 and 103 respectively extends downward from
      the center of the base of each pivot pin and is sized to fit snugly into
      each of holes 104 and 105. Two annular surfaces are beveled at the top of
      body 100 around holes 104 and 105 to receive the base of pivot pins 106
      and 107. Extending from the base of body 100 below hole 105 is an integral
      rounded shaft 110 having a flat notch 112 on the end remote from body 100.
      A separate flat cam piece 114 is attached to shaft 110 by a disk shaped
      portion 115 having a bore 116 therethrough with a flat edge
      circumferential portion 118 of bore 116 corresponding to flat notch 112.
      Cam piece 114 fits snugly onto rounded shaft 110 for operation as a single
      piece with main body 100 and shaft 110. The horizontal pivot piece 72 has
      similar elements including a main body 101, pivot pins 108 and 109, shaft
      111 and cam piece 117, as shown in FIG. 8.
PAR  As shown in FIGS. 10 and 11, a T-shaped groove 69 is molded into bottom
      plate 41 to accommodate slide bar 66 as it moves transversely to key slide
      50 in response to slide pin 64. Groove 69 includes shoulders 84 and 85
      projecting toward each other near the top of groove 69 and leaving a
      vertical opening 86 extending the length of the groove. Slide bar 66
      slides in groove 69 with shoulders 67a and 67b riding along the lower
      surface of shoulders 84 and 85 of groove 69. Opening 86 guides center stem
      68 of slide bar 66 as bar 66 reciprocates in groove 69.
PAR  Bottom plate 45 is connected below elongate member 40 by rods 43 positioned
      at spaced intervals flush with the lower face of member 40 and the upper
      face of plate 41, leaving a space 87 between member 40 and plate 41.
      Connecting pins 80 and 81 of slide bar 66 extend into space 87 to contact
      cam pieces 114 and 117 corresponding to pivot pieces 70 and 72. As shown
      in FIG. 10, shaft 111 of pivot piece 72 extends through hole 49 in the
      bottom of elongate member 40. Cam piece 117 extends from the bottom of
      shaft 111 transverse to the shaft in the plane of opening 87 to contact
      connector pin 81 of slide bar 66. FIG. 11 shows a similar arrangement for
      shaft 110 of pivot piece 70.
PAR  The operation of key slide 50 and the column and row interlocking
      mechanisms are shown in FIGS. 8 and 9. In FIG. 8, key slide 50 is shown in
      the raised unvoted position in tube 47 with slide pin 64 resting at the
      bottom of groove 63. For simplicity, rods 88 which would be resting at the
      bottom of grooves 62 are not shown. Slide pin 64 and slide bar 66 are
      disposed in abutting relationship in grooves 65 and 69 respectively
      projecting normal to key slide 50. Pivot pieces 70 and 72 are mounted on
      lower level 42 of elongate member 40 adjacent key slide 50. The pivot
      pieces 70 and 72 are rotatably supported by rounded shafts 110 and 111
      extending downward through holes 48 and 49 in lower level 42. Cam pieces
      114 and 115 on shafts 110 and 111 are positioned in contact with upward
      extending connecting pins 80 and 81 respectively. A column interlocking
      band 90 is threaded between pivot pins 106 and 107 of column interlocking
      pivot piece 70 in contact with lower surfaces 76 and projects to suitable
      fastening pieces (not shown). A row interlocking band 91 is threaded
      between pivot pins 108 and 109 of row interlocking pivot piece 72. Band 91
      is disposed above band 90 in contact with upper surfaces 78 of pins 108
      and 109 and projects transversely to band 90 above upper level 44 and
      adjacent to press fit tubes 47 to suitable fastening pieces (not shown).
      Bands 90 and 91 are normally in contact with other row and column pivot
      pieces corresponding to other key slides. Sufficient slack is provided in
      bands 90 and 91 to allow at least one pivot piece to rotate.
PAR  Referring now to FIG. 9, as key slide 50 is depressed, slide pin 64 follows
      vertically along groove 63 of cam-shaped ramp 56 and is thus moved
      transversely away from key slide 50. Pin 64 slides against bar 66 moving
      the bar transversely away from key slide 50 within groove 69. Connecting
      pin 80 contacts the cam piece 114 of column locking pivot piece 70,
      causing the cam piece to rotate about shaft 110. Similarly, connecting pin
      81 contacts and pivots row locking pivot piece 72 about its shaft 111. In
      the voted position, key slide 50 has been depressed in tube 47 with slide
      pin 64 resting at the top of groove 63. Pin 64 and slide bar 66 have moved
      to an extreme position away from key slide 50 and pivot pieces 70 and 72
      have rotated clockwise to a fully pivoted position.
PAR  As pivot piece 70 turns, pivot pin 107 rotates about pivot pin 106 and
      pushes band 90 out of line between pin 107 and an adjacent pivot pin 106a.
      This twisting action causes some of the slack in band 90 to be taken up,
      increasing the tension in the band. Likewise, row interlocking band 91 is
      pushed out of line between pivot pins 106 and 108 by rotation of pivot pin
      109 of horizontal locking pivot piece 72 removing some of the slack from
      band 91. If additional slack is left in interlocking bands 90 and 91,
      other key slides may be depressed to make additional selections within a
      candidate group. When sufficient key slides have been depressed to take up
      the slack and pull either of bands 90 and 91 taut, then the other
      interconnected key slides are prevented from being depressed by the
      blocking action of bands 90 and 91 which prevent the rotation of other
      interconnected pivot pieces.
PAR  in FIG. 9, key slide 50 is shown in the voted position and a second key
      slide 120 in the unvoted position adjacent key slide 50 in the same row.
      Key slide 120 has a ramp groove 132 and is provided with a row locking
      pivot piece 122 having pivot pins 124 and 126, a slide bar 128 and a slide
      pin 130 in an arrangement identical to that of key slide 50. Row
      interlocking band 91 is threaded between pivot pins 124 and 126 and is in
      tension because of the rotated position of pivot piece 72. Since band 91
      is taut, pin 124 is blocked from rotation about pin 126, preventing pivot
      piece 122 from rotating. Slide bar 128 and slide pin 130 are thus blocked
      from movement away from key slide 120. The end of slide pin 130 is lodged
      in ramp groove 132 of key slide 120 preventing depression of the slide so
      that another vote may not be made. By the same means other interlocked
      column and row key slides may be blocked to limit the number of selections
      from any candidate group.
PAR  From the foregoing it may be understood that interlocking bands of varying
      lengths may be used to interconnect groups of selector keys. Certain keys
      within the group may be neutralized by removing the pivot pins so that the
      interlocking bands will not be affected by downward depression of the
      respective key slide. It is also possible to extend column and row
      interlocking bands into adjacent columns and rows by using removeable
      spools as shown in FIG. 2. Clamps 94 are provided for securing one end or
      both ends of the interlocking bands at any point in the columns or rows.
      Spool and ratchet combinations 96 are shown only at the base of column 31
      and may be also provided at the base of the other columns as needed to
      tension additional bands.
PAR  One preferred embodiment of clamp 94 is shown in FIGS. 12, 13 and 14. Clamp
      94 comprises a brake piece 140 and a brake shoe 141 positioned adjacent
      each other with opposing parallel faces 142 and 143. Vertical interlocking
      band 90 extends between faces 142 and 143. As shown in FIG. 12, brake
      piece 140 is shaped in the form of a truncated wedge to fit between pivot
      pins 106 and 106a of adjacent pivot pieces. Pivot pin 107 has been removed
      and a brake pin 144 projects downward from brake piece 140 for insertion
      in hole 104 in the top of pivot piece 70. Thus, brake piece 140 is wedged
      between pins 106 and 106a to hold brake piece 140 firmly in place.
PAR  Brake shoe 141 is connected to brake piece 140 by a U-shaped spring clip
      146 which is clamped into grooves 134 and 136 on the upper and outer
      surfaces of brake piece 140 and brake shoe 141 to compress faces 142 and
      143 tightly against interlocking band 90. The ends of spring clip 146 form
      flanges 148 and 149 which extend outward from brake piece 140 and brake
      shoe 141 respectively. Stop pins 150 and 151 project upward from the
      flanges. As shown in FIG. 13, clamp 94 is attached to interlocking metal
      band 90 by utilizing a special tool 152, such as reverse pliers, which
      reverses a squeezing motion on handles 153 to cause arms 154 to separate.
      Outward pressure is thereby applied to stops 150 and 151 which releases
      the compression of spring clip 146 against brake piece 140 and brake shoe
      141. Clamp 94 is then positioned with brake pin 144 in hole 105 of pivot
      piece 70 with interlocking band 90 positioned between parallel faces 142
      and 143. When compression on handles 153 of tool 152 is released, spring
      clip 146 causes clamp 94 to firmly grip band 90.
PAR  It can be seen that clamp 94 may be positioned on any pivot piece adjacent
      a disabled key in the rows and columns of the voting machine. The rotating
      pivot pin of a pivot piece is removed, disabling the key and leaving a
      hole for the clamp to be inserted. As shown in FIG. 14, several clamps may
      be placed along a given column to isolate separate candidate groups. A
      spool and ratchet mechanism 96 is positioned at the bottom of the column
      and is utilized to provide the proper tension on the interlocking band as
      the clamps are applied.
PAR  The spool and ratchet mechanism 96 includes a round spool 160 anchored to
      the framework 39 of the voting machine by a shaft 161 through the center
      of spool 160. A ratchet wheel 162 is mounted concentrically above spool
      160 and has angled teeth 164 around its periphery. A pawl member 166 is
      connected to the framework 39 of the voting machine adjacent spool 160.
      Pawl member 166 includes a pawl arm 168 extending to ratchet wheel 162.
      Arm 168 ends in a point 170 which fits between angled teeth 164 of ratchet
      wheel 162 to prevent counter clockwise movement of the wheel. Pawl member
      166 is rotatably mounted about a pivot point 172 and includes a handle 173
      for releasing ratchet wheel 162. A coil spring 174 is connected between
      pawl arm 168 and framework 39 to bias arm 168 against teeth 164. A
      removeable handle arm 176 is connected to shaft 161 at the center of spool
      160 and extends outward, ending in a handle 178 for turning spool 160.
PAR  In setting up the selection groups in a given column, a first clamp 94a is
      positioned on the top pivot piece 70 b of the column with one end of
      column interlock band 90 attached thereto. The top pivot pin of pivot
      piece 70b has been removed, disabling the piece. The brake pin 144a of
      clamp 94a has been inserted into the empty hole left by the removed pivot
      pin. The clamp 94a is wedged between the lower pin of pivot piece 70b and
      post 95 mounted on a stationary piece 95a at the top of the column.
      Although the top voting button 17a has been disabled, there is no extra
      loss of voting space on the ballot since the top row is normally used for
      headings, as shown in FIG. 1.
PAR  The lower end of interlocking band 90 is connected to spool 160 of spool
      and ratchet mechanism 96. Band 90 is then slackened and a number of key
      slides are depressed depending upon the number of selections to be allowed
      within the top voting group. Spool and ratchet mechanism 96 is then
      rotated to place band 90 under tension sufficient to prevent other
      selection keys from being depressed. Spool 160 is held in the tensioning
      position by pawl arm 168 which maintains contact against the teeth 164 of
      ratchet wheel 162. The clamp 94 is placed below the lowermost candidate of
      the first selection group. The depressed key slides are then raised to a
      non-voted position and the selector group is ready for voting. After the
      required number of candidates have been voted in the group, the slack in
      interlocking band 90 between clamps 94a and 94 will have been totally
      taken up and further voting will be prevented.
PAR  Additional clamps may be added further down the column to segregate other
      candidate groups, Again, the spool and ratchet mechanism 96 is used to
      preset the band portions for each candidate group. A similar procedure may
      also be used to set up candidate groups in the rows of the voting machine.
      As shown in FIG. 2, clamp 98 is attached to the right hand end of
      interlocking band 91, and anchor 97 holds the lefthand side of the band.
      Band 91 is pulled to provide the appropriate tension by a pair of pliers
      or some other suitable tool and then attached to anchor 97. It is
      understood that spool and ratchet mechanisms may also be used for
      tensioning the row interlocking bands.
PAR  It will be understood from the foregoing description that the present
      invention presents several advantages over the prior art. The band
      interlocking system allows the interconnecting of candidate groups in
      columns or rows in a variety of combinations. More than one column or row
      may be included on the same interlocking band by using idler spools. Any
      given selection key may be interconnected in columns or rows or both. In
      addition, a selector key adjacent an interlocking band may be disengaged
      from the interlock system by removing the pivot pins adjacent the key.
      Moreover, the number of candidates to be selected from a given group may
      be varied by simply changing the tension on the band by the spool and
      ratchet mechanism. Voting may be in any order within the group and may be
      changed by the voter by simply raising one selection key and pressing
      another before vote bar 22 is pressed.
PAR  The foregoing features provide the present voting machine with great
      flexibility, and the ability to handle unusual voting combinations and
      requirements. Referring now to FIG. 15, a voting pattern is shown for the
      machine of the present invention which will accommodate one unusual type
      of voting combination. In this situation, several candidates are presented
      from a number of parties with several votes being permitted for the
      candidates in any combination. The situation is further complicated by the
      fact that the same individual may have his name presented under more than
      one party but may only be voted for once when the three selections are
      made. In FIG. 15, nine candidates are shown, three under each of adjacent
      Democratic, Republican and Independent party columns, and a total of three
      votes is allowed. It will be noted that Jones is listed under both the
      Democratic and Independent party and Smith is listed as both a Democrat
      and a Republican.
PAR  A multiple column interlocking band 180 and two multiple row interlocking
      bands 181 and 182 are needed to provide the necessary interconnections
      between candidates. The voting machine is presented in diagrammatic form
      with the ballot showing only the voting button, the pivot pins, the
      interlocking bands and interconnecting spools. It is understood that this
      presentation is simply for purposes of simplicity and clarity, and the
      other previously described mechanisms would also normally be included.
PAR  Referring first to vertical interlocking band 180, an anchor 184, such as
      spool and ratchet mechanism 96, is provided at one end of the band. Band
      180 is threaded up the first column between the vertical interlocking pins
      185-187 for each name in the Democratic column and is then looped over
      spools 194a and 194b and posts 195a and 195b to return between the
      Republican column interlocking pins 188-190. Band 180 then passes over
      spools 196a and 196b and posts 197a and 197b. Finally, band 180 is
      threaded between the column interlocking pins 191-193 of the Independent
      party column and connected by a suitable anchor 194. Thus, band 180
      interconnects all candidates and is preset with sufficient slack for only
      three choices.
PAR  A first row interlocking band 181 interconnects Smith in the Democratic
      column with Smith in the Republican column to assure that only one vote is
      cast for that candidate. An appropriate anchor 200 is connected to one end
      of interlocking band 181 adjacent the Democratic Smith candidate. Band 181
      is threaded between row interlocking pins 201 adjacent the Democratic
      Smith candidate and extends along the bottom row to a spool 202 at the far
      right side. Band 181 then runs upward to a second spool 204 at the right
      side of the first row. Band 181 extends along the top row and is threaded
      between the row interlocking pins 205 for Smith under the Republican
      column and then connected to an anchor 206. It is noted that the row
      interlocking pins for the other candidates along the line of travel, that
      is for Jackson, Williams and Brown, have been removed so that a vote for
      one of those candidates will not affect the tension on interlocking band
      181.
PAR  A second interlocking band 182 connects Jones as a Democratic candidate
      with Jones as an Independent candidate to prevent more than one vote for
      Jones. An anchor 208 is connected to one end of band 182 which is threaded
      through row interlocking pivot pins 209 adjacent the Jones key in the
      Democratic column. Band 182 extends along the first row to a spool 210 at
      the left hand side of the row. Band 182 then extends downward to the
      second row around a second spool 212 along the second row through the row
      interlocking pins 213 adjacent the Jones key in the Independent column.
      Finally, band 182 is connected to an anchor 214 on the other side of pins
      213. Bands 181 and 182 are both tensioned to allow only one selection so
      that neither Jones nor Smith may be voted for twice.
PAR  It is thus seen that the voting machine pattern illustrated in FIG. 15 will
      allow votes for any three of the candidates but will not allow the same
      candidate to be voted for more than once, regardless of how many times his
      name appears. Of course, it is understood that a similar arrangement may
      be used for a different number of candidates or a situation where other
      names may be presented more than once.
PAR  FIGS. 16, 17 and 18 present a second voting machine pattern illustrating
      how the present invention can easily accommodate difficult voting
      requirements. In this situation, three votes may be cast for any of a
      group of candidates in the following combinations: 1 vote for each of
      three candidates, 1 1/2votes for each of two candidates, or 3 votes for
      one candidate. A patch plate 200 is attached by suitable means (not shown)
      to the right hand side of framework 39 in place of anchor pieces 97. Patch
      plate 200 includes a plurality of rectangular slide bars 221, 222 and 223,
      similar to slide bars 66, except that one end of each bar forms a point
      223. The slide bars are positioned to the left of each row of voting
      buttons and disposed for sliding in grooves 229 in patch plate 220 along
      the axis of the button rows.
PAR  Tension coils 290, 291 and 292 are fastened between patch plate 220 and the
      rear of slide bars 221, 222 and 223 respectively, to bias the slide bars
      backward and maintain tension on the interlock bands. Slide bar 221 is
      shown in FIGS. 17 and 18 with the understanding the slide bars 222 and 223
      are similar or identical. The top of slide bar 221 is provided with three
      longitudinally spaced holes 225, 226 and 227 and a removeable index pin
      228 which may be positioned in any of the three holes. A connecting pin
      230 projects upward from slide bar 221 at front point 224. The end of an
      interlocking row band 260 is looped around pin 230 and fastened to itself
      by an appropriate clamp 234. Interlock pins 240, 241, 242 and 243 extend
      transversely between each of slide bars 222, riding in a common transverse
      groove 244 in patch plate 220. A spring receptacle 246 is provided
      adjacent the upper end of interlock pin 240 and a second spring receptacle
      248 abuts lower interlock pin 243. A stop rod 250 extends transversely
      across the tops of slide bars 221, 222 and 223 to establish contact with
      index pins 228 when the slide bars have moved forward in troughs 224 a
      predetermined distance.
PAR  In operation, patch plate 220 is positioned adjacent to the first three
      rows of voting buttons 17 for the four candidates shown in FIG. 16. Index
      pin 228 on slide bar 221 is placed in the rearward hole 225. A first row
      interconnecting band 260 is connected to the front post 230 of slide bar
      221 and is threaded between the row interlock pivot pins 270-273 in the
      first row. The three voting buttons in the first row are depressed to a
      voted position, and band 260 is drawn taut with index pin 228 resting
      against stop rod 250. Band 260 is connected to an appropriate anchor 274
      on the right side of the first row. The three depressed voting buttons are
      then raised to the unvoted position allowing slide 221 to be pulled to the
      left so that point 224 is just to the left of interlock pins 240 and 241.
      Hole 225 is set at a precise distance with respect to interlock pins 240
      and 241 and stop rod 250 so that band 260 will be taut with slide bar 221
      in this position. With pin 228 in hole 225, slide bar 221 may move forward
      a calibrated distance to allow three choices to be made before pin 228
      abuts stop rod 250. Thus, three selections are permitted in the first row
      with each choice being worth only one vote.
PAR  In the second row, each choice is given a weight of 11/2 votes. A second
      interlock band 262 is threaded between interlock pivot pins 275-278 in the
      second row and fastened to front pin 230 of slide bar 222. Index pin 228
      is placed in hole 226 and two voting buttons in the second row are
      depressed to the voted position. Band 262 is then drawn taut with index
      pin 228 resting against stop rod 250. The two depressed voting buttons are
      then raised to the unvoted position and slide 222 is pulled to the left so
      that point 224 is positioned just to the left of interlock bars 241 and
      242. Hole 226 is likewise calibrated with respect to point 224 and stop
      rod 250 so that band 262 is taut with slide bar 222 in this position. With
      index pin 228 in hole 226, slide bar 222 may move to the right to allow
      for two choices in the second row before being blocked by stop rod 250.
PAR  Finally, in the third row, a third interlock band 264 is threaded through
      interlock pivot pins 280-283 and connected to front pin 230 of slide bar
      223. One voting button is depressed to the voted position and band 264 is
      drawn taut with index pin 228 in hole 227. The voted button is then raised
      and slide bar 223 is moved just to the left of interlock pins 242 and 243.
      In this position, slide bar 223 may move to the right to allow one vote in
      the third row before index pin 228 rests against stop rod 250. Thus, one
      choice is allowed in the third row with a weight of three votes for the
      selected candidate.
PAR  It is noted that after the first vote in any row, the corresponding slide
      pin is pulled forward sufficiently to wedge the point 224 between two of
      the interlocking pins 240-243. This action causes the other pins to move
      transversely to the corresponding slide bars and effectively block any
      movement of the slide bars other than the one already voted. Thus, if a
      choice is made in the first row, one may not thereafter place a vote in
      the second or third row. The same arrangement holds true with respect to a
      vote in the other two rows.
PAR  It will be seen from the foregoing discussion that the interlocking machine
      of the present invention may be easily modified with a patch plate to
      provide additional versatility to the system of the present invention.
      Other similar modifications are readily apparent and are considered to be
      within the scope of the present invention.
PAR  Although preferred embodiments of the invention have been described in
      detail, it is to be understood that various changes, substitutions and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a voting machine having a plurality of aligned voting keys, each of
      said keys being moveable between an unvoted position and a voted position,
      a mechanical interlock comprising:
PA1  a plurality of cam means each associated with one of said keys,
PA1  a plurality of slide means each adjacent one of said cam means for sliding
      in response to movement of said keys from the unvoted position to the
      voted position,
PA1  a plurality of pivot members each associated with one of said keys
      rotatably mounted for rotating in response to the sliding of one of said
      slide means, and
PA1  means for selectively interlocking certain of the pivot members associated
      with certain of said voting keys including common means for
      interconnecting each of said certain pivot members and blocking means
      removably attached to said each of said certain pivot members for
      contacting said common means to block rotation of said certain pivot
      members in response to a predetermined number of said certain voting keys
      having been moved to the voted position, whereby subsequent movement of
      additional of said certain voting keys to the voted position is prevented.
NUM  2.
PAR  2. The mechanical interlock of claim 1 wherein each one of said slide means
      comprises a moveable pin in contact with the cam means corresponding to
      said one slide means and a slide bar responsive to movement of said pin to
      abut and rotate the pivot member corresponding to said one slide means.
NUM  3.
PAR  3. The mechanical interlock of claim 1 wherein said common means comprises
      a band extending adjacent to said certain aligned voting keys in contact
      with said blocking means on said certain pivot means, said band being
      secured at both ends to provide tension against said blocking means to
      block rotation of said certain pivot means after said predetermined number
      of keys have been moved.
NUM  4.
PAR  4. The mechanical interlock of claim 1 wherein each one of said blocking
      means comprises a removable pivot piece on said pivot member in alignment
      with the pivot pieces of each of the other voting keys, and a stationary
      piece on said pivot member in alignment with the stationary pieces of each
      of the other voting keys, said pivot piece being mounted for independent
      rotation about said stationary piece in response to the sliding of said
      slide means.
NUM  5.
PAR  5. The mechanical interlock of claim 4 wherein said common means comprises
      a tensioned band extending in parallel to the alignment of said pivot
      pieces and parallel to the alignment of said stationary pieces in blocking
      contact with certain of said pivot pieces and stationary pieces to block
      rotation of said certain pivot pieces upon rotation of a predetermined
      number of said pivot pieces.
NUM  6.
PAR  6. The mechanical interlock of claim 1 wherein each one of said cam means
      comprises a sloped surface on the key corresponding to said one cam means
      in contact with the slide means corresponding to said one cam means to
      shift said corresponding slide means as said corresponding key is moved
      from the unvoted to the voted position.
NUM  7.
PAR  7. In a voting machine having a plurality of aligned voting keys, each key
      being moveable from an unvoted position to a voted position, the
      combination comprising:
PA1  a plurality of rotating members each associated with one of said aligned
      voting keys including a pivot piece removably attached to said each
      rotating member for pivoting about a point adjacent to said one key in
      response to movement of said one key between said unvoted position and
      said voted position; and
PA1  band interlock means adjacent said voting keys interconnecting said
      plurality of rotating members for blocking pivoting of said pivot pieces
      in response to a predetermined number of said keys having been moved from
      the unvoted position to the voted position, to prevent other of said keys
      from subsequently being moved to the voted position.
NUM  8.
PAR  8. The combination of claim 7 and further comprising cam means on each of
      said voting keys and a plurality of slide means each associated with one
      of said cam means for sliding in response to movement of one of said keys
      from the unvoted position to the voted position, each of said slide means
      being in contact with one of said rotating members to pivot said one
      rotating member about said point in response to the sliding of said slide
      means.
NUM  9.
PAR  9. The combination of claim 7 wherein said band interlock means comprises
      an elongated band extending parallel to said aligned voting keys and
      fastened at both ends so that said band has a predetermined amount of
      slack, said band extending adjacent each of said pivot pieces so that said
      slack is reduced in response to pivot pieces rotating against said band.
NUM  10.
PAR  10. A selection machine comprising:
PA1  an elongate selection column;
PA1  a plurality of selector keys each having cam means associated therewith and
      moveable relative to said column from a first neutral position to a second
      registered position;
PA1  a plurality of shifting means each being in contact with one of said cam
      means for blocking movement of one of said selector keys after a
      predetermined number of said keys have been moved to said second
      registered position;
PA1  a plurality of pivot members each being rotatably mounted in abutting
      contact with one of said shifting means for blocking movement of said one
      shifting means after said predetermined number of said keys have been
      moved to said second registered position; and
PA1  band interlock means in contact with said pivot members to prevent rotation
      of said pivot members after said predetermined number of said keys have
      been moved to said second registered position thereby blocking movement of
      other of said keys to said second registered position.
NUM  11.
PAR  11. A voting machine comprising:
PA1  a frame member;
PA1  a plurality of aligned voting keys slidably mounted on said frame to slide
      from a first unvoted position to a second voted position, each key having
      at least one cam surface thereon;
PA1  a plurality of slide bars each associated with one of said cam surfaces for
      shifting normal to the sliding movement of one of said keys in response to
      said movement;
PA1  a plurality of pivot pieces each rotatably mounted adjacent one of said
      keys and responsive to one of said slide bars, said pivot pieces each
      including a first pivot pin removably attached to said each pivot piece
      and rotatable about a second pivot pin; and
PA1  an interlocking band extending parallel with said voting keys between each
      of said first and second pivot pins, said band being secured at both ends
      and having a predetermined amount of slack which is reduced in response to
      the rotation of each of said pivot pieces, whereby said band is placed in
      blocking tension to prevent rotation of each of said first pins about each
      of said second pins after a predetermined number of keys have been moved
      to the second voted position.
NUM  12.
PAR  12. The voting machine of claim 11 and further comprising a plurality of
      slide pins each being between one of said cam surfaces and one of said
      slide bars for shifting said one slide bar in response to movement of said
      one cam surface.
NUM  13.
PAR  13. A selection machine comprising:
PA1  a. a plurality of columnar frame members;
PA1  b. a plurality of selection keys aligned in columns and rows on said frame
      members each being laterally moveable from a first position to a second
      position to indicate a selection;
PA1  c. column interlock means for limiting the number of selected keys in a
      column, including
PA2  1. a plurality of slide means each in contact with one of said keys for
      shifting transverse to the lateral movement of said key in response to a
      selection,
PA2  2. a plurality of first pivot members each responsive to one of said slide
      means for rotating in response to a selection, certain of said first pivot
      members each having a first pivot piece removably mounted thereon, and
PA2  3. first band interlock means in contact with the first pivot pieces on
      said certain of said first pivot members to block rotation of each of said
      certain first pivot members which has not been rotated after a first
      predetermined number of selections have been made, and
PA1  d. row interlock means for limiting the number of selected keys in a row,
      including
PA2  1. a plurality of second pivot members each responsive to one of said slide
      means for rotating in response to a selection, certain of said second
      pivot members each having a second pivot base removably mounted thereon,
      and
PAR  2. second band interlock means in contact with the second pivot pieces of
      said certain of said second pivot members to block rotation of each of
      said certain second pivot members which has not been rotated after a
      second predetermined number of selections have been made.
NUM  14.
PAR  14. The selection machine of claim 13 wherein said first interlock means
      comprises a first band extending adjacent said certain first pivot members
      in contact with said removable first pivot pieces, said first band being
      tensioned to allow rotation of only said first predetermined number of
      said certain first pivot members.
NUM  15.
PAR  15. The selection machine of claim 13 wherein said second interlock means
      comprises a second band extending adjacent said certain second pivot
      members in contact with said removable second pivot pieces, said second
      band being tensioned to allow rotation of only said second predetermined
      number of said certain second pivot members.
NUM  16.
PAR  16. In a voting machine having a plurality of aligned voting keys, each of
      said keys being moveable between an unvoted position and a voted position,
      a mechanical interlock comprising:
PA1  a plurality of cam means each associated with one of said keys,
PA1  a plurality of slide means each adjacent one of said cam means for sliding
      in response to movement of said keys from the unvoted position to the
      voted position,
PA1  a plurality of pivot means each associated with one of said keys for
      rotating in response to the sliding of one of said slide means, and
PA1  means for selectively interlocking certain of the pivot means associated
      with certain of said voting keys to block rotation of said certain pivot
      means in response to a predetermined number of certain voting keys having
      been moved to the voted position, whereby movement of additional of said
      certain voting keys to the voted position is prevented,
PA1  wherein each one of said certain pivot means comprises a pivot piece
      rotatably mounted adjacent the voting key corresponding to said one pivot
      means for rotating in response to the sliding of the slide means
      corresponding to said corresponding key, and a removable pin for
      selectively attaching to said pivot to contact said interlocking means,
      whereby said interlocking means blocks rotation of said certain pivot
      means by contacting the removeable pins corresponding to said certain
      pivot means.
NUM  17.
PAR  17. In a voting machine having a plurality of aligned voting keys, each of
      said keys being moveable between an unvoted position and a voted position,
      a mechanical interlock comprising:
PA1  a plurality of cam means each associated with one of said keys,
PA1  a plurality of slide means each adjacent one of said cam means for sliding
      in response to movement of said keys from the unvoted position to the
      voted position,
PA1  a plurality of pivot means each associated with one of said keys for
      rotating in response to the sliding of one of said slide means, and
PA1  means for selectively interlocking certain of the pivot means associated
      with certain of said voting keys to block rotation of said certain pivot
      means in response to a predetermined number of said certain voting keys
      having been moved to the voted position, whereby movement of additional of
      said certain voting keys to the voted position is prevented,
PA1  wherein each one of said pivot means comprises at least two posts adjacent
      the voting key corresponding to said one pivot means, the first post being
      mounted to rotate about the second post, and wherein said interlocking
      means comprises a band threaded between each of said two posts along a
      line parallel to said aligned keys, said band being fastened at both ends
      to establish a predetermined amount of slack in said band, whereby partial
      rotation of each of said first posts around the corresponding second post
      will bend a portion of said band out of said line and decrease the slack
      in said band.
NUM  18.
PAR  18. A selection machine comprising:
PA1  a. a plurality of columnar frame members;
PA1  b. a plurality of selection keys aligned in columns and rows on said frame
      members each being laterally moveable from a first position to a second
      position to indicate a selection;
PA1  c. column interlock means for limiting the number of selected keys in a
      column, including
PA2  1. a plurality of slide means each in contact with one of said keys for
      shifting transverse to said key in response to a selection,
PA2  2. a plurality of first pivot means each responsive to one of said slide
      means for rotating in response to a selection, and
PA2  3. first band interlock means in contact with certain of said first pivot
      means to block rotation of each of said certain first pivot means which
      has not been rotated after a first predetermined number of selections have
      been made, and
PA1  d. row interlock means for limiting the number of selected keys in a row,
      including
PA2  1. a plurality of second pivot means each responsive to one of said slide
      means for rotating in response to a selection, and
PA2  2. second band interlock means in contact with certain of said second pivot
      means to block rotation of each of said certain  second pivot means which
      has not been rotated after a second predetermined number of selections
      have been made,
PA1  wherein each of said first and second pivot means comprises a pair of
      removeable pivot pins rotatable with respect to each other in response to
      movement of one of said selection keys.
NUM  19.
PAR  19. The selection machine of claim 18 wherein each of said first and second
      band interlock means comprises a band having a predetermined amount of
      slack threaded between said pairs of pivot pins, and wherein said pairs of
      pivot pins rotate in response to movement of said selection keys to take
      up said predetermined amount of slack, whereby said band is drawn taut and
      blocks rotation of each of said pivot pins which has not been rotated
      after a number of selections have been made.
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ABST
PAL  A dual duct variable volume air conditioning system has a first, cold duct
      for supplying cold air and a second, reset duct for supplying either hot
      air in a first mode of operation or cold air in a second mode of
      operation. A self-contained system regulator positions first and second
      valves in the first and second ducts in response to changes in room
      temperature. The regulator is effective to reverse the direction of
      response of the second valve to temperature in the second mode of
      operation from the direction of response of that valve to a similar
      temperature change in the first mode of operation so that the reset duct
      can be used as a hot duct with the system supplying warm or cold air on
      demand in the heating season (without mixing) and as a cold duct to double
      the cooling capacity of the system in the cooling season. The system
      includes an integrated sensor-actuator for each air flow duct having a
      diaphragm which both senses the flow velocity in the duct and positions
      the valve in the duct through a direct mechanical connection. The actuator
      moves the valve with changes in flow velocity using the pressures in the
      duct without a relay.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a conditioned air distribution system of the kind
      having an air flow duct and a valve in the duct for regulating the volume
      flow of air through the duct.
PAR  This invention relates particularly to an air distribution system of this
      kind in which the valve is positioned by a pneumatically powered motor.
PAR  Systems of this kind are often constant velocity systems but are usually
      subject to variation in the velocity flow depending upon changes in the
      room air temperature. The constant velocity regulation has been obtained
      by sensing the difference between static pressure and total pressure in
      the duct. However, regulation of the velocity flow in the prior art has
      been by means of relay mechanisms which introduce unwanted complexity and
      expense.
PAR  It is an important object in the present invention to achieve regulation of
      the velocity flow by an integrated sensor-actuator. The actuator has a
      diaphragm which both senses velocity flow and positions a valve in the
      duct by a direct mechanical connection using the pressures in the duct
      without a relay.
PAR  In many installations the conditioned air distribution system must be able
      to supply both hot air for heating and cold air for cooling.
PAR  Dual duct systems for hot and cold air have been controlled in a way to
      blend or to mix the hot air flow with the cold air flow to produce the
      desired amount of cooling or the desired amount of heating. This blending
      is inefficient because the hot air and the cold air are necessarily
      fighting against each other. There is a waste of the energy used to
      produce the hot air and the cold air.
PAR  It is an important object of the present invention to control the air flow
      from a dual duct system in a way such that (when the reset duct is used as
      a hot duct) conditioned air is supplied from only one of the hot and cold
      ducts at a time without mixing with air from the other duct, except for a
      possible small overlap required to maintain ventilation requirements.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  A conditioned air distribution system constructed in accordance with the
      present invention comprises a first, cold duct for supplying cold air, a
      first valve in the first, cold duct for regulating the volume of air
      flowing through the duct, a second, reset duct for supplying either hot
      air in a first mode of operation or cold air in a second mode of
      operation, and a second valve in a second, reset duct for regulating the
      volume of air flowing through the duct. A self-contained or pneumatic
      powered system regulator positions the first and second valves in response
      to temperature in the room. The regulator is effective to reverse the
      direction of response of the second valve to temperature change in the
      second mode of operation from the direction of response of that valve to a
      similar temperature change in the first mode of operation. This permits
      the reset duct to be used as a hot duct with the system supplying hot or
      cold air on demand in the heating season and as a cold duct to double the
      cooling capacity of the system in the cooling season.
PAR  When the reset duct is used as a hot duct, the self-contained system
      regulator is effective to position the valves in the ducts in response to
      the temperature in a room in a way which is effective to supply
      conditioned air from only one of the ducts at a time without mixing with
      air from the other duct, except for a possible small overlap required to
      maintain minimum ventilation requirements.
PAR  The control valve for each duct is positioned by a pneumatically powered
      actuator. The actuator is an integrated sensor-actuator which has a
      diaphragm which senses the flow velocity in the duct and which is also
      connected to the valve by a direct mechanical connection. The diaphragm
      moves the valve with changes in the flow velocity using the pressures in
      the duct without a relay.
PAR  Conditioned air distribution system apparatus and methods which incorporate
      the structures and techniques described above and which are effective to
      function as described above constitute specific objects of this invention.
PAR  Other objects, advantages and features of the invention will become readily
      apparent from the following detailed description of one embodiment which
      is presented in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic plan view of a building interior. FIG. 1 shows how a
      dual duct variable volume air conditioning system constructed in
      accordance with one embodiment of the present invention is used in the
      building perimeter. FIG. 1 also shows how an integrated sensor-actuator
      constructed in accordance with another embodiment of the present invention
      is used with a single cold air duct for the building interior.
PAR  FIG. 2 is a schematic side elevation view (of the part of the structure
      shown encircled by the arrows 2--2 in FIG. 1) showing an integrated
      sensor-actuator for the duct flow control constructed in accordance with
      one embodiment of the present invention.
PAR  FIG. 3 is a schematic side elevation view (of the part of the structure
      shown encircled by the arrows 3--3 in FIG. 1) showing how a self-contained
      system regulator constructed in accordance with an embodiment of the
      present invention is associated with two integrated sensor-actuators for
      controlling the flow through a cold air duct and through a reset air duct
      which may contain either warm air or cold air.
PAR  FIG. 4 is a top plan view of the outside of a cover of the self-contained
      system regulator and is taken along the line and in the direction
      indicated by the arrows 4--4 in FIG. 3 and FIG. 13.
PAR  FIG. 5 is a bottom plan view of the inside of the cover shown in FIG. 4 and
      is taken along the line and in the direction indicated by the arrows 55 in
      FIG. 3 and FIG. 13.
PAR  FIG. 6 is an elevation view in cross section taken along the line and in
      the direction indicated by the arrows 6--6 in FIG. 5 and shows details of
      the adjustment for changing the sequencing set point for the cold duct.
PAR  FIG. 7 is a plan view of the inside of the base of the self-contained
      system regulator and is taken along the line and in the direction
      indicated by the arrows 7--7 in FIG. 3 and FIG. 13.
PAR  FIG. 8 is a plan view of the base of the self-contained system regulator
      and is taken along the line and in the direction indicated by the arrows
      8--8 in FIG. 3 and in FIG. 13.
PAR  FIG. 9 is a plan view of a bimetal deck of the self-contained system
      regulator and is taken along the line and in the direction indicated by
      the arrows 9--9 in FIG. 3 and FIG. 13.
PAR  FIG. 10 is a plan view of the inside of the bimetal cover of the
      self-contained system regulator and is taken along the line and in the
      direction indicated by the arrows 10--10 in FIG. 13.
PAR  FIG. 11 is a plan view of the outside of the bimetal cover shown in FIG. 10
      and is taken along the line and in the direction indicated by the arrows
      11--11 in FIG. 3 and FIG. 13.
PAR  FIG. 12 is an end elevation view in cross section through the
      self-contained system regulator and is taken along the line and in the
      direction indicated by the arrows 12--12 in FIG. 4, FIG. 7 and FIG. 11,
      and FIG. 9.
PAR  FIG. 13 is a side elevation view in cross section through the
      self-contained system regulator and is taken along the line and in the
      direction indicated by arrows 13--13 in FIG. 5, FIG. 8 and FIG. 9, and
      FIG. 11.
PAR  FIGS. 14A through 14E are schematic views illustrating the control and
      operation of the three control orifices (cold control orifice, the reset
      hot control orifice, and the reset cold control orifice) of the
      self-contained system regulator for the various conditions of operation of
      the dual duct variable volume air conditioning system noted in the legends
      of these FIGS.
PAR  FIG. 15 is a graph showing the operation of the dual duct variable volume
      air conditioning system under the control of the self-contained system
      regulator. In FIG. 15 the flow in cubic feet per minute is plotted against
      primary control pressure. The points indicated by Roman numerals I, II and
      III correspond to the conditions of operation indicated by these Roman
      numerals in FIGS. 14A, 14B and 14C respectively.
PAR  FIG. 16 is a graph in which flow in cubic feet per minute is plotted
      against primary control pressure and illustrates the condition of
      operation indicated in FIG. 14D in which the reset duct conducts cold air,
      and in which the series or parallel reset adjustment is set for parallel
      flow with the cold duct.
PAR  FIG. 17 is a graph in which flow in cubic feet per minute is plotted
      against primary control pressure and illustrates the condition of
      operation shown in FIG. 14E in which the reset duct conducts cold air and
      the series or parallel reset adjustment is set for series flow with the
      cold duct.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An air distribution system constructed in accordance with one embodiment of
      the present invention is shown in a schematic plan view in FIG. 1 and is
      indicated generally by the reference number 30.
PAR  In the system 30 shown in FIG. 1 the building perimeter is supplied with
      conditioned air from a dual duct system in which each volume regulating
      box 32 is connected to both a cold air duct 34 and a reset air duct 36.
      Each volume regulator box 32 is connected to the cold duct 34 by a branch
      take off duct 31 and to the reset duct 36 by a branch take off line 33.
PAR  As will be described in greater detail below, the reset air duct 36 can
      supply either hot air or cold air, depending upon the need.
PAR  As illustrated in FIG. 1, the building interior is supplied only with cold
      air from the cold air duct 34.
PAR  The flow of cold air to the building interior is controlled by a number of
      volume regulator boxes 38 which are connected to the cold duct 34 by a
      branch take off duct 39 as illustrated.
PAR  As will be described in greater detail below, the volume flow through each
      volume control box 32 and 38 is controlled by a pneumatic thermostat 40
      which senses room temperature and which is connected by a bleed line 42
      either directly to an integrated sensor-actuator for the valve in each
      volume regulator box 38 or to a self-contained system regulator which
      controls the actions of the actuators for the valves in each volume
      regulator box 32.
PAR  The system 30 shown in FIG. 1 has general application to a large number of
      buildings used in varied geographic locations. It is particularly well
      suited to buildings having a considerable amount of glass on the periphery
      and relatively sensitive to solar heat loads and also heat losses by
      conduction, convection and direct radiation.
PAR  In many office and residential buildings the heat generated by lighting and
      by people within the building is more than sufficient to maintain the
      temperatures in the building interior at or above the desired levels. In
      such buildings only cooling and ventilation are required for the building
      interior.
PAR  The building perimeter, however, is subjected to greater temperature
      fluctuations (for the reasons noted above) and may therefore require
      heating (rather than cooling) during one season and may require greater
      cooling than obtainable from a single cold duct during another season.
PAR  The present invention provides a reset air duct which can supply either hot
      air or cold air. It also provides a method of control (described in
      greater detail below) which permits the air in the reset duct (whether hot
      or cold) to be regulated in coordination with the air in the cold duct in
      accordance with system demand.
PAR  The present invention provides a novel integrated sensor-actuator for
      positioning each flow control valve in each volume regulator box. This
      integrated sensor-actuator uses a diaphragm which serves both to sense the
      flow velocity in the duct and also to move the valve with changes in flow
      velocity. It uses the pressures in the duct without a relay.
PAR  As illustrated in FIG. 2, each volume regulator box 38 for the building
      interior uses only a single integrated sensor-actuator (indicated
      generally by the reference numeral 44).
PAR  As illustrated in FIG. 3, each volume regulator box 32 for the dual duct
      system uses two such integrated sensor-actuators, a sensor-actuator 44 for
      controlling the air flow from the cold air duct and an integrated
      sensor-actuator 46 for controlling the air flow from the reset air duct.
PAR  The dual duct system shown in FIG. 3 utilizes a self-contained system
      regulator 50 which coordinates the response of the integrated
      sensor-actuators 44 and 46 to the temperature sensed by the thermostat 40.
PAR  This self-contained system regulator 50 is effective to coordinate the
      responses in a way such that the volume regulator box 32 supplies
      conditioned air from only one of the cold air duct 31 and reset air duct
      33 when the reset air duct 33 supplies warm air. That is, when the reset
      duct is a hot duct, the self-contained system regulator control is
      effective to supply conditioned air from only one of the ducts at a time
      without mixing the air from the other duct, except for a possible small
      overlap required to maintain minimum ventilation requirements.
PAR  The regulator 50 also coordinates the flow of air from the cold air duct 31
      with the flow of air from the reset air duct 33 when the reset air duct
      supplies cold air in a way such that the increased cooling from the reset
      air duct 33 is supplied either in series or in parallel with the flow of
      air from the cold air duct 31.
PAR  The construction and mode of operation of the self-contained system
      regulator 50 which provides this coordination will be described in detail
      below with reference to FIGS. 4-17.
PAR  However, before going into this description of the regulator 50, the
      details of the construction and mode of operation of the integrated
      sensor-actuator 44 will be described with reference to FIG. 2.
PAR  As shown in FIG. 2 the integrated sensor-actuator 44 comprises a
      sensor-actuator diaphragm 52 which is connected, by a connecting rod 54,
      to a balanced valve spool 56 having an upper disc 58 and a lower disc 60.
      The upper disc 58 regulates the flow of air from the interior of the cold
      air duct 39 through an upper opening 62. The lower disc 60 controls the
      flow of air from the interior of the cold duct 39 through a lower opening
      64. The air flowing out of the openings 62 and 64 in the cold air duct 39
      flows into the interior of the volume regulator box 38. It flows out of
      the volume regulator box through an outlet opening 66 into the room.
PAR  All of the flow of cold air through the volume regulator box 38 must either
      go over the top flow disc 58 and out the opening 62 or out the round
      opening 64 and over the bottom disc 60.
PAR  Because the areas of the top flow disc 58 and the bottom flow disc 60 are
      equal and the areas of the top opening 62 and the bottom opening 64 are
      equal, the pressure drops are equal across both flow discs 58 and 60 and
      both round openings 62 and 64. This combination of parts produces a
      balanced valve. One advantage of a balanced valve type of metering
      construction is the small force required to move it from full open to
      closed flow of air. The present invention takes full advantage of this
      feature.
PAR  In accordance with the present invention, the diaphragm 52 of the
      integrated sensor-actuator 44 is directly connected to the valve spool 56
      by the connecting rod 54 so that any upward or downward movement of the
      diaphragm 52 produces a corresponding amount of movement of the valve
      spool 56.
PAR  The diaphragm 52 is mounted within a module having side walls 66 and 68, a
      bottom wall 70 and an upper, isolation seal diaphragm 72.
PAR  This construction provides an enclosed upper chamber 74 and an enclosed
      lower chamber 76.
PAR  The bottom wall 70 and the isolation seal diaphragm 72 isolate the effect
      of atmospheric pressure on the pressures within the chambers 74 and 76.
PAR  As can be seen by reference to FIG. 2, the pressure in chamber 74 tends to
      move the valve in an opening direction while the pressure in the chamber
      76 tends to move the valve 56 in a closing direction.
PAR  A metal piston plate 53 is connected to the flexible diaphragm 52 and the
      connecting rod 54 to provide increased rigidity in the central part of the
      diaphragm and to thereby provide uniform movement of the valve spool 56
      with pressure changes in the actuator.
PAR  The pressures in the chambers 74 and 76 are supplied by a pitot tube sensor
      88 having a static pressure probe 90 and a total pressure probe 92 located
      in the duct 39. The total pressure probe 92 is oriented to pick up the
      impact pressure of the air flowing in the direction indicated by the arrow
      in FIG. 2.
PAR  The static pressure is conducted to the chamber 74 through a conduit 94,
      and the total pressure is conducted to the chamber 76 through a conduit
      96.
PAR  Since the total pressure probe 92 picks up both velocity pressure and
      static pressure in the duct, the difference between the pressures sensed
      by the probes 92 and 90 is the velocity pressure of the air flow stream in
      the cold air duct 39. This velocity pressure is a direct indication of the
      velocity of air in the duct 39. The differential between the total
      pressure and the static pressure (which gives this velocity pressure) is
      applied to the valve sensing and drive diaphragm 52 to exert a force on
      the diaphragm 52 in a direction tending to close the valve 56.
PAR  As noted above, the differential between the impact pressure and the static
      pressure (which may be in the order of several tenths of an inch of a
      water column under normal static and velocity pressures of the air flow
      within the branch take off duct 39) is applied across the area of the
      diaphragm 52 to produce an upwardly directed force on the connecting rod
      54 tending to close the valve 56.
PAR  The desired volume flow through the balanced valve 56 can then be selected
      by biasing the valve toward an open position with a selected amount of
      force.
PAR  In the form of the invention illustrated in FIG. 2 this bias is exerted by
      a tension spring 100. The amount of tension exerted by the tension spring
      100 is adjusted by a control knob 102 threaded within the bottom wall 70
      of the actuator 44.
PAR  Other biasing means can also be used. For example, a series of balancing
      weights can be placed on top of the upper valve disc 58 to operate in the
      desired ranges. These weights can be color-coded so that a blue weight
      will indicate a range of so many pounds to so many pounds, a red weight
      will indicate a different range, and so forth.
PAR  The biasing arrangements thus far described have been described for use
      with a relatively light weight valve so that the differential pressure has
      to act against the spring as well as the weight of the valve to open the
      valve.
PAR  This arrangement is useful in relatively small constructions where the
      valve does not weight very much.
PAR  In large installations in which the valve is relatively heavy, it may be
      necessary to put a spring on top of the valve to act with the differential
      pressure.
PAR  Another arrangement is to use a compression spring on the bottom rather
      than a tension spring when the valve unit becomes relatively large and
      heavy. This also permits using weights on top of the valve in combination
      with the compression spring.
PAR  The basic idea is to bias the valve, and this can be done either by a
      spring alone in certain situations or springs plus weights in other
      situations.
PAR  In any event the biasing force is used to control velocity flow by imposing
      the biasing force in opposition to the force produced by the differential
      between the static and impact pressures (which is the velocity pressure as
      described above) acting across the area of the valve sensing and drive
      diaphragm 52.
PAR  As thus far described, the integrated sensor-actuator 44 provides constant
      velocity flow control, and it does this using the existing pressures in
      the duct without a relay.
PAR  The thermostat 40 is incorporated with the integrated sensor-actuator 44 to
      provide an override on the constant velocity air flow control (sensed and
      effected by the diaphragm 52) in response to room temperature.
PAR  The thermostat 40 acts on the static pressure in the chamber 74 to bleed
      off a certain amount of the pressure in chamber 74 (through the bleed line
      42) when the room temperature drops below the set point of the thermostat.
PAR  The thermostatic control 40 includes a T-joint connection 104 in the
      conduit 94 having an orifice 106 and a connection downstream of the
      orifice to the bleed line 42.
PAR  A bleed nozzle 110 is located at the end of bleed conduit 42, and the bleed
      flow through the nozzle 110 is controlled by a bimetal strip 112.
PAR  An adjustable knob 114 sets the bias on the bimetal strip 114 to produce
      the desired temperature set point.
PAR  When the room temperature drops below the setting of the bimetal strip 112,
      the strip 112 bends away from the bleed nozzle 110 to permit flow through
      the nozzle. Since the nozzle 110 has a substantially larger diameter than
      the diameter of the orifice 106, uncovering the bleed nozzle 110 reduces
      the pressure in the chamber 74.
PAR  To further explain the operation of the system described above, let us
      assume a typical volume regulator box required to deliver a maximum of 500
      cu. ft. per minute (C.F.M.) from a 6 inch round duct to a room and to
      maintain room temperature as set on the thermostat 40.
PAR  With a minimum of 1 inch water column static pressure in the duct 39 to
      meet the maximum requirement of 500 C.F.M., the duct air would have to
      travel at 2,550 feet per minute through the 6 inch round duct 39. This
      would give a velocity pressure difference of 0.4 inch water column between
      the static pressure tube 90 and the total pressure tube 92. The static
      pressure is still 1 inch, but the impact pressure has increased to 1.4
      inch water column. The impact pressure (1.4 inch water column) is present
      in chamber 76 and, assuming the bleed nozzle 110 in the room thermostat 40
      is closed, then the static pressure 1 inch water column would be present
      in chamber 74.
PAR  The pressure difference between the chambers 76 and 74 across the diaphragm
      52 would be the velocity pressure 0.4 inch water column.
PAR  The force exerted on the piston disc 53 by the sensing diaphragm 52 would
      be the velocity pressure 0.4 inch water column minus the force of the
      velocity spring 100 which is connected to the rod 54.
PAR  The force applied to the velocity spring 100 by the velocity set screw 102,
      should be 0.4 inch water column because that is the desired velocity
      pressure.
PAR  When an increase of air flow results from an increased static pressure in
      the duct 39, the velocity pressure will increase above 0.4 inch water
      column. The increase in velocity pressure will permit the sensing
      diaphragm 52 to overcome the 0.4 inch water column of force of the
      velocity spring 100 and raise the piston disc 54. As the piston disc 54
      raises, the rod 54 moves the flow discs 60 and 58 near the round openings
      64 and 62, thus reducing the air flow which results in a lower velocity
      pressure; and a point of equilibrium is reached.
PAR  It can be seen by the above explanation that this combination of structure
      and operation can maintain a maximum limit on the C.F.M. of cool air
      through the volume regulator box 38.
PAR  In the above explanation the thermostat bimetal strip 112 sealed off the
      bleed nozzle 110, because the room was warmer than the thermostat set
      point. The 500 C.F.M. of cool air coming into the room from the volume
      regulator box 38 would lower the room temperature below the thermostat set
      point and the bimetal strip 112 would open the bleed nozzle 110.
PAR  The orifice 106, as described above, is smaller than the bleed nozzle 110
      so that the air in the line 42 and the chamber 74 would be bled off to
      atmosphere until the pressure would be equal to atmospheric pressure.
PAR  The total pressure in line 96 and the chamber 76 is the static pressure 1
      inch water column plus any impact pressure and is sensed across sensing
      diaphragm 52 to chamber 74 which is at atmospheric pressure. The 1 inch
      water column plus the impact pressure overcomes the velocity spring 100
      and raises the piston disc 53 and the flow discs 60 and 58 to shut off the
      flow of cool air through the round openings 64 and 62.
PAR  There will then be no air flow through the volume regulator box 38 until
      the room temperature raises above the temperature set point of the
      thermostat 40 and the bimetal strip 112 seals off the bleed nozzle 110.
PAR  The above description of a two position or on-off operation of the
      thermostat 40 was made only to simplify the explanation. In an actual
      system the air flow responds to movement of the bimetal strip 112 over the
      bleed nozzle 110 in a modulating manner. When the room becomes a little
      warm, there is an increase in the flow of cool air to maintain an even
      room temperature.
PAR  While the construction and mode of operation of the integrated
      sensor-actuator 44 shown in FIG. 2 has been described with specific
      reference to the control of air flow through a cold duct, it should be
      recognized that this integrated sensor-actuator can equally well be used
      to control air flow through a hot air duct used for heating. In this
      event, the action of the thermostat 40 needs to be reversed so that lower
      temperatures (rather than higher temperatures) cause a greater opening of
      the valve element 56.
PAR  As noted above, the reset air duct 33 of the dual duct system shown in FIG.
      3 can contain either hot air or cold air. This system therefore can be
      operated in five different distinct ways.
PAR  When the reset air duct 33 contains hot air full heating may be required
      (as indicated in the legend in FIG. 14A). In this event the valve in the
      cold air duct 31 is positioned to close off all flow of air through the
      cold air duct until the hot air supplied through the reset duct 33 brings
      the room temperature up to the desired level as determined by the set
      point of the thermostat 40.
PAR  With the reset air duct operating as the hot duct, the room temperature may
      be enough above the set point of the thermostat 40 so that full cooling is
      required. In this event the actuator 46 closes the valve in the reset hot
      duct 33 so that only cold air from the cold air duct 31 flows out of the
      volume regulator box 32. This is the condition illustrated in FIG. 14C.
PAR  With the reset duct 33 operating as a reset hot duct, the room temperature
      may be right on or very close to the set point of the thermostat 40 so
      that only a minimum flow to meet ventilation requirements is desired out
      of the volume regulator box 32. This corresponds to the condition
      indicated by the legend in FIG. 14B. In this case (in contrast to the
      heating or cooling flow conditions noted above) it may be necessary to
      permit some mixing of the flow out of the reset hot duct and the cold
      duct. Except for such a small overlap required to maintain minimum
      ventilation requirements, the self-contained system regulator 50 signals
      the integrated sensor-actuators 44 and 46 to supply flow from only one of
      the ducts 31 and 33 at any one time. This prevents inefficient mixing when
      the reset duct 33 is used as a reset hot duct.
PAR  When the rest duct 33 is used as a cold duct (to provide increased cooling
      over and above that which can be provided by the cold duct 31 alone) the
      fourth and fifth conditions of operation noted above can be obtained from
      the adjustments which can be set on the self-contained regulator 50.
PAR  The reset cold duct 33 can be operated to provide cold air flow in series
      with the cold air duct 31. This is the fourth condition noted above and is
      indicated by the legend in FIG. 14E.
PAR  The reset cold duct can also be operated to provide cold air flow in
      parallel with the air flow from the cold duct 31. This is the fifth
      condition of operation and is indicated by the legend in FIG. 14D.
PAR  The adjustable settings on the self-contained system regulator are such
      that the series and the parallel flow can be made to overlap to any
      desired degree, as will become more apparent from the detailed description
      of the construction and mode of operation of the regulator 50 below.
PAR  As best illustrated in the cross section views of FIGS. 12 and 13, the
      self-contained system regulator 50 comprises a cover 120, a base 122, a
      diaphragm 124 captured between the cover 120 and the base 122, a bimetal
      deck 126, a bimetal 128, a hot-cold reset arm 130, and a bimetal cover
      132.
PAR  In FIG. 3 the construction and mode of operation of the integrated
      sensor-actuator 46 for the reset air duct 33 is the same as the actuator
      44 for the cold air duct 31, and the same reference numerals have
      therefore been used for the actuator 46 as for the actuator 44 except for
      the addition of the letter a after each reference numeral for the actuator
      46.
PAR  In the system shown in FIG. 3 the lead line 42 from the thermostat 40 is
      connected to the self-contained system regulator 50 at a fitting 134 on
      the cover (see FIGS. 3 and 12). The pressure of this primary control air
      to the thermostat is distributed equally above the top of the diapphragm
      124 by channels 136, 138 and 140 formed in the cover and illustrated in
      FIGS. 4 and 5.
PAR  With continued reference to FIG. 3, a fitting 142 on the bimetal cover 132
      serves as a reset duct temperature sensing connection for sensing the
      temperature of the air in the reset duct 33. The temperature of the air in
      the reset duct is transmitted by a conduit 144 to the regulator 50 and
      through the fitting 142. The temperature of the air acts on the bimetal
      128 to cause a switching function by the bimetal 128 when the reset duct
      is changed from a hot duct to a cold duct and vice versa. This will be
      described below in greater detail with reference to FIG. 13.
PAR  The self-contained system regulator 50 has two fittings for supplying the
      control air signals to the integrated sensor-actuators 44 and 46 for the
      cold air duct and the reset air duct.
PAR  Fitting 150 is the cold duct control air outlet and is connected to the Tee
      104 in the static pressure line 94 downstream of the restricter 106 by a
      conduit 152.
PAR  Fitting 160 is the reset duct control air fitting and is connected to the
      Tee joint 104a of the static line 94a downstream of the restrictor 106a by
      a conduit 162.
PAR  In the construction of the regulator 50 illustrated in FIGS. 12 and 13 the
      primary control air to the thermostat 40 is taken from a passageway 164
      (see FIG. 12) which is open at its lower end to the chamber 166 containing
      the switching bimetal 128 and which is supplied with air at static
      pressure from the reset air duct by the reset temperature sensing fitting
      142.
PAR  A restrictor 168 having a small diameter orifice (0.070 inch diameter in a
      specific embodiment of the present invention) is mounted in the channel
      164 as illustrated. Since the flow area through the restrictor 168 is
      considerably smaller than the opening in the nozzle 110 of the thermostat
      40 (which opening is 0.020 inch in a specific embodiment of the present
      invention), variation of the bleed flow out of the thermostat nozzle 110
      provides quick response of the pressure above the diaphragm 124 to changes
      in room temperature.
PAR  While air at static pressure from the reset air duct is used as the primary
      control air as described above, the present invention is not limited to
      using this particular source of primary controlled air. Any auxiliary
      source of primary control air could equally well be used as a source of
      supply to the restrictor 168. Also, while duct air has been shown and
      described for powering the actuators, standard pneumatic controls for
      sensing and controlling the velocity of air can be integrated with the
      system of the present invention.
PAR  The bimetal cover 132 has a vent 170 (see FIGS. 10 and 13) for venting the
      chamber 166.
PAR  A pressure relief valve 172 is spring loaded by spring 174 against the
      bottom of a valve seat 176 (as best illustrated in FIG. 13) to regulate
      the maximum pressure that can be produced in the chamber 166.
PAR  As best shown in FIG. 5, the cover 122 is formed with three circular
      shaped, recessed cavities 180, 182, and 184. These three chambers are
      connected to the primary control air to the thermostat fitting 134 by the
      passageways 136, 138 and 140 noted above.
PAR  The recessed cavities 182 and 184 in the cover coact with similar and
      aligned, circular shaped, recessed cavities 190, 192 and 194 formed in the
      base 122 (see FIG. 7) to capture the diaphragm 122 in three separate and
      distinct areas. This provides the three separate diaphragms 200, 202 and
      204 thus shown in the side elevation in the cross sectional views of FIG.
      13 and FIG. 12 and also indicated in the plan views of FIG. 5 and FIG. 7.
PAR  As best illustrated in the cross section views of FIG. 13 and FIG. 12, the
      diaphragm 200 thus has a chamber 181 above the diaphragm and a chamber 191
      below the diaphragm; the diaphragm 202 has a chamber 183 above the
      diaphragm and a chamber 193 below the diaphragm; and the diaphragm 204 has
      a chamber 185 above the diaphragm and a chamber 195 below the diaphragm.
PAR  Each of the upper chambers 181, 183 and 185 are maintained at the same
      pressure because of the interconnection provided by the channels 136, 138
      and 140 with the primary control air to the thermostat fitting 134.
PAR  Each lower chamber 191, 193 and 195 is vented to atmosphere by a vent
      opening formed in the base. See the vent openings 206, 208 and 210 in FIG.
      7, FIG. 13 and FIG. 12.
PAR  In accordance with the present invention the base 122 is formed with three
      orifices 220, 222 and 224 which extend through the bottom wall of the
      base.
PAR  The rate of flow through these three orifices and the sequence of flow
      through these three orifices provide the control for the air flow through
      the cold air duct 31 and the reset air duct 33 under all conditions of
      operation.
PAR  The orifice 220 serves as the control orifice for the cold duct 31. In this
      case the diaphragm 200 serves merely as a relay between the thermostat 40
      and the bleed line from the Tee connection 104 for variation of the
      pressure in the chamber 74 of the actuator 44. That is, movement of the
      bimetal 112 in the FIG. 3 embodiment produces exactly the same movement of
      the valve 56 of the cold duct 31 in the FIG. 3 embodiment as does the same
      movement of the bimetal 112 of the thermostat 40 in the FIG. 2 embodiment.
PAR  To accomplish the relay action, the diaphragm 200 has a control disc 221 on
      its lower surface. Movement of this control disc 221 toward and away from
      the orifice 220 with changes in the pressure in the upper chamber 181
      (resulting from movement of the bimetal 112 of the thermostat 40) varies
      the rate of which the air can flow out of the orifice 120 and therefore
      varies the bleed-off of pressure through the fitting 150, the conduit 152,
      the conduit 94 and the upper chamber 74 of the actuator 44. Since the
      orifice 220 is considerably larger in diameter than the orifice 106 (in
      the same way that the internal diameter of the nozzle 110 is considerably
      larger than the internal diameter of the orifice 168), movement of the
      bimetal 112 in the thermostat 40 is relayed through the diaphragm 200 to
      effect basically the same control of the actuator 44 in the FIG. 3
      embodiment as would be the case in the FIG. 2 embodiment.
PAR  It should be noted, however, that the self-contained regulator 50 also
      contains means for controlling the sequence in which the orifice 220
      operates with respect to the other two orifices 222 and 224. In the
      specific construction as shown in FIGS. 5 and 13 these means include a
      biasing spring which exerts a biasing force on the diaphragm 202 to vary
      or to shift the overall response of the diaphragm to room temperature
      changes.
PAR  As will be described in greater detail below, the means for controlling the
      sequence that the orifice 220 operates with respect to the other two
      orifices 222 and 224 actually comprise two leaf springs 230 and 232 (see
      FIG. 5) and a coiled spring 234 (see FIG. 12). These springs are also
      shown in FIG. 13.
PAR  As best shown in FIG. 6, each leaf spring 230 and 232 is pivoted on a pivot
      236 of a deck member 238.
PAR  As best illustrated in FIG. 5, the end of the spring 230 has a slot 231 and
      the end of the spring 232 has a slot 233. These slots hook under discs 236
      connected to the respective diaphragms 200 and 202. Adjustable set screws
      240 and 242 are threaded within the top cover 120 so that turning the set
      screw 240 downward causes the leaf spring 230 to pull upward on the
      diaphragm 200 with greater force and turning the adjustable set screw 240
      downward also increases the upward biasing force on the diaphragm 202.
PAR  The set screw 240 serves as a factory adjustment for changing the set point
      for the cold duct operation, and the set screw 242 serves as a field
      adjustment for selecting series or parallel operation of the reset duct
      when the reset duct is a reset cold duct.
PAR  A third set screw 244 is also threaded within the top cover 120. This set
      screw 244 serves as a ventilation set point adjustment.
PAR  As best illustrated in FIG. 12, turning the set screw 244 downward
      increases the compression of the coil spring 234. This, in turn, increases
      the downward biasing force that the spring 234 exerts on the end of a
      lever 246.
PAR  The lever 246 is pivoted on a pivot 248. One end of the lever 246 has a cap
      250 which controls the bleed flow through the orifice 224. The other end
      of the lever 246 engages a disc 252 on the underside of the diaphragm 204.
PAR  The lever 246 thus reverses the effect of a pressure change in chamber 185
      on the bleed flow through the orifice 224 as compared to a corresponding
      pressure changed in the chambers 181 and 183 on the bleed flow through the
      orifices 220 and 222.
PAR  Referring now to FIG. 13, the manner in which the hot-cold reset arm 130
      and the bimetal 128 coact to select one of the orifices 222 and 224 for
      control of the flow through the reset duct will now be described.
PAR  The bimetal 128 is fixed at one end to a post 251 by a cap screw 252. The
      free end of the bimetal 128 is connected to a rod 256 which is vertically
      movable within a sealed opening 258 extending through the bimetal deck
      126. The upper end 260 forms the point of force application for the
      hot-cold reset arm 130. The fulcrum 262 is formed integral with the base
      122.
PAR  The hot-cold reset arm has a cap 264 at one end which controls the flow of
      air into the orifice 224 and has a cap 266 at the other end which controls
      flow of air into the orifice 222.
PAR  A biasing spring 268 is disposed between one end of the hot-cold reset arm
      130 and the base 122 as illustrated.
PAR  The bimetal deck 126 forms a chamber 270 with the underside of the base
      122. This chamber 270 is sealed except for the orifices 222 and 224 and a
      channel 272 connected to the reset duct control fitting 160.
PAR  The action of the bimetal 128 in response to the air temperature in the
      reset duct (as supplied through the reset duct temperature sensing fitting
      142) determines which of the two orifices 222 and 224 is sealed off and
      which orifice is maintained open for control by a related diaphragm 202 or
      204.
PAR  When the reset duct contains hot air the bimetal 128 swings downward at its
      free end (as viewed in FIG. 13) to move the point 260 downward. This moves
      the cap 264 off of the lower end of the orifice 224 so that the reset
      heating diaphragm 204 controls the bleed flow out of the orifice 224 (in
      response to the action of the thermostat 40 which regulates the pressure
      on top of the diaphragm 204). In this condition of operation the biasing
      spring 268 causes the hot-cold reset arm 130 to pivot to an angle in which
      cap 266 closes off the bottom of the orifice 222. The pressure in the
      chamber 270 is therefore regulated by the bleed flow through the orifice
      224 and this regulated pressure is transmitted to the chamber 74a and the
      reset air duct actuator 46 by the conduit 162 shown in FIG. 3.
PAR  When the reset air duct contains cold air, the action of the bimetal 128
      raises the point 260 (as viewed in FIG. 13) to cap off the bottom side of
      the orifice 224 and to lower the cap 266 off of the bottom of the orifice
      222 so that the diaphragm 204 then controls the bleed flow out of the
      orifice 22 and thus regulates the pressure in the chamber 270 and the
      conduit 162 and chamber 74a of the actuator 46 for the reset air duct.
PAR  FIGS. 14A, 14B and 14C show three distinct conditions of operation when the
      reset duct 33 is used as a hot duct. In each of these three conditions of
      operation the hot-cold reset arm 130 has closed off the bottom side of the
      orifice 222 so that only the orifice 224 can be effective to regulate the
      bleed flow of air from the chamber 270 of the self-contained system
      regulator 50 and the chamber 74a of the integrated sensor-actuator 46.
PAR  The condition of operation shown in FIG. 14A corresponds to the point
      indicated by the Roman numeral I in FIG. 15. In this condition of
      operation the cold duct control diaphragm 200 has moved full upward to
      provide a full bleed flow through the orifice 220 (in response to the full
      bleed flow from the nozzle 110 by the upward movement of the bimetal 112
      in the thermostat 40) resulting from a low sensed room temperature calling
      for full heating. This full bleed flow through the orifice 220 reduces the
      pressure in the chamber 74 of the actuator 44 and therefore causes the
      valve 56 to move to a full closed position to block any cold air flow out
      of the cold air duct 31.
PAR  The pressure in the chamber 185 above the reset hot diaphragm 204 is the
      same as the pressure in the chamber 181 above the cold duct control
      diaphragm 200. However, this reduced pressure in the chamber 185 reverses
      the action of the control disc 250 on the orifice 224 as compared to the
      action of the control disc 221 on the orifice 220. This results from the
      action of the reversing lever 246 shown in FIG. 12 and described above.
      The control disc 250 therefore blocks off all bleed flow through the
      orifice 225 to cause the pressure in the chamber 270 of the self-contained
      system regulator 50 to build up to a maximum. This in turn creates the
      maximum pressure in chamber 74a of the actuator 46 to move the valve 56a
      full open and to permit maximum flow of hot air out of the volume control
      box 32.
PAR  FIG. 14C shows a mode of operation which is exactly opposite that of FIG.
      14A. This mode of operation is indicated by the Roman numeral III on the
      graph of FIG. 15 and results from a room air temperature which calls for
      maximum cooling.
PAR  As the room temperature changes, to require either less heating than that
      provided by the FIG. 14A condition of operation of less cooling than that
      provided by the FIG. 14C condition of operation, the self-contained system
      regulator is effective to modulate the bleed flow out of a related orifice
      220 or 224 while maintaining the other orifice closed. Thus, when less
      than maximum heating is required, the control cap 221 is normally
      maintained full off of the orifice 220 to maintain full bleed flow out of
      the orifice 220 and to thereby prevent any flow of cold air out of the
      cold air duct 31 while the control cap 250 is moved slightly off of the
      top of the orifice 224 to modulate the bleed flow through the orifice and
      to thereby regulate the position of the valve 56a to maintain the desired
      flow of hot air to provide the heating required to maintain the set point
      temperature.
PAR  Similarly, when some cooling, but not maximum cooling, is required the
      valve 56a of the reset hot duct is maintained full closed while the
      control cap 221 modulates the bleed flow thrugh the orifice 220 to
      position the valve 56 of the cold air duct 31 to provide sufficient
      cooling to maintain the selected set point temperature in the room.
PAR  A noted generally above the entire response line of the cooling air flow
      can be shifted (up or down the vertical axis as viewed in FIG. 15) by
      adjustment of the set screw 240. This kind of adjustment may be necessary
      to provide some minimum amount of mixing of air flow out of the reset hot
      duct and reset cold duct to maintain miminum ventilation requirements for
      a particular temperature set point of the thermostat 40.
PAR  A similar shifting of the response line for the reset hot duct can be
      obtained by a suitable adjustment of the ventilation set point adjustable
      set screw 244.
PAR  Roman numeral II in FIG. 115 illustrates a condition in which some slight
      overlap of the air flow out of the reset hot duct and cold air duct is
      produced (by adjustment of either one or both of the set screws 240 and
      244). In this event both the control discs 221 and 250 are effective to
      modulate the bleed flow out of the orifices 220 and 224 at the same time,
      but only in the small area between the overlap to the left of Roman
      numeral II in FIG. 15.
PAR  FIGS. 14D and 14E, and the related graphs in the FIGS. 16 and 17, show two
      different conditions of operation in which the reset duct is a reset cold
      duct.
PAR  In each condition of operation of the hot-cold reset arm 130 has been
      positioned by the bimetal 128 to cap off the bottom of the orifice 224 so
      that modulation of the pressure in chamber 270 is obtained by controlled
      bleed flow through the orifice 222.
PAR  In the FIG. 14D condition of operation the seriesparallel adjustment set
      screw 242 has been positioned to provide the same bias on the reset cold
      duct control diaphragm 202 as the spring 230 exerts on the cold duct
      control diaphragm 200. Both diaphragms respond simultaneously and to the
      same extent to changes in room temperature as sensed by the thermostat 40,
      and the valves 56 and 56a in the two ducts are therefore positioned to
      produce parallel flow of cold air so that the room is provided with a
      combined total of the cold air from the two ducts on each increment of
      temperature change.
PAR  FIG. 14E shows the condition of operation in which the series-parallel
      adjustment screw 242 has been set to exert a bias on the reset cold duct
      control diaphragm 202, which is sufficiently greater than the bias exerted
      by the spring 230 on the cold duct control diaphragm 204 that the control
      valve 56a in the reset cold duct 33 does not start to open until the
      control valve 56 in the cold air duct 31 has been moved to a full open
      position.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable volume conditioned air distribution system for supplying a
      regulated volume of conditioned air to a room or other space and
      comprising,
PA1  a first, cold duct for supplying cold air,
PA1  a first movable member in the first, cold duct for regulating the volume of
      air flowing through the duct,
PA1  a second, reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second movable member in the second, reset duct for regulating the volume
      of air flowing through the duct,
PA1  and control means for positioning the first and second movable members in
      response to temperature in the room and effective to supply in sequence
      either a controlled variable volume of hot air from the reset duct alone
      on demand or a controlled variable volume of cold air from the cold duct
      alone on demand in the first mode of operation and effective to reverse
      the direction of response of the second movable member to temperature
      change in the second mode of operation from the direction of response of
      the second movable member to a similar temperature change in the first
      mode of operation so that the reset duct can be used as a hot duct with
      the system supplying either hot or cold air on demand in the heating
      season and as a cold duct to increase the cooling capacity of the system
      in the cooling season up to the total combined capacity of the first and
      second ducts.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the control means include first
      orifice means for controlling the position of the first movable member and
      second and third orifice means for controlling the position of the second
      movable member.
NUM  3.
PAR  3. The invention defined in claim 2 including means for interlocking all
      three orifice means for response to a single room thermostat.
NUM  4.
PAR  4. The invention defined in claim 2 including sequence means for
      controlling the sequence of operation of the first, second and third
      orifice means.
NUM  5.
PAR  5. The invention defined in claim 1 wherein the control means are normally
      effective, in the first mode of operation, to supply conditioned air from
      only one of the cold the reset hot air ducts at a time without mixing with
      air from the other duct, but can be adjusted to provide a small overlap
      required to maintain minimum ventilation requirements.
NUM  6.
PAR  6. A variable volume conditioned air distribution system for supplying a
      regulated volume of conditioned air to a room or other space and
      comprising,
PA1  a first, cold duct for supplying cold air,
PA1  a first movable member in the first, cold duct for regulating the volume of
      air flowing through the duct,
PA1  a second, reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second movable member in the second, reset duct for regulating the volume
      of air flowing through the duct,
PA1  and control means for positioning the first and second movable members in
      response to temperature in the room and effective to supply either a
      variable volume of hot air from the reset duct on demand or a variable
      volume of cold air from the cold duct on demand in the first mode of
      operation and effective to reverse the direction of response of the second
      movable member to temperature change in the second mode of operation from
      the direction of response of the second movable member to a similar
      temperature change in the first mode of operation so that the reset duct
      can be used as a hot duct with the system supplying either hot or cold air
      on demand in the heating season and as a cold duct to increase the cooling
      capacity of the system in the cooling season up to the total combined
      capacity of the first and second ducts and wherein the control means
      include first orifice means for controlling the position of the first
      movable member and second and third orifice means for controlling the
      position of the second movable member and include a bi-metal sensitive to
      the temperature of the air in the reset duct for selecting one of the
      second and third orifice means for control when the reset duct contains
      warm air and for selecting the other of the second and third orifice means
      for control when the reset duct contains cold air.
NUM  7.
PAR  7. A variable volume conditioned air distribution system for supplying a
      regulated volume of conditioned air to a room or other space and
      comprising,
PA1  a first, cold duct for supplying cold air,
PA1  a first movable member in the first, cold duct for regulating the volume of
      air flowing through the duct,
PA1  a second, reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second movable member in the second, reset duct for regulating the volume
      of air flowing through the duct,
PA1  and control means for positioning the first and second movable members in
      response to temperature in the room and effective to supply either a
      variable volume of hot air from the reset duct on demand or a variable
      volume of cold air from the cold duct on demand in the first mode of
      operation and effective to reverse the direction of response of the second
      movable member to temperature change in the second mode of operation from
      the direction of response of the second movable member to a similar
      temperature change in the first mode of operation so that the reset duct
      can be used as a hot duct with the system supplying either hot or cold air
      on demand in the heating season and as a cold duct to increase the cooling
      capacity of the system in the cooling season up to the total combined
      capacity of the first and second ducts, and wherein the control means
      include first orifice means for controlling the position of the first
      movable member and second and third orifice means for controlling the
      position of the second movable member and including sequence means for
      controlling the sequence of operation of the first, second and third
      orifice means and wherein each orifice means includes a fixed diameter
      bleed flow opening, a cap movable toward and away from the opening to vary
      the bleed flow through the opening and a diaphragm for positioning the
      cap, and wherein the sequencing means include a spring for each diaphragm
      and an adjustable member for changing the biasing force exerted by the
      spring on the diaphragm.
NUM  8.
PAR  8. A distribution system for supplying a regulated variable volume of
      conditioned air to a room or other space, and comprising,
PA1  a first duct for supplying cold air,
PA1  a first volume regulator means in the first duct for regulating the volume
      of air flowing through the first duct,
PA1  a second duct for supplying hot air,
PA1  a second volume regulator means in the second duct for regulating the
      volume of air flowing through the second duct, a room temperature sensor
      simultaneously controlling both volume regulators.
PA1  and control means for positioning the first and second volume regulator
      means in response to temperature in the room and effective to supply
      conditioned air from only one of the ducts at a time without mixing with
      air from the other duct, except for a possible small overlap required to
      maintain minimum ventilation requirements.
NUM  9.
PAR  9. The invention defined in claim 8 wherein the second duct is a reset duct
      for supplying either hot air in a first mode of operation or cold air in a
      second mode of operation and wherein the control means are effective to
      reverse the direction of response of the second volume regulator means to
      temperature change in the second mode of operation from the directin of
      response to a similar temperature change in the first mode of operation so
      that the reset duct can be used as a hot duct with the system supplying
      hot or cold air on demand in the heating season and as a cold duct to
      increase the cooling capacity of the system in the cooling season up to
      the total combined capacity of the first and second ducts.
NUM  10.
PAR  10. The invention defined in claim 8 wherein the first volume regulator
      means include a first pneumatically powered actuator and the second volume
      regulator means include a second pneumatically powered actuator.
NUM  11.
PAR  11. The invention defined in claim 10 wherein each pneumatically powered
      actuator includes diaphragm means for using the differential between the
      total and static pressures in a related duct to position each volume
      regulator means in response to flow velocity in the related duct.
NUM  12.
PAR  12. The invention defined in claim 10 wherein the control means include
      first orifice means for varying a pressure in the first actuator in
      response to changes in room temperature and second orifice means for
      varying a pressure in the second actuator in response to changes in room
      temperature and including reversing means for reversing the response of
      the second orifice means with respect to the response of the first orifice
      means and adjustable means for the orifice means which are adjustable to
      prevent said mixing of air flow from the two ducts.
NUM  13.
PAR  13. The invention defined in claim 11 wherein the first and second
      pneumatically powered actuators are self-contained actuators and are
      powered by the differential between the total and static pressures in the
      duct without a relay.
NUM  14.
PAR  14. A method of coordinating the control of air flow through a cold duct
      with the control of air flow through a reset duct so that the reset duct
      can be used to supply either hot air for heating in one mode of operation
      or cold air for increased cooling in a second mode of operation, said
      method comprising,
PA1  measuring the air flow velocity in the cold duct,
PA1  positioning a first movable member in the cold duct in response to the
      measured air flow velocity in the cold duct for regulating the volume of
      air flowing through the duct,
PA1  measuring the air flow velocity in the reset duct,
PA1  positioning a second movable member in the reset duct in response to the
      measured air flow velocity in the reset duct for regulating the volume of
      air flowing through the duct,
PA1  changing said air flow velocity responsive positioning of the first and
      second movable members in response to changes in the temperature in the
      room, and
PA1  reversing the direction of response of the second movable member to
      temperature change in the second mode of operation from the direction of
      response of the second movable member to a similar temperature change in
      the first mode of operation so that the reset duct can be used as a hot
      duct with the system supplying hot or cold air on demand in the heating
      season and as a cold duct to double the cooling capacity of the system in
      the cooling season.
NUM  15.
PAR  15. The invention defined in claim 14 including sensing the temperature of
      the air in the reset duct and performing said reversing step in response
      to a change of air temperature in the reset duct between hot air and cold
      air.
NUM  16.
PAR  16. A method of controlling the flow of air in a dual duct, variable volume
      conditioned air distribution system by coordinating the control of air
      flow through a cold duct with the control of air flow through a reset duct
      so that the reset duct can be used to supply either hot air for heating in
      a first mode of operation or cold air for increased cooling in a second
      mode of operation, said method comprising,
PA1  positioning a first movable member in the cold duct for regulating the
      volume of air flowing through the duct,
PA1  positioning a second movable member in the reset duct for regulating the
      volume of air flowing through the duct,
PA1  controlling the positioning of the first and second movable members in
      response to the temperature in the room,
PA1  supplying, in said first mode of operation, conditioned air from only one
      of the cold and reset hot air ducts at a time without mixing with air from
      the other duct, except for a possible small overlap required to maintain
      minimum ventilation requirements, and
PA1  reversing the direction of response of the second movable member to
      temperature change in the second mode of operation from the direction of
      response of the second movable member to a similar temperature change in
      the first mode of operation so that the reset duct can be used as a hot
      duct with the system supplying hot or cold air on demand in the heating
      season and as a cold duct to increase the cooling capacity of the system
      in the cooling season up to the total combined capacity of the cold and
      reset ducts.
NUM  17.
PAR  17. A method of controlling the flow of air in a dual duct, variable volume
      conditioned air distribution system by coordinating the control of air
      flow through a cold duct with the control of the air flow through a reset
      duct so that the reset duct can be used to supply either hot air for
      heating in a first mode of operation or cold air for increased cooling in
      a second mode of operation, said method comprising,
PA1  positioning a first movable member in the cold duct for regulating the
      volume of air flowing through the duct,
PA1  positioning a second movable member in the reset duct for regulating the
      volume of air flowing through the duct,
PA1  controlling the positioning of the first and second movable members in
      response to the temperature in the room, and
PA1  supplying, in said first mode of operation, conditioned air from only one
      of the cold and reset hot air ducts at a time without mixing with air from
      the other duct, except for a possible small overlap required to maintain
      minimum ventilation requirements.
NUM  18.
PAR  18. A dual duct, variable volume, conditioned air distribution system for
      supplying a regulated volume of conditioned air to a room or other space,
      and comprising,
PA1  a first duct for supplying cold air,
PA1  a first volume regulator means in the first duct for regulating the volume
      of air flowing through the first duct,
PA1  a second, reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second volume regulator means in the second, reset duct for regulating
      the volume of air flowing through the second duct, and
PA1  control means for positioning the first and second volume regulator means
      in response to temperature in the room and effective in the first mode of
      operation to supply a controlled variable volume of conditioned air from
      only one of the hot and cold air ducts at a time without mixing with air
      from the other duct, except for a possible small overlap required to
      maintain minimum ventilation requirements, and also effective to reverse
      the direction of response of the second volume regulator means to
      temperature change in the second mode of operation from the direction of
      response to a similar temperature change in the first mode of operation so
      that the reset duct can be used as a hot duct with the system supplying
      hot or cold air on demand in the heating season and as a cold duct to
      increase the cooling capacity of the system in the cooling season up to
      the total combined capacity of the first and second ducts.
NUM  19.
PAR  19. A conditioned air distribution system for supplying a regulated volume
      of conditioned air to a room or other space and comprising,
PA1  a reset duct for supplying either hot air in a first mode of operation or
      cold air in a second mode of operation,
PA1  a movable member in the reset duct for regulating the volume of air flowing
      through the duct,
PA1  an actuator for positioning the movable member,
PA1  air flow velocity sensing means for measuring the air flow velocity in the
      reset duct and operatively associated with the actuator for positioning
      the movable member in response to the measured air flow velocity in said
      reset duct,
PA1  and control means operatively associated with the air flow velocity sensing
      means and the actuator for overriding the air flow velocity control of the
      actuator to position the movable member in response to temperature in the
      room and effective to reverse the direction of response of the actuator to
      a temperature change in the second mode of operation from the direction of
      response of the actuator to a similar temperature change in the first mode
      of operation while retaining the positioning of said movable member in
      response to the measured air flow velocity in the reset duct as sensed by
      said air flow velocity sensing means so that the reset duct can be used as
      a hot duct with the system supplying hot air on demand in the heating
      season and as a cold duct to supply cold air on demand in the cooling
      season.
NUM  20.
PAR  20. The invention defined in claim 19 wherein the control means include
      first and second orifice means for controlling the position of the movable
      member.
NUM  21.
PAR  21. The invention defined in claim 19 wherein said control means include a
      temperature responsive element sensitive to the temperature of the air in
      the reset duct for reversing the direction of response of the actuator in
      response to a change of air temperature in said reset duct between hot air
      and cold air.
NUM  22.
PAR  22. A conditioned air distribution system for supplying a regulated volume
      of conditioned air to a room or other space and comprising,
PA1  a reset duct for supplying either hot air in a first mode of operation or
      cold air in a second mode of operation,
PA1  a movable member in the reset duct for regulating the volume of air flowing
      through the duct,
PA1  an acutator for positioning the movable member,
PA1  and control means for controlling the actuator to position the movable
      member in response to temperature in the room and effective to reverse the
      direction of response of the actuator to temperature change in the second
      mode of operation from the direction of response of the actuator to a
      similar temperature change in the first mode of operation so that the
      reset duct can be used as a hot duct with the system supplying hot air on
      demand in the heating season and as a cold duct to supply cold air on
      demand in the cooling season wherein the control means include first and
      second orifice means for controlling the position of the movable member,
      and
PA1  a thermo-responsive element sensitive to the temperature of the air in the
      reset duct for selecting one of the first and second orifice means for
      control when the reset duct contains warm air and for selecting the other
      of the first and second orifice means for control when the reset duct
      contains cold air.
NUM  23.
PAR  23. A conditioned air distribution system for supplying a regulated volume
      of conditioned air to a room or other space and comprising,
PA1  a reset duct for supplying either hot air in a first mode of operation or
      cold air in a second mode of operation,
PA1  a movable member in the reset duct for regulating the volume of air flowing
      through the duct,
PA1  an actuator for positioning the movable member,
PA1  and control means for controlling the actuator to position the movable
      member in response to temperature in the room and effective to reverse the
      direction of response of the actuator to temperature change in the second
      mode of operation from the direction of response of the actuator to a
      similar temperature change in the first mode of operation so that the
      reset duct can be used as a hot duct with the system supplying hot air on
      demand in the heating season and as a cold duct to supply cold air on
      demand in the cooling season and wherein the control means include first
      and second orifice means for controlling the position of the movable
      member and
PA1  including sequence and set point means for controlling the sequence and set
      points of operation of the first and second orifice means.
NUM  24.
PAR  24. The invention defined in claim 23 wherein each orifice means includes a
      fixed diameter bleed flow opening, a cap movable toward and away from the
      opening to vary the bleed flow through the opening and a diaphragm for
      positioning the cap, and wherein the sequencing means include a spring for
      each diaphragm and an adjustable member for changing the biasing force
      exerted by the spring on the diaphragm.
NUM  25.
PAR  25. A method of coordinating the control of air flow through a reset duct
      so that the reset duct can be used to supply either hot air for heating in
      one mode of operation or cold air for cooling in a second mode of
      operation, said method comprising,
PA1  measuring the air flow velocity in the reset duct,
PA1  positioning a movable member in the reset duct in response to the measured
      air flow velocity in the reset duct for regulating the volume of air
      flowing through the duct,
PA1  changing said air flow velocity positioning of the movable member in
      response to the temperature in the room, and
PA1  reversing the direction of response of the actuator to temperature change
      in the second mode of operation from the direction of response of the
      actuator to a similar temperature change in the first mode of operation
      while retaining the positioning of said movable member in response to the
      measured air flow velocity in the reset duct so that the reset duct can be
      used as a hot duct with the system supplying hot air on demand in the
      heating season and as a cold duct to supply cold air on demand in the
      cooling season.
NUM  26.
PAR  26. A variable volume conditioned air distribution system for supplying a
      regulated volume of conditioning air to a room or other space and
      comprising,
PA1  a first cold duct for supplying cold air,
PA1  a first movable member in the first cold duct for regulating the volume of
      air flowing through the duct,
PA1  first actuator means for moving the first movable member,
PA1  first air flow velocity sensing means for sensing the air flow velocity in
      the first duct and operatively associated with the first actuator means
      for moving the first movable member in response to changes in the air flow
      velocity in said first duct,
PA1  a second reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second movable member in the second reset duct for regulating the volume
      of air flowing through the duct,
PA1  second actuator means for moving the second movable member,
PA1  second air flow velocity sensing means for sensing the air flow velocity in
      the second duct and operatively associated with the second actuator means
      for moving the second movable member in response to changes in the air
      flow velocity in said second duct,
PA1  and control means operatively associated with the first and second air flow
      velocity sensing means and the first and second actuator means for
      positioning the first and second movable members in response to
      temperature in the room and effective to supply in sequence either a
      controlled variable volume of hot air from the reset duct on demand or a
      controlled variable volume of cold air from the cold duct on demand in the
      first mode of operation and effective to reverse the direction of response
      of the second movable member to temperature change in the second mode of
      operation from the direction of response of the second movable member to a
      similar temperature change in the first mode of operation so that the
      reset duct can be used as a hot duct with the system supplying either hot
      or cold air on demand in the heating system and as a cold duct to increase
      the cooling capacity of the system in the cooling season up to the total
      combined capacity of the first and second ducts.
NUM  27.
PAR  27. A distribution system for supplying a regulated variable volume of
      conditioned air to a room or other space, and comprising,
PA1  a first duct for supplying cold air,
PA1  a first volume regulator means including a first movable member in the
      first duct for regulating the volume of air flowing through the first
      duct,
PA1  first air flow velocity sensing means for sensing the air flow velocity in
      the first duct and operatively associated with the first volume regulator
      means for moving the first movable member in response to changes in the
      air flow velocity in said first duct,
PA1  a second duct for supplying hot air,
PA1  a second volume regulator means including a second movable member in the
      second duct for regulating the volume of air flowing through the second
      duct,
PA1  second air flow velocity sensing means for sensing the air flow velocity in
      the second duct and operatively associated with the second volume
      regulator means for moving the second movable member in response to
      changes in the air flow velocity in said second duct,
PA1  and control means operatively associated with the first and second air flow
      velocity sensing means and the first and second volume regulator means for
      positioning the first and second volume regulator means in response to
      temperature in the room and effective to supply conditioned air from only
      one of the ducts at a time without mixing with air from the other duct,
      except for a possible small overlap required to maintain minimum
      ventilation requirements.
NUM  28.
PAR  28. The invention defined in claim 27 including means for adjusting the
      amount of said overlap.
NUM  29.
PAR  29. A method of controlling the flow of air in a dual duct, variable volume
      conditioned air distribution system by coordinating the control of air
      flow through a cold duct with the control of air flow through a reset duct
      so that the reset duct can be used to supply either hot air for heating in
      a first mode of operation or cold air for increased cooling in a second
      mode of operation, said method comprising,
PA1  measuring the air flow velocity in the cold duct,
PA1  positioning a first movable member in the cold duct in response to the
      measured air flow velocity in the cold duct for regulating the volume of
      air flowing through the duct,
PA1  measuring the air flow velocity in the reset duct,
PA1  positioning a second movable member in the reset duct in response to the
      measured air flow velocity in the reset duct for regulating the volume of
      air flowing through the duct,
PA1  changing said air flow velocity responsive positioning of the first and
      second movable members in response to changes in the temperature in the
      room, and
PA1  supplying, in said first mode of operation, conditioned air from only one
      of the cold and reset hot air ducts at a time without mixing with air from
      the other duct, except for a possible small overlap required to maintain
      minimum ventilation requirements, and
PA1  reversing the direction of response of the second movable member to
      temperature change in the second mode of operation from the direction of
      response of the second movable member to a similar temperature change in
      the first mode of operation so that the reset duct can be used as a hot
      duct with the system supplying hot or cold air on demand in the heating
      season and as a cold duct to increase the cooling capacity of the system
      in the cooling season up to the total combined capacity of the cold and
      reset ducts.
NUM  30.
PAR  30. A method of controlling the flow of air in a dual duct, variable volume
      conditioned air distribution system by coordinating the control of air
      flow through a cold duct with the control of air flow through a reset duct
      so that the reset duct can be used to supply either hot air for heating in
      a first mode of operation or cold air for increased cooling in a second
      mode of operation, said method comprising,
PA1  measuring the air flow velocity in the cold duct,
PA1  positioning a first movable member in the cold duct in response to the
      measured air flow velocity in the cold duct for regulating the volume of
      air flowing through the duct,
PA1  measuring the air flow velocity in the reset duct,
PA1  positioning a second movable member in the reset duct in response to the
      measured air flow velocity in the reset duct for regulating the volume of
      air flowing through the duct,
PA1  changing said air flow velocity responsive positioning of the first and
      second movable members in response to changes in the temperature in the
      room, and
PA1  supplying, in said first mode of operation, conditioned air from only one
      of the cold and reset hot air ducts at a time without mixing with air from
      the other duct, except for a possible small overlap required to maintain
      minimum ventilation requirements.
NUM  31.
PAR  31. A dual duct, variable volume, conditioned air distribution system for
      supplying a regulated volume of conditioned air to a room or other space,
      and comprising,
PA1  a first duct for supplying cold air,
PA1  a first volume regulator means including a first movable member in the
      first duct for regulating the volume of air flowing through the first
      duct,
PA1  first air flow velocity sensing means for sensing the air flow velocity in
      the first duct and operatively associated with the first volume regulator
      means for moving the first movable member in response to changes in the
      air flow velocity in said first duct,
PA1  a second reset duct for supplying either hot air in a first mode of
      operation or cold air in a second mode of operation,
PA1  a second volume regulator means including a second movable member in the
      second reset duct for regulating the volume of air flowing through the
      second duct,
PA1  second air flow velocity sensing means for sensing the air flow velocity in
      the second duct and operatively associated with the second volume
      regulator means for moving the second movable member in response to
      changes in the air flow velocity in said second duct,
PA1  control means operatively associated with the first and second air flow
      velocity sensing means and the first and second volume regulator means for
      positioning the first and second volume regulator means in response to
      temperature in the room and effective in the first mode of operation to
      supply conditioned air from only one of the hot and cold air ducts at a
      time without mixing with air from the other duct, except for a possible
      small overlap required to maintain minimum ventilation requirements, and
      also effective to reverse the direction of response of the second volume
      regulator means to temperature change in the second mode of operation from
      the direction of response to a similar temperature change in the first
      mode of operation so that the reset duct can be used as a hot duct with
      the system supplying hot or cold air on demand in the heating season and
      as a cold duct to increase the cooling capacity of the system in the
      cooling season up to the total combined capacity of the first and second
      ducts.
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ABST
PAL  A damper, normally biased closed, in a flue of a heating system has an arm
      which is connected by linkage to an armature of a solenoid for opening the
      damper when a winding of the solenoid is energized by a heating system
      control. Switch means, engaged by the arm, is interposed between the
      heating system control and burner facilities of the heating system for
      preventing operation of the burner facilities when the damper is closed
      and for allowing operation of the burner facilities when the damper is
      open.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our application Ser. No.
      417,181 filed Nov. 29, 1973, now abandoned, for ELECTROMATIC FUEL SAVING
      DRAFT RETARDER which is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to automatically operated closures for flues or
      ducts in heating systems, and in particular, to a draft closure for flues
      of the type found in oil or gas fired heating systems and the like.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified by U.S. Pat. Nos. 2,165,488, 2,224,705,
      2,633,299, 2,856,992, 3,010,451, and 3,090,558, contains a number of
      automatically operated damper systems for exhaust stacks in heating
      systems. The prior art automatically operated damper systems can generally
      be characterized as having one of more deficiencies, such as being unduly
      complex, too expensive in requiring unnecessary components, and not being
      fail-safe; fail-safe being defined as preventing burner operation in the
      event of failure of the damper to open.
PAR  Additionally, prior art heating systems employing automatically operated
      dampers have generally not been fail-safe and/or not capable of obtaining
      optimum fuel savings.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in a fuel saving draft retarder for a heating
      system including a flue section, a damper mounted in the flue section, a
      support on the flue section, an arm on the damper rotatable in front of
      the support for opening and closing the damper, a solenoid mounted on the
      support and having an armature and a heating system energizable winding,
      linkage means connecting the solenoid to the arm for rotating the arm to
      open the damper when the winding is energized, means for biasing the
      damper closed, heating system switch means mounted on the support for
      being engaged and operated by the arm when the damper is open, a dashpot
      having an operating rod and spring means normally biasing the operating
      rod in an extended position, and means for mounting the dashpot on the
      support such that the operating rod is engaged and depressed by the arm
      when the arm is rotated to close the damper.
PAR  An object of the invention is to construct a relatively simple, reliable
      and fail-safe automatically operated draft retarder for a heating system.
PAR  Another object of the invention is to utilize an arm on a damper for
      several functions.
PAR  It is also an object of the invention to produce an automatic damper
      control that works in conjunction with present safety controls of burner
      systems without compromising their normal functions.
PAR  Still another object of the invention is to construct a burner system which
      optimizes heat transfer from fuel combustion while preventing unnecessary
      loss of heat from a heated area.
PAR  One advantage of the invention is that the automatic damper control is
      provided with manual locking facilities for holding the damper in an open
      position in the event automatic facilities become defective.
PAR  Another advantage of the invention is that it can be readily modified to be
      incorporated in a heating duct of a heating system to provide for
      different temperatures in different heated or unheated areas.
PAR  It is also an advantage of the invention that commonly available components
      are employed in a relatively simple arrangement that allows the components
      to be readily replaced and repaired.
PAR  Other features of the invention include the provision of a rod with a head
      connecting an armature to an arm on a damper such that the rod slides in
      one direction relative to the arm and the head engages the arm to move the
      arm when the rod is moved in the opposite direction; the provision of a
      limit and flutter stop for a damper; the provision of an adjustable
      tension device for biasing a damper closed; and the provision of an
      adjustable open stop for the damper.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a detail perspective view taken from the upper right of a draft
      retarder device constructed in accordance with the invention.
PAR  FIG. 2 is a detail front elevation view of the device of FIG. 1.
PAR  FIG. 3 is a diagram of a heating system incorporating the device of FIGS. 1
      and 2 in accordance with the invention.
PAR  FIG. 4 is a front elevation view of the draft retarder device in a first
      orientation.
PAR  FIG. 5 is a front elevation view of the draft retarder device in a second
      orientation.
PAR  FIG. 6 is a diagram of a modified heating system in accordance with the
      invention.
PAR  FIG. 7 is a diagram of a portion of the electrical circuitry for the
      modified heating system of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIG. 3, the invention is embodied in a heating system
      including a draft retarder, indicated generally at 9, and burner means,
      such as a motor driven oil burner 10, operated by control facilities
      including a primary burner control 12, a low voltage temperature control
      such as a thermostat 14, ignition means 16, and a high temperature limit
      switch 18. Power is supplied from a suitable power source 20 to electrical
      lines connected serially through the limit switch 18 to the primary burner
      control 12. The limit switch 18 is a conventional normally closed limit
      switch such as a temperature responsive switch having a temperature
      sensing element 21 mounted in a bonnet or stack of a heating system to
      sense a high temperature condition and open the switch to terminate
      operation of the heating system. The control 12 is a conventional primary
      burner control for energizing the igniter means 16 and electrical lines 26
      and 28 in response to operation of the low voltage control 14. Also, the
      control 12 includes a timing circuit 25 for deenergizing the lines 26 and
      28 unless a combustion sensing element 29 mounted in the stack or burner
      chamber of the heating system senses a rise in temperature or radiant
      energy corresponding to combustion within a predetermined duration after
      the initiation of a cycle by the operation of the thermostat 14. In
      conventional heating systems, the lines 26 and 28 are connected directly
      to the burner means 10 for operating the burner means. The ignition means
      16 may be any conventional ignition means employed in burner systems, such
      as a high voltage spark transformer.
PAR  In the heating system of FIG. 3, the lines 26 and 28 from the primary
      burner control 12 are connected to respective terminals 30 and 32 of a
      terminal block 34. Terminals 30 and 32 are connected across a winding 36
      of a solenoid indicated generally at 38. The terminal 32 is connected to
      one side of a normally open switch 40 which has its other side connected
      to a terminal 42 of the terminal block 34. A line 44 is connected between
      the terminal 42 and one input terminal of the burner means 10 while the
      line 26 is connected to a second input terminal of the burner means 10.
PAR  As shown in FIGS. 1 and 2, the automatic damper device 9 includes a section
      50 of a flue or conduit, such as an exhaust flue for the heating system. A
      damper including a plate 52 mounted on a shaft 54 is rotatably mounted
      within the flue section 50. An arm 56 is mounted on one end of the shaft
      54 for rotating the shaft 54 and the plate 52 to open and close the
      damper. The solenoid 38 is suitably mounted on a support 58 having legs 59
      secured by weld or screws 60 to flue section 50 to hold the support in a
      spaced relationship from the flue section 50 allowing ventilation between
      the flue section 50 and support 58 to prevent excessive heating of the
      solenoid 38 and other electrical components of the draft retarder. The one
      end of the shaft 54 extends outside of the flue section 50 through a
      bearing 62 in the support 58 with the arm 56 extending perpendicular to
      the axis of rotation of the shaft 54 for pivotal movement in a vertical
      plane spaced parallel in front of a vertical face 61 of the support 58. A
      tension spring 63 is secured at one end to the arm 56 and at its other end
      to an end of a screw 64 which is threaded in a lower extension 65 of the
      support 58 normally urge the arm 56 into engagement with the end of a
      screw 66 in a bracket 68 on the support 58. The screw 66 is adjusted to
      form a stop for the arm 56 to set the closed position of the damper. The
      lower extension 65 and an upper extension 69 are capable of supporting a
      cover to enclose the elements mounted on the support 58.
PAR  An upward retractable armature 70 of the solenoid 38 is aligned vertically
      above the arm 56. Linkage, means, such as a vertical rod 72 having an
      upper end formed with an eyelet 74, is secured to the armature 70 by a pin
      76 passing through the eyelet 74 between bifurcated downward extending
      prongs of the armature 70. The rod 72 extends through an opening 78 in the
      arm 56 and has a head, such as a bent lower end 80, for engaging the
      bottom of the arm 56 to pull the arm upwards when the armature 70 is
      raised. The length of the rod 72 and the spacing of the opening 78 from
      the shaft 54 are selected to move the arm 56 through a ninety-degree
      aangle of rotation about the shaft 54 when the armature 70 is raised, as
      shown in phantom in FIG. 2.
PAR  A bar 82 secured in the flue section 50 parallel to the shaft 54 is spaced
      from the shaft 54 to be engaged by the plate 52 and form a stop for the
      damper in the open position. The bar 82 may have a sleeve of resilient
      heat resistant material, such as TEFLON, mounted thereon to reduce noise
      when the plate 52 engages the bar 82. A dashpot 84 secured by a bracket 86
      to the support 58 has a projecting rod 88 which is biased by a spring 89
      in the extending position for engaging the bottom of the arm 56 within a
      recess 90 formed in the arm 56. The dashpot 84 is designed to slow the
      downward movement of the arm 56 sufficiently to allow gases to escape
      through the flue 50 at the termination of a burning cycle. The dash-pot 84
      is positioned so that the end of the rod 88 only engages the arm 56 when
      the arm is in a lower portion of its arcuate movement, to disengage the
      arm 56 from the rod 88 when the arm is in an upper portion of its
      movement.
PAR  The switch 40 is mounted on the support 58 and has a resilient downwardly
      biased arm 92 which extends above the arm 56 to be engaged by the upper
      surface of the arm 56 when the arm 56 is in the raised position. The
      positioning of the switch 40 on the support is selected to have the arm 56
      operate the switch 40 when the arm 56 is in its raised position, as shown
      in phantom in FIG. 2. The terminal block 34 is also suitably secured tto
      the support 58.
PAR  A locking arm 94 is secured by a stud 96 and a wing nut 98 to the support
      58. The stud 96 and the locking arm 94 are positioned such that the
      locking arm 94 may be positioned, as shown in phantom in FIG. 2, and
      secured by the wing nut 98 to hold the arm 56 in the raised position.
PAR  As illustrated in FIGS. 4 and 5, the flue section 50 has an end 102 which
      is pleated to reduce its cross section and form a male mating member. The
      end 102 on the flue section 50 is designed to prevent the flue section 50
      from being installed in an orientation where the end 102 is lower than the
      opposite female mating end 104, since male mating ends of sections of
      exhaust flues are mounted in a direction away from the burner and toward
      the chimney.
PAR  In operation of the burner system shown in FIG. 3, the draft retarder 9
      opens the damper plate 52 when the burner means 10 is operated to allow
      the combustion products from the burner means 10 to pass to the chimney.
      The draft retarder 9 closes the damper plate 52 when the operation of the
      burner means 10 is terminated to retard the draft of warm air through the
      exhaust flue. In heating systems, thhe retarding of the flow of warm air
      through an exhaust flue when the heating systems are not in operation
      substantially lessens the draft of cold outside air through window and
      door cracks resulting in a saving of fuel consumption which can be as high
      as 30%. The energy consumed by the draft retarder is substantially less
      than the energy saved by automatically closing the exhaust flue.
PAR  The low voltage temperature control 14 in response to the sensing of a
      temperature below a selected temperature operates the control circuit 12
      which in turn energizes the ignition means 16 and the lines 26 and 28. The
      solenoid winding 36 is energized by the current in lines 26 and 28 to
      raise the armature 70 and rod 72, FIGS. 2 and 3, to engage the head 80 of
      the rod 72 against the bottom of the arm 56. The upward movement of the
      rod 72 rotates the arm 56, shaft 54 and plate 52 until the plate 52
      engages the bar 82 to open the damper. The force of the solenoid 38 urging
      the plate 52 against the stop 82 internal the flue section prevents
      flutter of the plate 52 which could occur due to the elasticity of the
      shaft 54 and plate 52 if an open stop external to the flue 50 were
      employed.
PAR  When the arm 56 reaches its raised position, the arm 56 engages the switch
      arm 92 to close the switch 40 between the lines 28 and 44 energizing the
      burner means 10 causing the operation thereof.
PAR  When the low voltage temperature control 14 senses a temperature above the
      selected temperature, the control circuit 12 deenergizes the lines 26 and
      28 and the winding 36. Ther armature 70 under the weight of gravity is
      allowed to drop slipping the rod 72 in the hold 78 and disengaging the end
      80 from the arm 56. The arm 56, shaft 54 and plate 52 are rotated under
      the force of the spring 63 downward until the arm 56 engages the screw 66
      to close the damper. The rod 88 from the dashpot 90 engaging the bottom of
      the arm 56 retards the closing movement of the damper which allows the
      flue gases formed at the end of the burning cycle sufficient time to be
      exhausted past the plate 52.
PAR  The rod 88 engages only the bottom of the arm 56 and does not retard upward
      movement of the arm 56 to allow rapid opening of the damper. The draft
      retarder does not interfere with normal functioning of the heating system
      in that the damper opens quickly upon initiation of the energization of
      lines 26 and 28 and allows substantially the normal period of operation of
      the burner means 10 prior to operation of the timing circuit of the
      primary burner control 12 to terminate heating system operation. If the
      opening of the damper were retarded, the timing circuit of the control 12
      might operate before the switch 40 is operated and combustion is
      established.
PAR  The closed position is determined by the adjustment of the screw 66. Having
      the damper slightly open in the closed position is often required, for
      example where a continuous pilot burner is employed in a gaseous fuel
      heating system. The screw 66 allows the closed position of the damper to
      be set to optimize draft retardation as well as to meet requirements.
PAR  The utilizing of the arm 56 of the damper for a number of functions
      including engagement by the end 80 of the rod 72 from the solenoid 38 and
      engagement by the switch arm 92 results in a relatively simple structure
      which can be constructed at a low cost. Additionally, it is noted that the
      arm 56 is utilized also to engage the dashpot rod 88 and the stop screw
      66. Further, the arm 56 can be engaged in the open position by the locking
      arm 94 to hold the plate 52 in an open position thus allowing operation of
      the heating system without automatic operation of the draft retarder.
PAR  Having the rod 72 slidable in the opening 78 prevents the weight of the
      armature 70 from substantially effecting the closing movement and hence
      duration of closing of the damper; the closing duration is dependent
      mainly upon the spring 63 and the dashpot 84 allowing these components to
      be relatively small and inexpensive. The effect of frictional forces of
      the armature 70 in the solenoid 38 when the retarder is mounted in the
      horizontal position of FIG. 5 is minimal when compared to the weight of
      the armature 70. Further, having the solenoid 38 positioned so that the
      spring 63 does not have to lift the weight of the armature 70 tends to
      prevent chatter of the solenoid 38. Since the spring 63 does not have to
      lift the armature 70, it can be relatively light and inexpensive; also,
      the solenoid 38 and armature 70 do not have to be large to overcome the
      force of the spring 63 sufficiently to prevent chatter. Where springs are
      required to lift armatures, chatter often occurs due to the large spring
      required thus urging the armature open with greater force requiring a
      larger, i.e. heavier, armature.
PAR  The use of the spring 63 for biasing the damper normally closed and the arm
      56 secured to the shaft 54 of the damper for engaging the switch 40 in the
      burner system results in fail-safe features. The burner means 10 cannot be
      actuated or energized unless the damper is in the open position engaging
      the switch arm 92 of the switch 40. In the event there is a failure of the
      solenoid 38 or the linkage means 72 between the arm 56 and the solenoid
      armature 70, the switch 40 will not be operated resulting in a fail-safe
      system.
PAR  One particular advantage of the heating system employing the draft retarder
      9 is that the dashpot 88 is positioned so as not to urge the arm 56
      operating the switch 40. In the event both the spring 63 and the solenoid
      38 or rod 72 fail, the resilient nature of the switch arm 92 will hold the
      arm 56 away from operating the switch 40 preventing the heating system
      from operating, and thus warning the user of a defective condition.
PAR  A modified heating system, shown in FIGS. 6 and 7, has parts identified by
      the same reference numerals used to identify parts of the heating system
      shown in FIGS. 1-5; such commonly identified parts having substantially
      similar structure and/or function. A heating unit or furnace 110 has an
      exhaust stack or flue 112 with a one-way valve means 114 for drawing room
      air when the exhaust flue is drawing combustion products from the heating
      unit 110. The one-way valve means 114 may be a conventional gravity closed
      valve with a valve member opened by suction in the flue 112 to allow the
      combustion products to remain in the unit 110 for an adequate duration and
      provide an efficient heat exchange. The automatic damper device 9 is
      installed past, i.e., between the chimney and the one-way valve means to
      retard the exit of room air when the unit 110 is not operating. The
      primary burner control 12 is mounted on the stack and senses stack
      temperature.
PAR  Also, the unit 110 is illustrated as a gas fired heating unit and includes
      a gas control 120 connected to the lines 26 and 44. In gas fired heating
      systems, the lines 26 and 28 from the primary burner control 12 may be
      energized by a low voltage and low power transformer. In the damper device
      9 of FIGS. 6 and 7, the terminals 30 and 32 are connected across a low
      power relay coil 124 of a relay having normally open contacts 126 in
      series with the solenoid winding 36 and lines 128 and 130 in series with
      the limit switch 18 to the source 20.
PAR  The particular combination including the draft retarder device 9 past the
      one-way air intake valve means 114 provides optimum efficiency in the
      operation of the heating system and utilization of fuel by both maximizing
      heating transfer from combustion and retarding the loss of room air
      through the exhaust flue during periods that the heating system is not in
      operation.
PAR  One particular fail-safe feature of the heating system of FIG. 6 results
      from the cooperation of the primary burner control 12 and the draft
      retarder 9. In the event the switch 40 becomes frozen or stuck in the
      closed position and the solenoid 38 or linkage 72 should fail, the damper
      blocks the exhaust flue preventing the intake of fresh air in the unit 110
      which results in the early extinguishment of the burner flames and the
      operation of the timing circuit by the stack temperature sensor of the
      primary burner control 12 to terminate operation of the heating system.
PAR  A modification of the draft retarder shown in the incorporated application
      Ser. No. 417,181 has a chain used for the linkage means 72 and includes a
      balance weight on the plate of the damper.
PAR  Since many modifications, variations and changes in detail may be made to
      the present embodiment, it is intended that all matter contained in the
      foregoing description or shown in the accompanying drawings be interpreted
      as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel saving draft retarder for a heating system comprising
PA1  a flue section;
PA1  a damper mounted in the flue section;
PA1  a support on the flue section;
PA1  an arm on the damper rotatable in front of the support for opening and
      closing the damper;
PA1  a solenoid mounted on the support and having an armature and a heating
      system energizable winding;
PA1  linkage means connecting the solenoid to the arm for rotating the arm to
      open the damper when the winding is energized;
PA1  means for biasing the damper closed;
PA1  heating system control switch means mounted on the support for being
      engaged and operated by the arm when the damper is open;
PA1  a dashpot having an operating rod and spring means normally biasing the
      operating rod in an extended position;
PA1  means for mounting the dashpot on the support such that the operating rod
      is engaged and depressed by the arm when the arm is rotated to close the
      damper;
PA1  said linkage means including a rod, an eyelet on one end of the rod, a pin
      pivotally securing the eyelet to the armature of the solenoid, and head
      means on the other end of the rod; and
PA1  said arm having an opening slidably receiving the rod such that the head
      means engages the arm to rotate the arm to open the damper.
NUM  2.
PAR  2. A fuel saving draft retarder as claimed in claim 1 wherein
PA1  the biasing means includes a tension spring having one end connected to the
      arm and having the other end connected to the support.
NUM  3.
PAR  3. A fuel saving draft retarder as claimed in claim 2 wherein
PA1  there is provided means for adjusting the tension of the tension spring.
NUM  4.
PAR  4. A heating system including
PA1  means for burning fuel,
PA1  fuel control means responsive to electrical energization for controlling a
      flow of fuel to the burning means,
PA1  said burning means including an exhaust stack for combustion products of
      the burning means,
PA1  a one-way air intake valve means for drawing air into the exhaust stack
      when a draft is being pulled in the exhaust stack and for closing when
      stack pressure exceeds room pressure,
PA1  damper means in the stack past the one-way air intake valve means for
      opening and closing the stack,
PA1  thermostat means for sensing temperature,
PA1  primary burner electrical control means operated by the thermostat means
      for energizing the fuel control means when the sensed temperature is below
      a selected temperature and for deenergizing the fuel control means when
      the sensed temperature is above the selected temperature,
PA1  means responsive to the primary burner control means for opening the damper
      means when the primary burner control means is energized and for closing
      the damper means when the primary burner control means is deenergized, and
PA1  switch means operated by the damper opening and closing means and
      interposed between the primary burner control means and fuel control means
      for allowing operation of the fuel control means only when the damper
      means is open.
NUM  5.
PAR  5. A heating system as claimed in claim 4 wherein
PA1  the primary burner control means includes combustion sensing means and
      timing means operated in the absence of a sensed combustion temperature
      corresponding to burner operation for terminating the operation of the
      primary burner control means after a predetermined duration.
NUM  6.
PAR  6. A heating system as claimed in claim 5 wherein
PA1  the combustion temperature sensing means is a stack temperature sensing
      means.
NUM  7.
PAR  7. A heating system as claimed in claim 4 wherein the means for opening and
      closing the damper means includes
PA1  a damper in the exhaust stack,
PA1  a support on the exhaust stack,
PA1  an arm on the damper rotatable in front of the support for opening and
      closing the damper,
PA1  a solenoid mounted on the support and having an armature and a winding
      which is coupled to the primary burner control means,
PA1  a rod,
PA1  an eyelet on one end of the rod,
PA1  a pin pivotally mounting the eyelet to the armature,
PA1  head means on the other end of the rod,
PA1  said arm having an opening slidably receiving the rod such that the head
      means engages the arm to rotate the arm to open the damper,
PA1  an adjustable stop on the support for engaging the arm to determine the
      open position of the damper,
PA1  a tension spring connected at one end to the arm and at the other end to
      the support for biasing the arm against the adjustable stop,
PA1  a dashpot having an operating rod and a compression spring normally biasing
      the operating rod in an extended position,
PA1  means for mounting the dashpot on the support such that the operating rod
      is engaged and depressed by the arm when the arm is rotated to close the
      damper, and
PA1  means for securing the damper in an open position.
NUM  8.
PAR  8. A heating system as claimed in claim 7 wherein
PA1  the damper includes a shaft rotatable mounted in the exhaust stack and a
      plate mounted on the shaft, and
PA1  there is included a stop in the exhaust flue for engaging the plate to
      determine the open position of the damper and to prevent flutter of the
      plate.
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ABST
PAL  A temperature control system for individual rooms within a home is
      disclosed having a pair of thermostatically controlled switches settable
      to "occupied" and "unoccupied" temperatures respectively with a clock
      controlled switching arrangement for determining which thermostatically
      controlled switch is effective during predetermined hours of the day. The
      clock selected thermostatically controlled switch is coupled by way of a
      relay to control a forced air duct opening and closing louver arrangement
      so that the duct may be opened for either heating or cooling during
      unoccupied periods of time a lesser percentage than it is opened during
      periods of the day when the room is typically occupied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the thermostatic control of heating and/or
      cooling of individual areas which are typically occupied during certain
      hours of the day and unused during other hours of the day and more
      particularly to the clock controlled selection of different thermostat
      settings appropriate to the particular room for a particular time period
      thereby eliminating the waste of energy normally associated with
      maintaining unoccupied areas at the temperature desired when those areas
      are occupied.
PAR  In the prior art, it is known to control the main or central heating source
      in a home with a single clock controlled thermostatic system and it is
      known to provide a time delay thermostatic system which may be applied to
      either a main heating source or to individual radiators as illustrated in
      U.S. Pat. No. 1,883,735 to Hall. It is also known to provide custom built
      heating and ventilating units for individual rooms including individual
      time and thermostat combination control as illustrated by U.S. Pat. No.
      2,969,652 to Blanchard. Another custom built heating and air conditioning
      system employing time and temperature control is illustrated by U.S. Pat.
      No. 2,290,757 to Lawler.
PAR  The prior art either provides a single temperature control for the entire
      home or custom built system which would typically be installed in a home
      as original equipment and nowhere teaches individual autonomous control
      for individual rooms.
PAR  It is accordingly one object of the present invention to provide timed
      temperature control for individual rooms within a home.
PAR  Another object of the present invention is to provide both heating and
      cooling control for homes equipped with central air conditioning.
PAR  A further object of the present invention is to provide an individual timed
      temperature control unit which may be selectively installed in one or more
      rooms as desired without modification of the central heating unit.
PAR  A general object of the present invention is to reduce energy waste due to
      either heating or cooling unoccupied areas.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing as well as numerous other objects and advantages of the
      present invention are achieved by providing a temperature control system
      for an individual room of a home where the room is heated or cooled by air
      from a forced air duct connected to a central unit comprising a pair of
      thermostatically controlled switches individually settable to selected
      temperatures with electrically controllable means for selectively opening
      and closing the duct and clock controlled switch means for connecting a
      selected one of the thermostatically controlled switches to the
      electrically controllable means during a first predetermined time interval
      and the other of the thermostatically controlled switches to the
      electrically controllable means during a second predetermined time
      interval to reduce energy dissipation from the room during periods it is
      typically unoccupied.
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the concluding portion of this
      specification. My invention itself, however, with further objects and
      advantages thereof may best be understood by reference to the following
      description taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an individual room temperature control system;
PAR  FIG. 2 is a schematic diagram of a circuit implementing the functions set
      forth in FIG. 1;
PAR  FIG. 3 is a schematic diagram of an electrical circuit similar to that of
      FIG. 2 but illustrating an alternate method for changing from a heating to
      a cooling mode;
PAR  FIG. 4 is a side view of the mechanical portions of the air vent control of
      FIG. 1;
PAR  FIG. 5 is a side view similar to FIG. 4 but illustrating the vent in its
      open position;
PAR  FIG. 6 is an end view of the vent closing louvers and connecting links of
      FIGS. 4 and 5 in the duct closing position; and
PAR  FIG. 7 is an end view of the motor of FIGS. 4 and 5 illustrating in greater
      detail the eccentric arm and cam which operatively engages a pair of
      normally closed switches.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a clock controlled switching device 11 determines which of the
      two thermostatically controlled switches 13 or 15 is effective control the
      air vent control system 17. For example, if the system of FIG. 1 were to
      be installed in a living room, thermostat 13 might be set to 72.degree.
      Fahrenheit with thermostat 15 set to 63.degree. Fahrenheit and the time
      switch 11 arranged to allow thermostat 13 to control the air vent system
      during the hours of typical usage of the living room such as 6:00 p.m. to
      11:00 p.m. at which time the switch 11 would transfer control to
      thermostat 15 lowering the living room temperature for the remainder of
      the night and during the daylight hours. The times and temperatures would,
      of course, be selected by the user to best suit his own needs. A detailed
      circuit for implementing the functions of FIG. 1 is set forth in FIG. 2
      with like reference numerals identifying the same or similar elements.
PAR  In FIG. 2 an electric clock mechanism 19 is mechanically coupled to a
      double-pole single-throw switch 21 to change that switch from one pole to
      the other at times preset on the clock 19 and the time switch may, for
      example, be implemented by simply adding a second contact in the existing
      switch mechanism of the clock unit of commercially available clock radios.
PAR  With the switch 21 in the position shown, the thermostat 15 is active to
      control the system while the thermostat 13 is inactive. The ganged switch
      23, 25 functions as a mode switch and is switchable between the heating
      mode position illustrated and a cooling mode where each line is coupled to
      different contacts within the thermostat. In the position shown for the
      heating mode of operation and with thermostat 15 being enabled by the
      clock mechanism 11 as the room cools, the bimetallic strip 27 will
      straighten moving upwardly and eventually contact terminal 29 indicating
      to the air vent control that additional warm air is needed by energizing
      the actuating circuit or coil 31 of double-pole single-throw relay. When a
      current passes through the relay coil 31, the armature 33 thereof is
      pulled from the position illustrated so as to contact terminal 35 which by
      way of normally closed switch 37 will supply electrical energy from a
      power source such as plug 39 to an electric motor 41. The switches 37 and
      43 are not user controlled but rather their status is determined by the
      position of certain louvers 45 in the forced air duct and will be better
      understood by brief reference to FIGS. 4 through 7.
PAR  An exemplary forced air duct 47 connected to a central heating or cooling
      unit (not shown) has a series of louvers 45 which may be mechanically
      moved between the air blocking position illustrated in FIG. 4 and the air
      passing position illustrated in FIG. 5. Each louver 45 is hinged to a
      framework by hinges 49 and the entire set of louvers 45 is connected
      together by linkage 51 for simultaneous parallel opening and closing of
      the louvers. An arm 53 is eccentrically connected to the motor 41 at
      eccentric pivot point 55 and hence energization of the motor 41 will cause
      the pivot point to execute a circular motion about the motor axis moving
      the eccentric arm 53 back and forth cyclically opening and closing the
      forced air duct. Switches 37 and 43 operatively engage a cam 57 with
      switch 37 closed and switch 43 open when the cam 57 is in the position
      illustrated in FIG. 7. This, of course, corresponds to the condition where
      the air duct is closed and the status of the switches 37 and 43 in FIG. 7
      is the same as that illustrated in FIG. 2.
PAR  Returning now to FIG. 2, when the thermostat calls for additional heat
      energizing the relay coil 31, the motor 41 was energized by way of the
      closed switch 37. As soon as the motor 41 begins to rotate, the cam 57 of
      FIG. 7 will place both switches 37 and 43 in their normally closed
      position and the motor 41 will continue to rotate until the cam 57 has
      executed one-half revolution opening the switch 37 and de-energizing the
      motor. This situation, of course, corresponds to the louver open position
      illustrated in FIG. 5. The air duct will remain open until the thermostat
      15 indicates that the room has reached the desired temperature level at
      which time thermostat 15 opens de-energizing relay coil 31 and causing the
      armature 33 thereof to return to the position illustrated in FIG. 2. Since
      the motor has executed one-half revolution, switch 43 is now closed with
      switch 37 in its open status and accordingly de-energization of the relay
      will again energize motor 41 this time by way of the closed switch 43 and
      cam 57 will execute another half revolution to the point where the cam
      opens switch 43 again de-energizing the motor this time with the louvers
      in the closed position illustrated in FIG. 4.
PAR  During another period of the day the time switch 11 may transfer control of
      the system to the thermostat 13 which, except for its different
      temperature setting, controls the heating of the room in the same manner
      as previously described.
PAR  The circuit of FIG. 2 may also function to open and close the same forced
      air duct during the summer for cooling purposes when that duct is
      conveying cool air from a central air conditioning unit. To change over to
      this cooling mode the ganged switch contacts 23 and 25 may be employed to
      couple the circuit to a second set of contacts in each of the thermostats
      so that the thermostats 13 and 15 are now effective to open the forced air
      duct only when the temperature within the room exceeds the temperature
      setting on the particular clock selected thermostat. As an alternative to
      providing two contacts in each thermostatic switch, single contact
      standard thermostatic switches may be employed in the manner illustrated
      in FIG. 3.
PAR  In FIG. 3, a pair of switch contacts 61 and 63 are ganged together for
      simultaneous operation and with the switch 61, 63 in the position
      illustrated, the circuit of FIG. 3 functions precisely as described for
      the circuit of FIG. 2 with its switch 23, 25 in the position there
      illustrated. In FIGS. 2 and 3 identical or similar elements bear like
      reference numerals.
PAR  If the switch 61, 63 is changed from the position illustrated, the effect
      is to change the relay from a normally closed relay to a normally open
      relay, that is when the relay coil 31 is not energized the armature 33 is
      still in its upper position, however, in that position the motor is
      connected to the source of electrical energy by way of switch 37.
PAR  To illustrate the function of the circuit of FIG. 3, assume that the switch
      61, 63 is in its air conditioning mode, that is opposite the position
      illustrated in FIG. 3, and further assume that a room has been adequately
      cooled and the forced air duct is closed as illustrated in FIG. 4. Under
      those conditions switch 43 is open and switch 37 is closed and the
      thermostat 15 has its bimetallic strip 27 contacting the contact 29 since
      the temperature is below that set on the thermostat. Under these
      circumstances relay coil 31 is energized and the armature 33 is in its
      down position opposite that illustrated, however, the motor is not
      energized since switch 43 is open preventing current flow to the motor
      through the armature 33. As the room warms the bimetallic strip 27 bends
      opening the contact 29 de-energizing the relay coil 31 and allowing the
      relay armature 33 to return to its up position at which time the motor 41
      may be energized by way of closed switch 37. The motor revolves its cam 57
      through one-half revolution until the switch 37 opens stopping the motor
      and leaving the louvers 45 in the open position illustrated in FIG. 5.
PAR  After sufficient cool air has been pumped into the room the bimetallic
      strip 27 will again contact terminal 29 energizing the relay coil 31 and
      pulling armature 33 downward which again energizes motor 41 this time by
      way of closed switch 43 to again close the duct lowering the load on the
      central air conditioning system.
PAR  Thus, while the present invention has been described with respect to a
      specific embodiment which is economical and may be easily installed in
      selected individual rooms, numerous modifications will suggest themselves
      to those of ordinary skill in the art. For example, the mode switches for
      changing from a heating to a cooling mode may be relays interconnected
      with a central heating-air conditioning unit and, of course, other schemes
      for opening and closing the forced air duct may be devised. These and
      other modifications will readily suggest themselves to those of ordinary
      skill in the art and accordingly the scope of the present invention is to
      be measured only by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature control system for an individual room of a home or similar
      air which is typically occupied during certain hours of the day and unused
      during other hours of the day and which receives air from a forced air
      duct connecting to a central unit comprising:
PA1  a pair of thermostatically controlled switches each changing state at an
      individually selectable temperature;
PA1  electrically controllable means for selectively opening and closing the
      duct including means in the air duct mechanically movable between air
      passing and air blocking positions, electrically energizable means for
      moving the mechanically movable means cyclically between the air passing
      and air blocking positions so long as the electrically energizable means
      is energized, and a pair of normally closed switches one of which opens
      only when the mechanically movable means is in the air passing position
      and the other of which opens only when the mechanically movable means is
      in the air blocking position with each normally closed switch being
      coupled to the electrically energizable means to tentatively stop the
      mechanically movable means when one of the normally closed switches opens;
      and
PA1  means for selectively connecting one of the thermostatically controlled
      switches to the electrically controllable means.
NUM  2.
PAR  2. The temperature control system of claim 1 wherein the means for
      selectively connecting comprises
PA1  clock controlled switch means for selectively connecting one of the
      thermostatically controlled switches to the electrically controllable
      means during a first predetermined time period and the other of the
      thermostatically controlled switches to the electrically controllable
      means during a second predetermined time period.
NUM  3.
PAR  3. The temperature control system of claim 2 wherein the electrically
      controllable means further comprises a double-pole single-throw relay
      having an actuating circuit coupled by the clock selected thermostatic
      switch to a source of electrical energy, the relay tentatively forming
      alternate series circuits each by way of one of the normally closed
      switches to supply energy to the electrically energizable means.
NUM  4.
PAR  4. The temperature control system of claim 3 wherein each change in the
      status of the clock selected thermostatic switch causes a corresponding
      change in the relay status thereby selecting a different normally closed
      switch to supply energy to the electrically energizable means.
NUM  5.
PAR  5. The temperature control system of claim 1 wherein the electrically
      energizable means comprises an electric motor, an eccentric arm driven by
      the motor and coupled to the mechanically movable means, and a cam driven
      by the motor and operatively engaging the normally closed switches.
NUM  6.
PAR  6. The temperature control system of claim 1 wherein the electrically
      controllable means comprises a plurality of hinged louvers, linkage means
      connecting the louvers together for simultaneous parallel opening and
      closing of the louvers, and electrically energizable means responsive to a
      thermostatically controlled switch for moving the louvers between air
      passing and air blocking positions within the forced air duct.
NUM  7.
PAR  7. The temperature control system of claim 1 wherein the central unit is a
      combination heating and cooling unit, the electrically controllable means
      including a mode switch switchable between heating and cooling modes for
      opening the ducts when the temperature is below a desired level in the
      heating mode and for closing the duct when the temperature is below a
      desired level in the cooling mode.
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ABST
PAL  A simplified heat exchanging system is provided for saving heat in a forced
      draft home heating system by directing air from a return register to the
      return plenum through a heat exchanger interposed in the line of the flue
      and having an enlarged casing extending between tapered collars and
      enclosing heat exchange tubes having about the same cross-sectional area
      as the flue.
BSUM
PAR  The present invention relates to apparatus which can be easily installed in
      a conventional forced draft home heating system for conserving heat while
      utilizing the existing fan in the furnace to draw the return air through
      the apparatus of this invention.
PAR  In the conventional forced draft home heating system, air is blown through
      the furnace where combustion occurs and the hot products of combustion
      pass through a heat exchanger where useful heat is transferred to the air
      circulating within the structure being heated. The partially cooled
      combusion products are then passed via a flue to a chimney where they exit
      from the building.
PAR  The partially cooled combusion products frequently contain a great deal of
      residual heat, and numerous efforts have been made to utilize this
      residual heat, but the structures involved have been cumbersome,
      inefficient, and difficult to install so that these are rarely used even
      though the flue gases in most home heating systems contain a considerable
      amount of recoverable heat.
PAR  In this invention a heat exchanger having opposed tapered collars at each
      end of an enlarged casing is installed in the flue between the furnace and
      the chimney. The return air from a return grill in the system is tied into
      one end of the casing with the other end being tapped into the return
      plenum of the circulating air system. In this way the existing air
      circulating fan functions to draw the return air from the return grill
      through the heat exchanger and then into the return plenum. This heats
      some of the air entering the furnace, raising its temperature and the
      temperature of the heated air leaving the furnace and thus renders the
      entire system more efficient. At the same time, the heat exchange
      structure is a simple one, it is easily installed between the furnace and
      the chimney, and the flue is not obstructed, as will be explained
      hereinafter, so the operation of the furnace is unchanged.
DRWD
PAR  The invention will be more fully understood by reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a side elevation, partially in section, and partially
      diagrammatic, and showing the overall positioning of parts in accordance
      with the invention; and
PAR  FIG. 2 is a perspective view of the heat exchanger, a protion of the outer
      casing being broken away to show the interior structure.
DETD
PAR  Referring more particularly to FIG. 1, the numeral 10 identifies a furnace
      having a return plenum 11 and a supply plenum 12, air being circulated
      through the system by fan 13, the air circulation being indicated by
      arrows. The combustion chamber itself is identified at 14, air being
      forced through the combustion chamber 14 by oil burner 15 and natural or
      forced draft, here illustrated by a burner including a fan to provide a
      forced draft, the combustion products exiting via flue 16 and chimney 17.
      To this point, the structure is entirely conventional which explains the
      diagrammatic nature of much of the drawing.
PAR  A heat exchanger 20 is shown installed in the line of the flue 16. It will
      be seen that the heat exchanger 20 is formed with opposed tapered collars
      21 and 22 between which extends an enlarged casing 23 having openings 24
      and 25 at its opposite ends. While tapered collars are primarily
      contemplated, it is only necessary for the collar to engage the flue and
      expand outwardly to connect with the enlarged casing.
PAR  A duct 26 communicates between a return register in the air circulation
      system and one of the openings in the casing 23 (opening 25), and a duct
      27 communicates between the return plenum 11 and the other opening
      (opening 24).
PAR  As will now be apparent, fan 13 will draw air through the return plenum 11
      and through the furnace 10 where it is heated and sent on its way through
      supply plenum 12. At the same time, air is also drawn from a return
      register through duct 26, casing 23 of heat exchanger 20, and then,
      through duct 27 to the return plenum 11 where it mingles with the intake
      air to warm the same and increase the thermal efficiency of the entire
      system.
PAR  The heat exchange 20 is of simple construction as shown in FIG. 2. As can
      be seen, the tapered collars 21 and 22 fit onto the flue 16, making
      installation simple. It is essential that these collars be tapered since
      this accommodates a casing 23 of larger cross-section on the flue 16.
PAR  Extending between the inner enlarged ends of the collars 21 and 22 is a
      heat exchange unit constituted by a plurality of tubes 30 which are
      fastened in an air tight manner at their opposite ends to end plates 31
      and 32. The casing 23 is then fastened in an air tight manner onto the end
      plates 31 and 32 and this provides a sealed chamber within the casing 23
      and outside of the tubes 30 within which air can be heated without being
      contaminated by the flue gases.
PAR  The collars 21 and 22 are then joined to the casing 23, as by welding, and
      this provides the heat exchanger 20 shown in FIG. 2, ready to be fitted in
      the flue line, as pictured in both FIGS. 1 and 2. It is stressed that the
      cross-sectional area of the tubes is about the same as the area of the
      flue 16 so that the flue is not obstructed.
PAR  The openings 24 and 25 for attachment to the ducts 26 and 27 are clearly
      pictured in FIG. 2.
PAR  The invention is defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a forced draft home heating system comprising a furnace having a
      return plenum, a supply plenum, fan means for circulating air through an
      air circulating system including said furnace and said plenums, a
      combustion chamber, a chimney, a flue communicating therebetween and means
      for combustion gases to flow through said chamber, flue and chimney, the
      improvement comprising a heat exchanger interposed along a portion of the
      length of said flue, said heat exchanger having opposed tapered collars
      which engage with said flue and connect with a casing of enlarged
      cross-section extending therebetween, said casing enclosing a plurality of
      longitudinal tubes extending between opposed end plates from one collar to
      the other and providing a chamber within said casing and outside of said
      tubes, openings at opposite ends of said casing, the opening at one end of
      said casing being connected to a return register in said air circulating
      system and being separate from said return plenum, and the opening at the
      other end of said casing being connected to said return plenum to
      interconnect the existing fan means in said furnace with said return
      register via said chamber and said return plenum so that some of the air
      entering the furnace is preheated while the remainder of the air
      circulating in the system is not preheated.
NUM  2.
PAR  2. Apparatus as recited in claim 1 in which the cross-sectional area of
      said sealed chamber is about the same as the cross-sectional area of said
      flue.
NUM  3.
PAR  3. Apparatus as recited in claim 1 in which a fan provides a forced draft
      which blows combustion gases through said chamber, tubes and chimney.
NUM  4.
PAR  4. In a forced draft home heating system comprising a furnace having a
      return plenum, a supply plenum, fan means for circulating air thorugh an
      air circulating system including said furnace and said plenums, a
      combustion chamber, a chimney, a flue communicating therebetween and means
      for combustion gases to flow through said chamber, flue and chimney, the
      improvement comprising a heat exchanger interposed along a portion of the
      length of said flue, said heat exchanger having opposed collars which
      engage with said flue and connect with a casing of enlarged cross-section
      extending therebetween, said casing enclosing a plurality of longitudinal
      tubes extending between opposed end plates from one collar to the other
      and proving a chamber within said casing, said tubes having approximately
      the same cross-sectional area as said flue, openings at opposite ends of
      said casing, the opening at one end of said casing being connected to said
      return plenum to interconnect the existing fan means in said furnace with
      the opening on the other end of said casing via said chamber within said
      casing and said return plenum so that some of the air entering the furnace
      is preheated while the remainder of the air circulating in the system is
      not preheated, said opening on the other end of said casing being separate
      from said return plenum.
NUM  5.
PAR  5. Apparatus as recited in claim 4 in which blower means are provided to
      blow combustion gases through said chamber, flue and chimney.
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ABST
PAL  The contact heating of boiler feed water for steam heating systems is
      effected by mixing recirculated boiler steam and feedwater within
      water-jet ejector-type contact heat exchangers. Feedwater heating up to
      the evaporation (or saturation) temperature for the pressure of the boiler
      may be achieved within an ejector-type contact heat exchanger in a heating
      process which is separate from the evaporation process. Gas-to-liquid
      energy transfer across boiler heating surfaces may be greatly accelerated
      when feed water is supplied to the boiler at saturation, since liquid
      boiling heat transfer is known to be much more rapid than that of liquids
      heating or cooling. The principal effect of the invention is to make a
      substantial theoretical increase in the effective steaming capacity of the
      boiler.
PARN
PAR  The present invention is a continuation-in-part of my presently pending
      application Ser. No. 284,166 now abandoned, entitled "High-Capacity Steam
      Heating System" filed Aug. 28, 1972 and a continuation-in-part of 121,795
      filed Mar. 8, 1971, now U.S. Pat. 3,687,867; a division of 889,262, filed
      Dec. 3, 1969, now abandoned; a division of 752,120, filed July 22, 1968,
      now abandoned; a division of 690,040, filed Nov. 14, 1967, now abandoned;
      a division of 621,381, filed Jan. 23, 1967, now abandoned and a division
      of 403,244 filed Oct. 12, 1964, now abandoned.
PAR  As used hereinafter,
PA1  The term "fluid" shall refer to any liquid or gaseous medium;
PA1  The term "contact feed heating" shall refer to heating processes wherein
      boiler feed water is preheated through contact heat exchange with
      low-pressure steam within velocity-accelerated contact heat exchangers
      before the liquid feed water is evaporated in the companion steam
      generator;
PA1  The term "contact interchange" shall refer to the fluid-to-fluid exchange
      of thermal and kinetic energy between adjacent fluid streams having
      different velocities in parallel flow, and having no physical or
      mechanical separation between them;
PA1  The term "mixing length" shall relate to the effective linear dimension
      perpendicular to the direction of mean fluid flow within which contact
      interchange shall take place between a heating fluid stream and a cooling
      fluid stream; and
PA1  The term "characteristic length" shall relate to the effective linear
      dimension parallel to the direction of mean fluid flow within which
      contact interchange shall take place between a heating fluid stream and a
      cooling fluid stream.
PAR  While the apparatus of the invention is described in connection with
      contact pre-heating of feed water before it is supplied to evaporative
      heating processes of a companion boiler or steam generator, it will be
      understood by those skilled in the art that variations in the steam
      heating processes described hereinafter using related velocity accelerated
      contact heat exchange methods may be employed advantageously in other
      configurations and arrangements without departing from the scope of the
      invention.
PAR  The primary object of the invention is to provide a simplified steam
      heating plant process which uses velocity-accelerated contact interchange
      methods for the pre-heating of boiler feed water.
PAR  Another important object is to provide practicable contact feed heating
      means for pre-heating feed water to at or near the limiting saturation
      enthalpy for the pressure of the steam generator or boiler.
PAR  A further object is to provide means for separating the sensible feed water
      heating process from the latent feed water evaporation process, so that
      the steam generator or boiler may serve an evaporative function.
PAR  Still another object is to provide means to accelerate energy transfer
      across the heating surface of the steam generator or boiler by supplying
      its feed water at or near the saturation enthalpy, thereby making
      substantially increased nucleate boiling energy transfer relationships
      attainable.
PAR  With the foregoing objects in view, together with others which will appear
      as the description proceeds, the invention resides in the novel assemblage
      and arrangement of system components in steam heating plant processes
      which will be described more fully in the discussion, illustrated in the
      drawings, and particularly pointed out in the claims.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic process diagram of a simplified closed-cycle steam
      heating plant wherein a plurality of velocity-accelerated contact heat
      exchangers are supplied with motive feed water and recirculated boiler
      steam at common supply pressures, while the plurality of contact heat
      exchangers discharge pre-heated boiler feed water to the common boiler
      supply pressure. The simplified steam heating plant schematic process
      diagram of FIG. 1 includes a steam generator or boiler, a plurality of
      steam radiators in parallel, condensate receiver, condensate pump and
      velocity-accelerated contact-type feed water heaters, as will be described
      more fully hereinafter.
PAR  FIG. 2 is a fragmentary longitudinal sectional view through one of the
      contact-type feed heaters, the same being in the form of conventional
      ejector-type apparatus wherein heating steam is entrained by high-velocity
      feed water and the mixture is discharged at a common pressure.
PAR  FIG. 3 is a simplified schematic process diagram of a closed-cycle steam
      heating plant which includes a forced circulation steam generator or
      heating boiler, a plurality of steam radiators, condensate receiver and
      cycle feed pump. The forced circulation steam generator or heating boiler
      of FIG. 3 is provided with an auxiliary boiler feed water circulating
      system which includes a circulating pump, contact heat exchanger and
      recirculating steam branch connection, and discharges saturated boiler
      feed water into the boiler member.
PAR  FIG. 4 is a fragmentary isometric sketch conforming to the disclosure of
      FIG. 1.
PAR  FIG. 5 is a fragmentary isometric sketch which conforms to the disclosure
      of FIG. 3.
DETD
PAR  Application of velocity-accelerated contact interchange to the pre-heating
      of boiler feed water by recirculated boiler steam in steam heating plant
      processes consists of the following states:
PA1  1. Conversion of liquid feed water pressure energy to maximum kinetic
      energy within nozzle passages of the heat exchanger.
PA1  2. Introduction of regulated amounts of recirculated boiler steam into the
      receiving section of the contact heat exchanger.
PA1  3. Bring the high-velocity liquid feed water stream and the heating steam
      fluid stream into physical contact at substantially equal pressure within
      the mixing section of the heat exchanger while in parallel flow (traveling
      in the same direction) with respect to each other. The object at this
      stage is to divide flow within the mixing section of the heat exchanger
      into fluid laminae having greatly different momenta.
PA1  4. The large difference in velocity between the two fluid streams
      accelerates energy transfer between them. Momentum is substantially
      transferred over an effective mixing length, and accelerates the transfer
      of thermal energy from the heating steam over a characteristic length
      within the mixing section of the heat exchanger.
PA1  5. The mixture of condensed and entrained heating steam together with the
      high-velocity liquid feed water stream is next guided to a minimum
      velocity, maximum pressure state by flowing through a diffuser passage of
      the heat exchanger.
PA1  6. The combined fluid streams are next discharged from the heat exchanger
      and flow into the companion steam generator or boiler for evaporation.
PAR  As stated hereinbefore, the illustrative embodiment of FIG. 1 is a
      simplified schematic process diagram of a closed-cycle steam heating plant
      which includes improved velocity-accelerated contact heating means.
PAR  According to FIG. 1, pressurized steam discharged from steam generator or
      boiler member 11 flows into main steam header 12, which communicates with
      both feed heating steam supply branch 13 and heating steam distribution
      header 14. A minor fraction of steam generated by boiler member 11 is used
      for heating condensed feed water, and hence recirculated back to steam
      generator 11 via feed heating steam supply branch 13, contact heat
      exchangers 27 and boiler feed supply main 31.
PAR  Heating steam from main steam header 12 flows into distribution header 14,
      and thence into plurality of radiator systems 15-19 inclusive. Each
      radiator system 15-19 inclusive includes a steam inlet branch connection
      with distribution header 14, inlet valve 15, radiator 16, outlet branch
      17, steam trap 18 and condensate discharge branch 19 communicating with
      condensate collection header 20. Heating steam condensed within each
      radiator 16 is discharged from its respective steam trap 18 as condensate
      into collection header 20.
PAR  Steam condensate from radiator systems 15-19 flows from collection header
      20 into condensate return main 21, and thence into condensate receiver 22.
      Condensate flows from receiver 22 into pump suction branch 23, and is
      discharged by feed pump 24 through discharge branch 25 into parallel feed
      distribution header 26. Parallel feed distribution header 26 distributes
      and supplies high-pressure feed water to individual nozzle passages of the
      plurality of water-jet actuated ejector-type contact feed heaters 27.
      Ejector-type contact feed heaters 27 take suction from steam distribution
      header 28, which is supplied with minor quantities of recirculated boiler
      steam from supply line 13 through steam throttle valve 29. The quantity of
      heating steam flowing into the plurality of ejector-type contact feed
      heaters 27 is regulated by adjustment of steam throttle valve 29.
PAR  The mixture of condensed and entrained steam, together with the pre-heated
      boiler feed water discharged from each ejector-type contact feed heater 27
      is combined in boiler feed collection header 30. The pre-heated boiler
      feed water flows from feed collection header 30 into feed supply main 31,
      and thence into steam generator or boiler member 11.
PAR  It should be understood that the schematic process diagram of FIG. 1 has
      been considerably simplified for brevity. An actual installation would
      include additional auxiliary equipment common to the heating systems and
      control arts which has been omitted. The auxiliary equipment would include
      such common equipment as a relief bypass branch communicating between feed
      pump discharge branch 25 and condensate receiver 22, an air vent for
      condensate receiver 22, temperature sensing and regulating means disposed
      in feed discharge piping 30-31 for automatic control of steam throttle
      valve 29, etc.
PAR  As earlier indicated, FIG. 2 is a fragmentary longitudinal sectional view
      through one of the ejector-type contact feed heaters 27, as shown in FIG.
      1. An individual ejector-type contact feed heater is composed of receiving
      section 32-36 inclusive, motive feed nozzle 37, secondary nozzle assembly
      38-41 inclusive, and diffuser section 43-47 inclusive.
PAR  High-pressure boiler feed water from feed pump 24 enters receiving section
      32-36 inclusive through inlet flange 33, while recirculated heating steam
      enters through steam inlet flange 34. Receiving section 32-36 inclusive
      comprises discharge flange 35 and threaded interior boss 36, which houses
      threaded motive feed nozzle member 37 therein.
PAR  Secondary nozzle assembly 38-41 inclusive provides spaced annular
      secondary-nozzle members 39 to guide the entrainment of heating steam into
      intimate contact with high-velocity motive feed water within mixing zone
      42 of the heat exchanger. Annular secondary-nozzle members 39 are
      connected rigidly in proper spatial relation by suitable rib members 38,
      which also rigidly connect the assembly to centering disc 40 and large
      discharge flange member 41. The central aperture of centering disc 40
      seats onto the exterior of motive feed nozzle member 37 when nozzle 37 is
      threaded into interior boss 36 of receiver section 32-36 inclusive.
PAR  Diffuser section 43-47 inclusive provides diffuser shell 43, inlet flange
      44, discharge flange 45, exterior ribs 46 and interior diffuser passage
      47. The mixture of heating steam and high-velocity feed liquid flows from
      mixing zone 42 through diffuser passage 47, where condensation of the
      heating steam is substantially completed as pressure increases.
PAR  Discharge flange 35 of receiver section 32-26 inclusive, discharge flange
      41 of secondary-nozzle assembly 38-41 inclusive, and inlet flange 44 of
      diffuser section 43-47 inclusive fit together as shown in FIG. 2. Flange
      members 35, 41 and 44 are separated by suitable gaskets, and held together
      by bolted connections or other suitable fasteners common to the steam
      piping arts.
PAR  In FIG. 3 pressurized steam flows from forced circulation steam generator
      or heating boiler member 48 into steam header 49 (communicating the feed
      heating supply branch 63 and distribution header 50). Heat transfer
      surfaces of forced circulation steam generator 48 are substantially
      reserved for evaporative heat transfer, since feed water is substantially
      heated to saturation by contact mixing within the ejector heat exchanger
      65 of the auxiliary circulating and heating system 63-71 inclusive. The
      closed-cycle heating system of FIG. 3 would otherwise function similarly
      to the heating system of FIG. 1, as described hereinbefore.
PAR  Heating steam from main steam header 49 flows into distribution header 50,
      and thence into plurality of radiator systems 51-55 inclusive. Each
      radiator system 51-55 inclusive includes a steam inlet branch connection
      with distribution header 50, inlet valve 51, radiator 52, outlet branch
      53, steam trap 54 and condensate discharge branch 55 communicating with
      condensate collection header 56. Heating steam condensed within each
      radiator 52 is discharged from steam trap 54 into condensate collection
      header 56.
PAR  Steam condensate from radiator systems 51-55 flows into condensate return
      main 57, and thence into receiver 58. Condensate flows from receiver 58
      into pump suction branch 59, and is discharged into a baffled zone of
      forced circulation boiler member 48 by feed pump 60 through feed supply
      line 61 and check valve 62.
PAR  Feed water within forced steam generator or boiler member 48 is maintained
      at the evaporation or saturation temperature for the boiler pressure by
      contact mixing within heat exchanger 65 of auxiliary circulating system
      63-71 inclusive. Ejector-type contact heat exchanger 65 receives
      pressurized motive feed water from circulating pump 68 through motive
      nozzle supply branch 69 and recirculated boiler steam through supply
      branch 63 and regulating steam throttle valve 64. Circulating feed pump 68
      takes suction from a baffled lower zone of steam generator 48 through
      suction line 66 and valve 67. Ejector-type contact heat exchanger 65
      discharges a saturated mixture of condensed recirculating heating steam
      and heated feed water into forced circulation steam generator or boiler
      member 48 through discharge branch 70 and check valve 71. The quantity of
      recirculated heating steam admitted into water-jet ejector-type contact
      heat exchanger 65 may be automatically regulated by adjustment of steam
      throttle valve 64, using control apparatus common in the steam heating
      arts.
PAR  From the foregoing, it will be perceived by those skilled in the art that
      the present process invention provides an effective means for pre-heating
      boiler feed water in steam heating systems.
PAR  While I have shown and described certain specific embodiments of the
      present invention, it will be readily understood by those skilled in the
      art that I do not wish to be limited exactly thereto, since various
      modifications may be made without departing from the scope of the
      invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steam heating process in combination: a steam generator or boiler
      member having integral heating processes; a steam-operated heater adapted
      to receive heating steam supplied by said steam generator member, to
      condense said heating steam within its internal passageways as heat energy
      is transferred through its heating surfaces, and to discharge steam
      condensate therefrom; means for transferring pressurized heating steam
      from the outlet of said steam generator to the inlet of said
      steam-operated heater; a fluid-to-fluid contact heat exchanger adapted to
      effect the contact pre-heating of high-velocity feed liquid by contact
      interchange in parallel flow with low-velocity heating steam by means of
      accelerating nozzle and ejector passageways internally disposed within
      said contact heat exchanger member; a supply of feed liquid suitable for
      evaporation within said steam generator member; a liquid feed pump; means
      for transferring the said supply of feed liquid to the suction of said
      feed pump; means for transferring pressurized feed liquid from said feed
      pump to a nozzle passageway of said contact heat exchanger; means for
      transferring pressurized heating steam from the outlet of said steam
      generator to the ejector passage of said contact heat exchanger; valve
      regulating means disposed to control flow of said heating steam into the
      ejector passageway of said contact heat exchanger to regulate heat
      absorption by feed liquids passing therethrough; and means for
      transferring the heated feed liquid discharge of said contact heat
      exchanger to heating processes of said steam generator; the said contact
      heat exchanger being adapted to receive and exchange energy between
      high-velocity feed liquid and heating steam in parallel flow within
      internal fluid passageways thereof, to combine the thermal energy of the
      several entering fluid streams, and to discharge pressurized and
      pre-heated feed liquid from a diffuser passageway thereof; whereby the
      external effect of the contact feed heating process is to substantially
      separate the sensible heating of boiler feed liquid from the latent
      heating for evaporation of said boiler feed liquid within said steam
      generator, thereby increasing heat transfer capacity and steaming capacity
      of said steam generator member.
NUM  2.
PAR  2. The high-capacity steam heating plant of claim 1 wherein a plurality of
      fluid-to-fluid contact heat exchangers are disposed in parallel with
      respect to each other between common pressurized feed liquid and heating
      steam supply headers, and discharges pre-heated feed liquid from said
      contact heat exchangers to evaporative heating processes of said steam
      generator member.
NUM  3.
PAR  3. The high-capacity steam heating plant of claim 1 wherein the contact
      heat exchanger is comprised by an ejector having a centrally-disposed
      nozzle passage surrounded by an outer ejector passage in the receiving
      section thereof, and discharges the combined fluid streams through a
      diverging frusto-conical diffuser passage.
NUM  4.
PAR  4. A high-capacity cyclic steam heating plant comprising in combination: a
      steam generator having integral heating processes for evaporation of cycle
      feed liquid; a steam-operated space heater adapted to transfer heat energy
      through its heating surface while condensing heating steam within internal
      passageways thereof; an ejector-type fluid-to-fluid contact heat exchanger
      adapted to effect the pre-heating of high-velocity feed liquid by contact
      interchange in parallel flow with heating steam supplied from said steam
      generator; a liquid feed pump; communicating means between the outlet of
      said steam generator and the inlet of said steam-operated space heater for
      the transfer of heating steam; communicating means between an outlet of
      said steam-operated space heater and the suction of said liquid feed pump
      for the transfer of steam condensate; communicating means from the
      discharge of said liquid feed pump and accelerating nozzle passageways of
      said contact heat exchanger for the transfer of pressurized feed liquid;
      communicating means between an outlet of said steam generator and ejector
      passageways of said contact heat exchanger for the transfer of heating
      steam; valve regulating means disposed to control flow of heating steam
      from said steam generator into ejector passageways of said contact heat
      exchanger and thereby regulate heat absorption by feed liquids passing
      therethrough; and communicating means between the fluid discharge of said
      contact heat exchanger and evaporative heating processes of said steam
      generator; the said contact heat exchanger being adapted to receive and
      exchange energy between high-velocity feed liquid and heating steam in
      parallel flow within internal fluid passageways thereof, to combine the
      thermal energy of the several entering fluid streams, and to discharge
      pressurized and pre-heated feed liquid from a diffuser passageway thereof;
      whereby the external effect of the contact feed heating process is to
      substantially separate the sensible heating of feed liquid from the latent
      heating for evaporation of feed liquid within said steam generator,
      thereby increasing heat transfer capacity and steaming capacity of said
      steam generator member.
NUM  5.
PAR  5. The high-capacity cyclic steam heating plant of claim 4 wherein a
      plurality of fluid-to-fluid contact heat exchangers are disposed in
      parallel with respect to each other between common pressurized feed liquid
      and heating steam supply headers, and discharges pre-heated feed liquid
      from said contact heat exchangers to evaporative heating processes of said
      steam generator member.
NUM  6.
PAR  6. The high-capacity cyclic steam heating plant of claim 4 wherein the
      contact heat exchanger is comprised by an ejector having a
      centrally-disposed nozzle passage surrounded by an outer ejector passage
      in the receiving section thereof, and discharges the combined fluid
      streams through a diverging frusto-conical diffuser passage.
NUM  7.
PAR  7. The high-capacity cyclic steam heating plant of claim 4 wherein a
      plurality of steam-operated space heaters are disposed in parallel with
      respect to each other and commonly receive heating steam from said steam
      generator while they commonly discharge steam condensate to the inlet
      receiver of said liquid feed pump.
NUM  8.
PAR  8. A high-capacity cyclic steam heating plant comprising in combination: a
      forced circulation steam generator having integral heating processes for
      the evaporation of cycle feed water and an auxiliary boiler water
      circulating system with integral contact heat exchanger; an ejector-type
      fluid-to-fluid contact heat exchanger member of said boiler water
      circulating system; a boiler circulating pump; communicating means between
      the suction of said circulating pump and the liquid storage section of
      said steam generator member; communicating means between the discharge of
      said circulating pump and the nozzle passageway of said contact heat
      exchanger for the supply of pressurized boiler feed water thereinto;
      communicating means between an outlet of said steam generator and ejector
      passageways of said contact heat exchanger for the transfer of heating
      steam thereto; communicating means between the discharge of said
      ejector-type contact heat exchanger and said steam generator for the
      transfer of heated feed water thereinto; a steam-operated space heater
      adapted to transfer heat energy through its heating surface while
      condensing heating steam within internal passageways thereof;
      communicating means between the outlet of said steam generator and the
      inlet of said space heater for the transfer of heating steam; a cycle feed
      pump; communicating means between an outlet of said steam-operated space
      heater and the suction of said cycle feed pump for the transfer of steam
      condensate thereto; and communicating means between the discharge of said
      cycle feed pump and said steam generator for the transfer of pressurized
      feed water thereinto.
NUM  9.
PAR  9. The high-capacity cyclic steam heating plant of claim 8 wherein valve
      regulating means are disposed in the steam supply branch of said
      circulating contact heat exchanger to control the flow of circulating
      steam thereinto.
NUM  10.
PAR  10. The high-capacity cyclic steam heating plant of claim 8 wherein the
      circulating contact heat exchanger is comprised by an ejector having a
      centrally-disposed nozzle passage surrounded by an outer ejector passage
      in the receiving section thereof, and discharges the combined fluid
      streams through a diverging frusto-conical diffuser passage.
NUM  11.
PAR  11. The high-capacity cyclic steam heating plant of claim 8 wherein a
      plurality of steam-operated space heaters are disposed in parallel with
      respect to each other and receive heating steam from said steam generator
      while discharging steam condensate to the receiver of said cycle feed
      pump.
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PAL  A track rail anchorage comprises a base member having projection flanges
      projecting from the two ends thereof, either of which may be placed so as
      to locate over the flange of a rail to be located in position. The base is
      provided with asymmetrical mounting means so that when one projection
      flange in location with the rail flange is exchanged for the other, the
      position of the new projection flange relative to the rail will be
      displaced towards or away from the rail, thus catering for possible
      displacements of parts of the rail due to distortion defects. Additional
      adjustment of the anchorage position may be achieved by employing a
      variable, eccentric, mounting in the base to receive a mounting bolt fixed
      in the ground.
BSUM
PAR  This invention is concerned with anchorages for resiliently securing track
      rails on a rail bed. Such anchorages commonly incorporate some form of
      projection member locating over the track rail, and a mounting bolt or
      like member secured into the ground for holding the anchorage firmly in
      position.
PAR  Normally the anchorage bolts or the like for the anchorages are set in
      parallel lines in the requisite positions either side of the rail to be
      anchored. However, the rail may not be entirely straight, or the rail
      position may alter with time. The latter can occur due to unequal
      settlement of columns supporting the rails or because the ground on which
      the rails are mounted shifts gradually over a period of time. It is
      therefore one object of this invention to provide an anchorage whose
      position relative to an anchorage bolt or the like may readily be
      adjusted.
PAR  Accordingly, this invention provides a track rail anchorage comprising a
      base member from both ends of which extend a rail locating projection
      member, either of which may be placed adjacent to and in location with a
      rail, the base member being provided with asymmetrical mounting means for
      mounting the base member on an anchorage bolt, or the like.
PAR  The preferred embodiment of the invention is formed with a passageway in
      the base member, for receiving the bolt or the like, which passageway is
      positioned off-centre between the two ends. Thus, in the two alternate
      positions, the end of the base member facing the track rail will be closer
      to the anchorage bolt in one position than in the other. For additional
      variation of the positioning of the base member relative to the bolt or
      the like, to accommodate variations in the position of the track rail it
      is preferred that the passageway for the base member receives a rotary cam
      having an eccentrically located bore through which the mounting bolt or
      the like will pass.
PAR  In the preferred embodiment, the base member is mounted on feet at the four
      corners thereof. Although the locating projection members could be in the
      form of spring clips extending from the base member, a simple arrangement
      wherein the projection members are extending flanges, will be suitable for
      most purposes. Ideally, though not necessarily, the surface of the flange
      to locate over the track rail is provided with a resilient body to bear on
      the track rail.
PAR  The invention also extends to the combination of one or more anchorages as
      hereinbefore defined, in association with and anchoring a track rail, the
      rail being mounted on a resilient bed.
DRWD
PAR  The invention may be performed in various ways, and one preferred
      embodiment thereof will now be described, by way of example only, with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a side view of an anchorage of this invention securing a track
      rail; and
PAR  FIG. 2 is a plan view of the anchorage of FIG. 1.
DETD
PAR  The anchorage shown in the drawings comprises a base member 1 having
      projecting flanges 2 extending from either end thereof, one of which is
      seen to locate over the flanges 3 of a track rail 4. Between the
      projecting flange 2 and the rail flange 3, there is provided a strip of
      resilient material 5 which may be attached to the undersurface of the
      flange 2, or merely positioned there, where it will be held by virtue of
      the relative angles between the undersurface of the flange 2 and the upper
      surface of the rail flange 3. The base member 1 is mounted on the ground
      plate 6 by means of four feet 7 whose longest edges (as seen in FIG. 2)
      locate against the rail flange 3 to provide a good bearing surface against
      the rail.
PAR  The base member 1 is located and secured on the ground plate 6 by means of
      a threaded bolt 8 which is welded at 9 to the ground plate 6. The bolt 8
      passes through an eccentrically positioned bore 10 in a rotary cam 11
      which is rotatably mounted within a passageway 12 in the base member 1.
PAR  The track rail 4 is mounted onto the ground plate 6 by a bed of resilient
      material 15.
PAR  From FIG. 1 in particular it will be appreciated that the axis 16 of the
      passageway 12 is offset from the centre of the base member 1 (i.e., the
      mid point between the two ends); thus if the base member is removed and
      replaced over the bolt 8 in the alternative position so that the other
      flange 2 locates over the rail flange 3, the centre of the base member 1
      will have been moved by an amount equal to twice the difference (e.g., 1/4
      inch) between the axis of the passageway 12 and the centre of the base
      member 1, thus providing a certain amount of adjustment to accommodate any
      misalignment of the rail. Further adjustment may be achieved by rotating
      the rotary cam 11 (by means of the hexagonal portion 13 which may be
      gripped by a spanner). When the desired position is achieved, the locking
      nut 14 will be screwed down onto the bolt 8 to hold the base member 1
      firmly against the track rail 4. In the example shown a degree of
      adjustment of 2 inches to accommodate movement of a rail 4 between the
      limits 4A and 4B indicated, may be achieved.
PAR  It will be appreciated that if the anchorages shown in the drawings are to
      be used in circumstances where gradual misalignment of a rail may be
      expected to occur in one particular direction, the fullest possible
      adjustment may be achieved by positioning the mounting bolt 8, at the side
      of the rail to which the rail is expected to shift, at a position such
      that the flange 2 which is furthest from the passageway 12 will locate the
      rail when the rotary cam has been rotated so that the flange 2 is at the
      furthest position from the bolt 8. The maximum subsequent adjustment will
      be determined by the position which will be occupied by the anchorage when
      the flange which is closest to the passageway 12 locates the rail and is
      closest to the bolt 8 upon suitable rotation of the rotary cam 11. The
      bolts on the other side of the rail will be mounted at the closest
      possible position to the rail initially.
PAR  The use of anchorages with the large degree of adjustment provided is of
      course also useful to accommodate rails which are not entirely straight
      and may be used to a certain extent with track rails of different widths
      without the need for providing separate sized anchorages for each rail
      width. The base could also be formed with flanges 2 of differing heights,
      so that two different heights of track rail flange could be accommodated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a track rail having a bottom rail flange that rests
      on a base supporting surface, an upstanding bolt rigidly secured to said
      supporting surface, a base anchorage member having two end surfaces to
      bear against and locate the edge of said rail flange, there being a
      circular passage in said base member, the axis of said passage being
      substantially closer to one said end surface than to the other said end
      surface, a rotary cam mounted for rotation in said circular passage, said
      bolt being eccentrically and relatively rotatably received in said cam, a
      flange projecting from each said end of said base member, and feet on said
      base member supporting said base member on said supporting surface, said
      end flanges being of a height above said supporting surface such that said
      feet rest on said supporting surface when either of said flanges on said
      base member overlies said bottom rail flange and a said end surface
      contacts said bottom rail flange.
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ABST
PAL  A fishing rod holder having a pair of spacially displaced rod supporting
      yokes. One yoke has a pair of relatively fixed jaws and the other yoke has
      a pair of relatively movable jaws. The fixed jaws are mounted on a lever
      which acts to close the movable jaws about the rod when the rod is in the
      position to be held. The holder also has a pair of pivot points which
      enable adjustment of the position of the fishing rod in two mutually
      perpendicular directions.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  This invention relates to the supporting of fishing rods during angling.
      More particularly, the present invention is directed to holding devices
      for fishing rods whereby a fishing rod can be held for purposes of
      trolling or to free the fisherman to do other chores or relax while the
      rod is set and poised to catch a fish. Accordingly, the general objects of
      the present invention are to provide novel and improved methods and
      apparatus of such character.
PAR  2. Description of the Prior Art
PAR  Fishing rod holders of various types are known in the art, including in the
      patent literature and elsewhere. However, these devices of the prior art
      have typically suffered from one or more defects. In particular, previous
      rod holders have often been relatively complicated making it both awkward
      and difficult to set a fishing rod in the holder; and, more importantly,
      making it a difficult accomplishment to remove the rod from the holder
      when a fish is hooked. It is particularly important that removal of
      fishing rod from the holder be easily, quickly and conveniently
      accomplished when a fish is hooked. Prior art devices have also
      encountered problems in adequately retaining the fishing rod in the holder
      when forces are imposed on the fishing rod, either from a fish being
      hooked or from other drag forces on the line. In addition, some of the
      prior art devices do not have adequate degrees of freedom of motion and
      thus can not be adjusted to desired positions.
PAC  SUMMARY OF THE INVENTION:
PAR  The above-discussed problems of the prior art are eliminated or reduced by
      the fishing rod holder of the present invention which provides a simple
      but reliable mechanism for adequately holding a rod against applied forces
      while still providing quick, easy and reliable release of the rod when a
      fisherman decides to resume manual control. In addition, the fishing rod
      holder of the present invention provides for pivoting movement in two
      perpendicular directions so that a wide range of adjustment of position is
      possible.
PAR  The fishing rod holder of the present invention includes a pair of spaced
      apart yokes. The forwardly positioned yoke; i.e., the yoke which is
      closest to the rod tip; is comprised of a pair of relatively fixed jaws.
      The rearward yoke is comprised of a pair of relatively movable jaws. These
      yokes cooperate to support the handle of a fishing rod. The movable jaws
      of the rear yoke engage the butt end of the fishing rod, and these jaws
      are pivotable so that they can be moved inwardly toward each other to
      grasp the butt end of the fishing rod. The front yoke, which also engages
      the handle of the fishing rod, is at one end of a pivotable lever, and the
      other end of the pivotable lever engages and activates the movable jaws of
      the rear yoke. When a fishing rod is inserted in the two yokes, the weight
      of the fishing rod bears downward on the forward yoke with the fixed jaws
      to cause the linkage mechanism to pivot and thereby bring together the
      movable jaws of the rear yoke to firmly grasp the butt end of the fishing
      rod handle.
PAR  The fishing rod holder of the present invention, in a preferred embodiment,
      also has a bracket clamp for attaching it to the gunwale of a ship or to
      any other convenient stationary object. A pair of pivot joints extend from
      the clamp bracket so that the holder can be moved in two perpendicular
      directions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  The present invention may be better understood and its numerous advantages
      will become apparant to those skilled in the art by reference to the
      accompanying drawing wherein like elements are numbered alike in the
      several figures and in which:
PAR  FIG. 1 is a side elevation view of a preferred embodiment of the fishing
      rod holder of the present invention. FIG. 1 depicting in phantom the
      handle end of the fishing rod positioned in the holder;
PAR  FIG. 2 is a top plan view of the fishing rod holder of FIG. 1; and
PAR  FIG. 3 is a rear elevation view of the holder of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Referring now to the drawings, the fishing rod holder has a bracket clamp
      10 for attaching the holder to the gunwale of a ship or to any other
      stationary object. An adjustable threaded rod 12 with a flat head 14
      serves to secure the bracket clamp 10 on the supporting object in the well
      known fashion.
PAR  A first L-shaped support lug 16 is pivotally mounted on clamp 10. Lug 16 is
      pivotally mounted on the clamp by means of a pivot pin 18 whereby the
      device can be pivoted about a horizontal axis for a first degree of
      freedom of motion. A second support lug 20 is pivotally connected to
      support lug 16 by means of pivot pin 22 and wing nut 24. The pivotal
      mounting of support lug 20 on support lug 16 provides a second degree of
      freedom of motion whereby the device is pivotable about a horizontal axis.
      The pivotal mountings of lugs 16 and 20 make it possible to position the
      rod holder of the present invention in any desired attitude of horizontal
      and vertical adjustment.
PAR  A bracket 26 is either integral with or attached to the top of support lug
      20. Bracket 26 serves, in effect, as a support platform for the yoke
      structure of the fishing rod holder. An elongated link 28 is pivotally
      connected to one end of bracket 26 via pivot pin 30. Link 28 is thus
      pivotal about a horizontal axis. A first yoke 32 is integral with or
      mounted, by any suitable means, at the front or higher end of link 28.
      Yoke 32 has a pair of stationary jaws 34 and 36 which cooperate to form an
      arcuate pocket 38 in yoke 32 to receive the forward end of a fishing rod
      handle.
PAR  A second yoke 40 is mounted from the opposite end of bracket 26. Yoke 40
      has a pair of curved movable jaws 42 and 44. As may best be seem from FIG.
      3, jaws 42 and 44 of yoke 40 are pivotally connected to the rearwardly
      disposed or lower end of bracket 26 by means of a common pivot pin 46. The
      movable jaws 42 and 44 serve to grasp the rear or butt end of a fishing
      rod handle when the fishing rod handle is placed in the holder.
PAR  The rear end of link 28 is bifurcated to form a pair of actuator fingers 48
      and 50 which extend rearwardly past the exterior of jaws 42 and 44.
      Clockwise movement of link 28 causes fingers 48 and 50 to move upwardly to
      thereby cam jaws 42 and 44 together about a rod handle. Conversely,
      counter-clockwise movement of link 28 causes fingers 48 and 50 to fall
      away from jaws 42 and 44 whereby jaws 42 and 44 move because of their own
      weight and balance. The camming action of pivotal jaws 42 and 44 by
      fingers 48 and 50 of link 28 can best be understood by simultaneous
      reference to FIGS. 1 and 3 which show jaws 42 and 44 as held in the closed
      position by fingers 48 and 50.
PAR  Prior to the positioning of a fishing rod in the holder of this invention,
      the weight distribution of link 28 results in it being rotated
      counterclockwise so that jaws 42 and 44 pivot outwardly from each other to
      their open position. When a fishing rod is to be positioned in the device,
      it is placed as shown in FIG. 1. The rear or butt end of the fishing rod
      is first placed in rear yoke 40 between open jaws 42 and 44, and the front
      end of the fishing rod handle is then placed in arcuate pocket 38 of front
      yoke 32. The weight of the fishing rod (the remainder of the fishing rod
      extending forward of the yoke 32) imposes a load on link 28 whereby 28 is
      pivoted clockwise. This clockwise movement of link 28 bring fingers 48 and
      50 up into engagement with movable jaws 42 and 44 whereby the jaws are
      brought together to firmly clamp the rear end of the fishing rod. Thus, it
      can be seen that the fishing rod itself, when properly positioned in the
      holder, provides the actuating force which results in the fishing rod
      being firmly gripped and retained in the holder. Furthermore, any
      additional force which may be imposed on the fishing rod tending to pull
      it downward, such as the force resulting from a fish being hooked or from
      the drag of the water, imposes an additional downward force on link 28
      which merely serves to reinforce the hold of jaws 42 and 44 on the fishing
      rod. Thus, these additional loads do not tend to dislodge the fishing rod
      from the holder as has often been the case in the prior art.
PAR  When it is desired to remove the fishing rod from the holder, it is only
      necessary for the fisherman to grab the fishing rod and lift upwardly.
      This upward force removes the load on link 28 which previsouly induced the
      clockwise rotation of link 28. Fingers 48 and 50 are then free to fall
      away to release jaws 42 and 44; and, in addition, the upward movement of
      the fishing rod handle will also drive jaws 42 and 44 apart free from the
      restraints of fingers 48 and 50. Thus, removal of the fishing rod from the
      holder can be accomplished quickly, easily and reliably, thereby
      eliminating another problem present in many prior art devices of similar
      character.
PAR  While a preferred embodiment has been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holder for a fishing rod comprising:
PA1  clamp means, said clamp means being adapted to engage a supporting
      structure for mounting the holder from such structure;
PA1  a pair of movable jaw members, said movable jaw members being pivotally
      mounted on said clamp means and cooperating to define a rod receiving
      opening therebetween, said movable jaw members having an open position
      whereby a portion of a rod may be inserted therebetween and a closed
      position wherein a thus inserted rod will be releasably held therebetween;
PA1  rod support means, said rod support means comprising a first pair of
      fingers which define a first rod receiving recess therebetween, said rod
      support means further comprising a second pair of fingers which define a
      second recess therebetween;
PA1  means engaging said rod support means intermediate said first and second
      pairs of fingers for pivotally mounting said rod support means from said
      clamp means, said mounting means orienting said rod support means to align
      said first rod receiving recess with the opening defined by said movable
      jaw members and to position said second pair of fingers exteriorly of and
      in engaging relationship with said movable jaw members whereby movement of
      said rod support means in a first direction causes said second pair of
      fingers to operate said movable jaw members to the closed position;
PA1  said movable jaw members being weighted to bias said movable jaw members to
      said open position;
PA1  means for permitting simultaneous adjustment of said rod support means and
      said movable jaw members about a first axis; and
PA1  means for permitting simultaneous adjustment of said rod support means and
      said movable jaw members about a second axis transverse to said first
      axis, said means permitting adjustment about said second axis being
      adjustable independently of said means permitting adjustment about said
      first axis.
NUM  2.
PAR  2. The holder of claim 1 wherein said rod support means comprises:
PA1  a link member having said first and second pairs of fingers respectively
      extending from opposite ends thereof, said link member having a bend
      therein whereby said first pair of fingers are disposed vertically above
      said second pair of fingers and the opening defined by said movable jaw
      members, the first rod receiving recess defined by said first pair of
      fingers engaging a portion of a rod forwardly of the rod portion held
      between said movable jaw members.
NUM  3.
PAR  3. The holder of claim 1 wherein said rod support means comprises:
PA1  a link member having said first and second pairs of fingers respectively
      extending from opposite ends thereof, said link member being of nonlinear
      shape whereby said first pair of fingers are disposed vertically above
      said second pair of fingers and the opening defined by said movable jaw
      members, the first rod receiving recess defined by said first pair of
      fingers engaging a portion of a rod forwardly of the rod portion held
      between said movable jaw members.
NUM  4.
PAR  4. The holder of claim 3 wherein said link member is balanced such that it
      will pivot about said engaging means in a direction which causes said
      second pair of fingers to move toward the pivot connection of said movable
      jaw members to said clamp means to thereby permit opening of said moveable
      jaw members when a rod is not resting in said first rod receiving recess.
NUM  5.
PAR  5. The holder of claim 1 wherein said movable jaw members each comprises:
PA1  an elongated arm, said arm being pivotally connected to said clamp means
      adjacent a first end and having an arcuate portion, said arcuate portion
      extending outwardly with respect to a rod axis defined by said axially
      aligned opening and first recess from the point of connection to said
      clamp means and thereafter inwardly to the free end of said arm, a finger
      of said second pair of fingers of said rod support means being positioned
      to contact the outwardly extending portion of said arcuate arm portion.
NUM  6.
PAR  6. The holder of claim 1 wherein said rod support means comprises:
PA1  a link member having said first and second pairs of fingers respectively
      extending from opposite ends thereof, said link member having a bend
      therein whereby said first pair of fingers are disposed vertically above
      said second pair of fingers and the opening defined by said movable jaw
      members, the first rod receiving recess defined by said first pair of
      fingers engaging a portion of a rod forwardly of the rod portion held
      between said movable jaw members.
NUM  7.
PAR  7. The holder of claim 6 wherein said clamp means includes:
PA1  means for permitting simultaneous adjustment of said rod support means and
      said movable jaw members about a first axis; and
PA1  means for permitting simultaneous adjustment of said rod support means and
      said movable jaw members about a second axis transverse to said first
      axis, said means permitting adjustment about said second axis being
      adjustable independently of said means permitting adjustment about said
      first axis.
NUM  8.
PAR  8. The holder of claim 7 wherein said link member is balanced such that it
      will pivot about said engaging means in a direction which causes said
      second pair of fingers to move toward the pivot connection of said movable
      jaw members to said clamp means to thereby permit opening of said movable
      jaw members when a rod is not resting in said first rod receiving recess.
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ABST
PAL  A self-penetrating fastener for clamping and retaining tubing or the like
      to a support surface in spaced relationship thereto. A pin member is
      formed with a recess beneath the head and adjacent the shank of the pin. A
      flexible channel shaped liner is carried on the shank so that the liner is
      forced upwardly of the shank, responsive to the driving of the fastener,
      into and following the contour of the recess to diminish the throat
      dimension of the recess and substantially surround the tubing received and
      clamped therein with a single driving impact from a tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a novel device for securing
      elongated workpieces, such as tubing or the like, to a support and more
      specifically to a device for clamping tubing in spaced relationship to the
      support surface with a fastener without the requirement that a hole be
      preformed in the support surface.
PAR  Certain prior art devices currently utilized to attach tubing to a support
      surface, such as the attachment brake or fuel line tubing to the chassis
      of an automobile, are basically sheet metal members which include a shank
      and a spring clip portion. The shank is adapted to be inserted in a
      preformed hole in the support surface so that the tubing may subsequently
      be snapped into the spring clip portion. This device has the apparent
      disadvantage of requiring holes to be formed in the support structure. In
      addition to this disadvantage the snap-in spring clip retention for the
      tubing may not provide the positive firm clamping necessary to eliminate
      vibrations, rubbing, etc. To remedy this, the prior art has utilized a
      spring clip device with an additional fastener member, such as a screw,
      designed to clamp the spring members together. Obviously, this will
      require an additional hole in the support surface as well as an additional
      step in securing the tubing to the support.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a fastening device
      which is capable of clamping elongated workpieces, such as tubing, to a
      support surface without preparing the support surface with apertures.
PAR  It is a further object of the invention to provide a clamping device which
      enables tubing to be secured to a support surface in a spaced relationship
      thereto and further to be supported in such a manner as to cushion the
      tubing thus preventing the harmful results of vibrations, rubbing or the
      like of the tubing on the support surface.
PAR  One of the advantages of the present invention is that it provides the
      capability to drive a fastener having a recess beneath the head over
      tubing in such a manner as to diminish the throat of the recess after the
      tubing has been received therein to prohibit substantial contact of the
      tubing with the support surface and provide a protective liner about the
      tubing.
PAR  The above and other objects and advantages are accomplished with the
      fastener device of the invention which includes a pin member having a
      shank with a substantially sharp point at one extremity and a head portion
      having tubing receiving recesses on the undersurface thereof located at
      the other extremity. A flexible, channel-shaped liner is preassembled on
      the shank of the fastener in such a manner as to be driven or forced
      upwardly along the shank into and following the contour of the recess as
      the pin is driven into a support surface. The surface forming the
      periphery of the recess includes a continuation of the shank surface and
      the outermost extremity of the recess periphery is preferably directed
      inwardly toward the shank. Such a device will permit tubing to be
      positioned on a support surface so that as the fastener is driven into the
      support surface the liner is forced around at least partially surrounding
      the tubing, firmly clamping and cushioning the tubing relative to the
      support surface while at the same time spacing the tubing from the support
      surface as a result of the liner being guided to a position beneath the
      tubing by the inwardly directed segments of the recess.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the fastener device as it is utilized
      to secure tubing to a support surface.
PAR  FIG. 2 is a front elevation view of the composite fastener device showing,
      in dotted lines, tubing which will be positioned beneath the recesses of
      the device.
PAR  FIG. 3 is a top plan view of the fastening device shown in FIG. 2.
PAR  FIG. 4 is a front elevation view of the pin member of the fastening device.
PAR  FIG. 5 is a top plan view of the pin member shown in FIG. 4.
PAR  FIG. 6 is a front view of the flexible liner which is used in association
      with the pin member to provide the composite fastener device of the
      invention.
PAR  FIG. 7 is a sectional view of the flexible liner taken along lines 7--7 of
      FIG. 6.
PAR  FIG. 8 is a partial sectional view showing the composite fastening device
      driven through a support surface and clamping the tubing thereto.
PAR  FIG. 9 is an alternate embodiment of the pin member of the present
      invention.
PAR  FIG. 10 is a top plan view of the pin member shown in FIG. 9.
PAR  FIG. 11 is a front elevational view of an alternate embodiment of a
      composite fastening device showing a single tubing receiving recess.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings wherein like numerals have been
      employed to designate similar parts throughout the various figures, it
      will be seen that one embodiment contemplated by the present invention is
      disclosed in FIGS. 1-8 and is designated generally by the numeral 10. The
      fastening device 10 is adapted to secure elongated tubing or pipes 54 to a
      work support surface 52. The fastening device 10 is particularly useful in
      the attachment of tubing or piping to a beam, engine block or any other
      desired part in a motor vehicle or other structure in which tubing is to
      be secured. An example of such an installation utilizing the invention is
      shown in FIG. 1. The composite device 10, will include a pin member 12
      having a head portion 18, a shank portion 14 and a substantially sharp
      penetrating point 16 with a flesible strip 40 preassembled along the
      shank.
PAR  The pin member will be substantially uniform in thickness from one
      extremity to the other and will be configured to provide at least one
      recess 20 on the undersurface of the head. Such a recess, as shown in FIG.
      4, will substantially be a curvilinear surface extending from the shank
      and formed primarily by a bight portion 22 extending laterally from the
      shank interconnecting a leg portion 24 which extends generally in the same
      direction as the shank but which terminates with surfaces 25 disposed
      upwardly from the penetrating point of the shank. The peripheral surface
      of the recess may be defined as including a pair of opposing side wall
      portions and a top wall portion. The top wall portion will be the
      undersurface of the bight while the side wall portions are formed from a
      continuation of a side surface of the shank and the inner surface of the
      leg 24. The side wall portion of the recess formed by the surface of the
      leg will include a segment 26 adjacent the extremity 25 which is directed
      inwardly toward the shank for a purpose to be described later herein.
PAR  The flexible liner member 40, which is an element of the composite
      fastening device 10, will preferably be constructed of a thermoplastic
      material and is preferably channel-shaped in cross-sectional configuration
      as shown in FIG. 7. The transverse portion 46 of the cross-sectional
      configuration of the liner should be substantially equal to the thickness
      of the pin member so that the leg portions 48 will lie on either side of
      the pin member when the liner has been assembled on the pin member as
      shown in FIGS. 2 and 3. In the preferred embodiment the liner will be a
      one-piece strip having a bight or base portion 42 interconnecting a pair
      of sections adapted to extend longitudinally of the shank and into the
      recess of the fastener.
PAR  Attention is directed to FIG. 2 showing the liner 40 assembled on the pin
      member 12 so that the longitudinal extending portions 44 of the liner
      extend at least partially in the recess of the fastener, thus forming at
      least one tube receiving recess 38 in the composite fastener 10 generally
      conforming to but smaller than the recess 20 in the pin member. It will be
      noted that the throat dimension D1 of the composite fastener prior to
      driving should be great enough to accept a tubing 54 therein as the
      fastener is driven over the tubing. Thus the minimum dimension between the
      side wall portions of the recess plus the thickness of the transverse
      section 46 of the liner should be greater than the diameter of an
      associated tubing. It is also preferable that the length of the
      longitudinally extending section 44 of the liner be greater than the
      periphery of the recess 20 to insure the underlying of at least a section
      of the liner beneath the tubing.
PAR  In operation, a plurality of fastener devices 10 may be collated in a face
      to face arrangement with apertures 32 aligned to facilitate collation.
      These devices 10 may then successively be fed into the driving chamber of
      a suitable power driving tool. The tubing 54 to be clamped and fastened is
      positioned beneath the fastener and located on the support surface in a
      manner to allow the shank of the device to be closely adjacent to one side
      of the tubing as shown in FIG. 2. The tubing may be positioned or held
      slightly spaced from the support surface with an appropriate attachment
      (not shown) to the driving tool. Upon proper positionment of the tool and
      fastener over the spaced tubing an impact force is imparted to the upper
      surface 28 of the device directing the shank downwardly with the point 16
      penetrating a support surface. As the pin is so driven, the base portion
      42 of the liner abuts the support surface and the liner is driven upwardly
      along the shank as the pin member progresses through the support surface.
      Since the liner is channel-shaped, it will track along the surface forming
      the recess and follow the contour thereof as the device is driven.
PAR  Since the original throat dimension D1 is greater than the tubing diameter,
      the tubing will be received and permitted to nest within the recess 38.
      Inwardly directed segments of the recess 26 will force the extremity of
      the liner 40 to curl under the tubing as shown in FIG. 8 thus diminishing
      the throat of the recess to a dimension D2, which is less than the
      diameter of the tubing. This final configuration provides a resilient
      cushion about the tubing and spaces the tubing from the support surface
      while firmly clamping the tubing thereto.
PAR  While certain driving tools may have the capability in and of themselves of
      determining and controlling the amount of penetration of a fastener, it
      may be desirable to provide the fastening device with a positive abutment
      to limit the penetration of the device so the tubing is not crushed during
      the clamping procedure. Accordingly, abutment shoulders 37 may be provided
      on the shank at a position intermediate the penetrating point and the
      throat of the recess. The bight portion 42 of the liner should therefore
      be located intermediate the shoulder 37 and point 16.
PAR  If desired, the pin member may be provided with structure capable of
      guiding, aligning and stabilizing the device as it is driven through the
      chamber of the tool. Tabs 30 may be formed on front and rear surfaces 34
      and 36 of the pin member for this purpose. Suitable grooves 30a formed in
      the side surfaces 34a and 36a of the embodiment shown in FIGS. 9 and 10
      may alternatively be utilized for such a guiding purpose in cooperation
      with protuberances formed in the chamber.
PAR  In certain situations, the lowermost surface of the leg 24 may provide the
      stop or abutment surface preventing overdriving of the fastener. It may
      also be desirable to locate a separate abutment surface 37a on the same
      axial plane as the extremities 25a as shown in FIG. 9 serving as a
      multipoint abutment means.
PAR  It should also be apparent that the fastener device of the present
      invention could be designed to fasten a plurality of tubing members with a
      single fastener or may clamp a single elongated tubing as shown in the
      embodiment 10b shown in FIG. 11. One extremity 42b of the liner 40b may be
      mounted intermediate the point of the pin and the recess so that the
      single tubing clamping device 10b will function substantially identical to
      the embodiments described above.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a fastening device and method of fastening particularly useful
      in securing tubing to a support surface without preparing a hole therein
      that fully satisfies the objects, aims and advantages set forth above.
      While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fastening device for the attachment of tubing or the like to a support
      surface, comprising a shank, a head member at one extremity of the shank
      and a support surface penetrating point at the opposite extremity, the
      head member including at least one tubing receiving and clamping recess
      opening toward the penetrating point of the shank, the peripheral surface
      of the recess defining top and opposing side wall portions, an inner side
      wall portion disposed adjacent the shank axis and an outer side wall
      portion spaced outwardly from the shank axis with the lowermost
      extremities of the side walls defining the mouth of the recess, a flexible
      recess liner means mounted on the device for juxtaposed relationship with
      the peripheral surface of the recess, the recess liner, in cooperation
      with the recess, defining a predetermined mouth opening which is at least
      as great as the maximum transverse dimension of an associated tubing to
      permit entry of the tubing into the recess, the head including a bight
      portion interconnecting a leg portion extending downwardly therefrom, the
      inner surface of the leg portion forming the outer side wall of the
      recess, said outer side wall surface including a segment adjacent the
      lowermost extremity of the leg which is angled toward the shank, the
      lowermost extremity of the recess linear means being mounted intermediate
      the penetrating point and the mouth of the recess wherein the liner means
      is adapted to be forced upwardly on the device to generally follow the
      contour of the peripheral surface of the recess as the shank is driven
      into the support surface, the angled segment directing the liner means
      inwardly toward the shank decreasing the predetermined mouth opening
      beneath the associated tubing.
NUM  2.
PAR  2. The device of claim 1, wherein the shank, head and penetrating point
      comprise a unitary pin member.
NUM  3.
PAR  3. The fastening device in accordance with claim 2, wherein the flexible
      liner is a channel shaped thermoplastic strip having a cross-sectional
      configuration including a transverse portion with legs depending
      therefrom, transverse portion being a width generally equal to the
      thickness of the pin member so that the associated side surfaces of the
      pin member are received in the channel for tracking movement of the liner
      along the side surfaces responsive to the driving of the pin member into
      the support surface.
NUM  4.
PAR  4. A fastening device in accordance with claim 2, wherein the pin member is
      substantially uniform in thickness from the top of the head to the
      penetrating point.
NUM  5.
PAR  5. A fastening device in accordance with claim 2, wherein the pin member
      includes abutment means to limit the penetration of the pin member in the
      support surface, the lowermost extremity of the liner means being
      intermediate the penetrating point and the abutment means.
NUM  6.
PAR  6. A fastening device in accordance with claim 1, wherein the head includes
      a pair of coplanar tubing receiving and clamping recesses with the
      longitudinal axis of the shank being intermediate said pair of recesses.
NUM  7.
PAR  7. A fastening device in accordance with claim 1, wherein the lower surface
      of the head defines the recess means and wherein one of the side wall
      portions of the recess surface is substantially a continuation of a side
      surface of the shank.
NUM  8.
PAR  8. A fastening device in accordance with claim 1, wherein the lower surface
      of the head portion defining the recess is a substantially curvilinear
      surface extending from a side surface of the shank.
NUM  9.
PAR  9. A fastening device in accordance with claim 1, wherein a portion of the
      flexible liner extends upwardly into the recess and is adapted to track
      around the contour of the recess.
NUM  10.
PAR  10. A fastening device in accordance with claim 1, wherein the length of
      the flexible liner is greater than the periphery of the surface forming
      the recess so that the liner may be forced beneath tubing received in the
      recess as the shank is driven into the support surface.
NUM  11.
PAR  11. A fastening device in accordance with claim 2, wherein the head
      includes two tubing receiving recesses with the shank positioned
      intermediate thereof, the liner means including a bight portion
      interconnecting a pair of substantially opposing portions extending
      upwardly along associated side edges of the shank, the shank extending
      through the bight portion of the liner preassembling and retaining the
      liner on the pin member.
NUM  12.
PAR  12. The fastening device in accordance with claim 2, wherein the pin member
      is substantially uniform in thickness from one extremity to the other
      including the head portion, the liner means being a generally channel
      shaped thermoplastic strip having a cross-sectional configuration with a
      transverse portion and a pair of legs depending therefrom, the thickness
      of the pin member being substantially equal to the distance between the
      legs of the channel shaped strip, guide means formed on opposing faces of
      the pin member to align and stabilize the fastening device in a plane
      generally perpendicular to the support surface as the device is driven
      through the bore of a nosepiece of a driving tool.
NUM  13.
PAR  13. A fastening device in accordance with claim 12, wherein the guide means
      consist of tabs extending outwardly from opposing side faces of the pin
      member.
NUM  14.
PAR  14. A fastening device in accordance with claim 12, wherein the guide means
      consist of a longitudinally extending groove formed in opposing side faces
      of the pin member.
NUM  15.
PAR  15. A fastener device in accordance with claim 1, including an aperture
      extending transversely through the head to facilitate collation of the
      devices and removal of the devices from a support surface after the device
      has been driven therein.
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ABST
PAL  The present invention relates to a portable bag distending and supporting
      apparatus for holding a bag, such as a plastic leaf collector or trash
      collector, with the receiving end thereof in open position essentially
      perpendicular to a horizontal surface, thus to permit leaves and trash to
      be raked or swept into the interior of the bag. The device is
      characterized by a support mechanism which holds the receiving end of the
      bag against tilting without requiring the use of stakes or spikes embedded
      in the ground, the support apparatus in addition functioning at least
      partially to extend the bag in a lengthwise direction to facilitate
      filling. The device is further characterized by being constructed of
      inexpensive components which may be readily assembled by the user, thus
      reducing the bulk of the apparatus in shipping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention lies in the field of refuse and leaf collection, and
      more particularly relates to an attachment for use in conjunction with
      conventional plastic leaf bags or the like, whereby the bags are
      maintained on a horizontal surface, such as a lawn, pavement, floor, with
      the open end of the bag disposed in a vertical plane to permit ready
      filling of the bag by a rake, sweeper, etc.
PAR  2. The Prior Art
PAR  Recently, plastic bags, particularly vinyl plastic bags, have found
      increasing use as collectors and receptacles for leaves, trash and the
      like. In certain applications, such as leaf collection, bags are typically
      filled by manually retaining the bag mouths in a vertical plane and
      sweeping or raking the leaves into the bag mouth.
PAR  In order to facilitate bag filling, numerous concepts have been advanced
      for maintaining the bag in open position so that the operator may
      concentrate his attention on forcing the leaves or other material into the
      bag rather than on maintaining the bag in the desired position for
      filling. As examples of such bag holders, reference may be made to the
      following U.S. Pat. Nos.: 3,135,984; 3,604,677; 3,627,243; 3,697,030;
      3,744,081; 3,747,653 and 3,754,785. Each of the noted patents purports to
      relate to a bag attachment for facilitating the filling thereof. However,
      each of the patents fails in one or more of the following aspects:
      requiring the use of stakes or spikes to be driven into the ground as the
      means for supporting the bag, and hence being unuseable on hard surfaces;
      employing complex and therefore expensive parts and components; requiring
      manual or foot manipulation to support the bag mouth in open position;
      providing no means for assuring that the bag will be distended in a
      lengthwise direction; and involving substantial bulk so that the units
      must be encased in relatively large cartons for shipping and occupy
      sustantial storage space when not in use.
PAC  SUMMARY
PAR  The present invention may be summarized as directed to an improved bag
      holding apparatus for supporting a bag on a horizontal surface, such as a
      lawn, pavement or floor, without the requirement of utilizing stakes,
      spikes or the like, the holder being constructed of inexpensive, readily
      available plastic material, being susceptible of shipping in "knocked
      down" form, in which form it occupies only a very limited space, and being
      readily assemblable for use and collapsible when not in use.
PAR  The apparatus is, in addition, functionally superior to devices heretofore
      known in that the mechanism which supports the parts so that the bag
      opening remains in a vertical plane for filling also distends or extends
      the bag in a horizontal direction, facilitating filling of the bag by
      assuring that the pliable bag material will not gather, lie, or bunch in
      blocking position of the open bag mouth.
PAR  The apparatus includes a base portion which supports a stretcher assembly
      adapted to expand the mouth of the bag so that the same conforms to the
      configuration of the base and stretcher. A support blade is provided
      adjacent and above the base, the blade being pivotal in a plane parallel
      to the plane of the base such that its longitudinal axis may be aligned
      with or displaced from the axis of the base. When the blade is pivoted
      such that its longitudinal axis is displaced from the longitudinal axis of
      the base plate, preferably at a 90.degree. angle, the blade supports the
      base plate and, hence, the open mouth of the bag, against tilting from the
      vertical plane, a portion of the stretcher blade entering into the
      interior of the bag to assure that portions of the bag toward the closed
      end cannot block the open mouth.
PAR  In accordance with an embodiment of the invention, the components, notably
      base plate, blade and stretcher, may all be formed of thin planar
      resilient plastic elements, reducing the cost of the apparatus to a price
      sufficiently low to permit its being used, for instance, as a premium or
      give-away item to purchasers of the bags.
PAR  In accordance with an embodiment, certain of the parts may be integrally
      formed or may be defined of snap-together construction.
PAR  It is accordingly an object of the invention to provide an improved bag
      distending support member for holding trash bags or the like on a
      horizontal surface with the bag mouth open, to facilitate the introduction
      of detritus, leaves, etc., thereinto.
PAR  A further object of the invention is the provision of a device of the type
      described wherein the apparatus not only retains the bag in position
      thereon and retains the mouth of the bag in a vertical plane, but also
      extends or distends the bag in the longitudinal direction.
PAR  Still a further object of the invention is the provision of a device of the
      type described wherein insertion of the bag onto, and removal of the bag
      from, the apparatus may be rapidly effected.
PAR  Still a further object of the invention is the provision of a bag support
      apparatus of the type described wherein the tilt-resistant mounting of the
      bag on a horizontal surface is accomplished without the necessity for
      driving pegs, spikes, etc. into the surface.
PAR  Still a further object of the invention is the provision of a device of the
      type described wherein the components are fabricated of resilient plastic
      elements, making for a light weight, inexpensive construction.
DRWD
PAR  To attain these objects and such further objects as may appear herein or be
      hereinafter pointed out, reference is made to the accompanying drawings,
      forming a part hereof, in which:
PAR  FIG. 1 is a perspective view, partially broken away, of a bag supported on
      a horizontal surface by an attachment mechanism in accordance with the
      invention;
PAR  FIG. 2 is a vertical section taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section similar to FIG. 2 of a further embodiment of the
      invention;
PAR  FIG. 4 is a section similar to FIG. 2 of a further embodiment of the
      invention, the section being shown in smaller scale.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a bag B supported
      in position to receive leaves or other detritus by a free-standing
      portable bag support 10 in accordance with the invention. The bag support
      apparatus comprises a base portion 11 which is preferably formed of an
      elongated rectangular length of rigid plastic material such as, by way of
      example, polypropylene.
PAR  The base portion 11 is provided adjacent the ends 12, 13 thereof with guide
      slots 14, 15, respectively, extending longitudinally inwardly from and
      opening at the ends 12, 13 of the base.
PAR  The slots 14, 15 form guides for the distal ends 16, 17 of a bail or
      stretcher member 18, the stretcher member being likewise made of resilient
      plastic or metal material, the stretcher 18 being of thinner stock than
      the base 11.
PAR  The distal ends 16, 17 of the stretcher 18 are provided with reduced neck
      portions 19, 20 of a size freely to pass through the slots 14, 15, the
      terminal ends of the stretcher 18 adjacent the neck portions being fitted
      with locking tabs 21, 22 which underlie the lower surface 23 of the base
      11 in the areas adjacent the slots 14, 15, so as to prevent the ends of
      the stretcher from being lifted upwardly from the base once the necks 19,
      20 are disposed within the slots 14, 15.
PAR  Due to the clearances provided between the respective portions of the slots
      and the necks, it will be appreciated that the stretcher 18 may be bowed
      to a greater or lesser curvature, with the neck portions engaged within
      the slots to vary, within a range, the size and configuration of the mouth
      portion defined between the base 11 and stretcher 18.
PAR  The bag member B is applied by outwardly lapping the open or receiving end
      24 of the bag B over the base, bowing the stretcher 18 to a desired
      configuration while its ends are engaged within the slots, and then
      releasing the compressed stretcher portion such that the same snaps
      outwardly into tight engagement with the interior surfaces of the bag,
      whereby the bag is retained in position with its mouth distended by the
      outwardly expanding forces of the stretcher.
PAR  It will be appreciated that the noted arrangement provides a degree of
      adjustability for the interior dimension of the bag, it being further
      understood that if bags of a given predetermined size only are to be
      employed and, consequently, adjustability is not a factor, the ends of the
      stretcher 18 may be simply permanently or temporarily anchored to the ends
      of the base plate without providing for lateral movement. Installation of
      the bag in such case is effected by bowing the stretcher downwardly toward
      the base plate to reduce the size of the mouth, sleeving the bag end over
      the depressed bowed portion and then releasing the stretcher.
PAR  Where a high degree of adjustability is required, the stretcher may take
      the form shown in FIG. 3, wherein like parts have been assigned like
      reference numerals. In the form of FIG. 3, the stretcher 18' is formed
      integrally with the base plate 11', the parts being hingedly connected by
      a thinned hinge portion 25. In this embodiment the stretcher 18' includes
      a free end portion 26 which, in the bag distending position thereof, is
      disposed in spaced relation to the base plate, the spacing and bowed
      configuration finally assumed by the stretcher 18' being a function of the
      perimeter size of the bag employed.
PAR  There is shown in FIG. 4 still a further variation of bag spreader and
      retainer mechanism. In accordance with this embodiment, a pair of spreader
      arms 18" extend from the opposite ends 40, 40 of the base 11", the arms
      18" and base being preferably formed of an integral resilient plastic
      sheet or molding. The arms 18" normally tend to be disposed perpendicular
      to or in the plane of and outside the base 11" but may be biased inwardly
      and downwardly toward or against the base. The device is used by pressing
      the arms 18" close to the base assembly, inserting the apparatus into the
      bag, and then releasing the arms, which will spring upwardly and outwardly
      to the solid line position and retain and spread the bag. The embodiment
      of FIG. 4 has the advantage of being adaptable to receive a wide size
      range of bags and of being readily collapsed to a flat configuration for
      shipping by simply forcing the arms against the base.
PAR  It will be appreciated that various other stretcher arrangements for
      maintaining the bag in tautened relation over the base plate will readily
      occur to those skilled in the art in the light of applicant's disclosures,
      and no claim is made to the concept of providing a bag distending
      stretcher per se, the functional importance of the stretcher arrangement
      being to retain the bag in position and to maintain the mouth of the bag
      open while at the same time preventing any significant tilting between the
      stretcher and the base plate, i.e., the plane of the opening should be
      retained normal or substantially normal to the plane of the base plate.
PAR  An important feature of the invention resides in the support blade assembly
      27 next to be described.
PAR  The blade assembly, in accordance with illustrated embodiments, comprises
      an elongate rectangular strip 28, preferably of plastic material of
      substantial rigidity. The blade 28 is pivotally connected to the base
      plate 11 by a vertically extending pivot pin 29 which may be integrally
      molded into the base plate 11, or may comprise a separate element passed
      through registering apertures 30, 31 in the base plate and blade member,
      11 and 28 respectively.
PAR  The pivot pin 29 includes a headed portion 32 which underlies the base
      plate 11 or, if desired, the head may be seated within a recess in the
      base plate so as not to cause the base plate to be spaced from a ground
      support surface on which it is seated for applications where a space is
      counter-indicated, i.e., collecting dust from a floor surface. The upper
      end 33 of the pivot pin 29 may optionally be formed in a conic
      configuration leading to a downwardly facing annular retainer shoulder 34,
      the conic configuration permitting the pin 29 to be snapped through the
      apertures 30, 31 in the base plate 11 and blade 28.
PAR  It will be appreciated from the foregoing that the pivot pin 29 which
      passes substantially centrally through the base plate and blade pivotally
      connects the aforesaid members for relative rotary movement in a
      horizontal plane about the vertical axis of the pivot pin.
PAR  After the bag has been attached over the stretcher assembly and base plate
      in the manner aforesaid, the device is placed in operative position by
      rotating the blade member 28, preferably through an angle of about
      90.degree., such that a first portion 35 of the blade extends externally
      of the bag whereas a second portion 36 extends internally into the bag.
      The interfit of the pin 29 with the base plate and blade is desirably such
      that relative rotation of the parts is frictionally restrained.
PAR  With the blade 28 rotated to the operative position shown in FIG. 1, the
      assembly 10 carrying bag B may be seated on a horizontal surface, such as
      a lawn, driveway, floor or the like, and leaves, grass clippings, trash or
      the like may be swept through the open end 24 of the bag into the interior
      thereof.
PAR  It will be observed that portions 35 and 36 of the blade extend both within
      and without the bag. The assembly 10 is thus prevented from tilting in any
      direction, e.g., is retained in its desired vertical position.
PAR  A significant advantage of the blade assembly described lies in the fact
      that, in the operative position, portions of the blade are disposed inside
      the bag and prevent the bag, and particularly the ground adjacent portions
      of the bag, from inwardly lapping and consequently blocking the open mouth
      portion of the bag.
PAR  Optionally, the stretcher member 18, at an essentially medial portion, may
      be provided with an inwardly projecting portion 37 which will function to
      prevent the uppermost parts of the bag from drooping downwardly into the
      path of the mouth.
PAR  From the foregoing it will be appreciated that there is described and
      illustrated a portable bag distending apparatus on which may be mounted
      vinyl or like bags, the distending apparatus permitting the bag, without
      manual attention, to be retained on a horizontal surface with its mouth
      held open for the receipt of leaves, grass clippings or like detritus. The
      stretcher or stretcher members fixed to the base plate permit the
      apparatus to be accommodated to bags of a wide variety of sizes, it being
      understood that where the unit will be used for a great range of bag
      sizes, the embodiment of FIG. 4 is preferred.
PAR  The novel blade support assembly in the defined combination provides the
      double function of affording support against tilting inwardly or outwardly
      without the use of stakes, and providing a bag extending or distending
      feature, as more fully set forth hereinabove.
PAR  A further desirable feature of the instant apparatus lies in its ability to
      be sleeved to an intermediate position within the bag, such that the
      portion of the bag nearest the sealed end may be filled, and thereafter
      the unit moved outwardly within the bag toward the open end, enabling full
      utilization of the capacity of the bag by preventing the formation of
      internal pockets. The ability of the apparatus to be sleeved completely
      within the bag is the result of the absence of any protrusions, handles,
      operating mechanisms and the like associated with prior art bag supports,
      which would preclude such prior art supports from being disposed entirely
      within the bag.
PAR  It will be further appreciated that the bag support, in its simplest form
      or forms, is comprised of three basic components, namely, the base plate,
      the stretcher member or members integral with or attachable to the base
      plate, and the blade support pivotally mountable on an attachment pin
      molded into or secured to the base plate. It will thus be seen that the
      normally substantially flat base plate, stretcher and blade may be
      packaged in an extremely small space, and readily assembled and
      disassembled.
CLMS
STM  Having thus described the invention and illustrated its use, what is
      claimed as new and and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A portable free-standing bag distender apparatus comprising a rigid,
      flat, elongated, horizontal base plate, a generally planar elongated
      support blade adjacent and parallel to said base plate, said blade being
      essentially free of portions extending out of the plane of said blade,
      pivot means connecting said base plate and support blade for relative
      angular movement about a pivot axis perpendicular to the planes of said
      plate and blade, said pivot extending through said blade at a
      substantially medial position relative to the longitudinal axis of said
      blade whereby, when said blade is rotated about said pivot axis to offset
      the longitudinal axes of said plate and blade by 90.degree., portions of
      said blade extending to both sides of said plate, and stretcher means
      mounted on said blade, said stretcher means being resiliently deformable
      in a plane above and normal to said plate and blade, said stretcher means
      and plate together defining an open mouth expansible in a vertical plane
      and adapted to retain in open position thereover the vertically arrayed
      receiving end of a bag by expansion against the interior of said bag.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said base plate and said
      stretcher means comprise an integral resilient plastic element.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said stretcher means
      comprises first and second arm members extending from the ends of said
      base plate, said arm members being shiftable between a collapsed position
      in which said arms lie parallel to the plane of said base plate, to a bag
      retaining position wherein said arms are disposed above said plate.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said stretcher means is
      formed of resilient plastic material which is substantially flat in the
      relaxed condition thereof, said stretcher means being deformed to an
      arcuate configuration in the bag retaining position thereof.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein one end of said stretcher
      means is hingedly connected to one end of said plate.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 wherein the distal ends of said
      stretcher means are slidably connected to the distal ends of said plate.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said pivot means includes a
      snap connector member adapted to connect said blade and base plate
      responsive to movement of said blade toward said plate.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said snap connector member
      is integrally formed on said plate.
NUM  9.
PAR  9. A portable free-standing bag distender apparatus adapted to support a
      plastic trash bag or the like in distended condition on a horizontal
      surface with the receiving end of said bag in the open condition above
      said horizontal surface and with at least certain portions of said bag
      inwardly of said receiving end extending in a direction lengthwise of said
      bag, comprising a base assembly including a thin, rigid, planar base
      portion adapted to rest on a horizontal surface, a generally planar
      stabilizer blade immediately adjacent and parallel to said base, said
      blade being pivotally connected to said base intermediate its ends for
      angular movement relative to said base in a plane parallel to the plane of
      said base, said blade being shiftable in said angular direction between an
      aligned position with said base and an offset position, said blade, in
      said offset position, including portions lying to either side of said
      base, and yieldingly expansible bag stretcher means mounted on said blade
      assembly, said stretcher means being movable in a plane normal to the
      plane of said base, said stretcher means defining with said base assembly
      an outwardly expanding open mouth portion adapted to be inserted within
      the receiving end of a bag, said bag being retained over and caused to
      conform to the configuration of said open mouth by outward pressures
      exerted against the inside of said bag by said expansible stretcher means.
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PAL  Two pivotally secured jaws can be placed inside a bore in a mannequin head
      and pivoted away from each other by lock means to press tightly inside the
      bore, to detachably secure the head to the jaws. The jaws are supported by
      an upwardly extending rod, the lower end of the rod being attached to a
      sphere.
PAL  The upward and sideways motions of the sphere are constrained by a hollow
      enclosure in which the sphere is disposed, and the downward motion of the
      sphere is constrained by a wedge that extends upwardly into the enclosure
      from the top surface of a table near the table's edge. An adjustable clamp
      presses the enclosure downwardly towards the top surface of the table. As
      the clamp is tightened, the wedge presses ever more tightly against the
      sphere, wedging it tightly against the enclosure and preventing the sphere
      from moving therewithin.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed towards a device that will detachably secure a
      conventional mannequin head to a table in any one of a number of possible
      orientations. Mannequin heads conventionally have downwardly extending
      bores in which supporting devices may be disposed. In such U.S. Pat. Nos.
      as 3,448,957, 3,424,419, 3,501,847, 3,586,281, and 3,489,383 a generally
      conical member is pressed tightly into this bore. After such a mounting
      procedure, the head bore will deform and become progressively harder to
      secure to the member.
PAR  In the present invention, a pair of elongated jaws are pivotally secured to
      each other, and can be pivoted away from each other by lock means to
      tightly press against the sides of such a bore. Thus, deformation of the
      bore is held to a minimum, and the jaws need only be sufficiently expanded
      to the minimum degree needed to hold the head.
PAR  In a manner similar to that shown in the above-mentioned patents, this
      invention utilizes a ball and socket joint to support the jaws in the head
      and allow the head to be inclined in various orientations. However, in
      this invention a novel structure is utilized to prevent this joint from
      rotating once it has been set in position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the invention in use.
PAR  FIG. 2 is a cross-sectional side view of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A conventional mannequin head 10 is detachably secured to a table 20 in any
      one of a plurality of orientations by the invention.
PAR  In this embodiment, two like elongated and opposed jaws 30 and 40 are
      placed into a downwardly extending bore in the head. Jaw 40 is fixed, and
      jaw 30 is pivotally attached thereto by pivot rod 50, which allows the
      jaws to pivot in a plane. The jaws are so shaped that when they are not
      pivoted apart, they form a truncated cone with parallel, circular,
      regularly spaced ridges 60. A lock means has a bolt 70 that extends
      through the bottoms of the jaws and is rigidly attached to jaw 40. By
      threading wing nut 80 in the lock means down on the bolt, the bottoms of
      the jaws are pressed more closely together, expanding the tops of the jaws
      to abut the sides of any bore in which they are disposed.
PAR  Jaw 40 is supported at the top of upwardly extending rod 90, the lower end
      of the rod being attached to plastic sphere 100. The sphere is embedded in
      the interior of a hollow enclosure to form a ball and socket joint. The
      enclosure has a hollow cylindrical body 110 with an annular lip 120
      attached to its top, the interior radius of the lip being smaller than the
      radius of the sphere and thus preventing the sphere from poppong out the
      center of the annulus. It can be seen in FIG. 2 that the rod extends
      upwardly through the center of the lip, and thus can rotate anywhere
      within the solid angle formed by the inner circumference of the lip and
      the center of the sphere. The sphere is prevented from any translational
      movement by packing 130 that surrounds its sides inside the enclosure,
      leaving the sphere free only to rotate.
PAR  A flat-bottomed teflon wedge 140 has its bottom on the top surface of the
      table, and extends upwardly therefrom into the enclosure. The wedge takes
      the form of a truncated cone with a concave top surface having a radius of
      curvature equal to the radius of the sphere. A circular wire retaining
      ring 150 fits loosely between a horizontal circular groove 160 on the
      outside of the wedge and a corresponding groove 170 on the inside of the
      packing. The ring prevents the wedge from falling out of the enclosure
      when the wedge is not resting on anything, and still permits a small
      degree of relative motion between wedge and enclosure.
PAR  An adjustable C-shaped clamp 180 is attached to the bottom of the body and
      extends around the edge of the table. As can be seen in FIG. 2, tightening
      the clamp forces the enclosure down, causing the wedge to wedge the sphere
      between the top surface of the wedge and the lip, thus preventing the
      rotation of the sphere.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for supporting a mannequin head and adapted to be secured to a
      table, said device comprising:
PA1  first and second upwardly extending elongated jaws pivotally secured
      together at a common point intermediate upper and lower ends of the jaws,
      the first jaw being fixed, the second jaw being pivotable in a vertical
      plane about the first jaw, both jaws having vertically spaced ridges which
      are aligned when the jaws are disposed together to define vertically
      spaced outer circular ridges, said jaws when disposed together defining a
      vertical truncated cone having said ridges on the outer surface;
PA1  a vertical rod secured at its upper end to the lower end of the first jaw
      and extending downward;
PA1  a sphere secured to the lower end of the rod;
PA1  a hollow enclosure with a horizontally disposed annular top lip of interior
      radius less than the radius of the sphere, the sphere being disposed
      inside the enclosure with the rod extending upward therefrom through the
      circular hole defined by the lip, said enclosure having an open region
      extending downward from the sphere to the bottom of the enclosure, said
      region having a peripheral horizontal circular groove;
PA1  a wedge shaped to fit into said open region and disposed therein, said
      wedge pressing upwards against the sphere, said wedge having an outer
      peripheral circular groove aligned with the groove in the region, said
      wedge being adapted to rest upon said table;
PA1  a circular ring fitting loosely within the aligned grooves to hold the
      wedge inside the enclosure;
PA1  an adjustable clamp adapted to engage the edge of the table and secured to
      the bottom of the enclosure leaving said open region exposed whereby said
      enclosure presses downward upon the wedge and said sphere is pressed
      against the lid and cannot rotate; and
PA1  means extending through the lower ends of both jaws to lock same together
      in any desired pivot position.
NUM  2.
PAR  2. The device of claim 1 further including a mannequin head having a
      downwardly disposed bore in which the upper portions of said jaws are
      disposed.
NUM  3.
PAR  3. The device of claim 2 wherein said open region forms a vertical
      truncated cone with the base at the bottom and said wedge defines a
      truncated cone of like shape, the top of the wedge cone being concave with
      a radius of curvature equal to the radius of the sphere.
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PAL  A combination appliance base and carton bottom is disclosed. The base
      includes a top panel and a bottom panel with a reinforcement therebetween.
      The reinforcement includes a pair of beam members one on each side of the
      base and a reinforcing filler in the central portion. The beam members and
      reinforcing filler are formed of substantially non-expanded and expanded
      honeycomb material, respectively.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an appliance base, more specifically the
      present invention relates to a combined appliance and carton base
      incorporating a reinforced deck and locking flaps.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Generally, during the manufacture of appliances, each appliance is mounted
      on a frame, usually formed of wood or the like, and generally referred to
      as an appliance base. The appliance is carried along the assembly line on
      its base and subsequently the finished appliance and base are inserted
      into a suitable container, such as a conventional corrugated cardboard box
      to package the appliance for shipment. It will be apparent that with this
      system, the carton is a separate entity entirely from the appliance base,
      serves a different purpose and the appliance together with its base must
      be lifted or supported in an elaborate manner to permit the bottom of the
      carton to be positioned or formed under the appliance.
PAR  It is the object of the present invention to provide a combined appliance
      and carton base and a new carton structure for packaging appliances.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention comprises a base member having a bottom
      panel and a top panel, a reinforcement positioned between and spacing said
      top and bottom panels, said reinforcement comprising a pair of beam
      members positioned one at each side of said base and a reinforcing filler
      positioned between said beam, said reinforcing filler comprising expanded
      honeycomb material positioned with the longitudinal axis of the passages
      formed through the honeycomb material perpendicular to said top and bottom
      panels and wherein said reinforcing beams comprise substantially
      non-expanded or partially expanded honeycomb material. Preferably, the
      honeycomb material of the reinforcing filler and the beam members is
      formed of strips of double faced corrugated material secured together at
      spaced intervals with the points of securement on one side of each strip
      of corrugated material being staggered relative to those on the opposite
      side thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features, objects and advantages will be evident from the following
      detailed description of a preferred embodiment of the present invention
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of the appliance base constructed in accordance
      with the present invention;
PAR  FIG. 2 is a plan view of the bottom blank;
PAR  FIG. 3 is a plan view of one form of reinforcement including the
      reinforcing filler and beam structure;
PAR  FIG. 4 is a plan view of the top panel of the base;
PAR  FIG. 5 is an isometric view of non-expanded honeycomb material used for the
      reinforcing beams;
PAR  FIG. 6 is a partial view of an expanded honeycomb material forming the
      filler and is essentially the same material as FIG. 5 but in expanded
      position;
PAR  FIG. 7 is an isometric view of a closed carton formed in accordance with
      the present invention, and
PAR  FIG. 8 is a section along the line 8-8 of FIG. 7 illustrating the appliance
      base and its connection to the side walls (and/or end walls) of the carton
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The appliance base 10 of the present invention is illustrated schematically
      in isometric section in FIG. 1. As shown, the base 10 comprises a bottom
      panel 12, an intermediate reinforcement 14 including a filler section 16
      and a pair of side beams 18 positioned one at each side of the base 10.
      The reinforcement 14 is covered by a top panel 20. Suitable anchoring
      holes 22 are provided through the top panel 20 to coincide with
      depressions 19 in the bearing beams 18 of the reinforcement 14.
PAR  The bottom panel 12 in the illustrated arrangement includes a main body
      panel 24 having opposed pairs of closure flaps 26 and 28 foldably
      connected to opposite sides thereof by fold lines 30 and 32 respectively.
      Each of the flaps 26 is divided by fold line 34 into an outer panel 36 and
      an inner flap 38. Similarly each of the flaps 28 is divided by a fold line
      40 into an outer panel 42 and an inner flap 44. The flaps 38 and 44 are
      designated as inner flaps even though they are on the outer extremities of
      the panels 36 and 42 respectively because of their final position in the
      shipping container. The length and width of the body portion 24 are
      slightly longer (by approximately 2 thicknesses of board) than the
      corresponding dimensions of the top panel 20 thereby to accommodate the
      tubular sleeve 50 as will be described hereinbelow (see FIG. 8).
PAR  Referring to FIG. 3, the reinforcement 14 as above indicated comprises a
      central reinforcing filler 16 between the two bearing beams 18. The
      central filler 16 functions as a reinforcing and spacer between the panels
      12 and 20 and preferably is formed of an expanded honeycomb material. The
      bearing beams 18 may simply be formed of the same material as the filler
      16 but in its unexpanded or slightly expanded condition. The preferred
      form of such a material is shown in FIG. 5 and includes a plurality of
      layers of double-faced corrugated board (i.e. a corrugated board having a
      pair of liners with a corrugated medium secured therebetween). Adjacent
      layers are adhesively secured together at spaced intervals by securing
      points 46 positioned so that those on one side of each of the layers are
      staggered relative to the securing points 46 on the opposite sides thereof
      whereby upon expansion the honeycomb like material will be formed. In the
      arrangement illustrated in FIG. 5, the various layers are designated as A,
      B, C, D, E, F, G and H. However, as many layers as desired may be used
      assuming equipment to form the material of the desired height is
      available.
PAR  On expanding the material of FIG. 5, for example to form the filler 16, the
      various layers are bent around their securing points 46 to form a
      honeycomb-like structure having passages 48.
PAR  If desired, the filler section 16 and the two bearing beams 18 may be
      formed from a single sheet of honeycomb material with different degrees of
      expansion so that the central region forming the filler is substantially
      more expanded than the bearing beams 18 as illustrated. Preferably, the
      beams 18 will be substantially non-expanded.
PAR  The top panel 20 is simply a rectangular panel formed preferably as is the
      bottom panel 12 of conventional double-faced corrugated board. In the
      specific arrangement shown, suitable mounting holes 22 are cut through the
      panel 20 to coincide with depressions 19 in the beams 18.
PAR  To form the appliance base, it is simply necessary to secure the
      reinforcement 14 to either the panel 20 or the panel 12 in proper relation
      thereto and then to secure the other panel, i.e. either 12 or 20 to the
      opposite side of the reinforcement thereby to form the three layered
      laminate.
PAR  It will be noted that the appliance base 10 is relatively rigid, the
      rigidity being provided by the two spaced panels 12 and 20 with the
      reinforcement 14 functioning as the spacing element and as the
      reinforcement to prevent bending and twisting of the base 10. In the
      illustrated arrangement, only two beam members 18 have been shown but
      obviously more may be provided as desired, for example further beam
      members parallel or perpendicular to the illustrated beams may be
      appropriately located in the base.
PAR  The appliance base 10 with the built-in bottom panel 12 which functions as
      the bottom of the carton facilitates the packaging operation in the
      appliance manufacturer's plant since the appliance is initially mounted on
      the base 10 and then fed through the assembly line. After the appliance
      has been fabricated, it may be packaged simply by slipping a tubular
      sleeve generally indicated at 50 in FIG. 7 down over the appliance. The
      sleeve will be provided with suitable flaps to cooperate with the flaps 26
      and 28, a pair of such flaps generally indicated at 52 are shown in
      cooperation with a pair of flaps 26 in the crosssection illustrated in
      FIG. 8. In this arrangement, the sleeve 50 is slid down over the appliance
      with the flaps 52 folded perpendicularly to their respective walls until
      the flaps 52 lie in face-to-face relationship with the outer panels 36 (or
      42), the inner flaps 38 (or 44) are folded over the flaps 52 on fold lines
      34 (or 40) and then the flaps 26 (or 28) and 52 are folded into a position
      substantially perpendicular to the panel 24, i.e. into the position
      illustrated in FIG. 8. A suitable strap 56 may be applied around the base
      of the carton to secure the sleeve 50 into position.
PAR  The top of the container may be formed in any suitable manner. In the
      illustrated arrangement, it is provided by a lid member 56 having a top
      panel 58 and downwardly extending flaps (equivalent to the flaps 26 and
      28) which encircle a further flap provided around the top of the sleeve 50
      (equivalent to the flaps 52 described hereinabove) and the top is closed
      via a band 60 which functions in the same manner as the band 54 described
      hereinabove. Alternatively the top closure may be integral with the sleeve
      50 or may be formed in any other suitable manner.
PAR  Modifications may be evident to those skilled in the art without departing
      from the spirit of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A base member comprising a top and bottom panel, a reinforcement
      extending between and spacing said top and bottom panels, said
      reinforcement having a pair of beam members positioned one at each side of
      said base and a reinforcing filler in the space between said beam members,
      said reinforcing filler being formed by an expanded honeycomb material
      oriented so that the longitudinal axes of apertures formed through the
      expanded honeycomb extend substantially perpendicular to said top and
      bottom panels, said beams being formed of honeycomb material oriented in
      the same manner as said expanded honeycomb forming said filler, said
      honeycomb material of said beams being expanded to a lesser degree than
      said expanded honeycomb material of said filler.
NUM  2.
PAR  2. A base as defined in claim 1 wherein said beams are formed of
      substantially non-expanded honeycomb material.
NUM  3.
PAR  3. A base member as defined in claim 2 wherein the said honeycomb material
      of said beam members and expanded honeycomb material of said filler are
      formed of double-faced corrugated board and wherein the longitudinal axis
      of the corrugations of the medium of said double-faced corrugated board is
      substantially perpendicular to said panels.
NUM  4.
PAR  4. A base member as defined in claim 1, wherein said beam members and said
      filler are formed from a single piece of honeycomb material.
NUM  5.
PAR  5. A base member as defined in claim 1 further comprising locking flaps
      foldably connected to the sides and end edges of said bottom panel.
NUM  6.
PAR  6. A base member as defined in claim 2 further comprising locking flaps
      foldably connected to the sides and end edges of said bottom panel.
NUM  7.
PAR  7. A base member as defined in claim 3 further comprising locking flaps
      foldably connected to the sides and end edges of said bottom panel.
NUM  8.
PAR  8. A base member as defined in claim 5, wherein each of said locking flaps
      has a panel with a flap foldably connected thereto on a fold line
      substantially parallel to the foldable connection between each respective
      locking flap and said bottom panel.
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ABST
PAL  The invention is a book stand intended for use primarily in supporting shop
      manuals and other automotive books for an automobile mechanic, and
      comprises a tripod base with a vertical shaft and a book support tray that
      is removably mountable either atop the shaft or in the base at near floor
      level so that it is easily seen by the mechanic when standing or when
      working beneath the body of an automobile.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A mechanic servicing or repairing an automobile often utilizes a shop
      manual or other technical books while working and must refer to the book
      repeatedly at the various stages of the repair process. While working on
      the engine, for example, from above, it is possible to support the manual
      on a fender or a workbench, which is not always an ideal arrangement, but
      when working beneath the car he is generally on his back, and to refer to
      a manual laid on the floor from this position, often with his hands
      occupied, is extremely awkward if not impossible. The mechanic is thus in
      need of a mobile book stand which will support a shop manual or the like
      on an incline alternatively at about shoulder level when he works on the
      car from above, and at, or slightly above, floor level when he is working
      beneath the car.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention fulfills the above mentioned need and comprises a
      versatile book stand having a tripod base with two wheels and a leg with a
      tubular horizontal portion, and a hollow vertical shaft mounted centrally
      on the base. A book support tray with two opposed parallel flanges the
      edges has a post extending at an angle from the rear surface thereof which
      is insertable in the top of the shaft to provide a chest level stand and
      alternatively insertable in the horizontal tube on the base at ground
      level, the tray being disposed at an angle of about 45.degree. in either
      capacity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the book stand set for upright use;
PAR  FIG. 2 is a side elevation view, partially in section; and
PAR  FIG. 3 is a perspective view with the book holder in the lower position.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The book stand includes a tripod base 10 comprising a pair of legs 12 which
      are preferably the two ends of a length of metal tubing having a central
      bend therein, with a pair of casters 14 mounted to the ends. A third leg
      16 of the base, also constructed of hollow tubing to define a mounting
      socket at its mounted end, is mounted by U-bolts 18 to a plate 20 which is
      welded or otherwise attached to the vertex junction of the two legs 12.
      The distal end of leg 16 is downbent to from a foot 22 having a rubber cup
      24 thereon to secure the stand against rolling when in use, rolling
      mobility obviously being achievable by tilting the stand onto the caster
      alone. A hollow vertical shaft is centrally mounted to the base by welding
      or other means such that the hollow interior of the leg 16 is not blocked
      or obscured.
PAR  The book-holding portion of the unit comprises a planar tray 28 which
      preferably has two parallel up-bent flanges 30 and 31 extending
      orthogonally from opposite edges of the forward surface, and a post 32 is
      mounted to the rear surface of the tray at an angle by any suitable means
      such as by welding, in the drawing a flanged socket 34 being used to
      provide additional support to the post. The orientation of the post to the
      tray is preferably such that it is perpendicular to both of the flanges 30
      and describes an angle of about 45.degree. with a line in the plane of the
      tray and perpendicular to both of the tray edges to which the flanges are
      joined.
PAR  The tubular members 16 and 26 are both of a diameter sufficient to receive
      the post 32, so that as illustrated the tray may be mounted either in the
      open upper end of the shaft 26 in which case the flange 31 is uppermost,
      or re-oriented somewhat and the post inserted into the mounting socket
      defined by the hollow leg 16. A knob-operated set screw 36 is provided
      near the top of the shaft so that the tray is vertically adjustable, and
      when in the lower position the tray rests on the floor and may be extended
      horizontally to an extent limited only by the length of the post and the
      leg 16. It will be noted that in either position the tray will assume an
      angle of about 45.degree. to the horizontal when the lower flange is
      horizontal due to the angle of attachment of the post to the tray.
PAR  Variations of the illustrated embodiment are possible within the scope of
      the invention. For example, the attachment of the post 32 to the tray
      could easily be made angularly adjustable to permit the establishment of
      tray angles other than 45.degree., or the tray could be centrally bent
      along a line parallel to the flanges to establish a different incline of
      the book-supporting surface of the tray for the upper and lower positions.
PAR  The book stand as described herein is prefectly adapted for use in
      automobile servicing, though of course its use is not limited to such. Two
      different book-supporting levels are established, the upper level being
      adjustable vertically and about the vertical axis and the entire unit
      being easily moved from one area to another on the two casters as
      different portions of an automobile are being service, the third leg
      providing stability against rolling when the stand is stationary.
CLMS
STM  I claim:
NUM  1.
PAR  1. A book stand comprising:
PA1  a frame having a base and a shaft mounted to said base such that said shaft
      extends vertically upwardly from said base when the latter is disposed on
      a horizontal surface, the upper portion of said shaft defining an
      elongated vertical channel therein;
PA1  a tray having an inclined post mounted to the rear thereof and dimensioned
      to snugly seat in said channel whereby said tray is removably mountable
      substantially above said shaft and at an angle thereto; and
PA1  said base including a mounting socket for snugly and removably receiving
      said post, whereby said tray is alternatively mountable on said shaft and
      in said socket.
NUM  2.
PAR  2. Structure according to claim 1 wherein said base includes three
      horizontally extended legs each having a floor-contacting member depending
      therefrom, the portion of one of said legs opposite from said
      floor-contacting member defining said mounting socket.
NUM  3.
PAR  3. Structure according to claim 2 wherein the floor-contacting portion of
      one of said legs defining a mounting socket, comprises a stabilizing foot,
      and the remaining two floor-contacting members comprise casters, whereby
      said book stand can be tilted to elevate said foot and rolled on said two
      casters.
NUM  4.
PAR  4. Structure according to claim 1 wherein said tray has two substantially
      parallel edges and including two flanges, each being integral with one of
      said edges and orthogonally extending from said tray, and said post is
      perpendicular to both of said edges and define an angle of on the order of
      45.degree. with a line intersecting and perpendicular to both of said
      edges, one of said flanges serving as a book-supporting ledge when said
      panel is mounted on said upper portion of said frame and the other of said
      flanges serving as a book-supporting ledge when said panel is mounted on
      the lower portion of said frame, said base socket and tray being
      dimensioned such that the other of said flanges resting on the floor when
      said tray is mounted in said socket.
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ABST
PAL  The invention relates to a mirror joint assembly. A cover member has
      opposed detents on its inner surface which mate with complementary
      recesses on an adjacent clutch member. Threaded studs extend outwardly
      from the cover member and the clutch member for attaching the joint
      assembly to supports which are parts of an overall mirror assembly. A
      spring biases the clutch member and the cover member into an engaged
      position to retard relative rotation between the clutch member and the
      cover member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Mirror assemblies are known for use with many different types of vehicles.
      The mirror assembly, according to the present invention, is specifically
      adapted for use in connection with, for examples, trucks, the tractors or
      tractor-trailer combinations, trailer campers and recreational vehicles.
PAR  This type of mirror assembly must have the ability to be set in a fixed
      position for normal road use and be adjustable relative to a vertical axis
      for other driving situations, for example, where a driver is backing into
      a loading dock. In addition, the mirror assembly must have some resiliency
      if it is struck by an obstacle or if the vehicle to which it is attached
      is passing through an automatic washer. Many types of prior art mirror
      assemblies are known, for examples, the types shown in U.S. Pat. Nos.
      2,969,715, 3,119,591 and 3,322,388.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a mirror joint assembly which has a set
      position for use during normal driving and is readily adjustable for other
      driving situations.
PAR  The mirror joint assembly, according to the present invention, includes a
      cover member having an outer surface and an inner surface. In one
      embodiment, a threaded stud extends outwardly from the outer surface of
      the cover member and a pair of diametrically opposed detents are defined
      on the inner surface. A clutch member is positioned adjacent the inner
      surface of the cover member and includes a pair of complementary recesses
      adjacent the detents. A threaded stud extends axially outwardly from the
      clutch member and spring means are provided to urge the clutch member and
      the cover member into an engaged relationship wherein the detents are
      received by the recesses.
PAR  When the mirror is in the driving position, the detents are engaged in the
      recesses and the spring means urges the members into this relationship. To
      move a mirror around a vertical axis out of the engaged relationship, the
      operator must overcome the spring force and move the detents out of the
      recesses. Even though the detents are moved out of the recesses, the
      mirror tends to stay in a set position once it is placed in that position.
      When the operator again desires to place the mirror in the driving
      position, he merely rotates the mirror until the engaging relationship is
      reached between the detents and the recesses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a truck mirror assembly including a mirror
      joint assembly according to the present invention;
PAR  FIG. 2 is a fragmentary, elevational view, showing the bow arm portion of
      the mirror assembly rotated 90.degree. from the position shown in FIG. 1;
PAR  FIG. 3 is an exploded view of one embodiment of a mirror joint assembly,
      according to the present invention;
PAR  FIG. 4 is a top view of the mirror joint assembly, according to the present
      invention;
PAR  FIG. 5 is an enlarged vertical sectional view, taken along the line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a fragmentary, vertical sectional view, taken along the line 6--6
      of FIG. 4; and
PAR  FIG. 7 is a fragmentary sectional view of another embodiment of a mirror
      joint assembly, according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A mirror assembly is generally indicated by the reference number 10 in FIG.
      1. The mirror assembly 10 includes an upper support arm 11, a U-shaped bow
      arm 12, a lower support arm 13, a brace arm 14, and a mirror 15. Clips 16
      (see FIG. 2) are attached to the bow arm 12 and are aligned with brackets
      17 on the back of the mirror 15. Bolt assemblies 18 connect the clips 16
      to the respective brackets 17 and the mirror 15 is held in a fixed
      position relative to the bow arm 12 unless the bolt assemblies 18 are
      released and the mirror 15 adjusted. After the correct adjustment is
      reached, the bolt assemblies 18 are tightened.
PAR  Similarly, the upper support arm 11 has an end 21 which is aligned with an
      end 22 of the bow arm 12. A bolt assembly 23 connects the ends 21 and 22
      together in a manner such that the upper support 11 and bow arm 12 may be
      pivoted relative to each other around the vertical axis defined by the
      bolt assembly 23.
PAR  The brace arm 14 has an end 24 which is vertically aligned with an end 25
      of the lower support arm 13 and an end 26 of the U-shaped bow arm 12. A
      mirror joint assembly according to the present invention is generally
      indicated by the reference number 30. The mirror joint assembly 30, in
      operation, is disposed between the end 26 of the bow arm 12 and the
      adjacent ends 24 and 25 of the base arm 14 and the lower support arm 13.
      Referring to FIG. 3, in the present embodiment, the mirror joint assembly
      30 includes a generally elliptical-shaped cover member 31 which has an
      upper surface 32, a lower surface 33 and a depending sidewall 34. A
      threaded stud 35 extends outwardly from the upper surface 32 and is
      attached to the end 26 of the bow arm 12 by an acorn nut 36.
PAR  A hub 37 extends outwardly from the lower surface 33 of the cover member 31
      in an opposed relationship to the threaded stud 35. A pair of
      diametrically opposed projections or detents 38 are defined on the lower
      surface 33 of the cover member 31 adjacent the sidewall 34.
PAR  The mirror joint assembly 30 also includes a clutch member 40 having a
      threaded stud 41 extending outwardly therefrom. The clutch member 40
      includes a circular plate 42 which defines recesses 43 adjacent its
      periphery. The recesses 43 are in a complementary mating relationship with
      the detents 38 of the cover member 31. The detents 38 and the recesses 43
      serve as cooperating elements to retard relative rotation between the
      clutch member 40 and the cover member 31. The clutch member 40 has a
      central body portion 44 which defines a central cup-shaped recess 45. The
      recess 45 receives the hub 37, as shown in FIG. 5.
PAR  In the present embodiment, a washer 46 is received by the threaded stud 41
      and is positioned closely adjacent the underside of the circular plate 42.
      A disk spring 47 surrounds the body portion 44 and acts as load bearing
      surface or reaction surface for the spring 47.
PAR  A second or bottom cover member 50 is attached to the top cover member 31
      by a pair of rivets 51. The bottom cover 50 includes a circular opening 52
      which receives the body portion 44 of the clutch member 40. The body cover
      50 also includes a circular land 53 which mounts the spring 47.
PAR  The threaded stud 41 extends through holes in the ends 24 and 25 of the
      brace arm 14 and lower support arm 13, respectively, and is secured
      thereto by an acorn nut 54. When the mirror assembly 10 is in its normal
      position, shown in FIG. 1, the mirror joint assembly 30 is in its set or
      locked position, best illustrated in FIG. 6. The clutch member 40 is urged
      by the spring 47 toward the cover member 31 and the detents 38 are mated
      in the recesses 43. When in this position, the mirror 15 can only be
      rotated around a vertical axis if the spring force, generated by the
      spring 47, is overcome and the detents 38 moved out of their complementary
      mating recesses 43. It should be noted that the cooperating elements,
      namely the detents 38 and the recesses 43, may be reversed from the
      position shown in their preferred embodiment. In other words, the recesses
      43 may be defined by the cover member 31 (not shown) and the detents
      defined on the clutch member 40 (not shown).
PAR  Even when the mirror 15 is rotated out of the locked position shown in FIG.
      1, the spring 47 generates enough force to keep a relatively tight
      friction fit between the clutch member 40 and the cover member 31 such
      that the mirror 15 will normally stay in any preset vertical plane. When
      the operator again desires to move the mirror 15 to the set or locked
      position shown in FIG. 1, he merely rotates the mirror until the
      cooperating elements, namely the detents 38 and the recesses 43, are in
      their mating or engaged relationship.
PAR  The bottom cover 50 includes an upstanding sidewall 55, having an L-shaped
      surface 56. When the bottom cover 50 is mounted on the cover member 31, as
      shown in FIG. 5, the L-shaped upper surface 56 receives the sidewall 34 of
      the cover member 31, in a telecoping relationship.
PAR  FIG. 7 shows another embodiment of the present invention. In this
      embodiment, a cover member 31a is connected to a bottom cover member 50a
      by a pair of adjustable screws 57. Rotation of the screws 57 adjusts the
      vertical relationship between the two components and at the same time
      adjusts the spring tension on a spring 47a.
PAR  It has been found that a mirror joint assembly, according to the present
      invention, provides a quick and easy structure for use in a mirror
      assembly. The mirror assemblies can be used with, for examples, trucks,
      the tractors of tractor-trailer combinations, trailer campers and
      recreational vehicles. The mirror assemblies can also be folded inwardly
      when passing through an automatic washer or if the vehicle, such as a car,
      is no longer connected to its camper trailer.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mirror joint assembly comprising, in combination, a cover member
      defining first cooperating members on its inner surface, a clutch member
      adjacent said cover member, said clutch member including second
      cooperating members complementary with said first cooperating members,
      attaching means operatively connected to said cover member for attaching
      said cover member to a support, connecting means operatively attached to
      said clutch member for connecting said clutch member to a support, a
      bottom member adjacent said clutch member and separate from said cover
      member, said cover member and said bottom member having complementary
      sidewalls with mating surfaces, spring means positioned between said
      bottom member and said clutch member for urging said first and second
      cooperating members into an engaging relationship, means for variably
      adjusting the spring force of said spring means, whereby said mating
      surfaces of said complementary sidewalls of said cover member and said
      bottom member are moved relative to one another, said variable adjusting
      means comprising at least two adjusting screws extending between said
      cover member and said bottom member.
NUM  2.
PAR  2. Apparatus according to claim 1, including a hub extending from such
      inner surface of said cover member, said first cooperating means
      comprising a pair of projections on such inner surface, said clutch member
      including a circular plate member which defines a hole to receive said
      hub, said second cooperating means comprising recesses defined adjacent
      the periphery of said circular plate.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said attachment means
      operatively connected to said cover member comprises an outwardly
      extending threaded stud.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said spring means comprises a
      disk spring.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said first cooperating members
      comprise a pair of projections and said second cooperating members
      comprise a pair of recesses.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said connecting means
      operatively attached to said clutch member comprises an outwardly
      extending threaded stud.
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ABST
PAL  A molding device comprising: an outer mold having a drive mechanism for
      moving side panels and end panels back and forth in the direction towards
      the center of the outer mold at the same time and a fastening means for
      automatically fastening the side panels and edge panels to a bottom panel;
      an inner mold having a drive mechanism for moving corner panels disposed
      between the side panels and end panels which are placed perpendicularly to
      each other, an actuating mechanism for moving the side panels and the end
      panels towards the center of the outer mold at the same time in
      cooperation with the back and forth movements of the corner panels, and a
      bottom panel having on its four peripheral sides plates which may be bent
      downwardly; molds for defining openings, which molds are adapted to be
      automatically fitted in or removed from the positions of openings to be
      defined in the inner and outer molds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for use in mechanically assembling and
      dismantling molds for producing a large size box type concrete block which
      has an open top surface and a closed bottom surface, and more particularly
      to a device for molding a box type concrete block having a projecting
      portion on the top side of the block, which portion extends inwardly.
PAR  There has been developed a technology for precasting a residential building
      in an attempt to lower the cost thereof. This technology has started with
      the so-called panel structure type builidng, in whcih prefabricated panels
      are assembled in a working site, and then proceeded with a capsule type,
      or a cubic structure type building, in which there are prepared box type
      concrete blocks of the number corresponding to rooms, and those blocks are
      assembled to a building of a several floors.
PAR  The production or molding of a large size box type concrete block dictates
      the use of an inner mold and outer mold. However, the assembling and
      dismantling operations for the molds have been resorted manually rather
      than mechanically. This apparently not only lowers the efficiency of
      operation but also impairs dimensional accuracy, thus failing to achieve
      the mass production of concrete blocks of the same configuration according
      to a production line system.
PAR  This is particularly true with the case where there is provided a
      projecting portion on the upper edge of a concrete block, which portion is
      directed inwardly. In this case, further increased difficulties are
      encountered with the dismantling operation of molds, with the accompnaying
      poor efficiency of operation. Like ordinary concrete molds in a working
      site, the molding device of this type consists of a pair of outer side
      panels and a pair of outer end panels in addition to a pair of inner side
      panels and a pair of inner end panels, thereby defining the outer side
      surfaces and inner side surfaces of a box type concrete block. It is
      therefore a common practice to use hydraulic jacks for simply moving those
      side panels and end panels back and forth in the horizontal direction to
      thereby bring those panels to assembling and dismantling positions,
      respectively.
PAR  However, those arrangements still fail to be a success in the mass
      production of box type concrete blocks.
PAR  In other words, such back and forth movements of the side panels and end
      panels interfere with the delivery of the concrete blocks after their
      curing, thus impairing the efficiency of operation. This is particularly
      true with the inner mold, because when one pair of side panels and end
      panels are simply moved back, the other pair of panels are not allowed to
      move back due to the interference with the former pair of panels, while
      upon assembly, one pair of panels should be assembled, after the other has
      been assembled, thus posing many difficulties in carrying out the
      assembling and dismantling operations mechanically.
PAR  Referring to the bottom mold, there has been experienced considerable
      difficulties in removing the inner mold from the bottom panel, so that the
      bottom inner mold has not been used hitherto, but the bottom panel is
      produced manually, and then concrete is poured into molds to produce side
      panels and end panels, after the concrete of the bottom panels has been
      cured or hardened. It is needless to mention that such an operation
      impairs the efficiency of operation to a great degree.
PAR  In addition to such problems, there have been left many problems in
      technology, which have to be solved in improving the efficiency of
      assembling operation of molds.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a molding
      device suited for the mass production of concrete blocks according to a
      continuous molding operation, the aforesaid molding device permitting
      ready but rapid assembling and dismantling operations automatically.
PAR  It is another object of the present invention to provide a molding device
      having an outer mold, in which the four peripheral panels may be moved
      outwardly at the same time to be detached from the concrete product, while
      those four peripheral panels may be moved inwardly for molding to remain
      in their molding portions.
PAR  It is a further object of the present invention to provide a mold device
      having an outer mold in which the four peripheral panels may be fastened
      to the bottom panel and detached therefrom automatically.
PAR  It is a further object of the present invention to provide a molding device
      having an inner mold, in which the four peripheral panels may be moved
      inwardly at the same time to be detached from a concrete product, while
      for the molding operation, the four side panels may be moved outwardly to
      the molding positions.
PAR  It is a yet further object of the present invention to provide a molding
      device having an inner mold, in which the four peripheral panels may be
      moved inwardly without interference with each other to be collapsed to a
      small size, thus causing no interference with flanges extending inwardly
      and formed on the upper edges of the peripheral walls of a concrete block,
      when slung upwardly to be detached from the mold.
PAR  It is a still further object of the present invention to provide a molding
      device having an inner mold, in which there are provided panels on the
      four corners defined between the four peripheral panels, whereby the
      aforesaid panels may be inwardly moved to leave a space permitting the
      inward movement of the four peripheral panels without interference with
      each other and whereby there is provided a mechanism in which the four
      side panels may be moved in cooperation with the movements of the four
      side panels.
PAR  It is a further object of the present invention to provide a molding device
      in which a mechanism for moving the aforesaid plates and four peripheral
      panels may be driven by means of a single power source.
PAR  It is a further object of the present invention to provide a molding device
      having an inner mold, which is provided with a bottom panel that may be
      compressed or collapsed to a small size when detached from the formed
      concrete block by being slung up together with the four peripheral panels.
PAR  It is a further object of the present invention to provide a molding device
      having a sling means which permits the slinging of the outer mold and
      inner mold together, after molding of a concrete block, while permitting
      the location of the inner mold in spaced relation from the outer mold,
      upon assembly.
PAR  It is a further object of the present invention to provide a molding device
      provided with molds for defining openings in the peripheral four panels,
      which molds may be assembled or dismantled automatically.
PAR  It is a further object of the present invention to provide a molding device
      provided with molds for defining openings in the four peripheral panels,
      which molds may be fastened to the four peripheral panels of the inner
      mold or may be detached therefrom automatically.
PAR  It is a further object of the present invention to provide a molding device
      in which the peripheral four side panels of the outer mold may be moved at
      a synchroneous timing with respect to the upper and lower sides thereof.
PAR  It is a further object of the present invention to provide a molding
      device, in which the peripheral four side panels of the outer mold may be
      moved in cooperation with each other.
PAR  According to the present invention, there is provided, a molding device for
      producing a box type concrete block, comprising:
PAR  an outer mold consisting of a bottom panel mounted on a base support, two
      parallel opposing side panels and two parallel opposing end panels which
      extend at a right angle to said side panels, said respective side panels
      and end panels being movable back and forth, i.e., inwardly or outwardly
      of said outer mold and located along the peripheral four sides of said
      bottom panel;
PAR  an inner mold consisting of a bottom panel, two parallel opposing side
      panels, two parallel opposing end panels, and corner panels disposed on
      the corners defined by said two side panels and said end panels, said
      corner panels being movable back and forth, i.e., inwardly or outwardly of
      said inner mold, said side panels and end panels being movable back and
      forth, i.e., inwardly or outwardly of said inner mold; and a suspension
      frame suspendable together with said inner mold and outer mold by means of
      a hoisting means, said suspension frame being adapted to support said
      inner and outer molds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a box type concrete block formed by using a
      molding device according to the present invention;
PAR  FIG. 2 is a longitudinal cross sectional view of a box type concrete block
      as shown in FIG. 1;
PAR  FIG. 3 is a plan view of the entire molding device, with the internal
      mechanism shown omitted;
PAR  FIG. 4 is a transverse cross-sectional view of the molding device, the
      bottom panel of the inner mold shown omitted;
PAR  FIG. 5 is a longitudinal cross-sectional view of a molding device, with the
      construction inwardly of the side panels being shown omitted;
PAR  FIG. 6 is a transverse cross-sectional view, partly enlarged, of the corner
      portions of the outer mold which is in molding position;
PAR  FIG. 7 is a transverse cross-sectional view, partly enlarged, of the corner
      portions of the outer mold;
PAR  FIG. 8 is a fragmental longitudinal cross-sectional view of the outer and
      inner molds which are movably suspended by a suspension frame;
PAR  FIG. 9 is a cross-sectional view taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a plan view of a base support constituting the bottom portion of
      an outer mold and a bottom panel fixed thereto;
PAR  FIG. 11 is partly fragmental front view of the side panels of an outer mold
      fastened to a base support;
PAR  FIG. 12 is a cross-sectional view taken along the line 12--12 of FIG. 11;
PAR  FIG. 13 is a partial bottom view as viewed from below a base support
      flange, of the side panels of an outer mold fastened to a base support;
PAR  FIG. 14 is a partial bottom view as viewed from below the base support
      flange, of the side panels of an outer mold fastened to a base support;
PAR  FIG. 15 is partial front view, partly broken, of the end panels of an outer
      mold fastened to a base support;
PAR  FIG. 16 is a cross-sectional view taken along the line 16--16 of FIG. 15;
PAR  FIG. 17 is a partial bottom view as viewed from below the base support
      flange, of the end panels of an outer mold fastened to the base support;
PAR  FIG. 18 is a partial bottom view as viewed from below the base support
      flange, of the end panels of an outer mold fastened to a base support;
PAR  FIG. 19 is a bottom view of a base support;
PAR  FIG. 20 is an enlarged transverse cross-sectional view of approximately
      half of an inner mold in its molding position;
PAR  FIG. 21 is an enlarged transverse cross-sectional view of approximately
      half of an inner mold in the position removed from a mold device;
PAR  FIG. 22 is a side view showing an actuating mechanism of corner panels in
      an inner mold in an enlarged relation, omitting an intermediate portion;
PAR  FIG. 23 is a partial longitudinal cross-sectional view of the fastened
      condition of a connecting bolt for use in connecting a bottom panel to a
      suspension frame in an inner mold;
PAR  FIG. 24 is a plan view of a bottom panel and a member associated with the
      bottom panel forming the bottom portion of an inner mold;
PAR  FIG. 25 is a partial longitudinal cross sectional view of a peripheral
      panels of a bottom panel and its actuating mechanism;
PAR  FIG. 26 is a cross-sectional view taken along the line 26--26 of FIG. 25;
PAR  FIG. 27 is an enlarged transverse cross-sectional view of the set condition
      of a mold for defining an opening in a peripheral panel;
PAR  FIG. 28 is a partial enlarged transverse cross-sectional view of a fastened
      condition of a mold for defining an opening in a peripheral panel;
PAR  FIG. 29 is a front view showing approximately half part of a actuating
      member for fastening the mold for defining an opening to an end panel in
      an inner mold;
PAR  FIG. 30 is a partial front view of a actuating member, showing a fastening
      bolt of the mold for defining an opening;
PAR  FIG. 31 is a partial front view of a actuating member, showing a fastening
      bolt of the mold for defining an opening in its released position;
PAR  FIG. 32 is a cross-sectional view taken along the line 32--32 of FIG. 30;
PAR  FIG. 33 is a cross-sectional view taken along the line 33--33 of FIG. 30;
PAR  FIG. 34 is a transverse cross-sectional view of the corner portions of the
      outer mold using a cylinder haivng a relatively long stroke, the outer
      mold being on its molding position;
PAR  FIG. 35 is a front view of a corner portion of the outer mold using a
      cylinder having a relatively long stroke, the outer mold being in its
      molding position; and
PAR  FIG. 36 is an outline showing the connected condition of the adjoining
      shafts by means of a gear mechanism in the outer mold, the shafts having
      pinion gears in the upper and lower ends thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there is shown at 1 a box type concrete
      block according to the present invention. The concrete block is of a open
      top surface and closed bottom surface type and of a box shaped, integral
      type reinforced concrete block construction. The block 1 consists of
      parallel opposing side panels 1a, 1a, end panels 1b, 1b and a slab 1c of
      an closed structure but integral therewith. There are provided openings 2
      in the side panel 1a and end panel 1b, which openings serve as entrances
      or exits. Provided on the inner top edge portions of the side panels 1a
      and end panels 1b are inwardly directed flanges 3 along the four
      peripheral sides. As a result, the inner mold can not be slung upward,
      unless the inner mold is collapsed after molding. Provided on the top
      inner surface of the inwardly directed flanges 3 are ribs 4 which are
      integral therewith. Provided in the slab 1c as shown in FIG. 2 is a square
      recessed portion 5, while there are provided cut-away grooves 6 extending
      along the four peripheral sides of the recessed portion 4. Ribs 4 may be
      fitted in the cut-away grooves 6.
PAR  Meanwhile, the dimensions of the each portion of the aforesaid concrete
      block may be selected as required, and the concrete block may be formed to
      eigher cubic rectangular parallopiped shape commensurate with the design
      consideration of a concrete mold. In addition, the number and dimensions
      of openings may be selected as desired.
PAR  Alternatively, the aforesaid concrete block may be turned upside down,
      thereby using same as an open bottom type concrete block.
PAR  As has been described earlier, for producing a concrete block of such a
      type, there are required an inner mold and an outer mold. The present
      invention is particularly associated with a molding device for produicing
      the aforesiad concrete block, and description will be given of a concrete
      block 1 having side panels and end panels of an equal width.
PAR  FIG. 3 shows an outer mold A and an inner mold B used in combination
      therewith, embodying the present invention. For simplicity, detailed
      portions of the device are omitted, only showing outline thereof.
PAR  Firstly, the outer mold consists of a pair of parallel side panels 7
      defining the outer surfaces of tfhe side walls 1a of the concrete block 1,
      a pair of end panels 8 which oppose to each other and are placed in
      parallel, defining the outer surfaces of the end walls 1b of the concrete
      block 1, and a bottom panel 9 defining the outer surface of a slab 1c of
      the concrete blcok 1. The side panels 7 and end panels 8 are provided with
      flanges 7a, 7b and 8a, 8b, on the upper and lower edges thereof,
      respectively. Interposed between the upper and lower flanges are
      reinforcing ribs (not shown) which extend in parallel with the flanges. On
      the other hand, the side panels 7 and end panels 8 are provided with
      longitudinal reinforcing ribs, which are omitted because of their well
      known construction.
PAR  The side panels 7 may be moved back and forth in mutually opposing
      direction, while the end panels 8 are disposed at a right angle to the
      side panels 7 but may be moved back and forth in mutually opposing
      direction. For the back and forth movements of those side and end panels,
      there are used four hydraulic cylinders which are each provided on the
      respective corners of the outer mold A or fluid pressure type cylinders 10
      consisting of air cylinders.
PAR  FIGS. 8 and 4 show only the outline of attaching positions of the cylinders
      10, while the detailed attaching condition and operating condition thereof
      are shown in an enlarged view in FIG. 6 and 7.
PAR  Affixed to the side panel 7 on its opposite ends is an angle type
      supporting frame 11 which extends at an angle of 45.degree. to the side
      panel 7, while a supporting plate 12 is affixed to the end panel 8 in
      opposing relation to the supporting frame 11. At least two cylinders 10
      are located on the respective corners in the upper and lower ends as shown
      in FIGS. 3 and 4, with the directions of the cylinders 10 on the
      respective corners are opposed to each other.
PAR  As shown in FIGS. 6 and 7, the cylinder 10 is affixed to the supporting
      frame 12 and to the flange 8a by means of a fixing member 13 at an angle
      of 45.degree. to the end panel 8, while a piston rod 14 of the cylinder 10
      is sealingly inserted into a through-hole 15 provided in the supporting
      plate 12, with its tip portion being threaded into a nut 17 affixed to the
      back surface of the supporting frame 11 and further threaded into a nut
      18, whereby the tip portion is affixed to the supporting frame 11.
PAR  Meanwhile, the angle of cylinder 10 and the direction of piston rod 14 are
      opposite to those of the cylinder and piston rod disposed on the other
      side panel 7 and end panel 8.
PAR  Since the cylinder 10 is disposed at an angle of 45.degree. to the side
      panel 7 and end panel 8, the side panels 7,7 will move back and forth,
      when those cylinders 10 are actuated simultaneously, whereby the side
      panels 7, 7 will move to or from each other, while the end panels 8, 8
      will likewise move to or from each other, so that the outer mold will be
      collapsed to the assembling position or retracted from such position to
      the retracted position after placing concrete in the mold, thereby
      exposing the concrete block 1 as shown in FIG. 7.
PAR  Referring to FIGS. 3 and 5, shown at 19 is a suspension frame which is made
      by disposing I, H or channel steels to a lattice pattern and by welding
      each other to give an integral body. The suspension frame 19 is adapted to
      be slung by means of an overhead crane or hoisting means and move back and
      forth or to the left and right, with a platform 20 mounted on the top
      surface thereof. The side panel 7 and end panel 8 are movably suspended by
      the suspension frame 19, respectively.
PAR  The detailed constuction of the suspension frame is shown in FIGS. 8 and 9.
      In other words, I-beam 21 is rigidly coupled to the ends of shape steels
      of the suspension frame 19, while there are rotatably journaled a set of
      two rollers 24, 24 in a bracket 23 affixed to the upper flanges 7a and 8a
      of the side panel 7 and end panel 8 by means of a bolt 22. At least two
      sets of rollers 24, 24 are provided for the respective side panel 7 and
      end panel 8. As a result, the entire body of the outer mold A may be
      suspended by the suspnesion frame 19, while the side panel 7 and end panel
      8 are guided by the I-beam 21 through the medium of roller 24 to thereby
      move back and forth. Provided at the ends of I-beam 21 are stoppers 25,
      such that the aforesaid rollers 24, 24 will not run off the I-beam 21.
      Affixed to the undersurface of the I-beam 21 is an upper lid 26
      substantially of a channel type for defining the top edge, i.e., rib 4 of
      a concrete block 1. Provided in the upper lid 26 at a given position is a
      concrete inlet 27. Now, description will be given of means for fastening
      the side panel 7 and end panel 8 to the bottom panel, with the side panel
      7 and end panel 8 placed to given positions.
PAR  Referring now to FIG. 10, the bottom panel 9 is rigidly mounted on a base
      support 28 which consists of a pair of parallel beams 28a made of
      I-steels, a pair of parallel beams made of channel steels for coupling the
      ends of the beams 28a, and a beam 28c made of H-steel for interconnecting
      the intermediate portions of a pair of parallel beams 28a. In this
      particular case, the bottom panel 9 has a build-up portion so as to define
      a recessed portion 5 in the slab 1c of the concrete block 1, while a small
      frame 29 extends along the sides of the bottom panel 9 so as to define a
      cut-away portions 6, and is rigidly mounted on the base support together
      with the bottom panel 9. The beams 28b consist of a set of two channel
      shaped steels disposed adjacent to each other, and a steel plate 30
      rigidly mounted on the top surface of the steels in a manner that the top
      surface of the steel plate 30 is flush with the top surface of the beams
      28a. There is provided flanges 31 and 32 along the top edges of the base
      support 28, which flanges are the upper flanges of the beams 28a and 28[b,
      respectively.
PAR  As shown in FIG. 11, the lower flange 7b of the side panel 7 is mounted on
      the flange 31 of the base support 28, while the lower flange 8b of the end
      panel 8 is mounted on the steel plate 30 on the flange 32 of the base
      support 28.
PAR  A plurality of through-holes 33 are provided in the flange 7b of the side
      panel 7 at a given spacing. Provided on the upper surface of the flange 7b
      is an intermediate flange 34 which extends in parallel therewith, and a
      reinforcing rib 35 is affixed to the flange 34, together with the at least
      two fluid pressure cylinders 36. The piston rod 37 of the cylinder 36
      extends downwardly in projecting relation, while the upper side 38a of the
      supporting frame 38 consisting of a steel of a channel type is affixed to
      the tip of the piston rod 37. The lower side of the supporting frame 38
      which opposes to the upper side 38a has a through-hole therein in the
      position corresponding to the through-hole 33 in the flanges 7a, while a
      nut 40 is placed on the upper surface of the lower side 38b of the
      supporting frame 38 in the position where the hole in the nut is in
      register with the through-hole 39.
PAR  A tightening bolt 42 is threaded into the nut 40 through the through-hole
      39 from below, while the bolt 42 has a circular, square or other suitable
      shape retaining or engaging portion 41 at its lower and, and thus the bolt
      42 is tightened by means of the nut 43. Accordingly, the fastening bolt 42
      may be adjusted for its length projecting from the flange 7b. Provided in
      the flange 8b on the lower edge of the end panel 8 is a plurality of
      through-holes 44 at a given spacing as in the previous case. Like the side
      panel 7, as shown in FIG. 15, there is provided an intermediate flange 46
      on the flange 8b of the end panel 8, which flange 46 is reinforced with a
      reinforcing rib 45. Affixed to the tip of the piston rod 48 of the
      hydraulic cylinder 47 which is rigidly mounted on the intermediate flange
      is an upper side 40a of the supporting body 49, while there is provided a
      through-hole 50 in the lower side 49b of the supporting body 49. A nut 51
      is affixed thereon so as to register with the through-hole 50 into the nut
      51 may be tightened with a nut 54 placed on the nut 51, the aforesaid bolt
      35 having a retaining portion 52 at its lower end.
PAR  The sizes of the through-holes 33 and 44 provided in the flange 7b of the
      side panel 7 as well as in the flange 8b of the end panel 8 are such as to
      allow the passage of the retaining portions 42 and 52 of the tightening
      bolts 42 and 53 therethrough.
PAR  When the side panel 7 and end panel 8 are in the molding position of the
      concrete block 1, the through-hole 55 in the flange 31 of the base support
      28, on which are mounted respective flanges 7b and 8b, and the
      through-hole 56 provided in the flange 32 and steel plate 30 are brought
      to positions corresponding to the through-holes 33, 44. The sizes of the
      through-holes 55 and 56 are such as to permit the passage of the retaining
      portions 41 and 52 of the tightening bolts 42 and 53 therethrough. The
      dimensions and positions of members associated are such that when the
      tightening bolts 42 and 53 are pushed out downwardly due to the operation
      of the fluid pressure cylinders 36 and 47, the tightening bolts 42 and 53
      may pass through the through-holes 55 and 56 in the base support 28 to
      project downwards therefrom.
PAR  As shown in FIG. 19, there are provided fastening plates 57a and 57b on the
      edge of the undersurface of the flange 31 of the base support 28 in a
      manner that the fastening plates 57a and 57b are slidable relative to the
      opposing direction of the end panels 8, 8, with a stopper 58 being
      interposed between the fastening plates 57a and 57b. On the other hand,
      there are provided fastening plates 59a and 59b on the edge of the
      undersurface of the flange 32 of the base support 28 in a manner that the
      fastening plates 59a and 59b are slidable relative to the opposing
      direction of the side panels 7, 7, with a stopper 58 being interposed
      between the actuating plates 59a and 59b. The fastening plates 57a, 57b
      are made of angle steels having a length which is substantially half the
      length of the flange 7b of the side panel 7, respectively, while there are
      provided through-holes 60 in the horizontal sides of the plates 57a and
      57b in the positions corresponding to that of the throughhole 55 in the
      base support 28, the through-holes 60 being of such sizes that permit the
      passage of the retaining portion 41 of the tightening bolt 42
      therethrough. Continuous with the through-hole 60 but directed towards the
      opposing direction of the fastening plates 57a and 57b is an elongated
      hole 61 having a diameter substantially the same as that of the tightening
      bolt 42. On the other hand, the fastening plates 59a and 59b are made of
      angle steels and have lengths which are substantially half the length of
      the flange 8b of the end panel 8, while there is provided a through-hole
      62 in the horizontal side thereof in the position corresponding to that of
      the throughhole 56 in the base support 28, the through-hole 62 being of
      such a size as to permit the retaining portion 52 of the tightening bolt
      53. On the other hand, continuous with the through-hole 62 but in the
      opposing direction of the fastening plates 59a, 59b is an elongated hole
      63 having a diameter substantially the same as that of the fastening bolt
      53.
PAR  Wedges 64 and 65 of `U` shape are rigidly mounted on the undersurfaces of
      the fastening plates 57a, 57b and 59a, 59b, respectively, in a manner to
      surround the elongated holes 61, 63. The wedges 64, 65 have thickness
      which are increasing from their open ends to the bases, with the open ends
      being directed towards the through-holes 60, 62.
PAR  The respective fastening plates 57a, 57b and 59a, 59b are located in
      opposing relation, i.e., 57a to 57a and 57b to 57b and so on. In addition,
      the plates 57a, 57b and 59a, 59b are slidably mounted on guide grooves 68,
      69 provided in the supporting members 66, 67 which project from the beams
      28a, 28b.
PAR  Shown at 70 and 71 are sliding members joined to the fastening plates 57a,
      57b and 59a, 59b for causing the fastening plates 57a, 57b to slide on the
      supporting members 66, 67.
PAR  Hydraulic cylinders 72, 73 are provided for moving the fastening plates
      57a, 57b and 59a, 59b in the opposite direction to each other,
      respectively, as shown in FIG. 19. The fluid pressure cylinder 72 is
      mounted on the bracket 74 which in turn is provided on the edge portion of
      the fastening plate 57a, while the piston rod 76 is secured to bracket 75
      provided on the side edge portion of the other fastening plate 57b. The
      fluid pressure cylinder 73 are likewise secured to the fastening plate 59a
      through the medium of a bracket 81 to the other fastening plate 59b.
PAR  Accordingly, when the fluid pressure cylinders 72, 78 are extended so as to
      cause the fastening plates 57a, 57b and 59a, 59b to slide away from each
      other, then the wedges 64, 65 will get into the root portion of the
      retaining portions 41, 52 of the fastening bolts 42, 53 which project
      downwards through the through-holes 55, 56 in the base support 28, thereby
      tightly fastening the flange 7b of the side panel 7 and the flange 8b of
      the end panel 8 to the base support 28. FIGS. 13 and 17 show the fastened
      condition.
PAR  Subsequently, when the fluid pressure cylinders 72, 73 are compressed
      simultaneously to cause the fastening plates 57a, 57b and 59a, 59b to
      slide towards each other, then the wedges 64, 65 will be detached from the
      root portions of the retaining portions 41, 52 of the tightening bolts 42,
      53 and then the tightening bolts 42, 53 will be retracted into the
      through-holes 60, 62 in the fastening plates 57a, 57b and 59a, 59b.
PAR  This condition is shown in FIGS. 14 and 18. Under such a condition, when
      the fluid pressure cylinders 36, 47 are actuated, then the tightening bolt
      42 will be raised through the through-holes 60, 55, 33, while the
      tightening bolt 53 will be raised through the through-holes 62, 56, 44, so
      that the retaining portions 41, 52 thereof will be positioned above the
      undersurface of the flnage 8b of the end panel 8 and the flange 7b of the
      side panel 7.
PAR  As a result, there is no longer imposed any restriction on the side panel 7
      and end panel 8, so that the side panel 7 and end panel 8 may be moved
      back and forth and the outer mold A may be dismantled.
PAR  Alternatively, if the directions of elongated holes 61, 61 as well as
      elongated holes 63, 63 are directed in the direction of bringing the
      fastening plates 57a, 57b and 59a, 59b apart from each other, the
      operation reversal to those of the aforesaid fluid pressure cylinders 72,
      73 may effect the fastening  or detachment of the flanges to or from the
      base support.
PAR  Next, when the outer mold is to be assembled, the side panel 7 and end
      panel 8 are suspended along the guide pin(not shown) downwards from above,
      until the flanges 7b and 8b are mounted on the base support 28, then the
      through-holes 33, 44 in the flanges 7b, 8b are located so as to register
      with the through-holes 55, 56 in the base support 28. Under this
      condition, the fluid pressure cylinders 36, 47 are extended so that the
      tightening bolts 42, 53 are lowered through the through-holes 38, 55, 69,
      and 44, 56, 62, and then the hydraulic cylinders 72, 73 are extended so as
      to fasten the flanges 7b, 8b to the base support 28 by means of the
      fastening plates 57a, 57b and 59a, 59b.
PAR  Turning now to the inner mold B, the mold B consists of a pair of parallel
      opposing side panels 82, 82 which define the inner surfaces of the side
      walls 1a of the concrete block 1; a pair of parallel, opposing end panels
      83, 83 which define the inner surfaces of the end walls 1b of the concrete
      block 1; four corner panels 84 to be fitted between the side panels 82 and
      end panels 83 for defining the corner inner surfaces of the concrete block
      1; and a bottom panel 85 which defines the top surface of the slab 1c of
      the concrete block 1.
PAR  Provided on the side panel 83 and end panel 83 are projecting portions 82a,
      83a having `L` shape in their cross sections for the purpose of forming an
      inwardly directed flange 3 of a concete block 1. The side panels 82 and
      end panel 83 are provided with flanges 82b, 83b at the upper edge portion
      thereof and ribs (not shown) extending longitudinally and transversely and
      provided inside the panel.
PAR  A corner panel 84 has projecting pieces 84a on its opposite edges, which
      pieces extend at an angle of 135.degree. to the corner panel 84, and has a
      trapezoid shape in its corss section. In addition, a stopper 86 is
      attached to the inner surface of the projecting piece 84a, which stopper
      extends beyond the edge of the projecting piece 84a. Thus, when the side
      panel 82 and end panel 83 are joined together, the stopper 86 abuts the
      inner edge surfaces of the side panel 82 and end panel 83, while the side
      surfaces of the projecting piece 84a contact the inner surfaces of the
      side panel 82 and end panel 83, thereby presenting a continuous structure.
PAR  Alternatively, the corner panel 84 may be of an angle or arcuate shape
      rather than of a trapezoid shape as shown.
PAR  Meanwhile, the side panels 82, 82 are so designed as to move back and forth
      to or from each other, while the end panels 83, 83 may be likewise moved
      back and forth to or from each other but in the direction perpendicular to
      that of the side panels 82, 82. The corner panel is located at an angle of
      45.degree. to the surfaces of the side panel 82 and end panel 83 and may
      be moved back and forth along the diagonal line. Thus, the side edge
      portions of the projecting piece 84a of the corner panel 84 extends at an
      angle of 45.degree. to the surfaces of the side panel 82 and end panel 83
      and may be moved back and forth along the diagonal line. Thus, the side
      edge portions of the projecting piece 84a of the corner panel 84 extends
      at an angle 45.degree. to the surface of the side panel 82 and end panel
      83, so that the side edge portions of the projecting piece 84a  may
      contact the panels 82, 83 intimately. The bottom panel 85 is coupled
      through the medium of two columns 87, 87 to the suspension frame 19, the
      columns 87, 87 being positioned in parallel but mutually spaced relation
      to each other.
PAR  The columns 87, 87 are connected to each other at their upper ends to each
      other by means of a connecting member 88 made of a H-steel. The connecting
      member extends slantwise of the steel members of the suspension frame,
      which steel members extend crosswise of the suspension frame 19, with the
      ends of the connecting member 88 abutting the undersurface of the
      suspension frame 19 by means of a connecting bolt 89 affixed to the top of
      the connecting member 88 in its center vertically.
PAR  The connecting bolt 89 extends through a through-hole 90 in the platform 20
      and then through a through-hole 92 provided in a reinforcing member 91
      made of a channel steel secured to the platform 20 along the connecting
      member 88. The connecting bolt 89 is formed with a threaded portion 89a on
      its tip portion, and thus the connecting member 88 is tightly fastened to
      the suspension frame 19 by threading a cap nut 94 having a peaked end on
      the aforesaid threaded portion 89a of the bolt 89 through the medium of a
      washer 93. It follows from this that the bottom panel 85 is connected
      through the medium of columns 78 to the suspension frame 19.
PAR  On the other hand, side panel 82 and end panel 83 are suspended from the
      suspension frame 19 in a manner that the panels 82 and 83 may move back
      and forth, as shown in FIG. 8. The detailed construction is similar to
      that of the outer mold A.
PAR  A pair of rollers 97, 97 are rotatably mounted on bracket 96 which is
      secured to the upper flanges 82b, 83b of the side panel 82 and end panel
      83 by means of a bolt 95. At least two set of rollers 97 are provided for
      the side panel 82 and end panel 83, respectively, thus, the inner mold in
      its entirety is suspended from the suspension frame, while the side panels
      82 and end panels 83 may move back and forth, being guided by the I-beam
      through the medium of rollers 97.
PAR  As shown in FIG. 5, FIG. 20 and FIG 21, an electric motor 98 with a
      decelerator and the drive mechanism associated threrewith are mounted on
      the bottom panel 85 for moving the respective side panels 82, end panels
      83 and corner panels 84. The motor 98 is rigidly mounted on a transverse
      member interconnecting the mid portions of two columns 87, 87 which face
      the end panel 83. Provided above the motor 98 are transverse members 100,
      100 interconnecting the columns 87, 87 which face the end panels 83, 83,
      while a supporting member 101 is secured to the transverse members 100,
      100 crosswise. on the other hand, a supporting member 103 is secured to a
      frame 102 of the bottom panel 85, which frame is located immediately below
      the supporting member 101. Provided on the upper and lower supporting
      members 101 and 103 are shafts 106, 107 journaled in bearings 104, 105 at
      its mid point and the opposite ends thereof.
PAR  Chains are trained around sprocket wheels 108, 109 mounted on the rotary
      shaft of the motor 98 as well as around sprocket wheels 110, 111 mounted
      on the end portions of shaft 106 and 107, thereby transmitting a drive
      power to the shafts 106, 107. Since the mechanisms associated with the
      shafts 106, 107, side panel 82, end panel 83, and corner panel 84 are
      provided in the upper and lower portions of the mold, having the same
      construction, so that description will be given only by referring to the
      associated mechanism with the shaft 106, hereinafter.
PAR  The shaft 106 is formed with male thread portions 114a, 114b which have
      opposite direction of threads each other and extend from the mid point of
      the shaft to the opposite ends thereof, with nuts 115a, 115b threaded on
      the respective threaded portions 114a, 114b. Two connecting rods 116a,
      116a are pivotted to the nut 115a, and two connecting rods 116a, 116b are
      pivotted to the other nut 115a by means of pins 117a, 117a, respectively,
      in a manner to rotate in the horizontal plane. The connecting rods 116a,
      116b consist of a pair of upper and lower steel strips.
PAR  Coupled to and extending from the corner panel 84 are horizontal rods 118
      in the same plane with that of the connecting rods 116a, 116b, with the
      tip portions of the rods 118 pivotted to the tip portions of the
      respective connecting rods 116a, 116b by means of pins 119a, 119b.
PAR  The rod 118 is provided with a turnbuckle 120 at the end portions of the
      rod 118 to thereby adjust the length thereof, while the end portion of the
      turnbuckle 120 is rigidly secured to a bracket 121 secured to the inner
      surface of the corner panel 84 by means of a bolt 122. In addition, the
      plates 123 secured to the opposite sides of the bracket 121 are continuous
      with stoppers 86 through the medium of reinforcing ribs 124. The rod 118
      is fitted in a groove 126 provided in a horizontal guide plate 125 secured
      to the columns 87, 87 facing the corner panel 84 so that the rod 118 may
      slide along the groove 126 at an angle of 45.degree. to the side panel 82.
      The side panel 82 and end panel 83 are provided with horizontal ribs 127,
      128 on the inner side edges thereof, on which are mounted horizontal
      actuating plates 129, 130 consisting of two, upper and lower steel plates
      and located in the positions corresponding to the horizontal position of
      the rod 118. The actuating plates 129, 130 are of such an arrangement that
      the respective upper steel plates overlap above the rod 118, while the
      respective lower steel plates overlap below the rod 118.
PAR  Elongated holes 131a, 132a of the same configuration are provided in the
      actuating plates 129, 130 in a manner that the holes 131a, 132a are in
      register with each other when the actuating plates 129, 130 overlap in the
      molding position of side panel 82 and end panel 83, while elongated holes
      121b, 132b are provided in the plates 129, 130 in a manner to be
      continuous with the elongated holes 131a, 132a but to extend in the
      direction slantwise of the holes 131a, 132a so as to depart from each
      other as they go towards the tips of the rod. As shown in FIG. 20, a pin
      133 pierces through the rod 118 and elongated holes 131a, 132a on their
      sides closer to the corner panel 84.
PAR  As a result, when the motor 98 is driven and shafts 106, 107 are rotated by
      means of chains 112, 113 as the same time, then the nuts 115a, 115b are
      moved towards the ends of the shafts 106, 107, respectively, whereby the
      connecting rods 116a, 116b pull the rod 118 along the groove 126 in the
      guide plate 125 inwardly of the inner mold B. As a result, the corner
      panels 84 are detached from the side panel 82 and end panel 83 inwardly of
      the inner mold B, whereupon the pin 133 slidingly move through the
      elongated holes 131a, 132a in the actuating plates 129, 130, while the
      corner panels 84 only move until the pin 133 reaches the branch pint of
      the elongated holes 131b, 132b, thereby leaving a space between the side
      panel 82 and the end panel 83. When the pin 133 further moves after
      reaching the branch point, the pin 133 acts so as to bring the elongated
      holes 131b, 132b closer to each other to provide partially overlapped
      portion of the holes, so that the actuating plates 129, 130 are pulled
      together, wwhereby the side panel 82 and end panel 83 are moved back
      inwardly of the inner mold B, while maintaining an angular relationship of
      90.degree. between the two.
PAR  The aforesaid operations are carried out in the four positions both in the
      upper and lower portions of the mold, i.e., in the eight positions in
      total, simultaneously, so that the inner mold B in its entirety is
      detached from the inner surfaces of the concrete block 1 to be collapsed
      in a manner as shown in FIG. 21.
PAR  In case the inner mold is brought from its collapsed condition to its
      molding position, the motor 98 is driven in the reversed direction so as
      to rotate the shafts 106 in the reversed direction. Thus, the nuts 115a,
      115b are moved towards to the center of the shafts 106, 107 therealong,
      thereby pushing the connecting rods 116a, 116b as well as rod 118 to
      advance the corner panels 84. With the forward movement of the rod 118,
      the pin 133 acts so as to bring the elongated holes 131b, 132b provided in
      the actuating plates 129, 130 closer to each other, so that the actuating
      plates 129, 130 are pushed so as to depart from each other, whereby the
      side panels 82 and end panels 83 are moved outwardly of the inner mold,
      while maintaining an angular relationship of 90.degree. to each other, and
      stop in their molding positions, when the pin 133 reaches the branch point
      of the elongated holes 131a, 132a and elongated holes 131b, 132b provided
      in the actuating plates 129, 130. When the pin 133 further moves after
      reaching the branch point, the pin 133 may move without any resistance
      through the elongated holes 131a, 132a which overlap, while the corner
      panels 84 moves back to the molding position by the medium of the
      connecting rods 116a, 116b and rod 118 to abut the sides of the side
      panels 82 and end panels 83, thereby assuming molding positions.
PAR  Such an operation are carried out in four positions both in the upper and
      lower portions of the mold, in the eight positions in total, whereby the
      inner mold B in its entirety may be expanded to the molding position as
      shown in FIG. 21.
PAR  FIG. 22 shows the mechanisms associated with the back and forth movements
      of the corner panels 84 as well as the supporting mechanism of the corner
      panels 84. Extending from the corner panels 84 is a supporting member 134
      which extends in the same horizontal direction as that of the rod 118,
      while the supporting member 134 is rigidly mounted on the transverse
      member 13 which interconnects the columns 87, 87, and mounted on the
      receiving member 136 which projects towards the corner panel 84.
PAR  Secured to the supporting member 134 thereon is a bracket 137 whose tips
      project downwardly along the side surfaces of the supporting member 134,
      while two sets of rollers 138 (Each set consists of a pair of rollers.)
      contacting the undersurface of the receiving member 136 are rotatably
      mounted on the tip portion of the bracket 137. On the other hand, secured
      to the receiving member 136 thereon is a bracket 139 whose tips project
      upwardly along the side surfaces of the member 136, while two sets of
      rollers 140 (Each set consists of a pair of rollers.) are rotatably
      mounted on the tip portion of the bracket 139.
PAR  Accordingly, the supporting member 134 may slidingly move on the receiving
      member 136, being supported by the receiving member 136, to thereby
      support the corner plates all the times. The bottom panel 85 is rigidly
      secured to the undersurface of the frame 102 made of steel members, while
      peripheral plates 141 are mounted on the bottom plate 85.
PAR  The peripheral plates 141 are formed with projecting pieces 142 uprising at
      a right angle thereto at the tip portion of the plates 141 and has a
      bracket 143 in the position close to the tail end of the plate 141. The
      bracket 143 is journaled on a shaft 145 at the lower end of the actuating
      plate 141 is located between the two guide plates 146, 146 secured to the
      side surface of the frame 102, while the shaft 147 piercing through the
      upper portion of the actuating plate 144 is pierced through the vertical
      elongated hole 148 provided in the guide plate 146, 146. In addition, the
      shaft has a head portions or retaining member 149 which is located
      outwardly of the guide plate 146, thereby preventing the shaft 147 from
      being pulled through the elongated holes 148. Thus, the actuating plate
      144 may slidingly move through the elongated holes 148, being guided by
      the shaft 147 in the vertical direction.
PAR  The actuating plate 144 is actuated by means of a hydraulic cylinder 150
      provided above the actuating plate 144.
PAR  The fluid pressure cylinder 150 is rigidly mounted on a horizontal plate
      151 secured to the top surface of the frame 102. The plate 151 is placed
      on the vertical plate 152 secured to the top surface of the frame 102,
      while the plates 151, 152 are reinforced with reinforcing plates 153.
PAR  The piston rod 154 is pivotted to the shaft 147 of the actuating plate 144
      at its tip of the rod 154.
PAR  As shown in FIG. 25, the peripheral plate 141 is raised through the medium
      of the actuating plate 144 by means of fluid pressure cylinder 150 to the
      horizontal position where the peripheral plate 141 abuts the bottom panel
      85. In this condition, molding may be carried out for concrete block 1. As
      shown, the projecting piece 142 of the peripheral plate 141 abuts the
      lower edge of the side panel 82 or end panel 83, while a seal plate 155
      projecting from the lower end of the side panel 82 or end panel 83, while
      a seal plate 155 projecting from the lower end of the side panel 82 or end
      panel 88 overlaps the inner surface of the projecting piece 142, while the
      rear edge portion of the peripheral plate abuts the peripheral lower
      surface of the frame 102, and the rear end thereof abuts the edge of the
      bottom panel 85.
PAR  The bottom panel 85 and the peripheral plate 141 are lifted up together
      with the inner mold A and outer mold A, by slinging the suspension frame
      19 after molding of the concrete block 1.
PAR  At this time, the side panel 82 of the inner mold B as well as the end
      panel 83 are in the retracted position from the inner surface of the
      concrete block 1 as shown by the chain line in FIG. 25. As the bottom
      panel 82 is lifted up together with the frame 102, when the fluid pressure
      cylinder 150 is extended to thereby press the peripheral plate 141 through
      the medium of actuating plate 144, then the peripheral plate 141 remains
      on the slab of the concrete block 1 for a while, and the rear edge thereof
      is detached from the undersurface of the frame 102. When the bottom panel
      82 is further lifted up, then the rear edge of the peripheral plate 141 is
      gradually lifted up by means of the actuating plate 144 and then rotates
      about the shaft 145 downwards as shown by the chain line in FIG. 25 to be
      laid below the frame 102.
PAR  Meanwhile, as shown in FIG. 24, the peripheral four sides of the bottom
      panel 85 are not completely encompassed with the peripheral plates 141.
      However, the portion which is not encompassed with the peripheral plate
      141 is covered with a cover plate 156 which is removably provided, before
      placing concrete into molds, and then the cover plate 141 is removed after
      molding.
PAR  The assembling operations of the outer mold A and inner mold B or
      dismantling operations may be carried out in cooperation with each other
      in a known manner. For instance, a control mechanism to this end may be
      such that the motor of the inner mold B and the fluid pressure cylinder 10
      of the outer mold A are electrically connected through a single switch.
PAR  Description will now be given of the mold C for defining openings 2 in the
      concrete block 1, as shown in FIGS. 27 and 28 through 33. The molds C are
      provided for the openings which are required for the concrete block 1, and
      thus the molds C are not required, if such openings are not necessary for
      the concrete block.
PAR  As shown in FIG. 1, there is provided an opening 2 either in the side wall
      1a or in the end wall 1c in the concrete block 1. As has been described,
      the mold C is used for defining the opening 2. For simplicity of the
      description, the molding of opening 2 in the end wall 1c will be referred
      to hereinafter.
PAR  An opening portion 157 is provided in the end panel 8 of the outer mold A,
      commensurate with the position and dimensions of the opening 2 in the
      concrete block 1. On the other hand, an opening portion 158 having a size
      slightly smaller than that of the opening portion 157 is provided in the
      end panel 83 of the inner mold. In the molding positions of the outer mold
      A and inner mold B, a mold 159 is fitted in the opening portion 157 in the
      end panel 8, with the front surface of the mold 159 intimately contacts
      the periphery of the opening portion 158 in the end panel 83.
PAR  The mold for defining an opening in the wall of a concrete block, i.e.,
      opening mold 159 is a hollow steel frame, having a flange 160 along the
      periphery of the front surface thereof and horizontal ledges 161 therein,
      which are positioned in the upper and lower portions thereof and made of
      steel channels. Secured to the inner surface of the flange 160 is a
      reinforcing plate 162, while there are provided a plurality of tightening
      bolts 164 at a given spacing in the outer surface of the flange 160. The
      bolts 164 have retaining portions 162 of square, circular or other shape.
      The tightening bolt 164 extends through the flange 160 and reinforcing
      plate 162, with the end portion being threaded into the nut 165 secured to
      the reinforcing plate 162 and further tightened with a nut 166. Thus, the
      length of the bolt 146 projecting from the flange 160 is adjusted by
      adjusting the extent of the nuts 165, 166 threaded on the end portion of
      the bolt 146. Secured to the inner surface of the opening mold 159 are a
      plurality of hook pieces 167 having hooked tips which project outwardly
      from the opening mold 159, with a small clearance defined between the
      hooked tips and the outer edge of the mold 159.
PAR  Meanwhile, it is preferable that the opening mold 159 be tapered so as to
      give a divergent peripheral surface from the front edge to the rear.
PAR  Provided on the periphery of the opening portion 157 of the end panel 8 but
      projecting therefrom is a guide frame 168 for guiding the opening mold
      159, while wedges 159 are secured to the outer periphery of the guide
      frame 168 for tightly fastening the opening mold 159 to the guide frame
      168, by being fitted in a gap defined between the hooked portion of the
      hook pieces 167 and the opening mold 159, when the opening mold is fitted
      in position.
PAR  Provided on the outer surface of the end panel 8 of the outer mold A is a
      channel type frame 170 which is secured to the end panel 8 at the opposite
      edges of the frame 170 spanning the opening portion 157 horizontally,
      while the position of the frame 170 corresponds to that of the horizontal
      ledges 161 of the opening mold 159. Rigidly mounted in the center of the
      frame 170 is a hydraulic cylinder 171. A piston rod 172 of the hydraulic
      cylinder 171 extends through the frame 170, having its tip portion secured
      to the horizontal ledge 161. As a result, the opening mold 159 may be
      moved back and forth through the opening portion 157 in the end panel 8
      due to the actuation of the fluid pressure cylinder 171.
PAR  Secured to the outer peripheral surface of the opening portion 158 of the
      end panel 83 in the inner mold B is a reinforcing plate 173. Provided in
      the end panel 83 and the reinforcing plate 173 are a plurality of
      through-holes 174 which permit the passage of the retaining portions 163
      of the tightening bolts 164, but in the positions corresponding to those
      of the tightening bolts 164 projecting from the flange 160 of the opening
      mold 159. In addition, slidable in the opposing direction on the inner
      peripheral surface of the opening portion 158 are a pair of fastening
      bodies 175, 176 which are located in the upper and lower positions
      thereof.
PAR  The fastening bodies 175, 176 consist of horizontal plates 175a, 176a and
      vertical plates 175b, 176b which are perpendicular to the horizontal
      plates, thus providing a channel shape. Thus, the size of the frame
      consisting of the actuating plates 157 and 158 is such as to encompass the
      periphery of the opening portion 158 of the end panel 83. On the other
      hand, there are provided through-holes 177, 178 in the horizontal plates
      175a, 176a and vertical plates 175b, 176b, respectively, but in the
      positions corresponding to those of the through-holes 174 provided in the
      periphery of the opening portion 158. Continuous with the through-holes
      177, 178 are elongated holes 179, 180 which extend in the opposing
      direction of the fastening bodies 175, 176, while the widths of the
      elongated holes 179, 180 are such dimensions corresponding to the diameter
      of the tightening bolt 164.
PAR  Secured to the fastening bodies 175, 176 are substantially `U` shaped
      wedges 181, 182 which encompass the respective elongated holes 179, 180
      inwardly of the inner mold.
PAR  The wedges 181, 182 having thicknesses which are increasing from their open
      end to their rear end, with the open end directed towards the
      through-holes 177, 178. The actuating bodies 175, 176 are placed around
      the periphery of the opening portion 158, with the vertical plates 175b,
      176b in opposing relation, and slidably supported by the guide member 184
      made of an angle steel secured to the side edge of the opening portion 158
      of the end panel 83 as well as by the supporting member 185.
PAR  There are provided two fluid pressure cylinders 186 for moving the
      fastening members 175, 176 in the opposing direction to each other. The
      fluid pressure cylinder 186 has a bracket 187 which is located on its root
      portion, and the bracket 187 is secured to the bracket 188 provided on the
      edge portion of the vertical plate 175b of the fastening member 175, while
      the piston rod 189 is secured to a bracket 190 provided on the edge
      portion of the vertical plate 176b of the other fastening member 176.
PAR  As a result, when the opening mold 159 is fitted in position, with the
      fluid pressure cylinder 186 compressed and with the fastening members 175,
      176 brought close to each other through the medium of the stopper 183,
      then the respective tightening bolts 164 pass through the through-hole 174
      on the periphery of the opening portion 158 of the end panel 83 and
      through the through-hole 177, 178 in the fastening members 175, 176, then
      project into the inner mold B.
PAR  Under these condition, when the hydraulic cylinder 186 is extended so as to
      cause the fastening members 175, 176 to slidingly depart from each other,
      then the wedges 181, 182 make ingress under the undersurfaces of the
      retaining portions 163 of the tightening bolts 164 which project
      downwardly through the through-holes 177, 178, thereby fastening the
      flange 160 of the opening mold 159 to the end panel. FIG. 28 shows such a
      fastened condition.
PAR  Subsequently, when the opening mold 159 is withdrawn from the concrete
      block 1 thus molded, the fluid pressure cylinder 186 is compressed so as
      to cause the fastening members 185, 186 to slide closer to each other,
      then the wedges 181, 182 will be detached from the tightening bolt 164,
      and then the edge portions of the vertical plates 15b, 176b abut the
      stopper 183 to stop thereat, whereupon the tightening bolt 164 will be
      housed in the through-holes 177, 178.
PAR  FIG. 31 shows this condition. In addition, when the hydraulic cylinder 171
      is compressed, then the opening mold 159 is detached from the end panel 82
      as well as from the concrete block 1, whereby opening 2 is defined.
PAR  FIG. 34 and 35 show the arrangement, in which there is provided a cylinder
      10 having a relatively long stroke for the purpose of removing the opening
      mold 159 without moving same back and forth, i.e., with the opening mold
      159 being integral with the side panel 7 and end panel 8 in the outer mold
      A. The cylinder is mounted on arms 191, 192 projecting from the side panel
      7 and ennd panel 8. Such a cylinder is provided for each corner and at
      least two positions, i.e., in the upper and lower ends of the panels,
      respectively.
PAR  Pivotted to a bracket 194 on arm 192 by means of a pin 195 is a rod 193
      having a rack on one side thereof. The rod 193 is located in the portion
      close to the cylinder 10, and the rack extends in parallel with the
      cylinder 10. Furthermore, the rod 193 is slidingly extends through a
      channel type bracket 196 attached to the other arm 191 and meshes with
      pinion gear 197 supported by the upper and lower opposing pieces of the
      bracket 196. The upper and lower pinion gears 197 are connected by means
      of a shaft 198.
PAR  Accordingly, even if there is timing difference in the actuation between
      the upper and lower cylinders 10, the rod 193 meshing with the pinion
      gears 197 may be moved at the same time, so that the synchronous back and
      forth movement of the side panel 7 and end panel 8 may be effected with
      respect to the upper and lower sides of panels. This eliminates the
      possibility of the unbalanced movements of the outer mold with respect to
      the upper and lower sides of the panels of the panels.
PAR  FIG. 36 shows that bevel gears 199 are mounted on the shafts 198 located on
      the respective corners of the outer mold A while four shafts 198 are
      connected by means of a horizontal rod 201 having bevel gears 200 attached
      to the opposite ends thereof, so that the respective shafts 198 may be
      rotated in synchronous timing, to thereby move the side panels 7 and end
      panels 8 in the synchronous timing, with respect to the upper and lower
      sides of the panels.
PAR  According to the cylinder 10 having a relatively long stroke, a large
      spacing between the side panels 7, 82 and the end panels 8, 83 may be
      obtained in the removing positions of the outer mold A and inner mold B,
      so that the opening mold 159 may be removed in the integral relation to
      the side panel 7 and end panel 8. In addition, an operator may go between
      the outer mold A and inner mold B for cleaning. Still furthermore, a cage
      ingergally assembled beforehand can be positioned into the mold for
      forming the concrete block.
PAR  With the aforesaid arrangement, when molding the concrete block 1, cap nut
      94 and washer 93 are removed from the connecting bolt 89 which fastens the
      suspension frame 19 to the connecting member 88, followed by the attaching
      bolt 85 of the bracket 96 mounting rollers 97 thereon. Thus, the
      suspension frame 19 is detached from the inner mold B, so that the inner
      mold is placed on a suitable spacer (not shown) on the bottom panel 9 of
      the outer mold A, and then suspension frame 19 is slung up together with
      the side panel 7 and end panel 8 of the outer mold A by means of a
      suitable hoisting means.
PAR  Then, reinforcing steels (not shown) are placed around the periphery of the
      inner mold B thus left alone, and then the outer mold A is lowered, being
      guided by the guide pin, to be mounted on the base support 28. In this
      respect, if a cap nut 94 is threaded on the connecting bolt 89 beforehand,
      then the cap nut may function as a guide pin, whereby the connecting bolt
      89 is smoothly fitted into the through-holes 90 and 92 provided in the
      platform 20 of the suspension frame and the reinforcing member 91, thereby
      accurately guiding the suspension frame 19.
PAR  Then, the washer 93 is fitted on the connecting bolt 89 and then the cap
      nut 94 is threaded on the bolt 89 to thereby fasten the suspension frame
      19 to the connecting member 88, while the bracket 96 is fastened to the
      flange 82a of the side panel 82 as well as to the flange 83a of the end
      panel 83 by means of a bolt 95.
PAR  Next, hydraulic cylinders 72, 73 are actuated to thereby fasten the flanges
      7b, 8b of the side panel 7 and end panel 8 in the outer mold A to the base
      support 28 through the medium of the fastening plates 57a, 57b, and 59a,
      59b.
PAR  Furthermore, the motor 98 is actuated to advance the side panel 82, end
      panel 83 and corner panel 84 to the molding position.
PAR  After the assembly of the outer mold A and inner mold B, if required, the
      opening mold 159 is set, then concrete is placed or poured through the
      inlet 27 in the upper conver 26 into the outer mold A and inner mold B.
PAR  For removing the molds from the concrete block after the concrete has been
      cured, then the fluid pressure cylinders 72, 73 and 36, 47 are actuated to
      release the flange 7b, 8b of the side panel 7 and end panel 8 in the outer
      mold A from the base support 28. Under this condition, the outer mold A is
      extended under the action of the fluid pressure cylinder 10, and the inner
      mold B is collapsed due to the drive of the motor 98, thereby removing the
      side panels 7, 82 end panels 8, 83 and corner panel 84 from the concrete
      block 1 thus molded, or if necessary, the opening molds are withdrawn from
      the concrete block 1.
PAR  Then, the suspension frame 19 is slung up by means of a hoisting means
      together with the outer mold A and inner mold B, thereby leaving the
      concrete block alone thereat.
PAR  Thereafter, the concrete block 1 is delivered to a distination, and the
      similar operational cycle is repeated as required.
PAR  While description has been given of the outer mold A and inner mold B by
      referring to the accompanying drawings, wherein the widths of the
      respective side panel and end panels are equal with the resulting cubic
      concrete block 1, it should be understood that the present invention is by
      no means limited to those embodiments, but a rectangular parallelopiped
      body may be produced, having side panels wider than the end panels. In
      this case, there may be insured an adequate stroke for moving back and
      forth the corner panels 84 in the inner mold B, so that the connecting
      rods 116a, 116b pivotted to the nuts 115a,  115b of the shafts 106, 107
      may be pivotted to the rod 118 of the corner panel 84 without intersecting
      the connecting rods 116a, 116b with each other. It is needless to mention
      that the associated arrangement such as suspension frames and columns 87
      may be varied, commensurate with the design.
PAR  In addition, the arrangement of the motor 98 in the inner mold B as well as
      shafts 106, 107 rotated thereby should not necessarily be limited to the
      arrangement of the transverse members 99, 100 coupled to the column 87.
      Thus, the transverse members may be secured to the frame 102 of the bottom
      panel 85, independently of the column 87. Furthermore, the position of
      means for transmitting the rotating force from the motor 98 to the shafts
      106, 107 may be varied, and the sprocket chain should not necessarily be
      used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold including bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold; and
PA1  support means for said outer and inner molds including means supporting
      saids bottom panel means of said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for horizontal linear movement inwardly and outwardly
      relative to the corresponding bottom panel means, and said suspension
      frame means supporting each of said corner panel means independent of the
      side and end panels for horizontal movement toward and away from the
      corresponding ones of said adjacent side and end panels along a linear
      path generally bisecting the corner between said corresponding ones of
      said adjacent side and end panels.
NUM  2.
PAR  2. The molding device as set forth in claim 1, and fluid pressure cylinder
      means at the corners between adjacent ones of said side and end panels of
      said outer mold and disposed at an angle of 45.degree. to the latter said
      adjacent panels, said cylinder means including at least one cylinder at
      each corner affixed to one of said latter said adjacent panels and having
      a piston rod, said piston rod having an outer end affixed to the other of
      said latter said adjacent panels.
NUM  3.
PAR  3. The molding device as set forth in claim 2, wherein said adjacent ones
      of said side and end panels of said outer mold have side edges, a frame
      member mounted on each of said side edges and extending perpendicular to
      the longitudinal axis of said one cylinder and its piston rod, said
      cylinder being affixed to one of said frame members and said outer end of
      said piston rod to the other frame member.
NUM  4.
PAR  4. The molding device as set forth in claim 1 wherein said support means
      includes a supporting base for said inner and outer molds, said bottom
      panel means of said outer mold including metal plate means affixed to said
      supporting base.
NUM  5.
PAR  5. The molding device as set forth in claim 1, and operating means
      supported by said suspension frame means and operable to displace each
      said corner panel means toward and away from the corresponding ones of
      said adjacent side and end panels, said operating means including a pair
      of spaced apart parallel rods extending inwardly of said inner mold from
      each said corner panel means at an angle of 45.degree. to said adjacent
      side and end panels, each rod having an inner end, drive means including
      reciprocable drive member means within said inner mold, connecting link
      means having opposite ends pivotally connected one to the inner end of
      each said rod and the other to said drive member means, and means to guide
      movement of said rod along a linear path at said angle in response to
      reciprocation of said drive member means.
NUM  6.
PAR  6. The molding device as set forth in claim 5, wherein the length of each
      of said rods is adjustable.
NUM  7.
PAR  7. The molding device as set forth in claim 6, wherein said guide means
      includes a plate for each rod and supported by said suspension frame
      means, said plate having a guide groove slidably receiving the
      corresponding rod.
NUM  8.
PAR  8. The molding device as set forth in claim 5, wherein said drive means
      includes threaded shaft means rotatably supported by said suspension frame
      means and said reciprocable drive member means includes internally
      threaded rider means on said shaft means movable therealong in response to
      shaft rotation.
NUM  9.
PAR  9. The molding device as set forth in claim 1, wherein said suspension
      frame means includes beams overlying and extending outwardly beyond each
      side panel and end panel of said inner and outer molds, and means slidably
      mounting said side and end panels on corresponding ones of said beams.
NUM  10.
PAR  10. The molding device as set forth in claim 9, wherein said means slidably
      mounting said panels includes roller means attached to each panel and in
      rolling engagement with corresponding ones of said beams.
NUM  11.
PAR  11. The molding device as set forth in claim 10, wherein said roller means
      includes rollers and brackets supporting said rollers, said brackets each
      being attached to a corresponding one of said side and end panels and
      removably attached to at least the side and end panels of said inner mold.
NUM  12.
PAR  12. The molding device as set forth in claim 1, wherein at least one pair
      of corresponding ones of said side panels and end panels of said inner and
      outer molds are provided with openings therethrough, and mold frame means
      in said openings and spanning the space therebetween.
NUM  13.
PAR  13. The molding device as set forth in claim 12, wherein said mold frame
      means are supported on the panel of the outer mold for movement in
      opposite directions axially of said openings.
NUM  14.
PAR  14. The molding device as set forth in claim 12, and guide frame means for
      guiding said mold frame means, said guide frame means including flange
      means extending about the opening through the panel of the outer mold and
      projecting outwardly from said panel, hook members secured to said mold
      frame means and including portions spaced from said mold frame means to
      define recesses therewith opening towards and receiving said flange means.
NUM  15.
PAR  15. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold including bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold;
PA1  support means for said outer and inner molds including means supporting
      said bottom panel means of said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for movement inwardly and outwardly relative to the
      corresponding bottom panel means and supporting each of said corner panel
      means for movement toward and away from the corresponding ones of said
      adjacent side and end panels; and
PA1  fluid pressure cylinder means at the corners between adjacent ones of said
      side and end panels of said outer mold and disposed at an angle of
      45.degree. to the latter said adjacent panels, said cylinder means
      including one cylinder at each corner affixed to one of said latter said
      adjacent panels and having a piston rod, said piston rod having an outer
      end affixed to the other of said latter said adjacent panels, said
      cylinder means including a second cylinder and piston rod at each corner
      spaced from and parallel to said one cylinder at the corresponding corner,
      a toothed slide rod parallel to each cylinder and having an end attached
      to said one of said latter said adjacent panels, a pinion for each said
      rod and mounted on said other of said latter said adjacent panels in
      meshing engagement with the corresponding toothed slide rod, and shaft
      means interconnecting the two pinions at each corner for rotation
      together.
NUM  16.
PAR  16. The molding device as set forth in claim 15, wherein at least one pair
      of said shaft means at adjacent ones sof said corners are interconnected
      by shaft and gear means therebetween for rotation together.
NUM  17.
PAR  17. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold including bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold; and
PA1  support means for said outer and inner molds including means supporting
      said bottom panel means fo said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for movement inwardly and outwardly relative to the
      corresponding bottom panel means and supporting each of said corner panel
      means for movement toward and away from the corresponding ones of said
      adjacent side and end panels, said means supporting said bottom panel
      means of said outer mold including supporting base means, said side and
      end panels of said outer mold having lower ends including flange means
      overlying said base means, said base means and flange means having aligned
      openings therethrough, bolts on each said side and end panels of said
      outer mold, means supporting said bolts for reciprocating movement axially
      of said openings and between extended and retracted positions relative to
      said openings, said bolts having heads spaced below the openings in said
      base means when said bolts are in the extended position, and means on said
      base means displaceable to interengage said bolt heads against movement of
      said bolts from the extended to the retracted positions thereof.
NUM  18.
PAR  18. The molding device as set forth in claim 17, wherein said means
      supporting said bolts includes fluid pressure operable piston and cylinder
      means mounted on each said side and end panels of said outer mold.
NUM  19.
PAR  19. The molding device set forth in claim 18 wherein each said piston and
      cylinder means includes a cylinder mounted on the corresponding one of
      said side and end panels of said outer mold and a piston rod extending
      axially of the corresponding ones of said openings and having an outer
      end, support plate means affixed to the outer end of said piston rod and
      extending transverse to the axes of said corresponding openings, said
      bolts having ends spaced from said heads and interconnected with said
      support plate means.
NUM  20.
PAR  20. The molding device as set forth in claim 19, wherein said ends of said
      bolts are interconnected with said support plate means for axial
      adjustment of said bolts relative thereto.
NUM  21.
PAR  21. The molding device as set forth in claim 17, wherein said displaceable
      means on said base means includes actuating plate means slidable relative
      to said base means between engaging and releasing positions, said
      actuating plate means including openings having a first portion of a size
      which permits the passage of said bolt heads therethrough and a second
      portion continuous with said first portion and of a size substantially the
      same as the diameters of said bolts, and wedges on said actuating plate
      means adjacent said second portions of said openings, the thickness of
      said wedges increasing in the direction from the ends of said second
      portions communicating with said first portions, said wedges engaging said
      bolt heads when said actuating plate means is in said engaging positions.
NUM  22.
PAR  22. The molding device as set forth in claim 21, wherein said actuating
      plate means includes a pair of aligned actuating plate members having
      opposed adjacent inner ends, and fluid operated piston and cylinder means
      interconnecting said adjacent inner ends and including a cylinder mounted
      on one of said actuating plate members and a piston rod having an outer
      end attached to the other of said plate members.
NUM  23.
PAR  23. The molding device as set forth in claim 22, wherein said base means
      includes guide means slidably supporting said actuating plate members.
NUM  24.
PAR  24. The mold device as set forth in claim 23 wherein said guide means
      includes a plurality of parallel spaced apart guide plates each having a
      recess receiving and slidably supporting a corresponding one of said
      actuating plate members.
NUM  25.
PAR  25. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold including bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold;
PA1  support means for said outer and inner molds including means supporting
      said bottom panel means of said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for movement inwardly and outwardly relative to the
      corresponding bottom panel means and supporting each of said corner panel
      means for movement toward and away from the corresponding ones of said
      adjacent side and end panels;
PA1  operating means supported by said suspension frame means and operable to
      displace each said corner panel means toward and away from the
      corresponding ones of said adjacent side and end panels, said operating
      means including a pair of spaced apart parallel rods extending inwardly of
      said inner mold from each said corner panel means at an angle of
      45.degree. to said adjacent side and end panels, each rod having an inner
      end, drive means including reciprocable drive member means within said
      inner mold, connecting link means having opposite ends pivotally connected
      one to the inner end of each said rod and the other to said drive means,
      and means to guide movement of said rod along a linear path at said angle
      in response to reciprocation of said drive member means, the length of
      each of said rods being adjustable; and
PA1  actuating plates mounted on and extending inwardly of said inner mold from
      each said corresponding side and end panels, said actuating plates having
      overlapping inner end portions overlying a corresponding one of said
      corner panel rods, said overlapping portions of said actuating plates
      having slots therethrough, pin means extending through said slots and
      affixed to said corresponding corner panel rod, said slots and pin
      interengaging in response to movement of said corner panel rod to displace
      said corresponding side and end panels inwardly and outwardly
      perpendicular to the respective planes thereof.
NUM  26.
PAR  26. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold including bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold; and
PA1  support means for said outer and inner molds including means supporting
      said bottom panel means of said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for movement inwardly and outwardly relative to the
      corresponding bottom panel means and supporting each of said corner panel
      means for movement toward and away from the corresponding ones of said
      adjacent side and end panels; and said bottom panel means of said inner
      mold including a central panel portion having side and end edges, and
      peripheral portions along said edges and pivotal downwardly relative
      thereto.
NUM  27.
PAR  27. The molding device as set forth in claim 81, wherein said suspension
      frame means includes bottom panel frame means supporting said central
      panel portion, means pivotally interconnecting each of said peripheral
      portions with said bottom panel frame means, and fluid pressure operable
      piston and cylinder means for pivotally displacing each said peripheral
      portion relative to said bottom panel frame means, said piston and
      cylinder means including cylinder means affixed to said bottom panel frame
      means and piston rod means having an outer end pivotally interconnected
      with said peripheral portion.
NUM  28.
PAR  28. The molding device as set forth in claim 81, wherein said suspension
      frame means includes bottom panel frame means for said central panel
      portion, said bottom panel frame means including an outer portion
      extending outwardly beyond said side and end edges of said central panel
      portion, each said peripheral portions including a portion overlying the
      corresponding outer portion of said frame means.
NUM  29.
PAR  29. A molding device as set forth in claim 81, wherein said suspension
      frame means includes a bottom frame supporting said bottom panel means of
      said inner mold and top frame means spaced above said bottom frame and
      supporting said side and end panels of said outer and inner molds, a
      plurality of columns between said bottom frame and top frame means and
      affixed to said bottom frame, and means releasably interconnecting said
      top frame means and said columns.
NUM  30.
PAR  30. A molding device as set forth in claim 84, wherein said top frame means
      includes platform means having openings therethrough, said means
      interconnecting said top frame means and columns including bolt means
      fixedly supported by said columns and projecting through said openings in
      said platform means and having threaded outer ends, and nut means on said
      outer ends.
NUM  31.
PAR  31. A molding device as set forth in claim 30, wherein said bolt means have
      shank portions of a diameter larger than that of said threaded outer ends,
      an washer means between said platform means and said nut means.
NUM  32.
PAR  32. A molding device for producing a box-type concrete block, comprising:
PA1  an outer mold including bottom panel means, a pair of opposed parallel side
      panels, and a pair of opposed parallel end panels at right angles to said
      side panels;
PA1  an inner mold inculding bottom panel means spaced above said bottom panel
      means of said outer mold, a pair of side panels each spaced inwardly from
      and parallel to one of said side panels of said outer mold, a pair of end
      panels each spaced inwardly from and parallel to one of said side panels
      of said outer mold, and corner panel means between adjacent ones of said
      side and end panels of said inner mold;
PA1  support means for said outer and inner molds including means supporting
      said bottom panel means of said outer mold and suspension frame means
      supporting said bottom panel means of said inner mold, said suspension
      frame means further supporting each said side and end panels of said outer
      and inner molds for movement inwardly and outwardly relative to the
      corresponding bottom panel means and supporting each of said corner panel
      means for movement toward and away from the corresponding ones of said
      adjacent side and end panels;
PA1  at least one pair of corresponding ones of said side panels and end panels
      of said inner and outer molds being provided with openings therethrough;
      and
PA1  mold frame means in said openings and spanning the space therebetween, said
      mold frame means being supported on the panel of the outer mold for
      movement in opposite directions axially of said openings, and fluid
      pressure operated piston and cylinder means interconnecting said mold
      frame means and said panel of said outer mold for displacing said mold
      frame means in said opposite directions.
NUM  33.
PAR  33. The molding device as set forth in claim, wherein said piston and
      cylinder means includes cylinders mounted on said panel of the outer mold
      and having piston rods extending toward said openings, said mold frame
      means being attached to said piston rods.
NUM  34.
PAR  34. The molding device as set forth in claim 32, wherein said mold frame
      means has an end adjacent the opening through the panel of the inner mold,
      a plurality of bolts secured to said mold frame means at said inner end
      and extending axially of the opening of said panel of the inner mold, the
      latter said panel having apertures to receive said bolts, said bolts
      having heads spaced from said panel of said inner mold in the direction
      inwardly of said inner mold, said apertures being of a size permitting the
      passage of said heads of said bolt, and fastening means on said panel of
      said inner mold for engaging said heads against displacement through said
      apertures in the direction outwardly of said inner mold.
NUM  35.
PAR  35. A molding device as set forth in claim 34, wherein said fastening means
      includes plate members slidably supported on said panel of the inner mold,
      said plate members having holes therethrough, said holes including a first
      portion of a size permitting the passage of said heads of said bolts and a
      second portion continuous with said first portion and of a size
      substantially the same as the diameter of said bolts, wedges on said plate
      members adjacent said second portions of said holes, the thickness of said
      wedges increasing in the direction from the ends of said second portions
      communicating with said first portions, said plate members being slidable
      between engaging and releasing positions, and said wedges engaging said
      bolt heads when said plate members are in said engaging positions.
NUM  36.
PAR  36. The molding device as set forth in claim 35 wherein said plate members
      have opposed adjacent ends, and fluid operated piston and cylinder means
      interconnecting said adjacent ends and including a cylinder mounted on one
      of said plate members and a piston rod having an outer end attached to the
      other of said plate members.
NUM  37.
PAR  37. The molding device as set forth in claim 36, wherein each of said plate
      members is U-shaped and bounds a portion of the opening through said anel
      of the inner mold, the ends of the legs of the U-shaped members being
      positioned to define said adjacent ends.
NUM  38.
PAR  38. The molding device as set forth in claim 36, and means on said panel of
      the inner mold for guiding said sliding movement of said plate members.
PATN
WKU  039348091
SRC  5
APN  5293359
APT  1
ART  322
APD  19741204
TTL  Slitted flexible mold
ISD  19760127
NCL  3
ECL  1
EXA  Brown; John S.
EXP  Husar; Francis S.
NDR  2
NFG  12
INVT
NAM  Fox; Robert H.
CTY  Hoffman Estates
STA  IL
INVT
NAM  Henning; Robert J.
CTY  Crystal Lake
STA  IL
INVT
NAM  Psensky; Miroslav
CTY  Cary
STA  IL
ASSG
NAM  The Quaker Oats Company
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  249117
XCL  249127
XCL  264313
XCL  425440
XCL  425DIG44
EDF  2
ICL  B28B  706
ICL  B28B  720
FSC  425
FSS  803;DIG. 57;DIG. 58;DIG. 44;440;441
FSC  249
FSS  66 R;66 A;127;183;134;179;177
FSC  264
FSS  313;314;315;318;334;335;336;DIG. 50;219
FSC  164
FSS  228
UREF
PNO  1551603
ISD  19250900
NAM  Melosi
OCL  249178
UREF
PNO  2196258
ISD  19400400
NAM  Erdle
XCL  264313
UREF
PNO  3309738
ISD  19670300
NAM  Friedman
OCL  425DIG.57
UREF
PNO  3353220
ISD  19671100
NAM  Lenoble
XCL  264313
UREF
PNO  3776683
ISD  19731200
NAM  Putzer
OCL  425DIG.44
LREP
FR2  O'Halloran; Joseph P.
ABST
PAL  A flexible distensible mold for use in fabricating art forms and
      utilitarian articles, and for use with the aid of air pressure
      differential enlargment of the shaping cavity, is provided with closeable
      slits extending from at least portions of the shaping cavity partly into
      the mold wall. With these improved molds the withdrawalbore of the shaping
      cavity can be greatly enlarged, and the side walls can be greatly extended
      with lower air pressure differentials than would be otherwise necessary.
BSUM
PAR  Flexible distensible molds can be used to shape art forms as well as
      utilitarian materials such as hardenable foundry sand mixes for the
      production of cores and molds. After a hardenable mixture is placed in the
      shaping cavity and hardens at least to some extent, the shaping cavity of
      flexible distensible molds can be enlarged by air pressure differential to
      such an extent that the shaped article with undercut regions can be
      withdrawn from the flexible mold.
PAR  Patents relating to such molds include U.S. Pat. No. 2,124,871, C. L. Beal
      and U.S. Pat. No. 3,776,663 to Putzer.
PAR  Continued development in connection with the use of flexible distensible
      molds, such as, for example in the production of foundry cores, has
      uncovered several serious problems. For example, it has been found to be
      difficult to faithfully reproduce the dimensions of a pattern when
      flexible distensible material is used to make the mold, because the weight
      of the material being shaped such as, for example, hardenable sand mixes,
      causes so much distension of the stretchable mold material that the
      "distension" becomes appreciable distortion. In many foundry applications,
      for example, the standards for performance are so strict that the core's
      dimensions must be true within 1/32 inch of the pattern or less.
PAR  One approach taken to stabilize the dimensions of the cavity during filling
      with foundry sand results in molds made from flexible distensible material
      having relatively thick walls. This, in turn, has led to other problems,
      particularly in connection with removing the resulting shaped articles
      from the mold by air pressure differential. Many articles have a body
      portion which is of substantially greater radius or diameter than that
      portion of the article which is formed in the neck or filling channel of
      the mold. These articles are often extremely difficult to withdraw through
      the relatively small diameter bore of the neck of the mold even after the
      air pressure differential is applied. Inasmuch as the presently
      contemplated mode for increasing the size of the cavity relies on the
      forces generated by an air pressure differential between the exterior and
      interior surface of the mold, the vacuum method soon becomes an
      unattractive method for opening or enlarging mold cavities in molds which
      require very thick walls to stabilize the dimensions of the cavity, if one
      were to rely only on prior technology.
PAR  In accordance with the present invention the flexible distensible
      elastomeric molds are provided with closed, openable slits extending
      radially outwardly from at least portions of the shaping cavity only
      partly through the mold wall. Planar slits are preferred. Thus, provision
      of slits in accordance with this invention keeps the walls of the mold
      impermeable to the passage of air therefrom, and allows the molds to be
      used, as described hereinafter in conjunction with vacuum pots and other
      air pressure differential means for cavity enlargement for easy removal of
      shaped articles therefrom. Thus, molds constructed in accordance with this
      invention have been found to allow for relatively easy extraction of
      patterns and hardened shaped articles, such as shaped foundry sand
      articles, from the mold cavity. This is particularly true in connection
      with those molds requiring relatively great enlargement of the exit from
      the shaping cavity and in which the wall thicknesses are relatively great.
      These slits provide a hinging action, because the slits which are "closed"
      when the material is "at rest", open wide during the application of
      pressure differential to provide mold cavity enlargement far beyond that
      which can be achieved in connection with mere stretching of the walls by
      distending the relatively thick flexible wall cavity at any given pressure
      differential.
DRWD
PAR  The invention and particularly preferred embodiments thereof are described
      hereinafter with the aid of the accompanying drawings in which:
PAR  FIG. 1: is a perspective view of a mold in accordance with the present
      invention.
PAR  FIG. 2: is a horizontal elevational cross sectional view taken
      approximately along the line 2--2 in FIG. 1.
PAR  FIG. 3: is a cross sectional view taken approximately along the line 3--3
      of FIG. 2.
PAR  FIG. 4: is an elevational side view of a pattern for use in producing molds
      in accordance with the present invention.
PAR  FIG. 5: is a side view of the article shaped in accordance with the use of
      the molds of the present invention made with the pattern shown in FIG. 4.
PAR  FIG. 6: is a reduced scale cross sectional elevational view of a mold in
      accordance with the present invention similar to the mold shown in FIG. 2.
PAR  FIG. 7: is a cross sectional elevational view of a cylindrical sleeve made
      of flexible distensible elastomeric material.
PAR  FIG. 8: is a view taken along the same cross sectional lines as that used
      in FIGS. 6 and 7 except that the cylinder of FIG. 7 is shown in assembled
      position around the mold of FIG. 6.
PAR  FIG. 9: is a perspective view of the composite structure assembled as shown
      in FIG. 8.
PAR  FIG. 10: is a cross sectional view of a mold-vacuum box assembly utilizing
      the mold shown in FIG. 9.
PAR  FIG. 11: is a diagramatic illustration using a view along a vertical
      mid-sectional plane, as in FIG. 9, showing the relative position of
      elements of the assembled mold as shown in FIG. 10 after vacuum is
      applied.
PAR  FIG. 12: is a top view of the mold in condition shown in FIG. 11.
DETD
PAR  In the accompanying drawings a flexible distensible mold in accordance with
      the present invention is generally indicated by the numeral 15. Mold 15 is
      made of flexible distensible elastomeric material, and is of integral
      construction. Much literature and numerous patents describe the
      manufacture of flexible molds from elastomeric material, and the
      particular materials used does not constitute part of the invention and is
      not discussed herein for that reason. Mold 15 includes a top portion 17
      including a radially extending flange portion 19. A shaping cavity 21
      includes a relatively wide body portion 23 and a relatively narrow neck
      portion 25 which extends upwardly through top 17. Mold 15 also includes a
      plurality of slits 27, 28, 29 and 30 which extend between shaping cavity
      21 and enlarged respective marginal channels 33, 35. Respective walls 27',
      27", 28', 28", 29', 29" and 30', 30" of slits 27, 28, 29 and 30 abutt
      against one another when the mold is "at rest" as shown in FIG. 1. It is
      noted that the cross sectional line 2-2 in FIG. 1 extends through slits
      27, 29 which extend to marginal channel 33 and that respective slits 28,
      30 extend to marginal channel 35. It will be apparent from consideration
      of FIG. 2 that the marginal channels 33, 35 extend downwardly through
      vertical legs 41, 43 and transversely through horizontal portion 45.
      Channel 35 is similarly constructed. Thus the slits 27, 28, 29 and 30
      generally extend radially outwardly from the shaping cavity 21 to the
      vertical legs, e.g. 41, 43 of channels 33, 35 and generally axially
      downwardly from the cavity 21 to the horizontal portions e.g. 45 of
      channels 33, 35. The portions of slits 27, 28, 29 and 30 which extend from
      the bottom of cavity 21 can be viewed in FIG. 3 through shaping cavity
      opening 25.
PAR  It is noted that when the mold is in its "at rest" configuration, slits 27,
      28, 29 and 30 are "closed". That is, the walls thereof abut each other and
      the hardenable material being shaped does not enter slits 27, 28, 29 and
      30.
PAR  A pattern for use in the fabrication of the mold in accordance with the
      present invention is illustrated in FIG. 4 and is generally indicated by
      the numeral 44. The pattern 44 includes a body portion 21' which
      corresponds in shape to the shaping cavity 21. Pattern 44 also includes
      radially outwardly extending fins, for example, 27'" and 29'"
      corresponding to slits 27, 28, 29 and 30, the fins extending radially
      outwardly and axially downwardly to connect with marginally enlarged
      portions for example 33', 35', corresponding negatively to the shape of
      channels 33, and 35. The pattern 44 is used to shape the cavity position
      21 of mold 15 illustrated in FIG. 1 in well known and customary manner by
      emersing the pattern 44 in a hardenable polymerizable elastomeric material
      which hardens to provide the pattern 44 embedded in the mold material.
      Upon removal of pattern 44 from the mold material, mold 15 results. When
      shaping cavity 21 is then filled with a hardenable mixture such as, for
      example, a hardenable foundry sand mixture, a shaped foundry article such
      as core 45 which is illustrated in FIG. 5 results.
PAR  A particularly preferred aspect of the present invention is illustrated
      with the aid of FIGS. 6 through 9 and the use of molds in accordance with
      the present invention to produce shaped articles as illustrated with the
      aid of FIGS. 9 through 12.
PAR  FIGS. 6-9 are arranged in vertical positioning with respect to one another
      to illustrate the relative size and shape of components used to produce
      the particularly preferred composite mold 51 in accordance with the
      present invention. In FIG. 6 a mold 15 having main body portion 20 and
      flange 19 is shown in reduced scale and the mold 15 is substantially
      identical to the mold 15 as shown in FIG. 1 and discussed hereinbefore.
PAR  Immediately below FIG. 6 is illustrated a sleeve 47 having a relatively
      thick wall portion 49. The purpose of orienting FIG. 7 immediately below
      FIG. 6 is to illustrate the relative dimensions of these articles. It is
      noted that the outside diameter of sleeve 47 is substantially equal to the
      outside diameter of body portion 20 and the inside diameter of sleeve 47
      is substantially smaller than the outside diameter of body portion 20
      shown in FIG. 6. In accordance with a preferred aspect of the present
      invention, the sleeve 47 is stretched and body portion 20 is inserted
      within wall 49 as shown in FIG. 8 so that one end of sleeve 47 butts
      against flange portion 19 and the other end of sleeve 47 is approximately
      co-extensive with the bottom of body portion 20 without axially stretching
      sleeve 47. This is illustrated in FIGS. 8 and 9.
PAR  In the embodiment in the assembled condition shown in FIGS. 6 and 9, the
      mold in accordance with the present invention constitutes a composite
      flexible mold comprising an internal integral flexible stretchable shaping
      element mold 15 by which internal element 20 confines the hardenable or
      otherwise curable material being molded, and a second outer element 47
      which is a flexible stretchable element, distinct and separate from the
      first element the outer element being in direct and closely confining
      contact with the inner element, the outer element now being in a condition
      of stress due to stretching thereof along its circumference. No axial
      stretch is used in this embodiment. However, sleeve 47 can be stretched
      axially if desired to further stabilize the dimensions of the cavity
      during filling. Nonetheless the use of the outer element 47 is optional
      and the sequence of steps discussed immediately hereinafter in connection
      with FIGS. 10-12 showing the use of the mold 20, is identical whether or
      not optional sleeve 47 is utilized. Hence, the following discussion refers
      to the use of either mold assembly 51, and to mold 15.
PAR  In FIGS. 10-12 the use of the mold 15 (or 51) in accordance with the
      present invention shown with mold 51 illustrated diagramatically in place
      in a vacuum pot generally indicated by the numeral 53. Vacuum pot 53
      includes a bottom 55 which is slightly elevated and upon which the bottom
      of mold 51 (15) resides, and pot 53 also includes side walls 57 which
      extend upwardly to abutt against and sealingly engage radially extending
      flange portion 17 at the bottom thereof. Vacuum conduit 59 passes through
      sidewall 57 and into the annular air space 61 constituting the gap between
      the mold 51 and the pot 53. When a vacuum is applied to air space 61, as a
      consequence of the withdrawal of air from air space 61 through conduit 59,
      the relatively higher ambient atmospheric air pressure within the mold
      cavity 21, and the pressure of the air within channels 33, 35 causes the
      mold 51 (15), and particularly the shaping cavity 21, to enlarge until the
      mold reaches the configuration shown in FIG. 11. It is noted neck portion
      25 as shown in FIG. 11 has enlarged to the extent that the relatively wide
      body portion 23' of sand shape 45 can now be lifted axially upwardly and
      removed from shaping cavity 21. In FIG. 12 it is also apparent that walls
      27', 28', 29'  and 30' of slits 27, 28, 29 and 30 have been moved
      substantially apart from one another in a hinging action wherein the
      flexible material of mold 15 acts as a hinge, to assist in the enlargement
      of the withdrawal bore defined by the now greatly separated segments of
      neck portion 25 and open walls 27', 28', 29', and 30'.
PAR  The marginal portions 33, 35 of the slits are optional and are found to
      greatly extend the life of the mold by arresting a tendency of slit
      propagation through the mold walls.
PAR  The illustrated embodiments have been shown for illustrative purposes only
      and it is to be understood that, given the disclosure herein, many
      variations and combinations can be made without departing from the spirit
      and scope of the present invention. For example, an embodiment using 4
      slits is illustrated, but one or more slits can be utilized. Also, for
      example, the use of stressed composite confining element 47 is optional
      and the use of the enlarged marginal channels 33, 35 at the radial and
      axial extremes of the slits are optional. Channels 33, 35 can be rounded
      ends of the slits 27, 28, 29, 30, or they can be eliminated entirely.
      Also, in accordance with the present invention, it is not necessary that
      the slits 27, 28, 29, 30 extend around the entire periphery of the
      enlarged body portion 20 but, instead can extend radially from portions of
      the shaping cavity 21. Thus, for example, slits 27, 28, 29 and 30 could
      extend from the neck portion 25 radially to a distance approximately at
      the radial extent of the enlarged body portion of cavity 21.
PAR  In an alternative embodiment, the slit can extend from the enlarged body
      portions or from backdrafts within the body portion and can extend in
      directions other than in the illustrated axial or radial directions.
PAR  It is noted that the thickness of the wall of the mold is substantially
      reduced at the radial extreme of the slits and it is also noted that with
      the cavity-expanding movement and extension of the flexible distensible
      elastomeric mold under air pressure differential, the respective walls of
      the slits separate from one another thus defining a portion of the
      enlarged withdrawal bore.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an integral flexible distensible mold having wall portion defining a
      shaping cavity therein, the improvement comprising: a closed openable slit
      in said wall portion, said slit extending from at least a portion of the
      wall of the shaping cavity and only partly through the wall portion of the
      mold, the slit including an enlarged marginal portion thereof at the
      outward extreme thereof.
NUM  2.
PAR  2. A flexible distensible mold having walls defining a shaping cavity, said
      mold having extending radially outwardly into said wall from said shaping
      cavity a closed, openable slit which extends from the top to the bottom of
      said cavity, and in which slit extends only partly through the wall of the
      mold, the slit including an enlarged marginal portion thereof at the outer
      extreme thereof.
NUM  3.
PAR  3. A flexible distensible mold having a radially extending flange portion
      at the top thereof, and having a body portion depending from said flange
      portion, and a shaping cavity extending through the top portion and into
      the body portion, said mold having a closed openable slit through at least
      a portion of the mold, said slit extending from at least a portion of the
      shaping cavity and only part way through the mold, the slit terminating at
      its outward extreme with an enlarged portion thereof.
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ABST
PAL  A flexible distensible mold for use in fabricating art forms and
      utilitarian articles, and for use with the aid of air pressure
      differential enlargement of the shaping cavity is provided with closeable
      slits extending from at least portions of the outside surface of the mold
      partly into the mold. With these improved molds, the withdrawal bore of
      the shaping cavity can be greatly enlarged and the side walls can be
      greatly extended with lower air pressure differentials than would be
      otherwise necessary. In addition, the closed slits permits the use of
      thicker walls and thus provide additional support for the weight of the
      shaped article particularly when formed in elongated molds.
BSUM
PAR  Flexible distensible molds can be used to shape art forms as well as
      utilitarian material such as hardenable foundry sand mixes for the
      production of cores and molds. After a hardenable mixture is placed in the
      shaping cavity and hardens at least to some extent, the shaping cavity of
      flexible distensible molds can be enlarged by air pressure differential to
      such an extent that the shaped article with undercut regions can be
      withdrawn from the flexible mold.
PAR  Patents relating to such molds include U.S. Pat. No. 2,124,871 to C. L.
      Beal and U.S. Pat. No. 3,776,663 to Putzer.
PAR  Continued development in connection with the use of flexible distensible
      molds, such as, for example, in the production of foundry cores, have
      uncovered several serious problems.
PAR  For example, it has been found to be difficult to faithfully reproduce the
      dimensions of a pattern when flexible distensible material is used to make
      the mold, because the weight of the material being shaped such as, for
      example, hardenable sand mixes, causes so much distension of the
      stretchable mold material that the "distension" becomes appreciable
      distortion. This is particularly a problem in the case of elongated
      articles in which a rather long column of mold-material and shaped
      material must be supported by the cottom portions of the flexible mold. In
      many foundry applications the standards for performance are so strict that
      the core's dimensions must be true within 1/32 inch.
PAR  One approach taken to stabilize the dimensions of the cavity during filling
      with foundry sand results in molds being made from flexible distensible
      material having relatively thick walls. This, in turn, had led to other
      problems, particularly in connection with removing the resulting shaped
      articles from the mold by air pressure differential. Many articles have a
      body portion which is of substantially greater radius or diameter than
      that portion of the article which is formed in the neck or filling channel
      of the mold. Other articles have cavities or undercut regions which are
      shaped by protuberances extending into the shaping cavity from the mold
      wall. These articles are often extremely difficult to withdraw through the
      relatively small diameter bore of the neck of the mold even after air
      pressure differential is applied. Inasmuch as the presently contemplated
      mode for increasing the size of the cavity relies on forces generated by
      an air pressure differential between the exterior and the interior surface
      of the mold, the vacuum method soon becomes an unattractive method for
      opening or enlarging mold cavities in molds which require very thick walls
      to stabilize the dimensions of the cavity, if one were to rely only on
      prior technology.
PAR  In accordance with the present invention, the flexible distensible
      elastomeric molds are provided with closed, openable slits extending
      radially inwardly from at least portions of the external surface of the
      mold, only partly through the mold wall. Planer slits are preferred. Thus,
      provision of slits in accordance with this invention keeps the walls of
      the mold impermeable to the passage of air therefrom, and allows the molds
      to be used, as described hereinafter, in conjunction with vacuum pots and
      other air pressure differential means for cavity enlargement for easy
      removal of the shaped articles therefrom. Thus, molds constructed in
      accordance with this invention have been found to allow for relatively
      easy extraction of patterns and hardenable shaped articles, such as shaped
      foundry sand articles, from the mold cavity. This is particularly true in
      connection with those molds requiring relatively great enlargement of the
      exit from the shaping cavity and in which the wall thicknesses are
      relatively great. These slits provide a hinging action because the slits
      which are "closed" when the material is "at rest", open wide during the
      application of pressure differential to provide mold cavity enlargement
      far beyond that which can be achieved in connection with the mere
      stretching of the entire non-slitted walls by distending the relatively
      thick flexible wall cavity at any given pressure differential.
DRWD
PAR  The invention and particularly preferred embodiments thereof are described
      hereinafter with the aid of the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a mold in accordance with the present
      invention.
PAR  FIG. 2 is a horizontal elevational cross-sectional view taken approximately
      along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken approximately along the line 3--3 of
      FIG. 2.
PAR  FIG. 4 is a cross-sectional elevational view of the mold in accordance with
      the present invention in a mold-vacuum box assembly utilizing the mold
      shown in FIG. 1.
PAR  FIG. 5 is a diagrammatic illustration using the view along the vertical
      mid-section plane, as in FIG. 4, showing the relative position of elements
      of the assembled mold-vacuum box after vacuum is applied.
PAR  FIG. 6 is a horizontal cross-sectional view taken approximately along the
      lines 6--6 in FIG. 5.
PAR  FIG. 7 is a cross-sectional elevational view of an alternative embodiment
      in accordance with the present invention.
PAR  FIG. 8 is a cross-sectional view taken approximately along the line 8--8 of
      FIG. 7.
PAR  FIG. 9 is a perspective elevational view of a pattern used to form the
      slits in the embodiment shown in FIGS. 1-3.
PAR  FIG. 10 is a perspective view of a pattern used to form the slits in the
      embodiment shown in FIGS. 7-8.
DETD
PAR  In the accompanying drawings of flexible distensible molds in accordance
      with the present invention generally indicated by the numeral 15, mold 15
      is made of flexible distensible elastomeric material, and is of integral
      construction. Much literature and numerous patents describe the
      manufacture of flexible molds from elastomeric material, and the
      particular materials used does not constitute part of the invention and is
      not discussed herein for that reason. Mold 15 includes a top portion 17, a
      body portion 18, and a radially extending flange portion 19. A shaping
      cavity 21 includes a relatively wide body portion 23 and a relatively
      narrow undercut portion 25. Mold 15 also includes a slit 27 which extends
      from the outer surface 26 partway through the wall 20. Slit 27 terminates
      in a rounded marginal channel 33. Respective walls 27, 27" of slit 27 abut
      against one another when the mold is "at rest" as shown in FIG. 1, and as
      seen in FIG. 3. It is seen in FIGS. 2 and 3 that slit 27 and channel 33
      extend into only a portion of the mold wall 20 at the thickest portion 25'
      thereof namely at that portion 25' of wall 20 which corresponds to narrow
      cavity section 25.
PAR  It is noted that when the mold is in its "at rest" configuration, as shown
      in FIG. 3, slit 27 is "closed". That is, the walls 27', 27" thereof abut
      against each other. It is further noted that the slit 27 does not extend
      all the way through wall 20 and therefore hardenable material which is
      being shaped cannot enter into the slit 27 and furthermore air cannot pass
      from the cavity 21 into slit 27.
PAR  FIGS. 4 and 5 illustrate the use of the mold 15 in accordance with the
      present invention. Mold 15, in accordance with the present invention, is
      shown diagrammatically illustrated in place in a vacuum pot generally
      indicated by the numeral 53. Vacuum pot 53 includes a bottom wall of 55
      which is slightly elevated and upon wich the bottom of mold 15 resides.
      Pot 53 also includes side walls 57 which extent upwardly to abut against
      and sealingly engage the radially extending flange portion 17 at the
      bottom thereof. Vacuum conduit 59 passes through side wall 57 and into the
      annular air space 61 constituting the gap between mold 51 and pot 53. When
      a vacuum is applied to air space 61, as a consequence of the withdrawal of
      air from air space 61 through conduit 59, the relatively higher
      atmospheric air pressure within mold cavity 21, causes the mold 15, and
      particularly the shaping cavity 21 to enlarge until the mold 15 reaches
      the configuration shown in FIGS. 5 and 6. It is noted that projection 25'
      has moved radially and that side walls 27', 27" of slit 27 have pivoted
      with respect to one another and that the rounded channel 33 has been
      stretched somewhat as shown in FIG. 6. The enlargement of cavity 25 is
      such that protuberance 25' has moved laterally a sufficient distance to
      permit the shaped article 45 to be lifted axially from the shaping cavity
      21.
PAR  In FIG. 6 it is also apparent that the pivoting of walls 27', 27" with
      respect to each other permits the protuberance 25' to contribute to the
      circumferencial dimension of the shaping cavity 21 in the region 25',
      during the expansion of shaping cavity 21 to atmospheric pressure
      differential.
PAR  The rounded channels or marginal portions 33 of slit 27 are optional but
      highly preferred structures in accordance with the present invention and
      are found to greatly extend the life of the mold by arresting a tendency
      of split propagation through mold wall 20.
PAR  The figures discussed hereinbefore namely FIGS. 1-6 relate to one preferred
      aspect of the present invention. FIGS. 7 and 8 relate to another preferred
      aspect of the present invention. In FIG. 7 a mold in accordance with the
      present invention is generally indicated by the numeral 75, and this mold
      75 is made of a flexible distensible material as was mold 15. Mold 75 has
      numerous structural similarities with mold 15 including extended annular
      flange portion 77 having body portion 78 dependent therefrom, body portion
      78 having an external wall surface 86. A plurality of slits 87 extend
      partway through wall 80 radially inwardly toward shaping cavity 81 and
      terminate in a rounded channel 93. Each of the slits and terminal channels
      are substantially identical, and thus only one of the slits 87 will be
      discussed in detail. Opposing walls 87', 87" of each respective slit 87
      abut against each other, and, as illustrated in FIG. 8, slit 87 extends
      substantially the entire length of body portion 78. When mold 75 is used
      in conjunction with a vacuum pot such as that illustrated in FIGS. 4, 5
      and 6 the operation of the mold 75 in accordance with the present
      invention is similar to that of the operation of mold 15, except that mold
      75 is shown as having a plurality of slits 87, and each of the slits 87
      opens by a pivoting of walls 87' and 87" with respect to its respective
      opposing counterpart namely, with respect to each other so that only a
      portion of wall 20 between the respective channels 93 and cavity 81
      undergoes any substantial stretching or distension upon application of
      differential atmospheric pressure. When the cavity 81 is filled with a
      hardenable sand mix 45, for example, as illustrated in FIGS. 4, 5, and 6
      in connection with mold 15, the wall 20 is of sufficient thickness to
      assist in the supporting, without slump of the lower portions of the mold
      due to the weight of the packed material, and, furthermore, the
      face-to-face opposition of respective walls 87', 87" against each other
      results in additional non-distorting support for the weight of the sand
      article in cavity 81 and for the weight of mold 75.
PAR  Patterns for shaping slits 27, 87 and channels 33, 93 are illustrated in
      FIGS. 9 and 10 respectively. In FIG. 9 a pattern is generally indicated by
      the numeral 102 and pattern 102 includes a film portion 104 and enlarged
      rounded marginal portion 106. Film portion 104 results in the formation of
      slit 27 and enlarged marginal portion 106 results in the formation of
      channel 33. The liquid polymerizable material from which mold 15 is formed
      flows around pattern 102 during the fabrication of mold 15, and pattern
      102 is, of course, removed after the liquid material cures to working
      condition. In FIG. 10 a pattern which is used to provide slits 87 and
      marginal channels 93 is generally indicated by the numeral 112. Pattern
      112 includes a film portion 114 and an enlarged rounded portion 116. Film
      portion 114 results in the shaping of slit 87 and enlarged rounded portion
      116 results in the shaping of channel 93.
PAR  The illustrative embodiments have been shown for illustrative purposes
      only, and it is understood that given the disclosure herein, many
      variations and combinations can be made without departing from the spirit
      and scope of the present invention. For example, the number of slits
      provided is not critical, and one or more slits can be utilized. Also, for
      example, the slits can be positioned, in accordance with the present
      invention, only along portions of the outer wall of the mold 15, and on
      the other hand, can be positioned to extend the entire axial dimension of
      the body of the mold. The use of enlarged marginal channels 33, 93 is
      particularly preferred but optional, and channels 33, 93 can be rounded
      ends of the respective slits or of circular cross-section or of oval
      cross-section. It is noted that the thickness of the wall of the mold is
      substantially reduced at the radially inward extreme of the slit, and it
      is also noted that the cavity-expanding movement and extension of the
      flexible distensible elastomeric mold under air pressure differential, the
      respective walls of the slit separate from one another and yet the
      integrity of the shaping cavity as an air-confining cavity remains intact.
      Also, inasmuch as the cavity has no slits extending therefrom there is no
      "flash" created on the sand article.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an integral flexible distensible mold having a wall portion defining
      a shaping cavity therein, the improvement comprising: a closed openable
      slit in said wall portion, said slit extending from at least a portion of
      the exterior of the wall of the mold and only partly through the wall of
      the mold wherein no part of the slit extends into the shaping cavity and
      in which the slit includes an enlarged radially inward marginal portion
      thereof at the inner extreme thereof.
NUM  2.
PAR  2. A flexible distensible mold having walls defining a shaping cavity, said
      mold having extending radially inwardly into said wall from the exterior
      surface of said mold a closed, openable slit which extends from the top of
      said body portion and in which the slit extends only partly through the
      wall of the mold, no part of said slit extending to the shaping cavity of
      the mold and in which the slit includes an enlarged marginal portion
      thereof at the inner extreme thereof.
NUM  3.
PAR  3. A flexible distensible mold having a radially extending flange portion
      at the top thereof, and having a body portion depending from such flange
      portion, and a shaping cavity extending through the top portion and into
      the body portion, said mold having a closed, openable slit to at least a
      portion of the mold, said slit extending from at least a portion of the
      outer surface of the body portion, and only partway through the mold, no
      part of said slit extending into said shaping cavity, and in which the
      slit terminates at its inward extreme with an enlarged portion thereof.
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ABST
PAL  A gas smooth top range in which the burner beneath the glass ceramic top is
      of powered blue flame, rather than radiant, type. The burner in this and
      other possible environments is controlled by electric circuit means
      including a resistance igniter element having an appreciable energy
      output, electrically operated valve means in circuit with the igniter, and
      cycle control means for cyclically energizing the igniter and valve means
      at a rate that can be varied to regulate the heat output of the burner.
      Heat transfer structure is associated with the burner and arranged so that
      hot exhaust gases from the burner are effective to preheat the respective
      inflows of ambient air and fuel making up the mixture which is combusted.
      The fuel valve can be adjusted from the exterior while operating in closed
      and sealed condition, or a simulation of such condition, so that the
      proper circuit relationship of the valve and the igniter with which it is
      used can be set as a manufacturing procedure to eliminate need for field
      or installation adjustment.
PARN
PAR  This is a division of application Ser. No. 432,457, now U.S. Pat. No.
      3,870,457, filed Jan. 11, 1974, which is a continuation of Ser. No.
      223,451, filed Feb. 4, 1972, now abandoned.
BSUM
PAC  Background of the Invention
PAR  This invention relates to a closed or smooth top range in which a gas
      burning device provides the heat energy for cooking utensils placed on the
      top surface of the range and to a controlling system for the burner for
      providing variable heat output and safe and reliable operation.
PAR  This general type of range employs a smooth top, usually of glass ceramic
      material having a negligible temperature coefficient of expansion, and
      conventionally plural heating units, with four the most common
      arrangement. When the heating units are of gas type, a substantial
      quantity of heat is developed and accommodation must be made for
      dissipation of same either by way of a ducting system or more commonly by
      controlled venting into the kitchen area. Various expedients can be
      employed to achieve this function, including heat exchange between the
      exhaust gases and incoming air, which provides as well an increase in
      burner efficiency.
PAR  The thermal energy must be transmitted through an imperforate member,
      rather than directly to the utensil as in the common open burner
      configuration and heretofore the energy has been almost entirely radiant
      in using both electric and gas heaters. Further, consideration must be
      given to the spatial distribution of the source of the energy so as to
      attain effective transmission characteristics and avoid local hot spots
      and the like which can have a deleterious effect upon the top surface.
      Still further, inasmuch as a closed gas burning system is being employed,
      suitable safeguards must be provided for proper ignition on demand as well
      as for safe exhaust of the burned gases.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide an improved blue
      flame type burner assembly for a gas smooth top range in which thermal
      energy in the combustion chamber is controlled in a predetermined and
      advantageous manner.
PAR  It is another object of this invention to provide such a gas burner
      assembly which employs improved heat exchange between burned gases and
      incoming fuel and air.
PAR  It is still another object of this invention to provide an improved gas
      burner assembly which employs a glow type ignition system which
      contributes significantly to the thermal energy developed.
PAR  It is a still further object of this invention to provide a gas burner
      assembly having an improved interaction between such an igniter element
      and the fuel valve which is adaptable to production line manufacture.
PAR  It is a yet further object of this invention to provide a gas burner
      assembly which utilizes a variable duty cycle switching scheme for
      controlling thermal energy from the burner.
PAR  It is still another object of this invention to provide an improved
      electrically actuated, pre-adjusted valve assembly for use with such
      burner apparatus.
PAR  These and other objects of the invention are attained in the apparatus of
      the instant invention which includes a burner assembly, especially suited
      for support beneath an imperforate glass ceramic smooth top, having
      multiple stacked pans together forming an outer surrounding air intake,
      mixed gas/air passages and a burned gas outlet. These passages are
      arranged so that the burned gases routed through the assembly preheat the
      incoming air and the gaseous fuel delivered to the burner for combustion.
PAR  A glow type igniter element is disposed in the combustion chamber of the
      burner for electrical ignition and is in series circuit connection with a
      thermal valve in the fuel line, the circuit being energized for heat
      control on a periodic basis by a variable duty cycle motor driven switch.
      The fuel valve is provided with adjustable means for pre-adjusting its
      response in relation to the particular igniter with which it is used.
PAR  Other objects and advantages of the present invention will become apparent
      as the following description proceeds.
PAR  To the accomplishment of the foregoing and related ends, the invention,
      then, comprises the features hereinafter fully described, the following
      description and the annexed drawings setting forth in detail a certain
      illustrative embodiment of the invention, this being indicative, however,
      of but one of the various ways in which the principles of the invention
      may be employed.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In said annexed drawing:
PAR  FIG. 1 is a vertical sectional view of a portion of a range showing a
      burner assembly in accordance with the invention;
PAR  FIG. 2 is a bottom view of the fuel valve cover as indicated by the lines
      2--2 of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of the apparatus of the invention showing the
      electrical interconnection of components therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in detail there is shown in FIG. 1 a portion
      of a range embodying the teachings of this invention including a top 10
      which is preferably a sheet of glass ceramic material which is imperforate
      and may be considered to have a zero temperature coefficient of expansion.
      The top 10 is the support surface for the range and utensils are placed
      thereon for heating purposes and conventionally more than one burner
      assembly may be disposed therebeneath, only a single one being described
      for purposes of this disclosure.
PAR  This burner assembly 11 comprises inner 12, middle 13 and outer 14 pans of
      light-weight sheet metal having, respectively, cylindrical center wells
      15, 16, and 17 and peripheral vertical walls 18, 19, and 20. The diameters
      of the pans and their center wells are suitably dimensioned so that when
      stacked one within the other such pans form chambers therebetween for
      controlling the flow of gases through the assembly. The inner and outer
      pans are provided with inward offsets which opposingly engage the middle
      pan at a number of points as shown at 21 and are there joined by welding.
      Additionally, but not shown for convenience, the bottom of the middle well
      is preferably upset against and riveted to the bottom of the middle well
      at several points, all to provide proper spacing and a rigid and stable
      structure. The wells 16, 17 of the middle and outer pans include central
      and downwardly disposed flanges 22, 23 which are nested one within the
      other and secured together by welding or staking to form a central chamber
      24 in the burner assembly 11 for purposes to be described hereinafter.
PAR  The middle or main pan 12 includes a further outturned flange 25 at its
      outermost periphery which engages the underside of the top 10 of the range
      and forms a barrier between the lower terminating vertical walls 18 and 20
      of the other two pans. An inverted cup 26 having a bottom closure 27 with
      an axial aperture 28 and plural circumferentially spaced bottom orifices
      29 is fitted within an upright burner cup 30 supported on perforated and
      stepped ribs 31 formed interiorly about the inner pan well 15. Such burner
      pan is dished upwardly at 32 to engage the closure 27 and also provided
      with an axial opening 33 flanged through the aperture 28 of the closure
      and thereby holding the latter in upwardly spaced relation to define an
      annular chamber 34.
PAR  The vertical walls of the inverted cup 26 and burner pan 30 are radially
      spaced and between the two is a vertical orifice defining ring element 35
      of corrugated metal, preferably stainless steel.
PAR  Several of the upsets of middle pan 13 which penetrate the bottom of the
      inner pan 12 are hollow, as shown at 36, to provide communication between
      the chamber formed by the middle and outer pans and the interior of the
      inner pan below the burner cup 30, which is as illustrated also spaced
      radially inwardly of the inner pan well 15. The upper ends or mouths of
      the annular chambers between the outer and middle pan and the middle and
      inner pan respectively to the side of middle wall 19 are unobstructed.
PAR  A heat tube 37 of stainless steel having an open top end orifice is
      positioned axially in the assembly thus far described and is employed to
      deliver the gaseous fuel for combustion to mixing chamber 38 within the
      inverted burner cup 26.
PAR  As shown by arrows in full line in FIG. 1, ambient air is directed to the
      mixing chamber 38 through the space between the outer and middle pans, the
      passages 36, the space beneath cup 30, and the center aperture 33 through
      which the heat tube extends about the same. The mixture proceeds, as shown
      by the dashed arrows, from the chamber 38 outwardly through the port or
      orifice member 35 to be combusted at the annular top of the latter.
PAR  Additional ambient air proceeds, as secondary air to support such
      combustion, from beneath pan 30 within the inner well 15 upwardly through
      the vertical chamber between the two, as also shown by arrows in full
      line, with such secondary air thus delivered in controlled manner directly
      to the burner port or combustion area. A fuel pipe 39 is joined with the
      heat tube 37 to supply the gaseous fuel under pressure to the burner
      assembly 11. virtue
PAR  The burner produces a high quality blue flame ring in a generally vertical
      upward direction or toward the top 10. The flame is warped outwardly
      somewhat by virture of the fact that the assembly is powered by a blower
      40 (FIG. 3) connected to the assembly by an exhaust duct 41 extending from
      the bottom center opening 24 formed by the pan flanges 22 and 23. The
      blower of course places the combustion chamber of the burner under
      negative pressure and causes an outflow radially of the burning and burned
      gases as shown by the dashed arrows to ultimate discharge at some suitable
      location relative to the range.
PAR  It is especially to be noted that the burned gases are exhausted from the
      combustion zone of the burner through the space between the inner and
      middle pans in heat transfer relation to the inflow of the ambient air
      over the other or outer side of the middle pan, warming the intake air in
      the process and cooling the burned gases, such effect occurring over a
      relatively large area determined by the overall diameter of the burner
      assembly 11 typically on the order of eight inches and the rate of air
      movement through the respective chamber. Such heat transfer effect obtains
      throughout the full assembly to the bottom center discharge opening 24.
PAR  Moreover, in such routing of the burned gases the heat tube 37 is also
      contacted both in the assembly and in the exhaust duct 41 to preheat the
      fuel supplied by the tube. This preheating of both the fuel and air
      supplied to the burner assembly provides a well diffused fuel/gas mixture
      more conducive to ignition and assists in producing flame in the
      combustion chamber which efficiently utilizes the fuel supplied. Because
      of the negative pressure produced within the burner assembly 11 due to the
      partial vacuum created by the blower 40 a preferred configuration for the
      burning gases can be produced in the combustion chamber wherein the flame
      ring occurring about the periphery of the cup 26 is drawn over the wall 18
      of the inner pan 12 substantially completely about the periphery thereof
      creating a flame wash at the underside of the top 10. This avoids the
      creation of local hotspots and the like which could be detrimental not
      only to the top 10 of the range but also the components forming the burner
      assembly.
PAR  Further while it is indicated that a negative pressure condition is
      preferable in the burner assembly 11 of this invention, such apparatus
      could be operable as well by appreciably raising the pressure of the fuel
      supplied by way of the heat tube 37, for example, by insertion of a
      suitable booster pump, not shown, in the fuel supply line. In such a
      positive pressure configuration no substantial difference is obtained in
      the configuration of the flame wash or in the heat transfer effects
      between the burned gases and incoming air and fuel inasmuch as the burner
      is a completely closed assembly except for the designated orifices
      provided for incoming air. The flow through the assembly can be adjusted
      in manufacture by including variable orifice means at some appropriate
      location, such as, at the outlet 24.
PAR  Further forming a portion of the burner assembly 11 is an electrical
      igniter unit 42 in the form of a glow coil element of solid state silicon
      carbide held supported in a ceramic spool 43 fitted into a notch in the
      pan walls 18-20. The glow element includes a pair of outer end conductors
      44 for external circuit connection, with the coil itself projecting
      radially into the combustion chamber and its inner end proximate to the
      burner port member 35. A ballast coil 45 consisting of plural turns of
      resistance wire is shown in FIG. 3 as connected in series with the glow
      coil. The latter is preferably a Gas Igniter manufactured by The
      Carborundum Company, directly energizable from a conventional source of
      power and characterized in providing a high ignition temperature, very
      high reliability and a positive temperature coefficient of resistance at
      high temperature levels which provides a measure of self-regulation at
      operating temperatures. For purposes of the invention, however, it is
      preferred that the connector leads be directly applied by plasma spraying
      or an equivalent technique for comparable withstanding of the high
      temperatures to which the element is here subjected.
PAR  As further indicated in FIG. 3 such igniter element 42 and the ballast 45,
      if the latter is used, are connected by one line 46 to a source of power
      47 and by a second line 48 to the heater element 49 of a thermal fuel
      valve 50, to be described, a variable duty cycle motor driven mechanical
      switch 51, a fuse, and an air switch 52. The air switch is located to
      respond to the negative pressure in the system when blower 40 is properly
      operating, as a safety interlock for the burner, the burner circuit not
      being shown, but obviously controlled by a main switch.
PAR  The mechanical switch 51 includes a motor driven cam and lever contact
      operated thereby to provide periodic closure of the switch over intervals
      determined by the rate of rotation of the drive motor and the eccentricity
      of the cam, the latter or any suitable equivalent thereof preferably being
      adjustable for selection of the duty cycle of operation. Thus when heat is
      desired from the burner assembly 11 the apparatus may be activated by
      energization of the drive motor for the mechanical switch 51, the
      completion of the circuit providing initiation of the blower 40 by way of
      the air switch 52 and energization of the igniter element 42 to raise the
      latter to ignition temperature. The configuration of the fuel valve 50 is
      selected to provide suitable delay in the actuation of same to prevent the
      delivery of fuel to the burner assembly 11 until the glow element 42 has
      reached ignition temperature. Even after ignition has occurred the glow
      element is maintained in an energized condition producing a relatively
      high level of energy which supplements the thermal energy developed by
      burning of the gas mixture in the burner apparatus 11. When the mechanical
      switch 51 is opened breaking the circuit to the components both the fuel
      valve heater 49 and the igniter unit 42 will be deenergized and cooled
      preparatory to recycling the same.
PAR  The structure of the fuel valve 50 is seen in more detail in FIGS. 1 and 2
      as consisting of a substantially rectangular housing 53 having a fuel
      inlet connector 54 mounted thereon. The cover plate 55 of the housing is
      of a configuration designed for external adjustment of the characteristics
      of the valve and comprises a sheet metal plate having a depending flange
      56 adapted to fit over the body of the housing and to be secured thereto
      by a plurality of screws, a fluid-tight joint being provided by an
      apertured rectangular silicone gasket 57 inserted therein. A fuel outlet
      stud connector 58 is swaged or brazed onto the cover plate at one end and
      is adapted for communication with the fuel line 39 of the burner assembly,
      the inner portion of the stud connector having a raised ring 59 thereon
      forming a valve seat.
PAR  The valve closure element 60 is a resilient disc supported by a spring
      steel piece 61, in turn supported at one end of a bimetal blade 62, the
      other end of the latter being secured to the underside of the cover in a
      suitable mounting block 63 by means of a rivet 64. The resistance heater
      element 49 of the valve is a ribbon of flat wire insulatively wound on the
      bimetal blade and connected by eyelets 65, 66 to external mounting lugs 67
      in electrical isolation from the cover plate 55. The mounting block for
      the bimetal blade is located adjacent the end of the cover plate remote
      from the outlet 58 and the arrangement of components is selected so that
      when the heater 49 is not energized the closure member 60 will be tightly
      biased against the valve seat 59 preventing the flow of fuel to the fuel
      line 39. Upon energization of the heater, a bending of the bimetal blade
      62 will occur in the downward direction as viewed in FIG. 1 withdrawing
      the closure member from the valve seat and allowing the flow of fuel to
      the burner assembly 11. For purposes of this invention a SAFLEX type of
      bimetal blade is preferred, such component being manufactured by Square D
      Co. and characterized by having a reverse bending action at lower ambient
      temperatures and the desired downward bending at a relatively fast rate at
      relatively high temperature levels. This mode of operation is advantageous
      during the cooling-off period of the burner assembly 11 in that a faster
      closure of the valve can be obtained allowing a higher recycling
      capability and, further, the reverse action of the bimetal at the low
      temperature level provides a firm and reliable seating force for the
      closure member 60.
PAR  Adjustment of the valve seating force and the interrelation between the
      operation of the latter and that of the igniter 42 is provided by an
      external adjustment device comprising a rigid strap 68 spanning the top of
      the cover plate 55 and firmly affixed thereto at the sides by welding or
      the like. A set screw 69 is threadably received in the central portion of
      the strap and is adapted to abut the cover plate 55 to cause deformation
      of same or a downward bending as viewed in FIG. 1, thereby relieving in
      part the closure pressure exerted by the blades 61, 62.
PAR  This pre-adjustment of the characteristics of operation of the fuel valve
      50 is made in production of the assembly to insure proper operating
      relation between the particular igniter element 42 and the given
      associated fuel valve. Variation in current characteristics and operating
      temperatures of the igniter can therefore be compensated in production to
      eliminate any need for less desirable field adjustment, and it will of
      course be appreciated that the pre-adjustment is made under sealed
      operating condition of the valve.
PAR  The specific form of the igniter disclosed as preferred offers an
      appreciable level of energy and therefore acts as a pilot in the sense of
      insuring combustion when its energization circuit is intact and
      functioning properly. The Carborundum element may, for example, have a
      rating of about 300 watts equivalent roughly to 1000 B.T.U. Another glow
      igniter made of molybdenum disilicide wire might be utilized similarly,
      with a rating of about 50 watts, and it is preferred for the above reason
      that not less than about 100 to 150 B.T.U. be provided by the igniter
      used.
PAR  It will also be apparent that other means for the desired pre-adjustment of
      the fuel valve, and valve forms as well, can be employed within the scheme
      for ignition and control of the burner heat output described in the
      foregoing.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Thermal valve means comprising a housing having an inlet and an outlet
      orifice, a valve element normally spring biased closing against said
      orifice by a support including a heat warpable section, a resistance
      heater for warping the support to move the element away from the orifice
      and thereby open the same, said housing enclosing the valve element and
      its support in fluid tight relation and open only at said inlet and said
      orifice, and means operable from the exterior of said housing for
      adjusting the normal orifice closing force of the element with the housing
      in such closed condition and thus without diminishing the fluid tight
      integrity of said housing during such adjustment.
NUM  2.
PAR  2. Thermal valve means comprising a housing having an inlet and outlet
      orifice, a valve element normally spring biased closed against said
      orifice by a support including a heat warpable section, the valve element
      support extending from a mounting on a deformable wall of the housing, a
      resistance heater for warping the support to move the element away from
      the orifice and thereby open the same, said housing enclosing the valve
      element and its support and open only at said inlet and said orifice, and
      means for pre-adjusting the normal orifice closing force of the element
      from the exterior with the housing in such closed condition, and wherein
      the pre-adjusting means exteriorly acts against said wall to alter said
      mounting and hence the closing force of the support relative to the
      orifice.
NUM  3.
PAR  3. Thermal valve means as set forth in claim 1, further comprising means
      for mounting said valve element support relative to said housing such that
      when said valve element is in closed position said valve element support
      is supported at two locations in said housing relative, respectively, to
      said means for mounting and to said orifice, and said means for adjusting
      comprising means for varying the position or orientation of at least one
      of such locations with respect to the other.
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PAL  A valve construction for controlling the flow of a fluid therethrough and
      including a restrictor member that is located in a control chamber and
      that communicates with the control pilot valve and an interior chamber
      having access to a pressure responsive diaphragm, the restrictor member
      providing for sufficient flow of fluid to the interior chamber in
      relatively large valve sizes to enable the diaphragm to open or close the
      valve at a reasonable valve closing rate, the closing of the valve being
      slow enough to prevent the occurrence of water hammer in the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to solenoid operated valves, and has
      particular application in a remotely controlled valve, wherein the valve
      is either closed or in a fully open position such as in an electrically
      operated irrigation system. In U.S. Pat. No. 3,791,619, a valve
      construction of the type embodied in the subject invention is disclosed
      for use in a lawn sprinkler system that includes a diaphragm valve
      assembly that is effective to absorb the kinetic energy that is present in
      the fluid system upon closing of the valve therein to prevent the
      occurrence of water hammer in the system. The valve construction as
      described in U.S. Pat. No. 3,791,619 includes a pilot valve that
      communicates with a primary fluid control chamber, which chamber has a
      restricted passage formed therein, that communicates with an interior
      chamber located behind the diaphragm. A secondary fluid control chamber
      communicates through a passage with the inlet side of the main valve unit
      and beneath the diaphragm, the secondary chamber also communicating with
      the primary chamber. A restrictor member is located in the primary chamber
      and defines a spirally extending restricted passage for restricting flow
      of fluid therethrough, wherein flow of fluid to and from the interior
      chamber is restricted to produce gradual changes in the differential
      pressure across the diaphragm.
PAR  Although the valve construction as disclosed in U.S. Pat. No. 3,791,619 is
      effective to prevent the occurrence of water hammer in the fluid system in
      which it is installed, the helical passage as formed by the restrictor in
      the control chamber is not feasible for use in valve sizes from
      three-fourths inch to 2 inches in the same envelope size. In order to
      adapt the helical passage in the interior chamber as defined by the
      restrictor to the larger size valve, so as to allow fluid to fill the
      interior chamber over the diaphragm at a reasonable valve closing rate,
      the control chamber would have to be provided with threads that only would
      allow engagement of the restrictor with the outer edge therein. This would
      considerably weaken the engagement of the restrictor within the control
      chamber and would adversely effect the operation of the valve
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement of the flow restricting means as
      disclosed in U.S. Pat. No. 3,791,619, but has particular application in
      larger size valves as employed in an electrically operated irrigation
      system, wherein a predetermined thread design may be utilized in the
      control chamber for accommodating the appropriate restrictor member as
      required over a relatively wide range of valve sizes.
PAR  The flow restricting means as provided in the subject invention includes an
      elongated cylindrical control chamber that directly communicates with the
      pilot valve of the valve construction, a restrictor member being located
      in the control chamber and including a first threaded portion that
      threadably engages a first threaded section of the control chamber to
      positively locate said restrictor member therein. A second threaded
      portion of said restrictor member cooperates with a section of the control
      chamber to define a spirally extending restricted passage, a separate
      passage means being formed in the restrictor member and communicating with
      the spirally extending restricted passage and said interior chamber for
      directing fluid thereto, wherein flow of the fluid to and from the
      interior chamber is controlled to produce gradual changes in the
      differential pressure across the valve.
PAR  Accordingly, it is an object of the present invention to provide a solenoid
      operated valve construction, wherein the closing rate of a diaphragm valve
      located therein is controlled by a restrictor member located in a control
      chamber, the restrictor member defining a flow restricting passage in said
      control chamber that enables closing of the valve to be varied in
      accordance with the size of the valve employed.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a fragmentary vertical sectional view with parts shown in
      elevation of the valve construction emobided in the present invention;
PAR  FIG. 2 is an end elevational view with parts shown in section of the valve
      construction, looking to the left as seen in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view with parts broken away taken along
      line 3--3 in FIG. 2, showing the details of the restrictor member as
      embodied in the subject invention; and
PAR  FIG. 4 is a perspective view of the restrictor member of the subject
      invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, and particularly to FIG. 1, a portion of the
      valve construction as embodied in the present invention is illustrated,
      the valve construction being generally indicated at 10. The valve
      construction 10 is similar in concept and in the constructional details
      thereto to the valve construction illustrated in U.S. Pat. No. 3,791,619,
      and reference thereto is made for a more complete illustration and
      description of the details of the unit embodied herein. As described in
      Pat. No. 3,791,619, the valve construction is intended for use in a lawn
      sprinkler system; although, the concept of the invention as embodied in
      the prior patent and herein is intended for use in any fluid system that
      requires an arrangement for preventing too rapid closing of a remotely
      controlled valve, wherein water hammer in the system is prevented.
PAR  The valve construction 10 includes a body portion 12 that defines the main
      valve unit and has an inlet port (not shown) and an outlet port 14, both
      ports being internally threaded for receiving an inlet pipe (not shown)
      and an outlet pipe 16, respectively, therein. Formed in the body portion
      12 and communicating with the inlet port is an inlet chamber (not shown),
      while an outlet chamber 18 is formed in the opposite portion of body
      portion 12 and communicates with the outlet port 16. Not illustrated
      completely in the present invention, but disclosed in more detail in U.S.
      Pat. No. 3,791,619, is a diaphragm assembly that includes a seat portion
      20 that that is engageable with a seat 22 for sealing an opening 24
      through which fluid passes from the inlet chamber to the outlet chamber
      18. Integrally joined to the seat portion 20 of the diaphragm valve
      assembly is a flexible membrane 26 that is secured between a flange 28
      joined to the body portion 12 and a flange formed on a cap portion (not
      shown) that is mounted on the body portion 12 in fixed relation by cap
      screws, as illustrated in U.S. Pat. No. 3,791,619. The cap portion has a
      crown configuration that defines an interior chamber 30 that is formed
      between the upper portion of the diaphragm and the underside of the cap
      portion. As further illustrated and described in U.S. Pat. No. 3,791,619,
      a pilot valve is provided for remotely controlling the operation of the
      valve construction and includes a solenoid valve of conventional design
      and operation.
PAR  In order to limit the flow rate of change of fluid passing through the
      valve construction 10, a restrictor member generally indicated at 32 is
      provided and is located in a fluid control chamber 34 formed in the
      portion of the body portion 12 that is adjacent to the cap portion, the
      axis of the chamber 34 being generally horizontal and the innermost end
      thereof communicating with the diaphragm chamber 30 by way of an opening
      36. Formed in the body portion of the valve construction adjacent to the
      control chamber 34 is a passage 37 that interconnects the chamber 34 to
      the pilot control valve (not shown), while another passage 38 is also
      formed in the body portion adjacent to the cap portion and provides
      communication between the chamber 34 and a secondary chamber to be
      described. The restrictor member 32 is formed with a head 39 to which a
      neck 40 is joined, the neck 40 projecting into the control chamber 34.
      Joined integrally to the neck 40 is a stem 42 that is received in the
      control chamber 34, a first threaded portion 44 being formed on the stem
      42 intermediate the ends thereof. A second threaded portion 46 is spaced
      from the first threaded portion 44 and defines an annular land 48
      therebetween. A major portion of the interior wall of the chamber 34 is
      formed with female threads 50, which as illustrated in FIG. 3, have a
      flat-tooth configuration 52 for a portion of the length thereof. A second
      length of threads 53 are formed in the interior wall of the central
      chamber 34 adjacent to the threaded portion 46 of the stem 42 and are
      formed with a conventional tooth configuration for the purpose to be set
      forth hereinafter.
PAR  As more clearly illustrated in FIG. 3, the flat tooth configuration 52 of
      the threads 50 as formed in the chamber 34 define a spirally extending,
      restricted passage 58 through which the fluid flows from the chamber 34 to
      a chamber 60 as defined between the annular land 48 and the adjacent
      threaded portion of the chamber 34. Communicating with the annular chamber
      60 as defined by the land 48 is a radially extending passage 62 that
      extends into the stem 42 of the restrictor member 32, the radially
      extending passage 62 communicating with an axially extending passage 64
      formed centrally of the stem 42 adjacent to the outermost end thereof. The
      passage 64 communicates with the opening 36 and provides for egress of
      fluid from the control chamber 34 into the diaphragm control chamber 30.
      It is seen that the flow of fluid from the chamber 34 through the spirally
      extending passage 58 is restricted until it reaches the annular chamber 60
      whereafter the fluid exits through the passages  62 and 64 into the
      diaphragm control chamber 30.
PAR  In order to further control the closing rate of the diaphragm assembly, it
      is necessary to provide communication between the control chamber 34 and
      the inlet chamber (not shown) and for this purpose a secondary chamber 68
      illustrated in FIG. 2 is provided and has a threaded plug 66 located in an
      end thereof. A secondary chamber corresponding to the chamber 68 is more
      clearly shown and described in U.S. Pat. No. 3,791,619; and as further
      illustrated in FIG. 2, the chamber 68 includes a filter 69 that is located
      adjacent to the passage 38 and that is maintained in position by a spring
      connected to the plug 66. It is sufficient to state for the purposes
      herein that the control chamber 34 communicates with the chamber 68, by
      means of the passage 38, the chamber 68 further communicating with the
      valve construction inlet chamber through an obliquely extending passage 70
      (FIG. 2).
PAR  In the general operation of the valve construction embodied herein, the
      fluid passing through the passages 58, 62 and 64 affects the closing rate
      of the seat portion 20 of the diaphragm assembly and therefore the flow of
      fluid through these passages correspondingly produces a closing of the
      diaphragm assembly without damage or noise due to water hammer in the
      piping system associated with the valve construction. It is seen that in
      order to obtain the flow necessary to produce a more rapid closing for
      larger type valves, the passages 62 and 64 are formed in the restrictor
      member 32, and it is understood that the outer threaded portion 46 as
      formed on the stem 42 of the restrictor member 32 enables the restrictor
      member to be firmly anchored in the chamber 34 through the engagement of
      the threads 46 with the adjacent threaded section 53 of the chamber 34.
      The flat tooth portions 52 of the threaded portion 50 effectively restrict
      flow of the fluid until it reaches the annular chamber as defined by the
      annular land 48. Flow of the fluid thereafter advances through passages 62
      and 64 into the diaphragm control chamber 30. As described in U.S. Pat.
      No. 3,791,619, the valve construction 10 is remotely controlled by
      energizing a solenoid that operates the solenoid pilot valve. Opening and
      closing of the diaphragm valve assembly is produced as described in U.S.
      Pat. No. 3,791,619, it being understood that the improvement as embodied
      herein is directed to the control of the fluid passing through the
      restrictor member 32. it is seen that securement of the restrictor member
      in the chamber 34 is accomplished primarily by the engagement of the
      threads 46 with the threads 53. Since the restrictor member 32 is
      adequately secured in place by the engagement of threads 46 with the
      threads 53. Since the restrictor member 32 is adequately secured in place
      by the engagement of threads 46 and 53, firm engagement of the threads 44
      with the threads 50 or 52 is not essential or required. Further, since the
      volumetric flow rate of the fluid passing through the passages 58, 62 and
      64 is essentially the same, the pressure loss through passages 62 and 64
      is negligible as compared to the pressure loss through passage 58, and
      this is due to the relative difference in cross sectional area of the
      passages.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve construction for controlling flow of a fluid therethrough,
      comprising a body portion to which an inlet pipe and an outlet pipe are
      connected, an inlet chamber communicating with said inlet pipe and an
      outlet chamber communicating with said outlet pipe, a movable diaphragm
      located in said body portion and normally sealing communication between
      said inlet and outlet chambers, an interior chamber formed in said body
      portion between said diaphragm and a wall of said body portion, an
      interior pilot valve located in said body portion and that is operable to
      induce flow of fluid to and from said interior chamber for controlling the
      pressure differential across said diaphragm, wherein the diaphragm is
      flexed in accordance with the pressure differential thereacross to control
      communication between said inlet and outlet chambers, and means
      communicating with said inlet chamber and said interior chamber for
      restricting flow of fluid to and from said interior chamber so as to
      prevent too rapid closing of said diaphragm and thereby preventing water
      hammer from occurring in said pipes, said flow restricting means including
      an elongated cylindrical control chamber that directly communicates with
      said pilot valve, a restrictor member located in said control chamber and
      including a first threaded portion that threadably engages a first
      threaded section of said control chamber to positively locate said
      restrictor member therein, a second threaded portion of said restrictor
      member cooperating with a second threaded section of said control chamber
      to define a spirally extending restricted passage, and passage means
      formed in said restrictor member and communicating with said spirally
      extending restricted passage and said interior chamber for directing fluid
      thereto, wherein flow of fluid to and from said interior chamber is
      controlled to produce gradual changes in the differential pressure across
      said diaphragm, said flow restricting means further including a secondary
      chamber that communicates with said control chamber and that cooperates
      therewith to produce the gradual changes in the differential pressure
      across said diaphragm.
NUM  2.
PAR  2. A valve construction as claimed in claim 1, said threaded portions as
      formed on said restrictor member being disposed in spaced relation to
      define an intermediate reduced land therebetween that cooperates with the
      adjacent wall of said control chamber to form an annular interior chamber,
      said annular interior chamber communicating with said spirally extending
      passage and said passage means to direct the fluid thereto.
NUM  3.
PAR  3. A valve construction as claimed in claim 2, said passage means including
      a radial passage formed in said intermediate reduced land of said
      restrictor member, and an axially extending passage formed interiorly of
      said restrictor member that communicates with said radial passage to
      provide for flow of fluid therethrough to said interior chamber.
NUM  4.
PAR  4. A valve construction as claimed in claim 2, the threads of said second
      threaded section of said control chamber having a flat-tooth
      configuration, wherein the threads in the second threaded section of said
      control chamber and the threads of said second threaded portion of said
      restrictor member define said spirally extending restricted passage.
NUM  5.
PAR  5. A valve construction as claimed in claim 4, the threads of said first
      threaded portion being fully received in the threads of said first
      threaded section to define a relatively tight fitting threaded
      interconnection that provides for a mechanical interlocking of said
      restrictor member in said control member.
NUM  6.
PAR  6. A valve construction as claimed in claim 5, said passage means including
      a radial passage formed in said intermediate reduced land of said
      restrictor member, and an axially extending passage formed interiorly of
      said restrictor member that communicates with said radial passage to
      provide for flow of fluid therethrough to said interior chamber.
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ABST
PAL  A valve for a concrete pump having a front valve closing portion which in
      the closed position prevents flow through a T-pipe section, a supporting
      structure secured to the T-pipe section and an annular sealing band
      carried by the supporting structure and positioned about the valve closing
      portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The concrete pumps commonly used in modern building construction are of the
      ram piston type, an example of which is shown in U.S. Pat. No. 3,327,641.
      Such pumps utilize rams whose ram cylinders are filled with concrete from
      a hopper during the back stroke, and during the forward stroke, push the
      concrete into a pipeline which leads to the form. Typically, a pair of
      rams is utilized, one moving rearward and taking in concrete, while the
      other moves forward to pump the concrete into the pipeline. Each ram
      requires a pair of valves for its operation. One is the hopper valve which
      leads to the hopper. It is open when concrete is flowing from the hopper
      to the ram cylinder associated with the particular hopper valve. It closes
      during the forward stroke of the ram piston to prevent concrete from being
      pumped back into the hopper. The other valve associated with the one ram
      is the pipeline valve which is positioned in front of the ram. The
      pipeline valve is open during the forward stroke of the ram piston to
      allow the concrete to enter the discharge conduit and is closed during the
      back stroke to prevent concrete from returning through the pipeline to the
      ram. Where concrete is pumped to high levels, large pressures are
      encountered. These high pressures plus the highly abrasive nature of the
      concrete results in large wear on the valve. The wear is extremely hard on
      the pipeline valve since it is subjected to large pressures during both
      its opened and closed positions.
PAR  A typical prior art valve such as that shown in U.S. Pat. No. 3,327,641,
      utilizes the general form of a T-pipe section in series with the pipeline
      or hopper. The elongated leg of the T served as the valve cylinder and a
      valve piston moved through this cylinder to open and close the valve. The
      piston comprised a front bullet-shaped member of rubber, followed by a
      thick steel rod. The steel rod had a pair of grooves for holding packing
      glands. In the case of the pipeline valves, the piston was designed so
      that during the open valve position, when the bullet was within the
      cylinder, the pumping pressures would expand the rubber. This would
      prevent the liquid portion of the concrete, generally referred to as sap,
      from passing by the piston. The packing glands served as a second barrier
      to sap leakage during the open valve position, and as the primary barrier
      when the valve was closed.
PAR  The aforedescribed valves often failed to work properly after a brief
      period of difficult pumping conditions. Typically, after a few hundred
      cubic yards of concrete had been pumped, the piston would "hang" on the
      cylinder walls, that is, the piston would not move. The pump would have to
      be stopped and the piston freed. Hanging and erratic performance would
      continue for the remaining life of the packing, which was only about 1,000
      cubic yards of pumped concrete. The valve assembly would then have to be
      disassembled and new packing installed to prevent excessive sap leakage.
      After several thousand cubic yards, the rubber bullet was so worn that the
      entire piston had to be replaced.
PAR  The erratic performance and limited life of the packing glands is largely
      due to their exposure to the concrete sap, which quickly hardens. Many
      valve pistons have incorporated grease fittings for continually supplying
      grease to the packing glands. However, the grease fittings do not
      substantially extend the lifetime or eliminate erratic performance after
      several hundred cubic yards have been pumped. They have little effect on
      the wear of the rubber bullet. The erratic performance and need for
      repeated changes of the packing glands is costly in that it limits
      production. In addition, the pistons are costly, and their limited life of
      only several thousand cubic yards of pumped concrete results in high
      maintenance costs.
PAR  One attempt to provide a more trouble-free valve for a concrete pump is
      found in U.S. Pat. No. 3,529,804. The valve described therein utilizes the
      standard T-pipe section communicating with a cylinder in conjunction with
      a front valve closing portion and provides a tapered expander member
      behind the valve closing portion with a thick cup shaped seal having a
      large downwardly extending lip portion placed thereover. A pressure plate
      is placed behind the seal and when wear was found on the periphery of the
      seal, the pressure plate could be tightened against the seal, expanding
      the seal and providing a new peripheral sealing area. However, this valve
      also proved unsatisfactory, as the implementation of the expandable seal
      with its extending lip portion, designed to distribute the expansion
      forces to a large area of the seal, has resulted in an extensive dragging
      of the seal and particularly the large lip portion during the rearward
      stroke of the valve piston. In addition, due to the positioning of the
      valves on the concrete pump, the access to the tightening means for
      expanding the seal on such valves is somewhat awkward, which also makes
      difficult the task of disassembly for replacement of worn parts, such as
      the piston cylinder which is very susceptible to wear and must often be
      replaced.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a concrete pump valve having a front valve
      closing portion to prevent flow through a T-pipe section and a support
      structure which is out of frictional contact with the closing portion and
      an annular valve sealing, carried by the structure which prevents any flow
      rearward of the closing portion. Externally accessable tightening means
      are provided for maintaining the proper pressure of the seal against the
      closing means.
PAR  It is therefore the principal object of this invention to provide a
      concrete pump valve which has a longer trouble-free life than valves
      available heretofore.
PAR  It is another object of this invention to provide a concrete pump valve
      which is more wear resistant than the valves available heretofore.
PAR  It is further object of this invention to provide a concrete pump valve
      which has an improved seal.
PAR  It is a still further object of this invention to provide a concrete pump
      valve which has improved access to the valve seal tightening means located
      thereon.
PAR  These and other objects and advantages of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plan view of a concrete pump having valves constructed in
      accordance with the invention.
PAR  FIG. 2 is a sectional elevation of one of the valves of the pump taken
      along line 2--2 in FIG. 1.
PAR  FIG. 3 is a sectional plan view of the valve showing the annular band seal
      and tightening means, taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view of a modification of the first embodiment of the
      concrete pump valve.
PAR  FIG. 5 is a sectional view of the second embodiment of the concrete pump
      valve.
PAR  FIG. 6 is a sectional plan view of the second embodiment showing the
      annular band seal and tightening means as seen from line 6--6 in FIG. 5.
PAR  FIG. 7 is a sectional view of a modification of the second embodiment of
      the concrete pump valve.
DETD
PAR  Referring now in detail to the drawings, FIG. 1 illustrates a pump for
      moving concrete, received in a hopper 10 through an outlet 12. The pump
      comprises a frame 14 which carries an engine 16 and a pair of rams 18 and
      20. Concrete dumped into the hopper 10 passes down through feed lines 22
      and 24 to areas in front of the rams. The rams pushed this concrete toward
      outlet 12. The two rams operate alternatively to provide relatively
      continuous flow of concrete.
PAR  The concrete pump has four valves including two hopper valves, generally
      designated 26 and 28, and two pipeline valves, generally designated 30 and
      32. As the ram 18 moves to its rearward position, the hopper valve 26
      opens to allow concrete to fall into the area in front of the ram. During
      this time, the pipeline valve 30 is closed to prevent the backflow of
      concrete into the hopper. The concrete may be pumped to large heights such
      as several stories, and unless the pipeline valve 30 were closed, concrete
      would rush back through the feed line 22. When the area in front of the
      ram 18 is filled and the ram begins its forward stroke, the pipeline valve
      30 is opened while the hopper valve 26 is closed. The other ram 20 and
      valves 28 and 32 operate in a similar manner but at different times.
PAR  The valves must withstand difficult operating conditions. During the
      forward ram stroke, the hopper valves 26 and 28 are subjected to a
      relatively high pressure on their downward side. The pipeline valves 30
      and 32 are subjected to even more difficult operating conditions. They
      have a high pressure on one side during both the forward and rearward
      movement of the rams whose flow they control. The valves must be able to
      prevent excessive leakage of sap, and yet be able to withstand the highly
      abrasive concrete which includes sharp hard rocks.
PAR  FIG. 2 shows the detailed construction of the pipeline valve 30, which is
      similar to the construction of the other three valves of the concrete
      pump. The valve comprises a T-section 40 having an upstream end 42
      adjacent to the ram and a downstream end 44 adjacent to the outlet of the
      pump. The T-section has a leg portion 46 which terminates in an annular
      flange 48. Six supporting rods 50 extend into corresponding threaded
      apertures 52 in the annular flange 48. The forward end 54 of each rod is
      threadably engaged with thread in the T-section flange and is secured
      thereto by a nut 56 and washer 58. Positioned between the washer 58 and
      flange 48 is an annular sealing member 60 and a compression plate 62, each
      having appropriately positioned apertures therein to allow for the passage
      of the support rod 50 therethrough. The sealing member 60 is constructed
      of a relatively pliable material such as polyurethane. A tightening band
      64 is located about the annular sealing member 60 and is provided with a
      screw type tightening means 66 which upon rotation of the extended end 68
      thereof, radially constricts the diameter of the sealing means for reasons
      to be discussed.
PAR  The rearward end 70 of each supporting rod 50 is threadably engaged with a
      supporting plate 72 and is secured thereto by a pair of nuts 74 and 76 and
      a washer 78. The supporting plate 72, supporting rods 50, annular seal 60
      and the leg portion 46 of the T section 40 comprise a support structure
      for a piston assembly 80, which reciprocates within the structure to open
      and close the valves. The piston assembly which is comprised of a piston
      rod 81 and a piston head (not shown), carries includes a forward closing
      member 82 having a bullet shape. When the closing member is in the
      rearward position, as shown in FIG. 2, concrete can easily flow through
      the valve. When the closing member 82 is in the forward position concrete
      cannot pass between the ends 42 and 44 of the T section. The exact
      position of the closing member in forward position is adjustable by nuts
      74 and 76 to continually provide a tight seal which otherwise might be
      lost due to frictional wear on the nose of the closing member. In the
      preferred embodiment of the invention, the forward closing member is a
      hollow steel member, as shown in the drawings. A hydraulic cylinder 84 is
      disposed about the upper portion of the piston assembly for driving the
      assembly between its two positions. A locking bar 87 is provided to
      strengthen the juncture of the piston rod and the forward closing member
      and prevent any movement therebetween. A locking bar 87 is provided to
      strengthen the juncture of the plunger and forward closing end of the
      piston and to prevent any relative movement therebetween.
PAR  It can be seen from FIG. 2, that as piston assembly 80 reciprocates, it is
      in fact supported by the leg portion 46 of the T section, the annular seal
      60 and the supporting plate 72, all of which are held together by the
      supporting rods 50. This supporting structure eliminates the need for
      piston cylinder walls which normally receive a great deal of wear and
      require replacement after a period of use. In addition, the sealing member
      60, by virtue of its annular construction and mounting in an external
      supporting assembly, provides easy access to the valve for cleaning and
      maintenance. The elimination of the cylinder wall and internal seals
      allows gravity cleanout to be employed while washing down the valves,
      thereby eliminating the necessity of disassembling the valve for a
      thorough cleaning thereof. Also the annular seal 60 provides increased
      protection against sap leakage past the closing member 82 due to its
      durability and adjustability. The annular seal is very durable as it is
      not forced to undergo damaging deformation during the reciprocating
      movement of the piston as is the case with other concrete valve seals.
      After a period of usage, however, some adjustment of the seal becomes
      necessary as a result of wear. The necessary adjustment is simply
      accomplished by loosening nuts 56 above the compression plate 62,
      tightening the band 64 about the sealing means and retightening nuts 56,
      thereby uniformly compressing the annular sealing means about the forward
      closing portion 82 of the piston assembly. This uniform compression caused
      by the pressure of both the tightening band 64 and the compression plate
      62 against the seal creates an improved seal about the piston and further
      helps to prolong the life of the seal by eliminating some of the internal
      stress within the seal which might otherwise be caused by compression in a
      single direction with restricted side expansion. It should also be noted
      that this adjustment is easily accomplished due to the accessibility of
      the different parts involved and the lack of the necessity of disassembly
      which is required with the valves currently available.
PAR  A modification of the first embodiment of the invention is shown in FIG. 4.
      The modifications shown therein strengthen the support structure and
      eliminate the possibility of seal damage caused by over exertion of
      pressure on the seal by the compression plate. To accomplish these
      objectives, a plurality of shims 86 are placed about each supporting rod
      50 below the support plate 72. A spacer 88 is placed about each supporting
      rod between shims 86 and a retaining plate 90, adding additional stability
      to the support structure. Retaining plate 90 is identical to the
      compression plate 62 of the first embodiment, except for friction, as will
      become apparent. A short spacer 92 is also positioned about each
      supporting rod between the retaining plate and the annular flange 48 of
      the T-section 40. The forward ends 54 of supporting rods 50 in the
      modified valve of FIG. 4, as FIG. 2, are in threaded engagement with
      flange 48. The sealing member 60 and tightening band 64 are also unchanged
      in the modified valve, except that the apertures in the sealing member may
      be slightly larger in diameter to accommodate the short spacers 92.
PAR  In use, the modified valve of FIG. 4 is adjusted to compensate for wear on
      the closing member 82, by adjustment of the shims 86 and tightening of
      nuts 74. The compression of the seal 60, in this embodiment, is entirely
      accomplished through radial compression of the seal by the tightening band
      64. This eliminates the possibility of seal damage which can result from
      over exertion of vertical pressure on the seal by the compression plate,
      and is quite useful in situations where the necessary care in handling the
      compression plate may not be used.
PAR  A third embodiment of the invention is shown in FIGS. 5 and 6. In this
      embodiment, the concrete valve 100 is provided with a piston rod 102. As
      valve 30, valve 100 is comprised of a T section 104 having an upstream end
      106, a downstream end 108 and a leg portion 110 terminating in an annular
      flange 112. Six supporting rods 114 pass through corresponding apertures
      116 in the compression plate 126 and extend into the annular flange 112,
      where the forward end 118 of each rod is threadably engaged with threads
      in the T section flange and is secured thereto by a nut 120. Positioned
      between the washer 122 and flange 112 is an annular sealing member 124,
      constructed of polyurethane or similar material, and a compression plate
      126, each being secured as in the first embodiment. A tightening band 128
      is positioned about the annular sealing member 124 and is provided with
      tightening means 130, also the same as in the first embodiment.
PAR  The rearward end 132 of each supporting rod 114 is threadably engaged with
      an annular supporting plate 134 and is secured thereto by a pair of nuts
      136 and 138 and lock washers 140 and 142. Supporting plate 134 has a
      central aperture therein defining an inner circular edge 144. Positioned
      around the inner edge of the supporting plate and extending about a
      portion thereof is a piston support bracket 146. Sealing members 147 are
      provided as an interface between the support bracket and supporting plate,
      giving the structure a degree of flexibility and tending to reduce
      vibration between the two supporting members. The piston support bracket
      is comprised of a pair of annular flange members 148 and 150. The two
      flange members are held together by a plurality of screws 152. The upper
      flange member 148 has a plurality of apertures therein for screws 152 to
      pass through and the lower flange member 150 has a corresponding number of
      tapped apertures allowing screws 152 to threadably engage the lower flange
      member 150 thereby holding the two flange portions together. The annular
      area defined by the two flange members thus fits about the sealing members
      147 and the inner portion of the supporting plate 134 and is firmly held
      thereto by screws 152. Each of the two flange portions has an annular cut
      154 at the inner edge thereof adapted to receive a portion of a split ring
      156. The piston rod 102 has a corresponding cut 155 therein adapted to
      receive the remainder of the split ring, thereby increasing the supporting
      strength of the support bracket on the hydraulic cylinder.
PAR  It can be seen from FIG. 5 that the supporting brackets 146, plate 134,
      rods 114, annular seal 124 and the leg portion 110 of the T section
      comprise an external valve support structure for a reciprocating hydraulic
      cylindrical closing member 158 which moves about the piston rod 102 and
      acts to open and close the valve. As in the prior embodiment, when the
      closing member is in the rearward position, as shown in FIG. 5, concrete
      can easily flow through the valve. When the closing member is in the
      forward position, concrete cannot pass between the ends 106 and 108 of the
      T section. In the preferred embodiment of the valve 100, the closing
      member has a rounded forward hollow steel portion 160 as shown in the
      drawing. In addition to the forward hollow portion 160, the cylindrical
      closing member 158 has a base plate 162 with an orifice restricting member
      163 centrally positioned therein and extending rearwardly of the base
      plate and into the piston rod 102. The orifice restricting member dampens
      the force of the closing member against the forward end of the piston rod
      during the return stroke, thereby reducing wear and tending to prevent
      damage to the valve which might otherwise result. The base plate is
      affixed to the closing member and is welded to the cylindrical wall
      portion 164 of the closing member at 166. A rearward support and guide
      assembly, generally designated 168, supports the rearward portion of the
      closing member about the piston rod 102 and guides the closing member
      along the piston rod during its reciprocating movement. The rear assembly
      168 is comprised of a guiding block 170 which has a central aperture
      therethrough and is adapted to fit about the piston rod 102 and move there
      along. An annular sealing member 172 is positioned in a cutout section of
      the guiding block to provide a seal between the block and the piston rod
      as the block moves with the closing member along the piston rod. The block
      170 is joined to the cylindrical wall portion 164 by an annular flange
      member 174, split ring 176 and screws 178 which extend through apertures
      180 drilled in the annular flange 174 and into the tapped apertures 182 in
      the guiding block 170 for threaded engagement therewith. The guide and
      support assembly 168, cylinder wall 164, base 162 and forward closing
      portion 160 thus form the cylindrical closing member 158 which
      reciprocates within the external valve support structure and about the
      piston rod 102.
PAR  The piston rod has a central channel 184 extending therethrough and an
      annular channel 186 positioned about the central channel and extending
      substantially through the piston. Annular channel 186 terminates at its
      upper end in a ring 187 which is welded at 189 to the rearward most
      portion of the piston rod 102 thereby sealing the channel at its rearward
      end. A similar ring 188 is positioned in the forward most portion of
      annular channel 186 and is welded to the piston at 190 thereby sealing the
      channel at its forward end. An opening 191 is located in the side of the
      rearward position of the piston rod 102 to provide access to the annular
      channel 186. A forward annular piston head 192 is welded to the forward
      end of the piston rod at 194. And provided with an annular sealing 196
      about its outer edge, thereby forming a seal at the interface between the
      piston head 192 and the cylinder wall 164 as the wall reciprocates along
      the head. During this reciprocating movement of the closing member about
      the piston rod and within the valve structure, it can be seen from FIG. 5
      that while the rearward portion of the closing member is held and guided
      by the rearward assembly 168, bearing against the piston rod, the forward
      portion of the closing member is held and guided between the piston plate
      192 and the annular sealing member 124 and leg portion 110 of the T
      section. This structure, as the structure in the first embodiment,
      eliminates the need for an external cylinder wall which would be in
      continual sliding contact with a piston and thereby provides an excellent
      seal to protect against sap leakage past the closing member 158.
PAR  The piston rod 102, cylindrical wall 164, guiding block 170 and forward
      piston plate 192 define an annular chamber 196 which communicates with the
      annular channel 186 through an opening 198 in the piston. The forward end
      of the cylinder wall 164, base plate 162 and piston rod 102 define a
      second forward chamber 200 which communicates with central channel 184
      through an opening 202 in the forwardmost end of the piston. In operation,
      hydraulic fluid abuts the restricting member 163 which is affixed to the
      base plate 162. Some of the fluid passes around the restricting member,
      through openings 202 and into the forward chamber 200. As the fluid abuts
      the restricting member and fills the forward chamber, the closing member
      is driven forward along the piston by the force of both the fluid pushing
      against the restricting member and the pressure developed within the
      forward chamber which push against the stationary piston head 192. These
      combined hydraulic forces drive the closing member forward to the point
      where the forward closing portion 160 abuts the T-pipe section and the
      concrete flow therethrough is shut off. It should be understood that when
      the closing member is in this forward position, the base plate 162 is
      forwardly disposed with respect to the piston head 192, whereby the
      forward chamber has greatly increased in size and is capable of
      maintaining the amount of hydraulic fluid necessary to drive the closing
      member to its forwardmost position. The rearward annular chamber 196 is,
      of course, being reduced in size during the forward movement of the
      closing member due to the forward movement of the rearward guide and
      support assembly 168 with respect to the stationary forward piston head
      192. To effectuate the opening of the valve through the rearward movement
      of the closing member, hydraulic fluid is pumped down the annular channel
      186 through opening 191 where it enters the annular chamber 196 through
      opening 198. As the hydraulic fluid enters the compressed annular chamber
      196, it causes the expansion of the chamber by forcing the rearward
      support assembly 168 in the rearward direction thereby retracting the
      closing member which is carried by the rearward movement of the support
      assembly. As the annular chamber 196 expands, the forward chamber 200
      correspondingly reduces in size, driving the fluid therein back out the
      central channel 184 in the piston. By thus regulating the alternate forced
      flow of hydraulic fluid into and out of channels 184 and 186, the movement
      of the closing member can be easily controlled and the flow of concrete
      through the T-pipe section rapidly regulated.
PAR  FIG. 7 illustrates a modification of the second embodiment of the
      invention. The modified valve shown herein incorporates the same changes
      illustrated in FIG. 4 with respect to the embodiment. Shims 210 are
      positioned about supporting rods 114 under supporting plate 134. Spacers
      212 are disposed about each supporting rod and extend between the shims
      210 and a retaining plate 214. A short spacer 216 is also positioned about
      each supporting rod between the retaining plate and the annular flange 112
      of the T-section 104. Again the closing member 158 is adjusted to
      compensate for wear by adjustment of the shims 210 and tightening of nuts
      136. The compression of the annular sealing member 124 is accomplished
      solely through radial compression by means of tightening band 128.
PAR  Various changes and modifications may be made in carrying out the present
      invention without parting from the spirit and scope thereof. Insofar as
      these changes and modifications are within the purview of the appended
      claims, they are to be considered as part of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve comprising a supporting structure, a piston assembly having a
      closing member at the forward end thereof, said piston assembly being
      carried by said supporting structure and adapted for reciprocal movement
      therein, an annular sealing member carried by said supporting structure
      and supporting said closing member, said sealing member defining inner and
      outer wall portions, said inner wall portion being positioned about and in
      sealing engagement with said closing member, an annular band positioned
      about said outer wall portion of said sealing member and means carried by
      said band for tightening said band about said outer wall portion of said
      annular sealing member whereby said inner wall portion of said sealing
      member is radially pressed against said closing member.
NUM  2.
PAR  2. The combination of claim 1 wherein said support structure is comprised
      of a rear support member and a plurality of supporting rods, said rods
      being secured at one end thereof to said support member and extending in
      substantially parallel relation to said closing member and being disposed
      outwardly therefrom, the other end of each of said rods extending through
      said sealing member and holding said sealing member about said closing
      member.
NUM  3.
PAR  3. The combination of claim 2 wherein said supporting structure includes a
      pair of retaining members, said members abutting opposite sides of said
      sealing member to prevent axial movement thereof, said other ends of said
      supporting rods extending through one of said retaining members and being
      secured to the other of said retaining members.
NUM  4.
PAR  4. In a valve having a T section with a cross portion through which
      material flows and a leg portion within which a piston reciprocates to
      control flow through said cross portion, the improvement comprising a
      supporting structure for carrying said piston, a closing member disposed
      at the forward end of said piston, said structure being positioned about
      said piston and said closing member, radially disposed therefrom and
      defining an area which communicates with the leg portion of said T section
      and within which said piston and said closing member undergoes reciprocal
      movement; an annular sealing member carried by said supporting structure
      and supporting said closing member, said sealing member defining inner and
      outer wall portions, said inner wall portion being positioned about and in
      sealing engagement with said closing member, an annular band positioned
      about said outer wall portion of said sealing member and means carried by
      said band for tightening said band about said outer wall portion of said
      annular sealing member whereby said inner wall portion of said sealing
      member is radially pressed against said closing member.
NUM  5.
PAR  5. The combination of claim 4 wherein said supporting structure includes a
      pair of retaining members, said members abutting opposite sides of said
      sealing member to prevent axial movement thereof, said other ends of said
      supporting rods extending through one of said retaining members and being
      secured to the other of said retaining members.
NUM  6.
PAR  6. The combination of claim 4 including a plurality of shim means carried
      by said supporting structure, a seal retaining member adjacent said
      sealing means, means carried by said supporting structure for spacing said
      shims from said retaining member and means carried by said supporting
      structure for spacing said retaining member from said T section.
NUM  7.
PAR  7. In a valve having a T section with a cross portion through which
      material flows and a leg portion terminating in an external annular flange
      and within which a piston reciprocates to control flow through said cross
      portion, the improvement comprising; a supporting structure for carrying
      said piston, a closing member disposed at the forward end of said piston,
      said structure being comprised of a rear support member and a plurality of
      supporting rods, said rods being secured at one end thereof to said
      support member, extending in substantially parallel relation to said
      piston and said closing member and raidally disposed therefrom the other
      ends of said supporting rods being adapted for threaded engagement with
      said annular flange on said leg portion whereby said supporting structure
      defines an area which communicates with the leg portion of said T section
      and within which said piston and closing member undergo reciprocal
      movement; an annular sealing member defining inner and outer wall
      portions, said sealing member being positioned on said annular flange of
      said leg portion and said supporting rods of said support structure
      extending through said sealing member and holding said sealing member
      about said closing member, an annular band positioned about the outer wall
      portion of said sealing member and means carried by said band for
      tightening said band about said outer wall portion of said annular sealing
      member whereby said inner wall portion of said sealing member is radially
      pressed against said closing member.
NUM  8.
PAR  8. In a valve having a T section with a cross portion through which
      material flows and a leg portion within which a piston reciprocates to
      control flow through said cross portion, the improvement comprising a
      supporting structure for carrying said piston, a closing member disposed
      at the forward end of said piston, said structure being comprised of a
      rear support member and a plurality of supporting rods, said rods being
      secured at one end thereof to said supporting member, extending in
      substantially parallel relation to said piston and said closing member,
      disposed outwardly therefrom and defining an area which communicates with
      the leg portion of said T section and within which said piston and closing
      member undergo reciprocal movement; a sealing member carried by said
      supporting structure and positioned about said closing member and in
      contact therewith, the other end of each of said rods extending through
      said sealing member and holding said sealing member about said closing
      member; means for radially pressing said sealing member against said
      piston; a plurality of shim means disposed about each of said supporting
      rods forwardly of said support member; a seal retaining member adjacent
      said sealing member; means carried by said supporting structure for
      spacing said shim means from said retaining member and means carried by
      said supporting structure for spacing said retaining member from said T
      section.
NUM  9.
PAR  9. The improvement of claim 8 wherein said sealing means is of an annular
      configuration defining a body member having an inner wall portion and an
      outer wall portion, said inner wall portion being positioned externally
      adjacent said piston sealing engagement therewith and supporting the
      forward portion of said piston.
NUM  10.
PAR  10. The improvement of claim 9 wherein said pressing means comprises an
      annular band positioned about the outer wall portion of said sealing
      member and means for tightening said band about said sealing member.
NUM  11.
PAR  11. In a valve having a T section with a cross portion through which
      material flows and a leg portion terminating in an external annular flange
      and within which a piston reciprocates to control flow through said cross
      portion, the improvement comprising: a supporting structure for carrying
      said piston, said structure being comprised of a rear support member and a
      plurality of supporting rods, the rearward end of each of said rods
      extending through said support member and having threaded fastening means
      secured thereto, said rods extending from said support member in
      substantially parallel relation to said piston and radially disposed
      therefrom, the forwardly extending ends of said rods being adapted for
      threaded engagement with said annular flange on said leg portion whereby
      said supporting structure defines an area which communicates with the leg
      portion of said T section and within which said piston undergoes
      reciprocal movement; an annular sealing means defining a body member
      having an inner wall portion and an outer wall portion, said sealing means
      being positioned on said annular flange of said leg portion and said
      supporting rods of said support structure extending through said body
      member of said sealing means holding said sealing means about said piston;
      a plurality of shim means disposed about each of said supporting rods
      forwardly of said support member; an annular retaining plate adjacent said
      annular sealing means and having apertures therein for the passage of said
      supporting rods therethrough; a plurality of tubular members, one of said
      members being disposed about each of said supporting rods and extending
      between said shims and said annular retaining plate; a second plurality of
      tubular members, one of said second plurality being disposed about each of
      said supporting rods and extending between said retaining plate and said
      annular flange of said T section; an annular band positioned about the
      outer wall portion of said sealing means and means for tightening said
      band about said sealing means.
NUM  12.
PAR  12. A valve comprising a support structure, a piston rod carried by said
      support structure, a closing member disposed about and carried by said
      piston rod and being adapted for reciprocal movement with respect thereto,
      means for reciprocating said closing member about said piston rod, an
      annular sealing member carried by said supporting structure and positioned
      about said closing member and in sealing engagement therewith, an annular
      band positioned about said sealing member and means carried by said band
      for tightening said band about said annular sealing member whereby said
      sealing member is pressed against said closing member.
NUM  13.
PAR  13. The combination of claim 12 wherein said reciprocating means comprises
      at least one longitudinal channel disposed in said piston rod such that
      upon directing fluid through said channel, said closing member is driven
      forward of said piston rod and support structure.
NUM  14.
PAR  14. The combination of claim 13 wherein said support structure is comprised
      of a support bracket, said bracket being secured to said piston rod, a
      support member carried by said bracket and a plurality of supporting rods,
      said rods being secured at one end thereof to said support member and
      extending in substantially parallel relation to said closing member and
      disposed outwardly therefrom, the other end of each of said rods extending
      through said sealing member and holding said sealing member about said
      cylinder.
NUM  15.
PAR  15. The combination of claim 12 including a plurality of chambers within
      said closing member and a plurality of channels disposed within said
      piston rod, said channels communicating with said chambers so that upon
      pumping fluid into one of said chambers through one of said channels, said
      closing member is driven in the forward direction and upon pumping the
      fluid into a second chamber within said piston rod through a second
      channel, said closing member is driven in the rearward direction.
NUM  16.
PAR  16. A valve comprising a supporting structure, a piston rod carried by said
      supporting structure and having a pair of channels therein, a closing
      member being positioned within said supporting structure and about said
      piston rod, said closing member being carried by said supporting structure
      and said piston rod being adapted for reciprocal movement with respect to
      said supporting structure and with respect to and about said piston rod,
      and a piston head being positioned within said closing member and carried
      by said piston rod, said closing member, piston head and piston rod
      defining a forward chamber and rearward chamber within said closing
      member, each of said chambers communicating with one of said channels in
      said piston rod such that upon pumping fluid into said forward chamber
      through one of said channels of said closing member is driven in the
      forward direction, and upon pumping fluid into said rearward chamber
      through the other of said channels said cylinder is driven in the rearward
      direction, an annular sealing member being carried by said supporting
      structure and positioned about said closing member and in contact
      therewith and means for pressing said sealing member against said closing
      member.
NUM  17.
PAR  17. The combination of claim 16 wherein said support structure is comprised
      of a support bracket, said bracket being secured to said piston rod, a
      support member carried by said bracket and a plurality of supporting rods,
      said rods being secured at one end thereof to said support member and
      extending in substantially parallel relation to said closing member and
      disposed outwardly therefrom, the other end of each of said rods extending
      through said sealing member and holding said sealing member about said
      closing member.
NUM  18.
PAR  18. In a valve having a T section with a cross portion through which
      material flows and a leg portion within which a member reciprocates to
      control flow through said cross portion, the improvement comprising a
      supporting structure, a piston rod carried by said supporting structure
      and having a pair of channels therein, a closing member being positioned
      within said supporting structure and about said piston rod, said closing
      member being carried by said supporting structure and said piston rod and
      being adapted for reciprocal movement with respect to said supporting
      structure and with respect to and about said piston rod, an annular
      sealing member being carried by said supporting structure and positioned
      about said closing member and in sealing engagement therewith and means
      for pressing said sealing member against said closing member.
NUM  19.
PAR  19. The improvement of claim 18 wherein said support structure is comprised
      of a support bracket, said bracket being secured to said piston rod, a
      support member carried by said bracket and a plurality of supporting rods,
      said rods being secured at one end thereof to said support member and
      extending in substantially parallel relation to said closing member and
      disposed outwardly therefrom, the other end of said rods extending through
      said sealing member and holding said sealing member about said closing
      member.
NUM  20.
PAR  20. The improvement of claim 19 including a plurality of shim means
      disposed about each of said supporting rods forwardly of said support
      member, a seal retaining member adjacent sealing member, means for spacing
      said shims from said retaining member and means for spacing said retaining
      member from said T section.
NUM  21.
PAR  21. The improvement of claim 20 wherein said pressing means comprises an
      annular band positioned about said sealing member and means for tightening
      said band about said annular sealing member.
NUM  22.
PAR  22. The combination of claim 18 including a plurality of chambers within
      said closing member and a plurality of channels disposed within said
      piston rod, said channels communicating with said chambers such that upon
      pumping fluid into one of said chambers through one of said channels, said
      closing member is driven in the forward direction and upon pumping the
      fluid into a second chamber within said piston rod through a second
      channel, said closing member is driven in the rearward direction.
NUM  23.
PAR  23. In a valve having a T section with a cross portion through which
      material flows and a leg portion within which a member reciprocates to
      control flow through said cross portion, the improvement comprising: a
      closing member, supporting structure positioned about said closing member
      radially disposed therefrom and defining an area which communicates with
      the leg portion of said T section and within which said closing member
      undergoes reciprocal movement; a piston rod having a pair of channels
      therein, said piston rod being carried by said supporting structure and
      centrally disposed with respect to said closing member and extending
      therethrough such that said closing member reciprocates about said piston
      rod and with respect thereto; a piston head being positioned within said
      closing member and carried by said piston rod, said closing member, piston
      head and piston rod defining a forward chamber and a rearward chamber
      within said closing member, each of said chambers communicating with one
      of said channels in said piston rod such that upon pumping fluid into the
      forward chamber within said closing member through one of said channels in
      said piston rod, said closing member is driven in a forward direction and
      upon pumping fluid into the rearward chamber within said closing member
      through the other of said channels, said closing member is driven in the
      rearward direction; an annular sealing member defining an inner wall
      portion and an outer wall portion, said sealing member being positioned
      between said supporting structure and the leg portion of said T section,
      said inner wall portion of said sealing member being externally adjacent
      said closing member and in sealing engagement therewith; an annular band
      positioned about the outer wall portion of said sealing member; and means
      for tightening said band about said sealing member.
NUM  24.
PAR  24. The improvement of claim 23 wherein one of said channels in said piston
      rod is centrally disposed with respect to said closing member and extends
      therethrough, communicating with said forwardly disposed chamber in said
      piston rod and said second channel is of annular configuration and
      positioned about said first channel and communicating with said rearwardly
      disposed chamber with said piston rod, an aperture being provided in the
      side of said second channel to communicate said annular channel with said
      rearwardly disposed chamber.
NUM  25.
PAR  25. The improvement of claim 24 wherein said support structure is comprised
      of a support bracket being secured to said piston rod, a support member
      carried by said bracket and a plurality of supporting rods, said rods
      being secured at one end thereof to said support member and extending in
      substantially parallel relation to said closing member and disposed
      outwardly therefrom, the other end of each of said rods extending through
      said sealing member holding said sealing member about said closing member
      and being in threaded engagement with said annular flange on said leg
      portion.
NUM  26.
PAR  26. The improvement of claim 25 including a plurality of shim means
      disposed about each of said supporting rods forwardly of said support
      member, a seal retaining member adjacent sealing means, means for spacing
      said shims from said retaining member and means for spacing said retaining
      member from said T section.
NUM  27.
PAR  27. In a valve having a T section through which material flows and a leg
      portion within which a member reciprocates to control flow through said
      cross portion, the improvement comprising a supporting structure, a piston
      rod carried by said supporting structure and having a pair of channels
      therein, a closing member being positioned within said supporting
      structure and about said piston rod, said closing member being carried by
      said supporting structure and said piston rod and being adapted for
      reciprocal movement with respect to said supporting structure and about
      and with respect to said piston rod, a sealing member carried by said
      supporting structure and positioned about said cylinder and in sealing
      engagement therewith, means for pressing said sealing member against said
      cylinder, a plurality of shim means carried by said supporting structure,
      a seal retaining member adjacent said sealing member, means for spacing
      said shims for said retaining member and means for spacing said retaining
      member from said T section.
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ABST
PAL  In a fluid-flow control valve provided with jacking means (which may
      comprise a nut rotatable on a threaded shaft) operable to move a valve
      closure member into and out of seating engagement with a valve seat and to
      exert between the valve closure member and a reaction member, fixed in
      position relative to the valve seat, a thrust which holds the valve
      closure member on the valve seat, there is interposed between the jacking
      means and either the valve closure member or the reaction member a
      resiliently-deformable thrust-transmitting means (e.g. a pair of
      Belleville springs); and the jacking means is provided with stop means
      which limits the extent to which the jacking means can deform the
      thrust-transmitting means after the valve closure member has seated on the
      valve seat, thereby limiting said thrust to a safe maximum value dependent
      on the adjustment of the stop means.
BSUM
PAR  This invention relates to a fluid-flow control valve of the kind having an
      annular vakve seat surrounding an aperture provided for fluid flow, a
      valve closure member mounted for movement into and out of seating
      engagement on the valve seat, and jacking means for applying a thrust
      between stationary parts of the valve and the valve closure member in
      order to seat the latter on the valve seat and close the valve.
PAR  It is an object of the invention to provide means by which the thrust which
      may be applied to the valve closure member may be limited, whereby to
      reduce the risk of damage to the valve seat and valve closure member.
PAR  According to the invention there is provided a valve body defining a
      fluid-flow aperture and having a valve seat surrounding the aperture, a
      valve closure member movably mounted in the body, a reaction member
      secured on the body in fixed position relative to the valve seat, and
      jacking means operable to move the closure member into and out of seating
      engagement on the valve seat and to exert between the closure member and
      the reaction member a thrust which holds the valve closure member seated
      on the valve seat, wherein there is interposed between the jacking means
      and one of the said members a resiliently deformable thrust-transmitting
      means and the jacking means is provided with stop means which limits the
      deformation the jacking means can effect in the thrust-transmitting means
      after the valve closure member has seated on the valve seat.
PAR  In embodiments of the invention which are presently preferred and which
      comprise an axially slidable valve stem having a first end on which the
      valve closure member is mounted and a second end which protrudes from the
      valve body, the jacking means comprises a threaded shaft, coaxial with the
      valve stem and axially movable therewith, and a nut threadedly engaged
      upon the shaft and rotatable relative thereto, the reaction member having
      an aperture in which the nut is rotatably mounted and a face surrounding
      said aperture and directed towards the valve seat, the nut having a face
      opposed to said face of the reaction plate and there being provided a
      thrust bearing, disposed around the nut and between these two faces, and
      means which secures the shaft against rotation relative to the reaction
      member.
PAR  In one such preferred embodiment of the invention, the said
      resiliently-deformable thrust-transmitting means is annular and is
      disposed surrounding the nut and between the said thrust bearing and one
      of the two said faces, and the nut is axially slidable on the said
      aperture of the reaction member as well as being rotatable therein, and
      the shaft is secured in end-to-end abutment with the valve stem at the
      said second end thereof.
PAR  In another of such perferred embodiments, the nut, rotatably mounted in the
      said aperture of the reaction member, is axially fixed therein and the
      shaft and the valve stem are secured in end-to-end alignment with limited
      axial play between them, and there are provided two mutually opposed
      surfaces, fixed relative to the shaft and to the valve stem respectively,
      and the said resiliently-deformable thrust-transmitting means is disposed
      between the said two surfaces so as to resist relative movement of the
      shaft and the valve stem toward one another.
PAR  In both cases, preferably, the shaft of the jacking means extends through
      the nut thereof and has a part which is more remote from the valve stem
      than is the nut, and the stop means is secured on the said part and limits
      axial movement of the nut, relative to the shaft, in the direction away
      from the valve stem.
DRWD
PAR  Two such presently preferred valves embodying the invention are described
      below with reference to the accompanying drawing, in which:
PAR  FIG. 1 is an axial sectional view of the first of the valves to be
      described, and
PAR  FIG. 2 is a similar view, on a larger scale, of part of the second
      embodiment.
DETD
PAR  The valve shown in FIG. 1 comprises a valve body 11 of generally Y-shape,
      having a fluid duct section 11A which forms a duct 12 with an axis 13 and
      a tubular branch section 11B with an axis 14 inclined to the axis 13.
      Surrounding a fluid-flow aperture 12A formed internally in the duct 12,
      and disposed in a plane normal to the axis 14, is an annular valve seat
      15.
PAR  The free end of the branch section 11B is closed by a bonnet 16 secured
      thereon by bolts 17 and nuts 18 and by columns 19 further described below.
      The bonnet 16 is bored axially to receive a valve stem 20 and support it
      for axial sliding movement on the axis 14. Stuffing box rings 21
      surrounding the stem 20 are held under compression by an annular retainer
      22 surrounding the stem and secured on the bonnet 16 by studs 23 and nuts
      24 threaded thereon. Within the branch section 11B is an extensible
      bellows 25 which surrounds the stem 20 and whose ends are sealed
      respectively to the stem and to the bonnet 16.
PAR  On one end of the stem 20, within the branch section 11B, a valve closure
      member 26 is secured by means of a pin 27, and axial movement of the stem
      moves the valve closure member into and out of sealing engagement with the
      valve set 15. The closure member 26 is provided with a guide spider 28
      which is slidably engaged in the aperture 12A and which maintains
      alignment of the closure member with the axis 14 when the valve is open.
      At its other end, the stem 20 is formed with an annular groove in which is
      located a ring 29 which retains the end of the stem within a shouldered
      bore of a spider 30 which slides between the columns 19 but is prevented,
      by its engagement with them, from rotating about the axis 14.
PAR  As already described, the columns 19, secured by nuts 31 at their lower
      ends, assist in securing the bonnet 16 in place. The columns 19 (of which
      there may be three, equally spaced round the bonnet 16 and alternating
      with three equally spaced bolts 17) extend upwardly from the bonnet 16,
      parallel with the axis 14, and on their upper ends is mounted a top plate
      32. The top plate 32 has a central aperture 32A in which is rotatably
      mounted an internally threaded nut 33 which is threadedly engaged upon a
      threaded shaft 34 coaxial with the stem 20 and axially movable therewith.
      The shaft 34 extends into the bore of the spider 30 where it is secured in
      end-to-end abutment with the stem 20 by means of a cross pin 35. This
      cross pin, and the engagement of the columns 19 by the spider 30, prevent
      rotation of the shaft 34, which must therefore move axially relative to
      the nut 33 if the latter is rotated. A hand wheel for rotating the nut 33
      comprises a bored central boss 36, secured on the nut by a pin 37, and
      projecting spokes 38.
PAR  In the above-described structure, the nut 33 and shaft 34 constitute
      jacking means operable to move the valve closure member 26 into and out of
      seating engagement on the valve seat 15 and to exert between the valve
      closure member an the top plate 32 (which, being secured on the valve body
      11 in fixed position relative to the valve seat 15, functions as a
      reaction member) a thrust which holds the valve closure member seated on
      the valve seat.
PAR  If the axial position of the nut 33 were fixed, rotation of the handwheel
      37, 38 would produce a corresponding proportional axial movement of the
      valve closure member 26 towards or away from the valve seat 15, and
      excessive rotation of the handwheel might result in damage to the valve
      seat or closure member due to excessive pressure between them. In
      accordance with the invention, however, axial movement of the nut 33 in
      the direction away from the valve seat 15 is resiliently opposed. To that
      end there is provided, surrounding the nut 33 and disposed between a face
      of an outwardly extending flange 33A thereof and an opposed face of the
      top plate 32, not only a thrust bearing (comprising a needle thrust race
      39 between stationary and moving bearing plates 40 and 41) but also
      resiliently deformable thrust-transmitting means constituted by a pair of
      Belleville springs 42 which, like the thrust bearing, are annular and
      surround the nut 33. Furthermore, a reduced-section upper end of the shaft
      34 which extends beyond the upper end of the nut 33 has threadedly mounted
      on it a stop member 43 locked in position by a locknut 44.
PAR  On rotation of the handwheel to close the valve, the thrust applied to the
      valve closure member 26 does not exceed that applied to compress the
      Belleville springs 42, and the position of the stop member 43 is adjusted
      to stop rotation of the handwheel (and accompanying upward movement of the
      nut 33) before the Belleville springs 42 are fully compressed.
PAR  Since the central boss 36 of the handwheel surrounds and encloses the stop
      member 43 and locknut 44, adjustment of the stop member 43 can only be
      effected with the handwheel removed, which makes accidental or
      unauthorised re-adjustment difficult. To adjust the stop member, the nut
      33 is first rotated until the valve closure member 26 just seats on the
      valve seat 15, then with the locknut 44 slackened off, the stop member 43
      (provided with radial holes 43A so that a bar may be inserted for the
      purpose) is turned until the gap between it and the upper end of the nut
      33 is equal to the compression of the springs 42 which the desired sealing
      thrust would produce. Then the stop member 43 is locked in place by the
      lock nut 44 and the handwheel and its pin 37 are re-fitted.
PAR  If the fluid flowing in the duct 12 and surrounding the bellows is at a
      high temperature (up to about 650.degree.C, for example, if it is molten
      sodium) there may be a considerable thermal-expansion differential in the
      direction of the axis 14 between the valve stem 20 and the shaft 34 on the
      one hand and the housing 11 and columns 19 on the other; and the stop
      member 43 may be adjusted so that the sealing thrust exerted on the valve
      closure member will be adequate, but not excessive, at any temperature
      within the range which may be encountered in use of the valve.
PAR  The valve of which part is shown in FIG. 2 is substantially identical with
      that shown in FIG. 1, except for such differences as are referred to
      below; and the same reference numerals are used in the two Figures to
      denote corresponding parts. As shown in FIG. 2, no Belleville springs or
      other resilient means are provided between the flange 33A of the nut 33
      and the needle thrust bearing 39, 40, 41 by which the nut is rotatably
      mounted in the top plate 32; and the nut 33 is not axially displaceable
      relative to the top plate 32. Instead the stem 20 is formed, above the
      bonnet 16 and stuffing box retainer 22, with a shoulder which provides a
      seating for a collar 45. A pair of Belleville springs 42A surrounds the
      stem 20 above the collar 45, being disposed between mutually opposed
      surfaces of the collar 45 and of a centrally apertured plate 46 which is
      secured on the spider 30 by bolts 47. The upper end of the stem 20 extends
      through the plate 46 and into the central bore of the spider 30, where it
      is held captive by its retainer ring 29. As in the valve shown in FIG. 1,
      the upper end of the stem 20 and the shaft 34 are held in end-to-end
      alignment in the central bore of the spider 30, but (in the case of FIG.
      2) with limited axial play between them.
PAR  When the Belleville springs 42A are uncompressed, the plate 46 is close to,
      or in loose contact with, the underside of the ring 20 and there is an
      axial clearance, between the mutually adjacent ends of the stem 20 and the
      shaft 34, which is greater than the maximum compression to which the
      Belleville springs will be subjected in closing the valve (as limited by
      the stop member 43).
PAR  It will be appreciated that both FIGS. 1 and 2 show the relative positions
      of the parts when the valve closure member 26 is seated on the valve seat
      15 under maximum pressure for the illustrated adjustment position the stop
      member 43, since in both cases the nut 33 is already against the stop
      member and no further tightening of the valve is possible. As the
      handwheel 36, 38 is rotated in the direction to open the valve, the shaft
      34 (in the construction shown in FIG. 1) remains initially stationary and
      the nut 33 moves axially downwards relative to the shaft and to the top
      plate 32, so that the compression of the Belleville springs 42 is relaxed
      and the thrust which they transmit from the top plate 32 to the valve
      closure member 26 (via the nut 33, shaft 34 and stem 20) is reduced. Once
      the descending boss 36 of the handwheel engages the top plate 32 (or, as
      illustrated, an interposed washer 48), further downward movement of the
      nut 33 is prevented and continued rotation of the handwheel raises the
      shaft 34, together with the spider 30 and, because the shouldered central
      bore of the latter engages the ring 29, the valve stem 20 and the valve
      closure member 26 mounted thereon. In the construction shown in FIG. 2,
      the handwheel boss 36 and nut 33 have no axial movement relative to the
      top plate 32, and rotation of the handwheel in the direction to open the
      valve results, from the beginning, in upward movement of the shaft 34 and,
      therewith, of the spider 30 and plate 46. This initially does not raise
      the stem 20 but relaxes the compression of the Belleville springs 42A and
      reduces the thrust transmitted therethrough between the top plate 32 and
      the valve closure member 26, via the nut 33, shaft 34, spider 30, plate
      46, collar 45 and valve stem 20. Continued upward movement of the shaft 34
      brings the plate 46 into engagement with the ring 29, and is thereafter
      accompanied by upward movement of the stem 20 and of the valve closure
      member 26, to open the valve.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid-flow control valve comprising a valve body defining a fluid-flow
      aperture and having a valve seat surrounding the aperture, a valve closure
      member movably mounted in the body, a reaction member secured on the body
      in fixed position relative to the valve seat, jacking means operable to
      move the valve closure member into and out of seating engagement on the
      valve seat and to exert between the valve closure member and the reaction
      member a thrust which holds the valve closure member seated on the valve
      seat, a resiliently deformable thrust-transmitting means interposed
      between the jacking means and one of the said members, and stop means
      which limits the deformation the jacking means can effect in the
      thrust-transmitting means after the valve closure member has seated on the
      valve seat, wherein the jacking means comprises a threaded shaft portion,
      axially movable in unison with the valve closure member towards and away
      from the valve seat, and a nut threadedly engaged upon the shaft portion
      and rotatable relative thereto, the reaction member having an aperture in
      which the nut is rotatably mounted and a face surrounding said aperture
      and directed towards the valve seat, the nut having a face opposed to said
      face of the reaction member and there being provided a thrust bearing,
      disposed around the nut and between these two faces, and means which
      secures the shaft portion against rotation relative to the reaction
      member, and wherein the shaft portion of the jacking means extends through
      the nut thereof and has a part which is more remote from the valve seat
      than is the nut, and the stop means is secured on the said part and limits
      axial movement of the shaft portion, relative to the nut, in the direction
      towards the valve seat.
NUM  2.
PAR  2. A valve as claimed in claim 1, and comprising a plurality of columns,
      parallel to each other and to the threaded shaft portion, which are
      secured to the valve body and on which the reaction member is secured in
      fixed position relative to the valve seat, and a spider, non-rotatably
      secured on the threaded shaft portion, axially-slidably engaging the
      columns and preventing rotation of the threaded shaft portion relative
      thereto.
NUM  3.
PAR  3. A valve as claimed in claim 1, wherein the said resiliently-deformable
      thrust-transmitting means is annular and is disposed surrounding the nut
      and between the said thrust bearing and one of the two said faces, and the
      nut is axially slidable in the said aperture of the reaction member as
      well as being rotatable therein, and wherein the threaded shaft portion is
      secured, the valve closure member for axial movement in unison therewith
      substantially free of axial play relative thereto.
NUM  4.
PAR  4. A valve as claimed in claim 3 and comprising a plurality of columns,
      parallel to each other and to the threaded shaft, which are secured to the
      valve body and on which the reaction member is secured in fixed position
      relative to the valve seat, and a spider, non-rotatably secured on the
      threaded shaft portion, axially-slidably engaging the columns and
      preventing rotation of the threaded shaft portion relative thereto.
NUM  5.
PAR  5. A valve as claimed in claim 4, and comprising a valve stem coaxial with
      the threaded shaft portion and having a first end with the valve closure
      member mounted thereon and a second end, wherein the spider secures the
      said second end of the valve stem in endwise abutment with the said
      threaded shaft portion.
NUM  6.
PAR  6. A valve as claimed in claim 1, and comprising a valve stem coaxial with
      the threaded shaft portion and having a first end with the valve closure
      member mounted thereon and a second end, wherein the nut, rotatably
      mounted in the said aperture of the reaction member, is axially fixed
      therein and the threaded shaft portion and the valve stem are secured in
      end-to-end alignment with limited axial play between the threaded shaft
      portion and the said second end of the valve stem, and wherein there are
      provided two mutually opposed surfaces, fixed relative to the threaded
      shaft portion and to the valve stem respectively, and the said
      resiliently-deformable thrust-transmitting means is disposed between the
      said two surfaces so as to resist relative movement of the threaded shaft
      portion and the valve stem toward one another.
NUM  7.
PAR  7. A valve as claimed in claim 6 and comprising a plurality of columns,
      parallel to each other and to the threaded shaft portion, which are
      secured to the valve body and on which the reaction member is secured in
      fixed position relative to the valve seat, and a spider, non-rotatably
      secured on the threaded shaft, axially-slidably engaging the columns and
      preventing rotation of the shaft relative thereto.
NUM  8.
PAR  8. A valve as claimed in claim 7, wherein the spider holds the said second
      end of the valve stem captive with limited axial play, the valve stem is
      provided with a collar, the said two surfaces are respectively an annular
      surface of the collar and an opposed annular surface of the spider
      surrounding the valve stem, and the resiliently-deformable
      thrust-transmitting means is annular and is disposed surrounding the valve
      stem.
NUM  9.
PAR  9. A valve as claimed in claim 1, wherein there is secured on the nut, for
      rotation therewith, manually-operable nut-rotating means which comprises a
      central boss which surrounds the said part of the threaded shaft portion
      and the stop means thereon and which, unless removed from the nut,
      prevents adjustment of the stop means.
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PAL  A fluid control valve includes a solenoid which controls the movement of an
      armature which has side plates. Movement of the armature is transmitted to
      a spring abutment having a head portion and the side plates of the
      armature are turned inwardly beneath the reduced heat portion of the
      spring abutment. The spring abutment effects operation of the stem of the
      valve.
BSUM
PAR  This invention relates to fluid-control valves.
PAR  In the specification of our British Pat. No. 1,217,838 there is described
      and claimed a fluid control valve comprising in combination, a valve
      housing defining a valve chamber, a pair of spaced opposed apertures
      opening into said chamber, seatings defined about said apertures
      respectively, one of said apertures in use, being in communication with a
      source of fluid under pressure and the other aperture communicating with a
      lower pressure, the chambr in use, communicating with a device which is to
      be supplied with the fluid under pressure, a valve member located within
      said chamber, resilient means acting to urge said valve member into
      contact with the seating about said one aperture, and electromagnetic
      means including an armature operable to reduce the force exerted by said
      resilient means, to permit when the valve is in use, the valve member to
      be moved by the fluid pressure out of contact with the seating about said
      one aperture and into contact with the seating about the other aperture
      thereby to allow fluid under pressure to be supplied to said device.
PAR  The object of the invention is to provide a fluid-control valve of the kind
      specified in a simple and convenient form.
PAR  According to the invention a fluid-control valve of the kind specified
      comprises a T-shaped armature, said armature having side plates,
      extensions on said side plates which extend beyond the head of the
      armature, the end portions of said extensions extending substantially at
      right angles to the remaining portions of the extensions, a spring
      abutment movable in the housing, a coiled compression spring defining said
      resilient means, said spring engaging said abutment to urge the abutment
      into contact with a stem on the valve member thereby to urge the valve
      member into contact with the seating defined about said one aperture,
      means carried by the abutment and engageable by the end portions of said
      extensions when in use electric current is supplied to a solenoid forming
      part of said electromagnetic means, the flow of current in the solenoid
      causing the armature to move the abutment in a direction away from the
      valve member to allow the valve member to be displaced by the air
      pressure, and stop means defined in the housing and which arrests the
      movement of the armature towards the valve member when the flow of
      electric current in the solenoid ceases.
PAR  According to a further feature of the invention said means carried by the
      abutment comprises a stem formed integrally with the abutment and a head
      formed on the stem, the thickness of said end portions of the extensions
      in relation to the distance between the head and the main body portion of
      the abutment being such that continued movement of the armature into
      contact with the stop can occur after the movement of the valve member and
      abutment has been arrested.
DRWD
PAR  One example of a fluid control valve in accordance with the invention will
      now be described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a sectional side elevation of the valve in its de-energised
      state, and
PAR  FIG. 2 is a part-sectional elevation taken at right angles to FIG. 1 and
      showing the valve in an energised state.
DETD
PAR  Referring to the drawings, the valve comprises a valve housing 10, a
      solenoid housing 11 and a spring abutment housing 12 which is located
      between the housings 10 and 11. The three housings are secured in
      assembled relationship by means of a pair of through bolts (not shown)
      which engage with inserts located in the valve housing 10. The housings
      are of rectangular section and the valve housing has a flat outer end face
      which is provided with a central fluid inlet port 14, a port 15 which in
      use, is connected to the device for instance a piston cylinder
      combination, and a port 16 which serves as an exhaust port.
PAR  Located within the valve housing is a circular insert 17 which is located
      against angular movement by a peg (not shown). The insert 17 together with
      the valve housing are formed from synthetic resin material and formed in
      the insert 17 is a passage 18 which communicates with the port 16. The
      passage 18 terminates in a seating 19 and the port terminates in a further
      seating 20. The two seatings are presented to each other but are in spaced
      relationship. Moreover, the insert 17 is provided with an extension 21
      defining an internal cylindrical recess in which is accommodated a valve
      member 22 formed from resilient material. The movement of the valve member
      22 is guided by the cylindrical surface of the extension 21 and a stem 23
      forms part of the valve member and is guided by a metal bush 24 which is
      moulded into the insert 17. In the position shown the valve member is
      urged against the seating 20 to prevent air from a source of supply
      connected to the port 14, flowing to the port 15. However, the port 15
      communicates with the port 16 by way of the seating 19 and slots 25 which
      are formed in the extension 21. An annular sealing member 26 ensures a
      fluid-tight seal between the insert 17 and the valve housing 10. In the
      position shown in FIG. 2 the valve member has been allowed to move and it
      has been moved by the action of the air under pressure entering the port
      14.
PAR  Mounted within the solenoid housing is a laminated core structure 27 which
      includes a winding 28 which is wound upon a former. Moreover, formed in
      the former is a rectangular elongated aperture in which is disposed the
      central limb 29 of a T-shaped armature having a head 30. The head 30 is
      located within a recess defined in the spring abutment housing 12 and a
      pair of stops 31 are provided to limit the movement of the armature
      towards the valve housing, the stops co-operating with the limbs of the
      head 30. The armature is of laminated construction and includes a pair of
      side plates also of T-configuration but having a pair of extensions 32
      which are best seen in FIG. 2. The ends of the extensions are turned
      substantially at right angles to the remaining portions of the extensions
      and extend inwardly towards each other.
PAR  Also provided in the abutment housing 12 but extending a substantial
      distance into a circular recess defined in the insert 17, is a circular
      abutment disc 33. The disc 33 is provided with a peripheral step with
      which engages a coiled compression spring 34 and the abutment disc 33 is
      also provided with an integral stem 35 which supports an integral head 36.
      The head defines overhanging portions which engage with the inwardly
      turned end portions of the extensions 32. Moreover, the distance between
      the head 36 and the main portion of the abutment disc is such that
      continued movement of the armature can occur into contact with the stops
      31, after the movement of the abutment disc has been halted. The abutment
      disc is positioned to engage with the end of the valve stem 23. Moreover,
      the abutment disc is formed from synthetic resin material.
PAR  In operation, when the winding 28 is supplied with current the armature is
      moved upwardly and in so doing the end portions of the extensions 32
      engage the head 36 and lift the abutment disc 33 against the action of the
      spring 34. The valve member is then free to move from the position shown
      in FIG. 1 to the position shown in FIG. 2, under the action of the air
      pressure in the inlet port 14. When the flow of current in the winding
      ceases the spring 34 returns the abutment disc together with the valve
      assembly to the position shown in FIG. 1. At some point during the return
      motion movement of the disc and valve member is halted by the abutment of
      the valve member with the seat. The armature 29 can, however, continue its
      movement towards the valve assembly until it is halted by the stops 31.
      The invention gained by the armature during its movement is therefore
      absorbed by the stops and not by the valve assembly. This prolongs the
      life of the valve assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid control valve of the kind specified comprising a T-shaped
      armature, said armature having side plates, extensions on said side plates
      which extend beyond the head of the armature, the end portions of said
      extensions extending substantially at right angles to the remaining
      portions of the extensions, a spring abutment movable in the housing, a
      coiled compression spring defining said resilient means, said spring
      engaging said abutment to urge the abutment into contact with a stem on
      the valve member thereby to urge the valve member into contact with the
      seating defined about said one aperture, means carried by the abutment and
      engageable by the end portions of said extensions when in use electric
      current is supplied to a solenoid forming part of said electromagnetic
      means, the flow of current in the solenoid causing the armature to move
      the abutment in a direction away from the valve member to allow the valve
      member to be displaced by the air pressure, and stop means defined in the
      housing and which arrests the movement of the armature towards the valve
      member when the flow of electric current in the solenoid ceases.
NUM  2.
PAR  2. A control valve as claimed in claim 1 in which said end portions of the
      extensions are turned inwardly towards each other.
NUM  3.
PAR  3. A control valve as claimed in claim 2 in which said means carried by the
      abutment comprises a stem formed integrally with the abutment and a head
      formed on the stem, the thickness of said end portions of the extensions
      in relation to the distance between the head and the main body portion of
      the abutment being such that continued movement of the armature into
      contact with the stop can occur after the movement of the valve member and
      abutment has been arrested.
NUM  4.
PAR  4. A control valve as claimed in claim 1, in which said stop means
      comprises a pair of stop surfaces engageable by the head of the armature.
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ABST
PAL  An electromagnetically operated fluid control valve having an armature
      mounted within the valve housing and a coil assembly mounted outside of
      the housing. Actuation of the coil assembly causes the armature to shift
      away from a valve port, thereby allowing fluid flow through the port. The
      armature is mounted on the housing by means of a torsion bar which permits
      fluid flow to be proportional to the input signal to the coil assembly and
      minimizes hysteresis. The coil assembly includes a permanent magnet and
      also a pair of pole pieces. Pole extensions are sealed in the housing wall
      in alignment with the pole pieces and adjacent to the armature. Thus, the
      coil assembly is not subject to corrosion or contamination from fluid
      passing through the valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a fluid control valve and, more
      particularly, to an electromagnetically operated fluid control valve.
PAR  Electromagnetic actuators are commonly utilized for operating fluid control
      valves. Such an actuator is typically mounted within the valve housing and
      is often in direct fluid flow communication with the interior thereof so
      that it is subjected to contamination and corrosion caused by some fluids,
      such as steam, passing through the valve.
PAR  Another problem encountered with electromagnetically operated fluid control
      valves is that when the armature of the magnetic control assembly is
      utilized as a flapper valve element for closing a port, the valve suffers
      non-linearity. That is, the rate of flow of fluid through the valve is not
      proportional to the input signal to the magnetic control device.
      Hysteresis is also a problem and results from mechanical energy being
      degraded to heat energy and is indicated by the failure of the armature to
      return to its original position when the input signal is reduced to a
      previous value. Such problems ococur, for example, when the armature is
      pivotally connected to the valve housing by sheet metal strips.
PAR  The purpose of the present invention is to minimize the foregoing problems
      in prior art electromagnetically operated fluid control valves.
PAC  SUMMARY OF THE INVENTION
PAR  According to a principal aspect of the present invention, there is provided
      an electromagnetically operated fluid control valve comprising a housing
      having a valve port and magnetically attractable armature therein adjacent
      to the port. A magnetic control assembly including a coil and a pair of
      pole pieces is mounted on the outside of the valve housing. A pair of
      separate pole extensions are sealed in the wall of the housing in
      alignment with the pole pieces. The armature in the housing is disposed
      adjacent to the pole extensions so as to be within the range of magnetic
      influence of the magnetic control assembly. Actuation of the magnetic
      control assembly shifts the armature in a direction opening the valve port
      thereby allowing flow of fluid through the port. Thus, by this arrangement
      the magnetic control assembly is mounted remotely from the fluid flow path
      through the valve so that it will not be subjected to corrosion or
      contamination resulting from the fluid passing through the valve. The
      magnetic control assembly may also be conveniently replaced when required.
PAR  According to another aspect of the invention, the armature of the valve is
      attached to the housing by means of a torsion bar. We have found that by
      use of a torsion bar pivotal mounting arrangement for the armature, the
      rate of flow of fluid through the valve is essentially proportional to the
      input signal to the magnetic control assembly and hysteresis problems are
      minimized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view through the control valve of the
      present invention;
PAR  FIG. 2 is an end view of the control valve illustrated in FIG. 1, in
      partial vertical section;
PAR  FIG. 3 is an exploded perspective view of the armature, the torsion bar
      mounting arrangement therefor and the pole pieces utilized in the valve
      illustrated in FIGS. 1 and 2; and
PAR  FIG. 4 is a somewhat schematic top plan view of the armature with a pair of
      magnetic control assemblies associated therewith in accordance with an
      alternative embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3 in detail, there is illustrated the
      electromagnetically operated fluid control valve of the present invention,
      generally designated 10. The valve comprises a valve housing 12 and
      magnetic control means for the valve, generally designated 14. The valve
      housing includes an upper part 16 and a lower part 18.
PAR  The lower part 18 of the housing has an inlet port 20 and an outlet port
      22. A cylindrical chamber 24 opens at the upper surface 26 of the lower
      part of the housing. A passage 28 connects the inlet port 20 to the lower
      end of the chamber 24 offset from the center axis of the chamber. A main
      valve port 30 extends downwardly from the wall of the chamber 24 in axial
      alignment therewith. A passage 32 connects the port 30 to the outlet port
      22. A piston 34 is vertically slidable in the chamber 24. Three annular
      seals 36 are mounted in grooves in the outer surface of the piston. The
      piston embodies a central downwardly extending extension 38 which extends
      into the main valve port 30. The extension includes an upper cylindrical
      section 40, a tapered lower plug section 42 and a transitional tapered
      section 44 therebetween. The bottom surface of the chamber 24 surrounding
      the main valve port 30 provides a valve seat 46. A coil spring 48
      positioned between the upper part 16 of the housing and an annular upper
      surface 50 of the piston urges the piston downwardly causing the tapered
      transitional section 44 of the extension 38 on the piston to engage the
      seat 46, thereby closing the port 30. The structure described so far in
      the lower part 18 of the valve housing constitutes the main valve portion
      of the valve assembly.
PAR  A pilot valve is utilized for controlling the position of the piston and
      thereby the flow of fluid through the main valve. The pilot valve flow
      passages include a vertical bore 52 and a horizontal bore 54 which
      connects the bore 52 to the upper portion of the chamber 24 above the
      piston 34. A needle valve, generally designated 56, controls fluid flow
      from the passage 28 to the chamber 24 via the passages 52 and 54. The
      needle valve constitutes a valve stem 57 threaded into a packing nut 58
      which in turn is threaded into a bore 60 in the side of the lower part 18
      of the housing. The tapered end 62 of the stem 57 extends into the bore 54
      for controlling fluid flow therethrough. Sealing rings 64 are mounted in
      the bottom of the bore 60. The rings 64 are compressed into sealing
      engagement around the stem 57 by the packing nut 58. The position of the
      needle valve end 62 may be altered by threading or unthreading the stem 57
      in the packing nut.
PAR  The upper part 16 of the valve housing includes an upper wall 66 and a
      lower wall 68. The upper wall is formed with a downwardly facing recess
      defining a cavity 70. A vertical bore 72 extends through the lower wall 68
      of the upper part 16 of the housing coaxial with the axis of the piston 34
      to provide flow communication between the chamber 24 and the cavity 70. A
      hollow pilot valve member 74 is threaded into the opening 72. The member
      74 extends above the upper surface of the lower wall 68 and terminates in
      a pilot valve port 76. A flapper valve member 78, which is the armature of
      the magnetic control assembly of the valve to be described in detail
      later, is biased into engagement with upper end of the valve member 74 to
      close the pilot valve port 76 by means of a spring 80. The bottom of the
      spring 80 engages the upper surface of the armature 78. The upper end of
      the spring seats against a flange 82 on a stem 84 which is threaded into a
      packing nut 86. The packing nut is threaded into a bore 88 formed in a
      boss 90 extending upwardly from the upper wall 66 of the housing. Sealing
      rings 92 are positioned in the bottom of the bore 88. Threading or
      unthreading of the stem 84 in the packing nut 86 permits adjustment to be
      made in the force of the spring 80 acting up the upper surface of the
      armature 78.
PAR  A passage 94 extending through the lower wall 68 of the upper port 16 of
      the housing communicates with a passage 96 in the lower part of the
      housing. The passage 96 opens into the passage 32 so that the passages 94,
      96 provide flow communication between the cavity 70 in the upper part of
      the housing and the outlet port 22 of the main valve. Preferably sealing
      rings 98, 100 and 102 are provided between the upper surface of the lower
      part 18 and the lower surface of the upper part 16 of the housing to
      provide seals for the passage 52, chamber 24 and passages 94 and 96,
      respectively. Also, a sealing ring 103 is provided between lower wall 68
      and upper wall 66 of the valve housing.
PAR  In accordance with one feature of the invention, the armature 78 is
      connected to the lower wall 68 of the housing by a torsion bar assembly,
      generally designated 104. This assembly comprises an elongated torsion bar
      106 which extends laterally with respect to a pair of spaced apart legs
      108 formed on the rear portion of the armature 78. The assembly 104 also
      includes an intermediate mounting portion 110 and a pair of end mounting
      portions 112. A spacer block 114 underlies the intermediate mounting
      portion 110. The block is mounted within a recess 116 in the upper surface
      of the lower wall 68. Screws 118 extend downwardly through the
      intermediate mounting portion 110 and spacer block 114 to secure the
      torsion bar assembly 104 to the valve housing. Additional screws 120
      extend upwardly through the end mounting portions 112 of the torsion bar
      assembly and the ends of the legs 108 of the armature to connect the
      armature to the torsion bar assembly. The bar 106 is capable of torsion
      flexure thereby allowing the free end of the armature 78 to rotate about
      the torsion bar in response to magnetic flux applied thereto.
PAR  Preferably the armature is formed of magnetic grade stainless steel such as
      430 or 430F when the valve assembly of the present invention is utilized
      for controlling the flow of steam, for example. Other magnetic materials
      with suitable plating for protection from corrosion could also be
      utilized. Further, if the fluid being controlled is not corrosive in
      nature, standard magnetic steel materials could be utilized. The spacer
      114, screws 118 and torsion bar assembly 104 may be formed of either a
      magnetic or nonmagnetic metal. The valve housing is formed of non-magnetic
      material. All metallic parts which come into contact with the fluid being
      controlled must be suitably resistant to or protected bby plating from
      corrosion.
PAR  The magnetic control assembly 14 of the valve 10 includes a coil assembly,
      generally designated 124. The coil assembly comprises a permanent magnet
      core 126 surrounded by a non-magnetic coil form 128, formed of nylon, for
      example, which carries a coil 130. The coil is connected to a controllable
      d.c. input signal source, not shown. Pole pieces 132 are mounted on
      opposite ends of the permanent magnet 126 in contact therewith. The coil
      assembly is mounted on the outside of the valve housing 12 by means of a
      non-magnetic frame 134 carrying a plurality of screws 136 which hold the
      assembly 124 in place. By unthreading the screws 136, the coil assembly
      124 may be removed for repair or replacement. Obviously, other mounting
      arrangements could be used allowing for removal and replacement of the
      coil assembly.
PAR  Separate pole piece extensions 138 extend through openings 140 in the upper
      wall 66 of the housing in alignment with the pole pieces 132. The pole
      extensions are sealed in the wall 66 by being brazed or welded therein, as
      indicated at 141 in FIG. 1. Alternatively, the extensions 138 could be
      cast into the housing wall. The lower ends of the pole pieces engage the
      extensions 138. The middle portion 142 of the armature is positioned in
      close proximity to the inner ends of the pole piece extensions 140 so as
      to be within the range of magnetic influence of the coil assembly 124. By
      this arrangement, it will be appreciated that the coil assembly is mounted
      outside of the housing remote from the path of flow of fluid through the
      cavity 70 so that the coil assembly will not be subjected to corrosion or
      contamination by the fluid. This arrangement also allows the coil assembly
      to be readily removed from the valve housing.
PAR  The torsion bar 106 acts as a very nearly linear spring having very little
      hysteresis. The torque of the torsion bar plus the torque resulting from
      the force of the adjusting spring 80 is opposed by the torque resulting
      from the magnetic forcese of the coil assembly such that the resultant
      small differential force causes theh armature to deflect upwardly so that
      the rate of fluid flow through the valve varies nearly proportionally to
      the input signal to the coil.
PAR  The permanent magnet is utilized as the core of the coil assembly so that
      only a low voltage need be applied to the coil to effect movement of the
      relatively heavy armature. The permanent magnet core 126 could be replaced
      by a less expensive soft iron core but a higher input signal would be
      required for the coil to shift the armature.
PAR  The operation of the valve of the present invention is as follows. The
      pilot valve port 76 is normally closed by the armature 78 under the
      influence of the spring 80. When fluid is introduced into the inlet port
      20, fluid pressure will act on the bottom of the piston tending to lift
      the piston and, hence, the valve element 38 off the port 30. Some of the
      fluid, however, will also flow through the passages 52, 54 into the
      chamber 24 above the piston. The needle valve 56 is positioned to balance
      the pressure on opposite sides of the piston. Thus, the spring 48 will
      normally hold the piston in its closed position. When it is desired to
      open the main valve, the coil 130 is energized causing the armature 78 to
      lift off of the valve member 74 thereby opening the pilot port 76. Fluid
      pressure in the chamber 24 above the piston will then be reduced due to
      the connection of the pilot port with the outlet port 22 of the valve via
      the cavity 70 and passages 94 and 96. Because the pressure above the
      piston is reduced, the piston will rise thereby lifting the valve member
      38 off the seat 46 of the main valve, providing flow of fluid from the
      passage 28 through the main valve port 30 to the outlet port 22. To stop
      the flow of fluid through the main valve, the coil 130 is de-energized so
      that the armature 78 will close the pilot port 76.
PAR  We have found that due to the torsion bar mounting arrangement for the
      armature 78, the valve of the present invention does not suffer from the
      problems of non-linearity and hysteresis. This is desirable when the valve
      is utilized for metering controlled volumes of fluid to a utilization
      means coupled to the outlet port 22 of the valve. Such utilization means,
      not shown, may be a turbine generator, in which case the valve is utilized
      for metering the flow of steam to the generator. The valve could also be
      used for metering liquids, such as fuel, to an internal combustion engine,
      for example.
PAR  A illustrated, the valve of the present invention is designed so that the
      input signal to the coil 130 causes an increase in magnetic attraction to
      open the pilot port 76. If desired, the pilot port could be mounted above
      the armature 78 together with the spring 80 and movement of the armature
      could be effected by reducing the voltage applied to the coil 130, thereby
      causing a decrease in magnetic attraction. In this case, the spring would
      tend to shift the armature away from the pilot port. In addition, the
      piston 34 could be replaced by a diaphragm and the valve element 38 could
      be in the form of a flat plate engaging the valve seat 46 rather than in
      the form of a plug as illustrated in FIG. 1.
PAR  The use of a permanent magnet, such as Alnico 5, increases the cost of the
      magnetic control assembly 14, although it has the advantage of allowing
      the use of a relatively smaller input signal to the coil for actuating the
      a armature. Such cost could be reduced by utilizing a parallel magnetic
      circuit, as illustrated schematically in FIG. 4. As seen in FIG. 4, there
      is provided a pair of magnetic control devices 150 and 152 overlying the
      middle section 142 of the armature 78. The device 150 comprises a pair of
      pole pieces 154 mounted adjacent to opposite ends of a relatively small
      permanent magnet 156. That is, the permanent magnet 156 is substantially
      smaller than the permanent magnet 126 utilized in the embodiment
      illustrated in FIGS. 1-3. Therefore, it is substantially less expensive.
      No coil surrounds the magnet 156. The second magnetic device 152 includes
      a pair of pole pieces 158 at opposite ends of an inexpensive soft iron
      core 160 which is surrounded by a control coil 162. Energization of the
      coil 162 causes movement of the armature 78 in the same manner as that
      described previously in connection with the embodiment illustrated in
      FIGS. 1-3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetically operated control valve comprising: a housing
      having a valve port and a magnetically attractable armature therein
      adjacent to said port, said housing having an inlet and an outlet, but
      being otherwise sealed; magnetic control means on said housing including a
      core assembly having a pair of pole pieces, said armature being disposed
      within the range of magnetic influence of said control means, actuation of
      said control means shifting said armature in directions toward and away
      from said valve port to control fluid flow therethrough, means mounting
      said coil assembly outside of said housing adjacent to a wall thereof; and
      a pair of pole extensions sealed in said wall in alignment with said pole
      pieces, said armature being disposed adjacent to said pole extensions.
NUM  2.
PAR  2. An electromagnetically operated fluid control valve comprising: a valve
      housing having an inlet port and an outlet port but otherwise sealed; a
      flow passage between said ports; a valve port in said passage; closure
      means for selectively closing said valve port; said closure means
      including a magnetically attractable armature movable in said housing; and
      magnetic control means on said housing, said armature being disposed
      within the range of magnetic influence of said control means, actuation of
      said control means shifting said armature and said closure means, said
      armature including a pair of spaced legs thereon; said torsion bar means
      comprising an elongated bar extending laterally with respect to said
      armature adjacent to said legs; said bar having enlarged end mounting
      portions and an enlarged intermediate mounting portion; means fixedly
      connecting said intermediate mounting portion to said housing; and means
      fixedly connecting said end mounting portions to said legs.
NUM  3.
PAR  3. An electromagnetically operated fluid control valve comprising: a valve
      housing have an inlet port and an outlet port but otherwise sealed; a flow
      passage between said ports; a valve port in said passage; closure means
      for selectively closing said valve port; said closure means including a
      magnetically attractable armature movable in said housing; and magnetic
      control means on said housing, said armature being disposed within the
      range of magnetic influence of said control means, actuation of said
      control means shifting said armature and said closure means, said magnetic
      control means including a coil assembly having a pair of pole pieces;
      means mounting said coil assembly outside of said valve housing remote
      from the flow of fluid through said flow passage; and a pair of pole
      extensions separate from said pole pieces sealed in the wall of said valve
      housing in alignment with said pole pieces, said extensions extending from
      said pole pieces through said wall to the interior of said housing in
      close proximity to said armature.
NUM  4.
PAR  4. A control valve as set forth in claim 3 wherein:
PA1  said coil assembly comprises a coil surrounding but spaced from a permanent
      magnet core; and
PA1  said pole pieces contact the opposite ends of said core.
NUM  5.
PAR  5. An electromagnetically operated fluid control valve comprising: a valve
      housing having an inlet port and an outlet port but otherwise sealed; a
      flow passage between said ports; a valve port in said passage; closure
      means for selectively closing said valve port; said closure means
      including a magnetically attractable armature movable in said housing; and
      magnetic control means on said housing, said armature being disposed
      within the range of magnetic influence of said control means, actuation of
      said control means shifting said armature and said closure means, said
      magnetic control means comprising first and second magnetic assemblies;
      said first magnetic assembly comprising a pair of pole pieces, each said
      pole piece having a first end and a second end, a permanent magnet
      extending between said first ends of said pole pieces, said second ends of
      said pole pieces being adjacent to said armature, said first magnetic
      assembly being devoid of a coil surrounding said magnet; and said second
      magnetic assembly comprising a second pair of pole pieces, each said pole
      piece of said second pair having a first end and a second end, a soft iron
      core extending between said first ends of said pole pieces of said second
      pair, said second ends of said pole pieces of said second pair being
      adjacent to said armature, and a coil surrounding said core; said
      first-mentioned and second pairs of pole pieces being mounted in adjacent
      parallel relationship.
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ABST
PAL  The invention has both environmental and energy solving implications. A
      high voltage electrical field is established intermediate a power plant
      cooling system which inherently produces large quantities of water vapor
      and is located between the cooling system and a traffic area so as to
      eliminate or materially limit fog particles when weather conditions would
      otherwise create fog, and by movement of air, carry the fog to or across
      the traffic area.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present power shortage suggests proliferation of nuclear power plants
      and unquestionably full utilization of this source of energy can go far to
      eliminate the present energy shortage. However, troublesome problems are
      presented whenever a site is proposed for the erection of a power plant,
      particularly a nuclear power plant. One of the objections raised both by
      environmentalists as well as traffic control and other agencies relates to
      fog production and drifting of a heavy fog curtain across a traffic area,
      such for example as a highway, an airfield, or the like. This of course
      poses a serious traffic problem since a dense fog may limit visibility in
      extreme cases to only a few feet.
PAR  A second very undesirable result of the drift of heavy fog from a cooling
      system to or across a traffic area is that under certain conditions the
      fog freezes and produces ice of the highway or other traffic area. This is
      particularly dangerous because the ice as formed tends to be in the form
      of a thin coating of glare ice capable of causing complete loss of
      traction and/or steering.
PAR  Nuclear power plants as they are at present constituted produce very large
      quantities of heat which must be continuously dissipated to provide for
      continuous operation of the nuclear power plant. The usual method of
      eliminating the waste heat produced by nuclear power plants is the
      provision of water cooling systems, and this in turn results in the
      production of large quantities of hot or at least partially warm water.
      This again, poses a problem for the environment, since discharge of such
      heated water into flowing streams, lakes or the like, is usually
      considered to be deleterious, notably as a hazard to fish life.
PAR  Different cooling systems have been devised which operate to dissipate
      large quantities of heat, taking advantage of the heat of vaporization of
      water.
PAR  One of the cooling systems involves the use of a bypass canal from which
      water is drawn to a nuclear power installation where it absorbs heat from
      the installation and is returned to the canal as warm or hot water. Of
      course, as this warm or hot water mixes with the relatively cold water
      flowing through the canal, its effect is to produce a much smaller rise in
      temperature of the cold water. Even the relatively small rise in
      temperature of the cold water, under certain conditions, can be considered
      objectionable as a potential threat to the environment. Accordingly, rafts
      or floats are anchored on the surface of the water in the canal and these
      rafts or floats are provided with open spray units which project or spray
      water upwardly into the air where it partially evaporates and the
      remainder of the water returns in substantially cooler condition into the
      canal.
PAR  Another cooling system is a mechanical draft cooling tower which in general
      comprises a horizontally elongated enclosure in which heated water flows
      over structure such as a wooden lattice and is cooled by means which
      includes air circulated through the tower. Warm air substantially
      saturated with water vapor is emitted upwardly from the tower through a
      plurality of upwardly directed stacks open at their top.
PAR  A third cooling system involves natural draft cooling towers which are of
      considerable height and which depend upon convection flow of air upwardly
      as it is heated. This warm air is substantially saturated with water vapor
      and is discharged upwardly from the open top of the tower.
PAR  In all cases, means are provided in properly spaced relation both in a
      horizontal and vertical sense, between the cooling system and the traffic
      area, for the purpose of eliminating or at least substantially reducing
      the amount of condensed fog-forming water particles which would otherwise
      be carried by the instantaneous flow of atmosphere air to or across the
      traffic area. The means for elminating or reducing the water particles
      comprise means for establishing a high voltage electrical field having an
      intensity such as to cause a corona discharge. In some cases this means
      may simply comprise a wire, or a plurality of wires extending horizontally
      above the ground so as to establish the electrical field between the wires
      and the ground. In other cases, particularly where the warm moist air is
      discharged at a considerable height, the field forming means may comprise
      one or more high voltage wires spaced apart from and usually above a
      grounded structure which in turn is located above the ground level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic sectional view illustrating the invention applied
      to a canal spray type cooling system.
PAR  FIG. 2 is a diagrammatic view illustrating the invention applied to a
      mechanical draft cooling tower.
PAR  FIG. 3 is a diagrammatic elevational view showing the invention as applied
      to a natural draft cooling tower.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1 there is illustrated a canal 10 having water
      indicated at 12 flowing therethrough. This canal may be established as a
      bypass between spaced points on a flowing stream so that the current flows
      through the canal at a controlled rate. Alternatively, the canal may
      extend from different points on a pond or lake, in which case there may or
      may not be flow through the canal. If a flow is desired it may require
      means for inducing such a flow.
PAR  Obviously, instead of providing a canal, the structure which will now be
      described may be applied to a pond or even a limited portion of a larger
      body of water.
PAR  While other industrial uses may require cooling water in such quantities as
      to render the present invention useful, the problem of cooling power
      plants and particularly nuclear power plants represents an extreme case in
      which the requirement is of dissipating relatively large amounts of heat.
      Accordingly, reference herein may be made to nuclear power plants but it
      is to be understood that this is merely representative of any industrial
      use which results in the production of large quantities of heat which is
      dissipated by water cooling, and which therefore results in the continuous
      production of large quantities of hot water.
PAR  In some cases it is found that the required flow of hot water and the
      temperature to which the water is heated in performing its cooling
      function is such that the water 12 in the canal 10 or in a lake or pond
      results in raising the temperature of the water to an unacceptable degree.
      Accordingly, arrangements have been proposed for effecting a substantial
      cooling of the water 12. In one particular example, a plurality of floats
      14 are anchored in the canal and include motors and pumping means which
      project upwardly directed sprays of water as indicated at 16. The water as
      it is sprayed upwardly will ordinarily be above the temperature of ambient
      air so that a certain amount of cooling takes place merely as a result of
      heat transfer to the air. However, a much larger quantity of heat is
      dissipated by evaporation of water particles of the spray, this heat being
      dissipated in furnishing the heat of vaporization of the water.
      Accordingly, the residual spray falls back into the canal in a
      substantially cooled condition, and under proper circumstances and with
      appropriate controls, the temperature of the water 12 may be prevented
      from reaching a predetermined upper limit.
PAR  As a result of evaporation of relatively large quantities of water into the
      atmosphere, conditions are established which given certain meteorological
      parameters, will result in condensation of water vapor into water
      particles and more specifically, into a relatively dense collection of
      airborne water particles constituting a fog. Assuming a drift as a result
      of a prevailing wind in a given direction, this fog may travel for
      substantial distances and may cross or even accumulate on traffic areas
      such as highways, airfields, or the like.
PAR  The conditions which cause the production of a relatively dense fog may be
      relatively rare and a prevailing wind in a direction which will cause the
      fog to move toward the aforesaid traffic area may also be relatively rare.
      However, when the combination of meteorological parameters is such that
      the fog is produced, and when the wind direction is such that the fog
      traverses a traffic area, the results can be extremely dangerous. Not only
      does the fog in some cases constitute a substantially impenetratable
      blanket in which visibility may be reduced to a few feet, but also, given
      the proper meteorological parameters including temperature, the fog may be
      caused to collect and freeze in the traffic area, thus producing a further
      serious traffic hazard.
PAR  In FIG. 1, the legend "To Highway" designates the direction to the traffic
      area, and the arrows adjacent the legend "Fog" designate the instantaneous
      direction of atmospheric air drift or wind. In the Figure no attempt has
      been made to indicate at precisely what point the fog formation is
      initiated. However, it is appreciated that the warm air, which may be
      substantially saturated with water vapor, will travel some distance before
      it cools and condensation of the water vapor into fog droplets occurs.
PAR  In any case, at a sufficient horizontal distance from the spray floats 14,
      and in the direction of the traffic area there is provided means for
      establishing a strong electrical DC, or rectified AC field. This may be
      provided by one or a plurality of horizontally extending parallel spaced
      apart electrical conductors 18 herein illustrated as suspended from
      insulating means 20 and cross bars 22 carried by poles 24. It will be
      understood that the conductors 18 are connected to a source of high
      voltage direct current potential and that as a result of the high voltage
      carried by the conductors 18, a relatively strong electrical field is
      established beneath the conductors and specifically between the conductors
      18 and ground designated 26. The intensity of the electrical field is such
      that corona discharge conditions prevail. Entry of the water particles
      into the field can either add electrons to the water particles or strip
      electrons from the water particles, depending on the polarity of the
      conductors, leaving the particles in a charged condition such that they
      migrate through the field to ground. The percentage of the particles
      entering the field which are actually caused to contact the ground may
      depend upon conditions such as the average particle size, the rate of
      movement of ambient air (wind), the strength of the electrostatic field,
      etc. In any case however, travel of the electrical field by the fog
      particles results in the effective elimination by movement to ground of
      some of the particles with a corresponding reduction in fog density.
PAR  Referring to FIG. 1 it will be noted that two conductors 18 are illustrated
      and they are carried by insulators 20 at a height such as to be above the
      flow of any fog which is considered to be dangerous to the traffic area
      such as a highway whose direction is designated by the arrow. The actual
      height of the conductors 18 above ground may be very substantial and no
      effort has been made to show the relationship of wire spacing and height
      of the conductors above the ground to scale. The actual vertical spacing
      of the conductors 18 from the ground may be for example, 50 - 100 feet and
      in such cases, a direct current potential applied to the conductors 18 of
      between 40,000 and 100,000 volts may establish the requisite corona
      discharge conditions.
PAR  One requirement which is taken into account in locating the conductors 18
      is that the conductors should be spaced horizontally from the spray floats
      at a distance sufficient to permit the condensation of substantially all
      of the water vapor into droplets. This is because the water vapor as such
      is not believed to be materially affected as it traverses the
      electrostatic field, whereas, the actual condensed and coagulated water
      droplets become charged and are moved to or toward the ground by the
      field. In general, it may be said that the horizontal spacing of the
      conductors from the spray units should be at least between 50 and 100
      feet, and may be considerably more, depending on topography and other
      conditions.
PAR  The height of the conductors is of course the minimum height which will
      cause the field to intercept enough of the fog flow to result in
      acceptable conditions at the traffic area.
PAR  It may be noted that in most cases there is no serious objection to the
      formation and drift of fog except where such drift intersects a traffic
      area or the like. However, if may be noted that in some areas occupied by
      manufacturing plants, particularly those requiring exterior electrical
      equipment, or even residential buildings, even though little or no
      vehicular traffic may be involved, these are included within the
      designation of traffic area.
PAR  Referring now to FIG. 2 the invention is illustrated as applied to a
      mechanical draft cooling tower 30. Cooling towers of this type may be
      horizontally elongated to a length or, for example, 150 feet, and the
      tower itself may have a height h on the order of 50 feet and the upwardly
      extending cylindrical vents designated at 32 may have an additional height
      of approximately 25 feet. Mechanical draft cooling towers of this type are
      normally provided within the tower proper designated at 30, with a lattic
      work of wooden elements over which the water to be cooled is caused to
      flow. Air is drawn into the tower and discharged through the vents 32 by
      fans usually located in the vents. As the air traverses the water flowing
      over the lattice work, substantial evaporation occurs with a relatively
      great dissipation of heat taken up in supplying the heat of vaporization
      of the water. As a result of this the moisture saturated air which is
      emitted upwardly from the vents 32 is at a height of perhaps 75 feet above
      the ground. In this case the means for providing the high voltage
      electrostatic field comprises a plurality of poles 34 with cross pieces 36
      having insulators 38 suspended therefrom, which in turn suspend the
      electrical conductors 40. The height of the conductors 40 above the ground
      42 may accordingly be over 100 feet, to be positioned at an elevation such
      that the fogs which are to be eliminated will for the most art pass
      beneath the conductors as illustrated. In this case, the spacing of the
      conductors 40 above ground may be materially greater than that provided in
      the system illustrated in FIG. 1. In any case however, the elevation of
      the conductors above ground will influence the direct current voltage
      which is applied to the conductors, this as before being such as to
      establish a corona discharge.
PAR  As in the embodiment of the invention previously described, the lateral
      spacing of the conductors from the mechanical draft cooling tower is such
      as to permit substantially complete condensation of water vapor into fog
      droplets before traversal of the electrostatic field.
PAR  Usually, the conductors 40 will be spaced horizontally from the cooling
      tower by at least a distance of 50 - 100 feet.
PAR  In the embodiments illustrated in FIGS. 1 and 2, while two parallel
      horizontal conductors respectively designated 18 and 40 in the Figures,
      are illustrated, the use of a larger number of conductors is contemplated
      and the selection of the number of conductors will depend upon prevailing
      conditions. For example, five conductors may be provided extending in a
      direction generally perpendicular to and in the path of fog flow from the
      cooling system to the traffic area and the individual conductors may be
      spaced apart approximately 4 feet.
PAR  In FIG. 3 there is illustrated the application of the present invention to
      a natural draft cooling tower, herein designated at 44. Towers of this
      type are generally of circular cross-section and of relatively great
      height as for example, approximately 400 feet. The water which is cooled
      within the tower warms the air which flows through the tower upwardly by
      convection and there is a substantial evaporation of water with resultant
      cooling as a result of heat used in evaporation of the water. As a result,
      the warm moisture laden air flows by convection out of the upper top of
      the tower. Carried at the top of the tower are a plurality of upstanding
      supports 46 having outwardly radially extending arms 48 from which are
      suspended insulators 50 carrying high voltage conductors 52. While the
      conductors 52 may be located at one side only of the towers 44, it is
      contemplated that in this case the conductors may be arranged in a circle
      surrounding the tower and again, while only a single conductor 52 is
      illustrated, it is contemplated that more, as for example five, concentric
      parallel conductors may be provided.
PAR  While the tower 44 may be 400 feet high, no attempt has been made to show
      the dimensions of the suppports 46 to scale. In practice, the conductors
      52 will be located at least 50 feet horizontally from the adjacent top
      edge of the tower and it is contemplated that they will be provided at an
      elevation of about 100 feet from the horizontal plane occupied by the top
      of the tower. With this arrangement, substantial, if not complete,
      condensation of water vapor into water droplets occurs before traversal of
      the electrostatic field and at the same time the field extends vertically
      through a sufficient distance to intercept any fog flow which would be
      troublesome.
PAR  In this case, due to the relatively great height of the tower, it is not
      practical to depend upon the ground upon which the tower is constructed as
      the electrical ground cooperating with the conductors for establishing the
      field. Accordingly, in this construction a grounded grid 54 is provided
      supported on radially extending arms 56 and the electrostatic field is of
      course thus established between the conductors 52 and the grounded grid
      54.
PAR  While reference has been made to the use of the electrostatic field to
      dissipate fog in connection with cooling systems provided for nuclear fuel
      plants, similar requirements may require the equipment in other power
      plants such for example as those employing fossil fuel. In general, it is
      anticipated that the power supplied for an 800 megawatt power plant may be
      supplied by a 50 megawatt unit. While such power consumption represents a
      substantial fraction of the power output of the power plant, it will be
      appreciated that operation of the electrostatic dissipation of fog can be
      expected to be required only for a small percentage of time, as for
      example, less than 10%. Accordingly, the use of the electrostatic fog
      dissipation is economically feasible particularly when it is considered
      that it may provide the solution of obtaining approval of sites for power
      plants which might not otherwise be available.
PAR  Inasmuch as the functioning of the system requires the corona discharge,
      this may result in the preferential use of electrical conductors of
      particular design. In general, the conductors should be of minimum
      cross-sectional area to increase the electrical gradient. In some cases
      the electrical conductors may be provided with a multiplicity of points at
      which the corona discharge may take place. While ordinarily it is
      contemplated that the conductors will be formed of copper, a suitable
      copper alloy, or aluminum, ordinary barbed wire of essentially ferrous
      alloy may be employed because the presence of the pointed barbs at
      frequent intervals on the wires promotes corona discharge, and the
      relatively greater resistance of the wire as compared to copper or
      aluminum, is not a serious disadvantage under the conditions of use.
PAR  Reference has been made in the foregoing to the particular spatial
      relationship between the cooling system, the means for precipitating or
      dissipating fog, and the traffic area which is to be protected from the
      fog. It is within the contemplation of the present invention that the
      means for dissipating the fog shall constitute portable apparatus so that
      it may be moved into position between the cooling system and the area to
      be protected, dependent on the prevailing wind.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. A water cooling system for cooling water comprising heat transfer means
      for contacting the water with a flow of air to simultaneously heat the
      air, to evaporate water into the air, and to release the warm air
      containing water vapor into the atmosphere, a traffic area such as a
      highway or airport in the vicinity of said cooling system in position to
      receive a dense fog from said cooling system under fog favoring
      atmospheric conditions and a prevailing wind moving from the cooling
      system toward the said area, fog dissipating means interposed between the
      cooling system and area comprising means for establishing a high voltage
      electrical field through which air traversing the cooling system passes on
      its way to the traffic area, said fog dissipator being located in
      horizontally spaced relation to said cooling system such that under
      meteorological conditions effective to produce substantial fog conditions
      at said traffic area by condensation of water vapor and migration of fog
      so produced, substantial condensation of water vapor into fog particles
      occurs before reaching said fog dissipating means, the fog dissipating
      means comprising one or more horizontally extending conductors spaced
      above the path of passage of fog from the traffic area, grounded structure
      disposed directly below such conductors and below such path, and means for
      establishing a high voltage unidirectional field between the conductors
      and ground.
NUM  2.
PAR  2. The system defined in claim 1 in which the conductors are located to
      establish the electrical field between the conductors and the ground.
NUM  3.
PAR  3. The system defined in claim 1 in which the cooling system comprises a
      tower from the top of which the fog-forming water vapor is discharged, and
      in which the means for establishing the electrical field comprises one or
      more conductors spaced substantially above the tower, and a ground
      construction located substantially at the vertical level of the top of
      said tower.
NUM  4.
PAR  4. The system defined in claim 1 in which said cooling system comprises a
      canal for cooling water, and floats on said canal having spray means
      thereon for spraying water upwardly from the canal to fall back into the
      canal.
NUM  5.
PAR  5. The system defined in claim 1 in which said cooling system comprises a
      mechanical draft cooling tower having a plurality of upwardly directed
      vents through which air and water vapor are discharged.
NUM  6.
PAR  6. The system defined in claim 1 in which said cooling system comprises a
      natural draft cooling tower of circular horizontal cross-section and at
      least 200 feet high having an open top from which air and water vapor flow
      by natural convection.
NUM  7.
PAR  7. The system defined in claim 6, the means for establishing the high
      voltage field comprising one or more high voltage charged conductors
      spaced substantially above the horizontal plane of the top of said tower
      and spaced laterally therefrom to provide for fog particle formation
      before entry of the air and water vapor and condensate into the field.
NUM  8.
PAR  8. The system defined in claim 1 in which said conductors are barbed wire
      formed of ferrous metal.
NUM  9.
PAR  9. A water cooling system for cooling water comprising heat transfer means
      for contacting the water with a flow of air to simultaneously heat the
      air, to evaporate water into the air, and to release the warm air
      containing water vapor into the atmosphere, electrostatic fog dissipating
      means including means for establishing an electrostatic field located in
      horizontally spaced relation with respect to said cooling system such that
      under meteorological conditions effective to produce substantial fog
      conditions by condensation of water vapor and migration of the fog so
      produced, substantial condensation of water vapor into fog particles
      occurs prior to entry into the electrostatic field, the fog dissipating
      means comprising horizontally extending electrical conducting means, means
      for supplying a high voltage electrical DC or rectified AC potential to
      said conducting means, and an electrical ground spaced downwardly from
      said conducting means to define a field area between said conducting means
      and ground located to intercept fog formed from condensed water vapor from
      said cooling system and moved laterally therefrom by horizontal movement
      of ambient air.
NUM  10.
PAR  10. The system defined in claim 9 in which said electrical ground is
      established by the physical ground support for said cooling system.
NUM  11.
PAR  11. The system defined in claim 9 in which said fog dissipator is of
      limited horizontal extent, and is located so as to intercept fog flow from
      said cooling system only in a pre-selected direction.
NUM  12.
PAR  12. The system defined in claim 9 in which said cooling system comprises a
      tower having means adjacent the top thereof at which the heated air
      carrying the water vapor is released, in which said conducting means are
      located above and spaced laterally from the top of said tower, and said
      electrical ground is located generally in the horizontal plane of the top
      of said tower and beneath said conducting means.
NUM  13.
PAR  13. The system defined in claim 12 in which said conducting means and
      electrical ground surround said tower.
NUM  14.
PAR  14. The system defined in claim 9 in which said conducting means comprises
      barbed wire formed of ferrous metal.
NUM  15.
PAR  15. A water cooling system for cooling water comprising heat transfer means
      for conacting the water with a flow of air to simultaneously heat the air,
      to evaporate water into the air, and to release the warm air containing
      water vapor into the atmosphere, a traffic area such as a highway or
      airport in the vicinity of said cooling system in position to receive a
      dense fog from said cooling system under fog favoring atmospheric
      conditions and a prevailing wind moving from the cooling system toward the
      said area, and fog dissipating means interposed between the cooling system
      and area comprising means for establishing a high voltage electrical field
      through which air traversing the cooling system passes on its way to the
      traffic area, in which the cooling system comprises a tower from the top
      of which the fog-forming water vapor is discharged, and in which the means
      for establishing the electrical field comprises horizontally extending
      conducting means spaced substantially above the tower, and a ground
      construction located substantially at the vertical level of the top of
      said tower, said conducting means and ground construction being located
      laterally from said tower a distance such that substantial condensation of
      vapor into fog particles will occur before the air flow reaches the field.
NUM  16.
PAR  16. A water cooling system for cooling water comprising heat transfer means
      for contacting the water with a flow of air to simultaneously heat the
      air, to evaporate water into the air, and to release the warm air
      containing water vapor into the atmosphere, a traffic area such as a
      highway or airport in the vicinity of said cooling system in position to
      receive a dense fog from said cooling system under fog favoring
      atmospheric conditions and a prevailing wind moving from the cooling
      system toward the said area, and fog dissipating means interposed between
      the cooling system and area comprising means for establishing a high
      voltage electrical field through which air traversing the cooling system
      passes on its way to the traffic area, in which said cooling system
      comprises a natural draft cooling tower of circular horizontal
      cross-section and at least 200 feet high having an open top from which air
      and water vapor flow by natural convection, the means for establishing the
      high voltage field comprising one or more high voltage charged conductors
      spaced substantially above the horizontal plane of the top of said tower
      and spaced laterally therefrom to provide for fog particle formation
      before entry of the air and water vapor and condensate into the field.
NUM  17.
PAR  17. The method of preventing drifting in a predetermined direction of fog
      produced by condensation of water vapor contained in warm air released
      from a cooling system in which water is heated incident to cooling a heat
      source and is cooled in part by evaporation into an air flow released from
      the cooling system into the atmosphere which comprises positioning
      horizontally extending conductor means in a position above the path of fog
      drift in such predetermined direction and at a distance laterally from the
      cooling system such that condensation of a substantial part of the water
      vapor that would condense to form fog under prevailing meteorological
      conditions will occur before the air carrying the fog particles and water
      vapor passes beneath the conductor means, establishing a ground potential
      directly below said conductor means and below the aforesaid flow path, and
      establishing a high unidirectional potential on the conductor means to
      produce downward migration of charged fog particles toward the ground
      potential.
NUM  18.
PAR  18. The method as defined in claim 17 in which the cooling system comprises
      a tower from the top of which the fog forming water vapor is discharged,
      which comprises providing grounded structure located generally in the
      horizontal plane containing the top of the tower.
NUM  19.
PAR  19. The method as defined in claim 17 in which the cooling system comprises
      a natural draft cooling tower of circular horizontal cross-section and at
      least 200 feet high having an open top from which air and water vapor flow
      by natural convection, which comprises providing the ground potential by
      supporting a grounded structure from the top portion of the tower.
NUM  20.
PAR  20. The method of cooling water without producing a fog drift in a
      predetermined direction under a given set of meteorological conditions
      which comprises evaporating some of the water to be cooled into a flow of
      warm air to produce a substantial water vapor content in the air,
      releasing the air and water vapor into the atmosphere, positioning
      horizontally extending electrical conducting means above the path of flow
      of air in such predetermined direction and at a distance laterally from
      the point of release such that condensation of a substantial part of the
      water vapor that would condense to form fog under prevailing
      meteorological conditions will occur before the air carrying the fog
      particles and water vapor passes beneath the conductor means, establishing
      a ground potential directly beneath the conducting means and below such
      path, establishing a high unidirectional potential on the conducting means
      to produce downward migration of fog particles.
NUM  21.
PAR  21. The method as defined in claim 20 which comprises evaporating some of
      the water to be cooled into a tower from the top of which the warm air and
      water vapor are released, and providing the ground potential on structure
      located generally in the horizontal plane of the top of the tower.
NUM  22.
PAR  22. The method as defined in claim 21 which comprises supporting both the
      electrical conducting means and the grounded structure from the upper
      portion of the tower.
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PAL  Method of oxy-fuel cutting of thin plate the improvement of which comprises
      surrounding the cutting flame with an admixture of air and water.
BSUM
PAR  This invention relates to an improved method of oxy-fuel gas cutting of
      steel plate.
PAR  Typically, gas cutting involves heating the portion of the article to be
      treated by means of a high temperature flame such as an oxygen-acetylene
      flame, oxygen-propane flame, etc., until the temperature of such portion
      is raised to its ignition temperature and thereafter blowing a stream of
      oxygen at the preheated portion to oxidize and burn such portion out from
      the article. It is desirable that the flame be brought to as high a
      temperature as is necessary to effect the operation along a narrow line or
      seam and without unnecessarily dissipating heat over the remaining body of
      the article being treated. Where the article is steel plate and relatively
      thin, hereinafter defined as less then one-half inch in thickness, the
      extreme temperature of the flame causes the cut edges to warp or deform
      unless the plate is saturated with a cooling medium such as water. The
      volume of water necessary to effect proper cooling in order to prevent
      deformation is excessive and causes flooding.
PAR  It is therefore the principle object of the present invention to provide an
      improved method of gas cutting of thin plate wherein the cutting oxygen
      stream is surrounded by an atomized aerosol mist of air and water the
      wetness and cooling rate of which is controllable.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a cutting device partially in section
      embodying the principals of the present invention;
PAR  FIG. 2 is a bottom view of the spray nozzle of FIG. 1.
DETD
PAR  The cutting device 10, illustrated in FIG. 1, includes a conventional
      cutting gas nozzle 12 from which issues a stream of a gaseous mixture to
      produce the preheat flame and a stream of cutting oxygen. A spray nozzle
      assembly 14 is coupled to the gas nozzle 12 and is held securely by a
      common threaded bolt 16. The spray nozzle assembly 14 includes an ejector
      head 18 which surrounds the cutting nozzle 12 forming therebetween an
      annual cavity 20. A pair of conduits 22 and 24 respectively are connected
      to a common manifold 26 which is in turn connected to cavity 20 through
      inlet 28. Air and water is separately passed through the conduits 22 and
      24 and combined in manifold 26 from whence it is passed into the cavity 20
      and discharged through the exit ports 30 in the ejector head 18. The exit
      ports are disposed at an angle of 45 degrees with respect to the
      longitudinal axis of the cutting nozzle 12.
PAR  To establish a mixture of air and water which will provide a cooling effect
      at least as effective as a luquid water spray without suffering the
      consequences of excessive water volume, the flow rate of water should be
      between 10- 15 gal. per hr. while the air flow rate should be between 75-
      100 cf/hr. at 15 to 25 psig. By adjustment of the air/water ratio within
      the stated flow ranges the moisture content can be precisely controlled to
      achieve the desired cooling rate and without saturating the plate. The
      aerosol mist produced by the air and water mixture enhances the cooling
      rate over that of a water spray by taking advantage of the latent heat of
      vaporization. The mist has also been found to be more effective in
      minimizing distrotion than with the use of known liquid cooling sprays.
PAR  The mixing of the air and water is begun in the manifold 26 and then
      brought into the annular cavity 20 where a more even distribution occurs.
      The valves 32 and 34 are used to control the air and water flow rates
      respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of oxy-fuel gas cutting of relatively thin steel plate
      wherein a high temperature cutting flame is directed at a portion of said
      plate to be cut, the improvement of which comprises:
PA1  passing a stream of air into a mixing zone adjacent said nozzle at a rate
      of between 75 to 100 cu.ft/hr at 15 to 25 psig;
PA1  passing a stream of water into said mixing zone at a rate of between 10 to
      15 gal. per hr;
PA1  discharging the admixture of said water and air from said mixing zone to
      form an atomized aerosol mist; and
PA1  directing said mist in the form of a curtain about said cutting flame and
      as close as possible thereto without causing physical interference
      therewith.
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ABST
PAL  On a mobile agricultural sprinkler of the type provided with a wheeled
      chassis and a rotatable winding member about which one end of a flexible
      tension member is wound and further including coupling structure thereon
      for coupling to a high pressure water hose as well as a fluid motor having
      a fluid inlet coupled to the coupling structure and a rotary mechanical
      output member, flexible torque transfer structure is provided for
      drivingly coupling the rotatable output member to the winding drum and is
      flexive under the transmission of torque from the output member through
      the torque transfer structure to the winding member. Wheel brake structure
      is also provided and operative to releasably brake at least one of the
      supportive wheels of the irrigation device. Also, the wheel brake
      structure includes fluid pressure actuatable operator structure shiftable
      between active and inactive positions and a fluid pressure line extends
      from the coupler structure to the brake operator for actuation thereof. A
      control valve is disposed in the fluid pressure line and includes an
      operator sensitive to flexure of the torque transfer structure for
      shifting the control valve operator between open and closed positions in
      response to variations in flexure of the torque transfer structure. In
      this manner, in the event the mobile irrigation device tends to overrun
      the drive therefor through the torque transfer structure the brake
      structure will be applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of mobile irrigation devices have irrigation water supplied
      thereto through a special rubber hose which is dragged through the field
      behind the irrigation structure. The irrigation structure device is
      equipped with a water-driven motor driving a winding member upon which one
      end of a cable is wound and the other end of the cable extends forwardly
      of the irrigation structure and is suitably anchored whereby the mobile
      irrigation device is pulled over the ground. However, some mobile
      irrigation devices of this type utilize large capacity high pressure
      irrigation guns which oscillate and are rearwardly directed and at the
      start of a run of the mobile irrigation device along a field the
      reactionary forces applied to the mobile sprinkler as a result of the
      rearward discharge of irrigation water therefrom tends to overcome rolling
      resistance of the wheels of the irrigation device and the frictional drag
      of the initial short length of hose being dragged behind the irrigation
      device with the result that the irrigation device tends to move along the
      field at a rate faster than that which would be determined by the cable
      being wound on the winding member or winch. The tendency of the mobile
      irrigation device to "run ahead" of the cable propelling apparatus thereof
      causes slack in the cable and the cable may wind incorrectly or unevenly
      on the winding member or drum causing cable and/or winch damage. Further,
      the front steerable wheels of a mobile irrigation device of this type are
      controlled by the cable along which the device is pulled and a slack
      condition in the cable inevitably causes erratic directional movement of
      the mobile irrigation device. Further, erratic rate of advance of the
      mobile irrigation device caused by a "run ahead" condition will cause
      irrigation water delivered thereby to be unevenly applied to the field
      being irrigated.
PAR  In order to prevent the aforementioned "run ahead" condition various
      attempts have been made at providing mobile irrigation devices with
      automatically operable wheel brake means actuatable in response to a slack
      cable condition. Some of these previously designed devices as well as
      other irrigation devices including some of the general structural features
      in the instant invention are disclosed in U.S. Pat. Nos. 3,477,643,
      3,489,352, 3,684,178 and 3,771,720.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The mobile irrigation device of the instant invention is equipped with a
      chain drive for driving the winding drum for the cable along which the
      irrigation device pulls itself. The wheels of the irrigation device are
      provided with fluid pressure actuated brakes and tension sensing structure
      is provided for sensing the taut reach of the driving chain and operably
      connected to a control valve interposed in a high pressure fluid line
      extending from the high pressure irrigation water supply to the brake
      actuator. Thus, should the tension of the taut reach of the driving chain
      be reduced below a predetermined minimum the brakes of the mobile
      irrigation device are applied to prevent a "run ahead" condition.
PAR  The main object of this invention is to provide an automatic braking
      structure for a mobile irrigation device of the type which pulls itself
      along a cable and constructed in a manner whereby any tendency of the
      irrigation device to "run ahead" of the cable pulling mechanism thereof
      will be immediately offset by application of the wheel brakes of the
      mobile irrigation device.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide the wheel brakes of the irrigation device
      with a fluid pressure actuator whereby the brakes of the mobile irrigation
      device will be retained inoperative at all times until such time as the
      irrigation water discharge system of the mobile irrigation device is
      operably connected to a suitable source of high pressure irrigation water,
      thereby ensuring that the brakes of the mobile irrigation device will be
      automatically rendered inoperable whenever the mobile irrigation device is
      disconnected from its source of high pressure irrigation water.
PAR  Yet another object of this invention is to provide an apparatus in
      accordance with the preceding objects and constructed in a manner whereby
      it may be readily added to existing mobile irrigation devices.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide an apparatus in accordance with the preceding objects and which
      will conform to conventional forms of manufacture, be of simple
      construction and automatic in operation so as to provide a device that
      will be economically feasible, long lasting and relatively trouble free.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a mobile irrigation device constructed in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view of the mobile irrigation device;
PAR  FIG. 3 is a schematic view illustrating the automatic wheel brake actuating
      structure of the mobile irrigation device; and
PAR  FIG. 4 is a further schematic view similar to FIG. 3 but illustrating a
      modified form of wheel braking structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates a conventional form of mobile irrigation device including a
      chassis 12 equipped with front and rear ground-engaging support wheels 14
      and 16. The front wheels 14 are of the dirigible type and are operably
      connected to a horizontally swingable forwardly projecting tongue 18 in
      any convenient manner, the forward end of the tongue 18 including guide
      structure (not shown) for a purpose to be hereinafter more fully set
      forth.
PAR  The chassis 12 includes a standpipe 20 from whose upper end a horizontally
      oscillatable rearwardly and upwardly directed discharge nozzle 22 is
      supported. The lower end of the standpipe 20 is coupled to a coupling
      structure 24 to which the discharge end of a high pressure water hose 26
      is coupled for receiving water from the water hose 26.
PAR  The coupling structure includes internal torque developing means 27 such as
      that disclosed in the aforementioned U.S. Pat. No. 3,489,352 and to which
      the input end of a rotary output shaft 28 is operably connected.
      Accordingly, the rotary output shaft 28 is driven in response to the flow
      of water from the hose 26 into the standpipe 20.
PAR  The output end of the shaft 28 is drivingly coupled to the input shaft 30
      of a gear reduction assembly 32 and the latter includes an output shaft 34
      drivingly coupled, via torque transfer means 36, to a rotatably mounted
      winding drum 38 upon which one end of a cable 40 is wound. The other end
      of the cable 40 extends forwardly of the mobile irrigation device 10 and
      is guidingly received through the aforementioned guide structure (not
      shown) carried by the forward end of the tongue 18.
PAR  As water flows through the irrigation device 10 from the water hose 26 to
      the standpipe 20 the shaft 28 is driven and the latter in turn drives the
      drum 38 which winds the cable 40 thereon, the other free end of the cable
      being suitably anchored in the field over which the irrigation device 10
      is moving to thereby enable rotation of the winding drum 38 to cause
      forward movement of the irrigation device 10 along the cable 40 and the
      end of the hose 26 remote from the coupling structure 24.
PAR  The foregoing comprises a description of conventional water pressure driven
      mobile irrigation devices now presently in use.
PAR  With reference now more specifically to FIG. 3 of the drawings, it may be
      seen that the torque transfer means 36 drivingly coupling the output shaft
      34 to the winding drum 38 comprises an endless flexible chain 40 including
      a slack reach 42 and a taut reach 44. A chain tensioner lever 46 has one
      end thereof pivoted to the chassis 12 as at 48 and anti-friction structure
      50 on the other end thereof engaged with an intermediate portion of the
      slack reach 42. Further, a tension sensing lever 52 is oscillatably
      supported intermediate its opposite ends from the chassis 12 as at 54 and
      includes a roller 56 on one end engaged with the taut reach 44 of the
      chain 40, an expansion spring 58 being connected between the levers 46 and
      52 in a manner to swing the member 50 and the roller 46 into engagement
      with the outer sides of the slack and taut reaches 42 and 44 of the chain
      40.
PAR  A pair of brake discs 60 are supported from inversely shiftable and end
      aligned operating rods 62 guidingly supported from the chassis 12 for
      lengthwise reciprocation and the brake discs 60 are engageable with the
      inner sides of the wheels 16 in order to brake the latter. The adjacent
      ends of the rods are operably connected to a fluid pressure actuator 64
      interposed therebetween and the fluid pressure actuator includes a fluid
      pressure inlet 66 to which one end of a high pressure fluid line 68 is
      connected. Upon the actuator 64 having a source of fluid pressure
      communicated with the inlet 66 thereof, the actuator 64 is operative to
      inversely shift the rod 62 relative thereto so as to cause the discs 60 to
      engage the wheels 16 and brake the latter. Of course, the actuator 64
      includes spring means (not shown) for retracting the rods 62 away from the
      wheels 16 when the fluid pressure at the inlet 66 is relieved.
PAR  The end of the pressure line 68 remote from the actuator 64 is coupled to
      the coupling structure 24 as at 70 and the line 68 has a control valve 72
      interposed therein including a bleed outlet 74. The valve 72 includes an
      operator 76 which is operably connected to the end of the lever 52 remote
      from the roller 56 by means of a connecting link 78.
PAR  The control valve 72 is constructed such that when the operator 76 is
      shifted to the left fluid pressure may flow through the line 68 from the
      coupling structure 24 to the inlet 66 of the actuator 64 and when the
      operator 76 is shifted to the right the flow of fluid under pressure from
      the coupler structure 24 through the valve 72 is blocked and that portion
      of the line 68 extending between the valve 72 and the inlet 66 of the
      actuator 64 is vented through the bleed outlet 74.
PAR  Thus, whenever the drum 38 is turning against a taut cable 40, the taut
      condition of the taut reach 44 of the chain 40 will maintain the valve 72
      closed against the passage of high pressure water from the coupler
      structure 24 to the inlet 66 of the operator 64 and will vent that portion
      of the line 68 extending between the inlet 66 and the valve 72 through the
      bleed outlet 74. However, should there be any tendency of the mobile
      irrigation device 10 to "run ahead", the resistance to turning of the drum
      38 to wind the cable 40 thereon will be reduced and the taut reach 44 will
      become less taut so as to allow slight clockwise angular displacement of
      the lever 52 as viewed in FIG. 3 of the drawings and movement of the valve
      operator 76 to the left in order to open the valve 72 to the passage of
      high pressure water from the coupling structure 24 to the brake operator
      64 resulting in the brake discs 60 being displaced into engagement with
      the inner sides of the wheels 16.
PAR  Of course, the front wheels 14 may be braked in lieu of the rear wheels 16,
      or all four wheels may be braked.
PAR  With attention now invited more specifically to FIG. 4 of the drawings, a
      modified form of wheel braking assembly is illustrated. Substantially all
      of the components of the wheel braking assembly illustrated in FIG. 4
      correspond to similar components of the wheel braking structure
      illustrated in FIG. 3 and are therefore designated by corresponding
      numerals in the 100 series. However, in lieu of the rods 162 of the
      assembly illustrated in FIG. 4 being provided with brake discs on their
      outer ends corresponding to the brake discs 60, the inner sides of the
      wheels 116 are equipped with circumferentially spaced lugs 117 directly
      engageable with the remote ends of the rods 62 upon actuation of the
      operator 164. Otherwise, the structure and operation of the brake assembly
      illustrated in FIG. 4 is substantially identical to the structure and
      operation of the brake structure illustrated in FIG. 3.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a mobile chassis provided with coupling means for
      coupling to a source of high pressure fluid and including rotary torque
      developing means having rotary power input means, supportive wheel means
      for said chassis including wheel brake means having fluid pressure
      actuatable operator means shiftable between active and inactive positions,
      drive means mounted on said chassis including a rotatable drive member for
      engaging an anchored elongated member and advancing said chassis
      therealong, flexive torque transfer means drivingly coupling said output
      means to said rotatable drive member and flexive under transfer of torque
      through said torque transfer means from said rotary power output means to
      said drive member, fluid transfer means operative to transfer fluid under
      pressure from said coupling means to said operator means for operation of
      the latter and including fluid flow control means for controlling the flow
      of fluid pressure through said fluid transfer means from said coupler
      means to said operator means, and flexure sensing means operatively
      associated with said torque transfer means operative to sense flexure
      thereof and operatively connected to said fluid flow control means for
      variably controlling the latter in response to variations in flexure of
      said torque transfer means.
NUM  2.
PAR  2. The combination of claim 1 wherein said rotary output means and said
      drive member include aligned output drive and driven wheel means, said
      torque transfer means including an endless flexible drive member trained
      about said wheel means, said flexure sensing means including at least one
      drive member tensioning means engaged with at least one reach of said
      drive member to yieldingly laterally deflect and thus tension said one
      reach.
NUM  3.
PAR  3. The combination of claim 2 wherein said one reach comprises the taut
      reach of said drive member.
NUM  4.
PAR  4. The combination of claim 3 wherein said flexure sensing means also
      includes means engaged with and yieldingly laterally deflecting the slack
      reach of said drive member.
NUM  5.
PAR  5. The combination of claim 1 wherein said chassis includes irrigation
      water discharge means supported therefrom to which said coupling means is
      operably coupled for delivery of water under pressure from said coupling
      means to said water discharge means.
NUM  6.
PAR  6. In combination with a mobile irrigation chassis of the type including
      supportive wheel means, coupling means for coupling to a source of high
      pressure water and rotary torque developing means having rotary power
      output means as well as a rotatable winding member to which one end of a
      field anchored pull cable is attached for winding therealong for advancing
      said chassis along a field to be irrigated, flexive torque transfer means
      drivingly coupling said output means to said winding member, brake means
      operatively associated with said wheel means for selectively braking the
      latter and including oscillatable actuator means, and flexure sensing
      means operatively associated with said torque transfer means to sense the
      flexure thereof and operatively connected to said actuator means for
      oscillating the latter in response to variations in flexure of said torque
      transfer means.
NUM  7.
PAR  7. The combination of claim 6 wherein said rotatable winding member
      includes rotary torque input means, said rotary power output and torque
      input means including aligned drive and driven wheel means, said torque
      transfer means including an endless flexible drive member trained about
      said wheel means, said flexure sensing means including at least one drive
      member tensioning means engaged with at least one reach of said drive
      member to yieldingly laterally deflect and thus tension said one reach.
NUM  8.
PAR  8. The combination of claim 7 wherein said one reach comprises the taut
      reach of said drive member.
NUM  9.
PAR  9. The combination of claim 8 wherein said flexure sensing means also
      include means engaged with and yieldingly laterally deflecting the slack
      reach of said drive member.
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ABST
PAL  A rotary sprinkling system which is configured to minimize the accumulation
      and detrimental effects of debris, and which comprises a pop-up nozzle
      head secured to an inner housing slidably received within an outer housing
      and retained by the compressive force of a spring, such inner housing
      enclosing an impeller driven transmission subjected to only low pressure
      drops and having a speed-reducing gear train isolated from water flow, a
      simplified and easily adjustable direction controlling mechanism
      substantially inaccessible to intermeddlers, and a manually adjustable
      by-pass throttle to control the flow velocity of water driving a
      water-wheel impeller.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to water sprinklers, and more particularly
      to a sprinkler having a pop-up nozzle system essentially free from
      operational failures caused by the accumulation of debris, the application
      of large pressure drops across a transmission, the use of complicated
      control mechanisms, and the susceptibility of externally adjustable
      controls to vandalism.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Rotary lawn sprinklers have long been in both private and large scale
      commercial use. Typically, a sprinkler nozzle head is rotated by a
      water-driven impeller mechanically linked to the nozzle head by a train
      speed-reduction gears. Variable-sector rotation of the nozzle head is
      known, as is the pop-up nozzle head which extends above an outer housing
      when water under pressure is applied and retracts to a flush position when
      not in use.
PAR  U.S. Pat. No. 3,655,132 discloses a sprinkler system wherein a sprinkler
      head can be mounted without a housing to be vertically stationary, or can
      be of the housed pop-up type which is self-flushing each time the
      sprinkler is used and presents a ground-level profile when not in use. The
      head can rotate continuously in one direction, or is easily adjusted for
      part-circle operation over any desired sector. The water motor therein
      includes a rotatable impeller and a pair of jets arranged for
      bi-directional operation of the impeller. Switching means at the output of
      the nozzles which direct water onto the impeller control the jets to
      determine the direction and extent of nozzle rotation.
PAR  Pop-up sprinkling systems in the prior art, however, have not overcome the
      problems associated with the accumulation of particles of soil or sand,
      excessive resistance to nozzle rotation, the regulation of the level of
      power delivered to an impeller in order to limit gear stress, wear and
      nozzle speed, externally adjustable controls, complicated reversing
      mechanisms which must be replaced often, high pressure drops across a
      transmission causing unnecessarily high stresses and strains and possible
      lubricant extrusion, and the difficulty of determining where the center of
      the arc sector angle is located when a sprinkler system is in a
      part-circle mode.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a pop-up sprinkler system
      substantially protected from accumulation of debris, from interference
      with adjustable controls, and from operational difficulties caused by
      complicated mechanisms and unregulated pressure heads.
PAR  More particularly, the invention comprises an outer housing, a rotatable
      nozzle head vertically movable through an outer housing cover, and an
      inner housing attached to the nozzle head and slidably received within the
      outer housing.
PAR  Enclosed within the inner housing is an impeller driven transmission with a
      speed-reducing gear train isolated from the flow of water, a manually
      adjustable by-pass throttle to control the flow velocity of water driving
      a water-wheel impeller, and an accurate and greatly simplified direction
      controlling mechanism to control the location and size of an arc sector
      over which water is to be discharged. As the inner housing is accessible
      only when the sprinkler head is inoperative and the outer housing cover
      has been removed, problems associated with easily accessible adjustment
      controls are minimized without complicating the direction control
      mechanism.
PAR  Under the pressure of water applied to an outer housing water inlet, the
      nozzle head and inner housing overcome the compressive force of a spring
      to assume a fully extended position in sealing contact with the outer
      housing. The flow of water between the water inlet and a drive tube
      attached to the nozzle head is essentially restriction free to minimize
      pressure drops across the transmission. The largest pressure drop in the
      system occurs in the nozzle head, where the water is aspirated by the
      drive tube constriction.
PAR  A sloping outer housing cover with a sand shield in continual contact with
      the nozzle head, thrust surfaces with at least one rounded head or convex
      member, and compressive spring forces holding thrust surfaces in continual
      sealing contact minimize the accumulation of debris within the sprinkler
      system and diminish the detrimental effects of such debris.
PAR  In one aspect of the invention, a marker is inscribed upon the outer
      surface of the outer housing cover to visually locate the center of the
      arc sector to be sprayed.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side sectional view of an embodiment of the invention in an
      upright position;
PAR  FIG. 2 is a transverse sectional view of the invention looking up along
      line 2--2 of FIG. 1;
PAR  FIG. 3 is the transverse sectional view of FIG. 2 with trip plate, trip
      gear, and reversing gear removed;
PAR  FIG. 4 is a plan view looking up at a trip plate, a trip gear, and a
      reversing arm pin in working relation;
PAR  FIG. 5 is a transverse sectional view looking down along line 5--5 of FIG.
      1;
PAR  FIG. 6 is a transverse sectional view looking up along line 6--6 of FIG. 1;
      and
PAR  FIG. 7 is a transverse sectional view looking down along line 7--7 of FIG.
      1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  FIG. 1
PAR  Illustrated in FIG. 1 is a pop-up, rotary sprinkler system having an outer
      cylindrical housing 10 with an internally threaded water inlet 11 in an
      otherwise enclosed lower end, and an outward extending flange 12 about an
      upper end.
PAR  An outer housing cover 13 has a centrally located passage in slidable
      contact with a nozzle head 14, and is secured to outer housing 10 by means
      of screws 15 seated within threaded wells of flange 12. Integrally formed
      within the cover are recesses and shoulders for receiving main water seal
      114, nozzle sand shield 80, and the upper end of a nozzle return spring
      81.
PAR  The nozzle sand shield remains in slidable contact with nozzle head 14
      without forming a pressure tight contact. Thus, the possibility of
      backwash entering the sprinkler head is reduced without appreciably
      resisting nozzle rotation.
PAR  Nozzle head 14 is a hollow cylinder with an enclosed upper end, and an
      internally threaded lower end 19 subtended by an outer flange 18 having an
      annular recess with a spring washer 20 seated therein. A nozzle range tube
      16 and a secondary nozzle opening 17 are located at one side near the
      upper end of head 14.
PAR  A cylindrical guide bearing 21, integrally formed with a horizontal nozzle
      bearing plate 22, extends vertically upward to abut washer 20 and seat
      within the annular recess of flange 18. A portion of bearing 21 extends
      vertically downward below plate 22 to form a convex, annular thrust
      surface 24.
PAR  Also integrally formed with top plate 22, and extending upward therefrom,
      are circular arc spring retainers 23 which are concentric to bearing 21
      and retain the lower end of spring 81.
PAR  Bearing plate 22 forms a cover for an inner housing 25, containing
      mechanical and fluid communication links between water inlet 11 and nozzle
      head 14. Plate 22 is secured to housing 25 by means of annular ring
      segments 26 extending downward from plate 22 near its outer extremity and
      abutting an inner wall of housing 25, and by bearing plate screws 27
      slidably received within spacer bosses 28 and threaded into wells within
      housing 25.
PAR  A cylindrical nozzle drive tube 29, having an externally threaded portion
      at its upper end and an outer extending rim 30 at its lower end, is
      threaded into end 19 of nozzle head 14. The upper surfaces of rim 30 are
      thereby placed in contact with thrust surface 24 of plate 22. Although
      drive tube 29 is fixedly secured to nozzle head 14, the drive tube remains
      in rotatable relation with the inner walls of bearing 21. In addition, the
      outer walls of bearing 21 are in rotatable relation with the downward
      extending inner walls of the annular recess of flange 18. Thus, a rotation
      of drive tube 29 causes both the drive tube and head 14 to rotate with
      respect to bearing 21.
PAR  With the interconnection of drive tube 29 and head 14, an integral unit is
      formed including head 14, plate 22, and inner housing 25. With cover 13
      removed from outer housing 10, the integral unit may be inserted within
      housing 10 and positioned by means of a plurality of guide keys indicated
      generally at 31a and 31b. The guide keys are designed to slidably receive
      housing 25 through a guide keyway 112, FIGS. 2-7, formed integrally with
      housing 25 and plate 22. Thus, while the nozzle may rotate with respect to
      bearing plate 22 and inner housing 25, the guide keys prevent the bearing
      plate and inner housing from rotating with respect to outer housing 10.
PAR  Embodied within inner housing 25 are a direction controlling mechanism and
      a transmission including a 1008 to 1 speed-reducing gear train. The
      transmission is linked to drive tube 29 by a keyway slot 32 attached to
      and extending vertically downward from the lower surface of rim 30. Slot
      32 receives a drive key 33 integrally formed on a gear member including a
      reversing input gear 34, a nozzle drive shaft 35, and an output gear 36.
      The gear member is held firmly in place by a gear cover plate 37 having a
      vertically extending spacer boss 28 at one end, and a cylindrical opening
      defined by convex, annular thrust surfaces extending above and below near
      the center of the plate. The thrust surfaces abut the lower surface of
      gear 34 and the upper surface of gear 36. Gear 36 in turn is forced
      against the downward extending thrust surface of plate 37 by a push-on
      retainer 78 subtending the lower end of drive shaft 35.
PAR  In meshing relationship with output gear 36 is a pinion gear 38 integrally
      formed with a spur gear 41 on gear shaft 40. Gear shaft 40 in turn is held
      in place by a gear shaft boss 39 integrally formed with plate 37. The
      reduction gear element, comprising pinion gear 38 and spur gear 41, is
      part of a train of reduction gear elements generally indicated by
      reference number 42. Each member of the reduction gear train is held in
      place by gear shaft bosses formed integrally with an intermediate
      partition plate 46 and designed to premanently receive member gear shafts.
      The gear elements are so arranged that a spur gear of one gear element
      meshes with a pinion gear of a succeeding gear element, until spur gear 43
      meshes with an input pinion gear 44 on an impeller shaft 45. In the
      preferred embodiment herein described, there is a total of five reduction
      gear elements comprising a pinion gear and a spur gear which, with output
      gear 36 and pinion gear 44, consists of six gear meshes. With this
      configuration, nozzle head 14 rotates in the same direction as impeller
      shaft 45.
PAR  Gear cover plate 37, plate 46, and internal walls of inner housing 25 form
      an enclosed transmission chamber 47, thereby isolating output gear 36,
      gear train 42, and pinion gear 44 from the flow of water through the
      sprinkler system.
PAR  Linking the transmission to a water-wheel impeller 48 is impeller shaft 45,
      which is rotatably seated within a cylindrical guide bearing integrally
      formed with the horizontal arm of plate 46. Impeller 48 is keyed to the
      lower end of impeller shaft 45 and held in place by a spring washer 49, an
      impeller washer 50, and a push-on retainer 51. An upper surface of
      impeller 48 is thus forced against downwardly extending convex thrust
      surfaces 52.
PAR  Impeller 48 is enclosed within an impeller flow chamber 103 defined by the
      lower horizontal surface of plate 46, the upper surface of an impeller
      cover plate 54, and partition walls 53 which are integral with plate 46
      and abut a flat portion of the upper surface of plate 54.
PAR  Plate 54 is slidably received by a lower cylindrical opening 55 of inner
      housing 25, and secured to the lower surface of plate 46 with screws.
PAR  In operation, water flowing through impeller flow chamber 103 forces
      impeller 48 to rotate, by way of example, in a clockwise direction.
      Impeller shaft 45 imparts the clockwise motion to input pinion gear 44
      which is linked to gear train 42. As previously mentioned, output gear 36
      rotates in the same direction as input pinion gear 44 when gear train 42
      comprises five reduction gear elements. Therefore, in the preferred
      embodiment herein described, nozzle drive shaft 35 keyed to output gear 36
      imparts a clockwise rotary motion to drive key 33, which in turn forces
      drive tube 29 and nozzle head 14 to rotate in a clockwise direction.
PAR  Also embodied within inner housing 25 is an adjustable direction
      controlling mechanism which controls both the location and the size of an
      arc sector angle over which water is to be discharged. The controlling
      mechanism is linked through reversing input gear 34 on nozzle drive shaft
      35 to both the transmission of inner housing 25 and nozzle drive tube 29.
PAR  In meshing relationship with input gear 34 is a reversing gear 58, which is
      keyed to a reversing gear shaft 57 and held in place by a push-on retainer
      59. An upper portion of shaft 57 is rotatably received within a gear shaft
      bearing 56 integrally formed with plate 37. The lower end of shaft 57 is
      rotatably seated within a cylindrical guide bearing 60 integrally formed
      with plate 54. Secured to the lower end of shaft 57 is a reversing gear 61
      held in place by a press fit or solvent welding technique.
PAR  In addition to guide bearing 60, impeller cover plate 54 contains a
      centrally located, downwardly opening boss hole 63 in which a shaft 64 is
      fixedly seated. Transverse to and rotatably mounted upon shaft 64 are
      manually adjustable members of the direction controlling mechanism.
PAR  More particularly, a reversing plate 65 having a downward extending pin 66
      is separated from the lower surface of cover plate 54 by a reversing plate
      friction washer 67. A convex, annular thrust surface integral to and
      extending downward from plate 65 vertically positions a reversing arm 68,
      which is in registration with pin 66. A vertical pin 69 extends downward
      from arm 68 to a horizontal surface of outer housing 10.
PAR  Abutting reversing arm 68 is an upward extending thrust surface 79 defining
      a guide bearing integrally formed with a trip gear 70, having a transverse
      arm 71 which is in registration with pin 69. Gear teeth defining the outer
      perimeter of trip gear 70 intermesh with gear 61. In addition, a spacer 72
      integrally formed with trip gear 70 extends downward to abut a trip plate
      73.
PAR  Both trip gear 70 and trip plate 73 have integrally formed clutch teeth,
      indicated generally at 74, which intermesh to provide an accurate means
      for adjusting the size of an arc sector angle over which water is to be
      discharged.
PAR  A compression spring 75, a retaining washer 76 and a push-on retainer 77
      act in conjunction to hold the thrust surfaces of the trip plate, trip
      gear, reversing arm, and reversing plate in continual sealing contact to
      prevent sand from accumulating between surfaces.
PAC  FIG. 2
PAR  The mechanical interrelationships between the members of the direction
      controlling mechanism are better illustrated in FIG. 2, where trip plate
      73, trip gear 70, reversing arm 68, reversing plate 65, and impeller cover
      plate 54 are shown in stacked relation proceeding upward along shaft 64.
      Plate 54 is secured to plate 46, FIG. 1, by impeller cover plate screws
      82.
PAR  An overcenter spring 87 has one leg attached to an integrally formed shaft
      88 of plate 54, and a second leg attached to a shaft integrally formed
      with the upper surface of reversing arm 68.
PAR  Extending downward from impeller cover plate 54 is a limit stop 89 which
      limits the movement of reversing plate 65 about shaft 64. When reversing
      plate 65 is in contact with stop 89, the reversing plate is directly
      centered over an impeller inlet opening 84a, thereby forcing water to flow
      through an impeller inlet opening 84b indicated by dotted lines in FIG. 2.
      This causes the water-wheel impeller 48 to rotate in a direction opposite
      to that induced by water flowing through inlet opening 84a.
PAR  Inscribed on the underside of plate 54 are radial lines 91-93, and
      associated numbers 270, 180, and 90 which represent angular measurements
      used in accurately locating the center of an arc sector as described
      below.
PAR  In operation, when reversing input gear 34 of FIG. 1 rotates in a clockwise
      direction as viewed from the lower end of inner housing 25, a
      counterclockwise rotation is induced in reversing gear 61, causing trip
      gear 70 to rotate in a clockwise direction about shaft 64. The clockwise
      rotation of trip gear 70 brings arm 71 into contact with reversing arm pin
      69. As the clockwise rotation of trip gear 70 continues, reversing arm 68
      is forced to rotate clockwise about shaft 64.
PAC  FIG. 3
PAR  The clockwise rotation of reversing arm 68 continues until after pin 69
      becomes diametrically opposite to shaft guide bearing 60 as illustrated in
      FIG. 3. At this point, the extreme counterclockwise end 94 of slot 95,
      formed in reversing arm 68, comes into contact with reversing plate pin 66
      slidably received in slot 95. Overcenter spring 87 then snaps reversing
      arm 68 to an extreme clockwise position, which is preferably sixty degrees
      clockwise from the extreme counterclockwise position illustrated in FIG.
      3. The snap action movement of reversing arm 68 causes reversing plate 65
      to uncover inlet opening 84b and rotate clockwise until it comes into
      contact with limit stop 89. Reversing plate 65 then is directly centered
      over inlet opening 84a. Thus, water flowing into inlet 11, FIG. 1, is
      directed through inlet opening 84b to reverse the direction of rotation of
      impeller 48 and nozzle head 14.
PAR  The snap action motion is delayed until after pin 69 becomes diametrically
      opposite to bearing 60 to prevent a null torque condition on impeller 48.
      Further, the action of spring 87, the extreme ends of slot 95, and
      reversing plate friction washer 67, FIG. 1, prevent plate 65 from
      partially uncovering an impeller inlet opening before or after the snap
      action motion. Plate 65 is thus held in an extreme position against either
      a limit stop 96, indicated by dotted lines in FIG. 3, or limit stop 89.
PAR  Before applying water under pressure to the sprinkler system, the arc
      sector size may be increased or decreased by rotating trip plate 73
      relative to trip gear 70 by a number of clutch teeth 74, FIG. 1, which
      preferably are angularly spaced five degrees apart. This is accomplished
      by pulling trip plate 73 downward against spring 75 on shaft 64. When
      clutch teeth 74 are again intermeshed, compression spring 75, retaining
      washer 76 and push-on retainer 77 act in combination to hold the trip gear
      and the trip plate together. Sufficient force is applied to prevent
      relative movement between the two during the process of moving reversing
      arm 68 from an extreme holding position to an overcenter switching
      position.
PAC  FIG. 4
PAR  More particularly, as illustrated in FIG. 4, radial lines 97-98 inscribed
      on the lower surface of trip gear 70, and radial edges 99-100 of arm 71
      are each centrally located over a gear tooth and are spaced 90.degree.
      apart. Thus, if the radial edge 101 of trip plate 73 is placed directly
      over radial line 98, the clockwise angle between radial edge 100 and
      radial edge 101 is 90.degree. corresponding to a 90.degree. arc sector
      over which water is to be discharged. Likewise, with radial edge 101
      aligned with radial line 97, the clockwise angle between radial edges 100
      and 101 is 180.degree.. It is seen that an arc sector slightly less than
      360.degree. may be described by nozzle head 14 in part-circle mode
      operation.
PAR  As previously described, the snap action motion created by spring 87, FIGS.
      2 and 3, occurs when pin 69 and radial edge 100 become diametrically
      opposite to guide bearing 60. Therefore, with radial lines 91-93 of FIGS.
      2 and 3 preferably spaced clockwise by angles 135.degree., 90.degree., and
      45.degree., respectively, from an overcenter actuating position indicated
      by line 102, FIG. 4, a center of an arc sector may be positioned by the
      following adjustments:
PA1  1. Align radial edge 101 with a radial line 97-98 or radial edge 99 to
      define a desired arc sector angle as before described.
PA1  2. Position radial edge 101 over a radial line 91-93 on plate 54 by
      rotating trip gear 70 and trip plate 73 in unison. This is accomplished by
      pulling downward against spring 75 to disengage trip gear 70 from
      reversing gear 61, and rotating the trip gear in unison with trip plate
      73. Trip gear 70 is then remeshed with reversing gear 61 and held in place
      under the force of spring 75.
PA1  3. Align nozzle range tube 16 with the center of spacer boss 28, FIG. 1,
      thereby aligning a radially inscribed marker 113 on the top of outer
      housing cover 13 with the center of the arc sector angle. An operator is
      thus provided with a visual indication of an arc center position.
PAR  The motive power for the sprinkling system illustrated in FIG. 1 is the
      water pressure supplied through a water pipe or riser threaded into water
      inlet 11. As pressurized water enters through the water inlet, the
      pressure inside outer housing 10 and inner housing 25 begins to increase.
      This pressure increase continues until a lifting force is developed which
      is sufficient to overcome the resistance of nozzle return spring 81.
      During the period required for pressure buildup, water flows around
      clearance space 104 between inner housing 25 and outer housing 10, and
      flushes out around nozzle sand shield 80 any sand or debris which may have
      accumulated within the sprinkler head.
PAR  When a sufficient lifting force occurs, inner housing 25 and all components
      attached thereto rise to a fully extended position with the top surface of
      nozzle bearing plate 22 in sealing contact with main water seal 114
      located along the outer perimeter of cover 13. This sealing contact along
      the outer perimeter of cover 13 significantly reduces the stress induced
      in cover 13 which will allow higher internal water pressures for a given
      cover thickness; or it will allow the cover to be thinner for a given
      internal water pressure. This sealing contact also forces all incoming
      water through openings in impeller cover plate 54 as illustrated in FIGS.
      2 and 3.
PAR  A by-pass opening 83, formed in plate 54 and indicated by dotted lines in
      FIGS. 2 and 3, allows a portion of the pressurized water to be diverted
      around water-wheel impeller 48. The by-pass opening is controlled by a
      by-pass throttle plate 85, which is secured in a desired position by a
      clamp washer 86 and one of the impeller cover plate screws 82. As flow
      rates increase beyond a predetermined value, plate 85 may be manually
      moved clockwise to uncover a larger portion of by-pass opening 83. Thus,
      nozzle speed and output torque can be confined to a desired limit which
      will reduce gear stress and wear as flow is increased.
PAR  As before described, plate 54 also contains inlet openings 84a and 84b
      which are in direct fluid communication with impeller flow chamber 103,
      FIG. 1. Thus, that portion of the water not directed through by-pass
      opening 83 flows through one of the impeller inlet openings. As
      illustrated in FIGS. 2 and 3, when reversing plate 65 has closed off inlet
      opening 84b, the water is forced to flow through inlet opening 84a into
      flow chamber 103.
PAC  FIGS. 5-7
PAR  Flow chamber 103, as illustrated in FIG. 6, is formed from partition walls
      53a, 53b and 53c integral with the lower surface of plate 46. Threaded
      bosses 106 and 107 receive impeller cover plate screws 82 to secure plate
      54 to plate 46, with the lower surfaces of partition walls 53a, 53b and
      53c resting against the flat portion of the upper surface of plate 54.
PAR  Water-wheel impeller 48 is seated within a circular depression 105, FIGS. 5
      and 6, which is formed in the lower surface of plate 46 and the upper
      surface of plate 54.
PAR  The water flow continues upward through an inlet opening, 84a or 84b, to
      impart a rotating motion to impeller 48, which in turn drives the
      transmission embodied within inner housing 25 as previously described. In
      contrast, that portion of the water directed through by-pass 83 rises
      within a chamber defined by the inner wall of housing 25, and partition
      walls 53a and 53c, without imparting a motion to impeller 48.
PAR  From by-pass opening 83 and flow chamber 103, water passes through flow
      chamber inlet ports 108 and 109 which are in direct fluid communication
      with a water flow chamber 111, FIG. 1.
PAR  As illustrated in FIG. 7, water flow chamber 111 is formed from a partition
      wall 110 integral with the upper surface of intermediate partition plate
      46.
PAR  Under pressure, the water continues upward from flow chamber 111 and
      through nozzle drive tube 29 where the water is aspirated. The water then
      exits through nozzle range tube 16 and auxiliary nozzle opening 17.
PAR  In accordance with the invention, which obviates frequently occurring
      maintenance problems and enhances the efficiency of the mechanical
      linkages herein described, output gear 36, gear train 42, and pinion gear
      44, FIG. 1, are isolated from the flow of water. In addition, there is
      provided a by-pass throttle plate 85 to divert a portion of the water from
      impeller 48 when water pressure is excessive, an inner housing 25 having a
      water flow substantially free of restrictions to minimize pressure drops
      across the transmission enclosed within the inner housing, and a
      simplified direction controlling mechanism less susceptible to the
      operational failures of prior complicated mechanisms. Further, all
      confronting thrust surfaces within the sprinkler system have at least one
      convex member to effectively reduce the detrimental effects of debris.
PAR  The possibility of debris accumulating within the sprinkler system also is
      diminished. For example, a sloping upper surface of cover 13, FIG. 1,
      acting in conjunction with sand shield 80 prevents the accumulation of
      backwash about nozzle heat 14, and, in the event seepage about head 14
      occurs, spring washer 20 produces a constant upward force on nozzle drive
      tube 29 to prevent the passage of debris around thrust surfaces 24 into
      housing 25.
PAR  To protect the direction control mechanism from debris which may enter
      through water inlet 11, a compression spring 75, acting in concert with
      washer 76 and push-on retainer 77, holds the thrust surfaces of trip plate
      73, trip gear 70, reversing arm 68, and reversing plate 65 in continual
      sealing contact.
PAR  To combat the intermeddler who tampers with easily accessible sprinkler
      controls, the direction controlling mechanism is placed beneath inner
      housing 25 which is enclosed within outer housing 10. Thus, both other
      housing cover 13 and inner housing 25 must be removed to have access to
      the direction controlling mechanism. If the sprinkler system is merely
      reoriented on the input riser, a marker inscribed on the outer surface of
      cover 13, line 113 of FIG. 1, visually locates the center of the arc
      sector over which water is to be discharged.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pop-up, rotary sprinkler system having an outer housing, a nozzle
      head vertically and rotatably movable through an outer housing cover, and
      an inner housing attached to the nozzle head and slidably received within
      said outer housing, such inner housing enclosing an adjustable direction
      controlling mechanism and a transmission driven by a water-wheel impeller,
      the combination which comprises:
PA1  a. convex thrust rings integrally formed with cover and partition plates
      within said inner housing having surfaces confronting surfaces of rotating
      members of said transmission; and
PA1  b. resilient means to maintain said surfaces in contact with one another.
NUM  2.
PAR  2. The combination set forth in claim 1 in which said transmission includes
      a manually adjustable direction controlling means on the underside of said
      inner housing mechanically linked to said transmission for varying the
      angular width of an arc sector and the azimuth of the center of said arc
      sector over which water is to be discharged.
NUM  3.
PAR  3. The combination set forth in claim 1 wherein said transmission includes
      a train of speed-reduction gears enclosed in a water chamber sealed by
      said surfaces.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein confronting thrust surfaces
      of said controlling means are rotatably mounted on a shaft extending from
      a bottom plate of said inner housing and held in continual sealing contact
      by a compression spring.
NUM  5.
PAR  5. The combination set forth in claim 4 wherein said controlling means
      includes, in downward sequence, said shaft, a friction washer, a reversing
      plate having a first downward extending pin, a reversing arm in
      registration with said first pin and having a second downward extending
      pin, a trip gear mechanically linked to said transmission and having both
      a first arcuate section of downward extending clutch teeth and a
      transverse arm in registration with said second pin, and a trip plate
      having a second arcuate section of upward extending clutch teeth in
      meshing relationship with said first arcuate section.
NUM  6.
PAR  6. A pop-up, rotary sprinkler system comprising:
PA1  a. a cylindrical outer housing having an open upper end and a threaded port
      at a lower end for receiving a water supply conduit;
PA1  b. a cover for said outer housing having a central opening;
PA1  c. a cylindrical nozzle head having a lower open end and rotatable and
      vertically movable in said opening;
PA1  d. a keyed inner housing slidable in nonrotating relation within said outer
      housing and having a top bearing plate with a central cylindrical guide
      bearing extending upward and seated within said nozzle head;
PA1  e. a nozzle drive tube extending through said guide bearing and secured in
      said lower open end of said nozzle head for water discharge from within
      said inner housing, said drive tube having structure abutting said top
      plate;
PA1  f. a nozzle drive shaft in said inner housing and coupled to said drive
      tube;
PA1  g. an impeller in said inner housing and in fluid communication with said
      threaded port; and
PA1  h. transmission means in said inner housing mechanically linking said
      impeller to said nozzle drive shaft.
NUM  7.
PAR  7. The combination set forth in claim 6 in which said impeller is
      reversible and in which direction controlling means is provided below said
      impeller within said inner housing for selecting the direction of rotation
      of said impeller.
NUM  8.
PAR  8. The combination set forth in claim 6 wherein confronting thrust surfaces
      within said inner housing have at least one convex member.
NUM  9.
PAR  9. The combination set forth in claim 6 wherein said transmission means
      includes a speed-reduction gear train enclosed within a chamber sealed
      from water flow.
NUM  10.
PAR  10. The combination set forth in claim 7 wherein said direction controlling
      means includes a plurality of rotating members which are located below
      said inner housing to control direction of rotation of said impeller and
      are held in contact under the compressive force of a spring to prevent
      unwanted relative rotation between said rotating members, and to prevent
      debris from passing confronting convex thrust surfaces of rotating members
      in said direction controlling means.
NUM  11.
PAR  11. The combination set forth in claim 6 wherein a main water seal member
      is secured to said cover and wherein sealing contact with said member by
      said top bearing plate is effected at the outer perimeter of said housing
      cover thereby to minimize the stress induced in said cover.
NUM  12.
PAR  12. The combination set forth in claim 7 wherein said direction controlling
      means includes:
PA1  a. a downward extending shaft seated in a lower wall of said inner housing;
PA1  b. a reversing plate rotatably mounted on said shaft below said lower wall,
      and having a first downward extending pin;
PA1  c. a reversing arm rotatably mounted on said shaft below said reversing
      plate and having a second downward extending pin and an oval slot for
      receiving said first pin;
PA1  d. an overcenter spring having one leg secured to said impeller cover plate
      and a second leg secured to the upper surface of said reversing arm;
PA1  e. a trip gear mechanically linked to said transmission means and rotatably
      mounted below said reversing arm, said trip gear having a transverse arm
      in registration with said second pin, and a first arcuate section of
      clutch teeth extending downward; and
PA1  f. a trip plate rotatably mounted on said shaft below said trip gear and
      having a second arcuate section of clutch teeth to intermesh with said
      first arcuate section.
NUM  13.
PAR  13. The combination set forth in claim 12 wherein said lower wall includes
      two downward extending limit stops defining the arc of rotation of said
      reversing plate, and two openings in fluid communication with said
      impeller so located that said reversing plate covers one of said openings
      while in contact with one of said limit stops and a second of said
      openings while in contact with a second of said limit stops.
NUM  14.
PAR  14. The combination set forth in claim 13 wherein a first plurality of
      radial lines are inscribed on a lower surface of said trip gear, with each
      member of said plurality and a first and second radial edge of said
      transversely extending arm each located over a gear tooth of said first
      arcuate section and spaced equally apart, and a third radial edge of said
      trip plate is in registration with one of said plurality of radial lines
      or said first or second radial edge to define the width of an arc sector
      over which water is to be discharged.
NUM  15.
PAR  15. The combination set forth in claim 14 wherein a second plurality of
      radial lines are inscribed on a lower surface of said impeller cover plate
      and spaced from an overcenter actuating position of said overcenter
      spring, and said third radial edge is in registration with one of said
      second plurality to indicate the center of said arc sector.
NUM  16.
PAR  16. The combination set forth in claim 15 wherein a nozzle range tube in
      said nozzle head is aligned with a spacer boss of said inner housing, and
      a radial marker of an outer surface of said cover is aligned with said
      range tube to indicate the center of said arc sector to an observer.
NUM  17.
PAR  17. The combination set forth in claim 6 in which a manually adjustable
      by-pass throttle means is interposed between said port and said impeller
      to divert a portion of water flow to said nozzle from said impeller.
NUM  18.
PAR  18. In a pop-up, rotary sprinkler system having an outer housing, a nozzle
      head vertically and rotatably movable in an outer housing cover, and an
      inner housing attached to the nozzle head and slidably received within
      said outer housing and having an adjustable direction controlling
      mechanism and an enclosed transmission driven by a water-wheel impeller,
      the combination which comprises:
PA1  a. an outer housing cover shaped as a truncated right circular cone and
      having a centrally located opening;
PA1  b. a sand shield seated within said opening which is in continual slidable
      contact with said nozzle head;
PA1  c. means for effecting a seal between the top of said inner housing and
      said cover when said nozzle is elevated; and
PA1  d. convex thrust rings integrally formed on said inner housing, and
      maintained in contact with confronting surfaces of rotating members of
      said transmission and with confronting surfaces of said impeller to seal
      said transmission from water flow.
NUM  19.
PAR  19. The combination set forth in claim 18 wherein said transmission
      includes a train of speed-reduction gears enclosed in a water sealed
      chamber in said inner housing.
NUM  20.
PAR  20. The combination set forth in claim 18 wherein confronting thrust
      surfaces of rotating members of said controlling mechanism are convex
      rings and said rotating members are rotatably mounted on a shaft extending
      from said inner housing and held in continual sealing contact by a
      compression spring on said shaft.
NUM  21.
PAR  21. The combination set forth in claim 20 wherein said controlling means
      includes in downward sequence rotatably mounted on said shaft:
PA1  a. a reversing plate having a first downward extending pin;
PA1  b. a reversing arm in registration with said first pin and having a second
      downward extending pin;
PA1  c. a trip gear mechanically linked to said transmission and having both a
      first ring of downward extending clutch teeth and a transverse arm in
      registration with said second pin; and
PA1  d. a trip plate having a second ring of upward extending clutch teeth in
      meshing relationship with said first ring.
NUM  22.
PAR  22. The combination set forth in claim 18 wherein the sealing contact
      between the top of said inner housing and said cover occurs at the outer
      perimeter of said cover thereby minimizing the stress induced in said
      cover.
NUM  23.
PAR  23. A pop-up, rotary sprinkler system comprising:
PA1  a. a cylindrical outer housing having an open upper end and a threaded port
      at a lower end for receiving a water supply conduit and having
      longitudinal guide keys;
PA1  b. a housing cover having a centrally located opening, with said cover
      being secured to the mouth of said outer housing;
PA1  c. a cylindrical nozzle head connected at a lower open end to a flange
      having an inner annular recess, said nozzle head being rotatable and
      vertically movable through said opening;
PA1  d. a nozzle sand shield fitted into shoulders and recesses in said cover in
      said opening as to be in continual sliding contact with said nozzle head;
PA1  e. an inner housing slidable in said outer housing in nonrotating relation
      maintained by said longitudinal guide keys seated in a keyway in said
      inner housing, said inner housing further having a top plate with a
      centrally located cylindrical guide extending upward and seated within
      said annular recess;
PA1  f. a cylindrical, hollow nozzle drive tube extending through said guide and
      secured within said open end of said nozzle head for flow water to be
      discharged, said drive tube having at the lower end thereof an outward
      extending rim with upper surfaces abutting thrust surfaces of said top
      plate;
PA1  g. a nozzle drive shaft rotatably seated within said inner housing and
      keyed to the lower end of said drive tube; and
PA1  h. transmission means sealed within said inner housing and mechanically
      linking said impeller to said nozzle drive shaft.
NUM  24.
PAR  24. The combination set forth in claim 23 in which there is provided:
PA1  a. a reversible water-wheel impeller rotatable within a chamber in said
      inner housing in response to fluid flow from said port; and
PA1  b. adjustable direction controlling means for controlling the direction of
      rotation of said impeller comprising rotating members mechanically linked
      to said nozzle drive shaft, and located below said chamber.
NUM  25.
PAR  25. The combination set forth in claim 23 wherein pairs of confronting
      thrust surfaces within said inner housing have at least one convex member.
NUM  26.
PAR  26. The combination set forth in claim 23 wherein said transmission means
      includes a speed-reduction gear train enclosed within a second chamber
      sealed in said inner housing from water flow.
NUM  27.
PAR  27. The combination set forth in claim 24 wherein said rotating members of
      said direction controlling means are held in contact under the compressive
      force of a spring to minimize the accumulation of sand between confronting
      surfaces of said rotating members.
NUM  28.
PAR  28. The combination set forth in claim 23 wherein sealing contact of said
      top plate with said cover occurs at the outer perimeter of said housing
      cover thereby minimizing the stress induced in said housing cover.
NUM  29.
PAR  29. The combination set forth in claim 24 wherein said direction
      controlling means includes:
PA1  a. a fixed shaft depending from the lower surface of said chamber;
PA1  b. a friction washer mounted on said shaft;
PA1  c. a reversing plate rotatably mounted on said shaft below said washer and
      having a first downward extending pin and a downward extending annular
      thrust ring encircling said shaft;
PA1  d. a reversing arm rotatably mounted on said shaft below said reversing
      plate and having a second downward extending pin and an oval slot therein
      for receiving said first pin;
PA1  e. an overcenter spring having one leg secured to said chamber and a second
      leg secured to the upper surface of said reversing arm;
PA1  f. a trip gear mechanically linked to said transmission means and rotatably
      mounted on said shaft below said reversing arm, said trip gear having
PA2  i. a transversely extending arm in registration with said second pin,
PA2  ii. an upward extending annular thrust surface encircling said shaft, and
PA2  iii. a downward facing clutch tooth ring; and
PA1  g. a trip plate rotatably mounted on said shaft below said trip gear and
      having an upward facing clutch tooth ring intermeshed with said downward
      facing ring.
NUM  30.
PAR  30. The combination set forth in claim 29 wherein said chamber includes two
      downward extending limit stops defining the arc of rotation of said
      reversing plate, and two openings for fluid flow to said impeller so
      located that said reversing plate covers one of said openings while in
      contact with one of said limit stops and covers a second of said openings
      while in contact with a second of said limit stops.
NUM  31.
PAR  31. The combination set forth in claim 29 wherein a first plurality of
      radial lines are inscribed on a lower surface of said trip gear, with each
      of said lines and a first and second radial edge of said transversely
      extending arm each located over a gear tooth of said first ring and spaced
      equally apart, and a third radial edge of said trip plate in registration
      with one of said plurality of radial lines, said first or second radial
      edge to define the width of an arc sector over which water is to be
      discharged.
NUM  32.
PAR  32. The combination set forth in claim 29 wherein a second plurality of
      radial lines are inscribed on a lower surface of said chamber and spaced
      from an overcenter actuating position of said spring, and said third
      radial edge is in registration with one of said second plurality to
      indicate the center of said arc sector.
NUM  33.
PAR  33. The combination set forth in claim 32 wherein a nozzle range tube in
      said nozzle head is aligned with a reference position on said inner
      housing, and a radial line is inscribed on an outer surface of said cover
      in alignment with said range tube to indicate the center of said arc
      sector.
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ABST
PAL  A bulk tank cooling and storage apparatus has heat exchange surfaces
      substantially covering the side and end walls of the tank. The tank is
      supplied with a horizontal rotating disc liquid distributor which
      uniformly distributes the liquid in a sheet over the heat exchange
      surfaces so that it flows downwardly over the surfaces in a thin film and
      is cooled by heat exchange operating in cooperation with the heat exchange
      surfaces. Even distribution of the liquid is provided by the rotating disc
      distributor which expels liquid from the periphery of the rotating disc
      and propels the liquid against the walls of the tank. Liquid fed into the
      tank is directed to the center of the rotating disc where a cylindrical
      dam or well holds a reservoir of the liquid and distributes it on the
      surface of the disc. The periphery of the disc may have a knife edge which
      helps the film of liquid to flow off smoothly without atomization.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Perishable liquids, such as milk and other foods, are typically stored in
      large tanks. These tanks are provided with heat exchange surfaces in the
      interior or in the lower portions of the walls of the tanks. The liquid,
      e.g., milk, is added to the tank and cooled by exposure to the heat
      exchange to a temperature below that at which significant decomposition
      and bacterial action takes place. In the case of milk, it is typically
      stored at a temperature range between slightly above freezing, about
      33.degree. F., to below about 40.degree. F. A mean temperature of
      37.degree. F. would be typical.
PAR  Bulk storage and cooling tanks for milk are found commonly on large dairy
      farms where the milk is produced. The milk is collected by a bulk truck
      from the tanks, usually every other day. This means that the tank must be
      sufficiently large to store and cool 2 days' milk production or the milk
      produced in four milkings. This creates a number of problems since the
      milk stored in the tank previously will be at a stable temperature below
      40.degree. F. and the milk introduced into the tank in subsequent milkings
      will be introduced at a temperature near 98.degree. F., the body
      temperature of the cow. Usually there is some temperature drop in the
      inlet line so the milk would enter the tank at approximately 90.degree. F.
      It has been claimed that the quality and shelf life of fluid milk is
      improved when the incoming milk is cooled before mixing with the milk
      already in the tank.
PAR  In an effort to gain this quality and shelf life improvement, some
      regulatory agencies have required that some form of precooling equipment
      be used to cool the milk prior to introducing it into the tank of
      previously cooled milk. These pre-coolers typically take the form of
      tubular or plate type heat exchangers, placed upstream of the bulk tank.
      The precoolers lower the temperature of the milk to below 40.degree.F.
      prior to introducing it into the tank. Due to the periodic nature of
      milking, the heat exchange capacity of these devices must be quite high
      during the short time in which they are used; they remain unused for the
      major portion of the day. To level out the heat duty on the pre-coolers,
      they are normally used in conjunction with refrigeration equipment such as
      water chillers or ice makers which can supply heat exchange capacity by
      acting as a heat sink during the period of demand upon the equipment. All
      of this heat exchange equipment, however, takes up considerable valuable
      space, is costly to purchase and to maintain, is difficult to clean and
      keep in sanitary condition and may create excess pressure drop and shear
      which damages the milk.
PAR  Applicant has invented a device which eliminates the necessity for
      pre-coolers stationed in line upstream of bulk milk storage tanks and
      tanks for storing other perishable liquids. The device reduces the
      temperature of incoming liquid prior to mixing with the stored mass. The
      equipment is contained within the tank, easily cleaned, small, inexpensive
      to purchase and operate, has a very low maintenance, and has very
      efficient heat transfer. The device rapidly cools the incoming liquid
      without subjecting it to severe mechanical action which, in the case of
      milk particularly, may damage it or reduce its quality.
PAR  Applicant has devised a method of rapidly cooling perishable liquids on
      introduction into bulk storage without mixing the incoming warm liquid
      with the bulk of the cooled liquid in the storage tank. The temperature of
      the liquid introduced into the tank is rapidly reduced to a stable
      temperature and the temperature of the mass of liquid stored in the tank
      never gets above a stable temperature locally and in the mass. In
      particular for milk, the temperature of milk stored from previous milkings
      in bulk storage is maintained below 40.degree.F. even when fresh milk is
      added at each additional milking.
PAR  Applicant's device and method use a horizontally disposed spinning disc
      located at the top of a bulk storage tank to distribute liquid in a film
      over the surfaces of the tank walls and ends. The heat exchange in the
      tank is placed in the walls and ends of the tank, not only in the lower
      portions of the tank, but throughout the walls and ends up to the top of
      the tank. The liquid is introduced on the rotating disc which propels the
      liquid in a thin stream off the periphery of the disc onto the upper
      portions of the tank walls and ends. The liquid flows down the walls and
      ends in a thin film over the heat exchange surfaces. The thin film
      provides a very efficient transfer of heat from the liquid into the heat
      exchange medium and effects an extremely rapid cooling of the liquid as it
      flows down the walls. The liquid stored in the tank is maintained by the
      heat exchange in the lower portion of the tank at a stable temperature. As
      the tank fills up with each addition of new liquid, the cooling of the
      liquid on the heat exchange surfaces in the upper portions of the tank is
      sufficient, when combined with the sensible heat of the stored liquid, to
      insure that the temperature of the mass of liquid stored in the tank never
      rises above a stable temperature.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a bulk milk storage tank incorporating the device
      of the invention;
PAR  FIG. 2 is an end view of the tank of FIG. 1;
PAR  FIG. 3 is a partial sectional view of the milk tank of FIG. 1, showing the
      disc distributor device;
PAR  FIG. 4 is an isometric view in partial section of the disc in FIG. 3;
PAR  FIG. 5 is an isometric view in partial section of an alternative disc;
PAR  FIG. 6 is a top view of the manhole cover for mounting the disc;
PAR  FIG. 7 is a partial sectional view of the manhole cover and tank showing
      the alternative disc and an alternative milk inlet;
PAR  FIG. 8 is an alternative drive mechanism for rotating the disc; and
PAR  FIG. 9 is a chart showing the temperature of milk stored in a 3,000 gallon
      bulk milk storage tank during addition of milk from four separate milkings
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in more detail to the drawings, particularly FIG. 1, a bulk
      liquid storage tank 20 is shown having side walls 22 and ends 24
      incorporating heat exchange surfaces 25. An agitation mechanism shown at
      26 may be included in the tank to improve heat transfer. The tank 20 has a
      central manhole 27 in which the milk distribution apparatus 28 is located.
      The milk distribution apparatus 28, shown in more detail in FIG. 3,
      consists of a manhole cover 30 having a gasket 32 which fits over the
      manhole 27 and forms a tight sanitary seal. A liquid inlet line 34 is
      attached to a balance tank or surge tank 36. The line 38 from the balance
      tank 36 passes through a seal 40 in an orifice 42 in the manhole cover 30
      and terminates at a pipe 44 in the interior of the tank 20. The pipe 44
      terminates just above a horizontal disc 46. Relief line 47 joins the upper
      portion of tank 36 and line 38.
PAR  The disc 46 is attached to a vertical shaft 48, which passes upwardly
      through a rubber seal 50 in an orifice 52 in the manhole cover 30. The
      shaft 48 is rotated by a gear reducer 54 and electric motor 56. If
      desired, an insulating coupling 57, may be provided between shaft 48 and
      gear reducer 54 to thermally insolate the disc 46 from the heat generated
      by gear reducer 54, since the heat may increase the temperature of the
      milk.
PAR  Concentric to the shaft 48 is a circular well 58 which is recessed in the
      upper surface 59 of the disc 46. The well 58 surrounds the inlet pipe 44.
      The well 58 has a rounded shoulder 60 which allows the liquid to flow
      evenly onto the upper surface 59 of disc 46. The periphery of the disc 46
      may have a knife edge or taper at 64 (shown in FIG. 4) which helps the
      liquid to flow evenly off the periphery of the rotating disc without
      atomization and helps maintain a stream of liquid flowing toward the walls
      of the tank.
PAR  FIG. 5 shows an alternative embodiment of the disc 46 utilizing a vertical
      wall 66 in the center of the disc, instead of the well 58, to distribute
      the liquid onto the upper surface of the disc 46 via slot 67. Slot 67 is
      formed by spacing vertical wall 66 from the surface 59 of the disc 46 with
      welded pads 68. The slot 67 is preferably between about 1 to 3 millimeters
      in height. A third alternative, not shown, is to place the inlet pipe 44
      at a location to supply the liquid onto the rotating shaft 48 at a
      location spaced above the upper surface of the disc 46. The liquid spirals
      down the shaft 48 during rotation and is evenly distributed on the upper
      surface of the disc 46. This embodiment is somewhat more difficult to
      adjust and maintain, but it does provide effective distribution of the
      liquid onto the disc 46.
PAR  FIG. 8 shows an alternative drive mechanism, for rotating the disc 46 via
      the shaft 48. In the alternative drive mechansim an electric motor 69
      drives a sheave 70 and through a belt 72 drives a sheave 74. The sheave 74
      is attached to a rotating quill 75 mounted on a pair of spaced bearings
      76. The rotating quill 75 drives the shaft 48 extending through the rubber
      seal 50 in the orifice 52 in the manhole cover 30.
PAR  The manhole cover 30 is mounted to the top of the tank 20 by a pair of
      spaced lugs 78 having holes 80 which cooperate with corresponding lugs 81,
      and holes 82 on the upper surface of the tank 20 to receive hinge pin 83.
      The cover 30 may be pivoted into and out of a covering relationship with
      the manhole 27. The disc 46 and disc drive mechanism is mounted to the
      manhole cover 30 and pivots into and out of the manhole 27 when the cover
      30 is pivoted into and out of a covering relationship with the manhole 27.
      A set of mounts 84 on the cover 30 receive a set of mounting bolts 86
      which extend through mounting plate 88 of gear reducer 54 and motor 56 or
      through the motor-quill housing 90, 92. A strap 94 holds the manhole cover
      30 in a closed position when the distributor 28 is in operation.
PAR  The disc 46 is normally placed in the upper part of the tank 20 at a
      location between 1 to 11/2 inches of the top of the tank. The disc 46 is
      sufficiently large that it will carry a significant volume of liquid in a
      thin film distributed about its upper surface. Typically the disc 46 will
      be from 15 to 20 inches in diameter. The well 58 or the dam 66 will be of
      sufficient size to hold a substantial volume of liquid for distributing on
      the upper surface of disc 46. Typically the well 58 and the dam 66 will be
      from 3 to 6 inches in diameter and from 1 to 3 inches in heighth or depth.
      The dam 66, if used, will be tapered slightly inwardly at the top to
      resist the tendency of the liquid to climb the walls of the dam during
      rotation of the disc. The slit 67 will be sufficiently large that the
      volume of milk will flow outwardly under the influence of the head of milk
      held in the dam 66, but is sufficiently small to effectively distribute
      the milk evenly over the upper surface of the disc 46. Typically the slit
      67 will be from 1 to 3 millimeters in height.
PAR  In operation of the bulk milk cooler during milking, as shown in the
      drawings, milk is received from the milking line 34 shown into the balance
      tank 36 to smooth out the surges and supply inertia to the system. The
      milk then flows relatively evenly out of the balance tank 36 through the
      pipe 38 and into the bulk milk tank 20 and out the outlet pipe 44 onto the
      rotating disc 46. The disc 46 is driven at a rotational speed of between
      about 300-550 rpm, depending on the tank and disc size, by the shaft 48
      attached to the gear reducer 54 and the motor 56 or the sheave 74. The
      outlet pipe 44 terminates inside the well 58 so that a pool of liquid is
      built up in the interior of the well 58 and passes outwardly over rounded
      shoulder 60 to form a thin film on the upper surface of the rotating disc
      46. The thin film passes outwardly under the influence of the centrifugal
      force generated by the rotating disc 46 and flows off the knife-edge
      periphery 64 of the disc. The knife edge aids in expelling the liquid from
      the periphery of the disc 46 as a stream of liquid so that it is not
      atomized. Atomization should be carefully avoided since it tends to
      entrain air into the liquid. Entrained air is a disadvantage in cooling
      milk since oxygen in the air tends to react with the butterfat in the milk
      and produce rancidity. It the disc shown in FIG. 5 is used, milk is
      introduced from the outlet pipe 44 into the interior of concentric dam 66
      in the center of the spinning disc 46 and under influence of the rotation
      of the disc, flows outwardly underneath the dam 66 through the slot 67
      onto the upper surface of the disc 46 and forms a smooth even film over
      the surface of the disc which is expelled from the periphery 64 to the
      walls of the tank 20.
PAR  The liquid or milk is propelled from the disc 46, follows a normal
      trajectory in a generally horizontal direction to the walls and ends 22,
      24 of the tank 20 and flows down the interior surfaces of the bulk tank
      which contain heat exchange 25, shown in FIGS. 1 and 2 as being in four
      separate zones A, B, C and D, and flows down the walls in a thin film,
      subject to the influence of the heat exchange. The heat exchange zones, A,
      B, C and D, extend substantially to the top of the tank, as shown in FIGS.
      1 and 2, so that the liquid is under the influence of heat exchange 25 at
      all levels of the tank.
PAR  FIG. 9 shows the graphical results of an acutal test performed with a 3,000
      gallon tank equipped with four zones of heat exchange and with the liquid
      distributor of the invention. The test was conducted through four cycles
      over a period of 2 days. Water, simulating milk, was introduced into the
      tank at 90.degree.F. and reduced to a temperature below 40.degree.F. and
      held at that temperature for up to 2 days. As shown by curve E at the far
      left side of FIG. 10, the temperature of the liquid introduced into the
      bulk tank dropped rapidly to 38.degree.F. as a result of the heat
      exchanged in flowing over the surfaces of the zones A, B, C and D of the
      walls 22, 24 of the tank 20. This temperature was held throughout a cycle
      of 21/2 hours (150 minutes), a normal milking cycle, and a total of 750
      gallons of liquid was added during the first cycle.  pg,11
PAR  As shown by curve F, by the beginning of the second cycle, 12 hours after
      the start of the first cycle, the temperature of the liquid in storage was
      cooled down to 37.degree.F. At the beginning of the second cycle, liquid
      was again introduced into the tank and distributed over the cooling
      surfaces. The liquid temperature in the tank began to rise as a result of
      the addition of the liquid during the second period, but never rose above
      39.degree.F. by the end of the second cycle. At the end of the second
      cycle a total of 1,500 gallons of liquid was present in the tank.
PAR  As shown by curve G, the temperature of the liquid in the tank was reduced
      to 37.degree.F. by the beginning of the third cycle, 12 hours later.
      Liquid was again introduced into the tank and cooled by flowing over the
      heat exchange surfaces of the tank. The temperature of the bulk of liquid
      in the tank rose during the third cycle from 37.degree.F to
      391/2.degree.F. by the end of the third cycle. At the end of the third
      cycle, a total of 2,250 gallons of liquid was in the tank.
PAR  As shown by curve H, the temperature of liquid in the tank was again
      reduced to 37.degree.F. by the beginning of the fourth cycle, 12 hours
      later. Liquid was again introduced into the tank and the temperature rose
      to 39.degree.F. at the end of the cycle, at which time 3,000 gallons of
      liquid had been stored in the tank without ever having been heated to a
      temperature of above 40.degree.F.
PAR  As shown by the tests illustrated in FIG. 9, applicant's cooling device and
      method is able to effectively cool large volumes of perishable liquids and
      blend warm fresh liquid into stored liquid without raising the temperature
      of the mass of liquid to an unstable or unsafe level. Applicant's device
      accomplishes this result without expensive and bulky pre-coolers and in a
      compact and easily cleaned structure.
PAR  It will be appreciated by one skilled in the art that various changes or
      modifications may be made in addition to those described herein without
      departing from the scope of the claimed invention. It is intended that all
      matter described in the foregoing specification shall be interpreted as
      being for purposes of illustration and not as limiting the invention
      claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for distributing a liquid having a horizontally disposed disc,
      means to rotate the disc about a vertical axis, means for supplying a
      liquid to the upper surface of the disc, means for uniformly distributing
      the liquid on the upper surface of the disc, and means to isolate the
      distributing means from mechanically generated heat.
NUM  2.
PAR  2. The device of claim 1 wherein the means for supplying the liquid is a
      circular wall spaced inwardly from the periphery of the disc and
      concentric to the axis of rotation, and the means for uniformly
      distributing the liquid is a slot at the base of the wall.
NUM  3.
PAR  3. The device of claim 2 wherein the wall slot is between about 1 to 3
      millimeters in height and the wall extends upwardly for between about 1 to
      3 inches.
NUM  4.
PAR  4. The device of claim 1 wherein the means for uniformly distributing the
      liquid is a recessed well in the upper surface of the disc, the well being
      spaced inwardly from the periphery of the disc and concentric to the axis
      of rotation.
NUM  5.
PAR  5. The device of claim 4 wherein the recessed well is between about 1 to 3
      inches deep and between about 3 to 6 inches in diameter.
NUM  6.
PAR  6. The device of claim 1 wherein the means for rotating the disc is a
      vertical shaft attached to the center of the disc and extending upwardly
      from the upper surface of the disc.
NUM  7.
PAR  7. The device of claim 1 wherein the means for uniformly distributing the
      liquid distributes the liquid in a thin film on the upper surface of the
      disc.
NUM  8.
PAR  8. The device of claim 1 wherein the disc is a thin edge at its periphery.
NUM  9.
PAR  9. A method of forming a uniform distribution of a liquid to be cooled
      comprising rotating a disc about a vertical axis, supplying the liquid to
      the upper surface of the rotating disc, distributing the liquid uniformly
      over the surface of the disc, and discharging the liquid from the
      periphery of the disc in a substanially non-atomized stream.
NUM  10.
PAR  10. The method of claim 9 wherein the disc is rotated between about 300-550
      rpm.
NUM  11.
PAR  11. The device of claim 1 wherein the means for uniformly distributing the
      liquid is a flat bottomed recessed well in the upper surface of the disc,
      the well being between 1 to 3 inches deep and between 3 to 6 inches in
      diameter, the wall of the well being substantially perpendicular to the
      upper surface of the disc and having a rounded shoulder between the wall
      of the well and the upper surface of the disc, the means for rotating the
      disc being a vertical shaft attached to the center of the recessed well
      and extending upwardly from the upper surface of the disc, and the means
      to isolate the distributing means from mechanically generated heat being
      an insulating coupling on the shaft.
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ABST
PAL  An improved water powered dishwasher is provided having an improved soap
      dispenser which will not rust or clog with prolonged use. The soap
      dispenser utilizes suction to admix the soap from the dispenser with the
      water and provides a more uniform soap-water mixture for spraying onto the
      dishes.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to improvements in water powered dishwashers and
      components therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  In my co-pending-application Ser. No. 466,198, I disclosed an improved
      dishwasher over those previously known. However the dispensing of the soap
      and the dispenser therefor, was not entirely satisfactory. In particular,
      due to the dispenser's construction, soap was dispensed too quickly into
      the water and thus more concentrated than necessary for effective washing,
      and the dispenser corroded easily due in part to its material construction
      and in part to the fact that it was not easily rinsed. Furthermore, if the
      cap of the dispenser was inadvertantly not secured tightly onto the mouth
      of the dispenser, back-pressure of the water could force the cap and eject
      a soap water mixture into the surroundings.
PAR  It is therefore an object of this invention to provide an improved
      dishwasher and components therefor wherein the aforementioned difficulties
      are overcome.
PAR  It is a further object of the invention to provide a dispenser wherein a
      uniform concentration of soap and water is provided for a more uniform
      soaping of the dishes in the washing cavity throughout the entire washing
      cycle.
PAR  The above and other objects, features and advantages of the invention will
      be realized by those persons skilled in the art from the following summary
      of the invention and more detailed description of a preferred embodiment
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  According to one important aspect of the invention an improved soap
      dispenser for the improved dishwasher is provided wherein soap is
      dispensed into the water at a uniform rate both by suction and gravity
      feed from storage.
PAR  According to another aspect of the invention, suction means is provided in
      the water inlet and includes an opening in the top of the inlet,
      vertically aligned with a soap storage discharge and disposed a
      predetermined distance from the mouth of the inlet, and an inner conduit
      of restricted radial dimension secured in the water inlet through which
      all water entering the mouth of the water inlet passes, and extending,
      from a position intermediate the mouth of the inlet and the opening, below
      the opening, to the other side thereof remote from the mouth, to discharge
      the water passing therethrough into a conduit of greater radial dimension.
PAR  According to another important aspect of the invention, a cavity is
      provided in the water inlet below the opening between the outer surface
      wall of the inner conduit and the inner surface wall of the inlet in which
      the opening is disposed, into which cavity the soap is discharged through
      the opening.
PAR  According to another aspect of the invention the outlet apertures in the
      water inlet through which the water is discharged from the water inlet
      into the rotatable spray unit are of such dimensions so as to prevent
      back-pressure build-up in the water inlet.
DRWD
PAC  BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The invention will now be illustrated with reference to the accompanying
      drawings in which a preferred embodiment is described and in which:
PAR  FIG. 1 is a partly exploded perspective view of a dishwasher incorporating
      the invention.
PAR  FIG. 2 is a perspective view, partly in section of the shell of the
      dishwasher.
PAR  FIG. 3 is a partial cross-section along the line 3--3 in FIG. 2 looking in
      the direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMOBDIMENT OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, a water powered dishwasher 10 is shown,
      comprising container shell 12, having bottom 14, side walls 16, ledge 18
      extending outwardly from each of side walls 16 at the upper end thereof,
      and peripheral wall 20 extending upwards from each of the outer edges of
      ledges 18; top 22; hose (not shown) connected (not shown) to the
      dishwasher 10 at the mouth 24 of water inlet 26, which hose is
      subsequently connected to a water faucet (also not shown); rotatable spray
      unit 28 secured for rotation within washing cavity 30 of dishwasher 10 to
      spray water onto the dishes; dish tray 32 to hold the dishes; cutlery rack
      34; soap storage 36 having discharge aperture 37; and drainage apertures,
      one of which is shown at 38.
PAR  Water inlet 26, seen best in FIGS. 2 and 3, provided for introducing water
      from the hose (not shown) into the cavity 30, comprises feed tube 40, one
      end of which 42 forms mouth 24, extending inwardly a predetermined
      distance, and comprises cylindrical portion 39, and restricted cylindrical
      portion 45, (seen best in FIG. 3), which has an external diameter less
      than the internal diameter of portion 39, seen at 43; connector 48;
      cylindrical tube or conduit 52, and bearing member 68.
PAR  Intermediate mouth 24, and restricted cylindrical portion 45 and closer to
      portion 45 helical threading 46 is provided on cylindrical portion 39 for
      the purposes hereinafter described.
PAR  Cylindrical connector 48 is of a larger external diameter than portion 39
      but of an internal diameter substantially the same as the external
      diameter of portion 39 at the helical threading 46. Connector 48 has an
      opening 50 therein and is secured as hereinafter described so that
      aperture 50 opens in an upward direction. The internal surfaces adjacent
      either end of connector 48 are helically threaded, at 47 and 49.
PAR  Cylindrical tube 52 is of the same external and internal diameter as
      cylindrical portion 39 and has the outer surface at end 54, helically
      threaded.
PAR  Soap storage 36 is disposed in support member 5 attached to a sidewall 16
      at 56 by any suitable means. Feed tube 40 extends through aperture 58 in
      support member 5 so that the restricted cylindrical portion 45 is
      positioned below the discharge aperture 37 in soap storage 36. Therefore
      end 44 of feed tube 40 and thus end 44 of restricted cylindrical portion
      45 remote from portion 39, is closer to side wall 16 than discharge
      aperture 37 when positioned. Connector 48 is secured to feed tube 40 at 46
      by mating the helically threaded inner surface 47 of connector 48 with
      threaded portion 46. Connector 48 is so constructed such that opening 50
      is directly below aperture 37 when connector 48 is connected to feed pipe
      40 at 46 and connector 48 extends longitudinally inwardly a predetermined
      length such that end 44 of restricted cylindrical portion 45 is
      substantially vertically aligned with end 60 of connector 48. Cylindrical
      tube 52 is then connected at the other end of connector 48 by mating
      helical threading 54 to helical threading 49 on the inner surface of
      connector 48. With this arrangement a radial separation 63 exists between
      the outer surface 64 of restricted cylindrical portion 45 and the inner
      surface 66 of tube 52 for the purposes hereinafter described. Tube 52
      extends from connector 48 below the bottom 14 of shell 12 to the centre
      thereof to a perpendicularly extending bearing member 68 and is secured
      into aperature 70 of bearing 68. At its lower end bearing member 68 has a
      chamber 72 into which the water from tube 52 is discharged. Passage 74
      rises substantially perpendicular from chamber 72 and runs the remainder
      of the length of bearing member 68. Passage 74 has vertical outlet
      aperture 76 at its upper end which permits water to be discharged
      perpendicularly from bearing member 68, and diametrically opposed bleed
      apertures 78 and 80, below aperture 76, which permit water to be
      discharged laterally, each of apertures 78 and 80 being of less diameter
      than aperture 76, for example aperture 76 is 3/8 inch while each of
      apertures 78 and 80 is three-sixteenths inch.
PAR  The diameters of apertures 76, 78 and 80 must be such as to release
      sufficient water therethrough so that there is no back-pressure build-up
      in the water inlet 26. Their diameters of course depend on the internal
      diameter of portion 39 of feed tube 40 which in the case of the above
      dimensions is 1/4 inch, the restricted portion 45 having a diameter of
      5/32 inch and the connector 48 has a diameter of 3/8 inch.
PAR  The lower portion of member 68 is threaded at 80 to receive a threaded nut
      82. Radially extending annular flange 84 is disposed a predetermined
      distance upwards on member 68. The portion of member 68 rising above
      flange 84 is of reduced cross-sectional area than threaded portion 80.
      Gasket 86 is disposed between flange 84 and bottom 14 when the member 68
      is inserted through aperture 85 at the centre of bottom 14, to act as a
      liquid seal. Nut 82 is then threaded and tightened onto portion 80 to
      contact bottom 14 and urge flange 84 downwards. In this way, member 68 is
      maintained substantially perpendicular relative to bottom 14 at all times.
PAR  Seated on, and adapted to rotate about, bearing member 68, is rotary spray
      unit 28, comprising housing 86 comprised of a waxy polymer as for example,
      polyethylene, and has vertically extending tubular stem 88 of
      substantially the same internal diameter as aperture 76 extending
      perpendicular from the top of housing 86, and laterally extending tube 90
      coaxial with apertures 78 and 80 when said housing is positioned over
      member 68 and of substantially the same internal diameter as apertures 78
      and 80. Securing housing 86 to member 68 is a screw 92 which extends
      through housing 86 into a channel 94 circumferentially disposed in member
      68 and defined at its upper extent by downwardly facing ledge 96; and,
      having apertures 78 and 80 opening thereinto. Screw 92 is threaded for
      that portion which passes through housing 86 but is unthreaded for that
      portion 98 which extends past housing 86 into channel 94. When water is
      introduced into bearing 68 and escapes through aperture 76, a vertical
      force is exerted on housing 86 forcing it upwards until unthreaded portion
      98 of screw 92 contacts downwardly facing ledge 96. As the housing 86
      rotates about member 68 by the action of the water, the unthreaded portion
      of the screw rides against the downwardly facing ledge 96 and acts as a
      thrust bearing. Both upwardly extending stem 88 and laterally extending
      stem 90 have positioned apertures through which water, received by the
      stems, is sprayed in jets, each jet having at least a lateral force
      component. Stem 88 extends vertically a predetermined distance and is then
      best at right angles becoming portion 100 extending over the cavity 30.
      Angled apertures to discharge water are also disposed therein. As a
      result, water ejected through stem 88 and portion 100, rotates the spray
      unit 28.
PAR  The end 102 of portion 100 is angled generally downwardly and is closed by
      a plug (not shown) which may have an aperture therein for discharge of
      water as shown at 104.
PAR  Dish tray 32 is adapted to seat on the bottom of the cavity above the lower
      stem 90. U-shaped dish supports 106 of varying sizes are provided on the
      tray such that large plates can be supported near the periphery of the
      shell and smaller dishes at the center. Cutlery tray 34 is provided as an
      extension of ledge 18, having apertures 108 through which cutlery may be
      inserted or such cutlery trays may be substituted by baskets to hold the
      cutlery.
PAR  Top 22 is provided having base peripheral flange 110 to seat on ledge 18
      and abut against peripheral walls 20. Centrally disposed at the upper
      portion of the top is a handle 112 and disposed concentrically thereabout
      are circular steps 114 and 116 for support.
PAR  At the bottom of shell container 12, are channels 118 and 120 seen best in
      FIG. 2, the floors of which are sloped to drainage apertures such as
      aperture 38 in channel 118.
PAR  To operate, the hose if first connected to the mouth 42 of the water inlet
      feed tube 40, and to a faucet, soap storage 36 is then filled with liquid
      detergent, and the cutlery and dishes appropriately arranged in the
      cavity. The hot water is then turned on, and passes through the feed tube
      40 through restricted portion 45 and is ejected into tube 52. As a result,
      the structure of the water inlet, comprising feed pipe 40 having
      restricted cylindrical portion 45, connector 48 and cylindrical tube 52
      and their disposition relative to one another, act, is is thought, as an
      aspirator, sucking air through opening 50 in connector 48 into cylindrical
      tube 52. Therefore soap discharged through aperture 37 from storage 36
      into aperture 50 of connector 48 is drawn thereinto both by gravity and
      suction. The soap is then mixed with the water in the volume 63 between
      end 60 of connector 48 and end 44 of restricted cylindrical portion 45,
      passes with the water, through tube 52, through unit 28, and is sprayed
      onto the dishes. When the soap in the storage is exhausted, the dishes in
      the cavity are rinsed with clear water. Clear water added to the sotrage
      36 after the soap has been exhausted, efficiently rinses the well, due
      also to the suction of the structure.
PAR  After the washing operation is completed, the water is turned off, and the
      top 22 is offset relative to container shell 12 so that a connection
      current rises from the cavity 30, which cavity is vented to atmosphere
      through for example, aperture 38 and assists in drying the dishes.
PAR  The rotary spray unit 28 may comprise aluminum, although the housing 86
      preferably comprises a polymeric material as for example, polyethylene or
      acrylic. The shell container 12, support member 55, and top 22 also
      preferably comprise a polymeric material both of which are preferably
      vacuum formed, the top preferably comprising UVEX (trade mark). The dish
      tray may be wire formed and coated with a polymeric material, e.g. vinyl.
PAR  As many changes could be made in carrying out the above constructions
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative only and not in a limiting
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A soap dispenser for a water powered dishwasher, suitable for dispensing
      soap from storage to be mixed uniformly with water passing through a water
      inlet, the dishwasher having a container shell and top defining a washing
      and rinsing cavity therebetween a water inlet extending from one side of
      the container shell below the bottom of the shell, to the centre thereof
      into a washing cavity, a water inlet and a water outlet, and rotatable
      spray means adapted to rotate about the water inlet extending into the
      cavity, said soap dispenser comprising a soap storage in open
      communication with the atmosphere through at least a downwardly directed
      aperture, through which soap is discharged, an upwardly directed opening
      in the top of the water inlet disposed directly below the downwardly
      directed aperture for receiving the discharged soap and means in the water
      inlet when water is passing through the inlet, to cause a continuous
      suction on the soap discharged from said storage and assist to draw the
      soap through the opening into the water inlet to be mixed with the water
      passing therethrough.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the soap storage is also in open
      communication with the atmosphere at the top thereof when the dishwasher
      is in operation.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said means in the water inlet
      comprises a restricted tube of lessor radial extent than the minimum
      radial extent of the inlet and so secured within the inlet to receive all
      water entering the mouth of the water inlet, pass it below the upwardly
      directed opening in the water inlet still controlled by the said
      restricted tube, and discharge the water into the inlet on the side of the
      opening remote from the mouth, whereat soap is mixed with the water.
NUM  4.
PAR  4. The apparatus of calim 3 wherein said opening in the water inlet is
      disposed in a portion of the water inlet of of greater radial extent than
      the remaining portion of the water inlet.
NUM  5.
PAR  5. A water powered dishwasher, comprising a container shell, a top adapted
      to seat on said container shell to define therebetween a washing and
      rinsing cavity, a water inlet and a water outlet, a soap storage having an
      aperture in the bottom thereof in communication with the atmosphere for
      the downward discharge of soap therethrough, said water inlet extending
      from its mouth proximate one side of the container shell, below the bottom
      of the shell to the center thereof and into the cavity secured in
      substantially vertical relation to said bottom at all times, said water
      inlet having a cylindrical tubular first portion of predetermined diameter
      extending longitudinally from its mouth a predetermined distance to a
      restricted tubular portion of predetermined length secured thereto to
      receive all water passing through said first portion, said restricted
      portion of lesser outer diameter than the internal diameter of said first
      portion, a second tubular portion of greater outer diameter than said
      first portion but of substantially the same internal diameter as the outer
      diameter of said first portion to be secured to said first portion at the
      end thereof remote said mouth, said second portion having an upwardly
      directed opening therein when secured to said first portion, said
      restricted portion being such as to extend from said first portion, below
      the opening in said second portion when said second portion is secured to
      said first portion to the side of the opening remote the mouth of the
      water inlet, the portion of said water inlet within the cavity having a
      first aperture disposed proximate its upper end to discharge a column of
      water substantially perpendicular to the bottom of said container shell,
      and at least one second aperture of lesser cross-sectional area than the
      water column, disposed in said water inlet means below said first
      aperture; rotatable spray means secured for rotation about the inlet
      means, said rotatable spray means have a lower tube disposed substantially
      parallel to the bottom of said container shell and in communication with
      said at least one second aperture to receive a flow of water therfrom;
      said lower tube having apertures diposed in the wall of said tube to
      effect outflow of jets of water therefrom, each jet having horizontal and
      vertical force components; said rotatable spray means further comprising a
      perpendicularly disposed tube relative to said container shell bottom and
      in communication with said first aperture to receive said column of water
      and to discharge the water through apertures in the wall of said tube as
      jets of water, each jet having at least a horizontal force component.
NUM  6.
PAR  6. The dishwasher of claim 5 wherein the internal diameter of said second
      portion from proximate the end of the restricted tubular portion remote
      said first portion to its outlet within the cavity, is substantially the
      same as the internal diameter of said first portion.
NUM  7.
PAR  7. The dishwasher of claim 5 wherein said rotatable spray means is
      maintained for rotatable co-operation with said inlet means by retaining
      means extending through said rotatable spray means to ride in a
      circumferentially disposed channel in the outer wall of said inlet, said
      channel being disposed in said wall in a plane parallel to the bottom of
      said container shell; the portion of said retaining means which projects
      into said channel having a smooth surface to contact a downwardly facing
      ledge defining the furthestmost upper extent of said channel when said
      retaining means is moved upwardly.
NUM  8.
PAR  8. The dishwasher of claim 5 wherein said rotatable spray means includes a
      housing proximate its lower end to support said lower and perpendicularly
      disposed tubes for rotation about said inlet means, and said housing
      comprises a polymeric material.
NUM  9.
PAR  9. The dishwasher as claimed in claim 8 wherein said housing comprises
      polyethylene.
NUM  10.
PAR  10. The dishwasher as claimed in claim 5 wherein said water passage of said
      inlet means is maintained substantially perpendicular to the bottom of
      said container shell at all times by laterally extending flange means
      disposed on said inlet means on the portion thereof that extends into said
      cavity about the bottom of said container shell so as to seat proximate
      the upper surface of the bottom of said container shell; and by threaded
      nut receiving means disposed below the bottom of said container shell to
      receive a nut to be threaded thereon to contact the under surface of the
      bottom of said container shell, and so as to urge said flange downwards
      towards said bottom.
NUM  11.
PAR  11. A dishwasher as claimed in claim 5 wherein said top is reinforced by
      concentrically disposed circular steps disposed at substantially the
      centre of said top.
NUM  12.
PAR  12. A dishwasher as claimed in claim 5 wherein said top sits on a ledge
      formed in said container shell; and further comprises cutlery holding
      means having a plurality of apertures formed in an inwardly disposed
      extension of said ledge.
NUM  13.
PAR  13. A dishwasher as claimed in claim 5 wherein said perpendicularly
      disposed tube further includes an extension thereof disposed at
      substantially right angles thereto, proximate said top when said top is
      closed onto said container shell; said extension having apertures therein
      to discharge water and having the end thereof which is remote from said
      perpendicularly disposed tube being further bent and directed generally
      towards said container shell bottom; said extension being closed at said
      remote end and having an aperture in said ent to discharge water in a plan
      substantially perpendicular to the plane of disposition of the apertures
      disposed in said extension.
NUM  14.
PAR  14. The dishwasher as claimed in claim 5 wherein the ratio of the
      cross-sectional area of said at least one second aperture in the water
      inlet extending into the cavity to the cross-sectional area of said first
      aperture is about 1:2.
NUM  15.
PAR  15. The dishwasher as claimed in claim 5 wherein the internal diameter of
      said at least one second aperture and the diameter of said first aperture
      is 3/16 inch and 3/8 inch respectively, and the internal diameter of the
      first tube portion and the restricted cylindrical portion are 1/4 inch and
      5/32 inch respectively.
NUM  16.
PAR  16. For use in a water powered dishwasher having a container shell and top
      defining a washing and rinsing cavity therebetween, a water inlet and a
      water outlet and rotatable spray means, an improved soap dispenser
      comprising a soap storage having a generally downwardly directed discharge
      aperture disposed above a portion of the inlet intermediate the mouth of
      the inlet and the washing cavity and means in the water inlet to act on
      the soap discharged from said soap storage by suction to draw the soap
      into the water inlet to be mixed with the water, said means having a
      second tubular portion extending below the soap storage having an upwardly
      directed opening disposed directly below the discharge aperture in the
      storage, and secured at either end thereof, first and third equal diameter
      tubular portions of lesser outer diameter than the outer diameter of said
      second portion but of substantially the same outer diameter as the
      internal diameter of said second portion, and a fourth tubular portion of
      lesser outer diameter than the internal diameter of said first or third
      portions, attached at one end to said first portion and secured thereto to
      receive all water passing therethrough, said fourth portion extending
      through said second portion and terminating proximate the juncture of said
      second and third portions whereby soap drawn into said opening by gravity
      and suction, mixes with water at the juncture of said second and third
      tubular portions.
NUM  17.
PAR  17. The soap dispenser of claim 16 wherein the internal diameters of said
      first tubular portion and said fourth portion are 1/4 inch and 5/32 inch
      respectively.
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ABST
PAL  In low drift spray nozzles and a method of applying low drift sprays,
      liquid is formed in large droplets by imparting a swirling motion to the
      liquid in a chamber of the nozzle, passing the swirling liquid through a
      first orifice into another chamber of the nozzle which is larger in cross
      section than the orifice, and discharging the swirling liquid from the
      last mentioned chamber through a second orifice which is at least as large
      in cross section as the first orifice, whereby the discharged liquid forms
      a hollow geometric shape having large droplets of the liquid therein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to low drift spray nozzles and, more particularly,
      to spray nozzles and methods of spraying in which the liquid spray
      comprises large droplets.
PAR  In numerous applications it is important that liquid which is to be handled
      is discharged in a manner and in a condition in which drift is minimized.
      By way of example, one such application in which drift must be minimized
      is in the application of conventional herbicides, pesticides and other
      farm chemicals. Another such application in which drift is critical is in
      present day irrigation type rigs in which partially treated sewage is
      applied to the large tracts of land. Potential problems involved in the
      application of such sewage are not only limited to odor, but also viruses
      in the sewage might be carried by small droplets to adjacent localities if
      drift is not stringently controlled. To underscore the problems in such
      sewage applications, Federal as well as local agencies have arbitrarily
      set limits on the amount of drift which is permissible in such sewage
      irrigation installations. Under these limits, drift is generally confined
      to within 200 - 300 feet of the point of application and droplets which
      drift beyond this range are not acceptable.
PAR  In order to remain within these acceptable drift standards, irrigation
      sewage disposal equipment in the past have employed flooding or deflector
      type nozzles which are generally operated at very low pressures,
      frequently as low as 3 or 4 psig. At these low pressures, the generation
      of large droplets results and the generation of fine droplets, which could
      create a drift hazard, is minimized. Several important disadvantages,
      however, follow from the use of such low pressures. It is frequently
      difficult to obtain a good spray pattern with such low pressures and
      consequently coverage uniformity is at best minimal. Also, any variation
      in the supply pressure or pressure losses in the equipment itself due to
      frictional losses or pressure drop inherent in the piping, will cause a
      change in flow rate through the nozzles which adversely effects uniformity
      of coverage. Such pressure drops or losses are indeed common, as will be
      evident when it is considered that irrigation equipment is frequently in
      excess of 1000 feet in length and this equipment normally rotates about a
      pivot point with the extremities of the irrigation rigging often crossing
      terrain that is not completely level, causing pressure variations due to
      ground elevation. These variations due to ground elevation may be as great
      as 3 to 5 psig.
PAR  The nozzles and methods of the present invention overcome these
      disadvantages. In a nozzle and method incorporating the principles of the
      present invention, liquid pressures greatly in excess of those previously
      mentioned, may be utilized and yet the generation of large droplets which
      are not subject to drift may be optimized. Accordingly, since the method
      and nozzles of the present invention are capable of utilizing
      substantially larger line pressures, the adverse effect of changes in
      elevation, frictional losses and the like are minimized. In the nozzles
      and method of the present invention, line pressures may be employed, which
      if employed with the conventional nozzles heretofore utilized in the art,
      would produce extremely fine droplets which would drift substantial
      distances. Moreover, the nozzles and method of the present invention are
      capable of delivering liquid at widely ranging flow rates of more than 50
      gpm to as little as 0.2 gpm without a substantial loss in droplet quality.
      Finally, nozzles and method incorporating the principles of the present
      invention result in substantially improved patternation definition and
      uniform distribution of droplet sizes.
PAR  In a principal aspect of the present invention, a nozzle comprises a first
      chamber having a fluid inlet, swirl means for imparting a swirling motion
      to the fluid in the first chamber, a second vortex chamber, first orifice
      means between the first and second chambers communicating the swirling
      fluid from the first chamber to the second vortex chamber, the second
      vortex chamber being larger in cross section than the first orifice means,
      and second orifice means at the end of the second chamber, the second
      orifice means being at least as large as the first orifice means for
      discharging the swirling fluid from the second vortex chamber.
PAR  In another principal aspect of the present invention, a method of producing
      large droplets of liquids comprises imparting a swirling motion to the
      liquid, passing the swirling liquid through a first orifice into a chamber
      which is larger in cross section than the first orifice and such that the
      liquid continues to swirl in the chamber, and discharging the swirling
      liquid from the chamber through a second orifice which is at least as
      large as the first orifice, whereby the discharged liquid comprises a
      plurality of large droplets.
PAR  These and other objects, features and advantages of the present invention
      will be more clearly understood through a consideration of the following
      detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of this description, reference will frequently be made to the
      attached drawings in which:
PAR  FIG. 1 is an exploded isometric view of a preferred embodiment of nozzle
      incorporating the principles of the present invention and which employs
      the method of the present invention;
PAR  FIG. 2 is a cross sectional elevation view of the assembled nozzle shown in
      FIG. 1 showing the fluid flow path of the fluid;
PAR  FIG. 3 is an exploded isometric view of another preferred embodiment of
      nozzle incorporating the principles of the present invention and which
      employs the method of the present invention;
PAR  FIG. 4 is a cross sectional elevation view of the assembled nozzle shown in
      FIG. 3 showing the fluid flow through the nozzle;
PAR  FIG. 5 is a cross sectional elevation view of still another preferred
      embodiment of nozzle constructed in accordance with the principles of the
      invention and which employs the method of the present invention and which
      shows the fluid flow path through the nozzle;
PAR  FIGS. 6A-6D are patternation plots showing the radial patternation of the
      nozzle and method of the present invention as compared to radial
      patternations of three conventional nozzles; and
PAR  FIGS. 7A-7D are patternation plots showing "band" patternations of the
      nozzle and method of the present invention as compared to such
      patternation of three conventional nozzles.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring particularly to FIGS. 1 and 2, a first preferred embodiment of
      nozzle is shown which is constructed in accordance with the principles of
      the present invention and which practices the method of the invention. The
      nozzle comprises a nozzle tip member 10 having a large passage 12, a
      passage of slightly decreased diameter 13, a passage 14 of still further
      decreased diameter aligned with each other along a common axis, the
      smaller passage 14 defining a vortex chamber 16. The vortex chamber 16 is
      chamfered at its end 18 opposite passage 13 and this chamfered surface
      leads to a circular discharge orifice 20 which opens through the end 22 of
      the tip member 10.
PAR  A cup-shaped orifice disc 24, having an annular flange 26 extending
      peripherally therefrom, is inserted into the passage 12 until the forward
      face 28 of the flange 26 comes into contact with and is supported on an
      annular shoulder 30 formed of the junction of passages 12 and 13. The disc
      24 is generally concave shaped having a flat bottom 32. As will be
      understood in the description of operation to follow of the present
      embodiment of nozzle, the hollowed out concave portion of the disc defines
      a swirl chamber 34 containing swirling liquid during operation of the
      nozzle. A circular "primary" orifice 36 is formed in the flat base or
      bottom 32 of the disc 24 and communicates the swirling liquid in chamber
      34 with the vortex chamber 16 as shown in FIG. 2.
PAR  Again referring to FIGS. 1 and 2, a circular core disc 38 is next
      positioned in passage 12. The core disc 38 comprises an annular raised rib
      40, the outer perimeter of which is preferably chamfered at 42. The raised
      rib 40 and its chamfered surface 42 are adapted to fit into and contact
      the interior of the orifice disc 24 as shown in FIG. 2. One or more angled
      liquid inlet passages 44 extend through core disc 38 in a substantial
      angled relationship to the central axis of the nozzle.
PAR  Finally, the discs 24 and 38 are firmly held in place by a threaded nozzle
      body 46 which is threaded into passage 12 at 48 and into contact with the
      rear side of the core disc 38. The nozzle body 46 includes a fluid passage
      50 and is threaded at its other end 52 for receipt of a suitable hose or
      conduit from a source of liquid (not shown) which liquid is to be
      discharged through the nozzle.
PAR  An important feature of the present invention resides in the size
      relationship of the orifices 20 and 36 and the vortex chamber 16. It has
      been found that to generate a spray having the desired large droplet size,
      the vortex chamber 16 must have a diameter or cross sectional area which
      is substantially larger than that of either of the orifices 20 or 36.
      Moreover, it is important that the discharge orifice 20 be at least as
      large in cross section, if not larger than, the primary orifice 36.
PAR  Although it is not fully understood at this time exactly what the nature of
      the action is which occurs in the vortex chamber 16 which results in the
      large droplet size in the final nozzle discharge, it is believed that a
      certain amount of air is entrained in the relatively lower pressure
      swirling liquid in the vortex chamber 16. This air is supplied through the
      core A of the liquid which is being discharged through the discharge
      orifice 20 as shown in FIG. 2. During passage through the vortex chamber
      16, the liquid droplets appear to agglomerate in the vortex chamber such
      that the spray which is discharged through the discharge orifice forms a
      well defined swirling hollow cone B (in the case of a circular orifice 20
      as shown) which is filled with large droplets C of liquid. It is believed
      that the passage of at least some air through the core A of the discharge
      is important to achieve the results of the present invention, since when
      the size of the discharge orifice is reduced to a size smaller than the
      primary orifice such that the core A is substantially reduced in size, the
      result is a fine mist such as that normally produced by a conventional
      nozzle.
PAR  In operation, liquid is introduced through nozzle body 46 and angled
      passages 44 in the core disc 38 into the swirl chamber 34 defined between
      the disc 38 and the orifice disc 24. Swirl is imparted to this liquid in
      this chamber 34 due to the angularity of the passages 44. This swirling
      liquid is then discharged through the primary orifice 36 into the vortex
      chamber 16 where it continues to swirl, but expands against the walls 14
      of the chamber, as shown in FIG. 2. Finally, this swirling liquid is
      discharged through the discharge orifice 20 in the form of a hollow cone B
      in the case of a circular orifice as is shown. The liquid in the discharge
      cone B comprises a plurality of substantially large droplets C of a size
      which reduces the likelihood of drift.
PAR  A second preferred embodiment of nozzle is shown in FIGS. 3 and 4. In this
      embodiment of nozzle, a body 54 includes a bore 56 which is threaded
      internally at 58. An angular liquid inlet passage 60 extends between the
      bottom of the bore 56 and another bore 62, the latter of which is also
      threaded at 64 to receive a suitable liquid supply conduit (not shown).
PAR  A tip member 66, comprising an enlarged passage 68, a smaller diameter
      passage 69 and a flared primary orifice 70 is threaded, via threads 72,
      into the threads 58 in bore 56 as shown in FIG. 4. When fully threaded
      into the bore 56, the left end 74 of the tip member 66 is spaced from the
      bottom of the bore 56 by engagement of the chamfered surfaces 75 to define
      a swirl chamber 76 into which the angular liquid inlet passage 60
      discharges in substantially tangential relationship to the chamber 76.
PAR  The interior of passage 68 is also threaded over a part of its length at 78
      and a second tip member 80 is threaded, via threads 82, into the threads
      78 in passage 68 as shown in FIG. 4, until an enlarged shoulder 84 comes
      to rest against the edge 86 of member 66. A discharge orifice 88,
      preferably chamfered as shown at 90, is located in the end of the tip 80
      and a passage 92 through tip member 80 defines a vortex passage 94 into
      which the swirling liquid is discharged from the chamber 76 through the
      primary orifice 70. As in the embodiment shown in FIGS. 1 and 2, the cross
      sectional dimension of the vortex chamber 94 is larger than the diameter
      of orifice 70 and its passage 69 and the discharge orifice 88 is as large
      if not larger than orifice 70 and passage 69.
PAR  The operation of the nozzle shown in FIGS. 3 and 4 is substantially
      identical to that previously described. Liquid is introduced through bore
      62 and the angular inlet passage 60 into swirl chamber 76 where swirl is
      imparted to the liquid by way of the angular passage. This swirling liquid
      then passes through the orifice 70 and expands, still swirling, into the
      vortex chamber 94. From the vortex chamber 94 the liquid is discharged
      through the discharge orifice 88 in the form of a swirling hollow cone B
      consisting of large droplets C.
PAR  Still another embodiment of nozzle is shown in FIG. 5 in which an insert
      member 100 is provided to form the primary orifice disc and vortex
      chamber. Referring to FIG. 5, a nozzle body 102 includes a bored recess
      104 in one end thereof. An angular or tangential liquid inlet passage 106
      extends into the base of this bore and the cup shaped insert member 100,
      having an annular flange 108, is positioned in the bore, the flange 108
      being supported on the end of the body member 102. The insert member 100
      is recessed to define a vortex chamber 110 and the flat bottom 112 of the
      insert member includes a circular primary orifice 114 as shown in FIG. 5.
      When positioned in the recess 104, bottom 112 of the insert member 100 is
      spaced from the bottom of the recess to define a swirl chamber 116 into
      which the angular inlet passage 106 communicates. A tip member 118
      including a chamfered surface 120 terminating in a circular discharge
      orifice 122 is threaded onto the body member 102 at 124 and holds the
      insert member 100 in the recess 104.
PAR  In this embodiment, a strainer 126 is shown positioned over the body member
      102 to remove solid contaminants which might otherwise foul the nozzle
      assembly. Finally, the entire assembly is threaded at 128 into the end of
      a liquid supply conduit 130 shown. Again the relationship between the
      sizes of the orifices 114 and 122 and the cross sectional dimension of the
      vortex chamber 110 is as previously described with respect to the
      embodiments shown in FIGS. 1-4.
PAR  The operation of the embodiment shown in FIG. 5 is also substantially
      identical to that previously described. The liquid passes through conduit
      130, strainer 126 and the angular passage 106 which imparts a swirling
      motion to the liquid in the swirl chamber 116. This swirling liquid is
      then discharged through the primary orifice 114 into the vortex chamber
      110 where the swirling liquid expands into contact with the walls of the
      vortex chamber. From the vortex chamber 110 the swirling liquid is
      discharged through the orifice 122 to form a hollow cone B having large
      droplets C of the liquid entrained therein.
PAR  As previously mentioned, the size relationship of the primary orifices 36,
      70 and 114 and discharge orifices 20, 88 and 122 are important in the
      present invention as is the size relationship between the primary orifices
      and the cross sectional dimension of the vortex chambers 16, 94 and 110.
      Specifically, the cross sectional area or diameter of the discharge
      orifices 20, 88 and 122 should be at least as large, if not larger than,
      the cross sectional area or diameter of the primary orifices 36, 70 and
      114, respectively. Also, the cross sectional diameter or area of the
      vortex chambers 16, 94 and 110 should be substantially larger than the
      cross sectional diameter or area of the primary orifices 36, 70 and 114,
      respectively. The length of the vortex chambers may be varied over wide
      ranges without substantial alteration of the droplet quality.
PAR  It has been found that the nozzles of the present invention provide a final
      spray cone having a droplet size and patternation which is substantially
      improved over a prior conventional nozzle operating at the same or less
      pressure and flow rate. For example, a nozzle constructed as shown in
      FIGS. 3 and 4 was operated at a line pressure of 40 psig with water as the
      liquid both with the tip member 80 removed to act as a conventional
      nozzle, and with the tip member inserted to practice the method of the
      present invention. In this nozzle, the minimum diameter of the primary
      orifice 70 at passage 69 was 0.531 inch and the discharge orifice 88 was
      0.8 inch in diameter. In addition, another nozzle constructed as shown in
      FIGS. 3 and 4 was likewise operated under the same conditions with the tip
      80 inserted and with the tip removed. This nozzle was the same as the
      previous nozzle, except that the primary orifice 88 in the last mentioned
      nozzle was reduced to 0.33 inch in diameter. It was found that the flow
      rate in both of these nozzles remained substantially unchanged when the
      tip member 80 was inserted or removed. Moreover, the droplet size in the
      discharge of the nozzle with the tip member inserted was visibly
      substantially larger than that in the spray cone of the nozzle where the
      tip member was removed.
PAR  In addition, tests were run on a nozzle constructed as shown in FIGS. 1 and
      2. In this nozzle the core disc 38 was constructed of plastic. Again these
      tests were conducted utilizing water as a liquid at 40 psig line pressure.
      In these nozzles, the discharge orifice 20 was held constant in size at
      0.125 inch in diameter and the diameter of the primary orifice 36 was
      varied between 0.063 and 0.1250 inch. The diameter of the vortex chamber
      16 in each of these nozzles was 0.20 inch. It was found that such nozzles
      wherein the ratio of the diameter of the discharge orifice 20 to the
      diameter of the primary orifice 36 was less than 1.33 produced a spray
      which was too fine such as would result in substantial drift in use.
      Patternation tests were also conducted on nozzle constructed as shown in
      FIGS. 1 and 2 and as last described. Details of the patternation equipment
      and methods will not be set forth herein. For a general description of
      such equipment and methods as employed in radial patternation tests,
      reference should be had to Tate, R. W., Spray Patternation, Industrial &
      Engineering Chemistry, Vol. 52, p. 49A, Oct. 1960. The patternation tests
      included radial patternation tests in which the test nozzles were fixed
      four inches above the patternation tubes and the liquid consisted of
      water. The results of these tests are shown in FIGS. 6A-6D in which the
      units along the x-axis represent units of distance radially from the
      centerline C/L and the y-axis represent units of volume of liquid
      collected.
PAR  In FIGS. 6A, the test results are shown for a nozzle constructed as shown
      in FIGS. 1 and 2 in which the tip member 10 was inserted as shown in FIG.
      2. In this nozzle, the diameter of the primary orifice 36 was 0.063 inch,
      the diameter of the vortex chamber was 0.2 inch, and the diameter of the
      discharge passage was 0.125 inch.
PAR  In the remaining three FIGS. 6B-6D, radial patternation results are shown
      for three nozzles exactly the same as shown in FIGS. 1 and 2, but in which
      the tip member 10 was removed and the discs 24 and 38 retained to form
      conventional nozzles. These tests were conducted using the same liquid as
      that previously described. In the test shown in FIG. 6B, the size of the
      orifice 36 was the same as the nozzle of the invention shown in FIG. 6A,
      0.063 inch, and the pressure of the water was also the same, 40 psig. The
      flow rate through the nozzles tested in FIGS. 6A and 6B was substantially
      identical, 0.26 gpm and 0.29 gpm, respectively.
PAR  In the test shown in FIG. 6C, the diameter of primary orifice 36 was
      enlarged to 0.078 inch, and to achieve the same 0.29 gpm flow rate, the
      pressure was reduced to 13 psig.
PAR  In the test shown in FIG. 6D, the diameter of the primary orifice 36 was
      further increased to 0.094 inch, and to maintain the same 0.29 gpm flow
      rate, the pressure was further reduced to 8 psig.
PAR  Upon consideration of FIGS. 6A-6D, it will be seen that sharp patternation
      definition clearly resulted in the nozzle of the present invention, i.e.
      that shown in FIG. 6A. In addition, discharge cone width of the nozzle of
      the present invention was superior. On the other hand, patternation was
      not as well defined in the remaining FIGS. 6B-6D as is shown by the
      presence of some liquid in what should be hollow center C/L of the cone
      and in the blurred "tailing off" at the periphery of the cone, i.e. at 10
      and 11 units of distance away from the centerline. Moreover, the cone
      width of the conventional nozzles was generally less than the discharge
      cone of the invention nozzle.
PAR  Referring to FIGS. 7A-7D, the results of the "band" patternation tests are
      shown for the same nozzles, the same liquid and same pressures as
      described with respect to FIGS. 6A-6D, respectively. These tests are
      substantially identical to those shown in FIGS. 6A-6D, except that the
      test nozzles are mounted over a receiver having a plurality of
      longitudinally extending troughs extending in parallel to each other. The
      test nozzles were again set at 4 inches above the troughs.
PAR  As would be expected from the results shown in FIGS. 6A-6D, the
      patternation definition and discharge cone width of the nozzle of the
      present invention as shown in FIG. 7A was substantially superior to those
      of the conventional nozzles shown in FIGS. 7B-7D.
PAR  The droplet size produced by the nozzles as last described was also
      measured, again using water at a pressure of 40 psig. In the nozzle of the
      invention as described with respect to FIGS. 6A and 7A, the "Sauter mean"
      droplet diameter was measured at 362 microns with a maximum diameter of
      787 microns, resulting in a ratio of maximum to mean diameter of slightly
      larger than 2 which is exceptionally good. For the same nozzle with the
      tip member 10 removed, as described with respect to FIGS. 6B and 7B, the
      "Sauter mean" droplet diameter was measured at 144 microns and the maximum
      diameter was 406 microns. Moreover, the total percentage of spray volume
      of droplets less than 42 microns in diameter was 1.93% in the latter
      nozzle and only 0.22% in the nozzle of the invention with the tip member
      10 inserted. Thus, the uniformity of the spray of the same identical
      nozzle in which the tip member 10, i.e. the vortex chamber 16 and
      discharge orifice 20, were removed, was about twice as poor as the nozzle
      of the invention, the maximum and mean diameters were substantially
      smaller, and the quantity of small droplets was substantially larger.
PAR  When the primary orifice 36 was increased in diameter to 0.078 inch,
      without the tip member 10, as described with respect to FIGS. 6C and 7C,
      and the liquid pressure was dropped to 13 psig to attain the same flow
      rate, the "Sauter mean" diameter increased to 217 microns and the
      percentage of droplets less than 42 microns decreased to 0.85%. Thus even
      at a lower pressure, this conventional nozzle did not produce mean droplet
      sizes as good as those of the nozzle of the present invention nor did it
      reduce the quantity of small droplets to the quantity realized by the
      invention nozzle.
PAR  It has also been found that the nozzles constructed in accordance with the
      present invention and the method thereof may be readily employed in
      nozzles of the "bypass" or "spill" type in which liquid is bled off the
      rear of the swirl chamber and returned to the source. Moreover, although
      the discharge orifices 20, 88 and 122 have been described in terms of a
      circular orifice, it is contemplated that other shapes of orifices, e.g.
      elliptical or slot shaped orifices, may be employed in the present
      invention if it is desired to obtain discharge shapes in the shape of a
      fan or other desired shape without departing from the principles of the
      present invention.
PAR  It will also be understood that although the principal application of the
      nozzles and method of the present invention have been described in terms
      of agricultural applications, the invention is not intended to be limited
      to such applications, but may be employed in any end use in which droplet
      size, definition or uniformity is important.
PAR  Finally, it will be understood that the embodiments of the present
      invention which have been described are merely illustrative of a few of
      the applications of the principles of the invention. Numerous
      modifications may be made by those skilled in the art without departing
      from the true spirit and scope of the invention.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. A nozzle for producing a swirling discharge of a hollow geometric shape
      having substantially large droplets therein, said nozzle comprising
PA1  a first chamber having a fluid inlet for introducing fluid to said first
      chamber,
PA1  swirl means for imparting a swirling motion to the fluid in said first
      chamber,
PA1  a second chamber,
PA1  first orifice means between said first and second chambers, said swirling
      fluid passing from said first chamber to said second chamber through said
      first orifice means, said second chamber being larger in cross section
      than said first orifice means, and
PA1  means for discharging the swirling fluid from said second chamber while
      still in its swirling condition to form said swirling discharge of said
      hollow geometric shape and having said substantially large liquid droplets
      therein, said means for discharging includng second orifice means at an
      end of said second chamber opposite said first orifice means, said second
      orifice means being at least as large in cross section as said first
      orifice means.
NUM  2.
PAR  2. The nozzle of claim 1 wherein said swirl means comprises said fluid
      inlet means communicating with said first chamber at a substantial angle
      relative to the axis of said first chamber.
NUM  3.
PAR  3. The nozzle of claim 2 wherein said fluid inlet means communicates
      tangentially with said first chamber.
NUM  4.
PAR  4. The nozzle of claim 1 wherein said first orifice means comprises a
      circular orifice.
NUM  5.
PAR  5. The nozzle of claim 4 wherein said second orifice means also comprises a
      circular orifice having a diameter at least as large as the diameter of
      said first orifice.
NUM  6.
PAR  6. The nozzle of claim 5 wherein the ratio of the diameter of the second
      orifice means to the diameter of the first orifice means is at least 1.33.
NUM  7.
PAR  7. The nozzle of claim 1 wherein the area of the second orifice means is at
      least as large as the area of said first orifice means.
NUM  8.
PAR  8. The nozzle of claim 1 comprising a tip member defining a first passage
      and a second passage therein, said second passage defining said second
      chamber, said second orifice means communicating with said second passage
      and extending through an end of said tip member, shoulder means in said
      first passage, and first disc means supported in said first passage by
      said shoulder means and defining said first orifice means.
NUM  9.
PAR  9. The nozzle of claim 8 including second disc means in said first passage
      in spaced relationship to said first disc means to define said first
      chamber therebetween, and aperture means in said second disc means
      angularly disposed relative to the axis of said first passage to impart
      said swirling motion to the fluid in between said first and second disc
      means.
NUM  10.
PAR  10. The nozzle of claim 8 wherein said first orifice means is positioned
      adjacent the end of said second passage opposite said second orifice
      means.
NUM  11.
PAR  11. The nozzle of claim 1 comprising a body member, a first tip member
      positioned in said body member to define said first chamber therebetween,
      said first tip member including a first passage therein and said first
      orifice means communicating said first chamber with said first passage,
      and a second tip member positioned in said first passage, said second tip
      member having a second passage therein defining said second chamber and
      said second orifice communicating with said second passage.
NUM  12.
PAR  12. The nozzle of claim 1 comprising a body member and insert means
      therein, said first orifice means being positioned in said insert means
      and said insert means defining said first chamber located in said body
      member and said second chamber located in said insert means.
NUM  13.
PAR  13. The nozzle of claim 12, wherein said insert means comprises a cup
      shaped member having an open end which communicates with said second
      orifice means.
NUM  14.
PAR  14. The nozzle of claim 1 including a chamfered surface between said second
      chamber and said second orifice means.
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ABST
PAL  A water emitter is provided for drip irrigation systems which can be
      modified at the irrigation site to accommodate variations in pressure in
      differing areas in the specific configuration or layout of system used,
      and the typography of the land to be irrigated. The emitter includes a
      flexible, collapsible thermoplastic or elastomeric emitter tube, having a
      plurality of spaced-apart crimps imparted thereto. The crimps serve to
      close the emitter tube when no water is supplied thereto, and to provide a
      sinuous path for water supplied to the emitter, thus increasing friction
      and controlling pressure at each emitter in the system. The length of each
      emitter and, therefore, the number of crimps can be selected according to
      the desired pressure at each emitter site along the system. Also included
      with each emitter is an elongated, relatively rigid protective tube to
      prevent soil compaction of the emitter in its collapsed non-functioning
      state.
BSUM
PAC  STATEMENT OF THE INVENTION
PAR  Generally, this invention relates to drip irrigation systems for irrigating
      cultivated land. More particularly, this invention relates to the
      construction of a water emitter utilized along a drip irrigation system,
      which emitter is comprised of a flexible, collapsible, elongated tube
      having a plurality of spaced-apart crimps imparted thereto to provide an
      emitter of a generally corrugated appearance. The emitter walls are
      relatively thin to provide a collapsed state for the emitter when no water
      is supplied thereto, and the spaced crimps therealong provide a sinuous
      path and increased friction and/or tension to water passing therethrough
      to control the water pressure in the drip irrigation system.
PAR  That is, the emitters may be first formulated of a length longer than that
      required for use of a specific emitter in its particular site along the
      system. Thereafter, upon installation of the emitter, and through
      appropriate calibrations, the length thereof may be varied according to
      measured pressures simply by cutting off a portion of the emitter to
      reduce the tension applied by the emitter to water passing therethrough,
      if the pressure in the system at the particular point where the emitter is
      to be installed is lower than that at another point. Conversely, if the
      water pressure is higher at that particular point in the system, a longer
      emitter may be installed to accommodate the higher pressure. Thus, when a
      plurality of such emitters, in accordance herewith, are installed in a
      system, differences in pressure caused by differences in length in the
      system from the water source and the typography of the land (its elevation
      and rolling nature) may be readily accommodated.
PAC  BACKGROUND OF THE INVENTION
PAR  In the last few years, drip irrigation has become increasingly popular as a
      substitute for other irrigation methods, such as sprinkler and furrow
      irrigation, in the irrigation of crops. Generally, drip irrigation
      comprises supplying a small volume of water frequently to the root area of
      plants and trees, and confining the water supplied substantially to such
      root areas. As a consequence, the drip irrigation systems are essentially
      underground, thus reducing the loss of water through evaporation. This is
      most important in those areas where water supplies are deficient because
      substantially smaller quantities of water can be used for maintaining and
      sustaining crops than would be the case with conventional furrow or ditch
      irrigation. Moreover, because the ground surface is not flooded with
      water, as is the case with conventional sprinkler and furrow irrigation,
      cultivating equipment may be run along the paths between the crops being
      tended at any time rather than at those times between irrigation, when the
      irrigation ditches are free of water and mud.
PAR  Generally, such a drip irrigation system includes a main supply line
      connected to a supply of water under pressure, the main supply line being
      of such size as to carry all the water required for the system at a
      desired pressure and without undue fluid frictional losses. Usually with
      such systems, there will be connected to the main supply line, a plurality
      of feeder lines spaced along the main supply line at desired intervals,
      and depending upon the configuration of the plot of land being irrigated,
      for conveying water from the main supply line along crop or tree rows, the
      feeder tubes being flexible or rigid, and each being a relatively small
      diameter as compared to the main supply line, to carry a volume of water
      desired to be distributed therethrough without undue fluid frictional
      losses.
PAR  Spaced along each feeder tube are a plurality of water emitters, each being
      designed to distribute water from the feeder tube to a specific plant root
      area in a desired and uniform volume at frequent intervals. Conventional
      prior art emitters on the market have been comprised of a variety of
      forms, most being designed to supply water from about 0.5 to about 4
      gallons of water per hour, per emitter. In its simplest form, emitters may
      be simply a flexible tubing of very small diameter or more intricate
      valving arrangements, including filters and the like. One of the
      difficulties with emitters produced in the past, and a common difficulty
      of drip irrigation systems, is the fact that the emitters become clogged,
      not only by soil compacted around the exit orifice of the emitters, which
      either clogs the orifice or jams the functioning of the valves for the
      emitter, but from sediment or minerals in the water supply itself. In any
      one particular system, the emitters are generally of the same
      construction, so that the emitters do not provide for or accommodate
      differences in pressure fluctuation in different areas of the particular
      drip irrigation system. Since some systems will be installed in land
      having a rolling typography, it will be understood that pressures will
      fluctuate in the main supply line as well as the feeder lines leading from
      the main supply line, thus causing variation in the quantity of water
      issuing from one emitter in the system as compared to another. Moreover,
      complicated valving arrangements in some emitters provide high initial
      cost which may be prohibitive, particularly in newly developing areas
      where it is most important to provide increased food production at as low
      a cost as possible.
PAC  DESCRIPTION OF THE INVENTION
PAR  With this invention, by contrast, water emitters are provided for drip
      irrigation systems which emitters are extremely inexpensive to produce and
      which accommodate at the installation site, fluctuations in pressure in
      the system caused by the observable conditions of typography in the system
      as it is being laid out, and the particular configuration of the system
      and the plot of land being irrigated. Moreover, the emitters herein,
      because of the nature of their construction, readily accommodate a purging
      action of each emitter to eliminate the difficulties in clogging which
      oridinarily attend drip irrigation systems.
PAR  This is achieved by providing elongated, relatively flexible, collapsible
      corrugated-like emitters for installation in spaced-apart fashion along a
      drip irrigation system. The emitters may be comprised of an elastomeric or
      thermoplastic material which has spaced-apart crimps therein imparted
      during the manufacture of the emitters. The emitters are very simple
      tube-like devices connected to some sort of relatively rigid head for
      insertion into the particular feeder line for the emitter. Because of the
      crimped and/or corrugated nature of the emitter, a sinuous path is
      provided for water supplied thereto, thus increasing the friction imparted
      to water passing therethrough, and accommodating the pressure in the
      feeder line connected with the particular emitter involved. Generally, the
      emitters will be comprised of a length longer than that required for each
      individual emitter in the system and being, perhaps, 12 or 15 inches in
      length, with the crimps therein spaced apart perhaps 1 inch. Thus, when
      the emitters are installed, and the user determines differences in
      pressure in the supply lines, depending upon the particular system and the
      typography of the land involved, he may shorten the emitter to reduce the
      pressure needed for water flowing therethrough, depending upon the
      pressure in the particular feeder feeding to the emitter being installed.
      Thus, longer emitters will be used in that portion of the system having
      higher pressures and shorter ones in that portion of the system having
      lower pressures.
PAR  Also included herewith with each emitter is a relatively rigid tube, which
      extends from the feeder line supplying the emitter and surrounds the
      emitter. Thus, when the emitter finishes feeding a supply of water and
      collapses, the protective cylinder surrounding the emitter will prevent
      soil compaction in its collapsed state, so that the emitter may again
      function when water is supplied to it.
PAR  Generally, the emitter diameter will be within the range of between about
      0.25 to about 1.00 inches and the crimps spaced therealong will be
      approximately 1 inch. Moreover, with a tube of this size range, the water
      pressure required to cause the emitter to function properly will be in the
      number of pounds per square inch of emitter size per each crimp in the
      emitter. Thus, an 8 inch emitter will require 8 lbs. per square inch water
      pressure, while an emitter with 5 crimps will require 5 lbs. per square
      inch of pressure, assuming a diameter of 0.5 inches, for example.
PAR  Before describing this invention in more detail, it may be well to note
      that the materials useful for producing emitters, in accordance herewith,
      may be an elastomeric or thermoplastic material, including polystyrene,
      polyvinyl chloride, polyethylene, or such synthetic rubbers as
      butadiene-styrene copolymer. Preferably, the emitter will be comprised of
      a thermoplastic material which may be formed in its entirety and having
      imparted thereto, the crimped configuration of the emitter upon formation.
      The supply lines, feeder lines and the relatively rigid tube surrounding
      the emitter may also be of conventional thermoplastic materials utilized
      for such applications, such as polyvinyl chloride, polypropylene or
      polyethylene. Whether or not the particular item being produced is to be
      substantially flexible or rigid will be determined by the specific
      incorporation into the formulations for producing the articles and the
      quantity thereof of conventional stabilizers, plasticizers, fillers,
      pigment and so forth.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a short section of feeder
      tubing, having an emitter of the invention installed therein; and
PAR  FIG. 2 is an enlarged perspective view of the emitter of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings in which like reference characters refer to like
      parts throughout the several views thereof, a feeder tubing 10 is shown.
      As discussed above, feeder tubing 10 will lead from a main supply line and
      a plurality of such feeder tubings will be extended from the main supply
      line and laid out in a pattern for distributing water over the specific
      plot of land being irrigated, all in well known manner. Spaced along each
      feeder tube 10 in such a system will be a plurality of orifices or bores
      12 for accommodating a plurality of emitters in those specific areas where
      the water supply is specifically required in the land being irrigated.
      Inserted into bore 12 is a relatively rigid protective tubing 14 which may
      be press-fit into opening 12 by, for example, the formation of an annular
      beading 26 around the upper edge of tube 14. It should be understood,
      however, that tube 14 may be held in bore or opening 12 by the application
      of an appropriate adhesive or by the use of co-operating screw threads.
PAR  As shown in FIG. 1, the internal surface 28 of tube 14 may have screw
      threads 16 for accommodating the screw threads 28 of the head 18 of the
      emitter 20 of the invention. Thus, emitter 20 in its collapsed state will
      lie in a corrugated collapsed fashion inside protective tubing 14.
PAR  Referring to FIGS. 1 and 2, emitter 20 has imparted thereto, a plurality of
      crimps 24 therealong in order to provide the corrugated construction for
      emitter 20. Crimps 24 divide emitter 20 into a plurality of sections 22.
      Thus, upon water being supplied to emitter 20, the emitter expands under
      the pressure of the water and provides an internal sinuous path for the
      water passing therethrough. Depending upon the length of the emitter, and
      as a consequence, the number of crimps and sections 22 in any specific
      emitter, the pressure required in feeder line 10 to force passage of water
      through any individual emitter will vary. Thus, when the operator is
      laying out his line, he may readily observe and calculate which areas of
      his system have higher pressures, depending upon the rolling nature or
      flat nature of specific areas being irrigated and he can readily
      accommodate these fluctuations in pressure in his system by installing
      emitters of differing lengths, by taking the initial emitter and cutting
      off a portion thereof to shorten the emitter to accommodate lower
      pressures and to shorten the emitter still further for even lower
      pressures, particularly at the ends of the feeder lines and in those areas
      where feeder lines are traveling uphill. Obviously, higher pressures and
      longer emitters will be in that section of the system closest to the
      source of water supply.
PAR  In addition, because of the size of the flexible tube emitters, in
      accordance herewith, there is much less occasion when the emitters may be
      clogged with debris, either from the water supply itself or from adjacent
      soil around the exit orifice of each emitter. Nevertheless, because of the
      corrugated nature of the flexible emitter and the sinuous path which the
      water must follow upon being supplied to each emitter, there is an initial
      surging action upon water first entering each emitter as the corrugated
      emitter gradually expands to accommodate the water. This surging action
      serves to eject any sediment which may have collected in the emitter
      during the period of time immediately prior to the last portions of water
      fed to the emitter being forced out.
PAR  It will be understood by practitioners in the art, furthermore, that
      because of the relatively simple construction of the emitters, in
      accordance herewith, there is much less chance of breakdown of a system
      utilizing such emitters. Moreover, because of the simplified construction,
      the emitters are much less expensive to produce than as compared to, for
      example, prior art emitters utilizing complicated valving arrangements.
      Although all of the emitters produced are of the same construction,
      nevertheless because of that construction, the emitters may be utilized
      for accommodating different pressure differentials in different areas of
      an irrigation system, as discussed above. Thus, there is no need for
      producing emitters of different configuration and/or different size to
      accommodate different pressure differentials in different portions of a
      drip irrigation system.
PAR  It will be appreciated that because of the form of construction of the
      emitters herein, a variety of different materials may be utilized for the
      construction thereof, depending upon which materials are more readily
      available and which materials are the least expensive in any particular
      area where they may be produced. It will be understood, therefore, that
      the emitters in accordance with this invention are especially appropriate
      for use in areas which are extremely poor or just beginning initial
      development.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus and that changes may be
      made therein without departing from the scope of the invention, which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water emitter for connection with the longitudinal bore in feeder
      lines of a drip irrigation system for the distribution of water in said
      bore to surrounding soil; said emitter comprising
PA1  a. a substantially rigid cylinder for attachment to a feeder line of a drip
      irrigation system;
PA1  b. first means on said cylinder for connecting said cylinder to said bore
      in a feeder line of a drip irrigation system;
PA1  c. a substantially rigid annular head;
PA1  d. an elongated, flexible, collapsible tube with one end connected to said
      head;
PA1  e. said tube having a plurality of spaced apart crimps disposed therealong
      to provide when expanded in internal sinuous path for water passing
      therethrough;
PA1  f. opposed cooperating means in one end of said cylinder and on said head
      for holding said head and its connected tube in said cylinder;
PA1  g. said cylinder surrounding said tube along substantially its entire
      length to protect said tube from surrounding soil in its collapsed state.
NUM  2.
PAR  2. A water emitter as described in claim 1, in which
PA1  a. said connecting means on said cylinder is an annular integral bead
      disposed at one end thereof for press-fitting engagement into said bore of
      a feeder line.
NUM  3.
PAR  3. A water emitter as described in claim 1, in which
PA1  a. said opposed cooperating means are cooperating screw threads.
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ABST
PAL  A process is disclosed for the wet grinding of a material such as chalk
      comprising the steps of preparing a suspension containing material
      particles no coarser than 43 microns and grinding the material in
      suspension using grinding bodies having a density of at least 3.7 g/cc,
      wherein the weight ratio of the grinding bodies to the material is at
      least 6:1. Specific types of grinding bodies are also disclosed.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The invention disclosed in this application is related to the invention
      disclosed in applicant's copending application No. 401,487 for Mill for
      Grinding Materials, filed on Sept. 27, 1973 now U.S. Pat. No. 3,904,130.
PAR  This invention relates to processes for the wet grinding of materials in
      suspension, the ground materials subsequently being used, for example as
      pigments or fillers.
PAR  In hitherto proposed processes for wet grinding, ball mills are mainly
      used. These form products containing more than 40% by weight of particles
      with a diameter smaller than 2 microns. It has also been proposed hitherto
      to use mills with grinding bodies which consist of quartz bodies such as,
      for example, "sable d'Ottawa", calcined clay or preferably glass balls.
PAR  These hitherto proposed processes for wet grinding generally lead to
      products having a comparatively low degree of fineness. When an attempt is
      made to obtain products with a high degree of fineness, using such
      hitherto proposed processes, the resultant products are grey because of
      abrasion of the grinding bodies, abrasion of the mill lining, which
      usually consists of a synthetic plastics material, and because of
      increases in temperature during grinding to 90.degree. to 100.degree.C.
PAR  According to the present invention there is provided a process for the wet
      grinding of a material in suspension wherein the grinding is effected
      using grinding bodies having a density of at least 3.7 g/cc, the mineral
      in suspension containing no particles coarser than 43 microns, and the
      weight ratio of the grinding bodies to the material to be ground is at
      least 6.
PAR  Using a grinding process in accordance with the invention it is possible to
      achieve a high throughput and a product containing at least 85% by weight
      of particles smaller than 1 micron, with 65% by weight of particles
      smaller than 0.5 microns, while a good degree of whiteness is maintained.
      Furthermore, the ground particles can have a specific surface area of more
      than 10 sq.m/g. The energy consumed can be less than 150 .times. 10.sup.6
      kg-m/hour/ton of dry chalk.
PAR  Polyacrylates are preferably used as dispersing agents in the grinding.
PAR  The concentration of material to be ground in the suspension is preferably
      from 40 to 70 weight percent.
PAR  The volume ratio of the grinding bodies to that of the suspension is
      preferably at least 1.5.
PAR  The grinding bodies preferably consist of 30 to 70 weight percent of
      zirconium oxide, 0.1 to 5 weight percent of aluminium oxide and 5 to 20
      weight percent of silicon dioxide. Grinding bodies of ZrSiO.sub.4 can also
      be used.
PAR  In the hitherto proposed processes the weight ratio of the grinding bodies
      to the material to be ground was not more than 5. The higher weight ratio
      of grinding bodies to material to be ground of at least 6 has an
      advantageous effect.
DETD
PAR  The following Example is given by way of illustration only.
PAR  In a mill having microelements and 1.008 kg of zirconium silicate balls
      with a diameter between 1 and 2.5 mm, chalk was ground in suspension at a
      concentration of 63 weight percent in the presence of 0.3 weight percent
      of polyacrylate, the percentages being by weight based on the dry chalk.
PAR  The weight ratio of the grinding bodies to dry calcium carbonate was 6.5.
      The volume ratio of the grinding bodies to the chalk suspension was 1.6.
      The consumption of energy was 146,800,000 Kg-m/hour/ton of dry chalk.
PAR  The degree of whiteness of the resultant product was 88 (Filter Tappi R
      457).
PAR  A comparison of this process in accordance with the invention with a
      hitherto proposed process is shown in the following in Table.
TBL  __________________________________________________________________________
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PAR  Very fine minerals which can be obtained by a process in accordance with
      the invention, such as calcium carbonate, dolomite, talc, barite, and
      kaolin etc. can be used, for example, for paper coating, in the paint and
      varnish industries, and in plastics etc.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the wet grinding of a material such as chalk, comprising
      the steps of:
PA1  forming a suspension containing particles of said material no coarser than
      43 microns; and
PA1  grinding said suspension of material with grinding bodies having a weight
      density of at least 3.7 g/cc and consisting of 30 to 70 weight percent of
      zirconium oxide, 0.1 to 5 weight percent of aluminum oxide and 5.0 to 20
      weight percent of silicon dioxide, wherein the weight ratio of said
      grinding bodies to said material to be ground is at least 6:1.
NUM  2.
PAR  2. A process according to claim 1, wherein a polyacrylate is used as a
      dispersing agent in said suspension.
NUM  3.
PAR  3. A process according to claim 2, wherein said material to be ground forms
      40 to 70 weight percent of said suspension.
NUM  4.
PAR  4. A process according to claim 3, wherein the volume ratio of said
      grinding bodies to that of said suspension is at least 1.5:1.
NUM  5.
PAR  5. A process according to claim 4, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  6.
PAR  6. A process according to claim 2, wherein the volume ratio of said
      grinding bodies to that of said suspension is at least 1.5:1.
NUM  7.
PAR  7. A process according to claim 6, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  8.
PAR  8. A process according to claim 2, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  9.
PAR  9. A process according to claim 8, wherein said material to be ground forms
      40 to 70 weight percent of said suspension.
NUM  10.
PAR  10. A process according to claim 1, wherein said material to be ground
      forms 40 to 70 weight percent of said suspension.
NUM  11.
PAR  11. A process according to claim 10, wherein the volume ratio of said
      grinding bodies to that of said suspension is at least 1.5:1.
NUM  12.
PAR  12. A process according to claim 11, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  13.
PAR  13. A process according to claim 10, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  14.
PAR  14. A process according to claim 1, wherein the volume ratio of said
      grinding bodies to that of said suspension is at least 1.5:1.
NUM  15.
PAR  15. A process according to claim 14, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
NUM  16.
PAR  16. A process according to claim 1, wherein said grinding bodies have
      diameters between 1 and 2.5 mm.
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ABST
PAL  The breaker plate of a coal crusher has holes therein so that coal small
      enough to pass through those holes does so without being acted upon by the
      rotor. This increases the capacity of the crusher, reduces fines, and
      conserves power. The plate is oriented such that windage generated by the
      rotor urges the smaller pieces of coal through the holes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to reducing machines.
PAR  Coal as it is taken from the mine is for the most part too large for
      commercial purposes. In order to bring the mine coal to a commercially
      acceptable size, the coal is usually run through a coal crusher which
      normally reduces it to pieces no larger than 3/4 to 1 inch in size.
      However, some of the coal from the mine is already in the 3/4 to 1 inch
      size range and when this coal passes through a crusher, much of it changes
      to fines which is undesirable. Also, passing the properly sized coal
      through the crusher reduces the capacity of the crusher and consumes
      excessive power.
PAR  Aside from the foregoing, some of the coal introduced into any crushing
      machine is merely carried around by the rotor, even though it is small
      enough to pass through the openings in the screen beneath the rotor. This
      coal tends to be propelled toward the breaker plates at the inlet of the
      machine, and then passes over the screen again where it is reduced still
      further. The end result is likewise an increase in fines and a reduction
      in the overall capacity of the crusher.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of the present invention is to provide a
      reducing machine which reduces larger pieces of material without
      converting the smaller pieces to fines. Another object is to provide a
      reducing machine of the type stated which diverts smaller pieces of
      material past the rotor so as to increase the capacity of the machine
      without consuming additional power. A further object is to provide a
      reducing machine of the type stated which is simple in construction and
      extremely durable. An additional object is to provide a reducing machine
      which is ideally suited for crushing coal. These and other objects and
      advantages will become apparent hereinafter.
PAR  The present invention is embodied in a reducing machine having a wall
      therein toward which the windage of the rotor is directed. The wall has
      holes in it so that some of the smaller material introduced into the
      machine passes through the wall without being acted upon by the rotor. The
      invention also consists in the parts and in the arrangements and
      combinations of parts hereinafter described and claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the specification and
      wherein like numerals and letters refer to like parts wherever they occur:
PAR  FIG. 1 is a transverse sectional view of a coal crusher constructed in
      accordance with and embodying the present invention; and
PAR  FIG. 2 is a sectional view along lines 2--2 of FIG. 1 and showing the
      breaker plate.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, a coal crusher C basically comprises a
      housing H and a rotor R which revolves in the housing H, defining parallel
      hammer circles a of equal size.
PAR  The housing H includes spaced apart sidewalls 2 which are parallel and end
      walls 4 and 6 which extend between the ends of the sidewalls 2. Each of
      the sidewalls 2 and end walls 4 and 6 is reinforced with ribs 8. The top
      of the housing H is closed by a top wall 10 having an inlet opening 12 in
      it, and this opening is at the bottom of a slightly inclined inlet chute
      14. The bottom of the housing H is completely open so that crushed coal
      can pass easily out of the housing H.
PAR  The rotor R extends through the sidewalls 2 of the housing H and includes a
      rotor shaft 20 which is journaled in pillow blocks supported on the
      housing H adjacent to the exterior surfaces of the sidewalls 2. Keyed to
      the shaft 20 adjacent to the interior faces of the sidewalls 2 are end
      disks 22, and likewise keyed to the shaft 20 between the end disks 22 are
      a plurality of spiders 24 having radially projecting arms at equal spaced
      circumferential intervals with the arms of adjacent spiders 24 being
      spaced axially from each other. The end disks 22 and arms of the spiders
      24 have ring shafts 26 extended through them, and these shafts are
      parallel to the rotor shaft 20 and are spaced outwardly therefrom. The
      spaces between adjacent spiders 24 are occupied by breaker rings 28, and
      these rings have radially projecting teeth 30 and relatively large center
      bores 32 through which the ring shafts 26 extend. The center bores 32 are
      substantially larger in diameter than the ring shafts 26 and this permits
      the breaker rings 28 to rotate relative to the spiders 24 and to also
      retract into the spaces between the spiders 24 in the event an oversized
      piece of coal or a piece of metal is encountered. Normally, the
      centrifugal force resulting from the rotation of the rotor R about the
      axis of the shaft 20 causes the breaker rings 28 to project outwardly to
      their fullest extent from the spiders 24 and ring shafts 26. When so
      disposed, the rings 28 describe hammer circles a. Thus, the spiders 24 and
      ring shafts 26 constitute restraining means for causing the breaker rings
      28 to rotate with the shaft 20 while holding the rings 26 to the hammer
      circle a.
PAR  The housing H contains a cage 36 which is located beneath the rotor R and
      occupies substantially the entire width of the housing H. The cage 36
      includes several arcuate bars 38 which are connected together at one end
      by a pivot shaft 40, the ends of which are set in bearings located in the
      sidewalls 2 generally directly below the inlet opening 12. The arcuate
      bars 38 support screens 42 which are likewise arcuate to conform to the
      contour of the bars 38. The screens 42 are actually curved steel plates
      having apertures therein large enough to pass 3/4 inch to 1 inch pieces of
      coal or whatever other size is desired, and as such define an arcuate
      surface beneath the hammer circle a. While one end of the cage 36 is
      supported at the pivot shaft 40, the opposite end is suspended from chains
      44 wound around a winch shaft 46 which is likewise supported in bearings
      set into the sidewalls 2. The winch shaft 46 is turned by a handwheel 48
      located outside the housing H. Thus, when the handwheel 48 is turned, the
      chains 44 will either wind further around the shaft 46 or unwind from the
      shaft 46, depending on the direction of rotation. This, of course, changes
      the position of the cage 36. When the cage 36 is elevated to bring the
      screens 42 within close proximity of the hammer circles a, the size of the
      coal discharged from the screens 42 is small. When the cage 36 is lowered,
      the size of the coal increases.
PAR  Spanning the space between the inlet opening in the top wall 10 is a flat
      breaker plate 54 which is inclined at the same angle as the feed chute 14.
      The plate 54 has a front face 56 presented toward the rotor R and this
      face aligns at its upper end with the back wall of the feed chute 14,
      while the lower end of the face 56 generally aligns with the concave face
      of the uppermost screen 42. Thus, the front face 56 of the breaker plate
      54 forms an inclined surface across which coal from the feed chute 14
      passes. In this regard, the inclination of the plate 54 is such that the
      coal slides over the face 56 as it moves toward the rotor R. The plate 54
      has a back face 58 presented away from the rotor R.
PAR  The breaker plate 54 possesses substantial thickness to withstand the
      severe impacts resulting from lumps of coal being hurled toward and
      crushed against it by the shredder rings 28. Moreover, the breaker plate
      54 is provided with a series of apertures or holes 60 which extend
      completely through it and are sized to accommodate pieces of coal as large
      as 3/4 inch to 1 inch or whatever other size is desired from the crushing
      operation. The axes of the holes 60 are somewhat oblique to the front and
      back faces 56 and 58 of the plate 54, the inclination being such that the
      ends of the holes 60 at the front face 56 are considerably higher than the
      ends at the back face 58. Moreover, the holes 60 are tapered such that
      they are of lesser cross-sectional area at the front face 56 than at the
      back face 58 to prevent coal from clogging them. Practically any
      cross-sectional configuration is acceptable for the holes 60, as long as
      it will pass coal of the desired size or smaller. For example, the holes
      60 may be circular in cross-section, or they may be hexagonal. They may
      also be in the form of slots oriented longitudinally or transversely of
      the breaker plate 54.
PAC  OPERATION
PAR  In use the rotor R is rotated in the direction which causes the shredder
      rings 28 to move from the top center of the housing H toward the breaker
      plate 54 and thence along the cage screens 42. When so rotated, the rotor
      R generates a limited amount of windage immediately below the inlet
      opening 12, and this windage is directed toward the front face 56 of the
      breaker plate 54.
PAR  Coal from a mine is introduced into the crusher through the feed chute 14
      and the coal is for the most part composed of relatively large lumps,
      although it does contain some fines and some pieces the desired size,
      which is usually 3/4 inch to 1 inch wide. Upon leaving the chute 14, the
      coal passes directly over the front face 56 of the breaker plate 54, where
      many of the smaller pieces fall through the holes 60 and thence through
      the interior of the housing H to be collected below the housing H. The
      windage generated by the rotor R, being directed toward the front face 56
      of the plate 54, acts upon the coal and assists in diverting many of the
      smaller pieces of the coal into the holes 60 and through the breaker plate
      54. Thus, much of the coal introduced into the crusher C from the feed
      chute 14 does not reach the rotor R, but is instead diverted through the
      breaker plate 54.
PAR  The remainder of the coal, which is mostly the larger lumps, passes into
      the paths of the breaker rings 28 which reduce those lumps to smaller
      sizes. Indeed, the rings 28 rake the large lumps along the screens 42 of
      the cage 36, reducing those lumps as they do, and when reduced
      sufficiently the coal passes through the apertures in the screens 42 and
      is collected below the housing H.
PAR  Most of the larger lumps are reduced sufficiently to pass through the
      screen 42 by the time that coal reaches that end of the cage 36 suspended
      by the chains 44, and does in fact pass through the screens 42. However,
      some of the coal is carried around by the rotor R and hurled toward the
      breaker plate 54. This coal stands a good chance of passing through the
      holes 60 in the breaker plate 54 without again being dragged along the
      cage screens 42.
PAR  Thus, much of the coal introduced into the crusher C is not acted upon by
      the rotor R in the sense that the breaker rings 42 engage that coal and
      rake it along the screens 42. Instead, the coal passes through the holes
      60 in the breaker plate 54. As a result, the crusher C has greater
      capacity than conventional crushers of the comparable size. It can also
      pass more coal for the same amount of power.
PAR  Since the holes 60 are tapered, there is little tendency for them to clog.
PAR  This invention is intended to cover all changes and modifications of the
      example of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for reducing lump material such as coal, said machine
      comprising: a rotor which revolves about an axis of rotation in one
      direction, generating windage as it does, the rotor having breaking
      elements which describe a hammer circle as the rotor revolves and are
      capable of moving inwardly toward the axis of rotation upon encountering
      oversize lumps; a housing supporting the rotor and enclosing the hammer
      circle, the housing having an upwardly presented opening located above the
      hammer circle and substantially entirely on that side of the axis along
      which the breaking elements descend; an apertured cage within the housing
      and spaced from the lower portion of the hammer circle, the cage being
      arcuate and generally corresponding in contour to the hammer circle so
      that large lumps of material introduced into the opening are crushed
      between the cage and breaking elements and reduced to a predetermined size
      small enough to pass through the apertures in the cage; and a generally
      flat apertured plate located between the opening and the upper end of the
      cage on that side of the axis at which the breaking elements descend and
      being close enough to the rotor to enable the windage generated by the
      rotor to impinge against it, the apertured plate forming an upward
      generally uninterrupted continuation of the cage and being inclined with
      respect to the vertical such that much of the lump material entering the
      opening will fall onto and pass over the apertured plate, the apertured
      plate having holes therein sufficient in size to permit passage of
      material of substantially said predetermined size but not larger, the
      apertured plate and holes therein extending above the hammer circle,
      whereby much of the material which is of the predetermined size or smaller
      will fall through the apertured plate before being impacted by the
      breaking elements with the windage assisting the passage through the
      apertured plate, while material larger than the predetermined size will be
      impacted by the breaking elements and moved along the cage until small
      enough to pass through the cage.
NUM  2.
PAR  2. A reducing machine according to claim 1 wherein the apertured plate has
      a front face presented toward the rotor and a back face presented away
      from the rotor; and wherein the cross-sectional area of each hole is
      greater at the back face than at the front face to prevent the holes from
      clogging.
NUM  3.
PAR  3. A reducing machine according to claim 1 wherein the apertured plate has
      a front face presented toward the rotor and a back face presented away
      from the rotor, and wherein each hole is oblique to the faces with the end
      thereof at the front face being substantially above the end thereof at the
      back face.
NUM  4.
PAR  4. A reducing machine according to claim 1 wherein the breaking elements
      are rings which are free to rotate relative to the rotor as the rotor
      revolves.
NUM  5.
PAR  5. A coal crusher comprising: a housing having a top provided with an inlet
      opening; a rotor including a shaft carried by the housing and rotatable in
      one direction about an axis of rotation which is fixed with respect to the
      housing, the axis of rotation being located beneath and to one side of the
      opening so that the axis is not directly beneath the opening, the rotor
      further including breaker elements and restraining means mounted rigidly
      on the shaft and within the housing for causing the elements to rotate
      with the shaft so as to describe a hammer circle as the rotor revolves,
      the restraining means permitting the breaker elements to move inwardly a
      limited distance toward the shaft, the direction of rotation for the rotor
      being such that the breaker elements descend beneath the opening in the
      housing; an inclined chute connected to the housing at the opening for
      directing the lumped material into the housing; a cage in the housing
      generally beneath the hammer circle, the cage being curved and generally
      following the contour of the hammer circle, the cage further being spaced
      from the hammer circle and having apertures to permit the lump material to
      pass through it once the lump material reaches a predetermined size; and
      an apertured plate extended between the opening and the cage and being
      positioned close enough to the rotor so that windage generated by the
      rotor impinges against it, the apertured plate being generally flat and
      forming a generally uninterrupted continuation of the chute in the
      downward direction and a generally uninterrupted continuation of the cage
      in the upward direction, the apertured plate being inclined with respect
      to the vertical such that a major portion of the lump material leaving the
      chute will pass over it, the apertured plate having apertures therein
      which permit the lump material of said predetermined size or smaller to
      pass through the plate, the plate and apertures therein extending higher
      than the hammer circle, whereby much of the lump material which is small
      enough to pass through the apertures of the apertured plate will do so
      with assistance from the windage generated by the rotor before being
      impacted by the breaker elements, while larger lump material will be moved
      over the cage by the breaker elements and when small enough will pass
      through the apertures in the cage.
NUM  6.
PAR  6. A coal crusher according to claim 5 wherein the apertured plate has a
      front face presented toward the rotor and a back face presented away from
      the rotor, and the axes of the apertures in the plate are oblique to the
      front and back faces of the plate with the ends of the apertures at the
      front face being substantially higher than the ends at the back face.
NUM  7.
PAR  7. A coal crusher according to claim 6 wherein the apertures in the
      apertured plate are tapered with their ends at the front face being
      smaller than their ends at the back face.
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ABST
PAL  A die for use in a food chopper downstream of the coarse-cut die is formed
      with an array of like small-diameter holes and on each of its faces with
      an array of grooves having a width substantially greater than the diameter
      of the through-going holes and extending at an angle to the blade which
      sweeps over the upstream face of this die. Particles which have passed
      through the upstream die and which are unable to pass through the
      small-diameter holes in the downstream die are caught in the grooves and
      cut between the downstream edge of the grooves and the cutter blade. These
      grooves are arrayed such that the cutter blade conducts the food along the
      grooves, and the grooves may be of decreasing depth in the direction of
      travel of the material therealong so as to allow the material to be
      reduced to very small size. At the inner ends the grooves may terminate in
      large-diameter throughgoing holes which are connected to an arrangement
      for carrying unchoppable particles out of the chopper.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is related to my copending patent application Ser.
      No. 302,725 filed on Nov. 1, 1972 for a FOOD CHOPPER, now U.S. Pat. No.
      3,847,360 issued November 12, 1974.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a die for a food chopper.
PAR  This invention also concerns a die and chopper-blade configuration usable
      in a food chopper as described in my above-mentioned patent application.
PAC  BACKGROUND OF THE INVENTION
PAR  There is known a type of food chopper having a conveyor in the form of an
      auger which presses food to be chopped axially against a face of a cutter
      die which is formed with an array of large-diameter holes. A cutter blade
      immediately adjacent the upstream face of this cutter blade serves to
      sever off pieces of the food being chopped which are forced into the holes
      so that pieces are pressed through these holes which have a size generally
      corresponding to the diameter of the holes. Downstream of this die and
      spaced therefrom is another cutter die formed with an array of holes
      having a much smaller diameter than those of the upstream die. A chopper
      blade is rotatable between the confronting surfaces of these parallel dies
      so that the intermediate-size chunks passing through the upstream die are
      reduced to smaller size and presses through the downstream die.
PAR  A considerable disadvantage of such a system is that pieces of bone or
      similarly hard material are able to pass through the upstream die but are
      then swept along the upstream surface of the downstream die, as they
      cannot fit into the small-diameter holes therein and are therefore not
      reducible by the blade. After some period of time of being swept around,
      this mass of hard pieces must be removed from the chopper, as it at least
      partially blocks the flow passage between the upstream and downstream
      dies. No successful arrangement has been proposed which eliminates the
      problem of comminuting or chopping hard pieces which pass through the
      upstream die in a two-stage chopper but which are unable to fit into the
      perforations in the downstream die.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      food chopper.
PAR  Another object is the provision of an improved food-chopper die which
      overcomes the above-given disadvantage.
PAR  Yet another object is the provision of such a die which allows even
      relatively hard materials such as bone or the like to be chopped at the
      downstream die.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a die
      having an array of small-diameter throughgoing holes and formed on at
      least the upstream surface thereof with at least one groove extending
      noncircumferentially to the rotation axis of the blade relative to the die
      or the die relative to the blade. This groove according to the present
      invention is elongated and has a thickness which is substantially greater
      than the diameter of the bores in the die. Indeed in accordance with the
      invention the thickness of the groove corresponds generally to the
      diameter of the throughgoing holes in the die immediately upstream from
      this die.
PAR  Thus in accordance with the present invention hard pieces of material which
      have passed through the upstream die but which are unable to fit into the
      holes of the downstream die are wedged in this groove so that the cutter
      blade can reduce their size considerably.
PAR  In accordance with a further feature of this invention an array of such
      grooves is provided on the die. The grooves extend nonradially to the die
      and nonparallel to the cutter blades or blade. Thus the food pieces caught
      in these grooves will be moved radially in one direction or the other.
PAR  According to yet another feature of the invention there is provided, at
      least one end of each of the grooves, a throughgoing hole which can either
      be of large diameter so as to allow the hard unchoppable pieces to be
      collected and disposed of, or of small diameter so as to allow the
      partially chopped pieces to be pressed through the die and mixed with the
      normally chopped material.
PAR  In accordance with yet another feature of this invention the grooves have
      relative to the direction of sweep thereover of the cutting blades a
      downstream edge which forms a right angle to the surface of the die and
      therefore provides a sheer edge which coacts with the blade. These grooves
      also are each of relatively great depth at one end and of relatively
      shallow depth at the other end, this other end being that end to which
      food chunks are displaced by the cutter blade so that large-diameter
      pieces become wedged in the one end of the grooves and as they are chopped
      and reduced in size they move along toward the other end thereof. The
      above-mentioned small-diameter throughgoing holes are advantageously
      provided at this shallow end.
PAR  The food chopper according to the present invention is extremely
      advantageous in that even chunks of bone and the like when mixed with meat
      can readily be chopped up to a relatively small particle size. This allows
      bird food or cat food to be prepared without having constantly to stop the
      chopper to remove hard pieces therefrom. It is also possible in accordance
      with the invention to separate out the large-diameter hard pieces so as to
      form chopped meat free of gristle, bone, and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following description, reference being made to
      the accompanying drawing in which:
PAR  FIG. 1 is a plan view of a die according to the present invention;
PAR  FIGS. 2 - 6 are sections taken along lines II -- II to VI -- VI of FIG. 1,
      respectively; and
PAR  FIG. 7 is a detail sectional view illustrating a feature of the present
      invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows a circular disk die 1 made of tooled steel and formed with an
      array of like holes 2 having small diameters d and with a central hole 3.
      The upstream face of this die disk 1 is formed with a plurality of grooves
      5, 6, and 10 all having downstream flanks 4 which lie as best seen in
      FIGS. 2 and 3 at right angles to the planar upstream face of die disk 1.
PAR  The shaft or hub 8 of a cutter 13 projects through the hole 3 and this hub
      8 is formed with several grooves 7 extending in line with the hub axis A.
      The grooves 5, which are circularly arcuate and have relative to the
      direction of displacement of blade 13 a center of curvature located
      angularly upstream, terminate at notches 9 in the hole 3 so as to allow
      food particles being displaced inwardly along these grooves 5 to pass
      through the matching notches 9 and grooves 7 to a collector where they are
      removed from the apparatus.
PAR  The grooves 6, which are circularly arcuate like the grooves 5, terminate
      radially outwardly of the central hole 4 and are provided at their
      radially inward ends with small-diameter holes 14 identical to the holes
      2. In addition, as shown in FIG. 5, the grooves 6 taper inwardly toward
      holes 14. FIG. 6 shows how the grooves 5 are of like depth from the
      upstream face 19 of the die 1.
PAR  The cutting edges 12 of the blade 13 are not radial to the axis A, as
      described in my abovementioned copending patent application. These edges
      12 extend as shown in FIG. 1 substantially tangentially to the hub 8 so
      that the pieces being cut in the grooves 5, 6 and 10 are moved radially
      inwardly in these grooves by the cutting edge 12.
PAR  Provided upstream of the die 1 as shown in FIG. 3 is a die 16 having
      throughgoing perforations 26 of a diameter D substantially greater than
      that of the bores 2. The blade 13 had one edge 17 which is over the
      downstream face of the die 16 and is provided with blades 11 which are
      displaced in direction 12' to sweep over and cut with the face 19 of the
      die 1. Inclined surfaces 18 on the downstream face of the blade 13 serve
      to press material to be ground against the face 19 and thereby insure
      efficient operation.
PAR  In accordance with this invention the face 20 opposite the face 19 of the
      die 1 is similarly formed with grooves 5r, 6r and 10r similar to the
      grooves 5,6 and 10, so that the disk 1 may be reversed when face 19 wears,
      thereby giving disk 1 double the normally expected service life.
PAR  The face 19 is also formed with straight grooves 5' and 10', the former
      terminating at notches 9 and the latter terminating radially outwardly of
      the central hole 3. Similar matching grooves 5'r and 10'r are provided on
      the face 20. The grooves 5' and 10' are perfectly straight and form an
      angle of approximately 45.degree. with the cutting edge 12.
PAR  It is also possible as shown in FIG. 7 to form grooves 15 of generally
      right-triangular section in the disk 1, with the hypotenuse of the
      triangle forming the base of the groove so that the sides lie on the face
      of the die and the downstream flank thereof.
PAR  The bore 3 can be continued as shown in FIG. 2 at 21' into the cap 21 or
      into a sleeve 25 formed with threads 25' engaged with a cap 21" having an
      inner surface formed with grooves 24. The surface 24 is frustoconical to
      match the hub surface 8' so as to grind the hard chips in this cap
      thoroughly. A conduit is provided to carry the chips away from the cap
      21". Screwing of cap 21" adjusts the spacing between the surfaces 24 and
      8'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A die for a food chopper, said die comprising a metallic plate having a
      pair of opposite faces and formed with an array of throughgoing bores of
      like diameter extending between said faces, one of said faces being formed
      with at least one elongated groove having a width greater than the
      diameters of said bores, said food chopper pressing material to be chopped
      against said one face and having a blade rotated about an axis
      perpendicular to said face to sweep over said one face, said groove being
      inclined to said blade during sweeping of said blade over said groove.
NUM  2.
PAR  2. A die for a food chopper, said die comprising a metallic plate having a
      pair of opposite faces and formed with an array of throughgoing bores of
      like diameter extending between said faces, one of said faces being formed
      with at least one elongated groove having a width greater than the
      diameters of said bores, said food chopper pressing material to be chopped
      against said one face and having a blade rotated about an axis
      perpendicular to said face to sweep over said one face, said groove being
      inclinded to said blade during sweeping of said blade over said groove,
      said plate being a disk having a center at the axis of rotation of said
      blade and said groove being oriented such that said blade advances said
      material in said groove relative to said axis, said groove being of
      decreasing depth in the direction of advance of said material therein.
NUM  3.
PAR  3. The die defined in claim 2 wherein said groove is generally arcuate.
NUM  4.
PAR  4. The die defined in claim 2 wherein said groove is generally straight.
NUM  5.
PAR  5. The die defined in claim 2 wherein said groove is tapered toward said
      axis.
NUM  6.
PAR  6. The die defined in claim 2 wherein said groove terminates at its
      shallowest end at one of said throughgoing bores.
NUM  7.
PAR  7. The die defined in claim 2 wherein said plate is formed on both of said
      faces with at least one such groove.
NUM  8.
PAR  8. The die defined in claim 2 wherein said groove is generally arcuate.
NUM  9.
PAR  9. The die defined in claim 2 wherein said groove is generally straight.
NUM  10.
PAR  10. The die defined in claim 2 wherein said plate is formed on both of said
      faces with at least one such groove.
NUM  11.
PAR  11. The die defined in claim 9 wherein said plate is formed on each of said
      faces with an array of such grooves.
NUM  12.
PAR  12. The die defined in claim 10 wherein said plate is formed on each of
      said faces with an array of such grooves.
NUM  13.
PAR  13. A die for a food chopper, said die comprising a metallic plate having a
      pair of opposite faces and formed with an array of throughgoing bores of
      like diameter extending between said faces, one of said faces being formed
      with at least one elongated groove having a width greater than the
      diameters of said bores, said food chopper pressing material to be chopped
      against said one face and having a blade rotated about an axis
      perpendicular to said face to sweep over said one face, said groove being
      inclined to said blade during sweeping of said blade over said groove,
      said plate being a disk formed with a central hole lying on the axis of
      rotation of said blade, said groove extending to and opening at said
      central hole.
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PAL  A wall of elastomeric material having at least one inner cavity for a
      pressure fluid. The wall is compression prestressed in the portion thereof
      closest to the surface which is subjected to wear in the use of the wall.
BSUM
PAR  A great many different types of fastenings have been suggested for
      wear-resistant linings of rotary elongated drums or other types of
      wear-resistant liners, as will be evidenced by a long series of patents
      within the technical fields concerned. By way of example, mention may be
      made of Swedish Pat. No. 227,759 and U.S. Pat. No. 3,194,506. In the
      former patent the wear-resistant lining has been clamped to the shell of
      the mill drum, and in the latter patent the wear-resistant lining proper
      has been clamped in the form of loose longitudinal bars to a subjacent
      rubber material. Moreover, in Swedish Pat. No. 159,488 there has been
      suggested to anchor the wear-resistant rubber material by shaping said
      material as a ring which is pressed by its inherent elasticity against the
      inner side of a mill shell.
PAR  It has been found that all of the above-mentioned fastening methods and
      also other prior art fastening methods suffer from drawbacks since
      material can find its way between the shell and the lining in spite of
      every precaution taken. It has proved difficult to compression stress the
      surface layer facing the interior of the mill drum and thus to promote the
      abrasion resistance of the wear-resistant rubber lining.
PAR  The object of the present invention is to eliminate the drawbacks inherent
      in the prior art types of wear-resistant wall linings, for example in mill
      drums, and to provide compression prestressing of the surface layer that
      is exposed to the action of wearing material. This object is realized
      according to the invention by forming a wall exposed to wear, preferably
      of reinforced elastomeric material. The wall is inflatable by means of
      liquid or gas and has one or more inner cavities for receiving the liquid
      or gas. The inflated wall is compression prestressed in that surface
      portion thereof which is exposed to wear.
DRWD
PAR  The invention will be more fully described hereinbelow and with reference
      to the accompanying drawings in which:
PAR  FIG. 1 is a cross-section of a mill drum having a wear-resistant lining
      formed in accordance with the present invention;
PAR  FIG. 2 is a section on the line II--II in FIG. 1;
PAR  FIG. 3 is a cross-section of another mill drum which has been equipped with
      a wear-resistant lining according to the present invention;
PAR  FIG. 4 is a section on the line IV--IV in FIG. 3;
PAR  FIGS. 5, 6 and 7 show alternative wear-resistant wall linings according to
      the present invention;
PAR  FIGS. 8, 9 and 10 show different methods of locating and designing
      wear-resistant wall linings in mill drums with the use of the present
      invention.
DETD
PAR  A mill shell 10 of circular cross-section and of suitable metallic material
      is illustrated in FIG. 1. On the inner side of said shell there is mounted
      a wear-resistant lining 11 in the form of an inflatable wall which has
      inner channels 12 connected by one or more inlet stems 13 to  a pressure
      source. When the lining is placed under pressure by means of liquid or gas
      supplied to the channels 12, the lining will be firmly pressed against the
      shell 10 and try to expand inwardly towards the center of the mill drum,
      whereby the elastomeric layer 14 closest to the interior of the mill drum
      will be compression prestressed, which is very advantageous with regard to
      the abrasion resistance of the elastomeric material.
PAR  The inner channels 12 in the wear-resistant lining 11 can be reinforced by
      means of fabric or cord, the reinforcement 15 extending all around the
      channels in order to permit a higher pressure in them. Moreover, a fabric
      or cord reinforcement 16 can be provided between the channels 12 and the
      surface of the wear-resistant lining bearing against the shell 10, to
      increase dimensional stability.
PAR  The shell 10 in FIG. 1 need not be continuous but may have recesses which
      reduce its weight and cost. This is an important advantage.
PAR  FIG. 3 illustrates another embodiment of the invention, in which the
      wear-resistant wall or the actual lining forms both the lining and the
      shell of the mill, the wall being supported by a suitable number of
      supporting beams 17 which are mounted on a supporting structure 32 to
      permit rotation of the mill drum. As will appear from FIG. 4, this mill
      wall also has inner channels 12 which preferably have reinforcements 15
      which extend all the way round. Here, inextensible reinforcements 18,
      which may be metal rings or other suitable inextensible material are
      arranged between the cavities 12 and the outer side of the wall of the
      mill. In this case also the expansion of the mill drum radially outwardly
      is prevented by the presence of inner inextensible reinforcement 18 in the
      wall proper. The elastomeric material on the inner side of the mill drum
      will also in this case be placed under compression prestress.
PAR  FIG. 5 illustrates an alternative embodiment in which the pressure forces
      in the elastomeric material on the inner side of the wear-resistant lining
      are exploited for the retention of lifters 19 arranged in recesses 20 in
      the wear-resistant wall lining.
PAR  FIG. 6 illustrates an embodiment in which the wear-resistant wall or lining
      is composed of segments 21 which present one or more inner cavities 12 and
      on their side facing the interior of the mill have lifters 22 integral
      with said segments 21. In this case, the segments 21 are inserted in shell
      elements 23 which are of a shape similar to U-beams and which by their
      flanges 24 provide the requisite counter-pressure to permit compression
      prestressing that surface of the segment 21 which is exposed to wear.
PAR  FIG. 7 illustrates a planar wall portion 25 having an inner inflatable
      cavity 12. Said planar wall portion 25 is arranged in a holder 26 having
      the shape of a cup or U-beam, and it can be exploited for use for instance
      in the end walls of mill drums.
PAR  FIG. 8 diagrammatically illustrates a lining in the form of a bag-like
      structure 27 the wall of which has inner inflatable channels 28. Said
      bag-like structure 27 has a sidewall portion 33 and end wall portions 34.
      It is mounted in a bucket-shaped mill drum 29 the free open end of which
      is closed by means of a cover 30. The mill drum in FIG. 8 can be mounted
      for rotation about its axis 31, but it may also be rotated about an axis
      extending at some suitable angle to said axis 31. The interior of the mill
      is accessible through inlet openings (not shown) which can be closed in
      some suitable way.
PAR  FIGS. 9 and 10 show two different possibilities of dividing the
      wear-resistant lining according to the invention into segments when said
      lining is used in conventional shells of mill drums. For greater clarity
      the shell plates have been omitted from these drawings. In FIG. 9, there
      are end segments 35 and 36, and circumferential segments 37. The
      embodiment of FIG. 10 is provided with end segments 38 and 39 similar to
      those of FIG. 9, and axially-extending central segments 40. In these two
      embodiments it must, of course, be seen to it that each wall section has a
      pressure fluid inlet of its own.
PAR  If a wear-resistant wall lining is designed in accordance with the present
      invention, i.e., formed as an inflatable structure in which the material
      of the wear-resistant surface is compression prestressed there will be
      obtained a lining of very high resistance to wear on the one hand, because
      the material is exposed to the compression prestress and, on the other
      hand, because the material is resiliently supported. The inflatable
      elements will have the requisite counterhold from the surrounding
      supporting structures or the inextensible means inserted in the elements.
      The inflatable elements can be formed as loose elements with regard to the
      surrounding supporting structures but may also be fixedly anchored
      thereto, for instance by gluing or vulcanization.
PAR  With the wall elements formed as loose elements with regard to the
      supporting structure, for instance in an ore mill which is designed for
      the prevailing types of mill linings, a connection will be formed between
      the elements and the mill shell by the inflation of said elements and
      their resulting application against the mill shell. The outer side of the
      wall elements may have recesses which receive corresponding pins on the
      inner side of the mill shell so that a still better anchorage of the
      inflatable wall is attained.
PAR  When use is made of the inflatable wall as a means for the retention of
      loose lifters 19 or like means, the loose lifters may be made of the same
      material as the wall, that is an elastomer such as natural or synthetic
      rubber, or these loose lifters may be formed of such materials as cemented
      carbide, steel or stone.
PAR  Another advantage associated with the wall according to the present
      invention is that, by causing the pressure medium, that is some suitable
      gas or liquid to circulate under pressure in the channels of the wall, it
      is possible to cool or heat said wall in conformity with the contemplated
      uses of said wall.
CLMS
STM  What I claim and desire to secure by letters patent is:
NUM  1.
PAR  1. A wall which is subjected in use to wear and which is made of wall
      segments, each of said wall segments including a wall element made of an
      elastomeric material, each of said wall elements having at least one inner
      cavity containing pressure fluid, each of said wall segments having a
      cup-shaped supporting element secured to a said wall element and having
      edges of which are upstanding along the sides of the wall element to
      support said sides of the wall element upon inflation of the wall element,
      said wall being compression prestressed in the portion thereof closest to
      the surface subjected to wear.
NUM  2.
PAR  2. A wall which is subjected in use to wear, said wall being formed of wall
      elements and supporting elements, each of said wall elements being formed
      of elastomeric material and having at least one inner cavity containing
      pressure fluid, each of said supporting elements being in the shape of a
      U-beam which is secured to said wall element and has upstanding edges
      along the sides of an associated said wall element to support said sides
      upon inflation of the wall element.
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ABST
PAL  A way system for mounting motors to a panel with the motor on one side and
      the ways on the opposite side of the panel. The ways may be mounted
      beneath the motor support base of a home grain mill with the motor spaced
      from the upper surface of the base to advance and retract a rotor stone
      with respect to a stator stone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field
PAR  This invention relates to way systems and provides an improved such system
      ideally adapted for use in grain mills and the like.
PAR  State of the Art
PAR  Way systems are conventionally used in machine tools and other equipment to
      hold tool posts, work pieces, head stocks, tail stocks, etc. rigidly but
      adjustably along a defined reference line or plane. Considerable ingenuity
      is required to adapt way systems to specific applications, thereby to gain
      the advantages offered by such systems.
PAR  Many types of grain mills are known. They generally include a stator
      grinding wheel and a rotor grinding wheel driven, either directly or
      through couplings, by an electric motor. The grinding wheels are mounted
      in approximately axial alignment with each other and the shaft of the
      motor. The fineness of grind of flour produced by such mills is a function
      of the spacings of the grinding surfaces carried by the stator and rotor
      elements. Various approaches to adjusting this spacing have been
      attempted, but none has been completely satisfactory. Moving either the
      stator or the rotor tends to disturb the axial alignment of these
      elements, causing functional and operational difficulties. Moving the
      stator has been less satisfactory than moving the rotor and is considered
      to be an undesirable expedient.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel way system especially adapted to be
      mounted against one side (e.g., the under surface) of a mounting panel to
      move an electric motor mounted on the opposite side of the panel forth and
      back in the direction of the axis of the motor shaft. The mounting panel
      may comprise a table or bench top, but of most interest from the
      standpoint of this invention, it may be the motor-supporting panel of a
      home grain mill.
PAR  The way system includes a stationary element which is fixed to the mounting
      panel and a moving element. These two elements are interconnected by ways
      and an adjustment shaft adapted to advance and retract (withdraw) the
      moving element by rotating the shaft in one direction or the other. A most
      significant aspect of the way system claimed herein is that a motor is
      mounted opposite the mounting panel from the ways by means of posts,
      preferably adjustable in length, extending through slots or holes in the
      mounting panel, to rigidly fasten the motor to the movable way element.
      The motor is thus in effect suspended from the panel, although it is
      normally physically located above the panel. In this fashion, the
      operating mechanism of the way system may be substantially completely
      hidden from view. Moreover, the motor may be mounted only slightly (e.g.,
      1/16 inch) above the top surface to the mounting panel without regard to
      the physical dimensions of the way system. These features make possible
      the use of the system in applications such as home grain mills.
PAR  As applied to a home grain mill, the way system of this invention advances
      the entire motor forward or backward while maintaining the distal end of
      the motor shaft at an exactly constant elevation. This characteristic
      offers a distinct advantage over grain mills of the prior art which move
      the motor shaft (journaled within bearings) axially with respect to
      rigidly mounted motors. Motor shafts are rarely precisely positioned with
      respect to the axis or center line of the motor casing or its associated
      mounting frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate what is now regarded as the best mode for
      carrying out the invention:
PAR  FIG. 1 is an exploded pictorial view illustrating the various component
      parts of the way system of this invention;
PAR  FIG. 2 is a cross sectional view, taken along the section line 2--2 of FIG.
      1, fully assembled and viewed in the direction indicated by the arrows;
PAR  FIG. 3 is a similar view taken along the section line 3--3 of FIG. 1; and
PAR  FIG. 4 is a fragmentary view, partially in section, illustrating the way
      system of this invention installed as a portion of an improved flour mill.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The way system illustrated includes a first (or stationary) way element 21
      with a stationary mounting plate 22, having a planer, flush-mounting upper
      surface 22a and spaced parallel way surfaces 23 depending from the
      mounting plate 22 opposite the flush-mounting surface 22a. A first
      adjustment lug 25 depends from the mounting plate 22 intermediate and
      between the way surfaces 23.
PAR  A second (or movable) way element 31 comprises a movable support plate 32
      with spaced, parallel way surfaces 33 upstanding from the support plate 32
      in position (i.e., appropriate spatial relationship), to register with the
      depending way surfaces 23, as best shown by FIG. 3. A length of jib stock
      34 is inserted between one pair of opposing, registered way surfaces, as
      shown, and is forced against one surface by set screws 35 to adjust the
      "feel" (i.e., the resistance to movement in the longitudinal direction) of
      the assembled way system. A second adjusting lug 37 is provided
      upstanding, intermediate and between the upstanding way surfaces. A pair
      of load-bearing platforms 38 is carried by the movable way element 31 in
      association with respective way surfaces 33 and in approximately parallel
      relationship with the flush-mounting surface 22a of the mounting plate 22.
PAR  Each platform member 38 includes a pair of post sites 40 spaced to
      coincide, or register, with the corresponding anchoring slots of a
      conventional electric motor mounting frame. Such frames are a standardized
      commodity, and are designated for use interchangeably with electric motors
      of various suppliers. For example, the illustrated way system is
      conveniently sized to accommodate a No. 56 frame, a frame adapted to
      receive many of the motors most commonly used with appliances and shop
      machinery. Minor adjustments to the locations of the holes 40a provided in
      the post sites 40 will readily adapt the way system to other frame
      mountings.
PAR  An adjustment shaft 51 provides means for selectively advancing (the
      direction indicated by the arrow designated A in FIG. 1) or retracting
      (the direction opposite the direction indicated by the arrow A) the
      movable support plate 31 with respect to the stationary mounting plate 21.
      The shaft 51 includes a first threaded section 52, here illustrated at one
      end, engaging one of the adjustment lugs, here illustrated as the moving
      lug 37; a second section 53, journaled to rotate within a bore in the
      other adjustment lug 25; and a distal section 54, extending beyond the two
      assembled plates 21, 31; all as best shown by FIG. 2. The portion of the
      shaft 51 on the internal side of the adjustment lug 25 is larger in
      diameter than the distal and journaled portions. The journaled portion is
      held in place between a shoulder 55 and a collar 56 fixed to the shaft 51
      by suitable means, such as a rollpin 57. A tight fit is assured by
      compressible washers 58. The distal portion 54 of the shaft 51 may be
      provided with suitable means, such as a knob 60, FIG. 4, to facilitate
      rotation of the shaft.
PAR  A typical application of this invention is illustrated by FIG. 4, wherein
      the way system is adapted to adjust the spacings between grind stones 65,
      66 in a grain mill. As shown, the stationary mounting plate 21 is fixed to
      one side of a mounting panel 70 of the mill. An electrical motor 71
      mounted within a standard electric motor mounting frame 72 is installed on
      the opposite side of the mounting panel 70 with the shaft 73 of the motor
      extending into a grinding chamber 74. Grain fed into a hopper 75 enters
      through a hole 76 into a central cavity defined by the stones 65, 66. The
      fineness of grind is adjusted by advancing or retracting the motor 71
      along its axis. The base plate 80 of the frame is mounted to the
      load-bearing platforms 38 of the movable way element 31 by means of four
      mounting posts 81, each of which extends above the stationary way element
      21 through holes (not visible in the drawing) in the mounting panel 70.
      These posts 81 are sufficient in length to assure slight clearance between
      the upper surface of the panel 70 and the base plate 80. In operation, the
      spacing between the stones 65, 66 is adjusted by turning the knob 60
      selectively to advance or retract the movable way element 31 with respect
      to the stationary way element 21.
PAR  It will be noted that the stone 66 is mounted as a stator and the stone 65
      is carried at the distal end of the shaft 73 as a rotor. Accordingly, the
      motor is rigidly anchored through ways to the flour mill, and the stone 66
      is rigidly mounted to a panel 85, which may be fixed almost exactly at
      right angles to the mounting panel 70. The rotor stone 65 is rigidly
      coupled to the rotor of the motor approximately normal the axis of the
      shaft. Small variances between motors, cabinets, stone surfaces, motor
      frames, etc. inherently introduce misalignments of the surfaces between
      the rotor 65 and stator 66 stones of a newly assembled mill. According to
      this invention, means may be provided in association with the posts 81 to
      adjust their lengths, thereby to correct such misalignment of the stones
      65, 66. Advancing and retracting the motor by means of the ways is
      accomplished without altering the orientations of the stones 65, 66. This
      feature greatly enhances the dependability of such mills which have
      generally been characterized by operation difficulties associated with
      inadequate alignment of the grinding surfaces.
PAR  Reference herein to details of the illustrated embodiment should not be
      taken as limiting the scope of the appended claims which themselves recite
      those features regarded as essential to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A way system for selectively advancing and retracting an electric motor
      along its axis, comprising:
PA1  a first way element, including a stationary mounting plate with a
      flush-mounting surface, a pair of parallel way surfaces depending from
      said mounting plate opposite said flush-mounting surface, and a first
      adjusting lug depending from said mounting plate between said depending
      way surfaces;
PA1  a second way element, including a movable support plate, a pair of parallel
      way surfaces upstanding from said support plate and arranged to register
      with respective said depending way surfaces, and a second adjusting lug
      upstanding from said support plate between said upstanding way surfaces;
PA1  a shaft with a first threaded portion engaged by threads in one of said
      adjusting lugs, a second portion journaled through the second adjusting
      lug, and a distal end portion extending beyond said plates, constituting
      adjusting means for changing the relative longitudinal position of said
      movable support plate with respect to said stationary mounting plate;
PA1  parallel motor support platforms associated with each of said upstanding
      way surfaces and carried approximately parallel said flush-mounting
      surface of said stationary mounting plate; and
PA1  mounting posts upstanding from respective said motor support platforms
      arranged to register with anchoring slots of a conventional electric motor
      frame mounting and sufficiently long to provide clearance between the
      distal ends of said posts and said flush-mounting surface to accommodate a
      mounting panel such that the mounting plate may be fastened to one side of
      such a mounting panel with the mounting posts extending through holes
      provided in said panel, and a motor frame mounting attached to the distal
      ends of said posts to slightly clear the opposite surface of said mounting
      panel.
NUM  2.
PAR  2. In a grain mill having an approximately horizontal motor support base
      with a mounting surface, an electric motor mounted above said support base
      with the shaft of said motor approximately parallel said mounting surface,
      and a grinding chamber including a stator stone mounted approximately
      normal said mounting surface and a rotor stone carried by the distal end
      of said motor shaft in approximately axial alignment with said stator
      stone, the improvement which comprises:
PA1  a way system for selectively advancing and retracting said electric motor
      along its axis, including:
PA1  a first way element, including a stationary mounting plate with a
      flush-mounting surface anchored against the mounting surface of said motor
      support base, a pair of parallel way surfaces depending from said mounting
      plate opposite said flush-mounting surface, and a first adjusting lug
      depending from said mounting plate between said depending way surfaces;
PA1  a second way element, including a movable support plate, a pair of parallel
      way surfaces upstanding from said support plate and arranged to register
      with respective said depending way surfaces, and a second adjusting lug
      upstanding from said support plate between said upstanding way surfaces;
PA1  a shaft with a first threaded portion engaged by threads in one of said
      adjusting lugs, a second portion journaled through the second adjusting
      lug, and a distal end portion extending beyond said plates, constituting
      adjusting means for changing the relative longitudinal position of said
      movable support plate with respect to said stationary mounting plate;
PA1  parallel motor support platforms associated with each of said upstanding
      way surfaces and carried approximately parallel said flush-mounting
      surface of said stationary mounting plate; and
PA1  mounting posts upstanding from respective said motor support platforms and
      extending through holes in said motor support base, said motor being
      carried at the distal ends of said posts.
NUM  3.
PAR  3. An improvement according to claim 2 wherein said mounting posts are
      arranged to register with anchoring slots of a standard electric motor
      frame mounting, said motor is carried by such a standard frame mounting,
      and said mounting is anchored to said posts.
NUM  4.
PAR  4. An improvement according to claim 3 wherein said motor frame mounting is
      held by said posts to allow only slight clearance between said frame
      mounting and said motor support base.
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ABST
PAL  A spooling mechanism, for the spooling or winding of textile threads
      includes at least one spool having a circumferential surface, presses
      against a driven winding shaft or the like which is mounted on a pivoting
      spool holder which pivots during increasing spool diameter, further
      pivoting permits the lifting of the spool off from the winding shaft. A
      linear servomotor is provided with a working member which can be driven
      with respect to a guide member. The working member serves to displace
      temporarily the spool holder and itself is displaceable by the spool
      holder. A locking mechanism, which is preferably a clamping mechanism, is
      provided, making it possible for the working member to execute its working
      stroke relative to the guide member while carrying along the spool holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a spooling mechanism for the spooling or winding
      of textile threads. The invention relates, more particularly, to a
      spooling mechanism for the winding of textile fibers, which mechanism
      includes at least one spool whose circumference presses against a driven
      winding shaft or the like and which is mounted on a pivoting spool holder.
      The spool holder is pivoted during increasing spool diameter; further
      pivoting permits lifting the spool off from the winding shaft. A linear
      servomotor, which includes a working member, is provided. The working
      member can be driven with respect to a guide member for the purpose of
      executing a lifting displacement. The working member serves for the
      temporary displacement of a spool holder and is itself displaceable by the
      spool holder.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a spooling mechanism
      which, starting from any desired position, a spool holder can be moved
      through a particular distance by a servomotor, this distance being
      independent of the actual, instant position of the spool holder from which
      the servomotor initiates the further displacement.
PAR  According to the present invention, a pretension working element is
      provided for causing joint motion of a guide member of a servomotor
      together with a working member during its displacement by a spool holder,
      in order to maintain an unchanged, predetermined, relative position
      between the working member and the guide member of the linear servomotor
      during motions of the spool holder. A locking mechanism, actuatable by an
      operating device, which is preferably a clamping or wedging mechanism, is
      provided. In its clamped position, the operating device makes it possible
      for the working member to execute a working stroke relative to the guide
      member while also taking along the spool holder. Other types of locking
      mechanisms can be provided in place of the preferably provided clamping or
      wedging lock. In known lift-off mechanisms for textile spools on spool
      mechanisms, the lift-off position of the spool holder is unchangeable so
      that the distance of the lift-off spool from the winding shaft (drive drum
      or the like) varies, depending on the instant diameter of the spool. Thus,
      when the spool is lowered onto the winding shaft, a full spool traverses a
      smaller distance than does the almost empty spool, the difference being
      approximately the thickness of the winding.
PAR  In open-end spinning frames, the lifting mechanism according to the
      invention can achieve that, after a thread breakage, the reattachment of
      the thread is effected by moving the end of the thread back into the
      spinning rotor through a particular distance determined by the reverse
      stroke of the lifting mechanism. Prior to lifting the spool off the
      winding shaft, the thread can be held fast so that when the spool is
      lifted off the winding shaft, the thread can be held fast so that, when
      the spool is lifted off, a length of thread corresponding to the stroke of
      the spool is wound off (or a desired length of thread can be wound off the
      spool in some other suitable manner). Thus, because thread breakage
      practically always occurs in the vicinity of the fiber-collection channel
      or groove in the interior of the spinning rotor, a length of thread
      sufficient for the reattachment of the thread can be delivered back into
      the spinning rotor when the spool is lowered. The stroke of the lifting
      mechanism, therefore, needs to be only so large that the length of thread
      required for reattachment is delivered back to the spinning rotor when the
      spool is lowered down onto the winding shaft. The length of this thread is
      independent of the actual diameter of the spool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a spooling mechanism of a spinning machine with a
      lifting mechanism according to the first exemplary embodiment of the
      present invention.
PAR  FIG. 2 is a longitudinal section through the lifting mechanism of FIG. 1,
      in enlarged representation, with an associated control circuit, shown
      schematically.
PAR  FIGS. 3 - 6 are respective side views of the lifting and spooling mechanism
      of FIG. 1, in partially sectional representation and in different
      positions, these figures aiding in explanation of the method of operation
      of the lifting mechanism, FIG. 3 illustrating operations of a pretension
      working member, FIG. 4 illustrating operation of an actuating device of a
      clamping lock, FIG. 5 illustrating the function of a servomotor, and FIG.
      6 showing the unlocking of the clamping lock.
PAR  FIG. 7 is a side view of a variant of the mechanism of FIG. 1, partially in
      section.
PAR  FIG. 8 is a side view of a further variant of FIG. 7.
PAR  FIG. 9 is a side view of a fifth exemplary embodiment of a lifting
      mechanism according to the present invention, in longitudinal section.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIGS. 1 and 2, a spooling mechanism, according to an
      exemplary embodiment of the present invention, includes a servomechanism
      Z. The servomechanism is a combination of three piston cylinder units I,
      II, and III to which there is assigned a common cylinder or guide member
      10. A first piston rod 1 is connected with one arm of a pivotably mounted
      spool holder 3 embodied as an angled lever. A second piston rod 2 is
      pivoted at a stationary bearing 50. The other arm of the spool holder 3
      rotatably carries a cross-winding spool 4, whose circumference presses
      against a driven winding shaft or winding drum 6 or the like. A
      reciprocating thread guide 7 winds a thread 51 onto the spool 4 so that
      the diameter of the spool 4 steadily increases during the windup process
      and, therefore, the angular position of the spool holder 3 continuously
      changes.
PAR  The spool holder 3 is rotatably mounted on a locally fixed pivotal
      axis-defining member 52 and a cam plate 5 is fixedly disposed thereon. The
      contour 53 of this cam plate 5 is followed by a sensing roller 8. This
      sensing roller 8 influences a regulating or control instrument R which can
      set a pressure control valve (pressure reduction valve) D (FIG. 2) whose
      action and effect is to be explained in more detail below.
PAR  As shown in FIG. 2, the piston-cylinder unit I forms a pretensioning
      working element and includes a piston 11 fixedly connected to the piston
      rod 2 and further includes the intermediate, cylinder bottom 23 and that
      section of the cylinder housing 10 associated therewith. An intermediate
      cylinder bottom 23 is fixedly connected to the cylinder housing 10 so
      that, when a pressurized medium is delivered from a pressurized medium
      source P by a pressure control valve D, and introduced through a cylinder
      opening 14 into the chamber 54 of the cylinder under controllable
      pressure, it is possible to exert a force on the intermediate cylinder
      bottom 23 in the direction of arrow K which can move it in the direction
      of the arrow K and which also reduces the pressure by which the spool 4
      presses against the winding shaft or drum 6, in a manner yet to be
      described. It should be pointed out here that under normal conditions at
      least, the pressure in the chamber 54 is set only so high that the
      cylinder housing 10 can just follow the motions of the piston rod 1 but
      not so high that the piston rod 1 can be actuated by this pressure to lift
      off the spool 4 from the winding shaft or drum 6, because the servomotor
      III is provided for this purpose.
PAR  The second piston-cylinder unit II forms an operating device or actuating
      mechanism of a clamping lock and includes a piston 12 provided with a
      peripheral annular control groove 9 and also slidably disposed within the
      cylinder housing 10; it further includes the intermediate, cylinder bottom
      23 and a cylinder bottom 20. Fastened to the piston 12 are two conical
      elastic wedges 19 which can be pressed into a hollow conical wedging
      surface 55 of the cylinder bottom 20 for the purpose of blocking or
      locking the cylinder bottom 20, and hence the cylinder housing 10 on the
      piston rod 2. It is possible, if desired, to provide a collet in place of
      the wedges 19. The cylinder bottom 20 is screwed on the cylinder housing
      10. The cylinder housing region of the second piston-cylinder unit II
      contains two apertures 15 and 16 for passing the pressurized medium and a
      third aperture 17. A pressure medium source P, for example, a pressure
      medium pump with an associated storage container, is connected, via a
      control slide S, with the apertures 15 and 16 for the purpose of admitting
      pressurized medium to the piston 12.
PAR  The third piston-cylinder unit III forms a servomotor for lifting the spool
      4 from the winding shaft or drive drum 6 and contains a piston or working
      member 13, fixedly connected to the piston rod 1. The freedom of motion of
      the piston 13 is limited, on both sides, by an insert or pin 24, fastened
      to the piston rod 1, which moves between two stops 60 and 61 formed by the
      faces of a chamber 57 located within a cylinder cover 40. The piston rod 1
      is pivotably mounted at the spool holder 3 (FIG. 1). The section of the
      cylinder housing 10 belonging to the third piston-cylinder unit III is
      provided with an aperture 18 for pressurized medium through which
      pressurized medium, admitted through a line 30 connected to an aperture
      17, can be conducted to and from a working chamber 59 and can act on the
      right side of the piston 13. The cylinder housing 10 further includes
      relief slits 28 and 29.
PAR  The method of operation of the above-described mechanism will be explained
      with the aid of an example including a thread delivered by a spinning
      frame, preferably by an open-end spinning frame, but it also can be used
      in combination with other machinery, for example, spooling, or twisting
      machines.
PAR  The thread 51 is delivered to the spool 4 by the thread guide 7 and by the
      winding shaft or drum 6 driving the spool 4. The circumference of the
      spool 4 presses onto the driven winding shaft or drum 6 which results in
      winding the thread 51 on the spool 4.
PAR  While the thread 51 is being wound up, according to FIG. 3, the piston 11
      of the pretensioning working piston-cylinder unit I is acted upon by a
      pressure medium admitted through an inlet constituted by the opening 14,
      into the chamber 54. Since the piston 11 cannot move axially because of
      its locally pivoted piston rod 2, the pressure medium admitted to the
      chamber 54 moves the intermediate cylinder bottom 23 and hence, also the
      cylinder housing 10, containing the piston rod 1, so that the pin 24 makes
      contact with the stop 60. For this purpose, the pressure of this pressure
      medium is so adjusted that it is not capable of lifting the spool 4 from
      the winding shaft or drum 6, but is capable of carrying the cylinder
      housing 10 along with the piston rod 1. In this position of the pin 24,
      the piston 13 (FIG. 2) has its extreme right-most position relative to the
      cylinder housing 10, and thus can at any time execute a working stroke to
      the left of constant length within the cylinder housing 10 when the
      pressure medium is admitted into the working chamber 59 until the pin 24
      touches the stop 61, and this occurs, for example, whenever thread
      breakage takes place so that the spool 4 is lifted off from the winding
      shaft or drum 6 by a particular fixed distance for the purpose of
      repairing the thread breakage, this distance being independent of the
      actual, current diameter of the spool 4. This lift-off function is caused
      by shifting the control slide S from the position shown in FIG. 2 into the
      other control position which causes, firstly, that the pressure medium
      source P supplies pressure medium to the piston 12 of the piston-cylinder
      unit II of the locking mechanism and it flows through an inlet opening 15
      into a chamber 62 and moves the piston 12 to the left (FIG. 4). During
      this process, the elastic wedges 19 of the piston 12 are pressed into the
      hollow, conical surface 55 of the bottom 20 and are jammed against the
      piston rod 2 and, therefore, hold the bottom 20, and hence the cylinder
      housing 10, fixed with respect to the piston rod 2 so that it can no
      longer slide axially on the piston rod 2. Since the piston rod 2 is not
      axially movable, any axial movements of the cylinder housing 10 are thus
      prevented. In this wedged position of the lock, constituted by the wedges
      19, and the surface 55, i.e., in the left-most final position of the
      piston 12, the piston 12 opens the outlet aperture 17 (FIG. 5), so that
      the pressurized medium flows through the chamber 62 through the line 30
      and the inlet aperture 18 into the working chamber 59. This moves the
      piston 13 to the left until the pin 24 makes contact with the stop 61. Due
      to this constant and precisely limited stroke and by virtue of the piston
      rod 1 and the spool holder 3, the spool 4 is lifted up from winding the
      shaft or drum 6 by a predetermined, fixed distance which is independent of
      the actual, current diameter of the spool 4.
PAR  It is to be understood that the lift-off distance of the spool 4 from the
      winding shaft or drum 6 can be diminished by the insertion of spacers in
      the chamber 57 of the cover 40 or can be increased by the extension of
      chamber 57. If it is intended to lower the spool 4 back onto the winding
      shaft or drum 6, (which, in the case of an open-end spinning machine leads
      to the reattachment of the thread and subsequently to the winding up of
      the produced thread), the control slide S is shifted into the position
      shown in FIG. 2 which permits the pressurized medium to flow through the
      inlet aperture 16 and into the interior volume of the cylinder between the
      cylinder bottom 20 and the piston 12 which acts upon the left side of the
      piston 12. As a consequence, the piston 12 moves to the right and releases
      the wedging action of the cylinder bottom 20 and hence of the cylinder
      housing 10. In the extreme right position of the piston 12, the control
      groove 9 in the piston 12 connects the cylinder aperture 17 with the
      outlet relief slit 28. This relieves the working chamber 59 of the
      servomotor piston-cylinder unit III, through the outlet aperture 18 and
      the line 30; the piston 13 moves to the right and then lowers spool 4 onto
      the winding shaft or drum 6, whereby the thread 51 can migrate backward,
      opposite to its normal direction of motion, by a corresponding amount of
      thread length.
PAR  The piston-cylinder unit I has the primary purpose of holding the entire
      piston-cylinder unit Z (FIG. 1) under a pretension whose effect during the
      windup operation is that the stop 60 is held in contact with the pin 24,
      so that the entire cylinder moves along with the piston rod 1 and with the
      piston 12, and that the piston 12 when required, can, at any time execute
      its complete working stroke for lifting off the spool 4, irrespective of
      the position in which the piston rod 1 may be with respect to the spool 4.
PAR  If it is intended that the working piston-cylinder unit I is also to be
      used as a relief working element for the controlled reduction of the
      contact pressure of the spool 4 on winding shaft or drum 6, then the
      pressure control (reduction) valve D, which is inserted in the supply line
      of the pressure medium between the pressure medium source P and the inlet
      opening 14 of this working unit I, can be controlled by the controller or
      regulator instrument R which is itself controlled by the cam plate 5 on
      the spool holder 3 in such a way that the contact pressure of the spool 4
      remains approximately constant. With increasing spool windup, the spool 4
      gets heavier and its diameter gets larger. The higher weight has an
      undesirable effect on the contact pressure of the spool 4 on the winding
      shaft or drum 6. The increasing weight of the spool 4 has a direct
      connection with its diameter and, hence, with the position of the spool
      holder 3. The position of the spool holder 3 is detected by means of the
      cam plate 5 and the sensing roller 8. This measured parameter value is fed
      to the control or regulator instrument R and is converted there into a
      control signal which is delivered to the pressure reduction valve D for
      its control, the entire process being that the pressure control
      (reduction) valve D so controls the pressure acting on the piston 11 of
      the working unit I, that the entire piston-cylider unit Z pulls on the
      spool holder 3 via the piston rod 1 in such a way that the increasing
      weight of the spool 4 is approximately equalized, i.e., that the contact
      pressure of the spool 4 on winding shaft or drum 6 remains approximately
      constant. However, it is possible to store other programs in the control
      instrument R which could effect a different program for the relief of the
      spool holder 3, so that the contact pressure of the spool 4 from the
      winding shaft or drum 6 during the winding can be influenced arbitrarily
      either to increase or decrease. The embodiment of such control or
      regulating instruments is known and need not be described further here.
PAR  In the sometimes advantageous embodiment of forms of the servomechanism Z,
      illustrated in FIG. 7, the pretensioning working piston-cylinder unit I is
      provided with a spring 31 positioned about the piston rod 2 within the
      cylinder housing 10. The remaining parts of the servomechanism can be
      embodied as shown in FIG. 2. The spring 31 also has the task of taking
      along the cylinder housing 10 together with the piston rod 1 so that the
      piston 13 (not visible in FIG. 7) of the servomotor Z is held in the
      terminal position within the cylinder housing 10 from which it can execute
      a working stroke starting at any arbitrary position of the spool holder
      3'. The effect of the spring 31 is the same as a pressure pad between the
      piston 11 and the intermediate, cylinder bottom 23.
PAR  When the diameter of the spool 4 increases, the spool holder 3' is pivoted
      and the spring 31 is extended. This reduces its force. At the same time,
      however, the weight of the spool 4 increases, which would require not a
      decreasing, but an increasing spring force for equalization. In order to
      achieve this equalization according to FIG. 7, the piston rod 1 is pivoted
      to one arm of the spool holder 3', whose effective lever arm is increased
      during increasing pivoting of the spool holder 3', and hence produces the
      desired equalization. In FIG. 8, the servomotor Z can be embodied as in
      FIG. 7. In FIG. 8, the required equalization is achieved in that the point
      of attack of the piston rod 1 at an associated arm 65 of the spool holder
      3" is guided upwardly along the arm of the spool holder 3", by a locally
      fixed control cam 35, whose position and inclination can be adjusted,
      during an increasing pivoting of the spool holder 3". This increases the
      length of the lever arm and hence also the relief torque exerted by the
      spring 31 (FIG. 7). It is suitable for this purpose that the arm 65 is
      provided with for example, an elongated hole engaged by a straight pin on
      the piston rod 1 or else the arm 65 can be guided by a fork disposed on
      the piston rod 1 or vice versa. An angled end 66 of the piston rod 1 makes
      contact with the control arm surface 35.
PAR  FIG. 9 shows an often advantageous embodiment of the locking mechanism
      including an actuating piston-cylinder II, as well as the servomotor
      piston-cylinder unit III, embodied as electromagnetic setting members.
PAR  These setting members include field coils 32, 32', fixedly disposed within
      the cylinder housing 10 and connected with a current source and
      cooperating respectively with armatures 33, 33' fixedly connected to disc
      piston 12 and the piston rod 1. When the field coil 32 is excited, the
      working member or armature 33 of actuating piston-cylinder unit II
      displaces the disc piston 12 to the left against the force of at least one
      spring 35 and therefore causes, as described above, the locking of the
      cylinder bottom 20 on the piston rod 2 by virtue of the locking mechanism
      constituted by the elastic wedges 19 and the surface 55. When the current
      is shut off, the spring 35 again pushes the disc piston 12 to the right
      and releases the wedgeing action.
PAR  When the field coil 32' is excited, the armature 33' of servomotor
      piston-cylinder unit III executes its working stroke which, as described
      above, lifts the spool 4 from the winding shaft or drum 6. The length of
      the stroke is limited and determined by the two armature plates 36 and 37,
      which alternately made contact with the coil 32'.
PAR  It is to be appreciated that the foregoing detailed description and
      accompanying drawing illustrations are set out by way of example and not
      by way of limitation. Numerous other embodiments and variants are possible
      with the spirit and scope of the invention, the scope being defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a spooling mechanism for the winding of textile threads onto spools
      having a driven winding shaft; at least one spool whose circumference
      presses against the driven winding shaft; a pivotably mounted spool holder
      on which the spool is mounted for rotation, said spool holder being
      pivoted during increasing spool diameter with further pivoting permitting
      lifting the spool off from its associated winding shaft; and a linear
      servomotor, which has a working member and an associated guide member,
      which working member is connected to the spool holder and is mounted to be
      driven with respect to the guide member for the purpose of executing a
      displacement, the working member serving for the displacement of the spool
      holder and being itself displaceable by the spool holder, the improvement
      comprising: a pretension working element connected to the linear
      servomotor for causing the joint motion of said guide member of said
      linear servomotor together with said working member during displacement of
      the working member by said spool holder to maintain a substantially
      unchanged, predetermined, relative position between said working member
      and said guide member of said linear servomotor during motions of said
      spool holder; an operating device; and locking means, actuatable by said
      operating device, which in its locking position allows said working member
      to execute a working stroke relative to said guide member while taking
      along said spool holder.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein said locking means
      comprises a wedging or clamping mechanism.
NUM  3.
PAR  3. An arrangement according to claim 1, wherein said locking means, in its
      locked position, blocks motions of said pretension working element.
NUM  4.
PAR  4. An arrangement according to claim 1, wherein said operating device of
      said locking means, said servomotor and said pretension working element
      comprise three respective hydraulic or pneumatic piston-cylinder units.
NUM  5.
PAR  5. An arrangement according to claim 4, wherein each of said three
      piston-cylinder units includes a respective different piston disposed in a
      common cylinder housing, which comprises said guide member of said
      servomotor.
NUM  6.
PAR  6. An arrangement according to claim 5, which further comprises servo
      control means, and wherein at least said pistons of said locking means and
      said servomotor are actuated by said servo control means.
NUM  7.
PAR  7. An arrangement according to claim 6, wherein said piston of said
      operating device of said locking means is a control piston which controls
      actuation of said piston of said servomotor after the motion of said
      cylinder housing of said servomotor is blocked, and permits emptying of
      the working volume of said servomotor after motion of said cylinder
      housing of said servomotor is released.
NUM  8.
PAR  8. An arrangement according to claim 7, which further comprises a pressure
      medium conduit opening into said cylinder of said locking means at one
      end, and into said cylinder of said servomotor at an opposite end, wherein
      said piston of said operating device of said locking means, when located
      in a position where it blocks motion of said cylinder housing, opens an
      outlet of said cylinder housing to said conduit through which pressure
      medium acting upon it can be further conducted to said piston-cylinder
      unit constituting said servomotor.
NUM  9.
PAR  9. An arrangement according to claim 8, wherein said cylinder of said
      locking means has a relief outlet, and wherein said piston of said
      operating device of said locking means is provided with a control groove
      by which said outlet to said conduit, leading to said servomotor, is
      connected with said relief outlet when said piston of said locking means
      is in a position in which it releases motion of said cylinder housing.
NUM  10.
PAR  10. An arrangement, according to claim 5, wherein two sides of said piston
      of said locking means can be alternately acted upon by pressure medium.
NUM  11.
PAR  11. An arrangement according to claim 1, wherein said pretension working
      element serves as a relief means for adjusting contact pressure of said
      spool on said winding shaft.
NUM  12.
PAR  12. An arrangement according to claim 11, which further comprises a sensor
      and a pressure control valve, and wherein the pivotal position of said
      spool holder is detected by said sensor and said pressure control valve is
      settable in dependence on this pivotal position, said control valve being
      arranged to control the pressure of the medium acting upon said pretension
      working element.
NUM  13.
PAR  13. An arrangement according to claim 12, including control cam means in
      contact with said spool holder for effecting actuation of said pretension
      working element according to a program in dependence on the pivotal
      position of said spool holder, and wherein said control cam means sets
      said pressure control valve which controls the pressure medium acting upon
      said pretension working element.
NUM  14.
PAR  14. An arrangement according to claim 5, wherein blockage of the motion of
      said cylinder housing of said servomotor occurs by wedging a locally
      stationarily pivoted pull rod with respect to said cylinder housing.
NUM  15.
PAR  15. An arrangement according to claim 14, wherein the wedging of said pull
      rod of said pretension working element is effected by at least one
      wedge-shaped elastic clamping member which can be pressed by said
      operating device of said locking means between a conical surface disposed
      at the housing of said operating device of said locking means and said
      pull rod.
NUM  16.
PAR  16. An arrangement according to claim 1, wherein said working member of
      said servomotor can be moved over a distance which corresponds to a
      predetermined, small lift-off path of said spool from said winding shaft.
NUM  17.
PAR  17. An arrangement according to claim 1, wherein said pretension working
      element comprises spring means.
NUM  18.
PAR  18. An arrangement according to claim 17, wherein said spool holder
      comprises a lever, and wherein said spring means engage said spool holder
      via a lever arm of said lever whose effective length is changeable in
      dependence on the pivotal position of said spool holder, in such a way
      that the spring tension of said spring means, corresponding to the
      characteristic curve thereof, is at least approximately compensated.
NUM  19.
PAR  19. An arrangement according to claim 18, wherein the length of the lever
      arm at which the force of said spring means engages said spool holder is
      changeable in such a way that both the spring force, which increases or
      decreases according to the pivotal position of said spool holder, as well
      as the increasing weight of said spool, are at least approximately
      compensated for.
NUM  20.
PAR  20. An arrangement according to claim 19, wherein said lever is an angled
      lever, and further comprising a force transmission member of said
      servomotor connected to the working member, and a locally affixed and
      adjustably disposed guide cam means for displacing the pivotal point of
      the force transmission member of said servomotor in dependence on the
      pivotal position of said angled lever, along one arm of thereof whose
      other arm carries said spool.
NUM  21.
PAR  21. An arrangement according to claim 1, wherein said operating device of
      said locking means is embodied as as electromagnetic servo member.
NUM  22.
PAR  22. An arrangement according to claim 1, which further comprises at least
      one spring, wherein said servomotor is embodied as an electromagnetic
      motor acting against the force of the at least one spring.
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ABST
PAL  A traversing thread guide for winding a thread, comprising an elongated cam
      engaging portion which meshes with a helically extending endless cam
      groove of a traverse cylinder. A gliding member for linear to-and-fro
      guiding of the traversing thread guide along a rigid guide device extends
      parallel to the rotational axis of the traverse cylinder, said guiding
      member being arranged offset with respect to the center of the cam
      engaging portion. A thread guide member is rigidly arranged on the gliding
      member. The cam engaging portion comprises a base for inner radial
      guidance of the traversing thread guide, said base being provided with a
      curvature which at least approximates the curvature of the cam groove base
      or bottom and comprises an upper surface designed for outer radial
      guidance of the thread guide on an inside surface of the extended guide
      device. The gliding member which is rigidly connected with the cam
      engaging portion is provided with at least one gliding section for
      contacting a guide edge of the extended guide device, and which gliding
      section encloses an angle with the upper surface of the cam engaging
      portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a traversing thread guide for winding a
      thread comprising an elongated cam engaging portion engaging or meshing
      with an endless helical cam groove of a traverse cylinder, a gliding
      member connected to the cam engaging portion for guiding the traversing
      thread guide linearly along an extended guide element and a thread guide
      member or portion rigidly connected to the gliding member.
PAR  A traversing thread guide of the above mentioned type is already known for
      winding a thread on cross-winders or cross-winding machines, and comprises
      an elongated cam engaging portion meshing with an endless cam groove
      extending helically on the outer surface of a traverse cylinder and which
      groove crosses itself. The gliding member of this traversing thread guide
      is rotatably connected with the cam engaging portion via a pin rotatably
      arranged in the gliding member. This pin is offset from the center of the
      cam engaging portion and is arranged on one end thereof in such manner
      that the longitudinal axis of the pin extends outside the rotational axis
      of the traverse cylinder when the cam engaging portion is placed into the
      cam groove. The gliding member can be supported by guide rims or ledges in
      correspondingly fitting recesses in parallel arranged guide rails and can
      be linearly traversed to-and-fro parallel to the rotational axis of the
      traverse cylinder. On the gliding member a thread guide element is
      arranged offset with respect to the longitudinal axis of the pin, the
      thread guide element being designed as an extended guide loop angled away
      from the gliding member and exceeding the length of the gliding member
      with its longer part. Owing to the offset arrangement of the gliding
      member on the pin, the thread guide element can move relative to the
      center of the cam engaging portion at the reversal points of the linear
      to-and-fro traversing movement such that a prolonged stop of the thread
      guide element at the reversal points is avoided, at which reversal points
      the center of the cam engaging portion temporarily stops.
PAR  The common support and linear guiding element for the gliding member
      however requires expensive manufacturing processes to insure for
      parallelism of the guide rims and the guide rails as well as of the
      recesses provided therein, and in which arrangement the parallel guiding
      action should not be impaired by wear of the material caused by the
      to-and-fro traversing movement. The rotatable connection between the
      gliding member and the cam engaging portion is an additional element of
      the traversing thread guide subject to wear. Thus, the individual guide
      elements of this type of traversing thread guide not only must be
      manufactured precisely, but also necessitate a massive and wear resistant
      design of the cam engaging portion. A traversing thread guide of such
      complicated design comprising a plurality of wear points, however, is
      subject to rapid wear by the traversing movement, i.e. it is economically
      disadvantageous and e.g. unsuitable for high speed applications.
PAR  Traversing thread guides are also known to the art wherein a gliding member
      thereof is guided on the inside surface of a cover- and guide-rail facing
      a traverse cylinder. On the gliding member there is arranged an extended
      guide loop, extending in a direction opposite to the direction of rotation
      of the traversing cylinder away from the gliding member. Since the thread
      guide member is thus offset from the center of the gliding shoe in such
      arrangement, as in the arrangement mentioned above, prolonged stopping of
      the thread guide member at the reversal points is avoided. Traversing
      thread guides of this type, however, have not proven to be satisfactory,
      since the gliding member for stability reasons and due to the long
      extension of the guide loop or bracket must be designed to be massive and
      wear resistant and contacts the guide rail with a large surface. Due to
      the massive design the center of gravity of such a traversing thread guide
      is located within the gliding member which thus is subject to increased
      wear, something which is disadvantageous at high speeds of the to-and-fro
      traversing movement.
PAR  Also known to the art is the guiding of a traversing thread guide with a
      cam engaging portion between the bottom of a cam groove and the inside
      surface of a tube surrounding the traverse cylinder, and which tube is
      provided with a slot for linearly guiding the gliding member. Together
      with the guide element for the gliding member this arrangement presents a
      large number of guide surfaces causing rapid wear of the traversing thread
      guide, particularly at high operating speeds. Furthermore, guiding the cam
      engaging portion on both sides in the recesses requires additional
      manufacturing operations on the inside surface of the tube and
      necessitates a design of the tube which permits pivoting of a part of the
      tube to be opened for exchanging the traversing thread guide. A further
      disadvantage is seen in that due to the arrangement of the thread guide
      member at the center of the traversing thread guide, the thread guide
      member is stopped temporarily at the reversal points, which proves
      disadvantageous for uniform winding.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a primary object of the present invention to eliminate the
      disadvantages of the traversing thread guides heretofore known in the art
      and to provide a traversing thread guide for winding a thread
      incorporating a gliding member having a thread guide member and which
      gliding member is arranged offset with respect to the center of the cam
      engaging portion, and wherein the traversing thread guide can be guided
      without excessive wear and without necessitating expensive manufacturing
      of guide devices for guiding it. Another object of this invention is to
      provide a traversing thread guide for winding thread wherein the center of
      gravity of the thread guide is located in the cam engaging portion to
      reduce the tilting moment acting on the gliding member during the
      to-and-fro traversing movement of the thread guide.
PAR  The traversing thread guide for winding a thread according to the invention
      comprises an elongated cam engaging portion for engaging or meshing with a
      helically extending endless cam groove of a traverse cylinder, a gliding
      member for linear to-and-fro guiding of the traversing thread guide along
      a rigid extended guide device extending substantially parallel to the
      rotational axis of the traverse cylinder. The gliding member is arranged
      offset with respect to the center of the cam engaging portion, and a
      thread guide member is rigidly arranged on the gliding member. According
      to the invention the cam engaging portion comprises a base for inner
      radial guidance of the traversing thread guide, which base is provided
      with a curvature which at least approximates the curvature of the groove
      bottom of the helical cam groove. The cam engaging portion further
      comprises an upper surface designed for outer radial guidance of the
      traversing thread guide on an inside surface of the extended guide device.
      The gliding member which is rigidly connected with the cam engaging
      portion is provided with at least one gliding section for contacting a
      guide edge of the extended guide device, and which gliding section
      encloses an angle with the upper surface of the cam engaging portion.
PAR  The cam engaging portion and the gliding member can be made from synthetic
      material and can be made in one piece, i.e. formed integral. The length of
      the cam engaging portion preferably corresponds to several times its
      width. Thus, there can be achieved the result, e.g. that the cam engaging
      portion sufficiently overlaps crossing points of the helical cam groove
      and guides the traversing thread guide at such points without
      disturbances. The curvature of the base of the cam engaging portion, e.g.
      approximates the curvature radius or radius of curvature of the cam groove
      bottom. The upper surface of the cam engaging portion for guidance on a
      curved inside surface, or also on a flat inside surface, can be designed
      curved. For outer radial guidance, however, the upper surface of the cam
      engaging portion also can be chosen flat or straight, such that it can be
      guided on a straight inside surface of the extended guide device. The base
      and the upper surface of the cam engaging portion preferably form the
      guiding surfaces for guiding the traversing thread guide in radial
      direction with respect to the traversing cylinder axis. The gliding member
      preferably designed exclusively for linearly guiding the traversing thread
      guide thus can be designed with dimensions, particularly with a height
      and/or a mass, which is several times smaller than the corresponding
      dimensions of the cam engaging portion. By so designing the gliding
      member, the overall center of gravity of the traversing thread guide
      advantageously can be located more closely to the center of gravity of the
      cam engaging portion, thus reducing the tilting moment acting on the
      gliding member at the reversal points of the to-and-fro traversing
      movement and caused by the sudden deceleration of the linear movement of
      the traversing thread guide.
PAR  In one embodiment of the invention the center of the gliding member can be,
      e.g. offset with respect to the center of the upper surface of the cam
      engaging portion on the longitudinal axis extending through the center.
      The gliding member can be arranged on one end portion of the cam engaging
      portion, e.g. within an outer quarter of the length of the cam engaging
      portion. The gliding section can form an angle of, e.g. 90.degree. with
      the upper surface of the cam engaging portion or any other angle needed
      for contacting the correspondingly designed guide edge. According to
      another embodiment the gliding member can be provided with a plurality of
      gliding sections. The gliding member can be of cylindrical form or
      rhomboid-shaped.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a side view of a traversing thread guide;
PAR  FIG. 2 is a top plan view of the traversing thread guide depicted in FIG.
      1;
PAR  FIG. 3 is a cross-sectional view of the traversing thread guide taken
      substantially along the line III--III of FIG. 1;
PAR  FIG. 4 is a partial cross-section, taken substantially along the line
      IV--IV of FIG. 5 of a traverse cylinder;
PAR  FIG. 5 is a cross-sectional view of the traverse cylinder taken
      substantially along the line V--V of FIG. 4; and
PAR  FIG. 6 is a cross-sectional view of a modified construction of traverse
      cylinder.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIGS. 1 through 3 there is shown a
      traversing thread guide 1 with a cam engaging portion 2 and a gliding
      member 3, the cam engaging portion 2 possessing a length E corresponding
      to several times the width F of the cam engaging portion 2. The cam
      engaging portion 2 contains a curved base 4 with a curvature radius
      R.sub.B and an upper surface 5, curved in the same direction, with a
      curvature radius R.sub.O which is larger than the curvature radius
      R.sub.B. As shown particularly well in FIGS. 2 and 3, the cam engaging
      portion 2 contains side surfaces 6, 6' and 7, 7' which are increasingly
      inclined towards each other in the direction towards the base 4 as well as
      towards the face sides or end faces 8 and 9. The side surfaces 6, 7
      furthermore merge via bevelled edges 10 into the base 4. In this manner
      the profile or outer contour of the cam engaging portion 2 can be adapted
      to a cam groove helically extending on a traverse cylinder (not shown in
      FIGS. 1 and 2) and can engage without disturbances, e.g. without jamming,
      with the cam groove and can be guided therein radially with respect to the
      traverse cylinder axis.
PAR  The gliding member 3 is arranged on the cam engaging portion 2 so as to be
      offset with respect to the center A of the upper surface 5, i.e. arranged
      outside of the center A on the longitudinal axis B extending on the upper
      surface 5 through such center A. The gliding member 3 is rigidly connected
      with the cam engaging portion 2 and together they form one piece. On the
      upper surface 11 of the gliding member 3 there is arranged a thread guide
      member or portion 12 provided with a thread guide slot or recess 13, the
      thread guide member 12 being inserted, as shown in FIG. 3, with a mounting
      extension or portion 14 in the gliding member 3 and rigidly connected
      thereto. The thread guide member 12, which can be fabricated from ceramic
      material, is arranged offset with respect to the center C of the upper
      surface 11 towards the end 15 of the cam engaging portion 2, as veiwed in
      the longitudinal direction of the cam engaging portion 2, for reasons to
      be described later on. As best seen by referring to FIGS. 1 and 2 the
      gliding member 3 with its center C is arranged at the end 15 within a
      length range or distance D of the length E of the cam engaging portion 2,
      this length range D corresponding for instance to one-quarter of the
      length E. Gliding member 3 is of substantially rhomboid shape having
      mutually facing pairs of surfaces 16, 16' and 17, 17' forming the rhomboid
      and enclosing an angle.varies. of 90.degree. with the upper surface 5 of
      the cam engaging portion 2. Each of these surfaces 16, 16', 17 and 17' can
      constitute a gliding section contacting a straight guide device on which
      it is traversed to-and-fro. The gliding member 3 has a height H.sub.G.
      Although the gliding member 3 is shown on an enlarged scale in FIGS. 1 to
      3 for clarity, its actual dimensions and thus also its height H are
      preferably chosen several times smaller than the corresponding dimensions
      of the cam engaging portion 2, and specifically in such a manner that the
      overall center of gravity of the traversing thread guide 1 is located more
      closely to the center of gravity of the cam engaging portion 2. At the
      reversal points of the to-and-fro movement of the traversing thread guide
      1 in a cam groove of a traverse cylinder (not shown in FIGS. 1 and 2) a
      brief but high load can act upon the connection of the gliding member 3
      and the cam engaging portion 2, this load being caused by the sudden
      deceleration of the movement. For this reason the gliding member 3 and the
      cam engaging portion 2 merge via a rounded edge or transition location 18,
      which increases the stability of the connection between the gliding member
      3 and the cam engaging portion 2.
PAR  In FIGS. 4 and 5, in which the parts shown identically in FIGS. 1 through 3
      are generally indicated with the same reference numerals, there is shown a
      traverse cylinder or barrel cam 20, a shaft 21 of which is supported on
      both sides in a frame 22. The shaft 21 is connected with a suitable drive
      mechanism (not shown) which rotates this shaft about its longitudinal axis
      G. On the jacket or outer surface 23 of the traverse cylinder 20 there is
      provided an endless helically extending cam groove 24 which crosses over
      itself (not shown) and contains reversal points 25. The traverse cylinder
      20 is provided with end pieces 26 (shown at one end only) detachably
      mounted on the traverse cylinder 20 by a suitable connecting element 27
      e.g. screws or the like. In this way the reversal points 25 of the cam
      groove 24 of the traverse cylinder 20 which are subject to considerable
      wear, and at which points there changes the helix or guide angle and thus
      the direction in which the cam groove 24 extends, can be exchanged. The
      traverse cyclinder 20 is surrounded by a tube 28 mounted on the frame 22.
      Tube 28 extends over and past the length H of the traverse cylinder 20 and
      is provided with a slot 29 of a length L. The slot 29 extends parallel to
      the rotational axis G and serves as an extended rigid guide device with a
      guiding edge 30 for the gliding member 3 as will be described more fully
      hereinafter. Between the outer surface or jacket 23 and the tube 28 there
      only prevails a small clearance M. The traversing thread guide 1 is placed
      into the cam groove 24, the groove bottom or base 31 of which has a
      curvature radius R.sub.N. The cam engaging portion 2 engaging or meshing
      with the cam groove 24 contacts with its base 4 the cam groove bottom 31
      of the cam groove 24 since its curvature radius R.sub.B corresponds to the
      curvature radius R.sub.N. The cam engaging portion 2 preferably contacts
      the groove side walls 32 and 33 only with a minimum upper portion of the
      side walls 6, 7' and 6', 7 of the cam engaging portion 2 in such a manner
      that at the other regions a small clearance can be maintained between the
      side walls 6, 7', 6', 7 and the cam groove walls 32, 33. The height K of
      the cam engaging portion 2 (FIG. 1) approximately corresponds to a depth N
      of the cam groove 24. The gliding member 3 protrudes into the slot 29, and
      as the traverse cylinder 20 rotates in a direction as indicated by the
      arrow P, can contact the guiding edge 30 with the gliding section 16 or
      16' according to the helix angle of the cam groove 24.
PAR  As the traverse cylinder 20 rotates, the traversing thread guide 1, guided
      radially or concentrically with the traverse cylinder 20 respectively, by
      the groove bottom 31, traverses to-and-fro along the guiding edge 30 which
      is contacted by the gliding member 3, owing to the reversing cam groove
      24, and thus is guided axially or linearly respectively. At the reversal
      points 25 the traversing thread guide 1 is pivoted about its center A in
      such a manner that either the gliding section 16 or the gliding section
      16' contacts the guiding edge 30. The offset thread guide member 12 is
      simultaneously pivoted, while the center A of the traversing thread guide
      1 i.e. the center A at the reversal points 25 respectively is at a
      standstill. The center, i.e. the center point of the thread guide slot 13
      thus can move along a path at the reversal points 25 which approximates a
      desired path of movement, the reversal of the thread guide slot 13 at the
      reversal points 25 being effected with a greater acceleration.
PAR  As the elongated cam engaging portion 2 is arranged inside the tube 28 and
      as its curved upper surface 5 is guided on the confronting inside wall or
      surface 34 of the tube 28 spaced therefrom at the small distance M, the
      traversing thread guide 1 is prevented from being lifted out of the cam
      groove. The traversing thread guide 1 thus is merely guided between the
      cam groove base or bottom 31 and the cylindrical inside surface 34 with a
      small clearance and concentrically with respect to the traverse cylinder
      20.
PAR  For preventing the leakage of for instance oil, impurities or other
      contaminants from the tube 28 a cover plate 35 is mounted on the outside
      of the tube 28. This cover plate 35 extends over the upper surface 11 of
      the gliding member 3 and partially covers the same. It is for this reason
      that the thread guide member 12 is arranged in offset relationship with
      respect to the center C. For exchanging the traversing thread guide 1 a
      portion 36 of the tube 28 is detachably mounted with screws 37 or
      equivalent fastening expedients at the frame 22.
PAR  In the exemplary illustrated embodiment the gliding member 3, with respect
      to the direction of rotation P, leads or precedes the tangential movement
      of the traversing thread guide 1. The traversing thread guide 1, however,
      also can be placed into the cam groove 24 with its cam engaging portion 2
      arranged beneath the tube part 36, the direction of rotation P being the
      same, and the gliding sections 17, 17' can be used for linear guidance. In
      this case the gliding member 3 and thus the thread guide member 12 are
      trailing with respect to the direction of rotation P and thus trail the
      tangential movement of the traversing thread guide 1.
PAR  According to the embodiment of FIG. 6 it is possible to use, instead of the
      tube 28 shown in FIGS. 4 and 5, a guide rail 40 as a guiding device for
      the linear to-and-fro traversing movement of a traversing thread guide 41,
      the guide rail 40 being mounted on a frame 42 which supports a traverse
      cylinder 43. The traverse cylinder 43 is again connected with a suitable
      drive mechanism (not shown) rotating the traverse cylinder 43 in the
      direction indicated by the arrow R. The traversing thread guide 41 is
      placed with its cam engaging portion 44 into a cam groove 45 extending
      helically on the traverse cylinder 43. On the cam engaging portion 44 a
      gliding member 47 is arranged in offset relationship with respect to the
      center (not here particulary referenced) of the upper surface 46, and
      which gliding member 47 is of cylindrical shape. A portion of the cylinder
      jacket or outer surface 48 serving as a gliding section 50 of the gliding
      member 47 contacts a guiding edge 49 of the guide rail 40 during such time
      as the traverse cylinder 43 rotates, and thus this gliding section 50 is
      traversed to-and-fro linearly. A base 52 of the cam engaging portion 44 is
      curved at its ends according to the base or bottom 53 of the cam groove 45
      and in its middle portion is provided with a recess 55 of more pronounced
      curvature. In this manner there are formed at the ends of the base 52
      protrusions or feet 54 contacting the cam groove base 53 and radially
      guiding the cam engaging portion 44. The rail 40 is provided with a curved
      inside surface 56 facing the traverse cylinder 43 and arranged at a small
      distance S from the jacket or outer surface 51. The distance S prevents
      lifting-off of the cam engaging portion 44 from the cam groove 45 and the
      curved upper surface 46 of the cam engaging portion 44 is guided by the
      inside surface 56. The traversing thread guide 41 in this arrangement is
      also concentrically guided with a small clearance with respect to the
      traverse cylinder 43 only between the cam groove base or bottom 53 and the
      cylindrical inside wall 56 of the guiding or guide device 40. A thread
      guide member 57 is arranged at the center of the upper surface 58 of the
      gliding member 47 and thus also in this arrangement is arranged in offset
      relationship with respect to the center of the cam engaging portion 44.
PAR  THe design and function of the individual components or elements of this
      embodiment otherwise correspond to those described with reference to the
      embodiments illustrated in FIGS. 1 to 5. The constructional embodiment of
      the traversing thread guide according to FIG. 6, however, permits easy
      exchange of the traversing thread guide without first having to open-up
      the arrangement by detaching parts.
PAR  It is an advantage of the inventive traversing thread guide that the
      concentric guidance thereof with respect to the traverse cylinder is
      merely effected by the cam engaging portion, i.e. on its base and on its
      upper surface. Thus, there is achieved the result that the gliding member
      only needs one gliding section for guiding a linear to-and-fro traversing
      movement. A further advantage resulting therefrom resides in the fact that
      the dimensions and/or the mass of the gliding member can be kept
      considerably smaller compared to the dimensions of the cam engaging
      portion. The resulting location of the overall center of gravity of the
      traversing thread guide in the direction towards the center of gravity of
      the cam engaging portion achieves a lower location of the center of
      gravity and thus of the weight of the traversing thread guide in the cam
      groove. The location of the center of gravity lower into the cam groove
      not only proves advantageous insofar as the tilting moment at the reversal
      points is reduced, but also insures a quiet and uniform movement of the
      traversing thread guide in the cam groove as the danger of the traversing
      thread guide being lifted-off from the cam groove during operation is
      reduced if not entirely eliminated. The inventive traversing thread guide
      is preferably provided with simply designed guiding surfaces and in such a
      manner that there can be dispensed with the manufacture of expensive
      guiding devices for the traversing thread guide. Thus, high economic
      feasibility is achieved with the inventive traversing thread guide. The
      traversing thread guide of this development can be used at high operating
      speeds, e.g. for winding a thread on draw-winding machines, as well as at
      low operating speeds for winding a thread.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A traversing thread guide for winding a thread and adapted to engage
      with a helically extending endless cam groove of a traverse cylinder, said
      cam groove having a bottom, said traversing thread guide comprising an
      elongated cam engaging portion, a gliding member for linear to-and-fro
      guiding of the traversing thread guide along a rigid guide device
      extending substantially parallel to the rotational axis of the traverse
      cylinder, said gliding member being arranged in offset relationship with
      respect to the center of the cam engaging portion, a thread guide member
      rigidly arranged on the gliding member, the center of gravity of the
      traversing thread guide being located in the cam engaging portion, said
      cam engaging portion comprising a base for the inner radial guidance of
      the traversing thread guide, said base possessing a curvature which at
      least approximates the curvature of the cam groove bottom, said base being
      in contacting relation with said cam groove bottom, said cam engaging
      portion further comprising an upper surface servicing for the outer radial
      guidance of the traveling thread guide on an inside surface of the guide
      device, said thread guide being freely radially movable with respect to
      the traverse cylinder between said inside surface of the guide device and
      the bottom of said cam groove, said gliding member being rigidly connected
      with the cam engaging portion and being provided with at least one gliding
      section for contacting a guide edge of the guide device, said gliding
      section enclosing an angle with the upper surface of the cam engaging
      portion.
NUM  2.
PAR  2. The traversing thread guide as defined in claim 1, wherein the base of
      the cam engaging portion is curved with a curvature radius essentially
      corresponding to the curvature radius of the cam groove base.
NUM  3.
PAR  3. The traversing thread guide as defined in claim 2, wherein the base of
      the cam engaging portion is provided with a recess at its central region
      and at its ends is curved with said curvature radius of the base of the
      cam engaging portion.
NUM  4.
PAR  4. The traversing thread guide as defined in claim 1, wherein the upper
      surface of the cam engaging portion for guiding at a curved inside surface
      of the guide device is curved in the same direction.
NUM  5.
PAR  5. The traversing thread guide as defined in claim 1, wherein the upper
      surface of the cam engaging portion and the inside surface of the guide
      device are substantially straight.
NUM  6.
PAR  6. The traversing thread guide as defined in claim 1, wherein the height of
      the cam engaging portion substantially corresponds to the depth of the cam
      groove.
NUM  7.
PAR  7. The traversing thread guide as defined in claim 1, wherein the gliding
      member is arranged outside the center of the upper surface of the cam
      engaging portion on a longitudinal axis extending through the center of
      the upper surface.
NUM  8.
PAR  8. The traversing thread guide as defined in claim 1, wherein the gliding
      member is arranged on the upper surface of the cam engaging portion within
      a predetermined length range of the length of the cam engaging portion,
      said predetermined length range being about one-quarter of said length of
      the cam engaging portion.
NUM  9.
PAR  9. The traversing thread guide as defined in claim 1, wherein at least the
      length of the gliding member is smaller than the length of the cam
      engaging portion.
NUM  10.
PAR  10. The traversing thread guide as defined in claim 1, wherein at least the
      mass of the gliding member is smaller than the mass of the cam engaging
      portion.
NUM  11.
PAR  11. The traversing thread guide as defined in claim 1, wherein both the
      length and the mass of the gliding member are smaller than the length and
      mass of the cam engaging portion.
NUM  12.
PAR  12. The traversing thread guide as defined in claim 1, wherein the gliding
      member is of substantially rhomboid shape and is provided with two gliding
      sections for contacting the guide edge.
NUM  13.
PAR  13. The traversing thread guide as defined in claim 1, wherein the gliding
      member is of substantially cylindrical shape.
NUM  14.
PAR  14. The traversing thread guide as defined in claim 1, wherein a rounded
      connection zone is provided between the gliding member and the cam
      engaging portion.
NUM  15.
PAR  15. The traversing thread guide as defined in claim 1, wherein the cam
      engaging portion and the gliding member are integrally connected with one
      another.
NUM  16.
PAR  16. The combination with a rotatable traverse cylinder possessing a
      substantially helically extending endless cam groove having a curved
      bottom and a guide device having a guide edge and extending substantially
      parallel to the axis of rotation of the rotatable traverse cylinder, of a
      traversing thread guide for winding a thread, said traversing thread guide
      engaging with the helically extending endless cam groove of the rotatable
      traverse cylinder, said traversing thread guide comprising a cam engaging
      portion, a gliding member for the substantially linear to-and-fro guiding
      of the traversing thread guide along the guide device, said gliding member
      being arranged in offset relationship with respect to the center of the
      cam engaging portion, a thread guide member carried by said gliding
      member, the center of gravity of the traversing thread guide being located
      in the cam engaging portion, said cam engaging portion comprising a base
      for the inner radial guidance of the traversing thread guide, said base
      possessing a curvature which at least approximates the curvature of the
      cam groove bottom, said base being in contacting relation with said cam
      groove bottom, said cam engaging portion further comprising an upper
      surface serving for the outer radial guidance of the traversing thread
      guide on an inside surface of the guide device, said thread guide being
      radially unrestrained with respect to the traverse cylinder between said
      inside surface of the guide device and the bottom of said cam groove, said
      gliding member being rigidly connected with the cam engaging portion, said
      gliding member further being provided with at least one gliding section
      for contacting said guide edge of the guide device, said gliding member
      enclosing an angle with the upper surface of the cam engaging portion.
NUM  17.
PAR  17. The traversing thread guide as defined in claim 1, wherein only one of
      said at least one gliding sections contact said guide device during linear
      to-and-fro guiding of the traversing thread guide.
NUM  18.
PAR  18. The traversing thread guide as defined in claim 1, wherein said gliding
      member has a dimension as viewed in the longitudinal direction of said cam
      engaging portion and a mass which are several times smaller than the
      corresponding longitudinal dimension and mass of the cam engaging portion.
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ABST
PAL  To prevent the pull cord for a roller blind or the like from jumping off
      its reel or pulley and becoming entangled, the reel is enclosed within a
      loosely mounted tubular member which closely peripherally surrounds the
      end flanges on the reel and maintains a substantial coaxial relation
      therewith with a clearance less than the thickness of the pull cord and is
      provided with an aperture through which the free end of the pull cord can
      pass. To prevent the cord from chafing against the edges of the aperture
      an external guide for the cord is preferably provided which prevents the
      cord, when taut, from touching the edges of the aperture.
PARN
PAR  This is a continuation-in-part of my copending application Ser. No. 406,468
      filed Oct. 15, 1973, now abandoned.
BSUM
PAR  This invention relates to reels of the kind which are adapted to be mounted
      on a fixed support for rotation relative to said support by a pull cord
      secured at one end to the reel. Such reels are already widely used for the
      pull cords of roller blinds, venetian blinds and the like.
PAR  A difficulty which may occur when operating the pull cord of a blind,
      curtain or the like is that when the cord is jerked it may jump off the
      reel and become entangled. Because such reels are usually mounted in an
      elevated position it is necessary to climb to disentangle the cord.
PAR  It has been proposed, as disclosed in such prior art as British Pat. No.
      1600 dated Apr. 24, 1877 and German Patent No. 285 dated July 15, 1877 to
      attach the pull cord to a pulley or reel fixed on the end of a reel or
      roller blind, and to substantially enclose the pulley by a generally
      cylindrical casing that is fixed to the wall or adjacent support.
PAR  A problem encountered in such structure has been the tendency of the pull
      cord to pass over the outer periphery of the pulley and become jammed
      between the pulley and the casing. It was at first believed that merely
      increasing the diameter of the pulley flanges to dispose the flange
      peripheries close to the inner surface of the casing would solve the
      problem, but since rollers of this type are normally not mounted to rotate
      on accurately maintained axes this proposed solution was not successful in
      that it often resulted in frictional binding between the fixed casing and
      the pulley flanges.
PAR  The invention solves the problem by providing a loose floating mount for a
      tubular member or casing extending over the pulley. This enables the
      tubular member to have an internal surface very close to the flange
      periphery diameters, the distance being less than the size of the pull
      cord, while at the same time eliminating the need for accurate dimensions.
      The tubular member by reason of its ability to float with the pulley
      maintains itself at all times substantially coaxial with the pulley and
      maintains the distance between the internal surface of the tubular member
      and the flange peripheries at all points less than the thickness of the
      pull cord; and the loose fit of a pin on the tubular member in an opening
      in the support permits the slight tilting, radial and axial movements of
      the tubular member while adequately restraining member 10 from free
      rotation about the axis of the roller blind.
PAR  The present invention thereby provides a mechanically simple but
      unexpectedly efficient means for preventing the inconveniences of the
      prior art.
PAR  The invention is thus characterized by a loosely mounted tubular member
      which during operation maintains a substantially coaxial relation with the
      reel or pulley while closely surrounding the outer peripheries of the end
      flanges of the reel and is provided with an aperture for the passage of
      the free end of the pull cord.
PAR  Because the tubular member closely surrounds the reel flanges the pull cord
      is confined within an annular space surrounding the reel and bounded by
      the internal surface of the tubular member and hub and the flanges and can
      only leave the reel through the aperture. This means that in the invention
      it is not possible for loops of cord to jump off the reel. Experience has
      shown that even if the pull cord is jerked no difficulties will occur in
      raising or lowering the blind.
PAR  The tubular member is preferably loosely mounted on a trunnion of the blind
      roller to which the reel or pulley is secured and means provided for
      preventing the tubular member from freely rotating with the reel. This may
      consist of a removable pin which loosely connects the tubular member to a
      fixed support for the trunnion.
PAR  The size of the aperture through which the cord leaves the reel is
      dependent upon the thickness of the cord and in order to keep this
      aperture as small as possible without causing excessive wear of the cord
      through contact with the edges of the aperture it is preferred to provide
      an external guide adjacent the aperture which ensures that when the cord
      is taut it will pass through the aperture without contacting the edges.
      The aperture, however, can be quite large compared with the thickness of
      the cord without the danger of a loop of the cord being able to slip
      therethrough.
DRWD
PAR  One embodiment of the invention is illustrated in the accompanying drawing,
      in which:
PAR  FIG. 1 is an axial section through the reel and of a roller blind according
      to a preferred embodiment of the invention, taken along the line I-I of
      FIG. 2; and
PAR  FIG. 2 is an end view of the device shown in FIG. 1.
DETD
PAR  In the drawing, 1 designates a reel or pulley having a hub 2, a flange 3
      and a flange 4. The reel flanges are shown as having circular outer
      peripheries of the same diameter. The reel 1 is fixedly mounted on a
      roller 5 coaxial with the hub 2 and rotation of the reel relative to the
      roller is prevented by a screw 5'. A trunnion 6 comprising an extension of
      the roller 5 passes freely through the flange 3 as shown and is journalled
      in an aperture 7 in an arm 8 of a fixed supporting bracket 9 which can be
      secured by means of screws (not shown) to a wall, window frame or the
      like.
PAR  A tubular member 10 is loosely mounted about the trunnion 6 and comprises a
      radial portion 11 and a cylindrical portion 12 the inner cylindrical
      surface 12' of which closely surrounds the flanges 3 and 4 and extends
      axially a distance at least equal to the length of the reel, and combines
      with them to define an annular space around the hub 2 to accomodate a cord
      13. The tubular member 10 is formed with an aperture 14 for the passage of
      the cord 13 which is also guided through an eye 16 formed in an arm 15.
PAR  In order to prevent it from freely rotating about the trunnion 6, while
      permitting it to maintain operative association with the pulley flanges,
      the tubular member 10 is provided with a pin 17 which projects loosely
      through a larger diameter hole 18 (FIG. 2) in the arm 8.
PAR  It is not necessary for the portion 12 of the tubular member 10 to be
      cylindrical, although such is preferable. It is also for example possible
      for one of the flanges 3, 4 to be of larger diameter than the other in
      which case the inner surface of portion 12 would converge somewhat
      conically from the larger flange towards the smaller flange.
PAR  Also, to prevent rotation of the tubular member 10, any other suitable
      means may be employed in place of the registering pin 17 and hole 18, e.g.
      a protrusion and notch, a pair of protrusions on opposite sides of the arm
      8 or registering flats on the tubular member and its fixed supporting
      means.
PAR  Referring to the drawing, it will be noted that the aforesaid loose
      mounting of the tubular member 10 comprises a definite clearance 21 shown
      in FIG. 1 between the cylindrical central opening 22 in the radial side
      portion 11 of the tubular member where it surrounds trunnion 6; and a
      definite clearance 23 shown in FIG. 1 between the generally circular outer
      peripheries of the pulley flanges 3, 4 and the internal cylindrical
      surface 12' of member 10. The clearance at 23 is smaller than the
      thickness of pull cord 2. Also, as shown in FIG. 2 the cylindrical pin 17
      on the radial portion of member 10 extends with a definite loose fit
      clearance into the much larger diameter opening 18 in the bracket.
PAR  By reason of these clearances the tubular member 10 is free to follow
      small, and sometimes unavoidable in commercial practice, deviations in the
      shape and mounting of the pulley, as well as random pulley movements
      during operation as the roller is turned, and this factor is of crucial
      importance in that it keeps the distance between the reel flange
      peripheries and the inner surfaces of the tubular member always reliably
      smaller than the pull cord thickness regardless of small inaccuracies of
      dimensions and alignment of the reel, all without the need for excessive
      accuracy in mounting the reel or the establishment of the very close
      tolerances that would be necessary if member 10 were fixed relative to the
      reel to avoid jamming and high friction binding between the reel pulley
      and the member 10.
PAR  In practice it has been observed that the essentially floating loosely
      mounted tubular member 10 is free to follow small changes in angularity of
      the reel axis as by tilting relative to the support with accompanying
      small radial and axial displacements so as to follow the disposition of
      the pulley and at all times maintain a substantially frictionless but
      efficient closure of the annular space between the reel hub and the
      flanges and the tubular member 10. Additionally the member 10 is
      preferably of light weight, usually a plastic shell, so that it has no
      inertial or weight problems in following the pulley.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by letters Patent is:
NUM  1.
PAR  1. In combination with a blind roller rotatably mounted at opposite ends on
      a fixed support, a reel hub coaxially and fixedly secured to one end of
      said roller, axially spaced radial end flanges on the hub, a pull cord
      secured at one end to the reel adapted to be wound onto the hub and
      adapted to rotate the reel and the roller relative to said support, a
      tubular member substantially coaxial with the roller and having an inner
      circumferential surface extending axially for a distance at least equal to
      the length of said reel substantially closely surrounding the outer
      peripheries of both said end flanges, the diameter of said flanges being
      smaller than the diameter of the inner circumferential surface of said
      tubular member by a small distance less than the thickness of the pull
      cord, said tubular member having an aperture permitting free and
      unfettered passage of the unsecured end of the pull cord through said
      tubular member, and means for loosely mounting said tubular member on said
      support comprising cooperating means connected to said tubular member and
      to said support for preventing free rotation of said tubular member about
      the axis of said roller but allowing small free axial, radial and tilting
      movements of said tubular member with respect to said support during
      rotation of said roller.
NUM  2.
PAR  2. In the combination defined in claim 1, said tubular member having a
      cylindrical inner surface and said flanges having outer circular
      peripheries of substantially the same diameter.
NUM  3.
PAR  3. In the combination according to claim 1, said tubular member being
      substantially closed at one end by a radial portion which has a central
      opening loosely surrounding said one end of the roller, and said
      cooperating means includes loosely interfitting pin and hole means on said
      fixed support and said radial portion for preventing the tubular member
      from freely rotating with said roller while permitting said movements of
      the tubular member relative to said support.
NUM  4.
PAR  4. In the combination according to claim 1 said tubular member being
      substantially closed at one end by an annular portion thereof which is
      loosely mounted on a trunnion projecting from said one end of the roller
      and journalled in said fixed support.
NUM  5.
PAR  5. In the combination according to claim 5, said cooperating means for
      preventing rotation of said tubular member comprising a pin on said
      tubular member which projects loosely into a hole in the fixed support.
NUM  6.
PAR  6. In the combination defined in claim 1, said fixed support at the reel
      end of said roller comprising a bracket secured to a wall or the like and
      having an opening rotatably receiving the end of said roller, and said
      cooperating means comprising an axially extending projection on said
      tubular member fitting with substantial clearance in a further opening in
      said bracket.
NUM  7.
PAR  7. In the combination defined in claim 1, said tubular member being a
      lightweight shell.
NUM  8.
PAR  8. In the combination according to claim 1, a fixed guide through which the
      pull cord passes from said aperture, said guide being so positioned in
      relation to said aperture that the cord, when taut, is prevented from
      coming into contact with the edges of the aperture.
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ABST
PAL  This invention relates to a permanent magnet hysteresis clutch means to
      transmit torque from a driving mandrel to a film strip winding bobbin or
      core, and more particularly to a plurality of hysteresis clutch means
      which are arranged in spaced array to simultaneously transmit torque to a
      plurality of film winding bobbins where the bobbins are of varying widths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polypropylene film is usually produced by the bubble or blown tube process
      or by a draft and tentering process. In each process, the polypropylene is
      continually produced on a very wide sheet which may be, for example, 1-3
      meters wide and perhaps as thin as from 3.0 to 25 microns. For use in
      electrical capacitors, this film sheet is usually simultaneously slit to a
      number of smaller widths, and this slitting takes place as an adjunct to
      the film production equipment where the slitting mechanism receives film
      as produced from the film production equipment. It is preferred to slit
      the film directly from the mill roll simultaneously into as many as
      thirty-two or more strips which are also simultaneously wound on winding
      cores driven by a common mandrel to provide suitable film bobbins. Slip
      clutches are usually provided at a drive means between the driving mandrel
      and each of the winding cores. Simultaneous winding of plural film bobbins
      gives rise to a number of major problems such as film tension control and
      bobbin alignment. Variations in film thicknesses, i.e., off gauge
      conditions, adversely affect film tension, which for very narrow width
      film strips require quite precise limitations. The normal force which is
      usually necessary to generate the required friction for friction drive
      through slip clutches must ordinarily be applied to the ends of each of
      the plurality of cores, and this results in a general misalignment from
      core to core or bobbin to bobbin which is reflected in an oscillation of
      the tension applied to the narrow webs. This oscillation is often so great
      as cause the tension to vary by as much as 50 percent thus resulting in
      poor bobbin edges and generally lack of control over the winding process.
PAC  OBJECTS OF THE INVENTION
PAR  It is thus an object of this invention to provide improved drive means
      between a driving mandrel and a plurality of winding cores mounted
      thereon.
PAR  It is a further object of this invention to provide non friction magnetic
      drive between the driving mandrel and individual ones of a plurality of
      film winding cores mounted on said mandrel.
PAR  It is a further object of this invention to utilize permanent magnet
      hysteresis clutch means between a plurality of winding cores and their
      common driving mandrel.
PAC  SUMMARY OF INVENTION
PAR  In a preferred form of this invention, a drive shaft or mandrel has mounted
      thereon for individual concentric rotation thereabout a plurality of
      winding cores upon which synthetic resin films of varying widths are
      wound. Between each winding core and the driving mandrel, there is
      positioned a permanent magnet hysteresis clutch means which transmits the
      driving torque from the driving mandrel to the core by means of the
      hysteresis action with resulting uniform tension control of the winding
      operation for each bobbin.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  This invention will be better understood when taken in connection with the
      following description and drawings in which:
PAR  FIG. 1 is a schematic illustration of a prior art method of driving a
      winding core or core holder.
PAR  FIG. 2 is a schematic illustration of a preferred embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is illustrated a drive assembly 10 which
      comprises a common or drive mandrel 11 which drives simultaneously two or
      more winding core members 12. A suitable synthetic resin film is wound on
      these cores to provide film bobbins 13 and 14 which for the purposes of
      this invention are of different widths. Each core 12 is rotatably mounted
      on mandrel 11 by means of suitable ball bearings 15 and core holders 16
      which together permit the cores 12 to freely rotate about drive mandrel
      11.
PAR  Power is transmitted from drive mandrel 11 to the cores 12 by a series of
      friction clutches. For example, in FIG. 1, a suitable flange clutch means
      17 is adapted to be driven by drive mandrel 11 and also to be axially
      slideable with respect thereto. Between the flange clutch 17 and the core
      holder 16, there is a spacer member 18 which is usually of a low friction
      material such as a synthetic resin or plastic material. This spacer member
      18 is free floating on drive mandrel 11. When a suitable force is applied
      to flange clutch 17 axially in the left to right direction, flange 17
      moves into frictional engagement with spacer 18, and spacer 18 moves into
      frictional engagement with core holder 16 so that rotating power of drive
      mandrel 11 is applied to the core holder 16 to turn core holder 16 with
      drive mandrel 11.
PAR  In order to transmit driving torque to a plurality of, or series of, core
      members, and also to provide the driving torque more uniformly with
      respect to each bobbin, a series of friction drive means is provided
      between adjacent core members. For example, in FIG. 1, between each series
      of core holders 16, there is positioned a sleeve or spacer member 19
      concentrically mounted on drive mandrel 11, and keyed to drive mandrel 11
      such that slight axial motion is provided. At each end of the sleeve
      member 19 there are flange clutches or drive rings 20, each of which is
      positioned concentrically on drive mandrel 11 and keyed thereto but yet
      providing slight axial motion. Sleeve 19 and drive rings 20 may be
      combined in the form of flange clutch 17. Between the drive rings 20 and
      the core holders 16, there are positioned further spacer members 18.
PAR  Accordingly, flange clutch 17 is moved axially along drive mandrel 11 to
      frictionally engage the adjacent spacer 18 which then engages adjacent
      core holder 16. The core holder 16 and the bearings 15 associated
      therewith permit a predetermined amount of axial motion of the core holder
      16 so that the other side of the adjacent core holder 16 is pressed
      against the further spacer member 18, and in turn the spacer member 18 is
      frictionally engaged with drive ring 20. Because of the permitted axial
      motion of the drive rings 20 and the spacers 19, the further continuing
      series of rings 20 and core holders 16 are brought into frictional
      engagement with spacer 18 so that the core holders are rotated
      corresponding to the rotation of drive mandrel 11. Since the driving
      torque of mandrel 11 is transmitted through the medium of plastic discs or
      spacers 18 rotating against adjacent metal surfaces of the drive rings 20
      and the core holders 16, there is provided a predetermined slip clutch
      arrangement to accommodate non uniform driving impulses.
PAR  As noted before, the above described arrangement while ordinarily providing
      the required torque from the drive mandrel to the core members, also
      introduce a number of severe difficulties, particularly in its adaptation
      to winding plural bobbins of film widths less than about 15 centimeters in
      width and less than 12.5 microns in thickness. One difficulty is that the
      mechanical drive between the drive rings 20 and the core holders 16
      through the friction discs 18 is not uniform and certain fluctuations in
      torque delivery are experienced. This fluctuation can seriously affect the
      required critical tension in the film being wound on the bobbin and an
      adverse effect on that tension will result in a poorly wound bobbin, poor
      bobbin edges, and perhaps wrinkling of the film. Furthermore these
      variations in torque which may be in the form of oscillations or jerks are
      then transmitted from one bobbin to another so that all bobbins are
      effected successfully by variations which appear in a remote bobbin.
      Accordingly, the preferred form of this invention, as illustrated in FIG.
      2, provides for a permanent magnet hysteresis clutch to be utilized in
      combination with a bobbin drive assembly.
PAR  Referring now to FIG. 2, a hysteresis clutch assembly is provided as the
      drive means between the drive mandrel 11 and each of a number of
      successive bobbins 13 and 14. The permanent magnet hysteresis clutch in
      FIG. 2 comprises a magnetic clutch member 21 keyed to drive mandrel 11 and
      a hysteresis ring 22 which is adjacent to core holder 16. In the FIG. 2
      arrangement, neither the core holder 16 nor the bearings 15 nor the clutch
      member 21 need to have any axial motion along the drive mandrel 11 in
      order to provide any driving torque. The drive means therefore for an
      individual core holder 16 takes place by the torque of the drive mandrel
      11 being transmitted to the magnetic clutch 21 through the direct key
      relationship, and the magnetic clutch 21 then drives the hysteresis ring
      22 through the ordinary hysteresis permanent magnet clutch arrangement to
      in turn drive the core holder 16. Each succeeding core holder 16 along the
      drive mandrel 11 is driven in the same manner. By this arrangement, the
      transmission of torque from the drive mandrel 11 to the cores 12 or
      bobbins 13 and 14 takes place in a significantly improved uniform manner,
      and each core 12 being driven separately from its neighbor core 12 is not
      affected by any fault which might appear in any core 12 along the shaft.
      Furthermore, there are no misalignment problems between bobbins as would
      be caused by one bobbin core being forced against another by a force
      applied at the end of a shaft on a series or stack of cores.
PAR  In the present invention as illustrated in FIG. 2, there may be several
      additional cores mounted on the same drive mandrel 11. However, two
      bobbins are not wound in side by side relationship. The webs are wound on
      bobbins on alternate mandrels so that at least two mandrels are required
      for plural strip winding. The improved drive means of this invention
      provides simplistic structure means to retain a series of cores in fixed
      spaced relationship without exerting any undue axial force on the stack or
      series of cores. In FIG. 2, a series of sleeve spacer members 23 of
      appropriate widths are positioned between core members and keyed to drive
      mandrel 11. If necessary, short sleeve spacer members may be provided
      between bearings 15. As illustrated, these sleeves bear on the inner races
      of the bearings 15 and on magnetic clutch member 21 so that the axial
      stacking force is limited to the sleeve-race-clutch structure which is a
      solid one with very little and insignificant axial motion of any component
      required. Consequently, alignment of cores is preserved mostly because no
      stacking force is applied to the cores. More importantly the dimensional
      integrity of air gap 25 is maintained to preclude driving force
      variations.
PAR  The tension applied to each bobbin is completely independent of any other
      bobbin on the mandrel because it is determined only by the setting on each
      permanent magnet hysteresis clutch and not by any end loading. The applied
      tension is extremely smooth because of the known characteristics of the
      permanent magnet hysteresis clutch. The clutch torques are individually
      adjustable from their minimum to maximum torque and consequently different
      tensions may be employed on different bobbins. By means of this
      arrangement, a greater number of bobbins may be wound in one operation,
      and much thinner and more narrow films can be wound without distortion.
      There is no wear on the driving surfaces because the driving factor is
      magnetic.
PAR  This invention is particularly adaptable not only to winding a plurality of
      different width film strips, but is highly favorable to the winding of
      very thin strips of very narrow widths at very light tensions.
PAR  While this invention has been disclosed with respect to particular
      embodiments thereof, numerous modifications may be made by those skilled
      in the art without departing from its true spirit and scope. Therefore, it
      is intended that the appended claims cover all such modifications and
      variations which come within the true spirit and scope of the present
      invention.
CLMS
STM  What is claimed as new and desired to be secured by letters Patent of the
      United States is:
NUM  1.
PAR  1. A bobbin winding assembly particularly adaptable for simultaneously
      winding a plurality of synthetic resin strips comprising in combination
PA1  a. a drive mandrel,
PA1  b. a plurality of bobbin core holders coaxially mounted in spaced array
      along said shaft for rotation thereon,
PA1  c. a hysteresis ring on each of said core holders,
PA1  d. and an annular permanent magnet ring fixed concentrically to said
      mandrel and adjacent each hysteresis ring with an air gap therebetween and
      in magnetic drive relationship thereto,
PA1  e. so that rotation of said drive mandrel rotates each of said core holders
      through said magnetic drive across said air gap.
NUM  2.
PAR  2. A bobbin winding assembly particularly adaptable for simultaneously
      winding a plurality of synthetic resin strips comprising in combination
PA1  a. a drive mandrel,
PA1  b. a plurality of bobbin core holder concentrically positioned on said
      mandrel in spaced array,
PA1  c. inner and outer race rolling bearing means supporting each said core
      holders or said mandrel to rotate thereon,
PA1  d. a hysteresis ring on said core holder and concentric with said drive
      mandrel,
PA1  e. an annular permanent magnet ring fixed concentrically on said drive
      mandrel adjacent said hysteresis ring to define a transverse air gap with
      respect to said drive mandrel,
PA1  f. sleeve spacer means between said bearing means and bearing on the inner
      races thereof to fix said core holders in spaced array on said drive
      mandrel,
PA1  g. so that rotation of said drive mandrel causes each of said core holders
      to rotate by magnetic drive through said annular magnet and said
      hysteresis ring.
NUM  3.
PAR  3. The invention of claim 2 wherein said core holders are adapted to
      receive cores of varying widths.
NUM  4.
PAR  4. The invention as recited in claim 2 wherein said spacer members are of
      predetermined length to predetermine the air gap distance between said
      hysteresis ring and said annular magnet.
NUM  5.
PAR  5. The invention of claim 4 wherein said bobbins are of different widths.
NUM  6.
PAR  6. In a bobbin winding process which comprises
PA1  a. passing a strip of synthetic resin film into a slitter and slitting into
      a plurality of individual strips of different widths, the improvement of
PA1  b. taking up each strip on a separate bobbin mounted on a plurality of
      mandrels,
PA1  c. providing essentially identical permanent magnet hysteresis drive means
      between said mandrel and each of said bobbins,
PA1  d. and driving said mandrels so that said permanent magnet drive means
      drives said bobbins simultaneously at different speeds.
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ABST
PAL  A quiller for rolling strips of material into decorative and artistic
      patterns comprises a body having a flat surface and a crank having a crank
      axis and coupled to the body so that the crank axis is substantially
      perpendicular to the flat surface of the body and the crank is rotateable
      about the crank axis. A pin disposed around a pin axis and having a slot
      is coupled to the crank and to the body so that the pin axis is
      substantially coaxial to the crank axis. A strip of material is placed
      into the slot and wound up by rotating the crank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A quill is a narrow strip of material, usually paper, which has been rolled
      up. Qulling is the art of rolling narrow strips of material, usually
      paper, into various shapes and gluing these formed shapes together side by
      side to create a lacy decorative work of art. The traditional method for
      rolling strips of paper into decorative and artistic patterns was very
      slow and tedious with uncertain results. The traditional method required
      one to hold the tip of the paper between a pin and ones first finger and
      then to press down with the pin so that the end of the paper would bend
      up. Then one would push against the end of the paper with his thumb and
      roll the paper around the pin. The paper by this process would roll toward
      the end of the finger. When one has rolled to the end of the finger one
      would have to place his thumb against the paper to keep it from
      unraveling. The paper would be lifted and moved back down the finger so
      that it could be rolled the length of the finger again. The thumb holds
      the paper to the pin so that it cannot unroll during repositioning. One
      would continue rolling the paper in this manner until the length of the
      paper is completely wound around the pin. One would have to be very
      careful to keep the sides of the wound paper straight so that the wound
      strip of paper would lay flat in one plane. This traditional method was
      very slow and tedious and resulted in uneven wound strips of paper whose
      edges did not lie in one plane. The present invention sharply reduces the
      time for winding a long strip of material and assures that the wound strip
      of material will lie in a flat plane.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a quiller for rolling strips of material
      into decorative and artistic patterns. It is an object of the invention to
      provide an apparatus that will be capable of quickly rolling strips of
      paper and be able to roll successive strips of paper with equal tension
      each time. It is a further object of the invention to provide an apparatus
      capable of making strips of material into decorative and artistic
      patterns.
PAR  The quiller for rolling strips of material into decorative and artistic
      patterns comprises a body having a flat surface and a crank having a crank
      axis and coupled to the body so that the crank axis is substantially
      perpendicular to the flat surface of the body and the crank is rotateable
      about the crank axis and a pin disposed around a pin axis, the pin having
      a slot and coupled to the crank and to the body so that at least a portion
      of the pin is above the flat surface of the body and the pin axis is
      substantially coaxial to the crank axis. It is preferred that the body
      have a hole through the flat surface of the body and through the body
      which is capable of receiving a crank having a handle and a shaft disposed
      around the crank axis. The shaft is mated to the hole of the body and
      rotateable about the crank axis.
PAR  It is further preferred that the body have a recess on the flat surface of
      the body around the hole of the body and that a bushing disposed around a
      bushing axis and having a flat surface and a hole be mated to the recess
      and the hole of the body so that the flat surface of the bushing fits
      flush with the flat surface of the body and the bushing axis is
      substantially coaxial to the crank axis. The bushing is rotateable in its
      mated position about the bushing axis. The shaft is mated to the hole of
      the body by inserting the shaft into the hole of the bushing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front plan view of the quiller;
PAR  FIG. 2 is a side elevation view of the quiller;
PAR  FIG. 3 is a back plan view of the quiller;
PAR  FIG. 4 is an exploded front perspective view of a pin, a bushing, a crank
      and a fragmentary view of the body of the quiller;
PAR  FIG. 5 is a fragmentary front perspective view of the quiller with a quill
      wound around the pin;
PAR  FIG. 6 is a front perspective view of a quill.
DETD
PAC  DETAILED DESCRIPTION
PAR  A quiller 10 for rolling strips of material 23 into decorative and artistic
      patterns is indicated generally and comprises a body 11 having a flat
      surface 12 and a hole 16 through the flat surface 12 of the body 11 and a
      recess 19 on the flat surface 12 of the body 11 around the hole 16 of the
      body 11 as illustrated in FIGS. 1, 2, 3, 4 and 5.
PAR  A bushing 20 disposed around a bushing axis C and having a flat surface 21
      and a hole 22 is mated to the recess 19 and the hole 16 of the body 11 so
      that the flat surface 21 of the bushing 20 fits flush with the flat
      surface 12 of the body 11 per FIG. 4.
PAR  A crank 13 having a crank axis A is coupled to the body 11 so that the
      crank axis A is substantially perpendicular to the flat surface 12 of the
      body 11 and the crank 13 is rotateable about the crank axis A as
      illustrated in FIGS. 1, 2, 3 and 4. It is a preferred embodiment that the
      crank 13 have a handle 17 and have a shaft 18 disposed around the crank
      axis A and that the shaft 18 be mated to the hole 16 of the body 11 and
      rotateable about the crank axis A.
PAR  In the embodiment utilizing the bushing 20 the shaft 18 is mated to the
      hole 16 of the body 11 by inserting the shaft 18 into the hole 22 of the
      bushing 20. The bushing axis C is substantially coaxial to the crank axis
      A and the bushing 20 is rotateable about the bushing axis C as
      illustraated in FIGS. 1 and 4.
PAR  A pin 14 disposed around a pin axis B is coupled to the crank 13 and to the
      body 11 so that at least a portion of the pin 14 is above the flat surface
      12 of the body 11 and the pin axis B is substantially coaxial to the crank
      axis A as shown in FIGS. 1, 2 and 4. The pin 14 has a slot 15 which
      receives the end of the strip of material 23 as illustrated in FIGS. 2, 4
      and 5.
PAR  The quiller 10 is assembled by inserting the bushing 20 into the hole 16 of
      the body 11 then press fitting the shaft 18 into the hole 22 of the
      bushing 20. The pin 14 may be attached by various means to the crank 13.
      It is the preferred embodiment that the pin 14 be pressed into the shaft
      18 of the crank 13. The quiller and its component parts may be made from
      plastic, wood or metal or any other suitable material or combination
      thereof.
PAR  A strip of material 23, usually of paper, is rolled into a decorative and
      artistic pattern by placing the end of the material into the slot 15 of
      the pin 14. The handle 17 is turned while the strip of material 23 is held
      against the pin 14 and the edge of the strip of material 23 is held flat
      against the flat surface 12 of the body 11 and the flat surface 21 of the
      bushing 20. The handle 17 is turned until all of the length of the strip
      of material 23 is wrapped around the pin 14 as illustrated in FIG. 5. When
      the strip of material 23 is completely wrapped around the pin 14 it is
      removed from the pin 14. The result is a wound strip of paper which may be
      glued into various shapes or glued to other similarly rolled strips of
      material into a lacy and decorative design and artistic patterns.
PAR  The body further has apertures 24 through the body 11 of the quiller 10
      which enables the quiller 10 to receive a fastener, not shown, which can
      secure the quiller 10 to any desired object.
PAR  The quiller 10 may be made from plastic, wood, metal or other suitable
      materials or combinations thereof.
PAR  It is to be understood that the invention is not limited to the exact
      details of construction, operation, or exact materials or embodiments
      shown and described, as obvious modifications and equivalents will be
      apparent to one skilled in the art, and the invention is therefore to be
      limited only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quiller for rolling strips of paper into decorative and artistic
      patterns, comprising:
PA1  a body having a flat surface, a hole through the body and through the flat
      surface of the body and having a recess on the flat surface of the body on
      one side thereof around the hole of the body;
PA1  a cylindrical bushing member having an enlarged shoulder portion on one end
      thereof adapted to mate with said recess of said body, the cylindrical
      portion of said bushing extending through said hold of the body and being
      rotatable therein, the end portion of said bushing member which includes
      said shoulder portion having a flat surface, said flat surface fitting
      flush with the flat surface of said body member when said bushing member
      is disposed in said hole of said body, said bushing member including a
      hole extending axially therethrough;
PA1  a crank having a crank axis, a handle and a shaft disposed around the crank
      axis wherein the shaft is mated to the hole of the bushing by press
      fitting the shaft into the hole of the bushing on the other side of said
      body so that the crank axis is substantially perpendicular to the flat
      surface of the body and the crank is rotateable about the crank axis; and
PA1  a pin for winding the paper strips, said pin having an axis and having a
      slot extending axially therethrough for receiving one end of a paper
      strip, said pin being coupled to the shaft of the crank by being pressed
      into the shaft so that at least a portion of the pin is beyond the flat
      surface of the body.
NUM  2.
PAR  2. The invention as claimed in claim 1 wherein the body has apertures
      therethrough for accomodating fasteners for attaching said body to a
      support.
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ABST
PAL  An improved chart carrier for a recorder permitting use with a take-up
      spool for relatively long periods of time, and without the take-up spool
      for shorter periods of time, a cylindrical enclosure being employed for
      rolling and enclosedly retaining the used portion of the chart in a
      predetermined portion of the chart carrier.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The improvement disclosed herein can advantageously be used in a chart
      carrier for the information recorders disclosed in U.S. Pat. No.
      3,683,399, entitled INFORMATION RECORDER, issued on Aug. 8, 1972 to
      William A. Rock, and U.S. Pat. No. 3,673,608, entitled INFORMATION
      RECORDER, issued on June 27, 1972 to Henry Voorman Jr., both patents being
      assigned to the assignee of the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional chart carriers in which the chart is drawn from a roll, used,
      and the rewound, use takeup spools to accomplish the rewinding and storage
      of the used portion of the chart. When removing a used portion of the
      chart, it is necessary to remove the spool, tear the used portion from the
      unused portion and then remove the wound chart from the spool. This
      procedure is satisfactory when a long period of time and a lengthy portion
      or an entire roll of chart are involved, but it tends to be inconvenient
      when the used portion of the chart is short and represents a time period
      of only a day or even a few hours. The principal object of this invention
      is to obviate the aforesaid drawback.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in and carried out by a chart carrier
      which eliminates the need for a take-up spool for winding the used portion
      of the chart. The improvement enables removal of the take-up spool by
      providing means defining a space in a predetermined portion of the chart
      carrier, into which space the used portion of the chart is rolled and
      stored.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows an isometric view of the improved chart carrier with the spool
      shown in an exploded relationship thereto;
PAR  FIG. 2 shows an end view of the improved chart carrier without the spool.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the improved chart carrier 10 for use in a vehicle
      information-recorder (not shown) is shown. The housing 12 contains an
      electrically driven clock (not shown) having a geared, time-proportionate
      output (not shown) coupled in conventional manner to the chart carrier
      gear train (not fully shown) comprising gears 14 and 16. Driven cylinder
      18 is rigidly connected to driven cylinder gear 14, which is coupled to
      the gear train, and rotatably connected at both ends thereof to the
      housing 12. Thus, cylinder 18 is caused to rotate in conventional manner
      by operation of the electrically driven clock, the gear train, and driven
      cylinder gear 14. Adjacent both sides of driven cylinder 18 are
      approximately semi-cylindrical spaces 20 and 22 formed in housing 12.
      Semi-cylindrical space 20 is closed by an approximately semi-cylindrical
      cover 24 (shown in its open position) made of aluminum or some other
      suitable metal or plastic to form a cylindrical enclosure 26.
      Semi-cylindrical cover 24 is pivotally fastened at each end to housing 12
      in conventional manner, and is urged into a closed position by
      conventional spring means to form the enclosure 26. Cover 24 has a rolled
      end 28 which contacts driven cylinder 18 when cover 24 is in the closed
      position. Cover 24 may be pivoted against the spring action to completely
      expose semi-cylindrical space 20 as shown in FIG. 1.
PAR  A take-up spool 30 may be disposed in semi-cylindrical space 22. FIG. 2
      shows the spool 30 removed. One end 32 of take-up spool 30 is rotatably
      connected to spool-holder 34 by engagement of a pin (not shown) with
      bushing 36. The other end of spool 30 is rigidly connected to gear 16, and
      has a pin 38 for rotatable engagement with bushing 40. Thus, gear 16 is
      selectively added to or removed from the chart carrier and coupled to the
      gear train with the addition or removal of spool 30. Spool-holder 34 is
      spring-mounted to housing 12 by a leaf spring 42, near the free end of
      which disc 44 and bushing 36 are mounted. By overcoming the leaf spring
      tension in the spool-holder 34 and displacing it, spool 30 may be axially
      displaced and removed. Cut through spool 30 is an axial slot 46 which
      extends for nearly the length of the spool. Disposed about the
      circumference of one end of driven cylinder 18 are spaced frustro-conical
      projections 48. In rolled end 28 at one end of cover 24, an aperture or
      notch 50 is cut, into which projections 48 freely fit and pass as driven
      cylinder 18 rotates. Another semi-cylindrical cover 52 which will be
      described more fully hereafter is provided to partially enclose spool 30
      and form a cylindrical enclosure with space 22 and disc 44. Cover 52 is
      not required unless the spool 30 is removed.
PAR  Operation of the carrier with a spool is as follows. Cover 24 is pivoted
      against a spring bias to expose space 20. A chart roll (not shown) of the
      type having perforations near one edge thereof is inserted into the
      exposed space 20. A sufficient portion of the chart is unwound and
      extended over cylinder 18 coming into contact with a portion thereof, with
      the cylinder projections 48 aligned and extending through the chart
      perforations. Cover 52 is then pivoted into its open position as shown in
      FIG. 1, and the free end of the chart is inserted into spool slot 46 and
      the spool is then rotated to "thread" the chart onto the spool. Covers 24
      and 52 are pivoted closed to form cylindrical enclosures 26 and 54,
      respectively, thereby retaining the chart roll and enclosing spool 30. The
      chart is unwound from the chart roll and rewound on spool 30 in
      conventional manner by operation of the electrical clock, the gear train,
      gears 14 and 16, the chart perforations and the cylinder projections 48.
      Cover 24, urged against cylinder 18 by conventional spring means,
      maintains the chart in contact with the cylinder and the chart
      perforations in alignment with the cylinder projections 46. The driven
      cylinder projections 48 bearing within the chart perforations, in
      conjunction with the driven take-up spool 30, unwind the chart from the
      roll, pass it over the cylinder 18, and rewind it on the spool 30. As the
      chart passes over cylinder 18, markings may be made thereon in known
      manner. To remove a used portion of the chart, cover 52 is pivoted to its
      open position and spool 30 is removed as described hereinabove and the
      used chart portion is torn from the unused portion. The used portion must
      then be unwound from the spool 30 or another spool inserted for subsequent
      operation. The chart then must be re-threaded to the spool as described
      hereinabove.
PAR  Referring to FIG. 1, and to FIG. 2 in which an end view of the improved
      carrier is shown and wherein like numerals refer to like parts as shown in
      FIg. 1, the improved chart carrier with the spool 30 removed will be
      described. The substantially semi-cylindrical cover 52, made of aluminum
      or some other suitable metal or plastic, is pivotally connected to housing
      12 by providing tabular projections 56 bent over at both ends of the
      cover. An aperture 58 is provided in each tabular projection 56 and a pin
      60, secured to the housing, is inserted into each aperture 58 to pivotally
      mount the cover 52 on the housing 12. Another tabular projection 62 having
      an aperture 64 is provided for connecting a spring 66 to the cover. The
      other end of the spring 66 is connected to the housing in a conventional
      manner. The spring 66 urges cover 52 into the closed position shown in
      FIG. 2 with the rounded free edge 68 of the cover 52 coming into contact
      with the driven cylinder 18 to form a substantially cylindrical enclosure
      54 with the semi-cylindrical space 22 and disc 44. Spool holder 34
      comprises leaf spring 42 with disc 44 to form one end of the cylindrical
      enclosure 54. An aperture 70 is provided in disc 44 to permit the pin (not
      shown) at one end of spool 30 to be rotatably mounted in bushing 36 of
      spool holder 34. When the force of spring 66 is overcome, cover 52 may be
      pivoted into its open position as shown in FIG. 1 to expose space 22.
PAR  Operation of the improved carrier without a spool is as follows. A chart
      roll is inserted into space 20 as described hereinabove, and the running
      end is passed over cylinder 18 while aligning the chart perforations with
      the cylinder projections 48. Cover 52 is pivoted into its open position
      and a portion of the chart is inserted into the exposed semi-cylindrical
      space 22. Cover 52 is pivoted to its closed position, forming a
      cylindrical space 54, with the semi-cylindrical space 22 and disc 44 to
      complete the "threading" operation. Projections 48 bearing on the chart
      perforations unwind the chart as described hereinabove. A notch 72 is
      provided in the rounded free edge 68 of cover 52 through which the
      projections 48 freely fit and pass as described for cover 24. The used
      portion of the chart is forced into cylindrical space 54 and slides and
      follows the inner periphery 74 of the enclosure to wind the used portion
      of the chart without a spool. To remove the used portion of the chart, all
      that is required is to pivot the cover 52 and tear the used portion of the
      chart from the unused portion. Re-threading is simply accomplished as
      described hereinabove.
PAR  Of course, it is not necessary to insert a full or partially full
      conventional chart roll into semi-cylindrical space 20, as a loosely wound
      relatively short portion of chart sufficient for the time period desired
      would suffice. In such a case, the entire chart is simply removed after
      being used.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiment thereof, will be readily
      apparent to those skilled in the art. It is the Applicant's intention to
      cover all those changes and modifications which could be made to the
      embodiment of the invention herein chosen for the purposes of the
      disclosure without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chart carrier comprising:
PA1  a. a housing;
PA1  b. chart storage means;
PA1  c. driving means comprising a driven cylinder;
PA1  d. chart take-up means comprising a substantially cylindrical enclosure for
      rolling and enclosedly retaining the used portion of the chart fed in from
      said chart storage means by said driving means, said enclosure comprising
      (i) a substantially semi-cylindrical cover having a rounded free edge, and
      (ii) a substantially semi-cylindrical base portion disposed in said
      housing, said chart take-up means further comprising means for pivotally
      mounting said cover along its outer edge on said housing and means for
      urging said cover toward said driven cylinder, said cover being operative
      when in a first position to form said substantially cylindrical enclosure
      with said substantially semi-cylindrical base portion, and further
      operative when in a second, pivoted position to expose said substantially
      semi-cylindrical base portion; and
PA1  e. retaining means operative to receive and rotatably retain a removable
      take-up spool, said retaining means comprising a leaf spring having a
      fixed end attached to said housing and a free end extending into said
      substantially cylindrical enclosure near one end thereof, a bushing
      mounted in said leaf spring near said free end thereof, and a disc having
      a central aperture therein and mounted near said free end of said leaf
      spring with said aperture in registration with said bushing, and an
      opposed end wall having an aperture therein aligned with said bushing in
      said central aperture of said disc along the axis of said substantially
      cylindrical enclosure.
NUM  2.
PAR  2. The chart carrier according to claim 1 wherein said driven cylinder
      includes a plurality of spaced apart projections extending about the
      circumference of said driven cylinder near one end thereof, and said cover
      includes a notch positioned in said rounded free edge near one end
      thereof, said projections and said notch being aligned, said projections
      being operative to drivingly engage the chart and to pass through said
      notch when said driven cylinder is rotated.
NUM  3.
PAR  3. The chart carrier according to claim 1 further comprising a removeable
      take-up spool adapted to be rotatably coupled to said drive means when
      rotatably retained by said retaining means within said substantially
      cylindrical enclosure, one end of said take-up spool being rotatably
      received at one end in said aperture of said opposed end wall and at the
      other end in said bushing.
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ABST
PAL  A mandrel assembly in which the mandrel segments are expanded and
      contracted by means of a draw rod extending through the mandrel and driven
      by the same motor that rotates the mandrel during winding or unwinding
      operations. The draw rod is fixed for rotation with the mandrel but is
      movable longitudinally thereof and is provided with power threads on one
      end which are in engagement with complementary power threads on a nut
      member carried by the motor shaft. A drive gear is keyed to the nut member
      so that it is rotatable with the nut member but capable of movement
      longitudinally thereof into and out of engagement with a driven gear
      secured to the mandrel. A nonrotatable gear segment is mounted for
      shifting movement with the drive gear and moves into engagement with the
      driven gear as the drive gear is disengaged from the driven gear to lock
      the mandrel against rotation. When the mandrel, and hence the draw rod,
      are thus locked against rotation, continued rotational movement of the nut
      member results in longitudinal movement of the draw rod and radial
      movement of the mandrel segments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many conventional power expanded mandrels utilize a draw rod which, in
      response to longitudinal movement thereof, causes radial movement of the
      mandrel segments through interengaging wedges, links or the like.
      Longitudinal movement of the draw rod is accomplished by means of
      hydraulic cylinders exerting a direct pull on the draw rod.
PAR  With this arrangement it is generally considered impractical to mount the
      hydraulic cylinders for the draw rods on the free end of the mandrel,
      since they are prone to damage when positioned in this manner. Therefore,
      the hydraulic cylinders for the draw rods are generally located adjacent
      the driven end of the mandrel. Thus, however, requires a hollow shaft thru
      the drive mechanism and precludes the use of drives which do not have
      hollow shafts.
PAR  It will be seen, therefore, that in prior art, power operated mandrels if a
      drive without a hollow shaft is desired, the draw rod hydraulic cylinder
      must be positioned on the free end of the mandrel where it is subject to
      damage. On the other hand, if the draw rod cylinder is mounted on the
      motor end of the mandrel shaft, the use of a drive without a hollow shaft
      is precluded. Additionally, in either case, separate drive means must be
      provided for the mandrel and the draw rod.
PAC  SUMMARY OF THE INVENTION
PAR  A mandrel assembly in accordance with the present invention utilizes a
      single drive, preferably a hydraulic motor, for both expanding and
      collapsing the mandrel and driving it. The mandrel itself includes a
      plurality of mandrel seqments surrounding a hollow mandrel shaft within
      which is received a draw rod mounted for movement longitudinally thereof.
      The draw rod and the mandrel segments are interconnected by means of
      wedges, links or the like so that upon longitudinal movement of the draw
      rod the segments move inwardly and outwardly with respect to the mandrel
      shaft to cause contraction and expansion of the mandrel.
PAR  A splined shaft from the drive is received within a nut member having
      internal power threads, and the nut member is keyed to a drive
      transmitting sub-assembly which is, therefore, fixed for rotation with the
      nut member and the drive shaft, but capable of slidable movement axially
      of the shaft. The sub-assembly includes an internally toothed drive gear
      which is engageable with external teeth on a drive gear fixed to the end
      of the mandrel shaft. By virtue of the slidable connection between the
      sub-assembly and the nut member, the drive gear can be engaged and
      disengaged with the driven gear on the mandrel shaft.
PAR  Also mounted for sliding movement contemporaneously with the drive gear is
      a nonrotatable gear segment which moves into engagement with a portion of
      the driven gear upon disengagement of the drive gear from the driven gear.
      Therefore, when the drive gear is disengaged the mandrel shaft is locked
      against further rotation. The draw rod, while capable of longitudinal
      movement with respect to the mandrel shaft, is fixed for rotation with the
      mandrel shaft, so that when the mandrel shaft is locked against rotation
      the draw rod is also prevented from rotating.
PAR  However, the nut member mounted on the drive shaft has its threads in
      engagement with complementary power threads on the end of the draw rod.
      Therefore, continued rotation of the nut member will result in
      longitudinal movement of the draw rod and resultant radial movement of the
      mandrel segments to thereby expand or contract the mandrel as desired.
PAR  It will be seen, therefore, that the assembly of the present invention
      eliminates the necessity of utilizing a hollow shaft through the drive
      mechanism and the positioning of an actuating cylinder on the free end of
      the mandrel assembly and utilizes the same drive for both rotating the
      mandrel and causing expansion and contraction thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a mandrel assembly in accordance with the present
      invention;
PAR  FIG. 2 is an elevational view thereof;
PAR  FIG. 3 is a view, partly in section, of a portion of a mandrel in the
      contracted configuration;
PAR  FIG. 4 is a view similar to FIG. 3, but with the mandrel in the expanded
      configuration;
PAR  FIG. 5 (sheet 2) is a view taken on line 5--5 of FIG. 3;
PAR  FIG. 6 (sheet 1) is a cross-sectional view taken on line 6--6 of FIG. 5;
PAR  FIG. 7 (sheet 2) is a cross-sectional view taken on line 7--7 of FIG. 3;
PAR  FIG. 8 is a cross-sectional view taken on line 8--8 of FIG. 3;
PAR  FIG. 9 is a cross-sectional view taken on line 9--9 of FIG. 1;
PAR  FIG. 10 is a cross-sectional view taken on line 10--10 of FIG. 9;
PAR  FIG. 11 is a cross-sectional view taken on line 11--11 of FIG. 9;
PAR  FIG. 12 is a cross-sectional view taken on line 12--12 of FIG. 9; and
PAR  FIG. 13 is a cross-sectional view taken on line 13--13 of FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A mandrel assembly 10 in accordance with the present invention includes, as
      best seen in FIGS. 1 and 2 of the drawings, a mandrel 12, a housing 14 and
      drive means 16. The drive means may include a conventional hydraulic
      motor, although it will be apparent as the description proceeds that other
      types of motors may also be used in accordance with the present invention.
PAR  Similarly, the mandrel 12 can take a variety of specific configurations, as
      long as it is of the general type which includes a draw rod, which through
      the use of wedges, links or the like, cause a radial expansion and
      contraction of the mandrel segments in response to longitudinal movement
      of the draw rod. For purposes of illustration, the mandrel may take the
      configuration shown in FIGS. 3 through 7 of the drawings.
PAR  Thus, the mandrel includes a mandrel shaft 20 of hollow configuration
      receiving a draw rod 22 extending longitudinally thereof. A stop plate 24
      may be bolted, as at 26, to the end of the shaft 20 and, as best seen in
      FIG. 7, the stop plate is provided with a keyway 28 receiving a key 30
      projecting outwardly from the surface of the draw rod 22 and locking the
      draw rod for rotational movement with the shaft 20 while allowing relative
      longitudinal movement of the draw rod within the hollow mandrel shaft.
PAR  A split collar 32 is received in an annular groove 34 in the draw rod and
      serves as a stop to limit longitudinal movement of the draw rod with
      respect to the mandrel shaft by engagement with the shoulder 36 formed in
      the shaft and the stop plate 24.
PAR  A series of wedge rings 38, each carrying four wedges 40, encircle the
      shaft 20 and are held in spaced relationship to each other by means of
      cylindrical spacers 42 and in spaced relationship to an end plate 44
      attached to the end of the draw rod 22 by a cylindrical spacer 46.
PAR  The end plate 44 is attached to the end of the draw rod by means of a nut
      48 threaded on the end of the draw rod with a series of bevelled washers
      50 interposed between the under surface of the nut and the outer surface
      of the end plate.
PAR  A keyway 52 is formed in and extends longitudinally of the mandrel shaft 20
      and, as best seen in FIGS. 6 and 8 of the drawings, receives a series of
      keys 54 which also are received in keyways 56 in the wedge rings.
PAR  The mandrel includes a plurality of mandrel segments 58, four of which are
      shown for purposes of illustration, and each mandrel segment is provided
      with a series of regularly spaced wedges 59 which cooperate with the
      wedges 40 on the wedge rings 38.
PAR  Guide studs 60 are threaded into the mandrel shaft and are slidably
      received in bushings 62 secured in each of the mandrel segments.
      Additionally, a wear plate 64 is mounted adjacent the rear of the mandrel
      and absorbs thrust of the mandrel segments during expansion of the
      mandrel.
PAR  The assembly of wedge rings, spacers and keys 54 are held in place by means
      of tie rods 66 which extend through the end plate 44 and each of the wedge
      rings and are provided with nuts at opposite ends to draw the wedge rings
      and spacers together. Additionally, a keeper plate 68 is mounted adjacent
      to the right hand wedge ring, as seen in FIG. 3, to retain the right hand
      key 54 in place.
PAR  From the above description, it will be apparent that the draw rod is keyed
      to the mandrel shaft for rotational movement therewith but is capable of
      longitudinal movement within the shaft. At the same time, the wedge rings
      38 are keyed to the mandrel shaft for rotation therewith but are movable
      longitudinally thereof in unison with the draw rod 22 to which they are
      attached by means of the end plate 44 and the tie rods 66.
PAR  The mandrel segments 58 are fixed for rotation with the mandrel shaft and
      draw rod by virtue of the interlocking dove tail configuration of the
      wedges 40 and 59 and through the guide studs 60. With this construction,
      it will be apparent that upon longitudinal movement of the draw rod within
      the mandrel shaft 20 the mandrel segments 58 will move radially inwardly
      and outwardly with respect to the longitudinal axis of the mandrel.
PAR  As noted previously, any mandrel which is operated by means of longitudinal
      movement of a draw rod to cause radial movement of the mandrel segments
      may be utilized in accordance with the present invention and the above
      description is merely for purposes of illustration of a particular type of
      mandrel that may be used with the present invention.
PAR  Turning now to FIGS. 1, 2 and 8 through 11 of the drawings, the mechanism
      for causing longitudinal movement of the draw rod will be described. As
      seen in FIG. 9 of the drawings, a splined drive shaft 70 of the drive
      means 16 is received in a complementarily configured socket in a nut
      member 72.
PAR  The nut member is provided with opposed external keyways 74 receiving keys
      76 which are also received in keyways in a collar 78. The collar 78 is
      thus capable of sliding movement relative to the nut member 72 and the
      motor shaft 70 but is locked for rotational with the shaft 70 and member
      72.
PAR  Fixed to the collar 78 by means of bolts 80 or the like is an internally
      toothed drive gear 82, and a complementary, externally toothed driven gear
      84 is bolted to an end of the mandrel shaft 20 by means of bolts or the
      like 86. Thus, upon rotation of the motor shaft 70, drive is transmitted
      to the mandrel shaft when the collar 78 and drive gear 82 are in the
      positions shown in FIG. 9 of the drawings.
PAR  A supporting plate 88 is mounted in the housing 14 and supports a shifter
      plate 92 for sliding movement thereon. A depending leg 94 projects from
      the lower surface of the plate 92 through a slot 96 in the plate 88. A
      hydraulic cylinder 98 is attached to a bracket 100 and a piston rod 102
      projects from the cylinder 98 and is attached to the leg 94. Therefore,
      upon extension and retraction of the piston rod 102 the plate 92 slides
      back and forth across the surface of the plate 88.
PAR  As best seen in FIGS. 9, 10 and 12 of the drawings, the plate 92 carries an
      upstanding plate 106 which has a semi-circular upper edge received in an
      annular groove 108 formed in the collar 78. Thus, shifting movement of the
      plate 92 is transmitted by the plate 106 to the collar 78.
PAR  Plate 92 also carries a second upstanding plate 110 having attached thereto
      by welding or the like a gear segment 111 having upwardly projecting gear
      teeth 112 complementary to the teeth of the driven gear 84.
PAR  It will be apparent, therefore, that as the plate shifts to the right, as
      seen in FIG. 9 of the drawings, the drive gear 82 will be disengaged from
      the driven gear and the teeth 112 of the gear segment will engage the
      teeth of the driven gear 84 and prevent further rotation of the mandrel
      shaft 20. To facilitate engagement of the teeth 112 of the gear segment
      with the teeth of the driven gear 84, the gear segment teeth be bevelled
      at the lead ends thereof as seen at 113 in FIG. 13 of the drawings.
      Additionally, the teeth of gear 84 may be bevelled at both ends and the
      teeth of gear 82 bevelled at their left hand end, as viewed in FIG. 9, all
      to facilitate engagement of the gears with each other.
PAR  Although disengagement of the drive gear from and engagement of the gear
      segment with the driven gear will lock the mandrel shaft against rotation,
      the motor shaft 70 and nut member 72 are still free to rotate. The nut
      member is provided with internal power threads 114 which are in engagement
      with external power threads 116 on the right hand end of the draw rod 22.
PAR  Since the draw rod is keyed to the mandrel shaft and cannot rotate when the
      mandrel shaft is locked against rotation by the gear segment 112,
      continued rotation of the motor shaft 70 and nut member 72 will cause the
      draw rod to be threaded or unthreaded from the nut member 72 depending
      upon the direction of rotation of the nut member 72.
PAR  In either case, the result will be longitudinal movement of the draw rod 22
      within the hollow mandrel shaft and, through the wedges 40 and 59 or other
      actuating means such as links or the like, radial movement of the mandrel
      segments 58 between expanded and collapsed positions thereof.
PAR  From the above, it will be seen that a mandrel assembly in accordance with
      the present invention permits the mandrel to be driven directly by drive
      means which serves to both drive the mandrel and cause expansion and
      contraction thereof.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotatable and expandable mandrel assembly including a mandrel
      including a plurality of longitudinally extending mandrel segments, a draw
      rod disposed within said mandrel, extending longitudinally thereof and
      fixed for rotation with said mandrel while movable longitudinally thereof,
      means for causing relative radial movement of said segments between
      expanded and collapsed mandrel configurations in response to longitudinal
      movement of said draw rod, and drive means mounted adjacent one end of
      said mandrel, the improvement comprising:
PA1  a. means for transmitting drive from said drive means to said mandrel to
      cause rotation thereof,
PA1  b. actuating means for causing longitudinal movement of said draw rod, and
PA1  c. means for selectively coupling said drive means to said drive
      transmitting means for rotation of said mandrel or to said actuating means
      to shift said draw rod longitudinally thereof and cause said segments to
      be shifted radially with respect to the longitudinal axis of said mandrel.
NUM  2.
PAR  2. The assembly of claim 1 wherein said actuating means comprises:
PA1  a. means defining power threads on said draw rod adjacent said motor, and
PA1  b. a threaded member carrying power threads complementary to and in
      engagement with said draw rod power threads and driven by said drive means
      in rotational movement about a longitudinal axis of said draw rod.
NUM  3.
PAR  3. The assembly of claim 2 wherein the selective coupling means includes:
PA1  a. means for locking said mandrel and said draw rod against rotational
      movement about said longitudinal axis thereof while permitting said
      threaded member to be driven in rotational movement by said drive means.
NUM  4.
PAR  4. The assembly of claim 3 wherein:
PA1  a. said transmitting means comprises a drive gear rotated by said drive
      means and a driven gear fixed to said mandrel, and
PA1  b. the selective coupling means comprises means for shifting said drive
      gear from engagement with said driven gear.
NUM  5.
PAR  5. The assembly of claim 4 wherein:
PA1  a. said locking means comprises nonrotatable gear means engageable with
      said driven gear upon said shifting movement of said drive gear.
NUM  6.
PAR  6. The assembly of claim 4 wherein:
PA1  a. said threaded member is fixed for rotation with a drive shaft of said
      drive means, and
PA1  b. said driven gear is keyed to said threaded member for rotational
      movement therewith and relative longitudinal movement with respect
      thereto.
NUM  7.
PAR  7. The assembly of claim 2 wherein:
PA1  a. said complementary power threads include external threads on said draw
      rod and internal threads on said threaded member.
NUM  8.
PAR  8. The assembly of claim 5 wherein:
PA1  a. gear teeth on said driven gear are bevelled in directions facing said
      drive gear and said nonrotatable gear to facilitate engagement with teeth
      thereof.
NUM  9.
PAR  9. The assembly of claim 4 wherein:
PA1  a. said mandrel includes a hollow mandrel shaft, and
PA1  b. said driven gear is mounted on said mandrel shaft.
NUM  10.
PAR  10. The assembly of claim 9 wherein:
PA1  a. said draw rod is received within said hollow mandrel shaft.
NUM  11.
PAR  11. The assembly of claim 1 wherein:
PA1  a. said mandrel further comprises a hollow mandrel shaft extending
      longitudinally of said mandrel,
PA1  b. said mandrel segments are keyed to said shaft for said radial movement
      thereof, and
PA1  c. said draw rod is received within said hollow mandrel shaft.
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PAL  An improved web winder and compensator apparatus with automatic web winding
      speed compensating controls for selectively winding or unwinding at a
      uniform tension a roll of traveling continuous web material being
      selectively fed from or taken up by an associated mechanism, as follows. A
      tension compensator device passes the traveling web therethrough and
      compensates for variations in speed of travel of the web for maintaining a
      uniform tension therein. The compensator device preferably includes
      stationary rolls for guiding the web through the compensator device and
      counterbalanced movable rolls for receiving the traveling web therearound
      and for moving toward and away from the stationary rolls for decreasing
      and increasing the length of the path of travel of the web through the
      compensator in relation to the tension on the traveling web. The movable
      rolls are preferably movable to a threading position for straightline
      linear threading up of the web through the compensator device. A variable
      speed, center drive, reversible winder mechanism is positioned adjacent
      the compensator device for selectively winding or unwinding a roll of the
      web material. Control mechanisms including a device for sensing the
      diameter of the web roll in the winder mechanism are provided and are
      operatively connected between the compensator device and the winder
      mechanism for controlling the winding or unwinding speed of the winder
      mechanism in relation to and in response to the speed of travel of the web
      through the compensator device and the diameter of the web roll for
      maintaining a uniform tension in the web material being wound or unwound.
      Preferably, the winder and compensator apparatus are of a self-containing,
      space-saving construction in which a housing mechanism carries the
      apparatus and is constructed for being suspended from a ceiling of a
      manufacturing plant to conserve floor space.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to an improved web winder and compensator apparatus,
      preferably of an easy threading and a space-saving, self-contained
      construction, with automatic web winding speed compensating controls for
      selectively winding or unwinding at a uniform tension a roll of traveling
      continuous web material being selectively fed from or taken-up by an
      associated mechanism.
PAR  In various manufacturing operations for producing textiles, felts, papers,
      films, etc., it is necessary to wind or unwind a roll of traveling
      continuous web material being processed in the manufacturing operation as
      it is being fed from or taken up by an associated mechanism. This is
      particularly true in the textile field with various machines utilized
      during the manufacture and finishing of the textile fabric, such as tenter
      frames, cloth inspection stations, etc. As the cloth is fed from a tenter
      frame mechanism, for example, it is desirable to wind the cloth under
      uniform tension into a super or jumbo roll of cloth for transportation to
      subsequent processing operations. Also, for example, during the inspection
      of cloth at various stages of its manufacture and finishing operations, it
      is necessary to unwind a jumbo or super roll of cloth at a uniform tension
      for inspection thereof by an operator.
PAR  Although various mechanisms and apparatus have been proposed for these and
      other winding and unwinding operations, problems have been presented in
      maintaining a uniform tension in the web material being wound and unwound
      and in the provision of adequate floor space for such winding apparatus
      inasmuch as floor space is usually at a premium in most manufacturing
      plants. The problems with the maintaining of uniform tension during the
      winding and unwinding operations result from variable speeds of feed from
      an associate mechanism or variable speeds of take-up by an associated
      mechanism. Unless this variable speed and resulting variable tension is
      compensated for, the resulting wound or unwound roll will have undesirable
      characteristics.
PAR  Additionally, most of the heretofore proposed winding mechanisms have been
      of the center drive type in which the mandrel or roll upon which the web
      of material is being wound is directly driven for winding or unwinding a
      roll of the continuous web material. With the use of this type of
      mechanism, the speed of rotation of the mandrel must be compensated for in
      accordance with the increasing or decreasing diameter of the roll being
      wound or unwound. Althrough proposals have been made for compensating for
      this increasing and decreasing diameter or the roll of web material being
      wound or unwound, the prior proposed mechanisms have suffered from
      drawbacks in compensating for both the variable tension in the traveling
      web as a result of varying speeds of feed as well as compensating for the
      increasing diameter of the roll of web material being wound or unwound.
PAR  Some of the proposals for winding or unwinding rolls of continuous web
      material have included compensator devices of the dancing roll type which
      include stationary rolls and movable rolls in which the movable rolls move
      toward or away from the stationary rolls to increase or decrease the
      length of the path of travel of the continuous web through the compensator
      mechanism for maintaining uniform tension in the compensator mechanism.
      However, these types of compensator mechanisms have presented problems in
      threading up of the continuous web material therethrough inasmuch as the
      movable rolls and stationary rolls define a sinuous path of travel for the
      web material therethrough and, therefore, require considerable effect in
      threading of the continuous web material through this sinuous path of
      travel.
PAR  Moreover, these types of compensator mechanisms are normally large and
      space consuming and heretofore have been mounted on the floor of the
      manufacturing plant adjacent the winding mechanism and adjacent the
      associated mechanism from which the web material is being fed or taken up
      by. Accordingly, usable floor space is consumed by these compensator
      mechanisms.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, an object of this invention to provide an improved web
      winder and compensator apparatus, with automatic web winding speed
      compensating controls for selectively winding or unwinding at a uniform
      tension a roll of traveling continuous web material being selectively fed
      from or taken-up by an associated mechanism, which overcomes and solves
      problems presented with previously proposed apparatus.
PAR  It is a further more specific object of this invention to provide an
      improved tension compensator apparatus for a traveling continuous web of
      material which is characterized by ease in threading up of the web of
      material through the apparatus and which allows for straightline linear
      threading up thereof.
PAR  It is a still further more specific object of this invention to provide
      such an improved web winder and compensator apparatus which is
      specifically constructed for being self-containing and space saving and
      which is constructed to conserve floor space in a manufacturing plant.
PAR  It has been found by this invention that the above objects may be
      accomplished by providing improved web winder and compensator apparatus,
      broadly as follows.
PAR  Tension compensator means receive the traveling web in a predetermined path
      of travel therethrough and compensate for variations in speed of travel of
      the web therethrough for maintaining a uniform tension therein. The
      compensator means comprises stationary roll means positioned in the path
      of travel of the web for guiding the web through the compensator means,
      and counterbalanced movable roll means normally positioned on one side of
      the stationary roll means for receiving the traveling web therearound and
      moving toward and away from the stationary roll means for decreasing and
      increasing the length of the path of travel of the web through the
      compensator means in relation to the tension on the traveling web.
PAR  The movable roll means preferably includes means for movement of the
      movable roll means to a threading position on the other side of the
      stationary roll means for straightline linear threading up of the web
      through the compensator means.
PAR  The stationary roll means may comprise a predetermined number, preferably
      three, spaced-apart parallel rolls extending generally transversely of the
      traveling web, and the movable roll means may comprise a predetermined
      number, preferably two, spaced-apart parallel rolls extending generally
      transversely of the traveling web for movement in planes generally passing
      through the spaces between the stationary rolls for defining with the
      stationary rolls a sinuous path of travel for the web therearound.
PAR  A variable speed, center driven, reversible winder means is positioned
      adjacent the compensator means for selectively winding or unwinding a roll
      of the web material. Preferably, the winder means comprises a portable,
      fluid operated, reversible motor connected with, extending from and
      carried by the compensator means for connection to and rotation of a frame
      supported mandrel for selectively winding or unwinding a roll of the web
      material on the mandrel.
PAR  Control means including means for sensing the diameter of the web roll in
      the winder means are provided. The control means are operatively connected
      between the compensator means and the winder means for controlling the
      winding or unwinding speed of the winder means in relation to and in
      response to the speed of travel of the web through the compensator means
      as indicated by the position of the movable roll means of the compensator
      means and the diameter of the web roll as indicated by the sensing means
      for maintaining a uniform tension in the web maintain being wound or
      unwound.
PAR  Preferably, the control means include a fluid circuit connected between a
      fluid source and the fluid operated reversible motor for selectively
      actuating the motor for forward or reverse rotation, fluid pump and valve
      means in the fluid circuit means for pumping fluid to the motor for
      forward or reverse rotation and for regulating the pressure of the fluid
      being pumped for varying the speed of rotation of the motor, and means
      operatively connected between the pump and valve means and the movable
      roll means and the roll diameter sensing means for controlling operation
      of the pump and valve means in relation to and in response to the speed of
      travel of the web through the compensator means and the diameter of the
      web roll.
PAR  In accordance with the preferred form of the present invention, housing
      means is provided for carrying the tension compensator means and the wider
      motor means and the control means so that the apparatus may be suspended
      from a ceiling of a manufacturing plant room to conserve floor space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been set forth,
      other objects and advantages will appear as the description proceeds, when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of the improved web winder and compensator
      apparatus of this invention;
PAR  FIG. 2 is a perspective view of the web winder and compensator apparatus of
      this invention;
PAR  FIG. 3 is an enlarged, partial, perspective view, with side plates of the
      framework removed, of a portion of the apparatus of this invention;
PAR  FIG. 4 is a partial, cross-sectional view of the compensator apparatus of
      this invention illustrating the movable rolls thereof in the straightline
      linear threading position thereof;
PAR  FIG. 5 is a cross-sectional view of the apparatus of FIG. 4, taken from a
      different direction, and illustrating the movable rolls after they have
      been returned from the threading position to the normal operating
      position; and
PAR  FIGS. 6, 7, 8 and 8 are schematic views illustrating the control devices of
      the apparatus of this invention in various stages of their operation for
      compensating for variations in tension and diameter of a web roll being
      wound or unwound.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the improved web winder and compensator
      apparatus is generally indicated by the reference numeral 10. This
      apparatus 10 is shown schematically in FIG. 1 and a perspective view of a
      suitable arrangement utilizing this apparatus 10 is shown in FIG. 2. As
      may be seen in these views, the improved wed winder and compensator
      apparatus 10 may be utilized in conjunction with an associated mechanism
      12 for the winding or unwinding at a uniform tension a roll R of
      continuous web material W. It is to be noted that in the schematic
      illustration of FIG. 1, the web W is illustrated as being fed from the
      associated mechanism 12 and wound into a roll R. However, it is to be
      understood that the web winder and compensator apparatus 10 of this
      invention may be utilized whether the web W is being wound or unwound, as
      indicated by the arrows in FIG. 2. For ease of understanding, the web
      winder and compensator apparatus 10 will be generally described with
      respect to the winding of a roll R of a traveling web W received from an
      associated mechanism 12.
PAR  The improved web winder and compensator apparatus 10, as illustrated in the
      drawings, includes a housing, which is given the composite reference
      numeral 14 for all of the components thereof, for carrying the web winder
      and compensator apparatus 10 and is constructed to be suspensed from a
      ceiling of a manufacturing plant room to conserve space, as shown in FIG.
      2. The overall arrangement of the entire improved web winder and
      compensator apparatus 10 with the housing 14 is a space saving
      self-contained construction which may be suspended from the ceiling or
      positioned on the floor and thus eliminates much of the space consumption
      of previous mechanisms.
PAR  The web winder and compensator apparatus 10 includes a tension compensator
      means for receiving the traveling web W in a predetermined path of travel
      therethrough and for compensating for variations in speed of travel of the
      web therethrough for maintaining a uniform tension therein, preferably
      during winding or unwinding thereof. The compensator means, as illustrated
      in the drawings, comprises three stationary, spaced-apart, parallel rolls
      15 rotatably mounted on downwardly extending portions of the housing 14
      and extending generally transversely of and in the path of travel of the
      web W for guiding the web W through the compensator means. The compensator
      means further comprises two spaced-apart, parallel rolls 16 movably
      mounted on the housing 14 and extending generally transversely of the
      traveling web W for movement in planes passing through the spaces between
      the three stationary rolls 15. The movable rolls 16 are normally
      positioned on one side and above the stationary rolls 15 for receiving the
      traveling web therearound and for defining with the stationary rolls 15 a
      sinuous path of travel for the web W. The movable rolls 16 are mounted for
      movement toward and away from the stationary rolls 15 for decreasing and
      increasing the length of the path of travel of the web W through the
      compensator means in relation to be tension on the traveling web for
      compensating for the variation in speed of travel of the web W and for
      maintaining a uniform tension thereon.
PAR  The mounting means for the movable rolls 16 include a slide rod 18 mounted
      stationary on the downwardly extending portions of the housing 14 on each
      side of the two movable rolls 16 and extending generally perpendicularly
      to the movable rolls 16.
PAR  A slide member 20 is mounted on each of the slide rods 18 for movement up
      and down the slide rods 18. Each of the slide members 20 include
      downwardly and outwardly angularly extending legs 21 which are secured at
      their upper ends thereof to the slide member 20 and which rotatably carry
      the movable rolls 16 at the lower ends thereof. Thus, the slide member 20
      with its angularly extending legs 21 is generally in the shape of an
      inverted V, for purposes to be described below.
PAR  An endless chain 23 is rotatably carried on a pair of sprockets 24, 25
      mounted on the housing 14 for movement in a closed path of travel
      generally perpendicular to the movable rolls 16. Each of the chains 23 is
      secured by a bracket 26 to the slide members 20 for movement with the
      slide members 20 and the movable rolls 16.
PAR  A counterbalancing weight device 27 is secured to the chain 23 for biasing
      the chain 23 and thus the slide 20 and movable rolls 16 in an upward
      direction to lengthen the path of travel of the web W through the
      compensator means when the tension on the traveling web W, due to the
      speed of travel thereof, is below a predetermined amount and allowing the
      movable rolls 16 to mvoe downwardly toward the stationary rolls 15 against
      the bias of the weight device 27 under the influence of the tension on the
      traveling web W when the tension on the traveling web, due to the speed of
      travel thereof, is above a predetermined amount. The weight device 27
      includes a bracket secured to the chain 23 for receiving a desired number
      of removable weights. The number of weights is calculated by the desired
      uniform tension to be maintained on the traveling web W and the weight of
      the movable rolls 16, etc.
PAR  Thus, if the traveling web W is under the predetermined desirable amount of
      tension as it travels through the compensator means, the rolls 16 will be
      maintained in a desirable position above the stationary rolls 15. However,
      if the tension in the roll R decreases below a predetermined desired
      amount, the bias of the weight device 27 will cause rotation of the chain
      and sprocket device 23, 24, 25 to move the slide 20 and thus the movable
      rolls 16 upwardly to lengthen the path of travel of the web W through the
      compensator means and thereby increase the tension on the web W to the
      predetermined desired amount. The converse of the above operation also
      occurs when the tension increases in the traveling web W and the movable
      rolls 16 will be moved by this increased tension against the bias of the
      weight device 27 toward the stationary rolls 15 to shorten the length of
      travel of the web W through the compensator means for decreasing the
      tension on the traveling web W.
PAR  The above-defined shape of the slide member 20 and downwardly and outwardly
      angularly extending leg members 21 of a generally inverted V shape allows
      movement of the movable rolls 16 to a threading position, as indicated in
      FIG. 4, on the other side and below the stationary rolls 15 so that the
      web W may be threaded up in a straightline, linear threading path through
      the rolls 15 and 16 of the compensator means, as also indicated in FIG. 4.
PAR  For this purpose, the rolls 16 may be manually lowered against the bias of
      the weight device 27 and a latch mechanism 28, as shown in FIG. 4, will
      engage the upper portion of the slide member 20 and hold the movable rolls
      16 in their threading position for straightline linear threading of the
      web W. The latch 28 is pivotally mounted at 29 on a portion of the housing
      14 and has a forward latching beak for engagement with the slide 20 and a
      rear portion carrying one end of a spring 30 which is also attached to the
      housing 14 for biasing the latch member 28 into latching engagement. A
      chain and handle device 31 is attached to the latching member 28 for
      manual disengagement thereof by the operator after threading up of the web
      through the compensator means which allows the movable roll 16 to again
      move the influence of the biasing weight device 27 to their normal
      operating positions above and one one side of the stationary rolls 15.
PAR  The above-described compensator means may be utilized alone in any system
      in which a web W of continuous material is fed for the purpose of
      compensating for variable speeds of feed of the web W and maintaining a
      uniform tension in the material. The compensator means as contained in and
      carried by the housing 14, may be preferably suspended from the ceiling of
      a manufacturing plant room for conservation of floor space, as discussed
      above, or may be positioned on the floor in which the compensator means
      with movable roll mechanisms 16 and stationary roll mechanisms 15 could be
      reversed so that the movable rolls 16 normally move toward and away from
      the stationary rolls 15 from below the stationary rolls.
PAR  Preferably, the compensator means, described above, is utilized in
      conjunction with variable speed, center drive, reversible, winder means
      positioned adjacent the compensator means for selectively winding or
      unwinding a roll R of the web W. This variable speed, center drive winder
      means is preferably in the form of a portable, fluid operated, reversible
      motor 40 of any suitable, commercially available construction and which is
      connected with and extends from the compensator means so as to be carried
      by the housing 14 for connection to and rotation of a mandrel 41 which may
      be supported on any suitable type of frame 42 for selectively winding or
      unwinding a roll R of the web material W on the mandrel 41. As illustrated
      in FIG. 2, the mandrel 41 is removably mounted on a suitable portable
      frame 42 which may be moved into and out of position for winding or
      unwinding a roll R of the traveling web W. Thus, the fluid operated,
      portable, reversible motor 40 is carried by the housing 14 and is
      controlled by mechanisms therein, to be described below, so as to provide
      a space saving, self contained, web winder and compensator apparatus which
      may be suspended from the ceiling of a manufacturing plant room and the
      winder motor 40 thereof connected with any suitable, portable, frame
      supported mandrel 41 for the winding or unwinding of the roll R of the web
      W.
PAR  The above-described web winder and compensator apparatus 10 further
      includes control means including means 43 for sensing the diameter of the
      web roll R being wound or unwound and being operatively connected between
      the compensator means and the winder means for controlling the winding or
      unwinding speed of the winder motor 40 in relation to and in response to
      the speed of travel of the web W through the compensator means and
      indicated by the position of the movable rolls 16 of the compensator means
      and the diameter of the web roll R as indicated by the sensing means 43
      for maintaining a uniform tension on the web material being wound or
      unwound. The control means of the web winder and compensator apparatus
      include the following.
PAR  A fluid reservoir or source 44 is mounted in and carried by the housing 14,
      as indicated in FIG. 3. A fluid circuit is carried by the housing 14 and
      is connected with the fluid source or reservoir 44 and with the fluid
      operated, reversible motor 40 for supplying fluid from the reservoir 44
      through the motor 40 for selectively actuating the motor 40 for forward or
      reverse rotation. The fluid circuit includes a fluid conduit 45 leading
      from the fluid reservoir 44 to a pump and valve means 46, to be described
      below. Fluid conduits 47 and 48 connected between the pump and valve means
      46 and the motor 40. The fluid circuit further includes a fluid conduit 49
      leading from the pump and valve means 46 back to the fluid reservoir 44.
      This conduit 49 may include a cooling device 50 of any desired
      construction for the cooling of the fluid being circulated through the
      circuit.
PAR  The fluid pump and valve means 46 is also mounted within the housing 14 for
      pumping fluid from the reservoir 44 through the above-described fluid
      circuit to the fluid operated motor 40 for forward or reverse rotation
      thereof and for regulating the pressure of the fluid being pumped for
      varying the speed of rotation of the motor. The fluid pump and valve means
      46 may be of any suitable construction, such as commercially available
      from Sun Strand Hydro-Transmission Company, Model 15-2008, of Ames, Iowa.
      This pump and valve means 46 is suitably driven by an electric motor 52
      carried within the housing 14 and is regulated by a regulator handle 53
      such that the position of the regulator handle 53 will determine the speed
      of pumping of the valve and pump means 46 for controlling the speed of the
      fluid operated motor 40 and the direction of rotation of the fluid
      operated motor 40.
PAR  The control means of the web winder and compensator apparatus further
      include means carried by the housing 14 and operatively connected between
      the regulator handle 53 of the pump and valve means 46 and the movable
      rolls 16 and the roll diameter sensing means 43 for controlling the
      position of the regulator handle 53 and thus the operation of the pump and
      valve means 46 in relation to and in response to the speed of travel of
      the web W through the compensator means and the diameter of the web roll
      R. This means comprises broadly an interconnected flexible cable
      mechanism, as follows.
PAR  The roll diameter sensing means 43 is in the form of a lever 55 pivotally
      mounted on a rod 56 carried by the housing 14 and biased into engagement
      with the web roll R by a spring 57. The rod 56 carries a lever arm 58
      which is connected to a flexible cable 59 extending through a sheath 60
      and connected to a slide member 61 mounted on a slide rod 62 carried by a
      bracket 63 mounted stationary on the housing 14. Thus, as the lever 55
      pivots upwardly and downwardly under the influence of the diameter of the
      web roll R, the cable 59 will move the slide member 61 along the slide rod
      62.
PAR  The slide member 61 receives therethrough another flexible cable 57
      extending through sheath 68 and having one end thereof connected with
      another slide member 69 mounted for sliding movement on an angled rod 70.
      The rod 70 has one end thereof pivotally mounted on the bracket 63 at 71
      and the other end thereof connected to a mechanism to be described below.
      The other end of the flexible cable 67 is connected to the regulator
      handle 53 of the pump and valve means 46. Thus, for example, as the
      sensing lever 55 moves upwardly under the influence of an increasing
      diameter of the roll R, the cable 59 will be pulled downwardly in the
      sheath 60 to move the slide member 61 to the left, as viewed in FIGS. 1, 6
      and 7, which will cause the slide member 69 to move downwardly on the
      angled slide rod 70 to in turn cause the flexible cable 67 to be pulled
      downwardly and move the regulator handle 53 upwardly. This motion is
      illustrated in the schematic FIGS. 6 and 7 and may also be seen in FIG. 1.
      Movement of the regulator handle 53 of the pump and valve means 46, will
      vary the pressure of the fluid being pumped therethrough to compensate for
      speed of rotation of the motor 40 and direction of rotation in accordance
      with the increasing diameter of the roll R of web material W so as to
      maintain an even tension in the web W as it is being wound or unwound by
      the motor 40.
PAR  For purposes of compensating for variations in tension as caused by
      variations in speed of the traveling web W as it passes through the
      compensator means and the movable rolls 16 and stationary rolls 15 of the
      compensator means, the slide rod 70 is connected to an endless chain 73
      disposed around sprockets 74, 75 mounted on the housing 14. The sprocket
      75 has a stub shaft 76 extending therefrom and secured to a sprocket 77 on
      the other end thereof. The sprocket 77 receives an endless chain 78 which
      also passes around a sprocket 79 on the end of a stub shaft 80 carried by
      the housing 14. The stub shaft 80 is connected to the sprocket 25 of the
      chain and sprocket device 23, 24 and 25. Thus, as may be seen in the
      schematic illustrations of FIGS. 8 and 9 and in FIG. 1, as the chain 23 is
      rotated under the influence of movable rolls 16, the chains 78 and 73 will
      be rotated about their respective sprockets which will change the angle of
      the slide rod 70 to shorten or lengthen the flexible cable 67 and thus
      move the position of the regulator handle 53 of the pump and valve means
      46. This results in the speed of rotation of the fluid operated motor 40
      being controlled through the pump and valve means 46 by the position of
      the movable rolls 16 as indicated by the tension on the web W as it moves
      through the compensator means. The degree of regulation of the pump and
      valve means 46 by the regulator handle device 53 may be set for any
      desired operation. For example, the pump and the valve means may be set
      for reversing operation of the motor 40 for every 30.degree. movement of
      the regulator handle 53.
PAR  From the above, it may be clearly seen that the present invention has
      provided an improved web winder and compensator apparatus with automatic
      web winding speed compensating controls for selectively winding or
      unwinding at a uniform tension a roll of traveling continuous web material
      being selectively fed from or taken up by an associated mechanism and in
      which the speed of winding or unwinding is compensated for in relation to
      the diameter of the roll being wound or unwound and the tension on the
      traveling web as it passes through the compensator mechanism.
      Additionally, the apparatus of this invention compensates and maintains
      uniform the tension in the traveling web as it passes through the
      compensator means. The improved apparatus of this invention provides the
      desirable features of straightline linear threading of the compensator
      means and a space saving, self contained construction which may be
      suspended from the ceiling of a manufacturing plant.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of the invention and, although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved web winder and compensator apparatus with automatic web
      winding speed compensating controls for selectively winding or unwinding
      at a uniform tension a roll of traveling continuous web material being
      selectively fed from or taken up by an associated mechanism, said
      apparatus comprising:
PA1  tension compensator means for receiving the traveling web in a
      predetermined path of travel therethrough and for compensating for
      variations in speed of travel of the web therethrough for maintaining a
      uniform tension therein during winding or unwinding thereof, said
      compensator means comprising stationary roll means positioned in the path
      of travel of the web for guiding the web through said compensator means,
      and counterbalanced movable roll means normally positioned on one side of
      said stationary roll means for receiving the traveling web therearound and
      moving toward and away from said stationary roll means for decreasing and
      increasing the length of the path of travel of the web through said
      compensator means in relation to the tension on the traveling web, said
      movable roll means including means for movement of said movable roll means
      to a threading position on the other side of said stationary roll means
      for straightline linear threading up of the web through said compensator
      means;
PA1  variable speed, center drive, reversible, winder means positioned adjacent
      said compensator means for selectively winding or unwinding a roll of the
      web material; and
PA1  control means including means for sensing the diameter of the web roll in
      said winder means, said control means being operatively connected between
      said compensator means and said winder means for controlling the winding
      or unwinding speed of said winder means in relation to and in response to
      the speed of travel of the web through said compensator means as indicated
      by the position of said movable roll means of said compensator means and
      the diameter of the web roll as indicated by sensing means for maintaining
      a uniform tension in the web material being wound or unwound.
NUM  2.
PAR  2. An improved web winder and compensator apparatus, as set forth in claim
      1, in which
PA1  said stationary roll means of said tension compensator means comprises
      three spaced apart, parallel rolls extending generally transversely of the
      traveling web, and
PA1  said movable roll means comprises two spaced apart, parallel rolls
      extending generally transversely of the traveling web for movement in
      planes generally passing through the spaces between said three stationary
      rolls for defining with said stationary rolls a sinuous path of travel for
      the web therearound.
NUM  3.
PAR  3. An improved web winder and compensator apparatus, as set forth in claim
      2, in which said movable roll means further includes mounting means
      comprising
PA1  a slide rod mounted stationary on each side of said two movable rolls and
      extending generally perpendicular to said movable rolls,
PA1  a slide member mounted on each of said slide rods for movement up and down
      said slide rods, each of said slide members being secured to the
      respective outer ends of said movable rolls for commonly carrying said
      movable rolls toward and away from said stationary rolls,
PA1  an endless chain and sprocket means mounted on each side of said movable
      rolls for movement of said endless chains about said sprockets in a closed
      path of travel generally perpendicular to said movable rolls, each of said
      chains being secured respectively to said slide members for movement
      therewith, and
PA1  counterbalancing weight means secured to said chain and sprocket means for
      biasing said movable rolls against the force of gravity and allowing said
      movable rolls to move away from stationary rolls to lengthen the path of
      travel of the web through said compensator means when the tension on the
      traveling web due to the speed of travel thereof is below a predetermined
      amount and allowing said movable rolls to move toward stationary rolls
      against the bias thereof under the influence of the traveling web when the
      tension on the traveling web due to the speed of travel thereof is above a
      predetermined amount.
NUM  4.
PAR  4. An improved web winder and compensator apparatus, as set forth in claim
      3, in which said slide members include outwardly extending, angularly
      directed legs secured thereto at one end thereof and secured to said
      movable rolls at the other end thereof for movement of said movable rolls
      from the normal operating positions on one side of said stationary rolls
      to the other side of said stationary rolls for straightline linear
      threading up of the web through said compensator means.
NUM  5.
PAR  5. An improved web winder and compensator apparatus, as set forth in claim
      1, in which said variable speed, center drive winder means comprises a
      portable, fluid operated, reversible motor connected with and extending
      from said compensator means for connection to and rotation of a frame
      supported mandrel for selectively winding or unwinding a roll of the web
      material on the mandrel.
NUM  6.
PAR  6. An improved web winder and compensator apparatus, as set forth in claim
      5, in which said control means comprises
PA1  fluid source means,
PA1  fluid circuit means connected with said fluid source means and with said
      fluid operated, reversible motor for supplying fluid from said source
      through said motor for selectively actuating said motor for forward or
      reverse rotation,
PA1  fluid pump and valve means disposed in said fluid circuit means for pumping
      fluid to said motor for forward or reverse rotation and for regulating the
      pressure of the fluid being pumped for varying the speed of rotation of
      said motor, and
PA1  means operatively connected between said pump and valve means and said
      movable roll means and said roll diameter sensing means for controlling
      the operation of said pump and valve means in relation to and in response
      to the speed of travel of the web through said compensator means and the
      diameter of the web roll.
NUM  7.
PAR  7. An improved web winder and compensator apparatus, as set forth in claim
      6, in which said means for controlling the operation of said pump and
      valve means comprises
PA1  a regulator handle forming part of said pump and valve means and regulating
      the operation of said pump and valve means according to the position of
      said regulator handle means, and
PA1  interconnected flexible cable means operatively connected between said
      regulator handle of said pump and valve means and said movable roll means
      and said roll diameter sensing means for moving said regulator handle
      means in relation to and in response to the relative positions of said
      movable roll means and said roll diameter sensing means.
NUM  8.
PAR  8. A space saving, self contained, web winder and compensator apparatus
      with automatic web winding speed compensating controls for selectively
      winding or unwinding at a uniform tension a roll of traveling continuous
      web material being selectively fed from or taken up by an associated
      mechanism, said apparatus comprising:
PA1  housing means for carrying said apparatus and for being suspended from a
      ceiling of a manufacturing plant room to conserve floor space;
PA1  tension compensator means contained within said housing means for receiving
      the traveling web in a predetermined path of travel therethrough and for
      decreasing an increasing the length of the path of travel of the web
      through said compensator means in relation to the tension on the traveling
      web for compensating for variations in speed of travel of the web to
      maintain a uniform tension in the traveling web;
PA1  portable, variable speed, center drive, reversible, winder motor means
      carried by and extending from said housing means for connection to and
      rotation of a frame supported mandrel for selectively winding or unwinding
      a roll of the web material on the mandrel; and
PA1  control means generally contained within said housing means and including
      means extending from said housing means for sensing the diameter of the
      web roll being wound or unwound, said control means being operatively
      connected between said compensator means and said winder motor means for
      controlling the winding or unwinding speed of said winder motor means in
      relation to and in response to the speed of travel of the web through said
      compensator means and the diameter of the web roll for maintaining a
      uniform tension in the web material being wound or unwound.
NUM  9.
PAR  9. A space saving, self contained, web winder and compensator apparatus, as
      set forth in claim 8, in which said compensator means comprises
PA1  a predetermined number of stationary, spaced apart, parallel rolls mounted
      within said housing means and positioned in the path of travel of the web
      and extending generally transversely of the traveling web for guiding the
      web through said compensator means,
PA1  a predetermined number of movable, counterbalanced, spaced apart, parallel
      rolls mounted within said housing means and extending generally
      transversely of the traveling web and normally positioned on one side of
      said stationary rolls and movable in planes generally passing through the
      spaces between said stationary rolls for receiving the traveling web
      therearound and for defining with said stationary rolls a sinuous path of
      travel for the web and for moving toward and away from said stationary
      rolls for decreasing and increasing the length of the path of travel of
      the web through said compensator means in relation to the tension on the
      traveling web, and
PA1  said movable rolls including means for movement of said movable rolls to a
      threading position on the other side of said stationary rolls for
      straightline linear threading up of the web through said compensator
      apparatus.
NUM  10.
PAR  10. A space saving, self-contained, web winder and compensator apparatus,
      as set forth in claim 9, in which said movable rolls further include
      mounting means comprising
PA1  a slide rod mounted stationary on said housing means on each side of said
      movable rolls and extending generally perpendicular to said movable rolls,
PA1  a slide member mounted on each of said slide rods for movement up and down
      said slide rods, each of said slide members being secured to the
      respective outer ends of said movable rolls for commonly carrying said
      movable rolls toward and away from said stationary rolls,
PA1  an endless chain and sprocket means mounted on each side of said movable
      rolls for movement of said endless chains about said sprockets in a closed
      path of travel generally perpendicular to said movable rolls, each of said
      chains being secured respectively to said slide members for movement
      therewith, and
PA1  counterbalancing weight means secured to said chain and sprocket means for
      biasing said movable rolls away from stationary rolls to lengthen the path
      of travel of the web through said compensator means when the tension on
      the traveling web due to the speed of travel thereof is below a
      predetermined amount and allowing said movable rolls to move toward said
      stationary rolls against the bias thereof under the influence of the
      traveling web when the tension on the traveling web due to the speed of
      travel thereof is above a predetermined amount.
NUM  11.
PAR  11. A space saving, self contained, web winder and compensator apparatus,
      as set forth in claim 10, in which said slide members comprise generally
      inverted V-shaped members carrying said movable rolls at the bottom
      thereof and being mounted on said slide rods and secured to said chain and
      sprocket means at the top thereof for movement of said movable rolls from
      the normal operating positions on one side of and above said stationary
      rolls to the other side and below said stationary rolls for straightline
      linear threading up of the web through said compensator means.
NUM  12.
PAR  12. A space saving, self contained, web winder and compensator apparatus,
      as set forth in claim 8, in which said control means comprises
PA1  fluid source means carried by said housing means,
PA1  fluid circuit means disposed within said housing means and connected with
      said fluid source means and with said fluid operated, reversible motor for
      supplying fluid from said source through said motor for selectively
      actuating said motor for forward or reverse rotation,
PA1  fluid pump and valve means carried by said housing means and disposed in
      said fluid circuit means for pumping fluid to said motor for forward or
      reverse rotation and for regulating the pressure of the fluid being pumped
      for varying the speed of rotation of said motor, and
PA1  means within said housing means operatively connected between said pump and
      valve means and said movable rolls and said roll diameter sensing means
      for controlling the operation of said pump and valve means in relation to
      and in response to the speed of travel of the web through said compensator
      means and the diameter of the web roll.
NUM  13.
PAR  13. A space saving, self contained, web winder and compensator apparatus,
      as set forth in claim 12, in which said means for controlling the
      operation of said pump and valve means comprises
PA1  a regulator handle forming part of said pump and valve means and regulating
      the operation of said pump and valve means according to the position of
      said regulator handle means, and
PA1  interconnected flexible cable means operatively connected between said
      regulator handle of said pump and valve means and said movable rolls and
      said roll diameter sensing means for moving said regulator handle means in
      relation to and in response to the relative position of said movable rolls
      and said roll diameter sensing means.
NUM  14.
PAR  14. An improved tension compensator apparatus for receiving a traveling
      continuous web of material in a predetermined path therethrough and for
      compensating for variations of the speed of travel of the web therethrough
      for maintaining a uniform tension in the web and being characterized by
      ease in threading up of the web of material through said apparatus, said
      compensator apparatus comprising:
PA1  stationary roll means extending generally transversely of the traveling web
      and positioned in the path of travel of the web for guiding the web
      through said compensator apparatus;
PA1  counterbalanced movable roll means extending generally transversely of the
      traveling web and generally parallel with said stationary roll means and
      being normally positioned on one side of said stationary roll means for
      receiving the traveling web therearound and defining a sinuous path of
      travel of the traveling web through said compensator means and for moving
      toward and away from said stationary roll means for decreasing and
      increasing the length of the path of travel of the web through said
      compensator means in relation to the tension on the traveling web; and
PA1  said movable roll means including means for movement of said movable roll
      means to a threading position on the other side of said stationary roll
      means for straightline linear threading up of the web through said
      compensator apparatus.
NUM  15.
PAR  15. An improved tension compensator apparatus, as set forth in claim 14, in
      which
PA1  said stationary roll means comprises three spaced apart, parallel rolls
      extending generally transversely of the traveling web, and
PA1  said movable roll means comprises two spaced apart, parallel rolls
      extending generally transversely of the traveling web for movement in
      planes generally passing through the spaces between said three stationary
      rolls for defining with said stationary rolls a sinuous path of travel for
      the web therearound.
NUM  16.
PAR  16. An improved tension compensator apparatus, as set forth in claim 15, in
      which said movable roll means further includes mounting means comprising
PA1  a slide rod mounted stationary on each side of said two movable rolls and
      extending generally perpendicular to said movable rolls.
PA1  a slide member mounted on each of said slide rods for movement up and down
      said slide rods, each of said slide members being secured to the
      respective outer cells of said movable rolls for commonly carrying said
      movable rolls toward and away from said stationary rolls,
PA1  an endless chain and sprocket means mounted on each side of said movable
      rolls for movement of said endless chains about said sprockets in a closed
      path of travel generally perpendicular to said movable rolls, each of said
      chains being secured respectively to said slide members for movement
      therewith, and
PA1  counterbalancing weight means secured to said chain and sprocket means for
      biasing said movable rolls against the force of gravity and allowing said
      movable rolls to move away from stationary rolls to lengthen the path of
      travel of the web through said compensator means when the tension on the
      traveling web due to the speed of travel thereof is below a predetermined
      amount and allowing said movable rolls to move toward stationary rolls
      against the bias thereof under the influence of the traveling web when the
      tension on the traveling web due to the speed of travel thereof is above a
      predetermined amount.
NUM  17.
PAR  17. An improved tension compensator apparatus, as set forth in claim 16, in
      which said slide members include outwardly extending, angularly directed
      legs secured thereto at one end thereof and secured to said movable rolls
      at the other end thereof for movement of said movable rolls from the
      normal operating positions on one side of said stationary rolls to the
      other side of said stationary rolls for straightline linear threading up
      of the web through said compensator apparatus.
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ABST
PAL  The invention relates to improvements and innovations in a compact
      embodiment and device, which is a Floatable Tow-Line Holder Storer and
      suitably coacts in a reel-like performance, when adapted for use in
      line-storing or for line-towing, as in skiing for boating or otherwise,
      and as a Safety-Device in police and military rescue-work in marine and
      field, meeting product safety standards.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The invention is a divisional from my copending application, Titled:
      "Devices and accessories for and with line holder-cutter hand tool
      combination." Ser. No. 828,072 dated May 1, 1969, now U.S. Pat. No.
      3,596,300.
BSUM
PAC  BRIEF SUMMARY
PAR  The invention basically and more particularly concerns in producing a
      device as a hand-holding, hand-gripping and line-storing reel-like means,
      permitting line ingress and egress and line-locking, which is floatable,
      light, easy to mass-produce and attractively colored for easy identity in
      rescue-work in marine and field, and;
PAR  In a device which almost completely eliminates conventional spools or
      reels, and everpresent make-shift, haphazard, cumbersome and dangerous
      methods as is found when said line is wrapped or wound to a piece of wood
      or wire, with no regard to completeness and advantageous working factors
      which are offered in these disclosures.
PAR  Another object of the invention is to produce a relatively flat embodiment
      which prevents accidental rolling and arrests unintended unwinding, yet;
      permits coactingly, lines ingress and egress as an automatic and eveready
      tool-means.
PAR  Another object of this invention is to produce not only, a conbination
      device for use in towing and skiing, but also many other uses, such as;
      bundling, tieing, netting, including hand or anchor-line in fishing and
      boating.
PAR  Still further, another object of this invention is to produce a combination
      line-storing device, having compact entity means and which may be
      attractively colored for quick and easy identity in meeting demands and
      emergencies, in life-saving at public beaches, and police and military
      rescue-work in marine and field.
DRWD
PAR  Other objects will be apparent from the following drawings, wherein:
PAC  BRIEF DESCRIPTION
PAR  FIG. 1 is a top plan view of the line holder-storer embodiment as
      positioned within the grasp of said outer shell-cover, also providing
      stabilizer and utility loop securing holes with full penetration to
      indicate operation as a single or unitary embodiment and as combined,
      including said tow-rope and a utility-ring. (Which is optional for the
      many forms of clips known.)
PAR  FIG. 1A is another plan view with a portion cutaway for clarity of
      illustration to indicate the inserted primary embodiment, with aligned
      holes and said utility loop, hinge and push-lock arrangement which could
      otherwise become two elongated halves positioned with said primary
      embodiment as in sandwiching and bonded by cementing, with arrows 1B are
      looking in the direction of FIG. 1B.
PAR  FIG. 1B is a side elevational view to indicate the positioning of said
      primary embodiment in said shield-cover, and having a hinge and push-look
      assembly, though as stated bonding two separate and elongated halves by
      cementing, if found more economical and feasible in production-wise
      operations.
PAR  FIG. 1C is a outaway lengthwise view to indicate the overall positioning of
      said primary embodiment, which also includes the full penetration of said
      securing holes for said utility-loop, as being two separate embodiments so
      combined to perform as one as being unitary or as two (flanking)
      unilaterally; the multiplicity of holes also shown in these (four) figures
      aid in added floatation means.
PAR  FIG. 2 is an overall elevational view to indicate the fullness of said
      primary embodiment which includes a rapid crosswise and lengthwise
      line-winding with a utility-ring (which is optional) and followed with
      arrows 2A as looking toward FIG. 2A; while FIG. 2A indicates a cutaway
      view to show in a furtherly manner the positioning of said windings; and
      FIG. 3 is another cutaway view to indicate said line-locking means when
      said embodiment is hanging fully and freely in mid-air, gravitational-wise
      and aided by contoured and conformed bifurcating arms; FIG. 3A is another
      cutaway view to indicate furtherly for clarity of illustration the
      line-locking means at line passage, when said embodiment is hanging up and
      down lengthwise, and line-locking is performed by the elasticity of both
      archaic and bifurcating arms coacting as feeler-sensers, and allowing line
      ingress and line egress by a light amount of pre-set concentrated pressure
     .
DETD
PAR  Embodiment 60 as a primary and 60A when combined and as shown in FIG. 1 is
      followed lengendarywise as primary embodiment 60 is inserted into
      shield-cover 60A having a multiplicity of holes 60B to aid in floatation
      means; which is followed by line-passage means 61, and hinge 62 so
      combined with push-lock 62A, is also followed by channeled securing holes
      63, for a utility-loop 64AA and tow-line 64 which is also followed with a
      utility-ring 64B; (which is optional), while selfaligning V-shaped cavity
      63A for storing of said tow-line 64, within the confines of open-throated
      storing cavity 66; while the bifurcating arms of primary embodiment appear
      as 65A, while its counterparting arm-tips of said shield-cover appear as
      65AA when so combined as a further completed device. The utility loop 64AA
      is of such a size that it may be used as a life-saving device to persons
      in distress in water, and it may be positioned around a person in a
      sling-wise manner to assist in their rescue.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the present embodiments of the invention hereinafter described in
      greater detail, FIG. 1 denotes the novel line holder-storer, which
      consists of a relatively flat form of such dimensions as 1.25 inches by
      24.00 inches in thickness and overall length respectively, and mid-section
      3.00 inches in width and 8.00 inches in length, which being
      juxtapositioned by end extremities, as handle and arms means each being
      8.00 inches in length by 6.00 inches in width with some 4.00 inches
      recessed cavities whereby it must be understood that these figures are
      approximate without departing from the spirit and scope of the invention,
      if manufactured of wood or otherwise, or optionally inserting a so-called
      dummy-body within the innards of said outer-shelled body using the many
      types of plastics and synthetics, some floatable and widely known.
CLMS
STM  Having described my invention what I claim for United States letters patent
      is:
NUM  1.
PAR  1. A laminated floatable substantially flat tow-line holder having a
      central body portion, a pair of clawlike bifurcated arms disposed at
      opposite ends of said central body portion, said arms at their distal ends
      defining open-throated substantially V-shaped chambers, said central body
      portion having one end of a bifurcated tow-line secured thereto forming a
      loop, with the other end of said tow-line being wound longitudinally for
      storage in each of said V-shaped chambers.
NUM  2.
PAR  2. A tow-line holder according to claim 1 wherein said holder may be used
      as a life-saving device to persons in distress in water, said loop being
      of such size to permit positioning around a distressed person in a
      slingwise manner to assist rescue.
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ABST
PAL  In a tape cassette for use with a tape recording and/or reproducing
      apparatus having a rotatable reel drive device and which includes a
      cassette casing containing at least one rotatable tape-carrying reel
      provided with a hollow hub defining a socket having an opening at one end
      of the hub for receiving the reel drive device when the latter is inserted
      through an aperture in the casing registered with the socket; the socket
      is given a stepped configuration to have a reduced-diameter portion at the
      end remote from the socket opening and at least one axially elongated rib
      projects radially inward from the surface of the socket at a relatively
      larger-diameter portion of the socket, and the rotatable reel drive device
      is provided with an end portion closely engageable in the reduced-diameter
      portion of the socket for accurately locating the reel in respect to the
      axis of rotation of the reel drive device and with at least one projection
      extending radially beyond and spaced axially from such end portion of the
      reel drive device for reception in the relatively larger-diameter portion
      of the socket and driving engagement with the rib therein.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 384,576, filed Aug. 1, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tape recording and/or reproducing
      apparatus employing tape cassettes, and more particularly is directed to
      improved arrangements by which each tape-carrying reel contained in a
      cassette is engaged with an associated tape drive device of the recording
      and/or reproducing apparatus.
PAR  2. Description of the Prior Art
PAR  It has been proposed, for example, in U.S. Pat. No. 3,111,281, to provide a
      tape recording and/or reproducing apparatus employing tape cassettes in
      which each tape-carrying reel contained within the cassette housing or
      casing is engageable by an associated tape drive device of the apparatus
      which extends through an aperture of the cassette housing when the
      cassette is positioned on the apparatus. However, in such existing
      arrangements, difficulties are encountered in obtaining smooth rotation of
      the reel or reels within the cassette housing during transport of the
      tape. More specifically, when the tape is being transported, the rotated
      reel frequently vibrates relative to the associated reel drive device.
      Such vibration, which may involve a rotational, radial or tilting movement
      of the reel relative to the reel drive device, is transmitted to the tape
      being wound on, or unwound from the reel and produces an undesirable
      modulation or distortion of the signal being recorded or reproduced on the
      transported tape by a magnetic head contacting the latter. The vibration
      is particularly noticeable when play exists between the reel and the
      associated reel drive device in their mutually engaged condition. In
      existing arrangements, the portions of the reel and reel drive device
      which constitute a rotatable coupling therebetween are also employed for
      positioning the reel with respect to the reel drive device, and it has
      been necessary to provide a substantial play therebetween in order to
      facilitate the installation and removal of the cassette in respect to the
      recording and/or reproducing apparatus. Thus, it has been considered
      impossible, as a practical matter, to avoid the undesirable viabration of
      the reel or reels in a cassette type apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a tape cassette
      that avoids the above described problem when used in a tape recording
      and/or reproducing apparatus.
PAR  Another object is to provide a tape cassette in which each tape-carrying
      reel therein is rotated in a smooth or stable manner during the winding or
      unwinding of tape thereon.
PAR  A further object is to provide a tape cassete, as aforesaid, for use with a
      tape recording and/or reproducing apparatus, and in which each
      tape-carrying reel and the associated reel drive device having separate,
      mutually engageable portions for positioning the reel in respect to the
      reel drive device and for rotatably coupling together the reel and reel
      drive device, respectively.
PAR  Still another object is to provide a tape cassette for use with a tape
      recording and/or reproducing apparatus, as aforesaid, and in which each
      tape-carrying reel and the associated reel drive device have separate,
      mutually engageable portions for centering the reel relative to the reel
      drive device, for axially locating the reel relative to the reel drive
      device, and for rotatably coupling the reel with the reel device,
      respectively.
PAR  In accordance with an aspect of this invention, each tape-carrying reel
      contained in the casing of a cassette includes a hollow hub defining a
      socket having an opening at one end in registration with an aperture of
      the cassette casing, the socket is of stepped configuration to have a
      reduced-diameter portion at the end thereof remote from its opening, at
      least one axially elongated rib projects radially inward from the surface
      of the socket at a relatively larger-diameter portion of the socket, and
      the associated reel drive device is insertable into the casing through the
      aperture in the latter and includes an end portion closely engageable in
      the reduced-diameter portion of the socket for accurately locating the
      reel in respect to the axis of rotation of the reel drive device and at
      least one projection extending radially beyond and spaced axially from the
      end portion of the reel drive device for reception in the relatively
      larger-diameter portion of the socket and driving engagement with the rib
      therein.
PAR  The above, and other objects, features and advantages of the invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a tape cassette of a type in which
      this invention may be embodied;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 on FIG. 1,
      and showing a tape reel within the cassette engaged with the associated
      reel drive device of a tape recording and/or reproducing apparatus in
      accordance with one embodiment of this invention;
PAR  FIG. 3A is a perspective view of a reel drive device in accordance with
      another embodiment of this invention;
PAR  FIG. 3B is an exploded perspective view of the several components or parts
      of the reel drive device shown in FIG. 3A;
PAR  FIG. 4A is a sectional view of a tape cassette similar to that shown on
      FIG. 2, but constructed in accordance with another embodiment of this
      invention;
PAR  FIG. 4B is a sectional view of the reel drive device of FIG. 3A taken along
      the line 4--4 on the latter; and
PAR  FIG. 4C is a sectional view showing the cassette of FIG. 4A engaged with
      the reel drive device of FIG. 4B.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, and initially to FIGS. 1 and 2
      thereof, it will be seen that the invention may be embodied in a tape
      cassette of a type, for example, which is intended for use in connection
      with a video tape recorder (VTR). The casing 1 of the cassette is shown to
      comprise upper and lower sections 1a and 1b of generally rectangular
      configuration having peripheral flanges which are suitably joined to each
      other to constitute a side or peripheral wall of casing 1 extending
      between a bottom wall 1e and a top wall 1f. The case 1 is provided with an
      opening extending along one of its relatively long sides and being
      normally closed by a pivoted lid or cover 1c. When lid 1c is open, a
      magnetic tape (not shown) which is wound on, and extends between supply
      and takeup reels within casing 1 is exposed at the opening of the casing
      so as to permit the recording and reproduction of signals on such tape.
      The relatively short sides of the peripheral wall of casing 1 may have
      grooves 1d therein which are engageable by suitable guiding members (not
      shown) provided on the cassette holder of a VTR for guiding the cassette
      casing to a predetermined position on the VTR or tape recording and/or
      reproducing apparatus. When the tape cassette is moved to such
      predetermined or operative position, it is intended that each of the tape
      carrying reels within casing 1, for example, the reel generally indicated
      at 19 on FIG. 2, will be engaged by an associated reel drive device 2 of
      the VTR which projects into cassette casing 1 through a respective
      aperture 8 provided in its bottom wall 1e.
PAR  In the embodiment of the present invention shown on FIG. 2, each
      tape-carrying reel 19 is formed of two parts 11 and 15. The reel part 11
      consists of an upper circular flange 9 having a hollow, cylindrical hub
      portion 10 depending concentrically therefrom to define the outer surface
      of a reel hub. The other reel part 15 is shown to consist of a lower
      circular flange 12 and an inner hollow cylindrical hub portion 14 which is
      concentric with flange 12 and extends both above and below the latter. The
      outer surface of hub portion 14 is dimensioned to fit closely within outer
      hub portion 10, and reel part 15 further includes a relatively
      reduced-diameter, hollow cylindrical portion 21 which extends upwardly
      from hub portion 14 with an outer annular shoulder 20 being defined
      therebetween and with the upper end of portion 21 being closed by an end
      wall 13 engageable against flange 9 within outer hub portion 10. The wall
      thickness of cylindrical portion 21 may be approximately the same as that
      of the inner hub portion 14 so that portions 14 and 21 of reel part 15
      define a downwardly opening socket of stepped configuration having a
      reduced-diameter portion 41 at the end of the socket remote from the
      opening of the latter and relatively larger-diameter portion at the open
      end of the socket that is, spaced axially from reduced-diameter socket
      portion 41. Preferably, a frusto-conical or tapering surface 23b is
      provided within cylindrical portion 21, at the bottom of the latter, that
      is, between the reduced-diameter socket portion 41 and the relatively
      larger-diameter socket portion defined within inner hub portion 14. One or
      more axially elongated ribs 7 project radially inward from the surface of
      such relatively larger-diameter socket portion and, in the case where a
      plurality of such ribs 7 are provided, the same are circumferentially
      spaced apart within inner hub portion 14. The radially inward projection
      of each rib 7 is selected so that the radial distance from the center of
      reel 9 to the inner surface of each rib 7 will be greater than the radius
      of the reduced-diameter socket portion 41.
PAR  The end wall 13 of reel part 15 may have a central domed portion 36 which
      projects upwardly within a central opening 29 in upper reel flange 9 and
      which is formed with a central depression 28'. Reel parts 11 and 15 are
      assembled together, as shown on FIG. 2, and are held in such assembled
      condition either by the tight or frictional engagement of inner hub
      portion 14 within outer hub portion 10 or preferably by an adhesive or
      cement therebetween. It will be apparent that, when reel parts 11 and 15
      are thus assembled, a magnetic tape (not shown) can be wound on the
      surface of outer hub portion 10 between reel flanges 9 and 12.
PAR  Each tape carrying reel 19 rotatable within cassette casing 1 is urged
      downwardly towards bottom wall 1e so that the lower end of inner hub
      portion 14 below flange 12 extends into the respective aperture 8 in the
      bottom wall of cassette casing 1. Such downward urging of each reel 19 is
      effected by means 30 that includes a spring member 30' and grooves 42
      formed in the underside of upper casing wall 1f for locating spring member
      30'. The spring member 30' is shown to consist of a central disk 31 having
      a plurality of resilient legs 32 radiating from disk 31 and inclined
      upwardly from the latter to end portions 33 which are radially slidable in
      the respective radial grooves 42. In the illustrated embodiment, spring
      member 30' is provided with three resilient legs 32 that are equally
      spaced apart thereabout, and the respective grooves 42 are shown to be
      dimensioned so that a substantial clearance .alpha. exists between the
      outer ends of each groove and the respective end portion 33 of the leg 32.
      Thus, when disk 31 is urged upwardly toward top casing wall 1f against the
      force of resilient legs 32, the end portion 33 of such legs can slide
      radially outward within the respective grooves 42. Further, each groove 42
      has projections 42a formed therein below the respective leg end portion 33
      to retain the latter within the groove. A ball bearing 28 is seated in
      depression 28' of each reel 19 and is acted upon by the disk 31 of the
      respective spring member 30' so that the latter can urge reel 19
      downwardly without substantial frictional resistance to rotation of the
      reel by reason of spring member 30'.
PAR  A ring 38 of a frictional material, such as, rubber or the like, is
      adhesively secured on the upper surface of bottom wall 1e of the cassette
      casing under flange 12 of each reel 19 so that, when reel 19 is pressed
      downwardly against bottom wall 1e by the respective spring member 30', for
      example, when cassette 1 is not in use, the ring 38 of frictional material
      is engaged by the flange 12 to frictionally resist undesired rotation of
      the reel.
PAR  The reel drive device 2 associated with each reel 19 in cassette casing 1
      is shown to include a cylindrical end portion 17 which is closely
      engageable within the reduced-diameter socket portion 41 and which is
      joined, by a frusto-conical or tapered portion 23a having the same slope
      as the frusto-conical surface portion 23b of the socket, with a
      larger-diameter cylindrical portion 16 dimensioned to extend loosely past
      the inner surfaces of ribs 7. Located below cylindrical portion 16 and
      held in position by the latter is a reel drive member diametrically
      dimensioned to be received in the relatively larger-diameter portion of
      the socket of reel 19 and having at least one radially directed projection
      37 which is engageable with or between the rib or ribs 7, respectively, of
      reel 19 for rotatably coupling the latter with reel drive device 2. The
      reel drive device 2 is further shown to have an annular reference surface
      39 extending radially beyond the projection or projections 37 and facing
      axially in the direction of insertion of reel drive device 2 into aperture
      8 of casing 1. Reference surface 39 has an outer diameter smaller than the
      diameter of aperture 8 and is engageable with a reference surface 12a
      formed on the end of inner hub portion of reel 19 around the opening of
      the socket formed in the latter. Thus, it will be seen that the relatively
      larger-diameter socket portion of reel 19 in which the ribs 7 are provided
      is disposed axially between the reference surface 12a on the hub of reel
      19 and the reduced-diameter socket portion 41 of the reel.
PAR  It will be apparent that, when tape cassette 1 is positioned on a tape
      recording and/or reproducing apparatus or VTR having a reel drive device 2
      for each reel 19 within the cassette casing, each reel drive device 2
      extends into the respective aperture 8 of the cassette casing and has its
      end portion 17 guided into the reduced-diameter socket portion 41 by the
      tapered surface 23b of the socket. When end portion 17 of the reel drive
      device is fully and closely engaged within socket portion 41, as shown on
      FIG. 2, the tapering or frusto-conical surface portions 23a and 23b of the
      reel drive device and socket, respectively, are also mutually engaged. The
      close engagement of end portion 17 of the reel drive device in socket
      portion 41 and the mutual engagement of frustoconical surface portions 23a
      and 23b are effective to accurately and securely center reel 19 in respect
      to reel drive device 2 so that the reel 19 will not vibrate in respect to
      reel drive device 2 when the latter is rotatably driven through a
      conventional drive mechanism (not shown). When surfaces 17 and 41 and
      surfaces 23a and 23b are mutually engaged, the upper end 6 of the reel
      drive device 2 extends above the plane of the median of tape (not shown)
      wound on the respective reel 19 so that the areas of close contact of
      surfaces 17 and 23a with surfaces 41 and 23b, respectively, extend from
      above that plane to below that plane for securely resisting tilting of the
      reel relative to its reel drive device. Further, when reel 19 is thus
      accurately centered in respect to reel drive device 2, the projection or
      projections 37 of the latter are engaged with or between the ribs 7 within
      the larger-diameter portion of the socket so as to rotatably couple reel
      19 with reel drive device 2. It will also be apparent that, upon full
      insertion of reel drive device 2 into the socket or reel 19, as described
      above, reference surface 39 and reel drive device 2 engages the
      confronting reference surface 12a on reel 19 to lift flange 12 of the
      latter away from ring 38 of frictional material whereby to free the reel
      for rotation, and further to accurately locate the reel in the axial
      direction. Since ribs 7 and projection or projections 37 of reel 19 and
      reel drive device 2, respectively, for obtaining the rotatable coupling
      therebetween are apart from the described engageable surfaces by which the
      reel is centered and axially located in respect to the reel drive device,
      such surfaces can be formed so as to have very little play or clearance
      therebetween and the play or clearance is not enlarged by repeated
      engagement and disengagement of the rotatable coupling elements.
PAR  Referring now to FIGS. 3A and 3B and FIGS. 4A-4C, it will be seen that, in
      another preferred embodiment of this invention, as there illustrated, the
      parts or elements corresponding to those described above with reference to
      FIGS. 1 and 2 are indicated by the same reference numerals and will be
      described in detail only insofar as such parts are different from the
      corresponding parts of the first described embodiment. As shown
      particularly on FIGS. 3A, 3B and 4B, the reel drive device 2 of this
      embodiment generally comprises a reel positioning member 40 having the
      relatively small-diameter end portion 17, the frusto-conical surface
      portion 23a and the relatively larger-diameter cylindrical surface portion
      16 formed thereon, a reel driving member 44 on which the projection 37 is
      formed, and a cup-shaped reel locating member 45 which defines the
      reference surface 39, as hereinafter described in detail. The cup-shaped
      reel locating member 45 is shown to open upwardly and to have a
      cylindrical outer wall or drum 45a which defines the reference surface 39
      at its upper end edge, and a tubular central extension 45b which projects
      axially above reference surface 39 and which has a non-circular outer
      surface, for example, a hexagonal outer surface as particularly shown on
      FIG. 3B. A metal bearing sleeve 45c is fixed within tubular extension 45b,
      for example, by having an outer diameter slightly larger than the inner
      diameter of tubular extension 45b so as to have a press-fit therein, and
      bearing sleeve 45c is axially dimensioned so that its upper end portion
      45c' projects above the upper end of tubular extension 45b, as
      particularly shown on FIG. 4B.
PAR  The reel driving member 44 is shown to include a ring 48 having a
      non-circular opening 48a (FIG. 3B) for example, a hexagonal opening, as
      shown, corresponding to the cross-section of the outer surface of tubular
      extension 45b so that ring 48 is axially slidable on such extension 45b.
      Formed integrally with ring 48, and extending radially therefrom, is the
      projection 37, as shown, or a plurality of such projections. The radial
      extent of projection 37 from the center of ring 48 is selected so that,
      when ring 48 is slidable on tubular extension 45b of reel locating member
      45, projection 37 can move downwardly within cylindrical outer wall or
      drum 45a. A helical compression spring 49 extends around tubular extension
      45b and has its lower end seated in a groove 45e formed in the bottom of
      cup-shaped locating member 45 (FIG. 4B), and the upper end of spring 49
      bears against the underside of ring 48 on tubular extension 45b for urging
      reel driving member 44 upwardly to the position shown on FIGS. 3A, 4B and
      4C.
PAR  Reel positioning member 40 is shown to have an axial bore 40a formed with
      its diameter slightly smaller than the outer diameter of bearing sleeve
      45c so as to be secured to bearing sleeve 45c by the resulting press-fit
      when reel positioning member 40 is urged onto the upper end portion 45c'
      of the bearing sleeve. It will be apparent that, when reel positioning
      member 40 is thus assembled on bearing sleeve 45c, the underside of the
      relatively larger-diameter cylindrical portion 16 of the reel positioning
      member acts as a stop for limiting the upward movement of reel driving
      member 44 by spring member 49.
PAR  Each reel drive device 2 comprised of the members 40, 44 and 45 assembled
      together, as aforesaid, is rotatable on a shaft 46 that is loosely
      received by bearing sleeve 45c and extends upwardly from a chassis or
      support plate 47 to which the lower end of the shaft is secured, as by a
      nut 48' and a washer 49'. Bearing sleeve 45c is held at a suitable height
      on vertical shaft 46 by means of a thrust ring or washer 46c which rests
      on a split washer or so-called Circlip 46b resiliently engaged in an
      annular groove 46a in the lower portion of shaft 46. In order to prevent
      upward removal of reel drive device 2 from shaft 46, a screw 47a extends
      into a tapped bore 47c in the upper end of shaft 46 and secures a washer
      47b on the latter, with the periphery of such washer 47b projecting
      radially beyond shaft 46 (FIGS. 4B and 4C) to limit upward movement of
      bearing sleeve 45c. Locating posts 47d d (FIGS. 4B and 4C) may extend
      upwardly from chassis or base plate 47 so as to be engageable, at their
      upper ends, by the bottom wall 1e of cassette casing 1 for determining the
      operative position of the cassette on the VTR or tape recording and/or
      reproducing apparatus.
PAR  Each reel 19 in the cassette casing 1 intended for use in connection with
      the real drive device 2 in accordance with the second described embodiment
      of this invention is shown (FIG. 4A) to be generally similar to the reel
      19 described above in connection with FIG. 2 and preferably has its ribs 7
      formed with rounded lower ends, while each projection 37 of the reel
      driving member 44 is similarly preferably formed with a rounded upper
      surface, as particularly shown on FIGS. 3A and 3B.
PAR  It will be apparent that the members 40, 44 and 45 of reel drive device 2
      are each shaped to avoid the presence of a necked or relatively narrow
      portion interposed between relatively wide portions so that such members
      can be conveniently molded of suitable plastic resins by means of
      relatively simple dies. Further, the members 40, 44 and 45 can be simply
      assembled together, as previously described, so that mass production of
      the drive device 2 can be efficiently realized. Of course, the dimensions
      of reel positioning member 40, reel driving member 44 and reel locating
      member 45 are selected in accordance with the corresponding dimensions of
      the respective reel 19 in cassette casing 1.
PAR  When the cassette of FIG. 4A is moved downwardly onto locating posts 47d so
      as to engage each of its reels 19 with the respective reel drive device 2,
      the reduced-diameter end portion 17 of reel positioning member 40 is
      guided smoothly into the reduced-diameter socket portion 41 by the
      adjacent frustro-conical surface portion 23b in the socket. Eventually, as
      shown on FIG. 4C, the surface portions 17 and 23a of reel positioning
      member 40 closely engage the respective surface portions 41 and 23b of the
      reel socket for accurately centering reel 19 in respect to the axis of
      rotation of reel drive device 2. If, during such engagement of reel
      positioning member 40 within the socket of reel 19, the projection or
      projections 37 on reel driving member 44 do not fit between ribs 7 within
      the relatively larger-diameter portion of the socket, that is, if the
      lower end of a rib 7 engages the upper end or surface of a projection 37,
      then ring 48 of reel driving member 44 is moved downwardly along tubular
      extension 45b against the force of spring 49 so as to avoid interference
      with the insertion of reel positioning member 40 into the reel socket. By
      reason of the previously mentioned rounded configurations of the lower
      ends of ribs 7 and the upper surface of each projection 37, during such
      downward movement or deflection of ring 48, either the reel 19 or the reel
      drive device 2 is urged to turn a small angular distance so that spring 49
      can urge ring 48 upwardly to its normal position in which projection 37
      engages between adjacent ribs 7 for rotatably coupling reel 19 to the reel
      drive device. Further, as surfaces 17 and 23a on reel positioning member
      40 engage the corresponding surfaces 41 and 23b within the reel socket,
      the reference surface 39 on reel locating member 45 engages the reference
      surface 12a on reel 19 to lift the latter against the force of spring
      member 30' for accurately locating the reel in the axial direction and for
      releasing the reel from the braking action of the ring 38 of frictional
      material. Thereafter, the rotation of each reel 19 may be controlled
      through the reel drive device 2 engaged therewith and which may be driven,
      for example, through an idler wheel (not shown) engaged with the outer
      wall or drum 45a of reel locating member 45.
PAR  As before, when the cassette of FIG. 4A is loaded on, or engaged with the
      reel drive devices of FIG. 4B, the upper end of the cylindrical surface
      portion 17 of each reel drive device 2 extends above the plane of the
      median of tape wound on the respective reel 19 so that the area of close
      contact of surface portions 17 and 23a on reel drive device 2 with surface
      portions 41 and 23b in the respective reel socket extends from above that
      plane to below that plane for securely resisting tilting of the reel.
PAR  When the cassette is to be removed from the VTR or recording and/or
      reproducing apparatus, the cassette casing 1 is simply lifted relative to
      the reel drive device or devices 2 to withdraw the latter from the
      respective reel socket or sockets, whereupon, the spring member 30'
      associated with each reel 19 urges the latter against bottom cassette wall
      1e where ring 38 of frictional material engages reel flange 12 to prevent
      unwanted rotation of the reel.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape cassette for use with a tape recording and/or reproducing
      apparatus having a rotatable reel drive means, said cassette comprising a
      casing including opposed walls and at least one tape-carrying reel
      rotatably contained in said casing between said walls, said casing having
      an aperture in one of said walls adapted for the insertion of the reel
      drive means therein, said reel including a hollow hub defining a socket
      having an opening at one end of said hub in registration with said
      aperture for the entry into said socket of the reel drive means inserted
      through said aperture, said socket being of stepped configuration to have
      a relatively large-diameter portion extending from said opening of the
      socket and a reduced-diameter cylindrical portion at the end of the socket
      remote from said opening for closely receiving a correspondingly
      dimensioned end portion of the reel drive means with a frusto-conical
      surface portion leading from said large-diameter portion to said
      reduced-diameter portion for directing the end portion of the reel drive
      means into said reduced-diameter portion of the socket, and at least one
      axially elongated rib projecting radially inward from the surface of said
      socket at said large-diameter portion of the latter and by which said reel
      is adapted to be rotatably coupled with the reel drive means.
NUM  2.
PAR  2. A tape cassette according to claim 1; in which said reel has a reference
      surface on said hub engageable with a corresponding reference surface on
      the reel drive means when the latter enters said socket for axially
      positioning said reel.
NUM  3.
PAR  3. A tape cassette according to claim 2; in which said reference surface on
      the hub extends around said opening of the socket at said one end of the
      hub, so that said rib is disposed axially between said reference surface
      on the hub and said reduced-diameter portion of the socket.
NUM  4.
PAR  4. A tape cassette according to claim 1; in which said reel has at least of
      flange extending radially outward from said hub adjacent said one end,
      said casing has friction material on the inner surface of said one wall
      engageable by said flange for resisting rotation of the reel when the
      latter is urged axially in the direction against said one wall, resilient
      means within said casing act axially on said reel in said direction, and
      said reel has a reference surface on said hub facing axially in said
      direction and being engageable by a corresponding, oppositely facing
      reference surface on the reel drive means when the latter enters said
      socket for displacing said reel axially away from said one wall and
      thereby spacing said flange from said friction material.
NUM  5.
PAR  5. The combination of a tape cassette comprising a casing including opposed
      walls one of which has an aperture therein and at least one tape-carrying
      reel rotatably contained in said casing adjacent said aperture, said reel
      including a hollow hub defining a socket having an opening at one end of
      said hub in registration with said aperture, said socket being of stepped
      configuration to have a reduced-diameter cylindrical portion at the end
      thereof remote from said opening, at least one axially elongated rib
      projecting radially inward from the surface of said socket at a relatively
      larger-diameter portion of the socket spaced from said reduced-diameter
      portion, and a frusto-conical surface portion leading from said
      larger-diameter portion to said reduced-diameter portion; and rotatable
      reel drive means insertable into said casing through said aperture and
      including a cylindrical end portion guided by said frusto-conical surface
      portion into said reduced-diameter portion of the socket and being closely
      engageable in said cylindrical reduced-diameter portion for accurately
      locating said reel in respect to the axis of rotation of said reel drive
      means, and at least one projection extending radially beyond and being
      spaced axially from said end portion of the reel drive means for reception
      in said relatively larger-diameter portion of the socket and driving
      engagement with said rib therein.
NUM  6.
PAR  6. The combination according to claim 5; in which said reel has a reference
      surface on said hub facing axially in the direction in which said socket
      opens, and said reel drive means has a reference surface facing axially in
      the opposite direction and being engageable with said reference surface on
      said hub for axially locating said reel in respect to said reel drive
      means.
NUM  7.
PAR  7. The combination according to claim 6; in which said reference surface on
      the hub extends around said opening of the socket at said one end of the
      hub, and said relatively larger-diameter portion of the socket and said
      rib therein are disposed between said reference surface on the hub and
      said reduced-diameter portion of the socket.
NUM  8.
PAR  8. The combination according to claim 6; in which said reel has at least
      one flange extending radially outward from said hub adjacent said one end
      of the latter, said casing has friction material on the inner surface of
      said wall engageable by said flange for resisting rotation of the reel,
      resilient means within said casing urges said reel axially in said
      direction in which the socket opens for engaging said flange with said
      friction material, and said reference surfaces on the hub and reel drive
      means, respectively, are axially located to displace the reel away from
      said one wall of the casing when said end portion of the reel drive means
      is engaged in said reduced-diameter portion of the socket.
NUM  9.
PAR  9. The combination of a tape cassette comprising a casing including opposed
      walls one of which has an aperture therein and at least one tape-carrying
      reel rotatably contained in said casing adjacent said aperture, said reel
      including a hollow hub defining a socket having an opening at one end of
      said hub in registration with said aperture, said socket being of stepped
      configuration to have a reduced-diameter portion at the end thereof remote
      from said opening, at least one axially elongated rib projecting radially
      inward from the surface of said socket at a relatively larger-diameter
      portion of the socket spaced from said reduced-diameter portion, and a
      frusto-conical portion leading from said larger-diameter portion to said
      reduced-diameter portion: and rotatable reel drive means insertable into
      said casing through said aperture and including an end portion guided by
      said frusto-conical portion into said reduced-diameter portion of the
      socket and being closely engageable in said reduced-diameter portion for
      accurately locating said reel in respect to the axis of rotation of said
      reel drive means, and at least one projection extending radially beyond
      and being spaced axially from said end portion of the reel drive means for
      reception in said relatively larger-diameter portion of the socket and
      driving engagement with said rib therein, and in which said reel drive
      means has a frusto-conical portion leading to said end portion of the reel
      drive means and engageable in said frusto-conical portion of the socket.
NUM  10.
PAR  10. The combination of a tape cassette comprising a casing including
      opposed walls one of which has an aperture therein and at least one
      tape-carrying reel rotatably contained in said casing adjacent said
      aperture, said reel including a hollow hub defining a socket having an
      opening at one end of said hub in registration with said aperture, said
      socket being of stepped configuration to have a reduced-diameter portion
      at the end thereof remote from said opening, and at least one axially
      elongated rib projecting radially inward from the surface of said socket
      at a relatively larger-diameter portion of the socket spaced from said
      reduced-diameter portion; and rotatable reel drive means insertable into
      said casing through said aperture and including a rotatable
      reel-positioning member having an end portion thereon closely engageable
      in said reduced-diameter portion of the socket for accurately locating
      said reel in respect to the axis of rotation of said reel drive means, a
      reel drive member having at least one projection thereon extending
      radially beyond and being spaced axially from said end portion of the
      reel-positioning member for reception in said relatively larger-diameter
      portion of the socket and driving engagement with said rib therein, said
      reel driving member being rotatably coupled with said reel-positioning
      member and axially movable relative to the latter, and spring means urging
      said reel drive member axially in the direction toward said reel
      positioning member so that, in the event of interference between said rib
      and said projection when said end portion of the reel drive means is
      inserted in said reduced-diameter portion of the socket, said reel drive
      member is displaced axially against said spring means until relative
      rotation of the reel drive means and reel removes said interference.
NUM  11.
PAR  11. The combination according to claim 10; in which said reel has a
      reference surface on said one end of the hub extending around said opening
      of the socket and facing axially in the direction in which the socket
      opens; and in which said reel drive means further has a cup-shaped reel
      locating member fixed relative to said reel positioning member and into
      which said reel drive member is axially displaceable against said spring
      means, said cup-shaped reel locating member defining a reference surface
      at its edge which faces axially in the direction opposite to the opening
      of said socket and is engageable with said reference surface on the reel
      hub for axially locating said reel in respect to said drive means.
NUM  12.
PAR  12. The combination according to claim 11; in which said reel has at least
      one flange extending radially outward from said hub adjacent said one end
      of the latter, said casing has friction material on the inner surface of
      said one wall engageable by said flange for resisting rotation of the
      reel, resilient means within said casing urges said reel axially in said
      direction in which the socket opens for engaging said flange with said
      friction material, and said reference surfaces on the hub and reel drive
      means, respectively, are axially located to displace the reel away from
      said one wall of the casing when said end portion of the reel drive means
      is engaged in said reduced-diameter portion of the socket.
NUM  13.
PAR  13. The combination according to claim 11; in which said cup-shaped reel
      locating member has a tubular central extension with a non-circular outer
      surface, said reel drive member has a non-circular aperture slidable
      axially on said non-circular tubular extension so as to be rotatably
      coupled with said cup-shaped locating member, and said spring means is
      constituted by a helical compression spring extending around said tubular
      extension and bearing at its opposite ends against said reel drive member
      and said reel locating member, respectively.
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ABST
PAL  A reel assembly includes a flexible tape drawing member with a required
      length, a connecting means connected to the top end of the flexible tape
      drawing member and a reel hub with at least one cut-out portion. Another
      tape-like member is connected to the flexible tape drawing member through
      the connecting means. When the flexible tape drawing member and the
      tape-like member are wound around the reel hub on the automatic loading
      operation of a VTR or tape recorder, the connecting means is led into the
      cut-out portion. Therefore, the tape-like member can be orderly wound in
      circle around the reel hub without wrinkling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an automatic loading apparatus for a
      VTR or a tape recorder in which a drawing member, for example, a drawing
      tape wound to a take-up reel is connected to a tape-like member, for
      example, a leader tape connecting a magnetic tape wound to a supply reel
      through a connecting means attached to a free end of the drawing tape, on
      the loading operation and in which the leader tape connecting the magnetic
      tape is transported on a predetermined path, following the drawing tape to
      be a accumulated by the take-up reel, and this invention is particularly
      directed to an improved reel assembly most suitable for the automatic
      loading apparatus.
PAR  2. Description of the Prior Art
PAR  In the conventional typical automatic loading apparatus for a VTR, a leader
      tape with a suitable length, thickness and hardness is connected to a top
      of a magnetic tape wound to a supply reel. By a roller for drawing out the
      leader tape in a supply reel, the leader tape is threaded past tape guided
      and wound on the about 180.degree.  portion of a tape guide drum. Then it
      is accumulated by a take-up reel. In the apparatus, the loading operation
      relys mainly on the threading function of the tape guides. Therefore, the
      leader tape is apt to be mis-threaded and thereby to be mis-loaded.
      Numerous tape guides are required for the smooth and sure threading of the
      leader tape and so the apparatus is complicated in construction.
PAR  Moreover, it is difficult for the leader tape to be loaded on such a
      complicated tape path as includes the circumference of the tape guide
      drum, for example, the 360.degree. portion of the tape guide drum. And it
      is possible for the leader tape to be loaded only on such a simple tape
      path that the leader tape is wound on the 180.degree. portion of the tape
      guide drum.
PAR  Generally, the larger a tape-winding angle of the tape guide drum, the more
      stabilized the tape running and the higher the fidelity of the recording
      or the reproducing.
PAR  In the conventional apparatus, the leader tape is caught by a catching
      spring arranged at the take-up reel, after passing through the tape path,
      to be wound automatically to the take-up reel. However, the automatically
      winding of the leader tape is very troublesome and misoperation is apt to
      occur.
PAR  On the other hand, the automatic loading apparatus as described at the
      opening paragraph, the required loading is performed in such a manner that
      the tape-like member is drawn by the tape drawing member. Accordingly, the
      apparatus has the advantage that the automatic loading can be always
      surely and smoothly performed.
PAR  However, when the tape is wound around the take-up reel, a swelling is
      formed at a part of the circumference of the take-up reel by the
      connecting means connected to the top end of the drawing member.
      Consequently, the tape cannot be orderly wound in circle around the
      take-up reel. The tape is wrinkled with the swelling. For that reason, the
      life of the tape is shortened and the tape tension varies with the tape
      running to cause the wow-flutter.
PAR  In the automatic loading apparatus, wherein the tape-like member is drawn
      by the drawing member, the loading operation can be surely and smoothly
      performed, but the apparatus has the above-described disadvantage.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a reel assembly
      in which a leader tape and a magnetic tape can be orderly wound in circle
      around a reel hub provided with a cut-out portion without a swelling.
PAR  Another object of this invention is to provide a reel assembly in which the
      leader tape and a drawing member connecting the leader tape can be
      smoothly led to the reel hub.
PAR  A further object of this invention is to provide a reel assembly in which
      the leader tape is drawn by a drawing tape as a drawing member, and the
      leader tape and the drawing tape can be smoothly wound around the reel hub
      without wrinkling. A still further object of this invention is to provide
      a reel assembly in which the leader tape is drawn by a pair of drawing
      wires as a drawing member and the leader tape and the drawing wires can be
      smoothly wound around the reel hub without wrinkling.
PAR  A still further object of this invention is to provide a reel assembly
      which is simple in construction and manufacture.
PAR  In accordance with a aspect of this invention, a reel assembly comprises a
      flexible take drawing member with a required length, a connecting means
      for connecting the flexible tape drawing member to another tape-like
      member, a reel hub, and at least one cut-out portion formed on the
      circumference of the reel hub. The connecting means is attached to a top
      end of the flexible tape drawing member and it is led into the cutout
      portion when the tape drawing member and the tape-like member are wound
      around the reel hub, whereby the take-like member can be orderly wound in
      circle around the reel hub.
PAR  The above, and other objects features and advantages of the invention, will
      be apparent in the following detailed description of illustrative
      embodiments there-of which is to be read in connection with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an automatic loading apparatus provided with a
      reel assembly according to one embodiment of this invention;
PAR  FIG. 2 is a perspective view of a leader tape and a drawing member in a
      reel assembly according to one embodiment of this invention;
PAR  FIG. 3 is a perspective view illustrating the connection of a drawing
      member with a leader tape in a reel assembly according to one embodiment
      of this invention;
PAR  FIG. 4 is a perspective view illustrating a pair of drawing wires in a reel
      assembly according to one embodiment of this invention;
PAR  FIG. 5 is a perspective view of a clip-like member in a reel assembly
      according to one embodiment of this invention;
PAR  FIG. 6 is a plan view of the clip-like member shown on FIG. 5;
PAR  FIG. 7 is an elevational view of a tape guide member in the automatic
      loading apparatus;
PAR  FIG. 8 is an elevational view of a tape guide drum in the automatic loading
      apparatus;
PAR  FIG. 9 is an elevational view illustrating the relationship between the
      tape guide drum and a wire guide member;
PAR  FIG. 10 is a plan view of a cassette except its cover;
PAR  FIG. 11 is a cross sectional view taken along the lines A-G on FIG. 10;
PAR  FIG. 12 is a cross sectional view taken along the lines H-I on FIG. 10,
      partly broken away;
PAR  FIG. 13 is a cross sectional view taken along the lines J-O on FIG. 10,
      partly omitted;
PAR  FIG. 14 is a cross sectional view taken along the lines P-Q on FIG. 10,
      partly broken away;
PAR  FIG. 15 is a plan view of a take-up reel except its upper reel flange;
PAR  FIG. 16 is a cross sectional view taken along the lines R-S on FIG 15;
PAR  FIG. 17 is a plan view of a connecting means in a reel assembly according
      to one embodiment of this invention;
PAR  FIG. 18 is an elevational view of the connecting means;
PAR  FIG. 19 is a cross-sectional view taken along the lines T-U on FIG. 17;
PAR  FIG. 20 is a perspective view of important parts of the connecting means;
PAR  FIG. 21 is a plan view illustrating the connection of a leader tape to a
      drawing tape by the connecting means;
PAR  22 is a plan view illustrating the disconnection of the leader tape from
      the drawing tape and;
PAR  FIG. 23A to FIG. 23I are views showing a sequence control by sensing means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a plan view of an automatic loading apparatus for a video tape
      recorder (VTR).
PAR  A tape guide drum 2 (hereafter called drum) is mounted on a chassis 1 of a
      VTR. A pair of rotary heads 2a, 2b are contained within the drum 2. A
      supply-reel holder 3 and a take-up reel holder 4 are arranged on the
      chassis 1 in parallel with each other at the right hand of the drum 2. A
      cassette 6 containing a supply real 5 is mounted demountably on the supply
      reel holder 3 and a take-up reel 7 of the open reel type is mounted
      demountably on the take-up reel holder 4. The cassette 6 is set at the
      given position of the supply reel holder 3 by a not shown cassette holder.
PAR  A pair of capstans 8a, 8b are arranged at the left hand of the drum 2 on
      the chassis 1 of the VTR in parallel with each other. So the VTR is of the
      dual capstan type. Pinch rollers 9a, 9b are arranged by the sides of both
      capstans 8a, 8b, respectively.
PAR  A tape path 10 is defined by seven tape guide members 11a-11g, a pair of
      guide members 12a, 12b, for regulating the tape running direction and a
      pair of tape guide pins 13a, 13b. The guide members 11a, 11b, 11c, 11d,
      12a and 13a define a supply-side tape path 10a for transporting a magnetic
      tape from the supply reel 5 to the drum 2. And the guide members 13b, 12b,
      11e, 11f and 11g define a take-up-side tape path 10b for transporting the
      magnetic tape from the drum 2 to the take-up reel 7. The guide members
      11a, 11b, 11c, 11d, 12a and 13a on the supply-side tape path 10a are
      positioned at a higher level than the guide members 13b, 12b, 11e, 11f,
      and 11g on the take-up-side tape path 10b. The magnetic tape is supplied
      from the supply reel 5 to the drum 2 through the higher tape path 10a and
      it is transported from the drum 2 to the tape-up reel 7 through the lower
      tape path 10b.
PAR  The capstans 8a and 8b are arranged between the tape guide members 11c and
      11d, and between the tape guide members 11e and 11f, respectively. The one
      capstan 8a dries the magnetic tape on the supply-side tape path 10a and
      the other capstan 8b drives the magnetic tape on the take-up-side tape
      path 10b.
PAR  An audio erasing head 14 and an audio and/or control head 15 are arranged
      between the tape guide member 11b and 11c. An a video erasing head 16 is
      arranged between the tape guide members 11c and 11d.
PAR  The magnetic tape from the supply reel 5 is transported around the drum 2
      through the tape guide members 11a, 11b, the audio erasing head 14, the
      audio and/or control head 15, the tape guide members 11c, the capstan 8a,
      the video erasing head 16, the tape guide member 11d, the guide member 12a
      for regulating the tape running direction and the tape guide pin 13a. And
      then it is trnsported to the take-up reel 7, through the tape guide pin
      13b, the guide member 12b for regulating the tape running direction, the
      tape guide member 11e, the capstan 8b, the tape guide members 11f and 11g,
      to be accumulated by the take-up reel 7.
PAR  The guide member 12a and the tape guide pin 13a are tapered so as to
      incline the horizontally transported magnetic tape and to wind the
      magnetic tape obliquely around the drum 2. Moreover, the tape guide pin
      13b and the guide member 12b are tapered so as to regulate the magnetic
      tape transported from the drum 2 and to transport it to the take-up reel
      17 in the horizontal direction. The pair of the tape guide pins 13a, 13b
      regulate the angle by which the magnetic tape is wound on the drum 2. The
      angle is about 180.degree..
PAR  A tape connecting device 17 is arranged between the tape guide members 11a
      and 11b nearest the supply reel 5. By the tape connecting device 17, a
      leader tape and a guide tape or a drawing tape are connected to each other
      or are disconnected from each other, through a connecting means as below
      mentioned.
PAR  Next, a tape-like member threaded in the take path 10 will be described in
      detail with reference to FIG. 2- FIG. 6.
PAR  As shown on FIG. 2, a main portion of the tape-like member is a magnetic
      tape 20. The magnetic tape 20 is wound around a reel hub (below mentioned)
      of the supply reel 5 through a trailer tape 21 connected to one end of the
      magnetic tape 20. A leader tape 22 with a suitable thickness, hardness and
      length is connected to another end of the magnetic tape 20. The width of
      the trailer tape 21 is the same as that of the magnetic tape 20, while the
      width of the leader tape 22 is slightly larger than that of the magnetic
      tape 20. As well known, the magnetic tape 20 is opaque since its base is
      coated with a magnetic film 20a. A base of the trailer tape 21 is
      transparent. The upper half of the base is coated with an opaque film 21a
      such as a metallic film. Also a base of the leader tape 22 is transparent.
      The upper half of the end portion of the base is coated with an opaque
      film 22a as above mentioned, and the lower half of the remaining portion
      of the base is coated with an opaque film 22b as above mentioned.
PAR  When the tape-like member is transported on the tape path 10, the magnetic
      film 20a, the opaque films 21a, 22a and 22b are detected by sensing means
      in sequence. The sensing means comprises a light source such as a lamp and
      a photosensitive element such as a phototransistor. Two sensing means
      S.sub.1 and S.sub.2 are arranged by the side of the tape guide member 11a
      nearest the supply reel 5, to detect the upper half and the lower half of
      the tape-like member, respectively. A further sensing means S.sub.3 is
      arranged by the side of the tape guide member 11g nearest the take-up reel
      7, to detect the upper half of the tape-like member.
PAR  When the magnetic film 20a, the opaque films 21a, 22a, 22b and 26a
      intercept the light from the light source, the sensing means S.sub.1,
      S.sub.2 and S.sub.3 generate an output O, respectively. And when the
      transparent portion of the tape 21 or 22 passes by the sensing means
      S.sub.1, S.sub.2 and S.sub.3, or when no tape-like member passes by
      sensing means S.sub.1, S.sub.2 and S.sub.3, the sensing means S.sub.1,
      S.sub.2 and S.sub.3 generates an output 1, respectively.
PAR  In this embodiment, a tape-drawing member is drawn out from the take-up
      reel 7 by the given length in advance. One end of the tape-drawing member
      is fixed to the take-up reel 7. And when the leader tape 22 is drawn out
      from the supply reel 5 by the given length, the top end 22c of the leader
      tape 22 is automatically connected to the top end of the tape-drawing
      member and then the tape-drawing member is accumulated by the take-up reel
      7.
PAR  As the tape-drawing member, a drawing tape 26 shown on FIG. 3 or a pair of
      drawing wires 27a, 27b shown on FIG. 4 is used in this embodiment. The
      width of the drawing tape 26 is nearly the same as the width of the
      magnetic tape 20. On end of the drawing tape 26 is fixed to a
      below-mentioned reel hub 127 by which the drawing tape 26 is accumulated.
      The whole drawing tape 26 is coated with an opaque film 26a such as a
      metallic film. The distance between the drawing wires 27a and 27b is
      larger than the width of the leader tape 22. The drawing wires 27b and 27b
      are fixed to a pair of pulleys 132a, 132b formed at both ends of the
      below-mentioned reel hub 127 of the take-up reel 7 by which the drawing
      wires 27a and 27b are accumulated.
PAR  A connecting means is attached to the top of the drawing tape 26 or to the
      top end of the drawing wires 27a and 27b. As the connecting means, a
      clip-like member 29 shown on FIG. 5 and FIG. 6 is used in this embodiment.
PAR  The clip-like member 29 comprises a clip base 30 and a clip lever 31. The
      clip base 30 and the clip lever 31 are pivoted to a supporting axis 33
      passing through leader tape stoppers 32a, 32b fixed to each of the clip
      base 30 and the clip lever 31. Leader tape catching members 30a and 31a
      are formed at top ends of the clip base 30 and the clip lever 31,
      respectively, and they are urged to each other by a spring 34. A pair of
      engaging projectings 35a, 35b are formed at the edge of the one leader
      tape catching member 31a. An opening 31c for fitting a below-mentioned
      support lever 158 is formed at the center of the clip lever 31. The top of
      the drawing tape 26 is fixed to a tape-fixing member 30b formed at the
      rear end of the clip base 30. A pair of rollers 36a, 36b are arranged at
      both ends of the supporting axis 33. When the drawing wires 27a, 27b are
      used as the tape-drawing member, the top ends of the drawing wires 27a,
      27b are fixed to wire fixing grooves 37a, 37b formed on the rollers 36a,
      36b, respectively. And roller portions 38a, 38b with a smaller diameter
      are formed on the opposite ends of the rollers 36a, 36b, respectively.
PAR  A pair of engaging openings 39a, 39b are formed on the top end 22c of the
      leader tape 22 (FIG. 3). The leader tape 22 and the drawing tape 26 are
      connected to each other in such a manner that the top end 22c of the
      leader tape 22 is nipped between the leader tape catching member 30a and
      31a of the clip-like member 29 by the urging force of the spring 34 and
      the engaging projections 35a, 35b of the clip-like member 29 are engaged
      with the engaging openings 39a and 39b. And the leader tape 22 and the
      drawing tape 26 are disconnected from each other in such a manner that the
      leader tape catching members 30a, 31a are separated from each other
      against the spring 34 and the engaging projections 35a, 35b are deengaged
      from the engaging openings 39a, 39b.
PAR  When the drawing tape 26 is used as the tape-drawing member, the drawing
      tape 26 is transported on the tape path 10 as shown by the solid line on
      FIG. 1. And when the drawing wires 27a, 27b are used as the tape-drawing
      member, the drawing wires 27a, 27b are transported on another path 40 as
      shown by the two dots-dash line on FIG. 1, around the drum 2. Six wire
      guide members 41a-41f are arranged around the drum 2 to guide the drawing
      wires 27a, 27b.
PAR  Although the tape guide members 11c-11g are different in diameter as shown
      on FIG. 1, all of them are nearly H-shapedly formed as shown on FIG. 7.
      The tape guide members 11a, 11b are constructed as rollers provided with a
      pair of flanges. A pair of smaller roller portions 44a, 44b and a pair of
      larger roller portions 45a, 45b are formed at both ends of a central axis
      43 of the tape guide members 11c-11g as shown on FIG. 7. And guide grooves
      46a, 46b for the drawing wires 27a, 27b are formed on the larger roller
      portions 45a, 45b. As shown by the dot-dash lines on FIG. 7, the rollers
      36a, 36b of the clip-like member 29 are guided on the larger roller
      portions 45a, 45b, the leader tape 22 is guide on the smaller roller
      portions 44a, 44b and the magnetic tape 20 is guided on the central axis
      43. When the drawing wires 27a, 27b are used, they are guided on the guide
      grooves 46a, 46b of the larger roller portions 45a, 45b. Consequently, the
      tape guides members 11a-11g and below-mentioned movable pins 55a, 55b work
      to prevent the clip-like member 29 from contacting directly with the heads
      14, 15, 16 and damaging them.
PAR  As shown on FIG. 8, the drum 2 comprises an upper drum 48 and a lower drum
      49. The rotary heads 2a, 2b are rotated in a gap 50 between the upper drum
      48 and the lower drum 49. A pair of guide flanges 51a, 51b is formed on
      both ends of the drum 2. Adjacent to the guide flanges 51a, 51b, a pair of
      leader tape guides 52a, 52b is stepwise formed on circumferences 48a, 49a
      of the upper drum 48 and the lower drum 49. The leader tape guides 52a and
      52b define a pair of tape guide surfaces 52a', 52b' inclined in parallel
      with each other by which the magnetic tape 20 is guided with its both
      edges.
PAR  On the loading by the drawing tape 26, the rollers 36a, 36b of the
      clip-like member 29 are guided on the guide flanges 51a, 51b and the
      leader tape 22 is guided on the leader tape guides 52a, 52b, as shown on
      FIG. 8. At that time, the clip-like member 29 and the leader tape 22 do
      not contact with the circumferences 48a, 49a of the drum 2. And only the
      magnetic tape 20 contacts with the circumferences 48a, 49a, covering the
      gap 50. Consequently, the flip-like member 29 and the leader tape 22 are
      prevented from contacting with the circumferences 48a, 49a and thereby
      damaging them. The circumferences 48a, 49a are highly accurately machined
      so as to minimize the friction with the magnetic tape 20. The contact of
      the clip-like member 29 and the leader tape 22 with the circumferences
      48a, 49a is harmful to the stable running of the magnetic tape 20. The
      magnetic tape 20 is regulated by the guide surfaces 52a', 52b' of the
      leader tape guides 52a, 52b, to be obliquely transported on the
      circumference of the drum 2.
PAR  As shown on FIG. 9, a pair of rollers 41', 41" is arranged at both ends of
      the wire guide members 41a-41f. Guide grooves 42', 42" are formed on the
      rollers 41', 41", respectively. The wire guide members 41a-41f are
      supported on the chassis 1 of the VTR, by a U-shaped holder 53. On the
      loading, as shown by the dot-dash line on FIG. 9, the rollers 36a, 36b of
      the clip-like member 29 are guided on the rollers 41', 41", and the
      drawing wires 27a, 27b are guided on the guide grooves 42', 42". Among the
      wire guide members 41a-41f, only the wire guide member 41a positioned at
      the entrance to the drum 2 comprises two of the above-described structures
      with the pair of rollers 41', 41" which are vertically arranged. The upper
      of the wire guide member 41a functions to lead the tape transported on the
      supply-side tape path 10a, toward the drum 2 and the lower of the wire
      guide member 41a functions to lead the tape transported around the drum 2,
      toward the take-up-side path 10b.
PAR  As shown by the solid lines on FIG. 1, the pinch rollers 9a, 9b are
      separated from the capstans 8a, 8b, on the loading, the unloading, the
      tape fast forwarding or the tape rewinding, while they are pressed to the
      capstans 8a, 8b on the recording of the reproducing, as shown by the
      dot-dash line on FIG. 1.
PAR  A pair of movable pins 551, 55b are arranged at the sides of the audio
      and/or control head 15. The movable pins 55a, 55b are moved to the
      position shown by the dot-dash line on FIG. 1, on the loading, the
      unloading, the tape fast forwarding or the tape rewinding, whereby the
      clip-like member 29 and the leader tape 22 are prevented from contacting
      with the heads 14, 15, 16. And the movable pins 55a, 55b are moved to the
      position shown by the solid lines on FIG. 1, on the recording or the
      reproducing, whereby the magnetic tape 20 contacts surely with the heads
      14, 15, 16.
PAR  The cassette 6 and the supply reel 5 will be described in detail with
      reference to FIG. 10--FIG. 14.
PAR  As shown on FIG. 10 and FIG. 11, the cassette 6 comprises a case 57 and a
      cover 58. The cover 58 is fixed to the case 57 by seven screws 59 and
      cylindrical bosses 60 arranged around the supply reel 5, as shown on FIG.
      14, so as to close the case 57. An inserting opening 56 for the supply
      reel holder 3 is formed on the center of a bottom 57a of the case 57. A
      round opening 61a and an oval opening 61b are formed on the bottom 57a
      near the corners of the case 57, as clearly shown on FIG. 10.
PAR  The supply reel 5 comprises a real hub 62, a pair of reel flanges 63a, 63b
      and a reel boss 64. The reel flanges 63a 63b are attached to the reel hub
      62 as one body. The reel boss 64 is inserted into the reel hub 62. Three
      vertical grooves 65 and associated projections 66 are formed on the inner
      circumference of the reel hub 62 and the outer circumference of the reel
      boss 64, wherby they are regulated not so as to be rotatable to each
      other. A set ring 67 and a ratchet disc 68 are fixed to the upper face and
      the lower face of the reel boss by four screws 69, 70, respectively. Three
      opening 71 for reel-driving pins are formed on the lower face 64a of the
      reel boss 64 at regular angular intervals. A cylinder 72 for holding
      bearings is fixed concentrically to the reel boss 64, for example, with
      adhesive. A thrust bearings 73 and a thrust block 74 are attached to the
      lower end of the inner circumference of the cylinder 72. A thrust pin 76
      is supported movably in the vertical direction by a supporting cylinder 75
      attached to the center of the lower surface of the cover 58. A spring 77
      is disposed between the cover 58 and the thrust pin 76 to urge the thrust
      pin 76 downward into contact with the thrust block 74. Consequently, the
      urging force of the spring 77 is transmitted to the supply reel 5 through
      the thrust pin 76, the thrust block 74, the thrust bearing 73 and the
      cylinder 72, and so the supply reel 5 is normally urged downward in the
      cassette 6.
PAR  As shown clearly on FIG. 11, a pair of leader tape guide rings 78a, 78b and
      supporting members 79a, 79b are fixed to the lower surface of the cover 58
      and the bottom 57a of the case 57, respectively, around the supply reel 5
      in the cassette 6. Circular gaps 80 for the leader tape 22 are formed
      between the reel flanges 63a, 63b and the leader tape guide rings 78a,
      78b. lNearly L-shaped lever 81 for preventing reverse-rotation is
      supported at a supporting pin 82 rotatably in a horizontal plane above the
      bottom 57a of the case 57 of the cassette 6 (FIG. 10). The level 81 is
      arranged so as to be positioned at the same level as the ratchet disc 68
      when the supply reel 5 is positioned at the lower level in the cassette 6.
      The rack 83 is formed on one side of a one end 81a of the lever 81. The
      rack 83 is engaged separably with a ratchet 84 of the ratchet disc 68. By
      a spring 86 extended between a free end 81b of the lever 81 and a pin 85
      fixed to the bottom 57a, the lever 81 is urged clock-wise around the pin
      82 in FIG. 10 so that the rack 83 of the lever 81 is engaged with the
      ratchet 84 of the ratchet disc 68. The rotation of the lever 81 is
      regulated by a stopper 87 fixed to the bottom 57a (FIG. 12). The free end
      81b of the lever 81 is positioned above the oval opening 61b. A stopper
      member 88 fixed to the bottom 57a prevents the free end 81b from being
      unexpectedly lifted.
PAR  The distance between the upper reel flange 63a and the lower reel flange
      63b is slightly larger than the width of the magnetic tape 20, and it is
      slightly smaller than the width of the leader tape 22. The magnetic tape
      20 is fixed to a part of the circumference of the reel hub 62 of the
      supply reel 5, through the trailer tape 21, and it is wound around the
      reel hub 62 between the upper flange 63a and the lower flange 63b. The
      leader tape 22 connected to the magnetic tape 20 is wound on the
      circumferences of the reel flanges 63a, 63b in the circular gaps 80. A
      clearance 89 of 5 to 10 mm is formed between the wound leader tape 22 and
      the most outside of the wound magnetic tape 20. An opening 92 for tape
      entrance is formed on a side wall of the case 57 of the cassette 6 (FIG.
      10 and FIG. 13). A roller 93 for drawing out the leader tape 22 is
      arranged near the opening 92 for tape entrance in the cassette 6. The
      roller 93 is formed of rubber, and it is supported rotatably by a shaft 95
      at one end of a pair or roller supporting levers 94a, 94b. Another end of
      the pair of the roller supporting levers 94a, 94b is fixed to the case 58
      and the cover 57 of the cassette 6 through a cylindical axis 9 and a
      leader tape guide plate 97. A rotary shaft 98 is inserted into the
      cylindrical axis 96. The rotary shaft 98 and the shaft 95 are
      interconnected with each other through pulley 99, 100 and a belt 101 wound
      around the pulleys 99, 100. A gear 102 is fixed to the lower end of the
      rotary shaft 98. The gear 102 is positioned adjacent to an opening 103
      formed on the bottom 57a near the opening 92 for tape entrance.
PAR  As shown on FIG. 14, the height of the roller 93 is considerably smaller
      than the distance between the flanges 63a and 63b of the supply reel 5.
      The roller 93 is slightly projected into the clearance 89 between the
      flanges 63a and 63b. Consequently, the leader tape 22 wound on the
      circumferences 63a', 63b' of the reel flanges 63a, 63b is elastically
      pressed by the roller 93. Accordingly, the upper end and the lower end of
      the wound leader tape 22 are pressed to the circumferences 63a', 63b' of
      the reel flanges 63a, 63b.
PAR  A leader tape guide member 104 is arranged at the opening 92, opposite to
      the leader tape guide plate 97 in the cassette 6. A top end 104a of the
      leader tape guide member 104 is projected into the clearance 89 between
      the reel flanges 63a, 63b of the supply reel 5. The top end 104a is
      opposed to the rotation of the supply reel 5 for drawing out the leader
      tape 22 and the guide member 104 is inclined in a suitable angle with the
      direction tangential to the circumferences 63a', 63b' of the reel flanges
      63a, 63b.
PAR  Three openings 105 are formed on the reel flanges 63a, 63b (FIG. 10). And
      two openings 106 are formed on the cover 58 (FIG. 11). The openings 106
      are closed by transparent plates 107.
PAR  Next, the supply reel holder 3 will be described in detail with reference
      to FIG. 11.
PAR  As shown by the two dots-dash line on FIG. 11, a cylindrical member 110 is
      formed on the center of the supply reel holder 3. A base 111 is fixed on
      the lower end of the cylindrical member 110, for mounting the supply reel
      5.
PAR  When the supply reel 5 is mounted on the supply reel holder 3, the
      cylindrical member 110 is inserted into the reel boss 64. A circumference
      110a of the cylindrical member 110 contacts closely with an inner
      circumference 64b of the reel boss 64. A central axis of the supply reel 5
      is coincident with that of the supply reel holder 3. Three driving pins
      112 are fixed to the base 111 at regular angular intervals. The driving
      pins 112 are supported movably in three holes 113, respectively, and they
      are urged upward by springs 114 inserted into the holes 113.
PAR  A pair of positioning pins 118a, 118b are fixed to the chassis 1 of the
      VTR, as shown by the two dot-dash line on FIG. 13. The positioning pins
      118a, 118b define conical ends and can be inserted into the openings 61b,
      61b of the cassette 6. Moreover, a rotary shaft 120 with a gear 119 is
      arranged on the chassis 1 of the VTR, as shown by the two dots-dash line
      on FIG. 11. The gear 119 can be inserted into the opening 103 of the
      cassette 6, for driving the rollers 93, and it is inter-connected to a not
      shown motor through the rotary shaft 120, a pulley 121 and a belt 122.
PAR  Next, the mounting of the cassette 6 and the supply reel 5 to the suppy
      reel holder 3 and the operation of the leader tape 22 will be described.
PAR  Before the cassette 6 is mounted at the given position of the chassis 1 of
      the VTR, the supply reel 5 is positioned at the lower lever in the
      cassette 6 since the supply reel 5 is urged downward by the spring 77. The
      margin of the lower reel flange 63b is elastically pressed to the lower
      guide ring base 79b. Both of the leader tape guide rings 78a, 78b regulate
      the movement of the supply rel 5 in the horizontal direction or in the
      direction at right angles with the central axis of the supply reel 5. In
      that condition, the level 81 is positioned at the same level as the
      ratchet disc 68 in the horizontal plane and the rack 83 of the level 81
      urged by the spring 86 is engaged with the ratched 84 of the ratchet disc
      68.
PAR  When the rack 83 is engaged with the ratchet 84, the supply reel 5 cannot
      be rotated aniclockwise or in the direction of the arrow 124 shown in FIG.
      10 in which the leader tape 22 can be drawn out. In that condition, the
      supply reel 5 can be rotated only clockwise.
PAR  In other words, when the cassette 6 is not mounted at the given position,
      the supply reel 5 is positioned at the lower level in the cassette 6 and
      the rotation for drawing out the leader tape 22 is not allowed in the
      direction of the arrow 124. Therefore, for example, on the transport of
      the cassette 6, it is prevented that the supply reel 5 is unexpectedly
      rotated in the direction of the arrow 124 to draw out the leader tape 22,
      by any shock or vibration.
PAR  When the supply reel holder 3 is inserted into the opening 56 to mount the
      cassette 6 at the given position, the cylindrical member 110 is inserted
      into the reel boss 64 and so the central axis of the supply reel 3 is
      coincident with that of the supply reel holder 3. The lower face 64a of
      the reel boss 64 of the supply reel 5 contacts with the upper face 111a of
      the base 111 of the supply reel holder 3 (FIG. 11). The pair of the
      positioning pins 118a, 118b is inserted into the pair of the openings 61a,
      61b of the cassette 6, whereby the cassette 6 is accurately positioned at
      the given position (FIG. 13). At that time, the one pin 118b pushes the
      free end 81b of the lever 81 left hand in FIG. 10 and so the lever 81 is
      rotated anticlockwise around the supporting pin 82 against the spring 86,
      as shown by the dot-dash line shown on FIG. 10. Consequently, the rack 83
      of the lever 81 and the ratchet 84 of the ratchet disc 68 are separated
      from each other and the rotation of the supply reel 5 for drawing out the
      leader tape 22 becomes possible in the direction of the arrow 124.
PAR  When the supply reel 5 is mounted on the supply reel holder 3, the supply
      reel 5 is lifted up through the supply reel holder 3 against the spring
      77, so that the lower reel flange 63b is separated upward from the lower
      guide ring base 79b. Since the supply reel 5 is not regulated by the upper
      guide ring base 79a and the lower guide ring base 79b, it can be rotated
      in both directions. Moreover, the gear 119 is inserted into the opening
      103 of the cassette 6 to be engaged with the gear 102.
PAR  When the gear 119 is rotated by the not shown motor in the above-described
      condition, the roller 93 is rotated clockwise in FIG. 10 through the gear
      102, the rotary shaft 98, the pulley 99, the belt 101, the pulley 100 and
      the shaft 95. The supply reel 5 is rotated in the direction of the arrow
      124 and so the leader tape 22 is automatically drawn out through the
      opening 92 of the cassette 6.
PAR  The rotation of the roller 93 is frictionally transmitted to the reel
      flanges 63a, 63b of the supply reel 5 through the leader tape 22 to rotate
      the supply reel 5 in the direction of the arrow 124. Since a motor 116
      (FIG. 11) is not yet energized, the supply reel 5 is driven by an
      extremely small torque, together with the supply reel holder 3. After the
      top end 22c of the leader tape 22 contacts with the top end 104a of the
      leader tape guide member 104, the leader tape 22 is regulated by the
      leader tape guide member 104 and guided toward the opening 92 of the
      cassette 6 with the rotation of the supply reel 5. And then the leader
      tape 22 is drawn out from the cassette 6.
PAR  When the whole leader tape 22 is drawn out from the cassette 6, a gap is
      formed between the roller 93 and the most outside of the magnetic tape 20
      wound around the supply reel 5, and thereafter the rotation of the roller
      93 is not transmitted to the supply reel 5.
PAR  Next, the demounting operation of the cassette 6 will be described.
PAR  The cassette 6 is demounted from the supply reel holder 3 through the
      casette holder. With the upward movement of the cassette 6, the supply
      reel 5 is lowered by the spring 77 in the cassette 6 and the supply reel 5
      is again pressed to the guide ring base 79b. The positioning pins 118a,
      118b and the gear 119 are extracted from the openings 61a, 61b and 103,
      respectively. When the positioning pin 118b is extracted from the opening
      61b, the lever 81 is released from the positioning pin 118b to be rotated
      clockwise around the supporting pin 82 by the spring 86, so that the rack
      83 is again engaged with the ratchet 84, to prevent the supply reel 5 from
      rotating in the direction of the arrow 124.
PAR  Next, the take-up reel 7 will be described in detail with reference to FIG.
      15 and FIG. 16.
PAR  The take-up reel 17 comprises a reel hub 127, a pair of reel flanges 128a,
      128b and a pair of hubs 129a, 129b for the leader tape. The reel flanges
      128a, 128b are fixed to the circumference of the reel hub 127, spaced from
      each other. The hubs 129a, 129b for the leader tape are fixed to the
      circumference of the reel hub 127 adjacent to the reel flanges 128a, 128b,
      respectively. Circumferences 129a', 129b' of the hubs 129a, 129b are more
      outside than a circumference 127a of the reel hub 127. A crescent-shaped
      cut-out portion 130 is formed on the circumference 127a of the reel hub
      127. As described below, the clip-like member 29 is contained within the
      cut-out portion 130. Nearly L-shaped cut-out portions 131a, 131b are
      formed on the reel flanges 128a, 128b, respectively. Top ends 131a', 131b'
      of the cut-out portions 131a, 131b  are extended into the center of the
      cut-out portion 130. Parts of the hubs 129a, 129b for the leader tape are
      cut-out, corresponding to the top ends 131a', 131b' of the cut-out
      portions 131a, 131b. The distance between the upper hub 129a and the lower
      hub 129b is slightly larger than the width of the drawing tape and it is
      slightly smaller than the width of the leader tape 22.
PAR  For the drawing wires 27a, 27b, circular grooves 132a, 132b are formed on
      both ends of the reel hub 127, respectively (FIG. 6).
PAR  Next, the take-up reel holder 4 will be described with reference to FIG. 15
      and FIG. 16.
PAR  A cylindrical portion 135 is formed in the center of the take-up reel
      holder 4, as shown by the two dots-dash line on FIG. 16. A base 136 for
      mounting the take-up reel 7 is integrally formed on the lower end of the
      cylindrical portion 135. When the take-up reel 7 is mounted on the take-up
      holder 4, the cylindrical member 135 is inserted into the reel hub 127 of
      the take-up reel 7. An outer circumference 135a of the cylindrical portion
      135 contacts closely with an inner circumference of the reel hub 127. The
      central axis of the take-up reel 7 is coincident with that of the take-up
      reel holder 135. Three vertical grooves 137 are formed on the
      circumference 127b of the reel hub 127 at regular angular intevals,
      extending between the upper face and the lower face of the reel hub 127.
      Correspondingly with the three vertical grooves 137, three projections 138
      are formed on the circumference 135a of the cylindrical member 135 at
      regular angular intervals, extending between the upper face and the lower
      face of the cylindrical portion 135. Through the three grooves 137 and
      projections 138, the reel hub 127 is engaged with the cylindrical portion
      135. In that condition, the take-up reel holder 4 and the take-up reel 7
      can transmit rotation to each other. A lower surface 127c of the reel hub
      127 contacts with a surface 136b of the base 136 of the take-up reel
      holder 4. A reel shaft 139 of the take-up reel holder 4 is connected
      directly to a shaft of a motor 140 for driving the take-up reel 7.
PAR  As shown by the two dots-dash line on FIG. 15, the drawing tape 26 is wound
      in the take-up reel 7. A rear end of the drawing tape 26 is fixed to a
      part of the circumference 127a of the reel hub 127. The drawing tape 26 is
      wound around the reel hub 127 between the hubs 129a and 129b which act as
      guide flanges therefor. The length of the drawing tape 26 is designed so
      that the clip-like member 29 connected to the top end of the drawing tape
      26 is positioned nearly at the center of the cut-out portion 130 when the
      drawing tape 26 is wound several times around the reel hub 127, as shown
      by the two dots-dash line on FIG. 15. When the drawing wires 27a, 27b are
      used as the tape drawing member, the rear ends of the drawing wires 27a,
      27b are fixed to parts of the circular grooves 132a, 132b. The drawing
      wires 27a, 27b are wound around the circular grooves 132a, 132b. Also the
      length of the drawing wires 27a, 27b is designed so that the clip-like
      member 29 connected to the top ends of the drawing wires 27a, 27b is
      positioned nearly at the center of the cut-out portion 130 when the
      drawing wires 27a, 27b are wound several times around the circular grooves
      132a, 132b.
PAR  Next, the operation of the take-up reel 7 on the loading will be described
      with reference to FIG. 15 and FIG. 16.
PAR  The drawing tape 26 is wound around the reel hub 127 between the hubs 129a
      and 129b, and the clip-like member 29 connected to the top end of the
      drawing tape 26 is positioned nearly at the center of the cut-out portion
      130. The leader tape 22 connected to the drawing tape 26 through the
      clip-like member 29, as described below, is wound on the circumferences
      129a', 129b' of the hubs 129a, 129b between the reel flanges 128a, 128b.
      Since the circumferences 129a' and 129b' extend beyond the circumference
      of the reel hub 127 (FIG. 16), the hubs 129a and 129b are seen to be
      flanges. Consequently, the leader tape 22 covers arcuately an opening of
      the cut-out portion 130 containing the clip-like member 29. The leader
      tape 22 can be smoothly wound in circle around the reel hub 127 without
      the disturbance of the clip-like member 29. And the magnetic tape 20
      following the leader tape 22 is wound around the leader tape 22 wound in
      advance, between the reel flanges 128a, 128b. Since the leader tape 22 is
      suitably thick and hard, it can be wound in circle around the reel hub
      127, in spite of the crescent cut-out portion 130. Consequently, the
      magnetic tape 20 can be neatly wound around the leader tape 22 wound in
      advance, without wrinkling.
PAR  Since the cut-out portion 130 is crescently shaped in the above-described
      take-up reel, the pair of the hubs 129a, 129b is required for circularly
      winding the leader tape 22. The cut-out portion 130 may be U-shapedly
      formed on the reel hub 127. At that case, the pair of hubs 129a, 129b can
      be omitted. The leader tape 22 following the drawing tape 26 is wound on
      the drawing tape 26 wound in advance. The take-up reel 7 can be simplified
      in construction.
PAR  FIG. 17 to FIG. 22 show the details of the tape connecting device 17.
PAR  The tape connecting device 17 is supported on a base plate 143 fixed to the
      chassis 1 of the VTR (FIG. 17 to FIG. 19). The tape guide members 11a and
      11b are fixed at the both ends of the base plate 143, respectively,
      between which the required tape connection and disconnection are
      performed. A pair of leader tape guide plates 144a, 144b is arranged,
      pointing to the tape guide member 11 from the tape guide member 11a near
      the cassette 6. Top ends 144a', 144b' of the leader tape guide plates
      144a, 144b are positioned at the midway between the tape guide member 11a
      and 11b. The leader tape guide plates 144a, 144b are slightly projected
      into the space between an upper wall 146a and a lower wall 146b of a
      nearly U-shaped holder 145 for the clip-like member 29. The distance
      between the upper wall 146a and the lower wall 146b is nearly the same as
      the distance between the rollers 38a and 38b of the clip-like member 29. A
      pair of cut-out portions 147a, 147b are formed on the upper walls 146a,
      146b of the holder 145, pointing to the tape guide member 11a from the
      tape guide member 11b, respectively. The width of the cut-out portions
      147a, 147b is nearly the same as the diameter of the rollers 38a, 38b of
      the clip-like member 29. One ends 147a', 147b' of the cut-out portions
      147a, 147b are tapered, and the other ends 147a", 147b" are round. A pair
      of nearly arcuate springs 155a, 155b is attached to the upper wall 146a
      and the lower wall 146b adjacent to the other ends 147a", 147b" of the
      cut-out portions 147a, 147b. The arcuate springs 155a, 155b catches
      elastically the rollers 38a, 38b of the clip-like member 29 in cooperation
      with the cut-out portions 147a, 147b when the clip-like member 29 is led
      to the other ends 147a", 147b" of the cut-out portions 147a, 147b. The
      holder 145 for the clip-like member 29 is fixed on a nearly L-shaped
      movable base 148 one end of which is rotatably supported at a pin 150 on a
      post 149 fixed to the base plate 143. A spring 153 is extended between a
      pin 151 fixed to the lower surface of the movable base 148 and the center
      of a post 152 adjacent to the tape guide member 11b, to urge the movable
      base 148 toward the tape guide member 11b. The movable base 148 is stopped
      by a stopper pin 154 fixed to the base plate 143. A plunger solenoid 156
      is attached to another end 148b of the movable base 148. A support block
      157 for the clip-like member 29 is fixed to the center of a vertical wall
      146c of the holder 145. Opposite to the support block 157, an L-shaped
      support lever 158 for the clip-like member 29 is supported rotatably in a
      horizontal plane, by a pin 159. One end 158a of the support lever 158 is
      able to contact with the rear end 31b of the clip lever 31 of the
      clip-like member 29. Another end 158b of the support lever 158 is
      connected to a top end of a plunger 160 of the plunger solenoid 156
      through a connecting pin 161. A spring 162 for restoring the plunger 160
      is extended between the end 158b of the support lever 158 and a top end of
      the post 152. The support lever 158 is normally urged anti-clockwise
      around the pin 159 by the spring 162 (FIG. 17). The plunger 160 and
      therefore the support lever 158 are stopped by a nearly L-shaped stopper
      plate 163 fixed to the movable base 148. A support member 164 for the
      sensing means S.sub.1, S.sub.2 is fixed at the end of the base plate 143.
PAR  Next, the loading and unloading operations of the magnetic tape 20 will be
      described with respect to the case that the drawing tape 26 is used as the
      tape drawing member.  The loading operation begins with the pushing of a
      not shown loading button. At the beginning of the loading operation, the
      drawing tape 26 is drawn out from the take-up reel, in advance. And the
      clip-like member 29 connected to the top end of the drawing tape 26 is
      caught by the tape connecting device 17.
PAR  The rollers 38a, 38b of the clip-like member 29 is inserted in the cut-out
      portions 147a, 147b of the holder 14, as shown by the dot-dash line in
      FIG. 19. At the ends 147a", 147b" of the cut-out portions 147a, 147b, the
      rollers 36a, 36b are elastically held by the arcuate springs 155a, 155b.
PAR  The clip-like member 29 is nipped between the support block 157 and the
      support lever 158 by means of the spring 162 and therefore the top of the
      clip-like member 29 is opened (FIG. 22). The rear end 31b of the clip
      lever 31 is pushed by the end 158a of the support lever 158 and so the
      clip lever 31 is slightly rotated anti-clockwise around the supporting
      axis 33 against the spring 34, relative to the clip base 30 in contact
      with the support block 157. The catching members 30a, 31a are separated
      from each other to form a mouth for the leader tape 22 (FIG. 22).
PAR  The loading operation of the magnetic tape 20 will be described with
      reference to FIG. 23A-FIG. 23I showing the sequence control by the sensing
      means S.sub.1, S.sub.2 and S.sub.3.
PAR  Before the loading, the sensing means S.sub.3 detects the opaque 26a of the
      drawing tape 26 to generate the output O, and the sensing means S.sub.1,
      S.sub.2 generates the output 1 (FIG. 23A). With the pushing of the loading
      button, the roller 93 for drawing out the leader tape 22 is rotated in the
      cassette 6 to draw out the leader tape 22 to the tape path 10 through the
      opening 92 of the cassette 6. Immediately after the top end 22c of the
      leader tape 22 is led out of the cassette 6, it is guided into the holder
      145 by the pair of the leader tape guide plates 144a, 144b. The top end
      22c of the leader tape 22 passes through the mouth between the catching
      members 30a and 31a and then it is led into contact with the stopper
      members 32a, 32b of the clip-like member 29. Immediately before the top
      end 22c of the leader tape 22 is led into the tape connecting device 17,
      the sensing means S.sub.1 detects the opaque 22a of the end 22c of the
      leader tape 22 to generate the output 0 (FIG. 23B). At that time, the
      outputs of the sensing means S.sub.1, S.sub.2 are O, 1 and 0,
      respectively. With such the outputs, the cassette holder for the cassette
      6 is locked. In other words, the cassette holder cannot be ejected.
PAR  Immediately before the top end 22c of the leader tape 22 contacts with the
      stopper members 32a, 32b of the clip-like member 29, the sensing means
      S.sub.1 detects the top of the transparent part of the leader tape 22 to
      generate the output 1 and concurrently the sensing means S.sub.2 detects
      the top of the lower opaque 22b of the leader tape 22 to generate the
      output 0. At that time, the outputs of sensing means S.sub.1, S.sub.2 and
      S.sub.3 are 1, 0, and 0 (FIG. 23c). With such the outputs, the plunger
      solenoid 156 is energized to pull the plunger 160 against the spring 162.
      At the same time or a little later, the motor 140 begins to be rotated.
PAR  With the energization of the plunger solenoid 156, the support lever 158 is
      rotated clockwise around the pin 159 and the mouth of the clip-like member
      29 is closed (FIG. 21). The clip lever 31 is urged clockwise around the
      supporting axis 33 by the spring 34 and the top of the leader tape 22 is
      nipped between the catching members 30a and 31a. The projections 35a, 35b
      of the catching members 30a, 31a are engaged with the openings 39a, 39b of
      the top end 22c of the leader tape 22. Consequently, the leader tape 22 is
      automatically connected to the drawing tape 26 through the clip-like
      member 29, by the tape connecting device 17.
PAR  Concurrently with the tape connection or a little later, the motor 140
      drives the take-up reel holder 4. The take-up reel 7 is rotated
      anticlockwise in FIG. 1 and it draws out the leader tape 22 at the same
      speed as the roller 93 in the cassette 6. The leader tape 22 is
      transported on the tape path 10, following the drawing tape 26.
PAR  The leader tape 22 is threaded through the tape guide members 11a, 11b,
      11c, the capstan 8a, the tape guide member 11d, the guide member 12a and
      the tape guide pin 13a, and it is wound on the 180.degree. portion of the
      durm 2. Then it is threaded through the tape guide pin 13b, the guide
      member 12b, the tape guide member 11e, the capstan 8b and the tape guide
      members 11f, 11g, and then it is accumulated by the take-up reel 7. The
      magnetic tape 20 connected to the leader tape 22 is transported on the
      tape path 10, following the leader tape 22. In such a manner, the magnetic
      tape 20 is loaded on the tape path 10.
PAR  When the drawing wires 27a, 27b are used as the drawing member, they are
      transported on the tape path 40 defined by the wire guide members 41a-41f,
      while the leader tape 22 and the magnetic tape 20 are transported on the
      tape path 10. With the end of the loading operation, the motor 140 stops
      automatically and so the take-up reel 7 stops.
PAR  In the above-described loading operation, the sensing means S.sub.1,
      S.sub.2 and S.sub.3 detects the tapes in order of FIG. 23D, FIG. 23E and
      FIG. 23F. When the mode of FIG. 23E is changed into the mode of FIG. 23F,
      the loading operation is finished and the locking of the cassette holder
      is released. In the mode of FIG. 23D, the sensing means S.sub.1, S.sub.2
      and S.sub.3 detect the leader tape 22, when the outputs of the sensing
      means S.sub.1, S.sub.3 are 1 and the output of the sensing means S.sub.2
      is 0. In the mode of FIG. 23E, the sensing means S.sub.1, S.sub.2 detect
      the top end of the magnetic tape 20 to generate the output 0, and the
      sensing means S.sub.3 detects the upper half of the leader tape 22 to
      generate the output 1. And in the mode of FIG. 23F, all of the sensing
      means S.sub.1, S.sub.2, S.sub.3 detect the magnetic tape 20 to generate
      the output 0. At that time, the magnetic tape 20 is perfectly loaded on
      the tape path 10, when the top end of the magnetic tape 20 reaches near
      the take-up reel 7.
PAR  The plunger solenoid 156 can be energized for a required time by any timer.
      However, it may be deenergized by any one mode of FIG. 23D, FIG. 23E and
      FIG. 23F.
PAR  Moreover, the sensing means S.sub.1, S.sub.2, S.sub.3 function as a safety
      device. For instance, when the leader tape 22 is cut during the loading
      operation, as shown on FIG. 23G, or when the leader tape 22 fails to be
      caught by the clip-like member 29, the output of the sensing means S.sub.1
      is 0 and the outputs of the sensing means S.sub.2, S.sub.3 are 1. With
      such the outputs, the roller 93 and the motor 140 is automatically stopped
      to cease the loading operation. Misoperation may be indicated to an
      operater by any lamp.
PAR  Next, the unloading operation will be described.
PAR  With the pushing of the unloading button, the motor 116 begins to drive the
      supply reel holder 3 and so the supply reel 5 is rotated clockwise in FIG.
      1. The magnetic tape 20 drawn out on the tape path 10 is accumulated by
      the supply reel 5. Consequently, the leader tape 22 is drawn out from the
      take-up reel 7 and it is transported on the tape path 10 in the direction
      opposite to the direction on the loading. Following the leader tape 22,
      the drawing tape 26 is drawn out from the take-up reel 7, and it is
      transported on the tape path 10. Accordingly, the clip-like member 29
      connected to the top end of the drawing tape 26 reaches the tape
      connecting device 17.
PAR  Since the plunger solenoid 156 has already been deenergized, the support
      lever 158 remains restored by the spring 162, as shown on FIG. 22. The
      clip-like member 29 is led into the cut-out portions 147a, 147b of the
      tape connecting device 17. The rollers 36a, 36b of the clip-like member 29
      is caught by the arcuate springs 155a, 155b, as shown by the dot-dash line
      on FIG. 19. Since the clip-like member 29 pushes the holder 145 with the
      drawing of the leader tape 22, the holder 145 is somewhat rotated
      clockwise around the pin 150 through the movable base 148 against the
      spring 153 (FIG. 17). By the function of the spring 153, the clip-like
      member 29 is stopped in an extremely small shock.
PAR  The clip base 30 and the clip lever 31 of the clip-like member 29 are again
      nipped between the support block 157 and the support lever 158, by the
      function of the spring 162. Therefore, the top of the clip-like member 29
      is opened. The catching members 30a, 31a are separated from each other, so
      that the openings 39a, 39b of the leader tape 22 are released from the
      projections 35a, 35b of the catching members 30a, 31a.
PAR  As soon as the top of the clip-like member 29 is opened, the leader tape 22
      is automatically disconnected from the drawing tape 26. The drawing tape
      26 is stopped by the holder 145 of the tape connecting device 17, while
      the leader tape 22 is accumulated by the supply reel 5. When the whole
      leader tape 22 is accumulated by the supply reel 5, the unloading
      operation is ended. The motor 116, the supply reel holder 4 and therefore
      the supply reel 5 are stopped.
PAR  The unloading operation begins in the mode of FIG. 23F and ends in the mode
      of FIG. 23A.
PAR  The required recording or reproducing begins in the above described loading
      condition. With the pushing of the recording or reproducing button, the
      motor 140 drives the take-up reel 4 at a constant speed. The take-up reel
      7 is rotated anti-clockwise in FIG. 1 at the constant speed. At the same
      time, the pinch rollers 9a, 9b is pressed to the capstans 8a, 8b. The
      magnetic tape 20 is transported on the tape path 10 from the supply reel 5
      to the take-up reel 7, at a constant speed. It is scanned by the rotary
      heads 2a, 2b to perform the required recording or reproducing.
PAR  Next, the switching mode of the sensing means S.sub.1, S.sub.2, S.sub.3
      will be described, when the tape is forwardly running in the recording,
      the reproducing or the fast forwarding operation.
PAR  In such forward runnings, all of the sensing means S.sub.1, S.sub.2,
      S.sub.3 detect the opaque 20a of the magnetic tape 20 to generate the
      output 0, as shown on FIG. 23F.
PAR  As soon as the trailer tape 21 is drawn out from the supply reel 5,
      following the magnetic tape 20, the switching mode of FIG. 23F is changed
      into the switching mode of FIG. 23H. At that time, the motor 140, the
      take-up reel holder 4 and therefore the take-up reel 7 stop. In the
      switching mode of FIG. 23H, the sensing means S.sub.1 detects the opaque
      21a of the trailer tape 21 and the sensing means S.sub.3 detects the
      magnetic tape 20, to generate the output 0, while the sensing means
      S.sub.2 detects the transparent part of the trailer tape 21 to generate
      the output 1. Moreover, all of the buttons except the rewinding button are
      locked in the switching mode of FIG. 23H.
PAR  The switching mode of the sensing means S.sub.1, S.sub.2, S.sub.3 will be
      described, when the tape is reversely running in the rewinding operation.
PAR  The tape begins to run reversely in the switching mode of FIG. 23F in which
      all of the sensing means S.sub.1, S.sub.2, S.sub.3 generates the output 0,
      or in the switching mode of FIG. 23H in which the sensing means S.sub.1
      and S.sub.2 generate the output 0 and the sensing means S.sub.3 generates
      the output 1. When the whole magnetic tape 20 is accumulated by the supply
      reel 5, the switching mode of FIG. 23E is obtained in which the outputs of
      the sensing means S.sub.1, S.sub.2 are 0 and the output of the sensing
      means S.sub.3 is 1. Accordingly, the supply reel 5 is stopped. Then, the
      take-up reel 7 is somewhat rotated and so the switching mode of FIG. 23F
      is obtained in which all of the sensing means S.sub.1, S.sub.2, S.sub.3
      generate the output 0. Consequently, the take-up reel 7 is stopped and the
      tape rewinding operation is completed. The reason why the take-up reel 7
      is somewhat rotated to draw out the magnetic tape 20, is to compensate the
      overrunning of the magnetic tape 20.
PAR  When the magentic tape 20 is unexpectedly cut off in the tape forward
      running or the tape reverse running, the switching mode of FIG. 23I is
      obtained in which the outputs of the sensing means S.sub.1, S.sub.2,
      S.sub.3 are 1. Consequently, the tape running is stopped for safety. That
      is indicated to the operater by a lamp.
PAR  It will be apparent from the foregoing that the leader tape can be orderly
      wound in circle around the drawing tape or the drawing wires wound in
      advance without the disturbance of the connecting means attached to the
      drawing tape or the drawing wires and consequently the magnetic tape can
      be neatly wound around the take-up reel without the swelling, in the reel
      assembly according to this invention.
PAR  Although an illustrative embodiment of this invention has been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention, as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reel assembly comprising a pair of tape-drawing wires with a required
      length, a connecting means for connecting said tape-drawing wires to
      another tape-like member, said connecting means being attached to one end
      of said tape-drawing wires, a reel hub, a pair of circular grooves formed
      on said reel hub to receive said tape-drawing wires wound thereon, a pair
      of flanges fixed to both ends of said reel hub and at least one cut-out
      portion formed on the circumference of said reel hub, said connecting
      means being led into said cutout portion when said tape-drawing wires are
      wound on said circular grooves and said tape-like member connected to said
      tape-drawing wires through said connecting means is wound around said reel
      hub, whereby said tape-like member can be orderly wound in circle around
      said reel hub.
NUM  2.
PAR  2. A reel assembly according to claim 1 wherein said pair of circular
      grooves is formed on opposite ends of said reel hub.
NUM  3.
PAR  3. A reel assembly comprising a reel hub having a first diameter and a
      first height; a first pair of flange members fixed to opposite ends of
      said reel hub, said first pair of flange members having a second diameter
      and a second height, said second diameter being greater than said first
      diameter and said second height being greater than said first height; a
      second pair of flange members fixed to opposite ends of and overlying said
      first pair of flange members so as to be spaced apart from each other by
      said second height, said second pair of flange members having a third
      diameter greater than said second diameter; a drawing tape having one end
      attached to said reel hub and a second end secured to connecting means for
      gripping a tape member and for winding said tape member onto said reel
      assembly, said drawing tape having a width less than said second height so
      as to be wound about said reel hub when said reel hub is rotated, said
      first pair of flange members guiding said drawing tape therebetween; said
      first pair of flanges further serving as a hub for at least a portion of
      said tape member gripped by said connecting means, said portion of said
      tape member having a width greater than said first height so as to be
      wound about said first pair of flange members when said reel hub is
      rotated, said second pair of flange members guiding said portion of said
      tape member therebetween; and a cut-out portion formed on the periphery of
      said reel hub for receiving said connecting means when said drawing tape
      is wound about said reel hub so as to enable said portion of said tape
      member to circularly circumscribe said connecting means in said cutout
      portion when said portion is wound about said first pair of flange
      members.
NUM  4.
PAR  4. A reel assembly according to claim 3, wherein a pair of cut-out portions
      is formed in said second pair of flange members for guiding said
      connecting means smoothly into said cut-out portion of said reel hub.
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ABST
PAL  A tape drive system for a cassette tape recording and/or reproducing
      apparatus has at least three drive motors, two for driving the tape spools
      and at least a third for driving a tape drive capstan. two of the motors
      are disposed so as to engage the cassette from one side thereof, while the
      other motor or motors is or are disposed so as to engage the cassette from
      the other side. The motor or motors at a first side of the cassette is or
      are disposed in a main housing, while the other motor or motors at the
      second side of the cassette is or are in a casing portion that is
      pivotable or linearly displaceable relative to the main housing, for
      insertion or removal of a cassette. The apparatus can have a dual capstan
      tape drive.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to a tape drive system for a cassette tape recording
      and/or reproducing apparatus.
PAR  Many tape recording and/or reproducing apparatuses have been proposed,
      which have from one to three electric drive motors. It has been found that
      generally the apparatus with three drive motors achieve more advantageous
      results, when the requirements made in respect of quality of sound
      recording and reproducing are high. There are several possible ways in
      which three motors can be arranged below the support plate on which the
      tape cassette is carried in the apparatus. When all three motors are
      arranged in one plane one beside the other, the outside diameter of the
      motors which can be used is relatively severely restricted, as the
      distances between the motor drive shafts are determined in particular by
      the generally standard sizes of the tape cassettes to be employed.
PAR  It is possible fon one motor to be arranged in a laterally displaced
      position, in which case the drive shaft to be driven by that motor is
      connected to the motor by way of a belt. However, when the requirements
      made in respect of quality of sound recording and/or reproduction are
      high, very high requirements must also be made as regards the belt drive.
      It has been found difficult however to make the belt drive comply with the
      requirements set.
PAR  Another possibility is to arrange one motor at a lower level than the other
      two motors, and to provide that motor with a correspondingly longer drive
      shaft. However, it is generally difficult and expensive to achieve the
      necessary precision in the production of such shafts.
PAR  The present invention aims to a tape drive system wherein by novel
      constructional features and without appreciable additional expenditure,
      and therefore without any substantial increase of the production costs, a
      substantial improvement in the performance is achieved and wherein
      electric motors of conventional design may be used.
PAR  According to the present invention, there is provided a tape drive system
      for use in a tape recording and/or reproducing apparatus for a tape
      cassette having two tape spools one beside the other, comprising: a main
      housing; a movable casing portion connected to the main housing whereby a
      cassette-receiving space is provided between the main housing and the
      casing portion, the casing portion being displaceable relative to the main
      housing for exchanging a said cassette received in use in said space; tape
      winding motors for engaging the tape spools of a said cassette received in
      said space; at least one tape drive capstan; and at least one capstan
      drive motor driving the respective capstan to drive the tape, at least one
      of the motors being disposed in the casing portion for operatively
      engaging said received cassette from one side thereof, and the other motor
      or motors being disposed in the main housing for operatively engaging said
      received cassette from the other side thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of a tape drive system for a cassette tape recording and/or
      reproducing apparatus according to the present invention will now be
      described by way of example with reference to the accompanying drawings,
      in which like numerals designate like parts throughout the figures
      thereof, in which parts of the apparatus not necessary for comprehension
      of the invention are not shown.
PAR  FIG. 1 is a diagrammatic simplified perspective view of a first embodiment
      of the apparatus, in the closed or operational condition,
PAR  FIG. 2 is a view similar to that of FIG. 1 but showing the apparatus in the
      opened condition, so that the tape cassette is visible and accessible,
PAR  FIG. 3 is a view in cross-section through a portion of the FIG. 1
      apparatus, showing the drive motors, with the apparatus in the operational
      or closed condition, as in FIG. 1,
PAR  FIG. 4 is a view corresponding to FIG. 3 but showing the apparatus in the
      opened condition, as in FIG. 2,
PAR  FIG. 5 is a diagrammatic view of part of a modified embodiment of the
      apparatus with a slit-shaped cassette-receiving guide and with linear
      displacement of motors and cassette relative to each other,
PAR  FIG. 6 is a diagrammatic simplified plan view of part of a further
      embodiment of the apparatus, having four drive motors, for
      dual-directional recording and/or reproducing apparatus with dual capstan
      drive,
PAR  FIG. 7 is a rear side view of the motor arrangement of FIG. 6.
DETD
PAR  Referring firstly to FIGS. 1 to 4, the tape recording and/or reproducing
      apparatus comprises a main housing or body portion 1 which is provided in
      its top surface at the front edge portion thereof, with a plurality of
      keys 2, there being five such keys as illustrated, for setting the
      apparatus into its various operating conditions, such as playback, rapid
      forward movement, return movement, and so on. Disposed at the rear part of
      the top surface of the main housing 1 is a movable casing portion 3. In
      this embodiment the portion 3 is connected by a hinge means (not visible
      in FIG. 2 but shown in FIGS. 3 and 4) to the housing 1, so as to be
      pivotable between the position of FIG. 1 and the position of FIG. 2. In
      its interior the portion 3 includes two electric drive motors 4 and 5
      which are denoted by broken lines in FIG. 2. The motors 4 and 5 are
      winding motors to drive winding hubs or mandrels 6 and 7 which are
      arranged co-axially with respect to the respective motors. The hubs 6 and
      7 engage respective winding plates (not shown) forming parts of the tape
      spools, which are arranged one beside the other, within a tape cassette 9,
      when the cassette is inserted into position on the apparatus.
PAR  FIGS. 3 and 4 show more clearly the arrangement of the various motors of
      the apparatus, and the winding hubs 6 and 7. The portion 3 is mounted on
      the housing 1 by means of the hinge means or linkage 10. The hinge means
      10 is supported on a plate 11, to the underside of which is secured an
      electric drive motor 13 for driving a tape drive capstan 12. The capstan
      may be formed by an end portion of the drive shaft itself of the motor 13.
      A sound heat-carrier platform 14 is carried on the top surface of the
      plate 11, and is displaceable in the directions indicated by the arrow 15
      in FIG. 4. A sound recording and/or reproducing head (not shown) and an
      erase head (also not shown) are mounted on the platform 14. Also secured
      on the platform 14 is a pivotally mounted pressure or pinch roller 16
      which is operable under the action of a spring to press the tape against
      the capstan 12, when the cassette is fitted into place, that is to say,
      when the recorder is in the condition of ready for operation, as in FIG.
      3.
PAR  When the portion 3 is in the opened condition of FIG. 4, the cassette 9 is
      fitted into place by movement in the direction indicated by arrow 17, at
      the same time pressing the spring 19 downwardly. Then, the upper end of
      the cassette 9 is pressed in the direction indicated by the arrow 20 onto
      one or more retaining pins (not referenced) with groove 21, until the edge
      of the cassette is brought into snap engagement with the groove 21.
PAR  When this is done, at the same time each of the winding plates of the
      cassette tape spools is brought into engagement wit the suitable shaped
      end portion 22 of the respective winding hub 6 or 7. The portion 3 is now
      pivoted into the closed condition of FIG. 3, and the platform 14 is so
      displaced that the tape is pressed against the capstan 12. The apparatus
      is now ready for operation.
PAR  It will be noted that the portion 3 is a square-cornered casing with a flat
      top surface, whose base surface is only slightly greater in its dimensions
      that the length and breadth of the cassette, so that the portion 3 covers
      the cassette from above when in the closed condition. The housing 1 has a
      recess in its top surface, for receiving the portion 3 so that in the
      closed condition the top surface of the portion 3 is aligned with the top
      surface of the housing 1; the housing 1 has side limb portions which
      project upwardly beside the portion 3. The smooth line of the apparatus
      housing is advantageous aesthetically, as well as facilitating handling
      and transportation, since there are no troublesome projecting portions. It
      will also be noted that the pivot axis of the portion 3 lies in the plane
      of symmetry of the tape, when the cassette spools are engaged with the
      hubs 6 and 7 of the motors 4 and 5. The pivot axis is parallel to a plane
      passing through the axes of rotation of the motors 4 and 5.
PAR  FIG. 5 shows another embodiment of the apparatus, illustrating the
      arrangement of the drive motors. This arrangement differs from the
      arrangement shown in FIGS. 1 to 4 primarily in that the motors 4 and 5 for
      driving the winding hubs 6 and 7 and thus the cassette tape spools are not
      carried by a casing portion 3 which is pivotally hinged on the plate 11,
      but the motors 4 and 5 and the cassette 9 are incorporated into a kind of
      linearly displaceable elevator mechanism.
PAR  The apparatus has a cassette-receiving assembly providing a slot 31 into
      which the cassette 9 is inserted in the direction indicated by arrow 30,
      until the front end 32 of the cassette comes into abutment against a
      closed end of the slot 31. The cassette-receiving assembly is carried
      displaceably on guide members (not referenced) while springs 34 are
      carried on the guide members above the cassette-receiving assembly.
      Further springs 37 are disposed on the guide members below the said
      assembly. When the cassette 9 is in position in the slot 31, a pressure is
      applied in the direction indicated by arrow 33, in a suitable manner, to
      cause the drive motors 4 and 5 to be displaced in the direction of their
      axes of rotation, towards the inserted cassette 9, against the action of
      the springs 34. As a result, the end portions 22 of the winding hubs 6 and
      7 come into engagement with the respective winding plates of the tape
      spools of the cassette. In addition, both the motors 4 and 5 and the
      cassette 9 with associated components are displaced in the direction of
      the arrow 35 against the force of the springs 37, so that the capstan 12
      engages into the interior of the cassette 9. This therefore provides that,
      for the purpose of playing the tape in the cassette 9, the tape is pressed
      against the capstan 12 by the roller 16. Alternatively, the capstan 12 can
      be moved upwardly, in the opposite direction to the direction of the arrow
      35, against the force of the springs 37, so as to extend into the slot 31
      which is then stationary, and into the cassette 9 in the slot 31.
PAR  It will be noted that the cassette-receiving assembly is arranged between
      the plate 11 and the support member (against which the springs 34 bear and
      to which the motors 4 and 5 are secured) which forms part of a linearly
      displaceable casing portion corresponding to the casing portion 3 of FIGS.
      1 to 4. The said assembly is at a spacing from the hubs 6 and 7 and the
      capstan such that in the rest condition as illustrated the cassette 9 can
      be readily inserted into the slot 31, relative movement as between the
      motors 4 and 5, the capstan 12 and the cassette 9 causing the hubs 6 and 7
      and the capstan to come into driving engagement with the cassette 9.
PAR  An arrangement similar to those described above can also be used in tape
      recording and/or reproducing apparatus with a so-called dual capstan
      drive. With this kind of drive, the tape is transported by two drive
      capstans, one of which is arranged upstream of the recording/reproducing
      head and the other of which is arranged downstream of the head. This form
      of drive can achieve a good degree of uniformity in the tape drive
      movement.
PAR  In the dual capstan drive apparatus of which FIG. 6 shows a plan view and
      FIG. 7 shows a rear side view, one spool winding motor 4' is arranged in
      the same fashion as in the above-described embodiments, that is, in a
      casing portion that is movable relative to the main housing of the
      apparatus, but the other winding motor 5' is arranged below the tape
      cassette 9, beside the electric tape capstan drive motor 13. A second
      electric motor 13' is provided for the second capstan of the drive, and
      serves to drive the second tape drive capstan 12'. The motor 13' is
      arranged above the cassette 9, laterally beside the winding motor 4', as
      is particularly clearly visible in FIG. 7. In this embodiment also, the
      motors 13 and 13' are arranged co-axially with respect to the associated
      capstans 12 and 12'.
PAR  The four drive shafts (two capstan drive shafts and two spool winding
      shafts) can be used for proper tensioning of the tape, to achieve
      uniformity of tape movement, so that it is no longer necessary to provide
      additional tape tensioning means, as are otherwise generally required.
PAR  It will be apparent that, with the above-described constructions, both the
      capstan or capstans and the two winding plates of the tape cassette are
      driven directly by way of the motor shafts, which can thus be short, and
      in addition, the arrangement of the motors is such that motors of
      conventional construction and size can be used, that is to say, there is
      no restriction to using motors of small outside diameter. Furthermore,
      since the capstan is driven directly, that is to say, without the
      interposition of belts or drive wheels, the tape is therefore moved with a
      high level of uniformity. Of further assistance in achieving this aim is
      the fact that the capstan, which is co-axial with its drive motor, is
      relatively short, in that a longer shaft or associated support bearing
      construction of substantial axial length would involve greater rotational
      tolerances and would thus result in poorer synchronisation of movement,
      assuming equal cost.
PAR  Many possible modifications will become apparent from the foregoing without
      departing from the spirit of the present invention. However, the foregoing
      disclosure is presented in an illustrative sense rather than a limiting
      sense and the appended claims are relied upon to define the scope of the
      present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tape drive system for a recording and/or reproducing apparatus for a
      tape cassette having two tape spools one beside the other, comprising: a
      main housing; a movable casing portion connected to the main housing
      whereby a cassette-receiving space is provided between the main housing
      and the casing portion, the casing portion being displaceable relative to
      the main housing for exchanging a said cassette received in use in said
      space; tape winding motors for engaging the tape spools of a said cassette
      received in said space; at least one tape drive capstan; and at least one
      capstan drive motor driving the respective capstan to drive the tape, at
      least one of the motors being disposed in the casing portion for
      operatively engaging said received cassette from one side thereof, and the
      other motor or motors being disposed in the main housing for operatively
      engaging said received cassette from the other side thereof.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said casing portion is pivotal
      relative to said main housing.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said casing portion is linearly
      displaceable relative to said main housing.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said tape winding motors are
      disposed in said casing portion.
NUM  5.
PAR  5. Apparatus according to claim 2 including within said main housing a
      support plate on which said casing portion is pivoted and to which said at
      least one capstan drive motor is secured.
NUM  6.
PAR  6. Apparatus according to claim 1, said casing portion being pivotal
      relative to said main housing and said tape winding motors being disposed
      in said casing portion, wherein the pivotal axis of the casing portion
      lies in the plane of symmetry of the tape, when said tape cassette is
      fitted into its position of driving engagement with said tape winding
      motors.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said pivotal axis is parallel to
      a plane passing through the axes of the tape winding motors.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said casing portion is a squared
      casing whose base surface is only slightly greater in its dimensions than
      the length and breadth of said tape cassette, whereby the casing covers
      the cassette when the casing portion is in its position for operation of
      the apparatus.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said casing portion is in its
      said position for operation said casing portion is aligned with the
      surface of portions of the main housing which project beside said casing
      portion.
NUM  10.
PAR  10. Apparatus according to claim 3 including a cassette-receiving assembly
      having a slot for receiving the cassette, the assembly being linearly
      movable substantially parallel to the axes of rotation of the winding
      motors and of said at least one capstan, the assembly being mounted at a
      spacing from winding hubs of the winding motors and said at least one
      capstan such that in a rest condition of the assembly a said cassette can
      be inserted into said slot, relative movement between the
      cassette-carrying assembly, the winding hubs and said at least one
      capstan, in the direction of the axes of the motors, bringing the winding
      hubs and said at least one capstan into engagement with the cassette from
      respective sides thereof.
NUM  11.
PAR  11. Apparatus according to claim 1 and including two said tape drive
      capstans and two said capstan drive motors, wherein a respective capstan
      drive motor and a respective tape winding motor are provided in each side
      of the cassette-receiving space.
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ABST
PAL  A minicassette for recording tape which is constituted by a body, a cover
      and a tape guide all molded independently of plastic. The tape guide is
      positioned in the body by the cover and is of low friction anti-abrasive
      material molded in a mold having an interface parallel to sliding surfaces
      for the tape provided in the guide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in cases containing a
      recording tape wound on two reels and able to pass in one direction or the
      other in front of an aperture, on the other side of which is located a
      recording and/or reading head when such a case in mounted in the apparatus
      provided with this head. Cases of this type are generally known as
      "minicassettes" and are called by this name hereafter.
PAR  There are numerous types of minicassettes currently in existence. They all
      comprise a casing body and a cover fitting one in the other and provided
      internally with means, produced by molding, for mounting the reels so that
      they may rotate, guiding the tape in a rectilinear manner in front of the
      aforesaid head and pressing this tape against the latter.
PAR  Until recent years, a major factor in the selling of minicassettes was the
      lowest possible manufacturing cost and, within this framework, the best
      possible operation as well as convenient and rapid loading of the tape
      into the cassette.
PAR  There is no doubt that it is difficult to reconcile these various
      requirements.
PAR  Thus, in order to reduce the cost price, cheap plastic materials were used
      which did not have the desirable rigidity for preventing deformations
      which are liable to jeopardize the quality of operation.
PAR  For this same purpose, attempts have been made to reduce the number of
      components which are limited to only two parts: a casing body and a cover.
      This produces difficulties as regards the production of molds and more
      specifically the passage for the tape. In fact, as regards this latter
      part, the mold has to be produced by erosion which is bad as regards the
      smoothness of the sliding surfaces; in addition, owing to the height of
      the thin projecting parts defining this passage, a slight clearance must
      be allowed in order that stripping is possible, which is clearly
      detrimental to the perpendicularity of said passage and consequently to
      the guiding of the tape in front of the recording and reading head;
      moreover, since these thin projecting parts are fragile, it is inevitable
      that now and then certain of them break and if this is not noticed
      immediately, the parts molded subsequent thereto which are without them
      can only be rejected; furthermore, the decrease in the cost price due to
      the limitation of the number of parts is not as considerable as one could
      have hoped, because, given the extreme complexity of the mold, the cost of
      the latter is relatively great and one thus abandons producing as many of
      them as the series of minicassettes to be produced would require, which
      has the result of increasing their daily production period and of
      accepting delivery difficulties which may result from inevitable
      breakdowns. Finally, loading of the tape into the casing is made very
      difficult by the narrow passage which exists between the tape-guide and
      the strips protecting the front face in which is provided the aperture for
      the passage of the aforesaid head.
PAR  The preceding explanation shows that a substantial decrease in the cost
      price is thus obtained, but that the operation of the minicassette, if
      satisfactory for customary applications, is nevertheless imperfect for new
      applications explained hereafter.
PAR  On the other hand, a desire for better sliding and correct guidance of the
      tape as well as constant tension, which are prerequisites for good winding
      of the tape on the spools, leads to the production of various additional
      systems using bosses, rollers, guides, etc., but which, for reasons
      already explained, do not always make it possible to obtain the operation
      required for these new applications.
PAR  In fact, the use of the minicassette has recently been extended to
      recording data (for example on cash registers in super-markets) and for
      the processing of this data in a computer (in particular records of stocks
      and supplies). Now, within this framework, the primordial quality desired
      is the perfection of operation of the minicassette, the cost price,
      although constituting an important factor in the commercial success, thus
      being relegated to the background. The quality of operation relates to the
      sliding of the tape, its correct guidance and its constant tension
      particularly in the rectilinear part of its passage opposite the recording
      head, and its constant travelling speed as well as its high rewinding
      speed without damage.
PAR  However, such quality of operation cannot be obtained with known
      minicassettes.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, the essential object of the present invention is to use means which
      make it possible to obtain practically perfect operation, which is
      obviously of prime importance for the storage of data to be processed by a
      computer and which is advantageous for all the other applications for
      sound recording.
PAR  To this end, it is the object of the invention to obtain a tape passage
      which is perfectly smooth and perpendicular to the reference surface of
      the minicassette with respect to which the recording and reading head is
      positioned.
PAR  Its object is also to facilitate the use, solely for constituting the
      tape-guide, of a material guaranteeing perfect sliding and with no
      abrasion of the tape, i.e., smoothly.
PAR  Its object is also to control the tension of the tape in the tape-guide,
      such that it is always absolutely constant.
PAR  Its object is also to reduce the pulling force exerted on the tape for
      unwinding it, whatever the extent of the change of direction of travel of
      this tape between the winding reel and the tape-guide.
PAR  It is a subsidiary object of the present invention to reduce the cost price
      of the minicassette, on the one hand, by simplifying and facilitating
      construction of the molds to such an extent that the number of impressions
      taken is not too great, on the other hand, by making it easier to insepct
      the parts owing to their slight complexity, and finally, by adapting the
      choice of materials used to the destination of the minicassette. Thus, for
      the manufacture of a minicassette for the reproduction of sound, a cheap
      plastic material may be used in the molds, whereas for the manufacture of
      a minicassette for storing data which may be processed by a computer, one
      may seek a much more rigid material to be used in the same molds as
      previously, even though it may be more difficult.
PAR  Finally, it is the object of the present invention to greatly facilitate
      the loading of the recording tape into the minicassette, by avoiding the
      necessity of sliding the latter through narrow, deep and winding passages.
PAR  According to the invention, the minicassette comprises, in addition to its
      body and cover, a third part constituted by the tape-guide  which is
      positioned in the body by projecting parts and immobilized by the cover,
      this tape-guide being made from an anti-abrasive material and having a
      very low coefficient of friction, it is molded in a flat condition, i.e.,
      in a position such that the interface of its mold is perpendicular to that
      of the molds of said two other parts and thus the sliding surface defined
      by this tape-guide for the passage of the tape is absolutley perpendicular
      to the reference surface of the minicassette provided for mounting it in
      the apparatus.
PAR  Various other features and advantages of the invention will become apparent
      from the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  One embodiment of the object of the invention is illustrated, as a
      non-limiting example, in the accompanying drawing.
PAR  FIG. 1 is an exploded perspective view showing the minicassette according
      to the invention,
PAR  FIG. 2 is an elevational view partially in longitudinal section
      illustrating the tape-guide to an enlarged scale,
PAR  FIG. 3 is a partial view to an enlarged scale showing the guiding of the
      tape,
PAR  FIG. 4 is a cross-sectional view of the tape-guide mold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As is clearly apparent from FIG. 1, the casing proper of the minicassette
      according to the invention comprises three parts constituted by a body 1,
      a cover 2 and a tape-guide 3.
PAR  The body 1 and cover 2 are obtained by molding a material which is
      appropriate to the intended use of the minicassette; if the latter is
      intended to be used for sound reproduction for example, the aforesaid
      parts are made from cheap material, in particular from standard
      polystyrene; on the other hand, if it is a question of storing data with a
      view to their processing by a computer, these parts are constituted by a
      rigid material such as acrylonitrile reinforced with glass fibers or
      balls.
PAR  The tape-guide 3 is also produced by molding, but, whatever the destination
      of the minicassette, the initial material used must be anti-abrasive and
      must have a coefficient of friction which is as low as possible. For
      example, this tape-guide may be constituted by a polyacetal resin such as
      that known by the name "Delrin."
PAR  The body 1 and cover 2 are designed such that they may be easily molded.
      Thus, the projecting parts which they comprise are as few as possible,
      their height being low and their width and spacing not being too small in
      order to eliminate any difficulties during stripping.
PAR  The base 4 of the body and the base 5 of the cover are surrounded by a
      border 6, 7 respectively, extending along the sides and at the rear to
      half the depth of the minicassette; they are integral with two annular
      rings 8 and 9 intended for centering and mounting two loose reels so that
      they may rotate and which are not shown in the drawing.
PAR  These bases 4 and 5 also define recesses 10 and 11 located opposite each
      other when the cover is fitted on the body by means of projections 12 and
      provided for housing the tape-guide 3 which is perfectly positioned at the
      time of mounting owing to a pin 12a and lugs 13 molded integrally with the
      body.
PAR  The base 4 of the body also comprises two pins 14, 15 about which are
      loosely mounted rollers 16, 17 as well as an aperture 16a facilitating the
      correct positioning of the cassette in the apparatus using the latter and
      which, to this end, comprises positioning means known per se.
PAR  The tape-guide 3 is in one piece and comprises (FIGS. 1 and 2) an elongated
      web 18, integral at its rear side with two longitudinal ribs 19 and, at
      its front side with transverse tabs 20, 21 which are four in number in the
      example shown.
PAR  The ribs 19 define a notch 22 fitting on the pin 12a of the body in order
      to define the position of the tape-guide in the longitudinal direction.
      The one pair of tabs 20 and 21 located opposite the lugs 13, cooperate
      with the latter by abutment to define the position of the tape-guide in
      the transverse direction i.e., the direction between bases 4 and 5.
PAR  Each of the four tabs 20 and 21 is formed with a central notch 23 whose
      edge is rounded. All these rounded edges are co-planar and define the
      sliding surface for the tape. It is important to note that the interface
      of the molds serving to manufacture the body 1 and cover 2 is parallel to
      the bases 4 and 5 of the latter, but that the interface of the mold 24
      (FIG. 4), serving to manufacture the tape-guide 3 is, if one considers the
      latter in position in the body, perpendicular to the base 4 which is the
      reference surface of the minicassette facilitating the correct mounting of
      the latter in its apparatus. In other words, the surfaces which must
      inevitably be provided with a clearance on the tape-guide to facilitate
      stripping of the latter (FIG. 4) are perpendicular to the rounded edges of
      the notches 23 defining the sliding surface for the tape. In other words,
      this sliding surface, like other parts described hereafter which are
      parallel thereto, will be absolutely parallel to the geometric axes of
      rotation of the reels and to the support face of the recording and reading
      head. From that time onwards, the tape is guided in order to unwind in
      front of the head under perfect conditions. Moreover, owing to the nature
      of the tape-guide(material which is anti-abrasive and has a low
      coefficient of friction) and to the reduction of its contact surface
      (rounded edges of the notches), this tape-guide produces only extremely
      reduced resistance to the passage of the tape.
PAR  The tape-guide 3 also comprises, projecting from its front face and from
      its ends, bosses 25, 26 of cylindrical shape, preferably extending
      slightly in front of the sliding surface. The stationary bosses cooperate
      with rollers 16, 17 loosely mounted on pins 14, 15 of the casing, to
      constitute return members (FIG. 3) for the recording tape 27 passing
      through the tape-guide 3 towards the winding reel. Due to the fact that
      they are stationary, these bosses form a better guide for the tape, thus
      avoiding its lateral floating. They also make it possible to regulate the
      tension of this tape as it passes through the tape-guide, by making it
      constant. The rollers 16, 17 are intended to reduce the pulling force on
      the tape as it changes direction, particularly at the beginning of
      winding.
PAR  Finally, the tape-guide 3 serves as a support for a pressing member 28
      elastically applying the tape 27 against the recording and reading head.
      In the example shown, the pressing member 28 comprises a rear support
      plate 29 intended to be retained by the tape-guide. To this end, the
      central tabs 21 are integral with projections 30 in the shape of inclined
      ramps and separated from the bosses 31; when it is mounted, the plate 29
      is pressed against these ramps 30 and deforms such that after crossing the
      latter, it expands, its ends being housed between said projections and
      said bosses.
PAR  To mount a minicassette, the tape-guide 3 is housed in the recess 10 of the
      body and a full reel and an empty reel are placed on the annular rings 8,
      and the rollers 16, 17 are placed on the pins 14, 15. It will be noted
      that the sliding surface of the tape-guide is completely free at the
      front, since the front edge of the body 1 has no border 6. Under these
      circumstances, it is very easy to put the recording tape 27 in position.
      In fact, if the full supply reel is mounted for example on the left-hand
      ring (FIG. 1) it is sufficient to pull on the tape, to pass it over the
      roller 16 and boss 25, then to place it in the notches 23 of the tabs 20,
      21, to pass it over the boss 26 and roller 17, and finally to attach it to
      the center of the empty take-up reel. When the recording tape is thus in
      position, the cover 2 is fitted.
PAR  It will be noted that despite the absence of a front border on the body,
      this tape is still protected. In fact, the border 7 of the cover extends
      as far as the recess 11 and the base 5 is integral, opposite the latter in
      the regions not serving for the passage of any part, with protecting
      strips 32 higher than said border in order to come into contact with the
      base 4 of the body.
PAR  FIG. 4 illustrating the mold 24 shows not only that the sliding surface of
      the tape-guide obtained with this mold is absolutely parallel to the front
      face, but also that said mold is very simple to produce, that the number
      of impressions taken may be considerable without fear of complications and
      that stripping is very easy.
PAR  This mold comprises a top 33 and bottom 34 whose contact faces forming the
      interface or parting plane 35 define opposing impressions 36, 37 shaped in
      a complementary manner to form the tape-guide. Opening into these
      impressions is, firstly, a branch 38 of the injection pipe 39, secondly,
      ejection rods 40 guided in the bottom 34, flush with the lower impression
      37 and integral with a control plate 41 movably located in a casing 42.
PAR  The minicassette which is the object of the invention may be used for the
      reproduction of sound or for the storage of data with a view to their
      processing by a computer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a minicassette for holding a recording tape, for use in a tape
      machine provided with a recording and/or playback head, the minicassette
      including a first member constituting a casing body having a base portion,
      a second member constituting a casing cover having a base portion and
      fitting on the first member with the base portions parallel, to define an
      enclosed space for holding a tape supply reel and a tape take-up reel, and
      means associated with the members for holding such reels in position, the
      improvement wherein:
PA1  said minicassette further comprises a third molded member formed
      independently of, and arranged to be disposed between, said first and
      second members and constituting a tape-guide for said minicassette, said
      third member comprising an elongated web portion and being of an
      anti-abrasive material having a low coefficient of friction relative to
      the recording tape and being provided with projecting portions defining a
      tape sliding surface absolutely perpendicular to the base portions of said
      first and second members, said projecting portions being in the form of
      tabs projecting from said web portion and each provided with a notch
      located at its center and defining part of said tape sliding surface; two
      of said tabs being located at a central region of said web portion and
      being spaced apart to define, with the part of said web portion disposed
      therebetween, a housing for holding a pressing member provided to
      cooperate with the tape machine head; and said two tabs being provided
      with lateral projections directed toward the region constituting said
      housing for engaging the pressing member to cause such member to be
      gripped between said part of said web portion and said lateral
      projections;
PA1  said first member is provided with projecting portions arranged to position
      said third member relative to said first member; and
PA1  said members are dimensioned for causing said third member to be
      immobilized in position between said first and second members when said
      second member is fitted on said first member.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein said third member is made
      of a polyacetal resin.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein each said notch has a
      rounded surface, and the rounded surfaces of all of said notches have a
      common tangent plane, with the lines of tangency to such common plane
      constituting said tape sliding surface.
NUM  4.
PAR  4. An arrangement as defined in claim 1 wherein said third member is
      elongate in the direction of recording tape movement therealong and is
      further provided, at each end, with a stationary boss presenting a
      cylindrical tape guide surface for guiding recording tape between said
      third member and a respective reel in a manner to stabilize the lateral
      position of the tape and the tension on the length of tape which extends
      along said third member.
NUM  5.
PAR  5. An arrangement as defined in claim 4 further comprising a pair of
      rollers mounted between said first and second members to be freely
      rotatable and each located between a respective stationary boss and the
      location of a respective reel to permit the tape to pass around each said
      roller while traveling between said third member and such respective reel.
NUM  6.
PAR  6. An arrangement as defined in claim 1 wherein the lateral edge portion of
      said body which is disposed in front of said tape sliding surface, when
      said minicassette is assembled, is completely open for facilitating
      loading of a tape prior to assembly, and said cover is provided with
      protective strip members located to extend across such open portion of
      said body and dimensioned to extend to said base portion of said body when
      said minicassette is assembled.
NUM  7.
PAR  7. An arrangement as defined in claim 1 wherein said third member is
      fabricated in a two-part mold having a parting plane parallel to said tape
      sliding surface.
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ABST
PAL  A convertible airplane having an outboard engine supported at each side of
      the airplane fuselage on a spar that is angularly adjusted through
      90.degree. from a horizontal to a vertical position for operating
      propellers both for a helicopter and for an airplane. A wing section is
      provided between the fuselage and each engine which is freely pivotable on
      each spar and which has thrust bearings between the ends and the adjacent
      portions of the fuselage and engine cowling. This permits the wing to
      swing on the spar to assume a direction of attack so that the air will
      pass smoothly over the wing sections without any eddy currents at the rear
      edge and in the area therebeyond which detracts from the airplane lift.
      With this arrangement the engines may be swung from a horizontal to a
      vertical position to function as a helicopter for raising the airplane
      vertically during which time the wing sections will assume a vertical
      position. As the propellers and drive means are tilted to move the
      airplane in the direction of travel, the component of horizontal movement
      will produce the swinging of the wing section to a proper direction of
      attack and provide lift so that by the time the propellers are moved to a
      vertical position with the engines horizontal the wing sections will be in
      horizontal position and provide the lift required for flight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reference may be had to the patent to F. A. Dobson, No. 2,708,081 issued
      May 10, 1955 for Convertible Aircraft Structure, and to U.S. Pat. No.
      3,494,706 disclosing helicopter flap wings to show similar prior art
      structures.
PAC  SUMMARY OF THE INVENTION
PAR  The invention pertains to an airplane having a fuselage with an outboard
      engine at each side which are supported by a spar which tapers to a
      smaller diameter at the outer ends. The spars are interconnected by a
      shaft across the fuselage where an actuating arm extends downwardly. A ram
      having the remote end of the cylinder pivoted to a wall and the piston rod
      extending from the opposite end pivoted to the arm so that the extension
      and retraction of the piston rod from and into the cylinder swings the
      spars and the engines at the end thereof through 90.degree. from a
      horizontal to a vertical position so as to have the airplane function as a
      helicopter for a vertical takeoff with the engines rotating in opposite
      directions. The wing sections are mounted on bearings on the spars with
      thrust bearings at the end for reducing as much friction as possible so
      that the wing sections are freely swingable. The weight preponderance of
      the trailing edge of the wing sections causes the edges to hang downwardly
      so that the vertical ascent of the airplane can occur without too much
      wind resistance. The wing sections will automatically rotate toward a
      horizontal position as the engine and propellers are tipped at an angle
      which not only produces a lift but also a forward movement to the
      airplane. As the engines are further angularly disposed to approach a
      horizontal position, the wings will similarly move toward the horizontal
      position and provide a maximum lift which permits the horizontal flight of
      the airplane with the wings in a true horizontal position. This results in
      a smooth flight, a maximum lift and a minimum drag resulting in the
      greatest efficiency during the operation as an airplane. If found
      desirable to fix the wings, releasable locking mechanisms can be employed
      to releasably secure the wings to the stub wing sections in flight
      position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in front elevation of an airplane having rotatable wing
      sections thereon embodying features of the present invention;
PAR  FIG. 2 is a sectional view through the fuselage and one wing section and
      engine of the structure illustrated in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the structure illustrated in FIG.
      2, taken on the line 3--3 thereof, and
PAR  FIG. 4 is an enlarged sectional view of the structure illustrated in FIG.
      2, taken on the line 4--4 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An airplane 11 has a fuselage 12 containing stub wing sections 13 at the
      lower forward part thereof. The fuselage has a floor 14 for the cabin
      which contains seats, storage areas and the like provided in the
      conventional manner. Below the floor a shaft 15 is supported on a
      plurality of bearings 16 which are mounted on brackets 17 secured to a
      wall 18 by a plurality of rivets 19 or like securing elements. The shaft
      15 has an arm 21 thereon the outer end of which is secured by a pivot 24
      to the end of a piston rod 22 which is movable within a cylinder 23. The
      rear end of the cylinder is secured by a pivot 26 to a bracket 25 which is
      mounted on a transverse wall 27 within the bottom of the fuselage. The
      shaft 15 has a head 28 on each end which are secured by bolts 29 to the
      large end of tapered spars 31 the opposite ends of which has a head 32
      which are bolted or otherwise secured to engines 33 which are supported
      thereby. The outboard side of the engine supports a stub winged section 34
      which is aligned with a wing section 35 when disposed in horizontal
      position. The wing sections 35 are mounted on the spars 31 on a pair of
      bearings 36 and 37. Thrust bearings 38 and 39 are mounted between the ends
      of wing sections 35 and the wing stub sections 13 and the engines 33. The
      wing section 35 is mounted in this manner for free swinging movement with
      a slight preponderance of weight toward the rear wing edge 41 so as to
      have the wing sections assume a substantially vertical position when at
      rest, as shown in the dot and dash line position in FIG. 4. When a takeoff
      is to be made vertically, the spars 31 are rotated 90.degree. to have the
      engines disposed vertically with propellers 42 carried by the engine
      shafts located in an overhead horizontal position so as to provide lift to
      the spars 31 for raising the airplane upwardly from the ground with the
      wing sections in the dot and dash position as illustrated in FIG. 4. After
      the airplane has been raised a sufficient distance the engines are tipped
      forwardly toward the direction in which the airplane is to be flown which
      provides a forward component of movement to the fuselage which causes the
      wing sections 35 to rotate counterclockwise to be in a position to provide
      some lift to the airplane which balances the reduced lift from the
      propellers after being tilted. As the engines are continuously tilted
      toward horizontal position the wings will continue to rotate
      counterclockwise toward a horizontal position to provide maximum lift as
      the propellers no longer produce lift to the airplane. The lift by the
      wing sections 35 increase as they approach a horizontal position and will
      provide a maximum amount of lift and a minimum amount of drag at the wing
      rear edge and therebeyond due to the lack of eddy currents. While the
      rotatable wing sections are illustrated herein in combination with the
      outboard engine supports which are rotatable to move the engine and
      propellers from a horizontal position to a vertical position to function
      as a helicopter, it is to be understood that the wing sections may be
      employed on the wings of an airplane where the engines are mounted on the
      fuselage or tail section or both and may embody the entire length of wing
      or a fractional part thereof. The advantage of the rotatable wing sections
      resides in the maximum lift obtained thereby with the smallest amount of
      drag due to the presence of eddy currents. Such eddy currents occur at the
      rear edge of the wing and therebeyond when the wings are tilted by the
      fuselage from the proper angle of approach for a horizontal or climb
      position.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an airplane construction, a fuselage, a spar extending from each side
      of the fuselage near the bottom thereof, a wing section pivotably mounted
      on each spar with the weight preponderance at the trailing edge which
      extends downwardly, a straight shaft extending across the fuselage,
      enlarged flanges on the ends of said shaft, means for removably securing
      said flanges to the adjacent ends of said spars, power means for rotating
      said shaft through an angle of approximately 90.degree., an engine
      supported on each outer end of the spars which are turned to move the
      engines to and from vertical and horizontal position, propeller means
      supported on the driving shaft of said engines for rotation thereby, and
      thrust bearings provided at each end of the wing sections adjacent to said
      fuselage and said engines.
NUM  2.
PAR  2. In an airplane as recited in claim 1, wherein a first transverse
      partition is provided at the bottom portion of the fuselage, bearing means
      supported by said first partition which supports said straight shaft, said
      power means is a ram, a second transverse partition at the bottom portion
      of the fuselage spaced from said first partition, and pivot means on said
      second partition and said ram with the piston rod thereof extending
      through an aperture through said first partition for rotating said
      straight shaft.
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ABST
PAL  An aircraft has air pumping devices which retain, concentrate and augment
      vorticity shed from a surface of the moving aircraft in such a way as to
      allow the formation of a lift producing and drag reducing free vortex
      which travels along with the aircraft (standing vortex), together with a
      means of supplying thrust for the aircraft. Air flowing past a shield
      which extends upwardly from the forward edge of a horizontal base causes
      the shedding of vorticity of one sign into a cavity-like region formed by
      the shield, base and the housings of a pair of thrusters at the lateral
      edges of the base. Each thruster includes a cylindrical housing open at
      both ends through which air is pumped by a power driven propeller, the
      blades of which rotate in a generally vertical plane, to supply forward
      thrust for the aircraft. Each housing has an opening to the cavity-like
      region forward (or up-wind) of the propeller so that air also is pumped
      from the cavity-like region. This pumping action retains, augments, and
      concentrates the vorticity and results in the formation of the free vortex
      stretching transversely across the cavity-like region. The lift producing
      ability of the free vortex may be further enhanced by an air pumping
      device, preferably a power driven propeller having an inclined shaft
      placed centrally in the cavity-like region which augments the free vortex
      air flow. Alternatively, vorticity shed from a surface of the moving
      aircraft may be retained, concentrated, and augmented to form a free
      vortex by a pair of rotating bladed discs which are placed at inclined
      angles at the edges of the aircraft. The vortex extends from one disc to
      the other. The forward thrust produced by the pumping action of the
      rotating discs may be supplemented by powered propellers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The invention relates to heavier than air aircraft and in particular to
      aircraft not requiring wings to produce the lift. More particularly, the
      invention relates to aircraft in which the lift is produced by a free
      vortex, in combination with forward thrust engines, and in which means are
      provided to generate, intensify, and stabilize the free vortex.
PAR  Description of the Prior Art
PAR  There are countless types and styles of aircraft produced and constructed
      using conventional propeller driven and jet engine driven designs in which
      the lift is produced on the wings of the aircraft by the movements of the
      air currents. Likewise, there are various constructions of wingless
      aircraft usually having a saucer-like shape, such as shown in U.S. Pat.
      Nos. 1,016,359, 3,051,415, 3,054,578, 3,065,935, 3,394,906, 3,508,360,
      3,525,484, 3,568,358 and 3,603,033 in which air currents are produced by a
      propeller or jet engine, which air currents rotate an annular member or
      are deflected by a series of baffles and deflector plates downwardly
      through an open bottom or ducts to provide the lift for the aircraft. Most
      of these types of aircraft are unsuitable for human occupancy due to the
      rotation of the frame or a major portion of the aircraft which is
      necessary to produce the required lift. Therefore, such aircraft have been
      confined to use as toys.
PAR  There also are other styles of aircraft in which a cushion of air is
      provided beneath the craft to support the craft a short distance above the
      ground for movement therealong, as shown in U.S. Pat. Nos. 3,101,125,
      3,488,882 and 3,653,458.
PAR  None of these known types of aircraft use the principle of producing a
      vortex which in turn creates the lift for the aircraft. One known type of
      aircraft using vortex generators is shown in U.S. Pat. No. 3,295,608. The
      vortices created in such a construction, however, must be created in a
      confined or essentially enclosed space, with a boundary surface above and
      below the vortex in order to support the aircraft. Such vortices must
      create an excess pressure under the machine to support it a short distance
      above the ground, as in ground effect machines. However, such a
      construction does not generate a free vortex which enables the aircraft to
      move through the air at great heights without being confined close to the
      ground.
PAR  At low Reynolds numbers a free vortex can be produced above a conventional
      airfoil as shown in Fluid Dynamic Drag, 1965 by Sighard F. Hoerner, pg.
      6-13. An airplane which uses this type of vortex to supplement the lift of
      the wings is described in Soaring magazine, Vol. 37, No. 12, Dec. 1973,
      pgs. 20-23. The vortex, however, is too weak to support an aircraft by
      itself and disintegrates into turbulence at higher Reynolds numbers.
PAR  No aircraft construction of which I am aware, produces lift on the aircraft
      solely by generation of a free vortex together with means of intensifying
      and stabilizing the vortex.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing an aircraft having surfaces
      with relatively sharp edges which may be stationary or moving with respect
      to the frame of the aircraft from which a substantial amount of vorticity
      of one sign is shed even at low air speeds; providing an aircraft having
      an upwardly extending shield on the forward edge of a horizontal base so
      that a horizontal air flow will cause vorticity of one sign to be shed
      into a region over the horizontal base where it will be retained,
      concentrated, and intensified by pumping devices, while varticity of the
      opposite sign is shed from the downwind edge of the base and is not
      captured; providing an aircraft having air pumping devices which retain,
      concentrate, and intensify diffuse vorticity into a strong free vortex
      above the frame of the aircraft, which in turn, produces lift for the
      aircraft; providing an aircraft having a pair of spaced vortex generators
      mounted on angles with respect to the horizontal which produce a free
      vortex extending in a general arcuate manner between the spaced
      generators, and in which the spaced generators intensify the vortex by
      pumping air both into and out of the region where the vortex forms;
      providing an aircraft in which the air pumping devices which retain,
      concentrate, and intensify diffuse vorticity into a strong free vortex by
      pumping air from the region where the vortex forms, also produce the
      forward thrust on the aircraft; providing an aircraft in which the
      intensity of a free vortex is augmented by means of a power driven
      propeller positioned near the vortex; providing an aircraft having air
      pumping devices which retain vorticity shed from a surface or surfaces
      which otherwise would have a large turbulent wake and a correspondingly
      large pressure drag, thus decreasing the size of the wake and the
      magnitude of the drag; providing an aircraft having a non-rotating frame
      thereby being suitable for human occupancy and use; providing an aircraft
      which can have various exterior configurations to provide the desired
      stability and maneuverability thereto, and which can be of a relatively
      simple and inexpensive construction yet provide the desired lift and
      thrust needed for the operation thereof; providing an aircraft having a
      high lift at low airspeeds making it possible to take off and land from a
      short runway; providing an aircraft having a compact size and thus being
      easily stored; providing an aircraft having a vorticity shedding shield
      member with a curved upper edge which conforms closely to the natural
      shape of the free vortex and leads to a more stable free vortex; and
      providing an aircraft having a transverse space between the free vortex
      and the downwind side of the shield from which air can be withdrawn and in
      that way hold the free vortex tightly onto the aircraft.
PAR  These objectives and advantages are obtained by the free vortex aircraft,
      the general nature of which may be stated as including frame means; shield
      means mounted on the frame means to generate and shed a substantial amount
      of vorticity into the air when the aircraft moves forwardly through the
      air; the shield means and frame means providing a vortex forming zone
      downwind of the shield means; a plurality of engine means mounted on the
      frame means to provide thrust for moving the aircraft forwardly through
      the air, and for pumping air from the vortex forming zonee to retain and
      concentrate the vorticity within said zone to form a free vortex of low
      pressure air extending in an arcuate manner across the frame means;
      surface means on the frame means located beneath at least a portion of the
      formed free vortex, on which the free vortex acts to produce lift on said
      aircraft; the engine means including a pair of open-ended cylindrical
      housings mounted on the frame means adjacent the ends of the formed free
      vortex, with propeller means being mounted within the cylindrical
      housings; the shield means having a vertically extending shield member
      terminating in a top sharp edge, said shield member extending transversely
      across the frame means between the cylindrical housings; the frame means
      further including a generally flat horizontal base extending rearwardly or
      downwind from the vertical shield member; opening means formed in the
      cylindrical housings communicate with the vortex forming zone, through
      which opening means air is pumped from the core of the vortex by the
      propeller means; and vortex augmentor means mounted on the base between
      the cylindrical housings and rearwardly of the vortex forming zone to
      increase the airflow into the vortex. Alternately, the engine means may
      include a pair of inclined spaced discs having blades mounted thereon with
      the free vortex extending in an arcuate manner between the discs, with the
      discs providing a portion of the surface on which the vortex acts to
      produce the lift on the aircraft.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention -- illustrative of the best mode in
      which applicant has contemplated applying the principles -- are set forth
      in the following description and shown in the drawings and are
      particularly and distinctly pointed out and set forth in the appended
      claims.
PAR  FIG. 1 is a top plan view showing the first embodiment of the improved
      aircraft construction;
PAR  FIG. 2 is a front elevation of the aircraft shown in FIG. 1;
PAR  FIG. 3 is a rear elevation of the aircraft shown in FIGS. 1 and 2;
PAR  FIG. 4 is a side elevational view looking in the direction of Arrows 4--4,
      FIG. 1;
PAR  FIG. 5 is a sectional view taken on line 5--5, FIG. 1;
PAR  FIG. 6 is a fragmentary top plan view of a modified form of the aircraft
      construction shown in FIG. 1, with the vortex augmentor removed;
PAR  FIG. 7 is a fragmentary sectional view taken on line 7--7, FIG. 6;
PAR  FIG. 8 is a fragmentary diagrammatic view similar to FIG. 1 showing the
      generation of the free vortex;
PAR  FIG. 9 is a fragmentary diagrammatic view similar to FIG. 3 showing an
      elevational view of the free vortex of FIG. 8;
PAR  FIG. 10 is a fragmentary diagrammatic view similar to FIG. 9 showing the
      generation of the free vortex for the aircraft construction shown in FIG.
      6;
PAR  FIG. 11 is a fragmentary diagrammatic sectional view taken on line 11--11,
      FIG. 8 showing the airflow before the vortex has formed and with the
      vortex augmentor removed;
PAR  FIG. 12 is a fragmentary diagrammatic sectional view similar to FIG. 11
      showing the airflow after the vortex has formed, and with the vortex
      augmentor removed;
PAR  FIG. 13 is a fragmentary diagrammatic sectional view similar to FIG. 12
      showing the airflow and vortex formed with the vortex augmentor being
      used;
PAR  FIG. 14 is a top plan view showing a second embodiment of the free vortex
      aircraft;
PAR  FIG. 15 is a front elevational view of the aircraft shown in FIG. 14;
PAR  FIG. 16 is a rear elevational view of the aircraft shown in FIGS. 14 and
      15;
PAR  FIG. 17 is an end elevation looking in the direction of Arrows 17--17, FIG.
      14, with the aircraft being shown in at-rest position with the front end
      elevated;
PAR  FIG. 18 is a sectional view taken on line 18-18, FIG. 14;
PAR  FIG. 19 is a fragmentary sectional view taken on line 19--19, FIG. 16;
PAR  FIG. 20 is a general diagrammatic rear elevational view similar to FIG. 16
      showing the generated free vortex;
PAR  FIG. 21 is a fragmentary diagrammatic top plan view similar to FIG. 14
      showing generation of the free vortex;
PAR  FIG. 22 is an enlarged diagrammatic view showing one of the vortex
      generators and the associated airflow producing the free vortex for the
      embodiment shown in FIGS. 14-21;
PAR  FIG. 23 is a fragmentary diagrammatic sectional view of the air flow taken
      on line 23--23, FIG. 21 before the vortex has formed; and
PAR  FIG. 24 is a fragmentary diagrammatic sectional view similar to FIG. 23
      showing the air flow and generated vortex.
PAR  Similar numerals refer to similar parts throughout the drawings.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment
PAR  The preferred construction of the aircraft of the invention is indicated
      generally at 1, and is shown particularly in FIGS. 1, 2 and 3. Aircraft 1
      includes a frame 2, a base 3 and a shield 4. Base 3 is a flat, horizontal,
      arcuate-shaped member with a relatively sharp trailing edge 3a. Shield 4
      includes a rearwardly curved, rearwardly sloping shield member 4a having a
      vertically extending, arcuate-shaped upper section 4b with a relatively
      sharp top edge 4c (FIG. 4). Shield 4 extends along the forward or upwind
      end of base 3.
PAR  A pair of spaced horizontally extending members 5 are mounted on base 3 and
      extend forwardly from base 3 and shield 4 to provide a supporting
      structure for a pilot, shown diagrammatically in dot-dash lines, FIG. 4. A
      front control surface 6 is pivotally mounted on the forward end of members
      5.
PAR  A wheel 7 is rotatably mounted on a front wheel support member 7a which
      extends downwardly from the forward ends of members 5 to support the front
      portion of aircraft 1 when the aircraft is not in flight. A pair of wheels
      8 and 9 are rotatably mounted on support members 8a and 9a, respectively,
      which extend downwardly from the bottom of base 3 for supporting the rear
      portion of aircraft 1. Various other styles and arrangements of frame
      members 5, control surface 6, and support wheels 7, 8 and 9 may be
      employed and used in the construction of aircraft 1 without departing from
      the concept of the invention. Also, other control and stabilizing surfaces
      than those illustrated may be needed to insure a stable and controlled
      flight, but form no part of the invention.
PAR  A vortex augmentor, indicated generally at 10 is mounted centrally on base
      3. Augmentor 10 is shown in the drawings as an engine driven propeller
      arrangement having an engine 11 (FIG. 5) which rotates a shaft 12 and a
      propeller 13. Engine 11 may be supported on base 3 by a U-shaped mounting
      bracket 14. Shaft 12 extends in a generally vertical direction, and
      preferably is inclined at a slight angle, as shown in FIG. 5, the purpose
      of which is discussed below.
PAR  Thruster assemblies, indicated generally at 15 and 16, are mounted on the
      ends of base 3. Assemblies 15 and 16 are similar in construction and
      operation, thus only assembly 15 is discussed in detail. Assembly 15
      includes a cylindrical housing 17 with its longitudinal axis 18 extending
      generally parallel to the longitudinal axis 19 of frame 2. A propeller 20
      is mounted within cylinder 17 by supporting brackets 21 and is rotatably
      driven by an engine 22 in order to thrust air towards the rear. The
      propeller of assembly 16 also must thrust air toward the rear when
      rotated.
PAR  Openings 23 and 24 (FIGS. 1, 5 and 7) are formed in cylinders 17 of
      thruster assemblies 15 and 16, respectively, adjacent top surface 25 of
      base 3 at the forward end thereof adjacent shield 4. Fins 26 and 27 also
      may be mounted on top of cylinders 17 and extend upwardly therefrom to
      provide additional stabilizing and (if movable) maneuvering means for
      aircraft 1. Fins 26-27 and cylinders 17 act as "flow fences" and allow a
      stronger vortex to be created by preventing air from entering the vortex
      region 31 from the sides of the aircraft.
PAR  Inside each thruster cylinder 17, just forward (upwind) of openings 23 and
      24 a partial choke 29 is placed (FIG. 2), the purpose of which is to
      increase the rate at which air is pumped by the thrusters through the
      openings 23 and 24 from region 31 where the vortex forms by blocking a
      portion of the airflow through the front of the housing. Region 31 is
      defined by the rear portion of shield 4 and the housings of thruster
      assemblies 15 and 16.
PAR  Vortex augmentor 10 need not be used in aircraft 1 for satisfactory
      operation thereof, but can be omitted as shown in a slightly modified
      aircraft construction indicated generally at 34, and shown in FIGS. 6 and
      7. Vortex augmentor 10 merely increases the strength of the vortex being
      produced. Aircraft 34 is similar to aircraft 1 except for removal of
      vortex augmentor 10 and thus, need not be described in detail.
PAR  First consider the operation of the aircraft without the vortex augmentor
      10, as shown diagrammatically in FIG. 11. When the aircraft moves through
      the air, vorticity 32 of one sign (assume positive) is shed from the
      relatively sharp edge 4c at the top of shield 4 past the vortex region 31,
      while a corresponding amount of vorticity 33 of negative sign is shed from
      the relatively sharp trailing edge of base 3a. The positive vorticity 32
      is retained and concentrated onto a strong, lift producing vortex 28 (FIG.
      12) by the vortex stretching action of the pumping of the air from the
      vortex region 31 through the openings 23 and 24 in the thrusters 17. The
      negative vorticity 33 is washed downstream in the wake 86. Air pumped from
      the vortex region is expelled downstream from the thrusters 15 and 16 and
      forms the trailing vortices 87 (FIGS. 9 and 10). There also is
      reattachment of a streamline 88 (FIG. 12) near the trailing edge 3a of the
      base 3. This results in a small wake 86 and thus, there is very little
      pressure drag. Outside air 89 is deflected by the low pressure region
      above the vortex and the reaction to this gives the lift on the aircraft.
PAR  The vortex 28 forms just downwind of the arcuate-shaped upper section 4b of
      the shield 4. As the speed of the aircraft is increased the rate at which
      air is pumped from the vortex region 31 may have to be increased in order
      to prevent the vortex from blowing off the aircraft. The reason for the
      rearwardly sloping shield member 4a is to enlarge the vortex region 31
      upwind of the vortex (between the vortex and the downwind side of the
      shield), creating a space from which air is withdrawn to hold the vortex
      more tightly onto the aircraft. By using the thrusters 15 and 16 to pump
      air from the vortex region 31 as well as to supply forward thrust to the
      aircraft, these two functions may be correlated automatically to prevent
      the vortex from blowing off the aircraft up to the maximum speed of the
      aircraft.
PAR  The strength of the vortex may be increased by a vortex augmentor 10 (FIGS.
      1, 3, 5 and 13). The vortex augmentor is mounted centrally on the base 3
      and tilted so that it will thrust in the direction of the vortex airflow
      and increase the velocity of the air circulating around the vortex core
      30. It also draws air into the vortex which ordinarily would not go into
      the vortex (e.g., streamline 90, FIGS. 9 and 13) and sheds vorticity 91
      into the core, from the boundary layer of the propeller, where it
      increases the strength of the vortex 28.
PAC  Second Embodiment
PAR  A modified form of the improved aircraft construction which generates a
      free vortex to produce the lift therefor, is indicated generally at 35,
      and is shown in FIGS. 14-18. Aircraft 35 includes an outer frame 36 having
      a flat bottom wall 37 (FIG. 18) which terminates in a rounded front end or
      nose 38. A smooth top wall 39 extends upwardly rearwardly from rounded
      nose 38 and terminates generally intermediate the front and rear of the
      aircraft.
PAR  Downwardly, inclined side walls 40 and 41 (FIG. 15) extend between bottom
      and top walls 37 and 39 and enclose the front or nose section of aircraft
      35. Side walls 40 and 41 extend throughout the length of bottom wall 37
      beyond top wall 39 and form a free vortex generating area, indicated
      generally at 42, adjacent the rear portion of the aircraft. Area 42 is
      defined by the rear portions of side walls 40 and 41 and the rear portion
      of bottom wall 37 and the rear portion of shield 44.
PAR  A reinforcing base 43 (FIGS. 16 and 18) may be mounted on the rear portion
      of bottom wall 37 within the vortex area 42, and terminates in an
      upwardly, concavely curved forward shield wall 44. Shield wall 44 also
      forms the rear wall of the aircraft nose section. Side wall reinforcing
      members 45 and 46 (FIGS. 14 and 18) may be mounted on the rear portions of
      side walls 40 and 41, and are formed with circular top edges 47 and 48,
      respectively.
PAR  A front wheel support member 49 is mounted on and extends downwardly from
      bottom wall 37 with a wheel 50 rotatably mounted thereon. A pair of
      intermediate wheels 51 also are mounted on the ends of support members 52
      which extend downwardly from aircraft frame 36. Wheels 51 together with a
      pair of rear wheels 53 and front wheel 50 form the means for supporting
      aircraft 35 when not in flight, and permit movement of the aircraft along
      the ground during take-off and landing procedures.
PAR  In accordance with the invention, a pair of vortex generators indicated at
      54 and 55 are mounted on side wall reinforcing members 46 and 45,
      respectively. Generators 54 and 55 are similar and each includes a
      circular disc 56 having a plurality of generally radially extending curved
      blades 57 mounted on the top surface of disc 56. Discs 56 are rotatably
      supported on side wall 40 and 41 by bearings 58 (FIG. 16) and are
      rotatably driven in opposite directions (generator 54-counterclockwise,
      and generator 55-clockwise, when viewed from above as in FIG. 14) by
      engines 59.
PAR  A baffle plate 60 is mounted on bottom wall reinforcing base 43 and is
      spaced above base 43 by a longitudinally extending baffle support brace
      61. Baffle 60 forms an air passage 62 open at both ends and sides between
      the top surface of base 43 and the bottom surface of baffle 60 (FIG. 18).
      Baffle 60 preferably has a downwardly curved rear end section 63 which
      helps to reduce drag on the aircraft during flight.
PAR  A pair of outrigger brace assemblies, indicated generally at 64 and 65 are
      mounted on and extend outwardly from side walls 40 and 41, respectively,
      for supporting thrust engines 66 and 67 mounted thereon. Outrigger
      assemblies 64 and 65 are similar and include a main support beam 68 which
      extends transversely across aircraft frame 36 and is mounted on the bottom
      surface of bottom wall 37. Intermediate wheels 51 preferably are mounted
      on beam 68.
PAR  A pair of braces 69 extend generally vertically upwardly from the ends of
      beam 68, and are connected to side walls 40 and 41 by diagonal braces 70.
      Thrust engines 66 and 67 are mounted on braces 69 by support brackets 71
      (FIG. 17) which are attached by struts 72 to walls 40 and 41. Propellers
      73 and 74 are rotatably mounted on and are driven by thrust engines 66 and
      67, respectively, to produce the forward thrust for aircraft 35. Engines
      66 and 67, as well as engines 59, may be usual internal combustion gas
      driven engines, electric motors, jet engines or the like.
PAR  Various styles and arrangements of control and stabilizing surfaces may be
      employed and used in the construction of aircraft 35 without departing
      from the concept of the invention.
PAR  Operation of aircraft 35 is similar to the operation of aircraft 1
      described above in that a free vortex is produced which provides the lift
      for the aircraft. Aircraft 35 differs somewhat from aircraft 1 in the way
      the three features - thrust production, pumping air from the region where
      the vortex forms, and vortex augmentation - are combined. In aircraft 1,
      thrust production and pumping air from the region where the vortex forms
      are combined into one process, performed by the thrusters 15 and 16, while
      vortex augmentation, when used, is a separate process, performed by the
      vortex augmentor 10. In aircraft 35, pumping air from the region where the
      vortex forms and vortex augmentation are combined into one process,
      performed by the vortex generators 54 and 55 while generation of most of
      the thrust is a separate process, performed by the propellers 73 and 74.
PAR  FIGS. 20-24 show diagrammatically the manner of producing the free vortex
      and the resulting lift for the aircraft 35. As the aircraft moves through
      the air, vorticity 75 (assume positive) similar to vorticity 32 of
      aircraft 1, is shed from the downwind edge of the top wall 39 into the
      vortex region 42. A corresponding amount of negative vorticity 76 is shed
      from the trailing edge of the aircraft (FIG. 23) as described above for
      vorticity 32 and 33 of aircraft 1. The positive vorticity 75 is retained
      and concentrated into a strong free vortex 77 similar to vortex 28 (FIG.
      24) in the vortex region 42 by the pumping action of the vortex generators
      54 and 55 (which resemble centrifugal pumps in their operation) while the
      corresponding negative vorticity 76 is washed away in the wake 78.
PAR  When observed by means of smoke introduced into the region 42 where the
      vortex forms, the vortex core 79 appears to touch down on the upwind half
      of each vortex generator, where air is pumped from it and its surroundings
      and thrown downstream to form the trailing vortices 80, as shown in FIG.
      22 for vortex generator 55. The thrown off air generates some forward
      thrust. At the same time the vortex is augmented by outside air 81 (FIGS.
      20 and 21) which enters the vortex generator on its downward half and is
      thrown generally upwind 82 through the air passage 62 and into the vortex.
      The airflow about the aircraft 35 (FIG. 24) is generally the same as the
      airflow about aircraft 1. A streamline 84 attached to the rear of the
      aircraft 35 insures a relatively small pressure drag. Lift results from
      the deflection of additional outside air 83 by the low pressure region
      above the vortex.
PAC  IN GENERAL
PAR  Four important features are required to generate the lifting free vortex
      for the operation of aircraft 1 and 35 shown in the drawings and described
      above.
PAR  First, means are required to set the aircraft into forward motion as done
      by the thrusters 15 and 16 of aircraft 1 and the thrust engines 66 and 67
      of aircraft 35.
PAR  Second, means are required to use the forward motion of the aircraft to
      generate and shed a substantial amount of vorticity into the air. This is
      accomplished in aircraft 1 by the shield 4 and in aircraft 35 by the top
      wall 39 of the front of the aircraft and the top of the shield 44.
PAR  Third, means are required to pump air from spaced locations downwind of the
      vorticity shedding means in order to retain and concentrate the vorticity
      into a strong free vortex of low pressure air extending in an arcuate
      manner between the pumping locations. This is accomplished in aircraft 1
      by the thrusters 15 and 16 which pump air through the holes 23 and 24, and
      in aircraft 35 by the vortex generators 54 and 55.
PAR  Fourth, means are required to transfer the lift force generated by the free
      vortex to the aircraft. The lift force manifests itself as a lowering of
      the air pressure above any surface beneath the vortex. The pressure is
      especially low where the vortex core closely approaches a surface. In
      aircraft 1, the entire top surface 25 of base 3 has low pressure above it,
      especially near the holes 23 and 24 where the vortex core is closest to
      the surface. In aircraft 35, the vortex extends between the vortex
      generators 54 and 55 (FIG. 20) so that the pressure is lowest above the
      circular discs 56 of the vortex generators. The pressure is low above the
      baffle plate 60.
PAR  The strength of a vortex, hence its lifting ability, can be increased by
      means which increase the vorticity contained in the vortex. In aircraft 1,
      the vortex augmentor 10 pumps air with vorticity 91 into the vortex, and
      in aircraft 35, the vortex generators 54 and 55 pump air with vorticity 82
      into the vortex, increasing the strength of the vortex in both cases.
PAR  Furthermore, as aircraft 1 and 35 move forwardly, the air above them,
      indicated at 89 and 83, respectively, is deflected downwardly by the
      vortex, which downward movement of air is the ultimate source of the lift
      force. Likewise, the small pressure drag of aircrafts 1 and 35 is due to
      the reattachment of the streamlines 88 and 84 near the trailing edges of
      the aircraft which results in the small wakes 86 and 78.
PAR  Accordingly, the free vortex aircraft construction provides a wingless
      aircraft which can have various simple external configurations, and in
      which the frame is non-rotating thereby being suitable for human
      occupancy; which provides an aircraft which uses the principle of a free
      vortex to provide the lift for the aircraft, with means being provided for
      pumping air from the core of the vortex to increase the strength thereof
      and the resulting lift, and in which the vortex pumping means also can
      supply simultaneously the forward thrust to the aircraft; and provides
      such a construction which is effective, safe, inexpensive, and efficient
      in assembly, operation and use, and which achieves all the enumerated
      objectives, provides for eliminating difficulties encountered with prior
      devices, and solves problems and obtains new results in the art.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art, because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details of the construction shown or described.
PAR  Having now described the features, discoveries and principles of the
      invention, the manner in which the improved free vortex aircraft is
      constructed, assembled and operated, the characteristics of the new
      construction, and the advantageous, new and useful results obtained; the
      new and useful structures, devices, elements, arrangements, parts and
      combinations are set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Free vortex aircraft construction including
PA1  a frame means;
PA1  b shield means mounted on the frame means to generate and shed a
      substantial amount of vorticity into the air when the aircraft moves
      forwardly through the air;
PA1  c the shield means and frame means providing a vortex forming zone downwind
      of the shield means;
PA1  d a plurality of engine means mounted on the frame means to provide thrust
      for moving the aircraft forwardly through the air, and for pumping air
      from spaced locations in the vortex forming zone to retain and concentrate
      the vorticity within said zone to form a free vortex of low pressure air
      extending in an arcuate manner across the frame means; and
PA1  e surface means on the frame means located beneath at least a portion of
      the spaced pumping locations, on which the free vortex acts to produce
      lift on said aircraft.
NUM  2.
PAR  2. The construction defined in claim 1 in which the shield means has a
      sharp top edge to increase the vorticity shed by the shield means into the
      vortex forming zone.
NUM  3.
PAR  3. The construction defined in claim 1 in which the surface means includes
      additional portions located rearwardly of the shield means; and in which
      said additional portions extend generally throughout the length of the
      vortex forming zone and beneath the free vortex.
NUM  4.
PAR  4. The construction defined in claim 1 in which the shield means includes a
      generally vertically extending shield member; in which said shield member
      extends between certain of the engine means; and in which said shield
      member terminates in a sharp top edge.
NUM  5.
PAR  5. The construction defined in claim 1 in which the frame means includes a
      generally flat horizontal base; in which said base is located rearwardly
      of the shield means; and in which said base extends between certain of the
      engine means.
NUM  6.
PAR  6. The construction defined in claim 5 in which the base and shield means
      forms a cavity-like region downwind of the shield means and upwind of the
      free vortex; and in which said certain of the engine means are mounted on
      the frame means adjacent said cavity-like region and are adapted to
      withdraw air from the cavity-like region to hold the vortex tightly onto
      the aircraft within the vortex forming zone.
NUM  7.
PAR  7. The construction defined in claim 1 in which vortex augmentor means is
      mounted on the frame means; and in which said augmentor means increase the
      flow of air into the vortex forming zone and the resulting free vortex
      formed by the shield means and engine means.
NUM  8.
PAR  8. The construction defined in claim 7 in which the vortex augmentor is
      located downwind of the vortex forming zone.
NUM  9.
PAR  9. The construction defined in claim 7 in which the vortex augmentor means
      includes a power driven propeller mounted on a generally vertically
      extending shaft; and in which said augmentor means is located generally
      intermediate certain of the engine means and rearwardly of the vortex
      forming zone.
NUM  10.
PAR  10. The construction defined in claim 1 in which the engine means includes
      a pair of thruster engine assemblies; in which said thruster engine
      assemblies each include a cylindrical housing open at both ends; in which
      engine driven propeller means is mounted within each of said housings; in
      which opening means is provided in each of the cylindrical housings
      adjacent the vortex forming zone; and in which the propeller means
      provides both the forward thrust for the aircraft and pumps air from the
      vortex forming zone through the housing opening means.
NUM  11.
PAR  11. The construction defined in claim 1 in which the engine means includes
      thruster engine means for moving the aircraft forwardly through the air,
      and spaced pumping engine means for pumping air from the vortex forming
      zone.
NUM  12.
PAR  12. The construction defined in claim 11 in which the pumping engine means
      includes a pair of engine driven bladed discs, rotatably mounted on the
      frame means at an inclined position adjacent the ends of the vortex
      forming zone.
NUM  13.
PAR  13. Aircraft construction including:
PA1  a frame means having a generally horizontal base;
PA1  b a pair of spaced thruster assemblies mounted on the frame means for
      providing forward thrust and movement of the aircraft through the air;
PA1  c shield means mounted on the frame means forwardly of the base and
      extending upwardly with respect to the base, said shield means being
      adapted to generate and shed vorticity into the air as the aircraft moves
      forwardly through the air;
PA1  d the shield means and base forming a vortex forming zone extending
      transversely between the thruster assemblies;
PA1  e each thruster assembly including a cylindrical housing open at both ends,
      and engine means mounted within the housing for drawing air through said
      housing for moving the aircraft forwardly through the air;
PA1  f opening means formed in each of the cylindrical housings and
      communicating with the vortex forming zone;
PA1  g the thruster assembly engine means also being adapted to pump air from
      the vortex forming zone through the opening means to retain, concentrate
      and form the vorticity within said zone into a strong free vortex which
      extends in an arcuate manner between said opening means; and
PA1  h the base providing a surface which extends beneath at least a portion of
      the formed vortex, on which the vortex acts to produce lift on the
      aircraft.
NUM  14.
PAR  14. The construction defined in claim 13 in which the thruster engine means
      is an engine driven propeller having generally vertically extending
      blades; and in which the propeller blades are located rearwardly of the
      cylindrical housing opening means.
NUM  15.
PAR  15. The construction defined in claim 14 in which the thruster engine means
      includes choke means mounted on the cylindrical housings to block a
      portion of the airflow through the front open end of said housings.
NUM  16.
PAR  16. The construction defined in claim 13 in which the shield means has a
      sharp top edge to increase the vorticity shed by the shield means into the
      vortex forming zone.
NUM  17.
PAR  17. The construction defined in claim 13 in which vortex augmentor means is
      mounted on the frame means to increase the flow of air into the vortex
      forming zone; in which the augmentor means includes an engine driven
      propeller, said propeller being adapted to be rotated in a generally
      horizontal plane; and in which the propeller is located generally
      rearwardly of the vortex forming zone and intermediate the thruster
      assemblies.
NUM  18.
PAR  18. The construction defined in claim 13 in which the shield means includes
      a rearwardly curved, rearwardly sloping member and a vertically extending,
      arcuate-shaped upper section; and in which said upper section terminates
      in a sharp top edge.
NUM  19.
PAR  19. The construction defined in claim 13 in which fin means is mounted on
      top of each of the cylindrical housings of the thruster assemblies; and in
      which said fin means block a portion of the surrounding air from entering
      the vortex forming zone to enable a stronger vortex to be created.
NUM  20.
PAR  20. Aircraft construction including:
PA1  a. frame means;
PA1  b. thruster engine means mounted on the frame means for providing forward
      thrust and movement to the aircraft;
PA1  c. shield means mounted on the frame means, said shield means being adapted
      to generate and shed a substantial amount of vorticity as the aircraft
      moves through the air into a vortex forming zone formed in the downwind
      side of the shield means;
PA1  d. a pair of spaced air pumping means mounted on the frame means to pump
      air from the vortex forming zone to form, concentrate and retain a free
      vortex within said zone with said vortex extending in an arcuate manner
      between the pumping means;
PA1  e. the pumping means each including an engine driven disc having blade
      means mounted on the disc, said disc being rotatably mounted on the frame
      means downwind of the shield means and adjacent the vortex forming zone
      with the discs being mounted at downwardly inwardly extending positions,
      and with the vortex extending from one disc to the other; and
PA1  f. the disc providing surface means on which the vortex acts to produce
      lift on the aircraft.
NUM  21.
PAR  21. The construction defined in claim 20 in which the thruster engine means
      includes a pair of propeller driven engines, each of which is mounted
      adjacent to and outboard of one of the blade disc air pumping means.
NUM  22.
PAR  22. The construction defined in claim 20 in which the frame means includes
      a generally horizontal base extending between the pair of bladed discs and
      rearwardly of the shield means; and in which the base provides additional
      surface means on which the vortex acts to produce lift on the aircraft.
NUM  23.
PAR  23. The construction defined in claim 22 in which baffle means is mounted
      on the base; and in which the baffle is mounted in spaced relationship
      above the base and forms an air passage open at both ends and sides
      between the base and baffle means to assist in increasing the airflow into
      the vortex forming zone.
NUM  24.
PAR  24. The construction defined in claim 22 in which the base terminates in a
      sharp trailing edge to assist in reducing drag on the aircraft.
NUM  25.
PAR  25. The construction defined in claim 20 in which the frame means includes
      a front nose section having a generally flat bottom wall and an upwardly,
      rearwardly extending top wall; and in which said top wall forms a portion
      of the shield means.
NUM  26.
PAR  26. The construction defined in claim 25 in which the shield means further
      includes a concavely curved shield wall portion.
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PAL  Pressure relief louvers for preventing damage to a combat aircraft in the
      event of an explosion resulting from an accumulation of gun gases in the
      gun bay. The pressure relief louvers are flush mounted relative to the
      aircraft outside surface and are hinged along their lower edges
      longitudinally of the aircraft, in the gun bay door. They are normally
      held closed by magnetic action, opening only as the result of a high
      pressure buildup within the gun bay. The normal upward component of
      in-flight air flow over the gun bay doors closes the louvers after the
      internal pressure subsides.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of contract No.
      F-33657-74-C-0041 with the United States Air Force.
BSUM
PAR  This invention relates to aircraft armament installations and more
      particularly to pressure relief louvers which provide instantaneous
      pressure relief in the gun bay of a combat aircraft in the event of an
      in-flight gun gas explosion. Gun bays of present combat aircraft are
      purged of gun gas by ram air openings when the aircraft is in flight and
      are open to the atmosphere by opening one or more large gun bay doors on
      the side of the aircraft adjacent to the guns when the aircraft is
      required to test fire its guns on the ground.
PAR  In-flight ram air is provided by the actuation of ram air inlet and outlet
      air scoops located beneath the forward and aft end, respectively, of the
      gun bay. Air from the forward scoop is forced through the gun bay, at
      critical locations of gun gas leakage and accumulation, flows aft through
      the gun bay and exits from the bottom of the aircraft by means of the aft
      scoop.
PAR  A potential for explosion exists when one or both of the scoops fail to
      operate properly or there is an excessive amount of gun gas accumulation
      due to a faulty gun breach or seal. Gun gas explosions in combat aircraft
      have in the past damaged the structural integrity of the aircraft.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  My invention relates to pressure relief louvers incorporated in the gun bay
      doors on the outer surface of the aircraft fuselage, for example. The
      louvers provide pressure relief in the event of a pressure buildup due to
      a gun gas explosion and thereby prevent structural damage to the aircraft.
PAR  Each pressure relief louver is essentially a narrow panel hinged along its
      lower edge which extends longitudinally of the aircraft, and is normally
      retained in the closed position, preferably by magnets located within the
      gun bay. The magnets coact with armature strips attached to the inside
      surface of the louvers and maintain the holding force necessary for proper
      operation of the louvers. A plurality of louvers may be arranged one above
      another.
PAR  It is an object of the present invention to provide a low cost highly
      reliable pressure relief system for an aircraft gun installation.
PAR  Another object of the invention is to provide an instantaneous pressure
      relief system which will automatically open instantaneously as pressure
      builds up due to an aircraft gun gas explosion and will automatically
      close when the pressure returns to normal. The closing is achieved
      initially by the normal direction of air flow across the louvers when in
      flight.
PAR  A further object is to provide such a pressure relief system with a minimum
      of parts and which excludes all mechanical and electrical actuating
      devices.
DRWD
PAR  These and other objects achieved by my invention will become apparent when
      read with the accompanying drawings and detailed description of a specific
      embodiment of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an aircraft forward section showing an
      example of the general arrangement of louvers in a gun bay door, with the
      louvers open.
PAR  FIG. 2 is a detailed perspective diagram of the upper gun bay louver in an
      open position, showing its installation.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1, showing the
      louvers partly open.
PAR  FIG. 4 is a sectional view similar to FIG. 3, showing the louvers in their
      closed position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, firing of guns 1 and 2 is controlled by a trigger
      switch on the control stick (not shown) of an aircraft 3. The trigger
      switch has two definite positions, first detent and second detent. The
      first detent activates a conventional gun gas purging system by opening a
      forward ram air scoop 4 and an aft air exit door 5. The second detent
      position of the trigger fires the guns.
PAR  Individual pressure relief systems exist for each gun in addition to scoop
      4 and exit door 5 and are in no way interconnected; therefore the detailed
      description of the invention is directed to a left gun bay 6. It is
      understood that a right gun bay 7 has similar provisions as the left gun
      bay 6.
PAR  After gun firing, the forward scoop 4 and aft air exit door 5 are normally
      held open by time-delay means to allow gun gas escape prior to closing.
PAR  A large gun bay door 8 is removably attached to the aircraft 3 adjacent to
      the gun bay 6. Pressure relief louvers 11, 12 and 13 in the door 8 are
      shown in an open position such as would be the case during an explosion in
      gun bay 6.
PAR  FIGS. 1 and 2 show that gun bay door 8 is provided with a rectangular
      cutout 15 extending through an outer metal door cover 16. Each end of
      cutout 15 extends to a point which exposes a portion of forward and rear
      door stiffeners 17 and 18, thereby providing side stops 19 for flat
      pressure relief louvers 11, 12 and 13, which are each a single continuous
      piano hinge segment hinged about continuous hinge pins or wires 14, 14a
      and 14b, respectively. Extending longitudinally in relation to cutout 15
      are structural braces 26, 27, 28, and 29. Each brace has one of its ends
      attached to forward door stiffener 17 and its other end attached to rear
      door stiffener 18. A portion of the end of the inturning hinge bead and of
      the hinge pin are removed from each end of the louvers to clear the
      stiffeners 17 and 18, as shown by the broken away corner of the louver 11
      in FIG. 2. This allows a perfectly flat fit of the louvers against the
      stiffeners 17 and 18.
PAR  Now referring also to FIG. 3, structural brace 26, in addition to being
      attached to door stiffeners 17 and 18, is attached to outer cover 16 in a
      structural relationship which provides a top stop surface 31 for the upper
      pressure relief louver 11. A lower piano hinge part 20 of hinge 14 is
      fixed to structural brace 27 which also provides a top stop surface 32 for
      pressure relief louver 12. Lower hinge part 20 of course carries the hinge
      pin 14 also. A lower hinge part 21 of hinge 14a is fixed to structural
      brace 28 which provides a top stop surface 33 for pressure relief louver
      13. A lower part 22 of hinge 14b is fixed to structural brace 29 which is,
      in turn, also attached to outer cover 16.
PAR  Permanent magnet assemblies 35 are attached as by bolts at three locations
      along each of the lower surfaces of structural braces 26, 27 and 28. Each
      magnet assembly 35 consists of a permanent magnet bonded to a steel pole
      piece or pieces having mounting holes therein. The entire assembly 35
      except for the magnetic contacting surface 39 is housed in an open-face
      fiberglass box 40. In this particular application of the present
      invention, the pressure relief louver is manufactured from a non-magnetic
      material; therefore, armatures 36 of sheet steel are attached as by
      riveting or bonding to the inner surface of each pressure relief louver
      11, 12 and 13 near the top thereof in an opposing relationship to magnet
      assemblies 35 and provide the magnetic attraction required for proper
      operation of the present invention. It is possible, however, to have the
      locations of the magnets and armatures reversed.
PAR  Each of the permanent magnet assemblies 35 is set back toward the inside of
      gun bay 6 a distance which assures that when armatures 36 are in contact
      with magnetic contacting surfaces 39, pressure relief louvers 11, 12 and
      13 form a flush surface in relation to outer metal cover 16, as shown in
      FIG. 4.
PAR  Thus it is seen that a very simple, reliable and fast-acting pressure
      relief means is provided by this invention. Since the louvers are of
      single-piece piano-hinge type fabrication, there is a continuous hinge
      connection along the louver. Of course, an alternate construction could
      use a single separate hinge at each end, or with one added at the center
      of the louver hinge line, but this would be more complex and might result
      in a bowing out of the louver between the hinge points with the more
      intense explosions. Further, spring-loaded hinges might be used but they
      are also more complex and result in too high a closing force when wide
      open, thereby not venting the explosion as thoroughly as the magnetic
      holders do. In one embodiment of the present louver (approximately 20
      inches long and 11/2 inches wide) using the preferred magnetic latches,
      the louvers open 30.degree. in 18 milliseconds or less, for example, in
      the event of a gun gas explosion, while providing a holding force of about
      100 pounds in the closed louver position. If an electrically operated
      louver latch release system were employed, the time delay would be too
      great. The hinge center-line must be approximately a straight line, of
      course, to allow free opening movement for as far as necessary.
PAC  MODE OF OPERATION OF INVENTION
PAR  In the event of a low level explosion in gun bay 6 for which the airflow
      purge scoop 4 and air exit 5 are inadequate, pressure relief louvers 11,
      12 and 13 will automatically open to approximately the position shown in
      FIG. 3. They will still be within magnetic pull range of permanent magnets
      35 and urged to the closed position shown in FIG. 4 as the pressure in gun
      bay 6 subsides. This prevents structural damage to the gun bay door 8 and
      other aircraft parts.
PAR  In the event a stronger explosion in gun bay 6 forces the pressure relief
      louvers 11, 12 and 13 out of the magnetic range of permanent magnets 35,
      they will be moved toward a closed position by an upward component of the
      normal air flow around the aircraft body and be returned to the closed
      position by the magnetic attraction of permanent magnets 35 once they are
      within the magnetic field.
PAR  It is understood that various changes in the detail, materials and
      arrangement of parts, which have been herein described and illustrated in
      order to explain the nature of the present invention, may be made by those
      skilled in the art within the principle and scope of the invention as
      expressed in the appended claims without departing from the spirit of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an aircraft having a gun bay and gun bay door in the
      side thereof; pressure relief means comprising:
PA1  a. means defining a cutout in said gun bay door;
PA1  b. a continuous hinge having an upper and a lower section hinged together
      by a continuous hinge pin;
PA1  c. said lower section being fixed to said gun bay door in the lower portion
      of said cutout and forming a flush outer surface with said gun bay door;
PA1  d. said upper section dimensioned to cover the upper portion of said cutout
      when in a closed position and rotatable outwardly and downwardly to an
      open position during internal pressure buildup within said gun bay due to
      gun gas explosion;
PA1  e. said upper section being automatically moved toward said closed position
      by normal in-flight upward flow of air around said gun bay door, as said
      pressure subsides; and
PA1  f. holding means to maintain said upper section in said closed position
      flush with the outer surface of said door under normal flight conditions.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said holding means comprises
      a magnet attached within said gun bay, and magnetic attraction means on
      said upper section in adjacent holding relation with said magnet when said
      upper section is closed.
NUM  3.
PAR  3. The invention as defined in claim 1 including structural bracing members
      on the inner side of said gun bay door adjacent to said cutout, at least
      one of said members having a portion thereof extending toward the middle
      of said cutout beyond at least one edge of said cutout in the path of said
      upper hinge section, said portion defining a stop surface for said upper
      hinge section in said closed position thereof.
NUM  4.
PAR  4. Means for relieving the pressure from a gun gas explosion in an
      aircraft, comprising:
PA1  a. a louver covering an opening in the outer surface of said aircraft
      adjacent to the gun installation;
PA1  b. said louver being hinged at a lower edge thereof which is longitudinal
      with respect to said aircraft;
PA1  c. said louver being openable outwardly and downwardly with respect to its
      said lower edge;
PA1  d. means normally holding said louver in a closed position essentially
      flush with said aircraft outer surface;
PA1  e. said holding means being releasable under internal pressure caused by a
      gun gas explosion to force said louver open; and
PA1  f. said louver being located where normal in-flight air flow across said
      louver has an upward component capable of moving said louver from an open
      position toward said closed position.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said louver is
      substantially flat and wherein the lower edge hinge line is essentially
      straight, said louver having a length along its hinge line substantially
      greater than its width.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 including a plurality of said
      louvers arranged closely side by side.
NUM  7.
PAR  7. Apparatus in accordance with claim 4 wherein said holding means
      comprises at least one permanent magnet attached to said aircraft near the
      top of said opening just inboard of said closed position of said louver.
NUM  8.
PAR  8. Apparatus in accordance with claim 4 wherein said holding means
      comprises at least one permanent magnet attached to said aircraft near the
      top of said opening just inboard of said closed position of said louver,
      and a magnetic armature element attached on the inner side of said louver
      in position to abut said magnet in said closed louver position.
NUM  9.
PAR  9. Apparatus in accordance with claim 4 wherein said louver lower edge is
      one notched segment of a continuous piano hinge, and including a mating
      piano hinge segment fixed to said aircraft, with a continuous hinge wire
      through said segments for connection thereof.
NUM  10.
PAR  10. Apparatus in accordance with claim 4 wherein said louver comprises a
      single, integral, continuous piano hinge segment having a width and length
      fitting the upper portion of said opening, and having a thickness
      substantially matching that of the surrounding outer surface of said
      aircraft.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 including a similar continuous
      complementary piano hinge segment fixed to said aircraft as an outer
      surface element fitting the lower portion of said opening, said segments
      being hinged together by a hinge pin wire.
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ABST
PAL  A combined air flow deflector and diffuser assembly including a main flow
      deflector vane, a deflector base plate mountable adjacent the trailing
      edge of an open bomb bay or other cavity of a bomber aircraft, aerospace
      or other vehicle, and a plurality of support pylons interconnected between
      and supporting the deflector vane in space relation to the base plate
      immediately behind the bomb bay or other cavity-trailing edge in the path
      of, and diverting the airstream away from the vehicle body to thereby
      partially stabilize the turbulent flow at the shield area or airstream
      flow adjacent the cavity entrance and, simultaneously therewith, induce a
      substantial decrease of the excessive pressure oscillations that would
      otherwise occur within the cavity from the air stream flow passing the
      open cavity. Additional significant reduction primarily in the cavity
      pressure oscillations results from the formation of a series of divergent,
      air flow diffusing slots respectively between the base plate and flow
      deflector vane, and the support pylons and through which a portion of the
      air stream flows.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an air flow deflector device that is
      principally operative to reduce air stream flowinduced excessive pressure
      oscillations occurring in the open cavities of aircraft, aerospace and
      other vehicles operating particularly at relatively high speeds.
PAR  An important problem involved in the accurate aerial delivery of weapons
      and other stores on selected targets concerns the excessive pressure
      oscillations caused or induced by the flow of the air stream past the
      cavity or cavities containing such weapons or other stores. When these
      cavities have been opened in preparation for the release of such stores,
      the relatively high speed air stream flow past the so-called "shield"
      area, which is the area of flow immediately over or under the opened
      cavity, will cause relatively large pressure oscillations at the said
      shield area and thus within the cavity itself. This phenomenon, which is
      also known as cavity resonance, can and has caused damage or even
      destruction of the vehicle structure or stores contained in the open
      cavity, and, moreover, may also result in damage to or malfunction of
      equipment and even adversely affect the operation of the vehicle itself.
      The obvious disadvantage of the latter, for example, to a bomber aircraft
      on a bombing run is self-evident. Finally, such excessive pressure
      oscillations, particularly when coupled with turbulent flow immediately
      outside of the cavity, can easily cause the released bombs or other stores
      to tumble further affecting their accurate release on target.
PAR  Previous efforts have been made for many years to solve, or, at least, to
      reduce the aforementioned instability effects of the excessive pressure
      oscillations and/or turbulence resulting from the air flow past the open
      cavity and even the entry thereof into the cavities itself. In one
      example, taught in U.S. Pat. No. 2,451,479, issued to W. S. Diehl on Oct.
      19, 1948, there is illustrated a flow controlling screen that is disposed
      in the path of the free stream flow past an open bomb bay at the leading
      edge thereof. Naturally, with the use of such a screen, the turbulence of
      the free stream flow obviously tends to be reduced. However, although this
      arrangement appeared to offer some advantage in reducing the overall
      circulation of the free stream air in the open bomb bay compartment due to
      the diffusion effect on the air stream, its use in reducing buffeting
      therein appears to be minimal. More importantly, the use of such a screen
      suffers from the significant disadvantage of offering, in addition, very
      high aerodynamic resistance, particularly when considered in the light of
      the much faster cruising speeds of today's bomber and other aircraft and
      aerospace vehicles. Finally, its effect on reducing cavity resonance
      appears minimal.
PAR  A second principal solution offered to alleviate the foregoing problem of
      the excessive turbulence produced in the open cavities of aerospace and
      other vehicles due to the free stream flow thereinto and also, perhaps,
      reduce the aforementioned cavity resonance involves the use of some kind
      of a flap or vane deflector. In this regard, in another U.S. Pat. No.
      2,243,906, issued to A. Huet on June 3, 1941, it was proposed to use one
      or more flaps disposed in front of the forward vehicle, representing for
      example, the lead car or two or more interconnected cars naturally
      constituting a train. The aforementioned flaps or vanes are installed
      forwardly of the forward car, for example, of the train, as noted
      hereinbefore, for the purpose of creating a so-called "stream-lined" air
      flow around the car, without the body of the car itself being required to
      be stream-lined. Thus, the inherent resistance to the air, or, in other
      words, the drag of the car is reduced in this way in accordance with the
      teachings of the aforementioned U.S. Pat. No. 2,243,906 system. A further
      reduction in the resistance offered by the surrounding air is also taught
      by the latter patent by adding other flap deflectors at the gaps between
      the interconnected cars for eliminating eddy currents normally formed
      thereat.
PAR  In still another patent; namely, U.S. Pat. No. 2,749,064, issued to W. H.
      Kuhlman on June 5, 1956, a flap element is pivoted to the fuselage of a
      bomber aircraft just ahead of the bomb bay thereof. It is stated in this
      patent that plain flaps mounted forwardly of the bomb bay for directing
      the air stream over the open bomb bay are already known. However, such
      plain flaps, though certainly offering some improvement in generally
      reducing air turbulence and thus a decreased air flow into the bomb bay to
      thereby reduce the buffeting effect thereof, they have practically no
      effect on the pitching moment being imparted to the bomb or other store
      after its release from the bomb bay. As a further improvement, the
      aforementioned Kuhlman patent provides a flap or deflector surface that is
      combined with a grid. The flap is pivoted to the aircraft fuselage just
      forwardly of the bomb bay for a selective adjustment between a flush
      relation and an extended relation in the air stream to a positive angle of
      attack. This flap is improved over the so-called "plain" flap of previous
      proposals by being so pivoted that, when it is in its extended position,
      the leading edge thereof is made specifically spaced from the bottom of
      the fuselage of the aircraft to provide what is, in effect, a slot or
      narrow passage between the flap and fuselage. In this manner, a portion of
      the air stream flows through the said passage and is diffused thereby and
      its velocity thus diminished to reduce the air turbulence that would, but
      for the spaced flow diverter flap, be otherwise created thereby. This
      turbulence is further reduced, as is disclosed in the aforementioned
      Kuhlman patent, by the combination of a grid member with the above-noted
      spaced flap, which grid extends from adjacent the trailing edge of the
      flap into the path of the air flow from and rearwardly of the slot or
      passage between the flap and aircraft to thereby provide for the further
      control and reduction of air turbulence. On the other hand, the unique
      flow deflector device and diffuser assembly of the present invention, to
      be set forth hereinafter in the following summary and detailed
      description, is considered to constitute a still further improvement in
      that it places a novel deflector flap device at the trailing edge of the
      cavity and, as such, is designed principally to reduce the
      previously-referred to phenomenon of cavity resonance, whereas the
      aforementioned previously-noted proposals, using flaps at the forward edge
      of the cavity, as in the Kuhlman patent, are directed primarily to the
      reduction in the turbulence of the air flow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention consists in a new and improved combined and
      self-contained air flow deflector and diffuser assembly that may include,
      in one form thereof, a deflector base plate fixedly mountable to the
      fuselage of a bomber aircraft, for example, at the trailing edge of its
      bomb bay, a main air flow deflector plate positionable in the path of, and
      automatically diverting a significant portion of the air stream away from
      and as it passes the open bomb bay, and a series of pylons interconnected
      in rigid relation to, and providing a plurality of novel, built-in air
      diffusion slots or passages between said main deflector plate and
      deflector base plate, which diffusion slots or passages are disposed in
      transverse relation to the incoming air flow when the present device is
      placed in its operative position.
PAR  In accordance with the unique teachings of the present invention, a single
      device comprising the inventive air flow deflector and diffuser assembly
      may be either installed at the trailing edge of the bomb bay or, if
      desired and for additional benefit, a second such device may also be
      installed at the leading edge thereof, either as a fixed part of the
      aircraft structure or they may be made retractable during closed bomb bay
      operation by any of a number of well-known means. In this connection, it
      is to be emphasized that the present flow deflector and diffuser assembly
      is generally applicable to reduce flow induced pressure oscillations in
      any open cavity of aircraft, aerospace or other vehicles, particularly
      when operating at high speeds.
DRWD
PAR  Other objects and advantages of the invention will readily appear
      hereinafter in specific connection with the following disclosure taken
      with the accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic side elevational views, partly broken-away and
      sectioned, illustrating the broad application of a retractable form of the
      new and improved combined air flow deflector and diffuser assembly of the
      present invention to the upward-facing cavity of an appropriate vehicle
      with the cavity doors thereof being respectively depicted in their closed
      and open positions;
PAR  FIGS. 1a and 2a respectively show cross-sectional views, partly schematic,
      sectioned and broken-away, and taken about on line 1a--1a and line 2a--2a
      of FIGS. 1 and 2 to show other details of the invention;
PAR  FIGS. 3 and 4 represent additional schematic side elevational views, partly
      broken-away and sectioned, of a more basic, fixed, non-retractable
      modification of the instant invention, as applied to a suitable vehicle
      and with the cavity doors thereof being respectively denoted in their
      closed and open positions;
PAR  FIG. 4a is another cross-sectional view, partly broken-away, schematic and
      taken about on line 4a--4a of FIG. 4 to more clearly show further details
      of the invention as permanently affixed in position beneath, or enclosed
      by the cavity doors;
PAR  FIG. 5 is a rear view, illustrating the principal components of the overall
      assembly of one type of the basic, fixed non-retractable form of the
      invention;
PAR  FIG. 5a is a left end view of the assembly of FIG. 5, showing the basic
      aerodynamic shape preferably employed for the main deflector vane of the
      invention;
PAR  FIG. 5b is a longitudinal sectional view, taken on line 5b--5b of FIG. 5
      and more clearly depicting additional details of the support pylons used
      to interconnect the main flow deflector vane and deflector base plate of
      the instant invention;
PAR  FIG. 5c is a cross-sectional view taken about on line 5c--5c of FIG. 5,
      illustrating the preferred aerodynamic shape of, and positive angle of
      attack inherently built into the main air flow deflector vane of the
      invention;
PAR  FIG. 6 is a plan view of the deflector base or mounting plate used
      particularly with and as an integral part of the invention; and
PAR  FIGS. 7 and 7a are respectively plan and front views, showing certain
      details of the main flow deflector plate or vane of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring generally to the drawings and, in particular, to FIGS. 1 and 1a
      of the drawings, a retractable application of the new and improved
      combined air flow deflector and diffuser assembly of the present invention
      is indicated generally and in schematic form at the reference numeral 10
      as being applied to the trailing edge of the weapons or other stores
      cavity or bay 11 of an aircraft or aerospace or other vehicle, the
      fuselage or body of which being indicated in broken-away form at the
      reference numeral 12. The cavity or bay 11 may also specifically represent
      the bomb bay of a bomber aircraft with, of course, its orientation thereof
      being reversed to a downward-facing direction. The cavity or bay 11 is
      closed by a pair of doors, shown in section and schematically at 13 and
      13a (FIG. 2a), which doors have not been shown in FIG. 1a for the sake of
      clarity and in particular to enable a clearer view of the complete set or
      series of four support pylons, seen at 14 in the said FIG. 1a, that are
      used to support and interconnect a main air flow deflector plate or vane
      or flap 15, in this instance, above and separated from a deflector base or
      mounting plate 16 to form a unique set or series of air stream
      flow-communicating and diffuser passages or slots, indicated at 17 as
      being principally located between the said plates 15 and 16 and further
      alternately disposed between the support pylons 14. Both the main air flow
      deflector and base or mounting plates 15, 16, as well as the diffuser
      passages or slots 17 and support pylons 14 will be hereinafter more
      clearly disclosed and described in specific connection with FIGS. 5-7,
      inclusive.
PAR  It is noted that, if desired, the aforementioned combined air flow
      deflector and diffuser assembly 10 could be rigidly affixed in position in
      transverse relation across and/or nearly adjacent the trailing edge of the
      cavity or bay 11 (FIG. 1) to the outside surface of the fuselage or body
      12 and thus always remain in an exposed position. Also, there could be a
      similar device installed at the forward edge of the cavity or bay 11.
      However, it is considered preferable and obviously more advantageous, for
      example, from the standpoint of reduced aerodynamic drag to have the
      inventive flow deflector and diffuser assembly 10 made into the
      retractable configuration of the aforementioned FIGS. 1 and 2. In the
      latter FIGS. 1 and 2, as well as their supporting FIGS. 1a and 2a, it is
      clearly seen that the combined air flow deflector and diffuser assembly 10
      and, in particular, the deflector base or mounting plate 16 and support
      pylons 14 are rigidly supported to, and located within or, in other words,
      below the outer surface of the fuselage or body 12 to a sufficient depth
      (Note and pylon 14a) to enable and ensure that the main air flow deflector
      plate, vane or flap 15, when at rest in its inactive and non-extended
      position of FIG. 1, is in a practically flush relation relative to the
      outer surface of the said fuselage or body 12. When in the said inactive,
      non-extended position, the said deflector plate, vane or flap 15 would be
      arrested on the support pylons, as is indicated in the view of FIGS. 1 and
      1a. To this end, the pylons 14 could each incorporate an arcuate-shaped
      upper surface with which a similarly shaped surface configuration of the
      main deflector plate 15 would precisely engage in supporting relation with
      the arcuate-shaped surface of the said pylons, as is seen, for example, in
      both FIGS. 1 and 2 for the left-hand pylon 14a.
PAR  For the retractable and extendable form of the inventive air flow deflector
      and diffuser assembly 10 of FIGS. 1 and 2, the main air flow deflector
      plate, vane or flap 15 could be easily hinged or otherwise pivoted by any
      suitable and well-known means (not shown) along the hinge or pivot axis,
      indicated generally at the reference numeral 18, for instance, in FIGS. 1a
      and 2, which hinge or pivot axis 18 would be also aligned or substantially
      aligned, for example, with the trailing edge of the cavity or bay 11 and
      would, furthermore, be located at the appropriate ends of the support
      pylons 14. Moreover, the main deflector plate, vane or flap 15 would be
      hinged or pivoted at or near its leading edge. Note that the direction of
      the air stream flow is indicated by the arrow at A. Thus, with this unique
      arrangement and with the cavity or bay doors, 13, 13a being opened
      preparatory to the release of the stores in the cavity 11, a pair of
      oppositely-disposed actuators, depicted in schematic form only at 19 and
      20, since the specific details thereof are not important to the present
      invention, may be actuated to rotate the main flow deflector plate, vane
      or flap 15, through the connecting operating arms 19a and 20a, to its
      active or extended and air flow deflecting or diverting and diffusing
      position of FIGS. 2 and 2a.
PAR  As an alternative arrangement, seen in FIG. 3, for example, the combined
      air flow deflector and diffuser assembly of the invention, which is
      indicated generally at 25, may be mounted, where the particular design of
      the cavity doors, as at 21 and 22 (FIG. 4a) would permit it, and stored
      completely inside the vehicle structure 24 in supporting relation
      transversely across the width of the cavity or bay 23, at or immediately
      below the trailing edge thereof, so that when the said doors 21, 22, when
      in their closed position of FIG. 3, would completely enclose the inventive
      air flow deflector and diffuser assembly 25, as is clearly illustrated. Of
      course, the inventive device 25, which would be of the fixed flow
      deflector form, would be automatically active, after opening of the doors,
      as at 21 and 22 in FIGS. 4 and 4a, without any additional movement being
      required thereof. Again, as in the inventive form of FIGS. 1 and 2, the
      combined air flow deflector and diffuser assembly 25 would consist of a
      main air flow deflector plate, vane or flap 26, a deflector base or
      mounting plate 27 (FIG. 4a), and a set or series of four support pylons,
      indicated generally at 28, which are, again, uniquely used to separate the
      plates 26 and 27 from each other and thereby provide a series of air
      diffuser slots or passages 29 therebetween, and which slots are also
      alternately disposed between respective pylons 28. Of course, with this
      fixed arrangement of the invention, no hinge or pivot, as indicated by the
      axis 18 in FIG. 1a, would be used and both plates 26, 27 would be rigidly
      attached to opposite ends of the support pylons 28.
PAR  With particular reference to FIG. 5, a 15.degree. weldment aircraft test
      model of the novel combined air flow deflector and diffuser assembly of
      the invention that is usable with and as the fixed version thereof
      previously described with specific reference to FIGS. 3, 4 and 4a is
      indicated generally at 30 as, again, principally comprising a deflector
      base or mounting plate 31, a main air flow deflector plate, vane or flap
      32, and a plurality of four support pylons at 33, 34, 35 and 36. As is
      seen more particularly and respectively in FIGS. 5a and 5c, and FIG. 5b,
      both the main deflector plate, vane or flap 32 and the support pylons 33
      through 36 (FIG. 5b) are aerodynamically shaped. Although the latter
      configuration is not absolutely essential to the principal teachings of
      the present invention, the aerodynamic shape is preferable since it is
      considered as offering at least a slight increase in the overall
      efficiency of the inventive flow deflector and, in addition, because of
      its stream-lined effect, a significantly reduced amount of aerodynamic
      drag would be offered thereby to the flow of the air stream therethrough
      and therearound. Also, the positive angle of attack built into the flow
      deflector vane 32 is clearly depicted in both FIGS. 5a and 5c.
PAR  As depicted in the aforementioned FIGS. 5 and 5b, the two end support
      pylons 33 and 36 are each oriented both in a vertical direction and
      directly face the incoming air stream, whereas, the middle pair of support
      pylons 34 and 35 are oriented at a 15.degree. angle away from and to the
      left (pylon 34) and right (pylon 35) of the principal direction of the
      incoming air stream flow, which, as viewed in FIG. 5, would be coming out
      of and at right angles to the plane of the paper through the several air
      diffuser slots or passages 41, 42 and 43. Thus, as viewed from the cockpit
      of an aircraft, for example, the two central pylons 34 and 35 are
      divergently oriented with respect to each other in the downstream
      direction. The support pylons 33-36 may be affixed in their appropriate
      positions as by silver soldering in a suitably sized slot or groove that
      has been initially formed or incorporated at the corresponding locations
      of the main flow deflector plate 32, which grooves or slots are more
      particularly depicted at the reference numerals 37, 38, 39 and 40 in FIGS.
      7 and 7a; which grooves have been previously cut out of the surface of the
      deflector plate 32 prior to the respective mounting therewithin of the
      aerodynamically-shaped support pylons, as at 33, 34, 35 and 36 (FIGS. 5
      and 5b) corresponding thereto. Thereafter, the deflector base plate 31,
      which may preferably be of a generally rectangular configuration, as is
      depicted at 31 in FIG. 6 and which may incorporate a plurality of openings
      or bolt holes, as at 31a for its attachment to the body or fuselage of an
      aircraft, for example, is attached to the opposite ends of the pylons
      33-36.
PAR  Again referring to FIG. 5, the previously referred to plurality of air flow
      and diffuser passages or slots are indicated respectively by the reference
      numerals 41, 42, and 43 as alternately disposed between the
      successively-positioned support pylons 33, 34, 35 and 36, and also between
      the plates 31 and 32. It is noted that the deflector base plate, as at 31,
      for example, is shown bent in the middle for the express purpose of being
      accommodated to a particular aircraft model actually tested employing the
      present invention. The bending of the base plate 31 in the middle,
      however, serves another and far more important purpose; namely, that of
      specifically providing a built-in expansion to the outside in the volume
      encompassed in each of the spaces of the diffusion slots or passages, 41,
      42 and 43, which novel technique thereby ensures the specific and
      controlled diffusion and expansion of the air stream as it passes through
      the said slots in the downstream direction. Although this diffusion
      feature naturally has a stabilizing effect on the turbulence of the air
      stream, its most significant function and one which is the principal
      teaching of the present invention is to provide significant assistance to
      the deflection action imposed on the air stream by the main flow deflector
      vane 32 in substantially reducing the excessive pressure oscillations that
      would otherwise, but for the application of the inventive apparatus, be
      occuring at both the shield area of, and in the open cavity itself. In
      this regard, the previously-described divergent configuration or
      orientation of the support pylons 34 and 35, likewise, provides even
      further for an additional expansion to and thus diffusion of that portion
      of the air stream passing therethrough to similarily reduce its velocity
      and turbulence for a more stabilized flow. In this connection, it is to be
      emphasized that the inventive apparatus, by being placed at the trailing
      edge of the open cavity, though reducing air turbulence somewhat, has, as
      its principal effect, the reduction of the excessive pressure oscillations
      at the shield area and in the cavity per se, as hereinabove noted. In
      fact, in actual tests of the invention, a reduction in the pressure
      oscillations at the said cavity shield area and within the cavity itself
      of approximately 93% was noted.
PAR  Although the present invention is principally concerned with the placement
      of an improved flow deflector flap member at the trailing edge of an open
      cavity, a similar flap member may be also positioned at the forward edge
      to then act, in concert with the trailing edge flap device, to accomplish
      a slight increase in the efficiency of the latter element.
PAR  With the inventive combined air flow deflector and diffuser assembly as at
      10 in FIGS. 1 and 2 or as indicated at 25 in FIGS. 3 and 4 being disposed
      in their operative positions with their respective main flow deflector
      plates, vanes or flaps, as at 15 (FIG. 1) or at 26 (FIG. 3), being
      disposed in the path of the flow of the air stream A at the trailing edge
      of the corresponding open weapons cavity 11 or 13, for example, the
      principal portion of the aforesaid air stream flow in the immediate region
      of the respective cavity, will, as it passes the said open cavity and
      reaches the main flow deflector vane 15 or 26, be diverted away from the
      aircraft fuselage, as at 12 or 24. Of course, the result of this air flow
      deflecting action is to induce a major portion of the general flow of the
      air stream A, as it passes the open cavity 11 or 23 (FIG. 1 or 3), away
      from and therefore inhibiting its normal creation of excessive pressure
      oscillations at the shield area of the cavity and within the cavity. In
      effect, a more stream-lined flow of the air stream is induced by the
      combined air flow deflecting and diffusing action of the inventive
      apparatus, as it passes the open cavity to thus significantly counteract
      the normal marked tendency thereof to oscillate at the cavity entrance.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aircraft, aerospace or other vehicle having a bomb bay or other
      cavity for containing weapons or other stores, and door or other enclosure
      means openable during vehicular operation to expose the open cavity to the
      relatively fast moving air stream; a combined air flow deflector and
      diffuser device for reducing excessive pressure oscillations being
      otherwise induced in and near the open cavity by the inherent unsteady
      nature of the relatively fast moving air stream flow past the said cavity,
      as is manifested by the normal considerable inward and outward movement of
      the said flow relative to the said open cavity when said device is not
      being utilized; said device comprising; a first, main flow diverter
      element located in a predetermined spaced relation from the body of said
      vehicle directly in the path of, and automatically operative to divert a
      substantial portion of the air stream away from its normal entry into, and
      thus reducing the intensity of the pressure oscillations both at the entry
      to, and within the open cavity; second, main flow diverter
      element-mounting means for attaching said first, flow diverter element in
      the said predetermined spaced relation from the aircraft fuselage or other
      vehicular body at a predetermined position in alignment with a location
      preferably adjacent or substantially adjacent the trailing edge of the
      open cavity; and third, flow diffuser means comprising divergent slotted
      means inherently incorporated in said combined air flow diverter and
      diffuser device between said first, flow diverter element and said
      mounting means, and further disposed in the path of, and automatically
      acting to reduce the velocity of the incoming air stream by the diffused
      flow of a significant, additional portion of the air stream flowing past
      the open cavity through the said divergent slotted means to thereby
      further somewhat reduce the inherent turbulence and circulation of air
      that would otherwise normally occur throughout the interior of the open
      cavity, and, simultaneously therewith, effecting the substantial
      elimination of the excessive pressure oscillations resulting at the shield
      area and within the said open cavity from the inherent and substantial
      inwardly and outwardly-oriented movements normally tending to occur
      within, and causing the unsteady flow of the air stream during its
      movement past the open cavity.
NUM  2.
PAR  2. In a combined air flow deflector and diffuser device as in claim 1, and
      fourth, support means interconnected between said second, main flow
      diverter element-mounting means and said first, main flow diverter
      element.
NUM  3.
PAR  3. In a combined air flow deflector and diffuser device as in claim 2,
      wherein said fourth, support means comprises a plurality of separate rigid
      interconnecting members oppositely attached to said main flow diverter
      element and said mounting means.
NUM  4.
PAR  4. In a combined air flow deflector and diffuser device as in claim 3,
      wherein said first, main flow diverter element comprises a deflector flap
      means.
NUM  5.
PAR  5. In a combined air flow deflector and diffuser device as in claim 4,
      wherein said second, main flow diverter element-mounting means comprises a
      deflector base member directly affixed to the aircraft fuselage or other
      vehicular body.
NUM  6.
PAR  6. In a combined air flow deflector and diffuser device as in claim 3,
      wherein said first, main flow diverter element comprises an
      aerodynamically shaped deflector flap member.
NUM  7.
PAR  7. In a combined air flow deflector and diffuser device as in claim 6,
      wherein said fourth, support means comprises a plurality of separate
      support pylons interconnected between said flow diverter flap member and
      said deflector base member, and defining the said divergent slotted means
      of said third, flow diffuser means into a series of separate flow diffuser
      slots or passages disposed in alternate relation relative to said separate
      support pylons and between said main flow diverter flap member and said
      deflector base member.
NUM  8.
PAR  8. In a combined air flow deflector and diffuser device as in claim 6,
      wherein said fourth, support means comprises a plurality of separate and
      aerodynamically shaped, support pylons.
NUM  9.
PAR  9. In a combined air flow deflector and diffuser device as in claim 8,
      wherein said plurality of support pylons includes a first pair of
      oppositely-disposed support pylons disposed in streamlined relation to the
      air stream and interconnected between respective opposite ends of said
      main flow diverter flap member and said deflector base member; and a
      second pair of spaced and intermediately-disposed support pylons oriented
      at a predetermined divergent angle relative to each other and facing in
      the downstream direction to thereby provide for a centrally-located slot
      or passage disposed directly in the path of the air stream flow and thus
      ensuring the automatic substantial and outward expansion both of the
      volume of the said centrally-located, diffusion slot or passage and the
      progressively increasing diffusion of the incoming air stream as the
      latter passes therethrough from its upstream to its downstream side.
NUM  10.
PAR  10. In a combined air flow deflector and diffuser device as in claim 9,
      wherein said deflector base member comprises a mounting plate bent
      upwardly in the middle a predetermined degree to gradually increase the
      vertical width and thus the volume of the flow diffuser slots or passages
      outwardly to both left and right-hand sides of the said third, flow
      diffuser means and thereby further progressively diffuse the incoming air
      stream flow as it passes through said diffuser slots or passages to thus
      provide a somewhat added control means to the positive control technique
      already being inherently and effectively provided in a relatively large
      measure by the divergent angle setting of the said second pair of support
      pylons to the degree of diffusion and simultaneous reduction in the
      intensity of the pressure oscillations normally occurring at and in the
      open cavity during vehicular operation.
NUM  11.
PAR  11. In a combined air flow deflector and diffuser device as in claim 2,
      wherein said second, main flow diverter element-mounting means comprises a
      deflector base member; said fourth, support means comprises a plurality of
      separate support pylons; and said first, main flow diverter element
      comprises a deflector flap member rigidly attached to said support pylons
      and continually exposed in the air stream.
NUM  12.
PAR  12. In a combined air flow deflector and diffuser device as in claim 11,
      wherein said first, main flow diverter element comprises a deflector flap
      member pivotally or hingedly attached to one end of each of the said
      support pylons for selective movement between a first, flush or
      substantially flush relation to the surface of the aircraft fuselage or
      other vehicular body when in its active position and the cavity doors or
      other enclosure means are closed, and a second, extended and active
      position in the path of the air stream when the cavity doors or other
      enclosure means are opened.
NUM  13.
PAR  13. In a combined air flow deflector and diffuser device as in claim 2,
      wherein said second, main flow diverter element-mounting means comprises a
      deflector base member disposed at the trailing edge of the cavity at a
      first, relatively great depth below the surface of the aircraft fuselage
      or other vehicular body; said fourth, support means comprises a plurality
      of support pylons rigidly affixed at the inner ends thereof to said
      deflector base member; and said first, main flow diverter element
      comprises a deflector flap member rigidly affixed to the outer ends of
      said support pylons and disposed at a second, relatively small depth with
      its leading and upper edges respectively arranged at the trailing edge of
      the cavity and in flush relation to a hinged axis of the said cavity doors
      or other enclosure means for concealment by the said doors or other
      enclosure means when in their closed condition, and in continuous and
      automatic exposure to, and action upon the air stream when the said doors
      or other enclosure means are in their opened condition.
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ABST
PAL  A helicopter has a fuselage with a floor that has an opening therethrough.
      A rescue capsule is operably connected to the helicopter by cables and
      winches, and it has a projecting guide member that enters the floor
      opening to correctly align and stabilize the connection between the
      capsule and the helicopter. A bridge movably connected to the capsule
      provides egress between the latter and a building or other structure
      occupied by persons in need of rescue.
BSUM
PAR  My principal object is to provide rescue means that can be moved to places
      such as the top or side of a high building, boats at sea and the like,
      that rescue apparatus now available cannot reach. Another object is to
      provide the power to effect such rescue with the use of a wellknown
      helicopter, by supplying connecting means whereby my capsule may be
      maneuvered to whatever position is most favorable to effect the rescue of
      persons in danger.
PAR  The foregoing and other objects which will appear as the nature of the
      invention is better understood, may be accomplished by a construction,
      combination and operative arrangement of parts such as is disclosed by the
      drawings. The nature of the invention is such as to render it susceptible
      to various changes and modifications, and therefore, I am not to be
      limited to the cnstruction disclosed by the drawings nor to the particular
      parts described in the specification; but am entitled to all such changes
      therefrom as fall within the scope of my invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view showing my rescue capsule connected to a
      helicopter and so positioned with relation to a burning building that it
      can be moved to a point where persons in the building may be rescued.
PAR  FIG. 2 is a fragmentary, sectional view, on a reduced scale showing my
      rescue capsule held firmly to a helicopter.
PAR  FIG. 3 is a side elevational view showing my rescue capsule adjacent a
      burning building and a bridge extending from the capsule to the building.
PAR  FIG. 4 is an enlarged, sectional view taken on the line 4--4 of FIG. 2.
PAR  FIG. 5 is a perspective view showing my capsule with a covered bridge
      connected thereto in position of use.
DETD
PAR  As illustrated, a well-known helicopter 10 has a fuselage 11 with a floor
      12 and the usual propellers 14 and 16. Said floor 12 is provided with an
      opening 18 and adjacent thereto at opposite sides are two double spindle
      winches 20 and 22. Cables 24 and 26 travel over the spindles of winch 20,
      and cables 28 and 30 travel over the spindles of winch 22.
PAR  A rescue capsule 36 is carried by said helicopter, as shown in said FIG. 1.
      It has a floor 38 from which a side 40 extends upwardly to a top 42. A
      projecting guide 44 is attached to and extends from the latter upwardly
      through a hatch opening 46 in the top and which is provided with a cover
      48. Doors 50, 52, 54, and 56 are provided in said side 40. Said cables 24,
      26, 28 and 30 are respectively attached to said top 42 by well-known
      fasteners 24a, 26a, 28a, and 30a, which are shown as hooks set in said
      top.
PAR  Safety rails 60 are attached by bolts 62 to said side 40, projecting
      outwardly from the latter to provide bars to hold onto by those persons
      who are in danger outside of said capsule, as in deep water.
PAR  In order to provide a foot passage between a place of danger, such as a
      burning building B shown in said FIG. 1, said capsule 36 is provided with
      an escape means, namely a movable bridge 66 that is attached by pivot
      members 68 to said capsule floor 38 at one of said doors, 50, 52, 54, 56.
      When needed, this bridge may be swung from said rescue capsule outwardly
      until it rests on a window frame or other part of a building B, for
      instance, or on some other support or place, from which endangered persons
      and animals can travel over this bridge to the capsule. Said bridge 66 is
      supported in position of use by two ropes 72 and 74, spaced laterally
      apart, that are fastened to said capsule side 40. Hooks 76 and 78 at the
      outer end of said bridge may be used to attach the latter to a window
      frame or door of a building.
PAR  When persons reach the capsule they may climb by a ladder 80, that extends
      between the capsule floor 38 and the top 42, thus providing them with
      simple means to enter the helicopter, through said hatch opening 46 and
      said helicopter opening 18.
PAR  To effect a rescue of persons in a burning boat or in a burning building,
      for instance, said helicopter is flown to a point adjacent said boat or
      building, and said capsule is lowered by unwinding said cables 24, 26, 28
      and 30 on said winches, until said capsule is at the desired height. Then
      said landing or bridge 66 is lowered until its free and rests on the side
      or other suitable part of a building, or a boat. Then persons in danger
      may enter said capsule by walking over said bridge 66 and enter through
      one of said doors. When the capsule is full, or has rescued all that are
      in danger, it is raised by said cables, bringing said projecting guide 44
      through said helicopter opening 18, whereupon the cables are made fast on
      said winches, and the helicopter flown, with said capsule, to a safe place
      where the passengers may disembark.
PAR  Said capsule 36 may serve its purpose without using said bridge 66, as when
      it can directly and safely be landed on top of a building or deck of a
      boat, in which instance persons may directly enter the capsule through one
      or more of its said doors 52, 54, 56, and 58.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rescue capsule in combination with a helicopter, said capsule
      comprising;
PA1  a floor,
PA1  a top,
PA1  a continuous side extending between the floor and top,
PA1  at least one door in the side to provide access to the capsule,
PA1  said top having an opening therethrough,
PA1  a projecting member extending above the top having a continuous side
      enclosing the opening and defining a passageway leading from the opening,
PA1  a cover for covering the open top of the projecting member,
PA1  said helicopter having a floor having an opening therein of about the same
      size as said projecting member,
PA1  winch means disposed adjacent the opening in the helicopter floor,
PA1  and cable means extending through the opening in the helicopter floor from
      the winch means to the capsule top,
PA1  wherein said winch means raises and lowers the capsule with the projecting
      member defining both a passageway to the helicopter when the capsule is at
      its top position and a guide for aligning the capsule with the projecting
      member extending into the opening in the helicopter floor.
NUM  2.
PAR  2. A combination rescue capsule and helicopter as set forth in claim 1
      wherein the capsule has a plurality of doors and further comprising a
      bridge movably fastened to the capsule side extending beyond the side and
      in line with one of the doors of the capsule.
NUM  3.
PAR  3. A combination rescue capsule and helicopter as set forth in claim 1
      wherein said winch means includes two winches disposed on opposite sides
      of the floor opening.
NUM  4.
PAR  4. A combination rescue capsule and helicopter as set forth in claim 3
      wherein said cable means comprises four equal length cables, each winch
      receiving two cables so that the four cables are disposed in four corners
      about the projecting member.
NUM  5.
PAR  5. A combination rescue capsule and helicopter as set forth in claim 4
      wherein each winch includes separate winch sections, one for each cable.
NUM  6.
PAR  6. A combination rescue capsule and helicopter as set forth in claim 5
      wherein the capsule has a plurality of doors and a bridge movably fastened
      to the capsule side extending beyond the side and in line with one of the
      doors of the capsule.
NUM  7.
PAR  7. A combination rescue capsule and helicopter as set forth in claim 6
      including a ladder in the capsule and stretchers in the capsule.
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ABST
PAL  The riser straps associated with the canopy suspension lines of a parachute
      are releasably coupled to a body harness by connector devices which
      include buckle rings through which loop extensions of the riser straps are
      threaded. A locking pin assembly engaged with each loop extension holds
      each connector device in a coupling condition. Each locking pin assembly
      is anchored to a cover protectively enclosing the connector device, by
      means of which the pin assembly is withdrawn to uncouple the connector
      device.
BSUM
PAR  This invention relates to releasable connector devices for coupling
      parachute risers to a body harness.
PAR  Manually releasable connector devices between parachute risers and the body
      harness are well known components of a parachute assembly, whereby the
      chutist may release the canopy from the harness once a safe landing is
      made. Such connector devices are often cumbersome and bulky by reason of
      structure deemed necessary for a reliable coupling capable of being
      promptly but not unintentionally uncoupled. Aside from the cost involved
      in making such connector devices, a safety hazard has been associated
      therewith in that the connector device is often apt to be caught on some
      projection or line in view of the tight quarters through which a chutist
      must move in preparation for and prior to a jump. It is therefore an
      important object of the present invention to provide a relatively simple,
      compact and inexpensive connector device that nevertheless forms a
      reliable coupling capable of being promptly uncoupled.
PAR  In accordance with the present invention a pair of buckle rings are
      anchored by coupling loops to a body harness and riser straps of a
      parachute assembly for threadedly receiving a flexible loop extension of
      the riser straps in order to form the connector device. A laterally
      inserted pin assembly engages the loop extension on one side of the buckle
      rings within terminal loop and pin receiving portions thereof to hold the
      connector device locked. The locking pin assembly is anchored to a folded
      web cover protectively enclosing the connector device in its coupled
      condition. The cover is held closed by fastener means that is released to
      open the cover upon grasping of a kbob formation on the cover. The locking
      pin assembly is thereby withdrawn with the opened cover to uncouple the
      connector device.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a front elevation view showing the releasable connector device of
      the present invention installed.
PAR  FIG. 2 is a front elevation view similar to FIG. 1 showing the connector
      device in a first stage of uncoupling.
PAR  FIG. 3 is an enlarged side section view taken substantially through a plane
      indicated by section line 3--3 in FIG. 2.
PAR  FIGS. 4 and 5 are side section views showing the riser connector device in
      different stages of uncoupling.
PAR  FIG. 6 is a perspective view of a release assembly separated from the
      connector device.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 illustrates a typical
      installation for a pair of releasable connector devices 10 between the
      body harness 12 on a chutist 14 and the riser straps 16 through which the
      chutist is suspended from the canopy suspension lines of a deployed
      parachute. The chutist may uncouple the devices 10 by simply grasping the
      knob formations 18 to unfasten and withdraw the release assemblies 20
      which protectively enclose the associated connector devices.
PAR  With reference to FIGS. 2 and 3, each connector device 10 couples the body
      harness 12 through a coupling loop 22 to the riser sraps 16 and straps a
      pair of rigid buckle rings 24 and 26. The larger of the buckle rings 24 is
      anchored to the body harness by the coupling loop 22 while the other
      buckle ring 26 is anchored to the riser straps by a coupling loop 28
      formed at the coupling end of the riser straps by suitable fastenings such
      as the stitching 30 through the web fabric of the riser straps. The
      stitching 30 in the illustrated embodiment also positions the coupling
      loop 28 in operative relation to a considerably longer, flexible loop
      extension 32 connected to or made integral with the material of the riser
      straps. The loop extension includes a portion that is threaded through the
      buckle rings 24 and 26 to form a terminal loop 34 projecting from one
      planar side of the buckle ring 24. An unthreaded portion of the loop
      extension extends between stitching or fastening 36 and the riser straps.
      Stitching 38 placed in spaced relation to stitching 36 along the
      unthreaded portion of the loop extension, forms a lock receiving opening
      40.
PAR  With the riser straps longitudinally aligned with the anchor loop 22 of the
      body harness, the loop extension 32 is serially threaded through the
      buckle rings 24 and 26 and then threaded through the buckle ring 24 a
      second pass so that the terminal loop 34 projects from the same planar
      side of buckle ring 24 from which the threaded portion of the loop
      extension is initially inserted. The terminal loop 34 and opening 40
      between stitching 36 and 38 are thereby aligned for reception of a pair of
      spaced prongs or pins 42. The prongs 42 interconnected by a base section
      44 are laterally inserted or withdrawn from the loop extension 32 to form
      a releasable locking means that is anchored by a coupling loop 46 to the
      release assembly 20 as more clearly seen in FIG. 6.
PAR  As shown in FIGS. 2 and 6, the release assembly 20 includes a folded cover
      web 48 to which the knob formatiom 18 is secured at one longitudinal end
      on an externally facing surface. The cover web is folded at 50, 52, 54, 56
      and 58 as more clearly seen in FIG. 6, to form sides of a rectangle
      protectively enclosing the buckle rings 24 and 26 and the loop extension
      32 threaded therethrough. The locking prongs 42 are anchored to the inside
      surface of the cover web 48 by the coupling loop 46 at fold corner 54.
      Fasteners in the form of "Velcro" pads 60 and 62 are secured to the inside
      surface of the cover web to hold the associated sections of the cover web
      releasably fastened to overlapping sections on which "Velcro" pads 64 and
      66 are secured. Smooth surfaced liner pads 68, 70 and 72 are secured to
      the inside surface of the cover web for contact with the buckle rings and
      loop extension.
PAR  With the loop extension 32 threaded through the buckle rings 24 and 26 as
      shown in FIG. 3, and the locking prongs inserted laterally relative to the
      longitudinal direction along which tensile forces are transmitted between
      the coupling loop 22 and riser straps 16. The cover web 48 which is
      properly positioned on one lateral side of the connector device by the
      locking prongs to which it is coupled, is folded over the connected device
      so that the knob formation. 18 projects from the opposite side. The cover
      web is held in protective enclosing relation to the connector device by
      the "Velcro" fastener pads and may be readily "peeled" open by grasping
      the knob formation within easy reach of the chutist, before the locking
      prongs are withdrawn.
PAR  Upon withdrawal of the locking prongs 42, the connector device uncouples
      under the tensile forces in the riser straps as illustrated in FIGS. 4 and
      5.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A releasable connector coupling a body harness strap with a riser strap
      of a parachute, comprising buckle means connected to the straps, a
      flexible loop connected to one of the straps and threaded through the
      buckle means, a locking pin assembly engageable with the threaded loop
      extension for preventing separation of the riser strap from the buckle
      means and the harness and release means connected to the locking pin
      assembly for withdrawing the same laterally from the threaded loop
      extension.
NUM  2.
PAR  2. The combinaton of claim 1 wherein said buckle means includes a pair of
      rigid ring elements respectively anchored to the harness and the riser
      straps, said loop extension being serially threaded through said ring
      elements and twice threaded through one of the ring elements to form a
      terminal loop on one side of the buckle means.
NUM  3.
PAR  3. The combination of claim 2 wherein said loop extension includes a buckle
      threading portion from which said terminal loop is formed and an
      unthreaded lock receiving portion on said one side of the buckle means.
NUM  4.
PAR  4. The combination of claim 3 wherein said locking pin assembly comprises a
      pair of interconnected prongs respectively received in the terminal loop
      and the lock receiving portion of the loop extension.
NUM  5.
PAR  5. The combination of claim 4 wherein said release means includes a cover
      protectively enclosing the buckle means and the loop extension threaded
      therethrough, means anchoring the locking pin assembly to the cover, means
      holding the cover in enclosing relation to the buckle means and knob means
      connected to the cover for opening the same and withdrawing the locking
      pin assembly.
NUM  6.
PAR  6. The combinaton of claim 1 wherein said release means includes a cover
      protectively enclosing the buckle means and the loop extension threaded
      therethrough, means anchoring the locking pin assembly to the cover, means
      holding the cover in enclosing relation to the buckle means and knob means
      connected to the cover for opening the same and withdrawing the locking
      pin assembly.
NUM  7.
PAR  7. A releasable connector coupling a body harness strap with a riser strap
      of a parachute, comprising buckle means connected to the straps, a
      flexible loop connected to one of the straps and threaded through the
      buckle means, and a locking pin assembly engageable with the threaded loop
      extension for preventing separation of the riser strap from the buckle
      means and the harness, said loop extension including a buckle threading
      portion from which a terminal loop is formed and an unthreaded lock
      receiving portion.
NUM  8.
PAR  8. The combination of claim 7 wherein said buckle means includes a pair of
      rigid ring elements respectively anchored to the harness and the riser
      straps, said loop extension being serially threaded through said ring
      elements and twice threaded through one of the ring elements to form said
      terminal loop on one side of the buckle means.
NUM  9.
PAR  9. The combination of claim 8 wherein said locking pin assembly comprises a
      pair of interconnected prongs respectively received in the terminal loop
      and the lock receiving portion of the loop extension.
NUM  10.
PAR  10. The combination of claim 7 wherein said locking pin assembly comprises
      a pair of interconnected prongs respectively received in the terminal loop
      and the lock receiving portion of the loop extension.
NUM  11.
PAR  11. The combination of claim 7 including release means connected to the
      locking pin assembly for withdrawing the same laterally from the threaded
      loop extension.
NUM  12.
PAR  12. The combination of claim 11 wherein said release means includes a cover
      protectively enclosing the buckle means and the loop extension threaded
      therethrough, means anchoring the locking pin assembly to the cover, means
      holding the cover in enclosing relation to the buckle means and knob means
      connected to the cover for opening the same and withdrawing the locking
      pin assembly.
NUM  13.
PAR  13. A releasable connector coupling a body harness with a riser of a
      parachute, comprising anchoring elements connected to the harness and the
      riser, buckle members connected to said anchoring elements, flexible loop
      means connected to one of the anchoring elements and threaded through the
      buckle members for transmitting tensile forces between the harness and the
      riser in one direction, and locking means insertable into the threaded
      loop means transversely of said one direction for preventing separation of
      the buckle members under said tensile forces.
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ABST
PAL  Improvements in a ball-type shut off valve including a resilient seating
      means whereby an O-ring is included in conjunction with the seat to
      provide both metal-to-metal and metal-to-O-ring seating. Also included is
      a removable ball carrying means carried by the actuator arm, whereby
      straight through assembly of the actuator arm may be made directly through
      the valve operator opening thereby reducing the possibility of damaging
      seals on assembly and disassembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in a valve and more particularly,
      but not by way of limitation to a ball-type shut off valve having improved
      seating means and ball actuator means to insure more effective closure and
      provide a valve which is easily assembled and maintained.
PAR  2. Description of the Prior Art
PAR  The improvements specified herein relate to a ball-type valve of the type
      disclosed in the patent to Burke, U.S. Pat. No. 3,343,803 issued Sept. 26,
      1967, entitled "Ball Valve With Improved Resilient Closing Means"; the
      patent to Burke, U.S. Pat. No. 3,467,355, issued Sept. 16, 1969, entitled
      "Ball Valve With Improved Resilient Closing Means", and applicant's
      copending Application Ser. No. 360,654, filed May 16, 1973 and entitled
      "Improved Ball Valve" and now abandoned.
PAR  The pivotally mounted actuator arm of the type disclosed in the above
      patent and patent application is generally provided with an outwardly
      extending cam surface for forcing the ball against the ball seat, the ball
      being guided toward the seat by a ball retaining pin. The actuator arm is
      also provided with a pair of elongated outwardly extending parallel
      fingers or ball carrying means for contacting and carrying the unseated
      ball out of the way of fluid passage through the valve. It is necessary in
      this type of valve that these fingers have an opening in the center in
      order to straddle the ball retaining pin when moving past the said pin.
      Due to the required length of the said fingers, it has heretofore proven
      difficult to install the actuator arm within the valve body.
PAR  Further, one of the primary advantages disclosed in the prior art patents
      is that of a resilient pivot pin connected to the actuator arm whereby the
      ball is resiliently urged toward the metal seat to prevent damage to the
      ball or the seat if too much force is applied on the ball against the
      seat. However, since the ball cannot be guided directly into the seat,
      even with this resilient pivot pin some damage and often excessive wear is
      induced by the ball impacting the rim of the seat before falling into
      place within the seat and being urged thereagainst with the actuator arm
      cam.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is particularly designed and constructed to provide a
      valve having all of the advantageous features enumerated in the
      aforementioned patents and patent application and including improved ball
      seating means and actuator means to overcome the disadvantages inherent in
      said prior art valves.
PAR  The improved seating means comprises an annular seating ring having an
      annular seating surface for receiving the ball thereagainst. This seating
      ring is provided with a specially designed O-ring groove around the outer
      periphery of the seating surface for receiving an O-ring therein. The
      valve ball then makes initial contact with the O-ring and then is pressed
      into sealing contact against the seating surface thereby cushioning the
      impact of the ball against the seating surface which prevents damage to
      both ball and surface and at the same time provides a double leak-proof
      seal.
PAR  The improvements in the actuator arm lies in providing said arm with a
      removable U-shaped ball carrying means which allows straight in assembly
      of the actuator arm through the operator shaft opening and into the valve
      body. The actuator arm is provided with a pair of spaced apertures
      therethrough for receiving the legs or the pair of parallel fingers of the
      U-shaped carrying means therethrough. The said fingers of the carrying
      means are constructed having a length less than the diameter of the valve
      operation port.
PAR  The fingers are then partially inserted into and through the spaced
      apertures in the actuator arm and then centered therein with respect to
      the axis of rotation of the said actuator arm. The actuator arm with
      carrying means is then inserted straight in through the operator port. A
      separate tool is then inserted through one of the ports in the valve and
      used to drive the cross piece of the U-shaped carrying means against the
      actuator arm shaft so that the legs or fingers thereof are fully extended
      into the interior of the valve body. The fingers are then in position to
      contact the ball and move it from its seated position and remove it from
      the path of fluid flow through the valves when the actuator arm is rotated
      to the open position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other and further advantageous features of the present invention will
      hereinafter more fully appear in connection with a detailed description of
      the drawings in which:
PAR  FIG. 1 is a partial sectional view of a ball-type valve embodying the
      present invention and showing the ball in a seated position.
PAR  FIG. 2 is a partial sectional view taken along the broken lines 2--2 of
      FIG. 1.
PAR  FIG. 3 depicts the valve as shown in FIG. 2 with the ball in the unseated
      position.
PAR  FIG. 4 is a partial sectional view depicting the use of an auxiliary tool
      for extending the ball carrying means after assembly of the valve.
PAR  FIG. 5 is a partial sectional enlarged view of the valve seat broken to
      indicate the position of the ball upon contact with the seat O-ring and
      the position of the ball after seating against the seating surface.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail and particularly to FIG. 1, reference
      character 10 generally indicates in partial cross-section a ball type
      valve comprising a valve body 12 with pipe connection means at each end 26
      forming a longitudinal flow channel through a circular opening 22 which is
      sealed by means of a metal ball or sphere 18. The seal is between a metal
      ring insert 24 having an O-ring 25 carried thereby and the ball 18 in a
      manner which will hereinafter be more fully set forth.
PAR  The valve body 12 is also provided with a circular actuator arm opening 28
      which is traverse to the longitudinal flow channel and opens into an
      enlarged interior portion 30 of the valve body 12. The opening 28 is
      provided with a first annular groove 32 therearound for receiving a
      suitable O-ring 34 therein and a second annular groove 36 for receiving a
      split retainer ring 38 therein for a purpose that will be hereinafter set
      forth.
PAR  The interior of the valve body 12 is provided with a pivot post recess 40
      which is diametrically opposite the opening 28 and in concentric alignment
      therewith. The valve 10 is provided with an actuator arm assembly
      generally indicated by reference character 42 and which comprises a
      cylindrical portion 44 which is journalled within the opening 28 of the
      valve body 12. The outer end of the cylindrical portion 44 is provided
      with an outwardly extending operator arm 46. The opposite end of the
      cylindrical member 44 is provided with a shaft portion 48 which is
      pivotally installed in the interior 30 of the valve 12. The inner end of
      the shaft portion 48 is provided with a resilient pivot pin 50 which
      extends into the recess 40 in a manner that is well known in the art. The
      actuator arm assembly is held in place within the valve body 12 by means
      of the split retainer ring 38 within the ring groove 36.
PAR  The shaft portion 48 is provided with an outwardly extending cam arm 52
      having a cradle surface 54 on one side thereof with a cam surface 56 along
      the outer end thereof for engaging and seating the ball 18. The actuator
      arm means 48 is also provided with another similar outwardly extending arm
      58 which is at approximately right angle to the cam arm 52. The second arm
      58 is provided with a pair of spaced parallel transverse bores 60 and 62
      therethrough, said bores being on an angle somewhat less than 90.degree.
      with respect to the outwardly extending cam arm 52. A substantially
      U-shaped carrier means 64 having a pair of outwardly extending legs or
      fingers 66 and 68 are frictionally inertable within the bores 60 and 62,
      respectively.
PAR  The arm 58 is for the sole purpose of providing space for the aperture 60
      and 62. However, the said arm is considered a part of the shaft 48 and by
      making the said shaft 48 a little larger than is shown, the bores 60 and
      62 may be made therethrough.
PAR  The interior 30 of the valve body 12 is also provided with a ball retaining
      pin 70 which is inserted into a bore 72 adjacent to the ring insert 24.
      Said retaining pin 70 extends into the interior 30 of the valve body at a
      small angle with respect to the longitudinal flow axis therethrough. The
      pin is disposed in a position so that when the actuator arm means 48 is
      rotated the outwardly extending ball carrier fingers 66 and 68 will
      stradle the said retaining pin which allows passage thereof.
PAR  Referring now to FIG. 5 the ring insert 24 is provided with an annular
      seating surface 74 around the interior thereof in the nature of an
      interior bevel and provided at a suitable angle to receive the surface of
      the sphere or ball 18 tangentially thereagainst. An annular groove 76 is
      provided in the ring insert 24 around the outer periphery of the seating
      surface 74, the said groove extending straight into the ring insert 24.
      The lower portion of the groove 76 is provided with a deeper angular
      groove 78 for a purpose which will be hereinafter set forth. The O-ring 25
      is disposed within the groove 76 for contacting the ball 18.
PAR  Therefore, when the ball 18 encounters the seating means, it first
      encounters the O-ring 25 as depicted on the upper portion of FIG. 5 and is
      then forced into contact with the seating surface 74 thereby compressing
      the said O-ring 80 as shown in the lower portion of FIG. 5 into the groove
      extension 78. The O-ring provides a cushioning effect upon impact of the
      ball with the seating means and then provides a double seal of both
      metal-to-metal contact between the ball and the seating surface 74 and
      metal-to-O-ring contact adjacent thereto.
PAR  The assembly of the valve as hereinbefore described is easily accomplished
      by first inserting the fingers 66 and 68 of the U-shaped carrier means
      into and through the bores 60 and 62 of the actuator arm means to a
      position as shown in FIG. 4 so that the ends of the U-shaped carrier means
      are disposed in alignment with and not protruding beyond the cylindrical
      portion 44 of the actuator arm assembly 42. The ball is first inserted
      into the valve body. The actuator arm assembly 42 may then be inserted
      straight into and through the opening 28 of the valve body with the pivot
      pin 60 being inserted into the bore 40 provided therefore. The retainer
      ring 38 is then installed within the groove 36 to hold the actuator arm
      assembly in place.
PAR  After the actuator arm assembly has been inserted and locked in place by
      the retainer ring the actuator arm is then rotated to a position as shown
      in FIG. 4 wherein the ball is unseated and resting between the seating
      means and the cradle surface 54 of the actuator arm. A suitable punch or
      special tool 82 may be then inserted through the port 26 into the interior
      30 of the valve body 12 and in contact with the crossbar of the U-shaped
      carrier means 64. The said carrier means is then driven further through
      the bores 60 and 62 until the cross bar is resting against the arm 58 of
      the shaft 48 so that the fingers 66 and 68 are fully extended within the
      interior 30 of the valve body 12 as depicted by the dashed lines in FIG.
      4.
PAR  Disassembly of the valve is accomplished by rotating the actuator arm means
      to a position as shown in FIG. 4 and using a hook or other tool (not
      shown) for pulling the carrier means 64 back to the position as shown in
      the solid lines in FIG. 4. The retainer ring 38 may then be released and
      the actuator arm assembly pulled directly out of the valve body.
PAR  Where the valve is in a open position as depicted in FIG. 3 ball 18 may
      rest in the area adjacent to the cradle surface 54 between the actuator
      arm 52 and the fingers 66 and 68 of the carrier means. By rotating the
      shaft 48 in a clockwise direction as shown in FIG. 3 the ball 18 may be
      moved out of the way to substantially prevent interference with the flow
      of fluid through the interior 30 of the valve body 12. In order to seat
      the valve the actuator arm assembly 42 is rotated in a counterclockwise
      direction as shown in FIG. 2 and 3 and the ball is carried around to the
      vicinity of the valve seat assembly or ring insert 24. As the actuator arm
      continues to be pivoted in the counterclockwise direction the ball is
      prevented from passing the seat by encountering the retainer pin 70 and is
      deflected thereby toward the valve seat. The surface of the ball 18 then
      rolls up the inclined cradle surface 54 of the actuator arm means until it
      is encountered by the cam surface 56 of the cam arm. Further rotation then
      tightly presses the ball against the seat thereby deflecting the O-ring
      and allowing metal-to-metal contact between the ball 18 and the seating
      surface 74 of the ring insert 24. The tightness of the seat between the
      ball 18 and the ring insert 24 is determined by the amount of pressure
      applied by the cam surface 56 of the actuator arm means 48. This pressure
      is likewise cushioned by the resilient pivot pin 50 of the actuator arm
      means 48 as hereinbefore described.
PAR  From the foregoing, it is apparent that the present invention provides an
      improved seating means and improved actuator means for a ball-type valve.
PAR  Whereas, the present invention has been described in particular relation to
      the drawings attached hereto it is apparent that other and further
      modifications apart from those shown or sugested herein may be made within
      the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve comprising:
PA1  a valve body having a flow passageway therethrough;
PA1  an annular valve seat interposed in said passageway and having an aperture
      therethrough which defines a portion of said fluid passageway;
PA1  an operator shaft opening in one side of the valve body;
PA1  a ball in said passageway adaptable to close the valve when moved against
      the valve seat;
PA1  actuating arm means sealably journalled through said shaft opening and
      having a shaft portion disposed interior of the valve body, the actuating
      arm having a pair of spaced transverse apertures therein internally of
      said valve body;
PA1  a cam arm carried by the said shaft and extending outwardly therefrom for
      engaging and moving said ball toward the valve seat;
PA1  a retaining pin secured to the interior of the valve body adjacent to the
      valve seat for encountering and deflecting the said ball toward the valve
      seat;
PA1  a cam surface provided on said cam arm for forcing said ball against the
      valve seat when the actuating arm means is pivoted to a valve-closed
      position; and
PA1  a U-shaped bar having parallel finger portions received in said pair of
      apertures in said actuating arm, the finger being angularly spaced from
      the cam arm, said fingers being adaptable for engaging the ball and moving
      said ball out of contact with the valve seat and carrying said ball out of
      the direct flow path when the actuator arm is pivoted to the valve-open
      position.
NUM  2.
PAR  2. A valve as set forth in claim 1 wherein the overall length of the
      parallel members is less than the diameter of the operator shaft opening.
NUM  3.
PAR  3. A valve as set forth in claim 1 wherein the valve seat comprises an
      annular ring insert secured within the valve body, the aperture
      therethrough defining a portion of the flow passageway, annular seating
      surface provided around the inside edge of the insert adjacent to the
      aperture therethrough and for receiving the ball thereagainst, cushioning
      means carried by the insert for cushioning the impact of the ball against
      the seating surface.
NUM  4.
PAR  4. A valve as set forth in claim 3 wherein the seating surface constitutes
      a bevel provided on the inside edge of the insert in communication with
      the aperture therethrough.
NUM  5.
PAR  5. A valve as set forth in claim 4 wherein the bevel is disposed at an
      angle with relation to the outer configuration of the ball so that the
      seating surface is tangential to the surface of the ball when the ball is
      seated thereagainst.
NUM  6.
PAR  6. A valve as set forth in claim 3 wherein the cushioning means comprises
      annular groove around the face of the insert adjacent to the seating
      surface and having an O-ring disposed within said groove, said O-ring
      being adaptable for engaging the ball before the ball engages the seating
      surface.
NUM  7.
PAR  7. A valve as set forth in claim 6 wherein the walls of the annular groove
      are concentric with the valve seat aperture.
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ABST
PAL  A valve, such as a butterfly valve, having an adjustable valve seat. The
      valve includes a valve body having an interior passage and a valve member
      journalled in the body for movement between positions opening and closing
      the passage. The body further includes an inwardly opening groove for
      receiving a valve seat formed of a flexible material. Also received within
      the groove is an arcuate structure, the circumference of which can be
      selectively adjusted. As the circumference is increased, the arcuate
      structure bears against the valve seat to compress the same and distort a
      portion thereof into the passage to provide good sealing contact with the
      valve member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to valves, and more particularly, to valves having
      adjustable valve seats. Relevant prior art includes the following U.S.
      Pat. Nos: White 3,144,040;  Killian 3,197,174; Fawkes 3,393,697; and
      Kurkjian 3,412,975.
PAR  In large valves, such as butterfly valves which frequently have fluid flow
      passages of diameters of two feet and greater, considerable difficulty has
      been encountered in obtaining uniform sealing contact between a valve
      member and a valve seat when the former is in a closed position. The valve
      seats typically employed are of resilient, flexible material that is much
      softer than the material of which the valve member is formed, and are
      designed to deform slightly when the valve member is moved to a closed
      position to provide the requisite sealing contact. If the sealing surface
      of the valve seat is not properly located with respect to the valve, the
      valve will either leak or accelerated wear of the valve seat will occur.
      For example, when the valve seat is improperly located so that something
      less than the desired deformation occurs when the valve member is moved to
      the closed position, the possibility of leakage exists. On the other hand,
      when the valve seat is too close to the valve member and must be deformed
      more than the optimal amount, the difference in material hardness can
      cause the accelerated wear of the valve seat with the result that valve
      failure is more prone to occur.
PAR  There have been a variety of proposals over the years for adjustable valve
      seats, and the four above-identified United States patents indicate
      various ones of such proposals. Such structures have proved to be quite
      successful in accomplishing their intended purpose. However, the same
      generally require some means of attachment to a valve body requiring
      machining operations for receipt of threaded fasteners or the like. Thus,
      the valves made according to such patents tend to be somewhat more
      expensive than would be desirable due to the need for such machining
      operations.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to provide a new and improved
      valve having an adjustable valve seat. More specifically, it is an object
      of the invention to provide such a valve wherein the valve seat can be
      easily and simply adjusted and wherein the adjusting structure is
      economical to fabricate.
PAR  The exemplary embodiment of the invention achieves the foregoing object in
      a structure including a valve body having an interior passage through
      which fluid may flow. A valve member, such as a butterfly disc, is
      journalled in the body for movement between positions opening and closing
      the passage. The body includes a peripheral, inwardly opening groove
      directed toward the passage which groove has opposed side walls and which
      is aligned with the valve member when the same is in a position closing
      the passage.
PAR  A valve seat of flexible material is disposed within the groove and one of
      the sides thereof is in abutment with one of the side walls of the groove.
      An arcuate structure is also disposed in the groove and means are provided
      for selectively effectively increasing the arc length of the arcuate
      structure to cause the same to expand radially outwardly into the groove.
      Cooperating surfaces on the arcuate structure and the valve seat cause the
      latter to be compressed and deformed into the passage. By selectively
      increasing the circumference of the arcuate structure, the degree of
      compression, and thus distortion, can be set at an optimum to obtain good
      sealing contact without causing accelerated wear at varying locations on
      the valve seat.
PAR  According to the exemplary embodiment of the invention, the arcuate
      structure is comprised of a plurality of arcuate segments and the means by
      which the arcuate length may be effectively increased includes a series of
      turnbuckles, the turnbuckles being located between adjacent ends of
      adjacent ones of the segments.
PAR  In a highly preferred embodiment, the groove in the valve body is narrower
      at the top than at the bottom and the valve seat is trapezoidal in cross
      section. The valve seat engaging surface of each arcuate member is
      complementary to the sloping surface of the valve seat.
PAR  The turnbuckles include a screw shaft having righthanded and left-handed
      threads thereon which receive respective nuts. The nuts in turn pivotally
      embrace respective ends of the segments forming the arcuate structure. An
      adjusting means is provided on the screw shaft between the right and
      left-hand threads.
PAR  In a highly preferred embodiment of the invention, the groove in the valve
      body is provided with an annular radially inwardly directed flange which
      is adapted to be disposed in a radially outwardly facing groove in each of
      the segments to act as a guide means for the segments when the turnbuckles
      are operated to increase the circumference of the arcuate structure.
PAR  Other objects and advantages will become apparent from the following
      specification taken in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a valve, particularly a butterfly valve,
      embodying the invention;
PAR  FIG. 2 is an enlarged, fragmentary view of a portion of the valve seat and
      the valve seat adjusting means of the invention;
PAR  FIG. 3 is a sectional view taken approximately along the line 3--3 of FIG.
      2;
PAR  FIG. 4 is a sectional view taken approximately along the line 4--4 of FIG.
      1; and
PAR  FIG. 5 is a fragmentary perspective view of a valve seat and valve seat
      adjusting means made according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of a valve made in accordance with the invention is
      seen in the drawings and with reference specifically to FIG. 1 is seen to
      include a valve body 10 having an interior passage 12 through which fluid
      may pass. Typically, passage 12 will be cylindrical, although in some
      instances, other shapes may be employed. Trunnions 14 on the valve body 10
      journal the valve member 16, illustrated as a disc of a butterfly valve,
      for rotation between positions opening and closing the passage 12.
      Typically, a valve operator 18 will be employed for rotating the valve
      member 16.
PAR  As best seen in FIGS. 3-5, inclusive, the valve body 10 is provided with
      annular, inwardly opening groove 20 having a bottom 22 and opposed side
      walls 24 and 26. Received within the groove 20 is a ring-like valve seat
      28 formed of any suitable resilient, flexible material. Various materials
      are well known in the art and form no part of the instant invention.
PAR  As seen in FIG. 3, the valve seat 28 is trapezoidal in cross section and
      has one side 30 thereof figured to conform with the side wall 24 of the
      groove 20 which is formed so that it is narrower at its point of emergence
      into the passage 12 than at its bottom 22. This formation serves to ensure
      that the valve seat 28 is tightly held in place within the groove 20.
PAR  Also received within the groove 20 is the arcuate structure mentioned
      previously which is defined by a plurality of arcuate segments 32.
PAR  The radial outer surface 34 of each of the segments 32 has a curvature
      approximately equal to that of the bottom 22 of the groove 20. Each
      segment 32 also includes a side surface 36 which is arranged to be
      disposed generally transversely to the axis of the passage 12 and to be
      flush with side wall 26 of the groove 20.
PAR  The side 38 of each segment 32 opposite the side 36 is diagonal so as to
      slope away from the side wall 24 of the groove 20 as one progresses
      radially outwardly from the center of the valve. A side 40 of the valve
      seat 28 has a slope complementary to the slope of the sides 38 of the
      segments 32.
PAR  The underside 34 of each segment 32 includes an outwardly opening groove 42
      which is adapted to receive an annular, radially inwardly extending flange
      44 within the groove 20. The groove 42 and flange 44 serve as a guide
      means to guide the segments 32 for movement radially of the passage 12 and
      preclude axial movement of the segments 32.
PAR  At opposite ends of each of the segments 32, a notch 46 is provided in the
      side 36. One wall of each notch is provided with a slot 48 which is
      flanked by semicircular recesses 50.
PAR  As generally alluded to previously, a plurality of segments 32 are employed
      to define an arcuate structure extending peripherally around the valve
      member 16 and located within the groove 20. Frequently, at least three
      such segments will be employed and not infrequently will at least eight
      such segments be employed. It will also be appreciated from the foregoing
      description of structure that, if the segments 32 are moved radially
      outwardly within the groove 20, they will cause compression of the valve
      seat 28 with the result that the same will deform into the passage 12 so
      as to sealingly engage the valve member 16 about its periphery. For
      example, with reference to FIG. 3, the valve seat 28 is seen when
      substantially no compressive forces are exerted upon it by the contact of
      the sides 38 of the arcuate segments 32 with the side 40 of the valve
      seat. On the other hand, FIG. 4 illustrates the distortion of the valve
      seat 28 into the passage 12 when the segments 32 have been moved radially
      outwardly to effectively increase the circumference of the arcuate
      structure that they define.
PAR  A means for effectively increasing the circumference or arc length of the
      arcuate structure will now be described. With reference to FIG. 5, a
      turnbuckle, generally designated 60, is provided. Specifically, for each
      of the segments 32 employed, a turnbuckle 60 is employed to interconnect
      adjacent ends of adjacent segments. Each turnbuckle 60 includes the screw
      shaft 62 having a right-hand thread 64 and a left-hand thread 66.
      Intermediate the right and left-hand threads 64 and 66 is a structure 68
      enabling rotation of the screw shaft 62. As illustrated in FIG. 5, the
      same is a hex nut firmly affixed to the screw shaft 62. If desired, the
      faces of the hex nut may be provided with openings 70 for receipt of a
      prong-like tool to assist in rotation.
PAR  Each turnbuckle 60 further includes a pair of nuts 72 and 74. Each of the
      nuts 72 and 74 has a cylindrical shape with a threaded bore 76 extending
      through the cylindrical wall thereof. In the case of the nut 72, the
      threaded bore 76 will have a right-hand thread, while in the case of the
      nut 74, the cylindrical bore 76 will have a left-hand thread.
PAR  The nuts 72 and 74 are adapted to be pivotally received in the semicircular
      recesses 50 at adjacent ends of adjacent ones of the segments 32.
PAR  Thus, by rotation of the screw shaft 62, the nuts 72 and 74 on each screw
      shaft 62 may be simultaneously advanced or retracted. When they are
      retracted, the effective circumference of the arcuate structure defined by
      the segments 32 is decreased, while, when advanced, the circumference is
      increased to drive the segments 32 radially outwardly and more deeply into
      the groove 20 in the body 10. As mentioned previously, as each segment
      advances more deeply into the groove, it will exert a compressive force on
      that portion of the valve seat 28 against which it bears. Consequently,
      any desired degree of distortion to provide optimum sealing contact can be
      obtained through appropriate adjustment of the various turnbuckles 60.
PAR  From the foregoing, it will be appreciated that a valve with a valve seat
      adjusting means made according to the invention possesses significant
      advantages over those heretofore known in terms of eliminating the need
      for special machining operations in the valve body for receipt of threaded
      fasteners by which compression of a valve seat is effected. Moreover, the
      use of the turnbuckles 60 allows rapid adjustment of the structure to
      achieve optimum sealing contact.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve having an adjustable valve seat comprising:
PA1  a valve body having an interior passage through which fluid may flow;
PA1  a valve member journalled in said body for movement between positions
      opening and closing said passage;
PA1  a peripheral, inwardly opening groove having opposed side walls in said
      body fronting on said passage and aligned with said valve member when said
      valve member is in a position closing said passage;
PA1  a valve seat of flexible material and having opposed sides disposed within
      said groove and adapted to sealingly contact said valve member about its
      entire periphery when it is in a position closing said passage, one side
      of said valve seat abutting one of said groove side walls;
PA1  at least one arcuate member within said groove about the periphery thereof
      and having a surface engaging the other side of said valve seat, said
      surface and said other side wall being configured such that when said
      member is progressively moved more deeply into said groove, said valve
      seat will be compressed and deformed into said passage; and
PA1  means for selectively effectively increasing the arc length of said arcuate
      member to selectively cause said compression and deformation, said
      increasing means comprising a turnbuckle;
PA1  there being plural said arcuate members and a substantially equal number of
      said turnbuckles, said turnbuckles being disposed between adjacent ends of
      said members within said groove.
NUM  2.
PAR  2. The valve of claim 1 wherein said turnbuckles pivotally engage
      respective adjacent ends of said members.
NUM  3.
PAR  3. A valve having an adjustable valve seat comprising:
PA1  a valve body having an interior passage through which fluid may flow;
PA1  a valve member journalled in said body for movement between positions
      opening and closing said passage;
PA1  a peripheral, inwardly opening groove having opposed side walls in said
      body fronting on said passage and aligned with said valve member when said
      valve member is in a position closing said passage, one of said side walls
      being diagonally arranged such that the bottom of said groove is wider
      than the top thereof;
PA1  a valve seat of flexible material and having opposed sides disposed within
      said groove and adapted to sealingly contact said valve member about its
      entire periphery when said valve member is in a position closing said
      passage, said valve seat being trapezoidal in cross section and having one
      side thereof abutting said one groove side wall;
PA1  a plurality of arcuate segments within said groove and disposed about the
      periphery thereof, each having a diagonal surface engaging the other side
      of said valve seat and being movable radially outwardly within said
      groove; and
PA1  a plurality of turnbuckles disposed between adjacent ends of adjacent
      segments and pivotally engaging the same, said turnbuckles being operable
      to increase the spacing between adjacent ends of adjacent ones of said
      segments to thereby effectively increase the periphery of the segments to
      cause the same to move radially inwardly into said groove to compress said
      valve seat to cause the same to deform into tight sealing engagement with
      said valve member when said valve member is in said closed position.
NUM  4.
PAR  4. The valve seat of claim 3 wherein each said turnbuckle comprises a screw
      shaft having a right-handed thread and a left-handed thread and means
      disposed between said right-hand thread and said left-handed thread for
      rotating said screw shaft, each said turnbuckle further including a pair
      of nuts, one received on said right-handed thread and one received on said
      left-handed thread; and wherein each end of each of said segments includes
      a means for pivotally receiving a corresponding one of said turnbuckle
      nuts.
NUM  5.
PAR  5. The valve of claim 3 wherein said groove includes a radially inwardly
      directed peripheral flange and each of said segments includes a radially
      outwardly facing groove for receiving said flange, said grooves and said
      flange serving as guide means for said segments during radial outward
      movement thereof within said groove in said valve body.
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ABST
PAL  The butterfly vane is constructed of two semi-circular parts, each of which
      pivots about a common longitudinal axis. One part is mounted on a shaft
      which is connected to a drive while the second part is mounted on a second
      shaft concentrically of the first shaft. The second shaft is driven in an
      opposite direction off the first shaft by a suitable transmission. The
      construction of the split vane and transmission is such that the closing
      torques are reduced to near zero eliminating the sharp torque gradients in
      throttling angles greater than 60.degree..
BSUM
PAR  This invention relates to a butterfly valve having a split vane.
PAR  Heretofore, butterfly valves have been known to utilize a butterfly vane
      which is rotatable between an open 90.degree. position parallel to the
      flow and a closed 0.degree. position substantially perpendicular to the
      flow. In the open position, the vane is parallel to the fluid flow while
      in the closed position, the vane is at right angles to the stream. As is
      known, a torque is imposed upon the vane by the fluid flow when the vane
      is not in the fully open or closed position. That is, there is a torque on
      the vane when it is in any position other than 0.degree. or 90.degree.. As
      is known, the amount of torque changes sharply as the vane is pivoted from
      the open 90.degree. position towards the closed 0.degree. position. It is
      further known that the torque increases rapidly with sharp gradients
      between the 50.degree. position and the 75.degree. position; from
      70.degree. to 90.degree., the torque decreases sharply to near zero. In
      the past, these closing torques and sharp gradients have been overcome and
      stabilized by the use of large actuators and stiff springs. It has also
      been known that the sharp gradients in the torque curve cause difficulty
      in valve positioning at angles greater than 60.degree.. The problem is
      further complicated by the inherent flow characteristic of a conventional
      vane between 50.degree. and 70.degree. since the rate of change of C.sub.v
      verses stroke at these angles is roughly twice the values at lower angles.
      This in combination with the position errors arising from abrupt torque
      changes, make throttling or modulating control impractical. The present
      method of handling this is to limit vane travel to 60.degree. for
      throttling applications. This limits rated C.sub.v (at 60.degree.) to
      about 50% of that for 90.degree. operation.
PAR  It is also further known that the present construction of butterfly valve
      vanes have inherently low values of recovery coefficients (Km). This can
      lead to severe cavitation in many applications.
PAR  It has also been known to construct throttle valves with segmental vanes
      which are separably mounted on rotatable shafts. For example, it has been
      known to construct a vane with two semi-circular vanes which are mounted
      upon oppositely rotatable shafts which serve to fold the vanes toward each
      other in order to vary the opening of the valve. In such cases, when the
      vanes are in the fully open position, the vanes are folded over on each
      other so that a flow passes to either side of the vanes in a substantially
      uniform manner. In these cases, the torque imposed upon each vane by the
      fluid flow during an opening operation has been counteracted by the
      actuator. Further, since there are two unbalanced vanes, the actuator must
      be constructed to resist the large additive torque from the two vanes.
      Other butterfly valve vane constructions are known which utilize segmental
      portions. For example, in one case, the vane has been made up of two wings
      which are joined together for rotation as a single unit. In this case,
      both wings are connected to suitable actuators which are operated
      simultaneously. However, the wings are rotatable in the same direction
      such that the torque imposed upon the vane is similar to that imposed on a
      unitary vane.
PAR  Accordingly, it is an object of the invention to obtain a fluid dynamic
      torque balance on a butterfly vane of a butterfly valve.
PAR  It is another object of the invention to allow throttling control
      throughout 90.degree. of operation of a butterfly valve.
PAR  It is another object of the invention to improve the cavitation
      characteristics of a butterfly valve.
PAR  It is another object of the invention to improve the flow characteristics
      of a butterfly valve.
PAR  Briefly, the invention provides a butterfly valve which utilizes a
      butterfly vane having a pair of discs mounted on a common axis with the
      axis passing transversely through each disc as well as a means for
      pivoting the discs simultaneously in opposite directions to each other
      about the common axis. The butterfly vane is mounted within a housing
      which defines an opening for a flow of fluid and is positioned so that the
      vane operates to selectively open and close the opening to the flow of
      fluid. The means for pivoting the discs of the vane includes a pair of
      shafts, one shaft being connected to one of the discs and the other shaft
      being connected to the other disc. In addition, the shafts are positioned
      coaxially and concentrically of each other so as to be rotated in opposite
      directions by means of a transmission connected between the shafts.
PAR  The transmission is connected between the shafts so that as one shaft is
      driven from an actuator in a suitable manner, the second shaft can be
      driven off the first shaft in an opposite direction. In this way, the
      respective discs of the butterfly vane rotate in opposite directions from
      a closed position to an open position and vice versa. When in the open
      position of the valve, both vanes are disposed at an angle of 0.degree.
      with respect to the flow of fluid through the valve housing. In the closed
      position, both discs are disposed at an angle of 90.degree. with respect
      to the flow of fluid to the housing.
PAR  The transmission between the two shafts can be of the gear and sprocket
      type or of any other suitable type, for example, one using gears or
      levers.
PAR  The discs of the butterfly vane are disposed so as to destroy the pressure
      distribution that produces closing torques normally transmitted to the
      actuator. Thus, the actuator need only supply sufficient power to overcome
      frictional losses instead of large dynamic torques plus friction.
PAR  The resulting reduction of the forces on the vane halves eliminates the
      sharp torque gradients that causes positioning difficulty in throttling at
      angles greater than 60.degree.. Further, a capability is provided of
      throttling through 90.degree.. This approximately doubles the C.sub.v of a
      modulating type of valve.
PAR  In one embodiment, the vane is made of a pair of semi-circular discs with
      each representing one-half of the overall vane. This split vane
      configuration of the butterfly vane presents four flow paths in any
      intermediate position. This doubles the number of flow streams and along
      with the cross-fly produced by the split, significantly improves recovery
      coefficients (Km).
PAR  The additional low angle C.sub.v gained by the split straightens the flow
      curve and gives the valve an improved characteristic for control and
      positioning at intermediate angles.
PAR  Instead of using a split vane, concentric vanes of the reduced trim style
      can also be used. In addition, a non-symmetrical splitting of the vane can
      be used to intentionally produce some small amount of torque for purposes
      such as backlash elimination, aid to the actuator and the like.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a cross-sectional view of a butterfly valve utilizing a
      vane according to the invention;
PAR  FIG. 2 illustrates a schematic view of a butterfly valve of FIG. 1 in a
      closed position;
PAR  FIG. 3 illustrates a view similar to FIG. 2 of the valve in a slightly
      opened position;
PAR  FIG. 4 graphically illustrates the C.sub.v characteristic of a standard
      vane butterfly valve and a valve according to the invention;
PAR  FIG. 5 graphically illustrates the choked flow curves of a standard
      butterfly valve and a valve according to the invention;
PAR  FIG. 6 illustrates a view of a modified vane according to the invention;
      and
PAR  FIG. 7 illustrates the vane of FIG. 6 in a partially opeened position.
DETD
PAR  Referring to FIG. 1, the butterfly valve has a housing 10 which defines an
      opening 11 for the passsage of a fluid flow. The housing is mounted in any
      suitable environment, such as in a pipeline (not shown) in order to
      control the flow through the pipeline.
PAR  The valve also has a butterfly vane 12 mounted within the opening 11 of the
      housing 10. This vane 12 is sized to selectively open and close the
      opening 11 to a flow of fluid and is made up of a pair of semi-circular
      discs 13, 14 which are disposed in symmetrical relationship. These discs
      13, 14 are sequentially mounted on a common axis with the axis passing
      transversely through each disc. As shown in FIG. 1, when closed, the discs
      13, 14 define a line of separation therebetween which is disposed at a
      right angle to the common axis. In addition, a means is provided for
      pivoting these discs 13, 14 simultaneously in opposite directions to each
      other about the common axis. This means includes a pair of concentrically
      mounted shafts 15, 16 and a transmission means 17. One disc 13 is fixedly
      secured to the inner shaft 15 in a conventional manner such as by a pair
      of screws or rivets 18 and the other disc 14 is fixed to the outer shaft
      16 in a similar manner. As shown, the first disc 13 has an enlarged
      portion 19 to fit about the second shaft 16 to permit independent pivoting
      with respect to the shaft 16.
PAR  The inner shaft 15 is rotatably mounted within suitable bushings or
      bearings 20 in the valve housing 10. The outer shaft 16 is mounted by
      means of a bushing or bearing 21 concentrically on the inner shaft 15 and
      is mounted in the valve housing 10 by means of a similar bushing or
      bearing 22. In order to seal the respective shafts against a flow of
      liquid out of the housing, suitable seals such as 0-rings 23 are provided
      between the shafts 15, 16 and between the housing 10 and the outer shaft
      16. Other sealing means as are known can also be utilized.
PAR  The inner shaft 15 extends out of the housing 10 and carries a bifurcated
      link 24 in fixed manner. This link 24 is adapted to be connected to a
      suitable actuator (not shown) in order to permit pivoting of the inner
      shaft 15.
PAR  The transmission 17 is mounted within a recess 25 formed in the valve
      housing 10. This recess 25 is covered over by a suitable plate 26 which is
      secured to the housing 10 by bolts 27. The cover 26, in the case shown,
      has a flange thereon containing an opening 28 for the passage of a lever
      or link (not shown) for a connection between the actuator (not shown) and
      the link 24.
PAR  The transmission 17 includes a sprocket 29 which is fixedly mounted on the
      inner shaft 15 by means of a key and slot arrangement 30. In this way, the
      sprocket 29 is able to pivot with the shaft 15. In addition, the
      transmission 17 includes a stub shaft 31 which is pivotally mounted within
      suitable bearing 32 one of which is mounted in the valve housing 10 and
      the other of which is mounted in the cover 26 and retained in place by a
      retainer plate 33 secured to the shaft 31 by bolts. This stub shaft 31
      carries a sprocket 34 which is keyed to the shaft by a key and slot
      arrangement 30. The sprocket 34 is operatively connected to the sprocket
      29 by means of a chain 35 so that the stub shaft 31 is able to follow the
      rotation of the inner shaft 15. The stub shaft 31 also carries a gear 36
      which is keyed to the stub shaft 31 by a suitable key and slot arrangement
      37. This gear 36 meshes with a second gear 38 which is fixedly mounted on
      the outer shaft 16 by a suitable key and slot arrangement 37. In this way,
      the outer shaft 16 is caused to rotate in an opposite direction from the
      stub shaft 31 in response to rotation of the stub shaft 31.
PAR  The transmission 17 is such that the shafts 15, 16 are rotated
      simultaneously in opposition to each other to move the discs 13, 14
      between respective closed positions and open positions thereo. That is as
      the inner shaft 15 is rotated in one direction via the actuator (not
      shown) and the link 24, the outer shaft 16 is caused to rotate in the
      opposite direction.
PAR  In operation, assuming that the vane 12 is in the closed position as shown
      in FIGS. 1 and 2, should the actuator cause the link 24 to rotate, the
      inner shaft 15 causes one disc 13 to pivot towards an open position while
      the outer shaft 16 causes the other disc 14 to rotate in an opposite
      direction towards the open position as shown in FIG. 3.
PAR  As the butterfly valve is opened or throttled, the fluid flow is able to
      follow a number of flow paths. That is, a portion of the flow passes over
      each of the discs to both sides of the disc so that four flow paths are
      formed. Also, a portion of the flow passes in the space defined by the
      flat edges of the discs to establish a cross-flow pattern. During this
      time, the torque imposed on each disc by the fluid flow is reduced to near
      zero by the cross-flow and turbulence induced by the split. As a result,
      the total force required by the actuator to open or close the valve need
      only be slightly greater than that needed to overcome the frictional
      losses in the valve construction.
PAR  When the valve is moved from a fully opened position to a fully closed
      position, sharp torque gradients that might cause positioning difficulty
      are eliminated at angles greater than 60.degree.. This is due to the
      balancing of the torque on the two discs 13, 14 of the vane. As a result,
      a valve can be throttled reliably through 90.degree.. This approximately
      doubles the C.sub.v in a modulating type valve.
PAR  Further, the low angle C.sub.v obtained by the split vane construction not
      only straightens the flow curve but also allows the valve to have an
      improved characteristic for control and positioning at angles greater than
      60.degree..  As shown in FIG. 4, from tests carried out on a standard vane
      butterfly valve, the C.sub.v characteristic was found to follow the curve
      A while from the same tests, the C.sub.v characteristic of the split vane
      valve 10 was found to follow the curve B. The curves A, B are each plotted
      with the abscissa representing the degrees of opening from the closed
      valve position and the ordinate representing the C.sub.v characteristic
      uncorrected for pipe loss.
PAR  As is known, the recovery coefficient Km is a dimensionless ration that
      gives an indication of choked flow for gas or cavitation for liquids. The
      recovery coefficient consists of the ratio of the valve pressure drop
      squared divided by the upstream pressure at the pressure drop where
      deviation from the square root formula is evident. FIG. 5 graphically
      illustrates the respective hypothetical choked flow curves C, D for a 300
      pound inlet on a standard butterfly vane and a split vane as described
      above. The standard vane has two flow paths while the split vane has four
      flow paths. Each curve C, D is plottted against an abscissa representing
      the square root of the valve pressure drop and an ordinate representing
      the flow in gallons per minute. For the curve C, the deviation of the
      pressure drop from the square root ratio occurs at about 8.5 psi. This
      gives a recovery coefficient of 8.5.sup.2 /300, or 0.24. For the curve D,
      the deviation occurs at about 12 psi, giving a recovery coefficient of
      12.sup.2 /300 or 0.48. Greater numbers of flow paths and more direction
      changes would give larger ratios and more favorable coefficients at
      intermediate strokes.
PAR  It is to be noted that any suitable type of transmission means may be used
      to rotate the semi-circular discs of the vane in opposition to each other.
      For example, instead of using a gear and sprocket arrangement, use may be
      made of gears only or of levers only.
PAR  In the embodiment shown in FIGS. 1 to 3, the semi-cylindrical disc portions
      are substantially symmetrical. However, the discs may be made in a
      non-symmetrical relationship so that more torque is imposed on one discs
      than the other. This can be of use where a small amount of torque is
      required in order to eliminate backlash or to aid the actuator in
      operating the valve.
PAR  Referring to FIG. 6, wherein like reference characters indicate like parts
      as above, the vane 12' can also be made up of a pair of circular
      concentric discs 39, 40. As above, both discs 39, 40 are mounted on a
      commmon axis with the inner disc 39 secured to an inner shaft 15 and the
      outer apertured disc 40 secured to an outer shaft 16. The outer disc 40 is
      also journalled on the inner shaft 15 by a bearing 41 such as a sleeve
      bearing at the side opposite the transmission side. The transmission means
      17 is similar to that described above and the operation of the vane 12' is
      similar to that described above. That is, as shown in FIG. 7, as the vane
      12' is moved between the fully open position and fully closed position,
      the two vanes 39, 40 move in opposite directions such that a number of
      flow paths are formed.
PAR  In some instances, the valve can be constructed so that one portion of the
      vane will move before the other portion. For example, referring to the
      concentric vane configuration of FIGS. 6 and 7, the inner disc 39 can be
      allowed to move from the 0.degree. position first.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A butterfly valve comprising
PA1  a housing defining an opening for a flow of fluid;
PA1  a butterfly vane mounted in said housing to selectively open and close said
      opening to a flow of fluid, said vane including a pair of discs; and
PA1  means for pivoting said discs, said means including a first shaft connected
      to one of said discs for pivoting said discs in a first direction, a
      second shaft connected to the other of said discs and positioned coaxially
      of said first shaft for pivoting said other disc in a second direction
      opposite said first direction, and a transmission connected to said shafts
      to rotate said shafts simultaneously in opposite directions to move said
      discs between respective closed positions and open positions thereof.
NUM  2.
PAR  2. A butterfly valve as set forth in claim 1 wherein each disc is of
      semi-circular shape.
NUM  3.
PAR  3. A butterfly valve as set forth in claim 2 wherein said discs define a
      line of separation therebetween when closed which is disposed at a right
      angle to said common axis.
NUM  4.
PAR  4. A butterfly valve as set forth in claim 1 wherein said discs are
      concentrically mounted with respect to each other.
NUM  5.
PAR  5. A butterfly valve as set forth in claim 1 wherein said discs are mounted
      on a common axis.
NUM  6.
PAR  6. A butterfly valve as set forth in claim 1 wherein said first shaft
      passes out of said housing for connection to a prime mover and said
      transmission includes a first sprocket fixedly mounted on said first
      shaft, a stub shaft rotatably mounted in said housing, a second sprocket
      fixedly mounted on said stub shaft, an endless chain connecting said
      sprockets to each other in drive relation for rotation of said stub shaft,
      a first gear fixedly mounted on said stub shaft, a second gear fixedly
      mounted on said second shaft and in meshing engagement with said first
      gear for rotating said second shaft in opposition to said first shaft.
NUM  7.
PAR  7. A butterfly valve as set forth in claim 1 wherein said shafts are
      mounted in concentric relation.
NUM  8.
PAR  8. A butterfly valve comprising
PA1  a butterfly vane having a pair of semi-circular discs sequentially mounted
      on a common axis, said discs defining a line of separation therebetween
      when closed which is disposed at a right angle to said common axis, said
      axis passing transversely through each said disc; and
PA1  means for pivoting said discs in opposite directions to each other about
      said common axis from a closed position to an open position.
NUM  9.
PAR  9. A butterfly valve as set forth in claim 8 which further comprises a pair
      of concentrically mounted shafts rotatably mounted on said axis, each said
      shaft being connected to a respective disc, and wherein said means rotates
      said shafts in opposite directions.
NUM  10.
PAR  10. A butterfly valve as set forth in claim 9 wherein said means includes a
      transmission between said shaft for rotating one of said shafts in
      opposition to the other of said shafts in response to rotation of said
      other shaft.
NUM  11.
PAR  11. A butterfly valve as set forth in claim 8 which furthr comprises a
      first shaft connected to one disc and a second shaft connected to the
      other of said discs, said discs being sequentially arranged with respect
      to said common axis with said one disc having an enlarged portion disposed
      over one end of said second shaft.
NUM  12.
PAR  12. A butterfly valve as set forth in claim 11 wherein said second shaft is
      rotatably mounted on said first shaft.
NUM  13.
PAR  13. A butterfly valve as set forth in claim 8 wherein each disc is
      substantially symmetrical to the other disc.
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ABST
PAL  A jack for supporting and adjusting the elevation of a trailer tongue
      comprises a ground support post, having either a caster wheel or foot
      plate at its lower end, extending downwardly through a jack mechanism
      housing which is bolted to the trailer tongue. The post can be raised or
      lowered either by means of a rotatable crank extending from the housing
      or, alternately, after manual release of latching means in the housing and
      tilting of the crank, by manually sliding the post. The post has a toothed
      rack affixed along one side thereof. The mechanism in the housing
      comprises a pivotally movable support member on which a crank-driven worm
      and an intermeshing worm gear are rotatably mounted. The support member is
      spring biased and releasably latched into an upward position wherein the
      worm gear engages the rack (and functions as a pinion gear) and manual
      rotation of the crank is necessary to move the post up or down. Upon
      manual release of the latch, tilting of the crank moves the support member
      to a downward position wherein the worm gear is disengaged from the rack,
      whereupon the post is free to be slid manually to a desired position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates generally to rack and pinion type jacks for
      supporting and adjusting the elevation of a trailer tongue. In particular,
      it relates to a jack wherein movement of the ground-engageable jack
      support post relative to the jack mechanism housing attached to the
      trailer tongue can be effected either by rotation of a crank or by a
      simple sliding motion of the support post itself.
PAR  2. Description of the Prior Art
PAR  Some prior art rack and pinion type jacks used for supporting and adjusting
      the elevation of the tongue of a boat trailer or the like comprise a
      downwardly extending support post, having either a caster wheel or foot
      plate at the lower end, and having a toothed rack rigidly affixed along
      one side and a jack mechanism housing attachable to the trailer tongue and
      through which the post and rack extend. In some such prior art jacks, the
      mechanism within the housing comprises a crank-driven rotatable pinion
      gear which is permanently in constant mesh with the rack on the jack post.
      Rotation of the crank in the appropriate direction effects raising or
      lowering of the jack post relative to the housing to thereby adjust the
      elevation of the trailer tongue.
PAR  In use, after the trailer tongue is connected to a tow vehicle for road
      transport purposes but before the trailer is actually towed, it is
      necessary to raise or retract the jack post upwardly clear of the terrain
      as far as possible by manually turning the crank in the appropriate
      direction. Then, after the trailer is towed to its destination but before
      it is disconnected from the tow vehicle, it is necessary to rotate the
      crank in the appropriate direction to extend the jack post downwardly so
      that its lower end contacts the ground for supporting the trailer tongue.
      Since the distance the post must be raised or lowered may be as much as
      several feet, and since the distance of post travel linearly per crank
      revolution is extremely small because of mechanism gear ratios and
      mechanical advantages involved, the task of cranking is tedious and
      time-consuming.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the invention there is provided a jack for supporting
      and adjusting the elevation of a trailer tongue of a boat trailer, for
      example, and to facilitate attachment and detachment of the trailer and a
      tow vehicle. The jack comprises a jack mechanism housing releasably
      connectable to the trailer tongue and a ground support post, castered or
      flatbottomed, extending downwardly through the housing. The post and
      housing are relatively movable for adjustment purposes either by operation
      of a rotatable crank extending from the housing or, alternately, after
      manual release of latching means in the housing and tilting of the crank,
      by manually sliding the post relative to the housing. The post has a
      toothed rack rigidly affixed to and extending vertically along one side
      thereof and through the housing. The housing contains a jack mechanism
      which comprises a pivotally movable support member on which a crank-driven
      helical threaded worm and an intermeshing worm gear are rotatably mounted.
      The pivotable support member is normally spring biased and releasably
      latched, by means of a spring biased latch, into one (upward) position
      wherein the worm gear engages the rack and functions as a pinion gear and
      rotation of the crank is necessary to move the post relative to the
      housing. Upon manual release of the latch, the pivotable support member is
      swingable downwardly a short distance around its pivot pin by means of the
      crank to another (downward) position wherein the worm gear is disengaged
      from the rack and wherein the post is free to be slid manually to a
      desired position relative to the housing.
PAR  The pivotable support member on which the worm and worm gear are rotatably
      mounted is pivotally connected to the housing by a pivot pin or bolt and
      is biased upwardly into the said one position by means of a helical
      tension spring connected between the support member and the housing. The
      latch is pivotally or oscillatably mounted on the housing by means of
      another pivot pin or bolt and is biased upwardly into releasable
      engagement with the edge of a slot in the lower side of the pivotable
      support member by means of a biasing spring connected between the latch
      and the housing.
PAR  When the latch is manually released by depression thereof, the support
      member is pivotally movable downwardly by moving the crank to an upright
      position and tilting or pressing forwardly thereon, i.e., toward the post.
PAR  Means are provided on the housing to facilitate releasable attachment of
      the jack to the trailer tongue and comprise outwardly extending flanges on
      the housing and an attachment plate which is connectable to the housing by
      a set of removable bolts. The trailer tongue is engaged between the
      flanges and the attachment plate.
PAR  The upper end of the jack post is provided with a handle to facilitate its
      manual extension or retraction relative to the housing when the latch is
      released and the worm gear is disengaged from the rack. The lower end of
      the jack post is provided with either a swivel-type ground engaging caster
      wheel or a flat foot plate.
PAR  A jack in accordance with the invention offers several advantages over
      prior art jacks. For example, the jack post can be extended or retracted
      incrementally by means of the crank when there is a load thereon, or
      alternately can be extended or retracted manually by a quick, simple
      pushing or pulling thereof, provided there is no load thereon and the
      latch is released and the worm gear and the rack are disengaged. Thus
      time-consuming and tedious cranking are eliminated. The jack also
      incorporates a desirable safety feature in that relative motion between
      the jack post and housing is not possible unless two separate steps are
      carried out simultaneously. Furthermore, a jack in accordance with the
      invention is relatively easy and economical to manufacture and is
      adaptable to a wide variety of uses other than in connection with
      trailers. Other objects and advantages of the invention will hereafter
      appear.
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PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a jack in accordance with the invention;
PAR  FIG. 2 is a side elevational view, partly in cross section, of the jack
      shown in FIG. 1;
PAR  FIG. 3 is an end elevation view of the jack housing taken on line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a cross section view of the jack housing taken on line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a cross section view of the post and housing taken on line 5--5
      of FIG. 2;
PAR  FIG. 6 is a perspective view of the pivotably movable member shown removed
      from the housing;
PAR  FIG. 7 is an enlarged cross section view of the housing and the operating
      mechanism therewithin showing components thereof moved to an alternate
      released position; and
PAR  FIG. 8 is a cross section view of a portion of the jack post showing it
      provided with a support foot instead of a caster.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a jack 10 in accordance with the present invention for
      supporting and adjusting the elevation of a trailer tongue 11 in the form
      of a rigid box girder and which is understood to project forwardly from a
      trailer (not shown) for attachment to a tow vehicle (not shown). Jack 10
      comprises a hollow rigid stamped sheet metal housing 12 bent to define a
      generally cylindrical vertical passage 14 through which a vertically
      disposed hollow cylindrical rigid support or jack post 15 extends and to
      define a compartment or chamber 16 wherein a jack mechanism, hereinafter
      described, is disposed. Housing 12 has integrally formed outwardly
      extending flanges 18 near the bottom thereof which are provided with bolt
      holes 20 for accommodating bolts 21 which extend therethrough and through
      registry holes 23 in a clamping plate 24. Trailer tongue 11 is rigidly
      clamped or secured between the housing flanges 18 and the clamping plate
      24.
PAR  Jack post 15, which is closed at its upper end by a removable snap-in cap
      25, is provided at its lower end with a caster assembly 26 which comprises
      a ground engaging caster wheel 27 which is rotatably mounted by means of
      an axle 28 on a caster wheel support member 29. Caster wheel support
      member 29 is secured for swiveling or rotation about a vertical axis to a
      cylindrical cap 30 by means of a rivet or bolt 31. A bearing assembly 32
      comprising a bearing housing 33 and a ball bearing support plate 34 having
      ball bearings 35 therein is disposed between the cap 30 and the caster
      wheel support member 29. A bushing 37 is disposed around rivet or bolt 31
      and the underside of the upper portion of the caster wheel support member
      29. The caster assembly 26 is secured to the jack post 15 by means of cap
      30 which fits over the lower end of the jack post and by means of a bolt
      40 which extends through holes 41 in cap 30, registering holes 42 in the
      jack post, and hole 50a in rack 50.
PAR  As FIG. 8 shows, instead of the caster assembly 26 shown in FIGS. 1 and 2,
      the lower end of jack post 15 may be provided with a support foot assembly
      26a for utility purposes. Assembly 26a comprises a cylindrical cap 30a
      which fits over the lower end of the jack post and is secured thereto by
      means of bolt 40 which extends through holes 41a, hole 50a and the
      registering holes 42 in the jack post. A tubular member 43 is welded to
      and depends from cap 30a and a ground-engaging flat plate 45 is welded to
      the lower end of member 43.
PAR  Jack post 15 is provided at its upper end with a handle 45 which is secured
      thereto by means of a bolt 46 and serves as a means for manually raising
      or lowering the jack post relative to housing 12, as will hereinafter
      appear.
PAR  Jack post 15 has two vertically spaced apart holes 17 and 18 for receiving,
      for example, the shackle of a padlock (not shown) to prevent or discourage
      theft of the boat trailer. When the trailer is connected to the tow
      vehicle and post 15 is raised, hole 18 is above housing 12 and the lock
      shackle would prevent descent of the post, thereby making it extremely
      difficult to detach the trailer from the tow vehicle. When post 15 is
      lowered and the trailer is disconnected from the tow vehicle, hole 17 is
      below housing 12 and the lock shackle prevents raising of post 15, thereby
      making it difficult or impossible to tow the trailer away by means of
      another vehicle.
PAR  Jack post 15 is provided on the side thereof facing the jack mechanism with
      an elongated rack 50 having teeth 51 and grooves 52 which is secured to
      the jack post by means of the bolts 40 and 46. The teeth 51 and grooves 52
      are at a slight angle from horizontal so as to mesh properly with the
      angled teeth of worm gear 93. Rack 50 is provided on its lower rear side
      with an integrally formed projection 53 which extends through a hole 54 in
      the lower end of jack post 15 and serves to aid in transferring load
      forces imposed on the rack 50 directly to the lower end of the jack post.
PAR  The post 15 and its attached rack 50 extend vertically through passage 14
      in housing 12. As FIGS. 1 through 5 make clear, housing 12 is formed from
      a single metal member which is folded or bent to provide two housing
      sections or sides 60 and 61 which are mirror images of each other, except
      for spring-anchoring holes 67, 68 and 69 provided in housing section 61.
      Each housing section 60 and 61 is generally flat and provided with an
      inwardly facing flange 70 at its upper side and the aforementioned
      outwardly facing lower flange 18 at its lower side. The two housing
      sections 60 and 61 are joined together by an intermediate portion 72
      defining passage 14 and are mechanically secured to each other by a pair
      of rivets or bolts 73 and 74 and by two bolts 75 and 76. The bolt 75 and
      the bolt 76 also serve as pivot pins.
PAR  The housing 12 contains or encloses a jack operating mechanism comprising a
      pivotably movable support member 90 on which a worm 91 driven by a crank
      92, and an intermeshing worm gear 93 are rotatably mounted. Worm gear 93
      is rotatable on shaft 94 which, in turn, is rigidly secured to plate 90.
      Worm 91 is secured to, and rotatable with, the innermost end of a
      rotatable shaft 95 to which crank 92 is rigidly secured at its outermost
      end. Worm 91, which is keyed to shaft 95 by a key 91a and also press fit
      thereon, is preferably formed of copper, furnace-brazed, heat-treated for
      strength and carborized for wearability. The shaft 95 is journalled for
      rotation in bushings 96 and 97. Bushing 96 is press-fitted in a hole in a
      bracket 98 which is rigidly secured by a snap-in arrangement in slots 99
      provided in the sides of member 90. Bushing 97 is press-fitted in a hole
      100 provided in the vertical end plate 101 of member 90. The end of crank
      92 is provided with a hole 103 through which the threaded end of shaft 95
      extends. The threaded end of shaft 95 is provided with flats 105 to enable
      non-rotational connection thereof to crank 92 so that crank rotation
      effects rotation of shaft 95. A washer 106 is disposed between bushing 97
      and crank 92. A nut 108 screws onto the threaded end of shaft 95 to secure
      the crank 92 in its proper position and to hold the bushings 96 and 97
      against their respective supporting members 98 and 101 to thereby ensure
      that axial movement of shaft 95 is prevented as it is rotated in either
      direction and so that worm 91 and worm gear 93 always remain in correct
      alignment.
PAR  Pivotable support member 90 is provided with a pair of holes 110 for
      accommodating the bolt 75 about which member 90 can pivot between its one
      uppermost or engaged position, shown in FIG. 2, and its other unlatched
      lower position, shown in FIG. 7. Member 90 is biased into the said one
      position by means of a biasing spring 112 which has one end engaged in the
      holes 67 and 68 in housing section 61 and has its other end engaged
      through a slot 113 and a hole 114 in the lower portion 115 of member 90.
      Spring 112 is a helical tension spring which tends to bias member 90
      upwardly into the position shown in FIG. 2 wherein the worm gear 93 is
      engaged with the rack 50.
PAR  Releasable latching means are provided to lock or latch member 90 in the
      position shown in FIG. 2. Such latching means take the form of a latch
      member 120 which is pivotally mounted on the bolt 76 hereinbefore
      described. A biasing spring 121 is disposed on bolt 76 and has one end
      engaged with the lower edge of latch 120 and has its other end secured in
      hole 69 in housing section 61. Spring 121 tends to bias latch 120 in a
      counterclockwise direction (with respect to FIGS. 2 and 7) into a position
      wherein a notch 122 at the end of the latch engages a downwardly sloped
      projection 123 in lower portion 115 of member 90. The slot 113 in member
      90 affords clearance for movement and positioning of latch 120. As FIG. 2
      shows, when the latch 120 is engaged with projection 123, the member 90 is
      in its uppermost position (being biased there by spring 112) and the worm
      gear 93 is in engagement with the teeth and notches on rack 50. If crank
      92 is then rotated, worm 91 correspondingly rotates to effect rotation of
      worm gear 93 and the jack post 15 is moved upwardly or downwardly,
      relative to housing 12, depending upon the direction of rotation of crank
      92. If post 15 has its caster wheel 27 resting on the ground, then trailer
      tongue 11 will be moved upwardly or downwardly along with housing 12.
PAR  If it is desired to raise or lower post 15 with respect to housing 12, as
      when the coupling on the end of trailer tongue 11 is securely fastened to
      a towing vehicle and there is no danger of the trailer tongue 11 falling,
      the following procedure is carried out. The latch 120 is depressed against
      the bias of spring 121 and moved from the latched position shown in
      phantom lines in FIG. 7 clockwise to its unlatched lower position shown in
      solid lines in FIG. 7. When this occurs, notch 122 of latch 120 disengages
      from projection 123 on member 90 as the notch 122 moves upwardly. However,
      member 90 still remains in the position shown in FIG. 2 due to the biasing
      action of the spring 112, and the worm gear 93 remains fully engaged with
      the rack 50 on post 15. To effect disengagement of the worm gear 93 from
      rack 50 it is necessary, for example, to rotate crank 92 to its uppermost
      position, as shown in solid lines in FIG. 2, and then to move or tilt the
      crank leftward (with respect to FIG. 2) to the position shown in the
      phantom lines in FIG. 2 and in solid lines in FIG. 7. Such motion of crank
      92 effects counterclockwise or downward tilting of member 90, and worm
      gear 93 moves out of engagement with rack 50. The post 15 is then ready to
      be moved upwardly or downwardly, as by means of its handle 45, to a
      desired position wherein it can be positively maintained by releasing the
      pressure on crank 92, thereby allowing biasing spring 112 to move member
      90 clockwise (with respect to FIG. 7) and cause re-engagement of the worm
      gear 93 and the rack 50. When manual pressure on the latch 120 is
      released, the biasing spring 121 causes the latch to move counterclockwise
      (with respect to FIG. 7) so that its notch 122 re-engages the projection
      123 on member 90 thereby positively relatching member 90 in its uppermost
      position, shown in FIG. 2. It is to be understood that when member 90 is
      in its uppermost position and worm gear 93 is engaged with both worm 91
      and rack 50, a downward load acting on the jack housing cannot effect
      rotation of the worm gear 93 or the worm 91 because of the gear ratios and
      mechanical advantages involved. Jack slippage is prevented by this
      self-locking design.
PAR  As is apparent from the foregoing description, the various elements in the
      housing 12 are normally biased by spring 112 and normally latched by latch
      120 into a position wherein the worm gear 93 engages the rack 50 and
      wherein it is necessary to rotate crank 92 in the appropriate direction to
      effect corresponding vertical movement of post assembly 12. In order to
      free post 15 for manual sliding movement upwardly or downwardly it is
      necessary to perform two separate acts, namely, manual release of latch
      120 and subsequently inward movement of crank 92 to cause slight downward
      pivotal movement of member 90 and the components mounted thereon. Unless
      positive pressure is applied to crank 92 and latch 120 the worm gear 93
      always remains in positive engagement with the rack 50.
PAR  As FIGS. 2, 6 and 7 best show, member 90 is provided on its upper sides
      with projections 89 which engage the undersurface of the upper side of
      housing 12 and limit upward pivotal movement or travel of member 90 and
      thereby ensure that worm gear 93 and rack 50 are properly meshed. The
      cut-outs 88 at the ends of the projections 89 afford clearnace for the
      rivet 73.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a jack: an elongated post having a rack along a side thereof; a
      housing through which said post member extends; a member pivotally mounted
      on said housing and selectively movable between two positions; a gear
      rotatably mounted on said member, said gear being in meshed engagement
      with said rack on said post when said member is in one of said two
      positions and said gear being out of meshed engagement with said rack on
      said post when said member is in the other of said two positions; and
      means mounted on said member for selectively rotating said gear in
      opposite directions to move said post axially with respect to said housing
      when said member is in said one position and said gear and rack are
      engaged.
NUM  2.
PAR  2. A jack according to claim 1 including means on said housing for
      releasably mounting said member in said one position.
NUM  3.
PAR  3. A jack according to claim 2 wherein said means for releasably mounting
      said member in said one position is a biasing spring connected between
      said housing and said member.
NUM  4.
PAR  4. A jack according to claim 2 wherein said means for releasably mounting
      said member in said one position is a latch connected between said housing
      and said member.
NUM  5.
PAR  5. A jack according to claim 4 wherein said latch is movably mounted on
      said housing and selectively engageable with said member.
NUM  6.
PAR  6. A jack according to claim 5 including a biasing spring for mounting said
      latch in engagement with said member.
NUM  7.
PAR  7. A jack according to claim 6 including a biasing spring connected between
      said housing and said member for mounting said member in said one
      position.
NUM  8.
PAR  8. A jack according to claim 7 wherein said gear is a worm gear.
NUM  9.
PAR  9. A jack according to claim 8 wherein said means for selectively rotating
      said worm gear comprises a worm rotatably mounted on said member and in
      meshing engagement with said worm gear and a crank for rotating said worm,
      said crank extending outwardly of said housing.
PATN
WKU  039348539
SRC  5
APN  4251393
APT  1
ART  323
APD  19731217
TTL  Tire retrieval tool
ISD  19760127
NCL  2
ECL  1
EXA  Watson; Robert C.
EXP  Smith; Al Lawrence
NDR  2
NFG  7
INVT
NAM  Orsburn; William
STR  1599 N. Norma St., Sp. 24
CTY  Ridgecrest
STA  CA
ZIP  93555
CLAS
OCL  254131
EDF  2
ICL  B66F  300
FSC  254
FSS  131;120;113;50.1;50.4
FSC  157
FSS  1.26;1.3
FSC   29
FSS  267;273
UREF
PNO  951200
ISD  19100300
NAM  Pilliner
OCL  157  1.26
UREF
PNO  2547474
ISD  19510400
NAM  Munyon
OCL  254131
UREF
PNO  2808162
ISD  19571000
NAM  Hellyer
OCL  254131
LREP
FR2  Ashen; Robert M.
FR2  Schaap; Robert J.
ABST
PAL  A tire retrieval tool for retrieving a tire disposed in an otherwise
      inaccessible or difficult to reach receptacle, such as a tire well of a
      station wagon automobile, comprises a pair of arms joined at an elbow for
      applying torque to the rim of the wheel on which the tire is mounted. The
      arms comprise a contact member for contacting the wheel within the
      receptacle and a handle member for controlling and exerting force upon the
      contact arm. A brace attached to the arms engages the tire during
      retrieval thereof to prevent loss of contact between the contact member
      and the wheel. The handle member and the contact member are joined at an
      acute angle and may have different lengths to provide a mechanical
      advantage for facilitating retrieval of the tire from the receptacle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to tools for retrieving tires from storage
      receptacles, particularly tire wells in motor vehicles.
PAR  2. Description of the Prior Art
PAR  The general increase of size and weight of automobiles in recent years has
      led to substantially increased tire sizes and weights. At the same time,
      there has been an increasingly compelling demand for more efficient
      utilization of space within automobiles, particularly in large automobiles
      such as station wagons. As a result of these consumer and engineering
      requirements, there has been an increasing trend toward placing spare
      tires in tire wells or receptacles located at the periphery of or at the
      rear of the trunks of sedans or storage spaces of station wagons.
      Depressed receptacles defined by the surface of the trunk or storage space
      are also utilized for storage of spare tires and wheels.
PAR  The combination of increased tire size and weight and decreased
      accessibility has produced substantial inconvenience to motorists,
      particularly those without sufficient strength or agility to manipulate
      spare tires, which frequently are relatively heavy and bulky, out of the
      tire receptacle. Further, the situation has resulted in injuries,
      including muscle strains, pulls or sprains, particularly afflicting the
      back region of persons attempting to manipulate a spare tire out of its
      well manually or with existing tools, such as jacks, with which the
      ordinary automobile is equipped.
PAR  Therefore, there has been a recognized but unfulfilled need for a tool
      permitting convenient, effective, and safe retrieval of tires from storage
      receptacles, particularly tire wells in automobiles.
PAC  SPECIFICATION
PAR  A tire retrieval tool comprises force exerting means including a pair of
      arms joined at an elbow. A first arm comprises a contact member for
      engaging a wheel of a tire disposed in a tire well or receptacle. The
      second arm comprises a handle member for manual gripping during lifting of
      the tire from the receptacle. The tire retrieval tool further includes a
      brace member or means attached to the arms. The brace means comprises an
      elongated member for placing in contact with the wheel to brace it and to
      prevent it from disengaging from the contact member upon movement of the
      wheel out of the tire receptacle. Portions of the brace means are
      configured to conform to the general configuration of the sidewalls and
      tread of a tire.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 comprises a perspective view of a tire retrieval tool in accordance
      with the invention;
PAR  FIG. 2 comprises a side sectional view of the tire retrieval tool of FIG. 1
      aligned in initial operating position with respect to a tire to be
      retrieved;
PAR  FIG. 3 comprises a rear view of the tire retrieval tool and tire of FIG. 2;
PAR  FIG. 4A comprises a side view of the tire retrieval tool of FIG. 2 in
      initial operation position with respect to a tire to be retrieved;
PAR  FIG. 4B comprises a side view of the tire retrieval tool and tire of FIG.
      4A in an intermediate operating position;
PAR  FIG. 4C comprises a side view of the items depicted in FIG. 4B in a further
      advanced operating position; and
PAR  FIG. 4D depicts tire of FIG. 4A in a post retrieval position.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, a tire removal tool 10 comprises arm means 12. The arm
      means 12 include a first or wheel engaging member 14 and a second or
      handle member 16 joined to the first member 14 at an elbow 18. Preferably,
      members 14, 16 intersect at an acute angle, substantially equal to
      30.degree.  in the depicted embodiment, at the elbow 18. Member 16 is
      longer than member 14 and thus provides a mechanical advantage in
      operating the tool 10 as further described below. Members 14, 16 are
      preferably integrally joined to each other, as depicted. A hand grip 20
      may be attached to the handle member 14, by conventional means. Hand grip
      20 is configured to accommodate the hand of a person manipulating the tool
      10 and facilitates use of the tool.
PAR  Joined to the arm means 12 is brace or holding means 22. The brace means
      comprises a relatively thin, flexible rod preferably configured to conform
      generally to the contour of an ordinary automobile tire and to engage with
      such a tire when member 14 engages with a wheel upon which the tire is
      mounted. As depicted, the connection between the brace means 22 and the
      force exerting means 12 is preferably at the handle member 16. Connection
      at other points of the arm means may also be utilized in accordance with
      the invention. At the point of connection, the member 16 defines attaching
      means in the form of an aperture 24 into which an inner end 26 of an
      attaching segment 28 of the brace means 22 is pivotally attached.
      Preferably, as depicted, engagement between member 16 and segment 28 is
      effected by simple insertion of end 26 into aperture 24 forming a
      pivotable connection. In the depicted embodiment, the point of attachment
      between brace means 22 and member 16 is located a distance of
      approximately equal to three-eighths of the length of the handle member 16
      from elbow 18, so as to facilitate continuing engagement of the brace
      means with a tire under retrieval by the tool 10, as described below.
      Attachment points at other locations may be employed in accordance with
      the invention.
PAR  An intermediate segment 30 of the brace means 22, often referred to as a
      "first segment" of the brace, connects to attaching segment 28 at a first
      joinder region 32. Segments 28, 30 preferably, as depicted, intersect at
      substantially a right angle, though other angles of intersection may be
      utilized in accordance with the invention. Segment 30 is preferably
      substantially linear in form; in length, segment 30 is preferably somewhat
      comparable to the radial extent of a tire sidewall and in a specific
      embodiment is substantially seven inches long. Attaching segment 28 and
      intermediate segment 30 may be, as depicted, integrally joined to each
      other.
PAR  At a joinder region 34, the intermediate segment 30 connects with a first
      outer segment 36. The latter segment 36, often referred to as a "first
      segment" of the brace, extends linearly from region 34 at an angle
      facilitating contact between the brace and the tire and preferably has a
      length substantially comparable to the span of a tire tread. In the
      depicted embodiment, segment 36 makes an angle with segment 30
      substantially equal to 120.degree. and the segment 36 has a length
      substantially equal to 61/2 inches; joinder region 34 is arcuate in shape,
      though other configurations may be employed in accordance with the
      invention. At a third joinder region 37, brace segment 36 connects to a
      second outer segment 38, often referred to as a "third segment" of the
      brace, at an angle of 130.degree.. Segment 38 and joinder region 37 are
      configured to conform generally to the region of a tire at which the tread
      and sidewall join and to an upper portion of a sidewall. Segment 38 may be
      rather short and need only make sufficient contact with a tire to effect
      operation of the tool, as described below. In a specific embodiment of the
      invention segment 38 is substantially equal to 2 inches in length.
      Moreover, in a preferred aspect of the present invention, the length of
      the attaching segment 28 is substantially equal to 1 inch in length. For
      most applications, a tool in accordance with the invention may be used
      with tires of various dimensions, due to the flexibility of brace means
      22, which in the depicted embodiment comprises a steel rod approximately
      3/16 inch in thickness. For applications of the invention in which greater
      adaptability is desired, joinder regions 34, 37 may be adjustable; for
      example, the joinder may be pivotable to adapt to tires of different types
      and lockable to maintain a desired configuration. For most applications,
      the fit between the frame means and a tire to be retrieved need not be
      close.
PAR  As shown in FIGS. 2-4C, the tool 10 is positionable with respect to a tire
      40 so as to exert torque thereon and to lift the tire out of a well 42 or
      other receptacle in which it is disposed. The tire 40 and well 42 may be
      in the context of a conventional station wagon automobile, in which the
      well 42 is ordinarily disposed at the periphery of a rear storage
      compartment. The invention is particularly useful in such applications.
      This invention is applicable in other contexts as well in which tires are
      disposed or stored in receptacles, particularly those positioned or
      configured in such a manner as to make it difficult for a person unaided
      by the invention to exert leverage or torque upon the tire.
PAR  As depicted in FIGS. 2 and 4A, prior to operation, the tool 10, including
      the brace means 22, is positioned upon a surface 44, which may comprise
      the deck of a station wagon automobile, adjacent the tire 40 so that
      contact member 14 engages with a rim 46 of a wheel 48 (shown generally)
      upon which the tire 40 is mounted. Preferably, as depicted, the member 14
      engages an indent 50 defined in the wheel 48 adjacent an annular bead or
      lip 52 of the tire 40. Brace means 22 is then pivoted to engage the tire
      40. In the engaged position, the intermediate segment 30 of the brace
      means 22 is disposed adjacent to, and is directed toward a sidewall 54 of
      tire 40. Joinder region 34 is disposed adjacent the intersection of a
      forward upper sidewall 54 with a tire tread 56. ("Upper" is defined as
      "above the surface 44" and "forward" is defined as "at the same side of
      the tire as the tool.") The joinder region 34 is adjacent the tire 40 at
      the intersection of a sidewall 54 and an upper portion of the tread 56 of
      tire 40. Segment 36 is positioned across tread 56. Segment 38 is adjacent
      a rear upper sidewall 58 ("Rear" is defined as "at the opposite side of
      the tire from the tool") and joinder region 37 is adjacent the
      intersection of sidewall 58 with tread 56. The depicted rather close fit
      between brace means 22 and the sidewalls and tread of the tire 40 is
      provided only as an example of the structure and function of the
      invention; such a close fit is not necessary for effective use of the
      invention. Other fits between brace means 22 affording contact between the
      brace means and the tire may be utilized in accordance with the invention.
      For example, a fit in which contact with the tire is substantially limited
      to portions of segments adjacent a joinder region would permit effective
      use of the tool 10. In most practical applications, in which a particular
      tool will be provided for use with tires of particular dimensions, the
      depicted close fit will be utilized.
PAR  By reference to FIGS. 1 and 2 of the drawings, it can be observed that the
      handle member 16 is substantially longer than the wheel engaging member
      14. Furthermore, the length of the wheel engaging member 14, as measured
      from the elbow to the upper end of the wheel engaging member 14, is
      greater than the length between the surface 44 and the annular wall of the
      rim 46. In addition, the elbow 18 engages the surface 44 at a point which
      is spaced outwardly from the wheel when the upper end of the arm 14
      engages the annular wall of the rim 46 in order to provide a mechanical
      advantage in lifting the wheel from the tire well. It can also be observed
      that the handle member 16 with the hand grip 20 at the upper end thereof
      also has a greater dimension than that between the surface 44 and the
      uppermost surface of the tire 56.
PAR  As depicted in FIG. 4B, in a second stage of operation, a force (indicated
      by an arrow) is manually exerted by a user (not shown) and is applied to
      the handle member 16 in a direction away from the tire 40 (i.e.
      counterclockwise as depicted) producing a torque upon the wheel 48. The
      torque results in angular displacement of the tool 10, together with the
      tire 40. Because of the greater length of the handle member 16 than the
      contact member 14, a mechanical advantage is obtained in exerting force
      upon the handle member 16 depending upon the difference in length of the
      members 14, 16. In many applications the difference in length may be
      approximately 2:1 and in a specific embodiment the handle member 12 is
      substantially equal to 17 inches in length and the contact member 16 is
      substantially equal to 81/2 inches in length. Other dimensions and ratios
      appropriate for the requirements of specific situations may be utilized in
      accordance with the invention.
PAR  In operation of the tool 10, the tire 40 is prevented from displacement
      away from contact with contact member 14 by brace means 22. This is
      particularly significant while the tire 40 is being lifted out of the
      well, as depicted in FIG. 4B, as well as after the tire clears the well.
      During lifting from the well, the tire 40 will tend to tip over from the
      tool 10. Brace means 22 prevents such tipping from disengaging the wheel
      48 from member 14. For this purpose, either a close fit or a relatively
      loose fit between joinder region 37 and segment 38, on the one hand, and
      the tire 40, on the other, will suffice. If the fit is loose, the tire
      will tip somewhat before being prevented from tipping further by segment
      38. Thus, segment 38 need only fit closely enough to tire 40 to block
      tipping of the tire at a point before that point at which the tipping
      would cause disengagement of the wheel from the tool. In more closely
      fitting arrangements, of course, less tipping motion occurs before such
      motion is blocked. In this regard, the relationship of the point of
      attachment between brace means 22 and member 16 strongly influences
      effectiveness of the brace means. This relationship is such that when the
      tire contacts segment 38, the force upon the brace means resulting
      therefrom will not pivot the brace and permit the tire to disengage from
      member 14. In the depicted arrangement, tipping of the tire into contact
      with region 37 and segment 38 will exert negligible torque upon the brace
      since the force exerted upon the brace, on the whole, will be
      substantially collinear with lines between the point of attachment and the
      respective elements in contact with the tire.
PAR  As shown in FIG. 4C, after tire 40 has been lifted clear of the well 42 and
      is in angular motion, brace means 22 serves to steady the tire 40 and
      stabilize the engagement of the wheel 48 with member 14, thus avoiding the
      necessity of manual intervention to effect these objectives. This avoids
      the inconvenience and difficulty associated with touching and manipulating
      a tire which is somewhat inaccessible and has tire dust and other
      contaminants on its surface. The relation of the point of attachment of
      brace means 22 to member 16 is such that the brace means has no effective
      tendency to pivot out of engagement with tire 40 since any pivoting by the
      brace toward the handle would bring the brace into contact with the tire.
PAR  As shown in FIG. 4D, in the final position, the tire 40 rests upon its
      sidewall ready for use, the tool 10 having been disengaged therefrom. At
      the end of the path of the tool 10 and tire 40, handle member 16 rests on
      surface 44, and tire 40 rests upon member 16 and member 14. In this
      position, manual manipulation requiring little strength, skill or agility
      is sufficient to disengage the tire 40 from the tool 10.
PAR  Thus, effective and inexpensive apparatus for removing a heavy and bulky
      tire from a tire well, without requiring unusual skill, strength or
      agility is provided by a tire retrieval tool in accordance with the
      invention. Though particular embodiments of the invention have been
      depicted and described herein, the invention is to be defined solely by
      the following claims interpreted in the light of the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for removing a tire assembly comprised of a tire mounted on a
      wheel from a tire well without altering the mounting of the tire on the
      wheel, said tool comprising a first arm manually grippable to exert manual
      force thereupon, a second arm for engaging the wheel of said tire assembly
      to be removed from the tire well, an elbow joining the first arm to the
      second arm at an acute angle between said first and second arms, said
      first arm and second arm being configured to operate as a torque-exerting
      member and thereby provide a mechanical advantage in exerting force upon
      the first arm, a tire engaging brace fixedly attached to said first arm at
      a point of attachment intermediate the elbow and a free end of said first
      arm, said brace being configured as a somewhat U-shaped member including a
      first segment for contacting and engaging a first sidewall of the tire, a
      second segment for contacting and engaging the tread of the tire, and a
      third segment for contacting the opposite sidewall of the tire, to thereby
      restrain motion otherwise tending to disengage said tire assembly from the
      torque-exerting member when the second arm engages the tire in a
      torque-exerting relationship, said third segment being substantially equal
      to 2 inches in length, said third segment being joined to the second
      segment at substantially an angle of 130.degree., said first segment being
      substantially seven inches in length, said first segment also being joined
      to said second segment at substantially an angle of about 120.degree. and
      said second segment having a length of substantially about 61/2 inches.
NUM  2.
PAR  2. The tool of claim 1 further characterized in that the first segment is
      provided with an attaching segment for attachment to the first arm, and
      the attaching segment is joined to the first segment at an angle of
      substantially 90.degree. and is substantially equal to at least 1 inch in
      length.
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ABST
PAL  Apparatus is provided for winding elongated material in the form of pilot
      lines upon axially aligned drums rotatably mounted on a self-contained
      mobile trailer which has a horizontal rail extending longitudinally
      thereof in spaced parallel relation to the coaxial drums. A bull wheel or
      capstan device is slidably mounted for reciprocation upon the rail to
      guide and advance each pilot line onto the peripheral winding surface of
      each drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to apparatus for winding elongated material
      onto drums and, more particularly, to portable apparatus for winding pilot
      lines upon drums to facilitate the handling of pulling lines or the like
      used in the stringing of power transmission conductors.
PAR  2. Technical Considerations
PAR  Power transmission conductors are generally suspended from support towers
      spaced along a path or route spanning vast sections of land. The
      conductors are often very large in diameter and therefore relatively heavy
      and cumbersome to handle. When the conductors are strung along their
      transmission paths, relatively large pulling forces are required to draw
      them off of their reels and over their support towers. To facilitate this
      effort, a socalled pulling line is first strung over the transmission
      path, and then the end of the pulling line is attached to the leading end
      of the transmission conductor and pulled back across the transmission path
      by a heavy pulling machine to string the transmission conductor.
PAR  As mentioned above, the transmission conductors are relatively heavy and
      therefore the pulling lines used for stringing them must be suitably
      strong. Pulling lines are generally steel cables, usually heavy and
      cumbersome to handle and, therefore, the pulling lines are strung by a
      relatively lighter pilot lines which are less cumbersome to handle. Each
      pilot line is generally made of strong, flexible, lightweight dielectric
      material such as polypropylene, and its flexibility provides easier
      handling in threading it through the blocks of the individual support
      towers to serve as a lead line in defining the ultimate transmission
      conductor path.
PAR  When a pilot line is positioned along the transmission path, its end is
      attached to the leading end of the pulling line for drawing the pulling
      line into place. Apparatus for handling pilot lines and stringing pulling
      lines must be capable of delivering pulling forces of many thousand pounds
      because of the size of the pulling line. Conventional apparatus has
      included a plurality of reels arranged side by side in coaxial
      relationship with a level wind means positioned before each reel. Such
      reels having individual clutch and brake mechanisms are usually rotated by
      a common drive shaft. Such a reeling arrangement has operational
      shortcomings in that as the pilot line is tightened by the reel rotation,
      it stretches, resulting in a reduction of the line diameter. The reduced
      diameter increases the force in pounds per square inch of the line upon
      the reel. The increase in force applied if often sufficient to severely
      damage underlying convolutions of line and to crush the reel.
PAR  Some of the prior art constructions have attempted to eliminate the
      crushing problem inherent in the stretching of lines by utilizing a bull
      wheel winder system. In such cases, the bull wheel system interposes the
      necessary reeling tension, accommodates the stretching of the line and
      supplies it at relatively light tension to the take-up elements. Generally
      in such constructions, a single bull wheel system is utilized in
      conjunction with a separate level wind apparatus for each drum. Level wind
      equipment is common in the prior art and generally comprises apparatus for
      guiding elongated material onto a spool or drum driven in rotation to reel
      in the elongated material.
PAR  In one prior art construction, the bull wheels are fixed in a position
      above a plurality of rotatably mounted drums arranged one behind the other
      with their axes in spaced, parallel alignment. The pilot lines are pulled
      in by the bull wheels and guided onto each reel by the individual level
      winds. Such an arrangement has operational and structural shortcomings, in
      that individual level wind apparatus is necessary and interference between
      pilot lines of adjacent reels is frequent. Also, since the bull wheel
      system must be positioned above the drums, an overturning moment on the
      apparatus is produced during the pulling of the lines and becomes a
      limiting factor in the operation.
PAR  Inherent in population growth is the expansion of cities and towns and the
      increased requirement for electricity. The need has thus been fostered for
      more efficient and powerful apparatus for facilitating the stringing of
      power transmission conductors. Such apparatus primarily must be mobile and
      compact to facilitate transportation with emphasis on safety, efficiency
      and economy in the stringing operation.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a new and improved
      apparatus for winding elongated material onto a plurality of take-up
      elements.
PAR  Another object of the present invention is to provide a new and improved
      portable apparatus for winding pilot lines upon a plurality of driven
      drums.
PAR  It is a further object of the present invention to provide a new and
      improved portable apparatus for winding pilot lines upon drums without
      separate feed level control apparatus.
PAR  It is a further object of the present invention to provide a new and
      improved portable apparatus for winding pilot lines upon a plurality of
      coaxial drums positioned side by side, utilizing a single tensioning
      capstan.
PAR  It is yet another object to provide a portable apparatus for winding pilot
      lines onto a plurality of drums which apparatus is partially collapsible
      facilitating storage and transportation.
PAR  The new and improved apparatus for winding elongated material upon a
      plurality of take-up elements includes an elongated guide member mounted
      on a base in spaced parallel relation to the axis of the take-up element,
      means for rotating each take-up element, a tensioning capstan for
      receiving and advancing the elongated material onto the take-up element,
      and means for slidably mounting the tensioning capstan for rectilinear
      movement on the elongated guide member between a plurality of pairs of
      predetermined limits, the distance between adjacent limits being
      determined by the length of the winding surface of the take-up element.
PAR  Elongated material in the form of pilot lines used in handling pulling
      lines for stringing transmission conductors is fed through the tensioning
      capstan which may be of the so-called bull wheel winder type, well known
      in the prior art. The bull wheel winder is a tensioning device comprising
      one or more bull wheels having a plurality of grooves arranged to receive
      several windings of elongated material therearound. Sufficient tension is
      provided by the bull wheel system to draw in the line and guide it onto
      the take-up element or drum. The drum is driven in take-up rotation by
      driving means which frictionally engages the drum and maintains relatively
      light tension in the line so as to facilitate the use of lighter weight
      and, therefore, less expensive drums.
PAR  The capstan reciprocates in a path parallel to the axis of drum during the
      reeling operation, thereby acting as a feed level control, or distributor,
      to provide uniform layers of convolutions of line thereupon. The
      reciprocating movement occurs between limits defined by the axial length
      of the winding surface of the drum, and may be controlled manually. The
      distributor capability of the capstan allevaites the necessity of more
      expensive and complex independent level wind apparatus.
PAR  Maximum utilization of the single tensioning capstan is accomplished by
      positioning a plurality of drums in end to end axial alignment upon the
      base. The translational capability of the capstan upon the elongated guide
      provides for positioning of the bull wheels before a select drum for
      winding thereon.
PAR  In the present invention, only one drum at a time may be utilized for
      winding in lines under heavy loading, but all of the drums may be used at
      once for paying off line. This capability is possible because the drum
      take-up drive is independent of the tensioning capstan, which is not
      needed during paying off of the line. This dual function of the present
      invention facilitates the handling of multiple pilot lines with increased
      efficiency.
PAR  The base of the apparatus in the present invention is in a form of a
      trailer adapted for towing by a motor vehicle. This feature allows
      positioning of the apparatus in the desired relation to the support towers
      of the transmission line path. For highway transportation, a section of
      the rail is designed to swing inboard of the trailer with the bull wheel
      system mounted thereon so as to reduce the overall width of the apparatus.
      It will therefore be appreciated that such apparatus as described herein
      will maximize the efficient performance of the stringing operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and various features of the present invention will be fully
      understood from the following detailed description of a preferred
      embodiment thereof, when read in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a perspective view of an apparatus for winding pilot lines onto a
      plurality of drums in accordance with the principles of the present
      invention;
PAR  FIG. 2 is a top plan view of a portion of the apparatus of FIG. 1
      particularly illustrating an inboard swinging feature of the bull wheel
      system for transportation; and
PAR  FIG. 3 is an enlarged, fragmentary, side elevational view of the apparatus
      of FIG. 1 illustrating the drum take-up driving means.
DETD
PAC  DETAILED DESCRIPTION
PAR  Attention is first directed to FIG. 1, wherein a pilot line winding
      apparatus 10 comprises a self-contained winding unit 11 mounted on a
      trailer frame 12, thereby providing mobility for handling pulling lines
      used in stringing power transmission lines. In stringing these lines,
      mobility is essential in providing the capability of crossing rugged
      terrain and moving on open highways for attaining operative access to the
      transmission line path. Generally, three to five transmissions conductors
      or the like (not shown) will be strung. The present embodiment, therefore,
      includes a self-contained power unit 14 and an apparatus for supporting up
      to five pilot line drums 13--13 to facilitate maximum utilization of time
      and effort in the stringing of the pulling lines.
PAR  Frame 12 is an elongated horizontal structure designed as a base to support
      the winding unit 11 during operation and transportation and has
      conventional trailer wheels 15, disposed behind the center of gravity of
      winding unit 11 so as to facilitate a proper balance for towing the
      apparatus 10. Attachment means for towing behind a suitable motor vehicle
      (not shown) is provided through an adjustable trailer hitch 16 welded to a
      converging front end section of the frame 12. In this forward section
      frame 12, a retractable support leg 17, of the hydraulic jack-type
      commonly used on trailers, is provided to permit level positioning of the
      apparatus 10 during the stringing operation.
PAR  As may best be seen in FIG. 2, a pair of side anchoring rings 18--18 are
      disposed at opposite ends of frame 12 for attachment to anchoring cables
      19--19 thereby providing lateral stability for the apparatus 10 during the
      winding operation. A plurality of cradles or drum supports 20--20 of
      conventional design are mounted at spaced points along the length of the
      frame 12 to provide means for rotatably mounting the drums 13--13 in
      end-to-end coaxial alignment.
PAR  Fixedly positioned on and above the frame 12 is a horizontal support bar 23
      and an elongated guide member or rail 24 extending substantially the
      length of the frame 12 in parallel alignment with the axes of the drums
      13--13. Rail 24 is rigid and designed to support a tensioning capstan 25
      mounted thereon. Upright structural braces 26--26 extend transversely of
      the frame 12 being secured thereto and to rail 24 by providing rigid
      support thereto from the side thereof facing the drums 13--13, permitting
      the capstan 25 to be slidably mounted for free translational movement on
      the outward side. A front end section 27 of the rail 24 is hingedly
      connected to the remainder of the rail and adapted for swinging inboard
      toward the center of the winding unit 11. Hinged section 27 facilitates
      the positioning of the capstan 25 for transportation as will be discussed
      in more detail below.
PAR  The capstan 25 is slidably mounted on the outward side of the rail 24 by a
      carriage 28, adapted for rectilinear movement. Carriage 28 is preferably a
      rigid U-shaped frame supported on the rail through suitable roller
      bearings or the like capable of supporting relatively heavy loads. The
      carriage 28 supports the capstan 25 during the reeling operation, while at
      the same time facilitating controlled rectilinear movement on the rail 24.
PAR  The capstan 25 is preferably of the bull wheel winding type, well known in
      the winding and reeling art and includes a pair of bull wheels 29--29
      which are rollers formed with peripheral grooves or flanges therearound.
      The bull wheels 29--29 are arranged in parallel axial alignment and
      designed to receive windings of elongated material therearound, maximizing
      surface contact with a minimum of relative movement of the material on the
      wheels 29--29. Each bull wheel 29 is coupled to a suitable motor 30 which
      may be of the electric or hydraulic type for driving the bull wheels
      29--29 in uni-directional, synchronous rotation.
PAR  Power is supplied to the motors 30--30 through a suitable power line 31,
      flexible in construction and suspended by the bar 23 and facilitating the
      movement of the capstan 25. The power for the motors 30--30 is supplied by
      the power unit 14 which includes an internal combustion engine 32 coupled
      to an appropriate energy generator 33. The power unit 14 is preferably
      adapted to supply hydraulic fluid and therefore the generator 33 is of the
      conventional fluid pump type, supplying hydraulic fluid flow through the
      line 31, having multiple flow channels therein. In furtherance of the
      self-contained nature of the apparatus 10, fuel tanks 34 are positioned
      along the frame 12 facilitating the storage of diesel or gasoline for the
      engine 32.
PAR  The capability of incremental, bi-directional rectilinear movement of the
      capstan 25 upon rail 24 is essential for operation of apparatus 10. Rail
      24 serves as a track, or guide, upon which the capstan 25 may be slidably
      positioned for bi-directional rectilinear movement adjacent to each drum
      13 for guiding the wound material thereon. As may be seen from FIG. 1, the
      rail 24 and the capstan 25 are disposed on the side of the drums from
      which direction a pilot line L is strung toward a transmission tower (not
      shown). Once positioned before one of the drums 13, the capstan 25 is
      induced to reciprocate between a pair of predetermined limits upon the
      rail as will be discussed below. The distance between adjacent limits is
      determined by the axial length of the winding surface of the drum 13. The
      distance between adjacent limits represent increments along the rail 24 on
      which the capstan 25 reciprocates. The reciprocal movement provides
      distribution of or feed level control for the material being wound upon
      the drums and a separate distributor is therefore not needed.
PAR  Bi-directional movement may be impartial to the carriage 28 and controlled
      manually. The reciprocating drive may be a conventional hand-operated
      mechanism (not shown) incorporated into the carriage 28 providing means
      for an operator to impart the force for backward and forward movement of
      the carriage. The operator provides constant feed control and means for
      compensating for any variations in the diameter of the pilot line produced
      from stretching or wear. The mechanism of carriage drive and control is
      preferably manual for this reason, although automatic means, for example,
      a conventional distributor driving and control system, may be utilized.
PAR  Additionally, a small hydraulic or electric motor 38 powered by the power
      unit 14 may be incorporated into the carrage 28 to supply the required
      driving energy to the carriage 28. The direction in which the carriage 28
      moves may be controlled by manually operated switching or reversing means,
      represented in FIG. 3 by a lever 39, accessible to the operator at a zone
      under the bull wheel 29. This permits the operator to have direct control
      over the winding operation to position the capstan 25 adjacent to a
      selected drum 13 and to control the reciprocation of the carriage 28 to
      distribute uniform convolutions of line L upon each drum.
PAR  During the winding operation, the capstan 25 transmits the pulling force
      applied to line L directly through the rail 24, the frame 12, and the
      anchoring cables 19--19, facilitating the use of lighter weight drums
      13--13 for pilot line storage. Moderate tension in the line L is also
      required between the drum 13 and the capstan 25. Sufficient tension to
      eliminate slack in the line L is necessary to provide uniform feed level
      control of the line onto each drum 13. Individual take-up drives 35--35
      are therefore provided for the drums 13--13 wherein the requisite tension
      is provided by frictionally driving each drum with a drive wheel 36 which
      may be a pneumatic tire in frictional engagement with a flange 37 in each
      drum. Each tire 36 is coupled to and driven by a take-up motor 38 of the
      electric or hydraulic type powered by the power unit 14. Each take-up
      drive 35 is disposed on the frame 12 below the drum 13 and positioned to
      engage the drum as shown in FIG. 3, and the amount of tension is
      adjustable through torque control of the motor 38.
PAR  The take-up drives 35--35 provide not only the proper take-up tension but
      also facilitate controlled payoff of pilot line L from each drum 13. By
      imparting a drag force to the rotation of the drum through the frictional
      coupling therebetween, it is thus within the capability of the winding
      unit 11 to handle the payoff of lines L--L from a plurality of drums
      13--13 at one time.
PAR  The front end section 27 of the rail 24 is hingedly mounted to swing
      inwardly toward the axis of rotation of the drums 13--13 facilitating
      movement and relocation of the apparatus 12. This collapsibility provision
      permits the capstan 25 to be positioned on the hinged section, swung
      inboard and secured. Such a position is necessary for highway
      transportation because in the operation position of the capstan 25 upon
      the rail 24, the bull wheels 29--29 may extend the apparatus 12 beyond the
      maximum width allowed for normal highway use. With the capstan suitably
      disposed inboard, safer and more efficient transportation is possible.
PAR  Due to the interpositioning of the bull wheel system to transmit the
      pulling force, the drums 13--13 may be lighter in construction than prior
      art reels and therefore more economical. Since a separate distributor
      system is not required, this, together with the frictional drive of the
      drums 13--13 permits simplification in the design of the apparatus 10.
      These features also facilitate the accommodation of any number of drums
      limited only by structural considerations of weight and transportation
      dimensional requirements. Safety is emphasized in operation and
      transportation and the amount of labor involved in both is reduced.
PAR  While the apparatus of the invention has been shown and described as being
      particularly advantageous in facilitating the stringing of transmission
      conductors and the reeling of pilot lines, it will be appreciated that it
      can be advantageous in the stringing and reeling of other materials.
      Similarly, while the particular embodiment shown and described is
      preferred, it will be obvious that various changes and modifications may
      be made therein without departing from the spirit and scope of the
      invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable reeling apparatus for winding elongated material upon a
      plurality of take-up elements mounted in side by side relationship (for
      rotation), each element being rotatable about (parallel axes) a horizontal
      axis in a substantially vertical plane parallel to the planes of rotation
      of the other elements, comprising:
PA1  a base for supporting the take-up elements;
PA1  means for rotating said take-up elements;
PA1  elongated guide means mounted on said base spaced from and parallel to the
      axis of each of said elements;
PA1  a bull wheel unit for receiving and advancing the elongated material toward
      a selected one of the take-up elements;
PA1  means for slidably mounting said bull wheel unit for rectilinear movement
      on said guide means; and
PA1  drive means operable to position said bull wheel unit at desired positions
      along said guide means and to produce reciprocating movement of the bull
      wheel unit along the guide means relative to any selected one of said
      take-up elements for level winding the elongated material onto the
      selected one of said take-up elements as the elongated material is pulled
      by the bull wheel unit and the take-up element is rotated to store the
      elongated material.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said elongated material is a
      pilot line material for facilitating the stringing of power transmission
      conductors, and said base forms part of a trailer adapted for towing
      attachment to a motor vehicle.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said bullwheel unit
      comprises:
PA1  first and second bull wheels arranged in spaced parallel axial alignment
      for receiving spaced sections of the elongated material therearound; and
PA1  first and second hydraulic motors coupled to said bull wheels are
      uni-directional, synchronous rotation of said bull wheels to advance the
      elongated material.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said elongated guide means
      includes an end section hingedly mounted to swing toward the axis of the
      take-up elements for positioning said bull wheel unit inwardly said base
      for transportation of the apparatus.
NUM  5.
PAR  5. The apparatus as defined in claim 1 wherein said means for rotating said
      take-up elements includes a plurality of rubber tired wheels each in
      frictional engagement with a portion of an associated take-up element and
      means for driving said wheel in a direction to tend to rotate the take-up
      element in a direction to take up line.
NUM  6.
PAR  6. An apparatus for reeling pilot lines, of the kind used in facilitating
      the stringing of transmission conductors, onto a plurality of drums
      mounted in side by side relationship, each element being rotatable about a
      horizontal axis in a substantially vertical plane parallel to the planes
      of rotation of the other elements, comprising:
PA1  a wheeled carrier and means for rotatably supporting the drums on the
      carrier;
PA1  a plurality of take-up drive wheels, each positioned adjacent an associated
      drum and in frictional engagement therewith for imparting rotary motion
      thereto;
PA1  an elongated guide rail rigidly mounted on said carrier spaced from and
      parallel to the axis of each of the drums mounted thereon, said guide rail
      having a hingedly mounted front end section for swinging toward said axis
      of each of said drums;
PA1  first and second bull wheels arranged in spaced parallel axial alignment
      for receiving spaced sections of pilot line therearound;
PA1  first and second hydraulic motors coupled to said bull wheels for
      unidirectional synchronous rotation of said bull wheels to advance the
      pilot line received therearound;
PA1  a carriage for slidably mounting said bull wheels and said motors upon said
      rail for rectilinear movement thereupon; and
PA1  drive means operable to position said carriage and bull wheels on the guide
      rail and produce reciprocating movement of the carriage and bull wheels
      along the guide rail relative to any selected one of said plurality of
      drums for level winding the pilot line onto the selected one of the drums
      as the pilot line is pulled by the bull wheels and the selected drum is
      rotated by the associated drive capstan to store the pilot line.
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ABST
PAL  The specification discloses various embodiments of apparatus adapted to
      function as convertible wire rope load binders, container lashing or
      pullers. All embodiments utilize a wire rope clamp of the type which grips
      the wire rope on tensioning of the wire rope, and a threaded tubular
      extension coaxial with the rope pass line, in combination with a slack
      take-up device, which may be any of a variety of slack take-up devices
      threaded onto the tubular extension. A preferred embodiment employs a
      slack take-up device in the form of an over-center or toggle lever and a
      sheave device attached to the body of the clamp. Another embodiment
      employs a combined hook and clevis device having a screw connection to the
      body of the clamp. Another embodiment utilizes a winch device on the
      tensioning end of the wire rope to provide for tensioning the wire rope.
      Another embodiment employs a rectangular frame surrounding the body of the
      clamp, the frame having an opening through which a threaded tubular
      extension on the clamp body extends. A nut on the tubular extension
      cooperates with the frame to adjust the body of the clamp in relation to
      the frame.
BSUM
PAR  This invention relates to load binders utilizing a quickly adjustable wire
      rope clamp.
PAR  Load binders of the chain link type have long been known. More recently,
      with the advent of the wire rope type of load binder, difficulties have
      arisen because of the inability of existing wire rope clamps to maintain
      an adequate grip on the wire rope.
PAR  In U.S. Pat. No. 3,395,892, issued Aug. 6, 1968, a so-called "over-center
      load binder and gripping device" is disclosed. This device is difficult to
      operate because of the over-center toggle arrangement employed.
PAR  We propose to provide several embodiments of wire rope load binder
      apparatus including a preferred embodiment of apparatus, in which a slack
      take-up device functions cooperatively with the body of a wire rope clamp
      device.
PAR  We propose to provide a preferred embodiment of apparatus in which an
      over-center toggle lever is detachably secured to the body of a wire rope
      clamp, and is connected via a wire rope cable and pulley to a hook.
PAR  We also propose to provide an embodiment of the invention having a hook and
      clevis device having a screw connection to the body of a wire rope clamp.
PAR  We also propose to provide an embodiment of the invention in which the end
      of the wire rope, opposite the hook and clevis device, is connected to a
      winch device.
PAR  We also propose to provide an embodiment in which the body of the wire rope
      clamp is contained within an independently supported rectangular frame and
      has a threaded lug which projects through a hole in the frame, a nut on
      the lug cooperating with the frame to exert tension in the wire rope.
DRWD
PAR  The above embodiments of convertible wire rope load binder, container
      lashing, and puller apparatus are hereinafter more specifically described
      in relation to the accompanying drawings, wherein:
PAR  FIGS. 1 and 2 are side and end elevational views, respectively, of a
      preferred form of apparatus employing an over-center and pulley
      arrangement,
PAR  FIGS. 3 and 4 are side and end elevational views, respectively, of another
      embodiment,
PAR  FIGS. 5 and 6 are side and end elevational views, respectively, of another
      embodiment,
PAR  FIG. 7 is a side elevational view of another embodiment employing a winch
      at one end,
PAR  FIGS. 8 and 9 are fragmental elevational and end views, respectively, of
      another embodiment employing a different type of winch,
PAR  FIG. 10 is a side elevational view of the wire rope clamp shown in the
      preceding views, with a side cover removed for visibility of interior
      details,
PAR  FIG. 11 is a top plan view of a puller or binder according to still another
      embodiment of this invention,
PAR  FIG. 12 is a side elevational view of the puller or binder of FIG. 11, and
PAR  FIG. 13 is a side elevational view of an additional embodiment of binder
      according to the invention.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, the preferred embodiment of
      load binder apparatus there shown comprises a wire rope clamp 10 of the
      type shown in FIG. 10 which engages the rope on movement in one direction
      and releases the rope on movement in the other direction and hereinafter
      more fully described, and a wire rope 11 with a hook 12 at its lower end,
      suspended from the clamp 10. The embodiment further comprises an upper
      supporting hook 13 having a clevis in which a pulley 14 is rotatively
      mounted as on a pin 15, a base member 16 adjustably secured to an
      upstanding tubular lug 17 on the body of the clamp 10, as by a
      screw-threaded connection, a bifurcated lever 18 pivotally mounted at one
      end of the base 16, and a cable 19, one end of which is coupled to a pin
      20 in the base 16, passes over the pulley 14 and has its other end coupled
      to a pin 21 on the lever 18 forming a slack take-up means.
PAR  Referring to FIG. 10, the wire rope clamp 10 shown comprises a body 22 of
      nearly trapezoidal shape. The cover for one side is shown removed but is
      removably attached as by a plurality of screws 24. Within the body are a
      pair of essentially parallel arms 25, each pivotally mounted in the body
      as on a pin 26 at one end. The arms 25 are bifurcated and straddle the
      wire rope 11 which extends vertically through the body of the clamp. The
      rope 11 enters the body at the bottom of the body through a threaded
      sleeve fitting 28 and exits through the tubular lug 17. The arms have
      staggered transverse semi-circular openings 29 therethrough in which a
      pair of semi-circular cylinder elements 30 are respectively disposed. The
      flat faces of the cylinder elements 30 contain curved recesses 31
      conforming to the curvature of the cable 11. Additional support elements
      32 for the cylinder elements 30 may be provided if desired.
PAR  Assuming the body of the clamp 10 to be supported, tension exerted
      downwardly on the wire rope 11, as by a weight carried by hook 12, causes
      the arms 25 to pivot downwardly. The semi-circular cylinders 30 are thus
      shifted laterally towards each other to correspondingly grip the wire rope
      by coaction with openings 29 in arms 25. Conversely, if the upper end of
      the wire rope 11 is pulled, the arms pivot reversely and the grip of
      semi-circular cylinders on the wire rope is released to allow the rope to
      move upwardly relative to the clamp body.
PAR  Let it now be assumed that it is desired to employ the apparatus of FIGS. 1
      and 2 as a binder for a load. The length of the wire rope 11 is first
      adjusted appropriately to surround the load and the position of the clamp
      10 is fixed thereon. With the lever 18 in the position indicated in solid
      lines in FIG. 1 and the two hooks 12 and 13 interlocked, additional
      tightening adjustment of the clamp 10 relative to the wire rope 11 may now
      be effected. Final tightening of the rope binder is then accomplished by
      shifting the lever 18 to the over-center position alongside the clamp 10
      indicated by the broken lines.
PAR  As shown in the drawings the handle 18 is made up of two parts threaded
      together so as to make the length adjustable. This provides the necessary
      length for leverage when needed, yet permits it to be compacted for
      storage.
PAR  It will be seen that if hook 12 is anchored and hook 13 secured to an
      object, the apparatus may be employed to drag or pull the object toward
      the anchored end of the wire rope 11.
PAR  It should be noted that by reason of the cable and pulley connection
      between the toggle lever 18 and the hook 13, frictional forces are
      minimized and over-center movement of the toggle lever 18 is made
      comparatively easy. By the same token, the reverse movement of lever 18 to
      loosen the wire rope binder is made relatively easy.
PAR  In FIGS. 3 and 4, a different embodiment is shown, wherein a clevis 23 is
      provided with a tapped hole at one end which screws on the threaded lug 17
      on the body of the clamp 10. A hook 25 is secured to the distal end of the
      clevis, as by a pin 25' extending between the ends of the clevis arms.
      This form of the invention provides an end fitting in the form of a hook
      which can be positioned at any point along the length of a rope. Obviously
      another fitting than a hook could be used.
PAR  In this embodiment, the clamp 10 is first shifted along the wire rope 11 to
      a desired position corresponding to a desired length of wire rope 11.
      Clevis 23 may then be turned on the lug 17 to provide further adjustment
      of the position of hook 25 along the length of the wire rope 11.
PAR  In FIGS. 5 and 6, another embodiment is shown of apparatus using the wire
      rope clamp 10. In this embodiment the clamp 10 is disposed within a
      rectangular frame 27 which is independently supported as by attachment to
      a structural member 27'. One of the cross members 29 of the frame 27 has a
      hole 30 therein slightly larger in diameter than the threaded lug 17. The
      one end of the wire rope 11' which passes through clamp 10 has a hook 31
      secured thereto, which may be attached to an object desired to be
      tightened. A nut 32 on the threaded lug 17 engages the bottom of cross
      member 29. As the nut 32 is turned on the lug 17 the clamp 10 and wire
      rope 11' are shifted relative to the frame 27 and structural member 27'.
      The arrangement thus becomes what is commonly called a "center-hole"
      puller. This kind of apparatus is particularly useful in furnishing
      stiffening between two spaced supports when the clamp must be outside the
      supports or for tightening around a bundle using an eye as a choker hole.
PAR  It will be apparent that the object to be pulled need not be in a straight
      line relation to the clamp 10, as the wire rope 11' may be threaded
      through one or more pulleys.
PAR  In FIG. 7, another embodiment of the apparatus is shown, wherein a clevis
      23', similar to clevis 23, is screwed on the threaded lug 17 of the clamp
      10 and a hook 34 is swiveled to the distal end of the clevis 23'. The one
      end of the wire rope 11" adjacent the tubular lug 17 is free, whereas the
      opposite end of the wire rope 11" is connected to a winch 35. Winch 35 may
      be motor operated or operated manually by a crank lever 36 as shown, and
      supported by a swiveled hook 37 from a convenient member (not shown). The
      unit is thus equivalent to what is commonly called a comealong or puller.
      The standard type of come-along has only six feet of pull and consequently
      is limited to that distance from the object to be pulled or lifted.
PAR  In contrast to the standard type of come-along, the above described
      apparatus is limited only by the length of wire rope 11" used. Obviously
      the clamp 10 may be located at any point on the wire rope 11"
      corresponding to the length of wire rope required.
PAR  Many winches are used only as tensioning devices to ultimately pull only a
      few feet of rope but need a large drum capacity because the load is
      located at some distance from the winch. By using the above apparatus, the
      weight, size and cost of the winch can be reduced.
PAR  Referring to FIGS. 8 and 9, a variation of the apparatus of FIG. 7 is
      shown, in which a hoisting drum or reel 39 is substituted for the winch
      35. In this case, the shaft 40 of the reel is supported by a pair of
      struts 41 attached to a structural member or wall 42. As shown, the shaft
      40 of reel 39 is turned manually by a crank 43.
PAR  In FIGS. 11 and 12 still another embodiment of the invention is illustrated
      in which a beam 50 is threaded onto the tubular lug 17 and extends an
      equal distance on opposite sides thereof. A cable 51 is attached to one
      end of the beam and passes through sheave 52 carrying hook 53 onto the
      mandrel 54 of a double action "come-along" 55. A second cable 56 is
      attached to the other end of the beam and to the mandrel 54 so that on
      rotation of handle 57 the mandrel takes up both cables moving the hooks 53
      and 58 toward one another.
PAR  FIG. 13 illustrates an embodiment of this invention in which the lug 17 is
      threaded in one end of a beam 60. A cable 61 is attached at one end to the
      opposite end of beam 60 and passes over a hook sheave 62 and through the
      cable clamp 10. The beam 60 is provided with a center shaft 63 threaded or
      rotatably mounted in one end of a turnbuckle 64 having as usual a coaxial
      opposing threaded shaft 65 with a clevis 66. This device provides a form
      of infinite length turnbuckle having a vast number of applications in the
      field of cargo lashing and the like.
PAR  While specific embodiments of the apparatus are here shown and described,
      it will be understood that variations therein are possible within the
      scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cable fastening apparatus comprising a cable of given length, a clamp
      means adjustably positioned on said cable intermediate its ends, fastening
      means on one end of said cable spaced from said clamp means, said clamp
      engaging the cable on movement of the cable in the direction of said one
      end and releasing the rope on movement of the cable in the opposite
      direction, a base member on the side of the clamp opposite said fastening
      means, and anchoring means on the clamp coaxial with the cable and on the
      end opposite said one end of said cable, said anchoring means rigidly
      securing said clamp to said base member during normal operation, said base
      member further being adjustably secured to said anchoring means to permit
      the distance between the base member and the clamp to be varied in
      discrete increments.
NUM  2.
PAR  2. A cable fastening apparatus as claimed in claim 1 wherein a second cable
      is connected at its opposite ends to spaced apart points on said base
      member and forming a loop opposite said fastening means on the said cable,
      a hook movable on said second cable, and slack take-up means acting on
      said second cable to tighten the said loop.
NUM  3.
PAR  3. Cable binder apparatus according to claim 2, wherein said slack take-up
      means comprises a pulley mounted on said hook, a lever having a pivotal
      connection with said base member, said second cable pivotally secured at
      opposite ends respectively to said base member and to said lever, and
      having the intervening part thereof running over said pulley, said lever
      being movable from a position in which said second cable is loose to an
      over-center position in which said second cable is taut.
NUM  4.
PAR  4. Cable binder apparatus according to claim 3, wherein one end of said
      base member is in the form of a clevis, and wherein said lever has a
      bifurcated portion pivotally mounted in said clevis end of said base
      member, the one end of said cable being pivotally connected within the
      bifurcated portion of said lever.
NUM  5.
PAR  5. Cable binder apparatus comprising a first cable of given length, a clamp
      means adjustably positioned on said first cable intermediate its ends,
      fastening means on one end of said first cable spaced from said clamp
      means, said clamp engaging the first cable on movement of the first cable
      in the direction of said one end and releasing the said first cable on
      movement of the first cable in the opposite direction, a base member on
      the side of the clamp opposite the fastening means and anchoring means on
      the clamp coaxial with the first cable and on the end opposite said one
      end of said first cable for fixing said clamp incrementally adjustably in
      said base member, a second cable connected at its opposite ends to said
      base member at spaced apart points forming a loop on said base member
      opposite said fastening means on the first cable, a hook movable on said
      second cable, and slack take-up means acting on said second cable to
      tighten the said loop, wherein said slack take-up means comprises a pulley
      mounted on said hook, a lever having a pivotal connection with said base
      member, said second cable pivotally secured at opposite ends respectively
      to said base member and to said lever, and having the intervening part
      thereof running over said pulley, said lever being movable from a position
      in which said cable is loose to an over-center position in which said
      cable is taut, and wherein said clamp has a threaded tubular extension
      through which the free end of said first cable projects, and wherein the
      said base member of the slack take-up means screws on said tubular
      extension to provide incremental adjustment.
NUM  6.
PAR  6. A cable binder apparatus comprising a cable of given length on one end
      of which is an attachment member, a clamp having a body through which the
      cable extends and means therein for gripping the cable when tension is
      exerted on the said one end of the cable via the attachment member, the
      body of said clamp having a tubular extension at one end through which the
      opposite end of the cable projects, and slack take-up means incrementally
      adjustably mounted on said tubular extension for adjustment lengthwise
      relative to the cable and which is rigidly affixed to said tubular
      extension, without movement, during normal operation, and second
      attachment means fixed to said slack take-up means.
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ABST
PAL  A mine winder has two cable drums and a braking mechanism for each. Each
      braking mechanism includes means operable to sense if the cable is moving
      and in which direction and the length of cable paid out and to issue a
      control signal containing this information. Brake control means is
      operable on receipt of the control signal to operate braking means and
      apply to the drum a braking effort based on the information in the control
      signal. A cable movement detector sensitive to the speed of movement of
      the cable may be provided to be operative to send a corresponding control
      signal to the brake control means. The braking means may be air-pressure
      operated, the brake control means adjusting the air pressure according to
      the control signal received.
BSUM
PAR  Generally in accordance with the invention, a mine winder of the type
      having two load-carrying cables wound in opposite directions around
      respective drums incorporates for each cable and its associated
      cable-supporting drum a braking mechanism, the braking mechanism
      comprising motion-sensitive means for sensing the immediate operating
      conditions of the cable, the motion-sensitive means incorporating one
      element the position of which is variable according to the amount of cable
      paid out from the drum and a second element arranged to occupy one of two
      possible extreme positions, one of which corresponds with most of the
      cable paid out or most of the cable reeled in and the other of which
      corresponds with positions of the cable between these extreme positions,
      the positions of these two elements consituting mechanical signals, and a
      cable movement detector arranged to sense whether the cable is moving
      above or below a predetermined minimum speed and if it is moving above
      this minimum speed in which direction and to generate a corresponding
      signal, pressure operated braking means for controlling the rate of
      movement of the cable, brake control means including air pressure control
      means operative to provide at least two separate supplies of air at
      different pressures and means for varying the pressure of the supply at
      the higher pressure between a minimum and a maximum value, this last
      mentioned means being arranged to receive a signal from said one element
      and to act according to the signal received to vary the air supply
      pressure, a changeover valve connected to the air pressure control means
      and having operating means arranged to receive a signal from the cable
      movement detector and thereupon connect an output from the valve to either
      of said supplies of air according to the signal received, two air flow
      restricting devices connected between the outlet of the changeover valve
      and the braking means and arranged to provide individually different time
      delays in the build-up of pressure across the devices, and a time delay
      selecting device having operating means arranged to receive a signal from
      the said second element and to act according to the signal received to
      render effective the appropriate air flow restricting device.
PAR  Preferably the brake control means is so arranged that when it receives a
      control signal from the cable movement detector indicating that the cable
      is not moving or is moving at less than the predetermined minimum speed
      the operating means of the changeover valve operates to bring into use the
      supply of air at the higher pressure irrespective of the position of the
      load thus causing the braking means to apply full braking effort.
PAR  The brake control means may be arranged to respond to the signal indicating
      that most of the cable is paid out or reeled in by setting the braking
      means to operate rapidly whether with high or low braking effort and when
      the signal indicates that the cable is in an intermediate position to
      respond by setting the braking means to apply the braking effort at a less
      rapid rate whether high or low effort is being applied in conformity with
      the prevailing conditions.
PAR  The motion-sensitive means may include several different devices each
      sensitive to a particular condition. For example, said means may include a
      cam in operative connection with the cable so that the position of the cam
      is dependent on the amount of cable paid out i.e. the position of the
      load, and a cam follower engaged with the cam and operatively connected to
      means for adjusting the pressure of the air supply at the higher pressure
      and a separate cable movement detector capable of detecting whether or not
      the cable is moving at a speed above or below a predetermined minimum
      speed and the direction of any such movement and a delay selecting device
      incorporating a cam in operative connection with the cable and a cam
      follower having two extreme positions, one corresponding with the
      positions of the load near either end of its travel and the other
      corresponding with all intermediate positions of the load.
PAR  The cable movement detector may incorporate a rotatable element operatively
      coupled to the cable so as to be rotatable in conformity with the cable
      movement and carrying at least one magnet in magnetic proximity to an
      armature operatively coupled to signal-generating means operable to
      generate a signal containing information relating to the speed and
      direction of movement of the cable. The rotatable element may be geared to
      the cable drum or may be geared to a pulley with which the cable is in
      driving contact.
PAR  The cam may be geared to the cable drum or may be geared to a pulley with
      which the cable is in contact in which case the cam and the cable movement
      detector may be geared to the same pulley.
PAR  The brake control means may include two pressure-reducing valves
      connectible in parallel to a supply of air under pressure, one of the
      reducing valves being set to reduce the pressure of the supply to a
      predetermined low pressure, for example about 10% of the supply pressure,
      and the other pressure-reducing valve being arranged to have a variable
      setting providing a range of pressure from a minimum high pressure to a
      maximum high pressure and constituting the means for adjusting the high
      braking effort, the pressure-setting control means of the
      variable-pressure reducing valve being coupled to the cam follower in such
      wise that when the cam is in the position corresponding with the maximum
      amount of cable paid out, i.e. when the load is approaching the bottom,
      the valve is caused to be set for maximum pressure and at all other
      positions the valve is set at a pressure lying between the minimum high
      pressure and the maximum high pressure, the changeover valve being
      connected to the outputs of the two pressure-reducing valves and being
      operable to connect the outputs alternatively to a single output, from the
      changeover valve; control means for the changeover valve connected to the
      cable movement detector and operable so that when said device indicates
      that hoisting is in progress the control means operates to connect the low
      pressure reducing valve to the output of the changeover valve and when the
      cable is being paid out the control means operates to connect the high
      pressure reducing valve to the output of the changeover valve; a short
      delay restricting orifice and a long delay restricting orifice
      constituting air flow restricting devices, connected in series between the
      output of the changeover valve and the braking means; a by-pass valve
      constituting the delay-selecting device connected in parallel with the
      long delay orifice and control means for the by-pass valve operably
      connected to the cable movement detector so that when the cable movement
      detector signals that the load is between the ends of its travel the
      by-pass valve control means operates to close the by-pass valve and when
      the cable movement detector signals that the load is approaching the top
      or the bottom the by-pass valve control means operates to open the by-pass
      valve.
PAR  The motion-sensitive means may also be so arranged that when the cable is
      at rest or is moving at a speed lower than the predetermined minimum speed
      the cable movement detector operates to set the changeover valve to
      connect the high pressure reducing valve to the input of the changeover
      valve.
PAR  A practical embodiment of the invention is illustrated in the accompanying
      drawing which illustrates two cable drums connectible to one another but
      only one braking mechanism associated with one drum since the braking
      mechanism associated with the other drum is identical. In the drawing 1
      and 2 denote brake drums connectible to one another by a disconnectible
      coupling 3, 4 and 5 denote brake operating cylinders for the brakes 6 and
      7 associated with the drums 1 and 2 respectively, and 8 and 9 denote
      control valves for the cylinders 4 and 5. 10 denotes motion-sensitive
      means incorporating one element constituted by a cam follower 11 engaging
      a cam 12 geared to the drum 1 by a gear connection 13 so that the position
      of the cam follower 11 is varied according to the amount of cable paid out
      from the drum, and a second element constituted by a second cam follower
      14 engaging a cam 15 also geared to the drum 1 by means of the gear
      connection 13, the cam 15 being so contoured that the follower 14 occupies
      one of two possible extreme positions, one of which corresponds with most
      of the cable paid out or most of the cable reeled in and the other of
      which corresponds with positions of the cable between these extreme
      positions, the position of these two elements 11 and 14 constituting
      mechanical signals, and a cable movement detector 16 also geared to the
      drum 1 by the gear connection 13 and arranged to sense whether the cable
      is moving above or below a predetermined minimum speed and if it is moving
      above said minimum speed in which direction and to generate a
      corresponding signal which in the illustrated embodiment is an electrical
      signal and which is applied to a solenoid 17 controlling operation of a
      changeover valve 18. The cam follower 14 is operatively connected to a
      valve 19 controlling the delay selecting device.
PAR  The air pressure control means includes two pressure-reducing valves RV1
      and RV2 connected in parallel to a supply of air under pressure, one of
      the valves RV2 being set to reduce the pressure of the supply to a
      predetermined low pressure, for example about 10% of the supply pressure,
      and the valve RV1 being arranged to have a variable setting providing a
      range of pressure from a minimum high pressure to a maximum high pressure
      and constituting the means for adjusting the high braking effort, the
      pressure-setting control means of the valve RV1 being coupled to the cam
      follower 11 in such wise that when the cam 12 is in the position
      corresponding with the maximum amount of cable paid out, i.e. when the
      load is approaching the bottom, the valve RV1 is caused to be set for
      maximum pressure and at all other positions the valve is set at a pressure
      lying between the minimum high pressure and the maximum high pressure. The
      changeover valve 18 is connected to the outputs of the two
      pressure-reducing valves RV1 and RV2 and is operable according to the
      signal it receives from the cable movement detector 16 to connect the said
      outputs alternatively to a single line 20 containing a short delay
      restricting orifice T1. The output of the orifice T1 is connected to two
      branch lines each of which goes to the brake operating cylinder 4, one by
      way of the valve 19 and the other by way of a long delay restricting
      orifice T2.
PAR  In practice, when the cable is hoisting the load and if the speed of the
      cable is above the predetermined minimum speed the cable movement detector
      16 operates to cause the changeover valve 18 to operate to bring into
      operation the low pressure reducing valve RV2 preferably set to an output
      pressure providing about 10% of the effort of which the brake is capable.
      This gives a braking rate of about g/3 reducing to g/6 as the load
      approaches the top and the retarding effort provided by the cable reduces.
      At the same time the delay selecting device constituted by the cam
      follower 14 and the cam 15 is operative to hold the valve 19 closed while
      the load is some distance from the top so that if air is admitted to the
      braking mechanism by opening of the valve 8 to apply the brakes the air
      flowing to the brake operating cylinder 4 must pass through the long delay
      restricting orifice T2 so that the rate of brake application is low and
      when the load comes close to the top to cause the valve 19 to open thus
      by-passing the long delay restricting orifice T2 and admitting air to the
      braking means directly through the short delay restricting orifice T1 so
      that a high application rate of the brakes takes place although at reduced
      effort. When the load is being lowered at a speed above the predetermined
      operating speed the device 16 sensitive to the direction of cable movement
      causes the changeover valve 18 to connect the high pressure reducing valve
      RV1 to the outlet of the changeover valve 18 while the cam 12 sets the
      high pressure reducing valve RV1 according to the position of the load,
      the setting ranging progressively from approximately half the maximum
      pressure available in the high pressure range when the load is at the top
      to the full pressure when the load is nearing the bottom. The full
      pressure provides a retardation of about g/6. At the same time the delay
      selecting device constituted by the valve 19 is set so that the valve 19
      is closed when the load is away from the bottom but is open when the load
      comes close to the bottom. This provides a low application rate of the
      brakes when the load is some distance from the bottom and a high
      application rate when the load comes close to the bottom. If the cable
      should come to rest at any point the cable movement detector 16 operates
      to set the changeover valve 18 to connect the high pressure pressure
      reducing valve RV1 to the outlet of the changeover valve 18 irrespective
      of the position of the load and similarly if the cable is moving below the
      predetermined minimum speed the cable movement detector 16 operates in the
      same fashion to set the changeover valve 18 to connect the high pressure
      pressure reducing valve RV1 to its outlet. Safety means normally fitted to
      mine installations to initiate brake application in certain emergency
      situations may be arranged to control the supply of air to the brake
      control apparatus, the mechanism just described arranging the conditions
      of brake application according to the position of the load. The effect
      provided by the invention is thus to avoid the imposition of shock or
      undue stress on any part of the hoisting system with minimum discomfort to
      any occupants of the load where the load is a cage for personnel.
PAR  The apparatus of the invention is particularly effective in preventing
      bouncing of the cage. Such bouncing movement can be violent with too rapid
      application of the brakes in certain positions when the cage is suspended
      from the drum by a long length of cable. In such circumstances a too
      violent brake application results in a tension wave of high intensity
      being transmitted along the cable from the drum to the cage.
PAR  Where each cable is wound on a separate drum and the drums are coupled to
      one another the braking action described operates simultaneously and
      according to the conditions prevailing at each cable and provides a
      well-balanced effect between the two loads, one ascending and the other
      descending.
PAR  The operation of the braking system of the invention may be summarized by
      stating that the braking effort available on a drum which is lowering is
      varied substantially uniformly from the top of the shaft to the bottom in
      proportion to the amount of rope which is paid out so that the maximum
      braking effort available will produce substantially uniform retardation at
      all points in the shaft. When hoisting the braking effort is reduced to a
      figure which brings the brakes into contact with the drum at a minimum
      effort during the period while the load is in motion above creep speed. At
      creep speeds and when stopped the restriction is removed so that there is
      ample braking effort available to prevent the load from slipping down once
      it has come to rest.
PAR  It will be understood that speed of application of the brake is independent
      of the force with which the brake is applied i.e. a rapid application may
      take place with low braking effort or a slow brake application may take
      place with high braking effort.
PAR  The accompanying table will help to clarify the operating conditions
      provided by the invention.
     Condition of                                                              

            Position of                                                        

                   Braking  Braking pressure                                   

     cable  load   Effort   and rate of                                        

     movement               application                                        

     __________________________________________________________________________

     Hoisting                                                                  

            all    small fract-                                                

                            low pressure supply                                

            positions                                                          

                   ion of the                                                  

                            to brakes, high                                    

                   total effort                                                

                            application rate load                              

                   (about 10%)                                                 

                            approaching top, low                               

                   (gives g/3 at                                               

                            application rate                                   

                   maximum depth                                               

                            load elsewhere.                                    

                   reducing to                                                 

                   g/6 at top.)                                                

     __________________________________________________________________________

     Lowering                                                                  

            all    about 1/2                                                   

                            high pressure range                                

            positions                                                          

                   maximum  about half pressure                                

                   available at                                                

                            at surface rising to                               

                   surface increas-                                            

                            full pressure near                                 

                   ing to maximum                                              

                            bottom, low applica-                               

                   near bottom                                                 

                            tion rate except load                              

                   (gives g/6 at                                               

                            approaching bottom.                                

                   maximum depth)                                              

                            High application                                   

                            rate approaching                                   

                            bottom.                                            

     __________________________________________________________________________

     Stopped                                                                   

            anywhere                                                           

                   maximum braking                                             

                            high pressure                                      

                   power                                                       

     __________________________________________________________________________

     Moving at                                                                 

            near top                                                           

                   High braking                                                

                            high pressure                                      

     low speed,                                                                

            and near                                                           

                   power    high application rate                              

     any    bottom                                                             

     direction                                                                 

            intermediate                                                       

                   high braking                                                

                            high pressure                                      

            positions                                                          

                   power    low application rate                               

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mine winder of the type having two load-carrying cables wound in
      opposite directions around respective drums incorporating for each cable
      and its associated cable-supporting drum a braking mechanism, said braking
      mechanism comprising motion-sensitive means for sensing the immediate
      operating conditions of the cable, said motion-sensitive means
      incorporating one element the position of which is variable according to
      the amount of cable paid out from the drum and a second element arranged
      to occupy one of two possible extreme positions, one of which corresponds
      with most of the cable paid out or most of the cable reeled in and the
      other of which corresponds with positions of the cable between these
      extreme positions, the positions of these two elements constituting
      mechanical signals, and a cable movement detector arranged to sense
      whether the cable is moving above or below a predetermined minimum speed
      and if it is moving above said minimum speed in which direction and to
      generate a corresponding signal, pressure operated braking means for
      controlling the rate of movement of the cable, brake control means
      including air pressure control means operative to provide at least two
      separate supplies of air at different pressures and means for varying the
      pressure of the supply at the higher pressure between a minimum and a
      maximum value, said last mentioned means being arranged to receive a
      signal from said one element and to act according to the signal received
      to vary the air supply pressure, a changeover valve connected to the air
      pressure control means and having operating means arranged to receive a
      signal from the cable movement detector and thereupon connect an output
      from the valve to either of said supplies of air according to the signal
      received, two air flow restricting devices connected between the outlet of
      the changeover valve and the braking means and arranged to provide
      individually different time delays in the build-up of pressure across the
      devices, and a time delay selecting device having operating means arranged
      to receive a signal from said second element and to act according to the
      signal received to render effective the appropriate air flow restricting
      device.
NUM  2.
PAR  2. A mine winder as claimed in claim 1 in which the cable movement detector
      is operative when it detects that the cable is not moving or is moving at
      less than the predetermined minimum speed to operate the changeover valve
      to bring into use the supply of air at the higher pressure.
NUM  3.
PAR  3. A mine winder as claimed in claim 1 including a cam in operative
      connection with the cable, the position of the cam being dependent on the
      amount of cable paid out i.e. the position of the load, and a cam follower
      engaged with the cam, means for adjusting the pressure of the air supply
      at the higher pressure operatively connected to said cam, a separate cable
      movement detector capable of detecting whether or not the cable is moving
      at a speed above or below a predetermined minimum speed and the direction
      of any such movement, and a delay selecting device incorporating a cam in
      operative connection with the cable and a cam follower having two extreme
      positions, one corresponding with the positions of the load near either
      end of its travel and the other corresponding with all intermediate
      positions of the load, the cam follower being operative to bring one or
      other of said air flow restricting devices into operation according to its
      position.
NUM  4.
PAR  4. A mine winder as claimed in claim 3 in which two pressure-reducing
      valves are connected in parallel to a supply of air under pressure, one of
      the reducing valves being set to reduce the pressure of the supply to a
      predetermined low pressure, and the other pressure-reducing valve being
      arranged to have a variable setting providing a range of pressure from a
      minimum high pressure to a maximum high pressure and constituting the
      means for adjusting the pressure of the air supply at the higher pressure,
      said variable-pressure reducing valve being so coupled to its associated
      cam follower that when the cam is in the position corresponding with the
      maximum amount of cable paid out, i.e. when the load is approaching the
      bottom, the valve is caused to be set for maximum pressure and at all
      other positions the valve is set at a pressure lying between the minimum
      high pressure and the maximum high pressure.
NUM  5.
PAR  5. A mine winder as claimed in claim 4 in which the changeover valve is
      connected to the outputs of the two pressure-reducing valves and is
      operable to connect the outputs alternatively to a single output from the
      changeover valve.
NUM  6.
PAR  6. A mine winder as claimed in claim 5 in which the changeover valve is
      operatively connected to the cable movement detector to operate so that
      when said detector indicates that hoisting is in progress the control
      means operates to connect the low pressure reducing valve to the output of
      the changeover valve and when the cable is being paid out the control
      means operates to connect the high pressure reducing valve to the output
      of the changeover valve; a short delay restricting orifice and a long
      delay restricting orifice constituting air flow restricting devices
      connected in series between the output of the changeover valve and the
      braking means; a by-pass valve constituting the delay-selecting device
      connected in parallel with the long delay orifice, and control means for
      the by-pass valve operably connected to the cable movement detector so
      that when the cable movement detector signals that the load is between the
      ends of its travel the by-pass valve control means operates to close the
      by-pass valve and when the cable movement detector signals that the load
      is approaching the top or the bottom the by-pass valve control means
      operates to open the by-pass valve.
NUM  7.
PAR  7. A mine winder as claimed in claim 6 in which the cable movement detector
      is set so that when the cable is at rest or is moving at a speed lower
      than the predetermined minimum speed it operates to cause the changeover
      valve to connect the high pressure reducing valve to the input of the
      changeover valve.
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ABST
PAL  An improved apparatus for mixing and reacting materials that include at
      least one liquid while simultaneously transferring heat to or from the
      mixture. A rotating centrifugal impeller mounted in a lower chamber of a
      closed reactor vessel draws the materials to be mixed from an upper
      chamber through a short central inlet and mixes them with high energy
      while impelling them between spaced blades extending outward from the eye
      of the impeller to a high pressure region at its circumference. The
      mixture then returns to the upper chamber through a plurality of elongated
      conduits having thin walls. For maximum heat transfer area in relation to
      cross-sectional flow area, each conduit is arranged with a first inner
      portion of annular cross section and a second, reverse flow, outer portion
      separated from the inner portion by a double-walled tube, the tube having
      passages between its double walls for circulating heat exchanging fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to reactor mixers and more specifically to mixers
      having means for transferring heat to or from the materials being mixed.
PAR  2. Description of the Prior Art
PAR  Many reactions in the chemical industry are carried out in pressure tight
      vessels called reactors which usually have a motor driven stirrer and
      means for transferring heat to or from the ingredients according to the
      temperature requirements of the reaction. The heat transfer means normally
      consists of a pipe coil inside the reactor or a double-walled jacketed
      portion surrounding the reactor vessel for circulating heating or cooling
      fluids such as steam or refrigerated brine.
PAR  These conventional reactors are relatively inefficient both in their mixing
      effectiveness and their ability to control the reaction temperature,
      particularly in the cases of highly endothermic or exothermic reactions or
      reactions in which the optimum temperature differs substantially from the
      ambient temperature. In such cases, the heating and cooling systems are
      not adequate to transfer heat to or from all portions of the materials
      being mixed at rates sufficient to maintain a relatively uniform
      temperature throughout the mixture.
PAR  As a result, the times to complete such reactions in conventional reactors
      are much longer than would be obtainable under more uniform conditions,
      and the yields may be reduced because the reaction in localized regions of
      the reactor may occur at other than optimum temperature and between
      insufficiently mixed reactants.
PAR  High energy centrifugal pump blenders are commerically available, but they
      are primarily adapted for blending dry ingredients or gases into liquids
      in processes that do not usually involve chemical reaction and the
      transfer of heat to or from the mixture. An example of such blenders is
      the equipment sold by the Tri-Clover Division of Ladish Co. under the
      trademark TRI-BLENDER.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an apparatus for
      imparting high energy mixing action to materials including at least one
      liquid ingredient while simultaneously transferring heat to or from the
      mixed materials to obtain a desired temperature substantially uniformly
      throughout the mixture.
PAR  It is a further object of the invention to provide a centrifugal impeller,
      for high energy recirculation of a liquid mixture inside a reactor vessel,
      in combination with at least one elongated conduit for returning the
      mixture from the high pressure side of the impeller to the low pressure
      side at high velocities past a heat transferring wall surface, with the
      flow cross section dimension normal to the heat transferring surface being
      small relative to the cross section dimension of said surface for
      efficient heat transfer and uniform temperature change in the liquid
      mixture.
PAR  Another object of the invention is to provide a heat exchanging mixer as
      described in which the heat exchanging elements can be readily removed for
      cleaning or replacement.
PAR  Yet another object of the invention is to provide a high pressure heat
      exchanging mixer in which the heat transfer elements are small in
      cross-section to permit thin wall construction for maximum heat transfer
      even with high pressure differentials.
PAR  These and other objects that will become apparent from the following
      description are achieved in an apparatus including a container, preferably
      a closed pressure vessel, for the materials to be mixed, a centrifugal
      impeller mounted near the bottom of the container for rotation about an
      approximately vertical axis, and a structure enclosing the impeller for
      separating the impeller from the upper portion of the container. The
      structure has a central inlet coaxial with the impeller axis of rotation
      for admitting the materials from the container to the center of the
      impeller and at least one outlet, preferably a plurality of
      circumferentially spaced outlets, for the liquid mixture that flows from
      the impeller.
PAR  The at least one outlet leads to one end of at least one passageway, the
      other end of the passageway opening into the upper portion of the
      container. An important feature of the invention includes means for
      maintaining a wall of the passageway at a temperature different from the
      temperature of the mixture flowing through the passageway for causing heat
      transfer between the wall and the flowing mixture.
PAR  Another important feature is that the flow cross section of the passageway
      has a dimension normal to the heat transferring surface that is much
      smaller than the dimension of that surface; so that the liquid mixture
      flows past the heat transferring surface in a relatively thin layer for
      optimum heat transfer to and uniform temperature change in the flowing
      mixture. Preferably, the passageway is annular in cross section, with one
      wall comprising the heat transferring surface and the radial distance
      between inner and outer walls being a fraction of the mean radius of the
      annulus.
PAR  In the preferred embodiment of the invention the heat exchanging
      passageways are formed by a plurality of double-walled tubes, each tube
      being connected at one end to a corresponding one of a plurality of
      circumferentially spaced outlets for the liquid mixture flowing from the
      impeller and discharging at the other end into the upper portion of the
      container. A heat transfer fluid having a temperature different from the
      temperature of the liquid mixture is introduced into the space between the
      inner and outer walls of each double-walled tube for transferring heat
      across the tube walls between the fluid and the liquid mixture.
      Preferably, the space between the inner and outer walls is subdivided by
      circumferentially spaced longitudinal partitions into a plurality of
      passageways extending from one end of each double-walled tube to the other
      end.
PAR  The space between the inner and outer walls of each double-walled tube is
      sealed at the ends, and every second longitudinal partition extends the
      full distance between the seals. The intermediate longitudinal partitions
      extend from the seal at one end to a point short of the seal at the other
      end; so that adjacent pairs of the longitudinal passageways communicate
      through an opening between the seal at the other end and the end of the
      intermediate partition.
PAR  Openings through the outer wall near the one end of the double-walled tube
      into each longitudinal passageway permit introduction of the heat transfer
      fluid into one of each pair of longitudinal passageways for flow to the
      other end of the tube, through the communicating opening between
      passageways, and return through the other passageway of the pair to the
      one end of the tube. The inlet and outlet openings for the heat transfer
      fluid are axially displaced and communicate with separate circumferential
      plenum chambers for respectively supplying and withdrawing the heat
      transfer fluid.
PAR  To provide an annular passageway for the liquid mixture flowing from the
      impeller into the double-walled tube, a cylindrical rod extends coaxially
      through the double-walled tube from one end to the other, the liquid
      mixture being confined within the space between the rod and the inner wall
      of the double-walled tube. The cylindrical rod also preferably serves as a
      cantilevered support for a second tube, coaxially surrounding the
      double-walled tube and having a sealed end spaced from the other end of
      the double-walled tube so that the liquid mixture as it exits from the
      other end of the double-walled tube will be deflected outward and reverse
      itself to pass through the annular space between the outer wall of the
      double-walled tube and the inner surface of the second tube.
PAR  The nested arrangement of an inner cylindrical rod surrounded by a
      double-walled heat exchanging tube, in turn surrounded by a second tube,
      provides double the length of annular cross section flow passage for a
      given distance from one end to the other of the heat exchanging unit and
      effectively uses both the inner and outer surfaces of the double-walled
      tube for most efficient heat transfer.
PAR  One end of the inner cylindrical rod preferably is threadedly attached to
      the structure enclosing the impeller, and the other end preferably is
      fastened to the sealed end of the second tube to permit easy removal of
      the rod and second tube for cleaning the inner and outer heat transfer
      surfaces of the double-walled tube when required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a preferred embodiment of a heat exchanging mixer
      assembly according to the present invention.
PAR  FIG. 2 is an elevation view in section of the reactor vessel of FIG. 1.
PAR  FIG. 3 is a plan view in section of the reactor vessel taken along line
      3--3 of FIG. 2.
PAR  FIG. 4 is an elevation view in section of one of the heat exchanging units
      taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a plan view in section of the heat exchanging unit taken along
      line 5--5 of FIG. 4.
PAR  FIG. 6 is a partial section view of the upper end of the heat exchanging
      unit taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The complete assembly of a heat exchanging mixer shown in FIG. 1 includes a
      high pressure reactor vessel 1 and an electric motor 2 both mounted on a
      base 3. The motor is coupled through a drive pulley 4 mounted on a shaft 5
      extending from the lower end of the motor housing to a centrifugal
      impeller 6 (FIG. 2) inside the reactor vessel through a driven pulley 7
      mounted on the lower end of a vertical shaft 8 by means of a V-belt 9.
PAR  As shown in more detail in FIGS. 2 and 3, the reactor vessel preferably is
      designed to withstand high internal pressures and comprises an upper
      section 10 and a lower section 11, the two sections being held together by
      circumferentially spaced tie bolts 12. The upper section consists of a
      heavy, walled cylindrical shell 13 with respective top and bottom flanges
      14 and 15 welded to each end and a cover plate 16 secured to top flange 14
      by bolts 17. The lower section includes a base plate 18, and impeller
      enclosure ring 19 set on the base plate, a heat exchange unit support ring
      20 set on enclosure ring 19, and a mixer inlet spool 21 secured by cap
      screws (not shown) to the lower face of support ring 20.
PAR  The interfaces between base plate 18, impeller enclosure ring 19, heat
      exchange support ring 20 and bottom flange 15 of upper section 10 are
      sealed against fluid leakage by conventional O-ring seals 22, 23, and 24,
      respectively. A similar O-ring 25 seals the interface between top flange
      14 and cover plate 16.
PAR  Centrifugal impeller 6 is of conventional design with a plurality of blades
      26 extending outwardly from an inner circumference 27 to an outer
      circumference 28. The impeller is detachably mounted on squared upper end
      29 of vertical shaft 8 by means of friction pin 30. Shaft 8 is supported
      for rotation by an inboard bearing 31 and extends through pressurized
      packing glands 32, 33 in a stuffing box 34 to an outboard bearing 35
      supported on standoff studs 36 screwed to cover plate 37 of the stuffing
      box.
PAR  Mixer inlet spool 21 and heat exchange unit support ring 20 together
      comprise a structure positioned above the impeller for separating the
      impeller from the upper section of the reactor. Lower surface 38 of inlet
      spool 21 closely follows the upper profile of impeller blades 26 with a
      clearance gap just sufficient to avoid contact between the blades with the
      spool while minimizing backflow from the high pressure side to the low
      pressure side of the impeller. Base flange 18 and enclosure ring 19
      combine with support ring 20 and spool 21 to provide an enclosure
      surrounding impeller 26, the enclosure having a central inlet 39 through
      spool 21 for introducing a liquid mixture from upper section 10 into the
      eye of the rotating impeller for outward flow between blades 26 into an
      annular chamber formed between the outer circumference 28 of the impeller
      and inner wall surface 40 of enclosure ring 19. A plurality of outlets 41
      circumferentially spaced around central inlet 39 permit the liquid mixture
      to flow upward from the annular chamber into heat exchange units 42.
PAR  The construction of the heat exchange units is shown in detail in FIGS.
      4-6. Each unit 42 comprises a double-walled tube 43 consisting of a thin
      inner shell 44 and a thin outer shell 45 supported in spaced concentric
      relation to the inner shell by a plurality of circumferentially spaced
      longitudinal partitions 46. The space between the inner and outer shells
      is closed at both the bottom and top of the tube to seal the longitudinal
      passageways formed between partitions 46 from the liquid mixture inside
      the reactor.
PAR  Although double-walled tube 43 may be fabricated in any convenient manner,
      one method comprises milling parallel slots or grooves in the outer wall
      of a thick-walled tube to form longitudinal passageways 47 alternating
      with longitudinal partitions 46. The thin outer shell 45 is then slipped
      over the machined inner tube and the ends welded to seal the space between
      the shells.
PAR  Before the two shells are assembled, a short length of alternate partitions
      46 should be removed to create an opening between the longitudinal
      passageways on each side of these shortened partitions after the shells
      are slipped together and the ends sealed. At the opposite end of the
      assembled double-walled tube are welded a first annular ring 49, spaced
      axially a predetermined distance from the opposite end of the tube, and a
      second annular ring 50, spaced axially a predetermined distance from the
      first ring. The outer diameter of ring 49 is sized to just fit within a
      counterbored portion 51 of each outlet 41 in heat exchange unit support
      ring 20, and ring 50 is slightly larger to serve as a stop against the top
      surface of ring 20 when the opposite end of each double-walled tube is
      inserted in the corresponding outlet 41. The tube end and ring 50 are then
      welded or brazed to the bottom and top surfaces of ring 20 at junctions 52
      and 53, respectively, so as to secure the double-walled tube to the
      support ring and to form an annular sealed chamber divided into respective
      upper and lower plenums 54 and 55 by ring 49.
PAR  As best seen in FIGS. 2 and 4, outer shell 45 is pierced near its lower end
      by two axially spaced rows of circumferentially spaced openings 56 and 57,
      the upper row of openings 56 connecting upper plenum chamber 54 with
      alternate longitudinal passageways 47 on one side of each shortened
      partition 46 and the lower row of openings 57 connecting lower plenum
      chamber 55 with alternate longitudinal passageways 47 on the other side of
      each shortened partition 46. In this way, heat transfer fluid having a
      temperature different from the temperature of the liquid mixture flowing
      inside the double-walled tube can be introduced into one of the plenums to
      flow into one row of openings 56, 57, upward through the corresponding
      passageway 47, across the top of the intermediate shortened partition 46
      through corresponding opening 48, down the passageway 47 on the other side
      of the intermediate partition, and out the other row of openings into the
      other of the plenums.
PAR  The heat transfer fluid is supplied to the one plenum and withdrawn from
      the other through radial passageways 58, 59 connected through lines 60, 61
      to common supply and exhaust manifolds (not shown) serving each heat
      exchange unit. The choice of which plenum to use for supply and which for
      exhaust is not cirtical because both inlet and outlet openings for the
      heat transfer fluid are substantially at the same end of the double-walled
      tube.
PAR  For some applications the double-walled tubes alone may provide sufficient
      rate of heat transfer. Usually, however, optimum results will be achieved
      by guiding the liquid mixture to flow in relatively thin layers at high
      velocity past both the inside surface of inner shell 44 and the outside
      surface of outer shell 45. In the preferred embodiment this is
      accomplished by installing a cylindrical rod 62 coaxially inside each
      inner shell 44 to produce a restricted annular flow channel in the space
      between the rod and the inside surface of the inner shell. The restricted
      area results in higher flow velocities and consequently improved heat
      transfer coefficients between the inner shell and the liquid mixture. At
      the same time, increased turbulence and decreased flow thickness will
      produce a substantially uniform temperature change in all the liquid
      mixture flowing through the heat exchange units.
PAR  Each rod 62 is threaded at its lower end for mounting in a mating threaded
      hole in the lower flange of inlet spool 21. A pair of flats 63 at the
      upper end of each rod permit its installation by means of a mating wrench.
PAR  An outer single-walled tube 64 sealed at its upper end with a flat disc 65
      is mounted coaxially with each double-walled tube 42 by a machine screw 66
      inserted through a hole drilled through the center of disc 65 and threaded
      into an axial tapped hole at the upper end of each rod 62. Each rod 62
      extends above the upper end of the corresponding double-walled tube 42,
      thereby permitting the liquid mixture flowing upward between the rod and
      the inner shell to deflect outward and reverse direction to flow downward
      through the annular space formed between outer shell 45 and outer tube 64
      and finally to flow out the bottom of tube 64 and rejoin the mixture in
      the upper section of the reactor.
PAR  In operation of the heat exchanging mixer shown in the drawings,
      ingredients to be mixed are introduced through inlet lines 67, 68, and 69
      in the cover plate of the reactor, the electric motor is started and
      brought up to desired operating speed, and heat transfer fluid of the
      desired temperature is fed through lines 60, 61 at a desired flow rate.
      The rotating impeller draws the materials to be mixed from the upper
      section through inlet 39 into the eye of the impeller to flow outward
      between the blades at increasing momentum and pressure into the annular
      chamber surrounding the blades. The well mixed ingredients then flow
      upward through the inner annular channel and then downward through the
      outer annular channel of each heat exchange unit to exit at the bottom of
      the outer tube of each unit at a desired uniform temperature to rejoin and
      mix with the material in the upper section.
PAR  If desired, holes 70 can be provided near the upper end of each outer tube
      64 to allow a portion of the liquid mixture flowing through the heat
      exchange units to flow outward as high velocity streams to premix with the
      material entering at the top of the reactor and to improve the stirring
      action from top to bottom of the upper section.
PAR  A drain line 71 allows the completely mixed and reacted material to be
      drawn off either continuously or intermittently, and gas inlet lines 72,
      73 and 74 permit the introduction of gaseous ingredients in the highest
      pressure region of the reactor for most rapid solution into the liquid
      mixture with minimum opportunity for cavitation when operating at
      relatively low absolute pressure inside the reactor. Pressurizing lines 75
      and 76 transmit fluid under pressure to packings 32 and 33, respectively,
      to prevent leakage of liquid mixture past the shaft seals for impeller
      shaft 8 when operating at high pressures inside the reactor.
PAR  The preferred embodiment of the present invention as shown in the drawings
      and described above, therefore provides a versatile mixing and heat
      exchange unit suitable for a wide variety of mixing and reacting functions
      at a wide range of temperatures and pressures. The arrangement of the
      components results in high energy mixing and high rates of heat transfer
      with very uniform temperature change through the liquid mixture, thereby
      enabling reactions to be carried out in much shorter times than has been
      possible in prior art reactors. As a result, the size and cost of the heat
      exchange mixer of the present invention are substantially less than for
      prior art reactors of equivalent throughput capacity. In addition the
      preferred design, as described, permits rapid and complete disassembly for
      cleanout or replacement of parts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  An apparatus for mixing at least two materials, one of which is a
      liquid, while simultaneously transferring heat to or from the mixture, the
      apparatus comprising:
PA1  a container for the materials to be mixed;
PA1  a centrifugal impeller mounted inside the container for rotation about an
      approximately vertical axis, the impeller having a plurality of angularly
      spaced blades extending outwards from an inner circumference to an outer
      circumference;
PA1  a structure surrounding the impeller for separating the impeller from the
      remainder of the container, the structure having a central inlet coaxial
      with the impeller axis of rotation for admitting the materials from the
      container to the center of the impeller and a plurality of spaced outlets
      surrounding the central inlet for the liquid mixture that flows from the
      impeller;
PA1  a plurality of inner tubes, each inner tube being connected at one end to
      one of the plurality of outlets in the structure for conducting the liquid
      mixture through the inside of the inner tube;
PA1  a plurality of outer tubes, each outer tube being closed at one end and
      open to the container at the other end, and each outer tube surrounding a
      corresponding one of the inner tubes in radially spaced relation, with the
      sealed end of the outer tube being spaced axially from the other end of
      the inner tube, whereby the mixture exiting from the other end of the
      inner tube will reverse direction and flow through the annular space
      between the inner and outer tubes and out the open end of the outer tube
      into the container; and
PA1  means for maintaining the walls of the inner tubes at temperatures
      different from the temperature of the mixture flowing through the
      passageways for causing heat transfer between the walls and the flowing
      mixture.
NUM  2.
PAR  2. An apparatus for mixing a liquid with at least one other material while
      simultaneously transferring heat to or from the mixture, the apparatus
      comprising:
PA1  a container for the materials to be mixed;
PA1  a centrifugal impeller mounted near the bottom of the container for
      rotation about an approximately vertical axis, the impeller having a
      plurality of vanes extending outward in spaced relation from an inner
      diameter to an outer diameter;
PA1  a structure positioned above the impeller for separating the impeller from
      the upper portion of the container, the structure having a central inlet
      coaxial with the impeller axis of rotation for admitting the materials
      from the container to the center of the impeller and a plurality of spaced
      outlets surrounding the central inlet for removing the liquid mixture that
      flows from the impeller;
PA1  a plurality of double-walled tubes having radially spaced inner and outer
      walls, each tube being connected at one end to a separate one of the
      plurality of outlets in the separating structure and having the other end
      communicating with the upper portion of the container for conducting the
      liquid mixture that flows from the impeller back into the upper portion of
      the container; and
PA1  means for flowing a heat transfer fluid having a temperature different from
      the temperature of the liquid mixture between the inner and outer walls of
      the double-walled tubes from one end of each tube to the other end for
      transferring heat across the tube walls between the fluid and the liquid
      mixture.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising a plurality of additional
      tubes, each additional tube having a sealed end and an inner diameter
      greater than the outer diameter of the double-walled tubes and coaxially
      surrounding a corresponding one of the double-walled tubes with the sealed
      end of each additional tube being spaced axially from the other end of the
      corresponding double-walled tube and the other end of each additional tube
      being open to the upper portion of the container, whereby the mixture
      exiting from the other end of each double-walled tube will reverse
      direction and flow through the annular space between the double-walled
      tube and the additional tube and then out the open end of the additional
      tube into the upper portion of the container.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the means for flowing a fluid between
      the inner and outer walls of the double-walled tubes from one end of each
      tube to the other end comprises:
PA1  a plurality of spaced longitudinal partitions between the inner and outer
      walls of each tube for dividing the annular region between the walls into
      a plurality of circumferentially spaced passageways extending from one end
      of the tube to approximately the other end;
PA1  annular partitions at the ends of each tube for sealing the ends of the
      circumferentially spaced passageways, the plurality of spaced longitudinal
      partitions extending from the annular partition at one end of the tube
      alternately to the annular partition at the other end and to a location
      short of the annular partition at the other end, respectively, whereby
      pairs of the circumferentially spaced passageways adjacent to each of the
      shorter longitudinal partitions communicate with each other through the
      space between the shorter longitudinal partitions and the annular
      partition at the other end of the tube;
PA1  means for introducing heat exchanging fluid having a temperature different
      from the temperature of the liquid mixture flowing through the tube into
      one of each pair of the communicating adjacent passageways near the one
      end of each tube; and
PA1  means for withdrawing the heat exchanging fluid from the other of each pair
      of the communicating adjacent passageways near the one end of each tube,
      whereby the fluid flows from the one end to the other end of the tube
      through the one of each pair of adjacent passageways and then returns
      through the other of each pair of adjacent passageways.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the means for introducing fluid into
      one of each pair of the communicating adjacent passageways between the
      inner and outer walls of each double-walled tube comprises:
PA1  a first annular plenum surrounding each double-walled tube near the one end
      of the tube, the outer wall of the tube having a first set of
      circumferentially spaced openings for connecting the first plenum with
      alternate ones of the longitudinal passageways between the inner and outer
      walls of the tube and
PA1  a first conduit for connecting each first plenum with a source of heat
      exchanging fluid having a temperature different from the temperature of
      the liquid mixture flowing through the tubes; and the means for
      withdrawing the heat exchanging fluid from the other of each pair of the
      communicating adjacent passageways between the inner and outer walls of
      each double-walled tube comprises:
PA1  a second annular plenum surrounding each double-walled tube near the one
      end of the tube but axially displaced and sealed from the first plenum,
      the outer wall of the tube having a second set of circumferentially spaced
      openings for connecting the second plenum with the alternate others of the
      longitudinal passageways between the inner and outer walls of the tube and
PA1  a second conduit connected to the second plenum for withdrawing the heat
      exchanging fluid to a location outside the apparatus.
NUM  6.
PAR  6. The apparatus of claim 3 further comprising a plurality of rods, each
      rod having a diameter smaller than the inner diameter of a corresponding
      one of the plurality of double-walled tubes and being positioned to extend
      coaxially inside the corresponding double-walled tube for reducing the
      cross-sectional flow area through the inside of the double-walled tube to
      the annular space between the rod and the inner wall of the double-walled
      tube, thereby increasing the velocity of the liquid mixture through the
      double-walled tube and thereby improving the flow of heat between the
      liquid mixture and the heat transfer fluid.
NUM  7.
PAR  7. A reactor for high energy mixing of a liquid and at least one other
      material while simultaneously transferring heat to or from the liquid
      mixture, the reactor comprising:
PA1  a closed vessel having an upper chamber, means for introducing the
      materials to
PA1  be mixed into the upper chamber, a lower chamber,
PA1  a short passageway, centrally located within the vessel, leading from the
      upper chamber to the lower chamber for conducting the materials to be
      mixed from the upper chamber into the lower chamber,
PA1  a plurality of elongated thin-walled conduits leading from inlets in the
      lower chamber that are radially spaced from the central passageway to
      outlets in the upper chamber for returning the mixture of materials to the
      upper chamber, each elongated conduit comprising
PA0  a first inner portion of annular cross section having a thin outer wall,
PA0  a second outer portion of annular cross section having a thin inner wall,
      the second portion coaxially surrounding the first portion with the thin
      inner wall of the second portion being spaced radially from the thin outer
      wall of the first portion; the passages for the heat exchanging fluid
      extending between the thin outer wall of the first portion and the thin
      inner wall of the second portion, and
PA1  a plurality of elongated passages extending along the length of each of the
      elongated conduits in circumferentially spaced relation on the other side
      of the thin wall from the flowing mixture of materials for conducting a
      heat exchanging fluid having a temperature different from the temperature
      of the mixture of materials flowing through the conduits, whereby heat
      transfer occurs between the heat exchanging fluid and the liquid flowing
      through the first portion across the thin outer wall of the first portion
      and between the heat exchanging fluid and the liquid mixture flowing
      through the second portion across the thin inner wall of the second
      portion;
PA0  a centrifugal impeller mounted in the lower chamber for rotation about an
      axis coincident with the axis of the central passageway, the impeller
      having a plurality of blades extending outward from an open eye at the
      center of the impeller to the outer circumference of the impeller; and
PA0  drive means for rotating the impeller about its axis, whereby the materials
      to be mixed are drawn from the upper chamber through the central
      passageway into the eye of the impeller, then are impelled outward between
      the rotating blades which impart kinetic energy to the mixture as it flows
      through the impeller, and finally are returned through the plurality of
      elongated conduits to the upper chamber, there being sufficient clearance
      between the upper face of the impeller and the wall of the lower chamber
      in the region between the central passageway and the plurality of radially
      spaced inlets of the elongated conduits to permit rotation of the impeller
      while preventing any significant recirculation of the mixture directly
      from the high pressure region at the outer circumference of the impeller
      to the low pressure region at the eye of the impeller.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the inner tube of each elongated
      passageway comprises the circumscribing wall maintained at a temperature
      different from the temperature of the flowing mixture.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the inner tube comprises coaxial,
      radially spaced inner and outer walls, and the means for maintaining the
      inner tube at a temperature different from the temperature of the mixture
      flowing through the elongated passageway comprises means for passing a
      heat exchange fluid having a temperature different from the mixture
      temperature through the space between the inner and outer walls.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the means for passing a heat exchange
      fluid through the space between the inner and outer walls of each inner
      tube comprises:
PA1  an inlet opening for said heat exchange fluid through the outer wall,
PA1  an outlet opening for said heat exchange fluid through the outer wall
      angularly spaced from the inlet opening, and
PA1  a longitudinal baffle extending radially between the inner and outer walls
      and longitudinally between the inlet and outlet openings for diverting the
      flow of heat exchange fluid from following a direct path between the inlet
      and outlet openings.
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ABST
PAL  A method of, and apparatus for, mixing foundry sand, resin binder and
      catalyst, wherein sand/resin and sand/catalyst mixtures are prepared
      separately in continuous mixers and conveyed to a final mixing chamber
      having a vertical high speed rotating shaft with downwardly inclined mixer
      blades and upwardly inclined deflector blades.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method and apparatus for mixing foundry
      aggregate (hereinafter referred to by the expression "sand") and binder to
      provide a mixture for making moulds and cores to be used in casting
      operations.
PAR  The invention is concerned with the provision of a mixture in which sand is
      mixed with a curable binder which may be a synthetic resin, and a catalyst
      which accelerates the curing and setting of the binder so as to speed up
      production of castings by cutting down on the time taken for the setting
      of moulds and cores. Over recent years the aim of manufacturers of binders
      and catalysts has been to produce such materials which will further
      shorten the curing and setting time and binders and catalysts have now
      been brought into use to provide a mixture setting time of only a few
      minutes, which time may in some cases be less than five minutes. In
      particular, there has been considerable development in this direction in
      the field of cold setting binders, so called because they do not require
      any heating to effect curing which takes place very rapidly "in the cold."
      The present invention is particularly, but not exclusively, concerned with
      method and apparatus for mixing foundry sand with these cold setting
      binders and catalysts.
PAR  The introduction of these rapid hardening or rapid setting binders has
      brought about complications in connection with the apparatus which is used
      for mixing the sand, binder and catalyst mixture because of the fact that
      the curing or setting commences as soon as the binder and catalyst are
      brought together and thus the process of mixing and discharging of the
      mixture into mould boxes and core boxes must be rapid enough to avoid any
      premature setting of the sand mixture in the apparatus itself which would
      lead to clogging and eventual stoppage of the apparatus. A further
      drawback to the use of these rapid setting binders is that any residual
      mixture in the apparatus will set and clog the apparatus if it is not
      cleared out rapidly.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There have been several proposals hitherto to overcome these problems based
      upon apparatus in which the sand is divided into two parts, one part being
      mixed with the appropriate amount of binder and the other part being mixed
      with the appropriate amount of catalyst and these two primary mixtures
      being eventually brought together in a final mixing chamber where the
      sand/binder mixture and sand/catalyst mixture are mixed before final
      discharge to the mould or core box. Because reaction between the binder
      and catalyst commences immediately the two primary mixtures come together
      in the final mixing chamber, most of these prior proposals have been based
      upon the idea of using compressed air to blast the mixture from the final
      mixing chamber and, in some cases, to also use compressed air blast to
      achieve the final mixing. However, this limits the apparatus to working on
      "batch" operations allowing only the production of pre-determined sized
      batches of mixtures one after another and does not allow an apparatus
      producing a continuous mixture for filling a number of moulds or core
      boxes without interruption on a continuous production basis. Also, the use
      of compressed air blasts alone at the final mixing operation does not
      provide a reliable complete mixing with the result that in the mixture as
      discharged there can be "dead areas" where the primary mixtures of
      sand/binder and sand/catalyst have not been brought together.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an improved method and
      apparatus for the final mixing of the two primary mixes of sand/binder and
      sand/catalyst so as to reduce or eliminate substantially the aforesaid
      problems of premature setting of the final mixture, and to permit of a
      continuous production of foundry sand mixture to be provided when
      required.
PAR  Thus according to one aspect of the invention there is provided a method of
      producing a foundry mixture of sand and rapid setting binder comprising
      separately preparing a sand/binder mixture and a sand/catalyst mixture,
      separately conveying said mixtures to a final mixing chamber wherein the
      material comprising said two mixtures is caused to descend in a
      substantially vertical direction to a discharge aperture, and interrupting
      the path of descent of the material towards said aperture by means of
      moving agitators which act to deflect portions of the material in an
      upwards direction and against the general downwards flow of the material.
PAR  Thus, according to the method, in the final mixing chamber parts of the
      mixture are all the time being thrown back up into the remainder of the
      mixture whilst overall there is a general resultant movement downwards
      towards the discharge aperture. Thus, instead of a smooth flow towards the
      discharge aperture there is a "turbulent" flow which, as well as ensuring
      an intimate mixing of the two parts, namely sand/binder mixture and
      sand/catalyst mixture, also eliminates the possibility of the occurrence
      of any "dead" areas in the discharge chamber where premature setting of
      the mixture might commence.
PAR  According to a further aspect of the invention there is provided apparatus
      for carrying out the aforesaid method comprising a pair of mixer and
      conveyor units, one for producing a sand/binder mixture and one for
      producing a sand/catalyst mixture, a final discharge chamber having a
      mixture discharge aperture at its lower end and having said mixer and
      conveyor units discharging into its upper end, a rotatably driven shaft
      extending downwardly and centrally through said discharge chamber and
      deflector blades fixed to said shaft at spaced positions therealong, each
      such deflector blade being so shaped and positioned as to deflect portions
      of the downwardly descending mixture in an upwards direction.
PAR  Preferably, in addition to said deflector blades there are further blades
      fixed on the shaft which act as mixer blades and which are arranged so as
      to be downwardly inclined and conveniently most of the blades are arranged
      in groups of three, there being two mixer blades and one deflector blade
      in each group, with a sequence of a number of mixer blades only towards
      the discharge point.
PAR  The discharge chamber is preferably of inverted frustoconical form and the
      blades are so shaped and arranged that portions of the peripheries of the
      blades engage the internal surface of the chamber such that the whole or
      substantially the whole of the internal surface of the chamber is swept by
      the periphery of the blades.
DRWD
PAR  One embodiment of the invention is hereinafter described by way of example
      with reference to the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view showing a complete apparatus for carrying out the
      method according to the invention,
PAR  FIG. 2 is an end-on view of this apparatus and
PAR  FIG. 3 is a perspective view to an enlarged scale showing the final
      discharge chamber and the interior thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, with the exception of the discharge chamber
      arrangement, generally indicated by reference numeral 10, the remainder of
      the apparatus is of generally known construction and is hereinafter
      described briefly as being one form of apparatus for mixing and conveying
      separately the sand/binder and sand/catalyst mixtures for delivery to the
      final mixing chamber.
PAR  As shown in FIGS. 1 and 2, there are two screw conveyor type mixer units of
      known form indicated at 11 and disposed in side by side relationship and
      these are fed with sand from hoppers, indicated at 12, and measured
      quantities of binder in the one case and catalyst in the other case are
      introduced into the screw conveyor units at 12a so that mixing of the
      sand/binder and sand/catalyst mixtures takes place during the conveying of
      the mixtures along the conveyor tubes to the discharge ends where the two
      separate mixtures are discharged into the final mixing chamber 10. Also in
      known manner, the mixer conveyor units 11 are supported rotatably upon a
      pedestal 13 which houses ancillary parts of the apparatus such as the
      pumps for binder and catalyst. A detailed description of this part of the
      apparatus is not considered necessary as it will be known to those skilled
      in the art and is given by way of example only.
PAR  Referring now to FIG. 3, at the discharge end of the assembly of mixer
      conveyor units 11 there is provided the final discharge chamber 10, the
      outer casing of which comprises an inverted frusto-conical structure 14
      which is attached below the discharge ends of the mixer conveyor units 11
      and the discharge from these units passes through apertures 15 into the
      upper end of the inverted conical chamber 14. Disposed above the mixer
      conveyor units 11, at the discharge end, there is an electric motor 16
      from which a driving shaft 17 extends downwardly and is connected to the
      shaft 17a which extends centrally through the inverted frusto-conical
      casing 14 to the lower end thereof.
PAR  The shaft 17a has fixed thereon a number of blades which are at positions
      spaced axially along the shaft and which are designed and arranged so as
      to promote a very rapid and intimate mixing of the sand, and catalyst in
      the relatively short length of the final mixing chamber. For example, it
      is envisaged that the speed of rotation of the shaft 17a would be
      something of the order of 720 r.p.m. as compared with the speed of
      rotation of the screw conveyor shafts in the mixer conveyors 11 which
      would be something of the order of 85 r.p.m.
PAR  The blades on the shaft 17a are designed not only to mix and propel the
      mixture towards the lower outlet end of the chamber 14 but also to act
      upon the mixture in such a way that portions thereof are continually being
      directed or deflected upwardly against the general downwards flow of the
      mixture so as to ensure a very intimate mixing and also maintain what is
      in effect a state of "turbulence" in the chamber 14 so as to avoid the
      creation of any relatively "dead" spots in which premature setting might
      commence. To this end some of the blades are disposed so that the general
      plane of each such blade is in a direction downwardly in relation to the
      shaft 17a whilst with other blades the plane of each such blade is in a
      direction generally upwardly in relation to the shaft 17a.
PAR  Considering the upper end of the shaft 17a within the chamber 14 there are
      two such downwardly inclined blades indicated at 18 and herein referred to
      as mixer blades and one upwardly inclined blade indicated at 19 and herein
      referred to as a deflector blade. The blades 18 are of approximately the
      same surface area and the surface area of each blade 18 is approximately
      half that of the blade 19. One of the blades 18 is spaced axially below
      the other and blade 19 is spaced axially below the lowermost blade 18 and
      is arranged so that it lies roughly below the gap between the blades 18
      with the result that a proportion of the mixture which is being directed
      downwardly by the blades 19 is directed upwardly by the blade 19 back into
      the space occupied by the descending mixture.
PAR  Similarly, below the blades 18 and 19 there are two downwardly inclined
      mixer blades 20 and an upwardly inclined deflector blade 21 and so on
      towards the lower end of the shaft where the blade sequence changes and
      finishes with four mixer blades 21a and no deflector blades.
PAR  The extremities of all the blades are arranged with only running clearance
      between the blades and the casing 14. Also, the blade arrangement is such
      that the area swept by the blades' extremities overlap so that the whole
      of the internal surface of the chamber 14, between the upper end 14a and
      the lower end 14b can be kept clean by the sweeping action of the blades.
      Thus, the apparatus is self-cleaning so far as the interior of the chamber
      14 is concerned. The screw conveyors of the mixer conveyor units 11 are
      arranged to rotate in opposite directions and in such directions of
      rotatation that at the discharge end of the two screw conveyors discharge
      their primary mixtures through the openings 15 and in the direction
      towards the central vertical axis of the mixing chamber 14. The part 24 of
      the final mixing chamber 10 between the upper end 14a of the chamber 14
      and the discharge apertures 15 does not have any of the mixer or deflector
      blades attached to the shaft 17a, this being to avoid any of the mixture
      from the final mixing chamber being deflected back upwardly into the
      discharge ends of the mixer conveyor units 11. However, this part 24 is
      provided with two scraper blades, one of which, as shown at 22, is in the
      form of an arm fixed to the periphery of the upper mixer blade 18 and
      extending upwardly so as to have rubbing contact with the interior surface
      of the part 24. The other scraper blade comprises an arm 22 fixed to the
      upper end of shaft 17a and extending radially in relation thereto so as
      the scrape the areas of the upper side of the discharge apertures 15 and
      prevent any deposit thereon and build-up of any mixture deflected upwardly
      from the final mixing chamber.
PAR  At the lower end of the discharge chamber 14 there is provided a
      pneumatically operated sand gate of known form which is not shown in FIG.
      3 but which is shown generally at 14c in FIG. 1. This gate is for the
      purpose of providing an initial build-up within the chamber 14 at the
      commencement of an operation and is opened after a very short period of
      time to allow discharge of the mixture to commence into moulds and core
      boxes arranged below. A connection (not shown) is provided in the
      discharge chamber to permit air to be blown downwardly through the chamber
      for a cleaning operation when the apparatus is to be shut down. It is
      important that the chamber 14 should be cleared of any residual sand
      mixture, upon shut-down, as rapidly as possible to prevent any left-over
      mixture from setting inside the chamber. It is an advantageous feature of
      the form of this apparatus that it permits a particularly efficient and
      rapid cleaning or purging operation to be performed and there is
      hereinafter given, by way of example, a typical sequence of events for the
      cleaning cycle to be put into operation upon shut-down of the apparatus.
PAR  The first step is the stopping of the two mixer conveyor units 11 so that
      no further primary mixtures are delivered into the discharge chamber 14
      and after the stopping of the two primary mixers the shaft 17a is allowed
      to continue rotating for a 4-second period. The motor 16 is then stopped
      for a period of four seconds so that the shaft 17a is stationary for this
      period and this is to permit the sand mixture within the chamber 14 to
      fall under the influence of gravity from one level to another, this being
      required because rotation of the shaft 17a causes some of the mixture to
      be thrown back upwardly. After this the motor 16 is run again for a period
      of 3 seconds and during this period the air connection is opened to blast
      air downwardly through the chamber 14. The motor 16 is again stopped for a
      further period of 4 seconds to allow further falling of the mixture under
      the influence of gravity and then after this, for a final period of 5
      seconds, the motor 16 is started and simultaneously the air connection
      opened to provide a final blast of compressed air during this final period
      of 5 seconds. After this purging operation the sand gate 14c is closed.
PAR  The above example of a typical cleaning cycle takes a period of 20 seconds
      and it is envisaged that a suitable electrical type control may be
      provided to operate an automatic cleaning cycle.
PAR  The above mentioned cleaning cycle is envisaged as being necessary when the
      apparatus is shut down for any substantial period of time but during a
      continuous production run there may be short periods when the apparatus is
      stopped (e.g., up to 20 seconds) with no cleaning being necessary.
PAR  Preferably, the cone 14 is made in two parts hinged together about a line
      extending axially down one side of the cone so that the parts of the cone
      can be separated and swung apart for the purpose of periodic cleaning.
PAR  An important practical advantage of the apparatus is its capability of
      continuous operation to fill a number of moulds or core boxes one after
      another when working the aforementioned rapid cold setting binders. The
      combination of mixer blades and deflector blades and their action as above
      described produces thorough mixing in rapid time whilst also propelling
      the mixture at high speed downwardly through the mixing chamber 14. The
      mixture may be discharged directly into moulds and core boxes in
      appropriate cases or if required may be used in conjunction with a
      conventional form of core blower with the mixture being discharged from
      chamber 14 directed to the blowing chamber of the core blower.
PAR  However, the apparatus is also capable of being adapted to produce batches
      of mixtures when required. This can be done in one way by providing
      automatic time control on the primary mixer conveyor units 11 in
      combination with the automatic time control for the cleaning and purging
      operation above described.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for producing a foundry mixture of sand and a rapid setting
      binder comprising:
PA1  means defining a discharge chamber having a foundry mixture discharge
      aperture at its lower end for discharging said foundry mixture;
PA1  means for separately introducing into the upper end of said chamber a
      sand/binder mixture and a sand/catalyst mixture;
PA1  a rotatable shaft extending downwardly and centrally through said chamber;
PA1  means for rotating said shaft;
PA1  a plurality of deflector blades fixed to said shaft, each such deflector
      blade being so shaped and positioned as to deflect downwardly flowing
      materials in an upward direction;
PA1  and a plurality of mixer blades fixed on said shaft and shaped and
      positioned to propel said downwardly flowing materials toward the
      discharge aperture;
PA1  said deflector blades and said mixer blades being arranged in groups
      comprising at least two mixer blades angularly spaced apart and at least
      one of said deflector blades;
PA1  each said deflector blade in each of said groups being positioned below and
      angularly between the mixer blades in each said group.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said deflector blades and said
      mixer blades are spaced along said shaft to provide groups comprising two
      of said mixer blades and one of said deflector blades at spaced positions
      along said shaft, the two said mixer blades in each said group having
      substantially the same surface area.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the discharge chamber is of
      inverted frusto-conical form.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said means defining a discharge
      chamber is a vessel, said blades are inclined, and the peripheral edges of
      said blades are contoured complementary to the contour of the adjacent
      interior surface of said vessel to define surfaces of rotation upon
      rotation of said shaft, the shape of each of said surface of rotation
      conforming substantially to the shape of a portion of said interior
      surface, whereby said peripheral edges sweep substantially the whole of
      said interior surface upon rotation of said shaft.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the surface of rotation defined
      by the peripheral edge of each said blade overlaps the surface of rotation
      defined by the peripheral edge of another said blade upon rotation of said
      shaft.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said vessel defines a space below
      said means for introducing said sand/binder and said sand/catalyst
      mixtures and above the uppermost said mixer blade wherein there is
      provided a scraper blade fixed on said shaft for cleaning the internal
      surface of said vessel bounding such space upon rotation of said shaft.
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ABST
PAL  A mixing device for intimately mixing two or more different materials
      including a rotatable member of circular cross section, a shaft rotatable
      along with the rotatable member having two or more vertically spaced discs
      fastened thereto, and means for introducing one of the materials onto each
      disc, so that centrifugal force throws the materials onto the inner wall
      of the rotating member, thereby causing intimate blending or mixing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-in-Part of Applicant's copending
      application Ser. No. 412,233 filed Nov. 2, 1973 (abandoned) and assigned
      to the same assignee as the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One method of producing foundry molds is to utilize a quick-setting sand,
      resin, catalyst mixture. These materials are kept separated until a mold
      is to be made, at which time the three materials must be mixed, with the
      mixture then being fed to a molding machine. In order to obtain molds of
      the desired strength, the sand, resin and catalyst must be rapidly and
      intimately or thoroughly mixed, due to the quick-setting nature of the
      mixture.
PAC  SUMMARY OF THE INVENTION
PAR  One form of mixing apparatus of the invention utilizes a rotating
      frustoconical housing, with the sand, resin and catalyst being
      centrifugally flung onto the inner surface thereof. The inner surface of
      the housing can be roughened by having a plurality of diamond-shaped
      protrusions thereon, to aid blending of the materials. Another embodiment
      utilizes an inverted frustoconical housing which rotates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the mixing device constructed in accordance
      with the invention;
PAR  FIG. 2 is a view looking along lines 2--2 of FIG. 1; and
PAR  FIG. 3 is a cross section of a second embodiment of a mixing device
      constructed in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Looking now to FIG. 1, numeral 10 designates a mixing device in its
      entirety. A frustoconical member 12 is rotatably driven by motor 14 by
      means of hollow shaft 16. The rotatable member is enclosed by a stationary
      housing 18. Secured to the shaft 16, and rotatable therewith, are three
      vertically spaced discs 20, 22 and 24. Pipes 26, 28 and 30 extend
      downwardly through shaft 16, each one terminating at a point slightly
      above one of the discs 20, 22 and 24.
PAR  Pipe 26 supplies disc 20 with a metered amount of sand through restricted
      openings 32, which ensures the even distribution of sand throughout a
      360.degree. arc onto the disc. Pipe 28 supplies a metered amount of resin
      to disc 22 through restricted openings 34, and pipe 30 supplies a metered
      amount of catalyst to disc 24 through restricted openings 36. Stationary
      housing 18 has a bottom discharge opening 38, through which the mixed
      materials are gravity discharged.
PAR  The operation of the mixing device of FIG. 1 will now be described. A
      metered amount of sand is introduced to disc 20 through pipe 16.
      Centrifugal force causes the sand to be thrown outwardly into contact with
      the inner surface of rotating member 12. The sand moves downwardly along
      the inner wall of member 12 in a thin layer, past disc 22, where it is
      subjected to a fine spray of resin fed in a metered amount through pipe 28
      onto disc 22. The now resinous sand slides further downwardly along the
      inner wall of member 12 past disc 24, where it is subjected to a fine even
      spray of catalyst which is fed in a metered amount through pipe 30 onto
      disc 24.
PAR  Depending on the wall angle and speed of rotation of member 12, the
      materials move toward the lower edge of the member 18 at a given speed,
      and due to the friction on the inner surface, the materials will mix and
      intermingle. Various dams or surface roughenings can be used on the inner
      surface of member 18, to increase the frictional contact between the
      materials and the rotating member 18. A preferable surface is shown in
      FIG. 2, and consists of a plurality of diamond-shaped protrusions 40. This
      configuration not only increases the centrifugal force, but also causes
      the material to keep dividing and re-blending in the channel 42 between
      the upraised diamonds 40. The intimately mixed materials are flung off the
      bottom edge of member 18, resulting in a final shear-action mixing as the
      mixture hits the stationary housing, and then gravitates along the
      inclined wall of stationary housing 18 to the opening 38.
PAR  Looking now to FIG. 3, an alternative mixing arrangement 50 is shown. A
      frustoconical member 52 is rotatably driven by motor 54 by means of a
      hollow shaft 56. The rotatable member 52 is enclosed by a stationary
      housing 58. Secured to the shaft 56, and rotatable therewith, are three
      vertically spaced discs 60, 62 and 64. Pipes 66, 68 and 70 extend
      downwardly through the shaft 56, each one terminating at a point slightly
      above one of the three discs 60, 62 and 64.
PAR  Pipe 66 supplies disc 60 with a metered amount of sand. The sand passes
      through restricted openings 61 and is thrown outwardly by centrigual
      force, with the restricted openings 61 ensuring the even distribution of
      sand throughout a 360.degree. arc. Pipe 68 supplies a metered amount of
      resin to disc 62 through restricted openings 63, and pipe 70 supplies a
      metered amount of catalyst to disc 64 through restricted openings 65. The
      sand, resin and catalyst are flung outwardly onto the inner wall of
      rotating member 52. The speed of rotation of member 52 is such, for
      example 1500 rpm, that centrifugal force causes the materials to move
      outwardly and upwardly, and exits through the upper open end 72 of the
      inverted frustoconical member 52. An upper plate 82 is secured to the
      shaft 56, so as to be rotatable therewith. Attached to plate 82 is a
      plurality (for example four) of blades 84, which are positioned closely
      adjacent to the top and sidewalls of stationary housing 58, said blades
      having such an angle that they propel the sand mixture downward toward the
      outlet 74. Since plate 82 rotates, centrifugal force prevents any buildup
      of the sticky, viscous mixture of sand, resin and catalyst which comes
      into contact with plate 82. Also, the blades 84 continuously clean the
      outer upper portion and upper sidewall of the stationary housing 58.
PAR  The size of the upper annular opening 72 between member 52 and cover plate
      82 can be adjusted by means of the nuts 88 and 90, which secure member 52
      to the shaft 56. By threading nut 88 upwardly or downwardly on bolt 86,
      prior to tightening nut 90, the member 52 can be moved toward or away from
      the cover plate 82. The opening 72 should be adjusted such that the amount
      of mixed materials leaving member 52 is just slightly less than the amount
      of material being introduced to it. Thus there will be a small buildup of
      material sealing the opening 72 during the mixing operation. This has two
      advantages. First, it keeps sand, dust and liquid mist around the mixer to
      a minimum; and secondly, it results in some shear, intimate mixing action
      of the sand, resin and catalyst material just prior to its leaving
      rotating member 52 through annular opening 72. The mixed material passing
      through opening 72 is gravity discharged from the stationary housing 58
      through bottom opening 74.
PAR  After a batch of materials has been mixed in the mixer 50, the valves 76,
      78 and 80 in pipes 66, 68 and 70 are closed by solenoids 100, 102 and 104,
      respectively. The valves are located at the very bottom of the pipe outlet
      in order to prevent materials from dripping out after a batch of materials
      has been mixed. The catalyst and resin become sticky when exposed to the
      atmosphere, and would build up deposits on the discs if droplets fell out
      onto the discs after each mixing operation.
PAR  Because the most wear on the mixer will occur on the inner wall of
      frustoconical member 52, where the sand is thrown and travels upwardly and
      outwardly thereacross, a replaceable plastic insert liner 92 is used,
      which snaps into place by snugly fitting over the upper edge of member 52.
      The stationary housing 58 also contains a removable liner 94 made of a
      flexible material, such as rubber. As mentioned earlier, the mixture is
      sticky, and an operator can occassionally shake out the liner 94 to remove
      any deposits building up on the wall. Access to the inside of stationary
      housing 58 is provided by removal of nuts and bolts 96, so that the lower
      portion of housing 58 can be removed. The plastic liner 92 can then be
      replaced by loosening nut 90 and removing member 52. It should be obvious
      that some of the features shown and described in the FIG. 3 embodiment
      could also be used with advantage in the embodiment of FIG. 1, such as for
      example the rubber liner 94, and the valves in the feed pipes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for mixing two materials, including an upright vertical
      housing having a circular cross section, a central shaft positioned within
      the housing, a first disc secured to the shaft, a second disc secured to
      the shaft below the first disc, means for rotating the housing and shaft,
      a first pipe located within the shaft for introducing a first material
      onto the upper surface of the first disc, a second pipe located within the
      shaft for introducing a second material onto the upper surface of the
      second disc, both the first and second pipes containing valve means at
      their outlet ends, and one end of the housing being open, through which
      the mixed material can be discharged.
NUM  2.
PAR  2. Apparatus for mixing two materials, including an upright vertical
      housing having a circular cross section, a central shaft positioned within
      the housing, a first disc secured to the shaft, a second disc secured to
      the shaft below the first disc, means for rotating the housing and shaft,
      means for introducing a first material onto the upper surface of the first
      disc, means for introducing a second material onto the upper surface of
      the second disc, the inner surface of the housing having a plurality of
      diamond-shaped protrusions thereon, and outlet means in the lower portion
      of the housing through which the mixed material can be discharged.
NUM  3.
PAR  3. Apparatus according to claim 2, including a second, stationary housing,
      the major portion of which is positioned below the first housing, the
      lower portion of said second housing being in the shape of an inverted
      cone, and the second housing having an outlet located at the apex of said
      cone.
NUM  4.
PAR  4. Apparatus for mixing three materials, including an upright vertical
      housing having a circular cross section, a central shaft positioned within
      the housing, a first disc secured to the shaft, a second disc secured to
      the shaft below the first disc, a third disc secured to the shaft below
      the second disc, means for rotating the housing and shaft, means for
      introducing a first material onto the upper surface of the first disc,
      means for introducing a second material onto the upper surface of the
      second disc, means for introducing a third material onto the upper surface
      of the third disc, the means for introducing the first, second and third
      materials onto the discs being three pipes located within the shaft, the
      inner surface of the housing having a plurality of diamond-shaped
      protrusions thereon, and outlet means in the lower portion of the housing
      through which the mixed material can be discharged.
NUM  5.
PAR  5. Apparatus according to claim 4 including a second stationary housing,
      the major portion of which is positioned below the first housing, the
      lower portion of said second housing being in the shape of an inverted
      cone, and the second housing having an outlet located at the apex of said
      cone.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein the three pipes terminate at
      points slightly above their respective discs.
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ABST
PAL  A method for preparing non-perishable shaped meat products including ham
      products with fat and rind, involves subjecting chunks of meat, with or
      without fat or rind, to a stirring treatment which includes both
      horizontal and vertical components of movement. The meat is then molded,
      heated and packed. An apparatus for providing the stirring motion includes
      a container with a vertical shaft and non-perpendicular blades attached
      thereto.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is an improvement over the apparatus disclosed in
      U.S. application Ser. No. 835,235 filed June 20, 1969, now U.S. Pat. No.
      3,775,134 the entire contents of which are hereby incorporated by
      reference.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method and apparatus for treating meat
      for storage in a shaped form and, more particularly, to an improved method
      of stirring deboned and brine-injected meat products to obtain a high
      quality product.
PAC  BACKGROUND OF THE INVENTION
PAR  The U.S. patent application Ser. No. 835,235, now U.S. Pat. No. 3,775,134
      describes a method for preparing cured shaped meat products wherein meat
      products such as hams or picnics, after deboning and injecting brine
      therein, are stored in a container wherein they are subjected to a
      stirring movement, whereafter the thus treated meat products are further
      finished, e.g. canned and heated.
PAR  This method constituted a great improvement relative to methods which were
      previously used, wherein the meat had had to be treated in a rigorously
      operating mixing apparatus or rotary churn, usually in vacuum. The method
      using a stirring operation not only permits an important simplification of
      the prior treating process, but, moreover, products of considerably better
      quality are obtained. This is the reason why the above-mentioned method
      has found wide acceptance in many contries within a very short time.
PAR  According to the U.S. Pat. application No. 3,775,134 the stirring operation
      may be carried out continuously or intermittently and according to the
      example described in that application the stirring takes place for 5
      minutes per hour during 24 hours. In practice shorter durations of
      treatment may now and then suffice, e.g. about 18 hours. For carrying out
      the method an open container is used having stirring means therein which
      may be usually connected to the container. In all embodiments marketed up
      until now, this stirring means comprises a vertical shaft having secured
      to it in perpendicular relation one or more stirring blades, usually three
      or four, which are offset in angular position and in height with respect
      to each other. Of course a driving mechanism is connected for the stirring
      means and the assembly is usually provided with a time switch mechanism so
      that the stirring means is switched into operation at predetermined points
      of time and operates during a predetermined period of time. The stirring
      treatment is carried out at a moderate rate of speed, usually 20-30
      revolutions per minute. This treatment does not substantially increase the
      temperature of the meat.
PAR  Notwithstanding the commercial success of this method using prior apparatus
      not all desired products can be manufactured thereby. Generally hams and
      picnics, which are canned or packed in some other way in molded form, are
      sold in three qualities, i.e. without fat and rind, with fat and without
      rind, and with fat and rind. The above discussed method can only be
      carried out with hams and picnics stripped of fat and rind by cutting
      these off and this means that only the most expensive quality of said
      products can be prepared by this method. For other qualities, up until now
      one had to go back to the older methods with churning or the like (U.S.
      Pat. No. 3,076,713) which are much more troublesome.
PAC  SUMMARY OF THE INVENTION
PAR  Surprisingly it has now been found that the processing of any meat product,
      including hams and picnics with fat or with fat and rind, is indeed
      possible according to the method of U.S. Pat. No. 3,775,134 using
      stirring, provided that special measures are applied which result in a
      somewhat longer and less intense treatment than was usual. This is
      particularly surprising since the method according to the U.S. Pat. No.
      3,775,134 meant already a much less intense treatment than the treatments
      according to U.S. Pat. No. 3,076,713,  so that especially for the
      processing of hams and picnics with fat and rind, no success could have
      been expected from a still less intense treatment. Moverover, it appears
      that the method according to the present invention leads in all cases,
      e.g. also with hams and picnics without fat and rind, to a product having
      a better structure than up until now was obtained with the stirring method
      using prior apparatus according to the U.S. Pat. No. 3,775,134.
PAR  The invention provides an apparatus for carrying out a method for the
      preparation of cured shaped meat products wherein meat products, which
      have been deboned (if necessary) and injected with brine, are stored in a
      container and are subjected therein to a stirring movement, whereafter the
      stirred meat products are molded, heated and packed (e.g. by canning),
      said method being characterized in that the stirring operation is carried
      out with the use of a stirring means which during the stirring imparts
      simultaneously a vertical component of movement to the meat products.
PAR  In accordance with a particular embodiment, pork hams and shoulders with
      fat or with both fat and rind are stirred in this way continuously during
      24-48 hours with 1-5 revolutions per minute.
PAR  When processing other meat products, such as hams and picnics without fat
      and rind, the meat structure is retained much better than in the known
      method. Although in this specifically mentioned case the duration of the
      treatment is somewhat longer, this is more than compensated by the
      improvement of the quality.
PAR  Generally, any meat product may be processed which is desired to be
      obtained in molded form in some package, such as a tin, can or a plastic
      bag. Besides hams and pork shoulders the following meat products may be
      mentioned as non-limiting examples:
PAR  Beef; lamb; tongues and other offals; poultry, including chicken and
      turkey; loins of port; gammons and fore-ends (which should not be pickled
      with brine, but with phosphate solution); and roast pork (which should be
      pickled with dilute phosphate solution).
PAR  If the modern brine injector is used, the meat products should be deboned
      first. If the pickling is carried out by injection into a vein or artery,
      the deboning may take place thereafter.
PAR  The time and intensity of the stirring treatment will of course depend on
      the nature of the products to be processed. Using the stirring treatment
      which includes both a vertical and a horizontal component of movement, the
      processing is somewhat milder and processing times of 12-36 hours will
      suffice for most products, with actual stirring times of 5-16 minutes per
      hour, using stirring speeds up to 25 revolutions per minute (rpm).
      Generally, there will be a roughly inverse relation between time and
      intensity of the treatment.
PAR  In the special case of pork hams and shoulders with fat or with fat and
      rind, the preferred conditions are a total processing time of 30-36 hours,
      wherein the stirring is continuous with 2-3 rpm.
PAR  After the treatment according to the invention the meat products are heated
      and packed in some usual way. Thus, they may be canned and then heated,
      during which treatment the separate meat pieces integrate to a molded,
      e.g. loaf-shaped product. Alternatively one may also mold the meaat by
      compressing it in open molds from which, after heating, the molded
      products are removed, and then packed in plastic packages; if desired the
      product may be sliced before packing.
PAR  For carrying out the present method it is suitable to use a container of
      the general type marketed for carrying out the method according to the
      U.S. Pat. No. 3,775,134. However, in this case the blade or blades of the
      stirring device should have positions relative to the shaft such that they
      impart at the same time a vertically directed component of movement to the
      stirred material. To this end the blades have surfaces extending entirely
      or partially in a non-perpendicular relation to the shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention possible embodiments thereof
      will now be described with reference to the attached drawing which shows
      examples of suitable embodiments of such an apparatus, it being understood
      that these embodiments are merely exemplary:
PAR  FIG. 1 is a vertical cross-section of a first embodiment of the container
      according to line I--I in FIG. 2.
PAR  FIG. 2 is a plan view of the container shown in FIG. 1.
PAR  FIG. 3 is a side elevation of the stirring means according to a second
      preferred embodiment.
PAR  FIG. 4 is a plan view of the stirring means according to FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The stirring device shown in FIGS. 1 and 2 comprises a container 1 having
      vertical side walls and a bottom. In the embodiment shown, the horizontal
      cross-section of the container is rectangular with rounder corners but
      said cross-section may also have a different shape. The container 1 is
      provided with a number of suitable feet 2 with which it may rest on a
      base, e.g. a floor or table.
PAR  At their upper edges, the side walls of the container are provided with
      outwardly turned flanges. An elongated bridge piece 3, secured to the
      flanges of two opposite side walls, extends in the central parts of the
      upper side of the container. On top of this bridge piece 3 and in the
      middle thereof an electric motor 4 with a gear box 5 effecting a reduced
      velocity transmission is secured, such that the output shaft 6 of the gear
      box extends downwardly through the center of the bridge piece 3 into the
      container 1. The stirring shaft 7 is secured to the shaft 6, e.g. by means
      of a key and key way. The shaft 7 is mounted overhanging or cantilevered
      from the shaft 6 and extends down to nearly the bottom of the container 1
      so that the assembly of bridge piece with drive unit 4, 5 and stirring
      shaft 7 can be removed by loosening the connection between the bridge
      piece and the opposite side walls of the container in order to be cleaned
      or replaced or repaired respectively.
PAR  The stirring shaft 7 carries a number of stirring blades 8, in the
      embodiment shown three blades, secured at mutual angular spacings of
      120.degree. to the shaft and in different levels so that each blade serves
      part of the contents of the container when the shaft 7 is rotated.
PAR  According to this embodiment the blades are not provided perpendicular to
      the shaft, as in the prior art, but inclined relative to the shaft 7 so
      that when the shaft is rotated in the direction of the arrow 9 in FIG. 2
      the blades impart an upwardly directed vertical component of movement to
      the meat pieces stirred in the container.
PAR  If the angles of inclination of the blades are mutually equal as shown and,
      moreover, the blades have equal mutual angular spacings around the shaft,
      they are approximately contained in an imaginary helical surface around
      the shaft, whereby the matter stirred in the container moves substantially
      according to an upwardly directed helical movement.
PAR  In the embodiment according to FIG. 3 and 4 the blades each comprise a
      hollow body 10, which e.g. may be a welded structure, having flat upper
      and lower surfaces 11 and 12 respectively and rounded, preferably
      substantially half-cylindrical side walls 13. Said rounded portions impart
      the vertical components of movement to the meat pieces. The blade body is
      substantially diamond-shaped in plan view whereby the width in horizontal
      direction, circumferential relative to the shaft, first increases,
      starting from the shaft, up to a maximum 14, at about half the radial
      length of the body, and thereafter decreases again. It appears that with
      this embodiment of the stirring means the most favorable results are
      attained. The meat pieces are thereby at the same time exposed to radial
      forces so that the stirring is even more intensified. Nevertheless the
      rounded portions of the blade bodies ensure a mild engagement with the
      meat pieces so that they will be treated gently.
PAR  It should be understood that the intensity of treatment of the method
      disclosed in U.S. Pat. No. 3,775,134 and such method using the improved
      apparatus disclosed herein is much less intense than was thought possible
      by the art following the teachings of U.S. Pat. No. 3,076,713. In this
      better patent, it is clear that the meat is worked so hard that there is a
      substantial rise in the temperature thereof. To the contrary, there is no
      substantial rise in the temperature of the meat during stirring in either
      the process of U.S. Pat. No. 3,775,134 or such process using the improved
      apparatus described herein.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawing and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the treatment of meat products, comprising:
PA1  a rectangular container with rounded edges;
PA1  stirring means for subjecting all of the meat chunks retained in said
      container to a stirring movement, said stirring means comprising:
PA2  a stirring shaft,
PA2  a plurality of stirring blades affixed to said stirring shaft at angular
      spacings thereabout and at different levels thereon, each of said blades
      comprising a body which is symmetrical relative to its longitudinal axis
      and has flat upper and lower surfaces and rounded side walls, said rounded
      side walls causing horizontal and vertical components of movement of the
      meat chunks, the horizontal width of the blade perpendicular to its
      longitudinal axis first increasing, starting from the shaft up to a
      maximum substantially at half the radial blade length and thereafter
      decreasing again, and
PA2  drive means connected to said stirring shaft for supplying sufficient power
      to said shaft to impart said horizontal and vertical components of
      movement to chunks of meat filling said container; and
PA1  support means connected to said stirring means for supporting said stirring
      means such that said stirring shaft and said stirring blades are suspended
      within said container.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said stirring means is
      for subjecting meat chunks retained in said container to a stirring
      movement of an intensity insufficient to substantially raise the
      temperature of the meat but sufficient to cause the meat chunks to exude a
      tacky exudate, and said drive means is for supplying sufficient power to
      said shaft to cause said stirring blades to impart horizontal and vertical
      components of movement to chunks of meat filling said container at a
      velocity insufficient to substantially raise the temperature of the meat.
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ABST
PAL  A method and apparatus for flame-cutting segments from angle irons. The
      apparatus supports a torch for movement across the surface of an angle
      iron, the corner of which is directed upwardly. The torch moves
      horizontally and upwardly as it cuts the first leg and horizontally and
      downwardly as it cuts the second leg. The torch tip is directed at a
      constant 45.degree. angle to the surface of the angle iron and maintained
      at a constant distance therefrom and moves at a constant pre-set speed
      throughout any one cutting operation.
BSUM
PAR  This invention relates to an improved method and apparatus for
      flame-cutting segments from angle irons.
PAR  A conventional angle iron has two legs, usually of equal width, which
      extend at right angles to each other. Small size angle irons can be cut
      with a shear, but larger angle irons (for example, those having legs 6
      inches or more in width and over 1/2 inch in thickness) usually are
      flame-cut with a torch. Commonly the torch is handled manually, as its tip
      is moved across the outside surface of each leg in turn, with the tip
      directed perpendicularly to the surface. As the cut in the first leg
      progresses from the outer edge to the corner where the legs intersect,
      blow-through from the torch deposits slag on the inside surface of the
      second leg. Before the second leg is cut, the operation must be
      interrupted while the slag build-up is scraped away so that a clean cut
      can be made in the second leg. At the conclusion of the cutting operation,
      it has been necessary to grind the cut end with a hand grinder to obtain a
      surface of acceptable quality. Consequently the known procedure is unduly
      slow and costly.
PAR  An object of my invention is to provide an improved method and apparatus
      for flame-cutting angle irons in which the torch is supported and moved
      mechanically over a workpiece and cuts a segment therefrom in a single
      continuous operation and in which the cut end of the workpiece is of
      acceptable surface quality without need for hand grinding.
PAR  A further object is to provide an improved method and apparatus for
      flame-cutting angle irons in which the torch tip is directed at
      substantially 45.degree. to the outside surface of the legs of the
      workpiece throughout the operation, thereby minimizing slag deposits on
      the inside surface.
PAR  A more specific object is to provide a portable flame-cutting apparatus for
      angle irons, which apparatus positions a torch tip at substantially
      45.degree. to the outside surface of the legs of the workpiece, moves the
      torch at a constant pre-set speed continuously across the two legs, and
      maintains a constant distance between the tip and the leg surfaces.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of my improved apparatus positioned on an
      angle iron workpiece for cutting;
PAR  FIG. 2 is a diagrammatic cut-away perspective view illustrating details of
      the mechanism embodied in the apparatus;
PAR  FIG. 3 is another diagrammatic perspective view on a larger scale than FIG.
      2 further illustrating details of the mechanism; and
PAR  FIG. 4 is a vertical sectional view of the mechanism showing a
      modification.
PAR  FIG. 1 shows a conventional angle iron workpiece which has legs 10 and 12
      and a corner 13 where the legs intersect. The workpiece is positioned so
      that it extends horizontally with its corner 13 facing upwardly and the
      surfaces of the two legs 10 and 12 sloping at substantially 45.degree. to
      the horizontal.
DETD
PAR  The flame-cutting apparatus of my invention has a frame which includes a
      horizontally extending support member 14, and a pair of depending crossed
      legs 15 and 16 sloping at substantially 45.degree. to the vertical or at
      right angles to each other. The apparatus is portable and preferably the
      frame is of light-weight metal. I place the apparatus over the workpiece
      with the legs 15 and 16 of the frame overlying the respective legs 10 and
      12 of the workpiece. Preferably the legs 15 and 16 carry permanent magnets
      17 for clamping the apparatus in a steady position on the workpiece. I
      mount the magnets on toggle linkages 18, which enable me to retract the
      magnets out of contact with the workpiece. Thus I can position the
      apparatus accurately on the workpiece before I clamp it in place with the
      magnets. Suitable toggle linkages are available commercially. One example
      is available from American Drill Bushing Company, Los Angeles, California,
      and Chicago, Illinois, under the designation ADB 62075.
PAR  The apparatus includes a carriage 22 mounted on the support member 14 for
      horizontal travel therealong. As best shown in the cut-away view of FIG.
      2, I mount a reversible variable speed drive motor 23 and a gear reducer
      24 on top of the carriage 22. The gear reducer has a depending output
      shaft 25, the lower end of which carries a pinion 26. The upper face of
      the support member 14 carries a stationary horizontally extending gear
      rack 27 which pinion 26 engages for driving the carriage in either
      direction. The carriage also carries a torch support 28 of inverted
      L-shape. The torch support has a vertical leg which carries a sleeve 29. I
      mount a conventional oxygen-acetylene torch 30 or equivalent in sleeve 29
      for vertical movement as hereinafter described. The torch has a vertically
      directed cutting tip 31. Gases are conducted to the torch via the usual
      hoses 32.
PAR  As best shown in FIGS. 2 and 3, the support member 14 carries a channel 34
      fixed to its lower face. The upper flange of channel 34 carries a
      stationary, horizontally extending, downwardly facing gear rack 35, the
      inner end of which lies directly over the point where the crossed legs 15
      and 16 intersect. The lower flange of channer 34 carries a stationary,
      horizontally extending upwardly facing gear rack 36, the inner end of
      which also lies directly over the point where the legs intersect or
      directly under the point where the downwardly directed gear rack 35
      terminates. A pinion shaft 37 is journaled in the sleeve 29 for rotation
      on a horizontal axis. At its inner end the pinion shaft has an integral
      follower pinion 38 which engages gear racks 35 and 36 in turn. Near its
      outer end the pinion shaft has an integral drive pinion 39 which engages a
      vertically extending gear rack 40 fixed to the body of torch 30.
      Intermediate the two pinions the pinion shaft carries a roller 41 which
      may be a conventional antifriction bearing. Roller 41 rides on the lower
      flange of channel 34 to steady the shaft. At its outer end the pinion
      shaft carries an adjusting knob 43.
PAR  In operation, I position the apparatus on a workpiece 10, 12 and clamp it
      in place as shown in FIG. 1 and already described. At the start the tip 31
      of torch 30 is located above a point just outside the edge of leg 10 and
      spaced a predetermined distance above the leg surface. I turn on the torch
      30 and start motor 23 in a direction to rotate pinion 26 counterclockwise
      when viewed from above. Engagement of pinion 26 with the gear rack 27
      moves carriage 22 and the parts which it carries toward the right. The
      follower pinion 38 first engages the upper gear rack 35, whereby it
      rotates the pinion shaft 37 counterclockwise. Thus the drive pinion 39
      drives the vertical gear rack 40 and torch 30 upwardly. When the torch tip
      31 reaches a position directly over the corner 13 of the workpiece, the
      follower pinion 38 runs off the end of the upper gear rack 35 and engages
      the lower gear rack 36. Now the follower pinion rotates the pinion shaft
      37 clockwise and the drive pinion 39 drives the vertical gear rack 40 and
      torch 30 downwardly. At the conclusion of the cutting operation, I can
      move the apparatus to another location and operate it in the reverse
      direction to make another cut. As shown in FIG. 1, preferably I equip the
      carriage 22 with limit switches 44, and the support member 14 with
      cooperating adjustable spring-loaded stops 45 to prevent overtravel of the
      carriage in either direction.
PAR  I proportion the parts so that the upward and downward travel of the
      cutting tip 31 maintains the tip at a constant distance from the surface
      of the legs 10 and 12. In the example of a conventional angle iron, which
      has legs of equal length at right angles to each other, the tip travels
      equal distances horizontally and vertically and always is directed at an
      angle of 45.degree. to the surface of the legs. The tip always travels in
      a straight line parallel with the surface which it is cutting. The tip
      travels at constant pre-set speed throughout any one cutting operation.
      The apparatus is adjustable for cutting workpieces of different thickness
      or compositions. As already explained, the speed of motor 23 is variable,
      whereby I can vary the speed at which the torch passes over a workpiece.
      To vary the distance between the cutting tip and the surface of the
      workpiece, I drive the carriage 22 to a position in which the follower
      pinion 38 runs off the outer end of either gear rack 35 or 36. As FIG. 2
      shows, the gear rack 27 extends farther to the left than the gear rack 35
      and/or farther to the right than gear rack 36 to make this possible. Now I
      rotate the adjustment knob 43 to turn the pinion shaft 37 and move the
      torch 30 up or down without moving the carriage horizontally.
PAR  FIG. 4 shows a modification in which I have simplified the procedure for
      adjusting the distance between the torch tip and the surface of the
      workpiece. The modified apparatus includes a pinion shaft 48 which is
      movable axially. The torch-supporting sleeve has a counterbore 49 in which
      I place a compression spring 50 encircling the pinion shaft and urging it
      inwardly. The pinion shaft has a follower pinion 51 similar to that
      already described and a lengthened drive pinion 52. With this arrangement,
      I pull the pinion shaft outwardly against the action of spring 50 to a
      position in which pinion 51 is disengaged, and turn the shaft to move the
      torch up or down without moving the carriage horizontally. The lengthened
      drive pinion 52 enables this pinion to remain in engagement with the gear
      rack on the torch even though the follower pinion 51 is disengaged.
PAR  From the foregoing description it is seen that my invention affords a
      method and apparatus for handling a torch mechanically as the torch is
      used to cut an angle iron workpiece. The torch tip is directed at a
      constant 45.degree. angle to the surface of the workpiece, and
      automatically moves over the workpiece at a constant pre-set speed, and at
      a constant distance from the surface thereof, and always in a straight
      line parallel with the surface which it is cutting. I pre-set the speed
      rate in accordance with the thickness of the workpiece. Slag generated
      during the cutting operation is blown downwardly away from the inside
      surface of the workpiece, rather than on this surface. Thus the workpiece
      is cut cleanly and in a single continuous operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for flame-cutting segments from an angle iron workpiece
      which has two legs and a corner where the legs intersect and is positioned
      with the corner facing upwardly, said apparatus comprising:
PA1  a frame adapted to be positioned over the workpiece;
PA1  a carriage mounted on said frame for horizontal movement therealong;
PA1  a torch mounted on said carriage for vertical movement with respect thereto
      and having a cutting tip at its lower end;
PA1  drive means on said carriage for moving said carriage and said torch
      horizontally across the workpiece; and
PA1  pinion means on said carriage operatively connected with said frame and
      said torch for moving said torch upwardly with respect to said carriage
      while said carriage and torch move horizontally across the first of the
      legs of the workpiece and downwardly with respect to said carriage while
      said carriage and torch move horizontally across the second of the legs of
      the workpiece;
PA1  said pinion means constraining said tip to move in a straight line at a
      constant angle with respect to the workpiece and at a constant distance
      therefrom, and at a constant speed as long as the carriage speed is
      constant.
NUM  2.
PAR  2. An apparatus as defined in claim 1 in which said drive means moves said
      torch equal distances horizontally and upwardly across the first leg, and
      equal distances horizontally and downwardly across the second leg.
NUM  3.
PAR  3. An apparatus as defined in claim 1 in which said frame includes a
      support member and a pair of crossed legs depending from said support
      member intersecting each other at right angles to be placed on an angle
      iron workpiece with the legs of the frame overlying the respective legs of
      the workpiece.
NUM  4.
PAR  4. An apparatus as defined in claim 3 comprising in addition magnets
      carried by said legs for clamping said frame on the workpiece, and means
      for retracting said magnets to enable said frame to be positioned on the
      workpiece before it is clamped thereon.
NUM  5.
PAR  5. An apparatus as defined in claim 1 in which said pinion means includes a
      pinion shaft journaled for rotation with respect to said carriage and
      movable horizontally therewith, a pair of horizontally extending
      oppositely facing gear racks on said frame terminating above a common
      point, a follower pinion on said pinion shaft engaging each of said racks
      in turn, a vertically extending gear rack on said torch, and a drive
      pinion on said pinion shaft engaging said vertically extending rack.
NUM  6.
PAR  6. An apparatus for flame-cutting segments from an angle iron workpiece
      which has two legs and a corner where the legs intersect and is positioned
      with the corner facing upwardly, said apparatus comprising:
PA1  a frame adapted to be positioned over the workpiece;
PA1  a carriage mounted on said frame for horizontal movement over the
      workpiece;
PA1  a torch having a cutting tip at its lower end;
PA1  means on said carriage supporting said torch for horizontal movement
      therewith and vertical movement with respect thereto;
PA1  a driven pinion on said carriage;
PA1  a horizontally extending gear rack on said frame engaged by said pinion;
PA1  a pinion shaft journaled in said torch supporting means;
PA1  a pair of horizontally extending oppositely facing gear racks on said frame
      terminating above a common point;
PA1  a follower pinion on said pinion shaft engaging each of said oppositely
      facing racks in turn;
PA1  a vertically extending gear rack on said torch; and
PA1  a drive pinion on said pinion shaft engaging said vertically extending
      rack;
PA1  whereby horizontal movement of said carriage moves said torch with the tip
      thereof traveling in a straight line horizontally and upwardly across the
      first of the legs of the workpiece and in a straight line horizontally and
      downwardly across the second of the legs of the workpiece.
NUM  7.
PAR  7. An apparatus as defined in claim 6 in which said first-named rack
      extends outside at least one of said oppositely facing racks and said
      carriage is movable to a position in which said follower pinion is
      disengaged, whereby said pinion shaft can be turned to adjust said torch
      vertically without moving said torch horizontally.
NUM  8.
PAR  8. An apparatus as defined in claim 6 in which said pinion shaft is movable
      axially to disengage said follower pinion, whereby said pinion shaft can
      be turned to adjust said torch vertically without moving said torch
      horizontally.
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ABST
PAL  A ladle for receiving molten metal is equipped with a device incorporating
      consumable components, the disintegration time of which may be
      predetermined, which holds a treating agent for the molten metal and is
      adapted to be submerged in the ladle and retained therein by the weight of
      the same.
PARN
PAR  This is a continuation-in-part of my application Ser. No. 347,556, filed
      Apr. 12, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to ladle additions and devices for supplying
      treating agents to molten metal in such ladles and wherein said devices
      are submerged in the molten metal and arranged to release the treating
      agents in a desirable area of the molten metal and during a desirable time
      period.
PAR  2. Description of the Prior Art
PAR  The prior art devices include cylindrical members having a plurality of
      transverse partitions therein dividing the same into vertically arranged
      chambers in which various treating agents may be positioned for the
      sequential release into molten metal as disclosed in U.S. Pat. No.
      2,915,386. U.S. Pat. Nos. 3,168,608 and 2,005,450 disclose other devices
      for the purpose and U.S. Pat. No. 3,681,051 shows addition agents. U.S.
      Pat. No. 3,784,177 shows a ladle and an addition agent device therein.
PAR  This invention introduces a treating into the molten metal by providing a
      novel container and anchoring structure which insure the positioning of
      the treating agent in a desired location in the molten metal and the timed
      rate of release of the treating agent therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  A device for supplying a treating agent to molten metal consists of a
      nonmetallic consumable container or cylinder filled with the treating
      agent and having top and bottom non-metallic consumable closures and
      attached to a metal base for positioning in the bottom of an iron ladle
      having a puddle of molten iron therein to which the metal base will
      freeze. Subsequent filling of the ladle with molten iron results in the
      predetermined, timed disintegration of the device and the release of the
      treating agent into the molten iron in a most desirable location and at an
      advantageous rate.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a section through a ladle equipped with the new device.
PAR  FIG. 2 is a top plan view of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  By referring to the drawings in FIG. 1 in particular it will be seen that a
      standard ladle 10 having a metal casing 11, a refractory lining 12, a
      bottom aperture 13 and a stopper rod 14 terminating in a stopper nozzle 15
      is illustrated and includes a device for holding the addition agent, the
      device consists of a cylinder 16 formed of non-metallic consumable
      disintegratable material having a wall thickness chosen to provide a
      predetermined time of consumption or disintegration when the same is
      covered by molten metal in the ladle 10. The cylinder 16 is provided with
      a bottom 17 and a top 18, both of which are circular discs of consumable
      material such as cardboard or the like. The interior of the cylinder 16 is
      filled with a treating agent A and a plurality of steel straps 19 are
      positioned around the cylinder 16 so as to enclose the bottom and top
      portions 17 and 18 respectively, and arranged with the vertical sections
      of the straps 19 in spaced circumferential relation about the cylinder 16.
      The ends of the straps are attached to one another in a manner known in
      the art. A second series of steel straps 20 are positioned around the
      cylinder 16 in horizontal arrangement and in spaced vertical relation so
      as to overlap the first series of straps 19 heretofore referred to. The
      ends of the straps 20 are attached to one another.
PAR  Still referring to FIG. 1 of the drawings, it will be observed that the
      lower ends of some of the straps 19 are secured to a base frame 21 which
      is composed of at least a pair of spaced parallel l-beams which are
      disposed beneath the bottom 17 and attached to the device of the invention
      by the straps 19. Alternately, the straps 19 may be passed beneath the
      l-beams 21 or positioned through apertures therein so long as the
      arrangement is such that the cylinder 16 and its bottom and top portions
      17 and 18 respectively are secured thereto as hereinbefore disclosed.
PAR  If desired, spacing members can be positioned between the spaced parallel
      l-beams 21 so as to hold the same in position while the steel bands 19 are
      installed.
PAR  The resulting device when positioned in a puddle of metal in the ladle 10
      will freeze thereto and thus become securely positioned on the bottom of
      the ladle 10. The thickness of the l-beams 21 is such that the treating
      agent A is located above the actual bottom of the ladle 10 and enclosed in
      the consumable material whereby filling the ladle with molten metal
      results in properly locating the device submerged in the molten metal. The
      thickness and composition of the cylinder 16 and the bottom and top
      portions 17 and 18 respectively is such that a predetermined timed release
      of the treating agent A is obtained in the desirable location in the
      molten metal. For example a desulphurizing agent is thus advantageously
      located in the ladle and the release of the agent by the device of the
      invention insures the complete and desirable desulphurization of the
      metal.
PAR  The non-metallic material from which the cylinder 16 is formed is
      preferably a mixture wherein a batch consists of 122 lbs. of dolomite, 16
      lbs. of wood chips and 10 lbs. of a hydrocarbon resin binder and catalyst
      therefore such as known in the art as a two part oil classification
      polyester resin and a polyisocyanate catalyst available under the
      trademarks DEEP SET BINDER CM 2.5 and DEEP SET CATALYST FS 100,
      manufactured by United-Erie, Inc. of Erie, Pennsylvania 16512.
PAR  An alternate composition would comprise 132 lbs. of limestone substituted
      for the dolomite, an equal amount of wood flour or rice hulls substituted
      for the wood chips and wherein the total amount of the oil class binder
      and catalyst would vary from 4 lbs. to 10 lbs.
PAR  The foregoing mixture of the non-metallic consumable, disintegratable
      material will when properly formed into the desired shapes and dried and
      assembled as hereinbefore described into the device of the invention, be
      consumed or disintegrate at a constant predetermined rate without any gas
      build up and thereby insure the desired time and rate of release of the
      treating agent under desirable conditions.
PAR  It will be observed by those skilled in the art that the spaced parallel
      base members 21 are preferably assembled to the bottom 17 and the cylinder
      16 positioned thereon. The treating agent A is then positioned in the
      cylinder 16, the top 18 installed and the straps 19 and 20 affixed, the
      device is then lowered into position in the ladle 10. The weight of the
      device is approximately 11/2 times that of molten iron displaced thereby
      and the same will therefore retain its position on the bottom of a ladle
      so that filling the same with molten iron will result in the location of
      the treating agent A where it is most effective in treating the molten
      iron. The formation of the device of metal parts and non-metallic
      consumable parts enable the same to effectively locate, hold and control
      the rate of discharge of the treating agent.
PAR  It will thus be seen that a device for supplying a treating agent to molten
      metal at a desirable location therein and during a predetermined time
      period has been disclosed which will act effectively for the intended
      purpose. The weight of the device is approximately 11/2 times the weight
      of the molten metal displaced thereby and the arrangement is such that
      initially positioning the device in the ladle in a puddle of molten iron
      therein will insure freezing of the same thereto all of which will
      preclude floating of the device and the treating agent when the ladle is
      filled with molten iron.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirt of the invention.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A refractory lined apertured ladle for making additions to molten metal,
      said ladle including a refractory lined apertured bottom and an
      upstanding, refractory lined side wall peripherally of the bottom, means
      closing the aperture in the bottom, and a hollow, heat
      consumable-disintegratable container supported in the ladle and having an
      addition agent confined therewithin, said container comprising a body
      having top and bottom open ends and made of a mixture comprising about 132
      lbs. of a material selected from the group consisting essentially of
      limestone and dolomite, about 16 lbs. of a material selected from the
      group consisting essentially of wood chips, wood flour, and rice hulls,
      and from 4 lbs. to 10 lbs. of a hydrocarbon resin binder and a catalyst
      for the binder, a preselected portion of the resin binder and catalyst and
      the material selected from the group consisting essentially of wood chips,
      wood flour, and rice hulls comprising a combustible material to provide
      for the comsumption of the container at a predetermined rate to prevent
      boiling and agitation of the molten metal and thus to insure proper timed
      release of the addition agent into the molten metal, closure means closing
      the top and bottom ends of the body, and spacer means on the bottom of the
      container supporting the container in the ladle in predetermined spaced
      relation from the bottom of the ladle for proper positioning of the
      addition agent in the molten metal in the ladle, said spacer means having
      a weight sufficient to hold the container submerged in the molten metal
      and defining means for freezing of the container to the ladle bottom.
NUM  2.
PAR  2. A ladle as in claim 1, wherein the closure means on the top and bottom
      ends of the body are consumable.
NUM  3.
PAR  3. A ladle as in claim 1, wherein the binder is a two-part oil
      classification polyester resin and the catalyst is a polyisocyanate.
NUM  4.
PAR  4. A ladle as in claim 1, wherein the spacer means is metal and weighs more
      than the molten metal it displaces.
NUM  5.
PAR  5. A ladle as in claim 4, wherein the spacer means comprises a pair of
      spaced apart I-beams attached to the bottom of the container.
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ABST
PAL  Apparatus suitable for injecting fluids, particularly suspensions of solids
      in gases, below the surface of a molten metal, e.g. in emulsion
      metallurgy, comprises a converter having a tuyere for injecting the fluid
      below the surface of the molten metal, and a heating zone, spaced away
      from the converter but in liquid communication with the converter at a
      level below the surface of the molten metal, the heating zone having a
      thinner lining than the converter and being heated by electric induction
      heating so that a temperature gradient can be set up between the heating
      zone and the converter to maintain the temperature of the molten metal in
      the converter. The converter is dimensioned such that it can be tilted to
      a position where it can still contain the whole volume of molten metal to
      be treated but the openings of the channel and of the tuyere are exposed
      above the surface of the molten metal in the tilted position. The
      apparatus can be used for desulphurisation or decarburization of steel,
      the reduction of reducible metal oxides by emulsion reduction, the
      introduction of alloying components or the introduction of endothermally
      reacting gases into molten metals.
BSUM
PAR  The present invention relates to apparatus for treating molten metals with
      gas/solid suspensions or other fluids, particularly introducing
      suspensions of solid powders dispersed in gases, into the molten metal and
      processes of treating molten metals using the apparatus.
PAR  Numerous metallurgical processes exist which involve the injection into the
      molten metal of one or two phases which are disperesed in a fluid matrix
      phase. One area in which such processes are particularly important is
      so-called emulsion metallurgy. Processes in this area take advantage of
      the intensive contact between metal, slag and gas which can be obtained in
      fully dispersed systems and are particularly useful for iron and steel
      making- and refining processes. Such processes in which suspensions of
      powders in fluid phases are introduced below the surface of the molten
      metal thus give greater reaction surfaces compared with processes in which
      the reactant to be introduced is placed on top of the melt.
PAR  One of the major problems in operating such metallurgical processes is the
      maintenance of the temperature of the molten metal as the introduction of
      the suspension causes considerable temperature reduction in the molten
      metal. The same problem may also often arise when introducing
      endothermically reacting gases into the metal. Of course, it is possible
      to use conventional heating means to heat the whole bulk of the metal
      being treated, e.g. blowing with oxygen to oxidise a component of the
      melt, but introduction of oxygen is not always desired and in practice,
      electrical heating means are preferred. Conventional arc furnaces do not
      use electrical energy efficiently. Electrical induction heating makes much
      more efficient use of electrical energy than electric arc furnaces but
      induction heating of the whole contents of a converter would require
      capital expenditure of a size that would be difficult to justify on an
      industrial scale, having regard to the energy available from electricity
      and present day electrical energy costs. The comparatively high electrical
      efficiency of induction heated vessels requires a thin lining of the
      vessel. A thin lining in a reaction vessel is, however, for practical
      reasons, not desirable due to the risk of damage caused by the wear on the
      lining during use. However, if the thickness of the lining is increased,
      the high electrical efficiency will be lost.
PAR  We have now found that it is possible to take advantage of the benefits of
      electric induction heating without having to meet the problems of
      surrounding the whole converter with induction heating coils, by modifying
      the design of a conventional converter suitable for introducing gas/powder
      suspensions or other fluid materials below the surface of the molten
      metal.
PAR  The present invention provides apparatus for treating a molten metal with a
      gas/solid suspension or other fluid comprising a refractory lined,
      tiltable converter for holding the molten metal, said vessel having a wall
      and a bottom; means for introducing the metal to be treated and means for
      removing the metal after treatment; at least one tuyere for introducing
      the gas/solid suspension or other fluid into the converter, said tuyere
      extending through the bottom or wall of the vessel at a level that will be
      below the surface of the molten metal when the converter is in its
      vertical operating position; the refractory lining of the converter being
      of sufficient thickness to resist wear during operation; said converter
      having a freeboard space of height which will be at least equal to the
      depth of the molten metal during operation, to allow for splashing and
      foaming during operation; said converter having at least one heating zone
      spaced away from the converter; the heating zone having at least one
      channel in liquid communication with the converter, the channel opening
      into the converter at a level that will be below the surface of the molten
      metal when the converter is in its vertical operating position; said
      heating zone having a refractory lining which is thinner than the
      refractory lining of the converter, and having means for heating the
      contents of the zone by electric induction heating to an extent such that
      a temperature gradient can be established between the contents of the zone
      and the contents of the converter, the converter being dimensioned such
      that it can be tilted to a position where it can still contain the whole
      volume of molten metal to be treated, but the openings of the channel and
      of the tuyere are exposed above the surface of the molten metal in the
      tilted position.
PAR  The exact dimensions of the heating zone are not critical, but it is
      necessary that a relatively small fraction of the total molten metal in
      the apparatus be located in the heating zone so that it can be induction
      heated to a temperature sufficiently above that of the main bulk of the
      molten metal to provide a sufficient temperature gradient to maintain or
      raise the bulk of the molten metal at, or to, the desired temperature. To
      obtain maximum benefit from this temperature gradient, it is desirable to
      position the tuyere so that the flow of the gas/solid suspension or other
      fluid injected through the tuyere will meet the heat flow from the heating
      zone in the region outside the opening of said channel or channels.
PAR  We have found it convenient to utilize a heating zone which is part of a
      loop formed by a channel between two openings in the converter wall or
      bottom, the molten metal in the converter inter-connecting the two channel
      openings. Preferably the channel openings penetrate the converter wall or
      bottom at the same level. It is also possible to operate with more than
      one loop or to use a simple extension of the main converter having a
      single liquid communication to the main converter. Whatever the exact
      physical form of the heating zone, it is advantageous to have the heating
      zone completely encircled by the induction heated windings.
PAR  For reasons associated with the need to minimize the erosion of the lining
      of the converter, the converter may have an inclined bottom, that is to
      say, inclined at an angle to the sides, but also vessels having a flat
      bottom perpendicular to the sides may be used.
PAR  The mouth of the tuyere, or tuyeres, is located in the region of the flow
      of hotter metal from the heating zone. This arrangement reduces the risk
      of freezing of the molten metal in the region of the tuyere.
PAR  Preferably the tuyere, or tuyeres, are positioned so that the fluid
      introduced through the tuyere does not enter the heating zone. This
      arrangement reduces the risk of damage on the thin lining of the heating
      zone. Most conveniently, the tuyere is directed so that any solid
      particles entrained in a carrier fluid and injected through the tuyere
      will sweep over the region outside the channel opening or channel openings
      without entering the heating zone.
PAR  The reaction vessel is preferably tiltable in a manner such that the molten
      metal can be removed from the vessel without removing molten metal from
      the heating zone.
PAR  The converter may otherwise be constructed in accordance with conventional
      design and be dimensioned conventionally. This means that the converter
      has a sufficient lining thickness to resist the severe wear during
      operation. Further the converter has a sufficient freeboard above the
      surface of the molten metal to allow splashing and foaming of slag and
      metal during operation. The freeboard height herein preferably is at least
      equal with the depth of the molten metal during operation.
PAR  As will be described in more detail below, the appropriate dimensioning of
      the converter can be brought about by having the middle section of that
      part of the converter wall containing the heating zone substantially
      vertical during normal operation and the upper and lower parts of that
      wall inclined at an angle to the middle section so that the three sections
      together form a bowl which can receive the molten metal when the converter
      is tilted. By appropriate dimensioning of these three sections of wall
      with respect to each other and the converter bottom, it is possible to
      tilt the converter to another position where it can still contain the
      whole volume of the molten metal to be treated and to have the opening of
      the tuyere exposed above the surface of the molten metal in this tilted
      position, but the openings of the channel being still below the surface of
      the molten metal. In this position, it is possible temporarily to stop
      introducing the fluid through the tuyere into the molten metal, e.g. while
      sampling is carried out, while still maintaining the temperature of the
      molten metal by induction heating.
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PAR  In the accompanying drawings,
PAR  FIG. 1 shows a vertical section through a converter constructed in
      accordance with the invention and illustrates, schematically the principle
      construction of the converter, and
PAR  FIG. 2 shows a horizontal section II--II through the same converter.
DETD
PAR  The apparatus comprises a tiltable converter 1' having a steel casing 2'
      and refractory lining 3'. Axle bars 4' are mounted in bearings (not shown)
      so that the converter can be tilted about the axis running through axle
      bar 4'. A melting loop 8' is provided in the side wall immediately above
      its junction with sloping bottom 7'. Loop 8' comprises a channel 8a'
      extending between two openings 9' and 10' into the main body of the
      converter through the front wall. The whole of melting loop 8' is
      encircled by induction windings 12' for heating the contents of the loop.
      The detail of induction windings 12' are as shown in FIG. 2. Converter 1'
      is also provided with tuyere 14' situated adjacent to sloping bottom 7', a
      tap hole 15' having a sliding gate 16' for tap hole 15' and a charging
      port 17'. That part of the converter wall containing tap hole 15' is
      regarded as the front wall of the converter and the opposite wall is
      regarded as the back wall. Back wall 23 is substantially vertical when the
      converter is in its normal vertical operating position and tuyere 14' is
      located in a sloping extension 13' joining back wall 23 to sloping bottom
      7'. The front wall has a central section 28 which is parallel to back wall
      23, an upper sloping section 24 and a lower sloping section 27 joining
      middle section 28 to sloping bottom 7'.
PAR  Converter 1' consists of 3 main parts, a top cone 20, a cylindrical body 21
      and a lower zone 22 acting as a reservoir for the molten metal to be
      treated. Top cone 20 has the form of an oblique frustrum of a cone.
      Charging port 17' forms the circular mouth of zone 20 and the base of cone
      20 is defined by the interface between zone 20 and cylindrical body 21.
      One side of cone 20 is formed from backface 23 while the other wall of
      cone 20 is formed from front wall 24 which slopes in accordance with
      conventional converter design.
PAR  The total volume of cylindrical body 21 and top cone 20 is sufficient to
      receive the volume of foam which could be formed when the molten metal
      contained in lower zone 22 is treated in certain metallurgical reactions,
      for example, the reaction occurring when a powder ore suspension is
      injected into an iron melt having a high carbon content and is emulsified
      in the melt. Tap hole 15' is located in front wall 28 immediately below to
      where it joins inclined wall 24.
PAR  Lower zone 22 is designed to contain the whole volume of molten metal to be
      treated. Line 25 indicates the anticipated upper surface of the molten
      metal when the converter is filled immediately prior to use. The
      functional form of bottom zone 22 arises from cutting the front of the
      bottom portion straight off so that an inclined flat front wall 26 is
      provided, this front wall 26 projecting from the lower portion of wall 28
      down to the lowest point in the converter. The openings 9' and 10' of
      heating channel 8a' open into the body of the converter at the lowest part
      of flat front wall 26. Heating channel 8a' is arranged perpendicularly to
      front wall 26 and the axis of symmetry is directed at a point on the
      opposite wall, back wall 23. The portion of inclined front wall 26 which
      is above openings 9' and 10' of heating channel 8a', that is to say the
      wall between openings 9' and 10' and the vertical front wall 28 of the
      converter, is designated wall portion 27. Wall portion 27 together with
      front wall 28 and front wall 24 of the top cone form a basin 30, which
      should contain a volume at least corresponding to the lower zone 22. This
      volume is defined within the points indicated A, B, C and D and the
      converter is designed in this way so that basin 30 can contain all of the
      molten metal which is contained in bottom zone 22 by tilting the converter
      about axle 4' to a position such that the surface of the molten metal is
      indicated by the lines 31a and 31b. In this position, openings 9' and 10'
      of the channel 8a' will be exposed above the surface 31a and 31b which is
      of great value if a local failure should occur in the thin lining of
      heating channel 8a'.
PAR  When the converter is to be tapped, the converter is tilted still further
      about the axis running through axle bars 4' so that the surface of the
      molten metal will take up a position indicated by line 32. In this
      position, the molten metal can be removed through tapping hole 15' without
      emptying heating channel 8a' during the tapping operation but it is
      possible to empty heating channel 8a' if desired by emptying the converter
      through port 17' by tilting the converter still further about the axis
      running through axle bar 4'. During longer breaks in treatment, e.g.
      during sampling and analysing of a sample, the converter may be tilted to
      a position such that the surface of the molten metal will take up a line
      indicated by line 33. In this position, tuyere 14' and tap hole 15' are
      exposed above the metal surface. The feeding of fluid through tuyere 14'
      can thus be interrupted during this pause in the reaction and freezing at
      tap hole 15' avoided. The temperature of the molten metal while the
      converter is tilted at this position can be maintained by the temperature
      gradient from heating channel 8a' and a sufficient supply of electric
      power can be fed to induction windings 12' for this purpose.
PAR  Tuyere 14' is directed at a point above openings 9' and 10' in front wall
      26. It is advantageous to direct tuyere 14' at a point approximately in
      the region of the junction between front wall 28 and front wall 26. With
      this arrangement, the fluid injected through tuyere 14' will sweep through
      the bottom zone 22 in a direction approximately perpendicular to the axis
      of symmetry of the heating channel 8a'. This brings about an efficient
      interaction between the heat flow from heating channel 8a' and the cooler
      flow from tuyere 14'. It is also desirable that tuyere 14' be located
      unsymmetrically relative to the plane of symmetry of the converter and
      this is illustrated clearly in FIG. 2 which shows the cross-sectional view
      along II--II through the converter. FIG. 2 illustrates the detail of the
      heating zone 8' which comprises channel 8a' having openings 9' and 10', a
      water cooled thin lining 8b' and induction coils 12' encircling zone 8'.
PAR  This improved converter has the advantage not only of the valuable
      interaction between tuyere 14' and heating channel 8a' but also in the
      following respects. A larger freeboard 20 and 21 is provided to contain
      foaming slag. This reduces the risk of spillage or overflow. If a local
      break should occur in the lining 8b' of heating channel 8a' the main
      portion of the molten metal can be transferred to basin 30 by tilting the
      converter so that the only metal lost is that contained in heating loop
      8a' itself. It is then possible to take appropriate action without the
      need first to empty the converter completely. The use of the improved
      embodiment also enables the total relative height of the converter to be
      reduced while the depth of molten metal during tapping can be increased.
      It is also advantageous to be able to tilt the furnace to the position
      where the surface of the molten metal is indicated by line 33 so that the
      metal can be kept hot in the converter during breaks in the reaction, the
      flow through the tuyere can be temporarily stopped and the reaction can be
      continued e.g. once a sample has been analysed, simply by tilting the
      furnace back to its normal vertical working position.
PAR  In operation, converter 1' is charged with an adequate quantity of metal to
      be treated. Normally, the heating loop 8' is kept filled with metal which
      is maintained in a molten state by passing electricity through induction
      heating coils 12'. The metal to be treated can either be charged in the
      molten state into the converter vessel through the charging port 17', or
      in the solid state through the charging port 17' and melted in the vessel
      starting from a starting melt in the melting loop 8'. It can also be
      introduced in the form of an oxide which is reduced in the converter. The
      heating during operation of the converter is normally arranged so that a
      temperature of the molten metal in heating channel 8a' is about 50.degree.
      to 200.degree.C higher than that of the main body of metal in converter
      1'. When the desired temperature conditions have been achieved in the
      converter, the powder/gas suspension (or other gas liquid or other fluid
      to be brought in contact with the molten metal in the converter), is
      introduced into the molten metal through tuyere 14'. Introduction of the
      powder dispensed in the carrier gas brings about considerable cooling of
      the molten metal in a region of the tuyere mouth but these heat losses are
      compensated for by the flow of hot metal from the heating loop 8'. By
      adjusting the input of electric power to the induction heating unit, i.e.,
      to the induction windings 12', the temperature of the molten metal in the
      heating channel 8a' is maintained at about 50.degree. to 200.degree.C
      higher than that of the metal in the converter outside the openings 9' and
      10' of the channel 8a'. By this means, an effective heat transport from
      the channel to the bulk of molten metal in the converter is achieved.
      Tuyere 14' is located on that side of the converter 1' which is opposite
      that side of the converter where the heating channel 8a' is located.
      Tuyere 14' is directed towards a point in the converter wall 6' above the
      openings 9' and 10' to the channel 8a'. By this arrangement, the hot metal
      in the region outside openings 9' and 10' will effectively be replaced by
      colder metal from other parts of the bulk of molten metal in the converter
      1' and possibly to a certain degree also by fluid injected through tuyere
      14', which improves the heat exchange between channel 8a' and the bulk of
      molten metal in the converter 1'. Moreover, the hot metal from the heating
      channel 8a' is distributed rapidly throughout the body of molten metal in
      the converter which is important for the kinetics of the metal treatment
      processes. A further advantage of the interaction between the hot metal
      from heating channel 8a' and the suspension or other fluid injected
      through tuyere 14' is that the metal from heating channel 8a' prevents the
      tuyere mouth from freezing while the cooling effect brought about by the
      injected suspension or other fluid protects the furnace lining 3' adjacent
      to openings 9' and 10' of channel 8a' so that the lining in this region is
      not eroded too quickly.
PAR  A typical sequence of operation of the apparatus is the following. The
      molten metal to be treated is charged into converter 1' through the port
      17' such that at least half the height of the converter is left as
      freeboard 18'. The temperature of the molten metal is measured, and if
      necessary for the treatment in hand, raised by adjusting the supply of
      electric power to the induction windings 12'. When the desired temperature
      has been reached in the molten metal, the selected fluid is injected
      through tuyere 14'. If the fluid is a suspension of powder in a gas, the
      suspension is first prepared in a powder dispenser and fed through a
      conduit to tuyere 14'. According to the embodiment shown in FIGS. 1 and 2,
      tuyere 14' is directed at a point above the channel 8a'. This, in
      combination with an adequate injection, velocity enables a quick
      replacement of metal outside the channel 8a' in accordance with the
      principles of the invention without any powder or other agents from tuyere
      14' entering the channel. Freezing of tuyere 14' is avoided by the flow of
      heat from the heating zone in the channel 8a'. The temperature in the
      molten metal is controlled and if necessary adjusted by adjusting the
      input of electric energy to the induction windings 12'. When the treatment
      of the metal is finished, the injection of the fluid is stopped and after
      adjusting the chemical composition if necessary the converter is tilted so
      that metal can be removed through tap hole 15'. During this operation an
      inert gas or possibly air, nitrogen or other fluids may preferably be
      injected through tuyere 14' which during the tapping is exposed above the
      surface of the molten metal. Before tapping, the slag usually is removed
      through port 17', and blowing through tuyere 14' facilitates slag removal
      in a manner above described. Usually molten metal is retained in the
      channel 8a' and in the bottom of the converter so that the openings 9' and
      10' of the channel are interconnected to form a closed loop 8'.
PAR  Although the apparatus described above has a single melting loop, it is
      possible to provide the converter with more than one loop of the type
      illustrated in FIGS. 1 and 2. Moreover, it is not essential that the
      induction heating zone be in the form of a loop with two channel endings
      at the converter wall. It can be a single induction heating zone having a
      single opening at the converter wall. It is also possible to provide more
      than one tuyere in the wall or bottom of the converter in combination with
      one or more heating channels which conveniently are arranged opposite the
      tuyere, wherein at least one tuyere is directed towards a region above
      each of the channels terminating in the converter wall or bottom.
PAR  The apparatus can be used for carrying out various treatments of molten
      metal with a fluid which is injected beneath beneath the surface of the
      molten metal. Particularly, however, the apparatus is designed for use in
      emulsion metallurgy techniques for carrying out various metallurgical
      reactions known per se or for introducing different alloying components
      into the molten metal. For example, the apparatus may be used for the
      desulpshurization of steel using a suspension of CaO or CaC.sub.2 --
      powders entrained in a carrier gas. Another important field of the
      application is emulsion decarburization of molten iron or steel, in which
      a suspension of iron ore concentrate in a carrier gas is injected into the
      molten iron or steel. Other agents which may be injected into the molten
      metal in the form of powdered solids dispersed in a carrier gas, are
      various slags used for dephosphorization or for the transformation of hard
      (i.e., undeformable in hot forming conditions) undesired inclusions in the
      metal to soft tolerance inclusions. The apparatus also can be used for
      direct production of iron or other metals or alloys by emulsion reduction.
      In this procedure carbon and an appropriate metal oxide powder are
      injected through the tuyere by the carrier gas. Another application of the
      apparatus of the invention is in alloying of metals with cetain elements
      which may be difficult to introduce into the metal in high yield by
      conventional techniques and also still further application is the
      injection of endothermally reacting gases, such as steam (water vapour).
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for treating a molten metal with a gas/solid suspension or
      other fluid comprising a refractory lined converter for holding the molten
      metal, the converter being tiltable about a horizontal axle bar and
      having:
PA1  (1) A front-wall, a back wall and a sloping bottom defining a lower
      converting zone, the front wall and back wall being on opposite sides of a
      plane containing the axle bar which is a vertical plane when the converter
      is in its vertical operating position, the bottom being inclined at an
      oblique angle to the front wall so that the lower zone tapers towards the
      point which is the deepest point in the converter when the converter is in
      its vertical operating position,
PA1  (2) A top section, on top of the walls, including a charging port and
      having a sloping top wall inclined at an oblique angle to the front wall
      so that the top section tapers towards the charging port,
PA1  (3) At least one heating zone spaced away from the converter, the heating
      zone having at least one channel in liquid communication with the lower
      zone, the channel opening into the lower zone at a level that will be
      below the surface of the molten metal when the converter is in its
      vertical operating position and essentially in the region of that point in
      the converter which is the deepest point when the converter is in its
      vertical operating position and means for heating the contents of the zone
      by electric induction heating to an extent such that a temperature
      gradient can be established between the contents of the heating zone and
      the contents of the lower converting zone,
PA1  (4) At least one tuyere for introducing the gas/solid suspension or other
      fluid, said tuyere opening into the lower converting zone through the
      bottom or the back wall at a level that will be below the surface of the
      molten metal when the converter is in its vertical operating position,
      said tuyere and said heating zone channel being located on the opposite
      sides of the plane containing the axle bar which is a vertical plane when
      the converter is in its vertical operating position,
PA1  (5) A tap-hole in the front wall,
PA1  the converter being dimensioned such that when the converter is in a
      substantially horizontal tapping position, the volume of the basin bounded
      by the sloping top wall, the front wall and the sloping bottom is at least
      equal to the volume of the lower converting zone.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the tuyere, is positioned such
      that the suspension or other fluid introduced through the tuyere does not
      enter the heating zone.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the tuyere and the heating
      channel are located in the converter wall on opposite sides of the plane
      containing the axle bar which is a vertical plane when the converter is in
      its vertical operating position.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the tuyere is directed such that
      any solid particles entrained in a carrier fluid injected through the
      tuyere will sweep through a region outside the channel openings without
      entering the heating zone.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the converter is tiltable so
      that molten metal can be removed from the converter without removing
      molten metal from the heating zone.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein the tap hole is provided in the
      converter front wall above the anticipated slag line, and at a position
      that will be at the deepest part of the converter when it is in a
      substantially horizontal tapping position and the heating channel is
      located between the tap hole and the tuyere.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the channel is part of a loop.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the openings in the channel into
      the lower converting zone are at the same level.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein the heating zone of the channel
      is completely encircled by induction heating windings.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein the converter is dimensioned
      such that it can be tilted to a position where it can still contain the
      whole volume of molten metal to be treated but the opening of the tuyere
      is exposed above the surface of the molten metal in the tilted position,
      while the openings of the channel are below the surface of the molten
      metal in the tilted position.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein the converter is dimensioned
      such that it can be tilted to a position where it can still contain the
      whole volume of metal to be treated but the openings of the heating zone
      channel and the tuyere are exposed above the surface of the molten metal
      in the tilted position.
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ABST
PAL  A ferrous substance such as iron scrap, powder or sponge, carbon, and a
      substance forming slag are heated in a rotary converter having an inclined
      axis and an upwardly facing opening. The charge thus formed in the
      converter is heated by a burner pointing towards the interior converter
      base. A complementary injection of industrially pure oxygen is provided in
      the zone of the flame, the total quantity of oxygen injected being such
      that the ratio
      ##EQU1##
      in the fumes is at least equal to 0.8.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 885,623, filed Dec. 16, 1969,
      and now abandoned, which application is a continuation-in-part of my
      application Ser. No. 693,995, filed Dec. 27, 1967, with the same title,
      which application is abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process and installation for reductive melting
      of iron scrap, powder or sponge.
PAR  Numerous attempts have been made to melt scrap in a shaft furnace heated by
      an intensive fuel/oxygen burner. These attempts have revealed the
      difficulties involved in this process. For example, the charge of scrap
      may fall in during melting and damage the burner. Also, when this process
      is used, the burner is often smothered by the fumes released from the
      charge.
PAR  Reductive melting of iron sponge or powder involves similar difficulties,
      especially as regards smothering of the burner.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of a process for reductive melting, characterised in
      that the ferrous substance, a material containing carbon, and possibly a
      substance forming slag are heated in a rotary converter having an inclined
      axis and an upwardly facing opening, and the charge thus formed in the
      converter is heated by the flame of a burner pointing towards the
      converter base, with complementary injection of industrially pure oxygen
      in the zone of the flame, the total quantity of oxygen injected being such
      that the ratio
      ##EQU2##
      in the fumes is at least equal to 0.8.
PAR  The invention also consists of an installation for carrying out this
      process, characterised in that it comprises a converter rotatable about
      its axis and carried by a tiltable cradle, a burner supplied with fuel
      pointing towards the converter base, and means for injecting industrially
      pure oxygen towards the flame, the burner and the oxygen injection means
      being mounted in the mobile stack of which the bottom opening can move
      opposite the converter opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in more detail, with reference to
      embodiments given by way of example and shown in the accompanying
      drawings.
PAR  FIG. 1 is a section through an installation embodying the invention, along
      a vertical plane passing through the axis of the converter;
PAR  FIG. 2 is a section on a larger scale through one type of burner which may
      be used in an installation embodying the invention; and
PAR  FIGS. 3, 4 and 5 are diagrammatic sections illustrating different positions
      of the converter during, respectively, charging of the converter,
      reductive melting, and discharging of the converter into a ladle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The installation shown in the drawings includes a furnace 1 in the form of
      a converter, i.e., in the form of a vessel whose opening 2 usually faces
      upwards and which has a bottom 3 closing its base.
PAR  The converter 1 is mounted on a cradle 4 pivotable about a horizontal pivot
      5, in the direction of arrows, 6, 7.
PAR  The converter 1 itself can turn about its axis and rests on rollers 8, 9 by
      way of ring portions 10, 11. The rollers 8, 9 are rigidly connected to the
      shaft 12 of a motor 13, which rotates the rollers and therefore the
      converter 1. The converter is retained in its position on the cradle
      because its ring portions 10, 11 are supported by shoulders 14 on the
      shaft 12.
PAR  The mechanism 13 is a variable-speed mechanism. The average speed at which
      it rotates the converter 1 may for example be between 0 and 10 rev/min.
PAR  By means of the pivot 5, the unit comprising the converter 1 and cradle 4
      can be tilted from a converter charging position (FIG. 3) to a metal
      pouring position (FIG. 5), by way of a position in which reductive melting
      takes place (FIG. 4).
PAR  The converter may for example have a basic internal lining.
PAR  The burner 15 is mounted in the bottom of a stack 16. Its axis is
      preferably set so that its flame points towards the charge 17 in the
      converter, and towards the converter base. The burner regulating system
      must be such that the rate of flow can vary from 1 to 15 times the minimum
      flow, with a constant stoichiometric-percentage ratio of fuel and oxygen.
PAR  The supporting agent for combustion in the burner is industrially pure
      oxygen.
PAR  Two embodiments are possible.
PAR  Firstly, a burner is used in which the range for regulation of the
      fuel/supporting-agent ratio is narrow. For example the percentage of
      oxygen in the stoichiometric ratio may be from 50 to 110%. In this case,
      the burner used is a burner unit of the type shown in FIG. 2, comprising a
      first combustion chamber 18 entered by a burner 20, supplied by a mixture
      of fuel and a rate of oxygen flow relative to the fuel below the
      stoichiometric ratio. In front of the base of the plane, there are the
      outlets from two or more additional lances 21, which inject industrially
      pure oxygen under high pressure. The burner and the portions enclosing the
      injection ducts 21 are cooled in a conventional manner by water
      circulating inside portions 22.
PAR  In these conditions, the burner 20 operates at a hypo-stoichiometric
      setting, ensuring cracking of the fuel by giving a flame having a high
      content of CO and H.sub.2 and containing carbon in suspension. Its
      radiation is therefore high. This mixture is burned by additional oxygen
      jets from the ducts 21, and the total quantity of oxygen injected is such
      that the ratio
      ##EQU3##
      in the fumes is above 0.8.
PAR  To maintain the combustion rate of 0.8 in the fumes, a third injection
      lance 23 for industrial oxygen should preferably be used during melting.
      This lance is in the upper portion of the furnace, above the burner 15. It
      may be simply mounted on the stack, so that it can be withdrawn from the
      furnace as the mobile stack portion 16 moves.
PAR  The burner 15 is also retractable, i.e., movable relative to the stack
      portion 16, and this portion 16 may be moved in the direction of an arrow
      24 relative to the fixed stack portion 25, to uncover the opening of the
      converter 1 and allow it to pivot, either for charging (FIG. 3) or for
      pouring or any slag-off operations which may be required (FIG. 5).
PAR  The burner 15 and oxygen injector 23 are so regulated that the pressure in
      the furnace is always above atmospheric pressure. A diaphragm 26 at the
      opening of the furnace ensures that the diameter of the discharge opening
      is constant.
PAR  The oxygen jets of the burner are directed so that intimate mixing of the
      oxygen and the gases in the burner flame will occur at most halfway
      between the nozzle of the burner 15 and the converter base 3. Because of
      the high viscosity of the fumes, the oxygen jets protect the burner flame,
      preventing the smothering which caused some of the difficulties associated
      with processes previously tested.
PAR  If a burner is available which, besides having the wide range of flow rates
      indicated above, can operate at rates above 250 to 300% relative to the
      stoichiometric amount, the burner may be mounted directly on the furnace,
      without there being any supplementary oxygen injection through ducts 21.
      The cradle supporting the burner is inclined so that the flame is not
      smothered by the fumes, which are evacuated through the retractable stack
      16.
PAR  Examples will be given of melting operations carried out in a converter
      having a solid bottom like that in FIG. 1, with an internal volume of
      17m.sup.3 and a design such that the length of the cylindrical portion of
      the converter is substantially equal to the diameter, viz, approximately
      2.5m.
PAR  Any type of reducing agent may be used, for example graphite, fat or lean
      coal. The burner is fed with fuel and industrial oxygen. The converter is
      charged from three hoppers 27 like that shown diagrammatically in FIG. 3
      (one each for the reducing agent, the ferrous charge proper, and a
      slag-forming substance such as lime).
PAR  In the converter position shown in FIG. 4, the angle of the converter axis
      to the horizontal is such that the surface of the refractory wet by the
      liquid bath is as large as possible. The converter is rotated throughout
      the melting operation.
PAR  The converter is heated by the burner 15, which operates with very fast
      flow rates during the first heating phase and then at progressively slower
      rates to provide enough heat to give the desired pouring temperature. The
      burner operates by burning the reduction carbon and more particularly by
      burning the carbon monoxide which is liberated from the charge and burns
      in the converter using the oxygen from the lance 23.
PAR  When the desired reduction rate is reached, the regulating additions,
      slagging off (if any) and pouring take place. For pouring, the retractable
      stack 16 is moved away and the converter is tilted as indicated in FIG. 5.
PAR  When used hereinafter the expression "normal M.sup.3 per hour" or "Nm.sup.3
      /h" corresponds to volumes measured under normal conditions at 0.degree.
      C. and 760 mm of mercury pressure.
PAC  EXAMPLE 1: Melting body sheet scrap
PAR  The charge consisted of:
PA1  12.5 tons body sheet scrap;
PA1  carbon: 765 kg anthracite with 83% carbon;
PA1  120 kg lime.
PAR  After charging, the converter was rotated and the burner 15 was regulated
      at an industrial oxygen ratio of 70% of the stoichiometric amount and at a
      fuel flow rate of 510 kg/hr. The total rate of oxygen flow from the ducts
      21 and lance 23 was 2,100 normal m.sup.3 per hour not including 800
      Nm.sup.3 /h of oxygen added with the fuel through burner 20 in
      stoichiometric amount.
PAR  Eight minutes from the beginning of the operation, the burner flow rate was
      reduced to 290 kg per hour for the fuel, and the oxygen flow rate was kept
      constant from jets 21 and 23 with reduction of the amount of oxygen
      introduced at 20 to 450 Nm.sup.3 /h.
PAR  In the 20th minute, the fuel flow rate was reduced to 35 kg/hr. and the
      total oxygen flow rate to 1,800 normal m.sup.3 per hour from conduits 21
      and 23 with 60Nm.sup.3 /h of oxygen being admitted at 20.
PAR  A sample of the charge was extracted in the 45th minute. This gave a carbon
      content of 1.7%.
PAR  In the 53rd minute, 11,950 tons of steel were poured, with the following
      composition by weight:
TBL         C    0.05                                                          

            Mn   0.2                                                           

            Si   0.2                                                           

            S    0.01                                                          

            P    0.01                                                          

            Fe   remainder.                                                    

PAC  EXAMPLE 2: Reductive melting of iron powder
PAR  The charge consisted of 12.3 tons of iron powder and 1380 kg of carbon. The
      iron powder had a purity of 91% iron, i.e., it had 915 kg iron to 80 kg
      oxygen.
PAR  The converter 1 was rotated slowly and heated by the burner 15, which was
      regulated at an oxygen ratio of 70% of the stoichiometric amount and at a
      fuel flow rate of 740 kg/hr, the total oxygen flow rate being 2100 normal
      m.sup.3 from jets 21 and 23 with 100 Nm.sup.3 /h introduced at burner 20.
PAR  Between the 16th and 22nd minutes of the operation, the fuel flow rate was
      reduced to 285 kg/hr with oxygen admitted at burner 20 amounting to 450
      Nm.sup.3 /h, but the burner stoichiometric ratio and the total quantity of
      oxygen injected were maintained.
PAR  From the 22nd minute to the end of the operation, the burner operated with
      reduced fuel and oxygen flow rates of 30 kg/hr and 50 Nm.sup.3 /h at
      burner 20 and 1650 Nm.sup.3 /h for jets 21 and 23, respectively.
PAR  The metal was poured in the 59th minute. 11.3 tons of metal were recovered,
      with the following composition by weight:
TBL         C.   0.04                                                          

            Mn   0.03                                                          

            Si   0.15                                                          

            S    0.005                                                         

            P    0.004                                                         

            Fe   remainder.                                                    

PAR  The following table provides additional data for Examples 1 and 2 above:
TBL          Length of the                                                     

                       Amount of   Amount of                                   

             Treatment in                                                      

                       Fuel per    O.sub.2 per                                 

             Minutes   Hour in Kg. hour Nm.sup.3                               

     ______________________________________                                    

               8           510         2900                                    

     Example No.1                                                              

               12          290         2550                                    

               33          35          1860                                    

               16          740         3200                                    

     Example No.2                                                              

               6           285         2550                                    

               30          30          1700                                    

                                 Coefficient of hyper-                         

                  O.sub.2                                                      

             Ratio               stoichiometry of oxy-                         

                  fuel                                                         

                                 gen (*)                                       

               2900                                                            

                      =     5.8    5.8/2.3 =   2.50                            

                510                                                            

               2550                                                            

     Example No.1     =     8.8    8.8/2.3 =   3.80                            

               290                                                             

               1860                                                            

                      =     53.    53/2.3  =   23.                             

               35                                                              

               3200                                                            

                      =     4.30   4.30/2.3                                    

                                           =   1.86                            

                740                                                            

               2550                                                            

     Example No.2     =     8.90   8.9/2.3 =   3.85                            

               285                                                             

               1700                                                            

                      =     56.    56/2.3  =   24                              

               30                                                              

     ______________________________________                                    

      (*) The coefficient of hyperstoichiometry is established from the fact   

      that the complete combustion of fuel oil requires 2.3 Nm.sup.3 of oxygen 

      per Kg of fuel.                                                          

PAR  Obviously, the invention is not restricted by the details of the
      embodiments just described, which may be modified without exceeding the
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reductive melting installation comprising a converter rotatable about
      its axis and carried by a tiltable cradle, an opening for said converter,
      a burner adjacent said opening supplied with fuel directed towards the
      interior base of said converter, an axial channel in said burner supplying
      a mixture of fuel and oxygen and at least two injectors adjacent the
      periphery of said burner for industrially pure oxygen discharging the
      industrially pure oxygen in front of the base of the burner flame.
NUM  2.
PAR  2. Installation as described in claim 1 including means for supplying to
      said burner a mixture of fuel and oxygen in a hyper-stoichiometric
      oxygen-fuel ratio.
NUM  3.
PAR  3. An installation as described in claim 1, said injectors for the
      industrially pure oxygen being so oriented that the mixture of injected
      oxygen with the flame of the burner occurs at approximately the
      mid-distance between the end of the burner and the bottom of the
      converter.
NUM  4.
PAR  4. Installation as described in claim 1, the injection of the industrially
      pure oxygen in the flame providing a hyper-stoichiometric ratio of oxygen.
NUM  5.
PAR  5. Installation as described in claim 1 including least one injector for
      industrially pure oxygen located at the upper part of the converter above
      the burner and directed toward the interior of the converter.
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ABST
PAL  An underwater timer and release device comprising a cylindrical housing
      sealed at its opposite ends and adapted to receive a slidable
      spring-loaded piston therein. The piston includes a metering orifice to
      provide a regulated flow of fluid from a secondary chamber to a primary
      chamber, thereby actuating a releasing means when the piston shaft is
      disengaged from a locking means and is allowed to operate. Releasably
      secured to the housing is a float marker, which rises to the surface of
      the water, having an interconnecting cord attached to the submerged
      housing. A one-way check valve is also disposed within the piston, whereby
      the fluid can be transferred back into the secondary chamber for reloading
      the release means.
PARN
PAR  This is a division of application Ser. No. 421,856 filed Dec. 5, 1973.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates generally to a timing and releasing device, and
      relates more particularly to a timing and releasing device adapted for use
      in underwater operations such as skin diving, and positioning and locating
      various subaqueous apparatuses where time marks are required.
PAR  2. Description of the Prior Art
PAR  As is well known in the art, various underwater marking devices have been
      proposed with timing and releasing means. However, these devices have yet
      to solve many of the still-existing problems.
PAR  One particular desire is to provide skin divers, deep-sea divers and like
      individuals, who either for sport or business spend considerable time
      submerged below the water, with a simple marking device that can be
      attached to the individual and which has a time-release mechanism
      incorporated therewith as an added safety feature.
PAR  There are various timing devices for use underwater, but they are generally
      made up of complicated mechanical elements that are not always reliable --
      particularly if they have been submerged and exposed to weathering, and
      the like, without being operated for any length of time. Thus, there is a
      chance that this type of device will become inoperable without the
      operator being aware -- hence, creating a safety hazard, which is just
      what such a device is designed to eliminate.
PAR  There are also occasions when such marking devices are needed to mark
      various underwater locations or subaqueous apparatuses, including
      submerged oil structures.
PAR  Therefore, it is very necessary to provide a marking device with a positive
      release means having a timing device that is not affected by any adverse
      conditions.
PAR  There have been many instances when a diver becomes fascinated with his
      surroundings and forgets to check his time or air supply, and another
      diving fatality occurs. Hence, if a very simple positive timing device is
      attached to the divers and set to release a warning marker before it is
      too late, many lives could be saved.
PAC  SUMMARY
PAR  This invention provides a simple positive timing-and-releasing device, in
      combination with a buoyant mass or float that is easily recognizable when
      floating on the surface of a body of water, said invention comprising a
      cylindrical housing having an upper integral closed end and a lower
      removable end. Adapted to be slidably received within the housing is a
      piston having an elongated rod projecting outwardly from both sides of the
      piston, whereby the lower rod portion extends through the lower end and
      the upper portion of the rod extends through the upper closed end. With
      the piston so disposed, there is defined an upper and a lower chamber, the
      upper chamber being referred to as the primary chamber and the lower
      chamber being referred to as the secondary chamber.
PAR  Positioned within the primary chamber is a biasing spring whereby the
      piston is forced downwardly, forcing fluid in the secondary chamber to
      enter the primary chamber through a metering means, the metering means
      being disposed within the piston along with a check valve. The check valve
      allows the fluid to be transferred back to the secondary chamber when the
      device is to be reset.
PAR  Removably secured to the upper portion of the housing is a buoyant mass or
      float which is provided with a locking means in which the piston is held
      in an inactive position until the locking means is disengaged therefrom.
      The float is removably held in place by a releasing means operably
      disposed in the housing. The releasing means is actuated by an actuator
      cam which is affixed to the upper piston rod. As the rod moves downwardly
      with the piston, the cam contacts the releasing means whereby the float is
      allowed to separate from the housing and rise to the surface of the water
      by means of a cord being interconnected between the float and the
      submerged housing. Thus, the location and/or recovery of the apparatus,
      equipment, or diver, having the device attached thereto is readily
      accomplished.
PAC  OBJECTS AND ADVANTAGES
PAR  The present invention has for an important object the provision of a
      spring-actuated piston which incorporates a check valve and a metering
      means, for transferring of fluid from one chamber to another to activate a
      releasing means whereby a buoyant device is allowed to surface.
PAR  It is another object of the invention to provide an underwater timer and
      float device wherein the timing device comprises a metered orifice for a
      silent positive operation.
PAR  It is another object of the invention to provide an underwater timer and
      float device that incorporates a minimum number of parts or members,
      whereby the operation of said device can be relied upon at all times.
PAR  It is another object of the present invention to provide a device of this
      character that is relatively inexpensive to manufacture.
PAR  A further object of this invention is to provide a device of this character
      that is simple and rugged in construction, and has a relatively
      long-working life.
PAR  It is a further object of this invention to provide a device of this
      character that is easy to service and maintain, with the major working
      components sealed from adverse conditions.
PAR  Other characteristics, advantages and objects of this invention can be more
      readily appreciated from the following description and appended claims.
      When taken in conjunction with the accompanying drawings, this description
      forms a part of the specification wherein like references and characters
      designate corresponding parts in several views.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Referring more particularly to the accompanying drawings, which are for
      illustrative purposes only:
PAR  FIG. 1 is a perspective view of the overall invention;
PAR  FIG. 2 is a vertical cross-sectional view taken along line 2--2 of FIG. 1;
      and
PAR  FIG. 3 is an enlarged cross sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and more particularly to FIG. 1, there is shown a
      timed release and marking device, generally indicated at 10, comprising a
      cylindrical housing 12 having a buoyant mass or float 14 removably
      attached to the upper end of said housing. As illustrated, this device is
      designed for use while submerged under a body of water; however, various
      elements therein, as will be hereinafter described, can be incorporated
      for other uses.
PAR  Thus, this device as illustrated and described is generally associated with
      underwater activities such as skin diving, deep-sea commercial diving,
      underwater oil drilling, etc.
PAR  The cylindrical housing 12 comprises an upper, integral, closed end wall 16
      and a lower removable wall 18, said wall 18 being threadably received
      within the extended enlarged opening 20 having an annular shoulder 22 to
      provide a stop means, whereby upper wall 16 and said lower wall 18 are
      spaced apart at a predetermined distance. Disposed between said wall 18
      and shoulder 22 is a sealing ring 24, thereby providing a sealed
      compartment, generally indicated at 26 as defined by housing 12, and upper
      and lower walls 16 and 18, respectively.
PAR  Within compartment 26 there is slidably disposed a piston 28 having an
      elongated piston rod 30 extending upwardly through the integral wall 16,
      and a lower downwardly-extending rod 32 extending through the central
      portion of end wall 18.
PAR  Since the piston is disposed within compartment 26, there are established
      two interconnected chambers -- that is, a primary chamber 34 located
      between the upper surface 35 of the piston 28 and the upper end wall 16,
      and a secondary chamber 36 positioned between the lower piston surface 37
      and the lower end wall 18. Received within these chambers and sealed
      therein is a hydraulic fluid which is inserted within the compartment 26
      through opening 38 which is adapted to receive a threaded plug 39.
PAR  The filling of the compartment 26 is accomplished by positioning the piston
      28 to its lowermost stroke, which is generally when piston surface 37
      abuts against an annular upstanding rib 40 which is formed as an integral
      part of the lower end wall 18. Hence, the piston is pulled to the
      above-described position by means of knob 42 secured to the extended rod
      32, at which time the primary chamber is provided with its largest volume
      area to receive the necessary amount of fluid. The plug 39 is replaced,
      thereby sealing the fluid within the housing 12. A further detailed
      description of the movement of the slidable piston will hereinafter be
      given.
PAR  Referring now, in more detail, to the upper end of the housing 12, there is
      included a means for releasably securing the float marker 14 from said
      housing. Referring more particularly to FIG. 2, the upper integral wall 16
      is adapted with an annular channel 44 defined by a pair of juxtaposed,
      circular, upstanding partitions 46 and 48, respectively. These partitions
      correspond to the bottom annular configuration of the float 12, wherein
      said float comprises a dome-like structural wall forming a hollow sealed
      compartment 52 which provides the necessary buoyant condition, said
      compartment 52 being sealed by a flat wall 54.
PAR  Extending downwardly from the dome structured wall is an enlarged framework
      55, said framework terminating in the bottom annular configuration adapted
      to be received in channel 44. To be more specific, the annular
      configuration comprises a pair of grooves 56 and 58 in which are received
      partitions 46 and 48, respectively, said grooves being separated by an
      annular ring member 59 which protrudes downwardly into channel 44.
      However, ring member 59 is only partially inserted therein, thereby
      leaving a void in which there is disposed a coil spring 60 having an
      upward biasing force. Further, the lower configuration includes an
      elongated lip member 61 which superposes over annular partition 48, said
      lip being adapted around its periphery with a radially extended shoulder
      62 to which a portion of the releasable securing means is attached.
PAR  Accordingly, the buoyant mass or float 14 is positioned on the upper
      portion of the housing 12 and held in place by said releasing means which
      comprises a pair of finger clamps 64, each being diametrically disposed to
      the other and pivotally attached at 65 to the housing 12. The finger
      clamps are generally made of light spring-like metal which is allowed to
      snap over the radial shoulder 62 of the float 14, thereby holding said
      float thereon until so released. The release thereof is accomplished by
      clamp-release slide bars 66, said bars being slidably supported within
      horizontal elongated bores 67. Each bar is so disposed so that its outer
      ends 68 are positioned adjacent each finger clamp, as seen in FIG. 2. The
      opposite ends 69 of the bars terminate in a cavity 70 formed in the
      central portion of the upper end wall 16. This cavity receives rod 30
      through opening 72 which is sealed by washer 74 and washer nut 75; hence,
      fluid from compartment 26 cannot be lost therethrough.
PAR  After the float 14 is secured to the housing, the piston 28 is forced
      upwardly in the cylinder compartment 26, thereby forcing fluid from said
      primary chamber 34 into the secondary chamber 36 by means of a check
      valve, generally indicated at 76, positioned within the piston 28. Thus,
      the valve is adapted to permit fluid flow in one direction only, and that
      being as described.
PAR  As the piston moves upwardly, its extended rod 30 is received within a
      central core member 77 having a multisided bore 78; and portion 79 of the
      rod 30 is provided with a matching configuration (see FIG. 3), the rod and
      piston thus being prevented from rotating within the housing 12. Further,
      the rod is adapted with a cam-release actuator 80 which is slidably
      received within an enlarged bore 82 disposed at the lower end of the core
      member 77. The free end portion 79 abuts against wall 84 when piston 28 is
      positioned in its uppermost stroke and is secured in said position by a
      locking means, illustrated in the drawings as a screw 85, threadably
      received within aperture 86 disposed in the top of float 14 for reception
      within threaded bore 87 of rod portion 79. When said piston is so
      positioned, the locking means prevents downward movement of piston 28,
      which is being biased downwardly by coil spring 90 disposed within said
      primary chamber 34.
PAR  Thus, when screw 85 is disengaged from rod 30, spring 90 forces piston 28
      downwardly at a predetermined rate by a fluid-flow regulating means shown
      as a plug 92 mounted in piston 28, wherein said plug is provided with a
      metered orifice 94 which allows the fluid to pass from chamber 36 back
      into chamber 34. Thus, the rate of movement of piston 28 depends on the
      size of the orifice 94.
PAR  Further, however, before the piston reaches its total downward stroke, said
      cam-release actuator 80 engages ends 69 of the slide bars 66, forcing them
      outwardly against said adjacent spring fingers 64, thereby releasing said
      fingers from their clamped mode, whereby the float member 14 is biased
      away from said housing 12 by spring 60 disposed in channel 44. Since the
      float is buoyant, it rises rapidly to the surface of the water and, as it
      does so, a connecting line 96 is permitted to unroll from reel 98. Line 96
      is affixed at one end to the reel 98 which is part of the float 14; and
      the opposite end of line 96 is secured to the housing 12 as at 99.
PAR  Hence, whatever the housing 12 is attached to when totally submerged can be
      readily located by means of the float 14.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts of the
      invention without departing from the spirit and scope thereof or
      sacrificing its material advantages, the arrangement hereinbefore
      described being merely by way of example, and I do not wish to be
      restricted to the specific form shown or uses mentioned, except as defined
      in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid controlled timing device, comprising:
PA1  a cylindrical housing having an upper wall and a removable lower end wall,
      wherein there is defined a compartment:
PA1  a slidable piston head disposed within said compartment;
PA1  a primary chamber formed between said upper wall and said piston head;
PA1  a secondary chamber formed between said lower end wall and said piston
      head;
PA1  a biasing means disposed within said primary chamber, whereby said piston
      head is biased in the direction of said secondary chamber;
PA1  a one-way check valve positioned within said piston head, whereby fluid is
      allowed to pass from the primary chamber into said secondary chamber;
PA1  a fluid-flow-regulating means disposed in said piston, whereby fluid flow
      from said secondary chamber to said primary chamber is metered
      therethrough at a predetermined rate for controlled movement of said
      piston;
PA1  wherein said fluid-flow-regulating means comprises a plug disposed in said
      piston head having a orifice extending therethrough, providing a
      communicating passage between said primary and secondary chambers, whereby
      said flow of fluid is predetermined by the size of said passage;
PA1  at least one rod attached to said piston head and extending outwardly from
      said housing; and
PA1  a hydraulic fluid is disposed within said cylindrical housing, and wherein
      said cylindrical housing includes a plug removably received within an
      opening positioned in said housing.
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ABST
PAL  A special-purpose spring retaining ring adapted to be sprung into a
      circumferential groove provided therefor in a shaft, post, housing and the
      like, thereupon to form an artificial shoulder thereon, comprising: an
      open-ended ring body provided by circumferentially spaced-apart middle and
      sidewardly disposed (wing) arcuate length-portions having section heights
      which decrease progressively from the mid-section of the middle arcuate
      length-portion to the open gap-defining ends of the ring body,
      spaced-apart upright queen-truss formations interposed between and
      connecting the opposite ends of said middle arcuate length-portion to the
      adjacently disposed ends of said sidewardly disposed arcuate
      length-portions, the open ends of said ring body being shaped as outwardly
      extending formations, the outer edge of the beams of said truss formations
      and the outer edges of said ring-end formations extending as arcs of one
      and the same circle struck from the center of the ring body.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to improvements in spring retaining rings, and in
      particular to a special-purpose spring retaining ring of the external form
      capable, when assembled in its groove, i.e., spread and then released to
      spring-seat itself against the bottom of a groove for its reception in a
      shaft, rod, post, etc., of functioning as a positive stop for an abutting
      part, thus providing in effect a safety device in applications wherein
      said abutting part is likely to work itself loose.
PAC  BACKGROUND OF THE INVENTION
PAR  External spring retaining rings functioning when assembled in grooves
      provided for their reception in shafts, rods, posts and like cylindrical
      members as artificial shoulders for locating machine parts such as gears,
      bearing races, etc. in axial position thereon are well known and have
      received wide acceptance in industry. However, in attempting to extend the
      fields of their use it was learned that such rings when of the
      conventional design lack the surface area and shoulder-height requisite to
      the artificial shoulder provided thereby also serving as a positive stop
      for an abutting part likely to work itself loose, such as a nut threaded
      on a correspondingly threaded end of a shaft or post member. The obvious
      changes in ring structure designed to provide the ring body with the added
      surface area and greater shoulder height necessary to the ring being
      capable of functioning as a positive stop for use in the aforementioned
      special applications were unsatisfactory because said changes resulted in
      a ring lacking the flexibility required for proper ring functioning.
PAR  Thus, the problem requiring solution was one of devising an external spring
      retaining ring having surface area and shoulder height, effective or real,
      enabling the ring when sprung into a groove provided therefor in a shaft,
      post or like cylindrical member, to function as a positive stop for an
      abutting part, such as a nut which is subjected to friction forces from
      working itself loose (backing off) from said member, while maintaining the
      flexibility of the ring body necessary to the ring being assembled in and
      disassembled from its groove without taking on a permanent set.
PAC  THE INVENTION -- IN GENERAL
PAR  The solution of the problem was found to be in the novel ring design of the
      present disclosure, according to which the ring body is formed partly as a
      conventional Truarc retaining ring of the external type, i.e., a ring
      according to patent to Heiermann U.S. Pat. No. 1,785,515 dated May 13,
      1930 and its U.S. Pat. No. Re 18,144, and partly as a truss ring as
      disclosed in presently co-pending Wurzel and Millheiser
      continuation-in-part application Ser. No. 550,113, filed Feb. 14, 1975
      (which with the present application is commonly owned). That is to say,
      the continuity of the Truarc ring body is interrupted by the incorporation
      therein of two upright (radially-outwardly projecting) queen-truss
      formations having radial center lines which are spaced approximately
      120.degree. from one another (illustratively 60.degree. .+-. to opposite
      sides of the vertical center line of said ring body which extends upwardly
      through the ring gap and ring center) and from the outwardly extending end
      formations (apertured lugs, end hooks, etc.) together considered as a
      single radially outwardly extending projection. Further, the outer edges
      of the "beams" of the aforesaid truss formations and of said radially
      projecting end formations extend along arcs of the same circle struck from
      the ring center which has substantially greater diameter than that of the
      ring body proper.
PAR  Thus, it will be evident that the aforesaid radially-outwardly projecting
      truss formations disposed generally as described, acting in concert with
      the gap-defining end formations, provide the height of shoulder and the
      surface area requisite to the ring being capable of functioning as a
      positive stop for an abutting part, and that said two truss formations
      being flexible in their common plane, serve to supply added flexibility to
      the ring necessary to its being spread in assembly and disassembly without
      taking on a permanent set, and without which the ring would not function
      properly.
DETD
PAC  THE INVENTION -- DETAILED DESCRIPTION
PAR  Referring now to the drawing, wherein FIGS. 1 and 2 are front-face plan
      views illustrating two embodiments of rings of the invention which differ
      only in the configuration of, and the width of gap between, the open ends
      of said rings and FIGS. 1A and 2A are vertical center-line sections
      thereof, it will be seen therefrom that a retaining ring of the invention
      basically comprises a uni-planar spring retaining ring of the external
      form, i.e., a ring which is adapted to be assembled in an outwardly
      opening, usually machined groove provided for its reception in the surface
      of a shaft, rod, pin, post and like cylindrical member, by being first
      spread over the end of said member and thereupon released at the groove
      whereupon it spring-seats itself against the groove bottom.
PAR  The drawing views further illustrate that the generally circular body of
      rings according to the invention combines structural features of the
      Truarc ring, i.e., a retaining ring according to the expired Heiermann
      U.S. Pat. No. 1,758,515 dated May 13, 1930 and its U.S. Pat. No. Re
      18,144, with features of a so-called truss ring according to the copending
      Wurzel and Millheiser continuation-in-part application Ser. No. 550,113
      filed Feb. 14, 1975 which with the instant application is commonly owned
      by the manufacturer of the Truarc rings. More particularly, said ring body
      preferably comprises three circumferentially spaced-apart albeit connected
      arcuate length-portions 10, 16, and 18, i.e., a middle and two sidewardly
      disposed arcuate length-portions, the section heights of which decrease
      progressively from the midsection of the middle arcuate length-portion 10
      (which extends along a generally horizontal arc) to the gap-defining ends
      of said sidewardly (wing) disposed arcuate length-portions 16, 18 (the
      latter extending along generally upright arcs) which terminate at their
      lower ends in outwardly extending end formations, i.e., apertured lugs 20,
      22 (FIG. 1) or in facing hook-from projections 20h, 22h (FIG. 2).
PAR  The aforesaid generally uprightly-extending arcuate length-portions 16, 18
      are connected at their relatively upper ends to the opposite ends of said
      intermediate arcuate length-portion 10 by two radially-outwardly
      projecting formations 12, 14 having identical upright "queen-truss"
      configuration (hereinafter termed "truss formations") which are spaced
      approximately 120.degree. from one another and from the end formations 20,
      22 or 20h, 22h, together considered as a single radial outwardly extending
      projection, along the ring circle. More particularly, said truss
      formations 12, 14 are symmetrically disposed 60.degree. .+-. to opposite
      sides of the vertical center line of the ring body, i.e., the line
      extending upwardly through the gap between its said end formations and the
      ring center, and each said truss formation is disposed 120.degree. .+-.
      from said end formations considered as a single radial outwardly-extending
      projection. Also noteworthy is that the outer edges 12e, 14e of the
      "beams" of the truss formations 12 and 14 and the outer edges 20e, 22e of
      said end formations (20, 22 or 20h, 22h) are generally arcuate and extend
      along arcs of a circle struck from the ring center, and thus a ring
      according to the present design has an effective height of shoulder and a
      surface area substantially greater than that provided by rings of the
      conventional Truarc design. In addition, because the truss formations 12,
      14 are substantially more flexible in their common plane than
      correspondingly shaped but solid-material formations, such as tabs
      designed only to add surface area and effective shoulder-height to
      conventional Truarc rings, the incorporation of said truss formations in
      the ring body of rings of the Truarc type as herein proposed, adds a
      measure of extra flexibility (resistance to taking a permanent set when
      spread) to the rings, such in addition to increased surface area and
      height of shoulder as aforesaid.
PAR  Admittedly, rings according to the present invention may not be as flexible
      as rings constructed according to the aforementioned Wurzel and Millheiser
      application featuring a multiplicity of closely spaced, low-height truss
      formations disposed throughout substantially the full arcuate length of
      the ring body. Nevertheless, a ring according to the present invention
      which is characterized by but a few high and widely spaced truss
      formations and which are similarly spaced from high ring-end formations
      together considered as a single radially-outward projection as described,
      offers certain inherent advantages, among them the following:
PAR  a. Greater ring material in contact with the groove walls, thereby
      increasing both the groove bearing strength and the ring shear strength,
      as compared to rings of the Wurzel and Millheiser design.
PAR  b. The truss height being substantially larger than that of the
      Wurzel-Millheiser design provides a correspondingly higher thrust shoulder
      against the abutting part. If an attempt were made to increase the
      shoulder height of the Wurzel-Millheiser design while maintaining the same
      large number of trusses, a ring would result which would be extremely
      resilient and vulnerable to being pushed out of the groove under very
      little load or opening up under a very low R.P.M.
PAR  c. A large gap between the ring-end formations, particularly when the
      latter are shaped as facing hooks per FIGS. 2 and 2A, opens up the
      possibility of ring automation by providing a means enabling simple
      mechanical alignment of rings coming from a hopper or similar source and
      for automating the ring opening by use of mechanical wedge means.
PAR  d. Due to its large gap as aforesaid, it is possible to utilize the ring as
      an internal ring in those special applications wherein a shallow groove
      and low thrust-load capability are encountered.
PAR  e. Since a number of ring sizes up to the very large-ring sizes can be
      designed with only three widely spaced, radially outwardly extending
      projections, i.e., two truss formations and an end formation (lugs or
      hooks counted as one formation) the forming die can be of simple
      construction to a degree which could eventually influence the ring price.
PAR  f. As a result of its large arch height in comparison to the
      Wurzel-Millheiser design, a means is provided whereby in cases where the
      end lugs are inaccessible the ring can be removed from the groove by
      insertion of plier tips or the like into the spaces to the undersides of
      the beams of two high truss formations.
PAR  From the foregoing, it will be appreciated that the invention provides
      novel and useful concepts and practical advantages over the prior rings,
      and accordingly the following claims are made thereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A special-purpose spring ring adapted to be sprung into groove provided
      therefor in a shaft, post, housing bore surface and the like and to
      function as an artificial shoulder thereon comprising: an open-ended
      uni-planar ring body provided by circumferentially spaced-apart middle and
      sidewardly disposed arcuate length-portions having section heights which
      decrease progressively from the mid-section of said middle arcuate
      length-portion to the open ends of the ring body which define the ring
      gap, an upright queen-truss formation interposed between and connecting
      ends of the opposite ends of said middle arcuate length-portion to the
      adjacently disposed end of a sidewardly disposed arcuate length-portion,
      the outer edges of the beams of said truss formations extending along arcs
      of a circle struck from the ring-body center, the open ends of the ring
      body having radially outwardly extending end-formations, the outer edges
      of which are generally arcuate and lie on the same circle as that of the
      outer edges of the beams of said truss formations.
NUM  2.
PAR  2. A special purpose spring retaining ring according to claim 1, wherein
      the open gap-defining ends of the ring body have apertured lug-formation.
NUM  3.
PAR  3. A special-purpose spring retaining ring according to claim 1, wherein
      the gap-defining ends of the ring body have facing open-hook formation.
NUM  4.
PAR  4. A special-purpose spring retaining ring according to claim 1, wherein
      the ring body proper is provided by said middle and but two sidewardly
      disposed arcuate length-portions, connected by two queen-truss formations
      each disposed as aforesaid.
NUM  5.
PAR  5. A special-purpose spring retaining ring according to claim 4, wherein
      said two upright queen-truss formations are spaced approximately
      120.degree. from one another and from the radially extended end-formations
      together considered as a single radially extended formation.
NUM  6.
PAR  6. A special-purpose spring retaining ring according to claim 4, wherein
      said two upright queen-truss formations are symetrically disposed on
      opposite sides of the vertical center line of the ring which extends
      through the ring gap, the ring-body center and the mid-section of said
      middle arcuate length-portion, and further are spaced approximately
      120.degree. from one another and from the radially extended end formations
      considered as a single radially extended formation.
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ABST
PAL  A collating, folding and inserting system having a plurality of collating
      stations arranged in series along a feed path. Documents are collated in
      seriatim along the feed path, and are then collectively stuffed into an
      envelope at a stuffing station located downstream of the collating
      stations. One or more of the collating stations can comprise a combination
      document folding mechanism and a document feeding mechanism. The folding
      and feeding combination comprises a folder feed roller for feeding one
      document at a time into a folding apparatus which discharges a folded
      document into said feeding mechanism. The feeding mechanism comprises a
      discharging roller which receives the folded document and discharges it to
      a chain driven gripper operatively movable along the feed path. The folder
      feed roller and the discharge feed roller are synchronously energized so
      that as a new document is fed into the folding apparatus at substantially
      the same time that a prior folded document is discharged into the feed
      path of the system.
BSUM
PAR  This invention pertains to a collating-stuffing machine and more
      particularly to a collating and stuffing system having a folding apparatus
      married to an inserter mechanism.
PAC  BACKGROUND OF THE INVENTION
PAR  In large scale collating and stuffing machines of the type comprising a
      series of collating document inserters disposed upon a feed deck, and a
      stuffer mechanism downstream of the collating document inserters for
      collectively stuffing the collated documents into an envelope, there often
      existed a need for inserting a larger document in the form of a folded
      sheet. Preliminary attempts to marry a folding apparatus to one of the
      collating inserters on the collating feed deck were not entirely
      successful. This was because, the folding apparatus was directly chain
      driven from the inserter apparatus through a series of overlapping chain
      drives. The folding apparatus was not separately clutched, so that when
      the inserter apparatus was disengaged from its driven mechanism via its
      clutch mechanism, the folding apparatus was halted in mid-operation. This
      had the effect of: (a) causing extreme stress upon the gears and
      interconnecting drive chain of the folder-inserter combination, which in
      turn caused the gears and drive train to experience severe wear; and (b)
      jamming was frequently encountered where a document was mid-way within the
      folding apparatus during drive train de-energization.
PAR  To alleviate the inherent drawbacks of the prior folder and inserter
      combination, the present invention has dichotomized the drive train, and
      has introduced individualized energizing and de-energizing feed controls
      on the folder and inserting mechanisms.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to the marriage of a folding apparatus to an inserter
      mechanism as used in a collating-stuffing machine of the type comprising a
      plurality of collating document inserters arranged serially along a
      collating feed path, and a stuffing mechanism disposed downstream of the
      inserters. Documents are collated in seriatim along the feed path and are
      then collectively stuffed into an envelope.
PAR  The folder and inserter combination comprises a folding mechanism having a
      feed roller which feeds one document at a time into a folding apparatus.
      The folded document exits the folding apparatus and is received by a
      discharge feed roller located in the inserter. The discharge feed roller
      discharges the folded document to the collating gripper. The folder feed
      roller and the discharge feed roller are interconnected by a first
      sprocket wheel and chain drive mechanism.
PAR  The discharge feed roller is operated by a second sprocket wheel and chain
      drive mechanism which is powered by a main drive sprocket wheel. The
      folder feed roller is engaged by the first sprocket wheel and drive
      mechanism via a first solenoid actuated clutch. The discharge feed roller
      is clutched to the second sprocket wheel and drive means by a second
      solenoid actuated clutch.
PAR  The two clutches are synchronously actuated such that a folded sheet will
      be discharged by the discharge feed roller to the collating gripper at the
      same time that the folder feed roller will feed a document into the
      folding apparatus. The folder feed roller clutch will remain actuated for
      only a brief period of time so that only one document at a time will feed
      into the folding apparatus.
PAR  The discharge feed roller clutch will remain operative to engage the
      discharge feed roller with the second sprocket wheel and drive chain
      mechanism until such time as a folded document exits the folding apparatus
      and intersects an optical switch comprising a LED and phototransistor
      combination.
PAR  It is an object of this invention to provide an improved collating and
      stuffing machine;
PAR  It is another object of the invention to provide at least one inserting
      station on a collating-stuffing machine with a folding apparatus;
PAR  It is a further object of this invention to provide an improved folding and
      inserting combination for a collating and stuffing machine.
DRWD
PAR  These and other objects of the invention will become more apparent and will
      be more fully understood with reference to the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a side view of an end portion of a collating and stuffing
      apparatus comprising the folder-inserter combination of this invention
      shown in partial cutaway;
PAR  FIG. 2 is a side view of the folder-inserter of FIG. 1 with a previously
      used drive train mechanism;
PAR  FIG. 3 is a side view of the folder-inserter of this invention depicting
      some of the inventive modifications to the drive train; and
PAR  FIG. 4 is a schematic diagram depicting the circuit modifications made to
      the inserter circuitry in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally speaking, the invention concerns a collating and stuffing machine
      wherein documents are collated in seriatim along a feed path and then
      collectively stuffed into an envelope. The collating and stuffing machine
      comprises a series of collating stations each including a feeding
      mechanism that feeds documents to a chain driven gripper. The gripper
      collects the documents and delivers them to a stuffer station. At least
      one collating station has a document folding mechanism in combination with
      the document feeding mechanism.
PAR  The folding mechanism comprises a tray for supporting a stack of documents,
      and a folder feed roller disposed about the tray for feeding one document
      at a time from the tray. The document is fed to a folding apparatus and
      then to the feeding mechanism. The feeding mechanism comprises a
      discharging feed roller which receives a folded document from the folding
      apparatus and discharges the folded document to the chain driven gripper.
      A main drive means is operatively connected to the discharging feed roller
      for rotatively driving this roller. An interconnecting drive means is
      operatively connectable between the discharge roller and the folder
      roller. A clutch means disposed proximate of the folder feed roller is
      used to engage and disengage the interconnecting drive means to and from
      the folder feed roller.
PAR  The collating and stuffing machine of this invention is of the type
      manufactured by Pitney-Bowes, Inc. of Stamford, Connecticut, having a
      model designation No. 3140. The folder apparatus shown and described
      herein is also a Pitney Bowes product, and has a model designation No.
      1830. Unless otherwise directly stated to the contrary herein, both pieces
      of hardware are constructed and operate as is commercially and commonly
      known.
PAR  Now referring to FIG. 1 a collating-stuffing machine 9 is shown having
      collating stations 10 (typical) and 11 and a stuffing station 12. The
      collating stations may comprise either a single inserter 14 such as shown
      at station 10, or a folder-inserter combination 15 such as depicted at
      station 11. The folder apparatus 17 of the folder-inserter combination 15
      folds large size documents and discharges the folded document to the
      inserter 14. The inserter 14 discharges the folded document to a chain
      driven gripper 16, that cyclically moves between each station along a feed
      path shown generally by arrow 19. The gripper 16 collects a document at
      each station as it moves past, and collectively delivers these documents
      to the stuffing station 12. The stuffing station inserts the collected
      documents into an envelope.
PAR  Each collating station is powered by a rotating main drive sprocket wheel
      18. A drive chain 20 (as shown at station 10) wraps about the sprocket
      wheel 18 and powers the discharging feed roller 21 of each inserter 14.
      The sprocketed inserter discharge feed roller 21 is engaged by the drive
      chain 20, when a solenoid-actuated clutch 22 is energized.
PAR  When a folder apparatus 17 of this invention (station 11) is married to an
      inserter 14, the chain 20 is extended to the left, to become chain element
      20' which powers the folder sprocket wheel 23 as shown. Wheel 23 drives
      gear 24, which in turn is rotatively fixed to sprocket wheel 25 (FIGS. 1
      and 3) via shaft 26. A second drive chain 27 interconnects the sprocket
      wheel 25 with a sprocket driven feed roller 28. A solenoid-actuated clutch
      29 (FIG. 3) engages the sprocket driven folder feed roller 28 with the
      drive chain 27.
PAR  The successful marriage of the folder and inserter as shown in FIGS. 1 and
      3, requires that the folder feed and discharge rollers are independently
      controlled despite the fact that both systems are driven by an
      interconnecting drive. As is shown, this has been accomplished by
      independently clutching folder feed and discharge rollers 21 and 28. The
      drive train has been dichotomized into two chain drives 20 and 20' and 27
      to accommodate the split in clutching.
PAR  The prior attempt to join the folder and inserter was not practical. The
      folder was controlled by the then doubly clutched inserter. The train
      drive of FIG. 2 represents the prior drive system. As is shown, the chain
      30 is driven by sprocket wheel 31 via intermeshing gears 32 and 33. Gear
      32 is rotatively fixed to the inserter discharge feed roller 21, which is
      driven by the standard chain configuration 20.
PAR  Another drive chain 34 is driven by chain 30 through a double geared
      intermediary sprocket wheel 35. The chain 34 drives gear 36 which is
      rotatively secured to the folder feed roller 28 as shown.
PAR  The drawbacks of the prior drive and control system of FIG. 2, was that the
      inserter demand feed control would also act as a control for the folding
      apparatus. Thus, documents would often be stopped in the process of being
      folded, which tended to increase the probabilities of jamming the
      machinery. In addition, the whole drive system was made to stop all at
      once, which caused severe strain on the gear and chain drive system. This
      resulted in substantial wear to the gears. This wear was commercially
      unacceptable.
PAC  OPERATION OF THE SYSTEM
PAR  Operation of the folder-inserter will be explained with reference to FIGS.
      1, 3 and 4.
PAR  As aforementioned, station 11 shows the folder and inserter combination of
      this invention. A stack 40 of documents are supported on a tray 41 carried
      by the folder. Feed roller 28 is clutched into engagement with the drive
      train 27, when a demand feed signal is provided to the clutch 29 by the
      collator-stuffing machinery. A sheet or document from the stack 40 is
      positioned under the feed roller 28, and is fed into the folding apparatus
      (not shown) when the feed roller is engaged with the drive 27. The clutch
      29 has a solenoid 42 (FIGS. 3 and 4) which is only briefly de-energized by
      the demand signal by means of relay 43 (FIG. 4), so that only one sheet is
      fed to the folding apparatus. By the time that solenoid 42 is energized
      again, a new sheet from stack 40 has been positioned under roller 28.
PAR  When the document has been folded by the folding apparatus (not shown), it
      exits the folder as generally shown by arrow 44. The document then
      intersects an optical switch comprising an LED 45 and a phototransistor 46
      (FIGS. 1 and 4). When the light generated by the LED 45 is blocked by the
      folded sheet, such that phototransistor 46 sees no light, the solenoid 47
      of clutch 22 (FIGS. 1 and 4) is energized. This causes feed roller 21 to
      disengage from drive chain 20 and 20'. The folded document 48 is then
      stuck in position upon roller 21 as shown in FIG. 1.
PAR  The discharge feed roller 21 will not discharge the folded document 48 to
      the gripper 16, until such time as the collator-stuffing machinery
      supplies a new demand feed signal. When a new demand feed signal is
      received, the folded document 48 is discharged at the same time that a new
      document is fed to the folding apparatus. This can be seen to be true,
      since both clutch solenoids 42 and 47 are operative upon receipt of the
      demand feed signal. It is also to be noted that while the discharge roller
      21 is generally continually running, the folder feed roller 28 is only
      active for only a brief time that the relay 43 (FIG. 4) is closed.
PAR  FIG. 4 shows the general electrical diagram for inserter operation. When
      the folder is added to the inserter, the clutch 37 (FIG. 2) is removed
      along with its solenoid 51, shown in phantom in FIG. 4.
PAR  The clutch 29 is added to the system (FIG. 3) along with its solenoid 42 as
      shown in heavy lines in the wiring diagram of FIG. 4.
PAR  Naturally, there will occur to those skilled in this art, modifications of
      an obvious nature. Therefore, the scope, depth, breadth, and spirit of the
      invention is considered to encompass changes of a practical fashion which
      can be made.
PAR  The limits of the invention, and the scope thereof, should be interpreted
      by reference to the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collating and stuffing machine wherein documents are collated in
      seriatim along a feed path and then collectively stuffed into an envelope,
      said collating and stuffing machine comprising a plurality of document
      collating stations arranged in series along said feed path, each collating
      station having a document feeding mechanism that feeds documents to a
      chain driven gripper operatively movable along said feed path towards a
      stuffing station, at least one of said collating stations having a
      document folding mechanism in combination with said document feeding
      mechanism, said folding mechanism comprising a tray for supporting a stack
      of documents, a folder feed roller disposed about the tray for feeding one
      document at a time from said tray into a folding apparatus and
      subsequently to said document feeding mechanism, said document feeding
      mechanism being operatively joined to said folding apparatus to receive
      folded documents from said folding apparatus, said document feeding
      mechanism having a discharging feed roller for receiving a folded document
      and discharging said folded document to said chain driven gripper, main
      drive means operatively connected to said discharging feed roller for
      rotatively driving said discharging feed roller, interconnecting drive
      means operatively connectable between said discharge feed roller and said
      folder feed roller, and clutch means disposed proximate of said folder
      feed roller for engaging and disengaging said interconnecting drive means
      to and from said folder feed roller.
NUM  2.
PAR  2. The collating and stuffing machine of claim 1, further comprising a
      second clutch means disposed proximate of said discharging feed roller,
      said second clutch means engaging and disengaging said discharging feed
      roller to and from said main drive means.
NUM  3.
PAR  3. The collating and stuffing machine of claim 2, wherein said first clutch
      means is synchronously operative with said second clutch means.
NUM  4.
PAR  4. The collating and stuffing machine of claim 3, further comprising a
      switching means disposed proximate of said discharging feed roller, said
      switching means being operative to actuate the second clutch means to
      disengage the discharging roller when a folded document operatively
      actuates said switching means.
NUM  5.
PAR  5. The collating and stuffing machine of claim 4, wherein said switching
      means is an optical-type switch, and is actuated when said folded document
      intersects a light path of said optical switch.
NUM  6.
PAR  6. A document feed and folding device carried by a collator and stuffing
      machine, comprising:
PA1  a main drive means operatively supported by said collator and stuffing
      machine;
PA1  first and second sprocket wheel and chain drive mechanisms operatively
      connected to each other, the second sprocket wheel and chain drive
      mechanism being operatively connected to said main drive means;
PA1  a tray carried by a folding device for supporting a quantity of documents
      to be fed into a folding apparatus;
PA1  a feed roller carried by said tray for feeding said tray supported
      documents into said folding apparatus; and
PA1  a clutch mechanism interdisposed between and operatively connecting and
      disconnecting said feed roller to and from said first sprocket wheel and
      chain drive mechanism.
NUM  7.
PAR  7. A document folding and feeding mechanism for a collator and envelope
      stuffing system, comprising:
PA1  a tray carried by a folding and feeding mechanism for supporting a quantity
      of documents to be folded;
PA1  a first feed roller supported by said tray for feeding said documents into
      said folding and feeding mechanism;
PA1  a main drive means operatively supported by said collator and envelope
      stuffing system;
PA1  a first sprocket wheel and chain drive mechanism operatively connected to
      said main drive means;
PA1  a second sprocket wheel and chain drive mechanism operatively connected to
      said first sprocket wheel and chain drive mechanism;
PA1  a first clutch means interposed between said first feed roller and said
      second sprocket wheel and chain drive mechanism for operatively connecting
      and disconnecting said frist feed roller to and from said second sprocket
      wheel and chain drive mechanism;
PA1  a first solenoid associated with said first clutch means for actuating said
      first clutch means in response to a demand feed signal provided by said
      collector and envelope stuffing system;
PA1  a second clutch means interdisposed between said second feed roller and
      said first sprocket wheel and chain drive mechanism for operatively
      connecting and disconnecting said second feed roller to and from said
      first sprocket wheel and chain drive mechanism; and
PA1  a second solenoid associated with said second clutch means for de-actuating
      said second clutch means in response to a demand signal provided by said
      collator and envelope stuffing system.
NUM  8.
PAR  8. A method of folding and discharging a document into a collating feed
      path comprising the steps of:
PA1  a. positioning a first document to be folded under a folder feed roller
      carried by a document supportive feed tray;
PA1  b. engaging said folder feed roller with a folder drive mechanism to
      rotatively drive said folder feed roller so that said first document will
      be fed by said folder feed roller into a folding mechanism;
PA1  c. folding said first document;
PA1  d. disengaging said folder feed roller with said folder drive mechanism
      after said first document is fed by said feed roller into said folding
      mechanism, and allowing for a subsequent document to be positioned under
      said folder feed roller;
PA1  e. discharging said folded first document from said folding mechanism to a
      discharging feed roller;
PA1  f. engaging said discharging feed roller with a discharging drive mechanism
      to rotatively drive said discharging feed roller so that said folded first
      document is discharged into a collating feed path; and
PA1  g. simultaneously with the engaging of the discharging feed roller of step
      (f), engaging the folder feed roller with said folder drive mechanism so
      that the subsequent document will be fed by said folder feed roller into
      said folding mechanism at substantially the same time the folded first
      document is being discharged into said collating feed path.
NUM  9.
PAR  9. The method of claim 8, wherein said discharging feed roller is
      disengaged from the discharging drive mechanism when said folded first
      document is discharged from said folding mechanism to the discharging feed
      roller, and then engaged with the discharging drive mechanism when the
      folder feed roller is simultaneously engaged with the folder drive
      mechanism to feed the subsequent document to said folding mechanism.
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ABST
PAL  Pneumatic means are synchronously coupled to an offset machine or the like
      in order to positively separate and pull down the bottom sheet in a stack.
      Movement of the pneumatic means is synchronized with the movement of a
      pivotal roller that advances the pulled-down sheet onto a conveyor belt
      for delivery of the sheet to the utilization device. The sheet being fed
      is automatically aligned in a lateral direction by movable guide means
      that are synchronized with the feeding of the sheet. The forward edges of
      the lower most sheets on the stack are separated by a flow of air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to single sheet feeding apparatus and more
      particularly an attachment for vacuum feeding single sheets into the
      printing apparatus.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Bottom feeding from a vertical stack of sheets, by means of a movable
      suction device, is well known in the art. U.S. Pat. Nos. 3,093,371;
      3,155,386; 3,394,930; and 3,458,042 all relate to this art. In each of the
      aforementioned issued U.S. patents a suction cup that is attached to a
      suitable vacuum source is moved into position below the lower most sheet
      in a vertical stack for the purpose of pulling downwardly the lower most
      sheet and depositing it on transfer means for delivery to a utilization
      device such as a printing press. None of the foregoing issued U.S. patents
      relate to an attachment for a printing device wherein the drive system of
      the printing device is used for synchronously actuating the linkages and
      the suction device of the attachment and for transferring one sheet at a
      time to the printing apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  By way of contrast to the aforementioned prior art, the present invention
      provides an attachment for a printing device such as a multilith offset
      machine. Since the present invention is in the form of an attachment, it
      does not interfere with the normal functioning of the utilization device.
      Instead it is coupled thereto and driven by the utilization device and,
      when not in use, may be left in place without interferring with the normal
      printing functions.
PAR  The present invention is a top-loading, continuous suction feeder that is
      capable of handling a wide variety of stock such as cartons, booklets,
      folded stock, catalogs, brochures etc. The present invention is readily
      adaptable to both short and long runs and is adjustable so as to
      accommodate special stock material. The loading section of the present
      invention may be adjusted to handle a wide variety of applications and may
      be changed from one to the other in a very short time without any special
      skill. Since the present invention does not interfere with the normal
      operation of the utilization device, the type of printing that is done may
      be readily changed. That is, it is a simple matter to switch from booklet
      imprinting to sheet fed printing and then back again in as short a time as
      possible.
PAR  As will be explained more fully hereinafter, there is no down time for
      loading since this may be done from the top while the press is running
      thereby saving time and increasing production. By feeding from the bottom,
      the set-up time normally required when printing envelopes and other folded
      pieces for example has been eliminated. A two-up feed or loading station
      virtually doubles the capacity of the present invention which is
      sufficiently precise and accurate enough for two color work.
PAR  The attachment comprising the present invention includes a transmission
      system that is adapted to be coupled directly to a suitable portion of the
      drive system in the printing machine. The transmission system of this
      invention, through suitable linkages, synchronously moves a plurality of
      suction members into engagement with the lower most sheet in a stack of
      vertically aligned sheets. The same transmission system concurrently moves
      the suction means together with the lower most sheet in a downward
      direction and deposits it on the first of plurality of rollers and at the
      same time moves a companion roller onto the top of the pull down sheet.
      The first mentioned roller is also driven by the same transmission system
      and, through a plurality of belts driven by the same transmission system,
      delivers the sheets one at a time to the printing device. When the lower
      most sheet is deposited on the belts for delivery to the printing device,
      alignment means that are also coupled to the transmission system, displace
      the sheet laterally into the proper position.
PAR  An air valve that is responsive to a cam driven by the transmission system
      selectively applies negative pressure to the suction means at appropriate
      times. Positive pressure is delivered to the forward edge of the lower
      most sheets in order to assure separation thereof so that the bottom sheet
      may be easily pulled down by the suction means and may be properly placed
      on the first roller of the conveyor system. As will be explained more
      fully hereinafter, a single transmission system that is driven by the
      printing apparatus provides all of the foregoing functions.
PAR  Accordingly, it is an object of the present invention to provide an
      improved sheet feeding attachment for a printing device.
PAR  It is another object of the present invention to provide an improved bottom
      sheet feeding attachment for a printing device, as described above, having
      a transmission system coupled to drive of the printing device.
PAR  Still another object of the present invention is to provide an improved
      bottom sheet feeding attachment for a printing device as described above,
      wherein a single transmission actuates timed sheet feeding and aligning
      means.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the present invention,
      taken into conjunction with the accompanying drawing, which forms an
      integral part thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a perspective view of the present invention shown in relation to
      a fragmentarily illustrated printing device;
PAR  FIG. 2 is a transverse sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 2A is another transverse sectional view taken along line 2A--2A of
      FIG. 1;
PAR  FIG. 3 is still another transverse sectional view taken along line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a transverse sectional view, similar to FIG. 3, but illustrating
      alternate positions of the components thereof; and
PAR  FIG. 5 is a plan view, partially in section taken along line 5--5 of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1. There is shown the attachment 10 comprising the
      present invention in its working position relative to a printing device P.
      The feeder attachment 10 comprises a loading section 12, a transfer
      section 14 and a conveyor section 16. A pair of parallel, spaced apart
      side walls 18 and 20 define the lateral extremities of the feeder
      attachment 10.
PAR  A base wall 22, in combination with the side walls 18 and 20 define the
      loading section 12. Two pair of upright side guide members 24a, 24b and
      26a, 26b are adjustably mounted on the base plate 22 by means of screws 28
      that are received in transverse slots 30, only one of which is shown. A
      pair of upright rear guide members 32 and 34 are also adjustably mounted
      on the base wall 22 by means of screws 36 and slots 38, only one of which
      is shown. The slots 38 are oriented perpendicular to the slots 30. A first
      stack of sheets A may be loaded within the confines of the upright guides
      24a, 24b and 32 while a second stack of sheets B may be loaded within the
      confines of the upright guide members 26a, 26b and 34. It will be evident
      that the foregoing construction permits a wide range of stock sizes to be
      accommodated in the loading section 12. In addition, by virtue of the
      foregoing construction, either one or both stacks of sheets may be loaded
      as required.
PAR  At the forward end of the loading section 22 there is provided a barrier 40
      against which the stacks of paper A and B abut. A lower transverse edge 42
      of the barrier 40 is hollow and is provided with a plurality of nozzles 44
      that are directed towards the forward edge of the lower most sheets in the
      stacks A and B. Tubes 46 are coupled to a suitable source of compressed
      air (not shown) and are in communication with the nozzle 44 so that a flow
      of air may be directed against the forward edges of the lower most sheet
      in the stacks A and B in order to provide separation means therefor.
PAR  The transfer section 14 of the attachment 10 is comprised of a downwardly
      bent wall 48 that is contiguous with the base wall 22 of the loading
      section 12. A plurality of openings 50 are formed in the wall 48 in order
      to receive therethrough the peripheral surface portion of a plurality of
      driven rollers 52 which are laterally spaced apart and which are mounted
      on a transverse shaft 54 that is journalled in the side walls 18 and 20.
      In a manner to be described more fully hereinafter, the rollers 52 provide
      friction means for moving the sheets through the transfer section 14.
PAR  The conveyor section 16 of the feeder 10 is comprised of three transversely
      oriented shafts 56, 58 and 60. A toothed pulley 62 is mounted on the shaft
      56 and two toothed pulleys 64 are mounted on the shaft 58. A toothed
      pulley 66 is also mounted on the shaft 60. A first timing belt 68 is
      trained about the pulley 62 and one of the pulleys 64 while a second
      timing belt 70 is trained about the other pulley 64 and the pulley 66. In
      the embodiment illustrated, the shafts 58 and 60 are each provided with
      four laterally spaced apart rollers 72 and 74, respectively, and a belt 76
      is trained about respective pairs of rollers 72 and 74.
PAR  Directly above the upper run of each of the belts 76 there is provided, in
      spaced relation thereto, a plurality of ball bearings 78 that are retained
      in upper and lower races 80 and 82. The end 84 of each of the lower races
      82 which is positioned in the vicinity of the roller 72, is bent upwardly
      in order to define, in combination with the base plate 48 of the transfer
      section 14, an inlet to the conveyor section 16. Immediately downstream of
      the last transverse row of ball bearings 78 there is provided a transverse
      bracket 86 having an upwardly bent end 88 that defines an outlet for the
      conveyor section 16. The ball bearing 78 and the races 80 and 82 are
      supported for vertical adjustment by means of a bracket 90 that is clamped
      to a transverse bar 92 by means of screws 94. The bar 92 extends between
      and is secured to the side walls 18 and 20. Downstream of the rollers 74
      there is provided a transverse filler plate 96 that is also secured to the
      side walls 18 and 20. The downstream end of the filler plate 96 is closely
      adjacent to the input to the printing device P. In addition, and for
      purposes to be described hereinafter, the transfer plate 96 is also
      provided with a plurality of openings 98.
PAR  The transmission system 100 of the attachment 10 comprises a gear 102 that
      is journalled on a shaft 104 which is mounted in the side wall 20
      proximate the downstream end of the conveyor section 16. The gear 102 is
      in meshing engagement with one of the drive gears (not shown) of the
      printing device P and is also in meshing engagement with a gear 106 that
      is secured to the shaft 60. A gear 108 is secured to the shaft 56 and is
      in meshing engagement with a gear 110 mounted on a shaft 112 that is also
      secured in the side wall 16. The gear 110 meshes with a gear 114 which is
      secured to a shaft 116 that is also mounted in the side wall 16. Thus, the
      gear 116 is also driven by the gear 102 through the timing belts 68 and
      70.
PAR  A crank arm 120 is pivotally coupled at one slotted end thereof to the gear
      114 by means of a pin 122. The other adjustable end of the crank arm 120
      is pivotally coupled to one end of each of a plurality of laterally spaced
      apart levers 124 by means of a transverse pin 126. The other end of the
      levers 124 extend through the openings 50 in the plate 48 and are each
      provided with a roller 128 that is in opposition to the friction rollers
      52. An arm 130 that extends from each of the levers 124 pivotally
      supports, by means of a pin 132, a bell crank comprised of first and
      second arms 134 and 136, respectively. A suction cup 138 is secured to
      each of the arms 134 and each of the arms 136 is positioned adjacent an
      adjustable stop 140. A spring 142 biases the bell crank arms 134 and 136.
PAR  A rod 144 extends from the transverse pivot pin 126 through an opening 146
      in the wall 16. The rod 144 is provided with a cam surface 148 that is
      adapted to be engaged by a cam follower 150 mounted on a transverse rod
      152. A spring 154 biases the rod 152. As shown in FIG. 5, laterally
      adjustable guide plates 156 are rigidly secured to the transverse rod 152
      and, alternating with the adjustable guide plates 156, are fixed guide
      plates 158 that are rigidly secured to a second transverse rod 160 which
      is mounted in the side walls 18 and 20. Each pair of the guide plates 156
      and 158 straddle two of the belts 76 and the roller bearings 78 associated
      therewith.
PAR  A first cam 162 is mounted on the shaft 116 and is adjustably secured to
      the gear 114 by means of a plurality of arcuate slots 164 in the cam 162
      and by means of screws 166. A cam follower 168 engages the cam 162 and is
      supported on an arm 170 that is integral with a hub 172 which is pivotally
      mounted, by means of a pin 174 to the wall 16. Another arm 176 is also
      mounted on the hub 172 and is arranged to open and close a valve 178 that
      is in communication with means for producing a vacuum (not shown). The
      inlet to the valve 178 is designated by the reference character 180. When
      the valve 178 is closed, for example as shown in FIG. 4, suction will be
      applied through a plurality of tubes 181 which are in communication at one
      end thereof with the valve 178. The opposite end of the tubes 181 are in
      communication with the suction cups 138. A spring 184 is used to bias the
      arm 176.
PAR  A second cam 186 is also mounted on the shaft 116 and is engaged by a cam
      follower 188 that is supported on an arm 190. A pivot pin 192 which is
      mounted in the wall 16 supports the other end of the arm 190. One end of a
      lever 194 is mounted on the pin 192 and the other end of the lever 194 is
      mounted on a pin 196 that pivotally supports an arm 198. A pin 200
      pivotally secures one end of the arm 198 to the wall 16. The opposite end
      of the arm 198 supports one end of a link 202 by means of a pivot pin 204.
      The opposite end of the link 202 carries an arm 204 that is secured
      thereto by means of a pivot pin 206. The arm 204 is provided with a
      transverse bar 207 on which is mounted a plurality of fingers 208 that are
      adapted to extend through the openings 98 and are positioned downstream of
      the outlet plate 86. A spring 210 biases the pin 192.
PAC  Mode of Operation
PAR  When the feeder 10 is in the position shown in FIG. 1 the gear 102 will be
      in meshing engagement with one of the gears of the drive train of the
      printing device P. In this manner the gear 102, through the gear 106, will
      drive the timing belts 68 and 70 and will thereby drive the shaft 56. The
      gear 108, which is mounted on the shaft 56 will drive the gear 114 through
      the gear 110. Thus, it will be appreciated that the entire transmission
      system of the present invention is driven through the gear 102.
PAR  As the gear 114 rotates, the crank arm 120 will cause the levers 124 to
      oscillate about the pivot 126. The arms 134 that support the suction cups
      138 will also be oscillated between the positions shown in FIGS. 3 and 4
      by virtue of the connection 130 to the links 124. When the suction cups
      138 are immediately adjacent and in contact with the lower most sheet in
      the stacks A and B, the rollers 128 will be positioned away from the
      rollers 52. When the suction cups 138 return to the position shown in FIG.
      3, the rollers 128, in combination with the rollers 52, will pinch the
      pulled down sheet therebetween. Continued rotation of the rollers 52 will
      cause the pulled down sheet to move forwardly and downwardly onto the
      conveyor belts 76.
PAR  At the same time that the suction cups 138 are moving, cam 162 will cause
      the valve 178 to open and close. Suction is applied to the valve 178 and
      the tubes 181 when the arm 176 is in the valve closed position and the
      suction cups 138 are in their upper position as shown in FIG. 4. Continued
      rotation of the cam 162 will cause the arm 176 to open the valve 178 and
      thereby cut off the suction to the tubes 181 when the suction cups 138 are
      in their lowermost position shown in FIG. 3.
PAR  As mentioned hereinabove, the arm 144 is also coupled to the crank arm 120
      and is caused to reciprocate when the gear 114 rotates. The cam surface
      148 of the arm 144 will bear against the cam follower 150 and thereby
      laterally displace the shaft 152 in order to provide lateral movement to
      the two adjustable guide plates 156. This action causes positive alignment
      of the sheet against the fixed guides 158.
PAR  When the gear 114 rotates, the second cam 186 will also rotate and thereby
      pivot the arm 190 about the axis of the pin 192. The arms 194 and 202 will
      be reciprocated thereby to cause the fingers 208 to pivot about the pin
      206 and thereby move upwardly and downwardly through the slot 50 in the
      plate 48. When the fingers 208 are in their uppermost position, they will
      temporarily block forward movement of the two sheets A and B along the
      conveyor belts 76 in order to assure perfect alignment and timed movement
      of the two sheets A and B. When the fingers 208 are retracted as shown in
      FIG. 3, the sheets A and B will continue into the printer apparatus P.
PAR  From the foregoing it will be appreciated that the transfer of the sheets
      through the several sections is controlled by a single transmission system
      that is coupled directly to the printing apparatus. Means are also
      provided for accurately positioning and aligning one or two sheets in the
      conveyor section. The cooperation of ball bearings and conveyor belts
      provides virtually friction-free transport of the sheets.
PAR  There has been disclosed heretofore the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A top loading, sheet feeding attachment adapted to be coupled to and
      actuated by the drive means of a utilization device such as a multi-lith
      offset machine or the like that is capable of a first, normal mode of
      operation, said attachment being adapted to be left in place on the
      utilization device when said attachment is not being used without
      interfering with the first mode of operation of the utilization device,
      said attachment comprising, in combination:
PA1  a. a loading section for accepting at least one stack of the sheets to be
      fed to the utilization device;
PA1  b. a transfer section positioned downstream of and contiguously with said
      loading section, said transfer section including suction means for pulling
      downwardly the bottom sheet in the stack on said loading section and at
      least one pair of roller means for receiving the pulled-down sheet
      therebetween and for advancing the pulled-down sheet in a direction away
      from said suction means and away from said loading section;
PA1  c. conveyor means for receiving the pulled-down sheet from said roller
      means and for transporting the pulled-down sheet towards the utilization
      device;
PA1  d. aligning means for orienting the sheet on said conveyor means relative
      to the input of the utilization device, said aligning means including a
      first, longitudinally extending rail positioned parallel to one
      longitudinal edge of said belt and a second, laterally adjustable rail
      parallel to said first rail; and
PA1  e. a transmission system including a drive train coupled to said conveyor
      means and adapted to be coupled to the drive means of the utilization
      device, said transmission system further comprising:
PA2  1. first actuating means for moving said suction means towards and into
      engagement with the bottom sheet in the stack and then in a direction away
      from the bottom of the stack and for moving at least one of said pair of
      roller means into and out of frictional driving engagement with the sheet
      therebetween;
PA2  2. first timing means for controlling the application of a vacuum to said
      suction means with respect to the movement of said first actuating means;
      and
PA2  3. second actuating means for operating said aligning means in timed
      relationship to the movement of said suction means and to the application
      of vacuum thereto, said second actuating means comprising a reciprocating
      crank arm driven by a portion of said transmission system, a cam driven by
      said crank arm in a direction substantially parallel to said second rail
      and a cam follower positioned so as to be engaged by said cam, said cam
      follower being secured to said second rail and limited to movement that is
      perpendicular to the length thereof.
NUM  2.
PAR  2. The attachment according to claim 1 wherein said first actuating means
      comprises a reciprocating crank arm driven by said transmission system and
      linkage means for pivotally supporting said suction means, said linkage
      means being coupled to said crank arm.
NUM  3.
PAR  3. The attachment according to claim 2 wherein said first timing means
      comprises a cam coupled to and driven by said transmission system, a cam
      follower responsive to the movement of said cam, valve means in fluid
      communication with said suction means and a source of vacuum and means for
      selectively opening and closing said valve means, said means for
      selectively opening and closing said valve means being coupled to said cam
      follower means.
NUM  4.
PAR  4. The attachment according to claim 1 wherein said loading section
      includes, means for locating two separate stacks of the sheets to be fed
      to the utilization device and wherein there is further included
      displaceable barrier means positioned proximate the downstream end of said
      conveyor means for temporarily arresting the longitudinal movement of the
      sheets on said conveyor means and second timing means for controlling the
      movement of said barrier means with respect to the movement of the sheets
      along said conveyor means.
NUM  5.
PAR  5. The attachment according to claim 4 wherein said second timing means
      comprises a cam driven by said transmission system and a cam follower
      responsive to said cam, said barrier means comprising linkage means
      coupled to and driven by said cam follower and finger means secured to
      said linkage means whereby as said cam means is driven said finger means
      will be moved into and out of the path of the sheets on said conveyor
      means to thereby align the leading edges of the sheets prior to their
      entry into the utilization device.
NUM  6.
PAR  6. The attachment according to claim 4 wherein said locating means includes
      means for accurately positioning at least the longitudinal edges of both
      stacks of sheets.
NUM  7.
PAR  7. The attachment according to claim 6 wherein said positioning means are
      laterally adjustable.
NUM  8.
PAR  8. The attachment according to claim 4 wherein there is further included
      means for accurately positioning the rearward transverse edges of both
      stacks of sheets.
NUM  9.
PAR  9. The attachment according to claim 8 wherein said means for positioning
      the transverse edges of both stacks of sheets are adjustable.
NUM  10.
PAR  10. The attachment according to claim 9 wherein said means for positioning
      the longitudinal edges of both stacks of sheets are adjustable.
NUM  11.
PAR  11. The attachment according to claim 1 wherein said transmission system
      further includes a timing belt for coupling said conveyor means to one of
      said rollers in said pair of rollers in said transfer section.
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ABST
PAL  A sheet feeding device adapted to separate a single sheet from a stack of
      sheets and forward the separated sheet away from the stack for subsequent
      processing. The apparatus includes a feed belt mounted for movement on at
      least two stationary rolls and a movable roll, the section of the belt
      between the two stationary rolls being adapted for frictional engagement
      with retard means forming a sheet feed nip therebetween. A sheet sensor
      adjacent the retard means and the feed belt is employed to displace the
      movable roll and the portion of the feed belt mounted thereon into
      engagement with the sheet stack to increase the feed belt "foot print"
      when the absence of a sheet is sensed during a feed cycle to increase the
      feed force on the sheet. The feed mechanism is adapted to operate on the
      bottom sheet of a sheet stack which is subjected to a flow of pressurized
      air against the bottom sheet to reduce friction between the bottom sheet
      and the stack tray and between the bottom sheet and the sheet immediately
      thereabove.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In modern, high speed sheet processing machines such as printers, sorters,
      collators, reproduction machines, etc. a sheet misfeed or multi-fed sheets
      can seriously impair the operation of the machine. Numerous devices of the
      type disclosed in U.S. Pat. No. 3,768,803 have been employed to minimize
      the possibility of misfeeds and multi-feeds.
PAR  To provide a constant normal force between the sheet being fed and the feed
      mechanism, it is common practice to employ a sheet elevator tray assembly
      having sheets stacked thereon, the feed mechanism being disposed above the
      stack for feeding the top sheet from the stack. As sheets are fed from the
      stack, the elevator is continuously shifted in an upward direction to
      maintain the top sheet in the stack adjacent the feed mechanism. This type
      of feeder is ordinarily used when a varying quantity of sheets may be
      loaded into the sheet tray to overcome problems encountered in bottom feed
      devices whereby an excessive weight or constantly varying weight of sheets
      may be encountered which interferes with removal of the sheet from the
      bottom of the stack. While the bottom feed device is more convenient since
      the stack may be replenished without stopping machine operation and the
      necessity of an elevator type sheet tray is obviated, the poor paper
      feeding capabilities of bottom feed devices has prevented common
      acceptance thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention relates to a bottom sheet feed device employing
      pressurized air to reduce friction between the bottom sheet and the sheet
      stack tray and minimize friction between the bottom sheet and the sheet
      immediately adjacent thereto. To prevent misfeeds, a tri-roller feed belt
      is employed having two stationary rolls and a movable roll, the stationary
      roll disposed beneath the edge of the sheet stack serving to support the
      feed belt against the lower sheet for feeding the sheet from the stack,
      the movable roller being disposed adjacent the aforesaid stationary roller
      for movement into engagement with the bottom sheet on the stack in the
      event that a sheet is not forwarded at the proper time under the influence
      of the belt section above the stationary roller. The displacement of the
      movable roller increases the surface area of the belt in contact with the
      bottom sheet of the stack to exert a greater feed force thereon. Further,
      since one of the primary reasons for incipient misfeeds is increased
      friction between the sheet being fed and the adjacent sheet which increass
      the possibility of dragging the adjacent sheet into the feed nip,
      displacement of the roller also tightens the feed belt to provide
      increased force against the retard means to prevent passage of sheets that
      may be carried along with the sheet being fed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the preferred embodiment of the
      present invention;
PAR  FIG. 2 is a side elevational view of the apparatus of FIG. 1 illustrating
      the movable roller in a position to provide increased feed force against
      the sheet being fed;
PAR  FIG. 3 is a plan view of the apparatus of FIG. 1 with the sheets removed to
      illustrate the perforations in the stack tray for supplying air thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the sheet feeding apparatus of the present
      invention includes a sheet supply tray 2 and a sheet separation apparatus
      4. The sheet separation apparatus 4 is comprised of rolls 6, 8, and 10
      having a belt 12 mounted thereon. The belt is formed of a suitable
      non-stretch high friction material such as rubber impregnated fabric for
      reasons to be hereinafter explained. A tension roll 14 mounted on pivot
      arm 16 is biased against belt 12 by a spring 18 to provide a preselected
      tension on belt 12 under normal operating conditions.
PAR  Rolls 6 and 10 are mounted on stationary axes 7 and 11 respectively to
      maintain a desired spacial relationship between the edge of the paper
      stack 20, an abutment type retard pad 22, and the lower surface of tray
      assembly 2. For a complete description of the relationship between a feed
      belt, an abutment type retard means and the sheets stacked on tray
      assembly 2, reference may be had to U.S. Pat. No. 3,768,803, commonly
      assigned with the present application.
PAR  Roll 10 is driven by a motor-clutch mechanism 24, the motor preferably
      being constantly energized, the clutch associated therewith being
      activated by a suitable feed signal whenever a sheet is to be fed by the
      sheet separation apparatus 4.
PAR  Roll 8 is mounted on a pivot arm 26 which is adapted for movement to the
      position shown in FIG. 2 by a cam 30 which is adapted for rotation by
      suitable means such as a clutch-motor drive 31 under extraordinary
      circumstances to be hereinafter described. Under ordinary circumstances,
      the cam is disposed as illustrated in FIG. 1, thereby allowing pivot arm
      26 and roll 8 to assume the position illustrated in FIG. 1. A plenum 32,
      adapted to receive a pressurized fluid such as air from a suitable source
      (not shown) is formed beneath the bottom surface of tray assembly 2,
      perforations 34 being provided in tray assembly 2 for passage of the
      pressurized fluid therethrough. The air supplied through perforations 34
      creates an air cushion between the bottom sheet of the stack and the lower
      surface of the tray to minimize friction therebetween and aid in the
      removal of the sheet from the stack by the separation apparatus 4.
      Further, it can be seen by reference to FIG. 3 that the tray assembly is
      provided with sides 36 and edge abutment plate 38. Air escaping from under
      the stack is caused to flow between the lowermost sheets in the stack due
      to the presence of the sides 36 and abutment plate 38, thereby reducing
      the frictional engagement between the lowermost sheet in the stack and the
      sheets immediately adjacent thereto. The air supplied between the
      lowermost sheet and the sheets thereabove along the sides of the stack is
      augmented by air which permeates the bottom sheet and enters the space
      between the bottom sheet and the sheets immediately thereabove.
PAR  By the utilization of air floatation and a separator assembly as
      illustrated in FIG. 1, normal sheet separation without misfeeds or
      multi-feeds may be easily accomplished. However, in the event that sheets
      stacked on tray assembly 2 have extremely high inter-sheet friction or are
      otherwise difficult to separate, roll 8 may be pivoted up to the position
      illustrated in FIG. 2 to provide increased frictional contact between the
      feed belt 12 and the bottom sheet in the stack for positive separation
      thereof. It can be seen from FIG. 2 that when roll 8 is in the raised
      position, the bias roller 14 does not deflect belt 12. The roller 8 and
      the pivot arm associated therewith are arranged to increase the tension in
      belt 12 to a level greater than that normally provided by the tension roll
      14. This increased tension causes a greater force to be exerted on the
      retard pad 22 by the belt for increased retard drag on sheets which may be
      carried thereto along with the sheet being fed. Since the increased
      resistance to feed of the lowest sheet requiring raising of roll 8 is
      normally due to increased frictional contact between the bottom sheet and
      the sheet immediately thereabove, it necessarily follows that a greater
      retard force is necessary to prevent feeding of multiple sheets through
      the device. By arranging the roll 8 and its associated pivot arm such that
      an increased force is provided between the friction pad 22 and the belt
      12, the possibility of a multi-feed under abnormal inter-sheet frictional
      force conditions is obviated.
PAR  A first sheet presence sensor 40 is provided on the sheet feeding device to
      sense the presence of a sheet between the retard pad 22 and the belt 12
      and a second sheet presence sensing device 42 is located downstream from
      the feeding mechanism for reasons to be hereinafter explained. The sensors
      40 and 42 may take any of the number of forms such as a small wire finger
      projecting into the feed path which would be deflected by the passage of a
      sheet thereover to activate a microswitch or in the alternative, the
      sensors may consist of phototransistor and light combinations, the light
      to the phototransistor being blocked upon passage of the sheet
      therebetween to produce a signal indicative of sheet location.
PAR  Considering the operation of the sheet feeding device under normal
      operating conditions, the motor-clutch combination 24 driving roll 10
      would be energized in response to a suitable signal from the device
      employing the sheet feed mechanism. Energization of the motor-clutch will
      cause movement of belt 12 beneath stack 20 toward the right as illustrated
      in FIGS. 1 and 2 to pull the bottom sheet from the stack between the belt
      and the retard pad and carry the sheet to suitable sheet transport
      mechanism (not illustrated) downstream from the sheet feed apparatus.
      Sensor 42 may be located at a point whereat the sheet is contacted by
      subsequent sheet transporting apparatus to sense the successful feeding of
      a sheet thereto, passage of the sheet beneath the sensor 42 generating a
      suitable signal to terminate operation of the feeding apparatus 4 until a
      second sheet is to be fed.
PAR  In the event that a problem is encountered in feeding the bottom sheet, if
      sensor 40 does not sense the presence of a sheet between pad 22 and belt
      12 within a predetermined time interval after the feed apparatus 4 is
      energized, a suitable signal may be produced by the sensor to energize
      motor-clutch combination 31 to rotate cam 30 through one revolution. As
      stated heretofore, rotation of cam 30 will cause pivot arm 26 and roll 8
      mounted thereon to be provided upwardly toward the stack 20 to increase
      the surface area of belt 12 in contact with the bottom sheet of the stack
      for feeding sheets under abnormal conditions. When the fed sheet reaches
      sensor 42, the sheet feeding apparatus 4 will be deenergized until the
      next subsequent sheet feed cycle.
PAR  It can be seen from the foregoing, that the sheet feeding device provides
      optimal break-away force on the bottom sheet of a stack for separating the
      sheet from the stack under normal operating conditions and also provides
      means for increasing the feeding force to an above normal level where
      difficulties are encountered in feeding certain sheets due to numerous
      conditions which may be encountered in a sheet feeding apparatus such as
      foreign material on the bottom sheet which may provide minimal frictional
      engagement between the feed belt and the sheet or rough, heavy sheets
      which may have high frictional inter-sheet resistance to separation,
      extremely heavy sheet stock which would have a high inertial resistance to
      movement by the sheet separator etc. Thus, by providing a variable foot
      print feed belt to accommodate varying sheet separating resistance, and
      means to provide increased frictional contact between the retard pad and
      the feed belt under conditions wherein a high resistance to feed is
      encountered, the possibility of sheet misfeeds or multi-feeds is obviated.
PAR  The disclosed separator provides improved sheet feeding for both bottom
      feed operations as described or for feeding sheets from the top of a
      stack. In the event that extremely heavy or large stacks of sheets are to
      be encountered when the device is used as a bottom feeder, the disclosed
      air floatation may be employed as further insurance against misfeeds or
      multi-feeds, although it should be understood that the use of air
      floatation is not a prerequisite for the disclosed feeder under many
      normal sheet feed applications.
PAR  While I have described a preferred embodiment of my invention it is to be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding and separating individual sheets from a stack
      of sheets including:
PA1  a first feed roll mounted on a stationary axis adjacent the forward edge of
      the stack for separating sheets from the stack under normal operating
      conditions;
PA1  a second feed roll mounted on a second axis adjacent said first feed roll,
      said second axis being movable toward and away from the stack to move said
      second feed roll toward and away from the stack;
PA1  friction surface means associated with said first roll and said second
      roll, movement of said second roll toward the stack causing an increase in
      the friction surface area contacting the stack; and,
PA1  means for automatically moving said second roll toward said stack when a
      non-feed condition is encountered during a sheet feed cycle.
NUM  2.
PAR  2. An apparatus for feeding and separating individual sheets from a stack
      of sheets including:
PA1  an endless sheet feeding and separating belt mounted for sheet feeding
      engagement with the edge of the stack of sheets, said belt being rotatably
      mounted on a plurality of rolls, a first one of said rolls being disposed
      adjacent the edge of the stack to support said belt in contact with the
      stack, a second one of said rolls being disposed adjacent said first roll,
      the axis of said second roll being movable toward and away from the stack
      to force a greater portion of said belt into contact with the stack when
      said second roll is moved toward the stack,
PA1  a stationaty retard pad mounted opposite said belt between said first roll
      and a third one of said rolls, said third roll being disposed on the side
      of said first roll opposite said second roll, said stationary retard pad
      being located to depress said belt between said first and third rolls,
      said belt being formed of a substantially non-stretch material, movement
      of said second roll toward said stack causing increased tension on said
      belt to increase the force between said belt and said stationary retard
      pad to increase the retard action therebetween; and,
PA1  means for moving said second roll toward said stack when a non-feed
      condition is encountered during a sheet feed cycle.
NUM  3.
PAR  3. A sheet feeding and separating apparatus according to claim 1 wherein
      said friction means comprises an endless belt rotatably mounted on said
      first and second rolls, movement of said second roll toward the stack
      forcing a greater portion of said belt into contact with the stack when a
      non-feed condition is encountered during a sheet feed cycle.
NUM  4.
PAR  4. A sheet feeding and separating apparatus according to claim 3 further
      including a third roll, said third roll being adapted to rotatably support
      said belt on the side of said first roll opposite said second roll; and,
PA1  a stationary retard pad mounted on the side of said belt opposite said
      rolls between said first roll and said third roll, said stationary retard
      pad causing said belt to be depressed between said first and third rolls,
      said belt being formed of a substantially non-stretch material;
PA1  means mounting said second roll for movement in a direction toward said
      stack away from said first and third rolls, movement of said second roll
      toward said stack causing increased tension on said belt to increase the
      force between said belt and said stationary retard pad to increase the
      retard action therebetween.
NUM  5.
PAR  5. A sheet feeding and separating apparatus according to claim 2 further
      including belt tensioning means to maintain a predetermined tension on
      said belt;
PA1  means mounting said second roll for movement toward said stack, away from
      said first and third rolls, the length of the belt path around said first,
      second, and third rolls when said second roll is moved toward said stack
      being greater than the length of said belt when said belt is under said
      predetermined tension, movement of said second roll toward the stack
      thereby causing a tension on said belt in excess of the tension maintained
      thereon by said tensioning means.
NUM  6.
PAR  6. A sheet feeding and separating apparatus according to claim 2 further
      including perforated tray means adapted to support the stack of sheets
      thereon said sheet feeding and separating belt being mounted adjacent said
      tray to feed sheets individually from the bottom of the stack; and,
PA1  means for supplying air under pressure through the perforations in said
      tray to reduce the frictional force between the bottom sheet of the stack
      and the tray.
NUM  7.
PAR  7. A sheet feeding and separating apparatus according to claim 6 wherein
      said perforated sheet tray includes upstanding sides thereon adapted for
      engagement with the edges of the sheets in the stack, air escaping from
      between said tray and the lowest sheet in the stack being forced between
      said upstanding sides and the edges of the sheets in the stack, a portion
      of the air passing thereby being forced between adjacent sheets near the
      bottom of the stack to reduce the friction between the bottom sheet in the
      stack and the sheet immediately thereabove.
NUM  8.
PAR  8. A sheet feeding and separating apparatus according to claim 1 further
      including sheet sensing means disposed downstream from said first feed
      roll, said sheet sensing means being adapted to activate said means for
      moving said second roll toward said stack when the absence of a sheet is
      sensed by said sensing means at a predetermined point in the sheet feed
      cycle.
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ABST
PAL  A receptacle for supporting a stack of sheets which are to be fed into a
      reproduction machine has a support surface and two parallel margin guides
      which can be moved asymmetrically with respect to the support surface so
      that sheets of different widths can be placed in the receptacle with the
      center line of the stack always in alignment with the center line of the
      feed path through the machine. This is effected by a lug mounted on the
      receptacle at a position remote from the support surface for movement with
      the guides in the same direction as, and by the average distance which the
      guides move relative to the support surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the feeding of sheets seriatim from a stack of
      sheets on a support surface. Such support surfaces are provided with edge
      margin guides for engaging the sides of the stack in order to keep the
      sheets in proper registration. When a support surface is required to
      accommodate sheets of different widths, the distance between the edge
      margin guides must be adjustable.
PAR  In some arrangements, the edge margin guides are mounted in different sets
      of holes or slots in the support surface, or blocks of different widths
      are provided for building out a fixed edge margin guide to the correct
      position for the edge of the stack. In both these arrangements, the
      adjustment of the effective surface of the edge margin guide is in
      descrete steps. British patent specification No. 1284832 discloses edge
      margin guides which are located by spring loaded balls in discrete steps
      engaging spaced recesses.
PAR  Continuous adjustment of the edge margin guides has also been proposed, but
      with such continuous adjustment it becomes more difficult to position the
      edge margin guides accurately symmetrically about the center line of the
      support surface, and connecting linkages had been proposed for ensuring
      that any movement of one edge margin guide is accompanied by movement of
      the other edge margin guide in the opposite direction by the same
      distance. The alignment of the center line of the sheets in the stack with
      the center line of the feed path through the machine is required so that
      the sheets should travel through the system without skewing.
PAR  An example of a connecting linkage for a pair of edge margin guides movably
      mounted on a support surface is disclosed in British patent specification
      No. 747,396. In the specification, two edge margin guides are supported by
      pins on a plate below the paper tray, the pins moving in a separate slot
      for each guide. The guides are linked by means of chains and sprockets so
      that movement of one edge guide is accompanied by an equal and opposite
      movement of the other guide, that is the edge guides are always
      symmetrical about the centre line of the apparatus. This linkage is
      expensive to manufacture and to tool-up, and it is possible that the
      movement of the edge guides may become unsynchronised due to wear or
      bending of the linkage.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention there is provided a receptacle
      having a support surface for a stack of sheets, and two parallel margin
      guides which can be relatively moved asymmetrically with respect to said
      support surface, an arrangement being provided for compensating for the
      movement of the center of the space between the guides relative to the
      support surface. This compensating arrangement may comprise a locating lug
      mounted on the receptacle at a position remote from the support surface
      for movement with the guides in the same direction as and by the average
      distance which the guides move relative to the support surface. With this
      arrangement, the center line of a support surface between the two margin
      guides will always be a fixed distance from the locating lug, so that if
      the locating lug is located at a fixed position, the said center line will
      also be located in a fixed position.
PAR  According to another aspect of the invention there is provided a sheet
      feeding device comprising a frame, a support surface for a stack of sheets
      movably mounted in the said frame, an edge margin guide fixed to the
      support surface, a second edge margin guide movable on the support surface
      relative to the first margin guide, a lug movable relative to support
      surface in the same direction as the movable edge margin guide and by half
      the distance, and a locating device mounted on the frame for locating said
      lug in a fixed position in the direction of movement of the edge margin
      guide, so that the line equidistant between the two edge margin guides on
      the support surface is located in a given position relative to the frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An example of the invention will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of sheet feed apparatus with some parts of its
      cabinet removed and some of its doors opened,
PAR  FIG. 2 is a schematic end elevation of part of the apparatus shown on the
      right hand inside of FIG. 1,
PAR  FIGS. 3 and 4 are perspective views of a paper tray used in the apparatus
      illustrated, and
PAR  FIG. 5 is an underplan view of a detail of the apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The sheet feeding apparatus shown in the drawings is intended for feeding
      cut sheets of different sizes into a main copying machine 21, which forms
      xerographic images of an original on the sheets. The central portion of
      the apparatus as seen in FIG. 1 contains three compartments 31, supporting
      paper trays 151 for three sizes of sheet. Inside the top of each paper
      tray compartment 31, there is provided a pair of feed rolls 61. These
      rolls normally rest on the top of a stack of sheets supported on a paper
      tray 151 within a compartment 31, and can be lifted off the stack by
      rotating the handle 75 to the right as seen in FIG. 1 about shaft 76.
PAR  Referring to FIGS. 3 and 4, each paper tray 151 comprises a base plate 152
      with a front margin guide 153 which is fixed to the base plate. The rear
      margin guide 154 is movable relative to the base plate 152, and is mounted
      on two pins 155 passing through a slot 150 in the base and attached to a
      block 156 below the base place. The rear edge margin guide 154 is provided
      with a plate 157 which extends partially over the base, which together
      with the pins 155 and the block 156 provides a firm mounting for the rear
      edge margin guide on the base plate. The plate 157 is provided with an
      index 158 which moves relative to a scale 159 on the base plate 152 to
      indicate the separation of the rear guide 154 from the front guide 153.
PAR  On the underside of the tray, there are two rows of rollers 175, mounted on
      axes extending parallel to the front and rear edge margin guides 153, 154.
      The left hand row of rollers co-operate with rails 176 formed on the floor
      177 of the compartments 31, and the right hand rollers rest on the floor
      of the compartments, so that the tray 151 can be rolled into and out of
      the compartment 31. The direction of movement of the tray is at right
      angles to the direction of the paper feed. The front margin guide is
      provided with a handle 178 on the outside for use when moving the tray in
      the compartment.
PAR  Since it is important that the sheets in the tray are fed forward without
      skewing along the center line of the apparatus illustrated in FIG. 1, the
      tray 151 should be located such that the centre line of the sheets in the
      tray are located on a fixed line in the machine, whatever the position of
      the rear guide 154 of the tray. FIG. 2 shows in the top compartment 31 in
      full lines the position of the tray for narrow sheets of paper and in
      chain dotted lines the position of the tray for wider sheets of paper. It
      will be seen (FIGS. 4 and 5) that the position of the front guide 153 and
      base 152 of the tray is different for the two widths of paper, and a
      locating device 179 is provided for automatic location of the tray in its
      correct position, according to the relative position of the rear side of
      the tray.
PAR  On the underside of the tray (FIGS. 4 and 5), a link arm 181 is pivoted to
      the block 156 about one pin 155 at one end, and is provided with a
      longitudinal slot 182 at the other end through which extends a pivot pin
      183 mounted on the underside of the tray. A lug 184 extends downwards from
      the link at a point equidistant from the mid point of the slot 182 in the
      arm, and from the pin 155 on the block 156. As the rear guide 154 of the
      tray is moved by a certain distance, the lug 184 will therefore move by
      substantially half this distance, so that the lug 184 will remain at a
      fixed distance from a line equidistant from the front and rear margin
      guides 153, 154. As can be seen in FIG. 5 the lever 185 is mounted for
      limited rotation about a pin 187, the rotation being limited by means of a
      stop pin 188 extending through an enlarged hole in the lever 185. This
      limited rotation accommodates some sideways movement of the trays 151 in
      their rails 176.
PAR  At the base of the recess 186, there is provided a spring loaded plunger
      191 engaging a microswitch 192 connected to the machine logic. At the side
      of the recess there is provided a spring latch 193 which biases the lug
      184, to remain within the recess 186 after entry.
PAR  The link arm 181 is pivoted about the pin 183 mounted on the underside of
      the tray by means of the slot 182, because the distance of the pin 155
      about which its upper end is pivoted from the pin 183 varies as the pin
      155 is moved along the straight slot 150. This means that the distance
      moved by the lug 184 will vary slightly from exactly half the distance
      moved by the guide 154 relative to the tray, but the variation will be of
      a small order. By locating the lug 184 equidistant from the pin 155 above
      which the link arm 181 is pivoted and from the mid point of the slot 182,
      a ratio of the movement of the guide 154 varies on either side of 1:2
      during movement of the guide 154 along the slot 150.
PAR  The block 156 is provided with a spring loaded lug 201 extending from one
      side, which is adapted to engage a register bar 202 located on the
      underside of the paper tray 151. The register bar 202 is generally
      cylindrical, having two series of recesses 203, extending parallel to the
      axis of the bar along two opposed sides of the bar. The recesses merge
      smoothly into the cylindrical surface of the bar in the direction
      transverse to the axis of the bar. The recesses 203 are located to engage
      the spring loaded lug 201 of the block 156 at the position corresponding
      to the separation of the front and rear guides of the tray to accommodate
      standard size widths. One line of recesses is provided appropriate to
      English sizes, and the other line appropriate to metric sizes.
PAR  The register bar 202 is rotatable by means of a handle 204 on the front of
      the tray (see FIG. 3). A leaf spring 205 mounted on the under side of the
      tray engages a short section portion 206 of the register bar 202 in order
      releasably to retain the bar in any one of four symmetrically spaced
      positions, two opposed positions corresponding to the alignment of the two
      lines of recesses with the spring loaded lug 201. Symbols M and E are
      marked on the tray adjacent the handle, the appropriate one of which will
      be opposite a marker on the handle 204 when the corresponding series of
      metric or English size recesses 203 is located in line with the spring
      loaded plunger 191.
PAR  When it is required to adjust the position of the rear side of the tray,
      the tray is removed from the apparatus by rotating the handle 75
      anticlockwise as seen in FIG. 1 about shaft 76. As is fully described in
      copending application U.S. Ser. No. 417,016 rotation of the handle 75
      causes the feed rollers 61 to be lifted from the stack on the paper tray.
      The paper tray is rolled from the compartment 31 on the rollers 175 (to
      the right in FIG. 2).
PAR  The handle 204 is rotated through 90.degree. so that the spring loaded
      plunger 201 is ejected from a recess 203 by sliding up the boundary of the
      recess which merges smoothly into the generally cylindrical surface of the
      bar 202. The rear guide 154 of the tray is then moved to approximately the
      newly required position the lug sliding along the cylindrical surface of
      the bar, after which the register bar 202 is turned so that the symbol on
      the handle is opposite the M or E on the tray. This rotation of the bar
      202 will bring the appropriate set of recesses 203 into line with the
      spring loaded lug 201. The rear guide 154 is now moved further towards its
      required position, at which the spring loaded lug 201 will spring into the
      appropriate recess 203. This arrangement has the advantage that the
      separation of the front and rear guides 153, 154 of the tray is
      controlled, and (unless the operator homes in on the wrong recess) the
      stack of sheets in the tray cannot be left too loosely or too tightly in
      the tray, either of which conditions would adversely effect the accuracy
      of feeding of the sheets.
PAR  A similar register bar 207 is provided to control the location of the block
      166 of the right hand end guide 164. The block 166 is connected to the end
      guide 164 through a slot 167 via pins 165.
PAR  When the tray 151 is returned to the compartment, the left hand rollers 175
      engage the rails 176 and the link arm rollers roll on the floor 177 on the
      compartment 31, and the lug 184 on the underside of the tray 151 engages
      the locating device 179. When the lug 184 reaches the base of the recess
      186, the spring loaded lug 193 will latch the lug 184 in the recess 186,
      and the lug 184 will depress the plunger 191 to actuate the microswitch
      192. This microswitch 192 causes the machine logic to de-actuate an alarm
      which indicates that the paper tray is not registered, and the machine
      logic will then allow the apparatus to continue feeding the sheets from
      the tray provided that there are no other abnormalities in the apparatus
      which have been sensed by the sensing devices for the machine logic.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sheet feeding device comprising a frame, means defining a support
      surface for a stack of sheets, the surface being movably mounted in the
      frame so that the surface can be moved to either a feeding position for
      feeding sheets or to a loading position for loading sheets onto the
      surface, a first edge margin guide fixed to the surface, a second edge
      margin guide movably mounted on the surface so that the second edge margin
      guide can be moved in a direction perpendicular to the first edge margin
      guide while the surface is in the loading position, a lug movably mounted
      to and beneath the surface, means connected to the second edge margin
      guide for simultaneously moving the lug half the distance and in the same
      direction as the second edge margin guide when the latter is moved while
      the surface is in the loading position, and means mounted on the frame for
      locating the lug in a fixed position along the direction of movement of
      the second edge margin guide when the surface is moved to the feeding
      position so that a line equidistant between the edge margin guides is
      always located in a given position relative to the frame.
NUM  2.
PAR  2. A sheet feeding device comprising a frame, a support surface for a stack
      of sheets, the surface being movably mounted in the frame so that the
      surface can be moved to either a feeding position for feeding the sheets
      or to a loading position for loading sheets onto the surface, a first edge
      margin guide fixed to the surface, a second edge margin guide movably
      mounted on the surface so that the second edge margin guide can be moved
      in a direction perpendicular to the first edge margin guide while the
      surface is in the loading position, a lug, means for simultaneously moving
      the lug half the distance and in the same direction as the second edge
      margin guide when the latter is moved while the surface is in the loading
      position, the means for moving the lug comprising a lever disposed under
      the surface and pivotally connected at one end to the surface and
      pivotally connected at the other end to the second edge margin guide, the
      lug being mounted to the lever approximately equidistant from both the
      pivotal connections, and means mounted on the frame for locating the lug
      in a fixed position along the direction of movement of the second edge
      margin guide when the surface is moved to the feeding position so that a
      line equidistant between the edge margin guides is always located in a
      given position relative to the frame.
NUM  3.
PAR  3. A sheet feeding mechanism as set forth in claim 2, and further including
      a microswitch, and means for actuating the microswitch when the lug is
      located in the fixed position by the locating means.
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ABST
PAL  Method and apparatus for automatically conveying and stacking sheet
      material is provided in which the sheet material is first moved to a
      tiltable table assembly which tilts towards the vertical position to
      transfer the material from the table to a receiving means, the material
      being placed and detained on the receiving means in a substantially
      vertical position.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 145,684, filed May 21, 1971 now abandoned.
BSUM
PAR  This invention relates to means for vertically stacking sheet materials
      such as glass, stainless steel, steel, aluminum, etc., and more
      particularly, to brittle materials, such as sheet glass.
PAR  In accordance with the present invention sheets of material are
      horizontally conveyed from areas such as a cutting, shearing or
      manufacturing units by conventional means, to an automatic stacking
      apparatus. The stacking apparatus comprises a tiltable table assembly onto
      which the sheet material is moved, which table assembly is then tilted to
      move the sheet material towards a vertical position. Just below the table
      assembly and in front of it, a receiving means is provided onto which the
      sheet material is placed by the tilting motion of the table assembly. For
      best results, means are provided to limit the effect of shock on the sheet
      material prior to moving it onto the receiving means to permit the
      continuous stacking of the material in a vertical position.
PAR  Often, the material handling system described herein will be required to
      handle sheets of material which are longer than the tilting table
      assembly. Problems can arise in the handling of brittle materials, such as
      glass, where the sheet overhang is great. To avoid breakage in situations
      where sheet length is longer than the table by a factor of about two, it
      is preferred to utilize one or more extensible arms on the table which are
      movable into position to support the sheet during tilting movement of the
      table.
PAR  The extensible arms may be permanently extended if desired. However, to
      avoid generating unnecessary friction as the sheet moves over the arms, it
      has been found desirable to at least permit the leading edge of the sheet
      to clear the portion of the arms which contacts the sheet before
      permitting the arms to contact the sheet.
PAR  In many instances in which sheet material is conveyed between stations, the
      sheet may become skewed or move off center with reference to its direction
      of travel. Since the material handling system of the instant invention is
      primarily used to place sheets in a vertical stack, it is preferable to
      have the edges of each of the sheets in the stack in substantial
      alignment. This is achieved in accordance with one aspect of the present
      invention by providing a shifting capability for the tilting table.
PAR  In order to use the table shifting capability to advantage, one or more
      conventional sensors such as a photocell or pressure sensitive switch, are
      located along the line of sheet material movement, preferably on the line
      the outermost edge of the sheet would traverse if the sheet were not
      skewed or off center. For best results, the sensor is made operable when
      the sheet material reaches the forward end of the tilting table. If the
      sheet is positioned to cover the sensor, no signal is transmitted to
      operate the table shifting mechanism. If the sheet is positioned away from
      the sensor, then the sensor will operate an external circuit to energize
      the means for shifting the table. Shifting motion will continue until the
      sheet has been positioned to cover the sensor at which point the shifting
      motion will cease. If desired, means may be provided to automatically
      return the table to its original position after the sheet has been removed
      from the table.
PAR  The sensor described above is used as a relay or simply to activate another
      circuit in a conventional and known manner. The table shifting mechanism
      is preferably a conventional motor, but other means for shifting the table
      may be provided if desired.
DRWD
PAR  Referring now to the drawings, wherein preferred embodiments of the
      invention are depicted, and wherein like numerals refer to like parts:
PAR  FIG. 1 is a top plan view of the sheet material stacking apparatus in
      accordance with the present invention; and
PAR  FIG. 2 is a side view of the apparatus of FIG. 1.
PAR  FIG. 3 is a detail of a section of FIG. 2, showing switch means for
      initiating tilting motion of the table.
PAR  FIG. 4 is another detail of a section of FIG. 2 showing means for
      controlling and implementing the stacking of the sheet material.
PAR  FIG. 5 is a side view of another embodiment of the apparatus shown in FIGS.
      1 and 2.
PAR  FIG. 6 is a front view of the apparatus shown in FIG. 5.
PAR  FIG. 7 is a side view showing another operating position of the apparatus
      shown in FIG. 5.
PAR  FIG. 8 is a plan view showing another operating mode of the apparatus shown
      in FIG. 1.
PAR  FIG. 9 is a side view of the apparatus of FIG. 8.
PAR  FIG. 10 is a plan view of FIG. 8 adapted to carry a plurality of sheet
      materials.
DETD
PAR  Referring now to the drawings, numeral 10 denotes a conventional conveyor
      belt for carrying sheet material from one station to another. A tiltable
      table assembly 12 is provided at one end of the conveyor 10, the table
      assembly having a pair of extendable rails 14 which parallel the sides of
      the conveyor so that the supporting area of the tiltable table assembly 12
      can be effectively increased. Tiltable table assembly 12 is mounted on a
      rotatable shaft 16 driven by conventional means (not shown) such as an
      electric motor. If desired, switch means 18 may be provided to control
      movement of the electric motor and thereby the shaft 16, or movement of
      the tiltable table assembly may be controlled by other means as described
      hereinbelow.
PAR  As sheet material is moved onto the tiltable table assembly 12, switch 51
      (FIG. 3) energizes air cylinder 11 to rotate tiltable table assembly 12.
      As the tiltable table assembly moves toward the vertical position, the
      sheet material is transferred off the tiltable table assembly and onto the
      bed 21 of the receiving means in a vertical position.
PAR  To provide for the stacking of more than one sheet of material, the sheet
      material receiving means is made movable in the horizontal direction as
      indicated by arrow 22 in FIG. 2. Movement of the sheet material receiving
      means is automatically controlled by a plurality of switches 25 (FIG. 4)
      contained in the bottom of frame member 26 which surround the sides and
      front of the tiltable table assembly 12. Mounted under tiltable table 12
      and at the bottom of frame member 26 is a pressure cylinder assembly 28 of
      conventional construction for controlling the movement of the sheet
      material receiving means 20.
PAR  More specifically, as the sheet material is moved to the vertical position
      by the tilting table 12, the edge of the sheet material is caused to
      contact pad 33 causing pad arm 35 to move downwardly to operate the switch
      means 25. Switch means 25, in turn, operates a conventional air cylinder
      23. Cylinder 23 has a piston therein (not shown) to which pad arm 35 is
      pivotally connected (not shown). This cylinder cycles pad 33 back out of
      the way of the sheet material. A spring 54 pulls the pad arm 35 up when
      the pad arm is free from under the sheet material. Switch means 25 is
      released and cylinder 23 returns forward, pushing sheet material receiving
      means 21 back the length of cylinder 23's stroke. This length is a
      distance such that the sheet material is one thickness away from roller
      32. Conventional cylinder assembly 28 maintains a constant forward
      pressure on receiving means 21, and is used to return the receiving means
      to start position.
PAR  For properly handling the sheet material as it is being tilted and for
      stacking the sheet material on the sheet material receiving means with a
      minimum of free air space between sheets, a plurality of rolls 32, mounted
      on frame member 26, is provided. The rolls 32 may be freely rotatable or
      mounted on a common shaft for synchronized rotation. The common shaft may
      be driven by either hydraulic means or electric means 45 (FIG. 8).
      Rotation is initiated when the tilting table has tilted sufficiently to
      contact a switch (not shown) to complete the circuit to the drive unit,
      rotation continuing until the switch is released by the return motion of
      the tiltable table 12. As tiltable table assembly 12 moves toward the
      vertical position, the sheet material's lower edge moves onto the rolls
      and the sheet material is lifted out of holding lip 36, thereby being free
      to move from the rolls onto the receiving means. To properly implement
      this, tiltable table assembly 12 is provided with a plurality of
      indentations or slots 34 to permit rolls 32 to pass through the table
      assembly. For best results, a holding lip 36 is provided over at least a
      portion of the front of the tiltable table assembly to retain the sheet
      material in position on the table until contact is made with the rolls.
      Holding lip 36 is provided with a stop and a return (both unnumbered), the
      return being spaced from the surface of the table. The edge of the sheet
      is slid into the space between the surface of the table and the return
      until it abuts the stop. when the table is tilted, the return prevents the
      sheet from flipping backwardly off the table, thereby permitting the table
      to carry sheets which are longer than the table. It can be readily
      appreciated that if contact is made with the forward portion of the rolls
      32, as the table is further tilted, the leading edge of the sheet material
      will be moved towards the center portion of the rolls by the rotation of
      the rolls. This movement will cause the sheet material to be moved
      somewhat vertically downward as it follows the contour of the rolls and
      thereby lifted out of the restraint imposed by the lip 36. Synchronized
      rotation of all rolls driven as shown in FIG. 8 tends to positively move
      the sheet material over lip 36 without depending on the weight of the
      sheet to cause roll rotation.
PAR  To provide for a minimum amount of shock, a pair of uprights or posts 38 is
      provided on either side of the sheet material receiving means 20. Movably
      mounted on these uprights is a cushioning bar 40. Cushioning bar 40 is
      movably mounted on the uprights 38 by conventional means (not shown) such
      as a simple telescoping track or tube to permit vertical positioning of
      the cushioning bar in any position desired. The cushioning bar is set at a
      height level coincident with the uppermost portion of the sheet material
      to be stacked. The cushioning bar is provided with a conventional
      cushioning material 42 such as felt, or other soft substance which, as the
      sheet material nears vertical, acts as an abutment surface against
      uncontrolled rotating motion of the sheet material. Without the presence
      of this cushioning bar, the sheet material may continue to pivot into the
      sheet material previously stacked with consequent damage.
PAR  Another embodiment of the apparatus shown in FIGS. 1 and 2 is shown in
      FIGS. 5 through 7. Movable extension members or arms 53, capable of
      permitting the free movement of the sheet material to the accumulator as
      well as providing means for handling sheet material, extend lengthwise
      beyond the supporting surface area of tiltable table assembly 12. The
      extension members 53 pivot around the tiltable table assembly in a fixed
      angle and may be driven by either electric or preferably the hydraulic
      means 41 shown. Since the extension member is pivoted around shaft 46 of
      the tiltable table assembly, it will also follow the rotation of the
      supporting surface of the table assembly. The operation of the extension
      members is shown in FIGS. 5 and 7. In order that the sheet material is
      able to move from the conveyor belt 10 to the tiltable table assembly
      without interference, it is preferred that the extension members be in a
      position below that of the sheet material, such as shown in outline in
      FIG. 5.
PAR  Extensible arms 53 have a front portion or pads 55 adapted to contact the
      sheet material. The rear portion 54 is simply an arm and can be any length
      depending on the length of sheet material it is desired to have the
      material handling system cope with. Although not shown, it is possible to
      make the arms 53 telescoping to increase or decrease their length to
      permit the system to handle additional sheet lengths.
PAR  In a situation in which the arms 53 are to be fixed, the minimum length to
      be used is chosen equal to the length of sheet which will break (if glass)
      or bend unduly due to excessive overhang. This length can be chosen using
      any breakage or bending factor desired, i.e. if 5% of the glass breaks,
      then extension arms 53 are to be used. For best results, the arm length
      should be set to that length needed to support sheet lengths which bend or
      break on a regular, although small, percentage basis. Generally, for
      glass, the length of arm is chosen to support glass sheet having a length
      twice that of the table regardless of glass thickness.
PAR  To avoid interference between pads 55 and the sheet material, the leading
      edge of the sheet material should clear the pads before the pads are
      brought into contact with the sheet. As shown in FIG. 5, a conventionally
      driven roll or series of rolls (one only shown) 56 is positioned forward
      of the pads 55 to engage the sheet to help pull the sheet over the pad and
      onto the table. Preferably, the sheet will be permitted to engage rolls 56
      before the pads 55 contact the sheet to avoid having the pads interfere
      with sheet movement. Of course, the sheet may be permitted to move to the
      lip 36 of the table before the pads 55 are brought into contact with the
      sheet if desired.
PAR  FIGS. 5, 6 and 7 detail the operation of extension members 53. After the
      sheet material is in position for rotation, but prior to actuation of the
      tilting means, such as air cylinder 11, hydraulic means 41 is actuated to
      rapidly place the extension members 53 into the supporting position as
      shown in FIGS. 5, 6 and 7. Actuation of the tilting means rotates both the
      surface of the table assembly and the extension members supporting the
      sheet material from the horizontal to the vertical position. After the
      sheet material has been deposited onto bed 21, the extension members 53
      are retracted by hydraulic means 41 to its initial position prior to the
      entry of a subsequent sheet of material. Preferably, extension members 53
      are retracted prior to the return of the table 12 to horizontal to shorten
      the arc prescribed by the extension member in its return to the position
      shown in FIG. 5 (dotted lines). This permits closer spacing of adjacent
      oncoming sheets to increase the number of sheets which can be handled by
      the system during a given period of time.
PAR  Another embodiment of the apparatus of FIGS. 1 and 2 is shown in FIGS. 8
      and 9. This embodiment incorporates means for shifting the supporting
      surface area of the tiltable table assembly to correctly position sheet
      material received from the conveyor belt in a misaligned or skewed
      position with respect to the direction or movement of the sheet. In FIG.
      8, sheet material is shown entering the tiltable table assembly skewed
      with respect to the line of movement 58 of the sheet. A sensor 43,
      positioned on one side of the sheet, is activated by switch 51 when it is
      contacted by the sheet. The sensor may be any conventional sensor such as
      a photoelectric cell or a pressure sensitive switch conventionally
      connected to the circuit for energizing motor 44. Motor 44 may be any
      conventional motor connected to a standard AC source, the sensor being
      conventionally connected into the circuit delivering power to the motor to
      control motor actuation.
PAR  The table 12 in this embodiment has two sections 59 and 60 which are
      slidably connected together through a common shaft 61 so that section 59
      can move relative to section 60. Motor 44 is mounted on section 60 and is
      of the rotating type having a screw 62 mounted thereon. Screw 62 is in
      turn connected to table section 59 via threaded block 47. Rotational
      motion of screw 61 will move table section 59 relative to table section
      60.
PAR  Sensor 43 is located along the side of the table as shown in FIGS. 8 and
      10. As shown, the sensor is located such that the sensor centerline and
      edge of the sheet will coincide when the sheet material is correctly
      positioned on the table section 59.
PAR  The sensor 43, switch 51 and motor 44 are on a single conventional circuit.
      Both switch 51 and sensor 43 must be out of the motor circuit in order to
      activate motor 44. As shown in FIG. 8, sheet 64 is askew with respect to
      arrow on line 58 such that the edge 65 of the sheet will not contact
      sensor 43. When the sheet contacts lip 36, it will straighten out, as
      shown, but the edge 65 will not be in line with sensor 43. When switch 51
      is activated by the sheet, it will activate motor 44 unless sensor 43 is
      covered by the sheet. When motor 44 is activated, the entire table section
      59 will shift to the right as viewed in FIG. 8 until the edge 65 of sheet
      64 covers sensor 43, at which time shifting motion will cease. After the
      sheet has been removed from the table and deposited in the receiving
      means, the motor 44 will automatically reverse itself and return the table
      section 59 to its prior position. The circuitry for achieving this is well
      known and simply consists of a relay and a switch in the motor circuit for
      deactivating the motor when the motor or table has returned to the
      selected position.
PAR  FIG. 10 shows a two table arrangement similar to FIG. 8 except that two
      individual tables each capable of independent shifting motion as shown in
      the drawing.
PAR  While only a limited number of embodiments of the foregoing invention have
      been expressly described, it is nonetheless to be broadly construed and
      not to be limited except by the character of the claims appended hereto.
      Although the foregoing has been drawn to sheet material, it is to be
      understood that this apparatus is especially adapted for the handling of
      brittle and easily fractured materials such as glass.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet material accumulator comprising: a tiltable table movable from
      horizontal position towards vertical and on which the sheet material is
      normally carried in a horizontal position, said tiltable table having a
      lip thereon for retaining sheet material on said table during tilting
      thereof, said lip comprising a stop located at the end of the table and a
      return on said stop, said return being spaced from the table a distance
      sufficient to permit the edge of the sheet to slide between the table and
      return, means for tilting said table to move said sheet material towards
      vertical position; means for removing said sheet material from said table
      after said table has moved a selected distance toward vertical position;
      means for receiving said sheet material and means for reducing contact
      shock when said sheet material is placed on said receiving means.
NUM  2.
PAR  2. The accumulator according to claim 1 wherein said roll is driven, and
      means for driving said roll to forceably lift said sheet material over
      said lip.
NUM  3.
PAR  3. The accumulator according to claim 1 wherein said receiving means
      further comprises a horizontally moveable bed.
NUM  4.
PAR  4. An accumulator according to claim 3 further comprising switch means for
      controlling the horizontal movement of said bed, said switch means being
      actuated by being contacted by said sheet material as the sheet material
      nears the vertical position, and means for first moving said bed in a
      direction away from said table when said switch is actuated to receive
      said sheet material and then back toward said table a predetermined
      distance less than the distance moved away from said table.
NUM  5.
PAR  5. An accumulator according to claim 4 further comprising pressure means
      for coacting with said bed as it moves back toward said table, said
      pressure means terminating movement of said bed after a predetermined
      pressure has built up therein.
NUM  6.
PAR  6. An accumulator as claimed in claim 1 further comprising extensible arms
      mounted on one end of said table, said extensible arms being moveable from
      a first retracted position in which the extensible arms are located under
      the said tiltable table when said table is in a horizontal position to a
      second position in which said extensible arms are substantially parallel
      to the surface of the said table to support sheet material on said table,
      and means for moving said extensible arms between said two positions.
NUM  7.
PAR  7. An accumulator as claimed in claim 6 wherein each extensible arm
      comprises an arm and a pad mounted thereon, said pad contacting said sheet
      material when positioned parallel to the surface of said table, and means
      for moving said pad into contact with said sheet material after the
      leading edge of said sheet material has moved past said pad.
NUM  8.
PAR  8. An accumulator as claimed in claim 7 wherein said extensible arm is
      pivotably mounted on one end of said table, said extensible arm being
      pivotable from a vertical position below said table to a horizontal
      position parallel to the surface of said table, said arm and pad extending
      the table to permit the table to carry material sheets which normally
      extend beyond the table.
NUM  9.
PAR  9. An accumulator as claimed in claim 7 wherein said extensible arm remains
      parallel to the surface of said table during tilting movement of the table
      towards vertical, and means for pivoting said extensible arm away from
      said parallel position before said table has been returned to horizontal
      position to permit placement of the next sheet material on said table
      without interference from said pad.
NUM  10.
PAR  10. The accumulator according to claim 1 wherein said contact shock
      reducing means comprises means for restricting the pivoting motion of said
      material sheet as said sheet is placed on said means for receiving said
      sheet material.
NUM  11.
PAR  11. The accumulator according to claim 10 wherein said contact shock
      reducing means further comprises a bar adjacent the extreme edge of the
      free end of the pivoting sheet material, said bar having cushioning means
      thereon for absorbing the kinetic energy of said free end as the sheet
      material is pivoted from said tiltable table.
NUM  12.
PAR  12. The accumulator according to claim 1 wherein said means for removing
      said sheet material from said table comprises a plurality of indentations
      in said lip and a plurality of rolls positioned below said tiltable table,
      said rolls being adapted to pass through said indentations as said table
      is moved to said vertical position to lift said sheet material out of said
      lip and onto said receiving means.
NUM  13.
PAR  13. The accumulator according to claim 12 wherein said indentations extend
      into said table for a selected distance.
NUM  14.
PAR  14. A sheet material accumulator as claimed in claim 1 further comprising
      means for depositing a sheet of material in a selected lateral position on
      said receiving means comprising sensing means for detecting lateral
      misalignment of said sheet material on said table, means for laterally
      shifting said table activatable by said sensing means, said table being
      movable from a position in which said sheet material is misaligned with
      respect to said receiving means to a position in which said sheet is
      aligned with respect to said receiving means.
NUM  15.
PAR  15. The accumulator according to claim 14 wherein said sensing means
      comprise a plurality of optical sensors mounted below said table, and an
      opening in said table positioned above said optical sensors to permit said
      sensors to sense the absence or presence of a sheet of material above said
      opening.
NUM  16.
PAR  16. The accumulator according to claim 14 wherein said table has a sheet
      material supporting surface and a lower surface, said sheet material
      supporting surface being mounted for lateral movement on said lower
      surface.
NUM  17.
PAR  17. A sheet material accumulator as claimed in claim 16, wherein said
      shifting means further comprises a motor having a screw thereon, said
      motor being mounted on the lower surface, and said screw being in
      complementary threads rotationally mounted on said supporting surface,
      whereby rotation of said screw will laterally shift said supporting
      surface.
NUM  18.
PAR  18. The accumulator according to claim 14 wherein said means for laterally
      shifting said table returns said table to a first preselected position
      after each sheet of material is moved onto said receiving means.
NUM  19.
PAR  19. The accumulator claimed in claim 14, wherein said shifting motion is
      initiated only when said sheet material does not cover said sensor, said
      motion continuing until said sensor has been covered by said sheet
      material.
NUM  20.
PAR  20. The accumulator claimed in claim 14 further comprising switch means in
      said table, said sensor being unable to activate said shifting means until
      said switch means has been activated by said sheet material.
NUM  21.
PAR  21. A sheet material accumulator comprising: a tiltable table movable from
      a horizontal position towards vertical and on which the sheet material is
      normally carried in a horizontal position; a lip on said table for
      retaining said sheet material during movement of said table towards
      vertical position, said lip comprising a stop located at the end of the
      table and a return on said stop, said return being spaced from the table a
      distance sufficient to permit the edge of the sheet to slide between the
      table and return, means for tilting said table to move said sheet material
      towards vertical position; means for lifting said sheet material over said
      lip and means for receiving said sheet material, said means having a
      horizontally movable bed to accommodate one or more units of the sheet
      material; switch means for controlling the horizontal movement of said
      bed; and means for reducing contact shock as the sheet material is placed
      on said receiving means.
NUM  22.
PAR  22. An accumulator according to claim 21 wherein said lifting means
      comprises one or more rolls positioned below said table, said table having
      one or more slots therein to permit the rolls to pass through said table
      as the table is tilted towards vertical, said rolls being positioned under
      the said sheet material when the table is near vertical whereby said rolls
      will move the sheet material over said lip and onto said receiving means.
NUM  23.
PAR  23. An accumulator according to claim 21 further comprising a pair of posts
      positioned on either side of said bed, a cushion bar mounted on said
      posts, said bar having cushioning material thereon whereby as said tilting
      table moves towards vertical position, said sheet material contacts said
      cushion bar to reduce the force at which said sheet material would
      otherwise move onto said receiving means.
NUM  24.
PAR  24. A sheet material accumulator comprising a tiltable table movable from a
      horizontal position towards vertical and on which said sheet material is
      normally carried in a horizontal position, said table having a sheet
      material holding lip thereon, said lip comprising a stop located at the
      end of the table and a return on said stop, said return being spaced from
      the table a distance sufficient to permit the edge of the sheet to slide
      between the table and return, means for receiving said sheet material
      positioned below said table and being movable to accept more than one unit
      of sheet material thereon, switch means mounted for operation as said
      table is tilted to initiate movement of said receiving means, a cushioning
      bar positioned in front of said table to halt forward movement of said
      sheet material as the sheet material is being tilted to permit said sheet
      material to be gently positioned on said receiving means, rolls positioned
      below said table, said table further having slots therein to permit the
      rolls to pass through said table as the table is tilted to the vertical,
      said rolls being positioned under the said sheet material when the table
      is near vertical whereby said rolls will move the sheet material over said
      lip and onto said receiving means as said table is moved further towards
      vertical position.
NUM  25.
PAR  25. A sheet material accumulator comprising a plurality of side-by-side
      receiving means for receiving sheets of material, a plurality of
      side-by-side tiltable tables equal in number to said receiving means and
      tiltable in unison, each said table having a lip on one end thereof for
      retaining said sheets on said table during tilting movement; means for
      feeding sheet material onto said tables and means for lifting said sheet
      over said lip when said table has moved to a selected vertical position,
      each of said receiving means having a horizontally movable bed to
      accommodate one or more units of said sheet material, switching means for
      controlling the horizontal movement of each said bed, means for reducing
      contact shock on each said receiving means, and means for laterally
      shifting each said table assembly independently of the other said tables
      to realign a sheet of material on said table which is askew to a selected
      position, sensing means for sensing the misalignment of said sheet
      material and for activating said means for laterally shifting the said
      table assembly to compensate for said misalignment so that each sheet
      placed on a receiving means is in substantial alignment with other sheets
      previously placed on said receiving means, said means for laterally
      shifting said table returning said table to its original position after
      said sheet has been deposited on said receiving means.
NUM  26.
PAR  26. A sheet material accumulator comprising a tiltable table movable from
      horizontal position towards vertical and on which the sheet material is
      normally carried in a horizontal position, lip means on said table for
      retaining said sheet material on said table during tilting motion thereof,
      said lip comprising a stop located at the end of the table and a return on
      said stop, said return being spaced from the table a distance sufficient
      to permit the edge of the sheet to slide between the table and return,
      means for tilting said table to move said sheet material towards a
      vertical position, means for moving said sheet material over said lip
      after said table has moved to said vertical position; means for receiving
      said sheet material positioned in front of said table and having a
      horizontally movable bed to accommodate a plurality of sheets thereon, and
      switch means for controlling the horizontal movement of said bed, said
      switch means being actuated when contacted by said sheet material during
      the time said sheet material is being deposited on said bed; and means for
      moving said bed in a direction away from said table when said switch is
      actuated to receive said sheet material.
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ABST
PAL  The printed sheet guide mechanism in an offset printing press comprises a
      stay provided parallel to a delivery roller which is in frictional contact
      with the eject rollers to rotate therewith, and a pair of guide members
      each of which has a slanted or curved guide flap. Each of the guide
      members is secured to the stay so that they are adjustable in their
      lateral movement, and is also so adapted as to hold at its both edges the
      printed sheet delivered out passing between the eject rollers and delivery
      rollers. The guide flap provided in each guide member is designed to bend
      or curve both edges of the printed sheet to give stiffness thereto.
BSUM
PAR  This invention relates to a printed sheet guide mechanism in an offset
      printing press.
PAR  In the offset printing presses in general, a delivery roller is provided on
      the sheet delivery side of the impression cylinder to guide the printed
      sheet onto the delivery board. However, according to these offset presses
      used heretofore, the printed sheet would be rolled up on an operating
      cylinder during delivery or would be delivered ununiformly to the delivery
      board. Such roll-up was bound to take place particularly when the sheet is
      thin and weak in body strength. This obliged interruption of the printing
      operation and necessitated troublesome treatments after the printing
      operation, resulting in reduced printing workability. They also involved
      the problem in maintenance and management of the machine.
PAR  In order to solve the above-said problems, it has been attempted to provide
      eject rollers designed to make frictional rotation with the delivery
      roller so as to give stiffness to each printed sheet to thereby prevent
      roll-up or non-uniformity of the sheets on the delivery board. According
      to these means, however, the portion of each sheet pressed by the eject
      rollers is restricted positionally in order to avoid soiling of the
      printed face, so that it was difficult to give the sheet stiffness strong
      enough to perfectly prevent roll-up of the sheet. Therefore, the troubles
      resulting from such roll-up of the sheets have been caused frequently
      particularly when the sheets used are thin.
PAR  The object of the present invention is to provide a printed sheet guide
      mechanism whereby each printed sheet delivered out after having been given
      certain stiffness by use of the eject rollers is given additional
      stiffness at a suitable selected position so as to perfectly prevent
      roll-up of the sheets while allowing orderly delivery thereof onto the
      delivery board.
DRWD
PAR  The above-said and other objects and advantages of the present invention
      will become apparent from a consideration of the following detailed
      description of the invention taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a front view of a printed sheet guide mechanism according to the
      present invention, with parts absent in the drawing;
PAR  FIG. 2 is a side elevational view showing distinctly, with some
      exaggeration, the positional relation between the sheet guide mechanism of
      the present invention and the printing press adapted with the mechanism;
      and
PAR  FIG. 3 is a perspective view of a guide member secured to a stay.
DETD
PAR  Referring first to FIGS. 1 and 2, it will be seen that a delivery roller 1
      is mounted pivotally in the machine frame 4 and parallel to a
      rubber-blanketted cylinder 2 and an impression cylinder 3. This delivery
      roller is connected to a driving power source through a suitable
      transmission mechanism. Provided close to both ends of and in contact with
      the delivery roller 1 are the eject rollers 5 each of which is pivotally
      supported by the ends of support arms 6 such that each the eject roller 5
      is freely adjustable in its lateral movement and able to make frictional
      rotation with the delivery roller. Pivotally supported at the other ends
      of the support arms 6 are similar eject rollers 5a which are arranged in
      contact with the impression cylinder 3 so as to make frictional rotation
      with the latter. Each printed sheet 7 travelling over the delivery roller
      1 is given preliminary stiffness by the eject rollers 5 pressed against
      the delivery roller 1. Disposed between the impression cylinder 3 and
      delivery roller 1 is a paper stopper 19 adapted to prevent the sheet 7
      from being rolled up onto the impression cylinder 3 and to guide the sheet
      7 in between the delivery roller 1 and eject rollers 5.
PAR  According to the present invention, a pair of guide members 9 each having a
      guide flap 8 are provided forwardly of the delivery roller 1 and eject
      rollers 5, that is to say, on the sheet delivery side of the delivery
      roller 1, to thereby give additional stiffness to each printed sheet 7
      (see FIG. 2). A stay 10 having a polygonal cross-sectional shape is passed
      across the body frame members 4 and parallel to delivery roller 1 and
      eject rollers 5. As shown in FIG. 3, the guide members 9 having
      respectively on their back sides a pair of elastic holding plates 11
      adapted to hold the stay 10 at its both sides are secured to the stay 10
      such that they are adjustable in their lateral movement intermittently. At
      the upper end of each the guide member 9 is provided a guide flap 8 which
      is curved or slanted so that it can upwardly bend or curve each edge of
      the sheet along its travelling direction to thereby give stiffness to the
      sheet. The stay 10 is formed with a threaded portion 12 at its one end and
      a tapped hole 13 at its other end, as shown in FIG. 1. The threaded
      portion 12 is engaged into the corresponding internally threaded hole 14
      of a bearing 15 which is threadedly secured to the body frame 4, and a
      recession 16 is formed at the inner end face of the bearing 15 to receive
      the corresponding end of the stay 10 to inhibit rotation thereof, thereby
      holding the guide members 9 at the fixed positions. A pin 17 threadedly
      secured at its one end into the frame 4 is fitted into the tapped hole 13
      at the other end of the stay 10, and a compression spring 18 is disposed
      between the other end face of the stay and the pin or the body frame 4 to
      press the stay 10 in one direction. In this way, one end of the stay 10 is
      securely held in the recession 16 to fix the stay 10 and guide members 9
      at the desired positions.
PAR  The printed sheet guide mechanism having the above-described arrangements
      operates as follows.
PAR  Each printed sheet 7 which has been printed by the rubber-coated cylinder 2
      and delivered as shown in FIG. 2 is given stiffness at its parts involving
      no possibility of soiling the printed face, that is, at the edge portions
      of the sheet when passing under the eject rollers 5, and then further
      moves forward intermittently over the guide flaps 8 of the fixed guide
      members 9 so that the sheet is curved upwardly along its travelling
      direction, eliminating any possibility of the sheet to bend downwardly or
      to be folded by its own weight. Thus, the sheet won't be rolled up onto
      the impression cylinder but is delivered in order onto the delivery board
      20. In case no paper guide is required as when using thick printing paper
      having high stiffness with little probability of suffering trouble from
      roll-up, the stay 10 is pulled in the direction of arrow a in FIG. 1 to
      free the stay end from the recession 16 and then is turned in the
      direction of arrow b in FIG. 2 to let the guide members 9 fall forwardly
      and then the stay end is fitted in the recession 16 to fix the stay in its
      inoperative position.
PAR  In the embodiment shown in FIG. 1, the guide members 9 are fixed at a
      position where they give stiffness to both edges of the printed sheet 7,
      but such position is not critical; it is possible to select other
      positions effective for preventing roll-up of the sheet. Since the guide
      members 9 are arranged to grip the stay 10 by the elastic gripping plates
      11 provided in opposition thereto, lateral movement of the stay can be
      adjusted with ease by simply moving the guide members laterally.
PAR  Thus, according to the printed sheet guide mechanism of the present
      invention, each printed sheet which has been delivered after having been
      given preliminary stiffness by combination of the delivery roller 1 and
      eject rollers 5 is further guided forwards by the curved or slanted guide
      flaps 8 formed integral with the respective guide members 9 fixed through
      the medium of the stay 10 and is again greatly curved at a more effective
      position and given additional stiffness, so that the printed sheet won't
      be rolled up onto the delivery roller but is delivered regularly onto the
      delivery board 20. The mechanism of the present invention, therefore,
      proves most effective for stabilizing delivery of the thin sheets of paper
      with low folding endurance. Each guide member 9 provided with a guide flap
      8 can be adjusted in its position by lateral movement in accordance  with
      the type and size of paper used, so as to give proper stiffness to the
      most effective position of each sheet of paper. In case the paper used is
      thick and stiff and no guide is required, the guide flaps can be placed
      aside with a simple operation to the position where they don't disturb
      paper delivery and other printing operations. The guide mechanism of the
      present invention is also simple in construction and hence low in
      manufacturing cost.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printed sheet guide mechanism in an offset printing press comprising:
PA1  a delivery roller rotatably mounted in a machine frame and contacted
      rotatably with a pair of eject rollers;
PA1  a stay secured at its both ends to the frame and disposed parallel to said
      delivery roller; and,
PA1  a pair of guide members each of which has formed integral therewith a
      slanted guide flap adapted to bend each edge of the printed sheet along
      its travelling direction to give stiffness to the sheet, said guide
      members being fixed to said stay so as to be adjustable in lateral
      movement thereof, and
PA1  wherein each of said guide members is made from a plate-like member and
      includes a horizontal portion, a vertical portion erected from the rear
      end of said horizontal portion, a sloping portion slanting downwardly from
      the top end of said vertical portion at an inclination corresponding to
      the angle at which the printed sheets are delivered, and a guide flap
      raised up with a slant from the inner side of the front end to the outer
      side of the rear end of said sloping portion.
NUM  2.
PAR  2. The printed sheet guide mechanism according to claim 1, wherein:
PA1  said frame includes a pair of upright spaced frame members; and
PA1  said stay is polygonal in sectional shape and formed at its one end with a
      shaft hole in which fits a shaft secured to one of the frame members, the
      other end of said stay being fitted into a polygonal recession provided in
      the other frame member.
NUM  3.
PAR  3. The printed sheet guide mechanism according to claim 2, wherein said
      other end of the stay is elastically pressed into the recession in said
      other frame member by a compression spring coiled around the shaft secured
      to said frame member, whereby said stay is held in position such that, if
      desired, it can be removed by pulling it against said elastic force
      applied thereto.
NUM  4.
PAR  4. The printed sheet guide mechanism according to claim 1, wherein each
      said guide member is provided with a pair of elastic gripping plates
      extending downwardly from the horizontal portion, whereby the polygonal
      stay is securely gripped thereby to fix the guide member to the stay so
      that it is movable laterally thereof.
NUM  5.
PAR  5. A printed sheet guide mechanism in an offset printing press having a
      delivery roller assembly and a pair of guide members each of which has
      formed integral therewith a slanted guide flap adapted to bend each edge
      of the printed sheet along its travelling direction to give stiffness to
      the sheet, said guide members being adjustably positionable along an axis
      parallel to the axis of said delivery roller, each of said guide members
      being made from a plate-like member and including:
PA1  a horizontal portion;
PA1  a vertical portion erected from the rear end of said horizontal portion;
PA1  a sloping portion slanting downwardly from the top end of said vertical
      portion at an inclination corresponding to the angle at which the printed
      sheets are delivered; and
PA1  a guide flap raised up with a slant from the inner side of the front end to
      the outer side of the rear end of said sloping portion.
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ABST
PAL  A baseball batting aid for use in increasing the proficiency of a batter to
      hit different types of pitched balls. The aid includes a conventional cork
      center baseball having a diametrically extending hole of a first diameter
      drilled therethrough with one end thereof counterbored. A cord is received
      through the hole and a metal sleeve member with a backup member is
      inserted into a counterbore of the hole so that the knotted end of the
      cord can be pulled back into the counterbore of the hole. A patch covers
      the opening of the counterbore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Because baseball is a popular sport, young children learn to play this
      sport in the organized "Pony League" and "Little League" teams. These
      players need to develop a proficiency at batting and such development can
      be achieved only by practice. Sufficient practice is difficult to achieve
      because of the lack of area, personnel and equipment. Batting practice
      devices using a baseball secured to the end of a cord have been proposed
      which allows the ball to be swung along a circular path by the cord so
      that the hitter can try to hit the ball. While such devices allow the
      batting practice to be accomplished in a relatively small area,
      difficulties have been encountered in keeping the ball secured to the cord
      while at the same time causing the ball to have substantially the same
      flight characteristics as a pitched baseball.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein in that almost all types of
      pitches can be reproduced for batting practice as the ball is swung past
      the batter on the end of the cord while the connection between the ball
      and the cord is sufficiently strong to withstand the voilent forces
      encountered by the ball as it is struck. Further, the joint between the
      cord and ball is extremely simple and inexpensive to construct.
PAR  The apparatus of the invention includes generally a baseball with a
      diametrically extending hole therethrough with a counterbore at one end
      thereof. A cord with a knot on the end thereof is attached to the ball
      within the ball. A reinforcing assembly connects the knot on the cord to
      the ball at the shoulder between the counterbore and hole so that the knot
      is housed in the counterbore. A sealing patch covers the open end of the
      counterbore. The reinforcing assembly includes a sleeve member with a
      smooth passage therethrough and a head flange at one end and an annular
      support member positioned around the sleeve member and between the head
      flange and the shoulder between the hole and counterbore.
PAR  An alternate embodiment of the apparatus of the invention includes
      primarily a sponge rubber baseball which has an attachment therein locked
      into the baseball that defines a central passage therethrough with a
      counterbore at one end thereof. The cord extends through the attachment
      and is knotted so that the knot rests in the counterbore to attach the
      cord to the ball. A patch covers the counterbore so that the trajectory of
      the ball as it is swung will not be effected.
PAR  These and other features and advantages of the invention will become more
      apparent upon consideration of the following detailed description and
      accompanying drawings wherein like characters of reference designate
      corresponding parts throughout the several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view illustrating the invention in use;
PAR  FIG. 2 is a perspective view of the invention;
PAR  FIG. 3 is a partial cross-sectional view of the first embodiment of the
      invention;
PAR  FIG. 4 is a side view of that embodiment of the invention shown in FIG. 3
      being assembled;
PAR  FIG. 5 is a face view of the patch used to cover the counterbore of the
      invention;
PAR  FIG. 6 is a cross-sectional view similar to FIG. 3 of a modification of the
      first embodiment of the invention;
PAR  FIG. 7 is a partial cross-sectional view taken along line 7--7 in FIG. 6;
PAR  FIG. 8 is a perspective view of an attachment member for a second
      embodiment of the invention;
PAR  FIGS. 9-11 are cross-sectional views illustrating the assembling of the
      invention using the attachment member of FIG. 8;
PAR  FIG. 12 is a perspective view of a modified attachment member of the second
      embodiment of the invention;
PAR  FIG. 13 is a cross-sectional view showing the attachment member of FIG. 12
      in use;
PAR  FIG. 14 is a perspective view of an attachment member for a third
      embodiment of the invention; and,
PAR  FIG. 15 is a cross-sectional view showing the attachment member of FIG. 14
      in use.
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept may be embodied in other forms.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, it will be seen that the apparatus of the
      invention comprises generally a baseball B attached to a handle H by a
      cord C. The trainer T shown in FIG. 1 grasps the apparatus by the handle H
      and swings the baseball B about the circle illustrated by dashed lines in
      FIG. 1 so that a batter BT can strike the baseball as it is swung by him.
      Those embodiments of the invention illustrated in FIGS. 3-7 use a cork
      center baseball while those embodiments illustrated in FIGS. 8-15 use a
      sponge rubber type baseball.
PAR  Referring specifically to FIGS. 3-5, it will be seen that the first
      embodiment of the batting aid designated 10 includes generally a baseball
      B.sub.C with a cord C attached thereto through a reinforcing assembly 11.
      The baseball B.sub.C has a spherical cork center CC with strings S wound
      therearound and a rubber covering R thereover. The covering R is shown as
      a molded rubber covering, however, the covering may be any desirable
      material such as leather so that the baseball B.sub.C corresponds to the
      actual baseball used in the particular league in which practice is
      necessary.
PAR  A diametrically extending hole 20 is drilled through the ball B.sub.C so
      that it not only extends through the cork center CC and the strings SS but
      also through the rubber covering R on both sides of the ball. The hole 20
      has a diameter d.sub.1 which is approximately the same diameter as the
      diameter of the cord C which is to extend through the ball. One end of the
      hole 20 is counterbored as indicated at 21 with the counterbore 21 having
      diameter d.sub.2 and depth d.sub.3. This forms a shoulder 22 between
      counterbore 21 and hole 20. It will further be noted that the rubber
      covering R about the counterbore 21 defines an inwardly turned lip 23
      which partially covers the end of the counterbore 21.
PAR  The reinforcing assembly 11 connects the cord C with the ball B.sub.C in
      the hole 20 and counterbore 21. The assembly 11 includes an annular
      support member 24 and a sleeve member 30 received therethrough. The
      support member 24 is circular with an outside diameter d.sub.4 slightly
      larger than the diameter d.sub.2 of the counterbore 21 with a central
      aperture 25 of diameter d.sub.5 therethrough. Diameter d.sub.5 is slightly
      larger than the diameter d.sub.1 of the hole 20 through the ball B.sub.C
      as will become more apparent. The support member 24 has an annular flange
      26 of relatively constant thickness but the flange 26 is formed so that it
      is concave on one side at 28 and convex on the other at 29. It will thus
      be seen that when the support member 24 is forced into the counterbore 21,
      the support member 24 will force the counterbore 21 open sufficient for
      the support member 24 to pass therein until the support member 24 rests
      against and is forced into the shoulder 22 between the counterbore 21 and
      the hole 20 through the ball B.sub.C. This locks the support member 24
      into position at the shoulder 22 to provide a bearing surface against
      which the sleeve member 25 can be positioned. The concave side 28 of
      member 24 serves to captivate the shoulder 22 to assist in preventing the
      shoulder from deteriorating during use.
PAR  The sleeve member 30 includes a tubular section 31 with an integral head
      flange 32 formed at one end thereof. The tubular section 31 has a circular
      side wall 34 defining a central passage 35 therethrough with a diameter
      d.sub.6 that is approximately equal to the diameter d.sub.1. The side wall
      34 has a thickness t approximately 0.007-0.010 inch thick so that the
      outside diameter d.sub.7 is slightly larger than the hole 20 through the
      ball B.sub.C. The diameter d.sub.5 of the opening 25 through the support
      member 24 is approximately the outside diameter d.sub.7 of the sleeve
      member 25 so that the tubular section 34 will be slidably received through
      the passage 25 in the support member 24. The head flange 32 is oriented
      generally normal to the axis of the tubular portion 31 so that when the
      tubular portion 31 is inserted through the aperture 25 through the support
      member 24, the head flange 32 will rest against the support member 24 to
      hold it in position. Because the diameter d.sub.7 of the sleeve member 30
      is slightly larger than the hole 20, it will be seen that the friction
      between the cork center CC and the sleeve member 30 will hold the sleeve
      member in place. It will be seen that the cord C is knotted as indicated
      at K in opposition to the head flange 32 of the sleeve member 30 so that
      the knot K is received in the counterbore 21 and bears against the head
      flange 32 of the sleeve member 30. The lip 23 on the rubber covering R
      over the end of the counterbore 21 serves to retain the knot K in place.
PAR  The primary loading on the cord C occurs at knot K. Because the inside of
      sleeve member 30 is smooth, the wear that would normally be encountered is
      greatly reduced. Also, the sleeve member 30 is sufficiently strong to
      prevent the hole 20 from collapsing when the ball is hit thus increasing
      the life thereof. Further, any flexure of the resilient cork center CC
      that occurs is isolated from the cord C by the sleeve member 30 to further
      reduce the wear on the cord.
PAR  A sealing patch 40 is positioned over the counterbore 21 on the outside of
      the rubber covering R of the ball B.sub.C to cover the opening through the
      lip 22 of covering R. Patch 40 also serves to hold the knot K in position
      within the counterbore 21. The patch 40 may be attached to the covering R
      in any conventional manner, here shown as an adhesive A.
PAR  Referring to FIG. 4, the assembly of the embodiment shown in FIG. 3 is
      illustrated. The hole 20 and counterbore 21 are first made and the cord C
      is then pulled through the hole 20 from that side opposite the counterbore
      by any suitable means such as by using a wire loop. The free end of the
      cord C is then threaded through the aperture 25 and the support member 24
      so that the concave side 28 of the support member 24 faces the ball
      B.sub.C. This is followed by the sleeve member 30 so that the free end of
      the tubular section 31 faces the support member 24 and the cord C is then
      knotted to make the knot K. The cord C is then pulled through the ball
      from the off side with respect to the counterbore 21 so that the sleeve
      member 30 is pulled toward the support member 24 until the head flange 32
      engages the convex side 29 of the support member 24. By continuing to pull
      the cord C, it will be seen that the tubular section 31 passes through the
      counterbore 21 and into the hole 20 and the support member 24 and head
      flange 32 will be forced into the counterbore 21 by deflecting the lip 22
      on the rubber covering R about the end of the counterbore 21 so that the
      support member 24, head flange 32 of the sleeve member 30 and the knot K
      can pass into the counterbore 21. As the cord continues to be pulled, the
      support member 24 is forced into the shoulder between counterbore 21 and
      the hole 20. The patch 40 is then placed over the opening through the lip
      22 in the covering R to seal the counterbore 21 and complete the
      structure.
PAR  A modification of the reinforcing assembly is shown in FIGS. 6 and 7 and
      designated 11'. The only difference between the assembly 11' and the
      assembly 11 is the annular support member 24'. Support member 24' is
      circular with an outside diameter d.sub.4 ' slightly larger than diameter
      d.sub.2 of counterbores 21 and defines a central aperture 25' therethrough
      of diameter d.sub.5 ' slightly larger than diameter d.sub.7 of sleeve
      member 30. The support member 24' has an annular flange 26' with a
      generally radially extending slit 27' therethrough. The ends 28' of flange
      26' adjacent slit 27' are displaced axially with respect to member 24' so
      that locking points 29' are provided on member 24. It will be noted that
      one locking point 26' engages the shoulder 22 while the other locking
      point 26' deforms the head flange 32 of sleeve member 30 to hold it in
      place. The reinforcing assembly 11' is installed similarly to assembly 11.
PAC  SECOND EMBODIMENT
PAR  Referring now to FIGS. 8-11, a second embodiment of the invention
      designated 110 is illustrated. The aid 110 includes generally a ball
      B.sub.S with a cord C attached thereto through an attachment member 111 as
      seen in FIG. 11.
PAR  The ball B.sub.S is relatively soft and is shown made out of a foamed
      elastomer. It is to be understood, however, that different soft materials
      may be used. The ball B.sub.S defines a diametrically extending attachment
      passage 120 therethrough having a prescribed diameter d.sub.10 as best
      seen in FIG. 9. The ball B.sub.S is resilient as will become more
      apparent.
PAR  Referring to FIGS. 8-11, it will be seen that the attachment member 111
      includes an elongate cylindrical main body 130 having a length L.sub.1
      approximately equal to the diameter d.sub.11 of ball B.sub.S and a
      diameter d.sub.12 slightly larger than the diameter d.sub.10 of passage
      120 so that the body 130 must be forced into attachment passage 120. The
      ends 131 of body 130 are generally semispherical in shape to correspond to
      the spherical shape of ball B.sub.S as will become more apparent. An
      axially extending cord passage 132 is defined through the body 130 with a
      diameter d.sub.13 slightly less than the diameter of cord C so that cord C
      has a force fit with body 130. The outboard end of body 130 defines a
      counterbore 134 therein concentric with respect to passage 132 and having
      a diameter d.sub.14 larger than diameter d.sub.13. This defines a shoulder
      135 between passage 132 and counterbore 134 within body 130.
PAR  A plurality of interconnecting spines 140 extend generally radially outward
      from the body 130 at circumferentially and axially spaced positions
      thereon. The spines 140 are relatively thin elongate members integral with
      body 130 and are resilient so that the spines can be forced to bend back
      against the side of body 130 as seen in FIG. 10 but return to a generally
      radially extending position when released because of their natural
      resiliency. A sharpened deflecting tip 141 is provided on the end of each
      of the spines 140 that angle toward the outboard end of body 130. Thus,
      when the body 130 is inserted through the ball B.sub.S, outboard end
      first, the spines 140 are forced to bend until they are generally parallel
      to the exterior surface of body 130. The start of this operation is seen
      in FIG. 9. The body 130 is pushed through the passage 120 to the position
      seen in FIG. 10 so that the outwardly facing tips 141 lie at the position
      in passage 120 at which the bases of spines 140 are to be located upon
      completion of assembly. The body 130 is then pushed back through passage
      120 until the ends 131 are generally flush with opposite sides of ball
      B.sub.S. As the body 130 is pushed back through passage 120, the tips 141
      pierce the ball B.sub.S and cause the spines 140 to straighten back to
      their radially extending positions as seen in FIG. 11. This serves to lock
      the member 111 within the ball B.sub.S. Further, the outside of body 130
      and spines 140 may be coated with an appropriate adhesive to help maintain
      the member 111 locked in place.
PAR  The cord C may be inserted through the cord passage 130 either before or
      after the installation of the member 111 in ball B.sub.S. The end of cord
      C is first forced through passage 132 and counterbore 134 and the end
      knotted at K. The knot K is then pulled back into counterbore 134 so that
      knot K engages the shoulder 135.
PAR  A patch 150 is used to seal the open end of passage 120 and counterbore
      134. The patch 150 may be attached by an adhesive A seen in FIG. 11.
PAR  A modification of the attachment member is illustrated in FIGS. 12 and 13
      and designated 111'. The member 111' includes an elongate cylindrical main
      body 130' with a length L.sub.1 and a diameter d.sub.12 similar to member
      111. A cord passage 132' and counterbore 134' are provided with a knot
      arresting shoulder 135'. A plurality of circumferentially extending
      axially spaced ribs 140' are provided about body 130' to retain the
      attachment member 111' within ball B.sub.S as will become more apparent.
      Each rib 140' has a locking face 141' facing the end of member 130'
      opposite the counterbore 134' and a tapered face 142' facing that end of
      the body 130' at the counterbore 134'. The member 111' is inserted through
      passage 120 through ball B.sub.S with that end at counterbore 134' leading
      until the member 111' reaches the position seen in FIG. 13 so that the
      ends 131' of body 130' are flush with the ball B.sub.S. The tapered faces
      142' allow this to be accomplished. The locking faces 141' engage the
      interior of ball B.sub.S about passage 120 to prevent member 111' from
      being pulled back out of passage 120. A suitable adhesive may be used to
      assist in retaining the member 111' in place. The cord C is installed
      similarly to the member 111.
PAC  THIRD EMBODIMENT
PAR  A third embodiment of the invention is illustrated in FIGS. 14 and 15 and
      is designated 210. The aid 210 includes a ball B.sub.M which has been
      molded around an attachment anchor 211 which in turn has been molded
      around a knot K on the end of cord C.
PAR  The attachment anchor 211 has a main body 220 and a plurality of outwardly
      extending protrusions 221 spaced about body 220. The body 220 may be
      molded from different materials and in different shapes, however, the body
      220 shown is spherical and is made of a thermosetting plastic. The body
      220 and protrusions 221 are made by placing the knot K on the end of cord
      C within a mold and then the anchor 221 molded or cast therearound.
PAR  The anchor 211 is then removed with the cord C attached and positioned in
      another mold where ball B.sub.M is molded thereonto. While various
      materials may be used, a foamed elastomer is illustrated.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use of modifications, substitutions and
      equivalents may be made without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A baseball batting aid comprising:
PA1  a ball having a diametrically extending hole therethrough, one end of said
      hole having a counterbore of a prescribed depth communicating with the
      exterior of said ball, said ball having a shoulder between said hole and
      said counterbore;
PA1  a cord extending through said hole and into said counterbore, said cord
      having a knot thereon within said counterbore, said knot having a larger
      dimension than the diameter of said hole;
PA1  a sleeve member comprising a tubular section positioned within said hole
      around said cord, and an annular head flange integral with that end of
      said tubular section at said counterbore, said head flange extending over
      said shoulder and positioned between said knot and said shoulder within
      said counterbore; and,
PA1  an annular support member received around said tubular section of said
      sleeve member and juxtaposed between said head flange of said sleeve
      member and said shoulder, said support member having an outside diameter
      larger than the diameter of said counterbore and said ball being resilient
      about said counterbore so that said counterbore is expanded as said
      support member is pulled into said counterbore and then contracts as said
      support member is seated against said shoulder to lock said support member
      within said counterbore.
NUM  2.
PAR  2. The baseball batting aid of claim 1 wherein said annular support member
      is concave on one side and convex on the opposite side, said concave side
      facing said shoulder and said convex side facing said annular head flange.
NUM  3.
PAR  3. The baseball batting aid of claim 2 wherein said ball has a resilient
      core and an elastomeric covering, said counterbore extending through said
      covering into said core and said covering defining a resilient lip
      partially closing said counterbore to retain said knot within said
      counterbore.
NUM  4.
PAR  4. The baseball batting aid of claim 3 further including a sealing patch
      positioned over the end of said counterbore at said exterior of said ball,
      and adhesive means connecting said patch to said ball.
NUM  5.
PAR  5. The baseball batting aid of claim 1 wherein said annular support member
      defines a slot through one side thereof, said support member internally
      stressed to cause said member on one side of said slot to be displaced
      axially with respect to said support member on the other side of said
      slot.
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ABST
PAL  A longitudinal member, with a dimple to receive a golf ball, and an
      elongated indicia design, contains a reflective insert between a pair of
      parallel walls to indicate the position of the user's eyes relative to the
      ball and also includes a retaining bar supported by said walls to
      encourage a square, accelerating putting stroke.
BSUM
PAR  This invention relates to golf putting aids and, in particular, to an aid
      for encouraging proper putting address and stroke.
PAR  Golfers have long known that it is crucial to locate one's eyes directly
      above the ball in order to putt consistently well. Only in that way is the
      best angle for viewing the line obtained. That image will be sent to the
      mind's eye and will determine if the club will be aligned squarely
      throughout the stroke.
PAR  One problem has been determining the position of one's eyes in relation to
      the ball. The usual procedure is to ask an independent observer to note
      the placement of the eyes and then adjust. Yet the observer may be faulty
      in his judgment.
PAR  The other major problem is building a smooth, repeating stroke. Many
      golfers take a too long backswing, and then as the brain realizes that the
      swing is longer than the distance of the putt requires, they ease up on
      the downswing. This leads to a glancing blow rather than a solid hit. The
      clubhead must ideally pick up speed on the downswing, reaching a peak
      acceleration at impact. This insures a smooth rolling ball rather than one
      that spins off center.
PAR  H. Gevertz, in U.S. Pat. No. 3,332,688 issued July 25, 1967, described a
      putting aid utilizing a narrow channel and various markings to helf
      develop a grooved stroke. Kay Anderson attacked the problem of detecting
      head movement during the stroke with a lenticular device as described in
      his U.S. Pat. No. 3,468,545 dated 9/23/69. Similiarly, J. W. Gillon in
      U.S. Pat. No. 2,929,631 dated Mar. 22, 1960 attached a lenticular lens to
      the putter itself in order to facilitate a golfer in positioning his eyes
      directly above the ball.
PAR  A putting aid embodying the present invention allows the golfer to
      determine, by means of a planar reflective member, the position of his
      eyes in relation to the ball. In addition, a channel design with parallel
      walls is provided to teach the user to take the clubhead back in a
      straight line and then to swing through the ball squarely. Finally, by
      practicing with a retaining bar that can be located at varying distances
      between the walls, the user is taught the proper length of backswing so as
      to facilitate accelerating the putter blade on the forward stroke.
DRWD
PAR  Other advantages and goals of the invention will become apparent by
      reference to the drawings in which:
PAR  FIG. 1 is a top plan view of a device constructed in accordance with the
      principles of the invention;
PAR  FIG. 2 is a cutaway view to simulate the golf club in its stroking motion
      with the device.
DETD
PAR  The longitudinal channel 10 has a non-reflective inner surface except for
      insert 11 which has a reflective surface. It contains a pair of parallel
      walls 12 and a visible indicia design 13 which is substantially parallel
      with the longer walls of said member. Although the indicia 13 may extend
      the full length of the channel, the objects of the invention will be
      achieved by a broken line 13 such as shown which extends for a major
      portion of the channel 10 length but which for simplification of
      manufacture is not extended through the reflective insert 11. In the
      illustrative embodiment, the channel 11 is rectangular and 15 inches in
      length. A dimple 14 is placed 3 inches from the front in order to receive
      a ball and simulate actual conditions. A dozen inches remain behind the
      dimple which is about the maximum length stroke ever used in putting.
PAR  The interior width of channel 10 in the illustration is 6 inches since the
      conventional putting club is 4 inches wide, leaving 1 inch on either side
      of the clubhead before the parallel walls 12 are touched. Having collected
      many styles of putters, the average width of the blade is 4 inches, with
      extremes from one of 31/2 inches to that of 5 inches. Taking this into
      account, the channel 10 was made 6 inches wide because any more than an
      11/4 inches on each side (with the 31/2 inch putter) would destroy the
      guiding effect of the parallel walls 12 and any less than one-half inch
      (with the 5 inch blade) would make the swing so restrictive as to make a
      smooth swing impossible. The maximum guding effect while still allowing a
      flowing stroke is designed for the 4 inch wide putting club which is the
      predominant length today. To further develop a repeating, square stroke,
      the side walls 12 were constructed, in the embodiment, as 2 inches in
      height to encourage the golfer to sole the club.
PAR  The planar reflective member 11 is rectangular and is centrally located
      just behind the dimple 14 in the disclosed embodiment. In said embodiment,
      the dimple 14 results in a slight protrusion on the underside of channel
      10. Thus, two additional dimples 18 are provided for levelling and
      stabilization purposes. The channel 10 could be composed of strictly
      reflective material. However, in the preferred embodiment, the channel,
      except for insert 11, is annodized green to simulate a putting green and
      to provide a contrast to the reflective insert 11, thereby encouraging
      concentrated viewing. The reflective member's straight, front edge
      provides a reference for aligning the clubhead squarely to the desired
      line, as indicated by the elongated indicia 13 in FIG. 1. In the
      illustration, the indicia 13 is provided with an arrow head 15 which if
      desired may be omitted. This line, 13, indicates the longitudinal center,
      where the putter blade should be located and over which the eyes should be
      placed. As the user assumes his address position above the channel, the
      image of his eyes is visible to him in the reflective insert 11 and is
      shown in relation to the indicia 13 or the longitudinal center. With the
      head properly located, the user's eye image will be in line with indicia
      11, thus aiding the user in adjusting a proper head position relative to a
      ball placed on dimple 14.
PAR  The retaining member 16 is an elongated rod structure constructed of metal
      or other suitable material. In the illustrative embodiment, aluminum was
      chosen since it is light and flexible, not likely to break if the clubhead
      strikes it when taking an excessive backswing. The retaining bar was made
      61/2 inches long in the illustration, just a bit longer than the width of
      the channel. Holes 17 to receive the rod 16 are provided in the channel at
      various intervals. In the illustrative embodiment, 10 holes are evenly
      spaced at intervals of 1 inch from 3 to 12 inches behind the dimple 14.
      This particular spacing was chosen since as the length of putts increase,
      the length of the swing should increase in intervals of about 1 inch. The
      walls were built at a height of 2 inches and the bar is suspended at 11/2
      inches above the base, this bar height prevents the premature lifting of
      the clubhead which would cause a descending blow rather than a level,
      solid hit.
PAR  In actual use, the rectangular channel 10 is placed on a supporting surface
      such as a floor or level ground. The ball can be placed in the dimple 14,
      if so desired. The putter head is placed in front of the reflective member
      11 and square to the front line of said member. The elongated indicia 13
      can also be used as a reference for the blade which should be
      perpendicular to that line.
PAR  As the golfer addresses the ball, whether in an upright or crouched
      position, his eyes are reflected in the lens and appear in relation to the
      elongated indicia 13. Ideally, the eyes should be in conjunction,
      completing the break in the arrow, with the indicia being the longitudinal
      center of the channel 10. If the eyes are inside or outside the line, the
      clubhead will be drawn inside or outside the line to compensate for the
      distorted image sent to the brain's eye.
PAR  As the club is drawn back, the parallel side walls 12 force the stroke to
      be square since a putter blade dragged inside or outside the longitudinal
      center will hit the walls. The arrow 15 is also available to provide a
      visual guide for insuring that the clubhead is brought straight back and
      then straight forward on the follow through.
PAR  Depending on the length of the putt, the retaining bar 16 can be adjusted
      to prevent the club from overswinging. The putter must be accelerated on
      the downstroke, reaching maximum speed at impact in a similar fashion to a
      plane achieving peak speed just before takeoff. The golfer must learn to
      groove the backswing, taking it back so many inches for a certain length
      putt. If the clubhead accelerates, it will remain on the intended line for
      a longer time thus maximizing the chance for a solid hit.
PAR  It will be understood that the foregoing description with the details of
      exemplary structure is not to be construed in any way to limit the
      invention, but that modifications may be made thereto without departing
      from the scope of the invention as set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A longitudinal channel the major portion of whose interior surface is
      composed of nonreflective material;
PA1  the channel having walls on the longer sides;
PA1  the channel containing a dimple in which to receive a golf ball;
PA1  a reflective area centrally located in said channel and adjacent to said
      dimple;
PA1  the channel having an elongated indicia extending down a major portion of
      the longitudinal center of the channel;
PA1  the width of the channel being slightly greater than the width of a
      standard putting clubhead;
PA1  a retaining bar provided to fit in the parallel walls through various
      openings and perpendicular to said indicia;
PA1  the parts being so constructed and arranged that the reflective area gives
      an optical indication when the eye of the user is aligned vartically above
      the longitudinal center, and on line with the center of impact.
NUM  2.
PAR  2. A golf putting aid comprising;
PA1  a rectangular longitudinal member of substantially non-reflective material;
PA1  said member having a pair of longitudinal sidewalls;
PA1  a dimple on the longitudinal axis of said member for receiving a golf ball;
PA1  a centrally located reflective area adjacent to said dimple;
PA1  a visible longitudinal indicia extending for a major portion of the length
      of said channel and equidistant from said sidewalls, and;
PA1  a movable rod member mounted in said sidewalls transverse the longitudinal
      axis of said longitudinal member.
NUM  3.
PAR  3. The combination in accordance with claim 2 wherein said indicia extends
      for the length of said longitudinal member except for the longitudinal
      dimension of said reflective area.
NUM  4.
PAR  4. The combination in accordance with claim 2 wherein said longitudinal
      member is slightly wider than the width of the average golf putter;
PA1  said average being 4 inches;
PA1  wide enough to guide the putter squarely but not so as to restrict the
      swing;
PA1  said width of channel being 6 inches so that putters ranging from 31/2 to 5
      inch stay square to the line and yet swing freely.
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ABST
PAL  A hockey stick is formed of a fiber-reinforced plastic blade integrally
      molded onto a tapered metal shank which mates with a rectangular tubular
      metal shaft or handle to form a four-plane lap joint which is bonded with
      a thermoplastic adhesive. The metal shank includes a longitudinally
      tapered recess which is filled by the molded plastic of the blade to form
      a virtually indestructible bond between blade and shank. The configuration
      provides great strength and precisely controllable flexibility with easy
      replaceability of the blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The popularity of hockey both as a spectator sport and as a participatory
      activity has created a substantial demand for hockey sticks which have
      traditionally been made of wood. As the sticks commonly receive very rough
      treatment in play, they are subject to a high rate of wear and breakage.
      It is not unusual for each player on a team to require several replacement
      sticks during a single game. Among professional players especially, there
      are strong individual preferences for hockey sticks having particular
      characteristics of size, weight and flexibility so that a large supply of
      sticks must be kept on hand to ensure that each team member will have an
      immediately available replacement of his preferred type whenever it
      becomes necessary. The cost of the sticks consumed by wear and breakage is
      appreciable, as is the burden of maintaining a large inventory of spares
      which must travel with the team.
PAR  The cost of hockey sticks is also a matter of concern to individual
      amateurs who must supply their own equipment and are not likely to carry
      spares about with them. Thus, a broken or damaged stick may terminate such
      a person's opportunity to participate at a particular time, as well as
      cause him the trouble and expense of shopping for and obtaining a new
      stick. Without the assistance of a professional's team staff, the
      individual may not readily locate a stick having his favorite weight and
      flexibility characteristics, and be forced to settle for one less than
      optimum for his playing style and ability.
PAR  Due to the severe requirements of the game, the construction of quality
      wooden hockey sticks has dictated the selection of high grade wood stock
      which is always relatively scarce and has become quite costly with
      increasing demand for use in the manufacture of hockey sticks and other
      items.
PAR  For the foregoing reasons, it is highly desirable to provide hockey sticks
      of materials other than wood which are resistant to wear and breakage as
      well as lending themselves to fabrication with consistently reproducible
      weight and flexibility characteristics. A further desirable feature is an
      easily replaceable blade, which is the portion most subject to the normal
      abuse of the game. By enabling such replacement, a player will be
      permitted to retain his favorite shaft, further reducing the cost of
      replacement and the size of the inventory which must be maintained to
      support a team with an active schedule.
PAC  SUMMARY OF THE INVENTION
PAR  A hockey stick embodying this invention has a metal handle or shaft formed
      of hollow rectangular tubing. The replaceable blade is preferably made of
      a composite material, such as fiber-reinforced plastic, which is molded
      about the lower portion of a tapered metal shank extending into the heel
      of the blade. The surface of the lower portion of the shank has at least
      one recess which is filled with the molded blade material so that a
      permanently integral structure results. The upper portion of the shank is
      mated with the lower end of the shaft in a four-plane lap joint which is
      bonded with a thermoplastic adhesive to form a union of great strength
      which may, nevertheless, be released by applying heat to soften the
      thermoplastic material.
PAR  Flexibility of the stick in the critical "throat" region is, according to
      the invention, controlled by adjusting the degree of position of the taper
      on the metal shank. In addition, the less critical playing characteristics
      of the shaft or handle may be controlled by selecting the thickness of the
      walls of the metal tube and, if desired, tapering the wall thickness on
      one or more sides of the rectangular cross-section in selected regions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a hockey stick embodying the invention;
PAR  FIG. 2 is an exploded perspective view of the lap joint by which the blade
      shank is connected to the shaft or handle of the hockey stick shown in
      FIG. 1; and
PAR  FIG. 3 is a perspective view of a hockey stick blade shank in accordance
      with the principles of the invention.
PAR  FIG. 4 is a cross-sectional view of a portion of the hockey stick blade
      depicted in FIG. 2, taken along the lines 4--4.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As shown in the drawing, a hockey stick embodying the invention comprises a
      shaft or handle 11, a blade 12 and a shank 13 interconnecting shaft 11 and
      blade 12. The shaft 11 is a hollow metal tube having a rectangular
      cross-section. Preferably, the tube 11 is of a light weight, high strength
      metal such as the aluminum alloy 2024-T6, although other materials having
      the desired characteristics may also be used.
PAR  Blade 12 is made of a material which is light weight and extremely
      resistant to breaking, cracking, splintering or chipping. The preferred
      material is a composite, fiber reinforced plastic, such as Nylon 6/6
      filled with glass fiber. Graphite fibers may also be used, and other high
      strength, injection moldable plastics may be substituted for Nylon.
PAR  Shank 13 has an upper portion 14 with a rectangular cross-section adapted
      to mate with the lower end of shaft 11 in a four-plane lap joint. In the
      preferred illustrative embodiment, the outside of the upper portion 14 of
      shank 13 is sized to make a sliding, telescopic fit inside the hollow
      center of shaft 11, and to extend a substantial distance -- for example, 2
      inches or more -- into shaft 11. The relatively large area and
      multi-planar configuration of the closely fitting lap joint results in a
      very strong junction when the parts are bonded in the preferred manner
      which is by a thermoplastic adhesive material such as that commonly used
      to cement the ferrules on fishing rods.
PAR  The lower portion 16 of shank 13 is tapered from the relatively large
      cross-section of upper portion 14 to a smaller cross-section inside the
      heel 17 of molded plastic blade 12. The tip of lower portion 16 extends
      substantially to the bottom of heel 17, and is permanently joined to blade
      12, which is molded about it as disclosed herein. Tapered lower portion 16
      of shank 13 also includes at least one blade-retaining recess 18 adapted
      to be filled with the plastic material of the blade during the molding
      process so that the bond between shank 13 and blade 12 is made more
      resistant to separation under the forces likely to be imposed on it during
      play. In the preferred embodiment, recess 18 is tapered from a relatively
      large width near its upper end to a relatively narrow width at its lower
      end. Thus, when shank 13 is joined to blade 12, recess 18 is filled by a
      wedge-like projection of molded material, which strongly resists any
      forces tending to pull blade 12 off shank 13. By making the depth of
      recess 18 a substantial fraction of the width of lower portion 16, the
      junction is also given great resistance to forces tending to twist blade
      12 on shank 13. Since the preferred material for blade 12 shrinks somewhat
      upon curing after the molding process, it contracts tightly about lower
      portion 16 of shank 13, further adding to the strength of the bond.
PAR  In the illustrative embodiment of the invention, shank 13 is smaller in
      cross-section than shaft 11 and so is adapted to fit into the lower end of
      shaft 11. By making the thickness of the molded plastic material encasing
      shank 13 approximately equal to the thickness of the walls of shaft 11, a
      pleasingly smooth appearance is achieved at the joint.
PAR  Shank 13 may be made of the same or a similar material as shaft 11, and may
      also be made of hollow rectangular tubing. The taper and blade retaining
      recess 18 of lower portion 16 of shank 13 may be formed, for example, by
      creasing the sides of the tube with a knife-edge die, and then compressing
      the portion to be tapered with a flat, inclined die so that the creased
      side-walls fold inward along the creases. The resulting recess is in the
      form of a triangular slot with its base toward the upper end and its apex
      toward the lower end of shank 13. When formed in the manner described, the
      depth of the slot will increase from zero at the upper end of shank 13 to
      a maximum at the lower end where the compression-created taper results in
      the maximum flattening of the originally rectangular hollow metal tube,
      with consequent maximum inward folding of the tube side-walls. Also, when
      formed by the method described, it will be appreciated that there will be
      a pair of such slots or recesses, as one will be produced in each of the
      two side walls of the tapered portion of the shank. However, the slot or
      recess may be formed by a variety of other processes, in which case the
      depth of the slot may vary or be uniform along the length of the shank,
      and advantageously should be about one-fourth to one-third of the width of
      the shank.
PAR  A hockey stick embodying the invention may have a shaft or handle with
      weight and flexibility precisely tailored to a player's preferences. By
      eliminating the variations attendant upon the used of wood, the desired
      characteristics are made consistently reproducible, so that a player will
      no longer have to play with other than his optimally preferred stick or
      spend time trying out various wooden sticks to find one that suits him.
      The wall thickness and cross-section of the shaft may be increased or
      decreased to provide hockey sticks to satisfy most requirements. Further
      control over the playing characteristics may be achieved by tapering the
      lower end of the shaft to provide more flexibility, or even by tapering
      the thickness of the tube wall. Tapers may be made along one or more
      dimensions to provide differing flexibility in different directions.
PAR  For most players, a relatively light but rigid shaft will be preferred, and
      flexibility will be desired in the throat portion of the blade. Here,
      variations may be provided by controlling the taper of the lower portion
      16 of shank 13. Should a player's blade become worn or damaged, the
      integral blade and shank may be removed from the shaft by heating the
      thermoplastic adhesive bonding of the lap joint, and a new assembly having
      precisely the same --or different preferred-- characteristics may be
      mounted in its place. Thus, the need to replace the handle is
      substantially eliminated. Because of the consistency, great strength and
      long wearing properties of the invention, the recurrent breakage of hockey
      sticks in play is substantially reduced and with it, the need to maintain
      a large supply of replacements for selection by team members.
PAR  Many variations and modifications are possible and may be made without
      departing from the scope and spirit of the invention. For example, the
      hollow metal handle may be filled with a plastic foam to provide a
      different feel; the shaft may be enclosed by a rubber or plastic material
      to insulate the player's hands from the metal. Still other adaptations
      will be apparent to those skilled in this art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hockey stick comprising a shaft, a blade and a shank interconnecting
      the shaft and the blade;
PA1  the shaft being formed of a metal tube having a rectangular cross-section;
PA1  the shank being formed of a metal tube having a rectangular cross-section
      with an upper portion adapted to mate removeably with the lower end of the
      shaft and a lower portion adapted to be affixed permanently to a molded
      plastic blade, the lower portion being tapered in at least one dimension
      from the upper portion to a smaller section at its lower ends and having
      at least one blade retaining recess in its surface, said recess being
      tapered from a relatively wide cross-section toward the shaft end to a
      narrower cross-section toward the blade end of the shank;
PA1  the shaft and the shank being joined in a four-plane bonded lap joint with
      the lower end of the shaft receiving and lapping the exterior of the upper
      portion of the shank;
PA1  the blade being formed of fiber reinforced plastic and molded permanently
      to the lower portion of the metal shank and substantially filling the
      blade retaining recess, with the lower end of the shank extending
      substantially to the heel portion of the blade.
NUM  2.
PAR  2. The hockey stick of claim 1 wherein the blade retaining recess comprises
      an elongated triangular notch extending along a side of the lower portion
      of the shank with its base toward the upper end and its apex toward the
      lower end of the shank.
NUM  3.
PAR  3. The hockey stick of claim 2 wherein the blade retaining triangular notch
      has a substantially triangular transverse cross-section.
NUM  4.
PAR  4. The hockey stick of claim 1 wherein the lap joint of the shank and the
      shaft is bonded with a thermoplastic adhesive material.
NUM  5.
PAR  5. A hockey stick comprising a shaft, a blade and a shank interconnecting
      the shaft and the blade;
PA1  the shaft being formed of a hollow metal tube having a rectangular
      cross-section;
PA1  the shank being formed of a hollow metal tube with an upper portion having
      a rectangular cross-section adapted to fit into the lower end of the
      hollow shaft to form a four-plane lap joint, and a lower portion tapered
      from the relatively large cross-section of the upper portion to a
      relatively small cross-section at its lower end, the lower portion of the
      shank having at least one longitudinal blade-retaining recess on its
      external surface, the recess being tapered from a relatively large
      cross-section at its upper end to a smaller cross-section at its lower
      end;
PA1  the blade being formed of a fiber reinforced plastic molded about the lower
      portion of the shank and filling the recesses with the lower portion of
      the shank extending to the heel portion of the blade;
PA1  the upper portion of the shank being fitted into the lower end of the shaft
      and bonded with a thermoplastic adhesive.
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ABST
PAL  Game racket having a rigid open cellular network defining the contact
      surface rather than the conventional stringing, the network and a frame
      being cast as a single unit and a resilient cylindrical grip being forced
      over a handle of rectangular cross section and the network consisting of
      plates whose greatest thickness is less than the width and length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A game racket having a surface for sharply contacting an air-borne game
      piece is an element in many popular games, including tennis, badminton,
      paddle ball, squash and ping-pong. Although this discussion will use the
      word "racket" to describe all such game elements, the field is sometimes
      divided into paddles, having a closed rigid contact surface, and true
      rackets, having a contact surface formed by placing a net of flexible
      string under extreme peripheral tension. The limitations of the paddle
      structure lie not only in the high swing weight (torsional inertia) of a
      normal design, but also the high wind resistance of the closed contact
      surface. Although the true racket structure overcomes many of the
      objections of the paddle structure and although the use of modern
      materials and technology have even overcome most of the drawbacks of the
      early true rackets, the fact still remains that the true racket is a
      composite structure of wood or metal and string and is, therefore,
      difficult and expensive to manufacture. It is also subject to rapid
      deterioration and warpage when exposed to the elements. These and other
      difficulties experienced with the prior art devices have been obviated in
      a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the present invention to provide
      a game racket which can be constructed with a low swing weight and low
      wind resistance.
PAR  Another object of this invention is the provision of a game racket which is
      generally homogenous in structure and can therefore be fabricated by
      simple mechanical methods.
PAR  A further object of the present invention is the provision of a game racket
      which is capable of a long and useful life with a minimum of maintenance.
PAR  Another object of the invention is the provision of a racket that is not
      subject to deterioration and warpage when exposed to the weather.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  This invention involves a game racket comprising an elongated handle having
      a grip positioned thereon suitable to be held in a human hand, an
      intermediate throat and shank portion and having a web defining a
      contacting surface, the web being rigidly held with respect to the handle,
      throat and shank portions. The web is comprised of a plurality of
      interconnected plates, each plate having the greatest thickness, a width,
      and a length, with the greatest thickness being substantially less than
      the width and the length. The length and the greatest thickness are
      oriented parallel to the contacting surface. The plates would be oriented
      so that the web would be formed as a network of open cells. The plates are
      so shaped that the network can be drawn from a mold without side action.
      The handle would be of generally rectangular cross section and the grip
      would involve a resilient cylinder forced over the handle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective drawing of a game racket embodying the principles
      of the present invention,
PAR  FIG. 2 is a close-up view of the web and contacting surface of the game
      racket illustrated in FIG. 1,
PAR  FIG. 3 is a cross-sectional view taken along the line III--III of FIG. 1,
      and
PAR  FIG. 4 is an end view of the handle and grip of the game racket illustrated
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the invention, the game racket, indicated generally by the reference
      numeral 10, is shown as having a handle 11, a throat and shank portion 18,
      a grip 12 at one end of the handle 11, and a planar web 13 at the end of
      the throat and shank portion 18. The web 13 is rigidly held with respect
      to the handle 11, and the throat and shank portion 18, is surrounded by a
      peripheral bow 14 and defines a generally planar contacting surface 15. In
      the preferred embodiment, the extreme outward edge of the bow 14 is
      covered and protected by an expendable rib 16, also shown in FIG. 3.
PAR  The web 13, throat and shank portion 18, and handle 11 are constructed of
      an opencelled network formed of a plurality of interconnected plates 17.
      In the preferred embodiment, the plates would be oriented either
      perpendicular to or parallel to the longitudinal axis of the handle. Each
      plate would have a smallest dimension, thickness FIG. 3, parallel to the
      contacting surface 15, while the other two dimensions, length FIG. 2 and
      width FIG. 3, would be oriented, one parallel to and one perpendicular to
      the contacting surface.
PAR  As shown in the cross-sectional view in FIG. 3, the thickness of the plates
      varies from one side of the network to the other. In the preferred
      embodiment, the greatest thickness would be at the central portion of the
      plate, whereas the smallest thickness would exist adjacent the contacting
      surface 15 at either side of the network. A structure in which the
      greatest thickness was adjacent one contacting surface and the smallest
      thickness was adjacent the other contacting surface would also be
      possible. FIG. 3 also shows the position of the expandable rib 16 on the
      peripheral edge of the bow 14.
PAR  FIG. 4 shows the manner in which the grip 12 is fastened to the handle 11.
      As shown, the handle 11 has a generally rectangular cross section and by
      force-fitting a resilient cylindrical tube onto the handle, a grip
      suitable for being held by a human hand is provided.
PAR  The game racket as described above, can be simply and inexpensively
      manufactured using readily available materials and forming techniques and
      can replace standard rackets in many games.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A game racket, comprising: a rigid, one-piece, homogenous frame having a
      curvilinear head portion, an intermediate throat and shank portion, and a
      handle portion integral with said head portion; said head, throat, shank,
      and handle portions having a solid cross-section; at least said head,
      throat and shank portions consisting of an entirely open-celled network of
      a plurality of interconnected plates traversing the entire area thereof
      and forming a honeycomb-like matrix; each of said plates having walls
      which are perpendicular to the plane of said racket and constituting the
      width dimension thereof; each of said plates having planar upper and lower
      surfaces parallel to the central plane of said racket, said planar
      surfaces being exposed at least at said head, throat and shank portions
      and constituting two ball contact surfaces of said head portion, the
      planar surfaces of each of said plates constituting the length dimension
      thereof; said width dimension being approximately equal to said length
      dimension; each plate further having a nonuniform thickness with one
      location of greatest thickness wherein said greatest thickness is less
      than each of said width and length dimensions and being oriented parallel
      to said contact surfaces of said racket; and hand grip means covering said
      handle portion to provide a gripping surface for the user.
NUM  2.
PAR  2. A game racket as recited in claim 1, wherein said cross-section of each
      of said plates is a lozenge-shaped.
NUM  3.
PAR  3. A game racket as recited in claim 1, wherein said open-celled network
      extends throughout said handle portion.
NUM  4.
PAR  4. A game racket as recited in claim 1, wherein said plates have a smallest
      thickness adjacent at least one of said contact surfaces.
NUM  5.
PAR  5. A game racket as recited in claim 1, wherein said matrix is in the form
      of square apertures as viewed in the direction perpendicular to said
      contact surfaces.
NUM  6.
PAR  6. A game racket as recited in claim 1, wherein said handle portion has a
      rectangular cross-section and said hand grip means comprises a resilient
      cylindrical tude.
NUM  7.
PAR  7. A game racket as recited in claim 1, wherein said frame is surrounded by
      an integral peripheral bow of like shape as each of said plates.
NUM  8.
PAR  8. A game racket as recited in claim 7, wherein the peripheral edge of said
      bow is protected by an expandable rib.
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ABST
PAL  This invention relates to a police weapon comprised of two rigid elongate
      sticks joined at one end by a flexible thong to enable disposing them side
      by side when the weapon is not being used but to permit whirling one about
      the other in use and especially to making the sticks of rigid and
      relatively flexible portions to make the weapon less lethal in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The weapon of this invention is known and used in police work as a Nunchaku
      and comprises a pair of rigid sticks made, for example, of hard wood or
      high impact plastic joined at one end by a flexible thong, for example, a
      leather thong or by a piece of braided rope. When being carried about the
      sticks are arranged in parallel relation using the thong or cord as a
      hinge and may be suspended on the belt by means of the connecting cord. In
      use the device is grasped at the distal end of one of the sticks and the
      other stick whirled about much as a flail. The device is an excellent
      defensive weapon, however, it is quite lethal. It is the purpose of this
      invention to provide a weapon of this kind which will embody the defense
      advantages afforded by it and at the same time reduce its lethal
      potential.
PAC  SUMMARY OF INVENTION
PAR  A police weapon comprising two elongate members, a flexible element
      connecting an end of one to an end of the other so that the members are
      free to be disposed side by side or end to end, characterized in that each
      member comprises a rigid portion and a relatively flexible portion and
      said flexible element connects the rigid portion of the member to the
      rigid portion of the other. The members taper from a cross section of
      predetermined diameter at the ends connected by the flexible element to a
      cross section of larger diameter at their distal ends. The rigid portions
      and the flexible portions are of substantially equal length and there is
      means for removably securing the portions to each other in axial
      alignment. The rigid portions may be comprised of hard wood or a high
      impact plastic and the flexible portions of rubber or of a flexible
      plastic. Optionally, one of the members may be comprised entirely of a
      rigid material and the other entirely of a flexible rubber-like material.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of the implement with the elongate stick-like members
      disposed side by side as they would be when the implement is carried;
PAR  FIG. 2 illustrates a position which might be assumed by one stick when
      whirled about by the other;
PAR  FIG. 3 is a plan view of the single stick showing one way of joining the
      rigid and flexible portions, and
PAR  FIG. 4 is a plan view of a single stick showing another way of joining the
      rigid and flexible portions.
DETD
PAR  Referring to the drawings, the device comprises two elongate stick-like
      members 10 and 12 joined at one end by a flexible thong or cord 14. Each
      stick is tapered from a diameter of predetermined cross section at the end
      which is connected by the thong 14 to the corresponding end of the other
      member to a cross section of larger diameter at its distal end and
      although shown herein as of circular cross section may be of hexagonal
      cross section or rectangular cross section. Portions 16 of the distal ends
      of the sticks are provided with knurling or other grooving for a hand
      grip. In accordance with this invention, to make the implement less lethal
      each stick is made up of two portions 10a,10b and 12a,12b. The portions
      10a and 12a are comprised of a hard wood or a high impact plastic. The
      portions 10b and 12b are comprised of a soft or flexible material such as
      rubber or flexible plastic. The parts 10b and 12b may be joined to each
      other in axial alignment as shown in FIG. 3 by a dowel-like extension 18
      at the end of the section 10 or 12 and a socket 20 at the adjacent end of
      the section 10b or 12b for receiving the dowel. Alternatively, the
      adjacent ends of the sections 10b and 12b may contain threaded openings 22
      for receiving a threaded coupling element 24.
PAR  The proximal ends of the rigid portions 10 and 12 are provided with
      openings 26 for receiving the thong or cord.
PAR  In use the implement is grasped by the handle portion 10b or 12b of one of
      the sticks and swung around so as to cause the other stick to be whirled
      about the distal end of the stick to be held. By reason of the improved
      construction as described above, the implement can be used for defensive
      purposes with less danger of permanent injury to the assailant, both
      because the ends of the stick which constitutes the flail is comprised of
      a soft or flexible material and because the end grip by means of which the
      other stick is being held to effect the flailing action is also flexible
      so that the force of a blow is effectively less.
PAR  Optionally, one stick, that is the stick to be held in the hand, may be
      comprised entirely of a rigid material and the other stick which is to be
      whirled about comprised of a flexible rubber-like material.
PAR  The implement has been described as being made of hard wood or high impact
      plastic and of rubber or flexible plastic, however, it is to be understood
      that it is not limited to such materials for any combination of materials
      which will provide for rigidity in the one part and flexibility or
      softness in the other part may be used. The degree of softness or
      flexibility can be chosen, taking into consideration the areas of use and
      kind of assailants expected to be encountered.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A police weapon, comprising two elongate members of equal length each
      having a portion which is relatively rigid and another portion which is
      relatively flexible such that the flexible sections will bend relative to
      the rigid sections, means connecting the members comprising a flexible
      cord connected at one end to the rigid portion of one of the elongate
      members and at the other to the rigid portion of the other of the elongate
      members so that the flexible portion of one of the elongate members
      constitutes a handle by means of which the implement is wielded and the
      flexible portion of the other elongate member constitutes an implement for
      inflicting a blow.
NUM  2.
PAR  2. A police weapon according to claim 1 wherein there is means for
      removably securing said portions to each other in axial alignment.
NUM  3.
PAR  3. A police weapon according to claim 2 wherein said removable means
      comprises mutually interchangeable threaded portions for removably
      securing them to each other in axial alignment.
NUM  4.
PAR  4. A police weapon according to claim 1 wherein the rigid portions are
      comprised of a high impact plastic and the flexible portions are comprised
      of rubber.
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ABST
PAL  A tethered ball game adapted for playing in a doorway by one or two players
      equipped with table tennis paddles. A ball is attached to one end of an
      elongated suspension member for hanging from the center of a doorway at a
      convenient height for striking the ball with the paddles. The suspension
      member has flexible filament upper and lower sections joined by an
      intermediate inertia member, preferably in the form of a straight stiff
      wire link heavier than the combined weight of the ball and the upper and
      lower flexible sections. The inertia member contributes an erratic motion
      to the ball thereby enhancing the interest of the game.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to paddle ball games and particularly to
      paddle games using a tethered ball.
PAR  2. Description of the Prior Art
PAR  Tethered ball games are well known which are intended to be played by a
      single person, and the ball is tethered by an elastic cord so that it will
      return to the player after being struck by a bat, club or paddle. In one
      such type of game a small rubber ball is tethered to the center of a
      wooden paddle by a rubber band. The player hits the ball hard enough to
      drive it beyond the unstressed length of the rubber band, thereby causing
      the band to stretch and to return the ball to the player. The object of
      the game is to repeat this process as many times as possible without
      missing the ball on its return travel.
PAR  A tennis-like game for two players using badminton-style racquets comprises
      a light weight inflatable ball on the end of a rubber band that is tied to
      the center of a bar mounted a few inches off the floor on weighted end
      supports. The players stand on opposite sides of the bar and try to hit
      the ball back and forth over the bar. The rubber band, being tied to a
      fixed point below the midpoint of the ball's normal trajectory exerts a
      pull at an angle to that trajectory when it becomes taut; whereas the
      rubber band in the first-described game exerts a pull substantially in
      line with the ball's trajectory. In both games, however, the pull is
      exerted along a straight line from the point of attachment, and the pull
      is exerted only at the end of ball travel.
PAR  In another type of tethered ball game for two players, a ball is suspended
      by a flexible cord from the top of a pole, and each player tries to hit
      the ball, either with his hands or a paddle, past the other player. If one
      succeeds, the ball will orbit the pole and come around behind the one
      player, who then tries to repeat his success and continue the ball in
      orbit around the pole in ever-decreasing circles until the cord is
      completely wound up on the pole. The functions of the cord in this game
      differ from those of the rubber band of the preceding games in that it
      exerts a continuous centripetal pull on the ball and is used to immobolize
      the ball against the pole in the fully-wrapped condition to signal the
      scoring of a point.
PAR  Although each of the tether ball games described above has its own
      distinctive characteristics and method of play, a feature common to all is
      that the tether line, whether elastic or inelastic, is uniform and
      flexible throughout its length. Thus, it exerts a pull on the ball in a
      straight line along its free length.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a tethered ball
      type of paddle game in which the tether line includes an intermediate
      inertia member for imparting erratic behavior to the ball motion.
PAR  Another object of the invention is to provide a tethered ball type of
      paddle game that can be played safely indoors in a very limited area.
PAR  Another object of the invention is to provide a paddle and tethered ball
      game that can be played by either one or two persons.
PAR  Still another object of the invention is to provide a tethered ball game
      that can be set up and taken down rapidly and easily.
PAR  It is another object of the invention to provide a tethered ball and paddle
      game that makes maximum use of available structure, and the additional
      components of which take up an absolute minimum amount of storage volume.
PAR  These and other objects are accomplished in the game of the present
      invention which comprises a ball and an elongated suspension member for
      suspending the ball from the center of a doorway at a height convenient
      for striking the ball with a paddle held by at least one player standing
      on one side of the doorway.
PAR  An important characteristic of the invention lies in the construction of
      the suspension member, which includes an upper portion, an intermediate
      portion, and a lower portion. The upper and lower portions comprise
      lengths of a flexible filament, while the intermediate portion comprises
      an inertia member that is heavier than the combined weight of the ball and
      the upper and lower filament portions. The inertia member preferably is in
      the form of an elongated rigid link, the lengths of the upper and lower
      flexible portions and the intermediate rigid link being approximately
      equal.
PAR  In the preferred embodiment of the game, the ball is between 1 and 2 inches
      in diameter, preferably between 11/2  and 13/4  inches, and weighs between
      0.1 and 1 ounce, preferably about 0.2 ounce. The upper and lower portions
      of the suspension member are formed of flexible, monofilament plastic
      line, such as nylon fishing line, and the intermediate rigid link is a
      piece of stiff wire between one-sixteenth and one-eighth inch in diameter
      and between 6 and 24 inches long, preferably between 12 and 18 inches
      long. The lengths of the upper and lower portions of the suspension member
      are approximately equal and, for a standard height of the doorway, the
      lengths of all three sections are roughly equal.
PAR  The foregoing and other features and advantages of the invention will
      become more apparent from the following description of the preferred
      embodiment with respect to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the ball and suspension member installed in
      a doorway ready for play.
PAR  FIG. 2 is a side view depicting in "stop action" typical successive
      positions of the three portions of the suspension member after the ball
      has been struck by one of the players.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a tethered ball 1 is shown suspended from the center of a door
      frame 2 by a suspension member 3 comprising an upper portion 4, a lower
      portion 5, and an intermediate portion 6. The upper and lower portions are
      flexible lightweight filaments. A particularly preferred filament material
      is monofilament nylon, but string or heavy thread also may be used.
PAR  Intermediate portion 6, an important feature of the present invention,
      functions as an inertia member, preferably in the form of a rigid
      elongated link such as a straight stiff wire between one-sixteenth and
      one-eighth inch in diameter. The wire may be looped at either end to
      provide a convenient means for attachment of the upper and lower
      filaments.
PAR  The height of the ball above the floor is typically about three feet, but
      it may be varied to suit individual players. Any convenient means can be
      used to attach the upper filament portion to the door frame, such as a
      tack or a hook and eye. For a conventional seven-foot door frame the
      overall length of the suspension member will be about 4 feet, and it is
      preferred that the upper and lower portions be roughly equal in length.
PAR  The intermediate stiff wire inertia member may be from 6 to 24 inches long,
      preferably between 12 and 18 inches long, although shorter lengths of
      heavier wire or even a concentrated mass inertia member may be used. Best
      results are obtained, however, if the intermediate member is about 15
      inches long and the upper and lower flexible filaments are of roughly the
      same length.
PAR  The inertia member should weigh more than the combined weight of the ball
      and flexible filament portions for best results. As an example, a
      preferred embodiment employs a stiff wire intermediate portion weighing
      about one-half ounce and about 15 inches long. The upper and lower
      filament portions are 40 lb. test monofilament nylon fishing line, and the
      ball is made of high impact plastic, is hollow, is about 1.7 inches in
      diameter, and weighs about 0.1- 0.2 ounce. The total weight of all the
      suspended components of the game is thus less than one ounce, making the
      game very safe for play in a confined area, such as the average city
      apartment.
PAR  Although the game may be played by only one person, it is a great deal more
      fun with two players. The players can make up their own rules if they
      like, but for greatest enjoyment it is recommended that table tennis
      serving and scoring rules be followed. Since there is no net or table,
      these rules must be modified, for example, by requiring that each player
      must hit the ball a specified distance past his opponent's side of the
      doorway, each player must strike the ball to return it to the other side,
      and if the ball hits the door frame or adjacent walls, it is out of
      bounds.
PAR  Referring to FIG. 2 (position a) the game is started by one player drawing
      the ball approximately 2 to 3 feet to his side of the doorway and striking
      it lightly with a paddle 7 (preferably about twice the size of a
      conventional table tennis paddle) to cause it to swing through the doorway
      on the end of the suspension member. As shown by the stop action sequence
      of FIG. 2, the upper flexible portion 4 and the intermediate rigid portion
      6 will tend to swing like a simple pendulum.
PAR  Depending on how hard the ball is struck, it will tend to swing ahead of
      the lower end of inertia member 6 (position b) thereby exerting a forward
      pull on that end. The period of oscillation of the ball with respect to
      the lower end of member 6 is a fraction of the period of the overall
      system; so the ball starts to swing back (position c), while the lower end
      of member 6 is swinging ahead of its upper end.
PAR  At some subsequent point in the swing (position d) the opposing player hits
      the ball back with a paddle 8. Since any sideward component of the
      striking force will cause similar complex side-swinging motion, it will be
      apparent that the ball soon adopts a highly erratic motion so that
      considerable skill is needed for each player to return the ball through
      the doorway without allowing it to strike the side posts or walls.
PAR  From the foregoing description it will be apparent that the game of the
      present invention will provide exercise and entertainment to persons of
      all ages in even a very small apartment. The tethered ball is rapidly set
      up and taken down, and by mounting it in a doorway, the limits of the
      "playing field" are established automatically. Furthermore, no furniture
      needs to be moved out of the way because no more playing space is required
      than is normally available for passage between rooms.
PAR  When taken down for storage, the game components fit easily into a small
      drawer or cabinet, yet they are ready instantly for use on the next
      occasion.
PAR  As can be seen from the various positions of FIG. 2, the relative lengths
      of the upper and lower flexible portions and the rigid intermediate
      inertia member, and the relative weights of the ball and the inertia
      member, will all affect the movement of the ball. Accordingly, these
      dimensions and weights can be varied as desired, although the preferred
      values given above provide the best combination for most players.
PAR  In addition, the paddle size may be varied from the preferred size
      mentioned above. For example, regulation ping-pong paddles may be used,
      particularly by more skillful players. For the average person, however, a
      paddle about twice that size (e.g. approximately the size of a regulation
      paddle tennis paddle) is preferable.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tethered-ball game adapted for playing in a doorway by players
      equipped with paddles comprising:
PA1  a ball between 1 and 2 inches in diameter and weighing between 0.1 and 1
      ounces;
PA1  at least one flat paddle adapted to be held by at least one player for
      striking the ball; and
PA1  an elongated suspension member for suspending the ball from the center of a
      doorway at a height convenient for striking the ball with a paddle held by
      a player standing on one side of the doorway, the suspension member having
      an upper portion, an intermediate portion, and a lower portion, the upper
      and lower portions comprising lengths of a flexible filament and the
      intermediate portion comprising an elongated thin stiff link member having
      a length of approximately 6-24 inches and weighing less than 1 ounce but
      more than the combined weight of the ball and the upper and lower filament
      portions.
NUM  2.
PAR  2. The game of claim 1 wherein the length of the intermediate portion is
      between approximately 12 to 18 inches.
NUM  3.
PAR  3. The game of claim 1 wherein the weight of the ball is between
      approximately 0.1 to 0.2 ounces.
NUM  4.
PAR  4. The game of claim 1 wherein the length of the intermediate portion is
      approximately 15 inches.
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ABST
PAL  A game system including a pair of post members each of multiple target-like
      construction adapted to be mounted in upstanding, spaced-apart relation on
      a support surface and a plurality of throwing members each of multiple
      scoring construction adapted to be thrown by accuracy of the user onto
      respective of the post members for registering the scoring areas of the
      throwing members with the target areas of the post members to achieve a
      predetermined game score.
PARN
PAR  This is a division of application Ser. No. 143,014 filed May 13, 1971 and
      now abandoned, which is a division of application Ser. No. 857,084 filed
      9/11/69 now issued U.S. Pat. No. 3,602,509.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to gaming devices and more
      particularly relates to a new and novel game system and method for playing
      the same adapted for use as an outdoor field game and/or as an indoor game
      by practically persons of all ages.
PAR  Heretofore, many types of indoor as well as outdoor field games have been
      provided for recreational and amusement as well as for physical benefits
      to the user. The game system of the present invention is referred to
      herein under the trade name "TORII" and, though different, is somewhat
      akin to the outdoor field game commonly referred to as horseshoes in which
      a series of metal shoes are pitched by the user around spaced metal stakes
      to register a score. Though popular for many years, the game of horseshoes
      has certain disadvantages for many users and/or applications. In such
      game, the metal shoes are generally of a heavy construction limiting the
      use of the game in the main to persons of greater strength and older ages.
      In addition to being somewhat difficult to handle, the metal shoes have a
      tendency to dig up or damage the ground in the area of the stakes and
      hence, generally require the provision of special earthen or clay pits
      adjacent the stakes to receive the impact from the metal shoes. Further,
      the open C-shaped construction of the metal shoes requires considerable
      skill to register a score and limits the scoring possibilities by the
      average user. For example, in the game of horseshoes scores are registered
      only by a ringer, a leaner or by one of the shoes being in close proximity
      to the stake when lying on the ground. Still further, such game is not
      only relatively expensive to produce, but is bulky and space consuming to
      store and is relatively costly to ship. Other outdoor field games
      including throws of flying projectiles such as darts, arrows and the like
      have been provided are subject generally to the same disadvantages
      aforementioned in connection with the game of horseshoes. In addition,
      such other games are by their nature oftentimes dangerous to the user and
      hence, in many cases, limits use of the game to persons of older age.
PAC  SUMMARY OF THE INVENTION
PAR  A game system and method for playing the same comprising, a pair of
      generally rigid post members each having a multiple target-like
      construction adapted to be mounted in upstanding, spaced apart relation on
      a support surface, and one or more generally symmetrical throwing members
      of relatively lightweight, multiple scoring area construction adapted to
      be thrown by accuracy of the user onto the respective post members for
      registration of the scoring areas of the throwing members with the
      target-like construction of the post members to give a score in accordance
      with a predetermined game scoring system.
PAR  By the foregoing, there is provided a new and novel game system
      particularly suited for use as an outdoor field game, but which may also
      be used as an indoor game, as desired. The game has great versatility for
      recreational and amusement purposes as well as giving physical benefits to
      persons of practically all ages.
PAR  The game system of the present invention has many advantages over
      heretofore known related types of indoor or outdoor types of field games
      in that it may be played without requiring a high degree of skill and
      affords great versatility through the manner by which scores are
      registered by the user, thereby adding to the enjoyment in playing the
      game. The game system is constructed and arranged to retain the
      attentiveness of the user and provides a continuing challenge for accuracy
      though not requiring a great deal of skill. The game system is of a
      lightweight, yet durable construction which cannot be easily damaged and
      which eliminates any damage to the playing area, such as to the ground,
      grass or the like. The game system can be played by children of
      practically all ages as well as adults and by its construction, guards
      against any accidental injury to the user. Further, the game system may be
      readily assembled or disassembled for use or for compact storage or
      shipment and is relatively inexpensive to produce and maintain. Other
      objects and advantages of the invention will become apparent in the
      following description and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view, partially broken away and partially in
      section, showing one of the post members made in accordance with the
      present invention;
PAR  FIG. 2 is a top plan view, partially in section, showing one of the
      throwing members made in accordance with the present invention;
PAR  FIG. 3 is a front elevation view showing use of the game system for scoring
      points in one form;
PAR  FIG. 4 is a front elevation view of the game system for scoring points in
      another form;
PAR  FIG. 5 is a front elevation view of the game system showing the scoring of
      points in still another form; and
PAR  FIG. 6 is a front elevation view of the game system for scoring points in
      yet another form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring again to the drawings and particularly to FIGS. 1 to 3 thereof,
      there is illustrated the game system of the present invention for use as
      an outdoor field game. Generally, in the invention the game system
      includes a pair of post members, designated generally at 2, with only one
      being shown driven into the ground, as best seen in FIG. 3. The post
      members 2 are adapted to receive in registered scoring relation the
      respective throwing members, designated generally at 4, in various scoring
      positions thereon. In the invention, one two, three or any number of
      throwing members may be employed dependent upon the number of users
      playing the game.
PAR  As best seen in FIG. 1, the respective post members 2 are of a generally
      rigid multiple target construction to provide the maximum scoring
      possibilities upon registration by a respective one of the throwing
      members 4. In the invention, the post members 2 are preferably made from
      rigid high strength materials, such as metal, plastic and the like, as
      desired.
PAR  In the form shown, the post members 2 each include a generally inverted
      U-shaped frame section 6 including a pair of spaced parallel legs 8 and 10
      which extend downwardly from an interconnecting bight portion 12 to
      provide the configuration shown. Preferably, the legs 8 and 10 are
      interconnected adjacent the end remote from the bight portion 12 by a
      crosspiece 14. In the form shown, the legs 8 and 10 may be provided at
      their distal ends with sharpened points, as at 15, to facilitate insertion
      of the post into the ground. The legs 8 and 10, the bight portion 12 and
      the crosspiece 14 together define a generally polygonal, such as
      rectangular, opening 17 which defines a scoring area interiorly between
      the legs 8 and 10 for receipt of portions of the throwing members 4, as
      hereinafter will be more fully described.
PAR  In the form shown, another frame section 16 of generally U-shaped
      construction is attached, as at 23, by weldments or the like to the lower
      frame section 6. The frame section 16 includes a pair of spaced parallel
      legs 20 and 22 which extend upwardly from a bight or base member 18. As
      shown, the base member 18 has greater length than the bight portion 12 of
      the frame section so as to overhang the legs 8 and 10 on either side of
      the frame section 6. By this arrangement, the legs 20 and 22 are disposed
      in laterally offset relation to opposite sides of the frame section 6 so
      as to afford multiple target-like areas or projections for registration
      with scoring areas on the throwing members 4, as desired. Though the post
      members 2 have been illustrated as a two-piece construction attached
      together, such as by weldments, it is to be understood that the post
      members could be made of an integral one-piece construction, as desired.
      In addition, the elements of the frame sections 6 and 16 though
      illustrated as being of a cylindrical construction may be made in other
      cross-sectional shapes, as desired.
PAR  In one embodiment, the following dimensions have been found preferable for
      the post members. The distance between the legs 8 and 10 about 7 inches to
      center, the length of the legs 8 and 10 about 18 inches to center, the
      distance between the bight portion 12 and the crosspiece 14 about 91/4
      inches to center, the height of the legs 20 and 22 about 221/2 inches to
      center, and the distance between the legs 20 and 22 about 12 inches to
      center. In the form shown, all the elements of the post members are made
      of 1/2-inch steel rod.
PAR  As best seen in FIG. 2, the throwing members 4 are of a generally U-shaped
      construction having a generally flat body 30 in cross section and which
      body is generally of a planar construction. The body 30 includes an
      arcuate handle section 32 which curves smoothly outwardly and upwardly
      into a pair of spaced parallel arms 34 and 36 which are made integral
      therewith and extend from the handle section 32. The arms 34 and 36 are
      provided at distal ends with generally semi-circular cut out portions 38
      and 40 which define terminal hook elements 42 and 44 which turn down and
      inwardly toward the handle section 32. As shown, the hook elements 42 and
      44 are offset inwardly from the arms 34 and 36 with respect to the
      longitudinal central axis of the body 30 so as to provide a generally
      overhanging relation for hooking securement around portions of the
      respective post members 2. The arms 34 and 36 merge smoothly in offset
      relation, as at 46 and 48, into the handle section 32 to as to provide an
      optimum transverse distance between the arms 34 and 36 in relation to the
      widthwise dimension of the body 30. In the form shown, the body 30 is
      provided with a generally centrally disposed arm 50 which generally
      bisects the distance between the arms 34 and 36. The arm 50 is rounded
      off, as at 52, at one end and is provided at its other end with a
      generally inverted Y-shaped construction defined by a pair of inwardly and
      outwardly arcuate bight portions 54 and 56 which smoothly merge into web
      sections 58 and 60 made integral with the body 30 generally adjacent the
      juncture of the arms 34 and 36 with the handle section 32. The arms 34 and
      36 together with the arm 50 and the bight portions 54 and 56 together
      define a generally W-shaped configuration on the side remote from the
      handle section 32. This construction provides a pair of laterally spaced,
      generally U-shaped scoring openings or areas 62 and 64 which open
      outwardly in a direction away from the handle section 32. In the form
      shown, the arm 50 is of a lesser length as compared to the length of the
      arms 34 and 36 and extends generally parallel with respect thereto.
PAR  The handle section 32 together with the bight portions 54 and 56 and the
      webs 58 and 60 define a generaly elongated opening 66 having a recess
      portion 68 opposite the arm 50 which, provides another target area 66 for
      registration with the legs 20 and 22 of the respective post members 2.
      Though only one such target area 66 has been illustrated, it is to be
      understood that the handle section may be constructed with one or more
      openings with varying shapes in accordance with the principles of the
      present invention.
PAR  In the embodiment shown, the following dimensions have been found
      preferable for the throwing members. The throwing members have an overall
      length of about 6-5/16 inches and a width across the arms 34 and 36 of
      about 12 inches. The width of the handle section 32 and of the arms 34 and
      36 is about 11/8 inches and the thickness thereof is about one-half inch.
      The arm 50 has a length of about 33/4 inches to the radius point 70. The
      radii R are about 21/8 inches, the radius R' about 43/8 inches, the radius
      R" about 51/2 inches and the radius R'" about 31/4 inches. Preferably, the
      throwing members 4 are made of a durable high strength material, such as
      of an elastomeric or polymeric material. For example, the members may be
      made of rubber, a reinforced or corded rubber or of a plastic material. In
      the invention, it is preferred that the post members have a weight between
      about 12 oz. to 20 oz. with the preferred weight being about 17 oz. The
      weight and dimensions of the throwing members are proportioned so that the
      throwing members may be caused to be accurately thrown and hooked around
      the respective post members for registration of the respective scoring
      areas, as at 62, 64 and 66, with the respective target elements and areas
      defined by the post members. The preferred throwing member is, therefore,
      light in weight and accurately balanced so that the same may be readily
      thrown by the user into scoring registration with the respective post
      members with minimum effort. The throwing members are constructed to
      combine lightweight, yet high strength, characteristics with optimum
      flight characteristics so as to enable the members to be easily thrown and
      projected through the air onto the post members with sufficient weight and
      friction between the throwing members and the post members to resist the
      gravitational downward pull after the throwing members are in scoring
      registration with the post members.
PAR  In playing the game system of the present invention and with reference to
      FIGS. 3 to 6 of the drawings, the post members may simply be pushed into
      the ground to enable the post members to project about 91/2 inches from
      the ground. The members may be pushed into the ground by hand or by foot,
      as desired. Preferably, the post members are spaced apart a distance
      between about 20 to 24 feet.
PAR  In playing the game, all points count and it is preferred that no one point
      cancels another point with the total point count for the game being 31
      points.
PAR  As an example, in one form for playing the game system points may be scored
      in at least six different manners with one of the throwing members 4.
      Accordingly, one point may be scored for a throwing member being disposed
      in the closest proximity to a respective one of the post members 2 (not
      shown) by laying on the ground or leaning against the post member. Two
      points may be scored for a "single," as in FIG. 5, where the scoring area
      64 is registered around one of the legs 8 or 10 in the target area 17.
      Four points may be scored for a "double" where both scoring areas 62 and
      64 (FIG. 6) are registered with the legs 8 and 10 of the target area 17.
      Six points may be scored for a "hanger" where one of the scoring areas 62
      or 64 or one of the hook elements 42 or 44 are hooked or looped around the
      respective of the post member elements, as at 12, 18, 20, 22, etc., as
      seen in FIG. 3. In addition, eight points may be scored for a combination
      of a hanger and a single where the aforementioned hooked or looped
      relation of FIG. 3 exists in conjunction with one of the scoring areas, as
      at 64, being disposed around one of the legs 8 or 10 for a single, as
      aforesaid in connection with FIG. 5. Finally, 10 points may be scored for
      a "handle" where the scoring area or opening 66 in the base or handle
      section 32 is disposed in hooked or looped relation around one of the
      generally L-shaped legs 20 or 22 of the respective post member 2, as best
      seen in FIG. 4. In the invention, the post 2 and throwing members 4 are
      preferably of identical construction with the preferred number of throwing
      members being four.
PAR  By the foregoing arrangement, the post members 2 provide multiple target
      areas and are of a relatively rigid construction so as to receive the
      throwing members 4 in scoring registration therewith. The throwing members
      4 have a body 30 made preferably of a relatively flexible construction
      having a generally loop-like configuration with the multiple arm
      arrangement which defines multiple scoring areas in addition to the
      apertured handle section 32 to provide multiple scoring registration with
      the post members 2. In addition, to the multiple target area construction,
      the post members 2 incorporate a durable construction for quick and easy
      insertion into the ground via the crosspiece 14 which also acts as a depth
      gauge to limit movement of the post to a predetermined depth in the ground
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A post member for use in an outdoor field game comprising,
PA1  a lower section having at least one closed target area adapted to be
      inserted into the ground,
PA1  an upper section extending from the lower section having a plurality of
      arm-like projections defining other target areas adapted to receive in
      scoring registration a throwing object,
PA1  said lower section includes a pair of spaced legs extending generally
      parallel and outwardly from a bight portion,
PA1  said upper section including another pair of spaced legs extending
      generally parallel and outwardly from said bight portion in a direction
      opposite to said first mentioned pair of legs, and
PA1  said legs of said upper section are shorter and spaced apart farther than
      the legs of said lower section.
NUM  2.
PAR  2. A post member for use in an outdoor field game comprising,
PA1  a lower section adapted for supporting said post member on the ground,
PA1  an upper section extending from the lower section having a plurality of
      arm-like projections defining other target areas for receiving a throwing
      object in scoring registration,
PA1  said lower section including at least one closed target area for receiving
      the throwing object in scoring registration,
PA1  said closed target area being defined by a pair of spaced legs having a
      distal end adapted for penetrating the ground,
PA1  a crosspiece is connected between said legs,
PA1  said crosspiece is spaced from the distal ends of said legs to limit
      penetration of said legs into the ground so that the closed target area is
      of a uniform size when the post member is in the supported position,
PA1  said legs of said closed target area extend generally parallel and
      outwardly from a bight portion,
PA1  said arm-like projections comprise a pair of spaced arms extending
      generally parallel and outwardly from said bight portion in a direction
      opposite to said pair of legs, and
PA1  said crosspiece is laterally spaced from and extends generally parallel to
      said bight portion so as to define said closed target area in said lower
      section.
NUM  3.
PAR  3. A post member in accordance with claim 2, wherein the arms of said upper
      section are offset laterally outwardly in overhanging relation with
      respect to the legs of said closed target area.
NUM  4.
PAR  4. A post member in accordance with claim 2, wherein
PA1  said upper section is of a generally U-shaped configuration including a
      bight portion, and
PA1  said lower section is of an inverted, generally U-shaped configuration
      having another bight portion, and
PA1  said upper section and said lower section are connected to one another at
      their bight portions.
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ABST
PAL  The specification describes a playing surface structure for spinning top
      pin games in which the playing surface is adjustable to a diagonal
      predetermined slope by the incorporation of a level indicating device
      fixed at a predetermined diagonal slope relative to the playing surface to
      enable the development of skill.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an improved playing surface and associated
      structure for a pin game in which a manually spinnable top member is used
      as a pin striking member.
PAR  In prior types of game apparatus of this general type it has been necessary
      to cause the playing surface to be sloped downwardly in a direction
      towards the array of pins to be struck by the spinning top when the latter
      is set in motion by the player. The development of skill at the game
      however, is reduced at best because on each new set up of the game by some
      sort of tilt supporting of the playing surface, such tilt is not
      consistant even though the ends of the playing surface may be supported
      such as by legs of predetermined different heights because the table or
      floor surface upon which such legs stand may not in itself be level.
      Furthermore, a surface which is tilted downwardly directly toward the pins
      i.e. in an axis direction extending from one end of the playing surface to
      the other through the centre of the array of pins, tends to draw the
      playing piece, or spinning top toward the pins thereby tending to direct
      the spinning top toward the centre line of the group of pins. Thus the
      element of skill because of the consistant conditions of slope direction
      and the inconsistant direction of the degree of slope is of a low order,
      success relying mainly upon chance where the odds are highly in favour of
      the player. Prior structures thus provide a game of chance, not a game of
      skill.
PAC  FIELD OF THE INVENTION
PAR  It is one of the objects of the present invention to provide a playing
      surface structure for a spinning top pin game in which a rebound
      peripheral playing surface structure serves as a boundary for the playing
      surface and support structure is provided for the latter enabling the
      operator to adjust the slope of the playing surface in a diagonal
      direction downwardly toward the pins in such manner that a levelling
      device incorporated in said structure enables the same precise angle of
      slope to be achieved for each game set up, thus to reproduce the
      conditions of the playing surfaces to provide a game of skill.
PAR  It is a further aim of the invention to provide a diagonally tiltable
      playing surface structure for a spinning top pin game adapted to be set at
      a predetermined angle of downward slope making possible the predictable
      playing of rebound shots of the spinning top from side wall rebound
      cushion surfaces or members defining the perimeter of the playing surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be understood in more detail by reference to the
      following specification taken in conjunction with the drawings wherein:
PAR  FIG. 1 is a plan view of the spinning top pin game playing surface
      structure of the invention;
PAR  FIG. 2 is a side elevation in the direction 2--2 of FIG. 1 revealing the
      manner of accomplishing a diagonal slope according to the invention;
PAR  FIG. 3 is a plan view of a typical top spinning member for use with the
      playing surface structure of the invention;
PAR  FIG. 4 is a side elevation of FIG. 3;
PAR  FIG. 5 is an elevation of a typical pin member utilized in association with
      the playing surface of FIG. 1;
PAR  FIG. 6 is a plan view of a typical form of levelling device;
PAR  FIG. 7 is a sectional elevation on the line 7--7 of FIG. 1 showing the
      installation of the levelling device of FIG. 6 in the playing surface
      structure of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is of utility in relation to a spinning top pin game in which
      a rectangular playing surface 10 carries a number of indicia 11 at one end
      thereof adapted to identify locations for standing the upsettable pins 12
      (FIG. 5) whereas at the other end of the surface 10 a series of starting
      indicia 13 define starting points from which a spinning top structure 14
      may be directed by the operator.
PAR  The spinning top 14 on a truly level surface will not travel toward the
      pins at indicia 11 unless the player introduces a throwing component into
      the spinning action. As a result in such games there is a tendency to
      cause a tilt of the surface 10 downwardly toward the pins on the indicia
      11. This condition is not reproducible in different game set ups. Thus the
      development of a trained skill is not possible.
PAR  According to the invention the playing surface 10 comprises for example, a
      sheet of glass 15 set in peripheral recesses 16 of the upper frame portion
      17, the latter having upstanding inner side walls or rebound cushion
      surfaces 18 defining the exposed perimeter of the playing surface 10 and
      of a height above said surface 10 at least equal to the actuating height h
      to be described of the spinning top member 14 of FIGS. 3 and 4. Two
      diagonally opposite legs 19 extend an equal distance downwardly from base
      member 20 supporting glass 15 and frame 17. At the other pair of
      diagonally opposite corners of the frame 17 and in said frame are provided
      adjustable legs 21 comprising screw threaded shafts extending through said
      frame to present a knurled knob 22 adapted for turning the screw threaded
      shaft in the frame to define a predetermined angle "A" describing a
      diagonal slope for the playing surface at right angles to the diagonal
      line 23 extending between the fixed legs 19.
PAR  Such predetermined angle A is defined by a conventional centre bubble
      levelling device 24 having a viewing glass 25 in its case 26 with a centre
      indicia ring 27 within which a liquid bubble 28 must be centred at which
      point of adjustment the undersurface 29 of its base 30 is truly horizontal
      or level. Thus, the bore 31 drilled in frame element 17 has cemented
      therein the wedge shaped support washer 32 of an included angle A between
      its upper and lower surfaces and a line so that a theoretical line between
      its minimum thickness and maximum thickness when positioned in said frame
      is substantially at right angles to the diagonal line 23. Upper surface 33
      of washer 32 has base 30 cemented thereto by any suitable glue or cement.
      Thus, the adjustable legs 22 are adjusted until the bubble 28 finds its
      centre within the ring 27 at which point the playing surface will be set
      at a predetermined angle A of its plane relative to the horizontal and in
      the same orientation relative to the pins on the plane at each recurring
      set up of play after the levelling procedure described has been
      accomplished.
PAR  The spinning top member may be in various forms but is preferably in the
      form shown in FIGS. 3 and 4 wherein grippable shaft member 34 extends
      axially upwardly from body portion 35 rising from the downwardly tapered
      conically formed tip 36 upon which the spinning top member is spun on
      playing surface 10. Pin striking or actuating surfaces 37 may conveniently
      be in the form of surfaces defining a hexigon about the body portion 35
      and adapted relative to the height "H" of pins 12 to strike the latter in
      a zone 38 containing the centre of gravity of the pin and within the
      actuating or striking height h of the spinning top member 14.
PAR  In operation the diagonal downward tilt of the playing surface structure of
      the invention including rebound surfaces 18 enable the spinning top pin
      game to be played by the development of rebound techniques in skill
      gaining practice. Assuming for example clockwise rotation of the top spin
      element 14 from starting indicia 13a one may easily learn the technique of
      control to achieve a path 38 for rebound as at 39 counter to the direction
      of rotation to develope an inverse curve of travel 40 toward the array of
      pins on indicia 11. Also, if desired, a path without rebound may be for
      example, accomplished from say indicia 13b again at clockwise rotation
      with an initial aim to the right of indicia 11 but in which the slope
      develops an inverse curve 41, which curve is reproducable at a
      predetermined slope. Thus a curve shot can be achieved without the
      operator being reduced to any determined throwing action. Further, by way
      of example, the player may start from say starting indicia 13c with an
      initial path far to the right of the pin indicia 11 i.e. substantially
      level or parallel to the axis 23 but wherein the slope causes a path of
      inverse curvature 42 resulting in the convex curvature of rebound 43.
PAR  To additionally assist the skill gaining ability of the player equally
      spaced aiming markings 44 may be provided for assistance to the player in
      developing precise skill.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A playing surface structure for a spinning top pin game, the combination
      therewith of: rebound walls defining a rectangular perimeter for the
      playing surface, the latter being in the form of a flat sheet of rigid
      material the upper surface of which constitutes a playing surface having
      indicia thereon to define locations at which pins may be set up thereon;
      means fastening the playing surface member to said rebound wall members; a
      leg of fixed predetermined length at each corner of one pair of opposed
      diagonal corners of the rectangular playing surface and extending below
      said playing surface member to support the latter diagonally about the
      bottom ends of said legs; a level indicating device supported in one of
      said wall members at a predetermined gradient relative to the plane of the
      playing surface, the direction of said gradient being substantially at
      right angles to the diagonal between one pair of opposed corners; and an
      adjustable leg at each of the other corners of said side wall members
      extending therebelow for adjustment of the gradient of the playing surface
      to a predetermined value at which the levelling device indicates a level
      condition for said device.
NUM  2.
PAR  2. The combination of claim 1 and rebound indicia on said side wall
      members.
NUM  3.
PAR  3. The combination of claim 1 and a sloped washer supporting said levelling
      device in said one of said wall members.
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ABST
PAL  A manipulative skill game apparatus in the form of a generally upright game
      board on which are tiltably mounted (in a series extending from the top
      toward the bottom of the board) a plurality of tiltable, generally
      horizontally extending platforms. Structure is also provided for
      controlling the tilting of the platforms. The game includes a plurality of
      balls, and the platforms are in staggered positions from side to side so
      that a ball rolling off one end of a platform will land on an end of a
      platform below it. The object of the game is to tilt the platforms so as
      to guide a ball from a higher platform successively to lower platforms. A
      feeder mechanism automatically delivers the balls one at a time in timed
      sequence to the uppermost platform. After a predetermined timed interval
      the next ball is delivered to that same uppermost platform. Thus, the
      player must not only successfully manipulate the tilting of the platforms
      to guide the ball from higher to successively lower platforms, but he must
      also race against the clock, remove each ball as quickly as he can from
      platform to platform, before the next ball is delivered to the top
      platform. The further along the path (i.e., the lower down the platform)
      from where the ball is finally lost, the higher score the player gets. The
      feeder mechanism may be selectively pre-set to operate at one of several
      different rates to thereby change the difficulty of the game.
BSUM
PAR  Prior art game devices utilizing a series of tiltable platforms have been
      quite limited in their play value. In such prior devices, a ball would be
      deposited on an uppermost tiltable platform. That platform would be
      manipulated to roll the ball off a predetermined end onto a second
      platform having an end located below that end of the first platform. The
      second platform would then be manipulated to roll the ball off a
      predetermined end of that platform onto a third platform located below it.
      The play would proceed so long as the player was able to manipulate the
      platforms so as to move the ball successively from a higher platform to a
      lower platform. The play with that particular ball would end whenever the
      ball fell from the platforms without being caught by a lower platform. The
      player would thus test his skill in moving a ball from the highest
      platform successively as far as he could toward a lowermost platform. The
      player was left to his own devices and could take as long as he wanted to
      accomplish this movement of the ball. Only when he had completed play with
      the first ball would he then operate the device to discharge another ball
      onto the uppermost platform and the play of the game would continue in the
      same manner described above. It will be apparent that the play of this
      game becomes quite dull and tedious after a short time and while it helped
      to develop certain motor skills and coordination, it could not be expected
      to hold the interest of the player for very long. This was particularly so
      once a person had developed a reasonable amount of skill in making the
      ball pass from platform to platform so that the challenge was no longer
      provided by the game.
PAR  The present invention provides, among other features, a feeder mechanism
      which feeds the balls one at a time, in timed sequence, to the uppermost
      platform. Regardless of whether the player has completed play with one
      ball, when the determined time interval has passed, another ball will be
      deposited on the uppermost platform. If the first ball is still on one of
      the lower platforms, the player will be faced with trying to manipulate
      the platforms so as to most advantageously control the movement of two
      balls. After another timed interval, still a third ball will be deposited
      on the uppermost platform. Depending on the skill of the player and the
      timing of the depositing of the balls, play of this game may involve
      manipulating the levers to control two or more rolling balls at the same
      time which adds a great deal of excitement to the play of the game.
      Because of the time factor now introduced, the player is also motivated to
      try to move the ball from platform to platform in as rapid a rate as
      possible, commencerate with not losing the ball off the platforms
      completely. Further, the time interval between feeding balls may be
      selectively changed so that the balls will come at a more rapid rate,
      obviously increasing the difficulty of the game. By being able to
      selectively vary the rate by which the balls are fed, and thereby the
      difficulty of the play, a number of advantages are provided. For example,
      a better player may compete against a less expert player by making the
      time interval shorter for the better player. Further, as a player improves
      his skill in moving the ball downwardly from platform to platform, the
      rate at which the balls are fed is increased so that he is further
      challenged and his interest maintained for a much longer period of time.
      Still further, this is an excellent means for providing a game which is
      exciting and interesting, yet not overly difficult or frustrating for less
      skilled players, such as younger children. This permits them to play the
      game at a less demanding skill level until they have increased their own
      skills and capabilities, at which time the skill level can be increased.
      In other words, players can be brought along from lesser skill levels to
      higher skill levels without being unduly taxed or frustrated. Thus, the
      present device offers a number of advantages over those devices known in
      the prior art.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a game comprising a presently
      preferred emmbodiment of the invention.
PAR  FIG. 2 is a side elevational view of the game of FIG. 1.
PAR  FIG. 3 is an enlarged sectional view taken generally along line 3--3 of
      FIG. 1.
PAR  FIG. 4 is a frontal view taken generally along line 4--4 of FIG. 3.
PAR  FIG. 5 is an enlarged sectional view taken generally along line 5--5 of
      FIG. 1.
PAR  FIG. 6 is a sectional view taken generally along line 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged rear view of the lower tilt control portion of the
      game.
PAR  FIG. 8 is a sectional view taken generally along 8--8 of FIG. 7.
DETD
PAR  In general, the illustrated embodiment shown in the drawings is a game 10
      which comprises a housing or enclosure 12. The housing includes a rear
      wall which forms a game board 14 and a transparent front wall or panel
      which forms a window 16. The housing is disposed so that the board 14 is
      generally upright. A plurality of horizontally extending platforms 18 are
      pivotally mounted to the front of the board 14 in a vertically extending
      series. Means 20 are connected to the platforms 18 and include a rotatable
      knob 22 which is turned by the player to effect tilting or pivoting of the
      platforms. The game also includes a plurality of balls 24 and discharge or
      feeder means 26 located at the upper end of the board 14 for delivering a
      ball to the uppermost platform at predetermined timed intervals. The
      discharge or feeder means also includes a speed control for changing the
      rate at which the balls are fed to the platforms.
PAR  Now to consider the illustrated game apparatus 10 in detail. The housing 12
      may be formed of a large generally rectangular molded plastic part which
      defines the rear board or wall 14, a pair of sidewall portions 30, a
      topwall portion 32, and a bottomwall portion 34. The sidewall portion and
      the top and bottom wall portions extend forwardly from the rearwall
      portion. The transparent front panel or window 16 may be mounted and
      positioned spaced forwardly of the board 14 and extending between side
      wall portions and top and bottom wall portions to define an enclosed area
      or compartment 36. The transparent panel 16 may be held in place by
      suitable means such as screws 38. The relationship of transparent panel 16
      to board 14 is shown best in FIGS. 3 and 8. These figures of the drawings
      also illustrate a rear cover or panel 40 disposed rearwardly of the board
      14. The molded plastic housing piece may include a rearwardly extending
      peripheral flange portion which in effect comprises continuations of the
      side wall portions and the top and bottom wall portions. The rear cover or
      panel 40 may be mounted to such peripheral flange portion by suitable
      means such as glue, fasteners, friction fit, etc. (not shown). FIG. 2
      illustrates the housing in a generally upright, somewhat rearwardly angled
      position. Suitable support means such as triangular foot portions 42 may
      be connected to the housing. This permits the housing to stand generally
      upright on a supporting surface 44 such as a table or the floor.
PAR  The horizontal platforms 18 are shown best in their vertical series in FIG.
      1. The platforms are shown pivoted along a common vertical line which
      passes through each of the horizontally extending pivot axes of the
      platforms. It will be noted that some of the platforms are offset to one
      side of this vertical center line while alternate platforms are offset to
      the other side of the vertical center line. In this way, each of the
      platforms (except the lowermost platform) has one end which terminates
      above an end portion of a platform immediately below it. For example, the
      uppermost platform 18a has an end 46 which terminates above the end
      portion 48 of the platform 18b which is located immediately below platform
      18a. Because of the side-to-side staggered alternate arrangement of the
      platforms, when one of the balls 24 is received on an upper platform and
      caused to fall from the selected end of that platform, the ball will fall
      onto an end portion of the platform immediately below. From there, the
      ball may be manipulated to the opposite end of the second platform and
      permitted to fall from there onto the outwardly extended end portion of
      the next lower platform. In this way the ball may be manipulated by
      tilting of the platforms from the uppermost platform to the next lowest
      platform and onto successively lower platforms until the lowermost
      platform is reached. It is the object of the game to cause a ball to move
      from the uppermost platform to the lowermost platform.
PAR  Vertical baffle means 50 extend between the window 16 and the board 14 to
      define pathways to different goals, depending upon the platform from which
      the ball falls without landing upon the next lower platform. Thus for
      example, if the ball rolls from uppermost platform 18a to next lowest
      platform 18b, but rolls off portion 48 of platform 18b, the baffle 50 will
      direct the ball into the furthest goal to the right shown in FIG. 1. This
      produces a low score of 10. If, instead, the ball is manipulated to the
      end of platform 18b opposite end portion 48 it will then go to platform
      18c. If the ball rolls off that left hand end of platform 18c, it will go
      into the goal at the far left having a point count of 20. If, instead, the
      ball is manipulated to the right hand end of platform 18c, it will fall to
      platform 18d and if it is discharged from that right hand end of platform
      18d it will go into the goal designated 30 (second from the right). The
      highest score of 100 is achieved if the player is successful in
      manipulating the ball to the left hand end of the lowermost platform 18f.
PAR  As shown best in FIG. 3, the platforms 18 are pivotally supported between
      the board 14 and the transparent front panel 16. More particularly, each
      platform is provided at its pivot point with a forwardly extending
      projection 52 and a rearwardly extending projection 54. These projections
      52 and 54 are generally circular in cross section to facilitate rotation
      of the platforms. Each rearward projection 54 is received in a mating
      circular hole 56 in board 14, and each forward projection 52 is received
      in a mating receptacle portion 58 formed in the transparent front panel
      16. To assemble the illustrated apparatus, the platforms 18 may be
      positioned on the board 14 with the rearward projection 54 passing through
      the holes 56. The transparent front panel 16 may then be mounted in
      position with the forward projections 52 of the platforms received in the
      receptacle portions 58 of the front panel. This provides a simple and easy
      means of rotatably mounting the platforms for the desired tilting action.
      Further, they are firmly supported in front and back by the illustrated
      construction.
PAR  The tilting of the platforms 18 between various positions as illustrated in
      broken line in FIG. 4 is accomplished generally by upward and downward
      movement of a vertically extending arm 60, which is coupled to each of the
      platforms so that its vertical movement effects tilting movement of the
      platforms. More particularly, as viewed from the front of the game
      apparatus as seen in FIG. 1, the arm 60 is positioned to the left of the
      center line where the platforms are pivoted. Thus, upward movement of the
      arm 60 raises the left hand ends of the platforms while lowering the right
      hand ends; downward movement of the arm 60 lowers the left hand ends of
      the platforms while raising the right hand ends. The arm 60 is mounted at
      the rear side of the board 14 for vertical sliding movement. As shown best
      in FIGS. 1 and 7, the arm 60 has a pair of vertically extending cut outs
      62 which are enlarged at their lower ends. The board 14 is formed at its
      rear with a pair of mating projections 64. Each projection 64 is
      proportioned to pass through the enlarged lower end of a cut out 62 but to
      overline the remaining upper portion of the cut out. Thus, the arm 60 may
      be assembled on the board 14 by aligning the enlarged lower end portions
      of the cut outs 62 with the projections 64 and moving the arm forwardly so
      that the projections pass rearwardly through those portions. The arm 60 is
      then moved downwardly relative to the projections 64 so that the narrow
      parts of the projections 64 are slidably received in the narrow upper
      portions of the cut outs 62, while the enlarged head portions of the
      projections 64 overlie the margins at either side of the narrow portions
      of the cutouts to retain the arm on the board.
PAR  Each platform 18 has a rearwardly extending projection 68 which extends
      through and is pivotably received in mating hole 70 in the arm 60. The
      board 14 is formed with a series of arcuate slots 72 through which the
      projection 68 of each platform extends. These slots 72 accommodate and
      also limit the pivotal movement of the platforms 18.
PAR  At its lower end, the arm 60 has a a portion 74 which extends to one side
      and has a cut out 76 therein. Disposed within the cut out 76 is a circular
      eccentrically mounted disc portion 78. The cut out 76 is enlongated from
      side-to-side but not from top-to-bottom relative to the disc 78, Thus,
      rotation of the disc 78 about its eccentric axis 80 effects vertical
      movement of the arm 60. The disc 78 is caused to rotate about its
      eccentric axis 80 by virtue of a mechanical interlock (shown in FIG. 8)
      between disc 78 and a shaft 82 rotatably received in a bearing section 84
      of the lower housing portion 34. The shaft 82 extends through to the front
      of the housing where it is secured to the control knob 22. Thus, by
      rotating the knob 22 the shaft 82 is also rotated which causes eccentric
      rotation of the disc 78 and vertical, up-and-down movement of the arm 60.
      This in turn causes the desired tilting of the platforms 18. The shaft 82
      is connected to the disc 78 as by a screw located at the axis 80, which
      also secures a rear retaining disc 86 to the eccentric disc 78.
PAR  The feeding means 26 is located at the upper portion of the housing above
      the uppermost platform 18a. Feeder mechanism 26 includes means defining a
      magazine 90 and a feeder wheel recess 91, a rotatable feeder wheel or
      carrier 92 in the recess 91, means 100 for rotating the carrier 92, and
      selection means 94 for varying the speed at which the carrier is rotated.
PAR  As shown in FIG. 1, magazine 90 is a generally horizontally extending
      channel which communicates through a side channel 100 with the main
      interior of the housing. The magazine 90 inclines downwardly slightly from
      the left of the board as viewed in FIG. 1 to the center of the board,
      where it communicates with the generally circular feeder wheel recess 91.
      The carrier or feeder wheel 92 is disposed centrally within this recess
      91.
PAR  The illustrated feeder wheel 92 is generally circular as shown in FIG. 1
      and is provided with four semi-circular cutouts 96 equally spaced around
      the peripheral edge of the wheel. The balls 24, the feeder wheel recess
      91, and the feeder wheel itself 92, are so proportioned that a ball will
      not fit between the outer periphery of the wheel and the wall of the
      feeder wheel recess; however, a ball will be received in one of the
      semi-circular cutouts 96 of the wheel and will then be carried by the
      counter-clockwise rotation of the wheel down the left hand side (as viewed
      in FIG. 1) of the recess 91 to where it will be deposited on the uppermost
      platform 18a. The balls flow by gravity down the inclined magazine 90 and
      into the upper portion of the recess 91. The balls remain there supported
      by the upper periphery of the rotating feeder wheel until one of the
      cutouts 96 aligns with the ball, and thereafter the ball is carried with
      the wheel as described above. As shown best in FIG. 5, the wheel 92 is
      mounted for rotation on a horizontally extending shaft 98 which extends
      through the rear wall of the feeder wheel recess 91 to a drive mechanism
      designated generally 100. The drive means 100 may be a conventional coil
      spring powered unit which is wound by rotation of the shaft 98 in a
      clockwise direction as shown by the arrow in FIG. 1 and which then serves
      to drive the shaft 98 in the opposite or counter-clockwise direction. The
      unit 100 may include a conventional escapement mechanism which serves to
      control the speed at which the spring drives the shaft 98 and thus the
      wheel 92. The escapement mechanism may include an oscillating finger 102
      which is exposed at one end of the housing 101 of the drive means 100. A
      winding knob 104 may be secured to the outer end of the shaft 98 and
      extend through a mating opening in the window panel 16 for manually
      rotating the shaft 98 to wind the spring of the power unit. Thus, the
      wheel 92 rotates continuously, to automatically deliver the balls at equal
      time intervals.
PAR  The selection means 94 for varying the speed at which the carrier wheel 92
      is rotated includes a knob 106 secured to a shaft 108 which is rotatably
      journaled in a tubular section 110 of the housing top wall portion 32. The
      setting knob 106 is provided with a pointer section 112 and markings are
      provided on the front face of the housing upper section 32 to indicate
      "Beginner", "Expert", and "Stop" positions for the pointer 112. It will be
      noted that the knob 106 extends through a mating opening in the window
      panel 16 so that the knob may be rotated from outside of the compartment.
      A cam segment 114 is secured to the rear end of the selector shaft 108 in
      juxtaposition to the oscillating finger 102 of the escapement mechanism.
      When the knob 106 is rotated to point the pointer 112 at the Stop
      position, the radially largest segment 116 of the cam 114 is disposed
      adjacent the finger 102, and this serves to restrict movement of the
      finger 102 so as to stop rotation of the feeder wheel 92. When the
      selector knob 106 is rotated to point at the Expert position, the radially
      intermediate section 118 of the cam segment 114 is positioned adjacent the
      finger 102 which permits a relatively short oscillating stroke of the
      finger and produces a relatively fast rotation of the feeder wheel 92.
      When the selector knob 106 is rotated to the Beginner position, the
      radially smallest portion 120 of the cam segment 114 is located adjacent
      the arm 102 which permits a longer oscillating stroke of the arm 102
      whereby the escapement mechanism operates in a conventional manner to
      produce a relatively slow rotation of the feeder wheel 92. Thus, by
      positioning of the selector knob 106, the action of the feeder wheel 92 in
      delivering balls to the platforms may be stopped, operated at a slow or
      beginner rate, or operated at a faster or expert rate. As discussed above,
      the faster the successive balls are delivered to the uppermost platform,
      the faster the player must manipulate the platforms to try to move a ball
      along the platforms before the next ball is delivered, and thus the more
      difficult the play of the game.
PAR  Various modifications and changes may be made in a specific illustrated
      structure without departing from the spirit and scope of the present
      invention as is defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Manipulative skill game apparatus comprising
PA1  a. a generally upright board having a front face,
PA1  b. a means on said board defining series of generally horizontally disposed
      platforms arranged generally below one another at said board front face,
      each of said platforms being tiltable about a generally horizontal axis
      extending forwardly from the front face of said board,
PA1  c. means attached to said board defining an enclosure around the said
      platforms and being at least partially transparent,
PA1  d. a plurality of balls within said enclosure
PA1  e. control means coupled to said platforms, and accessible from outside of
      said enclosure for tilting said platforms to effect movement of balls from
      a successively higher platform to a lower platform,
PA1  f. discharge means located in said enclosure above said platforms for
      automatically delivering the balls to the platforms at timed intervals, so
      that there will be more than one ball on the platforms unless the player
      completes the play sequence of each ball within its time interval.
NUM  2.
PAR  2. The game apparatus of claim 1 wherein said discharge means may be
      selectively preset for at least two different delivery rates at which the
      balls will be delivered to the platforms.
NUM  3.
PAR  3. The game apparatus of claim 1 wherein said discharge means comprises a
      rotatable member, housing means around said rotatable member defining an
      inlet and an outlet, means on said rotatable member for moving a ball from
      the inlet to the outlet, and means for controlling the rotation of said
      member to determine the rate of delivery of the balls to the platforms.
NUM  4.
PAR  4. The game apparatus of claim 3 wherein said rotatable member rotates
      continuously at a fixed speed.
NUM  5.
PAR  5. The game apparatus of claim 4 wherein said control means is operable to
      selectively change the speed of rotation between different values.
NUM  6.
PAR  6. The game apparatus of claim 1 wherein means are provided in said
      enclosure at a lower portion of board below the platforms defining
      receptacles for the balls, the receptacles being arranged to receive balls
      from different of said platforms.
NUM  7.
PAR  7. The game apparatus of claim 3 wherein the inlet to said rotatable member
      is above said member, and apparatus further including means in said
      enclosure defining a path from the area of the enclosure below the
      platforms to said inlet.
NUM  8.
PAR  8. The game apparatus of claim 7 wherein said path defining means also
      define a magazine for holding a plurality of the balls for delivery one at
      a time to the inlet, said magazine having a downwardly inclined ramp.
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ABST
PAL  A thin, flat member longer than its width has parallel sides and one end
      formed at a right angle thereto and notched midway between the sides, the
      other opposite end being pointed. A visible line is formed on the
      longitudinal axis and extends from the mid portion of the notch on the one
      end to the apex of the pointed end. The upper surface of the thin flat
      member is preferably reflective material which enables a golfer to see
      whether or not his head is over the ball and improves the golfer's view of
      club head movement after striking the ball. The notch forms a location for
      a golf ball. The flat member may be creased along its longitudinal axis to
      facilitate folding. In use the golf guide forms a visual path for the golf
      club after the golf ball is hit together with a transverse plane of
      reference for alignment with the head of a golf club when the golf ball is
      hit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a golf guide such as employed to help a golfer
      guide the golf club toward and away from a golf ball.
PAR  2. Description of the Prior Art
PAR  Prior devices of this type have comprised tees with guiding arms thereon as
      in U.S. Pat. No. 1,761,532, flat tee supports useful in guiding a golf
      club toward a golf ball as in U.S. Pat. No. 2,461,601 and a device for
      aiding a golfer in guiding the club toward a ball which consists of a flat
      strip so positioned that the device acts to protect the ground and
      prevents the golfer from taking a divit before striking the ball.
PAR  This invention is primarily a device to help to golfer guide the club head
      away from the ball and align the club head at a precise right angle with
      respect to the desired path of the golf ball immediately before hitting
      the ball.
PAC  SUMMARY OF THE INVENTION
PAR  A golf guide device in the form of a flat, elongated member pointed at one
      end and notched at the other has a visual axial center line indicating the
      desired direction of a golf club and a golf ball hit thereby with the end
      of the device which is notched to locate the ball being formed at a right
      angle to form a transverse plane or line and preferably emphasized with
      which the head of the golf club can be aligned as it strikes the ball.
      Forming the uppermost surface of the guide of reflecting material lets the
      player see if his head is over the ball and the reflection of the club.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the golf guide with broken lines indicating
      a hole towards which a golf ball positioned adjacent the device is to be
      moved.
PAR  FIG. 2 is a top plan view of the golf guide seen in FIG. 1, and
PAR  FIG. 3 is a longitudinal section on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the form of the invention chosen for illustration herein, the golf guide
      takes the form of a thin, flat member 10 having spaced parallel sides 11
      and 12 and one end 13 formed at a right angle to the sides 11 and 12, the
      end 13 being notched as at 14. The notch is half circular and at its
      deepest point relative to the end 13 it lies on the longitudinal center
      line of the member 10 which is also visually indicated by a longitudinally
      extending stripe 15. The other and opposite end of the thin, flat member
      10 is pointed by being formed of two angular portions 16 and 17 merging at
      their apex 18 which is also on the longitudinal center line of the member
      10 and forms the terminal of the stripe 15. Diagrammatic arrow heads 19
      are preferably formed along the stripe 15 in spaced relation to one
      another and a secondary stripe 20 is positioned on the upper surface of
      the member 10 in alignment with and immediately adjacent to the right
      angular end 13 of the device.
PAR  In the form of the invention chosen for illustration herein the uppermost
      surface of the member 10 is provided with a reflective surface 21, such as
      may be formed by a bright foil. The member 10 may be folded on a creased
      center line.
PAR  Still referring to FIG. 1 of the drawings, it will be seen that a bracket
      in the Figure includes a broken line representation of a hole H such as a
      hole in a green in a golf course and it will be seen that the golf guide
      as illustrated in FIG. 1 is positioned so that when a golf ball is
      positioned in the notch 14 or on a tee centered in the notch 14 the stripe
      15 will extend from the golf ball toward the hole H and define a desired
      path for the golf club after striking the ball.
PAR  It will also be seen that the stripe 20 and the right angular end 13 of the
      golf guide form a transverse plane of reference with which the golfer can
      align the head of the golf club so that it is in a desired right angular
      plane with respect to the direction of movement of the golf ball as the
      club engages the golf ball. The golf ball will travel perpendicular to the
      plane of the golf club head.
PAR  The reflecting surface 21 enables a golfer to see whether or not his head
      is over the ball and it considerably improves the golfer's view of the
      path of the head of the golf club after it has engaged the golf ball which
      enables the golfer to visually determine just what path the club was
      following when it engaged the ball and whether or not the head of the club
      was at a right angle to the desired path.
PAR  In FIG. 2 of the drawings, a top plan view of the golf guide is illustrated
      and by referring thereto it will be observed that the left end of the
      thin, flat member 10 is formed at a true right angle to each of the sides
      11 and 12 of the member 10 and that the center or deepest portion of the
      notch 14 lies on the axial center line of the member 14 and is defined by
      the stripe 15 which extends to the apex 18 of the pointed other end of the
      device.
PAR  In FIG. 3 of the drawings a longitudinal section on line 3--3 of FIG. 2 is
      shown and the reflective surface material indicated by 21 is shown in
      enlarged detail with respect to the material of the thin flat member 10 of
      which it forms a part.
PAR  Those skilled in the art will observe that the device can be formed of thin
      lightweight material such as paperboard or lightweight synthetic resin and
      that the reflective surface may be bright highly reflective foil or a
      similar reflective coating applied thereto while the stripes 15 and 20 may
      be superimposed thereon and be of a contrasting color or they may be
      printed on the foil or other surfacing material of the device as will
      occur to those skilled in the art.
PAR  It will thus be seen that a golf guide has been disclosed which differs
      from the structures heretofore proposed in the art primarily in that it
      provides a transverse plane of reference of substantial size extending on
      either side of the location of a golf ball so as to enable a golfer to
      align the head of the golf club therewith when it engages the golf ball,
      the transverse plane of reference being at right angles to the desired
      path of the golf ball and is automatically so positioned when the
      longitudinal center line of the device and the stripe 15 thereof is
      positioned between the ball and the hole towards which the ball is being
      moved and it will also be observed that the stripe 15 and the diagrammatic
      arrowheads 19 thereon indicate a desired path for both the golf ball and
      the golf club head and enable the golfer to visually determine just where
      the ball and the head of the club travel relative to the desired path.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. A golf guide consisting of a thin, flat member having spaced parallel
      sides and one end formed at a right angle with respect to said sides and
      notched on the axial center line of the member, the other end of the
      member being pointed with the apex of the point lying on said axial center
      line, a stripe on said member indicating said axial center line and
      extending between said notch and said apex of said pointed end.
NUM  2.
PAR  2. The golf guide set forth in claim 1 and wherein the notch is half
      circular in shape and of a width such with that a golf ball can be
      positioned partially therein.
NUM  3.
PAR  3. The golf guide set forth in claim 1 and wherein the notch is as wide as
      a golf ball and extends inwardly of the right angular end of said member a
      distance equal to one half the width of said golf ball.
NUM  4.
PAR  4. The golf guide set forth in claim 1 and wherein a secondary stripe is
      provided on said member parallel with and immediately adajcent to said
      right angular end.
NUM  5.
PAR  5. The golf guide set forth in claim 1 and wherein portions of said right
      angular end of said member extend outwardly and oppositely with respect to
      said notch so as to form a transverse plane with respect to the axial
      center line of said member.
NUM  6.
PAR  6. The golf guide set forth in claim 1 and wherein the pointed end extends
      longitudinally outwardly of said member.
NUM  7.
PAR  7. The golf guide set forth in claim 1 and wherein the thin flat member is
      creased so as to be foldable on its axial center line.
NUM  8.
PAR  8. The golf guide set forth in claim 1 and wherein the upper surface of
      said thin, flat member is reflective.
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ABST
PAL  A disk record player having no turntable or spindle and driveable from a
      conventional magnetic tape player. The record disk is held in position and
      rotated by circumferentially engaged rollers, each roller having a
      circumferential groove. The unit can be utilized in a small space and in a
      mobile environment such as an automobile, and is unaffected by sudden
      movements, bumps or jolts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of mechanical-electromagnetic
      audio reproduction disk players, and more specifically, to an improved
      mechanical, disk playout device that may be utilized in a mobile
      environment and driveably mounted on a magnetic tape recorder, each
      playout device having a common driving means and amplifying means, thus
      alleviating the necessity of having two separate drive and amplification
      units for different types of players (disk and tape).
PAR  In recent years it has been common to own both a disk record player for
      disk recordings and also a magnetic tape player for tape recordings. Many
      tape players have been installed in vehicles, such as automobiles, to
      provide the owner with listening enjoyment while driving his automobile.
      However, many people possessing disk records are unable to utilize their
      records in their vehicles because no satisfactory mobile disk player has
      been provided. Applicant's invention solves the problem of playing a disk
      record in a mobile environment without distorting or interrupting audio
      playout of the record, while providing a device that may be coupled and
      mounted to a conventional tape player. Thus, applicant's invention
      provides an add-on disk record player unit attachable to a conventional
      tape recorder or cassette recorder that may be mounted in a vehicle, each
      unit utilizing a common drive and amplification means.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A disk record drive and playout device attachable to a conventional
      magnetic tape player of utilization in a mobile environment comprising a
      housing, a plurality of rollers coupled to said housing and disposed in a
      common plane an equal radial distance from a predetermined point, drive
      motor coupling means connected to at least one of said rollers projecting
      through said housing, resilient means connected to at least one roller,
      said roller pivotally connected to said housing, disk audio playout
      cartridge means, a cartridge support means coupled to said housing, said
      playout cartridge means moveably mounted on said support means, audio
      circuit means connected to said playout means, and an externally mounted
      jack plug coupled to said audio circuit means. The housing is box-shaped
      and includes a plurality of planar faces, the front vertical face having a
      slot aligned with the roller common plane. External mounts are provided on
      the housing to rigidly mount the housing to a conventional tape player. A
      cartridge lifting means is provided to lift the cartridge during record
      insert or retraction.
PAR  To operate applicant's device, the disk record unit is coupled to a driving
      means such as in a tape recorder or the like. One of the rollers has a
      driveable shaft protruding through the housing which engages a driving
      means. To operate applicant's device, a disk record is inserted in the
      front face slot where it engages two of the rollers forcing one that is
      pivotally mounted to the housing to move sideways. The side movement
      engages a linking means which raises the cartridge so that the needle in
      the cartridge does not scrape the record face. The rollers are positioned
      so that when the record engages all three rollers simultaneously the
      cartridge will then engage the disk record surface and will be held firmly
      in place by the three rollers. The driving roller then rotates the disk
      record and the rotational movement and the engagement of the needle in the
      record groove drives the cartridge across the record face until the
      selection is completed. At this time the record may be removed and
      retracted from the housing by either a manual linkage arm which will raise
      and reposition the cartridge to its initial starting position or by
      pulling the record out which again lifts the cartridge preventing the
      cartridge needle from engaging the face of the record. The relative
      positions of the rollers is crucial to the proper operation of the
      cartridge lift mechanism in that the rollers must be radially disposed
      from the center of the disk record an equal distance but the pivotal
      roller must be spaced from the adjacent roller a distance that is less
      than the total diameter of the record so that it will move laterally when
      the record is inserted or retracted. Of course, the unit could maintain
      its own driving means and audio playout means which are conventional and
      known in the art, or the roller can be mounted as discussed with an
      adapter to be driven from a common drive means in tape deck to which the
      disk record player is coupled to.
PAR  It is an object of this invention to provide a novel disk record driving
      mechanism that is not affected by jars or bumping and may be utilized in a
      mobile environment to provide reproduction and amplification of
      impressions recorded on the disk.
PAR  It is another object of this invention to provide a disk recording device
      that is removably connected to a conventional magnetic tape recorder or
      cassette player whereby both the disk player and the tape recorder will
      have a common driving mechanism.
PAR  And yet another object of this invention is to provide a disk record
      playout device that may be mounted in a vehicle.
PAR  And still yet another object of this invention is to provide a combination
      disk record playing device and tape cassette recording playout device
      which are mountable together in a vehicle or small space and may be
      utilized for either the playing of a disk record or tape cassette.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of applicant's invention with the housing
      top removed and the front vertical housing face partially cut-away.
PAR  FIG. 2 shows a top plan view of the operating mechanism of applicant's
      invention with the housing top removed.
PAR  FIG. 3 shows a front elevational view of the disk record support mechanism
      utilized in applicant's invention.
PAR  FIG. 4 shows side elevation of the cartridge lifting mechanism of
      applicant's invention.
PAR  FIG. 5 shows the exterior housing utilized in applicant's invention in
      perspective.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings and especially FIG. 1, Applicant's invention
      is shown generally at 10 comprising a substantially rectangular housing 12
      (with the top removed) displaying the inner mechanism which includes a
      disc record support and drive adaptor mechanism. Three rollers 14, 16 and
      18 are disposed in a common plane having grooved circumferential portions
      engageable with the edge of a disk record which is inserted through a slot
      58 in the front face of housing 12. Roller 14, utilized as a disc record
      driving roller, engages the side circumferential edge of a disc record and
      when rotated by the drive adaptor 14A projecting through the upper surface
      of the housing causes the record to rotate. Roller 18 is rotatably mounted
      to the floor of housing 12. Roller 16 is rotatably mounted to a roller
      bracket 32 which is pivotally mounted by housing bracket pin 68 to the
      floor of housing 12. A spring 34 connected to bracket 56 provides pivotal
      tension to the roller bracket 32 and roller 16 when a disk record is in
      position. Linkage arm 36 is coupled to the bracket 32 at one end and at
      its opposite end to a Y-shaped pivot arm 38 through elliptical slot 66.
      Pivot arm 38 is rotatably coupled at its mid-section 40 to the top of the
      housing by a pin (not shown). Branch 44 of arm 38 is connected to
      cartridge return arm 26 while branch 60 is movably coupled to cartridge
      lift 42. Spring 54 is connected between return arm 26 and bracket 70,
      mounted on inside front face of housing 12. A cartridge track support 20
      is coupled to the floor of the housing and has a V-shaped notch about
      midway along its length. The support 20 is coupled at the other end to a
      pair of cartridge guide rails 22. A cartridge 24 which includes a
      phonograph needle and transducer is slidably coupled to the cartridge
      guide rails 22. The phonograph cartridge 24 is conventional and well known
      in the art. The manually actuated cartridge return arm 26 has a grasping
      knob 30 protruding through slot 28 adjacent the front housing face.
PAR  The rollers 14, 16 and 18 are positioned relative to each other to engage a
      circumferential edge of the disc record and may be constructed for either
      331/3, 45 or 78 RPM sized records. The distance between roller 16 and
      roller 18 is selected to be less than the diameter of the record to be
      played, so that when a record is inserted through slot 58, the outer
      circumference will contact rollers 16 and 18, forcing roller 16 to be
      moved outwardly causing the linkage arm 36 to be moved to the right which,
      through the pivotal movement of arm 38 moves lifting arm 42 forcing the
      cartridge support arm 20 upward, raising the cartridge and needle
      sufficiently above the surface of the record so that the needle does not
      contact the record surface during the insertion or retraction of the
      record from applicant's device. Once the disc record is completely engaged
      between all three rollers 14, 16 and 18 (roller 16 returned to initial
      position), the cartridge support arm 20 is lowered by the reverse motion
      of linkage lifting arm 42 so that the needle will then engage the record
      surface. The cartridge return arm 26 is moveably engageable at one end to
      cartridge 24 and allows for the positioning of the cartridge manually and
      therefore the needle along the record for initial start and return after
      the record is finished playing. During the playing of the record, the
      cartridge and needle will track radially inward toward the center of the
      record along the guide rails 22 due to the rotational motion of the
      record, moving arm 26 with it. A pair of record guides 62 are disposed,
      one on each side of slot 58 to insure that the record during insertion is
      properly engaged in the rollers.
PAR  FIG. 2 shows a disc record 50 (in phantom) inserted in an operable position
      in contact with rollers 14, 16 and 18. In this position the record is
      rotated by the rotational movement of roller 14 which contacts the
      circumferential edge of the disc. The cartridge 24, through the engagement
      of the needle in the record surface, tracks across toward the center of
      the record until the recording is finished. At this time, manually moving
      the return arm 26 to the left causes linkage arm 38 to pivot about point
      40 raising the cartridge and needle above the surface of the record to
      return the cartridge to its initial starting position adjacent the
      exterior circumference of the record. At this time the record is pulled
      out, again acting on a roller 16, lifting the cartridge and needle to
      achieve sufficient clearance so that the record may be withdrawn without
      engagement with the needle. Spring 54 holds the cartridge return arm 26
      resiliently in position to prevent loose and random movement of the arm.
      The drive roller 14 is rigidly coupled to a driving means through the
      upper surface of housing 12 which is adapted to engage a tape recorder
      drive unit to which applicant's device is attached.
PAR  FIG. 3 shows an inside view of applicant's invention with the receiving
      slot 58 and rollers 14, 16 and 18 disposed in a common plane.
PAR  FIG. 4 shows the cartridge lifting mechanism for allowing the record to be
      inserted and retracted from the device without contacting the needle or
      cartridge. A lifting arm 42 slides horizontally (reciprocally) upon
      movement of pivot arm 38 (FIG. 1) and engages at its free end the V-shaped
      portion of resilient cartridge support 20 forcing the support 20 and
      cartridge 24 upward. Once the record is in position, the linkage arm will
      slide back to its initial position allowing the entire support 20 and
      cartridge arm to drop down so that the needle is then in the proper
      position to contact the surface of the record.
PAR  FIG. 5 shows the top of housing 12, with structure for mounting applicant's
      device to a conventional tape recorder in order to utilize the
      amplification system and the driving mechanism of the tape system to
      operate applicant's device. The upper top surface of housing 12 is shown
      having a pair of connecting L-shaped rails 64 which engage appropriately
      shaped holding slots in the bottom of a tape recorder housing (not shown)
      connecting both of the units together rigidly. The pair of electrical
      jacks 62 are received into female jacks from the bottom of the tape
      recorder housing so that the amplification means of a tape recorder is
      utilized electrically through the jacks allowing for the use of only one
      amplification system. Conventiontal circuits are utilized to adapt the
      phonograph signal to the tape amplification system. The jacks are wired to
      cartridge 24 with a conventional circuit which has not been shown in the
      drawings. The drive coupling means 14A which is rigidly connected to
      roller 14 within the housing 12 engages the driving means of the tape
      recorder and rotates whenever the tape driving means is actuated in order
      to provide rotation of the record as discussed previously.
PAR  In another embodiment, the basic system described by Applicant may be
      utilized with its own driving power source and amplification system. In
      this embodiment one of the rollers would be selected and connected
      directly to the electric motor with appropriate shut-off switches for
      rotating the roller and driving the record in the manner as shown in the
      first embodiment. Likewise, the necessary audio reproduction and
      amplification system would be connected to the cartridge of applicant's
      invention and an appropriate speaker system utilized, thus allowing for a
      single integral unit to be placed in a vehicle, or the like providing disc
      record playout in any mobile environment. The cartridge support arm 20
      shown in FIG. 1 is of a resilient material and is positioned so that when
      the cartridge is engaged with the disc there is a biasing that holds the
      needle in the groove.
PAR  Thus, applicant has provided an attachable disc record player capable of
      mounting to a conventional tape recorder which may be utilized in a mobile
      environment for the playing of disc records in a vehicle or the like.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A disc record support and drive device comprising:
PA1  a housing;
PA1  at least three rollers coupled to said housing and disposed in a common
      plane an equal radial distance from a predetermined point within said
      housing to the edge of said rollers, one of said rollers being pivotally
      moveable relative to said housing and said predetermined point;
PA1  means connected to one of said rollers and said housing for rotating said
      roller;
PA1  a phonograph cartridge;
PA1  cartridge support means coupled to said housing and said cartridge, said
      cartridge radially moveable along said cartridge support means; and
PA1  linkage means connecting said pivotally mounted roller and said cartridge
      for lifting said cartridge whenever said roller is pivoted, whereby a disc
      record inserted in the plane of said rollers to engage said rollers will
      move said pivotal roller lifting the cartridge mechanism above the surface
      of the record.
NUM  2.
PAR  2. A disc record support and drive mechanism connectable to a tape recorder
      system having a drive unit including:
PA1  at least three rollers coupled to said housing and disposed in a common
      plane an equal radial distance from a predetermined point within said
      housing to the edge of said rollers, one of said rollers being pivotally
      moveable relative to said housing and said predetermined point;
PA1  means connected to one of said rollers and said housing for rotating said
      roller;
PA1  a pair of mounting brackets attached to the outside surface of said housing
      for mounting said housing to a tape recorder housing; and
PA1  a drive adapter connected to one of said rollers, said drive adapter
      projecting through said housing and engageable with the drive unit in said
      tape recorder system.
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ABST
PAL  A generally comb shaped apparatus having a slot on one end to engage the
      center spindle of a record player, and having teeth that engage a tone arm
      to help position the tone arm to select a particular song from a record
      album.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional gramaphone record players can deal with three sizes of record
      namely 12 (30 cm), 19 (25.4 cm) and 7 (17.5 cm) inches in diameter. At
      recent music shops 10 inch records are hardly seen and even 7 inch records
      are not given so much publicity at the floor as in the past. On the
      contrary, 12 inch records occupy major portion of floor. While 7 inch
      records are still being used for regular Juke Box, on 12 inch records,
      short pieces of music as much as 14 pieces are recorded on one side in
      these days. The reason for this popularity of 12 inch record may be due to
      high degree of fidelity to the original now demanded by record fans. Music
      recorded on small diameter record is apt to be distorted as it approaches
      the center of disque. Further mechanical improvements achieved in
      recording machine enable precision recording in closely positioned
      neighbouring grooves of spiral. While realizing difficulties foreseen in
      some respects for increasing diameter of record beyond 12 inches (30 cms)
      of present day, no body can deny possibility of enlargement to 14 inches
      (35 cms) or more as in the case of computer's magnetic discs. When such
      record is realized, higher degree of fidelity can be enjoyed beside
      increased number or longer pieces recorded in one record.
PAR  Under such circumstances, selection of pieces recorded on one side of
      record as the record fans wish, is therefore immediate demand to be met by
      makers of players and record manufactures alike. Unfortunately, players
      are handled by mechanical engineers while records are by plastic
      engineers. They are independent to each other in the field of business and
      engineering. Further record fans have been accustomed to think that in
      order to select piece of their choice on record, visionary effort is
      necessary behind manual manipulation of tone arm to place the tone arm at
      the right spot on record. Besides, any electric contrivances in the near
      position of pick up stylus create flux distortion causing magnetic
      disturbances prejudicing high fidelity of sound produced. These
      considerations left this delicate part of undeveloped technique in
      position of no-man's land neglected by makers of players and record
      manufactures alike.
PAR  In some field of engineering mechanical precision is more complete and
      near-perfect than electrical contrivance especially, so when time
      necessary for its manipulation can be overlooked to certain extent. Recent
      high standard of record cutting allows to neglect horizontal deviation of
      course traced by stylus to the extent of the width of boundary space zone
      between two neighbouring music pieces on record. This means this space can
      absorbe the above referred horizontal deviation of tracing of stylus.
      Therefore, if stylus can be placed in this space with precision possible
      with the present technique, stylus can play the selected piece right from
      the beginning of piece. This precision technique is now achieved by this
      invention in view so that any music piece out of as many as 14 pieces on
      one side of record can be selected and such piece can be repeated as many
      as record fan can wish and further in case record changer is used any
      piece out of many records in stack on turn table can be selected without
      possibility of access to end of each record which is difficult to see.
PAC  SUMMARY OF THE INVENTION
PAR  Two centers must be first considered, namely that of center spindle of turn
      table and that of tone arm. Accordingly two circles, having differently
      positioned centers must be dealt with. To coordinate working of these
      fixed centers one traveling center having radius in form of music piece
      selecter stick, is established on piece selector stick which may be
      referred to later. Grooves of record are made to make spiral circle around
      the center spindle and stylus of cartridge once placed on this grooves
      follows these grooves until the end of the spiralled grooves. Different
      pieces having different music in general are separated by boundary zone of
      unrecorded grooves. Due to having different centers of circles, horizontal
      movement by stylus of tone arm on record is not a straight line and it is
      an arc. However it is now found this arc can be replaced by combination of
      straight line and arc starting from center spindle of turn table having
      radius equivalent to distance between two fixed centers referred to above,
      the former starting from stylus of tone arm to center spindle of turn
      table and, the latter starting from center spindle of turn table.
PAR  These essentials are combined in form of piece selector stick manually
      rotating around center spindle of turn table. Along the straight line
      boundary grooves zone between different pieces on record are indicated by
      protruding needles on the rotating stick. On the other hand, guide
      attachment indicating the position of stylus is attached to cartridge at
      the end of tone arm. This attachment is fixed to cartridge by two stud
      bolts which are internationally employed in any of cartridges on the
      market. The piece selector stick is made to rotate manually with its arc
      groove with center spindle of turn table sliding therein and indicating
      needles on straight line on selector needle holder of piece selector
      stick, closely contacting the guide attachment of cartridge on the tone
      arm raised by the tone arm actuator lever. When end of arc groove of the
      stick, reaches center spindle, the tone arm is now above right position
      for selected piece boundary. The stick is now disconnected and freed from
      the center spindle and tone arm, by moving the stick away from two
      essentials, outwardly. The tone arm is now lowered by tone arm actuator
      lever on the moving record and soon stylus enters music groove zone of
      record moving with turn table.
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PAR  This following is a description of one embodiment of the invention,
      reference being made to the accompanying drawings in which:
PAR  FIG. 1 shows perspective view of turn table, tone arm and piece selector
      stick with column hand and tone arm actuator lever in position before the
      tone arm and piece selector stick are made to function.
PAR  FIG. 2 shows another perspective view of the same ready for lowering the
      tone arm by tone arm actuator lever on moving record in one hand after the
      stick is moved outwardly in the other hand.
PAR  FIG. 3 shows top view of piece selector.
PAR  FIG. 4 shows bottom view of piece selector.
PAR  FIG. 5 shows top view of radial adjuster of selector needles.
PAR  FIG. 6 shows side view of the same shown by FIG. 5 with selector needle
      holder in its position.
PAR  FIG. 7 shows base plate of selector needle holder.
PAR  FIG. 7A shows side view of the same shown in FIG. 7 with the top cover in
      position.
PAR  FIG. 8 shows the top view of base plate of selector needle holder with
      needle setter in groove.
PAR  FIG. 9 shows top cover plate of selector needle holder indicating position
      of needles for selected music pieces on record.
PAR  FIG. 10 shows needle setter with needles in position.
PAR  FIG. 11 shows how needles are fixed to the body of needle setter on the
      record in transparent jacket.
PAR  FIG. 12 shows general view of bottom view of cartridge with stylus
      indicator attachment showing two internationally recognized stud bolts
      holes.
PAR  FIG. 13 shows top view of base board of stylus indicator attachment.
PAR  FIG. 14 shows side view of stylus indicator attachment proper fixed to its
      base board of stylus indicator attachment.
PAR  FIG. 15 shows top view of that of FIG. 14.
PAR  FIG. 16 shows trace of working of handle bar of piece selector in relation
      to turn table and tone arm.
DETD
PAR  Reference is now made to FIGS. 3 and 4. Piece selector stick is principally
      made of two pieces of plastic board of moderate thickness 1, 2, both
      joined together by two bolts and nuts 3, 3. When these pieces 1, 2 are
      joined, between them arced opening 4 is provided. The center spindle 5 of
      turn table is guided along this opening 4 when piece selector stick is
      pressed towards the center spindle 5. Along the opening 4, step lining 6
      is created so that center spindle 5 is ensured always to be guided by
      piece selector stick 1. Next to this step lining 6, synthetic rubber sheet
      pad 7 in FIG. 4, which is a little thicker than step lining 6, is grued
      directly to piece selector 1 so that record surface can not be damaged.
      Another protection of record surface is shown in detachable protector 8
      made of synthetic rubber sheet or thin board covered by cloth. Further on
      the surface of piece selector stick 1, there are formed two grooves cut 9
      inclined to take in radial adjuster of selector needle holder of FIG. 5
      which will be explained later. Piece selector stick 1 is cut out along A,
      B, C, D, E and F so that needles of needle setter of FIG. 8 are placed in
      position which will be later explained. Piece selector stick 1 is handled
      by holding the straight end 11 with left hand as shown in FIG. 2 or by
      vertical column handle 10 to be gripped with the same hand (not shown).
PAR  Reference to FIGS. 5 through 10 is now made.
PAR  Radial adjuster of selector needle holder 12 of FIG. 5 has near its
      longitudinal ends, stud bolts 13, 13 which slide along grooves 9, 9 of
      piece selector stick 1. From the nature of slanted grooves 9, by moving
      the stud bolts 13, 13 along the groove 9, it can adjust its orientation
      radially as well as tangentially to record. But radial adjustment is the
      principal working effect mostly utilized. In turn radial adjuster of
      selector needle holder 12 provides toward the center, two transversal 14,
      14 which will take selector needle holder's 15 stud bolts 16, 16 which
      accomodate needle setter 18 in its longitudinal groove (17). Needles 19 of
      thin wire, eg. copper or stainless steel wire are positioned by being
      glued or otherwise, along its length indicating boundary space zone in
      front of music pieces on record. It is expected that when this invention
      is made available in music shops, this needles may be intergrated to
      longitudinal body of needle setter 18 in one piece. As shown in FIG. 8,
      needle setter 18 is set in groove 17 of base plate of selector needle
      holder 15. Needle setter 18 can slide along groove 17 to be adjusted
      later. Top cover plate 21 as shown in FIG. 9 is placed in position on base
      plate of selector needle holder 15 through holes 22 provided thereon. On
      this cover plate 21 label 23 or otherwise is provided to identify position
      of each needle 19 which can be conveniently used when piece selector stick
      is placed on record for its working. Although it is expected that a set of
      two needle setter 18 for two sides of record is to be provided by
      gramaphone record manufactures which produce record, it is advisable that
      for big library of old records in the hand of record fans, this needle
      setter can be prepared for their own usage. FIG. 11 shows how this can be
      done conveniently. In order to protect record, record is now placed in
      thin transparent plastic jacket 23 generally accompanying a record and
      main plastic body of needle setter 18 is temporarily placed on it,
      radially coincidedly with radius of record inside the jacket 23. Adhesive
      tape 24 may be temporarily employed for holding needle setter 18 in right
      position on plastic jacket 23. Needles 19 are placed on boundary space
      zone and glued on to needle setter 18.
PAR  Reference is now made to FIGS. 13 through 15. In FIG. 12, cartridge 25 is
      interchangeablly fixed to plug-in-head 26 of tone arm by two stud-bolts
      27. These stud-bolts 27 are international. Therefore, it cartridge
      attachment 29 is provided with equivalent holes by which cartridge
      attachment 29 is held to cartridge 25 there will be no difficulty for this
      invention to be adopted to any player. In order to indicate the position
      of stylus, supplementary cartridge attachment 30 is in turn fixed to
      cartridge attachment 29 by a set of bolt and nut through adjustable
      transverse opening 32. The side 33 is the guide on which needle 19 of
      needle setter of FIG. 10 depends to place the tone arm in position. The
      side 33 is in line with the outer circumference of stylus 34. This side 33
      is at right angle to horizontal plane of cartridge attachment 29. The
      protruding end 34 of supplementary attachment 30 is guide stopper for tone
      arm when it is in contact with needle 19 of needle setter 18.
PAR  In operation, turn table is first energized to rotate and tone arm is
      raised by tone arm actuator lever 35 with right hand either by holding the
      end 11 of piece selector stick 1 by left hand or gripping vertical column
      handle 10 by the same hand, and then insert it inward towards center
      spindle of turn table, piece selector stick 1 thus placing center spindle
      5 within the opening end of groove at the far end of arc 4 of piece
      selector stick 1. Meanwhile the piece selector stick 1 is turned towards
      the cartridge 25 of freed tone arm and then place required needle 19 of
      needle setter in piece selector stick 1 in close contact with the side 33
      to be in line with the stylus 34 of cartridge 25 by lowering arm actuator
      lever 35 with right hand to the extent that protruding end 34 of
      supplementary attachment 30 hardly touches top cover plate 21 of selector
      needle holder 15. By moving the piece selector stick 1 along the arc of
      groove 4 while pressing the tone arm sidewise maintaining contact between
      the piece selector and tone arm, the stylus 34 is now placed above the
      required boundary zone preceding the selected music piece. Then selector
      stick 1 is now freed from the tone arm by rotating at center spindle
      clockwise and drawn out from center spindle. The movement of vertical
      column handle 10 near end 11 of piece selector stick is shown in FIG. 16.
      By use of this handle 10, it is now shown that this invention provides one
      travelling center coordinating workings of fixed centers of turn table and
      tone arm. At point G of cycle, piece selector stick contacts tone arm
      while groove at the far end of arc thereof takes in center spindle 5. At
      point H, where groove at its base end is in close contact with center
      spindle. Stylus 34 of tone arm is now placed above the required position
      and then piece selector stick is rotated clockwise quetly until point K
      and drawn out to point M where piece selector stick is completely freed.
      Meanwhile tone arm is quietly lowered by tone arm actuator lever 35 onto
      the required piece boundary zone preceding required music piece groove. If
      next selection of music piece is to be played, selector stick 1 may be
      moved toward point G for another cycle.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for precisely locating a selection on a phonograph record
      which has boundary zone grooves between the selections on the record and
      which is to be played on a record player having a rotating turntable, a
      spindle in the center of the turntable for centering and holding the
      record on the turntable, and a tone arm pivoted on an axis having a
      cartridge with a playing stylus secured thereto which may be manually
      positioned on the record on the turntable, said apparatus comprising:
PA1  piece selector means radially extending above and across the surface of the
      record player for slidably fitting around the spindle on the turntable,
      said piece selector means comprised of:
PA1  a flat positioning bar having a straight portion and a portion angled from
      the straight portion, the angled portion having a groove therein removably
      and slidably fitted around the spindle on the turntable, and the straight
      portion radially extending above and across the record and having a cut
      out portion in the side thereof facing against the rotational direction of
      the turntable and two parallel angled slots, one slot on each side of the
      cut out;
PA1  radial indication means removably connected to the said piece selector
      means between said piece selector means and the turntable for indicating
      the position of the boundary zones between the selections of the record
      when said piece selector means is fitted about the spindle, said radial
      indication means comprised of:
PA1  a radial adjustment plate beneath said positioning bar having a cut out in
      the side thereof opposing the rotation of the turntable and having two
      parallel slots perpendicular to the edge of the bar, one slot on each side
      of the cut out;
PA1  two bolts attached to said radial adjustment plate and fitted into the
      parallel angled slots of said positioning bar, whereby said radial
      adjustment plate is attached beneath said positioning bar;
PA1  a bottom plate below the radial adjustment bar having a groove therein
      running the length of the plate;
PA1  a needle setter rod removably fitted into the groove in said bottom plate;
PA1  boundary zone pins perpendicularly attached to the top of the needle setter
      rod at positions corresponding to the boundary zones on the phonograph
      record;
PA1  a top plate between said bottom plate and needle setter rod and the radial
      adjustment plate; and
PA1  two bolts removably fitted through said base plate, said top plate, and the
      two parallel slots in the radial adjustment plate, whereby the top plate,
      the bottom plate, and the needle setter rod thereinbetween are operatively
      connected to said positioning bar; and
PA1  cartridge guide means fitted to the tone arm for guiding the cartridge and
      the tone arm into the desired position in said radial indication means and
      for supporting the cartridge and tone arm thereon, said cartridge guide
      means comprised of:
PA1  a cartridge plate attached between the tone-arm, and
PA1  a supplemental cartridge plate fastened to and beneath said cartridge plate
      toward the free end of the tone-arm for positionig adjacent the boundary
      zone pin indicating the desired location on the record.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said piece selector means is
      further comprised of a lifting means attached to the straight portion of
      the positioning bar for lifting and positioning the positioning bar around
      the center spindle and above the record surface.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein the longitudinal groove in
      the angled portion of the positioning bar is arched in a semi-circular
      configuration, said arch shape being part of the circumference of a circle
      whose radius equals the distance between the stylus and the axis of the
      tone-arm.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said cartridge is bolted to
      said tone arm, and said cartridge plate is bolted to the cartridge by the
      bolts securing the cartridge to the tone-arm.
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ABST
PAL  A pick-up arm bearing for a record player. A bearing column extends
      vertically downwards from a cover plate and is engaged by a bearing body
      of a bearing block which carries the pick-up arm, the bearing body with
      the bearing block being slid onto the bearing column from the underside of
      the cover plate, while the bearing block projects upward through an
      opening in the cover plate to hold the pick-up arm.
BSUM
PAR  The invention relates to a bearing of a pick-up arm for a record player
      with a cover plate, on which a bearing column which extends vertically
      downwards is provided for the bearing body of a bearing block which
      carries the pick-up arm.
PAR  Every pick-up arm of a record player or changer is pivoted to the cover
      plate of the apparatus by means of a bearing both in a horizontal and in a
      vertical direction. The bearings generally consist of a bearing column,
      which is disposed above the cover plate and which carries the bearing
      block for the pick-up arm. The bearing block is then provided with a bore
      which is such that the bearing block is rotatably guided by the bearing
      column. It is also possible for the bearing column to be disposed
      underneath the cover plate, the bearing column then serving as a bushing
      for the pick-up arm bearing block. A disadvantage of the known
      constructions is that one part of the bearing is to be mounted from above,
      while other parts such as, for example, a striker arm for the sensing
      means of the changing cycle and an arm for determining the set up
      diameter, have to be mounted from beneath, which is time-consuming and
      expensive.
PAR  It is an object of the invention to provide a bearing for a pick-up arm,
      which can be pre-assembled or which consists of one part and which in
      principle need be mounted from one side of the cover plate only.
PAR  According to the invention bearing block with the bearing body is slid onto
      the bearing column from the underside of the cover plate, the bearing body
      being slid through an opening in the cover plate to its upper side, and
      the bearing body is pivoted about the bearing column retained by a
      retaining member.
PAR  With such a pick-up arm bearing mounting is effected completely from
      beneath the cover plate, the mounting procedure merely consisting of
      insertion onto the bearing column and securing by means of the retaining
      member.
PAR  According to an embodiment of the invention, the bearing body and the
      bearing block consist of one integral injection molded plastic part. Other
      parts, such as a striker arm for the scanner of the changing mechanism
      and, as the case may be, a stop arm for determining the set up diameter
      may then simultaneously be molded on this plastic part. It may be
      desirable to make the scanner adjustable in the longitudinal direction. In
      that case, it is only required to mold on one guide for the scanner.
PAR  According to a further embodiment of the invention, the upper foot of the
      bearing column is raised from the cover plate by means of an upright
      portions of the cover plate, which supports said foot, which extends near
      the column, which surrounds the latter partly and which bears on the cover
      plate. This construction allows a part of the bearing block to be
      concealed in the cover plate and minimizes the height underneath the cover
      plate. For constructional reasons, a certain distance is required between
      the cover plate and the pick-up arm and this distance is obtained by means
      of the upright member at the bearing column and the bearing block.
PAR  According to a further embodiment of the invention, the retaining member
      consists of a metal plate, which is provided with a boss which engages a
      hole of the bearing column from underneath. Thus the retaining member also
      locks the lower end of the bearing column against lateral displacements.
      Moreover, in a further embodiment of the invention, the lifting pin for
      the pick-up arm may be guided through the boss of the metal plate and the
      bore of the bearing column.
PAR  Mounting is facilitated when the outer wall of the bearing column and the
      hole of the bearing body have a common downward taper.
DRWD
PAR  The invention will now be described in more detail with reference to the
      embodiment shown in the drawing.
PAR  FIG. 1 is a longitudinal section of a bearing of a pick-up arm according to
      the invention, and
PAR  FIG. 2 is a top plan view with the pick-up arm removed and a partly cut
      away cover plate.
DETD
PAR  The pick-up arm bearing according to the invention is mounted on the cover
      plate 1. From the cover plate 1 a rib 3 extends upwards, supporting the
      upper foot 5 of a bearing column 7. The rib 3 partly surrounds the bearing
      column 7. A bearing body 9 is slid onto the bearing column 7, which has a
      downward taper. The wall 11 of the bore of the bearing body 9 as well as
      the outer wall 13 of the bearing column 7 have a downward taper. The
      bearing body 9 together with the bearing block 15 for the pick-up arm 17
      are injection molded in one piece.
PAR  A metal plate 19, which is secured to block 21 of the cover plate 1 by
      means of a screw 23, serves for securing the bearing body 9 to the bearing
      column 7. The plate 19 is provided with a boss 25, which at the underside
      engages a hole 27 of the bearing column 7. Thus the plate 19 unambiguously
      determines the position of the lower end 29 of the bearing column 7.
      Moreover, this plate determines the length over which the bearing body 9
      is slid onto the bearing column 7. By an appropriate design of the contact
      faces 31 of the bearing body 9 against the metal plate 19, and of the
      bearing surfaces 33 and 35 between the bearing column 7 and the bearing
      body 9, it is assured that the pickup arm bearing runs smoothly.
PAR  A striker arm 37 is moulded on the bearing body 9, which upon rotation of
      the pick-up arm 17 and the bearing block 15 rotates also and may, for
      example, strike against a sensor for initiating a changing cycle. Said
      sensor is not shown because it is not essential for the invention.
      Further, a striker arm 39 is molded on the bearing body 9, to cooperate
      with a lever 41 (FIG. 2). The toothed lever 41 is pivoted in 43 and in
      acccordance with its adjustment it ensures that the striker arm by
      striking against a tooth or an opening between two teeth limits the rotary
      movements of the pick-up arm to set the pick-up arm drop point.
PAR  A lifting pin 45 is guided through the bore 27 of the bearing column 7 and
      the boss 25 and can be lifted by a lifting device of the changing
      mechanism, not shown, so that the pick-up arm 17 is raised.
PAR  The pick-up arm bearing according to the invention is mounted from the
      underside 47 of the cover plate. From this underside, the bearing body 9,
      the bearing block 15 as well as the striker arm 37 and the stop arm 39 are
      slid onto the plate 1, the bearing body and the bearing block 15 extending
      through an opening 49 in the cover plate 1. The striker arm 37 and the
      stop arm 39 remain underneath the plate 1. Subsequently, the metal plate
      19 is screwed to the block 21, so that the pick-up arm bearing is already
      secured. From the top of the cover plate 1 only the pick-up arm 17 need be
      secured, which is effected in a manner well known in the art using a pin
      51, which connects the bearing block 15 to the pick-up arm 17.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pick-up arm bearing assembly for a record player with a cover plate,
      comprising a cover plate having first, second and third portions, said
      first portion being raised above said second portion, said third portion
      connecting between said first and second portions, said second portion
      having an opening therethrough below said first portion, a part of said
      opening extending beyond said first portion; a bearing column having a
      vertical axis, said column mounted below said first portion of the cover
      plate and extending downward, said cover opening part being in spaced
      relationship with said bearing column axis; a bearing body fitted
      coaxially over said bearing column to permit rotation about the axis of
      said column; a retaining member; means for mounting said retaining member
      under said cover plate so as to retain said body on said column; and
      bearing block means for attaching a pick-up arm for pivotal motion about a
      horizontal axis, comprising a lower portion disposed below the cover plate
      and connected to said bearing body and an upper portion having a
      cross-section in a horizontal plane smaller than said part of said opening
      and in spaced relationship with said axis corresponding to said spaced
      relationship, said upper portion projecting upward above said part of said
      opening in the cover plate, said upper portion comprising means for
      pivotally mounting a pick-up arm about a horizontal axis, whereby said
      bearing body, bearing block means and retainer can be assembled to the
      record player from below the cover plate.
NUM  2.
PAR  2. An assembly as claimed in claim 1, wherein said bearing body and bearing
      block means are formed by an integral plastic part.
NUM  3.
PAR  3. An assembly as claimed in claim 2, wherein said integral plastic part
      further comprises a striker arm disposed under said cover plate for
      contact by a scanner part of the record player when the pick-up arm
      bearing is in a pre-determined position to initiate a record changing
      cycle.
NUM  4.
PAR  4. An assembly as claimed in claim 2, wherein said integral plastic part
      further comprises a striker arm disposed under said cover plate for
      stopping rotation of said pick-up arm bearing at a predetermined position
      to determine the pick-up arm dropping diameter.
NUM  5.
PAR  5. An assembly as claimed in claim 1, wherein said third portion of said
      cover plate partly surrounds said bearing body.
NUM  6.
PAR  6. An assembly as claimed in claim 5, wherein said bearing column has a
      hole at its lower end, and said retaining member comprises a boss engaging
      the hole at the lower end of the bearing column whereby said retaining
      member provides lateral support to the lower end of the bearing column.
NUM  7.
PAR  7. An assembly as claimed in claim 6, wherein said retaining member and
      said bearing column boss each have a through hole for accepting a lifting
      pin for the pick-up arm.
NUM  8.
PAR  8. An assembly as claimed in claim 6, wherein said bearing column has an
      outer bearing wall and said bearing body has an inner bearing wall, said
      bearing walls having a common taper downward, whereby said bearing body
      may easily be slipped over said bearing column.
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ABST
PAL  A corrugated radial spacer expander to be combined with side rails to form
      a compound oil scraping ring for internal combustion engines. The spacer
      expander has an annular shape cut at a portion thereof to present two
      opposing ends and has a corrugation consisting of successively alternating
      valleys and crests which are connected by intermediate flanks. At each one
      of said ends, there is formed a protrusion which bridges the neighbouring
      flanks over a valley adjacent the end, which protrusion is so shaped and
      positioned to prevent the valley at one end from being received by the
      valley at the other end, thereby ensuring that the opposing ends are
      correctly positioned in end to end relation, which would otherwise
      deteriorate the expansion force of the expander to make the oil scraper
      ring inoperative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to oil scraper piston rings for internal
      combustion engines, and more particularly to compound oil scraper piston
      rings having corrugated radial spacer expander.
PAR  2. Description of the Prior Art
PAR  Compound oil scraper piston rings consisting of a corrugated spacer
      expander and two side rails have been preferred for use in modern high
      power and high speed internal combustion engines, because of their high
      contact pressure against the cylinder wall and good following character
      with respect to the cylinder wall. In addition, those compound oil scraper
      piston rings can conveniently prevent a pumping action since they can
      provide sealing at both their upper and lower surfaces.
PAR  A conventional compound oil scraper piston ring comprises a corrugated
      radial spacer expander which has a corrugation in the circumferential
      direction thereof. The corrugation consists of alternating valleys and
      crests connected by flanks interposed therebetween. This corrugated radial
      spacer expander is adapted for use in combination with two side rails
      which are meant to engate the cylinder wall to scrape the oil down and to
      keep the required gas tightness, which engagement is ensured by radial
      expansion force exerted by the spacer expander.
PAR  When the compound oil scraper piston ring is mounted on a piston, the
      spacer expander is opened at its opposing ends and is fitted into the
      peripheral groove in the piston, and then the two side rails are fitted.
PAR  It is inconvenient that, during this fitting of two side rails, the two
      opposing ends of the spacer expander are likely to overlay one on the
      other, i.e. the lower side of the valley of one end is caught by the upper
      side of the valley of the other end.
PAR  Unfortunately, there have been no means to make one become aware of this
      extraordinary overlapping before the piston is inserted into the cylinder.
PAR  It is clear that this overlapping renders the compound oil scraper ring in
      operative, because of the poor expansion force exterted by the spacer
      expander, resulting in increased lubricating oil consumption which may
      lead to an unexpected engine stalling.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to overcome above described
      problems by providing an improved expander for compound oil scraping
      piston rings.
PAR  According to the invention, there is provided an expander for compound oil
      scraper piston ring, said expander having an annular shape cut at one
      portion thereof to present two opposing ends and having a circumferential
      corrugation consisting of successively alternating valleys and crests
      connected by intermediate flanks, characterized by protrusions formed to
      bridge neighbouring flanks over the bottoms of the valleys at respective
      opposing ends, said protrusions being so positioned and shaped that they
      may prevent the valley at one of said ends from being received by the
      valley at the other of said ends, when said ends are overlapped, one on
      the other.
PAR  These and other objects and advantageous features of the invention will
      become clear from the following description of the preferred embodiments
      taken in connection with accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a conventional spacer expander.
PAR  FIG. 2 is a partial enlarged plan view of the spacer expander as shown in
      FIG. 1 showing both ends being superimposed one on the other.
PAR  FIG. 3 is an enlarged perspective view of a spacer expander embodying the
      present invention.
PAR  FIG. 4 is a developed front elevational view showing slits for forming
      protrusions of the end portions of the spacer expander in accordance with
      the invention.
PAR  FIG. 5 is a partial enlarged plan view of a spacer expander embodying the
      invention showing two opposing ends being correctly engaged by each other.
PAR  FIGS. 6 to 9 are developed front elevational views of respective
      embodiments of the invention.
PAR  FIG. 10 is a partial enlarged plan view of a spacer expander with its
      opposing ends being superimposed one on the other.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Prior to the description of the preferred embodiment, an explanation will
      be made on a prior art spacer expander with reference to FIGS. 1 and 2.
PAR  As shown in FIG. 1, a typical conventional compound piston ring R comprises
      corrugated radial spacer expander 5 consisting of an annular body cut at a
      portion thereof, and having a circumferential corrugation consisting of
      succesively alternating valleys 2 and crests 3 which are connected by
      intermediate flanks 4, each valleys 2 having projections 21 depending from
      both sides thereof.
PAR  Two sides rails S, S are combined to complete a ring R. It is inconvenient,
      as explained before, that the opposing ends, designated generally at
      numeral 51, are likely to be overlapped or superimposed one on the other,
      as shown in FIG. 2, when two side rails S, S are fitted onto the spacer
      expander 5. This overlapping of course deteriorates the contact pressure
      of the ring R against the cylinder wall to make the later inoperative for
      oil scraping, resulting in an increased lubricating oil consumption.
PAR  This problem is, however, fairly avoided in the preferred embodiments of
      the invention, as will be described hereinafter.
PAR  Referring to FIGS. 3, 4 and 5, a compound oil scraper ring is manufactured
      from a blank which is punched out from a steel plate to have portions as
      valleys 2 and crests 3, projections 21, and oil receiving perforations 8,
      as shown in FIG. 4.
PAR  At portions which are bound to be respective one of opposing end portions
      61 in the final product, there are formed two pairs of slits, one pair
      being at one of the ends while the other being at the other end.
PAR  The blank is then formed into an annular spacer expander having a
      corrugation which consists of successively alternating valleys 2 and
      crests 3 connected by intermediate flanks 4, as shown by FIG. 3. At the
      same time the portions of the blank between two slits of each pair are
      partially struck out or bent outwardly of the annular body to form a
      protrusion 7 at each of the opposing ends 61.
PAR  The protrusions 7 are so positioned that their central axes "m--m " and "
      m'--m' " do not coincide with each other, that is, they are laterally
      offset so that they cannot fit to each when the opposing ends are
      overlapped one on the other.
PAR  Namely, even if the opposing ends of the expander are happened to be
      overlapped with the side rails are fitted to the expander in the
      peripheral groove of the piston, the upper one is prevented from being
      received by the lower one, as shown in FIG. 10, because of the presence of
      the protrusion 7.
PAR  In this condition, it is impossible to insert the piston into the cylinder,
      so that one can become aware of undesirable overlapping of the opposing
      ends of the expander. Therefore it is assured that the compound oil
      scraping rings of the invention are mounted with their expanders having
      opposing ends 61 correctly abutting each other, as shown by FIGS. 3 and 5.
PAR  It will be understood that the compound oil scraping rings of the invention
      are free from the unfavourable deterioration of contact pressure which has
      been likely to occur due to the overlapping of the opposing ends of the
      expander, and any problems resulted therefrom such as deterioration in the
      following property to the cylinder wall or increased lubricating oil
      consumption are fairly avoided.
PAR  FIGS. 6 to 9 show respective modifications.
PAR  In the modification of FIG. 6, the slits 9 are arcuate to form protrusions
      71 bridging flanks 4 over the valley 2 at the end portions.
PAR  In this arrangement, it is necessary to form the arcuate pairs of slits
      inversed with respect to each other.
PAR  In the modifications of FIGS. 7 and 8, the central axes " m--m " and "
      m'--m' " of each pair of the slits 9 coincide with each other, however, a
      projections 72 formed in one or both slits in each pair of the slits 9
      presents protrusions 73 for preventing one end from being received by the
      other.
PAR  FIG. 9 shows another embodiment in which substantially trapezoidal
      protrusions 74, which serves equally to other protrusions 7, 71, 72, 73,
      although the central axes " m--m " and " m'--m' " coincide with each
      other.
PAR  Having described a specific embodiments of the compound oil scraping ring
      of the invention, it is believed obvious that modifications and variation
      of our inventions are possible in light of the above teachings.
PAR  For instance, the protrusions may be formed after the annular shape of the
      expander is completed, as well as simultaneously with the formation of oil
      receiving perforations. by means of a press.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a corrugated radial spacer expander adapted for use in combination
      with side rails to form a compound oil scraper ring, said expander being
      annular in shape and severed to present two opposing ends and having a
      circumferential corrugation consisting of successively alternating valleys
      and crests connected by intermediate flanks, the improvement comprising:
      protrusions in the form of partially struck out integral strips of said
      expander longitudinally briding neighboring flanks over the bottom of
      adjacent valleys at respective opposing ends, said strips including
      integral portions which are laterally offset when said strips overlie each
      other which prevent the valley adjacent one end of said expander from
      being received within the valley adjacent the other end, when said ends
      are overlapped one on the other.
NUM  2.
PAR  2. The radial spacer expander as claimed in claim 1, wherein said
      protrusions are equal width, partially struck out, integral strips whose
      circumferential axes are laterally offset with opposite side edges
      laterally overlapping.
NUM  3.
PAR  3. The radial spacer expander as claimed in claim 1, wherein said
      protrusions comprise equal width, partially struck out, circumferentially
      aligned strips having lateral projections to opposite sides thereof.
NUM  4.
PAR  4. The radial spacer expander as claimed in claim 1, wherein said
      protrusions comprise equal width, partially struck out, oppositely
      laterally curved, laterally overlapping strips.
NUM  5.
PAR  5. The radial spacer expander as claimed in claim 1, wherein said
      protrusions comprise trapezoidal shaped strips whose axes are
      circumferentially aligned and whose sides taper in opposite directions.
PATN
WKU  039348873
SRC  5
APN  5455073
APT  1
ART  243
APD  19750130
TTL  Rotary drilling head assembly
ISD  19760127
NCL  15
ECL  1
EXP  Rothberg; Samuel B.
NDR  3
NFG  6
INVT
NAM  Biffle; Morris S.
CTY  Midland
STA  TX
ASSG
NAM  Dresser Industries, Inc.
CTY  Dallas
STA  TX
COD  02
CLAS
OCL  277 31
XCL  277 72R
EDF  2
ICL  F16D  306
ICL  F16J 1516
FSC  277
FSS  31;65;72;9
UREF
PNO  2853274
ISD  19580900
NAM  Collins
XCL  277 31
UREF
PNO  2927774
ISD  19600300
NAM  Ormsby
XCL  277 31
UREF
PNO  3387851
ISD  19680600
NAM  Cugini
XCL  277 72
UREF
PNO  3724862
ISD  19730400
NAM  Biffle
OCL  277 31
LREP
FR2  Bates; Marcus L.
ABST
PAL  A rotary drilling head assembly having a main body through which an axial
      bore is formed for sealingly receiving, in an axially rotatable and
      longitudinally slidable manner, a driving member therethrough, thereby
      enabling the driving member to be moved longitudinally respective to the
      head while it is being axially rotated by the turntable.
PAL  An outflow passageway conducts fluid flow away from the head, while a
      second seal means controls fluid flow between the relative rotating parts
      of the assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In my previous U.S. Pat. No. 3,724,862 which issued Apr. 3, 1973, there is
      disclosed a rotating blow-out preventor, hereinafter called "RBOP", having
      associated therewith a seal means for preventing contamination of various
      moving parts thereof. Reference is made to this issued patent for further
      background of the invention.
PAR  In my co-pending patent application, Ser. No. 339,037 filed Mar. 8, 1973,
      now U.S. Pat. No. 3,868,832, granted Mar. 4, 1975 there is disclosed
      improvements in RBOP, which enable rapid replacement of a stripper rubber
      which receives a tool string therethrough. Reference is made to this
      patent application as well as the art cited therein for further background
      of the invention.
PAR  In making hole with a rotary drilling rig, sometime formations are
      encountered such that several days will expire between trips for
      replacement of the drill bit. Such an occurrence is always favorably
      received by the Roughnecks for the reason that they can lounge about the
      rig or recline in the doghouse, since the only work that must be
      accomplished is an occasional addition of another joint of drill pipe to
      the Kelly. In making a deep hole, should the RBOP become unduly worn, a
      dangerous situation exists because a pocket of gas might be encountered
      and control of the well will thereby be lost. This is, of course, a
      catastrophic occurrence in the oil patch.
PAR  Therefore, it is desirable to have an RBOP designed in such a manner to
      enable the stripper, as well as the bearings and various seals associated
      therewith, to be replaced without the necessity of removing the massive
      main housing of the RBOP from the upper extremity of the surface casing.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to oil field equipment and specifically to a rotary
      drilling head assembly having a main body through which an axial bore is
      formed for receiving a driving member therethrough, with the driving
      member and the drilling head cooperating to form an annulus therebetween.
      A rotatable stripper means slidably receives the axially rotatable driving
      member in sealed relationship therethrough. The stripper means is
      journaled for rotation to the main body of the head such that the annulus
      which is formed between the driving member and the head is divided into an
      upper and lower annular area. The lower portion of the lower annular area
      is flow connected by piping at a location below the stripper means so that
      drilling mud can flow up the borehole annulus about the driving member and
      out of the rotating head.
PAR  A seal means is affixed between a stationary and rotatable part of the head
      assembly at a location spaced above the outflow passageway and adjacent to
      the stripper means for preventing flow from the upper extremity of the
      lower annulus outwardly from the RBOP. The last said seal means comprises
      a fixed and a rotatable member, with the fixed member being connected to
      the stationary main housing while the rotatable member thereof is suitably
      affixed to structure associated with the rotatable stripper.
PAR  Hence, the stripper means prevents fluid flow from the lower to the upper
      annulus, while the seal means prevents fluid flow from the upper extremity
      of the lower annulus outwardly from the main body, thereby enabling fluid
      flow to occur down the interior of the driving member, to the bit, back up
      the borehole annulus, and out of the lower RBOP annulus to the mud pit.
PAR  Accordingly, a primary object of this invention is the provision of rotary
      drilling head assembly which sealingly engages a driving member placed
      therethrough so that the driving member sealingly engages the head while
      it is rotated about its central longitudinal axis as it moves
      longitudinally into or out of the borehole.
PAR  Another object of the invention is to provide improvements in a rotating
      seal member associated with a rotary drilling head.
PAR  A further object of this invention is to disclose and provide improvements
      in a combination stripper and seal means for use in conjunction with a
      RBOP.
PAR  A still further object of this invention is to provide a rotatable stripper
      means associated with a RBOP having one seal surface thereon for receiving
      a tool string therethrough and another seal means thereon for sealingly
      engaging a stationary member associated with the main body of the drilling
      head.
PAR  Another and still further object of the invention is to provide a drilling
      head assembly having a rotatable stripper means and a fluid seal member,
      each of which sealingly engage a rotating tool string which is received
      therethrough in a manner to control flow of fluid into and out of a
      borehole during wellbore forming operations.
PAR  An additional object is to provide a RBOP for sealingly engaging a fluid
      conducting rotating tool string so that control of fluid flowing through
      the tool string and back up through the borehole annulus is forced to flow
      along a controlled flow path.
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
PAR  The above objects are attained in accordance with the present invention by
      the provision of a combination of elements which are fabricated in a
      manner substantially as described in the above abstract and summary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the preferred form of the present
      invention, with additional structure being associated therewith and
      disclosed in phantom representation;
PAR  FIG. 2 is an elevational, part longitudinal, cross-sectional view of the
      apparatus disclosed in FIG. 1;
PAR  FIG. 3 is a reduced, top plan view of the apparatus disclosed in the
      foregoing figures, looking in the direction indicated by the arrows at
      numerals 3;
PAR  FIG. 4 is an enlarged, fragmentary, part cross-sectional view taken along
      line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged, fragmentary, part cross-sectional view of part of
      the apparatus disclosed in the foregoing figures; and,
PAR  FIG. 6 is an enlarged, fragmentary, part-cross-sectional representation of
      still another part of the apparatus disclosed in FIGS. 1-4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, in conjunction with the remaining figures, there is disclosed a
      rotary drilling head assembly, or RBOP, having a main housing which
      terminates at the lower extremity thereof in a flange 12 so that the
      entire assembly can be connected to an upwardly directed mating flange 14
      of a borehole casing; thereby enabling a driving member 16, such as a
      rotating toolstring, to be sealingly received in a longitudinally slidable
      manner therethrough. An outlet flange 18 enables an outflow pipe 20 to
      conduct fluid flow from the borehole annulus, not shown, to a location
      removed from the borehole and the RBOP.
PAR  The main housing of the RBOP of the present invention is comprised of a
      lower stationary housing 22, an upper stationary housing 24 rigidly
      affixed to the lower housing by a plurality of outwardly directed,
      radially spaced apart, vertically disposed flanges 26. The flanges
      rigidify the entire main housing and reduce the cost of fabrication, while
      at the same time significantly reduce the gross weight thereof.
PAR  A split clamp assembly 28 is journaled together by hinge means 30, and
      fastened into a complete circle by a fastener means 32, so that the
      fastener means can be released and the split clamp halves pivoted apart
      and about the hinge means for the purpose of replacing all of the wearing
      components of the RBOP, as will be described in greater detail later on in
      this disclosure.
PAR  A stationary circumferentially extending flange 34 is connected to the
      lower housing member so that a complementary flange 35 can be bolted
      thereto with an o-ring 36 being interposed therebetween for preventing
      fluid flow across the interface formed therebetween. The co-acting flanges
      removably and rigidly affix a circumferentially extending upwardly and
      outwardly tapered conical seal seat member 37 to the lower housing. The
      seal member hereinafter will be called a "stationary seal member". Numeral
      38 broadly indicates the internal circumferentially extending interface
      formed by engagement of the stationary seal member and the lower housing.
PAR  An elastomeric stripper means 40, hereinafter called a "stripper", is
      provided with a reinforced outwardly directed, horizontally disposed
      flange 42, which is provided with a bolt circle so that it can easily be
      bolted onto a complementary flange 44 of a rotating bowl assembly, with
      conventional seal means 46 being interposed therebetween as may be
      desired. The stripper, which can be reinforced with metal fingers and
      various other metallic and non-metallic devices accepted in the various
      prior art designs, has a lower inwardly tapered circumferentially
      extending end portion 48, and a reduced inside diameter formed by the
      interior sealing surface 50 which sealingly engages the exterior surface
      of a driving member, such as a toolstring, slidably forced therethrough.
PAR  Circumferentially disposed, outwardly positioned, rotating seal member 52
      forms part of the rotating seal means and is rigidly affixed to flange 42
      and hence to the stripper, and preferrably is formed with annulus 56
      disposed between the stripper and the rotating seal member so that a
      marginal end portion of the seal member sealingly engages the inside
      annular seat surface 58 of the fixed seal member; thereby precluding fluid
      flow across members 52 and 58.
PAR  A stationary bowl in the form of a hollow tapered plug 60 is seated in
      close tolerance relationship within the upper housing and is rigidly
      attached in a removable manner by the before mentioned split clamp. A
      rotating bowl 62 is spaced from the tapered bowl, thereby leaving annulus
      64 therebetween, within which a lubricant can be supplied. Tapered roller
      bearings, 66 and 68, are spaced from one another and positioned within the
      annulus so that the rotating bowl is rotatably held against upthrust and
      downthrust, and is rotatably received in low friction relationship within
      the removable tapered stationary bowl.
PAR  Upper and lower seals, 70 and 72, which can take on any number of different
      forms, are positioned externally of the roller bearings and prevent
      contamination thereof. Nut 74 threadedly engages the stationary tapered
      bowl for securing the upper bearing seat thereto, while hold-down plate 76
      is provided with a ledger plate about a circumferentially extending
      marginal extremity, which greatly minimizes inward travel of debris toward
      the bearing seals, thereby forming a slinger ring respective to the
      various inter-acting movable parts. Fastener 77 rigidly affixes the
      rotating slinger ring to the rotating bowl assembly in close proximity to
      the nut 74.
PAR  The apparatus of the present invention is assembled by bolting flanges 34
      and 35 together by the illustrated circle of bolts, thereby disposing
      annular seat 58 in the illustrated manner of FIG. 6. The stripper,
      bearings, and bearing seals are next affixed in axially aligned
      relationship respective to the rotating bowl, the rotating bowl is
      concentrically positioned within the tapered bowl, the nut 74 properly
      torqued against the upper tapered bearing and stationary bowl, and the
      slinger ring bolted into proper superimposed position by means of the
      circle of bolts 77.
PAR  The entire removable rotating bowl assembly, along with the stripper can
      now be telescoped through the upper housing into the illustrated position
      disclosed in the figures of the drawings, after which the split clamp is
      placed about the upper marginal end of the assembly so that the stationary
      bowl is wedgedly forced into a fixed position respective to the remainder
      of the apparatus.
PAR  The present invention accordingly provides an RBOP of a novel design and
      unusual configuration in that all of the moving parts thereof can be
      replaced at any time without removing the massive main housing from its
      operative relationship respective to the remainder of the borehole forming
      apparatus. In particular, while making hole, the RBOP of the present
      invention will be disposed in axially aligned and series relationship
      respective to any number of other safety equipment. It is therefore
      extremely beneficial in consideration of down-time of a drilling rig to be
      able to rapidly replace the entire worn mechanism. The replacement is
      accomplished by merely removing the split clamp, engaging either the
      stationary or the rotating bowl with a wire rope, and withdrawing the
      tapered bowl along with the bearings, seals, rotating bowl, and stripper.
      This novel expedient enables a new assembly to immediately be telescoped
      over the Kelly and into the illustrated position seen disclosed in FIGS. 1
      and 2.
PAR  At the same time, should it be desirable to do so, the seat assembly can
      likewise be unbolted and removed up through the interior of the upper
      housing and up over the Kelly, thereby enabling a rebuilt seat assembly to
      be substituted therefor.
PAR  In the present rotary drilling head assembly for wellbore forming
      operations, it will be appreciated that the lower mating flange enables
      the main body to be affixed to either the surface casing flange, or to the
      uppermost flange of other BOP equipment. The main body is formed into an
      upper and lower stationary housing spaced from one another by the
      illustrated annular seat 58. The central axial bore formed through the
      entire apparatus enables a toolstring, or a driving member, to be received
      therethrough. The rotating bowl 62 can be rotatably journaled to the
      tapered bowl 60 by any suitable means, so long as it can endure at least
      as long as the stripper.
PAR  The stripper can be integrally affixed to the stripper mount means 42 and
      to the rotatable seal member 52; however, it is deemed to fall within the
      comprehension of this invention to fabricate the stripper, the mount
      means, and the seal member as separate, individual, bolted-together
      members.
PAR  The outflow pipe 20 is seen to have an inlet disposed in fluid
      communication with the lower area of the lower annulus, with the seal
      means being positioned for preventing fluid flow from a location above the
      illustrated inlet to the outlet pipe, outwardly therefrom. The stripper
      prevents fluid flow from the lower to the upper annulus.
PAR  The stripper preferably is made of an elastomeric material suitably
      reinforced with metal rods, metal inserts, and other mechanical devices
      which reinforce rubber and rubber-like resilient material and at the same
      time, enables sufficient deformation to occur so that it can expand into
      sealing engagement with various configurations of a tool string.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary drilling head assembly for wellbore forming operations
      having a main body for connection to the upper end portion of a wellbore
      casing and formed into an upper and a lower stationary housing, a central
      axial bore formed through said upper and lower housings for receiving a
      toolstring therethrough, a rotating bowl rotatably journaled to the upper
      housing, a stripper seal means concentrically affixed to the rotating bowl
      for jointly rotating with and sealingly engaging a toolstring placed
      therethrough; and an outlet pipe connected to the lower housing in flow
      relationship to the axial bore; the improvement comprising:
PA1  a circumferentially extending annular seal seat formed on said lower
      housing at a location spaced above the inlet to said outlet pipe; a
      circular rotating fluid seal means mounted to be rotated concurrently with
      said stripper seal means and sealingly engaging said annular seal seat.
NUM  2.
PAR  2. The improvement of claim 1 wherein said stripper seal means and said
      rotating fluid seal means are made integrally with one another.
NUM  3.
PAR  3. The improvement of claim 1 wherein said upper housing includes a
      stationary bowl member which is removably affixed to said main housing,
      said rotating bowl being journaled to said stationary bowl member, so that
      said stationary bowl, together with said stripper seal means, can be
      removed upwardly through the interior of said main housing.
NUM  4.
PAR  4. The improvement of claim 1 wherein said annular seal seat includes means
      by which it is removably affixed to said lower housing so that it can be
      removed upwardly through the interior of said main housing.
NUM  5.
PAR  5. The improvement of claim 1 wherein said stripper seal means and said
      rotating fluid seal means is made integrally with one another;
PA1  means forming a stationary bowl which is removably affixed to said upper
      housing; said rotating bowl being journaled to said stationary bowl so
      that said stationary bowl, rotating bowl, and stripper seal means can be
      removed as a unit from said main housing.
NUM  6.
PAR  6. The improvement of claim 1 wherein said upper housing has included
      therein a stationary bowl, means by which said stationary bowl is
      removably affixed to said stationary housing such that said stationary
      bowl together with said rotatable bowl and said stripper seal means can be
      removed from said main housing;
PA1  means by which said annular seal seat is removably affixed to said lower
      housing so that it can be removed from said main housing.
NUM  7.
PAR  7. The improvement of claim 1 wherein said annular seal seat includes means
      by which it is removably affixed to said lower housing so that it can be
      removed therefrom;
PA1  said stripper seal means and said rotating fluid seal means is made
      integrally with one another;
PA1  means by which said upper housing is removably affixed to said main housing
      so that said upper housing together with said stripper seal means and said
      rotating seal member can be removed upwards through the interior of said
      main housing, along with said stationary seal member.
NUM  8.
PAR  8. In a rotary drilling head assembly for wellbore forming operations
      having an axial bore formed therethrough for sealingly engaging a rotating
      driving member used in drilling boreholes, the improvement comprising:
PA1  said rotary drilling head assembly being made into concentrically aligned
      upper and lower chambers; a rotating stripper means for preventing fluid
      flow from said lower to said upper chamber, and a stripper mount means
      journaled for axial rotation to said upper chamber; said stripper means
      being affixed to said stripper mount means such that the rotating driving
      member can sealingly engage said stripper means while an annulus is formed
      between said lower chamber and the driving member;
PA1  an outflow passageway in fluid communication with the annulus, an annular
      seal means positioned above said passageway for preventing fluid flow
      outwardly from an upper extremity of the annulus, said annular seal means
      comprising a stationary member which sealingly engages a rotating member,
      and means by which said stationary member is affixed to said lower chamber
      and said rotating member is affixed to said stripper mount means.
NUM  9.
PAR  9. In a rotary drilling head having an axial bore within which there is
      disposed a rotatable stripper for sealingly receiving a driving member in
      longitudinally slidable relation therethrough, with the drilling head
      having an upper and a lower stationary chamber spaced from one another
      which cooperates with a driving member placed therethrough to form an
      upper and a lower annulus;
PA1  stripper mount means by which said stripper is mounted in journaled
      relationship to said upper chamber for concurrent rotation with the
      driving member, and with there being means forming an outflow pipe which
      is flow connected to said lower annulus for conducting fluid flow from a
      lower end thereof, the improvement comprising:
PA1  an annular seal means for preventing fluid flow from an upper end of said
      lower annulus to a location externally of said rotary drilling head when
      the driving means sealingly engages said stripper;
PA1  said annular seal means comprising first and second coacting relative
      rotating seal members, one said seal member being affixed to said lower
      stationary housing and the remaining said seal member being affixed to
      said stripper mount means.
NUM  10.
PAR  10. The improvement of claim 9 wherein said stripper, said stripper mount
      means, and said rotatable member of said seal means are integrally formed.
NUM  11.
PAR  11. A rotary drilling head having a main body through which an axial bore
      is formed for receiving a driving member therethrough, with the driving
      member and the drilling head cooperating to form an annulus therebetween;
PA1  a rotatable stripper means for slidably receiving the driving member for
      axially slidable movement therethrough, means including a stripper mount
      means by which said stripper means is connected in journaled relationship
      for rotation to said main body such that the annulus is separated into an
      upper and a lower annular chamber, with fluid flow from one chamber to the
      other chamber being prevented by said stripper means when the driving
      member is received therethrough;
PA1  means forming an outflow passageway connected to a lower extremity of said
      lower annulus so that flow can occur to a location spaced from said main
      body;
PA1  means forming a seal member at a location above said outflow passageway for
      preventing fluid flow outwardly from an upper extremity of said lower
      annular chamber, thereby precluding flow along a flow path other than said
      outflow passageway; said seal member comprising a fixed seal member and a
      rotatable seal member which sealingly engage one another such that flow
      cannot occur thereacross; means by which said fixed member is affixed to
      said main body; and, means by which said rotatable seal member is affixed
      to said stripper mount means.
NUM  12.
PAR  12. The rotary drilling head of claim 11 wherein said main body includes a
      lower housing and an upper housing, a rotatable sleeve journaled for
      rotation within said upper housing; said lower annular chamber being
      formed by said lower housing and said upper annular chamber being formed
      by said rotatable sleeve; said fixed seal member being connected to said
      lower housing, said rotatable seal member being affixed to said rotatable
      sleeve by said stripper mount means.
NUM  13.
PAR  13. The head of claim 12 wherein said stripper means and said rotatable
      seal member are affixed to one another and rotatably secured to said upper
      housing.
NUM  14.
PAR  14. The rotary drilling head of claim 11 wherein said main body includes a
      lower housing and an upper housing, a stationary bowl received within said
      upper housing, a rotating bowl received within said stationary housing,
      said lower annular chamber being formed by said lower housing and said
      upper annular chamber being formed by said rotatable bowl; said fixed seal
      member being connected to said lower housing;
PA1  means by which said stripper means and said rotatable seal member are
      attached to said stripper mount means, and said stripper mount means is
      removably affixed to said rotating bowl; whereby said stripper means and
      said rotatable seal member can be removed through said axial bore.
NUM  15.
PAR  15. The rotary drilling head of claim 14 wherein said fixed seal member is
      removably affixed to said lower housing, so that after said stationary
      bowl has been lifted free of said main housing carrying therewith said
      stripper and said rotatable seal means, said fixed seal member can
      likewise be removed through said axial bore, to thereby enable said fixed
      and rotatable seal member, along with said stripper means, to be replaced
      by withdrawal upwards through said main housing.
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ABST
PAL  An oil seal having an annular sealing surface and having, on one tapered
      side of the sealing surface, circumferential series of oppositely inclined
      V-shaped ribs which converge toward the sealing surface, the ribs being
      truncated adjacent the sealing surface to a diameter which is equal to or
      only slightly greater than the diameter of the sealing surface. The edges
      of the truncated portions of the ribs, when in contact around a rotating
      shaft, define with the shaft and with the sealing surface, a series of
      oppositely disposed wedge shaped spaces which pump oil leaking past the
      sealing surface back toward the oil side of the sealing surface regardless
      of the direction of rotation of the shaft.
PARN
PAR  This is a continuation of application Ser. No. 863,587, filed Oct. 3, 1969,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In known bi-directional rotary shaft seals the pumping elements whether
      they be raised ribs, raised triangles, or recessed triangles, lie wholly
      on the downstream tapered side of the sealing surface whereby to provide
      wedge shaped spaces for pumping, the tapered side must be deformed to
      cylindrical form and further expanded to take care of wear. Thus, the
      contact pressure between the seal and the shaft must be quite high with
      resulting rapid wear. Moreover, the tooling for molding known seals is
      quite complex and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  Contrary to the foregoing, in the bi-directional rotary shaft seal herein
      the raised ribs constituting the pumping elements are truncated to
      cylindrical form on a diameter which is substantially equal to or only
      slightly greater than the diameter of the sealing surface whereby, when
      the seal is assembled on a shaft, expansion thereof need be only
      sufficient to accommodate wear without requiring expansion for creating
      the pumping spaces. The foregoing constitute a principal object of the
      present invention and other objects and advantages of the present
      invention will appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a shaft seal embodying the present
      invention;
PAR  FIG. 2 is a much enlarged radial cross-section view of the FIG. 1 seal;
PAR  FIG. 3 is a fragmentary plan view on a yet larger scale as viewed along the
      line 3--3, FIG. 2; and
PAR  FIG. 4 is a cross-section view taken substantially along the line 4--4,
      FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The shaft seal 1 herein comprises a case 2 having bonded thereto a sealing
      element 3 of rubber-like material providing an auxiliary sealing surface 4
      which is adapted to have light pressure contact with a shaft S to exclude
      dirt or foreign matter and a main sealing surface 5 which is spring-loaded
      as by means of the garter spring 6 to make fluid sealing contact with the
      shaft S.
PAR  The downstream tapered side 7 of the annular sealing surface 5 is provided
      with a circumferential series of V-shaped ribs 8 which are arranged in
      pairs which converge toward the sealing surface 5. Where the V-shaped ribs
      8 merge they are truncated as at 9 on a diameter which is equal to or only
      slightly greater than the diameter of the sealing surface 5. As an
      example, the truncated portions 9 of the ribs 8 may be on a diameter which
      is from 0.000 to 0.008 inch greater than the diameter of the sealing
      surface 5.
PAR  As evident from FIG. 3, the edges 10 of the truncated portions 9 of the
      ribs 8 define with the sealing surface 5 wedge-shaped spaces 11 which
      converge both in an axial direction and in a circumferential direction.
      The spaces 11 are oppositely disposed so that regardless of the direction
      of rotation of the shaft S around which the seal is assembled, one or the
      other set of spaces or chambers 11 constitute pumping chambers to pump
      fluid which leaks past the sealing surface back toward the upstream or oil
      side of the sealing surface 5.
PAR  The ribs 8 herein preferably gradually fade out as shown, and are
      disconnected or spaced from adjacent ribs 8.
PAR  In view of the formation of the pumping elements in the manner indicated,
      lighter contact pressures are entailed and therefore the life of the seal
      is greatly enhanced.
PAR  As previously mentioned, the tooling for molding the sealing element 3 is
      greatly simplified in that the die part which forms the sealing surface 5
      and the pumping elements may be of conical form with the grooves which
      form the ribs 8 made therein as by a coining operation without disturbing
      the bottom of the annular groove which defines the sealing surface 5. The
      punch for coining the rib forming grooves may be of the form shown in FIG.
      4 and as evident, the truncations 9 may be readily accurately machined or
      ground whereby, when the punch is urged against the outer conical face of
      the die, the grooves will be of V-shaped form as shown and will have a
      cylindrical bottom surface constituting the truncations 9. The spacing of
      adjacent pairs of ribs 8,8 as shown in FIGS. 1 and 3 facilitates
      manufacture of the die part in that there is no need of accurate matching
      of the tips of adjacent ribs 8 and, moreover, accumulation of tolerance is
      avoided as compared with matching wherein the last set of ribs may end up
      in a space wider or narrower than the tip to tip dimension.
CLMS
STM  I, therefore, particularly point out and distinctly claim as my invention:
NUM  1.
PAR  1. A bi-directional seal for a rotatable shaft, said seal including a
      member molded of resilient material which in its initially molded, unused
      and undeformed condition has an annular sealing lip of predetermined
      diameter, a pair of narrow elongated ribs on one side of said lip
      converging toward said lip, a generally cylindrical surface segment on
      said ribs at their convergence adjacent said lip and coaxial therewith and
      lying at approximately the same radius at least as large as that of said
      lip, said ribs extending angularly in opposite directions from said lip so
      as to provide a pumping action when said lip and said surface are in
      contact with said rotating shaft regardless of the direction of rotation
      of said shaft whereby fluid leaking past said sealing lip is pumped toward
      the other side of said lip by one or the other of said ribs.
NUM  2.
PAR  2. A resilient shaft seal comprising an annular sealing surface, and a
      cylindrical surface on one side of said sealing surface having edges which
      define a circumferential series of wedge shaped pumping spaces with said
      sealing surface when said surfaces are in contact with a rotating shaft
      whereby fluid leaking past said sealing surface from the other side
      thereof is pumped back toward said other side of said sealing surface,
      said cylindrical surface being constituted by truncated portions of
      V-shaped ribs on said one side of said sealing surface.
NUM  3.
PAR  3. The seal of claim 2 wherein said cylindrical surface is of diameter
      slightly greater than that of said sealing surface.
NUM  4.
PAR  4. The seal of claim 2 wherein said ribs are arranged in pairs which
      converge toward said sealing surface.
NUM  5.
PAR  5. The seal of claim 2 wherein said cylindrical surface is of diameter at
      least as large as that of said sealing surface.
NUM  6.
PAR  6. The seal of claim 4 wherein the ends of each pair of ribs remote from
      said sealing surface are circumferentially spaced from corresponding ends
      of adjacent pairs of ribs.
NUM  7.
PAR  7. A resilient shaft seal comprising an annular sealing surface, and
      adjacent wedge shaped pumping spaces constituted by a circumferential
      series of pairs of V-shaped ribs of which each pair converge axially and
      radially toward said sealing surface, the ends of each pair of ribs remote
      from said sealing surface being circumferentially spaced from
      corresponding ends of adjacent pairs of ribs.
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PAL  A Fire seal is formed in three layers, an elastic inner tube which is
      inflatable, a resilient fire resistant felt surrounding the tube, and a
      wear resistant rubber impregnated outer layer.
BSUM
PAR  The present invention relates to seals and relates in particular to seals
      capable of withstanding exposure to fire.
PAR  In an aircraft the engine or engines are mounted in nacelles externally of
      the fuselage or even within the fuselage itself. There is danger in both
      these types of installation that fuel or oil leaking from parts of the
      engine can ignite in the hotter regions of the engine and this can spread
      to the aircraft fuselage. Seals have, therefore, been developed for
      preventing the spread of fire at the interface between the airframe and
      the engine.
PAR  Such seals have to withstand naked flames for a minimum period laid down by
      regulations relating to aircraft construction. In addition they have to
      work in an environment in which they are exposed to high temperature and
      various aircraft fluids during normal operation, and yet they must remain
      flexible enough to maintain a seal in spite of relative movements of the
      engine and airframe, for example, during aircraft manoeuvres.
PAR  According to the present invention there is provided a fire seal comprising
      an elastic inner tube capable of being pressurised by fluid under
      pressure, a flame resistant resilient intermediate layer surrounding said
      inner tube, and a wear resistant outer layer surrounding said intermediate
      layer.
PAR  The inner tube may be made from a silicone or fluorocarbon elastomer or
      even from natural rubber, and may be re-inforced with woven fibres or
      impregnated for additional strength.
PAR  In a preferred form of the seal the inner tube comprises a silicone
      elastomer reinforced with fibrous material, and is supplied with
      pressurised air from a convenient source to enable it to be expanded to
      fill the space between the two members between which a seal is required.
PAR  The intermediate layer may be a felt made from carbon, asbestos, quartz, or
      even a metal, but is preferably a resilient carbon felt flame barrier
      which may be concentric or asymmetric with the inner tube.
PAR  The outer layer is preferably a glass fibre wear resistant sleeve which
      itself may be impregnated with a rubber material to give good surface
      sealing. Alternatively carbon fibre may be substituted for the glass
      fibre. The invention will now be more particularly described with
      reference to the accompanying drawings in which:
DRWD
PAR  FIG. 1 is a section through a fire resistant seal constructed in accordance
      with the present invention, and
PAR  FIG. 2 is a diagrammatic representation of a typical installation of a seal
      of FIG. 1.
DETD
PAR  Referring now to the drawings in FIG. 1 there is shown a section through a
      composite seal 1 illustrating the different layers of material included in
      the seal.
PAR  The innermost layer 2 is a silicone elastomeric inner tube 2 m.m. thick and
      re-inforced with woven fibres of a material sold under the trade name of
      REFRASIL by Dunlop Aviation Limited. The tube is pressurised from a
      convenient source of pressurised air, for example, the compressor of a gas
      turbine engine, see FIG. 2.
PAR  The intermediate layer 3 is a highly heat resistant, resilient felt of
      carbon or graphite, 3 m.m. thick, and the best materials found during
      testing were materials sold under the trade names of RVC & RVG by Le
      Carbone Company.
PAR  The outer layer 4 is a 1 m.m. thick layer of a composite material sold
      under the trade name of VIDA FLEX by the Dunlop Aviation Company and which
      consists of glass fibre impregnated with an elastomeric fluorocarbon
      material sold under the trade name VITON. The VIDAFLEX material may be
      coated with VITON for improved sealing.
PAR  A composite seal made from the materials described above was tested in a
      ring between two plates to simulate bulkhead components, the inner tube
      was pressurised to 16 p.s.i.g., so that it formed a good seal between the
      plates. A flame from a gas torch was played on the seal and it was found
      that the seal had not ruptured after 15 minutes exposed to the flame
      before the test ended.
PAR  Clearly the thickness of the different layers must be determined in each
      case by the width of the space to be sealed and the resilience needed to
      take account of any relative movement between the components which the
      seal contacts to form the seal.
PAR  A typical application for such a seal is in an airframe, at the interface
      between an engine and airframe as shown in FIG. 2.
PAR  The engine outer casing is shown at 10 and the airframe at 11. Fireproof
      bulkheads 12 and 14 extend from the engine casing and the airframe
      respectively into the space 13 between the engine and the airframe, and
      the fire seal 1 is positioned to form a seal between the two.
PAR  A valve 16 is provided through which the seal can be inflated and deflated.
      Inflation is effected by means of a compressed air supply from the engine
      compressor (not shown) via an inlet pipe 17, and an outlet pipe 18 enables
      the seal to be deflated when the valve is operated.
PAR  For such an application the seal has to be sufficiently flexible to take
      account of the relative movement between the engine and airframe under g
      loadings during an aircraft manoeuve, as well as differential thermal
      expansions between engine and airframe, and manufacturing tolerances. The
      pressurised seal described above and supplied with air from the engine
      compressor to 16 p.s.i. was found to be sufficiently flexible.
PAR  In areas where there is little room the thickness of the carbon felt can be
      reduced at the areas of contact between the seal and the bulkhead provided
      the felt thickness is maintained at positions exposed to the flame. This
      gives an asymmetric arrangement of felt around the inner tube which may
      have a minimum thickness of 1.5 m.m. Clearly thickness can vary for
      different applications and where the time period of flame resistance
      required is smaller, the thickness of the felt may be reduced.
PAR  Similarly, where variations in gap width across which the seal is formed
      are small or do not occur it may not be necessary to inflate the inner
      tube. In these circumstances reliance is placed on the natural resilience
      of the seal.
PAR  Various alternative materials may be used which fall within the broad
      specifications quoted above.
PAR  For example, the elastic inner tube may be made from silicone or
      fluorocarbon elastomers of even natural rubber.
PAR  The flame resistant, resilient intermediate layer may be formed from a felt
      of materials other than carbon for example asbestos, quartz or even a
      metal, provided a natural resilience is preserved.
PAR  The wear resistant outer layer may be formed using carbon fibres or may
      comprise a rubber impregnated with wear resistant particles.
PAR  In order to manufacture the composite seal the intermediate felt layer is
      wrapped around the rubber inner tube and the two layers are held together
      and are pushed into a sleeve of the outer covering material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fire seal comprising an elastic inner tube capable of being
      pressurised by fluid under pressure, a resilient intermediate layer of
      fire-resistant carbon felt surrounding said inner tube, and a wear
      resistant outer layer surrounding said intermediate layer.
NUM  2.
PAR  2. A fire seal according to claim 1 and wherein the inner tube comprises a
      silicone elastomer re-inforced with fibrous material.
NUM  3.
PAR  3. A fire seal according to claim 1 and wherein the outer layer comprises a
      glass fibre wear resistant sleeve impregnated with a rubber material.
NUM  4.
PAR  4. A fire seal according to claim 1 and wherein the outer layer comprises a
      glass fibre wear resistant sleeve coated with a rubber material.
NUM  5.
PAR  5. A fire seal comprising an inner tube of a silicone elastomer material
      re-inforced with fibrous material and which is capable of being
      pressurised by fluid under pressure, the inner-tube being surrounded by an
      intermediate layer of a resilient fire-resistant carbon felt, the
      intermediate layer in turn being surrounded by a wear resistant sleeve of
      a glass fibre material impregnated with rubber.
NUM  6.
PAR  6. A fire seal comprising an inner tube of a silicone elastomer material
      and which is capable of being pressurized by fluid under pressure, the
      inner tube being surrounded by an intermediate layer of a resilient fire
      resistant carbon felt, the intermediate layer in turn being surrounded by
      a wear resistant sleeve of a reinforced rubber material.
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ABST
PAL  A collet chuck which can be centred relative to an axis of the workpiece to
      be machined and suitable for machine tools in general and in particular
      machine tools having a number of successive positions. An inner prehensile
      member is capable of gripping the workpiece, and an intermediate member
      coaxial to the first has a conical seating which slides axially causing
      the prehensile member to close on the workpiece to be machined. An outer
      casing is rigidly attached to the prehensile member by means of a pin, and
      an outer ring is fitted with radial play around the periphery of outer
      casing. Spring members of variable tension compress the outer casing and
      outer ring against each other to lock them together by friction, and
      pusher means operable axially by a thrust member unlock the outer casing
      and the outer ring.
BSUM
PAR  The present invention consists of a collet chuck which can be centred
      relative to one or more axes of the work piece to be machined, and
      suitable for machine tools in general and in particular machine tools with
      a number of successive machine positions (transfer).
PAR  It is well known that with machine tools with a number of successive
      machine positions there frequently arises the problem of ensuring quickly
      and accurately, to a tolerance of a few thousandths of a millimeter, the
      centring of the work piece to be machined relative not to the outer
      cylindrical surface, but for example to the axis of a hole drilled in it.
PAR  Given the high degree of accuracy required the problem is not easy to solve
      except by the use of special devices.
PAR  The collet chuck the subject of this invention seeks to solve precisely
      this problem.
PAR  It is characterised by a prehensile inner member capable of gripping the
      piece; an intermediate member coaxial to the first with a conical seating
      which slides axially causing the prehensile member to close on the piece
      to be machined; an outer casing integral with the prehesile member and
      fitted around its periphery, with radial play, with an outer ring. This
      outer casing and ring can be compressed against each other and thus locked
      by friction by means of spring members of variable tension and unlocked by
      means of pushers operated axially by a thrust member.
PAR  In one preferred form of the invention this inner prehensile member, which
      is capable of gripping the work piece to be machined, has an extension at
      the lower end with a seating which contributes to perfect centring, where
      the upper cavity or hole corresponds to the axis of centring of the work
      piece to be machined.
PAR  The present invention also comprises a method for centring the collet chuck
      as in the above form of the invention. The characteristic of this method
      is the use of a centring apparatus consisting of two opposed coaxial
      pistons which can move towards each other, of which one is inserted into
      the aforementioned lower seating and the other into the upper hole or
      cavity in the work piece to be machined.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings, wherein
PAR  FIG. 1 shows, in partial cross section, one embodiment of the invention;
PAR  FIG. 2 shows a plan of the embodiment of the invention drawn in FIG. 1;
PAR  FIG. 3 shows the embodiment of the invention shown in FIG. 1, in identical
      view to that of FIG. 1, but also in operative position in relation to the
      machine tool;
PAR  FIG. 4 shows in a cross section a second embodiment of the invention; and
PAR  FIG. 5 shows the embodiment of FIG. 4 when in operative position in
      relation to the machine.
DETD
PAR  The collet chuck in question (FIGS. 1, 2 and 3) comprises: an inner
      prehensile member 1 (FIG. 1) which is capable of gripping the work piece
      to be machined 5, in which the central hole 5', owing to defects in
      previous machining, is not coaxial with the outer cylindrical surface 5",
      or whose interior is purposely eccentric relative to the outer surface.
PAR  Outside the prehensile member 1 and coaxial to it is the intermediate
      member 2, of which the outer surface 2' is conical and fits the
      corresponding conical surface of the casing 3.
PAR  At the lower end of this intermediate member 2 is a hooked section which is
      pulled by the connecting rod 6 so as to close the prehensile member 1 onto
      the work piece 5.
PAR  Outside the intermediate member 2 is the outer casing 3 which is secured to
      the prehensile member 1 by means of a transverse pin 4 so as to eliminate
      relative movement radially or axially between the prehensile member 1 and
      casing 3.
PAR  The outer casing 3 is fitted, around its periphery, with ample radial play
      greater than the expected maximum eccentricity of workpiece hole 5'
      relative to surface 5", with the outer ring 7. The two are coupled by
      means of the upper projection 7' on the ring and the corresponding groove
      3' on the casing 3.
PAR  The outer ring 7 has three pushers 9 consisting of three axial pins placed
      at 120.degree. intervals, sliding without radial play on balls contained
      within three tubes 11.
PAR  Coaxially with each pin 9 are cup springs 8, the pressure of which can be
      regulated by turning the threaded bush 20 screwed onto the tube 11.
PAR  The lower plate 12 of the machine (FIG. 3) presses against the three
      threaded plugs 21.
PAR  The outer casing 3 is supported by the lower table 14 and between the two
      are placed parts to allow it to roll, in particular the balls 13, which
      allow the casing itself to rotate without friction.
PAR  Between the outer casing 3 and the outer ring 7 is placed a weak corrugated
      spring 16 (FIG. 2) which centres the bearing cage 13 when the ring 7 is
      raised.
PAR  The operation of the described arrangement is as follows. The lower plate
      12 presses in the direction of the arrow 22 (FIG. 3) and the three pins 9
      raise the ring 7 relative to the outer casing 3 allowing the latter to
      rotate and move laterally on the balls 13 within the limits of the radial
      play between ring 7 and casing 3 so that by placing the guide cone 15 into
      the hole 5' in the workpiece, the outer casing 3 is coaxial to the axis of
      the workpiece 5.
PAR  As is shown by the explanation given here, owing to the presence of the
      balls 10 which eliminate radial play, perfect centring of the collet chuck
      relative to the workpiece 5 is obtained; a contributing factor is that the
      balls 13 allow it to be positioned with minimum effort.
PAR  Given the wide diameter of the casing 3 corresponding to its periphery 3',
      that is where it meets the ring 7, the torque friction resistance between
      the two surfaces 7' and 3' when in contact is considerable and sufficient
      to ensure the immobility of the piece 5 in the collet during machining.
PAR  It is obvious that in the case of a machine with a number of successive
      machine positions, once the workpiece has been centred relative to the
      collet chuck at the start of a machining operation, the position of the
      workpiece will remain unchanged, thereby eliminating all tolerances not
      only of the workpiece but also those relative to the eccentricity of the
      collet chuck itself.
PAR  The centring of the collet chuck on the axis of the piece to be machined is
      moreover immediate and requires very little time. Hence the collet chuck
      in question is extremely useful in mass production machining where the
      time taken is of particular importance.
PAR  Finally, it may be noted that when positioned, it is possible to rotate the
      collet casing 3 after raising ring 7 by means of the positioner 15A in
      order to shift the point of contact of the balls relative to the casing
      itself.
PAR  In the second embodiment, shown in FIGS. 4 and 5 the locking system and the
      operation of the collet is identical to that described above.
PAR  In this case, the outer casing 3 has a special feature, namely an extension
      corresponding at the lower end to a truncated cone seating 24 perfectly
      centred relative to the axis of the collet chuck itself.
PAR  The procedure for centring is carried out by means of the apparatus shown
      in FIG. 5.
PAR  The apparatus consists of two pistons 22-23 of which the upper one 22 is
      centred on the axis of the workpiece 5 and the lower one 23 is centred on
      the axis of the truncated cone seating 24 of the inner prehensile member 1
      of the collet chuck.
PAR  The collet casing 3 is unlocked in exactly the same way as described with
      reference to FIGS. 1 to 3, thereby allowing the two pistons 22-23 to align
      the axis of the workpiece to be machined 5 and the inner casing of the
      collet relative to the axis 26.
PAR  Moreover, piston 23 is controlled by a slightly higher pressure than piston
      22 so that the casing 3 is slightly detached from the surface of the plate
      27, whilst still remaining disengaged from the locking ring 7.
PAR  At this point, it is possible to rotate through any angle, the whole collet
      casing system by means of the mechanism which consists of the hydraulic
      motor 28, and the geared transmission 30. The advantage of this is that it
      is possible to vary the points of contact between the plate 27 and the
      collet casing surface 3'.
PAR  Piston 23 is then retracted to its original position while pressure is
      maintained on piston 22 so as to re-establish contact between the collet
      casing 3 and the plate 27; the collet casing 3 is then locked by the ring
      7 as described.
PAR  This variation is particularly suited for workpiece similar in shape to
      that shown in the drawing in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collet chuck which can be centred relative to an axis of the workpiece
      to be machined and suitable for machine tools in general and in particular
      machine tools having a number of successive positions characterised by an
      inner prehensile member (1) capable of gripping the workpiece, an
      intermediate member (2) coaxial to the first with a conical seating which
      slides axially causing the prehensile member (1) to close on the workpiece
      to be machined (5); an outer casing (3) rigidly attached to the prehensile
      member (1) by means of a pin (4), an outer ring (7) fitted with radial
      play around the periphery of outer casing (3), spring members (8) of
      variable tension to compress the outer casing (3) and outer ring (7)
      against each other to lock them together by friction, and pusher means (9)
      operable axially by a thrust member to unlock said outer casing and said
      outer ring.
NUM  2.
PAR  2. A collet chuck as in claim 1, characterised in that the aforementioned
      outer casing (3) rotatably supported on a lower table (14) by means of
      parts placed between the two, in particular balls (13) which allow
      rotation with minimal effort, i.e. without friction on the bearing cage
      (13) which is centred.
NUM  3.
PAR  3. A collet chuck as in claim 1, characterised in that the aforementioned
      pushers (9) are three pins set at 120.degree. intervals with their axes
      parallel to that of the workpiece (5) and sliding without play in tubes
      (11) containing balls (10); the aforesaid spring members comprising, for
      each pin, a cup spring (8) between pin (9) and tube (11); the tension of
      each spring (8) being regulated by means of at least one threaded bush
      (20) screwing onto the tube (11); and pressing against the above mentioned
      three threaded plugs (21) the thrust member comprising a plate (12)
      movable whenever it is necessary to unlock the outer casing (3) relative
      to the ring (7).
NUM  4.
PAR  4. A collet chuck as in claim 1, characterised by a transverse pin (4)
      which makes the outer casing (3) secured to the prehensile member (1); the
      intermediate member (2) being capable of being shifted axially by means of
      a hook (6) to effect closure of the prehensile member (1) onto the
      workpiece to be machined (5).
NUM  5.
PAR  5. A collet chuck as in claim 1, characterised in that the fit between the
      outer casing (3) and the outer ring (7) is achieved by means of an upper
      projection (7') around the ring and a corresponding groove (3') on the
      casing; there being between the two sufficient radial play to allow the
      outer casing (3) to be shifted radially so as to center the collet
      relative to the axis of the workpiece, centring being achieved by a cone
      (15) which may be fitted axially into the workpiece.
NUM  6.
PAR  6. A collet chuck as in claim 5, characterised in that in the space between
      the outer casing (3) and the ring (7) is placed a corrugated psring which
      keeps the bearing cage (13) centred when the aforementioned casing (3) is
      slightly raised.
NUM  7.
PAR  7. A collet chuck as in claim 1, characterised in that the aforesaid inner
      prehensile member (1) which is capable of gripping the piece to be worked
      has an extension at the lower end with a seating (24) which contributes to
      accurate centring, where the upper cavity or hole (5') corresponds to the
      axis of centring of the workpiece to be machined (5).
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ABST
PAL  A drill chuck having a rotatable nut member for advancing and retracting
      converging jaws, and provided with passages for feeding lubricant to the
      groove in which the nut is rotatable. And a method of assembling the
      components of the chuck in dry condition and subsequently feeding
      lubricant through the passages to the groove in which the nut is rotatably
      mounted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to drill chucks and in particular to their method of
      assembly and has for its object to provide an improvement in or
      modification of the invention claimed in U.S. Pat. No. 3,810,642, dated
      May 14, 1974.
PAR  According to one aspect of the invention, there is provided an improvement
      in or modification of the invention claimed in U.S. Pat. No. 3,810,642,
      dated May 14, 1974, according to which a drill chuck is provided with a
      body part in which jaws are slidably mounted for converging movement in
      respective guides; a nut member rotatably mounted on the body part but
      axially located in a circumferential groove encircling said body part,
      said nut member having screwthreaded engagement with said jaws for
      advancing said jaws through a forward portion of the body part to grip a
      drill shank; a gear element with which the teeth of an extraneous chuck
      key may be engaged to tighten or slacken the jaws; and a cylindrical or
      generally cylindrical sleeve formed separate from, but connected to, said
      gear element and extending rearwardly of the body part to rotatably engage
      a cylindrical portion of the body part remote from the nut member, the
      improvement or modification residing in the fact that at least one passage
      extends from an axially extending bore in the body part to the
      circumferential groove in which the nut member is rotatably mounted, the
      arrangement being such that the moving parts of the chuck can be
      lubricated by forcing lubricant into said axially extending bore under
      pressure so that it can pass through said at least one passage into said
      circumferential groove. Preferably, a plurality of passages will extend
      from said axially extending bore to said circumferential groove.
PAR  According to another aspect of the invention, there is provided a method of
      assembling a drill chuck as described above, the method including the
      assembly of the component parts in dry condition, that is to say, free of
      lubricant, followed by the forcing of lubricant under pressure into the
      axially extending bore in the body part so that lubricant passes through
      the passage or passages communicating with the circumferential groove in
      which the nut member is rotatably mounted. The method may include the
      connection of the cylindrical sleeve to the halves of the nut member or to
      the gear element, or to the halves of an integral nut and gear element,
      purely by pressing them together or by the use of an adhesive.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  in order that the invention may be fully understood and readily carried
      into effect, the same will now be described (by way of example only) with
      reference to the accompanying drawings, of which:
PAR  FIG. 1 is a part-sectional side view of a drill chuck embodying the
      invention;
PAR  FIG. 2 is a sectional view on the line 2--2 in FIG. 1;
PAR  FIG. 3 is a part-sectional view on the line 3--3 in FIG. 2; and
PAR  FIGS. 4, 5 and 6 are views similar to FIG. 1 which will be referred to when
      describing various modified constructions of chuck to which the invention
      can be applied.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 to 3 of the drawings, the drill chuck illustrated
      includes a body part 10 having at one end a screwthreaded spigot portion
      by means of which it can be mounted on a power tool and at its other end
      an axially extending bore 14 for the reception of a drill shank (not
      shown). Three equally spaced bores 16 (only one of which is shown in FIG.
      1) diverge from the axially extending bore for the reception of respective
      jaws 18; the jaws being slidably mounted in the bores 16 so that as they
      are advanced they converge to grip a drill shank between parallel end
      portions and when they are retracted into the body part they release the
      shank.
PAR  A circumferential groove 20 extends around the body part intermediate its
      ends and breaks into the bores 16. An integral nut and bevel gear element
      generally indicated 22, formed in halves so that the nut portion 24 can be
      located in the groove 20, is axially located by its engagement in said
      groove. Said nut portion is formed with a tapering internal screwthread
      and has threaded engagement with thread elements 26 of the jaws 18. The
      bevel gear portion of the element 22 surrounds a cylindrical portion of
      the body part in which three equally spaced radial blind bores 30 are
      formed, said blind bores being provided for the reception of a pilot end
      of an extraneous chuck key (not shown) having a bevel pinion capable of
      engaging the teeth of the bevel gear portion 28. In this way, the chuck
      jaws can be simultaneously advanced or retracted, as required, in known
      manner.
PAR  The integral nut and bevel gear element 22 which, as previously stated, is
      formed in halves, is held together by a generally cylindrical sleeve 32
      which has been formed as a pressing from a relatively light gauge metal
      plate. Substantial strength has been imparted to the sleeve (at that end
      which tightly encircles the integral nut and bevel gear element) by
      forming it with a completely inturned edge 50; it will be observed that
      the integral nut and bevel gear element is stepped for the reception of
      the inturned edge of the sleeve, the outside diameter of the sleeve being
      the same as the outside diameter of the bevel gear portion 28 of the
      element 22. The sleeve has also been formed with a series of flutes 52
      which further strengthen the light gauge wall of said sleeve and in
      addition provide a convenient gripping surface for the user's hand when he
      requires to make manual adjustments. The end of the sleeve remote from the
      integral nut and bevel gear element is provided with an inturned flange 54
      which engages rotatably on a cylindrical portion of the body part.
PAR  In has been found possible to connect the cylindrical sleeve on the
      integral nut and bevel gear element--to hold the halves of the latter
      together--merely by pressing them together. However, it is preferred that
      they be secured together by use of an adhesive. In this latter case, it is
      essential that the parts which are to be connected together in this way
      shall be free from grease until the connection has been made, but it is
      also desirable to be able to assemble the component parts together in dry
      condition, that is, free of lubricant, when the assembly is to be carried
      out merely by pressing the parts together. For this reason, three passages
      56 have been drilled in the body part 10, interspaced with the bores 16 as
      shown in FIG. 2, so that they extend outwards from the bottom of the
      axially extending bore 14 to the circumferential groove 20. The
      arrangement is such that when the chuck has been assembled in dry
      condition (that is, free of lubricant) the moving parts of the chuck can
      be lubricated by forcing lubricant into the axially extending bore under
      pressure so that it can pass through the passages 56 into the
      circumferential groove 20. (This operation will, of course, be carried out
      using a grease gun having a nozzle specially adapted for insertion in the
      axially extending bore 14 and capable of forming a seal against the
      cylindrical wall of said bore.)
PAR  Referring now briefly to FIGS. 4, 5 and 6, these illustrate modified
      constructions of drill chuck to which the invention can be applied with
      equal facility.
PAR  In FIG. 4, there is illustrated a chuck which is almost identical to that
      previously described except that the sleeve 32 is made of a synthetic
      plastics material and has a metal reinforcing member 34 moulded in it at
      one end to provide a tight band encircling the stepped portion of the
      integral nut and bevel gear element 22. As in the previously described
      embodiment, the sleeve will be connected to the element either by pressing
      or with the aid of an adhesive.
PAR  In FIG. 5, there is illustrated a form of chuck which differs from those
      previously described in that the integral nut and bevel gear element has
      been replaced by separate nut and bevel gear elements 38 and 40. In this
      case, only the nut has required to be made in two halves so that it has
      been able to be engaged in the groove 20. The bevel gear element has been
      formed as an unbroken ring which encircles the nut to hold it together. A
      cylindrical sleeve 44 encircles a part of the bevel gear element at one
      end and a flange 36 formed on the body part at the other. However, in this
      case, the sleeve plays no part in holding together the halves of the split
      nut and, consequently, if made of a synthetic plastics material, it need
      not be provided with a moulded-in reinforcement member. (It will, of
      course, be understood that the sleeve could be made of steel, either of
      drawn tube or machined from the solid.) This construction of chuck may
      also be assembled using a suitable adhesive, but even if assembled by
      pressing it is convenient if this can be done in a dry conditon, that is,
      free of lubricant.
PAR  In FIG. 6, there is illustrated a construction of chuck similar to that
      described with reference to FIGS. 1 to 3 but in this case the integral nut
      and bevel gear element 22, formed in halves, is held together by a
      substantial metal band 46 which has been forced onto the stepped portion
      of the integral nut and bevel gear element before the cylindrical sleeve
      32 has been assembled in position. In this case, the cylindrical sleeve is
      very slightly inturned as shown at its end 48 which encircles the metal
      band and the latter is stepped so that the cylindrical sleeve is able to
      snap into position therein. The sleeve is in this case made of a synthetic
      plastics material and is able to be forced over the wider part of the
      metal band on assembly. A suitable adhesive may be used to secure the
      metal band on the stepped portion of the integral nut and bevel gear
      element but again, even if the chuck is to be assembled by pressing, it is
      convenient if this can be done in a dry condition free of lubricant. In
      all these different modifications, there is shown to be provided at least
      one passage extending from the axially extending bore 14 to the
      circumferential groove in which the nut member is rotatably mounted.
PAR  Various other modifications could, however, be made without departing from
      the scope of the invention. For example, in FIG. 4 in which the body part
      of the chuck is shown to be provided with a screwthreaded recess 12
      instead of a spigot portion for fitment to a power tool driving spindle,
      there is shown in chain-dotted lines a passage which extends to the
      circumferential groove 20 from said screwthreaded recess instead of from
      the axially extending bore 14 so that lubricant can be forced into said
      groove through said recess after the chuck has been assembled in a dry
      condition. Similarly, in the construction illustrated in FIGS. 1 to 3,
      instead of communicating with the axially extending bore 14, the three
      passages 56 could be drilled as shown in chain-dotted lines in FIG. 3 to
      communicate with a hole drilled along the spigot portion, also as shown in
      chain-dotted lines. Lubricant would then be forced into the groove 20 by a
      grease gun applied to the outer end of the hole drilled along said spigot
      portion (and, of course, a grease nipple could be provided in a depression
      at the outer end of said drilled hole to facilitate periodic greasing if
      desired.)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A slidable jaw rotary chuck having a cylindrical body provided with a
      work receiving bore extending axially and partway into its front end, a
      group of jaw tracks in the body converging downwardly and forwardly to the
      axis of said bore, a work gripping jaw slidable in each track, a
      circumferential groove about the body opening into the tracks into which
      groove screw threads upon each jaw are exposed, a jaw actuating nut
      disposed in the groove having internal screw threads connected with the
      exposed screw threads of the jaws for selectively advancing and retracting
      the jaws as a set along the tracks to open or closed condition, an
      external key operable gear unitary with the nut having rotation relative
      to the body for imparting a selected direction of rotation to the nut, and
      a sleeve rotatable with and extending rearwardly from the gear covering
      over the periphery of the body rearwardly of the gear; wherein a port
      extending radially from the bore through the body opens into the groove to
      communicate directly with the screw threads of the nut, the bore being
      adapted to be pressurized through its front end with lubricant for passage
      of the lubricant through the port to the screw threads of the nut and as a
      consequence of rotation of the nut passage of the lubricant from the screw
      threads of the nut to the screw threads of the jaws.
NUM  2.
PAR  2. A slidable jaw rotary chuck as in claim 1, wherein the jaw tracks are
      separated one from the other by a solid portion of the body and the port
      extends through said solid portion.
NUM  3.
PAR  3. A slidable jaw rotary chuck as in claim 2, wherein there are three jaw
      tracks, each separated from the other by a solid portion of the body, and
      a separate port extends through each solid portion.
NUM  4.
PAR  4. A slidable jaw rotary chuck as in claim 1, wherein the body has an
      internally threaded rear bore extending axially and partway into its rear
      adapted for connection to a driving spindle, and a port extending from the
      rear bore to the groove communicating directly with the screw threads of
      the nut for conducting to the screw threads of the nut lubricant entered
      under pressure into the rear bore.
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PAL  A skate has a blade curved throughout its length to define a convex running
      edge. A pair of wall members have lower edges that are connected to the
      blade throughout its length, such wall members extending upwardly from the
      blade while diverging from each other. Horizontal flanges extend from
      upper edges of the wall members for securing to a boot sole to form a
      triangular structure therewith at least at front and rear portions of the
      skate and preferably the entire length thereof. The blade and said wall
      member define rounded end surfaces at the front and rear ends of the
      skate. Also disclosed is a combination skate and boot in which a molded
      plastic body forms a unitary structure defining a boot portion and a
      support portion. The support portion is triangular and projects downwardly
      from the boot portion while tapering inwardly to the socket in which the
      blade is mounted.
BSUM
PAR  This invention relates to improvements in the construction of ice skates.
PAR  The principal objects of the various aspects of the present invention are
      to provide skates having at least some of the following desirable
      characteristics:
PAR  A. A BLADE SUPPORT STRUCTURE THAT IS INHERENTLY STRONGER THAN IN
      CONVENTIONAL SKATES;
PAR  B. A SKATE THAT IS SAFER THAN CONVENTIONAL SKATES, ESPECIALLY IN THE
      AVOIDANCE OF SHARP EDGES ON END SURFACES OF THE BLADE AND END SURFACES OF
      THE SKATE STRUCTURE GENERALLY;
PAR  C. A REDUCTION IN THE NUMBER OF PIECES FROM WHICH THE SKATE IS FABRICATED,
      ESPECIALLY WHEN COMPARED TO THE NINE PIECES FROM WHICH A STANDARD SKATE IS
      ASSEMBLED;
PAR  D. THE USE OF WELDING OR BRAZING AS A METHOD OF SECURING THE BLADE TO THE
      REMAINDER OF THE STRUCTURE, AND THE CONSEQUENT AVOIDANCE OF THE NEED FOR
      RIVETS;
PAR  E. LIGHT WEIGHT, WITHOUT SACRIFICE OF STRENGTH;
PAR  F. A SKATE THAT IS CONVENIENTLY ADAPTED TO BE READILY ATTACHED TO AND
      DETACHED FROM A BOOT FOR REPLACEMENT PURPOSES;
PAR  G. A SKATE CONSTRUCTION THAT EMPLOYS THE SOLE OF A BOOT TO WHICH IT IS
      ATTACHED AS ONE STRUCTURAL ELEMENT OF A GENERALLY TRIANGULAR ARRANGEMENT
      OF ELEMENTS, THUS PERMITTING THE SKATE ITSELF TO BE OF A LESS RIGID
      CONSTRUCTION THAN WOULD OTHERWISE BE NECESSARY;
PAR  H. AS AN ALTERNATIVE TO (G) A COMBINATION SKATE AND BOOT FORMED AS A
      UNITARY STRUCTURE FROM MOLDED PLASTIC MATERIAL, EITHER IN ONE PIECE
      (EXCEPT FOR THE BLADE) OR IN TWO PIECES JOINED TOGETHER IN A CENTRAL
      VERTICAL PLANE.
PAR  Applicant is aware of Canadian patent to G. Fletcher No. 109,404 issued
      Dec. 24, 1907 (corresponding U.S. Pat. No. 875,905 issued Jan. 7, 1908),
      which is believed to be the most closely related prior art. However,
      Fletcher's skate lacks many of the features of the present invention, both
      in the realm of safety and strength, as well as other desirable
      characteristics among those enumerated above, such as constructional
      convenience, as will appear more fully from the description that follows.
PAR  The accompanying drawings illustrate certain embodiments constructed in
      accordance with various aspects of the present invention, such embodiments
      being shown by way of example only. The broad scope of the present
      invention is defined by the appended claims.
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PAR  In the drawings:
PAR  FIG. 1 is a side view of a first embodiment of skate attached to a boot;
PAR  FIG. 2 is a top plan view of the skate of FIG. 1 separated from the boot;
PAR  FIG. 3 is an underside view of FIG. 2;
PAR  FIG. 4 is a view on IV--IV in FIG. 2;
PAR  FIG. 5 is a view on V--V in FIG. 2;
PAR  FIG. 6 is a section on VI--VI in FIG. 1;
PAR  FIG. 7 is a fragment of FIG. 6 on an enlarged scale;
PAR  FIG. 8 is another fragment of FIG. 6 on an enlarged scale;
PAR  FIG. 9 is an alternative to the construction of FIG. 8;
PAR  FIG. 10 is a further alternative to FIG. 8;
PAR  FIG. 11 is a side view of a second embodiment of skate, being a
      modification of the skate seen in FIG. 1;
PAR  FIG. 12 is a section on XII--XII in FIG. 11;
PAR  FIG. 13 is a transverse section through a further modification, being a
      combination boot and skate; and
PAR  FIG. 14 is a view similar to FIG. 13 of a still further modification.
DETD
PAC  FIRST EMBODIMENT (FIGS. 1-8)
PAR  A skate 10 is formed of a pair of side wall members 11 and 12 which diverge
      upwardly from a blade-receiving socket 13 to define a peripheral,
      outwardly projecting flange 14. A blade 15 of hardened steel is secured in
      the socket 13. While the walls 11 and 12 may be made of a unitary piece of
      material (metal or plastic), the preferred arrangement is that shown in
      FIG. 8 in which the socket 13 is formed between upturned lower edge
      portions 16 and 17 of separate, stainless steel, wall members 11 and 12
      respectively, such portions 16, 17 terminating in inturned edges 16a, 17a
      that define a gap between them in which a welding bead 18 is formed to
      secure these members to each other and to the top edge of the blade 15.
      Further welding beads 19 also serve to secure these parts together. These
      operations of securing the wall members 11 and 12 together and to the
      blade 15 can alternatively be accomplished in a single brazing operation.
PAR  As seen in FIG. 1 the running edge 15a of the blade 15 has a continuous,
      slight convex curvature, as is conventional in modern ice skates, such
      curvature being more pronounced at the ends. At each end the blade 15 is
      rounded both in side view (as seen at 20) and in plan view (as seen at
      21), such rounding avoiding sharp edges at the ends of the skate that
      might prove dangerous to the user or others on the ice. For the same
      purpose, the ends of the walls 11, 12 are smoothly rounded off at 22
      (front) and 23 (rear). The contour of the lower edges of the wall members
      11, 12 (as shown at 12a in FIG. 1) follows the curved contour of the blade
      edge 15a.
PAR  While the sole 24 of the boot 25 can be secured to the skate in a variety
      of removable or permanent ways, e.g. by screws, bolts or rivets, the
      method shown in FIGS. 1, 6 and 7 involves the formation of a series of
      bolts 26 embedded in the sole structure to project downwardly therefrom
      and through holes 27 in the flange 14 to be secured thereto by nuts 28.
      This removable arrangement permits a new skate to be fitted to an old boot
      that still has some servicable life remaining, if the blade of the
      original skate has been worn down by continual sharpening to an extent
      requiring replacement.
PAR  When the skate and boot are thus assembled, as shown in FIGS. 1 & 6, a
      combination is formed that in transverse section has a triangular shape,
      the sides of such triangle being the wall members 11, 12 and the sole 24,
      which latter thus acts as one of the structural members imparting strength
      to the assembly. This reliance on the sole 24 to provide strength permits
      the wall members 11, 12 to be made of thinner material and hence to be
      lighter than would be necessary if they were required to provide the
      necessary rigidity alone.
PAR  Another important factor in providing an especially strong but nevertheless
      light assembly is the continuous curvature of the blade 15. In use, the
      lower part of the skate will often be subjected to large forces acting
      transversely on the blade 15, i.e. tending to rotate such blade about a
      front-to-rear, horizontal axis, either by rupture of the welds or by
      bending of the wall members 11, 12 and/or their portions 16, 17. The
      longitudinal curvature of the blade 15 and the socket 13 in which it is
      engaged substantially strengthens the resistance of the parts forming this
      socket to resist such bending forces.
PAR  This feature of strength through curvature is combined in the skate shown
      in FIGS. 1-8 with the inherent strength, especially against bending of the
      blade in its longitudinal direction, i.e. about one or more vertical axes,
      that the triangular sectional shape affords. Hence these two features
      cooperate to produce an especially strong skate, resistant to the types of
      bending experienced in use, and yet of comparatively light weight.
PAC  ALTERNATIVES (FIGS. 9 AND 10)
PAR  FIG. 9 shows an alternative manner in which the blade 15 can be secured by
      welding beads 29 to wall members 11, 12.
PAR  FIG. 10 shows another similar alternative in which the wall members 11, 12
      have flanges 30, 31 that are spot welded to the blade 15 at spots 32 along
      the blade.
PAC  SECOND EMBODIMENT (FIGS. 11 AND 12)
PAR  The second embodiment of skate is the same at each end as the skate of
      FIGS. 1 to 8, i.e. with wall members 11 and 12 terminating in flanges 14
      so that the front and heel portions of the boot sole, when in place, each
      forms a triangular structure similar to that shown in FIG. 6.
PAR  Centrally of the longitudinal direction of the skate, the wall members 11,
      12 are bent inwardly at 33, 34 and reduced in size to abut and be welded
      to each other along a central line 35. In this way the strength of support
      of the blade against bending is maintained throughout its length, while a
      transverse aperture 36 is formed in the body of the skate to reduce the
      amount of material and hence the weight of the article.
PAR  Thus, while the triangular structure of wall members and boot sole is an
      important feature of the present invention, it is not necessary that this
      structure be maintained throughout the entire length of the skate,
      provided it obtains in the front and rear areas beneath the ball of the
      foot and the heel respectively.
PAC  COMBINATION BOOT & SKATE (FIGS. 13 AND 14)
PAR  FIG. 13 shows an assembly formed from two members 40 and 41 joined together
      along a central line 42, the members 40 and 41 being approximately mirror
      images of each other. Each of these members is formed by injection molding
      a suitable plastic material, such as a polyurethane. They are then bonded
      together at 42 and to a hardened steel blade 15 that they support, such
      members being shaped to define a boot portion 43 and a support portion 44
      that is triangular in cross-section, having side walls 45 on each side of
      a longitudinal cavity 46.
PAR  The variant of this arrangement shown in FIG. 14 is injection molded in a
      single piece, for which purpose a core tube 47 of light weight cardboard
      or the like has been left in place defining the cavity 46. If it is
      preferred to remove the tube 47, one or both of the ends of the plastic
      assembly can be removed to gain access to the cavity 46 after which such
      plastic end portion or portions can be fixed back in place again. In this
      construction, the blade 15 can be molded in place.
PAR  If preferred, instead of bonding the blade to the plastic material or
      molding it in place, the blade can first be secured, e.g. by welding or
      rivets, to a metal cylinder which is in turn molded into the plastic
      matereial.
PAR  This one or two piece type of construction with the boot and skate formed
      in an integrated manner out of a plastic material is believed especially
      well adapted to children's skates.
CLMS
STM  I claim:
NUM  1.
PAR  1. A skate comprising
PA1  a. a blade curved throughout its length in a longitudinal plane to define a
      convex running edge,
PA1  b. a pair of wall members having lower edges connected to said blade
      throughout its length,
PA1  c. said wall members extending upwardly from said blade while diverging
      from each other, and
PA1  d. horizontal flanges extending from upper edges of said wall members for
      securing to a boot sole to form in cross-section a triangular structure
      therewith at least at front and rear portions of the skate,
PA1  e. wherein said wall members have upturned, vertically extending, lower
      edge portions abutting side portions of the blade with inturned,
      horizontally extending edges abutting an upper surface of the blade, said
      upturned portions and inturned edges, copperating to form an elongated
      socket having a curvature corresponding to that of said blade, said blade
      being secured within said socket.
NUM  2.
PAR  2. A skate according to claim 1, wherein said blade has a uniform width
      throughout its entire vertical dimension.
NUM  3.
PAR  3. A skate according to claim 1, wherein said wall members diverge from
      each other from the blade to said upper edges throughout the entire length
      of the skate, the spacing apart of said upper edges increasing
      continuously from the rear portion to the front portion of the skate.
NUM  4.
PAR  4. A skate according to claim 1, wherein said wall members converge to form
      a blunt rounded end surface at each end of the skate, each said rounded
      end surface being substantially vertically aligned with an end of the
      blade whereby penetration of an object struck by a blade end is
      essentially limited to the rounded end surface of the wall structure.
NUM  5.
PAR  5. A skate according to claim 1, wherein said wall members converge to form
      a blunt rounded end surface at each end of the skate, each said rounded
      end surface defining a blunt edge sloping upwardly and longitudinally
      inwardly towards said boot sole, each end of the blade terminating flush
      with a sloping line defined by a respective said blunt edge.
NUM  6.
PAR  6. A skate comprising
PA1  a. a blade curved throughout its length in a longitudinal plane to define a
      convex running edge, and
PA1  b. a pair of wall members diverging upwardly from said blade for securing
      to a boot sole,
PA1  c. said wall members having upturned, vertically extending, lower edge
      portions abutting side portions of the blade with inturned, horizontally
      extending edges abutting an upper surface of the blade, said upturned
      portions and inturned edges cooperating to form an elongated socket having
      a curvature corresponding to that of said blade and within which said
      blade is secured,
PA1  d. wherein said blade has a uniform width throughout its entire vertical
      dimension.
NUM  7.
PAR  7. A skate according to claim 6, wherein said wall members converge to form
      a blunt rounded end surface at each end of the skate, each said rounded
      end surface being substantially vertically aligned with an end of the
      blade whereby penetration of an object struck by a blade end is
      essentially limited by the rounded end surface of the wall structure.
NUM  8.
PAR  8. A skate according to claim 6, wherein said wall members converge to form
      a blunt rounded end surface at each end of the skate, each said rounded
      end surface defining a blunt edge sloping upwardly and longitudinally
      inwardly towards said boot sole, each end of the blade terminating flush
      with a sloping line defined by a respective said blunt edge.
NUM  9.
PAR  9. A skate comprising
PA1  a. a blade,
PA1  b. an upwardly diverging wall structure rigidly connected to said blade and
      having means for securing to a boot sole,
PA1  c. said wall structure having outer surfaces that extend between the blade
      and the securing means while extending forwardly along both sides of each
      end of the skate to converge and come together to form a blunt rounded end
      surface constituting an integral part of the wall structure,
PA1  d. each said blunt end surface being smoothly rounded in a plane normal to
      the said outer surfaces, and
PA1  e. each said rounded end surface being substantially vertically aligned
      with an end of the blade whereby penetration of an object struck by a
      blade end is essentially limited by a said rounded end surface.
NUM  10.
PAR  10. A skate according to claim 9, wherein said wall structure comprises a
      pair of wall members having lower edges connected to said blade, said wall
      members extending upwardly from said blade while diverging from each
      other, said securing means comprising horizontal flanges extending from
      upper edges of said wall members for securing to a boot sole to form in
      cross-section a triangular structure therewith at least at front and rear
      portions of the skate.
NUM  11.
PAR  11. A skate comprising
PA1  a. a blade,
PA1  b. an upwardly diverging wall structure rigidly connected to said blade and
      having means for securing to a boot sole,
PA1  c. said wall structure having outer surfaces that between the blade and the
      securing means while extending forwardly along both sides of each end of
      the skate to converge and come together to form a blunt rounded end
      surface constituting an integral part of the wall structure,
PA1  d. each said blunt end surface defining a line sloping upwardly and
      longitudinally inwardly from the blade to the securing means,
PA1  e. each said blunt end surface being smoothly rounded in a plane normal to
      said line, and
PA1  f. each end of the blade terminating flush with a respective said line.
NUM  12.
PAR  12. A skate according to claim 11, wherein said wall structure comprises a
      pair of wall members having lower edges connected to said blade, said wall
      members extending upwardly from said blade while diverging from each
      other, said securing means comprising horizontal flanges extending from
      upper edges of said wall members for securing to a boot sole to form in
      cross-section a triangular structure therewith at least at front and rear
      portions of the skate.
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ABST
PAL  A snow skiing device enabling the use of a single snow ski to support both
      feet of a skier for Alpine snow skiing and especially slalom snow skiing,
      the device including means providing a limited universal and automatically
      releasable connection between one of the skier's boots and the ski at a
      position disposed rearwardly of the skier's other boot which may be
      retained by a conventional automatically releasable binding. The limited
      universal and automatically releasable connection may also be adjusted
      longitudinally of the ski to meet physical and various skiing requirements
      of the skier.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to snow skiing and, more particularly, to an
      improved snow skiing device enabling the use of a single snow ski to
      support both feet of a skier during Alpine skiing and especially slalom
      snow skiing.
PAR  Heretofore, is snow skiing, as distinguished from water skiing, the usual
      practice has been to utilize two skis for all types of Alpine snow skiing
      including slalom snow skiing. By way of constrast, in slalom water skiing,
      heretofore it has been common practice to utilize a single ski to support
      both feet of a water skier, the water skier's weak foot (that is to say,
      generally, the left foot for a right handed and/or right footed person
      described herein for explanatory purposes) being disposed approximately at
      the center of the ski and being secured to the ski both at the toe and at
      the heel of the water skier by means of a rubber or other resilient shoe.
      The strong foot, i.e., the right foot, as herein described, is supported
      on the same water ski behind the left foot and is secured to the water ski
      only at the toe by slipping the right foot into a resilient boot, not
      unlike a conventional bedroom slipper, whereby the right heel remains free
      and unrestrained. In slalom water skiing, the water skier maintains most
      of his or her weight on the left foot and utilizes the right foot for
      turning control. By way of example, if the water skier desires to change
      direction and turn to the right, he leans his body to the right and, using
      the left foot as a pivot point, pushes the right foot to the left making
      it act as a tiller. Left turns simply involve the reverse of such
      procedure. By using only a single ski, the water skier has more control
      than is provided when two skis are utilized and, at the same time, his
      mechanical advantage is increased by pushing or pulling the rear end
      portion of the single water ski rather than by attempting to turn the ski
      merely by pivotal action. Larger and stronger muscles can be utilized for
      pushing and pulling than can be utilized for pivoting, and at the same
      time, the total friction is reduced since only a single ski surface is in
      contact with the water. Moreover, since only one ski is utilized, there is
      no danger of ski cross-over which can cause a fall.
PAR  An object of the ivention is to provided an improved snow skiing device
      which enables a skier to utilize the above mentioned general principles of
      slalom water skiing.
PAR  Another object of the invention is to provide an improved snow skiing
      device which enables the use of a single snow ski to support both feet of
      a snow skier in all types of Alpine snow skiing and especially slalom snow
      skiing.
PAR  Another object of the invention is to provide an improved snow skiing
      device that increases the mechanical advantage that can be applied by a
      skier to a snow ski.
PAR  Another object of the invention is to provide an improved snow skiing
      device that increases the control and agility of a snow skier.
PAR  Another object of the invention is to provide an improved snow skiing
      device operable to automatically release the boot of a skier in the event
      of a fall or other emergency condition.
PAR  Another object of the invention is to provide an improved snow skiing
      device which is readily adjustable to suit the particular physical
      requirements of the skier and which is also readily adjustable for
      different types of snow skiing, such as slalom skiing and Telemark skiing.
PAR  Another object of the invention is to provide an improved snow skiing
      device that is economical and commercially feasible to manufacture and
      assemble, durable, efficient and reliable in operation.
PAR  Still another object of the invention is to provide an improved snow skiing
      device which may be utilized with conventional automatically releasable
      bindings and which may be readily attached to and removed from a
      conventional snow ski without damaging the ski or otherwise preventing its
      subsequent use with another ski for conventional dual skiing purposes.
PAR  The above as well as other objects and advantages of the present invention
      will become apparent from the following description, the appended claims
      and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-elevational view of a snow skiing device embodying the
      present invention, showing the same mounted on a conventional single snow
      ski and adapted to support one boot of the skier, together with a
      fragmentary side-elevational view of a conventional automatically
      releasable binding mounted on the same ski forwardly of the snow skiing
      device and adapted to releasably support the other boot of the skier;
PAR  FIG. 2 is a bottom plan view of a portion of the snow skiing device
      illustrated in FIG. 1;
PAR  FIG. 3 is a top plan view of another portion of the snow skiing device
      illustrated in FIG. 1;
PAR  FIG. 4 is a side-elevational view of the structure illustrated in FIG. 3;
PAR  FIG. 5 is a transverse cross-sectional view of the structure illustrated in
      FIG. 3, taken on the line 5--5 thereof;
PAR  FIG. 6 is a transverse cross-sectional view of the structure illustrated in
      FIG. 3, taken on the line 6--6 thereof;
PAR  FIG. 7 is a top plan view of a portion of the snow skiing device
      illustrated in FIG. 1, showing the same prior to assembly thereof; and
PAR  FIG. 8 is an enlarged elevational view of a portion of the adjusting
      mechanism embodied in the snow skiing device, looking in the direction of
      the arrow "8" in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, a preferred embodiment of the invention is
      illustrated in FIGS. 1 through 8 thereof. The illustrated embodiment of
      the invention is comprised of a snow skiing device, generally designated
      10, which is adapted to be mounted on a single conventional snow ski 12
      and which is adapted to connect one boot 14 of a skier to the ski 12 for
      limited universal movement as will be described hereinafter in greater
      detail. As shown in FIG. 1 of the drawings, the skier's other boot 16 is
      mounted on the same ski 12 forwardly of the snow skiing device 10, the
      boot 16 being retained by a conventional automatically releasable binding,
      generally designated 18, which may be of any desired type and may include,
      for example, an automatically releasable toe piece 20 and an automatically
      releasable heel piece 22 effective to automatically release the boot 16 in
      the event of a fall or other emergency condition which might tend to
      injure the leg of the skier if the boot was not released from the ski 12.
      Such automatically releasable bindings are well know in the art and need
      not be described herein in greater detail.
PAR  The snow skiing device 10 is comprised of a sole plate 24 which may be made
      of aluminum, steel or any other material having sufficient strength to
      withstand the forces exerted thereon and which is adapted to be clamped
      onto the boot 14 by means of a conventional automatically releasable
      binding, generally designated 26, which is similar to the releasable
      binding 18 and which may also be of any desired type well known in the art
      and include, for example, an automatically releasable toe piece 28 which
      may be fixed to the forward portion of the sole plate 24, as by screws 30,
      and an automatically releasable heel piece 32 fixed to the rear end
      portion of the sole plate by any desired or conventional means such as the
      screws 34. If desired, the bottom of the sole plate 24 may be provided
      with a non-skid surface 36 formed of corrugated rubber or other suitable
      non-skid material so as to provide traction in the snow when walking. An
      elongate toe stem, generally designated 38, is provided which may be made
      of aluminum, steel or any other suitable material having sufficient
      strength to withstand the forces exerted thereon and which is fixed to the
      forward end portion of the sole plate 24 so as to project forwardly
      therefrom, the toe stem 38 being bent upwardly, as at 40, to allow for
      walking ease. In the preferred embodiment of the invention illustrated,
      one end portion of the toe stem 38 is provided with an integral flange
      portion 42 which may be fixed to the sole plate 24 by the screws 30, the
      screws 30 passing through elongate slots 46 provided in the flange portion
      42 and threadably engaging the sole plate 24. The slots 46 thus facilitate
      adjustment of the toe stem 38 relative to the sole plate 24. The other end
      portion of the toe stem 38 is provided with a ball 48 adapted to be
      inserted in a socket 50 defined by a support member, generally designated
      52. In the preferred embodiment of the invention illustrated, the support
      member 52 is comprised of a pair of support elements 54 and 56 which are
      preferably made of nylon or other bearing material which will reduce the
      friction between the ball 48 and the surfaces of the bearing elements 54
      and 56 defining the socket 50 when the ball is inserted in the socket. The
      support elements 54 and 56 are pivotally connected to a base plate 58, as
      by pivot pins 60 and 62. When the support elements 54 and 56 are disposed
      in the position illustrated in FIGS. 3, 4, 5 and 6, the support elements
      define the socket 50 which is open at the top but adapted to retain the
      ball 48 for limited universal movement. The support elements 54 and 56
      also define a diverging passageway 64 which is open at the top and adapted
      to receive the toe stem 38. In the preferred embodiment of the invention
      illustrated, means is provided for releasably retaining the ball 48 in the
      socket 50 defined by the support elements 54 and 56, such means being
      comprised of an elongate tension spring 66, one end of which is fixed to
      the support element 54 as by a screw 68. The spring 66 passes around the
      ends 70 and 72 of the support elements 54 and 56, respectively, and the
      other end of the spring 66 is fixed to a rotatable wheel 74 mounted on a
      shaft 76 carried by the support element 56. The wheel 74 is provided with
      a plurality of angularly spaced holes 78, as illustrated in FIG. 8,
      adapted to receive a removable pin 80 which may be passed through one of
      the holes 78 and into a passageway 82 provided in the support element 56.
      With such a construction, the tension on the spring 66 may be adjusted to
      any desired value whereby the support elements 54 and 56 will retain the
      ball 48 in the socket 50 until the force exerted by the toe stem on the
      support member 52 exceeds the selected tension value after which the
      support elements 54 and 56 will pivot outwardly in opposite directions
      about the pivot pins 60 and 62 and release the ball 48 from the socket 50
      when the force exerted on the support member 52 by the toe stem 38 exceeds
      the force exerted by the spring 66 tending to hold the support elements
      together in the ball retaining position illustrated in FIGS. 3, 4, 5 and
      6.
PAR  In the preferred embodiment of the invention illustrated, means is provided
      for adjusting the position of the support member 52 longitudinally of the
      ski 12 to suit the physical and other requirements of the skier. As shown
      in FIGS. 3, 4, 5, 6 and 7, the support plate 58 is mounted in an elongate,
      generally channel shaped track 84 which may be of any desired length and
      which may be made of aluminum, steel or any other material having
      sufficient strength to withstand the forces exerted thereon. The track 84
      includes a web portion 86 which is secured to the ski 12, as by screws 88.
      The track 84 also includes integral upwardly projecting flange portions 90
      and 92 and integral inwardly projecting flange portions 94 and 96, the
      track 84 thus defining an elongate channel 98 which is open at the top so
      that the support member 52 projects upwardly above the upper surfaces of
      the flange portions 94 and 96 as illustrated in FIGS. 4, 5 and 6. In the
      preferred embodiment of the invention illustrated, the base plate 58 is
      retained in the channel 98 defined by the track 84 by means of set screws
      100 and 102 which threadably engage the flange portions 90 and 92 of the
      track 84 and the inner ends of which bear against the adjacent edges of
      the base plate 58. With such a construction, the base plate 58, which
      carries the support member 52, may be adjusted longitudinally of the track
      84 to suit the particular requirements of the skier and retained in the
      selected, adjusted position by tightening the set screws 100 and 102.
      Obviously, other conventional means may be provided for retaining the base
      plate in the track 84.
PAR  In the operation of the ski device 10, the left boot 16 of the skier, as
      described herein, is secured to the ski 12 by means of the releasable
      binding 18 while the right boot 14 of the skier is secured to the sole
      plate 24 by means of the releasable binding 26. The ball 48 of the toe
      stem 38 is then inserted in the socket 50 by pushing the ball
      longitudinally of the passageway 64 into the socket 50, the pivotal
      connection of the support elements 54 and 56 to the base plate 58
      permitting the ball 48 to pass longitudinally of the passageway 64 against
      the tension of the spring 66. In the rest position, the right boot can
      rest on the ski 12 as indicated in full lines in FIG. 1 of the drawings.
      With both feet on the ski 12, the skier, using his two ski poles, then
      pushes himself off to descend the hill. The skier then raises the right
      boot to the position illustrated in dotted lines in FIG. 1. If the skier
      desires to turn to the right, the skier utilizes the toe stem 38 to push
      the ball 48 to the left in the socket 50, thus forcing the rear of the ski
      to the left. The opposite motion is used for a left turn. The ski 12 can
      be angled or "edged" by turning the left foot and exerting pressure with
      the toe stem against the side of the socket 50 and exerting pressure with
      the toe stem against the side of the socket. Thus, by bearing down on the
      right side of the socket, the left side of the ski is raised, causing the
      right edge of the ski to bite into the snow or ice and providing improved
      control.
PAR  In Alpine slalom skiing, one object is to ski between zig-zag spaced flags
      which form "gates". Such action requires a great amount of sharp turning
      and with the ski device 10, such turns are simplified. For especially
      sharp turns, an upward pull by the right boot 14 will raise the rear or
      "tail" of the ski, making the left foot a true pivot point. For high speed
      skiing, the ski device 10 may be adjusted rearwardly on the ski in the
      manner previously described so as to increase the mechanical advantage of
      the skier. With the ski device 10 disposed rearwardly on th ski, the skier
      forms a "Telemark" position, his legs forming a greater angle than in
      slalom skiing and his center of gravity being lower thereby improving his
      balance. At the same time, his body is more streamlined thereby decreasing
      wind resistance and increasing speed.
PAR  It will also be appreciated that the ski device 10 facilitates skiing by
      one legged skiers having a suitable prosthetic leg adapted to carry either
      of the boots 14 or 16.
PAR  It will also be appreciated that the skier may rely upon the releasable
      bindings 26 connecting the boot 14 to the sole plate 24 and that the skier
      need not rely solely upon the releasable connection of the ball 48 in the
      socket 50 which permits the ball 48 to be released from the socket 50 when
      the forces exerted by the toe stem 38 on the support member 52 exceed the
      adjusted tension of the spring 66, and it will be understood that, if so
      desired, the ball 48 may be permanently mounted in the socket 50 as by
      simply screwing the support elements 54 and 56 together in which case the
      skier will rely upon the releasable bindings 26 to release the boot 14
      from the sole plate 24 in the event of a fall or other emergency condition
      that might tend to injure the skier.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood that various changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ski device, the combination including a planar sole plate, an
      elongate toe stem connected to and projecting longitudinally forwardly
      from said sole plate, a ball fixed to the free end portion of said toe
      stem, a planar base plate, a support member comprised of a pair of support
      elements each connected to said base plate for pivotal movement about an
      axis normal to the plane of said base plate, said support elements
      defining a socket adapted to receive said ball, said ball and socket
      connecting said toe stem to said support member for limited universal
      movement relative thereto.
NUM  2.
PAR  2. The combination as set forth in claim 1, said toe stem projecting
      longitudinally from said sole plate and out of the plane of said sole
      plate whereby said ball is disposed out of the plane of said sole plate.
NUM  3.
PAR  3. The combination as set forth in claim 1, and means threadably connecting
      said toe stem to said sole plate.
NUM  4.
PAR  4. The combination as set forth in claim 1 including spring means
      resiliently restraining pivotal movement of said support elements relative
      to said base plate whereby said ball is releasably retained in the socket
      defined by said support elements.
NUM  5.
PAR  5. The combination as set forth in claim 4 including means for adjusting
      the tension of said spring means.
NUM  6.
PAR  6. In combination with a snow ski, a ski device including a planar sole
      plate, an elongate toe stem connected to and projecting longitudinally
      forwardly from said sole plate, a ball fixed to the free end portion of
      said toe stem, a planar base plate, a support member carried by said ski
      and comprised of a pair of support elements each connected to said base
      plate for pivotal movement about an axis normal to the plane of said base
      plate, said support elements defining a socket adapted to receive said
      ball, said ball and socket connecting said toe stem to said support member
      for limited universal movement relative thereto.
NUM  7.
PAR  7. The combination as set forth in claim 6 including means adjustably
      connecting said base plate to said ski.
NUM  8.
PAR  8. The combination as set forth in claim 7 including means for releasably
      connecting a ski boot to said sole plate.
NUM  9.
PAR  9. The combination as set forth in claim 6 including an elongate track
      member fixed to said ski, and means adjustably connecting said base plate
      to said track member.
NUM  10.
PAR  10. The combination as set forth in claim 9, said toe stem projecting
      longitudinally from said sole plate out of the plane of said sole plate
      whereby said ball is disposed out of the plane of said sole plate.
NUM  11.
PAR  11. The combination as set forth in claim 10, and means threadably
      connecting said toe stem to said sole plate.
NUM  12.
PAR  12. The combination as set forth in claim 11, said sole plate including a
      non-skid surface on the side thereof remote from said ball.
NUM  13.
PAR  13. The combination as set forth in claim 10, said support member including
      adjustable resilient means resiliently restraining pivotal movement of
      said support elements relative to said base plate whereby said ball is
      releasably retained in the socket defined by said support elements.
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ABST
PAL  An enclosed cart for storing and transporting refuse or other bulky
      materials has an enclosing lid which overlies the opening to the
      container, preventing the undesirable entrance of rain or extraneous
      debris. The cart has a small central hole in the floor panel which allows
      water to drain from the interior. The cart has wheels at one edge and a
      handle at the other whereby it may be lifted and moved easily from place
      to place. The interior of the cart is adapted to enclose cans or bags.
      Special bag holders fit into the interior of the cart and cooperate with
      the upper edge of the cart to hold bags. The bag holders may be single or
      plural whereby one or more bags may be held. The bag holders hold the tops
      of the bags open and prevent the tops of the bags from being drawn into
      the interior of the cart under the weight of added material. The bag
      holders are formed of sheet metal stampings or fabricated from bent wire.
      Outwardly extending ears on the bag holders overlie the upper edge of the
      cart and fit within the enclosed lid when the lid is shut. Stops on the
      frames of the bag holders prevent the holders from sliding or falling into
      the interior of the cart. The cart is adapted to use both cans and bags
      simultaneously, if desired.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Known utility carts and trash carts are designed to hold either garbage
      cans or bags. These carts are inconvenient in that they do not
      interchangeably use both garbage cans and trash bags. In addition, prior
      carts are not sufficiently enclosed to prevent combustion of the materials
      stored therein. Typical devices have open or slotted walls and floors
      which allow air to pass into the interior of the cart and support
      combustion of the materials stored therein. Open walls and floors also
      allow ready entrance of vermin and animals to the interior of the cart.
PAR  Applicant's cart stores trash or other bulky items and is adapted to use
      both bags and cans. The cart is strong enough to protect light gauge cans
      or bags used therein and protects the material stored in the cart from
      fire, animals and weather. The cart is designed to prevent sufficient air
      entering the cart to support combustion. The cart has a small drain hole
      but it will not pass sufficient air to support combustion. The interior
      and exterior of the cart have a smooth finish which does not catch or tear
      cans, bags or clothing or obstruct the use of the cart.
PAR  The cart is provided with a cooperating bag rack which may conveniently be
      interchanged so that plastic bags or garbage cans may be used exclusively
      or together. The bag holding device readily cooperates with the structure
      of the cart to hold the bags which are used; yet, it may be readily
      removed to leave an unobstructed interior when it is desired to use cans.
PAR  The cart can be painted in decorative colors, galvanized or otherwise
      protected from weathering and provides an attractive decorative structure
      which will not be an eyesore and which will collect and hold accumulated
      trash and debris.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the cart of the invention in partial section
      showing the central drainhole;
PAR  FIG. 2 is a front view of the cart;
PAR  FIG. 3 is a right side view showing the handle of the cart;
PAR  FIG. 4 is a back view of the cart showing the hinges for the lid;
PAR  FIG. 5 is a partial section view of the upper edge of one wall of the cart
      and the lid;
PAR  FIG. 6 is a partial section view of the supporting L-tubes;
PAR  FIG. 7 is a partial sectional view and fragmentary view of one corner of
      the cart and lid showing the bag tie retaining clip in the interior of the
      cart;
PAR  FIG. 8 is a partial sectional view taken along the plane of line 8--8 in
      FIG. 7;
PAR  FIG. 9 is a front side view of the cart in partial section;
PAR  FIG. 10 is a partial sectional view of the interior of the cart showing a
      portion of a trash bag suspended in the cart;
PAR  FIG. 11 is a front side view of the cart in partial section showing the
      open lid, a trash bag and a trash can in the interior of the cart and
      showing a stored trash can lid in the lid of the cart;
PAR  FIG. 12 is a top plan view of the cart shown in FIG. 11;
PAR  FIG. 13 is a partial side view of the cart shown in FIG. 11 showing the lid
      stop;
PAR  FIG. 14 is a partial sectional view of the cart showing the upper edge of
      the cart and a trash bag suspended on the trash bag retainer;
PAR  FIG. 15 is a top plan view of a single trash bag retainer formed from wire;
PAR  FIG. 16 is a front view of the rack shown in FIG. 15;
PAR  FIG. 17 is a partial sectional view of the rack shown in FIG. 16;
PAR  FIG. 18 is top plan view of a plural bag retainer;
PAR  FIG. 19 is a front view of the bag retainer shown in FIG. 18;
PAR  FIG. 20 is a partial sectional view of the bag retainer shown in FIGS. 18
      and 19;
PAR  FIG. 21 is a top plan view of another embodiment of bag retainer formed
      from sheet metal stamping and wire;
PAR  FIG. 22 is a front view of the bag retainer shown in FIG. 21;
PAR  FIG. 23 is a partial sectional view of the bag retainer shown in FIG. 22
      taken along the plane of line 23--23 shown in FIG. 22;
PAR  FIG. 24 is a top plan view of a third embodiment of single bag retainer
      formed of sheet metal stampings;
PAR  FIG. 25 is a partial sectional view of the bag retainer shown in FIG. 24;
PAR  FIG. 26 is a partial sectional view of a further modification of the bag
      retainer shown in FIG. 25; and
PAR  FIG. 27 is a front view of the bag retainer shown in FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in more detail to the drawings, FIG. 1 shows the trash cart 30
      embodying the concepts of the invention having a hinged lid 32 set on
      vertical side walls 34, 35, vertical end walls 36 and having a bottom
      panel 38 with a central drain hole 40. The sides, ends and bottom panels
      are mounted in L-shaped tubes 42 by screws 44 through the panels into the
      tubes so that the smooth screw heads are to the inside of the structure
      and the sharp points of the screws 44 are inside the tubes 42 leaving
      smooth surfaces which will not snag, tear or catch bags, cans or clothing.
      The top edges of panels 34, 35 and 36 are bent over to form channels 46 so
      that a smooth surface is presented and a flat lip 47 is formed around the
      periphery of the top of the cart 30.
PAR  Lid 32 has its edges bent to form channels 48 which overlie channels 46 at
      the upper edge of the cart. Lid 32 is hinged at the top of side panel 35
      by hinges 50 which are also mounted on the vertical L-shaped tubes 42.
PAR  A pair of wheels are mounted at the bottom edge of L-shaped channels 42 at
      one end of the cart by passing an axle 54 through the tubes 42 and
      attaching the wheels to the ends of the axle as shown. A handle 56 is
      attached to vertical tubes 42 at the opposite end of the cart from wheels
      52 and at the upper edge of the wall 36. The cart may be easily moved from
      place to place by lifting up on the handle and pushing it or pulling it
      with only wheels 52 resting on the ground.
PAR  A small spring clip 58 is attached in the interior of the cart by one of
      the screws 44 as shown in FIG. 8. The spring clip may be used to hold
      small items such as wire, bag ties or other items which might easily get
      lost if left loose in the cart.
PAR  As shown in FIG. 13, a stop 60 is provided at the back edge of the cart
      adjacent to hinges 50 for top 32. The stop prevents the top 32 from
      rotating significantly more than 90.degree. so that it may be easily
      lifted from a closed to an open position, but does not travel
      substantially beyond the open position for convenience of use. Some slight
      overrun beyond 90.degree. is desirable so that the top will remain open of
      its own weight.
PAR  The top 32, by virtue of the deep channel 48, has a space 62 around its
      periphery including at its back edge which is hinged to the side wall 35
      of cart 32. This space 62 is designed to receive a trash can lid 64, as
      shown in FIG. 11, so that the lid may be conveniently stored away from the
      opening into the cart 32, yet be conveniently within reach. A
      corresponding trash can may be removed from the cart or placed into the
      cart without losing the cooperating can lid 64. This is particularly
      convenient when removing cans from the cart for dumping into a central
      collector. It prevents the lid from getting loose on the ground where it
      may become damaged, for example, by being run over by an automobile.
PAR  The cart is also adapted to utilize fabric or plastic trash bags 66 at the
      same time that it is utilizing a can, or at different times. The bags are
      preferably used in cooperation with cooperating bag holders which overlie
      the channeled edge 46 at the upper periphery of the cart 30. The bag
      holders may be formed singly so that they may be used in cooperation with
      trash cans in the same cart, if desired, or they may be formed in plural
      arrays designed to occupy the entire space in the interior of the cart.
      FIGS. 15, 16 and 17 show a single trash bag holder 68 designed to hold one
      trash bag in the interior of the cart.
PAR  The trash bag holder 68 is formed in the shape of a rectangular wire
      framework having downwardly depending bends 69 along its shortest side and
      having U-shaped ears 70 projecting from its shortest side. U-shaped ears
      70 are positioned to overlie the channeled edge 46 at the upper periphery
      of side walls 34 and 35. Downward depending bends 69 extend into the
      interior of the cart 32 closely adjacent to side walls 34 and 35 to
      prevent lateral movement toward and away from walls 34 and 35.
PAR  In operation the wire frame is used by inserting the open end 71 of a
      plastic or fabric trash bag 66 through the interior of the frame until the
      open end 71 extends slightly above the frame. The open end 71 is then bent
      over the wire framework under U-shaped ears 70 and extends downwardly
      adjacent bends 69. The framework is then placed on the channeled edges 46
      of the upper periphery of walls 34 and 35 with the bag upper edge 71 held
      between metal framework 68 and the top of the cart shown at channeled
      edges 46. The bag is thereby held firmly in place and will not slip into
      the interior of the cart even when heavy objects are place in it. The
      bottom of the trash bag 66 extends to the bottom panel 38 in the trash
      cart, which also provides additional support for the bag 66.
PAR  Wire framework 68 may be formed in a plural array as shown in FIGS. 19, 20
      and 21 by placing a plurality of the frames in a side-by-side parallel
      relationship and then attaching them in the array by parallel rods 72
      welded to the bends 69 of each wire frame as shown. Further modifications
      or alternative bag holding frames, shown in FIGS. 21 through 28, may be a
      combination wire frame and sheet metal structure shown in FIGS. 21 through
      23 wherein the end portions are formed of a right angle 74 with a
      horizontal portion adapted to overlie the channel edges 46 of side walls
      34, 35 and a vertical portion adapted to extend downwardly into the
      interior of the cart closely adjacent to side walls 34 and 35. Right angle
      74 prevents longitudinal movement toward and away from walls 34 and 35.
      The end portions are joined by welded portions 76 which complete the
      rectangular framework as shown.
PAR  FIGS. 24 through 27 show alternative structures which are formed out of
      sheetmetal stampings. FIGS. 24 and 27 show a single rectangular sheet 80
      which is stamped to correspond approximately to the shape of rectangular
      framework 68 using bent metal portion 81 to provide the functions of
      U-shaped ears 70 and side framework 68. This sheetmetal framework may have
      the further modification of having an upstanding edge 82 over which the
      trash bag may be bent and securd with an elastic band. This portion 82 may
      be further modified to provide a curved surface shown in 84 which provides
      additional resistance to slippage of the bag. The stamped sheetmetal bag
      retainer may be formed either in single or plural structure.
PAR  It will be appreciated that the cart 30 with the lid 32 will form a trash
      enclosure that is sufficiently tight that it will not pass sufficient air
      to support combustion. Drain hole 40 is in floor panel 38 and allows water
      to drain from the interior of the cart, thus facilitating cleaning of the
      interior, but is not sufficiently large that enough air will be drawn into
      the interior of the cart to support combustion. Lid 32 depends downwardly
      around the upper periphery of side walls 34, 35 and ends 36 and prevents
      any substantial amount of air from entering the interior so a fire which
      is started, by spontaneous combustion or otherwise, in the interior of the
      device will soon consume all the available oxygen in the interior of the
      cart and exhaust itself.
PAR  The overlapping top or lid 32 of the cart prevents rain or falling leaves
      and other debris from accumulating or falling into the interior of the
      cart. Due to the strength and rigidity of the L-shaped tubes 42, which
      provide the structural basis for the framework, the cart is sufficiently
      sturdy that it protects the bags or cans in the interior so that bags or
      light gauge cans may be used without fear of damage or spilling of the
      trash collected in the bags or cans.
PAR  The structure shown in the FIGS. 9 and 11 will accommodate three
      thirty-gallon trash bags or two twenty-gallon trash cans. However, any
      single or plural structure can be used to accommodate any convenient
      number of bags or cans.
PAR  It will be appreciated by one skilled in the art that other modifications
      of the structure can be provided without departing from the spirit of the
      invention as herein shown. The enclosed description is provided for
      purposes of illustration and is not intended to limit the scope of the
      invention claimed. The invention is to be limited only by the scope of the
      claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cart for containing, transporting and storing trash and other bulky
      materials adapted to selectively use both bag and can containers and to
      protect the material contained therein from the effects of weather, fire
      and animals, having means forming an enclosure; means forming an opening
      into the enclosure, means for selectively opening and closing the opening,
      the opening and closing means extending downwardly beyond the opening and
      positioned to deflect water away from the opening; frame means supporting
      the enclosure; means mounted on the frame means for moving the enclosure;
      recess means integral with the opening and closing means for storing and
      supporting a trash can lid; means cooperating with the downwardly
      extending portion of the opening and closing means limiting the movement
      of the opening and closing means in a direction away from the opening;
      support means on the enclosure adjacent to the opening; removable means in
      the enclosure for selectively using bags and cans in the enclosure,
      includiing means for selectively holding a bag in an article receiving
      relationship within the enclosure, the holding means having at least one
      downwardly extending projection for cooperating with the support means to
      position the holding means within the enclosure, and means for hanging the
      holiday means on the support means, the holding means including the
      hanging means being adapted to support a trash bag in an article receiving
      relationship within the enclosure with an open end of the bag positioned
      between the hanging means and the support means.
NUM  2.
PAR  2. The device of claim 1 wherein the trash can lid storing means is a
      recess in the hinged edge of the cover adapted to hold the lid of a trash
      can when the cover is in the open position.
NUM  3.
PAR  3. The cart of claim 1 wherein the bag holding means is a rectangular
      frame, and has a depending element at one edge of the frame adapted to
      locate the frame in a support, and an opposed pair of outwardly extending
      members adapted to hold the weight of the frame and an attached trash bag
      and to retain the trash bag in the frame.
NUM  4.
PAR  4. The device of claim 3 wherein the bag holding means is formed of welded
      wire.
NUM  5.
PAR  5. The device of claim 3 wherein the bag holding means is stamped from
      sheet metal.
NUM  6.
PAR  6. The device of claim 3 wherein the bag holding means has plurality of
      depending elements are provided to position the structure in a support.
NUM  7.
PAR  7. The device of claim 1 wherein the bag holding means has a plurality of
      frames.
NUM  8.
PAR  8. The device of claim 1 wherein the cart has the upper edge of the
      container formed to provide a platform which is adapted to support the
      removable bag holding means.
NUM  9.
PAR  9. The device of claim 1 wherein the removable bag holding means is adapted
      to support a single bag.
NUM  10.
PAR  10. The device of claim 1 wherein the removable bag holding means is
      adapted to hold a plurality of bags.
NUM  11.
PAR  11. The device of claim 1 wherein additional means is provided in the
      container to hold and store small items.
NUM  12.
PAR  12. A cart for containing, transporting and storing trash and other bulky
      materials adapted to selectively use both bag and can containers and to
      protect the material contained therein from the effects of weather, fire
      and animals, having means forming an enclosure; means forming an opening
      into the enclosure, means for selectively opening and closing the opening,
      the opening and closing means extending downwardly beyong the opening and
      positioned to deflect water away from the opening; frame means supporting
      the enclosure; means mounted on the frame means for moving the enclosure;
      means integral with the opening and closing means for storing and
      supporting a trash can lid; means limiting the movement of the opening and
      closing means in a direction away from the opening; support means on the
      enclosure adjacent to the opening; removable means in the enclosure for
      selectively using bags and cans in the enclosures, including means for
      selectively holding a bag in an article receiving relationship within the
      enclosure, the holding means having at least one downwardly extending
      projection for cooperating with the support means to position the holding
      means within the enclosure, and means for hanging the holding means on the
      support means, the holding means including the hanging means being adapted
      to support a trash bag in an article receiving relationship within the
      enclosure with an open end of the bag positioned between the hanging means
      and the support means.
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ABST
PAL  A wheeled cart for a bowling bag having forward wheels mounted to a base
      portion and means associated with the base portion for securing a bowling
      bag onto said base portion. A retractable handle is fixed along the bottom
      to the forward part of the cart so that a pulling motion on the handle
      tilts the cart forwardly so that the cart and mounted bag may be trundled
      along a support surface.
BSUM
PAR  This invention relates to a cart for a bowling bag; and further relates to
      an assembly of a bowling bag mounted to said bowling cart.
PAR  Bowling is an extremely popular activity, and great numbers of participants
      in this activity seriously approach the game by acquiring personal bowling
      balls and bags to carry such balls. Participants in this game are burdened
      by the substantial weight of the bowling ball when carrying the ball in a
      bag between a point of origin and the bowling leagues. The substantial
      mass of the bowling ball becomes more burdensome the longer the distance
      which must be travelled by carrying such bag and ball. Such burdens,
      inconvenience and fatigue to the bowler can be markedly reduced by
      providing means to facilitate and lighten the burden of transporting the
      bagged bowling balls.
PAR  It is accordingly one object of the invention to provide a bowling cart
      provided with features particularly adapted to be utilized to advantage in
      transporting or trundling a bag and bowling ball.
PAR  Another object of the invention is a cart for a bowling bag which in itself
      does not impose objectionable burdens in transporting; and having modest
      area and mass so as not to unduly increase the burden of manually
      transporting the assembly of bag and bowling bag cart if desired.
PAR  Yet another object of the present invention is a bowling bag cart which can
      be used in an improved assembly of cart and bowling bag with ball, which
      cart is economical to manufacture, is rugged in construction, is
      substantially free from hazards of breakdown in use, and which provides
      versatility in that it may be both carried and used to trundle or roll a
      bag and ball along a support surface.
PAR  Still yet another object is a bowling cart for a bag and bowling ball
      having the advantageous features described, and which additionally has
      means to removably or permanently secure a bag to said bowling cart.
DRWD
PAR  Such objects are now attained together with still other objects which will
      occur to practitioners upon considering the invention in the following
      disclosure, which include drawings wherein:
PAR  FIG. 1 is a perspective view of the assembly of bowling bag and bowling
      cart;
PAR  FIG. 2 is a top plan view of the bowling cart with bag removed;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
      additionally portionally showing a bowling bag mounted to the top surface;
PAR  FIG. 4 is a perspective view of a bowling bag cart including adjustable
      features for securing a bowling bag to the base portion of such cart;
PAR  FIG. 5 is a sectional view, on an enlarged scale, taken line 5--5 of FIG.
      4;
PAR  FIG. 6 is a portional side view along line 6--6 of FIG. 5; and
PAR  FIG. 7 is a sectional view on an enlarged scale, with portions removed,
      along line 7--7 of FIG. 5.
DETD
PAR  Looking now at the drawings, there is seen in the views of FIGS. 1 and 2 a
      bowling bag designated generally as 8 mounted in secured position onto a
      bowling bag cart shown generally as 10. Such cart has a substantially
      planar base 12 shown as having a rectangular configuration. The base is
      shown with a plurality of mounting holes 15 to receive fastener assemblies
      of nuts and bolts shown collectively as 16, such fastener assembly passing
      through the bag bottom 18 of the bowling bag. It is seen that the
      rectangular base 12 has an area to support at least a major portion of the
      area of the bag bottom 18.
PAR  The forward end of the base is shown as having a pair of cut-outs 20 formed
      by downwardly bending wheel brackets 22. Wheel axels 23 and wheels 24 are
      secured to the wheel bracket by nut and washer assemblies 25. Only a
      forward pair of wheels 25 are shown mounted below the base towards the
      front which is the preferred embodiment. The wheels may have different
      sizes and styles, but prefereably are inboard of the sides with a minor
      diameter relative to a side dimension of the base to facilitate carrying.
PAR  A rear rest blade 28 extends downwardly for support surface contact when
      the assembly is not being trundled or rolled along said support surface.
      The opposite forward end of the bowling cart has an upwardly bent front
      plate 30 which has the configuration of a truncated pyramid, the bottom
      extending to the opposite sides of the base. It is seen in the preferred
      embodiment that the plane of the front plate 30 is substantially normal to
      the plane of the base 12.
PAR  A retractable handle shown generally as 32 is fixed along its lower end to
      the front plate 30. A pair of metal straps 34 are shown securing the lower
      end of the handle, such straps being fixed to the front plate by fasteners
      such as screws 35. The handle includes a number of telescoping tubular
      portions, shown herein as a lowermost portion 36 secured to the front
      plate, an intermediate portion 37 and an upper portion 38. A cap 40 is
      shown closing the upper tubular portion 38.
PAR  The alternative embodiment shown in FIGS. 4-8 is provided with adjustable
      clamping means 42 to removably mount and secure the bowling bag to the
      cart. The clamping means engage opposite bottom side portions of the
      bowling bag to clamp such portions against adjoining edge portions of the
      bag bottom 18.
PAR  The illustrated clamping means are mounted to the base of the bowling cart
      by providing a substantially centrally located opening 43 in which is
      mounted a yoke element 44. The yoke element includes an enlarged head
      rivet 45 atop the neck 46 which, in turn, is joined to shoulder element
      47. The opposite ends of the shoulder element carry depending arms 48,
      each of which is provided with enlarged passageways 49. A threaded rod 50
      moves freely through the enlarged passageways 49 of the yoke element and a
      nut 52 is fixed to the rod at a location between the spaced arms 48 of the
      yoke element.
PAR  The adjustable clamping means include movable side clamp members 54. Each
      side clamp member 54 has an outer upwardly extending portion 56 which is
      inwardly curved. The upwardly extending portion 56 is joined to an
      intermediate horizontal portion 57 which extends in bearing relationship
      to the underside of the base 12. The intermediate portion 57 is joined to
      an inner downwardly extending portion 58 which is provided with an
      enlarged bore (not shown) through which the rod 50 freely passes. The side
      clamp member 54 also includes an outer downwardly extending portion 60
      which has a threaded bore 62 surrounded by annular ridge 63. The threaded
      bore 62 engages threaded portions on rod 50.
PAR  In use, the bag bottom of a bowling bag is either permanently secured as
      shown in FIGS. 1-3, or is removably secured to the base as shown in FIGS.
      4-7. The retracted handle 32 does not extend above beyond the handle 64 of
      the bowling bag as shown in FIG. 1 when the assembly is either stored or
      manually transported or carried. The vertical positioning of the
      retractable handle relative to the base of the cart prevents the handle
      from being awkwardly contacted by the user when carried or moved about. It
      is seen from the view of FIG. 1 that such a retracted handle is closely
      positioned to the front of the bag and is compactly and neatly associated
      with such bag.
PAR  When it is desired to trundle or roll the assembly along a support surface,
      then the handle is extended as shown in the view of FIG. 4. The user pulls
      the extended handle towards himself to tilt the cart and bag with bowling
      ball towards him so that the forwardly positioned wheels can represent
      generally the center of gravity to allow rolling movement of the cart and
      ball to be conducted with facility. Securely fixing the bottom end of the
      retractable handle 32 to the front plate 30 permits ease in tilting the
      cart in use as well as allowing easy pulling of the loaded cart. It will
      be appreciated that the front plate 30 cooperates importantly in
      supporting the loaded bowling bag when the cart is tilted and trundled
      along the support surface.
PAR  It will be appreciated that means other than the threaded rod and bores may
      be provided for adjusting clamping means to capture opposite side edge
      portions of the bowling bag. For example, the horizontal portions 57 of
      the clamping members may have their inner ends slotted in overlapping
      relationship, and secured by a simple wing nut. Still other embodiments
      will occur to practitioners.
PAR  The base portion has an area related to the area of one bag bottom, or two
      bag bottoms if the cart is modified for that purpose. Professional or
      serious bowlers often transport two balls and their bags. The base area is
      large enough to support at least a major portion of the bag bottom area,
      and such base area is not substantially enlarged relative to the area of
      said bag bottom or bottoms. A single double ball bag can be provided,
      preferably held by a plurality of spaced clamping means, when such are
      used in the removable bag embodiment. A pair of bags are preferably
      oriented so the ends of an axis between the handles on each bag intersect
      opposite sides of the base.
PAR  The claims of the invention are now presented and the terms of such claims
      may be further understood by reference to the language of the preceding
      specification and the views of the drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bowling bag cart which includes
PA1  a substantially planar support base, said base having an area to at least
      support a major portion of the bottom area of a bowling bag and not being
      substantially enlarged relative to said bottom area of the bowling bag,
PA1  a forward pair of wheels rotatably mounted to the bottom of said base
      portion,
PA1  a downwardly extending rear rest member in the bottom of the base to
      support said cart in resting position,
PA1  means for holding the bottom of the bag to said base portion,
PA1  a front plate at the forward end of the base, the plane of said front plate
      being substantially normal to the plane of the base portion, and
PA1  a retractable handle having a plurality of telescoping tubular portions
      including a lower and an upper tubular portion, said lower portion being
      securely fixed to a face of the front plate, the retracted position of
      said handle not extending beyond at least carrying handles at the top of
      the bowling bag, and the extended position of the handle allowing hand
      pulling action to trundle the cart along a support surface.
NUM  2.
PAR  2. A bowling bag cart which includes the features of claim 1 above wherein
      said front plate extends substantially to the opposite sides of said base
      to support a bowling bag placed thereon when the bowling cart is tilted
      forwardly by pulling the handle to support said cart on the forward pair
      of wheels.
NUM  3.
PAR  3. A bowling bag cart which includes the features of claim 1 above wherein
      said means for holding the bottom of the bag is an adjustable clamping
      member positioned at each of the opposite sides of the base, and means to
      secure the clamping members in a moved position.
NUM  4.
PAR  4. A bowling bag cart which includes the features of claim 1 wherein said
      means for holding the bottom of the bag to the base includes a plurality
      of mounting holes on the base, and fastener assemblies for moving through
      the bottom of a bowling bag to secure said bag permanently to the base.
NUM  5.
PAR  5. A bowling bag cart which includes the features of claim 1 and which
      further includes, in combination, a bowling bag mounted on the top of the
      base and secured thereto by said means for holding the bottom of the bag
      to said base.
NUM  6.
PAR  6. A bowling bag cart and bowling bag combination which includes the
      features of claim 5 above wherein said bag is permanently secured to the
      base by a plurality of fastening elements extending through the bottom of
      the bottom of the bowling bag.
NUM  7.
PAR  7. A bowling bag cart and bowling bag combination which includes the
      features of claim 5 above wherein said bowling bag is removably mounted to
      the base by an adjustable clamping member positioned at each of the
      opposite sides of the base, and said clamping members including means to
      allow said members to be adjustably moved and secured in the selectively
      moved position.
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ABST
PAL  A steering arrangement for motor vehicles, especially for passenger motor
      vehicles which includes a steering column constituted by an outer column
      secured within the area of an instrument panel and a steering spindle; the
      steering column portion or outer column, constructed of relatively short
      length, is held fast only within the area of the instrument panel and is
      supported within the area of the front axle of the vehicle by way of an
      intermediate member extending generally in the same direction and having a
      steeper inclination.
BSUM
PAR  The present invention relates to a steering arrangement for motor vehicles,
      especially for passenger motor vehicles with a steering column formed by
      an outer steering column or outer casing secured within the area of the
      instrument panel and a steering spindle.
PAR  With the present-day steering arrangements, the steering gear which is
      adjoined by the steering spindle, is located preferably within an area
      shortly to the rear of the front axle of the vehicle. If the deformation
      of the vehicle in case of an accident is limited to the area in front of
      the front axle, then the position of the steering column and of the
      steering wheel is not changed. Especially if additionally also deformation
      elements and/or large-surfaced deformation-rigid and padded steering
      wheels are used, then such steering systems are held out as safety
      steering systems. However, even if the deformations occurring during an
      accident remain limited to the area in front of the front axle, such
      so-called safety steering arrangements do not offer any protection against
      injuries, because the body of the driver impinges against the steering
      wheel hub edge-like instead of surface-like and within the face area
      rather than the chest area. During serious accidents, in which also the
      area to the rear of the front axles are exposed and subjected to
      deformations, the criteria are reinforced and both the steering wheel rim
      as also in particular the steering wheel hub become considerable danger
      sources for the vehicle passengers who frequently even suffer fatal
      injuries by such steering arrangements during serious injuries. This is
      based on the fact that the steering spindles together with the steering
      wheels are displaced into the passenger space in the known types of prior
      art construction during the first phase of a collision with uncontrolled
      movements and, more particularly, upwardly whereby the steering columns
      erect themselves toward the vertical. The driver of the respective vehicle
      impinges thereby only during the second phase of a collision against the
      upwardly displaced and further erected steering column. The driver thereby
      impinges with body parts, especially with the head, against parts of the
      steering arrangement which are designed for the absorption of another
      force, for example, of an impact of the chest of the driver. Furthermore,
      with the known deformation members, a completely satisfactory functioning
      is also dependent essentially on the impact directly which after the
      erection of the steering column no longer coincides with the direction
      planned in the construction.
PAR  The present invention is concerned with the task to provide a steering
      arrangement of the aforementioned type which also in case of deformations
      of the vehicle, conditioned by accidents, within the area of the front
      axle leaves effective the operation of the additional safety devices of
      the steering arrangement. The present invention essentially consists in
      that the steering column section of short construction or the outer column
      is clamped or held fast only within the area of the instrument panel and
      is supported within the area of the front axle of the vehicle by way of at
      least one more steeply inclined intermediate member extending in the same
      direction.
PAR  It is achieved by this construction according to the present invention that
      a deformation within the area of the front axle causes a pivoting of the
      part of the steering column projecting into the passenger space, during
      which the steering wheel is positioned more steeply, i.e., is caused to
      approach the vertical with its steering wheel plane. It is assured thereby
      that the steering wheel comes to lie within the area in which is located
      the chest of the driver so that the safety devices designed for the force
      absorption of the chest of the driver, especially a deformation pot or the
      like retain their full effectiveness. As a result of the angular
      adjustment of the steering wheel rim toward the vertical, the impact
      surface is additionally enlarged so that the injury danger is further
      reduced. It is achieved that the very strong deformations of the front
      area occurring during a serious accident are not transmitted negatively
      into the passenger interior space by the steering arrangement but instead
      even lead to a positive influencing of the position of the steering wheel
      with respect to the impinging body.
PAR  In one simple embodiment of the present invention, provision is made that a
      non-guided deformation element is arranged between an upper part of the
      steering spindle carrying the steering wheel and a forward lower part,
      which non-guided deformation element in the zero position of the steering
      wheel has a steeper inclination than the steering column axis. It is
      achieved thereby that the force adapted to be transmitted in the axial
      direction by the unguided deformation element is introduced into the
      adjoining part of the steering spindle with an angular deflection so that
      this part is pivoted essentially only about its fastening means disposed
      within the area of the instrument panel but is not displaced axially or is
      axially displaced only slightly.
PAR  In another embodiment of the present invention, provision is made that the
      steering spindle is subdivided by means of joints whereby the sections of
      the steering spindle are disposed one behind the other in the driving
      direction and only the upper section carrying the steering wheel is guided
      in the outer steering column. Also, in this embodiment, an axial
      displacement of the area of the front axle is converted into a pivot
      movement of the outer column together with the part carrying the steering
      wheel whereby the plane of the steering wheel rim is turned into the
      vertical and its center is even somewhat lower. In order to achieve with
      this embodiment that the steering wheel is brought simultaneously closer
      to the chest of the driver, a guide rail is arranged in the realization of
      this embodiment above the joint of the part guided in the outer column,
      which guide rail has a lesser inclination than the part of the steering
      spindle disposed outside the outer column. This approaching of the
      steering wheel rim to the body of the driver and more particularly at a
      favorable distance and favorable angle offers the advantage that a large
      deformation path is made available for the dissipation of the kinetic
      energy of the body. This approaching of the steering wheel rim to the
      chest of the driver is meaningful by reason of the fact that a controlled
      movement is carried out by the steering wheel rim which does not leave an
      area predetermined by the construction.
PAR  In a further embodiment of the present invention, the outer column is
      pivotally connected by way of an intermediate lever to the support
      structure of the vehicle within the area of the front axle. The desired
      angular adjustment of the steering wheel rim is attained thereby
      independently of the construction of the steering spindle and the position
      of the steering gear.
PAR  Accordingly, it is an object of the present invention to provide a steering
      arrangement for motor vehicles, especially for passenger motor vehicles
      which avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a safety steering
      arrangement for motor vehicles, especially for passenger motor vehicles
      which greatly improves its safety factor and remains fully effective even
      also in case of serious accidents affecting the area of the front vehicle
      section to the rear of the front axle.
PAR  A further object of the present invention resides in a safety steering
      arrangement for motor vehicles, especially passenger motor vehicles in
      which the planned direction of impact of the body of the driver as well as
      the particular body part expected to impinge against the steering wheel
      remain assured regardless of the seriousness of the accident.
PAR  A still further object of the present invention resides in a steering
      arrangement for motor vehicles in which the position of the steering wheel
      is so controlled even in case of serious injuries affecting the entire
      front section of the vehicle that its intended safety action as regards
      absorption of forces is far-reachingly preserved.
DRWD
PAR  These and further objects, features, and advantages of the present
      invention will become more apparent from the following description when
      taken in connection with the accompanying drawing which shows, for
      purposes of illustration only, several embodiments in accordance with the
      present invention, and wherein:
PAR  FIGS. 1, 2, 3a, 4 and 5 are schematic side elevational views of steering
      arrangements known in the prior art;
PAR  FIG. 3b is a partial schematic end elevational view of the prior art
      steering arrangement of FIG. 3a;
PAR  FIG. 6 is a schematic side view of one embodiment of a steering arrangement
      in accordance with the present invention;
PAR  FIG. 7 is a schematic side view of a modified embodiment of a steering
      arrangement according to the present invention;
PAR  FIG. 8 is a schematic side view of a still further modified embodiment of a
      steering arrangement in accordance with the present invention, similar to
      FIG. 7; and
PAR  FIGS. 9a and 9b are schematic side elevational views of still another
      embodiment of a steering arrangement in accordance with the present
      invention in the normal condition and in the condition after a front
      impact, respectively.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 to 5, in the known types of construction of the
      prior art, illustrated in these figures, a steering gear 2 is illustrated
      in each case within the area of a front axle 1 of a motor vehicle, which
      is connected by way of a steering spindle 3 with a steering wheel 4
      disposed in the front area of the passenger space of the vehicle. The
      steering spindles 3 are guided at least partially in an outer steering
      column or casing 5 which is provided with fastening means 6 within the
      area of an instrument panel (not shown).
PAR  With the type of construction according to FIG. 1, the outer column 5 which
      completely surrounds the one-piece, continuous steering spindle 3, extends
      up to the steering gear 2 at which it is secured. If in a vehicle equipped
      with this steering arrangement, the area of the front axle 1 is affected
      as a result of a serious accident, then the steering gear 2 is displaced,
      for example, into the position illustrated in dash line. This has, as a
      consequence, that the steering spindle 3 together with the steering wheel
      4 and the outer column 5, are displaced into the position also indicated
      in dash lines. The outer column 5 together with the steering spindle 3 is
      thereby displaced further inwardly and upwardly into the passenger space
      whereby the steering column formed by the steering spindle 3 and the outer
      casing or column 5 is erected or set up. It is clearly visible that the
      steering wheel 4 is located after this deformation occurring during the
      first phase of an accident in an area which completely deviates from the
      normal position and which lies far too high and additionally opposes a
      sharp edge to the impinging body of the driver. These deformations are
      frequently of such magnitude that the steering wheel 4 and its hub are
      located within the area in which the driver impinges with his neck or head
      when he is thrown forwardly during the second accident phase.
PAR  The type of construction according to FIG. 2 differs from the type of
      construction according to FIG. 1 in that the steering spindle 3 consists
      of at least two telescope-like parts adapted to be telescoped one within
      the other. However, as is indicated in dash lines in FIG. 2, the basic
      deformation and displacement of the steering column changes only slightly
      in case of an accident affecting the area of the front axle 1 so that the
      disadvantages which exist with the type of construction according to FIG.
      1 cannot be avoided.
PAR  In the type of construction illustrated in FIGS. 3a and 3b, there is
      provided a steering spindle 3 which is subdivided into several parts by
      means of joints, whereby the portion adjoining the steering gear 2 has the
      steepest inclination and the part carrying the steering wheel 4 the
      weakest inclination. As can be seen from FIG. 3b, the steering gear 2 is
      disposed approximately in the vehicle center whereas the steering wheel 4
      is arranged offset toward the side of the vehicle. The joints of the
      steering spindle 3 therefore lie mutually offset in the driving direction.
      The outer column 5 accommodates in this prior art type of construction
      only the upper portion of the steering spindle 3 whereas it extends up to
      within the area of the front axle 1 and is secured once more within this
      area. With this type of construction, the erecting movement of the
      steering column is admittedly avoided far-reachingly, however, in case of
      a serious accident, the steering spindle 3 together with the steering
      wheel 4 is displaced obliquely upwardly as indicated in dash line in FIG.
      3a. The steering wheel 4 therefore leaves also with this type of
      construction the area in which the chest of the driver of the respective
      vehicle would impinge during an accident. Consequently, essentially the
      same difficulties ensue as with the types of constructions according to
      FIGS. 1 and 2.
PAR  In the type of construction according to FIG. 4, the steering gear 2 is
      located in front of the front axle 1 of a vehicle. The steering spindle 3
      is subdivided with the aid of a deformation member 7 or of a joint, a
      so-called interrupt coupling or a similar element, whereas the outer
      column 5 extends from the area of the front axle 1 up to into the
      passenger interior space to the steering wheel 4. By reason of the
      extremely long outer column 5 essentially the same deformations result as
      with the types of construction according to FIGS. 1 and 2 so that also
      with this embodiment an increased injury danger is caused by the steering
      arrangement in case of serious injuries, even if a so-called interrupt
      coupling is arranged at 7.
PAR  In the type of construction according to FIG. 5, the steering gear 2 is
      located above and to the rear of the front axle 1 of a motor vehicle. The
      associated steering spindle 3 includes a deformation element 7 which is
      surrounded in its upper area by a short outer column 5. This type of
      construction advantageously differs from the type of construction
      according to FIGS. 1 to 4 in that with a correct design and construction
      of the deformation member 7 a displacement of the upper portion of the
      steering spindle 3 can be prevented far-reachingly and even completely
      under certain circumstances. However, it is prerequisite therefor that the
      deformation member 7 is also unguided radially, i.e., not be guided in the
      radial direction, so that it can also deform in this direction and does
      not lead to an erection of the steering spindle 3 by the forces
      transmitted thereby. This, however, is the case when the parts of the
      steering spindle 3 are guided telescopically one within the other under
      omission of the deformation member 7.
PAR  The embodiment illustrated in FIG. 6 according to the present invention
      starts essentially with the type of construction according to FIG. 5. In
      the embodiment according to FIG. 6 a non-guided deformation member 8 is
      also provided between a steering gear 2 and an upper portion of a steering
      spindle 3; the deformation member 8 is thereby not guided, is as long as
      possible, is plastically yielding and is strong in torsion but weak in
      buckling. The upper portion of the steering spindle 3 is connected with
      the steering wheel 4 by way of an impact pot 9; the steering wheel 4 is at
      least in its lower area more form-rigid than the impact pot 9 by
      conventional means (not shown). The upper portion of the steering spindle
      3 is guided by a very short outer column 5 which is secured and rotatably
      supported at a mounting or support means 11 within the area of the
      instrument panel of the vehicle by means of a joint 10 having a horizontal
      axis disposed transversely to the driving direction.
PAR  The deformation member 8 is arranged with an inclination to the steering
      column axis in that it is arranged at an inclination to this axis between
      two eccentric, slightly obliquely inclined mounting means 12. The
      inclination is so selected that the deformation member 8 has in the
      illustrated zero position of the steering wheel 4, i.e., in the position
      for straight drive, a more steep inclination that the steering column
      axis. It is achieved in this manner that the forces transmitted in case of
      a frontal impact from the steering gear 2 onto the steering spindle 3 act
      as a moment about the joint 10 so that the outer column 5 together with
      the part of the steering spindle 3 guided therein is pivoted in the
      clockwise direction whereby the plane of the steering wheel 4 is pivoted
      toward the vertical. The joint of the mounting means 10 which may be in
      the form of a bracket or the like, is guided in a slot guidance 13 falling
      off in the direction toward the vehicle interior space so that also a
      displacement of the steering wheel 4 toward the chest of the driver is
      undertaken.
PAR  In the embodiment according to FIG. 7, a steering gear 2 is arranged within
      the area to the rear of the front axle 1 of a vehicle. This steering gear
      2 is connected by way of a steering spindle 3 subdivided by means of
      joints 14 and 15 with a steering wheel 4 disposed in the passenger space.
      The upper portion of the steering spindle 3 which carries the steering
      wheel 4 is guided in a very short outer column 5 which is secured at a
      cross bearer (not shown) within the area of the instrument panel of the
      vehicle by way of a mounting means 16 having a horizontal axis disposed
      transversely to the driving direction. The joints 14 and 15, as also the
      parts of the steering spindle 3, are disposed in a common vertical plane
      extending in the driving direction. The portion of the steering spindle 3
      adjoining the steering gear 2 thereby has a steeper inclination than the
      following portion which is inclined approximately at an angle of about
      15.degree. to the horizontal. This angle is considered in practice as
      advantageous for the driving operation.
PAR  If, during a frontal impact, the front section of the vehicle is so
      deformed that the steering gear 2 is displaced toward the rear, then the
      joints 14 and 15 move into the position indicated by reference numerals
      14'  and 15'. The outer column 5 thereby pivots about the mounting means
      16 without the steering wheel 4 itself carrying out a movement into the
      passenger space. It is assured thereby that the steering wheel 4 is not
      displaced into the area in which the driver of the vehicle will impinge in
      case of a serious frontal impact. Simultaneously it is achieved thereby
      that the steering wheel 4 is pivoted up to approximately the vertical so
      that it offers to the chest of the driver as large as possible an abutment
      surface, and does so in a favorable direction. The impact pot or
      deformation pot 9 disposed between the steering wheel 4 and the end of the
      steering spindle 3 therefore retains also during a serious accident its
      optimum effectiveness with utilization of the full deformation path.
PAR  The embodiment according to FIG. 8 corresponds in its basic construction to
      the embodiment according to FIG. 7. The mounting means 16, for example, in
      the form of a bracket, has in this embodiment a horizontal joint axis
      extending at a distance to the axis of the steering spindle 3 and disposed
      transversely to the driving direction. In order to achieve that the
      steering wheel 4 not only approaches the vertical in case of a serious
      accident but additionally also approaches the chest of the driver, so that
      an earlier impact is attained and a large deformation path is created
      thereby, a guide rail 17 is provided which is arranged above the joint 15.
      The joint 15 abuts at this rail 17, which has a somewhat flatter
      inclination than the portion of the steering spindle 3 adjoining the
      steering gear 2, after a short deflection of the steering column portion
      pivotal about the bracket 16. Thereafter, the joint 15 is guided along the
      guide rail 17 into the position 15' whereby a displacement in the vehicle
      longitudinal direction takes place. As a result thereof, also the steering
      wheel 4 is displaced into the position illustrated in dash line in which
      it is located closer to the chest of the driver.
PAR  A motor vehicle equipped with a steering arrangement according to the
      present invention in its normal condition and after a serious accident is
      illustrated in FIGS. 9a and 9b, respectively. In this embodiment a
      steering spindle (not visible) is arranged on the inside of a short outer
      column 5 which is pivotally supported within the area of the instrument
      panel 18 by means of a mounting support 19 about a horizontal axis
      disposed transversely to the driving direction. The forward end of the
      slightly inclined outer column 5 is pivotally connected by way of a more
      steeply arranged rod or bar 20 at the longitudinal bearer 21 of the
      vehicle frame disposed in the area of the front axle 1. The connection of
      the rod 20 takes place in each case by way of a simple joint thereby
      forming an intermediate lever.
PAR  If with the vehicle illustrated in FIG. 9a the front portion thereof is so
      strongly deformed as the result of an accident, as is illustrated in FIG.
      9b, then the rod 20 is erected into a vertical position. The outer column
      5 together with the parts of the steering spindle guided therein and with
      the steering wheel 4 is thereby pivoted so far that it is transferred from
      the slightly inclined normal position into a horizontal position. The
      steering wheel 4 lies then in a vertical plane. Even if the obstacle
      impinges also within the area of the horizontal outer column 5 against the
      forward end thereof, the steering wheel 4 under certain circumstances is
      also axially displaced into the position illustrated in dash line in which
      it further approaches the chest of the driver so that an increased
      deformation path as well as a favorable impact position is available
      especially for a driver whose seat belt is not fastened.
PAR  In all embodiments of the present invention, it is achieved that the axial
      deformations in the base or floor area of a vehicle are transmitted onto
      the portion of the steering system disposed in the vehicle interior space
      essentially as pivot movements, by means of which the steering wheel 4
      does not move out of the chest area of the driver but rather approaches
      more closely the vertical. Additionally, under certain circumstances, an
      axial displacement of the steering wheel and thus, in addition to an
      approaching of the steering wheel to the chest of the driver, also an
      impact direction more favorable from an angular point of view is obtained
      due to an intentional lowering.
PAR  Safety steering systems are produced with all embodiments of the present
      invention which absorb in an optimum manner the chest of a driver
      impinging against the steering wheel and absorb the same by way of a
      predetermined path. This is achieved by
PAR  a. a controlled tilting of the plane of the steering wheel rim precisely or
      at least approximately into the vertical,
PAR  b. a lowering of the center of the steering wheel rim which takes place
      simultaneously whereby either
PAR  c. the steering wheel system carrying out the angular and height changes
      (steering wheel rim, spokes, hub and possibly impact pot) is displaced in
      a controlled manner in the direction toward the chest of the driver in
      order to be able to catch early especially a driver not fastened by means
      of safety belts and to be able to stop the driver over a long path,
PAR  d. and/or the steering wheel system is so arranged that it is able to
      deflect in the forward direction by way of deformation pots, telescopes,
      parallelograms or similar guide elements.
PAR  As can be seen from FIGS. 9a and 9b, suspensions 22 for suspended pedals 23
      are provided in this embodiment at the short outer column 5 which are
      pivoted away out of the area of the feet of the driver in case of a
      frontal impact.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A steering arrangement for a motor vehicle comprising:
PA1  steering column means having a portion which is pivotally mounted within
      the area of an instrument panel means, said steering column means being
      inclined in a given direction and having a steering wheel supported at an
      end thereof,
PA1  at least one intermediate member supporting the steering column means
      within the area of a vehicle front axle, said member having a different
      inclination than the steering column means, and
PA1  means for automatically positioning said steering wheel in a substantially
      vertical plane in front of an impinging body upon application of
      rearwardly directed deformation forces in said area of said front axle
      such that said intermediate member is moved rearwardly and upwardly
      wherein said steering column is pivoted to position said steering wheel in
      said vertical plane to optimize force dissipation of said impinging body
      on said steering wheel.
NUM  2.
PAR  2. A steering arrangement according to claim 1, wherein said portion of the
      steering column means is of very short construction.
NUM  3.
PAR  3. A steering arrangement according to claim 2, wherein said portion of the
      steering column means is constituted by an outer tubular member.
NUM  4.
PAR  4. A steering arrangement according to claim 1, wherein said portion of the
      steering column means is constituted by an outer tubular member, and
      wherein said steering column means has a steering spindle.
NUM  5.
PAR  5. A steering column arrangement according to claim 4, wherein the motor
      vehicle is a passenger motor vehicle.
NUM  6.
PAR  6. A steering arrangement according to claim 4, wherein the outer tubular
      member is pivotally connected by way of an intermediate lever means at a
      support structure of the vehicle within the area of the front axle.
NUM  7.
PAR  7. A steering arrangement according to claim 4, wherein the outer tubular
      member is secured at a relatively fixed vehicle part by a support means
      having a joint which has a substantially horizontal axis and is disposed
      transversely to the driving direction.
NUM  8.
PAR  8. A steering arrangement according to claim 6, wherein the relatively
      fixed part is the instrument panel means.
NUM  9.
PAR  9. A steering arrangement according to claim 4, further comprising a
      suspension means for pedals provided at the outer tubular member.
NUM  10.
PAR  10. A steering arrangement according to claim 4, wherein the outer tubular
      member is secured at a relatively fixed vehicle part by a support means
      having a joint which has a substantially horizontal axis and is disposed
      transversely to the driving direction.
NUM  11.
PAR  11. A steering arrangement according to claim 10, wherein a suspension
      means for pedals is provided at the outer tubular member.
NUM  12.
PAR  12. A steering arrangement according to claim 10, wherein said intermediate
      member being formed by a non-guided deformation means is arranged between
      an upper portion of the steering spindle carrying a steering wheel and a
      forwardly disposed lower portion, said deformation means having in a zero
      position of the steering wheel a more steep inclination than the steering
      column axis.
NUM  13.
PAR  13. A steering arrangement according to claim 10, wherein the steering
      spindle is subdivided by joint means, the portions of the steering spindle
      being disposed one behind the other substantially in the driving direction
      and only the upper portion carrying a steering wheel being guided in the
      outer tubular member.
NUM  14.
PAR  14. A steering arrangement according to claim 11, wherein a guide rail
      means is arranged above the joint means of the portion of the steering
      spindle guided in the outer tubular member, said guide rail means having a
      lesser inclination than the portion of the steering spindle disposed
      outside of the outer tubular member.
NUM  15.
PAR  15. A steering arrangement according to claim 10, wherein the outer tubular
      member is pivotally connected by way of an intermediate lever means at a
      support structure of the vehicle within the area of the front axle.
NUM  16.
PAR  16. A steering arrangement according to claim 15, wherein a suspension
      means for pedals is provided at the outer tubular member.
NUM  17.
PAR  17. A steering arrangement according to claim 10, wherein the relatively
      fixed part is the instrument panel means.
NUM  18.
PAR  18. A steering arrangement according to claim 1, wherein said intermediate
      member being formed by a non-guided deformation means is arranged between
      an upper portion of a steering spindle of the column means carrying the
      steering wheel and a forwardly disposed lower portion, said deformation
      means having in a zero position of the steering wheel a more steep
      inclination than the steering column axis.
NUM  19.
PAR  19. A steering arrangement according to claim 1, wherein a steering spindle
      part of the column means is subdivided by joint means, the portions of the
      steering spindle being disposed one behind the other substantially in the
      driving direction and only the upper portion carrying the steering wheel
      being guided in an outer tubular member.
NUM  20.
PAR  20. A steering arrangement according to claim 6, characterized in that a
      guide rail means is arranged above the joint means of the portion of the
      steering spindle guided in the outer tubular member, said guide rail means
      having a lesser inclination than the portion of the steering spindle
      disposed outside of the outer tubular member.
NUM  21.
PAR  21. A steering arrangement according to claim 1, wherein the steering
      column means is non-adjustable.
NUM  22.
PAR  22. A steering arrangement according to claim 1, wherein the steering wheel
      is non-adjustable.
NUM  23.
PAR  23. A steering arrangement according to claim 1, wherein the steering
      column is arranged at a fixed angle with respect to the panel means.
NUM  24.
PAR  24. A steering arrangement according to claim 1, wherein the intermediate
      member is more steeply inclined than the steering column means.
NUM  25.
PAR  25. A steering arrangement according to claim 1, wherein the steering
      column means and the intermediate member are so arranged that said
      movement of the steering wheel plane toward a substantially vertical
      position is assured at every instant of normal driving.
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ABST
PAL  A steering column for absorbing impact energy comprising a steering shaft
      mounted for rotation in a vehicle by an upper bearing. The steering shaft
      can be turned by a steering wheel operatively connected to the upper end
      of the shaft by first energy absorbing device which deforms in a
      controlled manner when impacted. The steering shaft also has an integral
      helical portion between the upper and lower ends which collapses under a
      predetermined load if the vehicle is impacted so that the steering wheel
      remains in position and so that impact energy is absorbed.
BSUM
PAR  The invention relates to an energy absorbing steering column for vehicles,
      particularly motor vehicles, having a steering shaft which is permanently
      deformable under the action of force while absorbing energy, and is
      provided with means which bring about a collapse of the steering shaft at
      a certain critical load.
PAR  Various kinds of collapsible steering columns are employed in vehicles to
      absorb impact energy. One well known steering column, for example,
      consists of a rod which is guided in a tube. On predetermined impact, the
      rod will shift telescopically into the tube and will thereby shorten the
      steering shaft. While such design is effective for its intended purpose,
      its employment results in increased production costs.
PAR  Another known arrangement divides the rod of the steering shaft
      approximately in the middle in such a way that in the event of a stress
      under impact, the connection between the rod half-portions is destroyed
      and they are able to shift past each other so that the steering wheel
      remains in position. The employment of this design also results in
      increased production costs.
PAR  Further, German Pat. specification No. 1,655,581 has disclosed a steering
      column in which a lattice-form portion in the steering shaft is
      compressed, in the event of an impact, with the result that the length of
      the steering shaft is shortened. Here, the disadvantage is the great
      expenditure of material because the tube walling perforated into lattice
      configuration, must be made correspondingly thick in order to take up the
      torsional forces acting on the steering wheel. Moreover, there are high
      production costs due to expensive cutting tools.
PAR  The problem underlying the invention is to create an energy absorbing
      steering shaft of the above-identified kind which will become deformed in
      such a way that displacement in the direction of the passenger compartment
      is not possible. According to the basic concept of the invention, this
      problem is solved in a surprisingly simple and advantageous manner by
      arranging that at least in one place and in a manner known per se, the
      steering shaft is made in the form of helix in such a way that the
      diameter of the helical convolutions substantially exceeds the diameter of
      the other steering shaft parts.
PAR  From German specification DAS 1 298 010 it is admittedly known per se to
      arrange that a portion of the steering shaft has a helical configuration.
      Here however, the tubular steering shaft is interrupted merely by two
      helically wound bands of sheet steel which are pushed into each other and
      are connected together at the points of intersection. The diameter of the
      helical convolutions of the bands does not exceed the diameter of the
      steering shaft tube. The same also applies to the subject of German Pat.
      specification DOS 2 052 306, in which the tubular steering shaft is merely
      corrugated in helical form.
PAR  On the other hand, according to the present invention, the steering shaft
      as such is deformed into a screw, that is, in its entirety, so that the
      diameter of its convolutions substantially exceeds the diameter of the
      original material.
PAR  It is true that German specification DOS 2 126 173 makes known a steering
      system in which the steering shaft has a connecting element which has a
      predetermined eccentricity with respect to the line of action of the
      transmitted force. However, here it is not a question of a helical
      deformation of the steering shaft. Furthermore, the known device is formed
      as a divided steering shaft having two joints at both sides of the
      eccentrically bent-out steering shaft part.
PAR  Although the invention by no means excludes a construction divided by using
      joints, it is by no means absolutely bound to this. Indeed, the steering
      shaft may readily assume a one-piece form and the rectilinear portions of
      the steering shaft which extend at both sides of the screw-like
      deformation may be aligned with each other.
PAR  Again, under collapse in the event of a crash, the screw-form steering
      spindle needs considerably less space than the steering shaft according to
      German Pat. specification DOS 2 126 173 where the shaft is just slightly
      bent out. According to a further feature of the invention, optimum
      advantage is obtained by the fact that the axis of the screw-like
      deformation coincides with the axis of the rectilinear steering shaft
      portions. In this sense, it is also of advantage if the screw-like
      deformation has one single helical convolution which, depending on the
      shortening of the vehicle in the event of a predetermined impact,
      collapses within itself by the same amount, while in the contingency of
      extreme shortening, the axes move past each other.
PAR  As starting material for the steering shaft, including the helical
      configuration, use is preferably made of a tubular material, although bar
      material also would be quite suitable for realizing the invention in
      practice.
PAR  The helically shaped part of the steering shaft may be arranged either in
      the engine compartment or in the passenger space, or even on both sides.
DRWD
PAR  Further details and advantages of the invention will be gathered from the
      embodiments by way of example, described below and illustrated in the
      accompanying drawing in which:
PAR  FIG. 1 schematically illustrates the front part of a motor vehicle in side
      elevation;
PAR  FIG. 2 the vehicle in FIG. 1 after a frontal impact;
PAR  FIG. 3 a portion of the steering shaft in a perspective view;
PAR  FIG. 4 a steering shaft according to the invention, interrupted by a hinged
      joint, and
PAR  FIG. 5 a steering shaft interrupted by two joints.
DETD
PAR  According to FIGS. 1 and 2, reference numeral 10 designates the roof, 11
      the forward part of a passenger vehicle, 12 the windscreen, 13 the
      left-hand front wheel, 14 the driver's seat and 15 the front bumper. Also
      apparent from FIGS. 1 and 2 are the steering wheel 16, the steering shaft
      17, the steering gear 18 secured to a front cross-member 19 of the frame,
      and the instrument panel 20. The steering shaft 17 passing below into the
      steering gear 18 is mounted in an upper bearing 21 which is secured to a
      reinforcing girder 22. Arranged between bearing 21 and steering wheel 16
      is an energy absorbing deformation pot 23 which is intended to deform upon
      a predetermined load applied thereto in the direction of the steering
      wheel. In the foot space 25 forwardly bounded by line 24, the clutch pedal
      26 and the brake pedal 27 will be apparent.
PAR  As will be further seen from FIGS. 1 and 2, and particularly from FIG. 3
      also, the one-piece steering shaft 17 consisting of a tube or the like, is
      shaped in its central region between steering gear 18 and upper bearing 21
      in the general form of a screw 28 having a single convolution. What is
      involved here is a simple planned point of buckling, which can be produced
      with but slight expenditure and permits a shortening of the steering shaft
      17 under supercritical stress or impact load of a predetermined magnitude
      (e.g., as the result of a frontal impact of the vehicle).
PAR  FIG. 2 shows the vehicle from FIG. 1 after such a frontal impact. The
      forward part 11 has become distorted and the distance between the steering
      gear 18 and bearing 21 is shortened. The steering shaft 17 supports itself
      against bearing 21 and at the reinforcing girder 22. The screw-like
      deformation 28 of the steering spindle 17 has collapsed within itself and
      meanwhile has absorbed a portion of the kinetic energy of the vehicle.
PAR  Similarly, the deformation pot 23 supports itself against bearing 21 and
      through its distortion it absorbs the energy of an impact load directed
      against steering wheel 16. Of course, it is also conceivable to replace
      the deformation pot 23 by some other well known means, for example by a
      so-called break-away slide, or even by a second screw-like deformation
      corresponding to the planned buckling point designated by 28. Then, under
      an impact on the steering wheel 16, the steering shaft 17 would be
      shortened by loading from above. A collecting band is able to prevent the
      steering wheel and steering shaft from falling down, after their release
      from the break-away slide.
PAR  As already mentioned, the invention is applicable and of advantage, not
      only when the steering shaft consists of one piece and runs in a straight
      line; indeed, it is also of use when, as FIG. 4 shows, the shaft 29
      consists of two parts 30, 31 which are connected together through an
      articulated joint 32. The two parts 30, 31 do not run in one direction.
      While the part 30 is rectilinear over its entire length, the part 31 has a
      screw-like formation which corresponds to that of FIGS. 1 to 3, and is
      likewise designated by 28, in the interests of simplicity. Of course, it
      is also conceivable to fit an additional screw-like formation in the part
      30.
PAR  FIG. 5 illustrates a twice-angled shaft 33. The part 36 of steering shaft
      33 located between joints 34 and 35, is provided with the screw-like
      deformation 28 according to the invention. The part 36 is therefore able
      to shorten itself during an impact, without appreciable forces being
      exerted on bearing 21.
PAR  The energy-absorbing steering column assemblies of this invention may be
      advantageously employed in small vehicles in which weight and cost are
      important factors.
PAR  While preferred embodiments of this invention have been shown and
      described, other embodiments will now be readily apparent to those skilled
      in the art. Accordingly the scope of this invention is set forth by the
      following claims and not by the embodiments disclosed to illustrate the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having dirigible road wheels, a steering column assembly
      comprising elongated and generally cylindrical steering shaft means, said
      steering shaft means having upper and lower portions, means operatively
      connecting said lower portion to said road wheels, manual steering means
      operatively secured in a predetermined position in said vehicle to one end
      of said upper portion of said steering shaft means, mounting means secured
      in said vehicle operatively connected to one of said portions of said
      steering shaft means for supporting said steering shaft means for limited
      rotation within said vehicle, said lower portion of said steering shaft
      means having an energy absorbing helical part integrally formed therewith,
      said helical part having at least 1 convolution, said convolution having a
      diameter larger than the diameter of the remainder of said steering shaft
      means, said helical part being adapted to axially collapse in response to
      an impact load applied to one end of said steering shaft means to absorb
      impact energy and so that said one end of said steering shaft means and
      said manual steering means connected thereto substantially remain in
      position in said vehicle.
NUM  2.
PAR  2. In a vehicle having dirigible road wheels, a steering column assembly
      comprising an elongated cylindrical steering shaft, mounting means secured
      in said vehicle operatively connected to said shaft for supporting said
      shaft for rotation about a longitudinal axis of said shaft and for
      inhibiting the longitudinal movement of said shaft, a steering wheel,
      first deformable energy absorbing means operatively securing said steering
      wheel to said shaft, mounting means for absorbing the energy of an impact
      exerted on said steering wheel, said second energy absorbing means for
      said assembly being formed by an integral and continuous portion of shaft
      below said support and shaped in the form of a helix of at least one
      convolution with a diameter larger than the diameter of the remainder of
      said shaft and deformable in response to an impact load of a predetermined
      magnitude applied to said shaft to absorb the energy of said impact load.
NUM  3.
PAR  3. In a vehicle having dirigible road wheels, a steering column assembly,
      said steering column assembly comprising an elongated cylindrical steering
      shaft, means operatively connecting one end portion of said steering shaft
      to said road wheels, manual steering means operatively connected to the
      other end of said steering shaft, mounting means operatively connected to
      one portion of said steering shaft for supporting said steering shaft for
      turning movement to permit said steering shaft to steer said road wheels
      and to inhibit the movement of said steering shaft along its longitudinal
      axis, another portion of said steering shaft being integral with said one
      portion and describing the path of a helix with at least one convolution
      having a diameter greater than the diameter of the remainder of said
      steering shaft, said last mentioned portion forming an energy absorbing
      section of said steering shaft which collapses axially in a controlled
      manner to reduce steering shaft length in response to an impact load of
      predetermined magnitude applied to said steering shaft to absorb the
      energy of the impact load.
NUM  4.
PAR  4. In a vehicle having dirigible road wheels, a steering column assembly
      comprising cylindrical steering shaft means, manually operable steering
      means operatively connected to one end of said steering shaft means and
      located in a predetermined station in said vehicle, means operatively
      connecting the other end of said shaft means to said dirigible road
      wheels, support means operatively connected to one portion of said shaft
      means between the ends thereof to support said shaft means for rotation in
      response to turning said manually operable steering means, said shaft
      means having an integral energy absorbing helical portion, said helical
      portion having at least one convolution with a diameter larger than the
      diameter of said steering shaft means which collapses in response to an
      impact load applied to one end portion of said steering shaft means to
      absorb impact energy and so that said one end of said steering shaft and
      said steering means remain in said predetermined station in said vehicle.
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ABST
PAL  A passenger restraint device for an automotive vehicle wherein one end of a
      passenger restraint arm is pivoted on a member slidably displaceable along
      the door, a motion transmitting strap interconnects the restraint arm and
      another member slidable along the door, and the members carry latching and
      locking elements that are automatically connected in operative relation
      when the arm has been swung away from the door into passenger restraint
      position. The latch is manually releasable by the passenger.
BSUM
PAR  Passenger vehicles sold today are required to be equipped with passenger
      restraint devices of some form. That which is most common is the flexible
      type wherein strap or belt sections extend across the waist and/or
      shoulder and are buckled together. In many of these flexible restraints at
      least one section is wound on a spring reel and the free end of the
      section lies loosely in the vehicle where it is difficult to locate and
      may even be trapped under the door ledge, and unless the proper length is
      pulled out of the reel at first, the whole process must be started over
      again. Also many have short fixed sections difficult to find, especially
      in the dark, and acrobatics are required to find the free end and match
      the buckle part on it to the buckle on the other section. Moreover these
      flexible belts are often too confining and become very uncomfortable
      especially on long trips.
PAR  The present invention is directed to a more comfortable and more readily
      usable passenger restraint wherein a restraining arm is pivoted at one end
      on the door at the passenger side and swingable between an inoperative
      position extending along the door to operative association with the
      passenger, arrangement being made for automatically locking the arm in the
      restraint position from which it may be released only by deliberate manual
      unlatching operation on the part of the passenger, and this is the major
      object of the invention.
PAR  A further object of the invention is to provide a novel passenger restraint
      device wherein a passenger restraint arm is pivotally connected to two
      relatively slidable latch bearing elements on the door in such arrangement
      that the arm may be adjusted along the door to suit different passenger
      sizes and when the arm is swung away from the door relative displacement
      of the latch bearing elements into latch condition is effected as the
      restraint arm becomes operatively associated with the passenger.
PAR  Further and more specific objects of the invention include novel locking
      and latching mechanisms actuated by movement of the passenger restraint
      arm to association with the seated passenger.
PAR  Restraint devices involving door mounted arms swingable across the
      passenger have been proposed as disclosed in U.S. Pat. Nos. 2,245,899 to
      Campbell, Alderfer, 2,674,486; Frimet, 2,805,081; Dalgleish, 3,165,333 and
      Presunka 3,198,544. These are mainly complex and expensive. The restraint
      device of the invention is relatively simple structurally, less expensive
      and easier for the passenger to operate, and this is an important object
      of the invention.
PAR  Other objects of the invention will become apparent from the ensuing
      description of preferred embodiments, the appended claims and the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally perspective view illustrating a structural embodiment
      of the invention in passenger restraining condition;
PAR  FIG. 2 is a generally perspective view showing the device of FIG. 1 in
      folded condition at the door;
PAR  FIG. 3 is a fragmentary top plan view showing detail;
PAR  FIG. 4 is a fragmentary side elevation showing the latch mechanism in
      disengaged condition;
PAR  FIG. 5 is a fragmentary side elevation similar to FIG. 4 but showing the
      latch mechanism engaged;
PAR  FIG. 6 is a side elevation of the arm mounting slide apart from the
      assembly showing detail;
PAR  FIG. 7 is a section substantially on line 7--7 of FIG. 4 showing detail;
PAR  FIG. 8 is an end view of the device of FIGS. 1 and 2 in folded condition;
PAR  FIG. 9 is a top plan view similar to FIG. 3 but showing a different
      embodiment;
PAR  FIG. 10 and FIG. 11 are fragmentary side elevations showing the latching
      mechanism of FIG. 9 in disengaged and engaged condition respectively, and
PAR  FIG. 12 is a section substantially on line 12--12 of FIG. 11.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-5, the passenger restraint device 11 is mounted on the
      inside of the right hand front door 12 of a automobile the hinged edge of
      the door being at the left in FIG. 1 so that when it opens it swings back
      out of the plane of the drawing. A passenger 13 is shown normally seated
      on the front seat 14.
PAR  In this embodiment, the restraint device 11 is mounted on a rigid bar 15
      positively fixed along the inner side of door 12 by suitable fasteners
      (not shown) that coact with structural frame elements of the door. It will
      be noted, as shown in FIGS. 1 and 2, that bar 15 extends generally
      longitudinally of the vehicle and is inclinded slightly upwardly toward
      the hinged edge of the door. This angular disposition has been found to
      adapt the invention to readily suit different sizes of passengers. It also
      contributes to ease of operation as well as increased comfort of the
      passenger.
PAR  While the bar 15 is illustrated as externally secured across the inner side
      of the door it will be understood that in certain refinements it may be
      recessed within the inner surface for appearance and folding away during
      non-use.
PAR  Bar 15 is a U-shaped channel with its open side facing the interior of the
      vehicle. A linear series of equally spaced openings 16 is provided along
      the upper leg 17 of the channel for a purpose to appear. A similar linear
      series of equally spaced openings 19 is provided along the lower leg 18 of
      the channel. Legs 17 and 18 are parallel.
PAR  A slide plate member 21 is longitudinally slidably mounted in the channel,
      and at the end of member 21 remote from the door hinge a passenger
      engaging restraint arm assembly 22 is pivoted, as by the generally
      vertical hinge 23, for movement between the passenger restraining position
      of FIG. 1 where it projects substantially at right angles from the door
      and the inoperative position of FIG. 2 where it is folded. A cushion pad
      24 preferably contoured to the human form is mounted on arm assembly 22.
PAR  Referring to FIGS. 4-8, the plate member 21 is generally rectangular with
      four guide blocks 25-28 fixed on opposite corners for smooth sliding in
      channel 15. At its hinged end plate 21 is turned outwardly at right angles
      to provide a lug 29 mounting hinge loops 31 and 32 that interfit with
      hinge loops 33 and 34 on a plate 35 fixed upon arm 22 as shown in FIG. 8.
      A rectangular latch block 36 is fixed on the end of plate 21 remote from
      hinge 23.
PAR  A second slide plate member 37 is slidably mounted in channel 15. Plate 37
      has corner slide blocks like blocks 25-28 like plate 21 for fitting with
      channel 15. A flat relatively stiff flat metal strap 38 is pivoted at one
      end at 39 to plate 37 and at its other end at 41 to arm 22. FIG. 3
      illustrates the slidable displacement of plate 37 along channel 15 as the
      arm 22 swings about pivot 23 and moves from its folded solid line position
      to the chain line extended position.
PAR  Plate 37 carries latch mechanism coacting with channel openings 16 and 19
      to hold arm 22 in restraint position. A cam member 40 extends centrally
      longitudinally of plate 37 and has a central longitudinally slot 41
      through the ends of which extend guide posts 42 and 43 fixed in spaced
      relation on plate 37. The slot ends are of such width as to have only
      sliding clearance with the guide posts so that cam member 40 is capable of
      limited sliding movement relative to plate 37. A compression spring 44
      disposed in a wide section 45 of slot 41 extends between an anchor 46
      fixed to plate 37 and a shoulder 47 on cam 40, so that the cam member is
      biased to the right in FIGS. 4 and 5, and the small end of cam member has
      an end abutment surface 48 beyond the adjacent edge of plate 37 for a
      purpose to appear. Preferably a fixed cover 49 extends over the spring and
      slot with its opposite ends mounted on the guide posts, and the guide
      posts may be screws extending through holes in cover 49 and the slot ends
      to be threaded into plate 37.
PAR  At its other end cam member 40 is formed with inclined similar cam surfaces
      51 and 52 that oppositely diverge toward the channel legs. Similar locking
      pawls 53 and 54 swingable on fixed intermediate pivots 55 and 56 on plate
      37 have one or more teeth 57 and 58 respectively at their ends adapted to
      coact with the channel leg openings, and have cam follower surfaces 59 and
      61 shaped to coact with cam surfaces 51 and 52 respectively. A compression
      spring 62 extends between the pawls to bias them toward toothed engagement
      with the channel legs.
PAR  A latch member 63 is pivoted on guide post 43 and extends therebelow and
      longitudinally to terminate in a latching tip 64 having an inclined cam
      surface 65 adapted to coact with the lower corner of flat abutment face 66
      on block 36 and a flat latch face 67 that is adapted to coact with flat
      latch face 68 on block 36. Latch faces 66 and 68 are parallel and parallel
      to abutment face 48 of cam member 40.
PAR  In operation, starting with the parts as shown in FIG. 2, the passenger is
      seated and rocks the arm 22 about pivot 23 toward the restraint condition
      of FIG. 1. Since the device must fit to many different girths and sizes
      the passenger by means of the leverage of arm 22 usually first slides the
      plate 21 along channel 15 until the pivot 23 is satisfactorily
      longitudinally located along the channel and then completes rocking the
      arm 22 about pivot 23.
PAR  As arm 22 rocks about pivot 23 (counterclockwise in FIG. 3) plate 21 and
      the pivot 23 will remain fairly fixed and strap 38 will pull plate 37
      slidably along channel 15 toward plate 21. During this movement of plate
      37 the oppositely biased locking pawls 53 and 54 will be held in the
      non-locking position of FIG. 4 by the enlarged cam and between them, and
      to ensure this condition the teeth 57 and 58 are shaped to ratchet over
      the channel leg openings during this movement.
PAR  At the time that the arm 22 reaches its restraint position, plate 37 has
      moved to the point where abutment face 48 of the cam engages the
      relatively stationary face 66 of latch block 36, and further movement of
      the plate 37 results in displacement of cam member 40 to the left in FIG.
      4 relative to plate 37 thereby permitting spring 62 to rock pawls 53 and
      54 into engagement with the channel legs where teeth 57 and 58 enter the
      openings 16 and 19 as shown in FIG. 5. Should both plates 21 and 37 now
      slide together a small distance to the right in FIG. 5 due to the pulling
      force on arm 22, the teeth 57 and 58 will merely ratchet to new locking
      positions and the pivot 23 will be repositioned finally.
PAR  As plate 37 is moving toward plate 21 as above described, the latch lever
      63 which is normally biased as by the weight of its handle at 70 or
      springs (not shown) to the position shown in FIG. 4 is rocked clockwise by
      engagement of inclined face 65 with the lower edge of latch block face 66
      and after tip 64 passes below latch block 36 the biasing weight or spring
      will rock the lever 63 counterclockwise to dispose face 67 in contact with
      latch block face 68 as shown in FIG. 5, thereby latching the parts in
      position against accidental release of the restraint.
PAR  When it is desired to release the restraint the passenger rocks lever 63
      clockwise in FIG. 5, thereby permitting spring 44 to displace the cam 40
      to the right and cam the pawls 53 and 54 out of locking engagement with
      the openings in the channel legs and then the passenger swings arm 22 to
      the folded non-restraint condition of FIG. 2.
PAR  Referring to FIGS. 9-12 another form of latching is shown. Certain
      similarly numbered parts are the same as in FIGS. 1-8. The strap 38 which
      is hinged at one end at 41 to arm 22 is hinged at 71 to a forward slide
      plate 72 in channel 15 and an abutment block 73 is centrally fixed on the
      rear end of plate 72 to provide rearwardly projecting diverging faces 74
      and 75.
PAR  A second slide plate 76 is mounted rearwardly in the channel, and arm 22 is
      hinged to the rear end thereof in the same manner as it is hinged to plate
      21 at 23.
PAR  Slide plate 72 and 76 have corner guide blocks affixed thereto for slidably
      fitting in channel 15 similarly to plates 21 and 37 of FIGS. 1-8.
PAR  At the forward end of slide plate 76 is a fixed pivot post 77 on which are
      freely pivotally mounted pawls 78 and 79 and a latch lever 81. Pawls 78
      and 79 are formed with teeth 82 and 83 respectively engageable in the
      channel leg openings 16 and 19, and with oppositely inclined surfaces 84
      and 85 that are adapted to engage the abutment block surfaces 75 and 74
      during operation as will appear.
PAR  As illustrated pawl 78 is provided with a rear tail portion 86 of such
      weight with respect to the tooth bearing front portion 87 that pawl 78 is
      biased to rock clockwise by gravity to the FIG. 10 position, and a guide
      block 88 fixed on plate 72 is the same manner that block 28 is fixed on
      plate 21 limits this movement so that normally pawl 78 seeks the
      non-restraint inoperative position of FIG. 10 with teeth 82 out of
      engagement with the channel leg openings 19.
PAR  Pawl 79 is biased to rock counterclockwise by gravity but movement in that
      direction is limited by engagement with a pin 89 projecting laterally from
      pawl 78, so that is assumes the inoperative non-restraint position of FIG.
      10 with teeth 83 out of engagement with channel leg openings 16.
PAR  The lever 81 is biased by weighted handle portion 91 to rock clockwise in
      FIGS. 10 and 11, and at its lower end it extends longitudinally to provide
      a latching tip 90 having an inclined cam surface 92 and a flat latch face
      93. Clockwise rotation of lever 81 is limited as by engagement with pin
      89, so that it normally assumes the position shown in FIG. 10.
PAR  When it is desired to move the parts to restraint position the seated
      passenger rocks arm 22 away from the door and slides plate 76 in channel
      15 to locate pivot 23 as in the first embodiment. Then continued movement
      of arm 22 into engagement with the passenger results in strap 38 pulling
      slide 72 rearwardly until the cam faces 74 and 75 of block 73 engage the
      pawls and rock them oppositely to the tooth locking condition of FIG. 11.
      During this time cam face 92 of the lever 81 has engaged block 73 to
      thereby rock the lever counterclockwise until the latch tip clears block
      73, and then lever 81 rocks clockwise until latch face 93 engages behind
      flat abutment face 94 on block 73. Thus holds the parts in restraint
      position.
PAR  To release from arm 22, the passenger lifts handle 91 to unlatch lever 81
      from block 73, and swings arm 22 back into the door, whereupon the pawls
      and lever 81 all reassume the FIG. 10 position.
PAR  In both embodiments the restraint bar 22 is quickly and efficiently swung
      from an inoperative position substantially flush with the door through
      about 90.degree. to restraint position, the final movement effecting
      automatic positive locking and latching in restraint position. No
      unsightly or annoying loose belt ends or catches requiring acrobatic
      manouvering are necessary.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. Passenger restraint apparatus for a vehicle having a side door
      comprising a restraint arm, mounting means on said door pivoting one end
      of said arm for movement between an inoperative position extending along
      the door and an angularly related position for restraining a seated
      passenger, said mounting means being adjustable along the door to conform
      the restraint to different passenger sizes, means at the door
      automatically responsive to movement of said arm to said restraint
      position for releaseably latching said arm in restraint position, and
      manual means for releasing the latched arm.
NUM  2.
PAR  2. The apparatus defined in claim 1, comprising latch element carrying
      members slidably mounted on said door for movement toward and away from
      each other, one of said members having means whereby said one end of the
      arm is pivotally mounted thereon and means is provided connecting said arm
      to the other of said members whereby pivotal movement of said arm
      displaces said other latch element carrying member toward the positioned
      member on which the arm is pivoted.
NUM  3.
PAR  3. The apparatus defined in claim 1 comprising slide guide means on said
      door, separate latch element carrying members slidable in said guide
      means, said mounting means comprising means pivotally connecting said one
      end of said restraint arm to one of said latch element carrying members,
      and a motion transmitting member interconnecting said arm and the other of
      said latch element carrying members whereby movement of said arm away from
      the door causes movement of said other latch element carrying member
      toward said one latch carrying member.
NUM  4.
PAR  4. The apparatus defined in claim 3, wherein said motion transmitting
      member is a relatively stiff member pivoted at opposite ends to said arm
      and to said one latch element carrying member.
NUM  5.
PAR  5. The apparatus defined in claim 3, wherein said latching means comprises
      a pivoted latch lever on one latch element carrying member adapted to
      coact with a fixed abutment on the other latch element carrying member,
      and said manual means comprises a handle on said lever accessible to a
      seated passenger.
NUM  6.
PAR  6. The apparatus defined in claim 3, wherein at least one locking element
      is pivoted on one of said latch carrying members so as to be rockable
      between an active position wherein it has ratchet toothed connection to
      said slide guide means and an inactive position, and cam means on one of
      said latch carrying members is adapted to positively displace said locking
      element to operative position when said latch element carrying members
      come together as the arm reaches restraint position.
NUM  7.
PAR  7. The apparatus defined in claim 6, wherein said locking element and cam
      means are on different latch element carrying members.
NUM  8.
PAR  8. The apparatus defined in claim 6, wherein said locking element is a
      toothed pawl and said slide guide means is formed with recesses coacting
      with said pawl.
NUM  9.
PAR  9. The apparatus defined in claim 6, wherein said locking element and cam
      means are on the same latch element carrying member.
NUM  10.
PAR  10. The apparatus defined in claim 6, wherein there are two locking
      elements pivoted on parallel adjacent or the same axis and said cam means
      is adapted to oppositely rock them when said latch element carrying
      members come together.
NUM  11.
PAR  11. The apparatus defined in claim 10, wherein said latching means
      comprises an abutment and a coacting pivoted latch lever on the respective
      latch element carrying members and said cam means is on said abutment.
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ABST
PAL  A fastening arrangement of one sheet metal member at another sheet metal
      member, especially of a fender at a motor vehicle body, in which
      embossments are arranged at the edge of one of the sheet metal members
      which keep the two edges at a distance from one another while the
      fastening is undertaken within the area of these embossments, for example,
      by threaded connections or welding.
BSUM
PAR  The present invention relates to a fastening of a sheet metal member
      provided with a rim at another sheet metal member also provided with a
      rim, especially to the fastening of a fender at a motor vehicle body.
PAR  In order to achieve, especially with fenders a completely satisfactory
      connection of the fender at the body, the assembly is carried out in the
      raw or unfinished condition, whereby intermediate layers or inserts are
      provided as a rule at the connecting surfaces, for example, expanded
      rubber, synthetic plastic strips, permanently plastic bands and the like,
      in order that the connecting surfaces which later on are not covered with
      paint during the painting operation, remain protected against corrosion
      damages. It has now been discovered that the arrangement of intermediate
      layers or inserts does not suffice in order to preclude with certainty
      corrosion damages, caused by the use of unthawing salts on the roads. The
      present invention is therefore concerned with the task to aim at a
      fastening arrangement in which the use of intermediate layers or inserts
      is dispensed with, yet a safe corrosion protection is achieved
      nonetheless.
PAR  The underlying problems are solved in accordance with the present invention
      in that embossments in the form of beads, corrugations or nodular
      projections keeping the two rims or edges at a distance are provided at
      the rim or edge of the one or of the other sheet metal part and the
      fastening is realized within the area of these embossments, for example,
      by a threaded connection or by welded connections. It is achieved thereby
      in an advantageous manner that the surfaces previously inaccessible for
      the application of paint, are now covered with paint during the painting
      process with the exception of very few point-shaped or line-shaped places
      and are protected in this manner completely satisfactorily against
      corrosion.
PAR  With a fender in a motor vehicle, which is fastened with a rim thereof by
      means of bolts or screws at a rim of the body part laterally delimiting
      the engine space within the area of the wheel which body part will be
      referred to hereinafter for the sake of convenience as lateral sheet-metal
      wheel assembly body member, the embossments may be arranged according to
      another feature of the present invention at the rim or edge of the fender
      circumferentially about the screw-receiving holes or openings and may be
      disposed in a recess extending along the edge. The gap which results from
      the embossments between the lateral sheet metal wheel assembly body member
      and the fender is then no longer visible through the gap between the
      engine hood and the fender. For the same purpose the height of the
      embossments may be smaller than the recesses and dish-like or plate-like
      recesses may be provided along the edge or rim of the lateral sheet-metal
      wheel-assembly body member about the screw-receiving openings, which
      recesses abut at the embossments.
PAR  In one advantageous embodiment of the subject matter of the present
      invention, apertures may be provided at the edge of the lateral sheet
      metal wheel assembly body member intermediate the plate-like recesses so
      that an application with paint is still further facilitated. It is also
      favorable as regards the painting if, according to a further feature of
      the present invention, the edge of the lateral sheet-metal wheel assembly
      body member is cut back or reduced in its width between the plate-like
      recesses.
PAR  Within the area of the screw holes, three projecting studs or knobs each
      may be provided as embossments at the edge of the fender whose
      terminations pass over directly into the screw hole for purposes of
      reinforcing the rounded-off area in the sheet-metal part around the hole
      or opening receiving the respective threaded screw or bolt.
PAR  In order that a high tightening moment is attained in connection with
      threaded fastening, each screw-receiving hole or opening may be provided
      in the edge of the fender with a punched-through border forming a
      cylindrical extension.
PAR  Accordingly, it is an object of the present invention to provide a
      fastening of one sheet metal member at another sheet metal member which
      avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a fastening arrangement
      for two sheet metal members provided with edge portions which
      far-reachingly prevents corrosion damages.
PAR  A further object of the present invention resides in a fastening of a
      fender at a body which permits dispensing with inserts or intermediate
      layers between the fender and the body, yet ensures a reliable and safe
      protection against all corrosion damages.
PAR  Still a further object of the present invention resides in a fastening
      arrangement for two sheet metal members, especially of a fender at the
      body of a motor vehicle, in which the areas hitherto inaccessible for
      purposes of application of paint, can be covered with paint during the
      painting process except for possible point- or line-shaped places, thereby
      greatly increasing the protection against corrosion.
PAR  A still further object of the present invention resides in a fastening
      arrangement of the type described above which not only improves the
      aesthetic appearance by eliminating the visibility of gaps, but
      additionally is simple in construction and provides adequate
      reinforcements to enable the achievement of sufficient tightening moments
      for the mutual fastening of the two parts by means of threaded connections
     .
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PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only two embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is an elevational view of the fastening arrangement of a fender at a
      lateral wheel assembly body member in accordance with the present
      invention;
PAR  FIG. 2 is a partial cross-sectional view through the fastening arrangement
      of the present invention, taken along line II--II of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view through the fastening arrangement
      according to the present invention, taken along line III--III of FIG. 1;
      and
PAR  FIG. 4 is a cross-sectional view, corresponding to FIG. 3, through a
      modified embodiment of a fastening arrangement in accordance with the
      present invention, with a modified edge construction at the lateral sheet
      metal wheel assembly body member.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 to 3, reference numeral 1 designates in these
      figures a lateral wheel assembly body member of sheet-metal having a rim
      or edge 2, which is provided at a motor vehicle body. A front fender 4 is
      secured with its rim or edge 5 at the lateral wheel assembly body member 1
      by means of bolts or screws 3, particularly by means of self-tapping
      screws of conventional type which have a thread cutting external
      configuration.
PAR  In order to achieve that the mutually facing surfaces of the rims or edges
      2 and 5 can be covered with paint during the painting of the body,
      preferably in the course of the dipping process, the fastening arrangement
      is so constructed that the edge or rim 5 of the fender 4, except for a few
      point-shaped or line-shaped places is disposed at a distance to the edge
      or rim 2 of the lateral wheel assembly body member 1; however, this is
      done in such a manner that the gap between the two rims 2 and 5 cannot be
      seen through the gap 6 between the fender and the engine hood 7.
PAR  The rim or edge 5 of the fender 4 is provided, as can be seen in particular
      from FIG. 3, with a band-shaped recess 8 extending in the longitudinal
      direction of the rim, from which results a bead or corrugation 9 at the
      lower free end of the edge. At the places of the threaded connection,
      screw-receiving holes 10 (FIG. 2) are provided according to FIG. 2 within
      the recess 8 of the rim 5 into which the threads will be cut by the
      self-tapping screws 3. Three lug or pin-like embossments 11 (FIGS. 1 and
      2) are provided about each hole or opening 10, whose terminations on the
      side of opening or hole 10 pass over directly into the walls of the
      opening or hole 10 for purposes of reinforcement of the latter, whereby
      the hole 10 terminates with a punched-through border 12 forming a
      cylindrical throat-like extension. The height of the embossments 11 is
      smaller than the depth of the recess 8.
PAR  According to FIG. 3, the rim or edge 2 of the sheet-metal wheel assembly
      body member 1 is disposed parallel to the rim or edge 5 of the fender 4
      whereby a slight distance is present between the rim 2 and the corrugation
      or bead 9. Opposite the screw holes or openings 10 (FIG. 2), the rim or
      edge 2 is provided with plate-like or dish-like recesses 13 provided with
      holes or openings 14 and the edge or rim 5 of the fender 4 abuts with its
      embossments 11 at this recess 13.
PAR  As shown in FIGS. 1 and 3, the rim 2 of the lateral sheet metal wheel
      assembly body member 1 is provided with apertures 15 intermediate the
      plate-like recesses 13. Projecting corrugations or beads 16 are provided
      within the area of the edge terminal portion which project in the
      direction toward the vehicle body center.
PAR  Possibly, the rim or edge 2 at the lateral sheet-metal wheel assembly body
      member 1 may be cut back according to FIG. 4 so far between the plate-like
      recesses 13 that the recess 8 in the rim or edge 5 of the fender 4 is
      completely accessible at these places.
PAR  The gap between the rim 2 of the lateral wheel assembly body member 1 and
      the corrugation 9 at the rim 5 of the fender 4 may be completely closed
      off by a coating 17, for example, consisting of a conventional synthetic
      resinous material or of a bituminous compound, which can be seen from FIG.
      3, and which is applied to the wheel assembly body member 1 and the fender
      4. However, it is also possible to provide a complementary corrosion
      protection between the two rims 2 and 5, for example, in the form of wax
      compounds of conventional type.
PAR  While we have shown and described two embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and we therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fastening arrangement of a sheet metal member provided with rim means
      at another sheet metal member also provided with rim means, characterized
      in that embossment means are arranged at the rim means of one of said
      sheet metal members which keep the two sheet metal members at a distance
      from one another, the two sheet metal members being fastened together
      within the area of said embossment means.
NUM  2.
PAR  2. A fastening arrangement according to claim 1, characterized in that the
      embossment means are in the form of corrugations.
NUM  3.
PAR  3. A fastening arrangement according to claim 1, characterized in that the
      embossment means are in the form of beads.
NUM  4.
PAR  4. A fastening arrangement according to claim 1, characterized in that the
      embossment means are of stud-like shape.
NUM  5.
PAR  5. A fastening arrangement according to claim 1, characterized in that the
      two sheet-metal members are fastened together by threaded means.
NUM  6.
PAR  6. A fastening arrangement according to claim 1, characterized in that the
      two sheet metal members are fastened together by welded connections.
NUM  7.
PAR  7. A fastening arrangement according to claim 1, characterized in that one
      sheet metal member is a fender which is secured at a motor vehicle body
      forming the other sheet metal member.
NUM  8.
PAR  8. A fastening according to claim 1, with a fender in a motor vehicle
      forming one sheet metal member which is fastened by threaded members with
      a rim portion thereof at a rim portion of a lateral wheel assembly body
      member forming the other sheet metal member, characterized in that the
      embossment means are arranged about aperture means for receiving the
      threaded members and are disposed in a recess extending longitudinally of
      the corresponding rim portion.
NUM  9.
PAR  9. A fastening arrangement according to claim 8, characterized in that the
      recess is provided in the fender.
NUM  10.
PAR  10. A fastening arrangement according to claim 8, characterized in that the
      height of the embossment means is smaller than the depth of the recess.
NUM  11.
PAR  11. A fastening arrangement according to claim 10, characterized in that
      plate-like recesses are provided at the rim portion of the lateral body
      member about openings, said recesses abutting at the embossment means.
NUM  12.
PAR  12. A fastening arrangement according to claim 11, characterized in that
      apertures are provided in the rim portion of the lateral body member
      between the plate-like recesses.
NUM  13.
PAR  13. A fastening arrangement according to claim 12, characterized in that
      the rim portion of the lateral body member is cut back in its width
      intermediate the plate-like recesses.
NUM  14.
PAR  14. A fastening arrangement according to claim 13, characterized in that
      three projecting members are provided as embossment means within the area
      of the aperture means in the rim portion of the fender whose terminations
      on the side of the aperture means pass over directly into the respective
      aperture means.
NUM  15.
PAR  15. A fastening arrangement according to claim 14, characterized in that
      each aperture means terminates with a puched-through border forming a
      cylindrical extension.
NUM  16.
PAR  16. A fastening arrangement according to claim 15, characterized in that
      the gap between the rim means of the one sheet metal member and the rim
      means of the other sheet metal member is sealed off.
NUM  17.
PAR  17. A fastening arrangement according to claim 16, characterized in that
      the gap is sealed off by synthetic resinous masses.
NUM  18.
PAR  18. A fastening arrangement according to claim 16, characterized in that
      the gap is sealed off by bituminous compound masses.
NUM  19.
PAR  19. A fastening arrangement according to claim 8, characterized in that
      plate-like recesses are provided at the rim portion of the lateral body
      member about aperture means, said recesses abutting at the embossment
      means.
NUM  20.
PAR  20. A fastening arrangement according to claim 19, characterized in that
      the rim portion of the lateral body member is cut back in its width
      intermediate the plate-like recesses.
NUM  21.
PAR  21. A fastening arrangement according to claim 8, characterized in that
      apertures are provided in the rim portion of the lateral body member
      between the plate-like recesses.
NUM  22.
PAR  22. A fastening arrangement according to claim 8, characterized in that
      three projecting members are provided as embossment means within the area
      of the aperture means in the rim portion of the fender whose terminations
      on the side of the aperture means pass over directly into the respective
      aperture means.
NUM  23.
PAR  23. A fastening arrangement according to claim 8, characterized in that
      each aperture means terminates with a punched-through border forming a
      substantially cylindrical extension.
NUM  24.
PAR  24. A fastening arrangement according to claim 1, characterized in that the
      gap between the rim means of the one sheet metal member and the rim means
      of the other sheet metal member is sealed off.
NUM  25.
PAR  25. A fastening arrangement according to claim 24, characterized in that
      the gap is sealed off by synthetic resinous masses.
NUM  26.
PAR  26. A fastening arrangement according to claim 24, characterized in that
      the gap is sealed off by bituminous compound masses.
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ABST
PAL  A combined fender and splash guard for a motorcycle comprises a single
      member injection molded of polypropylene and has a main fender portion and
      at least on splash guard integrally formed with the fender. The fender and
      splash guard can be doubled back on itself in a collision or spill without
      damage. Means are provided to attach the fender and integral splash guard
      to the motorcycle.
BSUM
PAR  This invention relates to fender and splash guards for wheeled vehicles and
      more particularly to integral fender and splash guard units for two
      wheeled vehicles.
PAR  It is the usual practice to provide two wheeled vehicles such as
      motorcycles with fenders for each wheel and separate splash guards or mud
      flaps attached to the fenders for preventing dirt and water spinning off
      the wheel, etc, from being thrown backward from the fender and instead,
      directing such material being thrown tangentially from the wheel towards
      the ground. Such splash guards or flaps must be attached by some method to
      the fender. The guard must at the same time be flexible so as not to be
      damaged by hitting an object and also to not sail or be blown upward to an
      ineffective position.
PAR  Where the vehicle is operated under conditions where there are constant
      violent collisions and spills, the fender and splash guard combination
      must at the same time be flexible enough to allow substantial distortion
      without damage and yet strong enough to resist damage by foreign objects
      such as rocks, etc.
PAR  It is therefore an object of the invention to provide a single piece molded
      fender and splash guard assembly that will provide the desired functions
      of separate fenders and splash guards.
PAR  Another object is to provide a single molded assembly that is inexpensive
      to manufacturer and yet has the appearance and functional strength of a
      more expensive metal fender and rubber splash guard attached thereto.
PAR  Still another object is to provide a fender and splash guard combination
      that can be doubled back on itself without damages.
DRWD
PAR  Other objects and advantages will be readily apparent to those skilled in
      the art from the following description and accompanying drawings in which:
PAR  FIG. 1 is an elevational view of a two wheeled vehicle having fenders made
      in accord with the invention;
PAR  FIG. 2 is an enlarged elevational view of the front fender and splash guard
      combination;
PAR  FIG. 3 is a plan view of the fender and guard assembly of FIG. 2;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 2 through the
      splash guard portion;
PAR  FIG. 5 is another sectional view taken on the line 5--5 of FIG. 2 through
      an intermediate portion of the fender of FIG. 2;
PAR  FIG. 6 is still another sectional view taken on the line 6--6 of FIG. 2
      through the center portion of the fender of FIG. 2;
PAR  FIG. 7 is an enlarged elevational view of the rear fender and splash guard
      combination;
PAR  FIG. 8 is a plan view of the fender and guard assembly of FIG. 7;
PAR  FIG. 9 is a sectional view taken on the line 9--9 of FIG. 7 through the
      splash guard portion of the fender of FIG. 7;
PAR  FIG. 10 is a sectional view taken on the line 10--10 of FIG. 7.
DETD
PAR  Referring now to FIG. 1 which shows the invention applied to two different
      fender and splash guard constructions. A conventional motorcycle having a
      front wheel 11 protected by a front fender and splash guard 13 and a rear
      wheel 15 protected by a rear fender and splash guard 17.
PAR  The combined fender and splash guards 13 and 17 are each formed by
      injection molding a single piece out of high impact plastic. It has been
      found that certain elastic polymers, particularly polypropylene material
      such as EXXON 808HC polypropylene will have the combined impact
      resistance, strength and high softening temperature that will satisfy the
      object of the invention. Fender and splash guards made with this material
      can be doubled back upon themselves during a collision of the vehicle or
      spill and return to their original shape without damage or permanent
      distortion. The fenders have a configuration designed both for strength
      and durability and for appearance. Where fenders are used on off the road
      vehicles such as trail bikes, the resistance to vibrational fatigue,
      resistance to damage by impact of objects such as rocks, trees is
      especially important. By molding the fender and splash guard or mud guard
      in one piece the necessity of providing separate mounting of the splash
      guard on the fender with the accompanying cost and corrosion prone
      fastenings is eliminated. In addition it is possible to mold the device in
      any number of different colors with no paint or other coating necessary
      for the fender and splash guard combination.
PAR  The front fender will be described first, and referring to FIGS. 2 to 6, it
      will be seen that there is a main arcuate fender portion having a variable
      cross section. As seen in FIGS. 5 and 6 the rear fender portion includes a
      central curved portion 19 that is flattened at the longitudinal center 20
      as seen in FIG. 6. Straight skirt side sections 21 and 23 depend from the
      sides of the center portion. The junctures 25 and 27 of the center and
      side portions forms a ridge that extends around the opposite ends of the
      fender portion and provides rigidity to the fender and at the same time
      provides an ornamental appearance. At the center of the flattened portion
      is a hole 29 for a fastener to attach the unit to the vehicle.
PAR  At the ends of the fender portion are continuation splash guard portions
      31. As seen in FIG. 3 these flare outwardly to provide an effective shield
      to prevent mud, stones, etc., thrown from the wheel 15 to be thrown
      backward or forward but instead deflects the same downward toward the
      ground.
PAR  The splash guards comprise only a single curved section with a thickened
      edge 33 serving to increase the strength and improve the appearance of the
      guard. On the inner concave side of the splash guards there can be formed
      longitudenal ridges 35 that can aid in removing the unit from the
      injection mold. The outer convex surface of the splash guard is disposed
      below the level of the outer convex surface of the fender portion and the
      ridge formed by the junctures 25 and 27 and gives the appearance of a
      separate fender and splash guard although the parts are integral.
PAR  The rear fender 17 is similar to the front fender with some exceptions. A
      pair of mounting lugs 37 extend from the skirt or side portions 39 and are
      used to attach the rear fender to the motorcycle. The straight side
      portions 39 depend from the center arcuate section 41 and at the juncture
      there is formed a ridge 43 similar to the ridge 27 on the front fender.
PAR  A single splash guard portion 45 tangentially extends from the rear of the
      fender portion and has an increased thickness edge 47 similar to the edge
      33 of the splash guards on the front fender. It will be seen that I have
      provided a fender and splash guard assembly that is easy to manufacture,
      needs no maintenance, is practically industructable and has a pleasing
      appearance. Changes and modifications may be made by those skilled in the
      art without departing from the spirit of the invention and such changes
      and modifications are deemed to be within the scope of the invention which
      is limited only by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A high strength fender and splash guard combination unit for vehicle
      wheel and tire assembly, said unit comprises a single piece molded of
      resilient polypropylene material and including a main arcuate fender
      portion having a cross section including a central curved section and
      depending side sections joined to the sides of the curved section to form
      a relatively sharp angled juncture portion, and an integral splash guard
      portion extending tangentially from one end of the main arcuate portion,
      said splash guard portion having a cross section comprising an arcuate
      generally conforming to the shape of the central curved section of the
      main fender portion, and attaching means in said arcuate fender portion
      for mounting said unit on a vehicle.
NUM  2.
PAR  2. The fender and splash guard unit of claim 1 wherein said attaching means
      are integrally formed on the fender portion to permit attaching of the
      unit on a vehicle.
NUM  3.
PAR  3. The fender and splash guard unit of claim 1 wherein the juncture between
      the side and central sections of the fender comprises an increased
      thickness ridge section forming the sharp angle to simultaneously provide
      rigidity for the unit and ornamental appearance to the same.
NUM  4.
PAR  4. The fender and splash guard unit of claim 3 wherein said splash guard
      portion has an increased thickness periphery forming a ridge providing
      rigidity and ornamental appearance to the splash guard portion.
NUM  5.
PAR  5. The fender and splash guard unit of claim 1 wherein said fender portion
      has a transverse arcuate section forming an outer convex surface, said
      splash guard having a transverse section forming an outer convex surface,
      said fender portion and splash guard being integral to each other with
      said convex surface of said splash guard being disposed radially inwardly
      of said convex surface portion of the arcuate fender portion.
NUM  6.
PAR  6. The fender and splash guard unit of claim 1 wherein said juncture
      portion affords rigidity to said unit independently of said attaching
      means and wherein said resilient material enables a folding back of said
      unit along itself without damage.
NUM  7.
PAR  7. A high strength combination fender and splash guard unit for a vehicle
      wheel and tire assembly comprising a main curved fender portion concentric
      with the axis of rotation of the wheel, said curved portion having a cross
      section including a central arcuate section concentric with the toroidal
      axis of the tire and a straight flange section extending radially inward
      from the side of the center section, the juncture of the central and side
      sections forming a sharp edge and providing a relatively rigid section
      resisting radial flexing of the fender, a splash guard portion integral
      with and extending tangentially from one rounded end of the fender
      portion, said splash guard portion having a curved cross section generally
      conforming to the shape of the central curved section of the fender
      portion, the juncture of the fender portion and splash guard portion
      forming a sharp edge contiguous with the edges between the fender central
      portion and side portions to provide a relatively rigid lateral section
      resisting lateral flexing of the fender, fender mounting means comprising
      a pair of attaching lugs radially extending from the fender side portions;
      said unit having a combined flexibility and strength such that bending the
      fender back upon itself in a collision or spill of the vehicle will not
      cause damage to the unit.
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ABST
PAL  A quick release mud flap hanger assembly for trucks and trailers comprises
      an L-shaped mud flap hanger having an elongate, outwardly projecting first
      leg and a shorter leg depending therefrom. A mud flap is suspended from
      the first hanger leg, and a hanger support bracket, adapted for mounting
      on a truck or trailer frame, has a guideway into which the second hanger
      leg is downwardly received. A resilient hanger portion, having a plurality
      of bends, each of less than 90.degree., interconnects the first and second
      legs, vibrational flexing of the first leg relative to the second leg
      being divided among such plural bends to reduce work hardening and greatly
      extend hanger life. Portions of a spring loaded detent element provided in
      the second leg project outwardly below portions of the guideway when the
      second leg is fully received into the guideway, to prevent accidental
      release of the second leg. Vertical forces exerted on the first hanger leg
      cause portions of the guideway to depress the detent element, thereby
      allowing insertion or removal of the second hanger leg into or from the
      guideway without the necessity for an operator getting behind the
      vehicle's wheels or under its structure to engage or disengage the hanger.
      Variations in the number, location and orientation of bends in the
      resilient hanger portion are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to mud guards for truck and trailer wheels and more
      particularly to removable mud flap hangers of the cantilever type for such
      wheels.
PAR  2. Description of the Prior Art
PAR  Virtually all vehicles operated on public highways are required by state
      law to be equipped with means for intercepting mud, water spray, gravel,
      etc., thrown rearwardly by the vehicle's wheels, the purpose being to
      protect following vehicles from damage and from obscured vision which
      could cause accidents.
PAR  Trucks and trailers may satisfy this requirement by hanging mud flaps
      rearwardly of exposed wheels. Depending upon the size and number of
      wheels, the mud flaps may be as large as two feet wide and three feet
      long. They are generally constructed of a comparatively thick sheet of
      tough, resilient material for strength and are sufficiently heavy not to
      sail out rearwardly at high vehicle speeds. Many types of vehicles have no
      structure above the exposed wheels, so it is necessary to cantilever mud
      flap hangers outwardly from frame members inwardly of the wheels. The mud
      flap hanger alone is comparatively expensive, considering the frequency of
      replacement, and may cost about $60 per pair.
PAR  The mud flaps and cantilevered mud flap hangers are generally in exposed
      locations and are subject to considerable wear and abuse. For example,
      when used on trucks or trailers which haul logs, rocks, gravel, etc., and
      which are used extensively on rough, unpaved, non-public roads, the mud
      flaps, unless removed, may quickly be torn by objects thrown by the wheels
      or by obstructions and the hangers may be bent or broken by similar means.
      On many types of trailer trucks, notably the so-called "fifth wheel" types
      where forward portions of the trailer overhang rearward portions of the
      truck, front underportions of the trailer may contact the hangers on the
      truck when the vehicle vertically "jackknifes" in transition between a
      level surface and a steep ramp to a loading dock. If the hangers are not
      removed they may be broken, or may be bent to a degree allowing the mud
      flaps to drag on the tires.
PAR  Because of these and other problems, most cantilever-type mud flap hangers
      are constructed so that they can be removed when conditions which might
      give rise to damage to the hangers or mud flaps are anticipated, and so
      that they can later be reinstalled.
PAR  It has heretofore been necessary, however, for an operator to get in behind
      the wheels at which such removable mud guards are positioned, and often to
      get under truck structures, to effect disengagement of the hanger, for
      example to unbolt it or knock it loose. The operator must again get in
      behind the wheels or under the structure to reengage the hanger. Removing
      and replacing hangers in this manner is often a disagreeable and difficult
      task, as the mud guard, wheels and adjacent vehicle structure may be wet
      or covered with mud, snow or ice. More importantly, the operator may be
      injured in such an operation if the vehicle accidentally moves.
      Understandably, operators very often fail to remove the mud guards when
      they should be and the hangers and mud flaps are consequently damaged or
      lost and must be replaced.
PAR  Furthermore, in normal highway use, where mud flaps are required,
      cantilevered mud flap hangers are subject to continual up and down flexing
      at or near the vehicle attachment point, caused by the outhanging weight
      of the mud flap and the bouncing and pitching of the vehicle to which they
      are attached. When inner ends of the hangers are rigidly attached to the
      vehicle or where there are 90.degree. bends near the attachment point,
      such constant flexing rapidly causes metal fatigue and work hardening,
      with resultant breaking of the hanger often in only a very few months of
      service. Such breaking is very undesirable, not only because the lost
      hanger and mud flap must be replaced, but also because following vehicles
      may be hit by the falling hanger and mud flap or may cause an accident by
      swerving to miss a falling or fallen hanger and mud flap.
PAR  Some cantilever-type hangers are constructed having a helical spring
      portion adjacent to the vehicle attachment portion to partially absorb the
      vibrational flexing and to allow the hanger to "give" if it strikes or is
      struck by an obstruction. Producing such hangers is expensive, however,
      because special materials and heat treatment are required and, if the heat
      treatment is improper, the spring may be too weak and allow the mud flap
      to sag into contact with the wheels or the pavement, or the spring may be
      to brittle and break.
PAR  To the applicant's knowledge, no cantilevered mud flap hangers have
      heretofore been available which may be easily removed and reinstalled
      without an operator being required to get in behind wheels or under the
      vehicle to manually release or engage the hanger, which have near the
      attachment point, resilient regions for prolonging hanger life requiring
      no special materials or critical heat treating, and which are furthermore
      easy and economical to produce.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out principles of the invention according to a preferred
      embodiment, a quick release mud flap hanger assembly for trucks and
      trailers comprises a mud flap, a hanger having an outwardly projecting
      first leg and a depending second leg, means for connecting the mud flap to
      the first hanger leg and a support bracket adapted for mounting on a truck
      or trailer and for vertically supporting the second hanger leg with the
      mud flap disposed rearwardly of exposed wheels. A resilient portion,
      having a plurality of coplanar bends, each of less than 90.degree.,
      interconnects the first and second hanger legs, vibrational flexing of the
      first leg relative to the second leg being divided among these bends to
      greatly extend hanger life. Pressure responsive means are provided in the
      second hanger leg to maintain that leg in a support bracket guideway
      against accidental release therefrom, and to allow installation and
      removal of the second leg into and from the guideway by forces applied
      solely to the first hanger leg.
PAR  The pressure responsive means includes a detent element which is movable
      between a first position wherein it is completely depressed into the
      second leg and a second position wherein portions thereof project
      outwardly beyond the surface of the second leg. The detent element,
      normally biased to the second position, cooperates with portions of the
      guideway to prevent accidental disengagement of the second leg therefrom.
      Portions of the guide exert inwardly directed forces on the detent element
      to move it to the second position to allow release of the second leg from,
      or its insertion into, the guideway solely in response to vertical forces
      applied to the first leg.
PAR  Additional bends may be formed in the resilient portion to offset the first
      leg rearwardly from the second leg, thereby providing for installation of
      the hanger on vehicles having mounting structures terminating forwardly of
      the required mud flap position.
PAR  A quick release mud guard is provided which is easy to remove from, and
      install on, a vehicle without the necessity for an operator getting in
      behind the vehicle's wheels or under its structure, which has a hanger
      with a greatly extended life, and which is economical and easy to produce.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mud flap hanger assembly, incorporating
      principles of the present invention, installed at the rear of a truck or
      trailer;
PAR  FIG. 2 is a rear elevational view of the mud flap hanger of FIG. 1;
PAR  FIG. 3 is a plan view of the mud flap hanger of FIG. 1;
PAR  FIG. 4 is a partial vertical sectional view along line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross-sectional view along line 5--5 of FIG. 2;
PAR  FIG. 6 is a partial rear elevational view of a mud flap hanger having three
      bends in the resilient portion;
PAR  FIG. 7 is a plan view showing a second variation of the mud flap hanger
      having offset legs; and
PAR  FIG. 8 is a partial rear elevational view of the hanger of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1, 2 and 3, a mud flap hanger 24 is formed from a
      metallic bar to have an elongate, outwardly projecting first leg 26 and a
      shorter, depending second leg 28 at right angles thereto. Intermediate the
      first and second legs 26 and 28, is a resilient portion 30 which
      interconnects such legs, with the longitudinal axes of the legs and the
      resilient portion in a common plane.
PAR  A plurality of coplanar bends, each of less than 90.degree., are formed in
      the resilient region. The vibrational bending of the first leg 26 relative
      to the second leg 28 is divided among such bends to reduce metal fatigue
      and work hardening, thereby greatly extending hanger life over that, for
      example, of a hanger having only a single 90.degree. bend. A first bend
      32, of about 45.degree., is formed adjacent to the inner end of the first
      leg 26 and a second bend 34, also of about 45.degree., is formed adjacent
      to the upper end of the second leg 28. In this manner, a generally
      L-shaped hanger is formed, the first leg 26 forming the longer portion of
      the L and the second leg 28 forming the shorter portion. Preferably, for
      reasons which will become apparent, the bar from which the hanger is
      formed has a square cross-section.
PAR  As best seen in FIG. 4, an aperture 36 is formed partially through a lower
      portion of the second leg 28, having an axis substantially perpendicular
      to the plane of the hanger. Pressure responsive locking means are formed,
      comprising a helical spring or biasing element 38 installed first in the
      aperture 36, and a spherical ball or detent element 40 installed outwardly
      therefrom and causing compression of the spring. A reduced diameter lip
      region 42 is formed (as by peening) around the opening of the aperture 36
      to retain the ball 40 and spring 38 therein. The size of the lip region 42
      allows a portion of the ball to project outwardly from the aperture and
      beyond the surface of the second leg 28 under the action of the spring 38.
      An inwardly directed force of predetermined magnitude on the projecting
      portion of the ball 40 causes further compression of the spring 38 and
      complete depressing of the ball into the aperture 36. Although the
      aperture 36 is shown opening rearwardly, it may alternatively open
      forwardly or outwardly.
PAR  A second aperture 44 may be formed through the second leg 28, below and
      parallel to the aperture 36, so that a padlock or other locking element
      (not shown) may, if desired, be used to lock the hanger 24 to a vehicle,
      as described below.
PAR  A mud flap 50, which may be a commercially available mud flap, is suspended
      from the first leg 26 of the hanger 24 by several clips 52, four being
      shown (FIGS. 1, 2 and 5). The clips 52, bent from a flat strip to fit
      around the cross-section of the first leg 26, have depending ends 54, the
      rearward of which is an extension of the back side of the clip. The ends
      54 are spaced apart about the thickness of the mud flap 50, the upper edge
      of which is sandwiched therebetween. Fasteners 56, for example rivets or
      nuts and bolts, secure the mud flap 50 to the clips 52. The outermost of
      the clips 52 is preferably fixed to the first leg 26 near the outer end
      thereof, the remaining clips being free to slide along the first leg so
      they may be positioned at existing mounting holes in the mud flap 50.
PAR  A support bracket 58 is provided for releasably attaching the hanger 24 and
      the mud flap 50 to a vehicle. As best seen in FIGS. 2 and 4, the bracket
      58 comprises a rigid rectangular plate 62, to the outer surface of which
      is attached, along a vertical center line, a guideway 64 which may be a
      channel or a tube having a square cross-section. Alternatively, the entire
      bracket 58 may be bent from a sheet to comprise a flanged channel which
      opens inwardly.
PAR  The plate 62 is adapted for mounting by a plurality of bolts 66 (two shown)
      to a frame member 68 of a truck or trailer (a rear portion of which is
      identified by the reference number 70 in FIG. 1). The bracket 58 is
      mounted so that the long axis of the guideway 64 is substantially vertical
      when the vehicle upon which the bracket is mounted is on a level surface.
PAR  The inside cross-sectional dimensions of the guideway 64 mate with the
      cross-sectional dimensions of the second hanger leg 28, allowing a snug
      sliding fit of the second leg therewithin. The length of the guideway 64,
      relative to the positioning of the aperture 36 of the second leg 28, is
      preferably such that when the second leg is fully installed in the
      guideway (that is, when the second bend 34 contacts an upper forward edge
      72 of the guideway), approximately the upper quarter of the aperture is
      still within the guideway. Stated otherwise, when the second leg 28 is
      fully installed into the guideway 64, the upper portion of the ball 40 is
      in contact with a lower edge or corner 74 of the guideway, thereby causing
      the ball to remain partially, but not fully, depressed into the aperture
      36. This is for ease in removal of the hanger 24, as will be more
      particularly described below.
PAR  For the convenience of the operator, a second support bracket 76, similar
      to the bracket 58, may be installed in another location on the frame
      member 68, for example forwardly of the bracket 58. The bracket 76 is
      installed in an easily accessible location so that the hanger 24 may,
      after its removal from the bracket 58, be stored therein, parallel to the
      frame member 68 where it is not exposed to damage.
PAL  Operation
PAR  The bracket 58 is attached, by the bolts 66, to the frame member 68 in such
      location that with the hanger 24 installed therein, the mud flap 50 is
      properly positioned behind wheels 80 to intercept mud, water spray, etc.,
      thrown rearwardly thereby (FIG. 1). The hanger 24 is not, however, fixed
      to the bracket 58 or to the frame member 68, but may easily be removed
      from the bracket and later reinstalled therein in the manner described
      below.
PAR  Assume first that the hanger 24 is to be installed in the bracket 58. The
      operator easily does so by grasping the first leg 26 at any convenient
      location along its length, for example, towards the outer end thereof so
      that he is clear of the wheels behind which the mud guard is to be
      installed. With the hanger 24 positioned at right angles to the
      longitudinal axis of the vehicle, the lower end of the second leg 28 is
      inserted downwardly into the upper end of the guideway 64 until the
      protruding portion of the ball 40 contacts an upper inner edge or corner
      82 of the guideway. The operator then presses firmly downwardly on the
      first leg 26, grasping the leg in such manner that the second leg is
      forced vertically further into the guideway 64 without twisting or
      binding. It is thus generally necessary to grasp the first leg with both
      hands and exert a moment thereon. A sufficiently great downwardly directed
      force on the first leg 26 causes the guideway edge 82 to exert an inwardly
      directed force on the ball 40 to depress it into the aperture 36, thereby
      allowing the second leg 28 to be slidably received into the guideway until
      the second bend 34 contacts the guideway edge 72. The ball 40 will then be
      in contact with the edge 74 and is prevented from being forced by the
      spring 38 to its most protruding position. Although the ball 40 protrudes
      sufficiently far to prevent accidental release of the second leg 28 from
      the guideway 64, for example by vibrational forces which might otherwise
      cause the second leg to "walk" up and out of the guideway, it is in such
      condition that the second leg may be easily removed from the guideway in
      the manner set forth below.
PAR  To remove the second leg 28 from the guideway 64, the first leg 26 is
      grasped and lifted sharply, it being generally necessary to apply a moment
      to the first leg to prevent binding of the leg 28 in the guideway 64. A
      sufficiently great upwardly directed force on the first leg 26 causes the
      lower guideway edge 74 to fully depress the ball 40 into the aperture 36,
      thereby releasing the leg 28 from the guideway 64. Since the ball 40 was
      initially depressed slightly into the aperture by the edge 74, release is
      effected with less force than would be required if the ball protruded its
      full amount.
PAR  The resilient portion 30 is constructed rigidly enough that such described
      installation and removal may be effected without substantial flexing
      between the legs 26, 28.
PAR  It is emphasized that an operator may, by the means described, install the
      hanger 24 into, and remove the hanger from, the bracket 58 without any
      necessity for manually contacting the second leg 28 or any portion of the
      bracket 58 to cause engagement or release of the hanger. The described
      installation and removal operations are instead easily, quickly and safely
      performed merely by grasping and depressing or lifting the outwardly
      protruding first hanger leg 26.
PAR  An operator may, at his discretion to prevent theft, choose to lock an
      installed hanger 24 in the bracket 58 by means of a padlock, the hasp of
      which is passed through the aperture 44 which is provided in the second
      leg 28 for this purpose. To do so, the operator must gain access to the
      second leg 28 to install and remove the lock, but such locking is not
      routinely performed and is unnecessary for retaining the hanger 24 in the
      bracket 58.
PAR  In some instances, an operator may choose to temporarily store a removed
      hanger 24 in the second bracket 76 provided for such purpose and for the
      operator's convenience. When such storing is accomplished, the hanger 24
      is installed parallel to the longitudinal axis of the vehicle along the
      frame member 68, and not in an exposed position. A major reason for
      constructing the second leg 28 with a square cross-section is so that the
      two brackets 76 and 58 may be identical. Although it is necessary for an
      operator to be positioned near the frame to install the hanger 24 into,
      and remove it from, the bracket 76, such hanger storage is optional and
      need not be used if inconvenient to do so.
PAR  Thus, in making provision for locking the hanger 24 into the bracket 58 or
      for storing it in the bracket 76, there is no intent to detract from the
      advantageous features of the invention which allows easy installation and
      removal of the hanger into and from the bracket 58 from a position remote
      from the bracket.
PAR  The following approximate dimensions and values are given by way of example
      and illustration, no limitation being thereby intended.
PAR  The hanger 24 may be formed from a 3/4 inch square steel or aluminum bar.
      When formed in the manner described, the outer end of the first leg 26 may
      project outwardly 30 inches from the bracket 58 and the lower end of the
      second leg 28 may extend 6 inches below the first leg. The aperture 40 may
      be five-eighths inches deep. The clips 52 may be 2 inches wide, having
      ends 54 which are 1 inch long. The guideway 64 is 2 inches high.
PAR  It has been determined that the diameter of the ball 40 and the compressive
      force of the spring 38 are important for secure retention of the second
      leg 28 in the guideway 64 against vibrational forces and for easy
      insertion and removal of the second leg into, and from, the guideway by
      means of the first leg 26. If the diameter of the ball 40 is too small
      and/or the compressive force of the spring 38 is too weak, the second leg
      28 may walk out of the guideway 64 under the vibration encountered in use,
      and the hanger will be lost. However, if the diameter of the ball 40 is
      too large and/or the compressive force of the spring 38 is too strong, the
      second leg 28, while being prevented from walking out of the guideway 64
      in use, cannot easily be removed or installed solely by forces applied to
      the first leg 26.
PAR  Assuming a hanger 24 having a 3/4 inch square cross-section, the ball 40 is
      preferably five-sixteenths inch in diameter. The spring 38 is preferably
      made of 0.030 inch diameter stainless steel and is one-half inch long,
      requiring approximately 20 pounds to compress. The scope of the invention
      is not, however, limited to such stated dimensions and spring compression
      values, it being possible to achieve the described benefits using
      different dimensions and spring compressions, particularly if more than
      one detent element is employed or if differently shaped detent elements
      are used.
PAC  DESCRIPTION OF THE FIRST VARIATION OF FIG. 6
PAR  Other bend configurations may be employed in the resilient portion 30 to
      reduce work hardening and extend hanger life. One such variation employing
      three bends of less than 90.degree. has been determined to be effective
      and is illustrated in FIG. 6. For purposes of description, elements and
      features identical to those previously described will be identified by the
      original reference numbers. Comparable elements and features will be
      identified by the original reference numbers followed by the letter a and
      new or previously undescribed elements and features will be identified by
      reference numbers in the 100 series.
PAR  A planar hanger 24a is formed having the same overall dimensions and same
      general L-shape as the hanger 24 described above, and has an outwardly
      projecting first leg 26a and a depending second leg 28a interconnected by
      an intermediate resilient portion 30a. Three coplanar bends are formed in
      the resilient region 30a: A first bend 102 adjacent to the inner end of
      the first leg 26a; a second bend 104 adjacent to the upper end of the
      second leg 28a, and a third bend 106 intermediate the bends 102 and 104.
      The first and second bends 102 and 104 have substantially the same angle
      of bend, which is somewhat greater than 45.degree. and much less than
      90.degree., both such bends opening generally downwardly and outwardly.
      The third bend 106, which opens in a direction generally opposite to the
      bends 102 and 104, is generally arcuate and is less than 45.degree..
PAR  The mud flap 50 is suspended from the first leg 26a in the same manner as
      described above for the hanger 24. The detent element 40 and spring
      element 38 are also installed in the second leg 28a in the described
      manner. The operation of such hanger 24a is also as described, the same
      beneficial features being present.
PAC  DESCRIPTION OF THE SECOND VARIATION OF FIGS. 7 AND 8
PAR  Frames or structures of some vehicles, for example many truck tractors or
      "semis," terminate near or forwardly of the back of the rear wheels. Mud
      flap hangers which project directly outwardly cannot be used on such
      vehicles because the mud flaps, if not the hangers, would contact the
      wheels and be quickly destroyed. It is generally not feasible merely to
      angle the hanger rearwardly because, unless such angling were very small,
      the mud flap would be too close to the wheels in some regions and too far
      away in others.
PAR  Accordingly, and as illustrated in FIGS. 7 and 8, a hanger having the first
      leg offset rearwardly from the second leg is constructed for use on such
      vehicles. For purposes of description, elements and features identical to
      those previously described will be identified by the original reference
      numbers. Comparable elements and features will be identified by the
      original reference numbers followed by the letter b. New elements and
      features will be identified by reference numbers in the 200 series.
PAR  A hanger 24b is constructed having an outwardly projecting first leg 26b
      and a depending second leg 28b interconnected by a resilient portion 30b
      having coplanar bends 32b and 34b. The mud flap 50 is suspended from the
      first leg 26b and the second leg 28b is received into the guideway 64 of
      the bracket 58.
PAR  Two additional bends are formed in the resilient portion 30b to offset or
      jog the first leg 26b rearwardly from the second leg 28b. A first
      additional bend 202, opening generally rearwardly and inwardly, is formed
      intermediate the bends 32b and 34b, and a second additional bend 204,
      opening generally outwardly and forwardly, is formed outwardly of the bend
      32b, each of the four bends being approximately equally spaced.
PAR  Other than the two bends 202 and 204 formed to offset the first leg 26b
      rearwardly from the second leg 28b, the hanger 24b is substantially
      identical with the previously described hanger 24. The operation thereof
      is as described above, except that the bracket 58 is installed forwardly
      of the position of the mud flap 50, the rearward offsetting of the first
      leg 26b causing the mud flap to be properly disposed behind the vehicle's
      wheels.
PAR  It is to be understood that the foregoing description and examples are for
      illustrative purposes and no limitations are thereby intended, the scope
      of the invention being limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mud flap hanger assembly for trucks and trailers, comprising:
PA1  a. a mud flap,
PA1  b. hanger means for supporting said mud flap,
PA2  said hanger means including a hanger having a first leg,
PA2  a second leg extending substantially perpendicularly thereto, and a
      resilient portion interconnecting said first and second legs,
PA3  said resilient portion including a plurality of coplanar bends, each of
      said bends being less than about 90.degree.,
PA1  c. connecting means for connecting said mud flap to said first leg, and
PA1  d. support means, adapted for mounting on the frame of a truck or trailer,
      for supporting said second leg with said mud flap disposed rearwardly of
      wheels of said truck or trailer whereby to intercept material rearwardly
      thrown therefrom.
NUM  2.
PAR  2. The mud flap hanger assembly of claim 1, wherein said plurality of bends
      includes two bends, each of about 45.degree. and each opening in the same
      general direction, one of said two bends being adjacent an inner end of
      said first leg and the other of said two bends being adjacent an upper end
      of said second leg.
NUM  3.
PAR  3. The mud flap hanger assembly of claim 1, wherein said plurality of said
      bends includes two bends each having substantially the same angle of bend
      and a third bend having a smaller angle of bend, a first of said two bends
      being adjacent an inner end of said first leg and a second of said two
      bends being adjacent an upper end of said second leg, said third bend
      being intermediate said first and second bends, each of said two bends
      being greater than about 45.degree. and opening in one general direction
      and said third bend being less than about 45.degree. and opening generally
      in an opposite direction.
NUM  4.
PAR  4. The mud flap hanger assembly of claim 1, wherein said support means
      includes receiving means for slidably receiving said second leg and
      wherein said second leg includes pressure responsive means for releasably
      retaining said second leg in said receiving means.
NUM  5.
PAR  5. The mud flap hanger assembly of claim 1, wherein said connecting means
      includes plural clips formed to fit around the cross-section of said first
      leg, said clips having depending ends for mounting said mud flap
      therebetween, the outermost of said clips being fixed to said first leg
      adjacent the outer end thereof, the others of said clips being slidable
      along said first leg.
NUM  6.
PAR  6. The mud flap hanger assembly of claim 1 further including second support
      means, adapted for mounting on a truck or trailer frame, for storing said
      hanger means in a position other than behind wheels thereof, said second
      support means including means for receiving said second leg.
NUM  7.
PAR  7. The mud flap hanger assembly of claim 1, including offsetting means for
      offsetting said first leg rearwardly from said second leg, said offsetting
      means comprising plural non-planar bends in said resilient portion, are of
      said non-planar bends being adjacent to an inner end of said first leg and
      a second of said non-planar bends being adjacent to an upper end of said
      second leg.
NUM  8.
PAR  8. A mud flap hanger assembly for trucks and trailers, comprising:
PA1  a. a mud flap,
PA1  b. hanger means for supporting said mud flap,
PA2  said hanger means including a hanger having a first leg, a second leg
      extending substantially perpendicularly thereto, and a resilient portion
      interconnecting said first and second legs,
PA3  said resilient portion including a plurality of coplanar bends, each of
      said bends being less than about 90.degree.,
PA1  c. connecting means for connecting said mud flap to said first leg, and
PA1  d. support means, adapted for mounting on the frame of a truck or trailer,
      for supporting said second leg with said mud flap disposed rearwardly of
      wheels of said truck or trailer whereby to intercept material rearwardly
      thrown therefrom, said support means including receiving means for
      slidably receiving said second leg and wherein said second leg includes
      pressure responsive means for releasably retaining said second leg in said
      receiving means, said pressure responsive means including an aperture
      formed in said second leg, a detent element mounted in said aperture for
      movement between a first position, wherein said detent element is wholly
      within said aperture and a second position wherein said detent element
      projects at least partially from said aperture, means for limiting
      movement of said detent element to and between said first and second
      positions, and biasing means for urging said detent element towards said
      second position.
NUM  9.
PAR  9. The mud flap hanger assembly of claim 8, wherein said detent element
      comprises a spherical ball and said biasing means comprises a helical
      compression spring.
NUM  10.
PAR  10. The mud flap hanger assembly of claim 9, wherein said spherical ball
      has a diameter of approximately five-sixteenths inch and wherein said
      spring requires a force of approximately 20 pounds to allow movement of
      said ball from said second position to said first position.
NUM  11.
PAR  11. The mud flap hanger assembly of claim 9, wherein at least major
      portions of said aperture are positioned to be below said receiving means
      when said second leg is fully received therein, portions of said receiving
      means causing said detent element to be moved to said first position when
      said second leg is inserted thereinto and said first leg is pushed
      downwardly, thereby allowing insertion of said second leg into said
      receiving means, other portions of said receiving means causing said
      detent element to be moved to said first position when said second leg has
      been fully inserted into said receiving means and when said first leg is
      lifted upwardly, thereby allowing withdrawal of said second leg from said
      receiving means.
NUM  12.
PAR  12. A mud flap hanger assembly comprising:
PA1  a. bracket means adapted to be fixed to a vehicle frame for providing an
      upwardly extended guideway having a predetermined cross-sectional
      configuration,
PA1  b. a hanger having an outwardly projecting first leg and a depending second
      leg,
PA2  said first leg being adapted to support a mud flap, said second leg having
      a cross-sectional configuration that mates with said predetermined
      cross-sectional configuration of said guideway, said depending leg being
      adapted to be slidably received and withdrawn from said guideway, and
PA1  c. retaining means for exerting a restraint of predetermined magnitude
      against motion of said second leg from said guideway, said magnitude being
      within a range of magnitude having a minimum sufficient to prevent
      accidental withdrawal of said second leg from said guideway in the
      presence of vibrations of vehicle motion and having a maximum not greater
      than a force exerted by an operator to manually withdraw said second leg
      from said guideway, said restraining means including a retractable detent
      element and a biasing means for outwardly biasing said detent element
      mounted in an aperture in said second leg and means for retaining said
      detent element and said biasing means within said second leg while
      allowing a portion of said detent element to project outwardly therefrom.
NUM  13.
PAR  13. The assembly of claim 12, wherein said detent element is a spherical
      ball about five-sixteenths inch in diameter and said biasing means
      includes a helical spring requiring about 20 pounds to allow said
      retraction of said detent element into said aperture.
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ABST
PAL  A connector for use with a plastic corrugated tubing is provided in which a
      first annular member is provided with an end face which is adjacent a
      projecting end of the tube when the annular member is disposed about the
      tube. The end face is disposed within a trough of one of the tube
      corrugations. An outer sleeve is threaded to the annular member and
      includes an inwardly depending flange having a face which is coextensive
      with the end face of the annular member. The two faces serve to clamp the
      projecting end of the conduit therebetween thereby clamping the connector
      to the conduit.
GOVT
PAR  This invention was made in the course of or during work performed for the
      Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a connector which is adapted to be
      attached to a plastic flexible corrugated tube housing a plurality of
      electrical leads. The connector interconnects one or more corrugated tubes
      together or to a suitable mating apparatus. The provision of suitable
      connectors has recently become of increased importance in housing wiring
      harnesses in plastic corrugated tubing. The tubing is used in all types of
      electrical equipment to protect the wirings housed therein from abuse,
      wear and tear, and to improve the life thereof.
PAR  As is well known, a wiring harness, once assembled, is a continuous string
      of one or more wires formed into bundles which terminate in a number of
      branches.
PAR  In placing the corrugated tubing over the harness, it will thus be evident
      that T, Y and other arrangements are present at the junction of the
      various branches. Since the corrugated tubing is made from a continuous
      tube structure and is not molded for a particular wiring harness
      configuration, means need be provided for interconnecting the corrugated
      tubing on each of the branches together at the junctions thereof.
PAR  To this end, various fittings and connectors are supplied for
      interconnecting the tubings at the wiring harness junctions. However,
      these fittings include a number of elements connected thereto which are
      costly to fabricate and therefore add greatly to the expense in providing
      the corrugated housing.
PAR  One type of fitting includes an internal member disposed within the core of
      the corrugated tubing and, an external member placed about the outer
      surface of the corrugated tubing adjacent to the inner member. The members
      are then threaded or otherwise assembled together to wedge the tubing
      coaxially therebetween. However, this arrangement requires fabrication of
      the internal piece and the external piece as well as interconnecting
      members for connecting one tube to another. This arrangement is costly and
      complex.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a first annular member is
      provided having at least one corrugation formed in the surface thereof and
      terminates in an end face intersecting the surface. The end face
      intersects the one corrugation at a point spaced from the trough of the
      one corrugation. A second annular member has a surface thereof coextensive
      with and facing the end face. Means are provided connected to the first
      and second members for moveably securing the first member to the second
      member so as to translate the end face toward the facing surface.
      Connector engaging means are formed in one of the first and second members
     .
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a partial fragmentary elevational view of a device constructed in
      accordance with an embodiment of the present invention,
PAR  FIG. 2 is an overall elevational view of the various fittings and
      connecting devices used with the corrugating tubing in accordance with the
      embodiment of the present invention,
PAR  FIG. 3 is an elevational view of a T connector for use with the device of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, connector 10 is used with a plastic corrugated tubing 12 which
      houses a plurality of electrical leads (not shown). Connector 10 is formed
      of just a few pieces, but yet firmly and reliably secures the tubing 12
      thereto. Connector 10 is used to interconnect tubing 12 to a mating
      fitting 14 (FIG. 2) secured in a suitable apparatus or fixture or the
      like. Connector 10 also may be connected to a harness transition such as
      the T device 16 of FIG. 3. While a T device is shown, a Y device, an
      elbow, or the like may also be used as is described below.
PAR  In FIG. 1, connector 10 comprises two mating identical halves 18 and 20
      which together form a split ring 22. Each half, 18 and 20, has one surface
      thereof formed into a plurality of corrugations 24 which mate with the
      external surface 26 of tube 12. Each half 18 and 20 is formed with an
      external dual lead threaded surface 28 whose axis is substantially
      parallel to the longitudinal axis of tube 12. The dual lead arrangement
      permits both halves 18 and 20 to be made identical. A depending flange 30
      is formed around the halves 18 and 20 with a knurled exterior surface to
      provide a suitable gripping means to the hand of an operator when using
      the connector 10 in a manner to be explained.
PAR  The end of halves 18 and 20 opposite the flange 30 end terminates in a
      planar surface on ring 22 forming face 32. Face 32 is spaced with respect
      to the crest 34 of the corrugations on tube 12 so as to intersect the
      tubing at a point disposed intermediate adjacent crests 34. The edge 36 of
      ring 22 is disposed within a trough 38 of the corrugations on tube 12.
      Therefore, whenever ring 22 is spaced contiguous with tube 12 at crest 34
      an end of tube 12 protruding beyond face 32 will be adjacent to face 32,
      as shown.
PAR  To prevent axial translation of one half 18 with respect to the other half
      20 of ring 22, complementary holes 40 and projections (not shown) are
      disposed in facing surfaces 42 of halves 18 and 20. Thus, each half 18 and
      20 will have a pair of holes 40 on one surface 42, while the complementary
      surface of that half (not shown) has two projections of substantially the
      same size as holes 40. The same arrangement is provided in half 20.
PAR  Threaded to threads 28 on ring 22 is member 50. Member 50 is generally
      cylindrical with an internal thread disposed at one end for threading
      member 50 to ring 22, as shown in FIG. 1. At the other end of member 50 is
      a connector rim having an internal thread 52 which mates with
      corresponding fitting 14 (FIG. 2). Depending radially inwardly from the
      outer periphery of member 50 is a flange 54. Flange 54 has a face 56 which
      is coextensive with face 32 on ring 22. Preferably flange 54 depends
      inwardly a greater distance than the inner diameter of the corrugated
      surface 24 on ring 22.
PAR  As a result, the inner diameter of flange 54 is about the same size as the
      inner diameter of troughs 38 of tube 12. When member 50 is threaded on
      ring 22, it is thus apparent that surface 56 on flange 54 is translated
      toward and away from surface 32 on ring 22. The surfaces 56 and 32 form a
      vice for gripping the extending end including crest portion 34 of the
      corrugation on tube 12 therebetween as shown in FIG. 1.
PAR  To use the connector 10 of FIG. 1, the halves 18 and 20 are assembled about
      tube 12 adjacent one end thereof so that one corrugation at the end
      projects beyond surface 32 of ring 22. Member 50 is then threaded on
      threads 28, as shown, until surface 56 of flange 34 abuts against the
      projecting end of tube 12. The operator continues to thread member 50
      toward ring 22 so as to crushably clamp the projecting end of tube 12
      between faces 32 and 56. When the tube 12 projecting end thereof is
      tightly clamped between faces 32 and 56, the tube 12 is then firmly
      secured to connector 10. While only three parts are utilized, halves 18
      and 20 and member 50 provide a tight connection between tube 12 and a
      suitable fitting 14, FIG. 2.
PAR  In connecting the tubing 12 to a wire harness assembly or the like,
      fittings 10 of FIG. 2 are connected to tubing 12 at both ends of tubing
      12, as shown. Connectors 10 are connected to the tubing 12 in a manner
      described above with respect to FIG. 1. Suitable fitting 14, having a
      mating external thread 70 which is complementary to the thread 52 of
      member 50 on connector 10, is secured to connector 10. Fitting 14 is also
      connected to a suitable apparatus. Knurled surface 72 on fitting 14
      permits an operator to readily assemble fitting 14 by hand to connector
      10.
PAR  Should the wiring harness form a T connection therein, it should be
      appreciated that a conventional T type fitting or transition cannot be
      placed over the harness since the harness is preformed. Yet it is still
      desirable to attach a second tube 12 to each leg of the T on the harness.
      To do this a split transition T 16 is provided.
PAR  In FIG. 3 the split T comprises two identical halves 80 and 82 which are
      mirror images of each other. Preferably, these halves are made of suitable
      thermoplastic material which is of substantially the same thermal
      coefficient of expansion of plastic tube 12. This permits use of the T 16
      in an environment exhibiting large temperature fluctuations. The T 16
      comprises a half T-shaped cylindrical member with threads 84 disposed
      about the end external diameter of each T leg. In addition, a plurality of
      molded projections 86 are formed integral with each half 80 and 82. A like
      plurality of holes 88 are formed in each half 80 and 82 of the T. The
      holes 88 and projections 86 are spaced in an aligned fashion on each half.
      When the two halves 80 and 82 are placed together, the projections 86 and
      holes 88 mate, and no axial displacement of the two halves may occur.
      Threaded portions 84 at each end are threaded to the corresponding
      connector 10. Once connected, the halves 80 and 82 cannot separate and are
      locked together.
PAR  In a similar manner, a split elbow and many other desired transitions may
      be provided for a wiring harness by providing mating complementary halves
      in the transitions. Each half of the transitions, such as the T transition
      16, are made of molded thermoplastic material and are relatively
      inexpensive to manufacture. Since the connector 10 is made of only a few
      parts while providing an extremely reliable connection to tube 12, a
      relatively inexpensive interconnection of fittings and connectors are
      provided for use with corrugated tubing 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a first annular member adapted to receive an annular corrugated deformable
      conduit comprising two identical halves having at least one annular
      corrugation formed in an internal surface thereof and terminating in an
      end face intersecting said surface, said end face terminating at and
      intersecting said one corrugation solely along the crest of said one
      corrugation so that a portion of said conduit extends beyond said end face
      when said first member is disposed about said conduit, said first annular
      member having an external screw thread coaxial with said corrugation and
      comprising two identical interdigitized helical screw threads arranged to
      form a single externally threaded member, the screw thread on each half
      being identical to the screw thread on the other half and interchangeable
      therewith, and
PA1  a second annular member having a surface thereof coextensive with and
      facing said end face, said second annular member having an internal thread
      comprising two interdigitized helical threads complementing and arranged
      to couple with said external helical screw threads, said screw threads
      being arranged to cause said first and second members to translate said
      end face toward said facing surface whereby said second member secures
      said two halves together solely by way of said internal thread, whereby
      said extending end portion is crushed between said end face and said
      facing surface thereby firmly securing said conduit to said first and
      second members, and connector engaging means formed in said second member.
NUM  2.
PAR  2. The combination of claim 1 further including a hollow tubular member
      made of two identical halves, each half having at least one projection and
      at least one projection receiving hole disposed therein, the hole in
      onehalf receiving the complementary spaced projection in the other half,
      said hollow member including connector engaging means disposed at at least
      one end thereof for engaging said connector engaging means formed in said
      second member.
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ABST
PAL  A fuel injection nozzle arrangement for an internal combustion engine
      includes a nozzle holder, a hose which serves as a fuel supply conduit and
      a tubular socket. The tubular socket is preferably fixedly connected to
      the nozzle holder. A connection means is provided between the nozzle
      holder and the hose. The connection means includes an affixable hose
      nipple. A sealing means, preferably an O-ring, is positioned between a
      surface of the hose nipple and an opposing surface, which is preferably a
      surface of the tubular socket. At least one hose coupling member is
      associated with the affixable hose nipple. Two coupling members are
      preferably associated with the hose nipple.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel injection nozzle arrangement for internal
      combustion engines having a fuel connection between a nozzle holder and a
      hose serving as fuel conduit.
PAR  The present invention relates, more particularly, to a fuel injection
      nozzle arrangement having a fuel connection between the nozzle holder and
      a hose serving as fuel conduit, the fuel connection being a tube socket.
      The tube socket is preferably disposed on the nozzle holder.
PAR  In fuel injection nozzle arrangements of this type, on the one hand, the
      connection between the fuel injection nozzle holder and the hose should be
      easily detachable, for example, for changing the injection nozzle to one
      of different size and, on the other hand, such a connection must be easy
      to manufacture, because it desirably should be producible in large
      quantities.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a fuel injection nozzle
      arrangement which includes an easily detachable fuel connection between
      the nozzle holder and a hose.
PAR  An additional object of the present invention is to provide a fuel
      injection nozzle arrangement having a fuel connection, which is readily
      manufacturable in large quantities, between the nozzle holder and a hose.
PAR  The foregoing objects, as well as others, are achieved in accordance with
      the present invention by providing a fuel injection nozzle arrangement for
      internal combustion engines which includes a nozzle holder, a hose serving
      as a fuel supply conduit and a tubular socket. A connection means, which
      includes an affixable hose nipple, is positioned between the nozzle holder
      and the hose. A sealing means is positioned between a surface of the hose
      nipple and an opposing surface. At least one hose coupling member is
      associated with the affixable hose nipple.
PAR  The tubular socket is preferably fixed to the nozzle holder and the
      opposing surface is formed on the tubular socket.
PAR  It is a salient feature of the present invention that an affixable hose
      nipple serves as a fuel connection, the hose nipple having a seal mounted
      opposite a surface of a connecting fixture, in the form of a plug,
      preferably developed as a tubular socket, and having at least one hose
      coupling member. Instead of the preferred embodiment, in which the tube
      socket is integral with or fixedly connected to the nozzle holder, by
      soldering or the like, the tubular socket may also be fastened to the hose
      nipple, and inserted into a bore in the nozzle holder.
PAR  According to one embodiment of the invention, an O-ring carried in a ring
      nut of the tubular socket serves as the seal.
PAR  According to a preferred embodiment of the present invention, two hose
      coupling members are provided on the hose nipple, the hose coupling
      members being arranged as respective short arms of a T-configuration, with
      respect to a portion of the hose nipple which mates with the tubular
      socket. In high pressure fuel injection nozzles the drain channels of the
      individual nozzles are connected together by means of T-pieces in the
      drain channel. Individual lines from each of the nozzles to the fuel tank
      are consequently unnecessary. By means of this novel embodiment, i.e. by
      installing the hose coupling members directly on the hose nipple, thereby
      providing the T-configuration, the conduits may be desirably shortened,
      which leads especially to the advantage of fewer free-hanging conduits,
      along with fewer places for possible leaks exist.
PAR  In an additional important embodiment of the present invention, a recess
      incorporating the tubular socket is disposed on the nozzle holder. This
      recess is sufficiently large so that when the nozzle is attached to an
      internal combustion engine by means of a hollow screw or the like, the
      hollow screw is unobstructedly displaceable past the tubular socket over
      the recess from the side of the nozzle facing away from the internal
      combustion engine, which presents a considerable technical advantage in
      mounting.
PAR  According to a further development of this embodiment, the recess has two
      surfaces substantially perpendicular to one another and oblique to the
      longitudinal axis of the nozzle. The tubular socket protrudes from that
      one of the surfaces facing the internal combustion engine so that the
      affixed hose nipple abuts the other surface with its longitudinal side at
      least along its portion turned toward the tubular socket. The hose nipple
      is secured against displacement by a device disposed on the nozzle holder.
      A resilient washer positioned on the nozzle holder in the vicinity of the
      recess serves advantageously as the device for keeping the hose nipple in
      place.
PAR  A substantial advantage in the novel embodiments results from the fact that
      the hose nipple may be produced of a synthetic material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial longitudinal view of an illustrative embodiment of a
      nozzle arrangement according to the present invention, a nozzle holder
      with its associated tensioning ring and hose nipple being shown in cross
      section.
PAR  FIG. 2 is a top view partially in section of the injection nozzle
      arrangement of FIG. 1 from the side facing away from an internal
      combustion engine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An illustrative embodiment of a fuel injection nozzle arrangement according
      to the present invention, as shown in FIGS. 1 and 2, includes a nozzle
      holder 1, partially shown. The nozzle holder 1 is fixed to an internal
      combustion engine (not shown) by a tensioning screw 2 and a resilient
      washer 3 in a conventional manner.
PAR  A conduit leads to the interior (not visible) of the nozzle holder 1, the
      interior including a tubular socket 4 which serves as a connecting
      fixture, in the form of a plug, onto which there is mounted a hose nipple
      5. Between the tubular socket 4 and the hose nipple 5 there is provided an
      O-ring 6 for the purpose of sealing. The O-ring 6 is carried in a ring nut
      7 of the hose socket 4.
PAR  The nozzle holder 1 has a recess 8 in its portion incorporating the tubular
      socket 4, the recess having surfaces 9 and 10 disposed perpendicularly to
      one another. The tubular socket 4 protrudes from the surface 10, and the
      hose nipple 5 abuts the surface 9 with its longitudinal side when it is
      mounted on the tubular socket 4. In order to prevent the sliding off of
      the hose nipple 5 from the tubular socket 4, a resilient washer 11 is
      provided on a tapered section of the nozzle holder 1. Because the surface
      9 is oblique to the nozzle axis, the resilient washer 11, abutting the
      surface 9, presses in the direction of the tubular socket 4, holding the
      hose nipple 5 onto the surface 10.
PAR  As visible in FIG. 2, the hose nipple 5 has two hose coupling members 12
      onto which are affixed hoses 13 constituting the drain channels leading
      either to a fuel tank or to another fuel injection nozzle. Only one of the
      hoses 13 is shown for clarity.
PAR  The recess 8 and the tubular socket 4 are developed in such a manner that
      upon removal of the hose nipple 5, the tightening screw 2 may be drawn
      past the recess 8 without obstructing or touching the tubular socket 4.
PAR  As illustrated, the tubular socket 4 is integral with the nozzle holder 1.
      It is to be understood, however, that tubular socket 4 and the nozzle
      holder 1 could be made of separate parts. The tubular socket could be
      soldered to the nozzle holder 1. The tubular socket 4 could be fastened to
      the hose nipple 5 and inserted in a bore of the nozzle holder 1.
PAR  It is to be understood that the foregoing description and accompanying
      drawings are given by way of example. Numerous variants and other
      embodiments are possible without departing from the spirit and scope of
      the invention, the scope being defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injection nozzle arrangement for internal combustion engines
      comprising, in combination:
PA1  a. a nozzle holder;
PA1  b. a hose serving as a fuel supply conduit;
PA1  c. a tubular socket connected to and extending outwardly from a surface of
      said nozzle holder and adjacent to an abutment surface of the nozzle
      holder;
PA1  d. a hose nipple forming connection means between said nozzle holder and
      said hose, said hose nipple including an affixable portion having a bore
      within which the tubular socket is received for mounting the hose nipple
      to the nozzle holder and an outer surface which is at least coextensive
      with said bore and is substantially parallel to the abutment surface when
      the hose nipple is mounted to the tubular socket, said hose nipple
      engaging the abutment surface when mounted to the tubular socket to
      provide a secure fit of the hose nipple to the nozzle holder;
PA1  e. a sealing means positioned between an internal surface of said bore and
      an opposing surface of said tubular socket; and
PA1  f. at least one hose coupling member coupled to said affixable portion.
NUM  2.
PAR  2. A fuel injection nozzle arrangement as defined in claim 1, wherein said
      tubular socket is fixed to said nozzle holder, and said sealing means is
      an O-ring positioned between said opposing surface of said tubular socket
      and said internal surface of said hose nipple.
NUM  3.
PAR  3. A fuel injection nozzle arrangement as defined in claim 2, wherein said
      O-ring is carried within said hose nipple.
NUM  4.
PAR  4. A fuel injection nozzle arrangement as defined in claim 1, wherein said
      sealing means comprises an O-ring carried within said hose nipple.
NUM  5.
PAR  5. A fuel injection nozzle arrangement as defined in claim 1, wherein said
      at least one hose coupling member comprises two hose coupling members
      arranged on said hose nipple, said hose coupling members and said hose
      being arranged in a I-configuration.
NUM  6.
PAR  6. A fuel injection nozzle arrangement as defined in claim 1, wherein said
      hose nipple is made of synthetic material.
NUM  7.
PAR  7. A fuel injection nozzle arrangement for internal combustion engines
      comprising, in combination:
PA1  a. a nozzle holder including a recess;
PA1  b. a hose serving as a fuel supply conduit;
PA1  c. a tubular socket extending outwardly from a surface of said nozzle
      holder;
PA1  d. connection means between said nozzle holder and said hose, said
      connection means including an affixable hose nipple positioned over said
      socket;
PA1  e. a sealing means positioned between an internal surface of said hose
      nipple and an opposing surface of said tubular socket; and
PA1  f. at least one hose coupling member coupled to said affixable hose nipple,
      said tubular socket being disposed within said nozzle holder recess.
NUM  8.
PAR  8. A fuel injection nozzle arrangement as defined in claim 7, including a
      hollow threaded member positioned about said nozzle holder for affixing
      said nozzle holder to an internal combustion engine, said hollow threaded
      member being displaceable unobstructedly by said tubular socket and past
      said recess from a side of said nozzle holder which is to face away from
      said internal combustion engine.
NUM  9.
PAR  9. A fuel injection nozzle arrangement as defined in claim 7, further
      including displacement limiting means, and wherein said recess has two
      surfaces extending substantially perpendicular to one another and
      obliquely to the longitudinal axis of said nozzle holder, said tubular
      socket protruding from that one of said two surfaces which is to face said
      internal combustion engine so that said hose nipple abuts the other one of
      said two surfaces with at least a portion of its longitudinal side turned
      towards said tubular socket, said hose nipple being fastened on said
      nozzle holder by said displacement limiting means.
NUM  10.
PAR  10. A fuel injection nozzle arrangement as defined in claim 9, wherein the
      displacement limiting means comprises a ring member positioned about said
      nozzle holder so as to hold said hose nipple in said recess.
NUM  11.
PAR  11. A fuel injection nozzle arrangement for internal combustion engines
      comprising, in combination:
PA1  a. a nozzle holder;
PA1  b. a hose serving as a fuel supply conduit;
PA1  c. a tubular socket extending outwardly from a surface of said nozzle
      holder;
PA1  d. connection means between said nozzle holder and said hose, said
      connection means including an affixable hose nipple positioned over said
      socket;
PA1  e. a sealing means positioned between an internal surface of said hose
      nipple and an opposing surface of said tubular socket;
PA1  f. at least one hose coupling member coupled to said affixable hose nipple;
      and
PA1  g. a resilient member positioned between an external surface of said nozzle
      holder and an external surface of said hose nipple for pressing said hose
      nipple against a surface of said nozzle holder which radially surrounds
      said tubular socket.
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ABST
PAL  A sealing means for attaching a conventional garden hose to a 55 gallon
      drum, or similar container, having a plurality of nestingly interrelated
      parts to ensure easy and rapid sealing connection of the hose to the drum.
      A flared sleeve is positioned through an aperture in a wall of the drum,
      annular means are provided on both sides of the drum wall adjacent the
      aperture, and a plurality of Allen screws secure the various parts in
      sealing relationship. Conventional garden hose clamp means are used to
      clamp a garden hose to the exteriorly protruding portions of the sealing
      means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The following prior U.S. patents are believed to be exemplary of prior
      activity in this field of endeavor: the Baldwin U.S. Pats. (No. 1,885,042,
      issued Oct. 25, 1932) and Burvenick (No. 1,896,028, issued Jan. 31, 1933)
      patents disclose metal-to-metal sealing contacts including overlapping
      members; the Kennedy (No. 2,180,960, issued Nov. 21, 1939) patent
      discloses the use of a cementitious material to first act as a lubricant
      and then harden to accomplish the sealing function, U.S. Pat. Nos. the
      Krohm (No. 2,793,912, issued May 28, 1957) patent discloses a sealing
      arrangement whereby a nozzle means may be rotationally re-positioned after
      sealing is attained; and, the Mullings (U.S. Pat. No. 3,486,523, issued
      Dec. 30, 1969) patent discloses shaped sealing means positionable in one
      of a plurality of apertures in a given container.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of my invention are the following:
PAR  1. To provide an inexpensive kit to a purchaser that will assure him of
      strong sealing contact when he attaches a garden hose to a drum or similar
      container.
PAR  2. To provide a flared sleeve, flat annular member, conical gasket, and
      second sleeve means fixable in position by fastening means to provide a
      sealed coupling for a hose to a drum.
PAR  3. To further provide a pair of Allen-screws threadable into mating
      apertures in the respective sleeve means to accomplish the desired seal.
PAR  4. To also provide in the purchaser's kit a conventional garden hose clamp
      to provide a complete "package" with all necessary items.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a drum and hose attached together in an "in
      use" position.
PAR  FIG. 2 is a cross-sectional view, on an enlarged scale, showing the
      positions of the various parts in their "use" positions.
PAR  FIG. 3 is a similarly enlarged exploded view of the various sleeve, annular
      members, and fastening means, showing their direction and order of
      assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PA1  In the drawings, reference numeral 10 denotes the overall device in an "in
      use" position. A 55 gallon barrel, or similar container, is represented by
      reference character 12, supported by a platform 14, or comparable support.
      A conventional garden hose, or similar hose means, is denoted by 16. My
      device, in general, is referenced by 18 in FIG. 2.
PAR  In the connected view of FIG. 2, and in the exploded view of FIG. 3, the
      parts are denoted as follows:
PAR  20 is a flared tubular sleeve which is preferably of metal, but could be
      made of a strong plastic, or similar material.
PAR  22 is an annular member fitting between the flared end 21 of sleeve 20, and
      an interior wall portion 24 of drum 12. This annular member may be of
      conventional design with appropriate sealing qualities.
PAR  26 is a smooth bored, elongated gasket, preferably of rubber or of a
      plastic of rubbery consistency. The smooth bore snugly receives the
      outside diameter of sleeve 20. The exterior of 26 (as best seen in FIG. 3)
      has a generally conically-tapered exterior, 28, with the taper pointing
      toward the flange 21 of 20, in use.
PAR  30 represents a second sleeve means which, as illustrated, is also flanged;
      however, this second sleeve 30 need not be flanged, as will be readily
      apparent from the additional fastening means described below.
PAR  Sleeve 30 has a plurality of threaded apertues, 32-32, preferably two
      diametrically located apertures, as illustrated in FIGS. 2 and 3, which,
      when in use, mate with two diametrically located threaded apertures,
      34-34, in sleeve 20. Allen type setscrews 36-36 are threaded through the
      threaded apetures 32 and 34 when my device is in the "in use" position.
      Further, the location of the respective pairs of threaded apertures is
      such that 20 and 30 must be forced together, to align these threaded
      apertures 32 and 34; and, in so doing, the tapered gasket 26 is "squeezed"
      therebetween, thus forcing a sealing fit against an exterior wall portion
      36 of drum 12.
PAR  A conventional hose clamp, shown at 38 in each of FIGS. 2 and 3, may be
      used to affix a garden hose, or other hose means, 16, to my attachment
      device.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a container having an opening in the peripheral wall
      thereof, a flexible hose, and a nipple connecting the hose to the
      container, said nipple comprising an inner cylindrical sleeve extending
      through the opening and having an outwardly flared inner end disposed
      interiorly of the container, an annular seal member interposed between the
      flared end of the inner sleeve and the container in peripherally enclosing
      relation to the opening for sealing the inner sleeve with respect to the
      opening, an outer cylindrical sleeve telescoped over the inner sleeve and
      disposed externally of the container, an elongated gasket of resilient
      material encircling said inner sleeve and disposed between the outer
      surface of the wall of the container and the outer sleeve, each of said
      sleeves having radial screw threaded openings therethrough, set screws
      threaded through said openings in the sleeves and maintaining the sleeves
      in predetermined longitudinal relationship, the length of said gasket
      being normally greater than the distance between the container and the
      inner end of said outer sleeve when the set screws are positioned through
      the openings whereby the gasket is maintained in compressed condition in
      sealed relation to the wall of the container peripherally of the opening,
      said hose being telescoped over and secured to the outer sleeve.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein the outer ends of the
      sleeves coincide, said hose overlying the openings and set screws for
      concealing same, and a hose clamp encircling the hose and disposed in
      overlying relation to the openings and set screws to retain the set screws
      in place.--
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ABST
PAL  An expansion joint is described comprising a flexible, metal-free tubular
      connector having corners and sides, said connector joining the end of
      adjacent ducts, and with each corner comprising a central section and two
      expansion sections. As the expansion joint expands and contracts, the
      central and expansion sections of each corner extend and retract, changing
      in shape to accommodate the joint movement and to prevent stress
      concentrations at corners.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention herein relates to tubular connectors, commonly referred to as
      "expansion joints," which serve to join the spaced-apart adjacent ends of
      two sections of air or other gas duct-work.
PAR  The use of expansion joints allows for relative movement of the two
      sections of ductwork in a longitudinal, rotational or lateral direction or
      simultaneously in any direction. Such expansion joints thus allow for the
      movement which is due to heating and cooling of ducts, vibration which may
      occur, and misalignment in duct installation.
PAR  2. Description of the Prior Art
PAR  Many kinds of expansion joints have been used at one time or another in
      industrial and commercial installations. Until recently most comprised a
      fabric section to which were joined metal angle irons forming flanges on
      the outer extremities of the joint. These metal flanges were attached to
      corresponding flanges on the adjacent ends of the duct sections to be
      joined. Typical metal flanged expansion joints have been marketed
      commercially by the Johns-Manville Corporation under the trade designation
      of Models "A-250" and "B-500."
PAR  The use of such metal flanges increases the weight and complexity of the
      expansion joint. Consequently, recently there was developed an expansion
      joint in which the flexible fabric of the joint itself attaches to the
      flanges of the ductwork, thus simplifying both the construction of the
      expansion joint and installation, and substantially reducing the weight
      and expense of the typical expansion joint. These recently developed
      expansion joints are shown in U.S. Pat. No. 3,647,247 to Pintard and
      Mollick. Such expansion joints have found considerable success in the
      marketplace.
PAR  The expansion joints described in the aforecited patent have, however, been
      found to be susceptible to failure at the corners thereof. To overcome
      this, corner reinforcements, both fabric and metal, have at times been
      used with such expansion joints. Incorporation of such reinforcements,
      however, is not desirable for it reduces the expansion joint's advantages
      by once again increasing the cost of production and adding to the
      complexity of the finished expansion joint. Further, the use of such
      reinforcements has not entirely solved the problem of failure of the
      expansion joints at the corners.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to describe an expansion joint
      which is simple in construction, requires no corner reinforcement and may
      be attached directly to the ductwork without the use of metal flanges on
      the expansion joint.
PAR  It is further an object of this invention to describe an expansion joint
      which may be readily and simply fabricated.
PAR  It is further an object of this invention to describe an expansion joint
      which may be operated in both positive and negative pressure regimes.
PAR  It is further an object of this invention to describe an expansion joint
      which may be attached to the duct ends other than by flange structures.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention herein comprises a flexible expansion joint having no metal
      flanges, and being useful for joining the ends of adjacent ducts. The
      expansion joint comprises a tubular connector which has a specific
      configuration including a plurality of corners; a plurality of sides, each
      of which connects two of the corners, and has a base; and terminal end
      portions adapted to mate with the ends of the ducts. Each of the corners
      comprises a central section embodying one corner extremity of the
      expansion joint and two expansion sections. The latter are each positioned
      between and abutting the central section and one of the sides. The central
      section and each of the expansion sections comprise cooperative means for
      permitting axial movement (extension and contraction) and rotation of the
      connector while maintaining a constant surface area of the corner. In a
      preferred embodiment, the central section has two lateral portions which
      meet at a joint line which extends to an actual corner extremity of the
      joint. Each of the expansion sections has a configuration comprising a
      center line coplanar with the plane of the base of the side of the joint
      which the other expansion section in the corner abuts; slope portions
      meeting at and extending from the center line to the extremities of the
      expansion section; and two ends, each of which is joined to a respective
      end of the central section and the other expansion section at the
      intersection of the bases of the two sides meeting at the corner. During
      movement of the connector each of the expansion sections varies in breadth
      but maintains a constant surface area and surface length, and the rate of
      change of curvature of the center line of the expansion section is greater
      during extension or contraction of the joint than is the rate of change of
      curvature of the side of the joint adjacent to the expansion section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a typical rectangular expansion joint
      of the present invention in installed position in a typical air duct. A
      small portion of one corner of the expansion joint is shown cut away to
      more clearly illustrate the construction of the joint.
PAR  FIG. 2 is an enlarged perspective view of one corner of the expansion joint
      of FIG. 1, showing in detail the cut-away section.
PAR  FIG. 3a and 3b are, respectively, perspective and elevation views of one
      corner illustrating graphically the respective planes, angles and
      dimensions referred to herein.
PAR  The pairs of FIGS. 4 and 4a, 5 and 5a, and 6 and 6a illustrate the
      variation in shape of the several portions of a single corner as the
      expansion joint moves from a relatively contracted position through an
      intermediate position to a relatively expanded position. FIGS. 4, 5 and 6
      are sectional views taken on, respectively, section lines 4--4, 5--5 and
      6--6 of FIGS. 4a, 5a and 6a. The degrees of movement and angular change
      are exaggerated to illustrate the operation more clearly.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  The specific structure of the expansion joint of the present invention can
      be best understood by reference to the several figures of the drawings. In
      FIG. 1 a rectangular expansion joint generally designated 2 is shown
      installed between adjacent duct sections 4 and 6. The duct sections are
      shown partially in phantom and it will be understood that each has a
      terminal end to which an end of the expansion joint is joined. Normally
      the attachment will be by means of flange-to-flange coupling, as shown in
      the Figures. However, other attachment means can be employed, as long as
      the particular means chosen does not require modification of the novel
      expansion joint structure which is the subject of this invention. The
      construction of the ductwork itself is conventional and does not form a
      part of the present invention. In the drawings and description herein, the
      tubular expansion joint of this invention and the associated ductwork are
      shown and referred to as rectangular or square, i.e. having four
      right-angled corners. However, the structure of the expansion joint
      described herein is applicable to any ductwork and expansion joint
      configuration having a plurality of sides and corners, for instance three,
      four, five, six or more. The sides need not be the same length nor need
      any two sides be parallel. However, the two adjacent ducts must have the
      same configuration, or at least the end portions to which the expansion
      joint is connected must have the same configuration, so that each corner
      is symmetrical about a transverse plane through the center of the width of
      the expansion joint. While the expansion joint herein is shown as having
      90.degree. corners, it will be understood that each corner of the
      expansion joint will conform in angle to the angle of the particular
      corner of the ductwork to which it is adjacent. Thus, a particular corner
      could include an angle of 120.degree. if the ductwork were an equilateral
      triangle shape or 72.degree. if the ductwork were a regular pentagonal
      shape, and so forth.
PAR  Referring to FIGS. 1, 2, 3a and 3b, it will be seen that the expansion
      joint in the rectangular embodiment shown comprises four corners
      respectively designated 8, 10, 12 and 14, and four sides respectively
      designated 16, 18, 20 and 22. For the purposes of this invention, the
      portion designated as a "corner" will be that portion extending as
      indicated in FIG. 3b and that the portion designated as a "side" will be
      the remaining portion lying between successive corners. At each width
      extremity of the expansion joint is an upturned flange portion designated
      24 or 26. Each of these flange portions mates respectively with a
      corresponding flange portion of the ductwork designated 28 and 30. Since
      the flanges 24 and 26 are of the same flexible material as the expansion
      joint itself, their attachment to the flanges 28 and 30 of the ductwork is
      usually aided by use of clamping bars 32 and 34. Attachment is
      conventionally by nuts and bolts 36 although studs or other attachment
      means may also be used.
PAR  Thus far, the construction and installation of the expansion joints of this
      invention follow closely the disclosures of the aforesaid Pintard and
      Mollick patent. The heart of the present invention, however, resides in
      the novel and unobvious corner structure to be described below. The corner
      structure is best understood by reference to FIGS. 2, 3a and 3b. In FIGS.
      2 and 3b the corner will be seen to be comprised of central section 38 and
      two expansion sections 40 and 42.
PAR  It will be helpful to refer to FIGS. 3a and 3b for a description of the
      various angles and dimensions to be discussed. Angle A is the corner angle
      of the corner in question. Angle B is the angle between the planes 44 and
      46, the extended planes of the bases of the two adjacent sides 16 and 22.
      As seen most clearly in FIG. 3a, sides 16 and 22 each have a generally
      cylindrical shape with the "base" being the longitudinal cutting plane
      which defines a segment of the cylinder. Other cross-sectional shapes of
      sides may also be suitable, with appropriate changes in the
      cross-sectional shape of the corners, as long as the functional structure
      of the corners is not adversely affected. In such cases the planes 44 and
      46 are defined by the edge lines of the sides passing through points X and
      Y. Angle B is the angle of intersection of these two base planes at points
      X and Y. (Point Y lies on the opposite side of the corner in FIG. 3b,
      directly behind point X.) Angle C is the angle of the expansion section.
      (Since the principle of operation of each expansion section is the same,
      only dimensions and angles for one such section will be described. Note
      that in some cases where the adjacent sides are of different sizes the
      actual numerical values of the angles and dimensions of the two expansion
      sections of each corner will be different, but the operation of the two
      sections will be alike.) Dimension D is the projected height of one side
      from the base plane (in this case plane 44). Dimension E is the projected
      breadth of the expansion section. Contrasted with this is Dimension L,
      which is the surface length of a cross section of the crowned portion of
      the expansion section. Angle F or Angle G is the angle of projection of
      the corner, from points X and Y to the corner extremity along joint line
      45. The shape of the corner can be defined by designation of either Angle
      F or Angle G, and the other will be determined by difference from Angle B.
      Preferably Angles F and G are equal, so that Dimension D of side 16 is the
      same as Dimension D of side 22. Throughout the specification and drawings
      herein, primed and double primed letters will be used to designate the
      various angles and dimensions in different expansion and contraction
      positions of the expansion joint. It will be noted that throughout
      ordinary expansion and contraction of the expansion joint, the Angle B
      will remain unchanged. Since it is a function of the fixed shape of the
      ductwork, lateral offset of the two adjacent duct ends will rotate planes
      44 and 46 in the longitudinal direction but will not alter the transverse
      angle of intersection B. Neither will points X and Y cease to be
      intersection points, although their lateral and/or longitudinal spacing
      may vary.
PAR  The ends of the various segments of the corner construction of the
      expansion joint of this invention all meet at and radiate respectively
      from points X and Y as shown in FIGs. 4a, 5a and 6a. It will be
      recognized, of course, that the planes 44 and 46 exist only as spatial
      relationships and do not, in fact, constitute physical structures. The
      actual side or wall segment will be a curved surface having the thickness
      of the layers of flexible material used, as best shown in FIG. 6.
PAR  Corner section 38 will, when the expansion joint is fully contracted,
      having a projected transverse corner angle A equal to the corner angle of
      the duct. Thus, in FIG. 4, corner angle A is shown as a 90.degree. angle
      and the sides 48 and 50 of corner section 38 appear as extensions of sides
      16 and 22 respectively. By "fully contracted" as used herein is meant the
      position of the expansion joint when the two adjacent ends of the ducts
      are at their minimum design separation. Similarly, by "fully extended" is
      meant that position of the expansion joint when the duct ends are at their
      maximum longitudinal design separation. The term "intermediate extension,"
      of course, refers to a position of the expansion joint intermediate the
      maximum and minimum longitudinal design separations of the duct ends.
PAR  When the expansion joint is fully contracted, as shown in FIGS. 4 and 4a,
      the height D of the sides of the expansion joint is at a maximum. Each of
      the expansion sections 40 and 42 is at its maximum width E. Each of the
      expansion sections comprises two slope portions 52 and 54 which are of
      equal length (1/2 L) and meet at center line 56. Slope portions 52 and 54
      will usually contain a slight excess of material so that they generally
      form a hump or crown rising above the surface of the sides such as 16 and
      22. This forms crown angle C which is the transverse projection of the
      hump formed by slope portions 52 and 54. While it is preferred that there
      be a slight crown even when the expansion joint is fully expanded, a flat
      or smooth configuration is also possible if the expansion section is
      molded so as to have a "memory." This is obtained by molding the corner
      with a slight crown in an intermediate extension condition, so that later
      contraction will induce a small stress in the expansion section which will
      cause it to resume the crowned configuration upon subsequent extension.
PAR  The expansion joint of this invention achieves its notable success by
      cooperation of the three sections of the corner. Thus as the expansion
      joint begins to extend, the three sections each contract in breadth. The
      expansion sections contract and the crown angles become more acute. This
      is illustrated in FIGS. 5 and 6, showing respectively an intermediate
      stage of extension and the maximum extension. It will be seen clearly that
      angle C" is more acute than angle C' which is in turn more acute than
      angle C. Similarly, the dimension E is greater than dimension E' which in
      turn is greater than dimension E", although dimension L (and the
      corresponding surface area and surface length of the corner section) is
      not changed. The corner angles A, A' and A" show a successive increase in
      acuteness while the dimensions D, D' and D" show a successive decrease in
      the radial height of each side. Further, corner extremity 58 no longer
      lies in a plane with the sides 16 and 22 but extends outwardly therefrom.
      However, the center line of each of the expansion sections continues to
      lie in the plane 44 or 46 and the angle B remains unchanged. Also the
      projected angles F and G remain unchanged. Contraction of the expansion
      joint reverses the above procedure as to each angle and dimension until
      the configuration shown in FIG. 4 is resumed.
PAR  It will thus be seen that the novel corner structure described herein
      permits free expansion and contraction of the expansion joint and
      eliminates stresses and distortions in the corner portions by the
      cooperation of the central section and expansion sections as "material
      reservoirs" to provide additional material for expansion of the joint and
      to take up the excess material during contraction. Because of the flexible
      nature of the connector, a limited amount of rotational movement can also
      be accommodated. The stresses, bulges, folds and the like found in corner
      structures of prior art in expansion joints, and which lead to the rapid
      failure of the corners of those expansion joints, are thus entirely
      eliminated. The corners of the present expansion joint are thus no more
      susceptible to failure than any other portion of the expansion joint and
      the corners, therefore, need not have any special reinforcement or other
      external protective means.
PAR  The expansion joint herein may be composed of any of a wide variety of
      flexible sheet fabric materials. These may include various coated or
      uncoated woven fabrics, rubbers or other elastomeric materials, flexible
      metal foils, glass cloths, wire mesh cloths and the like. The particular
      material chosen will be dependent upon the type of service into which the
      expansion joint is to be placed. Those expansion joints which are used in
      ductwork handling high-temperature gases will, of course, be made of
      materials resistant to the temperatures encountered. Similarly, for those
      expansion joints used in ductwork wherein the gas conveyed contains
      abrasive or corrosive particles of liquids or solids, or where the gas
      itself is corrosive, the particular flexible fabric used will be one
      resistant to the particular corrosion or erosion to be encountered.
      Typical of the many fabric materials which may be used are asbestos cloths
      coated with polychloroprene rubbers ("Neoprene"), fluoroelastomers (e.g.,
      "Viton"), and hydrocarbon rubbers ("Nordel"). This list is not meant to be
      inclusive but rather merely exemplary. Those skilled in the art will be
      well aware of the many suitable types of flexible fabrics which may be
      utilized to form the expansion joints of the present invention and the
      service conditions under which each particular fabric is most
      appropriately used.
PAR  A tubular connector for expansion joints of the type described above having
      a 3 feet by 3 feet rectangular opening can be formed from a sheet material
      comprising asbestos cloth coated with Viton fluoroelastomer having a
      nominal thickness of one-eighth inch. When connected to a simulated duct
      system having cycling means so as to move the adjacent duct sections
      toward and away from each other to simulate the effect of temperature
      change in service, and under the following operating conditions:
     internal pressure                                                         

                      3 psi                                                    

     leakage test pressure                                                     

                      3 psi                                                    

     system temperature                                                        

                      400.degree.F                                             

     cycle            one cycle every 150                                      

                      seconds to simulate                                      

                      change from ambient                                      

                      temperature to 400.degree.F                              

PAL  a satisfactory tubular connector will function without leakage for at least
      10,000 cycles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible expansion joint for joining the ends of spaced-apart adjacent
      ducts, which comprises:
PA1  a. a tubular connector having a specific configuration which includes: a
      plurality of corners; a plurality of sides each of which connects two of
      said corners; and terminal end portions adapted to mate with the facing
      ends of said ducts; and
PA1  b. means comprising a center section and two adjacent expansion sections
      incorporated in each of said corners with each of said sections extending
      axially of the connector to permit axial movement of said connector while
      maintaining a constant surface area of said connector.
NUM  2.
PAR  2. The expansion joint of claim 1 wherein said center section and said
      expansion sections cooperate to permit said axial movement.
NUM  3.
PAR  3. A flexible expansion joint for joining the ends of spaced-apart adjacent
      ducts, which comprises:
PA1  a. a tubular connector having a specific configuration which includes: a
      plurality of corners; a plurality of sides, each of which connects two of
      said corners, and has a base; and terminal end portions adapted to mate
      with said ends of said ducts;
PA1  b. each of said corners comprising:
PA2  i. a central section embodying one corner extremity of said expansion
      joint; and
PA2  ii. two expansion sections, each positioned between and abutting said
      central section and one of said sides, and each having a configuration
      comprising a center line coplanar with the plane of said base of the side
      of said joint which the other expansion section in said corner abuts;
      slope portions meeting at and extending from the center line to the
      extremities of said expansion section; and two ends, each of which is
      joined to a respective end of said central section and said other
      expansion section at the intersection of said bases of said sides meeting
      at said corner; and wherein
PA1  c. during extension or contraction of said connector each of said expansion
      sections varies in breadth but maintains a constant surface length, and
      the rate of change of curvature of said center line of said expansion
      section is greater during extension or contraction of said joint than is
      the rate of change of curvature of the side of said joint adjacent to said
      expansion section.
NUM  4.
PAR  4. The expansion joint of claim 3 wherein said tubular connector is
      comprised essentially completely of flexible sheet fabric material.
NUM  5.
PAR  5. The expansion joint of claim 3 wherein said tubular connector has a
      substantially rectangular shape.
NUM  6.
PAR  6. The expansion joint of claim 3 wherein said tubular connector has a
      substantially square shape.
NUM  7.
PAR  7. The expansion joint of claim 3 wherein said expansion sections are of
      substantially equal dimensions.
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ABST
PAL  Porous, tubular core sections coated with a semipermeable membrane are
      joined at their ends by a simplified coupling member. Each coupling member
      or connector comprises a cylindrical flange member having circularly
      barbed or serrated nipples which fit tightly into the ends of bores of
      adjacent core sections. The ends of the cores abut against the circular
      part of the coupling member. Surrounding the joint thus formed is a
      flexible, elastomeric sealing sleeve. The nipples on the coupling member
      are axially slotted and have neck parts of a smaller diameter adjacent the
      body part of the coupling member providing annular openings between these
      neck parts and the bores of core members permitting continuous flow of
      permeate and cleaning solution without there being appendages, cavities,
      or pockets in which permeate or cleaning solution could be trapped.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates primarily to the construction of joints or the
      joining of ends of porous tubular core members having semipermeable
      membranes on the surface thereof. The invention is adaptable to many types
      of apparatus wherein separating membranes are utilized for separation of
      materials from a fluid. It has adaptability to membrane separation cells
      of reverse osmosis machines and the exemplary form of the invention as
      described in detail herein is embodied in that type of machine. The
      invention is adaptable in membrane separation apparatus where other fluids
      are involved, such as food processes, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  One type of membrane separation cell or module utilizing a porous core
      member carrying a membrane is shown in U.S. Pat. No. 3,400,825. A
      generally similar type of cell constructed of core sections joined
      together is shown in U.S. Pat. No. 3,768,660. In this patent, end fittings
      are employed in the ends of core sections. These fittings are joinable by
      way of bayonet slot type joints.
PAR  The herein invention resides primarily in improvements in means for joining
      and sealing core sections coated with membrane. Improved, simplified
      connectors or coupling members are provided for joining the core sections
      with improved sealing means, particularly in the form of an elastomeric
      sleeve which fits over the joint between the connector and the ends of the
      core sections.
PAR  An additional feature of the improved connecting or coupling means as
      described in detail hereinafter is the elimination of appendages in which
      fluid might be trapped. This feature provides a significant capability by
      way of a "clean in place" (CIP) feature. This capability is mandatory and
      imperatively required by the Federal Food and Drug Adminstration on all
      food and drug processing equipment for processing substances which are to
      be used for human consumption.
PAR  In the light of the foregoing brief references to the invention, a primary
      object of the invention is to realize economy of parts and improved
      joining capability and sealing capabilities in the connecting or joining
      of membrane-carrying porous core sections.
PAR  A further object is to facilitate simplified connecting and disconnecting
      capability with respect to such core sections.
PAR  Another object is to realize and provide more effective sealing capability
      with respect to the connected or coupled joints.
PAR  A further object is to provide a simplified and improved means of
      uncoupling joints.
PAR  A further object is to realize in a simplified form a "clean in place"
      (CIP) capability or characteristic in the cell made of connected
      membrane-carrying core sections.
PAR  A further object is to provide an improved connector means of a special
      configuration whereby the CIP capability is realized.
PAR  A further object is to provide an improved connector means as described in
      the foregoing having a universal capability of allowing limited angular
      displacement of flexure of joints between core sections.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and additional advantages of the invention will become
      apparent from the following detailed description and annexed drawings,
      wherein:
PAR  FIG. 1 is an isometric exploded view of a single cell and header of a
      membrane separation machine, such as a reverse osmosis machine having
      multiple cells;
PAR  FIG. 2 is a cross sectional view of the cell and header and part of a
      U-bend tube;
PAR  FIG. 3 is a cross sectional view of the improved connector or coupling and
      sealing between cell core sections;
PAR  FIG. 4 is a sectional view like that of FIG. 3 showing the sealing sleeve
      folded back on itself for one coupling;
PAR  FIG. 5 is a partial sectional view like those of FIGS. 3 and 4 illustrating
      the flow of cleaning solution when cleaning;
PAR  FIG. 6 is a sectional view similar to the views of FIGS. 3 and 4 showing a
      modified form of coupler or connector; and
PAR  FIG. 7 is a view of a tool used for separating coupled sections.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As stated, the invention may be embodied in various types of membrane
      separation cells wherein materials are separated by passage through a
      membrane. The herein invention in its exemplary form is illustrated as
      embodied in a reverse osmosis machine having multiple cells, each of which
      embodies membrane bearing cores which are coupled and sealed together.
      U.S. Pat. No. 3,400,825 shows a basic type of cell for a reverse osmosis
      machine. U.S. Pat. No. 3,768,660 shows a reverse osmosis machine having
      cells made up of core sections coupled together. It is hereby incorporated
      herein by reference.
PAR  FIGS. 1 and 2 of the drawings show a single cell and part of a U-bend tube
      and a header of a reverse osmosis machine of a type shown in U.S. Pat. No.
      3,768,660. Numeral 10 designates a tube sheet which receives the end of
      U-bend 12 in which is positioned one of the membrane carrying cells
      designated generally at 13. Numeral 17 designates a header having mounting
      lugs whereby it can be attached to tube sheet 10 by suitable means. It has
      a body part 18 having a counterbore 19, a smaller counterbore 20, and an
      end bore 22. Bore 22 is in an extending end boss 24 of smaller diameter.
      Body part 18 has an additional similar portion which receives the end of
      another U-bend tube 12' as in U.S. Pat. No. 3,768,660 which is hereby
      incorporated herein by reference.
PAR  Bore 19 is bevelled at its end as shown at 26 to accommodate O-ring 30
      which seals it to tube sheet 10. Header 17 may have an inlet opening that
      is designated at 34.
PAR  In a typical machine of the type referred to, U-bend tubes 12 are connected
      by headers of the type described in a complete array, as in the prior
      patents referred to.
PAR  Membrane separation cell 13 is cylindrical and has a plastic end fitting
      38. The configuration of fitting 38 can readily be seen in FIG. 1. It has
      a cylindrical part 46 having equally angularly spaced ribs 48, the outside
      surfaces of which have a taper as shown at 50. The end part of each rib is
      cut away, forming a square shoulder 52. At the left end of fitting 38,
      there are portions 62, 64, and 66 of progressively smaller diameter. FIG.
      2 illustrates the manner in which fitting 38 fits into header casting 17.
      End part 62 of fitting 38 is in counterbore 20 and abuts against O-ring
      63. Part 64 fits into bore 22. Part 66 is a ribbed nipple that extends
      exteriorly of casting 17. Fitting 38 has a cylindrical bore 72. Its right
      ends extends through tube sheet 10, and it is coupled to the core section
      as will be described, ribs 48 abutting the end of tube 12.
PAR  Membrane separation cell 13 is formed in modular sections as may be seen in
      FIGS. 1 through 6. Each one of the sections in the form of the invention
      shown comprises a cylindrical porous core member which may be made of
      ceramic designated at 76. The porous core member has a bore 78. Numeral
      76' designates another similar modular core member.
PAR  Numeral 82 designates one of the core connectors or couplers. Preferably,
      couplers are made of plastic and have a configuration as illustrated in
      the drawings. Each coupler has a cylindrical flange-like body part 83 from
      which extend in opposite directions nipples as designated at 86 and 86'
      (see FIGS. 3-5). Each of these nipples has circumferential or annular
      ribs, serrations, or barbs 87 and 87'. The nipples have axial end slots 90
      and 90' which extend back to a position adjacent to, but spaced from the
      cylindrical flange part 83. Between the serrated or barb parts of the
      nipple and central part 83 are intermediate parts 92 and 92' which are of
      smaller diameter than bore 78 of a core section. Thus, there is an annular
      space 93 between part 92 of coupler 82 and bore 78 of a core section and a
      similar annular space 93' on the other side of body part 83. These annular
      spaces communicate with the inner ends of slots 90 and 90' for purposes as
      will be described. The barb or serrated end surfaces of nipples 86 and
      86', having the axial slots in them permits deflection or compression of
      the barbed surfaces when the nipples are inserted into the bores of the
      cores, thus accommodating for a variance in core/bore diameter.
PAR  Core sections are coated or covered by separating membrane 100 which may be
      of a type referred to in the previous patents.
PAR  Numeral 106 designates a sleeve made of elastomeric material. Sleeve 106
      occupies a position as illustrated in FIGS. 1, 2, and 3. As may be seen,
      the ends of core sections 76 and 76' are joined by connector or coupler 82
      with a cylindrical body part 83 positioned between the ends of the core
      sections which abut against the cylindrical sections. Sleeve 106 which is
      flexible, bridges the joint between core sections.
PAR  FIGS. 1 and 6 illustrate how core sections are joined together by the
      connectors or couplings into elongated cells or modules which are then
      assembled into U-bend tubes 12 as illustrated in FIG. 2. End fitting 38 at
      one end of the module fits into header 17 as described. As may be seen,
      end fitting 38 fits into the end of tube 12. It has an extending part 46
      having an outside diameter corresponding to the outside diameter of core
      section 76 with its membrane 100. End fitting 38 has a bore 72 with a
      counterbore 88 at the end of a size to receive one of the nipples 86 of
      connector 82 which is the same in construction as connector 82'.
PAR  It will be understood that in the exemplary form of the invention,
      illustratively, a reverse osmosis machine concentrate is on the outside of
      the cores bearing the membranes and permeate is in the bores in the core
      sections and is taken off through the nipples as illustrated at 66.
PAR  One of the unique capabilities of the invention is that ease of coupling
      and uncoupling is realized, the core sections themselves being difficult
      to handle in long lengths. The barbs or serrations on nipples 86 and 86'
      do not damage the bores of core sections when coupling or uncoupling.
PAR  For purposes of uncoupling, the sleeve material which is a material that
      retains its elasticity during extended operating periods is folded back on
      itself as illustrated in FIG. 4. In normal position shown in FIG. 3, the
      sleeve covers the parts of the cores coated with membrane 100. When the
      sleeve is folded back as may be observed, uncoupling may be effected
      merely by withdrawing nipples from their respective bores. For purposes of
      uncoupling, preferably a special tool may be utilized as shown in FIG. 7,
      it being in the form of a pliers having handle members 110 and 112
      pivotally attached together and sharp blades 114 and 116 oriented so that
      they can be positioned to be forced between core ends and side surfaces of
      flange part 83 of the coupling members 82 (see FIG. 4). Blades 114 and 116
      are at the ends of handles 110 and 112 and lie in a plane as shown. Thus,
      coupling is easily performed, and there is a substantial economy in number
      and simplicity of parts. Sleeve 106 when in place acts as a seal,
      preventing the concentrate from entering the interior of the cores except
      by way of permeation through membrane 100.
PAR  An additional, unique capability of the invention is that of being able to
      realize a "clean in place" (CIP) feature. It is imperatively necessary for
      processing any substances which are to be used for human consumption. Such
      a feature is required and specified in respect of all food and drug
      processing equipment by the Federal Food and Drug Administration and all
      dairy associations. The cleaning process consists of circulating a
      cleaning and disinfecting solution through the equipment, in this
      exemplary case, the reverse osmosis unit, to remove any deposits and
      destroy any bacteria. In order to obtain CIP approval, it is necessary
      that the cleaning solution come in contact with all surfaces which
      constitute the flow path or paths and therefore it is imperative that
      there be no appendages to the main flow. As herein used, appendages means
      blind passageways, that is, passages closed at one end, not permitting a
      continuous flow therethrough, or cavities, likewise capable of permitting
      an accumulation of liquid without a continuous flow. The structure and
      technique as described herein eliminates such appendages, pockets, or
      cavities, and has the capability of readily making possible CIP approval
      of the machine.
PAR  FIG. 5 is illustrative of a flow of cleaning solution or fluid. As may be
      seen, it passes through membrane 100 and porous core member 76 and can
      pass into annular space 93' which is in communication with axial slot 90'
      so that solution can flow as shown so that all parts are exposed to it and
      by way of continuous flow without trapping of solution in appendages or
      cavities.
PAR  FIG. 6 shows a slightly modified form of the invention wherein parts which
      are like those of the previous embodiment are identified by the same
      reference character. Connector 82a has a circular body part 83a with
      extending nipples as in the previous embodiment. Side faces 120 and 122 of
      circular part 83a are made to have a spherical contour as shown. The ends
      of core sections 76 and 76' as designated at 124 and 126 are also
      constructed to have a spherical contour complementary to the contour of
      said side faces. As previously stated, the material of sleeve 106 is
      flexible. This contruction permits limited angular movement of one core
      relative to another which is a very desirable capability. Thus, one core
      can be moved into an angular relationship as illustrated in broken lines
      in FIG. 6. This angular bending is permitted by there being limited
      flexibility in end parts of nipples 86 and 86'. The joint is a universal
      joint between cores. Typically, the cores are of a material which is
      basically brittle and hard to handle, particularly when several core
      sections are coupled together to form an elongated cell. It is desired to
      permit flexing of the joints to reduce the possibility of breaking the
      cores during insertion and removal of the cores from the cell pressure
      vessel, like tube 12 shown in FIG. 2.
PAR  From the foregoing, those skilled in the art will readily understand the
      nature and construction of the invention and the manner which it realizes
      and achieves all of the objects as set forth in the foregoing.
PAR  The foregoing disclosure is representative of preferred forms of the
      invention and is to be interpreted in an illustrative rather than a
      limiting sense, the invention to be accorded the full scope of the claims
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coupling means for coupling together sections of porous tubular cores
      having axial bores and having a separating membrane coating the surface
      thereof, the coupling means comprising a connector member having a body
      part configurated to fit between adjacent ends of core sections, the
      connector member having nipples extending oppositely from the body part
      adapted for securement in the ends of the bores of adjacent core sections,
      the connector member having an axial bore therethrough and said nipples
      being configurated to seal the joints between the connector member and
      adjacent ends of core members, each of said nipples having circumferential
      barbs configurated to provide securement in bores of adjacent core
      sections, there being spaces between barbs inside the bores, axial slots
      formed in the material of the nipples to provide axial communication
      between spaces between barbs whereby cleaning fluid can permeate through a
      core into the spaces between barbs and can then travel axially to the end
      of a nipple or the interior of the axial bore.
NUM  2.
PAR  2. Coupling means as in claim 1, wherein each of said nipples is
      configurated to have a tight sealing but removable friction fit in the end
      of the bore of the adjacent core section.
NUM  3.
PAR  3. Coupling means as in claim 1 including an elastomeric sealing sleeve
      member positioned to bridge over joints between the connector member and
      adjacent ends of core members.
NUM  4.
PAR  4. Coupling means as in claim 3, wherein said sleeve member is sufficiently
      flexible to allow it to be folded back axially whereby to allow the
      connector member to be uncoupled or unjointed from the ends of adjacent
      core sections.
NUM  5.
PAR  5. Coupling means as in claim 2, wherein each of the nipples has a neck
      part of smaller diameter adjacent to the body part so as to provide an
      annular space between the neck part and the bore of the core section, the
      inner ends of said slots communicating with said annular spaces whereby to
      allow continuous flow of cleaning fluid passing through the porous core
      section into the end of said annular space and axial slot.
NUM  6.
PAR  6. Coupling means as in claim 5, including an elastomeric sealing sleeve
      member positioned to bridge over joints between a connector member and
      adjacent ends of core members.
NUM  7.
PAR  7. Coupling means as in claim 1, wherein said body part is in the form of a
      cylindrical flange having flat surfaces against which the ends of adjacent
      core sections abut.
NUM  8.
PAR  8. Connector means as in claim 1, wherein said body part of the connector
      is circular having faces of spherical configuration, the ends of said
      porous cores having complementary spherical configuration whereby limited
      angular movement of a core section relative to a connector is permitted.
NUM  9.
PAR  9. Coupling means for making a coupling to the end of a tubular porous core
      member having an axial bore and having a separating membrane coating the
      surface thereof, the coupling means comprising a connector member having a
      nipple part adapted for securement in the end of the bore of the core
      section, the connector having an axial bore therethrough, the nipple
      having circumferential barbs configurated to provide securement in the
      bore of the core section and there being spaces between barbs inside the
      bore, axial slots formed in the material of the nipple to provide axial
      communication between spaces between barbs whereby cleaning fluid can
      permeate through a core into the spaces between barbs and can then travel
      axially to the end of the nipple.
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ABST
PAL  A latch assembly for holding the doors of trucks and other vehicles in open
      condition, the assembly including a pivotal latch bar having an enlarged
      free end adapted to be received in the recess of a keeper, and a spring
      arm having a free end slidably engaging the bar throughout only a portion
      of the arc of pivotal movement of the bar.
BSUM
PAC  BACKGROUND
PAR  Latch devices are well known for holding the doors of trucks, trailers, and
      other vehicles in open condition. Such a latch commonly consists of a
      latch bar pivotally mounted on a truck body with an enlarged free end
      receivable in the recess of a door-mounted keeper capable of being swung
      into close proximity to the latch bar. A need nevertheless exists for a
      latch assembly which is simple and reliable in structure and operation and
      which includes some means for insuring that the latch bar will not become
      accidentally unlatched as the vehicle moves into position adjacent a
      loading platform, backs through an alleyway, or is shifted relative to any
      building or object. Should the latch release during such operations, there
      is a substantial risk that the door will engage the platform, building, or
      other object and will become crushed, strained, or otherwise damaged.
      Furthermore, should such contact occur, it is evident that the object
      engaged by the door might suffer substantial damage.
PAR  The following patents are illustrative of the prior art: U.S. Pat Nos.
      3,224,802, 3,625,557, 3,063,745, 3,302,966, 2,802,682 and 2,475,223.
PAC  SUMMARY
PAR  This invention relates to a strong, durable, and reliable latch equipped
      with spring means for insuring that the latch bar will remain in its
      latching position despite movement and possible distortion of the vehicle
      body on which the latch assembly is mounted. Specifically, the latch
      includes a leaf spring which is normally untensioned and spaced out of
      contact with the latch bar. Such spacing not only reduces fatigue of the
      spring, thereby increasing durability and reliability, but also
      facilitates grasping of the enlarged free end of the latch bar. Since
      initial movement of the bar occurs before contact with the spring, and
      thus without any resistance from the spring, the bar may be easily grasped
      to commence the lifting movement necessary for a latching operation. As
      the bar is lifted, the spring slidably engages the shank of the bar to
      reduce localized wear and to prevent sharp flexure of the spring which
      might produce spring failure.
PAR  Despite the slidable engagement between the bar and the free end of the
      spring, there is no appreciable danger of disengagement between the parts,
      even if substantial lateral forces should be exerted against the bar,
      because of the considerable width of the spring portion engagable with the
      bar. Stated differently, any forces of sufficient magnitude to shift the
      bar laterally out of engagement with the spring would be of such magnitude
      as to cause permanent damage or destruction to the latch assembly as a
      whole, requiring replacement of that assembly.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a latch assembly in latched condition, the
      assembly being illustrated in relation to a truck body represented in
      phantom.
PAR  FIG. 2 is an enlarged perspective view of the latch assembly showing the
      latch bar in raised condition but out of engagement with the keeper. The
      position of the latch bar in released condition is illustrated in phantom.
PAR  FIG. 3 is another perspective view of the keeper.
PAR  FIG. 4 is a side elevational view of the latch illustrating the range of
      movement of the latch bar before flexing of the spring occurs.
DETD
PAC  DESCRIPTION
PAR  In the drawings, the numeral 10 generally designates a vehicle, such as a
      truck or trailer, having a body portion 11 and doors 12, only one of such
      doors being shown. A latch assembly 13 is provided to hold each door in
      its open condition. The assembly, depicted most clearly in FIG. 2,
      comprises a mounting plate 14, a latch bar 15, a latch-biasing spring 16,
      and a keeper 17.
PAR  For simplicity of manufacture, plate 14 may consist of inner and outer
      plate members 14a and 14b, the outer member 14b being formed to define
      transverse horizontal openings 18 for pivotally receiving the laterally
      projecting fingers 19 at the inner end of the latch bar. The bar itself
      may be machined from solid stock although, in the preferred embodiment
      illustrated, the bar is bent from cylindrical stock or heavy wire. In any
      event, the bar is provided with an elongated shank portion 20, an enlarged
      head portion 21 at the bar's free end, and the laterally projecting pivot
      fingers or pins 19 previously described.
PAR  The enlarged free end portion 21 of the bar is adapted to be received in a
      T-shaped slot 22 in keeper 17 (FIG. 3). The keeper is intended to be
      mounted on door 12, and the latch plate on body 11, as illustrated in FIG.
      1; however, if desired, the orientation may be reversed with the keeper
      mounted on the body and the mounting plate affixed to the door.
PAR  The structure so far described, exclusive of spring 16 and its cooperative
      relationship with latch bar 15, is generally conventional. Spring 16 takes
      the form of a flat leaf spring which, in an untensioned state, extends in
      a vertical plane parallel with mounting plate 14. The upper portion of the
      spring is secured by rivets 23 or by any other suitable means to the upper
      portion of plate 14. It will be observed, however, that a spacer or shim
      24 is interposed between the upper portions of the spring and plate with
      the result that the lower portion of the spring is spaced a substantial
      distance outwardly from the plate and the unlatched bar 15 (FIG. 4). By
      reason of such spacing, the free end 21 of the latch bar 15 may be swung
      outwardly a substantial distance before engagement between the bar and
      spring occurs, as illustrated most clearly in FIG. 4. In general, the
      extent of such free movement should fall within the range of approximately
      2.degree. to 20.degree., the particular angle illustrated in the drawings
      being approximately 10 degrees. Because the spring and bar do not normally
      engage each other when the bar is unlatched, the spring is normally in an
      untensioned or unstressed condition. Of particular significance is the
      fact that the limited distance of free movement of the bar permits a user
      to slip his fingers behind the bar, urging it outwardly into the broken
      line position illustrated in FIG. 4 without resistance from the spring,
      until he is able to obtain a secure grip on the latch bar and raise it
      into its latching position.
PAR  As the bar is raised, the free lower end of the spring arm slidably engages
      the shank 20 of the bar and urges the bar downwardly in opposition to the
      lifting force applied by the user. It is believed evident that when the
      free end 21 of the bar is received within the T-shaped slot of the keeper
      17, spring arm 16 will firmly maintain the bar in its latched position.
PAR  It is to be noted that the free end of the spring arm is curved outwardly
      at 25 to provide a rounded surface for slidably engaging the latch bar
      (FIG. 4). In addition, the spring arm is of considerable width,
      substantially wider than the shank portion of arm 15 which it slidably
      engages. Specifically, the spring arm should be at least twice as wide,
      and as much as 10 times as wide, as the bar's shank portion. Therefore,
      even if lateral forces of substantial magnitude are exerted against arm 15
      in its latched condition, as where distorting forces are applied to door
      12 or forces sufficient to rack body 11 are developed, spring 16 will
      nevertheless remain in contact with the latch bar to hold that bar in its
      latching position.
PAR  While in the foregoing I have disclosed an embodiment of the invention in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of these details may be varied without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A latch assembly including a mounting plate adapted to be affixed to a
      vertical surface, a normally vertical latch bar having an upper end
      pivotally attached to the plate for outward swinging movement of the bar
      in a vertical plane normal to the plate, the bar having an opposite free
      end adapted to be detachably received in the recess of a keeper, wherein
      the improvement comprises
PA1  a vertically-elongated spring arm having an upper end secured to said plate
      substantially above the pivotal attachment of said bar to said plate and
      having a lower end slidably engagable with said bar for yieldably
      resisting lifting movement of the bar's free end and for retaining said
      free end within the recess of said keeper, said spring arm being
      substantially wider than the portion of said bar in slidable engagement
      therewith and having its free end curved away from said bar, said spring
      arm in an untensioned state having its lower end spaced outwardly from
      said bar in the direction of pivotal movement of said bar, whereby, said
      bar may be grasped and swung outwardly a limited distance of free movement
      before slidably engaging said spring arm.
NUM  2.
PAR  2. The assembly of claim 1 in which the limited distance of free movement
      comprises an arc within the range of 2.degree. to 20.degree..
NUM  3.
PAR  3. The assembly of claim 2 in which said arc is approximately 10.degree..
NUM  4.
PAR  4. The assembly of claim 1 in which a spacer is interposed between the
      upper end of said spring and said mounting plate.
NUM  5.
PAR  5. The assembly of claim 1 in which the width of said spring is about 2 to
      10 times the width of the bar portion slidably engageable therewith.
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ABST
PAL  An assembly for releasably locking doors, windows and the like. A lock pin
      movable between locking and unlocking positions is retained by a lock bar
      in both of these positions with the lock bar also preventing removal of
      the lock pin from the assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to locking devices and more particularly the
      invention relates to a locking mechanism for windows, doors or the like.
PAR  As commonly found, some window or door locks employ a turnable cam or latch
      plate adapted to interengage a relatively stationary latch. These
      "locking" components are usually found adjacent the window glass on the
      window frame or sill. From a security standpoint such an arrangement
      leaves room for improvement. Quite obviously unauthorized entry can be
      effected by breaking the glass, reaching in and rotating the locking cam
      clear of the latch.
PAR  In order to secure the locking cam from unauthorized movement various prior
      art devices have been employed. For example, it has been suggested to use
      external padlocks and the like to secure the relatively movable cam plate.
      Yet, this method has its drawbacks in that keys must be kept or
      combinations memorized. A better solution is found in U.S. Pat. No.
      3,413,830. In this patent a latch assembly is disclosed wherein a locking
      device is made integral with the latch mechanism. As described, a feature
      of this invention is the use of rotatable flanges or collars having
      projecting chordal segments that when placed in predetermined angular
      positions permits or constrains axial movement of a locking bolt. The
      position of the locking bolt in turn governs the placing of the apparatus
      in a locked or unlocked configuration. Axial displacement of the lock bolt
      governs movement of a lock pin. However, when the lock pin is withdrawn
      from the apparatus no means is provided for its retention and thus it is
      prone to being misplaced.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is therefore an object of the present invention to provide
      a lockable latch assembly whose operable components remain assembled
      therewith.
PAR  It is another object of the present invention to provide a lockable latch
      assembly utilizing a locking pin that will remain assembled with the
      device without the use of chains or the like.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings wherein similar reference numerals denote similar elements
      throughout the several views:
PAR  FIG. 1 is a front view of the present invention with one part thereof
      attached to a window, and another part thereof attached to the sash. The
      window and sash are shown fragmentarily;
PAR  FIG. 2 is an enlarged cross-sectional view taken on line 2--2 of FIG. 1
      showing the locking pin in the locked configuration;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the apparatus unlocked; and,
PAR  FIG. 4 is a perspective view of the locking pin.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to drawings, there is shown a housing or frame 10 secured to a
      window sash 12 by means of, for example, screws 14. Similarly a frame 16
      is attached to, for example, window frame 18 by means 14.
PAR  Frame 10 comprises a protruding housing 38 generally of rectangular shape.
      The inside surface of housing 38 is formed with a groove 20. Secured
      within groove 20 is a face plate 22 formed with a circular aperture 24. A
      flanged ring 26 is rotatably seated in aperture 24 and is concentric
      therewith. Ring 26 on its outboard face is, preferably, flush with plate
      22 as shown. A second or intermediate flanged ring 28 having shoulder 30
      is rotatably seated in and coaxial with ring 26. Ring 28 is formed with
      central aperture 34 into which projects a chordal section or segment 32
      that is integral with ring 28. Segment 32 is dimensioned to project a
      short distance into aperture 34. A flat washer 36 abuts against the
      rearward face of ring 28 and is formed with an enlarged central aperture
      40 concentric to and sized the same as aperture 34. Washer 36 includes a
      chordal section or segment, not shown, that projects a distance into
      central aperture 40 similar to that distance covered by segment 32. Washer
      36 is connected to flanged ring 26 for rotation therewith, as by a
      peripheral projection of washer 36 received in a notch of ring 26. As is
      apparent from FIG. 2 ring 26 is freely rotatable in aperture 24, and ring
      28 is independently rotatable in ring 26.
PAR  A support block 42 is positioned rearward of the aforesaid rings and is
      attached to the inside of housing 38. Support 42 includes a bore 44
      smaller than and in line with aperture 40.
PAR  A lock bolt 46 on one end includes a knurled knob 48. Knob 48 extends
      through aperture 34 so as to project from the plane defined by the
      outboard faces of plate 22, and rings 26 and 28. An annular recess 50 is
      formed in bolt 46 adjacent to knob 48 and extends in an axial direction
      along bolt 46 a distance to include the thickness of the chordal sections
      of ring 28 and washer 36. Annular recess 50 receives the projected length
      of the two chordal segments so that bolt 46 is not axially movable when
      the segments extend into recess 50. A flat 52 running longitudinally of
      bolt 46 is placed along a peripheral segment thereof. As seen, one end of
      the flat adjoins recess 50. Flat 52 is dimensioned so that when the
      chordal segments are accurately registered angularly with respect to each
      other and the flat, bolt 46 can then slide thereunder from the position of
      FIG. 2 to that of FIG. 3. A limiting groove 54 is formed along a portion
      of flat 52 so as to project radially inward therefrom. A stop 55 is
      secured to support 42 with one portion extending into groove 54. The rear
      end of bolt 46 forms a locking projection 56 that extends through an
      aperture 58 that is formed through intermediate housing wall 60. A
      passageway 62 is included in frame part 10 and has one wall defined by
      intermediate wall 60. Preferably passageway 62 will be perpendicular to
      the bolt 46.
PAR  Lower housing part 16 includes a passageway 64 that is aligned with and has
      a cross section identical with that of passageway 62. A locking bar or pin
      66 has a cross section complementary with passageways 62 and 64 and is
      dimensioned to slide therein. Formed intermediate the ends of bar 66 and
      placed on the front face thereof is an elongated recess or groove 68.
      Bores 70 and 72 are positioned at respective opposed ends of groove 68.
      Bores 70 and 72 are dimensioned so as to slidably receive end bolt part
      56. The length of groove 54 is at least sufficient to permit end 56 to be
      withdrawn clear of either bore 70 and 72, but the groove is not long
      enough to permit end 56 to be pulled free or clear of the groove 68. With
      this construction bolt end 56 remains in groove 68 even when withdrawn
      from the bores so that the extent of upward or downward displacement of
      bar 66, when looking at either FIG. 2 or 3, is determined by the length of
      the groove 68. The groove 68 is long enough to permit bar 66 to be
      withdrawn from passageway 64 as described hereinafter. Bar 66 further
      includes a head 74 extending from the top of housing 38 as shown. The head
      is used for lifting the bar and operating the device as will now be
      described.
PAR  Operation of the assembly can best be understood with reference to, and
      comparison of, FIGS. 2 and 3.
PAR  In FIG. 2 the device is shown locked. That is, lock pin 66 concomitantly
      engages passageways 62 and 64. Both chordal sections are in recess 50 and
      are positioned therein at random orientations with respect to their common
      axis. Thus, normally the chordal section integral with washer 36 and hence
      governed by rotating ring 26 will be oriented other than parallel with
      flat 52. Consequently, the shoulder portion or face of recess 50 opposed
      to the lateral face of this chordal segment will abut against same if one
      pulls outwardly on bolt head 48. End 56 will remain in aperture 72 locking
      bar 66. In the improbable event that the chordal section of washer 36
      happens to be oriented so that flat 52 can slide thereunder, the
      above-mentioned same shoulder portion or face will most likely strike some
      part of chordal segment 32. In this event, the axial displacement of bolt
      46 is still insufficient for end 56 to be fully withdrawn from aperture 72
      and hence bar 66 remains locked.
PAR  To unlock the device rings 26 and 28 are rotated with respect to each other
      so as to place the chordal segment leading edges in line or parallel with
      flat 52. To facilitate this orientation sight lines or indicia 76, 78 and
      80 are inscribed respectively on rings 26 and 28, and plate 22. When the
      indicia form a continuous line the chordal segments will be in line and
      parallel with flat 52. Thus pulling outward on head 48 will cause bolt 46
      to move out as flat 52 passes under the chordal segments. During leftward
      displacement of bolt 46, as seen in FIG. 3, stop 55 abuts against the
      right or inner end of limiting groove 54 thereby limiting travel of the
      bolt. The axial length of groove 54 in conjunction with stop 55 and groove
      68 compels end 56 to remain in the groove 68 while being clear of aperture
      or bore 72. Bar 66 can now be removed from passageway 64 by pulling on
      head 74. Since end 56 is constrained to remain in groove 68 the upward, or
      for that matter downward displacement of bar 66 is limited by engagement
      between end 56 and the opposed ends of groove 68. When end 56 is inserted
      in aperture 70 the device can be maintained with bar 66 up in the unlocked
      configuration.
PAR  Indentations 82 may be formed on the outboard face of rings 26 and 28 to
      aid in their rotation and hence facilitate orientation of the chordal
      segments. It will be readily appreciated that not only will the inventive
      device find application in doors and windows, but utility can be found in
      other lockabel closures where it may be necessary to prevent accidental
      locking, for example where children play.
PAR  While only a single embodiment of the present invention has been shown and
      described it will be apparent that many changes and modifications can be
      made hereto without departing from the spirit and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A lock assembly comprising a housing, a locking bolt axially movable
      therein, a lock pin perpendicular to said bolt and longitudinally movable
      in said housing between locking and unlocking positions, said pin being
      formed with a lock bore receiving a part of said bolt when said pin is in
      said locking position thereof, so that when said part of said bolt is in
      said bore said bolt maintains said pin in said locking position thereof,
      said pin being longitudinally movable to said unlocking position thereof
      upon retraction of said part of said bolt from said bore and said pin
      being formed with a longitudinal groove which extends from said bore and
      in which said part of said bolt is situated during movement of said pin
      from said locking to said unlocking position thereof, and limiting means
      carried by said housing and engaging said bolt for limiting the latter
      only to axial retraction movement out of said bore to an extent where said
      part of said bolt remains situated in said groove during movement of said
      pin from said locking to said unlocking position thereof, said groove
      having distant from said bore an end which engages said part of said bolt
      when the latter is retracted to release said pin for movement to said
      unlocking position thereof, whereby said end of said groove cooperates
      with said part of said pin for determining the unlocking position of said
      pin while at the same time preventing removal of said pin from said
      housing with said limiting means preventing removal of said bolt from said
      housing, said limiting means including a portion of said bolt formed with
      a longitudinally extending opening and a limiting pin carried by said
      housing to remain stationary with respect thereto, said limiting pin
      extending into said opening and engaging one end of said opening when said
      bolt is retracted from said bore so that said limiting pin by engaging
      said one end of said opening maintains said part of said bolt in said
      groove of said pin.
NUM  2.
PAR  2. The combination of claim 1 and wherein said pin is formed at said end of
      said groove which engages said part of said bolt when said pin is in said
      unlocking position thereof with a second bore for receiving said part of
      said bolt when the latter is returned to the same position with respect to
      said housing as when said part of said bolt is received in said locking
      bore, whereby said second bore when receiving said part of said bolt
      serves to maintain said pin in said unlocking position thereof.
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ABST
PAL  A push releasable magnetic latch for cupboard doors or the like, comprising
      a first magnetic member secured to the cupboard door and a second magnetic
      member swing mounted to the cupboard structure about a pivot axis
      perpendicular to the path of travel of the door. The second member has a
      forward latching position and a rearward non-latching position, with a
      spring pushing the second member to its forward latching position. To open
      the door, the door is pushed inwardly to force the second magnetic member
      to its non-latching position where the two magnetic members are out of
      engagement, after which the door is abruptly released so that the spring
      causes the second member to push the door outwardly away from the cupboard
      structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to push releasable magnetic latches,
      especially adapted for application to cupboard doors and the like.
PAR  2. Description of the Prior Art
PAR  There are in the prior art push releasable latches used, for example, on
      the cupboard doors of a household. Such devices conventionally comprise a
      pair of members, one mounted to the cupboard structure and the other to
      the door, these being so positioned that when the door is swung with
      moderate force to its closed position, the two elements cooperate to hold
      the door in its closed position. The latching assembly is so arranged that
      the door can be opened by pushing the door inwardly and abruptly releasing
      it, with a restoring force in the latch causing the door to swing away
      from the cupboard to its unlatched position.
PAR  U.S. Pat. No. 2,673,111, Teetor, illustrates a magnetic latch assembly
      wherein one magnetic element is fixedly mounted to a door, and a second
      latching member is swing mounted to a cupboard structure about a
      horizontal axis. With the door in its closed position, the second latching
      element hangs downwardly at its approximate natural angle of repose, with
      the two magnetic elements contacting each other in latching relationship.
      The second latching member has a spring member which is intended to
      perform a dual function, (a) to hold its related magnetic element in
      place, and (b) to provide a door releasing function by means of an upper
      bowed portion 47 which is to push against the door. With the door in
      latched position, when the door is pushed inwardly to cause its release,
      the second magnetic latch member is swung upwardly and rearwardly to cause
      the two magnetic members to disengage and also presumably to compress the
      spring portion 47. When the door is released, the spring portion 47 pushes
      the door outwardly toward its open position, but this force is in turn
      dependent upon the force of gravity acting to move the second member
      forwardly and downwardly to its normal depending position.
PAR  Other devices having various configurations of magnetic latches are shown
      in the following patents: Suck, U.S. Pat. No. 1,694,023; Catherall, U.S.
      Pat. No. 2,240,035; Ellis, U.S. Pat. No. 2,475,226; Gregory, U.S. Pat. No.
      2,611,158; Teetor, U.S. Pat. No. 2,690,922; Scott et al, U.S. Pat. No.
      2,888,289; Carbary, U.S. Pat. No. 2,950,139; Squire, U.S. Pat. No.
      2,970,857; De Jong, U.S. Pat. No. 3,016,563; Greytok, U.S. Pat. No.
      3,578,370; Waller, U.S. Pat. No. 3,635,511; Weigelt, U.S. Pat. No.
      3,664,699; Page, British Pat. No. 693,564; Colombier, French Pat. No.
      1,201,673 and West German Pat. No. W 15408 V/68d..
PAR  While there are prior art devices which are capable of performing the push
      releasable latching function as described above, there are continuing
      efforts to devise improved latching assemblies. Therefore it is an object
      of the present invention to provide a magnetic latch assembly of the push
      releasable type which is relatively simple and inexpensive, and yet
      effectively performs its latching and unlatching functions.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, there is a first latch member comprising a first
      magnetic means mounted to one of the objects to be latched, such as a
      cupboard door. There is a second latch member comprising a second magnetic
      means, this second member being mounted to the other object to be latched,
      such as a cupboard structure, about an axis of rotation having a
      substantial vector component perpendicular to the path of travel to the
      objects toward and away from each other, which in the case of a cupboard
      would be the path of the door into and from its closed position. The latch
      member has a forward position where it is in latching relationship, and a
      second rearward unlatching position where the magnetic means of the second
      latch member is pushed out of engagement with the first magnetic means.
PAR  There is a push means on the second latch member at a location between the
      axis of rotation of the second latch member and its associated magnetic
      means. Further, there is spring means which engages the second member to
      urge the second member to rotate toward its forward latching position. The
      strength of the spring means is sufficient, relative to the attractive
      force between the two magnetic elements and the length and disposition of
      the lever arm formed by the push means acting about the axis of rotation
      of the second latching member, that the momentum imparted to the first
      object (e.g. the cupboard door) by the spring means is sufficient to cause
      the door to continue to travel outwardly toward its open position against
      the mutually attractive force of the magnetic elements. Thus the spring
      means acts both to move the first object and to properly position the
      second latch member in its latching position.
PAR  In one embodiment, there is a mounting bracket having stop means which
      serves to properly position the second latch member in its latching
      position, and also serves as an anchor for the spring means. Two
      variations of this are shown herein. In another embodiment, there is
      spring means anchored to the second latching member and also engageable
      with the first object (i.e. cupboard door) to impart a rotational force to
      the second latching member.
PAR  In accordance with another facet of the present invention, the magnetic
      element in the second latching member is resiliently mounted therein in a
      slightly recessed position. In the latching position, the second magnetic
      element is pulled slightly outwardly to come into close contact with the
      first magnetic element to provide proper latching engagement. In the
      release operation, it remains slightly spaced from the other magnetic
      element to facilitate the unlatching action. Other features of the present
      invention will become apparent from the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one of the latch members of the first
      embodiment of the present invention;
PAR  FIG. 2 is a top plan view of the latch assembly of the first embodiment;
PAR  FIG. 3 is a view similar to FIG. 1 of a latch member of a second embodiment
      of the present invention;
PAR  FIG. 4 is a top plan view of the latch assembly of the second embodiment;
PAR  FIG. 5 is a view similar to FIGS. 1 and 3 showing a third embodiment of the
      present invention;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5; and
PAR  FIG. 7 is a view similar to FIG. 1 showing another facet of the present
      invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2, there is shown a first embodiment of the present
      invention, as applied to a conventional cupboard. There is a first latch
      member 10 mounted by screws 12 to the inner face of the outer swing end of
      a cupboard door 14. This first latch member 10 is simply a rectangular
      ferro-magnetic material having an inwardly or rearwardly directed contact
      surface 16.
PAR  There is a second latching member 18 mounted to a horizontal shelf 20 of
      the cupboard. This second member 18 comprises a mounting bracket 22 having
      a pair of laterally spaced slots 24 by which it is fixedly attached by
      screws 26 to the shelf 20, with the slots 24 permitting moderate forward
      or rearward adjustment of the second latch member 18.
PAR  The second latch member 18 further comprises an arm member 28 mounted for
      swing motion about a pin 30 fixedly attached to and upstanding from the
      bracket 22. The pin 30 provides an axis of rotation having a substantial
      vector component perpendicular to the path of travel of the door 14 toward
      the shelf 20 with the preferred form being that this axis of rotation be
      substantially perpendicular to that path of travel. A magnetic element 32
      is mounted in the arm 28 at the outer swing end thereof. This magnetic
      element 32 providing a forwardly directed contact face 34 positioned to
      contact the face 16 of the element 10 in magnetic latching relationship.
PAR  Positioned inwardly from the magnetic element 32 toward the axis of
      rotation of the pin 30, there is a forwardly protruding push element or
      surface 36 on the arm 28. In the configuration of this first embodiment,
      this push surface 36 is conveniently formed by the forward arm surface 37
      adjacent the surface 34 of the magnetic element 32, meeting at an angle
      with the forward surface 38 of the arm 28 extending outwardly from the
      pivot axis 30. There is a spring 40 mounted in a coil about the bottom of
      the pivot pin 30. One end 42 of the spring 40 is anchored at the rearward
      side of the arm 28 at a location spaced moderately from its pivot axis,
      and the other end 44 of the spring 40 is anchored at an upstanding ear
      member 46 that is formed as an upward protrusion from the bracket 22. This
      ear member 46 serves the additional function of a stop member engaging the
      forward arm surface 38 so as to position the arm 28 in a forward latching
      position, shown in solid lines in FIG. 2. Thus the spring 40 is so
      arranged that it presses the arm 28 forwardly to its latching position in
      contact with the stop member 46.
PAR  In operation, the second latch member 18 is normally located in its forward
      position by the urging of the spring 40, with the contact surface 34 of
      the magnetic element 32 generally perpendicular to the path of travel of
      the door inwardly to the cupboard shelf 20. The first latching element 10
      is likewise oriented so that its contact face 16 is aligned with the face
      34 of the element 32 in its forward position so that when the door 14 is
      pushed closed with moderate force (so as not to deflect the arm 28
      rearwardly to any great extent), the magnetic elements 10 and 32 come into
      magnetic latching relationship. In this closed position, the door 14 is
      spaced a very short distance forwardly of the cupboard structure (i.e. the
      shelf 20).
PAR  In the latching position shown in the solid lines of FIG. 2, the push
      element 36 of the arm 28 is positioned against the first element 10 at a
      location spaced inwardly toward the pivot axis 30 of the arm 28 from the
      magnetic element 32.
PAR  To open the door 14, the door 14 is pushed inwardly and abruptly released.
      This causes the door 14 to push against the push element 36 of the arm 28
      and swing the arm 28 rearwardly to its unlatching position against the
      action of the spring 40. Since the push surface 36 is spaced inwardly from
      the magnetic element 32, the magnetic element 32 is caused to travel
      rearwardly a greater distance than the push surface 36, so that the
      magnetic element 32 moves out of magnetic latching engagement with the
      first member 10. Further, this inward push deforms the spring 40 to create
      a restoring force in this spring 40. When the pushing force on the door 14
      is abruptly released, the spring 40 causes the arm 28 to move forwardly
      against the door to its forward position.
PAR  Of significance in the present invention is that the strength of the spring
      40 is of a sufficient magnitude relative to the positioning of the push
      element 36 and also relative to the mutually magnetic attractive force
      between the magnetic elements 32 and 10, that sufficient momentum is
      imparted to the door 14 so that the momentum of the door 14 overcomes the
      attractive force between the magnetic elements 32 and 10, with the door
      continuing its outward motion to its open position.
PAR  A second embodiment of the present invention is illustrated in FIGS. 3 and
      4. Those components of the second embodiment which are similar to those of
      the first embodiment will be given like numerical designations, with an a
      suffix distinguishing those of the second embodiment.
PAR  There is a first latch member 10a mounted to the cupboard door 14a, and a
      second latch member 18a comprising an arm 28a swing mounted by means of a
      pin 30a to a mounting bracket 22a fixedly attached to the shelf 20a. There
      is a magnetic element 32a and a push element 36a which are arranged in
      substantially the same manner as in the first embodiment. The second
      embodiment differs from the first embodiment primarily in the spring means
      which urges the arm 28a to its forward latching position.
PAR  This modified spring means comprises a leaf spring 50, fixedly attached at
      its root end 52 to the back side of the arm 28a adjacent the location of
      the pivot pin 30a. From its root end 52, the leaf spring 50 extends
      forwardly and laterally in a direction opposite that of the arm 28a to
      terminate in a rearwardly curved end portion 54 which serves as a push
      element and is located in approximately the same transverse plane as the
      contact surface 34a of the magnetic element 32a.
PAR  In operation, when the door 14a is in its closed position, with the two
      members 10a and 18a in latching engagement, the outer push end 54 of the
      spring 50 is adjacent the door 14a. To open the door 14a, an inward push
      is exerted against the door 14a, with the result that the arm 28a is
      rotated counter clockwise, as viewed in FIG. 4, and the spring 50 is
      deflected in a clockwise direction. When the door 14a is abruptly
      released, both the spring push end 54 and the contact surface 36a of the
      arm 28a push against the door 14a to cause the door 14a to swing outwardly
      to its open position, with the arm 28a returning to its forward position.
      As in the prior embodiment, the momentum imparted to the door 14a is
      sufficient to overcome the magnetic force between the magnetic element 32a
      and the other magnetic element 10a. To properly position the arm 28a,
      there is provided a front stop member 46a and a rear stop member 56 behind
      the arm 28a.
PAR  A third embodiment of the present invention is shown in FIGS. 5 and 6.
      Components of this third embodiment which arc similar to those of the
      prior two embodiments will be given like numerical designations with a b
      suffix distinguishing those of the third embodiment.
PAR  As in the prior two embodiments there is a first magnetic latch member 10b
      mounted to a door 14b and a second magnetic latch member 18b comprising an
      arm 28b mounted by means of a pivot pin 30b to a bracket 22b which is in
      turn fixedly attached to a shelf 20b. The third embodiment is quite
      similar to the first embodiment, and differs primarily in the mounting of
      the arm 28b. The bracket 22b has an upstanding member 60 from which the
      pin 30b extends horizontally, rather than vertically, but still in a plane
      substantially perpendicular to the direction of movement of the door 14b.
      The lower front end of the bracket member 60 has a stop member 62 to
      prevent the arm 28b from moving beyond its forward direction. A spring
      member 40b is coiled around the pin 30b and anchored to the stop member 62
      and to the arm 28b.
PAR  The mode of operation of the third embodiment is substantially the same as
      in the first embodiment. With the door 14b in its closed position, an
      inward push against the door 14b pushes the arm 28b rearwardly about its
      horizontal axis of rotation. When the door 14b is abruptly released, the
      push element 36b pushing against the door by virture of the spring 40b
      acting on the arm 28b, moves the door with sufficient momentum outwardly
      so that the door continues traveling to its open position, in opposition
      to the mutually attractive force of the magnetic members 32b and 10b.
PAR  Another facet of the present invention is illustrated in FIG. 7. While this
      particular feature is applicable to all three of the embodiments, it will
      be illustrated and described with reference to the particular
      configuration of the first embodiment shown in FIGS. 1 and 2. To
      distinguish the components shown in FIG. 7, those components which are
      similar to the components in the first embodiment will be given like
      numerical designations with a c suffix distinguishing those of the device
      of FIG. 7.
PAR  The arm 28c is mounted to the bracket 22c in the same manner as the first
      embodiment. However, the magnetic element 32c is mounted in a mating slot
      70 in the arm 28c, in a manner that the lengthwise dimension of the slot
      70 (indicated at d in FIG. 7) is moderately greater (i.e. about one-eighth
      of an inch longer) than the lengthwise dimension of that portion of the
      magnetic element 32c in the slot 70. Also, the lateral clearance of the
      slot 70 is sufficient to permit the magnetic element 32c to move backwards
      and forwards in the slot 70. A front peripheral lip or flange 72 retains
      the magnetic element 32c in its slot 70.
PAR  When the arm 28c is in its forward latching position, there is sufficient
      attraction between the magnetic element 32c and its matching magnetic
      element 10c that the magnetic element 32c is pulled to its forward
      position, as shown in FIG. 7, to be in close latching engagement with the
      element 10c. However, when the arm 28c is in its rearward non-latching
      position and begins its forward movement to push the door 14c away, the
      inertia of the magnetic element 32c will cause the element 32c to be
      positioned rearwardly in its slot 70 so that when in its pushing action
      the arm 28 reaches its forward position, the magnetic element 32c will
      still be spaced moderately from the element 10c to reduce the mutual
      magnetic attraction therebetween. The effect is that it is easier for the
      momentum of the door 14c to overcome the resisting magnetic force to
      permit the door 14c to continue to its open position.
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STM  What is claimed is:
NUM  1.
PAR  1. In a push releasable magnetic latch assembly to latch a movable object
      to a stationary object, as in latching a door to a stationary structure,
      said objects being adapted to move relative to one another on a general
      path of travel toward each other and away from each other into,
      respectively, latching and unlatching positions, where the latch assembly
      comprises:
PA1  a first latch member mounted to one of said objects and comprising first
      magnetic means,
PA1  a pivotal second latch member comprising an arm member and second magnetic
      means mounted thereto, said arm member being pivotally mounted to said
      other object for movement about an axis of rotation whereby said arm
      member is movable between a forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a rearward position with said first and second magnetic
      means spaced from one another to weaken the magnetic attraction
      therebetween and position the magnetic means in non-latching relationship,
PA1  the improvement comprising in combination:
PA1  stop means on the same object as said rotatable second latch member for
      positioning said arm member in a forward position for accurately aligning
      the movable object in a closed position relative to the stationary object,
PA1  push means on the arm member of the pivotal second latch member, said push
      means being spaced from said axis of rotation and positioned at a location
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its forward and rearward positions, said push means engages said
      first object, such that said arm member is capable of acting as a lever
      arm against said first object,
PA1  spring means operatively engaging said arm member to urge said arm member
      from its rearward position to its forward position against said stop means
      for repositioning the objects in a closed aligned position and for
      propelling the movable object away from the stationary object to overcome
      the weakened magnetic attraction of the first and second magnetic means
      when moving from said rearward position to said forward position such that
      the movable object swings open away from said stationary object.
NUM  2.
PAR  2. The improvement as recited in claim 1, wherein there is a mounting
      bracket fixedly attached to said second object, with said arm member being
      mounted to said bracket, and said stop means being mounted to said
      bracket.
NUM  3.
PAR  3. The improvement as recited in claim 1, wherein said push means comprises
      a forwardly protruding surface portion of said arm, formed by two forward
      surfaces of said arm member joining at an angle with respect to one
      another.
NUM  4.
PAR  4. The improvement recited in claim 1, wherein said second magnetic means
      is mounted to said arm in a manner to permit limited forward and rearward
      motion of the second magnetic means, whereby when said arm moves from its
      rearward to its forward position, the inertia of said second magnetic
      means causes it to be positioned further rearwardly in said arm member, to
      reduce the magnetic attractive force between said first and second
      magnetic means.
NUM  5.
PAR  5. The improvement as recited in claim 4, wherein said second magnetic
      means is mounted in slot means in said arm having a lengthwise dimension
      greater then that of the second magnetic means for providing forward and
      rearward movement of said second magnetic means relative to said arm.
NUM  6.
PAR  6. In a push releasable magnetic latch assembly adapted to latch two
      objects, as in latching a door to a stationary structure, said objects
      being adapted to move relative to one another on a general path of travel
      toward each other and away from each other into, respectively, latching
      and unlatching positions, where the latch assembly comprises:
PA1  a. a first latch member mounted to one of said objects and comprising a
      first magnetic means,
PA1  b. a second latch member comprising an arm member and a second magnetic
      means mounted thereto, said arm member being swing mounted to said other
      object for movement about an axis of rotation having a substantial vector
      component perpendicular to said path of travel, whereby said arm member is
      movable between a first forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a second rearward non-latching position with said first
      and second magnetic means spaced from one another in non-latching
      relationship, means spaced from one another in non-latching relationship,
PA1  the improvement comprising in combination:
PA1  a. a push means on the arm member of the second latch member, said push
      means being spaced from said axis of rotation and positioned at a location
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its first and second positions, said push means is capable of
      engaging said first object, such that said arm member is capable of acting
      as a lever arm against said first object,
PA1  b. spring means operatively engaging said arm member to urge said arm
      member from its second rearward position to its forward position, the
      strength of said spring means being of a sufficient magnitude relative to
      the attractive force of said first and second magnetic means and relative
      to the length and position of application of the lever arm action of the
      arm member against said first object, that when said first and second
      objects are in latching position and one of said objects is pushed toward
      the other to force said second arm member to its second non-latching
      position, the force exerted by said spring means through its associated
      arm member to the first object imparts sufficient relative velocity to the
      moving object to overcome the attractive force of the two magnetic means
      so that the movable object continues to move to its unlatching position,
PA1  wherein there is stop means positioned to engage said arm member at its
      forward position so as to limit further forward movement of said arm
      member,
PA1  wherein there is a mounting bracket fixedly attached to said second object,
      with said arm member being mounted to said bracket, and said stop means
      being mounted to said bracket, and
PA1  wherein said spring means has one end anchored to said stop member, and
      another end anchored to said arm.
NUM  7.
PAR  7. In a push releasable magnetic latch assembly adapted to latch two
      objects, as in latching a door to a stationary structure, said objects
      being adapted to move relative to one another on a general path of travel
      toward each other and away from each other into, respectively, latching
      and unlatching positions, where the latch assembly comprises:
PA1  a. a first latch member mounted to one of said objects and comprising a
      first magnetic means,
PA1  b. a second latch member comprising an arm member and a second magnetic
      means mounted thereto, said arm member being swing mounted to said other
      object for movement about an axis of rotation having a substantial vector
      component perpendicular to said path of travel, whereby said arm member is
      movable between a first forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a second rearward non-latching position with said first
      and second magnetic means spaced from one another in non-latching
      relationship,
PA1  the improvement comprising in combination:
PA1  a. a push means on the arm member of the second latch member, said push
      means being spaced from said axis of rotation and positioned at a location
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its first and second positions, said push means is capable of
      engaging said first object, such that said arm member is capable of acting
      as a lever arm against said first object,
PA1  b. spring means operatively engaging said arm member to urge said arm
      member from its second rearward position to its forward position, the
      strength of said spring means being of a sufficient magnitude relative to
      the attractive force of said first and second magnetic means and relative
      to the length and position of application of the lever arm action of the
      arm member against said first object, that when said first and second
      objects are in latching position and one of said objects is pushed toward
      the other to force said second arm member to its second non-latching
      position, the force exerted by said spring means through its associated
      arm member to the first object imparts sufficient relative velocity to the
      moving object to overcome the attractive force of the two magnetic means
      so that the movable object continues to move to its unlatching position,
PA1  wherein there is stop means positioned to engage said arm member at its
      forward position so as to limit further forward movement of said arm
      member,
PA1  wherein there is a mounting bracket fixedly attached to said second object,
      with said arm member being mounted to said bracket, and said stop means
      being mounted to said bracket, and
PA1  wherein said spring means comprises a coil spring mounted adjacent the axis
      of rotation of said arm, said coil spring having a first end anchored to
      stop means and a second end anchored to said bracket.
NUM  8.
PAR  8. In a push releasable magnetic latch assembly adapted to latch two
      objects, as in latching a door to a stationary structure, said objects
      being adapted to move realtive to one another on a general path of travel
      toward each other and away from each other into, respectively, latching
      and unlatching positions, where the latch assembly comprises:
PA1  a. a first latch member mounted to one of said objects and comprising a
      first magnetic means,
PA1  b. a second latch member comprising an arm member and a second magnetic
      means mounted thereto, said arm member being swing mounted to said other
      object for movement about an axis of rotation having a substantial vector
      component perpendicular to said path of travel, whereby said arm member is
      movable between a first forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a second rearward non-latching position with said first
      and second magnetic means spaced from one another in non-latching
      relationship,
PA1  the improvement comprising in combination:
PA1  a. a push means on the arm member of the second latch member, said push
      means being spaced from said axis of rotation and positioned at a loctaion
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its first and second positions, said push means is capable of
      engaging said first object, such that said arm member is capable of acting
      as a lever arm against said first object,
PA1  b. spring means operatively engaging said arm member to urge said arm
      member from its second rearward position to its forward position, the
      strength of said spring means being of a sufficient magnitude relative to
      the attractive force of said first and second magnetic means and relative
      to the length and position of application of the lever arm action of the
      arm member against said first object, that when said first and second
      objects are in latching position and one of said objects is pushed toward
      the other to force said second arm member to its second non-latching
      position, the force exerted by said spring means through its associated
      arm member to the first object imparts sufficient relative velocity to the
      moving object to overcome the attractive force of the two magnetic means
      so that the movable object continues to move to its unlatching position,
      and
PA1  wherein there are:
PA1  a. a generally plate-like mounting bracket mounted to said second object,
PA1  b. a pivot pin connected to and extending from said bracket with its axis
      generally perpendicular to said path of travel of said objects toward each
      other,
PA1  c. a stop member upturned from said bracket and positioned to engage said
      arm at its forward position to prevent further forward rotation of said
      arm,
PA1  d. said spring means being a coil spring mounted to said pin, with one end
      of said coil spring anchored to said stop member, and the other end of
      said coil spring anchored to said arm.
NUM  9.
PAR  9. In a push releasable magnetic latch assembly adapted to latch two
      objects, as in latching a door to a stationary structure, said objects
      being adapted to move relative to one another on a general path of travel
      toward each other and away from each other into, respectively, latching
      and unlatching positions, where the latch assembly comprises:
PA1  a. a first latch member mounted to one of said objects and comprising a
      first magnetic means,
PA1  b. a second latch member comprising an arm member and a second magnetic
      means mounted thereto, said arm member being swing mounted to said other
      object for movement about an axis of rotation having a substantial vector
      component perpendicular to said path of travel, whereby said arm member is
      movable between a first forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a second rearward non-latching position with said first
      and second magnetic means spaced from one another in non-latching
      relationship,
PA1  the improvement comprising in combination:
PA1  a. a push means on the arm member of the second latch member, said push
      means being spaced from said axis of rotation and positioned at a location
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its first and second positions, said push means is capable of
      engaging said first object, such that said arm member is capable of acting
      as a lever arm against said first object,
PA1  b. spring means operatively engaging said arm member to urge said arm
      member from its second rearward position to its forward position, the
      strength of said spring means being of a sufficient magnitude relative to
      the attractive force of said first and second magnetic means and relative
      to the length and position of application of the lever arm action of the
      arm member against said first object, that when said first and second
      objects are in latching position and one of said objects is pushed toward
      the other to force said second arm member to its second non-latching
      position, the force exerted by said spring means through its associated
      arm member to the first object imparts sufficient relative velocity to the
      moving object to overcome the attractive force of the two magnetic means
      so that the movable object continues to move to its unlatching position,
      and
PA1  wherein said spring means comprises a leaf spring having a first end
      anchored to said arm member and a second end extending forwardly toward
      said first object, with the second end of said spring being arranged to
      engage said first object and be deflected thereby as said first object is
      moved toward said second object, with said leaf spring pushing from said
      first object to urge said arm forwardly against said first object.
NUM  10.
PAR  10. The improvement as recited in claim 9, wherein said leaf spring is
      fixedly attached to said arm at a location adjacent said axis of rotation,
      and said leaf spring extends forwardly and laterally in a direction
      generally opposite to that in which the arm member extends from said leaf
      spring, whereby as said first object is moved against said arm member and
      said leaf spring, said arm member and said leaf spring are caused to
      rotate rearwardly in opposite directions from one another, with both said
      leaf spring and said arm exerting a forward force against said first
      object.
NUM  11.
PAR  11. In a push releasable magnetic latch assembly adapted to latch two
      objects, as in latching a door to a stationary structure, said objects
      being adapted to move relative to one another on a general path of travel
      toward each other and away from each other into, respectively, latching
      and unlatching positions, where the latch assembly comprises:
PA1  a. a first latch member mounted to one of said objects and comprising a
      first magnetic means,
PA1  b. a second latch member comprising an arm member and a second magnetic
      means mounted thereto, said arm member being swing mounted to said other
      object for movement about an axis of rotation having a substantial vector
      component perpendicular to said path of travel, whereby said arm member is
      movable between a first forward latching position with said first and
      second magnetic means being proximate one another in magnetic latching
      relationship and a second rearward non-latching position with said first
      and second magnetic means spaced from one another in non-latching
      relationship,
PA1  the improvement comprising in combination:
PA1  a. a push means on the arm member of the second latch member, said push
      means being spaced from said axis of rotation and positioned at a location
      which is between said axis of rotation and said second magnetic means and
      forwardly toward said first object, such that as said arm member swings
      between its first and second positions, said push means is capable of
      engaging said first object, such that said arm member is capable of acting
      as a lever arm against said first object,
PA1  b. spring means operatively engaging said arm member to urge said arm
      member from its second rearward position to its forward position, the
      strength of said spring means being of a sufficient magnitude relative to
      the attractive force of said first and second magnetic means and relative
      to the length and position of application of the lever arm action of the
      arm member against said first object, that when said first and second
      objects are in latching position and one of said objects is pushed toward
      the other to force said second arm member to its second non-latching
      position, the force exerted by said spring means through tis associated
      arm member to the first object imparts sufficient relative velocity to the
      moving object to overcome the attractive force of the two magnetic means
      so that the movable object continues to move to its unlatching position,
      and
PA1  wherein there is a generally plate-like mounting bracket secured to one of
      said members, and a bracket member upstanding from the bracket, a pivot
      pin extending from said bracket member generally parallel to said
      plate-like bracket member, a coil spring mounted to said pin, with one end
      of said coil spring anchored to said arm and a second end of said coil
      spring anchored to said upstanding bracket member, and a stop member
      mounted to said upstanding bracket member.
NUM  12.
PAR  12. The improvement as recited in claim 1, wherein said spring means
      includes a coiled wire spring wrapped around the pivot axis.
PATN
WKU  039349101
SRC  5
APN  531979&
APT  1
ART  351
APD  19741212
TTL  Door guard
ISD  19760127
NCL  1
ECL  1
EXP  Moore; Richard E.
NDR  1
NFG  4
INVT
NAM  Radke; Edward
STR  1733 S. Carter
CTY  Midland
STA  MI
ZIP  48640
CLAS
OCL  292346
EDF  2
ICL  E05C  100
FSC  292
FSS  346;247;337
FSC   70
FSS  416;418
UREF
PNO  1092946
ISD  19140400
NAM  Page
OCL  292346
UREF
PNO  3673605
ISD  19720600
NAM  Allenbaugh
OCL  292346
UREF
PNO  3764173
ISD  19731000
NAM  Griffith
OCL  292346
LREP
FR2  Swartz; John J.
ABST
PAL  A lock guard attachment for a door mounted lock having a movable latch
      bolt, the guard attachment comprising: a generally U-shaped channel,
      adapted to fit over a vertical edge portion of the door, having a base
      provided with a latch bolt receiving opening therein and opposed flanges
      on the base for bearing against opposite sides of the door to inhibit
      access of the bolt to burglars.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Existing door locking devices are generally inadequate to protect homes or
      the business establishments from being easily burglarized. Conventional
      door locking apparatus comprises a bolt movable between an extended, door
      latching position and a retracted position. Holes or openings are
      generally cut in the door to receive the movable bolt and door knob
      mechanism for moving the bolt as usual. With most wood doors, there is
      very little wood door material remaining on either side of the bolt. A
      burglar can easily gain access to the inside of a building protected by
      such lock apparatus, by inserting a pry bar between the door jamb and the
      door and prying outwardly or else merely inwardly directed force on the
      door from the outside to apply pressure to the bolt. Since relatively
      little wood material remains on either side of the bolt, the remaining
      door material adjacent to the bolt is easily ripped and torn.
PAR  Conventional door locking apparatus also comprises a light weight strike
      plate fastened via screws to a door jamb including an aperture for
      receiving the door locking bolt. When a burglar exerts force between the
      door and jamb, the light weight strike plate will frequently rip from the
      jamb.
PAR  Accordingly, it is an object of the present invention to provide a new and
      novel door attachment which will guard a door lock against unauthorized
      access by burglars.
PAR  It is another object of the present invention to provide a lock guard
      attachment for a door including a generally U-shaped channel which will
      fit over an edge portion of a door and has a bolt receiving opening
      therein for receiving a door latching bolt.
PAR  It is an object of the present invention to provide a U-shaped door lock
      guard of the type described in combination with two door locks having
      movable bolts receivable in apertures provided in the base of the guard
      and movable bolt actuating mechanism received in apertures provided in the
      flanges.
PAR  It is another object of the present invention to provide door locking
      apparatus of the type described including a strike plate having a door
      stop flange which extends inwardly to cover the space between a strike
      plate mounting door jamb and the door adjacent to the bolt and an
      oppositely disposed mounting flange which is fixed to the inside of the
      door jamb.
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill and art as the description thereof precedes.
PAC  SUMMARY OF THE INVENTION
PAR  A one piece lock guard for a door mounting a door lock having a door
      locking bolt laterally movable between a projecting position laterally
      outwardly beyond one lateral edge of the door and a laterally inner
      position comprising an elongate channel, being U-shaped in section, having
      a base portion with an aperture therethrough receiving the bolt, and a
      pair of confronting flange portion bearing against the inner and outer
      sides of the door.
DRWD
PAR  The present invention may more readily be understood by reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a front elevational view illustrating a door and door jamb
      mounting apparatus constructed according to the present invention.
PAR  FIG. 2 is a sectional end view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the lock guard attachment which fits over
      the free edge portion of the door; and
PAR  FIG. 4 is a sectional plan view, taken along the line 4--4 of FIG. 1.
DETD
PAR  Apparatus constructed according to the present invention is particularly
      adapted for use with a building door generally designated 10, swingably
      mounted on a door jamb, generally designated 12 via conventional hinges
      14. Mounted on an unhinged side portion of the door 10 is a commercially
      available door latch assembly, generally designated 18, including a
      laterally extending latching bolt 20 movable in a suitable aperture 20a
      provided in the door 10, to and from a latching position, by axially
      aligned, inner and outer door knobs or handles 22 which are rotatably
      mounted on inner and outer sides 10a and 10b of the door 10, as usual. The
      latching bolt 20 includes an inclined cam face 20b for camming the bolt 20
      to a position flush with the unhinged side 13 of the door 10 when the door
      is moving to the closed position in which latter position the bolt 20 is
      again permitted to move laterally outwardly to a door locking position.
PAR  A spring (not shown) is provided for biasing the bolt 20 outwardly to a
      latching position. A bolt lock is provided on the inner door knob for
      preventing retraction of the bolt 20 by rotation of the outer knob. The
      bolt can normally be pryed inwardly by a burglars pry bar against the
      force of the biasing spring even though the door is locked.
PAR  A lock guard attachment constructed according to the present invention is
      generally designated 24 and comprises a one piece channel which is
      U-shaped in section and fits over a vertical edge portion 11 of the door
      10 as illustrated in FIGS. 1, 2 and 4. The lock guard attachment 24
      includes a base portion 26 adapted to bear against a vertical, lateral
      side surface 13 of the door 10 and a pair of opposed, confronting legs or
      flanges 28 which bear against the inner and outer door surfaces 10a and
      10b. The base 26 includes an opening 30 which mounts a bolt plate 32
      having a bolt receiving aperture 34 therethrough for receiving the
      latching bolt 20. The lateral side door surface 13 is recessed at 13a to
      receive the bolt plate 13 so that the laterally outer bolt plate surface
      26a is flush with the surface 13a as is best illustrated in FIG. 1. The
      bolt plate 32 is also secured to the lateral door surface 13 via screws
      36. The door guard attachment is fixed to the door surfaces 10a and 10b
      via screws 38 received in openings 40 provided in the flanges 28.
PAR  The door knobs 22 are partially rotatable, as usual and include bolt
      actuating stems 23, extending generally transversely to the plane of the
      door, for actuating the bolt. The door guard flanges 28 including openings
      42 which rotatably receive bolt actuating stems 23. The base 26 of the
      door guard attachment also includes a second opening 46, in vertically
      spaced relation with the opening 30, for receiving a second bolt plate 48
      fixed to the recessed, lateral, door surface portion 13a via screws 49.
      Mounted on the door 10 in vertically spaced relation with the door latch
      assembly 18 is an auxiliary door latch assembly, generally designated 50,
      including a  "dead" bolt 52 which is laterally movable in an opening 48a
      provided in the bolt plate 48 between a laterally outer, door latching
      position, and a retracted position substantially flush with the laterally
      outer surface 26a of the base 26. Openings 54 are provided in the door
      guard flanges 28 for receiving transversely extending, bolt actuating
      mechanism, generally designated 56, which includes a key receiving tumbler
      58, that is disposed generally perpendicular to the plane of the door 10.
      A key may be inserted into the key receiving tumbler 58 and turned to move
      the bolt 52 between the extended and retracted positions. The door latch
      assembly 50 does not include door knobs or a spring biasing the bolt 52
      outwardly and the bolt 52 may be extended and retracted only if the key is
      turned. This structure inhibits burglary since the bolt 50, which does not
      include a camming surface and biasing spring, is not easily cammed
      inwardly via a thin burglars plate.
PAR  The apparatus constructed according to the present invention also includes
      a strike plate, generally designated 60, including a vertical, generally
      planer, intermediate plate portion 62 which is received in a door jamb
      recess or slot 63 and held by screws 65. The intermediate plate portion 62
      includes a pair of vertically spaced, bolt receiving apertures 72, aligned
      with a pair of aperture 74, provided in the door jamb 12, for receiving
      the latching bolts 20 and 52, when the door is in the closed position. The
      strike plate 60 includes a vertical door stop flange 64 extending
      transversely inwardly from the laterally outer side of the intermediate
      plate portion 62, and an oppositely extending, transverse mounting flange
      66 overlying the inside of the door jamb 12. A plurality of screws 67 hold
      the mounting flange 66 to the jamb 12. The door stop flange 64 covers the
      space s between the confronting lateral side door surface 13 and the door
      jamb 12 adjacent to the bolt so that a burglar cannot pass a thing
      burglar's plate between the door jamb 12 and the door to engage the cam
      surface 20b of the bolt 20 to laterally move it to a retracted position
      inside the door. The elimination of a cam surface on the bolt 50 further
      inhibits a burglar from retracting the bolt. The mounting flange 66
      provides greatly added strength which inhibits the removal of the plate
      assembly 60 from the door jamb 12. In the event that a burglar inserts a
      pry bar between the door stop flange 64 of the plate 60 and the outside
      door surface 10a, the inwardly directed force transmitted through the
      bolts 20 and 52 to the strike plate will neutralize the outwardly directed
      force exerted by the pry bar on the flange 64, thus the plate 60 will
      remain in position. The door plate 60, in conjunction with the bolts 20
      and 52 provide an assembly which cannot be easily ripped out of the door
      jamb, thus the door effectively must be destroyed in order to gain access
      to the inside of the establishment. The door guard attachment 24 inhibits
      destruction of the door, however, since any force exerted transverse to
      the plane of the door 10 on the bolts 52 and 20 is transmitted via the
      stop plates 32 and 48 to the base portion 26. The transverse force
      transmitted to the base portion 26 is not borne by the remaining door
      portion 70 on opposite sides of the bolts 20 and 50 but rather is borne by
      the large flat surfaces of the flanges 28 which bear against the surfaces
      10a and 10b over a relatively large area. The effect of the transverse
      force thus exerted by such a pry bar is greatly diminished.
PAR  If a burglar exerts a transverse force between the strike plate flange 64
      and the outer flange 28 immediately adjacent thereto, the force
      transmitted to the bolts 20 and 50 by the strike plate 62 will be
      transmitted through the stop plate 32 to the flange 28 adjacent to flange
      64 and will disburse much of the force over a substantially large area of
      the door 10.
PAR  Accordingly, the effect of the pry bar will be greatly diminished and the
      door will be secured.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      contemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the inventions
      or the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination:
PA1  a door having inner and outer sides and generally vertical lateral edges;
PA1  a door lock, mounted on said door including
PA2  a door locking bolt laterally movable between a projecting position
      laterally outwardly beyond at least one lateral edge of said door and a
      laterally inner position; and
PA2  rotatable bolt actuating means extending generally transversely to the
      plane of said door for moving said bolt as said bolt actuating means is
      rotating;
PA1  an auxiliary lock mounted on said door along said one lateral edge in
      vertically spaced relation with said first mentioned lock, said auxiliary
      lock including a bolt movable in a lateral path between a projecting
      position projecting beyond said one lateral edge and a laterally inner
      position, said auxiliary lock including second bolt actuating means
      extending transversely to the plane of said door;
PA1  a one piece lock guard including an elongate channel, being U-shaped in
      section, having a base generally perpendicular to the plane of said door
      with aperture means therethrough;
PA1  bolt plate means received in said aperture means and mounted on said door
      with the outer face of said bolt plate means being flush with the outer
      face of said base;
PA1  said bolt plate means having additional aperture means therethrough
      slidably receiving said bolts;
PA1  said lock guard including a pair of confronting flange portions, generally
      parallel to the plane of said door bearing against said inner and outer
      sides of said door, at least one of said flange portions having aperture
      means therethrough receiving said bolt actuating means; and
PA1  a longitudinally extending strike plate portion adapted to be vertically
      disposed between said door and a door jamb, having aperture means therein
      for receiving said bolts in said projecting positions,
PA1  said strike plate portion including
PA2  a transversely extending door stop flange on the inner end of said strike
      plate portion extending transversely to the plane of said door in a
      direction toward said door, and
PA2  an oppositely directed mounting flange at the outer edge of said plate
      portion for engaging the outer face of said door jamb;
PA1  said door including a recessed portion receiving the base portion of said
      lock guard such that the laterally outer surface of said base portion is
      flush with the laterally outer edge portion surface of said door.
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ABST
PAL  A vehicle has, at at least one end, bumper apparatus that includes a bumper
      oriented transversely of the vehicle and located at a particular distance
      from a traveled surface on which the vehicle is supported. In order to
      maintain the distance between the bumper and the traveled surface
      generally constant, a support is provided for the bumper. The support is
      coupled to two mounts that impact different movements to the support upon
      movement generally perpendicular to the traveled surface by a vehicle body
      portion located adjacent the bumper. The different movements imparted to
      the support effect movement of the bumper relative to the adjacent vehicle
      body portion opposite in direction and approximately equal in amplitude to
      the movement of the vehicle body portion. In one embodiment, the support
      includes a lever and the bumper is mounted at one end of the lever. The
      lever is coupled to its two mounts at its other end and intermediate its
      ends, respectively.
PARN
PAR  This is a division, of application Ser. No. 436,119 filed Jan. 24, 1974,
      now U.S. Pat. No. 3,879,074.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In most presently manufactured vehicles, such as automobiles, bumper
      apparatus is provided at at least one end of a vehicle, and generally at
      both ends, so that at least one bumper extends transversely of the vehicle
      at a predetermined distance from the surface on which the vehicle is
      supported. Additionally, the vehicle frame and body are generally coupled
      resiliently to the vehicle wheels, or other supporting members, in order
      to increase the riding comfort of vehicle passengers. Since the bumper is
      attached to a portion of the vehicle body or frame, the bumper moves with
      the body or frame relative to the traveled surface. In an automobile,
      relative movement between the automobile body and a roadway may result,
      for example, from variations in the load carried by the automobile or from
      unevenness of the roadway. Considerable reduction of the vertical distance
      between an automobile body and the roadway may also occur upon sudden
      braking of the automobile.
PAR  Variations in the distance between an automobile bumper and a roadway
      diminish the effectiveness of the bumper in the event of a collision
      because the bumper may not be located at its most effective height. In
      particular, the bumper will be more effective if it coincides with the
      bumper of another automobile, for example, involved in the collision. Even
      if one automobile is struck on its side, however, it is preferable for the
      bumper of the striking automobile to be located at a generally constant
      distance from the roadway at all times so that lateral reinforcement in
      the sides of automobiles can be located in relatively limited regions of
      the automobiles sides.
PAR  One approach to overcoming the disadvantages inherent in mounting a bumper
      on a resiliently supported automobile frame or body is to design the
      bumper with a vertical dimension sufficiently great to compensate for all
      vertical movements of the bumper relative to the roadway. Such a bumper
      would resemble a platform, however, and would present a relatively
      unattractive appearance. In some automobiles, a vertically extended bumper
      would also adversely affect the operation of other mechanisms in the
      automobile, such as the cooling system for an engine located in the front
      of the automobile.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a vehicle bumper arrangement which
      enhances the effectiveness of the vehicle bumper by ensuring that the
      unavoidable changes in distance between the vehicle body or frame and the
      roadway do not adversely affect the bumper. In particular, the invention
      comprises apparatus for maintaining generally constant the distance
      between a traveled surface and a bumper oriented transversely of a vehicle
      at one end of the vehicle. The apparatus includes a support for the bumper
      and two mounts for the support. The two mounts are coupled to the support
      and impart different movements to the support upon movement generally
      perpendicular to the traveled surface by a vehicle body portion located
      adjacent the bumper. The different movements imparted to the support
      effect movement of the bumper relative to the adjacent vehicle body
      portion opposite in direction and approximately equal in amplitude to the
      movement of the adjacent body portion.
PAR  In one embodiment of the invention, the bumper support includes a lever and
      the bumper is mounted at one end of the lever. At its other end, the lever
      is mounted on the vehicle body by one of the two mounts for the support.
      The second mount is coupled to the lever intermediate the ends of the
      lever and includes an arm coupled at its ends to a vehicle wheel and to
      the vehicle body, respectively. The lever is coupled to the arm
      intermediate the ends of the arm.
PAR  In another embodiment of the invention, the second mount includes two fluid
      cylinders, coupled to a vehicle wheel and communicating with each other.
      Pistons are received in the cylinders for reciprocating movement and are
      coupled to the lever and to the vehicle body, respectively.
PAR  As can be seen from the above descriptions of two embodiment of the
      invention, both mounts for the bumper support are in some manner coupled
      to the vehicle body and, consequently, impart movements to the support
      relative to the traveled surface. Nonetheless, because the second mount is
      also coupled to a wheel for the vehicle, the movement imparted to the
      bumper support by the second mount is different from the movement imparted
      to the support by the first mount. As a result, the different movements
      can be utilized to maintain the bumper carried by the support at a
      generally constant vertical distance from the traveled surface.
PAR  In the first described embodiment of the invention, for example, a desired
      relationship between the movements imparted to the bumper support by the
      two mounts can be selected by appropriate location of the lever along the
      length of the arm of the second mount. Then by properly selecting the
      location of the second mount along the length of the lever, the different
      movements imparted by the two mounts can be coordinated to produce little
      or no movement of the bumper end of the support. In the second described
      embodiment of the invention, the relationship between the movements
      imparted to the bumper support by the two mounts is determined by
      appropriate selection of the strokes of the two pistons of the second
      mount.
PAR  The vehicle bumper arrangement according to the invention is designed
      primarily to maintain a bumper at a generally constant height above a
      roadway or other traveled surface and the mounts for the bumper support
      may be attached to parts of the vehicle that are relatively weak and can
      not absorb impact energy to any appreciable extent. Accordingly, a
      conventional device for absorbing impact energy should preferably be
      mounted on the vehicle inwardly of the bumper. In addition, at least the
      second mount for the bumper support should include a releasable coupling
      for the support. The coupling releases the bumper support from the mount
      upon application of a load on the bumper exceeding a predetermined release
      load. The mount will thus assist in maintaining the bumper at its proper
      height above the traveled surface until immediately before an impact, but
      then will release the bumper support so that the force of the impact is
      not transmitted through the support to the mount and the vehicle body. The
      use of the bumper support primarily for adjustment of the bumper height
      also permits the bumper apparatus to be of the self-regenerating type
      known in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following description of two exemplary embodiments, taken in conjunction
      with the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a schematic side view of a motor vehicle provided with a bumper
      arrangement according to the invention;
PAR  FIG. 2 is a graphical representation of the relative movements of various
      portions of the bumper arrangement of FIG. 1;
PAR  FIG. 3 is an end view of the bumper arrangement of FIG. 1;
PAR  FIG. 4 is a graphical representation of the vertical movements of various
      portions of the bumper arrangement of FIG. 1, as viewed in FIG. 3; and
PAR  FIG. 5 is a schematic side view of a vehicle provided with another bumper
      arrangement according to the invention.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  FIG. 1 of the drawings schematically illustrates one side of the front end
      of an automobile equipped with a bumper 1 oriented transversely of the
      automobile. The bumper 1 is normally located at a distance a from the
      surface, such as a road, on which the automobile is supported by its wheel
      2. The wheel 2 is coupled to the body (not shown) of the automobile by a
      piston-type shock absorber 3 extending generally vertically from the
      wheel. The wheel 2 is also coupled to the automobile body by an arm 4
      extending generally horizontally from the wheel and generally
      perpendicular to the plane of FIG. 1. Although FIG. 1 illustrates only one
      side of the automobile, the other side of the automobile is of similar,
      but mirror image construction.
PAR  The automobile bumper 1 is carried at one end of a lever 5 extending
      longitudinally of the automobile. At the other end 6 of the lever 5, a
      mount attaches the lever end to the body (not shown) of the automobile.
      Intermediate its ends, the lever 5 is pivoted on the arm 4 and is thereby
      divided into two lever portions 7 and 8 at the pivot point 9.
PAR  The mounting of the lever 5 on the arm 4 can be seen more clearly in FIG.
      3, which illustrates that the lever is carried on the arm 4 at a point
      intermediate the ends of the arm. At the left end 10 of the arm 4, as
      viewed in FIG. 3, the arm is pivotally connected to the cylinder of the
      shock absorber 3, which is, in turn, connected to the wheel 2. At its
      other end 11, the arm 4 is connected to the automobile body (not shown).
PAR  In FIG. 4, relative movements of the ends 10 and 11 and the pivot point 9
      of the arm 4 relative to the roadway are graphically represented, the
      central line representing the normal position of the arm 4. As can be
      seen, the left end 10 of the arm 4 remains at a fixed vertical position
      since the end 10 is coupled to the wheel 2. While on occasion the wheel 2
      may actually leave the roadway, it can normally be assumed to be at a
      relatively constant distance therefrom. The right end of the arm 4
      executes the full range of vertical movement of the automobile body above
      and below the normal or "at rest" position of the arm 4, as indicated by
      the arrows shown to the right of the graph in FIG. 4. The point 9 at which
      the lever 5 is pivoted on the arm 4 moves in generally the same direction
      as the right end 11 of the arm 4, but with a diminished amplitude since
      the pivot point is closer to the non-moving left end 10 of the arm 4.
PAR  Returning now to FIG. 2, which illustrates the movements of various points
      along the lever 5, it can be seen that the right end 6 of the lever also
      executed a full range of movement with the vehicle body from the normal or
      "at rest" position of the lever represented by the central line on the
      graph of FIG. 2. The movement of the pivot point 9, however, which is
      determined by the relative location of the pivot point 9 on the arm 4, has
      the same direction but is diminished in amplitude relative to the movement
      of the end 6 of the lever 5. As a result, the bumper 1 remains at a
      generally constant vertical distance a from the roadway. The movements of
      the lever 5 at its right end 6 and the pivot point 9 can be coordinated to
      produce the desired result by appropriate location of the pivot point 9
      along the lever 5.
PAR  FIG. 5 illustrates a second embodiment of the invention in which the
      intermediate mount for the lever 5 is a pair of intercommunicating fluid
      cylinders 13 and 14 mounted on a piston-type shock absorber 17 for an
      automobile wheel (not shown). The two cylinders 13 and 14 are rigidly
      connected and communicate with each other through a passage 19. The lever
      5 is connected at its pivot point 9 with a piston 12 that is slidably
      received in the cylinder 13. The cylinder 14 slidably receives a piston 15
      that is coupled to the piston rod 16 for the shock absorber 17. The piston
      rod 16 is, in turn, connected at one end 18 with the automobile body (not
      shown).
PAR  In operation, movement of the vehicle body relative to the roadway produces
      movement of the piston rod 16 in the shock absorber 17 and corresponding
      movement of the piston 15 in the cylinder 14. The movement of the piston
      15 is transmitted to the piston 12 by fluid flowing from the cylinder 14
      through the passage 19 into the cylinder 13. The resultant movement of the
      piston 12 moves the lever 5 at its pivot point 9 to achieve the counter
      movement of the bumper 1, relative to the automobile body, to maintain a
      generally constant height of the bumper above the raodway. The movement of
      the lever 5 at the pivot point 9 can be selected relative to the movements
      of the automobile body and the end 6 of the lever by selecting the
      relationship between the strokes of the pistons 12 and 15, for example.
PAR  In order to avoid transmitting impact forces to the relatively weak
      portions of the automobile to which the lever 5 is coupled, as for example
      the shock absorber or axle for a wheel, the connections between the lever
      5 and its mounts should preferably be designed so that if an impact
      occurs, little or no impact force is transmitted through the lever 5,
      particularly to the arm 4. Thus, the connection at the pivot point 9
      includes a hinge pin designed to shear off under loads corresponding to
      impact loads on the bumper 1 greater than a predetermined release load.
      Such a connection may also be provided at the right end 6 of the lever 5
      and any other conventional device for providing a relatively weak
      connection may be utilized.
PAR  Impact energy resulting from a collision will be absorbed by conventional
      energy dissipating or absorbing elements, such as the impactor cup 20
      shown in FIGS. 1 and 5. The impactor cup 20 is fabricated of sheet metal
      and is designed in the form of a bellows. When an impact load is applied
      on the bumper 1, the impactor cup 20 collapses and dissipates or absorbs
      energy transmitted to the bumper by the impact.
PAR  The object of the invention can also be achieved by eliminating the
      intermediate mount for the lever 5 and utilizing a single piston-cylinder
      mount. Specifically, the lever 5 could carry the bumper 1 at one end and
      be rigidly mounted on a piston-cylinder arrangement at its other end. The
      piston and cylinder would be coupled to a shock absorber in a manner
      generally similar to the piston-cylinder arrangement illustrated in FIG.
      5.
PAR  In the illustrated embodiments of the invention, couplings or connections
      described as being to the automobile body can also be made to the
      automobile frame. Similarly, couplings or connections described as being
      to an automobile wheel or to a shock absorber for a wheel can be made to
      other automobile components, such as an axle, connected to and moving
      vertically with a wheel.
PAR  It will be understood that the above described embodiments are merely
      exemplary and that those skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be within
      the scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle having at at least one end thereof bumper means including a
      bumper oriented transversely of the vehicle and located at a distance from
      a travelled surface on which the vehicle is supported, the improvement of
      means for maintaining the distance between the bumper and the travelled
      surface generally constant comprising:
PA1  a. support means for supporting the bumper, the support means including
      lever means mounting at one end thereof the bumper,
PA1  b. first means mounting the support means and coupled to the other end of
      the lever means, and
PA1  c. second means mounting the support means and including a first cylinder
      coupled to a wheel for the vehicle and adapted to contain a fluid under
      pressure, a second cylinder communicating with the first cylinder and
      adapted to contain a fluid under pressure, the second cylinder also being
      coupled to the wheel, a first piston coupled to the vehicle body and
      received in the first cylinder for reciprocating movement, and a second
      piston coupled to the lever means intermediate the ends thereof and
      received in the second cylinder for reciprocating movement,
PA1  the first and second mounting means imparting different movements to the
      support means upon movement generally perpendicular to the travelled
      surface by a vehicle body portion located adjacent the bumper, the
      different movements imparted to the support means effecting movement of
      the bumper relative to the adjacent vehicle body portion opposite in
      direction and approximately equal in amplitude to the movement of the
      adjacent vehicle body portion.
NUM  2.
PAR  2. The improvement of claim 1, wherein the first mounting means mounts the
      other end of the support means on the vehicle body.
NUM  3.
PAR  3. The improvement of claim 1, wherein the bumper means further includes
      means for absorbing impact energy disposed inwardly of the bumper on the
      vehicle and wherein the second mounting means includes means releasably
      coupling the second mounting means to the support means, the coupling
      means being adapted to release the support means from the second mounting
      means upon application of a load on the bumper exceeding a predetermined
      release load.
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PAL  A system constituted of a retractable bumper coupled with a hydraulic shock
      absorber the shock absorption characteristic of which is governed by a
      pressurized gas, a weight sensor for sensing the vehicle gross weight, a
      pressure regulator for the pressurized gas, a carriage mechanism which
      supports the shock absorber and can move it in the longitudinal direction
      of the vehicle, and an electrical control unit for controlling both the
      pressure regulator and the carriage mechanism in response to the signal
      from the weight sensor, so that the energy absorption capacity of the
      system in a collision of the vehicle represented by the product of the
      resistance offered against a retracting movement of the bumper by the
      shock absorber and the distance travelled by the bumper until coming into
      contact with the vehicle body can be varied depending on the weight of the
      vehicle payload.
BSUM
PAR  The present invention generally relates to an impact-absorbing buffer
      device for a motor vehicle, and more particularly to a system for
      controlling the energy absorption capacity of the buffer device.
PAR  In a collision or a crash of a vehicle against an obstacle, the magnitude
      of the impact force, which depends on the momentum or kinetic energy of
      the vehicle, varies with the vehicle weight, or more accurately the gross
      vehicle weight, as well as with the vehicle speed. In some types of
      vehicles, for example in motor trucks and busses, the gross weight of the
      vehicle varies within a wide range between unladen and fully laden
      weights, and also the magnitude of kinetic energy or impact force in a
      collision varies similarly over a wide range.
PAR  Accordingly, it is necessary for such vehicles to regulate the energy
      absorption capacity of impactabsorbing devices such as front and rear
      bumpers thereof to most appropriate values in accordance with the
      variation in the magnitude of kinetic energy so that passengers may be
      protected against injury irrespective of the vehicle weights and/or
      speeds.
PAR  It is an object of the present invention to provide an energy-absorbing
      system for a vehicle, especially for an automobile, in which the
      energy-absorption capacity can be automatically controlled in accordance
      with variation in the vehicle gross weight and/or vehicle speed.
PAR  According to the invention, there is provided an energy-absorbing system
      for an automobile, comprising: a buffer device for receiving an impact
      force and for absorbing the impact energy in a crash of the vehicle
      against an obstacle, first means to sense the weight of a payload loaded
      on the vehicle and produce a first signal representing the sensed weight,
      and second means to cause the buffer device to vary the energy absorption
      capacity thereof in dependence on the first signal.
PAR  Preferably, such a system further comprises means to sense the vehicle
      speed and to produce a second signal representing the sensed speed, which
      signal is transmitted to the second means or independent means similar to
      it. The energy absorption capacity is regulated preferably by varying the
      stroke length of a movable bumper and/or the magnitude of the reaction
      force against the bumper movement.
DRWD
PAR  The invention will be fully understood from the following detailed
      description taken with the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of an automobile impact buffer device of a
      system of the invention;
PAR  FIG. 2 is a schematic side view of a truck equipped with the buffer devices
      of FIG. 1;
PAR  FIGS. 3 and 4 are block diagrams of first and second embodiments of a
      system of the invention, respectively;
PAR  FIG. 5 is a graph showing qualitatively a regulated variation in the
      distance of a retracting bumper movement in a system of the invention with
      variation in the payload weight of a vehicle;
PAR  FIG. 6 is a graph similar to FIG. 5, but shows a regulated variation in the
      reaction force against the bumper movement; and
PAR  FIG. 7 is a graph for explanation of variations in the impact energy
      absorption capacity of a system of the invention.
DETD
PAR  Referring now to FIG. 1, a buffer device or impact-absorbing device 10 for
      use in a system of the invention essentially consists of a hydraulic
      cylinder 11, a combined piston-rod 12, a gas chamber 13 communicable with
      the cylinder 11 via an orifice 14 and a valve 15, and a bumper 16 attached
      to the external end of the piston-rod 12. The gas pressure in the chamber
      13 is regulated by pressure regulator 17 so that the reaction force or
      resistance against an inward piston-rod 12 movement upon an impact on the
      bumper 16 may be predetermined to an optimum magnitude it will be
      understood that the device 10 excluding the bumper 16 is a hydraulic shock
      absorber.
PAR  In FIG. 2, a truck 18 is provided with the buffer devices 10 near to the
      front and rear ends thereof. Each device 10 is mounted on the frame (not
      shown) of the truck 18 with a carriage mechanism 19 in such an arrangement
      that the bumpers 16 are away from the front end 18A and rear end 18B of
      the truck 18 by a distance L. The distance L is determined on the basis of
      the stroke length of the piston-rod 12 for absorbing an impact energy and
      may be determined independently for the front and rear bumpers 16.
PAR  The invention contemplates to regulate this distance L in accordance with
      an anticipated magnitude of kinetic energy or impact force. The carriage
      mechanism 19 is employed to allow the buffer device 10 in its entirety to
      move relative to and longitudinally of the truck 18 frame so that the
      distance L may be adjusted to a most appropriate value. The carriage
      mechanism 19 per se may be chosen from various mechanisms commonly used to
      adjustably move a member within a limited distance, and may be operated
      either hydraulically, mechanically or electrically. For example, the
      buffer device 10 is mounted on the vehicle body by means of either a
      mechanical linkage or a guide rail and combined with an actuator of the
      hydraulic cylinder-piston type which is governed by an electrohydraulic
      servo valve, all of which are conventional and well known in the art.
PAR  In a system according to the invention, the energy absorption capacity of
      the buffer device 10 is varied by the action of either one of the pressure
      regulator 17 and the carriage mechanism 19 or both of them, and the action
      is initiated when the vehicle gross weight or payload weight varies. In
      the buffer device 10, a reaction force F on the piston-rod 12 or
      resistance against the inward movement thereof depends largely on the gas
      chamber 13 pressure. A representative block diagram of a first embodiment
      of a system of the invention is shown in FIG. 3. A control unit 20
      receives a signal from a weight sensor 21 which senses the payload weight.
      In response to the signal, the control unit 20 operates the gas pressure
      regulator 17 and/or the carriage mechanism 19. The signal from the weight
      sensor 21, which may utilize a strain gage for example, is usually of an
      analog or continuous signal, but a digital or discontinuous signal may
      also serve the control unit 20, Irrespective of the signal mode from the
      weight sensor 21, the output mode of the control unit 20 and hence the
      variations in the protrusion distance L of the bumper 16 and/or the
      reaction force F can be regulated either linearly or step-wise as shown in
      FIGS. 5 and 6, wherein the solid lines and the broken lines represent the
      former and the latter cases, respectively. The control unit 20 which may
      include a comparator circuit and an amplifier circuit and has the above
      described function is well known in the field of automatic control. There
      is no particular requirement for designing the control unit 20 for a
      system according to the invention. The pressure regulator 17 is typified
      by a common pressure-regulating valve.
PAR  The energy absorption capacity of the buffer device 10 can be determined in
      a wide range by various combinations of the protrusion distance L and the
      resistance F values since the magnitude of energy absorption in the buffer
      device 10 can be represented by F .times. L. In FIG. 7, F.sub.1 and
      L.sub.1 represent a resistance and a protrusion distance determined to
      give an energy absorption capacity appropriate to the unladen state. An
      increased capacity appropriate to a state of a certain payload weight can
      be established by either a combination of F.sub.3 and L.sub.1 or of
      F.sub.1 and L.sub.2. It will need no further explanation that the same
      capacity can be obtained also by varying both the F and L values together,
      and that an infinite number of combinations exist for a value of the
      absorption capacity.
PAR  A system according to the invention may further include a vehicle speed
      sensor 22 in addition to the payload weight sensor 21 as shown in the
      block diagram of FIG. 4. As is frequently employed, a tachometer generator
      of conventional and known construction serves as the speed sensor 21 of
      convenience. A control unit 20A is added to perform the same operation as
      the unit 20 in response to a signal from the speed sensor. It will be
      easily understood that the two control units 20 and 20A can be combined
      into one control unit (no numeral) since major portions of the elements
      constituting the two units 20 and 20A are completely identical. The energy
      absorption capacity of the buffer device 10 can be more precisely
      regulated by the incorporation of the speed sensor 22, and the device 10
      can act in its best faculty when it receives an impact practically under
      any vehicle condition. Consequently, a system of the invention makes an
      important contribution to the safety of passengers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an automobile an impact energy absorption system
      comprising:
PA1  a hydraulic shock absorber having a hydraulic cylinder, a piston-rod
      received in and protruding from said hydraulic cylinder, a pressurized gas
      chamber communicable with said hydraulic cylinder and a valve means for
      the control of fluid communication between said hydraulic cylinder and
      said pressurized gas chamber;
PA1  a retractable bumper joined with said piston-rod;
PA1  a weight detection means to sense the weight of a payload of the automobile
      and produce an electrical signal representing the sensed weight;
PA1  a pressure regulation means for varying a gas pressure in said pressurized
      gas chamber;
PA1  a carriage means for supporting said hydraulic cylinder in such a position
      that said bumper is located at a distance externally from an end of the
      automobile and selectively moving said hydraulic cylinder in the
      longitudinal direction of the automobile; and
PA1  an electrical control means for controlling said pressure regulation means
      and said carriage means in response to said electrical signal, so that an
      energy absorption capacity in a collision of the automobile represented by
      the product of a resistance offered by said shock absorber against a
      retracting movement of said bumper and a distance travelled by said bumper
      until coming into contact with said end can be varied depending on said
      weight of said payload.
NUM  2.
PAR  2. An impact energy absorption system according to claim 1, further
      comprising a speed detection means to sense the speed of the automobile
      and produce another electrical signal representing the sensed speed, and
      another electrical control means for controlling said pressure regulation
      means and said carriage means in response to said another electrical
      signal, so that said energy absorption capacity can be varied depending on
      both the weight of the payload and speed of the automobile.
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ABST
PAL  A motor vehicle with at least one bumper supported at the vehicle by way of
      impact absorbers and with longitudinal bearers that extend approximately
      in extension of the retraction direction of the impact absorbers; the
      impact absorbers are supported at the end faces of the longitudinal
      bearers by interposition of a structural part having a high buckling
      strength.
BSUM
PAR  The present invention relates to a motor vehicle with at least one
      bumper--which is fixedly supported at the vehicle by way of impact
      absorbers--and with longitudinal bearers which extend approximately in the
      extension of the retraction direction of the impact absorbers.
PAR  In vehicles which are thus equipped, the bumper retracts in case of an
      impact whereby the impact absorbers bring about an energy absorption. In
      order that the work capacity thereof is fully utilized, it is necessary to
      introduce the occurring forces into the vehicle in such a manner that no
      premature deformation occurs at vehicle body parts. This means that as a
      rule a considerable reinforcement of the motor vehicle end area has to be
      carried out because, based on experience, structural parts with pronounced
      load-bearing capabilities in the vehicle longitudinal direction are absent
      in these areas. This, however, leads to a considerable increase of the
      vehicle weight and simultaneously to a weight distribution unfavorably
      influencing the driving behavior.
PAR  It is the aim of the present invention to provide a possibility, under
      avoidance of the described disadvantages, to introduce the forces which
      become effective at the impact absorbers in case of a vehicle impact or
      collision, in a simple manner into supporting vehicle body parts or the
      like which can be stressed in compression.
PAR  Consequently, a motor vehicle with at least one bumper--which is supported
      at the vehicle by way of impact absorbers--and with longitudinal bearers
      is proposed which extend approximately in extension of the retraction
      direction of the impact absorbers, whereby according to the present
      invention, the impact absorbers are supported at the end faces of the
      longitudinal bearers under interposition or interconnection of a
      structural part which is resistant to buckling, and more particularly by
      interconnection of a structural part which has a relatively high buckling
      and compressive strength.
PAR  Tolerances in length can be readily compensated for, if the end faces of
      the longitudinal bearers are provided with a preferably unilateral or
      onesided bevelling, against which abuts the respective complementary free
      end of the buckling-resistant structural part. For the purpose of the
      tolerance compensation, as a rule, a slight inclined positioning of the
      buckling-resistant structural part thereby suffices already if the surface
      inclination of the bevelled surface amounts to about 30.degree..
PAR  In a preferred embodiment of the present invention, the portions of the
      impact absorbers of a respective vehicle side, which are fixed at the
      vehicle, are connected with each other by a cross bearer for the better
      force distribution.
PAR  Accordingly, it is an object of the present invention to provide a motor
      vehicle with at least one bumper which avoids by simple means the
      aforementioned shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a motor vehicle with at
      least one bumper in which a premature deformation of vehicle body parts is
      avoided without the need of increasing the weight of the end section of
      the vehicle by the incorporation of reinforcing structural elements.
PAR  A further object of the present invention resides in a motor vehicle with a
      retractable bumper in which the premature damage to body parts is avoided
      yet the driving behavior of the vehicle remains substantially
      uninfluenced.
PAR  A still further object of the present invention resides in a motor vehicle
      with at least one bumper in which the forces which become effective at the
      impact absorbers during a vehicle impact are introduced in a simple manner
      into bearer elements that can be stressed in compression.
PAR  Another object of the present invention resides in a bumper arrangement in
      a motor vehicle which not only brings about all of the aforementioned
      advantages but at the same time permits a ready compensation for
      tolerances in the length of the various parts.
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  The single FIGURE is a somewhat schematic plan view, partly in cross
      section, of one embodiment of a bumper assembly in accordance with the
      present invention.
DETD
PAR  Referring now to the single FIGURE of the drawing, a bumper 1, indicated in
      dash and dot lines of a motor vehicle which is not illustrated in detail,
      is supported in the illustrated area at a vehicle longitudinal bearer 4 by
      way of an impact absorber generally designated by reference numeral 2 of
      any conventional construction which may be constructed, for example, as
      shock absorber, under interposition of a buckling-rigid structural part
      generally designated by reference numeral 3 which has a high buckling
      strength. The portions 5 of the impact absorber 2 which are fixed at the
      vehicle, of a respective vehicle side (front or rear section) are
      connected with each other by a cross bearer 6, by means of which the
      forces occurring during a vehicle impact are distributed proportionately
      to the buckling resistance structural parts 3 connected behind the impact
      absorbers.
PAR  In order to be able to compensate for manufacturing tolerances in a simple
      manner, each end face 7 of the longitudinal bearer 4 is bevelled off,
      whereby the free ends 8 of the buckling-resistant structural parts 3 have
      the same bevelling or inclination so that by a slight inclined position of
      the buckling-resistant structural parts 3, differences in length can be
      eliminated. In the thus-found position, the buckling-resistant structural
      parts 3 can be secured at the longitudinal bearer 4, for example, by way
      of an end-face base plate 9 by means of a threaded connection.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A motor vehicle which includes a vehicle body and at least one bumper
      means that is supported at the vehicle by way of impact absorber means,
      and longitudinal bearer means which extend approximately in extension of
      the retraction direction of the impact absorber means, characterized in
      that the impact absorber means are supported at end faces of the
      longitudinal bearer means by interposition of a buckling-resistant
      structural part which extends within the confines of the vehicle body, and
      wherein the end faces of the longitudinal bearer means are provided with a
      bevelled-off surface at which abuts the free end of the structural part
      which has a complementary bevelled surface.
NUM  2.
PAR  2. A motor vehicle according to claim 1, characterized in that the bevelled
      surfaces are one-sided bevelled surfaces.
NUM  3.
PAR  3. A motor vehicle according to claim 1, characterized in that the parts of
      the impact-absorber means which are fixed at the vehicle, of a respective
      vehicle side, are connected with each other by a cross bearer.
NUM  4.
PAR  4. A motor vehicle according to claim 3, characterized in that the bevelled
      surfaces are one-sided bevelled surfaces.
NUM  5.
PAR  5. A motor vehicle according to claim 3, characterized in that the
      structural part also possesses a high compressive strength.
NUM  6.
PAR  6. A motor according to claim 3, characterized in that said cross bearer
      extends within the confines of said vehicle body.
NUM  7.
PAR  7. A motor vehicle according to claim 1, characterized in that the
      structural part also possesses a high compressive strength.
NUM  8.
PAR  8. A motor vehicle bumper arrangement comprising:
PA1  at least one bumper means supported at the vehicle by retractable impact
      shock absorber means, and
PA1  longitudinal bearer means extending approximately in extension of the
      retraction direction of the impact absorber means,
PA1  wherein each of said absorber means is supported by a buckling-resistant
      structural part having a bevelled surface thereof in contact with a
      complementary bevelled end face of a corresponding bearer means, and
PA1  wherein said face and said surface have a substantially constant bevel
      angle to accommodate manufacturing tolerances.
NUM  9.
PAR  9. An arrangement according to claim 8, wherein parts of said impact
      absorber means are fixed at the vehicle and have housing surfaces
      connected with each other by cross bearer means extending transversely to
      said housing surfaces.
NUM  10.
PAR  10. A motor vehicle bumper arrangement comprising:
PA1  at least one bumper means supported at the vehicle by retractable impact
      shock absorber means, and
PA1  longitudinal bearer means extending approximately in extension of the
      retraction direction of the impact absorber means,
PA1  wherein each of said absorber means is supported at an end face of said
      longitudinal bearer means by a buckling-resistant structural part,
PA1  wherein parts of said absorber means have housing surfaces interconnected
      by cross bearer means extending transversely to said housing surfaces, and
PA1  wherein each absorber means has a bevelled-off surface supported at each
      end face which has a complementary bevelled-off surface, and wherein each
      of said bevelled-off surfaces is planar.
NUM  11.
PAR  11. An arrangement according to claim 10, wherein said parts are fixed at
      said vehicle.
NUM  12.
PAR  12. A motor according to claim 1, characterized in that said faces and said
      complementary surface have a substantially constant bevel angle.
NUM  13.
PAR  13. An arrangement according to claim 10, wherein said cross bearer means
      extends between said housing surfaces.
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ABST
PAL  A device for aid in inserting or removing a contact lens including an
      elongate, resilient, cylindrical tube having a contact lens holding cup
      formed at one end thereof communicating with the interior of the tube. A
      light transmitting closure member is press fit in the opposite end of the
      tube to provide an airtight closure at that end of the tube. Opposite
      sides of a resilient portion of the tube are manually flexible toward and
      away from each other to evacuate a portion of the tube and, upon release
      and with a contact lens seated on the lens holding cup, return to their
      original configuration to produce a subatmospheric pressure within the
      tube to hold the lens on the lens holding cup. An elongate, light
      transmitting, manually incompressible shaft extends longitudinally through
      the interior of the tube to prevent opposed sides of the tube from being
      squeezed completely together, thus to provide a light transmitting path
      between the closure at one end and the lens holding cup at the other end
      to aid in sighting through the device during operation.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a device for aid in inserting and removing a
      contact lens, and more particularly, to a device which maintains a light
      transmitting path therethrough along which path a user may sight during
      operation.
PAR  Various devices have been designed in the past for aiding contact lens
      wearers to insert and remove contact lenses. Included in such prior
      devices are those which use a squeeze bulb type holder having a lens
      receiving cup at one end thereof, with resilient sides which may be
      manually squeezed together and released to provide a subatmospheric
      pressure within the bulb to hold the contact lens on the cup. For the most
      part, such prior devices have had no provision for providing a light
      transmitting path through the device along which the user may sight to
      maintain his eye in a desired orientation while operating the device.
      Those which may have had some provision for sighting have not been of such
      design so as to be able to maintain a light transmitting path through the
      device on pressing of opposed sides of the bulb together to evacuate the
      bulb.
PAR  A general object of the present invention is to provide a simple and
      economically constructed device for aid in inserting and removing contact
      lenses which overcomes the above set-out objections of prior art devices
      in a simple and effective manner.
PAR  More specifically, an object is to provide a novel device for inserting and
      removing contact lenses which includes an elongate, hollow tube having a
      lens holding portion at one of its ends and a light transmitting closure
      at the other end, with the interior of the device providing a light
      transmitting path from the lens holding portion to the closure. Opposite
      sides of an intermediate portion of the tube are flexible toward and away
      from each other to evacuate a portion of the interior of the tube to
      produce a subatmospheric pressure for holding a contact lens on the lens
      holding portion. An elongate, light transmitting shaft extends
      longitudinally through the intermediate flexible portion to prevent the
      opposite sides of the tube from being squeezed tightly together, and thus
      maintains a light transmitting path through the device along which the
      user may sight throughout operation.
DRWD
PAC  DRAWINGS
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a resilient, cylindrical main body for a
      device constructed according to an embodiment of the invention;
PAR  FIG. 2 is a perspective view of a combination closure element and light
      transmitting shaft which is insertable into the body illustrated in FIG.
      1;
PAR  FIG. 3 is an enlarged longitudinal cross section of the device with the
      body, closure element, and shaft assembled in operative position;
PAR  FIGS. 4 and 5 are views taken generally along the lines 4--4 and 5--5,
      respectively, in FIG. 3, with portions broken away in FIG. 5;
PAR  FIG. 6 is a longitudinal cross-sectional view, on a smaller scale than
      shown in FIG. 3, of the device as it may be used for inserting a contact
      lens; and
PAR  FIG. 7 is a longitudinal cross-sectional view of the device in operative
      position just prior to removal of the contact lens.
DETD
PAC  DETAIL DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, the device of the invention includes a main body
      portion indicated generally at 10 and a combination closure and light
      transmitting member indicated generally at 12. Body 10 is an elongate
      hollow tube, formed in the generally bottle-shaped configuration
      illustrated of rubber or a plastic with resilient, rubber-like properties.
      A material which has been found to work well is silicon rubber having a
      durometer hardness of about 50-60. The body includes an elongate, hollow,
      cylindrical major body portion 14, also referred to as a resilient
      portion, which, with member 12 removed is open at its right end. An
      elongate, hollow, cylindrical, smaller diameter neck, or intermediate,
      portion 16 extends longitudinally outwardly from the left end of portion
      14 and a flaring mouth, or contact lens receiving and holding, portion 18
      projects outwardly from the left end of neck portion 16, as illustrated in
      the figures. The outer diameter of mouth portion 18 is less than the
      diameter of a contact lens.
PAR  As is seen in FIGS. 3 through 7, the internal diameter, or side-to-side
      dimension between opposed sides, in main body portion 14 is greater than
      the internal diameter, side-to-side dimension, in neck portion 16. A
      plurality of spacer members 22 spaced circumferentially about the inside
      of neck portion 16 project radially inwardly therefrom.
PAR  Member 12 is formed of a substantially rigid, manually incompressible,
      light transmitting material such as clear acrylic plastic. As seen in the
      figures, member 12 includes a closure portion consisting of a cylindrical
      sealing section, or portion, 24 and a larger diameter limiting section, or
      portion, 26. Sealing section 24 is of such diameter that it may be
      inserted into the open end of main body portion 14 of member 10, providing
      a press fit therein to produce an airtight seal between sealing section 24
      and main body portion 14. The limiting section 26, being of greater
      diameter than section 24 abuts the end of the main body portion, upon
      insertion of the sealing section, to limit insertion to a preselected
      position.
PAR  An elongate, cylindrical shaft portion, or section, 28 projects outwardly
      from the center of sealing section 24. Shaft portion 28 has a diameter
      which is smaller than the internal diameter of resilient portion 14 and
      has a length less than the length of resilient portion 14, whereby it
      terminates short of the end of portion 14. An elongate, cylindrical stem
      portion, or section, 30 projects longitudinally outwardly from the end of
      shaft portion 28. Stem portion 30 has such length that when the parts are
      assembled, as illustrated in FIGS. 3 through 7, it extends through part of
      neck portion 16 but terminates in a region spaced inwardly from mouth
      portion 18. Its outer end extremity 30a may be optically ground to a
      convex configuration. The diameter of stem portion 30 is slightly less
      than the internal diameter of neck portion 16 and is such as to fit
      tightly between the inwardly facing surfaces of spacer members 22.
PAR  A small, opaque dot 34 is imprinted centrally on the end of limiting
      portion 26 of member 12. This dot is to act as a sighting indicia to
      assist in aligning the device with a user's eye, as will be explained in
      greater detail below.
PAR  Explaining the operation of the device, reference first is made to FIG. 6
      which illustrates how the device may be used to apply a contact lens 38 to
      a user's eye 40. For the insertion of a contact lens, body 10 may be used
      alone. The lens first is coated with a liquid cushioning, or wetting,
      solution of a type generally used with contact lenses. The lens then is
      placed centrally in the flared opening of mouth portion 18 with the convex
      side of the lens in the mouth portion. The lens is held in position on the
      flared mouth portion by the tension of the liquid alone.
PAR  Body 10 is held lightly, as shown in FIG. 6 whereby the sides of the body
      portion 14 are not depressed, and the tube and lens are brought into
      position adjacent the eye as illustrated. As the lens near the eye a line
      of sight may be maintained through the lens and the tube, with the user
      sighting at a small object, such as a lens case indicated generally at 42
      which may be resting on a counter in the region of use. As the contact
      lens is moved closer to the eye, the tubular body and lens may be adjusted
      laterally and angularly to keep the appearance of the sighted object
      centrally in the open end of the tube. The lens thus makes initial contact
      close to the central portion of the eye. The tube then is withdrawn from
      the eye leaving the lens of the eye.
PAR  Although operation of the device for inserting a contact lens has been
      described using tubular body 10 alone, it should be realized that it may
      be used with body 10 and member 12 assembled as shown in FIG. 3 also for
      inserting a lens.
PAR  Explaining a use of the device for removal of a contact lens, and referring
      to FIGS. 3 and 7, body 10 and member 12 first are assembled as
      illustrated. When thus assembled sealing portion 24 of member 12 provides
      an airtight seal at one end of the main body, and shaft and stem portions
      28, 30 extend longitudinally through the tubular body. Stem portion 30
      fits snugly against the radially inwardly facing surfaces of spacers 22
      with the spaces between spacers 22 providing air flow passages extending
      from mouth portion 18 into the interior of main body portion 14.
PAR  Referring to FIG. 7, with members 10, 12 assembled as described, the sides
      of main body portion 14 are manually squeezed toward each other as
      illustrated to evacuate a portion of the interior of the tube. The user
      then directs the device toward contact lens 38 which is to be removed from
      eye 40 and sights directly through the tubular body and member 12 to align
      the device properly with his eye. The light transmitting characteristics
      of the closure and light transmitting member 12 allow the user to look
      directly through the shaft and stem portions 28, 30 to sight on opaque dot
      34 at the end of the tube. The convex configuration of end extremity 30a
      of the stem portion of the device provides a degree of magnification which
      assists in maintaining proper alignment by magnifying dot 34 to aid in
      aligning it in the device. As the device is brought near the eye the
      position of the tube may be adjusted laterally and angularly so that dot
      34 appears centrally in the lighted end area of the tube. When so
      positioned, the assembly is properly aligned to contact and remove the
      contact lens.
PAR  It should be noted that shaft portion 28 prevents the sides of the tube
      from being squeezed completely together, thus to maintain a path along
      which light is transmitted from one end of the device to the other for
      sighting and aligning purposes.
PAR  When mouth portion 18 of the device touches the contact lens, finger
      pressure is relaxed to allow the tube's side walls to return to their
      initial configuration as illustrated in FIG. 3. This produces a
      subatmospheric pressure within the tube providing a partial vacuum to hold
      the contact lens to the mouth portion of the device. The device then is
      withdrawn from the eye, taking the contact lens with it.
PAR  In such a device, the shaft and stem portions of member 12 have two-fold
      purpose. First, they maintain a light path through the cylinder when the
      walls of the cylinder are pressed inwardly as shown in FIG. 7, and
      secondly, they provide a degree of stiffness for the device to aid in
      assuring alignment of neck portion 16 with a line of sight through the
      device.
PAR  An added advantage of such a device, in which the body portion 10 and
      member 12 are disassembleable, is that the same lends itself to simple and
      effective cleansing. This is particularly important when dealing with
      contact lenses and working around the eyes.
PAR  While a preferred embodiment of the invention has been described herein, it
      should be apparent to those skilled in the art that variations and
      modifications are possible without departing from the spirit of the
      invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A device for use in inserting and removing a contact lens comprising:
PA1  an elongate, hollow tube having a lens holding portion at one end thereof
      opening into the interior of said tube and a portion of said tube spaced
      from said one end being resilient to accommodate manual flexing of opposed
      sides thereof toward each other and to return substantially to their
      original configuration when released,
PA1  a light transmitting closure element attached to and providing an airtight
      closure of the other end of said tube, and
PA1  an elongate, substantially rigid, straight light transmitting shaft of
      smaller side-to-side dimension than the interior of said resilient portion
      of the tube secured at one of its ends to said closure element and
      extending axially of said tube through the resilient portion of said tube,
      with its other end adjacent but spaced inwardly from said lens holding
      portion of the tube, said shaft being operable to prevent said opposed
      sides of the tube from being pressed into contact with each other, thus to
      maintain a line of sight light path extending axially of said tube from
      said closure element to said lens holding portion during flexing of said
      tube walls toward each other.
NUM  2.
PAR  2. The device of claim 1, which further comprises spacer means interposed
      between the inner surface of said tube and said shaft adjacent said lens
      holding portion, said spacer means being operable to maintain an air flow
      passage extending between said lens holding and resilient portions of the
      tube.
NUM  3.
PAR  3. The device of claim 1, wherein said shaft is constructed of a material
      which is manually incompressible.
NUM  4.
PAR  4. The device of claim 1, wherein a portion of the tube intermediate said
      resilient portion and said lens holding portion has an interior surface of
      a side-to-side dimension less than the internal side-to-side dimension of
      said resilient portion, and a section of said shaft extending into said
      intermediate portion of the tube is of a side-to-side dimension less than
      said dimension of said intermediate portion to provide an air flow passage
      between said lens holding and resilient portions of the tube.
NUM  5.
PAR  5. The device of claim 1, wherein said closure member has sighting indicia
      inscribed thereon.
NUM  6.
PAR  6. The device of claim 5, wherein the end extremity of said shaft adjacent
      said lens holding portion is convex.
NUM  7.
PAR  7. The device of claim 1, wherein said closure element and shaft are
      removably mounted in said tube.
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ABST
PAL  A one-piece set of synthetic plastic, object-gripping tongs including a
      pair of longitudinally extending blades, an integral hinge normally urging
      the blades to fully spread positions, but permitting movement thereof to
      closed, object-gripping positions, and cooperating connector portions on
      the blades interrupting spreading movement of the blades in positions
      between the fully spread and closed positions, but permitting movement
      thereof to the closed positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a one-piece set of disposable or throw-away tongs
      for gripping ice and the like, and a method of making the throw-away
      tongs.
PAR  Many commercial establishments, such as airlines, prepare and serve
      consumable products with throw-away serving pieces. To accommodate the
      service of iced beverages aboard commercial aircraft, the commercial
      airlines currently store stainless steel ice tongs. The disposal of the
      relatively expensive stainless steel tongs after a one-time use represents
      a substantial expenditure. Accordingly, it is an object of the present
      invention to provide a set of relatively inexpensive throw-away utility
      tongs and method of making such utility tongs.
PAR  In the manufacture of ice tongs, it is important that the number of pieces
      in the construction be minimized so that the attendant assembly costs are
      also minimized. Prior art tong constructions which incorporated a blade
      spreading hinge, have not been entirely satisfactory because the hinge
      does not always retain its "spring", and, after limited use, the
      object-gripping blades would sometimes not be automatically restored to
      their fully spread, object-receiving positions. Continued use of such
      tongs was only possible if the blades were manually spread and this
      interfered with the efficient working of the tongs.
PAR  Later tong constructions included spring members reacting between the
      object-gripping blades to normally urge the blades to spread positions so
      that an object could be easily received therebetween, but permitting
      movement thereof to closed object-gripping positions. This, of course,
      increased the manufacturing costs.
PAR  Previous plastic tong constructions have a relatively small object biting
      or gripping portion which inhibits the gripping of objects. Accordingly,
      it is another object of the present invention to provide utility tongs of
      the type described which can hold an object along a substantial portion of
      its length.
PAR  Low packaging and shipping costs are important factors in a profitable ice
      tong business. In the high volume, low margin, ice tong industry,
      packaging and shipping charges can represent a substantial percentage of
      the total overhead. Although conventional ice tongs are not particularly
      heavy, they are bulky and this greatly adds to the packaging and shipping
      costs. Accordingly, it is an object of the present invention to provide a
      method of making ice tongs which permits them to be compactly stacked for
      shipment.
PAR  A further object of the present invention is to provide a set of ice tongs
      which can be easily, finally assembled at the point of use.
PAC  SUMMARY OF THE INVENTION
PAR  A set of tongs constructed according to the present invention comprises a
      pair of longitudinally extending blades having free ends mounting
      confronting, object-gripping teeth, a hinge connected to the other ends of
      the blades yieldably urging the blades to fully spread positions in
      prolongation of each other, but permitting movement of the blades to
      closed positions in which the teeth grip opposite sides of an object.
      Connecting apparatus is provided to interrupt spreading movement of the
      blades in positions intermediate the spread and closed positions, so that
      the blades are generally coextensive, but permitting movement of the
      blades to the closed positions to grip an object.
PAR  The tongs are manufactured by molding a one-piece, elongate blank of
      synthetic plastic, having teeth at opposite ends of one side of the blank,
      and then folding the blank so that the teeth are in confronting relation
      and keeping the blank in the folded condition with a male-female type
      connector which prevents return of the blank to its unfolded condition.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill in the art by the following description when
      considered in relation to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective side view of the tongs constructed according to the
      present invention;
PAR  FIG. 2 is a slightly reduced, side elevational view of the tongs
      illustrated in FIG. 1;
PAR  FIG. 3 is a more reduced, top plan view illustrating the tongs in an
      unfolded condition during an initial stage of manufacture; and
PAR  FIG. 4 is a sectional end view of the tongs, taken along the line 4--4 of
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A set of tongs constructed according to the present invention is generally
      designated 10, and is particularly adapted for gripping an ice cube,
      generally designated I (FIG. 2). The ice tongs 10 include a pair of
      generally longitudinal, coextensive blades 12 connected by an integral,
      curvilinear hinge portion, generally designated 14, normally urging the
      blades 12 toward unfolded positions in which the blades substantially lie
      in the same plane and are in prolongation of each other in prolongation of
      each other, as illustrated in FIG. 3, but permitting movement thereof to
      engaging positions, illustrated in chain lines in FIG. 1.
PAR  The blades 12 are held in the positions illustrated in FIG. 2 by a keeper,
      generally designated 20, including a male latch or a connector member,
      generally designated 22, and a latch receiving, female connector member,
      generally designated 24. The latch receiving member 24 includes a pair of
      inwardly projecting plates or walls 26, integral with one of the blades
      12, having confronting terminal flange portions 28 spaced from each other
      by a gap 30 for receiving the male latch member 22. The male latch member
      22 includes an inwardly projecting plate 25, integral with the other blade
      12, terminating in a laterally extending flange or catch 32. Inwardly
      converging cam surfaces 34 are provided on the catch 32 for camming the
      female flange portions 28 to the spread positions, illustrated in chain
      lines in FIG. 4, when the blades 12 are moved from the positions in
      prolongation of each other (FIG. 3) to the confronting positions (FIGS. 1
      and 2) so that the catch 32 can be moved to the position illustrated in
      FIG. 4, underlying the female flange portions 28. The catch 32 will
      preclude the blades 12 from being spread beyond the positions illustrated
      in FIG. 2, but will permit movement of the blades 12 toward each other to
      the engaged positions illustrated in chain lines in FIG. 1.
PAR  As is best illustrated in FIG. 2, the distance d  between the blades 12 and
      the juncture of catch 32 and flange portions 28 at the inner end of the
      keeper 20 is substantially less than the distance D between each blade 12
      and the juncture of catch 32 and flange portions 28 at the outer end of
      the keeper 20.
PAR  The blades 12, which are normally held in positions in which they diverge
      toward their free ends, include a pair of longitudinally extending,
      integral, reinforcing ribs 36 on the outsides thereof. The reinforcing
      ribs 36 rigidify and strengthen the blades 12 so that the ice tongs 10 may
      be used to break clusters of ice cubes and the like. The free ends of the
      blades 12 include a plurality of rows of integral teeth 38 on the insides
      thereof in confronting relation with the teeth 38 on the opposite blade
      12. The teeth 38 are pyramidally shaped and are so spaced relative to each
      other that the teeth 38 on the one blade are interjacent the teeth on the
      opposite blade to provide optimum gripping characteristics. The blades 12
      may have a length of 5 inches, for example, and a thickness of 0.35 to
      0.040 inches. The teeth extend along a substantial portion, i.e., 2
      inches, of the blades 12.
PAC  METHOD OF MANUFACTURING
PAR  The tongs are manufactured by molding a one-piece elongate blank, generally
      designated B (FIG. 3), including the identical blade portions 12, in
      prolongation of each other, connected by the hinge portion 14. The tongs
      are manufactured from polypropylene or polyethylene material, having a
      built-in "memory" or spring-back characteristic which normally tends to
      urge the blades 12 to positions lie in the same plane as illustrated in
      FIG. 3 in prolongation of each other, but permits movement thereof to the
      generally coextensive, engaging positions illustrated in chain lines in
      FIG. 2.
PAR  The blank B is molded with the male latch member 22 in an upstanding
      position on one side of a centerline c and the female latch receiving
      members 26 in upstanding positions on the opposite side of the centerline
      c. The object-gripping blades 12 are folded about the centerline c so that
      the teeth 38 are moved to confronting positions, and the cam surfaces 34
      on the catch 32 spread the female latch receiving members 26 to the spread
      positions, illustrated in chain lines in FIG. 4, permitting the catch 32
      to be received between the latch receiving members 26. The female
      connector 24, receiving the male connector 22, allows the tongs to both
      open and close within set parameters, depending upon its application. A
      relatively unskilled assembly worker can rapidly fold the molded blank B,
      so that the blades 12 are removably coupled together, as illustrated in
      FIGS. 2 and 4, without looking at the tongs. Moreover, this construction
      enables the blanks B to be compactly stacked and shipped in the "flat"
      condition, illustrated in FIG. 3, to minimize packaging and shipping
      costs.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      contemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece set of synthetic plastic tongs for releasably gripping an
      object, such as an ice cube or the like comprising:
PA1  a pair of longitudinally extending blades having free ends mounting,
      confronting, object gripping teeth;
PA1  hinge means integrally connected with the other ends of said blades,
      normally urging said blades to spread positions in which said blades lie
      substantially in the same plane, but permitting movement of said blades to
      closed positions in which said blades are generally coextensive and said
      teeth grip opposite sides of an object; and
PA1  means carried by the blades for interrupting spreading movement of said
      blades in less spread positions intermediate said spread positions and
      said closed positions but permitting movement of said blades to said
      closed, object-gripping positions.
NUM  2.
PAR  2. The one-piece set of plastic tongs of claim 1 wherein said interrupting
      means includes latch means integral with one of said blades and spreadable
      latch receiving means, integral with the other one of said blades,
      spreadable to receive said latch means and prevent said blades from moving
      to said spread positions, but permitting movement to said closed
      positions.
NUM  3.
PAR  3. The one-piece set of tongs of claim 2 wherein said spreadable means
      comprises a pair of laterally spaced, inwardly projecting members on said
      other blade having confronting flange means; said latch means including
      means on said one blade for spreading said flange means to permit said
      latch means to be received between said confronting flange means to a
      position underlying said flange means.
NUM  4.
PAR  4. The one-piece set of tongs of claim 3 wherein said laterally spaced
      members are laterally yieldable and said latch member includes laterally,
      outwardly directed flange portions underlying said flange means in such a
      manner that the distance between said opposed blades normally increases
      from said other blade ends to said free blade ends.
NUM  5.
PAR  5. The tongs set forth in claim 3 wherein the distance from said one blade
      to said laterally outwardly directed flange portion becomes increasingly
      greater from said one end to said other end.
NUM  6.
PAR  6. The set of tongs of claim 5 wherein said blades include integral,
      longitudinal, reinforcing ribs extending along the outer sides thereof.
NUM  7.
PAR  7. The one-piece set of tongs of claim 1 wherein said teeth on each blade
      comprise a plurality of longitudinally and laterally offset teeth members
      which are spaced so as to be interjacent the teeth members on the other
      blade.
NUM  8.
PAR  8. The tongs set forth in claim 7 wherein said blades, said teeth members,
      said hinge means and said interrupting means are integral.
NUM  9.
PAR  9. The tongs of claim 7 wherein the teeth on each blade comprise a
      plurality of rows of individual, pyramidally-shaped teeth members spaced
      so as to be interjacent the teeth members on the other blade.
NUM  10.
PAR  10. A tong construction comprising:
PA1  a one-piece blade including blade portions connected by a hinge portion
      normally urging the blade portions to positions in which they lie in the
      same plane but permitting movement thereof to generally coextensive
      positions in which opposite ends thereof are engaging each other; and
PA1  keeper means on said blade portions for preventing movement of said blade
      portions to said positions in which they lie in the same plane of each
      other but permitting movement of said blade portions to said engaging
      positions.
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ABST
PAL  An article transfer apparatus and method is provided wherein a plurality of
      article pickup heads mounted on a movable support means is operative to
      pick up a plurality of spaced articles at a transfer station and move the
      articles to an output area while the array of articles is being compacted
      or spread, as desired. The adjustment of the space between the articles is
      accomplished by making the pickup heads in the form of collapsible suction
      cups with anti-collapse stiffening means on one side of the cups to tilt
      the articles either inwardly or outwardly with respect to the original
      article pattern. The stiffening means in the suction cup includes wedge
      members mounted in annular folds of the cup and interconnecting beads
      between the wedge members. The bottom fold is normally not provided with a
      wedge member and the lip serves to seal the cup on the article. A
      bifurcated wedge member is provided on the top of the cup and serves to
      cooperate with index means on the movable support. A second support means
      with pickup heads to handle a second array may be provided with mechanical
      mechanism to shift the two supports toward or away from each other.
PARN
PAR  This is a division of application Ser. No. 436,612, filed Jan. 25, 1974.
BSUM
PAR  The present invention relates to an article transfer system, and, more
      particularly, to an apparatus and method for effecting either compaction
      or spreading of an array of articles during the transfer operation.
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally known to use gang mounted vacuum pick-up cups for handling
      articles of many different descriptions. The primary use of which I am
      aware and the general area to which the apparatus and method of the
      present invention is directed, pertain to packaging machines having an
      article handling section where articles are grouped, and then picked up
      and transferred from one conveyor to a carton on another conveyor. The
      articles are usually picked up as a planar array of spaced articles and
      placed at the output area in the same general orientation, such as shown
      by the Powell U.S. Pat. No. 1,987,336,   issued Jan. 8, 1935.
PAR  In the general area of moving a group of spaced articles by a gang of
      suction cups, it is sometimes desirable to modify the pattern of the
      articles during the transfer operation. For example, where a number of
      articles are to be placed in a compact pattern in a container or box, it
      has been found desirable to compact or shrink the pattern during transfer
      so that the articles neatly and snugly fit the container. One method of
      accomplishing this end result is shown in the Voullaire U.S. Pat. No.
      3,318,068, issued May 9, 1967. In this patent, there is shown a
      scissors-like linkage system operative to reduce the outer dimensions of
      the group of articles in one direction. The mechanism used is relatively
      complicated and requires a separate servo mechanism to make the pattern
      shift. The shifting is accomplished only by moving certain of the articles
      in a vertical direction, which renders the mechanism generally unsuitable
      for assuring both gentle handling of the articles and single plane
      positioning in the output area.
PAR  Thus, a particular need for improved article handling of the type described
      exists in the area of handling relatively delicate pieces, such as bread
      products, including muffins and individual cakes. In this particular
      environment, I am unaware of a successful system for (1) picking up the
      individual baked goods articles from the pans in which the cooking takes
      place; (2) shrinking the pattern by a simple tilting action; and (3)
      transferring the articles while still in a single planar array to the box
      or tray in which the goods are packaged for sale. An arrangement, such as
      shown in the Voullaire patent, cited above, that shifts the articles
      vertically twice during a single cycle would not be successful in such an
      environment since the edges of the articles would likely interfere with
      each other as the articles move past each other, resulting in unacceptable
      breakage and spoilage of the product.
PAR  It is an object of the present invention to provide a suction cup, that
      provides efficient pickup, transfer, deposit and simultaneous tilting of
      the articles, said tilting serving to generate the desired pattern
      shrinking or expansion to meet the spatial requirements of the output area
      that may be different from the original transfer station.
PAR  It is another object of the present invention to provide a suction cup
      sub-combination that provides for tilting of the article or articles by
      differential collapse across the cup.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present disclosure an article transfer system is
      provided wherein a planar array of spaced articles are transferred from
      one position to a second position and during the transfer operation the
      array is changed so as to fit a different spatial requirement in said
      second position. Specifically, the transfer system includes an infeed
      conveyor providing a group of articles in a planar array, a plurality of
      corresponding pickup heads, movable support means for the heads to shift
      the articles from the input transfer station to the output area, and means
      to tilt the individual pickup heads to compact or spread the array as
      desired or required. The pickup heads are in the form of collapsible
      suction cups and are connected to a vacuum source through a pneumatic
      manifold that forms the movable support means.
PAR  The tilt means, in accordance with the present invention in more specific
      terms, comprises an anti-collapse stiffening means on one side of the cups
      opposite to the direction to the tilting action. Preferably, the cups are
      of the accordion type with a plurality of annular folds. The stiffening
      means then most conveniently takes the form of wedge members provided in
      the folds to prevent the collapse of that side of the cup. In a preferred
      embodiment, the bottom fold forms a lip that serves to seal the cup on the
      article for pick up. Between the wedge members on the inside of the cup is
      provided reinforcement bead means to further assure against collapse of
      that side of the cup. A bifurcated wedge member is provided on the top of
      the cups and cooperates with index means to assure not only against
      collapse at this location, but also to assure proper positioning of the
      cups on the support means.
PAR  In the preferred transfer system shown, the array of articles being
      transferred is in the form of a polygon. The corner cups of the polygon
      are positioned to tilt directly toward the center at an acute angle to
      both adjacent sides and the cups positioned along the sides are directed
      to tilt toward the center normal to the sides, thereby giving complete
      two-dimensional horizontal adjustment.
PAR  In accordance with the present invention, the suction cups may be turned
      180.degree. around so that the tilting action is directed away from the
      center of the polygon, in which case spreading rather than shrinking of
      the pattern is accomplished. If two arrays of articles are to be handled
      on one machine, there may be provided shifting means for the first and
      second support means that effects composite spatial positioning of said
      first and second arrays, i.e., shifting toward or away from each other to
      give further adjustment or a desired variation in adjustment of the
      pattern. In the preferred embodiment illustrated herein, shifting toward
      each other compensates for the opposite or away tilting action of the
      adjacent rows of articles of the two arrays.
PAR  In accordance with the more specific features of the invention pertaining
      to the sub-combination pickup cup, the tilting means is formed by integral
      stiffening means on the side of the body of the cup. The broad concept is
      that the stiffening means resists collapse and thereby tilts the article
      that is picked up. This integral means takes the form of wedge members
      that are molded into the annular folds of the vacuum cup, which may be
      fabricated of a suitable resilient material, such as rubber. Other
      integral means to cause differential collapse can be employed, such as cup
      wall thickness variation.
PAR  In the related method of transferring and positioning an array of separate
      articles according to the teachings of the present disclosure, the
      articles are picked up by the vacuum cups, substantially simultaneously
      tilted by differential collapse across the cup to provide the required new
      spatial positioning, and then moved to the output area where the vacuum is
      broken and the articles released. By tilting the articles when the cups
      pick up the same at an angle of between fifteen and thirty degrees, the
      articles can be moved in and out of restricted areas, such as a packaging
      tray, as desired. Also, when bakery products or the like are handled, the
      tilting step advantageously provides initial equalization of the pressure
      between the articles and the inside walls of the containers, i.e.,
      sections of muffin pans, to assure gentler removal and handling of the
      products.
PAR  Still other objects and advantages of the present invention will become
      readily apparent to those skilled in this art from the following detailed
      description, wherein I have shown and described only the preferred
      embodiment of the invention, simply by way of illustration of the best
      mode contemplated by me of carrying out my invention. As will be realized,
      the invention is capable of other and different embodiments, and its
      several details are capable of modification in various obvious respects,
      all without departing from the invention. Accordingly, the drawings and
      description are to be regarded as illustrative in nature, and not as
      restrictive.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall perspective view of the article transfer system of the
      present disclosure utilizing gang mounted suction pickup cups;
PAR  FIG. 2 is a side view of the apparatus, taken along line 2--2 of FIG. 1
      including the articles on the infeed conveyor and the packaging tray to
      which the articles are to be transferred;
PAR  FIG. 3 is a top plan view of the apparatus illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a side view of the apparatus showing the articles moved to the
      output area at the packaging tray and with the articles tilted for pattern
      shrinkage;
PAR  FIG. 5 is a top plan view of the apparatus in the same position as FIG. 4,
      further illustrating the pattern shrinkage concept;
PAR  FIG. 6 is a perspective view of the sub-combination vacuum pickup cup
      constructed in accordance with the principles of the present invention;
PAR  FIG. 7 is a cross-sectional view taken through the pickup cup shown in FIG.
      6 at line 7--7 and with the cup mounted on the support and the index means
      in position;
PAR  FIG. 8 is a side view of the pickup cup and illustrating the tilting action
      of an article being transferred;
PAR  FIG. 9 is a perspective view of a screen to be used with the pickup cup
      under certain conditions; and
PAR  FIG. 10 is a detailed cross-section of the bottom of the pickup cup with
      screen.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference now to FIGS. 1-3 of the drawings, there is shown in
      composite a system for transferring and positioning articles constructed
      in accordance with the teachings of the present disclosure. The apparatus
      includes an article transfer assembly, generally designated by the
      reference numeral 10, for operation in the transfer system in conjunction
      with an infeed conveyor 11. A transfer station, generally designated by
      the reference indicia T (see FIG. 2) is delineated by the conveyor 11 and
      side rails 11a, 11b below the assembly 10. An output conveyor 12 is
      positioned over the conveyor 11 and transverse thereto just downstream of
      the transfer station T. An output area A is delineated by the conveyor 12
      with a packaging box 13 positioned in said area.
PAR  The transfer assembly 10 comprises a movable support means in the form of a
      framework F, a pneumatic manifold 14 carried by the framework F and
      connected to vacuum input line at V.sub.1 and a plurality of pickup heads
      in the form o vacuum cups 15 supported on the arms of the manifold. In the
      embodiment shown, the transfer assembly 10 is designed to pick up a
      plurality of baked muffins or other articles 16 that are held in
      individual containers or sections of baking pan 17 and transfer the
      relatively delicate muffins 16 to the packaging box or tray 13 whereupon
      the package is then wrapped and completed by additional apparatus (not
      shown). Thus, it should be understood that within the more limited purview
      of the present invention, the transfer system illustrated, the
      sub-combination vacuum pickup cups and the related method all have
      particular applicability to the delicate article packaging field, but
      broadly, the inventive concepts are also applicable to other environments
      and products, as will be clear to those working in this field and as the
      detailed description develops below.
PAR  A second article transfer assembly 10' with vacuum input line V.sub.2 may
      be provided in order to handle a second group of articles positioned on
      the conveyor 11. Both of these assemblies 10, 10' are carried by a cross
      bar 20 of the framework F through brackets 21, 22, which in turn are
      connected to the assemblies 10, 10' by flexible parallel support members
      23, 24. A main operating arm 25 is connected to the cross bar 20. An
      actuating lever 26 mounted on stationary pivot 27 serves to move the
      assemblies 10, 10' through drive pin 30 carried by the arm 25 between the
      position at the transfer station T (FIG. 2) to the position at the output
      area A (refer to FIGS. 4 and 5). The drive means for actuating the lever
      26 are conventional and may comprise in a typical machine a crank that is
      driven from the main drive of the packaging machine (not shown).
PAR  Drive pin 30 that serves primarily to interconnect the lever 26 to the arm
      25 for transmitting the oscillating movement to move the assemblies 10,
      10' between the two operative positions just described, is also mounted
      for pivoting action in response to a second lever 31 that is actuated by
      push rod 32. The push rod 32 may be separately operated by mechanism (not
      shown) to complement the action due to the oscillating movement of the
      assemblies 10, 10'. Adjacent the center of the cross bar 20 (see FIG. 3),
      a bracket 33 supports the end of the pin 30. A crank 34 on the pin
      operates a reciprocating link 35 which in turn controls scissors linkage
      36 connected to the manifolds 14, 14'. When the link 35 is moved to the
      left, as viewed in FIG. 3, the transfer assemblies 10, 10' are moved apart
      with the support member pairs 23, 24 flexing as necessary; whereas, when
      the link is moved to the right the assemblies 10, 10' are moved closer
      together, as is readily apparent.
PAR  A control link 40 works in conjunction with the operating lever 26 to form
      a parallelogram linkage, and therefore serves to keep the assemblies 10,
      10' substantially horizontal and in proper relationship to the transfer
      station T and the output area A. As will also be apparent, the fine
      control of the assemblies 10, 10' and the substantially vertical motion
      for pick up and delivery phases may be accomplished by relatively small
      secondary movements through the link 40.
PAR  In accordance with an important feature of the present invention, the
      suction cups 15 handle the muffins or other articles 16 so that the
      pattern or spatial requirement of the articles may be changed or adjusted
      simply as a function of the pickup action of the cups. This is
      accomplished by making the cups perform a tilting action, as shown best in
      the system in FIG. 4, and in further detail in FIG. 8. Specifically, the
      cups 15 tilt to move toward an adjacent cup as a result of differential
      collapse of one side of the cup relative to the other. As shown in FIGS. 4
      and 5, the cups 15 are mounted so that the direction of the tilting action
      is toward the center of the box 13 in which the articles 16 are being
      placed. Because of the spaced apart relationship of the containers or
      sections of the baking or muffin pans 17, the spatial relationship
      required is being changed in order to allow the articles 16 to be placed
      in a more compact package. This is known in the art as pattern shrinking.
PAR  It should be specifically noted that the six unit pattern shrinkage
      effected within each assembly 10, 10' is done without use of any sort of
      mechanical linkage. Furthermore, since the pickup cups 15 are tilted to
      perform the compacting function, the articles are assured of being safely
      released into the tray 13. The articles 16 actually gently pivot into
      final position (see FIGS. 4 and 8). There is generated little or no
      relative motion with respect to the adjacent articles 16 as pivoting takes
      place about the upper edge of the articles (see points P, P.sub.1, P.sub.2
      in FIG. 4). Particularly when muffins 16 or other resilient bake goods are
      being used, any slight oversize of the articles 16 can be easily
      accommodated as they enter the tray 13 in a tilted condition and then
      pivot together into the bottom of the tray when the vacuum is released.
PAR  By reviewing FIGS. 1-5, the initial steps of the method of transferring and
      positioning an array of articles according to the present disclosure can
      now be set forth. The cups 15 are positioned in a home position stationed
      above the articles 16 substantially as shown in FIGS. 1 and 2. The
      actuating lever 26 holds the assemblies 10, 10' in this position until a
      pan 17 and a packaging tray 13 are sensed in the proper transfer positions
      at the transfer station T and the output area A, respectively, in
      accordance with known techniques. When ready, the assemblies 10, 10' and
      the gang of cups 15 move downwardly under the control of the lever 26 and
      the link 40 to approach the top of the articles 16. Vacuum is supplied to
      the vacuum input lines V.sub.1, V.sub.2 and when the bottoms of the cups
      15 actually touch the articles 16 sufficient negative pressure is
      generated in each cup 15 to hold each corresponding article 16 by the
      greater ambient air pressure on the outside. Because of their flexible
      nature, and stiffening means on one side (to be explained further below)
      the cups 15 tend to collapse and tilt causing the articles to be raised
      and tilted toward the middle of each polygon pattern. The lever 26 is now
      starting to move the assemblies 10, 10' upwardly through the home position
      and toward the output area A, as will be described further also.
PAR  An advantage of the present arrangement over the non-tilting type of
      transfer assemblies shown in the prior art, is that the articles 16 are
      lifted and tilted slightly and air is allowed to quickly rush into the
      bottom of each of the sections of the pan 17 to break the vacuum as the
      cups 15 collapse. This is particularly important when transferring porous
      bakery products, such as the muffins 16, since the tendency is for a
      vacuum to be formed in the bottom of the containers by the air sucked
      through said muffins 16 and into the cups 15. As a result, the muffins 16
      are efficiently removed from the snug relationship in the individual
      containers formed in the pan 17 without damage to the articles, such as
      separation of the top from the bottom.
PAR  The six cups 15 in both assemblies 10, 10' form closed polygon patterns
      with the action as in FIG. 5 wherein the articles 16 are all moved toward
      the center, as depicted by the arrows M, M'. A more compact pattern than
      heretofore possible in the two horizontal directions is thus gained by the
      transfer assembly 10 of the present invention. Full tilting action is
      normally allowed immediately or after each article 16 clears the top of
      the containers due to collapse of the cups 15 and the resilient nature of
      the cups 15 and the articles 16.
PAR  In the further steps of the method of the disclosure, after clearance of
      the containers, the push rod 32 is actuated to pivot the second lever 31
      and through the linkage including the pin 30 shifts the link 35 activating
      the scissors mechanism 36 and drawing the assemblies 10, 10' together
      (note arrows N, N' in FIG. 5). This action is important since it will be
      remembered that the articles 16 along the two inside rows picked up by the
      assemblies 10, 10' have been shifted in the direction of the center of
      each polygon pattern, and therefore these two rows must be brought
      together mechanically. This is, of course, in the instance where the tray
      13 is of the size requiring this composite number of articles and
      reduction in size of the overall pattern. On the other hand, the
      mechanical scissors linkage 36 may be utilized to shift the assemblies 10,
      10' further away from each other where, for example, two groups of
      articles are to be placed in separate trays at the output area A. The
      assemblies 10, 10' finally move to the position with the articles 16 in
      the tray 13, the vacuum is released and the articles 16 pivot to gently
      come to rest in the tray or trays. The assemblies 10, 10' are then
      returned to the home position above the next array of articles in
      readiness for the next cycle of the packaging machine (FIG. 2).
PAR  It will be realized that the tilting cups 15 may be utilized to spread the
      individual pattern or patterns of articles 16 rather than to shrink the
      pattern, as is disclosed in the preferred embodiment. All that need be
      done in the present machine to accomplish this, is to rotate the cups 15
      on the manifold outlet arms whereby the articles 16 are tilted in the
      opposite direction. That is, if the cups 15 are rotated through
      180.degree. on the outlets, it will be realized that the pattern is spread
      outwardly to a maximum extent, and when the vacuum is released the spatial
      positioning of the group of articles in the output area is a maximum
      rather than a minimum.
PAR  Now that the overall article transfer system and the method of the present
      disclosure has been explained, attention should be directed to the
      specific inventive structure of the pickup cups 15. As best shown in FIGS.
      6-8 the cups 15 comprise a plurality of annular folds 50 so as to be in
      the form of an accordion-like structure. The anti-collapse stiffening
      means is preferably formed by wedges 51 positioned on one side of the cups
      15 opposite from the direction of the tilting movement inside the folds
      50. These wedges 51, as best shown in FIG. 7, are not included in the
      bottom fold which then provides a resilient lip 52 that is capable of
      forming an airtight seal on the article 16 being picked up. The inside of
      the cups 15 are further provided with reinforcement beads 53 that span the
      inside limit of the annular folds on the stiffened or reinforced side
      having the wedges 51 and serve to interconnect the adjacent wedges to
      further assure against collapse of this side of the cup.
PAR  To attach the cup on each outlet of the arms of the manifold 14, there is
      provided a circular shoulder 54 on the cup. Positioned on said stiffened
      side (righthand side of FIGS. 6 and 7) and extending between the shoulder
      54 and the upper fold is a bifurcated wedge member 55. This wedge 55
      serves the function of preventing collapse of the cup 15 at the top
      thereof. A reaction plate 56 mounted on the manifold 14 engages the wedge
      member 55, as shown in FIG. 7. An index button 57 extends from the plate
      56 and is designed to fit between the bifurcated portions of the member 55
      so as to assure proper rotational positioning of the cups 15 for a
      particular installation. The index button 57 is on the one side of the cup
      15 opposite from the direction of tilt, as is apparent from the
      anti-collapse action of the wedges 51, 55.
PAR  For change in the cup tilting direction, it is only necessary to rotate the
      cups 15. The index button 57 may be changed to the new location if
      desired. In the embodiment shown, where pattern shrinkage only is used, no
      provision for adjustment of the position of the button 57 has been
      designed into the system.
PAR  The differential collapse of the cups 15 is shown most clearly in FIG. 8
      and can be described by the Equation: Y-X = differential collapse. This
      differential collapse is operative to provide a tilt to the articles 16
      through an angle .theta., which is preferably within the range of
      15.degree. to 30.degree.. This angle is sufficient to provide the tilt
      necessary for the initial equalization of pressure between the articles 16
      and the inside wall of the containers to thereby assist in the initial
      removal of the articles from the pan 17.
PAR  In FIG. 9, a screen member 60 is shown having an attachment groove 61 and
      cross members 62. This attachment is adapted to fit over the opening of
      the cup 15 by interfitting of the groove 61 to the lower edge of the lip
      52, as shown in FIG. 10. This screen may be used as necessary where
      particularly delicate articles are being handled, and a restricted air
      flow is desired. The cross members 62 serve to afford better support of
      the top of such delicate articles and prevent the same from being removed
      and entering the cup 15 when suction is applied.
PAR  In summary, it can now be seen that a simplified and more efficient article
      transfer system has been provided wherein a group of articles 16 is to be
      transferred from one point to another, and at the same time, the relative
      positioning of the articles with respect to each other as a group is to be
      changed. In essence, the array of articles situated in a plane can either
      be compacted or spread automatically during the transfer operation by
      providing suction cups that tilt the article as said articles are picked
      up. One side of the pickup cup 15 of the present invention is provided
      with wedge members 51, 55 and reinforcement beads 53 that prevent the
      collapse of one side, and upon activation a tilting action (FIG. 8) in the
      direction opposite to said one side is realized. The top wedge member 55
      serves to cooperate with an index button 57 in order to assure proper
      positioning of the cups on the vacuum manifold 14. When the array of
      articles is in the form of a polygon, as shown, the tilting of the cups
      gives two-dimensional horizontal adjustment of the pattern by merely
      directing the tilting action of the cups toward the center of the polygon.
      Various arrangements of two or more transfer assemblies 10, 10' may be
      used and separate mechanical linkage 35-36 may be used to effect composite
      spatial positioning, either toward or away from each other, of the two
      article arrays.
PAR  In this disclosure, there is shown and described only the preferred
      embodiment of the invention, but, as aforementioned, it is to be
      understood that the invention is capable of use in various other
      combinations and environment and is capable of changes or modifications
      within the scope of the inventive concept as expressed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vacuum pickup cup for transferring and positioning an article
      comprising a collapsible body terminating in a lip means forming a vacuum
      opening, integral stiffening means on one side of said body to resist
      collapse, the opposite side being substantially free to collapse, said
      body being laterally flexible during both relaxation and collapse of said
      body, said body except for said lip means remaining free of said article,
      whereby said cup and substantially the entire article tilt toward the side
      free to collapse when vacuum is applied thereto while remaining subject to
      outside accommodating force and substantially the entire article is picked
      up.
NUM  2.
PAR  2. A vacuum pickup cup for transferring and positioning an article
      comprising a collapsible body terminating in a lip means forming a vacuum
      opening, integral stiffening means on one side of said body to resist
      collapse, the opposite side being substantially free to collapse, said
      body having a plurality of annular folds, said stiffening means including
      wedge members positioned in and corresponding to said folds on said one
      side, whereby said cup and the article tilt toward the side free to
      collapse when vacuum is applied thereto and the article is picked up.
NUM  3.
PAR  3. The vacuum pickup cup of claim 2 wherein said folds each include an
      inside limit and there is further provided reinforcement bead means
      spanning the inside limit of said annular folds and interconnecting
      adjacent wedge members to further assure against collapse.
NUM  4.
PAR  4. The vacuum pickup cup of claim 3 wherein is further provided a two part
      wedge member on the top of said cup to stiffen the same, the two parts of
      said wedge member corresponding to the fold and the space between said two
      parts being adapted to receive index means for proper orientation.
NUM  5.
PAR  5. The vacuum pickup cup of claim 2 wherein said lip means includes at
      least the fold adjacent said opening, said fold being free of stiffening
      means on said one side.
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ABST
PAL  A clamshell bucket apparatus adapted to be suspended from a cable or line
      which may be used for raising, lowering and operating the bucket for
      picking up and dumping a load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is clamshell buckets and the like used for
      picking up and dumping a load.
PAR  Typical of the prior art known to the applicants is found in U.S. Pat. Nos.
      866,628; 2,604,709; and 3,547,276. In the earlier two patents which
      operated with a single line, it was necessary to manually actuate the
      apparatus for each dumping operation and to re-set same for the next
      pick-up operation. A lever arm bucket using a single line system has also
      been used, but so far as is known, no patents issued thereon. U.S. Pat.
      No. 3,547,276 is believed typical of the prior commercial clamshell bucket
      apparatus which has a two-line system with one line system being used for
      raising and lowering the bucket and the other line system being used for
      manipulating the bucket for dumping and/or picking up a load.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a new and improved clamshell bucket
      apparatus in which the bucket is operable by a single line system for both
      the raising and lowering of the bucket and the manipulating of the bucket
      for dumping and picking up a load; the manipulation of the bucket for
      opening and closing is effected in a very efficient manner with the single
      line system so that manual re-setting of the bucket for each operation is
      not required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one form of the apparatus of this invention
      with the clamshell bucket sections in the open position as it is being
      lowered for picking up a load;
PAR  FIG. 2 is a view similar to FIG. 1, but showing the apparatus after it has
      reached the ground level and the operating line has been lowered to engage
      the latch mechanism for the beginning of the loading operation, wherein
      the bucket sections are moved from the open position to a closed position;
PAR  FIG. 3 is a partial view of the apparatus of FIGS. 1 and 2, partly in
      section, illustrating the upper portion of the apparatus after the bucket
      sections have been moved to the closed position and have scooped up a load
      within the section, and with the apparatus then being ready for movement
      to another location for dumping;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 3 and illustrates the apparatus
      more in detail;
PAR  FIG. 5 is an isometric view of a modified form of the apparatus of FIGS.
      1-4, wherein a modified guide means is illustrated;
PAR  FIG. 6 is a front view of the apparatus of FIGS. 1-4 in the closed
      position, but showing a modification with respect to the guide means for
      the latch mechanism;
PAR  FIG. 7 is a front view of a different form of the invention from that shown
      in FIGS. 1-6;
PAR  FIG. 8 is a side-view of the apparatus of FIG. 7;
PAR  FIG. 9 is a schematic view illustrating the operating line and the control
      line used with the form of the invention shown in FIGS. 7 and 8; and
PAR  FIG. 10 is an elevation of the modified form of FIGS. 7 and 8, shown in the
      open position for scooping.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, the letter A designates generally the form of the
      invention shown in FIGS. 1-4. Such apparatus A broadly includes a pair of
      clamshell bucket sections 10 and 12 which are essentially duplicates and
      are disposed opposite each other for operation together, as will be
      explained. Means are provided, including an upper frame F for mounting the
      bucket sections 10 and 12 together for pivotal movement to and from the
      open position (FIGS. 1 and 2) and the closed position (FIG. 3). An
      operating and hoisting means generally designated with the letter H is
      operably connected with the clamshell bucket sections 10 and 12, as will
      be fully explained, for both manipulating the bucket sections to and from
      the closed and the open positions and for raising and lowering the bucket
      sections. The operating and hoisting means H specifically includes a
      single line system which has a single line 14 leading to a crane (not
      shown) or other operating unit having a winch or conventional means for
      use with clamshell buckets. The single line 14 to the crane or other
      operating unit is used without any other line leading to the crane or
      operating unit. It is not necessary for an operator to manually set the
      apparatus A of this invention since it is set automatically through
      manipulation of the apparatus A on the line 14.
PAR  Considering the invention more in detail, each of the bucket sections 10
      and 12 is formed with a typical scoop configuration having laterally
      spaced inner edges 10a and 12a, respectively which are adapted to contact
      each other in a substantially vertical position when the bucket is in its
      closed position (FIG. 3), and which are adapted to be extended to a
      substantially horizontal position when the bucket is in its open position
      (FIGS. 1 and 2) for picking up or dumping a load. The lower scoop edges
      10b and 12b for the bucket sections 10 and 12, respectively are
      conventional and serve to scoop up the dirt or other material which is to
      be picked up and moved with the apparatus A. The sections 10 and 12 also
      have sides 10c and 12c which are connected together with a curved bottom
      plate 10d and 12d, respectively. Also, preferably interengaging gear teeth
      10e and 12e on the sides 10c and 12c, respectively, are provided for
      assuring uniform pivotal movement of the sections 10 and 12.
PAR  A pair of laterally extending shafts 15 are disposed parallel to each
      other, with a shaft 15 going through each of the buckets 10 and 12 for the
      pivotal movement thereof. The shafts 15 extend through the sides 10c and
      12c as can best be seen in FIG. 4. Each shaft 15 has conventional
      retaining members 15a therewith for maintaining each shaft 15 in position
      with respect to the sides of the bucket section, and each shaft 15 extends
      through a bearing or annular support ring 17 (FIGS. 3 and 6). Suitable
      spacers 15b are also preferably provided on each shaft 15, and the
      bearings 17 for both shafts 15 are enclosed within a shield 20 having an
      elongate cross-section (FIG. 3).
PAR  The bucket sections 10 and 12 are also connected to the upper frame F by
      frame links 22 which are pivotally connected by pivot pins 22a to the
      buckets 10 and 12 and are pivotally connected to upper frame members 23 at
      pivot pins 22b (FIG. 3).
PAR  In the form of the invention shown in FIGS. 1-4, a latch member 25 is
      mounted on a pivot pin 26 which is supported in a suitable pair of
      brackets 20a which are spaced apart laterally and are welded or are
      otherwise secured to the upper surface of the shield 20. The latch member
      25 is urged in a clockwise direction (as viewed in FIG. 3) or towards a
      released position by means of a spring 27 (FIG. 3) which is preferably
      confined within a sleeve 20b which is welded or is otherwise secured to
      the upper surface of the shield 20. The sleeve 20b may also serve as a
      limit or stop for the extent of pivotal movement of the latch member 25
      when it is urged towards the latching position, as will be more evident
      hereinafter. A latch or bar 28 extends laterally between the bucket sides
      12c and is welded or is otherwise suitably secured thereto for engagement
      with the lower surface 25a of the latch member 25 for urging it to a
      locked latching position when the bucket sections 10 and 12 are in the
      open position (FIGS. 1 and 2). When the bucket sections 10 and 12 are in
      the closed position, the latch lock 28 is displaced away from the surface
      25a so that the spring 27 can move the latch member 25 to a released
      position under some conditions, as will be explained.
PAR  The latch member 25 preferably has a hook 25b at its upper end which has a
      hook recess 25c for engagement with a latching bar 30 under certain
      conditions, as will be explained. A pulley 31 is mounted at each end of
      the latching bar 30 for rotation relative thereto, as will be more fully
      evident hereinafter. A pulley 32 for each of the pulleys 31 is mounted on
      the upper frame F in a housing 32a or other suitable mounting means for
      rotation and for receiving a portion of a pulley line 33. Each pulley line
      33 is secured at one of its ends 33a to the latching bar 30 and then it is
      led around the upper pulley 32 and then downwardly therefrom around the
      lower pulley 31 and then upwardly through a suitable opening in the frame
      F so that its other end 33b is fastened to a yoke 34. The yoke 34 is
      connected to the single line 14 which leads to the crane or other
      operating unit. It should be understood that the term "single line system"
      as used herein is not limited to a single strand or single line 14 leading
      to the crane since such line may be multiple strands or a plurality of
      lines working together, but such term is used to indicate that only a
      single line system is used for performing both the manipulating of the
      clamshell bucket apparatus A and for raising and lowering same. In any
      event, the movements of the line 14 are transmitted through the yoke 34 to
      both of the lines 33 as shown in FIGS. 1-4.
PAR  A guide means for guiding the latching bar 30 into engagement with the hook
      recess 25c of the latch member 25 includes a pair of guide lines 36 having
      their upper ends 36a secured to the latching bar 30. The rest of the lines
      36 are coiled around a spool 37a at the end of a windup mechanism 37 which
      has a coil spring 37b therein exerting a constant force tending to wind
      the spools 37a in a direction to keep the lines 36 wound tightly thereon
      and pulling the ends 36a towards the windup mechanism 37. Thus, the windup
      mechanism serves to exert a constant pulling force downwardly on the latch
      member 30 and it also serves to maintain the force uniformly thereon so
      that the bar 30 does not get cocked appreciably enough to interfere with
      its entry into the latch member recess 25c.
PAR  In the operation or use of the apparatus A shown in FIGS. 1-4, the single
      line 14 is connected to a crane or other operating unit (not shown) for
      raising and lowering the clamshell bucket. In the present instance, the
      line 14 also serves to control the opening and closing of the bucket.
      Thus, as shown in FIG. 1, the bucket apparatus A is lowered on the line 14
      with the bucket sections 10 and 12 in the open position and with the
      pulleys 31 and the latching member 30 in the upper position in contact
      with the upper frame F or some portion thereof. Thus, during the lowering
      of the apparatus A on the line 14, the weight of the apparatus A is
      supported by the line 14 through the yoke 34 and the pulley line 33 and,
      by the engagement of the housings on the pulleys 31, or the bar 30 with
      the upper frame F.
PAR  When the bucket sections reach the ground, they are in the position shown
      in FIG. 2, and by continuing to lower the line 14, the yoke 34 is lowered
      together with the pulley lines 33 and the pulleys 31. Likewise, the
      latching member 30 is lowered with the pulleys 31.
PAR  During such lowering of the latch bar 30, the guide lines 36 guide the bar
      30 downwardly and maintain it substantially horizontal and in position so
      that when the bar 30 reaches the hook portion 25b of the latch member 25,
      it slides over the forward portion of the hook 25b and into the recess
      25c. It is to be noted that the latch member 25 is in its locked position
      at that time (FIG. 2) because the lock bar 28 is in contact with the lower
      surface 25a of the latch member 25 and is holding the spring 27 compressed
      so that the spring cannot act to pivot the latch member 25 in that
      position.
PAR  When the bar 30 has thus automatically slipped into the latch member recess
      25c, the operator pulls upwardly on the line 14, using the crane or other
      operating unit attached thereto. The lifting force is then applied to the
      inner portions of the bucket sections 10 and 12 through the latch member
      25, the pivot pin 26, the lugs 20a, the shield or housing 20, the hubs or
      bearings 17 and the shafts 15. As the shafts 15 are thus moved upwardly,
      the bucket sections pivot about the pivot pins 22a and the the
      interlocking teeth 10e and 12e mesh with each other and move from the
      position shown in FIG. 2 to that shown in FIG. 3.
PAR  When the bucket sections 10 and 12 have moved to the closed position of
      FIG. 3 so that the inner edges 10a and 12a are substantially in contact
      with each other and are extending substantially vertically, the weight of
      the entire apparatus A is supported by the single line 14 and the latching
      bar 30 is still in the hook recess 25c of the latch member 25 so that the
      latching mechanism cannot be released. Therefore, even though the latch
      lock 28 has moved away from the surface 25a as shown in FIG. 3, the latch
      member 30 remains in the notch 25c and is not released therefrom so long
      as the weight of the apparatus A is being supported by the line 14.
PAR  When it is desired to dump the load within the bucket, the bucket is moved
      to a position for dumping and is lowered until the bucket sections 10 and
      12 engage the ground and then the line 14 is slackened so as to take the
      weight of the apparatus from the line 14. When that occurs, the bar 30 is
      free to move downwardly by its own weight and also by the pull exerted by
      the spring 37b in the windup mechanism 37. When the pulling engagement
      between the member 30 and the hook 25b is thus relaxed, the spring 27 acts
      to urge the latch member 25 in a clockwise direction as viewed in FIG. 3
      so as to move away from the latching member 30, whereby the latching
      member 30 is disengaged from the latch member 25 so that the latching
      member 30 may be pulled above the hook portion 25b of the latch member 25
      by raising the line 14. The line 14 is pulled upwardly to engage the bar
      30 and/or the pulleys 31 with the frame or head F, so that further lifting
      of the line 14 lifts the head F, resulting in the bucket sections 10 and
      12 pivoting outwardly from the closed position to the open position (FIG.
      1) because the central portions of the buckets are not subjected to the
      lifting force while the outer portions are lifted at the pivot pins 22a.
PAR  When the bucket sections 10 and 12 reach the open position shown in FIG. 1,
      it is to be noted that the latch member 25 is engaged again by the bar 28
      so that it has been forced back to the latching position and is ready to
      be re-engaged by the latching member 30. Therefore, for repeating the
      above sequence of steps, it is only necessary to lower the line 14 until
      the latch member 30 re-engages the hook recess 25c and then by lifting
      upwardly on the line 14, the bucket section 10 and 12 are pulled together
      to scoop up a load of dirt or other material, as previously explained.
PAR  Considering now the form of the invention shown in FIG. 5, wherein the
      parts thereof which are the same as that shown in FIGS. 1-4 have the same
      letters and/or numerals, the guide means for the latching member 30 has
      been modified as compared to that shown in FIGS. 1-4. Thus, the windup
      mechanism 37 and the guide lines or cables 36 from the rest of the
      structure therewith have been omitted in FIG. 5 and instead, a plurality
      of guide plates 50 are connected to pivot pins 22a and 22b so that such
      guide plates 50 also take the place of the frame links or arms 22 of FIGS.
      1-4. A pair of the plates 50 are on each side of the apparatus A-1 of FIG.
      5 and they are spaced apart at the central portion to provide a
      longitudinal slot 51 through which the ends 30a of the latch bar 30
      extend. Thus, the slots 51 serve as a guide track for maintaining the
      alignment of the latch member 30 in a vertical path as the line 14 is
      manipulated in the same manner as heretofore described in connection with
      FIGS. 1-4. Otherwise, the operation and structure of the apparatus of FIG.
      5 is the same as that illustrated for FIGS. 1-4. It should be noted that
      the guide means of FIGS. 1-4 which include the windup mechanism 37 and the
      guide cables 36 could be also used in conjunction with the guide plates 50
      and the guide slots or tracks 51.
PAR  FIG. 6 illustrates a modified bucket apparatus A-2 which is similar to that
      shown in FIGS. 1-4 except that the guide means provided in FIGS. 1-4 has
      been modified. The parts which are of the same or similar in FIG. 6 to
      those shown in FIGS. 1-4 have the same numerals and/or letters.
PAR  The guide means of the apparatus A-2 is mounted on the outer part of each
      end of the latching bar 30 and includes a longitudinally extending guide
      rod 60 made of metal or other similar material which extends through a
      guide sleeve 61 which is welded or is otherwise secured with the upper
      frame F. It will be understood that there is a guide rod 60 for each end
      of the latching member 30, although only one is visible in the view shown
      in FIG. 6.
PAR  In the operation or use of the apparatus A-2, the operation is the same as
      that heretofore described in connection with FIGS. 1-4, except that the
      latching member or bar 30 is maintained and is guided in a substantially
      horizontal position and in a vertical alignment by means of a pair of
      guide rods 60 which are controlled in their movement as they pass through
      the guide sleeves 61. Thus, the proper positioning of the latching bar 30
      for latching engagement with the hook recess or notch 25c of the latch
      member 24 is assured.
PAR  The windup mechanism 37 is illustrated in FIG. 6 and it may also be used
      with the guide rods 60 and the guide sleeve 61, but it may be omitted if
      desired since the windup mechanism 37 and the guide cables 36 are normally
      not necessary when the guide rods 60 and the guide sleeves 61 are
      employed.
PAR  In FIGS. 7-10, a modified apparatus A-3 is illustrated which is of
      generally the same configuration and construction as the apparatus A of
      FIGS. 1-4. The general configuration is slightly modified and
      additionally, a completely different guide means is employed together with
      a different hook-up on the operating line.
PAR  Thus, the bucket sections 110 and 112 are slightly modified in shape and
      construction as compared to the bucket sections 10 and 12, but they
      operate in the same manner and have similar pivotal connection pins 122a
      to the pins 22a of FIGS. 1-4. The upper frame F-1 is basically the same
      although the shape is slightly modified as compared to the shape of the
      upper frame F. Connecting arms or links 122 correspond with the connecting
      arms or links 22 of FIGS. 1-4 and they are similarly connected by pivot
      pins 122b to the frame F-1.
PAR  The interlocking teeth 110e and 112e on the bucket sections 110 and 112 are
      formed on bucket extensions 110f and 112f, respectively as illustrated in
      FIG. 7. The shafts 15 and the shield or housing 120 of FIGS. 7 and 8 are
      basically the same as that illustrated in FIGS. 1-4 and are similarly
      mounted for the pivotal movement of the bucket sections 110 and 112 from
      the closed position of FIGS. 7 and 8 to an open position corresponding to
      that illustrated in FIGS. 1 and 2. A pair of latch members 125 are
      preferably employed in the apparatus A-3 rather than the single latch
      member 25, and each is biased in opposite directions by springs 127 and
      128. The springs 127 are normally stronger or are under greater
      compression than the springs 128 so that the latch members 125 are urged
      to a released position until the springs 128 are compressed to their
      maximum extent. When the bucket sections 110 and 112 are in the fully open
      position such as that of FIG. 7, the springs 128 exert a force on the
      members 125 so that the latch members 125 are urged to the left to a
      maximum extent as viewed in FIG. 10, which is the latching position.
PAR  The latching member 130 of the apparatus A-3 corresponds to the latching
      member 30 of FIGS. 1-4 and it has a pair of pulleys 131 mounted at its
      central portion.
PAR  The operating line 14 in the apparatus A-3 is the only line used and it is
      lead around one of the pulleys 131 and then upwardly around a fixed pulley
      132 (FIG. 9) which is mounted on the upper end of the frame F-1. The line
      14 is then led downwardly from the pulley 132 and around the other pulley
      131 and then upwardly again so that its end 14a is fastened in any
      suitable manner to the frame F-1. Thus, in the apparatus A-3, the line
      coming from the crane or operating unit is the same line as is fed around
      the pulleys within the apparatus A-3.
PAR  For guiding the latching bar 130 in its vertical travel so that it is
      assured of engaging within the hook recess 125c of each of the latch
      members 125, a unique guide means is provided which includes a guide
      sleeve 70 at each end of the latch bar 130. The guide means also includes
      a guide cable or line 71 for each of the guide sleeves 70 and for ease of
      description, only one assembly with the guide cable 71 is described
      hereinafter. Thus, each guide cable 71 has one end 71a secured to the
      upper frame F-1 and then it is led downwardly through the sleeve 70 and
      around a guide pulley 72 which is mounted on a pair of bracket members 73
      which are welded or are otherwise secured to the upper portion of the
      shield or housing 120.
PAR  The line 70 is then led around a guide pulley 75 which is mounted on a pair
      of arms 76 which are welded or are otherwise secured to the shaft 15 and
      are movable therewith, as will be more fully explained. The line 71 is led
      from the pulley 75 to a guide surface or idler roller 77 and then to a
      similar idler roller or guide surface 78 and then around another guide
      pulley 80 which is mounted on a pair of brackets 81 which are welded or
      otherwise secured to the shaft 15 which is extending through the side
      plates 110f (FIG. 7).
PAR  The other end 71b of the line 71 is secured to the bracket plates 73 as
      best seen in FIG. 9.
PAR  It is to be noted that the pulley arms 76 and 81 extend substantially
      horizontally when the bucket sections 110 and 112 are in the closed
      position (FIG. 7). Under such condition, the line 71 for each of the guide
      sleeves 70 remains reasonably taut, or at least the slackness in the line
      71 does not cause the line to get tangled when the bucket apparatus A-3 is
      in the closed position shown in FIG. 7.
PAR  Since the arms 76 and 81 are fastened to the shafts 15, they pivot upwardly
      from the horizontal position shown in FIG. 7 to a substantially vertical
      position when the bucket sections 110 and 112 have moved to the open
      position corresponding to that shown in FIG. 2. This movement occurs as
      the upper ends of the bucket sections 110 and 112 move downwardly away
      from the frame F-1 so that the additional line is made available for
      spanning the distance from the frame F-1 to the guide pulley 72 at all
      times even though such distance varies, depending upon whether or not the
      bucket sections 110 and 112 are in the closed position or in the open
      position.
PAR  In the operation or use of the apparatus A-3, it is essentially the same as
      that heretofore described in connection with FIGS. 1-4. The latching bar
      130 and the pulleys 131 therewith would be in the raised position shown in
      FIG. 1 and thus would be released from the latch members 125 during the
      lowering of the apparatus A-3 for picking up a load of dirt or other
      material. Upon contact with the ground or the material to be picked up,
      the line 14 would continue to be lowered and would thus be slackened so
      that the guide sleeves 70 would slide downwardly on the guide lines or
      cables 71, keeping the latching member 130 in a substantially vertical
      path and causing it to be guided into the hook portions of the latch
      members 125, so as to assume the scoop position of FIG. 10.
PAR  Thereafter, an upward pull on the line 14 of the apparatus A-3 lifts the
      center portions of the bucket sections 110 and 112 through the shafts 15,
      as explained in connection with the apparatus A, causing the bucket
      sections 110 and 112 to pivot towards each other to the closed position
      and picking up a load of dirt or other material therewith.
PAR  To release the latching mechanism, the bucket sections 110 and 112 are
      contacted with the ground or other material, and the line 14 is thereafter
      slackened, so that the springs 127 act to urge the latch members 125 to
      the released position out of vertical alignment with the latch bar 130 so
      that thereafter the weight of the members 110 and 112 cause them to
      further move to the open position where the springs 128 are compressed
      enough to return the latch members 125 to the latching position. The
      procedure is then repeated as often as desired.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A clamshell bucket apparatus, comprising:
PA1  a pair of clamshell bucket sections each having a scoop configuration with
      laterally spaced inner edges which are adapted to contact each other in a
      substantially vertical position when the bucket is in its closed position
      for lifting a load and are adapted to be extended to a substantially
      horizontal position when the bucket is in its open position for picking up
      or dumping a load;
PA1  means including an upper frame for pivotally mounting said bucket sections
      together for pivotal movement to and from said open and closed positions;
PA1  operating and hoisting means operably connected with said clamshell bucket
      sections for both manipulating said bucket sections to and from said
      closed and open positions and for raising and lowering said bucket
      sections, said operating and hoisting means including:
PA1  a single line system adapted to extend from the clamshell bucket apparatus
      to a crane or the like;
PA1  releasable latch means movably mounted with said bucket sections and
      automatically biased into the latching position when the bucket sections
      are open and the single line system is slackened off;
PA1  a movable latch-engaging means operably connected with said single line
      system for movement into engagement with said latch means for thereafter
      applying a force to said buckets to move same to the closed position by
      pulling upwardly on said single line system, and for movement out of
      engagement with said latch means for supporting the entire apparatus from
      said single line system with the bucket sections in the open position; and
PA1  means for automatically releasing said latch means from said latch-engaging
      means by slackening off on said single line system when the bucket
      sections are supported on the ground or the like.
NUM  2.
PAR  2. The apparatus set forth in claim 1, including:
PA1  means for guiding said latch-engaging means as it moves longitudinally
      towards and into latched engagement with said latch means.
NUM  3.
PAR  3. The apparatus set forth in claim 2, wherein said means for guiding said
      latch-engaging means includes:
PA1  means for resiliently urging said latch-engaging means toward said latch
      means to maintain said latch-engaging means in an engaging position as it
      approaches said latch means.
NUM  4.
PAR  4. The apparatus set forth in claim 2, wherein said means for guiding said
      latch-engaging means includes:
PA1  at least one guide rod connected to said latch-engaging means; and
PA1  a guide sleeve on said upper frame through which said guide rod extends and
      moves.
NUM  5.
PAR  5. The apparatus set forth in claim 2, wherein said means for guiding said
      latch-engaging means includes:
PA1  guide plates on the sides of said frame for limiting lateral shifting of
      said latch-engaging means relative to said latch means.
NUM  6.
PAR  6. The apparatus set forth in claim 2, wherein said means for guiding said
      latch-engaging means includes:
PA1  a guide sleeve mounted with said latch-engaging means; and
PA1  a guide line extending through said guide sleeve for guiding said
      latch-engaging means into engagement with said latch means.
NUM  7.
PAR  7. The structure set forth in claim 6, including:
PA1  means for maintaining said guide line taut at all times as the bucket
      sections move to and from the open and closed positions.
NUM  8.
PAR  8. The structure set forth in claim 7, wherein said means for maintaining
      said guide line taut includes:
PA1  a pivoted arm connected to each of said bucket sections for movement
      therewith, each of which is movable from an upright position to a
      substantially horizontal position; and
PA1  said guide line have one end thereof extending from a fixed point on said
      frame and around both of said pivoted arms for causing said pivoted arms
      to take up slack in said guide line as the bucket sections pivot from the
      open to the closed position.
NUM  9.
PAR  9. The apparatus set forth in claim 1, wherein said single line system
      includes:
PA1  a single line extending from a crane or the like; and
PA1  a movable pulley supported on a pulley line which line is fixed at one end
      to said frame and connected at the other end to said single line.
NUM  10.
PAR  10. The structure set forth in claim 9, wherein said single line system
      also includes:
PA1  a fixed pulley secured on said frame and having said pulley line passing
      thereover.
NUM  11.
PAR  11. The apparatus set forth in claim 1, wherein said single line system
      includes:
PA1  a single line extending from a crane or the like; and
PA1  a movable pulley supported on a pulley line which line is fixed at one end
      to said frame and connected at the other end to said single line.
NUM  12.
PAR  12. The apparatus set forth in claim 11, wherein:
PA1  said pulley is mounted with and moves with said latch-engaging means.
NUM  13.
PAR  13. The structure set forth in claim 1, including:
PA1  means pivotally mounting said latch means with said bucket sections for
      vertical movement as said bucket sections pivot to and from the open and
      closed positions.
NUM  14.
PAR  14. The structure set forth in claim 13, including:
PA1  resilient means urging said latch means to pivot in a direction for
      releasing same from said latch-engaging means; and
PA1  latch-locking means engageable with said latch means when said bucket
      sections are in the closed position for preventing said resilient means
      from moving said latch means to release same from said latch-engaging
      means so long as said bucket sections are in the closed position.
NUM  15.
PAR  15. A clamshell bucket apparatus, comprising:
PA1  a pair of clamshell bucket sections each having a scoop configuration with
      laterally spaced inner edges which are adapted to contact each other in a
      substantially vertical position when the bucket is in its closed position
      for lifting a load and are adapted to be extended to a substantially
      horizontal position when the bucket is in its open position for picking up
      or dumping a load;
PA1  means including an upper frame for pivotally mounting said bucket sections
      together for pivotal movement to and from said open and closed positions;
PA1  operating and hoisting means operably connected with said clamshell bucket
      sections for both manipulating said bucket sections to and from said
      closed and open positions and for raising and lowering said bucket
      sections, said operating and hoisting means including releasable latch
      means and latch engaging means;
PA1  means pivotally mounting said latch means with said bucket sections for
      vertical movement as said bucket sections pivot to and from the open and
      closed positions;
PA1  resilient means urging said latch means to pivot in a direction for
      releasing same from said latch-engaging means;
PA1  latch locking means engageable with said latch means when said bucket
      sections are in the closed position for preventing said resilient means
      from moving said latch means to release same from said latch-engaging
      means so long as said bucket sections are in the closed position; and
PA1  said latch locking means is a spring which exerts a great enough force on
      said latch means to overcome the force of said resilient means only when
      said bucket sections are in the closed position.
NUM  16.
PAR  16. The structure set forth in claim 1, wherein:
PA1  said latch means is a pivotally mounted hook; and
PA1  said latch-engaging means is a laterally extending bar adapted to slide
      over and into engagement with said hook to thereafter prevent separation
      thereof until the line system is slackened.
NUM  17.
PAR  17. The structure set forth in claim 1, wherein said single line system
      includes:
PA1  a single line extending from a crane or the like;
PA1  a movable pulley supported on said single line;
PA1  said line being fastened at one end to said frame and extending through
      said movable pulley.
NUM  18.
PAR  18. The structure set forth in claim 17, including:
PA1  releasable latch means with said bucket sections; and
PA1  a longitudinally movable latch-engaging means connected with said movable
      pulley for movement into engagement with said latch means, and movable
      away from said latch means when disengaged therefrom by manipulation of
      said single line for imparting a lifting or supporting of said apparatus.
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ABST
PAL  A load lifting band with an overload indicator includes a junction for
      strip material which is particularly useful for joining the ends of a
      strip of material so as to form a closed band for lifting heavy loads. The
      junction consists of a pair of overlapping sheet-like sections provided
      with interconnecting parts. The interconnecting parts each include a
      plurality of slits and corresponding sheet portions extending from the
      general plane of the respective section, the sheet portions of one of the
      sections each cooperating with a pair of slits in the other section so as
      to prevent separation of the sections in response to a force tending to
      move the same apart. The slits in each of the sections are divided into
      two sets each of which includes at least two groups of laterally spaced
      slits. The number of slits in one group is greater than that in the
      corresponding other group. The respective sets of slits are mirror
      symmetrically arranged about a plane which is normal to the general plane
      of the corresponding section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to a junction or joint for sheet-like
      material and, more particularly, to a manner of effecting a connection
      between overlapping sections of sheet-like material. Of special interest
      is a band for lifting heavy loads which is made from a strip of material
      such as steel which has been formed into the shape of a closed loop with
      the ends of the strip overlapping one another.
PAR  The term "sheet-like" or "sheet" as used herein is intended to encompass
      foils, strips, sheets, webs and the like.
PAR  Lifting bands, that is, bands for lifting loads, are used in the transport
      of elongated material sections such as, for example, steel bars, or rods,
      which are bound together into the form of bundles by means of wires, for
      instance, and are transported by a crane or the like. The lifting bands
      are usually maintained in position about the bundles of goods until these
      have arrived at their final destination. This eliminates the necessity for
      providing additional chains or the like for conveying the goods when the
      latter are transferred from one transporting device to another or when the
      goods must be moved around internally within the warehouse. Moreover, by
      maintaining the lifting bands in position about the goods, the work of the
      person transporting the goods is simplified since the jockeying and
      experimentation which would otherwise be required to engage the hooks of
      the crane or transporting device to the wires or other elements which bind
      the individual material sections into a bundle are greatly reduced.
PAR  It is known to make lifting bands for this purpose by forming a steel strip
      into the form of a closed loop or band with the ends of the strip
      overlapping one another. The overlapping ends of the strip are then
      connected to each other by means of electric spot welding. These lifting
      bands have the disadvantage that they must have large cross-sections if
      they are to be used for heavy loads. The reason is that they must be made
      of a steel having a low carbon content and, consequently, low strength, if
      they are to be spot weldable.
PAR  Lifting bands having large cross-sections are unwieldy and are also
      expensive because of the large quantities of material required to make
      them. Furthermore, the quality of the spot welds is dependent upon the
      metallurgical quality and condition of the material used, upon the quality
      and condition of the surface of the strip and upon the welding apparatus
      utilized. As a result, it is only possible to obtain an approximate
      relationship between the breaking load of the material of the band and the
      breaking load of the connection between the ends of the strip from which
      the band is made. In other words, the ratio of the strength of the
      connection to the strength of the material of the band will vary from case
      to case and will not be constant.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the invention to provide an
      improved junction for sheet-like material.
PAR  More particularly, it is an object of the invention to provide a junction
      for overlapping sheet-like sections which is not dependent upon the
      metallurgical quality and condition of the material used or upon the
      quality and condition of the surfaces of the sections.
PAR  Another object of the invention is to provide a junction for overlapping
      sheet-like sections such that the strength of the junction will always be
      in the same relationship to the strength of the material used.
PAR  A further object of the invention is to provide a junction for overlapping
      sheet-like sections such that an optimum load distribution along the
      junction is always obtained.
PAR  It is also an object of the invention to provide a novel band for lifting
      heavy loads.
PAR  More specifically, it is an additional object of the invention to provide a
      lifting band for heavy loads wherein the junction between the overlapping
      ends of the strip from which the band is made is secure even when the
      strip has a small cross-section and wherein the strength of the junction
      always has the same relationship to the strength of the material from
      which the band is made.
PAR  The above objects, and others which will become apparent from the following
      description, are achieved, in accordance with the invention, by a junction
      for sheet-like material which comprises a pair of overlapping sheet-like
      sections provided with interconnecting parts. The interconnecting parts
      each include a plurality of slits and corresponding sheet portions
      extending from the general plane of the respective section. Each of the
      sheet portions of one of the sections cooperates with a pair of slits in
      the other sections so as to prevent separation of the sections in response
      to a force tending to move the same apart. The slits in each of the
      sections are divided into two sets each of which includes at least two
      groups of laterally spaced slits with the number of slits in one of the
      groups being greater than the number of slits in the corresponding other
      group. The respective sets are substantially mirror symmetrically arranged
      with respect to a symmetry plane substantially normal to the general plane
      of and transverse to the corresponding section.
PAR  The invention is particularly, although not exclusively, applicable to a
      band for lifting heavy loads which is produced by shaping a strip of
      material into the form of a closed loop or band with the end sections of
      the strip overlapping each other. The end sections of the strip may then
      be joined in accordance with the teachings herein. The strip may be a
      steel strip and may have a breaking load of at least 2000 kp. According to
      the invention, the extent of overlap of the end sections of the strip may
      be equal to approximately 4.0 to 5.5 times the width of the strip.
PAR  In accordance with the invention, the end sections of the strip are
      provided with slits which have somewhat of a stepped configuration.
      Furthermore, the end sections are provided with portions which extend from
      the respective general planes of the same. This may be accomplished by
      bending portions of the end sections outwardly from the respective general
      planes thereof so as to form bridge-like members, that is, members which
      project from the respective general planes of the end sections but each of
      whose ends is connected with the respective end section. Joining of the
      end sections is then achieved by the interengagement of the slits and the
      projecting portions of the respective end sections.
PAR  The slits in each of the end sections are, according to the invention,
      divided into two sets each of which includes at least two groups of slits
      with the number of slits in one of the groups being greater than the
      number of slits in the corresponding other group. The sets of slits in
      each of the end sections are arranged in such a manner that they are
      substantially mirror symmetrical about a plane substantially normal to the
      general plane of the respective end section. In an advantageous embodiment
      of the invention, each set of slits includes two groups of slits with one
      of the groups consisting of two slits and the corresponding other group
      consisting of four slits. It is further advantageous in this case when the
      groups of slits in each of the end sections are so arranged that,
      proceeding in longitudinal direction of the strip or band, a group of two
      slits is followed by a group of four slits which latter is, in turn,
      followed by a group of four slits, the latter finally being followed by a
      group of two slits. An arrangement of this type assures that an optimum
      load or stress distribution is obtained along the junction or joint
      between the end sections. It will be seen that in the exemplary
      distribution of slits given above, the groups consisting of four slits are
      located nearest the symmetry plane or, in other words, the groups
      consisting of four slits are located intermediate the symmetry plane and
      the corresponding group consisting of two slits.
PAR  Each of the end sections may be further provided with an additional portion
      extending from the general plane thereof. This may be accomplished by
      stamping or punching a portion of each of the end sections out of the
      respective general planes of the same. These additional portions overlap
      one another and serve to prevent unintentional separation of the end
      sections in the absence of a force on the latter tending to separate them.
      Advantageously, the additional portion of each of the sections is located
      intermediate the respective sets of slits thereof and, in the exemplary
      distribution of slits given above, it is advantageous for the additional
      portions to be located intermediate the groups consisting of four slits.
PAR  Where steel strip is used, the steel from which the strip is made may, for
      example, have the following composition: 0.40-0.55% by weight of carbon
      0.10-0.40% by weight of silicon, 0.40-0.60% by weight of manganese,
      0.05-0.15% by weight of copper, 0.010-0.040% by weight of aluminum, at
      most about 0.05% by weight of phosphorus, and at most about 0.050% by
      weight of sulfur, the remainder being substantially iron and conventional
      impurities.
PAR  During its manufacture, the strip may be cold rolled to a thickness of
      about 0.6-1.4 millimeters and it may be continuously patented such as, for
      instance, in a lead bath. The strip advantageously possesses a tensile
      strength of 95-160 kp/mm.sup.2 and a yield strength corresponding to
      75-95% of the tensile strength thereof. It is further favorable when the
      elongation at fracture of the strip as measured on the basis L=5d, that
      means for flat crossection 5,65 . .sqroot.Ao, corresponding DIN 50144
      (like Euro-Norm 11-55), lies between 5 and 15%.
PAR  In accordance with the invention, it is advantageous when at least a
      portion of that part of the lifting band extending between the end
      sections is arcuate in transverse direction of the band or is provided
      with corrugations which extend transversely of the band. Such arcuate or
      corrugated portions are adapted to flatten at a predetermined load or
      stress. The reason for this is that lifting bands are normally used
      several times and, thus, by providing such arcuate or corrugated portions,
      it becomes possible to determine whether the band has been previously very
      highly loaded or stressed, that is, whether the band has been previously
      loaded beyond the predetermined load.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of a lifting band in accordance with
      the invention;
PAR  FIG. 2 illustrates schematically a manner in which the lifting band of FIG.
      1 may be used for lifting loads;
PAR  FIG. 3 is a plan view of a junction according to the invention;
PAR  FIG. 4 is a side view of the junction of FIG. 3;
PAR  FIG. 5 is a schematic representation of a lifting band in accordance with
      the invention configurated so as to permit a determination of whether the
      lifting band has previously been highly stressed;
PAR  FIG. 6 is a view in the direction of the arrows VI-VI of FIG. 5; and
PAR  FIG. 7 is a schematic representation of a lifting band in accordance with
      the invention showing a modification of the configuration of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will be described with reference to a band for lifting loads
      although this is not to be construed as limiting the invention in any
      manner.
PAR  FIG. 1 shows a lifting band 1 according to the invention. The band 1 is
      produced by forming a strip of material into the shape of a closed loop
      with the end sections of the strip overlapping one another. The region of
      overlap of the end sections is indicated generally at 10 and the end
      sections are joined to each otehr in a manner to be presently described.
PAR  Referring now to FIG. 2, a manner in which the band 1 may be used for
      lifting loads is schematically illustrated here. A load of goods 2 is to
      be lifted in the direction indicated by the arrow 11. The lifting is to be
      accomplished by means of a non-illustrated crane having a boom 4 provided
      with hooks 3. A band 1 is slung over each of the hooks 3 and the goods 2
      rest on the bands 1 as shown. Due to the weight of the goods 2, the bands
      1 undergo elastic deformation as will be apparent from a comparison of
      FIGS. 1 and 2.
PAR  The foregoing short description is intended to provide an illustration of
      the utility of the invention.
PAR  FIGS. 3 and 4 illustrate in detail the junction between the end sections of
      the lifting band 1, the end sections here being indicated by the reference
      numerals 5 and 6, respectively. It may be seen that the sections 5 and 6
      overlap one another. As most clearly shown in FIG. 3, each of the sections
      5 and 6 is provided with a plurality of slits 7. The slits 7 have somewhat
      of a stepped configuration, that is, in the illustrated embodiment, each
      of the slits 7 is made up of two slit portions extending in longitudinal
      direction of the respective end section 5 or 6 with the respective slit
      portions being laterally offset relative to one another and being
      connected by another slit portion extending transversely of the respective
      end section 5 or 6.
PAR  The slits 7 are arranged in groups or, in other words, proceeding in
      longitudinal direction of the end sections 5 and 6 in FIG. 3, it will be
      seen that there is first a group of two laterally spaced slits 7 which is
      followed by a group of four laterally spaced ones of the slits 7, the
      latter group being followed by yet another group of four laterally spaced
      ones of the slits which, in turn, is followed by a group of two laterally
      spaced slits 7. Adjacent groups or slits define a set, that is, the groups
      of two and four on the left-hand side of FIG. 3 together define a first
      set of slits and the groups of two and four on the right-handed side of
      FIG. 3 together define a second set of slits. The first and second sets of
      slits in each of the end sections 5 and 6 are substantially mirror
      symmetrically arranged about a symmetry plane extending transversely of
      the respective end section intermediate the groups of four of the
      respective sets and which is normal to the general plane of the respective
      end section. It is pointed out here that the symmetry between the
      respective sets is not a mirror symmetry in the true sense of the term but
      is actually a symmetry which corresponds to the following two operations:
      (1) rotation about an axis normal to the general plane of the respective
      end section and which is located intermediate the groups of four of the
      respective sets; and (2) reflection in a plane extending transversely of
      the respective end section intermediate the groups of four of the
      respective sets and which is normal to the general plane of the respective
      end section. The sequence in which the above two operations are performed
      in irrelevant, the end result being the same whether operation 1 precedes
      or follows operation 2. The term "substantially mirror symmetrical" as
      used herein is intended to encompass a rotation plus a reflection such as
      just described.
PAR  It will be appreciated from the foregoing description that the arrangement
      of the groups in the respective sets is such that the number of slits in
      one of the groups of each set is greater than the number of slits in the
      other group of the set. Advantageously, although not necessarily, that
      group of each of the respective sets having the greater number of slits is
      located nearer the symmetry plane than the group having the lesser number
      of slits. Of course, it is possible to provide more than two groups of
      slits in each of the sets in accordance with the principles of the
      invention.
PAR  As best seen in FIG. 4, each of the end sections 5 and 6 is further
      provided with members or portions 8 extending from the general planes of
      the same. In the illustrated embodiment, the members 8 are formed by
      bending portions of the end sections 5 and 6 out of their general planes
      and thus, in the present instance, the members 8 are bridge-like members,
      that is, both ends of each of the members 8 are fast with the respective
      end section. The members 8 are provided in correspondence to the slits 7
      or, in other words, the number of the members 8 should bear a relationship
      to the number of the slits 7. In the embodiment shown, one of the members
      8 is provided intermediate each pair of the slits 7. Thus, with reference
      to FIG. 3, each of the groups of two slits has one of the members 8
      located intermediate the pair of slits 7 making up the group. On the other
      hand, each of the groups of four slits has two of the members 8 located
      intermediate the slits 7 making up the group, that is, proceeding in
      transverse direction of the end sections 5 and 6 in FIG. 3 and from either
      lateral edge thereof, one of the members 8 is located intermediate the
      first and second slits encountered and another of the members 8 is located
      intermediate the third and fourth slits encountered. The shape of the
      members 8 is clearly evident from FIG. 3 and corresponds to the pattern
      defined by the respective pairs of slits 7 intermediate which the members
      8 are located.
PAR  With reference again to FIGS. 3 and 4, it may be seen that each of the end
      sections 5 and 6 is also provided with an additional member or portion 9
      extending from the general planes of the same. The members 9 may, for
      example, be formed by stamping or punching a portion of each of the end
      sections 5 and 6 out of their general planes. It is advantageous, although
      not necessary, for the members 9 to be provided intermediate the groups of
      four of the respective sets of slits as shown.
PAR  The junction between the end sections 5 and 6 is due to cooperation between
      the slits 7 of one of the end sections and the members 8 of the other end
      section, the slits 7 and members 8 of the end sections 5 and 6 thus
      defining interconnecting parts. As best seen in FIG. 3, each of the
      members 8 has a wider portion extending in longitudinal direction of the
      end sections 5 and 6 and a narrower portion also extending in longitudinal
      direction of the end sections 5 and 6, the wider portion of each of the
      members 8 being located to the right of the narrower portion in the
      illustrated embodiment. The regions between the pairs of slits 7
      intermediate which the members 8 are provided have a similar
      configuration. FIG. 4 indicates the manner in which the junction between
      the end section 5 and 6 may be achieved. The end sections 5 and 6 are
      brought into proper overlapping relationship and, in the embodiment shown,
      this condition corresponds to one in which each of the members 8 of the
      end sections 5 is located in the region between a pair of slits 7 of the
      end section 6. It will be appreciated that in this manner separation of
      the end sections 5 and 6 in response to a force tending to move the end
      section 5 to the left and the end section 6 to the right will be prevented
      due to the fact that the wider portion of each of the members 8 of the end
      section 5 will be prevented from moving past the location where the region
      intermediate the corresponding pair of slits 7 of the end section 6
      narrows. A force tending to move the end section 5 to the left and the end
      section 6 to the right would, for instance, be generated by the weight of
      the goods 2 shown in FIG. 2.
PAR  FIG. 4 shows that the members 9 of the end sections 5 and 6 overlap one
      another. The function of the members 9 is to prevent unintentional
      separation of the end sections 5 and 6 in the absence of a force tending
      to move the end section 5 to the left and the end section 6 to the right.
      It will be appreciated that, in the absence of such a force, there exists
      the possibility for the end section 5 to move towards the right and for
      the end section 6 to move towards the left. In such an event, uncoupling
      of the end sections 5 and 6 could occur. This is prevented by the members
      9 which cooperate to prevent movement of the end section 5 to the right
      and the end section 6 to the left. It is, of course, self-understood that
      the manner of preventing uncoupling of the end sections 5 and 6 described
      here is merely exemplary and is not to be construed as limiting the
      invention since other means for preventing separation of the end sections
      5 and 6 may also be used.
PAR  Since lifting bands such as the bands 1 of FIGS. 1 and 2 are normally used
      repeatedly, it is desirable to be able to determine if the band has
      previously been very highly stressed or loaded. FIGS. 5-7 illustrate
      different configurations which may be imparted to a band 1 in order to
      make such a determination possible. With reference first to FIG. 5, it may
      be seen that here the extensions of the end sections of the band 1, that
      is, that portion of the band 1 extending between the end sections thereof,
      is arcuately contoured in transverse direction of the band 1. This is more
      clearly seen in FIG. 6 which is a view in the direction of the arrows
      VI-IV of FIG. 5. On the other hand, FIG. 7 shows the extensions of the end
      sections of the band 1 as being provided with corrugations extending in
      transverse direction of the band 1. The arcuate and corrugated extensions
      are adapted to flatten at a predetermined load or stress. Thus, when the
      load applied to the band 1 is of such a magnitude that the region of
      plastic deformation of the material of the band 1 is attained, the
      curvature of the arcuate extension or the waviness of the corrugated
      extensions in the zone of critical loading is lost, that is, at least some
      flattening of these extensions occurs. It will be appreciated that such
      flattening makes possible a ready determination whether the band 1 has
      previously been highly stressed or loaded.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      construction and uses differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      junction for sheet-like material, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A re-usable load-lifting band for lifting of heavy loads, comprising a
      band having a main section and a pair of overlapping terminal sections
      which form with said main section a closed loop for lifting of loads
      having a weight up to a predetermined upper limit; connecting means
      connecting said terminal sections with one another against separation when
      said loop supports a load, said connecting means comprising
      interconnecting parts in said terminal sections and each including a
      plurality of slits and corresponding sheet portions extending from the
      general plane of the respective terminal section, each of the sheet
      portions of the respective terminal section cooperating with a pair of
      slits in the other terminal section to thereby prevent said separation of
      said terminal sections under load; and inter-engaging portions having
      angularly related juxtaposed flange-like portions and juxtaposed openings
      receiving said flange - like portions on said terminal sections connecting
      the latter with each other and for retaining them from unintentional
      separation in the absence of said load, said flange-like portions being of
      plastically-deformable material which deforms upon the application of a
      load to said band and permanently visually indicates if the latter has
      been used to lift the loads having a weight in excess of said
      predetermined upper limit.
NUM  2.
PAR  2. A load-lifting device for lifting heavy loads, comprising a rigid but
      deformable metal band having a main section and a pair of overlapping
      terminal sections which form with said main section a closed loop for
      lifting loads having a weight not exceeding a predetermined upper weight
      limit; connecting means for connecting said terminal sections with one
      another against separation when said loop supports a load; and indicating
      means for permanently visually indicating whether the deformable metal
      band has previously been used to lift a load having a weight in excess of
      said predetermined upper weight limit, said indicating means consisting
      (a) in a deformable metal band portion spaced from said overlapping
      terminal sections of the band and being arcuately curved or corrugated in
      a direction transverse to the elongation of said deformable metal band and
      adapted to flatten upon the application to said loop of a load having a
      weight equal to said predetermined upper weight limit (b) and
      interengaging portions having angularly related juxtaposed flange-like
      portions and juxtaposed opening receiving said flange-like portions on
      said terminal sections connecting the latter with each other and for
      retaining them from unintentional separation in the absence of said load,
      said flange-like portions being of plastically-deformable material which
      deforms upon the application of a load to said band and permanently
      visually indicates if the latter has been used to lift loads having a
      weight in excess of said predetermined upper limit
NUM  3.
PAR  3. A device as defined in claim 2, wherein said connecting means comprises
      interconnecting parts in said terminal sections each including a plurality
      of slits and corresponding sheet portions extending from the general plane
      of the respective terminal section, each of the sheet portions of the
      respective terminal section cooperating with a pair of slits in the other
      terminal section to thereby prevent said separation of said terminal
      sections under load, the slits in each of said terminal sections being
      divided into two longitudinally adjacent first groups each composed of
      four laterally adjacent slits and having a free space between one another,
      two second groups each composed of two laterally adjacent slits and each
      located longitudinally adjacent one of said first groups but remote from
      said space; and wherein said terminal sections have a predetermined width,
      and the extent of overlap of said terminal sections is substantially 4.0
      to 5.5 greater than said predetermined width; and further comprising
      inter-engaging retaining portions in said space for preventing
      unintentional separation of said sections in the absence of said load.
NUM  4.
PAR  4. A device as defined in claim 2, wherein said indicating means comprises
      an extension of at least one of said terminal sections, said extension
      having a portion which is arcuately curved in direction transverse to the
      elongation of said band and adapted to flatten upon the application to
      said loop of a load having a weight equal to said predetermined upper
      weight limit.
NUM  5.
PAR  5. A device as defined in claim 2, wherein said indicating means comprises
      an extension of at least one of said terminal sections, said extension
      having a portion which is corrugated in direction transverse to the
      elongation of said band and adapted to flatten upon the application to
      said loop of a load having a weight equal to said predetermined upper
      weight limit.
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PAL  A material handling sling comprising a main elongated, flexible, securing
      member, fluid inflatable means integral with the main securing member and
      positioned intermediate the leading and terminal ends thereof. The sling
      may also include a secondary securing member that is attached to the main
      securing member at two points intermediate the ends of the inflatable
      means, one point being inward the end of the inflatable means nearest the
      leading end of the main securing member and the other point being inward
      the end of the inflatable means nearest the terminal end of the main
      securing member; the secondary securing member being adapted to provide a
      working length spanning the distance between the two points of attachment
      of the secondary securing member to the main securing member that is
      shorter than the length of the main securing member between said two
      points.
BSUM
PAR  This invention relates to a cargo or material handling sling, i.e., an
      elongated, flexible, securing member such as a strap, band, belt, rope,
      cable, web or the like that is used to securely hold an article
      (hereinafter sometimes referred to as the cargo or the cargo load) that is
      to be hoisted, lowered, carried or suspended by various cargo transfer
      mechanisms (hereinafter sometimes collectively referred to as cranes) that
      employ tackle to move a hook member (vertically and/or horizontally) that
      is adapted for engagement with the sling during successive transfer
      operations between various storage and transport facilities.
PAR  In using a conventional cargo sling it is necessary for a floor man to
      manually engage and disengage the crane hook and the sling each time a new
      load is to be received and moved by the crane in a transfer operation, or,
      where the crane hook has a fixed beam, whenever the load is to be
      discharged.
PAR  It is an object of this invention to provide a new and novel type of sling
      which when once secured to the cargo load will maintain itself in an erect
      position so that the sling can be automatically engaged by (or disengaged
      from) the crane hook merely by the crane operator's maneuvering his
      machine from his normal operating station and without the necessity of
      having a floor man to manually connect (or disconnect) the hook and sling.
PAR  It is another object of this invention to provide a self-erecting sling
      that can be readily deflected from its operating or erect position (for
      example, by stacking a second load unit on top of a first load unit to
      which the sling has been secured) and which will return to its operating
      position when the deflecting force is removed.
PAR  It is still another object of this invention to provide a self-erecting
      sling that can be adjustable to accommodate loads of different sizes and
      shapes.
PAR  A further object of the invention is to provide a new system for
      transferring cargo utilizing the novel sling provided for hereinafter.
PAR  These objects and advantages are obtained in accordance with the invention
      by a sling assembly that has a fluid inflatable bail and more specifically
      by a material handling sling comprising a main elongated, flexible,
      securing member, fluid inflatable means integral with the main securing
      member and positioned intermediate the leading and terminal ends therof.
      The sling may also include a secondary securing member that is attached to
      the main securing member at two points intermediate the ends of the
      inflatable means, one point being inward the end of the inflatable means
      nearest the leading end of the main securing member and the other point
      being inward the end of the inflatable means nearest the terminal end of
      the main securing member; the secondary securing member being adapted to
      provide a working length spanning the distance between the two points of
      attachment of the secondary securing member to the main securing member
      that is shorter than the length of the main securing member between said
      two points.
PAR  For a better understanding of the invention, its advantages and the
      specific objects obtained with its use, reference should be made to the
      accompanying drawings and descriptive matter in which there is illustrated
      and described various presently preferred embodiments of a material
      handling sling made in accordance with this invention.
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PAR  FIG. 1 is a plan view of a strap type sling according to the present
      invention.
PAR  FIG. 2 is an elevational view of the strap type sling of FIG. 1.
PAR  FIG. 2a is an enlarged plan view of a flat hook end fitting that can be
      used with the sling.
PAR  FIG. 2b is an enlarged sectional elevation of a double bitted friction grip
      end fitting that can be used with the sling.
PAR  FIG. 3 is an enlargement of the righthand portion of the sling illustrated
      in FIG. 2 to illustrate the valve and inflatable bladder.
PAR  FIG. 4 is an isometric view illustrating the sling of FIG. 1 in use in
      handling a load.
PAR  FIG. 5 is an isometric view of a sling of this invention being used to
      stack unitized cargo and to illustrate the deflectability of the sling
      bail member when a second load is placed on top a first load to which the
      sling is still affixed.
PAR  FIG. 6 is an elevational view illustating use of a sling made in accordance
      with the present invention for lifting a load carried on a pallet.
PAR  FIG. 7 is a plan view of another embodiment of a strap type sling made in
      accordance with the present invention.
PAR  FIG. 8 is an elevational view of the strap type sling of FIG. 6.
PAR  FIGS. 9 and 9a are plan and side views respectively of the yoke portion of
      a modified sling made in accordance with this invention.
PAR  FIG. 10 illustrates the use of slings of this invention in the transferring
      of extra long loads.
DETD
PAR  As shown in FIG. 1, 10 is the main strap of the sling. It is, in this
      embodiment, made of fabric webbing strap of suitable length, gauge and
      width for the handling of the cargo load and acts as the main securing
      member. For convenience, end 11 of strap 10 is designated as its leading
      end, and end 12 is designated as its terminal end.
PAR  Any type of matable end fittings can be used on the strap that will enable
      the strap to be coupled together to form a continuous belt or which
      enables the strap to be secured to a load support. In the simplest
      embodiment no end fittings are employed and the strap ends are merely tied
      to form the endless belt. In the embodiment illustrated in FIGS. 1 and 2,
      a flat hook or J-hook 13 is secured to the terminal end 12 and a
      double-bitted friction grip fitting 14 is carried by the leading end 11;
      such a friction fitting includes a cross member 15 that is adapted to be
      engaged by the flat hook 13 and thereby form strap 10 into an endless
      belt. The free strap end 16 is threaded through the bitts 17, 18 in a
      known manner, as shown in FIG. 2b, and this arrangement permits rough
      adjustments of the length of strap 10. One strap end is usually longer
      than the other end as it is intended that the longer strap section pass
      beneath the cargo load and permit buckling or connecting the strap ends at
      the side of the load rather than under the load. In the illustrated
      embodiment the leading end 11 is considerably longer than the terminal end
      12 and excess strap length is taken up manually with the friction grip end
      fitting.
PAR  An elongated bladder or other fluid inflatable means 20 is positioned
      intermediate the leading and terminal ends of the main securing member --
      strap 10. Many types of fluid inflatable means can be used for the
      purposes of this invention. However, in the illustrated embodiments the
      inflatable means 20 is the inner tube of a bicycle tire. It is arranged to
      extend lengthwise along a portion of the strap 10 that is to act as a bail
      and is held in close association with strap 10 by a sleeve or tube member
      21 that either surrounds both the strap 10 and bladder 20 or that is
      secured to strap 10 -- in which case the bladder only is positioned in the
      sleeve. In the illustated embodiment, the sleeve surrounds both the strap
      and the inner tube. The ends 21a and 21b of sleeve 21 are secured in a
      suitable manner to strap 10 to prevent lateral and transverse movement of
      the sleeve 21 relative to the strap 10 and also to immobilize the inner
      tube 20 in a pocket formed between the sleeve and strap. In the
      illustrated embodiments the sleeve is a fabric material and the ends of
      the sleeve are merely stitched 22, 23 to strap 10. A valve 24 for
      introducing compressed air or other fluid into the inner tube 20 projects
      through a suitably positioned opening 25 in sleeve 21.
PAR  Where an inner tube such as the bicycle tire inner tube is employed as the
      fluid inflatable means, it can either be cut and the cut ends sealed in
      any known manner; this will form an elongated inflatable tube, or the
      circular inner tube can be simply flattened and installed in the pocket as
      a double tube thickness without cutting. A plurality of tubes can be
      positioned in the inflatable section to provide an inflatable bail of the
      desired length. It is to be understood that other fluid inflatable devices
      can be employed in lieu of the illustrated inner tube.
PAR  It is intended that the sling be used in combination with a secondary
      securing element that can draw the legs of the bail section together, for
      example, a secondary strap or securing element that can pass over the top
      of the cargo load and that extends from a point inboard the end of the
      inflatable means that is nearer to the leading end of the main securing
      member to a point that is inboard the end of the inflatable means that is
      nearer the terminal end of the main securing member. The secondary
      securing element has an effective working length (when it is connecting
      the two aforesaid points) that is shorter than that of the main securing
      member between the said two points. The secondary securing element can be
      any device that can position or draw the ends of the main strap section
      that includes the inflatable means (hereinafter sometimes called the
      inflatable section 26, or the sling bail) towards one another and cause
      the longer inflatable section, if and when it is in uninflated condition,
      to assume a bowed or angular configuration. Thus the securing element can
      be a bar, wire, strap or the like that either is somewhat shorter than the
      total length of the inflatable section 26 (or that can be shortened to
      provide a shorter length than the total length of the inflatable section
      26) and that can be connected directly or indirectly to the main securing
      member at points inwardly of the extreme ends 27, 28 of the inflatable
      section.
PAR  In the embodiment illustrated in FIGS. 1, 2, 3 and 4, the securing element
      or secondary securing means is in the form of a secondary strap or belt of
      adjustable working length. The secondary strap is formed of two strap
      elements 30, 31. One end of strap element 30 is secured to the main
      securing member or strap 10 at a point 32 inward end 27 of the inflatable
      section 26; strap element 30 also includes a "free end" 33. One end of the
      second strap element 31 is secured to the main securing member or strap 10
      at a point 34 inward end 28 of the inflatable section 26; the unsecured
      end of strap element 31 carries a buckle 35 adapted to engage and hold the
      free end 33 of strap element 30. In the illustrated embodiment the secured
      ends of strap elements 30, 31 are stitched to the main strap 10 and to the
      sleeve 20. The strap elements pass through suitable openings in the sleeve
      20 that surrounds the inflatable section. Since the sleeve and main strap
      are immobilized relative to one another, it is also contemplated that the
      ends could merely be secured to the sleeve rather than to the main strap
      and the sleeve.
PAR  FIG. 4 illustrates the use of the sling shown in FIG. 1 in a cargo transfer
      operation involving a unitized cargo load 40 in a rectangular container.
PAR  In the sling embodiment illustrated in FIG. 1, the leading end 11 is longer
      than the terminal end 12 which includes only a fairly short length of
      strap extending beyond the end 21a of sleeve 21. In use, the bail is
      usually on the top of the load and the leading end 11 of the main strap is
      positioned so that it runs down one side 41 of the load 40, passes under
      the bottom 42 of the load and starts a run up the opposite side 43 of the
      load and is connected with the terminal end 12 of the main strap by the
      mating end fittings 14 and 13. The secondary or auxiliary strap elements
      30, 31 pass over the top 44 of the load from opposite sides and are
      buckled together to completely and securely belt the cargo load. In order
      to provide lateral support for the bail 26, the bail leg portions 26a,
      26b, (i.e., the bail portions that extend generally from the points of
      attachment 32, 34 of the secondary strap elements and the main strap to
      the outer ends of the inflatable bladder or tube 27, 28) must be drawn
      firmly against and supported and stabilized by the sidewalls of the load
      itself or other rigid vertically extending support member. The leg
      portions 26a and 26b must be of sufficient length so that the inflatable
      section 26 that forms that bail will stand in an erect upright position
      when the bladder and leg portions are inflated with compressed air or
      other fluid -- i.e., the leg portions must be immobilized for sufficient
      length to stabilized and provide rigidity to the bail; with a 1 3/4 inch
      tube diameter bicycle tire for a 28 inch diameter wheel inflated to
      between 15-25 p.s.i., the leg length needed to give the desired stability
      is at least about two to three times the inflated diameter of the
      inflatable section.
PAR  The sling can be assembled about the load with the bail either in an
      inflated or deflated condition. If the bail section is inflated, the bail
      is laid across the top of the load, the main strap is passed around the
      long and is preferably secured at one side of the cargo load, the inflated
      bail will move into an upright or operating position when the strap
      elements that form the secondary securing member are passed over the top
      of the load and drawn together. If the bail is in a deflated condition the
      main and secondary straps are secured as aforesaid and the bail will raise
      itself to the erect operating position when compressed air or other fluid
      is introduced therein.
PAR  Because the bail stands in an erect or upright position once the sling has
      been connected to the load, it is possible for the crane operator to carry
      out cargo transfer operations without the need of further manual
      assistance at the load itself. The cargo transfer operations can be fully
      controlled from the operator's station by moving the hoist block 50
      vertically and horizontally to bring it into a position so that he can
      maneuver the hook 51 to engage the bail; once engaged the cargo can be
      raised, transferred to the desired location, and the hook can be
      disengaged from the bail by merely lowering the hoist block to a point
      where there is no load on the beam of the hook and then horizontally
      moving the hook to completely disengage it from the bail. All such
      movements can be carried out by the crane operator from his control
      station and without manual assistance at the hook.
PAR  Because the bail is inflated with fluid it can be readily deflected from
      its erect or operating position but will return to the erect position once
      the deflecting force has been removed. This permits the close stacking of
      unitized cargo loads without removing the sling, as is illustrated in FIG.
      5. Thus when Cargo Unit No. 2 is lowered for stacking on Cargo Unit No. 1,
      the bail 26-1 will be deflected from its upright position or flattened to
      lie along the top of Cargo Unit No. 1. When Cargo Unit No. 2 is lifted off
      Cargo Unit No. 1, the bail 26-1 of Cargo Unit No. 1 will automatically
      return to its erect operating position.
PAR  As shown in FIG. 6, the sling can be used to handle palletized loads by
      connecting suitable end fittings 71, 72 on the leading 11 and terminal 12
      ends of the main strap to appropriate matable fittings 73, 74 on the
      pallet 75 or other load supporting means. The secondary strap elements 30,
      31 pass over the top of the load and are buckled at 35 to draw the legs
      26a, 26b of the bail 26 tightly against a vertically extending side
      portion of the load to stabilize and rigidify the bail. It should be noted
      that the sides of the load are not perpendicular to ground level;
      nevertheless they stabilize the bail legs and provide sufficient rigidity
      to the bail to permit it to function in the same manner as in the
      embodiments in FIGS. 4 and 5.
PAR  FIGS. 7 and 8 illustrate an embodiment of the invention in which the bail
      section 26 includes two inflatable sections 61, 62 of approximately equal
      length and separated at the middle of the bail section by an uninflatable
      section 63 formed by portions of the main strap 10 and the sleeve 21.
      Stitching 64 immobilizes the main strap 10 and the sleeve 20 in the
      noninflatable bail section 63. Other features of this sling embodiment are
      the same as in the FIG. 1 embodiment and the same reference numerals are
      used to designate the structural or functional counterparts in both
      embodiments.
PAR  When the sling of FIGS. 7 and 8 is used on a cargo load, and if the
      bladders of sections 61, 62 are inflated, the bail will stand in an erect
      operating position and it is contemplated that the hoist block hook will
      engage the uninflated section 63 which should be positioned so that it is
      at the peak portion of the bail V or arch.
PAR  An advantage of the embodiment shown in FIGS. 7 and 8 lies in its fail-safe
      capability, since the bail will stand erect even if only one of the
      inflatable sections 61 or 62 is inflated and inadvertent loss of fluid
      from one section will not cause collapse of the bail.
PAR  FIGS. 9 and 9a illustrate a further variation of a sling made in accordance
      with this invention that is especially useful when handling pallet carried
      loads or lifting loads carried on a rigid supporting member. The leading
      end of the main support or strap near the end of the inflatable section is
      bifurcated to form two strap sections that can be attached through
      suitable end fittings to the pallet spaced points to stabilize the load
      carrying platform. The terminal end of the main strap is similarly
      bifurcated. With reference to FIGS. 9 and 9a (which could represent either
      end of the unit), the end of the sleeve 80 that houses both the inner tube
      81 (only shown in FIG. 9a) and the strap or main securing member 82 are
      secured to gusset member 83. On the opposite face of the gusset, the ends
      of three auxiliary strap portions 84, 85 and 86 are secured in inverted Y
      shape arrangement. Auxiliary strap 84, corresponds to the base leg of the
      Y and extends in a generally parallel direction to the main strap 82.
      Auxiliary strap 84 functions in the same manner as the secondary securing
      member 31 in the FIG. 1 embodiment. Auxiliary straps 85 and 86 are the
      arms of the Y and on their free ends they carry pallet hooks or other
      suitable end fittings (not shown) enabling the auxiliary straps 85 and 86
      to engage the pallet or to be connected to mating fittings along one side
      of the load or the base support. Although strap 84 must be interconnected
      with the main securing member at a point inward from the end of the
      inflatable section so as to draw the bail leg against the load to
      stabilize the bail, the auxiliary strap 85, 86 can join and be secured to
      the main strap at a point on the main strap outwardly of the end of the
      inflatable section.
PAR  FIG. 10 illustrates a transfer system utilizing a plurality of slings made
      according to the invention in the lifting of very long loads and
      especially of flexible materials that would bend unduly if lifted by a
      single sling surrounding the load at the center of gravity.
PAR  Referring to FIG. 10, the load 90 consists of a bundle of very long, small
      cross-section relatively thin-walled aluminum extrusions. It is
      contemplated that many such bundles of the same dimensions are to be
      transferred from station to station in a warehouse. Slings of the type
      illustrated in FIG. 1 are positioned on the load at points along the load
      that will provide the needed support to prevent objectionable bending of
      the extrusions. In the embodiment illustrated only two slings are
      utilized, but any number can be used so as to keep the load from bending.
      The main strap 16a, 16b passes underneath and around the bundle and the
      inflated bail 91, 92 stands in an erect position above the load. A
      strongback 93, for example an I beam, is suspended from the cables 94, 95
      of an overhead double lift crane (not shown). The strongback carries two
      or more automatic loading cargo release hooks (for example, the type of
      hook illustrated in U.S. Pat. No. 3,068,034); these hooks can be operated
      by remote control from the crane operator's control station to open and/or
      close the beam. Other remote control mechanisms can also be provided to
      laterally space the hooks along the strongback to correspond to the
      spacing of the slings.
PAR  In the FIG. 10 embodiment, two cargo release hooks 96 and 97 are suspended
      from the strong back 93 by means of slideable brackets 98, 99. Tightening
      of the bracket bolts 100, 101 can maintain the position of hooks on the
      strongback; i.e., in spaced apart positions on the strongback the same
      distance as the slings are spaced on the load. Connections for the remote
      control mechanism running to the cab can be seen at 102, 103.
PAR  In use, once the slings have been installed on a given bundle, it is
      possible for the crane operator in his overhead cab to transfer the load
      from station to station without further assistance from the floor man. To
      pick up a load, the crane operator must first maneuver and align the
      stronback so that it extends generally parallel to the load and so that
      the hook beams 104, 105 of the hooks are slightly below the apex of the
      bails 91 and 92. Then by lateral maneuvering of the strongback, the cargo
      hooks 96, 97 can be made to engage the bails 91, 92. Once a given hook and
      bail have become engaged, the keeper 106, 107 will maintain the engagement
      until the beam is released. To assist in guiding the bail into the hook
      beam slot an upwardly curved nose member 108, 109 projects from the hook
      above the beam slot in the direction of the hook beam. The tip of the nose
      108a and 109a is in very close proximity to the underside of the
      strongback so as to prevent the bail from inadvertently slipping between
      the top of the hook and the bottom of the strongback. Because of the
      deflectability of the bail, it is not essential that precise vertical
      alignment between the hook beam and bail apex be obtained before moving
      the strongback laterally; if the hook is too low the nose piece will
      engage and deflect the bail and guide it into the beam slot. Similarly the
      deflectability of the bail permits some lateral deviation in the spacing
      of the slings. Thus, if there is a minor difference in the spacing of the
      hooks and slings, one hook can be connected to its bail and that bail can
      be deflected backwards and forwards while the crane operator meneuvers the
      strongback in "fishing" to engage the second hook and bail.
PAR  Where a cargo hook that can be both opened and closed by remote control is
      used, the initial vertical alignment of the hook beam and bail apex need
      not be too precise. Thus if the hook beams are in their open position
      104a, 105a in fishing for the bail, once contact with the bail has been
      made with the open downwardly depending hook beam, the crane operator can
      actuate the control mechanisms to close the beam. The beam is so contoured
      that on closing it steers the bail into the beam slot to connect the crane
      hook to the load.
CLMS
STM  I claim:
NUM  1.
PAR  1. A material handling sling comprising an elongated, flexible securing
      member having a leading end and a terminal end, fluid inflatable means
      disposed intermediate the leading and terminal ends of the securing
      member, said inflatable means being adapted to increase the rigidity of
      the portions of the securing member with which it is in contact when said
      means are inflated with a fluid and thereby form a bowed or angular bail
      that projects outwardly from the load.
NUM  2.
PAR  2. A material handling sling according to claim 1 wherein the leading and
      terminal ends of the securing member are provided with end fittings.
NUM  3.
PAR  3. A material handling sling according to claim 2 wherein the end fitting
      on the terminal end is matingly engageable with the end fitting on the
      leading end.
NUM  4.
PAR  4. A material handling sling according to claim 3 wherein the end fittings
      are matingly engageable with fittings carried by a load or by a load
      support.
NUM  5.
PAR  5. A material handling sling according to claim 2 wherein the leading and
      terminal end portions of the securing member extending outwardly from the
      inflatable means include a plurality of separate enlongated, flexible
      securing elements that converge with the securing member and are connected
      thereto in the vicinity of the outermost end portions of the inflatable
      means or at a point on either securing member outwardly therefrom.
NUM  6.
PAR  6. A material handling sling according to claim 1 wherein the leading and
      terminal end portions of the securing member extending outwardly from the
      inflatable means include a plurality of separate elongated, flexible
      securing elements that converge with the securing member and are connected
      thereto in the vicinity of the outermost end portions of the inflatable
      means or at a point on either securing member outwardly therefrom.
NUM  7.
PAR  7. A system for transferring a cargo load by means of a crane having a
      movable suspended cargo hook and which comprises securing a sling
      according to claim 1 to the load to be transferred so that so that the
      bail, when inflated, will stand in erect position above the load and
      bringing the crane hook and sling bail into operating engagement with the
      inflated bail.
NUM  8.
PAR  8. A system according to claim 7 wherein a plurality of slings are
      installed on the load to be transferred with the sling bails being spaced
      apart laterally in generally parallel planes, and wherein the bails are
      individually engaged by one of a plurality of cargo hooks carried on a
      strong back suspended from the crane.
NUM  9.
PAR  9. A material handling sling comprising an elongated, flexible securing
      member having a leading end and a terminal end, fluid inflatable means
      disposed intermediate the leading and terminal ends of the securing
      member, a securing element extending from a point inward the end of the
      inflatable means that is nearer to the leading end of the securing member
      to a point inward the end of the inflatable means that is nearer to the
      terminal end of the securing member, said securing element having an
      effective working length when connecting said two points that is shorter
      than the length of the securing member between said two points.
NUM  10.
PAR  10. A material handling sling comprising a main elongated, flexible
      securing member having a leading end and a terminal end and a secondary
      elongated, flexible securing member, fluid inflatable means integral with
      the main securing member and positioned intermediate the leading and
      terminal ends thereof, the secondary securing member being connected to
      the main securing member at two points intermediate the ends of the
      inflatable means, one point being inward the end of the inflatable means
      nearest the leading end of the main securing member and the other point
      being inward the end of the inflatable means nearest the terminal end of
      the main securing member, and the secondary securing member, when
      connected to the main securing member, being adapted to provide a working
      length spanning the distance between the two points of connection of the
      secondary securing member to the main securing member that is shorter than
      the length of the main securing member between said two points.
NUM  11.
PAR  11. A material handling sling according to claim 10 wherein the main
      securing member is a strap.
NUM  12.
PAR  12. A material handling sling according to claim 11 and including a
      securing element extending from a point inward the end of the inflatable
      means that is nearer to the leading end of the securing member to a point
      inward the end of the inflatable means that is nearer to the terminal end
      of the securing member, said securing element having an effective working
      length when connecting said two points that is shorter than the length of
      the securing member between said two points.
NUM  13.
PAR  13. A material handling sling according to claim 11 wherein the secondary
      securing member is a strap.
NUM  14.
PAR  14. A material handling sling according to claim 10 wherein the secondary
      securing member is a strap.
NUM  15.
PAR  15. A material handling sling according to claim 10 wherein the working
      length of the secondary securing member can be varied.
NUM  16.
PAR  16. A material handling sling according to claim 10 wherein the working
      length of the secondary securing member is fixed.
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ABST
PAL  Apparatus for lifting tightly spaced bottles from cases, spreading the rows
      of bottles apart and placing the bottles on a bottle conveyor having
      spaced lanes. The apparatus includes a carriage having a plurality of
      elongated manifolds, each supporting rows of bottle grippers, the carriage
      having means for shifting the manifolds laterally with respect to each
      other to vary the spacing between rows of grippers.
BSUM
PAR  This invention relates to article handling mechanisms and particularly to
      apparatus for lifting bottles from cases and depositing the bottles on
      conveyors which carry the bottles away for further processing. While the
      invention may have application to any type of article which must be lifted
      from one position and placed in another position, the invention will be
      described herein with particular reference to the lifting of bottles from
      a case and depositing them on a conveyor.
PAR  In some bottling operations, as, for example, distilleries, bottles are
      received from the manufacturer in cases each containing a pattern of three
      rows of four bottles which are spaced apart in the case by the thickness
      of the corrugated paperboard dividers in the cases. The bottles must be
      removed from the cases and place on conveyors where they are conveyed
      through various processing stations. In some installations the spacing of
      the rows of bottles upon the conveyor is substantially greater than the
      spacing between rows in the cases.
PAR   Uncasing machinery for lifting bottles from casing and depositing them on
      conveyors is well known. See, for example, U.S. Pat. Nos. 2,695,190
      (Meierjohan) and 3,185,288 (Rowekamp). In such machinery one or more
      lifting heads is mounted on a carriage for movement between a case
      conveyor and bottle conveyor. Each lifting head carries a plurality of
      depending stems, as, for example, flexible pneumatic tubing, each stem
      having a bottle gripping device at its lower end. The pattern of the stems
      is fixed to conform to the pattern of bottles found in the cases. While
      the flexibility of the stems is sufficient to accommodate a slight
      variation in the spacing of the bottles as between the cases and the
      carriers on which they are deposited, it is insufficient to pick up
      bottles which may have a one-fourth inch spacing in the cases and spread
      them apart into rows which might have as much as an inch of spacing
      between the rows. Consequently, when bottles are to be taken from cases
      and placed on such widely spaced rows, it has not been possible to use
      existing uncasing machinery. Rather, the operations have been performed by
      hand.
PAR  An objective of the present invention has been to provide an apparatus for
      uncasing tightly spaced bottles and depositing them on widely spaced rows.
      To this end the invention contemplates a lifting carriage supporting a
      plurality of elongated manifolds, each manifold carrying a row of
      grippers. The carriage includes a mechanism for moving at least some of
      the manifolds laterally with respect to each other as the carriage moves
      from a first position to a second position in order to expand or contract
      the spacing between the rows of articles.
PAR  In addition to accommodating a spacing difference between the cases and the
      bottle conveyors, the invention has the advantage of reducing the contact
      between adjacent bottles which tends to break or scar bottles. The
      movement of the carriage between cases and bottle conveyors is transverse
      to the rows of bottles. By increasing the spacing between the rows of
      bottles immediately upon extracting of the bottles from the cases, the
      likelihood of bottles banging one another as the carriage swings laterally
      to the bottle conveyor is greatly decreased.
PAR  Another objective of the present invention has been to provide an article
      lifting carriage of the type described above wherein the grippers
      supporting manifolds are easily removed from the carriage and replaced,
      thereby permitting the pattern of bottles to be changed so as to permit
      the apparatus easily to accommodate bottles of different sizes and pattern
      spacings.
DRWD
PAR  These and other objectives of the present invention will become more
      readily apparent from the following detailed description taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic and elevational view of a bottle transfer
      apparatus construction in accordance with the present invention;
PAR  FIG. 2 is a diagrammatic view of the change in the pattern of bottles
      between cases and bottle conveyor;
PAR  FIG. 3 is a top plan view with portions broken away of the carriage of the
      present invention;
PAR  FIG. 4 is a view similar to FIG. 3 showing a shifted position of the
      carriage manifolds;
PAR  FIG. 5 is a cross sectional view of the carriage taken along lines 5--5 of
      FIG. 3;
PAR  FIG. 6 is a cross sectional view of the carriage taken along lines 6--6 of
      FIG. 5;
PAR  FIG. 7 is a cross sectional view of the carriage taken along lines 7--7 of
      FIG. 6;
PAR  FIG. 8 is an exploded perspective view of a portion of the carriage
      illustrating a typical mounting for the manifolds.
DETD
PAR  Referring to FIG. 1, there is diagrammatically illustrated at 10 lifting
      apparatus for removing bottles 11 from cases 13 supported on a case
      conveyor 13. The bottles 11 are to be deposited on a bottle conveyor 14
      having relatively widely spaced guides 15 forming lanes along which the
      bottles travel for further processing. The guides 15 are preferably
      triangularly shaped so as to guide the bottles into proper positions, as
      illustrated, in the lanes.
PAR  The mechanism by which the bottles are shifted from the cases 12 to the
      conveyor 14 includes a carriage 17 supported on brackets 18. Mechanism
      which is not shown but which is well known causes vertical and transverse
      movement of the carriage generally as indicated by the arrows 20. Thus,
      the carriage is lowered toward the case 12 to receive the bottles. The
      carriage then rises to remove the bottles from the case 12 and then moves
      transversely to overlie the conveyor 14. The carriage then descends to
      deposit the bottles 11 onto the conveyor 14.
PAR  The carriage supports at least one pattern of bottle grippers 21 which may
      be of the type shown in U.S. Pat. No. 2,873,996. It should be understood
      that the invention is suitable for use with any type of article gripper,
      the article gripper being selected to accommodate it to the particular
      article being handled by the apparatus.
PAR  In the illustrated form of the invention the bottles in each case are in a
      pattern of three rows, each row having four bottles. The pattern of the
      grippers 21 is the same as the pattern of the bottles in the case.
      Further, in the illustrated form of the invention the lifting carriage
      supports four such patterns so that four cases can be uncased with each
      cycle of the apparatus 10. While four patterns are illustrated, it should
      be understood that the invention is equally applicable to any number of
      patterns.
PAR  From FIG. 1 it can be seen that the rows of bottles 11 are quite closely
      spaced in the incoming cases 12. On the other hand, the bottles on the
      conveyor 14 are spaced apart by a distance several times the spacing of
      the cased bottles. The apparatus is designed to accommodate this
      difference in spacing so that, as illustrated in FIG. 2, the bottles may
      be lifted from a tightly spaced pattern 22 (out of the case) and deposited
      in widely spaced apart rows 23 (onto the conveyor). The mechanism by which
      the spacing of the bottles is effected is illustrated in FIGS. 3-8.
PAR  Referring to FIGS. 3 and 6, the carriage 17 includes an elongated
      channel-shaped shroud 25 providing a horizontal flat plate 26 and
      depending flanges 27. The shroud is provided with suitable brackets to
      enable it to be mounted to the brackets 18 of the bottle handling
      apparatus. Five transverse rods 28 are supported between the flanges 27,
      the bars being secured to the flanges 27 by machine screws 29 threaded
      into threaded bores 30 at the ends of the rods 28. The five rods 28 are
      uniformly spaced along the length of the shroud.
PAR  Each rod passes through a fixed block 35 which is welded as at 36 to the
      undersurface of the shroud and thus forms a partial support for the rod
      28. Two outboard blocks 37 are slidable on the rod 28. The blocks 35 and
      37 support a central manifold 38 and lateral manifolds 39, respectively.
      Each manifold supports a row of flexible tubing 40, to each of which tube
      is attached the bottle gripper 21 (FIG. 5). The manifolds and tubes form
      the passageways for applying air to the grippers to operate them. In the
      illustrated form of the invention which contemplates four patterns of 4
      .times. 3, each manifold supports a row of grippers consisting of four
      groups of four grippers.
PAR  The mainfolds 38 and 39 are removably supported on their blocks so that
      they can be changed to alter the pattern of the grippers. The mainfold
      mounting is formed by a pin 45 which is secured at its upper end 46 by a
      roll-pin 47 to the block 35 or 37. At its lower end 48 the pin is threaded
      to receive a nut 49. Intermediate the ends 46 and 47 is a large diameter
      land 50.
PAR  Each manifold has a mounting block 51 welded to it for each of the five
      mounting positions. The mounting block has a bore 52 which is sized to
      slidably received the land 50 of the pin 45. A hook 54 is pivotally
      mounted by a pin 55 to the mounting block. The hook has an arucate slot 56
      adapted to receive the lower end 48 of the pin 45 to lock the manifold
      into position.
PAR  The outboard manifolds are shiftable laterally by a pair of double-acting
      cylinders 60, each carrying a piston having a projecting rod 61. The rod
      61 of each cylinder 60 is connected to a cam plate 62 by connecting a
      threaded end 63 to a bracket 64 projecting upwardly from the cam plate 62.
      The cam plate 62 is slidably mounted in ways 66 at each side of the shroud
      25. Each plate has two angulated slots 67 which receive a pin 68 forming a
      cam follower. The pin 68 is threaded at its lower end 69 and is secured to
      a threaded bore in the slidable blocks 37. The pin also projects through a
      transverse slot 70 in the shroud which blocks longitudinal movement of the
      manifolds and permits only lateral movement.
PAR  Each manifold is provided with a quick disconnect fitting 57 which projects
      upwardly through a hole 58 in the shroud. The size of the hole 58 is such
      to permit the manifold and the fitting to move laterally during the
      operation of the invention.
PAR  The combination of the mounting hooks 54 and the quick disconnect fittings
      enables the manifolds to be removed and replaced to set up a different
      carriage pattern for incoming cases of bottles. If the lateral spacing of
      the incoming bottles in their cases is different, the cam plates 62 may
      also be replaced to provide a cam plate having a different slot
      configuration which will change the extent of the lateral positioning of
      the manifolds in their contracted position. Preferably, the cam plates and
      manifolds in a set have identical distinguishing colors to facilitate
      assembly.
PAR  Referring to FIGS. 3 and 4, it can be seen that when the rod 61 is in its
      fully extended position, the pins 68 have been cammed inwardly to contract
      the spacing between adjacent manifolds. As shown in FIG. 4, when the rod
      61 is withdrawn into the cylinder 60, the pins are cammed outwardly to
      expand the spacing between adjacent manifolds. When the manifolds are in
      the contracted condition illustrated in FIG. 3, the spacing of the
      grippers is such as to enable the grippers to engage closely spaced
      bottles in a case. As soon as the bottles are lifted from the case,
      pneumatic pressure is applied to the cylinders 60 to retract the rods 61,
      thereby causing the manifolds to move laterally and to expand the spacing
      between the grippers. In this condition, the bottles may be swung over to
      the conveyor 14 and deposited between the guides 15.
PAR  It should be understood that while the illustrated form of the invention
      has a stationary center manifold and two laterally movable manifolds, the
      invention is applicable to other patterns as, for example, four laterally
      movable manifolds supporting four rows of grippers. Such differing
      patterns can be accommodated simply by modifying the cam plate and
      cooperating pins carried by the manifolds to program any desired movement
      into any desired number of manifolds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lifting carriage for plural patterns of articles comprising,
PA1  an elongated channel-shaped shroud including a flat top plate and depending
      lateral flanges,
PA1  a plurality of transverse rods supported between said flanges,
PA1  a plurality of elongated manifolds slidably mounted on said rods for
      lateral movement, each manifold having plural sets of grippers, each set
      of grippers on a manifold being spaced longitudinally from the adjacent
      set and aligned transversely with grippers on adjacent manifolds to
      provide plural patterns of grippers longitudinally spaced along said
      shroud,
PA1  each said manifold having two upwardly projecting pins,
PA1  said top plate having a transverse slot receiving each said pin,
PA1  two cam plates mounted for longitudinal movement on said shroud and having
      angulated cam slots receiving said pins to effect lateral movement of said
      manifolds upon longitudinal movement of said cam plate,
PA1  a longitudinally oriented piston and cylinder mounted on said shroud and
      connected to each said cam plate to thrust said cam plate longitudinally
      in one direction to spread said manifolds, and in other direction to
      retract said manifolds.
NUM  2.
PAR  2. A carriage as in claim 1 further comprising,
PA1  a central, longitudinally extending manifold fixed to said shroud,
PA1  said slidable manifolds consisting of a manifold on each side of said
      central manifold.
NUM  3.
PAR  3. A carriage as in claim 1 further comprising,
PA1  a plurality of bearing blocks mounted on said transverse rods,
PA1  means detachably connecting said manifolds to said bearing blocks to mount
      said manifolds on said transverse rods to permit interchange of manifolds
      with other manifolds, thereby permitting one carriage to accommodate a
      plurality of patterns and types of grippers.
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ABST
PAL  A buffer for spring-supported wheels and a method of producing the buffer
      are disclosed. The buffer, which is of an elastic material, can be clamped
      into an annular slot formed by a wheel-rim and a wheel center-disk. The
      contact elements which provide the electrical connection include a contact
      plate which covers the rivet head and is retained in a recess in the
      buffer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a buffer of an elastic material,
      preferably rubber, which can be clamped into an annular slot formed
      between the shoulder of a wheel-disk and a wheel-rim of a rail-wheel for
      electrical vehicles. The opposite sides of the buffer which abut the wheel
      center-disk and the wheel-rim of said buffer, are connected with each
      other in recesses of the buffer element by means of contact elements for
      the purpose of providing an electrical connection from the wheel
      center-disk with the wheel-rim by means of a flexible conduit; each of the
      contact elements includes a contact-plate and a rivet head connected
      therewith, whereby the rivet head represents the ends of the conduit which
      are riveted together.
PAC  PRIOR ART
PAR  In prior art buffers of this general type, the ends of the flexible conduit
      are guided through boreholes in the contact plates, so that the rivet head
      rests from the outside on the contact plate. In so far as the buffer can
      be pressed into the annular slot without damaging the rivet head, an
      effective electrical connection between the wheel center-disk and the
      wheel-rim is produced. During the insertion of the buffer, there results,
      however, difficulties, which may easily result in damage to the rivet head
      so that the flexible conduit, during an operating cycle, slips out of the
      borehole in the contact plate and interrupts thereby the elctrical
      connection between the wheel-rim and the wheel center-disk. The mounting
      is made in a manner whereby the buffer elements are placed into the rivet
      which is limited by the shoulders of the wheel-rim and which are
      compressed to such an extent by a tapered socket cone through axial
      displacement so that they glide over the shoulder of the wheel center-disk
      into the rivet of the wheel-disk; this causes a shearing force on the
      surface of the buffer, which can shear off the soft rivet head.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a buffer of the
      above-mentioned type which can be easily mounted and which guarantees a
      permanent electrical connection between the wheel-disk and the wheel-rim.
      This problem is inventively solved in that the contact plate covers the
      rivet head and is retained by means of a clamp fit and/or a form fit in
      the recess of the buffer element.
PAR  During the mounting of the buffer of the present invention, the developing
      shearing forces will not shear off the soft material of the rivet head
      since it is covered by the contact plate. The surface area of the buffer,
      including the contact plate, can be smoothly constructed so that the
      buffer glides more easily over the cone than a buffer having an exposed
      rivet head.
PAR  The clamp fit and/or form fit of the contact plate in the recess retains
      the plate securely on the buffer element when the buffer is not mounted.
      Preferably, the conduit is made of stranded wire, particularly copper
      wire. This type of conduit can be riveted without difficulty by means of
      pressing.
PAR  According to a preferred embodiment, the recess opposite the channel in the
      buffer element through which the conduit is guided with a lateral play, is
      set in stages. At the shoulder of the recess, the rivet head can be formed
      from the end of the conduit by pressing.
PAR  According to the a further prefered embodiment, the complete volume of the
      channel in the buffer element is filled by the conduit preloaded by a
      static pressure. This feature ensures a good contact to the plates not
      only in the areas of the recesses but also in the area of the channel,
      because the compressed conduit in the area of the channel cannot fall back
      when the plates are placed in the recesses. It improves also the
      electrical contact between the plates and wheel. Additionally, the
      current-carrying capacity is improved because the complete sectional area
      of the channel is filled by the conduit.
PAR  The form fit of the contact plate, according to a further embodiment of the
      instant invention, can by obtained by forming the recess in a conical
      shape (converging) towards the surface area of the buffer element, with
      the contact plate having a form which is adapted to one of the forms of
      the recess.
PAR  In order to produce the best possible contact between the contact plate and
      the wheel-rim or the wheel center-disk, the surface area of the contact
      plate, compared with the surface area of the buffer element, may be
      elevated. For example, the surface area of the contact plate may be convex
      curved in an even surface area of the buffer element, and can be even when
      the surface area of the buffer element is of a concave shape.
PAR  A further object of the present invention is a method for producing a
      buffer of the above described type. This method includes steps in which
      each end of the flexible conduit, preferably copper wire, is pressed into
      a rivet head, onto which the contact plate is then placed, and is secured
      under pressure by means of force- or form-positive clamping of its edges
      to the inside of the recess. Preferably, the conduit in the channel is
      pressed before the ends in the recesses are pressed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is explained in more detail by the following
      description, taken in conjunction with the accompanying drawings
      illustrating two embodiments, wherein:
PAR  FIG. 1 shows an axial cross-section of the buffer;
PAR  FIG. 2 shows an axial cross-section of an alternative embodiment of the
      buffer of the present invention;
PAR  FIG. 3 shows an axial cross-section of the alternative embodiment of the
      buffer, the channel of which is completely filled by a pressed conduit;
      and
PAR  FIG. 4 is a partial, diametrical section, on a reduced scale, through a
      wheel generally showing how the buffers of FIGS. 1-3 are utilized.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR   Referring to FIG. 4, a wheel center disc D rotates about axis A, and the
      center disc D has opposed peripheral flanges F, F', flanking a peripheral
      channel C. Circumposed about the center disc D is a wheel W which includes
      inner flanges I, I', forming and flanking the channel C'. A buffer element
      1 (other buffer elements being installed or disposed in a similar manner
      between the center disc D and wheel W) is installed in the confronting
      channels C, C' and when compressed in these channels provides an
      electrical circuit between the center disc D and wheel W.
PAR  Both exemplary embodiments of the buffer as shown in FIGS. 1 and 2 include
      symmetrical or, in cross-section, rectangularly shaped buffer element 1,
      2, the sides of which are provided in cross-section with curved recesses
      3, 4, respectively. The buffer element 1, 2, after being mounted, abut
      opposite areas of the wheel-rim and the wheel center-disk with its
      opposite sides 5, 6 or 7, 8, so that the buffers the developing radial
      forces of the wheel in the direction of its symmetrical axis.
PAR  The buffer element 1 or 2 is provided at its center with a coaxial channel
      9 or 10, respectively, which in cross-section increases at its ends to
      recesses 11, 12 or 13, 14, respectively. A flexible conduit (conductor) 15
      or 16 respectively, preferably of copper wire, runs with lateral play
      through the channel 9 and 10, respectively. The ends 17, 18 or 19, 20 of
      the respectively conduits 15, 16 are spliced open radially outwards and
      are pressed into a rivet head, over which is placed an electrical contact
      plate 21, 22, 23, 24, these contact plates 21, 22 or 23, 24 are fastened
      in the recess 11, 12 and 13, 14, respectively, by means of a clamp or
      press fit.
PAR  In the embodiment shown in FIG. 1, the upper recess 11 narrows or converges
      towards the side 5 and the contact plate 21 is provided with a
      corresponding form so that it is retained in this recess 11 by means of
      the form fit. The other contact plates 22 or 23, 24 are placed in the
      cylindrically-shaped recesses 12 or 13, 14 and are secured therein by
      means of clamp-fits. Both types of securing means for the contact plates
      21, 22 or 23, 24 of the respective buffer elements 1 or 2 suffice to
      secure the same in their respective recesses 11, 12, 13, 14 before and
      during the mounting. During operation, the contact plates are unable to
      move out of their respective recesses 11, 12, 13, 14 due to the effects of
      the axial forces on the plate. In order to increase the contact pressure
      of the contact plates 21, 22, 23, 24 for improving contact between the
      wheel-rim W or the wheel center-disk D, their surface areas may be raised.
      For example, the surface area of the upper and lower contact plate 21, 22
      of the embodiment shown in FIG. 1, and the surface area of the lower
      contact plate 24 of the embodiment shown in FIG. 2, may be conical in
      shape, while the contact plate 23 of the embodiment shown in FIG. 2,
      because of the concave form of side 7, may be of a corresponding shape.
PAR  The mounting of the rubber buffer is comparatively simple. After the
      production of the buffer element, which is provided with a channel 9, 10
      and recesses 11, 12, 13, 14, the wire conduit 15, 16 is inserted into the
      channel 9, 10, in such a manner that its end 17, 18, 19, 20 protrudes from
      the channel 9, 10. The fibers are then radially pulled apart at the end of
      the wire-shaped conduit 15, 16.
PAR  These fibers are then pressed into a rivet head, whereby the shoulders of
      the recesses 11, 12, 13, 14 function as an abutment. The rivet head thus
      obtained covers the bottom of the recesses 11, 12, 13, 14. The contact
      plate 21, 22, 23, 24 is then pressed onto the flat rivet head by means of
      a clamp fit, and/or form-fit. Thus, one obtains an effective electrical
      connection between the conduit 15, 16 and contact plate 21, 22, 23, 24.
PAR  Since, in a mounted position, it is not recognizable if the buffer is
      provided with a conduit for producing the electrical connection of the
      wheel-rim with the wheel center-disk, the buffer can be identified in
      various ways. For example, a radial channel may originate from channel 9,
      10, through which penetrates a conduit which is in connection with the
      conduit 15, 16, and which is guided outwards. This conduit may also serve
      as a connecting means for a buffer measurement between conduit 15, 16 and
      one of the contact plates 21, 22, 23, 24.
PAR  Since the contact plates 21, 22, 23, 24 have no bore holes and are secured
      in the recesses 11, 12, 13, 14 by means of a clamp fit, this arrangement
      is effective to a great extent in preventing moisture, which leads to
      corrosion, from entering the channel 9, 10.
PAR  Referring to FIG. 3, reference numerals similar to those used in FIG. 1 are
      applied, and these reference numerals identify the similar and previously
      described structure, however, in this embodiment the conduit or conductor
      15' completely fills the channel 9.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a wheel for having an electrical current passing therethrough for use
      on an electrical vehicle, the wheel comprising a center-disc, a wheel-rim
      circumposed about said center-disc, said center-disc and wheel-rim
      including means forming an annular channel between the respective outer
      and inner peripheries of the center-disc and wheel-rim, elastic buffer
      means disposed between said center-disc and the wheel-rim and including
      electrical, current-conducting means for forming an electrical circuit
      between said center-disc and wheel-rim, the improvement in which the
      buffer means comprises a buffer element of an elastic material which is
      clamped at opposite sides in said annular channel, said annular channel
      being limited by portions of the center-disc and the wheel-rim, the
      opposite sides of the buffer element abutting respective portions of the
      center-disc and the wheel-rim and connecting the center-disc and wheel-rim
      to each other in cushioned relationship, said buffer element including a
      radially-extending channel extending through the opposite sides of the
      buffer element, a flexible electrical conductor extending through the
      radially-extending channel, said buffer element including opposed recesses
      in the opposite sides of the buffer element and communicating with the
      radially extending channel, electrical contact elements disposed in the
      opposed recesses of the buffer element, each contact element comprising a
      contact plate, the flexible electrical conductor terminating at opposite
      ends in a rivet head disposed beneath the contact plate in the opposed
      recesses and operatively connected to the contact plate, the rivet head
      being integral with the ends of the conductor, the contact plate covering
      the respective rivet head and being fixedly secured in a respective recess
      of the buffer element and protecting the rivet head from being sheared off
      while being compressed into contact with the center-disc and wheel-rim for
      insuring current transmittal.
NUM  2.
PAR  2. The structure as claimed in claim 1 wherein the conductor is copper wire
      and the buffer is rubber.
NUM  3.
PAR  3. The structure as claimed in claim 1 wherein said conductor extending
      between the opposite sides of said buffer element does not completely fill
      the radially-extending channel and has lateral play therein.
NUM  4.
PAR  4. The structure as claimed in claim 1 in which the outer surface of at
      least one contact plate is at least coincident with the adjacent surface
      area of the buffer element.
NUM  5.
PAR  5. The structure as claimed in claim 1 in which the electrical conductor
      disposed in said radially-extending channel is preloaded therein by a
      static pressure.
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ABST
PAL  Apparatus combined with or combinable with a vehicle body having a
      longitudinally elongated corner from which body surfaces extend at an
      angle, one of the surfaces presented forwardly toward oncoming air flow,
      and the other surface extending generally rearwardly away from that
      corner, the apparatus comprising
PA1  A. means for preventing, reducing, or delaying separation of the flow
      boundary layer from said other surface rearwardly of said corner at normal
      operating speeds of the vehicle,
PA1  B. said means comprising a longitudinally elongated protrusion having a
      substantially smooth, arcuate outer surface projecting smoothly outwardly
      of a first of said body surfaces said protrusion surface having a first
      longitudinally elongated terminal extent merging toward said first body
      surface in spaced relation to said corner, and second longitudinally
      elongated terminal extent merging toward a second of said body surfaces
      proximate said corner.
GOVT
PAR  The U.S. government has rights in this invention pursuant to Grant No.
      GI42298 awarded by the National Science Foundation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to reducing aerodynamic drag imposed on
      vehicles such as trucks, trailers, trains, etc., and more particularly
      concerns the provision of means to prevent, reduce, or delay separation of
      boundary layer air flow about such vehicles thereby enhancing fuel
      savings.
PAR  Many vehicles (trucks, trailers, trains) are constructed in a box like
      fashion with sharp 90.degree. corners. This is done both for ease in
      fabrication and to maximize the number of rectangular crates or other load
      shapes that can be carried. When such vehicles move, the sharp edges cause
      the air to separate at the corners and cause the box like body to have
      high aerodynamic drag, thus requiring more propulsive power. While
      rounding off such corners can reduce drag, this expedient is undesirable
      from two points of view; first it reduces the interior storage capacity
      (frequently by much more than the actual reduction in storage area because
      of the modular nature of the crates or payload); and secondly, it is often
      not convenient or possible to modify existing vehicles this way, since
      much of the structure is in edge framing. Thus, there is a clear need for
      means which will achieve the effect of a rounded corner without requiring
      extensive body rework and without reducing interior capacity.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide a solution or solutions to
      the above difficulties and problems. The invention is particularly adapted
      for use with a vehicle body having a longitudinally elongated corner from
      which body surfaces extend at an angle, one of the surfaces presented
      forwardly toward oncoming relative air flow, and the other surface
      extending generally rearwardly away from the corner. In this environment,
      the invention basically comprises:
PAR  A. MEANS FOR PREVENTING, REDUCING, OR DELAYING SEPARATION OF THE FLOW
      BOUNDARY LAYER FROM SAID OTHER SURFACE REARWARDLY OF SAID CORNER AT NORMAL
      OPERATING SPEEDS OF THE VEHICLE,
PAR  B. SAID MEANS COMPRISING A LONGITUDINALLY ELONGATED PROTRUSION HAVING A
      SUBSTANTIALLY SMOOTH, ARCUATE OUTER SURFACE PROJECTING SMOOTHLY OUTWARDLY
      OF A FIRST OF SAID BODY SURFACES, SAID PROTRUSION SURFACE HAVING A FIRST
      LONGITUDINALLY ELONGATED TERMINAL EXTENT MERGING TOWARD SAID FIRST BODY
      SURFACE IN SPACED RELATION TO SAID CORNER, AND SECOND LONGITUDINALLY
      ELONGATED TERMINAL EXTENT MERGING TOWARD A SECOND OF SAID BODY SURFACES
      PROXIMATE SAID CORNER.
PAR  As will appear, the protrusion typically extends outwardly of the first
      body surface to maximum extent between 2 and 20 inches; it may have
      generally hook-shaped cross sections particularly when formed as a
      one-piece thin-walled molded unit; and a vortex generator and/or a flow
      turning vane may be incorporated with the protrusion as will be seen.
      Further, the protrusion or protrusions may be incorporated on side walls
      as well as front facing walls of vehicles, and may be inflatable.
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a perspective showing an application of the invention;
PAR  FIG. 2 is an enlarged vertical section taken on lines 2--2 of FIG. 1;
PAR  FIG. 3-7 are views like FIG. 2, showing variations; and FIG. 8 is a section
      on lines 8--8 of FIG. 1; and
PAR  FIG. 9 is a fragmentary side elevation showing the side wall of a trailer
      body incorporating the invention;
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 and 2, a vehicle body, as for example a truck trailer body 10,
      has a longitudinally elongated corner 11 from which body surfaces extend
      at an angle. One of the surfaces, such as surface 12a of upstanding front
      wall 12, is presented forwardly toward oncoming relative air flow
      indicated by arrow 13, and the other surface 14a of horizontal top wall 14
      extends generally rearwardly away from corner 11. Surfaces 12a and 14a
      typically extend at about a 90.degree. angle.
PAR  In accordance with the invention, means is provided to prevent or
      substantially reduce or delay separation of the air flow boundary layer
      from the other surface 14a rearwardly of the corner 11 at normal operating
      speeds of the vehicle, as for example about 30 to 60 miles per hour. Such
      means comprises a longitudinally elongated protrusion 15 having a
      substantially smooth, arcuate outer surface 16 projecting smoothly
      outwardly of a first of the body surfaces, such as surface 12a in FIG. 2.
      The protrusion surface 16 is generally forwardly convex at 16c in planes
      normal to the longitudinal direction indicated by arrows 17 in FIG. 1;
      surface 16 has a first longitudinally elongated extent 16a merging or
      tapering toward the first surface 12a in spaced relation to the corner 11;
      and surface 16 has a second longitudinally elongated extent 16b merging
      toward the second 14a of the body surfaces, proximate the corner. The
      protrusion 15 may be molded of reinforced thin-walled plastic material,
      such as glass fibers and resin, and the longitudinal terminal flaps 15a
      and 15b defining surfaces 16a and 16b may be bonded or otherwise attached
      to the body surfaces 12 a and 14a, as shown. Note the general "hook-shape"
      of the illustrated thin-walled protrusion. The radius of curvature of the
      protrusion surface at 16 must exceed the thickness of the local air flow
      boundary layer that exists at walls 12 and 14 before the addition of the
      protrusion; and one may determine, by design or testing, the protrusion
      shape that results in the least boundary layer separation over the normal
      vehicle operating speed range. For best results, the maximum projection t
      of the protrusion from the wall should be between 2 and 20 inches. Other
      possible shapes of surface 16a are shown at 16a' and 16a".
PAR  Similar protrusion 18 may be located adjacent the upright corners or edges
      19 defined by the vehicle body front wall 12 and upright side walls 20, as
      seen in FIGS. 1 and 8. All of such protrusions contribute substantially to
      reductions in drag otherwise induced by air flow past the sharp corners 11
      and 19, and consequently fuel savings result. Note the diagonal
      interfitting of the protrusions 15 and 18 at loci 21, this being one form
      of mating of the protrusions. The FIG. 9 modification shows similar
      horizontal and vertical protrusions 22 and 23 extending along the top
      horizontal and front and rear vertical edges of the truck or vehicle body
      side wall 20. This construction reduces the side thrust exerted on the
      body by sideward wind gusts, and thereby reducing steering difficulties in
      gusty locations.
PAR  FIG. 3 shows the addition of a vortex generator 25 projecting forwardly
      from, or outstanding from the nose of the protrusion 15. The generator
      element may have wedge or wing shape; it causes an exchange of momentum
      across the boundary layer that forms on the protrusion, and tends to keep
      the flow further downstream from separating. Such generators may be spaced
      along the longitudinal extent of the protrusions. FIG. 4 illustrates the
      addition of flow turning or deflection vane 26 spaced outwardly of the
      nose of the protrusions, the vane extending chordwise generally parallel
      to the surface of the protrusion which it overlies. A strut 27 connects
      the vane to the protrusion. The vane also aids in keeping the flow further
      downstream from separating. Note flow arrows 28.
PAR  In that form of the invention seen in FIG. 5, the modified protrusion 30
      projects outwardly from body surface 14a rather than from surface 12a
      presented toward the oncoming flow. In this case, the first terminal
      extent 31a of the protrusion surface 31 merges toward the other body
      surface 14a in remotely spaced relation to corner 11, and the second
      terminal extent 31b of the protrusion merges toward the one body surface
      12a proximate the corner 11. FIG. 6 shows a modified form of the FIG. 5
      design, with a vane 32 mounted to the nose of the protrusion 30, as by a
      strut 33. Vanes 26 and 32 may be longitudinally elongated, i.e., extend
      lengthwise of the protrusion noses. Vane 32 also extends chordwise
      generally parallel to that portion of the protrusion surface which it
      overlies.
PAR  In FIG. 7, an inflated section 40a of a protrusion 40 is located adjacent
      corner or edge 41 which is elongated in a direction normal to the plane of
      that view. In uninflated condition, that section may collapse close to or
      flatly adjacent the surface of body wall 42 presented toward oncoming air
      flow as indicated by arrow 43. At the option of the vehicle operator, an
      inflating means, may be operated to inflate the protrusion to the position
      shown. One such means may include a gas pressure source 44 connected via
      piping 45, valve 46 and piping 47 with the interior 48 of the protrusion.
      Valve may have three positions, one in which only the source 44
      communicates with the space 48, another in which the pipe 47 is closed-off
      to prevent escape of gas from space 48, and a third in which gas is
      released from space 48 to outlet 49. A flexible web section 40b of the
      protrusion is attached to the body wall 42 at 50, and at 51 to the
      protrusion section 40a, to be stretched into the position shown upon
      inflation of section 40a. Section 40a and 40b may consist of rubber or
      plastic. Accordingly, the operator may or may not use the drag reduction
      means, at this option.
PAR  An alternate source of inflation pressure is shown at 60, and comprises a
      duct 61 with an inlet exposed to ram effect of on-coming air, thereby to
      provide "self-inflation."
PAR  In an actual test, a truck such as shown in FIG. 1 was extensively operated
      with and without protrusions, and gas mileage records were kept. The truck
      was operated at various speeds under 55 miles per hour, on a predetermined
      course that required both stop and go city driving conditions as well as
      expressway driving conditions. After protrusions as at 15 and 18 in FIG.
      1, and 22 in FIG. 9, were added, it was found that fuel consumption was
      reduced by about 17.2%. The protrusions 15 and 18 projected outwardly by
      an amount t = 8 inches, and the protrusions 22 projected outwardly by an
      amount t = 5 inches.
PAR  The protrusion may alternately consist of a metallic sheet, or other
      suitable material, and may alternately be solid instead of thin-walled.
PAR  It is also contemplated that the protrusions may be removably fastened, as
      by suitable fasteners to the vehicle body, so as to be capable of removal
      and storage, or use, whenever desired.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination,
PA1  a. a vehicle body having an exterior front wall, an exterior side wall and
      an exterior top wall, said side wall meeting said front wall at a vertical
      corner, and said top wall meeting said front wall at a horizontal corner,
PA1  b. means for preventing, reducing, or delaying separation of the flow
      boundary layer from said side and top walls rearwardly of said corners at
      normal operating speeds of the vehicle,
PA1  c. said means comprising two cooperating elongated protrusions respectively
      extending parallel to said two corners, each protrusion having a
      substantially smooth, arcuate outer surface projecting smoothly outwardly
      of said front wall, said protrusion surface having first elongated extent
      merging toward said front wall at a shallow angle therefrom and in a
      generally transverse direction extending away from the corner paralleling
      that protrusion and terminally joined to and extending along said front
      wall in spaced relation to said corner such that the first elongated
      extent substantially merges with the front wall, and second elongated
      extent merging generally toward said corner and terminally joined to and
      extending along said body proximate said corner such that the second
      elongated extent substantially merges with a body wall proximate said
      corner whereby each corner is enveloped by one protrusion,
PA1  d. said two protrusions extending generally perpendicular toward one
      another and mating proximate the intersection of said corners.
NUM  2.
PAR  2. The combination of claim 1 wherein each protrusion extends outwardly of
      said front wall to maximum extent between 2 and 20 inches.
NUM  3.
PAR  3. The combination of claim 1 wherein each protrusion surface has a
      generally hook-shaped cross-section in planes normal to the direction of
      elongation.
NUM  4.
PAR  4. The combination of claim 1 including a generally wedge shaped element
      projecting outwardly from at least one protrusion, for inhibiting
      separation of the flow from the body wall rearwardly of said one
      protrusion.
NUM  5.
PAR  5. The combination of claim 1 including a flow turning spaced outwardly of
      at least one protrusion.
NUM  6.
PAR  6. The combination of claim 1 wherein the bulk of each said protrusion
      projects forwardly of said front wall.
NUM  7.
PAR  7. The combination of claim 1 wherein each protrusion comprises a
      one-piece, thin-walled molded unit consisting of glass fibers and resin.
NUM  8.
PAR  8. The combination of claim 1 including a protrusion extending lengthwise
      proximate a corner formed by the intersection of the top and side walls.
NUM  9.
PAR  9. For combination with a vehicle body having an exterior front wall, an
      exterior side wall and an exterior top wall, said side wall meeting said
      front wall at a vertical corner, and said top wall meeting said front wall
      at a horizontal corner,
PA1  a. means for preventing, reducing, or delaying separation of the flow
      boundary layer from said side and top walls rearwardly of said corners at
      normal operating speeds of the vehicle,
PA1  b. said means comprising two cooperating elongated protrusions respectively
      extending parallel to said two corners, each protrusion having a
      substantially smooth, arcuate outer surface projecting smoothly outwardly
      of said front wall, said protrusion surface having first elongated extent
      merging toward said front wall at a shallow angle therefrom and in a
      generally transverse direction extending away from the corner paralleling
      that protrusion and terminally joined to and extending along said front
      wall in spaced relation to said corner such that the first elongated
      extent substantially merges with the front wall, and second elongated
      extent merging generally toward said corner and terminally joined to and
      extending along said body proximate said corner such that the second
      elongated extent substantially merges with a body wall proximate said
      corner whereby each corner is enveloped by one protrusion,
PA1  c. said two protrusions extending generally perpendicularly toward one
      another and mating proximate the intersection of said corners.
NUM  10.
PAR  10. In combination
PA1  a. a vehicle body having two elongated intersecting corners from each of
      which body surfaces extend at an angle, one of said surfaces presented
      forwardly toward oncoming relative air flow and other surfaces extending
      generally rearwardly away from said corners, said surfaces defining said
      corners,
PA1  b. means for preventing, reducing, or delaying separation of the flow
      boundary layer from said other surfaces rearwardly of said corners at
      normal operating speeds of the vehicle,
PA1  c. said means comprising two cooperating elongated protrusions respectively
      extending parallel to said two corners, each protrusion having a
      substantially smooth, arcuate outer surface projecting smoothly outwardly
      of a first of said body surfaces which extends toward each of said two
      corners, said protrusion surface having first elongated extent merging
      toward said first body surface in a generally transverse direction
      extending away from the corner paralleling that protrusion and terminally
      joined to said first body surface in spaced relation to said corner, and
      second elongated extent merging generally toward said corner and
      terminally joined to said body proximate said corner whereby each corner
      is enveloped by one protrusion,
PA1  d. said two protrusions extending generally perpendicularly toward one
      another proximate the intersection of said corners,
PA1  e. each protrusion including an inflatable section, and means to inflate
      said section to present said arcuate outer surface, as defined.
NUM  11.
PAR  11. The combination of claim 10 wherein at least one protrusion includes a
      web section attached to said inflatable section and defining said
      elongated extent.
NUM  12.
PAR  12. The combination of claim 10 wherein said means to inflate said section
      includes a duct having an open air inlet presented toward oncoming
      airflow, the duct communicable with a hollow defined by the inflatable
      section.
NUM  13.
PAR  13. The combination of claim 10 wherein said means to inflate said section
      includes a gas pressure source communicable with a hollow defined by the
      inflatable section.
NUM  14.
PAR  14. The combination of claim 1 wherein each protrusion comprises a
      thin-walled metallic unit.
NUM  15.
PAR  15. In combination with a truck that includes a cab having a roof, and a
      box-like body rearwardly of the cab, the body having an exterior front
      wall facing forwardly toward the cab, said front wall extending downwardly
      substantially below the level of the cab roof, the body also having
      laterally opposite exterior side walls, and an exterior top wall, said
      side walls meeting said front wall at vertical corners, and said top wall
      meeting said front wall at a horizontal corner, the improvement that
      comprises,
PA1  a. first and second protrusions respectively extending adjacent and along
      said vertical corners in enveloping relation therewith, each of said
      protrusions being linearly elongated in a vertical direction throughout
      its length from an upper location above the level of the cab roof to a
      lower location substantially below the cab roof level, each protrusion
      having two vertically elongated edge portions respectively attached in
      merging relationship to said body exterior front wall and to one body side
      wall, each protrusion having a vertically elongated mid-portion which is
      forwardly convex throughout the major vertical length of the protrusion,
PA1  b. a third protrusion extending adjacent and along said horizontal corner
      in enveloping relation therewith, said third protrusion being linearly
      elongated in a horizontal and lateral direction throughout its length,
      said third protrusion having two horizontally elongated edge portions
      respectively attached in merging relationship to said body exterior front
      wall and to said body exterior top wall, said third protrusion having a
      horizontally elongated mid-portion which is forwardly convex throughout
      the major horizontal length of the protrusion,
PA1  c. said third protrusion having opposite end portions respectively mating
      with upper end portions of said first and second protrusions,
PA1  d. said protrusion convex mid-portions and edge portions configured to
      prevent, reduce or delay the separation of the air flow boundary layers
      from said exterior side and top walls rearwardly of said protrusions.
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ABST
PAL  A drag reducing means for a truck includes a porous structure typically
      mounted on the cab roof to pass air into the gap between the cab and
      trailer body in rearward flowing streams that undergo deceleration. Eddies
      are formed in the gap and act as a barrier to airfow into the gap at its
      sides and top.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to reducing aerodynamic drag on vehicles
      such as trucks, trailors, etc. More particularly, it concerns the
      provision of means to eliminate or reduce the drag inducing effect of
      airflow through the gap between vehicle components, as for example between
      truck tractor and trailer units.
PAR  It is found that a major cause of aerodynamic drag in tractor-trailer or
      tractor semi-trailer combinations, is the gap between the tractor and
      trailer units. Certain of the relative airflow over the tractor cab passes
      downwardly into the gap and then outwardly at the gap bottom and lateral
      sides, disturbing the airflow along the vehicle and creating drag. Lateral
      cross-winds or gusts entering the gap have the same drag inducing effect.
      While certain so-called air deflectors have been provided on tractor cabs
      in the past, they do not operate in the manner provided by the present
      invention to reduce drag induced by airflow through the gap, and they tend
      to produce airflow conditions which do not sufficiently resist cross-wind
      flow into the gap.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide a drag reducing means that
      operates to decelerate relative airflow rearwardly into the gap, thereby
      to create air pressure conditions in the gap that tend to divert or
      prevent cross-wind flow through the gap, thereby lessening drag.
      Basically, the drag reducing means comprises:
PAR  A. POROUS STRUCTURE ADAPTED TO BE MOUNTED ON THE TRUCK TO PROJECT ABOVE THE
      CAB ROOF AND EXTEND LATERALLY, SO AS TO BE PRESENTED FORWARDLY TOWARD
      ONCOMING RELATIVE AIRFLOW FOR PASSING AIR REARWARDLY THERETHROUGH TOWARD
      THE FRONT OF THE BODY, WITH ACCOMPANYING AIR DECELERATION RELATIVE TO THE
      TRUCK, AND
PAR  B. AIRFLOW DIRECTING MEANS AT LATERALLY OPPOSITE ENDS OF THE STRUCTURE FOR
      DIRECTING ONCOMING RELATIVE AIRFLOW LATERALLY AROUND SAID ENDS.
PAR  As will be seen, the porous structure extends upright and preferably
      contains through openings which may for example be circular, linear or
      have other shape; also the porous structure preferably has plate form and
      is spaced above the roof of the tractor cab to provide an additional air
      decelerating passage directly above the roof. Further, the airflow
      directing means may define forwardly protruding, upright surfaces at
      laterally opposite sides of the porous structure, whereby the combined
      porous plate and flow directing protrusions are forwardly concave. The
      lateral sides of the protrusions preferably extend rearwardly to block
      cross-wind disturbance of the decelerating flow rearwardly of the porous
      structure, and the latter may be integral with or spaced laterally from
      the airflow directing means, as will be seen.
PAR  It is a further object of the invention to provide a protrusion or
      protrusions on the front wall and/or sides and/or top of the trailer unit
      to cooperate with the drag reducing means to further lessen drag, in the
      manner to be described.
DRWD
PAR  These and other objects of advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a perspective showing of a truck incorporating the invention;
PAR  FIG. 2 is a frontal view of the drag reducing device shown in FIG. 1;
PAR  FIG. 3 is a section on lines 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation on lines 4--4 of FIG. 2;
PAR  FIG. 5 is a side elevation showing a modified form of the invention;
PAR  FIG. 5a is fragmentary side elevation;
PAR  FIG. 6 is a front elevation of the FIG. 5 modification;
PAR  FIGS. 7 and 8 are fragmentary sections on lines 7--7 and 8--8,
      respectfully, of FIG. 6;
PAR  FIG. 8a is like FIG. 8;
PAR  FIGS. 9 and 10 are front elevations of alternative porous plates;
PAR  FIG. 11 is a top plan view showing a modification;
PAR  FIG. 12 is a side view showing a further modification;
PAR  FIG. 13 is another top plan view showing an additional modification; and
PAR  FIG. 13a shows a modification, in elevation.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, a truck tractor 10 is shown pulling a truck
      trailer unit 11. The body 12 of the latter has an upstanding front wall 13
      rearwardly of the tractor cab 14, and projecting upwardly above the roof
      level 15 of the cab. The tractor also conventionally includes wheels 150
      and front windshield 16.
PAR  In accordance with the invention, drag reducing means comprises porous
      structure, as for example that shown at 17 in FIGS. 1-3, adapted to be
      mounted on the truck to project upwardly above the roof 15, and to extend
      laterally so as to be presented forwardly toward oncoming relative
      airflow. The porous structure is such as to pass oncoming air rearwardly
      therethrough toward the front 13 of the body 12, as indicated by the
      arrows 18a-18e in FIG. 3, and arrows 19a-19f in FIG. 4. Deceleration of
      the airflow relative to the truck is thereby achieved, as indicated by the
      divergence of such arrows at the rear of the structure 17, and a region of
      flow turbulence characterized by a large number of small eddy currents is
      apparently formed. Such small eddies are shown at 100 and are produced in
      the region 20, appearing to serve as a barrier to airflow into that region
      from the sides and top, as is clear from the flow arrows 22 in FIG. 3 and
      23 in FIG. 4. The average flow velocities in the eddies are relatively
      low, which contributes to stabilization of the air mass in the gap. This
      is significantly different from large scale vortices produced by an
      imperforate shield, which cause high fluctuating velocities and actually
      induce airflow into the gap from the sides and top. Further, the screen
      type unit 17 is subject to greatly reduced air loading and consequently
      reduces cab roof loading, as compared to an impervious air shield; also,
      unsteady buffeting is reduced, and the truck driver achieves a smoother
      ride.
PAR  The porous structure may with unusual advantage comprise a porous plate 24
      forming spaced apart, generally circular, through openings 25 as seen in
      FIGS. 2 to 4. Alternatively, FIG. 9 shows linearly elongated horizontal
      openings 27 in modified porous plate 24a, and FIG. 10 shows linearly
      elongated vertical openings 28 in modified porous plate 24b. It is also
      clear from FIGS. 1, 2 and 4 that the porous structure is preferably
      mounted on the cab 14 in spaced relation above the cab roof 15, to provide
      an opening or gap 29 between the lowermost extent of the porous structure
      and roof, and which provides for additional air deceleration, in the
      manner described above. See flow arrow 30 through that gap or opening in
      FIG. 4. Mounting brackets 31 and 32 may be provided for this purpose.
PAR  The drag reducing means also includes airflow directing means at laterally
      opposite sides of the porous structure for directing oncoming relative
      airflow around the laterally opposite ends of the porous structure. As
      shown in FIGS. 1-4, the airflow directing means 133 may with unusual
      advantage define surfaces 33 which are generally vertically elongated and
      project with forward convexity forwardly of a plane defined by the forward
      face of plate 24. The surfaces also have rearward extensions or skirts 33a
      which extend rearwardly of the plane of the plate 24, at the lateral
      boundaries of the airflow directing means. The arrows 22 in FIG. 3
      indicate that airflow is directed toward the lateral sides of the region
      20 previously described and that such flow is directed around the sharp
      corners or edges 37 at the lateral boundaries of body front wall 13;
      similarly, the arrows 23 in FIG. 4 indicate that airflow is directed
      toward the top of the region, and over the top edge of corner 38 at the
      upper boundary of body front wall 13. Furthermore, such flow paths tend to
      keep cross-wind gusts out of the region or gap 20 so as to eliminate or
      lessen drag that would otherwise be produced as a result of cross-wind
      flow through that gap. Thus, the vanes tend to rectify the cross-wind
      flow.
PAR  In FIGS. 1-4, the flow directing means 133 is advantageously made integral
      with the porous structure 17, i.e., as a single sheet or plate of
      material, such as molded glass fibers and resin. The brackets 31 are shown
      as attached to the lower extremities of the means 133, which is spaced
      above the cab roof 15. Arrows 40 in FIG. 3 show oncoming airflow directed
      laterally reversely around the surfaces 33, forwardly of those portions
      33b of surface 33 which concavely merge with lateral extents of plate 24.
      Accordingly, the surfaces 33 and plate 24 define a generally forwardly
      concave unit, with U-shaped cross sections in horizontal planes.
PAR  FIGS. 1-4 also show the employment of a refrigeration unit 110 mounted on
      the body front wall 13, for receiving impingement of airflow acting to
      transfer heat from the unit to the atmosphere. Such heat is typically
      extracted from coolant fluid circulated into the interior of the body 12
      to maintain that interior at a low temperature. The present invention does
      not impede the flow of air to the unit 110 and thereby enables it to
      function efficiently. This is to be distinguished from generally air
      impervious air shields mounted on the cab and which deflect the air around
      the gap 20 and as a result "starve" the refrigeration unit of cooling air,
      resulting in overheating of the refrigerator condenser unit, or of the
      motor driving the unit.
PAR  FIG. 11 shows alternate flow directing means in the form of forwardly
      directed vanes 142 having convex forward surfaces 42 and rearwardly
      tapering bodies 43 spaced at 44 from the lateral extents of porous
      structure 117. Vanes 142 have about the same height as the structure 117,
      and are attached as by brackets 142a or other suitable means to the cab
      roof.
PAR  Actual tests on a tractor and semi-trailer unit with and without the drag
      reducer of FIGS. 1-4 show 24% air drag reduction when the reducer was
      used. Dimensions of the reducer were as follows:
TBL  Overall Height        36 inches                                           

     Width of Porous                                                           

     plate 24              40 inches                                           

     Width of each Flow                                                        

     director 133          16 inches                                           

     Radius of curved                                                          

     surface 33             9 inches                                           

     Diameters of                                                              

     holes 25              21/2 inches                                         

     Percentage of plate                                                       

     24 area occupied by                                                       

     holes 25              45-55%                                              

PAR  Extending the description to FIG. 5, a modified drag reducer 50 (for
      decelerating relative airflow) includes a porous plate 51 and lateral flow
      directors 52 integral therewith. Brackets 53 and 54 mount the reducer 50
      to the roof 55 of truck tractor 56. The truck trailer 57 has a front wall
      58, and a forwardly convex protrusion bounding at least a portion of the
      front wall and spaced rearwardly of the flow decelerating drag reducing
      means 50. A gap is shown at 59 between the tractor and trailer units 56
      and 57, and the means 50 tends to keep cross-winds out of the gap, as
      described above, and thereby reduce drag.
PAR  The protrusion referred to above on wall 58 cooperates with the drag
      reducer 50, serving to lessen drag to even further extent, and may take
      the form of the protrusion structure described in co-pending application
      Ser. No. 503,290 of Paul B. MacCready, Jr., and Peter Lissaman. For
      example, the forwardly convex protrusion may extend generally horizontally
      at 60 along the uppermost extent of front wall 58; alternatively, or in
      addition, the protrusion may extend generally vertically at 61 along
      sidewardmost extent or extents of the front wall. Protrusions 60 and 61
      merge at diagonal locations 160; and FIG. 6 shows that protrusions 61
      extend laterally to greater extent than drag reducer 50, while protrusion
      60 extends at a level above the top-most level of reducer 50. Finally, as
      in FIG. 5a additional horizontal and vertical protrusions 62 and 63 may be
      applied to the side wall or walls of the trailer body 57, in the manner
      described in said co-pending application, to lessen the effects of
      cross-winds impinging on the body. Also, a horizontal protrusion 64 may
      extend above the top surface 65 of the body 57 and laterally, adjacent
      horizontal corner 138, as seen in FIG. 8a.
PAR  Turning to FIG. 12, a unit 150, like that seen at 50 in FIG. 5, is
      pivotally mounted at 151 to the roof 152 of the tractor cab 153. It is
      swingable about the horizontal transverse axis of the mount 151 between an
      up-position as shown in broken lines 150a and a down-position in solid
      lines in which the structure extends generally horizontally forwardly. In
      the latter position it offers very little wind resistance, as is desirable
      when the tractor is being driven with no trailer attached thereto.
      Actuator means may be connected with the unit 150 to swing same between up
      and down position as described. One such actuator comprises a manually
      operable lever 154 pivotally connected with the cab at 155, and a link 156
      pivotally connected at 157 to the lever and 158 to the unit 150. In lever
      forward position, the unit 150 is in down position, and the lever may be
      held in that position by a clevis pin 159 inserted through the lever and
      into one opening in a fixed plate 160 attached to the cab. In lever
      rearward position, the unit 150 is in upright operative (air decelerating)
      position, and the lever may be held in that position by the clevis pin
      inserted through the lever and into another opening in the plate, at locus
      159a.
PAR   Turning to FIG. 13, the tractor cab 156, trailer body 112, and drag
      reducing unit 117 correspond to elements 56, 12 and 17, respectively, of
      FIGS. 1-4. Also provided is a flexible curtain 170 extending generally
      vertically and forwardly in the gap 120 between the cab and trailer body,
      generally centrally of the gap. The curtain functions to block transverse
      flow of air through the gap, i.e., airflow in directions indicated by
      arrows 171 and 172. Curtain 170 may be rolled on a spring-loaded, vertical
      roller 173 carried at 174 by and adjacent the back wall 156a of the
      tractor cab. The curtain rearward edge 170a extends adjacent the front
      wall 113 of the cab and is hooked at 175 to the latter, roller 173
      tensioning the curtain, as by urging it rearwardly in a roll-up direction
      at all times. Thus, the curtain is maintained taut as the tractor turns
      relative to the trailer during operation of the rig.
PAR  In the FIG. 13a modification, the flexible curtain 270 extending in a
      vertical, forwardly extending plane, is wound on a vertical spool 271
      carried by frame 272. Attachment means, such as hooks 273 on the frame,
      and eye brackets 274 on the trailer body front wall 213, removably attach
      the frame and curtain to the trailer body 212. For example, the hooks are
      receivable in the eye brackets, as shown. An adjustment handle 275 on the
      spool is rotatable to control the unwound length of the curtain 270
      extending in the gap 276 between the body front wall 213 and the tractor
      cab rear wall 277.
PAR  The forward edge portion 270a of the curtain 270 is attached to cables 278
      which are spooled on a vertical drum 279. The latter is spring-urged,
      internally, to tend to wind the cables, thereby to maintain the curtain
      270 taut, as in FIG. 13, and the drum yields to unspool the tensioned
      cables when the tractor turns relative to the tractor, widening gap 276.
      Drum axles 280 are carried by bracket 281 attached to the tractor cab rear
      wall 277.
PAR  In use, the truck operator need only hook the bracket 272 onto a trailer,
      and adjust the length of the curtain 270 to the width of the gap, as by
      turning handle 275. A suitable locking means, such as at 285, is provided
      to lock the curtain spool 271 against turning relative to bracket 272,
      when the curtain is selectively extended as shown, and tensioned as by the
      cables and drum 279. Element 285 is shown as a lug thread connected to the
      handle 275, and capable of selective advancement to engage openings in the
      bracket part 272a, and retraction to free the handle for turning.
CLMS
STM  I claim:
NUM  1.
PAR  1. For combination with a truck having a cab and a body rearwardly of the
      cab, drag reducing means comprising
PA1  a. porous structure including an upright plate adapted to be mounted on the
      truck to project above the cab roof and extend laterally, so as to be
      presented forwardly toward oncoming relative airflow for passing air
      rearwardly therethrough toward the front of said body, with accompanying
      air energy reduction and deceleration relative to the truck, said plate
      defining multiple through openings presented forwardly and distributed
      widely both vertically and laterally over the plate area, and
PA1  b. air flow directing means at laterally opposite ends of said structure
      and integral therewith for directing oncoming relative airflow laterally
      around said ends, said airflow directing means defining non-porous solid
      surfaces which are generally vertically elongated and substantially
      co-extensive in height with said upright plate and project with forward
      convexity forwardly of a plane defined by the plate front face, said
      surfaces also extending rearwardly of said plane at the lateral boundaries
      of said airflow directing means.
NUM  2.
PAR  2. The drag reducing means of claim 1 wherein said openings are spaced
      apart and generally circular.
NUM  3.
PAR  3. The drag reducing means of claim 1 wherein said openings are spaced
      apart and generally linearly elongated.
NUM  4.
PAR  4. The drag reducing means of claim 1 including mounting means for mounting
      the plate on the cab roof so that the lowermost extent of the plate is
      spaced above said roof.
NUM  5.
PAR  5. The drag reducing means of claim 1 wherein said airflow directing means
      comprise forwardly directed air diverters.
NUM  6.
PAR  6. For combination with a truck having a cab and a body rearwardly of the
      cab, drag reducing means comprising
PA1  a. porous structure including an upright plate adapted to be mounted on the
      truck to project above the cab roof and extend laterally, so as to be
      presented forwardly toward oncoming relative airflow for passing air
      rearwardly therethrough toward the front of said body, with accompanying
      air energy reduction and deceleration relative to the truck, said plate
      defining multiple through openings presented forwardly and distributed
      widely both vertically and laterally over the plate area, and
PA1  b. airflow directing means at laterally opposite ends of said structure and
      integral therewith for directing oncoming relative airflow laterally
      around said ends, said airflow directing means defining surfaces which are
      generally vertically elongated and project with forward convexity
      forwardly of a plane defined by the plate front face,
PA1  c. said plate and those portions of said surfaces closest to the plate
      having generally U-shaped cross sections in horizontal planes intersecting
      the plate, said cross sections being forwardly concave.
NUM  7.
PAR  7. The drag reducing means of claim 1 wherein said openings subtend between
      45 and 55 percent of the plate area.
NUM  8.
PAR  8. In combination with a truck having a cab and a body rearwardly of the
      cab, drag reducing means comprising
PA1  a. porous structure including an upright plate mounted on the truck to
      project above the cab roof and extend laterally, so as to be presented
      forwardly toward oncoming relative airflow for passing air rearwardly
      therethrough toward the front of said body, with accompanying air energy
      reduction and deceleration relative to the truck, said plate defining
      multiple through openings presented forwardly and distributed widely both
      vertically and laterally over the plate area, and
PA1  b. airflow directing means at laterally opposite ends of said structure and
      integral therewith for directing oncoming relative airflow laterally
      around said ends, said airflow directing means defining non porous solid
      surfaces which are generally vertically elongated and substantially
      co-extensive in height with said upright plate and project with forward
      convexity forwardly of a plane defined by the plate front face, said
      surfaces also extending rearwardly of said plane at the lateral boundaries
      of said airflow directing means.
NUM  9.
PAR  9. The combination of claim 8 wherein the truck body has a front wall and a
      forwardly convex protrusion bounding at least a portion of said front wall
      spaced generally rearwardly of said drag reducing means.
NUM  10.
PAR  10. The combination of claim 9 wherein the protrusion extends generally
      horizontally along the uppermost extent of said front wall.
NUM  11.
PAR  11. The combination of claim 9 wherein said protrusion extends generally
      vertically along at least one sidewardmost extent of said front wall.
NUM  12.
PAR  12. The combination of claim 10 wherein said protrusion also extends
      generally vertically along laterally spaced sidewardmost extents of said
      front wall.
NUM  13.
PAR  13. The combination of claim 8 wherein the truck body has a side wall, and
      a sidewardly convex protrusion bounding at least a portion of said side
      wall and spaced generally rearwardly and laterally of said drag reducing
      means.
NUM  14.
PAR  14. The combination of claim 8 wherein the truck body has a top surface,
      and an upwardly convex protrusion extending laterally along the
      forwardmost extent of said top surface.
NUM  15.
PAR  15. The combination of claim 8 including a refrigeration unit on the body
      and presented toward said decelerated air that has passed through said
      porous structure.
NUM  16.
PAR  16. The combination of claim 1 including said truck cab, said porous
      structure pivotally mounted on the cab to be swung between an up-position
      wherein said structure is presented forwardly toward said oncoming
      airflow, and a down-position in which said structure extends generally
      horizontally forwardly.
NUM  17.
PAR  17. The combination of claim 16 including actuator means connected with
      said structure to swing said structure between said positions.
NUM  18.
PAR  18. In combination with a truck having a cab and a body rearwardly of the
      cab, drag reducing means comprising porous structure mounted on the truck
      to project above the cab roof and extend laterally so as to be presented
      forwardly toward oncoming relative airflow for passing air rearwardly
      therethrough to the space directly rearwardly of said structure and
      forwardly of the truck body, with accompanying deceleration of such flow
      relative to the truck, there being a flexible curtain extending generally
      vertically and forwardly in the gap between the cab and said body to block
      transverse flow of air through said gap, the curtain being disposed along
      the center portion of the truck and operatively connected between the cab
      and the truck body directly rearwardly of the cab, the forward length of
      the curtain being adjustable to accommodate to variations in the forward
      length of the gap in response to turning of the cab relative to the body.
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ABST
PAL  A skeletal structure is assembled to the side of a van-type vehicle which
      structure comprises a pair of parallel, spaced main supporting members
      which are connected by means of a clamp arrangement to the roof rain
      gutter of the vehicle and those members include claws as their bottom
      terminal portions which are adapted to grasp the lower body part of the
      vehicle. Each of the main supporting members includes horizontal sleeves
      into which are fit horizontal supporting members which are utilized to
      support a series of cabinets, a dressing table and an awning. Each of the
      horizontal supporting members includes a female channel into which are fit
      compatible or mating channels which are connected to each of the table,
      cabinets and awning. The apparatus is transported in an unassembled
      condition and assembled when a camping site has been reached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to camping apparatus for assembly to vehicles
      of the van-type body.
PAR  Camping, as a recreational pastime, is undergoing an extensive expansion as
      more and more people utilize the national park system and public and
      private camp sites which are found in numerous recreational areas around
      the country. As the propensity for camping has increased, so has the
      number, design and function of the vehicles people utilize in their
      camping trips. The so-called camping recreational vehicle has been
      developed to the point where it is literally an extension of one's home
      incorporating many of the conveniences found therein. Van-type vehicles
      are also finding extensive use in camping in that they are capable of
      additionally serving the function of being an all-around, multi-purpose
      family or commercial vehicle. In other words, the van-type vehicle
      utilized in camping may also be used as a primary or secondary car in a
      family as well as finding extensive use in commercial applications.
PAR  This expanded use has prompted many designers and individuals to outfit the
      van with various ammenities which one would find convenient on a camping
      trip. For instance, storage cabinets, a dressing or eating table, awnings
      and other ammenities have been found quite convenient to carry along on a
      trip. The major drawback to the van, as opposed to the larger, more
      elaborately outfitted vehicle, is the rather limited space available in
      the interior of the van for storing these ammenities. There just is not
      enough room for free standing cabinets, separate table and the like, in
      the van while, at the same time, permitting occupants a certain degree of
      movement. Therefore, it has been found convenient to transport certain
      ammenities, such as a table, a bed, the cabinets and the awning in an
      unassembled state, in a condition wherein they can be stored in a
      relatively small space; assembly of these ammenities takes place outside
      the vehicle at the camp site. The present invention is directed toward
      just such assemblage which is affixed to the side panel of the vehicle,
      connected to the roof rain gutter and the lower body part. A table
      suitable for eating, dressing or any other purpose, cabinets and an awning
      are among the ammenities that are capable of being fixed to the skeletal
      support structure. The instant invention provides an assemblage which is
      quite easily affixed to the vehicle and which provides many of the
      ammenities that are so necessary in camping excursions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the instant invention to provide a camping assembly for
      van-type vehicles which permits the convenient assemblage to the side of
      the van-type vehicle.
PAR  It is a further object of the present invention to provide a camping
      assembly which, when stored, occupies a very small portion of the interior
      space of the vehicle.
PAR  Yet, another object of the instant invention is the provision of a camping
      assembly wherein the constituent elements are conveniently, yet, securely
      connected.
PAR  In accordance with the above designs, a skeletal structure is assembled to
      one side of a van-type vehicle and has as its primary elements a pair of
      parallel, main supporting members which are characterized by means
      clamping said members to the roof rain gutter of the vehicle and the lower
      terminal portions of which are of claw shape and adapted to grasp the
      lower body part of the vehicle. Auxiliary horizontal supporting members
      are telescopically assembled in oppositely disposed sleeves connected to
      the main supporting members. A preferred embodiment of the invention
      consists of an uppermost awning support member, a pair of intermediate
      cabinet support members and a lower table support member. Outwardly spaced
      female channels are connected to each of the horizontal supporting members
      and the various ammenities, namely, the cabinets, awning and the table;
      each include a male channel and each of which are adapted to be received
      in the respective mating female channels. The slidable engagement between
      the various elements is rather easily achieved so that assembly takes very
      little time. Furthermore, storage of the equipment is most convenient
      since the skeletal structure, in the disassembled state, comprises six or
      more tubular members, the table is of the folding type so that it consumes
      very little space, the awning is of similar characteristics, and the
      cabinets can be stored in the most convenient place in the interior of the
      vehicle.
PAR  The above and other objects of the present invention will be apparent as
      the description continues, and when read in conjunction with the appended
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present invention shown fully assembled
      to a van-type vehicle;
PAR  FIG. 2 is an isolated plan view of the tubular skeletal structure of the
      instant invention;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 4 showing the cabinets partially cut-away
      and assembled to their respective horizontal supporting members;
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 2
      illustrating the means of connection to the roof rain gutter; and
PAR  FIG. 7 is a view taken along lines 7--7 of FIG. 2 illustrating the claw or
      lower terminal of the main support members.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a van 10 which is similar in many
      respects to the Volkswagen van that is very popular in personal as well as
      commercial use. The apparatus comprising the instant invention is
      connected to either side panel 12 of the vehicle at any convenient station
      along the surface thereof. The only limitation in its placement, of
      course, would be in a position wherein it would block the door 14. Since
      the vehicle is stationary when the apparatus is assembled, the fact that
      it blocks one or more of the windows of the vehicle is immaterial.
PAR  FIG. 1 illustrates the three primary ammenities that are useful on a
      camping trip; a table 16 which includes legs 18, 20 that fold parallel to
      the table surface when it is not being used, a series of storage cabinets
      22 which are assembled at a central portion of the apparatus, and an
      awning 24 which provides shade and shelter for the immediate area.
PAR  FIG. 2 illustrates the nature of the skeletal structure to which the
      ammenities are connected. All the various elements of the skeletal
      structure are hollow tubular type members in the nature of pipes depending
      for the most part on telescopic joining to quickly and easily assemble the
      skeleton. The main support for the skeleton is provided by a pair of
      elongated tubular members 30, 32 which are assembled along the entire
      height of the side 12 and which are affixed to the roof rain gutter 34 and
      the lower bottom part 36 of the vehicle. At various stations along each
      main supporting member 30, 32 are sleeves 38a through 38f. The sleeves are
      connected to the main supporting members so that they face inwardly or
      toward each other when the skeleton is assembled to the vehicle.
      Auxiliary, horizontal supporting members 40, 32, 44 and 46 are affixed to
      the skeleton and are designed to provide the support for the ammenities
      16, 22 and 24. Auxiliary member 40 has its tapered ends received in
      sleeves 38a and 38f and is utilized in support of the cabinets 22.
      Auxiliary member 42 is similarly connected in sleeves 38b and 38e and
      provides secondary support for the cabinet 22. Auxiliary member 44 is also
      similarly received in sleeves 38c and 38d and supports the table 16. The
      auxiliary member 46 is somewhat differently connected to the main support
      members 30, 32 in that it includes a pair of legs 50, 52 which are
      received in the upper openings of the main support members. In this
      manner, the awning 24 is disposed as high above the other ammenities as
      possible.
PAR  FIGS. 6 and 7 illustrate the basic means of affixing the main support
      members 30, 32 to the vehicle. In FIG. 6 there is shown an arm 54 which
      curves from a point spaced outwardly and above the roof rain gutter 34 to
      that gutter. At the lower terminus of the arm 54 is a fixed plate 56. The
      roof rain gutter is shown as having several angled surfaces notably 58, 60
      and 62. A companion clamp 64 is profiled similar to the external surfaces
      of the roof rain gutter 34 and when connected thereto provides for
      substantially complete surface contiguity. A bolt 66 is received in
      aligned holes in plate 56 and clamp 64 and the components interact to
      squeeze the rain gutter between clamp 64 and plate 56. The bolt 66 and
      wing nut 68 permit the ready assembly and disassembly to the rain gutter
      34 with little cumbersome manipulation.
PAR  To connect the main support member 30, 32 to the lower body part of the
      vehicle, the terminal end parts are formed as wedges or claws 70. Those
      claws are adapted to grasp the lower body part at the same time the clamp
      64 engages the rain gutter 34.
PAR  Turning to FIG. 3, we see illustrated the means by which table 16 is
      connected to the auxiliary support member 44. A female channel 80 is
      affixed to that support member 44 and faces outwardly from the vehicle. A
      male channel 82 is connected to the inside edge of the table 16 and has
      its outer surface contoured similar to the inside surface contour of the
      female channel 80. To assemble the table to the auxiliary support member
      44, one merely inserts the male channel 82 into the female channel 80 and
      slides it therein until it reaches its normal assembled position.
PAR  FIG. 5 illustrates a similar arrangement for the cabinets 22 to the
      auxiliary support member 40, 42. Auxiliary support member 40 includes a
      female channel 84 and a compatible male channel 86 and a sliding
      engagement is affected therebetween similar to the engagement between
      channels 80 and 82 used to connect up the table 16. The lower portion of
      the cabinets 22 include a spacer member 88 which rests against the
      auxiliary support member 42 and prevents the lower rear of the cabinet
      from striking the auxiliary support member 42 and either damaging its
      casing or excessively agitating the contents of the cabinets.
PAR  FIG. 6 illustrates the mechanism responsible for connecting the awning 34
      to the auxiliary support member 46. A substantially circular channel 90 is
      affixed to the auxiliary support member 46 and a similarly contoured but
      smaller male channel 92 is slidably received within channel 90 much in the
      same way as the engagements were affected for the table and the cabinet.
      In all the engagements, a pin may be utilized to affect a secure joinder
      between the ammenity and the auxiliary support member. These pins would be
      received in a pair of aligned holes formed in the male and female channels
      associated with each ammenity.
PAR  It should be evident that upon reaching the camp site, the camper removes
      the various supporting members and assembles them quickly and efficiently
      on the side of the van. The ammenities are assembled with even greater
      facility and consequently very little time is wasted assembling the
      camping gear permitting more time for recreational activities. It should
      be obvious that any other ammenity that may be of use in such a trip may
      be similarly assembled but all such conveniences need not be specifically
      described for the purposes of this application. The present invention
      converts a multi-purpose vehicle to recreational use without expensive or
      permanent alterations thereto.
PAR  Many changes may be made in details of the instant invention, in the method
      and materials of fabrication, in the configuration and assemblage of the
      constituent elements, without departing from the spirit and scope of the
      appended claims, which changes are intended to be embraced therewithin.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with a vehicle, a camping assembly which comprises:
PA1  a pair of main support members removably connected vertically to a side of
      the vehicle, in a spaced parallel relationship,
PA1  roof rain gutter attachment means for removably attaching said main support
      members to a roof rain gutter of the vehicle,
PA1  said roof rain gutter attachment means comprises a member projecting from
      each of said main support members to a point spaced outwardly therefrom
      and above the roof rain gutter and sloping toward and laterally adjacent
      the roof rain gutter,
PA1  vice means connected to the laterally adjacent terminal end of said members
      for releasably locking said roof rain gutter in said vice means,
PA1  said vice means comprising a fixed arm depending from said member and
      engaging said roof rain gutter, and
PA1  an adjustable clamp member contoured similar to the contour of the roof
      rain gutter and adapted to grasp the roof rain gutter with substantial
      surface contiguity,
PA1  the lower extremity of each of said main support members being contoured
      for closely abutting a lower body part of the vehicle, whereby the main
      support members are tensionly assembled to the vehicle,
PA1  a plurality of horizontally extending auxiliary support members removably
      connected to said main support members, female channel members connected
      to said auxiliary support members, a cabinet and awning each adapted for
      connection to one of said auxiliary support members, each of said cabinet
      and awning having a male channel connected to one end thereof for slidable
      reception in said female channels, and a pin removably received in
      mutually aligned holes in said male and female channels to secure said
      male channel in said female channel.
NUM  2.
PAR  2. The assembly of claim 1 wherein:
PA1  said vice means further comprises fastener means releasably connecting said
      fixed arm and said clamp for releasably locking the roof rain gutter
      therebetween.
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PAL  To meet the legal requirements for bus safety, all locking devices on
      entrance and emergency doors must be removed before the bus is placed in
      service. For that purpose, the ignition key is made part of a simple
      locking assembly that is used to lock the emergency door. The driver's
      obtaining the key to operate the bus engine, insures the unlocking of the
      emergency door. The unlocking of the entrance door is accomplished by an
      inside pivoted cam assembly, actuated by a locking handle on the outside
      of the bus. The unlocking pivoted cam assembly inside the bus, then
      entirely disengages the door controlling mechanism, which then has normal
      operating freedom.
BSUM
PAR  This invention relates to locking systems for bus doors when the driver
      leaves the bus temporarily, or when the bus is parked at night and there
      will be no one present.
PAR  The field of application of the invention includes those buses which have a
      front door or doors, subject to the operation and control of the driver to
      move to open position to admit passengers or to permit passengers to exit
      from the bus.
PAR  Such buses, within the field of application of this invention, are also
      provided with an emergency door, which is usually at the rear of the bus,
      and is normally in a closed position, but which must be capable of being
      opened from inside the bus or from outside the bus, as an emergency
      measure, at all times when the bus is in service.
PAR  The present invention is intended to provide a locking system for the
      entrance door or for both doors of such a bus, when the bus is left
      standing temporarily with no passengers in the bus, and the bus is to be
      locked against unauthorized or unlawful entry. Similarly, both doors of
      the bus are to be locked against unlawful entry when the bus is parked --
      that is, parked for storage, as, for example, overnight.
PAR  Present conventional procedure for locking buses utilizes what is
      essentially a simple hasp lock for locking each door, with a common key
      for locking and unlocking the two locks, or individual keys for each of
      the locks, or a combination of a lock and a system of a bolt connected to
      an electrical starter interlock.
PAR  The conventional system is simple enough merely as a locking system for the
      two doors, but the law requires that the rear or emergency door must
      always be unlocked during operation of the bus in service for passenger
      use.
PAR  The problem introduced by this conventional simple locking system with a
      lock at each door is that an uncertainty is introduced, because of the
      possible failure of the driver to make sure that the emergency door is not
      locked, through inadvertence and forgetfulness. It is imperative that the
      emergency door will always be available for operation in an emergency by a
      passenger in the bus, or by a person outside the bus, under such emergency
      conditions.
PAR  The disadvantage of the electrical interlock system, however, is that it
      leaves a bolt in place by the emergency door, which could be operated by a
      passenger and thereby lock that important exit. Furthermore, the added
      complication of the associated switches and relays introduces unnecessary
      service problems, along with the possibility that the system, if defective
      at any time, might be by-passed rather than repaired.
PAR  Because of that legal requirement, that the emergency door must be unlocked
      at all times when the bus is being operated in passenger service, the
      locking system must be made fail-safe and secure against the possible
      failure of the driver to remember to unlock the emergency safety door or
      the relocking of that door while the bus is in service, to insure that it
      will be available for opening operation in case of an emergency.
PAR  In accordance with the present invention, the driver is compelled to
      perform a certain sequence of operations that will insure the emergency
      door is unlocked and cannot be relocked by the driver when the bus is in
      passenger service. To insure that condition, of unlocked emergency door,
      the operation of actually unlocking the emergency door by the driver, is
      made a pre-condition to making the ignition key available to him for use
      in starting the engine of the bus.
PAR  In accordance with the invention, when the empty bus is to be left standing
      alone, without the presence of a guardian, the emergency door is locked by
      a small convenient mechanical locking assembly which contains or carries
      the ignition key. That locking assembly is utilized to lock the emergency
      door against tampering or unauthorized entry.
PAR  When bus operation is to be resumed, the driver, after entering the bus at
      the front door, is compelled to remove the locking assembly from the
      emergency door, in order to have the ignition key available for use at the
      ignition switch lock at the front of the bus. That operation of removing
      the locking assembly and the ignition key from the emergency door,
      releases the emergency door from its locked condition, and puts the door
      in an unlocked condition, as is required by law. Since the driver cannot
      start the bus without the ignition key, the compelled operation of
      removing the ignition key and its supporting locking assembly from the
      emergency door, provides the assurance that the emergency door has been
      unlocked and will be available for proper emergency use, as required by
      law. The ignition key, as part of the removed locking assembly, is then
      available to the driver for insertion in the ignition lock for starting
      and operating the bus.
PAR  The system of the invention also utilizes, in part, the regular
      door-opening and door-closing control equipment, with a simple
      key-controlled operation from outside the bus, to achieve and to permit
      convenient entry into the bus by the driver or other authorized persons.
PAR  An important feature of the invention is that the regular door-operating
      equipment functions independently in its normal way, without any
      inhibition or restraint from the system of the invention, even though the
      regular door-operating equipment enters into the new combination and
      method of this invention.
PAR  Thus, when the bus is to be locked and left standing or stored, the driver
      drives the bus to its location, stops the engine, and removes the ignition
      key, which is carried on the locking assembly of this invention. That
      locking assembly is then placed on the operating lever which serves as the
      handle of the emergency door, and is attached to and anchored on a
      stationary bracket fixed or fastened to the emergency door itself, so that
      the operating lever, as the handle of the emergency door, cannot be moved
      from its closed position to its opened position, so long as the assembly
      containing the ignition key is in locking position on the operating handle
      of the emergency door. Under those locked conditions, the emergency door
      cannot be opened from inside or from outside, so long as the locking
      assembly is in place. After thus locking the emergency door, the driver
      then leaves the bus, and from outside the bus, moves the front door or
      doors, if double, to closed position, which operation will move the bus
      driver's handle inside the bus, to closed position. The bus front door is
      now closed and ordinarily cannot be operated and opened without access to
      the driver's operating handle for the front door, which is located inside
      the bus.
PAR  In those buses, to which this invention is shown applied, and that occupy
      high-grade status in the industry, the driver's door-opening handle is
      turned about a pivotal axis through an arc, from one end of the arc to the
      other end of the arc, which movement of the handle is made sufficient to
      move the front door from open position to closed position, or vice versa.
      In order to prevent undesired opening of the door by jiggling of the door
      from outside the bus, which could enable the door to be opened by
      unauthorized persons, the movement of the driver's handle is arranged to
      move through an arcuate path that will move the connecting rod, between
      the handle and the door, to a position that is sufficiently over
      dead-center so that the jiggling of the rod by shaking of the front door
      from outside of the bus, will not be able to move the driver's handle, in
      its arcuate path, to the opposite side of the dead-center position, where
      the handle could then be moved by continued jiggling of the door and the
      connecting rod, to the open position.
PAR  In the present invention, the standard conventional door control mechanism,
      including a pivoted driver's handle, and its crank connection to a
      connecting rod to the door or doors, is all retained and utilized as part
      of the new combination of this invention, by means of which access is
      obtained to the driver's inside door handle from outside the bus. A
      pivoted pressure force cam, as part of the present invention, is disposed
      and supported adjacent to the driver's door-operating handle, and that cam
      is operable through mechanical connections to a rod extending out through
      the cowl of the bus to a key-controlled handle on the outside face of the
      cowl. Said outside handle, on the outside of the cowl of the bus, is
      mounted to have, and to be permitted, only a short angular movement, which
      is sufficient to operate the inside pressure force cam at the driver's
      door-operating handle through a proportional or corresponding angle,
      sufficient to move the driver's handle sufficiently past its dead-center
      position, to the other side of the dead-center line, so that the front
      door may then be easily manipulated from outside of the bus, to further
      move the driver's operating handle, and to move the front door or doors
      from closed position to open position, all at the same time that the
      driver's door-operating handle is moving to open door position.
PAR  Once the cowl mounted handle has been actuated from outside the bus, this
      outside handle is normally returned to its disengaged position by the
      action of a spring or similar device and then relocked by the driver.
      Should the restoring force of the spring be insufficient to overcome the
      resistance of the handle to return to its disengaged position, and
      therefore remains either wholly or partially in its actuated position, the
      action of the driver in closing the door-operating handle will force the
      now passive, pressure force cam back through its own normal arc of action
      to its disengaged zero or inactive position. Simultaneously, this will
      return the cowl mounted handle to its zero or inactive disengaged
      position.
PAR  Once the front door is open, the driver may enter the bus and then operate
      the driver's handle to close the door, without any interference from the
      pressure force cam which moved the handle toward opening position, since
      the pressure force cam has no direct mechanical connection to the driver's
      handle, and serves its purpose only by applying an external side pressure
      force on the handle.
PAR  Before starting the bus, however, the driver must have the ignition key,
      and, to obtain it, he must now go to the rear of the bus and remove the
      locking assembly from the operating handle of the emergency door. That
      removed locking assembly then makes available, to the driver, the ignition
      key which he can then use to start the engine of the bus and operate the
      bus.
PAR  As stated, the driver's handle for the front door is now free to operate in
      exactly its normal manner to open the door and to close the door, without
      any interference from the pressure force cam, which will be back in its
      normal disengaged position, away from the driver's door handle. In the
      operation of moving the pressure force cam from outside the bus, the
      outside lever handle, normally locked, is first unlocked, so it may be
      moved from its disengaged position to actuating position, and is
      mechanically connected to move the pressure force cam inside the bus.
      After that operation of releasing the driver's handle to normal operating
      position, the cowl mounted outside handle is restored to its disengaged
      position, and relocked with any simple locking mechanism, either a tumbler
      lock on the handle or by a hasp lock, to a fixed bracket. The operation of
      moving the outside lever handle back to its disengaged, normal rest
      position for locking, will serve, at the same time, to move the inside
      pressure force cam back to its disengaged position, away from the closing
      position of the driver's door handle, which will have already been moved
      to its over-center released position, free to move with the front door
      when that door is subjected to a manual opening operation from outside the
      bus.
PAR  When a tumbler lock is used to lock the cowl mounted handle, the lock is so
      constructed as to prevent the key from being withdrawn, unless the handle
      is returned to the disengaged position. This arrangement is designed to
      discourage a driver from leaving the cowl mounted handle engaged or
      unlocked. When a hasp lock is to be used, the shape of the handle and the
      associated fixed bracket are such that the hasp lock can not be
      re-attached unless the handle has returned to its disengaged position.
      This arrangement is designed to insure that the handle has been returned
      to its disengaged position and that the hasp lock will not be lost, but
      rather locked onto the handle. In this condition, the driver, when he
      locks the bus, will not have to remember to do anything other than to
      close the front door in order to prevent the front door from being used by
      unauthorized persons to gain entrance to the bus.
PAR  The philosophy of the system of this invention is such that it requires the
      driver, after first opening the front door for entrance to the bus, to
      then obtain the ignition key by unlocking the emergency door, so that this
      door is in proper legal condtion for operating the bus, and the driver now
      has the ignition key to start the engine and operate the bus. At this
      time, the driver's regular door-operating handle is completely free of any
      mechanical restraints or barriers, and the bus operation is completely
      normal, and legally safe.
PAR  Also, an important benefit of this invention, is the fact that, after
      parking the bus at the termination of its service, the driver must, in
      order to lock the bus, traverse the length of the bus twice, and he is
      therefore forced to ascertain the condition of the interior of the bus as
      well as discover any lost articles therein. Though this is usually a
      required procedure, drivers tired from a long day of driving, tend to
      neglect this duty.
PAR  The locking assembly containing the ignition key, has as part of it, a snap
      or fastener which, when not serving to secure the emergency door handle in
      its latched position, is used to attach the ring for carrying the key for
      the cowl mounted handle tumbler lock or hasp lock, thereby preventing its
      loss or misplacement. Normally, this key ring has attached to it a means
      of identifying it with a particular bus. This is usually done by a
      numbered tab and is done to facilitate the correct matching of key to bus.
      The ring is also used to retain the auxiliary keys, for the outside
      luggage compartment, for the fuel cap, for the tool box, and for the
      tackograph and bar. These keys may be detached for use by the driver while
      leaving the engine operating, to maintain a continuous operation of the
      heating or air conditioning systems. Where the fuel is gasoline, the fuel
      cap key is attached to the ignition key, to prevent fueling the bus with
      the engine running.
PAR  Furthermore, by designing the locking mechanism of the cowl mounted handle
      so that it must be locked just after use, we substantially increase the
      likelihood that the bus will actually be locked. Should the driver fail to
      remember to lock the emergency door, the keys that he will turn into the
      dispatcher will contain the locking assembly and this situation can easily
      be detected by the dispatcher. The natural tendency of a person to close a
      door behind him coupled with the fact that an open door can be seen from
      some distance outside of the bus, tends to insure that the entrance door
      will indeed be closed. Our experience with this bus locking system has
      been that the driver will consistently lock his bus.
PAR  The importance of this bus locking system lies in its utter simplicity, in
      the way each step or procedure in its operation invites compliance and by
      the absolute assurance that this system will not interfere with or effect
      the safe operation of the doors of a bus while in service.
DRWD
PAR  The construction details of the components of the system, and the various
      steps that are imposed upon the bus driver, to compel him to do everything
      that is necessary to place the bus in proper legal and safe operating
      condition, with respect to the emergency door, are described in the
      following specification, in connection with the drawings, in which:
PAR  FIG. 1A is a simple schematic side view of a passenger bus;
PAR  FIG. 1 is a simple schematic force diagram of the elements of a typical bus
      door-operating system, to which the present invention is applied;
PAR  FIG. 2 is a simple schematic force diagram illustrating the control
      elements of the invention disposed in cooperative relation to said
      door-operating system, whereby a door-unlocking force is applied from
      outside the bus to the conventional driver's door handle, when that handle
      is in door-closing position and the door is closed, so the force from
      outside the bus may be applied toward opening the bus doors by means of
      such remote control of the regular driver's door handle;
PAR  FIG. 3 is a schematic elevantional view of a typical emergency door, with a
      bar type handle shown for operating a three-point door latch arrangement,
      for latching the door and holding it latched in closed position, but not
      locked;
PAR  FIG. 3A is a schematic elevational view of the bar handle of FIG. 3, with a
      key ring applied to lock the emergency door of FIG. 3, and is shown
      serving also as a supporting ring for the ignition key to be used for the
      engine of the bus;
PAR  FIG. 3B is a side view of FIG. 3.
PAR  FIG. 4 is a schematic view showing the pressure force cam of the invention
      in disengaged position, ready to be moved to produce a side force to be
      applied to the door handle, which is shown in over-dead-center position
      and thereby serves to hold the bus front doors closed, such operation of
      the cam being effected by an external lever on the cowl;
PAR  FIG. 5 is a view similar to FIG. 4, and shows the pressure force cam and
      the operating rod for the front doors, after the pressure force cam has
      been moved by the outside lever on the cowl to push the driver's handle
      toward door-opening position;
PAR  FIG. 6 is a front elevational view of the outside lever on the cowl for
      operating the pressure force cam inside the bus, to move the driver's
      handle to released position;
PAR  FIG. 7 is a side view, partially in elevation, and partially in section, of
      the outside cowl lever of FIG. 6 and its mounting on the cowl; and
PAR  FIG. 8 is a plan view of the pressure force cam shown in normal inactive or
      rest position, and in operative, activated position, to show the radius
      arm relations between the pulling force on the cam, and the pressure force
      on the driver's handle.
PAR  Basically, the purpose of the invention is to provide a system for locking
      both the front operating doors of the bus and the emergency door of the
      bus, when the bus is parked, and not in service operating with passengers,
      or when the bus is stored and locked against intrusion, with assurance
      that the emergency door will be unlocked when the bus is again put into
      passenger service.
PAR  Before the bus can be put into service again, however, both the front doors
      and the emergency door must be perfectly free to be operated normally and
      regularly from the inside of the bus, and the emergency door must also be
      assuredly free for operation from the outside of the bus. The assurance of
      free operation of the front door is provided in the fact that the driver
      must open the front door in order to enter the bus. That is not sufficient
      however, to assure that the rear emergency door is also unlocked, or that
      the bus driver will remember, or has remembered, to unlock the emergency
      door, which is otherwise normally latched, but not locked closed.
PAR  It is a primary and basic purpose of the present invention, to asssure,
      absolutely, in the operation of the bus in passenger service, that the
      emergency door has been, and is, unlocked, and must be, and is, free to be
      opened both from the inside and from the outside of the bus, to serve its
      intended availability as an exit in the case of emergency.
PAR  In order to provide that assurance, this invention provides that the
      locking means for the emergency door be made to serve as a carrier for the
      ignition key. Thus, the locking means for the emergency door remains at
      the emergency door so long as that door stays closed; and the ignition key
      stays with the locking means, which serves as a carrier for the ignition
      key. To start the engine, the ignition key must be used. Therefore, the
      release of the carrier and the ignition key from the emergency door, to
      make the ignition key available, will serve to unlock the emergency door,
      which was locked for proper purposes while the bus was not being used in
      passenger service. Although now unlocked, that emergency door remains
      merely latched closed, but susceptible to necessary emergency opening as
      required by law.
PAR  In the drawings, the apparatus of this invention is shown applied to the
      door control equipment of a typical conventional bus.
PAR  FIG. 1A shows schematically a conventional bus B-1, with two front doors,
      B-2-1 and B-2-2, generally operable together by the driver of the bus, to
      permit entry or exit of passengers. The bus has an emergency door B-3,
      here shown at the rear, that is normally held latched closed, but not
      locked, when in passenger service. An external control lever B-4, on the
      cowl, permits the opening of the bus from outside when locked.
PAR  By law, the emergency door, wherever located, must not be locked, but only
      latched closed, when the bus is in passenger carrying service, so the
      emergency door can be opened from inside or from outside, at any time, for
      possible emergency.
PAR  Nevertheless, all doors of the bus must be locked to prevent intrusion and
      vandalism or theft, when the bus is stored or when it is parked during
      non-use. This invention is directed to a system for locking the bus doors,
      but for positively assuring that the emergency door will be unlocked, even
      though latched closed, when the bus is subsequently placed in passenger
      carrying service.
PAR  As shown in FIG. 1, the door control apparatus 10 for a typical front door
      operation of a conventional bus, is shown as comprising the two panel
      doors 12-1 and 12-2, jointly operable, in door region 14, shown in broken
      line rectangle. This region 14 represents the door region where the front
      passenger door and its control mechanism are located. The driver region 16
      contains the main operating driver's handle by means of which the driver
      opens and closes the doors for normal operation to permit passengers to
      enter or to leave.
PAR  This simple and unimpeded normal operation of the front doors must always
      be available during the operation of the bus. Consequently, a feature of
      the safety control operation imposed by the present invention is the
      design and application in such a way that there is no interference with
      any of the normal door operations, or with the door-operating equipment.
PAR  The physical separation of the control equipment of this invention from the
      door-operating equipment is illustrated and emphasized in the showing in
      FIG. 2, where certain elements of the invention, included in the outlined
      space of line bracket 20, are shown disposed adjacent the door region for
      one operating feature of the invention, and other parts are included in
      outlined space of bracket 24, adjacent the driver region, for a
      co-operating functional feature of the invention.
PAR  These operations of the normal door operation, and as controlled by the
      invention, may now be considered.
PAR  As shown in FIG. 1, the door region 14 contains a pair of front doors,
      schematically illustrated 12-1 and 12-2, located at the front of the bus,
      to provide a closable opening for passengers to enter or to leave the bus.
PAR  The operating mechanism for the doors is indicated schematically, and is
      shown as including a rotatable post element 32 which may be a vertical
      tube supported for rotation about a central vertical axis 34, to operate a
      crank arm 36, illustrated as pivotally connected to the doors 12-1 and
      12-2, at a pivot 38, to move the doors from closed position, to open
      position, or vice versa. This showing of door action around pivot 38 is
      purely schematic, for illustration only.
PAR  The movement of the front doors, to either position, is controlled by the
      rotatable element 32 acting on the lateral crank arm 36 that is pivotally
      connected to the doors at one or more hinge points 28. Here, the crank arm
      36 is indicated to be movable through an angle which in the present case
      is shown to be about 90.degree., which is not here critical, but merely a
      function of the equipment design, not part of this invention.
PAR  To rotate the door-control post 32, a crank arm 42 is secured to the
      door-control post 32, and the crank arm 42 is operated by the driver's
      control handle 45 through a connecting rod 46.
PAR  At the driver's region, indicated by the broken line 16 in FIG. 1, the
      driver's control handle 45 is shown in door-open position. To close the
      front doors, the driver moves the handle 45 clockwise to the dotted
      position 45-1, which moves the connecting rod 46 which is pivoted to
      handle 45 at 45A to position shown in dot and dash line 46-1, and the
      crank arm 42 on the door-turning post 32 is moved to the position
      indicated at 42-1.
PAR  An important point to note here is that, in the closed position of the
      front doors, the force line at 46-1, between the handle pin at 45, at the
      driver's region 16, and the pivot point 42-2 on the crank arm 42-1, passes
      beyond and above the center line 46-2 between handle pivot axis 45-2 and
      crank axis 34. Therefore, with driver's handle 45 in this position 45-1
      over dead-center of line 46-1, any jiggling or manipulation of the front
      doors will have little or no effect towards shifting the driver's handle
      45 out of the over-dead-center position shown in FIG. 1.
PAR  This invention utilizes that feature of the driver's handle 45 being
      over-dead-center position when the front doors are closed.
PAR  Thus, according to this invention, when the bus is to be locked, it is
      parked where so desired, and the ignition key removed, and the key with
      its carrier, is applied to lock the emergency door, where the ignition key
      and locking carrier are left in locked position. The driver then leaves
      the bus, and closes the front doors from outside the bus, and those doors,
      acting through the mechanical linkage to the driver's handle 45, will move
      the driver's handle to the over-dead-center position 45-1 on force line
      46-1, due to the inertia of the linkage system.
PAR  The bus is thus locked at both doors, and the front doors can now be opened
      only by pushing the driver's handle 45 sufficiently back from its
      over-dead-center position 45-1, by the external lever system of this
      invention, as shown in FIG. 2, and provided for that purpose as a feature
      of this invention, to permit the doors to be jiggled to open position.
PAR  For that purpose of authorized opening of the doors, the feature of the
      present invention is to provide a pressure element in driver's region 16,
      adjacent the driver's handle, to impress a lateral pressure force on the
      driver's handle 45, while it is in over-dead-center position, so such
      impressed lateral force will move the driver's handle out of its
      over-dead-center position, sufficiently into its free door-opening zone,
      to enable the doors to be then operated to force the lateral arms 36 and
      42, to operate on the connecting rod 46 to move the driver's handle 45
      freely further toward full-open position indicated in solid line in FIG.
      1. In that full-open position of the handle 45, the front doors are then
      fully opened, so that the driver has clear access to enter the bus.
PAR  The apparatus of the present invention, for impressing a transverse or
      lateral push, for turning the driver's handle 45, is schematically shown
      in FIG. 2, as comprising a pivoted pushing force-producing element 60,
      shown pivotally supported to rotate about an axis 62, to push transversely
      on the side of the pivoted handle 45, to rotate that driver's handle 45
      about its own supporting axis 45-2, to the door-opening position of FIG.
      1.
PAR  The pressure-force push element 60 is arranged to be turned from outside
      the bus, by a rotatable lever 68 supported on a bracket 69 anchored on the
      outside of the cowl 70 of the bus. The lever 68 carries and turns a
      rotatable pin 72, that extends through and is supported by the bracket 69
      and the cowl 70. Pin 72 operates to turn an internal crank arm 74, to pull
      on a connecting rod or flexible wire 76 connected to the pressure element
      60, by means of which the pressure is generated to be applied laterally to
      push the driver's handle 45. The driver's handle 45 is thus moved part
      dead-center, to a position in its operating or turning region, shown as
      arcuate path 45-3, in FIG. 1. Once the driver's handle 45 is in its
      operating region 45-3, the front doors can be pushed backward freely, from
      their closed position in FIG. 2, toward open position, to rotate the door
      post 32, through the crank arm 36, which in turn then operates the other
      crank arm 42, and, through the connecting rod 46, pulls the driver's
      handle to full open position, as in FIG. 1, at which the front doors will
      also then be in full-open position to permit the driver to enter the bus.
PAR  An important feature of this invention, as just described, is the
      combination including the pushing element 60 to press the driver's handle
      45 out of over-dead-center position of FIG. 2, in response to manual
      operation of the external handle lever 68 on the cowl of the bus. The
      importance of this feature is that, once the pushing pressure force has
      been impressed upon the driver's handle 45, to move the driver's handle
      into the operating zone 45-3 in FIG. 1, the work of the pushing pressure
      element 60 is done, and it is restored to its zero position by a spring 75
      acting on crank-arm 74 and connecting rod 76, and at that position,
      pressure element 60 does not touch the driver's handle 45. Thus, the
      driver's handle 45 will have full normal regular freedom of operation,
      without any interference or restriction from the pushing pressure element
      60 of this invention.
PAR  The pushing pressure element 60 is restored to its inactive zero position
      by the force of spring 75, thereby restoring the outside handle lever 68
      to its initial zero position, at which the lever 68 is locked to a
      stationary boss 69-1 on a bracket 69 anchored to the cowl 70. Both the
      boss 69-1 and the lever 68 have an eye 68-1 through which a simple hasp
      lock 68-A may be attached to lock lever 68 against unauthorized movement.
PAR  In FIG. 2, the pushing pressure element 60, to push the driver's handle out
      of over-dead-center position, is merely schematically indicated.
PAR  In actual application to a bus of current manufacture, the pushing pressure
      element is formed as a pivoted flat cam 60-A, as shown in FIGS. 4 and 5.
      The driver's handle 45 is pivotally supported on a box-like casting 62,
      that is structurally supported on the bus, and has a horizontal flat table
      top on which the push cam 60-A is flatly seated and pivoted on a pin 62-1,
      anchored on the casting. A pull pin 64 on the push cam 60-A is connected
      to the pull rod 76 that is controlled by the outside lever 68, previously
      shown in FIG. 2. To protect the cam 60-A from interference from a foreign
      body, a hinged cover 62-2 on the casting 62, is arranged to cover the top
      of the push cam 60-A, while leaving the push cam free to turn.
PAR  This cover, 62-2, otherwise not part of this invention, conventionally also
      serves to actuate a light switch which turns on the entrance step lights
      and the "Wig wag" lights, found on the roof of a School Bus. Actuation of
      the cover is accomplished by the driver's handle through a cam and roller
      arrangement; the cam being a part of the casting of the driver's handle 45
      and the roller a part of the cover 62-2. The light switch is actuated to
      the off position by the pressure of the cover 62-2 down upon the switch
      plunger. The cover is forced down by the roller attached thereto, and the
      cam which comes into contact with it when the door handle is rotated into
      its over-dead-center position. When the driver's door handle is rotated
      from its over-dead-center position to its operating zone, the handle cam
      is moved free of the roller which is then free to move upward a short
      distance, under the force of the plunger pressing upward against the
      cover. The plunger obtains its force from a spring contained within the
      switch. When the driver's handle moves to door-opening position, the
      permitted upward movement of the cover 62-2 permits the light switch to
      close and complete the light circuits.
PAR  In FIG. 4, the push cam 60-A is shown in its neutral or rest position,
      closely spaced from, and normally not engaging, the side surface 45-S of
      the driver's handle 45, which is shown in over-dead-center position. In
      FIG. 5, the cam 60-A is shown in operated position, at which the driver's
      handle 45 has been moved forward from dead-center position defined by
      center line 46-2, so the handle 45 can move freely, and the front doors
      can now be manipulated to move the driver's handle 45 to full-open
      position, as in FIG. 1, which permits the front doors to be moved to
      full-open position, at the same time, to admit the driver. The push cam
      60-A is shown in more detail in FIG. 8.
PAR  Another feature of the invention involves the ignition key of the bus and
      its carrier. The ignition key lock 86 is shown in FIG. 1 and also in FIG.
      2, adjacent the driver's region 16. The ignition key 88 is indicated, and
      it will enter into the combination of elements that are utilized in this
      invention to achieve the control of the doors of the bus, to permit
      locking and unlocking, especially the emergency door, in accordance with
      prescribed law and safety requirements, for assuring that the emergency
      door is always unlocked, though latched closed.
PAR  In FIG. 3, a typical rear door 90, to serve as an emergency door, is shown
      with a representative arrangement for latching the door closed in place,
      without actually locking it. A typical latching arrangement includes three
      latch bolts 94-1, 94-2, and 94-3. They are all simultaneously operable by
      a three-way cam 96 that is rotatable by a handle bar 98, from an open
      position, as shown in broken line 98-A, in FIG. 3, to a lowered or
      latching position, shown in solid line, in a saddle bracket 100 anchored
      on the door 90. In latching position, the handle bar 98 rests in the
      limiting saddle bracket 100. In the raised position of the handle bar 98,
      the cam 96 pulls the three latches 94-1, 94-2, and 94-3 out of their
      associated corresponding recesses 95-1, 95-2, and 95-3, which permits
      opening and removal of door 90.
PAR  Normally, the door 90 is in place and is held latched closed by the three
      latches, with the handle bar 98 in its down ward rest position in the
      saddle bracket 100. Handle bar 98 is otherwise free to be moved upward to
      the upper opening position, at which the latches will be removed from
      their recesses. Under such conditions, the door 90 may then be readily
      opened. In similar manner, when the handle bar 98 is in its lowered rest
      position, the cam 96 may also be operated from the outside of the bus by
      an external handle 98-B, as shown in FIG. 3B.
PAR  The need for a solution to the problem arising from the legal requirements
      with respect to the emergency door 90, was one of the primary motivations
      for the present invention. Under the usual legal requirements, the
      emergency door is to be merely latched closed in place, but is never to be
      locked, while the bus is being operated in passenger service. While so
      operating in passenger service, the emergency door must always be in such
      unlocked condition that the door may be opened, upon release from the
      latching, accomplished either from inside or from outside the bus, in
      order to take care of any emergency situation that might arise that could
      necessitate an exit passage from the bus.
PAR  Because of that legal requirement, the emergency door must never be locked
      while the bus is in operation for passenger service; but it may be locked
      only while the bus is parked or stored, while not operating in passenger
      service. However, a proper legal door-locking system must provide absolute
      assurance that the emergency door will always be unlocked when the bus is
      placed back in operation in passenger service. Thus, the primary purpose
      of the present invention is to provide such a door-locking and control
      system that will assure the unlocked condition of the emergency door
      during passenger service.
PAR  To provide that assurance that the bus emergency door is not locked, while
      the bus is in service and operating to accommodate passengers, a basic
      feature of this invention is to mount the ignition key of the bus on the
      locking assembly that is utilized to lock the handle bar of the emergency
      door against unauthorized intrusion.
PAR  Therefore, the overall locking system of this invention provides that when
      the emergency door is locked, while the bus is not in active service, the
      ignition key of the bus shall be held unavailable for operating the bus,
      by being supported on and included in the locking assembly that is
      utilized at the emergency door of the bus. Then, the main doors of the bus
      may be locked by manually moving the main doors to closed position with
      snap action, to the inertia of the door operating mechanism will push the
      driver's handle past dead-center position as in FIG. 2, so that those main
      doors will be locked, whereupon the bus as a whole is locked against
      intrusion.
PAR  Subsequently, when the bus is to be placed in passenger service again, and
      it is necessary for the driver to enter the bus, the entry is made at the
      front door by operating the external lever 68 on the cowl, for moving the
      driver's handle 45 to release position, whereupon the front doors of the
      bus can be opened to admit the bus driver.
PAR  However, before the bus driver can start the engine of the bus, he must
      have the ignition key; and he must therefore go to the emergency door to
      obtain the ignition key. Since the key is mounted on the locking assembly
      that is holding the emergency door locked, the driver must remove that
      locking assembly and removal of that locking assembly, with the ignition
      key, releases the rear door from locked condition. Thus, the removal of
      the key for the ignition system, positively assures the unlocking of the
      emergency door, so that door is in proper legal non-locked condition, and
      is merely latched in place, and can be removed, upon the occurrence of an
      emergency, by opening the latches, either by operation of the inside
      handle bar 98, or by operation of the outside handle 98-B.
PAR  In FIG. 3A, the locking assembly 110 is schematically indicated as
      comprising a ring 112 connected to a snap clip 116, both together serving
      as a support or carrier for the ignition key 88, as shown in FIG. 2.
PAR  The ring 112 is of appropriate size to fit easily and simply over the
      handle bar 98, for the emergency door 90, and the snap clip 116 is of
      appropriate size to enter and snap through an eye or loop 100-1,
      preferably integral and cast on the fixed bracket 100, suitably anchored
      on the door 90.
PAR  When the ring 112 is slipped over the handle bar 98, and the snap clip is
      snapped over the anchoring loop 100-1 on bracket 100, the latching cam 96
      is effectively locked against operation by the inner handle bar 98 or by
      the outside handle 98-B. The locked condition of the emergency door is
      thus assured, so long as the locking assembly 100 is in place.
PAR  Subsequently, when the bus engine is to be started to operate the bus, the
      ignition key 88 is necessary, and it can be removed only by removing
      locking assembly 110 and releasing the handle bar 98, thereby assuring
      that when the ignition key 88 is taken to start the engine and to operate
      the bus, the emergency door 90 will be unlocked, even though the handle
      bar 98 remains in its downward latching position. The point is, that from
      then on, so long as the locking assembly is removed, the inside handle bar
      98 may be operated by anyone in the bus in case of an emergency, and the
      outside handle bar 98-B can also be operated from outside the bus, if
      necessary, in the case of such an emergency.
PAR  FIG. 8 shows the pushing pressure force cam 60-A for shifting the driver's
      handle 45 past its dead-center position. The pressure cam 60-A is a flat
      plate supported on the top horizontal surface of the casting 62, on which
      the driver's handle is pivotally supported. The cam 60-A is of relatively
      triangular shape. The cam 60-A is pivoted on a pivot pin 62-1 at its upper
      corner, and has a pull pin 64 that is pulled by the pull rod 76 to turn
      the cam 60-A to engage the driver's handle 45, when the handle is past
      dead-center door-closed position as in FIGS. 2 and 4, and to move the
      driver's handle 45 out of dead-center position, as in FIG. 5.
PAR  The distance between pull pin 64 and pivot pin 62-1 represents the lever
      arm -L-1- to turn cam 60-A about its pivot pin 62-1. The distance from
      pivot pin 62-1 to the region of the cam toe 60-A-1, where the cam 60-A
      engages the driver's handle 45, represents the lever arm -L-2-, to push
      against the driver's handle 45. The angle of turn imparted to the cam
      60-A, corresponds to the angle arranged by design in the movement of the
      external handle lever 68 on the cowl. The pull pin 64 is preferably
      disposed at the starting end of its arc of movement around pivot pin 62-1
      so the arc will be bisected by the radius line --R-- from the pivot pin
      62-1 perpendicular to the side wall 45-S of the driver's handle 45 in
      door-closed position.
PAR  Thus, by the provision and arrangement of elements shown, and by the
      procedure outlined, the doors of a bus may be locked when the bus is not
      in service; and the non-locked condition of an emergency door is
      positively assured by introducing the ignition key into the locking
      assembly for the emergency door and requiring its removal to unlock the
      emergency door, to obtain the ignition key for the engine. Additionally,
      the ability of the driver's handle to move to door-locking position, upon
      manual closure of the main door or doors, is utilized as part of the
      system herein for holding the main door or doors closed, when the driver's
      handle is moved out of its over-center locking position by the external
      handle on the cowl, or other equivalent external location.
PAR  Modifications may be made to adapt the invention to various types of front
      door actuating mechanism, utilizing a self-locking driver's handle as
      herein, without departing from the spirit and scope of the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protective and safety door-locking and unlocking system for a bus that
      has a front door for normal use and operation for passenger entrance and
      exiting and that has a rear emergency door that is normally to be kept
      latched closed but not locked, during passenger use of the bus, so said
      emergency door may be opened from inside or from outside the bus in case
      of an emergency; said locking and unlocking system comprising:
PA1  a. means operable by the driver for normally operating the front door to an
      open position or to a closed position, for passenger entrance and exiting;
      said driver-operable means being also operable by said front door to be
      moved to a door-locking position to hold said front door closed against
      unauthorized entry, during non-passenger use of the bus;
PA1  b. means independent of the normal driver-operable means for moving said
      driver-operable means from outside said bus, such that said
      driver-operable means is moved away from said door-locking position, to
      unlock said front door to provide access to the inside of the bus;
PA1  c. an ignition system switch lock;
PA1  d. an ignition key for said ignition switch lock to control the ignition
      system of the bus;
PA1  e. means for locking said emergency door against unauthorized entry during
      non-passenger use of the bus, said emergency-door-locking means being
      mechanically connected to and serving as a carrier for said ignition key,
      thereby to require removal of the ignition key from the ignition switch
      lock to make available said means for locking said emergency door, and
      subsequently requiring unlocking of said emergency door to permit removal
      of said emergency door locking means plus said mechanically connected
      ignition key to make said ignition key then available to operate the
      ignition switch to start and operate the engine of the bus.
NUM  2.
PAR  2. A protective and safety door-locking and unlocking system, as in claim 1
      in which:
PA1  a. said driver operable means for said front door includes:
PA2  1. a driver's handle conventionally movable at will to said door-opening or
      to said door-closing position; and
PA1  b. said independent means includes:
PA2  1. a pivoted lever pivotally supported outside the bus on the cowl of the
      bus; and
PA2  2. a pressure element inside the bus located adjacent, but physically free
      of, the driver's handle; and
PA2  3. means operable by said outside pivoted lever for moving said inside
      pressure element to move said driver's handle from a dead center position
      to a free position to be manipulable by said front door to full free
      door-opening position, to permit entrance into said bus.
NUM  3.
PAR  3. A protective and safety door-locking and unlocking system for a bus, as
      in claim 2, in which
PA1  said independent means serves to move said driver's handle out of its
      dead-center position, so said front door can be manipulated to operate
      said crank arm to move the driver's handle to full door-open position,
      thus permitting the manipulated door to be moved to its open position.
NUM  4.
PAR  4. A protective and safety door-locking and unlocking system for a bus, as
      in claim 2, wherein said pressure element adjacent the driver's handle
      constitutes a movable member having a rear rest position and a front
      active position, and adapted to be movable from its rear rest position to
      its front active position to impress a side pressure moment force on said
      driver's handle when said handle is in said dead-center position in
      door-closed position, said movable member serving thereby to move said
      driver's handle out of said dead-center position, so manipulation of said
      front door will be able to move said driver's handle to full door-opening
      position, and said independent means further includes means for restoring
      said movable member as a pressure element to its rear rest position.
NUM  5.
PAR  5. A protective and safety door-locking and unlocking system for a
      passenger bus, as in claim 4, in which
PA1  a. a support is provided to support said movable member, for impressing
      said pressure force on said driver's handle, and said support is disposed
      at a position adjacent, but normally physically disengaged from, said
      driver's handle, during normal operation of the bus, so there is no
      impediment in the operating movement of the driver's handle from
      door-opening position to door-closing position.
NUM  6.
PAR  6. A protective and safety door locking and unlocking system, for a
      passenger bus, as in claim 4, in which
PA1  a. said movable member is pivotally supported to turn about an axis
      laterally transverse to said driver's handle, and is normally physically
      disengaged from said driver's handle, but is operable by said independent
      means to turn about said axis and to impress a side thrust against said
      driver's handle to move said handle out of dead-center position.
NUM  7.
PAR  7. A protective and safety door-locking and unlocking system for a bus, as
      in claim 1, in which
PA1  a. latching means are provided on said emergency door, to hold the door
      latched in closed position but unlocked, and to release the door to permit
      easy opening of said door when desired;
PA1  b. an operating latch lever for said door-latching means is supported on
      said door and is manually operable, at will, to move said latching means
      of said emergency door to door-latching position or to door-releasing
      position;
PA1  c. a stationary bracket is fixed on said door adjacent to the position of
      said operating latch lever when said latch lever is in latching position;
PA1  d. and said emergency door locking means is formed to permit its easy
      application to said latch lever and to said adjacent stationery bracket to
      lock the latch lever to said stationery bracket against movement to a
      door-unlatching position, and said separate emergency door locking means
      is also formed to permit its easy manual removal from said latch lever and
      from said fixed bracket to permit said released latch lever to be free for
      movement to normal door-unlatching position, either from inside or from
      outside said emergency door.
NUM  8.
PAR  8. A protective and safety door control system, as in claim 1, in which
PA1  a. said driver-operable means includes
PA2  1. a platform bracket secured to the structure of the bus;
PA2  2. a pivot pin supported on said platform bracket;
PA2  3. a driver's handle pivotally supported on said pivot pin, and
PA2  4. a connecting rod between said driver's handle and an element for moving
      the front door;
PA1  the operation of the driver's handle to door-closing position being such as
      to place the driver's handle and connecting rod in a dead-center position
      relative to said pivot pin, that holds the driver's handle in fixed
      position against casual movement; and
PA1  b. said independent means includes:
PA2  1. a cam plate pivotally supported on said platform bracket and disposed to
      lie alongside, but physically free of, said driver's handle when said
      handle is in said dead-center position;
PA2  2. A pivoted lever disposed outside of said bus body; and
PA2  3. a mechanical connection between said pivoted cam plate and said outside
      pivot lever;
PA1  whereby operation of said outside pivoted lever will move said pivoted cam
      plate to impress a lateral turning force on said driver's handle to move
      the driver's handle from blocked dead-center position to an unblocked
      region for free movement, in which unblocked region the driver's handle
      can be manipulated by movement of the front door from outside the bus.
NUM  9.
PAR  9. A protective and safety door-locking and unlocking system for a bus, as
      in claim 1, in which
PA1  a. said driver-operable means for said front door includes a driver's
      handle to move said front door and also includes a rotatable post and a
      crank arm on said post for moving said front door;
PA1  b. and said driver's handle is connected to said crank arm by a tie rod, as
      part of said driver-operable means to operate said crank arm to rotate
      said rotatable post, to move said front door to said open position or to
      said closed position;
PA1  c. and said system further comprises a pivotal support for said driver's
      handle, said pivotal support having an axis positioned to be substantially
      on a line between the driver's handle in door-closing position and the
      joint of connection between said crank arm and said tie rod, whereby the
      driver's handle when in door-closing position is substantially and
      effectively on dead-center, whereby said driver's handle thereby
      establishes a firm holding force on said crank arm to hold said front door
      in closed position.
NUM  10.
PAR  10. A bus operating system including a door control system for controlling
      locking front doors and also a rear emergency door of a bus, when not in
      use, and for opening said front doors and positively controlling the
      unlocking of the emergency door when the bus is in passenger service, said
      door control system comprising:
PA1  means for freely controlling the front doors by a driver's handle, to open
      or to closed position, in conventional manner, for passenger service; and
      for locking said front doors by said driver's handle against unauthorized
      entry;
PA1  latching means for normally latching or releasing, but not locking, the
      emergency door;
PA1  an ignition key for the ignition circuitry for the bus engine;
PA1  a carrier and locking means for, and inseparable from, the ignition key,
      said carrier and locking means serving as a key holder during normal
      usage, and as a locking means to physically restrain said latching means
      against movement to release position when said vehicle is not is use,
      thereby to lock the emergency door closed;
PA1  and independent means mounted on the outside of the bus cowl structure, for
      unlocking the front doors by remotely controlling the driver's handle, to
      permit entry of the driver, with access to unlock the rear emergency door
      and release the ignition key to permit starting the bus engine.
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ABST
PAL  A vehicle has a bed divided into a plurality of bays by means of dividers.
      Article carriers are constructed to be positioned in the bays by means of
      a loader-unloader such as a lift truck. Each article carrier is provided
      with at least one locking mechanism which automatically unlocks when
      engaged by a loader-unloader, and automatically locks into the bed of a
      truck when released by the loader-unloader after being positioned in a
      chosen bay.
PARN
PAR  This is a continuation of application Ser. No. 375,689, filed July 2, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of palletized trucking systems is not new. Such a system includes a
      vehicle having a bed, a number of pallets removably positioned on the bed,
      and a forklift truck for placing the pallets on the bed and taking them
      off the bed.
PAR  Such a system is used by individually loading pallets with articles such as
      gas-filled tanks under pressure. A forklift truck is then operated to
      transport each pallet individually to the vehicle and then load them onto
      its bed.
PAR  It has been found that the employment of such a system has resulted in
      substantial savings in time and reduced personnel to load and unload. A
      plurality of tanks can be loaded onto each pallet in the distributor's
      plant. The vehicle may then be loaded with the pallets very quickly. This
      is in distinction to the older practice of individually loading tanks onto
      the truck bed. While the vehicle is then traveling to a customer,
      additional pallets may be loaded at the distributor's plant for future
      shipment. A given vehicle can make many more deliveries per day. At the
      destination, a forklift truck rapidly unloads the loaded pallets from the
      truck and delivers them into the customer's plant. Full tanks are used by
      the customer as needed and are replaced on the pallets by empty tanks.
      Again, the time for unloading is substantially reduced over that required
      individually to roll off tanks from a truck bed. Also, employment of such
      a system reduces handling of the tanks.
PAR  While this development is not new, presently known systems have not been
      entirely satisfactory. First, the operator of the forklift truck must
      become rather skilled in loading the pallets onto the truck. Even with
      such skill, he must exercise care so as to align the pallet with a chosen
      bay, and then lower the pallet into such bay. If he is not careful, the
      pallet will strike the dividers provided between adjacent bays, and he
      will then have to shift the truck and try again. Such a procedure is both
      time-consuming and because not designed to strike the dividers, the
      pallets and the articles carried thereby may become damaged.
PAR  Another shortcoming of presently available systems is the requirement that
      the pallet be substantially horizontal as it is being lowered into a
      chosen bay. Otherwise, it would be most difficult for the operator to
      align the pallet vertically. In other words, the operator must align all
      four corners of the pallet respectively with the four corners of the bay.
PAR  Since the pallets are carried by a moving vehicle, they are subject to
      being jostled during transportation to the destination. The pallets of
      certain systems are not sufficiently secured in place while the truck is
      in motion to prevent them from being dislodged as the result of a sharp
      turn. Should a pallet fall off the truck, both the pallet and the articles
      carried thereon will be subjected to damage and, of course, serious injury
      to a passer-by or damage to another vehicle could result.
PAR  Sometimes a latching means has been provided to protect against
      unintentional dislodgment. However, these mechanisms are manually
      actuated, so that a forgetful operator or a lazy operator may simply not
      latch the latching mechanism.
PAR  The vehicles of presently known systems often have a solid bed so as to
      collect snow and, add additional weight to the vehicle. Also, such beds
      undesirably furnish but a single level of support for the pallets.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an important object of the present invention to provide a
      transporting system comprising a vehicle bed and article carriers which
      may be rapidly loaded thereon with a minimum of care exercised by the
      operator.
PAR  Another object is to provide a transporting system in which the opportunity
      for damage to either the pallets or the vehicle bed during loading on the
      bed is minimized.
PAR  A further object is to provide a transporting system including a vehicle
      bed and a plurality of article carriers removably disposed thereon and
      latched thereto by means of latching mechanisms which are automatically
      unlatched when carried by the loader-unloader.
PAR  A still further object is to insure that the pallets are automatically
      locked onto the vehicle bed without the operator having to perform any
      positive step other than simply positioning the article carrier on the
      bed.
PAR  Still another object is securely to latch pallets in place on a vehicle
      bed.
PAR  A further object is to provide a strong, light-weight pallet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For the purpose of facilitating an understanding of the invention, there is
      illustrated in the accompanying drawings a preferred embodiment thereof,
      from an inspection of which, when considered in connection with the
      following description, the invention, its mode of construction, assembly
      and its operation, and many of its advantages should be readily understood
      and appreciated.
PAR  FIG. 1 illustrates a transporting system incorporating the features of the
      present invention, which comprises a vehicle bed, and a plurality of
      pallets, the trailer for the bed and the vehicle cab being shown in
      fragmentary form;
PAR  FIG. 2 is a top plan view of the transporting system of FIG. 1 with
      portions of some of the pallets being cut away to expose the underlying
      frame of the bed;
PAR  FIG. 3 is a rear elevational view of the transporting system of FIG 1;
PAR  FIG. 4 is a top plan view, on an enlarged scale of two laterally adjacent
      pallets on the vehicle, with a portion of each of the pallets' top plates
      being cut away to expose the struts and slats of the pallets, and another
      portion of a pallet being cut away to expose one of the beams forming the
      bed;
PAR  FIG. 5 is a view in vertical cross section taken along the line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a perspective view of a fragmentary portion of a pallet and a
      fragmentary portion of the vehicle bed, with the latching mechanism
      deleted;
PAR  FIG. 7 is an enlarged front elevational view of the lower portion of the
      pallet and the manner in which it is seated on the vehicle bed, the
      latching mechanisms being shown in the latching conditions thereof;
PAR  FIG. 8 is a view similar to FIG. 7 illustrating the left-hand side latching
      mechanism in the unlatching condition thereof;
PAR  FIG. 9 is a view in vertical section taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a view in vertical section taken along the line 10--10 of FIG.
      8;
PAR  FIG. 11 is an enlarged view in horizontal section taken along the line
      11--11 of FIG. 7; and
PAR  FIG. 12 is a partly schematic view of a pallet and the manner in which it
      is positioned on the vehicle bed.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, there is illustrated a transporting system
      comprising a vehicle 20, which vehicle includes a cab 21 and a trailer 22.
      The trailer 22 is of basically standard construction and has a pair of
      longitudinally extending main beams 23, spaced by crossbeams 24. Two
      spacer beams 25 are respectively carried by the main beams 23. Springs 26
      carry an axel 27, on which are mounted the wheels 28. The vehicle 20
      includes a load-supporting bed 30 made up of a pair of longitudinally
      extending side beams 31 and a longitudinally extending center beam 32
      which is substantially cylindrical in lateral cross section. Each side
      beam 31 has a load-supporting upper surface 31a. The bed 30 also includes
      five laterally extending crossbeams 33 and four laterally extending
      crossbeams 34, only one of which is shown in FIG. 2. The crossbeams 33 are
      equidistantly spaced apart, and one crossbeam 34 is arranged centrally
      between two adjacent crossbeams 33. In the embodiment shown, each
      crossbeam 34 is substantially narrower than each crossbeam 33. The
      crossbeams 33 respectively have load-supporting upper surfaces 33a which
      are substantially coplanar at a first level. The top of the cylindrical
      surface of the center beam 32 substantially lies in the plane defined by
      the load-supporting surfaces 33a. The upper surfaces 34a of the crossbeams
      34 are also coplanar, but are at a second level below the level of the
      surfaces 33a, for reasons to be explained hereinafter. The upper surfaces
      34a of the crossbeams 34 are substantially coplanar with the surfaces 31a
      of the side beams 31.
PAR  In one form of the invention which was constructed, each of the side beams
      31 had a transverse cross section of 2 inches .times. 6 inches, the center
      beam 32 had a diameter of 21/2 inches, each of the crossbeams 33 had
      transverse dimensions of 5 inches .times. 7 inches, and each of the
      crossbeams 34 had transverse dimensions of 2 inches .times. 3 inches.
PAR  On each end of each crossbeam 33 is a divider 40 supported by a base 41, as
      is best seen in FIG. 6. Each divider 40 is very short compared to the
      width of the bed 30. The divider 40 includes a pair of spaced-apart,
      substantially parallel side walls 42, a top wall 43, and a bottom wall 44.
      In each side wall 42 there is provided a keeper 45 which, in the form
      illustrated, is simply a hole. The keeper 45 is near the outer end of each
      of the side walls 42 and closer to the top wall 43 than the bottom wall
      44. At the forward end of the base 41 is a pair of oppositely directed
      abutments 46 extending parallel to the longitudinal axis of the vehicle
      20. The dividers 40 divide the bed 30 into a plurality of eight bays 47
      arranged in two columns. Each bay 47 is rectangular in outline and in the
      embodiment shown is essentially square in outline. Each bay 47 is defined
      approximately by adjacent dividers 40, associated abutments 46, and the
      center line of the center beam 32.
PAR  The transporting system further comprises a plurality of rectangular
      pallets 50 corresponding in number to the number of bays 47, in the
      example illustrated, eight. Referring to FIGS. 4 and 5, each pallet 50
      includes a platform 51 having an inner end to be disposed toward the
      center beam 32, and an outer end to be disposed toward a side beam 31. The
      platform 51 has an upper plate 52 with a lower surface which defines a
      bearing surface 52a, and with an upper surface which defines an
      article-supporting surface 52b on which articles such as the tanks 26 are
      disposed. Each platform 51 includes an inner slat 53, an outer slat 54,
      and two slats 55 between the slats 53 and 54. The slats 53, 54 and 55 are
      equidistantly spaced and extend laterally with respect to the direction of
      the platform 51. The slats 55 are slightly narrower than the slats 53 and
      54. Five equidistantly spaced struts 56 extend longitudinally with respect
      to the direction of the platform 51 and are welded to the slats 53, 54 and
      55 and to the plate 52. The outer edge of the slat 54 is substantially
      coplanar with the outer edge of the plate 52, the outer ends of the struts
      56 being substantially coplanar with the outer side of the slat 54. Also,
      there is provided a laterally extending strut 56 adjacent the inner end of
      the platform 51 which strut 56 is perpendicular to the plate 52 and to the
      inner slat 53. As is best seen in FIG. 12, the inner end of the plate 52
      and the inner end of the inner slat 53 are substantially coplanar. The
      slats 53 and 55 are substantially the same length and are offset inwardly
      with respect to the sides of the plate 52. Two side walls 58 are welded to
      the slats 53, 54, and 55 and to the plate 52, and converge downwardly,
      that is, away from the article-supporting surface 52b. The outer slat 54
      is offset outwardly with respect to the sides of the plate 52 as is seen
      in FIG. 5. The pallets 50 are lightweight, yet strong, by virtue of the
      construction described. A rather thin, sheet metal plate of, for example,
      three-sixteenths inches can be employed without sacrificing strength. It
      should be noted that in the preferred form illustrated, all of the
      elements of the pallet 50 are welded together.
PAR  Each pallet 50 also includes a fence 60 mounted at the outer end of the
      platform 51. The fence 60 has two posts 61 which are outwardly facing
      channels and rest respectively on the end portions of the outer slat 54 to
      which they are welded. The posts 61 are also welded to the sides of the
      top plate 52. Referring to FIG. 11, a guide surface 62 is formed on the
      inner flange of each post 61. The guide surfaces 62 of the post 61
      converge toward the inner end of the platform 51.
PAR  The fence 60 also includes three parallel cross members 62 and a fourth
      cross member 64 welded to the posts 61 and substantially equidistantly
      spaced. The cross member 64 is the lowermost, and includes a web 65 and
      flanges 66. The cross member 64 rests on the outer end of the top plate 52
      and may be welded thereto. A chain may be secured to the fence 60 near the
      top thereof, which chain 67 is used to hole the tanks 29 in place. The
      chain 67 is provided with the usual tightening mechanism 68 to insure that
      the tanks 26 are bound tightly against the fence 60.
PAR  Turning now to FIGS. 4 and 5, the manner in which the pallets 50 seat in
      the bays 47 will be described. As previously explained, the underside of
      the plate 52, around the periphery thereof, defines a bearing surface 52a.
      The bearing surface 52a, in the region of the inner end of the pallet 50,
      rests on the center beam 32 (see also FIG. 12). The bearing surface 52a,
      in the region of the sides of the pallet 50, rests on the load-supporting
      surfaces 33a of the crossbeams 33. The undersides of the slats 53, 54, and
      55 respectively define bearing surfaces (the bearing surfaces 54a and 55a
      are shown in FIG. 5), the center regions of such bearing surfaces resting
      on the load-supporting surface 34a of the crossbeam 34. Also, the
      underside of the slat 54 defines a bearing surface 54a which rests on the
      loadsupporting surface 31a of the side beam 31. Thus, the pallet 50 is
      supported by the bed 30 at two levels. The first level is defined by the
      load-supporting surfaces 33a and the corresponding portion of the surface
      of the center beam 32. The second level is defined by the surfaces 31a and
      34a. The distance between these two levels is substantially equal to the
      distance between the plane defined by the bearing surface 52a and the
      plane defined by the bearing surfaces 53a, 54a, and 55a.
PAR  Each pallet 50 is arranged in its associated bay 47 in a similar fashion
      and is also supported at dual levels, thereby giving rise to a highly
      reliable and structurally sound system.
PAR  As is best seen in FIG. 2, the eight pallets 50 arranged on the bed 30
      define substantially the entire floor for the vehicle upon which one may
      walk and upon which the tanks 29 may be disposed. In the embodiment
      illustrated there is only a very slight space, preferably less than an
      inch between laterally adjacent pallets 50 and no more than 6 inches
      between longitudinally adjacent pallets 50. If desired, a strip may be
      provided in each such space. In the embodiment illustrated, a distance of
      5 inches separate longitudinally adjacent pallets 50. However, by suitable
      cutouts in the top plate 52 and/or other modifications, that distance
      could be reduced substantially. The open frame construction of the bed 30
      and the use of pallets 50 to define substantially the entire floor of the
      bed is desirable, first, because it reduces the weight of the bed 30 and
      thereby renders it less expensive. Also, less snow can collect on the bed
      30 when it is not loaded with pallets 50. Moreover, the pallets 50 can be
      larger since no fixed portion of the bed 30 is devoted to aisles. Further
      contributing to the reduced weight of the bed 30, yet high strength
      thereof, is the hollow, box-like construction of the beams 31, 33 and 34
      and the hollow tube construction of the center beam 32. To prevent
      corrosion, these beams may be coated on their interior by a suitable oil.
PAR  Located in the channel defined by the cross member 64, at each end thereof,
      is a latching mechanism 70 (see FIG. 7 specifically. The latching
      mechanism 70 includes a pair of longitudinally spaced-apart bushings 71
      and 72 welded to the web 65 of the cross member 64. Reciprocally carried
      by the bushings 71 and 72 is a bolt 73 having an outer end 74 which is
      rounded as shown. The bolt 73 is movable between a latching condition,
      illustrated in FIG. 7, and an unlatching condition when it is retracted as
      shown in FIG. 8. A sleeve 75 is fixedly mounted on the bolt 73 near the
      end 74 of the bolt 73. A spring 76 in compression is carried by the bolt
      73 between the bushing 71 and the sleeve 75, thereby urging the bolt 73
      outwardly to its latching condition.
PAR  There is also provided an actuator 80 associated with each of the latching
      mechanisms 70, the actuator 80 including a pair of spaced-apart rails 81
      arranged at an incline, so that the guideway defined by the rails 81 is
      also inclined. A carriage plate 82 has a thickness approximating the
      thickness of the rails 81. The plate 82 has a width slightly less than the
      distance between the rails 81 and is slidably disposed therebetween. A
      strip 83 is welded to the inner surface of the carriage plate 82 and has a
      length so as to protrude outwardly from the sides thereof. The uppermost
      corner 84 of the strip 83 defines a shoulder which is capable of abuting
      against the upper flange 66 of the cross member 63. The lowermost corner
      85 of the strip 83 also defines a shoulder which is adapted to abut
      against the lower flange 66 of the cross member 63. Thus, the corners 84
      and 85 limit movement of the carriage plate 82. Welded to the lower end of
      the carriage plate 82 is a diverter 86 which is an elongated member being
      V-shaped in transverse cross section. The lower surface 87 of the diverter
      86 constitutes a diverting surface to guide the fork 88 of the lift truck
      to a position beneath the carriage plate 82. The outer surface of the
      carriage plate 82 in the upper region thereof may have warning indicia 89
      which may take the form of a red paint, for example. Such indicia apprise
      the operator of the condition of the latching mechanism 70, as will be
      described.
PAR  There is also provided a link 90 which, in the embodiment being described,
      takes the form of a substantially rectangular plate having welded to
      opposite sides thereof a pair of depending pins 91. One of the pins 91 is
      rotatably received in a hole in the inner end of the bolt 73, and the
      other of the pins 91 is rotatably received in a hole in the strip 83
      adjacent to the corner 84 thereof. The outer ends of the pins 91 may be
      peened to provide a permanent connection.
PAR  Turning now specifically to FIG. 7, the manner of operation of each
      latching mechanism 70 will be described. The bolt 73 is illustrated as
      being in a latching condition, that is, the end 74 protrudes outwardly and
      through the keeper 45 in one side wall 42 of the adjacent divider 40. The
      action of the spring 76 urges the sleeve 75 outwardly with respect to the
      bushing 71, thereby biasing such bolt 73 to such latching condition. The
      engagement of the shoulder defined by the corner 85 of the strip 83 with
      the lower flange 66 limits the outward movement of the bolt 73. The
      latchimg mechanism 70 on the right-hand side of the pallet 50 illustrated
      in FIG. 7 is similarly in its latching condition.
PAR  The spacing between adjacent struts 56 of a pallet 50 is substantially
      greater than the width of the fork 88 of a lift truck, and also the two
      diverters 86 of a pallet 50 are respectively spaced apart a distance
      corresponding to the usual distance between a pair of forks on a lift
      truck. Accordingly, a lift truck 20 may approach the pallet 50 and insert
      its forks 88 into the space between adjacent pairs of struts 56 as
      illustrated. After the operator aligns the forks 88 with the space between
      the bottom of the diverter 86 and the slats 53-55, he drives forwardly and
      then causes the forks 88 to be raised. If he strikes the diverting surface
      87 of the diverter 86, the forks 88 will be guided to a position beneath
      the diverter 86, as illustrated in FIG. 9, and/or the diverter 86 will be
      raised to accomodate the insertion of the forks 88. The distance between
      adjacent struts 56 is selected to insure that as long as the operator
      aligns his forks 88 therebetween, they will be in position to engage a
      substantial portion of the diverter 86, and he need not back up to align
      the forks 88 more nearly in the middle of adjacent struts 56. Thus, it can
      be seen that the distance between adjacent struts 56 and the use of the
      diverter 86 facilitates placement of the forks 88 in position with a
      minimum amount of effort and time expended by the operator. Also
      noteworthy is the fact that the forks 88 need not enter straight -- they
      can enter at an angle with respect to the horizontal or the vertical. Once
      the forks 88 are in the position illustrated in FIG. 7, the latching
      mechanism 70 may be unlatched.
PAR  Turning now to FIG. 8, the details as to the manner in which each latching
      mechanism 70 is unlatched will be explained. The operator causes the forks
      88 to be raised, thereby causing the carriage plate 82 to move upwardly
      and toward the right (the left-hand mechanism moves to the left) in
      accordance with the guide-way of the rails 81. Such upward motion is
      limited by virtue of the corner 84 engaging the upper flange 66 of the
      cross member 63. The link 90 is thus caused to rotate counterclockwise, as
      illustrated in FIG. 8, to retract the bolt 73 along the bushings 71 and
      72. This action is performed against the biasing furnished by the spring
      76. The bolt 73 is, therefore, placed in its unlatching condition, that
      is, it is withdrawn from the keeper 45 in the divider 40. The other fork
      88 of the lift truck will perform in a substantially identical fashion in
      respect to the latching mechanism on the other side of the pallet 50. The
      pallet 50 may then be taken off of the bed 30 and transported by the lift
      truck to its intended destination. It is to be understood, however, that
      the above-described unlatching procedure can be performed in one fluid
      motion, that is, the operator is able to insert the forks 88 of his lift
      truck readily as previously explained, whereupon he causes the forks 88 to
      be raised, causing the latching mechanisms 70 to become unlatched,
      whereupon the forks 88 are free to raise the pallets 50. It should be
      appreciated that the unlatching procedure is completely automatic. The
      forklift truck operator need only cause insertion of the forks 88 of his
      lift truck into appropriate spaces in the pallet 50 and then cause the
      forks 88 to be raised in the usual way. The latching mechanisms 70 are
      automatically unlocked with no further steps required of the operator.
PAR  In loading a pallet 50 onto the bed 30 of the vehicle 20, the lift truck
      approaches the pallet 50 so that its forks 88 are aligned with the
      appropriate spaces between adjacent struts 56. The forks 88 are then
      caused to be inserted, which is accomplished readily and rapidly in
      accordance with the previous description on this point. The operator
      causes the forks 88 to raise in preparation for transporting the pallet 50
      to the vehicle bed 30. Again, as previously described, the simple
      elevation of the forks 88 causes both latching mechanisms 70 automatically
      to unlock without any further actions required of the operator. The
      operator then drives the lift truck to the vehicle 20 to place it on the
      bed 30 thereof.
PAR  Referring to FIG. 12, a preferred procedure of loading the pallet 50 will
      now be described. The operator chooses a bay 47 in which to deposit the
      pallet 50 and then roughly aligns the pallet 50 horizontally. The operator
      then causes the mast of the lift truck to tilt forwardly, thereby placing
      the pallet 50 at an acute angle with respect to the vehicle bed 30. The
      lift truck then moves forwardly until the inner end of the plate 52 rests
      on the center beam 32. Such forward motion is limited by virtue of the
      inner ends of the struts 57 and the side walls 58 engaging the side of the
      center beam 32. Then, the forks 88 are caused to be lowered until the
      pallet 50 rests on the bed 30.
PAR  When the pallet 50 is delivered into the selected bay 47 at such acute
      angle, the leading element is the inner slat 53. The length of that slat
      is substantially less than the distance between the cross beams 33. For
      example, the length of the slat 53 may be about 41 inches and the distance
      between the beams 33, 46 inches, thus allowing a tolerance of about 5
      inches. If the operator is misaligned to the left, for example, by as much
      as 5 inches in the example illustrated, the side wall 58 on the left side
      of the pallet 50 will engage the beam 33 which because of the inclination
      of such side wall, will guide the pallet 50 downwardly and to the right as
      the pallet 50 is lowered by the lift truck, until the innermost end of the
      plate 52 rests on the center beam 32, whereupon the pallet 50 may be
      rotated as previously described in respect to FIG. 12 to seat the pallet
      50, in its bay 47. As the pallet 50 is being lowered the side wall 58 may
      continue to engage the left-hand beam 33. The portion of the left side
      wall 58 near the outer end of the pallet 50 may engage the left hand
      divider 40, and thereby guide the pallet 50 more to the right and seat it
      in the position illustrated. Of course, if the pallet 50 is misaligned to
      the right, a corresponding series of events will take place to move the
      pallet 50 to the left by virtue of the engagement by the right-hand side
      wall 58 with the adjacent beam 33 and the adjacent right-hand divider 40.
PAR  It should be noted that the width of the pallet 50 in the region of the
      leading end, that is, the slat 53, is substantially narrower than the
      width of the pallet 50 in the region of the trailing end, that is, the
      length of the fence 60. As an example, the leading end defined by the slat
      53 may be 41 inches in length and the width of the trailing end may be 50
      inches in length or about 41/2 inches wider on each side.
PAR  Thus, the operator of the lift truck needs to be moderately careful in
      aligning the pallet 50 in the chosen bay, since alignment of the pallet 50
      in the chosen bay 47 is substantially automatic.
PAR  Because the forks 88 hold the latching mechanism 70 in their unlatched
      condition, the pallet may then be finally dropped into place. When the
      outer slat 54 is resting on the side beam 31, the operator causes the
      forks 88 to be withdrawn, whereupon the biasing furnished by the springs
      76 urge the bolts 73 outwardly and into the aligned keepers 45, thereby
      latching the latching mechanisms 70 and securing the pallet 50 in place.
      The motion of the bolt 73 is transmitted by the respective links 90 to the
      actuators 80, so that they are returned to the positions illustrated in
      FIG. 7. The forks 88 are thereafter withdrawn, after the pallets 50 have
      been locked into place until they are later removed as previously
      described. It should be appreciated that the latching procedure is
      completely automatic. The forklift truck operator need only cause
      withdrawal of the forks 88 of the lift truck out of the pallet 50. The
      latching mechanisms 70 are automatically locked with no further steps
      required of the operator.
PAR  As is best seen in FIG. 10, the bottom end of the posts 61 and the outer
      slat 54 secured thereto are disposed inwardly of the abutment 46.
      Accordingly, the abutment 46 serves as an additional stop to preclude
      movement of the pallet outwardly even if the latching mechanism 70 should
      fail to latch. In this regard, the warning indicia 89 at the top of each
      carriage plate 82 is very apparent if the latching mechanism 70 is not
      latched. If the operator, upon making a cursory examination, sees any of
      the warning indicia 89 protruding, he will realize that the associated
      latching mechanism 70 is unlatched and he can correct the problem.
PAR  Referring to FIG. 11, the pallet 50 may be loaded into the chosen bay 47 by
      approaching it at a much smaller angle. The lift truck moves forwardly to
      carry the pallet 50 toward the center beam 32. If the pallet 50 were
      misaligned to the left, the guide surface 62 on the left-hand post 61
      would strike the outer end of a divider 40 which would shift the pallet 50
      to the right and thereby align the pallet 50. Alternatively, if the pallet
      50 were misaligned to the right, the guide surface 62 on the right-hand
      post 61 would strike the adjacent divider 40 and shift the pallet 50 to
      the left, thereby aligning the same. The pallet can then be pushed
      rearwardly by the lift truck until the inner end of the plate 52 rests on
      the center beam 32, whereupon the front of the pallet 50 can be lowered
      and seated on the bed 30, all as previously described. Although, preferred
      methods of loading the vehicle 20 have been described it is to be
      understood that other methods can be employed.
PAR  While the above description refers to pallets consisting of a platform and
      a fence, it is to be understood that various other kinds of article
      carriers may be employed. For example, a simple pallet with no fence may
      be utilized in a particular environment. Also, the article carriers may be
      containers which have a base incorporating the features of the present
      invention. The loader-unloader may be something other than a lift truck;
      for example it could be a crane having suitable structure to perform in
      accordance with the features of the present invention. Of course, the
      description of tanks with pressurized gas is merely exemplary--articles of
      almost any type can be transported. Also, the locking structure is merely
      an example of a variety of mechanisms which could be employed and still
      incorporate the feature of automatic operation. The beams 31, 32, 33, and
      34 need not have a hollow box-like shape; for example, they could be
      extrusions.
PAR  The vehicle 20 may be provided with a deck at its rear end that can be
      raised and lowered. Such a deck would be used to remove fewer tanks than
      are carried by a single pallet. For example, one customer may require one
      or two or three tanks in which case it is more practical to loosen the
      chain 67 and remove the requisite number of tanks, roll them onto the
      deck, lower the deck, and roll the tanks to their destination.
PAR  The fact that the pallets 50 themselves create the floor for the vehicle 20
      is particularly important in this regard where the tanks must be rolled on
      such floor. Because the plates 52 are relatively thin, for example,
      three-sixteenths inches, the space between longitudinally adjacent pallets
      50 is not critical.
PAR  It is believed that the invention, its mode of construction and assembly,
      and many of its advantages should be readily understood from the foregoing
      without further description, and it should also be manifest that, while
      the preferred embodiment of the invention has been shown and described for
      illustrative purposes, structural details, are, nevertheless, capable of
      wide variation within the purview of the invention as described in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transporting system comprising a load-supporting bed forming part of a
      vehicle, a plurality of longitudinally spaced-apart and laterally
      extending dividers which divide said bed into a plurality of bays, each of
      said dividers having keeper structure associated therewith and
      substantially perpendicular thereto, a plurality of article carriers
      arranged to be carried by a loader-unloader respectively into and out of
      said bays, a pair of bolts on each of said article carriers and mounted
      thereon for reciprocal movement between latching conditions engaging the
      associated keeper structure and unlatching conditions disengaging said
      keeper structure, a pair of biasing means on each of said article carriers
      respectively for urging the associated bolts to the latching conditions
      thereof, and a pair of actuating means on each of said article carriers
      respectively operatively coupled to said bolts for individual movement
      thereof between the latching and unlatching conditions, said actuating
      means being arranged to be automatically engaged respectively by forks of
      a loader-unloader when the associated article carrier is carried thereby
      to move the associated bolt against the action of the associated biasing
      means to the unlatching condition thereof and thereby enable an article
      carrier to be placed in or removed from a chosen bay.
NUM  2.
PAR  2. The transporting system set forth in claim 1 wherein each of said
      dividers is very short relative to the width of said bed.
NUM  3.
PAR  3. The transporting system set forth in claim 1, wherein each of said
      dividers is very short relative to the width of said bed, one half of said
      dividers being on one side of said bed and the other half of said dividers
      being on the other side of said bed.
NUM  4.
PAR  4. The transporting system set forth in claim 1, wherein each of said
      dividers includes first and second substantially parallel walls, the first
      wall of one of said dividers and the second wall of the adjacent divider
      defining each of said bays.
NUM  5.
PAR  5. The transporting system set forth in claim 1, wherein each of said
      dividers includes a wall having a hole therein to define said keeper.
NUM  6.
PAR  6. The transporting system set forth in claim 1, wherein said bolt has a
      tapered end.
NUM  7.
PAR  7. The transporting system set forth in claim 1, and further comprising a
      pair of laterally spaced apart bushings for reciprocally carrying said
      bolt.
NUM  8.
PAR  8. The transporting system set forth in claim 1, and further comprising
      first and second spaced apart stops on each article carrier, said
      actuating means including first and second shoulders on said carriage,
      said first shoulder being arranged to strike said first stop and thereby
      limit movement of said carriage in one direction, said second shoulder
      being arranged to strike said second stop and thereby limit movement of
      said carriage in the opposite direction.
NUM  9.
PAR  9. The transporting system set forth in claim 1, wherein said actuating
      means includes warning indicia for notifying a user that said latching
      means is in the unlatching condition thereof.
NUM  10.
PAR  10. The transporting system set forth in claim 1, wherein said actuating
      means includes a guideway on the associated article carrier and a carriage
      slidable substantially vertically in said guideway, linkage means coupling
      said bolt to said carriage, said carriage being engageable by the
      loader-unloader and being slidable upwardly in said guide to move said
      bolt to the unlatching condition thereof, said biasing means urging said
      carriage downwardly to the latching condition of said bolt.
NUM  11.
PAR  11. The transporting system set forth in claim 10, wherein said actuating
      means includes means for diverting the loader-unloader to a position
      beneath said carriage.
NUM  12.
PAR  12. In the transporting system of claim 1, wherein said latching mechanisms
      and said actuating means are disposed at the front of the associated
      article carrier.
NUM  13.
PAR  13. A transporting system comprising a load-supporting bed forming part of
      a vehicle, a plurality of longitudinally spaced-apart and laterally
      extending dividers which divide said bed into a plurality of bays, each of
      said and substantially perpendicular thereto a loader-unloader
      respectively into and out of said bays, a pair of movable latching
      elements on each of said article carriers and mounted thereon for
      reciprocal movement between latching conditions engaging the associated
      fixed latching element and unlatching conditions disengaging said fixed
      latching element, a pair of biasing means on each of said article carriers
      respectively for urging the associated movable latching elements to the
      latching conditions thereof, and a pair of actuating means on each of said
      article carriers respectively operatively coupled to said movable latching
      elements for individual movement thereof between the latching and
      unlatching conditions, said actuating means being arranged to be
      automatically engaged respectively by forks of a loader-unloader when the
      associated article carrier is carried thereby to move the associated
      movable latching element against the action of the associated biasing
      means to the unlatching condition thereof and thereby enable an article
      carrier to be placed in or removed from a chosen bay.
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ABST
PAL  A powered tilting lounger comprising a pedestal upstanding from a base that
      rests on a supporting surface and a lounger pivotally mounted on the upper
      end of the pedestal at the upper forward region of the lounger. The
      lounger consists of a chair including a seat and a back which are
      immovable relative to each other and which blend in together with a curved
      portion whereby it may be occupied by a person in a lounging position. An
      electric motor is mounted on the pedestal and operates a screw stem to
      pull the lounging chair structure into an upright position in which an
      occupant may readily remove himself from the lounger, or pushes it into
      reclining position.
PAL  A leg rest is pivotally mounted on a horizontal axis at the forward edge of
      the seat portion and is moved into and out of a horizontal leg supporting
      position by an electric motor. An arm rest is pivotally mounted at its
      forward end on each side of the lounger and means for securing the arm
      rests in angularly adjusted positions are provided whereby each arm rest
      may assume a position for supporting the arms of an occupant, or swung
      into a horizontal position above the leg rest where it is adapted to
      support the foot of an occupant. The seat and back of the lounger are
      covered by a resiliant foam material and mechanism is provided at the
      lower portion of the back for altering the contour thereof so as to adjust
      this portion of the back to a particular occupant.
BSUM
PAR  The present invention relates to loungers and is concerned primarily with a
      lounger which is tilted in a particular manner to facilitate the
      operations of a person seating himself in the lounger or removing himself
      therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  The term lounger as herein used has a meaning which is somewhat more
      definite than that commonly accepted in the chair and seat art. While the
      term lounger ordinarily might be considered as describing any chair which
      is susceptible of being occupied by a person in a lounging position,
      however, as herein used, the term lounger identifies a chair or comparable
      seating device which includes a seat and back which are connected by a
      curved portion which blends in with the seat and back and in which the
      seat and back are rigid and immovable relative to one another.
PAR  The known art includes many examples of chairs for invalids which include
      seats that may be raised, lowered, and angularly tilted so as to
      facilitate the seating of a person in the chair or the removal of ther
      person therefrom. There are also many known devices in which chairs of
      this general type include backs which are angularly adjustable relative to
      the seat. Tilting chairs broadly also are known, however, it is believed
      that there is no known lounger, chair or bed which gives full support to
      the whole body wherein the body remains resting on a seat, back and arm
      rests thereby supporting the head, neck and back of the occupant while
      raised onto his feet or lowered, of the type of which this invention is
      particularly concerned which is tiltably mounted and motor powered so that
      it may be readily moved into an upright position in which a person may get
      into and out of the lounger with a high degree of facility. Also, it is
      believed that the known art is lacking in a lounger of the type aforesaid
      which includes a power actuated leg rest which is adapted to be moved from
      a vertical ineffective position to a horizontal leg supporting position by
      motor actuated mechanism.
PAR  The known art also includes chairs in which the contour of the lower
      portion of the back may be altered to accommodate the lower back portion
      of a particular person whereby that person may occupy the chair with a
      high degree of comfort. Known chairs of this character include two types
      of mechanisms for achieving this end. One such type is pneumatic and
      operates on the principle of inflating or deflating a pad or pillow at the
      lower back of the chair. Another type of mechanism is purely mechanical
      and operates on the principle of flexing the back portion of the chair by
      a plurality of screws. Chairs including both types of these mechanisms
      have not proven effective or convenient to the degree required for public
      acceptance. It is believed that improved mechanism of this character, when
      incorporated in a lounger, will enhance its public acceptance.
PAR  It is known to provide chairs with arm rests. It is also known to provide
      invalid chairs with a footrest which supports the foot of an occupant in
      an upraised position at the side of the chair. One of the features of the
      present invention is to provide an arm rest at each side of the lounger
      which is pivotally mounted at its forward end and which may be swung
      forwardly from an arm supporting position into a foot supporting position.
      Mechanism is associated with each arm rest for maintaining it in an
      angularly adjusted position.
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PAC  OBJECTS OF THE INVENTION
PAR  With the foregoing conditions in mind, the present invention has in view
      providing the following objectives:
PAR  1. To provide a lounger within the meaning of this term as herein used,
      which is pivotally mounted on a horizontal axis at the upper forward
      region of the chair on supporting structure together with motor actuated
      mechanism for tilting the chair about this axis into and out of an upright
      position in which a person may get into and out of the lounger with a high
      degree of facility.
PAR  2. To provide, in a lounger of the type noted, a leg rest which is
      pivotally mounted on a horizontal axis on the front edge of the seat
      portion of the chair together with motor actuated mechanism for moving the
      leg rest into and out of effective position.
PAR  3. To provide, in a lounger of the character aforesaid, new and improved
      means for adjusting the contour of the lower portion of the back whereby
      the physical features of the back of the occupant may be readily
      accommodated.
PAR  4. To provide, in a lounger of the kind described, an arm rest at each side
      of the lounger which is pivotally mounted thereon at its forward end and
      which is adapted to be swung from an arm supporting position to a leg
      supporting position in front of the seat portion of the lounger, together
      with mechanism for holding each arm rest in an angularly adjusted
      position.
PAR  Various other more detailed objects and advantages of the invention, such
      as arise in connection with carrying out the above ideas in a practical
      embodiment, will, in part, become apparent, and, in part, be hereafter
      stated as the description of the invention proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved by providing a lounger which includes
      supporting structure comprising a flat base adapted to rest on the floor
      or other supporting surface and a pedestal or frame which upstands
      therefrom. Pivotally mounted on a horizontal axis on the upper end of this
      pedestal or frame is a body receiving and supporting portion of the
      lounger which is herein referred to as the lounger proper. The lounger
      proper comprises a seat portion and back portion joined by a bend or
      curved portion which is rigid, whereby the seat and back portions are
      immovable relative to one another. The rigid seat, back and curved
      portions of the lounger proper are covered by a resilient material of
      which foam rubber is typical and that portion of this padding is free of
      or unconnected to the rigid back portion just above the curved portion.
PAR  Two embodiments of mechanism for adjusting this portion of padding relative
      to the rigid back are provided. In one such mechanism, a wedge assembly is
      employed which is operable from the side of the lounger. In the other
      embodiment, a rigid bar is interposed between the padding and the rigid
      backing. The effective position of this bar is adjusted by a pair of
      cables in flexible casings, the ends of which are conveniently located at
      the sides of the lounger. Mechanism is provided for applying tension to or
      relieving tension from the cables to move the bar.
PAR  An electric motor is mounted on the supporting structure such as on the
      frame of a pedestal and this motor operates a screw stem having its upper
      end pivotally connected to a depending portion on the lounger proper with
      its other end being threadably received in a socket that is pivotally
      mounted on the base. This motor may be operated to either exert a pull on
      the forward depending portion of the lounger proper below the horizontal
      axis of its pivotal mounting to pull the lounger proper into an upright
      position in which a person may readily get into or out of the lounger, or
      exert a thrust on the depending portion of the lounger proper to move the
      lounger backwardly into a reclining position.
PAR  A leg rest is pivotally mounted on a horizontal axis on the front end face
      of the seat portion. A threaded socket is pivotally connected to the leg
      rest on the under side thereof adjacent to its pivotal mounting. A screw
      stem is threadably received in this socket and has its other end
      operatively connected to an electric motor which is pivotally mounted on
      the lounger proper below the padding thereon. Thus, the motor may be
      operated to swing the leg rest into and out of a horizontal leg supporting
      position in front of the seat portion.
PAR  A pair of arm rests are pivotally mounted on the external sides of the
      forward portions of the lounger proper and are adapted to be swung from
      arm support position at the sides of the lounger proper and into foot
      supporting horizontal position in advance of the seat portion of the
      lounger proper. Mechanism is provided for holding these arm rests in
      angularly adjusted positions.
PAR  For a full and more complete understanding of the invention, reference may
      be had to the following description and the accompanying drawings wherein:
PAR  FIG. 1 is a side view partially in section and partially in elevation with
      portions broken away illustrating the power tilting lounger of this
      invention with adjusted positions of the lounger proper and leg rest
      depicted in broken lines.
PAR  FIG. 2 is a view at side elevation of the lower portion of the lounger
      illustrating in full lines the position of an arm rest in arm supporting
      position and in broken lines the position of the arm rests in foot
      supporting position.
PAR  FIG. 3 is another side view partially in section and partially in elevation
      of the lower portion of the lounger with parts broken away to illustrate
      the mechanism for adjusting the contour of the padding at the lower
      portion of the back.
PAR  FIG. 4 is a detail mostly in section of the wedge type pad adjusting
      mechanism being taken on the plane of the line 4 -- 4 of FIG. 3.
PAR  FIG. 5 is a perspective illustrating the forward portion of the seat of the
      lounger proper with an arm rest and the mechanism for holding it in an
      angularly adjusted position illustrated in exploded relation.
PAR  FIG. 6 is a detail of a second embodiment of the means for adjusting the
      padding, and,
PAR  FIG. 7 is a detailed section taken normal to the showing of FIG. 6 of the
      second embodiment for the padding adjusting mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings where like reference characters denote like
      elements through the several views, and first more particularly to FIG. 1,
      a supporting structure is identified in its entirety by the reference
      character 10 and is shown as comprising a base 11 and a pedestal or frame
      12 which upstands from base 11. A lounger proper or body supporting member
      is designated generally 13 and comprises a rigid backing 14 (FIG. 3) and a
      back portion 15, a seat portion 16 and a curved portion 17 which connects
      back portion 15 to seat portion 16. This rigid backing is covered by a
      padding 18 of a resilient material of which foam rubber may be taken as an
      example. FIG. 3 shows the padding 18 as spaced from the rigid backing 14
      just above the curved portion 17 and at the lower end of back 15 to
      accommodate mechanism for adjusting the contour of the padding 18 in this
      region. Referring now again to FIG. 1, the lounger proper comprising back
      portion 15, seat portion 16 and curved portion 17 is pivotally mounted at
      19 to the upper front edge of pedestal 12. This pivotal mounting may be
      achieved by using a hinge 20 which has one end secured to a front face of
      pedestal 12 and its other leaf to a cross bar 21 which is included as a
      part of the seat portion 16. An electric motor 22 is pivotally mounted on
      another crossbar which is included in the seat portion 16 with the drive
      shaft (not illustrated) of motor 22 being operatively connected to a screw
      stem 23. The lower end of screw stem 23 is threadably received in a
      tubular socket 24 which is pivotally anchored to base 11 as indicated at
      25. It is evident that motor 22 may be operated to rotate screw stem 23 so
      that the motor exerts pull on crossbar 23 to literally pull the lounger
      proper 13 into the upright position depicted by the broken line position
      26 of FIG. 1, or rotated in the opposite direction to exert a thrust on
      crossbar 23 to move the lounger proper 13 into a reclining position
      represented by the broken line position 27.
PAR  A leg rest is designated generally 28. It comprises a backing plate 29
      which is covered by padding 30 which may be of the same material 18 of the
      lounger proper. Backing plate 29 is pivotally mounted on the horizontal
      axis indicated at 31 to the lower front corner of crossbar 21. A tubular
      threaded socket 32 is pivotally connected at 33 to plate 29 and threadably
      receives a second screw stem 34. The latter is operatively connected to
      the drive shaft (not illustrated) of electric motor 35 which is pivotally
      mounted on a bar 36 which is included in the lounger proper just below
      curved portion 17. It is evident the electric motor 35 may be operated to
      swing leg rest 28 from the full line position of FIG. 1 to the broken line
      position 37 and vice versa.
PAR  Referring now to FIGS. 2 and 5, an arm rest is designated 38. It will be
      understood that there is an arm rest at each side of the lounger and each
      arm rest is mounted exteriorly of a side of seat portion 16. Each arm rest
      38 is pivotally mounted at 39 on a screw shaft 40 which passes through a
      passage 41 and through central openings 42 in fastening plates 43 and 44
      and thence into a threaded socket 45 in seat portion 16. Each of the
      plates 43 is formed with radial grooves and ribs which interlock when the
      plates are compressed together. Plate 43 is fixedly secured to the inner
      surface of arm rest 38 and plate 44 is fixedly secured to the outer face
      of seat portion 16. Screw stem 40 projects beyond the outer face of arm
      rest 38 and at its free end carries an operating member in the form of
      knurled wheel 46 which is manually operable. It is evident that operating
      member 46 may be availed of to clamp the plates 43 and 44 together and
      thus secure the arm rest 38 into either the full line position of FIG. 2
      or the broken line position 47 of FIG. 2 which is the full line position
      of FIG. 3. Obviously, the operating member 46 may be rotated to relieve
      the clamped condition of plates 43 and 44 and thus permit swinging of the
      arm rest 38 from arm supporting position to foot supporting position.
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PAR  Referring now more particularly to FIGS. 3 and 4, the space between padding
      18 and rigid backing 14 is designated 48. Mounted in this space 48 and
      extending transversely and across is a wedge mechanism designated
      generally 49. Mounted in space 18 and forming a part of mechanism 49 is a
      crossbar 50 that is secured to rigid structure 14 and presents an inclined
      surface 51. Another crossbar 52 is connected to padding 18 and presents an
      inclined surface 53. A wedge 54 has inclined surfaces engaging surfaces 51
      and 53 and is secured to one end of rod 55, the latter is threaded and
      passes through a threaded opening 56 and a side wall 57 which is a part of
      the rigid structure 14 of the back. Rod 55 carries an operating member 58
      on its outer free end which may be rotated to move wedge 54 on inclined
      surfaces 51 and 53 to either enlarge or reduce space 48. Thus, when this
      space is enlarged, padding 18 is forced outwardly just above curved
      portion 18 as indicated in FIG. 3 and when reduced, padding 18 will be
      forced inwardly by the body of the occupant of the lounger.
PAR  Referring now to FIGS. 6 and 7, another mechanism for altering the contour
      of the padding above grooved portion of padding 18 will be described. A
      crossbar 59 extends across space 48 and is secured to the inner face of
      padding 18 in any preferred manner. At each end of crossbar 59 is a
      passage 60 with each passage receiving an end portion of a flexible casing
      61. A cable 62 passes through casing 61 with the ends of casing 61 with
      the ends of casing 61 and cable 62 being anchored to crossbar 59 as
      indicated at 63. A side wall of the rigid portion of the lounger proper
      which is conveniently located relative to an occupant of the lounger, is
      shown as having mounted thereon brackets 64 and 65. Flexible casings 61
      extend from crossbar 59 where the ends remote from anchorages 63 are
      fixedly secured to bracket 65. The adjacent end portion of cable 62 passes
      through openings in bracket 65 and are secured to a screw tensioning
      device 66. Screw tensioning devices of this type are well known and the
      details are not herein illustrated and described. It suffices to point out
      that the end of each cable 62 is secured to one end of a threaded member
      which is received in a threaded socket carried by a shaft 67 which passes
      through an opening in bracket 64 and carries an operating member 68 on its
      outer free end. It is evident that the operating member 68 may be located
      to exert either a pull or thrust on cable 62 whereby crossbar 59 is moved
      either away from rigid structure 14 to increase space 48 or towards rigid
      structure 14 to reduced such space. Thus, the curvature of the padding 18
      at the lower end of back 15 may be adjusted.
PAC  OPERATION
PAR  While the manner of operating and using the above described lounger is
      believed to be obvious from the illustrations of the drawings and
      description of the parts set forth above, they may be briefly described as
      follows:
PAR  When a person is desirous of occupying the lounger, motor 35 is activated
      to move leg rest 28 into the broken line position 37 of FIG. 1 and motor
      22 energized to swing the lounger proper 13 into the upright broken line
      position 26 of FIG. 1. The occupant to be seats himself in the lounger
      proper 13 whereupon motor 24 is energized to rotate screw stem 23 in the
      proper direction to swing lounger proper 13 into the reclining broken line
      position 27 of FIG. 1. If the occupant in this position so desires, leg
      rest 28 is then swung into the full line position of FIG. 1 by energizing
      motor 35 to rotate screw stem 34 in the right direction. The position of
      the arm rest 38 is then determined by the wishes of the occupant. Should
      he want them to be in arm supporting position, they are moved into the
      full line position of FIG. 2 and knurled wheels 46 rotated to clamp
      brackets 43 and 44 into interlocking relation which maintains the arm rest
      in the desired position. Should he be desirous of moving either one or
      both of the arm rests 38 into foot supporting position, one or both of the
      knurled wheels 46 are first loosened, the arm rests 38 swung into the full
      line position of FIG. 3 and the plates 43 and 44 again clamped into
      interlocking relation to maintain the position.
PAR  The contour or curvature of the padding 18 at the area of 48 may then be
      adjusted to provide the maximum degree of comfort for the occupant where
      the lower spinal portion of his body engages the lower portion of the
      back. With the occupant in the chair, this may be achieved either by
      rotating the operating member 58 of the wedge mechanism of FIGS. 3 and 4
      or operating member 68 of the flexible casing and cable of the embodiment
      of FIGS. 6 and 7.
PAR  When the occupant is desirous of removing his person from the lounger, leg
      rest 28 is first lowered into the broken line position 37 of FIG. 1 by
      appropriate operation of motor 35 whereupon the lounger proper is swung
      into the upright position as indicated by broken lines 26 of FIG. 1 by
      appropriate operation of the motor 22. The occupant is thus enabled to get
      out of the chair with a minimum of inconvenience.
PAR  While the invention has hereinbefore been described as incorporated into a
      lounger in which the back and seat are relatively immovable, it is to be
      understood that the basic concept of the invention may be built into a
      lounger which also has the ability of functioning as a bed. Thus, certain
      chairs, of which hospital or invalid chairs may be taken as typical,
      include a back, the angular position of which, relative to a seat, is
      adjustable. However, once adjusted and secured in that adjusted position,
      by well-known mechanisms, for the purposes of this invention they are
      relatively immovable with respect to each other and hence rigid. In the
      instant lounger the arm rests are susceptible of being swung into
      horizontal positions substantially aligning with the leg rest to adapt the
      lounger for use as a bed.
PAR  When the lounger is modified to include such an adjustable back, it is
      adapted to serve as a bed in which the body of the occupant including his
      head and neck are supported while the bed is raised to put the occupant on
      his feet or lowered into a reclining or intermediate position.
PAR  While preferred specific embodiments are herein disclosed, it is to be
      clearly understood that the invention is not to be limited to the exact
      constructions, mechanisms, and devices illustrated and described because
      various modifications of these details may be provided in putting the
      invention into practice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a lounger,
PA1  a. supporting structure including a base adapted to rest on a floor and a
      pedestal upstanding from said base;
PA1  b. a structural assembly identified as a body supporting member for
      receiving the body of an occupant and comprising a rigid backing including
      a back portion, a seat portion, and a bend between and connectiing said
      back and seat portions, and a resilient pad covering the back and seat
      portions and the bend of said rigid backing;
PA1  c. means for pivotally mounting said body supporting member on said
      pedestal at the upper end thereof and on a horizontal axis extending
      through said seat portion in the forward upper region thereof;
PA1  d. power means for tilting said body supporting member on said pivotal
      mounting whereby the body supporting member is moved from a reclining
      position to an upright position and vice versa;
PA1  e. a leg rest pivotally mounted on said seat portion at the forward free
      end thereof and on a horizontal axis, and,
PA1  f. an independent power means for swinging said leg rest into and out of a
      horizontal leg supporting position.
NUM  2.
PAR  2. The lounger of claim 1 in which the power means for tilting the body
      supporting member comprises an electric motor pivotally connected to said
      seat portion, a screw stem operatively connected to and driven by said
      motor, and a threaded tubular socket receiving said screw stem and
      pivotally mounted on said supporting structure.
NUM  3.
PAR  3. The lounger of claim 1 in which the power means for swinging the leg
      rest comprises a threaded tubular socket pivotally connected to said leg
      rest, a screw stem received in said socket, and an electric motor
      pivotally mounted on said rigid backing and operatively connected to said
      screw stem.
NUM  4.
PAR  4. The lounger of claim 1 together with a pair of arm rests, each of which
      is pivotally mounted at what is its forward end when the arm rest is in
      arm supporting position on the exterior of said seat portion in the
      forward region thereon, each of said arm rests being swingable into a
      substantially horizontal position in advance of said seat where it is
      susceptible of use as a footrest, and means associated with each said
      pivotal mounting for fixedly securing the arm rest associated thereto in
      an angularly adjusted position.
NUM  5.
PAR  5. The lounger of claim 4 in which each of the pivotal mountings for an arm
      rest and the means associated therewith for securing that arm rest in an
      angularly adjusted position comprise: a threaded socket in the seat
      portion opening into the exterior of said seat portion, a first plate
      fixedly secured to said seat portion on the exterior thereof and having a
      central opening in alignment with said socket, said plate having grooves
      and ribs extending radially from said opening therein, a passage extending
      through the arm rest at the forward end thereof, a second plate
      corresponding in shape and structure to said first plate whereby it is
      complemental thereto and having a central opening, said second plate being
      fixedly secured to said arm rest on the inner face thereof with the
      opening therein aligning with said passage, and a shaft passing through
      said passage and plate openings and having a threaded end portion received
      in said socket; and a manual operating member on said shaft externally of
      said arm rest, whereby said operating member may be rotated in one
      direction to separate said plates and thus permit swinging of said arm
      rest or rotate it in an opposite direction to clamp said plates together
      and thus secure the arm rest in an angularly adjusted position.
NUM  6.
PAR  6. The lounger of claim 1 in which the pad is free of and spaced from the
      rigid backing in the region of the lower part of the back portion and just
      above said bend, together with means in the space between the free portion
      of the pad and backing for altering the portion of the free portion of the
      pad relative to the rigid backing whereby the contour of the lower portion
      of the pad covering the back portion may be adjusted to accommodate the
      corresponding back portion of a person occupying the lounger with a high
      degree of comfort.
NUM  7.
PAR  7. The lounger of claim 6 in which the means for altering the position of
      the free portion of the pad takes the form of wedge mechanism including a
      manual operating member conveniently accessible to an occupant of the
      lounger.
NUM  8.
PAR  8. The lounger of claim 6 in which the means for altering the position of
      the free portion of the pad comprises a crossbar in said space and secured
      to the inner surface of the pad, a pair of cable and flexible casing
      assemblies having ends secured to said crossbar, a pair of brackets
      mounted in spaced relation relative to each other on the external surface
      at the sides of said seat portion, said cable and casing assemblies
      extending from said crossbar to said brackets with an end of each being
      secured to a bracket, and screw mechanism between the brackets of each
      pair with an end of a cable connected to a first element of the screw
      mechanism, and a second element complemental to and operatively connected
      to said first element and having a manual operating member conveniently
      accessible to an occupant of the lounger.
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ABST
PAL  An operatory-type chair having a seat to which a back rest is pivotably
      connected for movement between upright and rearwardly extending positions
      by an electric motor interconnected to said back rest by a rotatable screw
      driven by said motor. Movement of the back rest is controlled by limit
      switches which stop the motor when either limit of movement is reached,
      the invention comprising an adjustable program switch included in said
      control system which operates to stop the motor when the back rest reaches
      a desired position intermediately of the opposite limits of movement
      thereof, as controlled by said limit switches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a professional-type chair such as used by
      dentists, ophthalmologists, and other types of medical or quasi-medical
      professions in which adjustable operatory chairs are useful. Also, details
      and features of mechanisms found in such types of chairs are frequently
      employed in chairs used in barbering and beauty culture. One of the most
      common features now found in this type of chair comprises an upholstered
      seat to the rear edge of which a back rest is pivotally connected, and
      power means are employed to operate the back rest between substantially
      upright and rearwardly extending horizontal positions. Appropriate control
      means are employed to effect operation of one or more electric motors
      which effect movements of the back rest relative to the seat. In addition,
      many types of chairs of this type include a leg rest and/or a foot rest,
      the leg rest being pivotally connected to the seat adjacent the forward
      edge thereof and movement of the leg rest frequently occurs simultaneously
      with pivotal movement of the back rest relative to the seat.
PAR  Effecting control of the back rest and/or leg rest relative to the seat is
      accomplished in certain modern types of chairs of the type referred to
      above by means of rather sophisticated electrical circuitry, batteries of
      push buttons by which various switches are operated to start and stop the
      movements of the back and/or leg rests relative to the seat, as well as
      raising and lowering the seat with respect to a supporting base. Examples
      of such control in chairs of this type are found in various patents,
      including U.S. Pat. No. 3,357,740 to Vaughn et al, dated Dec. 12, 1967,
      and U.S. Pat. No. 3,578,379 to Taylor, dated May 11, 1971. Notwithstanding
      such sophisticated control systems, especially for moving the back and leg
      rests relative to a seat, as disclosed in said patents, it now has been
      found that in adjustable operatory chairs of the type referred to above,
      it is desirable to provide adjustable, programmable control means by
      which, for example, any adjustable setting may be effected quickly and
      manually by the operator of the chair to dispose the back rest and/or leg
      rest at a desired position intermediately between the limits of movement
      thereof, such as between substantially vertical position and horizontally
      extending position, with respect to both the back rest and/or leg rest.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a very
      simple, yet highly useful and effective adjustable, programmable control
      switch by which the motor of a power-operated operatory chair may be
      actuated and caused to stop at a desired location of the back rest and/or
      leg rest intermediately between the substantially vertical and horizontal
      limits of movement thereof.
PAR  It is another object of the invention to employ such adjustable,
      programmable control switch in relation to an actuator screw which is
      rotated by an electric motor mounted, for example, beneath the seat of the
      chair, the screw being associated with an appropriate nut, which is
      interconnected to the back rest, for example, in a non-rotatable manner
      relative to the screw.
PAR  It is a further object of the invention to combine such adjustable,
      programmable control switch preferably with limit switches which are
      adapted to stop operation of the motor when the opposite limits of
      movement of the back rest, for example, with respect to the seat, have
      been reached, whereby no injury to the chair elements or power means will
      result.
PAR  Still another object of the invention is to include gear reduction means
      between the electric motor and the actuator screw and also include
      speed-reduction means between the actuator screw and a shaft upon which
      cams are mounted for operating the limit switches, said shaft also
      adjustably supporting an additional actuator for the adjustable,
      programmable switch, whereby during a full excursion of movement of the
      back rest, for example, with respect to the seat between the opposite
      limits of movement of the back rest, said shaft upon which the switch
      actuating cams are mounted will rotate only approximately one full
      revolution.
PAR  Still another object of the invention is to provide an actuator for the
      adjustably operable programmable switch in the form of a manually
      engageable knob having a cam on one end thereof which operates the switch
      lever, said knob and cam being frictionally mounted on a readily
      accessible end of said shaft located preferably adjacent one side the seat
      of the chair, the friction of the connection being such that movement of
      the knob relative to the shaft easily may be effected, but said friction
      being sufficient to maintain the knob and cam at a desired location upon
      said shaft after an adjustable position thereon has been reached by the
      operator.
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of an exemplary power-operated chair embodying
      the principles of the present invention and in which the back rest and leg
      rest are illustrated in full lines in their substantially vertical
      position, while the same are illustrated in phantom in their extended,
      substantially horizontal position.
PAR  FIG. 2 is a diagrammatic illustration of the essential movable elements of
      the power-operated chair illustrated in FIG. 1.
PAR  FIG. 3 is a bottom plan view of the power-operated chair shown in FIG. 1,
      and in which the back rest and leg rest are shown in extended,
      substantially horizontal positions with respect to the seat.
PAR  FIG. 4 is a side elevation arranged to illustrate details of the power
      means which include an electric motor and screw jack connected thereto and
      the outer end of the screw jack being pivotally connected to an extension
      on the back rest, substantially as seen on the line 4--4 of FIG. 3.
PAR  FIG. 5 is a view similar to FIG. 4, but being arranged to illustrate the
      linkage by which one of the extensions on the back rest is connected to
      the leg rest in order to transmit direct movement thereto resulting from
      pivotal movement of the back rest with respect to the seat, as seen on the
      line 5--5 of FIG. 3.
PAR  FIG. 6 is a bottom plan view, partly in section, showing details of
      movement controlling mechanism embodying the principles of the present
      invention and supported adjacent the motor utilized to move the back rest
      and leg rest between the various limits of movement thereof, said figure
      being illustrated on a much larger scale than employed in FIG. 3, in which
      the movement controlling mechanism is shown in bottom plan view.
PAR  FIG. 7 is a fragmentary end view of part of the movement controlling
      mechanism shown in FIG. 6, as seen on the line 7--7 thereof, some of the
      mechanism being broken away to illustrate details, and the scale employed
      in said FIGURE being still larger than used in FIG. 6.
PAR  FIG. 8 is a fragmentary sectional view of the movement control mechanism
      otherwise illustrated in FIGS. 6 and 7, as seen along the axis of the
      shaft included in the control mechanism, the scale being similar to that
      used in FIG. 7.
PAR  FIG. 9 is a wiring diagram of an electrical circuit of the preferred type
      employed in the movement control mechanism of the present invention.
PAR  FIG. 10 is an enlarged sectional view of the gear reduction unit on the
      motor and the control mechanism operated thereby, as seen on the line
      10--10 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  For purposes of simplifying the following description and also for purposes
      of suitably illustrating the present invention, the illustration of a
      chair embodied in applicant's co-pending application, Ser. No. 288,185,
      filed Sept. 11, 1972, is employed in the present application and, as the
      basic structure, the first five figures of the instant application are the
      same as the corresponding first five figures of said copending
      application. Accordingly, a full description of all details of the chair
      illustrated in FIGS. 1 through 5 is curtailed herein, in comparison with
      description in said copending application, especially in view of the fact
      that the present invention is concerned primarily with movement
      controlling mechanism by which the back rest and leg rest of said chair
      are moved relative to the seat. Accordingly, for detailed description
      which is not found in the instant application, attention is directed to
      said co-pending application to provide the same.
PAR  Referring to the drawings, especially FIG. 1, it will be seen that the
      chair 10 to which the present invention pertains comprises a base 12 of
      any suitable type which supports the seat 14 by being connected to the
      frame structure 16 upon which the seat 14 rests. Pivotally connected to
      the seat 14 adjacent the rear edge thereof is a back rest 18. Similarly,
      adjacent the front edge of the seat 14, a leg rest 20 is pivotally
      connected. In accordance with the desired operations of chairs of the type
      to which the present invention pertains, such as those used in dental
      operatories, the practice of ophthalmology for examination and treatment
      of patients, barbers, and beauticians, as well as similar professions and
      occupations, it is desirable that the back rest 18 and also the leg rest
      20, when the latter is included in the chair structure, shall be movable
      between substantially and respectively vertical and depending directions,
      and substantially horizontally extending directions respectively from the
      rear and forward edges of the seat 14.
PAR  Appropriate mechanism for moving said back rest and seat rest between the
      limits of movement therefor illustrated respectively in full line and
      phantom manner in FIG. 1, is illustrated and described in detail in
      applicant's co-pending application referred to above. However, brief
      summary of such operating mechanism is set forth as follows:
PAR  Referring to FIG. 3, the back rest 18 is provided with a pair of similar
      extensions or projections 22 and 24, which, when the back rest 18 is in
      upright, substantially vertical position as shown in full lines in FIG. 1,
      depend from the lower edge thereof. The extension 22, at its extremity, is
      connected to one end of the conventional screw jack unit 26, shown in
      FIGS. 1, 3 and 4. Said screw jack unit comprises an exterior sleeve 26'
      within which another sleeve 27 of smaller diameter telescopes and the
      outermost end of which is pivotally connected to extension 22 on back rest
      18. The opposite end of sleeve 27 has a nut fixed thereto through which a
      screw of conventional type is threaded, said screw being rotated by the
      output shaft of gear unit 30 in accordance with well-known, conventional
      screw jack construction, whereby the screw is completely protected from
      leaking lubrication or otherwise exposing greasy mechanism. Gear unit 30,
      which is enclosed in a suitable housing is rigidly fixed to one end of the
      electric motor 32 which is mounted pivotally to the frame 16, which
      supports the seat 14. The screw of gear unit 30 is rotatable in opposite
      directions by the shaft 32' of motor 32 for purposes of extending and
      retracting the sleeve 27 of screw jack unit 26 for moving the back rest
      unit 18 between its opposite limits of movement, such as those illustrated
      in exemplary manner in FIG. 1.
PAR  The other extension 24, which is carried by back rest 18, is connected at
      its extremity to one end of a connecting link 34, the opposite end of said
      link being connected to one end of a push rod 36, which is supported
      slidably by a pair of fixed guide bearings 38, which are rigidly connected
      to frame structure 16 for the seat 14. The opposite end of the push rod 36
      is pivotally connected to one end of a link 40, the opposite end of which
      is pivotally connected to a suitable bracket 42 fixed to the under surface
      of the leg rest 20.
PAR  From the foregoing, it will be seen, for example, that when the back rest
      18 and leg rest 20 are in extended, substantially horizontal position, and
      the motor 32 is energized, the screw 26" of screw jack unit 26, shown in
      FIG. 8, will be rotated in a direction to project the sleeve 27 outwardly
      from the tube 26' and thereby cause the back rest 18 to be moved to
      upstanding position. Such movement also, by means of extension 24, which
      is connected to link 34, will move push rod 36 rearwardly with respect to
      seat 14, and thereby move the link 40 in a direction to cause the leg rest
      20 to descend to its depending position, such as shown in full lines in
      FIG. 1. Reverse movement of motor 32 will correspondingly move the back
      rest 18 and leg rest 20 from their respective upright and depending
      positions to rearwardly and forwardly substantially horizontally extended
      position. All of the foregoing basic mechansim and the operation thereof
      is described and illustrated in detail in applicant's co-pending
      application. The present invention concerns primarily the movement
      controlling mechanism by which such operation of the chair is achieved and
      details of said control mechanism are described, as follows:
PAR  Attention is now directed to FIGS. 6-8. In FIG. 6, the motor 32 is
      illustrated in association with the reduction gear unit 30, the cover of
      which has been removed for purposes of disclosing the mechanism contained
      in one end thereof and preferably the end which is nearest one side of the
      chair seat and below the same, as shown best in FIG. 4. The screw 22" of
      screw jack unit 26, at one end, has a small worm 44, projecting axially
      therefrom, as shown in FIG. 8, for driving engagement with a worm gear 46.
PAR  The worm gear 46 is fixed to a shaft 48, which extends at its opposite ends
      through opposing walls of the housing 30, as shown in FIGS. 6 and 8, said
      walls having suitable bearings therein to support shaft 48 therebetween
      and one end 50 of said shaft projects sufficiently beyond the adjacent
      wall of the gear unit 30 to receive a control and operator knob 52 which
      is readily accessible for adjustment beneath seat 14 and adjacent one side
      thereof as readily apparent from FIG. 3. Shaft 50 also supports a pair of
      switch actuators comprising face type cams 54 and 56, which may be secured
      to rotate therewith in any suitable manner, such as set screws or
      otherwise, not shown.
PAR  The pitch and relative diameters of the worm 44 and worm gear 46 are so
      selected that during the movement of the screw 26" of screw jack unit 26,
      which is required to move the back rest 18, for example, between its upper
      and lower limits of movement, the shaft 50 will be rotated substantially
      only one revolution. This is in order that the operating lobes 57 on the
      outer faces of the cams 54 and 56 may actuate the plungers or leaves of
      Micro-switches 58 and 60.
PAR  The Micro-switches 58 and 60 actually are limit switches. They respectively
      function to stop the movement of the back rest and, correspondingly, if a
      leg rest is mounted upon the chair, it, too, will have the movement
      thereof stopped in the opposite limits of positioning provided in the
      chair assembly. In the event, however, it is desired to stop the back rest
      and/or leg intermediately between the limits of movement thereof, such as
      by operating another switch in the electrical circuit, to be described, it
      will be seen that the knob 52, at one section of its exterior, is provided
      with a cam notch 62, see FIG. 7, for purposes of actuating the switch
      actuator 64 of an additional switch 66, such as a Micro-switch, which is
      suitably mounted upon a support plate 68, which is suitably attached to
      one wall of the housing of reduction gear unit 30, as best shown in FIG.
      6.
PAR  For purposes of disposing the cam notch 60 of knob 52 at a desired location
      to actuate the Micro-switch 66 and thereby stop the movement of the back
      rest 18, for example, intermediately between its opposite limits of
      movement, knob 52 is adjustable rotatably upon the end 50 of shaft 48 and
      any desired setting thereof upon the shaft is maintained by an insert 70,
      which is of a frictional nature, such as afforded by certain varieties of
      rubber compounds, synthetic resins, and otherwise. The frictional
      engagement between the inserts 70 and the end 50 of shaft 48 is sufficient
      that when the shaft 48 is being driven by the worm 44 and worm gear 46,
      the knob 52 will be carried thereby and thus, move the cam notch 62
      therewith so as to actuate switch 66 when the back rest 18, for example,
      reaches the desired intermediate position referred to above. However, if
      the desired intermediate position is unsuited for a certain patient or
      operation, that position readily can be changed by moving the knob 52, and
      correspondingly, the cam notch 62, to a different position corresponding
      to the intermediate position of back rest 18 which is next desired. This
      is accomplished by rotating the knob 52 upon the end 50 of shaft 48, so as
      to overcome friction of the insert 70 momentarily, whereby when the new
      position of the knob upon the end 50 of the shaft is set, the knob will be
      maintained in that position upon the end 50 of the shaft until a further
      adjustment in the setting is desired. In the preferred operation of the
      chair, the adjustable program switch functions only while the back rest is
      moving rearward and downward. During return movement to upright position,
      the full movement occurs without interruption.
PAC  ELECTRICAL CIRCUIT
PAR  Referring to FIG. 9, an electrical circuit is illustrated diagrammatically
      which is of a nature suited to embody the Micro-switches 58, 60 and 66 and
      connect the same to the motor 32. In accordance with customary structure,
      operating and control switch buttons of various kinds are mounted,
      preferably in a bank 72 thereof, which is supported for convenience of the
      operator at any suitable location, such as upon one side of the back rest
      18, as shown in FIGS. 1 and 3-5. In view of the fact that the switch gear
      preferably is carried by the back rest 18, and other electrical units of
      the circuit preferably are carried by the seat 14, suitably on the under
      surface thereof, it will be seen in FIG. 9 that the back rest 18 has been
      outlined in phantom by a rectangular block and the seat 14 also has been
      outlined in phantom by a rectangular block. Preferably, there is a bank of
      switches on each side of the back rest 18, whereby said back rest and/or
      leg rest may be operated from either side of the chair, at the convenience
      of the dentist or attendant. Accordingly, in FIG. 9, it will be seen that
      in the rectangle denoting the back rest 18, a double set of switches is
      included in the circuit. Electric power from a suitable source is
      delivered to the chair through the feed line 74 and return line 76 of the
      circuit. A pair of momentary stop switches 78 wired normally closed
      respectively are included in the banks of switches 72 on opposite sides of
      back rest 18, as will be seen from the circuit in FIG. 9. Also, in
      designating additional switches in said circuit of FIG. 9, solid lines
      have been used to indicate switches in open position for the exemplary
      arrangement of the circuit illustrated in said figure, while broken lines
      have been used to indicate the switches in closed position.
PAR  At the left-hand side of FIG. 9, within the enclosure denoting back rest
      18, a pair of rocker momentary type switches 80 and 82 that operate to
      either side of a center OFF position, are included in the circuit. One
      side of each of these switches, when closed, will arrange the circuit to
      drive the motor 32 in a direction to move the back rest 18 toward its
      lowermost position, while conversely, the other side of each switch, when
      closed, will control the circuit to operate the motor 32 in a direction to
      raise the back rest 18 toward its uppermost position. The Micro-limit
      switch 58, shown in FIG. 6, is included in the circuit in FIG. 9 and
      represents, for example, the means to limit the maximum upward movement of
      back rest 18. Normally, the switch is closed and when the maximum position
      is reached, the switch will be opened to disrupt the supply of current to
      motor 32.
PAR  Directly below switch 58 in FIG. 9, is Micro-limit switch 60, which also is
      shown in FIG. 6, and the switch normally is closed. It is disposed in the
      circuit in a manner to limit the maximum downward movement of back rest 18
      to its substantially horizontal position, such as shown in full lines in
      FIG. 4, and when that position is reached, the switch 60 will be opened
      and disrupt the flow of current to motor 32.
PAR  The Micro-switch 66, herein shown in the circuit in FIG. 9, is considered a
      program switch, due to its adjustable position capability, and thereby is
      used to stop the movement of back rest 18 intermediately between its
      maximum limits of movement. Normally, the switch is closed, but when the
      actuator 64 thereof drops into cam notch 62 on knob 52, the switch will be
      opened and disrupt current to the motor 32, and thereby stop movement of
      the back rest 18. Thus, knob 52 is the program switch operator. In the
      preferred operation of the chair, the adjustable program switch functions
      only while the back rest is moving rearward and downward. During return
      movement to upright position, the full movement occurs without
      interruption.
PAR  The circuit in FIG. 9 also includes, in broken line rectangular outline, an
      up relay 84, and correspondingly, a down relay 86. Also, the motor 32 is a
      single phase motor and has an upwinding 88 and a downwinding 90.
PAR  To summarize and more fully explain the details and functions of switches
      80 and 82 and relays 84 and 86, the following is submitted for purposes of
      clarity to supplement the foregoing description. To move the back rest
      toward its lowermost position, contact 80A or 82A of switch 80 or 82 is
      moved momentarily to contact terminal 80B or 82B, thus energizing the coil
      of relay 86 if limit switch 60 is closed. Contact 94 of relay 86 will keep
      the relay coil energized as long as both switches 60 and 66 remain closed,
      and contact 92 thereby supplies power to winding 90 of motor 32. When the
      chair back reaches a predetermined intermediate position or its lowest
      position, either program switch 66 or limit switch 60 will open, thus
      releasing the relay 86 and stopping the motor. Pushing the button, not
      shown, of either stop switch 78 will open the same and also interrupt the
      relay coil circuit and stop the motor. Similarly, to elevate the back
      toward the upright position, contact 80C or 82C of switch 80 or 82 is
      moved momentarily to contact terminal 80D or 82D and thus, energize the
      coil of relay 84, if limit switch 58 is closed, and thereby energize
      winding 88 of motor 32. Contact 94 of relay 84 will keep the relay coil
      energized until a stop switch 78 is opened or limit switch 58 opens at the
      uppermost position of the chair back and thus, stops further movement
      thereof.
PAR  In the circumstance where the back rest 18 has been moved to an
      intermediate position, such as by operation of the switch 66, and it is
      desired to have the back rest move, for example, to its lowermost
      position, this may be done by holding the rocker switch contact 80A of
      switch 80 or switch contact 82A of switch 82 respectively in engagement
      with the contact terminals 80B and 82B until the program switch 66 resets
      itself by closing, due to the continued operation of shaft 48 and knob 52
      thereon. The up relay and down relay 84 and 86 each contain a motor
      contact 92, as well as a holding relay contact 94 which function in normal
      manner.
PAR  Basically, the switches 80 and 82 are the momentary type, meaning that it
      is merely necessary to press either the upside or downside of the switches
      80 and 82 and then release the switch actuator. Such action energizes the
      coil of one of the relays, depending upon the switch which is actuated,
      and this will serve to maintain the circuit to themmotor complete so that
      the motor will continue to move the back rest until either the limit
      switch 58 or 60 is actuated at the end of the maximum travel of the back
      rest in the direction from which it started. If, in the meantime, the
      program switch 66 has been set to intervene in the movement of the back
      rest under the foregoing circumstances, prior to one or the other of the
      limit switches being opened, the program switch 66 will be opened by the
      operation of the knob 52 and will thereby stop the movement of the back
      rest at a desired pre-set position.
PAR  From the foregoing, it will be seen that a useful adjustable program type
      switch is included in the operating circuit of the motor which moves the
      back rest and leg rest relative to the seat, to augment the function of
      the limit switches and thereby permit automatic stopping of rearward and
      downward movement of the back rest intermediately of its opposite maximum
      limits of movement in opposite directions. The program switch is simple in
      construction and easy to install, in addition to contributing extensively
      to the convenience and versatility of the chair.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chair including a seat, a back rest pivotally connected to said seat
      adjacent the rear edge thereof, power means comprising an electric motor
      mounted upon said chair, actuating means connected to said back rest and
      operable to move the same reversibly between normal substantially upright
      and rearwardly extending positions comprising opposite limits of movement
      thereof, reduction gear means connecting said actuating means to said
      motor for operation thereby, a worm and worm gear driven by said reduction
      gear means, and a shaft rotated by said worm gear for no more than one
      revolution during the full movement of said back rest between said
      substantially upright and rearwardly extending positions, in combination
      with an electrical control circuit for said motor comprising a plurality
      of limit switch means, said electric circuit being connected between said
      limit switch means and motor and a source of current and said switch means
      being operable to de-energize said motor when said back rest reaches
      either the normal upright or rearwardly extending limits of movement
      thereof, an adjustable program switch connected in said circuit, and an
      operator for said program switch adjustably carried by said shaft which is
      driven by said worm and worm gear and is operable during the actuation of
      said motor while moving said back rest toward said rearwardly extending
      limit position to de-energize said motor and thereby stop movement of said
      back rest prior to the same reaching said normal rearward limit of
      movement thereof.
NUM  2.
PAR  2. The chair according to claim 1 in which the motor is mounted beneath
      said seat, and said operator for said program switch also being positioned
      for ready access beneath said seat.
NUM  3.
PAR  3. The chair according to claim 1 in which said shaft has cams thereon
      respectively engageable with said limit switch means and thereby operable
      to interrupt the circuit to said motor and stop movement thereof when said
      back rest reaches said limits of movement thereof in opposite directions.
NUM  4.
PAR  4. The chair according to claim 3 further including an actuator screw
      interconnected to said actuating means and motor and driven by said motor
      to move said back rest in opposite directions between said limits of
      movement thereof.
NUM  5.
PAR  5. The chair according to claim 1 in which said operator for said
      adjustable program switch carried by said rotatable shaft is connected
      thereto adjustably and said operator being operable to actuate said switch
      and de-energize said motor at a desired position of said back rest prior
      to the same reaching one of its normal limits of movement as aforesaid.
NUM  6.
PAR  6. The chair according to claim 5 in which said adjustable connection of
      said operator for said program switch upon said shaft comprises frictional
      means on said operator engageable frictionally with said shaft, said
      frictional engagement being adequate to maintain said cam in an adjusted
      position thereon after being adjusted relative to said shaft but said
      frictional engagement being capable of being overcome by manual movement
      of said cam relative to said shaft to establish a different desired
      position of said cam upon said shaft.
NUM  7.
PAR  7. The chair according to claim 6 in which said program switch has an
      actuator and said operator for said switch comprises a knob having a cam
      surface engaged by said switch actuator to effect opening of said switch
      at a desired position of said back rest intermediate of the opposite
      limits of movement thereof.
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ABST
PAL  The dental chair is provided which has pivotally connected back, seat and
      footrest sections, the seatrest being journaled in turn to a base member.
      A motor carried by the seat and connected to the backrest provides for
      articulation of the backrest relative to the seat. A link extending
      between the back and footrest provides for articulation of the footrest
      relative to seat and a cam connected between the link and seat provides
      for articulation of the seat about the base member; all movements being
      accomplished simultaneously upon operation of the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to articulated dental chairs and
      more particularly to a dental chair wherein articulation of the back, seat
      and footrest sections are accomplished in synchronism upon operation of a
      single motor.
PAR  Dental chairs are known in which the back, seat and footrest sections are
      articulated relative to each other upon actuation of a single motor. For
      example, as the backrest is moved from an upright to a reclined position,
      it is desirable to simultaneously elevate the footrest and to tilt the
      chair slightly. This permits the dentist to smoothly translate the patient
      through all operative positions while minimizing excessive positioning
      decisions on his part.
PAR  Further, it is desirable to have the backrest pivoted at a location
      simulating the theoretical hip joint of the patient. In most chairs, the
      center of rotation of the chairback doesn't coincide with the center of
      rotation of the patient's back (the hip joint). As a result, during
      inclination of the backrest, the curve traced by a point on the back of
      the patient's head, does not coincide with a curve traced by a
      corresponding point on the headrest of the chair. The headrest thus
      appears to pull away from the patient's head during inclination and causes
      discomfort to the patient. When fully inclined, the patient must readjust
      his position for his comfort and to enable the dentist to work more
      effeciently. When the chairback rotates back up, because of the patient's
      new position, the chairback tends to "pinch" the patient in the lower back
      region.
PAR  Under the pivoting conditions described in this invention, the curve traced
      by a point on the back of the patient's head, does coincide with the
      corresponding point on the headrest. As such, there is no discomfort to
      the patient while being positioned into the supine position, no need for
      the patient to readjust when supine, and no discomfort to the patient when
      being returned to the upright position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be characterized in one aspect thereof by the
      provision of a dental chair having articulating back, seat and footrest
      sections; a link interconnecting the backrest and the footrest; cam means
      interconnecting the link and seatrest; and a motor carried by the seatrest
      and operatively connected to the backrest for articulating the backrest
      relative to the seatrest, the footrest and seatrest in turn being
      articulated responsive to movement of the backrest via the link and cam
      means respectively.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a dental chair having
      simultaneously adjustable back, seat and footrest sections wherein the
      backrest articulates at the theoretical hip joint of the patient.
PAR  Another object of the present invention is to provide a dental chair
      wherein the footrest is elevated and the seatrest tilted upon reclining
      the chair back.
PAR  A further object of the present invention is to provide a dental chair
      having independent means to vary the elevation of the footrest.
PAR  Yet another object of the present invention is to provide a dental chair
      wherein the operation of a single motor acts to recline the chair back,
      elevate the footrest and tilt the seatrest sections of the chair.
PAR  These and other objects, advantages and characterizing features of the
      present invention will become more apparent upon consideration of the
      following detailed description thereof when taken in consideration of the
      accompanying drawings depicting the same.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the dental chair in a partly declined
      position, portions of the chair being broken away and in section for
      purposes of illustration; and
PAR  FIG. 2 is a plan view of a part of the chair, portions being removed for
      purposes of clarity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 shows the dental chair of the present
      invention generally indicated at 10. The chair includes a base portion 12,
      only a portion of which is shown in the figure. At the rear of the base is
      a pair of spaced supports 14. Extending between the supports is a axle 16,
      the purpose of which is set out hereinbelow. Upstanding at the forward end
      of the base is a slide bearing 18, the purpose of which is also set out
      hereinbelow.
PAR  The patient support portion of the dental chair includes a seatrest 20, a
      backrest 22 and a footrest 24. The footrest is pivoted to the seatrest at
      26 and the backrest is pivoted to an upstanding extension 28 of the
      seatrest at 30. Locating pivot 30 on an upstanding portion of the seatrest
      locates this pivot at the theoretical hip joint of the patient.
PAR  The seatrest includes a cross head member 32, a pair of side wall members
      34 and a depending clevis 36. Cross head 32 is journaled to axle 16 so
      that the seatrest can be tilted with respect to base 12.
PAR  Pivoted to the depending end of clevis 36 is a reversable motor 38. Motor
      38 is of the type which has an internal nut which is rotated to translate
      a drive screw 40 to the left or right as viewed in the FIG. 1. One end 42
      of the screw is attached to an extension 44 of the backrest. As best seen
      in FIG. 2, this attachment is at a position outboard of the crosshead.
      Thus, as the motor is operated to translate screw 40 to the left or the
      right as viewed in the figure the screw will respectively push or pull on
      backrest extension 44 to elevate or lower the backrest with respect to
      seat 20, this movement or articulation being accomplished about pivot 30.
PAR  Also connected to backrest extension 44 adjacent the screw connection is
      one end of a link 46. FIG. 2 shows that a pair of such links are provided
      one at each side of the chair. However, as the construction and function
      of both links is the same, only one will be described in detail. The link
      extends through bearing 18 and has an adjustable extension 48 which
      contacts footrest 44. With this arrangement, movement with the backrest is
      transmitted through the link to the footrest so that as the backrest is
      lowered, the footrest is elevated and visa versa, as the backrest is
      raised, the footrest is lowered.
PAR  Intermediate its ends, link 46 carries a cam follower 50 which is engaged
      in a arcuate cam groove 52 formed in the side wall 34 of the seatrest.
      With this cam connection, the seatrest is likewise tilted up or down about
      axial 16 as the backrest is lowered and raised respectively.
PAR  In operation then, whatever the dentist desires to adjust the position of
      the plaintiff. Suitable controls on the dental chair (not shown) are
      operated to energize motor 38. For example, assuming that the chair is to
      be adjusted from the reclining position shown in the drawing to an upright
      position, the motor is energized so as to move lead screw 40 to the left
      as view in the figure. As screw 40 is translated to the left, it exerts a
      pushing force on backrest extension 44 to pivot backrest upwardly about
      pivot 30. At the same time, this upward movement of the backrest pulls
      link 46 causing the link also to translate to the left as viewed in the
      figure. This translation of link 46 has two resulting motions, first of
      all, it allows footrest 24 to lower and secondly, the cam connection
      between cam follower 50 and the arcuate cam groove 42 causes a seatrest 20
      to tilt downwardly about its pivot 16. In this manner then, the
      articulation of the backrest, footrest and the tilting of the seatrest are
      accomplished simultaneously. An opposite adjustment of the dental chair is
      accomplished by reversing motor 38 to translate screw 40 to the right as
      viewed in the figure.
PAR  As set forth herein above, link extension 48 may be independently adjusted
      and set to control the relative positioning of footrest 44. In this
      respect, the extension is pivoted intermediate its ends to link 46 at 54.
      One end of the extension carries a roller member 56 which directly
      contacts footrest 44. The other end 58 of the extension is contacted by a
      screw member 60 which is threaded through a link portion 62. By turning
      screw 60, it is possible to rotated extension 48 slightly about pivot 54.
      Depending upon the direction of the rotation, the link extension will
      either increase or decrease the respective length of the link which in
      turn will slightly raise or lower the footrest. Once the relative position
      of the footrest has been set with screw 60, the footrest will maintain
      this relative positioning as the various sections of the chair are
      articulated as set forth hereinabove.
PAR  Thus, it should be appreciated that the present invention accomplishes it
      intended objects in providing a dental chair wherein the articulations of
      the backseat and footrest sections are accomplished simultaneously and in
      a coordinated manner. Only a single motor is used to affect the
      coordinated movement of the various chair sections. In addition, a simple
      one screw adjustment is provided for initially setting the position of the
      footrest section with respect to the other sections of the chair
CLMS
STM  Having thus described the invention in detail, what is claimed as new is:
NUM  1.
PAR  1. A dental chair comprising:
PA1  a. pivotally connected back, seat and footrest sections;
PA1  b. a base having a rearward portion pivotally supporting said seatrest
      section and a forward guide portion;
PA1  c. motor means carried by said seatrest section and operatively connected
      to said backrest section for articulating said backrest relative to said
      seatrest;
PA1  d. a linearly movable link connected to said backrest and extending through
      said guide portion to contact said footrest section for articulating said
      footrest responsive to movement of said backrest; and
PA1  e. cam means connecting said link and seatrest section for articulating
      said seatrest about said rearward portion responsive to movement of said
      backrest.
NUM  2.
PAR  2. A dental chair as in claim 1 in which said backrest is pivotally
      supported at a point spaced above said seatrest and has a lower extension,
      one end of said link being connected to said backrest extension.
NUM  3.
PAR  3. A dental chair as in claim 2 comprising:
PA1  a. a clevis depending from said seatrest; and
PA1  b. said motor means including a reversible drive motor pivotally connected
      to said clevis and a screw translated by said drive motor, one end of said
      screw being connected to said backrest extension.
NUM  4.
PAR  4. A dental chair as in claim 2 wherein said cam means comprises:
PA1  a. an arcuate cam slot in said seatrest; and
PA1  b. a cam follower on said link engaged in said slot.
NUM  5.
PAR  5. A dental chair as in claim 3 wherein said drive motor is of the type
      having an internal rotating drive nut wherein said nut rotates to
      translate said screw in a rotation free manner.
NUM  6.
PAR  6. A dental chair as in claim 1, wherein the length of said link is
      adjustable and includes:
PA1  a. a member pivoted intermediate its ends to one of said link;
PA1  b. a roller on said member engagable against said footrest
PA1  c. means on said link for rotating said member about said link end to
      adjust the effective length of said link.
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ABST
PAL  A back support for a chair having a seat and a back pad. The support
      includes an elongated support member attached at one end to the chair seat
      and at its other end to the back pad. The back pad attachment includes a
      flexible block attached to the back pad with a clip disposed in part
      between the block and the pad. The clip includes top and bottom portions
      disposed on either side of the block with one of the portions including a
      lip along one edge thereof. The block and the clip are forced into a
      pocket on the support member. The pocket includes a slot to receive the
      lip thereby securing the back pad to the support member. The flexing of
      the block permits the back pad to pivot thereby adjusting the back pad
      position to the contour of the back of a person seated on the chair.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the field of chairs and more
      particularly to a back support for a swivel chair.
PAR  Characteristically, swivel chairs include a base to which a seat is swivel
      mounted. Extending upwardly from the seat is a back support which
      generally includes a back pad mounted at the upper end of the back
      support. Normally, the back pad is pivotally mounted to the support member
      so that its position will adjust to the contour of the back of a person
      seated on the chair.
PAR  Many chairs, and particularly swivel chairs, are commonly shipped in a
      "knock-down" or disassembled condition so as to minimize shipping costs.
      Consequently, assembly of the chair devolves upon the retailer or the
      ultimate customer. In either event, assembly should be a very simple, easy
      task accomplished with a minimum of power or hand tools.
PAR  Most swivel chairs include pivotal mountings between the chair back pad and
      an elongated back support member to which the back pad is mounted.
      Typically, these pivotal mountings are complex and difficult for an
      unskilled customer or retailer to assemble and consequently, many swivel
      chairs are shipped with the back pad and back support in an assembled
      condition. This manner of shipment is not optimal since it wastes shipping
      space, but it avoids having customers assemble complex pivotal assemblies.
PAR  It has therefore been an objective of the present invention to provide a
      pivotally interconnectable chair back support and back pad of simple
      design permitting the two back sections of the chair to be shipped in
      "knock-down" condition and easily assembled by the customer.
PAR  It is a further objective of the invention to provide an easily assembled
      chair back support having a silent cushioned pivotal movement between the
      back pad and a support member thereby providing maximum comfort in
      combination with an easily assembled structure.
PAR  It is a further objective of the invention to provide a back support for a
      swivel chair wherein the pivotal connection between the back pad and the
      support member has all its movable parts completely enclosed, thereby
      enhancing the appearance of the chair.
PAR  It is still a furhter objective of the invention to provide a back support
      for a swivel chair that can be disassembled if necessary with the use of
      simple hand tools.
PAC  BRIEF DESCRIPTION
PAR  The invention is predicated in part on the concept of providing a back
      support for a chair having a resilient connection between a back pad and a
      vertical back support bar or post. The connection between the two is such
      that the two may be shipped separately but joined together or assembled in
      the field without the use of any tools by a simple snap fit
      interconnection.
PAR  More specifically, the back support comprises a conventional vertical back
      support bar or post adapted to be attached at its lower end to the chair
      seat. At its upper end the back support post has a recess or pocket for
      receiving a resilient snap fit connector secured to the back pad. The snap
      fit attachment includes a flexible block of rubber which is secured to the
      back side of the back pad. A clip is disposed between the flexible block
      and the back pad. The clip includes two side portions which are disposed
      on opposite sides of the block. One of the side portions includes a lip
      adapted to be snap fit into a slot at the back of the recess or pocket of
      the vertical post. When the rubber block and clip are received into the
      pocket and the lip of the clip snapped into the slot at the rear of the
      pocket, the connection is such that the lip and slot are resiliently
      retained in engagement by the rubber block and cooperate to flexibly
      retain the back pad on the support member.
PAR  Since the block is made of a flexible material, the back pad can pivot on
      the back support about the longitudinal axis through the block which is
      generally parallel to the longitudinal axis of the lip. The flexing action
      of the block permits the back pad to be self adjusting to conform to the
      contour of the back on a person seated on the chair.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and features of the invention will become more clear
      from the following detailed description of a preferred embodiment of the
      invention taken in connection with the drawings which form a part of the
      original disclosure wherein:
PA1  Fig. 1 is a perspective view of a swivel chair including the back support
      of the present invention;
PA1  Fig. 2 is a fragmentary perspective view of the chair back pad showing the
      pivotal connection mounted thereon;
PAR  FIG. 3 is a perspective view of the clip which forms part of the pivotal
      connection;
PAR  FIG. 4 is a perspective view of the flexible block which forms part of the
      pivotal connection;
PAR  FIG. 5 is a perspective view of the pocket formed at the upper end of the
      vertical support post;
PAR  FIG. 6 is a longitudinal sectional view taken through the vertical support
      post and the back pad wherein the back pad is attached to the support
      post;
PAR  FIG. 7 shows diagrammatically the pivoting of the back pad on the support
      member.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a typical swivel chair is shown generally at 10.
      The chair includes a base 12 having a plurality of casters 14 mounted
      thereon to permit free rolling of the base 12 on a support surface. A
      vertical support member 16 extends upwardly from the base 12 and is
      rotatably mounted, as shown generally at 18, to the base 12 permitting the
      support member 16 to freely rotate about a vertical axis therethrough.
PAR  Mounted at the upper end of the support member 16 is a chair seat 20 which
      is preferably padded for the comfort of the person seated on the chair.
      Extending rearwardly from underneath the chair seat 20 is a support
      bracket 22 which is connected either to the bottom of the seat 20 or to
      the vertical support member 16 in a manner well known to the swivel chair
      art. Typically, however, the bracket 22 has a threaded screw (not shown),
      which extends rearwardly from the bracket 22 and passes through a slot or
      hole in a vertical back support post 24. The post is conventionally
      secured to the bracket 22 by a clamp nut 26.
PAR  Disposed at the upper end of the elongated support member 24 is a back pad
      28. The back pad 28 preferably includes padding for comfortably contacting
      the back of a person seated on the chair. The back pad 28 is pivotally
      connected at a point shown generally at 30 to the support member 24 in a
      manner which will be described hereinafter in greater detail.
PAR  Referring now to FIG. 2, the back pad 28 is shown disassembled from the
      support post 24. The chair typically is shipped from the factory in this
      condition and, in a manner which will become clear hereinafter,
      subsequently assembled at the customer location.
PAR  Centrally located on the back side of the back pad 28 is a snap fit
      connector or attachment shown generally at 32. The connector 32 includes
      an elongated resilient rubber block 34 which is secured to the pad 28 by
      screws 36 which extend through the block 34 into the back side of the back
      pad 28. Located between the screws 36 and between the flexible block 34
      and the back of the back pad 28 is a generally U-shaped clip 38.
PAR  The clip 38, as better viewed in FIG. 3, is preferably made of a thin
      flexible metal sheet formed to include a central portion or web 40 which,
      as viewed in FIGS. 2 and 6, is disposed between the flexible block 34 and
      the backside of the back pad 28. The clip 38 comprises a generally
      rectangular shaped planar central portion having side portions 42 and 44
      extending generally in a perpendicular direction to the central portion
      40. Since the clip 38 is preferably made of sheet metal, the side portions
      42 and 44 comprise extensions of the central portion 40 bent to form an
      angle of approximately 90.degree. between the side portions 42 and 44 and
      the central portion 40. In addition, a lip 46 is formed at one edge of the
      side portion 44 by bending the side portion 44 downwardly thereby forming
      a lip 46 lying in a plane parallel to the plane of the central portion 40.
      The lip 46, as will become more apparent later, aids in securing the back
      pad 28 to the support member 24.
PAR  Referring now to FIG. 4, the flexible block 34 is shown in greater detail.
      As indicated generally above, the flexible block 34 comprises an elongated
      rectangular cross section flexible material such as rubber or the like.
      Holes 48 extend through the block 34 in a direction substantially
      perpendicular to the longitudinal axis. These holes 48 provide a
      passageway for the screws 36 which attach the block 34 to the back side of
      the back pad 28. The holes 48 are preferably located near opposite ends of
      the block 34 thereby permitting the clip 38 to be disposed between the
      screws 36 when the block 34 is attached to the back pad 28. Preferably,
      the holes are countersunk as indicated at 50 for the reception of the head
      of each screw 36.
PAR  As viewed in FIG. 1, the upper end of the vertical post 24 comprises a
      substantially T-shaped section. As viewed in FIG. 5, the horizontally
      disposed portion of the T-shaped section has a pocket or recess, shown
      generally at 52, formed therein which is sized and shaped so as to
      facilitate reception of the snap fit connector 32 into the pocket 52. The
      pocket 52 is formed by a substantially rectangular shaped entrance from
      which extend side walls 51, 53, a top wall 55, and a bottom wall 54.
      Disposed along the bottom wall 54 of the pocket 52 is an upwardly and
      inwardly sloping cam surface 56 which terminates short of the wall 58 so
      as to define a slot 62 at the lower back corner of the recess. This slot
      is adapted to receive the lip 46 of the clip 38 when the back pad 28 is
      attached to the support member 24.
PAR  Securement of the back pad 28 to the vertical support post 24 requires only
      that the snap fit connector or attachment 32 be aligned and forced into
      the pocket 52 by hand. As the attachment 32 is forced into the pocket 52,
      the lip 46 is displaced upwardly, as viewed in FIG. 6 by the cam surface
      56. Once the lip 46 passes beyond the cam surface 56 of wall 54, the force
      of the flexible block 34 on the side portion 44 will force or snap the lip
      46 downwardly into the slot 62 to the position shown in FIG. 6. In this
      position, the back pad is permanently secured to the post.
PAR  In order to facilitate removal of back pad 28 from the vertical post, slot
      61 is formed in the bottom 54 of the front face of the T shaped section of
      the post 24. This slot 61 extends rearwardly from the front fact to a
      depth whereby it intersects the rear slot 62 of the pocket 52.
PAR  If, for some reason, it is desired to remove the back pad 28 from the
      support member 24, removal is possible with a tool such as a screwdriver.
      The blade end of the screwdriver is forced upwardly through the slot 61 to
      engage the lip 46. By forcing the lip in an upward direction as defined by
      the arrow labeled A in FIG. 6, the lip 46 can be displaced upwardly out of
      engagement with the bottom wall 54 thereby permitting the back pad 28 and
      the attached snap fit connector 32 to be withdrawn from the pocket 52. As
      such, the back support of the present invention permits attachment of the
      back pad 28 to the support member 24 without requiring any tools and
      removal of the back pad 28 from the support 24 can be accomplished with
      only a simple screwdriver.
PAR  By reason of the above described attachment mechanism for attaching a back
      pad 28 to a support member 24, the movable parts of the attachment means
      32 are completely enclosed by the pocket 52 thereby enhancing the chair
      appearance because of this concealment. Furthermore, since the pivotal
      connection is provided by a flexible block 34, lubrication of this pivotal
      connection is not required. Should the attachment means 32 require
      maintenance, however, maintenance can be performed at the customer
      location with simple hand tools.
PAR  While the foregoing description has been made with particular emphasis on a
      preferred embodiment of the invention, it will be recognized by those
      skilled in the art that many modifications in form only may be made
      without departing from the spirit and scope of the invention as defined by
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A back support for a chair which includes a back pad comprising, in
      combination:
PA1  an elongated resilient block attached to the back pad;
PA1  a clip in part disposed between said block and said back pad;
PA1  a locking element integrally formed on said clip,
PA1  a support member including a pocket disposed therein, said pocket being
      shaped to receive said block and said clip, a portion of said pocket
      cooperating with said locking element of said clip when said block and
      clip are inserted therein to resiliently urge said locking element to a
      locked position wherein the back pad is connected to said support member
      for pivotal movement relative thereto.
NUM  2.
PAR  2. The back support of claim 1 in which said locking element comprises an
      outwardly extending lip disposed along one edge of said clip, a slot
      disposed inside said pocket, said lip being resiliently urged into said
      slot when said block and said clip are received by said pocket to attach
      the back pad to said support member.
NUM  3.
PAR  3. The back support of claim 2, additionally including an opening through
      said support member into said pocket so that a tool can be inserted
      therethrough to engage said clip and disconnect the back pad from said
      support member.
NUM  4.
PAR  4. A back support for a chair which includes a seat and a back pad
      comprising, in combination:
PA1  an elongated flexible block attached at opposite ends thereof to the back
      pad,
PA1  a generally U-shaped clip with a central portion and two side portions
      disposed on opposite edges of said central portion, said central portion
      of said clip being disposed between said flexible block and the back pad,
      and said two side portions being disposed with said flexible block
      therebetween, at least one said side portion including a lip disposed
      along one edge thereof; and
PA1  an elongated support member adapted to be attached at one end to the chair
      seat and including a pocket located at the opposite end of said support
      member from the attachment point to the chair seat, said pocket being
      shaped to receive said flexible block and said clip, said pocket including
      an interiorly disposed slot for receiving said lip when said flexible
      block and said clip are received by said pocket, the retaining action of
      said lip received by said slot being operative to attach the back pad to
      said elongated support with the flexing action of said flexible block
      permitting the back pad to pivot on said elongated member to adjust the
      back pad position to the contour of the back of a person seated on the
      chair.
NUM  5.
PAR  5. The back support of claim 4 wherein said flexible block is made of a
      hard rubber material.
NUM  6.
PAR  6. The back support of claim 4 wherein said clip is made of a metal sheet.
NUM  7.
PAR  7. The back support of claim 4 wherein said pocket includes at least one
      inwardly sloping cam, said cam sloping inwardly from the entrance to said
      pocket, said cam having a rear surface which comprises part of said slot
      for receiving said lip.
NUM  8.
PAR  8. The back support of claim 4 additionally including an opening through
      said pocket for exposing said lip when received in said slot, said opening
      being adapted to receive a tool for forcing said lip out of said slot to
      permit removal of the back pad from said support member.
NUM  9.
PAR  9. A back support for a chair which includes a vertical support member and
      a back pad,
PA1  a snap fit connector for securing said back pad to said vertical support
      member, said connector including
PA1  an elongated resilient block attached to the back pad,
PA1  a clip of unitary construction with a central planar portion and two side
      portions extending from opposite edges of said central portion, said
      central portion being disposed between said block and the back pad, at
      least one side portion of said clip including a lip integrally formed
      therewith,
PA1  said vertical support member including an open pocket for receiving said
      block and said clip, said pocket including a slot into which said lip is
      resiliently urged by said resilient block when said block and clip are
      fully received by said pocket.
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ABST
PAL  A dental chair which comprises a seat, a back inclinable relative to said
      seat, first means for effecting inclination of said back, second means for
      pushing the front portion of said seat upward, and third means operable in
      response to overinclination of said back beyond the normal inclination
      thereof to drive said second means so as to raise the front portion of
      said seat relative to the rear portion thereof.
BSUM
PAR  This invention relates to a dental chair of such a type that the
      inclination of the chair back relative to the chair seat is adjustable.
PAR  The dental chair of the type with which the present invention is concerned
      is provided with a base, a seat vertically movable relative to the base
      and a back attached to the seat so as to be inclinable relative to the
      seat. When a patient undergoes dental treatment, he is seated in the chair
      with his back leaning against the back of the chair. In order to bring the
      mouth of the patient to a position most suitable and convenient for the
      treatment, the chair seat is raised or lowered and the chair back is
      adjusted to a proper inclination relative to the chair seat.
PAR  In some cases, the chair back is lowered to a horizontal position so that
      the patient lies flat on the chair back and seat.
PAR  Experience shows that while a treatment of, say, pulling out a tooth is
      being conducted, the patient sometimes becomes temporarily anemic. In such
      an emergency the patient's head must be lowered below the level of his
      heart. To this end, the chair seat may be so inclined that the position of
      the patient's knees is higher than that of his waist and the chair back is
      so inclined beyond the horizontal line that the patient's head is
      positioned below his waist.
PAR  However, in the prior art chairs besides the mechanism for changing the
      inclination of the chair back for normal treatment there was provided a
      separate mechanism for effecting the above movements of the seat and the
      back of the chair. The separate mechanism is such as to rotate the chair
      back about the pivot thereof to the chair seat so as to "overincline" the
      chair back relative to the chair seat. However, if under the normal
      condition when the seat is raised above the horizontal line, such an
      emergency as was previously mentioned occurs the chair back must first be
      lowered or inclined to a substantially horizontal position by operating
      the usual mechanism provided for the purpose, and then the additional
      mechanism for over-inclination of the chair back is operated, or
      alternatively the additional mechanism is first operated and then the
      usual mechanism is operated to incline the chair back.
PAR  Thus, in the prior art dental chairs, the operation in case of emergency is
      doubled and troublesome, with structural complication caused by the
      provision of the mechanism for normal adjustment of the inclination of the
      chair back and the additional mechanism for overinclination thereof in
      emergency cases such as previously mentioned.
PAR  Accordingly, the principal object of the invention is to provide a dental
      chair the operation of which is much simplified in an emergency.
PAR  Another object of the invention is to provide a dental chair in which the
      operation for overinclination of the chair back in case of emergency
      causes the chair seat to be tilted.
PAR  Another object of the invention is to provide a dental chair in which the
      motion of the chair back for overinclination in case of emergency is
      utilized to effect tilting of the chair seat.
PAR  Another object of the invention is to provide a dental chair in which the
      drive for inclination of the chair back is used also for tilting of the
      chair seat.
PAR  Another object of the invention is to provide a dental chair in which the
      tilting of the chair seat is initiated in ganged relation to the motion of
      overinclination of the chair back.
PAR  Still another object of the invention is to provide a dental chair in which
      the chair back and seat can be quickly brought to a position suitable for
      meeting a state of emergency.
PAR  The dental chair of the invention has a chair back which is inclinable
      about a point near the crossing point of the back and the seat. So long as
      the chair back is adjusted within the normal range of inclination, no
      tilting or inclination of the chair seat occurs.
PAR  However, when the chair back is "overinclined", that is, inclined beyond
      the normal range of inclination, the chair seat is also turned or tilted.
      In one embodiment of the invention, the lower end portion of the chair
      back is utilized for operation of the seat tilting mechanism. That is,
      when the chair back is overinclined, the displacement of the lower end of
      the chair back actuates the seat tilting mechanism. The mechanism includes
      a linkage which is actuated by the above displacement of the chair back to
      raise a push rod so that the rod pushes the chair seat upward thereby
      tilting the seat. The linkage may include a gearing, but without use of
      any gears it is possible to raise the push rod for tilting of the chair
      seat.
PAR  A single drive for inclination of the chair back suffices and no other
      particular drive for tilting of the chair seat is required. Since the
      tilting of the seat is effected by the movement of over-inclination of the
      chair back, the operation is very simple. Furthermore, it is not necessary
      to integrate the seat and the back as was the case with the prior art
      chairs of this type, nor is it necessary to provide any additional
      mechanism and drive for operating such integrated components of the chair.
DRWD
PAR  The invention will be described in detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side view, partly in section, of the chair of the invention;
PAR  FIG. 1A is an enlarged section of a portion of FIG. 1;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the chair back in the state
      of overinclination, with some of the parts removed for simplicity of
      illustration;
PAR  FIG. 3 is a view similar to FIG. 1 but showing another embodiment of the
      invention; and
PAR  FIG. 3A is an enlarged sectional view of a portion of FIG. 3.
DETD
PAR  Referring to the drawings, there is shown a seat frame 1 which is
      vertically movable relative to a base, not shown, by any suitable known
      drive. A seat 2 is mounted on the seat frame, with a chair back 3 arranged
      at the rear side (or left-hand side in the drawing figures) of the seat 2.
      A shaft 4 is rotatably carried by the seat frame 1 and levers 5 and 6 are
      secured to the shaft.
PAR  A drive 7 for effecting the inclination of the chair back 3 is provided
      beneath the seat frame 1. The drive rotates the lever 6 to turn about the
      axis of the shaft 4. The drive may be electric or hydraulic. In the
      illustrated embodiment the drive 7 is an oil-pressure cylinder. The
      cylinder 7 has its rear end pivoted to the seat frame 1 by means of a pin
      A.
PAR  The cylinder 7 has a piston rod 8 which is axially reciprocable by the
      operation of the cylinder in the well-known manner. The outer end of the
      rod 8 is pivotably connected to the lever 6. As the rod 8 is reciprocated,
      the lever 6 is rotated about the axis of the shaft 4, so that the shaft 4
      is rotated. This in turn rotates the lever 5 fixed to the shaft 4.
PAR  The outer end of the lever 5 is pivotally connected by a pin 9 to the lower
      end of the chair back. Therefore, when the lever 5 is turned, the chair
      back is raised or lowered depending upon the direction of turning of the
      lever 5.
PAR  The seat frame 1 has a rearwardly projecting arm 11 having a roller 10 at
      the outer end thereof. The arm 11 and the roller 10 support the chair back
      3 at the back side thereof. The chair back 3 is provided with a guide
      surface or rail 12 on which the roller 10 abuts. The inclination of the
      chair back 3 therefore depends on the direction of the straight line
      connecting the centers of the roller 10 and the pivot pin 9. Since the
      position of the center of the pin 9 is changed by the turning of the lever
      5 about the axis of the shaft 4, the inclination of the chair back is
      changed by turning the lever 5.
PAR  In FIG. 1, when the shaft 4 is rotated counter-clockwise, the line
      connecting the roller 10 and the pin 9 approaches a horizontal position,
      that is, comes to lie more and more horizontal, so that the chair back 3
      is inclined toward a horizontal position.
PAR  In order to raise the chair back toward its upright position, the shaft 4
      is simply rotated clockwise. Thus, by operating the cylinder 7 it is
      possible to selectively change the inclination of the chair back relative
      to the seat. The mechanism is disclosed in U.S. Pat. No. 3,284,135 issued
      on Nov. 18, 1966.
PAR  For inclination or tilting of the chair seat 2 a bracket 13 has its upper
      end fixed to the under side of the rear end (left-hand end) of the seat 2
      and bifurcated to engage with the shaft 4. It is preferred that the
      bracket 13 be as near the chair back as possible.
PAR  A seat tilting mechanism is provided beneath the seat 2 at the middle of
      the length thereof. The mechanism includes a pin 14 downwardly projecting
      from the underside of the seat 2 and a vertical push rod 15 axially
      slidably supported by the seat frame 1. The rod has formed in its upper
      end face a hole in which the pin 14 is loosely engaged. When the rod 15 is
      moved upward in the manner to be described later, the seat is pushed
      upward at about the middle portion thereof and since the seat has its rear
      (left-hand) end connected to the shaft 4 through the bracket 13, the seat
      is turned or tilted counterclockwise about the shaft 4, so that the
      patient seated on the seat has his knees raised higher than his waist.
PAR  The seat tilting mechanism further includes a linkage which comprises a
      link lever 20 pivoted to the seat frame 1 by a pin 21. The
      counterclockwise rotation of the lever 20 is limited by a stop pin 22
      fixed to the seat frame 1. The lever has its one end (right-hand end)
      formed into a sector gear 20A having the center of the sector at the pin
      21.
PAR  The gear 20A meshes with a pinion gear 19 fixed to a shaft 18 journalled on
      the seat frame 1. The shaft 18 is in turn fixed to one end of a link 17.
      In the opposite end of the link 17 there is formed a slot 17A in which a
      pin 16 fixed to the push rod 15 engages.
PAR  In FIGS. 1 and 1A, if the lever 20 is turned clockwise about the pin 21,
      the pinion 19 meshing with the sector gear 20A is rotated counterclockwise
      and consequently the link 17 fixed to the pinion 19 is turned in the same
      direction, thereby moving the push rod 15 upwardly.
PAR  The turning of the lever 20 about the pin 21 is effected by engagement of
      the lower end of the chair back with the free (left-hand) end of the lever
      20. In FIG. 1 the chair back is shown by real lines at its upright
      position a. For normal treatment the chair back is adjusted between the
      upright position a and the normal lowest position b shown by dotted lines.
      When an emergency has occurred, the chair back is further inclined by the
      cylinder 7 from the position b beyond the horizontal line to a position c
      shown by dot-and-dash lines. Before the chair back reaches the
      overinclined position c, the lower end of the chair back hits on the free
      end of lever 20, and upon further movement of the chair back the lever 20
      turns clockwise about the pin 21 as shown in FIG. 2. From this figure it
      is clear that after the chair back is overinclined beyond the horizontal
      line, the chair seat 2 is tilted as its forward or right-hand portion is
      pushed upward, so that the patient seated on the chair with his back
      leaning against the chair back will have his head positioned below his
      heart.
PAR  In order to restore the chair back from the position of FIG. 2 to the
      normal position, the chair back is turned in the opposite direction, that
      is, clockwise. As the chair back is turned, the lower end of the chair
      back is released from the lever 20, thereby eliminating the pushing force
      of the rod 15, whereupon the weight of the patient on the chair causes the
      rod 15 to move downwardly, thereby causing the lever 20 to rotate
      counterclockwise about the pin 21 till the lever is stopped by the pin 22.
      If it is desirable to smooth the restoration of the lever 20, a spring may
      be provided to bias the lever counterclockwise.
PAR  FIGS. 3 and 3A show another form of the mechanism for pushing the rod 15
      upward. No pinion gear similar to 19 of FIG. 1 is used in this embodiment.
      A link lever 31 has one end adapted to be engaged by the lower end of the
      chair back as shown in FIG. 1, and the opposite end of the lever is
      provided with a pin 34. To the shaft 18 journalled on the chair frame 1 a
      link 32 is fixed as well as the link 17. The link 32 is formed with a slot
      33 in which the pin 34 on the lever 32 is slidably engaged. The link 17 is
      formed with a slot 17A in which the pin 16 fixed to the rod 15 is engaged
      just as in the embodiment of FIG. 1.
PAR  When the chair back 3 is overinclined so as to rotate the lever 31
      clockwise about the pin 21, the lever 31 rotates the shaft 18
      counterclockwise through the link 32, so that the link 17 is turned in the
      same direction to push the rod 15 upward, thereby causing the seat 2 to be
      tilted counterclockwise about the shaft 4 to a tilted position as shown in
      FIG. 2.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A dental chair, comprising:
PA1  a generally horizontally positioned seat having front and rear portions;
PA1  a back positioned adjacent said rear portion of said seat and movable to
      various inclines relative to said seat between a first, substantially
      upright, position and a second position below the horizontal;
PA1  first means for effecting inclination of said back between said first and
      second positions;
PA1  second means for pushing said front portion of said seat upward relative to
      said rear portion thereof; and
PA1  third means operable only in response to inclination of said back below a
      substantially horizontal position to drive said second means, resulting in
      said front portion of said seat being pushed upward relative to said rear
      portion thereof, such that the knees of a patient using the dental chair
      are raised above his waist.
NUM  2.
PAR  2. The dental chair of claim 1, including means fixing the vertical
      position of said rear portion of said seat so that the front portion
      thereof may be pushed upwardly relative to said rear portion by said
      second means, thereby tilting said front portion of said seat about said
      means fixing the vertical position of said rear portion thereof.
NUM  3.
PAR  3. The dental chair of claim 2, wherein said back has upper and lower ends,
      said lower end initiating operation of said third means by contact
      therewith when said back is substantially horizontal, said third means
      continuing in operation so as to drive said second means as said back is
      further inclined below the horizontal, whereby said front portion of said
      seat is pushed upwardly relative to said rear portion thereof.
NUM  4.
PAR  4. The dental chair of claim 3, wherein said third means includes a link
      lever having a seat back engaging end thereof positioned in the path of
      travel of said lower end of said back as said back is moved between said
      first and second positions.
NUM  5.
PAR  5. The dental chair of claim 4, wherein the other end of said link lever is
      rotated about a pivot point as said seat back engaging end of said link
      lever is rotated by said lower end of said back, and wherein said second
      means includes means converting the rotation of the other end of said
      first link lever into lineal drive motion to drive said second means.
NUM  6.
PAR  6. The dental chair of claim 5, wherein the other end of said first link
      lever forms a sector gear, and wherein said converting means includes a
      second link lever, one end of which has a pinion gear secured thereto,
      said second link lever being mounted so that said pinion gear meshes with
      said sector gear, thereby rotating the other end of said second link lever
      about said one end thereof, said other end of said second link lever
      having a slot defined therein, and wherein said second means includes a
      push rod having two ends and supported for vertical travel, one end of
      said push rod contacting said seat, and the other end of said push rod
      having a pin extending therefrom adapted for slidable engagement in said
      slot, such that rotation of the other end of said second link lever
      results in an upward force on said pin, causing said push rod and hence
      said front portion of said seat to be pushed upwardly, tilting said front
      portion of said seat about said means fixing the vertical position of the
      rear portion thereof.
NUM  7.
PAR  7. The dental chair of claim 5, wherein said converting means includes a
      second link lever having two ends and mounted so as to be pivotable about
      a point therebetween, each of said two ends having defined therein a slot,
      and wherein the other end of said first link lever includes a first pin
      extending therefrom adapted for slidable engagement in the slot defined in
      one end of said second link lever, said second means including a push rod
      having two ends and supported for vertical travel, said one end of said
      push rod contacting said seat, and the other end of said push rod having a
      second pin extending therefrom adapted for slidable engagement in the slot
      defined in the other end of said second link lever and, wherein rotation
      of the other end of said first link lever results in rotation of the other
      end of said second link lever and an upward force on said second pin,
      causing said push rod and hence said front portion of said seat to be
      pushed upwardly.
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ABST
PAL  A chair provided with frictional coupling means for use in adjusting the
      relative angular position of the seat and the back thereof relative to
      each other.
PARN
PAR  This application is a continuation-in-part of parent application of Jostein
      Ekornes, Ser. No. 193,430, for "Readjustable Chair" filed Oct. 28, 1971,
      now U.S. Pat. No. 3,773,383.
BSUM
PAR  This invention relates to an improved adjustable chair.
PAR  More particularly, this invention relates to the aforesaid chair having
      securing means of the frictional variety for use in varying the angular
      positioning of the seat and back thereof relative to each other.
PAR  There are many and varied adjustable chairs in the art. In some, the back
      and the seat are suspended on a framework and, in others, such elements
      are supported in such a manner that the aforesaid parts may be brought, if
      desired, to a proper angular position relative to each other. However,
      securing such a chair in the desired position from day to day is quite
      difficult, usually requiring many and varied complicated and expensive
      parts or equipment, the latter being ancillary to the two main parts of
      the chair. As a result, the manufacture of such equipment is rather
      expensive and the manual adjustment or operation of such equipment is
      again quite complicated.
PAR  The subject invention answers the needs of the art with special emphasis on
      an effective means of the frictional variety, in the form of an adjustable
      coupling for use in adjusting the angle and position of both the seat and
      the back to one another, in an efficient and facile manner.
PAR  It is therefore an object of this invention to provide a chair means for
      the angular adjustment of the back and the seat thereof in an effective
      manner relative to each other.
PAR  Another object is to provide means for the angular adjustment of the
      position of a chair where the seat and the back thereof are connected in a
      hinge-like manner to each other.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become more apparent to one skilled in the art from a reading of the
      following detailed specification taken with the drawings, wherein:
PAR  FIG. 1 is a side view, partially broken away, of a chair of the present
      invention;
PAR  FIG. 2 is a sectional view of the coupling device taken on line 2--2 of
      FIG. 1;
PAR  FIG. 3 is a rear view, partially in section, of the coupling device taken
      on line 3--3 of FIG. 1; and
PAR  FIG. 4 is a front view, partially in section, of the coupling device taken
      on line 4--4 of FIG. 1.
DETD
PAR  As shown in FIG. 1, a chair 10 is provided with frames 11 and 12 which are
      connected to each other in a hinged manner by trunnions 13 and thus may be
      adaptable to many and varied angular positions relative to each other.
      Frame 11 forms the foundation of the back of the chair and is provided
      with adequate cushioning C for a back rest, while frame 12 forms the basis
      for a seat upon which a second cushion may be provided or, as shown, the
      cushioning may cover both frames. The chair 10 is supported on a base 14
      from the central upright 22 of which chair supports extend on either side
      of the chair. These supports each comprise upwardly diverging rear 16 and
      front 17 portions and section 15 functioning as an arm rest extending
      therebetween.
PAR  The lower portion of the frame 11 is connected in a pivotal manner, for
      example, via trunnions 24, to the rear portion 16 of the support 14 at a
      substantially near-adjacent position relative to the hinge between frames
      11 and 12 as shown. The frame 12, which functions as a seat, is connected
      to the front portion 17 of the support 14.
PAR  The engagement of the front portion 17 to frame 12 is frictional and
      slidable by movable slide shoes 25 which are secured to the frame 12 but
      which are adapted to allow it and the front support portion 17 to slide
      relative to one another. Each of the shoes is provided with an adjustment
      wheel 28 which are adjustable to increase or vary the frictional coupling
      between the slide shoes 25 and the front portion 17 of the support 14.
PAR  Thus, the seat and back of the chair are arranged to be in a state of
      static equilibrium, whatever the relative angular position of such
      elements one to the other, when a person is not sitting in the chair.
      However, when a person is sitting in the chair, the chair can also remain
      in static equilibrium in any state desired by the sitter without using the
      adjustment wheels to lock the chair in position. The relative angular
      positions of the seat and back can be altered by the sitter without
      adjusting the slide shoes. However, the adjusting force required to be
      applied by a sitter to adjust the position can be selected by use of the
      adjustment wheels to vary the frictional coupling between the slide shoes
      and the front supports. In effect, this latter action is the adjustment of
      the degree of equilibrium of the chair wherein absolute and stable
      equilibrium is reached when the friction between the slide shoes and the
      front support portion is so large that they are unable to move relative
      one to the other. Note should also be taken that the adjusting force is
      more or less constant throughout the range of angular adjustment.
PAR  As shown in FIGS. 2-4, each slide shoe 25 provides a pair of opposed discs
      32, 33 made of a durable hard rubber or plastic, such as nylon, the inner
      surfaces of which, when pressed together, frictionally engage one another
      and frictionally engage front support portion 17 within a saddle area 34
      shaped to tightly conform to the shape of portion 17, and advantageously
      providing a cut-away portion 34A so that the slide shoe assembly need not
      be completely disassembled for disposition on portion 17.
PAR  The discs 32, 33 are held in opposed position by clamp members 35, 35'
      which are loosely mounted on shaft 40 and axially confined by the outer
      edge of tubular extension 12A of frame 12 and inwardly extending hub of
      wheel 28, respectively.
PAR  The inner end of shaft 40 is rigidly secured within the tubular extension
      12A via any convenient means, not shown, as by welding prior to extension
      12A being secured to frame 12, also by welding, for example. The outer end
      of shaft 40 is threaded for engaging inwardly threaded wheel 28 for axial
      movement of the wheel along the shaft to tighten and loosen the clamps 35,
      35'. The outer end of shaft 40 has a threaded female recess (not shown)
      for receiving retainer bolt 41 which provides at the inner surface of its
      head a stop for inhibiting axial movement of the wheel at the end of the
      unthreaded portion of the stem of bolt 41 which is larger than the
      threaded portion (not shown) and sits on the outer end of shaft 40 within
      a recess 42 in wheel 28.
PAR  With the adjustable chair described above, one can easily control the
      position of the chair, i.e., the angular position between the back and
      seat, merely by suitable weight transfer of the body. The chair can be
      locked in a desired position simply by suitably adjusting the locking
      wheels, and all adjustments may thus be done while one sits in the chair;
      there are not any details existing which may initiate wedging of fingers,
      clothes and the like. The construction of the chair is simple and also no
      disfiguring parts are present.
PAR  Also note that the chair is so arranged that the center of gravity of the
      chair, or of the chair plus a person sitting in it, remains substantially
      in the same vertical line, which is a line through the upright column.
PAR  There are several alternates which will become apparent to one skilled in
      the art from the above description taken with the drawings. For instance,
      the cushioning may, if desired, be designed as one unit or it may be
      designed as two separate and detachable units. Additionally, cushioning
      may also be provided for the horizontal section of the support to function
      as an arm rest, if so desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an improved adjustable chair having a seat and back hingedly
      connected together and two supports, one at each side of said chair, such
      supports for use in adjusting the relative angular position of both said
      seat and said back to each other, each of such supports having a front and
      a rear portion, each of said rear support portions being pivotally
      connected to a side of said back, the improvement comprising two
      adjustable coupling units of the frictional variety, each unit being
      affixed to a separate side of the seat, and each unit being linearly
      slidable along one of said front support portions to allow the seat to
      move upwardly and forwardly and to move downwardly and backwardly for the
      adjustment of said angular position, each of said units being adjustable
      by frictional coupling to establish such an equilibrium position along
      said front supports that shifting of loading on said chair will move the
      seat and back relative to said supports to another position of similar
      equilibrium, the distance between the units and the axis about which the
      back and seat are hinged together being fixed, said coupling units being
      provided with opposed sections, defining surfaces therebetween for
      frictional engagement with and sliding movement along said front support
      portions, and means for moving said opposed sections towards and away from
      each other to vary the friction between said surfaces and said front
      support portion.
NUM  2.
PAR  2. The adjustable chair of claim 1, wherein the pivotal connection of each
      rear support portion to the side of the back is at a point substantially
      nearer to the hinge connection of the seat and the back than to the free
      end of the back.
NUM  3.
PAR  3. The adjustable chair of claim 2, wherein the seat is inclined at a
      substantially constant angle relative to the ground regardless of the
      relative angular position of the seat and back.
NUM  4.
PAR  4. The adjustable chair of claim 3, wherein said support portions support
      an arm rest.
NUM  5.
PAR  5. The adjustable chair of claim 4, wherein said front support portions are
      elongate and extend upwards and forwards at a substantially constant angle
      relative to the ground.
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ABST
PAL  A therapeutic seat pad for automobiles adapted to level the seat
      transversely and also to provide a firmer seating surface, both with the
      purpose of alleviating the discomfort and even pain resulting from long
      periods of immobility while driving. The seat pad consists of a
      substantially firm but flexible base pad adapted to overlie and be
      attached to the automobile seat, and levelling pads adapted to applied
      over and attached to the base pad in two stacks, with one stack beneath
      the left side of the pelvis of the user and the other beneath the right
      side. Pads may be added to each stack in whatever number may be required
      to level the user's pelvis laterally.
BSUM
PAR  This invention relates to new and useful improvements in automobile seating
      apparatus, and has particular reference to a device which will relieve
      much of the acute discomfort and even intense pain commonly suffered by
      motorists on long drives.
PAR  A common cause of such discomfort and pain is that the person's pelvis
      becomes tilted to one side or the other, the resulting strain on certain
      back muscles causing first a fatigue, which gradually increases and
      eventually may cause an extremely tense or spastic condition of these
      muscles, which is very painful. The lateral tilting of the pelvis may
      result from several causes. In many persons, the pelvis itself is tilted
      as a result of some injury, spinal defect or deterioration, or because the
      legs are of different lengths, which may eventually result in a permanent
      spinal curvature and tilting of the pelvis. Such persons cannot sit for
      long periods of time on surfaces which actually are laterally level,
      without suffering pain and discomfort, but require a seating surface of
      which is laterally tilted to a positive degree. However, even "normal"
      persons may suffer much the same discomfort and pain symptoms when
      immobilized for long time periods in automobile seats. This may result
      from the fact that many if not most automobile seats are not actually
      laterally level, but tilted in greater or lesser degree, causing the
      user's pelvis to tilt and resulting in fatigue and eventual possible spasm
      of certain muscles, particularly in the lower back. Or the seat itself may
      be so soft and deeply yieldable, as dictated by present day standards of
      comfort and style, which are often erroneous from the standpoint of
      comfort in long periods of driving, that the motorist's pelvis is not
      firmly supported, and he sits with his pelvis tilted without perhaps even
      realizing it. Nevertheless, even a slight tilting which may initially be
      imperceptible can cause eventual fatigue and pain. For such normal
      persons, the prime requirement is that the seating surface be laterally
      level, and perhaps firmer than is usually the case in most automobiles,
      but in some cases some reduction of fatique, or "rest," can be obtained by
      intentionally tilting the seating surface periodically in alternately
      opposite directions.
PAR  Accordingly, the principal object of the present invention is the provision
      of a therapeutic seat pad for automobiles including two spaced apart pads
      adapted to be disposed respectively beneath the left and right sides of
      the user's pelvis, and including means for adjusting the thickness of the
      two pads independently of each other, whereby either to level the user's
      pelvis laterally, or to tilt it intentionally, whichever may be required
      for a particular user.
PAR  Another object is the provision of a seat pad of the general character
      described which also serves to firm or stiffen the basic seat cushions of
      the automobile.
PAR  Still another object is the provision of a seat pad of the general
      character described which can be readily applied to the seats of virtually
      any automobile, and in which the adjustment of the pad thicknesses can be
      made easily and conveniently.
DRWD
PAR  With these objects in view, as well as other objects which will appear in
      the course of the specification, reference will be had to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a side elevational view of a therapeutic seat pad for automobiles
      embodying the present invention, shown operatively applied to an
      automobile seat structure, said seat structure being shown fragmentarily
      and with portions broken away,
PAR  FIG. 2 is a top plan view of the seat pad laid out flat,
PAR  FIG. 3 is an enlarged sectional view taken on line III--III of FIG. 2, and
PAR  FIG. 4 is an enlarged, fragmentary sectional view taken on line IV--IV of
      FIG. 2.
DETD
PAR  Like reference numerals apply to similar parts throughout the several
      views, and the numeral 2 applies, in FIG. 1, to the seat cushion of an
      automobile seat, the back cushion being indicated at 4. The therapeutic
      seat pad forming the subject matter of the present invention is indicated
      generally by the numeral 6, and includes a mounting sheet 8, a base pad
      10, and a number of levelling pads 12. Mounting sheet 6 is formed of a
      strong but pliable fabric, and is generally rectangular, being adapted to
      be laid over the top surface of seat cushion 2 with its major axis
      extending from front to rear of said seat. Its forward and rearward
      portions form aprons 14 and 16 which are adapted to be secured to the seat
      cushion structure in any suitable manner. As shown, said aprons are lead
      downwardly around the respective forward and rearward edges of the seat
      assembly, turned under the bottom of said assembly, and secured to the
      substructure 18 of said assembly as by clips 20. Base pad 10 comprises a
      thick sheet of foam rubber or the like, bonded or otherwise affixed to
      mounting sheet 8 so as to overlie the top surface of seat cushion 2, when
      said mounting sheet is applied thereto as described. Said base pad is
      divided by a groove 22 extending from front to rear along the longitudinal
      midline thereof, leaving relatively elevated surfaces 24 at either side of
      said groove. Said elevated surfaces are spaced apart, groove 22 preferably
      being no more than two inches wide, so that when a person sits in a
      position laterally centered relative to the pad, the lower left point of
      his pelvis will rest over one of said surfaces, and the lower right point
      of his pelvis will rest on the other.
PAR  Each levelling pad 12 corresponds in area and configuration to one of
      surfaces 24 of the base pad, and is formed also of foam rubber or the
      like. Any desired number of levelling pads 12 may be applied in stacked
      relation to each of surfaces 24 of the base pad. Each levelling pad has a
      plurality (two shown) of horizontally outwardly extending pins 26 secured
      in each longitudinal edge thereof, each of said pins being provided with
      an extension 28 firmly molded or bonded in the material of the pad, and
      being provided at its outwardly extended end with a rounded enlargement
      knob 30, all as shown in FIG. 4. Similarly, base pad 10 is provided with a
      pin 32 having a knob 34 in a number of positions corresponding to and
      aligned with the pins 26 of the levelling pads. Said base pad pins are
      mounted in the longitudinal side edges of the base pad, and in the side
      walls of groove 22 of said base pad. Permanently affixed to each pin 26 of
      each levelling pad is a flexible flap 36, preferably formed of an elastic,
      plastic or the like. Said flap depends from the pin to which it is affixed
      and has a hole 38 formed in the depending portion thereof which is adapted
      to be snapped releasably over the knob 30 of the associated pin 26 of the
      next lower levelling pad in the stack. The flaps 36 of the lowermost
      levelling pad in the stack are adapted to be engaged over the pins 32 of
      the base pad, all as shown in FIG. 4.
PAR  The operation of the seat pad as just described is obvious. Levelling pads
      12 are applied to each surface 24 of the base pad in whatever number may
      be required, equal or unequal, to tilt the pelvis of a person sitting on
      the device as may be desired, whether actually horizontal or not. That is,
      said levelling pads may be used to level a seat cushion 2 which normally
      is not level in a transverse direction, or to provide a deliberate lateral
      tilting of the seating surface which may be required by persons having a
      pelvis which is normally tilted due to spinal curvature or the like, or to
      tilt the seating surface deliberately first in one direction and then the
      other, at periodic intervals, simply to provide "rest" or relaxation of
      tension and fatigue, for normal persons who must occupy the seat for long
      periods of time.
PAR  The cushion material of which the base and levelling pads are formed is
      preferably quite hard or firm, as compared to the extremely soft foam with
      which most automobile seats are commonly upholstered in order to reduce
      the poor posture and resulting fatigue often caused by cushions which are
      "too soft." That is, the soft cushion material of seat 2 still underlies
      the present device, and of course still yields, but the firmness of the
      present device distributes the weight of the user over a greater area of
      the seat, and does not itself conform to or "cup" the user's posterior to
      the same degree as would seat 2, and the general effect to the user is
      that the seat is harder. This encourages better posture and hence reduces
      fatigue. The center groove 22 of the base pad, and the spaced apart
      relation of the levelling pads permits free circulation beneath the user,
      and thereby promotes greater comfort. The "foamed" nature of the pads also
      provides better air circulation.
PAR  While I have shown and described a specific embodiment of my invention, it
      will be readily apparent that many minor changes of structure and
      operation could be made without departing from the spirit of the
      invention. For example, while the pad has been described for use in
      automobile seating, it is obviously adapted for use in any other type of
      seating as well.
CLMS
STM  What I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A thereapeutic seat pad comprising:
PA1  a. a generally planar base pad adapted to overlie the top surface of a seat
      cushion and having laterally spaced apart portions adapted respectively to
      support the left and right sides of the pelvis of a person sitting
      thereon,
PA1  b. attaching means operable to secure said base pad to said seat cushion,
      and
PA1  c. adjusting means operable to vary the thickness of the laterally spaced
      sections of said base pad independently of each other.
NUM  2.
PAR  2. A seat pad as recited in claim 1 wherein said attaching means comprises
      a sheet of pliable material affixed to said base pad and extending
      outwardly from said base pad to form pliable aprons, said aprons being
      adapted to be affixed to said seat cushion.
NUM  3.
PAR  3. A seat pad as recited in claim 1 wherein said adjusting means comprises:
PA1  a. a plurality of levelling pads each adapted to overlie one of the
      laterally offset portions of said base pad, and
PA1  b. securing means operable to secure any selected number of said levelling
      pads in stacked relation to each of said base pad portions.
NUM  4.
PAR  4. A seat pad as recited in claim 3 wherein said securing means comprises:
PA1  a. outwardly extending pins secured in the edges of each of said levelling
      pads, and in the edges of each of the laterally offset portions of said
      base pad, and
PA1  b. a flexible flap secured permanently to each of said pins of each of said
      levelling pads, and depending therefrom, each of said flaps being
      releasably engageable on the corresponding pin of the next lower levelling
      pad in the stack, and the flaps of the lowermost levelling pad in the
      stack being releasably engageable on the corresponding pins of said base
      pad.
NUM  5.
PAR  5. A seat pad as recited in claim 3 wherein said laterally spaced portions
      of said base pad are divided and spaced apart by a groove of substantial
      depth formed in the top surface of said base pad, said levelling pads not
      overlying said groove, whereby to provide for the circulation of air
      beneath the user.
NUM  6.
PAR  6. A seat pad as recited in claim 5 wherein said base pad and said
      levelling pads are formed of porous material, whereby further to improve
      the circulation of air beneath the user.
NUM  7.
PAR  7. A seat pad as recited in claim 3 wherein said base pad and said
      levelling pads are formed of a flexible material which is relatively hard
      and firm as compared to the cushioning material utilized in said seat
      cushion.
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ABST
PAL  A child car seating apparatus and method for assembling the same are
      disclosed to form a seat to protect a child riding in an automobile from
      infancy until he is old and large enough to use the automobile seat belts.
      The child car seating apparatus comprises an outer shell usable in two
      positions to form either a reclining seat for an infant or an upright seat
      for a toddler or small child, an infant insert insertable in the outer
      shell to form a seat for the infant, a shield attachable to the outer
      shell to form a seat with an impact surface for a toddler, the outer
      shell, itself, forming a seat for the small child, various belts and
      straps, and, optionally, a booster to raise the height of the outer shell
      when used as a seat for the toddler or small child.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, various prior art infant car beds and seats and child seats
      have been marketed for carrying and protecting children too small and
      young to safely use the automobile seat belts, such as the lap and
      shoulder belts now generally used to meet federal regulations. Usually,
      such prior art infant beds and seats were designed only for use by infants
      and could not, or would not, be used by older children so that when the
      infant grew larger, it was necessary to incur additional expense by
      purchasing a larger child seat to replace the infant bed or seat.
PAR  Usually, such prior art seat had the disadvantage of trying to accommodate
      the child from just after he could sit up, through both the toddler and
      later small child stages, until the child was old and large enough to
      safely use the automodile seat belts. Necessarily, such a seat was a
      compromise and did not adequately protect either the toddler or the older,
      small child, being either too big for the toddler or too small for the
      larger child. Sometimes, two different size car seats were purchased, one
      seat for use when the child was a toddler and another larger seat for use
      when he grew larger, these being in addition to the infant bed or seat.
      Many parents were reluctant to undergo such multiple expenses, and
      instead, unknowingly sacrificed the safety of the child.
PAR  Even though designed to protect a specific size child, be it infant,
      toddler or small child, the prior art car beds and seats were woefully
      inadequate. In fact, very few such devices can meet the recently proposed
      Federal Motor Vehicle Safety Standard No. 213 for such devices.
PAR  Medical authorities relate that in an automobile an infant should not be
      placed in a front-facing position, the infant being best protected by
      being placed in a rear facing, semi-reclining position so that impact from
      the front or rear does not cause severe head movements. After infancy, a
      toddler may be placed in a vertical, seated front-facing position, but a
      toddler's head is still a large portion of his body and his body is still
      too soft to be harnessed in place; he is best held in place by a broad
      impact surface. After the toddler stage, a small child may be harnessed to
      the seat, but the harness must be specially designed to spread the forces
      about the child's body. Only after the child is about five years old and
      weighs in excess of forty pounds may be safely use the automobile seat
      belts.
PAR  In addition to protecting a child from front and rear impacts, the child
      seat must also protect him from side impacts, particularly with the door
      hardware when the device is in the right-hand front or rear seat, and many
      prior art seats and beds failed to provide such protection.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The child car seating apparatus and method of assembling the same of the
      present invention is a complete, compatible system of components and a
      method of assembling the same to provide a seat to protect the child from
      infancy until he is old and large enough to use the adult seat belts of an
      automobile. Since the car seating apparatus of the present invention
      comprises compatible components it is less expensive than three or even
      two separate devices of the prior art.
PAR  The child car seating apparatus or components comprise a bucket-like outer
      shell, an infant insert for the outer shell, a shield for the outer shell,
      various straps and belts, and, optionally, a booster for the outer shell.
      As taught by the method of the present invention the outer shell may be
      placed in one position and used in conjunction with the infant insert to
      provide a safe protective reclined seat for an infant, or may be placed in
      another position and used in conjunction with the shield to provide a safe
      protective seat for a toddler who has outgrown the infant seat, or may be
      used by itself, without the insert or shield but with a special harness,
      to provide a safe protective seat for a small child. Optionally, the
      booster may be fitted to the outer shell when in its other position to
      raise the shell and a child seated therein so as to provide a better view
      out the automobile windows. Further, the components are attractive, and
      when they are assembled as taught by the method resemble a bucket-type
      seat children enjoy using.
PAR  In each of its modes the components of the system provide a car seat which
      holds and protects the child in a manner approved by medical authorities,
      and also provide protection from side impact with hardware when the
      components are located in the right-hand seats.
DRWD
PAR  These and other advantages of the child car seating apparatus and method of
      the present invention will become apparent from the following description
      and accompanying figures of the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the car seating apparatus of the present
      invention arranged in a manner for use by an infant;
PAR  FIG. 2 is an exploded perspective view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view taken substantially along the
      line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged cross-sectional view taken substantially along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken substantially along the line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken substantially along the line 6--6 of
      FIG. 4;
PAR  FIG. 7 is a view similar to that of FIG. 1, but showing the apparatus
      installed on an automobile seat and being used by an infant;
PAR  FIG. 8 is another perspective view showing the apparatus of FIG. 7;
PAR  FIG. 9 is a perspective view of the car seating apparatus of the present
      invention arranged in a manner for use by a toddler;
PAR  FIG. 10 is an enlarged cross-sectional view taken substantially along the
      line 10--10 of FIG. 9;
PAR  FIG. 10A is a fragmentary view of a portion of FIG. 10 showing one
      alternative for securing the apparatus;
PAR  FIG. 10B is a fragmentary view of a portion of FIG. 10 showing another
      alternative for securing the apparatus;
PAR  FIG. 10C is a plan view taken substantially in the direction of the arrows
      10C--10C of FIG. 10B;
PAR  FIG. 11 is a cross-sectional view taken substantially along the line 11--11
      of FIG. 10;
PAR  FIG. 12 is a cross-sectional view taken substantially along the line 12--12
      of FIG. 10;
PAR  FIG. 13 is an enlarged cross-sectional view taken substantially along the
      line 13--13 of FIG. 9;
PAR  FIG. 14 is a cross-sectional view taken substantially along the line 14--14
      of FIG. 13;
PAR  FIG. 15 is a view similar to that of FIG. 9, but showing the apparatus
      installed on an automobile seat and being used by a toddler;
PAR  FIG. 16 is a perspective view of the car seating apparatus of the present
      invention arranged in a manner for use by a small child;
PAR  FIG. 17 is an enlarged cross-sectional view taken substantially along the
      line 17--17 of FIG. 16;
PAR  FIG. 18 is a perspective view showing the apparatus of FIG. 16 installed on
      an automobile seat;
PAR  FIG. 19 is an enlarged perspective view of a portion of the harness shown
      in FIG. 16; and
PAR  FIG. 20 is a view similar to that of FIG. 16, but showing the apparatus
      installed on an automobile seat and being used by a small child.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In general, the child car seating components or apparatus of the present
      invention comprises: a bucket-like outer shell, an infant insert
      insertable into the outer shell to form an infant bed or seat, a shield
      attachable to the outer shell to form a toddler seat, the outer shell
      itself forming a seat for a small child, various belts and straps, and,
      optionally, a booster for raising the height of the outer shell. The
      method of the present invention comprises the steps of forming an infant
      bed or seat from the components by inserting the infant insert in the
      outer shell which is in one position, forming a toddler seat from the
      components by removing the infant insert, turning the outer shell to
      another position and attaching the shield, and forming a small child seat
      from the components by removing the shield, and optionally attaching the
      booster to raise the outer shell.
PAR  In particular, the child car seating apparatus of the present invention is
      shown in FIGS. 1-8 assembled or arranged in a manner or mode to provide a
      reclined bed or seat 21 for use by an infant. As used in this application
      the term infant refers to a child approximately six or less months of age,
      20 or less pounds in weight, and of a height less than 25 inches. In the
      infant mode, a bucket-like outer shell 22 is use in conjunction with an
      infant insert 24 to form the reclining seat for the infant.
PAR  The outer shell 22 is formed of high strength plastic, having a broad
      center wall including longitudinal long and short portions 26 and 28,
      respectively extending transverse to one another, integral L-shaped side
      walls 30 and 32 extending from the center wall, and a rim 34 with a
      cross-section varying at different portions of its perimeter. In the
      infant mode, the shell 22 is positioned so that the long portion 26 is
      generally horizontal while the short portion 28 is generally vertical.
PAR  The infant insert 24 is installed in the outer shell 22 to form the seat
      for the infant and is a molded, rigid plastic component with the contour
      of a reclining chair, having an upper back segment 36, a middle seat
      segment 38 and a lower leg segment 40 designed to accommodate portions of
      the infant's anatomy. The back segment 36 is at about a 30.degree. angle
      from vertical, the seat segment 38 being at about a 90.degree. angle to
      the back segment 36, and the leg segment 40 being at about a 60.degree.
      angle to the seat segment 38.
PAR  To cushion the infant's upper torso during side impacts, a pair of side
      cushions 39 are secured by fasteners 41 on either side of the back segment
      36, and are made of foam material covered with an attractive vinyl.
PAR  FIG. 3 illustrates the manner in which the infant insert 24 is attached to
      the outer shell 22 with the top edge of the back segment 36, the juncture
      of the back segment 36 and seat segment 38, and the bottom edge of the leg
      segment 40 all contacting the center wall of the shell. The insert 24 is
      secured to the shell 22 by interfitting tab and slot construction, and has
      an upper tab 42 which is adapted to engage in a slot 44 formed in the
      short portion 28 of the shell 22 and a lower tab 46 which is adapted to
      engage in a slot 48 in the long portion 26 of the shell. The tabs 42 and
      46 longitudinally and laterally locate the insert in the shell, and to
      some extent, the tab 42 also vertically locates the insert in the shell.
PAR  In addition to the above construction, fastener means is provided to hold
      the insert in the shell and is used in conjunction with interfitting
      raised and depressed areas on the insert and shell to laterally locate the
      insert and retain the insert during impacts, particularly at the front of
      the vehicle. As shown in FIGS. 4-6, a raised portion having a center hub
      50 and lateral ribs 52 extending therefrom are provided on the insert 24
      and engage in a similar shaped center depression 54 and side depressions
      56 in the outer shell 22. The raised and depressed areas are square or
      vertical on one side to better withstand impacts at the front of the
      vehicle, while the other side is tapered to facilitate installation. Both
      the hub 50 and center 54 have an opening therethrough for a fastener or
      bolt 58 which receives a nut 60, a recess 62 in the insert 24 (FIG. 5)
      receiving the nut 60 and preventing its rotation.
PAR  After the insert is installed in the shell 22, a removable pad 64 is
      secured to place over the insert to provide a soft upper surface. The pad
      64 is made of a foam material and covered with attractive vinyl and is
      formed in segments to facilitate it assuming various shapes. The pad 64 at
      one end has fasteners 65 for securing the pad to the shell and at the
      other end has snaps 66 cooperating with portions 67 on the shell to secure
      that end to the shell. To further cushion the infant's legs against side
      impacts, a pair of side pads 68 are removably secured to the inside side
      walls 30 and 32 and are made of attractive vinyl covered foam.
PAR  A belt or harness 70 is provided primarily to hold the infant in place on
      the specially shaped segments 36, 38 and 40 of the insert 24 and to
      restrain the infant during impact. The harness 70 is formed from a single
      length or strap and has one end 72 extending out an opening 74 through the
      back segment 36 and back portion of the pad 64, and then loops around the
      back of the insert 24 and extends through another opening 76 in the insert
      24 and pad 64, this portion being indicated by the reference numeral 78.
      The harness 70 then extends downward over the bottom rim 34 of the long
      portion 26 of the shell 22, enters a slot 82 and leaves a slot 80 in the
      shell 24, and then loops back up over the rim 34 this other end being
      indicated by the reference numberal 84. The two ends 72 and 84 of the
      harness 70 are joined together in an adjustable manner by a buckle 86. The
      portions 78 and 84 of the harness are fitted with two sets of snaps 88 and
      89 so that they may be secured together. As shown in FIGS. 1 and 7, with
      the snaps 88 and 89 fastened the harness 70 is Y-shaped, forming a pair of
      shoulder straps provided by the portions 72 and 78 and a doubled crotch
      strap provided by portions 78 and 84, and with the snaps unfastened, the
      harness is separable into two straps shown in dotted lines in FIG. 1.
PAR  In addition, a releasable seat belt loop 91 is secured to the portion 78 of
      the strap 70 between portions of the snaps 88 and 89 for receiving an
      automobile lap seat belt. The belt loop has a snap type releasable
      fastener 93 which can only be released by pulling the free end 95 of the
      belt loop 91.
PAR  As shown in FIGS. 7 and 8, the infant seat 21 is positioned on and secured
      to a seat 90 of the automobile, preferably the rear, center seat being
      used since authorities recognize that position as the safest. If used on a
      front seat then the latter should have a rigid back or be provided with a
      seat back latch so that the seat back will not fold or collapse upon the
      child. The shell 22 is positioned so that the short portion 28 is vertical
      and spaced from the seat back 92 while the long portion 26 abuts the seat
      back 92. Authorities generally agree that this rear facing position is the
      safest for the infant since the back segment 36 of the insert 24 offers
      superior support for the child's head for impacts at the front of the
      vehicle, these impacts generally causing greater deceleration than rear
      impacts.
PAR  After the seat 21 is located on the seat 90 of the vehicle in the proper
      position, the infant may be placed on the pad covered insert 24, if
      necessary the strap or harness 70 being first opened to the position shown
      in dotted lines in FIG. 1. The straps of the harness 70 are then brought
      over the infant and snapped together to hold the infant in place on the
      insert.
PAR  The infant seat 21 is held in place on the seat 90 by the conventional
      automobile lap seat belt 94, required for the past several years in new
      automobiles. The belt 94 does not touch the infant but extends over the
      top of the shell 22 and engages the side walls 30 and 32. The belt 94 fits
      under the downwardly extending edges 97 of the rim 34 to prevent the
      infant seat 21 from slipping from under the belt and may be put through
      the belt loop 91 of the harness 70 to hold the lap belt 94 away from the
      infant's abdomen. The adjustment mechanism of the belt 94 is used to hold
      the infant seat 21 tightly upon the vehicle seat. In the infant mode, the
      conventional shoulder belt 96 is not used, but merely hangs free.
PAR  Should the infant seat 21 be placed on the front or rear right-hand seat of
      the vehicle, an addition side restraint strap 98 is used to hold the seat
      21 away from the right-hand side or door, and particularly the door
      hardware. The side restraint strap 98 has a tang 100 at one end which
      engages a stud 102 integral with one of the fasteners 67 on the shell. The
      lower end of the strap 98 is looped around a portion of the far left-hand
      seat belt anchor 104 (for the left side driver/passenger), secured onto
      itself, in an adjustable manner, with a buckle 106, and adjusted so that
      the strap is taut to hold the seat 21 away from the right-hand door.
      Should an impact occur at the front of the vehicle the infant's body tends
      to move forward against the broad seat back segment 36 and leg segment 40
      so that no severe forces are imposed in concentrated areas of his body.
      Likwise, should an impact occur at the rear of the vehicle, the infant is
      forced against the seat segment 38 with the harness 70 holding him in
      place. Should a side impact occur, the pad covered side walls 30 and 32
      provide good protection, the restraint strap 98 preventing the seat 21
      from being thrown into the side of the vehicle.
PAR  As the child grows it becomes more difficult and undesirable to have him
      use the reclining rear-facing infant seat 21 since he desires a more
      adult-like, front-facing seating position and since he may have outgrown
      this seat. However, such child still needs special protection,
      particularly during impacts at the front of the vehicle since his body
      still cannot be effectively and safely harnessed in place by straps to
      withstand from impacts. When the child has reached an age of about six
      months, a weight of about 18 pounds, a height of over 25 inches, and can
      sit up by himself, the child car seating components of the present
      invention can be disassembled from the infant mode and reassembled in the
      toddler mode to provide a more adult-like front-facing toddler seat 110
      shown in FIGS. 9-16. As used hereinafter, a toddler is a child
      approximately six months to two and one-half years in age, 25 to 35 inches
      in height, and 18 to 30 pounds in weight.
PAR  In converting the infant seat 21 to the toddler seat 110, the harness 70 is
      removed, the pad 64 is unsnapped at one end, the fasterner 58 released,
      and the infant insert 24 is removed from the outer shell 2. The pad 64 may
      then be refastened to the shell 22, and in addition, intermediate snaps
      112 on the pad and shell are fastened to hold the center of the pad in
      place, the segmented construction of the pad 64 facilitating its assuming
      the contour shape of the center wall of the shell 22. In forming the
      toddler seat 110, the outer shell 22 is rotated or turned so that the long
      portion 26 is now vertical, forming a back rest portion, and the short
      portion 28 is horizontal, forming a seat portion.
PAR  In the toddler mode, a shield 114 is attached or secured to the shell 22
      and cooperates with the shell to encircle the toddler's body. The shield
      114 comprises an arcuately curved front wall, having a lower portion 116,
      an upper portion 118, and an integral pair of side walls 120. The lower
      and upper portions 116 and 118 are arranged to form a wide "V", the lower
      portion 116 extending from about the toddler's waist to near the middle of
      the toddler's upper legs or thighs. The upper portion 118 curves upwardly
      and away from the long portion 26 of the shell 22 and extends from the
      toddler's waist to a projected height near that of the toddler's
      shoulders.
PAR  The side walls 120 are formed integral with the front wall (116 and 118) of
      the shield. The upper ends of the side walls 120 have projections 128
      which engage in corresponding notches or openings 130 in the rim 34 of the
      shell to hold the shield to the shell. As shown in FIG. 14, the side walls
      120 are bifurcated forming inner and outer portions 132 and 134,
      respectively, joined by a plurality of perpendicular ribs 136. The inner
      and outer portions 132 and 134 and ribs 136 cooperate with depressed
      portions, indicated by the reference numerals 140, on the rim 34 to locate
      the shield on the shell.
PAR  The inside surface of the front wall of the shield 114 is fitted with a
      removable pad 122 made of foam material and covered with vinyl. The top of
      the pad 122 has a pocket 124 which fits over the top edge of the shield,
      and the lower edge of the shield and pad 122 have a plurality of fastener
      snaps 126 to secure that end of the pad in place.
PAR  The shield may be easily installed on the shell by first engaging the
      projections 128 in the openings 130 and then "rolling" the remainder of
      the sidewalls 120 onto the depressed portions 140 of the rim, and may be
      easily removed by reversing these operations. The shield is further held
      onto the shell by the automobile seat belt which also secures the seat 110
      to the vehicle seat.
PAR  On the toddler seat 110, a crotch strap 142 is provided and has a
      releasable buckle 144 on one end which engages a buckle tang 146 secured
      to the shield. The other end of the crotch strap 142 loops over the top of
      the shield, extends through an opening 148 in the pad 64 and the short
      portion 28 of the shell, and is adjustably secured onto itself with a
      sliding buckle 150 so that it may not be pulled through the opening 148 in
      the shell. The crotch strap 142 is adjusted so that it has about 11/2
      inches of slack to permit removal of the shield 14 without need to
      disassemble the crotch strap from either the shell 22 or shield. Thus, not
      only does the crotch strap 142 help hold the child in place, but it also
      keeps the shield close at hand after being removed.
PAR  The toddler seat 110 may be used with an optional base or booster 154 which
      is secured to the short portion 28 of the shell 22 and raises the toddler
      up for a better view. The booster 154 is in the form of a hollow having
      four outwardly and downwardly flared side walls 155-158 closed by a top
      wall 159, preferably of a height of about 4-5 inches. As can be seen in
      FIGS. 11 and 12, the bottom of the short portion 28 of the shell 22 has
      ribs or projections 160 which cooperate or interfit with other ribs or
      projections 162 on the top wall 159 of the booster 154 to removably secure
      the booster and shell together.
PAR  The toddler seat 110 is shown in FIG. 15 installed on an automobile seat
      170 having a seat back 172 and is positioned so that the long portion 26
      is adjacent and rests against the seat back 172 and the booster 154 rests
      on the seat 170. If the shield 114 is not yet in place, the toddler may be
      placed in the seat 110, the shield then being installed on the shell and
      the crotch strap buckle 144 then being connected to the tang 146. If the
      shield 114 is already in place on the shell 22 and the crotch strap 142 is
      already connected thereto, the shield is first removed and maneuvered to
      bring the crotch strap between the toddler's legs and then is reinstalled
      on the shell. The automobile lap seat belt 174 is positioned over the
      shield and tightened to hold the shield 114 and seat 110 in place. If the
      booster 154 is not used, the shoulder belt 176 is not secured to the
      shell, but is merely placed behind the toddler seat 110.
PAR  Referring to FIG. 10A, if the booster 154 is used, an additional over the
      seat restraint strap or belt 177' is secured to the rear of the portion 26
      of the outer shell and to a portion of the vehicle to stabilize the seat
      110. The belt 177' loops through openings 179', 180' and 181' in the shell
      22, around the shoulder belt 182', and is adjustably secured onto itself
      by the buckle 183'. Thus, should the plastic of the shell between opening
      180' and 181' fail, the seat 110 will still be held by the shoulder belt
      182'. The other end of the belt 177' is sewn together to form a loop 185'
      and receives a belt plate 187'. When the seat 110 is located on the front
      seat of a vehicle, the belt 177' is secured to the vehicle by the rear
      passenger lap seat belt 189' which is passed through the loop 185'. The
      rear vehicle lap seat belt 189' and the buckle 183' are adjusted to hold
      the seat 110 in place on the front seat. Referring to FIGS. 10B and 10C,
      should the toddler seat 110 be located on the rear seat of the vehicle,
      the belt plate 187' engages a headed stud 191' mounted on the rear deck
      193' of the vehicle. As shown, the plate 187' has a key hole slot 195' in
      which the enlarged head of the stud 191' fits. The stud passes through a
      bushing 197' engaging the head and deck 193', a spring washer 199', and a
      pair of washers 201', and is held in place by a nut 203'. The spring
      washer 199' biases the plate 187' upward so that two small offset, raised
      portions 205' on the plate engage with the head of the stud 191' to
      prevent inadvertent disengagement of the plate from the stud.
PAR  If the toddler seat 110 is used on a right-hand vehicle seat, the side
      restraint strap 98 is secured to a stud 175 provided on the shell 22 and
      is adjusted to hold the toddler seat 110 away from the right-hand side of
      the vehicle.
PAR  Should a rear impact occur, the toddler is held in place and impinges
      against the seat back provided by the long portion 26 of the shell 22.
      Should a front impact occur, the toddler is held in place and impinges
      against the front shield 114 so that the force of the impact is spread
      over the entire upper part of the toddler's body. The crotch strap 142
      helps prevent the toddler from slipping out from the seat 110 in a front
      impact crash. Should a side impact crash occur, the side walls 30 and 32
      of the shell assisted by the front shield 114 hold the child in place to
      prevent injury. Again, the restraining forces are imposed across a broad
      portion of the child's body, thus, preventing certain type injuries to
      toddlers caused by harness straps.
PAR  The child car seating apparatus of the present invention is shown in FIGS.
      16-20 arranged in a manner or mode to provide a seat 180 for a small
      child. As used hereinafter, a small child is one approximately two and
      one-half to four years of age, 25 to 40 pounds in weight and less than 40
      inches in height. A child of such age and size no longer requires the
      special impact protection provided by the shield 114, and has sufficient
      skeletal development that he can be held in the child seat by a special
      harness. To convert the car seating apparatus from the toddler seat 110
      into the small child seat 180, the shield 114 is removed from the outer
      shell 22, the buckle 144 is disconnected from the shield, and the crotch
      strap 142 is readjusted so it has an effective length of about 11/2
      inches. The booster 154 may be removed or left in place since, like the
      toddler seat 110, the small child seat 180 may be used with or without the
      booster 154.
PAR  A special harness 182 for the small child is provided and comprises a
      single length of strap 184 having two harness plates 183 and 185, and
      cooperates with the crotch strap 142 to hold the child in place. The strap
      184 has two ends 186 and 188 which are inserted first through a pair of
      openings 190 and 192 in the short portion 28 of the shell 22 adjacent the
      edges of the pad 64, then threaded through openings 193 and 195 provided
      in the harness plates 183, and 185, respectively, then threaded through a
      pair of angled openings 198 and 200 provided through the pad 64 and the
      long portion 26 of the shell 22, and are finally joined adjustably
      together by a slide buckle 202. Of course, the strap 184 could just as
      easily be threaded in some other sequence. As shown in the dotted lines in
      FIG. 16, the strap 184 can be separated into right and left hand portions
      with one of the harness plates 183 or 185 on each portion.
PAR  The harness plates 183 and 185 are adapted to be connected together to form
      shoulder and lap belts from the single strap 184. The harness plate 183 is
      somewhat V-shaped having the opening 193 at the upper end for the strap
      184, a stud 204 in the middle for engaging and connecting the harness
      plates, and a tang or end for engaging the buckle 144 of the crotch strap
      142. The stud 204 has an off-centered and slightly elongated head 207
      which cooperates with an opening in the other harness plates 185 to
      connect the plates together.
PAR  The harness plate 185 has an upper squared off end having the opening 195
      for the strap 184 and a lower opposite V-shaped end having a key-hole slot
      therein. The key-hole slot has a large portion 210 located near the center
      of the plate 185, the large portion 210 being large enough to permit the
      off-centered head 207 of the stud 204 to pass through. The key-hole slot
      has a small, but elongated portion 212 extending into the V end of that
      plate, sized so that when in the assembled position, shown in FIG. 19, the
      head 207 of the stud 204 cannot pass through the small portion 212.
      However, the small portion 212 and the head 207 are shaped and sized so
      that the harness plates 183 and 185 may be disconnected merely by rotating
      the elongated head 207 to align with the elongated small portion 212 of
      the key-hole slot. This feature permits the harness to be relatively tight
      on the child, and avoids having to loosen the harness to disconnect the
      plates 183 and 185. Further, when the buckle 144 is connected to the
      harness plate 183, the upper edge of the buckle (shown in dotted lines and
      indicated by reference numeral 214) engages the lower edge of the plate
      185 to prevent sliding or rotation of the harness plates 183 and 185 to a
      position where they could inadvertently disassemble.
PAR  As shown in FIG. 20, the small child seat 180 is positioned on the vehicle
      seat 220 with the long portion 26 abutting the seat back 22 and the short
      portion 28 resting on the vehicle seat 220 so that the child is in a
      front-facing position. The conventional lap seat belt 224 secures the seat
      180 to the vehicle and engages the side wall 30 and 32 of the shell 22 but
      not the child. The child is held in the seat 180 by the special harness
      182 about his shoulders and pelvis and the crotch strap 142.
PAR  The booster 154 may be used to provide a short child with a better view,
      and if used, the belt 177' should be secured to the rear of the long
      section 26 of the shell 22 and to the vehicle, as previously described, to
      provide additional stability. If the booster is not used, the shoulder
      belt is merely placed behind the small child seat 180. If the small child
      seat 180 is placed in the front or rear right-hand seat, the side
      restraint strap 98 should also be connected to the seat 180.
PAR  After reaching approximately four years of age, a weight of excess of forty
      pounds and a height of over 45 inches, the child may safely use the
      automobile seat belts and the car seating system apparatus of the present
      invention may be stored until needed by the next child.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A child's car seat for protecting the child from infancy until the child
      is old enough to safely use an automobile seat, said child's seat
      comprising a molded unitary open-ended, outer shell which includes:
PA1  a substantially L-shaped center wall having a long portion terminating in a
      first rim at one end and having first
      infant-insert-receiving-and-positioning means associated therewith; a
      short portion joined at one end to said long portion and terminating in a
      second rim at the other end and having second
      infant-insert-receiving-and-positioning means associated therewith;
PA1  a pair of side walls, one along each side edge of the center wall and
      extending between said rims; and
PA1  said shell adapted to be positioned in a rear-facing infant-receiving
      postion wherein said long portion provides the bottom of the seat and the
      short portion provides the back of the seat and also adapted to be
      positioned in a front-facing toddler or child-receiving position wherein
      said short portion provides the bottom of the seat and the long portion
      provides the back of the seat.
NUM  2.
PAR  2. A child's seat as in claim 1, wherein: said first
      infant-insert-receiving-and-positioning means includes means defining a
      lower tab receiving slot and means defining a center depression positioned
      intermediate said slot defining means and said short wall portion; and
      said second infant-insert-receiving-and-positioning means includes means
      defining an upper tab receiving slot adjacent said rim at the end of said
      short wall portion.
NUM  3.
PAR  3. A child's seat as in claim 1, wherein: each of said side walls are
      generally L-shaped; said first rim means extends across the long wall
      portion and along the edges of the side walls adjacent said long portion;
      and said second rim means extends across the short wall portion and along
      the edges of the side walls adjacent said short wall portion, so as to
      define a shield-receiving gap along the edges of each of the side walls
      between the ends of the first and second rims.
NUM  4.
PAR  4. A child's seat as in claim 1 further including means defining an
      infant-seat-belt receiving slot in said long wall portion between said
      first rim means and said lower tab receiving slot means.
NUM  5.
PAR  5. A child's seat as in claim 1 further including and in combination
      therewith: a rigid infant insert having back, seat and leg segments
      adapted to cradle the infant in a reclined position when said shell is in
      the infant receiving position; said insert including means associated with
      said insert back for cooperation with said first
      infant-insert-receiving-and-positioning means to secure said insert to
      said shell and position said insert in relation thereto; and means
      associated with said seat segment and means associated with said leg
      segment for cooperation with said second
      infant-insert-receiving-and-positioning means for receiving said insert
      means and for positioning said insert in relation to said shell.
NUM  6.
PAR  6. A child's seat as in claim 2 further including and in combination
      therewith: a rigid infant insert having back, seat and leg segments
      adapted to cradle the infant in a reclined position when said shell is in
      the infant receiving position, and said insert including upper tab means
      associated with said back segment for locking cooperation with said upper
      tab receiving slot means in said shell; projection defining means
      associated with said seat segment for cooperation with said center
      depression means; and lower tab means associated with said leg segment for
      locking cooperation with said lower tab receiving slot means.
NUM  7.
PAR  7. A child's seat as in claim 6, wherein: said insert includes a pair of
      short, transversely-extending, positioning ribs, with one member of the
      pair on each side of said projection means; and said shell includes
      transversely-oriented groove means on either side of said center
      depression for matingly receiving said transverse ribs.
NUM  8.
PAR  8. A child's seat as in claim 6 wherein: said center depression has a
      fastener-receiving aperture extending therethrough; said raised projection
      has a fastener-receiving aperture extending therethrough; and there being
      further provided fastener means for cooperation with said
      fastener-receiving apertures to removably secure said insert to said
      shell.
NUM  9.
PAR  9. A child's seat as in claim 6, wherein said insert is adapted to be
      positioned in said shell so that when said shell is in the rear-facing
      infant receiving position, said insert back segment is inclined at an
      angle of about 30.degree. to vertical, said seat segment is inclined at an
      angle of about90.degree. to said back segment, and said leg segment is
      inclined at an angle of about 60.degree. to said seat segment and said
      back and said seat segments are supported by but in spaced relation to
      said shell center wall.
NUM  10.
PAR  10. A child's seat as in claim 1 and further including, in combination
      therewith, toddler shield means for protecting a toddler using the seat in
      the front-facing position in the event of an impact, said shield
      comprising: a front wall having a pair of side edges and means along each
      of said side edges for grasping the edge of each of said shell side walls
      so as to position said shield across the seat opening.
NUM  11.
PAR  11. A child's seat as in claim 10, wherein said shield front wall is
      arcuately shaped and includes a lower portion and an upper portion, said
      upper portion adapted to extend upwardly from the long portion of said
      shell.
NUM  12.
PAR  12. A child's seat as in claim 10, wherein each of said shell side walls
      are generally L-shaped, and said first rim extends across the long wall
      portion and along the edges of the side walls adjacent said long wall
      portion; and second rim extends across the second wall portion and along
      the edges of the side walls adjacent said short wall portion so as to
      define a shield receiving gap along each of side walls between the ends of
      said first and second rim means and each of said shield grasping means
      includes side walls extending from said front and adapted to matingly fit
      within the shield receiving gap, and projection means for latchingly
      coacting with the terminal edges of the first rim.
NUM  13.
PAR  13. A child's seat as in claim 10, wherein said shell includes a
      restraining belt receiving slot extending through said short portion and
      said shield includes means for locking cooperation with a restraining
      belt, and said seat further including, in combination therewith,
      restraining belt means, one end of said belt means being secured below
      said seat, extending upwardly through said slot and being secured at the
      other end to said front wall of said shield so as to provide a crotch
      restraint and to prevent loss of the shield.
NUM  14.
PAR  14. A child's seat as in claim 1, wherein said shell is oriented in the
      front-facing child receiving position, and said shell includes a pair of
      angularly arranged restraining belt receiving slots, each slot extending
      through said long portion of said shell at approximately shoulder height
      and positioned adjacent said first rim means and one of said side walls;
      and a crotch, restraining-belt receiving slot centrally positioned in said
      short portion of said outer wall.
NUM  15.
PAR  15. A child's seat as in claim 14, wherein said shell further includes a
      pair of side restraining belt receiving slots, each of said slots
      extending through said short portion and positioned adjacent said long
      portion and a side wall.
NUM  16.
PAR  16. A child's seat as in claim 15, further including, in combination
      therewith, a restraining belt means comprising: a first side loop
      extending through a side slot and a shoulder slot; a second side loop
      extending through the other side slot and other shoulder slot; a crotch
      strap extending through said crotch slot; and buckle means for releasably
      securing one end of said crotch strap and the sides of each loop together.
NUM  17.
PAR  17. A child's seat as in claim 1, wherein said outer shell further includes
      booster engaging clip means on the outer side of the short portion, and in
      combination therewith, a booster for raising the height of said seat when
      in the child-receiving position, said booster including a plurality of
      side walls and a top wall, said top wall including means for receiving
      said booster engaging clip means so as to secure said booster to said
      shell.
NUM  18.
PAR  18. A child's seat as in claim 17, wherein said booster engaging clip means
      and said clip receiving means are arranged to prevent disengagement of
      said shell from said booster in the event of an impact which would urge
      the shell forwardly.
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ABST
PAL  Method for recovering bitumen from oil or tar sand using jets of hot water
      and/or steam introduced into the sand via raises connected to underlying
      spaced aprt tunnels. The jets are arcuately moved horizontally in
      overlapping patterns to slurry the sand. Caverns are formed by caving the
      tar sand and removal of the slurry into which the over burden is permitted
      to cave forming there above a surface depression usable as a tailing pond.
      Cavities are formed by other jets which connect with the priorly formed
      cavities so there is a continuous backward movement of interconnecting
      cavities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The continuing increase in demands for energy and the accelerated use of
      natural gas and petroleum has increased the interests in alternative
      sources of fossil fuels. Oil and tar sands, which are prevalent in Canada
      and the United States, as well as other parts of the world, could provide
      an increasingly large source of fossil fuel, if the major portion of the
      oil and tar sands could be mined economically and efficiently. About 90
      percent of the known oil and tar sand deposits are present under such a
      large overburden of rock and soil, as to preclude strip mining. Therefore,
      at present, about 90 percent of the known oil and tar sands cannot be
      economically and efficiently mined.
PAR  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. Nos. 3,749,314 and 3,797,590 disclose a high pressure jet nozzle
      and its use in underground mining. U.S. Pat. No. 3,606,479 discloses the
      use of such high pressure nozzle in the slurry removal of mineral ore from
      a storage container, such as a ship. Also of interest is U.S. Pat. No.
      1,935,643, which is concerned with the mining and treating of oil bearing
      sands.
PAC  SUMMARY OF THE INVENTION
PAR  Tar sand and other similar oil bearing formations are mined from below by
      establishing one, usually at least two tunnels, in the underlying stratum
      underneath the tar sand formation and drilling substantially a line of
      raises, bore holes, or channels (hereinafter referred to as channels) from
      the tunnels into the tar sand formation. Oscillating and/or rotating high
      pressure jet stream nozzles are introduced through the channels into the
      tar sand formation, so as to direct high pressure, high velocity streams
      of fluid, e.g. hot water, above the underlying stratum into the tar sand
      formation, forming a slurry of fluid, sand and bitumen. The jet streams
      are usually directed in horizontal planes but such planes could be
      inclined if deemed necessary or desirable.
PAR  The slurry flows downwardly, is gathered and directed through pipes,
      through the tunnel to a separation plant, which separates the bitumen from
      the sand and fluid, e.g. water.
PAR  The jets are spaced apart in a predetermined pattern at a distance somewhat
      less than twice their effective distance, so that the areas covered by the
      jet streams overlap to insure that tar sand pillars, which would support
      overlying formations of tar sand and overburden, are not left in the tar
      sand formation. As a cavity is created and enlarged in the tar sand
      formation, the tar sands above the cavity fall into the cavity in the path
      of the jet stream and are slurried. Each jet stream forms a large cavity
      interconnecting with adjacent cavities to form a large chamber. Successive
      rows of jet streams are initiated so that there is a continually receding
      chamber as the tar sands are eroded away. When the tar sand formation can
      no longer support the overlying formation above the chamber, the
      formations will cave into the chamber.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic elevation cross section of an intermediate stage
      in the process of this invention;
PAR  FIGS. 2 to 4a are diagrammatic elevational cross sections of tar sand
      formations at successive static stages as to one cavity during the process
      of this invention; and
PAR  FIG. 5 is a diagrammatic plan view showing the relationship of the tunnels
      and effective ranges of the jet streams.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Tar sands and similar oil bearing formations are found between an
      overburden of rock and soil and an underlying stratum. The hydrocarbon in
      the tar sands is actually bitumen, a dense black vicous material. The
      predominant sand component is quartz in the form of rounded or subangular
      particles. A film of water wets the sand grains, and the wetted particles
      are covered by a film of bitumen that partially fills the void volume
      between them. Connate water fills the rest of the void volume, along with
      occasional small volumes of gas. The sand grains are packed to a void
      volume of about 35 percent, and this corresponds to a mixture of
      approximately 83 weight percent sand and 17 weight percent bitumen with
      water. By subjecting the bitumen coated sand and particles to a hot water
      or steam stream, a slurry can be formed, whereby the bitumen and sand is
      dispersed in the water, and can be readily transported. For the purposes
      of this invention, tar sands will be employed as illustrative of tar sands
      and similar oil bearing formations.
PAR  While less than 10 percent of the known tar sand deposits are covered by an
      overburden of small or moderate depth, which allows for strip mining, the
      major proportion (90 percent or more) of the known tar sand deposits are
      covered with overburdens of sufficiently great depth, as to make strip
      mining not feasible.
PAR  In accordance with the subject invention, a shaft or tunnel from the
      surface through substantial depths of overburden is provided from which
      one or a plurality of tunnels are introduced. The tunnels may be
      horizontal, inclined or declined depending on the formation. The tunnels
      are separated by a predetermined distance, in accordance with the
      effective distance of a high pressure jet stream, which is employed. The
      high pressure jet stream will be discussed subsequently. From the tunnels,
      spaced channels are bored upwardly into the tar sands, with the openings
      of the channels being in a predetermined pattern, conveniently aligned, so
      as to define a front. The tunnels are sufficiently below the oil bearing
      deposit to insure their structural integrity. The cross section of the
      tunnels are sufficient to allow for introduction of the necessary
      equipment and removal of the deposit material as a slurry.
PAR  The raises or channels are drilled upwardly, and are of sufficient size to
      allow for the introduction of the necessary equipment and the removal of
      the tar sand and water slurry through pipes. Since the channels are spaced
      apart, the equipment can be presented to the tar sand only at spaced
      locations along the same. To provide for greater flexibility in the
      placement of the equipment, slots can be formed in the underlying stratum
      instead of drilling the channels. While channels will hereinafter be
      described, the aforesaid slots are within the purview of the present
      invention.
PAR  The channel is bored upwardly from the tunnel into the tar sand, so that a
      high pressure, high velocity jet nozzle may be introduced above the
      underlying stratum and into the area occupied by the tar sands. Usually,
      the nozzle will be introduced, so as to provide a jet stream contiguous
      with the surface of the underlying stratum. However, depending upon the
      nature of the tar sand deposit or the nature of the tar sand formation, as
      well as the presence of unwanted (reject) materials consisting of clay,
      shales, siltstone, sandstone and lean oil sand, the position of the nozzle
      in the vertical direction may vary.
PAR  While various liquid or liquid compositions may be employed, conveniently
      hot water or steam, either separately or in combination, will be used for
      the liquid jet, with or without ancillary materials. Illustrative
      materials include emulsifiers or surfactants in amounts from about 0.001
      to 1 weight percent, wetting agents, miscible and immiscible organic
      solvents, settling agents, and the like. While cold water may be employed,
      preferably the temperature of the water will generally be at least about
      30.degree.C, more usually at least about 60.degree.C, and normally not
      exceed about 95.degree.C, although superheated water and/or steam may be
      employed at temperatures substantially exceeding 100.degree.C. The
      pressure of the water will generally be at least about 100 psi, and will
      generally not exceed about 2,000 psi, usually being in the range of about
      150 to 500 psi, although higher pressures may be desirable for quick
      slurrying of the deposit formation.
PAR  The jet nozzle will be rotated in a plane, preferably a substantially
      horizontal plane; however, the plane could be inclined if deemed desirable
      or necessary. The rotation of each jet nozzle will be either with or
      without a superimposed oscillatory movement, such as in a range of
      approximately 10.degree. to 180.degree.. The jet nozzle may rotate
      360.degree. or first rotate 180.degree. and then be turned to rotate the
      remaining 180.degree.. Where the jets complete a circle, successive rows
      of jets will be separated by less than twice the effective distance of the
      jet stream, so that there is substantial overlap of their effective areas.
      In some instances, narrower arcs may be defined and different nozzles in
      the same row rotated through different arcs.
PAR  A substantial portion of the effective distance of the jet stream from
      adjacent nozzles will overlap, usually at least about 15 percent of the
      effective distance. Depending upon the particular nozzle, a high velocity,
      high pressure jet stream can be provided, which is effective for distances
      above about 150 feet. The spacing of the nozzles will therefore be about
      one per 200 feet in a particular row. That is, there will be substantial
      overlap of the effective area of the nozzles.
PAR  The substantially horizontal rotating movement of the nozzles has many
      advantages. Where water is directed continuously in a single direction,
      the water acts as a buffer against the impinging stream, reducing its
      effectiveness in eroding and slurrying the tar sand. Where the stream
      moves away by rotating and then returns to the same position, the water
      previously introduced has drained away, removing the dislocated tar sands,
      so that a fresh tar sand surface is exposed to the jet stream.
PAR  While any system, which provides a high velocity, high pressure jet stream
      in a horizontal direction can be employed, a system of particular interest
      is the subject matter of U.S. Pat. No. 3,749,314. The description of the
      high velocity, high pressure jet nozzle as part of a capsule is found in
      U.S. Pat. No. 3,797,590, which description is incorporated herein by
      reference.
PAR  As previously indicated, normally a small cavity, which can be expanded
      into a dome-shaped cavity, will be provided from the channel immediately
      about and above the impervious stratum. The jet in a capsule may then be
      introduced into the dome-shaped cavity. A conduit is provided through the
      tunnels and channel as a source of fluid, e.g. hot water, for each of the
      jets. In addition, a mechanism is provided for rotating the jet in a
      capsule. The jets are arranged in a convenient pattern depending on the
      particular tar sand formation to insure the substantially complete removal
      of the tar sands. The tar sands may be eroded in a relatively linear
      front, staggered front, curved front or combinations thereof. In one
      embodiment, the jet is rotated in about a 180.degree. arc, so that a
      semi-circle is defined, with its straight side aligned with the straight
      sides of the semi-circles defined by the other capsules, which are in
      alignment in a row normal to the tunnels.
PAR  Where the jet is to be maintained in a single position, the capsule may be
      grouted in place adjacent the impervious stratum. Alternatively, the
      channel may be bored up into the tar sand formation and the capsule moved
      periscopically in the vertical direction, so that tar sands in an upper
      portion or middle portion of the formation is eroded away.
PAR  In addition to the jet and the auxiliary equipment of the jet capsules, the
      tunnels and channels will be equipped with appropriate ventilation
      systems, insulated pumps, piping for carrying the slurry, and insulated
      slurry pumps to remove the tar sand and water slurry from the tunnel to
      appropriate settling tanks.
PAR  To initiate the process, a plurality of jet streams from capsules in a
      first row are directed toward the tar sand deposits. Usually, at least
      two, and more usually three or more jet streams are concurrently employed.
      A substantial portion of the effective area of the jet streams of adjacent
      capsules overlap. Also, the effective distance of succeeding rows of jet
      streams overlap the area covered by the immediately preceding row of jet
      streams. The jets move in an arc with the jets oscillating or simply
      rotating Therefore, the tar sand deposit between two jets will be
      completely eroded away by the action of the jet streams. As the jets
      rotate, a continually enlarged cavity will be formed in the path of the
      jet streams, with the water forming a slurry of the tar sand deposit. The
      slurry will flow by gravity into pipes in the channels and be moved by
      pumps to the surface for further processing.
PAR  With the cavity being continually enlarged, the tar sands above the cavity
      will begin to cave in. The caved-in tar sands will then be subjected to
      the force of the jet stream, become slurried and be removed through the
      pipes. As the process continues, the interconnection of the cavities being
      formed by each of the jet streams, forms a large chamber or cavern.
      Because of the overlapping of the areas covered by the jet stream, pillars
      of tar sands, which would otherwise support the overlying formations of
      tar sand and overburden are prevented, so that when a substantial
      proportion of the tar sand deposit has been removed, the weight of the
      overburden causes the remaining tar sand and
PAR  As to cave into the cavern. As the tar sands are being eroded away by the
      primary line of jets, prior to substantial cave-in of the overburden, the
      next line of jets are activated, and the erosion of tar sands initiated.
      The effective distance of the second line of jet capsules overlaps the
      first line of jets, so that all of the tar sand between the two jets is
      subjected to the jet stream. By appropriate timing along successive lines
      of jets, one can create a cavity with a sloping roof. In this manner, the
      tar sand formation is continuously eroded away in a relatively even manner
      and the remaining tar sands and overburden cave in in a relatively
      continuous manner. In effect then, there is a continuously receding front
      of tar sands, with the overburden filling the space left by the removal of
      the tar sands. In this manner, efficiencies of 75 percent or greater are
      achieved in the removal of the available tar sands.
PAR  For further understanding of the invention, the drawings will now be
      considered.
PAR  FIGS. 1 to 4a are diagrammatic drawings to illustrate various stages of the
      mining process of the subject invention. As previously indicated, tar sand
      formations 10 are normally found between an overburden 12 and an
      underlying stratum 14. The tar sand or oil sand formations, which can be
      mined in accordance with the subject invention, are those which can be
      slurried by a high velocity jet stream of a liquid, such as hot water
      and/or steam. Tar sand formations tend to be reasonably friable,
      unconstituted and unconglomerated, and are held together by a pervasive
      viscous oil.
PAR  In performing the subject process, normally a utility shaft or tunnel is
      drilled from the surface into the underlying stratum 14, to provide access
      for the various conduits and equipment, which must be introduced. From the
      utility shaft, a tunnel grid comprised of a number of spaced tunnels 16,
      only one such grid being shown in FIG. 5, is drilled, which serves as the
      passageways for access to the tar sand deposits 10. From each tunnel 16, a
      plurality of vertical or substantially vertical channels 20, normally
      evenly spaced apart, are bored upwardly through underlying stratum 14 and
      into the tar sand formation 10. Such channels extend a sufficient distance
      into the tar sand formation, to allow for proper placement of the jet
      equipment connected by a conduit 26 to the necessary source of pressurized
      fluid, such as hot water or steam, and by a drainage pipe 28 to the
      necessary collection system. Each opening into the tar sand formation 10
      can be expanded, if desired, to form a dome 22 for accommodation of such
      equipment.
PAR  Each jet comprises a capsule which has a nozzle 32 from which a high
      velocity liquid jet stream is directed into the tar sand formation 10 in a
      plane slightly above the underlying stratum surface 30. The jet stream may
      be directed horizontally or at a small acute angle to enhance the gravity
      flow of the slurry. Means (not shown), is provided for oscillating and/or
      turning the jet in the capsule 24 in an arc, so that the high velocity
      liquid stream impacts the tar sand deposit, disintegrating the deposit
      into a slurry. With the continuing action of the high velocity jet stream
      34, the dome 22 will be expanded to a larger cavity 36.
PAR  When the cavity reaches a sufficient size, the ceiling 40 of the cavity
      will cave into the cavity, enlarging the cavity, with the caved-in
      material becoming subject to the disintegrating force of the high velocity
      jet 34. The slurry 42 which is formed from the liquid jet stream 34, and
      the caved-in material 44, as indicated in FIG. 3, flows by gravity into
      pipe 28, and is then pumped by pump 46 to the surface for further
      processing. A grate 50 may be provided at the entrance to pipe 28 to
      prevent the introduction of large clumps of tar sand or barren materials.
PAR  As the walls and ceiling of the cavity cave in, cavity 36 will enlarge to a
      large area 52, where most of the tar sand deposit in the area of the
      capsule 24 has been removed as slurry. The adjacent cavities will become
      interconnected forming an extensive chamber or cavern. As the size of the
      cavity increases, the tar sand ceiling will become weakened and eventually
      will no longer be able to support itself and the overburden. Thus, the tar
      sand ceiling and overburden 12 will collapse into the cavity area 52,
      filling the latter as shown in FIG. 3. The jet will continue to slurry the
      loosened tar sands (denoted by the numeral 10a) underlying the caved
      overburden, until such tar sands have been removed in the form of a
      slurry. As this occurs, the caved overburden will continue to subside.
      Thereafter, the adjacent jets can be turned off and removed from the
      corresponding channels.
PAR  As cavity area 52 increases in size, the next row of jets 24, which will
      also be operative, will form an extension 52a (FIG. 3) to cavity area 52,
      so that both cavity area 52 and extension 52a will increase in size and
      connect with the adjoining row of cavities. Thus, two or even three or
      more rows of jet streams may operate simultaneously, eroding and removing
      the tar sand deposit in a uniform manner.
PAR  FIG. 1 diagrammatically shows the formation during the process of this
      invention, indicating the various auxiliary pieces of equipment. A hot
      water and steam plant 72 provides hot water or steam through conduit 26 to
      a plurality of jets 24, which are aligned successively along tunnel 16. As
      the jets rotate, the tar sand 10 is eroded away as a slurry and is carried
      through piping 28 to sand removal plant 74. The caved overburden 76
      creates a depression, which can serve as a tailings pit 80. The sand
      removal plant 74 separates a portion of the cleaned sand from the slurry,
      and forwards the remaining sand, middlings and bitumen for further
      processing to a bitumen processing plant (not shown). Excess hot water is
      transferred to the hot water plant, and the clean sand tailing is
      transferred to the tailings pit 80. The warm water and sand serve as an
      insulation for the tar sands, providing some heat to the tar sands.
PAR  FIG. 2 shows the initial removal of tar sand from formation 10 and
      illustrates that the cavity or space in which nozzle 24 is disposed is
      relatively small in size. FIG. 3 shows that erosion has occurred in the
      bottom of formation 10 and that the cavity has increased in size
      sufficient to weaken portion 54 of the formation above cavity 52. FIG. 4
      shows that portion 10a and the overburden thereabove have collapsed onto
      stratum 14, yet the adjacent nozzle 24 continues to direct a jet stream
      against the loosened material of portion 10a, so that it can be carried
      off as a slurry. FIG. 4a shows that the portion 10a of FIG. 4 has been
      completely removed, that the overburden previously thereabove has now
      subsided onto stratum 14, and that the next adjacent portion 10a of
      formation 10 and the corresponding overburden thereabove have collapsed.
      Thus, the weakening, collapsing and subsidence will continue as above in a
      progressive fashion.
PAR  By appropriate timing of the jet capsules along the tunnel, the caving-in
      of the tar sands into the cavity 52 can be controlled, so as to have a
      continuously receding ceiling 84 and chamber. As the tar sand formation
      caves and collapses and as the loosened tar sand is removed, the
      overburden 12 continues to subside, filling the cavity, and increasing the
      depression area, which can serve as a tailings pit 80, which is capable of
      receiving the continuing supply of sand tailings.
PAR  FIG. 5 diagrammatically shows how the jet stream arcs overlap where the
      jets are linearly aligned in rows normal to parallel tunnels and move in a
      180.degree. arc. The full effective force is felt at least the distance of
      the solid line, while substantial erosion can occur at the broken line or
      farther. Therefore, substantially all of the tar sand deposit is subjected
      to the erosive force of the jet stream. In this manner, the formation of
      pillars, which might act to support the overlying tar sand and overburden,
      is prevented, and all of the tar sands cave in and are subjected to the
      erosive force or slurrying force of the jet stream. Thus, one insures the
      continual caving-in of the overburden with the filling of the cavity and
      the formation of a tailing pit, which can receive the water and sand from
      the tar sand formation. A relatively uniform surface is achieved, which
      can be treated so as to recreate its previous ecological character.
PAR  The subject process has many advantages over prior art methods of mining
      tar sands. Current commercial mining methods involve stripping the
      overburden with bucket drag lines. This makes mining tar sands, which lie
      beneath more than 125 to 150 feet uneconomic. The subject method provides
      for economical mining of tar sand formations, which lie as much as 2,000
      feet or more below the surface. The subject process is not affected by the
      depth of overburden. In the subject process, by drilling below the tar
      sand formation, one can ignore the depth of the overburden and avoid the
      high cost of removing the overburden. In addition, the high velocity
      liquid jet nozzle can be fixed in position, near the bottom of the tar
      sand formation, and by cave-in of the formation, high efficiency and
      removal of the tar sands from the formation is achieved. Also, gravity
      aids in removing the slurry of the tar sand to the gathering means for
      pumping to the surface.
PAR  The subject method also allows for minimum transfer of large amounts of
      barren rock and soil. As compared to current methods, which require the
      removal of the overburden and the tar sands from the formation and then
      require the dry tar sands to be transported considerable distances to a
      processing plant, where the tar sands are slurried in hot water to
      separate the sand from the bitumen, the subject method initially provides
      a slurry, which allows for easy transfer by pumping of large amounts of
      solid materials in slurries, and the slurry may then be introduced into a
      settling tank to provide the separation of clean sands from the bitumen
      and water slurries.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of mining material from oil bearing formations, such as tar
      sands, wherein said formation is between an overburden of an overlying
      rock and soil formation and an underlying impervious stratum, by
      subjecting said formation to high velocity fluid jet streams capable of
      forming a slurry of said material; and wherein a plurality of spaced-apart
      tunnels are formed through said impervious stratum adjacent to and below
      said formation, which comprises:
PA1  boring upwardly from said tunnels into said formation, a plurality of
      spaced-apart rows of channels, wherein said rows are spaced apart at a
      distance less than the effective distance of said jet stream for forming
      slurry from said material;
PA1  from a first row of channels, directing into said formation material, high
      velocity rotating fluid jet streams to form a slurry of said formation
      material in the jet stream path, wherein the effective distance of
      adjacent jet streams overlap, so as to form a row of interconnecting
      cavities;
PA1  directing said jet streams toward material from areas adjacent to said
      cavities, so as to continually enlarge said interconnected row of cavities
      to define a chamber, while initiating rotating jet streams from the next
      adjacent row of channels, so as to form a receding chamber moving towards
      said next row of channels, until said formation material and said
      overburden above a portion of said chamber is no longer supported and
      caves into a portion of said chamber;
PA1  continuously removing slurry from said cavities for further processing; and
PA1  repeating said process from successive rows of channels.
NUM  2.
PAR  2. A method according to claim 1, wherein said jet streams are contiguous
      to said impervious stratum and said material adjacent to said cavities
      caves into said cavities into the paths of said jet streams and including
      the step of directing said jet streams toward the caved formation material
      lying under the caved overburden until the caved formation material has
      been slurried.
NUM  3.
PAR  3. A method according to claim 1, wherein said oil bearing formation is tar
      sand.
NUM  4.
PAR  4. A method according to claim 1, wherein said fluid is water.
NUM  5.
PAR  5. A method according to claim 4, wherein said fluid is water at a
      temperature of at least 65.degree.C or steam.
NUM  6.
PAR  6. A method according to claim 4, wherein said slurry is partially
      processed by separating water and sand tailings from said slurry, and said
      caved overburden forms a pond at the surface of said overburden to receive
      said water and sand tailings.
NUM  7.
PAR  7. A method according to claim 1, wherein at least three tunnels are
      employed and said overlap is at least 15 percent of the effective distance
      of said jet streams.
NUM  8.
PAR  8. A method according to claim 7, wherein said jet streams are rotated in a
      180.degree. arc defining semi-circles, with the bases of said semi-circles
      of a row of jet streams in substantial alignment.
NUM  9.
PAR  9. A method of mining tar sand, wherein said tar sand is between an
      overburden of an overlying rock and soil formation and an underlying
      impervious stratum, by subjecting said tar sand to high velocity jet
      streams of water or steam capable of forming a slurry of said tar sand;
      and wherein a plurality of spaced-apart tunnels are formed through said
      impervious stratum adjacent to and below said tar sand, which comprises:
PA1  boring upwardly from said tunnels into said tar sand, a plurality of
      spaced-apart rows of channels, and introducing through said channels into
      said tar sand, high velocity jet stream sources, wherein the distance
      between adjacent jet stream sources in successive rows is less than the
      distance for which said jet streams are effective in slurrying tar sand,
PA1  from a first row of channels, directing into said tar sand, high velocity
      substantially horizontally rotating jet streams of water contiguous said
      impervious stratum to form a slurry of said tar sand in the jet stream
      path, wherein the area covered by adjacent jet streams overlap, so as to
      form a row of interconnecting cavities, and wherein tar sand adjacent to
      said cavities caves into said cavities;
PA1  directing said jet streams toward said caved-in tar sand, so as to slurry
      said caved-in tar sand and continually enlarge said interconnected row of
      cavities to define a chamber, while directing substantially horizontally
      rotating jet streams contiguous to said impervious stratum from the next
      adjacent row of channels, until said tar sand and said overburden
      overlying a portion of said chamber is no longer supported and caves into
      a portion of said chamber;
PA1  directing jet streams toward the caved tar sand lying under the caved
      overburden to slurry said caved tar sand;
PA1  continuously removing slurry from said cavities for further processing; and
PA1  repeating said process from successive rows of channels.
NUM  10.
PAR  10. A method according to claim 9, wherein said water is employed in the
      form of at least one of hot water or steam.
NUM  11.
PAR  11. A method according to claim 9, wherein said jet streams of water rotate
      in an arc of not greater than 180.degree..
NUM  12.
PAR  12. A method according to claim 11, wherein said jet streams rotate in a
      180.degree. arc defining semi-circles, with the bases of said semi-circles
      of a row of jet streams in substantial alignment.
NUM  13.
PAR  13. A method according to claim 9, wherein said jet streams are directed
      from jet nozzles which define rows of parallel straight lines.
NUM  14.
PAR  14. A method according to claim 13, wherein said tunnels are substantially
      parallel and said lines are substantially normal to said tunnels.
NUM  15.
PAR  15. A method of mining material from oil bearing formations, such as tar
      sands, wherein said formation is between an overburden of an overlying
      rock and soil formation and an underlying impervious stratum, by
      subjecting said formation to high velocity fluid jet streams capable of
      forming a slurry of said material; and wherein at least one tunnel is
      formed through said impervious stratum adjacent to and below said
      formation, which comprises:
PA1  boring upwardly from said tunnel into said formation, a plurality of
      spaced-apart successive channels, wherein said channels are spaced apart
      at a distance less than twice the effective distance of said jet stream
      for forming slurry from said material;
PA1  from a first channel, directing into said formation material, a high
      velocity rotating fluid jet stream to form a slurry of said formation
      material in the jet stream path;
PA1  directing said jet stream toward material from areas adjacent to said
      cavity, so as to continually enlarge said cavity to define a chamber,
      while initiating a rotating jet stream from the next channel, so as to
      form a receding chamber moving towards said next channel, until said
      formation material and said overburden above a portion of said chamber is
      no longer supported and caves into a portion of said chamber;
PA1  continuously removing slurry from said cavities for further processing; and
PA1  repeating said process from successive channels.
NUM  16.
PAR  16. A method according to claim 15, wherein said fluid is water.
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PAL  An auxiliary wheel for use in conjunction with a conventional pneumatic
      tired wheel of a vehicle when the pneumatic tire carried by the rim of the
      conventional wheel becomes inoperative. The auxiliary wheel has a rim
      member with a hard rubber tire on the outer periphery thereof and is
      pivotally attached to a coupling member which, in turn, is attachable to
      the rim of the conventional wheel. The auxiliary wheel is attached to the
      vehicle wheel in such a manner that upon a limited rotational movement of
      the wheel the rim member will be moved to a position concentric with and
      parallel to the wheel and elevate the same to permit the vehicle to be
      driven without removing the inoperative tire.
PARN
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  The present patent application is a continuation-in-part of copending U.S.
      patent application Ser. No. 351,961 filed Apr. 17, 1973, now U.S. Pat. No.
      3,866,978.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an auxiliary wheel for use in conjunction
      with a conventional wheel of a land traversing vehicle, such as an
      automobile, and is normally used in emergencies when the pneumatic tire of
      the regular wheel becomes inoperative.
PAR  2. Description of the Prior Art
PAR  It is a common practice to provide all motor vehicles with a spare tire and
      the necessary equipment to facilitate the changing of a tire when one of
      the automobile tires becomes inoperative, such as when a tire is
      punctured. Although the spare tire has its drawbacks, the tire has
      accomplished its function in a fairly acceptable manner in the past.
      However, the trend today is toward the elimination of the spare tire for
      the obvious purpose of reducing the cost of the automobile and to
      eliminate the possible hazard, discomfort and time involved in the
      changing of a tire when the same becomes inoperative. Other objections to
      the use of spare tires and the associated equipment necessary for the
      changing of a tire include the necessity of a substantial amount of
      storage space. In view of the trend to more and more compact cars, the
      storage space for the spare tire is becoming critical as this space is
      needed for the storage of more valuable or useful items, especially if the
      compact car is to be used on an extended trip. Thus, a prime consideration
      in the replacement of the spare tire is the requirement for more space and
      the need to eliminate the cost of the existing spare tire and accompanying
      equipment. Utmost in the replacement of the spare tire by a suitable
      substitute is the retention of all the advantages of the spare tire and
      the elimination of the disadvantages. In providing a substitute for the
      automobile spare tire, it is necessary to keep in mind that the intended
      purpose is the provision of a means for reaching a service station or
      other repair facility in order to have the primary vehicle pneumatic road
      tire repaired. The substitute should be of minimal weight, convenient in
      size so that it may be easily handled and requiring a minimum amount of
      storage space in the vehicle.
PAR  Another important consideration of a substitute is the ease of application
      in using the same, as its installation should eliminate the need for a
      jack. Further, a substitute should require only a minimum amount of
      manipulation so that proper use of the same may be obtained by persons of
      minimum strength and minimum mechanical aptitude.
PAR  Obviously, a substitute for the spare tire must be of such a design and
      construction that the same is dependable in that it may be used
      continuously and, at reasonable speeds, provide good handling
      characteristics and vehicle stability.
PAR  Heretofore, various attempts have been made at providing a suitable
      substitute for the automobile spare tire. Such substitutes have been
      disclosed in U.S. Pat. Nos. 2,535,567, 2,807,507, 2,863,703, 3,024,070,
      3,608,970 and 3,644,001. The various designs, constructions and schemes
      disclosed in the aforementioned provide the desired results, however, they
      are either complicated in their design, expensive to manufacture, require
      a separate source of air pressure in order to be usable or are outright
      impractical.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention which will be described subsequently in greater
      detail, comprises an auxiliary wheel for use with a conventional pneumatic
      tired wheel of an automobile when the pneumatic tire carried by the rim of
      a conventional wheel becomes inoperative. The auxiliary wheel comprises a
      tire carrying rim member that is pivotally mounted to a coupling member
      which, in turn, is releasably attached to the disabled wheel. During
      initial attachment, the tire carrying rim member is disposed in an
      eccentric relationship with respect to the conventional wheel; and during
      a limited rotational movement of the conventional wheel of the vehicle,
      the tire carrying rim member of the auxiliary wheel is snapped into a
      locking engagement with a coupling member so that the rim member is
      disposed concentrically with and parallel to the conventional wheel to
      elevate the same and facilitate movement of the vehicle without damage to
      the inoperative tire.
PAR  It is therefore a primary object of the present invention to provide an
      auxiliary wheel which does not require that the vehicle be jacked up or
      its damaged tire removed.
PAR  It is a further object of the present invention to provide an auxiliary
      wheel whose design utilizes the weight of the automobile to bring the
      auxiliary wheel into an operative position.
PAR  It is still an object of the present invention to provide an auxiliary
      wheel which may be easily installed without any special equipment, and
      which is provided with means to insure that the auxiliary wheel remains
      attached to the automobile during transit.
PAR  It is still a further object of the present invention to provide an
      auxiliary wheel that offers both cost and weight savings over the
      conventional spare tire, and which makes it possible for the designer of
      automobiles to increase trunk storage space by the elimination of the
      conventional spare tire.
PAR  It is yet a further object of the present invention to provide all the
      aforementioned advantages with a new and improved auxiliary wheel that is
      of a simple and inexpensive design which will readily adapt itself for use
      on conventional wheels without any modification to the conventional wheel
      rim.
DRWD
PAR  Other objects, advantages and applications of the present invention will
      become apparent to those skilled in the art of auxiliary wheels when the
      accompanying description of the best mode contemplated for practicing the
      invention is read in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The description herein makes reference to the accompanying drawings wherein
      like reference numerals refer to like parts throughout the several views,
      and in which:
PAR  FIG. 1 is a perspective view of an auxiliary wheel constructed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a plan elevational view of the coupling member of the auxiliary
      wheel illustrated in FIG. 1 with the coupling member being shown attached
      to the rim of a conventional wheel;
PAR  FIG. 3 is a plan elevational view of the rim and tire portion of the
      auxiliary wheel illustrated in FIG. 1;
PAR  FIG. 4 is a fragmentary cross-sectional view of the rim and tire portion of
      the auxiliary wheel taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a front elevational view of the rim and coupling members of the
      auxiliary wheel with the auxiliary wheel being shown in a position
      concentric with and parallel to the vehicle wheel;
PAR  FIG. 6 is a fragmentary cross-sectional view of the coupling member taken
      along line 6--6 of FIG. 5; and
PAR  FIG. 7 is a fragmentary cross-sectional view of the rim and coupling
      members of the auxiliary wheel taken along the line 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIG. 1, wherein there is
      illustrated one example of the present invention in the form of an
      auxiliary wheel 10, comprising a rim member 12 and a coupling member 14
      adapted to be attached to the wheel rim 88 (FIG. 2) of a vehicle wheel of
      the type on which is mounted a conventional pneumatic tire (not shown).
PAR  As can best be seen in FIGS. 3 and 4, the auxiliary wheel rim member 12
      comprises an outer circular ring 16 on which is formed a peripheral
      U-shaped recess 18 that mounts a solid rubber tire 20. The rim member 12
      further comprises a structural support means which interconnects portions
      of the inner periphery of the ring; the illustrated embodiment having a
      plurality of radially extending rim support arms 22, 24 and 26 which
      extend radially from the axis of rim member 12 and terminate in a fixed
      attachment with the inner-periphery of the ring 16. The rim support arms
      22, 24 and 26 are provided with structural support side walls 28. The
      central portion of the rim support arms is provided with an aperture 30
      and a locking means 32 to insure that the auxiliary wheel 10 remains
      attached to the vehicle wheel during transit. The locking means 32 is
      comprised of a pawl member 34 which is pivotally fastened to the central
      portion of rim member 12 by a pivot arm 36 at the outward most edge of the
      pawl member 34. A stop pin member 37 is affixed to rim member 12 to limit
      the rotation of pawl member 34. A spring member 38 is pivotally connected
      at one end to pawl member 34 and at its other end to the rim support arm
      26, such that the force of spring member 38 normally maintains the pawl in
      abutting contact with stop pin 37. The relative positioning of pivot arm
      36 and stop pin 37 with respect to aperture 30 is an important feature of
      the locking means 32, and in its preferred embodiment, is positioned such
      that pawl 34 overlaps aperture 30 by a predetermined amount. By lifting
      upwardly on a tab 40 on pawl member 34, the pawl can be rotated in a
      counter-clockwise fashion by overcoming the force of spring 38, thereby
      fully exposing the aperture 30 as illustrated by the phantom lines in FIG.
      3.
PAR  The rim member 12 is also provided with means for pivotally connecting the
      rim member 12 to the coupling member 14 which is, in part, comprised of an
      arcurately shaped coupling hinge support member 42, which is rigidiy
      affixed to the radially inward side of the ring 16 at its rearwardmost
      peripheral surface, and carries a triangularly shaped structural brace
      member 44 which is rigidly fastened along one leg to the hinge support
      member 42 and along another leg to the inner periphery of ring 16. The
      coupling hinge support member 42 carries a pair of elements 46 of a
      coupling hinge 48 (FIG. 5), which are rigidly affixed about the center
      portion thereof. The elements 46 of coupling hinge 48 are provided with
      transverse apertures for receiving a coupling pin 62 and are positioned
      such that said apertures are colinearly and horizontally disposed.
PAR  Referring now to FIGS. 2 and 6 wherein there is illustrated the coupling
      member 14 which comprises a pair of fixed, radially extending arm members
      50 and 52, and a radially extendable and retractable arm member 54 for
      releasably attaching the coupling member to a disabled vehicle wheel. The
      fixed arm member 50 has an inwardly bent and rounded end portion 56. The
      fixed arm member 52 is arcurately spaced 120 degrees from the fixed arm
      member 50 and also has an inwardly bent and rounded end portion 58. The
      fixed arm member 50 carries an element 60 of the coupling hinge 48 rigidly
      affixed thereto on its interior side near the top edge thereof. The
      element 60 is provided with a longitudinal aperture which mates with the
      aforementioned hinge elements 46, which, in conjunction with a suitable
      coupling pin 62 (FIG. 1) form the hinged coupling 48, thereby providing
      means for pivotally connecting the coupling member 14 to the rim member
      12. The arm members 50, 52 and 54 are provided with structural support
      side walls 64.
PAR  The radially adjustable arm member 54 is comprised of a movable element 66
      with an inwardly bent and rounded end portion 67, and a stationary member
      68 which is arcurately spaced 120 degrees from arm member 50, and which
      terminates in a C-shaped channeled portion 69. The movable element 66 is
      adapted so as to slideably engage the channeled portion 69 of stationary
      member 68 thereby restricting movement of the movable element 66 to radial
      translation. A first anchor block 74 is provided with a threaded, radially
      transverse aperture 70, and is rigidly affixed to the exterior surface of
      the movable element 66 along its longitudinal centerline. A second anchor
      block 75 is provided with an oppositely threaded radially transverse
      aperture 71, and is rigididly affixed to the exterior surface of
      stationary member 68 in a radially colinear relationship with the first
      anchor block. An elongated rod 76 having oppositely threaded end portions,
      which mate with the first and second anchor blocks respectively, is
      provided with a ratchet device 78 disposed coaxially about the elongated
      rod 76. Rotation of the ratchet device 78 about the longitudinal axis of
      elongated rod 76 causes the relative displacement of the stationary and
      movable adjustable arm members.
PAR  Referring now to FIG. 7, the coupling member 14 is provided with a
      cylindrical shaft element 80 for lockingly engaging the rim member 12 to
      maintain their concentric relationship while the vehicle is in transport
      and for positively fixing said members relative axially transverse
      position. The cylindrical shaft 80 has a rounded end portion 82 which is
      appropriately shaped to mate with the aperture 30 of rim member 12. The
      cylindrical shaft 60 is also provided with a cylindrical collar portion
      84, of a diameter greater than that of the shaft 80, which is disposed
      near the end portion 82. Furthermore, a circumferential groove 86 is
      provided in shaft 80 disposed between the collar portion 84 and the end
      portion 82 and of an appropriate width so as to mate with rim member 12
      and pawl member 34. The interrelationship of the aforementioned elements
      shall become apparent as subsequently described.
PAR  As can best be seen in FIGS. 2 and 5, the coupling member 14 is utilized to
      attach the auxiliary wheel 10 to a disabled automobile wheel. During
      initial attachment, the fixed arms 50 and 52 are positioned on the face of
      the rim 88 of a disabled vehicle wheel, such that the bent edges 56 and 58
      engage behind the outer peripheral edge of the wheel rim 88, and the
      hinged coupling element 60 being vertically spaced above the axis of
      rotation of the wheel. The radially adjustable arm 54 engages its bent
      edge 68 with the peripheral edge of the wheel rim 88 by outwardly
      extending the arm's movable member 66 past the face of wheel rim 88 as
      shown by the phantom lines in FIG. 2. The ratchet member 78 is then
      manipulated so as to draw the movable member 66 securely and lockingly
      against the wheel rim edge. When the radially adjustable arm 54 is in the
      position illustrated in FIG. 2, the coupling member 14 is fixidly but
      releasably secured to the vehicle rim 88; and the cylindrical shaft member
      80 is concentric with the axis of rotation of the wheel rim 88. The rim
      member 12 is then pivotally attached to coupling member 14 by mating the
      respective elements of hinge 38 and inserting coupling pin 62 through the
      apertures therein. In this position, the rim member 12 and the wheel rim
      88 are disposed in a common plane having axis of rotation which are
      relatively eccentric. With the auxiliary wheel 10 in this position, the
      driver of the vehicle will drive the vehicle forward to rotate the vehicle
      wheel approximately 180.degree.,  whereupon the hinged coupling 48 of the
      auxiliary wheel 10 will be displaced to a position which is vertically
      below the axis of rotation of the vehicle wheel. In this position, the
      weight of the automobile acting on the auxiliary wheel 10 will force the
      same to rotate about the hinged coupling 48 upwardly and toward the
      vehicle wheel and coupling member 14 previously attached thereto. Said
      rotation will cause the aperture 30 in rim member 12 to pass over the end
      portion 82 of shaft 80, simultaneously lifting the pawl member 34
      upwardly, and will cause the interior surface of the central portion of
      rim member 12 to abuttingly contact the collar portion 84 of shaft 80. The
      force of the spring member 38 will cause the pawl member 34 to rotate
      about pivot arm 36 in a clockwise fashion thereby engaging said pawl with
      the circumferential groove 86 in shaft 80, and locking the rim member 12
      in a position which is concentric with and parallel to the vehicle wheel.
PAR  In this position, the vehicle wheel is elevated a sufficient distance to
      permit movement of the vehicle without damage to the wheel tire. It should
      be noted that the radial distance between the aperture 30 and the hinge
      elements 46 must be equal to the radial distance between the shaft 80 and
      the hinge element 60 in order for the auxiliary wheel 10 to be moved into
      a concentric position with the vehicle wheel.
PAR  After the auxiliary wheel 10 has been attached to the inoperative wheel,
      the vehicle may be driven for a reasonable distance at reasonable speeds
      to a service station or the like, whereupon the auxiliary wheel may be
      removed; and the attendant may repair the inoperative tire. Removal of the
      auxiliary wheel is simply facilitated by raising the inoperative wheel
      with a conventional jack, releasing the pawl member 34 and pivoting the
      wheel rim member 12 away from coupling member 14. The radially adjustable
      arm 54 of the coupling member 14 is extended by manipulating ratchet
      member 78, and the entire coupling member 14 may be simply removed from
      the rim 88 of the vehicle wheel.
PAR  It can thus be seen that the present invention provides an extremely simple
      auxiliary wheel which is easily attachable to the regular wheel of a motor
      vehicle when the tire carried by the vehicle wheel is inoperative.
PAR  It can also be seen that the present invention provides a new and improved
      auxiliary wheel which has eliminated the shortcomings of the prior art
      devices and spare tires, as aforementioned.
PAR  Although only one example of the present invention has been disclosed, it
      should be understood that by those skilled in the art of auxiliary wheels,
      that other forms may be had, all coming within the spirit of the invention
      ans scope of the appended claims.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. An auxiliary wheel for use with a conventional pneumatic tired vehicle
      wheel when the pneumatic tire carried by the rim of the conventional wheel
      is inoperative, said auxiliary wheel comprising;
PA1  a circular rim member having an outer diameter greater than that of the rim
      of said conventional wheel;
PA1  a tire carried on the outer peripheral surface of said rim member;
PA1  structural support means interconnecting portions of the inner periphery of
      said rim member;
PA1  a coupling member having means for releasably attaching said coupling
      member to said wheel rim;
PA1  means pivotally connecting said coupling member to said circular rim
      member, said rim member being in a non-coaxial position with respect to
      said wheel rim when said coupling member is attached thereto, said rim
      member being movable from said non-coaxial position to a coaxial position
      with respect to said wheel rim when said wheel is rotated a limited
      distance; and
PA1  a locking means for lockingly engaging said rim member to said coupling
      member to maintain said rim member in said coaxial position.
NUM  2.
PAR  2. The auxiliary wheel as defined in claim 1 wherein said coupling member
      comprises;
PA1  a support member having a plurality of radially extending arms with
      inwardly bent ends adapted to engage the peripheral surface of said wheel
      rim;
PA1  one of said arms being radially extendable and retractable for engagement
      with said wheel rim; and
PA1  means to lockingly adjust the length of said radially adjustable arm to
      releasably attach said coupling member to said wheel rim.
NUM  3.
PAR  3. The auxiliary wheel as defined in claim 2 wherein the radially
      adjustable arm and means for lockingly adjusting the length of said
      radially adjustable arm for securing said coupling member to said wheel
      rim comprises;
PA1  a stationary member of said radially adjustable arm having its radially
      outward end terminating in a channel portion;
PA1  a movable element of said radially adjustable arm adapted to slideably
      engage said channeled portion of said stationary member;
PA1  a first anchor block with a threaded longitudinal aperture, said first
      anchor block being rigidly affixed to said movable member;
PA1  a second anchor block with a longitudinal aperture threaded oppositely from
      said first anchor block, said second anchor block being rigidly affixed to
      said stationary member;
PA1  an elongated rod with oppositely threaded end portions which mate with said
      first anchor block and said second anchor block; and
PA1  a ratchet disposed coaxially about said elongated rod, said ratchet having
      means to lockingly rotate to said elongated rod.
NUM  4.
PAR  4. The auxiliary wheel defined in claim 2 further comprising rubber inserts
      carried within the bent end of said other arms of said coupling member to
      restrain said coupling member from movement with respect to said vehicle
      rim peripheral surface.
NUM  5.
PAR  5. The auxiliary wheel as defined in claim 1 wherein said locking means for
      lockingly engaging said rim member to said coupling member comprises;
PA1  an aperture in said rim member at the axis of rotation of said rim member;
PA1  a pawl pivotally affixed to the center portion of said coupling member;
PA1  a pivot arm for rotably fastening said pawl to said coupling member;
PA1  a stop pin for limiting the rotation of said pawl;
PA1  a spring attached at one end to said pawl and at the other end to said
      coupling member; and
PA1  a shaft rigidly affixed to the center of said coupling member and disposed
      perpendicularly thereto; said shaft having a collar portion for
      relationally positioning said rim member and said coupling member; said
      shaft having a circumferentially grooved portion for abuttingly engaging
      said pawl; said shaft having a rounded end portion for piloting said
      aperture over said shaft.
NUM  6.
PAR  6. The auxiliary wheel defined in claim 1, wherein said structural support
      means of said rim member comprises a plurality of radially disposed arm
      members terminating at said rim and originating from the axis of rotation
      of said rim member.
NUM  7.
PAR  7. The auxiliary wheel defined in claim 1, wherein said rim member and
      coupling member are of sufficient strength to support the weight of the
      vehicle on which said wheel is attached.
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PAL  A new rotary valve for metering solid slurries.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to a new rotary valve for metering solid-liquid
      slurries.
PAR  Rotary valves are well known means for metering solids in gas-solid
      systems. Such valves include in combination an enclosed housing provided
      with solids entry and exit ports and a rotor contained within the housing.
      The rotor is made up of a drive shaft, a portion of which extends through
      the housing and blades extending from the total length of the drive shaft
      contained in the housing up to the inside surface of the housing in a
      sealing relationship. However, the formed seal does not permit rotation of
      the rotor during operation. Adjacent blades form pockets within the
      housing which meter gas-solid materials from the entry to the exit port
      during rotation of the rotor.
PAR  As noted, rotary valves of the type just described have been generally
      limited to gas-solid conveying systems.
PAR  The presently known rotary valves have not been applied to metering
      solid-liquid slurry systems since effective accumulation of solid material
      in a rotary valve pocket would primarily depend upon solid settling
      through a layer of liquid. Such accumulation would require unacceptably
      low metering rates. The alternative would be, of course, to operate at
      higher rotary speeds and thereby meter that solid portion which enters the
      valve pocket as part of the liquid-solid slurry. Operation under this
      alternative would result in possible inaccurate metering of material and
      generally inefficient operation.
PAR  Therefore, the present invention relates to a basic modification of the
      present industrially available rotary valve design which makes the new,
      modified valve especially well suited for the metering of solid-liquid
      slurries at either slow or rapid rates and at relatively high
      efficiencies.
PAC  OBJECTS
PAR  It is the main object of this invention to provide a new rotary valve
      suitable for metering solid-liquid slurries.
PAR  It is yet another object of this invention to provide a new rotary valve
      which will accurately meter the solid portion of such solid-liquid
      slurries at either slow or rapid throughputs while maintaining relatively
      high efficiencies.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1a is a front cross-sectional view of the rotary valve of this
      invention.
PAR  FIG. 1b is the side cross-sectional view of the rotary valve shown in FIG.
      1a.
PAR  FIG. 2 is a front view of a single blade embodying the features of this
      invention.
PAR  FIG. 3 is a schematic drawing of a typical portion of a process where the
      rotary valve of this invention may be used.
PAR  FIG. 4 is a plot showing efficiency relationships of the rotary valve of
      this invention.
DETD
PAC  THE INVENTION
PAR  This invention is directed to a rotary valve adapted for metering
      solid-liquid slurries. The rotary valve of this invention comprises in
      combination an enclosed housing provided with entry and exit ports and a
      rotor.
PAR  The rotor contained in the housing is made up of at least two blades and a
      drive shaft, a portion of which passes through the housing. All of the
      blades of the rotor extend outwardly from along the length of the drive
      shaft portion passing through the housing towards the inside surfaces of
      the housing.
PAR  While two blades are said to be the minimum number of blades to be used in
      rotor construction, four to ten blades are preferred and eight blades are
      most preferred.
PAR  The rotor blades are constructed so that a portion of their surface area is
      perforated with openings which are smaller than the particles making up
      the solid portion of the slurry. Preferably, the total openings of any
      given blade take up about 10% to about 70% of the total surface area of
      the blade. Most preferably, the perforated surface of the blade is that
      close to the drive shaft from which the blade extends.
PAR  Adjacent blades of the rotor form individual pockets. Therefore, as the
      rotor rotates, its pockets also rotating individually pass by the entry
      port causing liquid-solid slurry to flow into the pockets. Since the
      blades are perforated, the liquid portion of the slurry passes into the
      pocket, through the openings of the perforated adjacent blades defining
      the pocket and into and through adjacent pockets eventually finding its
      way to the exit port. As would be expected, the major portion of the
      liquid follows a path to the exit port which is in the direction in which
      the rotor is turning. As the liquid is flowing into and through the rotor
      pockets, solid particles not able to pass through the perforations are
      trapped and therefore accumulate in the valve pocket passing the entry
      port. Therefore, the mechanism by which the pocket is filled with solids
      is by the rapid slurry flow as opposed to solid settling through a liquid
      layer, i.e., gravity, if there were no perforations. This allows rotary
      valve operation at higher or lower throughputs with greater accuracy and
      efficiency.
PAR  After accumulation, the solid filled pocket continuing its rotation expells
      the solid material at the exit port.
PAR  Quite often liquid-solid slurry systems which are to be metered are made up
      of delicate solid particles which must not be damaged. For such slurry
      systems a preferred embodiment of this invention is utilized wherein the
      blades do not seal against the surface of the housing; such blades are
      rather maintained within a defined clearance from the housing surface. The
      clearance will vary with the size of the solid particles making up the
      slurry. However, to prevent the particles from being subjected to damaging
      shearing forces, the clearance is preferably about 1.5 to about 3 times
      the average diameter of the particles and most preferably about 2 times
      the average diameter. Such clearance also prevents plugging at the neck of
      the entry port of the valve which could otherwise result in jamming of the
      valve.
PAR  Turning now to FIGS. 1a and 1b, there is shown a rotary valve 10 embodying
      the features of this invention. In order to contain and convey
      solid-liquid slurry fed thereto, the rotary valve 10 includes an enclosed
      housing 11 provided with an entry port 12 and an exit port 13 and a rotor
      14. The rotary valve material of construction can be any of such well
      known materials as cast iron, steel, plastics and the like.
PAR  The rotor 14 in this illustrative embodiment is shown to have 8 blades 15.
      The blades 15 extend both laterally and outwardly along that portion 16 of
      a drive shaft 17; the drive shaft portion 16 passes throughout the housing
      11. The blades extend outwardly from the drive shaft portion 16 up to a
      point away from the inside housing surface 19 and laterally to the left
      and right side walls 18 which are integrally attached to the rotor blades
      15. Each blade 15 is perforated with holes which are smaller than the
      solid particles of the solid-liquid slurry being conveyed. FIG. 2 shows a
      typical perforated blade 15 with openings 20 which take up about 10% to
      about 70% of the surface area of the blade.
PAR  In order to illustrate the operation of the rotary valve 10 of this
      invention reference is made to FIG. 3 where the rotary valve 10 is shown
      in use as a metering means for the slurry system 22 made up of liquid 22a
      and solids 22b in column 23.
PAR  The rotary valve 10 is engaged with the base of column 23 at its entry port
      12 and with line 27 at its exit port 13. During rotation of the rotary
      valve 10 pockets 24 formed by adjacent blades 15 pass by the entry port
      12. Slurry 22 is fed to the pockets 24 as they individually pass by the
      entry port 12 during operation of the rotary valve 10. Since the blades
      defining the pockets 24 are perforated with openings 20, the major portion
      of the liquid 22a passes through the blades following the path of
      rotation, eventually reaching the exit port 13. The solids 22b of the
      slurry having particles of larger size than the perforated blade openings
      20, accumulated in the pocket 24a as the liquid 22a passes therethrough,
      are expelled therefrom along with exiting liquid 22a into a motive stream
      26 in line 27 by the action of gravity and the motive stream 26 as the
      pocket 24a passes the exit port 13.
PAR  The motive stream 26 in line 27 is created by an eductor 28 introducing a
      liquid 25, normally the same as that making up the slurry system, at high
      velocities into the line 27.
PAR  The motive stream having picked up solid and additional liquid continues
      through the line 27 to whatever other portions of the process may be
      necessary for completion of the process.
PAR  Preferably, in order to maximize operation efficiency of the rotary valve
      of this invention, defined as
      ##EQU1##
      the valve is operated at about 10 to about 100 RPM while the transferred
      liquid-solid product is subjected at the exit port to motive flows of
      about 190 to about 275 GPM.
PAR  Reference is made to FIG. 4 showing the relationship between percent
      efficiency and rotary valve speed for systems operating under the
      influence of motive flows of about 190 to about 275 GPM. FIG. 4 shows
      efficiencies of about 45% to 75% which in and of themselves are very good.
      However, it should be kept in mind that such efficiencies are based on
      slurry volumes which include void spaces between the particles. Therefore,
      as the particle size of the solids gets smaller, the void spaces decrease.
      In turn, the actual efficiency of the rotary valve with respect to solids
      delivery will increase. Further, it should be noted from FIG. 4 that
      relatively high efficiencies can be achieved at both high and low
      throughputs.
PAR  In order to obtain the data used to generate the curve shown in FIG. 4, a
      slurry made up of polyethylene beans (solids) and a hydrocarbon liquid was
      passed through a modified standard Model 8 inch .times. 6 inch rotary
      valve manufactured by Sprout-Waldron of Muncy, Pennsylvania with cast iron
      housing and a type-2 rotor. Such modification included machining of the
      blades of the rotor to provide a 0.5 inch blade clearance from the rotary
      valve housing. This clearance was provided to reduce shearing of the beans
      and prevent plugging at the neck of the rotary valve which could possibly
      result in jamming of the valve by the polyethylene beans having
      approximate diameter of about 6 mm. A 4 inch .times. 1 inch slot was cut
      in each blade close to the drive shaft portion from which they extended.
      Twelve (12) mesh screens were soldered over the slots on both sides of the
      various blades to provide the required perforated blade surfaces. The
      drive mechanism of the valve was set up so that the speed of the valve
      rotation could be varied from 10 RPM to 120 RPM. Note the perforated
      surface could also have been produced by drilling holes in the blade
      surface.
PAR  Thus, it is apparent that there has been provided in accordance with this
      invention a new rotary valve that fully satisfies the object, aims and
      advantages set forth above. While the invention has been described in
      conjunction with specific embodiments thereof, it is evident that many
      alternatives, modifications and variations will be apparent to those
      skilled in the art in light of the foregoing description. Accordingly, it
      is intended to embrace all such alternatives, modifications and variations
      that fall within the spirit of the scope and the intended claims.
CLMS
STM  Having described our invention, we hereby claim:
NUM  1.
PAR  1. In combination with a rotary valve for metering solid-liquid slurries
      wherein said valve comprises an enclosed housing provided with entry and
      exit ports and a rotor contained and rotatable within said housing, said
      rotor being made up of 4 to 10 blades extending outwardly from along a
      portion of a drive shaft, said portion passing throughout the housing,
      towards the inside surface of said housing and said blades extending
      laterally towards left and right side walls, said walls providing left and
      right side enclosures for pockets formed by adjacent blades, wherein the
      improvement comprises:
PA1  screening means in the surfaces of said blades to permit the liquid of the
      solid-liquid slurry to flow rapidly from one pocket to an adjacent pocket
      and to retain the solids of the solid-liquid slurry so that such solids in
      one such pocket are trapped in such pocket until discharged through said
      exit port; and
PA1  said blades extending towards the inside surface of said housing and
      extending laterally towards left and right side walls, but not touching or
      sealing against the surface of said hosuing or said side walls and leaving
      a clearance between the blades and said inside surface of said housing and
      said side walls to prevent the solids of the solid-liquid slurry from
      being subjected to damaging shearing forces between the blades and said
      inside surface of said housing and said side walls and to prevent plugging
      of said entry port with solids of the solid-liquid slurry.
NUM  2.
PAR  2. The rotary valve of claim 1 where the screening means in any given blade
      take up 10% to about 70% of the total surface area of that blade.
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ABST
PAL  Anti-skid brake control system in which the slip ratio of a wheel is
      calculated from a simulative vehicle speed which is obtained by
      simulatively detecting the vehicle speed and speed of a wheel to be
      controlled. Logic circuitry discriminates whether or not the slip ratio is
      within a predetermined slip range of 20-60% producing large adhesive
      coefficients. Hydraulic brake pressure is reduced in response to
      decleration of the wheel and is increased in response to acceleration of
      the wheel when the slip ratio of the wheel is within the predetermined
      slip range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to brake control techniques in motor
      vehicles, and more particularly to a method for controlling the braking
      operation in accordance with an instantaneous vehicle speed relative to
      the ground so that the occurrence of "wheel lock" is prevented and any
      possibility of causing skidding is eliminated. The invention is further
      concerned with an electric circuit for simulating the vehicle speed
      relative to the ground and an apparatus for practicing the aforementioned
      method.
PAR  Heretofore, various methods and apparatuses have been proposed for
      controlling the braking force in automobiles thereby to prevent wheel lock
      and minimize braking distance.
PAR  In most of the conventional methods or apparatuses, the vehicle speed
      relative to the ground is first detected, and the braking force is so
      adjusted that the peripheral speeds of the wheels under braking are
      maintained at approximately 80% of the vehicle speed. Such a practice has
      been believed to be specifically advantageous when road conditions and
      other factors are taken into consideration.
PAR  Conventionally, the vehicle speed relative to the ground has been obtained
      in the manner described below. Trains of pulses representing rotating
      speeds of the wheels are produced by means of a plurality of sensors
      provided on the wheel axles of the vehicle; of these pulse trains, one
      representing the highest wheel speed is selected; and the pulse train thus
      selected is thereafter corrected so that a corrected signal simulating the
      vehicle speed relative to ground is obtained, this corrected signal being
      used for producing a deceleration corresponding to 1.2G. The vehicle speed
      relative to ground thus simulated will be hereinafter called the
      "simulated vehicle speed."
PAR  According to the conventional systems are described above, it has been
      difficult to obtain a "simulated vehicle speed" of sufficient accuracy and
      even when accurate "simulated vehicle speed" is obtained, accurate control
      of the braking force cannot be attained unless the relation between the
      slip (s) and the adhesive coefficient (.mu.) of the road surface is taken
      into consideration.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, a primary object of the present invention is to provide an
      electric circuit for obtaining a sufficiently accurate simulated vehicle
      speed relative to ground.
PAR  Another object of the present invention is to provide a method and an
      apparatus therefore wherein the relation between the slip (s) of the
      wheels and the adhesion coefficient (.mu.) of the road surface is taken
      into consideration, whereby the wheel lock phenomenon can be effectively
      prevented, and the braking distance can be minimized to an optimum value.
PAR  With the above objects and other objects of the present invention,
      according to the invention there are proposed an anti-skid control method
      for an automobile, said method comprising the steps of calculating the
      slip ratio of a wheel from a simulative vehicle speed obtained by
      simulatively detecting the vehicle speed and speed of a wheel to be
      controlled; and reducing the braking hydraulic pressure in response to
      deceleration of the wheel and to increasing said braking hydraulic
      pressure in response to acceleration of the wheel by means of comparing
      logical circuit means adapted to discriminate whether or not said slip
      ratio is within a predetermined slip range of 20-60% producing large
      adhesive coefficients, when said slip ratio of the wheel is within said
      predetermined slip range, and apparatuses and a simulative circuit for
      simulating speed of an automobile under braking, said apparatuses and
      circuit being adapted for embodying effectively said method.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a circuit diagram showing a clock pulse generating circuit
      constituting one part of a vehicle speed simulating circuit according to
      the present invention in one aspect thereof;
PAR  FIG. 2 is a waveform diagram showing waveforms at various parts of the
      circuit (100) of FIG. 1;
PAR  FIG. 3 is a circuit diagram showing a modulation frequency generating
      circuit constituting another part of the vehicle speed simulating circuit;
PAR  FIG. 4 is a diagram showing waveforms at various parts of the circuit shown
      in FIG. 3;
PAR  FIG. 5 is a graph showing output frequencies obtained from the modulation
      frequency generating circuit at various time instants;
PAR  FIG. 6 is a circuit diagram showing a pulse conversion circuit which
      constitutes still another part of the vehicle speed simulating circuit;
PAR  FIG. 7 is a waveform diagram showing the waveforms at various parts of the
      circuit shown in FIG. 6;
PAR  FIG. 8 is a diagram showing pulse conversion operation of the circuit shown
      in FIG. 6 and operation for obtaining a vehicle speed simulating pulse
      train;
PAR  FIG. 9 is a characteristic curve showning a relationship between wheel slip
      (s) and adhesion coefficient (.mu.) of a road surface;
PAR  FIG. 10 is a schematic diagram showing one example of an anti-skid brake
      controlling device according to the invention;
PAR  FIG. 11A is a block diagram showing an electric circuit used in the
      anti-skid brake controlling circuit shown in FIG. 10;
PAR  FIG. 11B is a block diagram showing a modified example of the electric
      circuit shown in FIG. 11A;
PAR  FIG. 12 is a circuit diagram showing a first selecting circuit used in the
      brake controlling device shown in FIG. 10;
PAR  FIG. 13 is a circuit diagram showing a second selecting circuit used in the
      brake controlling device shown in FIG. 10;
PAR  FIG. 14 is a circuit diagram showing a vehicle speed simulating circuit
      according to the invention for use in the anti-skid shown in FIG. 10;
PAR  FIG. 15 is a circuit diagram showing an electrical comparison circuit
      according to the invention for use in the anti-skid device shown in FIG.
      10;
PAR  FIG. 16 is a circuit diagram showing a deceleration circuit according to
      the invention for use in the anti-skid device shown in FIG. 10;
PAR  FIG. 17A is a circuit diagram showing a logic circuit according to the
      invention for use in the same device;
PAR  FIG. 17B is a circuit diagram showing other improved circuits also for use
      in the same device; and
PAR  FIG. 18 is a sectional view of a servo valve used in one part of the
      anti-skid brake controlling device shown in FIG. 10.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As described hereinbefore, when it is desired to realize an efficient
      anti-skid brake control of an automobile, skillful utilization of the
      vehicle speed relative to the ground is a first important requisite, and
      provision of a circuit for producing a signal corresponding to correct
      simulation of the vehicle speed relative to the ground becomes a problem.
PAR  According to the present invention, there is provided a vehicle speed
      simulating circuit wherein the rotating speed of each wheel is detected as
      a frequency of a pulse signal having a specific waveform, the waveform is
      thereafter converted to another predetermined waveform thereby to simulate
      a vehicle speed relative to the ground in the course of a braking
      operation of an automobile, and the vehicle speed relative to the ground
      thus obtained is utilized in the anti-skid brake control of the
      automobile.
PAR  The vehicle speed simulating circuit will now be described in detail with
      reference to FIGS. 1 through 8.
PAR  Referring first to FIG. 1, there is indicated a timing pulse generating
      circuit 100 including an oscillation circuit OS1. The oscillation circuit
      OS1 comprises capacitors C11 and C12, diodes DI11 and DI12, resistors R11
      and R12, inverters M11 and M12, and other components. The output from the
      oscillation circuit OS1 is supplied to an input terminal of a NAND element
      M13, and the output side thereof is connected to the input terminal T of a
      binary counter BC1. The output terminals A, B, C, and D of the binary
      counter BC1 are further connected to the imput terminals A, B, C, and D of
      a decoder D1, respectively. The decoder D1 has 10 output terminals among
      which an output terminal "9" is connected back to another input terminal
      of the aforesaid NAND element M13. An input terminal R of the binary
      counter BC1 is supplied with an input signal formed into a higher logic
      state H (hereinafter described H state) or a lower logic state L
      (hereinafter described L state) depending on the frequency proportional to
      the speed of a vehicle wheel having the highest rotating speed. The timing
      pulse generating circuit 100 operates as follows.
PAR  When an input signal 121 indicative of the highest rotating speed of the
      wheels is in the H state, the binary counter BC1 is reset. Thus, only the
      output 101 delivered from an output terminal "0" of the decoder D1 is
      brought into the L state, and all of the remaining outputs from terminals
      "1" through "9" assume the H state. For convenience in the description,
      the outputs of the decoder D1 are designated by the numerals 101 through
      110 and these numerals are also used for indicating the inputs of the
      other circuits.
PAR  When the input signal 121 of the binary counter BC1 is transferred from H
      to L, the binary counter starts its counting operation. At this instant,
      the output 110 from the terminal "9" of the decoder D1 is maintained at H,
      the output from the NAND element M13 is equal to the output of the
      oscillation circuit OS1, but the polarity thereof is reversed.
PAR  In FIG. 2, the relation between the two outputs is indicated. Upon starting
      of the counting operation of the binary counter BC1, the outputs of the
      decoder D1 are successively transferred from the H state to the L state as
      shown in FIG. 2, and the period during which each of the outputs is kept
      in the L state is equal to one cycle period of the clock pulse.
      Furthermore, the transfer from the H state to the L state of each output
      coincides with a falling instant into the L state of the output from the
      NAND element M13. Thus, when the output 110 from the terminal "9" becomes
      L, the output 110 enters one input terminal of the AND element M13, thus
      placing the output thereof in the H state.
PAR  As a result, the binary counter BC1 stops counting the output pulses from
      the NAND element M13, and the output 110 from the terminal "9" of the
      decoder D1 is maintained in the L state. As will be apparent from FIG. 2,
      the L state of the output 110 continues while the input 121 is in the L
      state, and when the input 121 is thereafter changed from the L state to
      the H state, the binary counter BC1 is reset to the original condition,
      and only the output 101 from the terminal "0" is brought into the L state,
      all of the remaining outputs 101 through 109 being brought into the H
      state. When the input 121 is again transferred from the H state to the L
      state, the above described operation is repeated.
PAR  Summarizing the above described cyclic operation of the timing pulse
      generating circuit 100, when the input signal indicative of the speed of
      the wheel rotating at the highest rotational speed among the wheels of an
      automobile is in the L state, the above described one cycle of operation
      is carried out, and the outputs from the decoder D1 are all maintained in
      the states obtained at the end of the one-cycle operation. In other words,
      the timing pulse generating circuit 100 does not proceed into the second
      cycle of operation as long as the L state of the input signal continues.
PAR  Referring now to FIG. 3, there is indicated a modulation frequency
      generating circuit 300 which comprises an oscillator OS3, two binary
      counters BC31 and BC32, a decade counter DC3, a decoder D3, and a
      flip-flop circuit F3. The oscillator OS3 is of a well known type
      comprising capacitors C31 and C32, diodes DI31 and DI32, resistors R31 and
      R32, inverters M31 and M32, and other components.
PAR  The output of the oscillator OS3 is connected to an input terminal T of the
      binary counter BC31 and also to an input terminal of a NAND element M337.
      Furthermore, the aforesaid input signal indicative of the highest
      rotational speed of the wheels is applied to an input terminal 121
      indicated at the right upper part in FIG. 3. The input signal is connected
      to an input terminal R of the flip-flop F3 and also to an inverter M335 so
      that the polarity of the input signal is reversed. The output of the
      inverter M335 is introduced into an input terminal R of the decade counter
      DC3 and also input terminals R of the binary counters BC31 and BC32. The
      output D of the binary counter BC31 is connected to an input terminal T of
      the binary counter BC32, and an output terminal C of the binary counter
      BC32 is connected through an inverter M333 to an input side of a NAND
      element M334. The output terminal of the NAND elemenet M334 is connected
      to an input terminal T of the decade counter DC3, and the output terminals
      A, B, C, and D of the decade counter DC3 are respectively connected to
      input terminals A, B, C, and D of the decoder D3. The output terminal D of
      the decode counter DC3 is also connected to an input terminal T of the
      flip-flop F3.
PAR  The output terminals "0" through "9" of the decoder D3 are connected to
      input terminals of NAND elements having even reference numerals M336
      through M352, which are disposed obliquely in FIG. 3. More specifically,
      three outputs 302, 303, and 304 obtained from the output terminals "1",
      "2", and "3" of the decoder D3 are connected to the corresponding input
      terminals of the NAND element M336, and likewise an output 305 obtained
      from the terminal "4" is supplied to an input of an inverter M338. In a
      similar manner, an output 306 from the terminal "5" is supplied to an
      inverter M340, outputs 307 and 308 obtained from the terminals "6" and "7"
      are supplied to a NAND element M342, and outputs 309 and 310 obtained from
      the terminals "8" and "9" are supplied to a NAND element M344.
      Furthermore, two outputs 301 and 302 obtained from the terminals "0" and
      "1" of the same decoder D3 are supplied to a NAND element M346, three
      outputs 303, 304, and 305 obtained from the terminals "2", "3", and "4"
      are supplied to a NAND element M348, four ouputs 306, 307, 308, and 309
      obtained from the terminals "5", "6", "7", and "8" are supplied to a NAND
      element M350, and an output 310 obtained from the terminal "9" is supplied
      to an inverter M352.
PAR  Outputs of the aforesaid NAND elements and inverters M336, M338, M340,
      M342, M344, M346, M348, M350, and M352 are supplied to an input terminal
      of NAND elements designated by odd reference numerals such as M337, M339,
      M341, M343, M345, M347, M349, M351, and M353, respectively. In addition to
      the abovementioned output signals, the output of the oscillator OS3 and
      outputs A, B, C, and D of the binary counters BC31 and BC32 are further
      supplied to the input terminals of the nine NAND elements respectively
      designated by odd reference numerals. Furthermore, to the input terminals
      of the NAND elements M337 through M345 within the NAND elements designated
      by odd reference numerals, an output 312 obtained from terminal Q of the
      flip-flop circuit F3 is supplied, and to the output terminals of the NAND
      elements M347 through M353, an output 311 obtained from the terminal Q of
      the same flip-flop circuit F3 is supplied. All of the outputs obtained
      from the NAND elements designated by odd reference numerals are supplied
      to input terminals of a NAND element M355.
PAR  In addition, a NAND element M354 indicated in the right lower part of FIG.
      3 has input terminals connected with an output side of the inverter M352
      and supplied with the output 311 obtained from the terminal Q of the
      flip-flop circuit F3, and the output of the NAND element M354 is supplied
      to an input terminal of a NAND element M334 indicated in the upper middle
      part of FIG. 3.
PAR  The operation of the modulation frequency generating circuit 300 will now
      be described. It is assumed that the output frequency of the oscillation
      circuit OS3 is 256 KC/S. When the input signal 121 indicative of the
      highest rotating speed of the wheels is in the lower frequency state L,
      the flip-flop circuit F3 is brought into the reset state and, furthermore,
      the binary counters BC31 and BC32, and the decade counter DC3, which are
      supplied directly or through the inverter M335 with the input signal 121,
      are all brought into a reset state. In this reset state, outputs A, B, C,
      and D of the decade counter DC3 are all in the low state L, and only the
      output 301 obtained from the "0" terminal of the decoder D3 is in the L
      state and all of the remaining outputs obtained from the terminals "1"
      through "9" of the same decoder D3 are brought into the H state. As a
      result, the outputs from all of the nine NAND elements and inverters
      designated by even reference numerals M336 through M352 are in the L
      state.
PAR  Accordingly, the outputs of all of the NAND elements designated by odd
      reference numerals M337 through M353, which receive the outputs in the L
      state of the abovementioned elements designated by the even reference
      numerals are all brought into the H state, and the output of the NAND
      element M355, which is receiving the outputs of all of the NAND elements
      M337 through M353 designated by the odd reference numerals, is brought
      into the L state. This means that when the input signal 121 is in the L
      state, the ultimate output signal 313 from the NAND element M355, said
      output signal corresponding to the last output of the modulation frequency
      generating circuit 300, is brought into the L state.
PAR  When the input signal 121 is then varied from the L state to the H state,
      the binary counters BC31 and BC32, decade counter DC3, and flip-flop F3
      are all released from the reset state, and the decade counter DC3 starts
      the counting operation. Since the oscillation frequency of the oscillation
      circuit OS3 is 256 KC/s, the output A of the binary counter BC31 becomes
      128 KC/S, and other outputs B, C, and D are brought to 64 KC/S, 32 KC/S,
      and 16 KC/S, respectively. Likewise, the outputs A, B, C, and D of the
      binary counter BC32 are made into pulses of 8 KC/S, 4 KC/S, 2 KC/S, and 1
      KC/S, respectively.
PAR  At this instant, even if the input signal 121 is transferred from L to H,
      the output Q of the flip-flop F3 is maintained in the L state. That is,
      the output Q is left in the L state until the input signal T of the
      flip-flop circuit T3 is changed from H to L. Accordingly, the output of
      the NAND element M354 having an input side connected to the output side Q
      of the flip-flop F3 is maintained in the H state.
PAR  Thus, the NAND element M334 at the central part of FIG. 3 reverses the
      output signal obtained from the inverter M333, and the thus reversed
      signal is applied to an input terminal T of the decade counter DC3. At
      this instant, the decade counter DC3 which has been placed in an operable
      state starts to count the output C of the binary counter BC32. The
      inverter M333 is employed for providing a time interval between an instant
      when the input signal 121 has been changed from L to H and another instant
      when the NAND element M355 delivers an output of 256 KC/S. If the inverter
      M333 is not provided, the abovementioned time interval will be reduced to
      one half.
PAR  The decade counter DC3 starts to count the first pulse at an instant 0.5 m
      sec (millisecond) after the change over of the input signal 121 from L to
      H state. In this case, because the oscillation frequency of the oscillator
      OS3 is 256 KC/S, an error of 1/256,000 sec = 0.004 m sec will be
      introduced into the operation. However, such an error will be neglected
      for the purpose of simplicity. The decade counter DC3 counts one of the
      input pulses every 0.5 m sec.
PAR  In the decoder D3 connected to the output side of the decade counter DC3,
      the output 301 is maintained in the state L, and all of other outputs are
      maintained in the H state until 0.5 m sec. has passed after the input
      signal was transferred from L to H.
PAR  For a time interval of from 0.5 m sec to 1.0 m sec, the output from the
      terminal "1" becomes L and all of other outputs become H. In a similar
      manner, after the elapse of every 0.5 m sec, the occurrence of the L state
      is shifted to the subsequent output. In FIG. 4, it is clearly seen that
      the time intervals, wherein the outputs 301 through 310 are maintained in
      the L state, are successively shifted to the right-hand side according to
      this order. In FIG. 4, it is also seen that the transfer of the output 301
      from L to H occurs 0.5 m sec after the variation of the input signal from
      L to H.
PAR  In the above described manner, the output D of the decade counter DC3 is
      changed from H to L state after 5.0 m sec from the initiation of the
      counting operation. The output D of the decade counter DC3 is also
      connected to the input terminal T of the flip-flop F3, whereby the output
      from the terminal Q is changed from L to H thereafter maintained in this
      state, and the output from the terminal Q is changed reversely from H to
      L. Thus, in the time interval of from 5.0 m sec to 5.5 m sec, the output
      301 of the decoder D3 is again maintained in the L state, and in a similar
      manner, the output 310 of the decoder is brought into the L state after
      9.5 m sec. At this instant, since the output 311 of the flip-flop F3 is in
      the H state, the output of the inverter M352 which is inverting the output
      310 is also changed from L to H.
PAR  Accordingly, two inputs of the NAND element M354 become H, and hence the
      output thereof is changed to the L state. Thus the output of the NAND
      element M344, in the middle part of FIG. 3, having an input connected to
      the output of the NAND element M354 become H, and the counting operation
      of the decade counter DC3 is interrupted. As a result, the output 310 of
      the decoder D3 is maintained in the L state, and this L state continues to
      an instant when the input signal 121 is again brought into the L state.
      When the input signal 121 is again brought into the L state, the flip-flop
      F3, binary counters BC31 and BC32, and the decade counter DC3 are all
      reset.
PAR  Summarizing the above description, the decoder D3 starts its operation when
      the input signal 121 is changed from the L state to the H state, and after
      two cycles of the operation, the output 310 is maintained in the L state
      which continues until the input signal 121 is changed from the H state to
      the L state.
PAR  Proceeding to the operation of the lower part of the circuit shown in FIG.
      3, the NAND elements and inverters designated by even and odd reference
      numerals are combined together so that two elements having closely
      adjacent reference numerals, such as M336 and M337, M338 and M339, and so
      forth, cooperate in pairs as follows. Roughly speaking, these NAND
      elements and inverters receive the output frequency of the oscillator OS3
      or the outputs of the decoder D3, and deliver or do not deliver these
      signals from the output terminals.
PAR  In consideration of, for instance, a pair of NAND elements M336 and M337
      located in the upper left part of FIG. 3, three inputs 302, 303, and 304
      of the NAND element M336, which are corresponding outputs from the decoder
      D3 are all maintained in the H state after an instant where the input
      signal 121 has been changed from L to H. Accordingly, the output of the
      NAND element M336 is maintained in the L state, and the output of the NAND
      element M337 is maintained in the H state. That is, the output frequency
      of the oscillator OS3 applied to an input of the NAND element M337 cannot
      pass through the NAND element M337.
PAR  In the meantime, when 0.5 m sec has passed, only the output 302 of the
      decoder D3 is brought into the L state during a time interval of from 0.5
      to 1.0 m sec, whereby only one input within the three inputs of the NAND
      element M336 is in the L state, and others are kept in the H state. On the
      other hand, three inputs of the NAND element M337 consist of an output
      from the terminal Q of the flip-flop F3 maintained in the H state (see
      FIG. 4), the abovementioned output of the NAND M336 which is also
      maintained in the H state, and the output frequency of the oscillator OS3.
      Thus, the output frequency of the oscillator OS3 passes through the NAND
      element M337 with reversed polarity and is sent to the NAND element M355
      located at the right-hand side of FIG. 3. At this instant, all of the rest
      of the inputs of the NAND element M355 are in the H state as will be made
      apparent hereinbelow, whereby the output 313 of the NAND element M355
      comprises the output of the oscillator OS3 which has a frequency of 256
      KC/S. The output is maintained while the input 304 of the NAND element
      M336 is maintained in the L state.
PAR  When the L state of the input 304 terminates, all of the inputs of the NAND
      element M336 become H, and the output of the NAND element M336 is thereby
      brought into the L state. Since one input of the subsequent NAND element
      M337 is brought into the L state, the output thereof is in the H state,
      and this output is sent to the NAND element M355 at the right-hand side of
      FIG. 3.
PAR  Termination of the L state in the input 304 is instantaneously followed by
      the initiation of the L state in the input 305, and since the input 305 is
      applied to the inverter M338 in the succeeding pair of the elements, the
      output of the inverter M338 is in the H state. Now, two within three
      inputs of the NAND element M339 are in the H state, the remaining one
      input consisting of the output from the terminal A of the binary counter
      BC31, of 128 KC/S, is passed through the NAND element M339 with reversed
      polarity, and the output of the NAND element M339 of 128 KC/S is again
      sent to an input terminal of the NAND element M355 at the right-hand side
      of FIG. 3. At this time also, other inputs of the NAND element M355 are
      all in the H state, whereby the output A of the binary counter BC31, which
      is of a frequency of 128 KC/S, appears at the output 313 of the NAND
      element M355, and this output is maintained while the input 305 is in the
      L state.
PAR  The operations are repeated in the same manner, and at an instant when the
      pair of elements M344 and M345 just terminate sending of the output from
      the terminal D of the binary counter BC31 to the NAND element M355, the
      state of the output from the terminal D of the decade counter DC3 is
      changed thereby to change the state of the input T of the flip-flop F3
      from the L state to the H state, whereby the outputs from the terminals Q
      and Q of the flip-flop F3 are reversed. That is, the output 311 from the
      terminal Q is changed into the H state as shown in FIG. 4.
PAR  As a result, the input 311, which is introduced into the plurality of NAND
      elements designated by odd reference numerals included in the element
      pairs, such as M347 and M348 and so forth, is maintained in the H state.
      Thus, only an element deisignated by an odd reference number in a pair
      which receives a further H input from the other element in the pair can
      send out a pulse to the ultimate NAND element M355 while the rest of the
      pairs deliver H output to the NAND element M355. The above described H
      input from the other element in the pair, that is, from an even number
      element in the pair, occurs only when at least one within the inputs
      introduced into the even number element from the decoder D3 is in the L
      state.
PAR  From the above description, it will be apparent that, in the ultimate NAND
      element M355, and output pulse from the oscillator OS3 and the outputs
      from the terminals A, B, C, and D of the counters BC31 and BC32 appear
      sequentially in this order. The initiation of this appearance of outputs
      is 0.5 m sec after the conversion of the input signal 121 from the L state
      to the H state, and the output from the terminal D of the binary countet
      BC32 binary appears at the output 313 of the ultimate NAND element M355 at
      an instant 9.5 m sec later from the conversion of the input signal 121
      from the L state to the H state.
PAR  As described hereinbefore, the output 310 of the decoder D3 is maintained
      in the L state after it is once turned into the L state until the input
      signal 121 is again turned into the L state. Furthermore, the output from
      the terminal Q of the flip-flop F3 is maintained in the H state.
      Accordingly, the ultimate NAND element M355 continues to deliver the
      output of 1 KC/S obtained from the terminal D of the binary counter BC32
      as long as the input signal is maintained in the H state.
PAR  The output 313 of the ultimate NAND element M355 is indicated in FIG. 5.
      The output frequency is sequentially reduced from the initial value of 256
      KC/S to the last value of 1 KC/S within 10 m sec. It should be noted that
      in the case where the input signal 121 is changed, at a certain instant,
      from the H state to the L state as shown by dotted line, the output 313 is
      instantaneously reduced at the instant from a value of, for instance, 64
      KC/S which is delivered just before the instant to the L state.
PAR  As described before, in the known practices, the vehicle speed of an
      automobile is detected, and the braking force is controlled so that the
      wheels are rotated at a speed corresponding to 80% of the vehicle speed.
      The above-mentioned 80% has been believed to be an optimum value in
      consideration of the road condition and other factors. Since it is
      impossible to mount an apparatus capable of detecting an absolute vehicle
      speed relative to the ground on an automobile, the highest rotating speed
      of the wheels has been sensed as a practical measure, and assuming that
      the highest rotating speed of the wheels is representing the vehicle
      speed, the rotating speed of the wheels has been controlled to
      approximately 80% of the vehicle speed sensed in the form of pulses.
PAR  However, the actual rotating speeds of wheels under braking operations are
      very complicated, and the identity of the wheel rotating at the highest
      speed cannot be determined with complete reliability. We have studied this
      problem intensely and have filed a patent application for a digital
      circuit operable to detect the highest rotating speed of the wheels. The
      input signal 121 described hereinbefore comprises the pulses indicating
      the maximum rotating speed among the speeds of all wheels.
PAR  However, it is found that the desired optimum control of the braking force
      cannot be attained even if the actual rotating speed of the wheels is
      simply controlled to approximately 80% of the vehicle speed represented by
      the input signal 121.
PAR  For this reason, in the present invention, the input signal 121 in the form
      of a pulse is subjected to a correction or adjustment so that the vehicle
      speed represented by the input signal is decelerated in the braking
      operation by at most 1.2 G, and the rotating speed of the wheels is
      controlled to approximately 80% of the vehicle speed thus being
      decelerated constantly. The vehicle speed thus decelerated constantly is
      hereinafter called "simulated vehicle speed", which is obtained as
      follows.
PAR  Referring now to FIG. 6, there is indicated a pulse conversion circuit 600
      constituting a part of the simulated vehicle speed producing circuit. The
      circuit 600 includes counters C61 and C62. The counter C61 comprises
      flip-flops F601 through F610 connected together in series. The counter C62
      comprises flip-flops F611 through F620 connected together in series. The
      circuit 600 further includes full-adders FA61, FA62, and FA63.
PAR  Input terminals A1 through A4 and input terminals B1 through B4 of the
      full-adder FA61 are connected to the output terminals Q of the flip-flips
      F601 through F604 in the counter C61 and the output terminals Q of the
      flip-flops F611 through F614 in the counter C62, respectively. Likewise,
      input terminals A1 through A4 and input terminals B1 through B4 of the
      full-adder FA62 are connected to the output terminals Q of the flip-flops
      F605 through F608 in the counter C1 and the output terminals Q of the
      flip-flops F615 through F618 in the counter C62, respectively. The input
      terminals A1, A2, B1, and B2 of the full-adder FA63 are connected to the
      output terminals Q of the flip-flops F609 and F610 in the counter C61 and
      the terminals Q of the flip-flops F619 and F620 in the counter C62,
      respectively.
PAR  An output terminal C4 of the full-adder FA61 is connected to an input
      terminal C1 of the full-adder FA62, and an output terminal C4 of the
      full-adder FA62 is connected to an input terminal C1 of the full-Adder
      FA63. An output terminal S2 of the full-adder FA63 is connected to an
      input terminal D of a D type flip-flop DF6.
PAR  Input terminals S of all of the flip-flops F601 through F610 in the counter
      C61 are commonly connected to the output 106 of the decoder D1 in FIG. 1,
      and an input terminal T of the first flip-flop F601 in the counter C61 is
      connected to the ultimate output 313 of the modulation frequency
      generating circuit 300 in FIG. 3. Thus, the counter C61 counts the
      ultimate output 313 of the circuit 300.
PAR  Input terminals S of all of the flip-flops F611 through F620 in the counter
      C62 are connected to the output terminal Q of the D type flip-flop DF6
      through a NOR element N6 and an inverter element M66. Another input of the
      NOR element N6 is connected to the output 106 of the decoder D1 in FIG. 1.
      An input terminal T of the flip-flop F611 located at the leftward end of
      the counter C62 is connected through NAND elements M61 and M62 to the
      ultimate output 313 of the circuit 300. Another input of the NAND element
      M61 is connected to output terminal Q of the D type flip-flop DF6, and
      another input of the NAND element M62 is connected to the output 104 of
      the decoder D1 in FIG. 1.
PAR  The input signal 121 representing the sensed pulses corresponding to the
      highest rotating speed of the wheels is introduced into an input terminal
      of a NAND element M64, and another input of the NAND element M64 is
      connected to the output of another NAND element M63. The output 1000 of
      the NAND element M64 constitutes the simulated vehicle speed. The output
      terminal Q of the D type flip-flop DF6 and the output S2 of the full-adder
      FA63 are simultaneously connected to the input terminals of the NAND
      element M63.
PAR  A switch S6 which operates cooperatively with the brake system of an
      automobile is closed to the ground when the brake is operated, and an
      input of a NAND element M65 connected to the switch S6 is brought into the
      L state. When the brake is not operated, the switch S6 is open, and the
      input of the NAND element M65 is returned to the H state. The output of
      the NAND element is connected to an input terminal R of the flip-flop DF6,
      and another input of the NAND element M65 is connected to the output 104
      of the decoder D1 in FIG. 1 through an inverter M67. Furthermore, an
      output 102 from the terminal 1 of the decoder in FIG. 1 is connected to an
      input terminal T of the D type flip-flop DF6.
PAR  The operation of the circuit 600 shown in FIG. 6 will now be described in
      detail.
PAR  The circuit 600 receives three kinds of inputs. That is, from the circuit
      100 in FIG. 1, inputs 102, 104, and 106 are supplied. From the circuit
      300, an input 313 is supplied to the first flip-flop F601 in the counter
      C61 and also to an input terminal of the NAND element M61. An input 121
      from a wheel speed sensor (not shown) is also supplied to the NAND element
      M64.
PAR  Timing relationships of the operations of the circuits 100, 300, and 600
      will now be described. The circuit 100 generates a series of output pulses
      while the input 121 from the wheel speed sensors is in the L state, and
      when the input 121 is brought back to H state, the operation of the
      circuit 100 is reset. The circuit 300 is maintained in the L state while
      the input signal 121 is in the L state, and it delivers the hereinbefore
      mentioned modulation frequencies when the input signal is in the H state.
      Accordingly, when the input signal 121 is in the L state, the input 313
      includes no pulses to be counted in the counter C61 in the circuit 600,
      whereby the circuit 600 is merely prepared for the later operation when
      the trigger pulses 102, 104, and 106 are introduced from the circuit 100.
PAR  When the input pulse 121 is transferred into the H state, the circuit 300
      delivers the modulation frequency pulses which are to be counted in the
      counters C61 and C62. On the other hand, when the input signal 121 is in
      the H state, all of the inputs 102, 104 and 106 obtained from the decoder
      D1 in the circuit 100 are maintained in the H state. It should be noted
      that the delivery of the modulation frequency pulses from the circuit 300
      is delayed by 0.5 msec. from the transferring instant of the input signal
      121 from the L state to the H state, and the modulation frequency pulses
      are blocked when the input signal 121 is transferred to the L state.
PAR  During the braking operation of automobile, the switch S6 in FIG. 6 is
      closed, and the position a of the circuit is maintained in the L state,
      the output of the NAND element M65 being brought into the H state. Thus,
      the input R of the flip-flop DF6 is continually kept in the H state while
      the brake of the automobile is operated.
PAR  Referring now to FIG. 7; when the input 121 is brought into the H state,
      inputs 102, 104, and 106 are all maintained in the H state as describe
      above, after 0.5 msec. from the instant when the input signal is brought
      into the H state, the input 313 sets up the modulation frequency pulses as
      described above. Since the input 106 connected to the terminals S of the
      flip-flops F601 through F610 is in the H state, the counter C61
      immediately starts the counting operation of the input 313 (i.e., the
      modulation frequency pulses).
PAR  The input 313 also connected to the NAND element M61 passes through the
      NAND element with the polarity reversed (it being assumed that the output
      from the terminal Q of the flip-flop DF6 is in the H state) and again
      passes through the NAND element M62 with the polarity reversed again
      (because another input of the NAND element M62 is the input 104 which is
      in the H state). Thus the counter C62 counts the modulation frequency
      pulses contained in the input 313 in synchronism with the counter C61. The
      results obtained from the counters C61 and C62 are indicated in an analog
      manner in FIG. 7. It should be noted that the counter C61 counts the
      pulses in the negative sense starting from 0, whereas the counter C62
      counts the pulses in the positive sense starting from 0. This is an
      important feature of this circuit 600, and because of this feature, the
      braking force can be so controlled that the desired deceleration of 1.2 G
      is realized.
PAR  The two counters C61 and C62 count the pulses in the opposite directions as
      described, and it is assumed that the input signal 121 is transferred into
      the L state when the counters C61 and C62 have counted -470 and +470,
      respectively, whereby the H (a) period of the input signal 121 terminates.
      Since the sum of the two counted results is 0, the output from the
      terminal S2 of the full-adder FA63 is in the H state.
PAR  Because the input signal 121 is now changed into the L (a) state, the
      timing pulse generating circuit 100 starts its operation, and the output
      signals 102, 104, and 106 each including an L pulse (or an L state)
      occurring in this order, are delivered as shown in FIG. 2. Since the input
      pulse 102 is changed from the H state to the L state and again into the H
      state as shown in FIG. 2, the Q output of the flip-flop DF6 is brought
      into the H state by a trigger pulse caused by the returning step, from L
      to H, of the input pulse 102 as a result of the D input of the same
      flip-flop having been brought into the H state.
PAR  After the elapse of a predetermined period, the input 104 causes an L pulse
      as shown in FIG. 2, whereby the NAND element M62 located downward and
      leftward in FIG. 6 delivers an H pulse. Thus, the counter C62 adds one to
      the counted result so that the so far obtained +470 is increased to +471.
PAR  The above-mentioned addition of one to the counted result serves to realize
      the deceleration of 1.2G as will be described hereinlater in more detail.
PAR  When another predetermined period has elapsed, the input pulse 106 produces
      an L pulse as seen in FIG. 2. Thus, the upper counter C61 is reset to 0.
      However, the counter C62 continues to memorize the above-mentioned value
      +471. Since the input pulse 106 is further applied to the NOR element N6
      which is also receiving the Q output, in the H state, from the flip-flop
      DF6, the output of the NOR element N6 is maintained in the L state. The
      output in the L state is reversed into the H state in the inverter M66 and
      applied to the terminals S of the lower counter C62, whereby the counter
      C62 continuously memorizes the value of +471.
PAR  In the meantime the L (a) period of the input signal 121 terminates, and
      the H (b) period thereof begins. The modulation frequency generating
      circuit 300 again delivers the modulation frequency pulses 313, and the
      counter C61 counts these pulses. It will now be assumed that a braking
      force is applied to the wheels so that the wheel speeds are reduced, and
      the counter C61 counts -475. The increase in the counted result is caused
      by the fact that the application of the braking force reduces the wheel
      speed, whereby the one cycle period of the input pulses 121 obtained from
      the sensor is elongated, and a greater number of pulses can be counted by
      the counter C61. It should be noted that the absolute value of the counted
      results in both of the counters C61 and C62 are increased when the wheel
      speed is reduced, and are decreased when the wheel speed is increased.
PAR  In the course of the counting operation of the counter C61 to obtain the
      above mentioned -475, the summation in the full-adders of the counted
      results in the counters C61 and C62 causes the sum of the results to pass
      through zero at an instant where the counter C61 has just counted -471.
      For this reason, the output from the terminal S2 of the full-adder FA63 is
      changed from L to H at this instant, as shown in FIG. 7, and this H is
      applied to an input terminal of the NAND element M63 located centrally
      downward in FIG. 6. At this time, the other input of the NAND element M63,
      which is the Q output of the flip-flop DF6, is maintained in the H state.
      Accordingly, the output of the NAND element M63 is changed from the H to L
      state, whereby the ultimate output 1000 from the subsequent NAND element
      M64 is changed from the L to H state.
PAR  It should be noted that the ultimate output 1000 from the NAND element M64
      has been so far in the L state corresponding to an inversion of the input
      signal 121, and the output 1000 is now changed to the H state. In FIG. 7,
      the above-mentioned L state of the output 1000 is designated as L 471. The
      duration of the L 471 is shorter than that of the H (b) of the input
      signal 121 by an amount designated by d (b).
PAR  However, if the sum of the counted results in the counters C61 and C62 had
      not become zero but had continued to be a positive value, the
      above-mentioned shortening of the L state would not have been caused, and
      an L 475 of a length equal to the H (b) would have been obtained from the
      NAND element M64 as the output 1000. That is, the length of the L state in
      the output 1000, which corresponds to the memorized counted value in the
      counter C62, is always shorter than or equal to the length of the L state
      in the input signal 121. For instance, the L 470 of the output 1000
      appearing at the leftward extremity in FIG. 7 has a length equal to that
      of the H (a) of the input signal 121 because the Q output at that time of
      the flip-flop DF6 is in the L state, and the output of the NAND element
      M63 is kept in the H state regardless of the output S2 of the full-adder
      FA63.
PAR  Now, the H (b) period of the input signal terminates and the L (b) period
      thereof starts. However, the output 1000 is maintained in the H state,
      whereas in the meantime the counter C61 stops its counting operation. The
      timing pulse generating circuit 100 again resumes its operation, and the
      outputs 102, 104, and 106, each including an L pulse occurring
      sequentially, are again delivered from the circuit 100. However, the
      output 313 of the modulation frequency generating circuit 600 is
      maintained in the L state during the above described operation.
PAR  Then, the L pulse in the output 102 is again introduced into the T terminal
      of the flip-flop DF6. At this time, the Q output of the flip-flop DF6 is
      maintained in the H state because the sum 471-475 obtained in the full
      adder FA63 is negative and the output from the S2 terminal thereof is in
      the H state (T input is in the H state as in the previous operation).
      After a predetermined period, the L pulse in the output 104 is applied to
      the input terminal of the inverter element M67. Since the point a is
      maintained in the L state while the brake is operated, the NAND element
      M65 is not influenced by the L pulse of the output 104 and the output of
      the NAND element M65 is maintained in the H state. Thus, the output of the
      flip-flop DF6 is not thereby varied.
PAR  On the other hand, the input 104 applied to the NAND element M62 causes an
      H pulse in the output thereof. Accordingly, the counter C62 counts the
      pulse and varies the output thereof from 471 to 472. After a predetermined
      period, the input 106 causes an L pulse. The counter C61 receiving this
      pulse directly is reset to the zero state. Since the reset input for the
      other counter C62 is not changed, the counted value +472 is still
      maintained in the counter C62. In other words, the input 106 is introduced
      into the NOR element N6, and since the other input thereof obtained from
      the Q output of the flip-flop DF6 is maintained in the H state, the NOR
      element N6 is not influenced by the L pulse of the input 106, whereby the
      output of the NOR element N6 is maintained in the L state. The L state of
      the output of the NOR element N6 is reversed in the inverter M66, so that
      the H state in the terminals S of the counter C62 is maintained as
      described above, and the counted result +472 is memorized in the counter
      C62.
PAR  However, the counter C62 has been reset to zero as described before; the
      sum of the two counters is now changed from the above-mentioned negative
      value to a positive value; and the output from the terminal S2 of the
      full-adder FA63 is changed from H to L. During the above described
      operation, the output 1000 is maintained in the H state.
PAR  When the input signal 121 is changed from the L (b) to H (c), the output
      1000 is changed from H to L state. The reason for this is that the output
      from the terminal S2 of the full-adder FA63 is maintained in the L state
      as described above, whereby the output of the NAND element M63 is kept in
      the H state. According to the transfer of the input signal 121 from L (b)
      to H (c), all of the inputs 102, 104, and 106 are kept in the H state as
      described before, whereby the content of the input 313 from the modulation
      frequency generating circuit 300, which has been maintained in the L
      state, is now changed into a state exhibiting the modulation frequency
      pulses, whereby the counter C61 again starts the counting operation in the
      negative direction.
PAR  Now it is assumed that the brake is released to some extent, and the wheel
      speed is somewhat high. Thus, the number of pulses obtained from a sensor
      cooperating with the wheel of the highest speed is increased, and one
      cyclic period of the input signal 121 is thereby shortened.
PAR  Thus, the counter C61 counts the above-mentioned modulation frequency
      pulses generated from the circuit 300 during the above-mentioned shortened
      H state of the input signal 121, and the counted result is assumed to be
      -470. Since the absolute value of this counted result in the counter C61
      is less than the memorized value +472 in the counter C62, the sum of these
      values is still positive, whereby the polarity of the output of the
      full-adder is not changed. Thus, the previously described shortening of
      the L period in the output 1000 to a value shorter than the H period of
      the input signal 121 is not caused, and after the termination of the L
      period equalling the H period of the input signal 121, the output 1000 is
      returned to the H state when the input signal 121 is transferred from the
      H (c) state to the L (c) state. The length of the L period of the output
      1000 is equal to the length of the H (c) period, corresponding to 470, of
      the input signal 121.
PAR  When the input signal 121 is changed to the L state, the input 313 is held
      in the L state, and simultaneously the timing pulse generating circuit 100
      operates so that the decoder D1 therein starts the counting operation.
      When an output 102 of the decoder D1 enters the flip-flop DF6, the output
      Q thereof is changed to the L state because the input D of the flip-flop
      DF6 is already receiving the output S2, in the L state from the full-adder
      FA63. Thus, when the output 104 from the decoder D1 in the circuit 100 is
      introduced into the NAND element M62, the element M62 simply passes the
      input 104 with its polarity reversed, whereby the memorized amount in the
      counter C62 is further increased additively by 1, so that the amount is
      increased to 473 (the input 313 of the NAND element M61 at this time being
      kept in the L state so that the output thereof is kept in the H state).
PAR  When the output 106 of the decoder D1 in the circuit 100 arrives
      thereafter, both of the counters C61 and C62 are now reset to zero, and
      the memorized amount of 473 will have no effect on the operations of the
      succeeding circuits. The resetting of the counter C61 has been described
      hereinbefore. The manner in which the counter C62 is reset will now be
      described.
PAR  Since the NOR element N6 has an input obtained from the output terminal Q
      of the flip-flop DF6, which is at this instant kept in the L state, the
      output of the NOR element is changed from the L state to the H state upon
      receiving an L pulse in the input 106 which constitutes another input of
      the NOR element N6. The H output from the NOR element N6 is reversed into
      the L state in the inverter M66, whereby the counter C62 is reset at zero.
PAR  Because both the counters C61 and C62 are reset at zero, the sum of the
      counted results in these counters becomes zero, and the output from the
      terminal S2 of the full-adder FA63 resumes the H state, and one cyclic
      operation of the circuit 600 during the braking operation is thereby
      terminated. It will be recalled that in the L (b) period of the input
      signal 121, the counter C62 has not been reset at zero, but in the L (c)
      period of the same signal, the counter C62 is reset at zero as described
      above. The reason for this is as follows.
PAR  As described hereinbefore, in the L (b) period, the wheel speed of the
      automobile has been decelerated, whereas in the L (c) period, the wheel
      speed has been acclerated. Thus, the period H (c) in the input signal 121
      is shorter than the period H (b), and hence the period utilized by the
      circuit 300 for generating pulses is shortened. It should be noted that a
      shorter period of the H state in the input signal 121 means an increase in
      the wheel speed in an automobile.
PAR  The counter C62 counts the modulation frequency pulses from the circuit 300
      in the H (a) period of the input signal 121, and this means that the speed
      of a wheel rotating at the highest speed at any instant is detected.
      During the above described counting operation of the counter C62, and L
      state of the same length as of the period H (a) in the input signal 121 is
      maintained in the output 1000 from the circuit 600. The length of the L
      state in the output 1000 represents the simulated vehicle speed.
PAR  In the period H (b) of the input signal 121, the counter C62 has memorized
      a speed which is obtained by reducing the vehicle speed detected in H (a)
      period by a fraction corresponding to 1.2 G (by adding 1 to 470). In the
      case where the speed represented by H (b) is lower than the speed
      memorized in the counter C62, that is, when the value which the counter
      C61 counted in the H (b) period is greater than the above-mentioned (470 +
      1), and L state of a length corresponding to the speed memorized in the
      counter C62 appears in the output 1000. During the comparing operation,
      the value (470 + 1) memorized in the counter C62 is further increased
      additively by 1 corresponding 1.2 G, and the thus added result is
      memorized in the counter C62 to be prepared for the subsequent H state in
      the input signal 121.
PAR  When it is judged that the speed represented in the H (c) is greater than
      the speed memorized in C62, that is, when the value counted by C61 during
      the H (c) period is less than 472, an L state of a length corresponding to
      the speed signified by H (c) appears in the output 1000. Then, the counter
      C62 is reset at zero for renewing the detection of the wheel speed.
PAR  In the anti-skid control device according to the present invention intended
      to control a vehicle speed relative to the ground to a value coincident to
      1.2 G, the counted value in the counter C62 is increased additively by 1
      before it is compared with the counted result in the counter C61. In other
      words, the counted value +470 shown in FIG. 7 is corrected to +471, and
      the value memorized is compared with the next counted value in the counter
      C61. The purpose of adding 1 as described above is to equalize the reduced
      vehicle speed to the 1.2 G. In the operation during H (b) and L (b), a
      value +471 means a deceleration of 1.2 G, and -475 means that the vehicle
      is decelerated at a value greater than the above indicated 1.2 G. In other
      words, it means that the H (b) period in the input signal 121 was too
      long.
PAR  If the excessively long H (b) period were to be maintained in the length of
      the L state of the output from the NAND element M64, the output 1000 thus
      obtained would not be suitable for the braking control at 1.2 G.
      Accordingly, the L state in the output 1000 is corrected to 471
      corresponding to 1.2 G. In other words, the length of the L state in the
      output 1000 is reduced from the value corresponding to H (b) by the length
      of d (b).
PAR  On the other hand, the length H (c) in the input signal 121 is shorter then
      that corresponding to 1.2 G, whereby both counters are reset to zero and
      the wheel speed is again read out through sensors.
PAR  In the case where the newly read out rotating speed of the highest speed
      wheel is 465 as represented by H (d) in the input signal 121, the counter
      C62 has memorized a value 465 + 1 in the L (d) period, and the counter C61
      is again reset at zero in order to newly read out the wheel speed. In the
      next H (e) period, the thus newly read wheel speed -460 is compared with
      the memorized value +466 in the counter C62. Since the wheel speed is
      faster than that corresponding to 1.2 G, both counters are again reset to
      zero. The above described operations are repeated incessantly until the
      vehicle speed becomes zero.
PAR  Summarizing the above description, in the periods H (a), H (d), H (f), ...,
      both counters newly count the read out wheel speed at that time, and only
      when the newly read-out wheel speed is slower than that corresponding to
      1.2 G, the counter C62 continuously memorizes the corrected value of the
      wheel speed as shown in the period extending from L (a) to L (c). During
      the braking operation of the automobile, the L states in the output 1000
      are always maintained at lengths equal to the lengths of the L states in
      the input signal 121, except when the wheel speed is reduced excessively
      with a deceleration exceeding the 1.2 G, and hence the anti-skid braking
      control as described hereinbefore can be obtained.
PAR  Summarizing the operation of the pulse conversion circuit 600, the counter
      C61 operates exactly during one half cycle period of the input signal 121
      whereby a wheel speed corresponding to the highest speed wheel is read
      out, whereas, the counter C62 first counts the wheel speed in synchronism
      with the counter C61 and, when it is required, corrects the counted value
      by adding 1 until a wheel speed corresponding to the deceleration of 1.2 G
      is thereby obtained. The corrected value in the counter C62 is then
      compared with the wheel speed subsequently read out in the counter C61,
      and these operations are repeated until the vehicle speed becomes zero.
PAR  It should here be noted that the correction of the counted value in the
      counter C62, which is accomplished by adding 1 successively, must be
      carried out in accordance with the vehicle speed of the automobile. That
      is, the actual value of 1 must be differentiated between the cases where
      the automobile is running at a high speed and at a low speed. This is
      realized by the use of the modulation frequency pulses obtained from the
      circuit 300 as shown in FIG. 5.
PAR  When the wheel speed is comparatively high, the length of the H state in
      the input signal 121 is short, and when the wheel speed is comparatively
      low, the length of the H state in the input signal 121 is long. In the
      counters C61 and C62, since the input 313, which is the modulation
      frequency pulses as shown in FIG. 5, is counted as described hereinbefore
      during the H state of the input signal 121, the terminating instant of the
      counting operation in the case of a higher wheel speed is located
      leftwardly of the terminating instant of the counting operation in the
      case of a lower wheel speed, as clearly seen in FIG. 5. Thus, one cycle
      period added to the counted result in the case of a higher wheel speed is
      shorter than that added to the counted result in the case of a lower wheel
      speed. Such a one cycle period that is different by the wheel speed is
      added to the counted result in the counter C62, and the terminating
      instant of the L state in the load 1000 can be automatically varied in
      accordance with the wheel speed.
PAR  Referring now to FIG. 8, the operational principle of the circuit for
      providing the simulated vehicle speed relative to ground will be described
      more theoretically.
PAR  It is assumed that a wheel of an automobile, which is intercoupled with a
      sensor for issuing an input signal 121 for this circuit, has been rotated
      so that a linear speed of 6 cm per cyclic period 2T sec. of the input
      signal 121 is obtained. Within the one cyclic period, the period in the H
      state is T sec., being exactly one half of the one cyclic period. Thus,
      the wheel rotates in the period of the H state for a length of 3 cm.
PAR  In the braking operation, the wheel speed is reduced, and one cyclic period
      of the input pulse signal 121 is elongated. Here, the period of the H
      state in the input signal 121 is assumed to be elongated from the above
      described T sec. to (T + .DELTA.T) sec. as shown at B in FIG. 8. It is
      further assumed that the elongated period (T + .DELTA.T) of the H state
      corresponds to a reduced speed of the wheel whereby the deceleration of
      1.2 G is obtained, and .DELTA.T corresponds to one cyclic period of a
      pulse at the trailing edge of the modulation frequency input 313 as shown
      in FIG. 5.
PAR  As stated above, a linear speed of the wheel within the section A in FIG. 8
      is 3/T [cm/sec], and the linear speed there of within the section B is
      3/(T+.DELTA.T) [cm/sec]. Thus, the difference in wheel speed between the
      two sections is expressed as 3/T - 3/(T+.DELTA.T) [cm/sec], and the
      deceleration within this period can be calculated as (3/T -
      3/(T+.DELTA.T))/2T per sec. Since it is desired to equalize this
      deceleration, to the 1.2 G, (3/T - 3(T+.DELTA.T))/2T = 1.2 .times. 980 cm.
      From the above equation, .DELTA.T can be calculated as
      ##EQU1##
PAR  As described hereinbefore, .DELTA.T is equal to one cyclic period of a
      pulse at the trailing edge of the modulation frequency input 313, and the
      frequency F of the modulation frequency pulses generated from the circuit
      300 at an instant of the trailing edge is expressed as
      ##EQU2##
PAR  When T is rewritten as a time function, the modulation frequency pulses
      obtained from the output terminal 313 of the circuit 300 can be defined.
      In fact, FIG. 5 is a curve which is obtained by plotting this function
      with respect to time.
PAR  On the other hand, circuits (not described hereinbefore), which are
      operated by the output 1000 obtained from the circuit 600, are operated by
      the sections, in the L state, of the output 1000, and the sections, in the
      H state, have no effect on the operation of the succeeding circuits. Since
      the output 1000 is, generally speaking, an inversion of the input signal
      121, it may be considered that the input signal 121 is corrected so that
      the sections thereof, in H state, are elongated by .DELTA.T as described
      above for allowing the realization of the desired deceleration of 1.2 G,
      and the signal thus corrected is entirely inverted so that the output
      signal 1000 is obtained.
PAR  It should be noted that the hereinbefore set forth equations are
      established on the basis that the speed of a wheel having the highest
      rotating speed among a plurality of wheels substantially coincides with
      the vehicle speed. If the braking operation is initiated on a frozen road
      having a low frictional coefficient .mu., the wheel speed will be
      substantially different from the simulated vehicle speed defined just
      after the initiation of the braking operation (because of wheel-lock
      caused by slipping of the wheels).
PAR  For instance, it is assumed that the wheel speed (indicated by the length
      of one cyclic period of the input signal 121) is lowered to such an extent
      that the one cyclic period shown in FIG. 8 is changed from 2T sec. to 4T
      sec. . While .DELTA.T is added once for every one cyclic period of the
      input signal 121, the quantity of .DELTA.T is not varied even if the one
      cyclic period of the input signal 121 is elongated to twice the previous
      length as mentioned above.
PAR  However, the elongation of the cyclic period of the input signal 121 to two
      times the previous value reduces to one half the occasions of adding
      .DELTA.T. That is, the .DELTA.T provided for realizing a deceleration of
      1.2 G will merely cause a deceleration of 0.6 G. The reason for this is
      that the occasion to add 1 to the counted result in the counter C62 has
      been reduced to one half. On the surface of a road having a lower adhesive
      coefficient .mu., any braking operation causing deceleration greater than
      0.5 G should not be attempted.
PAR  For this reason, the above described reduction of the occasion for adding
      one cycle of a pulse to the counted result is considered to be rather
      advantageous, and a more closely simulated vehicle speed can be thereby
      obtained.
PAR  Although the operation of the circuit during the braking operation has been
      described hereinabove, if the brake is not operated, a point a in the
      pulse conversion circuit 600 assumes the H state, and the counter C62
      repeats the counting operation in synchronism with the counter C61 and the
      resetting to zero operation. Thus, the output 1000 of the simple inversion
      of the input signal 121 is obtained from the pulse conversion circuit 600.
PAR  As will be apparent from the above description, the vehicle speed
      simulating circuit according to the present invention in one aspect
      thereof comprises a timing pulse generating circiut 100, a modulation
      frequency generating circuit 300, and a pulse conversion circuit 600,
      whereby when the vehicle speed simulating circuit is applied to an
      anti-skid braking operation of an automobile, the vehicle speed thereof
      can be controlled in such a manner that a deceleration of an optimum value
      is always assured. Furthermore, since the entire circuit is made of
      digital components, the operational life thereof is extremely long, and
      the heat resistance thereof is also excellent. Since the output of the
      circuit is obtained by correcting the input pulses from a wheel having a
      maximum rotating speed with respect to every cycle of the input pulses,
      the possibility of introducing delay in the braking control can be
      minimized.
PAR  Altough the vehicle speed relative to ground can be simulated as described
      above, the anti-skid brake control of the desired nature cannot be
      obtained unless a relationship between the slip (S) of the wheels and the
      adhesive coefficient (.mu.) of the road surface is suitably selected.
      According to the present invention in other aspects thereof, there are
      provided a method and apparatus whereby the anti-skid braking control of a
      vehicle can be achieved effectively by maintaining the above-mentioned
      relationship in a specific range.
PAR  Referring now to FIG. 9, there is indicated, in a graphical manner, a
      relationship between slip (S) of wheels and the adhesion coefficient
      (.mu.) of a road surface. As will be apparent from FIG. 9, the adhesive
      coefficient (.mu.) of a road surface increases to a maximum value at
      approximately 20% of the slip (S) and decreases gradually in a range of
      the slip (S) from 20 to 60%. From the 20% toward 0 of the slip (S), the
      adhesive coefficient (.mu.) drops abruptly.
PAR  In view of the above described characteristic of the road surface, it would
      be advisable that the braking operation of a vehicle be controlled in such
      a manner that the slip (S) is selected at an optimum value which makes
      possible the utilization of the above described maximum range of adhesive
      coefficient (.mu.) of the road surface.
PAR  However, because of a delay in the control system or some other reason, it
      is not easy to control the slip (S) to obtain the maximum adhesive
      coefficient (.mu.) of the road surface, and if the slip (S) is reduced to
      less than the 20% value, the braking effect will be substantially
      decreased because of the abrupt lowering of the adhesive coefficient
      (.mu.).
PAR  Thus, according to the present invention, the slip of wheels of a vehicle
      is controlled in a range of from 20% to 60%, wherein the variation of the
      adhesive coefficient of a road surface is comparatively small. That is,
      when a value of slip out of the above described range is detected, the
      acceleration or deceleration of the vehicle is so corrected that the value
      of the slip is brought into the above-described range.
PAR  The method and apparatus for realizing the anti-skid braking control of a
      vehicle will now be described with reference to FIGS. 10 through 18.
PAR  Referring first to FIG. 10, there is indicated an example of a brake
      control system which is adapted to be applied to a vehicle wherein only
      the two rear wheels are braked. In the figure, there are shown a
      right-hand rear wheel 1 and a left-hand rear wheel 2. Adjacent the wheels
      1 and 2, braking wheel-cylinders 3 and 4, and wheel-speed sensors 5 and 6
      are provided, respectively. Each of the wheel-speed sensors 5 and 6
      produces a sinusoidal voltage, the frequency thereof being proportional to
      the rotating speed of the corresponding wheel. The output signals from the
      sensors 5 and 6 are applied to a controller 7 so that the output signals
      from the sensors are processed therein, and a simulated vehicle speed and
      a controlled wheel speed are thereby calculated. The controlled wheel
      speed is utilized while braking for presenting a slip (S) adapted to
      produce a maximum adhesion coefficient for the road surface.
PAR  The simulated vehicle speed and the controlled vehicle speed are further
      compared in the controller 7, and the result of the comparision is used
      for providing a signal to be applied to a servo valve 8 which in turn
      controls the hydraulic pressure to be applied to the wheel cylinders 3 and
      4. The construction of the controller 7 will be hereinafter described in
      more detail with reference to FIGS. 11 through 17. The servo valve 8 is
      connected through a conduit 20 to the wheel cylinders 3 and 4. The former
      will be described with reference to FIG. 18.
PAR  The brake control system further includes a control valve 9 which produces
      a hydraulic pressure proportional to a force applied to a brake pedal 9a
      associated with the control valve 9. The hydraulic pressure produced in
      the control valve 9 is introduced through another conduit 19 to the
      above-mentioned servo valve 8.
PAR  A hydraulic fluid pumped up by a fluid pump 12 from a reservoir 13 through
      a conduit 16 is passed through a conduit 17, a check valve 11, and another
      conduit 18 to an accumulator 10, and the fluid thus accumulated is further
      pressurized in the control valve 9 as described above. The servo valve 8
      is further connected to the reservoir 13 thruogh a drain pipe 14, and the
      control valve 9 is further connected to the reservoir 13 through another
      drain pipe 15. The controller 7 is connected through lead wires 21 and 22
      to the sensors 5 and 6, and through a lead wire 23 to the servo valve 8.
      The servo valve is grounded through a lead 24.
PAR  A preferred example of the controller 7 will now be described in detail
      with reference to the block diagram shown in FIG. 11 A. The sensors 5 and
      6 are connected through lead wires 21 and 22, as described above, to a
      first discrimination circuit 100 in the controller 7 which is indicated in
      FIG. 11 A as encircled by a single-dot chain line. The first
      discrimination circuit 100 discriminates whether the outputs obtained from
      the sensors 5 and 6 are in a low state or in a high state. A signal in the
      low state is hereinafter designated by LS, and a signal in the high state
      is hereinafter designated by HS.
PAR  An output signal HS from the first discrimination circuit 100 is applied to
      a second discrimination circuit 200, and another output signal LS from the
      first discrimination circuit 100 is supplied to a comparison circuit 400
      and a deceleration calculating circuit 500. The second discrimination
      circuit 200 has a construction similar to that of the first discrimination
      circuit 100.
PAR  In the case where the frequency of the output HS from the first
      discrimination circuit 100 is higher than 200 Hertz, output 200 HS from
      the second discrimination circuit 200 is the output HS itself. When the
      frequency of the output HS from the first discrimination circuit 100 is
      lower than 200 Hertz, the frequency of the output from the second
      discrimination circiut 200 is set at 200 Hertz.
PAR  The above-mentioned output of the second discrimination circuit 200 is
      applied to a modulation frequency generating circuit 301 and a simulated
      vehicle speed calculating circuit 302 included in a simulated vehicle
      speed generating circuit 300. Another output RQ of the second
      discrimination circuit 200 is of a kind informing a logic circuit 601
      whether the output of the second discrimination circuit 200 is a signal of
      just 200 Hertz or one equal to the HS output from the first discrimination
      circuit 100.
PAR  The simulated vehicle speed generating circuit 300 comprises the modulation
      frequency generating circuit 301 and the simulated vehicle speed
      calculating circuit 302, and the output TF of the circuit 301 is applied
      to the circuit 302. One output PV of the simulated vehicle speed
      calculating circuit 302 is applied to the above-mentioned comparison
      circuit 400. Another output SQ of the circuit 302 is applied to the logic
      circuit 601 to provide information as to whether the speed represented by
      the output PV is equal to or greater than a speed represented by the
      output 200 HS of the second discrimination circuit 200.
PAR  The comparison circuit 400 compares the speed signified by the output PV
      with the speed represented by the output LS of the first discrimination
      circuit 100, and delivers either one of the following two outputs to the
      logic circuit 601.
PAR  One output TQ indicates whether the speed represented by the output LS is
      greater or smaller than 80% of the speed represented by the output PV, and
      the other output WQ indicates whether the speed represented by the former
      output LS is greater or smaller than 40% of the speed represented by the
      latter output PV.
PAR  The deceleration calculating circuit 500, mentioned hereinbefore,
      differentiates the output LS from the first discrimination circuit 100
      into binary coded outputs P1, P2, P3, P4, P5, and P6, all of which are
      transferred to a correction circuit 603. Simultaneously, the logic circuit
      601 exercises a judgement over the above-mentioned outputs RQ, SQ, TQ, and
      WQ, and delivers one of the following outputs.
PAR  1. An output K1 obtained when the frequency of the output 200 HS is 200
      Hertz and that of the output PV is also 200 Hertz. Otherwise, the output
      K1 is also delivered when the shpeed represented by the output LS is
      greater than 80% of the speed represented by the output PV (the slip of
      the wheels being less than 20%);
PAR  2. An output K2 obtained when the speed represented by the output LS is in
      a range of from 40 to 80% of the speed represented by the output PV (the
      slip of the wheels being in a range of from 20 to 60%); and
PAR  3. An output K3 obtained when the speed represented by the output LS is
      less than 40% of the speed represented by the output PV (the slip of the
      wheels being greater than 60%).
PAR  The output K1, K2, or K3 is applied to the correction circuit 603, and
      depending on which of the outputs is received therein, the zero level for
      the outputs P1, P2, ... P6 is corrected. For instance, when the output K1
      is received, the zero level of deceleration, that is the zero level of P1,
      P2, ..., P6 is corrected to -3G (deceleration is designated by +, and
      acceleration is disignated by -), and when the output K2 is received, the
      zero level of the outputs P1, P2, ..., P6 is corrected to OG. Likewise,
      when the output K3 is received, the zero level of the outputs is corrected
      to +3G.
PAR  In the ordinary running state of a vehicle (not braked), deceleration of
      the vehicle is OG, and the slip thereof is also zero. Since the output K1
      is received in this case, the deceleration is corrected to -3G which means
      that an acceleration is to be applied.
PAR  The outputs RP of the correction circuit 603 are of the binary form and
      thereafter applied to a digital-analog conversion circuit (hereinafter
      called a simple D-A circuit) 602. When the output RP from the correction
      circuit 603 has a positive value, the output voltage VD from the D-A
      circuit 602 is elevated at a speed corresponding to the positive value,
      and, when the output RP shows a negative value, the output voltage VD is
      lowered at a speed corresponding to the negative value. The output voltage
      VP thus obtained is applied to a current amplification circuit 700. It
      should be noted that the lowest limit of the output voltage VC is the
      ground potential. The output of the current amplifier circuit 700 is
      connected to the servo valve 8 through a lead wire 23, whereby the servo
      valve 8 controls the pressure of the brake oil applied to the wheel
      cylinders 3 and 4. The servo valve 8 is also grounded through a lead wire
      24.
PAR  The first discrimination circuit 100 will now be described in more detail
      with reference to FIG. 12. In the circuit 100, the output of the sensor 5
      provided for the right rear wheel is connected to an amplifier A1, and the
      output of the amplifier A1 is connected to a monostable multivibrator M1.
      The output of the monostable multivibrator M1 is connected to NAND
      elements N1 and N4, an input T of a flip-flop F1, and input terminals R of
      flip-flops F3 and F4.
PAR  On the other hand, the output of a sensor 6 provided for the left rear
      wheel is connected to another amplifier A2, and the output thereof is
      further connected to another monostable multivibrator M2. The output of
      the monostable multivibrator M2 is further connected to NAND elements N2
      and N5, an input T of a flip-flop F3, and input terminals R of flip-flops
      F1 and F2. Q output of the flip-flop F1 is connected to T input of the
      flip-flop F2, and Q output of the flip-flop F3 is connected to T input of
      the flip-flop F4. Q outputs from the flip-flops F2 and F4 are connected to
      inputs R and S of a reset-set flip-flop RF1, respectively.
PAR  Q output of the reset-set flip-flop RF1 is connected to other inputs of the
      NAND elements N2 and N4, and Q output of the reset-set flip-flop RF1 is
      connected to other inputs of the NAND elements N1 and N5. The outputs of
      the NAND elements N1 and N2 are connected to the inputs of a NAND element
      N3, and the outputs of the NAND elements N4 and N5 are connected to the
      inputs of a NAND element N6. The NAND element N3 delivers an output LS,
      and the NAND element N6 delivers an output HS.
PAR  The second discrimination circuit 200 is indicated in more detail in FIG.
      13. An oscillator OS 11 oscillates at 200 Hertz, and the output thereof is
      connected to a monostable multivibrator M 11. The output of the
      multivibrator M 11 is further connected to an input of a NAND element N11,
      an input terminal T of a flip-flop F11, and input terminals R of
      flip-flops F13 and F14. On the other hand, the output HS of the NAND
      element N6 in FIG. 12 is connected to an input of a NAND element N12, an
      input terminal T of a flip-flop F13, and input terminals R of flip-flops
      F11 and F12.
PAR  Outputs Q,Q of the flip-flops F11 and F13 are connected to input terminals
      T, T of the flip-flops F12 and F14, and outputs Q, Q of the flip-flops F12
      and F14 are connected to input terminals R and S of a set-reset flip-flop
      RF11. The Q output of the set-reset flip-flop RF11, which is designated by
      RQ, is connected to another input of the NAND element N11, and the Q
      output from the set-reset flip-flop RF11 is connected to another input of
      the NAND element N12. The output of the NAND element N11 and the output of
      the NAND element N12 are connected to the input terminals of a NAND
      element N13, and the output of the NAND element N13 constitutes the output
      200 HS of the circuit 200.
PAR  The simulated vehicle speed generating circuit 300 is organized as shown in
      FIG. 14.
PAR  The circiut 300 includes a modulation frequency generating circuit 301 and
      a simulated vehicle speed calculating circuit 302 as described
      hereinbefore. The modulation frequency generating circuit 301 comprises an
      oscillator OS 21, a binary counter BC21, a decimal counter DC21, a decoder
      D22, a flip-flop F22, invertors I22, I23, and I24, and NAND elements N22
      through N38. On the other hand, the simulated vehicle speed calculating
      circuit 302 comprises an oscillator OS22, binary counters BC22 and BC23, a
      decoder D21, a binary down counter BC21, a full-adder FA21, a D type
      flip-flop DF21, invertors I21 and I25. and NAND elements N21 and N39
      through N43.
PAR  The oscillator OS 21 is oscillated at 512 Kilo-Hertz, and the output
      thereof is applied to an input T of the binary counter BC21 and to an
      input of the NAND element N31. An output designated by 256 K delivered
      from an output terminal A of the binary counter BC21 is connected to an
      input of the NAND element N32, another output 128 K from an output
      terminal B of the same counter is connected to an input of the NAND
      element N33, and still another output 64 K from a terminal C is connected
      to an input of the NAND element N34. Likewise, an output 32 K from a
      terminal D is connected to an input of the NAND element N27; an output 16
      K from a terminal E is connected to an input of the NAND element N26; an
      output 8 K from a terminal F is connected to an input of the NAND element
      N25; and an output designated by 4 K obtained from a terminal G of the
      binary counter BC 21 is connected to an input of the NAND element N 24 and
      also to the input of the inverter I 22.
PAR  The output 200 HS from the NAND element N13 of the second discrimination
      circuit 200 is connected to an input T of the flip-flop F21, and the Q
      output of the same flip-flop F21 is connected to the input terminal of the
      inverter I21, the R input of the binary counter BC21, the R input of the
      decimal counter DC21, the R input of the flip-flop F22, and an input
      terminal of the NAND element N39. The output of the invertor I22 is
      connected to an input of the NAND element N22, and the output thereof is
      connected to an input T of the decimal counter DC21. An output from the
      terminal A of the decimal counter DC21 is connected to the A terminal of
      the decoder D22; an output from the terminal B of the former is connected
      to the B terminal of the latter, and so forth; and the output from the
      terminal D of the former is connected to the D terminal of the latter and
      also to the T terminal of the flip-flop F22.
PAR  An output XO from the output terminal "O" of the decoder D22 is connected
      to an input of the NAND element N30; an output X1 from the output terminal
      "1" of the decoder D22 is connected to an input of each of the NAND
      elements N35 and N30; likewise an output X2 is connected to an input of
      each of the NAND elements N35 and N29; an output X3 is connected to inputs
      of the NAND elements N35 and N29, respectively; an output X4 is connected
      to inputs of NAND elements N35 and N29; and so forth as clearly seen in
      FIG. 14.
PAR  The Q output of the flip-flop F22, which is designated by X10, is connected
      to an input of each of the NAND elements N23, N24, N25, N26, and N27. The
      Q output of the same flip-flop F22, which is designated by X11, is
      connected to an input of each of the NAND elements N31, N32, N33, and N34.
      The output of the NAND element N35 is connected to an input of the NAND
      element N31; the output of the invertor I24 is connected to an input of
      the NAND element N32; the output of the NAND element N36 is connected to
      an input of the NAND element N33; the output of the NAND element N37 is
      connected to an input of the NAND element N34; the outupt of the invertor
      I23 is connected to inputs of the NAND elements N23 and N24; the output of
      the NAND element N28 is connected to an input of the NAND element N25; the
      output of the NAND element N29 is connected to an input of the NAND
      element N26; and the output of the NAND element N30 is connected to an
      input of the NAND element N27. The output of the NAND element N23 is
      connected to an input of the NAND element N22. Furthermore, the outputs of
      the NAND elements N24, N25, N26, N27, N31, N33, and N34 are connected to
      inputs of the NAND element N38 which produces an output TF.
PAR  The output of the oscillator OS22 is connected to an input of the NAND
      element N21, and the output of the NAND element N21 is connected to an
      input T of the binary counter BC22. The output of the invertor I21 is
      connected to an input R of the binary counter BC22. Outputs A, B, C and D
      from the binary counter BC22 are connected to input terminals A, B, C, and
      D of the decoder D21, respectively.
PAR  An output from the terminal "9" of the decoder D21 is connected to another
      input of the NAND element N21, and an output from the terminal "6" of the
      same decoder D21 is connected to an input terminal S of the binary down
      counter BDC21 and also to an input of the invertor I25. An output from the
      terminal "4" of the decoder D21 is connected to an input of the NAND
      element N42, and an output from the terminal "2" of the same decoder D21
      is connected to an input T of the D type flip-flop DF21.
PAR  The output TF of the NAND element N38, which corresponds to the output from
      the modulation frequency generating circuit 301 in FIG. 11 A is connected
      to an input T of the binary down counter BCD21 and to an input of the NAND
      element N43. The output of the NAND element N43 is connected to an input
      of the NAND element N42, and the output of the NAND element N42 is
      connected to an input T of the binary counter BC23. Outputs A, B, C, D, E,
      F, G, H, I, J, and K from the binary down counter BDC21 are connected to
      inputs A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, and A11 of the full adder
      FA21, and outputs A, B, C, D, E, F, G, H, I, J, and K of the binary
      counter BC23 are connected to B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, and
      B11 of the full adder FA21.
PAR  The output SU11 from the full-adder FA21 is connected to an input of the
      NAND element N40 and also to D input of the D type flip-flop DF21. The Q
      output of the D type flip-flop DF21 is connected to an input of the NAND
      element N40, and the Q output, which is made into SQ, is connected to an
      input of the NAND element N41 and also an input of the NAND element N43.
      The output of the inverter I25 is connected to an input of the NAND
      element N41, and the output thereof is connected to an input S of the
      binary counter BC23. The output of the NAND element N40 is connected to an
      input of the NAND element N39, and the output thereof, designated by PV,
      represents the simulated vehicle speed.
PAR  In FIG. 15, thus is indicated a comparison circuit 400, wherein the
      simulated vehicle speed PV is connected to the input of an inverter I51,
      and the output thereof is connected to an input T of a flip-flop F51 and
      also to an input of a NAND element N51. The Q output of the flip-flop F51
      is connected to another input of the NAND element N51. The output of the
      NAND element N51 is connected to the inputs of an invertor I52, a
      monostable multivibrator M51, and NAND elements N53 and N54, and to R
      inputs of set-reset flip-flops RF51 and RF53.
PAR  The output of the monostable multivibrator M51 is connected to an input S
      of a binary counter BC51. The output of the inverter I52 is connected to
      an input of a NAND element N52, and the output of an oscillator OS51,
      which is oscillated at 25 KC, is connected to another input of the NAND
      element N52. The output of the NAND element N52 is connected to an input T
      of the binary counter BC51. The binary counter BC51 deliver output signals
      CA, CB, CC, ..., CH from the output terminals A, B, C, ..., and H. The
      output signals CA, CB, CC, ..., and CH are connected to input terminals
      A1, A2, A3, ... , and A8 of a full adder FA51, respectively, and also to
      input terminals B1, B2, B3, ...., and B8 of another full adder FA52,
      respectively.
PAR  Another oscillator OS52, which is oscillating at a frequency of 20 KC, is
      connected to an input T of a binary down counter BDC51 made of a plurality
      of flip-flops. The output A of the binary down counter BDC51 is connected
      to an input B1 of the full-adder FA51, the output B of the binary down
      counter BDC51 is connected to an input B2 of the full adder FA51 and also
      to an input A1 of the full adder FA52, the output C of the binary down
      counter BDC51 is connected to an input B3 of the full adder FA51 and also
      to an input A2 of the full adder FA52, and so forth, and, lastly, the
      output I of the binary down counter BDC51 is connected only to an input A8
      of the full adder FA52. The hereinbefore described output LS from the
      first discrimination circuit 100 is connected to an input S of the binary
      down counter BDC51 and also to the input of an inverter I54, and the
      output of the latter is connected to inputs of NAND elements N53 and N54.
PAR  The output SU8 of the full adder FA51 is connected through an inverter I53
      to an input S of a set-reset flip-flop RF51, and the output SU8 of the
      full-adder FA52 is connected through another inverter I55 to an input S of
      a set-reset flop-flop RF53. The Q output of the set-reset flip-flop RF51
      is connected to an input S of a set-reset flip-flop RF52, and also to an
      input of a NAND element N53, and the Q output of the set-reset flip-flop
      RF53 is connected to an input S of another set-reset flip-flop RF54, and
      also to an input of a NAND element N54. The output of the NAND element N53
      is connected to an input R of the set-reset flip-flop RF52, and the output
      of the NAND element N54 is connected to an input R of the set-reset
      flip-flop RF54. The Q output of the flip-flop RF52 is designated by TQ,
      and the Q output of the flip-flop RF54 is designated by WQ.
PAR  Referring to FIG. 16, there is indicated a detailed organization of the
      deceleration calculating circuit 500. The circuit 500 includes an
      oscillator OS61 which oscillates at 3125 C/S. The output of the oscillator
      OS61 is connected to an input T of a binary counter BC61, and outputs A,
      B, and C of the binary counter BC61 are connected to inputs A, B, and C of
      a decoder D61, respectively. The remaining outputs D, E, F, and G of the
      binary counter BC61 are connected to input terminals of a NAND element
      N67. The output of the NAND element N67 is connected to an input D of the
      decoder D61, and also to an input of a NAND element N68. The output from
      the terminal "1" of the decoder D61 is connected to input terminals T of D
      type flip-flops DF61, DF62, DF63, ..., DF66. The output from the terminal
      "3" of the decoder D61 is connected to input terminals S of flip-flops
      F61, F62, F63, ..., F66. Likewise, the output from the terminal "5" of the
      decoder D61 is connected through an inverter I62 to an input of NAND
      elements N61, N62, N63, ..., N66.
PAR  Furthermore, the output from the terminal "7" of the decoder D61 is
      connected to input terminals R of flip-flops F67, F68, F69, ..., F72. The
      output LS from the hereinbefore described first discrimination circuit 100
      is connected through an invertor I61 to an input of the NAND element N68.
      The output of the NAND element N68 is connected to inputs T of flip-flops
      F61 and F67. A binary down counter is composed of flip-flops F61, F62,
      F63, ..., F66, and the Q output of each flip-flop is connected to T input
      of the subsequent flip-flop.
PAR  A binary counter is composed of flip-flops F67, F68, F69, ..., F72, and the
      Q output of each flip-flop is connected to the T input of the succeeding
      flip-flop. The Q outputs of the flip-flops F67, F68, F69, ..., F72 are
      connected to an input of respective NAND elements N61, N62, N63, ..., N66,
      and the outputs from the NAND elements N61, N62, N63, ..., N66 are
      connected to R inputs of the flip-flops F61, F62, F63, ..., F66. The Q
      outputs from the flip-flops F61, F62, F63, ..., F66 are connected to the D
      inputs of D type flip-flops DF61, DF62, DF63, ..., DF66, respectively. Q
      outputs from the D type flip-flops DF61, DF62, DF63, ..., DF66 constitute
      the hereinbefore described binary coded outputs P1, P2, P3, P4, P5, and P6
      of the deceleration calculating circuit 500.
PAR  The hereinbefore-mentioned logic circuit 601, D-A conversion circuit 602,
      and correction circuit 603 will now be described in detail with reference
      to FIG. 17A.
PAR  The logic circuit 601 is composed of NAND elements N81, N82, N83, and N84.
      The D-A conversion circuit 602 comprises an inverter I82, NAND elements
      N87, N88, N89, ..., N91; NOR elements NR81,NR82,NR83, ..., NR85; resistors
      R1 through R30; NPN type transistors T1, T2, T3, ..., T15; a diode DI1;
      and a capacitor CON1. The correction circuit 603 is composed of an
      inverter I81, NAND elements N85 and N86, and a full-adder FA81.
PAR  The output RQ of the hereinbefore described second discrimination circuit
      200 shown in FIG. 13 is connected to one input terminal of the NAND
      element N81, and the output SQ from the simulated vehicle speed
      calculation circuit 302 in FIG. 14 is connected to another input terminal
      of the NAND element N81. The output of the NAND element N81 is connected
      to an input of the NAND element N82 and also to an input of the NAND
      element 83. The outputs WQ and TQ of the comparision circuit 400 are
      connected to another input of the NAND elements N82 and N83. The NAND
      elements N83 and N82 deliver outputs K2 and K3, respectively, and the
      outputs K2 and K3 are connected to two inputs of the NAND element N84. The
      NAND element N84 delivers the output K1.
PAR  The output K1 is connected to an input of the NAND element N86, while the
      output K2 is connected to the inverter I81 and an input of the NAND
      elements N85 and N86. The output K3 is connected to an input of the NAND
      element N85. The output of the inverter I81 is connected to an input A1 of
      the full-adder FA81, the output of the NAND element N85 is connected to an
      input A2, and the output of the NAND element N86 is connected to inputs A3
      through A6 of the full-adder FA81.
PAR  Furthermore, the outputs P1 through P6 from the deceleration calculating
      circuit 500 are connected to input terminals B1 through B6 of the
      full-adder FA81, respectively. The outputs SU1, SU2, SU3, SU4, SU5, and
      SU6 of the full-adder FA81 constitute the output RP of the correction
      circuit 603, within which the outputs SU1 through SU5 are connected to one
      input of the NAND elements N87 through N91, and also to one input of each
      of the NOR elements through NR85, respectively, while the output SU6 is
      connected to the inverter I82. The output of the inverter I82 is connected
      to another input of each of the NAND elements N87 through N91, and also to
      another input of the NOR elements NR81 through NR85.
PAR  The output of the NAND element N87 is connected to the base of the
      transistor T1 through the resistor R1, and the collector of the transistor
      T1 is connected through the resistor R2 to a terminal E, to which the
      positive electrode of a power source (not shown) is connected. The
      negative electrode of the power source is connected directly to the
      ground. The collector of the transistor T1 is further connected through
      the resistor R3 to the base of the second transistor T2, and the emitter
      of the transistor T1 is connected to the ground. The emitter of the
      transistor T2 is connected through the resistor R4 to the anode of the
      diode DI1. and the collector of the transistor T2 is connected directly to
      the terminal E. The output of the NAND element N88 is connected to the
      base of the third transistor T3 through the resistor R5, and the collector
      thereof is connected through the resistor R6 to the terminal E, and also
      through the resistor R7 to the base of the fourth transistor T4. The
      emitter of the transistor T3 is connected directly to the ground, while
      the collector of the transistor T4 is directly connected to the terminal
      E. The emitter of the transistor T4 is connected through the resistor R8
      to the anode of the diode DI1.
PAR  Furthermore, the output of the NAND element N89 is connected through the
      resistor R9 to the base of the transistor T5, while the collector thereof
      is connected through the resistor R10 to the terminal E, and also through
      the resistor R11 to the base of the transistor T6. The emitter of the
      transistor T6 is connected through the resistor R12 to the anode of the
      diode DI 1. Likewise, the output of the NAND element N90 is connected
      through the resistor R13 to the base of the transistor T7, and the
      collector thereof is connected through the resistor R14 to the terminal E
      and through the resistor R15 to the base of the transistor T8. The emitter
      of the transistor T8 is connected through the resistor R16 to the anode of
      the diode DI 1. The output of the NAND element N91 is connected through
      the resistor R17 to the base of the transistor T9, and the collector
      thereof is connected through the resistor R18 to the terminal E and also
      through the resistor R19 to the base of the transistor T10. The emitter of
      the transistor T10 is connected through the resistor R20 to the anode of
      the diode DI 1. It should be noted that the emitters of the transistors
      T1, T3, T5, T7, and T9 are connected directly to the ground, and the
      collectors of the transistors T2, T4, T6, T8, and T10 are connected
      directly to the terminal E.
PAR  The output of the NOR element NR 81 is connected through the resistor R21
      to the base of the transistor T11, and the collector thereof is connected
      through the resistor R22 to the cathode of the diode DI 1 which is
      connected to one terminal of the capacitor CON 1. The output of the NOR
      element NR 82 is connected through the resistor R23 to the base of the
      transistor T12, and the collector thereof is connected through the
      resistor R24 to the cathode of the diode DI 1.
PAR  In a similar manner, the outputs of the NOR elements NR 83 through NR 85
      are connected through the resistors R25, R27, and R29 to the bases of the
      transistors T13, T14, and T15, and the collectors thereof are connected
      through resistors R26, R28, and R30 to the cathode of the diode DI 1,
      respectively, which is connected with one terminal of the capacitor CON 1.
      The emitters of the transistors T11, T12, T13, T14, and T15 are connected
      directly to the other terminal of the capacitor CON 1 which is in turn
      connected to the ground.
PAR  In the above described arrangement, for instance, the resistor R20 is
      assumed to be X (.omega.), the resistance values of the resistors R16,
      R12, R8, and R4 are set at 2X, 4X, 8X, and 16X (.omega.), respectively.
      Likewise, when the resistor R30 is assumed to be Y (.omega.), for
      instance, the resistance values of the resistors R28, R26, R24, and R22
      are set at 2Y, 4Y, 8Y, and 16y (.omega.), respectively. The voltage at the
      first terminal of the capacitor CON 1, to which the cathode of the diode
      DI 1, the resistors R22, R24, R26, R28, and R30 are connected, constitutes
      the output VC of the D-A conversion circuit 602.
PAR  The current amplifier circuit 700 amplifies the output VC proportional
      thereto and applies the output to the servo valve 8 through a lead wire
      23. Since the circuit is well known, detailed description thereof will be
      omitted.
PAR  Referring now to FIG. 18, there is illustrated an example of the servo
      valve which has three ports 51, 52, and 53. The port 51 is coupled through
      the conduit 19 to the hereinbefore described control valve 9, while the
      port 52 is coupled through the conduit 20 to the wheel cylinders 3 and 4,
      and the port 53 is coupled to the drain 13 through the conduit 14. The
      servo valve 8 further includes an operational coil 54 one terminal of
      which is connected through the lead wire 23 to the current amplifier
      circuit 700 as described above. The other terminal of the operational coil
      54 is connected through a lead wire 24 to the ground.
PAR  The flow resistance between the ports 51 and 52 and the flow resistance
      between the ports 52 and 53 are varied when the position of a spool valve
      55 is varied. That is, when the spool valve 55 is displaced rightward in
      FIG. 18, the flow resistance of the fluid between the ports 51 and 52
      becomes high, and the flow resistance between the ports 52 and 53 becomes
      low.
PAR  On the contrary, when the spool valve 55 is displaced leftward as shown in
      FIG. 18, the flow resistance of the fluid between the ports 51 and 52
      becomes low while the flow resistance between the ports 52 and 53 becomes
      high.
PAR  The port 51 communicates through a passage 56 and an orifice 58, both
      provided in the spool valve 55, to a chamber 57. The chamber 57 in turn
      communicates through a passage 59 with another chamber 65. A plunger 60 is
      urged leftwardly by a spring 62, provided between a flange portion of the
      plunger 60 and a rightward end wall of the chamber 65, so that the passage
      59 is thereby blocked.
PAR  When the coil 54 is energized, the plunger 60 is displaced toward the right
      against the resilient force of the spring 62. The port 52 thus
      communicates with a chamber 64, provided at the leftward end of the servo
      valve 8, through a passage 63 provided through the spool valve 55.
PAR  The apparatus shown in FIGS. 10, 11A, 12 through 16, 17A, and 18 operates
      as follows.
PAR  Referring first to FIG. 10, the hydraulic pump 12 is driven by, for
      instance, an engine (not shown) in the motor vehicle, and pressurizes the
      fluid supplied from the drain 13 through the conduit 16. The fluid thus
      pressurized is sent through the conduit 17, check valve 11, and the
      conduit 18 to the accumulator 10 wherein the fluid thus pressurized is
      stored. The check valve 11 is provided for preventing reverse flow of the
      pressurized fluid from the accumulator back to the pump 12 even at
      instants when the delivery pressure of the pump 12 becomes lower than the
      pressure of the accumulator 10.
PAR  The control valve 9 receives the pressurized fluid from the accumulator 10
      through the conduit 18, and allows one part of the pressurized fluid to
      flow to the drain 13 through the conduit 15. Thus, the control valve 9
      creates a pressurized fluid in the conduit 19, the pressure thereof
      corresponding to the stepping force on the brake pedal 9a.
PAR  On the other hand, the output pulses from the sensors 5 and 6 are delivered
      through lead wires 21 and 22 to the controller 7 as described
      hereinbefore. However, the controller 7 delivers no output to the servo
      valve 8 through the lead wire 23 whenever the wheels of the vehicle are
      not in the locked state. In this case, the servo valve 8 conveys the fluid
      pressure in the conduit 19 to the conduit 20 without any variation,
      whereby the pressure corresponding to the stepping force on the brake
      pedal 9a is applied to the wheel cylinders 3 and 4.
PAR  When the wheel speed is reduced to an extent such that the wheels 1 and 2
      are nearly locked, the controller 7 delivers over the lead wire 23 a
      current of a magnitude in accordance with the degree to which the wheels
      approach the locked state. The servo valve 8 by-passes a part of the fluid
      pressure in the conduit 19 to the drain 13, whereby the fluid pressure in
      the output conduit 20 is reduced from the fluid pressure in the conduit 19
      by an amount corresponding to the output current supplied through the lead
      wire 23. The fluid pressure in the output conduit 20 thus reduced is
      applied to the wheel cylinders 3 and 4, whereby the brake is operated at a
      braking pressure which is not sufficiently high to cause the wheels to be
      brought into the locked state. That is, the controller 7 controls the
      current in the lead wire 23 so that the servo valve 8 adjusts the braking
      fluid pressure applied to the wheel cylinders 3 and 4 to a valve
      preventing locking of the wheels.
PAR  The operation of the above-mentioned controller 7, in which all of the
      electrical circuits hereinbefore described are included, will now be
      described in more detail.
PAR  Referring again to FIG. 12 showing the first discrimination circuit 100, an
      input from the sensor 5 associated with the right rear wheel is amplified
      in the amplifier A1 and thereby made into a pulse form. The high-potential
      level of a pulse is called the H state and the low-potential level of the
      pulse is called the low state L. The monostable multivibrator M1 produces
      an output pulse, which is changed from the high state H to the low state L
      and held therein for a very short period, when the output from the
      amplifier A1 is transferred from the H state into the L state. Likewise,
      the monostable multivibrator M2 produces an output pulse, which is
      transferred from the H state into the L state and held therein for a very
      short period, in response to the output from the sensor 6 for the left
      rear wheel. The flip-flops F1, F2, F3, and F4 are assembled into a binary
      counter, and when the R input of each of the flip-flops is in the L state,
      the Q output thereof is brought into the L state while the Q output
      thereof is brought into the H state. Furthermore, when input T of each
      flip-flop is transferred from the H state into the L state, the Q output
      is transferred from the L state into the H state or from the H state into
      the L state, and the Q output thereof is transferred in a complementary
      manner. However, in the case where the S and R inputs of a set-reset
      flip-flop are both in the L state, the Q and Q outputs are both in the H
      state.
PAR  When the output of the monostable multivibrator M1 is changed from the H
      state to the L state, the Q output of the flip-flop F1 is reversed.
      However, the flip-flops F3 and F4 are reset at that time, and the Q output
      of the flip-flop F3 assumes the L state, while the Q output of the
      flip-flop F4 assumes the H state.
PAR  On the other hand, when the output from the monostable multivibrator M2 is
      transferred from the H state into the L state, the Q output of the
      flip-flop F3 is reversed, and the flip-flops F1 and F2 are reset so that
      the Q output from the flip-flop F1 is brought into the L state, while the
      Q output of the flip-flop F2 is brought into the H state.
PAR  For instance, when the flip-flops F1 and F2 are reset, and if a trigger
      input is first applied to the flip-flop F1, that is, if the T input is
      transferred from the H state into the L state, the Q output from the
      flip-flop F1 is brought into the H state, and the Q output of the
      flip-flop F2 is also brought into the H state. However, when a trigger
      input, that is, an input being changed from the H state into the L state
      is secondly applied to the flip-flop F1 after the flip-flops F1 and F2 are
      once reset, the Q output of the flip-flop F1 and the Q output from the
      flip-flop F2 are brought into the L state. In other words, after the
      application of an L pulse (short period of the L state) to the R terminals
      of the flip-flop F1 and F2, if two successive L pulses as mentioned above
      are applied to the T terminal of the flip-flop F1 (that is, when the
      repetition frequency of the output from the multiamplifier M1 is higher
      than that of the multivibrator M2), the Q output of the flip-flop F2 will
      be brought into the L state.
PAR  Likewise, if two successive L pulses as mentioned above are applied to the
      T input of the flip-flop F3 after the R inputs of the flip-flops F3 and F4
      are once brought into the L state (that is, the repetition frequency of
      the output from the multivibrator M2 is higher than that of the
      multivibrator M1), the Q output of the flip-flop F4 is brought into the L
      state.
PAR  In the first-mentioned case where the Q output of the flip-flop F2 becomes
      L, the set-reset flip-flop RF1 is reset, whereby the Q output of the
      flip-flop RF1 becomes L and the Q output thereof becomes H. Thus, the
      output of the NAND element N1 assumes the H state because one input
      thereof is in the L state (the output of a NAND element becomes L only
      when all of the inputs thereof are in the H state). The output of the NAND
      element N2 becomes the exact reverse of the output of the monostable
      multivibrator M2 because one input thereof obtained from the Q output of
      the flip-flop RF1 is in the H state. Since one input of the NAND element
      N3 has been brought into the H state as described above, and the other
      input thereof is the exact reverse of the output of the monostable
      multivibrator M2, the output of the NAND element N3 will be the output of
      the multivibrator M2 itself, which is of a lower repetition frequency than
      that of the multivibrator M1.
PAR  Likewise, one input of the NAND element N4 is in the H state, and the other
      input thereof is the output of the monostable multivibrator M1, whereby
      the output from the NAND element N4 is the exact reverse of the output of
      the monostable multivibrator M1. Since one input obtained from the output
      Q of the flip-flop RF1 is L, the output of the NAND element N5 becomes H
      regardless of the other input thereof. Since one input of the NAND element
      N6 is in the H state, and the other input thereof is the exact reverse of
      the output of the monostable multivibrator M1, the output of the NAND
      element N6 will be the output of the monostable multivibrator M1 itself,
      which is of a higher repetition frequency. The above-mentioned condition
      will be held as it is even if the Q output of the flip-flop F2 is changed
      into the H state because the operational state of the set-reset flip-flop
      RE1 is thereby unchanged.
PAR  In the above-mentioned second case, wherein the repetition frequency of the
      output from the monostable multivibrator M2 is higher than that of the
      multivibrator M1, the Q output of the flip-flop F4 is brought into the L
      state as described before, and the set-reset flip-flop RF1 is set because
      the S input thereof is placed in the L state. Thus, the Q output of the
      flip-flop RF1 is brought into the H State, and the Q output thereof is
      placed in the L state.
PAR  One input of the NAND element N1 is thereby placed in the H state, and
      since the other input thereof is the output of the monostable
      multivibrator M1, the output of the NAND element N1 will be the exact
      reverse of the output of the monostable multivibrator M1. One input of the
      NAND element N2 is in the L state, and the output of the NAND element N2
      is in the H state. Thus, one input of the NAND element N3 is in the H
      state, and the other input thereof is the exact reverse of the output of
      the monostable multivibrator M1, whereby the output of the NAND element N3
      will be the output of the monostable multivibrator M1 itself, which is of
      a lower repetition frequency them that of the M2.
PAR  Since one input of the NAND element N4 is in the L state, the output of the
      NAND element N4 assumes the H state as described before. On the other
      hand, one input of the NAND element N5 is in the H state, and the other
      input thereof is the output of the monostable multivibrator M2, whereby
      the output of the NAND element N5 will become the exact reverse of the
      output of the monostable multivibrator M2. Thus, one input of the NAND
      element N6 is in the H state, and the other input thereof is the exact
      reverse of the monostable multivibrator M2, the output of the NAND element
      N6 becoming the output of the monostable multivibrator itself which is of
      a higher repetition frequency. This condition is held even if the Q output
      of the flip-flop F4 becomes H, and the Q output of the set-reset flip-flop
      RF1 is maintained in the H state and the Q output thereof is maintained in
      the L state.
PAR  Summarizing the above description, the output from a monostable
      multivibrator, the repetition frequency of which is lower than that of the
      other monostable multivibrator, is delivered from the NAND element N3, and
      the output from a monostable multivibrator, the repetition frequency of
      which is higher than that of the other monostable multivibrator, is
      delivered from the NAND element N6. The output of the higher repetition
      frequency is designated by HS, and that of the lower repetition frequency
      is dsignated by LS.
PAR  The output HS corresponds to an output from a wheelspeed sensor having a
      higher wheel speed, and hence the onecycle period thereof is shorter,
      while the output LS corresponds to an output from a wheel-speed sensor
      having a lower wheel speed, whereby the one-cycle period thereof is longer
      than the other.
PAR  The operation of the second discrimination circuit 200 will now be
      described in detail with reference to FIG. 13. The second discrimination
      circuit 200 includes an oscillator OS 11 which is operated, as one
      example, but not limitatively, at 200 c/s, this value corresponding to a
      wheel speed of about 10 km/h. The pulse train obtained from the oscillator
      OS 11 is formed in a monostable multivibrator M11 into a waveform having a
      comparatively short period for the L state and a comparatively long period
      for the H state, although the repetition frequency, 200 c/s, thereof is
      left unchanged.
PAR  In FIG. 13, the output HS delivered from the NAND element N6 in the first
      discrimination circuit 100 acts as if it were the monostable multivibrator
      M2, and the monostable multivibrator M11 acts as if it were the monostable
      multivibrator M1. The flip-flops F11, F12, F13, and F14 operate in a
      similar manner as the flip-flops F1, F2, F3, and F4 in FIG. 12,
      respectively. The set-reset flip-flop RF11 operates as the set-reset
      flip-flop RF1 in FIG. 12. Furthermore, the NAND elements N11, N12, and N13
      operate in a similar manner as the NAND elements N4, N5, and N6 in FIG.
      12.
PAR  Accordingly, the output from the NAND element N13 is such that when the
      input HS has a higher repetition frequency than 200 c/s, the input HS
      itself is delivered from the NAND element N13, but when the input HS has a
      lower repetition frequency than 200 c/s, the output of the monostable
      multivibrator M11 appears from the NAND element N13. The output of the
      above-mentioned second discrimination circuit 200 is designated by 200 HS.
PAR  Thus, it will be appreciated that the output 200 HS of the second
      discrimination circuit 200 represents a train of pulses obtained from a
      sensor associated with one of the rear wheels, the rotating speed of which
      is higher than that of the other, when the repetition frequency of the
      train of pulses of 200 c/sm and the output 200 HS represents a train of
      pulses of 200 c/s obtained from the oscillator OS11, when the train of
      pulses obtained from the sensor associated with a rear wheel of the higher
      rotating speed has a repetition frequency lower than the 200 c/s. The
      output RQ obtained from the Q output of the set-reset flip-flop RF11 is
      used for informing the logic circuit 601 whether the output 200 HS is
      merely the 200 c/s oscillation signal or whether it is equal to the input
      signal HS.
PAR  The operation of the simulated vehicle speed generating circuit 300 will
      now be described with reference to FIG. 14.
PAR  The frequency of the output 200 HS from the second discrimination circuit
      200 is reduced to one half by the flip-flop F21. The oscillator OS21
      generates a frequency of, for instance, 512 KC, and when the R input of
      the binary counter BC21 is in the H state, that is, when the Q output of
      the flip-flop F21 is in the H state, the output from the terminal A of the
      binary counter BC21 has a frequency of 256 KC, the output from the
      terminal B thereof has a frequency of 128 KC, and the output from the
      terminal C thereof has a frequency of 64 KC. Likewise, the frequencies of
      the outputs from the terminals D, E, F, and G are 32, 16, 8, and 4 KC,
      respectively. When the R input of the binary counter BC21 is in the L
      state, the binary counter BC21 is reset, and all outputs from the counter
      BC21 are in the L state. When the Q output from the flip-flop F21 is
      changed from L to H (in the worst case, an allowance corresponding to a
      one cycle period of 512 KC will be introduced), the outputs A, B, C, D, E,
      F, and G are delivered from the binary counter BC21.
PAR  The decimal counter DC21 and the flip-flop F22 count the 4 KC output from
      the binary counter BC21 when R inputs of the DC21 and F22 are in the H
      state, the outputs A, B, C, D of the decimal counter DC21 are converted in
      the decoder D22 into the corresponding decimal notation. That is, each of
      the outputs "0", "1", "2". . . , "9" from the decoder D22 corresponds to a
      digit of a number expressed decimally, and when, for instance, "5" is in
      the L state, all of the rest of the outputs are in the H state. The
      outputs Q and Q of the flip-flop F22 in combination indicates the tens
      position of the decimal number. That is, the Q output in L and the Q
      output in H state indicates that the tens position of the number is 0, and
      the Q output in H and the Q output in L state indicates that the tens
      position of the number is 1.
PAR  For instance, when the Q output of the flip-flop F22 is in the L state and
      the output from the terminal "7" of the decoder D22 is in the L state, the
      number indicated is 17. Likewise, when the Q output of the flip-flop F22
      is in the L state, and the output from the terminal "9" of the decoder D22
      is in the L state, the number indicated is 19.
PAR  When the above-mentioned number 19 is counted, since the output X9 from the
      decoder D22, which is in L state, is applied to the NAND element N23
      through the invertor I23, the two inputs of the NAND element N23 become H,
      whereby the output thereof is brought into the L state. Since an input of
      the NAND element N22 becomes L, the output of the NAND element becomes H,
      whereby the decimal counter DC21 stops counting of the 4 KC input. Thus,
      the decimal counter DC21 does not proceed with the counting operation but
      is held in the stopped state indicating the number 19.
PAR  When the Q output of the flip-flop F21 becomes L, the decimal counter DC21
      and the flip-flop F22 are reset, and the Q output of the flip-flop F22 is
      changed from the H to L (Q output is changed from L to H), and the XO
      output from the decoder D22 is changed from H to L (the rest of the
      outputs are held in the H state), which means zero.
PAR  In the case where the zero output is obtained, the outputs from the NAND
      elements N24, N25, N26, N27, N31, N32, N33, and N34 are all brought into
      the H state, and the output TF of the NAND element N38 becomes L.
PAR  When the output means "1", two inputs of the NAND element N31 are brought
      into the H state, whereby the output of the NAND element N31 will be a
      train of pulses of 512 KC. Since other inputs of the NAND element N38 are
      all in the H state, the output TF of the NAND element N38 also becomes the
      pulse train of 512 KC. This relation is valid for the cases where the
      obtained decimal output is 2, 3, or 4, and in all of these cases, the
      output TF from the NAND element N38 is the pulse train of 512 KC.
PAR  In the case where the decimal output signifies 5, the output of the NAND
      element N32 is a train of pulses of 256 KC. Since all of other inputs of
      the NAND element N38 are in the H state, the output TF of the NAND element
      N38 is a pulse train of 256 KC.
PAR  Likewise, when the decimal output if 6 or 7, the output TF of the NAND
      element N38 becomes a pulse train of 128 KC, and when the decimal output
      is 8 or 9, the output TF of the NAND element N38 becomes a pulse train of
      64 KC, and so forth. Thus, for the decimal outputs of 10 or 11; 12, 13, or
      14; 15, 16, 17, or 18; and 19, the TF outputs of 32 KC; 16 KC; 8 KC; and 4
      KC will be obtained, respectively, from the NAND element N38.
PAR  In the case where the Q output from the flip-flop F21 is in the H state,
      the output of the invertor I21 becomes L, whereby the binary counter BC22
      is reset, and the outputs from the terminals A, B, C, and D of the binary
      counter BC22 are all brought into L state. When the Q output of the
      flip-flop F21 is brought into the L state, the binary counter BC22 counts
      the output pulses of, for instance, 25 KC obtained from the oscillator
      OS22 through the NAND element N21. The decoder D21 converts the counted
      results of the binary counter BC22 into decimal values. Ultimately, when
      the output delivered from the terminal "9" assumes the L state, an input
      of the NAND element N21 becomes L, whereby the output thereof is brought
      into the H state, and the counting operation of the binary counter BC22 is
      thereby terminated. At this time, the L state at the terminal "9" is held
      until the Q output of the flip-flop F21 is changed from the L state to the
      H state.
PAR  When the Q output from the flip-flop F21 has been changed from H to L as
      described above, if the output SU11 from the full adder FA21 applied to
      the D input terminal of the D type flip-flop DF21 is in the L state, and
      if the output "2" of the decoder D21 is changed from the H state to the L
      state, the L state at the terminal D will be shifted to the Q output of
      the D type flip-flop DF21, while the Q output will be brought into the H
      state. Since the Q output of the flip-flop F21 is in the L state, the
      output TF from the NAND element N38 is in the L state. Thus, one input of
      the NAND element N43 becomes L, and the output thereof is brought into the
      H state.
PAR  When the output "4" from the decoder D21 is changed from H to L and again
      to H, the output from the NAND element N42 is changed from L to H and
      again to L, whereby the binary counter BC23 counts one more pulse. When
      the output "6" of the decoder D21 is then brought into L, the binary down
      counter BDC21 is thereby set, whereby all outputs A, B, C, D, E, F, Q, H,
      I, J, and K thereof are brought into the H state (this H state is
      considered to be the zero state of the full adder).
PAR  On the other hand, the output of the inverter I25 is brought into the H
      state. Thus the two inputs of the NAND element N41 are brought into the H
      state, and the output thereof is caused to assume the L state. The binary
      counter BC23 is thus set, and all outputs A through K of the binary
      counter BC23 are brought into the H state (this condition is considered to
      be zero state). The full adder FA21 is always summing a binary number
      expressed by the outputs A through K of the binary down counter BDC21 to a
      binary number expressed by the outputs A through K of the binary counter
      BC23. If the summed result is positive, the output SU11 of the full adder
      FA21 will be brought into the L state, and if the summed result is zero or
      negative, the output SU11 of the full adder FA21 will be brought into the
      H state.
PAR  Thus, when the Q output of the flip-flop F21 is in the L state, all of the
      outputs from the binary down counter BDC21 are H expressing a value of
      zero, and all of the outputs from the binary counter BC23 are also H
      expressing also a value zero. Since the sum of these two values is also
      zero, the output SU11 of the full adder is in the H state. Since the other
      input of the NAND element N40 is in the L state, the output thereof
      becomes H. On the other hand, since one input of the NAND element N39 is
      L, the output thereof is brought into the H state.
PAR  In the case where the Q output of the flip-flop F21 is changed from the L
      state to the H state as described herein-before, the output TF of the NAND
      element N38 is successively changed from 512 KC through 256 KC, 128 KC, .
      . . , to 4 KC as described before, and the binary down counter BDC21
      downcounts these output pulses. Since one input of the NAND element N43 is
      in the H state, the output of the N43 element is the exact reverse of the
      above-mentioned output TF from the NAND element N38. Furthermore, since
      one input of the NAND element N42 is in the H state, the output thereof
      will be just the output TF from the NAND element N38. Thus the binary
      counter BC23 counts the output TF of the NAND element N38.
PAR  The binary down-counter BDC21 down-counts the output TF sequentially as 0,
      -1, -2, . . . , -200, and the binary counter BC23 counts the output TF
      sequentially as 0, 1, 2, . . . , 200. Thus, all the sums of the
      corresponding positions of the outputs, in the binary form, from the
      binary down-counter BDC21 and the binary counter BC23 become zero, whereby
      the output SU11 from the full adder FA21 is brought into the H state.
      Since two inputs of the NAND element N39 are in the H state, the output PV
      from the NAND element N39 is in the L state. The speed represented by the
      period of the output PV kept in the L state is assumed to be the simulated
      vehicle speed.
PAR  When the Q output of the flip-flop F21 is again changed from the H state to
      the L state, the output TF from the NAND element N38 is brought into the L
      state, whereby the outputs from the binary down counter BDC21 present a
      binary coded number -200, and the outputs from the binary counter BC23
      present a binary coded number +200. Accordingly, the output SU11 from the
      full adder FA21 is held in the H state. Thus, when the output "2" from the
      decoder D21 is changed from the H state to the L state and again to the H
      state, the Q output from the D type flip-flop DF21 is brought into the H
      state, and the Q output thereof assumes the L state. Thus, the output of
      the NAND element N39 is brought into the H state at an instant when the Q
      output of the flip-flop F21 assumes the L state.
PAR  Then, the output "4" from the decoder D21 is changed from the H state to
      the L state and again to the H state. The binary counter BC23 counts this
      one pulse as described before, and hence the output thereof is changed
      from +200 to +201 expressed in the binary code. The avove described change
      from +200 to +201 means a reduction of the vehicle speed.
PAR  It should be noted that the frequency of the output TF from the NAND
      element N38 has been changed sequentially from 512 KC to 256 KC, 128 KC,
      and so forth so that the deceleration of the vehicle speed is always
      maintained at approximately 1.2G even if the counted number in the binary
      counter BC23 is varied, for instance, from +200 to +201, +500 to +501, or
      from +700 to +701.
PAR  When the output "6" from the decoder D21 is changed from the H state to the
      L state and again to the H state, the binary down counter BDC21 is set to
      zero in the binary code. On the other hand, since one input of the NAND
      element N41 is in the L state, the output thereof becomes the H state, and
      hence the output of the binary counter BC23 is maintained at a value of
      +201 expressed in the binary code. Thus, the output SU11 from the full
      adder FA21 becomes the L state at the instant when the output of the
      binary counter BC23 becomes +201 because the sum of the counted results in
      the both counters BC23 and BDC21 is made positive. Thus, the output of the
      NAND element N40 is caused to assume the H state because one input thereof
      is L.
PAR  At this stage of the operation, if the Q output of the flip-flop F21 is
      again changed from the L state to the H state, one input of the NAND
      element N43 becomes L, whereby the output thereof is brought into the H
      state. Thus, two inputs of the NAND element N42 become H, and the output
      thereof is changed into the L state. The binary counter BC23 now stops its
      counting operation, and hence the output thereof is maintained at +201. On
      the other hand, the binary down counter BDC21 down-counts the output TF of
      the NAND element N38.
PAR  It is assumed that the period while the Q output of the flip-flop F21 is
      held in the H state is equal to a value allowing to down-count -210 in the
      binary down counter BDC21 (such a period corresponding to a somewhat
      slower vehicle speed than the previous -200). Then, while the binary down
      counter BDC21 down-counts the output TF of the NAND element N38 so that
      the output thereof is varied from 0 to -1, -2, . . . , -199, -200, -201,
      -202, . . . , the output from the full adder FA21 is held positive up to a
      time-instant when the output from the binary down counter BDC21 becomes
      -200, the output becomes zero when the output from the binary down counter
      BDC21 becomes -201, and the output of the full adder FA21 becomes negative
      when the output from the binary down counter BDC21 becomes -202.
PAR  Thus, the output SU11 of the full adder FA21 is in the L state until the
      binary output of the binary down counter BDC21 becomes -200, and it is
      changed into the H state from an instant the binary output of the binary
      down counter BDC21 is changed to -201. At this instant, both inputs of the
      NAND element N40 become H causing the output thereof to be changed into
      the L state. One input of the NAND element N39 is now in the L state,
      whereby the output thereof is changed into the H state. It should be noted
      that the output PV of the NAND element N39 is maintained in the L state
      only while the vehicle speed is maintained at a value corresponding to the
      binary output -200 of the binary down counter BDC21.
PAR  Since the output SU11 of the full adder FA21 is in the H state at this
      time, the binary coded output of the binary counter BC23 is increased to
      +202 when the Q output of the flip-flop F21 is again changed from the L
      state to the H state. Thus, the output of the NAND element N39 is held in
      the L state for a period corresponding to the vehicle speed represented by
      the output, -201, from the binary down counter BDC21. The L state of the
      output of the NAND element N39 is thereafter elongated successively in
      accordance with the variation of the output from the binary down counter
      BDC21 such as from -202 to -203, -204, and so forth. The deceleration of
      the vehicle, however, does not exceed 1.2G. The reason for this is that
      the frequency of the output TF from the NAND element N38 is also reduced.
PAR  On the contrary, if the period during which the Q output from the flip-flop
      F21 is in the H state is shortened to correspond, for instance, to -185 of
      the output obtained from the binary down counter BDC21, the sum obtained
      in the full adder FA21 becomes positive, whereby the output SU11 thereof
      is maintained in the L state. In this case, one input of the NAND element
      N40 becomes L, and the output thereof is brought into the H state. The
      output of the NAND element N39 is brought into the L state for a period
      corresponding to the period during which the Q output of the flip-flop F21
      is maintained in the H state, and the above-mentioned period corresponds
      to the vehicle speed represented by the output -185 from the binary down
      counter BDC21. Since the output SU11 from the full adder FA21 is in the L
      state, the operation of the circuit is repeated returning back to the
      operational stage where the output SU11 was in the L state.
PAR  As will be apparent from the above described sequential operation, the
      duration of the L state in the output PV of the NAND element N39 is equal
      to or shorter than the duration of the H state in the Q output of the
      flip-flop F21 in the case where the frequency of the output 200 HS from
      the second discrimination circuit 200, which corresponds to the highest
      rotating speed of wheels, is higher than 200 c/s.
PAR  A vehicle speed represented by an L state in the output PV from the NAND
      element N39 is compared in the comparison circuit 400 with the vehicle
      speed represented by the preceding L state in the same output PV, so that
      the actual deceleration to be used for controlling the vehicle speed is
      thereby determined.
PAR  The operation of the comparison circuit 400 will now be described with
      reference to FIG. 15. The output PV from the NAND element N39 is applied
      to the inverter 151 so that the thus applied signal PV is thereby
      reversed, and the thus reversed output from the inverter 151 is thereafter
      applied to the input terminal T of the flip-flop F51 so that the frequency
      thereof is divided into one half. The frequency divided output from the
      flip-flop F51 is then applied to one input of the NAND element N51, and
      the output of the inverter 151 is applied to another input of the NAND
      element N51, so that the L states contained in the output of the NAND
      element N51 are removed alternately. It should be noted that the duration
      period of the L states in the thus obtained output from the NAND element
      N51 still represent the simulated vehicle speed despite the alternate
      removal of the L states.
PAR  The binary counter BC51 counts the output pulses at 25 kc/s of the
      oscillator OS51 while the output from the NAND element N51 is in the L
      state. When the output from the NAND element N51 is in the H state, the
      binary counter BC51 stops the counting operation, and the results so far
      counted is memorized in the counter. When the output from the NAND element
      N51 is changed from the H state to the L state, the output from the
      monostable multivibrator M51 will be changed from the H state to the L
      state of a very short duration on and again to the H state.
PAR  When the output of the monostable multivibrator M51 becomes L for a short
      period, the binary counter BC51 is set to the zero state, and the outputs
      A, B, C, . . . , G, and H thereof are all placed into the H state. On the
      other hand, the binary down counter BDC51 is always down-counting the
      output pulses from the 20 KC oscillator OS52.
PAR  When the lower frequency output LS from the first discrimination circuit
      100 assumes the L state for a short period, the binary down counter BDC51
      is set at the zero state and all of the outputs A through I are brought
      into the H state. When the simulated vehicle speed represented by the
      duration period of the L state in the output from the NAND element N51 is
      equal to the rotational speed of the slower wheel represented by the
      output LS, the duration period of the L state in the output from the NAND
      element N51 is equal to the time interval between the two succeeding L
      states in the output LS. When this time interval is assumed to be T
      (msec), the binary counter BC51 counts +(25 .times. T) for this period,
      and the inputs A1 through A8 of the full adder FA51 and the inputs B1
      through B8 of the full adder FA52 will show binary numbers both equal to
      the +(25 .times. T).
PAR  Since the binary number indicated by the inputs B1 through B8 of the full
      adder FA51 is equal to -(20 .times. T) at that time, the sum of the two
      inputs will be positive, and hence the output SU8 from the full adder FA51
      will be in the L state. The binary coded number represented by the inputs
      A1 through A8 of the full adder FA52 is equal to -(10 .times. T) which is
      obtained by dividing the frequency of the oscillator OS52 through the
      operation of the binary down counter BDC51, whereby the sum of the two
      kinds of inputs becomes positive, and hence the output SU8 thereof is
      brought into the L state.
PAR  At this instant, if the wheel speed of the slower wheel is equal to 80% of
      the simulated vehicle speed,
EQU  (1/T) .times. 0.8 = 1/T.sub.1
PAL  under the assumption that the duration period of the H state in the output
      LS is equal to T.sub.1. Thus T.sub.1 = (T/0.8).
PAR  In this case, the binary coded number represented by the inputs B1 through
      B8 of the full adder FA51 is equal to -(20 .times. T.sub.1) = -(25 .times.
      T), whereby the sum in the full adder FA51 becomes zero, and the output
      SU8 thereof assumes the H state. Furthermore, the binary coded number
      represented by the inputs A1 through A8 in the full adder FA52 will be
      expressed as -(10  .times. T.sub.1) = -(12.5 .times. T), whereby the sum
      in the full adder FA52 will be positive, and the output SU8 thereof will
      also be in the L state.
PAR  When the wheel speed of the slower wheel is reduced to 40% of the simulated
      vehicle speed,
EQU  (1/T) .times. 0.4 = (1/T.sub.2), T.sub.2 = (T/0.4)
PAL  wherein T.sub.2 is a period between two adjacent L states (or the duration
      period of a H state interposed therebetween). In this case, the binary
      coded number represented by the inputs B1 through B8 in the full adder
      FA51 is equal to -(20 .times. T.sub.2) = -(50 .times. T), whereby the sum
      in the full adder FA51 is negative, and the SU8 output thereof is in the H
      state. Furthermore, the binary coded number represented by the inputs A1
      through A8 in the full adder FA52 is equal to -(10 .times. T.sub.2) = -(25
      .times. T), whereby the sum in the full adder FA52 becomes zero and the
      SU8 output is also in the H state.
PAR  When the SU8 output of the full adder FA51 is changed from the L state to
      the H state, the output of the inverter I53 is changed from the H state to
      the L state, and the reset-set flip-flop RF51 is set. Thus, the Q output
      thereof becomes L, and the Q output from the reset-set flip-flop RF52
      becomes H.
PAR  Here, when the output of the NAND element N51 is in the L state, the binary
      counter BC51 is still in the counting operation, and no correct outputs
      are yet presented, whereby the reset-set flip-flop RF52 is maintained in
      the preceding state by resetting the flip-flop RF51 thereby to place the Q
      output in the H state and also changing an input of the NAND element N53
      into the L state, thereby rendering the output into the H state.
      Furthermore, when the SU8 output of the full adder FA51 is not changed
      from the L state to the H state, if the output LS becomes L under the H
      output of the NAND element N51, the Q output of the reset-set flip-flop
      RF51 will be maintained in the H state, whereby three inputs of the NAND
      element N53 will be brought into the H state. Thus, the output thereof
      will become L, and the reset-set flip-flop RF52 will be reset, and the Q
      output TQ will be brought into the L state.
PAR  In a similar manner, the output WQ, which is the Q output of the reset-set
      flip-flop RF54, is varied as follows in accordance with the SU8 output of
      the full adder FA52, the level of the output LS, and the output of the
      NAND element N51.
PAR  1. When the slower wheel speed is greater than 0.8 times the simulated
      vehicle speed, that is, the slip factor is less than 20%,
TBL  output TQ             L, and                                              

     output WQ             L.                                                  

PAR  2. When the simulated vehicle speed .times. 0.8 .gtoreq. the slower wheel
      speed &gt; the simulated vehicle speed .times. 0.4, that is, the slip ratio
      is in a range of from 20 to 60%,
TBL  output TQ             H, and                                              

     output WQ             L.                                                  

PAR  3. When the simulated vehicle speed .times. 0.4 .gtoreq. the slower wheel
      speed, that is, the slip ratio is higher than 60%.
TBL  output TQ             H                                                   

     output WQ             H                                                   

PAR  The operation of the deceleration calculating circuit 500 will now be
      described with reference to FIG. 16. The output of the oscillator OS61 is
      counted in the binary counter BC61, whereby the outputs A through G are
      obtained. The operation will be described for the case of the binary coded
      operation. The binary counter BC61 can count a number in a range of from 0
      to 127. The output of the NAND element N67 is in the H state for an input
      in a range of from 0 to 119, and the same output is in the L state for an
      input in a range of from 120 to 127. The output from the terminal "1" of
      the decoder D61 becomes L when the binary counter counts 121, and it is in
      the H state for the rest of values such as 0 - 120 and 122 - 127. The
      output from the terminal "3" of the decoder D61 becomes L only when the
      output is 123, and likewise the output from the terminal "5" of the
      decoder D61 becomes L only when the output is 125. Accordingly, the output
      of the inverter I62 in this case becomes H only when the output is 125. In
      a similar manner, the output from the terminal "7" of the decoder D61
      becomes L only when the output is 127. The operation of this circuit is
      sequentially controlled by these outputs. The output from the inverter I61
      is transferred from L to H for a very short time and then returned to the
      L state when the input LS is applied thereto.
PAR  For a range from 0 to 119 of the output from the binary counter BC61, an
      input of the NAND element N68 is brought into the H state, whereby the
      output thereof becomes the input LS itself. The flip-flops F61 through F66
      down-count the output LS while the flip-flops F67 through F72 count the
      output LS.
PAR  When 120 is counted in the binary counter BC61, one input of the NAND
      element N68 becomes L, whereby the output thereof becomes H. The
      flip-flops F61 through F66 thus hold in themselves a number, for instance,
      -2, and the flip-flops F67 through F72 hold a number, for instance, 40.
PAR  When 121 is counted, T inputs of the D type flip-flops DF61 through DF66
      are changed from the H state to the L state, and the binary coded number
      of, for instance, -2, which has been held by the Q outputs from the
      flip-flops F61 through F66, is delivered from the outputs P1 through P6.
      (When all of the outputs P1 through P6 are in L state, the binary number
      represented by the outputs is assumed to be zero.)
PAR  When 123 is counted, the flip-flops F61 through F66 are all set, and the Q
      outputs thereof are all brought into the H state. When 125 is counted,
      those within the flip-flops F67 through F72, which have the Q outputs
      changed from the H state to the L state, have the Q outputs changed from
      the L state to the H state, and those within the NAND elements N61 through
      N66 related thereto, which have the two inputs changed into the H state,
      deliver the output in the L state. Thus, the flip-flops related with the
      NAND element are reset, and the Q outputs thereof are changed into the L
      state. If, for instance, the Q output of the flip-flop F69 becomes L, two
      inputs of the NAND element N63 are changed into the H state, and the
      output thereof becomes L. The flip-flop F63 is thereby reset, and the Q
      output thereof is brought into the L state.
PAR  As will be apparent from a comparison between the above described two
      cases, when 123 and 125 are counted, the states of the Q outputs of the
      flip-flops F67 through F72 are shifted, as they are, into the flip-flops
      F61 through F66. Accordingly, the binary coded number represented by the
      states of the Q outputs of the flip-flops F61 through F66 is 40. When 127
      is counted, the flip-flops F67 through F72 are all reset, and the Q
      outputs thereof are placed in the L state; such a condition representing a
      binary number of zero.
PAR  Again in the case where a range of pulses from 0 to 119 is counted in the
      binary counter BC61, and when 38 pulses of the LS pulses appear in the
      output of the NAND element N68 by that time, the binary coded number
      represented by the Q outputs of the flip-flops F61 through F66 is changed
      successively in a seqence such as 40, 39, 38, . . . , 4, 3, and 2. On the
      other hand, the binary coded number represented by the Q outputs of the
      flip-flops F67 through F72 is changed as 0, 1, 2, 3, . . . , 36, 37, and
      38.
PAR  When 120 is counted again in the binary counter BC61, the binary coded
      number represented by the outputs P1 through P6 is held to -2, and the Q
      outputs of the flip-flops F61 through F66 represent 2. The binary coded
      number represented by the Q outputs of the flip-flops F67 through F72 on
      the other hand presents 38. Thus, when 121 is counted, the binary coded
      number presented by the outputs P1 through P6 becomes 2.
PAR  The binary coded number shown by the outputs P1 through P6 indicates the
      difference between the counted numbers of the LS pulses during the first
      time interval corresponding to the first counting of the oscillation
      pulses from 0 to 119 and during the second time interval corresponding to
      the second counting of the oscillation pulses from 0 to 119.
PAR  If the counted number of the LS pulses during the second time interval is
      less than the counted number of the LS pulses during the first time
      interval, this indicates that a deceleration has occurred. In the present
      example, it is so arranged that the difference 1 corresponds to the
      deceleration of 1G. When 123 and 125 are counted again, the binary coded
      number 38 is again presented by the Q outputs of the flip-flops F61
      through F66.
PAR  When 127 is again counted, the binary coded number indicated by the Q
      outputs of the flip-flops F67 through F72 becomes zero. Thus the
      decelerations of the slower wheel speed are successively calculated, and
      an example of the calculated results is shown in the following table.
TBL  __________________________________________________________________________

               P1 P2 P3 P4 P5 P6 Ordinary                                      

                                      Full adder                               

                                 binary                                        

                                      binary                                   

                                 code code                                     

     __________________________________________________________________________

     Deceleration 3G                                                           

               H  H  L  L  L  L  +3   +4                                       

     Deceleration 2G                                                           

               L  H  L  L  L  L  +2   +3                                       

     Deceleration 1G                                                           

               H  L  L  L  L  L  +1   +2                                       

     Deceleration 0                                                            

               L  L  L  L  L  L  0    +1                                       

     Acceleration 1G                                                           

               H  H  H  H  H  H  -1   0                                        

     Acceleration 2G                                                           

               L  H  H  H  H  H  -2   -1                                       

     Acceleration 3G                                                           

               H  L  H  H  H  H  -3   -2                                       

     __________________________________________________________________________

PAR  The operations of the logic circuit 601, D-A conversion circuit 602, and
      the correction circuit 603 will now be described with reference to FIG.
      17A.
PAR  1. In the case where the output RQ from the second discrimination circuit
      200 is in the H state (which indicates that the output 200 HS is at 200
      c/s), and the output SQ from the simulated vehicle speed generating
      circuit 300 is also in the H state (which indicates that the output PV is
      corresponding to the output 200 HS), the two inputs of the NAND element
      N81 are in the H state, whereby the output of the NAND element N81 assumes
      the L state. Since one input of the NAND element N82 is in the L state,
      the output thereof is in the H state. Furthermore, one input of the NAND
      element N83 is in the L state, whereby the output thereof is in the H
      state. Accordingly, two inputs of the NAND element N84 are brought into
      the H state, and the output K1 of the NAND element N84 assumes the L
      state. The outputs K2 and K3 of the NAND elements N83 and N82,
      respectively, are also in the H state.
PAR   2. In the case where at least one input of the NAND element N81 is in the
      L state, and the output of the NAND element N81 is in the H state (for
      instance, the output PV is not responding to 200 c/s), and
PA1  a. When slower-wheel speed &gt; simulated vehicle speed .times. 0.8 (when the
      slip ratio of the wheel is less than 20%):
EQU  Output TQ . . . L and output WQ . . . L
PAR  Thus, the outputs of the NAND elements N82 and N83 become H, and two inputs
      of the NAND element N84 are in the H state. Therefore, the output of the
      NAND element N84 becomes L, that is, the output K1 becomes L, and the
      outputs K2 and K3 become H.
PA1  b. When the simulated vehicle speed .times. 0.8 .gtoreq. slower-wheel speed
      &gt; simulated vehicle speed .times. 0.4 (the slip ratio of the wheel is in a
      range of from 20 to 60%):
EQU  Output TQ . . . H, and output WQ . . . L
PAL  Whereby the output of the NAND element N82 becomes H, thus causing three
      inputs of the NAND element N83 to be in the H state. The output of the
      NAND element N83 is thereby brought into L state. Since an input of the
      NAND element N84 is L, the output K1 is brought into the H state, and the
      outputs K2 and K3 are placed into the L and H states, respectively.
PA1  c. When the simulated vehicle speed .times. 0.2 .gtoreq. slower-wheel speed
      (that is, the slip ratio is higher than 60%):
PAR  Since the outputs TQ and WQ are both in the H state, two inputs of the NAND
      element N82 become H, and the output thereof becomes L. Since one input of
      the NAND element N84 is L, the output thereof becomes H, whereby the
      outputs K1, K2 become H and the output K3 becomes L.
PAR  In the case of the above described case (a), that is, when the output K1 is
      in the L state (outputs K2 and K3 being in the H state), the outputs of
      the inverter I81 and the NAND element N85 are L, and the output of the
      NAND element N86 is H, whereby the inputs A1 through A6 of the full adder
      FA81 are so changed that the inputs A1 and A2 are changed into L, and the
      inputs A3, A4, A5, and A6 are changed into H.
PAR  The relation between the binary codes and combinations of A1, B1, SU1; A2,
      B2, SU2; . . . is indicated in the following table.
TBL  ______________________________________                                    

     Inputs                                                                    

     &        A1      A2      A3    A4    A5    A6                             

     outputs  B1      B2      B3    B4    B5    B6                             

     Binary   SU1     SU2     SU3   SU4   SU5   SU6                            

     code                                                                      

     ______________________________________                                    

     +4       H       H       L     L     L     L                              

     +3       L       H       L     L     L     L                              

     +2       H       L       L     L     L     L                              

     +1       L       L       L     L     L     L                              

     0        H       H       H     H     H     H                              

     -1       L       H       H     H     H     H                              

     -2       H       L       H     H     H     H                              

     -3       L       L       H     H     H     H                              

     -4       H       H       L     H     H     H                              

     ______________________________________                                    

PAR  When the output K1 is in the L state (the outputs K2 and K3 being in the H
      state), the binary coded representation of the inputs A1 through A6 of the
      full adder FA81 is equal to -3.
PAR  In the above-mentioned case (b), that is, the output K2 is in the L state
      (the outputs K1 and K3 being in the H state), the outputs from the
      inverter I81 and NAND elements N85 and N86 are all brought into the H
      state, whereby the inputs A1 through A6 of the full adder FA81 represent
      the binary coded zero.
PAR  In the above-mentioned case (c), that is, when the output K3 is in the L
      state (the outputs K1 and K2 being in the H state), the outputs of the
      inverter I81 and the NAND element N86 become L, and the output of the NAND
      element N85 becomes H. Thus the inputs A1, A3, . . . A6 of the full adder
      FA81 are brought into the L state and the input A2 becomes H, whereby the
      binary coded representation of the inputs A1 through A6 is +3.
PAR  The inputs B1 through B6 of the full adder FA81 are connected to the
      outputs P1 through P6 of the deceleration calculating circuit 500,
      respectively, and hence the outputs P1 through P6 are calculated on the
      basis of the slower-wheel speed. The outputs SU1 through SU6 of the full
      adder FA81 show the sum of a binary coded number represented by the inputs
      A1 through A6 and another binary coded number represented by the inputs B1
      through B6 of the same full adder FA81, so that the outputs SU1 through
      SU6 constitute the output of the correction circuit 603.
PAR  When, for instance, the output K1 of the logic circuit 601 is in the L
      state, and the outputs P1 through P6 indicate a deceleration of 2G, the
      binary coded number indicated by the inputs B1 through B6 of the full
      adder FA81 is +3, and the binary coded number indicated by the inputs A1
      through A6 of the full adder FA81 is -3. Thus, all of the outputs SU1
      through SU6 are brought into the H state indicating a binary coded number
      equal to zero. The zero output of the correction circuit 603 corresponds
      to an acceleration of 1G.
PAR  The relation between the outputs SU1 through SU6 of the full adder FA81 and
      the corrected deceleration (or acceleration) is indicated in the following
      table.
TBL  __________________________________________________________________________

     Corrected                      Binary coded                               

     decelera-                                                                 

            SU1 SU2 SU3 SU4 SU5 SU6 output of the                              

     tion                           full adder                                 

     __________________________________________________________________________

     deceleration                                                              

            H   H   L   L   L   L   +4                                         

     3G                                                                        

     deceleration                                                              

            L   H   L   L   L   L   +3                                         

     2G                                                                        

     deceleration                                                              

            H   L   L   L   L   L   +2                                         

     1G                                                                        

     deceleration                                                              

            L   L   L   L   L   L   +1                                         

     acceleration                                                              

            H   H   H   H   H   H   .+-.0                                      

     1G                                                                        

     acceleration                                                              

            L   H   H   H   H   H   -1                                         

     2G                                                                        

     acceleration                                                              

            H   L   H   H   H   H   -2                                         

     3G                                                                        

     acceleration                                                              

            L   L   H   H   H   H   -3                                         

     4G                                                                        

     acceleration                                                              

            H   H   L   H   H   H   -4                                         

     5G                                                                        

     __________________________________________________________________________

PAR  The binary coded number represented by the outputs SU1 through SU6 of the
      full adder FA81 at the time the corrected deceleration is 0G is +1, at
      which all of the outputs SU1 through SU6 are in the L state. Thus, the
      output of the inverter I82 becomes H, and this H state is applied to one
      input of each of the NOR elements NR81 through NR85. The outputs of the
      NOR elements are thus brought into the L state (the output of the NOR
      element becomes H only when all the inputs thereof are in the L state.
      That is, if an input is H, the output of the NOR element becomes L).
PAR  Since the state L of the outputs SU1 through SU5 is applied to another
      input of each of the NAND elements N87 through N91, the outputs of the
      NAND elements are brought into the H state. Accordingly, the transistors
      T1, T3, T5, T7, and T9 are caused to conduct and the transistors T2, T4,
      T6, T8, and T10 are brought into the nonconducting state. Likewise the
      transistors T11, T12, T13, T14, and T15 assume the non-conducting state.
      In this state, the capacitor CON1 is not subjected to charging or
      discharging and when the corrected deceleration is 0G, the output VC of
      the D-A conversion circuit 602 is rendered into a constant voltage. When
      the corrected deceleration is 1G, only the output SU1 of the full adder
      FA81 is changed from L to H, whereby the two inputs of the NAND element
      N87 are brought into the H state, and the output thereof becomes L. Thus
      the transistor T1 is brought into the non-conducting state, and the
      transistor T2 is brought into the conducting state. The capacitor CON1 is
      thus charged through the resistor R4 and the diode DI1. For this reason,
      the voltage output VC is built up with a time constant determined by the
      resistance 16x [.omega.] and the capacitance of the capacitor CON1.
PAR  When the corrected deceleration is 3G, the outputs SU1 through SU6 of the
      full adder FA81 indicate a binary code of +4, wherein the outputs SU1 and
      SU2 are in the H state and the outputs SU3, SU4, SU5, and SU6 are in the L
      state. Thus, the NAND elements N87 and N88 are brought into the L state,
      whereby the transistors T1 and T3 are brought into the nonconductive
      state, and the transistors T2 and T4 are brought into the conductive
      state. The capacitor CON1 is then charged through the resistors R4 and R8,
      and the output voltage VC is built up with a time constant determined by
      the resistors R4 and R8 and the capacitor CON1.
PAR  An equivalent resistance R3G corresponding to the resistors R4 and R8 can
      be calculated as follows.
EQU  (1/R3G) = (1/16x) + (1/8x)
EQU  R3G = (16/3) .times. [.omega.]
PAR  This value is equal to one-third of the resistance value 16x [.omega.] of
      the resistor R4. For this reason, the voltage VC is built up at a rate
      three times higher than in the case of the deceleration equalling 1G. This
      means that the voltage VC is built up at a rate corresponding to the
      magnitude of the corrected deceleration.
PAR  In the case where a corrected acceleration of 1G is obtained, the outputs
      SU1 through SU6 of the full adder FA81 expressed in the binary code
      correspond to .+-.0, all of the outputs SU1 through SU6 thus being in the
      H state. The output of the inverter I82 is thereby brought into the L
      state, and the outputs of the NAND elements N87 through N91 are brought
      into the H state because one of the inputs of each of the NAND elements
      N87 through N91 has been rendered into the L state.
PAR  Accordingly, the transistors T1, T3, T5, T7, and T9 are brought into the
      conductive state, and the transistors T2, T4, T6, T8, and T10 are brought
      into the non-conductive state. On the other hand, because the outputs SU1
      through SU5, each of which constitutes one input of each of the NOR
      elements NR81 through NR85, are all in the H state, the outputs of the NOR
      elements NR81 through NR85 are brought into the L state. As a result, the
      transistors T11, T12, T13, T14, and T15 are brought into the
      non-conductive state. In this state, the capacitor CON1 is neither charged
      nor discharged. Thus, the output voltage VC in the case of the corrected
      acceleration of 1G becomes a constant value as in the case of the
      corrected deceleration of .+-.0 G.
PAR  In the case where the corrected acceleration is 2G, the outputs SU1 through
      SU6 of the full adder FA81 correspond to a binary coded number of -1.
      Thus, only the output SU1 is changed from the H state to the L state in
      comparison with the outputs for the case where the corrected acceleration
      is 1G. As a result, two inputs of the NOR element NR81 are in the L state,
      whereby the output thereof is brought into the H state and the transistor
      T11 conducts. The charged voltage of the capacitor CON1 is thus discharged
      through the resistor R22, whereby the voltage VC is reduced with a time
      constant determined by the resistance 16y [.omega.] of the resistor R22
      and the capacitance of the capacitor CON1.
PAR  When the corrected acceleration is 5G, the outputs SU1 through SU6 of the
      full adder FA81 correspond to a binary coded number of -4, and when the
      outputs are compared with the outputs in the case where the corrected
      acceleration is 1G, only the output SU3 is changed from the H state to the
      L state, and the rest of the outputs are all equal in the two cases,
      whereby two inputs of the NOR element NR83 become L, and the output
      thereof becomes H. The transistor T13 thus conducts, and the charged
      voltage in the capacitor CON1 is discharged through the resistor R26. The
      output voltage VC in this case is reduced with a time constant determined
      by the resistance 4y [.omega.] of the resistor R26 and the capacitance of
      the capacitor CON1. In this case, the rate of reduction of the output
      voltage VC is four-times higher than the rate in the case where the
      corrected acceleration is 2G.
PAR  As described above, the D-A conversion circuit 602 is operated in such a
      manner that the output VC thereof is varied in response to the variation
      in the output RP of the correction circuit 603. That is, when the output
      RP shows a deceleration, the output VC is made greater in proportion to
      the magnitude of the deceleration, and when the output RP shows an
      acceleration, the output VC is reduced in proportion to the magnitude of
      the acceleration. The output voltage VC is then applied to the servo valve
      8.
PAR  The operation of the servo valve 8 will now be described with reference to
      FIG. 18. In the case where the current flowing through the lead wire 23,
      coil 54, and the lead wire 24 is not sufficient, that is, when the output
      voltage VC from the D-A conversion circuit 602 is comparatively low, the
      plunger 60 of the servo valve 8 is in the leftward position as shown in
      FIG. 18 under the action of the spring 62, whereby the nozzle 59 is
      closed. The pressurized fluid from the control valve 9 supplied through
      the conduit 19 and the port 51 is passed through the passage 56 to the
      chamber 57. On the other hand, the chamber 64 is communicated with the
      wheel cylinders 3 and 4 through the passages 63 and 52 and a conduit 20,
      and since the pressure in the wheel cylinders 3 and 4 is lower than the
      fluid pressure from the control valve 9, the fluid pressure in the chamber
      64 is lower than the fluid pressure in the chamber 57. Thus, the spool
      valve 55 is shifted leftward in FIG. 18, and the passage 51 is
      communicated with the passage 52.
PAR  In the case where the fluid pressure from the control valve 9 is abruptly
      lowered, the fluid pressure in the chamber 57 does not drop quickly
      because of the existence of the orifice 58, but the fluid pressure in the
      chamber 64 is lowered in an earlier period. For this reason, the spool
      valve is kept in the leftward position, and the passage 51 is communicated
      with the passage 52.
PAR  When a sufficient amount of electric current flows through the coil 54,
      that is, when the output voltage VC from the D-A conversion circuit 602 is
      sufficiently high, the plunger 60 is moved rightward against the
      resilience of the spring 62, whereby the nozzle 59 is opened. Thus, the
      fluid pressure in the chamber 57 is reduced to an amount determined by the
      flow resistances in the orifice 58 and the nozzle 59, and the extent of
      the reduction of the fluid pressure is proportional to the output voltage
      VC from the D-A conversion circuit 602.
PAR  When the fluid pressure in the passage 52 is made higher than the fluid
      pressure in the chamber 57, the fluid pressure in the chamber 64 becomes
      higher than that of the chamber 57, whereby the spool valve 55 is moved to
      the right, and the communication between the passages 51 and 52 is
      interrupted. The passage 52 is thus communicated with the passage 53, and
      the fluid pressure in the passage 52 is relieved to the drain through the
      conduit 14.
PAR  In the case where the fluid pressure in the passage 52 is selected to be
      lower than that of the chamber 57, the fluid pressure in the chamber 64
      also becomes lower than that of the chamber 57, whereby the spool valve 55
      is moved leftward, and the passage 52 is communicated with the passage 51.
      Thus, the fluid pressure in the chamber 64 is elevated until it is
      equalized with that of the chamber 57, and the fluid pressure in the
      chamber 57 is controlled by the electric current flowing through the coil
      54.
PAR  The fluid pressure in the wheel cylinders 3 and 4 is thus controlled by the
      output VC of the D-A conversion circuit 602 in a manner such that the
      variation of the former is controlled in response to the variation rate of
      the output VC, and the wheels of the vehicle can be braked in a range of
      slip ratio of from 20 to 60%, where the adhesive coefficient is
      comparatively high.
PAR  As stated above, in detail, according to the present invention, a vehicle
      speed is first detected simulatively, the slip ratio of a wheel being
      calculated from the simulated vehicle speed and the speed of a wheel to be
      controlled, and when the slip ratio thus calculated is outside of a
      predetermined slip range, a deceleration or acceleration indicated by the
      outputs P1 through P6 from the deceleration calculating circuit 500 is
      corrected in the correction circuit 603, whereby the fluid pressure in the
      wheel cylinders is controlled in response to the deceleration or
      acceleration thus corrected so that the wheels can be controlled within
      the predetermined slip range.
PAR  The anti-skid brake control system according to the present invention which
      has been described hereinabove with reference to FIGS. 9, 10, 11A, 12
      through 16, 17A, and 18, may be modified by replacing one part of the
      circuit indicated in FIGS. 11A and 17A by those indicated in FIGS. 11B and
      17B. In the improved example, the characteristic relation between the slip
      ratio of the wheel and the adhesive coefficient of the road surface is
      also utilized, and the braking forces applied to the wheels are so
      controlled that the slip ratio of the wheels is in an optimum range of
      from 20 to 60%.
PAR  In the second example of the invention, the deceleration calculating
      circuit 500 also differentiates the output LS from the first
      discriminating circuit 100 and thereby delivers the outputs P1, P2, . . .
      , P6, as described hereinbefore, which represent a binary indicating the
      deceleration or acceleration actually occurring in the vehicle speed.
PAR  In the second example of the invention, the correction circuit 603 is
      omitted, and the outputs P1 through P6 from the deceleration calculating
      circuit 500 are directly applied to the D-A conversion circuit 602.
PAR  More specifically, the outputs K1, K2, and K2 from the logic circuit 601,
      as described in the first example of the invention, are introduced in the
      D-A conversion circuit 602. The D-A conversion circuit 602 delivers the
      output VC which is varied depending on the logical states of the outputs
      K1, K2, and K3 and the binary number represented by the outputs P1 through
      P6.
PAR  For instance, when the output K1 is in the L state, the output VC is
      reduced at a constant rate, and when the output K2 is in the L state and
      the binary coded number represented by the outputs P1 through P6 is a
      positive number signifying a deceleration, the output VC is increased at a
      rate depending on the positive number represented by the outputs P1
      through P6. When the output K2 is in the L state and the binary number
      represented by the outputs P1 through P6 is a negative number signifying
      an acceleration, the output VC of the D-A convertor 602 is reduced at a
      rate corresponding to the negative number. When the output K3 is in the L
      state, the output VC is increased at a constant rate.
PAR  In all of the above described cases, the output VC of the D-A conversion
      circuit 602 is applied to the current amplifier 700 as described in the
      first example. The output of the current amplifier 700 is applied through
      the lead wire 23 to the servo valve 8, as described hereinbefore, and the
      servo valve 8 controls the fluid pressure supplied to the wheel cylinders
      3 and 4.
PAR  The construction and operation of the combination of the logic circuit 601
      and the D-A conversion circuit 602, from which the correction circuit 603
      is omitted, will now be described in detail with reference to FIG. 17B.
PAR  The logic circuit 601 is composed of NAND elements N81, N82, N83, and N84
      as described in the first example of the invention, whereas the
      construction of the D-A conversion circuit 602 is somewhat different from
      the same circuit 602 described in the first example.
PAR  The D-A conversion circuit 602 in this example comprises inverters I81 and
      I82, NAND elements N85 through N90, NOR elements NR81 through NR86,
      resistors R1 through R36, NPN type transistors T1 through T18, a diode
      DI1, and a capacitor CON1.
PAR  The output RQ from the second discrimination circuit 200 and the output SQ
      from the simulated vehicle speed calculating circuit 302 are applied to
      the input terminals of the NAND element N81 of the logic circuit 601. The
      construction of the logic circuit 601 is exactly the same as that of the
      logic circuit 601 in the first example, and the output K3 from the logic
      circuit 601 is connected to the base of the transistor T1 through the
      resistor R1. The collector of the transistor T1 is connected through the
      resistor R2 to a positive terminal of a power source E the negative
      terminal (not shown) of which is grounded. The collector of the transistor
      T1 is further connected through the resistor R3 to the base of the
      transistor T2. The emitter of the transistor T2 is connected through the
      resistor R4 to the anode of the diode DI1.
PAR  The output K1 of the logic circuit 601 is connected to the input terminal
      of the inverter I81, and the output thereof is connected through the
      resistor R25 to the base of the transistor T13. The collector of the
      transistor T13 is connected through the resistor 26 to the cathode of the
      diode DI1 and one terminal of the capacitor CON1. The output K2 of the
      logic circuit 601 is connected to an input of the NOR element NR81 and
      also to the input of the inverter I82.
PAR  The output P1 from the deceleration calculating circuit 500 is applied to
      an input of the NAND element N85 and an input of the NOR element NR82, and
      the output P2 of the same circuit 500 is applied to an input of the NAND
      element N86 and an input of the NOR element NR83. Likewise: the output P3
      is connected to the respective inputs of the NAND element N87 and the NOR
      element NR84; the output P4 is connected to the respective inputs of the
      NAND element N88 and the NOR element NR85; the output P5 is connected to
      the respective inputs of the NAND element N89 and the NOR element NR86;
      and the output P6 is connected to the respective inputs of the NAND
      element N90 and the NOR element NR81.
PAR  The output from the inverter I82 is connected to another input of the NAND
      element N90, and the output of the NOR element NR81 is connected to each
      input of the NAND elements N85 through N89.
PAR  The output of the NAND element N85 is connected through the resistor R5 to
      the base of the transistor T3, and the collector of the transistor T3 is
      connected through the resistor R6 to the power source E and also through
      the resistor R7 to the base of the transistor T4.
PAR  The emitter of the transistor T4 is connected through the resistor R8 to
      the anode of the diode DI1. The output of the NAND element N86 is
      connected through the resistor R9 to the base of the transistor T5, and
      the collector of the transistor T5 is connected through the resistor R10
      to the power source E and through the resistor R11 to the base of the
      transistor T6. The emitter of the transistor T6 is connected through the
      resistor R12 to the anode of the diode DI1.
PAR  The output of the NAND element N87 is connected through the resistor R13 to
      the base of the transistor T7, and the collector of the transistor T7 is
      connected through the resistor R14 to the power source E and through the
      resistor R15 to the base of the transistor T8. The emitter of the
      transistor T8 is connected through the resistor R16 to the anode of the
      diode DI1.
PAR  The output of the NAND element N88 is connected through the resistor R17 to
      the base of the transistor T9, and the collector of the transistor T9 is
      connected through the resistor R18 to the power source E and through the
      resistor R19 to the base of the transistor T10. The emitter of the
      transistor T10 is connected through the resistor R20 to the anode of the
      diode DI1.
PAR  The output of the NAND element N89 is connected through the resistor R21 to
      the base of the transistor T11, and the collector of the transistor T11 is
      connected through the resistor R22 to the power source E and through the
      resistor R23 to the base of the transistor T12. The emitter of the
      transistor T12 is connected through the resistor R24 to the anode of the
      diode DI1. The output of the NOR element NR82 is connected through the
      resistor R27 to the base of the transistor T14, and the collector of the
      transistor T14 is connected through the resistor R28 to the cathode of the
      diode DI1 and to one terminal of the capacitor CON1. The output of the NOR
      element NR83 is connected through the resistor R29 to the base of the
      transistor T15, and the collector of the transistor T15 is connected
      through the resistor R30 to the cathode DI1 and to one terminal of the
      capacitor CON1. The outputs of the NOR elements NR84, NR85, and NR86 are
      connected in a similar manner to the bases of the transistors T16, T17,
      and T18 through resistors R31, R33, and R35, respectively. The collectors
      of the transistors T16, T17, and T18 are connected through the resistors
      R32, R34, and R36, respectively, to the junction point between the cathode
      of the diode DI1 and one terminal of the capacitor CON1. The emitters of
      the transistors T1 through T18 and the other terminal of the capacitor
      CON1 are all connected to the ground. Furthermore, the collectors of the
      transistors T2, T4, T6, T8, T10, and T12 are all connected directly to the
      power source E.
PAR  Here, if the resistance value of the resistor R24 is equal to x [.omega.],
      then resistance values of the resistors R20, R16, R12, and R8 can be
      expressed as 2x, 4x, 8x, and 16x [.omega.]. Furthermore, when the
      resistance value of the resistor R36 is equal to y [.omega.], then the
      resistance values of the resistors R34, R32, R30, and R28 can be expressed
      as 2y, 4y, 8y, and 16y [.omega.]. The voltage generated across the
      capacitor CON1, is the output VC of the D-A conversion circuit 602.
PAR  The logic circuit 601 and the D-A conversion circuit 602 of the above
      described organization operate as follows.
PAR  1. When the output RQ from the second discrimination circuit 200 is in the
      H state (the output 200 HS is of 200 c/s), and the output SQ from the
      simulated vehicle speed generating circuit 300 is also in the H state (the
      output PV is corresponding to the output 200 HS), the output K1 is in the
      L state, and the outputs K2 and K3 ar in the H state as described with
      respect to the first example of this invention.
PAR  2. When one or more inputs of the NAND element N81 are in the L state, the
      output thereof is in the H state (when the output PV does not correspond
      to 200 c/s).
PAR  a. When the speed of the slower wheel &gt; simulated vehicle speed .times. 0.8
      (that is, the slip ratio is less than 20%):
PAR  The output K1 becomes L, and the outputs K2 and K3 become H.
PAR  b. When the simulated vehicle speed .times. 0.8 .gtoreq. the slower-wheel
      speed &gt; simulated vehicle speed .times. 0.4 (that is, the slip ratio of
      the wheel is in a range of from 20 to 60%):
PAR  The output K1 is in the H state, the output K2 is in the L state, and
      output K3 is in the H state.
PAR  c. When the simulated vehicle speed .times. 0.4 .gtoreq. slower-wheel speed
      (that is, the slip ratio is higher than 60%):
PAR  The outputs K1 and K2 are in the H state, and the output K3 is in the L
      state. It should be noted that the slowerwheel corresponds to the
      controlled wheel described hereinbefore.
PAR  In the case of (a), one input of the NOR element NR81 is in the H state,
      the output thereof is in the L state (when all of the inputs of a NOR
      element are L, the output of the NOR element becomes H, and when one or
      more of the inputs are H, the output of the NOR element becomes L).
PAR  Accordingly, the outputs of the NAND elements N85 through N89 are in the H
      state, whereby the transistors T3, T5, T7, T9, and T11 are brought into
      the conducting state, and the transistors T4, T6, T8, T10, and T12 are
      brought into the non-conductive state.
PAR  On the other hand, the input of the inverter I82 is in the H state, and the
      output thereof is in the L state. Thus, one input of the NAND element N90
      becomes L, and hence the output thereof is brought into the H state. As a
      result, one input for each of the NOR elements NR82 through NR86 becomes
      H, and the output thereof becomes L. The transistors T14 through T18 are
      thus brought into the non-conductive state.
PAR  Since the output K3 in this case is in the H state, the transistor T1
      conducts, and the transistor T2 is brought into the non-conductive state.
      The output K1 applied to the input of the inverter I81 is in the L state,
      causing the output thereof to be in the H state, so that the transistor
      T13 conducts. In this state, the transistors T2, T4, T6, T8, T10, T12,
      T14, T15, T16, T17, and T18 are in the non-conductive state, and the
      transistor T13 is in the conductive state, whereby the output VC generated
      across the capacitor CON1 is reduced with a time constant determined by
      the resistor 26 and the capacitor CON1.
PAR  In the case (c), that is, when the outputs K1 and K2 are in the H state,
      and the output K3 is in the L state, one input of the NOR element NR81 is
      in the H state, whereby the output of the NOR element NR81 is brought into
      the L state. Thus, one input of each of the NAND elements N85 through N89
      becomes L, and hence the outputs of the NAND elements are brought into the
      H state. The transistors T3, T5, T7, T9, and T11 thus conduct, and the
      transistors T4, T6, T8, T10, and T12 are brought into the non-conductive
      state. On the other hand, since the input of the inverter I82 is in the H
      state, the output thereof becomes L, whereby one input of the NAND element
      N90 is brought into the L state. The output of the NAND element N90 is
      thus brought into the H state. Thus, one input of each of the NOR elements
      NR82 through NR86 is in the H state, whereby the outputs of the NOR
      elements are brought into the L state, and the transistors T14 through T18
      are brought into the non-conductive state.
PAR  Since the output K3 is in the L state, the transistor T1 is also brought
      into the non-conductive state, but the transistor T2 assumes the
      conductive state. As a result of the input of the inverter I81 being in
      the H state, the output thereof becomes L, and the transistor T13 is
      brought into the non-conductive state. Thus the transistors T4, T6, T8,
      T10, T12, T13, T14, T15, T16, T17, and T18 are in the non-conductive
      state, and the transistor T2 is in the conductive state. The capacitor
      CON1 is thus charged from the power source E through the resistor R4 and
      the diode DI1, so that the output voltage VC across the capacitor CON1 is
      elevated with a time constant determined by the resistor R4 and the
      capacitor CON1.
PAR  In the case (b), that is when the outputs K1 and K3 are in the H state and
      the output K2 is in the L state, the transistor T1 conducts, and the
      transistor T2 is in the non-conductive state; the input of the inverter
      I81 is in the H state, thereby the output being in the L state, and the
      transistor T13 is brought into the non-conductive state.
PAR  In the case where the outputs P1 through P6 of the deceleration calculating
      circuit 500 represent a binary coded number showing a deceleration, the
      output P6 is in the L state. Thus, one input of the NAND element N90
      becomes L, and the output of the NAND element N90 is in the H state. One
      input of each of the NOR elements NR82 through NR86 thus becomes H,
      whereby the outputs of the NOR elements are brought into the L state, and
      the transistors T14 through T18 are in the non-conductive state. Two
      inputs of the NOR element NR81 are now in the L state, and the output
      thereof is in the H state. Accordingly, the NAND element having an input
      thereof corresponding to one of the outputs P1 through P5, which is in the
      H state, and whereby both inputs thereof are in the H state, is brought
      into the L state. For instance, when a deceleration of 1G is obtained, the
      output P1 is in the H state, whereby the output from the NAND element N85
      is brought into the L state, and the transistor T4 conducts. The capacitor
      CON1 is thus charged from the power source E through the resistor R8 and
      the diode DI1, and the voltage VC across the capacitor CON1 is elevated
      with a time constant determined by the resistance 16x [.omega.] of the
      resistor R8 and the capacitance of the capacitor CON1.
PAR  When an output indicating a deceleration 3G is obtained, the transistors T4
      and T6 conduct, whereby the capacitor CON1 is charged from the power
      source E through the resistors R8 and R12 and the diode DI1, and the
      output voltage across the capacitor CON1 is increased with a time constant
      determined by a resistance equivalent to two resistors R8 and R12
      connected in parallel, that is, a resistance
      ##EQU3##
      and the capacitance of the capacitor CON1. This means that the rate of
      increase of the output voltage VC is three times that in the case of the
      deceleration 1G. Since the resistance values of the resistors R14, R20,
      R16, R12, and R8 are selected as described hereinbefore, the increasing
      rate or reduction rate of the output voltage VC can be adapted to the
      binary coded number for deceleration represented by the outputs P1 through
      P6 from the deceleration calculating circuit 500.
PAR  When the outputs P1 through P6 from the deceleration calculating circuit
      500 indicate a binary coded number representing an acceleration, the
      output P6 is in the H state, whereby one input of the NOR element NR81
      becomes H, and the output from the NOR element NR81 becomes L. Thus, the
      outputs from the NAND elements N85 through N89 are brought into the H
      state, and the transistors T4, T6, T8, T10, and T12 are brought into the
      non-conductive state. On the other hand, two inputs of the NAND element
      N90 are in the H state, whereby the output of the NAND element N90 becomes
      L.
PAR  When one of the outputs P1 through P5, which is in the L state, is applied
      to a NOR element, the output of the NOR element becomes H, and a
      transistor connected to the NOR element is brought into the conductive
      state. For instance, when an acceleration of 2G is obtained, only the
      output P1 becomes L and the transistor T14 which is connected to the NOR
      element NR82 is brought into the conductive state. Thus, the output
      voltage VC across the capacitor CON1 is reduced in accordance with a time
      constant determined by the resistance 16y [.omega.] of the resistor R28
      and the capacitance of the capacitor CON1.
PAR  When an acceleration of 3G is obtained, only the output P2 is in the L
      state, and the transistor T15 conducts. Thus the output VC of the D-A
      conversion circuit 602 is reduced in accordance with a time constant
      determined by a resistance 8y [.omega.] of the resistor R30 and the
      capacitance of the capacitor CON1, and the reduction rate of the output
      voltage VC is twice the reduction rate of the output voltage in the case
      where the acceleration is 2G. Since the resistance values of the resistors
      R36, R34, R32, R30, and R28 are selected as described hereinbefore the
      reduction rate of the output voltage VC can be adapted to the binary coded
      number for acceleration represented by the outputs P1 through P6 from the
      deceleration calculating circuit 500. The output VC from the D-A
      conversion circuit 602 in the second example of the invention may also be
      employed for controlling the servo valve 8 as in the first example of the
      invention which has been hereinbefore described with reference to FIG. 18.
PAR  According to the second example of the invention, a vehicle speed is
      simulatively detected, the slip ratio of the wheels being calculated from
      the simulated vehicle speed and the speed of the wheels to be controlled,
      and when the slip ratio thus calculated is within a predetermined range,
      the fluid pressure to be applied to the braking means is controlled in
      response to acceleration or deceleration of the wheels. The braking
      operation of the vehicle is controlled in such a manner that the slip
      ratio of wheels of the vehicle is within a range wherein the adhesive
      coefficient of road surface is sufficiently great, whereby the anti-skid
      braking of the vehicle can be attained easily, and the braking distance
      can be minimized to an optimum value. Furthermore, the fluid pressure of
      the braking means is varied in response to the deceleration or
      acceleration of the vehicle, whereby the fluctuation in the wheel speed
      can be substantially minimized. Since the calculation circuits in the
      present invention are composed of logic elements, the reliability of the
      circuits is substantially improved, and the anti-skid controlling
      apparatus thus composed is highly suitable for quantity production or mass
      production.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anti-skid control apparatus for an automobile, which comprises:
PA1  sensor means adapted to produce outputs corresponding respectively to
      respective rotating speeds of a plurality of vehicle wheels;
PA1  a simulative vehicle speed generating circuit adapted to detect
      simulatively the wheel speed from the outputs of said sensor means thereby
      to produce a simulative vehicle signal;
PA1  a wheel speed detecting circuit adapted to derive a wheel speed signal of a
      wheel to be controlled from said outputs of said sensor means;
PA1  a deceleration counting circuit adapted to count the decelerated speed of
      the wheel to be controlled;
PA1  a comparing logical circuit adapted to compare said simulative vehicle
      signal with said wheel speed signal thereby to calculate the slip ratio
      and to discriminate whether or not said slip ratio is within the range of
      a predetermined slip of 20 to 60%;
PA1  a correcting deceleration circuit adapted to correct the decelerated or
      accelerated speed obtained in response to the output of said logical
      circuit, said decelerated or accelerated speed being obtained by a
      calculating operation of said deceleration counting circuit; and
PA1  control means for controlling the braking hydraulic pressure of the wheel
      to be controlled in response to the output of said correcting deceleration
      circuit when said wheel slip ratio is outside the predetermined range of
      the slip.
NUM  2.
PAR  2. A simulative circuit for simulating speed of an automobile under
      braking, which comprises:
PA1  a. a speed detecting circuit adapted to generate an electric wave signal
      having a frequency corresponding to the rotational speed of the wheels of
      said automobile;
PA1  b. a modulation frequency pulse generating circuit connected at its input
      side to said speed detecting circuit so as to receive said electric wave
      signal and adapted to generate a frequency decreasing pulse train once
      during a first wave part of said electric wave signal, said first wave
      part having a predetermined potential;
PA1  c. a timing pulse generating circuit connected to said electric circuit so
      as to receive said electric wave signal and adapted to generate a timing
      pulse train per a predetermined time interval during a second wave part of
      said electric wave signal, said wave part differing from said first wave
      part;
PA1  d. a pulse conversion circuit comprising two counting circuits for counting
      separately the abovementioned modulation frequency pulse trains;
PA1  an addition circuit for adding the results of said counting circuits, a
      correction circuit connected to said addition circuit thereby to receive
      the added result of said addition circuit and adapted to correct only a
      certain wave part of said electric wave signal in response to said added
      result, and a control circuit for adding a supplemental correction to the
      counted result of one of said counting circuits and for memorizing the
      thus added data;
PA1  one of said counting circuits being connected to said modulations frequency
      pulse generating circuit (b) and said timing pulse generating circuit (c)
      in such a manner that said one of the counting circuits carries out its
      counting operation per a certain wave part of said electric wave signal
      and is reset to zero during the period of time corresponding to the other
      wave part of said electric wave signal and, said counting operation and
      resetting being repeated, while the other counting circuit is connected to
      said modulation frequency pulse generating circuit (a) and said timing
      pulse generating circuit (c) in such a manner that said other counting
      circuit carries out once the counting operation in synchronism with the
      counting operation of said one counting circuit and then carries out
      correction of said counted result and memorization of the thus corrected
      result, said memorized result being added to the next counted result of
      said one counting circuit by means of said addition circuit.
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ABST
PAL  An improvement in and relating to powered driven and wheeled vehicles; more
      specifically, to improvements in wheel brake systems of such vehicles,
      wherein a condenser will charge in a voltage responsive to the wheel
      rotation at the commencement of a brake applying operation, and the
      discharge speed (or discharge voltage) of the condenser is made variable
      in response to foot brake pedal pressure. A comparison is made between
      this voltage and a wheel rotation-responsive voltage during the braking
      operation and derived through a separate part of the electronic circuit
      concerned. When the latter voltage is higher than the former voltage, the
      wheel cylinder pressure is increased through the intermediary of a
      pressure intensifier, until the both voltages are brought into coincidence
      with each other. In this way, the liquid pressure as applied to the wheel
      cylinder is made always to response to the pedal pressure.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 246,752
      filed Apr. 24, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in and relating to powered driven
      and wheeled vehicles; more specifically, it relates to improvements in
      wheel brake systems of such vehicles.
PAR  As is commonly known, it is highly desirous to provide a braking force to
      the vehicle wheel which is as precisely responsive as possible to the
      braking effort applied to a brake pedal or responsive as possible to the
      like braking means or the master cylinder pressure.
PAR  In practical braking systems, however, the above desired correspondence may
      be frequently disturbed by virtue of the very existence of unavoidable
      change of or fluctuation in the friction coefficient appearing between the
      brake shoe means and the brake drum means, as an example of the braking
      means and to-be-braked means of a conventional vehicle wheel braking
      system, as being caused by frequently encountered disorder and/or
      excessive wear of the related parts.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      vehicle brake system providing a braking force in substantial proportion
      to the foot pressure or the like braking effort applied to a brake pedal
      or the like braking member, being effected to a possible least degree by
      occasionally invited variations in the frictional coefficient appearing
      between the frictionally braking means such as, for instance, brake shoes
      and the rotatable braked means such as a brake drum rotatable in unison
      with the vehicle wheel, thereby eliminating conventional vehicle driver's
      fear from occasionally encountered loose braking effect or conversely by
      excess braking.
PAR  It is a further and subsidiary object of the invention to provide an
      improved vehicle wheel braking system of the above kind, capable of
      automatically reducing the hydraulic braking force applied to the wheel
      being braked when the latter is locked or brought into its lock-impending
      state.
PAR  These and further objects, features and advantages of the invention will
      become more apparent when read the following detailed description of the
      invention by reference to the accompanying drawings illustrative
      substantially of a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic arrangement view of substantially mechanical parts of
      the vehicle wheel braking system according to this invention, wherein,
      however, several parts are shown in their axial section and several parts
      are demonstrated substantially in their blocks.
PAR  FIG. 2 is a wiring diagram of the electronic circuit adapted for control of
      several main parts appearing in FIG. 1.
PAR  FIG. 3 is a schematic diagram for illustration of the operating modes of
      several main constituents employed in the embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, substantially a preferred embodiment of the
      invention will now be described in detail.
PAR  In FIG. 1, numeral 11 represents a brake pedal which is pivotably mounted
      at 12 on the chassis of an automotive vehicle, although not specifically
      shown. A rod 13 is pivotally connected with the pedal 11 at an
      intermediate point 11a between both ends thereof. The opposite end of the
      rod 13 is connected with a master piston, not shown, which is slidably
      mounted in a master cylinder of conventional design. The output end of the
      master cylinder 14 is hydraulically connected through a conduit 15 to the
      inlet port 16a of a pressure-reducing mechanism 16, and through conduits
      15;17 to a pressure gauge 18; only schematically shown in a block only for
      simplicity.
PAR  The pressure-reducing mechanism 16 comprises a diaphragm-containing section
      19 and a shut-off valve section 24. The first or diaphragm section 19
      comprises a cover 19a the interior space of which is divided into two
      separate chambers 21;22 by the provision of a flexibly movable diaphragm
      20, a spring 23 being provided between the cover 19a and diaphragm 20 for
      urging the latter to move rightwards in FIG. 1. The second or valve
      section 24 comprises a housing 24a which is mechanically and rigidly
      connected with said cover 19a and formed axially with a liquid chamber 25
      which is kept in direct fluid communication with the inlet port 16a and
      contains movably a ball valve 27.
PAR  A valve spring 26 is mounted in the liquid chamber 25, so as to urge the
      ball valve 27 to move to the left in FIG. 1. A further liquid chamber 29
      is formed within the interior of housing 24a and kept normally in fluid
      communication through a reduced passage 28. The chamber 29 is
      hydraulically connected through a lateral port 30 formed through the
      housing 24a, and a conduit 31 to a lateral port 150 formed through the
      housing 32a of a pressure-intensifier 32.
PAR  A plunger 33 is slidably mounted in a cylinder bore 34 formed in the
      housing 24a and formed integrally with a reduced stem 35 kept in pressure
      contact with the ball valve 27. In the position shown in FIG. 1, the ball
      valve is kept in its open position by this stem 27 against the action of
      valve spring 26, thus receding from contact with its mating valve seat 36
      which is constituted by the cone-shaped transition area between the
      cylindrical wall surface of first fluid chamber 25 and the right-hand end
      extremity of the reduced passage 28 in FIG. 1.
PAR  The intensifier 32 comprises a diaphragm-containing section 37 and a
      cylinder section comprising said housing 32a. The diaphragm-containing
      section comprising a cover housing 37 in which there are provided two
      separate pneumatic chambers 39 and 40 by the provision of a resilient and
      movable diaphragm 38. There is provided an urging spring 41 which urges
      the diaphragm 38 to move rightwards in FIG. 1.
PAR  Numeral 42 represents a plunger which projects slidably through a reduced
      bore 43 formed through the inside end wall part of the cylinder 32a. A
      piston 45 is slidably received in a chamber 50 defined substantially by
      the inside wall surface 44 of the cylinder section. In the latter, a
      further chamber 48 is provided and both chambers 48 and 50 are defined by
      the piston 45. The plunger 42 has a pointed inner end which is adapted for
      cooperation with the axial bore 49 which is formed through the piston 45.
      An urging spring 46 is provided, thereby the piston 45 being kept in
      pressure contact with a stop ring 47 formed into a snap ring and kept in
      position on the wall surface 44 for limiting the right-hand moving stroke
      of said piston 45 as shown in FIG. 1. The port 150 opens to the chamber 48
      which is adapted for being hydraulically connected through axial bore 49,
      chamber 50, an axial port 51 drilled through the outer end wall of
      cylinder member 32a and a piping 52 to at least one of the wheel brake
      cylinders of wheels 53 of the vehicle, being shown schematically and
      representatively at 54.
PAR  Pneumatic chamber 21 is provided with a port 21a which is pneumatically
      connected through pipings 55 and 56 to the intake manifold 57, only
      schematically shown, of the drive internal combustion engine, not shown,
      of the vehicle.
PAR  Chamber 22 is provided with a port 58 which is pneumatically connected
      through a piping 59 to a port 62 formed through the wall of housing 61 of
      a pressure-reducing change over valve unit 60. The housing 61 is provided
      with a non-magnetic bobbin 63 on which a solenoid coil 64 is wound.
PAR  A plug member 65 is rigidly slid onto the housing 61, while a plunger 66 is
      slidably mounted in the latter, a spring 67 being inserted between the
      plug member and the plunger, so as to urge the latter to the right-hand
      direction in FIG. 1. The plunger 66 is provided rigidly with reduced stem
      68 carrying a disc valve member 69 normally kept in pressure contact with
      one of the opposedly arranged valve seats 69 and 70 formed in the housing.
PAR  Numeral 71 represents a pervious air filter disc positioned across an air
      intake passage 72 for cleaning purpose of the intake air from open
      atmosphere, as will be more fully described hereinafter. The housing 61 is
      formed with a further port 74 is kept in fluid communication through
      conduits 75 ahd 56 with said intake manifold 57.
PAR  Pneumatic chamber 39 of the intensifier 32 is kept in fluid communication
      through conduits 77, 78 and 56 with said intake manifold 57, and through
      conduits 77 and 79 with a port 82 which is formed through the wall of
      housing 81 of the valve unit 80. Chamber 40 is kept in fluid communication
      through port 83 and conduit 84 to a further port 85 formed through the
      wall of housing 81.
PAR  Solenoid coil 86 is wound on a non-magnetic bobbin 87 rigidly mounted in
      the housing 81 which contains slidably a plunger 88 carrying at its outer
      end a valve disc 89 and is backed up by an urging spring 90. This spring
      90 is inserted between a plug 91 slid onto the housing 81, and said
      plunger 88, thus the latter being resiliently urged to move in the
      right-hand direction in FIG. 1. The disc valve 89 is kept in pressure
      contact with a valve seat 92 which is arranged in opposition to a further
      seat 95 formed on the interior wall surface of housing 81. Numeral 93
      represents a pervious air filter disc which is positioned across an air
      intake passage 94 formed through the end wall of housing 81 and adapted
      for cleaning the intake air from the ambient atmosphere, as will be
      described more specifically hereinafter.
PAR  Next, referring to FIG. 2, the electronic circuit employed in the vehicle
      braking system according to this invention will be described in detail
      hereinbelow.
PAR  Numeral 100 represents only schematically a generator which is mounted on a
      vehicle wheel or on a related member, not shown, rotatable in unison
      therewith, for generating an A.C. voltage having an amplitude responsive
      to occasional rotational speed of the vehicle wheel as at 53. One end of
      this generator 100 is connected electrically through a half wave rectifier
      diode 101 and a smoothing resistor 102 for supplying a corresponding D.C.
      voltage responsive to the wheel speed, to one side of a condenser 103,
      while the opposite side of the latter is directly connected with the
      opposite side of the generator 100. Thus, it will be seen that the voltage
      across the condenser 103 is responsive to the rotational speed of the
      wheel.
PAR  One end of condenser 103 is connected electrically through a diode 104 to a
      stationary contact c of stop switch 105 which is shown also in FIG. 1. As
      may be easily seen from the drawing, when brake pedal 11 is depressed, the
      stop switch 105 is opened. The stationary contact c thereof is arranged to
      receive through a diode 106 and a leads 151 and 152 from a certain
      circuit, not shown, similar to the circuit part so far shown and described
      a D.C. voltage in response to occasional rotational speed of a further
      vehicle wheel other than that shown referred to above.
PAR  Stop switch 105 is designed and arranged to cooperate with a further
      stationary contact d which is electrically connected with a condenser 107
      which is adapted for establishing a desirous vehicle speed. A discharge
      circuit to be described is connected in parallel to the condenser 107,
      said discharge circuit being adapted for discharging the accumulated
      voltage at the condenser 107 at a certain predetermined slope when the
      brake pedal 11 is depressed with a constant foot pressure applied thereto.
      This discharge circuit comprises said condenser 107, transistor 108,
      resistor 109, pressure indicator 18 and a resistor 110 which are arranged
      and electrically connected with each other as shown. The pressure
      indicator 18 is of a resistor type pressure sensor, although only
      schematically shown, which represents a higher electrical resistance value
      with higher output liquid pressure from the master cylinder 14.
PAR  The collector electrode of the transistor 108 is connected to the base
      electrode of a transistor 111, while the base electrode of the transistor
      108 is connected through resistor 110 to a voltage source 112. In parallel
      with the condenser 103, a series connection of diode 113 and resistor 114
      is connected Junction e positioned between diode 113 and resistor 114 is
      connected through leads 153, 155 and 156 to the base electrode of
      transistor 115 and the emitter electrode of transistor 116, thereby
      providing a comparator adapted for performing a comparison between the
      desired and established vehicle speed and the practical rotational speed
      of the vehicle wheel selected out specifically.
PAR  The collector electrode of transistor 116 is connected electrically through
      resistor 117 to voltage source 112, while the base electrode of said
      transistor 116 is connected with a junction point 154 between resistors
      118 and 120. The resistor 118 is directly connected at its opposite side
      to an earth conductor 119. Resistor 118 and 120 serve as a voltage divider
      by which the base voltage of transistor 116 amounts to a certain
      percentage, such as 80%, of the base voltage at the transistor 111. In
      this way, the base voltage at transistor 111 is selected to correspond to
      the desirous or destined vehicle speed and the base voltage at transistor
      116 corresponds to 80% thereof, as demonstrated in FIG. 3 at (A).
PAR  The collector electrode of transistor 115 is electrically connected through
      a resistor 121 to the voltage source 112, while the emitter electrode of
      the transistor 115 is connected to the emitter electrode of transistor
      111. The collector electrode of transistor 115 is connected through a
      resistor 122 to the base electrode of a transistor 123 adapted for
      energizing the solenoid 86, so as to actuate the intensifier 32, as will
      be more fully described hereinafter. The emitter electrode of transistor
      123 is electrically connected to the voltage source 112, while the
      collector electrode of the transistor 123 is connected through said
      solenoid 86 to earth conductor 119.
PAR  The collector electrode of transistor 116 is connected through a resistor
      124 to the base electrode of a transistor 125 adapted for energization of
      solenoid 64, so as to actuate the pressure-reducing unit 16.
PAR  The emitter electrode of transistor 125 is electrically connected to the
      voltage source 112, while the collector electrode of the transistor is
      earthed through said solenoid 64. Across the solenoid 64, a series
      connection of a diode 126 and a retarding condenser 127 is connected.
      Further, a relay 128 is connected across the condenser 127. As hinted by a
      dotted line 157, the relay 128 is operatively connected with the switch
      129 which is arranged in parallel to the stop switch 105. With the relay
      128 energized, the normally open switch 129 is caused to close.
PAR  The operation of the vehicle braking system so far shown and described is
      as follows.
PAR  The mechanical arrangement shown in FIG. 1 is shown in its off-service or
      non-braking position. Under this condition, vacuum pressure is conveyed
      from the engine intake manifold 57 through 56 and 55; 56, 75 and 59; 56,
      78 and 77; 56, 78, and 84 to pneumatic chambers 21 and 22 of the
      pressure-reducing mechanism 16, and to pneumatic chambers 39 and 40 of the
      intensifier 32, respectively, when the drive engine is running.
PAR  When an operator or vehicle driver depresses brake pedal 11 for initiation
      of braking, the rod 13 will be shifted in the leftward direction in FIG.
      1, thereby the master piston being advanced and an elevated hydraulic
      output pressure for the braking being conveyed from the master cylinder 14
      through conduit 15 to the liquid chamber 25 of the pressure reducer 16 and
      through conduit 17 to the pressure indicator 18. On the other hand, the
      stop switch 105 is opened by the depression of the brake pedal 11.
PAR  The hydraulic braking pressure conveyed to the liquid chamber 25 will pass
      through the reduced passage 28, liquid chamber 29, conduit 31 and port 150
      to the liquid chamber 48 of intensifier 32, thence further conveyed
      through axial bore 49 of piston 45, liquid chamber 50, port 51 and conduit
      52 to the wheel cylinder 54 of the wheel 53 which is therefore subjected
      to braking action and begins to decelerate.
PAR  Next, turning to the operation of the electronic circuit shown in FIG. 2, a
      wheel speed-responsive signal delivered from the generator 100
      corresponding to occasional revolutional speed of a certain vehicle wheel
      as at 53 is conveyed through diode 101, resistor 102 and diode 104, thence
      further through stop switch 105 (which is closed during off-braking
      period) to the base electrode of transistor 111. The signal is conveyed at
      the same time, through diode 113 to the base electrode of transistor 115.
PAR  Under the off-braking period during running of the vehicle, it can be
      assumed that the vehicle running speed corresponds to the wheel speed,
      since there will be no slippage between the wheel(s) and the traffic
      surface on which the vehicle is travelling.
PAR  Since the speed-responsive signal delivered from generator 100 is being
      applied to the base electrodes of the transistors 111 and 115 constituting
      in combination a differential amplifier, these transistors are both
      non-conductive, thus the transistors 123 and 125 being also
      non-conductive. Therefore, solenoids 86 and 64 maintain their
      non-conducting state.
PAR  When the brake pedal 11 is being depressed, the foot pressure expressed in
      terms of the master cylinder pressure will increase as shown at A1, (C),
      FIG. 3 and the stop switch 105 is opened. From this reason, the
      accumulated and charged voltage responsive to the wheel speed in advance
      of the brake application in the condenser 107 will begin to discharge
      through transistor 108 and resistor 109. This discharging voltage is
      established by the variable resistance appearing at the pressure sensor 18
      which is connected with the base electrode of transistor 108.
PAR  It will be seen from the foregoing that with higher braking liquid pressure
      delivered from the master cylinder 14, the larger resistance will appear
      at the pressure sensor 18. In other words, with higher braking liquid
      pressure, the higher discharge voltage will appear at the condenser 107
      and the higher potential will appear at the base electrode of transistor
      111. The related parts are thus so designed and arranged that the
      potential appearing at the base of transistor 111 and thus the discharge
      potential at condenser 107 corresponds to the master cylinder pressure
      which corresponds in turn to the foot pressure exerted at pedal 11.
PAR  The discharging slope appearing at the condenser 107 is also variable and
      the desired or destined speed is determined by the discharge speed, on the
      one hand, and by the characteristics of the condenser, on the other hand.
      Therefore, the necessary condenser characteristics vary with the braking
      performance of the wheel braking system as a whole and the specific model
      of the vehicle and thus, can be determined upon execution of slight
      experiments, preferably during the design stage.
PAR  When the vehicle driver or an authorized personnel depresses the brake
      pedal 11 as was referred to above, so as to elevate the master cylinder
      pressure as at A1 in FIG. 3, (C), whereby the wheel is subjected to a
      braking effort as shown by the corresponding part of the wheel speed curve
      shown in a dotted line curve at (A) of FIG. 3, representing a
      corresponding wheel speed deceleration.
PAR  When it is now assumed that the voltage responsive to the practical wheel
      speed appearing on the said dotted line curve shown at (A), FIG. 3, be
      higher that the voltage corresponding to the discharge speed at condenser
      107 as determined by the exerted foot pedal pressure as expressed by the
      slope curve A1, one of the transistors 115 which constitute in combination
      a differential amplifier, will become conductive and thus, the
      pressure-increasing transistor 123 will become also conductive. By the
      conduction of the transistor 123, the pressure-increasing solenoid 86 for
      the valve unit 80 is energized as shown at 1 of (B) and the plunger 88 is
      attracted leftwards in FIG. 1 against the action of spring 90. In this
      way, the valve disc 89 rigid with plunger 88 is separated from the
      hitherto cooperating seat 92 and then brought into contact with the
      opposite seat 95. Thus, ambient atmosphere will be introduced from the
      open atmosphere through port 94, air cleaning disc 93, port 85, conduit 84
      and port 83 to the pneumatic or air chamber 40 of the intensifier 32. At
      this stage, vacuum is prevailing in the neighboring chamber 39. Thus,
      there appears a pressure differential across the diaphragm 38 which is
      flexed inwardly and the plunger 42 rigid therewith is urged to move
      leftwards in FIG. 1 against the action of spring 41. During this leftward
      movement of plunger 42, the latter is at first brought into engagement by
      the pointed end of the stem portion thereof with the right-hand enlarged
      end of the axial bore 49 of piston 45, thereby the fluid communication
      between conduit 31 and chamber 50 being interrupted. Then, the piston 45
      is accompanied with further leftward movement of the plunger 42, so as to
      increase the liquid pressure in the chamber 50. Thus, an increased liquid
      pressure is supplied to the wheel cylinder 54.
PAR  With increase of the hydraulic braking pressure as supplied to the wheel
      cylinder 54, the rotational speed of the wheel 53 will be further reduced
      and the wheel speed-responsive voltage will correspondingly lower. Thus,
      finally, the both voltages will become equal to each other (refer to point
      f at (A) and the transistors 111 and 115 become non-conductive. As the
      results, the pressure increase instruction signal will disappear.
PAR  With application of a higher pedal pressure as shown at B1 in FIG. 3, (C),
      a new destined vehicle speed is established by a new discharge speed at
      the condenser 107 corresponding to (A1 + B1) as shown by a new full line
      curve g-h at (A), FIG. 3. In this case, when the wheel speed-responsive
      voltage is higher the condenser discharge speed, as similar as before, a
      second pressure increase instruction signal 2 will develop and an
      intensified braking pressure will be applied through wheel cylinder 54 to
      the wheel 53. When the both signal voltages become equal to each other
      (refer to point i at (A), FIG. 3), then the second instruction signal 2
      will disappear. Concerning a third instruction signal 3, the same as
      aforementioned will apply equal.
PAR  With further increased braking pressure as applied, as shown at C1 in (C)
      of FIG. 3, corresponding to the sum (A + B + C), and when the wheel speed
      responsive speed fed from the generator 100 to the emitter electrode of
      transistor 116 becomes lower than the voltage corresponding to 80% of the
      destined vehicle speed, as being applied to the base electrode of
      transistor 116, or in other words, when the rotational speed of the wheel
      suddenly drop below the said 80%-value, and the wheel attached with the
      generator 100 becomes locked or nearly locked, the transistor 116 becomes
      conductive and thus, the pressure-reducing transistor 125 will become also
      conductive (refer to pressure-reducing instruction signal 4 at (B), FIG.
      3).
PAR  In this way, when the pressure-reducing transistor 125 becomes conductive,
      the solenoid 64 is energized and plunger 66 is attracted leftwards against
      the spring force at 67. Thus, valve disc 68 is separated from its seat 70
      and brought into pressure contact with opposite seat 73. Air is induced
      thus from the ambient atmosphere through port 72, air cleaner disc 71,
      port 62, conduit 59 and port 58 into the chamber 22 of the pressure
      reducer 16, thereby air pressure differential developing across the
      diaphragm 20. Then, this diaphragm will be flexed leftwards against the
      action of spring 23. In this way, ball valve 27 and plunger 33 are shifted
      leftwards in FIG. 1 under the influence of the liquid pressure prevailing
      in the chambers 25 and 29 and of the spring pressure at 26.
PAR  With the closure of ball valve 27 by engagement with valve seat 35, the
      master cylinder pressure and the wheel cylinder pressure are separated
      from each other by the interruption thereat of fluid communication between
      the chambers 25 and 29.
PAR  With further leftward movement of the plunger 33, the effective volume of
      the liquid chamber 29 is correspondingly increased and the wheel cylinder
      pressure is correspondingly decreased. At the same time, relay 128 is
      energized, so as to close the normally open switch 129. This is performed
      for such purpose that at this stage, the wheel attached with the generator
      100 may locked or almost locked and a rotational speed could not be
      derived therefrom.
PAR  By the above measure, a wheel speed responsive voltage is derived from a
      certain other one of the vehicle wheels and introduced into the circuit
      shown in FIG. 2 through the way of diode 106.
PAR  When the pressure decrease instruction signal as at 4, FIG. 3, (B), is
      delivered and the hydraulic brake pressure is reduced and the wheel speed
      is increased to the 80%-destined vehicle speed, the base and emitter
      electrodes of transistor 116 will have one and the same potential so that
      the transistor will become non-conductive. Then, the pressure reducer 16
      will recover its position shown in FIG. 1.
PAR  In this way, the pressure decease instruction signal disappear and the
      plunger 33 will move rightwards so that ball valve 27 recedes from contact
      with seat 36, so as to equalize the pressures in the master cylinder and
      the chamber 29.
PAR  As will become aware from the foregoing description, a condenser will
      charge therein a voltage responsive to the wheel rotation at the beginning
      time of a brake applying operation, and the discharge speed (or discharge
      voltage) of the condenser is made variable in response to foot brake pedal
      pressure. A comparison is made between this voltage and a wheel
      rotation-responsive voltage during the braking operation and derived
      through a separate part of the electronic circuit concerned. When the
      latter voltage is higher than the former voltage, the wheel cylinder
      pressure is increased through the intermediary of a pressure intensifier,
      until the both voltages are brought into coincidence with each other. In
      this way, the liquid pressure as applied to the wheel cylinder is made
      always to response to the pedal pressure.
PAR  By adopting the above measure, application of a certain foot pressure to
      the brake pedal, a constant hydraulic braking pressure may be created and
      applied, and indeed, irrespective of the variation in the braking
      performance of the vehicle wheel braking system, difference in the vehicle
      models, and the like fluctuating conditions. In this way, fear of the
      vehicle driver, caused by the difference in the braking effect with equal
      manual effort and by an excessive brake applying effort, can substantially
      be removed.
PAR  In addition, a pressure reducer can be automatically activated so as to
      reduce the wheel brake cylinder pressure when the wheel should be locked
      or brought into a lock-impending state, thereby providing an optimal
      safety.
PAR  As the pedal pressure-sensing means, a pressure senser adapted for sensing
      the master cylinder pressure has been used in the foregoing. But, the
      employment of such pressure-sensing means does not limit the invention in
      that sense. As an example, a carbon pile type pressure sensor can be
      employed for measuring the foot brake pressure so as to utilize it for the
      similar purpose.
CLMS
STM  The embodiments of the invention in which an exlusive property or privilege
      is claimed are as follows:
NUM  1.
PAR  1. In a wheeled vehicle braking system of the type wherein braking pressure
      is applied to wheel cylinders of the vehicle wheels in response to
      pressure applied to a brake pedal and transmitted through a master
      cylinder, the improvement of a regulating device by which the braking
      pressure applied to the wheel cylinders is controlled in a fashion to
      ensure that the rate of reduction of the wheel speed corresponds to a
      deceleration rate set by the magnitude of the pressure applied to the
      brake pedal, said regulating device comprising:
PA1  sensor means for detecting the rotational speed of at least one wheel of
      said vehicle and developing a wheel speed-responsive voltage
      representative thereof;
PA1  memory means for storing said speed-responsive voltage, siad voltage being
      discharged in response to the application of braking pressure to said
      brake pedal;
PA1  proportioning means operatively connected through said master cylinder to
      said brake pedal for setting the rate of discharge of said voltage in
      response to the magnitude of braking pressure applied to said brake pedal;
PA1  comparator means for comparing said discharge voltage with said wheel
      speed-responsive voltage when said at least one wheel is being braked
      under said braking pressure; and
PA1  pressure increasing means including a cut-off means for interrupting
      communication between said master cylinder and said wheel cylinders, said
      pressure increasing means supplying a pressure of a magnitude greater than
      that of the master cylinder pressure to said wheel cylinder when said
      wheel speed-responsive voltage is higher than said variably responding
      discharge voltage, thereby decreasing said wheel speed and ensuring that
      the rate of reduction of said wheel speed corresponds to the rate set by
      the pressure applied to the braking pedal.
NUM  2.
PAR  2. A braking pressure regulating system as set forth in claim 1, comprising
      a further comparator means for detecting a locked state of the vehicle
      wheel, said comparator means comparing a voltage in proportion to said
      discharging voltage with the voltage from said sensor means; and pressure
      decreasing means actuated by said comparator means for reducing the
      hydraulic pressure of the wheel cylinder when the latter voltage becomes
      lower than the former voltage.
NUM  3.
PAR  3. A braking pressure regulating system as set forth in claim 2, wherein
      said proportioned voltage is proportionally distributed from said
      discharging voltage by resistor means.
NUM  4.
PAR  4. A braking pressure regulating system as set forth in claim 3, wherein
      said proportioned voltage is substantially, 80 percent of said discharging
      voltage.
NUM  5.
PAR  5. A braking pressure regulating system as set forth in claim 2, comprising
      relay means which permits said further comparator means to communicate
      with sensor means of other wheels of said vehicle for obtaining therefrom
      said wheel responsive voltage.
NUM  6.
PAR  6. A braking pressure regulating system as set forth in claim 1, wherein
      said comparator means is a transistor.
NUM  7.
PAR  7. A braking pressure regulating system as set forth in claim 1, wherein a
      normally closed switch means is disposed between said sensor means and
      said memory means, said switch means being disconnected when a braking
      pressure is applied to cause discharge of said wheel speed-responsive
      voltage.
NUM  8.
PAR  8. A braking pressure regulating system as set forth in claim 1, wherein
      said proportioning means comprises a pressure gauge connected to a master
      cylinder, said pressure gauge permitting said discharging voltage to vary
      in response to the braking effort supplied to the brake pedal.
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ABST
PAL  In the tractor vehicle a current measuring resistor is interposed in the
      line supplying current to a coupling connector terminal to which the
      antilock system of a trailer equipped with such a system is connected for
      its power supply. A resistor load is connected to this power supply line
      through a switch that is closed when no trailer is coupled but is held
      open when a trailer is coupled. The current through the current measuring
      resistor either flowing through the resistor load or through a normally
      functioning antilock system of a trailer causes operation of a threshold
      switch to energize the brake antilock system of the tractor vehicle. A
      relay controlled by a starting circuit controls the application of the
      supply voltage to the trailer brake antilock system which is arranged to
      be tripped by a malfunction of the antilock system that may occur after a
      brief starting period, in which case the reduction of current in the
      supply line also results in putting the antilock system of the tractor out
      of operation. Thereafter, the antilock systems cannot be put into
      operation again until the voltage supply to the trailer is interrupted and
      reapplied to restart the antilock system of the trailer.
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PAC  CROSS-REFERENCE TO RELATED PATENT
PAR  U.S. Pat. No. 3,822,920 to Walter Bernardt, assigned to the assignee of the
      present application.
PAR  This invention relates to a protective interlocked system for switching the
      brake antilock systems of tractor and trailer vehicles of a tractor
      trailer combination into and out of operation, and particularly a system
      including provisions for when the tractor vehicle has a brake antilock
      system and the trailer vehicle does not.
PAR  At the present time, commercial vehicles are beginning to be equipped with
      brake antilock systems in order to reduce the risk of accident in
      emergency braking. A considerable lapse of time may be expected, however,
      until the introduction of antilock braking systems progresses to the point
      where such systems are generally used in utility vehicles. During this
      introductory period, road transport companies, for example, will
      frequently have to face the problem that a trailer without antilock
      braking will be attached to a tractor unit possessing a brake antilock
      system. The driver of the tractor must in such case put the antilock
      system out of action.
PAR  If the driver forgets to deactivate the antilock system of the tractor in
      such a case, a very dangerous situation can arise in case of emergency
      braking. The braking pressure on the wheels of the tractor unit will be
      controlled through an optimum braking moment value and an optimum wheel
      slip amount. Locking of the tractor wheels will thus be prevented. If, at
      the same time, the wheels of the trailer are sharply braked and lock, the
      trailer will go into a skid because its wheels will apply to the pavement
      a smaller braking force and a smaller lateral guiding force than the
      wheels of the tractor unit.
PAR  It is, accordingly, an object of the present invention to provide a
      protective circuit that will force the deactivation of the brake antilock
      system of the tractor unit whenever a trailer having no brake antilock
      system is coupled to the tractor unit. It is a further object of the
      invention to provide such a circuit with arrangements for assuring the
      proper activation of the antilock system of a trailer when it is coupled
      to a tractor unit vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, connector means are provided on the tractor and trailer vehicles
      for communicating the supply voltage through a supply line to a brake
      antilock system of the trailer vehicle if there is one there. Current
      measuring means are provided in the supply line of the tractor vehicle and
      a threshold switch is provided to disable the antilock system of the
      tractor vehicle and light a warning light on its dashboard whenever the
      current through the supply line is at a value less than a predetermined
      minimum, which is the least current that an antilock system in a trailer
      vehicle may be expected to draw. A switch is provided in the connector
      means of the tractor which will place a dummy load on the aforesaid supply
      line whenever no trailer is attached to the tractor vehicle. The switch is
      so constructed that whenever a trailer is coupled to the tractor unit, the
      switch is caused to disconnect the dummy load.
PAR  Antilock systems are normally provided with monitoring circuits for
      detecting malfunctions of a character that require the antilock system to
      be taken out of operation for the safety of the vehicle. In the antilock
      system of the tractor vehicle, these monitor circuits can be arranged to
      operate the same threshold switch that responds to the current measuring
      means in the voltage supply line to the antilock system of a trailer
      vehicle. An automatically controlled switch is also provided in the
      voltage supply line in the trailer vehicle leading to the brake antilock
      system which can be opened by the monitor circuits of the brake antilock
      system in case of serious malfunction, in which case the opening of this
      switch will reduce the current in the current measuring means in the
      tractor vehicle and cause the brake antilock system of the tractor vehicle
      likewise to be taken out of operation.
PAR  The control switch in the trailer vehicle is arranged in a starting circuit
      in which a monostable flipflop causes the switch to be turned on for a
      predetermined starting time during which signals from the monitoring
      circuit will be prevented from opening the switch, because during the
      starting period, transients in the antilock system might open the switch
      and hang up the normal type of starting circuit that works with an initial
      operating pulse and a holding circuit for the switch. Once the system is
      in normal operation, it is of course desirable that the switch should stay
      tripped after a serious malfunction appears. In a preferred form of the
      invention, the starting circuit uses an electro-magnetic relay for the
      controlled switch, with an energizing coil having one terminal connected
      to chassis ground through the switching path of a switching transistor and
      the other terminal connected to the output of an OR-gate, one input of
      which is the usual holding circuit and the other of which is energized by
      the monostable flipflop circuit during the starting period. The control
      terminal of the switching transistor is connected through an input
      resistor to the monostable flipflop and is also connected to the
      monitoring circuits in a manner in which the control provided by the
      monostable flipflop cannot be overridden by the monitoring circuits.
PAR  The coupling between the tractor and trailer vehicles, of course, will make
      the usual electrical connection for lights and the like between the
      tractor and trailer vehicles as well as provide the features above
      mentioned of the connector means. In one form of the invention, the brake
      light energizing circuit, which is controlled by a switch in the brake
      pedal of the tractor vehicle, is used to power an output amplifier of the
      trailer's antilock system independently of the voltage supply line to the
      antilock system of which the current is measured for controlling the
      switching in or out of the antilock system of the tractor vehicle.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further described by way of example with reference to the
      annexed drawing, the single FIGURE of which is a circuit diagram, partly
      in block form, of equipment according to the invention in a tractor
      vehicle and in a trailer vehicle.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, the portion to the left of the dashed line A--A represents
      equipment in a tractor vehicle and the portion to the right thereof
      represents equipment in a trailer vehicle. The battery 1 in the tractor
      vehicle, in the usual way, provides current for the electrical equipment
      both in the tractor vehicle and in any trailer that may be hitched to it.
      This operating voltage source 1 is arranged to supply current to that
      electrical equipment only when, as is usually provided, the ignition
      switch 2 is operated. A multi-contact connector 3 on the tractor vehicle
      and a mating multi-contact connector 4 on the trailer vehicle are provided
      for making all the necessary electrical connections between the electrical
      system of the tractor vehicle and that of the trailer vehicle.
PAR  In the example shown in the drawing, not only has the tractor vehicle a
      brake antilock system 5, but the trailer vehicle also has the brake
      antilock system 6. Such brake antilock systems are well-known and do not
      need to be described further here. In the present example, the brake
      antilock system 6 is shown working into an output amplifier 7 for
      operating the mechanical members of the brake antilock system (not shown).
      The output amplifier 7 is specifially shown in the drawing for the trailer
      installation in order to indicate that it is provided with current over
      the brake light energizing conductor 8 which is made heavier than usual
      because it supplies the amplifier 7 as well as the brake lights 11 and 12
      of the tractor and 9 and 10 of the trailer. These brake lights and the
      amplifier 7 are energized only when the brake light switch 13 is closed.
      The current supply from the voltage source to the brake antilock system 6
      is provided over a connecting conductor 14, which runs from the ignition
      switch 2 to a terminal in the connector 3, over to a terminal in the
      connector 4 of the trailer, thence to switching contacts 15, and finally
      to the brake antilock system 6. In the portion of the voltage supply line
      14, lying between the ignition switch 2 and the connector 3 on the tractor
      unit, a current measuring device 16 is interposed which, for example, can
      be simply a resistor. The voltage drop across this resistor indicates
      whether there is connected to the connector 3 of the tractor a mating
      connector 4 of a trailer that is equipped with a brake antilock system.
      The supply current for this antilock system 6 flows over the line 14. The
      voltage drop that appears across the resistance of the current measuring
      device 16 is evaluated by a threshold switch 17. If there flows through
      the current meausring device 16 a current having at least a predetermined
      strength corresponding to the minimum operating current of a brake
      antilock system, the threshold switch 17 will be put in a position in
      which the brake antilock system 5 of the tractor vehicle is switched into
      operation. When that is the case, a circuit likewise controlled by the
      switch 17 for energizing warning light 18 on the dashboard of the tractor
      vehicle has no current. In the drawing, the warning light 18 is shown
      connected to an inverter 40 which is operated in parallel with the voltage
      supply to the brake antilock system 5.
PAR  In another case, a trailer vehicle having no brake antilock system, or
      having a defective brake antilock system could be connected to the tractor
      vehicle, in which case its electrical equipment would again be connected
      over a connector 4 to the connector 3 of the tractor vehicle. It may be
      assumed that a defective brake antilock system would have at least part of
      its circuits tripped open by protective monitoring. In these two cases
      just mentioned, either no current or a current less than the
      above-mentioned predetermined value would flow through the line 14, so
      that the current measuring device would cause the threshold switch 17 to
      take a position in which brake antilock system 5 of the tractor vehicle is
      switched off and the warning device 18, which in the simplest case can be
      a lamp on the dashboard of the tractor vehicle, would be switched on.
PAR  Still another possibility is that the tractor vehicle might be driven
      without being connected to any trailer at all. In such a case, it would be
      undesirable to have no current flowing through the line 14, since it is
      desirable to have the antilock system 5 of the trailer vehicle in
      operation. Accordingly, there is switched in, in this case, a load
      resistor 19 that is connected between the chassis ground return of the
      voltage source 1 and the circuit breaker 20, which is always closed when
      no connector 4 of a trailer is connected to the connector 3 of the tractor
      vehicle. Thus, when no trailer is hitched, the resistor 19 draws enough
      current through the current measuring device 16 and the line 14 to cause
      the threshold switch 17 to switch in the antilock system 5. When a trailer
      is connected, a mechanical feature 21 of the connector 4 of the trailer
      holds open the circuit breaker 20, but if the trailer has an antilock
      system 6, its supply current flowing through the device 16 causes the
      switch 17 to put the antilock system 5 in operation. It is common for
      antilock systems to be provided with safety monitoring circuits for
      disabling the antilock system in case of a malfunction serious enough to
      require the system to be deactivated. FIG. 1 shows that such safety
      monitoring circuits, represented by the block 22, can be arranged to
      perform the necessary deactivation of the antilock system by acting on the
      threshold switch 17.
PAR  The switch contacts 15 previously mentioned, which are interposed in the
      line 14 between the trailer connector 4 and the antilock system 6, are
      controlled by an operating winding 23 in the usual manner of a relay. The
      winding 23 is connected at one of its terminals 24 through the output of
      an OR-gate 25 which has an input connection 30 to the portion of the line
      14 between the contact 15 and the antilock system 6. The other terminal 26
      of the winding 23 is connected to the common return to the battery, here
      the chassis of the trailer, which is of course connected to the chassis of
      the tractor when they are coupled, this connection to chassis ground being
      made through the switching path of a switching transistor 27 which serves
      as an emergency switch-off device for tripping the switch 15 on a signal
      from the safety monitoring circuits 28 that monitor the operation of the
      brake antilock system 6. When a serious malfunction is detected by the
      monitoring circuits 28, the switching transistor 27 is blocked through the
      connection to its base, cutting off the current in the winding 23, which
      releases the contacts 15 to break and interrupt the supply of current to
      antilock system 6. When this happens the current will also stop in the
      current measuring device 16 in the tractor vehicle and the antilock system
      5 of the tractor vehicle will likewise be switched off.
PAR  The switching on of the contacts 15 and hence of the brake antilock system
      6 is carried out by means of a monostable flipflop circuit 29 that has a
      trigger input connected to the portion of the line 14 that runs from the
      trailer connector 4 to the contact 15. When the trailer connector 4 is
      connected up with the tractor connector 3 and then the ignition switch 2
      is closed, the sudden voltage rise on the line 14 switches the monostable
      flipflop circuit 29 into its unstable condition, which causes a positive
      signal to appear at its output. This positive signal reaches the winding
      23 through the OR-gate 25 and the terminal 24 and also assures that the
      switching transistor 27 is conducting by applying a signal to its base.
      Operating current then flows through the winding 23 and closes the
      contacts 15, energizing the brake antilock system 6 of the trailer. The
      duration of the unstable switching condition of the monostable flipflop
      circuit 29 is made long enought to outlast all the starting transients of
      the antilock system 6, so that these starting transients will all die out
      before the monostable flipflop circuit 29 loses control the contacts 15.
      Even through these transients may cause the safety monitor 28 to provide a
      pulse that would otherwise break the current of the winding 23, the safety
      monitor 28 is unable to override control of the monostable flipflop
      circuit 29 exerted on the switching transistor 27. At the end of the
      duration of the unstable state of the monostable flipflop circuit 29, the
      winding 23 is held energized by the connection 30 from the line 14 to the
      OR-gate 25. The holding circuit provided by the conductor 30 assures that
      the operating winding 23 will receive current through the closed contacts
      15 up to the time that all the electric circuits of the trailer are
      switched off or the time when a malfunction is detected in the antilock
      system 6 of the trailer resulting in blocking the switching transistor 27
      by the safety monitoring system 28, whichever occurs first. A blocking of
      the switching transistor 27 interrupts the current of the operating
      winding 23, opening the contact 15 and tripping the holding circuit 30.
      The antilock system 6 is deenergized and the deactivation of the antilock
      system 5 in the tractor vehicle also occurs as previously described. The
      antilock system 6 cannot be reenergized by the monostable flipflop circuit
      29 unless the supply voltage is taken off the line 14 and then reapplied.
PAR  Although the invention has been described with reference to a particular
      example, it will be understood that variations and modifications are
      possible within the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety interlock circuit for the brake antilock systems of
      tractor-trailer vehicle combinations in which at least the tractor vehicle
      is provided with a brake antilock system, said circuit comprising:
PA1  connecting means (3) on the tractor vehicle for connecting a voltage supply
      line (14) from a voltage source (1) for supplying electric power to a
      brake antilock system of a trailer vehicle through a mating connector on
      said trailer vehicle;
PA1  current measuring means (16) comprising a resistor interposed in said
      voltage supply line (14) between said voltage source (1) and said
      connection means (3);
PA1  means comprising a threshold switch means (17) responsive to the voltage
      across said resistor for disabling a brake antilock system (5) in said
      tractor vehicle when the current in said current measuring means is below
      a predetermined value, and
PA1  warning means (18) connected to said disabling means for indicating when
      the brake antilock system (5) of said tractor vehicle is thereby disabled,
PA1  said threshold switch means being connected so as to disable said brake
      antilock system (5) of said tractor vehicle and to enable said warning
      means (18) in one position and to disable said warning means and to enable
      said brake antilock system of said tractor vehicle in the other position
      of said threshold switch.
NUM  2.
PAR  2. A safety interlock circuit for the brake antilock systems of
      tractor-trailer vehicle combinations in which at least the tractor vehicle
      is provided with a brake antilock system, said circuit comprising:
PA1  connection means (3) on the tractor vehicle for connecting a voltage supply
      line (14) from a voltage source (1) for supplying electric power to a
      brake antilock system of a trailer vehicle through a mating connector on
      said trailer vehicle, said connection means also including electrical
      connection between conducting chassis structures constituting a chassis
      return line for said voltage source, said connection means also including
      circuit interruptor means (20) interposed between said voltage supply line
      (14) and load resistance means (19) connected between said interruptor
      means and the chassis return line to said voltage source, said interruptor
      means (20) being so constituted as to interrupt energization of said load
      resistance means when said connection means (3) is connected to mating
      connection means of a trailer vehicle;
PA1  current measuring means (16) interposed in said voltage supply line (14)
      between said voltage source (1) and said connection means (3), and
PA1  means responsive to said current measuring means (16) for disabling a brake
      antilock system (5) in said tractor vehicle when the current in said
      current measuring means is below a predetermined value.
NUM  3.
PAR  3. A safety interlock circuit as defined in claim 2 comprising also:
PA1  second connection means (4) on a trailer vehicle equipped with a brake
      antilock system (6) and of a form to mate with said connection means (3)
      of said tractor vehicle; said second connection means (4) for operating
      said interruption means (20), and
PA1  switching means (23, 15) in circuit with said second connection means and
      said trailer vehicle antilock system for controllably switching said
      voltage supply line to power said antilock system of said trailer vehicle,
      said switching means having a control circuit arranged to be switchable to
      close and switching path through a starting circuit in response to
      connection of said voltage supply line to a terminal of said connecting
      means.
NUM  4.
PAR  4. A safety interlock circuit as defined in claim 3 in which said starting
      circuit (29) comprises a monostable flipflop circuit arranged to be put
      into its unstable condition when said supply voltage appears at said
      terminal of said second connecting means (6) and is connected so that
      while its unstable state endures an actuating current is caused to flow
      through a control path (23) of said switching means (15), which actuating
      current is energized by said supply voltage at said terminal.
NUM  5.
PAR  5. A safety interlock circuit as defined in claim 4 in which said starting
      circuit includes an OR-gate (25) whereby said control path may continue to
      be energized through said switching path and said OR-gate after an
      energizing voltage has ceased to be supplied by said starting circuit with
      the termination of the unstable condition of said monostable flipflop
      circuit (29).
NUM  6.
PAR  6. A safety interlock circuit as defined in claim 5 in which said control
      path of said switching means (15) includes the switching path of a
      switching transistor (27) and is arranged to be completed to the chassis
      return to the voltage source through said switching path of said switching
      transistor, and in which apparatus the brake antilock system (6) of said
      trailer vehicle is provided with safety interlock means (28) for
      determining abnormal behavior of said brake antilock system and acting on
      said control path of said switching transistor (26) to block the switching
      path of said switching transistor in response to detection of such
      abnormal behavior.
NUM  7.
PAR  7. A safety interlock circuit as defined in claim 6 in which said
      monostable flipflop circuit (29) is connected to the control path of said
      switching transistor so as to prevent turning off the switching path of
      said switching transistor by said safety interlock means (28) for the
      duration of the unstable state of said monostable flipflop circuit.
NUM  8.
PAR  8. A safety interlock circuit as defined in claim 7 in which the antilock
      system (6) of the trailer vehicle comprises a final amplifier stage at
      least in part separately energized over a brake light current supply line
      (8) passing through respective contacts of said connection means (3) on
      said tractor vehicle and of said second connection means (4) on said
      trailer vehicle and also passing through the brake light switch (13) of
      said tractor vehicle.
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PAL  A valve device includes primary and secondary fluid systems. The secondary
      fluid system includes source pressure and controlled pressure channels
      containing secondary fluid at source and controlled pressures,
      respectively. A master cylinder primary fluid source is connected through
      first and second parallel paths to a primary fluid portion of a changeover
      cavity which is also connected to the brake cylinders of a vehicle. The
      changeover cavity includes primary and secondary movable piston member
      therein, separating primary and secondary fluid portions thereof. Each
      parallel primary path includes a valve member for controlling the flow of
      primary fluid to the primary portion of the changeover cavity. The first
      primary valve member is mechanically operated by the primary movable
      piston member and the second primary valve member is operated by a
      blockout piston in the secondary fluid system which is responsive to the
      difference in pressure between the secondary source pressure and the
      controlled pressure of the secondary fluid. A secondary source pressure
      failure valve allows the pressure-controlled secondary fluid to pass into
      the secondary portion of the changeover cavity to control the position of
      the first and second movable piston members within the changeover cavity.
      The secondary source pressure failure valve is operable to isolate the
      secondary fluid in the secondary portion of the changeover cavity when the
      pressure of the secondary fluid source falls below a predetermined value.
      A control valve in the secondary fluid system is operated by a solenoid to
      block a normally open passage from the secondary fluid source to the
      controlled-pressure channels and open a passage from the controlled
      pressure channels to a low-pressure return port in response to an
      electrical signal indicative of a predetermined external condition.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to skid control apparatus, and more
      particularly to a hydraulic skid control valve for cyclically regulating
      the pressure applied to a brake system upon sensing of a potential skid
      condition.
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been recognized that if a vehicle entering a skid has the
      brakes cyclically applied there is a significantly improved chance of
      maintaining control of the vehicle. For many years the recommendation to
      the motoring public and professional drivers was that if their vehicle
      enters a skid, the brakes should be "pumped" to improve chances of
      maintaining control of the vehicle. This "pumping" action is intended to
      provide a cyclic application of fluid pressure to the individual wheel
      brake actuators. The more skilled professional driver, after becoming
      familiar with the peculiarities of his vehicle, was able to significantly
      reduce the chances of losing control of the vehicle during a skid
      condition. For the motoring public in general, and professional drivers
      not accustomed to a particular vehicle, the manually-controlled pumping
      procedure may produce an aggravated skid condition resulting in a complete
      loss of vehicle control.
PAR  Heretofore, prior art skid control valves have been provided which relieve
      a vehicle operator of the responsibility of properly applying cyclic
      pressure to a vehicle brake system in a skid condition. The prior art
      devices, upon sensing a skid condition, are cyclically operated to produce
      a pumping action application of fluid pressure to the individual wheel
      brake actuators. The cyclic pressure is applied to the wheel brake
      actuators for an axle so long as the skid condition exists. While prior
      art devices have generally been satisfactory, there still exists a need
      for improvement in several respects. The majority of prior art devices
      include various moving elements thereof which interface with both the
      primary or master cylinder fluid as well as the secondary fluid. Although
      sealing devices have heretofore been employed in such moving components to
      separate primary and secondary fluids, those sealing devices have proven
      ineffective over a period of time to isolate the primary and secondary
      fluids. When both the primary and secondary fluids act on the same sealing
      device, deterioration of that sealing element has heretofore been
      unavoidable. Further, adverse effects on the skid control apparatus as a
      whole will result due to the leakage of primary fluid into the secondary
      fluid system and vice versa. Moreover, with valves having moving members
      therein in liquid contact with more than one type of fluid, it is
      impossible to replace a moving part without involving both fluid systems.
      Therefore, there is a need for a skid control valve in which each moving
      member is in fluid contact with only one of the system fluids.
PAR  In the operation of some prior art devices, once an operator engages the
      brake and a skid condition is sensed, the operator is locked out of the
      system until the skid condition is corrected. That operation is not
      desirable in all situations. For example, should an operator engage the
      brake while traveling over a patch of ice, the force he applies to the
      brake pedal will be relatively light. If, after the skid control device
      becomes operative, the vehicle passes over the patch of ice and encounters
      dry pavement on which a greater braking force is required, the operator
      would be unable to effect the necessary increase in brake pressure until
      the anti-skid mechanism terminates its operation and the fluid path from
      the master cylinder to the wheel cylinder is reopened. Thus, there is a
      need for an anti-skid valve apparatus which provides the pumping effect
      required to overcome the skid, but at the same time allows the vehicle
      operator to reenter the operation when a greater wheel cylinder pressure
      is required.
PAR  Further, if for any reason the secondary fluid source does not provide
      sufficient secondary fluid pressure, the anti-skid device will not
      function properly. In those situations it is desirable to maintain the
      operation of the primary fluid system without the encumbrance of a
      non-functional secondary fluid system. Therefore, there is a need for an
      improved anti-skid valve apparatus which includes a device responsive to
      the pressure of the secondary fluid source to isolate the secondary fluid
      system from the skid control valve whenever the secondary fluid source
      pressure is below a predetermined value.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an anti-skid
      control apparatus which fulfills the foregoing needs.
PAR  It is another object of the present invention to provide an anti-skid
      control apparatus including separate but interacting primary and secondary
      fluid systems in which every moving element contained therein is in liquid
      communication with only one of the fluids.
PAR  It is a further object of the present invention to provide an anti-skid
      control apparatus as set forth which effectively isolates the secondary
      fluid system when the pressure of the secondary fluid source is below a
      predetermined value.
PAR  It is still another object of the present invention to provide an anti-skid
      control apparatus as set forth which, upon detection of a skid condition,
      effectively blocks out the vehicle operator and automatically provides
      maximum deceleration of the vehicle without skidding.
PAR  It is yet another object of the present invention to provide an anti-skid
      control apparatus as set forth and which further allows the vehicle
      operator to provide additional primary fluid brake pressure to the wheel
      cylinders of the vehicle in the event that the automatic skid control
      operation is insufficient to provide maximum deceleration of the vehicle.
PAR  In accomplishing these and other objects, there has been provided, in
      accordance with the present invention, an anti-skid control apparatus
      which includes a primary fluid system operable to apply primary fluid
      pressure from a master cylinder to the brake cylinders of the wheels of a
      vehicle. The anti-skid control apparatus further includes a secondary
      fluid system operable, in conjunction with the primary fluid system, to
      block out the primary fluid flow from the master cylinder and control the
      primary fluid pressure applied to the brake cylinders in response to a
      detected skid condition. The apparatus includes means for fluidically
      isolating the primary and secondary fluid systems so that every movable
      member of the apparatus is in fluid communication with only one of the
      fluids. The secondary fluid system also includes a secondary low pressure
      valve responsive to the detection of a predetermined low pressure at the
      secondary fluid source to effectively terminate the control function of
      the secondary fluid system allowing the fluid pressure at the wheel
      cylinders to be determined solely by the pressure generated at the master
      cylinder. Means are also provided to interrupt the automatic skid control
      operation and allow the vehicle operator to apply a greater pressure to
      the wheel cylinders to effect maximum deceleration of the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following description when read in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic diagram of an anti-skid control system utilizing an
      exemplary embodiment of the present invention;
PAR  FIG. 2 is a cross-sectional view of the anti-skid control apparatus with
      the elements thereof in typical positions when no skid condition is
      detected; and
PAR  FIG. 3 is a cross-sectional view of the apparatus as shown in FIG. 2 with
      the elements thereof in typical positions when a skid condition exists.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 in detail, there is shown an anti-skid control system
      including a skid control valve 1 having a port 3 connected to a master
      cylinder 5 by means of a conduit 7. Typically, the master cylinder 5 is of
      the type usually found in vehicles to develop a hydraulic pressure in the
      conduit 7 in response to a mechanical force developed on a rod 9 which is
      pivotally connected to a brake pedal 11.
PAR  In normal operation of the skid control valve 1, hydraulic fluid under
      pressure in the conduit 7 passes through the valve 1 by way of ports 3 and
      12 and into a conduit 13 which terminates at the wheel brake cylinders 15.
      The individual brake actuators of the wheel cylinders 15 exert a braking
      action on the wheel 17 in a conventional manner wherein hydraulic pressure
      applied to the actuator expands brake shoes in contact with a brake drum
      for effecting a braking action of the vehicle. A sensor 19 is coupled to
      the wheel 17 and generates an electrical output signal representative of
      the velocity of the wheel. The output signal is applied to a skid detector
      circuit 21 which processes the sensor output signal to provide a skid
      condition signal for application to the skid control valve 1.
PAR  The skid control valve 1 also includes ports 23, 25 and 27 which are
      internally connected to the secondary fluid system. A cyclic pump 29
      provides secondary fluid at a secondary source pressure to port 23. Port
      27 provides a low pressure return to a return reservoir 31 for the
      secondary fluid system. The return reservoir 31 is connected to the cyclic
      pump 29 by means of the conduit 33. Port 25 of the skid control valve 1
      may be connected to a compensating device 35 for adjusting the secondary
      fluid pressure within the skid control valve 1.
PAR  In FIG. 2, the valve apparatus 1 includes a primary housing 37 and a
      secondary housing 39 which have a common interface therebetween. The
      primary and secondary housings together define a changeover cavity 41. The
      primary fluid input port 3 is connected to first and second parallel paths
      leading to the changeover cavity 41. The changeover cavity 41 includes a
      first or primary movable piston member 43 and a second or secondary
      movable piston member 45 therein. Sealing elements 47 and 49 seal the
      primary fluid from the second movable piston member 45 and the secondary
      fluid from the first movable piston member 43, respectively. The first and
      second movable piston members are separate and distinct elements although
      they are arranged for mechanical coupling at a common interface. The first
      and second movable piston members may be hollowed out as indicated. The
      first and second parallel paths from the primary fluid input port 3 both
      lead to the upper portion of the upper changeover cavity 41 above the
      first movable piston member 43. The first parallel path from the port 3
      includes the conduit 51 and a ball valve 53. A biasing spring 55 tends to
      hold the ball valve down against an opening into the upper portion of the
      changeover cavity 41. An actuating means 57, which, in the present
      example, is an integral part of the first movable piston member 43, is
      operable when the first movable piston member 43 is in its extreme upward
      position, to force the ball valve 53 to its open position thereby
      overcoming the biasing spring 55. The second parallel path from the port 3
      to the upper portion of the changeover cavity 41 includes conduits 59 and
      61. Within the second parallel path, there is a second ball valve 63 which
      is biased to close the second parallel path by a biasing spring 65. A pin
      member 67 engages the ball valve 63 and is selectively operable to
      overcome the biasing spring 65 thereby opening the second parallel path
      from the port 3 to the upper portion of the changeover cavity 41 as will
      be explained hereinafter in detail. The port 12 provides a passage from
      the upper portion of the changeover cavity 41 to the brake actuators as
      shown in FIG. 1.
PAR  At the junction of the primary and secondary housings 37 and 39, and
      between the sealing elements 47 and 49 is a drainage port 69 which is
      effective to drain any liquid from the area between the seals 47 and 49.
PAR  The skid control apparatus 1 further includes a solenoid 71 which is
      electrically connected to the skid detector circuit 21 shown in FIG. 1.
      The solenoid 71 is mechanically coupled to a solenoid valve sleeve 73
      which includes a sealing element 75. The solenoid valve sleeve 73 is
      connected to a solenoid valve slider 77. The solenoid valve sleeve 73
      further defines a solenoid pressure orifice 79. The solenoid valve or
      control valve assembly is included within a control cavity 81. The
      secondary fluid input port 23 is connected to the control cavity 81 which,
      in turn, opens into secondary source pressure channels including the
      conduits 85 and 87. As shown in FIG. 2, the solenoid valve slider 77 also
      defines a pressure control chamber 89. When the solenoid is unenergized as
      shown in FIG. 2, the solenoid pressure orifice 79 is open thereby
      providing a liquid path between the secondary fluid input port 23 and the
      control chamber 89. The compensation port 25 opens into the control
      chamber 89 which includes secondary fluid at a controlled pressure for use
      in a pressure-controlled portion of the secondary fluid system within the
      skid control apparatus 1. The pressure-controlled secondary fluid is thus
      furnished through pressurecontrolled conduits 91 and 93. When the solenoid
      71 is not energized, the solenoid valve slider 77 is effective to block
      the control chamber 89 from the return port 27. When the solenoid 71 is
      energized, the solenoid valve slider 77 moves downwardly to a position as
      shown in FIG. 3. In that position, the solenoid pressure orifice 79 is
      closed thereby isolating the control chamber 89 from the upper portion of
      the control cavity 81 and thus from the source of secondary fluid
      pressure. Also, the solenoid valve return pressure orifice 95 is opened
      thereby providing the fluid path between the control chamber 89 and the
      return port 27 which leads to the low pressure return reservoir 31. The
      solenoid valve slider 77 is biased into an upward position as shown in
      FIG. 2 by a biasing spring 97. The return port 27 is connected through a
      low pressure cavity 98, which includes biasing spring 97, to a conduit 99
      leading to a pump failure valve.
PAR  The conduit 91 from the control chamber 89 is connected to a blockout
      cavity 101. The blockout cavity 101 includes therein a driver blockout
      piston 103. The driver blockout piston 103 is coupled to the pin member 67
      included within the primary housing 37. The channel which holds the pin 67
      also includes a sealing element 105 and a retainer 107. Another sealing
      element 109 is connected to a driver blockout piston retainer 111 to
      provide a seal against the driver blockout piston 103.
PAR  The sealing elements 105 and 109 are on primary and secondary sides of an
      air space at the top of the blockout cavity. That air space may be
      connected to a drainage channel, similar to the drainage channel 69, to
      vent any leakage which may be in the volume between the seals 105 and 109.
      The blockout pistons 103 is biased in its upward position as shown in FIG.
      2 by means of the biasing spring 113. The blockout piston 103 divides the
      blockout cavity 101 into a source pressure portion which is connected to
      the conduit 85, and a controlled pressure portion which is connected to
      conduits 91 and 93. The source pressure portion of the blockout cavity
      will always receive secondary fluid at the source pressure through conduit
      85 regardless of whether the solenoid 71 is energized or de-energized. On
      the other hand, the controlled pressure portion of the blockout cavity 101
      will receive secondary fluid at either the source pressure or the
      controlled pressure through the conduit 91, depending upon whether the
      solenoid 71 is de-energized or energized, respectively. Typically, when
      the solenoid 71 is not energized and there is no skid condition detected,
      the fluid in both conduits 85 and 91 are at the secondary source pressure
      and the biasing spring 113 biases the blockout piston 103 upwardly thereby
      forcing the pin member 67 to unseat the ball valve 63 and allow an open
      passage from the primary fluid input port 3 through conduits 59 and 61,
      and through the upper portion of the changeover cavity 41 and the port 12
      to the wheel cylinders of the vehicle.
PAR  The conduits 93, 99 and 87 are all connected to various portions of a
      secondary pump failure cavity 115. The pump failure cavity 115 includes a
      pump failure sleeve 117 and a pump failure piston 118. A pin member 121
      connects the pump failure piston 118 to a ball valve 119. A sealing
      element 123 provides a seal between the pump failure sleeve 117 and the
      pump failure piston 118. The upper portion of the pump failure sleeve 117
      holds an open retaining washer 125, allowing liquid passage from the upper
      portion of the pump failure cavity 115 to the lower or secondary portion
      of the changeover cavity 41 below the second movable piston member 45. A
      biasing spring 127 is connected between the retaining washer 125 and the
      ball valve 119 thereby biasing the ball valve 119 against the pin member
      121. Another biasing spring 129 is effective to bias the pump failure
      piston 118 in a downward direction with respect to the pump failure sleeve
      117, thereby closing the passage from the upper portion of the pump
      failure cavity 115 to the lower or secondary portion of the changeover
      cavity 41. The conduit 99 is connected to a return pressure portion 131 of
      the pump failure cavity 115 which is defined by the pump failure piston
      118 and the pump failure sleeve 117.
PAR  Typically, when the secondary fluid source pressure is above a
      predetermined value, the secondary fluid entering the pump failure cavity
      115 through the conduit 87 will effect an upward force on the lower part
      of the pump failure piston 118 thereby overcoming the force of the bias
      spring 129 and forcing the ball valve 119 to an open position as shown in
      FIG. 2. However, should the secondary fluid source pressure drop below a
      predetermined value, the upward force exerted on the pump failure piston
      118 will be insufficient to overcome the downward force of the biasing
      spring 129, and the ball valve 119 will close. With the ball valve 119
      closed, the secondary fluid is precluded from flowing into the secondary
      portion of the changeover cavity 41 and the secondary fluid system can not
      affect the pressure of the primary fluid applied to the wheel cylinders in
      response to the vehicle operator engaging the brake pedal.
PAR  FIG. 3 shows the position of the hereinbefore described elements of the
      skid control apparatus 1 during a skid condition.
PAC  OPERATION
PAR  In operation, when the secondary fluid pump 29 is not operational, for
      example when the vehicle containing the skid control apparatus is not
      running, no substantial secondary source pressure is introduced into the
      secondary fluid system. In that situation, since there is no skid
      condition signal applied to the solenoid 71, the solenoid valve slider 77
      is in the position shown in FIG. 2. With the secondary fluid pump
      inoperative, there is no substantial secondary fluid pressure in the
      conduits 85 and 87. Therefore, the source fluid pressure applied to the
      upper portion of the blockout valve 103 through the conduit 85 is
      insufficient to overcome the force applied to the blockout piston 103 from
      the biasing spring 113. Consequently, the blockout valve 103 will remain
      in its upper position as shown in FIG. 2 unseating the ball valve 63 and
      allowing a free flow of primary fluid from the master cylinder through
      port 3 and conduits 59 and 61 to the upper portion of the changeover
      cavity 41 and through the port 12 to the wheel cylinders. The secondary
      source pressure applied to the lower portion of the pump failure piston
      118 will similarly be insufficient to overcome the force exerted on the
      pump failure piston 118 by the biasing spring 129 and the pump failure
      piston 118 will be in its lower position in which the ball valve 119 is
      sealed against the pump failure valve sleeve 117. Thus, secondary fluid in
      the lower portion of the changeover cavity 41 will be trapped therein. The
      trapped secondary fluid in the lower changeover cavity 41 will hold the
      first and second movable piston members 43 and 45 in the positions shown
      in FIG. 2 causing the actuating means 57 to unseat the ball valve 53
      allowing another path for the primary fluid from the master cylinder to
      flow through the upper portion of the changeover cavity 41 to the wheel
      cylinders. Thus, when the secondary fluid pump is not operational, the
      secondary system of the skid control apparatus 1 will not impede the
      operation of the master cylinder braking system which will function in a
      normal manner allowing an operator to selectively brake the vehicle.
PAR  When the secondary fluid pump is operational, as when the vehicle is
      running, but if the secondary fluid pump 29 does not provide sufficient
      pressure to effect the proper operation of the secondary system, the
      downward force exerted by the biasing spring 129 on the secondary pump
      failure piston 118 will overcome the pressure applied to the lower portion
      of the secondary pump failure 118 and the ball valve 119 will close off
      the flow of secondary fluid to the lower portion of the changeover cavity
      41. With the ball valve 119 closed, the secondary fluid system is unable
      to affect the pressure applied to the wheel cylinders through the primary
      fluid system as determined by the output pressure of the master cylinder
      5. Thus, the pump failure valve is operable to shut off the secondary
      fluid system from affecting the operation of the primary fluid system when
      the source pressure of the secondary fluid pump 29 is below a
      predetermined value. With insufficient secondary fluid source pressure,
      the biasing spring 113 holds the driver blockout piston 103 in its upward
      position thereby providing a fluid path from the master cylinder through
      the input port 3 and the conduit 61 to the wheel cylinders through the
      port 12.
PAR  When sufficient secondary fluid source pressure is being furnished by the
      secondary fluid pump 29, and no skid condition has been detected, the
      solenoid valve slider 77 is in the position shown in FIG. 2 providing a
      fluid path between the secondary source input port 23 and the control
      chamber 89 of the control cavity. Therefore, the fluid pressure of the
      secondary fluid in the conduits 91 and 85 are substantially the same. The
      effect of the fluid passing through the conduits 85 and 91 to the drive
      blockout cavity 101 on the driver blockout piston 103 is to maintain the
      blockout piston 103 in its upward position thus unseating the ball valve
      63 and providing a fluid path from the master cylinder to the wheel
      cylinders. Since the secondary fluid pump 29 is providing sufficient
      pressure above the predetermined value, the secondary fluid flowing
      through the conduit 87 to the pump failure cavity 115 exerts a pressure on
      the lower side of the pump failure piston 118 sufficient to overcome the
      force provided by the biasing spring 129 and the pump failure piston 118
      is forced upwardly. The ball valve 119 becomes unseated thus providing a
      fluid path for the controlled secondary fluid in the control chamber 89
      through conduits 91 and 93 and through the open retaining washer 125 to
      the lower portion of the changeover cavity 41. In that situation, the
      pressure developed in the lower portion of the changeover cavity 41 is
      sufficient to hold the second movable piston member 45 in its upward
      position thus maintaining the first movable piston member 43 in its upward
      position. The first movable piston member 43 thereby unseats the ball
      valve 53 through the actuating pin 57 providing another fluid path from
      the master cylinder to the wheel cylinders. In that situation and until a
      skid condition is detected, normal braking action continues and the
      braking force applied to the wheel cylinders is determined solely by the
      pressure developed in the master cylinder by the vehicle operator. Should
      the secondary fluid pump 29 fail in this situation for any reason, the
      ball valve 19 will close trapping the fluid in the lower portion of the
      changeover cavity 41 as hereinbefore explained and that pump failure
      operation will not affect the normal operation of the master cylinder
      braking system.
PAR  When the wheel sensor 19 provides a signal indicative of a skid condition,
      the skid detector circuit 21 will generate a signal to energize the
      solenoid 71. When the solenoid 71 is energized, the solenoid valve slider
      77 is forced downwardly, closing off the control chamber 89 from the
      secondary fluid source input port 23 and opening a passage from the
      control chamber 89 to the return port 27 as shown in FIG. 3. That
      operation does not affect the pressure of the secondary fluid in conduits
      85 and 87 since those conduits are directly connected to the secondary
      source input port 23 around the solenoid valve sleeve 73. Therefore, the
      downward force exerted on the upper portion of the driver blockout piston
      103 and the upward force exerted on the pump failure piston 118 will
      remain the same as it was before the solenoid 71 was actuated. However,
      since the source has been cut off from the control chamber 89 and the
      return has been connected thereto, the fluid pressure of the secondary
      fluid in conduits 91 and 93 will substantially decrease. The pressure
      differential acting on the upper and lower portions of the driver blockout
      piston 103 is effective to drive the blockout piston 103 downwardly and
      the ball valve 63 closes against the primary housing to block out one of
      the paths from the master cylinder to the wheel cylinders through conduit
      59. Since the upward pressure acting on the pump failure piston 118
      remains the same, the ball valve 119 remains open allowing the low
      pressure secondary fluid to flow from the control chamber 89 through
      conduits 91 and 93 to the lower portion of the changeover cavity 41.
      However, the secondary fluid entering the lower portion of the changeover
      cavity 41 is of a decreased pressure since the pressurized secondary fluid
      from the pump 29 through the port 23 has been cut off. Accordingly, the
      upward force exerted by the secondary fluid in the lower portion ot the
      changeover cavity 41 will decrease and the first and second movable piston
      members 43 and 45 will slide downwardly as shown in FIG. 3. With the
      movable piston members 43 and 45 not in their uppermost position, the
      actuating pin 57 will disengage the ball valve 53 and the ball valve 53
      will be allowed to close against the primary housing 37 thereby blocking
      off the remaining passage from the master cylinder to the wheel cylinder.
      Therefore, with both ball valves 63 and 53 closed, the vehicle operator
      is, in effect, shut out of the system and the pressure of the primary
      fluid applied to the wheel cylinders through the port 12 is controlled by
      the volume of the upper portion of the changeover cavity 41. That volume
      is in turn controlled by the secondary fluid pressure exerted upon the
      second movable piston member 45. As the first and second movable piston
      members 43 and 45 slide downwardly, the volume of the upper portion of the
      changeover cavity 41 is increased thereby decreasing the pressure of the
      primary fluid applied to the wheel cylinders. That effect is the same as
      would be caused by a vehicle operator releasing his foot pressure against
      the brake pedal 11 and thus the automatic pumping action is initiated. The
      effect obtained through the operation of the anti-skid control apparatus 1
      is to relieve the pressure applied to the brakes before the wheels become
      locked and the vehicle skids out of control.
PAR  At some point during the downward movement of the first and second movable
      piston members 43 and 45 the pressure applied to the wheel cylinders will
      have been sufficiently relieved to allow the speed or velocity of the
      wheels to approach a predetermined deviation from the velocity of the
      wheels before the operator engaged the brake pedal 11. At that point, the
      solenoid 71 will be de-energized and the solenoid valve slider 77 will
      move to its upward position connecting the port 23 to the control chamber
      89 and blocking the connecting from the return port 27 to the control
      chamber 89. The controlled secondary fluid pressure will then begin to
      increase and the secondary fluid at that increased pressure flowing
      through the conduits 91 and 93 to the lower portion of the changeover
      cavity 41 will cause the first and second movable piston members 43 and 45
      to again move upwardly. The upward movement of the first and second
      movable piston members 43 and 45 will decrease the volume of the upper
      portion of the changeover cavity 41 and thereby increase the pressure of
      the primary fluid applied to the wheel cylinders. The wheel cylinders will
      then realize an increased pressure applied thereto in the same manner as
      would result from the vehicle operator engaging the brake pedal after
      having released it in a pumping action.
PAR  If, during the upward movement of the first and second movable begin
      members 43 and 45, and the corresponding increase in primary fluid
      pressure applied to the wheel cylinders, the sensor 19 detects a decrease
      in velocity of the wheels beyond a predetermined deviation from a
      previously sensed wheel velocity, an energization signal would again be
      generated by the master cylinder circuit 5 to energize the solenoid 71. If
      that occurs before the first movable piston member 43 has traveled to its
      uppermost position unseating the ball valve 53, the ball valve 53 and the
      ball valve 63 will remain closed thereby continuing to block the driver
      out of the system. After energization of the solenoid 71, the first and
      second movable piston members 43 and 45 will again begint to slide
      downwardly and release the pressure applied to the wheel cylinders as
      hereinbefore explained.
PAR  If, during an upward movement of the movable piston members 43 and 45, the
      decrease in velocity of the wheels does not exceed the predetermined
      deviation from a previously sensed wheel velocity, no solenoid
      energization signal will be generated. In that event, the first and second
      movable piston members 43 and 45 will continue their upward movement until
      the ball valve 53 is unseated opening a primary fluid passage from the
      master cylinder to the wheel cylinders through the upper portion of the
      changeover cavity 41. In that event, the vehicle operator again resumes
      direct pressure control of the primary fluid pressure applied to the wheel
      cylinders. When the pressure in the lower portion of the drive blockout
      cavity 101 exceeds a predetermined level, the driver blockout piston 103
      will move upwardly to unseat the ball valve 63 opening the other passage
      for the primary fluid from the master cylinder to the wheel cylinder.
      Normal operation of the braking system will then resume until another
      potential skid condition is sensed and the automatic skid control
      operation is once again initiated.
PAR  As hereinbefore noted, one feature of the present invention is that it
      allows the operator back into the system in the event that more pressure
      should be called for at the wheel cylinders. For example, if a vehicle
      operator is traveling on a patch of ice and desires to stop the vehicle as
      quickly as possible, the operator, realizing he is on ice, will engage the
      brake pedal only moderately in order to avoid locking the wheels and
      thereby causing the vehicle to skid. The skid control apparatus 1 would
      become operative to initiate the pumping action as hereinbefore explained.
      It should be noted that prior art devices have been provided which
      effectively block out the driver during the automatic operation of the
      skid control valve. Therefore, with most prior art devices, if the vehicle
      should pass over the patch of ice and come upon dry concrete for example,
      the operator would be unable to exert a greater braking force than that
      which he had applied while on the patch of ice since he would be blocked
      out of the system. However, in the exemplary embodiment of the present
      invention, when the wheels come upon the dry pavement they will rotate
      more freely and their velocity will increase to within the predetermined
      deviation from the wheel velocity before the brakes were applied and no
      potential skid condition will be detected. Therefore, the solenoid 71 will
      de-energize and the first and second movable piston members 43 and 45 will
      travel to their extreme upward position in the changeover cavity 41
      causing the actuating pin 57 to open the ball valve 53, as hereinbefore
      explained. When the ball valve 53 opens, a fluid path from the master
      cylinder to the wheel cylinder is again provided and the vehicle operator
      may then increase the pressure of the primary fluid applied to the wheel
      cylinders thereby taking advantage of the increased frictional resistance
      of the surface underlying the wheels to brake the vehicle as quickly as
      possible without precipitating an uncontrollable skid.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A valve apparatus comprising:
PA1  primary input channel means arranged for connection to a primary fluid
      source;
PA1  means defining a changeover cavity, said primary input channel means being
      connected to a first end of said changeover cavity;
PA1  primary output channel means connected to said first end of said changeover
      cavity, said primary output channel means being arranged for connection to
      a utilization device;
PA1  secondary input channel means arranged for connection to a secondary fluid
      source;
PA1  connecting channel means for connecting said secondary input channel means
      with a second end of said changeover cavity;
PA1  control means between said secondary fluid source and said second end of
      said changeover cavity, said control means being selectively operable to
      vary the effective pressure of said secondary fluid within said connecting
      channel means between said control means and said second end of said
      changeover cavity thereby providing pressure-controlled secondary fluid to
      said second end of said changeover cavity;
PA1  a first movable piston member in said changeover cavity; and
PA1  a second movable piston member in said changeover cavity separate from said
      first movable piston member, said first movable piston member being
      movable in response to the pressure exerted thereon by the primary fluid
      and said second movable piston member, said second movable piston member
      being movable in response to the pressure exerted thereon by the secondary
      fluid and said first movable piston member, each of said first and second
      movable piston members being in fluid contact with only one of said
      primary and secondary fluids.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 and further including sealing means
      for sealing said second movable piston member from said primary fluid and
      said first movable piston member from said secondary fluid.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 wherein said sealing means includes
      a first sealing element on said first movable piston member for sealing
      said primary fluid from said second movable piston member, and a second
      sealing element on said second movable piston member for sealing said
      secondary fluid from said first movable piston member.
NUM  4.
PAR  4. An apparatus as set forth in claim 1 wherein said primary input channel
      means includes a primary valve means and primary valve biasing means for
      biasing said primary valve means closed thereby preventing fluid flow
      between the primary fluid source and said first end of said changeover
      cavity, said apparatus further including actuating means between said
      primary valve means and said first movable piston member, said actuating
      means being operated by said first piston member to open said primary
      valve means when said first piston member approaches said first end of
      said changeover cavity.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 wherein said primary valve means
      comprises a ball valve and said actuating means comprises a pin member.
NUM  6.
PAR  6. The apparatus as set forth in claim 5 wherein said pin member is an
      integral part of said first movable piston member.
NUM  7.
PAR  7. An apparatus as set forth in claim 1 wherein said connecting channel
      means includes means defining a pressure failure cavity, a first end of
      said pressure failure cavity being connected to said second end of said
      changeover cavity, said apparatus further including source channel means
      connecting said secondary fluid source with a second end of said pressure
      failure cavity, said apparatus further including:
PA1  a failure valve means between said first and second end of said pressure
      failure cavity;
PA1  failure valve biasing means for biasing said failure valve means closed
      thereby preventing said pressure-controlled secondary fluid flow from said
      connecting channel means to said second end of said changeover cavity,
      said failure valve means being responsive to the pressure of said
      secondary fluid at said second end of said pressure failure cavity for
      overcoming said failure valve biasing means when the pressure of the
      secondary fluid at said secondary fluid source exceeds a predetermined
      value, said failure valve means being thereby opened to allow said
      pressure controlled secondary fluid into said second end of said
      changeover cavity.
NUM  8.
PAR  8. The apparatus as set forth in claim 4 and including a second primary
      input channel means arranged for connecting the primary fluid source to
      said first end of said changeover cavity, said second primary input
      channel means including a movable blockout valve member therein, said
      connecting channel means including means defining a blockout cavity
      between said control means and said second end of said changeover cavity,
      said apparatus further including:
PA1  a movable blockout piston member within said blockout cavity separating
      first and second portions of said blockout cavity, said connecting channel
      means having a fluid path through said second portion of said blockout
      cavity;
PA1  channel means arranged for connecting the secondary fluid source to said
      first portion of said blockout cavity;
PA1  coupling means for coupling said movable blockout piston member to said
      movable blockout valve member; and
PA1  biasing means for biasing said blockout valve member to allow primary fluid
      flow through said second primary input channel means, said movable
      blockout piston member being responsive to a predetermined difference in
      pressure between said secondary fluid source pressure and said
      pressure-controlled secondary fluid pressure for closing said blockout
      valve member thereby preventing said primary fluid from flowing from said
      primary fluid source through said second primary input channel means.
NUM  9.
PAR  9. The apparatus as set forth in claim 8 wherein said coupling means
      includes a movable pin member mechanically coupling said movable blockout
      piston member with said movable blockout valve member.
NUM  10.
PAR  10. The apparatus as set forth in claim 9 and further including first
      sealing element within said parallel primary input channel means for
      sealing said primary fluid from said blockout cavity, and second sealing
      element within said blockout cavity for sealing said secondary fluid from
      said parallel primary input channel means.
NUM  11.
PAR  11. The apparatus as set forth in claim 7 wherein said control means
      includes means defining a control cavity having openings to said
      connecting channel means, said secondary input channel means and a low
      pressure return channel arranged for connection to a low pressure return
      reservoir, said apparatus further including:
PA1  a control valve within said control cavity;
PA1  a control valve biasing means for biasing said control valve in a first
      position blocking said low pressure return channel opening and providing a
      fluid path between said secondary input channel means and said connecting
      channel means; and
PA1  signal responsive means coupled to said control valve, said signal
      responsive means being responsive to an electrical signal for moving said
      control valve to a second position blocking said secondary input channel
      opening and providing a fluid path between said low pressure return
      channel opening and said connecting channel means.
NUM  12.
PAR  12. The apparatus as set forth in claim 8 wherein said control means
      includes means defining a control cavity having openings to said
      connecting channel means and a low pressure return channel arranged for
      connection to a low pressure return reservoir, said apparatus further
      including:
PA1  a control valve within said control cavity;
PA1  a control valve biasing means for biasing said control valve in a first
      position blocking said low pressure return channel opening and providing a
      fluid path between said secondary input channel means and said connecting
      channel means; and
PA1  signal responsive means coupled to said control valve, said signal
      responsive means being responsive to an electrical signal for moving said
      control valve to a second position blocking said secondary input channel
      opening and providing a fluid path between said low pressure return
      channel opening and said connecting channel means.
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ABST
PAL  A brake application valve is used to connect supply tanks to the front and
      rear brakes of a vehicle. The valve has a pair of shuttle members which
      normally close communication between the inlets and the outlets and open
      communication between the outlets and exhaust. There are two pistons,
      movement of which is effective to cause the shuttle members to open
      communication between the inlets and outlets and close communication to
      exhaust. One of the pistons (second piston) has inner and outer portions,
      with the inner portion being provided with a mechanical connection to the
      first piston such that movement of the first piston can cause movement of
      the second piston inner portion. The outer portion of the second piston is
      exposed to pressure at one outlet to cause movement of the second piston
      in response to air pressure at the first outlet. The opposite side of the
      second piston, both the inner and outer portions, is exposed to pressure
      at the second outlet such that the relationship between the exposed areas
      determines the relationship between the applied pressures at the first and
      second outlets.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a dual foot application valve for use in
      the air brake system of a tractor-trailer and has particular application
      to a means for providing differential pressure to two different brake
      systems in the vehicle.
PAR  A primary purpose of the invention is an application valve of the type
      described in which the ratio between the exposed surfaces of one piston
      determines the ratio of applied pressures at two valve outlets.
PAR  Another purpose is a brake application valve of the type described in which
      there are a pair of pistons, one for each air system, and a mechanical
      connection between the pistons.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a diagrammatic illustration of a portion of a vehicle air brake
      system,
PAR  FIG. 2 is a section through a brake application valve of the type disclosed
      herein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a pair of brake cylinders are indicated at 10 and 12 and are
      connected by a relay valve 14 to one side of a brake application valve 16
      through a line 18. Tank No. 1, indicated at 20, is connected by a line 22
      to the opposite side of the brake application valve 16. In like manner, a
      pair of brake cylinders 24 and 26 are connected through a relay valve 28
      and a conduit 30 to the brake application valve 16. Tank No. 2, indicated
      at 32, is also connected to the brake application valve 16 through a
      conduit 34. Lines 18 and 30 provide control air signals to operate relay
      valves 14 and 28. The actual operating air pressure for the brakes is
      supplied to the relay valves by lines 19 and 31 connected directly to Tank
      No. 1 and Tank No. 2.
PAR  Tank No. 1, upon operation of the application valve 16 by a conventional
      foot pedal, as indicated at 36, will supply operating air pressure to
      brake cylinders 10 and 12. In like manner, Tank No. 2, upon the same
      operation of the foot pedal 36, will supply operating pressure to brake
      cylinders 24 and 26. The operating air pressure will be controlled by
      relay valves 14 and 28, which receive control air signals from valve 16
      which is supplied with pressure from the tanks.
PAR  When there is a rapid application of brakes, it has been found to be
      necessary to apply greater than normal braking power to the front brakes
      because of the shift in dynamic load. In a normal application of the
      brakes most of the weight of a vehicle of the type using the present air
      brake system will be upon the rear brakes of the tractor, and thus,
      normally the rear brakes provide greater braking power. Conventionally
      smaller brake cylinders have been used for the front brakes. However, due
      to recent Department of Transportation regulations, it is now necessary to
      provide for the greater application of braking power at the front of the
      tractor to compensate for the shift in dynamic loading. Accordingly, the
      present practice is to provide the same size brake cylinders at both the
      front and rear brakes, and restrict the amount of air pressure applied to
      the front brakes, except in those situations where there is a change in
      dynamic loading. The present invention provides, within the brake
      application valve, a means for restricting the application of pressure to
      the front brakes, except for those occasions when there is a shift in
      dynamic loading.
PAR  Valve 16 shown in FIG. 2 includes an outer housing 40 having a first inlet
      42, a second inlet 44, a first outlet 46 and a second outlet 48. An
      exhaust port 50 which opens through the bottom of the outer housing 40 is
      normally in communication with the first and second outlets 46 and 48, as
      shown in the position of FIG. 2, so as to allow air pressure within the
      valve to exhaust.
PAR  An inner wall 52 of housing 40 defines a first chamber 54 and a second
      inner wall 56 defines a second chamber 58. A first shuttle 60 moves within
      the first chamber 54 and is biased by a return spring 62 to its closed
      position of FIG. 2 in which a seal member 64 having inner and outer steel
      rings 66 and 68 is secured to one end of the shuttle and abuts against an
      inner lip portion 70 of the housing. Likewise, a second shuttle 72
      positioned within the second chamber 58 is also urged to the position of
      FIG. 2 by a return spring 74. The second shuttle 72 also has a seal member
      76 containing inner and outer steel rings 78 and 80. The seal members 64
      and 76, which may be interchangeable, are fixed in position at the end of
      their shuttles 60 and 72 by means of their inner steel rings 66 and 78, as
      well as by protrusions 82 and 84 along the inner edge of the bottom of
      each seal member, respectively. Seal member 76 seals against a portion 86
      of the housing when the second shuttle 72 is in its closed position of
      FIG. 2. Shuttles 60 and 72 may mount seal rings 88 and 90, respectively,
      to form seals between the outside surface of the shuttles and inside
      peripheral surfaces of shuttle retainers 92 and 94. The first shuttle
      retainer 92 is held in a fixed position within the housing 40 by a
      retaining ring 96. Likewise, the second shuttle retainer 94 is held in
      position by its retaining ring 98.
PAR  A first piston 100 is spring-biased to its position of FIG. 2 by a return
      spring 102 which bottoms against the turned-in upper end of wall 52. A
      retaining wire 104 prevents outward movement of the piston 100. Positioned
      within a chamber 106 are first and second springs 108 and 110 having
      different spring rates, both springs being retained within the chamber 106
      by a cover 112 which is held in position by a retaining ring 114. The
      outer surface of piston 100 may have upper and lower seal rings 116 and
      118 with an annular groove 120 between them, all for sealing against the
      interior surface of the housing 40. The lower end of piston 100 is
      downwardly and outwardly flared to form a contact surface 122 for sealing
      against the top inner surface of seal member 64 as the piston 100 is moved
      inwardly upon operation of the valve.
PAR  The valve includes a second piston having an outer piston portion 124 and
      an inner piston portion 126. The outer piston portion 124 has an outer
      seal 128 bearing against the inside surface of the housing 40 and an inner
      seal 130 which bears against the outer surface of an annular wall 132
      which is integral with the housing. Thus, the outer piston portion is
      peripherally sealed, both on the inside and outside. A passage 134
      connects the top surface or area of outer piston portion 124 with air
      pressure at outlet port 46. A return spring 136, bottomed against a
      portion of the housing, normally urges outer piston portion 124 to the
      position of FIG. 2.
PAR  The inner piston portion 126 has a seal 138 which bears against a skirt 140
      of the outer piston portion 124. A coil spring 142, bottomed on housing
      portion 86, biases inner piston portion 126 to the position of FIG. 2.
PAR  There is an exhaust passage 144 extending through shuttle retainer 92 so as
      to provide a means of connecting port 46 with exhaust when the valve is in
      the position shown.
PAR  A rod 146 has a head 148 bottomed within a recession 150 in the lower
      surface of first piston 100. Rod 146 may be held in position by a suitable
      screw or fastening means 152 which extends through the center of first
      piston 100. The lower surface 154 of rod 146 is slightly spaced from a
      plug 156 held in position within the inner piston portion 126 by a boss or
      the like 158. Thus, after initial downward movement of the first piston,
      the lower surface 154 of rod 146 may strike plug 156, thus causing
      downward movement of inner piston portion 126.
PAR  Outer piston portion 124 has an annular pressure-responsive surface 160
      which is in communication with port 46 through passage 134. In like
      manner, the underside of the second piston, which comprises inner and
      outer piston portions 126 and 124, has a combined lower surface responsive
      to air pressure at port 48, which lower surface is that area of the inner
      and outer piston portions outside of the point of contact of the inner
      piston portion 126 with seal ring 76. In practice, it has been found to be
      most advantageous to have this lower air pressure responsive surface twice
      the cross sectional area of surface 160. Thus, with this relationship, the
      amount of air pressure applied at port 46 will be twice the pressure
      applied at port 48. In other words, the air pressure applied to rear
      brakes 10 and 12 will be twice the pressure applied to front brakes 24 and
      26 in normal brake application situations.
PAR  In application, and assuming a normal braking situation, the depression of
      plate 112 will cause spring 108 to move the piston 100 in a downward
      direction to close upon seal 64. At such time, shuttle 60 will be moved
      downwardly to open communication between port 42 and port 46. Thus, air
      pressure will be supplied from Tank No. 1 to relay valve 14 and thus to
      brake cylinders 10 and 12. Pressure at port 46 will be applied, through
      passage 134, to pressure-responsive area or surface 160. This will cause
      downward movement of the second piston inner and outer portions which
      causes the second piston to close upon seal 76 and thus move shuttle 60 in
      a downward direction to open communication between port 44 and port 48.
      Since the pressure-responsive areas have the relationship described above,
      and since the pressures at inlet ports 42 and 44 are generally equal, the
      pressure applied at port 48 will be generally half the pressure applied at
      port 46. Thus, the pressure applied to the front brakes will be generally
      half that applied to the rear. This is brought about because the lower
      pressure-responsive area on the combined inner and outer portions of the
      second piston is generally twice that of the surface 160 which is
      responsive to air pressure at port 46.
PAR  At such time as there is a heavy brake application, plate 112 will provide
      sufficient downward force to compress both springs 108 and 110. Shuttle 60
      will then bottom on shuttle retainer 92 to completely open communication
      between ports 42 and 46. Similarly, shuttle 72 will bottom on shuttle
      retainer 94 completely opening communication between ports 44 and 48 and
      thus applying full pressure to the front brakes. Under normal braking
      conditions, the pressure applied is modulated by the force applied by
      plate 112 and spring 108. In heavy brake situations, full braking power is
      applied to both front and rear brakes.
PAR  Rod 146 is effective to cause operation of the second piston inner portion,
      even if there is no pressure available at port 42 to operate the rear
      brakes. Thus, upon downward pressure of plate 112, rod 146 will move
      downwardly, contact plug 156, which will cause the inner piston portion
      126 to move downwardly and, as described above, cause the application of
      pressure from port 44 to port 48 to operate the front brakes. Thus, even
      though one of the two air brake systems may be inoperative due to a lack
      of pressure in the tank, the other system can operate.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A brake application valve including a housing having a first inlet and a
      first outlet, a second inlet and a second outlet and an exhaust outlet, a
      first shuttle in said housing normally closing communication between said
      first inlet and outlet, a second shuttle in said housing normally closing
      communication between said second inlet and outlet, said shuttles normally
      maintaining communication between said outlets and said exhaust outlet,
PA1  a first piston in said housing yieldingly urged away from said first
      shuttle, a second piston in said housing yieldingly urged away from said
      second shuttle, said second piston having inner and outer concentric
      portions, mechanical means carried by said first piston and positioned to
      cause said second piston inner portion to follow inward movement of said
      first piston, inward movement of both pistons moving said first and second
      shuttles to open communication between said inlets and outlets and close
      communication to said exhaust outlet,
PA1  said second piston inner portion being mounted in sliding engagement with
      said second piston outer portion and having a surface exposed to fluid
      pressure appearing at said exhaust outlet, said second piston outer
      portion having a circumferential surface exposed to fluid pressure at said
      first outlet to cause movement of said second piston in response to fluid
      pressure supplied to said first outlet, said second piston inner and outer
      portions having surfaces exposed to fluid pressure at said second outlet
      whereby the ratio between the exposed surfaces of said second piston inner
      and outer portions determine the relationship between pressures applied at
      said outlets.
NUM  2.
PAR  2. The structure of claim 1 further characterized in that said second
      piston outer portion has inner and outer seals in sealing relationship
      with spaced portions of the housing.
NUM  3.
PAR  3. The structure of claim 2 further characterized by and including a seal
      between the outside of the second piston inner portion and the inside of
      the second piston outer portion.
NUM  4.
PAR  4. The structure of claim 3 further characterized by and including separate
      concentrically arranged springs for said second piston inner and outer
      portions.
NUM  5.
PAR  5. The structure of claim 1 further characterized in that the surface of
      said second piston outer portion exposed to fluid pressure at said first
      outlet is generally one-half the area of said second piston inner and
      outer portion surfaces exposed to pressure at said second outlet.
NUM  6.
PAR  6. The structure of claim 1 further characterized by and including a
      housing inner wall defining an annular chamber, the outer surface of which
      is formed by said housing, the inner surface being formed by said wall,
      said second piston outer portion being movable in said chamber.
NUM  7.
PAR  7. The structure of claim 6 further characterized by and including inner
      and outer seals carried by said second piston outer portion and bearing
      against said housing and said housing wall.
NUM  8.
PAR  8. The structure of claim 7 further including a concentric skirt extending
      from said second piston outer portion, said second piston inner portion
      being confined by said skirt and carrying a seal which is in sealing
      engagement with said skirt.
NUM  9.
PAR  9. The structure of claim 1 further characterized in that said mechanical
      means includes a rod concentrically arranged within said housing, seated
      against said first piston and positioned to bear against said second
      piston inner portion.
NUM  10.
PAR  10. The valve of claim 1 further including a coil spring biasing said
      second piston outer portion away from said exhaust outlet.
NUM  11.
PAR  11. The structure of claim 10 further characterized in that the surface of
      said second piston outer portion exposed to fluid pressure at said first
      outlet is generally equal to one-half of the area of said second piston
      inner and outer portion surfaces exposed to fluid pressure at said second
      outlet.
NUM  12.
PAR  12. A brake application valve including a housing having a first inlet and
      a first outlet, a second inlet and a second outlet and an exhaust outlet,
      a first shuttle in said housing normally closing communication between
      said first inlet and outlet, a second shuttle in said housing normally
      closing communication between said second inlet and outlet, said shuttles
      normally maintaining communication between said outlets and said exhaust
      outlet,
PA1  a first piston in said housing yieldingly urged away from said first
      shuttle, a second piston in said housing yieldingly urged away from said
      second shuttle, said second piston having inner and outer concentric
      portions, mechanical means carried by said first piston and positioned to
      cause said second piston inner portion to follow inward movement of said
      first piston, inward movement of both pistons moving said first and second
      shuttles to open communication between said inlets and outlets and close
      communication to said exhaust outlet,
PA1  said second piston outer portion having a circumferential surface exposed
      to fluid pressure at said first outlet to cause movement of said second
      piston in response to fluid pressure supplied to said first outlet, said
      second piston inner and outer portions having surfaces exposed to fluid
      pressure at said second outlet whereby the ratio between the exposed
      surfaces of said second piston inner and outer portions determine the
      relationship between pressures applied at said outlets,
PA1  said valve including a housing inner wall defining an annular chamber, the
      outer surface of which is formed by said housing, the inner surface being
      formed by said wall, said second piston outer portion being movable in
      said chamber and including inner and outer seals bearing against said
      housing and said housing wall and further including a concentric skirt
      extending outwardly, said second piston inner portion being confined by
      said skirt and carrying a seal which is in sealing engagement with said
      skirt.
NUM  13.
PAR  13. A brake application valve including a housing having a first inlet and
      a first outlet, a second inlet and a second outlet and an exhaust outlet,
      a first shuttle in said housing normally closing communication between
      said first inlet and outlet, a second shuttle in said housing normally
      closing communication between said second inlet and outlet, said shuttles
      normally maintaining communication between said outlets and said exhaust
      outlet,
PA1  a first piston in said housing yieldingly urged away from said first
      shuttle, a second piston in said housing yieldingly urged away from said
      second shuttle, said second piston having inner and outer concentric
      portions, mechanical means carried by said first piston and positioned to
      cause said second piston inner portion to follow inward movement of said
      first piston, inward movement of both pistons moving said first and second
      shuttles to open communication between said inlets and outlets and close
      communication to said exhaust outlet,
PA1  said second piston outer portion having a circumferential surface exposed
      to fluid pressure at said first outlet to cause movement of said second
      piston in response to fluid pressure supplied to said first outlet, said
      second piston inner and outer portions having surfaces exposed to fluid
      pressure at said second outlet whereby the ratio between the exposed
      surfaces of said second piston inner and outer portions determine the
      relationship between pressures applied at said outlets,
PA1  said valve further including a coil spring biasing said second piston inner
      portion away from said exhaust outlet and a second coil spring biasing
      said second piston outer portion away from said exhaust outlet.
NUM  14.
PAR  14. The structure of claim 13 further characterized in that the surface of
      said second piston outer portion exposed to fluid pressure at said first
      outlet is generally equal to one-half of the area of said second piston
      inner and outer portion surfaces exposed to fluid pressure at said second
      outlet.
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ABST
PAL  An endless track belt adapted for use on all types of track laying
      vehicles. The track is constructed to have the capability of utilizing
      ground material coherence as a primary means of flotation. In the
      exemplary form, the track is in the form of a grid having longitudinal
      tension elements, transverse elements preferably fabricated from
      elastomeric materials, but not limited thereto. It has the characteristic
      of inherent low mass-to-floatation surface area ratio and to be operable
      at a high velocity. The grid is an open network, minimizing total
      quantitative belt section relative to ground area encompassed. The grid
      has lateral flexiblity allowing for lateral displacement or deviation into
      a curved configuration for steering.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of the invention is that of endless belts or tracks which are
      particularly adapted for use on track laying vehicles, but which are
      adapted to other uses, such as in conveyors and more specially, wherein
      the characteristic of the track being able to deviate laterally for
      turning is needed.
PAC  BACKGROUND OF THE INVENTION
PAR  In the exemplary form of the invention, it is illustrated as utilized in a
      track laying vehicle such as a snowmobile. With respect to the particular
      art of endless tracks or treads, reference is made to U.S. Pat. Nos.
      1,756,770; 2,899,242; 3,508,796; 3,545,822; and 3,715,146. Also, reference
      is made to U.S. Pat. Nos. 1,678,149; 2,732,265; 2,754,157; 3,416,645; and
      3,467,239. With respect more particularly to vehicles, reference is made
      to U.S. Pat. Nos. 758,757; 789,974; 1,069,159; 1,129,637; 2,356,528;
      3,548,962; and 3,565,198.
PAR  The endless track of the invention is wholly unique with respect to the
      prior art in respect of its being a flexible grid of longitudinal tension
      elements and transverse elements. Thus, it is provided with the capability
      of being deviated, deflected, or displaced laterally for purposes of
      turning, that is, moving in an arc. The particular characteristics of the
      endless track belt and its specific objects as set forth hereinafter
      represent qualities and capabilities entirely lacking in the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In the exemplary form as disclosed herein, the invention is a flexible grid
      having longitudinal tension elements and transverse rib-like elements,
      preferably fabricated from elastomeric materials, although it is not
      limited to specific materials. The article is characterized primarily by
      its inherent low mass-to-flotation surface area ratio for operation at
      high track velocity. The elements of the belt are in spacial relation
      providing an open network minimizing the total quantitative belt section
      relative to the ground area encompassed.
PAR  The construction and characteristics of the belt are calculated to realize
      a number of objectives in addition to those already set forth.
PAR  The minimal flexural modulus inherent to the construction of the track
      provides reduced wear and fatigue due to lessened heat generation and
      improved heat transfer to the atmosphere resulting from high track surface
      area-to-mass ratio.
PAR  The relationship of the elements of the track is such as to utilize the
      natural property of ground surface material to cohere under light
      compactive force. Thus, it resists extrusion through the interelement
      openings to any detrimental degree.
PAR  The elements of the track are constructed to serve a variety of secondary
      functional purposes. One of these is that the track is configurated to
      provide sprocket engagement side guides, suspension wheel tracks, slider
      tracks, lateral antiskid traction means, and to provide for the affixing
      of ice grip studs.
PAR  A further object is that the transverse elements are configurated to
      compensate for proportional deflection loads for which they must
      accommodate.
PAR  A further object is to realize reinforcement in the primary longitudinal
      tension elements against tension stresses by way of reinforcing insert
      strands of cord or the like.
PAR  A further object is to realize reinforcement against deflectional stresses
      in the drive axis by the insertion of metallic bands in flat position
      relative to the track axis. These bands are flexible in a flat axis to
      eliminate significant resistance to ground surface compliance while
      restraining deflection in the drive axis.
PAR  Lateral deflectibility of the primary belt is an inherent property of the
      invention. A primary object is the realization of this characteristic or
      capability.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and additional advantages of the invention will become
      apparent from the following detailed description and annexed drawings,
      wherein:
PAR  FIG. 1 is a schematic elevational view of a snowmobile equipped with the
      endless track of the invention;
PAR  FIG. 2 is a rear view of the vehicle of FIG. 1;
PAR  FIG. 2A is a rear view of a modified vehicle having a single belt;
PAR  FIG. 3 is a partially enlarged schematic view illustrating the steering
      mechanism of the vehicle of FIGS. 1 and 2;
PAR  FIG. 4 is a plan view illustrating lateral deviation or displacement of
      certain members of the vehicle for purposes of steering;
PAR  FIG. 5 is a plan view of the ground surface side (exterior) view of a
      section of track;
PAR  FIG. 6 is a plan view of the suspension side (interior) view of the endless
      track;
PAR  FIG. 7 is a sectional view taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 6;
PAR  FIG. 9 is a enlarged detail view of a section of the track of FIG. 5;
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 9;
PAR  FIG. 12 is an enlarged, detail view of a section of modified form of track;
PAR  FIG. 13 is a sectional view showing a modified track construction;
PAR  FIG. 14 is a view of the track in laterally deviated or displaced
      configuration.
PAR  FIG. 15 is an enlarged detail view illustrating the distortion of grid
      elements during deflection; and
PAR  FIG. 16 is a detail view illustrating the transverse grid elements having
      their sectional center lines outside the pitch circle of the track belt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As previously pointed out, the endless track of the invention has
      particular characteristics adapting it for various types of utilization
      and in various environments, one of which is utilization in a track laying
      vehicle, such as a snowmobile. It could be utilized as a conveyor belt. It
      can be used in other all-terrain vehicles, such as golf carts, etc. It is
      especially suitable for applications utilizing its inherent low
      mass-to-floation surface area ratio for operation at high track velocity.
      The track has the characteristic of minimal flexural modulus inherent in
      it providing for reduced wear and fatigue due to lessened heat generation
      and improved heat transfer to the atmosphere resulting from high track
      surface area-to-mass ratio.
PAR  FIGS. 1, 2 and 3 show schematically a small track-laying vehicle which is
      specifically shown as a snowmobile. The vehicle shown in merely exemplary
      of types of vehicles that the track of the invention can be used with. For
      example, the vehicle might be that of U.S. Pat. No. 1,756,720 of Venzlaff.
      The vehicle as shown has an outer body shell 10 which may have a
      configuration as shown including a seat back 11 and a wind shield or
      screen 12. Numeral 16 designates a steering handle on stem 17 which will
      be referred to again presently. Numeral 20 designates the prime mover
      which may be a type of gasoline engine. Numeral 21 designates a gasoline
      tank, and numeral 22 designates a storage battery. Numeral 26 designates a
      transmission or coupling device coupled between prime mover 20 and a
      variable ratio device or transmission 30. Numeral 32 designates a driving
      connection which may be a belt or sprocket chain providing for drive from
      the transmission to an axle or drive assembly.
PAR  The endless track or drive belts are designated at 36 and 36'. More than
      one track may be provided. Belt or track 36 has longitudinal tension
      members and transverse track belt ribs as will be described in connection
      with FIGS. 5-13. The belt also has apertures or openings as will be
      described, providing sprocket tooth engagement means.
PAR  FIG. 2A shows a similar vehicle having only a single belt 36a. Two or more
      belts may be used.
PAR  Numeral 50 deisgnates a primary chassis having side frame members having a
      configuration as designated at 51, supporting longitudinal members, one of
      which is designated at 52. Longitudinal member 52 includes offset parts 54
      and 55. These members form the suspension and track guide assembly 53.
      Numeral 56 designates one of several drive sprockets on a common drive
      shaft. Numeral 58 designates one of several track tension idler wheels on
      a common shaft. Idler 58 is biased by coil spring 59. Idlers 58 are
      carried at the forward end of the suspension and track guide assembly 53,
      which is resiliently spaced from chassis 50 by way of coil springs shown
      at 64. The suspension assembly or frame 53 is pivotally supported at the
      rear end on pivots or journals as shown at 66 carried by members as
      designated at 51.
PAR  As will be described presently, the endless track (or track belts) of the
      invention has the characteristic of lateral flexibility, that is,
      resiliency by reason of its grid construction being formed of longitudinal
      tension elements and transverse riblike elements as will be described. The
      vehicle is provided with displaceable, that is, steerable trucks which
      carry the endless belt and which displace it laterally.
PAR  Numerals 70 and 72 designate front and rear displaceable guide trucks
      laterally algined as shown in FIG. 4. Each truck is formed as a U-shaped
      frame, truck 70 having wheels 71 and 73, and truck 72 having wheels 75 and
      77 carried on horizontal pivot shafts. Truck 70 is mounted to swivel with
      respect to castor pivot 78 carried by frame 53, and truck 72 is mounted to
      swivel with respect to castor pivot 74 carried by frame 53. Truck 70 has a
      main part 63 and a front part 65. Part 63 is pivoted or journalled on the
      axle of wheel 71. Truck 72 is of similar construction, having a forward
      part pivoted on the axle of wheel 77.
PAR  Numeral 80 designates an intermediate truck having wheels 81 and 82 carried
      on horizontal pivot shafts. The intermediate trucks are attached to
      transverse deflection beam member 83 which is in turn attached to fore and
      aft control beam member 84. The forward and rear trucks 70 and 72 are
      supported from frame 53 by truck support springs 85 and 86. Numerals 79
      and 79' designate parallel guide links pivotally attached to member 83 and
      to frame 53 to laterally guide beam 83.
PAR  Fore and aft member 84 has a slot 87 in it which is engaged by pin 88 which
      is at the end of an arm 89 which extends from steering post 17. In
      operation, steering stem 17 may be rotated angularly by steering arm 16.
      By reason of the engagement of pin 88 in slot 87, the members 83 and 84
      can be moved laterally to thereby deviate, deflect, or displace guide
      trucks 80. Forward trucks 70 are connected by tie rods 90, and rear trucks
      72 are connected by tie rods 91. Tie rods 90 and 91 are connected to front
      and rear ends of member 84. Thus, the guide trucks can be deviated
      laterally into arcuate formations to one side or the other as illustrated
      in FIG. 4 for purposes of steering. The flexible tracks 36 and 36' are
      laterally flexible as described and conforms to the displacement into the
      arcuate configuration so that the vehicle is readily and accurately
      steered. FIG. 4 illustrates schematically the lateral deviation or
      displacement of tracks 36 and 36'.
PAC  The Endless Track
PAR  The endless track itself is disclosed in FIGS. 5 through 13. FIGS. 5 and 6
      are plan views of a section of preferred form of track. FIG. 7 is a cross
      sectional view of the track. FIG. 9 is an enlarged detail view, and FIGS.
      10 and 11 are cross sections of FIG. 9.
PAR  The track belt consists entirely of longitudinal tension elements 100
      interconnected with and by a plurality of the transverse riblike elements
      102, there being longitudinal elements 103 of smaller dimension and
      transverse riblike elements 104 of smaller dimension. The elements are
      arranged so as to provide an open network or grid which minimizes the
      total quantitative belt section relative to the ground area encompassed or
      engaged. A special relationship or gridwork is intended to and calculated
      to utilize the natural property of ground surface material to cohere under
      light, compactive force and thus resist extrusion through the interelement
      openings to any detrimental degree.
PAR  Preferably, the track of the invention is fabricated from elastomeric
      materials and may be fabricated by different manufacturing processes, such
      as plastic injection molding. It may in fact be fabricated in sections
      joined at the ends or it may be fabricated in a single piece. The
      longitudinal and transverse elements primarily have a supportive function;
      but in the preferred form of the invention, they may have variable
      configurations so as to serve secondary functional purposes.
PAR  The longitudinal tension elements may vary in sectional configuration to
      secondarily serve as sprocket side guides, as suspension wheel track,
      slider tracks, and lateral antiskid traction means 112 as shown in FIG. 9.
      Additionally, the longitudinal tension elements may have means to affix
      ice grip studs 114 as illustrated in FIG. 9. Variations in construction to
      serve these additional functions are illustrated in the modified forms
      shown in cross section in FIGS. 8 and 13 which will be referred to again
      presently.
PAR  The transverse elements may also vary in sectional configuration to
      secondarily serve the function purpose as sprocket engagement facings,
      guide track truss or gusset means, and tractive grip means as will be
      described. Furthermore, the transverse elements may vary in sectional size
      along their axis line (taper) to provide means to compensate for
      proportional deflection loads for which the track must accommodate.
PAR  As pointed out, both longitudinal and transverse elements may vary in
      sectional size as identified by 100, 102, 103, and 104. Members of
      different sizes are referred to as primary and secondary elements
      providing means calculated to proportional load stressed in accordance
      with load demands, i.e., in relation to guide engagement. Elements 102 may
      provide tractive grip surface 105.
PAR  In the preferred form of the invention, means are provided to reinforce the
      primary longitudinal tension elements against tensional stresses by
      insertion or molding in of endless multistranded, inorganic cord during
      molding, such as 120 in FIG. 11. Alternatively, there may be inserted a
      plurality of short lengths of multistranded inorganic cords, each length
      joined to the succeeding length in overlap matrix of the base elastomer as
      illustrated in FIG. 13 at 121.
PAR  The invention further provides means to reinforce the primary transverse
      elements against deflectional stresses in the drive axis by insertion or
      molding in during fabrication metallic bands as designated at 124 in the
      larger transverse elements as illustrated in FIG. 10 which lie in flat
      section relative to the track axis. Metallic bands are specifically
      flexible in the flat axis as a means to eliminate significant resistance
      to ground surface compliance while restraining deflection in the drive
      axis.
PAR  FIG. 14 shows a section of the track deflected or deviated laterally. FIG.
      15 is a detail view illustrating the action at the intersections between
      secondary grid elements. The elements do not hinge at the intersection
      points, but what actually happens is that each line element Z distorts
      into an S shape as shown. The character X.degree. indicates an angle less
      than 90.degree. which is produced by the distortion resulting in an angle
      Y.degree. of essentially still 90.degree.. However, its axis (element Z)
      rotates; and the elements as shown, being of a common size at the
      intersection, rotate more than the deflection angle. In the vicinity of
      heavier grid members, it rotates less than the deflection angle. The
      deflection of the belt, that is, the grid material is facilitated by the
      beam (element Z) deflection as described in an S manner of configuration.
      This simple element or beam deflection is significant to the effective
      operation of the grid belt as opposed to a solid sheet which would have to
      severely yield, not being able to accommodate to steering requirements.
PAR  FIG. 16 is a detail view illustrating a significant feature of the
      invention. This figure illustrates a section of the track belt passing
      over sprocket 56, having teeth 57. Secondary transverse elements 104 have
      their sectional center lines located outside the pitch line or circle 125
      of the primary track configuration. This construction has a particular
      purpose. When the track arcs around the drive axles, that is, around the
      sprockets, the open spaces between these elements enlarges so as to
      discharge foreign objects which may have become lodged in the spaces. This
      is an important function; and in this construction as described, this
      result is realized in an extremely effective manner.
PAR  FIG. 12 is an enlarged detail plan view of a modified form of track section
      designed to reinforce the track belt against longitudinal deflection in
      relation to the drive engagement positions through the particular
      placement, selection, or positioning of transverse elements on a bias, as
      illustrated. The main longitudinal and transverse elements are designated
      at 100' and 102'. The other elements are designated at 103a and 104a;
      elements 103a are on a bias or at an angle parallel to the longitudinal or
      transverse direction. This construction reinforces the track belt against
      longitudinal deflection in relation to drive engagement positions through
      placement of the elements.
PAR  FIG. 8 is an enlarged sectional view of a slightly modified form of track
      which is at a position corresponding to the encircled portion of FIG. 7.
      The longitudinal tension elements may vary in sectional configuration to
      secondarily serve as sprocket engagement side guides 130 in FIG. 8,
      suspension wheel tracks 131, slider tracks 131 (or 132 in FIG. 13), and
      lateral antiskid traction means 112.
PAR  The longitudinal elements may vary in cross sectional configuration as
      shown to secondarily serve as sprocket engagement facings 134 shown in
      FIG. 8 to provide guide track trusses 136, and tractive longitudinal
      guideway facings 140.
PAR  Lateral deflection of the primary belt path is controlled through the
      medium of the longitudinal guideway facings 140 (FIG. 8). Guideway tracks
      may operate in conjunction with or independent of wheel or slider tracks
      previously discussed. Lateral flexibility of the primary belt path is an
      inherent property of the invention as disclosed. Thus, there are means
      which inhibit lateral deflection where lateral stability is required, or
      on the other hand, to accomplish controlled track path deflection, if such
      deflection is required.
PAR  FIG. 13 is a cross section similar to that of FIG. 8 which is another
      slightly modified configuration which provides means to retain running
      engagement with slider bars by way of guideway bars 144 and rollers by way
      of partial encompassment by the provision of flange 146 to provide a
      holding guidetrack. This means is provided as shown by way of an integral
      configuration. As may be seen in FIG. 13, strips or segments 150 of
      thermoplastic material having a low wet frictional coefficient, such as
      TEFLON, may be secured to the basic elastomer of the track belt. Such
      strips are intended to engage hard, smooth surfaces of the slider and/or
      guide bars 144. Attachment is by way of thermal welding, secondary
      molding, inlay molding, adhesive bonding, as at 152, mechanical fastening,
      mechanical interlock or any combination of these means.
PAR  From the foregoing, it can readily be observed how the improved truck is
      employed with a vehicle such as that of FIGS. 1-4. When steering, the
      track belt being flexible, is deviated or displaced laterally into an
      arcuate configuration as illustrated in FIG. 14. Accurate and effective
      steering is thus possible.
PAR  The foregoing disclosure is representative of preferred forms of the
      invention and is to be interpreted in an illustrative rather than a
      limiting sense, the invention to be accorded the full scope of the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A track member for an endless track vehicle comprising:
PA1  a plurality of transversely spaced longitudinal members and longitudinally
      spaced transverse members intersecting said longitudinal members and being
      integrally joined thereto to define a sheet-like grid with the spaces
      between said members defining openings completely through said grid;
PA1  the thickness of said members in the place of said sheet-like grid being
      small relative to their dimension normal to said plane;
PA1  said grid being of elastomeric material whereby said grid may be bent, in
      said plane, to arcuate form to effect steering of the vehicle without
      distorting the plane of said grid.
NUM  2.
PAR  2. A track member as defined in claim 1 wherein said longitudinal and
      transverse members are at right angles to each other.
NUM  3.
PAR  3. A track member as defined in claim 1 wherein some of said transverse
      members are of larger cross sectional dimension than others and serving as
      cleats for said endless track.
NUM  4.
PAR  4. A track member as defined in claim 1 including longitudinal members of a
      cross sectional shape to define a guide track for a roller wheel.
NUM  5.
PAR  5. A track member as defined in claim 4 wherein said last-named
      longitudinal members have openings therein to receive the teeth of a
      driving sprocket.
NUM  6.
PAR  6. A track member as defined in claim 1 wherein said transverse members
      extend oblique to said longitudinal members.
NUM  7.
PAR  7. A track member as defined in claim 1 including reinforcing tension
      members embedded in at least some of said longitudinal members.
NUM  8.
PAR  8. A track member as defined in claim 5 wherein said guide track extends
      substantially along one surface of said sheet-like grid whereby said
      transverse members will lie outside the pitch line of a sprocket over
      which said track member may be engaged.
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ABST
PAL  A snowmobile drive track assembly includes an endless belt unit having a
      central drive belt section and laterally spaced belt sections
      interconnected by flat, spring-steel track bars. The several sections
      include longitudinally aligned ground-engaging drive ribs holding the bars
      in spaced relation to the ground. The bars are molded into the outer
      surface of the ground engaging side of the belt immediately adjacent the
      wall of the depending snow engaging ribs. The bar extends essentially
      completely throughout the width of the three sections with the
      undersurface completely exposed and drive lugs provided on the backside of
      the central section. The exposure of the bars on the outer side of the
      track unit essentially throughout the complete width of the track unit
      significantly increases the heat dissipating characteristics of the belt
      unit. The belt is suitably reinforced by embedding of nylon fabric and
      longitudinal cords. The track bars are suitably treated, prior to molding
      to provide adherence to the interconnecting rubber which may, however, be
      readily loosened for removal of a bar by use of a suitable solvent such as
      methol-ethyl ketone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a ground engaging drive track
      apparatus for a snowmobile vehicle or the like.
PAR  Snowmobiles and other all-terrain vehicles may advantageously employ a
      drive means in the form of an endless track assembly or unit mounted
      within a tunnel in a supporting chassis. The track unit includes an
      endless rubber-like belt having outer ground engaging ribs or cleats to
      propel the vehicle. An internal suspension system is provided to maintain
      proper ground engagement of the cleats of the lower run of the endless
      belt. The suspension systems are generally of a bogey-wheel or a slide
      rail construction. Slide rail suspension systems are particularly
      advantageously employed in high speed drive systems for such vehicles such
      as racing vehicles and the like, in order to establish and maintain
      maximum lineal support and minimum undulation in the flexible endless
      drive track unit. An extremely satisfactory slide rail suspension system
      is particularly and fully disclosed in Applicant's copending application
      entitled "SUSPENSION APPARATUS FOR GROUND ENGAGING DRIVE TRACKS" filed
      Apr. 1, 1974 and bearing Ser. No. 456,478, wherein a pair of slide rails
      slidably engaging the upper surface of a belt track member along the
      length of the lower run. In order to maximize the effective ground track
      engagement, various belt systems have been developed which incorporate
      generally U-shaped "grouser" bars formed as a part of the belt. The bars
      extend laterally across the track with the lower depending edges located
      so as to form ground engaging cleat and drive elements. Generally the
      grouser bars are either molded or otherwise attached to the bottom portion
      of the snowmobile track with the edges projecting downwardly into the
      ground engagement. In at least one embodiment of prior art construction
      such bars are fully embedded into the rubber track base belt with the
      lower or outer portion or run exposed to engage the ground and the lower
      portion or run exposed only in the areas of the slide rail.
PAR  Although such systems provide improved drive, Applicant has found that the
      exposed edges of the metal bars are not as effective on ice and the like
      as a more conventional molded rubber cleat. Further, when running on a
      hard surface, the temperature of the metal bars increase significantly as
      a result of frictional contact with the slide rail. This reduces the
      efficiency of the drive means, as well as presenting a source of possible
      severe damage to the track assembly. Although special lubrication can be
      provided, the system would be more complicated and rely on the
      satisfactory and continued functioning of the system.
PAR  In summary, although the grouser bar type of snowmobile track has been
      satisfactorily employed, Applicant has noted the distinct disadvantages
      associated with the unit from a practical standpoint and particularly an
      optimum construction in operation of high speed snowmobile units and other
      all-terrain vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is particularly directed to a ground engaging drive
      track assembly having rubber-like cleats in combination with special
      supporting track bars. Generally in accordance with the present invention,
      a ground engaging belt unit includes a plurality of laterally extended and
      longitudinally spaced exposed "track" bars interconnected to the
      undersurface of a supporting flexible central belt in combination with
      depending rubber-like ribs extending laterally across the belt into ground
      engagement. The rubber-like material of the belt is removed in the area of
      the slide rails or other guide means and the track bars provide the
      desired supporting surfaces for the slide rails. In operation, all
      traction is through the depending rubber ribs as the metal bar is
      maintained in significant spaced relation to the lowermost surface of the
      track as defined by the depending rubber ribs. Applicant has found that
      the combination of the exposed, upwardly-spaced track bars and the
      depending rubber-like ribs significantly increases the effectiveness on
      ice while maintaining the desired effectiveness on other surfaces. The
      exposure of the bars on the outer side of the track unit essentially
      throughout the complete width of the track unit further significantly
      increases the heat dissipating characteristics and thereby significantly
      minimizes the generation of heat as a result of frictional contact with
      the slide rails, particularly when running on a hard surface.
PAR  Further, in accordance with a further aspect of the invention, the exposed
      track bars are initially molded as an integrated part of the rubber belt.
      The bar is suitably treated, however, prior to molding to provide
      adherence to the interconnecting rubber which may, however, be readily
      loosened for removal of a bar by use of a suitable solvent such as
      metholethyl ketone.
PAR  In a particularly practical application of the present invention, the belt
      unit is constructed with a central drive belt section and laterally spaced
      belt sections interconnected by flat, spring-steel track bars. The flat
      track bars are molded into the conventional rubber track mold with the
      track bars molded into the outer surface of the ground engaging side of
      the belt immediately adjacent the leading or front wall of the depending
      snow engaging ribs. The bar extends essentially completely throughout the
      width of the three rubber belt sections with the undersurface completely
      exposed and drive lugs provided on the backside of the central section.
      The belt is suitably reinforced by embedding of nylon fabric and
      longitudinal cords. In a practical construction, the ground engaging ribs
      project downwardly approximately one-half inch from the undersurface of
      the track bars and are formed with a generally vertical leading or front
      wall and a trailing inclined wall of approximately thirty degrees. The
      face of the depending rubber ribs are essentially normal to a center line
      through the rib and thus in a practical construction at approximately
      fifteen degrees to the horizontal.
PAR  The present invention with the relatively flat track bars are readily
      constructed in accordance with conventional molding practice to provide a
      highly improved high speed track unit for snowmobiles and the like,
      particularly where they are required to operate over hard surfaces such as
      ice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing furnished herewith illustrates the best mode presently
      contemplated by the inventor for carrying out the subject invention in
      which the above advantages and features are clearly disclosed as well as
      others which will be readily understood from the following description of
      the illustrated embodiment.
PAR  In the drawing:
PAR  FIG. 1 is a side view of a diagrammatically illustrated snowmobile unit
      with parts broken away to show a track assembly constructed in accordance
      with the teaching of the present invention;
PAR  FIG. 2 is an enlarged fragmentary bottom view of the drive track assembly
      unit taken generally on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken generally on line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken generally on line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing and particularly to FIG. 1, a snowmobile vehicle 1
      is partially illustrated with a chassis 2 supported at the front on a
      suitable ski assembly 3 and at the rear by an endless track assembly 4. In
      accordance with the usual practice, the forward portion of the housing or
      chassis contains an engine, not shown, coupled to a drive sprocket unit 5
      for driving of the track assembly 4 and propelling of the vehicle over the
      snow or other similar ground structure 6.
PAR  The track assembly 4 in particular includes an endless belt unit 7 coupled
      at the forwardmost end to the aligned sprocket unit 5 and at the aft end
      to guide wheels 8 with an intermediate slide rail suspension assembly 9 as
      more fully disclosed in Applicant's previously referred to copending
      application. The slide rail suspension assembly 9, in particular, includes
      a pair of laterally spaced lower rails 10 and 11 resiliently urged
      downwardly into sliding engagement with the backside of the lower run of
      the endless belt unit 7 to establish a highly effective linear support of
      the ground engaging lower run.
PAR  The present invention is particulary directed to the construction of the
      belt unit 7 which is therefore more fully illustrated in FIGS. 2-4 and
      subsequently described. No further description of the syspension system or
      of the other portions of the snowmobile is set forth other than in
      relation to the illustrated embodiment of the invention as they may be of
      any suitable construction.
PAR  Referring to FIGS. 2-4, the belt unit 7 is generally a rubber molded member
      having a central drive section 12 interconnected to outer lateral end
      sections 13 and 14 by a plurality of longitudinally spaced track bars 15
      which are especially constructed and secured to the outer face of the
      sections 12-14 in accordance with the teaching of the present invention.
      The central section 12 and end sections 13 and 14 are spaced to locate the
      exposed track bars 15 in accordance with the spacing of the slide rails 10
      and 11. Each of the sections 12-14 is similarly molded or otherwise
      constructed with aligned and laterally extending depending ground-engaging
      ribs 16 which extend laterally across the corresponding belt portion and
      define the ground-engaging members spacing the intermediate belt portion
      of the belt unit 7 and particularly the interconnecting track bars 15 from
      the ground 6. Drive lugs 17 are formed on the backside of the central
      section 12 of the belt unit 7 and suitably spaced to mesh with the drive
      sprockets 5 at the forward end of the track unit 7. The central section 12
      is thereby positively driven with the total assembly 7 rotating as an
      endless member and with the slide bars 10 and 11 engaging the inner or top
      side of the track bars 15 between the central section 12 and the end
      sections 13 and 14 as the lower run moves beneath the slide rail unit 9.
      This establishes a resilient, forced ground engagement of the depending
      ribs 16 upon the supporting ground 6, for example, as most clearly shown
      in FIG. 4.
PAR  More particularly, in the illustrated embodiment of the invention, the belt
      sections 12-14 each includes a molded rubber central base in the form of
      an endless strip having embedded therein a nylon fabric 18 along the
      backside thereof and a plurality of laterally spaced cable cords 19 of
      fiberglass or the like in outwardly spaced relation to the nylon fabric to
      create a high strength belt structure. The drive lugs 17 are integrally
      molded to the inner side of the belt base with appropriate inclined
      leading and trailing walls to provide meshing with the sprocket pins 20 in
      accordance with wellknown constructions. In the illustrated embodiment, a
      pair of sprockets 5 are provided with corresonding lug pairs 17 molded
      into the belt unit 7.
PAR  As most clearly shown in FIG. 4 each of the ground engaging ribs 16 is
      formed with a generally vertical leading wall 21 and an inclined trailing
      wall 22 which is preferably formed with an angle of approximately
      30.degree. to the vertical. The lowermost face 23 of the ribs 16 are
      formed with an inclined face preferably including an angle of
      approximately 15.degree. extending downwardly from the leading wall 21.
      Thus, the ribs 16 rest on the ground with the trailing edge engaging the
      ground and with the rib rotating into the ground as the track assembly is
      driven over the ground.
PAR  The end sections 13 and 14 are essentially molded and formed of a
      rubber-like material similar to the intermediate portion but without the
      back drive lugs. Further, the end sections 13 and 15 also preferably
      include end lips 24 projecting downwardly over the ends of the track bars
      15, as most clearly shown in FIG. 3.
PAR  The opposite end sections 13 and 14 are spaced from the central section 12
      to completely expose the track bars 15 therebetween. The molded belt
      portion of the sections 12-14 create channels within which the slide bars
      or rails 10 and 11 are guided in sliding engagement with the inner or back
      surfaces of the track bars 15 to provide effective ground engagement of
      the laterally extending ribs.
PAR  The special track bars 15 are essentially flat straps formed of a suitable
      metal or other material having high strength and good heat dissipating
      properties. Generally, a suitable spring steel such as a 1074 spring steel
      has been satisfactorily employed. Each of the illustrated track bars 15
      may be formed with leading and trailing circular or curved edges 25 and 26
      as most clearly shown in FIG. 4. The bars 15 are integrally molded within
      the outer or ground exposed surface of the belt base immediately adjacent
      to the leading wall 21 of an adjacent rib 16. The trailing edge 26 of the
      track bar 15 is generally aligned with the forward wall 21 of the ground
      engaging rib 16 and the width of the track bar 15 is equal to about
      one-third of the spacing between the ribs. The belt bars is molded
      downwardly about the opposite end edges 25 and 26 of the track bar 15 to
      the outer face or to project only slightly onto the lower surface as at 27
      and 28 in FIGS. 2 and 4, thereby maintaining essentially continuous
      complete exposure of the undersurface of the bar 15 to the adjacent
      atmosphere and ground.
PAR  The complete traction of the assembly is maintained through the rubber-like
      tread formed by the several aligned depending ribs 16. This significantly
      increases the effectiveness on ice while maintaining the desired
      effectiveness on other ground surfaces. Further, although the frictional
      engagement with the slide bars 10 and 11, particularly when traversing a
      hard surface, will tend to generate heat in a manner similar to that
      previously encountered with the conventional grouser bar construction, the
      spacing and exposure of the unique track bars across essentially their
      entire length to the adjacent snow and/or to the surrounding atmosphere
      significantly increases the heat dissipation characteristic. As a result
      the running temperature of the track unit is significantly reduced.
PAR  As most clearly illustrated and shown in FIG. 4 by a heavy dividing line
      29, track bar 15 is preferably surface treated prior to molding to effect
      adherence between the metal surface and the rubber belt. Any well-known
      method can be employed such as that previously employed in the molding of
      grouser bars to a rubber belt support. The exposed track bars 15 with the
      overlapping edges 26 and 27 of this invention permits convenient
      application of a suitable solvent along the edges which may work between
      the bar 15 and the belt portion for convenient removal. If a bar is
      damaged for any reason, it can be readily replaced even though it is
      initially molded within the unit.
PAR  The present invention thus provides a ground engaging track unit for
      snowmobiles and the like with optimum traction as a result of depending
      rubber ribs as well as highly improved heat dissipation characteristics as
      a result of the exposure of the metal track bars. Applicant has found the
      highly improved snowmobile track unit of this invention is particularly
      adapted for high speed snowmobiles such as racing machines.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drive track assembly for driving a vehicle over a support surface
      comprising an endless drive track means including a drive run and a return
      run with an internal suspension system urging the drive run into drive
      engagment with the support surface, said track means comprising a
      plurality of laterally spaced belt sections, a plurality of longitudinally
      spaced and laterally extending track members secured to the outer surface
      of said spaced sections and defining exposed heat transfer members within
      said belt sections, said track members being formed of a good heat
      dissipating material, and a plurality of depending drive engaging members
      on said sections supporting said track members in spaced relation to the
      drive surface.
NUM  2.
PAR  2. The drive track assembly of claim 1 wherein said sections are formed of
      an integral base portion and drive engaging members, said track members
      being releasably bonded to the base portion between said drive engaging
      members.
NUM  3.
PAR  3. The track assembly of claim 1 wherein an adhesive releasably secures
      each track member to the belt section.
NUM  4.
PAR  4. The drive track assembly of claim 1 wherein said track members are
      secured to said belt sections one each adjacent to one of the drive
      engaging members.
NUM  5.
PAR  5. The track assembly of claim 1 wherein the backside of said belt sections
      project outwardly from said track members to define longitudinal guide
      channels, said suspension system having slide rails located within said
      guide channels.
NUM  6.
PAR  6. The drive track assembly of claim 1 wherein said track means includes
      three laterally spaced sections including a central drive section and
      oppositely located end sections, said sections being formed of a rubber
      base having integral drive ribs, said track members being flat metal bars
      releasably bonded to the base intermediate said ribs, the rubber base
      extending outwardly of said metal members to define a pair of slide rails
      receiving longitudinal channels.
NUM  7.
PAR  7. The drive track assembly of claim 1 wherein said endless drive track
      means is secured to a snowmobile and said endless drive track means
      includes a lower ground engaging run and an upper return run, said
      sections including three laterally spaced endless flexible belt sections
      formed or a rubber-like material, said central section including drive lug
      means located on the inner surface thereof, said three sections having a
      base portion with integral depending aligned ribs forming said ground
      engaging members, said track members including a plurality of parallel,
      flat track bars releasably secured to the outer wall of the belt adjacent
      a rib each of said track bars extending laterally throughout the width of
      the spaced sections.
NUM  8.
PAR  8. The track assembly of claim 7 wherein each of said ribs includes a
      generally normal front wall and an inclined outermost wall extending
      rearwardly and outwardly from said front wall and a rear wall extending
      angularly from said rear lower edge rearwardly and inwardly to the central
      belt portions.
NUM  9.
PAR  9. The track assembly of claim 1 wherein each of said track bars includes
      curved leading and trailing edges with the belt portions molded about the
      curved edges and terminating immediately adjacent to the curved edges to
      essentially completely expose the metal bars across the entire length of
      the belt unit to the adjacent snow and atmosphere, said belt being welded
      in place and being releasable from said belt unit by a suitable solvent.
NUM  10.
PAR  10. An endless drive track apparatus including a lower ground engaging run
      and an upper return run, said track comprising three laterally spaced
      flexible endless rubber-like belt sections including integral depending
      ground engaging ribs, a plurality of parallel track bars secured to the
      outer wall of the belt sections and defining exposed track bars being flat
      straps and formed of an essentially flexible metal, each track bar
      extending laterally throughout the width of the spaced sections and being
      spaced upwardly from the ground engaging ends of the ribs to essentially
      prevent terrain engagement.
NUM  11.
PAR  11. The track apparatus of claim 10 wherein said central section including
      drive lug means located on the inner surface thereof.
NUM  12.
PAR  12. The track apparatus of claim 10 wherein each of said ribs including a
      generally normal front wall and an inclined outermost wall extending
      rearwardly and outwardly from said front wall and a rear wall angularly
      extending from said rear lower edge rearwardly and inwardly to the belt
      section.
NUM  13.
PAR  13. The track apparatus of claim 11 wherein each bar is located adjacent to
      the outer wall of the innermost edge of the front wall of the ribs.
NUM  14.
PAR  14. The track apparatus of claim 10 wherein each of said track bars having
      curved leading and trailing edges with the belt portions molded about the
      curved edges and terminating immediately adjacent to the lower ends of the
      curved edges to completely expose the outer surface of the metal bars
      across the entire length of the belt unit to the adjacent snow terrain and
      atmosphere, said bar being molded in place and being releasable from said
      belt unit by a suitable solvent.
NUM  15.
PAR  15. In a snowmobile having a body and an endless drive track including a
      lower ground engaging run and an upper return run, a drive sprocket means
      on said body engaging said drive track to propel the snowmobile, a
      yieldable slide rail suspension system interconnected to said body and
      positioned within the endless drive track between said upper and lower
      lines and including a pair of resiliently slide rails urged downwardly
      into resilient engagement with said lower ground engaging run to provide
      linear support of the lower run upon the terrain, said track including
      three endless laterally spaced rubber belt sections having integral
      depending ground engaging ribs with the belt sections spaced in accordance
      with the spacing of the slide bars, track bars releasably secured to the
      outer wall surfaces of the belts adjacent the ground engaging ribs, said
      track bars being flat metal bars of a thickness significantly less than
      the depth of said ribs to thereby maintain the bars in significant spaced
      relation to the terrain, said track bars being releasably, firmly affixed
      to the belt sections, said slide rails engaging the track bars between
      said sections and forming the force transmitting members from the slide
      rails to the tracks whereby said track maintains rubber ribs in driving
      engagement with the terrain and exposure of each of the track bars to
      dissipate heat.
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ABST
PAL  The means comprises a sleeve for envelopment of a substantial portion of
      the drill rod or drive stem of an earth boring machine to provide
      stabilization of the drill rod during its rotation and earth penetration.
      Additionally, the sleeve prevents the drill rod from undue abrasion and
      scoring which normally would occur from direct contact of the rod with the
      earth. The sleeve is non-rotatable; that is, it is carried on the drill
      rod by bearings to provide a stable surface within which, and upon which,
      the drill rod can rotate. As the drill rod moves through the earth the
      sleeve is carried along therewith.
BSUM
PAR  This invention pertains to earth boring apparatus and in particular to
      drill rods used in conjunction with earth boring apparatus, such drill
      rods being of the type which rotate while penetrating the earth.
PAR  Earth boring apparatus of the type noted employ assemblies, such as that
      disclosed in U.S. Pat. No. 3,805,901, issued Apr. 23, 1974, to William D.
      Coski, for an "Earth Cutter Assembly." Such assemblies are used in the
      boring of that which are called raises, i.e., substantially vertical bore
      holes formed in the earth either to connect a tunnel with the earth
      surface or to connect adjacent tunnels.
PAR  Typically, a first pilot hole is bored vertically usually in a downward
      direction, by means of a small cutter fixed to the end of a drill rod or
      drive stem. Then a large cutterhead, for reaming of the pilot bore hole,
      is fixed to the drill rod or drive stem (replacing the small cutter), and
      then the drive stem is pulled upward, and rotated, to effect a widening of
      the pilot bore hole.
PAR  In these prior art practices, the drill rods are met with undue wear,
      scoring, and the like, in that they constantly engage the walls of the
      bore hole. Loose rock and rubble engage the outer circumference of the
      drill rod and bore hole wall and abrade, score, and otherwise damage the
      outside surface of the drill rod. Additionally, because of discontinuities
      in the bore hole and the earth walls thereof, a condition aggravated by
      drill rod engagement with, and rotary "crushing" of rock and rubble, the
      drill rod has some difficulty in maintaining true concentricity relative
      to its optimum or desired rotary axis. This results in ellipsing and/or
      widening of the bore hole and causes undue gyration of the reaming
      cutterhead.
PAR  It is an object of this invention, therefore, to disclose means for
      stabilizing the drill rod of an earth boring machine to provide for a more
      controlled and concentric rotation of the drill rod, as well as means for
      protecting the drill rod against undue wear and abrasion. It is also an
      object of this invention to set forth means for stabilizing the drill rod
      of an earth boring machine having a rotating and earth penetrating drill
      rod, comprising means for coupling thereof to drill rod, for
      interpositioning between the earth and drill rod, for engaging the earth;
      said earth engaging means having means for receiving a bearing means
      interpositionally between said earth engaging means and drill rod for
      accommodating relative rotation between said earth engaging means and
      drill rod.
PAR  A feature of this invention comprises a sleeve for envelopment of a
      substantial portion of the drill rod or drive stem of an earth boring
      machine to provide stabilization of the drill rod during its rotation and
      earth penetration. Additionally, the sleeve prevents the drill rod from
      undue abrasion and scoring which normally would occur from direct contact
      of the rod with the earth. The sleeve is non-rotatable that is, it is
      carried on the drill rod by bearings to provide a stable surface within
      which, and upon which, the drill rod can rotate. As the drill rod moves
      through the earth the sleeve is carried along therewith.
DRWD
PAR  Further objects and features of the invention will become more apparent by
      reference to the following description taken in conjunction with the
      accompanying figures, in which:
PAR  FIG. 1 is a vertical elevation, partly in cross-section depicting a raise
      borer type of earth cutter assembly employing an embodiment of the
      invention;
PAR  FIG. 2 is a fragmentary vertical elevation, also partly in cross-section,
      of an alternate bearing arrangement for the lowermost end of the drill rod
      stabilizing means; and
PAR  FIG. 3 is an enlarged detail, in partial cross-section, of the lowermost
      bearing arrangement.
DETD
PAR  As shown in FIG. 1 an earth cutter assembly 10 comprises a cutterhead 12 on
      which are mounted a plurality of roller earth cutters 14. A drive stem 16
      is fixed to the cutterhead 12 for imparting rotary torque thereto, and for
      moving the earth cutter assembly vertically through the earth. In
      accordance with the known practices, a first pilot bore 18 has been formed
      in the earth through which the drive stem or drill rod 16 is confined for
      raising the cutterhead 12.
PAR  About the substantial portion of the drill rod 16 is fixed sleeve 20 which
      is set apart, slightly, from the drill rod 16 by a pair of bearings 22 and
      24 adjacent either ends thereof. The sleeve 20 has an inside
      circumferential surface 26 with recesses 28 and 30 formed therein to
      accommodate the bearings 22 and 24, respectively. The uppermost recess 30
      receives the sleeve-type bearing 24, whereas the lowermost recess 28 is
      arcuate, the same defining the outer race of a ball bearing. The
      complementary interfacing surface of the drill rod 16, near the lowermost
      end of the sleeve 20, also has an arcuate recess 28' to define the inner
      race of the ball bearing. As shown in enlarged detail, in FIG. 3, recesses
      28 and 28' have stepped edges to define -- together with the roller
      elements (only one being shown) -- a bearing capable of carrying both side
      and axial (thrust) loads.
PAR  At the lower, terminal end of the sleeve 20, an annular recess 32 is
      provided; recess 32 receives a seal 34 to prevent admittance of rock
      chips, dust, dirt and the like into the sleeve. About the upper end of the
      drill rod and integral therewith, is an annular shield 36. This too is
      provided to inhibit the entry of detritus to the uppermost bearing 24. The
      uppermost end of the sleeve 20 has a outer, annular recess 38 the surface
      of which defines an slightly spaced-apart rotary interface with the shield
      36.
PAR  The novel sleeve 20, it is to be noted, is non-rotating. It slidably
      engages the wall of the bore hole 18 to contain the earth and to provide a
      bearing surface upon which, or relative to which, the drill rod 16 can
      rotate.
PAR  As the assembly 10 is moved axially, loose rock chips, earth rubble, and
      like detritus will proceed or follow behind, but little or none thereof
      will move into the borehole area occupied by the drill rod 16 and sleeve
      20. The sleeve 20 shores up the borehole wall; as it doesn't rotate, it
      will not extract and circulate loose earth material. It serves somewhat
      the function of a hole liner, providing a substantially fixed reference
      for concentric rotation of the drill rod 16.
PAR  The center of the drill rod 16 has a bore 39 throughout a substantial
      portion thereof, and laterally-extending branch passageways 40 provide for
      the supply of lubricant, and coolant which may be a mixture of water and
      compressed air, for lubricating the bearings. Terminal end of the
      passageways 40 open onto the bearing 22 and 24.
PAR  FIG. 2 depicts an optional bearing arrangement for the lowermost end of a
      sleeve 20'. The same comprises inter-engaging annular shoulders 42 and 44
      and cooperating bearing surfaces 46, 48, 50 and 52 formed in the drill rod
      16' and sleeve 20', for accommodating thrust and radial loading.
PAR  While we have described our invention in connection with specific
      embodiments thereof, it is to be clearly understood that this is done only
      by way of example and not as a limitation to the scope of our invention as
      set forth in the objects thereof and in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use with an earth boring machine having a rotatable and earth
      penetrating drill rod, means for stabilizing the drill rod during rotation
      and earth penetration, comprising:
PA1  means for coupling thereof to drill rod, for interpositioning between the
      earth and drill rod, for engaging the earth;
PA1  said earth engaging means having means for receiving a bearing means
      interpositionally between said earth engaging means and drill rod for
      accommodating relative rotation between said earth engaging means and
      drill rod.
NUM  2.
PAR  2. Drill rod stabilizing means according to claim 1, wherein:
PA1  said earth engaging means comprises means defining a bearing surface for
      contacting and restraining the earth and for supporting drill rod for
      rotation relative thereto.
NUM  3.
PAR  3. Drill rod stabilizing means, according to claim 1, wherein:
PA1  said earth engaging means comprises an annular member having inner and
      outer circumferential surfaces; and
PA1  said inner circumferential surface has an annular recess formed therein for
      receiving a bearing.
NUM  4.
PAR  4. Drill rod stabilizing means, according to claim 1, wherein:
PA1  said earth engaging means comprises an annular member having inner and
      outer circumferential surfaces; and
PA1  said inner circumferential surface has a plurality of spaced-apart annular
      recesses formed therein for receiving a bearing in each recess of said
      plurality.
NUM  5.
PAR  5. Drill rod stabilizing means, according to claim 1, wherein:
PA1  said earth engaging means comprises an elongate sleeve;
PA1  said sleeve having an annular recess formed in one end thereof for nesting
      sealing means therewithin.
NUM  6.
PAR  6. Drill rod stabilization means, according to claim 5, wherein:
PA1  said sleeve has an annular recess formed in another end thereof for
      defining a rotary interface thereat with a drill rod detritus shield.
NUM  7.
PAR  7. In combination, a rotatable earth penetrating drill rod and means for
      stabilizing the drill rod during rotation and earth penetration,
      comprising:
PA1  means coupled to the drill rod, for interpositioning between the earth and
      said drill rod, for engaging the earth;
PA1  said earth engaging means having means for receiving a bearing means
      interpositionally between said earth engaging means and said drill rod for
      accommodating relative rotation between said earth engaging means and
      drill rod.
NUM  8.
PAR  8. A combination, according to claim 7, wherein:
PA1  said earth engaging means comprises means defining a bearing surface for
      contacting and restraining the earth and for supporting said drill rod for
      rotation relative thereto.
NUM  9.
PAR  9. A combination, according to claim 7, wherein:
PA1  said earth engaging means comprises an annular member having inner and
      outer circumferential surfaces; and
PA1  said inner circumferential surface has an annular recess formed therein for
      receiving a bearing.
NUM  10.
PAR  10. A combination, according to claim 7, wherein:
PA1  said earth engaging means comprises an annular member having inner and
      outer circumferential surfaces; and
PA1  said inner circumferential surface has a plurality of spaced-apart annular
      recesses formed therein for receiving a bearing in each recess of said
      plurality.
NUM  11.
PAR  11. A combination, according to claim 7, wherein:
PA1  said earth engaging means comprises an elongate sleeve;
PA1  said sleeve having an annular recess formed in one end thereof for nesting
      sealing means therewithin.
NUM  12.
PAR  12. A combination, according to claim 11, wherein:
PA1  said drill rod has a detritus shield coupled thereto; and
PA1  said sleeve has an annular recess formed in another end thereof which
      defines a rotary interface with said drill rod detritus shield.
NUM  13.
PAR  13. A combination, according to claim 7, further including:
PA1  bearing means operatively interposed between said drill rod and said earth
      engaging means; and
PA1  means for admitting lubricant to said bearing means.
NUM  14.
PAR  14. A combination, according to claim 13, wherein:
PA1  said lubricant-admitting means comprises passageway means formed in said
      drill rod.
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ABST
PAL  A recirculating ball slide for supporting heavy loads. The slide includes
      an oval ball race having a special concave ball track. The balls are
      retained in the race by means of a housing having a cut-away lower portion
      to expose the balls for mating engagement with a slide rail which also has
      a concave ball track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to ball slides. More particularly it
      relates to a recirculating ball slide capable of supporting heavy loads.
PAR  2. Discussion of the Prior Art
PAR  As is well known, ball slides are a useful alternative to other forms of
      moveable bearings, such as rotating ball-bearing wheels and the like.
PAR  See for example U.S. Pat. No. 3,557,721 which issued on Jan. 26, 1971 to
      Hans Worm. See also U.S. Pat. Nos. 3,398,999 and 2,681,836 which disclose
      similar structures.
PAR  Unfortunately, such prior art ball slides are not capable of good
      performance under heavy load due to binding of the ball bearings in the
      ball race. As a solution to the above and other problems, we have made
      this invention which comprises, in combination, a ball slide and a slide
      rail. The ball slide itself comprises a recirculating ball race, and a
      plurality of ball bearings. The ball bearings are retained within the race
      by retaining means and both the ball slide and the slide rail have a
      concave ball track formed therein. At least the ball track of the slide
      has an average radius of curvature less than 10 percent larger than the
      radius of the ball bearings, the center of curvature thereof being
      radially offset from the center of the ball bearings.
DRWD
PAR  The invention and its mode of operation will be more fully understood from
      the following detailed description and the drawings in which:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially cut-away front view of an illustrative embodiment of
      the invention;
PAR  FIG. 2 is a cross-sectional view of the illustrative ball slide shown in
      FIG. 1 taken about section line 2--2;
PAR  FIG. 3 is an end view of the ball slide shown in FIG. 1;
PAR  FIG. 4 depicts the relationship between a ball bearing and the ball track
      in the ball slide of FIG. 1;
PAR  FIG. 5 is another cross-sectional view of the ball slide depicting an
      alternative mode of construction; and
PAR  FIG. 6 is a cross-sectional view depicting the use of eccentric mounting
      screws for the embodiment of the invention shown in FIGS. 1-5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the ball slide 10 according to the invention comprises
      an oval race 11 which forms a special concave ball track 12 around which a
      plurality of ball bearings 13 are free to circulate.
PAR  As may best be seen in FIG. 2, the ball slide 10 includes a housing 14
      which encloses and protects the ball race 11 and ball bearings 13. The
      housing 14 holds the balls 13 firmly in the race but is cut-away at its
      lower edge to expose the balls for engagement with the mating surface 16
      of a slide rail 17. Alternatively, the ball-bearings may be retained
      within the race by forming the race to extend beyond the center line of
      the ball bearings, as shown in FIG. 5.
PAR  The race 11 has a 180.degree. bend at both ends and, as shown in FIG. 2,
      two parallel faces. The face 18 which is furthest from the housing 14 may
      advantageously be used to mount the assembly while the other face 19 is
      used to retain the housing, for example, by means of screws 21.
PAR  Referring now to FIG. 4, the special concave ball track is seen to comprise
      two segments 22, 23 each having a radius of curvature R.sub.1
      approximately 5 percent larger than the theoretical radius R.sub.2 of the
      ball bearings. The center of curvature of surface 22 is at 24, radially
      apart from the center 26 of the ball bearing by the distance d. Thus, the
      point of contact 27 between the ball and the ball race segment 22 makes an
      angle of approximately 45.degree. to the normal. In like manner, the
      center of curvature 28 of surface 23 is radially apart from the center 26
      of the ball bearing so that the point of contact 31 between the ball
      bearing and the ball race segment 23 is also at 45.degree. to the normal.
      This unique configuration provides superior loading and minimizes free
      play between the balls and the race.
PAR  Advantageously, the ball bearings 13 comprise chrome steel, heat-treated to
      a hardness of Rockwell 60-66C. The ball race 11 and slide 17 are comprised
      of steel, heat-treated to a minimum of Rockwell 56C. Of course, in
      applications where severe environmental conditions exist the balls, ball
      race, etc. may be fabricated from Teflon, Nylon, etc. However, with such
      materials load capacity is greatly reduced. Other non-corrosive materials,
      such as stainless steel, Monel, Inconel, etc. may also be employed.
PAR  As discussed above, the ball bearings 13 may be retained within the race 11
      by forming the race so that it extends over the center line of the balls.
      This may be most clearly seen from FIG. 5. For ease in manufacture the
      race 11 is formed from a left and a right hand position 11a, 11b,
      respectively, fastened together by a plurality of machine screws 26. An
      alternative manufacturing technique is to form the race from a single
      piece of metal and coin the edges of the race to obtain the same result.
PAR  The slide rail 17 is generally rectangular in shape and has a concave ball
      track 31 formed in at least one edge thereof. Advantageously, ball track
      31 is identical with the ball track 12 in ball race 11. In the event that
      ball bearings 13 are retained in the race 11 by forming the housing 14 so
      that it extends over the center line of the balls, the housing is arranged
      to have a downwardly extending portion 41 offset at 42 so that it is
      centered over the ball bearings 13. In that case the slide rail 17 is
      manufactured with a slot or recess 38 formed therein to receive the
      downwardly extending portion 41 of the housing 14.
PAR  Housing 14 is most easily made by drawing or forming. A lip 43 formed at
      the upper edge provides rigidity, and this lip may be trimmed to provide
      either an open side or the above-mentioned downwardly extending portion
      41. A window 47 must be opened in downwardly extending portion 41, e.g.,
      by milling or punching to expose the balls.
PAR  The ball slide may be fastened to a flat surface by means of machine
      screws, etc. inserted through apertures 51 extending through the ball race
      11. The slide rail 17 may be fastened in a similar manner.
PAR  FIG. 6 depicts a typical mounting situation. Here, however, the ball slide
      10 is secured to the member 71 by an eccentric machine screw 73. In like
      manner, the slide rail 17 is secured to a member 72 by an eccentric
      machine screw 74. By rotating screw 73 and/or screw 74, the separation
      between the slide rail and the ball slide may be adjusted. Put another
      way, both the slide rail and the ball slide may be independently made
      straight by adjusting the several screws 73 and 74 used to mount them to
      the members 71 and 72.
PAR  This is particularly important if the length of the slide and/or the rail
      exceeds a foot or so.
PAR  One skilled in the art can make various changes to the arrangement of parts
      shown without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a ball slide and a slide rail, said ball slide
      comprising:
PA1  a recirculating ball race;
PA1  a plurality of ball bearings; and
PA1  means for retaining said ball bearings within said ball race, said ball
      slide and slide rail both including a concave ball track, at least the
      ball track in said ball race having an average radius of curvature less
      than 10 percent larger than the radius of said ball bearings, the center
      of curvature thereof being radially offset from the center of said ball
      bearings, said ball slide and said slide rail being respectively secured
      to first and second members which are adapted for relative movement with
      respect to one another, said slide rail and/or said ball slide being
      secured to their respective members by means of rotatable, eccentric
      machine screws.
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PAL  A fluid bearing system for journalling a rotatable shaft in which an
      annular housing is fixed about the shaft and is provided with an inlet for
      the supply of fluid under pressure. At least one bearing compression
      chamber is formed in the housing and/or the shaft and is distributed about
      the periphery of the shaft. The housing and the shaft form an integrated
      throttle control means in which a restrictor opening and a discharge
      opening is formed between the housing and the shaft for the flow through
      of fluid from the inlet. The openings are simultaneously varied relative
      to each other in an opposing manner as a function of the size and
      distribution of the load placed on the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fluid bearing for journalling shafts and
      in particular to a hydrostatic and/or aerostatic radial and axial load
      carrying bearings.
PAR  Fluid bearings are commonly employed to journal high speed rotary shafts
      such as yarn spinning or twisting spindles. In general such bearings
      comprise an outer shell or housing which defines with the shaft one or
      more compression pockets distributed about the periphery of the shaft into
      which a fluid under pressure is supplied. Shifting of the shaft under
      either radial or axial loads displace pressurized fluid so that an
      increasing pressure is created in the compression pocket. In order to
      stabilize the shaft it is necessary to control the flow of fluid into the
      pocket and out of the pocket so as to increase and reduce the flow in
      dependence of the load shifting. It is well known to form fluid bearings
      in such a way that only one conduit is needed to supply the pressure
      medium to the bearing. Consequently, only one pump is needed. In such
      bearings, in order to obtain a given rigidity and supporting capacity, it
      is customary to incorporate within the housing a fixed or constant
      throttling means as for instance a diaphragm, a jet nozzle, or a capillary
      tube. Such fixed throttling means controls the inlet of fluid. This type
      of bearing, owing to its low constructional outlay and cost, are
      relatively cheap to manufacture. On the other hand they have the drawback
      that the load carrying capacity and the bearing rigidity, obtained during
      operation are not very high.
PAR  Bearings, which have only one pump to pressurize the oil or fluid supply,
      also includes those in which restrictor and discharge valves are arranged
      outside the bearing. In this manner the resistance to the movement of
      fluid through the bearing can be adjusted manually. Since the restrictor
      resistance remains constant during operation even in this type of bearing,
      this measure does not furnish any appreciable improvement in the rigidity
      of the bearing. A further drawback lies in the fact that a bearing having
      a plurality of compression pockets or compartments requires a conduit tube
      running from each restrictor valve point to each of the pockets. In the
      case of a spindle bearing in general use, an average of ten such conduits
      are needed.
PAR  It has been also well known to furnish each bearing compression pocket with
      an individual pump of its own. With this system, higher bearing rigidity
      and carrying capacity can be obtained. At the same time, however, a great
      outlay in cost is required for the pump, fluid conduits and other supply
      installations.
PAR  Finally, fluid bearings have become known in which throttling valves
      responsive to load conditions have been provided. With this system high
      bearing rigidity and carrying capacity can likewise be obtained. The
      outlay in cost and the number of parts is still relatively high and is not
      much of an improvement over those bearings in which a pump is supplied for
      each bearing compression compartment. Furthermore, in both last mentioned
      systems there is a greater liability for breakdown of the entire bearing
      and running behavior is very difficult to predict mathematically.
PAR  It is an object of the present invention to provide a fluid bearing system
      overcoming the defects and disadvantages of the known prior art bearings.
PAR  It is a further object of the present invention to provide a fluid bearing
      system having need for only one pump or one source of fluid under pressure
      and employing fixed throttling means integrated within the bearing itself.
PAR  It is still another object of the present invention to provide a fluid
      bearing system having a increased load capacity and rigidity.
PAR  It is another object of the present invention to provide a fluid bearing
      system which is suitable for radial and/or axial load conditions.
PAR  It is another object of the present invention to provide a fluid bearing
      system employing a choke or throttling valve means directly reponsive to
      load conditions and which comprises restrictor entrance and discharge
      openings into the compression chamber so that the same may be varied in
      dependence upon actual movement of the shaft.
PAR  These objects, other objects, and numerous advantages will be apparent from
      the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a fluid bearing system (hydro or aero
      static) for rotary shafts is provided by arranging a housing about the
      shaft and forming within the housing or the shaft at least one bearing
      compression pocket distributed about the periphery of the shaft. And by
      providing the housing and shaft with an integrated bearing control device
      defining a restrictor gap for the introduction of the fluid to the bearing
      compression pocket and a discharge gap for the outward flow of fluid from
      the compression pocket. The restrictor gap and the discharge gaps provide
      openings which are automatically enlarged or reduced in an opposite manner
      simultaneously with the load placed on the shaft and as a direct function
      of the size and direction of the load.
PAR  Since an external load causes a relative shift between the shaft and the
      housing, the size of the discharge gap of the compression pocket is
      reduced in the direction of the load. In this way there is produced an
      increased resistance to the outward flow of fluid and at the same time a
      large drop in pressure in the bearing discharge gap. This is equivalent to
      increasing the pressure within the compression compartment. If the flow of
      pressure medium inward into the compression pocket is simultaneously
      restricted, an unduly large pressure potential would be built up therein.
      According to the present invention the bearing is now arranged in such a
      way that a simultaneous opening or enlargement of the inlet restrictor gap
      to the compression pocket also takes place. This restrictor gap is
      arranged at the point where due to the shift between the shaft and housing
      there is a natural or physical increase in the distance or space between
      the housing and shaft forming the gap. As a result the flow resistance to
      the compression pocket of the pressurized fluid from the supply is thereby
      reduced. This results in a smaller pressure gradient at the restrictor gap
      which must likewise be equated with an increase of flow of fluid medium
      thereto. Since on the opposite side of the shaft and bearing the reverse
      process is taking place, the compression pocket at that point, is
      unstressed and the pressure therein falls very quickly allowing the
      bearing to exert a force on the shaft contrary to that exerted by the
      load.
PAR  With the principle according to the present invention very small movements
      between the shaft and the housing can produce very great pressure
      differentials between the stressed or compressed side of the bearing or
      the unstressed or uncompressed side of the bearing. In this manner it will
      be observed that the bearing comprising the housing and the shaft in
      combination defines a choke or throttling valve at each of the restrictor
      entrance gap and the discharge outlet gap by which the passage of fluid is
      regulated in direct response to load conditions. The choke or throttling
      valve is integrated within the bearing in the simplest manner possible by
      being formed of the actual surfaces of the shaft and/or housing. In
      accordance with this principle, it is possible to produce all forms of
      fluid bearings either hydrostatic or aerostatic for absorbing radial,
      axial, conical, spherical, combined and complete spindle bearings, etc.
PAR  Bearings for receiving axial loads according to the present invention are
      characterized by the fact that the throttle control means is formed with
      one or more annular disks attached to the shaft or formed integrally
      therewith so as to be conjointly rotatable with it. The disks extend with
      a small degree of freedom or play in a conforming recess formed within the
      housing. The housing and/or disks are formed with bearing compression
      pockets and the opposing respective housing and shaft or disk surfaces
      form the restrictor gaps or discharge gaps. In response to an axial load
      placed on the shaft the opposing gaps are respectively increased and
      reduced simultaneously and automatically until a state of equilibrium or
      balance is achieved.
PAR  These bearings may also be designed to receive loads acting in both axial
      directions and have compartments arranged on both sides of the disk.
      Distributor inlets are provided in the housing or the disk or the shaft in
      a number corresponding to the number of compression pockets. The
      individual inlets are connected to individual compression pockets by a
      duct or conduit so that an inlet is connected to its diametrically
      opposing respective compartment. In practical form, the distributor inlets
      may be arranged in the disks and the ducts leading to the respective
      pocket can extend through the disk. Such models are suitable for
      applications in which the housing rotates and the shaft itself is
      stationary. In this condition where the housing is rotatable it is
      preferable that the supply of pressure medium is delivered through a bore
      or conduit made through the shaft and disk itself.
PAR  For bearings which are intended to take up radial loads, the control
      devices by which the restrictor and discharge gaps are altered in size may
      comprise one or more disks having an angular or T-shaped longitudinal
      cross-section. Such a disk is attached at its stem to the shaft. The
      transverse disks of the arm enter into a conformingly T-shaped or angular
      shaped annular recess provided in the housing and form with the latter
      restrictor gaps which extend in a longitudinal or axial direction. The
      bearing discharge gaps are preferably formed in the well known manner by
      the "bridges" or web members, bounding or defining the bearing compression
      pockets and the surface of the shaft opposite these bridging web members.
PAR  A varient of this latter being adapted to receive radial loads, comprises a
      housing equipped with a plurality of bearing compression pockets
      distributed over the periphery of its inner surface. An annular chamber is
      formed in the housing communication with the inlet for the supply of the
      pressurized medium and with a plurality of distributor inlet points
      communicating with the respective restrictor gaps. The number of
      distributor inlet ports corresponds to the number of bearing compression
      pockets and are connected to the restrictor gaps of the latter by a duct
      which ends on the side diametrically opposite to the respective
      distributor inlet. This model can be modified so that it is not the
      housing but the shaft that is provided with the bearing compartments. The
      ducts for connecting the bearing compression pockets with the distributor
      inlets are then formed through the shaft itself.
PAR  The bearings according to the present invention have the advantage that
      their rigidity is improved about 100% and their carrying capacity by about
      40% over the known bearings described earlier. Furthermore the quantity of
      pressurized medium that is needed per unit of time, is up to half as much.
      In this way the pump drive performance can be considerably less,
      proportionately. The bearings according to the present invention are
      simple in design and thereform simple to make, not least because they only
      require simply supply installation for the pressurized media. Only one
      pump and one supply conduit is necessary to supply the entire bearing. It
      may finally be mentioned as an advantage that an exact calculation of the
      bearing design is relatively simple and may be obotained by purely
      mathematical means.
PAR  Full details of the present invention are given in the following
      description of its preferred embodiments and are detailed in the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view of a bearing system for axial load
      conditions embodying the present invention,
PAR  FIG. 2 is a view similar to that of FIG. 1 showing a modification of the
      embodiment of FIG. 1,
PAR  FIG. 3 is a longitudinal sectional view of the bearing system for radial
      load conditions embodying the present invention,
PAR  FIGS. 3A and 3B are sectional views of the bearing system of FIG. 3,
PAR  FIG. 4 is another bearing system for radial loads,
PAR  FIG. 5 is still another bearing system for radial loads,
PAR  FIG. 6 is a bearing system for radial and/or axial load conditions,
PAR  FIG. 7 is still another embodiment for axial and/or radial load conditions,
PAR  FIG. 8 is still another embodiment of a system for radial load conditions
      embodying the present invention,
PAR  FIG. 9 is yet another system for radial load conditions,
PAR  FIG. 10 is still another system for axial load conditions, and
PAR  FIG. 11 is yet a final embodiment of the present invention for axial load
      conditions.
DETD
PAC  DESCRIPTION OF THE PRESENT INVENTION
PAR  In general the bearings formed in accordance with the present invention
      employ conventional features well known to those skilled in the art and as
      such these conventional features are not detailed herein. Amongst those
      details are the form of the bearing housing, the construction of the
      compression pockets, the pump for supplying fluid pressure and the source
      of fluid which may be either oil, lubricant, air or the like. Other
      conventional features will be obvious to those skilled in the present art
      and reference may be made to any one of the aforementioned systems for
      such details if they are necessary. In the accompanying drawings all of
      the Figures bear similar reference numerals to depict similar parts both
      in structure and function.
PAR  The bearing depicted in FIG. 1 serves for the axial support of a rotatable
      shaft mounted to rotate about its axis X--X. The shaft 1 is journalled
      within an annular sleeve like housing 2, which housing has a generally
      U-shaped longitudinal cross section. The shaft is provided with two disks
      3 which are integrally formed or securely welded or otherwise fastened to
      the shaft so as to be conjointly rotatable with it with respect to the
      outer housing 1. The disks 3 are spaced apart axially by a spacer ring 4
      which extends radially outward to a lesser distance than the disks 3. A
      radial bore 5 is formed in the housing 2 and serves as a conduit for the
      passage of a pressurized medium supplied by a pump (not shown) into the
      annular space 6 formed between the two disks 3. The housing 2 is formed
      with a central inwardly directed ring like member through which the bore 5
      is formed. The ends of the disks 3 facing one another form with the
      opposite sides of the inwardly directed central ring portion of the
      housing a pair of annular restrictor gaps 7 extending in a radial
      direction. Through theses restrictor gaps 7 the pressurized medium passes
      into the bearing compression pockets or compartments 8 which are formed on
      the inner surface of the housing 2. Bearing discharge gaps 9 are formed
      between the ends of the disk 3 and the surfaces of the ends of the
      U-shaped arms of the housing 2 opposite the latter. The discharge gaps 9
      extend also radially. The pressurized medium thus flows from the annular
      space 6 through the restrictor gaps 7 into the compartments 8 and
      outwardly in the direction shown by the solid black arrows. As seen in
      FIG. 1 the embodiment shown provides right and left hand opposed
      compression pockets 8, restrictor gaps 7 and discharge gaps 9 each denoted
      by the superscripts ' and ", respectively.
PAR  Under stabilized operation the shaft 1 takes a normal balanced or
      equilibrium position within the housing 2 and the pressurized medium
      passes through the bores 5 without any appreciable falling of its
      pressure. The medium passes into the annular chamber 6. Due to the
      resistance created by the restrictor gap 7, the pressure medium is reduced
      in pressure to that of the pressure stabilized within the bearing
      compression pocket. This pocket pressure is varied according to the
      restrictor conditions i.e. the size of the restrictor gap. A further fall
      in pressure to a zero potential takes place at the discharge gap 9 which
      provides a further resistance to the outward flow of the pressurized
      medium. If, however, the shaft 1 is axially loaded from without, for
      instance by means of a force acting to the right, as shown by the arrow F,
      in FIG. 1, the shaft 1 with its two disks 3 is shifted to the right in the
      direction of this force F. Through this shift, the right hand discharge
      gap 9' is reduced and the right hand restrictor gap 7' corresponding to it
      is simultaneously enlarged. At the same time the left hand restrictor gap
      7" is reduced and the left hand discharge gap 9" is enlarged. This
      variation in the restrictor gaps 7 and the bearing gaps 9 at opposing ends
      of the direction of load influences the restrictor resistances and the
      bearing resistances within the compression pockets 8 to the third power
      (X.sup.3). This is done in such a way that the inlet restrictor resistance
      of the compression pocket 8' is greatly reduced while the discharge
      resistance of the same bearing pocket 8' through a reduction in the
      bearing discharge gap 9' is greatly increased. This variation in the ratio
      between the restrictor resistance and the discharge resistance brings
      about a speedy increase of pressure in the right hand bearing compartment
      8'. Conversely, the restrictor resistance increases and the discharge
      resistance of the left hand compression pocket 8" decreases, so that the
      pressure in the latter falls quickly. With the bearing arrangement just
      described very slight axial movements of the shaft produce very high
      pressure differences between the left and right hand bearing compartments
      8. These pressure differences cause the forces within the bearing to
      counteract the external axial force F, thus causing the shaft against this
      force until a state of balance or equilibrium is achieved.
PAR  The present arrangement thus provides an automatically operable choke or
      throttling valve at both the inlet and outlet to each of the compression
      bearing pockets which is automatic and simultaneously operable merely by
      the relative movement between the shaft and the housing. It will be
      observed that the operation of the choke or throttling means is the same
      with an axial force even directed contrary to the arrow F as seen in FIG.
      1 since compression chambers are provided on either side of the disks 3.
PAR  The varient represented in FIG. 2 is suitable for receiving axial loads
      created in the direction indicated by the arrow F only, because only one
      side of the disk 3 is provided with compression bearing pockets. The
      pockets in this embodiment are uniformly distributed about the periphery
      of the shaft on the inner surface of the housing facing the frontal edge
      of the disk 3. In this model, the pressure medium passes through a bore 5
      in the housing 2 arranged on the opposite side of the disk 3. An annular
      shaped space 6 is provided on this opposite surface of the disk 3 from
      whence the pressurized fluid is able to flow outwardly via the restrictive
      gap 7 formed between the side of the disk opposite to the compression
      pockets 8 and the portion of the housing when it faces. The bearing
      discharge gap 9 is formed on the outward side of the compression pockets 8
      between the corresponding face of the disk 3. Sealing of the annular space
      6 from the outside is made by the use of a narrow angular gap 10 between
      the housing 2 and the surface of the shaft 1. In this embodiment, a shift
      of the shaft 1 in the direction of the arrow FF causes a reduction in the
      bearing discharge gap 9 and at the same time an increase of the restrictor
      gap 7, whereby pressure in the bearing compression pocket 8 rises to
      counteract the external load causing the movement in the direction F.
      While the embodiment of FIG. 2 is useful only to absorb axial loads in one
      direction, it will be observed that it operates in exactly the same manner
      as the embodiment shown in FIG. 1.
PAR  The bearing according to FIG. 3 is mainly intended to receive forces acting
      in a raidal direction although it can also receive forces acting on the
      shaft to create angular moments. In this embodiment a single disk 3 having
      a T-shaped longitudinal cross section is fixed on the shaft. The
      transverse extending arms 11 of the disk 3 are located on a
      correspondingly formed angular recess 12 cut within the housing 2. The
      arms 11 and the surfaces of the conforming recess 12 are designed so that
      a degree of space is provided between the two allowing for the relative
      rotation of the shaft with respect to the housing 2. These surfaces form
      two generally horizontal or axially directed restrictor gaps 7. The
      housing interior surface facing the shaft 1 is provided with two annular
      rows each containing a plurality of compression pockets 8. The pockets 8
      are uniformly distributed about the periphery of the shaft 1. The pockets
      8 are further formed by cutting out the surface of the housing 2 leaving
      bridging or web portions 13 which bound the pockets 8. These web portions
      are spaced from the surface of the shaft 1 a lesser distance than the
      pockets 8 and thus form the discharge gaps 9 leading outwardly from the
      compression pockets 8. To prevent equilization of pressure within adjacent
      bearing compartments or pockets 8 the region of the bridges or web
      portions separating the bearing compartments (shown in dotted lines) are
      extended leaving a gap between the bridges and the shaft 1 of the same
      size as the gaps 9.
PAR  In the embodiment of FIG. 3 the pressurized medium passes, as in the
      embodiments previously described, through the bore 5 into the annular
      space 6 formed between the central portion of the housing 2 and the
      radially outer surface of the disk 3. Thence it flows via the restrictor
      gaps 7, at which time the pressure falls to that of the compression pocket
      pressure, into the compression pockets 8 arranged on either side of the
      disks 3. From each of the compression pockets 8 the medium flows outwardly
      without any pressure through the bearing discharge gaps 9. In the event
      the shaft 1 is stressed by a radial force extending in the direction of
      the arrow F of FIG. 3, the shaft 1 is moved radially. As the shaft moves
      radially there is a corresponding enlargement of the restrictor gap 7 on
      the stressed side of the bearing, in the drawing shown at the top. At the
      same time the bearing discharge gaps 9 are reduced. The restrictor gaps 7
      and the bearing discharge gaps 9 bring about on the stressed side of the
      bearing an increase in pressure within the bearing compartments 8.
      Simultaneously in the corresponding but opposite manner the pressure drops
      in the diametrically opposite bearing compartments 8, i.e. the lower
      bearing compartments not shown in the drawing. Thus the external force F,
      acting in a radial direction is counteracted by an opposing force created
      by the increase of pressure in the corresponding compression compartments
      8. In this radial load absorbing bearing it will be noted that the
      restrictor gaps 7 and the discharge gaps 9 are arranged in the horizontal
      or axial direction.
PAR  FIG. 3 shows a bearing in which each row of compression pockets contain
      four bearing pockets. In FIG. 3A it will be observed that this arrangement
      can be modified so that more than four bearing compression pockets 8 are
      provided. As seen in FIGS. 3A and 3B, the inner surface of the housing may
      be, for example, provided with twelve compression pockets 8 each of which
      have a cross sectional form of that of a segment of a circle. The pockets
      may be formed by milling or otherwise machining the inner surface of the
      housing. The larger the number of bearing compression pockets 8 the more
      uniform a distribution of bearing rigidity can be obtained about the
      periphery of the shaft. In the form shown in FIGS. 3A and 3B, the varient
      is not more expensive than that shown in FIG. 3 because for all twelve
      bearing compartments, only one common restrictor gap 7 is provided. The
      restrictor gap is annular and feeds all of the bearing pockets
      simultaneously. FIG. 3A and 3B further shows how the bridging or web
      portions of the housing between each of the pockets is formed so as to
      isolate the adjacent pockets from each other.
PAR  A modification of the bearing described with respect to FIG. 3 is shown in
      FIG. 4. In the embodiment of FIG. 4, the disk 3 is not T-shaped and is not
      arranged in the middle of the housing. The disk however, in this
      embodiment is split and is provided at each of the ends of the housing.
      Each of the disk portions has an axially extending flange-like annular
      extension pointing into a conforming recess formed in the frontal edge of
      the housing. The bearing compression pockets 8 are formed on the inner
      surface of the housing 2 and face a cylindrical spacing ring 4 arranged
      between the disks 3. The disks 3 and the spacing ring 4 are welded or
      otherwise firmly secured together and to the shaft 1 for conjoint movement
      with it relative to the housing 2. Thus the compression pockets 8 are
      defined by the housing 2 and the spacer 4 rather than with the disks or
      with the shaft. The supply of pressure medium is made via a pair of bores
      5 leading directly into annular spaces formed about the restrictor
      openings 7. The bores 5 are commonly connected to a single pump. The
      discharge gaps 9 are formed by the juxtaposition of the web portions 13
      spaced only a short distance from the surface of the spacer ring 4 and the
      outward flow of fluid proceeds through a duct 14 made through the central
      portion of the housing 2. The pressurized medium supplied through the
      bores 5 flows in much the same manner as previously described in
      accordance with FIG. 3, via the restrictor gaps 7, into the respective
      bearing pockets 8 and thence via the bearing discharge gaps 9 into the
      discharge bore 14 leading radially outward. The discharge bore 14 is in
      communication with an annular groove formed in the housing 2 surrounding
      the spacer ring 4. The method of action of the bearing shown in FIG. 4 is
      largely the same as that for the bearing according to FIG. 3, in response
      to a radial force placed on either the bearing or the shaft. Further
      description is not believed necessary since reference can be made to FIG.
      3.
PAR  A further varient or modification of the radial bearing is shown in FIG. 5.
      In this construction the two sided or double ended arrangement wherein two
      restrictor gaps are formed is modified so that only the right hand half is
      provided. Only one series of bearing pockets 8 is provided. The
      pressurized medium supplied to the circular chamber 6 not only flows
      through the restrictor gap 7 into the bearing compartments 8 and thence
      via the discharge gaps 9 outwardly to the exterior but flows also via a
      sealing gap 10 which is provided on the side of the angular disk facing
      away from the bearing pockets 8. By this measure the shaft 1 is guided in
      two axial directions since the sealing gap 10 also acts like a restrictor
      gap. It must be furthermore emphasized that much as in FIGS. 3 and 4, the
      bearing compression pockets 8 are horizontally directed or axially
      directed in a parallel direction to gap 7 and each is bent radially
      outward to communicate with an adjoining portion of the restrictor gap 7
      so that in the event radial shifting of the shaft 1 is caused by an
      external load, a pressure is caused to prevail in each of the bearing
      pockets 8 corresponding to the restriction in the adjoining part of the
      restrictor gap 7. The radially extending gaps or annular spaces between
      the restrictor gaps and the bearing compression compartments remain
      constant on movement of the shaft in the radial direction, so that
      variations in pressure are not affected by movement of the fluid through
      such gaps 8.
PAR  In the fluid bearing shown in FIG. 6 both radial and axial loads can be
      absorbed. The device shown in FIG. 6 is a combination of an axial bearing
      similar to that shown in FIG. 2 and a radial bearing similar to that shown
      in FIG. 4. In this embodiment, both the radial and axial bearing portions
      have two rows of bearing compression compartments 8, two inlet bores 5,
      symmetrical to the discharge outlet 14. The discharge oulet 14 is provided
      in the middle of the housing of the bearing system. After the pressure
      medium has entered both the annular chambers 6 after the inlet bores 5 it
      flows partly via the restrictor gaps 7r (radial) into the radial bearing
      compression pocket 8r and also via the restrictor gaps 7a (axial) into the
      axial bearing compression pockets 8a. From the radial bearing pockets 8r,
      the pressurized medium flows away through the bearing discharge gaps 9r.
      From the axial bearing compartments 8a, the pressurized medium passes via
      the bearing discharge gaps 9a into the discharge bore 14. Otherwise the
      housing and shaft 1 and the attendant parts are formed similarly to the
      embodiments previously described and function in the same manner.
PAR  Turning to the embodiment of FIG. 7, the embodiment previously described in
      connection with FIG. 6 is varied by providing a greater spacing within the
      compression portions so that it is possible to take up larger angular
      moments. Both of the bearing according to FIG. 6 and that according to
      FIG. 7 act in the same way as that already described and represented in
      detail. The bearing differs generally in that the central portion in which
      the outlet bore 14 is made is provided by two annular spaced members 14a
      separated by an annular spacer 14b in which the discharge bore 14 is
      provided. Thus a shift of the shaft 1 in a radial and/or axial direction
      on account of an external force brings about, irrespective of the
      direction of the force, an enlargement or reduction of the restrictor gaps
      7 and the bearing discharge gaps 9. This causes an increase in the bearing
      compression pocket pressure on the loaded side of the bearing at a
      reduction thereof on the unloaded side as previously described. Because of
      the axial elongation of the bearing and the enlarged space prior to the
      outlet opening 14, larger angular moments are more easily absorbed.
PAR  Another form of the fluid bearing according to the present invention is
      shown in FIG. 8. This bearing serves to receive radial loads. In contrast
      to the radial bearings according to FIGS. 3-5, no disk 3 is needed for
      regulating the restrictor and bearing discharge gaps 7 and 9,
      respectively. Instead the shaft 1 is smoothly formed. The inner surface of
      the bore of the housing 2 is provided with a row of bearing compression
      pockets 8 which are uniformly distributed about its periphery. The
      pressurized medium can flow away on both axial sides through the bearing
      discharge gaps 9 outwardly on the left hand side about the shaft 1 or on
      the right hand side through an annular groove 15 and radial discharge
      outlet bore 14. Pressurized medium is supplied through a radial bore 5
      which terminates in an annular chamber 16 formed on the interior surface
      of the housing 2. The annular groove 16 is sealed form the outside by a
      sealing gap or sealing means 10 arranged between the housing 2 and the
      shaft 1. A plurality of distributor inlet spaces 17 are arranged between
      the annular groove 16 and the annular outlet groove 15. The number of
      inlet spaces 17 corresponds and are arranged conformingly to the number of
      compression pockets 8. The outer housing 2 is provided with an inwardly
      directed surface which defines with the surface of the shaft 1 a
      restrictor gap 7 which allows for the flow of the pressurized medium
      between the inlet groove 16 and each of the inlet distributor spaces 17.
      From each distributor input space 17 a duct 18 passes to the compression
      pocket 8 which is diametrically opposite to the respective distributor
      inlet 17. For this purpose as may be seen from the upper part of FIG. 8,
      each duct 18 ends in an annular groove 19 formed in the outer surface of
      the housing 2. This groove 19 is connected on the opposite side with the
      corresponding bearing compartment 8 as will be obvious from the lower
      portion of the FIG. 8.
PAR  If the shaft 1, due to an external radial stress force F, is shifted in the
      direction of this force, i.e. upwards and the showing of FIG. 8, the
      bearing discharge gaps 9 on either of axial side of the compression
      pockets 8 are thus reduced so that the discharge of the pressure medium
      from this bearing compartment 8 (in the example, the upper one) if
      restricted. At the same time, this radial shifting of the shaft 1 in the
      direction of the force F also produces a reduction in the restrictor gap 7
      lying in the radially corresponding position of the compression pocket 8
      (that is, the upper portion of the FIG. 8) so that the supply of
      pressurized medium to the adjoining distributor input 17 is restricted.
      Thus the diametrically opposite (i.e. lower) bearing compression
      compartment 8 communicating with the restricted inlet compartment 17 is
      restricted. This decreases the pressure in the compartment 8 on the lower
      portion of FIG. 8 in diametric opposition to that of the compressed
      compartment in the upper portion allowing for a balancing force to act on
      the shaft 1. The reverse process takes place on the opposite or unstressed
      side of the bearing (lower portion of FIG. 8) so that the outer load force
      F is successfully absorbed and taken up in the bearing. The execution of
      the radial bearing according to FIG. 8 has the advantage in that it may be
      easily manufactured since it requires only milling and machining of the
      housing 2 and does not require constructional change in the shaft 1.
      However, the quantity of pressurized medium flowing through this bearing
      and therefore the necessary pump performance are rather greater than those
      embodiments previously described.
PAR  To avoid losses due to leakage through the sealing gap 10 of the embodiment
      of FIG. 8, it is desirable to provide a housing which is symmetrically
      formed to either side of the inlet groove 16 with duplicate sets of
      compression pockets 8, restrictor gaps 7 and discharge gaps 9. In this
      manner instead of a sealing gap 10 there would be a second set of
      restrictor gaps 7 through which the pressurized medium passes to a second
      row of distributor inputs 17 and thence to a second row of pressure
      pockets 8. Pressurized fluid would then pass axially out of the discharge
      gaps 9 about the shaft 1 or through the second discharge outlet 14.
PAR  The embodiment shown in FIG. 9 differs from that of FIG. 8 mainly in that
      the bearing pressure pockets 8 are not provided in the housing 2 but
      within the outer surface of the shaft 1 itself. In this form it is also
      necessary for the distributor inputs 17 and the corresponding cross ducts
      18 which connect the respectively opposite bearing pressure pockets 8, to
      be formed directly through the shaft 1. In other respects the method of
      operation of this embodiment does not differ from that of FIG. 8. If the
      shaft in FIG. 9 is stationary and the housing 2 is made to revolve about
      it, the supply of pressurized medium must also take place through the
      fixed shaft 1. This merely requires the kinematic reversal of the
      functioning of parts so that the inlet bore 5 extends directly through the
      shaft 1, etc.
PAR  As may be seen from FIG. 10, the principle represented in the embodiment of
      FIG. 8 is applied to a hydro- or aero static axial bearing. The bearing is
      suitable for taking up loads acting in both axial directions. For this
      purpose, bearing pressure pockets 8 are arranged on each side of the
      housing 2 facing the disk 3 which is secured to the shaft 1. Each pressure
      pocket 8 is connected as in the form of execution shown in FIG. 8 by ducts
      18 with a distributor inlet 17 on the opposite side of the disk 3. The
      pressurized medium reaches the distributor inlets 17 through the inlet
      bore 5, the annular space 6, via the restrictor gaps 7 formed between the
      frontal faces of the disk 3 and the opposing surfaces of the housing 2.
      From the bearing pressure pockets 8 the pressurized medium flows outwardly
      through the bearing discharge gaps 9 which are coradial with the
      restrictor gaps 7, either through the outlet 14 or through the annular gap
      between the inner bore of the housing 2 and the opposing shaft 1.
PAR  In the event the shaft 1 is axially stressed by a force F, for instance in
      the direction of the arrow shown in FIG. 10, the shaft 1 with its
      integrally formed disk 3 moves correspondingly. In the drawing to the
      right. In this manner, the bearing discharge gaps 9 of the stressed or
      compressed pockets 8 are reduced and the flow of pressure medium outwardly
      from the bearing is restricted. In the same way there is a reduction in
      the restrictor gaps 7' on the compressed (right) side, so that the supply
      of pressure medium to the unstressed (left) bearing compartments 8" is
      restricted. The corresponding reverse operations take place on the
      unstressed side of the bearing much in the same manner as previously
      described with the earlier embodiments.
PAR  Finally, in FIG. 11 a varient is shown of the embodiment of FIG. 10. In
      this varient the bearing is also suitable for taking up axial loads and is
      intended for applications in which the housing 2 rotates and the shaft 1
      is stationary. The pressurized medium is supplied through the inlet bore 5
      in the stationary shaft 1 and through the radially outwardly extending
      disk 3 which is secured to the shaft. The pressurized medium flows into
      the annular chamber 6 from thence following the course described in
      connection with FIG. 10. A further difference resides in the fact that the
      bearing pressure pockets 8 and the distributor inlets 17 are provided
      within the faces of disk 3. Likewise ducts 18 for connecting the
      distributor inlets 17 with the opposite bearing pockets 8 is also provided
      in the disk 3. The method of operation of this bearing corresponds to that
      represented and described in FIG. 10.
PAR  It will be observed from the foregoing that in accordance with the present
      invention there is provided a simple system by which a fluid bearing,
      employing either a hydrostatic or aerostatic pressurized supply is
      provided with control means by which the introduction and exiting of fluid
      into the respective compression chambers can be automatically and
      simultaneously regulated to provide a balancing force counteracting either
      axial or radial load shifting conditions. The present invention is
      adaptable for those situations in which either the shaft or the
      surrounding housing are rotatable and for absorbing combined radial and
      axial loads. Various modifications of various forms and embodiments have
      been shown, others will be obvious to those skilled in the art. It is
      accordingly intended that the present disclosure be taken as illustrative
      only and not as a limiting of the present invention. In order to prevent a
      pressure equilization between adjacent compression pockets of each of the
      described embodiments there are web portions separating the pockets from
      each other as it is known in the art. The pumps for supplying fluid under
      pressure to the bearings according to the invention may be of any
      conventional feature as for example plunger pumps or gear type pumps. The
      only condition is that the pressure which is delivered to the bearing is
      always constant.
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STM  What is claimed is:
NUM  1.
PAR  1. A fluid bearing for a shaft comprising an annular housing located about
      said shaft, said housing and said shaft defining at least one fluid
      compression pocket distributed about the periphery of said shaft, an inlet
      for the supply of fluid under pressure to said compression pocket and
      control means for regulating the flow of pressure to and from said pocket
      comprising an annular recess formed in said housing, a pair of spaced
      disks integrally formed with shaft and extending radially outward into
      said recess, an annular ring integrally formed with said housing and
      extending radially inward between said spaced disks, the axially opposing
      surfaces of said ring and said disks forming restrictor inlet openings and
      the axially opposing surfaces of said disk and said housing forming
      discharge openings, said restrictor inlet and discharge openings being
      simultaneously varied relative to each other in the opposite direction as
      a function of the size and distribution of the load thereon.
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ABST
PAL  A self-pressurizing and self-compensating hydrostatic bearing includes a
      thin bushing having fluid pockets and supply channels provided therein,
      the bushing being mounted within a bearing support housing. An annular
      space or chamber is maintained between the two components in order to
      accommodate radial deformation of the bushing under the influence of an
      increased pressure prevailing within the pockets of the bushing to
      facilitate fluid circulation as a result of an increase in rotational
      speed of a spindle supported by means of the bearing. The gap between the
      lands of the bushing, defining the pockets and channels, and the shaft or
      spindle, increases with an increasing speed of rotation of the shaft or
      spindle, such thereby essentially nullifying or preventing a rise in
      temperature of the fluid.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to hydrostatic bearings which can
      withstand a radial or axial load exerted, by means of an element rotating
      at high speed, such as for example, the spindle of a machine tool, upon a
      stationary element or vice versa, and more particularly to machine tool
      spindles wherein the loads are small however the increased cushioning
      effects afforded by means of the hydrostatic bearings serve to maintain a
      high degree of rigidity and thus firm guidance of the spindle which makes
      possible the precise machining of surfaces by means of the machine tool.
PAR  2. Description of the Prior Art
PAR  Hydrodynamic bearings having lobes have long been used in the form of
      journal bearings having radial projections at right angles to which the
      clearance between the rotating shafts and the bearings were very small.
      Such bearings are sometimes provided with means for adjusting the
      clearance by deformation in order to compensate for wear. It is also well
      known however that such bearings having lobes exhibit the drawback or
      disadvantage of high energy dissipation when the shaft speed increases,
      the result being a substantial rise in the temperature of the cushioning
      fluid which effect has many deleterious disadvantages.
PAR  Hydrostatic bearings having cavities or pockets bounded by sealing lands
      approaching to within a very small distance from the rotating shaft are
      also known and within such bearings of conventional type each pocket is
      individually supplied with pressurized cushioning fluid by means of a
      restricted passageway. It is known that the pressure within each of the
      pockets of such a bearing, that is, the cushioning effect of the bearing,
      decreases as the clearance between the sealing lands and the peripheral
      surface of the rotating shaft increases, and such hydrostatic bearings of
      the conventional type exhibit the drawback or disadvantage that the
      restrictions are liable to become blocked whereupon external pumping means
      become necessary. In addition, it is likewise known that these
      conventional hydrostatic bearings are functionally limited with respect to
      operating speed. In fact, if one considers the ratio of the power
      dissipated within the bearing by the shearing of the film of oil between
      the bearing and the rotating shaft to the pumping power, it can be shown
      that in practice this ratio must never exceed a value of the order of 3 to
      5.
PAR  The pumping power, as is known, is equal to the product of the hydrostatic
      flow multiplied by the pump pressure. It has been found that as the speed
      of rotation of the shaft or spindle cushioned by the hydrostatic bearing
      increases, there is a large increase in the power dissipated within the
      bearing. It can also be shown that, at constant temperature, the power
      dissipated within the bearing as a result of the shearing of the oil film
      increases as the square of the speed of rotation of the spindle. In
      effect, as the pumping power is independent of the speed of rotation of
      the spindle, the flow of oil to the hydrostatic bearing is also
      independent thereof, the result being that the temperature of the exiting
      oil keeps increasing as the speed of rotation of the spindle increases,
      such being expressed as follows:
EQU  T = a + kV.sup.2
PAL  wherein T is the temperature of the exiting oil, V is the speed of rotation
      of the spindle, and k is a constant dependent upon the geometry of the
      bearing and the characteristics of the oil. It follows that a conventional
      hydrostatic bearing designed for low speed operation cannot be used for
      high speed operation which constitutes a very serious handicap which
      naturally limits the use of conventional hydrostatic bearings.
PAR  This disadvantage could theoretically be eliminated by increasing the
      pumping power, pressure, or the flow of fluid within the bearings.
      However, for reasons of reliability and convenience, an increase in
      pressure is limited in practice and an increase in pumping power can be
      obtained only by increasing the flow of fluid within the bearing, that is,
      by increasing the clearance between the bearing and the rotating shaft.
      Such large operating clearances entail higher degrees of pumping power,
      thus causing additional heating of the pressurized oil which can pose
      delicate practical problems if the volume of the oil is not sufficiently
      large. Finally, the supply of fluid to the bearings and the return of the
      fluid from the bearings present great difficulties, particularly because
      the size of the hydraulic circuitry required increases rapidly.
PAR  The self-pressurizing hydrostatic bearing described within French Pat. No.
      2,157,107, issued May 7, 1973 offers significant improvement over
      conventional hydrostatic bearings, the cushioning pockets being supplied
      with fluid by means of channels which are bounded, as are the pockets, by
      means of sealing lands integral with an element of the bearing and
      extending to within a very small distance from the spindle surface.
      Compared to hydrostatic bearings of conventional design, the
      self-pressurizing bearing permits a reduction in the temperature rise with
      speed. More particularly, it can be shown that the pressure within the
      cushioning pockets is proportional to the speed of rotation of the
      spindle. if it is accepted that in practice the viscosity of the fluid
      remains constant, it follows that the temperature of the return fluid is
      an increasing linear function of the spindle speed, and such may be
      expressed as follows:
EQU  T = a' + K'V
PAL  wherein T is the temperature of the exiting fluid, V is the rotational
      speed of the spindle, and K' is a constant dependent solely upon the
      geometry of the bearing and the characteristics of the oil. This then
      represents a considerable advance beyond conventional hydrostatic
      bearings.
PAR  Still, with the temperature nevertheless increasing as a function of speed,
      limits will again be reached very rapidly. If it is desired for example to
      increase the speed of rotation of the spindle, the preceding problems will
      again arise and it will be necessary to widen the clearance between the
      spindle and the bearing. Since this type of bearing is self-pressurizing,
      the clearance entails a low-speed limit upon its use because the rigidity
      of the bearing, that is, the quotient of the change in pressure within the
      bearing divided by the change in operating clearance, is proportional to
      the speed of the spindle and is thus liable to become insufficient when
      the speed falls below a predetermined lower limit. Such self-pressurizing
      hydrostatic bearings are therefore not universally applicable and cannot
      be recommended for spindles rotating at a substantially high speed of
      rotation.
PAR  Furthermore, the supply of fluid to the cushioning pockets is, in
      accordance with such prior art invention, by way of a channel adjoining
      each pocket. Such a configuration does not allow the supply channel to
      have a substantial length which limits the pressure within the pockets
      since such is directly proportional to the length of the channels as is
      demonstrated within the description of the aforenoted prior art invention.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to remedy the
      disadvantages found within the hydrostatic bearings representing the
      state-of-the-art, and in particular, to permit the realization of a
      self-pressurizing, self-compensating bearing.
PAR  Another object of the present invention is to realize a self-pressurizing
      hydrostatic bearing which automatically compensates for changes in the
      spindle rate of rotation, the operating characteristics varying as a
      function of such rotational rate in such a manner that the bearing
      operates, over a substantially broad range of speeds, without significant
      heating of the cushioning fluid and without a rapid decrease in the
      bearing rigidity at low rotational speeds, this adaptation of the bearing
      occurring automatically with no need for external control means whereby
      the bearing is in fact self-compensating.
PAR  Still another object of the present invention is the realization of a
      hydrostatic bearing within which the increase in temperature of the fluid
      leaving the bearing as the rate of rotation of the spindle increases is
      nullified or greatly diminished.
PAR  Yet another object of the present invention is to realize a
      self-pressurizing hydrostatic bearing within which the pressure within the
      cushioning pockets at a given speed is significantly greater than that
      attainable within the known self-pressurizing hydrostatic bearings.
PAR  The foregoing objectives are achieved according to the present invention
      through the provision of a self-pressurizing hydrostatic bearing which is
      intended to support a rotating shaft and which comprises a bearing element
      having several pockets each pressurized, during rotation of the shaft
      relative to the bearing element, by means of a supply channel. The pockets
      and channels are bounded and defined by means of sealing lands integrally
      formed with the bearing element and extending to within a very small
      distance from the peripheral surface of the rotating shaft. The
      self-pressurizing hydrostatic bearing of the present invention is further
      characterized by the fact that the aforementioned bearing element is made
      in such a manner that it can deform radially under the action of the fluid
      pressure within the cushioning pockets and thereby increase the distance
      between the sealing lands and the external surface of the rotating shaft
      when the rotational speed of the shaft increases, such practically
      nullifying or at least greatly diminishing the rise in temperature of the
      fluid leaving the bearing.
PAR  More particularly, within one embodiment of the bearing of the present
      invention, which is more particularly suited to support radial loads, the
      bearing element includes a thin bushing a portion of which is provided
      with the pockets and channels for pressurizing the fluid upon its inner
      surface. The thin bushing is mounted within a bearing support housing, an
      annular space being defined and maintained between a portion of the
      external, peripheral surface of the thin bushing and the support housing
      so as to allow radial deformation of the thin bushing under the influence
      of the pressure within the cushioning pockets.
PAR  Within another embodiment of a hydrostatic bearing constructed according to
      the present invention, more particularly suitable for the support of axial
      as well as radial loads, the bearing has in addition a flange, for
      imparting axial support, which is also furnished with cushioning pockets
      upon two working faces thereof, and with fluid-supply channels. One of the
      working faces of the axial-support flange is disposed relative to the
      working face of a first shoulder of the rotating shaft, while the other
      working face of the flange is disposed relative to another adjacent collar
      which is subjected to an essentially constant axial force. In this manner
      there is obtained two axial, self-pressurizing hydrostatic bearings, the
      operating clearance of each being able to increase with a corresponding
      increase in the speed of rotation of the shaft which undergoes an axial
      displacement and produces a self-compensation of the axial bearings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout several views
      and wherein:
PAR  FIG. 1 is a schematic sectional view of a cushioning pocket and
      pressurizing channel of a known type of self-pressurizing the hydrostatic
      bearing system taken along line I--I of FIG. 2;
PAR  FIG. 2 is a plan view of the stationary element of the bearing shown in
      FIG. 1;
PAR  FIG. 3 is a schematic sectional view of one embodiment of a
      self-pressurizing, self-compensating hydrostatic bearing constructed
      according to the present invention, which is particularly suited for
      supporting radial loads, which is shown in FIG. 4, taken along the line
      III--III of FIG. 4;
PAR  FIG. 4 is a schematic development view of the internal peripheral surface
      of the bearing of FIG. 3 sectioned longitudinally; and
PAR  FIG. 5 is a schematic sectional view of another embodiment of a
      self-pressurizing, self-compensating hydrostatic bearing constructed
      according to the present invention, which is particularly suited for the
      support of axial and radial loads.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2
      thereof, there is shown a known type of self-pressurizing hydrotstatic
      bearing system which includes an element 1 which is movable in the
      direction of the arrow with respect to a fixed bearing element 2 the
      latter of which includes a cushioning pocket 3 communicating with a
      pressurizing channel 4 of width l.sub.1  and length l.sub.4. The pocket 3
      and channel 4 are bounded or defined by means of peripheral sealing lands
      3a and 4a which extend to within a small distance e.sub.1 of the surface
      of the movable element 1. This gap e.sub.1 permits a predetermined amount
      of leakage of the cushioning fluid supplied to the pocket 3 by means of
      the channel 4 when the element 1 is translated in the direction of the
      arrow and subjected to a force F.
PAR  If the effects of the energy dissipated as a result of the viscosity of the
      fluid are neglected, it can be demonstrated that the pressure p prevailing
      within the cushioning pocket 3 is a linear function of the viscosity .mu.
      of the fluid and of the velocity V of the movable element with respect to
      the bearing. There is thus obtained the following relation:
EQU  p = .mu. VG                                                (1)
PAL  wherein G is a complex function of the geometrical configurations of the
      bearing, the pocket and the supply channel as well as of the gap e.sub.1.
PAR  In a similar manner, it can likewise be shown that the leakage flow Q of
      the bearing may be expressed as follows:
EQU  Q = H - (p/.mu.) K                                         (2)
PAL  wherein H is a linear function of the velocity V and of certain dimensions
      of the supply channel while K is a complex function of the geometrical
      configurations of the pocket, the bearing and the supply channel as well
      as of the gap e.sub.1, and consequently, it is seen that the leakage flow
      Q is a linearly increasing function of the velocity V since the two terms
      of Equation (2) increase in proportion to the velocity V, and the
      cushioning force of the bearing, being proportional to the pressure p, is
      also proportional to the velocity V.
PAR  It can additionally be shown that the rigidity R of the bearing, that is,
      the quotient of the change in the force F acting upon the bearing, divided
      by the change in the gap e.sub.1 separating the two elements of the
      bearing, is a linearly increasing function of the viscosity .mu. of the
      fluid and of the velocity V of the movable element, the following
      relationship being applicable.
EQU  R = .mu. VL                                                (3)
PAL  wherein L is a function of the dimensional characteristics of the bearing.
PAR  Still further, it can also be shown that the power or work W dissipated by
      means of the bearing is essentially proportional to the square of the
      velocity V and inversely proportional to the gap e.sub.1, as set forth in
      the following expression:
EQU  W = (.mu.V.sup.2 /e.sub.1) M                               (4)
PAL  wherein M is a complex function of the various dimensions of the bearing as
      well as of the supply channel.
PAR  As the leakage flow Q is proportional to the relative velocity V while the
      dissipated power or work W is proportional to the square of the same
      relative velocity, it is seen that the temperature variation of the fluid
      is essentially a linearly increasing function of the relative velocity as
      may be expressed as follows:
EQU  .DELTA.T = (W/Q) c                                         (5)
PAL  wherein .DELTA. T is the temperature rise and c is a constant dependent
      upon the characteristic of the hydraulic oil used. As a result, the
      following expression is readily obtained:
EQU  .DELTA.T = KV                                              (6)
PAR  In practice, the temperature rise is limited due to the fact that the fluid
      viscosity decreases with a corresponding temperature increase which in
      turn leads to a decrease in the energy dissipated W, and the result is
      that the expression or equation representing the temperature rise .DELTA.
      T of the oil, as a function of the velocity, has an essentially linear
      form, the slope simply tending to decrease when the velocity increases
      greatly.
PAR  In order to correct this unfavorable result, the present invention proposes
      to control the thickness e.sub.1 of the oil film separating the two
      elements of the bearing. It is seen for example, with reference to FIG. 1,
      that in order to vary the gap e.sub.1, it should be possible to control
      the supporting force -F, that is the pressure within the bearing whereby
      as seen of formulas 1 to 5 set forth hereinabove a decrease in .DELTA.T
      would then be obtained. Within a practical embodiment of a radial bearing
      as disclosed within FIGS. 1 and 2 however, it is not readily possible to
      change the load in order to vary the gap e.sub.1 given that the bearing
      element completely surrounds the rotating shaft.
PAR  Turning then to FIGS. 3 and 4, there is shown one embodiment of a
      self-pressurizing and self-compensating hydrostatic bearing constructed
      according to the present invention, comprising a thin annular bushing 5
      rigidly attached by means of an end flange 6 and a screw fastener 7 to a
      bearing support housing 8, it being noted that the radial thickness of
      bushing 5 is greatly exaggerated within the drawings in order to
      facilitate understanding of the invention. The bushing 5 is precisely
      centered within housing 8 by means of a short axially extending, centering
      section 9 and a gap is defined between bushing 5 and the bore 10 of
      housing 8 as a result of the seating of bushing 5 through means of section
      9, sealing within the radial and axial directions being accomplished by
      means of O-ring seals 11 and 12 respectively.
PAR  There is thus provided a sealed annular space 13 between the thin bushing 5
      and the bore 10 of housing 8 which can be supplied with cushioning fluid
      through means of a radial bore 14 provided within housing 8 and opening
      into the space or chamber 13. It should be noted that the seal 12,
      effective in the axial direction, is mounted within an annular groove 15
      provided within housing 8, the lip portions of housing 8 defining groove
      15 not being in contact with the outer surface of bushing 5 so as to
      permit the latter to undergo radial movement.
PAR  The cushioning pockets 16 and the pressurizing channels 17 of the pockets
      are seen in greater detail within FIG. 4 which is a development view of
      bushing 5. Within the embodiment illustrated, the bearing includes four
      cushioning pockets 16a, 16b, 16c and 16d, each pocket being supplied with
      cushioning fluid by means of a pressurizing channel 17a, 17b, 17c or 17d
      respectively, the fluid moving in the directions of the arrows as seen in
      the FIGURE. The pockets 16 and supply channels 17 are bounded and defined
      by means of the sealing lands 18 which extend radially to within a very
      short distance e.sub.1, as seen in FIG. 3, from the rotating spindle 19,
      and axial and radial channels 20 and 21, respectively, are also provided
      with bushing 5 and into which the pressurizing fluid is introduced by
      means of radial passageways 22 which communicate directly with the annular
      space 13 which is of course fluidically connected with and supplied
      through bore 14.
PAR  As can be observed from FIG. 4 each of the supply channels 17 associated
      with the pockets 16 not only occupies a position contiguous to the
      corresponding pocket but is also disposed so as to be contiguous to the
      immediately preceding pocket. In order to facilitate the operativeness of
      this particular arrangement, the supply channels are disposed alternatley
      upon opposite sides of the pockets 16 in an overlapping fashion, such as
      for example, channel 17a of cushioning pocket 16a being disposed at the
      bottom of the bearing structure as viewed in FIG. 4 while channel 17b of
      pocket 16b is at the top of such structure. It is thus apparent that in
      this manner it is possible to double the length of the supply channels 17
      and consequently to double the pressure within the chambers or pockets 16.
PAR  The operation of the bearing of the present invention will now be briefly
      described. As the speed of rotation of spindle 19 is increased, the
      pressure within the pockets 16 also increases. The bushing 5, being rather
      thin, deforms radially outwardly so as to permit the enlargement of gap
      e.sub.1 between the sealing lands 18 and the surface of the rotating
      spindle 19. The result is an increase in leakage flow and a decrease in
      work or power dissipation, the temperature of the return fluid thus
      increasing no further, or at least only very slightly. Moreover, as the
      pressure increases with the speed of rotation of spindle 19, the rigidity
      of the bearing definitely increases or, at least does not decrease, it
      being noted that the radial elasticity of the thin bushing 5 does not
      detract whatever from its mechanical rigidity. In fact, as the bushing 5
      has a large diameter and short length, it works practically entirely in
      shear conditions and its section is quite sufficient in order to assure
      high mechanical rigidity.
PAR  The increase in internal diameter of the thin bushing 5 is accompanied by a
      slight retraction thereof since one of the ends of the bushing is
      practically imprisoned or confined within housing 8 by means of attaching
      flange 6. It is possible to compensate for this retraction by prolonging
      the bushing 5 by means of an annular, axial extension 23 shown in phantom
      lines within FIG. 3. As the material comprising the annular extension 23
      is not being submitted to the radial force exerted by means of the
      pressure within the pockets 16 of the bearing, it resists the deformation
      of the bushing 5, and consequently, by appropriately choosing the length
      of extension 23, it is quite simple to render the deformation of bushing 5
      essentially symmetric with respect to the median plane 24.
PAR  Computation discloses that in order to completely nullify the temperature
      rise with increasing speed of rotation of the spindle, it would
      theoretically be necessary to maintain the pressure constant within the
      pockets 16 of the hydrostatic bearing regardless of the speed of the
      spindle. In other words, the radial rigidity of the bushing 5 would have
      to be zero which is clearly impossible to realize in practice. One will
      therefore choose a bushing of as small a thickness as possible in view of
      the radial rigidity sought. By way of example, if the diameter of the
      spindle 19 is 70 mm, the depth of the pockets 16 will be on the order of 1
      mm and the thickness of the radially outward portion of bushing 5 defining
      the pockets about 2 mm, the outer diameter of the bushing thus being
      approximately 76 mm. Assuming that the bushing is made of steel, it will
      undergo diametercal expansion of approximately 0.01 mm for a pressure of
      approximately 20 bars within the pockets 16. One would then choose the
      diameter of the bushing, under zero pressure conditions, as a function of
      this deformation, and thus, in an operative embodiment, the gap e.sub.1
      will be 0.01 mm at zero speed, while at a speed of rotation of 6,000 RPM
      the gap e.sub.1 will be 0.02 mm for a pressure of approximately 20 bars
      within the pockets.
PAR  As a result of such operational parameters, it is apparent that, with the
      aid of the equations set forth hereinabove, the temperature is maintained
      substantially constant over a very broad speed range. In addition, it will
      also be appreciated that the bearing of the present invention is quite
      compact in the radial direction, and still further, it should also be
      realized that even though the bearing must have as little radial rigidity
      as possible so as to be able to deform easily within the radial direction,
      it must nevertheless retain a high degree of rigidity against flexure when
      considered in its entirety. In view of such, various embodiments of a
      bearing conforming with the principles of the present invention are
      possible, a particular embodiment being appropriate to a particular
      situation or desired application.
PAR  Referring now to FIG. 5, there is disclosed a partial view of another
      embodiment of a bearing constructed in accordance with the present
      invention and which can simultaneously withstand radial and axial loads. A
      rotating spindle 25 having a longitudinal axis 26 includes a first
      shoulder having a working face 27 and a second shoulder having a working
      face 28, the length of the spindle between faces 27 and 28 being
      designated l. The spindle 25 is radially supported by means of a
      self-pressurizing and self-compensating hydrostatic bearing similar in
      principle and general structure to the bearing disclosed within FIGS. 3
      and 4, the radial bearing of this embodiment comprising a thin bushing 29
      provided with pockets 30 within its radial inner face which are supplied
      with fluid by means of channels 31. The fluid is introduced into channels
      31 through means of radial passages 32 which in turn fluidically
      communicate with an annular space 33 and a radial bore 34 provided within
      the bearing housing 35. The annular space 33 is sealed by means of two
      O-ring seals 36, and it should be noted that the thickness of the bushing
      29 has been greatly exaggerated within the FIGURE so as to facilitate an
      understanding of the invention.
PAR  When the speed of rotation of spindle 25 increases, the pressure within the
      pockets 30 also increases which of course causes the radially outward
      deformation bushing 29 and thus an enlargement of the gap e.sub.1 between
      the sealing lands 37 and the surface of the spindle 25. The thin bushing
      29 is fastened to the bearing housing 35 by means of a flange 38 and a
      screw fastener 39, the flange 38 being substantially extended in the axial
      direction so as to form a collar 40 for axial support. One of the faces 41
      of collar 40 is disposed adjacent to the surface 27 of the first shoulder
      of spindle 25 and at least one pocket 42 is provided within collar 40 and
      is supplied with fluid by means of a channel 43 and axially extending
      passage 44, radial passage 45, and axially extending passage 45a which
      fluidically communicates with the annular space 33. The fluid leaving
      pocket 42 can enter into an annular space or chamber 54 so as to escape
      into annular space 33 through means of a radial passage 55, it being noted
      that a single pocket 42 upon face 41 of the axial-support collar 40 is
      sufficient given that the axis 26 of the spindle 25 is firmly oriented by
      means of the radial bearing comprising bushing 29 and pockets 30.
PAR  The other outer face 47 of the axial-support collar 40 is also provided
      with a self-pressurizing hydrostatic bearing, similar in principle to
      those described above, comprising several cushioning pockets 48
      pressurized by means of supply channels 46 and an axially extending
      passage 49 which, similar to passage 44, also communicates with the
      aforementioned passages 45 and 45a. In practice it is advantageous to
      provide three pockets 48 upon the face 47 of the axial-support collar 40.
      The overall thickness of axial-support collar 40 is chosen to be slightly
      less than the length l of spindle 25 which defines the axial distance
      between shoulder faces 27 and 28, and in this manner another collar 50 can
      be maintained against the working face 28 of spindle 25 with a slight
      separation from the face 47 of axial-support collar 40. This separation or
      operating clearance is determined by the operating conditions of the
      spindle and can be adjusted by varying the length l of the various
      shoulder portions of the spindle which can possibly be incorporated upon
      spindle 25 within further embodiments of the present invention, not shown.
PAR  The collar 50 cooperates with the working face 47 of axial-support collar
      40 so as to form therewith an axial, self-pressurizing hydrostatic bearing
      which includes the pockets 48. Springs 51, disposed within a holder 52
      axially retained upon spindle 25 by means of a retaining ring 53 or other
      suitable means, exert an essentially constant force upon collar 50, the
      stiffness of the springs 51 being preferably chosen so as to be rather low
      so that the force exerted in fact remains essentially constant. Within
      this embodiment then, the axial bearing will have sufficient rigidity in
      spite of the high compliance of the springs 51, given that the hydrostatic
      bearing formed by means of the pocket 42 and the face 27 of the first
      shoulder of spindle 25 has a high degree of rigidity.
PAR  In operation of the bearing of this embodiment, as the speed of rotation of
      spindle 25 increases, there initially occurs a radial deformation of the
      thin bushing 29 of the radial bearing which limits the temperature rise as
      noted hereinbefore above. The increase in speed of rotation of the spindle
      25 also causes the pressure to rise within the pockets 42 and 48 under the
      action of which the spindle 25 is axially displaced slightly toward the
      right as seen in FIG. 5 so that the operating clearance within the axial
      bearings, established by means of the axial-support collar 40 increases as
      a function of the speed of rotation of the spindle which, as before,
      allows the temperature of the exiting cushioning fluid to be maintained
      essentially constant.
PAR  Thus, it is seen that there has been realized a self-pressurizing and
      self-compensating hydrostatic bearing having the aforenoted advantages and
      which is capable of supporting radial and axial loads. The present
      invention can be used particularly within machine tools so as to
      adequately support spindles which must rotate at varying speeds over a
      very large speed range and up to and including very high speeds, the
      maximum and minimum speeds possibly having a ratio of 10 to 1 or even 20
      to 1.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by the Letter Patent of
      the United States is:
NUM  1.
PAR  1. A self-pressurizing hydrostatic bearing intended to support a rotating
      shaft, comprising:
PA1  a bearing element including a plurality of pockets each of which is
      respectively pressurized, in response to the rotation of said shaft
      relative to said bearing element, by means of a fluid supply channel;
PA1  said pockets and channels being bounded and defined by means of sealing
      lands integral with said bearing element, said lands extending to within a
      very short distance from said shaft so as to define a gap therebetween;
      and
PA1  wherein said bearing element is deformable radially outwardly under the
      influence of said pressure within said pockets,
PA1  whereby said gap defined between said lands and said shaft increases as
      said pressure increases in response to the increasing rate of rotation of
      said shaft so as to permit the temperature rise of the fluid leaving said
      bearing, as said speed increases, to be substantially nullified.
NUM  2.
PAR  2. A hydrostatic bearing as set forth in claim 1 wherein said bearing
      element comprises:
PA1  a thin bushing;
PA1  said pockets and channels being disposed upon the inner surface of said
      bushing;
PA1  said bushing being mounted within a bearing housing; and
PA1  an annular chamber being defined and maintained between a portion of the
      outer periphery of said bushing and said bearing housing so as to permit
      said deformation of said thin bushing in said radial direction under the
      action of said pressurized fluid.
NUM  3.
PAR  3. A hydrostatic bearing as set forth in claim 2 further comprising means
      for fluidically sealing said annular chamber and for fluidically providing
      a low pressure cushioning fluid to said chamber as well as to said
      channels formed upon the inner surface of said housing.
NUM  4.
PAR  4. A hydrostatic bearing as set forth in claim 2 wherein said thin bushing
      further comprises:
PA1  an annular extension which extends longitudinally beyond that portion of
      said bushing which includes said pockets and said channels supplying fluid
      to said pockets,
PA1  whereby the radial deformation of said bushing is symmetric about a median
      plane thereof.
NUM  5.
PAR  5. A hydrostatic bearing as set forth in claim 2 where said thin bushing is
      integrally formed with a flange member which permits the attachment of
      said bushing to said bearing housing without adversely affecting the
      radial deformation of said bushing.
NUM  6.
PAR  6. A hydrostatic bearing as set forth in claim 5, wherein said pockets
      formed within said bushing are located at such a distance from said
      attachment flange that all of said sealing lands deform radially to
      essentially the same degree under the action of said pressure within said
      pockets.
NUM  7.
PAR  7. A hydrostatic bearing as set forth in claim 1 and which is adapted to
      support radial, as well as axial loads, further comprising:
PA1  an axial-support collar, one working face of which has at least one pocket
      and a channel for pressurizing said one pocket, and which operatively
      cooperates with the working face of a shoulder portion of said shaft so as
      to form therewith a first self-pressurizing hydrostatic axial bearing;
PA1  said collar further including a second working face, provided with a
      plurality of pockets and channels for pressurizing said plurality of
      pockets within said second working face, which operatively cooperates with
      the working face of an adjacent collar which is subjected to an
      essentially constant axial force so as to form therewith a second
      self-pressurizing, hydrostatic axial bearing,
PA1  the bearing spaces defined between said cooperating working faces of said
      first and second axial bearings being capable of increasing in size as the
      speed of rotation of said shaft increases.
NUM  8.
PAR  8. A hydrostatic bearing as set forth in claim 7, wherein:
PA1  the thickness of said axial-support collar is slightly less than the axial
      length of said shoulder portion of said shaft
PA1  whereby said adjacent collar is able to cooperate with said collar in
      defining said second axial bearing.
NUM  9.
PAR  9. A hydrostatic bearing as set forth in claim 7 wherein said constant
      axial force is imparted to said adjacent collar by means of springs acting
      upon the outer working face of said adjacent collar.
NUM  10.
PAR  10. A hydrostatic bearing as set forth in claim 7, wherein said second
      self-pressurizing hydrostatic axial bearing comprises three cushioning
      pockets and supply channels.
NUM  11.
PAR  11. A hydrostatic bearing as set forth in claim 1, wherein:
PA1  each supply channel is disposed contiguously to its respective pocket in
      the direction of relative displacement between said bearing and said
      shaft, and
PA1  wherein further, each of said channels also extend contiguously along the
      pocket immediately preceding said respective pocket,
PA1  whereby the length of said supply channels is increased.
NUM  12.
PAR  12. A hydrostatic bearing as set forth in claim 11, wherein:
PA1  said supply channels of said pockets are disposed alternately upon opposite
      sides of said pockets,
PA1  whereby the length of said channels is effectively double the length it
      would be if all of said channels were disposed upon the same side of said
      pockets.
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ABST
PAL  A table is reciprocated along a straight line by a force that does not
      precisely control movement direction. Accurate motion constraint is
      provided by two separated air bearings arranged along a common axis. A
      third air bearing, displaced from the common axis, supports the table on a
      sleeve that is free to rotate on its axis.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my copending application, Ser. No.
      429,037, filed Dec. 27, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods for reducing rotation components in table
      translation and, more particularly, to techniques for aiding in accurate
      image projection as required in scanning projection printing.
PAR  The copending application of M. Feldman and M. C. King, U.S. Ser. No.
      277,275, filed Aug. 2, 1972, now U.S. Pat. No. 3,819,265, issued June 25,
      1974, and assigned to Bell Telephone Laboratories, Incorporated, describes
      a photolithographic printing technique particularly useful in the
      fabrication of semiconductor devices. A semiconductor wafer covered with a
      photosensitive film and a mask of the circuit to be made are mounted on a
      common movable translation table. Only a small portion of the mask is
      imaged on the film by a high-resolution, small image field optical system,
      as is required for printing accurately the detailed mask pattern. The
      translation table is then reciprocated in an x direction and periodically
      stepped in a y direction to give raster scanning of the sensitized wafer
      by the projected mask image. This permits printing of an entire mask
      pattern through the use of a lens system having an image field area much
      smaller than the area of the pattern to be printed, thereby giving higher
      resolution than could ordinarily be obtained.
PAR  As the table reciprocates back and forth, it is important that the relative
      positions of the mask and wafer be maintained with an accuracy
      corresponding to the fine dimensions of the pattern being printed. Any
      spurious rotations of the table will result in a misalignment of the wafer
      with respect to the mask, with consequent blurring of the printed image.
      To take best advantage of the optical capabilites of the Feldman et al.
      technique for printing detailed integrated circuit patterns, we have
      determined that table rotation about a vertical or z axis should be
      maintained at less than .+-. 0.2 arc seconds.
PAR  The best mechanical apparatus presently available for insuring precise
      linear motion is an air bearing in which a movable element or sleeve
      surrounds an axial stationary element or stator and is separated from it
      and supported by a cushion of air. The sleeve and stator may be either
      cylindrical or rectangular in cross section, depending upon whether one
      wishes to permit angular movement of the sleeve about the central axis. In
      either case, a table mounted on the sleeve will move back and forth along
      the central axis with little friction and with more accuracy than that
      provided by any other known bearing. However, where the translation
      distance is on the order of inches, air bearings have been found to
      manifest a rotation component of about one arc second at best, which is
      insufficient for best operation of the scanning projection printing
      apparatus of the Feldman et al. application.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to reduce the rotational
      components accompanying table translation and table reciprocation.
PAR  It is another object of this invention to increase the accuracy with which
      mask patterns can be printed on a photosensitive medium.
PAR  These and other objects of the invention are obtained in an illustrative
      embodiment comprising a scanning projection printing table for supporting
      a photolithographic mask and wafer, the table being mounted on three air
      bearings for reciprocation in an x direction. Movement accuracy is
      maintained by two steering air bearings arranged along parallel axes but
      separated by a distance in the x direction. The two steering bearings
      control reciprocation in the x direction, while the third bearing provides
      support, but not motion constraint. It can be shown that movement
      linearity is proportional to the separation in the x direction of the two
      steering air bearings; that is, by increasing the separation of the two
      axially aligned bearings, one can reduce spurious rotational components of
      the table to achieve a much greater total linearity than that provided by
      either one of the bearings separately.
PAR  As will be explained more fully later, nonlinearity in an air bearing can
      be described by its tendency to travel in an arc having an angle a and it
      is this unwanted curvature that gives rise to an unwanted rotational
      component in the table movement. It can be shown that by arranging the two
      steering air bearings such that an angle a of both bearings extends in the
      same direction, the curvature of one will compensate for that of the
      other, giving a reduction or elimination of table rotational components.
      Even if no such compensation is made, a substantial reduction results from
      the separation distance, and it is a straightforward design matter to
      reduce angle deviation as required.
PAR  An inflexible fixed attachment of the air bearing sleeves to the table
      might give a binding action due to the slight motion curvature mentioned
      before. This problem is avoided by attaching the sleeves of the two
      steering air bearings to the table by flexible webs extending in a plane
      perpendicular to the table. The table may be biased against the support
      bearing by its own weight, or alternatively, may be spring biased against
      it. The support bearing preferably has a cylindrical sleeve which is free
      to rotate, thereby to avoid constraining the x-direction motion of the
      table, as will be explained more fully later.
PAR  These and other objects, features and advantages of the invention will be
      more fully understood by consideration of the following detailed
      description taken in conjunction with the accompanying drawing.
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a perspective view of a scanning projection printer incorporating
      an illustrative embodiment of the invention;
PAR  FIG. 2 is a top view of the support table and associated air bearings of
      the apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view of the support bearing of the apparatus of FIG.
      1;
PAR  FIGS. 4, 5, 6 and 7 are representations of various air bearing paths,
      presented for illustrating various principles of operation of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is shown a perspective view of a scanning
      projection printer of the type described in the aforementioned Feldman et
      al. application. A table 11 supports on an upper surface a
      photolithographic mask 12 and a semiconductor wafer 13. Light from a main
      illuminator 15 is projected through the mask 12 and reflected and imaged
      by optical apparatus 14 onto a photosensitive film covering the upper
      surface of wafer 13. The purpose of the apparatus is to permit the imaging
      of a mask pattern onto a sensitized wafer by a lens system having an
      extremely high resolution with a concomitant image field that is smaller
      than the area of the mask pattern. Imaging of the entire mask pattern area
      is accomplished by moving the table 11 in a raster scan fashion so that
      eventually all portions of the mask pattern are imaged on the wafer 13.
PAR  The light for the main illuminator is generated by a light source 16. An
      alignment illuminator 17 is used to illuminate the wafer 13 during the
      alignment of the mask. The mask alignment is done manually while observing
      superimposed images of the mask and the wafer through a movable alignment
      microscope 18. As described in the Feldman et al. application, alignment
      is made during wafer illumination with nonactinic light, exposure is made
      with actinic light, and a focus corrector plate 19 is used to compensate
      for the wavelength difference of the actinic and nonactinic light.
PAR  As mentioned before, the purpose of the scanning projection printer is to
      give photolithographic printing with greater precision than has heretofore
      been possible; its practical usefulness therefore requires a corresponding
      precision of all mechanical parts. The apparatus is preferably mounted on
      a base 21 of Invar so as to minimize differential thermal expansion. The
      table 11 is mounted on a step table 22 which is driven in a y direction by
      a lead screw mounted in a ball bearing to prevent binding; the lead screw
      construction so as to give proper stepping motion in the y direction is a
      matter within the ordinary skill of a worker in the art and has therefore
      not been shown in detail. Friction is minimized and motion made linear by
      mounting step table 22 on air bearings 23. The table 11 is reciprocated
      back and forth in an x direction and is supported, in accordance with the
      invention, by two steering air bearings 24A and 24B and a support air
      bearing 25.
PAR  The arrangement of the air bearings on table 11 will be better understood
      from a consideration of FIG. 2 which is a top view of the table 11 and of
      bearings 24A, 24B and 25. The driving force on the table is applied by a
      flexible belt 27 which is held taut by a spring shown schematically as 28.
      The reason that the force is applied through a belt is to give a force in
      the x direction which does not constrain table direction; rather,
      direction of movement is controlled by steering air bearings 24. All of
      the air bearings used in our apparatus comprise a hollow cylindrical
      sleeve surrounding a central shaft or stator and separated from it and
      supported by a cushion of air, as shown in FIG. 3 which includes a
      sectional view of bearing 25. As is known, the air bearing stator may be
      made of ceramic which is polished to give axial linearity within extremely
      close tolerances, while giving minimal friction due to support on the
      cusion of air.
PAR  Air bearings 24A and 24B are arranged along a common axis, but, to prevent
      binding due to minute deviations from linearity, they are fixed to the
      table by flexible webs 31. As can be appreciated in FIG. 1, webs 31 are
      located in the y--z plane and preclude relative motion in the y or z
      directions, but are flexible enough to bend slightly in the x direction.
      The bearing 25 is not fixed to the table and does not constrain the
      x-direction motion, but merely acts as a low friction support.
PAR  In spite of the high degree of linearity that characterizes air bearings,
      the slight deviations of the best air bearings are sufficiently great to
      reduce significantly the performance of a scanning projection printer. The
      deviation from linearity of a typical reciprocation can be characterized
      as a movement path 32 of FIG. 4 which deviates from true linearity by an
      angle a. If path 32 controlled the movement, of the table, it can be seen
      that the wafer portion of the table would rotate slightly with respect to
      the mask portion during movement thereby disrupting the relative
      registration of the two to give blurring of the recorded image. With the
      present state of the optical art, including the use of high resolution,
      low distortion lenses, it can be shown that, to avoid degradation, table
      rotation about a vertical or z axis should be maintained at less than .+-.
      0.2 arc seconds. It can further be shown that the best commercially
      available air bearings have a sufficient deviation angle a to give a
      rotation component of about 1 arc second. Thus, the purpose of the air
      bearing arrangement shown is to reduce the table rotation component to a
      figure smaller than that dictated by a single air bearing.
PAR  The efficacy of using two displaced steering air bearings to control table
      movement is illustrated in FIG. 5 in which path 33 can be considered the
      path of bearing 24A and path 34 that of bearing 24B. It can be appreciated
      that if the deviation angles a.sub.1 and a.sub.2 of the two paths are
      exactly equal and in the same direction as shown, rotation of the table
      will be eliminated. That is, as the table moves from left to right, the
      entire table will be displaced slightly upwardly and then slightly
      downwardly, but the displacement is equal and therefore there is no
      relative rotation of the table about a perpendicular z axis. It should be
      noted that the direction of the angle a of any bearing can be determined
      in a known manner through the use of an interferometer measurement, and
      therefore it is a simple matter to mount the bearings such that the angles
      a extend in the same direction. Further, interferometer measurements can
      be used in aligning the two steering air bearings such that they lie on
      parallel axes; that is, successive measurements can be made after slight
      angular displacements of one bearing relative to the other until precise
      positioning is achieved.
PAR  It can also be appreciated that, if angles a.sub.1 and a.sub.2 are
      different, there will be some table rotation, and as the difference
      increases such unwanted rotation increases. The "worst case" situation is
      depicted in FIG. 6 in which bearing 24A has a characteristic rotation
      a.sub.1, but the bearing 24B reciprocates in a straight line and therefore
      cannot be mounted to provide compensatory displacement as described above.
      Consider the distance between the bearings to be L as shown and the
      distance through which the table is reciprocated to be l.
PAR  Referring to FIG. 7 it can be shown that the table does not rotate through
      an angle a; but rotates through an angle b given by
EQU  b =  l a.sub.1 /8L.                                        (1)
PAR  It can be seen that if the distance L is at least as large as the distance
      l, table rotation will be reduced by a factor of 8. In the preferred
      embodiment, L is many times greater than l to give even greater reduction;
      for example the reciprocation distance l may be four inches, and the
      separation distance L between the steering bearings may be 28 inches. This
      gives a more than fifty-fold reduction in table rotation, which results in
      linear movement well within the prescribed tolerances described for
      optical performance. Measurements have shown spurious table rotation
      typically to be much less than 0.1 arc seconds and stable. In fact, the
      inherent rotation reduction has been found to be so pronounced that in
      most cases it is unnecessary to measure the angles a of the various air
      bearings for mounting them in the optimum position, because adequate
      compensation inherently occurs.
PAR  The operation of our bearing arrangement requires that only two steering
      air bearings be used, and that they be mounted on a table with their
      central axes parallel but with a displacement L in the direction of
      reciprocation. As mentioned before, they are fixed to the table by
      flexible webs 31 which preclude relative motion in the y or z directions,
      but which are sufficiently flexible to prevent binding that might
      otherwise occur due to differences in the angles a.sub.1 and a.sub.2 or
      misalignment of the bearing axes. Specifically, the webs permit rotation
      of the sleeves around y and z axes.
PAR  Because of the axial separation L that is required, and the need for
      flexible attachments to the table, it is necessary to provide a third air
      bearing 25 for support. However, it is important that this bearing not
      constrain axial motion in the x direction, and accordingly, the table is
      preferably merely rested on the bearing 25 as illustrated in FIG. 3. That
      is, because the sleeve of bearing 25 is free to rotate about its central
      axis, the table 11 is free to move in the y direction as well as in the x
      direction. The weight of the table is normally sufficient to provide
      stability, but if so desired, a spring bias may be used to hold the table
      11 against the bearing 25. It is of course important that the axes of the
      three bearings define a common plane to avoid rotation about the axis of
      reciprocation.
PAR  Because the steering air bearings should determine reciprocating motion,
      the driving force is preferably applied through a taut belt 27, as
      mentioned before. If the motion were provided by a piston or the like
      being inflexibly fixed to the table, it would undesirably interfere with
      the axial motion provided by the steering bearings.
PAR  The foregoing is to be considered merely illustrative of the inventive
      principles involved. Various other embodiments and modifications may be
      made by those skilled in the art without departing from the spirit and
      scope of the invention.
PAR  It has been noted that table rotation due to nonparallel positioning of the
      steering air bearings is precisely determinable, which suggests that
      precisely measured curvatures in the table movement could be designed, if
      so desired. This may be useful for compensating for slight relative
      rotations of the image and object due to optical deviations, describing
      precise curves, and for various other purposes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for translating a semiconductor wafer along a straight line
      with great precision comprising the steps of:
PA1  determining the movement curvature a.sub.1 of a first reciprocating air
      bearing;
PA1  determining the movement curvature a.sub.2 of a second reciprocating air
      bearing;
PA1  fastening the first and second bearings to a table such that they lie along
      a common axis and such that the angle a.sub.1 extends in the same
      direction as that of the angle a.sub.2 ;
PA1  supporting the table with a third air bearing; and
PA1  applying a reciprocating translational force to the table.
NUM  2.
PAR  2. The method of claim 1 wherein:
PA1  the third air bearing lies on a second axis that is parallel to said common
      axis; and
PA1  the step of fastening the first and second air bearings comprises the step
      of fastening said bearings such as to avoid any binding action during
      reciprocation.
PATN
WKU  039349500
SRC  5
APN  4033302
APT  1
ART  212
APD  19731003
TTL  Bearing for high speed rotary shafts
ISD  19760127
NCL  16
ECL  1
EXP  Skudy; R.
NDR  2
NFG  6
INVT
NAM  Kuhlmann; Wolf
CTY  Schweinfurt
CNT  DT
ASSG
NAM  SKF Industrial Trading and Development Company, B.V.
CTY  Amsterdam
CNT  NL
COD  03
PRIR
CNT  DT
APD  19721004
APN  2248695
CLAS
OCL  308 10
XCL   57 93
EDF  2
ICL  F16C 3900
FSC  308
FSS  10
FSC   74
FSS  5-5.7
FSC   73
FSS  472;473
FSC   57
FSS  77.45;92;93
UREF
PNO  3199932
ISD  19650800
NAM  Clark
OCL  308 10
UREF
PNO  3393334
ISD  19680700
NAM  Sundstrom
OCL  308 10
UREF
PNO  3428371
ISD  19690200
NAM  Lyman
OCL  308 10
UREF
PNO  3473852
ISD  19691000
NAM  Lyman
OCL  308 10
UREF
PNO  3493275
ISD  19700200
NAM  Stone
OCL  308 10
UREF
PNO  3598456
ISD  19710800
NAM  Love
OCL  308 10
UREF
PNO  3761148
ISD  19730900
NAM  Grosbard
OCL  308 10
ABST
PAL  System for journalling a high speed rotary shaft in which a spherical fluid
      dynamic cap bearing is adapted to receive an end of the shaft. A magnet
      arrayed in the vicinity of the cap exerting a force axially on the shaft.
      The shaft is provided with magnetic material cooperation with the magnet,
      so that that the shaft is drawn and/or pushed into the bearing.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to bearings for journaling high speed
      rotating shafts and particularly for a fluid dynamic spiral groove cap
      bearing for shafts such as the shafts for rotors, centrifugers, spindles
      and the like.
PAR  Aerodynamic and hydrodynamic spherical cap bearings have been employed as
      plain axial bearings for journaling perpendicular shafts which in
      operation are adapted to run at an extremely high speed of rotation.
      Shafts on which are mounted centrifugers, yarn winding machines, wire
      winding machines and similar high speed tools have been journaled in this
      manner. The drawback of spherical cap bearings lies in the fact that they
      act in only one direction and consequently with the use of only one
      bearing per shaft, the shaft must be vertical and have a gravitational
      axis which coincides with the axis of rotation. It is a further drawback
      that in the case vertical shafts are journaled, a neck or collar journal
      has to be provided in order to take up radial forces.
PAR  It is an object of the present invention to provide a new and improved
      axial/radial fluid dynamic cap bearing.
PAR  It is a further object of the present invention to provide a spherical cap
      bearing which may effectively serve as an axial bearing no matter in which
      direction or attitude the shaft journaled therein is arranged.
PAR  It is a further object of the present invention to provide the known
      unilaterally acting axial bearings and in particular a spiral groove cap
      bearing so that forces acting along the axis from both directions can be
      taken by it so that the bearing is effective at both sides.
PAR  The foregoing objects, other objects, and numerous advantages of the
      present invention will become apparent from the following description of
      the invention itself.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a system is provided for journaling high
      speed rotary shafts adapted to carry rotors, centrifugers, spindles and
      the like comprising a spherical cap bearing adapted to receive an end of
      the shaft. Magnetic means are arrayed in the vicinity of the cap bearing
      so as to exert a force in the direction of the cap bearing. The shaft is
      provided with attractive means influenced by the magnetic force so as to
      draw the shaft axially into the spherical cap bearing. Preferably the end
      of the shaft is made or covered with magnetic or magnetizable means such
      as metal or comprises a magnet itself. Furthermore, the spherical cap
      bearing is preferably provided with a spiral groove and means for
      producing an aerodynamic and/or hydrodynamic bearing film between its
      surface and the surface of the end of the shaft.
PAR  In this way a compressing force acting in an axial direction on the
      spherical cap bearing is produced which, independently of the angular
      position of the shaft in space, makes the axial spherical cap bearing
      which normally has a unidirectional or one-sided action a bearing that now
      acts bidirectionally and in both directions. With the use of a ballcap or
      spherical cap bearing the magnetic forces moreover make effective a radial
      guiding of the shaft in the cap of the bearing so that angular deflection
      or inclination of the shaft resulting in a radial thrust component can
      also be more effectively borne. Thus in many cases a second bearing such
      as a neck or collar bearing taking up the radial forces, can be dispensed
      with altogether. The present invention may take many forms. In one
      particularly advantageous form, the magnets creating the force are
      arranged on the side facing away from the spherical cap bearing (i.e.
      behind the bearing) and substantially along the axis of rotation of the
      shaft. In this way, the shaft is drawn substantially along the axis of
      rotation and is thus particularly stabilized in the radial direction. In
      another form of the invention it may be advantageous to provide the
      rotating end of the shaft with an annular or circumferential extension
      over the diameter of the cap bearing on which the magnetic attractive
      means are provided. Simultaneously the magnetic means are arranged
      stationarily or in fixed position about the spherical bearing so that
      these parts exert a force on the shaft in the direction of the cap
      bearing. As desired the end of the shaft can take the constructional form,
      for instance, of a solid disc or a dish with a flat peripheral edge. The
      attractive means may themselves be magnets exerting a force field in
      conjunction with the stationary magnets arranged about the spherical cap
      bearing. According to the position of the stationary magnets in relation
      to those at the end of the rotatable shaft, and their polarity, the
      compressive force of the shaft on the spherical cap bearing itself can be
      applied either as an attractive force or a repellent force. In any event
      the forces act axially with respect to the shaft and bearing. In still
      another form of the invention the shaft may be arranged upright or along a
      vertical axis and extends over and grips the spherical cap bearing under a
      substantial gravitational pull. The end of the vertical shaft may be
      provided with the opposing magnet and attractive means.
PAR  A very advantageous effect of the present invention arises from the
      construction of the spherical bearing itself. The spherical bearing may be
      mounted at its base by means of a spring and/or an elastic cushion so that
      it is resilient under the action of the axial loads placed on it.
PAR  Full details of the present invention are set forth in the following
      description and are shown in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic view of a rotating horizontal shaft journaled in
      accordance with the present invention,
PAR  FIG. 2 shows a vertically suspended shaft journaled in accordance with the
      present invention,
PAR  FIG. 3 shows a horizontally disposed shaft journaled in accordance with the
      present invention employing repelling magnets rather than attractive
      magnets,
PAR  FIG. 4 shows the application of the present invention to motor shafts and
      rotors,
PAR  FIGS. 5 and 6 show a further embodiment of the present invention adapted if
      radial forces shall be borne by the magnetic of the bearing.
PAR  FIG. 7 is a plan view of the cap bearing showing the flutes providing a
      dynamic bearing film.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the form of the invention shown in FIG. 1 a horizontal shaft 1 is
      supported on both sides in an axial direction as well as a radial
      direction with its end 2 in a spiral groove cap bearing 3. The spiral
      groove cap bearing comprises a cup shaped member in which flutes or a
      spiral groove is formed which is provided either with a hydraulic or
      aerodynamic medium which provides a fluid compressive bearing film between
      the end of the rotating shaft and the cup seat. As seen in FIG. 7, the cup
      seat 30 of the cap bearing 3 is provided iwth a plurality of flutes or
      grooves 31 which are preferably uniformly arranged about the center and
      radiate spirally outward. A single spiral groove or other configuration
      may also be employed. The cap bearing is adapted to support the shaft
      against the axial movement in the direction of the bearing, as well as
      radial movement transverse thereto. Behind the cap bearing 3 (that is on
      the side facing away from the cup) there is arranged along the axis of
      rotation 4 of the shaft 1 a magnet 5. The magnet 5 may be a permanent
      magnet or an electromagnet which is adapted to create a magnetic field
      acting on the shaft 2 so as to draw it into the cup of the spherical cap
      bearing 3. The shaft itself may be made of magnetic or magnetizable
      material, although it is preferred that only the end 2 of the shaft 1 need
      be made of such material. With the use of an electromagnet, the attractive
      force exerted on the shaft 1 in opposition to the supporting force of the
      bearing, which in dynamic bearings depends upon the speed of rotation, can
      be modulated and compensated for by well known electronic circuitry. The
      shaft 1 itself can be held in its horizontal position by means of
      additional radial bearings 23, which themselves may be active or passive
      magnetic bearings. At the normal working speed of rotation, the forward
      end of the shaft 2 is seated within the cap bearing 3 and is in contact
      only with the film of lubricant or air created therein. The spherical cap
      bearing is securely fixed within an outer housing or casing 6 and the film
      of lubricant or air dampens the transmission of vibration between the
      shaft 1 and the housing 6.
PAR  In general it is of advantage that the magnetic field generated by the
      magnet means 5 is rotationally symmetrical in relation to the axis of
      rotation 4 of the shaft 1. In this manner no eddy current losses can
      occur. As seen in FIG. 1 this is obtained by utilizing as the magnet 5 a
      magnet the circular magnetic field of which being symmetrical magnetized
      and axially aligned along the axis of rotation 4, the polarity designation
      being shown for convenience only. FIG. 1 further illustrates the advantage
      of employing an electromagnet. The axial attractive force of the magnet 5
      can be regulated by means of a regulating device, generally depicted by
      the numeral 7. The regulating device 7 consists of a receiving sensor 8
      adapted to sense for example the speed of rotation of the shaft 1. The
      sensor 8 is aligned with a perforated disc 9 fixed to the shaft 1. The
      sensor may either be a sonic sensor or a photoelectric sensor. The sensor
      8 reacts to the passage of the perforated disc 9 and in response thereto
      produces a signal indicative of the speed of rotation of the shaft 1. This
      signal is forwarded to a control and comparison circuit 10 which is
      adapted to regulate the flow of current into the coil 11 surrounding the
      magnet 5 and to increase or decrease the current thereto in dependence
      upon changes in the speed of rotation of the shaft 1. In this manner
      greater or lesser degree of magnetic field can be created acting upon the
      shaft 1 and drawing it into the cup bearing 3. The control circuit 10 may
      be of any suitable type of known amplifiers.
PAR  Furthermore, the use of the sensor 8 can be made to measure the axial
      position of the shaft and/or its deflection from the true axis of rotation
      4. The sensor can be made to sense the distance between it and the disc 9
      as well as the angular deflection of the disc caused by the inclination or
      deflection of the shaft 1. In dependence upon such changes the sensor 8
      can produce a similar signal controlling the flow of current into the coil
      11. It is possible therefore, through the use of the regulating device 7
      to maintain a suitable lubricating or air film thickness within the spiral
      grooves of the cap bearing even in the event of major variations in the
      axial or radial load upon the shaft.
PAR  As noted the spherical cap bearing can be of the aerodynamic or
      hydrodynamic type, although preferably the hydrodynamic type employing a
      lubricant such as oil of suitable nature is preferred. In particular cases
      it is possible that in the initial or starting-up phase, the film of
      lubricant within the bearing would be insufficient to provide suitable
      bearing seat. In this event it is possible, by means of the use of the
      regulating device 7 and particularly the function of the sensor 8 as an
      axial position sensor, to control an additionally arranged aero or
      hydrostatic bearing, for the shaft 1 to insure a contact free seating of
      the shaft 1 in relation to the cup bearing 3. Once a suitable lubricating
      or aerodynamic bearing film is obtained in the cup bearing 3 the
      additional bearing may be dispensed with. Furthermore, the sensor 8 can be
      used for measuring the axial load of the spiral grooved cap bearing 3 and
      to act across the circuit 10 upon the coil 11 to influence the strength of
      the magnet 5. As is clearly apparent from FIG. 1, the use of a spherical
      cap bearing allows the rotor to be installed and assembled so as to have a
      given degree of inclination which is variable within predetermined limits.
      Allowing the shaft 1 to have a degree of variance is of great significance
      in high speed rotors since it reduces the problems of initial installation
      and assembly (problems relating to flush fit and alignment for example).
PAR  In FIG. 2 the present invention is shown applied to a shaft 1 on which
      there is carried a rotor 12. The shaft and rotor 12 are suspended beneath
      the cap bearing and have a vertical axis of rotation 4 the upper end 2 of
      which is seated within the cap bearing 3. The shaft 1 and rotor 12 are
      under the influence of gravitational forces and are attracted into the cap
      bearing 3 by the magnetic force applied by the magnet 5. The magnet 5 is
      similar to that shown in FIG. 1 in that it comprises a magnet arranged
      axially along the axis of rotation. The magnet 5 may be either a permanent
      magnet and/or an electromagnet functioning as in the embodiment of FIG. 1.
      In addition in the embodiment seen in FIG. 2 the spherical cap bearing is
      secured in the housing 6 by a cushion 13. The cushion can comprise for
      instance rubber or plastic pad. The cushion may also be formed of a spring
      bellows, or other spring means suitably capable of resiliently supporting
      the spherical cap bearing. The cushion 13 serves to prevent the
      transmission of vibrations from the rotor 12 to the housing 6 and
      similarly the transmission of shock and vibrations from the housing 6 to
      the rotor 12. Furthermore, the cushion 13 reduces the radial bearing
      stresses caused by the imbalance of the rotor 12, which no matter how much
      care is taken in the formation of the rotor 12 are always present. As a
      result the spiral grooved cap bearing 3 has an increased life and does not
      require frequent replacement. Furthermore, the cushion 13 enables the
      shaft 1 and the rotor 12 to rotate approximately about the axis of its own
      axial moment of inertia, which moment deviates from the geometric rotation
      axis 4 in the event the rotor or shaft is in imbalance.
PAR  In the embodiment of FIG. 2 the attractive force of the magnet 5 must be
      greater than the dead weight of the rotor 12 so that the rotor does not
      drop out of the spherical cap bearing 3 due to the pull of gravitation.
      This force can be produced preferably by either using a permanent magnet
      of high strength or a corresponding electromagnet. In this embodiment the
      end of the shaft 2 also comprises a magnetic means or is made of
      magnetizable material. The rotor bearing shown in FIG. 2 has the advantage
      that at high speeds, the rotor, due to the geometric arrangement and its
      gyrostatic or gyroscopic properties, and with suitable choice of the
      moment of inertia, will rotate in a stable, defined position although it
      does not have an effective radial bearing at its lower end, i.e. rotor 12.
      Interfering forces during the course of operation may lead the rotor 12 to
      perform unwanted precessional movements. These movements can be easily
      dampened by means of a dampening device which consists of a position
      sensing receiver 8, a circuit 10 and an electromagnet 14. The sensor 8 can
      be an eddy current pick up, a photocell or the like producing a signal
      depending on the movement of the rotor 12. In this instance, the
      electromagnet 14 produces on the rotor a corrective phase magnetic radial
      attractive force, whose value and time curve are determined by the
      position information received by the sensor 8. The surface 15 of the rotor
      12 lying in opposition to the electromagnet 14 must at the same time
      consist of magnetizable or magnetic material.
PAR  FIG. 3 depicts a further example of the present invention as applied to a
      bearing for a horizontal shaft 1 also journaled in a spiral groove cap
      bearing 3. Here, a member 16 is secured to the shaft 1 behind its end 2
      and protrudes in a radial direction beyond the diameter of the cap bearing
      3. The member 16 carries at its ends a magnet 17. Opposite this magnet 17
      there is arranged a magnet 18a attached to the housing 6. The magnets 17
      and 18a have a polarity such that they normally repel one another. As
      noted the housing 6 may be rectangular in section and the magnets 18a are
      formed on the shaft side, that is on the side opposite the bearing 3.
      Thus, the shaft end 2 is forced into the spherical cap 3, the magnetic
      field being produced axially along the shaft 1. With this arrangement
      there is also obtained a rigidity which in many cases is considerable, in
      relation to the tilting or inclination of the axis of the shaft 1 so that
      a second radial bearing such as bearing 23 shown in FIG. 1 can be
      dispensed with. To increase the axial force on the shaft 1 a second magnet
      18b can be provided arranged about the bearing shaft 3, as shown in the
      dotted lines of FIG. 3. The magnet 18b is provided with a polarity such
      that the magnets 17 and 18b attract one another. In this way the magnet
      18b is supplemental to the magnet 18a and further forces the end 2 of the
      shaft 1 into the cap bearing 3. The magnets 17, 18a and 18b are annular
      magnets having their polarity extending parallel to the axis of rotation
      as indicated in FIG. 3. The polarity denominations shown in FIG. 3 are for
      illustration only. The magnets are of course coaxially arranged about the
      shaft 1.
PAR  In FIG. 4 an arrangement is shown for journaling an upright rotor 12. As
      seen the spherical cap bearing is mounted at the upper end of a vertical
      post or standard secured to the housing 6 and the rotor 12 is provided
      with a shaft end 2 which sits within the bearing 3 normally under the
      force of gravity. Extending radially outwardly from the lower end of the
      rotor 12 is an annular disc or dish 16 which carries on its upper face an
      annular magnet 17. The housing 6 is again formed so that it has a portion
      overlying the discs or dish 16 and is provided with an annular opposing
      magnet 18a arranged in axial alignment with the magnet 17. The magnets 17
      and 18a as seen in FIG. 4, are preferably rotationally symmetrical and
      have an axial polarity such that they repel one another and thus force the
      end of the shaft into the cap bearing 3. The rotor 12 is driven without
      contact by means of a stator 19 arranged about the upper end of the rotor.
      The rotor 12 may thus serve simultaneously as the armature of an electric
      motor. While the arrangement of FIG. 4 is shown in the vertical position
      this position is not necessary and the arrangement shown is not confined
      to a vertical axis of rotation. This is so because of the repellences of
      the magnets 17 and 18a as well as of the position of the stator 19 will
      enable the rotor 12 to be arranged in other than vertical positions. A
      cushion 13 for the spherical cap bearing may also be provided.
PAR  FIG. 5 shows an arrangement basically similar to that of FIG. 4 employing
      an upright rotor 12 and a shaft end 2 which sits within the spherical
      bearing 3 normally under the gravitational force. The shaft itself
      comprises the hub for the rotor 12 which is a hollow cylinder fitting over
      the post or standard of the housing 6. In the embodiment of FIG. 5 a
      tapering rotationally symmetrical or annular magnetic pole shoe 20 depends
      from the rotor 12 in opposition to an attractive magnet 21. The attractive
      magnet 21 is also rotationally symmetrical or annular and is provided at
      its upper edge with a tapering pole shoe 22. Through this design of the
      pole shoes, in addition to the axially directed attractive forces parallel
      to the axis of rotation 4, a high radial guiding force is attained. The
      magnet 21 may be a permanent and/or electrical magnet of the type
      described earlier. The embodiment shown in FIG. 5 avoids the need for
      additional radial bearings 23 since through the design of the pole shoes a
      high radial guidig force is obtained.
PAR  An advantageous arrangement is shown in FIG. 6 wherein several rotationally
      symmetrical or annular pole shoes are located concentrically one inside
      the other. Here the fixed or stationary magnet 21 takes the form of an
      electromagnet with an exciter or coil winding 24 located between two
      vertical or upwardly extending arms. Permanent magnets can be used with
      equal advantage. The pole shoe 20 integral with the end of the rotor 12 is
      likewise provided with a pair of concentric rings located in axial
      opposition or alignment with the upstanding arms of the fixed magnet 21.
      In this form the magnetic flux closes or circuits via the rotor pole shoe
      20 so that only small air gaps have to be bridged between the pole shoe
      rings. It is possible to provide a particularly small pole gap between the
      rings of the pole shoe 20 and the fixed pole shoe 21 by forming their
      edges to lie complimentary to each other on a spherical surface whose
      center coincides with the pendulum fulcrum of the shaft end 2 as it seats
      within the spherical bearing cap 3. The spherical surface is illustrated
      by the dot-dash line and the radius by the arrow as seen in FIG. 6. In
      this situation, even with large angles of inclination of the rotor axis,
      mechanical contact of the opposing pole shoes is reliably precluded.
PAR  It will be clearly recognized that the rotating shaft in FIGS. 4, 5 and 6
      is that portion of the rotor 12 which depends about the vertically
      upstanding supporting post and that in each of these embodiments, the
      shaft and rotor can take both axial and radial movement as well as
      pendulus movement about the shaft end 2. It will also be recognized that
      in all of the embodiments a spherical cap bearing is provided which is
      adapted to receive an end of the shaft. The magnetic means are arrayed in
      the vicinity of the cap bearing and on either side of it in order to exert
      a force axially of the shaft and in the direction of the cap bearing. The
      shaft is provided with means which are either magnets themselves or of
      magnetic material adapted to be attracted by the magnets arrayed about the
      cap bearing whereby the end of the shaft is thus drawn into the spherical
      cap bearing.
PAR  Various embodiments have been shown, other embodiments, changes and
      modifications will be obvious to those skilled in the present art. It is
      therefore intended that this disclosure be taken as illustrative only of
      the present invention and not limiting of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for journalling high speed rotary shafts comprising a spherical
      cap bearing fixedly mounted with respect to the shaft adapted to receive
      an end of said shaft, and to support said shaft against axial movement in
      the direction of said bearing, magnetic means arrayed with respect to said
      cap bearing to exert a continual force axially on said shaft toward the
      bearing means associated with said shaft cooperative with said magnetic
      means to move said shaft toward said spherical cap bearing during rotation
      and said cap bearing formed with at least one groove on its surface for
      forming a dynamic bearing film between the cap bearing and the shaft
      during rotation of said shaft.
NUM  2.
PAR  2. The system according to claim 1 wherein the spherical cap bearing is
      provided with spiral grooves which create the dynamic bearing film therein
      during rotation.
NUM  3.
PAR  3. The system according to claim 1 wherein said magnet means comprises a
      permanent magent.
NUM  4.
PAR  4. The system according to claim 1 wherein said magent means comprises an
      electromagnet.
NUM  5.
PAR  5. The system according to claim 4 including means for varying the strength
      of said magnetic force created by said electromagnet.
NUM  6.
PAR  6. The system according to claim 5 wherein the means for varying the
      strength of said electromagnetic force is responsive to variations in
      movement of said shaft.
NUM  7.
PAR  7. The system according to claim 6 wherein said means for varying the
      strength of said magnetic force includes a sensor responsive to the
      rotation of said shaft.
NUM  8.
PAR  8. The system according to claim 6 wherein the means for varying the
      strength of said magnetic force includes a sensor responsive to the
      deflection and/or axial position of said shaft.
NUM  9.
PAR  9. The system according to claim 1 wherein said magnet is arrayed behind
      said spherical cap bearing substantially along the axis of rotation of the
      shaft.
NUM  10.
PAR  10. The system according to claim 1 wherein said magnet means comprises a
      magnet fixedly arranged coaxially about said spherical cap and said means
      cooperative with said magnetic means said coaxially arranged. magnet.
NUM  11.
PAR  11. The system according to claim 10 wherein the coaxially arranged magnet
      extends in radial direction over the diameter of the cap bearing.
NUM  12.
PAR  12. The system comprising a fixedly mounted spherical cap bearing and a
      shaft journalled therein, said shaft and said spherical cap bearing being
      disposed generally in an upright condition, said shaft being disposed over
      said spherical cap bearing and being provided with magnet means at its end
      opposite said spherical cap bearing, said spherical cap bearing being
      provided with cooperating magnet means to draw said shaft continually
      toward said spherical cap bearing and said cap bearing having at least one
      groove on its surface to form a dynamic fluid bearing for said shaft.
NUM  13.
PAR  13. The system according to claim 1 including means for resiliently
      cushioning the cap bearing so as to absorb axial and radial loads.
NUM  14.
PAR  14. The system according to claim 12 wherein said magnet means have an
      inhomogenious field which produces stabilizing radial guiding forces when
      the shaft is not in proper aligment with the axis of rotation.
NUM  15.
PAR  15. The system according to claim 12 wherein said magnet means are
      rotationally symmetrical and are provided at its upper edge with tapering
      pole shoes.
NUM  16.
PAR  16. The system according to claim 12 wherein said magnet means are provided
      with at least two pairs of concentric pole shoes located in axial
      opposition to each other, so that the magnetic flux is closed over the gap
      between these pole shoes.
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PAL  Components for roller assemblies including a cylindrical roller pipe, and
      first and second end members having internal roller bearings, the end
      members being slidable onto a fixed cylindrical axle and into the ends of
      the pipe. Hubs on the end members frictionally engage the inside of the
      pipe, and a flange abuts the end of the pipe. A plurality of hollow
      frustoconical members are slidable over the pipe in end-to-end
      relationship surrounding the pipe between the end members, the outer
      surfaces of the frustoconical members making equal angles with the axes
      thereof, the members being of graduated sizes so that the smaller end of
      one member has an outer surface diameter equal to the larger end of the
      next adjacent member to form a continuous frustoconical outer surface
      along the length of the assembly. An annular spacer is provided between
      the outside of one end of the pipe and the larger end of the largest one
      of the frustoconical members to maintain proper coaxial spacing of the
      larger end, the spacer member having a shoulder abutting the larger end of
      the largest member. One of the end members can have a pulley for driving
      the roller assembly.
BSUM
PAR  This invention relates to a system of construction components from which
      roller assemblies for a roller train can be produced.
PAR  It is known to produce a cylindrical roller for a roller train in which
      bearing inserts are provided with journal bearings or bushings which
      revolve on a fixed shaft, as shown in Swiss Pat. No. 406,974. It is also
      known from German Patent appliction No. 2,006,880, which is open for
      public inspection, to provide conical rollers for roller trains in which
      individual frustoconical or potshaped conical elements follow one another.
      The conical elements located at the ends of the roller assembly are
      mounted on the fixed shaft by bearing inserts which contain ball bearings.
      In another embodiment of the same German application, the conical elements
      are disposed on a continuous roller pipe which is, in turn, mounted on the
      fixed shaft by ball bearing members.
PAR  In known conveyor installations cylindrical and conical rollers for roller
      trains are used side-by-side for straight sections of the roller train or
      curves thereof wherein, depending on the circumstances, the individual
      roller assembly can be active or passive, i.e., either driven or not
      driven by some motive force. The variety of the required roller assemblies
      in the roller train necessitates a corresponding multiplicity of various
      types of spare parts which must be maintained in storage in order to be
      sure of having the necessary components for maintenance and repair. This
      is especially true of the bearing inserts which, because of the required
      variety in shapes and the necessity of careful maintenance, causes a
      considerable expense in inventory of such spare parts, making the entire
      roller train a costly aspect of any facility.
PAR  It is an object of the present invention to provide a system of
      construction components or units which permit assembly of a variety of
      various roller assembly parts using a relatively small number of basic
      components which can be assembled in a variety of ways to solve the
      various problems encountered in the roller train, minimizing the number of
      components and the variety in components which must be maintained as
      replacement parts.
PAR  Briefly described, the system of components for the selective production of
      cylindrical and frustoconical, driven and non-driven rollers of the roller
      train comprises a roller pipe, frustoconical element which can be slidably
      mounted on the roller pipe, one adjacent another, the frustoconical
      elements together resulting in a continuous outer frustoconical surface of
      the roller assembly. The assembly is held together and mounted on a fixed
      axle by bearing inserts which are supplied in three basic types having
      substantially identical hub portions insertable into the roller pipe and
      collars suited to the specific assembly to be formed. One of the inserts
      is provided with a collar or flange having an outside diameter smaller
      than the outside diameter of the roller pipe. A second pipe is provided
      with a collar having an outer diameter slightly smaller than the outer
      diameter of the smaller end of the smallest frustoconical element. The
      third type of insert is provided with an integrally formed pulley wheel by
      which a driven roller assembly can be formed. Using the first of these
      types at both ends of the assembly results in a cylindrical roller
      assembly. The second type is employed in conjunction with an annular
      spacer member to appropriately space the larger end of the largest
      employed frustoconical components to form a passive roller of the
      frustoconical type, and the third kind of bearing element can be employed
      to form either a cylindrical or frustoconical driven roller.
PAR  It will be observed that roller assemblies, particularly conical roller
      assemblies, of various lengths can be formed using the apparatus of the
      present invention. With the set of exchangable bearing and driving
      elements disclosed herein, all of the necessary roller assemblies can be
      produced. Since only three types of bearing inserts need to be employed,
      they can be produced in large quantities at the correspondingly lower
      cost.
PAR  The driving wheel is preferably developed as a double-sheave belt or rope
      pulley in order to be able to couple together the preceding as well as the
      following rollers in a driving relationship.
PAR  As will be seen, conical rollers of various lengths are formed by pushing
      variable numbers of successively larger conical elements onto the roller
      pipe. The smallest conical element is always the same so that the bearing
      element at that end need not be varied. The conical elements at the larger
      end of the roller assembly can therefore having varying diameters
      depending upon the length of the roller. Whenever the conical elements on
      this end are closed, then the bearing insert, or spacer element, which is
      always dimensioned accordingly, abuts on the end surface of the roller
      assembly.
PAR  It will be recognized that rollers or roller trains have previously been
      known wherein conical elements are "pot-shaped" and open toward the larger
      side. In the prior constructions of this type it has been necessary to
      employ a special bearing element so that the abutting diameter thereof
      would necessarily need to be dimensioned to mate each possible "largest
      end" dimension for this last, largest conical element. In order to solve
      this problem, according to one embodiment of this invention, spacing
      pieces are provided for such conical element, which spacing pieces support
      the largest element pushed onto the roller pipe, the spacers then abutting
      against the smaller collar of the bearing insert. The spacing pieces
      therefore take over the function of closed terminal surfaces of the
      bearing elements so that the same bearing insert can be used, the only
      changable portion being a simple annular spacer device which is
      inexpensive.
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PAR  In order that the manner in which the foregoing and other objects are
      attained in accordance with the invention can be understood in detail,
      reference is made to the accompanying drawings, which form a part of this
      specification, and wherein:
PAR  FIGS. 1-3 illustrate three types of bearing inserts used in conjunction
      with the invention;
PAR  FIG. 4 shows an elevation in partial section of a cylindrical roller
      assembly according to the invention; and
PAR  FIG. 5 shows an elevation in partial section of a conical roller assembly
      according to the invention.
DETD
PAR  As shown in the drawings, and particularly in FIGS. 4 and 5, the system of
      construction components according to the invention can be assembled to
      construct either a cylindrical or frustoconical roller structure including
      a roller pipe 1 and conical elements 2, 2' and 2" which can be slidably
      pushed onto roller pipe 1. Bearing inserts of three different types
      suitable for use with the components to form rollers of the varieties
      constructable with these basic components are shown in FIGS. 1, 2 and 3,
      these being identified as elements 10, 20 and 30, respectively. With these
      elements various types of rollers for roller trains can be constructed,
      each of these types being simply constructed so that they rotate about a
      fixed cylindrical shaft 8.
PAR  Bearing insert 10 comprises a cylindrical hub portion 11 which, as can be
      seen in FIG. 4, can be inserted into an end of pipe 1 around shaft 8. The
      fit between the hub of bearing insert 10 and the interior of pipe 1 is
      snug and tight so that no additional hardware is necessary to maintain the
      attachment between these components. The bearing inserts are
      advantageously formed from plastic and each such bearing insert is
      provided with ball bearings so that the bearing inserts are mounted
      rotatably on the shaft 8. Bearing insert 10 is provided with an annular
      collar 12 which is dimensioned such that the outer diameter of collar 12
      is less than the outer diameter of pipe 1 but larger than the interior
      diameter of pipe 1 so that the shoulder of the collar abuts the end of the
      pipe.
PAR  To form the conical roller 4 of FIG. 5, several conical elements
      illustrated as 2, 2' and 2" are slidably pushed, one after the other onto
      roller pipe 1. Each of these conical elements is pot-shaped in form,
      having a frustoconical outer surface and opening toward the larger end
      thereof. Each such conical element except for the smallest one is provided
      with a collar 13 of smaller diameter than the exterior surface of the
      smaller end, each of these collars being fitted into the chamfered larger
      end of the next adjacent smaller conical element. In order to maintain the
      larger end of the largest such element 2" in proper fixed coaxial spaced
      relationship with pipe 1, an annular spacing 33 is provided, spacing piece
      33 having an interior bore which surrounds pipe 1, the spacer having a
      shoulder which abuts the end of the largest frustoconical member.
PAR  Bearing inserts 20 and 30 are provided with hub portions 11 which are
      substantially identical to the hub portion of bearing insert 10 and which
      can be inserted into an end of pipe 1. They are also provided with ball
      bearings on the interior openings thereof so that they can similarly be
      rotatably mounted on shaft 8.
PAR  Bearing insert 20 differs from insert 10 in being provided with an
      additional collar 22 of larger diameter than collar 12, this collar being
      of a diameter smaller than the outside diameter of the smaller end of the
      smallest conical element 2. As can be seen in FIG. 5, the bearing insert
      20 closes the end of both pipe 1 and also conical element 2 and, by
      abutting the ends of both of these elements, maintains their relative
      position.
PAR  In cases in which the conical roller 4 of the roller train does not need to
      be driven, a bearing insert 20 is used at both ends, the larger collar 22
      serving to maintain spacer 33 in position at the larger end of the roller.
      However, when the roller is to be a driven roller, a bearing insert such
      as insert 30 of FIG. 3 is employed, insert 30 being provided with a collar
      32, the diameter of which is chosen to coincide with the larger end of the
      largest of the frustoconical elements to be employed in constructing the
      shortest anticipated roller assembly. In the event that more frustoconical
      elements are employed, indicating that larger elements than that shown as
      2" in FIG. 5 are employed, a larger pulley need not be employed. A larger
      annular spacer 33 is used, but the shoulder formed by pulley 32 and hub 11
      of element 30 bears against the annular spacer and need not be as large as
      a larger frustoconical element.
PAR  Insert 30 is advantageously provided with a rope or belt pulley 35 having
      two grooves 34 as shown in the embodiment given by way of example in FIG.
      3. The pulley is integrally formed on the collar 32 of insert 30 so that a
      suitable belt or rope drive can be employed to drive the conical roller
      assembly.
PAR  It will be recognized that the diameters of roller pipe 1 and of the
      smallest conical element 2 are fixed within a specified system of
      construction units. The lengths of the cylindrical rollers 3 of the roller
      train and of the conical rollers 4 of the roller train can then be varied
      arbitrarily. Also, a drive can be provided if desired at any group of
      rollers in the roller train.
PAR  It will be recognized that for all of these variations in possible
      constructions, only three different bearing inserts are needed, which
      inserts can be provided as standard mass produced parts. With the help of
      these interchangeable components, the rollers of the roller train required
      at any one time can be supplied with a minimum of stocked components, the
      largest number of these components to be stocked being simple standard
      parts of minimum complexity and costs.
PAR  While certain advantageous embodiments have been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roller assembly for a roller train comprising
PA1  a fixed cylindrical axle;
PA1  a roller pipe having cylindrical inner and outer surfaces;
PA1  first and second end members each having bearing means therein, said
      members being slidable onto said axle for rotation thereon, each of said
      end members having
PA1  a hub extending into and frictionally engaging the interior surface of said
      pipe, and
PA1  a flange having a larger outer diameter than said hub, said flange forming
      a shoulder abutting an end of said pipe;
PA1  pulley means integrally formed on said first one of said end members for
      cooperating with drive means to rotate said roller assembly about said
      axle;
PA1  a plurality of hollow frustoconical members slidable onto said pipe in
      end-to-end relationship surrounding said pipe and in coaxial relationship
      therewith, the outer surfaces of said frustoconical members making equal
      angles with the axes thereof, the smaller end of each said member being of
      equal diameter with the larger end of the next adjacent one of said
      members to form a continuous frustoconical outer surface along the length
      of said roller assembly; and an annular spacer member between the larger
      end of the largest one of said frustoconical members and said pipe to
      maintain said larger end in coaxial relationship with said pipe.
PA2  said spacer member having means defining a shoulder abutting the larger end
      of said largest member.
NUM  2.
PAR  2. A roller assembly according to claim 1 wherein each of said
      frustoconical members includes
PA1  means at the smaller end thereof defining a collar having a central bore
      substantially equal in inner diameter to the outer diameter of said pipe
      and an outer surface portion of reduced diameter, said reduced diameter
      being substantially identical to the inner diameter of the larger end of
      the next adjacent frustoconical member, whereby said frustoconical members
      are mating and frictionally engaged with each other and with said pipe.
NUM  3.
PAR  3. A system of components interchangeably usable to assemble roller
      assemblies for a roller train on a fixed cylindrical axle, comprising
PA1  a roller pipe having cylindrical inner and outer surfaces;
PA1  first and second end members each having bearing means therein and being
      slidable onto said axle for rotation theron, each of said end members
      having
PA2  a hub slidable into said pipe for frictionally engaging the interior
      surface thereof, and
PA2  a flange having a larger outer diameter than said hub, said flange forming
      a shoulder abutting an end of said pipe;
PA1  pulley means integrally formed on said first one of said end members for
      cooperating with drive means to rotate said roller assembly about said
      axle;
PA1  a plurality of hollow frustoconical members slidable onto said pipe in
      end-to-end relationship surrounding said pipe and in coaxial relationship
      therewith, the outer surfaces of said frustoconical members making equal
      angles with the axes thereof, the smaller end of each said member being of
      equal diameter with the larger end of the next adjacent one of said
      members to form a continuous frustoconical outer surface along the length
      of said roller assembly; and
PA1  an annular spacer member between the larger end of the largest one of said
      frustoconical members and said pipe to maintain said larger end in coaxial
      relationship with said pipe,
PA2  said spacer member having means defining a shoulder abutting the larger end
      of said largest member.
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ABST
PAL  An annular liquid collecting chamber is provided between the aft end of a
      stern tube bearing for a ship's propeller shaft and the forward end of the
      aft stern tube seal. A floating seal ring at the aft end of the stern tube
      bearing retains oil in the bearing but there is leakage of a small
      percentage of oil into the collecting chamber. A scavenge pump is coupled
      to the bottom of the collecting chamber to remove any fluids that collect
      therein. The oil in the output of the scavenge pump is coalesced and
      pumped to the stern tube oil sump tank to be recycled. The aft stern tube
      seal includes at least three seal rings whose lips are all directed
      outboard. Filtered sea water is pumped into a first annular space between
      two of the seal rings and circulates in an outboard direction to cool and
      lubricate the rings and wash away any dirt. Filtered sea water at a lower
      pressure is applied to an annular space which is forward of the first
      space to lubricate the rings and to lower the pressure drop across an
      intermediate ring. In certain installations where there is a projecting
      strut, there may be collecting from both ends of the bearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lubricated bearing and seal assemblies for ship
      propeller shafts, or for other shafts that are similarly lubricated and
      sealed. In the past, the stern tube bearing for a ship's propeller shaft
      has been flood lubricated, and the space between the aft end of the stern
      tube bearing and the aft stern tube seal was filled with oil. The lip of
      the innermost seal ring has been directed in an inboard direction and
      served to seal in the oil while the lips of the other seal rings were
      directed in an outboard direction and served to seal the water out.
PAR  These prior art seals have been effective, but since no seal is perfect,
      there was always the probability of a small amount of oil leakage through
      the aft stern tube seal even when it was new, the amount of leakage
      increasing as the seal rings deteriorated in service. Although this
      leakage was normally quite small, it was sufficient to leave a visible
      sheen on the water behind the ship.
PAR  Recently, maritime authorities concerned with navigation on the Great Lakes
      have required ship owners to so reduce oil leakage from their ships that
      no oil sheen is visible around the ship or in its wake. This requirement
      has posed a difficult seal design problem, since even minute quantities of
      oil leakage can cause a visible sheen.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the above-noted problem is solved not by
      improving the seals, but rather by providing an annular liquid collecting
      chamber between the aft end of the stern tube bearing and the aft stern
      tube seal and by removing liquid from the collecting chamber as fast as it
      accumulates therein to keep the collecting chamber at low pressure, there
      being a floating seal ring on the aft end of the stern tube bearing to
      limit leakage, any leakage liquid being removed as fast as it accumulates
      and being coalesced and recirculated.
PAR  This invention may also include an improved aft stern tube seal which has a
      plurality of seal rings having lips which are all directed outboard, means
      for pumping water into a space between two of the seal rings at a pressure
      higher than the sea water pressure on the outboard seal lip so as to flush
      the water outboard under at least one seal lip, and means for applying
      water at a lower pressure into the space between two seal rings inboard of
      the first-mentioned space to reduce the pressure drop across the inboard
      seal ring adjacent to the first-mentioned space. In one form of the
      invention for use when there is a projecting strut bearing, there may be
      the improved seal construction at each end of the bearing and there is
      collecting of fluid at both ends.
PAR  It is, therefore, a general object of the present invention to provide a
      seal for bearings which prevents leakage of oil onto the surface of the
      water and which has means for withdrawing any leakage fluids, coalescing
      the same, and recirculating collected leakage oil for reuse.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a stern tube bearing and stern
      tube seals for a ship propeller shaft.
PAR  FIG. 2 is a block diagram of the oil and water circulation systems for the
      bearing and seals shown in FIG. 1.
PAR  FIG. 3 is a diagrammatic view showing a modification where there is
      collecting at both ends of a projecting strut bearing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the aft portion of a ship's propeller shaft 10 is
      shown enclosed within a stern tube 12 and surrounded by a bearing sleeve
      14 which is supported by stern tube 12. Bearing sleeve 14 has a
      circumferentially-extending oil groove 16 formed in its outer surface and
      a plurality of axially-extending oil grooves 18 which intersect groove 16.
      Dams 20 close circumferential groove 16 under the junction of each axial
      groove 18 to divert oil from groove 16 into grooves 18. Radially-extending
      oil ducts 22 connect with grooves 18 to direct the oil from grooves 18
      into the space 17 between propeller shaft 10 and bearing sleeve 14 to
      lubricate shaft 10.
PAR  An internal annular oil chamber 24 is formed in the aft end of bearing
      sleeve 14 to collect oil discharged from the aft end of bearing sleeve 14.
      A radially-extending oil recirculation duct 26 communicates with oil
      chamber 24 and with an axially-extending oil groove 28 formed on the
      exterior of bearing sleeve 14 and extending from duct 26 to the forward
      end of bearing sleeve 14 to recirculate the oil collected in oil chamber
      24. The above is generally conventional.
PAR  The aft end of bearing sleeve 14 has an annular groove 30 receiving a
      floating bronze seal ring 32 and is annularly recessed at 34 to receive a
      retaining ring 36 for the seal ring 32. Retaining ring 36 is secured to
      the aft end of bearing sleeve 14 by any suitable fastening means.
PAR  There is a small clearance between seal ring 32 and propeller shaft 10,
      and, as a consequence, there is some leakage of oil past seal ring 32.
      This leakage oil is taken care of by novel apparatus described
      hereinafter.
PAR  At the forward end of stern tube 12, the space between tube 12 and
      propeller shaft 10 is sealed by a conventional forward stern tube seal
      that includes a forward shaft liner 38, which is attached to shaft 10 by
      conventional means, and a pair of resilient seal rings 40 and 42 which are
      supported by conventional mounting rings 44, 46 and 48 on the forward end
      of stern tube 12 and bear against liner 38 with their lips directed
      outboard to seal the oil in. Mounting ring 46 has a bore 50 extending
      therethrough to admit oil into the space between seal rings 40 and 42 to
      reduce the pressure across ring 40 and to lubricate seal rings 40 and 42.
      A similar bore 52 is formed in the bottom of mounting ring 46 for the same
      purpose.
PAR  As shown in FIG. 2, an oil head tank 54 is coupled to bores 50 and 52 by
      conduits 56 and 58 respectively to introduce oil into the space between
      sealing rings 40 and 42.
PAR  An oil inlet bore 60 (FIG. 1) in stern tube 10 communicates with
      circumferential oil groove 16 of bearing sleeve 14. Oil under pressure is
      supplied to oil inlet bore 60 by conduit 62 (FIG. 2) which is coupled to
      the output of an oil pump 64. Another conduit 66 is coupled between the
      input of pump 64 and an oil sump tank 68. Two bores 70 and 72 (FIG. 1) and
      a conduit 74 (FIG. 2) provide an oil return path from the forward end of
      stern tube 12 to oil sump tank 68.
PAR  The principal object of this invention is to eliminate oil leakage through
      the aft stern tube seal 76 (FIG. 1). This is done by providing an annular
      liquid collecting chamber 78 between the aft end of bearing sleeve 14 and
      the aft stern tube seal 76 and by removing the liquid from chamber 78 fast
      enough to keep it substantially empty. Such removal takes place through a
      bore 80 in stern tube 12 at the bottom of chamber 78 and through a conduit
      82 (FIG. 2) which is coupled between bore 80 and the input of a scavenge
      pump 84. The output of scavenge pump 84 is coupled via conduit 86 to a
      coalescer 88 or other purifier which separates water and other impurities
      from the removed liquid, which liquid is predominantly made up of oil
      which has leaked into collecting chamber 78 past seal ring 32. The
      purified oil is coupled by conduit 90 from coalescer 88 to oil sump tank
      68 to be recirculated. Any water which is separated from the oil can be
      disposed of in any convenient manner.
PAR  Scavenge pump 84 is preferably operated continuously whenever oil pump 64
      is operated, and preferably has a large enough capacity to remove liquid
      from collecting chamber 78 faster than liquid will collect therein, under
      all but exceptional conditions. Thus, liquid collecting chamber 78 will
      normally be empty at all times, and the small amount of oil leakage past
      seal ring 32 never contacts aft stern tube seal 76, thereby entirely
      eliminating oil leakage through seal 76. Any water which leaks into liquid
      collecting chamber 78 from seal 76 is also removed faster than it
      collects. Thus, the apparatus of this invention not only prevents oil from
      leaking out to the sea, but also prevents water from leaking into the
      bearing, and achieves these objectives even with well-used seal rings
      which are subjected to leakage.
PAR  The aft stern tube seal 76 used in this embodiment of the invention
      preferably has four resilient seal rings 92, 94, 96 and 98 which are
      supported by mounting rings 100, 102, 104, 106 and 108 and bear against a
      conventional aft shaft liner 110, with all of the seal ring lips being
      directed outboard. Mounting rings 100-108 are secured to the aft end of
      stern tube 12 by conventional means not shown.
PAR  Communicating bores 112, 114, 116, 118, 120 and 122 are formed in mounting
      rings 104, 106 and 108 to provice a conduit into the space 123 between
      seal rings 94 and 96. Filtered sea water is pumped into space 123 from the
      ship's sea water supply through conduit 124 (FIG. 2), filter 126, conduit
      128, pump 130, conduit 132, and the bores 112-122.
PAR  The pressure developed in space 123 will be just slightly higher (e.g. 0.5
      psi greater) than the external sea pressure, regardless of the ship's
      draft. This pressure in space 123 will build up just sufficient to lift
      resilient seal rings 94 and 92 from the shaft liner 110 to permit filtered
      water flow to the sea as indicated in FIG. 2. It will be clear from
      inspection of the seal ring geometry that these rings act as one-way check
      valves. Viewing seal assembly 76, flow is readily obtained from any
      inboard location outboard to the sea with only a small overpressure on the
      inboard side. In the opposite direction, higher outboard pressures force
      the seal rings tighter against the shaft liner 110. Thus, the pressure in
      space 123 builds up to a value just sufficiently greater than sea pressure
      to cause the filtered sea water to flow outboard under seal rings 94 and
      92. This washes away any dirt adjacent seal rings 92-96 and cools and
      lubricates rings 92-96, thereby prolonging their life. This same pressure
      forces seal ring 96 into close contact with the liner 110, creating a seal
      at that point and preventing water leakage inboard.
PAR  Communicating bores 133 (FIG. 1, dotted lines) and 136 are formed in
      mounting rings 106 and 108 to provide a conduit into the space 144 between
      seal rings 96 and 98. Sea water at a pressure less than the pressure in
      space 123 is applied to space 144 by a sea water head tank 146 (FIG. 2),
      conduit 148, and bores 134-136. The sea water in space 144 lubricates the
      inboard side of seal ring 96 and reduces the pressure drop across seal
      ring 96. The pressure drop between space 144 and the low pressure in
      collecting chamber 78 is carried by seal ring 98, which is lubricated on
      its outboard side by the water in space 144. In the preferred embodiment
      of the invention, the pressure in space 144 is such as to cause a greater
      pressure drop across seal ring 96, the latter being lubricated on both
      sides, than across seal ring 98, the latter being only lubricated on one
      side. The division of pressure is controlled by the height of head tank
      146. Normally, there is no circulation to or from head tank 146.
PAR  The outboard seal ring 92 is considered as a scrubber or dirt seal and is
      discounted for any other purpose. Thus for design purposes, the space
      between seal rings 92 and 94 is considered the same as the space exterior
      to ring 92. Thus seal ring 92 is not essential to the features of this
      invention.
PAR  In the modification disclosed in FIG. 3, all of the parts which correspond
      to similar parts in FIG. 2 are identified by the same reference numberal
      with a prime mark added and are not further described. The modification of
      FIG. 3 is adapted for use in special situations where there is a
      projecting strut on the boat with the strut bearing 14' adjacent the shaft
      10', there being an annular oil film as at 17' between the shaft and
      bearing. In this modification the forward seals 40 and 42 of the form of
      the invention of FIGS. 1 and 2 are replaced by a special seal which is the
      same as the seal 76 of the form of the invention of FIGS. 1 and 2 except
      that it is reversed in position as shown in FIG. 3. This forward seal is
      designated 76" and it has chambers 123" and 144" which correspond to the
      chambers 123' and 144' at the opposite end of FIG. 3. In this form of the
      invention the sea water head tank 146' not only communicates through the
      line 148' with the annular seal space 144'  but also communicates through
      the line 170 with the space 144"  at the forward end of the strut bearing.
      In FIG. 3 there is an annular collecting space 78' which corresponds to
      the annular collection space 78 of the form of the invention of FIG. 2 but
      there is also a similar annular collecting space 78" at the forward end of
      the bearing. Fluid is withdrawn from the annular space 78' by the
      collecting line 82', as in the principal form of the invention, and there
      is another collecing line 82" which removes liquid from the collecting
      space 78". Thus liquid from both spaces is removed by the scavenge pump
      84'. In addition, sea water from the ship's supply which enters through
      line 124' passes through the filter 126' and is delivered by pump 130', as
      in the principal form of the invention. This sea water is directed not
      only into the annular space 123' between seals in the aft seal, but also
      through the line 171 into the space 123" of the seal at the forward end of
      the bearing. Everything else in the modification operates the same as
      heretofore described, the only difference being that the ship's supply of
      sea water feeds special seals at both ends of the bearing instead of only
      at the aft end, with the sea water head tank feeding annular seal spaces
      at both ends of the bearing 14', and with the scavenge pump collecting
      leakage fluid from annular collecting spaces 78' and 78" at both ends of
      the bearing 14', it being noted that there is a floating bronze seal ring
      32' at one end of the bearing 14' and another floating bronze seal ring
      32" at the opposite end.
PAR  Summarizing the invention, it is clear that the bearing 14 is pressure
      lubricated by the circulating pump 64 but without the use of a head tank
      as is customary. The head tank is eliminated because the collecting spaces
      78, 78' and 78" are at essentially O pressure. The majority of the
      circulating oil for the bearing is contained within the floating bronze
      seal rings 32, 32' and 32". Thus this oil simply circulates from the sump
      tank 68 to the bearing and back to the sump tank. As the pressure
      difference across the floating bronze rings 32, 32' and 32" is small, and
      inasmuch as the clearance around the shaft is small (usually about 0.010
      of an inch), the oil flow past the rings 32, 32' and 32" will be a small
      percentage of the circulating flow. What does leak past these rings enters
      the spaces 78, 78' and 78". Thus these spaces form a catchall or
      protective spaces which are really the key to the invention. With respect
      to the seal assembly itself, its job is to seal water out against a
      pressure difference from the sea water pressure to the collecting space
      78.
PAR  Referring to the form of the invention of FIGS. 1 and 2, seal ring 92 is
      considered as a scrubber or dirt seal as in conventional seals. Thus the
      space between seal rings 92 and 94 is considered the same as the space
      outboard of seal ring 92 as far as design purposes are concerned. Heat,
      foreign matter and large pressure differences across the seal rings are
      three of the worst enemies in seals. The design of the seal assembly of
      the present invention adequately takes care of these problems. With the
      present invention there is a pressure in space 123 which is slightly above
      sea pressure and a pressure in collecting space 78 which is essentially 0.
      A sealing ring 98 has been added to permit taking this pressure drop
      across two seal rings. The major portion of the pressure drop will be
      across seal ring 96 as it is now lubricated on both sides. The smaller
      portion of the pressure drop will be taken across seal ring 98. This seal
      ring 98 is essential, as the collecting space 78 will not guarantee
      lubrication of the inboard side of any seal ring adjacent to it. Thus seal
      ring 98 is provided to establish an annular space 144 for lubricating seal
      ring 96 on the inboard side and permit it to carry the major portion of
      the pressure drop. This division of pressures is controlled by the sea
      water head tank 146 which communicates with annular space 144. Normally
      there will be no circulation to or from the tank 146.
PAR  It is understood that I do not wish to be limited to the exact details of
      the construction disclosed, since obvious modifications will occur to
      those skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a bearing and seal assembly wherein there is a rotatable shaft and a
      bearing sleeve surrounding a portion of said shaft, there being oil
      openings in said bearing sleeve, and wherein there is means for applying
      oil under pressure to said oil openings to provide lubrication between
      said bearing sleeve and said shaft, and wherein there is a seal assembly
      surrounding said shaft axially spaced from said bearing sleeve, the
      improvement comprising means providing an annular collecting chamber
      around said shaft between said bearing sleeve and said seal assembly, a
      seal ring surrounding said shaft at the end of said bearing sleeve which
      is adjacent said collecting chamber, and means including a scavenge pump
      coupled to said annular collecting chamber to remove material from said
      chamber which has collected therein because of leakage past said seal ring
      and seal assembly.
NUM  2.
PAR  2. A bearing and seal assembly as defined in claim 1 and further comprising
      oil purifier means coupled to the output of said scavenge pump to purify
      the oil output thereof for reuse.
NUM  3.
PAR  3. A bearing and seal assembly as defined in claim 2 and further comprising
      an oil sump tank, means including an oil pump coupled between said oil
      sump tank and said bearing sleeve for pumping oil into said oil openings
      to provide lubrication between said shaft and said bearing sleeve, and
      means coupling the oil output of said oil purifier means to said sump tank
      for reuse in lubricating said bearing sleeve.
NUM  4.
PAR  4. The bearing and seal assembly defined in claim 1 wherein said seal ring
      is made of metal and further comprising an annular recess in the end of
      said bearing sleeve adjacent to said collecting chamber for receiving said
      seal ring.
NUM  5.
PAR  5. The bearing and seal assembly defined in claim 1 wherein said shaft is a
      ship propeller shaft and further comprising a stern tube surrounding said
      bearing sleeve and supporting said sleeve and said shaft, and wherein said
      seal assembly comprises an aft stern tube seal assembly, and further
      comprising a forward stern tube seal assembly surrounding a portion of
      said shaft at the forward end of said stern tube.
NUM  6.
PAR  6. The bearing and seal assembly defined in claim 5 wherein said aft stern
      tube seal assembly comprises a plurality of resilient seal rings axially
      spaced along a portion of said shaft, the lip of each resilient seal ring
      being directed outboard, and further comprising means for pumping water
      into a first-mentioned annular space between two of said seal rings at a
      pressure higher than the sea water pressure to cool and lubricate the
      adjacent seal rings and to flush water outboard under the outboard seal
      ring to wash away dirt and other foreign material.
NUM  7.
PAR  7. The bearing and seal assembly defined in claim 6 wherein said means for
      pumping water into said annular space between said two seal rings includes
      filter means for filtering said water.
NUM  8.
PAR  8. The bearing and seal assembly of claim 6 and further comprising means
      for supplying water to an annular space which is forward of said first
      annular space at a pressure which is lower than the pressure of the water
      which is pumped into the first-mentioned space.
NUM  9.
PAR  9. The bearing and seal assembly of claim 7 wherein there are four of said
      seal rings, said two seal rings between which water is pumped at a higher
      pressure than sea water pressure being the second and third seal rings
      from the aft end of said seal assembly, and said two seal rings between
      which water is applied at a lower pressure being the third and fourth seal
      rings from the aft end of said seal assembly.
NUM  10.
PAR  10. An improved aft stern tube seal assembly for a ship propeller shaft
      comprising a plurality of resilient seal rings axially spaced along a
      portion of said shaft, the lip of each resilient seal ring being directed
      outboard, and means for pumping water into the annular space between two
      of said seal rings at a pressure higher than the sea water pressure to
      cool and lubricate the adjacent seal rings and to flush water outboard
      under the outboard seal ring to wash away dirt and other foreign material.
NUM  11.
PAR  11. The stern tube seal defined in claim 10 wherein said means for pumping
      water into said annular space between said two seal rings includes filter
      means for filtering said water.
NUM  12.
PAR  12. The stern tube seal assembly defined in claim 10 and further comprising
      means for supplying water to the annular space which is forward of said
      first-mentioned annular space at a pressure which is lower than the water
      pressure of the water which is pumped into the first-mentioned space.
NUM  13.
PAR  13. The stern tube seal defined in claim 12 wherein there are four of said
      seal rings, said two seal rings between which water is pumped at a higher
      pressure than sea water pressure being the second and third seal rings
      from the aft end of said seal assembly, and said two seal rings between
      which water is applied at a lower pressure being the third and fourth seal
      rings from the aft end of said seal assembly.
NUM  14.
PAR  14. In a marine bearing and seal assembly wherein there is a rotatable
      propeller shaft and a bearing sleeve surrounding a portion of said shaft,
      there being oil openings in said bearing sleeve, and wherein there is
      means for supplying oil under pressure to said oil openings to provide
      lubrication between said bearing sleeve and said shaft, and wherein there
      is a seal assembly surrounding said shaft in a position axially spaced
      from each end of said bearing sleeve, the improvement comprising means
      providing an annular collecting chamber around said propeller shaft
      between one end of said bearing sleeve and the seal assembly which is
      axially spaced from said end of the bearing sleeve, an annular collecting
      chamber surrounding said shaft between the opposite end of said bearing
      sleeve and the axially spaced seal assembly at said opposite end, a seal
      ring surrounding said shaft at each end of the bearing sleeve, and means
      including a scavenge pump coupled to both of said annular collecting
      chambers to remove material from said chambers which has collected therein
      because of leakage past said seal rings and seal assemblies.
NUM  15.
PAR  15. The bearing and seal assembly defined in claim 14 wherein said axially
      spaced seal assemblies are both exposed to sea water pressure and each
      comprises a plurality of resilient seal rings axially spaced along said
      shaft, the lips of each resilient seal ring of each axially spaced seal
      assembly being directed away from the bearing sleeve, and further
      comprising means for pumping sea water into the annular space between two
      of said seal rings of each of the axially spaced seal assemblies at a
      pressure higher than the sea water pressure to cool and lubricate the
      adjacent seal rings and to flush water outwardly to wash away dirt and
      other foreign material.
NUM  16.
PAR  16. The bearing and seal assembly defined in claim 15 and further
      comprising means for supplying sea water to an annular space closer to the
      bearing which is between two other seal rings of each of the axially
      spaced seal assemblies at a pressure which is lower than the pressure of
      the water which is pumped into the first-mentioned annular spaces between
      seal rings.
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ABST
PAL  A shaft bearing including a bearing insert and a housing constructed of
      plastic and having a body and a retainer for the bearing insert, the
      plastic housing body and the retainer being integrally joined by an
      ultrasonic vibration method to fuse the interface between the two parts to
      form a unitary housing structure and secure the bearing insert in place in
      the bearing housing. The invention includes the method of assembling the
      plastic housing parts and bearing insert, and welding the housing body and
      the retainer by ultrasonic vibration to secure the bearing insert in place
      in the housing and conform the internal surface of the body and retainer
      to the adjacent external surface of the bearing insert.
BSUM
PAR  In the past most bearing and pillow block housings have been constructed of
      metal, such as steel, in all but the smaller bearings. In certain
      applications and installations, however, the metal housings are not
      satisfactory, in that they tend to corrode excessively, particularly in
      installations where the bearing or pillow blocks are subjected to water
      containing one or more active chemicals, such as encountered in chemical
      processing plants, commercial kitchens and food processing plants. The
      corrosion often produces areas on or in the bearing housing in which dirt
      and other foreign matter can accumulate and form media for the growth of
      bacteria. Further, the corrosion may prevent the bearing or pillow block
      from giving optimum performance, and may require frequent service and
      cause premature failure. Some installations, while requiring relatively
      large bearing or pillow blocks, are required to carry only relatively
      light loads, and hence the strength afforded by steel or cast iron is not
      necessary. Notwithstanding the lack of need for the strength of steel and
      cast iron, these bearings and pillow blocks were nevertheless, used, since
      satisfactory and reliable bearings of other materials were not available.
      It is therefore one of the principal objects of the present invention to
      provide bearings or pillow block assemblies in which the housings are
      constructed of plastic material and in which the bearing insert, of either
      ball or roller bearings, may be of metal or any other suitable bearing
      material.
PAR  Another object of the invention is to provide a shaft bearing or pillow
      block assembly having a plastic housing which is formed in two or more
      separate pieces, and in which the pieces are fused or welded together to
      form a unitary and integral housing body to retain the bearing insert in
      place, yet permit the insert to thereafter be effectively aligned with the
      shaft.
PAR  Still another object of the invention is to provide a method of fabricating
      and assembling bearing and pillow block housings, in which several
      separate parts of the housing are fabricated of plastic material, the
      bearing insert and housing parts assembled, and the housing parts fused or
      welded together by ultrasonic vibration, securing the bearing insert in
      place in a manner which permits it to be readily aligned with the shaft
      during installation.
PAR  A further object is to provide a bearing or pillow block housing of the
      aforesaid type, the parts of which can be easily and economically
      fabricated, without exacting tolerances, and then assembled and fused
      together to provide exacting tolerances, and which effectively resists
      corrosion under most operating conditions in chemical and food processing
      and handling plants and will provide a long, substantially service-free
      life under normal operating conditions.
DRWD
PAR  Additional objects and advantages of the present invention will become
      apparent from the following description and accompanying drawings wherein:
PAR  FIG. 1 is an elevational view of a flange bearing embodying the present
      invention;
PAR  FIG. 2 is a cross sectional view of the flange bearing shown in FIG. 1, the
      section being taken on line 2 -- 2 of the latter figure;
PAR  FIG. 3 is an enlarged fragmentary sectional view of the bearing shown in
      FIGS. 1 and 2, the area of the enlargement being indicated by the circle
      on FIG. 2;
PAR  FIG. 4 is an elevational view of the side opposite that shown in FIG. 1;
PAR  FIG. 5 is a side elevational view of a pillow block embodying the present
      invention.
PAR  FIG. 6 is a top plan view of the pillow block shown in FIG. 5;
PAR  FIG. 7 is a sectional view of the pillow block shown in FIGS. 5 and 6, the
      section being taken on line 7 -- 7 of FIG. 5; and
PAR  FIG. 8 is an elevational view of another model of a flange bearing
      embodying the present invention.
DETD
PAR  Referring more specifically to the drawings, and to the embodiment of the
      invention shown in FIGS. 1 through 4, numeral 10 designates generally a
      flange bearing with the present invention incorporated therein and numeral
      12 indicates the housing of the bearing, 14 a bearing insert and 16 a
      shaft journalled in the bearing insert. The bearing insert is of
      conventional construction, the one shown being ball bearing, having an
      outer and inner race with the balls and cage disposed between the two
      races. Most of the details of the bearing insert are not important with
      respect to the present invention; however, the peripheral surface of the
      outer race is curved in a manner often referred to in the trade as
      spherical. Other types of bearing inserts than the one shown in the
      drawings may be used to satisfy particular application and installation
      requirements.
PAR  The housing 12 consists of a main body 20 having flanges 22 and 24 with a
      hole 26 in each of the flanges for receiving bolts 28 and 30, the bolts
      extending through the holes and being received in a threaded hole 32 in a
      wall 34 of a machine or other supporting structure. A reinforcing sleeve
      35 may be used in each of the flange holes, and a cap 36 may be used to
      enclose and protect the screws. A lubricating fixture 37 is disposed in
      the side wall of body 20 and is connected to the cavity in the bearing by
      a passage 38, the fixture being secured in place by threads or any other
      suitable securing means. The internal surface 40 of the housing body is
      curved to correspond to the external shape of the bearing insert, thus
      permitting the bearing insert to turn on its transverse axis to permit
      alignment of the bearing insert with respect to the shaft as the bearing
      is assembled. The bearing insert is retained in place on shaft 16 by a
      collar 50 held firmly in place on the end of the shaft by a plurality of
      set screws 52 extending therethrough and seating on the surface of the
      shaft. The lubricant is retained in the bearing cavity on one side by a
      rubber seal 54 disposed on the shaft on the internal side of wall 34, and
      on the other side by a removable cap 56 which may be of metal or plastic,
      including transparent plastic.
PAR  The bearing insert is retained in place in the body by a retainer 60 seated
      on an annular surface 62 in an annular recess 64. The intersurface of the
      annular retainer is curved to correspond to the peripheral surface of the
      bearing insert to permit adjustment or alignment of the bearing insert
      with respect to the shaft in the same manner as the surface 40 of the
      body, although initially the inner surface of the body and the retainer do
      not have to be held to exacting tolerances.
PAR  One of the primary features of the present invention is the construction of
      the body 20 and retainer 60 of plastic material, such as thermoplastic
      material or any other suitable plastic, the parts of which can be joined
      by the ultrasonic vibration fusion method referred to herein. The plastic
      body and retainer are molded, using conventional methods, preferably
      injection molding, to produce the desired configuration of bearing housing
      parts. When the bearing is installed, it is assembled by seating the
      bearing insert on the internal surface 40 of the body and then seating the
      retainer 60 in place, thus enclosing or entrapping the bearing insert in
      the cavity, with the spherical surface of the bearing insert in contact
      with the spherical surface of the bearing insert in contact with the
      spherical surfaces of the body. At this stage of the assembly operation,
      the retainer is normally in spaced relation to the surface of the bearing
      insert, but is in contact with the housing body at the area or interface
      where the two parts are to be joined.
PAR  With the bearing assembled in this manner, it is installed using bolts 28
      and 30 to secure the housing to a supporting structure such as wall 34.
      With the bearing insert mounted in place on the shaft, collar 50 is
      tightened thereto to hold the insert in proper position. The bearing
      insert, while fitting snugly in the cavity of the housing and against the
      internal spherical walls of the body and retainer, is nevertheless capable
      of rotating on its transverse axis sufficiently to permit the bearing
      insert and shaft to become effectively aligned with one another for
      optimum performance during installation of the bearing and shaft. The
      method involving the ultrasonic vibration is well known in the art and
      results in a momentary fusion between the contacting interfaces of the two
      parts of the bearing housing. Since a unitary housing structure is formed,
      the bearing insert is retained permanently in the housing by the spherical
      curvature on the body retainer and periphery of the bearing insert and
      flange 66, and it is not normally feasible to replace the parts of the
      bearing in the event of the failure of either the bearing insert or the
      housing.
PAR  With the bearing parts assembled in the foregoing manner, the next step
      consists of an ultrasonic vibration welding operation to join integrally
      and permanently body 20 and retainer 60 together, so that the two parts in
      effect form a single piece entrapping the bearing insert in the housing.
      The adjoining step involves an ultrasonic vibration method in which fusion
      occurs at the interface 62 between the contacting surfaces of the body 20
      and retainer 60, thus causing the two parts to adhere firmly to one
      another and in effect become a unitary part. The horn of the ultrasonic
      vibration equipment is placed in contact with the retainer, and when
      operated, causes the retainer to seat on and conform to the curvature of
      the surface of bearing insert 14, and produces fusion at the interface 62
      to weld the body and retainer together. Since the body and the retainer
      are normally of the same plastic material, the final housing structure,
      consisting of the body and retainer, is thereafter a unitary permanent
      structure.
PAR  In the ultrasonic vibration method, the body and retainer of thermoplastic
      material are subjected to the vibration which produces a rise in
      temperature at the interface between the two parts. The temperature rise
      is produced by intermolecular friction and is sufficient to produce
      localized fusion and a chemical bond, resulting in a uniform weld between
      the parts. Most thermoplastic materials are capable of being welded in
      this manner, and a number of plastics are capable of being utilized in the
      present bearing assembly in which the parts of the housing and retainer
      are joined by the foregoing ultrasonic vibration method. These include
      polyesters, nylon and other general purpose and engineering plastics. The
      equipment involves the use of an ultrasonic generator which converts
      electrical energy into a mechanical vibratory energy, in combination with
      a converter which is attached to a horn, usually designed specifically for
      the particular application. The foregoing equipment is available
      commercially and the details thereof are not important to the description
      of the construction and method relative to the present plastic bearing
      assembly. While the process and equipment are well known and available to
      the public, detailed information concerning the process, equipment and
      plastics suitable for use in the construction of the present bearing
      housing and retainer, is disclosed in a publication entitled "A Guide To
      Ultrasonic Plastic Assembly" copyrighted in 1973 by Branson Instruments,
      Inc., the contents of which are incorporated herein by reference and made
      part of this disclosure.
PAR  In the embodiment of the invention illustrated in FIGS. 5, 6 and 7, a
      pillow block 70 is shown, having a housing 72 constructed of plastic
      material such as thermoplastic polyester, and having parts joined by
      fusion resulting from ultrasonic vibration applied to the parts. Since
      this embodiment involves many of the same parts of the flange bearing
      illustrated in FIGS. 1 through 4, like parts have been given like numerals
      and those parts will not be described in detail with reference to the
      pillow block. Housing 72 consists of a body 74 and an annular retainer 76
      seated on a surface 78 in an annular recess 79 in the body. The spherical
      surface of bearing insert 14 is in contact with spherical surfaces 80 and
      82 on the body and retainer when these latter parts are joined together.
      In the assembly operation the bearing insert is seated in the body on the
      spherical surface and the retainer is pressed in place, with the inner
      surface thereof in contact with annular surfaces 78 of the body. The body
      and retainer are then welded together by the ultrasonic vibration method
      previously described herein, causing fusion at the interface 78 between
      the body and retainer, thereby producing an integral, unitary housing
      consisting of the body 74 and retainer 76. Thus the bearing insert is held
      firmly and permanently in place in the housing, yet is capable of being
      aligned with the shaft during installation. The pillow block has two
      flanges 84 and 86 extending laterally on the body, each of which is
      provided with a hole 88 for receiving bolts 90 and 92, respectively. A
      sleeve 94 is preferably provided in each hole to reinforce the flange at
      the hole and thereby give greater stability and reliability to the pillow
      block when operating under stress. The bolts may be enclosed in plastic
      caps 96 and 98, and a cap 100 secured to an annular shoulder 102 on body
      74 encloses the bearing cavity and retains the lubricant therein. The cap
      may be of transparent plastic material which permits inspection of the
      bearing and the lubricant while the bearing is in operation; however,
      other suitable material may be used in place of the transparent plastic.
PAR  FIG. 8 illustrates a further application of the present invention and
      involves a flange bearing 120 having a housing 122 constructed of a body
      124 in combination with an annular retainer which is joined to the body by
      the ultrasonic vibration method previously described herein, after the
      bearing insert has been assembled in the housing. In the modification of
      FIG. 8, four mounting screws 125, 126, 128 and 130 extend through holes in
      bosses 132, 134, 136 and 138, respectively, on flange 140 of body 124. The
      entire housing structure, with the exception of sleeves in the holes
      through which the screws extend, is constructed of plastic material. The
      body and the retainer, after being welded in the manner previously
      described, form an integral, unitary structure with one another.
PAR  While several embodiments of the present shaft bearing and method have been
      described and shown herein, various other modifications and changes may be
      made without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shaft bearing comprising a housing having a body with a cavity
      therein, a bearing insert seating in said cavity for journalling a shaft,
      a retainer for seating on said body for securing said bearing insert in
      place in said housing, said body and said retainer being constructed of a
      plastic material joined together at their interface by ultrasonic
      vibration, forming an integral body retainer structure with the bearing
      insert entrapped in said body cavity.
NUM  2.
PAR  2. A shaft bearing as defined in claim 1 in which said body and retainer
      are constructed of thermoplastic material and said body and retainer are
      fused together at their interface.
NUM  3.
PAR  3. A shaft bearing as defined in claim 1 in which said body and retainer
      are constructed of a thermoplastic polyester and a chemical bond retains
      said body and retainer permanently together.
NUM  4.
PAR  4. A shaft bearing as defined in claim 1 in which the outer surface of the
      insert is of a spherical shape and the inner surfaces of said body and
      retainer are in contact with said insert and are of spherical shape after
      said body and retainer have been joined together at their interface.
NUM  5.
PAR  5. A shaft bearing as defined in claim 2 in which the outer surface of the
      insert is of a spherical shape and the inner surfaces of said body and
      retainer are in contact with said insert and are of spherical shape after
      said body and retainer have been joined together at their interface.
NUM  6.
PAR  6. A shaft bearing as defined in claim 1 in which said housing body is
      provided with flanges containing holes for anchoring screws.
NUM  7.
PAR  7. A shaft bearing as defined in claim 6 in which a metal sleeve is
      disposed in the holes in said flanges.
NUM  8.
PAR  8. A shaft bearing as defined in claim 1 in which the external surface of
      the outer race is arcuate in cross section and the inner surface of said
      body and retainer engaged by said bearing insert is arcuate in cross
      section of the same configuration as the external surface of said outer
      race.
NUM  9.
PAR  9. A shaft bearing as defined in claim 2 in which the external surface of
      the outer race is arcuate in cross section and the inner surface of said
      body and retainer engaged by said bearing insert is arcuate in cross
      section of the same configuration as the external surface of said outer
      race.
NUM  10.
PAR  10. A method of constructing a bearing assembly, comprising forming a
      housing body of thermoplastic material with a cavity therein for receiving
      a bearing insert, forming a retainer of thermoplastic material, seating a
      bearing insert in said cavity seating said retainer on said body to hold
      said insert in said cavity, and subjecting said body and retainer to
      ultrasonic vibration to secure said body and retainer together and
      conforming the inner surfaces of said body and retainer to the adjacent
      outer surface of said insert.
NUM  11.
PAR  11. A method of constructing a bearing assembly as defined in claim 10 in
      which said body and said retainer are welded at their interface by said
      ultrasonic vibration to produce a bond between said body and retainer.
NUM  12.
PAR  12. A method of constructing a bearing assembly as defined in claim 10 in
      which said thermoplastic material is a polyester and said body and said
      retainer are fused at their interface to produce a chemical bond between
      said body and retainer.
NUM  13.
PAR  13. A method of constructing a bearing assembly as defined in claim 11 in
      which said bearing insert is secured in the housing cavity when said body
      and said retainer are welded by the fusion of the plastic material at the
      interface between said body and said retainer during welding by said
      ultrasonic vibration.
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ABST
PAL  A spherical bearing comprising an outer member having a hole extending from
      side to side, the surface of the hole being concave and spherical so that
      the outer member has constricted portions at each side, the outer member
      also having a walled keyway extending downward from the hole and extending
      axially from side to side of the outer member substantially perpendicular
      to the sides of the outer member; a walled key in the keyway co-extensive
      with the keyway, the key also having a concave and spherical top surface
      corresponding to the surface of the hole so that the key has shoulder
      portions corresponding to the constricted portions of the outer member;
      and a partially spherical inner member having flat sides, the inner member
      being held in the outer member by impingement of the spherical surface of
      the inner member against the constricted portions of the outer member and
      the key being held in the outer member by impingement of the shoulder
      portions of the key against the spherical surface of the inner member, the
      improvement comprising the provision of a radial extending slot in the
      walled key, adjusting members in the wall of the key to vary the width of
      the slot thereby varying the bearing tolerance between the inner and outer
      member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to self-aligning bearings having a
      ball-like inner member with a convex outer surface and an outer member
      having an inner surface with a complimentary concave spherical inner face.
      These types of bearings, which are commonly called "spherical bearings,"
      have been utilized in industry for a substantial period of time. The
      technological evolution of these type bearings has been directed more in
      the terms of material composition of its various component parts rather
      than toward basic changes in design concepts. Accordingly, the design
      advances in spherical bearings have not been substantial in nature and
      thereby presently limiting their applications.
PAR  One area in which the spherical bearings have been extensively applied is
      the aircraft industry. This is due to the spherical bearing self-aligning
      characteristic. A typical such application is marrying of a spherical
      bearing to a landing gear strut or member of an airplane. In this
      application the outer race is commonly press-fitted into a housing or the
      like rendering it difficult to remove and/or maintain. When any such
      maintenance is required, such as replacing of the ball, the entire bearing
      assembly including the inner and outer race member would have to be
      removed and replaced by an entirely new bearing assembly. Such an
      operation could entail substantial expense and down time of the entire
      aircraft.
PAR  There are a number of a prior art type spherical bearings which have been
      addressed to this kind of problem. One such type prior art bearing is the
      "messerschmidt" bearing. A concept of this bearing is that the ball can be
      removed in the field without disassembling the entire bearing, that is,
      removing the outer race member from its mounting.
PAR  One may refer to my prior invention in this general field as embodied in
      U.S. Pat. No. 3,365,249, patented Jan. 23, 1968 and entitled "Spherical
      Bearing." This particular bearing may be disassembled in the field but may
      not be "adjusted" without the provision of new component parts. Such an
      adjustment may include the varying of the bearing tolerance between the
      two race (i.e., inner and outer) members which may change during
      operational usage.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a primary object of the present invention to provide a
      spherical bearing comprising an outer member having a hole extending from
      side to side, the surface of the hole being concave and spherical so that
      the outer member has constricted portions at each side, the outer member
      also having a walled keyway extending downward from the hole and extending
      axially from side to side of the outer member substantially perpendicular
      to the sides of the outer member; a walled key in the keyway co-extensive
      with the keyway, the key also having a concave and spherical top surface
      corresponding to the surface of the hole so that the key has shoulder
      portions corresponding to the constricted portions of the outer member;
      and a partially spherical inner member having flat sides, the inner member
      being in the outer member by impingement of the spherical surface of the
      inner member against the constricted portions of the outer member and the
      key being held in the outer member by impingement of the shoulder portions
      of the key against the spherical surface of the inner member, the
      improvement comprising the provision of a radial extending slot in the
      walled key, adjusting means in the wall of the key to vary the width of
      the slot thereby varying the bearing tolerance between the inner and outer
      member.
PAR  It is another object of the present invention to provide a spherical
      bearing wherein said adjusting means includes an adjusting screw threaded
      into one of the two walls defined by said slot, the head of said screw
      shouldered in the other of said wall.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein said radially extending slot is only partially through
      said key in a radial direction, said slot being open in the direction of
      said inner member.
PAR  It is a further object of the present invention to provide a spherical
      bearing wherein said radially extending slot is only partially through
      said key in a radial direction, said slot being open in the direction of
      said keyway.
PAR  It is yet another object of the present invention to provide a spherical
      bearing wherein the key has a cross-section the lower part of which is in
      the form of a base of a triangle.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein in which the key has a cross-section in the form of part
      of a circle.
PAR  Embodiments of the bearing according to the concept of the present
      invention are shown and/or described by way of example in the accompanying
      drawings and following description of the invention without attempting to
      show or describe all of the various forms and modifications in which the
      invention might be embodied; the invention being measured by the appended
      claims and not by the details of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial section view of a spherical bearing assembly in
      accordance with the present invention in a disassembled state showing the
      outer member in section with the slotted key in section removed with the
      inner member being inserted into the outer member;
PAR  FIG. 2 is the spherical bearing assembly of FIG. 1 showing the outer member
      and the inner member in section after the inner member has been inserted
      and rotated to make room for the insertion of the slotted key and it also
      shows the slotted key in the process of being inserted;
PAR  FIG. 3 is the spherical bearing of FIG. 1 in section and in its assembled
      state showing all parts in their final position;
PAR  FIG. 4 is a side elevational view of the assembled spherical bearing of
      FIG. 3, that is FIG. 3 is a sectional view of the spherical bearing of
      FIG. 4 taken along line 3--3;
PAR  FIG. 5 is an enlarged isometric view of the slotted key as used in FIGS. 1
      through 4;
PAR  FIG. 6 is a sectional view of another form of the present invention in
      which the slotted key is "open" in a direction opposite to the slotted key
      of the bearing of FIG. 4;
PAR  FIG. 7 is an enlarged isometric view of the slotted key as used in FIG. 6.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A spherical bearing embodying the concept of the present invention is
      generally indicated, as appropriate, by numeral 10 on the attached drawing
      as set forth in FIGS. 1 through 4, inclusive.
PAR  The bearing 10 shown is of the rod end spherical bearing variety, however,
      the present invention is also applicable to spherical bearings as well.
PAR  FIGS. 1 through 4 show the bearing 10 in various stages of assembly. In
      particular FIG. 4 shows an outer member 12 with substantially flat sides
      14. The outer member 12 is also provided with a substantially cylindrical
      hole 16 formed therethrough as by machining or drilling or the like.
PAR  The cylindrical hole or bore 16 is further formed to provide a concave
      inner surface 18 which serves as the outer race. There is also formed in
      the outer member 12 a keyway 20 which may be shaped in various ways. For
      example it can be rounded as shown in FIG. 4 to accommodate for
      registration therein a rounded key 22. The keyway may be shaped in a
      dovetailed fashion as well as to accommodate for registration therein a
      dovetailed shaped key (not shown).
PAR  The rounded keyway 20 extends entirely through the outer member 12 in an
      axial direction. It can be seen that the rounded key 22 has formed on a
      part of its surface not embraced by the keyway 20 a concave surface which
      is continuous with the concave inner surface 18 formed on the inner
      surface of the bore 16 of the outer member 12.
PAR  It should be noted that the concave surfaces (18 and 24) of both the outer
      member 12 and the key 22 respectively can be formed in one machine
      operation with the key 22 in place in the keyway 20.
PAR  The major point of novelty is to be found in the particular configuration
      of the key 22 and in particular to the provision of a slot 26 in the key
      22. The slot 26, which extends in a radial fashion, defines two parallel
      walls, a first wall 28 and a second wall 30. The second wall 30 is
      provided with a threaded portion 32 which is in registration with a bore
      34 and shoulder 36 both provided in the first wall 28.
PAR  The key is further provided with a threaded adjusting screw 38 whose
      threads are threaded into the threads 32 and those head 40 is shouldered
      on the shoulder 36. The slotted key 22 may be "adjusted" in a manner to be
      later described.
PAR  The spherical bearing is also provided with an inner member 42 which is
      similar to those found in prior art forms of spherical bearings. The inner
      member 42 is provided with a convex outer surface 44 which is
      complimentary to the concave inner surfaces 18 and 24 of the outer member
      and the key 22 respectively.
PAR  To assemble the bearing 10 the inner member 42 is inserted within the bore
      16 of the outer member without the key 22, that is, the inner member 42 is
      partially accommodated by the keyway 20. This step can best be seen in
      FIG. 1. Referring now to FIG. 2 the inner member 42 is rotated to permit
      the insertion of the key 22. Final insertion of the key 22 within the
      keyway can be seen in FIG. 3 which further shows the inner member 42
      rotated back to its operational position. In this way the member 42 is
      held operationally within the outer member because its convex spherical
      surface 44 impinges against the constricted portions of the bore 16 as
      defined by the termini of the concave inner surfaces 18 and 24 of the
      outer member 12 and key 22 respectively.
PAR  As this point the spherical bearing 10 of FIGS. 3 and 4 is operationally
      assembled. It is at this point that the above-noted point of novelty can
      be best understood that is, the provision of the slot 26 in the key 22. As
      before mentioned the key 22 is provided with an adjusting screw 38 which
      can vary the width of the slot. It can be seen that if the adjusting screw
      is further threaded into the threads 32 the two walls 28 and 30 will be
      drawn toward each other which will tend to reduce the bearing tolerance
      between the concave surface 24 of the key and convex outer surface 44 of
      the inner member. Accordingly wear experience in the bearing components
      (i.e., the inner member 42 and the outer member 12) can be compensated for
      by the interaction between the slotted key 22 and the inner and outer
      members 42 and 12.
PAR  This important feature is a substantial advance over the prior art in that
      it facilitates "in the field" adjustments of the bearing parts while they
      are in place.
PAR  The bearing of FIG. 6 and its key as shown in FIG. 7 has been denoted by
      the same numbers as those used in describing the bearing of FIGS. 1
      through 5 except each number has had a "prime" affixed to it. The above
      description of the bearing 10 is also applicable to the bearing 10' except
      for the key 22' and its radially extending slot 26'. In particular, it can
      be seen that the slot 26' has its open end opposite to that of slot 26,
      that is, slot 26' is open in the direction of the keyway 20'. However, the
      adjustment of the adjusting screw 38' effects the wear-take-up adjustment
      as it does in the key 22.
PAR  From the above description of the invention along with various figures as
      set forth in the drawings it will be readily seen and appreciated that a
      spherical bearing embodying the concept of the present invention will
      positively and effectively accomplish the objectives of the invention. The
      above-noted embodiment is shown by way of example without attempting to
      show all the various forms and modifications in which the invention might
      be embodied; the invention being measured by the appended claims and not
      the specific details of the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spherical bearing comprising an outer member having a hole extending
      from side to side the surface of the hole being concave and spherical so
      that the outer member has constricted portions at each side, the outer
      member also having a walled keyway extending downward from the hole and
      extending axially from side to side of the outer member substantially
      perpendicular to the sides of the outer member; a walled key in the keyway
      co-extensive with the keyway, the key also having a concave and spherical
      top surface corresponding to the surface of the hole so that the key has
      shoulder portions corresponding to the constricted portions of the outer
      member; and a partially spherical inner member having flat sides, the
      inner member being held in the outer member by impingement of the
      spherical surface of the inner member against the constricted portions of
      the outer member and the key being held in the outer member by impingement
      of the shoulder portions of the key against the spherical surface of the
      inner member, the improvement comprising the provision of a radial
      extending slot in the walled key, adjusting means in the wall of the key
      to vary the width of the slot thereby varying the bearing tolerance
      between the inner and outer members, said radially extending slot is only
      partially through said key in a radial direction, said slot being open in
      the direction of said keyway.
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ABST
PAL  A fixed bearing assembly for a tiltable-converter carrying trunnion
      comprises a bearing accommodating its angular and wobbling movements,
      respectively, arranged in a housing, in which assembly the carrying
      trunnion is united with the spur gear wheel in a common bearing and drive
      housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fixed bearing assembly for a tiltable-converter
      carrying trunnion with a bearing secured to the carrying trunnion and
      accommodating its angular (sagging) and wobbling movements, respectively,
      and arranged in a housing, for instance a slide, articulation, or ball and
      roller bearing.
PAR  In the fields of general engineering and gear making, respectively, it is
      customary to mount a shaft in a fixed bearing on one side and in an
      expansion bearing on the other side, in order to accommodate thermal
      expansion and assembly deficiencies, respectively, and to guarantee smooth
      operation.
PAR  Also in the converter plant, the converter carrying ring is usually mounted
      in a fixed bearing with one carrying trunnion and in an expansion bearing
      with the other carrying trunnion. However, this kind of mounting requires
      rather a lot of space which is not always available, especially in cases
      where already existent converter plants have to be reconstructed for a
      larger capacity and housed in already existent hall constructions.
      Furthermore, in known fixed bearing constructions, in addition to a
      bearing inset and a bearing housing, a separate gear unit is necessary,
      consisting of a drive housing, a spur gear wheel, an intermediate gear and
      a torque support, which require additional space and are heavily built and
      therefore need a large, strong base.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to avoid these disadvantages and
      difficulties and to create a space-saving fixed bearing in compact form
      which is especially useful for the reconstruction of converter plants in
      already existent hall constructions.
PAR  According to the invention, this object is achieved in a fixed bearing
      assembly for the carrying trunnion of a tiltable converter with a bearing
      secured to the carrying trunnion accommodating its angular and wobbling
      movements, respectively, for instance a slide, articulation, or ball and
      roller bearing, arranged in a housing, by uniting the carrying trunnion
      with the spur gear wheel and arranging them in a common bearing- and drive
      housing that is directly secured to the base.
PAR  According to one embodiment of the invention the spur gear wheel consists
      of a spherical-zone-shaped hub arranged on the carrying trunnion and of a
      converter toothed wheel meshing with the hub, and is mounted in
      spherical-running-faces-containing bearings, each bearing having an inner
      ring and an outer ring, wherein all spherical faces have the same center.
PAR  The hub may have an arc-shaped external toothing and the converter toothed
      wheel a straight internal toothing, the external toothing of the hub being
      displaceable relative to the internal toothing of the converter toothed
      wheel.
PAR  It is, however, also possible for the hub and the converter toothed wheel
      to mesh by means of crowned-ground rollers inserted in corresponding
      recesses of semi-circular cross-section.
PAR  According to a further feature of the invention the converter toothed wheel
      is adjustable relative to the housing by means of rollers, preferably by
      means of three rollers arranged around the periphery of the housing, the
      converter toothed wheel preferably being herringbone-toothed and the
      adjusting rollers running in the free space or recess between the teeth
      inclined to the left and the teeth inclined to the right, so that the
      converter toothed wheel is free from load.
PAR  In a modified embodiment of the invention the converter toothed wheel forms
      a one-piece unit with the hub, and the toothed wheel has an external
      toothing arcuately extending around the center of the bearing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the invention will now be described in greater
      detail with reference to the accompanying drawings in which
PAR  FIG. 1 shows a general view of a converter plant and
PAR  FIGS. 2 and 3 show the corresponding plan and side views, respectively.
PAR  FIG. 4 is a section along line IV--IV of FIG. 3,
PAR  FIG. 5 is a section along line V--V of FIG. 1.
PAR  FIG. 6 shows a modified embodiment of the object of the invention in a
      section analogous to FIG. 4, i.e. along line IV--IV of FIG. 3, and
PAR  FIG. 7 shows another modified embodiment similarly shown.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENTS
PAR  In FIG. 1 the converter is denoted with 1, the carrying ring with 2, the
      expansion bearing trunnion with 3, the expansion bearing with 4, the
      expansion bearing stand with 5 and the base on the side of the expansion
      bearing with 6. The fixed bearing which according to the invention is
      united with the drive is generally denoted with 8 and secured to the base
      9. As can be seen in FIG. 4, a spherical-zone-shaped hub 10 is provided on
      the fixed bearing trunnion 7, by a shrink-fit, e.g., which hub has an
      arc-shaped external toothing 11 following the spherical face. This
      toothing is in engagement with the converter toothed wheel 12 which has a
      straight internal toothing 13. The spur gear wheel thus formed by the hub
      10 and the converter toothed wheel 12 is enclosed in the housing 14 and
      mounted in bearings 15 and 16, each consisting of an inner ring and an
      outer ring. These bearings have spherical running faces 17 whose center M
      coincides with the center of the spherical hub face 10. Thus a
      displacement of the trunnion during deformations and saggings,
      respectively, relative to the fixed housing 14 is possible. The converter
      toothed wheel has an external herringbone-toothing, and between the teeth
      inclined to the left and the teeth inclined to the right there is a free
      space or recess 18. At the bottom of the recess 18 rollers 19 roll which
      are arranged in three different places on the periphery of the housing 14.
      The width of these rollers corresponds to the width of the free space 18,
      so that the drive pinions 20 can float into the toothed wheel 12. Instead
      of the internal toothing of the converter toothed wheel and the external
      toothing of the hub, one could also use crowned-ground rollers for
      transmitting the torque, which are inserted into corresponding recesses of
      semicircular cross-section in the hub on the one hand, and in the inner
      circle of the converter toothed wheel, on the other hand. In a trunnion
      displacement the carrying trunnions pivot around the center M. The hub 10
      follows the displacement, while the toothed wheel 12 remains in its
      position. When according to the invention the fixed bearing is united with
      the drive in a common housing which is connected to the base, the driving
      forces can be transmitted without torque support. The intermediate gears
      21 (FIGS. 2 and 3) suitably are directly flanged to the housing 14. This
      results in an especially compact construction.
PAR  FIG. 5 shows the distribution of the rollers 19 and the drive pinions 20
      and also the internal and external toothings. Between the external
      toothing 11 of the hub 10 and the internal toothing 13 of the converter
      toothed wheel 12 there is a little play, so that with the help of the
      adjustable eccentricity of the rollers 19 the load of the toothed wheel is
      accommodated by the lower rollers 19 and the toothings 11 and 13 are freed
      from load. Thus, the toothings are only used for transmitting the torques
      and their mutual movability during a displacement is maintained.
PAR  In the embodiment of FIG. 6 instead of the guiding rollers 19 separate
      housing bearings 23 and 24 are provided on hub 22 of the toothed wheel 12,
      the bearing 23 of which serves as fixed bearing and the bearing 24 as
      expansion bearing. The bearings can be slide-, articulation-, or ball and
      roller bearings. The displacement occurs in the same way as in the
      embodiment described in FIGS. 4 and 5.
PAR  In the modified embodiment of the invention of FIG. 7 a one-piece converter
      toothed wheel 25 is directly placed on the bearing trunnion 7, i.e.
      without a spherical-zone-shaped hub therebetween, and is enclosed in the
      housing 14 and mounted in the bearings 15 and 16 in the same way as
      described in the previous embodiments. The toothed wheel 25 has an arcuate
      outer toothing 26, whose center coincides with the center of the bearing,
      i.e. with the center of the running faces 17. Other than in the embodiment
      of FIGS. 4 and 5, not a herringbone-toothing, but a straight toothing is
      provided. The pinion 27 has a straight toothing 28 and the displacement
      takes place by pivoting the toothed wheel 25 relative to the stationary
      housing 14 around the center M'.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fixed bearing assembly for a tiltable-converter carrying trunnion
      which comprises:
PA1  a spur gear wheel secured to the carrying trunnion,
PA1  a base,
PA1  a common bearing and drive housing directly secured to the base and jointly
      accommodating the carrying trunnion and the spur gear wheel, and
PA1  a bearing means between the spur gear wheel and the housing for
      accommodating angular and wobbling movements of the carrying turnnion spur
      gear wheel.
NUM  2.
PAR  2. A fixed bearing assembly as set forth in claim 1, wherein the bearing
      accommodating the carrying trunnion is a slide bearing.
NUM  3.
PAR  3. A fixed bearing assembly as set forth in claim 1, wherein the bearing
      accommodating the carrying trunnion is an articulation bearing.
NUM  4.
PAR  4. A fixed bearing assembly as set forth in claim 1, wherein the bearing
      accommodating the carrying trunnion is a ball bearing.
NUM  5.
PAR  5. A fixed bearing assembly as set forth in claim 1, wherein the bearing
      accommodating the carrying trunnion is a roller bearing.
NUM  6.
PAR  6. A fixed bearing assembly as set forth in claim 1 wherein said bearing
      means for mounting the spur gear wheel are each in the form of an inner
      ring and an outer ring and have spherical running faces, wherein said spur
      gear wheel comprises a hub formed with a spherical zone and arranged on
      the carrying trunnion, and a converter toothed wheel meshing with the hub,
      the spherical running faces of the bearings and the spherical zone of the
      hub having a common center.
NUM  7.
PAR  7. A fixed bearing assembly as set forth in claim 6, wherein the hub has an
      arc-shaped external toothing and the converter toothed wheel has a
      straight internal toothing, the external toothing of the hub being
      displaceable relative to the internal toothing of the converter toothed
      wheel.
NUM  8.
PAR  8. A fixed bearing assembly as set forth in claim 6, wherein the hub and
      the converter toothed wheel have corresponding recesses of semi-circular
      cross-section and wherein crowned-ground rollers are inserted in the
      corresponding recesses for enabling meshing of the hub with the converter
      toothed wheel.
NUM  9.
PAR  9. A fixed bearing assembly as set forth in claim 1, wherein the spur gear
      wheel comprises a hub and a converter toothed wheel meshing therewith and
      wherein rollers are provided for adjusting the converter toothed wheel
      relative to the common bearing and drive housing.
NUM  10.
PAR  10. A fixed bearing assembly as set forth in claim 9, wherein said rollers
      comprise three rollers arranged around the periphery of the common bearing
      and drive housing for adjusting the converter toothed wheel relative to
      the housing.
NUM  11.
PAR  11. A fixed bearing assembly as set forth in claim 9, wherein the converter
      toothed wheel has a herringbone-toothing with left-inclined and
      right-inclined teeth and a recess therebetween, the adjusting rollers
      running in said recess, freeing the converter toothed wheel from load.
NUM  12.
PAR  12. A fixed bearing assembly as set forth in claim 9, wherein the converter
      toothed wheel is adjusted with a slight play relative to the hub.
NUM  13.
PAR  13. A fixed bearing assembly as set forth in claim 6, wherein separate
      housing bearings are provided for mounting the converter toothed wheel.
NUM  14.
PAR  14. A fixed bearing assembly as set forth in claim 1, wherein the spur gear
      wheel comprises as one integral unit a converter toothed wheel and a hub,
      the converter toothed wheel having an external toothing arcuately
      extending around the center of the bearing.
NUM  15.
PAR  15. A fixed bearing assembly as set forth in claim 1, further comprising
      drives with intermediate gears and motors secured to the common bearing
      and drive housing.
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ABST
PAL  The thrust bearing comprises an annular support within which at least one
      annular plate is retained. The plate defines either a planar slideway if
      the bearing is a smooth bearing or a planar raceway if the bearing is a
      rolling bearing. At least one axially deformable annular elastically
      yieldable member is retained in the support and applied against the plate.
BSUM
PAR  The present invention relates to axial thrust bearings comprising an
      annular support within which there is retained at least one annular plate
      having a planar surface which constitutes a raceway or slideway.
PAR  Such a thrust bearing is normally mounted around a shaft for transmitting
      an axial thrust exerted by a shoulder on the shaft to an axially fixed
      support means which surrounds the shaft, this support means and the shaft
      having a relative movement of rotation.
PAR  In known axial thrust bearings, the axial displacement of the shaft in the
      direction in which the thrust is exerted is limited by the invariable
      axial dimension of the thrust bearing under load. This limitation may have
      for drawback in certain applications the creation of unacceptable
      overloads due in particular to expansions which are liable to damage the
      bearing. Further, the use of a thrust bearing whose axial dimension, owing
      to the effect of manufacturing tolerances, might be less than the
      clearance normally provided between the radial surfaces of the shoulder
      and the support means may require the use of spacer members or shims. In
      this case, the aforementioned drawbacks may be once again met with.
PAR  An object of the present invention is to overcome these drawbacks and to
      provide an axial thrust bearing of the aforementioned type wherein at
      least one axially deformable annular elastically yieldable means, retained
      in the support, is applied against the plate or one of the plates. It is
      thus possible to mount such a thrust bearing by subjecting it to an axial
      pre-stressing achieved by an initial compression of the elastically
      yieldable means so that, upon assembly, differences, due to the
      tolerances, in the clearance between the radial surfaces between which the
      thrust bearing is positioned may be taken up and that, in operation, the
      overloads may be absorbed by an additional compression of the elastically
      yieldable means.
PAR  When the elastically yieldable means is a spring constituted by a steel
      washer of variable conicity, its deformation under load may be limited by
      a cooperative support region provided on the support.
PAR  The elastically yieldable means moreover permits accommodating lack of
      parallelism between the machined parts between which the axial or thrust
      bearing is disposed.
PAR  Many embodiments may be envisaged for the axial thrust bearing according to
      the invention.
PAR  In a typical embodiment, the annular support is a housing comprising a
      radial surface and an axis lateral wall which covers the inner elements of
      the thrust bearing, the elastically yieldable means being preferably
      constituted by a pad of elastomer disposed between the radial surface of
      the housing and the raceway or slideway plate.
PAR  In another typical embodiment, the annular support is a simple cylindrical
      sleeve whose ends include radial flanges for retaining the components of
      the thrust bearing which, in a particular case, include raceway plates
      surrounding a ring arrangement of thrust bearing needles and receiving in
      bearing relation thereto respectively one and the other of two elastomeric
      pads which remain uncovered in the bearing.
PAR  In a third typical embodiment, the thrust bearing is combined with a radial
      needle bearing. The support is then a housing including an axial lateral
      wall connected by a radial surface to a cylindrical portion which defines
      a rolling bearing ring for the needles of the radial rolling bearing. In
      this case, the radial part of the housing is advantageously in accordance
      with French Pat. No. 1,401,267, that is to say, it includes an annular
      boss located radially in the region of the centre part of the slideway
      plate or thrust bearing needles in contact with the raceway plate. Here
      again, the elastically yieldable means may be an elastomeric pad which
      remains uncovered in the bearing, it being applied for example on one of
      the raceway plates for the thrust bearing needles, the other raceway plate
      bearing against the annular boss of the housing. In the case where the
      elastically yieldable means is a metal washer, the deformation of the
      latter may be limited by its abutment with the annular boss.
PAR  Whatever be the form of the support, when the elastically yieldable means
      is a pad of elastomer which remains uncovered in the bearing, this pad may
      have a sealing function. For this purpose, it is provided with a flexible
      lip portion which slides along the cylindrical surface of the sleeve or of
      the axial lateral wall.
DRWD
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawing.
PAR  In the drawing:
PAR  FIG. 1 is an axial sectional view of a thrust rolling bearing according to
      the invention employing an elastically yieldable annular pad protected by
      a housing;
PAR  FIG. 2 is a view of a modification of the bearing shown in FIG. 1 with an
      elastically yieldable annular pad maintained by a sleeve integral with the
      annular raceway plate;
PAR  FIG. 3 is a view of another modification of the bearing shown in FIG. 1;
PAR  FIG. 4 is a view of a rolling bearing constituting a double thrust rilling
      bearing and constructed in accordance with the teaching of the invention;
PAR  FIG. 5 is a view of a thrust rolling bearing with a retaining
      counter-plate;
PAR  FIG. 6 is a view of a combined radial and axial rolling bearing in which
      the axial or thrust bearing has as elastically yieldable means a pad of
      elastomer interposed between ring arrangements of the needles of the
      respective rolling bearings;
PAR  FIG. 7 is a view of a modification of the bearing shown in FIG. 6 in which
      the elastically yieldable pad is uncovered in the combined rolling
      bearing;
PAR  FIG. 8 is a view of a modification of the bearing shown in FIG. 6 in which
      an annular spring is substituted for the elastically yieldable pad, and
PAR  FIG. 9 is a view of a modification of the bearing shown in FIG. 8,
      employing a thrust smooth bearing.
DETD
PAR  In the embodiment shown in FIG. 1, a shaft 1 extends through the centre
      opening of a thrust or axial rolling bearing 2 which bears by a planar
      surface 3a of its housing 3 against the planar surface 4a of an element 4
      which is fixed with respect to the rotating shaft 1. Adjacent the housing
      3, which is in contact with the element 4, there is bonded an elastically
      yieldable pad 5 to which is bonded an annular raceway plate 6 for rolling
      bearing needles 7 which are guided by a radial cage 8 centered and axially
      retained by the plate 6. The axial end portion 9 of the housing 2 protects
      the rolling bearing against the entry of undesirable substances and guides
      the plate 6 in the course of its axial displacement.
PAR  FIG. 2 represents a modification of the bearing shown in FIG. 1 in which
      the radial cage 21 which guides the needles 32 is maintained axially with
      respect to the annular raceway plate 23 by a sleeve 24 which moreover
      axially retains an elastically yieldable pad 25 which has a peripheral
      flange portion 26 which serves to centre and retain the pad by cooperation
      with the radial flange 27 of the sleeve 24.
PAR  With reference to FIG. 3, there is shown a thick annular plate 31 which is
      adapted to bear on a machine part and is provided with a sleeve 32 which
      retains an elastically yieldable pad 33, an annular raceway plate 34 and a
      ring arrangement of thrust bearing needles 35 which are guided by a radial
      cage 36 and roll along the plates 34.
PAR  In FIG. 4, which represents a double thrust rolling bearing, an elastically
      yieldable pad 41 is interposed between two annular plates 42a and 42b
      along which roll bearing needles 42a and 42b respectively, these needles
      being guided by radial cages 44a and 44b which are retained by a sleeve 45
      held in position on one of the annular raceway plate, namely the plate 42b
      in the illustrated embodiment by the effect of a constriction 46. Such a
      construction has the advantage of employing two identical assemblies
      comprising a cage, needles and an annular raceway, which reduces to five
      the number of different elements incorporated in the double bearing.
PAR  FIG. 5 shows a thrust rolling bearing the component parts of which,
      retained by a sleeve 52, include a raceway plate 53 rendered integral with
      the sleeve by a constriction 58, a ring arrangement of thrust bearing
      needles 54 guided by a radial cage 55 and rolling along the plate 53 and a
      counter-plate 51, and two elastically yieldable pads 57, 59 which are
      disposed on opposite sides of the plates 53, 51 and are uncovered in the
      bearing. These two pads have at their periphery a radial lip portion 56
      which engages the cylindrical inner surface of the sleeve 52 and thereby
      seal the cavity of the bearing occupied by the needles 54. As in the
      embodiment shown in FIG. 4, the elements inside the sleeve have a
      symmetrical arrangement.
PAR  In FIG. 6, the shaft 51 is provided with a shoulder 62 whose radial surface
      610 constitute one of the raceways of a ring arrangement of thrust bearing
      needles 63 guided by a radial cage 64. Disposed around the shaft 51 is a
      ring arrangement of radial bearing needles 65 guided by an axial cage 66.
      The two bearings are enclosed in a housing 67 of pressed sheet metal which
      bears through a radial surface 67a (interconnecting the axial lateral wall
      67b to the cylindrical portion 67c constituting a radial rolling bearing
      ring) against a surface 69 of a machine part 68, which surface 69 is
      roughly parallel to the surface 610 of the shoulder 62. A pre-stressing of
      the needles 63 is achieved by the compression of an annular elastically
      yieldable pad 611 between two annular plates 612 and 613, the plate 612 of
      which carries the other raceway for the needles 63 whereas the plate 613
      bears against the annular boss 614 of the housing 67. The plate 613
      axially retains in one direction the needles 65 which are retained in the
      other direction by the flange 67d of the housing 67. It will be observed
      that the annular pad 611 is in sliding contact with the shaft 61 through a
      lip portion 615 whereas its peripheral outer edge is in tight contact with
      the axial lateral wall 67b so that it is possible to employ different
      lubricants for the thrust bearing and the radial rolling bearing.
PAR  FIG. 7 shows a particularly advantageous modification of the embodiment
      shown in FIG. 6 in that it permits avoiding the grinding of the radial
      surface 71 of the shoulder 72 of the shaft 73. In this embodiment, of a
      combined rolling bearing, the thrust bearing needles 74 guided by a cage
      75 are interposed between two annular raceway plates 76, 77, one of these
      plates bearing against annular boss 78 of the housing 79 which cooperates
      with the machine part 710, whereas the other plate 76 is in contact with
      an elastically yieldable pad 711 provided with a sealing lip portion 712
      which is in sliding contact with the cylindrical lateral portion 713 of
      the housing 79. This pad 711 is driven in rotation by its contact with the
      surface 71 and drives the annular plate 76 to which it may be bonded if
      desired. Further, the pad 711 ensures an additional sealing between the
      radial surface 71 and the interior of the rolling bearing.
PAR  In FIG. 8, a metal washer 81 which includes a conical portion 81a, which
      may be continuous or discontinuous and is axially deformable, bears
      against the housing 82 in its radial portion 83 in contact with a machine
      part 84 and against the plate 85 carrying the raceway for the needles 86
      of the axial rolling bearing in the region of the boss 87.
PAR  FIG. 9 represents a modification of the embodiment shown in FIG. 8 in which
      an axial or thrust smooth bearing 91 in the form of an annular plate is
      retained by the axial lateral wall 96 of the housing 93 which bears
      against a machine part 94. An elastically yieldable steel washer 95 having
      a Z-shaped axial section tends to urge the thrust plate 91 of the smooth
      bearing outwardly by bearing through its parallel branches, on one hand,
      against the housing 93 and, on the other hand, against the plate 91.
PAR  It will be understood that certain modifications may be made in the
      embodiment described hereinbefore. Thus, a positive mechanical connection
      may be provided by judiciously cutting out and/or shaping the elastically
      yieldable means and the plate or plates so as to avoid a bonding thereof.
      The elastically yieldable means may possibly be constituted by an axial
      washer of the Belleville or Borelli ring type.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. A thrust bearing comprising an annular support structure having means
      defining a radially inwardly extending retaining face at each end of the
      structure, at least one annular plate disposed within the support
      structure and defining a raceway, a ring arrangement of radial rolling
      elements in rolling contact with the raceway and a cage which guides the
      rolling elements, at least one axially deformable annular elastically
      yieldable means disposed within the support structure in freely axially
      movable relation to the support structure, and applied against in contact
      with the plate on a side of the plate remote from the rolling elements,
      one of said retaining faces axially retainingly cooperating with the cage
      and the other retaining face axially retaining the yieldable means, the
      rolling elements being uncovered for direct engagement with a machine
      part.
NUM  2.
PAR  2. A bearing as claimed in claim 1, wherein the elastically yieldable means
      is constituted by an annular pad of generally planar shape.
NUM  3.
PAR  3. A bearing as claimed in claim 2, wherein the pad is of elastomeric
      material.
NUM  4.
PAR  4. A bearing as claimed in claim 1, wherein the elastically yieldable means
      is constituted by an annular metal spring.
NUM  5.
PAR  5. A bearing as claimed in claim 1, wherein the support structure is an
      annular sleeve having at each end of the sleeve a radial flange defining
      one of said retaining faces.
NUM  6.
PAR  6. A bearing as claimed in claim 1, wherein the elastically yieldable means
      is at least partially uncovered so as to be capable of coming in direct
      contact with a radial surface exterior to the bearing when the bearing is
      mounted.
NUM  7.
PAR  7. A thrust bearing as claimed in claim 1, wherein the support structure
      comprises an annular sleeve having an inner radial flange defining one of
      said retaining faces, an annular member defining the other of said
      retaining faces and means for holding the sleeve and annular member
      axially assembled.
NUM  8.
PAR  8. A thrust bearing as claimed in claim 1, further comprising a second
      annular plate and second axially deformable annular elastically yieldable
      means interposed between the cage and the corresponding retaining face of
      the support structure, the second plate defining a raceway in engagement
      with the rolling elements, the second yieldable means being in contact
      with the second annular plate and retained by said corresponding retaining
      face of the support structure, both yieldable means being exposed for
      direct axial engagement with machine parts outside the thrust bearing.
NUM  9.
PAR  9. A thrust bearing comprising an annular housing including a radial
      surface and an axial lateral wall having a generally cylindrical shape, at
      least one annular plate in retained relation to the housing and having a
      smooth planar surface, for use as a raceway or slideway, at least one
      axially deformable annular elastically yieldable means constituted by an
      annular pad of generally planar shape in bonded relation to the radial
      surface of the housing and to a surface of the plate which is opposed to
      said smooth planar surface.
NUM  10.
PAR  10. A combined thrust and journal bearing comprising an annular housing
      including a radial surface and an axial lateral wall having a generally
      cylindrical shape, at least one annular plate in retained relation to the
      housing and having a smooth planar surface, for use as a raceway or
      slideway, at least one axially deformable annular elastically yieldable
      means in retained relation to the housing and applied against the plate,
      the housing comprising a cylindrical portion which is concentric with the
      axial lateral wall and constitutes a rolling bearing ring and has a radial
      flange, there being provided a cylindrical ring arrangement of axially
      extending rolling elements which are in contact with the bearing ring and
      in axially retained relation, in one direction, to the radial flange and,
      in the other direction, to the annular plate.
NUM  11.
PAR  11. A thrust bearing comprising an annular housing including a radial
      surface and an axial lateral wall having a generally cylindrical shape,
      two annular plates each defining a raceway and in coaxial and axially
      retained relation to the housing, a ring arrangement of radial rolling
      elements interposed between and in rolling contact with the raceways, a
      cage which is in retained relation to the housing and guides the rolling
      elements, and at least one axially deformable annular elastically
      yieldable means in retained relation to the housing, the elastically
      yieldable means being at least partially uncovered by the housing so as to
      be capable of coming in direct contact with a radial surface exterior to
      the bearing when the bearing is mounted, one of the plates bearing against
      the radial surface of the housing whereas the other of said plates is in
      contact with the elastically yieldable means.
NUM  12.
PAR  12. A combined thrust and journal bearing comprising an annular housing
      including a radial surface and an axial lateral wall having a generally
      cylindrical shape, two annular plates each defining a raceway and in
      coaxial and axially retained relation to the housing, a ring arrangement
      of radial rolling elements interposed between and in rolling contact with
      the raceways, a cage which is in retained relation to the housing and
      guides the rolling elements, and axially deformable annular elastically
      yieldable means in retained relation to the housing, the housing
      comprising a cylindrical portion which is concentric with the axial
      lateral wall and constitutes a rolling bearing ring and has a radial
      flange, there being provided a cylindrical ring arrangement of axially
      extending rolling elements which are in contact with the bearing ring and
      in axially retained relation, in one direction, to the radial flange and,
      in the other direction, to the annular plate, the elastically yieldable
      means being at least partially uncovered so as to be capable of coming in
      direct contact with a radial surface exterior to the bearing when the
      latter is mounted, one of the plates bearing against the radial surface of
      the housing whereas the other of said plates is in contact with the
      elastically yieldable means.
NUM  13.
PAR  13. A thrust bearing comprising an annular sleeve having at each end of the
      sleeve a radial flange for retaining component parts of the bearing, two
      annular plates each defining a raceway and in coaxial and axially retained
      relation to the sleeve, a ring arrangement of radial rolling elements for
      each raceway for rolling along the raceway and a cage for each raceway
      which cage is in retained relation to the sleeve and guides the
      corresponding rollers, and elastically yieldable axially deformable means
      interposed between and engaging the plates.
NUM  14.
PAR  14. A thrust bearing comprising an annular support, two annular plates each
      defining a raceway in coaxial and axially retained relation to the
      support, a ring arrangement of radial rolling elements interposed between
      the raceways for rolling along the raceways, a cage which is in retained
      relation to the support and guides the rollers, the support being an
      annular sleeve having at each end of the sleeve a radial flange for
      retaining the component parts of the bearing, and elastically yieldable
      axially deformable means in contact with a side of each plate remote from
      the raceway and being uncovered by said flanges for directly contacting a
      member outside the bearing when the bearing is mounted.
NUM  15.
PAR  15. A thrust bearing comprising an annular support, at least one annular
      plate in retained relation to the support and having a smooth planar
      surface for use as a raceway or slideway, at least one axially deformable
      annular elastically yieldable means in retained relation to the support
      and applied against the plate, the elastically yieldable means being
      constituted by an annular pad of generally planar shape, the support
      having an inner surface and the annular pad comprising a radial sealing
      lip portion which is in sliding contact with the inner surface.
NUM  16.
PAR  16. A thrust bearing comprising an annular housing including a radial
      surface and an axial lateral wall having a generally cylindrical shape, at
      least one annular plate in retained relation to the housing and having a
      smooth planar surface, for use as a raceway or slideway, at least one
      axially deformable annular elastically yieldable means in retained
      relation to the housing and applied against the plate, the radial surface
      of the housing including an annular boss which is in axial alignment with
      a part of the annular plate and substantially mid-way between the outer
      and inner peripheries of the annular plate.
NUM  17.
PAR  17. A thrust bearing comprising an annular housing including a radial
      surface and an axial lateral wall having a generally cylindrical shape, at
      least one annular plate in retained relation to the housing and having a
      smooth planar surface, for use as a raceway or slideway, at least one
      axially deformable annular elastically yieldable means constituted by an
      annular pad of generally planar shape which is in retained relation to the
      housing and applied against the plate and applied by an outer peripheral
      edge portion against the axial lateral wall of the housing, the pad
      including along an inner edge of the pad a radial sealing lip portion for
      cooperation with a rotary member.
NUM  18.
PAR  18. A thrust bearing comprising an annular support, two annular plates
      which are within the support and have a smooth planar surface constituting
      a raceway, two ring arrangements of radial rolling elements each in
      contact with the corresponding raceway and a cage for guiding the rolling
      elements of each ring arrangement of rolling elements, means for holding
      one of the plates axially assembled with the support, an axially
      deformable annular elastically yieldable means interposed between and
      applied against the plates, and flanges at each end of the support for
      retainingly engaging the cages, the rolling elements being exposed for
      direct engagement with machine parts outside the bearing.
NUM  19.
PAR  19. A combined thrust and journal bearing comprising an annular housing
      including a radial surface and an axial lateral wall having a generally
      cylindrical shape, an annular plate defining a raceway, a ring arrangement
      of radial rolling elements in rolling contact with the raceway, a cage
      guidingly cooperating with the rolling elements, annular axially
      deformable elastically yieldable means in contact with a side of the plate
      remote from the rolling elements and in contact with said radial surface,
      the housing defining an inner retaining means cooperative with the cage
      for axially retaining the cage, the rolling elements being exposed for
      direct axial engagement with a machine part outside the bearing, the
      housing comprising a cylindrical portion which is concentric with the
      axial lateral wall and constitutes a rolling bearing ring and has a radial
      flange, there being provided a cylindrical ring arrangement of axially
      extending rolling elements which are in contact with the bearing ring and
      in axially retained relation, in one direction, to the radial flange and,
      in the other direction, to the annular plate.
NUM  20.
PAR  20. A combined thrust and journal bearing comprising an annular housing
      including a radial surface and an axial lateral wall having a generally
      cylindrical shape, an annular plate defining a raceway, a ring arrangement
      of radial rolling elements in rolling contact with the raceway, a cage
      guidingly cooperating with the rolling elements, annular axially
      deformable elastically yieldable means in contact with a side of the plate
      remote from the rolling elements, a second annular plate interposed
      between the yieldable means and said radial surface, the housing defining
      an inner retaining means cooperative with the cage for axially retaining
      the cage, the rolling elements being exposed for direct axial engagement
      with a machine part outside the bearing, the housing comprising a
      cylindrical portion which is concentric with the axial lateral wall and
      constitutes a rolling bearing ring and has a radial flange, there being
      provided a cylindrical ring arrangement of axially extending rolling
      elements which are in contact with the bearing ring and in axially
      retained relation, in one direction, to the radial flange and, in the
      other direction, to the second annular plate.
NUM  21.
PAR  21. A combined thrust and journal bearing comprising an annular housing
      including a radial surface and an axial lateral wall having a generally
      cylindrical shape, an annular plate defining a smooth bearing surface for
      direct engagement with a machine part outside the bearing, an annular
      axially deformable elastically yieldable means having one side in contact
      with a side of the plate opposed to said smooth bearing surface and an
      opposed side in contact with said radial surface, the housing comprising a
      cylindrical portion which is concentric with the axial lateral wall and
      constitutes a rolling bearing ring and has a radial flange, there being
      provided a cylindrical ring arrangement of axially extending rolling
      elements which are in contact with the bearing ring and in axially
      retained relation, in one direction, to the radial flange and, in the
      other direction, to the annular plate.
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PAL  A double row spherical roller bearing has a pair of inner races formed on a
      unitary member and a pair of outer races formed on spaced apart ring
      members. A housing with an internal nut received therein forms an annular
      channel to embrace the split outer race ring members. A spring is mounted
      between one leg of the channel and one race ring member to exert an axial
      preload force on the ring members. A pair of spring members is mounted
      between the outer race members to constitute a restoring force and cushion
      the outer race members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a typical double row antifriction bearing, such as a roller bearing as
      shown in FIG. 5, there is provided a housing in which an inner race means
      and an outer race means are mounted. Usually, one of said race means, such
      as the outer race means, consists of two spaced apart race members (each
      with a raceway to receive the bearing rollers) while the other race means
      (the inner race means) may be a single race member with two raceways to
      receive the bearing rollers. Usually, one of the race members of the split
      race means abuts against one end of the housing, while the other race
      member of the split race means abuts against a nut received in the
      housing. Although the bearing shown in FIG. 5 is a spherical bearing, a
      similar arrangement can be used with other multi-row bearings such as
      tapered roller or ball bearings.
PAR  When the nut is tightened in the housing a preload force is placed on the
      bearing members to prevent any looseness or play in the assembly under
      fluctuating loads.
PAR  Assuming the outer race means consists of two race members and the inner
      race means consists of a single race member in a double row spherical
      roller bearing, the preload force will be transmitted from the nut to one
      outer race member, through one row of rollers to the inner race member.
      From the inner race member, the force will be transmitted through the
      other row of rollers to the other outer race member, and back to the
      housing. One difficulty with this arrangement is that any wear of the
      bearing elements, or looseness of the nut, diminishes the preload force
      until vibration of the bearing members will begin. Another difficulty with
      this arrangement is that the preload is added to the fluctuating load on
      the bearing, to increase the wear on the rollers and race members.
PAC  SUMMARY OF THE INVENTION
PAR  In order to alleviate these difficulties, there is provided in the
      preferred embodiment of the invention, a first resilient member (such as a
      corrugated washer spring) between the nut and one of the outer race
      members (assuming, for illustrative purposes, that the outer race means
      consists of two separate outer race members), and a second resilient
      member between the two outer race members.
PAR  Although both springs serve to preload the bearing assembly, the first
      spring transmits a preload force from the nut (and housing) to the outer
      ends of the outer race members, while the second spring acts as a
      reactionary, or restoring, force which biases the outer race members apart
      and serves to transmit at least part of the preload force directly between
      outer race members and around the two rows of rollers. This second spring
      may be of varying active lengths so that its action may be delayed until a
      preselected advance of the outer ring is achieved. Thus, the two outer
      race members are resiliently mounted with respect to each other to preload
      the bearing assembly without significantly increasing the load on the
      bearing rollers over the normal operating load.
PAR  It is therefore one object of the present invention to resiliently mount
      the race members of a double row spherical bearing.
PAR  It is another object of the present invention to provide a resilient
      reactionary force to counter the resilient preloading force in a double
      row spherical bearing.
PAR  It is yet another object of the present invention to provide a resilient
      mounting of the race members of a double row spherical bearing where some
      of the preloading force is transmitted around the rows of rollers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in elevation of a bearing embodying the concept of the
      present invention.
PAR  FIG. 2 is a view taken on the line 2-2 of FIG. 1.
PAR  FIG. 3 is a view showing one of the corrugated spring washers in solid
      lines, and showing, in fragmented broken lines, a portion of an identical
      spring adjacent thereto to show the relative orientation of the central
      springs.
PAR  FIG. 4 is a somewhat schematic diagram showing the forces produced by the
      springs.
PAR  FIG. 5 is a somewhat schematic diagram showing the preloading forces in a
      prior art bearing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is shown in FIGS. 1 and 2 a double row spherical roller bearing 10
      which is supporting a shaft 12 for rotation about an axis A. The bearing
      has a housing 14 which is seated on a support surface 16. Bolts 18
      extending through bores in lateral flanges 20 of the housing secure the
      housing to the surface 16. The housing has a front, inwardly extending,
      flange 22 which defines a circular opening 24 about axis A. The housing
      has a cylindrical portion 26 which extends rearwardly from flange 22 and
      terminates at its rearward end in internal threads 28 which receive
      externally threaded nut 30. The nut defines a circular opening 31 about
      axis A. The inner surface 22a of flange 22 defines a front wall of a
      housing chamber 32, and the inner surface 30a of nut 30 defines the
      opposing rear wall of that chamber. The wall 30a is adjustable, through
      rotation of the nut 30 in one direction or the other, to adjust the span S
      between the opposing front and rear walls 22a and 30a of the housing
      chamber.
PAR  The bearing 10 has inner race means 34 and outer race means 36. The inner
      race means 34 consists of a single tubular member which is received
      tightly on shaft 12 for rotation therewith. Shaft 12, and tubular member
      34, extend through housing openings 24 and 31. A seal 37 is mounted in
      each opening and around the member 34. Two oppositely canted races 38, 40
      are formed on the external surface of tubular member 34. The outer race
      means 36 consists of two spaced apart outer race members 36a and 36b. The
      outer race members have canted races 42, 44 opposing the inner races 38,
      40. A first circle 46 of rollers 48 is received between races 38 and 42,
      and a second circle 50 of rollers 48 is received between races 40 and 44.
PAR  A wave spring 52, which is in the form of a corrugated washer, is
      interposed between the inner wall surface 30a of nut 30 and the adjacent
      side surface 54 of outer race member 36b. A pair 56 of wave springs 52 are
      sandwiched between the outer race members 36a, 36b. The wave springs 52 of
      pair 56 are angularly positioned relative to each other for contact only
      at nodes, such as B, C and D (see FIG. 3).
PAR  The spring 52 exerts a force F1 between the housing and the outer race
      means, as shown in FIG. 4 and urges the outer race member 36b away from
      the wall 30a of the bearing housing. The spring pair 56 exerts a force F2
      between the two outer race members, as shown in FIG. 4, to urge these
      members apart.
PAR  The force F1 exerts a preloading force on the outer race members which, in
      the absence of the force F2, would act along the path P1 (that is, from
      spring 52 to outer race member 36b, through the circle 50 of rollers 48,
      to canted race 40, canted race 38, circle 46 of rollers 48, outer race
      member 36a, to housing flange 22, and back through the housing to nut 30).
PAR  The force F2, however, acts as a reactionary force which counteracts most
      of the force F1 so that most of the preloading force is transmitted along
      path P2 directly from one outer race member 36b, through spring pair 56,
      to outer race member 36a along path P2.
PAR  In a typical prior art construction, as shown in FIG. 5, where no springs
      are used (or perhaps a single preloading spring between the nut and the
      adjacent outer race member), all of the preloading force (which may be
      determined by the amount the nut is tightened) is directed from one outer
      race member, through one circle of rollers, through the inner race member,
      through the other circle of rollers to the other outer race member and to
      the housing. The preloading force, which is in addition to the fluctuating
      operating load F3, increases the wear on the rollers which must bear the
      full total of the operating load and the preloading force.
PAR  In the system of the present invention, the total preloading force F1 is
      not added to the fluctuating operating load F4 but, instead at least a
      portion of this force, which is transmitted along the force path P2,
      by-passes the rollers. At the same time, the two outer race members 36a,
      36b are resiliently mounted with respect to each other to permit relative
      lateral shifting for a more even distribution of the load F4 between the
      two circles 46, 50 of rollers.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A double row antifriction bearing having a housing and having inner race
      means and outer race means, said bearing having two rows of rollers
      mounted between said inner race means and said outer race means, said
      outer race means comprising two spaced apart annular race members, said
      housing having two spaced apart opposing wall surfaces between which said
      two annular race members are received, at least one of said housing wall
      surfaces defined by a threaded nut adjustable toward and away from the
      opposite wall surface to adjust the span between said wall surfaces, the
      combination comprising a first wave spring between said outer race members
      and engaged with both to bias said race members apart, and a second wave
      spring between one of said race members and one of said housing wall
      surfaces, said spring engaged with both said one race member and said one
      housing wall surface to bias said members apart and thereby bias said
      other housing wall surface into engagement with said other race member.
NUM  2.
PAR  2. A double row antifriction bearing having a housing and having inner race
      means and outer race means, said bearing having two rows of rollers
      mounted between said inner race means and said outer race means, said
      outer race means comprising two spaced apart annular race members, said
      housing having two spaced apart opposing wall surfaces between which said
      two annular race members are received, at least one of said housing wall
      surfaces adjustable toward and away from the opposite wall surface to
      adjust the span between said wall surfaces, the combination comprising
      first resilient means between said outer race members and engaged with
      both to bias said race members apart, and second resilient means between
      one of said race members and one of said housing wall surfaces, said
      second resilient means engaged with both said one race member and said one
      housing wall surface to bias said members apart and thereby bias said
      other housing wall surface into engagement with said other race member.
NUM  3.
PAR  3. A double row antifriction bearing having a housing and having inner race
      means and outer race means, said bearing having two rows of rollers
      mounted between said inner race means and said outer race means, said
      outer race means comprising two spaced apart annular race members, said
      housing having two spaced apart opposing wall surfaces between which said
      two annular race members are received, at least one of said housing wall
      surfaces defined by a threaded nut adjustable toward and away from the
      opposite wall surface to adjust the span between said wall surfaces, the
      combination comprising a pair of wave springs in nodal contact positioned
      between said outer race members and engaged with both to bias said race
      members apart, and a wave spring between one of said race members and one
      of said housing wall surfaces, said spring engaged with both said one race
      member and said one housing wall surface to bias said members apart and
      thereby bias said other housing wall surface into engagement with said
      other race member.
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PAL  To provide support for a rotatable shaft, a bearing ball is fixed to the
      shaft and rotatably mounted within a bearing race. A low friction liner
      which is disposed between the wearing surfaces of the ball and the race
      includes a backing, which can be adhered to the wearing surface of the
      bearing race, and a layer of low friction material, which can be disposed
      to contact the bearing and thereby provide permanent lubrication between
      the bearing and the race. The backing can be paper impregnated with
      chopped, compressed fibers such as wood or rice to provide the liner with
      a substantially linear stress-strain characteristic similar to that of
      metals. The paper backing reduces the deflection of the liner in response
      to compressive stresses so that the accuracy of movement of the bearing
      within the race is increased significantly. The layer of low friction
      material may be formed from an intimate mixture of an adhesive and small
      particles of a low friction material.
PARN
PAR  This is a division of application Ser. No. 274,606, filed July 24, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to low friction liners for reducing the
      friction between wearing surfaces, and more specifically to bearing liners
      for use between bearing balls and bearing races.
PAR  2. Description of the Prior Art
PAR  Bearing liners have been disposed between bearings and bearing races to
      reduce the friction forces created by their wearing surfaces. One of the
      most recent advances in the bearing liner art is the disclosure by Peter
      H. Turner in U.S. Pat. No. 3,594,049, of a backing member coated on one
      side with a layer of adhesive and coated on the opposite side with an
      intimate mixture of adhesive and small particles of a low friction
      material. The adhesive layer provides a means for bonding the backing
      member to one of the wearing surfaces, and the low friction layer provides
      a means for permanently lubricating the wearing surfaces. In U.S. Pat. No.
      3,594,049, the backing member is disclosed in one embodiment to comprise a
      woven sheet formed from dacron or nylon strands. Such a bearing liner
      provides a significant advance over the prior art especially with respect
      to its reduced thickness and the considerably increased duration of its
      useful life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes a backing member having an adhesive layer on
      one side thereof and an intimate mixture of an adhesive and a low friction
      material on the opposite side thereof. The backing member can be an
      unwoven material impregnated with randomly disposed compressed fibers such
      as vegetable fibers to provide the bearing liners with stress-strain
      characteristics which are substantially linear regardless of the
      compressive stress imposed upon the backing member. The deflection of the
      improved liners in response to a particular value of compression is
      accordingly minimized. This characteristic is particularly advantageous in
      improving the accuracy of movement of the bearings within the bearing
      liners.
PAR  The surfaces of the backing member can be calendered or smoothed to harden
      the backing member and to enable the layer including the low friction
      material to be fabricated with a substantially constant thickness. A low
      friction layer with a substantially constant thickness will have a longer
      useful life since there will be no thin spots to wear through and end
      prematurely the life of the liner.
PAR  The backing member also can comprise a laminate including layers of
      fiber-impregnated material wherein the fibers in each layer are aligned
      substantially perpendicular to those in adjacent layers. The resulting
      bearing liners have a modulus of elasticity which is similar to that of
      metals. The improved liners have characteristics including high tensile
      strength and compressive rigidity to extend their useful life and improve
      the accuracy of movement of the bearing balls within their races.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view partially in section of a shaft supported
      by a bearing ball and a bearing race with a bearing liner disposed between
      the ball and the race;
PAR  FIG. 2 is a side elevational view in cross section of one embodiment of the
      bearing liner;
PAR  FIG. 3 is a perspective view of a further embodiment of the bearing liner;
      and
PAR  FIG. 4 illustrates curves representing bearing liner compression versus
      bearing liner deflection for the bearing liners of the prior art and the
      improved bearing liners.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings and in particular to FIG. 1 thereof, reference
      numeral 11 designates a rotatable shaft on which is mounted a bearing ball
      13 having an outer or wearing surface 15. A bearing race 17 having an
      inner or wearing surface 19 can be centered upon the ball 13 to provide
      support for the shaft 11. A bearing liner 21 is preferably disposed
      between the wearing surface 19 of the race 17 and the wearing surface 15
      of the ball 13. Thus disposed the bearing liner 21 can provide a means for
      permanently lubricating the bearing 13 and the race 17 so that there is
      less resistance to relative movement therebetween and a reduction in the
      deterioration of the wearing surfaces 15 and 19.
PAR  A cross-section view of one embodiment of the bearing liner 21 is shown in
      FIG. 2. The reference numeral 23 designates a backing such as paper having
      first and second opppositely facing major surfaces 25 and 27,
      respectively. An adhesive layer 29 can be disposed upon the first major
      surface 25 of the backing 23, and a low friction layer 31 can be disposed
      upon the second major surface 27. The low friction layer 31 is partially
      defined by a wearing surface 33.
PAR  In the preferred embodiment the backing 23 is adhered to the wearing
      surface 19 of the race 17 by the adhesive layer 29. Thus disposed the
      liner 21 has a fixed relationship with the bearing race 17, and the
      wearing surface 33 of the low friction layer 31 slidably engages the
      wearing surface 15 of the ball 13. It can be appreciated by those skilled
      in the art that the bearing liner 21 may be adhered to the ball 13 in
      which case the wearing surface 33 would be in contact with the wearing
      surface 19.
PAR  The adhesive comprising the adhesive layer 29 can be any of those adhesives
      disclosed by Peter H. Turner in U.S. Pat. No. 3,594,049 and assigned of
      record to the assignee of record of the present application. One such
      adhesive is Rabond R-84015 produced by Raybestos-Manhattan of Bridgeport,
      Connecticut.
PAR  The low friction layer 31 can comprise a similar adhesive filled with a
      5-micron polytetrafluoroethylene powder manufactured by DuPont. The
      adhesive and the powder can be intimately mixed in the proportions
      disclosed in U.S. Pat. No. 3,594,049; however, lower ratios of powder to
      adhesive are preferred since the compressed fibers in the backing have a
      tendency to absorb some of the adhesive from the wear coating mixture. For
      example, the low friction powder may have a range of approximately twenty
      percent (20%) to thirty-five percent (35%) by weight with the remainder
      being adhesive. In the preferred embodiment the low friction layer
      contains twenty percent (20%) by weight of polytetrafluoroethylene powder.
      The low friction layer may have a thickness of approximately 0.003 inch
      beyond the peaks of the backing layer 23. Preferably this dimension is no
      greater than approximately 0.0035 inch.
PAR  The backing 23 can comprise a fibrous material such as paper having fibers
      such as those shown generally at 35. In one of the embodiments the fibers
      35 are chopped and randomly disposed within the backing 23. The fibers 35
      are preferably compressed since a minimum porosity is desirable to augment
      the adhesion of the adhesive and low friction layers 29 and 31,
      respectively, to the backing 23. It should be understood that the randomly
      disposed fibers 35 can comprise any fiber although the compressed
      vegetable fibers commonly available in the form of paper are particularly
      advantageous and economically desirable. Calendered paper and rice paper
      contain fibers which are some of the most compressed and therefore provide
      excellent deflection characteristics.
PAR  Since the backing 23 is a fibrous material, the particles of powder can be
      retained between the fibers to provide a mechanical bond between the
      fibers and the particles of low friction material. This is particularly
      desirable since the particles are quite small. A chemical bond also can be
      produced between the adhesive and the particles of low friction material.
      Furthermore, by compressing the backing 23, the thickness of the backing
      is maintained substantially constant so that the thickness of the layer 31
      of the adhesive and the low friction material will be substantially
      constant. This will insure that there will be no thin spots in the low
      friction layer to wear prematurely and end the useful life of the liner
      21.
PAR  The layer 31 has all of the advantages disclosed in U.S. Pat. No.
      3,594,049. For example, it has a long life. This results in part from the
      thin dimensions of the layer 31 and in part from the combination of the
      mechanical and chemical bonding of the particles of low friction material.
      It also results in part from the small size of the particles of low
      friction material. All of these advantages tend to prevent the low
      friction material from forming into a continuous smear on the exposed
      surface of the layer 31.
PAR  A further embodiment of the backing 23 is shown in FIG. 3. In this backing
      a plurality of layers such as layers 37, 39, and 41, are adhered to each
      other to form a laminate. Each of the layers 37, 39, and 41 includes
      fibers 43, 45, and 47, respectively, oriented in a single direction so
      that the tensile strength of the layer is increased in that direction. In
      the preferred embodiment each layer, such as the layer 39, is disposed
      with respect to the layers on either side thereof, such as the layers 37
      and 41, so that its fibers are substantially normal to the fibers in the
      adjacent layers. It follows that the direction of orientation of the
      fibers 43 and 47 in the layers 37 and 41, respectively, may be
      substantially parallel. The laminate shown in FIG. 3 provides the backing
      23 with increased tensile strength and substantially uniform stress
      properties. This increased strength can be advantageous in those
      applications wherein a higher degree of liner reinforcement is desirable.
PAR  It is apparent that the bearing liners 21 will be subjected to compressive
      forces as the shaft 11 and the ball 13 rotate. It can be appreciated that
      any deflection of the bearing liners in response to these compressive
      forces will increase the wear on the engaging surfaces and reduce the
      accuracy of the shaft rotation. Bearing liners including woven materials,
      such as dacron, as disclosed in U.S. Pat. No. 3,594,049,  have represented
      a significant advance over the prior art. As satisfactory as the bearing
      liners disclosed in U.S. Pat. No. 3,594,049 have been found to be, it is
      always desirable to provide bearing liners with enhanced characteristics
      such as enhanced deflection characteristics.
PAR  The stress-strain curve shown in FIG. 4 and designated by the reference
      numeral 49 is characteristic for the bearing liners disclosed in U.S. Pat.
      No. 3,594,049. For comparison, a stress-strain curve 51 characteristic of
      the improved liners 21 is also shown in FIG. 4. The curve 51 has a yield
      point 53 beyond which the liner will deflect with progressively decreased
      increments in load. It will be noted that the deflection is substantially
      linear in the regions of compressive force below the yield point 53, where
      the effects of the bearing liner 21 are most significant. It is apparent
      also that, for a given compressive force, the deflection is less in the
      liners 21 comprising the compressed fiber backing 23 then in the liners
      comprising the backings of the prior art. In fact, the backing 23 provides
      the liner 21 with a modulus of elasticity which is similar to that for
      metals in that the stress-strain curve 51 is substantially linear for
      values of compression less than that at the yield point 53.
PAR  It can be seen that the bearing liners 21 including the improved backing 23
      have particularly advantageous properties for reducing the coefficient of
      friction between the wearing surface 15 and 19 without significantly
      reducing the compressive strength of the material supporting the ball 13.
      Thus, the bearing liner 21 provides a means for permanently lubricating
      the ball 13 without sacrificing the accuracy of movement and stability of
      the shaft 11. This accuracy of movement can have particular significance
      in systems which incorporate servomechanisms for amplifying mechanical
      movement. It is apparent that, in these systems, even a slight deflection
      of the shaft 11 can be amplified to ultimately produce a substantial error
      in movement. Thus, the low deflection characteristics of the backing 23
      significantly decrease the error associated with these systems.
      Furthermore, the resulting bearing liners 21 also have increased rigidity
      and improved wear life characteristics.
PAR  While the present invention has been shown and described in what are
      conceived to be the most practical and preferred embodiments, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is therefore not to be limited to the details disclosed
      herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  a first member defined in part by a first surface;
PA1  a second member defined in part by a second surface disposed in proximity
      to the first surface of the first member, the second member having
      characteristics for movement with respect to the first member;
PA1  first means disposed in fixed relationship with one of the first and second
      surfaces and slidably engaging the other of the first and second surface
      to provide a low friction layer between the first and second surfaces, the
      first means including a fibrous material, the first means further
      including particles of a low friction material in a mechanically bonded
      relationship with the fibrous material and further including an adhesive.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein the first means comprises:
PA1  a backing having third and fourth surfaces and providing reinforcement for
      the first means and made from the fibrous material;
PA1  a first layer of adhesive disposed on the third surface of the backing to
      maintain the fixed relationship of the backing and the first surface of
      the first member;
PA1  a second layer of material disposed on the fourth surface of the backing
      and having low friction characteristics and including an intimate mixture
      of an adhesive and a powder of a low friction material to provide the
      first means with a fifth surface for slidably engaging the second surface
      of the second member; whereby,
PA1  the coefficient of friction between the second and fifth surfaces is less
      than the coefficient of friction between the first and second surfaces.
NUM  3.
PAR  3. The combination as recited in claim 1 wherein chopped fibers impregnate
      the backing to provide the first means with characteristics including high
      compressive rigidity and tensile strength.
NUM  4.
PAR  4. The combination as defined in claim 3 wherein the backing comprises
      paper and the fibers are compressed vegetable fibers.
NUM  5.
PAR  5. The combination as recited in claim 4 wherein the paper is calendered to
      provide the third and fourth surfaces with relatively hard
      characteristics.
NUM  6.
PAR  6. The combination set forth in claim 2 wherein the particles of low
      friction material constitute a polytetrafluoroethylene and have a size of
      approximately five (5) microns.
NUM  7.
PAR  7. The combination set forth in claim 3 wherein the particles of low
      friction material extend above the fibrous material by a dimension no
      greater than approximately 0.0035 inches.
NUM  8.
PAR  8. The combination set forth in claim 6 wherein the fibrous material is
      calendared and wherein the particles of low friction material constitute a
      polytetrafluoroethylene and have a size of approximately five (5) microns.
NUM  9.
PAR  9. The combination set forth in claim 6 wherein the particles of the low
      friction material have a percentage by weight between approximately twenty
      percent (20%) to thirty five percent (35%) with the remainder constituting
      the adhesive.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein the fibrous material is
      calendered.
NUM  11.
PAR  11. The combination set forth in claim 10 wherein the particles of
      polytetrafluoroethylene have a size of approximately five (5) microns and
      have a weight in the third means of approximately twenty percent (20%) to
      thirty five percent (35%) with the remainder of the third means
      constituting the adhesive.
NUM  12.
PAR  12. The combination set forth in claim 9 wherein the third means has a
      thickness above the first means no greater than approximately 0.0035
      inches and the particles of the low friction material constitute a
      polytetrafluoroethylene.
NUM  13.
PAR  13. In combination:
PA1  a first member having a first surface;
PA1  a second member having a second surface disposed in contiguous relationship
      to the first surface, the second member being movable relative to the
      first member;
PA1  a porous backing having first and second major surfaces and having a
      fibrous construction;
PA1  means for retaining the first member in fixed relationship with the first
      major surface of the backing, and
PA1  a low friction layer in fixed relationship with the second major surface of
      the backing and providing a low friction surface for slidably engaging the
      second surface, the low friction layer having a thin dimension relative to
      the second major surface and being formed from particles of low friction
      material mechanically bonded in the pores of the backing and interspersed
      in an adhesive,
PA1  the lower friction surface being disposed in contiguous relationship to the
      second surface of the second member.
NUM  14.
PAR  14. In the combination set forth in claim 13, the fibrous backing having
      chopped and compressed fibers to reinforce the backing.
NUM  15.
PAR  15. In the combination set forth in claim 14, the compressed fibers being
      randomly disposed in the backing.
NUM  16.
PAR  16. In the combination set forth in claim 13, the low friction layer
      comprising an intimate mixture of an adhesive and a powder of a low
      friction material.
NUM  17.
PAR  17. In the combination set forth in claim 13, the fibrous backing
      comprising paper.
NUM  18.
PAR  18. In the combination set forth in claim 17, compressed vegetable fibers
      being included with the paper in the backing.
NUM  19.
PAR  19. In the combination set forth in claim 18, wherein the fibrous paper
      backing is calendered to harden the surfaces of the backing.
NUM  20.
PAR  20. In the combination set forth in claim 13, the backing including:
PA1  a first layer of fibrous material having fibers generally oriented to
      provide a relatively high tensile strength in a first direction,
PA1  at least a second layer of fibrous material similar to the first layer and
      disposed in surface contact with the first layer and generally oriented in
      a second direction transverse to the first direction, whereby
PA1  the first and second layers provide the backing with properties including a
      high tensile strength and substantially enhanced stress properties.
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ABST
PAL  A matrix connector comprises an elastomer body presenting a pair of
      opposite contact surfaces at each of which is disposed a multiplicity of
      spaced contacts, the contacts of the opposite faces being interconnected
      by conductors extending through the body, the contacts are defined by
      folds of the conductors extending through the elastomeric mass, convex
      portions of the folds being exposed at the opposite faces. Suitably such a
      connector is made forming the conductive strips on opposite faces of a
      flexible printed circuit, and interconnected at overlapping portions
      through holes in the flexible lamina. The lamina is folded in concertina
      form with adjacent limbs spaced by strips of partially cured elastomer.
      The assembly is then compressed and cured.
BSUM
PAR  This invention concerns an electrical connector and its method of
      manufacture and is particularly concerned with connectors of the kind
      referred to as matrix connectors.
PAR  A matrix connector comprises a plurality of conductive paths extending in
      electrically spaced relation through an insulating body between opposite
      or spaced surface parts of the body at which the conductive paths present
      discrete contacts. The matrix connector serves in use to interconnect
      complementary contact arrays disposed at opposite sides of the matrix
      connector which is sandwiched between the contact arrays. This type of
      connector is of significant technical and industrial importance in view of
      the trend to miniaturization of assemblies, the extensive use of
      integrated circuits and the construction of complex assemblies such as
      calculating machines and computers from small circuit modules requiring
      the interconnection between modules of large numbers of small, closely
      spaced electrical contacts.
PAR  In one form of matrix connector disclosed in the U.S. publication
      Automotive Industries of Dec. 15, 1971, there was proposed the use of a
      contact material comprising an electrically conductive elastomer. In the
      proposed connector, compressed cells of the elastomeric contact material
      were positioned in spaced relation within an elastomeric insulating frame
      to define a composite diaphragm. The proposed connector was intended for
      use with relatively large size contacts such as are customary in
      automobile applications.
PAR  In another form of connector proposed in German Offenlegungsschrift No.
      2,119,567 published Nov. 25, 1971, a body of elastomeric insulating
      material contained a multiplicity of discrete conductive springs extending
      through a body in insulating spaced relation and in similar nonrectilinear
      paths between spaced surface parts of the body. Ends of the springs define
      a multiplicity of closely spaced contact points. Such a connector was
      proposed to be manufactured by etching or stamping the springs from sheet
      metal to define lamina arrays of springs held in spaced relationship by a
      frame formed from the sheet metal and integrally joining the spring ends.
      A series of such frames were stacked side-by-side in closely spaced
      relation and the stack potted in elastomeric insulating material before
      severing the frame portions to define the contact ends.
PAR  An improved method of manufacture of such a connector has been proposed by
      AMP Incorporated in U.S. Pat. application Ser. No. 320,030 in which the
      springs are defined by parts of coil turns. A conductive wire is wound in
      a coil of closely spaced turns and then potted in elastomeric insulating
      material before cutting a segment of the coil through the turns to present
      a body portion with cut surfaces at which are exposed a multiplicity of
      respective ends of segments of the coil turns.
PAR  In the two last mentioned proposals particular difficulties arise in the
      cutting of the spring ends which may require a grinding operation at the
      surface of the elastomer material to obviate burrs and a plating operation
      to define adequate contact surfaces. Also, some considerable care is
      required during manufacture of the conductive springs to ensure consistent
      spring characteristics throughout the matrix.
PAR  The present invention provides an improved connector and an improved method
      of manufacture.
PAR  A matrix connector according to the present invention comprises an
      elastomer body presenting a pair of opposite contact surfaces at each of
      which is disposed a multiplicity of spaced contacts, the contacts of the
      opposite faces being interconnected by connectors extending through the
      body, characterized by the contacts being defined by folds of the
      conductors extending through the elastomeric mass, convex portions of the
      folds being exposed at the opposite faces.
PAR  A method of manufacturing a matrix connector comprising an elastomer body
      presenting a pair of opposite contact surfaces at each of which is
      disposed a multiplicity of spaced contacts, the contacts of the opposite
      faces being interconnected by conductors extending through the body,
      according to the present invention comprises forming a lamina flexible
      printed circuit with sets of conductive strips on opposite sides with
      portions of sets at opposite sides overlapping and forming apertures in
      the insulating lamina of the printed circuit, interconnecting the
      overlapping portions through holes in the insulating lamina of the printed
      circuit, folding the printed circuit in concertina fashion with sets of
      conductive strips extending externally around the folds of the concertina,
      spacing adjacent limbs of the concertina form with strip-like partially
      cured elastomer material and compressing the concertina longitudinally to
      effect extrusion of the elastomer through the apertures in the printed
      circuit lamina and into the troughs of the concertina form, and curing the
      elastomer to a homogeneous mass.
DRWD
PAR  The invention will now be described, by way of example, with reference to
      the accompanying partly diagrammatic drawings, in which:
PAR  FIG. 1 is a fragmentary partly sectioned perspective view of a connector
      according to the invention;
PAR  FIG. 2 is a view similar to that of FIG. 1 but with the elastomeric matrix
      removed over a section to expose a flexible printed circuit within the
      connector;
PAR  FIG. 3 is a fragmentary plan view of the flexible printed circuit of the
      connector of FIGS. 1 and 2 before forming and assembly into the connector
PAR  FIG. 3A is a detail of the circuit pattern of FIG. 3 shown to an enlarged
      scale;
PAR  FIG. 4 is a fragmentary side edge view of the circuit of FIG. 3 and FIGS. 5
      and 6 are similar side views after successive concertina forming stages;
PAR  FIG. 7 is an underside view of the concertina form of FIG. 6;
PAR  FIG. 8 is a view similar to that of FIG. 7 but after threading of an
      elastomer strip through the concertina form;
PAR  FIG. 9 is a fragmentary side elevation of the FIG. 8 assembly;
PAR  FIG. 10 is a fragmentary side elevation of the FIG. 9 assembly after a
      further manufacturing stage and to an enlarged scale; and
PAR  FIG. 11 is a schematic elevation of a connector incorporating functional
      circuitry.
DETD
PAR  The matrix of FIGS. 1 and 2 comprises a generally rectangular slab-like
      block 1 of which only a corner part is shown. The block 1 comprises a
      matrix of elastomeric insulating material 2 and multiplicities of contacts
      4 are exposed in corresponding, evenly spaced arrays at the upper and
      lower faces 5, 6 of the block. Each contact 4 at the upper face 5 is
      connected through the block 1 to a respective contact 4 at the lower face
      6 and suitably the respective contacts 4 are opposite in a sense normal to
      the faces 5, 6 as is more clearly apparent in FIGS. 9 and 10.
PAR  The contacts 4 and their interconnections comprise conductive tracks of a
      flexible printed circuit 7 of concertina form as seen in FIGS. 1, 2 and
      10, and shown in flat unformed condition in FIG. 3. The flexible printed
      circuit 7 comprises a flexible insulating lamina 8 of, for example, MYLAR,
      formed on opposite sides with sets 9 of of parallel conductive tracks 10.
      The tracks 10 of the sets 9 are aligned longitudinally and comprise tracks
      of uniform length. On each side of the lamina, sets are spaced at equal
      intervals of length greater than the length of the tracks and the sets of
      tracks on the opposite sides overlap by a short distance at apertures in
      the lamina through which conductive paths 11 extend to interconnect the
      overlapping conductive tracks 10. The conductive paths 11 are suitably
      formed as so called plated through holes by electro deposition techniques,
      and the tracks 10 are suitably of copper, plated with a contact metal such
      as gold.
PAR  The insulating lamina 8 is formed with sets of slots 12 extending between
      the conductors of the sets at and on opposite sides of the plated through
      holes 11 but terminating well short of the ends of the tracks remote from
      the plated through holes. Further sets of slots 12 are disposed in the
      intervals between sets of conductors.
PAR  The flexible printed circuit 7 of concertina form extends between the
      opposite faces 5, 6 of the elastomer matrix body and presents alternate
      peaks or folds 13 at the faces 5 and 6. The sets of tracks 10 are disposed
      on the sides of the insulating lamina 8 externally of the folds 13 which
      extend transversely of the tracks 10. At the folds 13 the conductive
      tracks are exposed at the surfaces 5, 6 to define the contacts 4. The sets
      of slots 12 are disposed in the limbs 14 of the concertina form between
      and inwards of the surfaces 5, 6 the elastomer matrix 2 extending through
      the slots 12 to present an integral mass of elastomer 2 encasing the
      flexible printed circuit. The plated through hole portions 11 are disposed
      generally midway between the surfaces 5, 6 and adjacent limbs 14 of the
      concertina form are held in spaced relationship by intervening elastomer
      material which extends into the troughs internally of the folds 13 to fill
      all spaces within block 1.
PAR  The folds 13 of the insulating lamina 8 may extend to the surface of the
      elastomer matrix, or the lamina 8 may be formed with additional slots 12',
      shown in borken lines in FIG. 2, bridging the folds and disposed between
      adjacent conductive tracks 10.
PAR  In use, when the matrix connector of FIGS. 1 and 2 is sandwiched between a
      pair of contact arrays which are urged together to compress the block 1,
      the elastomeric matrix is deformed to accommodate the load and develop
      contact pressure. The support of the contacts 4 by elastomeric material in
      the troughs within the folds resists any tendency for the elastomer to
      relax above the contacts 4 is resisted by relaxation of the elastomer in
      the troughs within the folds 13.
PAR  The connector described in FIGS. 1 and 2 is suitably manufactured from
      flexible printed circuitry formed as flat sheet material on opposite sides
      of which the conductive tracks can be formed in any desired pattern by
      known techniques which, for example, are currently being used to
      manufacture micro circuits for mounting integrated circuit chips.
PAR  The flexible printed circuit of FIG. 3 may, for example, comprise an
      insulating lamina of thickness 0.002 inches (0.051mm) and the conductive
      tracks of copper of width 0.003 inches and thickness of 0.0015 inches
      (0.076 and 0.038mm respectively) suitably gold plated. The pitch of the
      tracks may be, for example, 0.006 inches (0.15mm), defining the pitch
      transversely of the tracks 10 in the matrix array of contacts 4 and a
      pitch lengthwise of the tracks somewhat greater than twice the sum of the
      film and track thickness:
     i.e. greater than 2(0.002 + 0.015)                                        

                          = 0.0070 inches                                      

                          = 0.178mm.                                           

PAL  Desirably the minimum thickness of elastomer between adjacent conductive
      track portions will be at least as great as the lamina thickness i.e.
      0.002 inches 0.05mm so a pitch of 0.178 + 0.05 = 0.225mm may be employed.
      Thus, starting with a flexible printed circuit having the dimensional
      parameters specified it is possible to manufacture a matrix connector
      having contacts 4 arranged in a rectangular grid pattern of pitch 0.152mm
      widthwise of the connector and 0.225mm lengthwise. It is possible to form
      sharp folds in the flexible printed circuit without adverse deformation of
      the track portions forming the contacts 4.
PAR  The flat flexible printed circuit of FIG. 3 is suitably folded into a
      concertina by a heated die comprising interdigitating fingers arranged to
      engage the circuit 7 at opposite sides at the fold lines and progressively
      move together to reduce the pitch of the fingers as they interdigitate.
      The fold lines 13 extend transversely of the conductive tracks 10 at
      locations distal from the plated through holes 11 and the die-fingers
      engage the insulating lamina 8 on a side opposite the tracks 10. The
      folding operation is suitably effected in a series of stages as shown in
      FIGS. 5 and 6 and, as seen in FIG. 6, the limbs 14 of the concertina are
      asymmetrically arranged. The alternate limbs 14 carrying the conductive
      strips 10 and through plated holes 11 are substantially vertical and
      shorter than the intervening larger limbs 14. If desired the limbs of the
      concertina may be formed into a non-rectilinear shape in order to reduce
      the stiffness of the resultant connector.
PAR  With the concertina form as shown in FIG. 6 a strip 15 of uncured or partly
      cured elastomer is threaded through the intra-limb spaces in succession as
      shown in FIGS. 8 and 9 or individual strips may be disposed in the spaces.
      The strip 15 of elastomer extends through a major part of the fold
      amplitude of the concertina form and serves to space apart the adjacent
      limbs 14. The assembly of FIGS. 8 and 9 is then suitably compressed
      lengthwise in a confining die presenting flat surfaces engaging the
      contact forming parts 4 and adapted slightly to tilt the limbs 14 of the
      concertina to align respective pairs of contacts 4 at the flat surfaces in
      a direction normally of these surfaces. Such alignment may be facilitated
      if the limbs of the concertina are given a non-rectilinear form, e.g.
      arcuate. Compression of the concertina form longitudinally within a
      surrounding confining die effects extrusion of the elastomer through the
      slots 12 and into the troughs to form a homogeneous matrix of elastomer
      encasing the concertina form flexible printed circuit 7. If, as mentioned
      above, additional holes or slots 12' are formed bridging the folds 13, the
      elastomer is additionally extruded into the fold spaces between adjacent
      conductive tracks to give greater separation or independent flexibility of
      the contact points defined at the folds. If non-rectilinear concertina
      limbs are desired the compressing dies may be of complementary shape.
      Encapsulation of the contacts 4 is avoided due to their engagement with
      dies surfaces under the pressure of the elastomer within the troughs. The
      elastomer is then cured in the die at an appropriate elevated temperature,
      after which the connector may be removed for use.
PAR  The connector so formed may be of any length, according to the length of
      flexible circuitry, and after forming may be cut parallel to the folds
      into sections.
PAR  Although the connector has been described with contacts 4 of each pair of
      opposite contacts being interconnected, several pairs may be
      interconnected in series. Also the conductive tracks 10 of the circuit
      member 7 may be other than rectilinear in order to obtain different
      patterns of interconnection.
PAR  In one application of the invention as shown in FIG. 11, a flexible printed
      circuit member 16 is provided with an integrated circuit member 17 at one
      end connected to appropriate conductive tracks formed on the printed
      circuit and leading to a concertina form portion 18 of the circuit. The
      whole of the circuit is potted in an elastomer matrix 19 containing the
      integrated circuit and at the concertina portion defining a matrix
      connector 20 for releasably interconnecting the integrated circuit into
      further circuitry.
PAR  There is a wide choice of elastomeric insulating material which may be
      employed in the above described method in its partially cured state e.g.
      Butyl rubber, B-stage Polyurethane, or other partly cured rubbers
      embodying a cross-linking agent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A matrix connector comprising an elastomer body presenting a pair of
      opposite contact surfaces at each of which is disposed a multiplicity of
      spaced contacts, the contacts of the opposite faces being interconnected
      by conductors extending through the body, in which the contacts are
      defined by folds of the conductors extending through the elastomeric mass,
      convex portions of the folds being exposed at the opposite faces, said
      conductors comprise flat metal strips formed as circuits on a lamina
      flexible printed circuit folded in concertina fashion and encased within
      the elastomer body, the metal strips extending externally around
      respective concertina folds to define the contacts exposed at the contact
      surfaces of the elastomer body, the strips associated with alternate folds
      of the concertina form being disposed on one side of the printed circuit
      and the strips associated with the intervening folds being formed on the
      opposite side of the printed circuit, strips on one side of the circuit
      being connected with respective strips on the other side through holes in
      a flexible insulating lamina of the circuit at locations within the
      elastomer body inwards of the contact surfaces, and the elastomer
      extending through apertures in the insulating lamina.
NUM  2.
PAR  2. A connector as claimed in claim 1, in which an integrated circuit
      component is mounted on the flexible printed circuit and connected to flat
      metal strips forming contacts of the connector, the integrated circuit
      component being encased within the elastomeric mass.
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ABST
PAL  An arrangement for detachably mounting an examining member onto a
      microscope comprises a horizontally extending dovetail key on the
      examining member, and a horizontally extending dovetail groove formed in
      the body of the microscope. The dovetail connection permits the examining
      member to be mounted in place through its horizontal movement, thereby
      facilitating its mounting and removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an arrangement for detachably mounting an
      examining member onto a microscope.
PAR  Various examining members are mounted as required onto a microscope,
      including a stage for placing an object to be examined thereon, a
      condenser lens for collecting an illuminating beam of light, a holder for
      detachably retaining a filter, a phase contrast unit, auxiliary optical
      lens or the like. In the case of a stage, there are a number of types of
      stages, including a square crisscross stage which is driven by the use of
      a screw and a rack, a circular rotary stage, a manually operated gliding
      stage or an immovable plane stage, which are interchanged depending upon
      the desired manner of observation. Thus it is necessary that the mounting
      and removal of an examining member onto the body of the microscope be
      facilitated and efficiently made. A conventional arrangement for
      interchanging such examining members comprises a vertical dovetail
      construction for moving an examining member vertically relative to the
      body of the microscope, as illustrated in FIG. 1, which shows such
      construction for a circular rotary stage. In FIG. 1, the microscope shown
      includes a body 1 which is provided with an operating knob 2 for
      vertically moving a stage support 3 therealong. As shown in FIG. 2, the
      support 3 includes an examining member mount 51 in which a dovetail key 3a
      is formed. An attachment 4 is secured to a stage 5, and includes a stage
      attaching portion 41 which comprises a dovetail groove 4a that is adapted
      to provide a close fit with the dovetail key 3a, as shown in FIG. 3. The
      mount 51 and the stage attaching portion 41 essentially comprise a
      vertical dovetail connection mechanism.
PAR  The stage 5 can be mounted on the body 1 of the microscope by engaging the
      dovetail groove 4a with the dovetail key 3a and securing the attachment 4
      to the support 3 by means of a set screw 6, and can be removed therefrom
      by a reverse procedure. The microscope body 1 includes a base 7 at its
      bottom and carries a lens barrel 10 at its top, the lens barrel including
      an objective assembly 8 and an eyepiece assembly 9. An object to be
      examined is placed on the stage 5, and can be observed through a lens 8a
      on a revolver 8 and through the eyepiece assembly 9. The revolver 8
      comprises a turret so as to permit a change of objective lenses 8a, 8b for
      the purpose of varying the magnification. The stage 5 is further provided
      with a screw 5a which locks it against rotation.
PAR  With a stage mounting arrangement of such vertical dovetail type, when a
      stage is to be replaced, the set screw 6 is loosened and the stage 5 is
      moved upward relative to the body 1 for the purpose of removal therefrom.
      However, the distal end of the objective lenses 8a, 8b or the like
      presents a hindrance to such movement of the stage, and thus an
      inconvenience is experienced in that the operating knob 2 must be
      initially operated to lower the support 3 to its lowermost position before
      the dismounting can be effected. If the stage is dismounted from its fully
      lowered position, the stage 5 may inadvertently be struck against the
      distal end of the objective lenses 8a, 8b, resulting in a damage in the
      upper surface of the stage 5 or the expensive objective lenses 8a, 8b,
      even to a degree such that the objective lenses 8a, 8b may be rendered
      unusable. While it may appear that such disadvantages would be overcome by
      providing a sufficient spacing between the stage 5 and the distal end of
      the objective lenses 8 a, 8b when the stage 5 is in its lowermost
      position, this would result in an increased spacing between the base 7 of
      the microscope and the distal end of the objective lenses, with
      consequence that in use, the level of the stage 5 and hence of the
      eyepiece assembly 9 will be high enough to cause an inconvenience in the
      observation as well as a difficulty in carrying about the microscope.
PAR  As is recognized, a condenser must be disposed below the stage, and a
      filter or an auxiliary lens may be similarly provided as required in such
      position. Thus there is a need to secure a holding frame to the lower
      surface of the stage for holding a condenser, filter, auxiliary lens or
      the like, and the provision of such frame causes a further difficulty in
      the mounting and removal of the stage. With a metallurgical microscope,
      specimens are often ores of a relatively large size, which requires that a
      relatively large spacing be provided between the distal end of the
      objective lenses 8a, 8b and the stage 5, thus precluding the choice of an
      elevated position for the stage 5 in use.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the invention provides an arrangement for
      detachably mounting an examining member onto a microscope in which an
      examining member such as stage, condenser, auxiliary lens, filter or the
      like can be moved in a horizontal direction relative to the body of the
      microscope.
PAR  In accordance with the invention, the mounting arrangement comprises a
      horizontally extending dovetail key formed on a mount of a support which
      is used to move a stage or the like in the vertical direction, and a
      horizontally extending dovetail groove formed in an examining member such
      as stage or condenser. In this manner, the mounting and removal of an
      examining member is facilitated without lowering the support. By forming a
      dovetail groove of similar configuration and size in the attachment of the
      respective examining members so as to be a close fit with the dovetail key
      on the mount of the stage support, any examining member can be selectively
      mounted for use. Thus, a replacement of various stages as well as the
      mounting or removal of examining members other than the stage is greatly
      facilitated, permitting an efficient microscope observation procedure
      using various observation techniques without involving the risk of
      damaging the objective lenses as found in the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of a microscope having a conventional
      arrangement for detachably mounting an examining member;
PAR  FIGS. 2 and 3 are perspective views of the mount of an examining member and
      a stage used in the microscope shown in FIG. 1;
PAR  FIG. 4 is a schematic side elevation of a microscope having the arrangement
      for detachably mounting an examining member constructed in accordance with
      the invention;
PAR  FIGS. 5 and 6 are perspective views of the mount of an examining member and
      the stage used in the microscope shown in FIG. 4; and
PAR  FIG. 7 is a perspective view of a condenser used in the microscope of FIG.
      4.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 4 to 7, an embodiment of the invention will be
      specifically described. FIG. 4 shows a microscope 40 having a stage or
      condenser mounted thereon, and which includes the arrangement for
      detachably mounting an examining member according to the invention. The
      microscope 40 includes a body 11, base 12, lens barrel 13, objective
      lenses 14a, 14b, revolver 15 and an eyepiece assembly 16, all of which are
      constructed in the similar manner as those used in a conventional
      microscope and therefore will not be described herein in detail. A support
      20 is adjustably mounted on the body 11 so as to be slidable in the
      vertical direction by turning an operating knob 22 when a stage is to be
      moved vertically. The support 20 has a horizontally extending mount 21
      integrally therewith or secured therewith. As shown in FIG. 5, the mount
      21 is formed with a pair of dovetail keys 21a and 21b on its upper and
      lower surfaces, respectively. On its bottom surface, a stage 23 has an
      attachment 24 secured thereto by means of screws 25 and 26 (see FIG. 6),
      and the attachment 24 is formed with a dovetail groove 24a (see FIG. 6)
      which is configured to provide a close fit with the dovetail key 21a. The
      arrangement is such that the attachment 24 is secured in place on the
      mount 21 by engaging the dovetail groove 24a with the dovetail key 21a and
      securing stage 23 and mount 21 together by means of a locking screw 27. A
      regular or phase contrast condenser 28 is associated with a condenser
      attachment 29 which is pivotally mounted thereto at 28a. In its upper
      surface, the attachment 29 is formed with a dovetail groove 29a (see FIG.
      7) which is configured to provide a close fit with the dovetail key 21b so
      that the condenser can be secured in place by a screw 30 in the similar
      manner as the attachment 24 associated with the stage 23. It should be
      understood that the condenser 28 is constructed so that it can be secured
      in its normal position shown in solid line in FIG. 4. On its lower
      surface, the attachment 29 is provided with a dovetail key 29b (see FIG.
      7), and a filter frame 31 is associated with an attachment 32 (see FIG. 4)
      which is provided with a dovetail groove 32a for engagement with the
      dovetail key 29b on the condenser attachment 29, the attachment 32 being
      secured to the condenser attachment 29 by means of a screw 33. It will be
      noted in FIG. 6 that the stage 23 is provided with a screw 23a which locks
      it against rotation. It will be appreciated that other examining members
      such as an auxiliary lens may be secured in a suitable place by using a
      corresponding attachment. In those cases where a stage is used with a
      metallurgical microscope, the stage may be provided with an attachment
      similar in construction to attachment 24 associated with the stage 23,
      with its dovetail groove facing upward, and such dovetail groove may be
      engaged with the dovetail key 21b provided on the lower surface of the
      mount 21 on the body of the microscope. In this instance, it will be noted
      that unlike the stage 23, this dovetail groove engages with the dovetail
      key 21b formed on the lower surface of the mount 21, so that the surface
      of the stage assumes a lower level. As a consequence, increased separation
      is provided between the stage and distal end of the objective lenses 14a,
      14b, permitting an increased operational distance for satisfactory
      observation of minerals or ores of a larger size.
PAR  With the above arrangement of the invention, when it is desired to change a
      stage 23, the condenser 28 is pivoted to a position 28A shown in phantom
      lines in FIG. 4 in which its free end has moved down, thus moving it away
      from the central portion of the stage 23, and subsequently the clamping
      screw 27 is loosened and the stage 23 moved in the direction indicated by
      an arrow a. Thereupon, the attachment 24 secured to the bottom of the
      stage 23 can be removed from the dovetail key 21a together with the stage
      23. When replacing another stage 23, the dovetail groove 24a formed in the
      attachment 24 associated with the new stage may be engaged with the
      dovetail key 21a formed on the mount 21 and the attachment can be secured
      in place by means of the screw 27. Thereafter, the condenser 28 is
      restored to its original position and secured in place. By providing other
      stages with an attachment having a horizontally extending dovetail groove
      formed therein in a similar manner as the circular stage 23, it will be
      appreciated that these various stages can be interchanged in a simple
      manner.
PAR  While in the above description, the attachment has been secured to the
      mount of the support by means of the screws, any other securing means may
      be used. For example, the dovetail groove in the attachment may be formed
      by a pair of split members which are movable relative to each other in a
      direction which varies the spacing therebetween so that at least one of
      the split members may be moved relative to the other in a direction to
      reduce the spacing therebetween when mounting an examining member and then
      separated from one another so as to hold the associated dovetail key by an
      interference fit. For removal, one of the split members may be moved in a
      direction to reduce the spacing between the split means and thereby
      increase the spacing between the cooperating dovetail key and dove. It
      should also be appreciated that the provision of the dovetail key and
      groove on the mount of the microscope and in the attachment of an
      examining member may be freely interchanged as dictated by the
      requirements of a particular application. Also it is to be noted that the
      dovetail key and groove may extend along the top or bottom surface or
      along one of the side surfaces of the associated mount or attachment,
      providing only that the direction in which they extend is horizontal. By
      way of example, FIG. 5 shows that the mount 21 of a microscope 40 has a
      length 21l along which the dovetail key 21a extends and a width 21w, both
      of which extend horizontally. In an alternative arrangement, the width of
      the dovetail key may be in a vertical plane and the dovetail groove in the
      attachment 24 of the stage 23 may also be formed to extend in the vertical
      plane while permitting a mounting and removal in the horizontal direction
      in the similar manner as illustrated in the drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Detachable mounting apparatus for use with a microscope having support
      means movable in a first plane towards and away from optical objective
      means, comprising:
PA1  a support member extended from said support means in a second plane
      substantially perpendicular to said first plane, said support member
      having a first dovetail joint portion formed on each of a pair of opposed
      surfaces extended in said second plane;
PA1  means for supporting a specimen to be examined;
PA1  a first examination accessory member;
PA1  each of said specimen support means and said first examination accessory
      member having a cooperating dovetail joint portion extended in said second
      plane and adapted to detachably closely mate with one of said first
      dovetail joint portions to independently rigidly position each of said
      specimen support means and said first examination accessory member to one
      of said pair of opposite support member surfaces and within the viewing
      cone of said optical objective means, whereby each of said specimen
      support means and said first examination accessory member is independently
      removable from said support member by sliding disengagement of said first
      and cooperating dovetail joint portions in said second plane without
      disturbing the position relative to said microscope and said movable
      support means of the other one of said specimen support means and first
      examination accessory member.
NUM  2.
PAR  2. An arrangement according to claim 1, in which said specimen support
      means and said first examination accessory member each include an
      attachment member extended therefrom in said second plane, each attachment
      member having one of said cooperating dovetail joint portions formed in
      said first plane on a surface thereof.
NUM  3.
PAR  3. An arrangement according to claim 2, in which each of said first pair of
      dovetail joint portions is a dovetail key extended in said first plane
      outwardly from one of said support member opposed surfaces; and each said
      attachment member cooperating dovetail joint portion is a cooperating
      dovetail groove formed into a first surface of said attachment member.
NUM  4.
PAR  4. An arrangement according to claim 1 in which said first examination
      accessory member further includes a second dovetail joint portion extended
      in said second plane in another surface opposite said cooperating dovetail
      joint portion; and
PA1  a second examination accessory member having another attachment member
      extended in said second plane, said another attachment member having
      another cooperating dovetail joint portion adapted to detachably closely
      mate with said second dovetail joint portion to rigidly position said
      second examination accessory member thereto.
NUM  5.
PAR  5. An arrangement according to claim 4 in which said second examination
      accessory member is a filter.
NUM  6.
PAR  6. An arrangement according to claim 1 in which the specimen support means
      is a stage.
NUM  7.
PAR  7. An arrangement according to claim 1 in which said first examination
      accessory member is a condenser lens.
NUM  8.
PAR  8. An arrangement according to claim 1 in which said first examination
      accessory member is phase contrast condenser.
NUM  9.
PAR  9. An arrangement according to claim 1 in which said first examination
      accessory member is a filter holder.
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ABST
PAL  Three-layer anti-reflection coatings consisting of first, second and third
      layers, respectively positioned from a glass base plate. The optical film
      thickness of the first layer and the second layer is one-half of a
      designed wavelength while that of the third layer is one-fourth of the
      same. And the relationship among the refractive index of each layer is
      second layer (n.sub.2) glass (n.sub.g) first layer (n.sub.1) third layer
      (n.sub.3). The first layer is made of a mixture of Al.sub.2 O.sub.3 and
      ZrO.sub.2.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 192,394 filed on Oct. 26, 1971
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to three-layer anti-reflection coatings for
      application to an optical system for substantially eliminating reflections
      over a relatively wide range of the visible spectrum.
PAR  2. Brief Description of the Prior Art
PAR  Three-layer anti-reflection coatings wherein the optical film thickness of
      the first and second layer is one-half of the designed wavelength while
      that of the third layer is one-fourth of the designed wavelength have been
      disclosed in U.S. Pat. No. 3,604,784 to Louderback, and granted on Sept.
      14, 1971. A method of forming a film by mixing two kinds of metal oxides
      for obtaining a desired refractive index is also known.
PAC  SUMMARY OF INVENTION
PAR  The present inventors have discovered two kinds of metal oxides which are
      particularly suitable for the first layer in the three layer
      anti-reflection coatings in which the optical film thickness of the first
      and second layers is one-half of the designed wavelength while that of the
      third layer is one-fourth of the designed wavelength.
PAR  The suitability of these oxides is determined by the following:
PAR  1. Even if the evaporation temperature varies somewhat at the time when the
      two kinds of metal oxides are evaporated on a glass base plate, the
      composition ratio of the two kinds of metal oxides in said coating does
      not change, therefore a desired refractive index can be obtained.
PAR  2. No light absorbing characteristics will be shown in a visible spectrum
      range.
PAR  3. Good adhesion to the glass base plate, with no peel off at all.
PAR  4. Chemically stable with good durability. In order to meet the first
      requirement, two such kinds of metal oxides having almost equal
      evaporation pressure characteristics against the evaporation temperature
      variation are suited.
PAR  The present inventors have discovered aluminium oxide (Al.sub.2 O.sub.3)
      and zirconium oxide (ZrO.sub.2) as satisfactory metal oxides meeting the
      above requirements. These metal oxides are known to form an
      anti-reflection coating either alone or by mixing with substances other
      than the above mentioned metal oxides. However, it has not been known to
      form a coating by the mixture of Al.sub.2 O.sub.3 and ZrO.sub.2.
PAR  Therefore, the present invention is to provide three-layer anti-reflection
      coatings in which an object the first layer is made of a mixture of
      Al.sub.2 O.sub.3 and ZrO.sub.2 which have almost equal vapor pressure
      characteristics against temperature variation, and the first and the
      second layers have optical film thickness of .lambda.o/2 and in which the
      third layer has a thickness of .lambda.o/4.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph diagram showing the vapor pressure of aluminium oxide
      (Al.sub.2 O.sub.3) and zirconium oxide (ZrO.sub.2) against temperature
      variation.
PAR  FIG. 2 shows the refractive index of evaporation coating of aluminium oxide
      (Al.sub.2 O.sub.3) and zirconium oxide (ZrO.sub.2) against evaporation
      material with different compositions (molar ratio) for evaporation source
      temperatures of 1850.degree.C and 2200.degree.C.
PAR  FIGS. 3, 4, 5, 6, 7 show the three layer anti-reflection coatings of the
      present invention and the wavelength-reflection factor, wherein each one
      of them illustrates the case when the refractive index of the glass base
      plate is, respectively, 1.70, 1.75, 1.80, 1.85, 1.90.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The inventors of the present application have discovered that the mixture
      of aluminium oxide and zirconium oxide is most suited as the composition
      of the first layer in the anti-reflection coatings which are made of a
      first layer, a second layer and a third layer being positioned in said
      order from a glass base plate, wherein the optical thickness of each layer
      is such that the first layer .lambda.o/2, the second layer .lambda.o/2,
      and the third layer .lambda.o/2; and .lambda.o = designed wavelength,
      while the refractive index of each layer is such that the second layer &gt;
      glass base plate &gt; the first layer &gt; the third layer.
PAR  Next, explanations shall be made concerning the use of aluminium oxide and
      zirconium oxide, referring to the attached drawings.
PAR  FIG. 1 is to show relationship of vapor pressure (Torr) of the aluminium
      oxide and the zirconium oxide against temperature (.degree.C). As is
      apparent from this drawing, the vapor pressure characteristics of the
      aluminium oxide and zirconium oxide against temperature have such
      relationship which allows parallel shifting. Therefore, it will be
      understood that even if there is some variation in temperature, the ratio
      of evaporation of the aluminium oxide and the zirconium oxide will not
      vary.
PAR  FIG. 2 shows the relationship of the refractive index of the layer formed
      against the combination of the composition (molar ratio) of the
      evaporating material when the temperature at the evaporation source is
      1850.degree.C and 2200.degree.C. In this drawing, the solid line shows
      2200.degree.C while broken line shows 1850.degree.C. As is apparent from
      this drawing, the refractive index varies chiefly in relation with the
      composition of the evaporation material while the temperature of the
      evaporation source does not have much effect on said variation. That is,
      in other words, a desired refractive index of the layer can be easily
      obtained by varying the mixing ratio of the aluminium oxide and the
      zirconium oxide, while a layer with desired refractive index can be
      obtained even if the temperature of the evaporation source varies
      somewhat.
PAR  Experimental examples of the present invention shall be explained using
      FIG. 3 to FIG. 7.
PAR  The apparatus used in the following experimentations was as follows:
PA0  1. Vacuum evaporation device: Ordinarily available vacuum evaporation
      device.
PA0  2. Electron gun: Electron gun TIH-270 which is commercially available.
PA0  3. Glass base plate: Optical glass (BK-7)
PAL  and the condition was as follows:
PA0  1. Base plate temperature: 280.degree.C
PA0  2. distance between evaporation source and the glass base plate: 68 cm
PA0  3. Degree of vacuum: 1 .times. 10.sup..sup.-6 Torr
PA0  4. Temperature of evaporation source: 2200.degree. and 1850.degree.C
PAR  the evaporation material is made by mixing powder of aluminium oxide
      (Al.sub.2 O.sub.3) and zirconium oxide (ZrO.sub.2) with different mixing
      ratio and is then molded.
PAC  EXPERIMENT I
PAR  FIG. 3 and FIG. 4 show a case when the refractive index ng of the glass
      base plate is 1.70, 1.75, respectively. These glass plates with refractive
      index of 1.70 and 1.75 were chosen as typical examples of glass base
      plates with refractive indices from 1.65 to 1.775.
PAR  An evaporating material in which aluminium oxide and zirconium oxide are
      mixed having a ratio (molar ratio) of 100 : 1 was used and evaporation was
      performed for one minute with evaporation area of 0.44 cm.sup.2. By said
      process, a first layer with refractive index of 1.63 and optical film
      thickness of 250 nm was obtained.
PAR  Next a second layer was formed with zirconium oxide (ZrO.sub.2) used as
      evaporating material. This second layer had optical film thickness of 250
      nm and refractive index of 2.05. Further a third layer was formed with
      magnesium fluoride (MgF.sub.2) used as an evaporating material. The third
      layer had optical film thickness of 125 nm and refractive index of 1.38.
      The three-layer anti-reflection coatings thus obtained had, as shown in
      FIG. 3 and FIG. 4, a low reflection factor against a wide range of
      wavelength.
PAC  EXPERIMENT II
PAR  FIG. 5 shows a case when the refractive index ng of a glass base plate is
      1.80. This glass plate with refractive index ng of 1.80 was choosen as a
      typical example of the glass base plates having refractive indices of
      1.775 to 1.825.
PAR  Evaporation was done for 1.5 minutes with evaporation area of 1.08 cm.sup.2
      using such evaporation material as obtained by mixing aluminium oxide and
      zirconium oxide with a molar ratio of 17 : 83. By this, a first layer
      having refractive index of 1.68 and an optical film thickness of 250 nm
      was obtained.
PAR  Next, a second layer was formed with zirconium oxide (ZrO.sub.2) used as
      the evaporating material. This second layer had an optical film thickness
      of 250 nm and a refractive index of 2.05. Further, a third layer was
      formed using magnesium fluoride (MgF.sub.2) as the evaporating material.
      The third layer had an optical film thickness of 125 nm and a refractive
      index of 1.38. The three-layer anti-reflection coatings thus obtained had
      low reflective factor, as shown in FIG. 5, against a wide range of
      wavelength.
PAC  EXPERIMENT III
PAR  FIG. 6 shows a case when the refractive index ng of the glass base plate is
      1.85. This glass base plate with refractive index ng of 1.85 was chosen as
      a typical example of the glass base plates with refractive index of 1.825
      to 1.875.
PAR  Evaporation was performed for three minutes with an evaporation area of
      0.85 cm.sup.2 using evaporating material obtained by mixing aluminium
      oxide and zirconium oxide with a ratio (molar ratio) of 9 : 91. A first
      layer with refractive index of 1.72 and optical film thickness of 250 nm
      was obtained.
PAR  Next, a second layer was obtained with zirconium oxide (ZrO.sub.2) used as
      evaporating material. This second layer had an optical film thickness of
      250 nm and refractive index of 2.05. Further, a third layer was formed
      using magnesium fluoride (MgF.sub.2) as an evaporating material. The third
      layer had an optical film thickness of 125 nm and a refractive index of
      1.38.
PAR  The three-layer anti-reflection coatings thus obtained had, as shown in
      FIG. 6, low reflection factor against wide range of wavelength.
PAC  EXPERIMENT IV
PAR  FIG. 7 shows a case when the refractive index ng of the glass base plate is
      1.90. This glass base plate with the refractive index ng of 1.90 was
      chosen as a typical example of glass base plates having refractive indices
      of 1.875 to 1.925.
PAR  Evaporation was performed for 4 minutes with evaporation area of 0.83
      cm.sup.2 using evaporating material made by mixing aluminium oxide and
      zirconium oxide with a ratio (molar ratio) of 6 : 94. Thus, a first layer
      with a refractive index of 1.75 and an optical film thickness of 250 nm
      was obtained.
PAR  Next, a second layer was formed with zirconium oxide (ZrO.sub.2) used as an
      evaporating material. This second layer had an optical film thickness of
      250 nm and a refractive index of 2.05. Further, a third layer was formed
      using magnesium fluoride (MgF.sub.2) as the evaporating material. The
      third layer had an optical film thickness of 125 nm and a refractive index
      of 1.38. The three-layer anti-reflection coatings thus obtained had, as
      shown in FIG. 7, low reflection factor against wide range of wavelength.
PAR  While in the above experiment explanations were made for the cases when
      zirconium oxide (ZrO.sub.2) was used for a second layer, similar effect
      may be obtained by using tantalum oxide (Ta.sub.2 O.sub.5), titanium oxide
      (TiO.sub.2), ceric oxide (CeO.sub.2) or mixture thereof in lieu of the
      above.
PAR  As has been explained above, the present invention has such advantages that
      a first layer with a desired refractive index can be obtained easily by
      varying the mixing ratio of aluminium oxide and zirconium oxide, and at
      the same time such first layer as having desired refractive index can be
      obtained even if there is variation in evaporation temperature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A three-layer anti-reflection coating deposited by vapor-deposition
      consisting of a first layer, a second layer and a third layer being
      positioned in the recited order from a glass base plate:
PA1  the first layer having an optical thickness of one-half the designed
      wavelength and being composed of aluminium oxide and zirconium oxide;
PA1  the second layer having an optical thickness of one-half the designed
      wavelength; and
PA1  the third layer having an optical thickness of one-fourth the designed
      wavelength,
PAL  wherein the relationship among the refractive indices of the glass base
      plate, the first layer, the second layer, and the third layer is
PA1  that the second layer &gt; the glass base plate &gt; the first layer &gt; the third
      layer.
NUM  2.
PAR  2. A three-layer anti-reflection coating deposited by vapor deposition
      consisting of a first layer, a second layer and a third layer being
      positioned in the recited order from a glass base plate with a refractive
      index of from 1.65 to 1.775:
PA1  the first layer having an optical thickness of one-half the designed
      wavelength and a refractive index of 1.63, said first layer being composed
      of aluminium oxide and zirconium oxide;
PA1  the second layer having an optical thickness of one-half the designed
      wavelength and a refractive index of about 2.05; and
PA1  the third layer having an optical thickness of one-fourth of the designed
      wavelength and a refractive index of 1.38.
NUM  3.
PAR  3. A three layer anti-reflection coating deposited by vapor deposition
      consisting of a first layer, a second layer and a third layer being
      positioned in the recited order from a glass base plate with a refractive
      index of from 1.775 to 1.825:
PA1  the first layer having an optical thickness of one-half the designed
      wavelength and a refractive index of 1.68, said first layer being composed
      of aluminium oxide and zirconium oxide;
PA1  the second layer having an optical thickness of one-half the designed
      wavelength and a refractive index of about 2.05; and
PA1  the third layer having an optical thickness of one-fourth the designed
      wavelength and a refractive index of 1.38.
NUM  4.
PAR  4. A three layer anti-reflection coating deposited by vapor deposition
      consisting of a first layer, a second layer and a third layer being
      positioned in the recited order from a glass base plate with a refractive
      index of from 1.825 to 1.875:
PA1  the first layer having an optical thickness of one-half the designed
      wavelength and a refractive index of 1.72, being composed of aluminium
      oxide and zirconium oxide;
PA1  the second layer having an optical thickness of one-half the designed
      wavelength and a refractive index of about 2.05; and
PA1  the third layer having an optical thickness of one-fourth of the designed
      wavelength and a refractive index of about 1.38.
NUM  5.
PAR  5. A three layer anti-reflection coating deposited by vapor deposition
      consisting of a first layer, a second layer and a third layer being
      positioned in the recited order from a glass base plate with a refractive
      index of from 1.875 to 1.925:
PA1  the first layer having an optical thickness of one-half the designed
      wavelength and a refractive index of 1.75, being composed of aluminium
      oxide and zirconium oxide;
PA1  the second layer having an optical thickness of one-half the designed
      wavelength and a refractive index of about 2.05; and
PA1  the third layer having an optical thickness of one-fourth the designed
      wavelength and a refractive index of about 1.38.
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ABST
PAL  A film transport has an intermittent drive mechanism with a claw for
      engaging sprocket holes in a film. The claw is driven by the mechanism to
      pull the film down frame by frame. Two or more cams are used to cause the
      claw to carry out a four-sided motion with a fast pull-down action. One of
      the cams or an additional cam may be provided to render the claw operative
      to effect pull-down at alternately long and short dwell intervals
      proportioned to allow scanning of a film frame by different numbers of
      complete television fields.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mechanisms for transporting perforated strip
      material, for example cine film, and particularly to an intermittent drive
      mechanism for transporting cine film in a flying spot television scanner
      apparatus.
PAR  A flying spot television scanner apparatus typically comprises a film
      transport mechanism including a driven take-up spool and a driven
      intermittent drive mechanism. Electric motors are provided for driving the
      take-up spool and the intermittent drive mechanism, and these motors are
      so controlled as to ensure that a film passes through a film gate in the
      transport mechanism at a rate of film frames per second which preserves
      the illusion of natural motion on the film and also enables each frame of
      the film to be scanned by two or more television scanning fields while
      ensuring that pull-down of the film between successive frames presented
      for scanning in the gate occurs only during a field blanking pulse of the
      television scanning. The scanning is accomplished by a point of light
      carrying out a television field scan on the picture area of a film frame
      in the gate. This point of light is produced by a cathode ray tube
      combined in the flying spot scanner apparatus with an optical system
      arranged to project an image of a raster area of the screen of the cathode
      ray tube on to the picture area in the gate. The cathode ray tube is
      coupled to television scanning and blanking circuits which in operation
      produce a television raster on the raster area of the tube screen.
PAR  In television in the United States, there are sixty fields per second and
      correspondingly sixty field blanking pulses per second. In the United
      Kingdom, there are fifty fields per second and fifty field blanking pulses
      per second.
PAR  The known flying spot television scanner apparatuses are restricted to
      scanning films whose intended frame rate is twenty-four frames per second.
      However, films intended to be shown at eighteen frames per second are
      produced in great numbers, and it is accordingly an object of the present
      invention to provide intermittent drive mechanisms which can be
      incorporated in a flying spot television scanner apparatus for 24 frame
      per second film or 18 frame per second film.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an intermittent drive
      mechanism including a first cam mounted for rotation about a first axis,
      and a second cam mounted for rotation about a second axis. A first lever
      is arranged to be moved cyclically by rotation of the first cam, and a
      second lever is arranged to be moved cyclically by rotation of the second
      cam. At least one claw is provided on one of the said levers, and there
      are means to guide perforated strip material such as cine film adjacent
      the said claw, and means so coupling the said levers together that in
      operation when perforated strip material is present in the said guide
      means and the said cams are rotating the said claw carries out a cyclical
      motion relative to the said axes such that the claw intermittently
      transports the strip material through the said guide means.
PAR  In one example of the invention the said first and second axes are
      colinear, there are only the said first and second levers, and the first
      lever has the said claw at one end thereof and is pivotally coupled to the
      second lever at the other end thereof, the second lever being mounted on a
      pivot fixed relative to the said axes. In this example the first lever may
      have a point thereof between the said ends thereof rigidly constrained to
      undergo cyclic motion radially relative to the said axes by the first cam,
      the second lever being resiliently constrained to undergo cyclic motion
      radially relative to the said axes by the second cam. The first lever may
      be rigidly constrained as aforesaid by the first cam being in the form of
      a face cam having a groove in which a cam follower pin fixed to the first
      lever at the said point is arranged to travel. The second cam may be a
      profile cam against the cam surface of which an edge of the second lever
      is resiliently urged by a tension spring.
PAR  In another example of the present invention the said first and second axes
      are parallel to one another and spaced apart, there are only the said
      first and second levers, and the first lever is coupled to the second
      lever by a link pivotally secured to each of the said levers. In this
      example gearing means are provided whereby when rotary drive is supplied
      in operation to the first cam, the second cam is driven at a lower speed
      such that the first cam makes an integral number of complete rotations
      during one rotation of the second cam. The second cam may be so shaped and
      the second lever so mounted that the said claw carries out a cycle of
      rectilinear reciprocatory motion in response to each complete revolution
      of the first cam during at least one part of a complete revolution of the
      second cam. Preferably cycles of the said reciprocatory motion occurs
      during two parts of a complete revolution of the second cam, and there may
      be unequal numbers of such cycles in the two said parts of a revolution.
PAR  In a further example of the present invention the first and second axes are
      parallel to one another and spaced apart, there is a third cam coaxial
      with the first cam, a third lever pivotally coupled to the second lever
      and mounted on a pivot fixed relative to the said axes, and the second
      lever is arranged to be moved cyclically by rotation of both the second
      cam and the third cam, the first and second levers being pivotally coupled
      together and the said claw being provided on the first lever. In this
      example gearing means are provided whereby when rotary drive is supplied
      in operation to the first cam, the second cam is driven at a lower speed
      such that the first cam makes an integral number of complete rotations
      during one rotation of the second cam. The third cam is arranged to rotate
      with the first cam. The first and third cam are so shaped that motion
      imposed upon the first lever by the second cam through the action of the
      second and third levers on rotation of the cams is combined with the
      motion imposed upon the first lever by the second cam. Preferably the
      second cam is so shaped that the motion imposed on the first lever by the
      frequency with which the third cam brings the said claw into a position to
      effect transport of strip material is less than the rate of rotation of
      the first and third cams.
PAR  According to a preferred feature of the present invention there is also
      provided a film transport apparatus including a film gate, an intermittent
      feed mechanism arranged to cooperate with the gate, a take-up sprocket, a
      sound track sensing device mounted between the sprocket and the gate,
      means for sensing shortening of the length of film between the gate and
      the sound track sensing device during operation, and a drive transmission
      for transmitting rotary drive to the take-up sprocket. The drive
      transmission includes a clutch having a driven member and a driving member
      which are positively engageable with one another in one or more positions
      relative to one another, and the said sensing means being adapted to
      disengage the clutch in response to shortening of the length between the
      gate and the sound track sensing device to less than a predetermined
      length. The said sensing means may include a roller mounted on a pivoted
      lever and arranged to be moved by film between the said gate and the sound
      track sensing device in operation when the film shortens to the said
      predetermined length. The said clutch may be arranged to be disengaged by
      a lever operated by a solenoid which is energised when a microswitch is
      actuated in operation by the said sensing means.
DRWD
PAR  Preferred embodiments of the present invention will now be described in
      more detail with reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a simplified plan view of a film transport apparatus including a
      mechanism according to the present invention,
PAR  FIG. 2 is a side view, partly broken away, of an embodiment of the
      invention,
PAR  FIG. 3 is a side view of the said mechanism of FIG. 1 on a larger scale,
PAR  FIG. 4 is a side view, partly broken away, of another embodiment of the
      invention,
PAR  FIGS. 5, 6 and 7 are graphs illustrating features of the operation of the
      embodiment of FIG. 4,
PAR  FIG. 8 is a plan view of a sensing means of the transport apparatus of FIG.
      1,
PAR  FIG. 9 is a side view, partly in section of clutch means in the transport
      apparatus of FIG. 1, and
PAR  FIG. 10 is a block diagram of the flying spot television scanner apparatus
      incorporating the invention of FIGS. 1 to 9.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A novel flying spot television scanner apparatus embodying the present
      invention will now be described with reference to FIG. 10 of the
      accompanying drawings. In FIG. 10 there is shown a television transmitter
      apparatus coupled by a transmission line such as a coaxial cable to an
      antenna and a television receiver. Where the transmitter apparatus is
      intended to broadcast a programme via the antenna, the coupled receiver
      may be a transmission monitoring receiver. Alternatively, the apparatus of
      FIG. 10 may be intended primarily as a cable television system, the
      transmission antenna being disconnected or replaced by a receiving antenna
      for the individual receiver and the receiving antenna may be disconnected
      when the receiver is being supplied by the transmitter apparatus, or may
      remain connected if there is no risk of interference from signals in the
      channel of frequencies transmitted by the transmitter apparatus.
PAR  The transmitter apparatus includes a flying spot receiver with a film
      transport mechanism including a driven take-up spool and a driven
      intermittent drive mechanism of the invention. A first d.c. electric motor
      controlled by motor control circuits is coupled through, for example,
      conventional reduction gearing to drive the take-up spool, and a second
      d.c. electric motor controlled by the motor control circuits is coupled
      through, for example, conventional reduction gearing to drive the
      intermittent drive mechanism of the invention. The film transport
      mechanism also includes a film gate through which film from a supply spool
      is drawn by the intermittent drive mechanism of the invention to pass
      before a video head and through a sound head before winding on to the
      take-up spool. Further novel features of the apparatus of FIG. 10 are
      shown in and described with reference to FIGS. 1 to 9 of the drawings.
      Conventional mechanical details of the film transport which will be
      obvious to those skilled in the art will, for clarity, not be described
      herein. The motor control circuits are preferably as described and claimed
      in the co-pending application entitled "Control Apparatus for Electric
      Motors" by Geoffrey Sword, John L. Lawrence, Stephen R. Raggett and
      Bernard Blakemore and filed on the same day as the present application.
PAR  The scanner includes a flying spot cathode ray tube controlled by a
      synchronizing pulse generator. Such arrangements are described in The
      Focal Encyclopedia of Film & Television Techniques published in 1969 by
      The Focal Press, London and New York, at pages 817 to 845. Synchronziing
      pulse generators are described in the aforesaid Focal Encyclopedia at page
      811.
PAR  In operation a television field raster is produced on the screen of the
      cathode ray tube, and the light from the scanning spot constituting this
      raster is focussed by a lens or lens system to form an image of the raster
      on a picture area of a frame of the film in the film gate. The video head
      may be a conventional monochrome television video head incorporating a
      single photomultiplier and suitable optical elements for focussing light
      from the illuminated picture on to the sensitive area of the
      photomultiplier, thereby producing in operation a video signal which is
      supplied by the video head to the composite video signal forming portion
      of television transmitter circuits, the output of the synchronizing pulse
      generator likewise being supplied thereto in known manner for the
      production in the transmitter circuits of a composite video signal. If the
      transmitter apparatus is intended to transmit colour television signals,
      and the colour system is the NTSC system, the transmitter circuits and
      synchronizing pulse generator may be as described in Principles of Colour
      Television by The Hazeltine Laboratories Staff, published by 1956 by John
      Wiley & Sons, Inc., Library of Congress Catalogue Card Number 56- 8693.
      Where the colour system is the PAL system, the transmitter circuits and
      synchronizing pulse generator may be as described in PAL Color Television
      by G. Boris Townsend, published by the Syndics of the Cambridge University
      Press, London and New York, in 1970, Library of Congress Catalogue Card
      Number 76-96102. Further detailed circuitry can be found in Colour
      Television, Volumes 1 and 2, by P. S. Carnt and G. B. Townsend, published
      in 1961 and 1969 respectively by Iliffe Books, Ltd., London, and
      Principles of PAL Colour Television and Related Systems, by H. V. Sims,
      published in 1969 by Iliffe Books, Butterworth & Co. (Publishers) Ltd.,
      London and Toronto. The latter contains an Appendix I at pages 139 to 143
      which describes in outline a flying spot colour television transparency
      scanner for film slides.
PAR  The motor control circuits generate a control output signal for controlling
      the two electric motors in reponse to the field blanking pulses generated
      by the synchronizing pulse generator so that the film is drawn through the
      gate at a rate commensurate with the field frequency and is moved only
      during field blanking intervals.
PAR  For television in the United Kingdom, the standard field frequency is fifty
      Hertz. Standard film transport rates are eighteen frames per second and
      twenty-four frames per second. For television purposes in the United
      Kingdom, these rates can be allied to 162/3 frames per second and 25
      frames per second without loss of illusion of natural movement. At the
      former rate each frame can be scanned three times by a field raster, and
      at the latter rate each frame can be scanned twice by a field raster,
      since 162/3 multiplied by 3/50 is 1, and 25 multiplied by 2/50 is 1.
PAR  In the United States, the standard film transport rates are also eighteen
      frames per second and twenty-four frames per second. However, the United
      States standard field frequency is sixty Hertz. The standard film rate of
      18 frames per second can be altered to 17 1/7 frames per second without
      loss of the illusion of natural movement. An average rate of 17 1/7 frames
      per second can be achieved by holding alternate frames in the film gate
      for 3/60 seconds and 4/60 seconds, thus providing scanning times for
      alternate frames corresponding to 3 fields and 4 fields. An average rate
      of 34 frames per second can be achieved by holding alternate frames in the
      film gate for 2/60 seconds and 3/60 seconds, thus providing scanning times
      for alternate frames corresponding to 2 fields and 3 fields.
PAR  In FIG. 1 of the drawings there is shown a film transport apparatus 11 of a
      flying spot scanner for use with the colour film. The apparatus 11
      includes a deck 12 on which are mounted the supply spool 13, a film loop
      sensor lever 14, a microswitch 15, film guides 16, 17 and 18, an optical
      gate 19, an intermittent feed mechanism 20, a sound track sensing head 21,
      a take-up spool 22, a flying spot cathode ray tube 23, a dichroic unit 24,
      and three photomultipliers, 25, 26 and 27.
PAR  In operation, the supply spool 13 loaded with a film is mounted on the deck
      12, and the free end of the film therein initially manually extracted and
      passed through the guide 16, the gate 19, between the guide 17 and a
      roller 28, through the sound track sensing head 21, through the guide 18,
      and into the spool 22. The spool 22 is rotated while the extractor 14 is
      operating and is provided with projections on the opposed inner faces of
      its spokes and outer rims so that the film is automatically wound on to
      the central core of the spool 22.
PAR  The path of a film from the supply spool to the take-up spool 22 is
      indicated by a line 36.
PAR  The L-shaped loop sensor lever 14 is mounted to pivot at the junction of
      its two limbs 29 and 30 on a pin 31 the axis of which is perpendicular to
      the plane of the limbs 29 and 30. At the end of the limb 29 remote from
      the pin 31 a further pin 32 is secured so as to be parallel to the pin 31
      and has journalled thereon a roller 33, as best shown in FIG. 8.
PAR  The path 36 of the film passes through the gate 19 and through the sound
      head 21, is engaged by the take-up sprocket 34 and passes thence to the
      take-up spool 22.
PAR  The intermittent drive mechanism 20 has a member 41 which carries out a
      four-sided cyclic movement, enters two sprocket holes in the film, draws
      the film one frame through the gate 19, withdraws from the sprocket holes,
      and returns to the position immediately preceding its entry into the next
      pass of sprocket hole in the film.
PAR  The take-up sprocket 34 is, except as will be described hereinafter,
      rotated continuously in operation. The intermittent movement of the film
      produced by the member 41 is smoothed before the film enters the sound
      head 21, through which it is continuously drawn by the sprocket 34, by the
      presence of a loop 35 between the gate 19 and the sound head 21. So long
      as the length of film between the sound head 21 and the gate 19 is
      sufficient for the continued rotation of the sprocket 34 during the time
      that a frame is stationary in the gate 19, the roller 33 remains in the
      position shown in FIG. 8. The roller 33 is held in the said position by a
      tension spring 37 acting on limb 30 so as to tend to rotate the lever 14
      clockwise as viewed in FIG. 8, and an actuating rod 38 of the microswitch
      15 fixed to the deck 12, the rod 38 being in its depressed position and
      serving as a stop for the limb 30. When the rod 38 is in its depressed
      position the contacts of the microwswitch 15 are thereby held open.
PAR  If the member 41 fails to move the film through the gate 19 during one of
      its cycles, the continuing rotation of the sprocket 34 results in the
      length of film forming the loop 35 being shortened to such an extent that
      it pulls against the roller 33 and thereby moves the lever 14
      anticlockwise sufficiently for the actuating rod 38 of the microwswitch 15
      to move and allow the contacts of the microwswitch to close.
PAR  Closure of the contacts of the microwswitch results in the sprocket 34
      ceasing to rotate for a predetermined time, as will be explained
      hereinafter with reference to FIG. 9.
PAR  The sound track sensing head 21 may include both optical and magnetic sound
      track sensing devices.
PAR  The member 41 of the intermittent feed mechanism 20 is a claw head 41
      provided with two claws 42 and 43 arranged to enter two consecutive
      sprocket holes at one margin of the film in the gate 19, the gate being
      provided with a guiding slot (not shown) which holds the claws 42 and 43
      in a plane containing the sprocket holes to be engaged. The mechanism 20
      shown in FIG. 1 is intended to be used when a flying spot cathode ray tube
      produces sixty scanning fields per second, as in television in the United
      States, and the film in the apparatus 11 is intended to be shown at 18
      frames per second or 24 frames per second. In the apparatus 11, such film
      is, as mentioned hereinbefore, actually passed through the gate 19 at
      average rates which differ slightly from the nominal 18 or 24.
PAR  An image of the flying spot produced by the cathode ray tube 23 is
      foccussed on each frame of the film by a lens system 44, the magnification
      of which is such that the imge of a complete field of the scan is in
      register with the frame in the gate 19.
PAR  The dichroic unit 24 contains dichroic elements arranged to separate the
      red, blue and agreen components of light transmitted by the film when
      scanned, and further optical elements arranged to focus the red components
      on to the photocathode of the photomultiplier 25, the blue components on
      to the photomultiplier 26, and the green components on to the
      photomultiplier 27. The signals thus generated by the photomultipliers 25,
      26 and 27 are supplied to colour television transmitter circuits as the
      three tristimulus signals. The operations of the line and field scanning
      circuits (not shown) of the cathode ray tube 23 are synchronised
      respectively with the line and field synch pulses generated in the
      synchronizing pulse generator.
PAR  The intermittent feed mechanism 20 is such that in operation when a film
      intended to be shown at eighteen frames per second is in the apparatus 11,
      successive frames of the film are scanned for three and four fields
      alternately, i.e. the mechanism 20 holds one frame stationary for the
      duration of three fields, the next frame for the duration of four fields,
      and the following frame for three fields, and so on. Since each field
      precedes the next by one sixtieth of a second, the average rate of travel
      of the film through the gate 19 is two frames per seven sixtieths of a
      second, i.e. 17 1/7 frames per second, which is substantially 18 frames
      per second.
PAR  A minor modification of the mechanism 20 enables film intended to be shown
      at 24 frames per second to be passed through the apparatus 11. In this
      case, successive frames are scanned by two and three fields alternately,
      i.e. one frame is scanned by two fields, the next frame by three fields,
      the following by two fields, and so on. Thus two frames are scanned by
      five fields, so that the rate of travel of the film is two frames per
      twelfth of a second, i.e. 24 frames per second.
PAR  A field scanning rate of sixty fields per second is standard in the United
      States of America. However, in the United Kingdom, the standard rate is
      fifty fields per second, and another form of intermittent feed mechanism
      45 is used in the apparatus of FIG. 1 and is shown on a larger scale in
      FIG. 2.
PAR  The mechanism 45 has a support plate 46 through which a drive shaft 47
      extends perpendicularly. Coaxially secured to the shaft 47 are two cams 48
      and 49, the cam 48 being a face cam and having a groove 50 in one side
      face 51 thereof, and the other cam 49 being a profile cam provided with
      radially extending peripheral flanges 52 and 53.
PAR  Slidably located between the flanges 52 and 53 is a first lever 54 pivoted
      on a pin 55 fixed to and extending perpendicularly from the plate 46. The
      lever 54 is flat and has one edge 56 held resiliently against the cam
      surface 57 of the cam 49 by a tension spring 58 having one end fixed to
      the lever 54 at a point between the pivot pin 55 and the point of contact
      between the edge 56 and the surface 57, and the other end fixed to the
      plate 46. The surface 57 is so shaped as to cause the lever 54 to undergo
      one cycle of angular oscillation about the pin 55 for each revolution of
      the cam 49. The flanges 52 and 53 prevent the lever 54 moving in other
      directions.
PAR  A second lever 58 is pivotted to the first lever 54 at a bolt 59 located at
      the end of the lever 54 remote from the pin 55. A follower pin 60 is fixed
      in the lever 58 so as to extend perpendicularly therefrom, the lever 58
      being flat and having its faces parallel to those of the first lever 54,
      into the groove 50. The pin 60 is a sliding fit in the groove 50. When the
      cam 48 makes one revolution, the pin 60 is thereby caused to undergo one
      cycle of oscillation radially relative to the axis of the shaft 47.
PAR  The end of the shaft 58 remote from the pivot bolt 59 is provided with
      three claws 61, 62 and 63 arranged to engage three successive sprocket
      holes at one side of a film.
PAR  The two cams 48 and 49 rotate as one unit together with the shaft 47 in
      operation. Consequently the claws 61, 62 and 63 carry out a four sided
      motion, in one side of which the claws 61, 62 and 63 are engaged in
      respective successive sprocket holes in a film to be fed through the gate
      19 and draw the film a distance of one frame through the gate. If the film
      is intended to be shown at 24 frames per second, it is arranged that the
      shaft 47 rotates at 25 revolutions per second, i.e. 1,500 revolutions per
      minute, so that the film is actually moved at 25 frames per second, each
      frame being scanned twice. For a film intended to be shown at eighteen
      frames per second, the shaft 47 is rotated at one thousand revolutions per
      minute so that the film is drawn through the gate at 162/3 frames per
      second. Each frame is then scanned three times.
PAR  The pull-down action of the lever 58 is synchronised with the field flyback
      time and, by suitable geometry of the groove 50, is accomplished in three
      milliseconds. This is acceptable with a field flyback time of 1.2
      milliseconds or longer.
PAR  The claws 61, 62 and 63 are shaped to be a good sliding fit in the sprocket
      holes of the film so that shock by impact of the claws 61, 62 and 63 on
      edges of respective sprocket holes is substantially avoided.
PAR  FIG. 3 shows the mechanism 20 of FIG. 1 on a larger scale. The mechanism 20
      includes two shafts 64 and 65 extending perpendicularly through a support
      plate 66. The shafts 64 and 65 are coupled together by conventional
      gearing which in operation transmits rotary drive from the shaft 64 to the
      shaft 65 with a speed reduction. Two profile cams 67 and 68 are fixed
      coaxially on ends of the shafts 64 and 65 respectively. The cam 67 is
      provided with a radially extending flange 69 at each of its end faces. The
      claw head 41 is secured to one end of a first lever 70 which is located in
      a channel in a slide-block 71 relative to which the lever 70 can move
      longitudinally only. The slide-block 71 is secured to the plate 66 by two
      bolts 72 and 73 which extend through two slots 74 and 75 in the block 71.
      The slots 74 and 75 extend perpendicularly to the length of the lever 70
      in the block 71 and allow the block 71 to move reciprocatively in a
      direction perpendicular to the length of the lever 70. The block 71 is
      equipped with a cam follower 76 which is held against the cam surface 77
      of the cam 68 by a tension spring 78 having one end fixed to the lever 70
      at a point 79 between the shafts 64 and 65, and the other end fixed to the
      support plate 66 at another point 80 between the shafts 64 and 65. The
      lever 70 bears against the periphery of a circular disc 68a mounted
      coaxially on the shaft 64 and serving as a pivot for the lever 70.
PAR  The first lever 70 is connected to a second lever 81 by a stiff spring wire
      82 fixed to the lever 70 at the point 79 and to one end of the lever 81.
      The other end of the lever 81 is pivoted on a bolt 83 secured to the frame
      12 of the film transport apparatus 11. The lever 81 is flat and is
      slidably located between the flanges 69 so that a cam follower 84 provided
      at one edge of the lever 81 bears against the cam surface 85 of the cam
      67.
PAR  In operation, the cam 67 rotates anit-clockwise as viewed in FIG. 3. A
      portion 86 of the surface 85 having an increasing radius provides a fast
      pull-down operation by the claw head 41. The return motion by the claw
      head is substantially faster than the pull-down motion and is effected by
      a short portion 87 of the surface 85 where the radius decreases rapidly.
PAR  The cam 68 has two portions 88 and 89 of its cam surfaces 77 at a maximum
      uniform radius and rotates clockwise as viewed in FIG. 3. The portions 88
      and 89 are of unequal angular extent and are separated from one another by
      concavities 90 and 91.
PAR  In operation when a film to be shown at eighteen frames per second is
      passing through the apparatus 11, a gear ratio of seven to one is provided
      between the shafts 64 and 65 and the shaft 64 is rotated at 3600
      revolutions per minute, so that the shaft 65 rotates at 8 4/7 revolutions
      per second. The claws 42 and 43 engage the film when the cam follower 76
      is passing over the concavities 90 and 91. The portions 88 and 89 of the
      surface 77 occupy substantially 120.degree. and 160.degree. respectively,
      and the concavities each occupy substantially 40.degree., their centre
      points being 154.degree. apart relative to the axis of the shaft 65. Each
      revolution of the cam 68 corresponds to the passage of two frames of the
      film through the gate 19, so that the average rate of passage of the film
      is 17 1/7 frames per second. The follower 76 is in contact with the
      surface 77 between the midpoints of the concavities 90 and 91 over the
      portion 88 for substantially three sixtieths of a second, so that the
      frame held in the gate 19 during this time is scanned by three fields, and
      the follower 76 is in contact with the surface 77 between the said points
      over the portion 89 for substantially four sixtieths of a second, so that
      during this time the next frame is scanned by four fields. The cam surface
      85 of the cam 67 is such that the pull-down action of the head 41 occupies
      3 milliseconds or less at times corresponding substantially to the times
      of contact of the follower 76 with the respective midpoints of the
      concavities 90 and 91.
PAR  When the film in the apparatus 11 is intended to be shown at 24 frames per
      second, a gear ratio of five to one is provided between the shafts 64 and
      65, and the shaft 64 is rotated at 3600 revolutions per minute, so that
      the shaft 65 rotates at 12 revolutions per second. The cam 68 is therefore
      again provided with two concavities separating two portions of uniform
      radius, so that the average rate of passage of the film through the
      intermittent feed mechanism 20 is 24 frames per second. Since each
      revolution of the shaft 65 takes five sixtieths of a second, there are
      five scanning fields for each pair of frames of the film. Therefore one
      frame is scanned three times and the other is scanned twice. This is
      achieved by arranging that the midpoints of the two concavities in the cam
      surface of the cam are 144.degree. apart so that the intervals between
      successive pull-downs alternate between two sixtieths of a second and
      three sixtieths of a second.
PAR  Although the angular separation of the two midpoints of the concavities in
      the cam surface for a 24 frames per second film is 144.degree. whereas
      that for an 18 frames per second film is 154.degree., this difference is
      sufficiently small for it to be possible to use the same cam for both
      types of film and merely alter the gear ratio between the shafts 64 and 65
      to suit the intended rate of the film. The common cam used is of course
      designed to minimise the difference from the ideal shape for the
      particular frame rate, and therefore the angular separation of the
      midpoints of the two concavities of the common cam is chosen to be
      substantially 150.degree..
PAR  A problem arises from the relatively small angular extent of the
      concavities 91 and 92 of the cam 68, namely noise arising from the passage
      of the follower 76 over rapidly changing curvature at the junctions
      between the concavities and the portions 88 and 89.
PAR  FIG. 4 shows another intermittent feed mechanism 100 which can replace the
      mechanism 20 of FIGS. 1 and 3 and is such as to produce significantly less
      noise.
PAR  The mechanism 100 has a support plate 46 corresponding to that of the
      mechanism shown in FIG. 2. Other elements of the mechanism 100
      corresponding generally to those of FIG. 2 have been given corresponding
      reference numerals. The mechanism 100 differs from that of FIG. 2 in
      having second and third levers 101 and 102 pivotally connected by a pin
      103, and a third cam 104 secured to the end of a shaft 65 corresponding to
      the shaft 65 of FIG. 3. The second lever 101 bears not only on the cam
      surface 57 but also, through a cam follower 105, on the third cam 104. The
      third lever 102 is pivoted on a bolt 106 secured in the plate 46. The
      tension spring 58 is secured at one end to the plate 46 and at the other
      end to the pin 103.
PAR  In operation the shaft 47 is rotated at 3600 revolutions per minute and the
      claws 61, 62 and 63 consequently carry out, relative to the axis of the
      shaft 47, sixty cycles of four sided motion per second. However, it is
      arranged that the claws 61 to 63 do not engage the film in the gate 19
      unless the follower 105 is riding on a portion of the cam surface 107 of
      the third cam 104 having a maximum radius. Two such maximum radius
      portions 108 and 109 are provided on the cam 104 and having respective
      midpoints angularly separated by substantially 150.degree. relative to the
      axis of the shaft 65. The motions imposed upon the claws 61 to 63 by the
      cams 104 and 49 are algebraically additive and result in the claws 61 to
      63 engaging the film whenever the follower 105 is in contact with the
      midpoints of the portions 108 and 109.
PAR  Reduction gearing is provided between the shafts 47 and 65 as for the
      mechanism of FIG. 3 and give, selectively, a ratio of five to one or seven
      to one between the shafts. When a film intended to be shown at 18 frames
      per second is passed through the apparatus, the ratio seven to one is
      chosen, so that the shaft 65 rotates at 8 4/7 revolutions per second, and
      consequently the mechanism 100 feeds the film through at an average rate
      of 17 1/7 frames per second. Similarly, the ratio five to one is chosen
      for a 24 frames per second film, and the shaft 65 rotates at 12
      revolutions per second.
PAR  FIG. 5 shows graphically the separate and combined motions imposed upon the
      claws 61 to 63 by the cams 48, 49 and 104 when the angle between the
      midpoints of the portions 108 and 109 is 154.degree. and the gear ratio is
      seven to one. In FIG. 5, the cam 48 is referred to as the pecker profile
      cam, the cam 49 is referred to as the pecker engagement cam, and the cam
      104 is referred to as the secondary cam. It will be seen that the separate
      motions of the pecker engagement cam 49 and the secondary cam 104 are
      individually not sufficient to bring the claws 61 to 63 into the film, the
      horizontal level IN being substantially representative of the surface of
      the film nearest the claws. The combined motions of these two cams,
      indicated by COMBINED EFFECT, gives entry of sprocket holes of the film by
      the claws 61 to 63 twice during one revolution of the cam 104, each
      occurrence corresponding to the concurrence of a peak in the motion given
      by the cam 49 towards the film with a peak in the motion given by the cam
      104 towards the film. Since the cams 48 and 49 are so arranged relative to
      one another that each change from UP to DOWN in the position of the claws
      61 to 63 occurs during a respective peak in the motion given by the cam 49
      towards the film, a pull-down action occurs in each period 110 during
      which the claws 61 to 63 are located to the fullest extent in sprocket
      holes in the film. For the remainder of the time that the claws are
      located to any extent in the film, the cam 48 imposes no motion on the
      claws 61 to 63, the DOWN to UP change occuring after the claws 61 to 63
      have disengaged from the film as indicated by crossing of the COMBINED
      EFFECT graph with the FILM ENGAGEMENT LINE at a point 111. It will be
      noted that each cycle of the motion of the pecker profile cam 48
      corresponds to a field in the scanning of the film, the UP to DOWN change
      coinciding with the field fly-back time. Thus the frame held stationary in
      the interval between the numerals 1 and 4 in FIG. 5 is stationary for
      three sixtieths of a second and is scanned by three fields, and the next
      frame is held stationary for four sixtieths of a second and is scanned by
      four fields. The average rate of feed of the film is therefore 17 1/7
      frames per second.
PAR  FIG. 6 shows graphically the separate and combined motions impsed on the
      claws 61 to 63 by the cams 48, 49 and 104 when the angle between the
      midpoints of the portions 108 and 109 is 144.degree. and the gear ratio is
      five to one. In this case the pull down action occurs at alternate
      intervals of two and three sixtieths of a second and the average rate of
      feed of the film is 24 frames per second.
PAR  FIG. 7 shows the combined motions imposed by the cams 49 and 104 over one
      revolution of the cam 104 for the two cases of FIGS. 5 and 6. It will be
      seen that the there is substantial overlapping of the two regions in which
      the claws 61 to 63 engage the film when the portions 108 and 109 are
      separated by 144.degree. with the corresponding regions when the said
      portions are separated by 154.degree.. A common cam 104 can therefore be
      used to replace these two different cams 104.
PAR  In the mechanism 100 of FIG. 4, provision is made for small adjustments in
      the position of the pull-down motion of the claws 61 to 63 relative to the
      plate 46. These adjustments can be effected by rotation of the bolt 106
      the screw-thread axis of which is eccentric to the axis of the pivot the
      bolt 106 provides for the lever 102.
PAR  To enhance smooth running of the mechanism 100, the cam follower 105 is
      preferably a short cylinder of metal held in a bearing mounted on the
      lever 101 and formed of a plastics material such as
      polytetrafluoroethylene.
PAR  Although the film transport drive mechanisms described hereinbefore are
      described as being incorporated in a flying spot scanner, such mechanisms
      embodying the invention can also be incorporated in cine projectors and
      cine cameras.
PAR  FIG. 9 shows the sprocket 34 coaxially mounted on the shaft 39 which
      extends through a bearing 40 in the deck 12 to a first toothed pulley 112
      so that rotary drive can be transmitted directly from the pulley 112 to
      the sprocket 34. The pulley 112 is engaged with an internally toothed
      drive belt 113 which is also engaged with a second toothed pulley 114
      journalled on a shaft 115 fixed to the deck 12 and extending parallel to
      the shaft 39. A worm-wheel 116 is also journalled on the shaft 115 and
      prevented from moving off the free end of the shaft 115 by a circlip 117.
      A worm drive 118 engages the worm-wheel 116 to transmit rotary drive
      thereto from the take-up spool motor. When the film transport apparatus is
      operating, the said motor runs continuously so that the worm-wheel 116
      rotates continuously. Rotary drive is transmitted from the worm-wheel 116
      to a disc 119 and thus to the second pulley 114 through two substantially
      rigid axially extending pins 120 screw-threadedly engaged with the wheel
      116 and received in respective diametrically opposite holes 121 in the
      disc 119, the disc being secured to the pulley 114 by three screws one,
      122, of which is shown.
PAR  The pulley 114 is flanged and has the inner surface of its flange 123
      remote from the disc 119 in a position to be engaged by the tip 124 of a
      lever 125 pivotally mounted on a fixed support 126 extending from the deck
      12.
PAR  The end 127 of the lever 125 remote from the tip 124 is pivotally secured
      to the outer end 128 of a solenoid piston 129 extending from a solenoid
      130 mounted on the deck 12. In FIG. 9 the piston 129 and the lever 125 are
      shown in the position which they have when the solenoid 130 is not
      energised. When the solenoid 130 is energised, the piston 129 extends
      further from the solenoid 130, thereby turning the lever 125 on its pivot
      on the support 126, and causing the tip 124 of the lever to move the
      pulley 114 and hence the disc 119 away from the worm-wheel 116
      sufficiently for the pins 120 to disengage from the holes 121. Thus when
      the solenoid 130 is energised, the worm-wheel 116 can no longer transmit
      rotary drive to the pulley 114, and the sprocket 34 therefore ceases to to
      rotate. The solenoid 130 is energized when the contacts of the microswitch
      15 close.
PAR  Since the take-up spool motor continues to drive the worm-wheel 116, the
      pins 120 move away from the positions of the holes 121 shown in FIG. 9
      when the solenoid 130 is energised. Consequently, the pulley 114 and hence
      the sprocket 34 will remain stationary until the pins 120 re-enter holes
      in the disc 119. The disc 119 is provided with 16 holes 121 arranged as
      eight pairs of diametrically opposite holes on the same radius as the
      holes shown. The pulleys 114 and 112 have different numbers of teeth since
      they form part of a step down gearing from the said motor to the sprocket
      34. The choice of eight pairs of holes 121 in the disc 119 is made since
      the time taken by the worm-wheel 116 to make one eighth of a rotation
      relative to the stationary disc 119 is the time taken for sufficient film
      to be fed through the gate 19 to restore the loop 35 when the sprocket 34
      is stationary. If in this time some film is fed through the gate 19 but
      not sufficient to restore the loop 35 the microwswitch 15 is actuated
      again as soon as the sprocket 34 has taken up the slack in the film. If no
      film is fed through the gate 19 while the sprocket 34 is stationary, the
      microswitch 15 remains actuated and the sprocket 34 remains stationary.
      Thus damage to the film is minimised.
CLMS
STM  We claim:
NUM  1.
PAR  1. An intermittent drive mechanism comprising:
PA1  face cam means mounted for rotation about an axis;
PA1  profile cam means mounted for rotation about the said axis;
PA1  said face cam means having a side face defining a cam groove;
PA1  first lever means arranged to be moved cyclically by rotation of said face
      cam means,
PA1  claw means provided on said first lever means;
PA1  cam groove follower means provided on said first lever means and extending
      parallel to said axle to engage said cam groove whereby to be positively
      guided to effect the cyclical movement of the first lever means on
      rotation of said face cam means;
PA1  second lever means arranged to be moved cyclically by rotation of said
      profile cam means and pivotally coupled to said first lever means whereby
      to impose the cyclical movement of said second lever means on said first
      lever means; and
PA1  strip guiding means arranged adjacent said claw means whereby said cyclical
      movements of said first and second lever means imposed upon said claw
      means drives said claw means in cyclical motion such that said claw means
      is engageable with and disengageable from perforated strip material in
      said guiding means under the action of said profile cam means, and
      intermittently transports said material in said guiding means under the
      action of said face cam means.
NUM  2.
PAR  2. An intermittent drive mechanism as claimed in claim 1 wherein a further
      profile cam means is mounted for rotation about a further axis parallel to
      and spaced from the first said axis and said second lever means is
      arranged to be moved cyclically by rotation of said further profile cam
      means, said further profile cam means having a profile comprising two arcs
      of equal radius separating two regions of rapidly changing radius, and
      profile follower means are provided for said second lever means to follow
      the profile of said further profile cam means whereby said second lever
      means holds said first lever means in an inoperative condition in which
      said claw means are disengaged from strip material in said guiding means
      when said profile follower means is at said arcs, and holds said first
      lever means in an operative condition in which said claw means are
      engageable with strip material in said guiding means when said profile
      follower means is at said regions of rapidly changing radius.
NUM  3.
PAR  3. An intermittent drive mechanism as claimed in claim 2, wherein said two
      arcs are of unequal lengths.
NUM  4.
PAR  4. An intermittent drive mechanism comprising:
PA1  first cam means mounted for rotation about a first axis;
PA1  second cam means mounted for rotation about a second axis parallel to and
      spaced from said first axis;
PA1  first lever means arranged to be moved cyclically by rotation of said first
      cam means;
PA1  second lever means arranged to be moved cyclically by rotation of said
      second cam means;
PA1  claw means provided on said first lever means;
PA1  strip guiding means adjacent said claw means;
PA1  pivoting mean pivotally connecting said first and second lever means and
      transmitting the cyclical movement of said second lever means to said
      first lever means whereby said claw mean executes cyclical motion
      combining the cyclical movements of said first and second lever means; and
PA1  profile follower means provided on one of said lever means, one of said cam
      means comprising a profile having two arcs of equal radius separating two
      regions of rapidly changing radius, the smaller angle between said regions
      being substantially 150.degree., said profile follower means being
      arranged to follow said profile whereby said one of said lever means holds
      said claw means in an inoperative condition in which said claw means are
      disengaged from strip material in said guiding means when said profile
      follower means is at said arcs, and holds said claw means in an operative
      condition in which said claw means are engageable with strip material in
      said guiding means when said profile follower means is at said regions of
      rapidly changing radius.
NUM  5.
PAR  5. A mechanism as claimed in claim 4, wherein the smaller angle between
      said regions is substantially 150.degree..
NUM  6.
PAR  6. A mechanism as claimed in claim 5, wherein the first layer means has
      said claw means at one end thereof and is pivotally connected at the other
      end thereof to a swingable end of the second lever means, the other end of
      the second lever means being pivotally mounted to pivot about a pivot axis
      fixed relative to said first and second axes, the second lever means
      comprising two levers privotally connected together and one of said levers
      being resiliently urged by resilient means against the profile of the
      profile cams.
NUM  7.
PAR  7. A mechanism as claimed in claim 4, wherein said profile is provided on
      said first cam means and said second cam means comprises a further
      profile, said first lever means having said claw means at one end thereof
      and being mounted at its other end to reciprocatory means adjacent said
      profile, said profile follower means being provided on said first lever
      means, said second lever eans having one end thereof pivotally mounted
      about a fixed pivot relative to said axes, and the other end thereof
      pivotally coupled to link means to a mid-region of the first lever means,
      said mid-region being resiliently urged by resilient means to hold said
      profile follower means against the profile of the first said profile cam,
      the second lever means being provided with further profile follower means
      at a mid-region thereof to bear against the profile of the further profile
      cam.
PATN
WKU  039349632
SRC  5
APN  406934&
APT  1
ART  324
APD  19731016
TTL  Automatic balancing machines
ISD  19760127
NCL  1
ECL  1
EXA  Briggs; W. R.
EXP  McGehee; Travis S.
NDR  3
NFG  4
INVT
NAM  Langlois; Christian
CTY  Billancourt
CNT  FR
ASSG
NAM  Regie Nationale des Usines Renault
CTY  Billancourt
CNT  FR
COD  03
PRIR
CNT  FR
APD  19721102
APN  72.38988
CLAS
OCL  408  2
XCL  408 12
XCL  408 44
XCL  408 71
EDF  2
ICL  B27C  900
ICL  B23B 3904
FSC  269
FSS  57
FSC  408
FSS  2;71;10;12;44
FSC   73
FSS  66;458;468;469;470;461
FSC  279
FSS  57
FSC   51
FSS  232;61
UREF
PNO  2033686
ISD  19360300
NAM  Davis
OCL  408 71
UREF
PNO  2779217
ISD  19570100
NAM  Stovall, Jr. et al.
XCL  408 12
UREF
PNO  2807973
ISD  19571000
NAM  Meyer et al.
XCL  408 12
UREF
PNO  2810307
ISD  19571000
NAM  Hack
XCL   73464
UREF
PNO  2953069
ISD  19600900
NAM  Smith
OCL  408 44
UREF
PNO  3024184
ISD  19620300
NAM  Bowes, Jr. et al.
XCL  279 57
UREF
PNO  3385138
ISD  19680500
NAM  Wusteney et al.
OCL  269 57
UREF
PNO  3720475
ISD  19730300
NAM  Leacock
OCL  408 71
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  This automatic machine is intended for machining workpieces in order to
      reduce their want-of-balance, notably in the case of small or medium
      series of rotary parts. This machine, adapted to balance dynamically these
      parts, comprises a measuring station and a plurality of machining stations
      disposed on a common circle, and a central rotary device having a vertical
      axis and disposed centrally of said stations for transferring
      simultaneously all the parts from one station to the next station in the
      same direction of rotation.
BSUM
PAR  This invention relates in general to the dynamic balancing of rotary parts
      or workpieces by the method consisting in removing material from these
      parts, and more particularly to automatic machines for balancing small and
      medium series of engine crankshafts.
PAR  In mass-production processes and more particularly in the motor industry
      transfer machines have been used for many decades; these machines comprise
      essentially:
PAR  A BALANCING MACHINE ADAPTED TO MEASURE THE DYNAMIC WANT OF BALANCE, WITH
      ITS COMPUTING UNITS AND MEMORY UNITS;
PAR  WORKING UNITS FOR THE PHYSICAL REMOVAL OF MATERIAL (SUCH AS MILLING
      CUTTERS, DRILLING UNITS); BASICALLY, THERE IS ONE MACHINE PER DIRECTION IN
      WHICH THE MATERIAL HAS TO BE REMOVED, THAT IS, SIX SUCH MACHINES IN THE
      CASE OF A FOUR IN-LINE CYLINDER ENGINE;
PAR  A CHECKING-BALANCING MACHINE.
PAR  Faulty parts are removed from the production line and examined separately.
PAR  Now these extremely costly machines are suitable only for mass-production
      purposes.
PAR  In the case of smaller series, a balancing machine comprising a station for
      measuring and checking the want of balance, and a material-removing
      station, is used; the change from one station to the other is obtained by
      using an automatic handling arm. The chief inconvenience of machines of
      this type lies in the fact that with a single handling arm available it is
      not possible to treat another part until the preceding workpiece has been
      checked at the want-of-balance measuring station, then transferred to the
      material removing station, returned to the want-of-balance measuring
      station, possibly again to the material removing station for a retouch
      step, and finally again to the want-of-balance measuring station for a
      final checking. Obviously, the efficiency of a machine of this character
      is extremely moderate.
PAR  It is the essential object of the present invention to provide an automatic
      balancing machine which is constructionally simple and suited for
      operating with small and medium series of workpieces. Furthermore, this
      machine:
PAR  HAS A RELATIVELY HIGH EFFICIENCY, SINCE ALL THE WORKING STATIONS, I.E. THE
      WANT-OF-BALANCE MEASURING STATIONS AND MATERIAL REMOVING STATIONS, OPERATE
      SIMULTANEOUSLY ON SEVERAL WORKPIECES, AT A COST CORRESPONDING
      SUBSTANTIALLY TO THAT OF MACHINES DESIGNED FOR OPERATING ON SMALL SERIES
      OF PARTS;
PAR  COMPRISES A CENTRAL ROTARY DEVICE FOR SIMULTANEOUSLY TRANSFERRING ALL THE
      WORKPIECES FROM ONE STATION TO ANOTHER, THUS MINIMIZING IDLE PERIODS;
PAR  COMPRISES MEANS FOR AUTOMATICALLY PIVOTING THE WORKPIECES WHEREBY THE
      EFFICIENCY OF EACH STATION IS CONSTANTLY MAXIMUM TO AVOID THE DUPLICATION
      OF SUCH STATIONS;
PAR  IS CAPABLE OF AUTOMATICALLY FINISHING WORKPIECES HAVING A WANT-OF-BALANCE
      BEYOND THE TOLERANCE LIMITS AFTER A FIRST PASS, AND
PAR  IS EASILY ACCESSIBLE AND MAINTAINED.
PAR  According to this invention, the automatic machine for dynamically
      balancing small and medium series of rotary workpieces is remarkable
      notably in that it comprises a plurality of working stations, namely a
      measuring station and a plurality of working stations, said stations being
      disposed on a common circle, and that at the point of convergence of the
      axes of said stations a central rotary member having a vertical axis is
      provided for simultaneously transferring all the workpieces to be treated
      from one station to another, this transfer taking place always in the same
      direction of rotation.
DRWD
PAR  Other features and advantages of the present invention will appear as the
      following description proceeds with reference to the attached drawings
      given by way of example in order to afford a clearer understanding of the
      invention and of the manner in which the same may be carried out. In the
      drawings:
PAR  FIG. 1 is a diagrammatic plane view from above of the machine according to
      this invention;
PAR  FIG. 2 is a diagrammatic side elevational view of the central transfer
      member and of a working station, and
PAR  FIGS. 3 and 4 illustrate in detail the manner in which a crankshaft is held
      in the workpiece holders of the second and third stations of the machine.
DETD
PAR  Referring first to FIG. 1, it will be seen that three geometric converging
      axes 1, 2 and 3 are coincident with the axes of the three stations of the
      machine.
PAR  At the point of convergence 4 of these three geometric axes a fixed
      vertical column 5 carries a sleeve 6 provided with three identical radial
      forks 7 disposed horizontally at a 120.degree. relative spacing. This
      sleeve 6 mounted for vertical translation and adapted to rotate about its
      axis (in the clockwise direction as seen in FIG. 1) constitutes the
      workpiece transfer member.
PAR  The first station along the axis 1 is a dynamic balancing machine for
      measuring:
PA0  the want-of-balance of the workpieces (consisting of crankshafts in this
      example) as they are inserted into the machine, for delivering to an
      electronic computer unit of a type known per se the data for determining
      the corrections to be made at the second and third stations;
PA0  the want-of-balance after the passage of the workpiece through said second
      and third correcting stations for:
PA1  a. either delivering a signal for permitting the removal of the workpiece
      from the machine, if the corrections thus made reduced the want-of-balance
      to values within the prescribed tolerances,
PA1  b. or supplying new data to the computer unit in order to control another
      pass of the workpiece through the correcting stations,
PA1  c. or delivering a workpiece rejection signal if the crankshaft
      want-of-balance values lie outside the prescribed tolerances and cannot be
      corrected by the machine.
PAR  The second station disposed along the axis 2 is adapted to remove material
      from the endmost balance weights of the crankshaft. This station comprises
      essentially a pivoting workpieceholder 8 to be described presently, and a
      pair of standard machining units 9, for drilling or milling, set at an
      angle of about 30.degree. to the horizontal. The crankshaft laid upon the
      mounting 8 by the central tranfer unit 6 is locked in a first angular
      position and the two machining units 9 responsive to the memory of the
      computer unit remove material from the endmost balance weights in a first
      direction. Then, after retracting these machining units, the crankshaft is
      brought by rotation about its axis under the control of automatic means to
      its second angular position and locked therein. The machining units 9 then
      remove further material from the endmost balance weights but in a second
      direction. After another backward movement of the machining units, the
      central unit is controlled and released for lifting and rotating the three
      crankshafts through an angle of 120.degree..
PAR  The third station disposed along the axis 3 is adapted to remove material
      from the pair of central balance weights. Its structure is similar to that
      of the second station and this third station operates in the same manner
      as the second station.
PAR  Upon completion of the treatment by this third station the workpiece is
      returned to the first station and measured thereat in the manner already
      set forth hereinabove.
PAR  The workpiece holder mountings of the second and third stations are
      identical except for the crankpin stop members. The crankshaft (FIG. 3) is
      supported in a horizontal position in these stations by means of its
      endmost and central bearings in V-shaped supports 10 (the two intermediate
      journals are held by the transfer fork 7). One of the central crankpins of
      the crankshaft (FIG. 4) is caused to bear on one side on a first insert 11
      of the holder which determines a first angular position of the crankshaft
      in the mounting, and on the other side on another insert 12 of the holder
      which determines a second position of the crankshaft in the mounting.
PAR  A mounting bracket 13 (FIGS 3 and 4) responsive to a fluid-actuated
      cylinder and piston unit 14 (FIG. 2) carries:
PAR  a detent-positioning spring-urged piston 15 having a bevelled operative
      end; the pivotal mounting of the bracket 13, the position of the piston 15
      and the bevelled end thereof are so designed that the piston of said
      bracket urges a central crankpin against the reference insert in each one
      of the two positions of the crankshaft in the mounting; and
PAR  in alignment with each one of the three bearing journals, a shoe 17 for
      locking the crankshaft in position.
PAR  These shoes 17 are liable to yield somewhat resiliently so that they can
      produce a simultaneous locking action.
PAR  The crankshaft is pivoted in each mounting by causing the piston rod of a
      fluid-operated cylinder to exert a thrust against the central crankpin
      left clear by a notch or other aperture in the bracket 13.
PAR  At each station retractable stop members are provided so that when the
      central tranfer unit 6 is raised or lowered the crankshaft can be pivoted
      to position same properly.
PAR  The above-described machine operates as follows:
PA0  the crankshaft is laid upon the first station either manually or
      automatically, for example by means of a handling clamp adapted to pick up
      the workpiece from the production line;
PA0  at the first station the voltage outputs of a pair of sensors or pick ups
      are treated electronically and give the corrections to be made by stations
      2 and 3; these voltages are memorized;
PA0  when the three stations have completed their inherent operations on the
      workpieces positioned therein, the central transfer unit
PA1  a. lifts the three workpieces while suitable arms responsive to automatic
      means cause the workpieces to rotate;
PA1  b. rotates bodily through 120.degree. ;
PA1  c. lowers the three workpieces while the pivoting arms are again driven
      automatically to complete the proper positioning of the three crankshafts
      at the three stations;
PA0  at station 2, the workpiece is positioned and locked by the mounting
      bracket 13, and then machined as a first operation by the two material
      removing stations, released by pivoting the bracket 13 backwards, pivoted
      by the piston rod of the fluid-operated thrust cylinder, again positioned
      and locked in position by pivoting the bracket 13, machined as a second
      operation by said machining units 9, and again released by lifting the
      bracket 13;
PA0  the central transfer unit, upon receipt of a corresponding signal from the
      three stations, accomplishes a second transfer movement;
PA0  at station 3, the workpiece is treated as in station 2, but the machining
      operation is performed on the intermediate balance weights of the
      crankshaft;
PA0  the central transfer unit, upon receipt of another signal from the three
      stations, performs a third transfer movement;
PA0  as it returns to the first station 1, the crankshaft is checked again to
      determine a possible residual want-of-balance, and the value of this
      possible want-of-balance determines whether:
PA1  a. the workpiece is considered as satisfactory and can be removed from the
      machine; in this case, the workpiece will be removed manually or
      automatically by means of a clamp associated or not with the feed clamp,
      and another workpiece is introduced and treated in the machine;
PA1  b. the workpiece is to be removed either for final rejection or further
      finishing in a separate operation; in this case, the same procedure as in
      the case of a right workpiece will be adhered to;
PA1  c. or the workpiece should be re-introduced into the machine for
      complementary correcting steps; in this case, of course, the workpiece is
      not replaced by another.
PAR  In the case of workpieces to be retouched, the machine according to this
      invention utilizes the same drills, at the same locations, as during the
      first passage of the workpiece.
PAR  Under these conditions, it is clear that the operator must firstly check if
      the drill actually contacts the workpiece, whether the latter has been
      drilled or not in a previous passage. A purely electronic device is
      obviously not applicable since the drill will contact the workpiece well
      before reaching the bottom of a hole. The axial thrust exerted by the
      tool, if of a value lower than that normally exerted during an actual
      machining operation, will provide the desired result. Thus, for instance,
      the spindle carrying the drill chuck may recede under a predetermined load
      and actuate a switch. In case the drill or tool feed movement is
      accomplished by means of a fluid-actuated cylinder and piston unit, a
      properly adjusted pressure-responsive switch will provide the desired
      function.
PAR  Then, the distance from the tip of the drill to the workpiece axis must be
      determined at the contact time. To do this it is only necessary to
      associate means for measuring this distance with the tool movement. A high
      degree of precision is not required for this measuring device which may be
      separate from or combined with the means for measuring the depth of
      penetration of the drill during the machining operation. Any suitable
      sensor or pick up, for example of numeric, digital, potentiometric or
      other type, may be used.
PAR  The signal delivered by the contact detector will permit picking up the
      value read on the position sensor. This value is memorized and
      subsequently utilized in the computer unit, according to methods well
      known to those conversant with the art, for determining the drilling depth
      necessary for a satisfactory retouch.
PAR  The embodiment proposed herein of the machine according to the present
      invention is intended for balancing the crankshafts of engines having four
      cylinders in line, but of course this is only a preferred example since
      various other workpieces may be treated according to the principle of this
      invention.
PAR  Various modifications may therefore be brought to this specific form of
      embodiment, notably:
PAR  simulating the presence of the connecting-rods (for example in the case of
      V-engines; ;
PAR  machining at one station in one, two or three series of directions, and
      providing corresponding mounting permitting one, two or three positions,
      respectively, of the workpiece;
PAR  providing one, two or three machining stations, the relative angular
      spacing of these stations, corresponding to the transfer angle, being
      modified accordingly.
PAR  The central transfer unit of the machine ensures an orderly, simultaneous
      and particularly fast transfer of the workpieces.
PAR  From the foregoing it is clear that the essential objects of the machine
      according to this invention ara achieved:
PAR  all the stations operate simultaneously on different workpieces;
PAR  the simultaneous transfer of all the workpieces is particularly simple and
      rapid;
PAR  the working possibilities of the various stations are fully exploited, this
      applying both to the machining stations, by virtue of the mounting adapted
      to present the workpiece to the various units in succession in different
      angular positions, and to the measuring station in which the workpieces
      are checked subsequent to the balancing operation;
PAR  all operations are performed automatically, including the possible retouch
      of workpieces;
PAR  the access to the various component elements is extremely easy and
      therefore the maintenance work is greatly facilitated.
PAR  Finally, it will be noted that the machine, although described hereinabove
      with specific reference to the balancing of crankshafts of all thermal
      engines in small or medium series, can be adapted to balancing other types
      of rotary parts such as rotors of electric motors and generators,
      compressors, pumps, etc..
PAR  In this spirit and although a specific form of embodiment of this invention
      has been described hereinabove and illustrated in the accompanying
      drawing, it will readily occur to those skilled in the art that various
      modifications and changes may be brought thereto without departing from
      the scope of the invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Automatic machine for balancing the rotary crankshaft of thermal engines
      comprising
PA1  a measuring station and machining stations disposed circumferentially equal
      distances apart on a common circle;
PA1  a rotary unit, said rotary unit having a work holding fork for each station
      extending radially from said rotary unit toward each station;
PA1  said forks being spaced equal circumferential distances apart;
PA1  means to rotate said rotary unit to angularly displace said forks from one
      station to another in the same direction of rotation and to move said fork
      vertically to receive the rotary crankshaft and to deliver said
      crankshafts to supports at said stations;
PA1  said machining stations having crankshaft supports comprising V-shaped
      members for receiving and centering the journals of said crankshafts,
      together with inserts for engaging and positioning a central crankpin, and
PA1  a bracket adapted to be operated automatically by a fluid-actuated cylinder
      and piston unit, said bracket further comprising shoes for clamping
      journals normally to said V-shaped members and a bevelled spring-urged
      piston end for pressing the reference crankpin against one of the
      positioning inserts to angularly orientate the crankshaft in the mounting.
PATN
WKU  039349640
SRC  5
APN  4975332
APT  1
ART  343
APD  19740815
TTL  Gravity-actuated fluid displacement power generator
ISD  19760127
NCL  6
ECL  1
EXP  Husar; C. J.
NDR  4
NFG  11
INVT
NAM  Diamond; David
STR  2773 Mill Ave.
CTY  Brooklyn
STA  NY
ZIP  11234
CLAS
OCL  415  7
XCL  415  5
XCL  417330
XCL  417337
XCL   60495
EDF  2
ICL  B23B 3900
FSC  415
FSS  5;7
FSC  416
FSS  7
FSC  417
FSS  320;337
FSC   60
FSS  495;496
UREF
PNO  29149
ISD  18600700
NAM  Durham
OCL   60496
UREF
PNO  1708807
ISD  19290400
NAM  Tatay
OCL  415  7
UREF
PNO  2135110
ISD  19381100
NAM  Platt
OCL   60496
UREF
PNO  2513136
ISD  19500600
NAM  Borsos
OCL   60496
UREF
PNO  3194008
ISD  19650700
NAM  Baumgartner
OCL  415  7
UREF
PNO  3360926
ISD  19680100
NAM  Parr
OCL  415  7
UREF
PNO  3466866
ISD  19690900
NAM  Eschenfeld
OCL   60496
UREF
PNO  3857242
ISD  19741200
NAM  Gilmore
OCL   60495
ABST
PAL  A plurality of piston-sealed cylinders are secured in oppositely disposed
      units in spaced relationship to each other about the circumference of a
      rotational member having substantially horizontal axes of rotation. The
      rotational member and all cylinders are submerged within a fluid medium.
      Cylinders on the vertically upwardly moving side of the rotational member
      have their pistons withdrawn from sealed ends of the cylinders to create a
      large air space, reducing the weight of each such cylinder to less than
      the weight of the quantity of the fluid medium which each such cylinder
      displaces thereby giving each such cylinder buoyancy in the fluid medium
      and the tendency to rise therein. Cylinders on the vertically downwardly
      moving side of the rotational member have their pistons inserted
      substantially into the cylinders close to the sealed ends, reducing the
      air space, increasing fluid space in and the weight of each cylinder to a
      total weight greater than the weight of the amount of fluid medium
      displaced, whereby each such cylinder tends to sink vertically downwardly.
      The unbalanced condition of the cylinders drives the rotational member.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention makes use of the force of gravity and buoyancy of members
      immersed in a fluid medium. Archimede Principle is utilized by varying the
      weights of cylinders from less than the weight of displaced fluid to more
      than the weight of displaced fluid whereby the cylinders may selectively
      rise or fall within the fluid medium. By placing buoyant or rising
      cylinders on one side of a rotational member and sinking cylinders on the
      opposite side thereof, the member is rotationally driven about its axis or
      axes, which are substantially horizontal.
PAR  The change in weight is accomplished by a freely sliding piston actuated
      within a cylinder by gravity to change the weight of the cylinder by
      removing a heavier fluid and replacing it with a vacuum or a lighter fluid
      to reduce the weight of the cylinder below that of the displaced fluid
      medium. The cylinder so lightened accordingly is buoyant, tends to rise
      and when coupled to a member tends to raise that member. When the cylinder
      is inverted, which occurs on the opposite side of that member, the piston
      slides within the cylinder to reduce the volume in the cylinder occupied
      by the vacuum or light fluid, increase the volume in the cylinder occupied
      by a heavier fluid and reduce the the amount of fluid medium displaced
      whereby the total weight of the cylinder is now greater than that of the
      displaced fluid medium and the cylinder sinks, carrying with it the
      portion of the member to which it is attached. If that member is free to
      turn, the action of vertically upward forces on one side and vertically
      downward forces on the opposite side would rotationally drive said member.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of the gravity-actuated power generator of the
      present invention showing the preferred embodiment wherein each cylinder
      has one closed and one open end with the closed ends being interconnected
      in opposite pairs.
PAR  FIG. 2 is a view of the embodiment of the invention shown in FIG. 1 with
      the parts being rotationally displaced 45.degree. clockwise from the
      position shown in FIG. 1.
PAR  FIG. 3 is a view of the embodiment of the invention shown in FIG. 1 with
      the parts being rotationally displaced 45.degree. clockwise from the
      position shown in FIG. 2.
PAR  FIG. 4 is a side view of the structure shown in FIG. 3, additionally
      showing a fluid tank and bearing support for the shafts.
PAR  FIG. 5 is an enlarged fragmentary cross-sectional view taken across line
      5--5 of FIG. 4. The various positions of the pistons within the cylinders
      are visible.
PAR  FIG. 6 is a cross-sectional view across line 6--6 of FIG. 5.
PAR  FIG. 7 is a fragmentary view of a modified embodiment of the invention
      wherein cylinders are not interconnected in opposite pairs but rather have
      their closed ends exposed out of the fluid medium.
PAR  FIG. 8 is a front view of a second modified embodiment of the invention
      showing cylinders having two sealed ends, both interconnected in opposite
      pairs.
PAR  FIG. 9 is a view similar to that of FIG. 8 with the cylinders shown in
      cross-section.
PAR  FIG. 10 is a side view of a third modified embodiment of the invention
      showing cylinders having closed and open ends with the closed ends
      interconnected by a single continuous flexible tube.
PAR  FIG. 11 is a front view of the embodiment of the invention shown in FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawing, the gravity-actuated power generator 10 of
      the present invention comprises a drive belt 12 drawn around an upper
      pulley 14 and a lower pulley 16, the pulleys having parallel horizontal
      axes of rotation on parallel shafts 18 and 20 disposed, respectively,
      vertically one above the other. Secured in spaced relation along drive
      belt 12 by means of clips 13 are an even-numbered plurality of cylinders
      22, 24, 26, 28, 30 and 32. Each cylinder has an oppositely disposed
      cylinder separated by one-half the length of drive belt 12 to form
      oppositely disposed pairs of cylinders. Thus, cylinders 22 and 28 are
      paired, as are cylinders 24 and 30, and cylinders 26 and 32. Six
      cylinders, forming three pairs, are shown in the drawing, but any even
      number of cylinders may be utilized as befits the particular application
      to which power generator 10 is put.
PAR  Each cylinder has a sealed end and an open end, the sealed end being the
      leading end in the direction of motion of each cylinder. As shown in FIGS.
      1-3 and 5, the direction of rotation of pulleys 14 and 16 and of drive
      belt 12 is closckwise. For ease of reference the sealed end of cylinder 22
      is denominated 22a and the open end of cylinder 22 is denominated 22b;
      similarly cylinder 24 has a sealed end 24a and an open end 24b, and so on
      for each of the cylinders.
PAR  Within each cylinder is a sliding piston. For ease of reference the piston
      in cylinder 22 is denominated 22c, the piston in cylinder 24 is
      denominated 24c, and so on for each of the cylinders. Each piston seals
      against the inner bore of its cylinder and there is accordingly provided
      in each cylinder between the piston and the sealed end thereof a closed
      chamber. Between each piston and the open end of its cylinder is formed an
      open chamber. Closed chambers are denominated 22d, 24d, etc., and open
      chambers are denominated 22e, 24e etc., for cylinders 22, 24, etc.,
      respectively. Sealing action of each piston against the bore of its
      cylinder provides a fluid-proof division between the closed chamber and
      the open chamber thereof. The volumes in the chambers vary in accordance
      with the positions of the sliding pistons. Each open end of each cylinder
      is provided with a radially inwardly facing flange 34 which prevents each
      piston from sliding out of its cylinder.
PAR  Sealed ends of oppositely paired cylinders and the closed chambers are
      connected to each other by means of tubes or other suitable conduits.
      Thus, tube 36 interconnects sealed end 22a with sealed end 28a, thereby
      placing closed chamber 22d in fluid communication with closed chamber 29d.
      Similarly, tube 38 interconnects sealed end 24a with sealed end 30a,
      thereby placing closed chamber 24d in fluid communication with closed
      chamber 30d. Also, tube 40 interconnects sealed end 26a with sealed end
      32a, thereby placing closed chamber 25d in fluid communication with closed
      chamber 32d.
PAR  The interconnecting tubing provides three independent fluid systems, one
      closed fluid system for each of the opposite pairs of cylinders. It should
      here be pointed out that the term "fluid" as used throughout this
      specification and the claims includes both liquids, such as water, and
      gases, such as air.
PAR  The power generator 10 as described is totally immersed in a first fluid 42
      defined as a fluid which is heavier than a second fluid 44 which
      completely fills each of the fluid systems. In the preferred embodiment,
      first fluid 42 is water and second fluid 44 is air. By way of
      illustration, FIG. 4 shows a water tank 46 with power generator 10 mounted
      therein by means of bearing 48 securing shafts 18 and 20 in the positions
      first above described. Shaft 20 as shown is extending from water tank 46
      as an illustration of the manner in which rotational power may be
      transmitted from power generator 10. Clearly, any conventional means of
      transmitting rotation of either of shafts 18 or 20 may be utilized. The
      vertical distance between shafts 18 and 20 is such that each vertical run
      of drive belt 12 is long enough to accommodate at least two cylinders
      simultaneously.
PAR  In the positions shown in FIG. 1, it will be seen that the upwardly moving
      run of drive belt 12, denominated 12a, is on the left and the downwardly
      moving run of drive belt 12, denominated 12b, is on the right. Cylinders
      30 and 32 are moving upwardly with belt run 12a and cylinders 24 and 26
      are moving downwardly with belt run 12b. Thus, sealed ends 30a and 32a are
      pointing upwardly and sealed ends 24a and 26 a are pointing downwardly.
      Cylinder 22 is rotating on upper pulley 14 but, in the position shown, has
      not yet reached the uppermost point of the top of pulley 14 and sealed end
      22a is accordingly still pointing up from the horizontal. Conversely,
      opposite cylinder 28 rotating on lower pulley 16 has not yet reached the
      lowermost point of the bottom of pulley 16 and sealed end 28a is
      accordingly pointing downwardly below the horizontal.
PAR  The force of gravity acts, of course, at all times on all components of the
      system. Freely sliding pistons are accordingly pulled and held at the
      lowermost points within each cylinder. Thus, pistons 22c, 32c and 30c of
      upwardly pointing cylinders 22, 32 and 30, respectively, are located
      against flanges 34 at open ends 22b, 32b and 30b of the cylinders,
      respectively; conversely, pistons 24c, 26c and 28c are located adjacent
      sealed ends 24a, 26a and 28a of downwardly pointing cylinders 24, 26 and
      28, respectively. The result is that closed chambers 22d, 32d and 30d are
      relatively large, comprising almost the entire volumes of their cylinders,
      while open chambers 22e, 32e and 30e are relatively small and
      substantially insignificant. Cylinders 22, 32 and 30 are accordingly
      filled almost entirely with second fluid 44, air, and are quite buoyant,
      in that the combined weight of each such cylinder, its piston and the
      enclosed second fluid 44, is less than the weight of displaced first fluid
      42. The result is also that open chambers 24e, 26e and 28e are relatively
      large, comprising almost the entire internal volumes of their cylinders,
      while closed chambers 24d, 26 d and 28d are relatively small and
      substantially insignificant. Cylinders 24, 26 and 28 are accordingly
      filled almost entirely with first fluid 42 which enters through open ends
      24b, 26b and 28b, respectively, and sink in that the combined weight of
      each such cylinder, its piston and the enclosed second fluid 44 is greater
      than the weight of displaced first fluid 42.
PAR  With cylinders 22, 32 and 30 tending to float upwardly, and opposite
      cylinders 24, 26 and 28 tending to sink downwardly, belt 12 is driven in
      one direction and drive belt 12, pulleys 14 and 16 and shafts 18 and 20
      all rotate clockwise as shown in FIGS. 1-3. The rotational force is
      directly proportional to the weight differential between opposite
      cylinders multiplied by the radial distance of the cylinders from the axes
      of rotation.
PAR  The rotation which has commenced by virtue of the oppositely positioned
      floating and sinking cylinders as shown in FIG. 1, does not stop but is
      continuous as shown in FIGS. 2 and 3. In FIG. 2, cylinders 32 and 30 are
      still moving upwardly by virtue of their buoyancy and cylinders 24 and 26
      are sinking downwardly. Cylinders 22 and 28, being at the apogee and
      perigee, respectively, of their travels, are horizontal and changing their
      vertical directions of travel. Fractionally past the FIG. 2 position,
      cylinder 22 is pointing downwardly and cylinder 28 is pointing upwardly.
      Coincidentally therewith pistons 22c and 28c begin their downward slides,
      piston 22c toward sealed end 22a and piston 28c toward open end 28b.
      Second fluid 44, being pumped out of closed chamber 22d, is concurrently
      being drawn into closed chamber 28d through tube 36. First fluid 42 is
      being drawn into open chamber 22e while an equal volume thereof is being
      expelled from open chamber 28e. The progress of pistons 22c and 28c in
      sliding downwardly by force of gravity may be seen in FIG. 3. As rotation
      continues past the FIG. 3 position, the condition shown in FIG. 1 is again
      attained, although all members have advanced in position, with cylinder 22
      now heavier, and cylinder 28 now lighter, than the amount of first fluid
      42 displaced by each. There are again three floating cylinders positioned
      oppositely of three sinking cylinders, and the rotation of drive belt 12,
      pulleys 14 and 16 and shafts 18 and 20 is seen to be continuous.
PAR  The gravity-actuated power generator 10 as described accordingly basically
      comprises a plurality of variable-buoyancy variable-displacement
      containers (the cylinders) which, by virtue of gravity-actuated pump
      elements (the freely-sliding pistons) constantly displaces ballast (first
      fluid 42) to the downwardly-moving side of a driven element (drive belt
      12). The continuing displacement of ballast to one side of a rotatable
      system creates a constant unbalance which drives the system.
PAR  The weights of certain of the components (such as tubes 36, 38 and 40 all
      of which are filled with second fluid 44) have not been considered
      because, being substantially equally distributed on both upwardly and
      downwardly moving sides, they balance and cancel each other out.
PAR  A first modified embodiment is shown in FIG. 7. The closed chambers of the
      cylinders, rather than being interconnected in opposite pairs as in the
      preferred embodiment, are simply exposed to second fluid 44 for intake and
      exhaust thereof as the open chambers are exposed to first fluid 42. Since
      it is preferred that second fluid 44 be air, this is accomplished simply
      by the extension of breathing tubes 60 from the closed chambers to above
      the level of second fluid 42. Tubes 60 would be long enough to extend from
      the lowermost cylinder position to above the first fluid level, and would
      be supported by a framework, not shown, so that the open ends of tubes 60
      do not fall into the first fluid. It should be noted that tubes 60 are not
      shown full length in FIG. 7 due to space limitations. Operation of the
      first modified embodiment is similar to operation to the preferred
      embodiment, with freely-sliding pistons expelling ballast from cylinders
      on the upwardly-moving side of the drive belt, and permitting the inflow
      of ballast on the downwardly-moving side of the drive belt. Thus, the
      cross-sectional view of FIG. 5 applies to the first modified embodiment as
      well as to the preferred embodiment, except that all tubes would be
      extending upwardly.
PAR  A second modified embodiment is shown in FIGS. 8 and 9. In this embodiment
      the open chambers of the preferred embodiment are themselves
      interconnected in opposite pairs. Thus, cylinders 72, 74 and 76 are
      interconnected with opposite cylinders 78, 82 and 80, respectively, such
      that closed chambers 72d, 74d and 76d are connected by tubes 86, 88 and
      90, respectively, to opposite closed chambers 78d, 82d and 80d, also
      respectively, as in the preferred embodiment, and trailing chambers 72e,
      74e and 76e are connected by tubes 87, 89 and 91, respectively, to
      trailing chambers 78e, 82e and 80e, also respectively.
PAR  The trailing chambers of the second modified embodiment are similar in
      function to the open chambers of the preferred embodiment except that
      being closed to the first fluid 42 in which the invention is immersed,
      there is no change in displacement as the cylinders change direction of
      rotation.
PAR  In addition to the three independent fluid systems formed between
      oppositely paired closed chambers by tubes 86, 88 and 90, there are three
      additional independent fluid systems formed between oppositely paired
      trailing chambers by tubes 87, 89 and 91. The closed chambers and
      interconnecting tubing contain, as in the preferred embodiment, a second
      fluid 44, such as air, which is lighter in weight than first fluid 42. The
      trailing chambers and interconnecting tubing contain a third fluid 45
      which is heavier than first fluid 42. Third fluid 45 may be mercury. Thus,
      the freely-sliding pistons not only transfer second fluid 44 between
      oppositely paired closed chambers, but they also transfer, in reverse
      direction, third fluid 45 between oppositely paired trailing chambers. The
      result is that the weight of downwardly-moving cylinders is the total of
      cylinder, piston and relatively heavy third fluid 45 contained therein,
      creating a large weight differential between such cylinders and
      upwardly-moving cylinders which contain minimum quantities of third fluid
      45. The large weight differential may be of importance in developing
      greater power from the generator of the present invention.
PAR  Another advantage of the second modified embodiment is the adaptability of
      both ends of the cylinders to greater streamlining, thereby reducing drag.
PAR  While the foregoing it illustrative of preferred and modified embodiments
      of the invention, it is clear that other embodiments may be had within the
      teachings hereof. For example, the second fluid in the preferred
      embodiment can be heavier than the first fluid, in which case the
      generator would rotate counterclockwise as seen in FIGS. 1-3. This would
      require modification of streamlining of each cylinder.
PAR  Another example of a modified embodiment is shown in FIGS. 10 and 11 of the
      drawing, in which a plurality of cylinders 22, 24, 26, 28, 30 and 32,
      similar to the cylinders of the primary embodiment, each having a closed
      end and an open end, are connected by a flexible tubular reservoir 95
      which interconnects each of the closed chambers of the cylinders, by means
      of short connecting necks 97 such that there is free movement of second
      fluid 44 among the closed chambers. The advantage of this embodiment is
      that the separate tubes interconnecting opposite pairs of cylinders as
      shown in the primary embodiment are eliminated in favor of a functionally
      similar single tube which is in communication with all closed chambers.
PAR  A further modification would use two tubes, each similar to tube 95, in
      conjunction with the second modified embodiment shown in FIGS. 8 and 9
      wherein there are two closed chambers for each cylinder and one
      interconnecting tube for each set of such closed chambers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gravity-actuated power generator, comprising:
PA1  a. a first fluid medium;
PA1  b. a plurality of containers, said containers being immersed in and having
      a variable buoyancy with respect to said first fluid medium;
PA1  c. rotating means, said rotating means being connected to and driven by
      said containers, and having at least one substantially horizontal axis of
      rotation; and
PA1  d. gravity-actuated pump means, said gravity-actuated pump means being
      connected to and controlling the buoyancy of said containers in accordance
      with the positions of said containers with respect to said axis of
      rotation;
PA1  e. whereby said containers positioned to move upwardly about said axis of
      rotation are lighter in weight, and said containers positioned to move
      downwardly about said axis of rotation are heavier in weight, relative to
      the weight of said first fluid medium displaced thereby;
PA1  f. such that said containers move by force of gravity and fluid
      displacement about said axis of rotation,
PA1  g. a second fluid medium, said second fluid medium being lighter than an
      equal volume of said first fluid medium and being contained within said
      containers; and
PA1  h. conduit means, said conduit means connecting between said containers
      positioned to move upwardly about said axis of rotation and said
      containers positioned to move downwardly about said axis of rotation,
      thereby forming opposite pairs of containers,
PA1  i. said gravity-actuated pump means being adapted to pump said second fluid
      medium from said containers positioned to move downwardly about said axis
      of rotation, through said conduit means to said containers positioned to
      move upwardly about said axis of rotation.
NUM  2.
PAR  2. A gravity-actuated power generator in accordance with claim 1, wherein:
PA1  a. said gravity-actuated pump means comprises a freely-sliding piston with
      each said container, said piston dividing the interior of each said
      container into a variable-volume open chamber and a variable-volume closed
      chamber,
PA1  b. the position of said freely-sliding piston within each said container
      determining the size of said open chamber and the size of said closed
      chamber,
PA1  c. said open chambers being open to and filled with said first fluid
      medium,
PA1  d. whereby the relative volumes of said first fluid medium and said second
      fluid medium in each said container, as determined by the position of said
      piston therein, determines the displacement of and buoyancy in said first
      fluid medium of each said container.
NUM  3.
PAR  3. A gravity-actuated power generator in accordance with claim 1, wherein:
PA1  a. said gravity-actuated pump means comprises a freely-sliding piston
      within each said container, said piston dividing the interior of each said
      container into a variable-volume trailing chamber and a variable-volume
      closed chamber,
PA1  b. the position of said freely-sliding piston within each said container
      determining the size of said trailing chamber and the size of said closed
      chamber, and
PA1  c. additionally comprising a third fluid medium, said third fluid medium
      being heavier than an equal volume of said first fluid medium, said
      trailing chambers being filled with said third fluid medium,
PA1  d. said closed chambers being filled with said second fluid medium,
PA1  e. whereby the relative volumes of said second fluid medium and said third
      fluid medium in each said container, as determined by the position of said
      piston therein, determines the buoyancy thereof in said first fluid.
NUM  4.
PAR  4. A gravity-actuated power generator, comprising:
PA1  a. a first fluid medium;
PA1  b. a plurality of containers, said containers being immersed in and having
      a variable buoyancy with respect to said first fluid medium;
PA1  c. rotating means, said rotating means being connected to and driven by
      said containers, and having at least one substantially horizontal axis of
      rotation; and
PA1  d. gravity-actuated pump means, said gravity-actuated pump means being
      connected to and controlling the buoyancy of said containers in accordance
      with the positions of said containers with respect to said axis of
      rotation;
PA1  e. whereby said containers positioned to move upwardly about said axis of
      rotation are lighter in weight, and said containers positioned to move
      downwardly about said axis of rotation are heavier in weight, relative to
      the weight of said first fluid medium displaced thereby;
PA1  f. such that said containers move by force of gravity and fluid
      displacement about said axis of rotation,
PA1  g. a second fluid medium, said second fluid medium being heavier than an
      equal volume of said first fluid medium and being contained within said
      containers; and
PA1  h. conduit means, said conduit means connecting between said containers
      positioned to move upwardly about said axis of rotation and said
      containers positioned to move downwardly about said axis of rotation,
      thereby forming opposite pairs of containers,
PA1  i. said gravity-actuated pump means being adapted to pump said second fluid
      medium from said containers positioned to move upwardly about said axis of
      rotation, through said conduit means, to said containers positioned to
      move downwardly about said axis of rotation.
NUM  5.
PAR  5. A gravity-actuated power generator, comprising:
PA1  a. a first fluid medium;
PA1  b. a plurality of containers, said containers being immersed in and having
      a variable buoyancy with respect to said first fluid medium;
PA1  c. rotating means, said rotating means being connected to and driven by
      said containers, and having at least one substantially horizontal axis of
      rotation; and
PA1  d. gravity-actuated pump means, said gravity-actuated pump means being
      connected to and controlling the buoyance of said containers in accordance
      with the positions of said containers with respect to said axis of
      rotation;
PA1  e. whereby said containers positioned to move upwardly about said axis of
      rotation are lighter in weight, and said containers positioned to move
      downwardly about said axis of rotation are heavier in weight, relative to
      the weight of said first fluid medium displaced thereby;
PA1  f. such that said containers move by force of gravity and fluid
      displacement about said axis of rotation,
PA1  g. a second fluid medium, said second fluid medium being lighter than an
      equal volume of said first fluid medium and being contained within said
      containers; and
PA1  h. conduit means, said conduit means extending from said containers to said
      second fluid medium,
PA1  i. said gravity-actuated pump means being adapted to pump said second fluid
      medium from said containers positioned to move downwardly about said axis
      of rotation and to said containers positioned to move upwardly about said
      axis of rotation.
NUM  6.
PAR  6. A gravity-actuated power generator, comprising:
PA1  a. a first fluid medium;
PA1  b. a plurality of containers, said containers being immersed in and having
      a variable buoyancy with respect to said first fluid medium;
PA1  c. rotating means, said rotating means being connected to and driven by
      said containers, and having at least one substantially horizontal axis of
      rotation; and
PA1  d. gravity-actuated pump means, said gravity-actuated pump means being
      connected to and controlling the buoyancy of said containers in accordance
      with the positions of said containers with respect to said axis of
      rotation;
PA1  e. whereby said containers positioned to move upwardly about said axis of
      rotation are lighter in weight, and said containers positioned to move
      downwardly about said axis of rotation are heavier in weight, relative to
      the weight of said first fluid medium displaced thereby;
PA1  f. such that said containers move by force of gravity and fluid
      displacement about said axis of rotation,
PA1  g. a second fluid medium, said second fluid medium being lighter than an
      equal volume of said first fluid medium and being contained within said
      containers; and
PA1  h. reservoir means, said reservoir means being connected to each of said
      containers to provide fluid communication among the said containers for
      said second fluid medium;
PA1  i. said gravity-actuated pump means being adapted to pump said second fluid
      medium from said containers positioned to move downwardly about said axis
      of rotation, through said reservoir means, to said containers positioned
      to move upwardly about said axis of rotation.
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ABST
PAL  A quick-disconnect coupler for a light-transmitting flowcell having in a
      sight path light-input and light-output windows, respectively, for
      interposition intermediate a light source and a light detector,
      respectively, at least in part through a pair of elongated
      light-transmitting elements, and a support member for the flowcell. There
      is provided a slip-on flowcell supported on the support member, and a
      quick-release clamp comprising a pair of jaw members having a pair of
      corresponding end portions and comprising mounting means for movement of
      said end portions respectively toward and away from each other and said
      flowcell windows. The light-transmitting elements have terminals supported
      in the respective jaw members for alignment with the respective flowcell
      windows and in contact with said flowcell in the operative positions of
      the jaws. Further, there is in the combination slip-on coacting guide
      means on the support member and the clamp to support the clamp in an
      operative position with respect to the flowcell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a quick-disconnect optical coupler or
      coupling in the light path of a flow-cell.
PAR  2. Prior Art
PAR  Heretofore an optical coupling in a sight path through a flowcell has been
      attempted, which sight path is formed at least in part through a pair of
      elongated transmitting elements, such as optical fibers, interposed
      intermediate the respective flowcell windows and a light source and light
      detector, respectively. Such a coupling has included a fixed support for
      the flowcell and a clamp means comprising a pair of jaw members, the
      light-transmitting elements having terminals supported in the respective
      jaw members for alignment with the respective flowcell windows in the
      operative positions of the jaws. The construction was awkward, clumsy, and
      the jaws were difficult to align with the flowcell windows. Upon such
      alignment a user was required to clamp the jaw members together as by a
      resilient C clamp. There was no quick-disconnect of the flowcell from its
      support. Furthermore, the jaw members could not be quickly removed from
      the flowcell for complete clearance of the jaw members with the flowcell,
      while the jaw members were maintained in such clearance positions. The
      clamp was aligned in a horizontal plane by a bolt located in a threaded
      hole of the support to provide both alignment of the clamp in a plane
      normal to the sight path through the flowcell and in a plane parallel
      thereto. The jaws each had flanges through which the bolt passed with
      clearance, and nuts were provided on the bolt to coact with the flanges
      and hold the clamp jaws in the desired position in a plane normal to the
      flowcell sight path. To remove the optical coupling completely from the
      support, it was necessary to remove the aforementioned nuts, to remove the
      jaw members from the bolt, which provided a pivot for the jaw members, and
      to remove the bolt from the support. This was tedious and time consuming
      and, as previously indicated, it was also tedious and time consuming to
      assemble the optical coupling on the support.
PAR  The present invention involves obviating all of these problems.
PAC  SUMMARY OF INVENTION
PAR  One object of the invention is to provide an improved optical coupling for
      or a coupler including a flowcell. A further object is to provide in such
      coupling a quick-disconnect feature. Still another object is to provide
      means by which either or both the optical coupling and the flowcell may be
      quickly and easily aligned. Another object is to provide means by which
      either or both the flowcell and the optical coupling may be quickly and
      easily supported and disassembled from such support. Further objects of
      the invention will appear from the detailed description of a presently
      preferred embodiment of the invention. There is provided in an optical
      coupling for a light-transmitting light cell having in a sight-path
      light-input and light-output windows, respectively, for interposition
      intermediate a light source and a light detector, respectively, at least
      in part through a pair of elongated light-transmitting elements and a
      fixed support for the flowcell, the improvement of: an optical clamp
      comprising a pair of jaw members having a pair of corresponding end
      portions and comprising mounting means for moving such end portions
      relatively toward and away from each other and such flowcell windows, the
      light transmitting elements having terminals supporting in the respective
      jaw members for alignment with respective windows in the operative
      position of said jaws, and slip-on coacting guide means on such clamp and
      such support for aligning such clamp in planes normal and parallel to such
      sight path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary view partially broken away in top plan illustrating
      an optical coupling just prior to assembly of the latter with a flowcell
      on a support, and embodying the invention;
PAR  FIG. 2 is a view similar to FIG. 1 showing the coupling in assembled
      condition;
PAR  FIG. 3 is an enlarged, sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 but illustrating the optical coupling in
      condition in which the jaws are maintained in open and released condition
      when the flowcell is removed from the support; and.
PAR  FIG. 5 is an enlarged, fragmentary, top plan view illustrating the clamp in
      a condition in which it is disassembled from the support.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As best seen in FIGS. 1 and 3 there is shown a flowcell indicated generally
      at 10. The flowcell comprises a holder portion 12 conventionally
      supporting an elongated flowcell body element 13 constructed in accordance
      with Bellinger, et al, U.S. Pat. No. 3,740,158 having flow path 14, inlet
      and outlet nipples 16 and 18 respectively, and rod-like end windows 20,
      structured of a material having higher refractive index than the body 13
      of the flowcell in which the flow path extends and forming a light pipe. A
      pair of metal caps 24, are attached to the respective ends of the
      elongated body 22, the caps 24 each having an outwardly facing socket 26
      therein. The caps do not touch the rods 20, and in the central region of
      each cap, in alignment with the corresponding rod 20, there is an aperture
      28.
PAR  The flowcell is supported from a base 30, which may have the form of a
      manifold plate, such as the plate 16 of the manifold described in Diebler,
      et al., U.S. Pat. No. 3,811,842. The manifold shown in that patent may be
      one of the multiplicity of chemical test cartridges 80 described in
      Smythe, et al., U.S. Pat. No. 3,826,615.  The support for the flowcell 10
      may comprise pins 32, 34, which are of different diameter and extend into
      complemental sockets formed in the holder part 12 of the flowcell 10. A
      spring-pressed ball detent 37 supported in the holder coacts with the pin
      32 so that the flowcell snaps on and off the base 30 for removal of the
      flowcell for cleaning or for replacement thereof. This pin and socket
      construction and arrangement prevents incorrect assembly of the flowcell
      10 with the base 30. While the flowcell may have the rod-like end windows
      20 of the aforementioned Bellinger et al. Patent, the flowcell end windows
      may take the form of those shown in Rosin et al., U.S. Pat. No. 3,345,910
      which are planar and flush with the ends of the flowcell body, or the
      curvilinear end windows for better flow characteristics through the cell,
      shown in FIG. 7 of Skeggs, et al., U.S. Pat. No. 3,241,432.
PAR  The base or manifold plate 30 has clearance openings 38 therein for
      portions of the optical coupling comprising a clamp indicated generally at
      40. The flowcell 10 is supported on a portion 42 of the plate 30
      intermediate the cutaway portions 38. The pin 32, extending through the
      plate portion 42 supporting the flowcell, may have a reduced portion which
      may be threaded in a non-illustrated, conventional manner into the front
      end of a guide post 44 at the opposite face of the plate 30 to support the
      post from the plate. The pin 34 may be formed integrally on the front end
      of the post 44 to extend through the plate portion 42 and into the
      corresponding flowcell socket, and the guide post 44 coacts with the
      optical clamp 40. The guide post 44 is out-of-round, and is of rectangular
      cross-section in the form illustrated by way of example. Intermediate the
      ends thereof, an abutment is in fixed relation to the guide post 44 and,
      as illustrated, takes the form of a pin 46 extending through guide post 44
      transversely thereof and having protruding ends 48.
PAR  In the illustrated form, the optical clamp 40 comprises a pair of channel
      members 50 spaced from one another with the bottoms of the channel members
      in opposing relation to one another. A pair of straps 52 interconnect the
      channel members 50 by two pairs of pivots fixed in the respective channel
      members 50, the pivots of one pair being indicated at 54. Two arms 56 of a
      cross section complemental to the cross sectional shape of the channel
      members 50 are provided. Each arm 56 bottoms in the corresponding one of
      the channel members 50 and is secured there against by one of a pair of
      bolts 58 extending through the channel members 50. The arms 56 provide at
      their forward end portions a pair of jaws indicated at 60. Each arm 56,
      may, on the side thereof nearest the other arm, be grooved longitudinally
      substantially throughout the length of the arm to receive one of a pair of
      optical fibers 57 in the bottom thereof which extends through the rear end
      of the arm 56 and at its forward end portion is bent on a radius to
      provide at the near extremity thereof a terminal. Such non-illustrated
      groove may then be filled with a cementitious substance. Such terminals,
      in the condition of the clamp 40 shown in FIGS. 2 and 3, are in alignment
      with one another and in alignment with the end windows or rods 20 of the
      flowcell 10.
PAR  While it will be obvious to those versed in the art that the jaws need not
      be pivotally interconnected, nor interconnected at all, for movement
      toward and away from one another, in the illustrated form the jaws are
      pivoted in the manner previously indicated, and a compression spring 61 is
      interposed between the rear end portions of the channel members 56, urging
      the jaws 60 toward one another. A pair of male coupling elements 62 are
      provided. The male coupling elements 62 are provided on the respective
      jaws 60 and are preferably cylindrical, the female sockets 26 of the caps
      24 the flowcell 10 being of a complemental cross section. Each of the last
      mentioned terminals of the respective optical fibers 57 terminates short
      of the outer extremity of the male coupling element 62 and the male
      coupling 62 has a central opening there through which the corresponding
      fiber optical terminal is exposed. In the coupled condition of the optical
      clamp 40 and flowcell 10 of FIGS. 2 and 3, the spacing between each
      optical fiber and the corresponding flowcell end window 20 is preferably
      in the range of 0.001 - 0.008 inch. In the condition of the optical clamp
      40 of FIG. 2 the optical elements are in accurate alignment and
      dislocation of the jaws with respect to the flowcell is prevented by the
      aforementioned male and female coupling elements. Further, as indicated by
      FIGS. 1 and 2, when the optical clamp 40 is being assembled, from the
      position and condition of FIG. 1 to the assembled condition of FIG. 2, the
      jaws 60 are moved forwardly through the clearance openings 38 in the base
      plate 30. To maintain the optical clamp 40 in the position of FIG. 1
      wherein the spring-biased jaws are in substantially parallel position,
      manual pressure is exerted on channel members 50, compressing the spring
      61. In the condition of the coupling in FIG. 2 such manual pressure is
      released.
PAR  The straps 52 support therebetween in a conventional fixed manner as by
      welding a forwardly extending straight sleeve 68 of a cross section
      complemental to the cross section of the guide post 44 for cooperation
      therewith and to slip over the latter. It will be noted that the guide
      post 44 coacting with the sleeve 68, locates the optical clamp in planes
      parallel and normal to the plane of the flow or sight path 14 of the
      flowcell 10, and also locates the optical clamp 40 angularly with respect
      thereto, the sleeve 68 like the post 44 being of rectangular cross section
      in the illustrated form. If desired, there may be a friction fit or spring
      coacting between the guide post 44 and the sleeve 68 to further prevent
      dislocation of the coupling between the flowcell and the optical clamp in
      the condition of FIG. 2, which spring is not illustrated and which is not
      believed to be necessary.
PAR  To release the clamp 40 from the flowcell and park it, and permit the
      flowcell to be removed from the base plate 30 in the condition of FIG. 4,
      the rear ends of the clamp 40 are compressed and the clamp 40 is moved
      forwardly to the position shown in the last mentioned view. A pair of
      straps 69 are secured as by welding to the under side of the respective
      channel members 50 and each has a forward right angular flange or stop 70
      the outer extremity of which, in the condition of the optical clamp 40 of
      FIG. 4, abuts the corresponding end surface of the abutment 46 on the post
      44 to maintain the clamp 40 in the position shown. In releasing the
      flowcell from the clamp 40 as aforesaid, the rear end of the channel
      members 40 may be manipulated to compress the spring 61 sufficiently to
      allow the stops 70 to initially clear the abutment pin 46, while moving
      the clamp 40 forwardly until the forward end of the sleeve 68 abuts the
      abutment 46 in the manner shown in FIG. 4, wherein the clamp 40 is
      essentially latched to the guide post 44. When the flowcell 10 is
      subsequently removed and replaced and snapped on to pin 32 in the
      aforementioned manner, the rear ends of the channel member 50 may be
      compressed sufficiently to allow the stops 70 to clear the ends of the
      abutment pin 46, after which the optical clamp 40 may be readily moved
      rearwardly to the extent necessary to align the male and female coupling
      elements of the flowcell and the jaws 60.
PAR  In FIG. 5 the optical clamp 40 is in a condition in which it is entirely
      disassociated from the base plate 30 and the guide post 44. The
      aforementioned pair of straps 69 each has, in laterally offset relation to
      the stop 70, a similar flange or stop 72, which in the last mentioned
      condition of the clamp abuts the sleeve 68 to limit the extent of closing
      movement of the jaws 60 under the influence of the spring 61. This enables
      non-illustrated cover elements to be slipped over the respective jaws to
      protect the optical terminals thereon and the male coupling members 64
      from being damaged. These cover elements may be formed of a hard plastic
      material.
PAR  While only one embodiment of the invention has been illustrated in the
      drawing and described above, it will be apparent, especially to those
      versed in the art, that the coupling or coupler may take other forms and
      is susceptible of various changes in detail, without departing from the
      principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical coupling for a flowcell having an optical sight path and
      light-input and light-output windows along said sight path the combination
      of: a support for the flowcell, clamp means comprising a pair of jaw
      members having a pair of corresponding end portions and comprising means
      for movement of such end portions relatively toward and away from each
      other, at least a pair of light-transmitting elements having terminals
      supported in the respective jaw members for alignment with said
      light-input and light-output windows, respectively, in the operative
      positions of said jaws, and slip-on coacting guide means on said clamp
      means and said support for aligning said light-transmitting elements along
      said optical sight path in the operative positions of said jaws.
NUM  2.
PAR  2. An optical coupling as defined in claim 1, wherein: said coacting guide
      means on said clamp means and said support comprises support means for
      angular alignment of said clamp means.
NUM  3.
PAR  3. An optical coupling as defined in claim 1, wherein: said coacting guide
      means on said clamp means and said support comprises a post on one element
      and a sleeve on the other of the elements.
NUM  4.
PAR  4. An optical coupling as defined in claim 1, wherein: said coacting guide
      means on said clamp means and said support comprises a post on said
      support and a sleeve on said clamp means.
NUM  5.
PAR  5. An optical coupling as defined in claim 1, further including coacting
      means on said jaw and said flowcell preventing dislocation of said clamp
      means in a plane normal to said sight path when assembled with the
      flowcell.
NUM  6.
PAR  6. An optical coupling as defined in claim 1, further including means
      biasing said corresponding end portions of the jaw members toward one
      another, and stop means on said clamp means for limiting movement of said
      corresponding end portions of the jaw members toward one another when said
      clamp means is removed from said support.
NUM  7.
PAR  7. An optical coupling as defined in claim 1, wherein: said coacting guide
      means comprises an element on said support and an element on said clamp
      means, one of said elements having means thereon coacting with means on
      the other of said elements to support said clamp from said other element
      in an open and flowcell-releasing condition of said jaws.
NUM  8.
PAR  8. An optical coupling as defined in claim 1, wherein: said coacting guide
      means comprises an abutment in fixed relationship with said support
      cooperating with stop means on said clamp to support said clamp from said
      abutment in an open and flowcell-releasing condition of said jaws.
NUM  9.
PAR  9. Apparatus as defined in claim 1 wherein said light-transmitting elements
      are formed of optical fibers and coact with said end windows of said
      flowcell which are structured with rods respectively.
NUM  10.
PAR  10. A quick-disconnect coupler as defined in claim 1, wherein: said clamp
      means is removably supported by said support member when said clamp means
      is not coupled to said flowcell.
NUM  11.
PAR  11. An optical coupling as defined in claim 7, wherein: said guide means on
      said clamp means provides an abutment which in the last-mentioned position
      of said jaws abuts said fixed abutment to position said clamp means
      against dislocation along a plane normal to said sight path.
NUM  12.
PAR  12. In a quick-disconnect coupler for a light-transmitting flowcell having
      in a sight path light-input and light-output windows, respectively, for
      interposition intermediate a light source and a light detector,
      respectively, at least in part through a pair of elongated
      light-transmitting elements, and a support member for the flowcell, the
      improvement of: a slip-on flowcell supported on said support member,
      quick-release clamp means comprising a pair of jaw members having a pair
      of corresponding end portions and comprising means for movement of said
      end portions relatively toward and away from each other and said flowcell
      windows, said light-transmitting elements having terminals supported in
      the respective jaw members for alignment with the respective flowcell
      windows and in contact with said flowcell in the operative positions of
      said jaws, slip-on coacting means on said support member and said clamp
      means to support the clamp means in an operative position with respect to
      said flowcell windows.
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ABST
PAL  A pump unit for liquid-cooled internal combustion engines preferably for
      vehicle engines and of the type including a pump unit housing, an
      impeller, a drive member operatively connected to the impeller to rotate
      the same and forming therewith a rotatable assembly, bearing means
      supporting the drive member for rotation relative to the housing and a
      seal adapted to seal an annular space between the rotatable assembly and
      housing characterized in that the axial length of the pump unit as
      measured from the impeller to the oppositely located end of the drive
      member and the pitch diameter of the bearing are of about the same order
      of magnitude.
PARN
PAR  This is a continuation-in-part application of my prior application, Ser.
      No. 304,905, filed Nov. 9, 1972, entitled "Cooling Water Pump, Preferably
      of Motor Car Engines", which issued as U.S. Pat. No. 3,861,170, on Jan.
      21, 1975.
BSUM
PAR  The present invention relates to a pump unit for liquid cooled internal
      combustion engines, preferably for a motor car engine. The pump in
      accordance with the invention constitutes in mounted condition a unit in
      which the components preferably are undetachably united together.
PAR  The conventional cooling water pumps are so designed, that they consist of
      relatively large parts fastened together with screws and such pumps are
      relatively heavy and space consuming.
PAR  The advantages of the fluid pump in accordance with the present invention
      are the following:
PAR  It is possible to select various materials for this shaftless type of pump.
      Suitable materials might be aluminum, plastics or pressed metal sheet. In
      selecting a suitable material, the pump will be cheap and light and has in
      relationship to the small weight, a good structural strength. The good
      reliability in operation is depending on the fact that there will be
      smaller unbalance and smaller masses in the pump components. An important
      feature of the pump unit of the present invention is its compact design.
      To this end, since there is no conventional shaft, a bearing is selected
      with greater pitch diameter preferably of about the same order of
      magnitude as the axial length of the pump unit measured from the impeller
      to the oppositely located end of the drive member. Such a bearing,
      preferably of single row deep groove type, or in some cases of double row
      angular contact type, is simpler and axially more compact. Additionally,
      the axial length of the pump unit measured from the impeller to the outer
      end of drive member and the diameter of the impeller are preferably of the
      same order of magnitude to provide a compact pump unit. Further, for
      compactness, the axial length of the pump unit may be of about the same
      size, or at most, equal to the outer diameter of the impeller. A further
      advantage is the possibility of getting a good sealing effect since the
      sealing diameter is very small. The pump unit is so designed that a good
      ventilating and drying of the bearing is obtained in front of, or behind
      the same, so that possible fluid particles will not get into contact with
      the bearing. Regarding an outer-ring-rotated bearing, it is possible to
      place the seal with its small diameter essentially in the radial center
      line of the bearing, whereby a considerable increase in the life of the
      seal is obtained.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, in which;
PAR  FIG. 1 shows an embodiment of the pump unit with an especially shaped
      inner-ring-rotated bearing;
PAR  FIG. 2 shows a modification of the pump unit with an outer-ring-rotated
      bearing;
PAR  FIG. 3 is a sectional view of still another embodiment of pump unit in
      accordance with the present invention; and
PAR  FIG. 4 is a sectional view of a modified form of the pump unit shown in
      FIG. 3.
DETD
PAR  Referring now to the drawings and particularly to FIG. 1 thereof, there is
      illustrated a pump unit constructed in accordance with the present
      invention, the main components of which include a pump unit housing 1, a
      bearing 2, a drive member 3, a rotor or impeller 4, and a sealing element
      5. In the assembly illustrated, the pump unit housing 1 is detachably
      mounted by suitable means such as screws to the pump housing H.sub.p to
      support the pump unit assembly in an opening in the pump housing, which
      may be a conventional volute casing. It is noted that the pump unit may be
      secured to the pump housing by other means; for example, by a press fit or
      be formed integrally therewith.
PAR  FIG. 1 shows a cooling water pump in which the pump unit housing 1 consists
      of a relatively thin wall 6 of pressed sheet metal, die-casted aluminum or
      plastics which is fixed to a stronger housing portion 7 suitably of
      aluminum. In said portion 7, the outer ring 8 of the bearing 2 is fitted
      by shrinkage fit or otherwise. In the embodiment illustrated, the bearing
      is a single row deep groove ball bearing and the seal 5 is mounted
      radially inwardly of the pitch circle of the bearing. To this end of the
      inner end of the drive member 3 is of a stepped configuration to define
      the inner raceway 9 of the bearing and an axially extending seat 13 of
      smaller diameter than the raceway 9 for the seal 5. As illustrated, a
      space or pocket for the seal is provided between the wall 6 of the pump
      unit housing 1 and the radial leg 30 of the drive member 3 connecting the
      raceway 9 and seat 13. The rotor 4 is mounted on the radial extension 32
      depending from seat 13 by suitable means; for instance, by welding or
      riveting. The inner raceway 9 is in the embodiment shown integrated with
      the drive member 3 of the pump unit, but the raceway might also be shaped
      in a separate inner ring fitted on the drive member 3. In the embodiment
      shown, the rolling bodies of the bearing consist of balls and the bearing
      is provided with a cage 10 of suitable type. As shown from the figure, the
      inner ring will be rotated. The pump unit is in this case driven by a belt
      from a suitable source of power. For this purpose the part 11 of the drive
      member 3 is profiled on its outer surface as shown at 12.
PAR  In accordance with the present invention, the axial length L of the pump
      unit measured from the rotor 4 to the outer end of the drive member 3 and
      the pitch diameter D.sub.m of the bearing are preferably of the same order
      of magnitude. Additionally, the axial length L of the pump unit and the
      outer diameter D.sub.r of the rotor 4 are preferably of the same order of
      magnitude. Further, the axial length L of the pump unit may be about the
      same size as the outer diameter D.sub.r of the rotor 4, or at most, equal
      thereto. The arrangement described above provides a very compact pump unit
      and facilitates the use of a comparatively simple type of bearing such as
      the single row deep groove ball bearing illustrated. Further, by this
      construction, the seal can be located in close proximity to the bearing
      and will be insensitive to any possible wobbling or warping, and thus have
      an extended life. Seal failure is one of the more common failures in the
      water pumps in the automotive field. Additionally, a compact pump unit
      design offers greater freedom in selection of materials so that the pump
      unit may be made very economically and of light weight construction.
PAR  The various components of the pump unit provide a shaftless assembly
      wherein the various elements such as the bearing, drive member, impeller
      and pump unit housing preferably form an integral unit which is easily
      replaceable in the event of pump failure.
PAR  In new installations, the seperable integral pump unit of the present
      invention is adapted for use with various pump housing designs thereby
      providing a standard unit which may be assembled to a plurality of
      different designed pump housings and therefore has a non-obsolescent
      characteristic. Presently, as engine designs are changed, it often
      necessitates a corresponding design change in the entire water pump
      assembly.
PAR  In the pump unit housing 1 there is provided a number of large openings 14
      intended for ventilating, drying and draining purposes. Through these
      openings there is obtained a very effective ventilating or draining in
      front of the bearing. Close to the drive side of the pump there can be
      applied a fan not shown here. This can be designed in such a way that the
      fan is integrated with the drive member of the pump so that a combined fan
      and drive member is obtained. The fan can, of course, be a separate part
      fixed to the drive member.
PAR  In FIG. 2 a modification of the cooling water pump unit is shown in which,
      contrary to the above mentioned embodiment, the outer ring of the bearing
      rotates. The parts of the pump unit which are similar to the previously
      described embodiment are referenced by the same numeral with the letter a
      postscript. In this example a conventional bearing is used, for example, a
      single row deep groove ball bearing, the inner ring 15 of which is fitted
      on an annular part 16 of the pump unit housing 1a. The outer ring 17 of
      the bearing is fitted into a bearing seat 18 in the drive member 3a. The
      outer surface of the drive member is profiled at 19 as in the first
      embodiment. The drive member is provided with a web portion 20 which is
      fixed to a hub portion 21 of the rotor by, for example, welding. The seal
      5a is fitted to a suitable place on the portion 21 in connection with the
      inner part of the pump unit housing 1a. The seal can also be located in
      the radial center line of the bearing whereby angular warpings are
      eliminated. The drive member is also in this embodiment provided with
      large draining/ventilating openings 22.
PAR  In the present instance, the axial length L of the pump unit assembly
      measured from the rotor 4a to the outer end of the drive member 3a, and
      the pitch diameter D.sub.m of the bearing are preferably of the same order
      of magnitude. Additionally, the axial length L of the pump unit and the
      outer diameter D.sub.r of the rotor 4 are preferably of the same order of
      magnitude. Further, the axial length L of the pump unit may be about the
      same size as the outer diameter D.sub.r of the rotor 4, or at most, equal
      thereto. These relationships provide the functional advantages set forth
      above in connection with the previously described embodiment. Further, as
      illustrated, the seal 5a is located closely adjacent the bearing assembly
      and disposed radially inwardly thereof. To this end, the housing 1a is
      provided with an annular recess defining two walls of a pocket for the
      seal at the juncture of the radial portion 24 of the housing 1a and the
      annular part 16. The other walls of the pocket, as illustrated, are
      defined by the rear face of the impeller and the hub portion 21.
PAR  FIG. 3 shows another embodiment of pump unit in accordance with the present
      invention. The elements of the pump unit similar to those of the
      previously described embodiment, are designated by the same numeral with
      the letter b postscript. Thus the pump unit comprises a pump unit housing
      1b adapted to be secured by suitable means to the main pump housing
      H.sub.p, for example, in the manner described previously, a rotor or
      impeller 4b, one end of which is disposed interiorly of the pump housing
      H.sub.p and is secured to a drive member 3b, which in the present instance
      has a sheave or pulley formed integrally therewith for a belt connected to
      a suitable drive means to rotate the impeller. The drive member 3b mounts
      at its outer end remote from the pump unit housing 1b, a fan wheel 29
      connected at its hub portion 31 in a suitable manner, for example, by
      screws 34. The bearing 2b in the present instance, is illustrated as a
      single row deep groove ball bearing comprising an outer ring 17b fitted in
      the drive member 3b, an inner ring 15b fitted in the pump unit housing 1b
      and a plurality of balls in the annular space between the rings. However,
      when a fan wheel 29 is provided, a double row angular contact ball bearing
      is preferred. The drive member is also provided, in the present instance,
      with draining/ventilating openings 22b.
PAR  In accordance with this embodiment, the axial length L of the pump unit
      measured from the rotor 4b to the outer end of the drive member 3b and the
      pitch diameter D.sub.m of the bearing are preferably of the same order of
      magnitude. Additionally, the axial length L of the pump unit and the outer
      diameter D.sub.r of the rotor 4 are preferably of the same order of
      magnitude. Further, the axial length L of the pump unit may be about the
      same size as the outer diameter D.sub.r of the rotor 4 or, at most, equal
      thereto. These relationships provide the functional advantages set forth
      above in connection with the previously described embodiments. Further as
      illustrated, the seal 5b is located closely adjacent the bearing assembly
      and disposed radially inwardly thereof. To this end, the pump unit housing
      1b is provided with a circumferentially extending flange portion 40b, the
      outer surface of which defines the seat for the inner ring 15b and which
      defines interiorly thereof, a pair of pockets separated by a thin web 42b.
      The outer pocket 44b is outwardly flared to receive the central hub
      portion 46b of the drive member 3b which is provided with an opening
      within which the stub shaft 49b of the impeller is mounted by a locking
      key 53b. The inner pocket 47b is outwardly flared in an opposite direction
      and mounts therein the seal 5b.
PAR  There is illustrated in FIG. 4 a modified form of a pump unit constructed
      in accordance with the present invention. The pump unit is similar to the
      embodiment of FIG. 3 and accordingly, the basic elements thereof are
      designated with the same numeral and a letter c postscript. Thus, the pump
      unit includes a pump unit housing 1c, a bearing 2c, a drive member 3c, a
      rotor 4c, and a sealing element 5c. In accordance with this embodiment of
      the invention, the seal 5c which circumscribes the shaft 49c of the
      impeller, is located closely adjacent the bearing 2c, and is disposed in
      the radial center line C.sub.r of the bearing. By this arrangement the
      seal is insensitive to any possible wobbling or warping and provides an
      optimum extended seal life potential. To accomodate the seal 5c in this
      location, there is provided an annular pocket defined in part by the inner
      circumferentially extending wall 41c of the flange portion 40c, a radial
      shoulder 43c of the flange portion 40c, and a circumferential shoulder 45c
      aligned with the shoulder 43c at the juncture of the hub 47c of the
      impeller 4c and the stub shaft 49c. A snap ring 5c seats the seal 5c in
      the pocket. As illustrated, the shaft 49c is suitably mounted in the
      opening in the drive member by a locking key 53c.
PAR  In the present instance, the axial length L of the pump unit assembly
      measured from the rotor 4c to the outer end of the drive member 3c and the
      pitch diameter D.sub.m of the bearing are preferably of about the same
      order of magnitude. Additionally, the axial length L of the pump unit and
      the outer diameter D.sub.r of the rotor 4 are preferably of the same order
      of magnitude. Further, the axial length L of the pump unit may be about
      the same size as the diameter D.sub.r of the rotor 4 or, at most, equal
      thereto. These relationships provide the functional advantages set forth
      above in connection with the previously described embodiments.
PAR  The term "order of magnitude" as used herein is defined by the following
      mathematical definition. Two quantities A and B are of the same "order of
      magnitude" if A.sqroot.3.gtoreq.B.gtoreq.A/.sqroot.3. For example, if B is
      1 in., and A is between 1.732 in. and 0.577 in., then A and B are of the
      same order of magnitude. Thus the axial length L of the pump unit and the
      pitch diameter D.sub.m of the bearing are of about the same order of
      magnitude if D.sub.m .sqroot.3.gtoreq.L.gtoreq.D.sub.m /.sqroot.3.
PAR  The axial length L of the pump unit and the outer diameter D.sub.r of the
      rotor are of about the same order of magnitude if D.sub.r
      .sqroot.3.gtoreq.L.gtoreq.D.sub.r /.sqroot.3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pump unit for liquid-cooled internal combustion engines preferably for
      vehicle engines and of the type including a pump unit housing, an
      impeller, a drive member operatively connected to the impeller to rotate
      the same forming a rotatable assembly, bearing means supporting the drive
      member for rotation relative to the housing and a seal adapted to seal an
      annular space between the rotatable assembly and housing characterized in
      that the pitch diameter D.sub.m of the bearing and the axial length L of
      the pump unit as measured from the impeller to the oppositely located end
      of the drive member are of a relationship wherein D.sub.m is between
      1.sqroot.3 and .sqroot.3 L.
NUM  2.
PAR  2. A pump unit as claimed in claim 1, wherein the raceway for the bearing
      is formed as part of said drive member and wherein said drive member is
      connected directly to said impeller.
NUM  3.
PAR  3. A pump unit as claimed in claim 1, wherein said seal is an annular
      member of a smaller diameter than the pitch diameter of the bearing.
NUM  4.
PAR  4. A pump unit as claimed in claim 1 wherein said bearing comprises a
      single row deep groove ball bearing.
NUM  5.
PAR  5. A pump unit as claimed in claim 1 including a plurality of draining and
      ventilating apertures closely adjacent said bearing for draining coolant
      which may have passed said seal to a space between said seal and bearing.
NUM  6.
PAR  6. A pump unit as claimed in claim 3 wherein said seal is located
      substantially in line with the radial center line of said bearing.
NUM  7.
PAR  7. A pump unit as claimed in claim 1 Wherein the outer diameter D.sub.r of
      the impeller and the axial length L of the pump unit as measured from the
      impeller to the oppositely located end of the drive member are of a
      relationship wherein D.sub.r is between 1.sqroot.3 and .sqroot.3 L.
NUM  8.
PAR  8. A pump unit for liquid-cooled internal combustion engines preferably for
      vehicle engines and of the type including a pump unit housing, an
      impeller, a drive member operatively connected to the impeller to rotate
      the same forming a rotatable assembly, bearing means supporting the drive
      member for rotation relative to the housing and a seal adapted to seal an
      annular space between the rotatable assembly and housing characterized in
      that the outer diameter D.sub.r of the impeller and the axial length L of
      the pump unit as measured from the impeller to the oppositely located end
      of the drive member are of a relationship wherein D.sub.r is between
      1/.sqroot.3 and .sqroot.3 L.
NUM  9.
PAR  9. A pump unit for liquid-cooled internal combustion engines preferably for
      vehicle engines and of the type including a pump unit housing, an
      impeller, a drive member operatively connected to the impeller to rotate
      the same forming a rotatable assembly, a single row deep groove ball
      bearing supporting the drive member for rotation relative to said housing
      and an annular seal of a smaller diameter than the pitch diameter of said
      bearing adapted to seal an annular space between the rotatable assembly
      and said housing characterized in that the pitch diameter D.sub.m of the
      bearing and the axial length L of the pump unit as measured from the
      impeller to the oppositely located end of said drive member are of a
      relationship wherein D.sub.m is between 1/.sqroot.3 and .sqroot.3 L.
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ABST
PAL  A refrigeration compressor including a sealed housing with a stationary
      cylinder block having an annular array of axial cylinders, pistons
      reciprocable in the cylinders, a rotatable cam for reciprocating the
      pistons, an annular inlet channel around the cylinder block, intake
      valving for admitting fluid from the inlet channel to the cylinders on the
      intake strokes of the pistons, outlet valving for discharging high
      pressure fluid from the cylinders on the compression strokes of the
      pistons, and a baffle mounted on the end of the cylinder block over the
      outlet valving. The compressor is utilized in a system including an
      electric motor in the housing connected for rotating the cam, a
      desuperheater communicating with high pressure vapor from the outlet
      valving for cooling the vapor, means for supplying cooled vapor from the
      desuperheater to the housing for cooling the electric motor, a condenser
      for receiving vapor after circulation through the motor, an evaporator
      communicating with the condenser, and means for supplying vapor from the
      evaporator to the intake valving.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a refrigeration compressor with a driving
      electric motor mounted in the same housing. In the past, it has been
      conventional practice to mount the compressor and the motor in a single
      hermetically sealed housing in an arrangement providing for circulation of
      incoming vapor through the electric motor for purposes of cooling the
      motor before the vapor is drawn into the compressor. Generally speaking,
      it is desirable to supply intake vapor from the evaporator to the
      compressor at a temperature as low as possible. When the intake gas is
      supplied to the compressor through the electric motor, the heat
      transferred to the vapor in cooling the motor elevates the temperature of
      the intake vapor supplied to the compressor. In order to supply intake
      vapor to the compressor at low temperature, it is desirable to supply
      intake vapor from the evaporator directly to the compressor inlet and to
      take the heat out of the motor without utilizing intake vapor between the
      evaporator and the compressor.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is a general object of the present invention to provide a new and
      improved compressor construction including a cylinder block with an
      annular array of axially disposed cylinders having reciprocable pistons
      actuated by a relatively rotatable cam, in an arrangement including an
      annular intake chamber around the cylinder block communicating directly
      with an inlet to the housing and communicating directly with the
      compressor cylinders.
PAR  A more specific object is to provide a new and improved axial piston
      refrigeration compressor of the type described including intake valving in
      the pistons for admitting fluid from the annular inlet channel to the
      cylinders on intake strokes of the pistons, together with axially directed
      outlet porting from the cylinder block controlled by outlet valving for
      discharging high pressure fluid from the cylinders on the compression
      strokes of the pistons.
PAR  Another object is to provide a new and improved axial piston refrigeration
      compressor of the character mentioned including a circular baffle disc
      over the outlet valving at the end of the cylinder block for controlling
      flow of vapor from the cylinders to the outlet from the housing.
PAR  In a preferred construction, the baffle is made of resiliently flexible
      steel material and has a dish-shaped configuration with a central portion
      secured in spaced relation to the cylinder block and an outer periphery
      which is resiliently yieldable relative to outlet passages leading from
      beneath the baffle to an outlet chamber in the compressor housing.
PAR  Another object of the invention is to provide a new and improved
      refrigeration compressor utilizing a housing having a sealed compression
      chamber and a separate sealed motor chamber, so that incoming vapor may be
      supplied directly from the evaporator to the compressor intake, and
      cooling vapor may be supplied to the electric motor chamber separately for
      purposes of cooling the motor without heating the vapor between the
      evaporator and the compressor.
PAR  Another object is to provide a new and improved refrigeration system in
      which high pressure vapor is supplied from the compressor outlet to a
      desuperheater where the vapor is cooled for supply to the motor chamber
      for cooling the motor during passage of the vapor to the condenser. From
      the condenser, the condensed liquid is supplied to an evaporator from
      which the vapor is transmitted directly to the compressor inlet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view through an axial piston
      refrigeration compressor embodying the principles of the present
      invention;
PAR  FIG. 2 is a diagrammatic illustration of a refrigeration system embodying
      the principles of the present invention;
PAR  FIG. 3 is a transverse cross-sectional view taken at about the line 3--3 of
      FIG. 1; and
PAR  FIG. 4 is a fragmentary sectional view taken at about the line 4--4 of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail, the invention is embodied in
      a refrigeration system including a compressor 10 (illustrated in detail in
      FIG. 1 and shown diagrammatically in FIG. 2), which supplies high pressure
      refrigerant vapor through a line 12 to a desuperheater 14 where the vapor
      is cooled from a temperature on the order of 250.degree.F. down to a
      temperature on the order of 130.degree.F. The cooled vapor is supplied
      through a line 16 to an electric motor chamber in the compressor 10 for
      cooling the motor to permit operation at increased load without
      overheating. The vapor is discharged from the motor housing through a line
      18 leading to a condenser 20. In the condenser, the vapor is condensed at
      approximately 25.degree. above ambient temperature, and the liquid
      temperature is lowered to a value on the order of 10.degree.F. above
      ambient temperature. For example, if the ambient temperature is at about
      95.degree.F., the liquid is discharged from the condenser at approximately
      105.degree.F. The liquid is discharged from the condenser 20 to a line 22
      including a capillary restriction 24. The line 22 leads to an evaporator
      26 from which the vapor is returned to the compressor 10.
PAR  The capillary restriction 24 is preferably in the form of a tube which
      allows enough liquid to pass to make up for that which is vaporized in the
      evaporator 26 as the compressor operates. The capillary restriction
      reduces the pressure of the liquid refrigerant to an evaporating pressure.
      In the first part of the capillary tube, there is little change in the
      liquid except a slight drop in pressure. Toward the end of the capillary
      tube, the pressure drops significantly and the liquid tends to expand, but
      complete evaporization does not occur until the refrigerant passes through
      the evaporator. The temperature at the exit end of the capillary tube may
      be on the order of 45.degree.F. In the evaporator, the temperature is
      elevated to about 65.degree.F. In an air conditioning system where air is
      circulated through the evaporator, the temperature of the air discharged
      from the evaporator may be approximately 75.degree.F.
PAR  Referring particularly to FIG. 1, the compressor 10 includes a generally
      cylindrical housing 30 which is closed at the lower end by an end cover 31
      and which is closed at the upper end by an end cover 32 in a manner to
      provide a hermetically sealed enclosure. In the upper end of the housing
      30, a cylinder block 35 is secured in position by means such as set screws
      36 or a press fit. The cylinder block 35 is formed with an annular series
      of axially disposed cylinders 38 which are arranged concentrically around
      the central axis of the cylinder block. The cylinders 38 house
      reciprocable pistons 39 on the outer ends of which there are universally
      mounted bearing slippers 40 engageable with a cam or wobbler 42 having an
      inclined thrust surface 43 engageable with the bearing slippers 40. The
      cylinder block 35 is stationarily mounted, and the wobbler 42 is secured
      to a drive shaft 45 to rotate with the drive shaft to drive the pistons 39
      through compression strokes.
PAR  The bearing slippers 40 on the pistons pull the pistons through intake
      strokes. For this purpose, the outer end of each bearing slipper includes
      an enlarged annular flange 46 engaged by a holddown plate 48 which in turn
      engages a thrust collar 49 on the drive shaft 45 engaging a thrust bearing
      50 abutting a central portion of the cylinder block 35. The wobbler 42 is
      supported by a thrust bearing 52 on a bearing plate 53 which is secured to
      the cylinder block 35 by bolts or screws as illustrated at 54. The
      cylinder block 35 includes a bearing 56 for the upper end of the drive
      shaft 45, and the bearing plate 53 includes a bearing 57 for an
      intermediate portion of the drive shaft. In operation, rotation of the
      drive shaft causes rotation of the wobbler 42. As the wobbler rotates, it
      drives the pistons 39 through compression strokes, and the holddown plate
      48 pulls the pistons through intake strokes.
PAR  The drive shaft 45 is driven by an electric motor 60 in the lower part of
      the cylindrical housing 30. The motor includes a rotor 61 secured to the
      shaft 45 to rotate therewith, and a stator 62 which is stationarily
      mounted in the housing 30 as by set screws illustrated at 63 or a press
      fit to the housing. Electric power is supplied to the motor through a plug
      64 accessible on the outside of the housing 30. The motor 60 is located in
      an isolated motor chamber 65 which is sealed from the upper part of the
      housing containing the cylinder block 35 by means of a sealing ring 76
      surrounding the outer periphery of the bearing plate 53 and engaging the
      inner surface of the housing 30. In this manner, the motor chamber 65 is
      isolated from the compressor intake, and the motor may be cooled by
      compressed vapor from the compressor outlet rather than by suction vapor
      in the path to the compressor inlet. For the purpose of admitting vapor to
      the motor chamber 65 from the desuperheater 14 and the conduit 16, the
      housing includes a vapor inlet 66. Vapor admitted through the inlet 66 is
      circulated through the motor 60 and is discharged from the housing through
      an outlet 67 leading to the conduit 18 and the condenser 20.
PAR  The cylinder block 35 is formed on the outside with a surrounding annular
      compressor intake channel 70 which is isolated in a sealed compressor
      intake chamber 71, closed at the bottom end of the cylinder block by the
      sealing ring 76 and closed at the top of the cylinder block by a similar
      sealing ring 72 around the block. The ring 72 separates the intake chamber
      from an outlet chamber 73 formed between the upper end of the cylinder
      block 35 and the upper end closure member 32. An inlet 74 leads from the
      evaporator to the intake channel 70, and an outlet 75 leads from the
      discharge chamber 73 to the conduit 12 and the desuperheater 14.
PAR  In order to admit fluid to the cylinders 38 on the intake strokes of the
      pistons 39, each of the cylinders is formed with a centrally located
      annular groove 77 communicating through a radial port 78 with the annular
      intake channel 70. In order to admit vapor from the annular grooves 77 to
      the ends of the pistons 39, each of the pistons is of hollow construction
      and is formed with intake porting and intake valving. The intake porting
      includes radial ports 79 through the cylindrical wall of the hollow
      piston, and axial ports 80 through an end closure 81 in the end of each
      piston. As illustrated in FIGS. 1 and 4, the axial ports 80 are controlled
      by a resiliently flexible leaf valve member in the form of an annular ring
      82 having a central tongue 83 secured at 84 to the closure 81 in the end
      of the piston. In operation, during the intake stroke of the piston, the
      annular valve member 82 is lifted off the ports 80 to admit vapor to the
      end of the piston in the cylinder 38.
PAR  In order to exhaust compressed vapor from the cylinders 38, axial ports 90
      are formed in the end of the cylinder block, respectively communicating
      the cylinders 38 with the discharge chamber 73. The discharge ports 90 are
      controlled by individual leaf valve members 91 each having an outer end
      portion located by means of dowel pins 92 in the cylinder block and an
      inner end portion disposed over the associated port 90. During intake
      strokes of the pistons, the valve members 91 lie flat against the end of
      the cylinder block, closing the ports 90. During the compression strokes
      of the pistons 39, the valve members 91 are lifted off the ports 90 to
      permit discharge of compressed vapor to the chamber 73.
PAR  In order to control vibration and reduce noise associated with discharge of
      high pressure vapor from the cylinders 38, a circular baffle disc 95 is
      secured to the end of the cylinder block 35. The baffle is dish-shaped and
      includes a central portion supported on an annular spacer 96 and an outer
      periphery located by the dowel pins 92. The central portion of the baffle
      is secured in place by a bolt or screw as at 97, and the baffle is made of
      resiliently flexible steel material so that the outer periphery of the
      baffle is movable relative to the end of the cylinder block 35. Under
      normal conditions of operation, the outer portion of the baffle 95 lies
      against the outlet valve members 91 and discharge passages from the baffle
      chamber are provided by the spaces between the valve members 91. Under
      unusual conditions, as when the compressor might pump liquid on initial
      starting operation, the baffle may lift off the end of the cylinder block
      to relieve excessive high pressure. During normal operation, the baffle
      member prevents impingement of high pressure discharge vapor against the
      end cover member 32, thereby reducing vibration and muffling noise.
PAR  In order to provide for appropriate lubrication of the compressor, the
      drive shaft 45 is formed with a longitudinal passage 100 which is inclined
      relative to the axis of the shaft and which has a lower portion extending
      into the lower end cover member 31 where lubricating oil is provided in a
      sump 101. The sump includes a circular baffle 102 having apertures 103
      covered by a filter screen 104 for admitting lubricating oil to the
      longitudinal passage 100 in the drive shaft 45. Rotation of the shaft 45
      in the lubricating oil results in drawing fluid into the passage 100 and
      distributing the fluid upwardly in the passage to a lubricating port as at
      105 for oiling the bearing 57. The passage 100 continues upwardly to the
      upper end of the shaft 45 where lubricating fluid is also distributed to
      the upper shaft bearing 56. In order to avoid vapor lock in the passage
      100 in the shaft 45, the shaft is preferably formed with a vent as at 106
      leading laterally from the passage 100 to the interior of the motor
      chamber 65. On shutdown, in the event of high pressure in the lower
      portion of the motor chamber, the vent 106 functions to relieve such
      pressure and avoid forcing excessive lubricating fluid upwardly into the
      compressor. Lubricating fluid flowing past the bearings 56 and 57 into the
      chamber housing the cam 42 is drained through a port 108 in the cylinder
      block communicating with intake chamber 71. In operation, some lubricating
      fluid may become entrained in the compressor discharge vapor and be
      circulated through the desuperheater into the motor chamber 65. In such
      event, when the vapor loses velocity on entry into the chamber 65, the oil
      drops out of the vapor into the sump 101.
PAR  In operation, vapor from the evaporator is introduced into the compressor
      cylinders through the inlet channel 70 without circulation through the
      electric drive motor and without significant circulation through the
      compressor structure so that intake gas is introduced to the compressor at
      a temperature as low as possible, thereby to improve the efficiency of the
      system. Introduction of incoming vapor from the desuperheater for cooling
      the motor, rather than using intake vapor for cooling the motor results in
      introduction of vapor to the cylinders with a minimum heat loss after
      evaporation, resulting in improved efficiency on the order of 20% to 25%.
      The baffle associated with the outlet valving provides for continuous gas
      flow from the multiple cylinders while reducing vibration and noise and at
      the same time allowing relief of excess pressures.
CLMS
STM  I claim:
NUM  1.
PAR  1. A refrigeration compressor, comprising,
PA1  a. a sealed housing,
PA1  b. a cylinder block in the housing having an annular array of parallel
      axially disposed cylinders around a central axis,
PA1  c. pistons reciprocable in the cylinders,
PA1  d. a cam inclined relative to the axis of the cylinder block,
PA1  e. means mounting the cam and the cylinder block for relative rotation to
      reciprocate the pistons in the cylinders,
PA1  f. means providing an annular inlet channel in the housing around the
      cylinder block,
PA1  g. an inlet in the housing leading to the annular channel,
PA1  h. intake valving for admitting low pressure fluid from the inlet channel
      to the cylinders on the intake strokes of the pistons,
PA1  i. an outlet leading from the housing,
PA1  j. an annular array of outlet ports in the cylinder block leading axially
      respectively from the cylinders to the outlet,
PA1  k. leaf valves associated with the outlet ports for discharging high
      pressure fluid from the cylinders to the outlet on the compression strokes
      of the pistons, and
PA1  l. a circular dish-shaped baffle having a central portion in spaced
      relation to the cylinder block and an outer periphery overlying and
      contiguous with the leaf valves and defining restricted passages between
      the leaf valves from the interior of the baffle to the outlet.
NUM  2.
PAR  2. The refrigeration compressor of claim 1 wherein the baffle member is
      resiliently yieldable so that the outer periphery is movable relative to
      the end of the cylinder block to relieve pressure under the baffle.
NUM  3.
PAR  3. The refrigeration compressor of claim 1 in which the central portion of
      the baffle is secured to the cylinder block and the outer periphery is
      free.
NUM  4.
PAR  4. The refrigeration compressor of claim 3 in which the baffle member is
      resiliently yieldable so that the outer periphery is movable relative to
      the end of the cylinder block to relieve pressure under the baffle.
NUM  5.
PAR  5. The refrigeration compressor of claim 4 including a dowel pin extending
      axially from the end of the block adjacent each outlet port, each leaf
      valve having an end portion through the dowel pin extending therethrough,
      and the periphery of the baffle plate overlying the end portions of the
      valves with the dowel pints extending therethrough.
NUM  6.
PAR  6. A refrigeration compressor, comprising,
PA1  a. a sealed housing,
PA1  b. a cylinder block in the housing having an annular array of parallel
      axially disposed cylinders around a central axis,
PA1  c. pistons reciprocable in the cylinders,
PA1  d. a cam inclined relative to the axis of the cylinder block,
PA1  e. means mounting the cam and the cylinder block for relative rotation to
      reciprocate the pistons in the cylinders,
PA1  f. means providing an inlet chamber in the housing,
PA1  g. intake valving for admitting low pressure fluid from the inlet chamber
      to the cylinders on the intake strokes of the pistons,
PA1  h. an outlet chamber in the housing at the end of the cylinder block
      opposite from the cam,
PA1  i. outlet ports leading axially respectively from the cylinders to the
      outlet chamber,
PA1  j. leaf valves associated with the outlet ports for discharging high
      pressure fluid from the cylinders to the outlet on the compression strokes
      of the pistons, and
PA1  k. a circular dish-shaped baffle having a central portion in spaced
      relation to the cylinder block and an outer periphery overlying and
      contiguous with the leaf valves and defining restricted passages between
      the leaf valves from the interior of the baffle to the outlet.
NUM  7.
PAR  7. A refrigeration compressor as defined in claim 6, wherein the baffle
      member is resiliently yieldable so that the outer periphery is movable
      relative to the end of the cylinder block to relieve pressure under the
      baffle.
NUM  8.
PAR  8. A refrigeration compressor, comprising,
PA1  a. a sealed housing,
PA1  b. a stationary cylinder block in the housing having an annular array of
      parallel axially disposed cylinders around a central axis,
PA1  c. pistons reciprocable in the cylinders,
PA1  d. a rotatable cam having a cam surface inclined relative to the axis of
      the cylinder block,
PA1  e. bearing means on the pistons engageable with the cam surface,
PA1  f. means for holding the bearing means on the inclined cam surface,
PA1  g. means providing an inlet chamber in the housing,
PA1  h. intake valving for admitting low pressure fluid from the inlet chamber
      to the cylinders on the intake strokes of the pistons,
PA1  i. an end cover on the housing forming an outlet chamber at the end of the
      cylinder block opposite from the cam,
PA1  j. an outlet in the end cover leading from the outlet chamber,
PA1  k. an annular array of outlet ports in the cylinder block leading axially
      respectively from the cylinders to the outlet chamber,
PA1  l. leaf valves associated with the outlet ports for discharging high
      pressure fluid from the cylinders to the outlet chamber on the compression
      strokes of the pistons, and
PA1  m. a circular dish-shaped baffle having a central portion secured in spaced
      relation to the cylinder block and an outer periphery overlying and
      contiguous with the leaf valves and defining restricted passages between
      the leaf valves from the interior of the baffle to the outlet chamber.
NUM  9.
PAR  9. A refrigeration compressor as defined in claim 8, wherein the baffle is
      resiliently yieldable so that the outer periphery is movable axially away
      from the cylinder block to relieve excess pressure.
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PAL  A mold for shaping a belt having teeth on opposite sides thereof has a
      hollow cylindrical mandrel with a surface configuration corresponding to
      alternate grooves and teeth to be formed on one side of the belt and a
      plurality of bars arranged side by side around the mandrel having surfaces
      facing the mandrel corresponding to the configuration of teeth and grooves
      to be formed on the opposite side of the belt. The bars are supported in
      radially spaced relation with the mandrel surface in slots in the
      peripheral surface of end members for the cylinder and are adapted to move
      under pressure radially inwardly.
BSUM
PAR  The present invention relates to a mold for the manufacture of toothed
      belts of elastomeric material provided with a double toothing, and more
      particularly to a mold which, by starting from the elements constituting a
      belt doubled together, is able to mold and to cure a driving belt provided
      with teeth on both of its faces.
PAR  Molds and devices for manufacturing belts of elastomeric material provided
      with teeth on both faces are already known.
PAR  One of the known molds is substantially formed by two parts: a mandrel
      provided with teeth on its outer surface and a deformable cylindrical
      jacket provided with teeth on its inner surface, which can be inserted on
      the mandrel.
PAR  The elements forming the belt, doubled together and forming a sleeve, are
      positioned between the two parts of the mold.
PAR  By exerting a pressure on the jacket, directed towards the mandrel, and by
      applying heat, the sleeve is molded and cured to shape it as a belt
      toothed on both faces.
PAR  This known type of mold has the disadvantage that the outer toothing of the
      double-toothed belt is defective for two reasons. The first reason is that
      the toothing provided on the deformable jacket is always inaccurate, since
      it is obtained in a deformable material; therefore the outer toothing of
      the double-toothed belt which follows the shape of the toothing of the
      deformable jacket, is also inaccurate. The second reason is that the
      jacket, made of deformable material, gets deformed during molding and this
      gives rise to an alteration of the toothing present on it, which
      consequently appears also on the outer toothing of the belt.
PAR  It is not possible to manufacture double-toothed belts provided with a
      covering fabric on the surface of the teeth and in the grooves of the
      outer toothing.
PAR  In fact, to be able to mold appropriately the outer toothing of the belt
      covered with a fabric, very high molding pressures must be adopted. This
      high pressure causes undesirable deformations in the jacket so such a
      process is impractical for molding a belt having teeth on both sides.
PAR  The deformable jacket provided internally with teeth obviously has a layout
      greater than that required by the outer toothing of the double-toothed
      belt, in order to be inserted on the sleeve. During the molding of the
      sleeve, the jacket, being deformable, reduces in its layout under the
      action of pressure. This reduction of layout does not take place in a
      uniform manner and this involves an alteration of the pitch of the belt
      toothing and of the size of the individual teeth.
PAR  After a relatively small number of working hours the deformable jacket must
      be replaced, since it is worn out, and this involves a very high
      manufacturing cost of the double-toothed belts.
PAR  Devices having two separate molds, namely one mold for the formation of the
      inner toothing of the belt and one for the formation of its outer toothing
      are already known for the manufacture of double-toothed belts of
      elastomeric material.
PAR  The mold for the formation of the inner toothing of the belt is formed of
      two parts, a mandrel provided with teeth on its outer surface, on which is
      positioned a sleeve formed of the various elements, doubled together, of a
      toothed belt, and a smooth deformable jacket. By means of this mold, the
      inner teeth of the belt are molded on the inner surface of the sleeve and
      a partial curing of the elastomeric material is carried out. The mold for
      the formation of the outer toothing of the belt is composed of two plates
      provided with teeth on their facing surfaces.
PAR  The teeth of the inner toothing of a portion of the partially cured sleeve
      are positioned in the teeth of one of the two plates, and the other
      toothed plate molds the outer surface on the opposite surface of that
      portion of the sleeve. The molding of the outer toothing of the belt is
      therefore effected in successive lengths.
PAR  By means of the flat plate mold, both the molding of the outer toothing of
      the double-toothed belt and the complete curing of the belts are carried
      out.
PAR  The above described known device for the formation of double-toothed belts
      of elastomeric material has the disadvantage that the time necessary for
      manufacturing the belts is considerably long and the cost of machinery and
      labor is high, with a consequent high cost of production of the
      double-toothed belts. In many cases the outer toothing of the belt is
      defective, due to the fact that its molding is carried out in successive
      lengths, so that the amount of production rejects is high. As the
      resistant insertion of the belt is constituted by cords parallel to one
      another, during the molding of the outer toothing, there is an irregular
      variation of the distance between the cords, and therefore an alteration
      of the resistant insertion. This alteration results in an average service
      life of the double-toothed belts which is too low.
PAR  Another known device for manufacturing double-toothed belts of elastomeric
      material is constituted by a mold and a milling machine. The mold consists
      of a mandrel provided with teeth on its outer surface, on which is formed
      a sleeve by doubling together the various elements constituting the belt,
      and of a deformable jacket. By means of this mold, it is possible to
      obtain a completely cured belt, provided with teeth on its inner surface
      and having a layer of elastomeric material on its outer surface.
PAR  The layer of elastomeric material present on the outer surface of the belt
      is processed with the milling machine, which cuts a toothing into it. This
      device for manufacturing double-toothed belts of elastomeric material has
      the disadvantage that, owing to the complicated processing for the
      formation of the outer toothing of the belt and owing to the high cost of
      the machinery, the belts produced with this type of device are very
      expensive. Moreover, on account of the deformability of the layer of
      elastomeric material in which the outer toothing is cut, the latter is
      often faulty because of inaccurate cut and irregular formation of some
      teeth. This results in belts having unsatisfactory performance and in a
      high amount of production rejects.
PAR  An object of the present invention is to provide a mold for the manufacture
      of double-toothed belts of elastomeric material which does not give rise
      to the above indicated disadvantages of the molds and devices of known
      type, and which is able to allow a low cost and high output production of
      double-toothed belts.
PAR  Another object of the invention is to provide double-toothed belts of
      elastomeric material which are devoid of defects on both toothings, namely
      both on the outer toothing and on the inner one, and which are covered
      with fabric on both toothings.
DRWD
PAR  Other objects will become apparent from the following description with
      reference to the accompanying drawing wherein
PAR  FIG. 1 illustrates in longitudinal section one embodiment of a mold for the
      manufacture of double-toothed belts according to the invention;
PAR  FIG. 2 shows in an enlarged scale a detail of the mold of FIG. 1 before the
      molding operation;
PAR  FIG. 3 shows in an enlarged scale a detail of the mold of FIG. 1 after
      molding; and
PAR  FIG. 4 shows a portion of a double-toothed belt of elastomeric material
      obtained with a mold provided by the present invention.
DETD
PAR  The foregoing objects and others are accomplished in accordance with the
      invention by providing a mold for the manufacture of double-toothed belts,
      characterized in that it comprises a mandrel provided with teeth on its
      outer surface, a plurality of shaped bars arranged around the toothed
      surface of the mandrel, said shaped bars having surfaces, directed towards
      the mandrel which have shapes adapted to form at least the groove of one
      tooth and of two half teeth, and means for carrying out a guided movement,
      in a direction radial to the mandrel, of the shaped bars.
PAR  The present invention will be better understood from the following detailed
      description made by way of non-limiting example with reference to the
      drawing.
PAR  As can be seen in FIG. 1, the mold according to the present invention,
      capable of manufacturing double-toothed belts of elastomeric material, has
      a hollow cylindrical mandrel 1 which is provided with teeth 2 on its outer
      surface.
PAR  The two bases of the mandrel 1 are closed by two bottoms 3 and 4 which, at
      their axis, coincident with the axis of the mandrel, carry in cantilever
      fashion shafts 5 and 6, respectively. Moreover, the bottom 3 is perforated
      and, at its hole 7, there is applied a fitting 8 for a tube intended to
      convey heating steam inside the mandrel.
PAR  The connection of the bottoms 3 and 4 to the mandrel 1 is carried out by
      means of threaded pins 9 or similar means, which permit an easy detachment
      of the bottoms from the mandrel.
PAR  The revolution surface of the mandrel carries a plurality of shaped bars 10
      which, in their whole, have their surfaces, directed towards the
      revolution surface of the mandrel, shaped in the form of a toothing. Said
      shaped bars 10 are movable in a direction radial to the mandrel and are
      provided with means for carrying out said motion and for guiding it.
PAR  An example of the means which carry out the radial movement for approaching
      and/or detaching the shaped bars 10 and effect a guiding of the movement
      is represented in FIGS. 1 and 2 and is clearly illustrated in FIG. 2 in an
      enlarged scale, as a detail of FIG. 1.
PAR  The bottoms 3 and 4 extend in cantilever fashion with respect to the
      surface of the mandrel 1, where the toothing 2 is provided, forming
      flanges 11 and 12. Flanges 11 and 12 can constitute a single unit with the
      bottoms 3 and 4 or can be separate parts to be connected to the bottoms.
      In the latter case, in order to ensure a correct positioning of the
      flanges with respect to the mandrel, the bottoms 3 and 4 of the latter
      carry, integral with them, projecting pins 13, and the flanges comprise
      holes 14 for encasing said pins 13.
PAR  The flanges 11 and 12 are provided along their whole periphery with radial
      recesses 15 into which are encased pins 16 carried by the shaped bars 10.
PAR  The shaped bars 10 have their surface 17, directed towards the toothed
      mandrel, which is shaped in the form of a groove and of two half teeth of
      the outer toothing of the belt. The surface 18 of the bars 10 which is
      situated at the opposite side of the above indicated surface 17 is a
      portion of a cylindrical surface. The lateral surfaces 19 are plane
      surfaces which lie on planes passing through the axis of the mandrel.
PAR  A deformable jacket 20 is present on the assembly of the shaped bars 10 and
      surrounds said assembly.
PAR  The operation of the mold is as follows. A fabric 21 is applied at first on
      the mandrel 1 (see FIG. 2) provided with the toothing 2; the fabric is
      adapted approximately to the shape of the toothing 2 by means of elements
      not represented.
PAR  A cord 22 is wound up on the fabric 21 in several turns arranged
      side-by-side; the cord will constitute the tension resistant insertion of
      the finished belt.
PAR  A sheet of elastomeric material is applied in several superimposed layers
      on the turns of the cord 22 in order to form a layer 23 of elastomeric
      material having a thickness corresponding to the volume of elastomeric
      material required for the belt, toothings included.
PAR  A fabric 24 is applied on the layer 23.
PAR  At this moment the flanges 11 and 12 are applied to the bottoms 3 and 4 of
      the mandrel by inserting in the holes 14, obtained in the flanges, the
      pins 13 carried by the bottoms 3 and 4 of the mandrel.
PAR  Then the shaped bars 10 are applied by inserting the pins 16 of the latter
      in the radial recesses 15 of the flanges; the deformable jacket 20 is
      subsequently inserted on the unit.
PAR  In order to facilitate the assembly of the shaped bars 10 in the mold and
      to prevent the shaped bars from detaching, the pins 16 of adjacent pairs
      of shaped bars 10 can be connected together by means of a chain not
      represented.
PAR  Now the mold is introduced in an autoclave into which steam under pressure
      is admitted; steam is moreover sent inside the mandrel through the fitting
      8.
PAR  Under the action of pressure, the shaped bars 10 approach the mandrel 1
      until they come into contact with the turns of the cord 22, and compel the
      elastomeric material forming the layer 23 to fill all the spaces 25 and 26
      (FIG. 3) which constitute the teeth of the double-toothed belt.
PAR  Moreover, in consequence of the action of heat, the elastomeric material is
      cured.
PAR  After curing, the removal of the toothed belt is carried out at first by
      moving away from the mold the deformable jacket 20; then the shaped bars
      10 are removed and subsequently the flanges 11 and 12 are disconnected
      from the bases of the mandrel. At this moment the toothed belt is detached
      from the mandrel.
PAR  A portion of toothed belt obtained with the mold provided by the present
      invention is represented in FIG. 4. As can be seen in FIG. 4, the
      double-toothed belt of elastomeric material provided by the present
      invention has both of its toothings covered with a fabric, and the
      toothings are perfectly shaped because they are molded by means of rigid
      elements. In particular, also the outer toothing of the double-toothed
      belt is perfectly shaped by virtue of the particular type of mold provided
      by the invention, in particular as regards the working surfaces of the
      outer toothing which, as known, are those corresponding to the sides of
      the teeth and to the bottom of the grooves between the teeth.
PAR  In fact, the zones where possible flashes can be present, are those at the
      top of the teeth, in correspondence of their midline, represented in FIG.
      4 with lines 27.
PAR  The fact that the proposed advantages are achieved by means of a mold
      according to the present invention can be easily understood from the
      following considerations.
PAR  Both of the toothings, namely the outer toothing and the inner one are
      molded by means of rigid elements and are therefore indeformable; this
      ensures an accurate shaping, at any molding pressure.
PAR  The elements which give rise to the formation of the outer toothing are
      guided in an exact manner during molding, and this ensures a uniform pitch
      of the outer toothing and a uniform and correct sizing of the outer
      toothing.
PAR  It is possible to have both toothings covered with a fabric since, as the
      part of the mold which comes into contact with the belt is made of rigid
      material, a pressure as high as desired can be exerted, and therefore the
      necessary pressure for molding can be applied.
PAR  Production rejects are avoided, because the mold, owing to its features,
      does not cause defects in the formation of the toothings.
PAR  The installation and service cost of the mold, and therefore the production
      cost of the double-toothed belt is low, being practically equal to that of
      belts provided with teeth only on their inner surface.
PAR  Although a particular embodiment of the mold according to the invention has
      been described and illustrated, it is to be understood that the invention
      includes possible modifications apparent to a technician of this art. For
      instance, it includes the modification in which the surface of the shaped
      bars directed towards the mandrel has the shape of two grooves, one tooth
      and two half teeth of the outer toothing of the double-toothed belt and
      also, as limit case, the modification in which the surface of the shaped
      bars directed towards the mandrel and/or the surface of the mandrel are
      indented, namely are constituted by a series of projections and grooves
      which give rise to a driving belt provided with indentations on one face
      and with teeth on the other, or with indentations on both faces.
      Consequently, the present invention includes also the particular case of a
      driving belt, as for instance a V-belt provided with indentations, namely
      with recesses on one base (the larger or the smaller) or on both bases,
      the bases, however, being always covered with a fabric.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mold for the manufacture of double-toothed belts comprising a mandrel
      provided with teeth on its outer surface, a plurality of shaped bars
      arranged around the toothed surface of the mandrel, said shaped bars
      having their surface directed towards the mandrel, each bar being shaped
      to form at least the groove of one tooth and two half teeth, and means for
      carrying out a guided movement, in a direction radial to the mandrel, of
      said shaped bars.
NUM  2.
PAR  2. The mold of claim 1 comprising a pair of flanges removably connected at
      the bases of the toothed mandrel, and wherein the means for carrying out a
      guided movement, in a direction radial to the mandrel, of the shaped bars,
      consist of radial recesses on the edges of the flanges, pins integral with
      the shaped bars, which are encased and movable in said radial recesses,
      and a deformable jacket surrounding the assembly of the shaped bars.
NUM  3.
PAR  3. The mold of claim 2 comprising chains for connecting together the pins
      belonging to adjacent shaped bars.
NUM  4.
PAR  4. A mold for shaping an elastomeric belt having teeth on opposite sides
      thereof which comprises a hollow cylindrical mandrel having alternate
      grooves and ridges extending longitudinally across its curved surface,
      said grooves corresponding in shape to a tooth to be molded on the belt
      and said ridges corresponding to the shape of a groove to be disposed
      between teeth, a circular plate secured to each end of the mandrel and
      having an annular flange extending radially exterior of the curved surface
      of the mandrel, open circumferentially spaced radially extending slots in
      said annular flanges, a series of bars disposed across said curved surface
      circumferentially disposed about the periphery of the mandrel in radially
      spaced relationship therewith, pins on the ends of the bars disposed in
      said slots for supporting the bars in said spaced relationship, that
      surface of each bar facing the mandrel having a surface configuration
      which corresponds to the shape of one groove between teeth to be formed on
      one belt surface and substantially one-half of a tooth on each side of the
      groove, said bars being disposed whereby a one-half tooth portion of one
      bar combines with one of an adjacent bar to form a whole tooth, means for
      heating the mandrel and means for pressing the bars towards the mandrel,
      said bars being arranged about the mandrel surface whereby teeth on one
      side of the belt will be directly opposite teeth on the opposite side of
      the belt.
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PAL  In burning an emulsion oil containing oil and water in a ratio of 5 - 9 : 5
      - 1 by volume, a method characterized in that the emulsion oil is burned
      while recycling 10 to 40% by volume of the resulting combustion exhaust
      gas to a combustion chamber.
BSUM
PAR  This invention relates to a method for burning oils, more particularly to
      an improved method for burning emulsion oils.
PAR  Researches have been made on methods for controlling or removing nitrogen
      oxide emissions from combustion of oil which are sources of air pollution
      such as photochemical smog.
PAR  Heretofore known as methods for controlling nitrogen oxide emissions are a
      combustion method using a reduced amount of air, exhaust gas recirculation
      method, two-stage combustion method and emulsion combustion method, etc.
PAR  However, these known methods are not fully effective in reducing nitrogen
      oxide emissions. For example, when a 6-ton boiler is operated at the rated
      steam output of 6 tons/hour (oxygen content of exhaust gas: 3 to 5% by
      volume), the amounts of resulting nitrogen oxides are: (1) 80 p.p.m. when
      kerosene is burned as it is, (2) 37 p.p.m. when kerosene is burned in the
      form of an emulsion containing 20% by volume of water, and (3) 40 p.p.m.
      when kerosene is burned with fresh air while recycling 20 to 30% by volume
      of exhaust gas. Thus the combustion of kerosene by an emulsion combustion
      method or exhaust gas recirculation method, when singly conducted,
      achieves merely about 50% reduction in the nitrogen oxide emissions as
      compared with burning of kerosene alone. On the other hand, the method
      using a reduced amount of air and the two-stage combustion method are also
      unable to reduce the nitrogen oxide emissions to less than 50% and further
      have the drawback of giving a large amount of soot during combustion.
PAR  With the ever increasing severity of the exhaust standards for nitrogen
      oxides in recent years, there is a great need to develop a method for
      controlling nitrogen oxides more effectively.
PAR  In order to satisfy this need, the present invention provides a method for
      burning oils which is capable of remarkably reducing nitrogen oxide
      emissions as compared with conventional methods without entailing
      formation of soot.
PAR  In burning an emulsion oil containing oil and water in a ratio of 5 - 9 : 5
      - 1 by volume, the method for burning oil according to this invention is
      characterized in that the emulsion oil is burned while recycling 10 to 40%
      by volume of the resulting combustion exhaust gas to a combustion chamber.
PAR  Our researches have revealed that the emulsion combustion method and
      exhaust gas recirculation method, when practiced in combination, are
      capable of reducing nitrogen oxides to a much greater extent than is
      attainable when these method are each practiced independently. For
      example, it has been found that when kerosene is burned by the emulsion
      combustion method and exhaust gas recirculation method in combination
      therewith to operate the above-mentioned 6-ton boiler at the rated output,
      the nitrogen oxide emissions can be reduced to a level as low as 22
      p.p.m., namely to about one fourth the concentration of nitrogen oxides
      resulting from burning of kerosene alone.
PAR  In view of the fact that these combustion methods achieve merely about 50%
      reduction in nitrogen oxide emissions when employed singly, it is entirely
      inconceivable that the combination of both methods attain such a
      remarkable reduction of nitrogen oxide emissions. In fact nothing whatever
      has been reported as to a combustion method which is capable of
      controlling nitrogen oxides to such a low concentration.
PAR  According to this invention, oils which are liquid at room temperature,
      immiscible with water and flammable are used for combustion. Examples are
      gasoline, kerosene, gas oil, fuel oil, naphtha, benzene, toluene, process
      oil, spindle oil, machine oil, lubricating oil and like mineral oils; fish
      oil, whale oil, linseed oil, sesame oil, soybean oil, castor oil and like
      animal and vegetable oils, etc. The fuel oil herein used is classified
      into three types as follows according to JIS K 2205-1960 and all types are
      usable for the present invention.
TBL  ______________________________________                                    

     Type of fuel oil                                                          

                  Flash point (.degree.C)                                      

                                 Kinematic                                     

                                 viscosity (st.)                               

     ______________________________________                                    

     Fuel oil -- A                                                             

                  &gt;60            &lt;20                                           

     Fuel oil -- B                                                             

                  &gt;60            &lt;50                                           

     Fuel oil -- C                                                             

                  &gt;70            50 - 400                                      

     ______________________________________                                    

PAR  Among these oils preferable are those which contain substantially no
      nitrogen-containing constituents, namely those containing such
      constituents in an amount of less than 0.1% by weight in terms of
      nitrogen, if any, based on oil. Examples are gasoline, kerosene, gas oil,
      fuel oil-A, naphtha, process oil, spindle oil, machine oil and lubricating
      oil. These oils are used singly, or at least two of them are used in
      admixture.
PAR  For the preparation of emulsion oil according to this invention, water is
      added to oil in an amount effective in reducing nitrogen oxides without
      entailing a great heat loss due to the evaporation of water. The ratio by
      volume of oil to water is usually 5 - 9 : 5 - 1, more preferably 7 - 8.5 :
      3 - 1.5. The ratio of less than 5 : 5 involves difficulties in effecting
      continuous burning, entailing a great heat loss due to the evaporation of
      water. When the ratio is more than 9 : 1, the reduction rate of the
      nitrogen oxide emissions is limited to a maximum of 20%.
PAR  To improve the ignitability of the emulsion oil to be prepared, the water
      to be added to oil may be partially replaced by aliphatic alcohol having 1
      to three carbon atoms such as methanol, ethanol, propanol, ethylene glycol
      or glycerin. Among these alcohols preferable are methanol, ethanol and
      propanol. These alcohols are used singly, or at least two of them are
      usable in admixture. It is generally suitable to use up to 10%, preferably
      0.01 to 3%, of alcohol based on the volume of water from the viewpoint of
      cost.
PAR  When desired to prepare the emulsion oil with ease, a surfactant may be
      added to the ingredients. Usable as the surfactant is any of anionic,
      cationic and nonionic surfactants, among which nonionic surfactants which
      consist of carbon, hydrogen and oxygen atoms are preferable. The amount of
      surfactant to be used is generally 0.01 to 5% by volume based on emulsion
      oil to achieve good results. To stabilize the emulsion, the emulsion oil
      may further contain a stabilizer such as polyvinyl alcohol, carboxymethyl
      cellulose, sodium alginate or the like. The amount of the stabilizer to be
      used is usually 0.1 to 5% by volume, preferably 0.1 to 1% by volume, based
      on water.
PAR  The emulsion oil is prepared in a conventional manner. It can be prepared,
      for example, by mixing oil and water. Surfactant and/or emulsion
      stabilizer, when used, are preferably dissolved in water or oil before
      mixing.
PAR  Whether the emulsion oil obtained is of the oil-in-water type or of the
      water-in-oil type depends on the kind of surfactant, the ratio of oil to
      water, stirring method, etc. Both types of emulsion oils can be used
      according to this invention. The sizes of the particles suspended in the
      emulsion are preferably 0.1 to 50.mu., more preferably 0.1 to 20.mu.. The
      viscosity of the emulsion is usually not higher than 5000
      cps./60.degree.C, preferably up to 500 cps./60.degree.C.
PAR  According to the present invention it is essential to burn the emulsion oil
      while recycling a part of the resulting combustion exhaust gas to a
      combustion chamber. For this purpose, it is usually preferable to recycle
      10 to 40% by volume, more desirably 20 to 30% by volume of the exhaust
      gas. When exhaust gas is recycled in the amount of less than 10% by
      volume, effective reduction of the nitrogen oxide emissions is not
      available. The recycling amount of exhaust gas in excess of 40% by volume
      fails to achieve efficient combustion and needs an enlarged combustion
      chamber.
PAR  When burning the emulsion oil by exhaust gas recirculation method, the
      emulsion oil is burned as it is diffused or atomized. Combustion air is
      usually used in an excess air coefficient (ratio of the quantity of comb
      stion air used to the quantity of combustion air theoretically required)
      of 1.0 to 3.0, preferably of 1.1 to 2.0. For atomization, any of steam,
      air, pressure, etc. is usable. With steam atomizing method, steam is
      usually employed in an amount of 2 to 50 weight %, preferably 5 to 30
      weight %, based on the volume of oil to be burned and with air atomizing
      method air is generally applied at a pressure of 0.1 to 20 kg/cm.sup.2
      gauge, preferably 1 to 8 kg/cm.sup.2 gauge. Pressure atomizing method can
      be usually conducted at a pressure of 0.01 to 100 kg/cm.sup.2 gauge,
      preferably 1 to 50 kg/cm.sup.2 gauge.
DRWD
PAR  The method of this invention will be described below in greater detail with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a flow chart schematically showing steam (or air) atomizing
      combustion method using a boiler, employed as a preferred mode of
      practicing this invention; and
PAR  FIG. 2 is a flow chart schematically showing pressure atomizing combustion
      method using a boiler, employed as another preferred mode of practicing
      this invention.
DETD
PAR  According to FIG. 1, the emulsion oil placed in a storage tank 1 is passed
      through a strainer 2 to remove solid such as dust therefrom and then
      forced into an atomizer nozzle 5 by a gear pump 3. The nozzle has a double
      construction. The emulsion oil is forced through the outer tube of the
      nozzle, while the steam supplied by way of an atomizing steam pipe 6 is
      passed through the inner tube of the nozzle at the same time and is jetted
      out into a combustion chamber 7 of a boiler. The jet of the steam drives
      the emulsion oil into the combustion chamber in atomized state for
      combustion. The flow rate of emulsion oil is adjusted by release valve 4
      and the amount of steam to be used is controlled in corresponding relation
      to the flow rate of the emulsion oil by a suitable means (not shown). The
      exhaust gas resulting from combustion is discharged from exhaust gas
      outlet 8 and part of it is guided through an exhaust gas recycling line 9
      and returned to the combustion chamber 7 by a fan 12. Fresh air admitted
      through a line 11 is mixed with the exhaust gas from the line 9, and the
      mixture, namely combustion air, is introduced into the combustion chamber
      7 by way of a line 13. The amount of exhaust gas to be recycled is
      regulated by an exhaust gas control valve 10. If air is used in place of
      steam, the emulsion oil will be atomized by the air and then burned.
PAR  According to FIG. 2 the emulsion oil is burned in the same manner as in
      FIG. 1 except that the emulsion oil is atomized by pressure. The pressure
      is applied by a pump 15 and controlled by a release valve 14. Valve 16
      serves as a relief valve. Nozzle 17 has a construction to atomize the
      emulsion oil by pressure unlike the steam atomizing nozzle 5 in FIG. 1.
      The same parts as used in FIG. 1 are indicated by the same reference
      numerals.
PAR  The combustion method of this invention assures a remarkable reduction in
      nitrogen oxide emissions without entailing formation of soot. The present
      method also has the advantage of being applicable to the incineration of
      waste oil or like flammable oily refuse when such refuse is used as oil.
PAR  Examples of this invention are given below in which parts are all by
      volume. The nitrogen oxide concentration of the exhaust gas is determined
      by constant-potential electrolysis method. In each example oil is burned
      using combustion air in excess air coefficient of about 1.2.
PAC  EXAMPLE 1
PAR  In 100 parts of kerosene is uniformly dissolved 0.2 part of nonionic
      surfactant (sorbitan monooleate). The kerosene and water are fed to a
      mixer continuously in a ratio of 80 parts of kerosene to 20 parts of water
      to prepare an emulsion oil of the water-in-oil type.
PAR  The emulsion oil continuously prepared as above is burned in a 6-ton boiler
      of the steam-atomizing type equipped with an exhaust gas recirculation
      system as shown in FIG. 1. Atomizing steam is supplied at a rate of about
      50 kg/hr. According to the present method a marked reduction can be
      achieved in nitrogen oxide emissions as compared with conventional methods
      as listed in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Oil     Combustion                                                        

                       Amount   Oxygen  Concn. of                              

             method*   of oil   concn.  NO.sub.x **(p.p.m.)                    

                       (l/hr.)  of                                             

                                exhaust                                        

                                (vol.%)                                        

     ______________________________________                                    

     Kerosene                                                                  

             Usual     500      3 - 5   79 - 82                                

     "       EGR       "        "       35 - 42                                

     Emulsion                                                                  

             Usual     "        "       34 - 37                                

     "       EGR       "        "       20 - 25                                

     ______________________________________                                    

      Note:                                                                    

      *Usual: Usual combustion of oil without recycling exhaust gas.           

      EGR: Exhaust gas recirculation method in which 25% by volume of exhaust  

      gas is recycled.                                                         

      **NO.sub.x : Nitrogen oxide emissions.                                   

PAC  EXAMPLE 2
PAR  In 100 parts of fuel oil - A is uniformly dissolved 0.2 part of nonionic
      surfactant (sorbitan monooleate). The fuel oil and water are continuously
      fed to a mixer in a ratio of 80 parts of fuel oil to 20 parts of water to
      prepare an emulsion oil of the water-in-oil type. The emulsion oil thus
      prepared is burned in a 6-ton boiler of the steam-atomizing type equipped
      with an exhaust gas recirculation system as shown in FIG. 1, with the
      boiler operated under varying loads. Atomizing steam is supplied at a rate
      of 15, 35 and 50 kg/hr proportionally depending on the loads on boiler. As
      a result, nitrogen oxide emissions (NO.sub.x) are found to be at greatly
      reduced levels as compared with conventional methods as given in Table 2
      below.
TBL                Table 2                                                     

     ______________________________________                                    

     Oil    Combus-  Oxygen    Concn. of NO.sub.x (p.p.m.)                     

            tion     concn.    (load on boiler)                                

            method*  of ex-                                                    

               haust gas                                                       

                       2 t/hr.  4 t/hr.  6 t/hr.                               

               (vol.%)                                                         

     ______________________________________                                    

     Fuel   Usual    3 - 5     95 - 97                                         

                                      105 -107                                 

                                             113-117                           

     oil--A                                                                    

     Emulsion                                                                  

            Usual    "         48 - 52                                         

                                      53 - 56                                  

                                             55-58                             

     Emulsion                                                                  

            EGR      "         34 - 38                                         

                                      37 - 39                                  

                                             39-43                             

     ______________________________________                                    

      Note:                                                                    

      *Usual: Same as in Table 1.                                              

      EGR: Practiced by recycling 20% by volume of exhaust gas.                

PAC  EXAMPLE 3
PAR  In 100 parts of water is uniformly dissolved 2 parts of nonionic surfactant
      (polyoxyethylene lauryl ether, HLB: 17). The aqueous solution obtained and
      fuel oil-A are continuously fed to a mixer in a ratio of 30 : 70 by volume
      to prepare an emulsion oil of the oil-in-water type. The emulsion oil thus
      prepared is burned in a 6-ton boiler of the pressure-atomizing type
      equipped with an exhaust gas recirculation system. The oil is atomized at
      a rate of 300 l/hr. at an atomizing pressure of 12 kg/cm.sup.2 gauge and
      at a rate of 500 l/hr. at an atomizing pressure of 35 kg/cm.sup.2 gauge.
      Nitrogen oxide emissions (NO.sub.x) are found to be at greatly reduced
      levels as compared with conventional methods as shown in Table 3 below.
TBL                Table 3                                                     

     ______________________________________                                    

     Oil     Combustion                                                        

                       Oxygen    Concn. of NO.sub.x (p.p.m.)                   

             method*   concn.                                                  

                       of ex-    (Oil supply)                                  

                       haust                                                   

                 gas     300 l/hr.  500 l/hr.                                  

                 (vol.%)                                                       

     ______________________________________                                    

     Fuel    Usual     3 - 5     85 - 90  110 - 115                            

     oil--A                                                                    

     Emulsion                                                                  

             Usual     "         58 - 63  78 - 85                              

     Emulsion                                                                  

             EGR       "         35 - 40  50 - 55                              

     ______________________________________                                    

      Note:                                                                    

      *Usual and EGR: Same as in Table 2.                                      

PAC  EXAMPLE 4
PAR  In the same manner as in Example 2, various emulsion oils of the
      water-in-oil type are prepared from fuel oil-A as listed in Table 4. The
      emulsion oils are burned in a 6-ton boiler of the pressure-atomizing type
      equipped with an exhaust gas recirculation system, while atomizing the oil
      at a pressure of 35 kg/cm.sup.2 gauge. The resulting nitrogen oxide
      emissions (NO.sub.x) are found to be at greatly reduced levels as compared
      with conventional methods as given in Table 4 below.
TBL                Table 4                                                     

     ______________________________________                                    

     Fuel oil                                                                  

     A/     Oil      Combus-  Supply Oxygen  Concn.                            

     water           tion     of oil concn.  of NO.sub.x                       

                     method*  (l/hr.)                                          

                                     of ex-                                    

                                     haust   (p.p.m.)                          

                                     gas                                       

                                     (vol.%)                                   

     ______________________________________                                    

     100/0  Fuel     Usual    500    3 - 5   115                               

            oil-A                                                              

      90/10 Emulsion Usual    "      "       85 - 90                           

     "      "        EGR      "      "       55 - 60                           

      60/40 "        Usual    "      "       60 - 65                           

     "      "        EGR      "      "       40 - 45                           

     ______________________________________                                    

      Note:                                                                    

      *Usual and EGR: Same as in Table 2.                                      

PAC  EXAMPLE 5
PAR  In 100 parts of gas oil is uniformly dissolved 0.2 part of nonionic
      surfactant (sorbitan monooleate). The gas oil and aqueous methanol
      solution are mixed in the proportions as listed in Table 5 to prepare
      emulsion oils of the water-in-oil type. The emulsion oils are burned using
      a commercial diesel engine (Displacement: 2,200 cc, indirect injection
      type) equipped with an exhaust gas recirculation system and operated at
      2,000 r.p.m. under no load. The ignitability of the emulsion oil is
      remarkably improved and the resulting hydrocarbon concentrations in
      exhaust gas are found to be at greatly reduced levels as given in Table 5
      below.
TBL                Table 5                                                     

     ______________________________________                                    

     No.  Components of emulsion                                               

                         Combustion                                            

                                   Concn.  Concn.                              

          oil (vol.%)    method*   of      of                                  

     Gas     Water   Metha-        NO.sub.x                                    

                                           hydro-                              

     oil             nol           (p.p.m.)                                    

                                           carbon                              

                                   (p.p.m.)                                    

     ______________________________________                                    

     1    83     30      0     Usual   80 - 90 400-420                         

     2    83     30      0     EGR     40 - 50 200-250                         

     3    83     30      0.03  Usual   70 - 80 80-90                           

     4    83     30      0.03  EGR     40 - 50 40-70                           

     5    83     29.7    0.3   Usual   70 - 80 80-90                           

     6    83     29.7    0.3   EGR     40 - 50 40-70                           

     7    83     27      3     Usual   80 - 95 70-80                           

     8    83     27      3     EGR     40 - 55 40-60                           

     ______________________________________                                    

      Note:                                                                    

      *Usual and EGR: Same as in Table 2.                                      

CLMS
STM  What we claim is:
NUM  1.
PAR  1. In burning an emulsion oil containing oil and water in a ratio of 5 - 9
      : 5 - 1 by volume, a method characterized in that the emulsion oil is
      burned while recycling 10 to 40% by volume of the resulting combustion
      exhaust gas to a combustion chamber.
NUM  2.
PAR  2. The method as set forth in claim 1 wherein said oil contains
      substantially no nitrogencontaining constituents.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein the water contained in the
      emulsion oil is replaced by at least one aliphatic alcohol having one to
      three carbon atoms in the range of up to 10% by volume based on the water.
NUM  4.
PAR  4. The method as set forth in claim 3 wherein said aliphatic alcohol is at
      least one of methanol, ethanol and propanol.
NUM  5.
PAR  5. The method as set forth in claim 3 wherein the amount of alcohol is in
      the range of 0.01 to 3% by volume based on the water contained in the
      emulsion oil.
NUM  6.
PAR  6. The method as set forth in claim 1 wherein said emulsion oil contains a
      surfactant in the range of 0.01 to 5% by volume based on the emulsion oil.
NUM  7.
PAR  7. The method as set forth in claim 6 wherein said surfactant consists of
      carbon, hydrogen and oxygen atoms.
PATN
WKU  039349705
SRC  5
APN  5514355
APT  1
ART  344
APD  19750219
TTL  Glass tempering system
ISD  19760127
NCL  38
ECL  1,10,23
EXP  Camby; John J.
NDR  9
NFG  15
INVT
NAM  McMaster; Harold A.
STR  707 Riverside Drive
CTY  Woodville
STA  OH
ZIP  43469
INVT
NAM  Nitschke; Norman C.
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CTY  Perrysburg
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ZIP  43551
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ABST
PAL  A glass tempering system including a roller hearth furnace that has a
      conveyor with elongated rollers extending through an elongated heating
      chamber of the furnace and outwardly through elongated slots in the sides
      of the furnace so as to be supported on drive belts which are slidably
      driven along support surfaces to thereby frictionally drive the rollers
      and convey glass sheets over the rollers through the heating chamber. The
      furnace is of a modular construction and includes upper and lower housing
      portions with inner layers of refractory material that define the heating
      chamber. Flanges of the refractory material cooperate to define the
      elongated slots at the sides of the furnace. Heat seal arrangements extend
      between the refractory flanges and the conveyor rollers to mitigate heat
      flow from the furnace during use. A first electric motor drive mechanism
      drives belt sheaves that receive the drive belt at the end of the furnace
      where glass enters the heating chamber. Vertical support members carry
      belt sheaves receiving the drive belts at the other end of the furnace and
      are hydraulically positioned to control the tension of the belts. A
      secondary conveyor of the system receives the heated glass sheets after
      leaving the furnace and carries them through quench and cooling units of
      the system. The secondary conveyor is driven by a second electric motor
      drive mechanism which is coupled to the first conveyor to tension portions
      of the furnace conveyor drive belts in a manner that increases the driving
      force the first drive mechanism can impart to its drive belts. The
      secondary conveyor includes a pair of continuous drive chains that
      frictionally drive rollers of this conveyor in a manner similar to the
      driving of the furnace conveyor rollers. The tension of the secondary
      conveyor chains is hydraulically controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a roller hearth furnace for heating
      sheets of glass as the glass is conveyed horizontally through the furnace,
      and particularly toward such a furnace which is used in a glass tempering
      system to heat the glass prior to being conveyed through a quench unit
      where a tempering quench is performed to give the glass desirable
      mechanical properties.
PAR  2. Description of the Prior Art
PAR  Glass sheets can be tempered by first heating the sheets and then suddenly
      cooling them to thereby change the mechanical properties of the glass. The
      tempering operation increases the strength of the glass and also causes
      the glass to break into small pieces that are dull and relatively
      harmless, instead of into large, sharp pieces. To perform the tempering of
      glass sheets, roller hearth furnaces have been developed in the past to
      heat the glass sheets prior to their cooling which is usually performed by
      pressurized air that is sprayed onto the glass. Prior art roller hearth
      furnaces utilize roller conveyors for conveying the glass sheets through
      the furnace with their planes oriented horizontally. One such prior art
      furnace is disclosed by the patent of McMaster et al, U.S. Pat. No.
      3,806,312, issued Apr. 23, 1974, and others are shown by the references
      cited therein. The heated glass is conveyed through a quench unit where
      the sudden cooling is performed, and cooling units are then used to
      further cool the glass to a temperature where it can be handled.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a roller hearth furnace
      for heating glass sheets which are conveyed through the furnace by a
      conveyor including rollers that extend through a heating chamber of the
      furnace and outwardly through elongated slots defined at the sides of the
      furnace by a fixed lower housing portion and a movable upper housing
      portion, and the ends of the rollers are frictionally supported by
      continuous drive belts whose movement along support surfaces causes
      rotation of the rollers to drive glass within the heating chamber along
      the length of the furnace.
PAR  The above object, as well as other objects, features and advantages of the
      present invention, is carried out by a glass tempering system which
      includes an elongated furnace of a modular construction having fixed lower
      housing portions and movable upper housing portions. The housing portions
      have inner layers of refractory material including outer flanges that
      define the elongated slots through which the conveyor rollers extend so as
      to frictionally engage the drive belts externally of the heating chamber.
      Positioning members locate the rollers longitudinally with respect to the
      furnace and, when the upper housing portions are located in upper open
      positions, the positioning members permit the rollers to likewise be moved
      upwardly and removed from the furnace if roller replacement or repair is
      necessary or if access to the lower interior of the furnace is required.
      Heat seal arrangements extend between the refractory flanges of the
      housing portions and the rollers to mitigate heat flow from the furnace
      during use. The heat seal arrangements include elongated grooves defined
      in the refractory flanges and receiving heat seals that oppose each other
      and have semicircular depressions receiving the rollers. Also, additional
      heat seals are mounted on outer edges of the refractory flanges outboard
      from the heat seals received within the grooves so as to further mitigate
      heat flow from the furnace.
PAR  The positioning members for the conveyor rollers are mounted in pairs at
      opposite ends thereof and include idler rollers that position the conveyor
      rollers in an antifriction manner. The positioning members associated with
      sets of adjacent rollers are interconnected and adjusted longitudinally by
      rotation of threaded members located externally of the furnace heating
      chamber so as to permit longitudinal "gang" adjustment of the ends of the
      conveyor rollers with respect to the furnace and thereby insuring that
      glass travels along a straight path through the heating chamber. The drive
      belts are tensioned as they slide along support members that define the
      support surfaces, and the support members are also adjustable by rotation
      of threaded members to control the vertical position of the rollers and
      thereby insure that the rollers define a true plane over which the sheets
      of glass are conveyed. The tension of the belts permits the support
      members to be discontinuous and still have the belts positioning the
      rollers at the proper height. The support members are adjustable at both
      inboard and outboard sides thereof to insure a horizontal orientation of
      the support surfaces such that the drive belts are fully engaged with the
      ends of the rollers.
PAR  The drive belts have lubricated sides that slide along the support members
      and dry sides received by driven belt sheaves at the end of the furnace
      where glass enters the heating chamber. The dry sides of the belts support
      the conveyor rollers and are also received by idler belt sheaves at the
      other end of the furnace where heated glass leaves the furnace and is
      conveyed by a secondary conveyor through a quench unit to provide
      tempering of the glass. The idler belt sheaves are mounted on  vertical
      support members that are hydraulically positioned to control the tension
      of the drive belts. A pair of chains drives each of the driven belt
      sheaves of the furnace conveyor by a first electric motor drive mechanism
      that incorporates load sharing arrangements so that the two chains driving
      each driven belt sheave are each tensioned substantially the same amount
      as the other. The load sharing arrangement for each driven belt sheave
      includes a plate that is pivotally connected to an output shaft of the
      primary electric motor drive mechanism and also pivoted to a pair of
      sprockets that respectively drive the two chains for its associated driven
      belt sheave. Pivotal movement of the plate with respect to the output
      shaft equalizes the tensions in the chains so each bears the same load.
PAR  The secondary conveyor that carries glass sheets through the quench unit
      includes a pair of continuous drive chains that frictionally drive rollers
      of the secondary conveyor in a manner similar to the driving of the
      rollers of the furnace conveyor. A second electric motor drive mechanism
      drives the chains of the secondary conveyor and also drives coupling
      chains that are received by the idler belt sheaves for the drive belts of
      the furnace conveyor. The coupling chains rotate the idler belt sheaves in
      a direction that tensions the portions of the furnace drive belts which
      are not engaged by the furnace conveyor rollers. This tensioning of the
      furnace drive belts increases the driving force that the driven belt
      sheaves can impart to the drive belts and thereby cooperates with the load
      sharing arrangements of the first drive mechanism to permit a large
      driving force to be supplied to each drive belt.
PAR  Each drive chain of the secondary conveyor is trained over a pair of
      rotatable sheaves or sprockets in a serpentine configuration and one of
      these sprockets is positioned by a hydraulic unit to control the tension
      of its associated drive chain.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An understanding of the present invention will become readily apparent from
      the following detailed description of the preferred embodiment taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1, which includes FIGS. 1A and 1B, is a side elevation view of a glass
      tempering system embodying the invention;
PAR  FIG. 2 is an end view taken along line 2--2 of FIG. 1A and shows a drive
      mechanism used to power a conveyor that carries glass sheets through a
      furnace of the system;
PAR  FIG. 3 is an enlarged cross-sectional view of the furnace of the system
      taken generally along line 3--3 of FIG. 1A;
PAR  FIG. 4 is an enlarged view of the left-hand portion of FIG. 1A showing the
      drive mechanism for the furnace conveyor;
PAR  FIG. 5 is an enlarged partial cross-sectional view of the furnace taken
      along line 5--5 of FIG. 1A;
PAR  FIG. 6 is a side view of the furnace taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is an enlarged sectional view through a portion of the furnace taken
      along line 7--7 of FIG. 4;
PAR  FIG. 8 is a view taken along line 8--8 of FIG. 1B showing a quench unit of
      the glass tempering system and a secondary conveyor that conveys glass
      through the quench unit;
PAR  FIG. 9 is a sectional view taken approximately along line 9--9 of FIG. 1B
      and shows a second electric motor drive mechanism for the secondary
      conveyor of the system;
PAR  FIG. 10 is a side elevation view of the second electric motor drive
      mechanism taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is an enlarged view taken along line 11--11 of FIG. 10 and shows
      one of a pair of drive chains of the secondary conveyor;
PAR  FIG. 12 is a side view of the secondary drive chain taken along line 12--12
      of FIG. 11;
PAR  FIG. 13 is a partially sectioned view taken along line 13--13 of FIG. 2 and
      shows a load sharing arrangement that equalizes tension between two drive
      chains that drive belt sheaves of the furnace conveyor; and
PAR  FIG. 14 is a view of a modified roller positioning arrangement for the
      rollers of the secondary conveyor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1A and 1B, a glass tempering system is collectively
      indicated by reference numeral 20 and includes a roller hearth furnace 22
      shown in FIG. 1A, a quench unit shown only partially and indicated by
      reference numeral 24 in FIG. 1B, and a cooling unit 26 also shown by FIG.
      1B. The glass tempering system 20 heats sheets of glass as they are
      conveyed through the furnace 22 and then quenches the glass sheets as they
      are conveyed through the quench unit 24 by spraying pressurized air onto
      both surfaces of the glass. The glass is then further cooled by
      pressurized air in cooling unit 26 until it is cool enough to handle. The
      heating and cooling sequence tempers the glass to improve its mechanical
      properties.
PAR  The roller hearth furnace 22 includes a plurality of elongated furnace
      modules which are each indicated by reference numeral 28. Ten of the
      furnace modules are utilized in the preferred embodiment and each has a
      length of twelve feet; therefore, the furnace has a total length of one
      hundred twenty feet. A supporting framework for the furnace 22 and the
      other units of the tempering system includes a plurality of vertical
      support beams 30 extending upwardly from the floor 32 as well as a number
      of cross beams 34, see FIG. 3, that provide an upper support structure
      above each furnace module 28. A conveyor for conveying sheets of glass
      horizontally through the furnace is indicated collectively by reference
      numeral 36 and conveys sheets of glass from one furnace module to another
      moving from the left to the right. At the left-hand end of furnace 22,
      conveyor 36 includes a pair of driven belt sheaves 38 associated with
      opposite sides of the furnace and mounted on respective support beams 30
      by journals 40 carrying shafts 42. At the right-hand end of furnace 22,
      the conveyor 36 includes a pair of idler belt sheaves 44 associated with
      opposite sides of the furnace and mounted on respective vertical support
      members 46 by journals 48 carrying shafts 50. A pair of continuous steel
      drive belts 52 are associated with opposite sides of the furnace, and each
      is received by the driven belt sheaves 38 and the idler belt sheave 44 on
      its associated side of the furnace. The drive belts 52 have lower runs
      that slide along support members 54 fixedly mounted along the opposite
      sides of the furnace. The lower sides of the lower belt runs sliding along
      the support members 54 are lubricated by an unshown lubricator to mitigate
      friction, and the other dry sides of the belt are received by the belt
      sheaves 38 and 44. The upper sides of the lower drive belt runs support a
      number of rollers 56 that extend through the furnace in a manner which
      will be subsequently described. Positioning members 58 locate the rollers
      longitudinally with respect to the furnace so that driven movement of the
      lower runs of belts 52 frictionally drives the rollers and thereby conveys
      glass through the furnace 22. The drive belts 52 are driven so that their
      lower runs move from the right to the left and thereby rotate rollers 56
      clockwise such that the glass moves from the left to the right through the
      furnace.
PAR  Referring to FIG. 2, a feeding conveyor shown by phantom lines and
      indicated by reference numeral 60 feeds sheets of glass G to be tempered
      to the furnace with the planes of the glass oriented horizontally.
      Adjacent the feeding conveyor, the furnace conveyor 36 includes a first
      electric motor drive mechanism collectively indicated by reference numeral
      62. Drive mechanism 62 includes a DC electric motor 64 mounted on a lower
      cross beam 66 extending between the vertical support beams 30. Motor 64
      has an output shaft 68 that drives a drive chain 70 to power an input
      shaft 72 of a speed reducing gear unit 74. An output shaft 76 extends
      through gear unit 74 and has load sharing arrangements 78 supported on
      each of its ends in respective alignment with the pair of driven belt
      sheaves 38 of the furnace conveyor. Each load sharing arrangement drives a
      pair of continuous drive chains 80 that are respectively received by a
      pair of toothed sprockets 82 on the belt sheave 38 with which the
      particular load sharing arrangement is aligned. Each drive belt 52 is
      received between the toothed sprockets of its belt sheave so that the
      driving force imparted to the belt sheaves 38 drives the belts 52 in the
      manner previously described.
PAR  With reference to FIG. 13, each load sharing arrangement 78 includes a pair
      of toothed sprockets 84 rotatably mounted with respect to the driving
      shaft 76 and respectively receiving the associated pair of drive chains
      80. Each toothed sprocket 84 includes a radially extending pin 86 received
      within an associated opening 88 in opposite ends of a plate 90. The
      central portion of plate 90 is pivoted by a pin 92 to the shaft 76 so that
      the plate 90 rotates with the shaft and thereby drives the toothed
      sprockets 84 to drive the chains. Pivotal movement of plate 90 about pin
      92 ensures that each chain 80 carries the same tension as the other so
      that each imparts the same driving force to the conveyor.
PAR  With reference to FIG. 4, the output shaft 76 of the speed reducing gear
      unit 74 is supported at each of its ends by journals 94 mounted on the
      adjacent vertical support beam 30 by a plate 96. Belt tightening sprockets
      98 are mounted on plate 96 in any suitable manner and engage the drive
      chains 80 to tighten these chains. A turnbuckle 100 is connected to the
      cross beam 66 extending between the lower ends of the vertical support
      beams 30 and is also connected to a plate 102 on the gear unit 74. The
      gear unit 74 is rotatable with respect to the output shaft 76 so that
      appropriate adjustment of the turnbuckle 100 tightens the chain 70 that
      extends between the motor shaft 68 and a sprocket 104 carried by the input
      shaft 72 of the gear unit. The electric motor drive mechanism 62 is
      located just below rollers 106 of the feeding conveyor 60 where sheets of
      glass G are transferred to the rollers 56 of the furnace conveyor 36 for
      conveyance through the furnace 22 through a horizontal opening 108 defined
      by upper and lower end walls 110 and 112 of the furnace.
PAR  With reference to FIG. 3, each furnace module 28 includes a semicircular
      lower housing portion 114 and a complementary semicircular upper housing
      portion 116. The lower and upper housing portions respectively include
      outer steel shells 118 and 120, insulating layers 121 and 122 and inner
      layers 124 and 126 of refractory material. The lower housing portion 114
      is mounted on the floor 32 by legs 128 so that its hollow construction
      opens upwardly toward the upper housing portion. The upper housing portion
      116 is suspended at each of its longitudinal ends by a counterbalance
      mechanism 130 for movement between the lower closed position shown by
      solid lines immediately over the upper housing portion and an upper raised
      position shown by phantom lines. The adjacent ends of upper housing
      portions 116 include semicircular end walls 131, see FIG. 1, that mitigate
      heat flow from the furnace when one of the upper housing portions is open
      while adjacent ones thereto are closed. A vertical guide 132 on each end
      of the upper housing portions is received between a pair of rollers 134
      mounted on the cross beam 34 so as to cooperate with the counterbalance
      mechanism in guiding the upper housing portion between its open and closed
      positions.
PAR  Each counterbalance mechanism 130 includes a pair of support chains 136
      extending between sprockets 138 on both the upper housing portion 116 and
      the cross beam 34 so as to define block and tackle arrangements 140. As
      seen in the enlarged portion of FIG. 3, the chains 136 each include links
      142 connected by pins 143. The support chains 136 extend toward the right
      from their respective block and tackle arrangements 140 and over sprockets
      144 secured to one end of an elongated control shaft 146 that is rotatably
      supported on the upper end of the adjacent vertical support beam 30 by a
      journal 148. As seen in FIG. 1A, the control shaft 146 of each furnace
      module extends longitudinally with respect to the module so that its
      sprockets 144 coordinate the movements of the support chains 136 at the
      opposite ends of the module. From the sprockets 144, the two support
      chains 136 at each end of the module extend downwardly for connection to a
      common counterweight 150. If one of the support chains 136 breaks, the
      other can thus carry an additional load so the counterbalance mechanism
      still functions. One of the four support chains 136 of each furnace module
      extends over a drive sprocket 152, see FIG. 3, that is driven by an
      electric motor 154 to move the associated upper housing portion 116
      upwardly or downwardly. Each electric motor 154 is controlled by suitable
      circuitry that is actuated by upward or downward movement of a control rod
      156 that actuates a switch arm 158 pivoted to its upper end and to the
      upper housing portion 116. A helical spring 160 extends between the
      control rod and the upper housing portion 116 to locate the rod at a
      neutral position where the motor is de-energized. The lower end of rod 156
      is pivoted to an operator handle 162 that is supported on the upper
      housing portion by pivoting links 163, only one shown. The operator
      handles 162 are elongated, as seen in FIG. 1A, so an operator can control
      the positioning of the associated upper housing portions thereof from any
      location along the longitudinal length of the furnace modules.
PAR  Unshown pins on either the upper or lower housing portion are received
      within unshown V-shaped grooves in the other housing portion to positively
      support and position the upper housing portion in its lower closed
      position of FIG. 3. The upper and lower housing portions then
      cooperatively define an elongated heating chamber 164 which has a round
      cross-section. Inwardly extending projections 166 of the inner refractory
      layers 124 and 126 of the housing portions have T-shaped configurations
      that support heating elements 168 that heat the glass sheets G on both
      sides thereof as the glass is conveyed through the furnace on top of the
      rollers 56. The lower housing portion 114 includes a semicircular
      stainless steel shield 170 that covers its heating elements 168 to protect
      them from broken glass that may fall downwardly from between the rollers
      56. Above the furnace, tubular members 172 are secured to the cross beams
      34 and receive upper runs of the drive belts 52 to shield them from the
      environment.
PAR  At each side of the furnace 22 as seen in FIG. 3, the inner layers of
      refractory material 124 and 126 define a pair of cooperating flanges 174
      and 176 that oppose each other and define slots 178 that communicate with
      the heating chamber 164 of the furnace and open horizontally in a lateral
      direction in alignment with each other. The slots 178 are each elongated
      in the longitudinal direction of the furnace and receive the opposite ends
      of the rollers 56 as the rollers extend outwardly from the furnace heating
      chamber 164. As seen in FIG. 5, the refractory flanges 174 and 176 define
      respective grooves 180 and 182 that are elongated parallel to the
      elongated direction of the slots 178 and receive respective heat seals 184
      and 186. Likewise, at the outboard edges of the refractory flanges 174 and
      176, additional heat seals 184' and 186' are also provided. A plurality of
      elongated attachment members 188, only one shown, extend through suitable
      lateral holes in the upper refractory flange 176 and through elongated
      slots 189 in the heat seals 186 and 186' to hold them in position against
      the force of gravity but to permit sliding of these heat seals
      longitudinally with respect to the furnace. The heat seals oppose each
      other to seal the elongated slots 178 that receive the opposite ends of
      rollers 56. As seen in FIG. 6, the lower and upper heat seals respectively
      include semicircular openings 190 and 192 that receive the rollers so that
      there is only, at most, a small slot 194 separating the heat seals from
      each other. The lower heat seals 184 and 184' are preferably made from a
      castable insulation, while the upper heat seals 186 and 186' are made from
      a hardened and stamped insulating felt. The heat seals cooperate to
      provide a heat seal arrangement that mitigates heat flow from the heating
      chamber 164 of the furnace during use.
PAR  With reference to FIGS. 5 and 6, a trim molding 196 is provided along the
      lower outboard edge of the upper housing portion 116 and includes a flange
      198 through which one end of the heat seal attachment member 188 projects
      so it may be pulled outwardly when replacement of the upper heat seals is
      necessary. Below the trim molding 196 at each side of the furnace,
      elongated members 200 are fixedly mounted with respect to the lower
      housing portion 114 in a suitable manner extending longitudinally with
      respect to the furnace in a horizontal manner. The elongated members 200
      mount the support members 54 whose upper support surfaces 202 slidably
      support the portions of drive belts 52 which are frictionally engaged by
      the ends of rollers 56. These engaged portions of the belts 52 are aligned
      with the slots 178 defined between the refractory flanges 174 and 176 so
      that the rollers extend in a rectilinear manner between the drive belts 52
      on opposite sides of the furnace, and are also at the same vertical height
      as each other so that the glass sheets conveyed through the furnace have
      their planes maintained in a horizontal orientation. The support members
      54 are shown constructed of a tubular configuration so they may receive
      coolant fluid that cools the drive belts 52. A rail 204 is fixedly secured
      in a suitable manner to the inboard side of support member 54, and a rail
      206 is slidably secured to its outboard side by pin and elongated slot
      connections 207.
PAR  With further reference to FIGS. 5 and 6, pairs of push and pull bolts 208
      and 210 extend upwardly through the elongated members 200 so as to support
      the rails 204 and 206 and thereby provide adjustability of the vertical
      height of support surfaces 202 on support members 54 so that the upper
      sides of rollers 56 can support the glass within the furnace in a true
      horizontal plane. The tension of drive belts 52 permits the surfaces 202
      to be discontinuous and still have the belts locate the rollers at the
      proper elevation. Also, the bolts 208 and 210 are located at both inboard
      and outboard locations so as to insure a true horizontal orientation of
      the support surfaces 202 and thereby provide full engagement between the
      drive belts 52 and the ends of the rollers 56. The inboard pairs of bolts
      are accessible through apertures 212 in the outer shell 118 of the lower
      housing portion so they can be rotated by a conventional wrench. The push
      bolts 208 extend through threaded apertures in the elongated members 200
      and have their upper ends engaged with their associated rail 204 or 206 to
      provide a positive upward movement of the rails as the push bolts are
      threaded upwardly. The pull bolts 210 extend upwardly through elongated
      slots 214 in the elongated members 200 and are threaded into their
      associated rails so that appropriate rotation of the pull bolts provides a
      positive downward movement of the rails and of the support surfaces 202 on
      which the drive belts 52 are slidably driven. The elongated slots 214 are
      necessary so that the pull bolts can slide longitudinally with respect to
      the furnace upon adjustment of threaded bolts 216 extending between the
      ends of the elongated members 200 and downward projections 218 at the ends
      of the rails 206. Adjustment of the bolts 216 thus moves the outboard
      rails 206 longitudinally with respect to the support members 54, as the
      pin and slots of connections 207 slide with respect to each other, and
      thereby controls the longitudinal position of the roller positioning
      members 58 which are secured to the outboard rails by bolts 220. The
      longitudinal movement of the positioning members 58 adjustably locates the
      ends of the rollers 56 in a "gang" fashion so the rollers carry the glass
      in a straight line through furnace 22. The longitudinal roller adjustment
      also slides heat seals 184, 184', 186 and 186' longitudinally due to the
      receipt of the roller ends within the heat seal depressions 190 and 192.
      The upper ends of the positioning members 58 rotatably support idler
      rollers 222 that engage the ends of rollers 56 in an antifriction manner.
PAR  As seen by combined reference to FIGS. 4 and 7, just after the lower runs
      of drive belts 52 leave the furnace 22 and move toward the driven belt
      sheaves 38, the drive belts pass through guide arrangements 224 to ensure
      that they are aligned with their associate belt sheaves. Each guide
      arrangement 224, as seen by particular reference to FIG. 7, includes a
      lower plate 226 fixedly secured to the lower side of support member 54 and
      supporting the lower ends of a pair of sleeved nut and bolt arrangements
      228 whose upper ends support the opposite ends of an upper plate 230.
      Upper plate 230 has guide rollers 232 depending downwardly from its lower
      side and supported for rotation about vertical axes in a spaced
      relationship with respect to each other so that the edges of the
      associated drive belt 52 are engaged by the rollers and thereby guided in
      the proper direction. Also, although it is not shown by the drawings, the
      upper runs of drive belts 52 are also guided by similar rollers as they
      move toward the idler belt sheaves 44 at the right-hand end of the furnace
      so as to be properly aligned with these idler belt sheaves.
PAR  The rollers 56 of the furnace conveyor 36 are made of fused silica and have
      a sufficient width so they will accommodate glass that is 48 inches wide,
      the roller width being approximately 88 inches in order that the ends of
      the rollers can project through the sides of the furnace in the manner
      previously described to be driven by the drive belts 52. The diameter of
      the rollers is approximately 21/2 inches and they are rotated at a rate
      that drives glass through the furnace usually no faster than approximately
      65 feet per minute. Each roller weighs approximately 28 pounds, and there
      are preferably 24 rollers in each of the first eight furnace modules 28,
      and 48 rollers in each of the last two modules. Adjacent the exit end of
      the furnace, the heated glass may tend to sag between the rollers and this
      is the reason the rollers there are spaced closer together. The driving
      force for the drive belts 52 must be great enough to overcome the
      frictional force developed by the substantially large weight of the
      rollers in order to provide the roller rotation. The load sharing
      arrangements 78 of the electric motor drive mechanism 62, as previously
      described, permit each driven belt sheave 38 to be driven by a pair of
      chains 80 and to thereby transmit the large driving force necessary to
      drive the conveyor rollers.
PAR  The furnace 22 heats sheets of glass to a temperature of approximately
      1,300.degree.F and the heat seals for the furnace mitigate heat flow
      therefrom so that the drive belts do not exceed a temperature of
      approximately 150.degree.F even with the frictional heat they are
      subjected to as their lubricated sides slide along their support surfaces.
      Glass sheets at least as thin as 1/8 of an inch can be conveyed through
      the furnace with minimum breakage due in part to the precise nature in
      which the ends of the rollers 56 can be adjusted to provide a true plane
      over which the glass rides.
PAR  With reference to FIG. 1B, the vertical support members 46 that carry the
      idler drive belt sheaves 44 of the furnace conveyor have lower ends that
      are pivoted to the floor 32 by pins 234. The upper end of each support
      member 46 is connected to one end of a hydraulic unit 236 whose other end
      is connected to the furnace framework. Each hydraulic unit 236 controls
      the rotational position of its associated vertical support member 46 about
      the associated pin 234 so as to control the tension of the upper portion
      of the associated drive belt 52 which is located above the furnace and is
      not engaged by the rollers. This upper portion or run of the drive belt 52
      is commonly referred to as the slack side of the belt and is normally
      tensioned by hydraulic unit 236 to enable the associated driven belt
      sheave 38 at the other end of the furnace 22 to impart a driving force to
      its associated drive belt.
PAR  As seen in FIG. 1A, the right-hand end of furnace 22 includes upper and
      lower end walls 238 and 240 that cooperatively define a horizontal opening
      242 through which the sheets of glass are conveyed out of the furnace
      after being heated. The glass sheets are then transferred to a secondary
      conveyor 244, FIG. 1B, of tempering system 20 so as to be carried through
      the quench unit 24 and the cooling unit 26. The quench unit 24 includes
      upper and lower banks of nozzles 246 and 248 that are fed pressurized air
      to quench the glass on both of its sides, and the cooling unit 26 likewise
      includes similar banks of nozzles that lower the temperature of the glass
      so it can be handled upon being conveyed out the right-hand end of the
      cooling unit.
PAR  The secondary conveyor 244 includes a pair of continuous drive chains 250
      respectively associated with opposite sides of the quench and cooling
      units. At the right-hand end of cooling unit 26, FIG. 1B, the drive chains
      250 are received by a pair of associated sprockets 252. Similar sprockets
      that are not shown are located at the other end of secondary conveyor 244
      just to the right of the furnace opening 242 and to the left of the idler
      belt sheaves 44 of the furnace conveyor. The drive belts 52 of the furnace
      conveyor and the drive chains 250 of the secondary conveyor are thus
      overlapped at their adjacent ends intermediate the opposite ends of glass
      tempering system 20. A second electric motor drive mechanism indicated by
      reference numeral 254 in FIG. 1B drives the secondary drive chains 250 so
      that their upper portions move from the right to the left through the
      quench and cooling units. Upper surfaces of the drive chains 250 support
      rollers 256 that are located between positioning members 258 so as to be
      fixed with respect to the elongated direction of glass tempering system
      20. Consequently, the frictional engagement between the rollers 256 and
      the drive chains 250 causes a clockwise rotation of the rollers so as to
      convey the sheets of glass G to the right.
PAR  FIGS. 11 and 12 show that the secondary drive chains 250 include links 260
      having teeth 262 and pins 264 that interconnect the links. The smooth
      sides of the chains 250 support the rollers 256 and, as seen in FIG. 8,
      these chains are slidably driven along upwardly facing surfaces of a pair
      of support members 266 associated with opposite sides of the glass
      tempering system and extending in a longitudinal direction with respect to
      the system. The secondary drive chains 250 are located between the furnace
      drive belts 52 where these drive components overlap adjacent the exit end
      of the furnace and the entrance end of the quench unit 24. The upper and
      lower banks of nozzles 246 and 248 are fed pressurized air from respective
      plenums 268 and 270, which plenums are fed by suitable ductwork, to quench
      the glass G on both its upper and lower surfaces as it is conveyed over
      the rollers 256.
PAR  The rollers 256 of secondary conveyor 244 may also be located
      longitudinally with respect to the tempering system by a modified
      arrangement shown in FIG. 14. This modified arrangement utilizes a shield
      272 associated with each of the support members 266 over which the
      secondary drive chains 250 are slidably driven. The shield 272 defines a
      plurality of openings 274, only one shown, which receive the rollers 256
      so that their lower sides engage the upwardly facing smooth surface of the
      associated chain 250. A central pin 276 projecting from the end of the
      roller 256 is received between two vertical positioning flanges 278 of the
      shield so as to locate the roller longitudinally with respect to the glass
      tempering system. However, upward movement of the roller for replacement
      or access to the chain 250 is still possible since the pin 276 can slide
      vertically between the flanges 278. The spacing between the outer surface
      of roller 256 and the shield 272 is sufficiently small to prevent glass
      cullets from moving downwardly between the roller and the shield so as to
      be wedged between the chain 250 and the roller in a manner that could
      cause upward vertical movement of the roller and possible damage to glass
      being conveyed over the roller.
PAR  With reference to FIG. 1B, the second electric motor drive mechanism 254
      includes a DC electric motor 280 that drives a continuous drive chain 282
      which drives the input of a speed reducing gear unit 284. With reference
      to FIG. 9, the output of gear unit 284 drives a pair of sprockets 286
      which are respectively associated with the secondary drive chains 250 on
      each side of the glass tempering system. Each of the secondary drive
      chains 250 is driven by a drive arrangement like the one shown by FIG. 9
      through an associated continuous drive chain 288. Each drive chain 288
      extends upwardly to drive a sprocket 290 that is rotatably fixed on a
      shaft 292. A pair of antifriction bearings 294 rotatably mount shaft 292
      on the adjacent vertical support member 46 which also carries the furnace
      conveyor idler belt sheave 44 associated with the same side of the glass
      tempering system. A pair of antifriction bearings 296 mounted on shaft 292
      rotatably support a pair of plates 298 in a downwardly depending manner. A
      tubular member 300 is supported by the plates 298 and has a journal 302
      that rotatably supports a shaft 304 which is lubricated by an elongated
      grease fitting 306 extending through the tubular member 300. The shafts
      292 and 304 are oriented parallel with each other and carry respective
      chain sheaves 308 and 310 that receive the associated drive chain 250 in a
      serpentine configuration as shown by FIG. 10. As previously discussed with
      respect to FIGS. 11 and 12, the drive chain 250 has a smooth side and a
      toothed side, and the chain sheave 308 shown in FIG. 9 has an annular
      groove 312 that receives the smooth side of the chain while the chain
      sheave 310 has teeth 314 that mesh with the chain teeth to drive the
      chain. A pair of intermeshed gears 316 and 318 respectively carried by the
      inboard ends of shafts 292 and 304 provide a path of driving force from
      the drive chain 288 through the shafts and to the chain sheave 310 to
      drive the associated drive chain 250.
PAR  With reference to FIG. 10, a hydraulic unit 320 has one end connected by a
      pin 322 to a downward extension on one of the plates 298 that carries the
      toothed chain sheave 310. The other end of the hydraulic unit is connected
      by a pin 324 to a U-shaped plate assembly 326 that is carried by the
      associated vertical support member 46. Hydraulic unit 320 controls the
      rotational position of plate 298 about its rotational support on shaft
      292. The hydraulic unit maintains a properly tensioned condition in the
      associated secondary drive chain 250 to insure proper functioning of the
      drive chain. The drive chain 288 extending from the gear unit 284 does not
      have its tension varied by the hydraulic unit 320 since the sprocket 290
      driven by chain 288 is located on the same shaft 292 about which the plate
      298 pivots.
PAR  With reference to FIG. 9, the shaft 292 driven by drive chain 288 through
      sprocket 290 also carries a coupling sprocket 328 that is aligned with a
      toothed sprocket 330 on the adjacent idler belt sheave 44 of the furnace
      conveyor. A continuous drive chain 332 is received by both sprockets 328
      and 330 as also seen in FIG. 1B so as to couple the secondary conveyor 244
      with the furnace conveyor 36. The electric motor 280 of the secondary
      conveyor drive mechanism is sufficiently powerful so that the chain 332
      transfers power to the furnace conveyor and tends to rotate its associated
      idler belt sheave 44 of the furnace conveyor in a clockwise direction. The
      clockwise rotation transferred to the idler belt sheaves 44 from the
      secondary conveyor through their associated chains 332 tends to tighten
      the upper run of belt 52 which is generally referred to as its slack side.
      The tightening of the slack side of drive belts 52 increases the driving
      force that the driven belt sheaves 38 at the FIG. 1A left-hand end of
      furnace 22 can impart to the drive belts. Such an increase in the imparted
      driving force is necessary due to the large weight of the rollers 56 of
      the furnace conveyor as previously discussed.
PAR  While a preferred embodiment has been described, those skilled in the art
      will recognize various alternatives that can be used in carrying out the
      invention as described by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roller hearth furnace for heating sheets of glass, the furnace
      comprising:
PA1  a horizontally elongated housing including upper and lower housing portions
      of complementary hollow constructions, the lower housing portion being
      fixedly mounted in an upwardly opening orientation, the upper housing
      portion opening downwardly and being mounted for vertical movement between
      an upper open position spaced above the lower housing portion to permit
      access into the housing portions and a lower closed position immediately
      over the lower housing portion so the housing portions cooperatively
      define a horizontally elongated heating chamber, said housing portions
      cooperatively defining horizontally elongated slots along the elongated
      sides thereof, said elongated slots opening horizontally in communication
      with the heating chamber and in alignment with each other, and means on
      the housing for heating the chamber thereof; and
PA1  a roller conveyor for moving sheets of glass through the heating chamber,
      said conveyor including means defining a pair of support surfaces
      respectively extending horizontally alongside the slots of the housing and
      located externally of the heating chamber, said support surfaces being at
      the same vertical height as each other, a pair of continuous drive belt
      means respectively slidable on the pair of support surfaces, said drive
      belt means having upwardly facing surfaces in horizontal alignment with
      the elongated housing slots and each other while sliding along the support
      surfaces, a plurality of elongated rollers extending through the heating
      chamber of the furnace and outwardly through the elongated slots in the
      housing, the opposite ends of each roller being supported on the upwardly
      facing surface of the adjacent drive belt means so the roller portions
      within the heating chamber support sheets of glass in a horizontal
      orientation, positioning means preventing the rollers from moving in the
      elongated direction of the furnace so that frictional engagement of the
      rollers with the drive belt means rotates the rollers as the belt means
      move along the support surfaces, and drive means for moving the belt means
      along the support surfaces so glass sheets on top of the rollers within
      the heating chamber are heated while conveyed within the housing.
NUM  2.
PAR  2. A furnace according to claim 1 wherein the rollers are freely movable in
      an upward direction when the upper housing portion is positioned in its
      upper open position.
NUM  3.
PAR  3. A furnace according to claim 1 wherein the upper and lower housing
      portions each carry heat seals that mitigate heat flow from the heating
      chamber through the elongated housing slots toward the drive belt means.
NUM  4.
PAR  4. A furnace according to claim 1 wherein each continuous drive belt means
      takes the form of a steel belt.
NUM  5.
PAR  5. A furnace according to claim 1 wherein each continuous drive belt means
      is trained over an associated driven belt sheave at one end of the furnace
      and an associated idler belt sheave at the other end of the furnace.
NUM  6.
PAR  6. A furnace according to claim 5 wherein each drive belt means has upper
      and lower runs with the lower runs having the upwardly facing surfaces
      supporting the ends of the rollers.
NUM  7.
PAR  7. A furnace according to claim 1 wherein the drive belt means are driven
      only in one direction along the support surfaces and thereby convey glass
      from one end of the furnace to the other in an opposite direction to the
      direction the belt means are driven along the support surfaces.
NUM  8.
PAR  8. A furnace according to claim 1 wherein the positioning means for the
      elongated conveyor rollers includes idler rollers that engage the ends of
      the conveyor rollers in an antifriction manner.
NUM  9.
PAR  9. A furnace according to claim 8 wherein each end of each roller is
      positioned between a pair of the idler rollers.
NUM  10.
PAR  10. A roller hearth furnace for heating sheets of glass, the furnace
      comprising:
PA1  a horizontally elongated housing including upper and lower housing portions
      of complementary hollow constructions, the lower housing portion being
      fixedly mounted in an upwardly opening orientation and having an inner
      layer of refractory material, the upper housing portion opening downwardly
      and having an inner layer of refractory material, the upper housing
      portion being mounted for vertical movement between an upper open position
      spaced above the lower housing portion to permit access into the housing
      portions and a lower closed position immediately over the lower housing
      portion so the inner layers of refractory material of the housing portions
      cooperatively define an elongated heating chamber of the furnace, said
      layers of refractory material cooperatively defining a pair of
      horizontally elongated slots along the elongated sides of the furnace,
      said elongated slots opening horizontally in communication with the
      heating chamber and in alignment with each other, and means for heating
      the heating chamber of the housing;
PA1  a roller conveyor for moving sheets of glass through the heating chamber of
      the furnace from one end thereof to the other, said conveyor including
      means defining a pair of support surfaces respectively extending
      horizontally alongside the slots of the housing and located externally of
      the heating chamber, said support surfaces being at the same vertical
      height as each other, a pair of continuous drive belts respectively
      associated with the pair of support surfaces on opposite sides of the
      furnace, a driven belt sheave for each drive belt at one end of the
      furnace and an idler belt sheave for each drive belt at the other end of
      the furnace, said drive belts having portions that are slidably driven
      along their respective support surfaces and including upwardly facing
      surfaces in horizontal alignment with the elongated housing slots and with
      each other, a plurality of elongated rollers extending through the heating
      chamber and outwardly through the elongated slots in the housing, the
      opposite ends of each roller being supported on the upwardly facing
      surface of the adjacent drive belt so the intermediate portions of the
      roller within the heating chamber support sheets of glass in a horizontal
      orientation, and a plurality of positioning members extending upwardly
      between the rollers from adjacent the support surfaces to prevent movement
      of the rollers along the elongated direction of the furnace so that
      frictional engagement of the rollers with the belt driven along the
      support surfaces rotates the rollers and thereby conveys sheets of glass
      through the furnace, said positioning members permitting upward movement
      of the rollers when the upper housing portion is in the raised position
      thereof; and
PA1  heat seals for sealing between the housing and the rollers at the elongated
      slots in the housing to mitigate heat flow out of the heating chamber
      through the slots.
NUM  11.
PAR  11. A furnace according to claim 10 wherein the inner layers of refractory
      material of the upper and lower housing portions each define a pair of
      flanges that respectively cooperate with the flanges of the other housing
      portion to define the elongated slots through which the rollers extend.
NUM  12.
PAR  12. A furnace according to claim 11 wherein each flange of refractory
      material defines an elongated groove extending parallel to the elongated
      direction of the furnace and receiving an associated heat seal that seals
      between the rollers of the conveyor and the housing.
NUM  13.
PAR  13. A furnace according to claim 12 wherein the heat seals of the lower
      housing portion are made from a castable insulation.
NUM  14.
PAR  14. A furnace according to claim 12 wherein the heat seals of the upper
      housing portion are made from a hardened and stamped insulating felt.
NUM  15.
PAR  15. A furnace according to claim 12 wherein each heat seal of each flange
      semicircular openings that receive the rollers and thereby cooperate with
      the heat seal of the adjacent flange in an opposing relationship to
      mitigate heat flow from the furnace.
NUM  16.
PAR  16. A furnace according to claim 15 wherein each flange of refractory
      material on the upper housing portion includes elongated attachment
      members extending transversely with respect to the furnace through the
      upper flanges and through the portions of the associated heat seals
      received within the grooves of the upper flanges.
NUM  17.
PAR  17. A furnace according to claim 12 wherein additional heat seals are
      located between the rollers and outboard edge portions of the flanges to
      further mitigate heat flow from the furnace.
NUM  18.
PAR  18. A furnace according to claim 10 wherein the upwardly projecting
      positioning members are interconnected and adjustably supported on the
      lower housing portion for movement longitudinally with respect to the
      furnace to simultaneously adjust the position of the adjacent ends of the
      rollers with respect to the other ends of the rollers so the direction of
      glass travel is thereby controlled.
NUM  19.
PAR  19. A furnace according to claim 18 wherein threaded members extend between
      fixed portions of the lower housing portion and the interconnected
      positioning members so that rotation of the threaded members moves the
      positioning members longitudinally with respect to the furnace to adjust
      the longitudinal position of the ends of the rollers.
NUM  20.
PAR  20. A furnace according to claim 19 wherein the means of the conveyor for
      defining the pair of support surfaces over which the drive belts are
      slidably driven includes support members that are connected to the
      positioning members for vertical adjustment therewith to ensure the
      horizontal orientation of the glass as it travels through the furnace.
NUM  21.
PAR  21. A furnace according to claim 20 wherein threaded members extend between
      fixed portions of the lower housing portion and the interconnected
      positioning and support members to provide the vertical adjustment of the
      rollers.
NUM  22.
PAR  22. A furnace according to claim 21 wherein the threaded members providing
      the vertical adjustment are located at both inboard and outboard sides of
      the interconnected positioning and support members to permit adjustment of
      the support surfaces defined by the support members in a manner that
      ensures the horizontal orientation of the support surfaces along a
      transverse direction with respect to the furnace so that the drive belts
      are fully engaged with the rollers.
NUM  23.
PAR  23. A glass tempering system comprising the combination of:
PA1  a furnace including an elongated housing defining an elongated heating
      chamber, heating means for heating said chamber, said housing defining
      elongated slots at opposite lateral sides of the furnace, said slots
      communicating with the heating chamber and opening horizontally in
      alignment with each other;
PA1  a first conveyor for moving glass through the furnace from one end thereof
      to the other, the conveyor including means defining a pair of support
      surfaces extending horizontally alongside the slots of the housing and
      located externally of the heating chamber, a pair of continuous drive belt
      means associated with the pair of support surfaces on opposite sides of
      the housing, a first pair of belt sheaves rotatably supported on opposite
      sides of the furnace adjacent the one end thereof and respectively
      receiving the pair of drive belt means, a second pair of belt sheaves
      rotatably supported on opposite sides of the furnace adjacent the other
      end thereof and respectively receiving the pair of drive belt means, a
      first electric motor drive mechanism for driving the first pair of the
      drive belt sheaves so that portions of the drive belt means slide along
      the support surfaces toward the one end of the furnace from the other end
      thereof, said portions of the pair of drive belt means having upwardly
      facing horizontal surfaces aligned with the slots in the housing and with
      each other at the same vertical height, a plurality of elongated rollers
      extending through the heating chamber and outwardly through the slots in
      the housing, the opposite ends of each roller being supported on the
      upwardly facing surface of the adjacent drive belt means so the
      intermediate portions of the rollers within the heating chamber support
      sheets of glass in a horizontal orientation, and positioning means
      locating the rollers longitudinally with respect to the furnace so that
      frictional engagement of the rollers with the drive belt means rotates the
      rollers as the drive mechanism drives the first pair of belt sheaves and
      thereby conveys glass from the one end of the furnace to the other;
PA1  a quench unit adjacent the other end of the furnace for quenching the
      sheets of glass after leaving the furnace;
PA1  a second conveyor for carrying the sheets of glass through the quench unit,
      said second conveyor including means defining a second pair of support
      surfaces, a second pair of continuous drive belt means, rotatably
      supported sheaves receiving the second pair of continuous drive belt means
      so that portions thereof respectively slide over the second pair of
      support surfaces and define upwardly facing surfaces, a plurality of
      elongated rollers extending transversely with respect to the elongated
      direction of the tempering system and having ends respectively supported
      on the upwardly facing surfaces of the pair of second drive belt means,
      and positioning means preventing movement of the rollers of the second
      conveyor longitudinally with respect to the tempering system so that
      driven movement of the second pair of drive belt means along the support
      surfaces toward the furnace rotates the rollers supported thereby so as to
      carry the glass away from the furnace thorugh the quench unit, and a
      second electric motor drive mechanism for driving the second pair of drive
      belt means; and
PA1  means coupling the first and second conveyors to coordinate the movement
      thereof so that glass moves at a steady state between the two conveyors.
NUM  24.
PAR  24. A system according to claim 23 wherein the first pair of drive belt
      means takes the form of a pair of continuous steel drive belts.
NUM  25.
PAR  25. A system according to claim 24 wherein the second pair of drive belt
      means takes the form of a pair of continuous drive chains.
NUM  26.
PAR  26. A system according to claim 25 wherein the coupling means transfers
      power from the second conveyor to the first conveyor to tension the
      portions of the first pair of drive belts that are not engaged by the
      rollers so as to increase the driving force the first pair of belt sheaves
      can impart to the first pair of drive belts.
NUM  27.
PAR  27. A system according to claim 26 wherein the coupling means includes a
      pair of continuous coupling chains respectively trained over the second
      pair of belt sheaves associated with the drive belts of the first
      conveyor, the coupling chains being driven by the second electric motor
      drive mechanism through respective shafts that respectively drive the
      drive chains of the second conveyor.
NUM  28.
PAR  28. A system according to claim 26 wherein the second pair of belt sheaves
      of the first conveyor are rotatably supported on support means that are
      biased to tension the drive belts received thereby so as to cooperate with
      the coupling means in tensioning the drive belts of the first conveyor.
NUM  29.
PAR  29. A system according to claim 28 wherein each of the second pair of belt
      sheaves for the first conveyor is supported by an associated vertical
      support member having a lower end pivotally supported and an upper end
      positioned by a hydraulic unit so as to control the tension of the drive
      belts.
NUM  30.
PAR  30. A system according to claim 29 wherein each vertical support member
      mounts a drive sheave for driving an associated drive chain of the second
      conveyor.
NUM  31.
PAR  31. A system according to claim 30 wherein each vertical support member
      rotatably mounts a pair of sheaves in a spaced relationship on a plate
      that is pivoted to its support member about the axis of rotation of one of
      the sheaves carried thereby, the plate being pivotally positioned by a
      hydraulic unit, and the associated drive chain being received by the pair
      of sheaves in a serpentine configuration so that movement of the other
      sheave under the impetus of the associated hydraulic unit controls the
      tension of the associated chain.
NUM  32.
PAR  32. A system according to claim 25 wherein shields cover the pair of drive
      chains of the second conveyor and have openings that receive the roller to
      permit engagement thereof with the drive chains, the shields preventing
      glass cullets from moving between the rollers and the drive chains of the
      second conveyor so as to prevent upward movement of these rollers in a
      manner that could damage glass being conveyed thereby.
NUM  33.
PAR  33. A system according to claim 32 wherein the shields include vertical
      positioning flanges that cooperate with pins on the ends of the rollers of
      the second conveyor to provide the means for positioning these rollers
      longitudinally with respect to the tempering system, the positioning
      flanges permitting upward movement of these rollers for replacement or
      repair as required.
NUM  34.
PAR  34. A system according to claim 24 wherein the first pair of belt sheaves
      are each driven by the first electric motor drive mechanism through an
      associated pair of drive chains.
NUM  35.
PAR  35. A system according to claim 34 wherein the two drive chains that
      cooperate to drive each belt sheave of the first pair of belt sheaves are
      driven by a load sharing arrangement of the first electric motor drive
      mechanism to ensure that each drive chain carries a driving force
      substantially equal to that of the other.
NUM  36.
PAR  36. A system according to claim 35 wherein each load sharing arrangement
      includes a plate pivoted to a drive shaft and to a pair of drive sprockets
      that drive the drive chains.
NUM  37.
PAR  37. A system according to claim 24 wherein the drive belts of the first
      conveyor are guided by guide arrangements onto the belt sheaves of the
      first conveyor.
NUM  38.
PAR  38. A system according to claim 37 wherein the guide arrangements each
      include a pair of guide rollers between which the associated drive belt
      moves so that edge portions of the belt are engaged by the guide rollers
      to provide the guiding of the belt.
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ABST
PAL  This invention relates to a process for producing bicolored and tricolored
      cotton toweling by means of selective dyeing procedures. In this method,
      initial surface dyeing is followed by overdyeing of the entire fabric.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAR  The invention relates to the dyeing of cotton and other cellulosic
      containing fabrics in such a manner as to produce bicolored and tricolored
      fabrics. The bicolored effect is achieved by a surface dyeing of the
      fabric followed by overdying of the entire fabric. The unique character of
      this procedure stems from two elements. First, because a cotton pile
      fabric is utilized, the top of the loops is dyed one color while the base
      of the loops is a second color. This technique would not yield the same
      color effects on the usual woven fabrics. The second element in this
      procedure is the use of color increments in the initial and second
      dyeings. By this is meant that one color component is added in surface
      dyeing while the second component is added in the second dyeing. For
      example, green is a combination of yellow and blue. If one uses a blue dye
      in the initial coat and overdyes the entire fabric yellow then the
      resultant fabric will be green on the coated side with the base of the
      towel loop being yellow. The reverse side of the fabric is likewise
      yellow. If in the coating operation, the desired green shade had been
      applied, the resulting color after overdyeing would have been a dark green
      yellow. This indicates the need for using the components for a particular
      color in both the coating and overdyeing operation if one is to achieve
      the brightness and contrast of color desired.
PAR  In another example of the same operation, the initial surface coating was
      done using red. The subsequent overdyeing was done in yellow. The result
      was a fabric with orange loops with a yellow background on one side with
      the other side being dyed yellow.
PAR  Because many dye shades are combinations of several dye colors, it can be
      seen that the components in these combinations can be used in coating and
      overdying to produce numerous color effects. For example, a particular
      shade of deep green can be produced using a dye bath containing 3.00
      oz/gallon of Reactive Yellow, 4.10 oz/gallon of Reactive Blue and 0.50
      oz/gallon of Reactive Orange. If the surface coating is applied to contain
      all the blue and orange and the fabric is overdyed with a bath containing
      yellow only, the result is a fabric that is the desired green in the loops
      on one side with the base of the loops yellow and the reverse side of the
      fabric being yellow. Conversely, if the surface coating is done in such a
      way that it contains all the orange and yellow then the entire fabric is
      overdyed with the blue, the loop surface on the coated side is the deep
      green shade. However, the base of the loops is blue and the reverse side
      of the fabric is blue. Other examples can readily be devised and will be
      given subsequently. The method is particularly effective if one wants to
      produce a dark loop with a light or pastel background with the reverse
      side of the fabric being pastel.
PAR  Extensions of the standard method can be used to produce other effects. For
      example, instead of the entire surface loop area on one side of the fabric
      being coated, the coating with dyestuff can be done in the form of prints
      or designs. If this is done in blue, for example, and the entire fabric is
      overdyed in yellow, then a green print with a yellow background in the
      nonprinted areas is produced. With printing, more than one color can be
      used with the recognition that the overdyeing will modify the printed
      color. For example, a dye print is made on a towel using red, blue and
      equal amounts of red and blue. When this is overdyed with the yellow, the
      result is a green, orange and black print with a yellow background. If
      lesser amounts of yellow are used in overdyeing, the green in the print
      becomes more blueish, the orange more reddish and the black more of a
      purple. With prints of many colors it can be seen that here it is more
      advantageous to use lighter, more pastel shades in overdyeing.
PAR  In another variation of the standard method, the coating operation can be
      performed on both sides of the fabric. For example, if fabric is coated on
      both sides with red and then overdyed with yellow, the result is a fabric
      with an orange on the top of the pile with a yellow background on both
      sides of the fabric. In another variation of this, a tricolored effect can
      be produced. For example, one side of the fabric can be coated with a red
      and the other side coated with a blue. If one stops at this point, there
      is produced a red surface pile with a white background on one side and
      blue surface pile with a white background on the second side. However, if
      one now dyes this red and blue fabric with a yellow reactive dye, the
      result is a fabric with green pile loops and yellow background on one side
      of the fabric while the other side has orange loops with a yellow
      background. Thus it can be seen that by this method a tricolored effect on
      fabric can be produced.
PAR  Several comments might be made relative to the fabrics prepared in this
      manner. Because a given pile yarn dyed by the process of the invention is
      one color in one segment and a second color in another segment, fabrics
      such as prepared by this method cannot be duplicated by using dyed yarns
      in weaving. Second, because the method utilizes a cotton reactive group
      and a water soluble thickener, the absorbency of the toweling is not
      affected by this operation. By contrast, many printing operations on
      toweling leave the fabric non-absorbent because insoluble polymers have
      been used in printing operations to restrict the position of the dye on
      the fabric. In this procedure the position of the dye has been achieved by
      means of a chemical reaction of the dye with cotton.
PAR  At this point the specific experimental procedure will be illustrated.
      Initially the toweling is padded to 90% wet pickup with a catalyst
      formulation containing 1% sodium hydroxide, 5% sodium carbonate and 8%
      sodium sulfate. The fabric is dried for 10 minutes at 60.degree.C. Then
      the fabric is coated with a formulation containing 0.1 - 1.0% reactive dye
      and 2% sodium alginate. The fabric is dried for 7 minutes at 60.degree.C.
      For better dye coverage a second coat can be given if it is desired to cut
      down on the grin-through of the color of the ground of the fabric. Thus
      the second coat utilizes the same formulation as in the initial coat.
      However, it is desirable that the direction of application of the coat is
      opposite to the initial coat. For example, this means that if the initial
      coat is performed on small equipment and the coating blade moves from
      right to left on the fabric, in the second coat, the blade is moved from
      left to right. With large equipment the fabric is moved past the coating
      bar and the fabric is coated in one direction on the initial pass and the
      reverse direction on the subsequent pass. By this means, both sides of a
      loop of the pile can be coated. Following the coating the fabric is dried
      for 10 minutes at 65.degree.C and cured for 5 minutes at 100.degree.C.
      This fabric is then washed, soured with 1% acetic acid, rinsed and
      redried. The fabric is next given the second dyeing (overdying) using a
      standard method normally employed with a reactive cotton dye.
PAR  The preceding is the standard method employed for producing the bicolored
      towels. The other variations described for producing tricolored or printed
      towels can be done with relatively simple variations of the standard
      method. For tricolored or for towels bicolored on both sides, it is only
      necessary to perform the previously described coating operations on both
      sides of the fabric. If the same color dye is used in coating on both
      sides, a towel that is bicolored on both sides is ultimately obtained. If
      different colored dyes are used on each side of the fabric in coating, a
      tricolored fabric is ultimately obtained.
PAR  Similarly, in the printing operation the fabric is padded with the
      catalyst, then the dye and the thickener is printed on the fabric in the
      proper locations. In all cases, the procedure for the final dyeing
      (overdying) is a standard cotton dyeing process.
PAR  The preceding is the general procedure of this process. Concentrations of
      catalyst, dye and thickener as well as dyeing conditions, drying
      conditions and curing conditions can be modified considerably by one
      skilled in the art to control depth and penetration of color. While this
      procedure has been given using reactive dyes only, the method is readily
      amenable to other dye systems using different types of cotton dyes.
DETD
PAR  The following examples may be viewed as illustrative of the methods
      utilized in this process. Variations and extensions of these procedures
      can be employed readily by anyone skilled in the art. Particularly, it
      should be noted that printing can be done on both sides of the fabric and
      a variety of colors can be used in printing.
PAC  EXAMPLE 1
PAR  A desized, scoured and bleached sample of white cotton terry toweling was
      padded to approximately 90% pickup with a formulation containing 1% sodium
      hydroxide, 5% sodium carbonate, 8% sodium sulfate and 86% water.
PAR  The fabric was dried for 10 minutes at 60.degree.C. Then, a coating mixture
      was applied to one side of the fabric. The coating formulation contained 2
      % sodium alginate, 0.17% Reactive Blue 41, 0.04% Reactive Orange 4, 0.079%
      Reactive Brown 10 and 97% water. The fabric was dried for 10 minutes at
      60.degree.C, then the formulation was used to coat the same side of the
      fabric in the reverse direction. The fabric was redried for 10 minutes at
      60.degree.C and cured for 5 minutes at 100.degree.C. This fabric was then
      rinsed, soured in a solution containing 1% glacial acetic acid and 99%
      water and again dried.
PAR  Then the fabric was dyed with Reactive Red 5 using a standard dye
      procedure. Essentially this consisted of inserting, at room temperature,
      the fabric into an aqueous bath containing 0.1% dye (based on the weight
      of water) and 40% sodium sulfate (based on the weight of fabric). For each
      gram of fabric, 30 grams of the bath solution were employed. The samples
      were stirred for 15 minutes, removed from the dye bath, 30% sodium
      carbonate (based on weight of fabric) was added, the solution warmed to
      60.degree.C and kept between 55.degree.-60.degree.C for the remainder of
      the dyeing operation. The fabric sample was reinserted in the dyebath and
      the bath was stirred for 15 minutes. The fabric was rinsed in cold water
      and then heated in a hot bath containing a wetting agent. The sample was
      then laundered.
PAR  The result was a fabric with purple loops and a pink ground on one side
      with the reverse side of the fabric being pink.
PAC  EXAMPLE 2
PAR  A white cotton terry towel was finished using the same procedure as in
      Example 1 except that in the coating operation the formulation was
      prepared using 2% sodium alginate, 0.7% Reactive Orange 4, 0.3% Reactive
      Brown 10 and 97% water. In the overdying step, 1% dye was used based on
      the weight of water. This 1% dye consisted of 0.08% Reactive Yellow 22 and
      0.92% Reactive Blue 3. When the procedure was concluded, there was
      produced a cotton terry toweling which had rusty (brown) loops with a
      turquise base (ground) on one side with the reverse side of the fabric
      being turquoise.
PAC  EXAMPLE 3
PAR  A desized, scoured and bleached white cotton terry towel was finished using
      the same procedure as in Example 1. However, the coating formulation
      contained 2% sodium alginate, 1% Reactive Blue 5 and 97% water. In the
      second dyeing, 1% dye (Reactive Yellow 22) based on the weight of the
      water was used. There was obtained a fabric which had green loops with a
      yellow ground on one side with the reverse side of the fabric being
      yellow.
PAC  EXAMPLE 4
PAR  A desized, scoured and bleached white cotton terry toweling was finished
      using the same procedure as in Example 1. However, the coating formulation
      contained 2% sodium alginate, 1% Reactive Red 5 and 97% water. In the
      second dyeing, 1% dye (Reactive Yellow 22) was used based on the weight of
      the water. There was obtained a fabric which had orange loops with a
      yellow background on one side with the reverse side of the fabric being
      yellow.
PAC  EXAMPLE 5
PAR  A desized, scoured and bleached white cotton terry towel was finished using
      the same procedure as employed in Example 1. However, the coating
      formulation contained 2% sodium alginate, 0.56% Reactive Brown 10, 0.10%
      Reactive Blue 41, 0.34% Reactive Yellow 22 and 97% water. In the second
      dyeing, the procedure was the same as in Example 1 except that 1% dye was
      used based on the weight of the water. This 1% dye was composed of 0.975%
      Reactive Yellow 22 and 0.025% Reactive Orange 4. There was obtained a
      fabric with brown loops and a yellow ground on one side with the reverse
      side of the fabric being yellow.
PAC  EXAMPLE 6
PAR  A desized, scoured and bleached sample of a white cotton terry toweling was
      padded to approximately 90% wet pickup with a formulation containing 1%
      sodium hydroxide, 5% sodium carbonate, 8% sodium sulfate and 86% water.
      The fabric was dried for 10 minutes at 60.degree.C. Then a coating mixture
      was applied to one side of the fabric. The coating formulation contained
      2% sodium alginate, 1% Reactive Blue 3 and 97% water. The fabric was dried
      for 10 minutes at 60.degree.C. Then the same formulation was used to coat
      the same side of the fabric in the reverse direction. The fabric was
      redried for 10 minutes at 60.degree.C. Then the back side of the fabric
      was coated twice in the same manner as the front side of the fabric. The
      fabric was redried for 10 minutes at 60.degree.C and cured for 5 minutes
      at 100.degree.C. This fabric was rinsed, soured in a solution containing
      1% glacial acetic acid and 99% water. The fabric was again dried.
PAR  Then the fabric was dyed with 1% Reactive Yellow 22 using a standard dye
      procedure as described in Example 1. There was obtained a fabric which was
      bicolored on both sides. On each side the loops of the fabric pile were
      dyed green while the ground of the fabric was dyed yellow.
PAC  EXAMPLE 7
PAR  A desized, scoured and bleached white cotton terry towel was finished in a
      manner similar to that employed in Example 6. However, in the coating
      operation the formulation contained 2% sodium alginate, 1% Reactive Red 5
      and 97% water. In the overdyeing procedure the dye employed was 1%
      Reactive Yellow 22 based on the weight of the water. The finished towel
      was bicolored on both sides. The fabric had orange loops and a yellow
      ground.
PAC  EXAMPLE 8
PAR  A desized, scoured and bleached white cotton terry towel was dyed in a
      manner similar to that employed in Example 6. However, the coating
      formulation was composed of 2% sodium alginate, 0.56% Reactive Brown 10,
      0.10% Reactive Blue 41,  0.34% Reactive Yellow 22 and 97% water. In the
      overdyeing procedure, 1% dye (composed of 0.975% Reactive Yellow 22 and
      0.025% Reactive Orange 4) was used based on the weight of the water. There
      was obtained a fabric with brown loops and a yellow ground on both sides.
PAC  EXAMPLE 9
PAR  A desized, scoured and bleached sample of a white cotton terry toweling was
      padded to approximately 90% wet pickup with a formulation containing 1%
      sodium hydroxide, 5% sodium carbonate, 8% sodium sulfate and 86% water.
      The fabric was dried for 10 minutes at 60.degree.C. Then a coating mixture
      was applied to one side of the fabric. The coating formulation contained
      2% sodium alginate, 1% Reactive Blue 3 and 97% water. The fabric was dried
      for 10 minutes at 60.degree.C. Then the same formulation was used to coat
      the same side of the fabric in the reverse direction. The fabric was
      redried for 10 minutes at 60.degree.C. Then the back side of the fabric
      was coated twice in the same manner as the front side of the fabric with a
      different coating formulation. This coating formulation consisted of 2%
      sodium alginate, 1% Reactive Red 5 and 97% water. The fabric was redried
      at 60.degree.C for  10 minutes and cured for 5 minutes at 120.degree.C.
      The fabric was rinsed, soured in a solution containing 1% acetic acid and
      99% water, then redried. The result was a tricolored fabric in which the
      loops of the fabric were blue with a white ground on one side with the
      reverse side of the fabric having red loops with a white ground.
PAC  EXAMPLE 10
PAR  The fabric from Example 9 was overdyed with 1% Reactive Yellow 22 using the
      same procedure as employed in overydyeing in Examples 1 and 3. The result
      was a tricolored fabric in which one side had green loops with a yellow
      background with the reverse side of the fabric possessing orange loops
      with a yellow background.
PAC  EXAMPLE 11
PAR  A desized scoured and bleached white cotton terry toweling was finished as
      in Example 9 with the following exceptions. In the first coating
      operation, the composition of coating mixture was 2% sodium alginate, 1%
      Reactive Red 5 and 97% water. In coating the second side of the fabric, a
      coating formulation consisting of 2% sodium alginate, 1% Reactive Yellow
      22 and 97% water was used. The result was a tricolored fabric in which the
      loops of one side of the fabric were red with a white ground while on the
      reverse side of the fabric the loops were yellow with a white ground.
PAC  EXAMPLE 12
PAR  The fabric from Example 11 was dyed with 1% Reactive Blue 3 using the same
      procedure as employed in overdyeing in Examples 1 and 3. The result was a
      tricolored fabric in which one side of the fabric had green loops with a
      blue background while the reverse side of the fabric had purple loops with
      a blue background.
PAC  EXAMPLE 13
PAR  A desized, scoured and bleached white cotton terry toweling was dyed as the
      towel in Example 9 with the following exceptions. In the first coating the
      composition of the coating mixture was 2% sodium alginate, 1% Reactive
      Orange 4 and 97% water. In coating the second side of the fabric, a
      coating formulation consisting of 2% sodium alginate, 1% Reactive Brown 10
      and 97% water was used. The result was a tricolored fabric in which the
      loops on one side of the fabric were orange with a white background while
      on the reverse side of the fabric the loops were brown with a white
      ground.
PAC  EXAMPLE 14
PAR  A desized, scoured and bleached sample of white cotton terry toweling was
      padded to approximately 90% wet pickup with a formulation containing 1%
      sodium hydroxide, 5% sodium carbonate, 8% sodium sulfate and 86% water.
      The fabric was dried for 10 minutes at 60.degree.C. Then a coating mixture
      was applied to one side of the fabric. The coating formulation contained
      1% Reactive Blue 41, 2% sodium alginate and 97% water. The fabric was
      dried for 10 minutes at 60.degree.C. Then the same formulation was used to
      coat the same side of the fabric in the reverse direction. The fabric was
      redried for 10 minutes at 60.degree.C. Then the back side of the fabric
      was coated twice in a similar manner as the front side of the fabric with
      a different coating formulation. This coating formulation consisted of 2%
      sodium alginate, 0.9% Reactive Yellow 22, 0.009% Reactive Orange 4, 0.091%
      Reactive Blue 41 and 97% water. The fabric was redried at 60.degree.C for
      10 minutes and cured for 5 minutes at 120.degree.C. The fabric was rinsed,
      soured in a solution containing 1% acetic acid and 99% water, then
      redried. This fabric was then overdyed with 0.08% Reactive Red 5 using the
      same procedure as employed for immersion dyeing in Example 1. The result
      is a tricolored fabric in which the fabric had blue loops with a pink
      ground on one side and lime loops with a pink ground on the reverse side.
PAC  EXAMPLE 15
PAR  A desized, scoured and bleached sample of white cotton terry toweling was
      finished as in Example 1 with the following exceptions. In the coating
      operation, instead of coating the entire side of the fabric, the coating
      formulation was laid down in the form of one-half inch stripes with one
      inch stripes of uncoated fabric intervening. The result after completion
      of all dyeing was a striped fabric with one-half inch stripes with purple
      loops and a pink ground with one inch stripes of all pink fabric on one
      side with the reverse side of the fabraic being entirely pink.
PAC  EXAMPLE 16
PAR  A desized, scoured and bleached sample of white cotton terry toweling was
      finished as in Example 2 with the following exceptions. In the coating
      operations, instead of coating the entire side of the fabric, the coating
      formulation was laid down in a checkered pattern of 11/2 inch squares;
      that is, every other square in each direction was coated. The result after
      completion of all dyeing was a checkered fabric in which multicolored
      brown and turquise squares alternated with turquise squares on one side
      with the reverse side of the fabric being turquise. The multicolored
      squares had brown loops with a turquise background.
PAC  EXAMPLE 17
PAR  A desized, scoured and bleached sample of white cotton terry toweling was
      finished as in Example 4 with the following exceptions. In the coating
      operations, instead of coating the entire side of the fabric, the coating
      formulations were laid down in the form of one inch circles with one inch
      between circles in both the length and width of the fabric.
PAR  The result after completion of all dyeing was a fabric with multicolored
      circles in each direction and a yellow fabric in the uncoated areas. The
      reverse side of the fabric was also yellow. The multicolored circles had
      orange loops with a yellow ground.
PAC  EXAMPLE 18
PAR  A desized scoured and bleached sample of white cotton terry toweling was
      finished as in Example 5 with the following exceptions. In the coating
      operations, instead of coating the entire side of the fabric, the coating
      formulations were laid down in the form of 1 inch squares with 1 inch
      between squares in both the length and width of the fabric.
PAR  The result after completion of all dyeing was a fabric with multicolored
      squares in each direction with the remainder of the fabric being yellow in
      the uncoated areas. The reverse of the fabric was also yellow. The
      multicolored squares had brown loops with a yellow ground.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing cotton pile fabrics which are multicolored on
      one side which process comprises:
PA1  a. padding the fabric with a basic catalyst solution,
PA1  b. drying the fabric from a,
PA1  c. coating the loops on one side of the cotton pile fabric from b with a
      formulation containing a reactive dye and thickening agent,
PA1  d. drying and subsequently curing the fabric from c,
PA1  e. washing the cured fabric from d,
PA1  f. overdyeing the washed fabric from e with a second reactive dye.
NUM  2.
PAR  2. The process of claim 1 wherein the coating of step c is in the form of
      stripes or checks.
NUM  3.
PAR  3. A process for producing cotton pile fabrics, which are multicolored on
      both sides, which process comprises:
PA1  a. padding the fabric with a basic catalyst solution,
PA1  b. drying the fabric from a,
PA1  c. coating the loops on one side of the cotton pile fabric from b with a
      formulation containing a first reactive dye and a thickening agent,
PA1  d. drying the fabric from c,
PA1  e. coating the loops on the second side of the cotton pile fabric from d
      with a formulation containing a second reactive dye and a thickening
      agent,
PA1  f. drying and subsequently curing the fabric from e,
PA1  g. washing the cured fabric from f.
NUM  4.
PAR  4. The method of claim 3 wherein the first reactive dye and second reactive
      dye are the same.
NUM  5.
PAR  5. The process of claim 3 comprising the additional step after step g of
      overdyeing the washed fabric from step g with a third reactive dye.
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ABST
PAL  Dyeing cellulose or cellulose/polyester blends by applying unsulphonated
      dyestuffs containing cyclic anhydride groups, anhydride-forming
      dicarboxylic acid groups or half-esters or half-amides thereof, as free
      acids or as salts with ammonia or volatile amines, and heating the fibre
      until dyestuff fixation takes place.
BSUM
PAR  This invention relates to a dyeing process for textile fibres comprising
      cellulose or blends of cellulose with polyester fibres. Throughout this
      specification and the claims thereof such textile fibres are designated
      "textile fibres as hereinbefore defined".
PAR  The invention provides a process for dyeing textile fibres as hereinbefore
      defined which comprises applying thereto an unsulphonated dyestuff
      containing a dicarboxylic cyclic anhydride grouping, or a dicarboxylic
      acid grouping such that cyclic anhydride formation can occur by loss of
      water therefrom, or a half-ester or half-amide of such a dicarboxylic acid
      grouping, any carboxylic acid group in the said dyestuff being present in
      free acid form or in the form of a salt with ammonia or a volatile amine,
      and heating the textile fibre until fixation of the dyestuff takes place.
PAR  The term half-amide includes half-amides derived from ammonia or from
      amines of the formula --NHR'R" wherein R' is hydrogen or an alkyl,
      substituted alkyl or aryl group and R" is an alkyl or substituted alkyl
      group.
PAR  Thus the grouping which must be present in the dyestuff to be used in the
      invention is graphically represented as one of the following alternatives
      ##EQU1##
      WHEREIN A represents a molecule of ammonia or a volatile amine
      particularly an aliphatic or cycloaliphatic amine e.g. methylamine,
      ethylamine, cyclohexylamine, diethylamine, or triethylamine, R.sub.1 is
      hydrogen or an alkyl or substituted alkyl group (e.g. of 1 to 5 carbon
      atoms) or an aryl group and R is hydrogen or an alkyl or substituted alkyl
      group (e.g. of 1 to 5 carbon atoms).
PAR  It will be understood that the two CO groups in each of the above
      representations must be in such relative positions that anhydride
      formation is present or is possible. For example the CO groups may be
PAR  A. IN ADJACENT POSITIONS ON A CARBOCYCLIC AROMATIC RING E.G. IN ORTHO
      POSITION ON A BENZENE RING;
PAR  B. IN ANHYDRIDE-FORMING POSITIONS ON AN ALKYL CHAIN E.G. THE 1,3- OR
      PREFERABLY THE 1,2-POSITIONS;
PAR  C. POSITIONED ONE ON A CARBOCYCLIC AROMATIC RING AND ONE IN
      ANHYDRIDE-FORMING POSITION ON A SIDE CHAIN, AS FOR EXAMPLE IN HOMOPHTHALIC
      ACID.
PAR  It will also be understood that more than one of the above groupings may be
      present and that when such is the case the groupings need not be
      identical.
PAR  Dyestuffs to be used in the process of the invention are more particularly
      of the azo or anthraquinone series.
PAR  Depending upon their solubilities the dyestuffs may be applied to the
      textile fibre either from solutions or as dispersions.
PAR  Thus water-soluble salts (for example salts with ammonia, volatile amines
      or alkali metals) of the dicarboxylic acids, half-esters or half-amides
      may be dissolved to form solution dyebaths or padding liquors. When an
      alkali metal salt is used, then either before or after application to the
      fibre free carboxylic acid may be liberated by means of mineral or organic
      acid or a substance which generates an acid on heating, for example
      ammonium thoocyanate. When a salt with ammonia or a volatile amine is
      used, then it is not necessary to liberate the free acid.
PAR  Alternatively the dyestuffs in free acid or anhydride form may be applied
      to the textile fibre in the form of fine dispersions in aqueous or organic
      liquids or mixtures thereof or in the form of solutions in organic
      liquids.
PAR  The dyestuffs may also be applied to the textile fibres as print pastes
      containing conventional thickening agents e.g. locust bean gum ethers,
      sodium alginate, gum tragacanth, starch ethers and esters or mixtures of
      these with stable oil-in-water emulsions.
PAR  Print pastes or application liquors may also contain known additives, such
      as dispersing agents, electrolytes, wetting agents, solubilising
      assistants, mild oxidising agents, urea or other additives of a type which
      assist dye fixation.
PAR  The heating step of the process is carried out until fixation of the
      dyestuff on the fibre takes place, by which is meant that at least some of
      the dyestuff becomes more firmly associated with the fibre through
      chemical and/or physical interaction, and is therefore more difficult to
      remove than it is before the heating treatment.
PAR  More particularly the dyestuffs may be applied to the textile fibres from
      an aqueous or non-aqueous liquor or by printing techniques and
      subsequently baked or steamed, desirably at temperatures above
      125.degree.C and preferably at 180.degree. to 210.degree.C.
PAR  After carrying out the process of the invention it may be advantageous to
      treat the textile fibre with a dilute alkali for example 0.05N sodium
      carbonate in order to remove loose dyestuff from the fibre. Alternatively
      loose dyestuff may be removed, for example from polyester fiber blended
      with cellulose, by means of a solvent for the dyestuff such as acetone, at
      moderate temperatures.
PAR  It is probable that the dyestuffs are fixed to cellulose fibres to some
      extent by chemical reaction with the fibre, possibly by ester links, since
      the dyestuffs are only partially removed from cellulose by treatment with
      solvents for the dyes such as boiling pyridine, aqueous pyridine and
      dimethyl formamide. In this respect the dyestuffs appear to behave in a
      similar way to known reactive dyestuffs, such as those containing
      chlorotriazine groupings. However the types of reactive dyestuffs
      previously known all require the presence of alkali in order that the
      reaction with the fibre may take place. In the process of the present
      invention alkali is not required. It is a further advantage of the
      invention that the dyestuffs used do not undergo irreversible hydrolysis
      to unreactive compounds either during storage or during the process
      itself.
PAR  It is believed that in the process of the invention cellulose fibre reacts
      with anhydride dyestuffs which if not originally present are produced
      thermally from the groupings present in the original dyestuffs.
PAR  Polyester fibre does not appear to react with the dyestuff to any
      significant extent. Anhydride formation, however, improves the dye uptake.
PAR  It is a particular merit of the invention that it can be used for the
      dyeing of cellulose and polyester fibres, in the form of a blend, by the
      same dyestuff. Hitherto the dyeing of such blends has necessitated the use
      of mixtures of dyestuffs. No matter whether the two dyestuffs are applied
      separately or from the same dyebath or padding liquor the processes
      hitherto used are complex, because different dyeing conditions are
      required by the fibres. In the present invention the same dyestuff may be
      used to colour both fibres of the blend from one dyebath, pad liquor or
      print paste using a simple technique which gives good reproducibility.
PAR  We now exemplify some of the types of dyestuff which are to be used in the
      process of the invention. In this exemplification, for brevity, reference
      is chiefly made to dicarboxylic acid groupings. It will be understood that
      in the present invention there may be used the same dyestuffs wherein the
      dicarboxylic acid groupings are replaced by any of the groupings
      represented graphically as above.
PAC  AZO DYESTUFFS
PAR  In azo dyestuffs suitable for use in the process of the invention the
      dicarboxylic acid grouping may be on the residue of a diazo component (A),
      a coupling (or end) component (E), a middle component (M) meaning a
      component which can be coupled with a diazotised azo component and
      subsequently diazotised for further coupling, or a component (Z) which
      couples with two (identical or different) diazotised azo component
      molecules.
PAR  Thus, adopting conventional representations of azo dyestuffs, using an
      arrow to indicate "diazotised and coupled with", dyestuff suitable for use
      in the process of the invention are for example,
      ##EQU2##
PAR  Diazo Components (A) may be, for example of the formulae:
      ##SPC1##
PAL  wherein X represents the atoms necessary to complete a (substituted or
      unsubstituted) heterocyclic aromatic ring.
PAR  Specific examples of such diazo components are:
PA0  3 and 4-aminophthalic acids,
PA0  aminohomophthalic acid,
PA0  3-amino-4-cyano-5-methylphthalic acid,
PA0  2-amino-5,6-dicarboxybenzthiazole.
PAR  The following half esters of 4-aminophthalic acid: methyl, ethyl, n-propyl,
      iso-propyl, n-butyl, .beta.-hydroxyethyl, .beta.-methoxyethyl,
      .beta.-ethoxyethyl, cyclohexyl and phenyl.
PAR  The half amide of 4-aminophthalic acid and the following N-substituted
      derivatives of the half amide of 4-aminophthalic acid: methyl, n-butyl,
      iso-propyl, cyclohexyl, phenyl, tolyl, p-chlorophenyl, diethyl,
      di-.beta.-hydroxyethyl, methyl phenyl.
PAR  Diazo components A may also be of the formula:
      ##EQU3##
      wherein X represents an arylene residue, n is zero or 1, and Y is a
      linking atom or group, for example of the formula --O--, --S--, --SO.sub.2
      --, --CO--, --CH.sub.2 --, --CONH--, --NHCO--, --NHCO(CH.sub.2).sub.m Z--
      (m being an integer from 1 to 6 and Z is a direct link, --S--, --SO.sub.2
      --, --NH--, --N acyl-- or --N alkyl--), --NH--, --N(COalkyl)--,
      --N(COaryl)--, --SO.sub.2 NH--, --NHSO.sub.2 --, --CH.sub.2 NH--,
      --CH.sub.2 N(COalkyl)-- or --CH.sub.2 N(COaryl)--.
PAR  Specific examples of such diazo components are:
PA0  4-aminophenylsuccinic acid
PA0  4-aminophenylthiosuccinic acid
PA0  3- and 4-aminobenzenesulphonylsuccinic acid
PA0  4-aminophenoxysuccinic acid
PA0  3-aminobenzoylsuccinic acid
PA0  3- and 4-aminobenzoylaminosuccinic acid
PA0  4-aminophenylaminocarbonylsuccinic acid
PA0  4-aminoanilinosuccinic acid
PA0  N-acetyl(4-aminophenyl)aminosuccinic acid
PA0  3-aminobenzenesulphonylaminosuccinic acid
PA0  4-aminophenylaminosulphonylsuccinic acid
PA0  4-aminobenzylaminosuccinic acid
PA0  N-benzoyl(4-aminobenzyl)aminosuccinic acid
PA0  4-aminobenzylsuccinic acid
PA0  3- and 4-aminophenylaminoacetylthiosuccinic acid
PA0  3- and 4-aminophenylaminoacetylsuccinic acid
PA0  The following half esters of 4-aminophenyl succinic acid: methyl, ethyl,
      n-butyl, .beta.-hydroxyethyl, .beta.-ethoxyethyl, cyclohexyl, phenyl. The
      half amides of 4-aminophenylsuccinic acid and the following N-substituted
      derivatives of the half amide of 4-aminophenyl succinic acid: methyl,
      n-butyl, iso-propyl, cyclohexyl, phenyl, tolyl, p-chlorophenyl, methyl
      phenyl.
PAR  Diazo components (A) may also be of the formula:
      ##EQU4##
      wherein X represents an arylene residue, Y represents a linking atom or
      group of the formula --O--, --S--, --SO.sub.2 --, --NH--, ---Nacyl--,
      --Nalkyl--.
PAR  Specific examples of such diazo components are:
PA0  .alpha.-(4-aminophenoxy).beta.-hydroxysuccinic acid
PA0  .alpha.-(4-aminobenzyloxy).beta.-hydroxysuccinic acid
PA0  .alpha.-(4-aminoanilino).beta.-hydroxysuccinic acid
PA0  .alpha.-(4-aminophenylthio)-.beta.-hydroxysuccinic acid
PA0  .alpha.-(4-aminophenylsulphonyl)-.beta.-hydroxysuccinic acid.
PAR  Diazo components (A) may also be of the formula:
      ##EQU5##
      wherein X represents an arylene residue, n is zero or 1, Y represents a
      linking atom or group of the formula --O--, --S--, --SO.sub.2 --, --NH--,
      --NHCO--, --NH--, --N(COalkyl)--, --N(COaryl)--, --SO.sub.2 NH--,
      --NHSO.sub.2 --, --CH.sub.2 NH--, --CH.sub.2 NR--, --CH.sub.2
      N(COalkyl)--, --CH.sub.2 N(COaryl)--, --CONH--.
PAR  Specific examples of such diazo components are:
PA0  2-(3-aminophenyl)glutaric acid
PA0  2-(3-amino-4-methoxyphenyl)glutaric acid
PA0  2-(4-aminophenyl)glutaric acid
PA0  2-(4-aminophenoxy)glutaric acid
PA0  2-(4-aminophenylamino)glutaric acid
PA0  2-[N-(4-aminophenyl)acetyl]-aminophenyl)acetylamino]acid
PA0  2-(4-aminophenylthio)glutaric acid
PA0  2-(  4-aminobenzyl)glutaric acid
PA0  2-(3-aminobenzenesulphonylamino)glutaric acid.
PAC  COUPLING COMPONENTS (E)
PAR  1. May be for example of the formula:
      ##EQU6##
      wherein A represents aryl radical, having for example as substituents
      --NHCOalkyl, --NHCOaryl, --Oalkyl, alkyl, R represents hydrogen or an
      alkyl or substituted alkyl radical, X represents an alkylene or
      substituted alkylene radical, n is zero or 1, m is 1 or is zero if n is
      zero, Y represents --O--, --S--, --SO--, --NH--, --N(alkyl)--, --CONH--,
      --NHCO--, and Z represents a grouping of the formula:
      ##EQU7##
      or
      ##SPC2##
PAL  or
      ##SPC3##
      ##EQU8##
PAR  Specific examples of such coupling components are:
PA0  N-ethyl-N-[.beta.-(.alpha.,.beta.-dicarboxyethylthio)ethyl]aniline
PA0  N-ethyl-N-[.beta.-(.alpha.,.beta.-dicarboxyethylthio)ethyl]3-toluidine
PA0  N-ethyl-N-[.beta.-(.alpha.,.beta.-dicarboxyethylthio)ethyl]3-acetylamino
      aniline
PA0  N-ethyl-N-[.beta.-(.alpha.,.beta.-dicarboxyethylsulphonyl)ethyl]aniline
PA0  N-[.beta.-(.alpha.,.beta.-dicarboxyethylaminocarbonyl)ethyl]aniline
PA0  anilinosuccinic acid
PA0  o-anisidinosuccinic acid
PA0  m-toluidinosuccinic acid
PA0  m-acetylaminoanilinosuccinic acid
PA0  .alpha.-(N-methylanilino)-.beta.-hydroxysuccinic acid
PA0  N-.beta.-cyanoethyl-N-[.beta.-(.alpha.,.beta.-dicarboxyethylthio)ethyl]anil
     ine
PA0  N-ethyl-N-[.beta.-(3,4-dicarboxybenzoylamino)ethyl]aniline
PA0  N-[.beta.-(.alpha., .gamma.-dicarboxy-n-propylaminocarbonyl)ethyl]aniline.
PAR  2. Further coupling components are the acyl derivatives obtained by
      reacting an amine of the formula:
      ##SPC4##
PAL  (wherein R.sub.1 and R.sub.2 are alkyl or substituted alkyl groups and
      R.sub.1 may additionally represent hydrogen, and R.sub.4 is hydrogen,
      alkyl or alkoxy) with a compound of the formula:
      ##SPC5##
PAL  where X = CO, SO.sub.2, CH.sub.2,
      ##EQU9##
      where Y - S, CH.sub.2 ; n =  0, 1. or
      ##EQU10##
PAR  3. Known coupling components containing hydroxyl or amino groups, e.g.
      pyrazolones, pyrimidines, indoles, 6-hydroxypyridones, acylacetamides,
      naphthols and naphthylamine derivatives may be converted into coupling
      agents of the required type by acylation with appropriate dicarboxylic
      acid derivatives. Thus
      ##SPC6##
PAL  may be reacted with
      ##EQU11##
      and
      ##SPC7##
PAL  may be reacted with
      ##SPC8##
PAR  Alternatively coupling components which contain a reactive acyl or halogen
      group may be reacted with one of the compounds listed above as diazo
      components or with the amines indicated below.
PAR  Thus
      ##SPC9##
PAL  may be reacted with
      ##SPC10##
      ##SPC11##
PAL  may be reacted with
      ##EQU12##
      and 2,4-bis diethylamino-6-chloropyrimidine may be reacted with
      thiosuccinic acid.
PAR  Specific examples of heterocyclic coupling components are:
PA0  2-methyl-5,6-dicarboxyindole
PA0  1-phenyl-2-methylindolyl-5-thiosuccinic acid
PA0  1-(3,4-dicarboxyphenyl)-3-methyl- 5-pyrazolone.
PAC  ALTERNATIVE MANUFACTURE OF AZO DYESTUFFS.
PAR  Dyestuffs suitable for use in the invention may also be made from known
      types of azo dyes by condensation with a compound containing a
      dicarboxylic acid grouping.
PAR  Thus for example azo dyestuffs containing hydroxyl, amino or alkylamino
      groups may be condensed with an acylating agent containing a dicarboxylic
      acid grouping, for example with epoxy succinic anhydride or one of the
      acylating agents indicated in the above sub-paragraph (2) under the
      heading "Coupling Components".
PAR  Alternatively azo dyestuffs containing carboxyl halide groups or "mixed
      anhydride" groups in which a pendant carboxylic acid group is in anhydride
      formation with a simple acid such as acetic or benzoic acid, may be
      condensed with amines listed above as Diazo components (A) or with
      intermediates such as:
      ##SPC12##
PAL  where X represents OH, NH.sub.2, NH alkyl,
TBL  X--CH--COOH where X represents HO, HS, NH.sub.2, NH alkyl                 

     .vertline.                                                                

     CH.sub.2 --COOH                                                           

     X--CH--COOH X represents S-alkyl, S-aryl, NH alkyl,                       

     .vertline.  NH aryl, NH acyl; Y represents HO                             

     Y--CH--COOH                                                               

     HO--Z       X represents S, O, SO.sub.2, SO.sub.2 NH, CONH                

     .vertline.  Z represents alkylene, aryl, aralkyl.                         

     X--CH--COOH                                                               

     .vertline.                                                                

     CH.sub.2 --COOH                                                           

PAC  ANTHRAQUINONE DYESTUFFS
PAR  Anthraquinone dyestuffs suitable for use in the invention are generally
      obtainable by condensation of known anthraquinone compounds with compounds
      containing a dicarboxylic acid grouping.
PAR  Thus for example anthraquinone compounds containing hydroxyl or amino
      radicals in pendant groups may be acylated by means of the acylating
      agents indicated in the above sub-paragraph (2) under the heading
      "Coupling components". Examples of such anthraquinone compounds are
PA0  1-amino-4-hydroxy-2-(4-hydroxyphenoxy)anthraquinone
PA0  1-hydroxy-4-(4-aminophenylamino)anthraquinone
PA0  1-amino-4-(phenylamino)-2-hydroxymethyl anthraquinone
PAL  The same acylating agents may be used to acylate anthraquinones containing
      nuclear amino groups, for example all such anthraquinones as are listed in
      UK Specification No. 1,087,673 from line 5 on page 8 to the first formula
      on page 12.
PAR  Alternatively anthraquinones containing reactive acyl groups may be
      condensed with the amines listed as diazo components (A) listed above, or
      with the amino or hydroxyl compounds indicated as intermediates in the
      above passage headed "Alternative manufacture of azo dyestuffs".
PAR  Thus for example 1-amino-4-phenylamino-anthraquinone-2-carboxylchloride may
      be condensed with 4-aminophthalic acid.
PAR  As a further alternative anthraquinones containing reactive halogen atoms
      or hydoxyl groups may be condensed with nucleophilic compounds containing
      a dicarboxylic acid grouping, for example with the diazo components (A)
      listed above or the amino or hydroxyl compounds indicated as intermediates
      in the above paragraph on "Alternative manufacture of azo dyestuffs".
PAR  Thus for example the following compounds may be condensed:
      ##SPC13##
PAC  APPLICATION METHODS
PAR  In many of the Examples which follow reference is made to Application
      Methods A to F which are now described.
PAC  Application Method A
PAR  A piece of woven cotton textile material is impregnated with an aqueous
      solution of the disodium salt of the dyestuff and the material dried. The
      fabric is then passed through a bath of dilute sulphuric acid, then washed
      free of mineral acid and dried. The material is then baked at 210.degree.C
      for 2 minutes and loose dye removed from the treated fabric by immersion
      in a bath of 0.1N sodium carbonate for 10 minutes at 90.degree.C. After
      rinsing free of alkali the dyed fabric is dried at 70.degree.C. The dyed
      fabric so obtained shows excellent fastness to washing.
PAC  Application Method B
PAR  A piece of woven cotton textile material is printed by roller application
      with a milled aqueous dispersion of the dyestuff and the material dried at
      70.degree.C. The material is then heated at 200.degree.C for 2 minutes and
      loose surface dye removed from the treated fabric by heating in 0.2%
      sodium carbonate solution containing 0.2 % of a synthetic organic
      detergent for 5-10 minutes at 70.degree.C. The print so obtained shows
      good heat fastness properties.
PAR  In the same way textile material comprising cotton/polyester blends is
      printed. Prints of good wet fastness are obtained.
PAC  Application Method C
PAR  A piece of woven 67:33 polyester/cotton blended textile material is
      impregnated with an aqueous solution of the dyestuff in the form of its
      disodium salt and the material is dried. It is then passed through a bath
      of dilute sulphuric acid, then washed free of mineral acid and dried. The
      material is then baked at 210.degree.C. for 2 minutes and loose dye
      removed from the treated fabric by immersion in a bath of 0.1N sodium
      carbonate for 10 minutes at 90.degree.C. After rinsing free of alkali the
      dyed fabric is dried at 70.degree.C. The fabric is dyed in a solid shade
      of excellent fastness to washing and to heat treatment.
PAC  Application Method D
PAR  A print paste is prepared according to the following recipe:
TBL  Dyestuff as 10% aqueous dispersion                                        

                            18.6      g                                        

     Water                  7.1       ml                                       

     Urea                   12.0      g                                        

     Ammonia solution S.G. 0.880                                               

                            0.5       ml                                       

     Indalca PA3 thickening 9% solution                                        

                            50        g                                        

     (Locust bean gum ether)                                                   

     Ammonium thiocyanate   3.3       g                                        

     Polyethylene glycol (350)                                                 

                            8.5       g                                        

                            100       g                                        

PAR  The paste is applied by printing to cotton and blended polyester/cotton
      fabrics. After drying the prints are fixed by a treatment in hot air for 2
      minutes at 200.degree.C. The prints are then rinsed in cold water, treated
      for 10 minutes at 100.degree.C in a solution containing 2 g/l soda ash and
      3 g/l sodium dodecyl benzene sulphonate, rinsed again in cold water and
      dried.
PAR  Prints are obtained showing good level of fixation. The prints have good
      fastness properties.
PAR  Alternatively fixation of dye may be carried out by steaming in superheated
      steam for 8 minutes at 180.degree.C in place of hot air process described
      above.
PAR  Alternatively the polyethylene glycol (350) used in the above recipe may be
      replaced by an equal amount of caprolactam, diethyleneglycol dimethyl
      ether, thiodiglycol or butyroloctone.
PAC  Application Method E
PAR  A piece of woven cotton or woven polyester/cotton blended textile material
      is impregnated with an acetone or aqueous acetone solution of the
      dyestuff. After drying the material is baked at 200.degree.-210.degree.C
      for 2 minutes. The material is treated for 10 minutes at 100.degree.C in a
      solution containing 2 g/l soda ash and 3 g/l sodium dodecylbenzene
      sulphonate, rinsed again in cold water and dried. The dyed fabrics so
      obtained show good levels of fixation and have good fastness properties.
PAC  Application Method F
PAR  A solution of 0.1 part of the dyestuff in 25 parts of 50% aqueous acetone
      containing 1 part of an amine selected from ammonia, methylamine,
      ethylamine, diethylamine, triethylamine, ethanolamine or triethanolamine
      is applied to 10 g of woven cotton textile material or to 10 g of a woven
      blended polyester/cotton textile material. After drying the textile
      material is baked at 200.degree.-210.degree.C for 2 minutes. The material
      is then treated for 10 minutes at 100.degree.C in a solution containing 2
      g/l soda ash and 3 g/l sodium dodecyl benzene, rinsed again in cold water
      and dried. The dyed fabrics so obtained show good levels of fixation and
      have good fastness properties.
DETD
PAC  EXAMPLES
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight. The preparation of
      dyestuffs used in the Examples is described in an Appendix which follows
      them.
PAC  EXAMPLE 1
PAR  A piece of woven cotton textile material is dyed using the disodium salt of
      1-phenyl-3-methyl-4(3,4-dicarboxyphenylazo)-5-pyrazolone (Dyestuff 1)
      according to Application Method A. The bright yellow dyed fabric so
      obtained shows excellent fastness to washing. The dye is not extracted by
      10 minute successive boilings in dimethyl formamide, pyridine and aqueous
      pyridine.
PAC  EXAMPLE 2
PAR  A piece of woven cotton textile material is printed with a milled aqueous
      dispersion of 1-phenyl-3-methyl-4(3,4-dicarboxyphenylazo)-5-pyrazolone
      (Dyestuff 1) according to Application Method B. The bright yellow dyeing
      so obtained shows good fastness properties.
PAR  In the same way a textile material comprising cotton/polyester blends is
      dyed. Yellow prints of good heat and wash features are obtained.
PAC  EXAMPLE 3
PAR  A piece of woven polyester/cotton blend fabric wherein the ratio of
      polyester to cotton is 67:33 is dyed with Dyestuff 1 according to
      Application Method C. The bright yellow solid shade dyeing has excellent
      heat and wash fastness properties.
PAC  EXAMPLE 4
PAR  0.5 Parts of
      N-ethyl-N-.beta.-(.alpha.,.beta.-dicarboxyethylthio)ethyl-4-(4-nitrophenyl
     azo)-3-toluidine (Dyestuff 2) is dissolved in 30 parts of water by the
      addition of 2 parts of 2N sodium hydroxide solution. 0.5 parts of cetyl
      alcohol/ethylene oxide dispersing agent is added followed by 70 parts of
      white spirit and the mixture emulsified by a high speed agitator. When
      finely emulsified the mixture is acidified by the addition of 0.46 parts
      of maleic acid dissolved in 2 parts of water. The emulsion so obtained has
      a pH value of 4.61. The emulsion is used to print cotton and
      polyester/cotton textile materials which are then dried and baked at
      200.degree.C for 2 minutes. Loose dye is removed from the fabrics by
      treating in a bath of 0.5N sodium carbonate for 5-10 minutes at
      70.degree.C. On the cotton fabric a brownish red shade having excellent
      wash fastness is obtained. On the polyester and the polyester/cotton
      fabrics red shades are obtained which show excellent heat and wash
      fastness properties.
PAR  Similar results are obtained when 20 parts of 10% solution of Manutex F (a
      sodium alginate) is added to the emulsion prior to printing.
PAC  EXAMPLE 5
PAR  A milled dispersion of the red dyestuff comprising the anhydride of
      N,N-diethyl-4(3,4-dicarboxyphenylazo)aniline (Dyestuff 3) is padded onto
      woven polyester/cotton blend fabric which is dried and then baked at
      190.degree.C for 2 minutes. Surface dye is removed by warming to
      70.degree.C in a bath containing 0.2% sodium carbonate and 0.2% of a
      synthetic organic detergent. A bright red shade is obtained which shows
      good heat and wash fastness properties.
PAR  When the above dispersion is applied to polyester fabric from an aqueous
      bath at 125.degree.C for 1/2 hour a yellow dyeing of the dyestuff
      N,N-diethyl-4(3,4-dicarboxyphenylazo)aniline is obtained showing that
      hydrolysis of the anhydride occurs under these aqueous dyeing conditions.
PAC  EXAMPLE 6
PAR  In place of the dyestuff used in Example 2 there is used
      N,N-diethyl-4-(3-carboxy-4-carbomethoxyphenylazo)aniline (Dyestuff 4).
PAR  The reddish orange print is obtained on cotton fabric shows good wash
      fastness properties.
PAR  When the dyestuff is applied to polyester/cotton blends as indicated in
      Example 2 a reddish orange dyeing is obtained which shows excellent wash
      fastness properties.
PAC  EXAMPLE 7
PAR  2 Parts of Dyestuff 1 is dissolved in 29.7 parts of water by the addition
      of 0.8 parts of sodium carbonate and to this solution are added with good
      agitation 50 parts of a 9% aqueous solution of locust bean gun ether, 2
      parts of a 35% aqueous solution of a naphthalene-2-sulphonic acid
      formaldehyde condensate and 10 parts of urea followed by 5 parts of citric
      acid.
PAR  The paste so obtained is applied by roller printing to a mercerised cotton
      fabric, dried and heat treated in air at 200.degree.C for 2 minutes, then
      washed in cold water and treated at the boil in a bath containing 0.2 %
      sodium carbonate and 0.3% sodium dodecylbenzene sulphonate for 10 minutes
      then rinsed and dried.
PAR  A yellow print of good fastness to wet treatments is obtained.
PAR  If in place of mercerised cotton the paste is applied to a blend of
      polyester and cotton, and the same process is used, prints of equally good
      fastness are obtained.
PAC  EXAMPLE 8
PAR  The print paste of Example 7 is applied to the same substrates. The prints
      are fixed by exposure to superheated steam for 8 minutes at 180.degree.C
      in place of exposure to hot air. Equally good results are obtained.
PAC  EXAMPLE 9
PAR  A print paste is prepared of the following composition:
TBL  Dyestuff 1              2        parts                                    

     Water                   20.7     parts                                    

     Sodium carbonate        0.8      parts                                    

     Urea                    20       parts                                    

     Sodium Alginate (10% solution)                                            

                             50       parts                                    

     Anionic Dispersing agent comprising a                                     

                             1        part                                     

     naphthalene-2-sulphonic acid formaldehyde                                 

     condensate                                                                

     Ammonium thiocyanate    4        parts                                    

PAR  The print paste is applied by screen printing to a cotton fabric, dried in
      hot air at 70.degree.C, steamed in superheated steam at 180.degree.C for 8
      minutes, rinsed and treated at the boil in a bath containing 0.2% sodium
      carbonate and 0.3% sodium dodecylbenzene sulphonate, then rinsed and
      dried.
PAR  A yellow print of good wet fastness is obtained.
PAR  Alternatively, fixation is carried out be a treatment in hot air at
      200.degree.C for 2 minutes in place of steaming in superheated steam.
PAR  Fabrics made of a cotton/polyester blend may also be used in place of the
      cotton fabric. In all cases yellow dyeings of good wet fastness are
      produced.
PAR  In Examples 10-30 the dyestuffs listed in the Table I are applied to cotton
      and polyester/cotton blend (67:33) by the method described in Example 9.
      The dyestuffs are after-treated at the boil in a bath containing 0.2 % of
      sodium carbonate and 0.3% of sodium dodecylbenzene sulphonate then rinsed
      and dried.
      ##SPC14##
PAC  EXAMPLES 31-50
PAR  Dyestuffs are applied to fabrics as indicated in Table II. In each case
      bright yellow dyeings having good fastness properties are obtained. When
      cotton fabric is used the dye is not extracted by 10 minute successive
      boilings in dimethyl formamide, pyridine and aqueous pyridine.
TBL                Table II                                                    

     ______________________________________                                    

     Example                                                                   

            Dyestuff No.                                                       

                        Fabric         Application                             

                                       Method                                  

     ______________________________________                                    

     31     26          Cotton         A                                       

     32     27          "              A                                       

     33     28          "              A                                       

     34     29          "              A                                       

     35     30          "              A                                       

     36     26          Polyester/cotton blend                                 

                                       B                                       

     37     27          "              B                                       

     38     28          "              B                                       

     39     29          "              B                                       

     40     30          "              B                                       

     41     26          Cotton         B                                       

     42     27          "              B                                       

     43     28          "              B                                       

     44     29          "              B                                       

     45     30          "              B                                       

     46     26          Polyester/cotton                                       

                                       C                                       

     47     27          "              C                                       

     48     28          "              C                                       

     49     29          "              C                                       

     50     30          "              C                                       

     ______________________________________                                    

PAC  EXAMPLES 51-78
PAR  Dyestuffs are applied to textile fabrics by Application Method D, with the
      results indicated in Table III.
      ##SPC15##
PAC  EXAMPLES 79-105
PAR  Dyestuffs are applied to cotton and to polyester/cotton blends as indicated
      in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                                                          SHADE ON FIBRE       

     Ex.                 DYESTUFF              Dyestuff                        

                                                    Application                

                                                          Cotton               

                                                               Polyester       

                                               NO.  Method     Cotton          

     __________________________________________________________________________

     79                                        32   E     Blue Blue            

     80                                        33   E     Dull Reddish         

                                                          violet               

                                                               violet          

     81                                        34   E,    Yellow               

                                                               Yellow          

                                                    F with                     

                                                           "    "              

                                                    ammonia                    

     82                                        35   D,    Bluish               

                                                               Red             

                                                    E     red                  

     83                                        36   D     Dull Dull            

                                                    E     red  red             

                                                    F with                     

                                                    triethyl-                  

                                                    amine                      

     84                                        37   D                          

                                                    E                          

     85                                        38   D     Orange               

                                                               Reddish         

                                                    E          orange          

                                                    F with                     

                                                    ammonia                    

     86 As Example 85 R = isopropyl            39   E     Orange               

                                                               Reddish         

                                                               orange          

     87 As Example 85 R = cyclohexyl           40   E     Orange               

                                                               Reddish         

                                                               orange          

     88 As Example 85 R = tolyl                41   E     Orange               

                                                               Reddish         

                                                               orange          

     89                                        42   D     Bright               

                                                               Bright          

                                                    E     red  yellowish       

                                                    F with     red             

                                                    ammonia                    

     90 As Example 89 R = EtOC.sub.2 H.sub.4   43   D     Bright               

                                                               Bright          

                                                    E     red  yellowish       

                                                               red             

     91 As Example 89 R = n-propyl             44   D     Bright               

                                                               Bright          

                                                    E     red  yellowish       

                                                               red             

     92                                        45   D     Violet               

                                                               Violet          

                                                    E                          

                                                    F with                     

                                                    ammonia                    

     93                                        46   D     Bluish               

                                                               Red             

                                                    E     red                  

     94                                        47   D     Greenish             

                                                               Blue            

                                                    E     blue                 

     95                                        48   D     Blue Blue            

                                                    E                          

                                                    F with                     

                                                    triethyl-                  

                                                    amine                      

     96                                        49   E     Red  Red             

     97 --                                     1    F with                     

                                                          Yellow               

                                                               Yellow          

                                                    ammonia                    

     98 --                                     1    F with                     

                                                          Yellow               

                                                               Yellow          

                                                    methyl-                    

                                                    amine                      

     99 --                                     1    F with                     

                                                          Yellow               

                                                               Yellow          

                                                    triethyl-                  

                                                    amine                      

     100                                                                       

        --                                     1    F with                     

                                                          Yellow               

                                                               Yellow          

                                                    ethanol-                   

                                                    amine                      

     101                                                                       

        --                                     13   F with                     

                                                          Yellow               

                                                               Yellow          

                                                    diethyl-                   

                                                    amine                      

     102                                                                       

        --                                     27   F with                     

                                                          Yellow               

                                                               Yellow          

                                                    triethyl-                  

                                                    amine                      

     103                                                                       

        --                                     14   F with                     

                                                          Yellow               

                                                               Yellow          

                                                    triethyl-                  

                                                    amine                      

     104                                                                       

        --                                     16   F with                     

                                                          Orange               

                                                               Orange          

                                                    triethyl-                  

                                                          brown                

                                                               brown           

                                                    amine                      

     105                                       50   F with                     

                                                          Rubine               

                                                               Rubine          

                                                    ammonia                    

     __________________________________________________________________________

PAC  APPENDIX TO THE EXAMPLES
PAC  PREPARATION OF DYESTUFFS
PAR  Dyestuff 1
PAR  A solution of the diazonium salt obtained by diazotising 2.175 parts of the
      hydrochloride of 4-aminophthalic acid in 2N hydrochloric acid is added to
      a solution of 1.75 parts of 1-phenyl-3-methyl-5-pyrazolone in 10 parts of
      water and 30 parts of 2N sodium hydroxide at 0.degree.C. When coupling is
      complete the dye is precipitated by acidification with hydrochloric acid,
      filtered off, washed with water and dried at 50.degree.C, yield 3.5 g.
PAR  Dyestuff 2
PAR  A mixture of 3.95 parts of N-ethyl-N-.beta.-chloroethyl-3-toluidine, 3.9
      parts of mercaptosuccinic acid, 2 parts of sodium hydroxide and 40 parts
      of water is stirred and heated under reflux for 16 hours during which time
      the reaction mixture is maintained at an alkaline pH value by the addition
      of sodium hydroxide solution. After cooling the reaction mixture is
      extracted three times with ethyl acetate and the aqueous phase evaporated
      to dryness in vacuo. The residue so obtained consists essentially of the
      disodium salt of
      N-ethyl-N-.beta.(.alpha.,.beta.-dicarboxyethylthio)-3-toluidine and is
      dissolved in 100 parts of 2N hydrochloric acid and coupled at 0.degree.C
      with the diazonium salt obtained by the diazotisation of 2.76 parts of
      4-nitroaniline in 50 parts of 2N hydrochloric acid. After coupling 20
      parts of sodium acetate is added and the dyestuff filtered off, washed
      with water and dried to give 7 parts of
      N-ethyl-N-.beta.(.alpha.,.beta.-dicarboxyethylthio)ethyl-4-(4-nitrophenyla
     zo)-3-toluidine.
PAR  Dyestuff 3
PAR  A solution of the diazonium salt prepared by the diazotisation of 2.17
      parts of the hydrochloride of 4-aminophthalic acid in 20 parts of 2N
      hydrochloric acid is added to a solution of 1.64 parts of
      N,N-diethylaniline in 25 parts of 2N hydrochloric acid at
      0.degree.-5.degree.C. After 1/2 hour sodium acetate is added to completely
      precipitate the dyestuff which is filtered off and purified by dissolution
      in dilute sodium hydroxide followed by precipitation with dilute mineral
      acid. The 2.2 parts of N,N-diethyl-4(3,4-dicarboxyphenylazo)aniline gives
      an orange solution in acetone with .lambda.max 430. The dicarboxylic acid
      is converted to the anhydride by heating for 1 hour under reflux in acetic
      anhydride and then evaporating the solution obtained to dryness in vacuo.
      The anhydride of N,N-diethyl-4(3,4-dicarboxyphenylazo)aniline so obtained
      gives a red solution in acetone with .lambda.max 494.
PAR  Dyestuff 4
PAR  1.6 parts of the anhydride of N,N-diethyl-4(3,4-dicarboxyphenylazo)aniline,
      (Dyestuff 3), is dissolved in 25 parts of methanol and the solution heated
      under reflux for 2 hours. The solution is then evaporated in vacuo to give
      N,N-diethyl-4(3-carboxy-4-carbomethoxyphenylazo)aniline which gives an
      orange solution in acetone with .lambda.max 453.
PAR  Dyestuff 5
PAR  A solution of the amine obtained by the reduction of 1 part of
      4-nitrophenylthiosuccinic acid as described below in dilute hydrochloric
      acid is diazotised at 0.degree.-5.degree.C. The diazonium salt is added to
      a solution of 0.75 parts of 1-phenyl-3-methyl-5-pyrazolone in 20 parts of
      2N sodium hydroxide and 10 parts of water. After coupling is complete the
      dyestuff is precipitated by acidification with hydrochloric acid, filtered
      off and dried to give 1.03 parts of
      1-phenyl-3-methyl-4-[4(.alpha.,.beta.-dicarboxyethylthio)phenylazo]-5-pyra
     zolone.
PAR  The intermediate used above is prepared as follows:
PAR  A mixture of 24.5 parts of maleic anhydride, 10 parts of sodium hydroxide
      and 100 parts of water is heated to the boil, cooled and the solution
      added to a mixture of 36.25 parts of 4-nitrothiophenol, 150 parts of
      ethanol and 2.5 parts of piperidine. The mixture is then stirred and
      heated under reflux for 3 hours, cooled, filtered and the filtrate
      acidified with hydrochloric acid, diluted with 250 parts of water and 400
      parts of ice. The precipitated 4-nitrophenylthiosuccinic acid is filtered
      off, washed with water and dried. Yield 38.3 parts, m.p.
      166.degree.-167.degree.C.
PAR  1 Part of the nitro compound so obtained is mixed with 25 parts of water, 1
      part of iron powder and 0.5 parts of hydrochloric acid and the mixture
      heated under reflux for 3 hours. After filtering from the iron sludge
      which is washed well with water and then dilute sodium hydroxide solution,
      the filtrate is again filtered to remove iron salts and is then acidified
      with hydrochloric acid, and diazotised.
PAR  Dyestuff 6
PAR  The diazonium salt obtained by the diazotisation of 5.32 parts of
      N(4-aminobenzoyl)glutaric acid in 20 parts of water and 75 parts of 2N
      hydrochloric acid is added to a solution of 3.5 parts of
      1-phenyl-3-methyl-5-pyrazolone in 20 parts of water and 100 parts of 2N
      sodium hydroxide whilst maintaining an alkaline reaction by the addition
      of more 2N sodium hydroxide. After coupling the dyestuff is precipitated
      by acidification, filtered off, washed and dried. Yield of
      1-phenyl-3-methyl-4(4-.alpha.,.gamma.-dicarboxypropylaminocarbonylphenylaz
     o)-5-pyrazolone is 5.6 parts.
PAR  Dyestuff 7
PAR  In place of the 1-phenyl-3-methyl-5-pyrazolone used in the procedure for
      Dyestuff 6 there is used 3.6 parts of
      N-ethyl-3-cyano-4-methyl-6-hydroxy-2-pyridone. 5.2 parts of
      N-ethyl-3-cyano-4-methyl-5(4-.alpha.,.gamma.-dicarboxypropylaminocarbonylp
     henylazo)-6-hydroxy-2-pyridone are obtained.
PAR  Dyestuff 8
PAR  The diazonium compound obtained by the diazotisation of 6.6 parts of
      4-aminophenylsuccinic acid in 5 parts of concentrated hydrochloric acid
      and 50 parts of water is added to a solution of 3.48 parts of
      1-phenyl-3-methyl-5-pyrazolone in 20 parts of water and 40 parts of 2N
      sodium hydroxide at 0.degree.-5.degree.C whilst maintaining an alkaline
      reaction by the addition of more 2N sodium hydroxide solution. After 15
      minutes the solution is acidified and the precipitated
      1-phenyl-3-methyl-4(.alpha.,.beta.-dicarboxyethylphenylazo)-5-pyrazolone
      filtered off, washed with water and dried. Yield 5.6 parts.
PAR  Dyestuff 9
PAR  The diazonium salt obtained by the diazotisation of 5.9 parts of the
      hydrochloride of 4-aminophthalic acid in 20 parts of water and 40 parts of
      2N hydrochloric acid is added to a solution of 3.6 parts of
      N-ethyl-3-cyano-4-methyl-6-hydroxy-2-pyridone in 20 parts of water, 5
      parts of a 32% solution of sodium hydroxide and 10 parts of sodium acetate
      at 0.degree.C. After 15 minutes the dyestuff is precipitated by the
      addition of hydrochloric acid and isolated by filtration. The crude
      product is dissolved in 400 parts of N sodium carbonate solution, filtered
      and the filtrate just acidified with hydrochloric acid. The precipitated
      N-ethyl-3-cyano-4-methyl-5-(3,4-dicarboxyphenylazo)-6-hydroxy-2-pyridone
      is filtered off, washed acid free and dried. Yield 6.4 parts.
PAR  Dyestuff 10
PAR  A mixture of 1.2 parts leucoquinizarin, 2 parts 4-aminophenylsuccinic acid,
      20 parts of ethanol, 10 parts of water and 0.6 parts of boric acid is
      stirred and heated under reflux for 18 hours, cooled, filtered and the
      filtrate acidified with hydrochloric acid. The precipitated
      1-hydroxy-4(.alpha.,.beta.-dicarboxyethyl)anilino anthraquinone is
      filtered off, washed with 50% aqueous methanol and dried.
PAR  Dyestuff 11
PAR  2.38 parts of 4-aminobenzylaminosuccinic acid, the preparation of which is
      described below, is diazotised in dilute hydrochloric acid and coupled
      with 1.75 parts of 1-phenyl-3-methyl-5-pyrazolone in dilute sodium
      hydroxide solution at 0.degree.-5.degree.C. The dyestuff isolated by
      acidification and filtration is
      1-phenyl-3-methyl-4[4(.alpha.,.beta.-dicarboxyethylaminomethylene)phenylaz
     o]-5-pyrazolone.
PAR  The 4-aminobenzylaminosuccinic acid may be prepared as follows:
PAR  153 parts of 4-nitrobenzylamine and 38 parts of 32% sodium hydroxide
      solution are added simultaneously over about 1 hour to 500 parts of a 24%
      aqueous solution of sodium bisulphite and 446 parts of water maintained as
      95.degree.-100.degree.C and a pH range of 4-5. Half an hour after
      completing the additions the mixture is cooled to 0.degree.-5.degree.C and
      the precipitated 4-aminomethylenephenylsulphamic acid filtered off, washed
      with acetone and dried. 19 Parts of the sulphamic acid derivative
      dissolved in 100 parts of water is added to a solution of 11.6 parts of
      maleic acid in 40 parts of water containing 4 parts of sodium hydroxide
      and the whole stirred and heated under reflux for 9 hours. The reaction
      mixture is cooled, screened and the filtrate salted to 20% and neutralized
      with acetic acid. The precipitated 4-aminobenzylaminosuccinic acid is
      filtered off, washed with acetone and dried.
PAR  Dyestuff 12
PAR  A mixture of 4.6 parts of
      N(.beta.-hydroxy-.gamma.-chloro-n-propyl)-N-ethyl-3-toluidine, 3.9 parts
      of thiosuccinic acid, 2 parts of sodium hydroxide and 20 parts of water is
      stirred and heated at 95.degree.C for 18 hours with periodic addition of
      2N sodium hydroxide to maintain a pH value of 8. After cooling to
      20.degree.C the reaction mixture is extracted with 3 .times. 10 parts of
      ethylacetate and the aqueous phase which contains N[.gamma.(.alpha.,.beta.
      -dicarboxyethylthio).beta.-hydroxy-n-propyl]-N-ethyl-3-toluidine retained.
      The solution is cooled to 0.5.degree.C and the diazonium salt obtained by
      the diazotisation of 2.76 parts of 4-nitroaniline in 10 parts of
      concentrated hydrochloric acid and 50 parts of water is added and an
      alkaline reaction maintained throughout by the addition of 2N sodium
      hydroxide. When the coupling is complete the mixture is acidified with
      hydrochloric acid and the precipitated tarry dyestuff isolated by
      decantation. The dyestuff is purified by dissolving in dilute sodium
      carbonate solution, screening, then adding sodium acetate followed by
      acidification with acetic acid. The salt of the dyestuff is filtered off,
      then treated with dilute hydrochloric acid to give 2.1 parts of
      N[.gamma.(.alpha.,.beta.-dicarboxyethylthio).beta.-hydroxy-n-propyl]N-ethy
     l-4(4-nitrophenylazo)-3-toluidine.
PAR  Dyestuff 13
PAR  A mixture of 5.8 parts of Dyestuff 1 and 80 parts of acetic anhydride is
      heated at the boil for 2 hours whilst allowing slight distillation to
      occur. The resultant solution is cooled and the precipitated anhydride
      dyestuff filtered off, warmed with a petroleum ether fraction (b.p.
      40.degree.-60.degree.C) and dried. Yield 4.2 parts. 1 Part of this
      anhydride dyestuff and 75 parts of methanol is heated under reflux for 20
      hours then filtered hot and the filtrate evaporated to dryness. 0.7 parts
      of 1-phenyl-3-methyl-4(3-carboxy-4-carbomethoxyphenylazo)-5-pyrazolone are
      obtained.
PAR  Dyestuff 14
PAR  A mixture of 1 part of the anhydride dyestuff used for Dyestuff 13 and 25
      parts of .beta.-ethoxyethanol is heated under reflux for 2 hours. After
      evaporating to small bulk and cooling to 20.degree.C the solution is
      diluted with petroleum ether (b.p. 40.degree.-60.degree.C) and the
      precipitated dyestuff filtered off and dried. 1.2 parts of
      1-phenyl-3-methyl-4(3-carboxy-4-.beta.-ethoxyethoxycarbonylphenylazo)-5-py
     razolone is obtained.
PAR  Dyestuff 15
PAR  The diazonium salt obtained by diazotising 1.38 parts of 4-nitroaniline in
      25 parts of 2N hydrochloric acid is added to a solution of 2.1 parts of
      anilinosuccinic acid in 25 parts of 2N hydrochloric acid at 0.degree.C.
      When coupling is complete sodium acetate is added to precipitate the
      dyestuff which is filtered off, dissolved in dilute sodium carbonate
      solution, screened and precipitated with mineral acid. The
      N-(.alpha.,.beta.-dicarboxyethyl)4-(4-nitrophenylazo)aniline so obtained
      melts at 142.degree.-144.degree.C.
PAR  Dyestuffs 16 and 17
PAR  The diazonium salt obtained by the diazotisation of 1.38 parts of
      4-nitroaniline in 5 parts of concentrated hydrochloric acid and 5 parts of
      water is added to a solution of 3 parts of 2-anisidinosuccinic acid
      monomethyl ester in 30 parts of acetone and 10 parts of water at
      0.degree.-5.degree.C. When coupling is complete the dyestuff is
      precipitated by the addition of sodium acetate and dilution with water.
      The monomethyl ester of
      N(.alpha.,.beta.-dicarboxyethyl)4-(4-nitrophenylazo)2-anisidine (Dyestuff
      16) is filtered off, washed with water, then petroleum ether (b.p.
      40.degree.-60.degree.C) and dried.
PAR  The coupling component used in the preparation of the above dyestuff may be
      obtained as follows:
PAR  A solution of 19.3 parts of maleic anhydride in 25 parts of methanol is
      heated under reflux for 1/2 hour and then evaporated under reduced
      pressure. The residue so obtained is cooled to 0.degree.-5.degree.C and 40
      parts of triethylamine added over 10 minutes keeping the temperature below
      15.degree.C. 36 Parts of 2-anisidine is then added and the mixture heated
      at 100.degree.C for 17 hours. The triethylamine is then distilled off and
      the residue poured into 1000 parts of water and the mixture just acidified
      with hydrochloric acid. The precipitated monomethyl ester of
      2-anisidinosuccinic acid is filtered off, washed with water and dried,
      m.p. 135.degree.-138.degree.C.
PAR  The monomethyl ester of
      N(.alpha.,.beta.-dicarboxyethyl)4(4-nitrophenylazo)-2-anisidine may be
      hydrolysed to the dicarboxylic acid (Dyestuff 17) by warming the dyestuff
      with 2N sodium hydroxide.
PAR  Dyestuff 18
PAR  3.5 Parts of 4-chlorosulphonylphthalic acid is added to a solution of 3
      parts of
      N(.beta.-aminoethyl)-3-cyano-4-methyl-5-(2-nitrophenylazo)-6-hydroxy-2-pyr
     idone in 100 parts of pyridine at 70.degree.C and the mixture then heated
      under reflux for 15 minutes. The reaction mixture is filtered hot and the
      filtrate poured into an excess of dilute hydrochloric acid. The
      precipitated
      N[.beta.-(3,4-dicarboxyphenylsulphonylamino)ethyl]3-cyano-4-methyl-5-(2-ni
     trophenyl azo)6-hydroxy-2-pyridone is filtered off, washed with water and
      dried at 70.degree.C.
PAR  The N(.beta.-aminoethyl)3-cyano-4-methyl-5-(2-nitrophenylazo)
      6-hydroxy-2-pyridone used in the above preparation may be obtained as
      follows:
PAR  A mixture of 21.2 parts of ethyl cyanoacetate, 104 parts of ethylene
      diamine of 64% strength and 25.6 parts of ethyl acetoacetate is stirred at
      80.degree.C for 6 hours and then evaporated under reduced pressure to
      remove excess ethylene diamine. The residue is cooled to 20.degree.C and
      acidified with concentrated hydrochloric acid and the precipitated
      N-.beta.-aminoethyl-3-cyano-4-methyl-6-hydroxy-2-pyridone filtered off,
      washed with water and dried.
PAR  The diazonium salt obtained by the diazotisation of 13.8 parts of
      2-nitroaniline in 200 parts of water and 22 parts of sulphuric acid is
      added to a solution of 18.45 parts of the above pyridone coupling
      component dissolved in 300 parts of water by the addition of sodium
      hydroxide, the pH being maintained at 4-6 and the temperature between
      0.degree.-5.degree.C during the coupling. When coupling is complete the
      product is filtered off, washed with water and dried to give 31.8 parts of
      N-(.beta.-aminoethyl)3-cyano-4-methyl-5-(2-nitrophenylazo)6-hydroxy-2-pyri
     done.
PAR  Dyestuff 19
PAR  The diazonium salt obtained by the diazotisation of 2.3 parts of
      4-aminophthalic acid in 10 parts of 2N hydrochloric acid and 20 parts of
      water is added to 2 parts of 3-carbomethoxy-2-naphthol in 20 parts of 2N
      sodium hydroxide and 20 parts of water at 0.degree.-5.degree.C. Acetone
      and sufficient 2N sodium hydroxide are added to maintain an alkaline
      reaction and keep the dyestuff in solution. When coupling is complete the
      reaction mixture is acidified with hydrochloric acid and the precipitated
      1-(3,4-dicarboxyphenylazo)3-carbomethoxy-2-naphthol filtered off, washed
      with water and dried.
PAR  Dyestuff 20
PAR  By replacing the 3-carbomethoxy-2-naphthol in the Dyestuff 19 process by
      2.75 parts of 2-hydroxy-3-naphthoic di-.beta.-hydroxyethylamide, 3 parts
      of 1-(3,4-dicarboxyphenylazo)-3-(N,N-di-.beta.-hydroxyaminocarbonyl)2-naph
     thol are obtained.
PAR  Dyestuffs 21 and 22
PAR  The diazonium salt obtained by the diazotisation of 2.3 parts of
      4-aminophthalic acid in 10 parts of 2N hydrochloric acid and 20 parts of
      water is added to a solution of 1.53 parts of 2,5-dimethoxyaniline in 20
      parts of 2N hydrochloric acid and 20 parts of water at
      0.degree.-5.degree.C. When coupling is complete the solution is diluted
      with water and the precipitated
      2,5-dimethoxy-4-(3,4-dicarboxyphenylazo)aniline (Dyestuff 21) filtered
      off, washed with water and dried.
PAR  This dyestuff is dissolved in 20 parts of 2N hydrochloric acid and 20 parts
      of water and diazotised at 0.degree.-5.degree.C and the diazonium salt so
      obtained added to a solution of 1.74 parts of
      1-phenyl-3-methyl-5-pyrazolone in 20 parts of 2N sodium hydroxide and 20
      parts of water at 0.degree.-5.degree.C, more 2N sodium hydroxide being
      added as required to maintain an alkaline reaction. When coupling is
      complete the mixture is acidified and the precipitated
      1-phenyl-3-methyl-4[4(3,4-dicarboxyphenylazo)-2,5-dimethoxyphenylazo]5-pyr
     azolone (Dyestuff 22) filtered off, washed with water and then purified by
      dissolving in dilute sodium carbonate solution, screening from insoluble
      material and precipitating with mineral acid.
PAR  Dyestuff 23
PAR  1 part of 4-chlorosulphonyl phthalic acid is added to a solution of 0.5
      parts of 1-hydroxy-4-(4-aminoanilino)-anthraquinone, (itself obtained by
      the reaction of leucoquinizarin with 4-phenylene diamine) in 25 parts of
      dioxan. The mixture is heated under reflux for 51/2 hours, filtered hot,
      and the filtrate poured into water. The precipitated product is filtered
      off, dissolved in dilute sodium carbonate solution at 20.degree.C,
      screened, and the filtrate acidified with mineral acid to give 0.4 parts
      of 1-hydroxy-4-[4-(3,4-dicarboxy
      phenylsulphonylamino)anilino]anthraquinone.
PAR  Dyestuff 24
PAR  This is prepared by following the procedure described below for Dyestuff
      25, using 1.25 parts of 1-hydroxy-4-aminoanthraquinone in place of the
      4,8-diaminoanthrarufin.
PAR  Dyestuff 25
PAR  A mixture of 1.25 parts of 4,8-diaminoanthrarufin, 1.6 parts of
      epoxysuccinic acid and 15 parts of 1,2-dichlorobenzene is heated under
      reflux for 24 hours. The solvent is removed by steam distillation from a
      dilute sodium carbonate solution. The mixture is then filtered from
      uncharged diaminoanthrarufin and the filtrate acidified with mineral acid.
      The dyestuff precipitated consists essentially of a mixture of 4(.alpha.,
      .beta.-dicarboxy-.beta.-hydroxyethylamino)8-aminoanthrarufin and
      4,8-di(.alpha.,.beta.-diarboxy-.beta.-hydroxyethylamino)anthrarufin.
PAR  Dyestuffs 26 to 29
PAR  Dyestuffs 26 to 29 are prepared by gravel milling a mixture of 3.88 parts
      of the anhydride of
      1-phenyl-3-methyl-4(3,4-dicarboxyphenylazo)-5-pyrazolone (Dyestuff 1), 40
      parts of water and 3 parts of conc.ammonia solution or 2 parts of 40%
      methylamine solution, or 1.5 parts of diethylamine or 1.5 parts of
      cyclohexylamine. After 24 hours the reaction mixture is acidified with
      hydrochloric acid and the precipitated dyestuff filtered off, washed with
      water and dried.
PAR  Dyestuff 30
PAR  Dyestuff 30 is prepared by reacting a solution of 3.88 parts of the
      anhydride of 1-phenyl-3-methyl-4(3,4-dicarboxyphenylazo)-5-pyrazolone in
      40 parts of tetrahydrofuran with 3 parts of aniline at 20.degree.C for 3
      hours, then evaporating off the solvent under reduced pressure. The
      residue is triturated with dilute hydrochloric acid, filtered and washed
      acid free with water and dried to give Dyestuff 30.
PAR  Dyestuff 31
PAR  Dyestuff 31 is prepared in an analogous way to Dyestuff 1 using
      3-aminophthalic acid in place of 4-aminophthalic acid.
PAR  Dyestuff 32
PAR  The dyestuff is prepared by the reaction of
      4(4-aminoanilino)-5-pminochrysazin with epoxysuccinic acid.
PAR  Dyestuff 33
PAR  The dyestuff is prepared by the condensation of
      1-amino-2-bromo-4-hydroxysuccinic acid with 4-mercaptophthalic acid. The
      4-mercaptophthalic acid itself being made by the reduction of
      4-chlorosulphonylphthalic acid with zinc in dilute sulphuric acid.
PAR  Dyestuff 34
PAR  4-Aminohomophthalic acid is diazotised and coupled with
      1-phenyl-3-methyl-4-pyrazolone. The 4-aminohomophthalic acid is itself
      prepared by the nitration of homophthalic acid followed by reduction with
      tin and hydrochloric acid.
PAR  Dyestuffs 36, 42, 43, 44, 49 and 50
PAR  These dyestuffs are prepared in the usual manner by diazotisation of the
      appropriate amine and then coupling with the appropriate coupling
      component.
PAR  Dyestuff 35
PAR  This dyestuff is prepared by the condensation of
      3-methyl-6-bromoanthrapyridone with 3-aminophthalic acid.
PAR  Dyestuff 37
PAR  3-amino-4-cyano-5-methylphthalic acid is diazotised and coupled with
      m-toluidine and the product diazotised and coupled with
      1-phenyl-3-methyl-5-pyrazolone.
PAR  Dyestuff 38, 39, 40 and 41
PAR  These dyestuffs are prepared by the reaction of the anhydride of
      4(3,4-dicarboxyphenylazo)-N-ethyl-N-benzylaniline with the appropriate
      amine.
PAR  Dyestuffs 45 and 46
PAR  These products are prepared by the acylation of
      3-amino-4(2-chloro-4-nitrophenylazo)N,N-diethylaniline and
      1-amino-2-methoxy-4-aminoanthraquinone with chloroacetyl chloride followed
      by reaction of the products with 4-mercaptophthalic acid.
PAR  Dyestuff 47
PAR  The condensation product of 4,5-dinitrochrysazin with p-phenylenediamine is
      acylated with tricarballylic anhydride.
PAR  Dyestuff 48
PAR  1-amino-2-sulpho-4-bromoanthraquinone is condensed with
      4-aminophenylsuccinic acid and the product desulphonated by reduction with
      sodium hydrosulphite.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for dyeing textile fibers comprising cellulose or blends of
      cellulose with polyester fibres which process comprises applying to said
      fibres an unsulphonated dyestuff containing a dicarboxylic cyclic
      anhydride grouping or a dicarboxylic acid grouping such that cyclic
      anhydride formation can occur by loss of water therefrom, or a half ester
      or half amide of such a dicarboxylic acid grouping, any carboxylic acid
      group in the said dyestuff being present in free acid form or in the form
      of a salt with ammonia or a volatile amine, and heating the textile fibre
      until fixation of the dyestuff takes place.
NUM  2.
PAR  2. Process according to claim 1 wherein the said dyestuff contains a
      grouping
      ##EQU13##
      wherein R.sub.1 is hydrogen or an alkyl or substituted alkyl group of 1 to
      5 carbon atoms or an aryl group, R.sub.2 is hydrogen or an alkyl or
      substituted alkyl group of 1 to 5 carbon atoms and A represents a molecule
      of ammonia or a volatile amine, particularly an aliphatic or
      cycloaliphatic amine.
NUM  3.
PAR  3. Process according to claim 1 wherein said dyestuff contains a
      dicarboxylic grouping with the two CO groups thereof in adjacent positions
      on an carbocyclic aromatic ring.
NUM  4.
PAR  4. Process according to claim 3 wherein the said two CO groups are in ortho
      position on a benzene ring.
NUM  5.
PAR  5. Process according to claim 1 wherein said dyestuff contains a
      dicarboxylic grouping with the two CO groups thereof in anhydride forming
      positions on an alkyl chain.
NUM  6.
PAR  6. Process according to claim 5 wherein the said two CO groups are in the
      1,2-position on an alkyl chain.
NUM  7.
PAR  7. Process according to claim 1 wherein said dyestuff contains a
      dicarboxylic grouping with one CO group on a carbocyclic aromatic ring and
      one in anhydride forming position on a side chain.
NUM  8.
PAR  8. Process according to claim 1 wherein dyestuff in the form of a
      water-soluble salt is applied to the textile fibre and free acid dyestuff
      is thereafter liberated by means of mineral or organic acid or a substance
      which generates an acid on heating.
NUM  9.
PAR  9. Process according to claim 1 wherein dyestuff is applied to the textile
      fibre from an aqueous or non-aqueous liquor or by a printing technique and
      subsequently baked or steamed at a temperature above 125.degree.C.
NUM  10.
PAR  10. Process according to claim 9 wherein the dyestuff is in the form of a
      salt with ammonia or a volatile amine.
NUM  11.
PAR  11. Process according to claim 9 wherein the temperature is 180.degree. to
      210.degree.C.
NUM  12.
PAR  12. Process according to claim 1 wherein the dyestuff is of the azo series.
NUM  13.
PAR  13. Process according to claim 1 wherein the dyestuff is of the
      anthraquinone series.
PATN
WKU  039349730
SRC  5
APN  1822349
APT  1
ART  141
APD  19710920
TTL  Finely divided colorants
ISD  19760127
NCL  10
ECL  1,10
EXP  Levy; Donald
INVT
NAM  Shultz; Andrew
CTY  Morris Plains
STA  NJ
INVT
NAM  Wizemann; Leslie C.
CTY  Wyckoff
STA  NJ
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  71
APN  721590
APD  19680416
PSC  03
CLAS
OCL    8 79
XCL    8 78
XCL  252132
XCL  252 89
EDF  2
ICL  C09B 6700
FSC    8
FSS  79
FSC  117
FSS  DIG. 7
UREF
PNO  2768054
ISD  19561000
NAM  Armento
OCL    8169
UREF
PNO  2785478
ISD  19570300
NAM  Audas
OCL    8 54.2
UREF
PNO  2844489
ISD  19580700
NAM  Gemmer
OCL  117 21
UREF
PNO  2986475
ISD  19610500
NAM  Mesnard
OCL  117100
UREF
PNO  3573979
ISD  19710400
NAM  Honjo
OCL  117234
FREF
PNO  229,137
ISD  19510300
CNT  AU
OCL    8  1
FREF
PNO  703,577
ISD  19650200
CNT  CA
OCL    8  1
FREF
PNO  807,089
ISD  19590100
CNT  UK
OCL    8 79
OREF
PAL  Bibliography of Solid Adsorbent, 1943 to 1953 by Deitz National Bureau of
      Standards, Abstracts 1391 and 8225,   and 3-8B02.
PAL  Glassfone, Textbook of Physical Chemistry, pp. 1218 and 1219, Pub. 1946 by
      D. Van Nostrand, N.Y.C.
PAL  Kivkothmer, Encyclopedia of Chemical Technology, 2nd Edition, Vol. 7, pp.
      481 and 487.
LREP
FR2  Stewart; Anthony J.
FR2  Friedenson; Jay P.
ABST
PAL  Finely divided colorant compositions capable of uniform distribution
      throughout a dry, solid particulate material, such as a cleaning
      composition, are prepared by forming a solution of the desired colorant,
      adding a finely divided, inert substrate material and spray drying the
      resultant slurry.
PARN
PAR  This is a continuation of application Ser. No. 721,590, filed Apr. 16,
      1968, now abandoned, entitled "Finely Divided Colorants."
BSUM
PAR  In the preparation of powdered or granular cleaning compositions such as
      soaps, detergents, scouring cleansers and the like for the consumer
      market, the acceptability of these products is often enhanced by the
      addition of a colorant. In most instances the amount of colorant employed
      is small. For example, in the preparation of household cleansers to be
      used on surfaces such as porcelain sinks, toilet bowls, tiles and the
      like, it has been found desirable to incorporate a water-soluble colorant
      in relatively low concentrations, so that the colorant is practically
      imperceptible until the cleanser is applied to a wet surface. Dissolution
      of the colorant then imparts a color to the wet surface and serves as an
      indicator of the distribution of cleanser on the surface to be cleaned.
PAR  In the preparation of such compositions the colorant is employed in a
      finely divided state and is uniformly distributed or dispersed throughout
      the composition in order to minimize the coloration effect in the dry
      composition. It has been found to be both difficult and expensive to
      prepare dyes having the desired degree of fineness for such purposes.
      Furthermore, non-uniform or heterogeneous distribution of the dye results
      unless care is exercised in the mixing or blending of the dye with the
      cleaning composition. Additional blending problems result from the
      tendency of many dyes, especially in finely divided state, to aggregate
      during the blending operation.
PAR  As a result of the formation of aggregates or large easily discernible
      particles of color, the desired effect of a barely perceptible color is
      lost. More importantly when large mixes or blends are prepared for
      subsequent repackaging in smaller units this inhomogeneity resulting from
      aggregation causes considerable variation of dye content in the smaller
      units and may result in an excess of dye in some packages and a deficiency
      or substantial absence in others.
PAR  It is an object of the present invention to provide finely divided colorant
      compositions which can be easily dispersed throughout dry, solid
      particulate compositions such as the cleaning compositions mentioned
      above.
PAR  It is a further object to provide a method of preparing such colorant
      compositions.
PAR  A still further object of this invention is to provide dry, solid,
      particulate compositions, and particularly cleaning compositions having a
      colorant uniformly dispersed therethrough.
PAR  The foregoing and other objects and advantages are achieved in accordance
      with the present invention which provides novel, easily-dispersible
      colorant compositions and a process for preparing them.
PAR  The colorant compositions of the present invention are spray-dried
      compositions comprising a finely divided, inert substrate material having
      a dyestuff evenly dispersed thereon.
PAR  The process of the present invention comprises admixing a solution of the
      desired colorant with a finely divided, inert, substrate material, and
      drying the resultant slurry by atomizing it into a heated gas stream.
PAR  Various dyes and mixtures thereof may be employed depending on the color
      desired and the intended use of the compositions and the medium in which
      the dye is to be dissolved. Since, the colorant compositions of the
      present invention find particular utility in cleansing compositions such
      as soaps, synthetic detergents and the like, normally employed with water,
      water-soluble dyes are preferred. Also, since such compositions are
      commonly used in the cleaning of cooking ware, eating utensils and the
      like, or in contact with the human body, it is particularly desirable that
      the ingredients of such compositions be non-toxic. Thus, the preferred
      colorants, for purposes of the present invention are water soluble,
      non-toxic colorants such as the FD&C and D&C certified colors. Typical of
      the commercially available dyes which may be employed are:
PA0  disodium salt of 4- {(4-[N-ethyl-p-sulfobenzylamino]phenyl)
      (2-sulfoniumphenyl)methylene} (1-N-ethyl-N-p-sulfobenzyl)- .DELTA..sup.2,5
      -cyclohexadienimine) (i.e. FD&C Blue No. 1)
PA0  monosodium salt of 4-[4-(N-ethyl-p-sulfobenzylamino)
      diphenylmethylene]-[1-(N-ethyl-N-p-sulfoniumbenzyl)- .DELTA..sup.2,5
      -cyclohexadienimine] (i.e. FD&C Green No. 1)
PA0  trisodium salt of 1-(4-sulfo-1-nephthylazo)-2-naphthol-3,6-disulfonic acid
      (i.e. FD&C Red No. 2)
PA0  monosodium salt of 4-{[4-(N-ethyl-p-sulfobenzylamino)
      phenyl]-[4-(N-ethyl-p-sulfoniumbenzylamino)phenyl]methylene}-(N,N-dimethyl
     - .DELTA..sup.2,5 -cyclohexadienimine) (i.e. FD&C Violet No. 1)
PA0  trisodium salt of
      3-carboxy-5-hydroxy-1-p-sulfophenyl-4-p-sulfophenylazopyrazole (i.e. FD&C
      Yellow No. 5)
PA0  disodium salt of 1-p-sulfophenylazo-2-naphthol-6-sulfonic acid (i.e. FD&C
      Yellow No. 6)
PA0  disodium salt of 2-(5-sulfo-2,4-xylylazo)-1-naphthol-4-sulfonic acid ( i.e.
      FD&C Red No. 4)
PA0  disodium salt of
      8-amino-7-p-nitrophenylazo-2-phenylazo-1-naphthol-3,6-disulfonic acid (
      i.e. D&C Black No. 1)
PA0  monosodium salt of 4-p-sulfophenylazo-2(2,4-xylylazo)-1,3-resorcinol ( i.e.
      D&C Brown No. 1)
PA0  disodium salt of 1,4-bis(o-sulfo-p-toluino)anthraquinone ( i.e. D&C Green
      No. 5)
PA0  monosodium salt of 1-hydroxy-4-(o-sulfo-p-toluino) anthraquinone (Ext. D&C
      Violet No. 2)
PA0  disodium salt of 4-(o-sulfo-p-tolylazo)-3-hydroxy-2-naphthoic acid ( i.e.
      D&C Red No. 6)
PAR  It will be understood, though, that other water soluble dyes as well as
      dyes soluble in other media, such as oil, can be used.
PAR  The dyestuff can be dissolved in any inert solvent which is sufficiently
      volatile to be readily removed during the drying step. Because of its low
      cost and because, as mentioned above, water soluble dyestuffs are
      preferred, the most appropriate solvent is water, although alcohols, such
      as methanol, ethanol, propanol, butanol and phenol, aromatic compounds,
      such as benzene, toluene and xylene, and lower alkanes, such as hexane,
      heptane and octane can be used. The amount of solvent is not critical, but
      should be sufficient to dissolve all of the dyestuff and provide a readily
      pumpable slurry after admixture with the inert substrate.
PAR  Suitable inert substrate materials which may be employed include for
      example, colloidal silica, silica flour, diatomaceous earth, kaolin,
      pumice, talc, mineral clays, (e.g. bentonite or fullers earth) chalk,
      kieselguhr, tripoli, powdered feldspar. When the colorant is intended for
      use in an abrasive composition such as a scouring cleanser, it may be
      expedient to select a substrate material such as silica or powdered
      feldspar, which has suitably abrasive properties. However, for use in
      compositions where abrasive properties are not desired, an essentially
      non-abrasive substrate material, such as finely powdered magnesium
      silicate may be selected. The substrate should be insoluble in the
      dyestuff solution, and for some uses it is preferred that the substrate
      material also be substantially insoluble in the medium in which the final
      composition is to be employed. For example, in the case of most scouring
      compositions, the substrate should be substantially insoluble in water.
      The substrate should also be inert or non-deleterious with respect to the
      other ingredients in the composition. Particle size of the substrate
      material may vary considerably, depending on intended usage, for example,
      from less than 0.001 to greater than 250 microns diameter. It is preferred
      to employ a finely divided silica of which at least 50 percent by weight
      passes through a 200 mesh sieve (U.S. Standard Sieve Series). Essentially
      such silica is of a particle diameter wherein greater than 50 percent is
      smaller than 75 microns.
PAR  The ratio of components in the present colorant compositions may vary
      considerably, depending on the depth of color and degree of dispersion
      desired in the final composition, and the surface area or bulk density of
      the substrate material. For most purposes compositions comprising about
      0.1 to 20 percent by weight of colorant, based on the total weight of
      colorant plus inert substrate will be suitable.
PAR  For the purpose of drying, the composition of the slurry to be dried, that
      is the ratio of solid to liquid, may vary considerably, provided it is of
      such consistency that it is pumpable. Satisfactory results are obtained
      for example with slurries containing about 2 to 20 parts of substrate
      material per 100 parts of dyestuff solution, although it will be apparent
      that considerably higher or lower proportions can be employed if desired.
PAR  In the preparation of the slurry, the order of addition of materials is not
      critical. Hence, the dyestuff can be added to a slurry of the inert
      substrate in the solvent or the inert substrate can be added to the
      solution of dyestuff in solvent, or the solvent can be added to a mixture
      of dyestuff and inert material.
PAR  The drying of materials by atomization into a heated gas stream, generally
      referred to as "spray drying", may be effected in various types of
      commercial spray drying apparatus. A general description of such apparatus
      is found in Chemical Engineers' Handbook, John H. Perry, third edition
      (1950) McGraw-Hill Book Company, Inc., pages 838-848. As described
      therein, atomization is generally accomplished by passing a pumpable fluid
      through a nozzle or on a high speed rotating disc. The atomized material
      enters a heated gas stream comprising any gas or mixture of gases which is
      chemically inert to the material being dried, for example, air, carbon
      dioxide, nitrogen, etc., which serves to dry the particles as they pass
      through. In such apparatus the temperature of the gas stream is generally
      maintained at about 100.degree. to 300.degree. centigrade at the inlet of
      the atomized material, and the flow rate of the gas stream and retention
      time of the atomized material are sufficient to effect the drying of the
      material to a free-flowing particulate state. Usual exit gas temperatures
      will be about 60.degree. to 160.degree. centigrade. The dried material
      will generally have a moisture content of less than about 10 percent by
      weight.
PAR  The resultant free flowing colorant composition is a dry, finely-divided,
      inert substrate material having the dye evenly dispersed thereon. In such
      compositions, the formation of aggregates of the dye particles is
      substantially eliminated, and surprisingly an average particle size of dye
      plus substrate may be obtained that is less than that usually obtained by
      grinding or pulverizing the dye alone. In general, the average particle
      size of the colorant composition is dependent on the size of the substrate
      starting material as well as the conditions during drying. Typical ranges
      in particle size are indicated by the examples. Mixing and blending of the
      dye into the final composition, for example, a detergent cleaning
      composition is greatly simplified. Non-uniform distribution of the dye is
      minimized and simple mixing procedures may be employed to provide a
      homogeneous mixture which, when divided into smaller units, for example in
      consumer packages, will exhibit little or no variation of composition from
      package to package.
PAR  The substrate having the dye dispersed thereon may then be added to the
      material to be colored in any suitable manner for mixing solids, such as
      in a tumbler, a ribbon mixer, a screw mixer or a turbine mixer. It has
      been noted that these dispersed colorant compositions find particular
      utility in the coloration of powdered cleaning compositions, such as
      soaps, detergents, scouring cleansers and the like. The dispersed colorant
      may be added to such compositions in whatever amounts are necessary to
      obtain the desired degree of color. Typical cleaning compositions will
      generally comprise, in weight percent, between about 0.005 and 2.0 percent
      of dye and between about 2 and 20 percent of inert substrate. When low
      percentages of dye, such as below about 0.05 percent and a finely divided
      substrate, for example having an average particle size below about 100
      microns are employed, compositions may be prepared wherein the color is
      almost imperceptable. Such compositions will appear substantially white in
      dry form, but will exhibit color when added to water. If it is desired to
      prepare a heterogeneous dispersion wherein the colorant appears as
      distinct particles dispersed, for example, in a powdered soap, detergent
      or the like, a larger substrate size and a higher ratio of dye to
      substrate is employed so that the particles are almost completely colored.
      The colored substrate particles can be dry mixed with powdered or
      granulated soap or detergent in any ratio desired and will appear as large
      colored particles in the mix.
PAR  The cleaning compositions with which the colorants of the present invention
      may be advantageously employed include for example, water-soluble alkali
      metal soaps or any one or mixture of known synthetic detergents either
      alone or in admixture with various builders such as sodium
      tripolyphosphate and the like. Typical synthetic detergents are the alkali
      metal salts of anionic sulfate or sulfonate detergents containing branched
      or straight chain alkyl groups of 8 to 22 carbon atoms, such as sodium
      dodecyl benzene sulfonate. Inasmuch as the generally used dyestuffs are
      acid-type dyes they do not color textiles or other objects objectionably
      in the alkaline media which result during normal use of the cleaning
      compositions. Moreover, in laundering and scouring operations, a bleach or
      oxidizing agent is normally used, either in a separate step or by means of
      materials incorporated in the cleaning composition. These dyes are
      decolorized by such treatments and hence have the additional advantage
      that any remotely possible slight color, which may be imparted to articles
      with which the cleaning compositions may come in contact during use, is
      removed substantially completely due to the neutralizing action of the
      media and/or the bleaching action.
PAR  Scouring compositions with which the colorants of the present invention may
      be employed generally contain a relatively large amount of mild abrasive
      such as quartz flour, pumice and the like, together with a relatively
      small amount of synthetic detergent and optionally, minor amounts of
      inorganic salts and/or solid bleaching compounds, such as alkali
      perborates, percarbonates, etc. In the application of the colorants to
      these scouring compositions it has been found expedient to utilize a
      portion or all of the abrasive component of the scouring composition as
      the inert substrate to which the dye is applied in accordance with the
      present invention.
DETD
PAR  By way of further illustration of the present invention and the manner in
      which it may be practiced the following specific examples are set forth.
      In the examples, all parts are by weight and all temperaatures are in
      centigrade degrees unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Fifty parts of colloidal silica having an average particle size of
      0.015--0.020 .mu., was mixed with 1000 parts of water to form a uniform
      suspension. To the suspension 1.0 parts of FD&C Blue No. 1 dye was added
      and the mixture was agitated until all the dye was dissolved. The mixture
      was then dried using a Technicum Spray Dryer, with a Bowen Spin Disc speed
      of about 35,000-40,000 r.p.m. Inlet temperature was
      145.degree.-150.degree.C and exhaust temperature was
      60.degree.-70.degree.C. The resultant spray dried product which consisted
      of colloidal silica having the dye dispersed thereon was subjected to a
      screen analysis using U.S. Standard Sieve Series. The results of the
      screen analysis are shown in the table below.
PAC  EXAMPLES 2 - 9
PAR  In Examples 2-6, the procedure of Example 1 was repeated except that the
      amount of dye was varied as shown in the table. In Example 7, the
      procedure of Example 1 was repeated using 50 parts dyestuff but no silica.
      Examples 8 and 9 show the screen analysis of the starting materials -- not
      spray dried -- and are included in the table for purpose of comparison.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Example No.   1    2    3    4    5    6    7    8    9                   

                             Parts By Weight          (Not Spray-              

                                                      Dried)                   

     __________________________________________________________________________

     Colloidal Silica*                                                         

                   50   50   50   50   50   50   --   50   --                  

     FD&C Blue No. 1                                                           

                   0.5  1.0  2.0  4.0  10.0 --   50   --   50                  

     Screen Analysis:**                                                        

     Retained on                                                               

             80 mesh                                                           

                   24.66                                                       

                        8.34 7.27 3.77 0.7  0.18 95.19                         

                                                      5.45 48.86               

      "     100  " 12.27                                                       

                        7.88 8.24 8.02 0.66 0.26 3.66 12.33                    

                                                           31.42               

     "      200  " 36.33                                                       

                        21.59                                                  

                             24.77                                             

                                  22.40                                        

                                       14.61                                   

                                            7.36 0.40 48.20                    

                                                           13.36               

      Passed through 200 Mesh                                                  

                   26.74                                                       

                        62.19                                                  

                             59.51                                             

                                  65.81                                        

                                       84.03                                   

                                            92.20                              

                                                 0.75 34.02                    

                                                           6.39                

     __________________________________________________________________________

       *CaB-O-Sil M-5; Cabot Corp., Boston, Mass.                              

      **U.S. Standard Sieve Series.                                            

PAR  One of the advantages of the present invention is apparent from the screen
      analyses shown in the above examples. Example 7 shows the screen analysis
      of a dye which was spray-dried without a substrate material. By comparison
      with the analysis of the material before spray drying, (Example 9) it will
      be seen that the dye tended to form aggregates during drying and the
      average particle size tended to increase. In the other example where the
      substrate material is present, the dye is dispersed on the surface of the
      substrate and aggregation is prevented. Furthermore it will be apparent
      from a comparison of Example 6 with Example 8 that the spraydrying reduces
      the average particle size of the colloidal silica with the result that a
      greater percentage of the spraydried substrate will pass through a 200
      mesh screen. In addition, contrary to expectations, it is seen that
      increased percentages of dye with a fixed quantity of substrate do not
      result in an average particle size increase. On the contrary, a trend
      toward decreasing average particle size with increasing percentages of dye
      is noted.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a finely-divided, easily dispersible colorant
      composition which comprises preparing a slurry of a substrate consisting
      essentially of a finely-divided, inert, water-insoluble inorganic material
      in a solution of a dyestuff, removing the solvent from said slurry by
      atomizing said slurry into a stream of heated gas and recovering the
      resulting dried product as a free-flowing particulate composition of said
      inert substrate having said dyestuff evenly dispersed on the surface
      thereof.
NUM  2.
PAR  2. The process of claim 1 wherein the solution of dyestuff is an aqueous
      solution.
NUM  3.
PAR  3. The process of claim 1 wherein the slurry comprises about 2 to 20 parts
      of substrate material per 100 parts of dyestuff solution.
NUM  4.
PAR  4. The process of claim 1 wherein the dyestuff is a non-toxic, water
      soluble dyestuff.
NUM  5.
PAR  5. The process of claim 1 wherein the amount of dyestuff in said solution
      is about 0.1 to 20% by weight based on the total weight of the dyestuff
      and the substrate.
NUM  6.
PAR  6. The process of claim 1 wherein the substrate material has a particle
      size ranging from about 0.001 to about 250 microns in diameter.
NUM  7.
PAR  7. The process of claim 1 wherein the temperature of the heated gas is
      about 100.degree. to 300.degree.C.
NUM  8.
PAR  8. A spray-dried, free-flowing, finely-divided colorant composition
      comprising a substrate having a dyestuff evenly dispersed on the surface
      thereof, said substrate consisting essentially of a finely-divided inert
      water-insoluble inorganic material.
NUM  9.
PAR  9. The composition of claim 8 wherein the dyestuff is a water soluble
      dyestuff.
NUM  10.
PAR  10. A dry, solid particulate colored composition comprising a cleansing
      composition having uniformly dispersed therethrough a colorant composition
      as claimed in claim 9.
PATN
WKU  039349748
SRC  5
APN  3945774
APT  1
ART  141
APD  19730905
TTL  Solution of ethylauramine hydrochloride in thiodiglycol
ISD  19760127
NCL  2
ECL  1
EXP  Levy; Donald
INVT
NAM  Arsac; Aime Joseph
CTY  Condrieu
CNT  FR
INVT
NAM  Tosan; Roland Jean Dominique
CTY  Condrieu
CNT  FR
ASSG
NAM  Produits Chimiques Ugine Kuhlmann
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720905
APN  72.31355
CLAS
OCL    8 93
XCL    8  7
XCL    8 79
EDF  2
ICL  D06P  168
FSC    8
FSS  93;79;7
UREF
PNO  3617183
ISD  19711100
NAM  Grosklos et al.
OCL    8 93
UREF
PNO  3617185
ISD  19711100
NAM  Drautz
OCL    8 93
LREP
FRM  Browne, Beveridge, DeGrandi & Kline
ABST
PAL  Solution of ethylauramine hydrochloride in thiodiglycol; process for the
      preparation of such a solution in which dry ethylauramine hydrochloride,
      without water of crystallisation, is dissolved in thiodiglycol and process
      of colouration in which the colouring agent is such a solution.
BSUM
PAR  The present invention relates to solutions of ethylauramine hydrochloride
      in thiodiglycol, to their preparation and to their use.
PAR  Ethylauramine is a well known dyestuff which is in fact the hydrochloride
      of bis-4,4'-(diethylamino)-diphenyl-methyleneamine, the formula of which
      is as follows:
      ##SPC1##
PAR  This dyestuff is of increasing importance, especially with regard to the
      dyeing of paper. Just like its lower homologue ordinary auramine, it has
      the disadvantage, when it is in powder form, of emitting particularly
      disagreeable dusts. In order to mitigate this disadvantage consideration
      has been given to providing this dyestuff in an anti-dust form, but it is
      difficult to arrive at a perfect result by means of adjuvants. Its
      presentation in the form of concentrated solutions allows the formation of
      dusts to be avoided and a volumetric measure of the dyestuff to be
      effected. However, these solutions must satisfy certain requirements. It
      is necessary for them to be stable over a period of several months and
      that crystallisation of the dyestuff should not occur when the temperature
      falls: it is also necessary that a clear solution of the dyestuff should
      be obtained on dilution with water.
PAR  For this purpose, French Pat. No. 1,595,616 has recommended the use of the
      following solvents: ethylene glycol, diethylene glycol, monomethyl or
      monoethyl ethers of ethylene glycol.
PAR  It has now been found according to the present invention that these various
      solvents may advantageously be replaced by thiodiglycol which has the
      formula:
      ##EQU1##
PAR  This solvent enables very concentrated solutions of ethylauramine
      hydrochloride to be obtained, more concentrated than with the other
      solvents. A concentration of 50 percent by weight of dyestuff can be
      reached and even exceeded. The solutions are stable for a longer time, and
      the aqueous dilutions are much clearer, than when the other solvents
      mentioned above are used. The solutions according to the invention are
      prepared by using dry ethylauramine hydrochloride not containing water of
      crystallisation. For example, 15 or more parts by weight of hydrochloride
      to 85 parts by weight of thiodiglycol may be used. Surface active
      compounds, preferably cationic or non-ionic, may be added to the solutions
      obtained with a view to possible improvement of their behaviour.
PAR  The solutions of the invention are preferably used for the colouration of
      paper but they may be used for example for the colouration of textile
      fibres or printing inks.
DETD
PAR  The invention is illustrated by the following Examples in which the parts
      are parts by weight unless the contrary is indicated.
PAC  EXAMPLE 1
PAR  100 parts of thiodiglycol and 100 parts of dry ethylauramine hydrochloride,
      without water of crystallisation, are mixed at the ambient temperature.
      The mixture is heated progressively to a temperature of 60.degree.C. and
      is maintained at this temperature for two hours until solution is
      complete. Then 200 parts of a 50 percent solution of dyestuff are obtained
      which dyes paper a yellow shade similar to that of ordinary auramine. This
      solution is very stable over a period of several months. If 1 ml of this
      solution is taken and diluted with 50 ml of water, a perfectly clear
      yellow solution is obtained.
PAC  EXAMPLE 2
PAR  200 parts of thiodiglycol are mixed at the ambient temperature with 100
      parts of dry ethylauramine hydrochloride, without water of
      crystallisation, and the mixture is heated progressively to a temperature
      of 60.degree.C. 300 parts of a solution ready for use are obtained. This
      solution is very stable over a period of several months and has a lower
      viscosity that the solution of Example 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. Solution of ethylauramine hydrochloride in thiodiglycol wherein the
      concentration of ethylauramine hydrochloride is equal to, or greater than
      15 percent by weight.
NUM  2.
PAR  2. Process for the preparation of a solution of ethylauramine hydrochloride
      in which 15 or more parts by weight of dry ethylauramine hydrochloride,
      without water of crystallisation, is dissolved in 85 parts by weight of
      thiodiglycol.
PATN
WKU  039349756
SRC  5
APN  4051130
APT  1
ART  141
APD  19731010
TTL  Leather treating process
ISD  19760127
NCL  11
ECL  1
EXP  Levy; Donald
INVT
NAM  Kelly; James M.
CTY  Belford
STA  NJ
INVT
NAM  Papalos; John G.
CTY  Kearny
STA  NJ
ASSG
NAM  Diamond Shamrock Corporation
CTY  Cleveland
STA  OH
COD  02
RLAP
COD  71
APN  206969
APD  19711210
PSC  03
RLAP
COD  84
APN  93839
APD  19701130
PSC  03
CLAS
OCL    8 9424
XCL    8 9421
XCL    8 941P
EDF  2
ICL  C14C  318
FSC    8
FSS  94 P;94.24;94.21
UREF
PNO  2454543
ISD  19481100
NAM  Bock
OCL  260 49
LREP
FR2  Levin; Neal T.
FR2  Nunn; Leslie G.
FR2  Tiernan; John C.
ABST
PAL  Leather treating compositions are prepared which comprise condensed or
      polymaric alkyl phenol phosphates generally and more particularly an
      alkylphenol-polyphenol condensate subsequently alkoxylated and phosphated.
      These compositions may be utilized for leather processing, and
      specifically for: retanning, lubricating, and imparting water resistance
      to chrome and/or mineral tanned leather. Additionally, these comprositions
      may be used to effect modifications of base mineral tannages for the
      purpose of dyeing, bleaching, and fatliquoring leather.
PARN
PAR  This is a continuation, of application Ser. No. 206,969, filed Dec. 10,
      1971 which in turn is a divisional of application Ser. No. 93,839 filed
      Nov. 30, 1970, both of said applications are abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to compositions for leather treating and processes
      for their use.
PAR  2. Description of the Prior Art
PAR  Chrome and/or mineral tanned leathers are at present retained with syntans,
      vegetable extracts and/or resins of various types. This is done to impart
      retan effects or characteristics which chrome and/or mineral tanned
      leather does not of itself possess. The effects or characteristics
      include: bleaching, dye assisting, plumping, increased weight, less
      shrinkage, better feel, better grain character, and buffability.
      Conventional retan material generally imparts to chrome and/or mineral
      tanned leather a positive characteristic of rewetting and water
      absorption. Conventional leather lubricants applied as emulsions
      (fatliquors) generally add to this characteristic of wetting. Various
      materials such as: hydrophobic rubbers and resins, fluorocarbons, fatty
      chrome complexes, silicones, and waxes, are applied on top of conventional
      retan and fatliquor treatments to overcome the undesirable rewetting and
      water absorption characteristic imparted by these treatments. In many
      cases the result is sub-standard. Known attempts to overcome this problem
      include the use of a fatliquor containing a polybasic acid ester (U.S.
      Pat. No. 2,950,950) and the use of a fatliquor containing an alkyl
      phosphate (U.S. Pat. No. 3,010,780). More recently, complete fatliquor
      systems incorporating alkyl phosphates as emulsifiers for leather oils
      have been developed to overcome the deficiencies of the above approaches.
      All of the above systems are effective in lubricating leather, but do not
      supply a sufficient degree of internal water resistance unless used in In
      order to achieve increased internal water resistance with the above
      systems, sufficient fatliquor must be added to penetrate the leather
      deeply, resulting in poor leather character and quality.
PAC  SUMMARY OF THE INVENTION
PAR  This invention makes it possible to gain internal water resistance and
      maintain good leather quality, relying less on the penetration of
      fatliquor for its effect. This system replaces or supplements conventional
      retan materials thus improving the potential of all subsequent water
      repellant systems. This invention while providing better internal water
      resistance also provides retan effects. These effects are achieved by the
      use of novel leather treating compositions and by novel process using
      these compositions. The compositions comprise condensed or polymeric alkyl
      phenol phosphates generally and more particularly an
      alkylphenol-polyphenol condensate subsequently ethoxylated and phosphated.
      These compositions may be utilized for leather processing, and
      specifically for: retanning, lubricating effects such as softening and
      primarily for imparting water resistance to chrome and/or mineral tanned
      leather. Additionally, these compositions may be used to affect
      modifications of base mineral tannages for the purpose of dyeing,
      bleaching, and fatliquoring leather.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Useful alkyl phenols include those in which the alkyl moiety contains from
      2 to 20 carbon atoms and is: saturated or unsaturated; primary, secondary
      or tertiary; branched or straight-chain; or a mixture of the above.
      Examples of useful alkyl moieties include, but are not limited to:
      dimethyl, ethyl, n-propyl, isopropyl, sec-butyl, tert-butyl, methylethyl,
      nonyl, decyl, dodecyl, pentadecyl, heptadecyl, eicosyl, diethylnonyl,
      hydroxymethyldodecyl, dimethyltetradecyl, and the like. Preferred alkyl
      moieties include those falling within the above description but which
      contain from about 6 to about 18 carbon atoms and which are saturated
      linear or branched chains. The phenol moiety may be any phenol or
      substituted phenol or mixture thereof. Examples of useful phenol moieties
      include, but are not limited to: monohydric, dihydric, and trihydric
      phenols; meta, ortho, and para phenols; and more specifically:
      hydroxybenzene, cresol, xylenol, chlorophenol, nitrophenol,
      2,4-dinitrophenol, 1,3,5-trinitrophenol, 2-isopropyl-5-methylphenol,
      2-methyl-5-isopropylphenol, o-dihydroxybenzene, m-dihydroxybenzene,
      p-dihydroxybenzene, 1-methyl-3,5-dihydroxybenzene,
      1,2,3-trihydroxybenzene, 2,4,6-trihydroxybenzene, 1,2,4-trihydroxybenzene,
      fused ring phenols such as alpha-naphthol and beta-naphthol,
      pentachlorophenol, 2,4,6-tribromophenol, p-nitrosophenol, o-allylphenol,
      p-aminophenol, thiophenol, and the like. The preferred phenol moieties are
      hydroxybenzene and naphthols.
PAR  Useful polyphenols include all of the above mentioned phenol moieties
      multiplied so that there are from 2 to 15 benzene rings, as well as
      mixtures of the above phenol moieties combined so that there are from 2 to
      15 benzene rings. Preferred polyphenols include: bis-(dihydroxybenzene);
      2,2-bis(p-hydroxyphenyl) propane; 1,1-bis (p-hydroxyphenyl) ethane; and
      bis-(hydroxybenzene).
PAR  Useful aldehydes are defined as including aldehydes, substituted aldehydes,
      and aldehyde liberating compositions. Examples of useful aldehydes
      include, but are not limited to: formaldehyde, paraformaldehyde, trioxane,
      hexamethylene tetramine, formalin, acetaldehyde, butyraldehyde,
      heptaldehyde, furfuraldehyde, chloral, alpha-ethyl-betapropylacrolein,
      benzaldehyde, glyoxal, pyruvaldehyde, cinnamaldehyde, pyrocatechualdehyde,
      veratraldehyde, crotonaldehyde, diphenylacetaldehyde,
      2-ethylisovaleraldehyde, glutaraldehyde, mucobromic acid, propionaldehyde,
      o-anisaldehyde, 9-anthraldehyde, bromobenzaldehyde, carboxybenzaldehyde,
      cyanobenzaldehyde, dibenzyloxybenzaldehyde, dibromosalicylaldehyde,
      dialdehyde starch, fluoronitrobenzaldehyde, indancarboxaldehyde,
      iodovanillin, isophthlaldehyde, mesitaldehyde, naphthaldehyde,
      nitropiperanol, syringaldehyde, tolualdehyde, bromoindolecarboxaldehyde,
      convallatoxin, cymarin, ferrocenecarboxaldehyde, helveticoside,
      methylfurfuraldehyde, methylthiophenecarboxaldehyde,
      norbornenecarboxaldehyde, K-strophanthin, and the like. The preferred
      aldehydes or aldehyde-liberating compositions are formaldehyde,
      paraformaldehyde, trioxane, hexamethylene tetramine, formalin,
      acetaldehyde, propanaldehyde, and butyraldehyde.
PAR  Useful phosphating agents include, but are not limited to: polyphosphoric
      acid, phosphorus pentoxide, pyrophosphoric acid, phosphoric acid,
      phospholeum (superphosphoric acid), phosphorous acid, phosphorous
      oxychloride, and the like. Preferred phosphating agents are polyphosphoric
      acid, phosphorous pentoxide, and phosphoric acid.
PAR  The general procedure for manufacturing the leather treating composition of
      this invention and the parameters of the ingredients thereof are as
      follows. Broadly, the procedure consists of condensing an alkyl phenol and
      a polyphenol with an aldehyde in the presence of an acid catalyst,
      neutralizing the catalyst with a strong base, alkoxylating the resulting
      polymer and phosphating the polymer in solution. Although phosphation of
      phenols directly is possible, it was considered better to facilitate the
      reaction by first alkoxylating the phenols.
PAR  The desired proportions of alkyl phenol to polyphenol to aldehyde can best
      be shown by the following table in which the numbers represent the various
      ingredients and their proportions in terms of benzene rings. Thus, for
      example, the "optimal ratio" represents a tetraphenol consisting of 2
      phenols, each joined by 1 aldehyde, to 1 diphenol. Another example would
      be a 15 ring polyphenol to which is joined 1 phenol by 1 aldehyde. Still
      another example would be a diphenyl to which is joined 14 phenols by 14
      aldehydes. Thus, if it were desired to produce a polymer having 8 benzene
      rings, one could use 1 mole of phenol with 1 mole of a 7 ring polyphenol
      and 1 mole of aldehyde; or 2 moles of phenol with 1 mole of a six ring
      polyphenol and 2 moles of aldehyde; or 3 moles of phenol with 1 mole of a
      5 ring polyphenol and 3 moles of aldehyde, etc. The maximum total number
      of rings on the completed polymer is indicated by the column on the
      extreme right.
TBL  ______________________________________                                    

                 (alkyl)                   total                               

     ratio       phenol   polyphenol                                           

                                    aldehyde                                   

                                           rings                               

     ______________________________________                                    

     lowest      1        2         1      3                                   

     optimal     2        2         2      4                                   

     highest preferred                                                         

                 6        7         6      8                                   

     highest     14       15        14     16                                  

     ______________________________________                                    

PAR  More specifically, an alkyl phenol as described previously and a polyphenol
      as described previously are charged into a vessel and blended at a
      temperature of from about 25.degree. to about 150.degree.C and preferably
      80.degree. to 120.degree.C. While blending, agitation is continued and
      about 0.1 to about 1 percent by weight as measured by the alkyl
      phenol-polyphenol mixture, of an acid catalyst is slowly added to the
      mixture. This catalyst may be any strong inorganic acid which will not
      react with an aromatic ring. Suitable acids include sulfuric acid, the
      halogen acids, and substituted halogen acids. A particularly useful acid
      is hydrochloric acid. Phosphoro- and nitro-acids are not suitable. It is
      important at this stage to provide for reomval of acid fumes formed by the
      high temperature of the mixture. If excessive acid catalyst is lose due to
      evaporation, more can be added within the above indicated amounts. The
      mixture is then heated to from about 50.degree. to 150.degree.C and
      preferably from about 90.degree. to about 130.degree.C and an aldehyde as
      described previously is added to the mixture slowly over a period of from
      about 2 to about 6 hours, so that the temperature of the mixture is
      maintained at from about 50.degree. to about 150.degree.C and preferably
      from about 90.degree. to about 140.degree.C. The mixture is then further
      reacted at from about 60.degree. to about 150.degree.C and preferably from
      about 100.degree. to about 140.degree.C for from about 1 to 5 hours. A
      strong base is then added slowly in a sufficient quantity to completely
      neutralize the acid. The salt thus formed is inert and may either be
      removed or allowed to remain in the composition. Additional strong base is
      then added to make the resulting polymer mixture alkaline and facilitate
      alkoxylation. This base may be any inorganic alkaline substance which will
      not react with an aromatic ring and may be selected from among the group
      consisting of sodium hydroxide, calcium hydroxide, magnesium hydroxide,
      potassium hydroxide, alkaline oxides, and the like. The polymer, which
      until this time has been prepared under a nitrogen blanket, is then
      stripped of the water which is a byproduct of the reaction with a vacuum
      source capable of pulling from about 26 to about 32 inches of mercury and
      is held at this reduced pressure for from about 15 to about 60 minutes
      until less than 0.1 percent water remains. The vacuum is then broken with
      a nitrogen blanket and the mixture is heated to from about 100.degree. to
      about 160.degree.C and preferably from about 115.degree. to about
      145.degree.C. The polymer is then alkoxylated by adding an alkoxylating
      agent such as ethylene oxide, propylene oxide, butylene oxide, isobutylene
      oxide, mixtures thereof and the like. The preferred alkoxylating agent is
      ethylene oxide. The alkoxylating agent is added to the polymer in the
      ratio of from about 1 to about 20 moles and preferably from about 1 to
      about 3 moles, per hydroxy moiety of the polymer. The alkoxylation is
      carried out at a temperature of from about 100.degree. to about
      200.degree.C and preferably at from about 120.degree. to about
      160.degree.C at from about 10 to about 30 p.s.i.g. Solvent is then added
      to adjust the solids content of this composition to about 70 percent by
      weight for ease of handling. This polymer is selectively soluble in higher
      aromatic solvents such as toluene, chlorobenzene, xylene, and substituted
      chlorinated hydrocarbons such as ethylene dichloride. The preferred
      solvent is xylene. The composition thus produced is an intermediate
      polymer solution comprising an alkoxylated alkyl phenol-polyphenol
      condensate.
PAR  The leather treating composition is then prepared as follows. The
      intermediate polymer solution containing 70 percent solids by weight as
      prepared above is charged into a vessel and heated to from about
      50.degree. to about 70.degree.C. The phosphating agent is then added in
      the ratio of from about 0.25 to about 4 moles and preferably from about 1
      to about 2.5 moles per hydroxy moiety on the polymer. The phosphating
      agent, which is selected from among those described previously, is added
      slowly while maintaining the temperature at from about 50.degree. to about
      80.degree.C. The mixture is then heated to from about 60.degree. to about
      150.degree.C and preferably from about 80.degree. to about 110.degree.C
      and maintained at this temperature for from about 11/2 to about 21/2
      hours, until phosphation is completed. A mixture of water and a strong
      base is then slowly added to adjust the composition to a neutral pH. The
      strong base may be selected from among any of those given above. Finally,
      additional water is added sufficient to adjust the solids content of the
      mixture to from about 35 to about 40% by weight.
DETD
PAC  EXAMPLE I
PAR  An intermediate polymer was prepared using the following ingredients:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     (A)   octyl phenol        30.03                                           

     (B)   2,2-bis (p-hydroxyphenyl)                                           

                               16.59                                           

           propane                                                             

     (C)   paraformaldehyde flakes                                             

                               4.56                                            

     (D)   hydrochloric acid, 20.degree.Bc.                                    

                               .75                                             

     (E)   potash caustic liquid, 45%                                          

                               1.08                                            

                               53.01                                           

     (F)   waste*              -3.41                                           

                               49.60                                           

     (G)   ethylene oxide      19.71                                           

     (H)   xylene, commercial  30.69                                           

                               100.00                                          

     ______________________________________                                    

      *Waste material consists of water plus traces of HCl, formaldehyde, octyl

      phenol, and 2,2-bis (p-hydroxyphenyl) propane fumes.                     

PAR  The preparation of this polymer was as follows. This reaction was carried
      out under a nitrogen blanket when not in vacuo. Ingredients (A) and (B)
      were charged into a glass-lined reactor. The mixture was heated to
      95.degree.C and thoroughly blended with a variable speed agitator. While
      agitation was continued, ingredient (D) was slowly added over a period of
      15 minutes. Provision was made for adequate ventilation to remove acid
      fumes generated during this step. The mixture was then heated to
      105.degree.C and ingredient (C) was added in 20 equal increments over a
      period of 3 to 4 hours, so that the temperature of the mixture was
      maintained at from 105.degree.C to 110.degree.C. The mixture was then
      reacted at 120.+-.5.degree.C for 3 hours to form a polymer. Ingredient (E)
      was then added slowly over a 30 minute period. The polymer was then
      stripped of water with a vacuum source capable of pulling 28 inches of
      mercury and held at reduced pressure for 30 minutes. The vacuum was then
      broken with a nitrogen blanket.
PAR  The mixture was then heated to 130.degree.C and ingredient (G) was added.
      The temperature was raised to 140.+-.10.degree.C at 25 p.s.i.g. and the
      mixture was reacted for 30 minutes. Ingredient (H) was then added to
      adjust the solids content to about 70 percent.
PAC  EXAMPLE II
PAR  A leather treating composition was prepared using the following
      ingredients:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     (A)   product of Example I                                                

                               35.40                                           

     (B)   polyphosphoric acid 8.26                                            

     (C)   potash caustic, 45% liquid                                          

                               17.57                                           

     (D)   water               38.77                                           

     ______________________________________                                    

PAR  The preparation of this composition was as follows. Ingredient (A) was
      charged into a glass-lined reactor and heated to 60.degree.C. Ingredient
      (B) was then slowly added over a period of 2 to 3 hours, while maintaining
      the temperature at 60.degree.-70.degree.C. The mixture was heated to
      95.+-.5.degree.C and maintained at this temperature for 2 hours. The
      mixture was then cooled to less than 30.degree.C. A premix of ingredients
      (C) and (D) was slowly added over a 2 hour period, while keeping the
      temperature of the mixture at less than 40.degree.C. Additional amounts of
      ingredient (C) were then added to adjust the pH of a 5 percent solution to
      about 7. Finally, additional amounts of ingredient (D) were added to
      adjust the solids content of the mixture to about 37 percent. The
      composition thus produced was an effective leather treating composition
      within the scope of this invention.
PAC  EXAMPLE III
PAR  Application tests were conducted of products prepared in the manner of
      Example II, but phosphated (4) to 50 percent and (5) to 75 percent
      respectively as compared with (3) an alkyl diphenyl phosphate, (2) a
      substituted phenolic sulfonate, and (1) a chrome control in which there
      was no retannage. The tests were conducted in the following manner.
PAR  The leather used was Trostel stock 5--5 1/2 oz. grains. All percentages are
      based on the wrung split shave weight as received, which is normally 40 to
      50 percent water. The application procedure was as follows:
PA1  1. The stock was washed in 400% water for 15 minutes and drained. This
      removed the majority of the loose chrome salts and acids.
PA1  2. The stock was refloated in 100 percent water at 80.degree.F and
      neutralized with the following percentages of sodium bicarbonate and run
      for 30 minutes.
TBL  ______________________________________                                    

     Test 1       0.75% sodium bicarbonate                                     

     Test 2       0.50% sodium bicarbonate                                     

     Test 3       0.06% sodium bicarbonate                                     

     Test 4       0.06% sodium bicarbonate                                     

     Test 5       0.05% sodium bicarbonate                                     

     ______________________________________                                    

PAR  The percentage of sodium bicarbonate was reduced for Tests 3-5 to
      compensate for the alkali content of samples.
PA1  3. The stock was washed in a float at 130.degree.F for 10 minutes and
      drained, in order to remove remaining chrome salts as well as salts
      resulting from the neutralization step.
PA1  4. About 2 to 10 percent solids of the syntans to be tested per 100 percent
      water were added at 130.degree.F and run for 11/2 hours.
PA1  5. The systems were adjusted with formic acid to the lowest equilibrium pH
      and were run for 15 minutes.
PA1  6. The systems were adjusted with formic acid to a pH of 3.5 and run an
      additional 15 minutes.
PA1  7. The stock was washed for 10 minutes in cold water and mid-bend pieces
      were removed for non-fat observation.
PA1  8. The stock was heated to 130.degree.F, washed for 10 minutes and drained.
PA1  9. The remaining pieces of stock were fatliquored with 8 percent solids per
      100 percent float at 130.degree.F. The fatliquor used was an emulsified
      oil, whose emulsifier is of a nonrewetting character.
PA1  10. The stock was rinsed, washed for 10 minutes and horsed up.
PA1  11. The stock was wrung out and tacked up to dry in an oven at 140.degree.F
      for four hours.
PA1  12. The stock was allowed to lay over for 3 days to pick up moisture.
PA1  13. The stock was dried staked and tested for temper, water resistance,
      grain strength and light fastness.
PAC  EXAMPLE IV
PAR  The results of testing of the five stock prepared in Example III were as
      follows. The stocks were subjected to a standard Maeser flex test with the
      following results.
TBL                STOCK                                                       

     ______________________________________                                    

                1*    2*      3*      4*    5*                                 

     A. Tests with Fatliquor (Step 9) Omitted                                  

     ______________________________________                                    

     No. of flexes                                                             

     for initial                                                               

     water pene-   52     40      1020  234   200                              

     tration                                                                   

     cc of water                                                               

     transmitted                                                               

     in 8,000      9      19        4   33    22                               

     flexes                                                                    

     percentage                                                                

     of water                                                                  

     compared to  100     99       23   51    35                               

     initial weight                                                            

     of stock absorbed                                                         

     in 8,000 flexes                                                           

     ______________________________________                                    

     STOCK                                                                     

     ______________________________________                                    

                1*    2*      3*      4*    5*                                 

     B. Tests with Fatliquor (Step 9) included                                 

     ______________________________________                                    

     No. of flexes                                                             

     for initial  510     340     4000  285   611                              

     water pene-                                                               

     tration                                                                   

     cc of water                                                               

     transmitted   13     32      0.2   48    11                               

     in 8,000                                                                  

     flexes                                                                    

     percentage                                                                

     of water                                                                  

     compared to   55     56       12   25    10                               

     initial weight                                                            

     of stock absorbed                                                         

     in 8,000 flexes                                                           

     ______________________________________                                    

      *.sup.1 Control stock - no retannage (step 4)                            

      *.sup.2 Syntan was a substituted phenolic sulfonate (50% solids) which is

      a conventional type                                                      

      *.sup.3 Syntan was an ethoxylated alkyl diphenyl phosphate (72% solids)  

      *.sup.4 Syntan was an ethoxylated alkyl phenol-bisphenol which was 50%   

      phosphated (80% solids) and which falls within the scope of this inventio

      *.sup.5 Syntan was an ethoxylated alkyl phenol-bisphenol which was 75%   

      phosphated (80% solids) and which falls within the scope of this inventio

                                                                               

PAR  The most important data relates to the percentage of water absorbed by the
      stock. Low water absorption is preferred and such a quality is indicated
      by a lower number. Although Stock No. 3 had the best water absorption
      resistance, this stock was completely unsatisfactory because of its poor
      esthetic qualities, namely, excessively coarse and loose break. Stock Nos.
      4 and 5, which were within the scope of this invention, were clearly
      superior to Stock No. 1 which used no syntan and to Stock No. 2 which used
      a conventional syntan.
PAR  A test was then conducted to determine the temper of fatted and nonfatted
      stock using a Stubbings Temper Machine (Milwaukee School of Engineering).
      The results of this test are as follows.
TBL                STOCK                                                       

     ______________________________________                                    

     1       2         3         4       5                                     

     ______________________________________                                    

     A. Tests with Fatliquor (Step 9) Omitted                                  

     ______________________________________                                    

     24      44        70        58      60                                    

     ______________________________________                                    

     B. Tests with Fatliquor (Step 9) included                                 

     ______________________________________                                    

     44      60        79        68      77                                    

     ______________________________________                                    

PAR  A higher number in this test represents a softer leather and conversely a
      lower number represents a firmer leather.
PAR  Both water resistance and lubrication effects are realized by the use of
      the composition of the subject invention on Trostel cowhide grains. A
      definite ability to open up cowhide structure is demonstrated, this being
      a characteristic which very few materials at low levels of application can
      accomplish. Retan effects such as a more unique and lighter chrome color
      and reduction of surface stock harshness is realized but a filling of the
      leather does not occur despite the plumpness and resinous feel that it is
      imparted in the wet condition. This plumpness and feel is apparently
      related to the opening up and hydrophobicity characteristics imparted by
      these sytems. Low level applications in such areas as shoe uppers, gloves,
      garments, etc. are useful and that the compositions may be used with any
      type of leather such as deer skin, cow splits, etc.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of treating leather stock whose wrung split shave weight is
      normally 40 to 50 percent by weight of water, comprising
PA1  A. washing the stock in 400 percent water for 15 minutes and draining,
PA1  B. refloating the stock for 30 minutes in 100 percent water at 80.degree. F
      and neutralizing with 0.06% sodium bicarbonate,
PA1  C. washing the stock in a float at 130.degree. F for 10 minutes and
      draining,
PA1  D. adding 2 to 10 percent by weight of solids of a leather treating
      composition (syntan) per 100 percent at 130.degree. F and running for 11/2
      hours,
PA1  E. adjusting the system with formic acid to the lowest equilibrium pH and
      running for 15 minutes,
PA1  F. further adjusting the system with formic acid to a pH of 3.5 and running
      for an additional 15 minutes,
PA1  G. washing the stock for 10 minutes in cold water,
PA1  H. heating the stock to 130.degree. F, washing for 10 minutes and draining,
PA1  I. fat-liquoring the stock with 8 percent solids per 100 percent float at
      130.degree. F with a fat liquor consisting of an emulsified oil whose
      emulsifier is of a nonrewetting character,
PA1  J. rinsing the stock, washing for 10 minutes and horsing up the stock,
PA1  K. rinsing out the stock and tacking it up to dry in an oven at 140 degrees
      F for 4 hours,
PA1  L. allowing the stock to lay over for 3 days to pick up moisture, and
PA1  M. drying and staking the stock,
PAL  the improvement which comprises using a leather treating composition in
      step D comprising an alkyl phenol - polyphenol condensate which has been
      alkoxylated and phosphated, and in which
PA1  A. the alkyl phenol is selected from at least one of a group consisting of
      saturated or unsaturated linear or branched chain C.sub.6 to C.sub.20
      alkyls,
PA1  B. the phenol moiety of the alkyl phenol is selected from at least one of a
      group consisting of phenols, thiophenols, and phenols substituted with at
      least one member of the group consisting of hydroxyl radicals, halogen
      atoms, nitro radicals, methyl radicals, ethyl radicals, propyl radicals
      and phenyl radicals.
PA1  C. the polyphenol is selected from at least one of a group consisting of
      fused ring, polyaryl, and polyaralkyl polyphenols having from 2 to 15
      benzene rings per molecule, including polyphenols substituted with at
      least one member of the group consisting of hydroxyl radicals, halogen
      atoms, nitro radicals, methyl radicals, ethyl radicals, and propyl
      radicals.
PA1  D. the alkyl phenol and polyphenol are joined by an aldehyde, substituted
      aldehyde, or aldehyde liberating composition.
PA1  E. the alkoxylating agent is selected from at least one of a group
      consisting of ethylene oxide, propylene oxide, butylene oxide and
      iso-butylene oxide, and
PA1  F. the phosphating agent is selected from at least one of a group
      consisting of polyphosphoric acid, phosphoric acid, phosphorous pentoxide,
      pyrophosphoric acid, phosphorous acid, and phosphorous oxychloride,
PAL  further characterized in that the total number of benzene rings contained
      in one molecule of the condensate is between 3 and 16.
NUM  2.
PAR  2. A method according to claim 1 in which in the leather treating
      composition the aldehyde, substituted aldehyde or aldehyde liberating
      composition is selected from at least one of the group consisting of
      formaldehyde, paraformaldehyde, trioxane, hexamethylene tetramine,
      formalin, acetaldehyde, propanaldehyde, and butyraldehyde and the
      phosphating agent is selected from at least one of the group consisting of
      polyphosphoric acid, phosphoric acid and phosphorous pentoxide.
NUM  3.
PAR  3. A method according to claim 1 in which in the leather treating
      composition the phenol moiety is selected from one of the group consisting
      of hydroxybenzene, alpha-naphthol and betanaphthol.
NUM  4.
PAR  4. A method according to claim 1 in which in the leather treating
      composition the polyphenol is selected from at least one of a group
      consisting of di-(hydroxybenzene), bis-(hydroxybenzene),
      2,2-bis(p-hydroxyphenyl) propane and 1,1-bis(p-hydroxyphenyl) ethane.
NUM  5.
PAR  5. A method according to claim 1 in which in the leather treating
      composition the alkoxylating agent is ethylene oxide.
NUM  6.
PAR  6. A method according to claim 1 in which in the leather treating
      composition the alkyl phenol is octyl phenol.
NUM  7.
PAR  7. A method according to claim 1 in which in the leather treating
      composition the total number of benzene rings in the polyphenol is not
      less than 2 nor more than 15 and in which not less than 1 nor more than 14
      moles of aldehyde are used to join not less than 1 nor more than 14
      alkylphenols to the polyphenol.
NUM  8.
PAR  8. A method according to claim 7 in which in the leather treating
      composition the polyphenol has not more than 7 benzene rings and in which
      not more than 6 alkylphenols are joined to the polyphenol, connected by
      not more than 6 moles of aldehyde.
NUM  9.
PAR  9. A method according to claim 8 in which in the leather treating
      composition a polyphenol having 2 benzene rings is condensed with 2
      alkyphenols by means of 2 moles of aldehyde.
NUM  10.
PAR  10. A method according to claim 8 in which in the leather treating
      composition the alkoxylating agent is reacted with the
      alkylphenolpolyphenol condensate in the ration of from 1 to about 20 moles
      of alkoxylating agent per hydroxy moiety of the condensate.
NUM  11.
PAR  11. A method according to claim 8 in which in the leather treating
      composition the phosphating agent is reacted with the alkoxylated
      alkylphenol-polyphenol condensate in the ratio of from about 0.25 to about
      4 moles of phosphating agent per hydroxy moiety of the alkoxylated
      condensate.
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ABST
PAL  The lead content of gasolines, particularly in concentrations of from 0.00
      to 0.10 gram of lead per U.S. gallon of gasoline, is determined
      colorimetrically by mixing iodine and tetraorganoammonium halide solution
      with the gasoline, subjecting the mixture to ultraviolet light or heat,
      agiating the mixture with ammonium nitrate or nitric acid, passing the
      aqueous phase into 4-(2-pyridylazo)-resorcinol disodium and comparing the
      resulting color with a standard color scale or a colorimeter to determine
      the initial lead concentration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a trace lead analysis method, and in particular
      to a method of analyzing gasoline containing trace amounts of organolead
      or inorganic lead compounds.
PAR  2. Description of the Prior Art
PAR  The availability of unleaded gasoline to modern motorists is a subject of
      increased industrial effort among gasoline suppliers. The marketing
      operations for unleaded gasoline, however, involve shipment over present
      distributive facilities which also carry leaded gasoline. Accordingly,
      lead is still present in pipelines, tank cars, tank trucks, in service
      station pumps and reservoirs and the like. Coupled with this is a
      prospective governmental fine which may be exacted for failure of the
      gasoline supplier to keep the lead content in unleaded gasoline below a
      certain maximum, such as 0.05 grams per gallon. Accordingly, it would be
      advantageous to make rapid on-the-spot analyses of gasoline samples for
      lead which may have been picked up during shipment of the gasoline and to
      permit non-technical personnel to carry out these analyses.
PAR  It is known, in Pilloni et al, Anal. Chim. Acta, 35 (1966) pages 325-329,
      to produce complex colored products by reacting diethyllead ion with the
      monosodium salt of 4-(2-pyridylazo)-resorcinol. This reaction is carried
      out in a buffered solution and a pH of about 9. The ions were produced
      from diethyllead dichloride. Also, similar disclosure is made by Dagnall
      et al in Talanta, Vol. 12 (1965) pages 583-588. Reference is also made to
      the text of Shapiro and Frey, The Organic Compounds of Lead, John Wiley &
      Sons, New York (1968), in particular, pages 75, 77, 266 and 302, which
      mentions organolead salts and the reaction with chelates.
PAR  None of the aforesaid references discloses a single, rapid yet exact method
      of determining a range of concentrations of lead in trace amounts in
      gasoline.
PAR  U.S. application Ser. No. 371,338, filed on June 18, 1973 discloses and
      claims a method of rapid trace lead analysis for unleaded gasoline by
      forming lead iodides. The method described in the said copending
      application is very accurate, providing that the source of the lead is
      known. However, commercial lead alkyl mixtures contain various
      concentrations of the tetramethyllead, which is relatively slower to form
      halides. Thus, if the lead source were not known, some of the
      tetramethyllead content of the gasoline may not have been susceptible to
      analysis by the said process.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the trace lead content of gasolines may be
      colorimetrically analyzed, regardless of the source of the lead, by the
      steps of converting the organolead compounds therein to the iodide by
      reacting them with iodine in organic solvent in the presence of a
      tetraalkylammonium halide and subjecting the resulting mixture to
      ultra-violet radiation or heat, shaking the reaction mixture with an
      aqueous inorganic acidic compound which does not react with the
      colorimetric reagent of the succeeding step, separating the resulting
      aqueous phase from the gasoline organic phase and passing the aqueous
      phase into an aqueous solution of a di-alkali metal salt of
      4-(2-pyridylazo)-resorcinol to produce a color therein which relates to
      the lead content of the gasoline. The method of this invention is
      applicable to all commercially used lead alkyls and to inorganic lead
      compounds (lead sulfate) regardless of the differences of proportions of
      the various lead compounds.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Present governmental specifications limit the maximum lead content in
      automotive gasolines to 0.05 grams per gallon. This level may be changed
      by future governmental restrictions. By the simple steps of this invention
      commercial gasolines containing lead may be analyzed quickly. Gasoline
      formulations containing lead from tetramethyllead (TML), tetraethyllead
      (TEL), reaction mixes 25, 50, and 75, of TML and TEL, physical mixes of
      TML and TEL, or inorganic lead can be measured by this method. The
      distribution of compounds in the reaction mixes are typically as follows:
TBL         Reaction  Reaction    Reaction                                     

            Mix 25    Mix 50      Mix 75                                       

     ______________________________________                                    

     TML      0.4         5.7         30.0                                     

     TMEL     4.3         23.8        42.2                                     

     DMDEL    20.1        37.5        22.1                                     

     MTEL     42.2        26.2        5.2                                      

     TEL      33.0        6.8         0.5                                      

     ______________________________________                                    

PAL  wherein TMEL is trimethylethyllead, DMDEL is dimethyldiethyllead and MTEL
      is methyltriethyllead.
PAR  The desired halides in the analysis method of the aforementioned
      application U.S. Ser. No. 371,338 and in the present invention are the
      diiodides, to permit desired transfer of the halides to an aqueous
      substance in a short time and without loss. The sequence of reactions are
      understood to proceed as follows:
EQU  R.sub.4 Pb + I.sub.2 .fwdarw. R.sub.3 PbI + RI
EQU  R.sub.3 PbI + I.sub.2 .fwdarw. R.sub.2 PbI.sub.2 + RI
PAR  The diorganolead diiodide is extracted into an aqueous phase and
      subsequently reacted to produce the color change. However, the lead
      compounds in the gasoline to be analyzed, i.e. tetramethyllead,
      tetraethyllead, trimethylethyllead, dimethyldiethyllead,
      methyltriethyllead or inorganic lead react at different rates.
      Tetramethyllead reacts to form halides relatively slowly and would require
      long reaction time or large excess amounts of halogen, e.g. iodine, for
      complete reaction. Otherwise, a portion of the initial lead content
      contributed by the TML may be lost in the analysis. On the other hand,
      using excess iodine, may cause interferences in subsequent complexes
      formed with colorimetric reagents.
PAR  Accordingly, to ensure substantially complete conversion of the organolead
      compounds to the di-iodide in this invention, the gasoline sample is mixed
      with iodine in an organic solvent in the presence of a tetraorganoammonium
      halide of the formula
      ##EQU1##
      wherein the R groups are organic groups, preferably alkyl, aryl, alkaryl
      and aralkyl of 1 to 20 carbon atoms, including methyl, ethyl, propyl,
      butyl, hexyl, cyclohexyl, octyl, decyl, dodecyl, hexadecyl, phenyl, tolyl,
      benzyl, phenylethyl and the like, and X is halogen: chlorine, iodine,
      fluorine, etc. Preferably, the R groups are alkyl or aralkyl, such as
      tetraethylammonium chloride, methyl-trihexylammonium chloride,
      methyltrioctylammonium chloride, methyltridecylammonium chloride, and the
      like. One of the preferred compounds of this invention is a mixed-alkyl
      methylammonium chloride referred to as methyltricaprylylammonium chloride,
      wherein three of the R groups is a mixture of 8 and 10 carbon alkyls,
      predominantly C.sub.8, ("Aliquat 336," a product of General Mills
      Chemicals, Inc.). It is believed that the tetraorganoammonium halide is
      essential for the conversion of all organolead compounds in the gasoline
      to water soluble iodides in the desired reaction time using a
      stoichiometric amount of iodine. Sufficient amount of iodine is added to
      react with the upper level concentration range of lead under
      consideration. While 0.1 gram of lead compound per gallon of sample is a
      presently satisfactory maximum, higher levels, even up to 1.0, may be
      employed in the present method.
PAR  The organic solvent used in this step may be a hydrocarbon, aromatic or
      alkane, a halogen-containing solvent, or an alochol. Benzene, toluene,
      C.sub.6 to C.sub.16 alkanes, such as octane, decane or cyclohexane,
      halogenated hydrocarbons of 1 to 10 carbon atoms such as chloroform,
      methylene dichloride, ethylene dichloride, and alcohols, such as methanol,
      isopropanol, octanol, etc., may be used. The resulting mixture is then
      exposed to ultra-violet radiation, such as 3660 A wavelength, or heat. The
      U.V. exposure or heating is carried out for a time sufficient to convert
      the tetraorganolead compounds to dialkyllead diiodide. This time period
      may range from about 30 seconds to about 10 minutes, and usually from 1
      minute to about 6 minutes. In the preferred procedure, a sample of about 2
      to 5 ml of gasoline may be exposed to U.V. radiation for about 3 minutes.
      Alternatively, the mixture may be heated, preferably at from 75.degree. to
      150.degree.C. for the said period of time. For example, placing a
      container of the sample in boiling water for from 1 to 6 minutes provides
      a satisfactory treating step.
PAR  Following this exposure, the test sample is removed from the U.V. or heat
      source and mixed with an aqueous solution of an acidic material which will
      not interfere with the colorimetric response in the subsequent step,
      preferably ammonium nitrate or nitric acid in water. This mixing produces
      a two phase mixture of gasoline and water, in which the pH is in the range
      of 4.0 to about 6.0. The concentration of the ammonium nitrate solution
      may be from about 5 grams to about 30 grams of NH.sub.4 NO.sub.3 per liter
      of solution, and preferably from 10 to about 20 g/l. The concentration of
      the nitric acid is about 0.1 Normal. The two solutions may be mixed by
      shaking manually or by mechanical agitation. The di-iodides are understood
      to enter the water phase. Also, any inorganic lead compounds present in
      the sample, such as lead sulfate present as contaminants also enter the
      water phase and participate in the subsequent colorimetric analysis.
PAR  The aqueous phase is separated from the gasoline phase. This separation may
      be carried out by decanting, by filtering the mixed solutions or any other
      physical means. In a filtration step, the aqueous phase passes through the
      filter element first and the organic layer is discarded. The aqueous phase
      is then mixed with an aqueous solution of a di-alkali metal salt of
      4-(2-pyridylazo)-resorcinol (PAR) the preferred salt being the disodium
      salt, hereinafter also referred to as PAR-Na. The di-iodide and inorganic
      lead compounds, which may be in the form of iodides, react with the PAR
      salt to produce a colorimetric change which corresponds to the lead
      concentration in the gasoline sample. In the preferred embodiment PAR-Na
      is used in an aqueous solution containing from about 10 mg to about 30 mg
      PAR-Na per liter and a sufficient amount of ammonium hydroxide to increase
      the pH of the resulting aqueous mixture to 6 to 10. Other useful alkali
      metal salts of PAR include dipotassium-PAR and dilithium-PAR.
PAR  Upon achieving the colorimetric change in the PAR-Na phase, the resulting
      mixture may be evaluated either by a colorimeter or by visually comparing
      the color obtained with a set of color standards equivalent to the lead
      concentration. By standardizing the amounts and the concentrations of
      gasoline and reagents used in each step, the only variable would be the
      resulting color in the final phase from which one may determine the lead
      concentration of the gasoline sample. The test results are in grams of
      lead per gallon of gasoline (g Pb/gal). Test method results over the range
      0.00 to 0.10 g Pb/gal obtained using a colorimeter, agree within
      .sup.+-0.005 g Pb/gal with those obtained by the atomic absorption
      technique, ASTM D-3237 which is the accepted reference test for trace lead
      in gasoline as published in the Federal Register. Test method results
      obtained using the visual comparison standards over the range 0.00 to 0.04
      g Pb/gal agree within .+-.0.01 g Pb/gal with those obtained by that same
      ASTM D-3237 method; those samples containing between 0.04 and 0.10 g
      Pb/gal are reported as being suspect and possibly containing lead greater
      than the 0.05 g/gal limit, in the visual comparison technique.
PAR  In order to relate lead concentrations to the absorbances of a colorimeter
      or to colors of comparison materials, gasolines of known lead
      concentrations must be prepared and treated by the method of this
      invention. The preferred wavelength of measurement on a colorimeter is 514
      nm. However any colorimeter capable of measurement near 514 nm is
      acceptable.
PAR  The following detailed procedure illustrates one manner of carrying out the
      method of this invention:
PAR  Step 1: 2 ml of gasoline sample is put into a one-ounce glass vial (1 inch
      diameter and 1/16 inch wall thickness);
PAR  Step 2: 2 ml of solution prepared by dissolving about 1 gram of iodine and
      about 1 gram of tetraethylammonium chloride in 100 ml of chloroform is
      added to the tube;
PAR  or Step 2': 2 ml of a solution prepared by dissolving 1 gram of iodine and
      1 ml of methyltricaprylylammonium chloride in 100 ml of octanol;
PAR  Step 3: the vial is capped and subjected to U.V. light for 3 minutes;
PAR  or Step 3': the vial is placed in a boiling water bath for 5 minutes;
PAR  Step 4: 10 ml of a solution of ammonium nitrate, prepared by dissolving 15
      g of ammonium nitrate in a liter of water, is added to the vial and the
      mixture is shaken for one minute;
PAR  or Step 4': 10 ml of 0.1N HNO.sub.3 is added to the vial, and the mixture
      is shaken;
PAR  Step 5: 5 ml of a PAR-Na solution, prepared by dissolving 25 mg of PAR-Na
      and 10 ml of concentrated ammonium hydroxide in a liter of water, is put
      into a clean tube (18 .times. 150 mm) and a funnel with filter paper is
      then placed in the tube;
PAR  Step 6: The contents of the vial are allowed to settle into two phases and
      then poured together into the funnel; the aqueous phase will pass through
      the paper first while only a negligible amount of the organic layer goes
      through;
PAR  Step 7: The funnel is removed from the tube when the aqueous phase passes
      through and the tube contents are swirled until the resulting color is
      uniform throughout the tube;
PAR  Step 8: The color is evaluated by either placing the tube in a colorimeter
      and measuring the absorbance or by comparing the color so obtained with a
      series of standard color tubes corresponding to lead concentration.
PAR  Gasoline samples of known lead content were used to calibrate a colorimeter
      (Model T-600 of F & J Scientific, with 490 nanometer filter). The zero
      absorbance is set using water in the tube. Then the various samples
      prepared by the above steps were analyzed. The following results were
      obtained:
TBL  Lead Content of                                                           

     Gasoline,          Absorbance                                             

     g Pb/gal.          At 490 nm.                                             

     ______________________________________                                    

     0.0                 0.140                                                 

     0.01               0.220                                                  

     0.02               0.285                                                  

     0.03               0.385                                                  

     0.04               0.455                                                  

     0.05               0.530                                                  

     0.06               0.590                                                  

     0.07               0.650                                                  

     0.08               0.750                                                  

     0.09               0.850                                                  

     0.10               0.907                                                  

     ______________________________________                                    

PAR  A straight-line curve prepared from these data provides a means of
      analyzing an unknown sample. It should be noted that these figures are one
      set of typical absorbance values; each colorimeter would give a slightly
      different reading and each one is therefore calibrated separately.
PAR  Alternatively, the color of the PAR-Na-water phase may be visually compared
      with standard color solutions. The color of the said phase corresponds to
      the lead concentration as follows:
TBL  Lead Content     PAR-Na-Water                                             

     g Pb/gal.        Phase Color                                              

     ______________________________________                                    

     0.00 - 0.02      Yellow                                                   

     0.03 - 0.04      Yellow-orange                                            

     0.05 - 0.06      Orange                                                   

     0.07 - 0.10      Orange-red                                               

     Over 0.10        Red                                                      

     ______________________________________                                    

PAR  Thus any gasoline may be analyzed, whether free of lead content or
      containing high amounts of lead, that is even over 0.10 g/gal.
PAR  The color standards may be prepared from any source, color papers or cards
      or plastic surfaces ranging from yellow to red. Also, water solutions of
      pigments, preferably inorganic because of cost, may be prepared. The two
      stock solutions used in U.S. Ser. No. 371,338 of potassium dichromate and
      cobaltic chloride hexahydrate are useful in this instance. The yellow
      K.sub.2 Cr.sub.2 O.sub.7 solution is prepared by dissolving 122.6 mg
      K.sub.2 Cr.sub.2 O.sub.7 in 75 ml of water, then diluted to 100 ml with
      water. The red CoCl.sub.2.6H.sub.2 O solution is prepared by dissolving 5
      g of CoCl.sub.2.6H.sub.2 O in 75 ml of an aqueous hydrochloric acid
      solution (10 ml concentrated HCl in 1 liter of water solution), then
      diluted to 100 ml with hydrochloric acid solution. These two stock
      solutions may be mixed as follows:
TBL  Lead                                                                      

     Content,  CoCl.sub.2.6H.sub.2 O                                           

                            K.sub.2 Cr.sub.2 O.sub.7                           

                                        Water,                                 

     g Pb/gal. ml           ml          ml                                     

     ______________________________________                                    

     0.01      2.0          5.0         10.0                                   

     0.02      5.0          5.0         10.0                                   

     0.04      10.0         5.0         15.0                                   

     ______________________________________                                    

PAR  Using the method of this invention, these color standard solutions may be
      used for all gasolines, including those containing lead as TML, TEL, their
      reaction and physical mixes and inorganic lead. In the case of the
      governmental restrictions on a maximum lead content, such as 0.05 g/gal,
      if the sample matched the 0.01, 0.02, or 0.04 g/gal standard reference
      colors, the sample would be considered to meet that restriction. If the
      sample was a darker orange than the 0.04 g/gal standard or a definite red
      color, it could be returned to a laboratory for quantitative lead analysis
      by ASTM D-3237.
PAR  The equipment necessary to carry out the steps of this invention may be
      provided in a convenient field test kit in which the vials and tubes have
      marked levels for the several additions, and premixed reagent solutions. A
      small colorimeter or set of color standards as well as pipettes and other
      measuring devices may be included. The U.V. light source, with sufficient
      guards can be fitted into the kit. Of great value in this invention is the
      convenience in permitting service station attendants, terminal and
      refinery workers and others not necessarily skilled in laboratory
      procedure to carry out the steps.
CLMS
STM  Having described this invention, I claim:
NUM  1.
PAR  1. A method for colorimetrically determining the lead content in gasoline
      comprising (1) mixing a gasoline sample containing tetraalkyllead with
      iodine in the presence of a tetraorganoammonium halide and exposing the
      mixture to ultra-violet radiation from a 3660 A wavelength ultra-violet
      source for a period of from 30 seconds to about 10 minutes sufficient to
      convert the tetraalkyllead to dialkyllead diiodide, (2) mixing the
      resulting reaction mixture with an aqueous solution of an acidic compound
      selected from the group consisting of nitric acid and ammonium nitrate and
      separating the resulting aqueous phase from the organic gasoline phase,
      and (3) combining the aqueous phase with an alkali metal salt of
      4-(2-pyridylazo)-resorcinol in an aqueous solution to produce a color
      corresponding to the initial lead concentration.
NUM  2.
PAR  2. The method of claim 1 wherein the separation of the aqueous phase in
      Step 2 is carried out by filtering the combined aqueous and organic
      phases, whereby the aqueous phase passes through the filter first and
      directly into the said aqueous solution containing the alkali metal salt.
NUM  3.
PAR  3. The method of claim 1 wherein the said alkali metal salt is disodium
      4-(2-pyridylazo)-resorcinol.
NUM  4.
PAR  4. The method of claim 1 wherein the tetraorganoammonium halide has the
      formula
      ##EQU2##
      wherein the R groups are individually selected from the group consisting
      of alkyl, aryl, aralkyl and alkaryl of from 1 to 20 carbon atoms and X is
      a halide.
NUM  5.
PAR  5. The method of claim 4 wherein the R groups are alkyl.
NUM  6.
PAR  6. The method of claim 5 wherein the four R groups are ethyl and X is
      chlorine.
NUM  7.
PAR  7. The method of claim 1 wherein the tetraorganoammonium halide is
      methyltricaprylyl ammonium chloride.
NUM  8.
PAR  8. A method for colorimetrically determining the lead content in gasoline
      comprising (1) mixing a gasoline sample containing from 0 to over 0.10
      grams of a tetraalkyllead compound per gallon of gasoline with iodine in
      the presence of a tetraorganoammonium halide and exposing the mixture to
      ultra-violet radiation from a 3660 A wavelength ultra-violet source for a
      period of from 30 seconds to about 10 minutes sufficient to convert the
      tetraalkyllead to dialkyllead diiodide, (2) mixing the resulting reaction
      mixture with an aqueous solution of an acidic compound selected from the
      group consisting of nitric acid and ammonium nitrate and separating the
      resulting aqueous phase from the organic gasoline phase, and (3) combining
      the aqueous phase with an alkali metal salt of 4-(2-pyridylazo)-resorcinol
      in an aqueous solution to produce a color corresponding to the initial
      lead concentration.
NUM  9.
PAR  9. The method of claim 8 wherein the tetraalkyllead compounds are derived
      from lead alkyl formulations for gasoline selected from the group
      consisting of tetramethyllead, tetraethyllead, trimethylethyllead,
      dimethyldiethyllead and methyltriethyllead.
PATN
WKU  039349772
SRC  5
APN  4960033
APT  1
ART  171
APD  19740809
TTL  Reagent and method for determining total calcium in body fluids
ISD  19760127
NCL  7
ECL  1
EXP  Reese; Robert M.
INVT
NAM  Cleaver; Kenneth E.
CTY  Woodbury
STA  NJ
ASSG
NAM  American Hospital Supply Corporation
CTY  Evanston
STA  IL
COD  02
CLAS
OCL   23230B
XCL  252408
EDF  2
ICL  G01N 3122
ICL  G01N 3316
FSC   23
FSS  230 B
FSC  252
FSS  408
OREF
PAL  ferguson et al., Anal. Chem. 36,  796, (1964).
PAL  Hackh's Chemical Dictionary, 4th Edn.,  McGraw-Hill, p. 538 relied on,
      1969.
LREP
FRM  Dawson, Tilton, Fallon & Lungmus
ABST
PAL  A colorimetric determination of total calcium in serum and other body
      fluids comprising the steps of mixing the sample of body fluid with a
      liquid reagent consisting of 2,7-bis-(4
      chloro-2-phosphonobenzeneazo)-1,8-dihydroxynapthalene-3,6-disulfonic acid,
      commonly known as chlorophosphonazo III, in a buffer system at pH 5.0 to
      5.5, and thereafter spectrophotometrically measuring the level of color
      development. Potassium hydrogen phthalate is disclosed as a component of
      the buffer system.
BSUM
PAC  BACKGROUND
PAR  In general, existing methodologies for measuring total calcium in biologic
      fluids involve considerable manipulation of samples and reagents prior to
      determination of calcium concentration. Gravimetric and titrimetric
      methods usually require large sample volumes. Colorimetric methods, both
      manual and automated, commonly involve final readings under highly
      alkaline conditions; the indicators used for such determinations are
      unstable at the final pH, thereby requiring reagent dilution with a strong
      base. Atomic absorption, the methodology recommended by the National
      Bureau of Standards, is too time consuming to be used in most routine
      clinical situations.
PAR  One commonly-used serum calcium method utilizes cresolphthalein complexone
      as the indicator. Calcium is dialyzed under acidic conditions into a
      recipient stream of cresolphthalein complexone solution. A colored complex
      between calcium and the dye is formed upon the addition of diethylamine
      which alkalinizes the reaction mixture. The developed color is then
      measured in a spectrophotometer at 580 nm. In addition to manipulating
      three separate solutions, the operator must be constantly aware of the
      condition of the dialyzer membrane. Should the waste solution become
      acidified through inadvertence or any other reason, deadly hydrogen
      cyanide gas is generated. Also, practical experience with the system has
      revealed some problems of drifting baseline and nonreproducibility.
      Despite these significant disadvantages, such methodology is generally
      regarded as easier and more predictable than other colorimetric,
      gravimetric, or titrimetric methods.
PAR  Other commercially available procedures also involve handling highly
      alkaline reagents with the allowable reading (endpoint) being
      time-dependent. Such procedures nearly always involve an incubation after
      sample addition and many must be read within a 30 minute time period. In
      general, commercial procedures for determining total serum calcium do not
      involve measurements at neutral or acidic conditions.
PAR  Ferguson et al., in Analytical Chemistry, Vol. 36, No. 4, 796-799 (April
      1964), described the use of chlorophosphonazo III for
      spectrophotometrically determining calcium and magnesium in non-biologic
      fluids, specifically, alkaline earth extracts. Unfortunately, the Ferguson
      et al. teaching that chlorophosphonazo III is a sensitive reagent for
      selectively determining calcium (and not magnesium) at pH 2.2 is
      inapplicable to the measurement of calcium in protein-containing body
      fluids because of the formation of insoluble calcium-protein complexes
      under such conditions. Subsequent workers, desiring to use
      chlorophosphonazo III for determining total serum calcium, have therefore
      developed multiple-step procedures for separating the calcium and protein
      of the sample before exposing the calcium to the dye. Thus, Howell et al.,
      in Analytical Chemistry, Vol. 38, No. 3, 434-438 (March 1966) disclose
      first treating the serum sample with tetrabutylammonium oxalate to
      precipitate all of the calcium from the body fluid. After separation, the
      precipitate is redissolved in hydrochloric acid and only then is exposed
      to chlorophosphonazo III.
PAC  SUMMARY
PAR  One aspect of this invention lies in the discovery that total calcium in
      protein-containing body fluids may be accurately and rapidly measured with
      the use of a single chlorophosphonazo III reagent if that reagent is
      buffered to a pH within the range of 5.0 to 5.5, the preferred pH being
      approximately 5.4. At that pH, no absorbance from serum magnesium is
      observed and other common interferences including bilirubin, hemolysis,
      and phosphates do not affect test results. The single reagent is stable
      for at least one year at room temperature and, upon mixing with sample,
      color development remains unchanged for extended periods of time.
PAR  At a pH of about 5.4, the competition of calcium binding by serum protein
      (albumin) is virtually eliminated, especially where the buffer system
      includes potassium hydrogen phthalate. While the precise reasons for the
      effectiveness of a potassium hydrogen phthalate buffer may not be fully
      understood, it is believed that the phthalate buffer aids in the release
      of calcium from protein binding and the concurrent chelation of calcium
      with potassium hydrogen phthalate. Because of an equilibrium occurring
      between the calcium complexed with the potassium hydrogen phthalate and
      with chlorophosphonazo III, calcium which would otherwise be unavailable
      because of protein binding is available for reaction with the dye.
PAR  The result is a rapid sensitive test for determining total calcium in body
      fluids. Complete color formation is achieved immediately after
      sample-reagent mixing; no incubation is necessary. The high sensitivity
      (25 nanograms of calcium develop approximately 0.45 absorbance) permits
      the use of only microliter amounts of serum. For serum calcium levels up
      to 15 milligram percent (15 milligrams per 100 milliliters), linear
      results are achieved.
PAR  Other advantages and objects of the invention will become apparent as the
      specification proceeds.
PAC  DETAILED DESCRIPTION
PAR  The reagent consists essentially of an aqueous solution of
      chlorophosphonazo III with a buffer system of postassium hydrogen
      phthalate and potassium (or sodium) hydroxide at a pH within the range of
      5.0 to 5.5. The preferred range is 5.35 to 5.45, the optimum level being
      5.4.
PAR  The dye, referred to herein as chlorophosphonazo III, is 2,7-bis-(4
      chloro-2-phosphonobenzeneazo)-1,8-dihydroxynapthalene-3,6-disulfonic acid.
      The amount of chlorophosphonazo III for any given test depends on the
      volume of the sample to be tested and the concentration of calcium
      therein, it being understood that the moles of dye should equal or
      slightly exceed the moles of calcium in the sample. On the assumption that
      elevated calcium levels in a serum sample would not be expected to exceed
      15 milligrams per deciliter, it has been found that effective results can
      be obtained routinely when 25 microliters of sample are mixed with 3.0
      milliliters of color reagent, the latter containing 0.042 milligrams of
      chlorophosphonazo III and 0.01 grams of potassium hydrogen phthalate per
      milliliter of reagent. The concentration of potassium hydrogen phthalate
      is approximately 0.05 Molar, a concentration selected primarily for ease
      of manufacture and for achieving a level of color development suitable for
      most spectrophotometers; however, substantial departures from that
      concentration (i.e., at least .+-. 25 percent) could be tolerated
      depending largely on the spectrophotometric equipment used.
PAR  Since the test is highly sensitive, it is important to reduce or eliminate
      possibilities of calcium contamination from glassware used to contain or
      transport the reagent. Such glassware may be washed with the reagent
      itself or with a suitable acid such as, for example, dilute hydrochloric
      acid. Reproducibility studies have shown that the relatively standard
      deviation for spectrophotometer tubes washed in 6N hydrochloric acid was
      only 2.8 percent, in comparison with a relative standard deviation of 5.2
      percent for tests conducted with tubes in which such washing step was
      omitted.
PAR  As previously indicated, it has been found that the pH of the reagent must
      be within the range of 5.0 to 5.5 and preferably about 5.4. Above pH 5.5,
      the competition of serum calcium binding by albumin becomes an appreciable
      interfering factor and below pH 5.0 it has been found that turbidity
      arising from protein precipitation occurs when the reagent and sample are
      intermixed. Furthermore, at levels substantially above pH 6.0,
      physiological levels of other serum metals, particularly magnesium,
      adversely affect the test.
PAR  The reagent has been found to be stable for over one year at room
      temperature and at least 260 days at 56.degree. C. After mixing with a
      sample of body fluid, the reaction mixture has been found to be of stable
      color development. Specifically, developed absorbance has been found to be
      stable at room temperature for at least 40 days as long as the system is
      protected from external calcium contamination. Where extended periods of
      storage are likely, the color reagent may incorporate a mold inhibitor
      such as, for example, benzoic acid (1 gram per liter) or any other
      suitable inhibitor, all as well known in the art.
PAR  Spectrophotometric measurements are made at 615 nm versus the reagent
      blank, and concentrations are determined by comparison with a suitable
      calcium standard of known calcium value. Because of the high absorbance of
      the reagent blanks (approximately 0.95A at 615 nm in a 1.0 centimeter
      cuvette), cuvettes no greater than about 1.20 centimeters in diameter
      should be used with routine laboratory spectrophotometers. Since such
      spectrophotometric procedures are otherwise entirely conventional, a
      further description is believed unnecessary herein.
DETD
PAR  The reagent and method of the invention is further revealed by the
      following illustrative examples:
PAC  EXAMPLE 1
PAR  Linearity of test results with aqueous standards is illustrated from the
      following table in which each of the absorbance values is the average of
      four readings. In each case, 25 microliters of sample containing a known
      calcium value were added to 3.0 milliliters of color reagent prepared by
      mixing 42 milligrams per liter of chlorophosphonazo III, 10 grams per
      liter of potassium hydrogen phthalate, and sufficient potassium hydroxide
      to provide a pH of 5.35 to 5.45.
TBL                TABLE 1                                                     

     ______________________________________                                    

     LINEARITY WITH AQUEOUS STANDARDS                                          

     Calcium Value (mg/dl) Absorbance vs. Blank                                

     ______________________________________                                    

     5.0                   0.210 .+-. .008                                     

     6.0                   0.253 .+-. .007                                     

     7.5                   0.311 .+-. .006                                     

     9.0                   0.386 .+-. .003                                     

     10.0                  0.425 .+-. .003                                     

     11.0                  0.458 .+-. .007                                     

     12.5                  0.525 .+-. .010                                     

     14.0                  0.591 .+-. .008                                     

     15.0                  0.629 .+-. .008                                     

     ______________________________________                                    

PAR  A plotting of the absorbance values reveals that substantially linear
      results are achieved for calcium values within the range provided.
PAC  EXAMPLE 2
PAR  Reproducibility tests with serum samples were undertaken during the
      interval of one day and also over an interval of 10 days. For the
      single-day reproducibility tests, each serum sample was analyzed 10 times
      and the values calculated from a standard curve. The results of the
      single-day tests are shown in the following table:
TBL                TABLE 2                                                     

     ______________________________________                                    

     REPRODUCIBILITY WITHIN A SINGLE DAY                                       

                    Depressed                                                  

                            Normal   Elevated                                  

                    Serum   Serum    Serum                                     

     ______________________________________                                    

     Calcium Values (mg/dl)                                                    

                      7.7       9.15     12.9                                  

     Standard Deviation (mg/dl)                                                

                      .+-.0.09  .+-.0.13 0.09                                  

     Relative Standard                                                         

                      1.2%      1.4%     0.7%                                  

      Deviation                                                                

     ______________________________________                                    

PAR  The day-to-day reproducibility studies were completed over 10 working days.
      Human serum pools were lyophilized in individual vials and reconstituted
      daily, prior to duplicate readings of each sample. The results of such
      testing are as follows:
TBL                TABLE 3                                                     

     ______________________________________                                    

                    Depressed                                                  

                            Normal   Elevated                                  

                    Serum   Serum    Serum                                     

     ______________________________________                                    

     Calcium Values (mg/dl)                                                    

                      6.64      9.0      13.88                                 

     Standard Deviation (mg/dl)                                                

                      .+-.0.32  .+-.0.18 .+-.0.235                             

     Relative Standard                                                         

                      4.8%      2.0%     1.7%                                  

      Deviation                                                                

     ______________________________________                                    

PAR  While in the foregoing an embodiment of the invention has been disclosed in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of these details may be varied from the
      spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the rapid determination of total calcium in
      protein-containing body fluids, comprising the steps of mixing a sample of
      body fluid with a color reagent consisting essentially of an aqueous
      solution of chlorophosphonazo III buffered to a pH within the range of 5.0
      to 5.5 by a buffer comprising potassium hydrogen phthalate, and thereafter
      optically comparing the color development of the sample-reagent mixture
      with that of the same reagent mixed with a standard of known calcium
      concentration.
NUM  2.
PAR  2. The method of claim 1 wherein the pH of said color reagent falls within
      the range of 5.35 to 5.45.
NUM  3.
PAR  3. The method of claim 1 in which the pH of said color reagent is about
      5.4.
NUM  4.
PAR  4. A reagent for rapidly determining total calcium in a protein-containing
      body fluid, comprising an aqueous solution of chlorophosphonazo III
      buffered to a pH within the range of 5.0 to 5.5, said reagent including
      potassium acid phthalate as part of the buffer system thereof.
NUM  5.
PAR  5. The reagent of claim 4 in which the buffer system also includes
      potassium hydroxide.
NUM  6.
PAR  6. The reagent of claim 4 in which said pH is within a range of 5.35 to
      5.45.
NUM  7.
PAR  7. The reagent of claim 4 in which said pH is about 5.4.
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ABST
PAL  A method for assaying prostaglandins of the E and F series comprising the
      sequential steps of reducing the keto groups in a sample containing the
      prostaglandins to hydroxy groups, selectively oxidizing the prostaglandin
      15-OH groups to keto groups, reducing the keto groups to hydroxy groups by
      means of a radioactive labeled chemical reducing agent, isolating
      radioactive labeled prostaglandins and measuring the amount of
      radioactivity of the isolated radioactive labeled prostaglandins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of assay. More particularly, the
      present invention relates to a method of assay for prostaglandins of the E
      and F series.
PAR  2. Background of the Prior Art
PAR  Prostaglandins are a group of unsaturated hydroxy and hydroxy-keto
      long-chain carboxylic acids. These are widely distributed in human and
      animal tissues and possess a wide variety of pharmacological actions. It
      seems probable that prostaglandins have a biochemical role fundamental to
      many, perhaps all, animal cells. Many articles have been devoted to the
      prostaglandins especially the biochemical/pharmacological aspects. A
      recent review entitled, "Hypothesis on Physiological Roles of
      Prostaglandins" by E. W. Horton, Physiological Review, Volume 49, No. 1,
      January, 1969, reviews the present status of the knowledge on the
      functional significance of the prostaglandins.
PAR  Naturally occurring prostaglandins are 20-carbon fatty acids containing a
      cyclopentane ring. The parent saturated acid has been named prostanoic
      acid as drawn below:
      ##SPC1##
PAR  Two important series of natural prostaglandins are designated by the
      letters E and F corresponding to differences in the ring, as shown below:
      ##SPC2##
PAR  All of the prostaglandins have a 15-hydroxyl substituent. The degree of
      unsaturation of the side chains is indicated by the subscript numeral
      after the letter: thus prostaglandin E.sub.1 has a trans double bond in
      the 13 position, E.sub.2 has, in addition, a cis double bond in the 5
      position, E.sub.3 has a third double bond in the 17 position, etc. The
      structural formulas of 14 naturally occurring prostaglandins are shown in
      FIG. 3 of the Horton reference, supra.
PAR  Prostaglandins have a wide variety of pharmacological actions, being active
      in such diverse areas as fertility, transport of sperm, menstruation,
      parturation, placental blood flow, gastric secretion, muscle contractility
      (including vascular smooth muscle, respiratory smooth muscle,
      gastrointestinal smooth muscle, uteral smooth muscle, and spleenic
      capsular smooth muscle), development of epidermal tissues and central
      nervous transmitters. Prostaglandins are also thought to affect
      permeability, e.g., the skin and the eye. Thus, it has been suggested that
      prostaglandins may act as mediators of various forms of inflammation. This
      role in inflammation is strongly supported by the involvement of
      prostaglandins in the inflammatory process in joints, skin, and eyes.
PAR  While assay methods are known for prostaglandins, they are generally
      difficult and/or inaccurate and/or inconvenient and time consuming.
      Furthermore, unknown compounds in variable biological samples, e.g. blood,
      urine, tissue, can make it difficult or impossible to obtain an accurate
      assay with methods known heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  The prostaglandin assay method of the present invention overcomes the
      foregoing problems by providing a relatively rapid, accurate and
      convenient method for assay of prostaglandins which is independent of the
      biological sample which is assayed.
PAR  The method comprises the following sequential steps. Step (1) is chemically
      reducing the keto groups in a biological sample containing the
      prostaglandins to be assayed. The preferred method of reduction uses
      sodium borohydride (NaBH.sub.4) as the reducing agent. In step (2), the
      15-OH group of the prostaglandins is selectively oxidized. The preferred
      method is by reacting the sample with an enzyme, 15-hydroxy prostaglandin
      dehydrogenase (or NAD.sup.+-hydroxy prostanoate oxidoreductase (E.C.
      1.1.1.)). In step (3), the keto groups in the sample are reduced by a
      radioactive labeled reducing agent such as sodium borotritide (NaB.sup.3
      H.sub.4). This reduction step reduces the 15 keto groups on the
      prostaglandins (the only keto groups now remaining in the sample) to
      hydroxy groups which are .sup.3 H labeled. In step (4), the radioactive
      labeled prostaglandins in the sample are separated from the sample,
      preferably by chromatography, and counted by conventional radiation
      counting techniques to determine the amount and concentration of
      prostaglandins of the E and F series in the sample.
PAR  If the sample contained no keto groups, it would not be necessary to
      utilize step 1. However, since it is generally not known whether a given
      biological sample contains any keto groups other than prostaglandin keto
      groups, the application of step 1 ensures that the only keto groups which
      can react in step 3 are prostaglandin 15-keto groups. If step 1 were not
      utilized, other radioactive labeled keto groups might inadvertently be
      counted as prostaglandins.
PAC  DETAILED DESCRIPTION OF THE REACTION
PAR  The step 1 reduction reaction utilizes a reducing agent such as sodium
      borohydride and takes place by reacting the biological sample in an excess
      of sodium borohydride in a suitable solvent, for example, alcohols, such
      as, for example, methanol, ethanol, propanol, isopropanol, etc. and water,
      at temperatures between about 0.degree.-75.degree.C and preferably about
      20.degree.-30.degree.C for a period of time sufficient to complete the
      reaction. Reaction time generally varies from 0.1-10 hours and preferably
      0.1-2 hours.
PAR  In selectively oxidizing the 15-OH group of the prostaglandins to form a
      15-keto group (step 2), known procedures are used. The preferred procedure
      is selective oxidation of the 15-OH group on the prostaglandin by reacting
      the sample with 15-hydroxy prostaglandin dehydrogenase and NAD.sup.+ to
      form the 15-keto prostaglandin + NADH. The appropriate enzyme can be
      obtained from various sources. The preferred source is swine lung. A
      partial purification of the enzyme can be obtained via conventional
      procedures such as differential centrifugation, ammonium sulfate
      precipitation and ion-exchange chromatography, although a crude
      supernatant fraction is sufficient for the reaction. For example, the
      reaction utilizes a sufficient quantity of enzyme (1-20 mg) in the
      presence of excess NAD.sup.+ (1-50 mM) at a basic pH (8.0-9.0) in a
      solution of 50 mM Tris. HCl, 50 mM KCl, 10 mM MgCl.sub.2 and 7 mM
      2-mercaptoethanol. Reaction time varies from 0.1-10 hours and preferably
      0.1 to 1 hour.
PAR  The reduction reaction of sodium borotritide and a biological sample
      containing prostaglandin (step 3) takes place by reacting an excess of
      sodium borotritide in a suitable solvent, for example, alcohols, such as,
      for example, methanol, ethanol, propanol, isopropanol, water,
      2,2-dimethoxypropane, etc. at temperatures between about
      0.degree.-75.degree.C and preferably about 20.degree.-30.degree.C for a
      period of time sufficient to complete the reaction. Reaction time
      generally varies from 0.1-10 hours and preferably 0.1-2 hours.
PAR  The tritiated prostaglandins are then isolated from the reaction mixture
      (step 4) by any suitable analytical method including thin layer
      chromatography (TLC), paper chromatography, column chromatography, etc.
      and preferably TLC. The isolated, tritiated prostaglandins are then
      evaluated for radioactivity by conventional radiation counting techniques.
PAR  The foregoing method results in a qualitative as well as quantitative assay
      for total prostaglandins of the E and F series.
PAR  The biological sample which would typically be assayed by the present
      method includes all conventional biological samples such as, for example,
      blood, urine, tissue, etc.
PAR  In order to guard against loss of prostaglandins in a sample, e.g. by
      degradation, an internal standard can be used. For example, a known amount
      of .sup.14 C labeled PGE.sub.2 or .sup.14 C PGF.sub.2.sub..alpha.  may be
      added to the sample prior to the assay and counted at the end of the
      procedure. The percent reduction of .sup.14 C PGE.sub.2 or .sup.14 C
      PGF.sub.2.sub..alpha. from the known amount placed in the sample indicates
      the percent of PGE.sub.2 or PGF.sub.2.sub..alpha. lost during the assay
      procedure. Other similar internal standards may be used.
PAR  In order to minimize interference of background radiation caused by
      exchange of .sup.3 H atoms for .sup.1 H atoms in water present in the
      assay sample, the water remaining in the reaction sample is preferably
      removed by any convenient method, e.g. a deliquescent substance such as
      magnesium sulfate can be added to the sample.
PAR  In order to aid in visualization of the labeled prostaglandins in the
      separation step 4, known unlabeled prostaglandins may be added just prior
      to step 4.
DETD
PAR  The following Examples are for the purpose of illustration and it is
      understood that the invention is not to be limited to the reagents or
      conditions set forth.
PAC  EXAMPLE I
PAR  A biological sample such as 1.0 ml of urine to which 0.25 ngrams of
      PGE.sub.2 and 0.25 ngrams PGF.sub.2.sub..alpha.  as well as 2500 CPM of
      pure .sup.14 C-PGE.sub.2 (which serves as an internal standard) has been
      added is extracted twice with an equal volume of ethyl acetate. The
      combined extracts are taken to dryness under vacuum. The residue is
      subsequently dissolved in 10 ml of methanol to which 100 mg of NaBH.sub.4
      is added. After reaction for 30 minutes at 25.degree.C, the excess
      NaBH.sub.4 is destroyed with a stoichiometric amount of H.sub.2 SO.sub.4.
      The reaction mixture is again extracted with ethyl acetate, the extract
      again taken to dryness and subsequently dissolved in a minimal amount of
      ethanol.
PAR  To the ethanol solution, 2.0 ml of a solution containing 10 mg of crude
      15-hydroxy prostaglandin dehydrogenase, 25 mM NAD.sup.+, 50 mM Tris.HCl,
      50 mM KCl, 10 mM MgCl.sub.2, and 7 mM mercaptoethanol, all at pH - 8.6, is
      added. The reaction is allowed to proceed at 37.degree.C for 1 hour. The
      crude enzyme is prepared by making a 25% homogenate of swine lung (using a
      Waring blender) in 0.1M sodium phosphate buffer containing 7 mM
      mercaptoethanol. All enzyme preparation steps are carried out at
      4.degree.C. Via differential centrifugation, a 105,000 Xg is prepared.
      This supernatant is subsequently fractionated with ammonium sulfate, with
      the 20-45% wt containing the desired activity. The precipitate is
      resuspended in 50 mM Tris.HCl buffer (pH = 8.6) and dialyzed prior to use.
PAR  The enzymatic reaction is terminated by acidification (0.2 ml of 1.0N HCl)
      and then extracted twice with equal volumes of ethyl acetate. The extracts
      are combined, the ethyl acetate removed by vacuum and the residue is
      dissolved in ethanol. Sodium borotritide (10.sup.-.sup.9 gram) (20
      Ci/mmole) is added and the reaction is allowed to proceed for 30 minutes
      at 25.degree.C. The reaction mixture is spotted along with a standard
      mixture of cold PGE.sub.2 and PGF.sub.2.sub..alpha. (5 .mu.g each) on
      silica gel TLC plates and developed in a solvent system consisting of the
      organic phase of ethyl acetate-iso-octane-glacial acetic acid-water
      (110:50:20:100). The TLC plates are visualized with iodine vapor and the
      reaction product scraped. The radioactivity is measured by a standard
      scintillation counter. Appropriate calculations are made to determine the
      reaction efficiency of the original PGE.sub.2 added as well as to
      determine the total PGE and PGF content of the original sample. An overall
      recovery of approximately 50% is obtained. Maximum sensitivity of the
      system is 0.1-0.25 ngram of prostaglandin E/F.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for assaying prostaglandins of the E and F series comprising
      the sequential steps of reducing the keto groups in a sample containing
      the prostaglandins to hydroxy groups, selectively oxidizing the
      prostaglandin 15-OH groups to keto groups, reducing the keto groups to
      hydroxy groups by means of a radioactive labeled chemical reducing agent,
      isolating radioactive labeled prostaglandins and measuring the amount of
      radioactivity of the isolated radioactive labeled prostaglandins.
NUM  2.
PAR  2. The method of claim 1 wherein first reduction is carried out by reacting
      the sample with sodium borohydride.
NUM  3.
PAR  3. The method of claim 1 wherein the selective oxidation of the
      prostaglandin 15-OH groups is carried out by reacting the sample with
      15-hydroxy prostaglandin dehydrogenase.
NUM  4.
PAR  4. The method of claim 1 wherein the second reduction is carried out by
      reacting the sample with sodium borotritide.
NUM  5.
PAR  5. The method of claim 1 wherein the radioactive labeled prostaglandins are
      separated by thin layer chromatography.
NUM  6.
PAR  6. A method for assaying prostaglandins of the E and F series comprising
      the sequential steps of reacting a sample containing prostaglandins with
      sodium borohydride under conditions sufficient to reduce all keto groups
      in the sample to hydroxy groups, reacting the sample with 15-hydroxy
      prostaglandin dehydrogenase under conditions sufficient to oxidize all
      prostaglandin 15-OH groups to prostaglandin 15-oxy groups, reacting the
      sample with sodium borotritide under conditions sufficient to reduce all
      keto groups in the sample to hydroxy groups, isolating the tritiated
      prostaglandins and measuring the amount of radioactivity of the isolated
      tritiated prostaglandins.
NUM  7.
PAR  7. The method of claim 6 wherein the tritiated prostaglandins are isolated
      by thin layer chromatography.
NUM  8.
PAR  8. The method of claim 6 having the additional step of removing any water
      present in the reaction mixture before isolating the tritiated
      prostaglandins.
NUM  9.
PAR  9. The method of claim 6 wherein an internal standard is used.
NUM  10.
PAR  10. The method of claim 9 wherein the internal standard is .sup.14 C
      labeled prostaglandin E or .sup.14 C labeled prostaglandin F.
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ABST
PAL  A method for assaying prostaglandins of the F.sub..alpha.  series by
      reacting a compound of this series with a compound having the formula
      R--B(OH).sub.2 wherein R is a radical containing a fluorescent or
      radioactive label, isolating the reaction product and measuring the amount
      of fluorescence or radioactivity of the reaction product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an assay. More particularly, the present
      invention relates to an assay for prostaglandins of the F.sub..alpha.
      series.
PAR  2. BACKGROUND of the Prior Art
PAR  Prostaglandins of the F.sub..alpha.  series are known and are characterized
      by containing a C.sub.99 and C.sub.11 cis-diol structure in the
      cyclopentane ring.
PAR  For example, prostaglandin F.sub.2.sub..alpha. (PGF.sub.2.sub..alpha.) is a
      compound having the following structural formula
      ##SPC1##
PAR  Other F.sub..sub..alpha. prostaglandins include PGF.sub. 1.sub..alpha. and
      PGF.sub.3.sub..alpha.. Prostaglandins exist in the cells of many, if not
      all, animals. They exert biological activities in the body of the animal
      in which it is present. A simple assay for the presence of PGF.sub..alpha.
       compounds, and especially PGF.sub.2.sub..alpha., would be valuable for
      research and diagnostic purposes.
PAR  It was disclosed in J. Chrom. Sci. 56 1:129 (1971) that n-butyl boronic
      acid reacts with PGF.sub.2.sub..alpha. and the combination may be used in
      the GLC analysis for PGF.sub.2.sub..alpha..
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for assaying for prostaglandins
      of the E.sub..alpha.  series comprising reacting prostaglandins of the
      F.sub..alpha.  series with a compound having the formula
      ##EQU1##
      where R is a radical containing a fluorescent of radioactive label,
      isolating the labeled reaction product, and measuring the amount of
      fluorescence or radioactivity of the labeled reaction product.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The following general reaction is utilized by the present assay method (in
      this case, PGF.sub.2.sub..alpha. is representative of prostaglandins of
      the F.sub..alpha.  series).
      ##SPC2##
PAR  The radical R in the compound
      ##EQU2##
      can contain either a radioactive label or a fluorescent label. For
      example, R may be any radical containing a .sup.14 C or .sup.3 H or
      S.sup.35 or I.sup.131 or I.sup.125 or other radioactive label. A preferred
      radioactive label is a labeled hydrocarbon radical such as, for example,
      an n-butyl group labeled with .sup.14 C or .sup.3 H. Similarly, R could be
      any fluorescent radical such as, for example, in the following compounds:
      ##SPC3##
PAR  The reaction of the labeled boronic acid derivative and prostaglandins of
      the F.sub..alpha.  series takes place in conventional organic solvents
      such as methanol, ethanol, butanol, acetone, 2,2-dimethoxypropane, etc.
PAR  Prior to the reaction, the prostaglandin of the F.sub..alpha.  series is
      preferably extracted from whatever aqueous medium or biological fluid it
      is in by extraction with a suitable solvent, such as ethyl acetate, or by
      column chromatographic isolation utilizing, for example, Sephadex LH-20 or
      Amberlite XAD-2 columns.
PAR  The reaction of a prostaglandin of the F.sub..alpha.  series and the
      boronic acid derivatives may be carried out at temperatures between about
      20.degree. and 100.degree.C and preferably at about 50.degree.C for about
      1 to about 30 minutes and preferably about 1-5 minutes.
PAR  The labeled reaction products are then isolated from the reaction mixture
      by any suitable analytical method including thin layer chromatography
      (TLC), paper chromatography, column chromatography, etc.
PAR  The isolated, labeled reaction products are then evaluated for fluorescence
      (if the boronic acid derivative was labeled with a fluorescent-containing
      radical) by conventional fluorometric techniques or for radioactivity (if
      the boronic acid derivative was labeled with a radical containing a
      radioactive species) by conventional radiation counting.
PAR  The foregoing method results in a qualitative as well as quantitative assay
      for prostaglandins of the F.sub..alpha.  series.
PAR  This assay may be used to determine levels of prostaglandins of the
      F.sub..alpha.  series including various biological systems including
      biological tissues, blood, urine, etc. In order to guard against loss of a
      prostaglandin F.sub..alpha.  in a sample, e.g. by degradation, an internal
      standard may be used. For example, a known amount of .sup.14 C labeled
      PGF.sub.2.sub..alpha. may be added to the sample prior to the assay and
      counted at the end of the procedure. The percent reduction of .sup.14 C
      PGF.sub.2.sub..alpha. from the known amount placed in the sample indicates
      the percent of PGF.sub.2.sub..alpha. lost during the assay procedure.
      Other similar internal standards may be used.
PAR  In order to minimize interference of background radiation caused by
      exchange of .sup.3 H atoms (if a tritiated label is used) for .sup.1 H
      atoms in water present in the assay sample, the water remaining in the
      reaction sample is preferably removed by any convenient method, e.g. a
      deliquescent substance such as, for example, magnesium sulfate, may be
      added to the sample.
DETD
PAR  The following Examples are for the purpose of illustration and it is
      understood that the invention is not to be limited to the reagents or
      conditions set forth.
PAC  EXAMPLE I
PAR  Assay for PGF.sub.2.sub..alpha. is conducted by reacting with
      10.sup..sup.-9 g .sup.3 H-labeled n-butyl boronic acid (10 C/m-mole) with
      PGF.sub.2.sub..alpha. at 50.degree.C under anhydrous conditions in
      2,2-dimethoxypropane for 1 minute. The reaction mixture is then spotted on
      silica gel TLC plates and developed in a solvent system consisting of the
      organic phase of ethyl acetate-glacial acetic acid-iso-octane-water in
      ratios of 110:20:50:100. The plates are visualized with I.sub.2 vapor and
      the reaction product spot scraped and the radioactivity is measured by a
      standard scintillation counter. The results indicate that in excess of 90%
      of the PGF.sub.2.sub..alpha. is recovered.
PAC  EXAMPLE II
PAR  Example I is repeated in the presence of prostaglandin E.sub.2 (PGE.sub.2).
      No interference of the reaction by PGE.sub.2 is found.
PAC  EXAMPLE III
PAR  EXAMPLE I is repeated, except the radioactive labeled boronic acid is
      replaced with the fluorescent compound
      ##SPC4##
PAR  After the labeled reaction products are separated by TLC, they are analyzed
      by conventional fluorescent techniques instead of radioactive counting.
      Similar results are obtained.
PAC  EXAMPLE IV
PAR  EXAMPLE I is repeated, except the n-butyl boronic acid is labeled with
      .sup.14 C rather than .sup.3 H. Comparable results are obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for assaying prostaglandins of the F.sub..alpha.  series
      comprising reacting a prostaglandin of the F.sub..alpha.  series with a
      compound having the formula
      ##EQU3##
      where R is a radical containing a fluorescent or radioactive label,
      isolating the labeled reaction products, and respectively measuring the
      amount of fluorescence or radioactivity of the labeled reaction product.
NUM  2.
PAR  2. The method of claim 1 wherein R contains a fluorescent label.
NUM  3.
PAR  3. The method of claim 1 wherein R contains a radioactive label.
NUM  4.
PAR  4. The method of claim 2 wherein the radioactive label is .sup.14 C or
      .sup.3 H.
NUM  5.
PAR  5. The method of claim 1 wherein R is a tritium labeled butyl radical.
NUM  6.
PAR  6. The method of claim 4 wherein the prostaglandin is prostaglandin
      F.sub.2.sub..alpha..
NUM  7.
PAR  7. A method for assaying prostaglandin F.sub.2.sub..alpha. comprising
      reacting a biological sample containing PGF.sub.2.sub..alpha. with .sup.3
      H-CH.sub.3 -CH.sub.2 -CH.sub.2 -CH.sub.2
      ##EQU4##
      isolating the labeled reaction products by thin layer chromatography and
      measuring the amount of radioactivity of the isolated labeled reaction
      products.
NUM  8.
PAR  8. The method of claim 7 wherein an internal standard is used.
NUM  9.
PAR  9. The method of claim 8 wherein the internal standard is .sup.14 C labeled
      prostaglandin F.sub.2.sub..alpha..
PATN
WKU  039349802
SRC  5
APN  5124484
APT  1
ART  171
APD  19741007
TTL  Method of assay for prostaglandins of the E series
ISD  19760127
NCL  9
ECL  1
EXP  Reese; Robert M.
INVT
NAM  McClure; William O.
CTY  So. Pasadena
STA  CA
ASSG
NAM  Nelson Research & Development Co.
CTY  Irvine
STA  CA
COD  02
CLAS
OCL   23230B
XCL  424  7
ICL  G01n 2100
ICL  G01n 3108
ICL  G01n 3316
FSC   23
FSS  230 B
FSC  424
FSS  7
OREF
PAL  N. Ambache et al., Brit. J. Pharmacol. 33, 162, (1968).
PAL  E. W. Horton, Physiological Review, 49, 122, (1969).
PAL  N. H. Anderson, Chem. Abstr. 71, 27642p, (1969).
PAL  E. Anggard et al., J. Chromatogr., 48, 542, (1970).
LREP
FR2  Voet; Martin A.
ABST
PAL  A method for assaying prostaglandins of the E series by reacting a compound
      of this series with NaB.sup.3 H.sub.4, isolating the tritiated
      prostaglandin and measuring its radioactivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an assay. More particularly, the present
      invention relates to an assay for prostaglandins of the E series.
PAR  2. Background of the Prior Art
PAR  Prostaglandins of the E series are characterized by containing one C.sub.11
      hydroxy group and one C.sub.9 keto group in the cyclopentane ring. For
      example, prostaglandin E.sub.2 (PGE.sub.2) is a compound having the
      following structural formula
      ##SPC1##
PAR  Prostaglandins of the E series exist in the cells of many, if not all
      animals. The exert biological activities in the body of the animal in
      which it is present. A simple assay for the presence of prostaglandins of
      the E series would be valuable for research and diagnostic purposes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for assaying prostaglandins of
      the E series comprising reacting prostaglandins of the E series with
      sodium borotritide in a suitable solvent, isolating the tritiated
      prostaglandin and measuring its radioactivity.
PAR  The following general reaction is utilized by the present assay method, as
      shown for prostaglandin E.sub.2 :
      ##SPC2##
PAR  The reduction reaction of the sodium borotritide and PGE.sub.2 takes place
      by reacting an excess of sodium borotritide in a suitable solvent, for
      example, alcohols, such as, for example, methanol, ethanol, propanol,
      isopropanol, etc. and water, at temperatures between about
      0.degree.-75.degree.C and preferably about 20.degree.-30.degree.C for a
      period of time sufficient to complete the reaction. Reaction time
      generally varies from 0.1-10 hours and preferably 0.1-2 hours.
PAR  The tritiated prostaglandin (in this case prostaglandin F.sub.2.sub..alpha.
      and F.sub.2.sub..beta.) are then isolated from the reaction mixture by any
      suitable analytical method including thin layer chromatography (TLC),
      paper chromatography, column chromatography, etc. and preferably TLC. The
      isolated, tritiated prostaglandins are then evaluated for radioactivity by
      conventional scintillation techniques.
PAR  The foregoing method results in a qualitative as well as quantitative assay
      for PGE.sub.2.
PAR  This assay may be used to determine levels of prostaglandins of the E
      series in various biological systems including biological tissues, blood,
      urine, etc. In order to guard against loss of a prostaglandin E in a
      sample, e.g. by degradation, an internal standard can be used. For
      example, a known amount of .sup.14 C labeled PGE.sub. 2 may be added to
      the sample prior to the assay and counted at the end of the procedure. The
      percent reduction of .sup.14 C PGE.sub.2 from the known amount placed in
      the sample indicates the percent of PGE.sub.2 lost during the assay
      procedure. Other similar internal standards may be used.
PAR  In order to minimize interference of background radiation caused by
      exchange of .sup.3 H atoms for .sup.1 H atoms in water present in the
      assay sample, the water remaining in the reaction sample is preferably
      removed by any convenient method, e.g. a deliquescent substance such as
      magnesium sulfate can be added to the sample.
DETD
PAR  The following Examples are for the purpose of illustration and it is
      understood that the invention is not to be limited to the reagents or
      conditions set forth.
PAC  EXAMPLE I
PAR  Assay for PGE.sub.2 is conducted by reacting 10.sup.-.sup.9 g sodium
      borotritide (20 C/m-mole) with 10.sup.-.sup.10 g PGE.sub.2 at 50.degree.C
      in anhydrous methanol for 30 minutes. The reaction mixture is spotted on
      silica gel TLC plates and developed in a solvent system consisting of the
      organic phase of ethyl acetate-iso-octane-glacial acetic acid-water in
      ratios of 110:50:20:100. The TLC plates are visualized with iodine vapor
      and the reaction product scraped. The radioactivity is measured by a
      standard scintillation counter. The results indicate that in excess of 90%
      of the PGE.sub.2 is recovered.
PAC  EXAMPLE II
PAR  EXAMPLE I is repeated in the presence of prostaglandin F.sub.2.sub..alpha.
      (PGF.sub.2.sub..alpha.). No interference of the reaction by
      PGF.sub.2.sub..alpha.  is found.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for assaying for prostaglandins of the E series comprising
      reacting prostaglandins of the E series with sodium borotritide in a
      suitable solvent, isolating the tritiated prostaglandins, and measuring
      the amount of radioactivity of the isolated tritiated prostaglandins.
NUM  2.
PAR  2. The method of claim 1 wherein the solvent is an alcohol or water.
NUM  3.
PAR  3. The method of claim 1 wherein the prostaglandin is prostaglandin
      E.sub.2.
NUM  4.
PAR  4. The method of claim 1 wherein an internal standard is used.
NUM  5.
PAR  5. The method of claim 1 having the additional step of removing any water
      present in the reaction mixture before isolating the tritiated
      prostaglandins.
NUM  6.
PAR  6. The method of claim 1 wherein the tritiated prostaglandins are isolated
      by thin layer chromatography.
NUM  7.
PAR  7. A method for assaying prostaglandin E.sub.2 comprising reacting a
      biological sample containing prostaglandin E.sub.2 with sodium borotritide
      in a suitable solvent, removing the water in the reaction product,
      isolating the tritiated prostaglandins by thin layer chromatography and
      measuring the amount of radioactivity of the isolated tritiated
      prostaglandins.
NUM  8.
PAR  8. The method of claim 7 wherein an internal standard is used.
NUM  9.
PAR  9. The method of claim 8 wherein the internal standard is .sup.14 C labeled
      prostaglandin E.sub.2.
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ABST
PAL  Apparatus for quantitatively determining the presence of chloromethyl
      methyl ether and/or bis-chloromethyl ether in a fluid.
PAL  The above compounds are reacted in the apparatus of the invention with a
      reactant from the group consisting of an alkali metal salt of a lower
      alcohol, an alkali metal salt of phenol or an alkyl phenol, an alkali
      metal salt of a chlorophenol or a bromophenol, an alkali metal salt of an
      alkoxy phenol, an alkali metal salt of a chlorinated pyridinol, and an
      alkali metal salt of thiophenol, dissolved in a lower alcohol, to form
      derivatives which provide suitable stability, specificity and sensitivity,
      and then applied to a gas chromatograph utilizing a suitable detector
      coupled to a readout device. The apparatus is automated and controlled by
      timing means.
PARN
PAR  This application is a continuation-in-part of copending application, Ser.
      No. 303,123, filed Nov. 2, 1972, for "Analytical Apparatus and Method,"
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for quantitatively determining the
      amount of chloromethyl methyl ether and bis-chloromethyl ether (sometimes
      hereinafter abbreviated as CMME and bis-CME, respectively) in a fluid.
PAR  Experience indicates that the direct analysis of chloromethyl methyl ether
      and bis-chloromethyl ether is not adequate in sensitivity, stability or
      specificity for monitoring small amounts of these compounds in fluids by
      convenient means such as by using a gas chromatographic column coupled to
      a suitable detector, for example.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a principal object of this invention is to provide an improved
      apparatus for quantitatively determining the amount of chloromethyl methyl
      ether and/or bis-chloromethyl ether in a fluid.
PAR  Another object of this invention is to provide an improved apparatus for
      monitoring the presence of chloromethyl ether and/or bis-chloromethyl
      ether in air down to the level of parts per billion, or less.
PAC  STATEMENT OF INVENTION
PAR  In accordance with this invention, chloromethyl methyl ether and/or
      bis-chloromethyl ether occurring in either liquid or gaseous medium are
      reacted with a material from the group consisting of an alkali metal salt
      of a lower alcohol, an alkali metal salt of phenol or an alkyl phenol, an
      alkali metal salt of a chlorophenol or a bromophenol, an alkali metal salt
      of an alkoxy phenol, an alkali metal salt of a chlorinated pyridinol, and
      an alkali metal salt of thiophenol, dissolved in a lower alcohol to form a
      stable derivative (with enhanced sensitivity) for analytical use. The
      derivative(s) is then passed through a gas chromatograph having a suitable
      detector. The detector output signal is then coupled, usually through an
      amplifier, to a recorder or other readout device. Apparatus is provided
      for applying reagent and sample material to the reaction vessel and for
      passing derivative(s) through the chromatograph in an automated manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention, as well as additional objects and advantages thereof, will
      best be understood when the following detailed description is read in
      connection with the accompanying drawing in which
PAR  FIG. 1 shows, in diagrammatical form, apparatus for use in analyzing gas
      samples in accordance with this invention, and
PAR  FIG. 2 shows, in diagrammatical form, apparatus for analyzing liquid
      samples in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1 of the drawing, there is shown apparatus for analyzing
      gas samples, indicated by the numeral 10, including a scrubber 12 having
      an inlet 14 and an outlet 16 near and at the bottom thereof, respectively.
      The scrubber 12 has a stirrer 18 therein which is actuated by an
      externally located motor 20. Six lines 22, 24, 26, 28, 30, 32 extend
      through the closed top 34 of the scrubber, as does the shaft 36.
PAR  A heat tape 38 surrounds part of the lower part of the scrubber 12.
PAR  The line 26 is coupled to a measuring pipet 40 and a constant level tank 42
      through a three way valve 44. The lines 28 and 30 are similarly coupled to
      pipets 46 and 48 respectively, and to tanks 50 and 52, respectively,
      through the three way valves 54 and 56, respectively.
PAR  The line 24 is coupled through a valve 58 to a vacuum pump 60. The line 24
      may also be opened to the atmosphere through the valve 62.
PAR  The line 32 is coupled to the dip pipe 64 and to a six port chromatograph
      valve 66.
PAR  A line 68 is coupled to the scrubber inlet 14 and, through valve 70, flow
      control valve 72, and rotometer 74, to an air source (via a stream
      switching valve, for example). The line 68 is also coupled to the line 22
      through valve 76. The line 22 is also coupled through needle valve 78 and
      valve 80 to a source 82 of pressurized air.
PAR  The outlet 16 of the scrubber 12 opens through the valve 84 to drain 110.
PAR  Carrier gas from a reservoir (not shown) is coupled through valve 108 and
      line 115 to the sample injection valve 84 and thence through the
      chromatographic column 92. The line 112 connects the line 32 through the
      chromatograph valve 66 to the sample injection valve 84.
PAR  The output of the chromatographic column 92 is coupled through the line 114
      to an electron capture or other suitable detector 94 whose output is
      coupled to an electrometer 96 or other suitable amplifier and thence to a
      recorder 98 or other readout device.
PAR  A suitable solvent such as hexane, for example, from a reservoir (not
      shown) is applied to a wash reservoir 106 through three way valve 102. The
      upper end of the reservoir 106 is coupled to a three way valve 104 which
      is also coupled to an air source (like the source 82).
PAR  The other side of the valve 102 is coupled through valve 100 and valve 90
      to the multiport chromatographic valve 66. Valve 100 may also be coupled
      to a drain 110.
PAR  The sample injection valve 84 is coupled through the line 117 and flow
      switch 86 to the chromatographic valve 66.
PAR  A line 116 is coupled through valve 88 between an air source (not shown)
      and the multiport chromatographic valve 66.
PAC  Operation of FIG. 1 Apparatus
PAR  At the start of the analytical cycle the scrubber 12 is empty. Valve 54 is
      actuated to drain a reagent (which will react with chloromethyl methyl
      ether or bis-chloromethyl ether to form a derivative from pipet 46 into
      the scrubber and is then closed. Pipet 46 has been filled from the
      constant level tank 50. At this time valve 58 is opened to allow vacuum to
      be pulled on the scrubber 12. Sample air is then pulled through rotameter
      74 and flow controller 72 through the reagent in bottom of the scrubber to
      the top of the scrubber and out the tubing line 24. After a preset length
      of time (usually about 8 minutes), valve 62 is opened to partially or
      fully relieve the vacuum which will reduce air flow through scrubber 12.
      Heat is applied to the reagent in the scrubber by external heat tape 38
      wrapped around the bottom of scrubber 12.
PAR  Sample volume is dependent upon concentration of chloromethyl methyl ether
      and bis-chloromethyl ether in the air sample. For 10 ppb or less a sample
      size of 10 to 40 liters can be used. For higher concentrations a
      correspondingly smaller sample should be taken.
PAR  Stirrer motor 20 is activated simultaneously with heating to provide
      agitation. After the liquid in the scrubber 12 is brought to slightly
      above room temperature (on time basis by experience), valve 44 is actuated
      to drain water into the scrubber 12 from measuring pipet 40 which is
      filled from constant level tank 42.
PAR  After water has been admitted, valve 56 is actuated to drain into the
      scrubber a solvent such as hexane from measuring pipet 48 which has been
      filled from constant level tank 52. At this time, valve 58 is closed to
      remove all vacuum from the scrubber. Stirrer motor 20 continues to run to
      mix the scrubber solution adequately. Valve 80, which is connected to a
      pure filtered pressurized air source (air tank is suitable), is opened.
      Valve 78 is a needle valve that restricts air flow to low flow rates.
      After solutions are mixed adequately in the scrubber 12, stirrer motor 20
      is stopped and the hexane and water-methanol (or other lower alcohol)
      mixture is allowed to separate with the hexane then floating on top. After
      a sufficient time (about 2 minutes) has elapsed for the solution to
      separate, valve 62 is closed, as are valves 44, 54, and 56 if the latter
      three valves have not already been actuated to refill pipets 46, 48, 40.
      The stream switching valve (or equivalently, valves 70 and 72) is closed
      and valve 76 is opened to maintain equilibrium between the pressure in
      line 68 and that in the scrubber 12. The increasing air pressure within
      the scrubber 12 then forces substantially all the hexane up dip pipe 64
      which is adapted to terminate in the hexane layer just above the
      liquid-liquid interface. Since the pressure is equalized in line 68 and
      the scrubber 12, the level of the liquid-liquid interface is maintained
      constant just below the end of the dip pipe 64, while the major portion of
      the hexane is driven up the dip pipe.
PAR  From the dip pipe 64, the hexane is pushed by pressure through the transfer
      line 32 through a six-port chromatograph valve 66 and through sample
      injection valve 84 to flow switch 86.
PAR  As soon as liquid reaches flow switch 86, chromatograph valve 66 and valves
      88 and 90 are actuated. Valve 88 is connected to a pressurized, filtered
      source of air. Valve 90 is normally open to drain to allow air to escape
      while hexane is transferred. Actuation of valves 66, 90 and 88 places a
      liquid filled line on both sides of sample valve 84 under pressure to
      prevent air bubbles forming in the liquid. After air pressure is applied
      to the liquid, valve 84 is actuated to inject a liquid sample into
      chromatograph column 92 where a typical gas chromatograph separation is
      completed (Beckman Model 320 DF or Bendix Model 6000 may be used, for
      example). Components from the column 92 are eluted into a suitable
      detector 94 such as an electron capture detector, for example, which when
      a halogenated compound is present will cause a decrease of electrical
      current through the detector. The small decrease in current is sensed by
      an electrometer 96, amplified and displayed on recorder 98.
PAR  A short time after a sample is injected, valve 90 is opened and hexane that
      was trapped in the transfer tubing before and after the sample injection
      valve, is forced by air pressure into the drain 110 through valve 100.
      After a short period of time, valve 88 is shut off and valve 66 is
      actuated to its original position. Valve 90 is left open ready for the
      next transfer of liquid.
PAR  At this time, valve 85 is opened to the drain 110 to remove residual liquid
      from the scrubber 12. At this same time, valves 100 and 102 are actuated.
      After a small time delay, valve 104 is also actuated. Valve 104 is
      connected to a source of clean pressurized air and to the top of wash
      reservoir 106. Wash reservoir 106 has been filled previously through valve
      102 with hexane from the reservoir 52. Pressurized air then forces the
      hexane from wash reservoir 106 through valves 102, 100, 90, 66 flow switch
      86, valve 84, again through valve 66, through transfer line 32 to the
      scrubber 12 and out valve 85 to drain 110. This wash effectively removes
      any residual sample left in any valves or in the scrubber 12.
PAR  After hexane has been completely drained through the system, valve 104
      closes followed by closure of valves 100, 102 and 85. Wash reservoir 106
      fills again from the reservoir 52 through valve 102 to be ready for
      another wash cycle.
PAR  Pressure regulator 108 is part of the gas chromatograph unit and is used to
      control flow of carrier gas.
PAR  The system is then ready for preparation of another sample.
PAR  The various valves are remotely actuated valves. Except for valves 66, 88
      and 90, which are activated by the flow switch 86, the various valves and
      the motor 20 are actuated by means of a sequential timing device 200 of
      any of a number of types well-known to those skilled in the
      instrumentation art.
PAR  One reagent used in the reservoir 50 is prepared by dissolving 2.4 g of
      sodium methoxide and 0.5 g of a chlorinated phenol per 100 ml of methanol
      solvent. Since some of the sodium methoxide reacts with the phenol to form
      the phenate, the resulting reagent contains both sodium chlorophenate and
      sodium methoxide dissolved in methanol. Formed as derivatives of CMME and
      bis-CME, respectively, when such a reagent is employed are
      chlorophenoxymethyl methyl ether and the mixed derivative
      chlorophenoxymethyl methoxymethyl ether, which are both readily detectible
      with, for example, an electron capture detector.
PAR  The analysis of this invention is based upon the reaction of chloromethyl
      methyl ether (CMME) and/or bis-chloromethyl ether (bis-CME) to form a
      derivative which is suitable for analyses by gas chromatographic means.
      Reactions for the formation of these derivatives are shown in the chart
      below:
      ##SPC1##
PAR  On the chart, if "liq." or "gas" is underlined, that indicates the
      preferred form of the sample used in the analysis.
PAR  In the reactions designated in the above chart, in each case the reagent is
      dissolved in a lower alcohol, preferably the corresponding alcohol.
PAR  The derivatizing reagent may also be prepared by dissolving an alkali metal
      in the desired alcohol. For example, sodium metal dissolved in methanol or
      other lower alcohol. Potassium, lithium or cesium metal may also be used.
PAR  Chromatographic conditions used for the trace analysis work require glass
      columns packed with 0.1% OV-17 + 0.1% QF-1 on 120/140 GLC-110. On column
      injection technique, whereby the sample is vaporized at column
      temperatures, should be used to prevent degradation of the derivatives of
      CMME and bis-CME. The column temperature is 140.degree. C., and the flow
      rate approximately 40 ml/min. of carrier gas. These conditions should be
      used as a general rule when chromatographing derivative compounds of the
      size of trichlorophenate and larger. For the lower molecular weight
      derivatives, standard metal columns and packings have proven sufficient.
PAR  The derivatives impart high sensitivity, stability and specificity to the
      CMME and bis-CME when using a suitable detector (the electron capture
      detector is a common gas chromatograph detector which is very specific for
      chlorine containing compounds, for example). However, the electron capture
      detector is not very responsive to CMME and bis-CME when chromatographed
      directly.
PAR  The hydrogen flame ionization detector is commonly used where the CMME or
      bis-CME level is from the parts per million to percent range. The electron
      capture detector is particularly useful where the concentration is from
      less than one part per billion to the low parts per million range. The
      flame photometric detector, which is logarithmically linear for the
      detection of sulfur compounds, is useful where the concentration is from
      the parts per billion to the parts per million range.
PAR  Thus, the type of reagent used and the detector chosen depend on the nature
      of the sample (present in liquid or gas form) and the suspected
      concentration of CMME or bis-CME in the sample.
PAR  The apparatus shown in FIG. 1 is adapted for use especially for analysis of
      air samples.
PAR  For use with liquid samples, the somewhat simplified apparatus of FIG. 2
      may be used.
PAR  Referring to FIG. 2, there is shown apparatus, indicated generally by the
      numeral 111, including a reaction vessel 113 having an outlet 116 at the
      bottom thereof. The reaction vessel 113 has a stirrer 18a which is
      actuated by the externally located motor 120. Lines 126, 130 and 132
      extend through the closed top 134 of the reaction vessel 113, as does the
      shaft 136.
PAR  A source of pressurized air 82a is coupled through needle valve 80a,
      shutoff valve 78a and line 22a to the interior of the reaction vessel 113.
PAR  A heat tape 138 surrounds part of the lower part of the reaction vessel
      113.
PAR  The line 126 is coupled to a measuring pipet 140 and to the constant level
      tank 142 through a three way valve 144. The line 130 is similarly coupled
      to a measuring pipet 152 and to the constant level tank 150 through three
      way valve 154.
PAR  The line 132 is coupled to a dip pipe 164 in the reaction vessel 113 and to
      a six port chromatograph valve 166.
PAR  The outlet 116 of the reaction vessel 113 opens through the valve 184 to
      drain 110a.
PAR  Carrier gas from a reservoir (not shown) is coupled through valve 108a and
      line 115a to the sample injection valve 84a and thence through the
      chromatographic column 92a. The line 112a connects the line 132 through
      the chromatographic valve 166 to the sample injection valve 84a.
PAR  The output of the chromatographic column 92a is coupled through the line
      114a to a suitable detector 94a whose output is coupled to an electrometer
      96a or other suitable amplifier and thence to a recorder 98a or other
      readout device.
PAR  A suitable solvent, such as hexane, for example, from a reservoir (not
      shown) is applied to a wash reservoir 106a through a three way valve 102a.
      The upper end of the reservoir 106a is coupled to a three way valve 104a
      which is also coupled to an air source (not shown).
PAR  The other side of the valve 102a is coupled through the valve 100a and
      valve 90a to the multi-port chromatographic valve 166. Valve 100a may also
      be coupled to a drain 110.
PAR  The sample injection valve 84a is coupled through the line 116a and flow
      switch 86a to the chromatographic valve 166.
PAR  A line 118a is coupled, through valve 88a, between an air source (not
      shown) and the multi-port chromatographic valve 166.
PAR  At the start of the analytical cycle the reaction vessel 113 is empty.
      Valve 144 is actuated to drain reagent from the pipet 140 into the vessel
      113 and is then closed. Pipet 140 has been filled from the constant level
      tank 142. The valve 154 is then opened to drain sample liquid from pipet
      152 through the line 130 into the reaction vessel 113. The valve 154 is
      then closed. The contents of the vessel 113 are then heated (via tape 138)
      and stirred by stirrer 18a. After being stirred for a suitable time to
      form the derivative, the liquid is driven upwardly through the dip pipe
      164 and the line 132 to the multi-port chromatographic valve 166 by
      opening the shutoff valve 78a to pressurize the interior of the vessel
      113.
PAR  From this point, the operation of the embodiment shown in FIG. 2 is the
      same as for the apparatus of FIG. 1.
PAR  As alternatives to the use of hexane as a solvent, one may use benzene,
      decane, octane, iso-octane, pentane, alkyl benzenes, or mixtures thereof,
      for example. Similar solvent with suitable viscosity may also be used.
PAR  As an example of the analysis of a liquid sample, the analysis is performed
      by adding the liquid sample in a ratio of 0.1 gm to 10 ml of derivatizing
      solution (sodium ethoxide, about 3.5 grams) dissolved in 100 ml. of
      ethanol. The sample is stirred and heated. The solution is then injected
      into the chromatograph. The components are then separated on the column
      and eluted into a suitable detector (FID, for example) for quantitation.
PAR  The method of this invention is also useful in process applications where
      it is desirable to determine the amount of bis-chloromethyl ether and/or
      chloromethylmethyl ether, along with other formaldehyde generating
      components, present in a chloromethyl methyl ether stream in order to
      accurately balance chloromethylating reactions in the production of
      electroconductive and ion exchange resins.
PAR  For example, methylal, methanol, chloromethyl methyl ether and ethylene
      dichloride are separated and determined using a 15 ft. .times. 1/8 inch
      stainless steel column packed with 25% LAC-2R446 + 2% H.sub.3 PO.sub.4 on
      100/120  Chromosorb WHP. The column temperature is 70.degree. C., and the
      flow rate approximately 30 ml./min of carrier gas. Bis-chloromethyl ether
      is determined by increasing the column temperature to 120.degree. C.
CLMS
STM  In the claims:
NUM  1.
PAR  1. Apparatus to determine the presence of chloromethyl methyl ether or
      bis-chloromethyl ether in a fluid comprising:
PA1  a. an enclosed reaction chamber;
PA1  b. first means for introducing a predetermined amount of an alkali metal
      salt of an organic hydroxy compound, dissolved in a lower alcohol, into
      said reaction chamber;
PA1  c. means for passing a preselected amount of said fluid into admixture with
      said compound in said chamber;
PA1  d. second means for introducing a liquid hydrocarbon solvent into said
      reaction chamber, which solvent is characterized as being immiscible with,
      and capable of floating upon, said lower alcohol solution;
PA1  e. means for agitating any liquid in said chamber;
PA1  f. a gas chromatographic column;
PA1  g. a suitable detector adapted to receive effluent from said column and to
      provide an output signal;
PA1  h. means for selectively withdrawing part of said solvent, as a liquid,
      from said chamber without withdrawing any significant portion of said
      lower alcohol solution, said apparatus thereby being adapted for the
      carrying out of a solvent extraction step within said chamber;
PA1  i. means, including a sample injection valve, for applying said withdrawn
      liquid solvent to said chromatographic column;
PA1  j. means for eluting components from said column and for transporting said
      components to said suitable detector;
PA1  k. output signal display means coupled to said detector; and
PA1  l. timed controller means for sequentially controlling said first and
      second means for introducing, means for passing, means for withdrawing
      solvent as a liquid, and means for applying.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said chromatographic column
      is a lightly loaded glass column.
NUM  3.
PAR  3. Apparatus in accordance with claim 1, wherein said detector is an
      electron capture detector.
NUM  4.
PAR  4. Apparatus in accordance with claim 1, wherein said detector is a flame
      ionization detector.
NUM  5.
PAR  5. Apparatus in accordance with claim 1, wherein said detector is a flame
      photometric detector.
NUM  6.
PAR  6. Apparatus in accordance with claim 1, wherein means are provided for
      heating said reaction chamber.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said reaction chamber is a
      scrubber having a lower end provided with an inlet, and wherein said means
      for passing includes a conduit in fluid communication with said inlet.
NUM  8.
PAR  8. Apparatus in accordance with claim 7, wherein means are also provided
      for sequentially introducing water to said scrubber.
NUM  9.
PAR  9. Apparatus in accordance with claim 7 wherein means is provided for
      reducing the pressure in said scrubber and the means for withdrawing
      solvent as a liquid includes means for pressurizing said scrubber.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 wherein said agitating means is a
      stirrer provided within said chamber, and wherein said reaction chamber
      includes means, apart from said means for selectively withdrawing solvent
      as a liquid, for removing all liquid from the reaction chamber.
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PAL  A blood oxygenator comprising a first embodiment of a fluid tight housing
      having a chamber formed therein one end of which is fluid connected by a
      conduit to a source of blood to be oxygenated, the other end fluid
      connected for returning oxygenated blood to the source, a plurality of
      liquid impermeable, gas permeable tubes extended through the chamber for
      transferring therethrough oxygen at a pressure higher than the partial
      pressure of the oxygen in the blood, and one or more membranes forming a
      sealed cavity in the chamber, with openings formed in the housing for
      tranferring a fluid, such as oxygen into and out of each cavity, movement
      of a membrane mixing and pumping the blood flowing through the chamber; a
      second embodiment wherein baffles are disposed within the chamber no
      membranes being present, for directing the blood as it flows from the one
      end to the other end in a continually reversing path with the blood
      normally flowing normal to the tubes for nonmechanical agitation of the
      blood; and a third embodiment wherein a plurality of bars are inserted
      each between the adjacent baffles of the second embodiment for promoting
      circulating of blood from the center of the flow to the surfaces of the
      tubes, thus destroying the boundary layer of blood next to the tubes.
PARN
PAR  This is a continuation-in-part of application Ser. No. 258,817 filed June
      1, 1972 for Blood Oxygenator and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Natural oxygenation of the blood occurs in the body by the combination of
      the interaction of the lungs inhaling oxygen at a partial pressure higher
      than the partial pressure of the oxygen in the blood associated with the
      lungs, such that molecules of oxygen are transferred across the lung wall,
      made up of millions of alveoli, and into the blood stream, and with
      molecules of carbon dioxide passing the opposite direction for discharge
      from the lungs by exhaling.
PAR  Many mechanical, or extra-corporeal blood oxygenators have been tried
      through the years, as shown in U.S. Pat. Nos. 2,827,901; 3,046,903 and
      3,325,641. These and other like devices are unsatisfactory because of
      damage to the blood. Whether forcing blood under high pressure through a
      nozzle to be torn into thousands of droplets, or forcing blood through
      capillary-liketubes about which oxygen is entrained, the shear forces
      exerted on the red blood cells cause excessive and dangerous hemolysis.
      Other devices attempt to utilize a large flat surface area in order to
      obtain adequate gas or fluid transfer through the membrane; however, an
      increase of the guage pressure of the gas sufficient to obtain
      satisfactory transfer increases the danger of rupture of the membrane such
      that the gas, oxygen, is then transferred directly into the bloodstream, a
      deadly result.
PAR  Extracorporeal blood oxygenators may be classified into three major
      categories: bubble oxygenators, disc oxygenators, and membrane
      oxygenators. The first two types oxygenate the blood by exposing it
      directly to the gas phase. This is an efficient method of oxygenation, but
      due to the direct blood/gas interface, the oxygenators (the bubble more so
      than the disc) damage the formed elements of the flood and various plasma
      proteins. In the membrane type oxygenator, a membrane, of which there are
      various types and designs, separates the blood from the gas phase. The
      blood damage is reduced significantly, but there are problems involving
      oxygenation due to the various flow parameters encountered, especially
      boundary layer phenomenon.
PAR  The first bubble type oxygenator was developed in 1950 by L. C. Clarke and
      his associates. The unit was relatively simple: oxygen was bubbled through
      a pool of venous blood, and the bubble/blood interface caused the
      oxygenating surface. This is the most widely used blood oxygenator for
      cardiopulmonary by-pass despite its high rate of blood damage, since most
      surgical procedures involving total by-pass rarely require more than an
      hour to complete.
PAR  The disc oxygenator was developed in 1948 by Bjork. This device consists of
      a series of flat discs which rotate on a central axis and which are
      surrounded by a chamber containing an ambient gas mixture which flows over
      and around the upper one-third of the discs; blood is exposed to the
      bottom two-thirds of the discs. As poorly oxygenated venous blood flows
      into the chamber, the rotation of the disc forms a thin film of blood on
      the upper one-third of each disc increasing the blood/gas interface. This
      process continues for the entire length of the oxygenator. The outlet
      blood was well oxygenated (approximately 98% saturated), and also, well
      hemolyzed because of the direct blood/gas interface and high shear forces.
PAR  The development of the first membrane blood oxygenator was in 1955 by G. H.
      A. Clowes, Jr. This oxygenator consists of a series of flat, ultra thin,
      plastic (ethyl cellulose) membranes which separate the blood phase from
      the gas phase. The oxygenating capacity of the oxygenator is dependent
      upon the diffusion of oxygen and carbond dioxide through the membrane.
      This initial development was followed by various models all operating in
      the same general manner.
PAR  The immediate advantage of the membrane oxygenator was the elimination of
      the blood/gas interface. Trauma to the formed elements and plasma proteins
      of the blood was significantly reduced, the oxygenation process being the
      major problem. A large surface area was needed to oxygenate the blood
      sufficiently. Consequently, this required many stacks of large, flat
      membranes that rendered the unit cumbersome. For example, the first
      oxygenator of Clowes et al was almost 1 foot by 4 feet with a stack of
      membrane units nearly a foot thick! In addition to the bulkiness of the
      oxygenator, the membranes were thin and flat, and, therefore, extremely
      fragile. This became especially hazardous with the development of the
      fragile silicone rubber membranes. Ruptures were frequent which allowed
      the formation of gas bubbles in the blood. The large size of most of these
      units meant large priming volumes, and so they required greater quantities
      of foreign blood. The major drawbacks, however, were the blood flow
      geometry, changing blood volumes, and blood mixing.
PAR  Membrane oxygenators are divided into two broad and overlapping categories.
      The first oxygenator type with flat membranes was discussed previously.
      The second oxygenator type is the capillary membrane oxygenator, in which
      the membranes are tubular rather than flat. The capillary membrane
      oxygenator offers several advantages: added strenght due to tubular
      arrangement and the capability of obtaining a large surface area in a
      relatively small space. The mode of operation of the capillary membrane
      oxygenators is the same as that of the flat membrane oxygenators; i.e.,
      oxygen and carbon dioxide diffuse across the membranes at rates
      proportional to their respective partial pressure gradients.
PAR  Capillary membrane oxygenators are further divided into two classes: those
      with blood flowing through the tubes and oxygen flowing around the tubes,
      and those with oxygen flowing through the tubes and blood flowing around
      the tubes.
PAR  The vast majority of capillary membrane oxygenators are of the first type.
      Bodell et al (1963) were apparently the first to use capillary tubing to
      carry oxygen. They used small diameter silicone capillary tubing (inside
      diameter 0.012 inches and outside diameter 0.025 inches) of lengths
      reaching 100 feet. Bodell's model of a capillary membrane oxygenator
      consisted of a series of repeatable units containing several strands of
      the tubing wound in a helical loop. The loop formed a lumen through which
      the blood could flow. Several of these units were assembled in series to
      form the complete oxygenator. Oxygen transfer was adequate, and hemolysis
      rates were significantly lower than those of the bubble and disc
      oxygenators but were still high (66-172mg Hb/100 ml plasma after 90
      minutes of continuous oxygenation). In addition, the unit was difficult to
      assemble, operate, and sterilize.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an extra-corporeal blood oxygenator of novel
      construction within a system, for example the oxygenator fluid connected
      between an artery and one or more veins of a patient with a pump on the
      low pressure side, or between a pair of veins again with a pump on one
      side, with appropriate check valves to control the flow of blood through
      the oxygenator. The oxygenator itself comprises a fluid tight housing
      having a chamber formed therein opposite ends of which are fluid connected
      to the patient for transmitting blood under low pressure through the
      chamber. Within the chamber are a plurality of tubes which pass completely
      therethrough, and through which oxygen is passed under a pressure higher
      than the partial pressure of the oxygen in the blood such that oxygenation
      readily and easily occurs.
PAR  The oxygenation process can be made even more efficient and effective by
      the provision of a membrane sealed to either one or to each of opposite
      sides of the chamber, and with a plurality of openings formed in the
      housing inner side covered by the membrane whereby a fluid such as oxygen
      can be passed into and out of the cavity; thereby, in addition to aiding
      oxygenation, providing for a mixing and/or pumping of the blood within and
      through the chamber.
PAR  The blood oxygenator of the invention may be used as a total substitute for
      the lungs during open heart surgery; or it may be used in parallel as a
      partial bypass of the lungs during surgery, or with newborn infants with
      poorly functioning lungs. With adults, it could be used in parallel with
      the lungs for aiding blood oxygenation. A number of these blood
      oxygenators could be used in series to increase the quantity of oxygen
      transfer. Furthermore, as will be seen hereinafter, in combination with
      blood pulsing and pumping controls, it may replace or bypass the heart
      under certain conditions.
PAR  A new extra-corporeal membrane type blood oxygenator and pump has been
      constructed and tested in vitro by the applicant in the
      Bio-Medical-Engineering Laboratory at the Virginia Polytechnic Institute
      and State University at Blacksburg, Virginia. The main objections to
      oxygenators presently available appear to have been eliminated in this new
      system. In contrast to the system developed by the Kolobow group at the
      National Heart Institute, (Kolobow, T. and W. M. Zapol; A
      Heart-Lung-Placenta Machine ? Roche Medical Image and Commentary, pp.
      14-17, October, 1969) one embodiment of the new system has a blood flow
      path length of only 41/2 inches compared to the flow path length of 7 feet
      for the Kolobow lung. This short flow path eliminates a number of problems
      found in units requiring longer paths. First, the pressure drop across the
      device is very small. (Using Bovine blood flowing at 300 milliliters per
      minute, the pressure drop across the new oxygenator has been measured and
      found to be 20 mm. Hg., and 10 mm. Hg. at a flow rate of 100 milliliters
      per minute). These small drops make it possible to use an arterial-venous
      (A-V) shunt type connection to the patient. Auxiliary ventricle type,
      pulsatile pumping capability is also provided with the new system if it
      should be required.
PAR  A priming volume of 40 cc. is required for the new oxygenator compared to
      the 70 cc. required by the Kolobow lung. The small priming volume further
      improves the potential for successful application with the newborn infant
      and may eliminate the need for donor blood for priming.
PAR  The very small membrane surface area in contact with the blood (0.077
      sq.M.) compared to the 0.4 sq.M. of membrane surface area in the Kolobow
      lung, along with the very short 41/2 inch flow path length greatly reduces
      the trauma to the blood and the tendency for precipitates to form on the
      surfaces of the membranes. The entire blood circuit, with the exception of
      the catheters used to cannulate the vessels, is made of silicone rubber,
      thereby providing maximum protection for the blood flowing through the
      extra-corporeal circuit.
PAR  The membrane material used in the new oxygenator does not require
      structural reenforcement with nylon knit or mesh, etc. The silicon rubber
      membrane is 0.011 inch thick compared to the very fragile 0.001 inch
      material generally used today. Chances for leakage of either blood or gas
      are obviously greatly reduced by use of the very thick membrane. In
      addition, fabrication cost is much less when the membrane does not have to
      be supported or reenforced.
PAR  The final measurement of an oxygenator suitable for the specific
      application described in the introduction to this proposal is the ability
      of its membranes to transfer oxygen. Dr. Kolobow and his group from the
      National Heart Institute claim that their oxygenator ". . . has twice the
      gas transfer efficiency -- per sq.M. of membrane -- of commerically
      available membrane oxygenators . . . ". The oxygen transfer rate given by
      the Kolobow group for their oxygenator is 50 cc per minute per square
      meter of membrane. The new oxygenator tested in vitro has a measured
      oxygen transfer of 202 cc of oxygen per minute per square meter of
      membrane (See FIG. 1). The new oxygenator with its greater oxygen transfer
      capability (more than four times the transfer rate provided by the Kolobow
      lung) appears to be a major advance in this field.
PAR  The primary purpose of this new oxygenator is to provide sustaining oxygen
      for the patient in respiratory distress. In the case of the newborn where
      fetal shunting has reduced the flow of blood through the lungs to an
      extent incompatible with life, the new oxygenator may be able to increase
      blood oxygen tension to a level sufficiently high to cause dilation of the
      pulmonary vessels and partial closure of the ductus arteriosus. This in
      turn would reestablish an adequate flow of blood through the lungs and
      provide time for normal restoration processes to take place. The adequacy
      of oxygen transfer across the new membrane oxygenator has been clearly
      established. In the past it has been consistently reported that it has not
      been possible to obtain 100 percent oxygen saturation of blood at required
      flow rates when the in-flowing blood was poorly saturated (below 30
      percent). This can now be accomplished with the new blood oxygenator.
PAR  It is an object of this invention to provide a new and novel blood
      oxygenator system, including a new and novel blood oxygenator as a part
      thereof.
PAR  It is another object of this invention to provide a blood oxygenator system
      wherein blood at normal pressure is oxygenated by oxygen at a higher
      pressure than the oxygen partial pressure of the blood in the blood
      stream.
PAR  Still another object of this invention is to provide an extra-corporeal
      blood oxygenator wherein the shear forces on the blood are at a minimum,
      and wherein the pressure drop of blood across the oxygenator is very low,
      all compared to contemporary oxygenators.
PAR  Yet another object of this invention is the provision of a blood oxygenator
      wherein oxygen under a high pressure is passed through a plurality of
      liquid impermeable tubes about which the blood to be oxygenated flows
      freely and under a lower partial pressure.
PAR  Another object of this invention is to provide a blood oxygenator which is
      capable of transferring more oxygen per unit area of membranes when
      compared to contemporary oxygenators.
PAR  Still another object of this invention is to provide a blood oxygenator
      which requires a minimum volume of blood to completely prime the system.
PAR  Yet another object of this invention is to provide a membranetype blood
      oxygenator wherein non-mechanical agitation of the blood is provided by
      directing the blood continually at right angles to the flow of oxygen
      while obstructing the center of the blood flow steream to achieve a
      continual turbulence adjacent the oxygen carrying tubes, thus
      substantially destroying any boundary layer formation.
PAR  Another object is to provide an apparatus capable of attaining the above
      designated objectives which is economical, effective and efficient.
PAR  These objects and other features and advantages of this invention will
      become readily apparent upon reference to the following description when
      taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of one blood oxygenation system of this invention;
PAR  FIG. 2 is a schematic of a second blood oxygenation system of this
      invention;
PAR  FIG. 3 is a schematic of a third blood oxygenation system of this
      invention;
PAR  FIG. 4 is a front elevational view of the blood oxygenator housing unit for
      the inventions of FIGS. 1 - 3 inclusive, certain parts broken away for
      clarity of invention;
PAR  FIG. 5 is an end elevational view as seen along the lines 5--5 in FIG. 4;
PAR  FIG. 6 is an enlarged, fragmentary sectional view as taken along the lines
      6--6 in FIG. 4, with broken lines being used for clarity of invention;
PAR  FIG. 7 is a reduced horizontal sectional view taken along the lines 7--7 in
      FIG. 6;
PAR  FIG. 8 is an internal view of a modified blood oxygenator, a side wall
      having been removed;
PAR  FIG. 9 is a cross-sectional view of the modification as seen along the line
      9--9 in FIG. 8;
PAR  FIG. 10 is a sectional view taken along the line 10--10 in FIG. 8;
PAR  FIG. 11 is an enlarged detail of FIG. 9; and
PAR  FIG. 12 is a sectional view taken along the line 12--12 in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring particularly to FIG. 1, the first blood oxygenator system is
      indicated generally at 10, and comprises a first conduit 11 fluid
      connected by a catheter (not shown) or the like to a blood vessel, such as
      an artery, of a patient P. A one-way check valve 12 may be interposed in
      the conduit 11 to prevent a reverse flow of blood if necessary, and the
      other end of the conduit 11 is fluid connected to one end of an
      extra-corporeal blood oxygenator indicated generally at 13 and described
      more in detail hereinafter.
PAR  Oxygenated blood leaves the oxygenator 13 through a second conduit 14 at a
      slightly lower pressure, due to a pressure drop across the oxygenator 13,
      passes through a second optional check valve 16 which permits flow only
      outwardly from the oxygenator 13, and from thence back to the patient P,
      the latter acting as a source of blood to be oxygenated.
PAR  Oxygen under a pressure higher than the partial pressure of the oxygen in
      the blood flowing between the conduits 11 and 14 and through the
      oxygenator 13 is transmitted through an input line 17 into the blood
      oxygenator for entrainment through a plurality of tubes (See FIG. 6) about
      which the blood flows, and then outwardly therefrom through an output line
      18. A needle valve 19 is interposed in the output line 18 for providing a
      controlled flow of the oxygen, if necessary, through and outwardly of the
      tubes, an exhaust vent 21 being provided for the exhausting oxygen and
      carbon dioxide.
PAR  It will be understood that a build-up of carbon dioxide will take place in
      the oxygen tubes, which gas must be purged from time to time to maintain
      the effectiveness of the carbon dioxide removal system. The flow and
      exhaust arrangement of FIG. 1 is one method of dissipating the carbon
      dioxide.
PAR  As will be described in detail hereinafter, mixing and/or pumping of the
      blood as it flows through the oxygenator 13 is effected by control devices
      22 and/or 23 shown in schematic form and fluid connected by conduits 24
      and 25 to the oxygenator 13.
PAR  In FIG. 2 a second blood oxygenator system is shown, indicated generally at
      10', and wherein like parts with the FIG. 1 system 10 are shown by like
      reference numerals and perform like functions. A roller-type pump 26 is
      interposed in the second conduit 14 for taking the low pessure blood flow
      from the patient P and forcing it through the blood oxygenator 13 in a
      direction reverse to the FIG. 1 system. A collapsible sac or reservoir 20
      for blood is added between the pump 26 and the patient, and connected to a
      control box 26 inserted between the sac 20 and the pump 26. The control
      box 25 senses the amount of fullness or quantity of blood in the sac 20
      and should the pump 26 deliver a greater quantity of blood than is flowing
      from the patient, such as to cause the sac 20 to begin to collapse, the
      control 25 would temporarily shut down the pump 26. Practical utilization
      of the systems will be detailed hereinafter.
PAR  A third system 10" is shown in FIG. 3, again where like parts with the FIG.
      1 system are indicated by like reference numerals and perform like
      functions. A squeeze bag-type pump 28, fluid connected to a control 29 by
      a line 31, is interposed in the input conduit 11 for pulsing blood through
      the oxygenator 13 in the same manner as the heart, a conduit 32 and check
      valve 33 therein being provided between the pump 28 and the blood
      oxygenator. The check valve 33 is provided to prevent the flow of blood
      from the oxygen back through conduits 32 and 11 to the patient P. Again, a
      collapsible sac or reservoir 30 for blood is added between the pump 28 and
      the patient, and connected to a control box 35 inserted between the sac 30
      and the pump 28. The control box 35 senses the amount of fullness or
      quantity of blood in the sac 30 and should the pump 28 deliver a greater
      quantity of blood than is flowing from the patient, such as to cause the
      sac 30 to begin to collapse, the control 35 would temporarily shut down
      the pump 28.
PAR  Referring particularly to FIGS. 4-7 inclusive, the extra-corporeal blood
      oxygenator 13 is illustrated. Generally, the oxygenator comprises a
      housing unit 36 having a fluid tight chamber 37 formed therein at one end
      of which a pair of inlet openings 38a and 38b are formed for connection
      the Y ends 11a and 11b of conduit 11, for receiving blood therefrom for
      example, and at the other end of which a pair of outlet openings 39a and
      39b are formed for connection to the Y ends 14a and 14b of conduit 14, for
      transferring blood thereto for example, The chamber 37 is sealed at the
      upper end by a sealing device 41 and at the lower end by a like sealing
      device 42.
PAR  For transmitting oxygen under pressure through the blood chamber 37, a
      plurality of parallel tubes 44 running the length of the chamber 37 are
      secured within the chamber 37 so as to be surrounded by the blood therein.
      The tubes 44 pass through the chamber sealing devices 41 and 42 and are
      themselves sealed at their upper and lower ends by like sealing devices 46
      and 47 (FIG. 5).
PAR  Mounted within the chamber 37 are a pair of thin, flexible diaphragms 48
      and 49 of fluid impermeable material, each cemented about its periphery 51
      to the inner perimeter side wall surface defining the chamber 37. Openings
      (now shown) are formed in the diaphragm 48 on the housing side where the
      blood inlet and outlet openings 38 and 39 are found, for passing blood
      therethrough, however these do not effect the formation of a pair of
      expandable cavities 52 and 53 between the respective diaphragms 48 and 49,
      respectively, and the adjacent housing wall. In FIG. 6, by the use of
      dotted lines showing inward movement of the diaphragms 48 and 49, the
      cavities 52 and 53 are clearly illustrated. This movement agitates and may
      even pump the blood within the chamber 37 as described hereinafter.
PAR  For the purpose of passing a fluid, such as oxygen into and out of the
      cavities 52 and 53, a pair of manifold units 54 and 56 are provided, unit
      54 connected by conduit 24 to control device 22, and unit 56 connected by
      conduit 25 to control device 23.
PAR  More particularly, the housing unit 36 comprises a face piece 57 (FIG. 6)
      having a plurality of openings 58 formed centrally therein for the
      manifold unit 54, in addition to the blood inlet and outlet openings 38a
      and 38b, 39a and 39b; a rear piece 59 also having openings 61 formed
      therein and which is identical to the front piece 57 except for not having
      the blood openings; and a pair of end pieces 62 and 63 (FIG. 4) for
      completely enclosing the chamber 37 along with the upper and lower chamber
      seal devices 41 and 42. The inner perimeters of the front and rear pieces
      57 and 59 are cut away slightly at 60 and 65 as illustrated in FIGS. 6 and
      7 to form a peripheral sealing surface for the diaphragms 48 and 49 as
      described hereinbefore.
PAR  The top and bottom chamber seal devices 41 and 42 are identical and only
      one will be described, with like parts indicated by like reference
      numerals. Referring to FIG. 6, the top device 41 comprises an inner
      element 64 having an inner surface 66 which fits flush in a fluid tight
      manner with mating surfaces 67 on the front and rear pieces 57 and 59 and
      also with mating upper surfaces (not shown) on the end pieces 62 and 63.
      The inner element 64 also has an elongated opening 68 which extends across
      the width of the housing 36 and which is disposed centrally of the
      thickness as best illustrated in FIG. 6.
PAR  A cut-out outer surface 69 is also formed on the element 64 to accommodate
      a mating surface 71 of the outer element 72. The outer element 72 also has
      an opening 73 identical to the inner element opening 68. The elements 64
      and 72 are sealed to each other and to the face piece 57, the rear piece
      59 and the ends 62 and 63 by silicone rubber cement, epoxy or the like;
      and with the tubes 44 extended through the openings 68 and 73, a fluid
      epoxy 74 or the like is poured therein and then allowed to set, closing
      off the chamber 37 from the atmosphere, except for the blood and manifold
      openings. By this arrangement, gas leakage into the oxygenator chamber 37
      is prevented.
PAR  The top and bottom tube seal devices 46 and 47 are also identical and only
      one will be described, like parts indicated by like reference numerals.
      Referring to FIG. 6, the top device 46 comprises an outer element 76 which
      has a centrally located, circular upper opening 77 for accommodation of a
      fluid fitting 78 for a conduit 18, and with an elongated lower opening 79
      which extends across the width of the housing to accommodate all of the
      oxygen tubes 44. The bottom surface 81 of the outer element 76 fits into a
      mating cut-out surface 82 of an inner element 83, which also has an
      elongated tube-embracing opening 84 formed therein.
PAR  It will be noted that the elements 76 and 83 of the top seal device 46 have
      the same length and width as the elements 64 and 72 of the chamber top
      seal device 41, whereby the two devices 46 and 41 can readily be attached
      in spaced relation by brackets 86 and 87. Again, with the upper ends 88
      (FIG. 6) of the tubes 44 held in the lower opening 79, a fluid epoxy 89 is
      poured into the opening 84 and partially into the opening 79, then allowed
      to set to thereby seal the tubes 44 in the openings. The elements 76 and
      83 are also sealed together by a silicone rubber cement or the like.
PAR  The space enclosed by the brackets 86 and 87, of which there are only two,
      is open to the atmosphere. Thus, should there by any leakage of the high
      pressure oxygen from either upper or lower chambers 77 along the tubes 44,
      rather than harmfully leaking into the blood chamber 37 the oxygen escapes
      harmlessly into the atmosphere.
PAR  The manifold units 54 and 56 are identical, with each having a central
      opening 91 for receiving a fluid fitting 92 for the respective control
      device conduit, and with a vertical groove 93 (FIGS. 4 and 6) branching
      off into a trio of horizontal grooves 94, 95 and 96 for carrying a fluid
      to the housing openings 58 and 61.
PAR  An example of the size of one embodiment actually built and tested has the
      width or face of the outer elements 76 and 72 as 4-7/16 inches with a
      depth of 1-1/16 inches and a thickness of 1/4 inch. The other top and
      bottom seal device elements are of comparable sizes as illustrated. The
      depth, front to rear, of the chamber 37 as seen in FIG. 6, is
      approximately five-sixteenths inch, and the height is 4-5/8  inches.
      Approximately 21 of the holes 58 and the same number for 61 are formed in
      the three rows in the front and rear pieces 57 and 59.
PAR  The tubes 44 are of a fluid impermeable silicone rubber having a total
      surface area in contact with the blood of approximately 120 sq. inches.
      The number of tubes 44 depends upon the rate of oxygenation required, and
      with each tube having an outside diameter of .047 inch and an inside
      diameter of .025 inch. A medical grade tubing sold by Dow Corning
      Corporation under the trademark Silastic has been used with success.
      Silastic is physiologically inert, will not support bacterial or common
      fungal growth, and is a non-wetting silicone elastomer surface.
PAR  The diaphragms 48 and 49 (FIG. 6) are a thin membrane of silicone rubber
      either permeable to the flow of a fluid such as oxygen therethrough, or
      not, depending upon the system and the use of the blood oxygenator 13.
PAR  The system 10 of FIG. 1 assumes that the arterial blood pressure is high
      enough to force blood through the oxygenator 13 and back to the patient P
      at a high enough flow rate to meet the patient's oxygen requirements. The
      system of 10' in FIG. 2 assumes that the pressure of blood in conduit 14
      leading to the oxygenator 13 is at an equal or lower pressure than the
      output conduit 11, thereby requiring the pump 26 to obtain the necessary
      blood flow through the oxygenator 13. The system 10" in FIG. 3 assumes
      that the pressure in conduits 11 and 14 are nearly equal, the squeeze
      bag-type pump 28 interposed in conduit 11 to obtain the desired blood flow
      through the oxygenator 13.
PAR  Turning now to the function of the membranes 48 and 49 (FIGS. 6 and 7),
      they are not necessary for any of the systems 10, 10' or 10" to function;
      however their presence would improve the function of any of the three
      systems. It is known that the blood immediately adjacent the exterior
      surface of the tubes 44 has a high partial pressure of oxygen which
      reduces the quantity of oxygen transferred across the wall of a tube 44.
      This is because the rate of oxygen transfer across the wall of a tube 44
      is directly proportional to the difference in partial pressure of oxygen
      on the inside of the tube 44 and on the outside thereof.
PAR  It has been found that agitation of the blood in the chamber 37 and about
      the tubes 44 will disturb the said boundary of oxygen rich layers.
      Therefore, by alternately inflating and deflating the cavities 52 and 53,
      the membranes 48 and 49 are moved back and forth within the chamber 37,
      thereby agitating and disturbing the blood, and aiding the oxygenation.
      The membranes 48 and 49 can be non-permeable; or if permeable, oxygen can
      be used as the movement fluid, such that additional surface is provided
      for increased oxygenation.
PAR  Referring to the system 10" of FIG. 3, assuming the cavities 52 and 53 are
      inflated simultaneously such that the membranes 48 and 49 are moved
      inwardly of the chamber 37 simultaneously, with the check valves 33 and 16
      working as described hereinbefore, blood is pumped out of the oxygenator
      13 through check valve 16 and conduit 14 to the patient P. Continued and
      regularly applied alternate deflation and inflation of the cavities 52 and
      53 results in regular pumping outwardly of the blood from the oxygenator
      and sucking inwardly of blood thereto from the conduit 32. The pump 28
      could then be eliminated.
PAR  Utilizing the system 10 as a basis, following is an example of a use
      thereof. To prime the system, 40 ml of blood is necessary. The priming
      blood should be at least 12 hours fresh for best results, it having been
      ascertained from actual testing that 72 hour old blood is extremely
      difficult to oxygenate. Saline, glucose or lactate ringer solution may
      alternately be used for priming the system.
PAR  With a flow path length of the tubes 44 of 41/2 inches in the oxygenator
      13, a surface area of 0.077 sq.M. of tube wall contact with the blood, a
      tube wall thickenss of 0.011 inches, and a blood flow rate of 300
      ml/minute, the result is that an input oxygen partial pressure of 20 mm Hg
      is increased to 150 mm Hg, with there being but a 15-20 mm Hg pressure
      drop of the blood across the oxygenator 13. With a theoretical maximum
      limit of oxygen transfer across a .005 inch thick silicone rubber membrane
      being 238 ml of oxygen per minute per square meter (Secondary Flow and
      Mass Transfer in an Oscillating Torus, Mechanical Devices for
      Cardiopulmonary Assistance, Advances in Cardiology, Vol. 6, pp. 40-55
      (Karger, Basal 1971)), if 30 psig is applied to the interior of the oxygen
      transfer tubes 44, even with their having a wall thickenss of .011 inches
      the transfer is 202 ml of oxygen per minute per square meter. It can be
      extrapolated that with a tube 44 wall thickenss of .005 inches, the oxygen
      transfer within the oxygenator could quite possibly be four times the 202
      ml transfer, or over 800 ml per minute per square meter.
PAR  When membrane oxygenators were first introduced, their most significant
      advantage over the direct contact units was the alleviation of much of the
      associated trauma to the formed elements of the blood. However, effective
      oxygenation of the blood was much less in the membrane oxygenator. It is
      well documented in the literature that the major hinderance to the
      transport of oxygen lies not in the membrane itself, but in the blood film
      geometry. In most membrane oxygenators, the blood flow is laminar; i.e.,
      not turbulent. As with any flowing fluid, blood follows the rules of fluid
      mechanics. At any given longitudinal section of an oxygenator
      perpendicular to the blood flow, the velocity distribution usually follows
      a parabolic flow pattern; this is because blood in a steady state, laminar
      flow behaves like a homogenous, non-Newtonian fluid. The maximum velocity
      is at the center of the flow and is approximately twice the average
      velocity. This flow pattern results from frictional effects of the
      membrane surface of the blood. In essence, there is a slower moving layer
      of blood of finite thickness, the boundary layer, next to the membrane
      surface. There is near zero flow in the region of the membrane, and this
      results in a diffusion controlled mass transfer which is definitely more
      significant in dictating the physical dimensions of an oxygenator than any
      other factor. Therefore, greater membrane surface areas are required
      resulting in large, cumbersome units. This in turn requires larger priming
      volumes and may cause an increase in blood trauma.
PAR  The boundary layer is of concern to the development of membrane
      oxygenators. The effective diffusion of oxygen through the blood depends
      on an oxygen partial pressure (pO.sub.2) gradient; this is, of course, the
      operative method of the lungs. Diffusion is from an area of high partial
      pressure (oxygen side of the membrane) to an area of low partial pressure
      (the blood). If any area in this process becomes oxygen saturated, the
      pO.sub.2 gradient slows down or completely stops. This is what happens
      with a boundary layer formation. The plasma and red blood cells adjacent
      to the membrane are rapidly saturated with oxygen. Also, the diffusability
      of oxygen through the plasma itself is slow compared to its diffusability
      through the membrane. The combination of these two events destroys the
      pO.sub.2 gradient, thus slowing down or stopping the flow of oxygen into
      the center of the blood flow. Any additional oxygen moving into the
      boundary layer serves only to increase the saturation of the hemoglobin in
      this region and may cause the formation of free gas bubbles in the blood.
      This is especially true for oxygenators that operate with a high pO.sub.2
      on the gas side of the membrane such as the present oxygenator.
PAR  To achieve maximum oxygen transfer, the modified oxygenator 13' of FIGS. 8
      - 12 inclusive was developed and tested successfully. In describing it,
      all parts like or nearly like those of the oxygenator 13 are indicated by
      like reference numerals plus a prime, and will not be described in detail.
PAR  The modified oxygenator 13' does not have the diaphragms 48, 49 which form
      expandable cavities 52, 53, nor the manifold units 54, 56, nor the face
      pieces 57, 59 with openings formed therein, all for enabling fluidic
      forced agitation of the blood in the chamber 37.
PAR  The modified oxygenator 13' does however include an air-tight housing 36'
      having front 101, rear 102, and end walls 103 and 104 joined by top and
      bottom elements 106 and 107, and a chamber 37' formed therein. The chamber
      37' has an inlet 108 (FIG. 8) formed at an upper end 103 which is
      connected to the end 11b' of the system 10', for example, of FIG. 3, and
      has an outlet 109 formed at a lower end 104 which is connected to the end
      14b' of the FIG. 3 system. Operation of the system 10" described
      hereinbefore, without the use of the control devices 22 and 23 as was
      explained, and using a ventricle-type pump 28' would effect a pulsating
      flow of blood having oxygen therein at a certain partial pressure through
      the inlet 108, the chamber 37', and out the outlet 109.
PAR  To direct the flow of the blood in the chamber in a certain path, a baffle
      system including a first set of baffles 111 (FIGS. 8 and 9) and a second
      set of baffles 112 is mounted within the chamber 37. Each baffle 111 and
      112 has a width equal to the inner spacing of the front and rear walls 101
      and 102 (FIG. 10), and a length not quite equal to the inner distance
      between the end walls 103 and 104. The first set of baffles 111 are
      mounted in spaced relation with common ends 113 (FIG. 8) abutting the
      inner surface of wall 114 which is opposite and parallel to wall 116. The
      other ends 117 of the first set of baffles 111 are spaced from the surface
      117 of the opposite wall 116 whereby a space 120 is formed therebetween.
PAR  The common ends 118 of the second set of baffles 112 are spaced from the
      surface of the wall 114, with the opposite ends 119 abutting the wall 116
      such that a space 125 is formed between each end 118 of the baffles 112
      and the adjacent wall surface 114.
PAR  By placing the baffles 111 and 112 in the alternating arrangement as best
      illustrated in FIGS. 8 and 9, and in view of the alternating spaces 120
      and 125 as shown in FIG. 8, the blood is directed in a continually
      reversing path as is shown by the arrows in FIG. 8 from the inlet 108 to
      the outlet 109, which path is normal to the disposition of the tubes 44'
      within the chamber 37', the tubes 44' being parallel to the surfaces 114
      and 116 of the opposite walls 103 and 104. It is seen furthermore by this
      arrangement that the blood is channeled through the oxygenator without
      mechanical agitation effected by moving parts of the oxygenator 13' while
      still being able to disrupt the boundary layer adjacent the tubes 44'.
PAR  Instead of the blood flow being parallel to the tubes 44', as is seen in
      the illustrations, the flow of blood between the walls 103 and 104 is
      mostly perpendicular to the tubes 44'. This pattern causes a gentle mixing
      of the blood destroying much of the boundary layer. Tests as to hemolysis
      results indicated no significant blood damage, excluding sublethal damage
      which was not determined.
PAR  To further enhance destruction of the blood layer formation, blood flow
      obstruction means were added to the modified oxygenator 13'. These
      comprised a plurality of elongated bars 121 of Teflon or like material.
      Each bar 121 is inserted, as is clearly illustrated in FIGS. 8 - 12
      inclusive, between adjacent pair of baffles 111 and 112, and adjacent
      pairs of tubes 44'. The dimensions of the bars 121 are best shown in FIGS.
      11 and 12, wherein the upper and lower surfaces 122 and 123 of each bar
      are closely adjacent the surfaces 124 of adjacent baffles 111 and 112.
      Furthermore, the thickness of each bar 121 is such that the side surfaces
      126 and 127 thereof are closely adjacent the peripheral surfaces 128 of
      adjacent pairs of baffles 44'. Each bar 121 has one or more projections on
      the surfaces 122 and 123 which would engage the adjacent surfaces 124 for
      securement therebetween.
PAR  By this provision, it can readily be appreciated, particularly from FIG. 8,
      that as blood flows around the end 117 of baffle 111 so as to flow from
      right to left as one views FIG. 8, toward the wall surface 114, the
      provision of the bar 121 between the lower surface 124 of the baffle 111
      and the upper surface 124 of the baffle 112, forces the blood to flow in a
      turbulent manner past the tubes 44' at that position in the chamber 37'.
      Furthermore, the obstruction to the flow of blood due to the bars 121 of
      course increases the velocity of flow adjacent the tube surfaces, which
      when added to the increased turbulence, further tends to destroy the layer
      foundation along the surfaces of the tubes 44'.
PAR  It is to be noted that as with the FIG. 3 system 10", oxygen under a
      pressure higher than the partial pressure of the oxygen in the blood
      flowing in the chamber 37' is continually transmitted during operation of
      the oxygenator 13' through the input line 17' into the tubes 44' for
      transmission therethrough and to the output line 18'.
CLMS
STM  I claim:
NUM  1.
PAR  1. An extra-corporeal blood oxygenator comprising:
PA1  a housing forming an oxygenation chamber; blood inlet means at one end of
      said chamber for passing blood, at a certain pressure, to be oxygenated
      into said oxygenating chamber, and blood outlet means at the other end of
      said chamber through which the oxygenated blood is discharged; and
PA1  a plurality of tubular elements of a liquid impermeable, gas permeable
      material extending through said oxygenating chamber and in contact therein
      with said blood as the blood passes through said chamber; oxygen inlet and
      outlet means located at opposite ends of said tubular elements for
      carrying oxygen therethrough at a partial pressure greater than the
      partial pressure of the oxygen in the blood as the blood is transmitted
      through said chamber;
PA1  and wherein said oxygenating chamber has a pair of opposed sidewalls, said
      oxygenator further including a pair of opposed flexible walls located
      within said oxygenating chamber, each said flexible wall being sealed
      about its periphery to one of said opposed sidewalls of said chamber, and
      means attached to said housing, including a plurality of spaced openings
      formed in a portion of said housing, for transmitting a fluid through said
      openings and into a cavity formed between each respective pair of a
      chamber sidewall and a flexible wall sealed thereto to move said flexible
      wall within said chamber, said flexible walls being adapted to contact the
      blood moving through said chamber and operable, upon movement thereof by
      said fluid, to agitate said blood within said chamber.
NUM  2.
PAR  2. An extra-corporeal blood oxygenator as defined in claim 1, and wherein
      said fluid is oxygen at a partial pressure higher than the partial
      pressure of the oxygen in said chamber, and said flexible wall is
      constructed of a liquid impermeable material.
NUM  3.
PAR  3. An extra-corporeal blood oxygenator as defined in claim 1, and wherein
      said blood inlet means comprises a blood inlet line having a check valve,
      interposed therein connected to said housing one end for permitting blood
      to flow only into said chamber, and a blood outlet line having a second
      check valve interposed therein connected to said housing other end for
      permitting blood to flow only out of said chamber.
NUM  4.
PAR  4. An extra-corporeal blood oxygenator comprising:
PA1  housing means having an oxygenating chamber formed therein and having blood
      ingress and blood egress means for said chamber;
PA1  means connected to said ingress means for transmitting blood in a pulsating
      manner under pressure to be oxygenated into said chamber;
PA1  tubular means disposed within said chamber and comprised of a liquid
      impermeable, gas permeable material;
PA1  means connected to said tubular means for transmitting oxygen therethrough
      under a partial pressure greater than the partial pressure of oxygen in
      the blood within said oxygenating chamber;
PA1  baffle means mounted within said chamber and including a plurality of
      spaced baffles, said plurality of baffles being longitudinally spaced
      apart relative to and located between said blood ingress and blood egress
      means, alternate ones of said baffles engaging opposite walls of said
      chamber, said baffle means directing the blood through said chamber in a
      continually reversing path between said ingress and egress means, said
      path being substantially normal to said tubular means when disposed
      between said walls; and
PA1  means connected to said egress means for withdrawing the oxygenated blood
      from said chamber.
NUM  5.
PAR  5. An extra-corporeal blood oxygenator as defined in claim 4, and wherein
      said chamber has a pair of opposed walls extending parallel to each other,
      and further wherein said tubular means includes a plurality of tubes of
      liquid impermeable, gas permeable material disposed within said chamber in
      parallel relation with each other.
NUM  6.
PAR  6. An extra-corporeal blood oxygenator as defined in claim 5, and wherein
      said tubes are disposed in parallel relationship with said chamber walls.
NUM  7.
PAR  7. An extra-corporeal blood oxygenator as defined in claim 6, and wherein
      said baffle means includes a first set of baffles mounted in spaced
      relation in said chamber with common first ends abutting one of said pair
      of opposed walls of said chamber and with common second ends spaced from
      the other of said pair of opposed walls of said chamber, a second set of
      baffles mounted in spaced relation in said chamber with common first ends
      spaced from said one wall and with common second ends abutting said other
      wall whereby the blood from said ingress means flows in a constantly
      reversing path within the housing until it passes through said egress
      means.
NUM  8.
PAR  8. An extra-corporeal blood oxygenator as defined in claim 7, and further
      including means disposed between each pair of baffles and each pair of
      tubes for reducing the space therebetween whereby the flow of blood is
      obstructed.
NUM  9.
PAR  9. An extra-corporeal blood oxygenator as defined in claim 8, and further
      wherein said blood flow obstruction means comprises a plurality of
      elongated bars, each bar disposed between a pair of adjacent baffles and
      between a pair of adjacent tubes.
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ABST
PAL  Apparatus for the closed-loop controlled growth of crystalline material by
      the Czochralski technique includes means for establishing a melt of a
      given crystallisable material, means for pulling a crystal from said melt
      when established, said means for pulling incorporating a rigid elongated
      pulling member defining a crystal pulling axis, means for rotating said
      pulling member about said crystal pulling axis and a weighing cell located
      at the end of said pulling member distant from said means for establishing
      a melt and capable of providing, for the purpose of closed-loop control of
      said crystal pulled, a signal related to the force along said crystal
      pulling axis on the pulling member.
PAL  The weighing cell is preferably one of the kind having a spring and a
      transducer arranged to produce an electrical output related to the tension
      of the spring. The pulling member is preferably freely suspended from the
      weighing cell by a coupling which allows the pulling member to be rotated
      without rotating the weighing cell.
BSUM
PAR  The present invention is related to apparatus for the growth of crystalline
      material.
PAR  In the Czochralski method of crystal growth individual crystals of a
      material are pulled from a melt of the material normally by means of a
      pull rod normally moving axially at a constant rate whilst rotating at a
      constant rate. The cross-sectional area perpendicular to the direction of
      growth, hereinafter called "the cross-sectional area", of the crystal
      being grown often has to be kept within well defined limits, so that the
      crystal meets the specification of a device in which it is to be used.
      Control of the cross-sectional area is also necessary when the crystal
      being grown is of an expensive material. The cross-sectional area of the
      crystal is often controlled manually by making adjustments to the power
      used to heat the melt. The operator making the adjustments needs to have
      considerable skill since it is necessary to adjust the power very
      carefully in order that the cross-sectional area of the crystal is at any
      time during the growth as near to the required magnitude as possible. In
      order to grow a crystal having an accurately uniform cross-sectional area
      along its length it is necessary for an operator to make adjustments
      continuously to the power; that is an unsatisfactory situation from the
      operator's point of view. In the other extreme situation, if adjustments
      are made too infrequently crystalline defects can be caused because the
      required adjustments are too large.
PAR  Open loop control of the heating power in a crystal pulling system can be
      used to control the cross-sectional area whilst the crystal is growing. In
      this case the power can, for example be varied according to a programme
      derived from the average setting of previous runs and by either electrical
      or mechanical means. However, when the crystal growth involves high
      temperatures, the programme required tends to vary between successive runs
      owing to such factors as changes in the thermal properties of the
      refractory materials used to surround the cruicible containing the melt.
PAR  Closed-loop control of the power used in a crystal puller in order to
      control the size of the crystal pulled is desirable in most cases,
      particularly when, under certain circumstances, it is necessary to grow
      only one suitable crystal specimen of a given material. Such a specimen
      might otherwise required many growth attempts before it is obtained in a
      suitable form.
PAR  One known closed loop power control is used for growth of silicon crystals.
      During the pulling of silicon, the unusually high latent heat of fusion of
      the material perturbs the radial temperature gradient across the melt
      surface near the liquid/solid interface between the melt and the crystal.
      This perturbation allows information about the diameter (cross-sectional
      area) of the crystal to be derived by means of a narrow-angle radiation
      pyrometer sensor and to be used for closed loop control of the crystal
      growth. It appears that it is difficult to use this method for all stages
      of the crystal growth. It is necessary to make manual power adjustments in
      order to grow the crystal approximately to the required cross-sectional
      area before the closed loop control can be initiated. The method would not
      be very suitable for the many materials having latent heats of fusion much
      lower than that of silicon.
PAR  Another known closed-loop power control system involves the use of a laser
      beam. The beam is reflected from the meniscus near the melt/crystal
      interface and is used to monitor changes in the diameter (cross-sectional
      area) of the crystal in order to provide closed-loop control of the power.
      Again, it is apparent that an operator has to monitor the growth during
      the stages before the crystal reaches its required diameter.
PAR  Another known closed-loop system involves the use of closed-circuit
      television for sensing the crystal cross-sectional area. The magnitude of
      the crystal diameter is derived electronically from the scan lines which
      produce the television image of the crystal. Again, it is apparent that an
      operator has to monitor the growth during the stages before the crystal
      reaches its required cross-sectional area. Moreover, at high temperatures
      and in order to reduce radiation losses from the melt, it is necessary to
      restrict the angles from which the crystal can be monitored by the
      television system.
PAR  Closed-loop systems involving measurement of the weight of the growing
      crystal or the weight of the melt from which the crystal is grown have
      also been proposed. However, these systems do not make any provisions for
      maintaining the temperature distribution in the melt symmetrical about the
      crystal pulling axis; such provisions are desirable if it is desirable to
      grow the crystal uniformly about that axis.
PAR  According to the present invention apparatus for the growth of crystalline
      material includes means for establishing a melt of a given crystalline
      material, means for pulling a crystal from the melt when established, the
      means for pulling incorporating a rigid elongated pulling member defining
      a crystal pulling axis, means for rotating the pulling member about the
      crystal pulling axis and a weighing cell located at the end of the pulling
      member distant from the means for establishing a melt and capable of
      providing, for the purpose of closed-loop control of the crystal pulled, a
      signal related to the force along the crystal pulling axis on the pulling
      member.
PAR  Rotation of the pulling member allows the temperature distribution in the
      melt to be maintained symmetrical about the crystal pulling axis.
PAR  The pulling member is preferably a uniformly cyclindrical rod suspended
      freely from the weighing cell, preferably by a coupling, such as a
      self-aligning bearing, allowing the rod to be rotated without rotating the
      weighing cell. In that case a low-friction bearing such as a gas bearing,
      located in a position along the rod from the weighing cell, may be
      arranged to maintain the crystal pulling axis fixed relative to the means
      for establishing the melt.
PAR  The weighing cell is preferably one of the kind having a spring and a
      transducer arranged to produce an electrical output signal related to the
      tension of the spring.
PAR  The closed-loop control system may include means for producing a signal
      related to the expected value of the signal produced by the weighing cell,
      a comparator for comparing the two signals, and means capable of
      controlling the cross-sectional area of the pulled crystal in response to
      the output, if any, of the comparator. The means capable of controlling
      the cross-sectional area may be incorporated in the means for pulling, the
      means for rotating or the means for establishing the melt. The means for
      producing a signal is preferably a potentiometer whose variable contact
      can be varied in position linearly with time. In that case the electrical
      supply to the potentiometer preferably includes a non-linear electrical
      element such as a silicon diode, to allow closed-loop control of the
      cross-sectional area during the early stages of crystal growth.
PAR  Alternatively, the closed-loop control system may include means for
      producing a signal related to a time differential function of the signal
      produced by the weighing cell, means for producing a signal related to the
      expected value of that function, a comparator for comparing the time
      differential function and its expected value and means capable of
      controlling the cross-sectional area of the crystal pulled in response to
      the output if any, of the comparator. The time differential function may
      be the first-order time derivative, or a higher order derivative, or a
      combination of various order derivatives, of the signal produced by the
      weighing cell.
DRWD
PAR  Embodiments of the present invention will be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram partly in cross-section of crystal pulling apparatus.
PAR  FIG. 2 is a diagram partly in cross-section in more detail of part of the
      apparatus described with reference to FIG. 1.
PAR  FIG. 3 is a schematic circuit diagram of an arrangement used to provide
      closed-loop control of the growth of a crystal using the apparatus
      described with reference to FIG. 1.
PAR  FIG. 4 is a cross-sectional diagram of potentiometer apparatus which may be
      used in the circuit described with reference to FIG. 3.
PAR  FIG. 5 is a cross-sectional diagram in more detail of part of the apparatus
      described with reference to FIG. 1.
DETD
PAR  FIG. 1 is a diagram partly in cross-section of crystal pulling apparatus,
      and FIG. 2 is a diagram partly in cross-section in more detail of part of
      the apparatus described with reference to FIG. 1. A crystal growing vessel
      1 has attached to its base a stand 3 supporting a cruicible 5 used for
      containing a charge 7 of molten material. A rod 11 is suspended at its
      upper end from a weighing cell 53 by a self-aligning bearing 43 (FIG. 2)
      and positioned near its lower end by a gas bearing 27. The lower end of
      the rod 11 carries a crystal seed 9a (attached by conventional means)
      which is initially dipped into the molten charge 7 and then slowly raised
      away from the molten charge 7 and rotated with the rod 11 (by means
      described below) allowing a single crystal 9 to grow. The charge 7 is
      heated by a coil 13 having connections 13, 15 to a radio frequency heater
      unit (FIG. 3). The crucible 5 acts as its own susceptor if it is
      electrically conducting. A separate susceptor (not shown) is located
      around the crucible 5 if the crucible 5 is not electrically conducting.
      The vessel 1 has a gas inlet port 21, a gas outlet port 23 leading to a
      vacuum pump (not shown) and a window 19 for observing the progress of the
      growth of the crystal 9.
PAR  During the growth of the crystal 9 the vessel 1 normally contains an inert
      gas atmosphere. The inert gas is pumped into the vessel 1 via the gas
      inlet port 21 after the vessel 1 has been evacuated via the gas outlet
      port 23. During the evacuation operation a sphincter valve 25 (described
      below with reference to FIG. 5) is used to seal the vessel 1 at the
      entrance to the vessel 1 of the rod 11.
PAR  The rod 11 must be free to be moved along its axis away from the molten
      charge 7 and to be rotated whilst not being subjected to any variable
      forces which could be recorded by the weighing cell 53.
PAR  A leadscrew 31, coaxial with part of the rod 11 external to the vessel 1,
      is used to produce axial translation of the rod 11. The leadscrew 31 bears
      along the major part of its length a screw thread 32. The leadscrew 31 is
      rotatable about its own axis and is driven by a motor 33 through bevel
      gears 35. The leadscrew 31 carries a leadscrew nut 37 having a thread
      engaged with the thread 32. Connecting rods 39a, 39b  are secured at their
      lower ends to the leadscrew nut 37 and at their upper ends to an
      attachment member 41. A plate 129a is secured to the attachment member 41
      by screws 121 (one shown in FIG. 1). A plate 129b is secured to the
      attachment member 41 by screws 128, 123 (one of each shown in FIG. 1)
      engaged with a block 127 adjacent to the plate 129b and to the attachment
      member 41. The weighing cell 53 is located between the plates 129a, 129b
      and is attached to the plates 129a, 129b by two bars 130 (one shown in
      FIG. 1) each engaged in a slot in the weighing cell 53 and each attached
      to the plates 129a, 129b.
PAR  As the leadscrew 31 is rotated by the motor 33 through the gears 35 the
      leadscrew nut 37 is moved along the leadscrew 31. The attachment member
      41, the weighing cell 53 and the rod 11 are all fixed in height relative
      to the leadscrew nut 37 and therefore all move vertically together with
      the leadscrew nut 37.
PAR  The rod 11 is rotated in order to provide a radially symmetrical thermal
      environment for the growing crystal 9 and to provide stirring of the
      molten charge 7. A rotatable cylinder 47 coaxial with part of the rod 11
      is driven by a motor 49 through bevel gears 51. The cylinder 47 is
      attached to a bush 95 carried in angular contact bearings 45a, 45b in the
      attachment member 41. A nut 99 carrying a pin 107 is secured on the end of
      the bush 95 and clamps the inner races of the angular contact bearings
      45a, 45b to the bush 95. The pin 107 rides between the fingers of a
      two-fingered fork member 109 attached to the upper end of the rod 11. The
      fingers of the fork member 109 are coated with a layer of p.t.f.e.
      (polytetrafluoroethylene) in order to reduce frictional wear between the
      fork member 109 and the pin 107. This arrangement allows the rod 11 to be
      rotated at the same rotational speed as the cylinder 47 whilst being
      maintained in a vertical position and without being subjected to any
      variable forces which would be recorded by the weighing cell 53.
PAR  A housing 55 is secured by screws 62a, 62b to the base of the weighing cell
      53. An annual member 118 is secured to the housing 55 by screws 117a, 117b
      and clamps the outer race of the self alinging bearing in the housing 55.
      The inner race of the self-aligning bearing 43 is clamped on the upper end
      of the rod 11 by a screw 119. This arrangement acts as a universal
      suspension joint between the rod 11 and the weighing cell 53.
PAR  The weighing cell 53 consists of a spring balance providing as an output an
      electrical signal. The output electrical signal from the weighing cell 53
      is used to monitor continuously vertical force acting on the rod 11 as the
      crystal 9 grows. The weighing cell 53 may be a Series 6005 or 6005C
      Weighing Cell manufactured commercially by Hunting Engineering Limited of
      Dallas Road, Bedford, England. This contains flexure plates attached to a
      spring and rigidly attached to the moving armature of a linear variable
      differential transformer. When a force is applied to one of the plates
      against the action of the spring, the armature is moved, and the output
      electrical signal from the transformer which is proportional to the force
      applied is changed.
PAR  The force detected by the weighing cell 53 is the sum of several
      components, which are discussed below some of which, such as the weight of
      the rod 11 and its attachments, remain essentially constant throughout the
      growth of the crystal 9. The effect of the constant components may be
      ignored by pre-setting the output signal from the weighing cell to zero
      before growth of the crystal 9 is begun with the constant components
      acting on the weighing cell 53.
PAR  The electrical signal output from the weighing cell 53 is compared with a
      similar electrical signal providing a measure of the expected vertical
      force on the rod 11 at any given time, and the signal of any difference
      between the two is used in closed circuit control to adjust the crystal
      growth process.
PAR  FIG. 3 is a circuit diagram of the arrangement used to provide the
      closed-loop control of the crystal growth process. An electrical voltage
      supply source 55 is connected across a resistor 57 having a positive end
      60 and an earthed end 62. A fraction of the voltage across the resistor 57
      is applied across a resistor 59 in parallel with the resistor 57 by means
      of a variable contact 58 to the resistor 57. A non-linear element 68 is
      located between the contact 58 and the resistor 59. The resistor 59 has a
      variable contact 61. A connection 63 is attached from the contact 61 to a
      linear differential amplifier 65. The linear differential amplifier 65
      also has an input connection 67 leading from the weighing cell 53. The
      output of the amplifier 65 which consists of a signal representative of
      the difference between the potential on the connection 67 and that on the
      connection 63 is fed to a conventional power control unit 69. The signal
      may be monitored by means of a meter 71.
PAR  The power control unit 69 provides stabilization of the output power from a
      conventional crystal growing r.f. heater unit 72 which produces the r.f.
      power in the connections 15, 17 for for supplying the r.f. heating coil 13
      (shown in FIG. 1). The r.f. current flowing in the connection 15 is
      monitored by means of a conventional current transformer 73 and the
      monitor current is fed back to the power control unit 69, squared in the
      power control unit 69 and used in a standard way to stabilise any
      fluctuations in the power supplied by the power control unit 69 to the
      r.f. heater unit 72. The signal output from the amplifier 65 is also
      squared at the power control unit 69 and is used to modulate the power
      supplied by the power control unit 69 to the r.f. heater unit 72.
PAR  The temperature distribution across the charge 7 is determined by the level
      of the power supplied by the coil 13. When the power is increased the
      positions of the temperature isotherms across the charge 7 are raised, and
      when the power is decreased the positions of the isotherms are lowered.
      The cross-sectional area of the crystal 9 is determined by the positions
      of the isotherms. Therefore the cross-sectional area of the crystal 9 is
      governed by the level of the power supplied by the coil 7 which in turn is
      governed by the level of power supplied by the power control unit 69 to
      the r.f. heater unit 71. Therefore, any correction which needs to be made
      to the cross-sectional area of the crystal 9 is made by virtue of the
      amplifier 65 supplying the power control unit 69 with a signal whose
      magnitude is representative of the extent of the required correction.
PAR  It is shown below that the output of the weighing cell 53 which consists of
      a measure of the variable vertical force exerted on the rod 11, is
      indicative in this embodiment of the invention of any required change in
      cross-sectional area of the crystal 9.
PAR  The position of the contact 58 is adjusted automatically during the growth
      of the crystal 9 so that the potential of the contact 58 continuously
      varies from its minimum value to its maximum value during the period of
      the growth. This allows a continuously varying potential difference to be
      applied across the resistor 59. The contact 61 is pre-set to allow a
      constant fraction of that potential difference to applied as a reference
      signal to the amplifier 65. The position of the contact 61 may be
      calculated before the growth process is begun from the density of the
      crystalline material of the crystal 9 and its expected rate of growth.
PAR  During the early stages of crystal growth, ie normally for about the first
      one-tenth of the crystal growing time, it is necessary to increase the
      cross-sectional area from that of the seed 9a to that of the crystal 9.
      This is carried out automatically by the nonlinear element 68, which is
      conveniently a forward-biased diode such as a silicon diode. The element
      68 allows the potential at the positive end of the resistor 59 to rise
      according to the forward characteristic of the element 68. Normally,
      forward-biased diodes have a forward current characteristic which is a
      square law with time up to about 1 volt and are ohmically conducting at
      higher forward voltages. Therefore, the output voltage from the source 55
      is conveniently about 10 volts, allowing the cross-sectional area to be
      increased from that of the seed 9a to that of the crystal 9 according to
      an equivalent square-low with time during the first one-tenth of the
      travel of the contact 58.
PAR  The potentiometer incorporating the contact 58 and the resistor 57 needs to
      be in which the contact 61 is moved at the same rate at which the crystal
      9 grows in length. One example of a form which the potentiometer may take
      is illustrated in FIG. 4 which is a cross-sectional diagram of apparatus
      constituting the potentiometer. A glass tube 75 contains a stopper 77 at
      one end and a loose fitting cap 79 at the other end. A wire 81 is attached
      to one end of the tube 75 by means of the stopper 77, the end of the wire
      81 being inside the tube 75. A wire 83 is located at the other end of the
      tube 75, the end of the wire 83 being inside the tube 75. The tube 75 is
      filled with a conducting liquid 85 such as common salt solution which may
      be covered by a layer of oil to minimise evaporation. A glass tube 87
      containing a wire 91 exposed at a tip 89 to the liquid 85 is also located
      in the tube 75. The tube 87 passes slidably through the tube 75 by means
      of a polythene spacer 88 attached to the tube 87. The tube 87 also passes
      slidably through the cap 79. The wire 91 extends beyond the end of the
      tube 87 outside the tube 75.
PAR  The wire 81 constitutes the earthed end 62 of the resistor 57 (FIG. 3) and
      the wire 83 constitutes the positive end 60 of the resistor 57. The liquid
      85 between the wires 83, 81 constitutes the resistor 57, and the tip 89 of
      the wire 91 in the liquid 85 constitutes the contact 58. The concentration
      of the liquid 85 is adjusted before the crystal process is begun in order
      to provide the appropriate resistance. The tube 87 is attached at its end
      outside the tube 75 to the leadscrew nut 37 (FIG. 1) by conventional means
      (not shown) which allow the tube 87, and therefore the tip 89, to be moved
      through the liquid 85 at the same rate at which the leadscrew nut 37 is
      moved along the leadscrew 31. Therefore, as the end 89 of the wire 91
      inside the liquid 85 approaches the wire 83 the potential of the wire 91
      is continuously increased. The potential difference between the tip 89 and
      the earthed end 62 (the wire 81) of the resistor 57 is used, as explained
      above, as a continuously increasing potential difference applied across
      the resistor 59, a constant fraction of that potential difference being
      used (via the connection 63) as a continuously increasing reference signal
      for the amplifier 65. The position of the leadscrew nut 37 along the
      leadscrew 31, on which the potential of the wire 91 is dependent, is
      itself a measure of the length of the crystal 9. This is because the
      leadscrew nut 37 is fixed in height relative to the rod 11 to which the
      crystal 9 is attached. The position of the leadscrew nut 37 is not an
      absolute a measure of the length of the crystal 9 because the length of
      the crystal 9 will also be increased by virtue of the level of the molten
      charge 7 falling. Also the vertical distance moved by the leadscrew nut 37
      will not in general be equal to the vertical distance moved by the rod 11
      because of deflection of the plate of the weighing cell 53 against the
      action of its spring. However, these errors in the length of the crystal 9
      as measured by the potential of the wire 91 will in general be very small;
      and since they are always a constant proportion of the true length,
      provided in the former case that the cruicible 5 is of uniform
      cross-sectional area in the region of the interface between the charge 7
      and the crystal 9, they can be taken into account when setting the contact
      61.
PAR  As an alternative to the potentiometer incorporating the resistor 57, the
      contact 58 with the element 68 it is possible in an alternative embodiment
      of the invention to use a potentiometer whose resistance varies
      non-linearly with distance over about the first one-tenth of the travel of
      its variable contact.
PAR  FIG. 5 is a cross-sectional diagram of the gas bearing 27 and the sphincter
      valve 25 in the apparatus described with reference to FIG. 1. The gas
      bearing 27 includes an inner cylinder 141 surrounded by an outer cylinder
      143. A gas inlet tube 145 is inserted in the outer cylinder 143 in a hole
      147. The hole 147 extends to the inner cylinder 141. At the inner cylinder
      141 the continuation of the hole 147 consists of an annular recess 149
      leading to a series of holes 149a and gas jet holes 149b leading inward
      toward the rod 11. An annual recess 151 is formed in the inner cylinder
      141 above the gas jet holes 149b. Also, an annular recess 155 is formed in
      the inner cylinder 141 below the gas jet holes 149b. A series of holes
      151a leads from the annular recess 151 to an annular recess 153 in the
      outer cylinder 143. A series of gas outlet holes 153a leads from the
      annular recess 153 to the external surface of the outer cylinder.
PAR  Gas, such as air or inert gas, is pumped along the gas inlet tube 145 and
      the hole 147, into the annular recess 149 and along the holes 149a and the
      gas jet holes 149b. In this way a series of jets of the gas is formed to
      act as a constant force upon the rod 11 maintaining it in a central
      position. The gas then enters the annular recesses 151, 155 passes through
      the holes 151a, 155a into the annular recesses 153, 157 and escapes
      through the gas escape holes 153a, 157a. The gas bearing 27 allows the rod
      11 to be centralised without being subjected to variable frictional forces
      which would be recorded by the weighing cell 53.
PAR  The sphincter valve 25 is fitted between the gas bearing 27 and a neck 159
      of the vessel 1. The sphincter valve 25 contains a cylinder 161. A rubber
      collar 163 is positioned in a recess 165 between the cylinder 161, the
      neck 159 of the vessel 1 and the inner cylinder 141 of the gas bearing 27.
      An annular recess 167 is contained in part of the cylinder 161 adjacent to
      the rubber collar 163. Leading from the recess 167 to one side of the
      cylinder 161 is a hole 169 in which is fitted a tube 171. A cap 173 is
      attached to the end of the tube 171. The cap 173 contains a hole bearing a
      female screw thread 175. A plunger 177 bears a male screw thread which is
      engaged with the female screw thread 175. An end 179 of the plunger 177
      containing a seal ring 179a is located slidably inside the tube 171. The
      tube 171, the hole 169 and the recess 167 are filled with an hydraulic
      liquid 181.
PAR  The sphincter valve 25 allows the vessel 1 to be sealed whilst the vessel 1
      is being evacuated and then filled with gas before growth of the crystal
      9. As the plunger 177 is screwed into the cap 173 the liquid 181 is
      compressed causing the rubber collar 163 to collapse and grip the rod 11,
      thus sealing the vessel 1. The collar may similarly be released from the
      rod 11 by unscrewing the plunger 177. During growth of the crystal 9 the
      vessel 1 is sealed from contaminants by allowing gas to escape slowly from
      the vessel 1.
PAR  External means (not shown) may be provided to maintain constant positive
      pressure in the vessel 1 to avoid variable forces being experienced by the
      rod 11 due to gas pressure changes. Such means are necessary to avoid
      leakage of gas from the gas bearing 27 into the vessel 1 if (a) the gas
      delivered to the gas bearing 27 is not the inert for filling the vessel 1
      and if (b) the pressure of the gas delivered to the gas bearing 27 would
      otherwise be greater than that in the vessel 1.
PAR  Also, a reservoir chamber (not shown) may be connected to the vessel 1 so
      that when the contents of the vessel 1 are heated during growth of the
      crystal 9 variations in the force experienced by the rod 11 due to dynamic
      action of the gas in the vessel 1 are damped because the gas is allowed to
      escape into the reservoir chamber.
PAR  The weighing cell 53 is used to measure the vertical force on the rod 11.
      In the prior art it has been shown to be possible to measure the weight of
      the cruicible and the melt. Measurement of the vertical force on the pull
      rod is considered to be superior, however, for the following reasons.
PAR  With high-temperature growth processes some evaporative loss of weight of
      the cruicible can occur which would thus produce a spurious weight change.
      Also, evaporation of the melt will occur in the case of certain materials
      giving the same result. Further, with the commonly used r.f induction
      heating of the crucible significant levitation forces may occur. These
      would appear as spurious changes in weight. Furthermore the "dead weight"
      of the melt and the crucible and its supports would in general be
      significantly greater than that of the weight of the pull rod used and the
      crystal, so that it would be very difficult to obtain a satisfactory
      sensitivity using the alternative technique mentioned above.
PAR  The vertical force f measured by the weighing cell 53 is formed from
      several contributions. Firstly, there is the weight of the rod 11, and its
      attached parts. Secondly, there is the weight of the crystal 9. Thirdly,
      there is the buoyancy force provided by an ambient gas in the vessel 1.
      Fourthly, there is the weight of the liquid (the molten charge 7) which is
      supported by surface tension, ie in the form of a neck, and finally there
      is the vertical component of the surface tension force itself.
PAR  If the crystal 9 is growing at a steady speed as a right circular cylinder
      then the rate of increase of the force df/dt will be constant and will be
      proportional to the square of the diameter d of the crystal 9 (which is a
      measure of the cross-sectional area). However if the diameter d of the
      crystal 9 is changing with time the weight of supported liquid and the
      component of the surface tension in the vertical direction will also be
      changing with time and the rate of increase of df/dt will no longer be
      simply proportional to the square of the diameter of the crystal 9 at the
      liquid/solid interface.
PAR  It has been found that the manner by which df/dt changes as d changes
      depends on whether or not the material of the charge 7 in its crystalline
      state is more or less dense than in its molten state.
PAR  For materials which have the higher density when in their crystalline
      state, and are grown at a finite growth rate, df/dt increases smoothly as
      d increases but not, in general, strictly proportionally to d.sup.2. For
      this class, of materials however, the closed-loop control system described
      above with reference to FIG. 1 and FIG. 3, in which the force f is
      measured and compared with its expected value, is quite satisfactory. It
      is also possible to provide apparatus incorporating a similar control
      system but by means of which df/dt is measured, and compared with a
      constant reference signal (the expected value of df/dt being constant).
      Differences between the measured value of df/dt and the reference signal
      are then used in the same manner as described above (with reference to
      FIG. 1 and FIG. 2) to control the cross-sectional area of the crystal 9.
PAR  However for materials which have a higher density in their molten state
      than in their crystalline state, which are grown at a finite growth rate,
      the dependence of df/dt on d is not smooth and depends strongly on the
      rate at which d is changing (except for very slow rates of change of d). A
      situation can occur where, as d begins to increase, df/dt first decreases
      and then later increases.
PAR  Conversely if d begins to decrease df/dt may first increase and then
      decrease. Many of the semiconducting materials, for example Ge, Si, GaAs
      and GaP fall within this category of materials.
PAR  This effect leads to instabilities if the closed-loop control system
      described above with reference to FIG. 1 and FIG. 2 is used. The effect is
      more likely to occur at low growth rates. To overcome these instabilities
      processing of the signal obtained from the weighing cell 53 must be
      undertaken. This processing must produce a signal which is representative
      of the diameter (or the cross-sectional area) of the crystal 9 at the
      liquid/solid interface. This can be achieved in several ways, for example:
PA1  a By analgoue simulation of the differential equation which describes the
      dependence of the force f on the diameter (or the cross-sectional area) of
      the crystal 9, or a time derivative of that dependence.
PA1  b By digital simulation of the equation using a small computer.
PA1  c More approximately, by integrating the signal from the weighing cell 53
      applied along the connection 67 for a time which must optimised by
      experimentation, but which is approximately equal to
      ##EQU1##
      where v is the pulling velocity and 1c and 1m are the densities of the
      crystal 9 and molten charge 7 respectively.
PAR  The processed signal must then be compared with a reference signal
      constituting the expected value of the processed signal. The signal
      produced by the comparison of those two signals may then be used in the
      manner described above with reference to FIG. 1 and FIG. 2 to control the
      cross-sectional area of the crystal 9.
PAR  It will be apparent to those skilled in the art that closed-loop control of
      the cross-sectional area (diameter) of the crystal 9 (FIG. 1) may be
      achieved by applying the output signal provided by the amplifier 65 (FIG.
      3) not to the power control unit 69 (FIG. 1) but to either of two power
      control units (not shown) which would normally be used to drive
      respectively the motor 33 and the motor 49. Modulation of the power
      delivered to the motor 49 or to the motor 33 by this means provides a
      change in one case in the rate of rotation of the rod 11 and in the other
      case in the rate of vertical translation of the rod 11. Either change
      results in a corrective change in the cross-sectional area of the growing
      crystal 9.
PAR  It will also be apparent to those skilled in the art that the invention may
      be used in connection with certain particular techniques for the growth of
      crystals by pulling such as the techniques known in the art as the
      pedestal technique, an example of which is described by W C Dash in J.
      Applied Physics 29, page 736 (1958); or the float-zone technique, an
      example of which is described by P H Kech and M J H Goley in Physical Rev
      89 page 1297 (1953); or the liquid encapsulation technique which is
      described in UK patent specification No. 1,113,069 and U.S. patent
      specification No. 3,401,023.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for the growth of crystalline material including means for
      establishing a melt of a given crystallizable material, a pull rod
      arranged for pulling a crystal from said melt when established, means for
      lifting said pull rod from said melt to pull said crystal on one end of
      said rod, means for rotating said pull rod about its axis while said rod
      is being lifted, said means for rotating including a substantially tubular
      member surrounding said rod and attached to said rod whereby said rod
      rotates together with said member, and a construction for monitoring the
      weight of said crystal for the purpose of closed-loop control of said
      crystal comprising a weighing cell attached to said rod near the end of
      said rod opposite to said first mentioned end to measure the weight of
      said rod and said crystal, a weighing cell support housing arranged to
      support said weighing cell, said support housing including a support plate
      having an aperture through which said rod and said tubular member pass,
      said support plate being arranged so as to be lifted by said lifting means
      whereby said housing, said weighing cell and said rod are all lifted
      together and, located in said aperture, a bearing having an inner race
      fixed to said tubular member and outer race fixed to said support plate
      whereby said tubular member is attached to said support plate and said
      tubular member and said rod may be rotated without rotating said support
      plate.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 and wherein said means for pulling
      comprises, in fixed positional relationship to one another, a rotatable
      leadscrew, a leadscrew nut engaged with said leadscrew and movable along
      said leadscrew by rotation of said leadscrew and at least one connecting
      member connecting said leadscrew nut and said support plate, whereby
      positional translation of said leadscrew nut causes positional translation
      of said support housing, said weighing cell and said pull rod.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 and wherein a coupling is located
      between said pull rod and said weighing cell, said coupling comprising a
      self-aligning bearing having an inner race clamped to one end of said
      pulling member and having an outer race connected to said weighing cell,
      and wherein said tubular member is connected to said inner race of said
      selfaligning bearing.
NUM  4.
PAR  4. Apparatus as claimed in claim 2 and wherein said coupling comprises a
      self-aligning bearing having an inner race clamped to one end of said
      pulling member and having an outer race connected said weighing cell, and
      wherein said tubular member is connected to said inner race of said
      self-aligning bearing, wherein said bearing in said aperture of said
      support plate is an angular contact bearing and wherein said apparatus
      comprises a pin connected to said inner race of said angular contact
      bearing and rotatable with said tubular member, and connected to said
      inner race of said self-aligning bearing, a fork member in which said pin
      is located, whereby rotation of said pin produces rotation of said inner
      race of said self-aligning bearing and of said pull rod.
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ABST
PAL  A gas generator for an air bag or the like including an ignitor, a
      propellant, an outlet, and a cooling chamber positioned between the
      propellant and the outlet. The cooling chamber is filled with hollow balls
      with surface openings which are an effective heat sink and a trap for
      undesirable particulate matter so that the gas introduced into the air bag
      is sufficiently cool and clean to be vented into the passenger compartment
      of a motor vehicle.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a gas generator for use in inflating an air bag
      in a motor vehicle or the like. The generator of this invention is
      designed to be compact in size so that it might be mounted, for example,
      in the steering wheel of a motor vehicle. It is designed to be a
      self-contained unit in that gases are generated as required upon the
      impact of the motor vehicle at a predetermined force without the aid of
      stored gases such as is disclosed in systems of the type shown in U.S.
      Pat. No. 3,806,153. The gases produced by a generator of the type
      disclosed herein are directed into an air bag and then, within a matter of
      milliseconds, vented into the interior of the car to prevent rebound and
      other undesirable effects upon the passengers. The gases must, therefore,
      be cool, non-toxic, and generally free from undesirable particulate
      matter. This invention is primarily directed to the problem of cooling the
      gases and filtering out undesirable particulate matter while at the same
      time maintaining a flow of gas from the gas generating materials to the
      air bag without an undesirable buildup of pressure. An undesirable buildup
      of pressure could occur if the portion of the generator relied upon to
      cool the gases an filter out particulate material is filled with a
      compressible or compactable substance such as steel wool, fiber felt pads,
      sintered metal, cloth, plastic felt, or similar materials are used such as
      suggested in U.S. Pat. No. 3,797,854. Such materials can compress and
      compact when subjected to pressure, thereby in effect closing the
      passageway through which the hot gases pass or partially restricting such
      passageways so as to cause an undesirable pressure buildup. The materials
      suggested in the prior art can also become clogged by the particulate
      substances carried by the gas and in that way cause a restriction of the
      free flow of gases. In certain cases, these undesirable occurrences, e.g.
      compression and blocking with particulate matter, can occur
      simultaneously, thereby causing a severe enough buildup and explosion of
      the gas generating unit. This could be undesirable in its effect upon the
      functioning of the air bag as well as the undesirable effect per se of
      rupturing of the generator and the possibility of metal splinters or the
      like affecting passengers.
PAR  In accordance with the present invention the abovedescribed undesirable
      features of the prior art are overcome by filling the cooling chamber of a
      gas generator with a number of hollow balls which in the most preferred
      embodiment would be spherical in shape and would have a groove or other
      opening formed in the surface thereof. A cooling chamber structured in
      accordance with the present invention would not have a tendency to
      restrict gas flow by compacting of the material therein. The hollow,
      perforated, metal balls provide a very efficient heat sink because of the
      great exposed surface area (inner and outer) of each of the individual
      balls. The perforated balls are very efficient in trapping particulate
      matter without restricting the flow rate.
PAR  It is therefore an object of this invention to provide a compact, efficient
      gas generator which includes a cooling chamber having very efficient heat
      absorbing characteristics and the ability to trap particulate matter
      without compacting and clogging.
PAR  It is a further object of this invention to provide a cooling chamber in a
      gas generator which includes a plurality of hollow, metal balls having a
      perforated surface with great cooling capacity, with little or no
      restricting affect upon the flow rate of gases passing through said
      chamber.
PAR  These and other objects and advantages of this invention will become more
      readily apparent from the detailed description set forth below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially cut away side view of a gas generator formed in
      accordance with this invention;
PAR  FIG. 2 is a front view of the gas generator of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1 of the invention, I show a gas generator having a
      housing generally indicated 1. The housing is formed in two parts which
      include a front cover 2 and a rear cover 3 which are joined by an
      overlapping lip portion 4. An air bag is trapped between the lip 4 and
      part of the front housing 2 so that the interior of the air bag 5 is in
      communication with outlets 6 formed in the rear portion 3 of the housing.
      Pressurized gas flowing out of openings 6 will inflate the air bag 5 when
      the gas generator of this invention is in operation. The front cover 2 of
      the housing has a nose 7 which mounts contacts 8 and 9 which are connected
      in a known manner to an electrical circuit in a motor vehicle. The
      contacts 8 and 9 are connected to or are part of an initiator such as a
      squib actuated by an electrical current to ignite an initiating charge 10
      positioned in the housing 1 adjacent the ignitor. A propellant charge of
      pyrotechnic mix 11 is positioned within a propellant chamber 12 in the
      generator. The propellant chamber 12 is separated from a cooling chamber
      13 by a cylindrical baffel 14 having a plurality of openings 15 formed
      therein. The interior of baffle 14 forms the main cooling chamber 13.
      Gases pass through the openings 15 in baffel 14 from the propellant
      chamber 12 into the cooling chamber 13. In the preferred embodiment shown
      in this invention, a secondary cooling chamber 16 is shown as being formed
      by a solid partition 17 between the propellant chamber 12 and rear cover
      3. This arrangement provides a gas flow from the propellant chamber 12
      through openings 15 into cooling chamber 13 out through rear openings 15
      into secondary cooling chamber 16 and out through outlets 6 into air bag
      5. As an alternative design, the cooling chamber could be a single in-line
      chamber adjacent to but separated from the propellant chamber by a
      suitable perforated wall or baffle. The interiors of the cooling chamber
      13 and secondary cooling chamber 16 are provided with a plurality of
      hollow, metallic balls 18. Each of the balls 18 is provided with an
      opening 19 in its surface which is preferably an elongated slit. This
      allows the inner and outer surfaces of each of the balls to be exposed to
      the hot gases passing through the cooling chamber and also provides
      further efficient trapping of particulate matter within the balls 18.
PAR  It can be readily seen that upon ignition of the initiator or squib by an
      electrical impulse the initiating propellant and gas generating propellant
      are ignited to produce a hot gas. The generated gas passes through the
      openings 15 in the perforated wall or baffle 14 and into the cooling
      chamber 13. Inside the cooling chamber 13 the gases flow around and inside
      the balls 18 which provide a very efficient heat sink in absorbing heat
      from the hot gases. Particulate matter from the gases is deposited on the
      surface of the balls and inside the balls because of the perforations
      formed therein. The gases pass back through openings 15 into the secondary
      cooling chamber 16 where they are further cooled and cleaned. The cooled
      and cleaned gases then pass out through opening 6 in the rear cover 3 and
      into the interior of air bag 5. The air bag is inflated to prevent injury
      to an occupant inside a motor vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas generator for an inflatable occupant restraint comprising a
      housing, a propellant chamber in said housing, a gas generating charge in
      said chamber, means for igniting said charge in response to a
      predetermined signal, an outlet in said housing for the expulsion of gases
      formed upon igniting and burning of said charge, a cooling chamber formed
      between said propellant chamber and said outlet, said cooling chamber
      including a plurality of hollow, metallic balls each having an opening
      through the surface thereof.
NUM  2.
PAR  2. The generator of claim 1 in which said balls are spherical and hollow
      with a slit through the surface to provide maximum exposed surface for
      heat absorption and a trap for solid particles in said gases.
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ABST
PAL  A multilayer structure comprising alternating metal and dielectric layers
      and having intralayer junctions for interconnecting the metal layers. The
      intralayer junctions are made integral with end faces of the metal layers.
BSUM
PAR  The invention relates to the art of manufacturing switching elements of
      radio and electronic equipment, and more particularly to multilayer
      structures, such as printed circuit boards, large-sized integrated
      circuits, loops and the like, by a method of forming intralayer junctions
      in the multilayer structures.
PAR  Prior art multilayer structures comprise alternating metal and dielectric
      layers, wherein the metal layers are connected together by means of
      intralayer junctions comprising metal films applied to the end faces
      (projections) of the dielectric and metal layers of the multilayer
      structure.
PAR  In prior art structures the intralayer metal junctions are made in the form
      of metal films whose density and electric conductance at the point of
      their contact with the metal layer can but approximate these properties of
      the metal layers. It is known that the intralayer metal junctions are
      separated from the metal layers of the multilayer structure by
      intermediate interlayers, e.g. by oxide films or electrically conductive
      lacquers, whereby electric resistance between the metal layers of the
      structure is increased and the mechanical strength of the structure having
      the intralayer junctions connecting the metal layers together is reduced.
PAR  It is known to form intralayer metal junctions in a multilayer structure
      comprising alternating metal and dielectric layers by forming an auxiliary
      electrically conductive film on the surface of the dielectric and metal
      layers, which is to be metal plated, by the method of electrolytical
      deposition of a metal film. This prior art method essentially consists in
      a non-electrical deposition of a metal film from solutions containing a
      reducer onto the surface of the metal and dielectric layers, which are to
      be metal plated, and in the subsequent electrolytical deposition of a
      metal film.
PAR  An auxiliary copper film is the most frequently used for that purpose,
      which is deposited from alkaline solutions of complex copper salts
      containing formalin as reducer. In some cases auxiliary films of nickel or
      cobalt are deposited which contain phosphorus, in particular from acid
      solutions of salts of these metals by depositing the metal with
      hypophosphite. Still less frequently auxiliary silver, palladium or the
      like films are used which are obtained by the method of a non-electrical
      deposition from solutions of salts of these metals containing dissolved
      reducers.
PAR  It is also known to form auxiliary electrically conductive films by
      applying electrically conductive adhesives and lacquers to the surface of
      the metal and dielectric layers to be metal plated.
PAR  In the case, where auxiliary electrically conductive films are deposited
      from alkaline solutions containing metal salts and a reducer, such as
      non-electrically deposited films of silver and the like, onto a multilayer
      structure comprising alternating layers of a dielectric and a non-rare
      metal, such as copper, the treatment of the structure with an alkaline
      solution will inevitably result in oxidation of the metal layers prior to
      the non-electrical deposition of the auxiliary electrically conductive
      film. In such cases, along with the auxiliary electrically conductive
      film, the intralayer metal junctions also comprise an oxide film
      separating the metal layers of the structure from the auxiliary
      electrically conductive film.
PAR  It is also known to form intralayer metal junctions in a multilayer
      structure comprising alternating copper and dielectric layers by forming
      the intralayer metal junctions from alkaline solutions for thick-layer
      non-electrical copper plating, such methods involving in some cases
      electrolytical deposition of a metal film.
PAR  In all the above-described methods the auxiliary electrically conductive
      film is used to form intralayer metal junctions in a multilayer structure
      by the method of electrolytical deposition of a metal film and constitutes
      a component of the intralayer metal junctions thus comprising an
      intermediate link between the metal of the layers and the electrolytically
      deposited film.
PAR  All the above-mentioned methods of forming the auxiliary electrically
      conductive film involve the utilization of expensive solutions which
      become more or less unstable upon the introduction of reducers into them,
      or the use of expensive electrically conductive adhesives or lacquers.
PAR  It is an object of the present invention to provide a multilayer structure
      comprising alternating metal and dielectric layers and having intralayer
      junctions adapted to interconnect the metal layers, which exhibit a stable
      minimum resistance between the metal layers of the structure and the
      maximum possible strength of a joint between the intralayer junctions and
      the end faces of the metal layers of the multilayer structure. The
      invention uses a method of forming intralayer junctions in the novel
      structure with the use of stable and inexpensive plating solutions for
      forming auxiliary electrically conductive films in the form of insoluble
      electrically conductive metal compounds on the end faces of the dielectric
      layers of the multilayer structure in such a manner that the auxiliary
      electrically conductive films provide for the electrolytical deposition of
      a metal directly onto the end faces of the metal layers of the structure.
PAR  These objects are accomplished in that in a multilayer structure comprising
      alternating metal and dielectric layers and having intralayer junctions
      adapted to interconnect the metal layers, according to the invention, the
      intralayer junctions are made integral with the end faces of the metal
      layers.
PAR  The end faces of the dielectric layers coated with the intralayer
      junctions, are preferably divided by additional metal layers extending in
      parallel with the layers of the structure into portions of a thickness
      approximately equal to that of the thinnest dielectric layer.
PAR  The invention uses a method of forming intralayer junctions in a multilayer
      structure comprising the step of forming an auxiliary electrically
      conductive film on the surface of the dielectric layers to be metal plated
      by the electrolytical deposition of a metal film, wherein, according to
      the invention, the auxiliary film is formed by immersing the multilayer
      structure into a solution containing ions of a metal, which is more
      electro-positive in the voltage series than the metal of the metal layers,
      allowing the structure to stay in said solution until the formation of a
      continuous electrically conductive film of the metal, whose ions are
      contained in said solution, over the entire surface to be metal plated,
      said film having a monolithic structure in the dielectric zones of that
      surface and a porous structure in the metal zones thereof, with subsequent
      treatment of the structure with a solution selectively reacting with the
      metal of the metal layers or with the metal of the metal layers and with
      the porous zones of the continuous electrically conductive film so as to
      remove from the metal layers the zones of the continuous electrically
      conductive film having a porous structure.
PAR  Prior to the formation of the auxiliary film the end faces of the
      dielectric layers of the multilayer structure are preferably treated with
      a sensitizer solution.
PAR  The above objects are accomplished by forming an auxiliary electrically
      conductive film on the surface of the dielectric layers to be metal plated
      by the electrolytical deposition of a metal film. The auxiliary film is
      preferably formed by immersing the multilayer structure into a solution
      containing soluble complex salts, metal salts, pH-controlling additives
      and chalcogenizers, allowing the structure to stay in said solution until
      the formation of a continuous electrically conductive film of metal
      chalcogenides over the entire surface to be metal plated, with subsequent
      treatment of the structure with a solution selectively reacting with the
      metal of the metal layers or with the metal of the metal layers and with
      the zones of the film of metal chalcogenides disposed on the end faces of
      the metal layers so as to remove these zones.
PAR  It is an object of the present invention to provide a multilayers structure
      comprising alternating metal and dielectric layers and having intralayer
      junctions adapted to interconnect the metal layers, which exhibit a stable
      minimum resistance between the metal layers of the structure and the
      maximum possible strength of a joint between the intralayer junctions and
      the end faces of the metal layers of the multilayer structure.
PAR  In this case, prior to the formation of the auxiliary film and end faces of
      the dielectric layers of the multilayer structure are preferably treated
      with a solution containing ions of metals having a variable valency.
PAR  Furthermore, prior to the immersion of the structure into a solution for
      selectively removing the zones of the continuous electrically conductive
      film from the end faces of the metal layers the structure is preferably
      heat treated at 35.degree.-400.degree. C, preferably after the formation
      of the auxiliary electrically conductive film.
PAR  With any of the above-described methods of forming intralayer junctions it
      is desirable that the continuous electrically conductive film be formed in
      an alternating electric field.
PAR  The alternating electric field may be generated by applying an AC voltage
      to the metal layers of the structure. The alternating electric field may
      be also generated by applying an AC voltage to independent electrodes
      placed into a solution used to form the continuous electrically conductive
      film and disposed at the opposite sides of the structure.
PAR  With any of the above-mentioned methods of forming intralayer junctions the
      formation of the auxiliary electrically conductive film may be performed
      in an ultrasonic field.
PAR  It is suggested that in the method of forming intralayer junctions the
      formation of the continuous electrically conductive film of metals, which
      are more electrapositive in the voltage series than the metal of the metal
      layers, be performed in a solution containing:
     paladium salt        0.0005 - 0.5 M/l                                     

     copper salt          0.0005 - 0.5 m/l                                     

     inorganic acid       0.001 - 1.0 M/l                                      

PAL  or in a solution containing:
TBL  silver salt          0.0005 - 0.5 M/l                                     

     NH.sub.4 OH          0.1 - 12.5 M/l.                                      

PAR  It is preferred to use in the method of forming the continuous electrically
      conductive film of metal chalcogenides a solution containing:
TBL  complex lead salt    10.sup.-.sup.3 - 10.sup.-.sup.1 M/l                  

     alkali               10.sup.-.sup.2 - 5 M/l                               

     thiourea             10.sup.-.sup.3 - 1 M/l                               

PAL  or to form such a film in a solution containing:
TBL  copper salt          10.sup.-.sup.3 - 10.sup.-.sup.1 M/l                  

     sodium acetate       10.sup.-.sup.1 - 5 M/l                               

     thiourea             10.sup.-.sup.3 - 1 M/l.                              

PAR  The multilayer structure according to the invention comprising alternating
      metal and dielectric layers and having intralayer junctions comprising
      films of an electrolytically deposited metal, wherein the intralayer
      junctions are made integral with the end faces of the metal layers,
      exhibits particularly high mechanical strength and minimum and stable
      electric resistance of the intralayer junctions.
PAR  One of the embodiments of the multilayer structure, wherein the end faces
      of the dielectric overcoated with the intralayer junctions are divided by
      additional metal layers extending in parallel with the layers of the
      structure into parts of a thickness approximately equal to that of the
      thinnest dielectric layer is of interest due to the fact that the
      intralayer junctions are made integral with the end faces of the metal
      layers, whereby the multilayer structure becomes additionally resistant to
      lamination of the dielectric and metal layers under severe operational
      conditions.
PAR  The new methods of forming intralayer junctions which comprise films of an
      electrolytically deposited metal directly connected to the end faces of
      the structure layers, exhibit the following advantages.
PAR  Since these methods allow for the formation of the auxiliary film only on
      the surface of the dielectric layers to be metal plated, it is possible to
      apply an electrolytically deposited metal film directly to the end faces
      of the metal layers of the multilayer structure.
PAR  Where the continuous electrically conductive film is formed of a metal
      which is more electropositive than the metal of the metal layers, the
      consumption of the metal of which the electrically conductive film is
      formed is minor due to localization of the continuous electrically
      conductive film mainly on the surface to be metal plated. In this case the
      consumption of solutions is also minor.
PAR  Where the continuous electrically conductive film is formed of metal
      chalcogenides, the components of the solutions comprise commonly available
      salts of copper, lead, nickel and the like metals forming complex
      compounds with addenda, such as with hydroxyl ion, acetate ion and the
      like, as well as inexpensive soluble compounds of the VI group. Such
      compounds as hydrogen sulphide, sodium sulphide, thiosulphate,
      selenosulphate, thiourea, thiosemicarbazide and the like react with the
      above-said complex metal salts with the formation of continuous
      electrically conductive films of difficultly soluble salts over the entire
      surface to be metal plated.
PAR  The advantages of the invention also consist in simple and rational
      utilization of the components of the solutions and high degree of
      reproducibility of the results in the serial and mass-scale manufacture of
      the multilayer structures having intralayer junctions adapted to connect
      the metal layers together.
PAR  The main advantage of the invention consists in the provision of the
      multilayer structures having intralayer junctions comprising films of an
      electrolytically deposited metal made integral with the end faces of the
      metal layers which results in high mechanical and electrical
      characteristics of the multilayer structures according to the invention.
DRWD
PAR  The invention will now be described in detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view in section of a multilayer structure
      according to the invention;
PAR  FIG. 2 shows a perspective view in section of one of the embodiments of the
      multilayer structure according to the invention;
PAR  FIGS. 3a, b, c, d illustrate the steps of the method of forming intralayer
      junctions according to the invention;
PAR  FIGS. 4a, b, c, d illustrate the steps of another embodiment of the method
      of forming intralayer junctions.
DETD
PAR  A multilayer structure shown in FIG. 1 comprises metal layers 1 separated
      by dielectric layers 2, an auxiliary electrically conductive film 3 and an
      intralayer junction 4 comprising a film of an electrolytically deposited
      metal made integral with the end faces of the metal layers 1 of the
      multilayer structure.
PAR  FIG. 2 shows a multilayer structure in which, as differred from the
      multilayer structure shown in FIG. 1, the end faces of the dielectric
      layers 2 overcoated with the intralayer junctions 4 are separated by
      additional metal layers 1' extending in parallel with the layers 1 and 2
      of the structure into parts of a thickness approximately equal to that of
      the thinnest layer 2' of the dielectric material.
PAR  The metal of the metal layers 1 and 1' of the multilayer structure shown in
      FIGS. 1 and 2 may be represented by a metal selected from the group
      consisting of Cu, Ag, Zn, Al, Pb, Sn, Ti, Fe, Ni. The additional metal
      layer 1' may be made in the form of a zone, which is not connected with
      the metal layer 1 in one and the same plane of the multilayer structure.
PAR  FIGS. 3a, b, c, d show the steps of forming the intralayer junctions 4 with
      the formation of a continuous electrically conductive film 5 of metals,
      which are more electropositive in the voltage series than the metal of the
      metal layers 1 of the structure.
PAR  FIGS. 4a, b, c, d show the steps of forming the intralayer junctions 4 with
      the formation of a continuous electrically conductive film 6 of metal
      chalcogenides.
PAR  The first manner of forming the intralayer metal junctions in a multilayer
      structure consists in the following:
PAR  A multilayer structure shown in FIG. 3a, is immersed into a bath with a
      solution containing ions of a metal, which is more electropositive in the
      voltage series than the metal of the metal layers. Such a solution may
      contain:
TBL         AgNO.sub.3                                                         

                      0.0005 - 0.5 M/l                                         

            NH.sub.4 OH                                                        

                      0.1 - 12.5 M/l                                           

PAL  or a solution containing:
TBL         PdCl.sub.2                                                         

                      0.0005 - 0.5 M/l                                         

            CuCl.sub.2                                                         

                      0.0005 - 0.5 M/l                                         

            H.sub.2 SO.sub.4                                                   

                      0.001 - 1 M/l                                            

PAL  or a solution containing:
TBL         PdSO.sub.4                                                         

                      0.0005 - 0.5 M/1                                         

            HCl       0.001 - M/1                                              

PAR  The structure is allowed to stay in the above-mentioned solution until the
      formation of a continuous electrically conductive film 5 (FIG. 3b) of
      silver or palladium. Thus, the silver or palladium film is formed both on
      the end faces of the metal layers and on the end faces of the dielectric
      layers 2 of the multilayer structure, the film having a monolithic
      structure on the end faces of the dielectric layers 2 and a porous
      structure on the end faces of the metal layers 1.
PAR  Prior to the immersion of the multilayer structure into one of the
      above-mentioned solutions the structure is preferably treated with one of
      conventional sensitizer solutions, containing e.g. ions of Sn.sup.2.sup.+
      or Ti.sup.3.sup.+. This operation greatly accelerates and the process of
      the formation of the continuous electrically conductive film and makes
      this process more uniform.
PAR  In some cases the formation of the continuous electrically conductive film
      may be conducted in an alternating electric field. For that purpose an AC
      voltage is applied to the outer metal layers of the multilayer structure,
      or independent electrodes are placed into the bath containing the
      solution, the multilayer structure being disposed therebetween. Where the
      process is conducted in an alternating electric field, the formation of
      the continuous electrically conductive film is accelerated by several
      times. The employment of the outer metal layers of the structure as
      electrodes will result in heating of the system due to the heat release
      during the current flow through the solution. In order to eliminate this
      disadvantage, in some cases independent electrodes are used, which are
      introduced into the solution and electrically insulated therefrom in such
      a manner that they do not result in its heating due to the ohmic
      resistance of the solution.
PAR  The rate of the formation of the continuous electrically conductive film in
      the above-mentioned solutions also depends upon the temperature of the
      solutions, an increase in the temperature accelerating the process.
PAR  In some cases the continuous electrically conductive film is formed with
      application of an ultrasonic field to the solution and the structure
      immersed into it.
PAR  Then the multilayer structure with the continuous electrically conductive
      film 5 formed on the end faces of the metal layers 1 and dielectric layers
      2 is immersed into a solution selectively reacting with the metal of the
      metal layers 1 only. Where copper is used as the metal of the metal layers
      1, this solution contains:
TBL  CuCl.sub.2.2H.sub.2 O                                                     

                          10.sup.-.sup.3 - 1.8 M/l                             

     HCl                  10.sup.-.sup.2 - 3 M/l                               

PAL  or this solution contains:
TBL  (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          0.005 - 2.5 M/l                                      

     H.sub.2 SO.sub.4     0,01 - 1 M/l                                         

PAL  or this solution contains:
TBL  CrO.sub.3            0.005 - 1 M/l                                        

     H.sub.2 SO.sub.4     0.01 - 1 M/l                                         

PAL  or this solution contains:
TBL  NH.sub.4 OH          0.01 - 2 M/l                                         

     (NH.sub.4).sub.2 CO.sub.3                                                 

                          0.01 - 1 M/l                                         

     (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          0.005 - 2.5 M/l                                      

PAR  After the above-described treatment the porous zones of the continuous
      electrically conductive film 5 are removed from the end faces of the metal
      layers 1, whereas the monolithic zones on the end faces of the dielectric
      layers remain intact, whereby the auxiliary electrically conductive film 3
      is formed as shown in FIG. 3c.
PAR  In some cases the sponge-like zones of the electrically conductive film 5
      are removed by applying an ultrasonic field to one of the above-mentioned
      solutions and the structure immersed therein.
PAR  In a modified procedure the electrically conductive film 3 is formed in a
      solution selectrively reacting with the metal of the metal layers 1 and
      with the porous zones of the continuous electrically conductive film 5.
      This solution contains:
TBL  H.sub.2 O.sub.2      3.10.sup.-.sup.4 - 9 M/l                             

     H.sub.2 SO.sub.4     10.sup.-.sup.4 - 2 M/l                               

PAL  or this solution contains:
TBL  H.sub.2 O.sub.2      3.10.sup.-.sup.4 - 9 M/l                             

     (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          0.005 - 2.5 M/l                                      

     HCl                  0.003 - 3 M/l                                        

     Versene-T            0.0004 - 0.3 M/l                                     

PAR  Then the structure is extracted from this solution, washed with water and
      passivated with an acid solution, such as with 10% solution of H.sub.2
      SO.sub.4.
PAR  The above-described treatment results in complete removal of the porous
      zones of the continuous electrically conductive film 5 from the end faces
      of the metal layers 1 of the structure.
PAR  After that the structure with the auxiliary electrically conductive film 3
      formed in the above-described manner is dipped into any appropriate
      electrolyte to apply a metal film of a required thickness by the
      electrolytical method, whereby the intralayer metal junction is formed,
      which is integral with the end faces of the metal layers 1 of the
      multilayer structure.
PAR  The manner of forming intralayer junctions may be also be practiced as
      follows.
PAR  A multilayer structure shown in FIG. 4a is immersed into a solution
      containing soluble complex salts of metals of the I-VIII groups, additives
      controlling pH of the solution and chalcogenizers, that is the compounds
      containing elements of the VIb group. This solution contains:
TBL  Pb(CH.sub.3 COO).sub.2                                                    

                          10.sup.-.sup.3 - 10.sup.-.sup.1 M/l                  

     KOH                  10.sup.-.sup.2 - 5 M/l                               

     CS(NH.sub.2).sub.2   10.sup.-.sup.3 - 1 M/l                               

PAL  or this solution contains:
TBL  CuSO.sub.4.5H.sub.2 O                                                     

                          10.sup.-.sup.3 - 10.sup.-.sup.1 M/l                  

     NaCH.sub.3 COO       10.sup.-.sup.1 - 5 M/l                               

     CS(NH.sub.2).sub.2   10.sup.-.sup.3 - 1 M/l.                              

PAR  The structure is allowed to stay in this solution for 5-60 minutes until
      the formation of the continuous electrically conductive film 6 (FIG. 4b)
      consisting of lead sulphide or copper sulphide. In the case, where the
      film of metal chalcogenide is formed of a metal different from that of the
      metal layers 1, the metal chalcogenide, whose ions are contained in the
      solution, is formed on the end faces of the dielectric layers 2, while on
      the end faces of the metal layers 1 a film of chalcogenides of the metal
      of the metal layers 1 of the structure is mainly formed.
PAR  In some cases the chalcogenide film is formed on the end faces of the
      structure under the action of an alternating electric field or by applying
      an ultrasonic field to the solution and the multilayer structure immersed
      into it as hereinabove described.
PAR  Then the structure is extracted from the solution, and is washed and dried
      in the air.
PAR  In some cases the structure having the continuous electrically conductive
      chalcogenide film 6 applied thereto is subjected to a heat treatment at
      35.degree.-400.degree.C for 10-90 minutes after the extraction from the
      solution. The temperature and the exposure time depend upon the properties
      of the film 6 and of the material of the dielectric layers 2.
PAR  After that the structure is placed into a solution selectively reacting
      with the metal of the metal layers. Where copper is used as metal of the
      metal layers 1, this solution contains:
TBL  CuCl.sub.2 . 2H.sub.2 O                                                   

                          10.sup.-.sup.3 - 18 M/l                              

     HCl                  3.10.sup.-.sup.2 - 3 M/l.                            

PAR  The treatment is conducted at 25.degree.-30.degree.C for 5-30 s. Thus the
      zones of the chalcogenide film 6 are removed from the end faces of the
      metal layers 1 only, and the zones of the chalcogenide film 6 remain
      intact on the end faces of the dielectric layers 2, whereby the auxiliary
      electrically conductive film 3 is formed, which consists of chalcogenide
      and which is disposed only on the end faces of the dielectric layers 2 of
      the structure.
PAR  In order to ensure more uniform and careful cleaning of the end faces of
      the metal layers from chalcogenide in the case, where there is deposited
      chalcogenide of a metal different from that of the metal layers, a
      solution is used, which selectively reacts with the metal of the metal
      layers 1 and with the zones of the chalcogenide film 5 disposed on the end
      faces of the metal layers 1 of the structure.
PAR  For example, where a film of lead sulphide is formed on the end faces of
      the structure, in which the metal of the metal layers 1 is represented by
      copper, such solution may contain:
TBL  (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          4.10.sup.-.sup.3 - 2 M/l                             

     (NH.sub.4).sub.2 CO.sub.3                                                 

                          10.sup.-.sup.2 - 1 M/l                               

     NH.sub.4 OH          3.10.sup.-.sup.2 - 3 M/l                             

     NH.sub.4 Cl          2.10.sup.-.sup.2 - 10 M/l.                           

PAR  The treatment is conducted at 10.degree.-30.degree.C for 5-60 s.
PAR  The above-described treatment results in complete removal of chalcogenide
      from the end faces of the metal layers and in the formation of an
      auxiliary electrically conductive film 3 disposed on the end faces of the
      dielectric layers 2 only.
PAR  After that the structure is washed, passivated and dried in the air.
PAR  In some cases the structure having the auxiliary electrically conductive
      film applied thereto is subjected to a heat treatment at
      35.degree.-400.degree.C for 10-90 minutes.
PAR  Then the structure is placed into an electrolytic bath, where a film of an
      electrolytic plating of a required thickness is deposited under current.
      Therefore the intralayer metal junctions are formed comprising the
      electrolytically deposited metal applied directly to the bare end faces of
      the metal layers 1 of the structure, that is the intralayer junctions are
      formed as an integral part of the end faces of the metal layers of the
      structure.
PAR  The invention will be better understood from the following specific
      examples,
PAL  wherein the intralayer junctions are made integral with the end faces of
      the metal layers of the structure. In a number of the examples the
      above-mentioned multilayer structure is referred to as a printed circuit
      board as the most typical example of multilayer structures consisting of
      alternating dielectric and metal layers.
PAC  EXAMPLE 1
PAR  A multilayer structure of a size of 200 .times. 300 mm and thickness of
      about 1.6 mm consisting of four layers of copper and three layers of
      glass-filled epoxy dielectric, with the copper layers thickness being the
      same and equal to 0.035 mm and the thickness of the glass-filled epoxy
      dielectric being different in all layers and equal to 0.1 mm; 0.5 mm; 0.8
      mm, said structure having 1000 drilled through holes of 1 mm diameter with
      the walls comprising alternating end faces of the copper and glass-filled
      epoxy layers, and the external planes of the outer copper layers being
      coated with a layer of a protective nitrocellulose lacquer, was immersed
      into a solution containing:
TBL  PdCl.sub.2           5.10.sup.-.sup.3 M/l                                 

     CuCl.sub.2.5H.sub.2 O                                                     

                          5.10.sup.-.sup.2 M/l                                 

     H.sub.2 SO.sub.4     1.2.10.sup.-.sup.1 M/l,                              

PAL  at 25.degree.C and was allowed to stay in this solution for 10 minutes
      until the formation of a continuous electrically conductive film of
      metallic palladium having a porous structure on the end faces of the
      copper layers and a monolithic structure on the end faces of the
      glass-filled epoxy dielectric. A thickness of the monolithic palladium
      film on the dielectric did not exceed 200 nm. The structure, which has
      been thus treated, was extracted from the above-said solution, washed with
      current cold water for 1 minute and was then immersed into a solution
      containing:
TBL  H.sub.2 O.sub.2      4 M/l                                                

     H.sub.2 SO.sub.4     10.sup.-.sup.1 M/l                                   

PAL  at 30.degree.C, and was then treated for 20 s until complete removal of the
      zones of the continuous electrically conductive palladium film having
      porous structure.
PAR  As a result of the above-described treatment an auxiliary electrically
      conductive palladium film was formed due to the partial removal of the
      palladium film only from the end faces of the copper layers of the
      structure, the palladium film remaining completely intact on the end faces
      of the glass-filled epoxy layers. After the above-described treatment the
      uninterrupted electric conductance of the holes walls was retained.
PAR  The resulting multilayer structure was washed with current water for two
      minutes, the protective lacquer layer was removed, the structure was
      prepared for electrolytical metal plating by cratching of the outer planes
      of the structure, passivated with 10% solution of sulphuric acid, washed
      with water and immersed into the boron-fluorine hydride bath for
      electrolytical copper plating, wherein the structure was allowed to stay
      for 45 minutes at the cathode current density D.sub.c = 3A/dm.sup.2.
PAR  As a result of this treatment intralayer copper junctions were formed in
      all the holes of the multilayer structure, the junctions comprising a film
      of the electrolytic copper of the thickness of 0.045 mm applied directly
      to the end faces of the copper layers of said structure and connected to
      the end faces of the glass-filled epoxy dielectric by means of the
      auxiliary palladium film.
PAC  EXAMPLE 2
PAR  The multilayer structure described in Example 1, prior to the immersion
      into the solution for application of the continuous electrically
      conductive film, was treated in a sensitizer solution containing:
TBL  SnCl.sub.2.2H.sub.2 O                                                     

                          3.10.sup.-.sup.1 M/l                                 

     HCl                  1 M/l                                                

PAL  at 25.degree.C for 2 minutes.
PAR  The above-described treatment accelerated the process of the formation of
      the continuous palladium film by about 10 times. All further operations
      were conducted as described in Example 1.
PAC  EXAMPLE 3
PAR  A multilayer printed circuit board of a size of 480.times.320 mm and a
      thickness of about 3.5 mm consisting of 16 circuit layers and having 3000
      holes of 0.8 mm diameter, wherein the walls of various holes had different
      numbers of end face circuit outlets non-uniformly distributed over the
      board thickness, the walls of the holes also comprising the end faces of
      the copper layers, which were not coupled with the circuit and were made
      in the form of additional contact flats, which were not connected to the
      circuit and disposed in all layers of the board in such a manner that the
      hole walls comprised uniform alternation of the end faces of the copper
      layers of 0.035 mm thickness and the end faces of glass-filled epoxy
      dielectric of 0.5 mm thickness, was treated in a sensitizer solution as
      described in Example 2, whereafter the board was washed with current
      watter and immersed into a solution containing:
TBL  AgNO.sub.3           5.10.sup.-.sup.2 M/l                                 

     NH.sub.4 OH          7 M/l                                                

PAL  at 20.degree.C, wherein the board was allowed to stay until the formation
      of a continuous silver film having a porous structure on the copper end
      faces and a monolithic structure on the dielectric end faces.
PAR  Then the board was extracted from the above-said solution, washed and
      dipped into a solution containing:
TBL  CuCl.sub.2.2H.sub.2 O                                                     

                          1.5 M/l                                              

     HCl                  1 M/l                                                

PAL  at 25.degree.C and was treated in this solution for 25 s. As a result of
      this treatment an auxiliary electrically conductive silver film was formed
      in all the holes of the board in the form of the monolythic silver film on
      the dielectric end faces due to the fact that only porous zones of the
      continuous silver film were removed from the end faces of the copper
      layers of the hole walls. In this case the uninterrupted electric
      conductance of the hole walls was retained, whereby the electrolytical
      deposition of copper was performed as described in Example 1 in such a
      manner that the intralayer junctions comprising films of the
      electrolytically deposited copper were made integral with all copper end
      faces of the board hole walls, whereby the entire board proved to be
      additionally fastened by ribbed intralayer junctions over all layers and
      over the entire board area.
PAC  EXAMPLE 4
PAR  A multilayer printed circuit board of a size of 200.times.200 mm and of a
      thickness of about 2.2 mm consisting of 10 circuit layers and having 800
      holes of 1 mm diameter with the walls comprising alternating copper and
      polyamide dielectric end faces was immersed into a solution containing
TBL  Pb(CH.sub.3 COO).sub.2                                                    

                          10.sup.-.sup.1 M/l                                   

     KOH                  1 M/l                                                

     CS(NH.sub.2).sub.2   5.10.sup.-.sup.1 M/l                                 

PAL  at 25.degree.C and was allowed to stay in this solution for 30 minutes. As
      a result of this treatment the end faces of the hole walls dielectric have
      been coated with an electrically conductive lead sulphide film of 200 nm
      thickness, whereas the end faces of the copper layers were coated mainly
      with a copper polysulphide film.
PAR  Then the board was washed and dipped into a solution containing:
TBL  CuCl.sub.2 --2H.sub.2 O                                                   

                          1.8 M/l                                              

     HCl                  2 M/l                                                

PAL  and was allowed to stay at 25.degree.C in this solution for 10 s. This
      treatment resulted in cleaning of only the end faces of the copper layers
      of the hole walls, an auxiliary electrically conductive film being formed
      during that treatment, which consisted of lead sulphide and was disposed
      on the end faces of the polyamide dielectric layers.
PAR  Then the board was washed with current water, passivated with 10% solution
      of sulphuric acid and dipped into a copper plating silicon-fluorine
      hydrate electrolyte under current with the current density D.sub.c
      =3A/dm.sup.2 for 50 minutes. The above-described treatment resulted in the
      formation of the electrolytically deposited copper intralayer junctions
      inseparably linked with the end faces of the circuit layers.
PAC  EXAMPLE 5
PAR  The multilayer board described in Example 3 was treated in the sensitizer
      solution described in Example 2, whereafter the board was dipped into a
      solution containing:
TBL  CS(NH.sub.2).sub.2   1 M/l                                                

     KOH                  10.sup.-.sup.2 M/l                                   

PAL  at 25.degree.C and was allowed to stay in this solution for 30 minutes.
      Then the board was washed with current water and dipped into a solution
      containing:
TBL  CuSO.sub.4.5H.sub.2 O                                                     

                          10.sup.-.sup.2 M/l                                   

     NaCH.sub.3 COO       1 M/l                                                

     Cs(NH.sub.2).sub.2   10.sup.-.sup.1 M/l                                   

PAL  at 54.degree.C and was allowed to stay in this solution for 56 minutes. The
      above-described treatment resulted in the formation of a continuous
      electrically conductive film consisting of copper sulphide of 150 nm
      thickness and having the resistivity of 500 ohm/cm.sup.2.
PAR  After that the board was washed with current water, dried in the air for 15
      minutes and placed into a drying cabinet, where it was allowed to stay at
      80.degree.C during 60 minutes.
PAR  The above-described heat treatment has resulted in a reduction of the
      resistivity of the copper sulphide film to 100 ohm/cm.sup.2.
PAR  Then the board was dipped into a solution containing:
TBL  (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          10.sup.-.sup.2 M/l                                   

     (NH.sub.4).sub.2 SO.sub.3                                                 

                          10.sup.-.sup.2 M/l                                   

     NH.sub.4 OH          10.sup.-.sup.1 M/l                                   

     NH.sub.4 Cl          10.sup.-.sup.2 M/l                                   

PAL  at 25.degree.C and was allowed to stay in this solution for 10 s whereby
      copper sulphide was removed only from the end faces of the copper layers
      due to the underetching of copper with said solution. Subsequently the
      board having the auxiliary electrically conductive film thus formed was
      passivated with 10% solution of sulphuric acid and was dipped under
      current into a boron-fluorine hydrate bath for electrolytical copper
      plating at D.sub.c =2A/dm.sup.2 and was allowed to stay there for 50
      minutes. The above-described treatment resulted in the formation of the
      intralayer junctions comprising films of the electrolytic copper applied
      directly to the end faces of the metal layers of the multilayer board.
PAC  EXAMPLE 6
PAR  The multilayer structure described in Example 1 was immersed into a bath
      containing the solution for application of a continuous palladium film as
      described in Example 1. An ultrasonic field was generated in the bath by
      means of a magnetostrictor, and the palladium film was deposited in the
      ultrasonic field under the following operating conditions:
TBL  field frequency      18 Kc/s                                              

     magnetizing current of the                                                

     magnetostrictor      18 A                                                 

     anode voltage        4.5 kV                                               

     output voltage       250 - 280 V.                                         

PAR  The above-described treatment resulted in the uniform formation of a
      continuous electrically conductive film on the hole walls, the time of the
      formation of said film being the same as in Example 1, while the thickness
      was reduced by about five times. Then the structure was treated under the
      operating conditions described in Example 1.
PAC  EXAMPLE 7
PAR  The multilayer structure described in Example 1 having the continuous
      electrically conductive palladium film deposited on the end faces of the
      metal and dielectric layers was dipped into the solution containing:
TBL  (NH.sub.4).sub.2 S.sub.2 O.sub.8                                          

                          1 M/l                                                

     H.sub.2 SO.sub.4     10.sup.-.sup.1 M/l                                   

PAL  in an ultrasonic bath operating under the conditions described in Example
      6. This treatment resulted in uniform cleaning of the copper layers from
      the sponge-like zones of the continuous palladium film, the time of
      cleaning of the copper end faces being reduced to 5 s. Subsequent
      deposition of the electrolytic coating was performed as described in
      Example 1.
PAC  EXAMPLE 8
PAR  A multilayer structure of a size of 100.times.100 mm consisting of five
      alternating copper layers of 0.035 mm thickness and four layers of a
      ceramic dielectric material of 1 mm thickness and having two outer copper
      layers coated with a lacquer and connected to an AC power source was
      immersed into the solution containing:
TBL  PdSO.sub.4           5.10.sup.-.sup.3 M/l                                 

     HCl                  10.sup.-.sup.2 M/l                                   

PAL  and the structure was treated therein under the action of an alternating
      electric field having the following parameters:
TBL  field frequency      50 c/s                                               

     voltage              2.5 V                                                

     current              1 A                                                  

PAL  at 20.degree.C.
PAR  The above-described treatment resulted in the formation of a continuous
      electrically conductive film of 100 nm thickness for 2 minutes.
PAR  Then the structure was washed with water, the sponge-like palladium zones
      were removed from the end faces of the copper layers, and the electrolytic
      coating was deposited as described in Example 1.
PAC  EXAMPLE 9
PAR  The multilayer structure described in Example 1 was placed into the
      solution for deposition of the continuous electrically conductive
      palladium film as described in Example 1 between two gold-plated reticular
      copper electrodes of a size of 200.times.300 mm extending in parallel
      therebetween and connected to an AC power supply source. The structure was
      placed in parallel with the independent electrodes at a distance of 20 mm
      from each of them. Alternating current of 4.5 A was applied to the
      independent electrodes at 4.8 V, and the structure was allowed to stay
      there at 20.degree.C. This treatment resulted in heating of the solution
      and in uniform formation of a continuous electrically conductive palladium
      film on the hole walls of a thickness of 200 nm in 3.5 minutes.
      Subsequently the structure was treated under the operating conditions
      described in Example 1.
PAC  EXAMPLE 10
PAR  The multilayer printed circuit board described in Example 4 was placed into
      the solution for deposition of a continuous palladium film described in
      Example 1 between two independent reticular electrodes of varnished copper
      disposed in parallel therebetween immediately adjacent to said reticular
      electrodes. AC voltage of 500 V was applied to the independent electrodes
      insulated from the solution with the varnish layer, and the board was
      allowed to stay under these conditions at 25.degree.C. This treatment
      resulted in the formation of a palladium film of a uniform thickness of
      200 nm for 4.7 minutes. Further treatment of the board and the formation
      of the intralayer junctions were performed as described in Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multilayer structure comprising: metal layers; dielectric layers
      disposed between and alternating with said metal layers; and intralayer
      junctions for interconnecting said metal layers, said junctions being
      integral with end faces of said metal layers, and being constituted by
      films of an electrolytically deposited metal.
NUM  2.
PAR  2. The multilayer structure as defined in claim 1, further comprising
      additional metal layers extending parallel with said first-named metal
      layers in two portions of a thickness equal to that of the thinnest one of
      said dielectric layers, said additional metal layers separating end faces
      of said dielectric layers that are coated with said intralayer junctions.
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PAL  There is disclosed an instant starting briquette, readily lighted by the
      application of a match or similar source of heat energy, wherein the
      briquette is formed by impregnating a carbonaceous material with a
      combustion supporting material and a compound selected from the group,
      consisting of trioxane and tetraoxane.
BSUM
PAR  This invention relates to instant-igniting charcoal, and more particularly
      to charcoal which is made instant igniting by impregnating the charcoal
      with a mixture of a symmetrical cyclic ether selected from the group
      consisting of trioxane and tetraoxane and a combustion supporting material
      selected from the group of straight chain aliphatic alcohols and
      hydrocarbons or mixtures thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  Substantial problems are encountered in the handling and igniting of solid
      fuels in small pieces or lump forms, such as, for example, charcoal
      briquettes with are compressed from a solid carbonaceous fuel in powdered
      or finely divided form. Charcoal, one of the solid carbonaceous fuels, is
      widely used in lump or briquette form as a fuel for grills, barbecues and
      like cooking equipment for broiling, barbecueing and grilling. However,
      charcoal and other carbonaceous fuels in lump or briquette form has the
      serious disadvantage when used as a fuel of being extremely difficult to
      initially ignite in order to obtain combustion thereof sufficient for the
      fuel to burn to the desired more or less flameless bit of coals or embers
      required for grilling, barbecueing or other broiling purposes.
PAR  For example, with charcoal in lump or briquette form, it is necessary to
      employ some form of kindling or liquid igniting fuel, such as benzine,
      kerosene, methylalcohol, and the like, in sufficient quantity to burn for
      the necessary time to ignite the charcoal which has been raised to the
      point of self burning. With the use of kindling or starting fuels, it is
      difficult to time the igniting of the charcoal and the combustion thereof
      to the point where the desired fire is established for properly and
      satisfactorily grilling and broiling thereover. The use of the liquid
      fuels has resulted in injury due to flashing and flaming up of the highly
      volatile substances therein, and generally results in a smoky flame.
      Additionally, nitrates, nitrides and nitrocelluloses and other easily
      ignited materials have been combined with the hereinabove mentioned liquid
      fuels to assist in the ignition thereof have caused undesirable
      pirotechnic effects. All of the prior art materials tend to pollute the
      air.
PAR  Charcoal and similar carbonaceous fuels in lump or briquette form present a
      further serious disadvantage from the standpoint of transportation,
      storage and distribution thereof, as well as in the handling thereby of
      the ultimate user as a result of the relatively porous and soft
      characteristics of such fuels. Such characteristics are of particularly
      disadvantage in bulk handling, transportation and distribution thereof,
      for dust and soot accumulates therefrom in the containers or carriers
      resulting, in some instances, in the spontaneous combustion and ignition
      of the mass of fuel. The soot or dust problems have been of particular
      problem to the retailer or seller or such fuels to the ultimate consumer.
      Such retailer merchants have had a reluctance, even when the fuel is
      bagged and packaged in conventional packaging form to sufficiently stock
      such packaged fuels because of the space requirements and the difficulty
      of stacking or placing them in a position readily available to the
      customer, particularly as a result of the inevitable soiling or sooting of
      the packages as a result of handling. Consequently, retailers keep only a
      small supply of such package fuels.
PAR  Many solutions to the problems of self-igniting carbonaceous matter have
      been advanced, for example, U.S. Pat. No. 2,381,891, there is disclosed a
      process for incorporating combination of the various combustible material
      with particulate carbonaceous material which is subsequently briquetted to
      form a fuel composition to be used as a fire kindler. In U.S. Pat. No.
      2,816,013, there is disclosed a process for impregnating a fuel body
      (charcoal briquette) with a pure liquid alkane and subsequently immersing
      the impregnated briquette into a second liquid material which polimerizes
      and forms a coating about the briquette. In addition to such suggestions,
      other solutions have been advanced, including the impregnating of the
      briquettes with a volatile material with the subsequent packaging of such
      impregnated material in an impervious container. Still further aids in
      igniting charcoal beds are directed to kindling tablets, e.g., U.S. Pat.
      No. 2,854,321.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an improved impregnated
      carbonaceous fuel which obviates the problems of the prior art.
PAR  Still another object of the present invention is to provide an improved
      impregnated briquette which may be stored for long periods of time without
      substantial loss of desired properties.
PAC  SUMMARY OF INVENTION
PAR  These and other objects of this invention are achieved by instant briquette
      which is readily lighted by the application of a match or similar source
      of heat energy.
PAR  It has been unexpectedly found that the incorporation of a compound
      selected from the group consisting of trioxane and tetraoxane with a
      combustion supporting material which is a solid at ambient temperatures,
      such as disclosed in the prior art, as the impregnating liquid for
      charcoal briquettes has resulted in an improved instant charcoal briquette
      which may be stored for indefinite periods of time without losing its
      kindling capabilities, as well as substantially eliminating the problems
      inherent with the handling of charcoal briquettes, per se. The instant
      charcoal briquettes are safe to use and clean to handle. Further, with
      preferred combustible supporting materials, as hereinafter described, the
      product of the present invention is safe to handle and the combustion
      thereof does not yield toxic gases.
PAR  The combustible materials contemplated by the present invention should
      provide sufficient caloric heat value to ignite the carbonaceous material.
      The impregnation mixture should be solid at ambient temperatures. The
      combustible supporting fuel material must have a melting point above
      ambient temperatures, and have a vapor pressure such that at room
      temperatures, the impregnation material does not appreciably evaporate
      over extended periods of time.
PAR  It will be appreciated from the prior art that there is an overcopious
      number of combustible materials which can be utilized to sustain
      combustion for a period of time sufficient to ignite the substrate
      charcoal. In a preferred form of the invention, where it is desirable to
      have an extremely clean burning impregnated briquette, the use of the
      straight chain aliphatic alcohols and acids are desired. The straight
      chain alcohols include cetyl alcohol, stearyl alcohol and the like. The
      straight chain aliphatic acids include those such as palmitic stearyic and
      the like.
PAR  Generally, it is desired to increase the weight of the charcoal substrate
      by about 10% to 20% by weight of the impregnating mixture. The
      impregnating mixture is comprised of a ratio of trioxane and/or tetraoxane
      to combustion supporting material in a ratio of from about 1 to 4 to 1 to
      2. For certain applications, a mixture of combustible materials may be
      used, e.g., of from 50% to 90% cetyl alcohol with the remaining balance
      formed of another straight chained alcohol has produced an excellent,
      non-polluting instant charcoal, when used with trioxane to impregnate and
      coat a charcoal briquette or substrate. It has also been found that
      trioxane may be combined with tetraoxane prior to adding to the
      combustible material. In all instances, it has been found that the instant
      charcoal of the present invention is inert and safe to store and handle
      until such time as a flame source is applied thereto.
PAR  Impregnation of the charcoal substrate, whether in the form of a briquette
      or other shapes, may be accomplished by immersing the charcoal substrate,
      while at room temperature, into a molten bath or solution of the
      hereinabove mentioned impregnation liquid, i.e., a mixture of trioxane
      and/or tetraoxane, together with the combustible supporting material,
      heated to and maintained at an elevated temperature to keep the
      impregnation material in a liquid state (not withstanding the possible
      cooling effect of the charcoal substrate being immersed into the liquid
      material). The charcoal substrate is maintained with the bath for from
      with one to thirty minutes to permit the molten solution to penetrate into
      the interstices of the charcoal substrate.
PAR  In a preferred embodiment of the present invention, it is desired to
      immerse the charcoal while at an elevated temperature, i.e., briquettes as
      they are withdrawn from the production line and before they are cooled,
      i.e., approximately 94.degree. C., into the liquid bath of impregnation
      material whereby the cooling of the charcoal will effect rapid penetration
      of the liquid into the interstices of the charcoal substrate. After
      cooling, the impregnated charcoal substrate is packaged for introduction
      into commerce.
PAR  The following examples are illustrative of the instant charcoal of the
      present invention, and it is to be understood that the scope of the
      invention is not to be limited thereby.
DETD
PAC  EXAMPLE 1
PAR  An instant charcoal is formed having the following composition:
TBL                       Wt. %                                                

     ______________________________________                                    

     Charcoal Substrate     80                                                 

     Alcohol (straight chain aliphatic)                                        

                            13.4                                               

     Trioxane (or Tetraoxane)                                                  

                            6.6                                                

                            100 %                                              

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  The impregnation solution for Example 1 had the following composition:
TBL                       Wt. %                                                

     ______________________________________                                    

     Alcohol (straight chain aliphatic)                                        

                            67                                                 

     Trioxane               33                                                 

                             100 %                                             

     ______________________________________                                    

PAL  in which the ratio of the straight chain aliphatic alcohols of cetyl,
      stearyl, myristyl, arachidyl, is in a ratio of from 50.25; 12.05; 3.02;
      1.68.
PAC  EXAMPLE 3
PAR  An instant charcoal is formulated having the following composition:
TBL                       Wt. %                                                

     ______________________________________                                    

     Charcoal Substrate     70                                                 

     Alcohols (straight chain aliphatic)                                       

                            20.1                                               

     Trioxane               9.9                                                

                            100.00 %                                           

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Another instant charcoal of the present invention is comprised of the
      following composition:
TBL                       Wt. %                                                

     ______________________________________                                    

     Charcoal Substrate     80                                                 

     Alcohols (straight chain aliphatic)                                       

                            13.4                                               

     Trioxane               4.4                                                

     Tetraoxane             2.2                                                

                            100 %                                              

     ______________________________________                                    

PAR  The ignition of the instant charcoal of the present invention may be
      effected by a lighted match which produces a gentle flame resistant to the
      effects of wind condition and which lasts from about 5 to 15 minutes
      depending upon the length of time of impregnation which effects the amount
      of impregnating mixture added to the charcoal substrate. After completion
      of the flaming time period, the charcoal substrate has reached ignition
      temperature and a bed of glowing embers is generally available within
      about 25 minutes after ignition of the instant charcoal of the present
      invention.
PAR  While we have described the invention as being applicable to the
      impregnation of charcoal briquettes or substrates, it is understood that
      other substrates may be used, e.g., coal, coke, woodchips, recycled waste
      or various other woods or like substances. It is also understood that the
      substrate may be formed in various shapes which would not affect the
      operation of the present invention.
PAR  It is contemplated that in one embodiment of the invention, the charcoal
      substrate would be formed with one or more holes passing therethrough into
      which there is positioned a cord, string, wick or other fusing means, also
      impregnated with the impregnation mixture as disclosed above. Upon
      ignition of the cord or the like, the cord acts as a fuse to ignite the
      charcoal briquette. A plurality of such instant charcoal briquettes having
      a hole therethrough may be strung on a cord of sufficient number to form a
      normal barbecue bed.
PAR  While the invention has been described in connection with several exemplary
      embodiments thereof, it will be understood that many modifications will be
      apparent to those of ordinary skill in the art; and that this application
      is intended to cover any adaptation or variation thereof what is claimed.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An improved instant igniting charcoal briquette impregnated with a
      combustion supporting material selected from the group consisting of
      straight chain aliphatic alcohols, acids, and mixtures thereof which have
      a minimal vapor pressure at room temperatures and have a melting point
      above ambient temperatures and a compound selected from the group
      consisting of trioxane, tetra-oxane and mixtures thereof.
NUM  2.
PAR  2. The instant charcoal as defined in claim 1 wherein the substance is
      formed with a ratio of said compound to said combustible material of from
      1 to 4 to 1 to 2.
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ABST
PAL  An apparatus for providing from a liquid fuel fluid supply an aerated
      gaseous fuel fluid. The liquid fuel fluid is delivered into a supply of
      hot air and the resultant mixture is delivered through a heat exchanger to
      an outlet. In the heat exchanger, a liquid fuel fluid phase of the mixture
      is converted to a gaseous phase thereof and condensed water is eliminated.
      The gaseous phase is superheated in a portion of the heat exchanger. A
      control is provided for limiting the level of the liquid phase in the heat
      exchanger.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for supplying fluids and, in
      particular, to apparatus for providing a gaseous fuel fluid from a liquid
      fuel fluid supply.
PAR  2. Description of the Prior Art
PAR  At times, it is desirable to provide for delivery into a natural gas fuel
      supply, an augmenting quantity of gaseous fuel fluid. For such purposes,
      apparatus has been developed to provide a gaseous fuel fluid from a supply
      of liquefied fuel fluid, such as liquid propane, butane, and the like.
PAR  To provide the gaseous fuel fluid, the liquid fuel fluid is mixed with air
      and delivered to the natural gas supply as an aerated gaseous fuel fluid.
PAR  Liquefied propane is available as a byproduct of conventional oil refining
      and, thus, offers increased efficiency in the utilization of available
      energy sources. Conventional reserve supply apparatuses have utilized
      blenders which are of relatively low efficiency. Heretofore, such low
      efficiency has not proven a serious problem because of the intermittent
      need for such fuel augmentation. However, recently, it has been desirable
      to utilize such augmenting supplies on a continuous basis and, thus,
      maximizing the efficiency of the apparatus is an important consideration.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved high efficiency apparatus for
      providing from a liquid fuel fluid supply an aerated gaseous fuel fluid.
      The apparatus of the present invention utilizes heat of compression in a
      compressed air supply to vaporize a portion of the liquid fuel fluid. The
      vaporization action is utilized to condense moisture from the air supply
      and to provide cooling in a closed heat exchange system. The apparatus
      further effects superheating of the gaseous fluid for delivery to the
      desired point of use.
PAR  More specifically, the apparatus of the present invention includes a heat
      exchanger defining a lower chamber portion, an upper chamber portion, an
      inlet to a lower portion of the upper chamber portion, and an outlet from
      an upper portion of the upper chamber portion, means defining a flash
      chamber, and means for spraying liquid fuel fluid from the supply into the
      chamber for flashing of a portion thereof into the hot air therein. The
      flash chamber communicates with the heat exchanger chambers through the
      inlet for delivering liquid and gaseous fluid from the flash chamber
      thereto. In the heat exchanger, the liquid fluid collects in the lower
      chamber portion and the gaseous fluid passes upwardly through the upper
      chamber portion to the outlet. The apparatus further includes means for
      limiting the level of liquid fluid in the heat exchanger to a preselected
      level below the level of the inlet, and means for vaporizing liquid fuel
      fluid in the lower chamber portion for flow upwardly through the upper
      chamber portion to the outlet for providing with the gaseous fluid flowed
      from the inlet to the outlet an aerated gaseous fuel fluid.
PAR  The apparatus may further include means for separating liquid water
      condensed from the condensed air in the flash chamber as a result of the
      absorption of heat therefrom by the flashing liquid fuel fluid, the
      condensed water passing through the inlet into the lower chamber portion
      and separating from the liquid fuel fluid therein.
PAR  The invention further broadly comprehends the provision of an apparatus for
      providing from a liquid fuel fluid supply an aerated gaseous fuel fluid
      including a heat exchanger defining a lower chamber portion, an upper
      chamber portion, an inlet to a lower portion of the upper chamber portion,
      and an outlet from an upper portion of the upper chamber portion, means
      defining a flash chamber, means for delivering liquid fuel fluid from the
      supply into a stream of hot air and delivering the fluid mixture into the
      heat exchanger chamber wherein liquid fluid of the mixture collects in the
      lower chamber portion and gaseous fluid thereof passes upwardly through
      the upper chamber portion to the outlet, and means for limiting the level
      of liquid fluid in the heat exchanger to a preselected level below the
      level of the inlet including means responsive to variations in the liquid
      level to regulate the rate of delivery of the liquid fuel fluid into the
      air stream.
PAR  The level limiting means may include means responsive to a temperature
      condition of the apparatus, and in the illustrated embodiment, responsive
      to the temperature of a heat transfer fluid utilized to provide additional
      thermal energy to the fluid in the heat exchanger. The temperature
      responsive means may be connected in series with the level responsive
      means for controlling the liquid fluid supply.
PAR  In the illustrated embodiment, the liquid spraying means comprises a narrow
      angle spray nozzle. The spraying means may be arranged to direct the
      sprayed liquid countercurrently into the air stream. The apparatus may
      include means for superheating the gaseous fluid in the upper chamber
      portion and means for vaporizing liquid fuel fluid in the lower chamber
      portion. In the illustrated embodiment, these means are defined by a heat
      exchange duct carrying a heat exchange fluid, such as warm water, through
      the chambers. The temperature responsive means of the level limiting means
      may comprise a control responsive to the temperature of the water leaving
      the heat exchange duct.
PAR  Thus, the gaseous fluid supply apparatus of the present invention is
      extremely simple and economical of construction while yet providing the
      desirable features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein the drawing is a schematic flow diagram of the apparatus embodying
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing,
      an apparatus generally designated 10 is shown for providing from a liquid
      fuel fluid supply 11, illustratively comprising a liquid low pressure tank
      supply, an aerated gaseous fuel fluid at an outlet 12 for delivery such as
      to a natural gas supply main for addition to the natural gas supply. The
      invention comprehends the utilization of a single heat exchanger 13 in
      conjunction with a flash tube 14 to provide in a simple and economical
      manner the desired fluid conversion.
PAR  The liquid fuel fluid is aerated by mixture therewith of hot air delivered
      to the flash tube 14 from a hot compressed air supply 15 which may
      comprise a conventional air compressor. The air may be delivered to the
      flash tube through suitable conduits including, in the illustrated
      embodiment, a reducing el 16 for flow through the flash chamber 17 of the
      flash tube 14 to an inlet 18 to the heat exchanger 13. Liquid fuel fluid
      is pumped by a suitable pump 57 from tank 11 through a suitable strainer
      19 and liquid control valve 20 to a spray nozzle 21 arranged to spray the
      liquid fuel fluid into the flash chamber 17 countercurrently to the stream
      of hot air flowing therethrough to the inlet 18. Valve 20 may include a
      bypass 22, as shown in the drawing.
PAR  Spray nozzle 21 preferably comprises a narrow angle spray nozzle adapted to
      cause at least a portion of the liquid fuel fluid to vaporize in the flash
      chamber 17 thereby cooling the fluid therein and effectively condensing
      moisture in the hot compressed air stream. Resultingly, the momentum of
      the air stream carries through the inlet into the heat exchanger 13 a
      mixture of air, condensed moisture, gaseous fuel fluid, and liquid fuel
      fluid. The shell 23 of heat exchanger 13 defines an upper chamber portion
      24 and a lower chamber portion 25. In the illustrated embodiment, inlet 18
      enters the heat exchanger at a lower portion 26 of the upper chamber
      portion 24, permitting the liquid phase components of the delivered
      mixture to pass downwardly into the lower chamber portion 25 and the
      gaseous phase components to flow upwardly through upper chamber portion 24
      to the outlet 12.
PAR  Upper chamber portion 24 may be provided with a plurality of baffles 27 for
      providing a tortuous flow path for the upwardly flowing gaseous fluids.
PAR  A heat exchange duct 28 extends between a lower header 29 and an upper
      header 30 for conducting a heat exchange fluid, such as warm water,
      through the chambers 24 and 25. Thus, as shown in the drawing, duct 28
      includes a riser portion 28a and a return 28b. The conduit portions 28a
      and 28b are supported in the chamber portion 25 by suitable tube supports
      28c and in the upper chamber portion 24 by the baffles 27, as illustrated
      in the drawing.
PAR  A suitable valve drain 31 may be provided for draining the header 29 and a
      suitable relief valve 32 may be provided for providing a pressure relief
      to the heat exchanger at the upper portion 33 of the chamber portion 24.
PAR  Condensed water and the nonvaporized liquid fuel fluid delivered through
      inlet 18 into the heat exchanger is collected in the lower heat exchanger
      chamber portion 25. In the normal use of the apparatus, the upper level of
      the liquid is preferably maintained at a preselected level 34. The heavier
      condensed water collects below the relatively lighter liquid fuel fluid in
      the lower portion 35 of chamber portion 25 and is preferably discharged
      therefrom to permit maintained or continuous operation of the apparatus.
      For this purpose, a water eliminating means generally designated 36 is
      provided including an oulet 37 connected through a suitable duct 38 and
      water strainer 39 to a water drain separator 40. Separator 40 may include
      a suitable float controlled valve 41 which opens the outlet 42 thereof
      when the specific gravity of the fluid in the separator exceeds
      approximately 0.65. Valve 41 is arranged to be fully opened when the
      specific gravity of the fluid reaches 1.0 and, thus, functions to
      automatically discharge water from the system. A return duct 43 is
      connected between separator 40 and an inlet 44 to the heat exchange
      chamber portion 35 at a level above the level of the outlet 37 to provide
      a pressure head suitable to overcome the pressure drop of the ducts,
      valve, and strainer and permit a continuous delivery of the collected
      water to the separator for improved automatic removal thereof from the
      system.
PAR  The level of liquid in the heat exchanger is effectively limited to a
      maximum liquid level 45 by means of a liquid level control generally
      designated 46. In the illustrated embodiment, control 46 comprises a
      pneumatic control operated from a suitable air supply 47 delivering air
      through a filter 48 and a temperature control 49. The temperature control
      49 senses the temperature of the heat exchange water discharged from the
      heat exchanger through an outlet 50 from lower header 29, the inlet 51 of
      the lower header being separated from the outlet by a suitable divider
      wall 52. The liquid level control includes a sensor 53 having a lower
      sensing portion 54 disposed at the preselected desired level 34 and an
      upper sensor 55 at a level above the maximum liquid level 45. The element
      53 may be provided with a suitable valve drain 56.
PAR  As shown in the drawing, the liquid level control 46 is connected to the
      liquid control valve for controlling the rate of delivery of the liquid
      fuel fluid from tank 11 to spray nozzle 21 and, thus, maintains the
      desired level of liquid in the heat exchanger by decreasing the liquid
      fuel supply to the system when the level rises above the desired level and
      increasing the liquid fuel fluid supply when the level drops below the
      desired level 34.
PAR  Heat exchanger 13 thusly effectively defines an upper vaporizing zone and a
      lower superheating zone corresponding to the upper chamber 24 and lower
      chamber 25, respectively. The temperature in the lower zone 25 is
      substantially below the boiling temperature of water and the amount of
      heat introduced into the fluid by the heat exchanger fluid in duct 28 is
      insufficient to raise the temperature to the boiling point of water,
      thereby requiring the draining of the collected water as discussed above.
      However, the heat exchange water flowing through duct 28 is sufficient to
      vaporize the liquid fuel fluid so as to continuously cause augmentation of
      the aerated gaseous fuel fluid flowing upwardly through the upper chamber
      portion 24 from the inlet 18. Further, the flow of the gaseous phase
      through the upper chamber portion 24 in heat exchange association with the
      duct 28 in this upper portion causes a superheating of the gaseous phase
      fluids. The superheating is effectively maximized by the circuitous
      routing of the gaseous fluid by means of the baffles 27.
PAR  Pump 57 is arranged to pump the liquid from tank 11 at a suitable pressure
      to provide the desired spray-flash action in flash tube 14.
PAR  Suitable disconnect valves may be provided to permit removal and
      installation of the different elements of the apparatus as will be obvious
      to those skilled in the art.
PAR  The operation of apparatus 10 is extremely simple. Thus, liquid fuel fluid,
      such as liquid propane and the like, is pumped by pump 57 to be sprayed by
      nozzle 21 countercurrently into the stream of hot compressed air delivered
      from air supply 15 to the flash chamber 17. A portion of the liquid fuel
      fluid flashes into vapor in chamber 17 thereby absorbing heat of
      compression of the air and forming a two-phase fluid system as a result of
      the partial pressure relationship of the fuel fluid with the air. More
      specifically, moisture condenses from the compressed air with the heat of
      vaporization being utilized to effect the vaporization of the liquid fuel
      fluid. The mixture of remaining liquid fuel fluid, vaporized fuel fluid,
      condensed moisture, and air is delivered through the heat exchanger inlet
      18 into the heat exchanger wherein the liquid components of the two-phase
      mixture drop by gravity into the lower portion 25 and the gaseous
      components flow upwardly through the upper portion 24 to the outlet 12.
PAR  As the condensed water has a specific gravity approximately twice that of
      the liquid fuel fluid, it settles to the bottom portion 35 of the heat
      exchanger where, as discussed above, the siphon drain 36 effects automatic
      removal thereof from the system. The liquid fuel fluid in portion 25 is
      vaporized by the heat exchange relationship thereof with the warm water
      flowed through duct 28. The resultant gaseous fuel fluid bubbles upwardly
      from the liquid into the upper chamber 24 for blending with the air and
      flashed gaseous fuel fluid flowing upwardly therethrough from inlet 18.
PAR  In upper chamber portion 24, the gaseous fluids are heated by the duct 28
      whereby the gaseous fluid is superheated to a desired discharge
      temperature which is a function of the warm water temperature flowed
      through the duct 28.
PAR  The level of liquid in heat exchanger 14 is effectively maintained
      approximately at level 34 by the action of temperature control 49 and
      liquid level control 46. As shown, these controls are connected in series,
      and in the illustrated embodiment, comprise pneumatic controls wherein the
      pneumatic control air supply is directed firstly to the temperature
      control 49 and then to the liquid level control 46. The output of liquid
      level control 46 is applied against the diaphragm valve 20, as shown by
      the dotted line in the drawing. Valve 20 resultingly controls the rate of
      delivery of the liquid fuel fluid from pump 57 to spray nozzle 21 so as to
      regulate the amount of fuel fluid being delivered to the heat exchanger as
      a function of the liquid level.
PAR  Temperature control 49 is a reverse acting control which responds to the
      temperature of the heat exchange water at outlet 50 so that when the
      temperature is below a preselected temperature, control 49 decreases the
      air flow from supply 47 to liquid level control 46 and thereby decreases
      the air pressure opening valve 20 to correspondingly reduce the amount of
      liquid fuel delivered to the spray nozzle. At this time, the indicated
      level control 46 is full open assuming that the liquid level in the heat
      exchanger is below the preselected level 34. Temperature control 49 senses
      a condition at outlet 50 of insufficient heat in the heat exchange water
      to vaporize the liquid phase up to maximum capacity and functions to limit
      liquid inlet flow. In this condition, the liquid phase level in the heat
      exchanger is below the preselected level and the level control is
      resultingly wide open so that control of valve 20 is effectively by
      temperature only. Level control 46 controls the liquid level only when
      there is sufficient heat in the heat exchange water to effect the desired
      rate of vaporization.
PAR  In the illustrated embodiment, the apparatus 10 is arranged to maximize the
      vaporization of the liquefied fuel fluid. As will be obvious to those
      skilled in the art, suitable automatic fuel mixture controls may be
      utilized with the apparatus for maintaining any desired mixture ratio. The
      disclosed apparatus provides maximum fuel supply such as required by gas
      distribution companies where the aerated gaseous fuel fluid discharged
      from outlet 12 is further blended into the main gas supply.
PAR  The present apparatus 10 provides a highly efficient fuel vaporization
      operation with an effectively closed heat cycle minimizing the need for
      applied heat and applied refrigeration. The apparatus automatically
      dehumidifies the mixing air. Further, the apparatus may utilize low level
      heat sources. The apparatus provides controlled superheating of the
      aerated gaseous fuel fluid and improved positive mixing of the air and
      vaporized fuel. An automatic regulation of the delivery of the liquid fuel
      into the system is provided for maximizing the vaporizing action.
PAR  The apparatus is extremely low cost as it utilizes the fuel as a
      refrigerant to obtain dehumidification and, in providing a flash chilling
      action, provides an improved vaporization of the liquid fuel. Minimizing
      the moving parts effectively minimizes maintenance costs. Because of the
      simple small vertical construction, a very small base area is required
      further simplifying installation in existing plants and minimizing
      interconnection with existing apparatus.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for providing from a liquid fuel fluid supply an aerated
      gaseous fuel fluid, comprising: heat exchanger means defining a chamber
      having a lower chamber portion and an upper chamber portion, an inlet to a
      lower portion of said upper chamber portion, and an outlet from an upper
      portion of said upper chamber portion; means defining a flash chamber;
      means for providing hot compressed air to said flash chamber; means for
      spraying liquid fuel fluid from said supply into said flash chamber for
      flashing of a portion thereof into the hot air therein, said flash chamber
      communicating through said inlet with said upper chamber portion for
      delivering liquid and gaseous fluid from said flash chamber into said heat
      exchanger chamber wherein the liquid fluid collects in said lower chamber
      portion and the gaseous fluid passes upwardly through said upper chamber
      portion to said outlet; means for limiting the level of liquid fluid in
      said heat exchanger to a preselected level below the level of said inlet;
      and means for vaporizing liquid fuel fluid in said lower chamber portion
      for flow upwardly through said upper chamber portion to said outlet for
      providing with the gaseous fluid flowed from the inlet to the outlet an
      aerated gaseous fuel fluid.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said liquid spraying means comprises a
      narrow angle spray nozzle.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said liquid spraying means comprises
      means for directing the sprayed liquid countercurrently into the air being
      delivered to the flash chamber.
NUM  4.
PAR  4. The apparatus of claim 1 wherein means are provided for superheating the
      gaseous fluid in said upper chamber portion.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said means for vaporizing liquid fuel
      fluid in said lower chamber portion comprises a heat exchange tube for
      conducting warm fluid in heat exchange relationship to the liquid fluid in
      said lower chamber portion.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for vaporizing liquid fuel
      fluid in said lower chamber portion comprises a heat exchange tube for
      conducting warm fluid in heat exchange relationship to the liquid fluid in
      said lower chamber portion, and having an upper portion extending into
      said upper chamber portion for superheating gaseous fluid in said upper
      chamber portion.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said level limiting means comprises
      means responsive to variations in said liquid level to regulate the rate
      of delivery of liquid fuel fluid from said supply to said flash chamber.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for vaporizing liquid fuel
      fluid in said lower chamber portion comprises a heat exchange tube for
      conducting warm fluid in heat exchange relationship to the liquid fluid in
      said lower chamber portion, said level limiting means comprises means
      responsive to variations in the temperature of the fluid at an outlet of
      said heat exchanger tube to regulate the rate of delivery of liquid fuel
      fluid from said supply to said flash chamber.
NUM  9.
PAR  9. Apparatus for providing from a liquid fuel fluid supply an aerated
      gaseous fuel fluid, comprising: heat exchanger means defining a chamber
      having a lower chamber portion and an upper chamber portion, an inlet to a
      lower portion of said upper chamber portion, and an outlet from an upper
      portion of said upper chamber portion; means defining a flash chamber;
      means for providing hot compressed air to said flash chamber; means for
      spraying liquid fuel fluid from said supply into said flash chamber for
      flashing of a portion thereof into the hot air therein, said flash chamber
      communicating through said inlet with said upper chamber portion for
      delivering liquid and gaseous fluid from said flash chamber into said heat
      exchanger chamber wherein the liquid fluid collects in said lower chamber
      portion and the gaseous fluid passes upwardly through said upper chamber
      portion to said outlet; means for limiting the level of liquid fluid in
      said heat exchanger to a preselected level below the level of said inlet;
      means for vaporizing liquid fuel fluid in said lower chamber portion for
      flow upwardly through said upper chamber portion to said outlet for
      providing with the gaseous fluid flowed from the inlet to the outlet an
      aerated gaseous fuel fluid; and means for removing liquid water condensed
      from the compressed air in the flash chamber as a result of the absorption
      of heat therefrom by the flashing liquid fuel fluid, said condensed water
      passing through said inlet into said lower chamber portion and separating
      from the liquid fuel fluid therein.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said water removing means comprises
      means for draining the collected water from a lower portion of said lower
      chamber portion and discharging the drained water from the apparatus.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said water removing means comprises
      means for draining the collected water from a lower portion of said lower
      chamber portion and discharging the drained water from the apparatus, said
      draining means including duct means having an inlet for receiving the
      collected water from said lower chamber portion at a preselected lower
      level, a return communicating with said lower chamber portion above the
      level of said duct means inlet, and a separator disposed intermediate said
      duct means inlet and return for selectively discharging water from the
      duct means.
NUM  12.
PAR  12. The apparatus of claim 9 wherein said water removing means comprises
      means for draining the collected water from a lower portion of said lower
      chamber portion and discharging the drained water from the apparatus, said
      draining means including duct means having an inlet for receiving the
      collected water from said lower chamber portion at a preselected lower
      level, a return communicating with said lower chamber portion above the
      level of said duct means inlet, and a separator disposed intermediate said
      duct means inlet and return for selectively discharging water from the
      duct means, said separator including float controlled valve means for
      automatically discharging water from the separator as a function of the
      specific gravity of the fluid therein.
NUM  13.
PAR  13. Apparatus for providing from a liquid fuel fluid supply an aerated
      gaseous fuel fluid, comprising: heat exchanger means defining a chamber
      having a lower chamber portion and an upper chamber portion, an inlet to a
      lower portion of said upper chamber portion, and an outlet from an upper
      portion of said upper chamber portion; means defining a flash chamber;
      means for delivering liquid fuel fluid from said supply into hot air in
      said flash chamber; means for delivering the resultant mixture of fuel
      fluid and air through said inlet into said heat exchanger chamber wherein
      liquid fluid of said mixture collects in said lower chamber portion and
      gaseous fluid thereof passes upwardly through said upper chamber portion
      to said outlet; and means for limiting the level of liquid fluid in said
      heat exchanger to a preselected level below the level of said inlet
      including means responsive to variations in the liquid level to regulate
      the rate of delivery of said liquid fuel fluid into said hot air.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said level limiting means further
      includes means responsive to a temperature condition of the apparatus to
      regulate said rate of delivery.
NUM  15.
PAR  15. The apparatus of claim 13 wherein means are provided for conducting
      warm heat transfer fluid in heat transfer association with the fuel fluid
      in at least one of said chamber portions and said level limiting means
      further includes means responsive to the temperature of said heat transfer
      fluid subsequent to the heat transfer to regulate said rate of delivery.
NUM  16.
PAR  16. The apparatus of claim 13 wherein means are provided for conducting
      warm heat transfer fluid in heat transfer association with the fuel fluid
      in at least one of said chamber portions and said level limiting means
      further includes means, connected in series with said means responsive to
      variations in the liquid level, responsive to the temperature of said heat
      transfer fluid subsequent to the heat transfer to regulate said rate of
      delivery.
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ABST
PAL  Polishing powders, for use particularly in the optical industry, are based
      upon alumina silicate materials, the particles of which are coated with
      rare earth oxide. The polishing powders are preferably based upon the
      calcined china clay product known as "Molochite" and are preferably made
      by precipitating a solution of rare earth compounds, e.g. their sulphates,
      on to the alumina silicate base material and calcining this material to
      convert the rare earth compounds into oxides. The polishing powders give
      excellent results, comparable with the known product based upon a rare and
      expensive calcium silicate mineral.
BSUM
PAR  This invention relates to polishing powders and particularly to such
      products which include or are based upon rare earth compounds. The
      polishing powders of the invention are especially useful for polishing
      glass objects, such as optical lenses and mirrors.
PAR  Polishing powders based on rare earths are known and widely used. For
      instance, in U.S. Pat. No. 3,573,886, there is disclosed a polishing
      composition comprising a finely-divided rare earth oxide and from 0.1 to
      75% by weight of the calcium silicate mineral called wollastonite. In a
      preferred method, the rare earth is precipitated as a carbonate in a
      slurry including the wollastonite and is then calcined to form the rare
      earth oxide. This product is stated to be extremely useful as a polishing
      composition for glass. The specification further and importantly states
      that the characteristics of this composition are unique to the use of
      wollastonite with rare earth compounds.
PAR  It is the object of the present invention to provide an improved polishing
      composition including one or more rare earth compounds. The rare earths
      are those elements which form the lanthanide series having atomic numbers
      from 57 to 71 inclusive, as well as elements such as thorium, yttrium and
      scandium which often occur with the lanthanides.
PAR  According to one aspect of this invention, a polishing powder comprises an
      alumina silicate base material and at least one rare earth oxide.
PAR  The invention also consists in a process of preparation of a composition
      for use as a polishing powder, which comprises precipitating at least one
      rare earth compound on to a particulate base material comprising an
      alumina silicate and subjecting the resultant mixture to calcination to
      convert the rare earth compound(s) into one or more rare earth oxides.
PAR  The product of the invention may be regarded as a polishing and smoothing
      composition comprising an alumina silicate nucleus of the mullite type
      upon which has been precipitated a rare earth compound. Any suitable
      method of precipitation may be employed. Preferably, the precipitation
      step is followed by calcination to convert the precipitated compound to an
      oxide.
PAR  The rare earths normally occur together and with other elements which
      behave similarly and it is usual for rare earth oxides and compounds to be
      used as mixtures and not after separation into individual substances. The
      invention can be carried out by precipitating any one rare earth compound
      on to Molochite or other mullite-type alumina silicate and converting it
      into the corresponding rare earth oxide, but in practice the products of
      the invention usually contain mixtures of rare earth oxides.
PAR  The alumina silicate used is preferably the product known as "Molochite"
      which has been found to be particularly effective. This product is formed
      by the prolonged calcination of china clay at elevated temperatures, for
      instance in the range from 1400.degree. to 1600.degree.C. It has a
      crystalline structure corresponding to mullite, although its ratio of
      silica to alumina is substantially higher than that required for mullite,
      the excess silica being in an amorphous form. Other silicate materials
      which can be used in carrying out the invention include calcined and
      uncalcined fireclay and fly ash.
PAR  The degree of effectiveness of the composition depends upon the amount of
      rare earth compound precipitated on the Molochite or other alumina
      silicate material. While it has been found that the use of quite small
      amounts (5%) of rare earth produces a dramatic effect in improving the
      polishing performance compared with that of Molochite alone, the polishing
      performance is improved further though less dramatically by higher levels
      of rare earth compound. Therefore, a polishing powder according to the
      invention preferably contains at least 5% by weight of rare earth
      elements.
PAR  The reasons for the effectiveness of Molochite and similar alumina
      silicates are not fully known, but may be the combination of the
      well-ordered mullite phase and the amorphous silica phase. The mullite
      phase should make for particle strength, whereas the silica phase may be
      the effective nucleant for the rare earth, whose effectiveness as a
      polishing agent depends upon reactions between the rare earth and the
      glass systems. It is not known whether higher alumina compounds are
      suitable but as they tend to be less easily obtained and are more
      expensive, they are intrinsically less desirable.
DETD
PAR  In order that the invention may be fully appreciated, the following
      Examples are given, by way of illustration of the preparation and use of
      polishing powders according to the invention.
PAR  A polishing powder product according to the invention can be produced in
      general as described below.
PAR  A rare earth sulphate solution containing excess sulphuric acid was run
      into a suspension of - 325 mesh molochite in a heel of water,
      simultaneously with a caustic soda solution, in such a way as to maintain
      mildly acid conditions.
PAR  The precipitated mixture was decanted free of sodium sulphate and
      sufficient extra caustic soda solution was added to metathese the
      resultant basic rare earth sulphate to a rare earth hydroxide, but whilst
      avoiding adding so much as to hydrolyse the molochite. The mixture of
      molochite and rare earth hydroxide (which is in effect an oxide) was then
      decanted and washed free from sodium with water. The slurry was then dried
      and the product calcined to rare earth oxide at a temperature in the range
      from 800.degree. to 1000.degree.C and in this instance at approximately
      900.degree.C. After sieving to break down agglomerates, the product was
      then ready for use. The percentage of rare earth oxide in the product was
      adjusted by altering the proportions of the molochite to the rare earth
      solution.
PAR  The product quality was assessed by measuring the rate of removal of glass
      from lenses polished under standard conditions.
PAR  In the Table below are shown glass removal rates for products according to
      the invention (Examples 1 to 9) which are then compared with those for
      similar compounds outside the invention (Examples 10 to 14) in which other
      nucleants were substituted for the molochite or other alumina silicate
      material.
PAR  This table demonstrates that whereas molochite on its own (Example 16) has
      a negligible polishing rate, when it is treated by the process above it
      has a greatly increased glass removal rate, so much so that a compound
      containing 50% rare earth oxides (Example 2) has a similar glass removal
      rate to a conventional compound containing 100% rare earth oxides.
      (Example 15) Similar results can be obtained with products based e.g. on
      fireclays and fly ash (Examples 7, 8 and 9).
PAR  It also can be seen from the table that similar products based on
      wollastonite (Examples 10, 11 and 12) give compounds which require a
      higher rare earth content to give the same glass removal rate as products
      according to the invention.
PAR  Other nucleants of various types (Examples 13, 14) are shown to give still
      lower glass removal rates and thus the economic advantage of products
      using molochite as a nucleant is clearly shown.
TBL                TABLE                                                       

     ______________________________________                                    

                             % Rare                                            

                             Earth     Rate of                                 

                             Oxide In  Removal                                 

     Example                                                                   

            Base for Precipitation                                             

                             Product   of Glass                                

     ______________________________________                                    

     1      Molochite grade 1                                                  

                             40        0.58 g/hr                               

     2      Molochite grade 2                                                  

                             50        0.60                                    

     3      "                35        0.56                                    

     4      "                27        0.52                                    

     5      "                19        0.51                                    

     6      "                9         0.43                                    

     7      Uncalcined fireclay                                                

                             40        0.53                                    

     8      Calcined fireclay                                                  

                             43        0.43                                    

     9      Fly ash          40        0.55                                    

     10     Wollastonite     50        0.55                                    

     11     "                25        0.46                                    

     12     "                17        0.37                                    

     13     Precipitated silica                                                

                             60        0.39                                    

     14     Crystalline silica                                                 

                             41        0.48                                    

     15     --               100       0.65                                    

     16     Molochite grade 2                                                  

                             0         0.06                                    

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A calcined polishing powder comprising an alumina silicate compound of
      the mullite type, the particles of which have a layer of at least about 5%
      by weight based on the weight of the composition of a rare earth oxide
      thereon.
NUM  2.
PAR  2. The polishing powder of claim 1 wherein the alumina silicate compound is
      calcined china clay.
NUM  3.
PAR  3. The polishing powder of claim 2 wherein the alumina silicate compound is
      molochite.
NUM  4.
PAR  4. A process of preparation of a composition for use as a polishing powder,
      which comprises precipitating at least one rare earth compound on to a
      particulate base material which is an alumina silicate compound of the
      mullite type and subjecting the resultant mixture to calcination to
      convert the rare earth compound into one or more rare earth oxides, the
      amount of the rare earth compound precipitated constiting at least about
      5% by weight of the total composition.
NUM  5.
PAR  5. A process according to claim 4 wherein the calcination is carried out at
      a temperature in the range of 800.degree. to 1000.degree.C.
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ABST
PAL  The apparatus comprises a desiccant type drying chamber for drying
      compressed gas which is coupled to a novel ejector-valve device through
      which air is admitted for direct conduct through the chamber for gas
      drying purposes, or through which air is admitted for conduct through the
      chamber in a counter flow direction for regeneration of the desiccant, and
      the ejector-valve device serves the function of evacuating the chamber to
      effect desiccant regeneration.
PARN
     This is a continuation, of application Ser. No. 340,290 filed Mar. 12 1973,
      now abandoned.
BSUM
PAR  This invention pertains to gas drying apparatus, and in particular to such
      apparatus which uses a vacuum-producing device for evacuating a gas drying
      chamber which has a desiccant (or the equivalent). Such an apparatus is
      disclosed in U.S. Pat. No. 3,696,588, issued Oct. 10, 1972 for "Gas Drying
      Apparatus and Method" to the present applicant and co-inventor Jules L.
      Dussourd. In the patented invention, and in a disclosed embodiment, an
      ejector is taught for use in evacuating the desiccant chamber after a
      compressed gas receiver has been fully charged with a dried compressed gas
      product. In that patent, and in such prior art devices, it is required
      that a separate vacuum-producing device, and a separate four-way valve (or
      the equivalent) be employed with considerable piping and conduits to
      effect the use of the apparatus. The provisioning of separate ejector and
      valve components, and the use of a plurality of pipes and conduits,
      necessitate the boring of passageways through valve housings, and the use
      of a number of pipe Tees and couplers. Such system arrangements are
      therefore expensive and time consuming in manufacture. It is an object of
      this invention to set forth an apparatus of more simplified structure, in
      which the vacuum-producing device and the four-way valving element are
      combined in one structure. It is another object of this invention to teach
      gas drying apparatus which comprises a gas drying chamber; means for
      admitting gas to said chamber for drying said gas therewith; means for
      exiting dried gas from said chamber; and valving means, coupled to said
      admitting and exiting means, operative for controlling gas admittance and
      exiting; said valving means having a valve body and a valving element; and
      wherein said body and element cooperatively define a vacuum producing
      means which is operative, in response to the address of gas thereto, for
      producing a partial vacuum for evacuating said chamber.
PAR  It is another object of this invention to set forth an ejector, especially
      for use in gas drying apparatus, which comprises a gas nozzle; a gas
      diffusor element, having a elongate axis; and means defining a vacuum
      chamber communicating said nozzle and element; wherein said nozzle and
      element are relatively and axially moveable therebetween.
PAR  It is another object of this invention to set forth a fluid control valve,
      also for use in gas drying apparatus in particular, which comprises a
      body; said body having an elongate valve chamber formed therein; said body
      further having at least one inlet port formed therein which communicates
      with said valve chamber and at least two outlet ports formed therein which
      also communicate with said valve chamber; and a valving element movably
      disposed within said valve chamber, between first and second positions;
      said valving element having means for sealing off one of said two outlet
      ports from a valve chamber communication with the other of said outlet
      ports, and means for communicating said one inlet port with one of said
      outlet ports in said first position, and for communicating said one inlet
      port with the other of said outlet ports in said second position; and said
      body and said valving element have means for admitting fluid through said
      valve chamber along a pathway sealed off from said ports.
PAR  A feature of this invention comprises the use of an ejector-valve device
      with a valve body having a valving element therewithin which element is
      centrally bored, the element being slidably mounted within a valve body
      valve chamber. One end of the valve body has an aperture formed
      therethrough which defines a diffusor-type nozzle. In addition, the
      valving element has lands formed on the outer circumference thereof, and
      the lands are separated therebetween by wall members which sealingly
      engage an inner surface of the valve chamber in the valve body. With
      translation of the valving element, the lands accommodate a fluid flow
      communication between an inlet port and one or another of two outlet ports
      so that gas drying or dessicant regeneration might be accomplished.
      Further objects and features of the invention will become more apparent by
      reference to the following description, taken in conjunction with the
      accompanying figure.
DRWD
PAR  The FIGURE is a schematic and cross-sectional view, in elevation, of a gas
      drying chamber throughconnected with an ejector-valve device, according to
      an embodiment of the invention.
DETD
PAR  As shown in the FIGURE, the gas drying apparatus 10 comprises a gas drying
      chamber 12 defined by a container 14 in which is confined desiccant 16.
      This desiccant 16 is loose, granular material, such as silica gel which is
      effective for drying gas.
PAR  A primary gas inlet conduit 18 is connected at one end for opening into the
      container 14, and a gas outlet conduit 20 is also connected to the
      container having a portion 20' which is passed through the desiccant 16 to
      open within an uppermost portion of the container. A gas delivery conduit
      22 is throughconnected with conduit 20 intermediate the ends of the
      latter. Within container 14, and at the bottom thereof, is defined inlet
      plenum 26, so that gas admitted thereinto via conduit 18 may be diffused
      uniformly therewithin prior to its passage through the desiccant. Also an
      outlet plenum 28 is defined within the top of the chamber for similar
      purposes. Retainer screens (not shown) are used to hold the desiccant in
      spaced-apart relationship from the bottom and top of the container.
PAR  An ejector-valve device 30, shown in cross-section, comprises a body 32
      which has an aperture formed in one end thereof which defines an
      ejector-type nozzle 34. The body also has a valve chamber 36 formed
      therewithin, with a gas inlet port 38 formed in one side of the body 32
      which opens onto the valve chamber 36. At the other side of the body are
      two further ports, a primary gas outlet 40 and a secondary gas outlet 42.
      Ports 40 and 42 also communicate internally with the valve chamber 26 and
      externally of the valve body 32, and receive conduits 18 and 20. A valving
      element 44 having a bore 46 formed therethrough, the bore being configured
      to operate as a gas diffusor, is slidably carried in chamber 36. Valving
      element 44 has a plurality of lands 48, 50, 52, 54; these lands are
      annular and relieved surfaces which are spaced apart therebetween by
      walls. O-rings 56 define the land-separating walls, the rings 56, being of
      elastomeric material, are sealingly engaged with the inner surface of
      valve chamber 36. The inner surface of the valve chamber 36, the O-rings
      56, and the several lands cooperately define first, second, third, and
      fourth annular compartments 58, 60, 62 and 64, respectively, within valve
      chamber 36. The second and fourth compartments, 60 and 64, are of variable
      volume. The fourth compartment 64 is made to be of variable volume in that
      it opens onto a pilot signal port 66 formed in the valve body 32 which
      port receives with a pilot signal conduit 68. Conduit 68 and port 66
      cooperate to admit a compressed gas pilot signal into compartment 64 for
      moving valve element 44 axially within the valve chamber 36. Conduit 68
      has a pressure sensing valve 70 interpositioned therewithin, valve 70
      being responsive to a predetermined pressure to change from a normally
      closed to an open position. With the presence of such predetermined
      pressure in conduit 68, valving element 44 is moved to the right to assume
      the position shown in the FIGURE. A tap line conduit 72 opens onto conduit
      20 and communicates with the nozzle 34. Check valves 74 are disposed in
      conduits 20 and 22 to admit gas flow therethrough only toward and away
      from container 14, respectively. A restrictive orifice 76 is interposed in
      conduit 20 so that, as is further explained herein only a minor portion of
      supplied gas will be admitted through line 20. A spring 78 is constrained
      against a wall annulus 80 of compartment 64 normally to urge element 44 to
      the left. Finally, a muffler 82 is supported in the open end of valve
      chamber 26 which is opposite nozzle 34.
PAR  In a first mode of operation, compressed gas supplied from a gas
      compressor, or the like, is addressed to port 38 for communication with
      compartment 58 and, in the absence of a pilot signal at port 66, finds
      element 44 spring biased to a left-hand position in chamber 36.
      Accordingly, the gas is communicated from compartment 58 through port 40
      to the container 14 for drying thereof by the desiccant 16. Thereafter,
      the dried, compressed gas is passed through conduits 20' and 20, to the
      delivery conduit 22 for supply to storage or for use in an end item.
PAR  When the supply storage receiver, or whatever, is fully charged, or when a
      using end item halts compressed gas operation, this will define a back
      pressure in line 22 and an upper portion of line 68. Accordingly, the
      pressure-sensing control valve 70 yields before this sensed pressure to
      open conduit 68 to the flow of the signal fluid. The input signal fluid
      bears against annulus 80 and valving element 44 is translated to the right
      (into the position shown in the FIGURE). The compressed gas input is
      maintained at port 38 and compartment 58, but now compartment 58 opens
      onto port 42. Port 40 is sealed off from compartment 58. The input supply
      is admitted to conduit 20, but some greater percent of the supply is
      passed along conduit 72 for address thereof to the nozzle 34; this causes
      ejector operation of the nozzle 34 and diffusor-configured bore 46. The
      remaining lesser percent of the supplied gas is restrictively passed
      further along conduit 20, through orifice 76 and therefrom into outlet
      plenum 28. An ejector-operation induced vacuum at port 40, and in
      compartment 60 causes the lesser percent of gas to move in countercurrent
      flow through the desiccant 16, to effect its regeneration, and therefrom
      into conduit 18, port 40 and compartment 60 for entrainment with the
      nozzle-discharged greater percent of gas, and discharge via muffler 82.
PAR  The present disclosure teaches an apparatus of simple, compact and
      efficient structure which more readily can practice the invention
      disclosed in U.S. Pat. No. 3,696,588 A singlarly novel feature of the
      present disclosure is the employment of the inventive ejector-valve device
      30 which can be used in the overall gas drying apparatus 10. More,
      however, this device 30 teaches a novelty, for the first time, which
      comprises that which is a valve incorporating a diffusor function and/or a
      diffusor incorporating a valving function. While particular uses are made
      of device 30, in connection with this disclosure, to wit: to facilitate
      both gas drying and desiccant regeneration, other uses will suggest
      themselves to those skilled in the arts of gas drying, desiccant
      regeneration, valving, and ejector structuring, for instance, from the
      teachings given herein. Therefore, while I have described my invention in
      connection with a specific embodiment thereof, it is to be clearly
      understood that this is done only by way of example, and not as a
      limitation to the scope of my invention as set forth in the objects
      thereof and in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Gas drying apparatus, comprising:
PA1  a gas drying chamber;
PA1  conduit means for admitting gas to said chamber for drying gas therewithin,
      and for exiting dried gas from said chamber; and
PA1  valving means, coupled to said conduit means, pneumatically operative for
      controlling gas admittance and exiting; wherein
PA1  said valving means comprises a valve body having a valve chamber formed
      therewithin and a valving element pneumatically movably disposed within
      said valve chamber;
PA1  said valving means and said conduit means comprise first means for
      communicating said drying chamber with said valve chamber for causing gas
      to be admitted to said drying chamber via said valve chamber; and wherein
      said valving means further comprises
PA1  pilot signal means operative for addressing gas to said valving element
      pneumatically to effect movement of said valving element,
PA1  means coupled to said latter means and to said conduit means, responsive to
      a predetermined gas pressure subsisting in said conduit means, for
      operating said latter means,
PA1  second means, joined to said conduit means, for communicating said drying
      chamber with said valve chamber for causing gas to be admitted to said
      drying chamber via said valve chamber, and
PA1  means operative in response to movement of said valving element, and
      cooperative with said second means and said conduit means, for producing a
      partial vacuum, for applying the vacuum to said drying chamber, and for
      evacuating said chamber.
NUM  2.
PAR  2. Apparatus, according to claim 1, wherein:
PA1  said valving element comprises a gas diffusor.
NUM  3.
PAR  3. Gas drying apparatus, according to claim 1, wherein:
PA1  said valving element comprises an elongate member having an axially
      extending bore formed therethrough, said bore defining an ejector-type gas
      diffusor.
NUM  4.
PAR  4. Gas drying apparatus, according to claim 3, wherein:
PA1  said body has a port formed therein which defines an ejector type gas
      nozzle;
PA1  said nozzle opens at one end thereof on an outer surface of said body, and
      at the opposite end thereof onto an end of said valve chamber; and wherein
PA1  said valving element is disposed in said valve chamber with an inlet end of
      said diffusor in adjacency to said opposite end of said nozzle.
NUM  5.
PAR  5. Apparatus, according to claim 4, wherein:
PA1  said valving element is slidably disposed in said valve chamber, for
      movement between first and second positionings relative to said valve
      chamber, and has means for effecting gas sealing engagement of outer
      surfacing thereof with valve chamber surfacing.
NUM  6.
PAR  6. Apparatus, according to claim 5, wherein:
PA1  said valving element has a plurality of relieved, annular lands formed
      thereon, and said gas sealing means comprises annular walls
      interpositioned between said lands;
PA1  said walls, lands, and valve chamber surfacing cooperatively define a
      plurality of separate compartments about said valving element; and
PA1  said body further has a gas inlet port formed therein, which opens on one
      of said compartments, and a primary gas outlet port which also opens on
      said one compartment when said element is in one of said first and second
      positionings and which opens on a second of said compartments when said
      element is in another of said positionings.
NUM  7.
PAR  7. Apparatus, according to claim 6, wherein:
PA1  said valving means further has resilient means for normally urging said
      valving element to said one positioning, to open a gas flow communication
      between said gas inlet and outlet ports via said one compartment.
NUM  8.
PAR  8. Apparatus, according to claim 7, wherein:
PA1  said body further has a secondary gas outlet port also formed therein which
      also opens on said one compartment when said valving element is in said
      second positioning, and which opens on a third of said compartments when
      said valving element is in said first positioning.
NUM  9.
PAR  9. Apparatus, according to claim 8, wherein:
PA1  said body further has a pilot signal port also formed therein which opens
      on a fourth of said compartments, the latter being a variable-volume
      compartment which is closed on one side thereof by a wall annulus, said
      resilient means comprises a spring constrained against said wall annulus
      to normally constrict the volume of said fourth compartment.
NUM  10.
PAR  10. Apparatus, according to claim 9, wherein:
PA1  said pilot signal means includes a pilot signal conduit in communication
      with said fourth compartment for addressing a pilot-signalling component
      of gas to said wall annulus for moving said wall annulus to dispose said
      valving member in said second positioning.
NUM  11.
PAR  11. Apparatus, according to claim 10, further including:
PA1  an element interpositioned within said pilot signal conduit normally
      operative to close off said pilot signal conduit and responsive to said
      predetermined pressure in said pilot signal conduit to open the latter.
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ABST
PAL  An air cooler and cleaner for cooling compressed-air coming from an
      air-compressor and for removing the moisture content thereof and for
      removing lubricant oil and solid particles and other contaminants which
      may be entrained therein. The air cooler and cleaner includes a tubular
      aluminum housing and an upper housing-closure and a lower housing-closure.
      Sheet-aluminum cooling fins having housing-receiving openings and
      cylindrical spacer and heat-conductor collars around said openings
      heat-shrunk onto the housing in firm thermally-conductive contact
      therewith and spacing the fins in relation to each other. A swirl-chamber
      in the lower portion of the housing and a cooling-chamber in the upper
      portion of the housing. The swirl-chamber has a tangential air-inlet for
      rapidly spinning the air therein. An inverted cylindrical cup-like
      air-director within the cooling-chamber for directing the air against and
      along the wall of the cooling-chamber in a thin layer. A funnel-like
      member including a flange a short distance below the air-director for
      separating the swirl-chamber from the cooling-chamber and having a central
      opening and an air-riser-tube extending down from said opening into the
      swirl-chamber to a substantial depth thereof. An air-outlet port in the
      upper closure for the discharge of the cooled and cleaned air. A filter in
      the upper end of the tubular housing, through which the compressed-air
      passes. A contaminant drain-opening in the swirl-chamber and an automatic
      drain-valve connected with the drain opening.
BSUM
PAC  THE FIELD AND OBJECT OF THE INVENTION, AND THE PRIOR-ART
PAR  The invention relates to air cooling and cleaning apparatus for use in
      connection with the development of a compressed-air supply for operating
      air-brakes on automotive equipment or for use in many industrial
      applications, as, for instance, compressedair operated tools, valves and
      instruments, and other compressedair operated or controlled equipment.
PAR  The compression of the air, by means of an air-compressor, to a pressure in
      the customary range (of 80 to 150 pounds per square inch or more) raises
      the temperature of the air by several hundred degrees, as, for instance,
      300.degree.F, more or less, depending on the pressure. For efficient
      storage and use, the temperature of the compressed-air must be reduced as
      near ambient temperature as possible. The compressed-air, as it leaves the
      compressor, may also have entrained therein some of the lubricant-oil used
      to lubricate the compressor or an air-whipped or aerated and perhaps
      somewhat aqueous emulsion-like form of such oil, and may also have
      entrained therein dust and other solid contaminants such as carbon
      particles resulting from the carbonization of lubricant oil. Another
      contaminant and frequently the largest contaminat is the moisture drawin
      into the compressor along with the atmospheric air. The extent of this
      contaminant varies of course with the degree of humidity. However,
      whatever the humidity, moisture and water entrained in the compressed-air
      leaving the compressor represents a hazard in the operation of air-brakes
      and other equipment to be operated or controlled by the compressed-air.
PAR  The object of the present invention is the efficient and reliable cooling
      of the compressed-air and the removal therefrom of its moisture or water
      content and the removal therefrom of the oil (or emulsion) discharged by
      the compressor and dust and carbon particles and other contaminants
      entrained therein;- while the compressed-air flows from the compressor to
      the storage-reservoir. A further object is a construction in air coolers
      and cleaners which is durable, trouble-free and economical to manufacture.
PAR  Many different compressed-air coolers and cleaners have heretofore been
      devised, and some of them have been marketed. The following are the prior
      patents of which I am aware, disclosing air coolers and cleaners: U.S.
      Pat. Nos. 1,485,055; 1,735,441; 2,195,565; 2,226,045; 2,535,760;
      2,840,183; 3,093,467; 3,402,529; 3,426,508; 3,516,231.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The compressed-air cooler and cleaner of the present invention is
      preferably formed, in the main, of aluminum or an aluminum alloy having a
      high thermal conductivity and high tensile strength, and it includes a
      generally upright cylindrical tubular body or housing formed of
      thick-walled tubing extruded out of such aluminum or aluminum alloy. A
      funnel-like member, whose flange is of a diameter neatly fitting into the
      inner diameter of the tubular housing, divides the tubular housing into a
      relatively short lower swirl-chamber or spin-chamber and a relatively
      longer (or higher) upper cooling-chamber, with the tube of the funnel
      extending down deep into the swirl-chamber. A drain-opening is provided at
      or near the bottom of the swirl-chamber, to which opening an automatic
      pilot-air-controlled drain-valve is connected. A compressed-air inlet
      communicates with the upper portion of the swirl-chamber and is arranged
      to deliver the incoming compressed-air tangentially of the swirl-chamber.
      An upper housing-closure or lid is secured to the upper end of the tubular
      housing, in fluid-sealed relation thereto, and has an air-delivery or exit
      opening extending therethrough. A hollow cylindrical nonmetallic
      air-director of low thermal conductivity, having its upper end closed and
      its lower end open, is operatively and co-axially disposed within the
      cooling-chamber, with the outer surface thereof spaced a short distance
      radially inwardly from the inner surface of the cooling-chamber, so as to
      form a narrow vertical air-passageway of annulus-shaped cross-section
      between the inner surface of the cooling-chamber and the outer surface of
      the air-director, A filter-chamber or filter-housing is carried by and
      extends downwardly from the upper housing-closure and is preferably formed
      integrally therewith, and has an inwardly-extending filter-supporting
      flange at the lower end thereof.
PAR  The tubular housing has a uniform interior diameter throughout its length.
      The flange of the funnel is supported horizontally on the heads of three
      equidistantly spaced rivets whose stems extend through and suitably beyond
      and are fluid-tight in corresponding holes through the wall of the tubular
      housing, and the outer ends of the stems are riveted over on the outside,
      against the outer surface of the tubular housing.
PAR  The lower open end of the air-director is supported on a stepped-diametered
      perforated disc whose upper small-diametered portion is snugly telescoped
      into the lower end of the air-director, and such disc is in turn supported
      by the flange of the funnel through three or four equidistant short
      vertical spacer-members. The air-director-supporting disc has three or
      four equidistantly spaced laterally-extending centering projections which
      extend out to the inner surface of the wall of the tubular housing and
      thus space the lower end of the air-director uniformly in relation to such
      inner surface of the housing. The upper closed end of the air-director is
      similarly spaced from the inner surface of the wall of the housing, in
      co-axial relation thereto, by lateral projections extending outwardly from
      the upper closure or lid thereof. The short vertical spacers which space
      the air-director a short distance above the flange or the funnel may be
      either spacers formed integrally with and extending downwardly from the
      stepped-diametered director-supporting disc, with their lower ends resting
      on the flange of the funnel, or such spacers may be short vertical spacers
      riveted or spot-welded or otherwise secured to the flange of the funnel,
      with their upper ends supporting the director-supporting disc.
PAR  A spring intermediate the filter-housing and the upper closed end of the
      air-director (or between the upper housing-closure and the upper closed
      end of the air-director) serves resiliently to press the air-director
      downwardly and to press the air-director-supporting disc against the
      aforementioned vertical spacers therebeneath and so to press the
      funnel-flange against its supporting rivet-heads, so that the space
      between the lower end of the air-director (or between the lower face of
      its supporting disc) and the flange of the funnel is no more than the
      height of the aforementioned vertical spacers, and yet so that the
      air-director can be raised upwardly to a slight extent against the force
      of said spring if the free passage of the compressed-air requires the
      raising of the air-director. The filter within the filter-housing is
      pressed downwardly against a lower annular filter-supporting flange of the
      filter-housing by means of a spring between the filter and the upper
      housing-closure so that if the filter becomes unduly clogged the
      compressed-air will lift the filter from said supporting flange to permit
      the compressed-air to bypass the filter.
PAR  Generally rectangular sheet-aluminum cooling-fins, having central openings
      for telescopically receiving the tubular housing and having short
      cylindrical flanges at their inner diameters, are press-fitted an/or heat
      shrunk onto the outside of the tubular housing, with the flanges thereof
      in firm thermally-conductive contact with the outer surface of the tubular
      housing and spacing the fins from one another.
PAR  The compressed-air entering the swirl-chamber tangentially near the top
      thereof, rapidly spins or swirls downwardly, thereby imposing a
      centripetal force upon the compressed-air in the swirl-chamber and upon
      any solid or liquid particles entrained in the compressed-air. The
      swirling air exits upwardly from the swirl-chamber through the downwardly
      extending tube of the funnel and enters the cooling-chamber beneath the
      air-director therein. The air in the space between the lower end of the
      tube of the funnel and the bottom of the swirl-chamber continues to swirl
      or spin. The spinning or swirling of the air both above and below the
      lower end of the tube of the swirl-chamber separates out most of the
      water, oil and solid particles (entrained in the compressed-air) before
      the compressed-air rises upwardly through the funnel-tube for passage
      between the air-director and the inner wall-surface of the
      cooling-chamber. The solid particles and oil-droplets and condensed
      moisture in the form of water droplets which have been so centripetally
      separated from the swirling compressed-air drop to the bottom of the
      swirl-chamber and are periodically flushed therefrom through the
      drain-opening at the bottom of the swirl-chamber by means of the automatic
      drain-valve connected thereto.
PAR  Such moisture as is not condensed and separated from the compressed-air in
      the swirl-chamber is condensed by the contact of the air with the inner
      wall-surface of the tubular housing and drains down therealong onto the
      disc of the funnel and then down into the tube of the funnel and into the
      swirl-chamber and then drops to the bottom of the swirl-chamber.
PAR  Such air-entrained particles as are not separated from the air in the
      swirl-chamber are filtered out by the filter which is just beneath the
      upper housing-closure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a verticle cross-sectional view of an embodiment of the
      air cooler and cleaner of the present invention, shown on a somewhat
      reduced scale.
PAR  FIG. 2 represents a horizontal cross-sectional view on line 2--2 of FIG. 1.
PAR  FIG. 3 represents a top plan view on line 3--3 of FIG. 1, of the upper
      housing-closure and of the corner portions of the uppermost cooling-fin
      extending outwardly beyond the housing closure.
PAR  FIG. 4 represents a cross-sectional view on line 4--4 of FIG. 1.
PAR  FIG. 5 represents a cross-sectional view on line 5--5 of FIG. 1.
PAR  FIG. 6 represents an elevational view of the empty tubular housing, with
      only the air-inlet welded thereto;- such air-inlet being either the
      air-inlet shown in FIGS. 1 and 4 or the air-inlet shown in FIG. 11.
PAR  FIG. 7 represents an elevational view of the housing-closure and of the
      integral filter-housing extending downwardly therefrom; with a portion of
      the filter-housing shown in section.
PAR  FIG. 8 represents a bottom view of the upper housing-closure and of the
      filter-housing.
PAR  FIG. 9 represents an elevational view of the lower housing-closure and
      valve-mounting member telescoped into and welded to the bottom of the
      tubular housing, as viewed at 90.degree. degrees to the cross-sectional
      view thereof shown at the bottom of FIG. 1.
PAR  FIG. 10 represents a bottom view of the bottom closure and valve-mounting
      member shown in FIG. 9.
PAR  FIG. 11 represents a cross-sectional view on line 11--11 of FIG. 6.
PAR  FIG. 12 represents a cross-sectional view on line 12--12 of FIG. 1, showing
      (among other elements) a bottom view of the air-director-supporting disc.
PAR  FIG. 13 represents a perspective view of the air-director-supporting disc
      (shown in cross-section in FIG. 1, and whose bottom view is shown in FIG.
      12).
PAR  FIG. 14 represents a view on line 14--14 of FIG. 1.
PAR  FIG. 15 represents a perspective view of the spring which urges the
      air-director downwardly.
PAR  FIG. 16 represents a cross-sectional view of valve 52 of the automotive
      embodiment of my air cooler and cleaner.
PAR  FIG. 17 represents a cross-sectional view of the valve 52 of the stationary
      embodiment of my air cooler and cleaner.
PAR  FIG. 18 represents a schematic view of compressor, reservoir and unloader
      of an automotive air system including the automotive embodiment of my air
      cooler and cleaner.
DETD
PAC  DESCRIPTION OF EMBODIMENTS OF INVENTION
PAR  In the illustrated embodiment of the present invention, the air cooler and
      cleaner in its entirety (as illustrated in FIG. 1) is designated by the
      reference-number 20. The tubular housing thereof is designated in its
      entirety by the reference-number 21, and the upper housing-closure thereof
      is designated by the reference-number 22, and the bottom housing-closure
      member thereof is designated by the reference-number 23.
PAR  A funnel-like member 24, hereinafter generally referred to as the "funnel",
      is operatively mounted within the tubular housing 21, in the manner
      indicated in FIG. 1. The funnel 24 comprises a flange including a
      horizontal planar outer flange-portion 25 and a conical inner
      flange-portion 26 having a central opening 27 therein. The outer diameter
      of the outer planar flange-portion 25 is such that it will fit neatly
      within the inner diameter of the tubular housing 21, with a minimum
      clearance required to insert flange into the housing;- such clearance
      being sufficiently small so that any upward leakage of air between the
      outer periphery of the planar flange-portion 25 and the inner surface of
      the tubular housing 21 will be insignificant.
PAR  The outer planar flange-portion 25 rests on and is supported by three or
      four equidistantly spaced and horizontally aligned rivetheads 28 whose
      stems 29 pass through holes 30 in the tubular housing 21 with a tight fit
      and with the outer ends 31 thereof riveted over tightly, so that the
      rivets are in air-tight relation to the housing 21.
PAR  The flange (25 and 26) of the funnel 24 divides or separates the tubular
      housing 21 into a lower swirl-chamber 32 and an upper cooling-chamber 33;-
      the upper cooling-chamber having a vertical dimension or extent
      substantially greater than that of the lower swirl-chamber 32.
PAR  An air-riser-tube 34 extends downwardly from the hole 24, into the
      swirl-chamber 32 to a point a short distance above the bottom thereof as
      indicated in FIG. 1.
PAR  A boss-like fitting 35 is welded to the outer surface of the housing 21, in
      operative alignment with the inlet openings 36 in the housing 21, by means
      of the annular fillet-weld 37. The outer end-portion of the boss-like
      fitting 35 is pipe-threaded to receive a suitable T-fitting 38 whose outer
      end 39 is connected with the pipe-line which delivers the compressed-air
      to the air cooler and cleaner, and to the right-angular branch 40 of which
      any suitable pressure-release-valve or safety-valve is operatively
      mounted. The inner end-portion of the bore of the fitting 35 may be
      pipe-threaded as indicated in FIG. 1, and into such inner threaded portion
      a 45.degree. angled fitting 42 is operatively secured, as indicated in
      FIGS. 1 and 4; with the inner angled portion 43 thereof formed into a
      threadless nozzle (as indicated in FIG. 4) for delivering the incoming
      compressed-air tangentially of the inner surface of the swirl-chamber 32,
      so as to impart a rapidly spinning or swirling motion to the air
      descending downwardly through the swirl-chamber.
PAR  Instead of providing a separate inner 45.degree.-angled fitting 42 (as in
      FIGS. 1 and 4), the boss-like fitting 35 may have a coaxial inward
      extension 44 formed integrally therewith, whose inner end may be closed,
      and in the side of which a round hole or a slot 45 may be provided with
      its median plane generally horizontally disposed;- the hole or slot 45
      being suitably angled so as to discharge the incoming compressed-air
      generally tangentially of the inner surface of the swirl-chamber 32, as
      indicated in FIG. 11.
PAR  The bottom housing-closure 23 (FIGS. 1, 9, 10 and 5) is preferably cast or
      forged of aluminum or an aluminum alloy, but may otherwise be formed of
      aluminum or of an aluminum alloy. The bottom housing-closure 23 includes a
      cylindrical flange 46 whose outer surface fits snugly within the inner
      cylindrical surface of the tubular housing 21, and a conical bottom-wall
      47 which is preferably coaxial with the cylindrical flange 46. An oblong
      drain-boss 48 extends downwardly from the conical bottom-wall 47 as shown
      in FIGS. 9 and 10. The oblong boss 48 has a vertical discharge passageway
      or sump 49 therethrough, which also extends through the conical
      bottom-wall 47; discharge hole 49 being off-center in relation to the axis
      of the cylindrical flange 46, as indicated particularly in FIGS. 1, 5 and
      10. A lateral threaded hole 50 extends from the vertical drain-passageway
      or sump 49, into which hole 50 the threaded pipe-end or nipple 51 of the
      automatic drain-valve 52 is threaded.
PAR  A closure-plug 53 is threaded into the lowermost end of the vertical
      drain-passageway of sump 49, so that its upper end is at or in close
      proximity to the hole through the nipple 51, so that when the drain-valve
      52 is periodically opened, substantially all the water, oil and solid
      particles which have accumulated in the sump 49 (and in the conical cavity
      54 thereabove) will be flushed out and discharged or "dumped" through the
      discharge outlet 55 of the automatic drain-valve 52 by the force of the
      compressed-air within the housing 21 (and within the air-director 62).
PAR  The plug 53 in the bottom of the drain-sump 49 may be removed for access to
      the sump 49 and to the interior of the swirl-chamber for inspection or
      clean-out, if needed.
PAR  A lateral cylindrical bore or chamber 56 is provided in the oblong
      drain-boss 48, coaxial with the lateral opening 50 therein, in which bore
      or chamber 56 the innermost cylindrical portion 99 of the drain-valve 52
      may be snugly nested as indicated in FIG. 1, so that any vibration of the
      air cooler and cleaner resulting from the vibration of the vehicle on
      which it is mounted will not tend to break off the nipple 51 nor otherwise
      adversely effect the attachment of the drain-valve 52 to the lateral
      drain-opening 50. Alternatively, the innermost portion 99 of the housing
      of the drain-valve 52 may be screw-threaded into the bore 56, as indicated
      in FIGS. 16 and 17, or it may be formed integrally with the drain-boss 48.
PAR  A vertical clearance-hole 57 is provided in the bottom of the oblong
      drain-boss 48, through which the drain-valve 52 may discharge the contents
      of the sump-hole 49 and of the conical cavity 54 thereabove. A pipe-nipple
      58 may extend through the hole 57 and be threaded into the drain-hole 55
      of the drain-valve 52 for discharging the contents of the sump 49 and of
      the conical cavity 54 as indicated in FIG. 1, or the bottom of the oblong
      drain-boss 48 may be cut away beyond the bore or chamber 56 thereof.
PAR  A recess 59 is provided at the bottom of the housing 21, as indicated
      particularly in FIGS. 1 and 6, for clearing the outer portion of the
      drain-valve 52.
PAR  The lower housing-closure 23 is secured to the tubular housing 21 in
      air-tight relationship thereto, by means of an annular fillet-weld 60
      between its flange 46 and the housing 21.
PAR  The hollow cylindrical air-director 62 is preferably formed of suitable
      plastic or hard pressed fibre or impregnated fibre material having very
      low heat conductivity, and having an upper closure 63 of the same or
      similar material. Its lower portion 64 is press-fitted and/or cemented
      into or otherwise secured to the top of the cylindrical body of the
      air-director 62, and its upper portion 65 has a flange 66 extending
      outwardly and overlapping the upper end of the tubular body of the
      air-director 62. At three or four circumferentially distributed points
      thereof, centering projections 94 extend outwardly from the flange 66 into
      close proximity of the inner wall-surface of the cooling-chamber 33 (as
      indicated in FIGS. 1, 2 and 14), for centering the upper end of the
      air-director 62 in relation to the cooling-chamber 33.
PAR  The lower open end of the tubular body of the air-director 62 is supported
      on a multi-diametered and perforated director-supporting disc 67 shown in
      FIG. 13. The smaller diametered upper portion 68 of the disc 67 is
      press-fitted into the lower end of the tubular body of the air-director
      62, as indicated in FIG. 1, with the lower end of such tubular body
      resting on the horizontal shoulder 69 of the disc 67 (FIGS. 13 and 1).
      Three or four circumferentially distributed integral
      air-director-centering elements 70 extend laterally outwardly from the
      disc 67 into close proximity of the inner wall-surface of the tubular
      housing 21, so as to center the lower end of the air-director in relation
      thereto. The integral spacers 71 extend downwardly from the centering
      elements 70 and rest on the outer flange-portion 25 of the funnel 24, as
      indicated in FIGS. 1, 13 and 12, so as to space the
      air-director-supporting disc 67 at a distance above the funnel 24 just
      sufficiently to permit the free passage of the compressed-air between the
      disc 67 and the funnel-flange (25 and 26) in a laterally outward direction
      towards the annular air-passage space 72 between the air-director 62 and
      the inner surface of the cooling-chamber 33, as indicated by the arrows in
      FIG. 1.
PAR  Instead of the downwardly extending vertical spacer 71, vertical spacers of
      corresponding height may be provided on the planar flange-portion 25 of
      the funnel 24, by being formed integrally therewith or by being riveted or
      spot-welded thereto or by being otherwise secured thereto; such
      alternative vertical spacers preferably extend upwardly to the lower
      horizontal annular surfaces 73 of the disc 67, so as to space the disc 67
      from the flange 25 of the funnel 24 at the same distance as the spacing
      provided by the vertical spacers 71. Alternatively, a short upstanding
      peripheral cylindrical spacer-flange may be provided on the funnel-flange
      (25 and 26) beneath the radial centering-projections 70 of the
      air-director-supporting disc 67 for supporting the latter and the
      air-director 62.
PAR  The upper housing-closure 22, preferably cast or forged of aluminum or
      aluminum alloy, has a downwardly extending filter housing 74, preferably
      formed integrally therewith, in which the filter 75, confined between
      upper and lower perforated metallic discs 76 and 77, is operatively
      mounted, as indicated in FIG. 1. An annular retainer-ring 78 is mounted in
      the ring-receiving groove 79 near the bottom of the filter-housing 74, and
      supports the lower perforated disc 77 of the filter-assembly as shown in
      FIG. 1. A suitable helical compression-spring 80 is operatively mounted
      between the bottom surface of the upper housing-closure 22 and the upper
      perforated disc 76, so as to press the discs 76 and 77 to the filter 75
      and to keep the filter-assemblage seated on the retainer-ring 78.
PAR  As the compressed-air is cooled during its upward passage through the
      annulus-shaped air-passageway 72 (between the wall-surface of the
      cooling-chamber 33 and the air-director 62) most, if not all, of the
      moisture content thereof is condensed and flows downwardly as a thin film
      on the wall-surface of the cooling-chamber 33 and drops onto the
      funnel-flange (25 and 26) and drains from there into the bottom of the
      swirl-chamber 32 along the inner wall-surface of the air-riser-tube 34.
PAR  For the removal of any traces of moisture which may be still left in the
      compressed-air after it has risen above the air-director 62, I may
      operatively mount an air-permeable descicator cartridge (not shown)
      between filter-assemblage (75, 76 and 77) and the inner surface of the
      upper housing-closure 22.
PAR  The upper housing-closure 22 is provided with an outer boss 81 through
      which the outlet-opening 82 extends. The outer end of the opening has a
      check-valve 83 operatively mounted thereto, with the downstream end 84 of
      the check-valve 83 being connected to the compressed-air reservoir by any
      suitable piping or tubing 85, as indicated in FIG. 18.
PAR  To the upper end of the tubular housing 21, an aluminum or aluminum alloy
      ring or collar 86 is secured by being press-fitted over and welded thereto
      by the fillet-weld 87 which may be a continuous annular weld or may be
      comprised of several circumferentially spaced fillet-welds. The collar 86
      is provided with a suitable number of circumferentially distributed tapped
      holes 88, into which the headed bolts 89 (extending through corresponding
      holes in the housing-closure 22) are firmly threaded, thereby securing the
      upper housing-closure 22 to the upper end of the housing 21, as indicated
      in FIGS. 1, 3, 7 and 8. A suitable sealing gasket 97 is interposed between
      the upper housing-closure 22 and the upper end of the housing 21, so as to
      form an air-tight seal therebetween, as indicated in FIG. 1.
PAR  A spring designated generally by the numeral 90 (shown in FIGS. 1, 14 and
      15) has four upper inwardly-inclining V-shaped spring-prongs 91 and rests
      on top of the upper closure 63 of the air-director 62, with its outermost
      elbow-like bends 92 in close proximity to the inner surface of the tubular
      housing 21, so as to be centered thereby, and having the points 93 of its
      four prongs 91 bearing against the lower annular end of the filter-housing
      74 (as indicated in FIG. 1), thereby to exert a resilient downward
      pressure upon the air-director 62.
PAR  The generally rectangular sheet-aluminum (or aluminum alloy) cooling-fins
      95, have rounded corners (as indicated in FIGS. 2, 3, 12 and 14) and have
      central openings therein and have generally cylindrical short integral
      flanges 96 at their inner diameters, with the inner diameters of such
      flanges tightly fitting the outer diameter of the tubular housing 21. The
      inner diameters of the cylindrical flanges 96 of the cooling-fins 95 are
      preferably made slightly less than the outer diameter of the tubular
      housing 21, and such flanged fins are telescoped over the tubular housing
      21 by being first heated to and maintained at a temperature sufficiently
      high to increase the inner diameter of the flange 96 thereof to an extent
      permitting such flanges to be telescoped over the tubular housing 21 and
      thereafter cooled so as to shrink the flange 96 tightly onto the outer
      surface of the tubular housing 21 in firm thermally-conductive contact
      with the outer surface of the tubular housing.
PAR  Instead of heating the fins 95 and flanges 96 to sufficiently high
      temperature (above ambient temperature) to expand the inner diameter of
      the flanges 96 sufficiently to be telescoped over the tubular housing 21
      at ambient temperature, I may, alternatively, chill the tubular housing 21
      sufficiently below ambient temperature to reduce its outer diameter
      sufficiently to fit into the flanges 96 while the later are at ambient
      temperature. I may both heat the fins 95 (and their flanges 96) and chill
      the housing 21 so as concurrently to enlarge the inner diameter of the
      flanges 96 and reduce outer diameter of the housing 21, and then telescope
      the fins 95 (and flanges 96) and the housing 21 in relation to each other
      while they are maintained at their elevated and lowered temperatures,
      respectively. As used in the following claims thereof, the term
      "heat-shrunk" is intended to cover the firm thermally-conductive contact
      between the flanges 96 and the housing 21 obtained by any of these three
      methods.
PAR  The flanged fins 95 may also be press-fitted onto the outer surface of the
      tubular housing 21 along with any of these three heat-shrinkings.
PAR  The flanged-fins 95 and the housing 21 are so telescoped in relation to
      each other either before the collar 86 is applied to the tubular housing
      21 or before the air-inlet fitting 35 and the rivets (28 and 29) are
      applied to the tubular housing; preferably before the latter are applied
      thereto. Several short circumferentially distributed fillet-welds 98 (FIG.
      1) are applied to the lowermost fin 95 and the adjacent outer wall surface
      of the tubular housing 21, so as to maintain the fins against the
      separation of the flanges thereof from the next adjacent fin. The
      uppermost fin 95 is abutted against the fillet-weld 87, which serves as an
      upper abuttment for the fins.
PAR  While in the embodiment of my invention shown in the drawings, the fins 95
      are provided only on the portion of the tubular-housing 21 which is
      generally above the flange (25 and 26) of the funnel 24 (namely, that part
      of the tubular housing which constitutes the cooling-chamber and the
      portion thereof immediately above the cooling-chamber), yet for use in
      warm or hot climates I may also provide similar cooling-fins on the
      portion of the tubular housing 21 between the inlet-fitting 35 and the
      valve-clearing recess 59 in the lower end of the housing 21.
PAR  For use of my air cooler and drier in extremely cold climate, I may encase
      or envelope the lower portion of the tubular housing 21, namely, the
      portion thereof below flange 25-26 of the funnel 24, or the lowermost
      portion thereof in which the lower housing-closure 23 is mounted
      (including the bottom thereof across the lower end of the tubular housing
      21), in a thermally insulating boot or jacket (not shown), in order to
      prevent any possible freezing of the water in the swirl-chamber 32 or in
      the conical cavity 54 or in the drain-sump 49 therebeneath or to prevent
      any possible freezing of the drain-valve 52.
PAR  Instead of the rivets (28-29) for supporting the funnel 24 and the
      air-director 62, I may provide a spacer between the upper annular shoulder
      100 of the lower housing-closure 23 and the lower surface of the
      flange-portion 25 of the funnel 24. Such spacer may be in the form of a
      thin-walled aluminum tube snugly fitting into the inner diameter of
      tubular housing 21 and having a cut-out or hole to clear the inlet-nozzle
      42 in FIGS. 1 and 4 or the inlet nozzle 44 (in FIG. 11).
PAR  The automatic drain-valve 52 may be of the normally closed type illustrated
      in FIG. 16 or it may be of the normally open type illustrated in FIG. 17.
PAR  In the embodiment of my air cooler and cleaner 20 for use in connection
      with air-compressors (116) and their storage-reservoirs (117) on
      automotive equipment, such as trucks, tractors and the like (FIGS. 16 and
      18) whose compressor 116 is continuously driven by the engine thereof, the
      drain-valve 52 is of the normally closed type illustrated in FIG. 16 whose
      innermost housing portion 99 may be screw-threadedly mounted to (or formed
      integrally with) the drain-boss 48 of the lower housing-closure 23 of the
      air cooler and
PAR  The normally-closed drain-valve 52 shown in FIG. 16 includes a conical
      valve-seat 101 facing downstream, and a corresponding conical valve-disc
      102 facing upstream, carried by a valve-rod 103 whose downstream end is
      slideably supported in the central hole 104 of the web 105 having
      through-holes 106 therein, and whose upstream end is slideably supported
      in the co-axial hole 107 of a similarly appertured web 108. The outer end
      of the valve-stem 103 abuts against the piston 109. A helical compression
      spring 110 returns the piston 109 to its retracted position shown in FIG.
      16 when compressed-air from the governor unloader valve 115 is not applied
      thereto, while (under the same condition) the helical compression spring
      111 ureges the valve-disc 102 into its seating or closed position shown in
      FIG. 16. The seating of the valve-disc 102 is also augmented by the
      pressure of the compressed-air upstream thereof. The flange 113 on the
      valve-stem 103 serves to limit the downstream unseating movement of the
      valve-disc 102. The pipe or tubing 61 from the control-air-port 112 of the
      drain-valve 52 shown in FIG. 16 is connected to the pipe-line 114 between
      the governor unloader valve 115 and the air-compressor 116 shown
      schematically in FIG. 18. Such governor unloader valve 115 is generally
      mounted between the compressed-air storage-reservoir 117 and the
      air-compressor 116, so that when the pressure in the storage-reservoir 117
      reaches the upper pressure-limit for which it is set, the compressed-air
      from the storage-reservoir 117 will activate the unloader-valve 115 so
      that its control-valve is thereby opened to admit compressed-air from the
      storage-reservoir 117 to the valve de-activator of the air-compressor,
      which thereby keeps the air-intake valve of the compressor open even
      though the compressor continues to turn over. So long as the
      air-intake-valve of the air-compressor is thus kept open, the compressor
      does not deliver compressed-air to the air cooler and cleaner 20 and hence
      does not deliver compressed-air to the storage-reservoir 117 therebeyond.
PAR  When the pressure of the air in the storage-reservoir 117 drops to the
      lower pressure-limit for which the governor unloader-valve 115 is set,
      then its control-valve closes, so that compressed-air from the reservoir
      117 is not delivered to the pipe-line 114 leading to the aforementioned
      valve de-activator of the compressor and so that the line 114 is vented to
      the atmosphere whereby the air-intake valve of the compressor again closes
      cyclically during the compression stroke of the piston of the compressor,
      so that the compressor delivers compressed-air to the air cooler and
      cleaner 20 and to the storage-reservoir 117 therebeyond. Upon such venting
      of the line 114, the line 61 connected to the control-air-port 112 of the
      drain-valve 52 is likewise vented;- with the result that the spring 110
      returns the piston 109 to the position shown in FIG. 16, and the spring
      111 returns the valve-disc 102 to its closed position as shown in FIG. 16.
PAR  In the embodiment of my air cooler and cleaner 20 for use in connection
      with air-compressors (and their storage-reservoirs) stationarily installed
      in service-stations, shops, factories, laboratories and the like, where
      the compressor is completely shut down or stopped whenever the pressure in
      its storage-reservoir reaches an upper set limit and is then started up
      again when the lower set limit of pressure is reached in the reservoir,
      the drain-valve 52 is of the normally open type illustrated in FIG. 17,
      whose innermost housing portion 99 may likewise be screw-threadedly
      mounted to (or formed integrally with) the drain-boss 38 of the lower
      housing-closure 23 of my air cooler and cleaner 20.
PAR  In this embodiment the piston 109 and the valve-disc 122 and the valve-rod
      or the valve-stem 103 may be formed integrally with each other as
      illustrated in FIG. 17. In this embodiment, the conical valve-seat 121
      faces upstream and the correspondingly tapered valve-disc 122 faces
      downstream, so that the piston-return spring 111 keeps the valve open in
      the absence of pressure applied to the control-fluid-port 112. In this
      embodiment the pipe-line 61 is connected to the oil-delivery side or the
      pressure-side of the oil-pump of the air-compressor (or to the line
      leading therefrom), so that whenever the compressor is turning over, the
      valve-disc 122 will be kept in its seated or closed position, against the
      valve-seat 121, so that the drain-valve 52 is closed whenever the
      air-compressor is running, and so that whenever the air-compressor is shut
      down (and the oil-pressure from the oil-pump of the compressor ceases or
      drops below the required pressure), then the drain-valve 52 shown in FIG.
      17 will be opened so as to drain and discharge the contents of the sump 49
      and the conical cavity 54 thereabove in the lower housing-closure 23.
PAR  The term "pilot-fluid," as used in the following claims, is intended to
      cover the pilot-air under pressure supplied to the pilot-port 112 through
      the lines 114 and 61 by the governor unloader valve 115 of or connected to
      the compressor 116 as in the automotive embodiment illustrated in FIGS. 16
      and 18, as well as the pilot-oil under pressure supplied to the pilot-port
      112 by the oil-pump of the air-compressor in stationary embodiment
      illustrated in FIG. 17. The term "pilot-fluid output-port" as used in the
      claims is intended to cover the compressed-air output-port of the governor
      unloader valve 115 (FIG. 18) in the automotive use of my air cooler and
      cleaner 20 as well as the oil-output-port or oil-output-line of the
      oil-pump of the air-compressor in the stationary use of my air cooler and
      cleaner 20 (such oil-pump not being shown in the drawings).
PAR  In the embodiment of my air cooler and cleaner 20 illustrated in FIG. 1,
      the extruded aluminum tube constituting the housing 21 is 15 inches long
      and has a 51/4 inch long outer diameter and a 43/4 inch inner diameter and
      a wall thickness of 1/4 inch, and the fins 95 (and flanges 96) are sheet
      aluminum having a thickness of about 0.050 inch. These dimensions are
      stated here for purposes of illustration and without restriction.
PAR  To increase the capacity of my air cooler and cleaner, as, for instance, to
      accommodate larger air-compressors, I generally need only increase the
      length of the thick-walled aluminum housing tube 21 and correspondingly
      increase the lengths of the cooling chamber 33 and air-director 62;
      although I may also increase the vertical dimensions of the swirl-chamber
      32 and air-riser-tube 34. The same upper and lower housing-closures (22
      and 23) and the same inlet-boss (35) being usable with such lengthened
      housing-tubes 21, thus conducing to economic manufacture of my air cooler
      and cleaner.
PAR  The aforementioned emulsion-like oil and the water and solid particles
      entrained in the compressed-air at times result in the accumulation of a
      sludge in the bottom of an air cooler and cleaner, which tends to become
      more viscous and at times to cake unless it is fully flushed out with each
      successive periodic operation of the automatic drain-valve. In order
      better to assure the adequate flushing out of such sludge upon each
      operation of the automatic valve 52, I have made the diameter or
      horizontal dimension of the drain-sump 49 relatively smaller in relation
      to the diameter or horizontal dimension of the conical cavity 54 and of
      the swirl-chamber 32 thereabove. As a result, the sludge which is the
      oldest will accumulate in the small-diametered drain-sump 49 from which it
      can better be flushed out by the compressed-air thereabove, which passes
      through the drain-sump at a higher velocity because of the small
      cross-sectional area thereof (during each "open" phase of the drain-valve
      52) whereas the sludge in the cavity 54 or in the bottom of the
      swirl-chamber 32 can be more readily flushed out by the lower velocity
      compressed-air sweeping therethrough.
PAR  The normally-open automatic drain-valve 52 is shown in FIG. 16 and the
      normally-closed automatic drain-valve 52 is shown in FIG. 17 only for the
      purposes exemplifying illustrations of of these automatic drain-valves and
      without limitation to the specific constructional details shown in these
      exemplifying illustrations.
PAR  The term "aluminum" as used hereinabove and as used in the following claims
      is intended also to cover aluminum alloys and compositions containing a
      major proportion of aluminum.
CLMS
STM  Having shown and described an embodiment of my invention, I claim the
      following:
NUM  1.
PAR  1. An air cooler and cleaner for operative mounting in a compressed-air
      pipe-line between an air-compressor and its compressed-air
      storage-reservoir, for cooling the compressed-air and for removing
      therefrom any moisture, lubricating-oil and solid particles which may be
      entrained therein, said air cooler and cleaner including a
      cooling-chamber, an unbaffled swirl-chamber adjacent the upstream end of
      the cooling-chamber, a compressed-air inlet arranged to be connected with
      the discharge outlet of an air-compressor and communicating with said
      swirl-chamber in a zone thereof substantially nearer the cooling-chamber
      than the opposite end thereof and arranged to deliver the compressed-air
      from the compressor into the swirl-chamber generally tangentially with
      respect thereto and to freely swirl the compressed-air in the
      swirl-chamber without baffled interruption, to separate therefrom liquid
      and solid particles entrained therein, a contaminant-drain-opening forming
      an exit from said swirl-chamber, and the lower portion of said
      swirl-chamber being pitched downwardly towards said drain-opening, a
      member positioned between and separating the cooling-chamber and the
      swirl-chamber and separating its tangential air-inlet from the
      cooling-chamber, said member having a hole therethrough, an air-exit tube
      carried by said member and communicating with and extending from the hole
      therein into the swirl-chamber a substantial distance beyond its
      tangential air-inlet, and spaced from said swirl-chamber exit thereby to
      cause the swirling motion of the compressed-air to extend a substantial
      distance axially into the swirl-chamber before the compressed-air passes
      from the swirl-chamber into the cooling-chamber, an automatic drain-valve
      operatively connected with said drain-opening and having a control-port
      and arranged to be controlled by a pilot-fluid under pressure from the
      compressor and arranged to have its control-port connected with the
      pilot-fluid output-port of the compressor, an air-outlet-port
      communicating with the downstream side of said cooling-chamber, said
      swirl-chamber and said cooling-chamber being so arranged with respect to
      each other that the compressed-air will flow from the swirl-chamber into
      and through the cooling-chamber, and a check-valve connected with said
      air-outlet-port for barring the flow of the compressed-air from the
      storage-reservoir into the cooling-chamber.
NUM  2.
PAR  2. An air cooler and cleaner according to claim 1, including a filter
      operatively interposed between the cooling-chamber and the
      air-outlet-port.
NUM  3.
PAR  3. An air cooler and cleaner according to claim 1, including an
      air-director in the cooling-chamber, forming therewith a passageway
      through which the compressed-air passes, in a relatively thin layer, along
      the inner wall-surface of the cooling-chamber.
NUM  4.
PAR  4. An air cooler and cleaner according to claim 3, including spacers
      extending radially outwardly from the air-director into close proximity of
      the wall-surface of the cooling-chamber for spacing the air-director with
      respect to said wall-surface.
NUM  5.
PAR  5. An air cooler and cleaner according to claim 1, including a housing
      formed of thick-walled metallic tubing forming the cooling-chamber and the
      swirl-chamber thereof, and a plurality of separate sheet-metal cooling
      fins having housing-receiving openings therein and generally cylindrical
      integral fin-spacing and heat-conducting flanges around said opening
      through which the housing-tube extends in firm-heat-conductive contact
      therewith.
NUM  6.
PAR  6. An air cooler and cleaner according to claim 5, in which the
      housing-tube is extruded aluminum tubing and in which the cooling fins and
      flanges thereof are formed of sheet-aluminum.
NUM  7.
PAR  7. An air cooler and cleaner according to claim 5, in which the flanged
      cooling-fins are heat-shrunk onto housing-tube.
NUM  8.
PAR  8. An air cooler and cleaner according to claim 5, including an
      air-director in the cooling-chamber, forming therewith an air-passageway
      having an annulus-shaped cross-section of small radial extent through
      which the compressed-air passes, in a relatively thin layer, along the
      inner wall-surface of the cooling-chamber.
NUM  9.
PAR  9. An air cooler and cleaner for compressed-air, including a
      cooling-chamber, an unbaffled swirl-chamber adjacent the upstream end of
      the cooling-chamber, an air-inlet communicating with said swirl-chamber in
      a zone thereof substantially nearer the cooling-chamber than the opposite
      end thereof and arranged to cause the incoming air to freely swirl
      therewithin without baffled interruption, a member positioned between and
      separating the cooling-chamber and the swirl-chamber and separating its
      tangential air-inlet from the cooling-chamber, said member having a hole
      therethrough, an air-exit tube carried by said member and communicating
      with and extending from the hole therein into the swirl-chamber a
      substantial distance beyond its tangential air-inlet, and spaced from said
      swirl chamber exit thereby to cause the swirling motion of the
      compressed-air to extend a substantial distance axially into the
      swirl-chamber before the compressed-air passes from the swirl-chamber into
      the cooling-chamber, a drain-opening communicating with the low side of
      the swirl-chamber, and the low side of said swirl-chamber being pitched
      downwardly towards said drain-opening, and an automatic drain-valve
      connected with said drain-opening, an air-outlet-opening communicating
      with the upper portion of the cooling-chamber, and a check-valve connected
      to said air-outlet-opening.
NUM  10.
PAR  10. An air cooler and cleaner according to claim 9, including a generally
      vertical drain-sump intermediate the swirl-chamber and the drain-opening,
      said drain-sump having a horizontal cross-sectional area substantially
      smaller than the horizontal cross-sectional area of swirl-chamber
      thereabove.
NUM  11.
PAR  11. An air cooler and cleaner for compressed-air, including a
      cooling-chamber, an air-director within said cooling-chamber arranged to
      form with the wall of the cooling-chamber an air-passageway having a
      relatively thin annulus-shaped cross-section for passing the
      compressed-air downstream along and in contact with the wall of the
      cooling-chamber, an unbaffled swirl-chamber adjacent the upstream end of
      the cooling-chamber, an air-inlet arranged to be connected with the
      discharge outlet of an air-compressor and communicating with said
      swirl-chamber and arranged to cause the incoming air to freely swirl
      therewithin, a member positioned between and separating the
      cooling-chamber and the swirl-chamber and separating its tangential
      air-inlet from the cooling-chamber, said member having a hole
      therethrough, an air-exit tube carried by said member and communicating
      with and extending from the hole therein into the swirl-chamber a
      substantial distance beyond its tangential air-inlet, and spaced from said
      swirl-chamber exit thereby to cause the swirling motion of the
      compressed-air to extend a substantial distance axially into the
      swirl-chamber before the compressed-air passes from the swirl-chamber into
      the cooling-chamber, a drain-opening operatively communicating with the
      low side of the swirl-chamber and the low side of said swirl chamber which
      is beyond the intake end of said air-exit tube being pitched towards said
      drain-opening, and an automatic drain-valve connected with said
      drain-opening, an air-outlet-opening communicating with the downstream end
      of the cooling-chamber, and a check-valve connected to said air-outlet
      opening.
NUM  12.
PAR  12. An air cooler and cleaner for compressed-air, including a
      cooling-chamber, an air-director within said cooling-chamber arranged to
      form with the wall of the cooling-chamber an air-passageway having a
      relatively thin annulus-shaped cross-section for passing the
      compressed-air downstream along and in contact with the wall of the
      cooling-chamber, an unbaffled swirl-chamber adjacent the upstream end of
      the cooling-chamber, an air-inlet communicating with said swirl-chamber
      and arranged to cause the incoming air to freely swirl therewithin, a
      member having a hole therethrough and positioned between and separating
      the cooling-chamber and the swirl-chamber, an air-conduit carried by said
      member in registration with the hole therethrough and extending from said
      member into said swirl-chamber and spaced from the lower end-portion of
      said swirl-chamber for passing the compressed-air from said swirl-chamber
      downstream into the cooling-chamber, a drain-opening operatively
      communicating with the swirl-chamber and the lower end-portion of said
      swirl-chamber being pitched downwardly towards said drain-opening, and an
      automatic drain-valve connected with said drain-opening, an
      air-outlet-opening communicating with the downstream end of the
      cooling-chamber, and a check-valve connected to said air-outlet-opening.
NUM  13.
PAR  13. An air cooler and cleaner including an elongated tubular housing formed
      of thick-walled metallic tubing and closed at each end thereof by closure
      members secured thereto and having therein an air-cooling chamber in the
      downstream portion thereof and an unbaffled air-swirl chamber in the
      upstream portion thereof, a compressed-air inlet arranged to deliver
      compressed-air into said swirl-chamber near its down-stream end and
      generally tangentially of the inner wall-surface thereof so as to freely
      swirl the compressed-air in the air-swirl chamber, a member positioned
      between and separating the cooling-chamber and the swirl-chamber, said
      member having a hole therethrough, an air-exit tube carried by said member
      and communicating with and extending from the hole therein into the
      swirl-chamber a substantial distance beyond its tangential air-inlet, and
      spaced from said swirl chamber exit thereby to cause the swirling motion
      of the compressed-air to extend a substantial distance axially into the
      swirl-chamber before the compressed-air passes from the swirl-chamber into
      the cooling-chamber, a compressed-air outlet-port communicating with the
      downstream end of the air-cooling chamber, and a drain-opening
      communicating with the upstream end-portion of said air-swirl chamber.
NUM  14.
PAR  14. An air cooler and cleaner including a generally tubular elongated
      one-piece housing closed at each end thereof by a closure secured thereto
      and having an air-cooling chamber in the downstream portion thereof and an
      unbaffled upstream portion, a compressed-air inlet arranged to deliver
      compressed-air into said housing substantially nearer to its upstream end
      than its downstream end and generally tangentially of the inner
      wall-surface thereof so as to swirl the compressed-air in the unbaffled
      upstream portion of said housing, a member positioned between and
      separating the cooling-chamber and the upstream portion of the housing and
      separating the compressed-air inlet from the cooling-chamber, said member
      having a hole therethrough, an air-exit tube carried by said member and
      communicating with and extending from the hole therein into the upstream
      portion of the housing a substantial distance beyond the air-inlet, and
      spaced from said swirl chamber exit thereby to cause the swirling motion
      of the compressed-air to extend a substantial distance axially into the
      upstream portion of the housing before the compressed-air passes therefrom
      in the cooling-chamber, external cooling-fins on said housing above said
      compressed-air inlet, a compressed-air outlet port communicating with the
      downstream end-portion of said cooling-chamber, and a drain-opening
      communicating with the upstream end-portion of said housing.
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PAL  A method of analyzing nitric oxide (NO) in a gas stream containing nitrogen
      dioxide (NO.sub.2) and a scrubber apparatus for selectively removing
      nitrogen dioxide from a gas stream containing nitric oxide. The scrubber
      apparatus comprises a container having an inlet port for the gas stream
      and an outlet port. The scrubber material in the container includes silver
      carbonate whereby the scrubber has an efficiency of at least about 99% and
      a capacity of about 11.5 parts per million hours of 99% nitrogen dioxide
      removal per gram of silver carbonate. The method involves passing the gas
      stream through a scrubber material containing silver carbonate so as to
      remove nitrogen dioxide from the gas stream while passing the nitric oxide
      unattenuated and thereafter conveying the gas stream from the scrubber
      material to an analyzer for nitric oxide. The gas stream is analyzed with
      the analyzer to determine the nitric oxide concentration therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas analysis, and more particularly, to a method
      or process for determining the nitric oxide content of a gas stream and
      also to a scrubber apparatus which is capable of selectively removing
      nitrogen dioxide from a gas stream without affecting the nitric oxide
      content thereof.
PAR  Nitric oxide is a common irritating component found in polluted air. In
      order that levels of this constituent may be known, means are required for
      practically and inexpensively determining the level of nitric oxide in
      air. While the description of the present invention relates particularly
      to the determination of nitric oxide in air, it is to be understood that
      the invention is applicable to the determination of nitric oxide in any
      gas stream which also contains nitrogen dioxide. The two gases, nitric
      oxide and nitrogen dioxide, are usually found together in polluted air and
      in other gas streams.
PAR  There are a variety of analytical instruments and analytical techniques
      available today for determining the content of certain irritating gaseous
      species in gas streams such as polluted air. One such instrument is
      described in U.S. Pat. No. 3,314,864 to Hersch, the description of which
      is incorporated by reference herein. How such an instrument is used to
      analyze nitric oxide is described in commonly owned U.S. Pat. 3,652,227
      issued Mar. 28, 1972. Another analytical procedure and the necessary
      apparatus therefor is described in the U.S. Department of Health,
      Education and Welfare Public Health Service publication No. 999-AP-111,
      Selected Methods for the Measurement of Air Pollutants in a chapter
      entitled "Determination of Nitrogen Dioxide and Nitric Oxide: Saltzman
      Method" with specific reference to pages C-1 through C-7 inclusive, which
      is also incorporated by reference herein.
PAR  In the technique utilizing a Hersch cell, the nitric oxide is converted by
      reaction with ozone to form nitrogen dioxide which gives a reading in the
      instrument. Accordingly, one gas must be removed from the gas stream
      before the other can be measured. Similarly, in the Saltzman technique,
      the nitric oxide is first converted to nitrogen dioxide and then the
      amount of nitrogen dioxide determined. Here again, the original nitrogen
      dioxide must be removed from the stream before the nitric oxide can be
      determined as nitrogen dioxide.
PAR  In both cases, as is true of other analytical techniques and instruments,
      it is desired the nitrogen dioxide be removed substantially completely in
      a scrubber through which the nitric oxide will pass substantially
      unattenuated. Activated carbon has been tried as a scrubber material.
      Activated carbon does remove nitrogen dioxide but it also reduces the
      level of nitric oxide in the gas stream. A reduction of nitrogen dioxide
      to nitric oxide is observed with a ferrous sulfate scrubber material. In
      other words, the scrubber serves as a source of nitric oxide when it has
      been exposed to nitrogen dioxide. This is a significant problem for use
      with a nitric oxide analyzer which is to be specific for nitric oxide
      which is present, as is so frequently the case, in a gas stream containing
      both nitric oxide and nitrogen dioxide.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the instant invention to remove nitrogen dioxide from a
      nitric oxide containing gas stream while passing the nitric oxide
      substantially unattenuated.
PAR  It is a further object of the instant invention to provide a scrubber
      apparatus for selectively removing nitrogen dioxide from a gas stream
      containing nitric oxide.
PAR  It is a further object of the instant invention to provide a method of
      analyzing nitric oxide in a gas stream containing nitrogen dioxide.
PAR  It is an advantage of the instant invention that it is capable of removing
      at least about 99% of the nitrogen dioxide from the gas stream while the
      concentration of nitric oxide is substantially unattenuated. It is an
      advantage of the instant invention that the removal of the nitrogen
      dioxide, unlike prior art techniques, does not result in the generation of
      additional nitric oxide.
PAR  According to the instant invention, a scrubber apparatus is provided for
      selectively removing nitrogen dioxide from a gas stream containing nitric
      oxide. The apparatus includes a container having an inlet port for the gas
      stream and an outlet port. A scrubber material is provided in the
      container which includes silver carbonate. The scrubber has an efficiency
      of at least about 99% and a capacity of about 11.5 parts per million hours
      of 99% nitrogen dioxide removal per gram of silver carbonate.
PAR  The silver carbonate desirably is in the form of particles having a size
      range of from about 1.68 millimeters to about 0.841 millimeters. If the
      container contains about 8.1 grams of silver carbonate, at least about 99%
      nitrogen dioxide may be removed for 11.5 parts per million hours per gram.
PAR  The scrubber material may be silver carbonate or a mixture of silver
      carbonate and other particles, e.g. polytetrafluoroethylene particles. If
      a mixture is used, it may contain from about 10% to about 70% by weight
      silver carbonate.
PAR  According to the instant invention a method is also provided for analyzing
      nitric oxide in a gas stream containing nitrogen dioxide. The gas stream
      is passed through a scrubber material containing silver carbonate so as to
      remove nitrogen dioxide from the gas stream while passing the nitric oxide
      unattenuated. The gas stream is then conveyed from the scrubber material
      to an analyzer for nitric oxide. The gas stream is then analyzed with the
      analyzer to determine the nitric oxide concentration in the gas stream.
PAR  Desirably, sufficient silver carbonate is present in the scrubber material
      so that the scrubber material has an efficiency of at least about 99% and
      a capacity of about 11.5 parts per million hours of 99% nitrogen dioxide
      removal per gram of silver carbonate.
PAR  The gas stream may contain up to about 8.1 parts per million nitrogen
      dioxide, in which case the gas stream from the scrubber material will
      contain not more than about 0.081 parts per million nitrogen dioxide. If
      the gas stream contains about 8.1 parts per million nitrogen dioxide and
      the scrubber material contains about 8.1 grams silver carbonate, the gas
      stream from the scrubber material will contain less than about 0.081 parts
      per million nitrogen dioxide for about 11.5 hours. The nitric oxide
      concentration of the gas stream desirably may range from about 0.07 parts
      per million to about 2.4 parts per million (ppm).
PAR  Other objects and advantages of the instant invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic view in section of apparatus useful is the
      practice of the instant invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the single figure of the drawing, there is shown a
      scrubber apparatus generally designated 10 which preferably comprises a
      container 12 of suitable material, e.g. glass or plastic. Container 12 has
      an inlet 14 adapted to receive the gas stream and an outlet 16 which may
      be, for example, connected in a suitable manner, not shown, to a nitric
      oxide analyzer 18.
PAR  The nitric oxide analyzer may, for example, be a galvanic cell of the type
      disclosed in the aforementioned Hersch patent and attendant ozone
      apparatus or may be a colorimetric instrument and attendant conversion
      apparatus for determining nitric oxide in accordance with the Saltzman
      method discussed in the U.S. Public Health Service publication No.
      999-AP-ll mentioned above.
PAR  The gas stream being analyzed is introduced into scrubber 10 via inlet port
      14 and will pass through chamber 20 thereof and exit through outlet 16
      into the nitric oxide analyzer 18.
PAR  Compartment 20 of scrubber apparatus 10 is filled with scrubber material
      22. Scrubber material 22 includes silver carbonate. The silver carbonate
      may be provided in bulk granular form, for example, in the form of
      particles having a size range from about 1.68 millimeters to about 0.841
      millimeters (10 to 20 mesh). It may also be mixed with a suitable powdered
      dispersing agent such as polytetrafluoroethylene. The particle size range
      of the polytetrafluoroethylene does not seem to be of significance.
      Particle size ranges from about 0.235 millimeters to about 0.354
      millimeters and particles of a size about 0.500 .+-.0.15 millimeters have
      been used with no noticeable difference in results.
PAR  The silver carbonate appears to function by an adsorption process for the
      removal of nitrogen dioxide with an efficiency for nitrogen dioxide
      removal in excess of 99% when tested at the 8 parts per million nitrogen
      dioxide level and a capacity of about 11.5 parts per million hours per
      gram. There exists little attenuation in the level of nitric oxide wheen
      passed through the scrubber.
PAR  The effectiveness of silver carbonate for nitrogen dioxide removal can be
      appreciated by considering the following example.
PAC  EXAMPLE NO. 1
PAR  A nitrogen dioxide permeation tube whose output was determined to be 8.1
      parts per million nitrogen dioxide by the conventional Saltzman technique
      for nitrogen dioxide analysis (described in the Public Health Service
      publication No. 999-AP-11 incorporated by reference herein) was passed
      through a selective scrubber apparatus consisting of a glass tube packed
      with 8.1 grams of reagent grade J. T. Baker Company silver carbonate. A
      Beckman Model 910 Analyzer, which is an apparatus similar to that
      described in the above-mentioned U.S. Pats. 3,314,864 and 3,652,227 was
      used to detect the nitrogen dioxide concentration of the sample initially
      containing 8.1 parts per million nitrogen dioxide. The concentration of
      nitrogen dioxide in the gas stream from the scrubber was less than 0.081
      parts per million for a time period of 11.5 hours. This indicates the
      scrubber had a scrubbing efficiency of better than 99% for nitrogen
      dioxide and a capacity of roughly 11.5 parts per million hours of at least
      99% nitrogen dioxide removal per gram of silver carbonate.
PAR  The ability of the silver carbonate scrubber of the present invention to
      quantitatively transmit nitric oxide therethrough is illustrated by the
      following example:
PAC  EXAMPLE NO. 2
PAR  A diluted sample of nitric oxide in nitrogen (10 parts per million NO) was
      further diluted with nitrogen, or in some runs air, to yield various
      nitric oxide test gas concentrations. The concentrations prepared were
      approximately 2.4, 0.1, and 0.07 parts per million nitric oxide. The
      concentrations were determined by the Saltzman technique and by using a
      Beckman Model 910 Analyzer with no selective scrubber. These
      concentrations were in agreement(within experimental error) between the
      two analytical techniques. Scrubber materials containing 5 grams of silver
      carbonate or mechanical mixtures of silver carbonate and
      polytetrafluoroethylene powder were tested on these various nitric oxide
      test gas concentrations. The gas stream from the scrubbers were analyzed
      and no apparent attenuation of the sample gas stream injected into the
      inlet port of the scrubber was found. No difference in the test was
      observed using straight silver carbonate powder or a mechanical mixture of
      powdered silver carbonate and powdered polytetrafluoroethylene with the
      concentration of silver carbonate therein varying from about 70 weight
      percent to about 10 weight percent. In summation, these tests indicated
      the silver carbonate would transmit quantitatively nitric oxide in
      concentrations from about 0.07 to 2.5 parts per million. Higher
      concentrations of nitric oxide were not evaluated although there is no
      reason to think they would not also be quantitatively transmitted. The
      particle size range of the silver carbonate was the same as that described
      in Example 1 and two different sources of polytetrafluoroethylene powder
      were used. The polytetrafluoroethylene powder from one source ranged in
      particle size from about 0.250 millimeters to about 0.354 millimeters. The
      powder from the other source had a particle size of 0.500 .+-. 0.15
      millimeters. The particle size seemed to have no effect upon the results.
PAR  It will be appreciated the foregoing is only a description of one process
      and one form of apparatus embodying the principles of the instant
      invention. This is for illustrative purposes and the instant invention is
      not to be limited thereby, but only by the claims wherein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A scrubber apparatus for selectively removing nitrogen dioxide from a
      gas stream containing nitric oxide without affecting the nitric oxide
      content of the stream, said apparatus comprising:
PA1  a. a container having an inlet port for the gas stream and an outlet port;
      and
PA1  b. a scrubber material in the container including silver carbonate whereby
      the scrubber has an efficiency of at least about 99% and a capacity of
      about 11.5 ppm hours of 99% nitrogen dioxide removal per gram of silver
      carbonate.
NUM  2.
PAR  2. The scrubber apparatus of claim 1 wherein the silver carbonate is in the
      form of particles having a size range of from about 1.68 millimeters to
      about 0.841 millimeters.
NUM  3.
PAR  3. The scrubber apparatus of claim 1 wherein the container contains about
      8.1 grams of silver carbonate, whereby at least about 99% nitrogen dioxide
      may be removed for 11.5 ppm hours per gram.
NUM  4.
PAR  4. The scrubber apparatus of claim 1 wherein the scrubber material is a
      mixture of silver carbonate and polytetrafluoroethylene particles.
NUM  5.
PAR  5. The scrubber apparatus of claim 4 wherein the mixture contains from
      about 10% to about 70% by weight silver carbonate.
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ABST
PAL  An air filter for use on a truck or similar system includes a cylindrical
      side wall which is an integral part of or adapted to be mounted on a tank,
      such as the fuel tank of the truck as the principal means of support. The
      housing includes a front wall with a removable closure for permitting
      access to the interior to facilitate removal or replacement of the filter
      element without having to remove the inlet or outlet air conduits.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to an air filter system for a vehicle. It is
      particularly useful on trucks.
PAR  In the past, air filters for trucks have been mounted on the fender of the
      truck. More recently, they have been mounted beneath or in back of the cab
      by means of a special bracket fastened to the truck frame. It will be
      appreciated that the tenancy for increasing the load of trucks has
      resulted in a corresponding increase in engine power and size, thus
      resulting in the need to filter large volumes of air prior to combustion
      in the engine. As a consequence, air filters have become increasingly
      large, weighing as much as 50-100 pounds, when considering the mounting
      brackets, metal body, filter elements, and so on.
PAR  It will further be appreciated that the filter system undergoes substantial
      vibration during hauling. If an air filter system weighing 80--100 pounds
      is mounted on a truck fender, it is not long before the fender will begin
      to tear under the severe vibration encountered. If, on the other hand, the
      air filter is mounted directly to the truck frame, special brackets are
      required to secure the rather heavy filter system to the frame, and these
      mounting brackets normally require that holes be drilled through the
      brackets and through the frame of the truck in alignment with each other
      so that bolts may be passed through the aligned holes to secure the
      brackets to the frame. Even though this latter method of mounting is
      acceptable from an operational viewpoint, the costs of installation are
      substantial, and the weight of the brackets is considerable. For example,
      even though the empty weight of a truck may be thousands of pounds, each
      additional pound added to the empty weight of the truck reduces the load
      it may haul.
PAR  Still another problem with existing commercial air filter systems is that
      of maintenance. In some cases, it is difficult to get at the filter
      housing to remove the element. In other cases, it may be necessary to
      remove either the inlet air conduit or the outlet air conduit, or both, in
      order to replace the filter element. It is desirable, of course, to keep
      operating efficiency at a maximum by maintaining the filter elements as
      clean as possible.
PAR  In brief, the present invention provides a truck air filter system
      including a side wall which is an extension of the fuel tank already
      secured to the truck frame. In general, of course, it is desirable that
      the shape of the side wall of the air filter conform to the shape of the
      tank with which it is integral. For example, if the tank is cylindrical,
      then the side wall of the air filter housing is cylindrical.
PAR  Air is taken in through the side wall, passed over baffles for distributing
      it axially of the housing, and passed through the filter elements. After
      passing through the filter elements, the air is collected in a plenum
      which communicates with the outlet air conduit for delivering air to the
      engine.
PAR  The outlet air conduit passes through the front wall of the filter housing,
      and this front wall also includes a removable closure or door which may be
      removed without having to remove either the inlet air conduit or the
      outlet air conduit, so as to facilitate access to the filter elements for
      maintenance purposes.
PAR  Preferably, the side wall of the filter element is aluminum to further
      reduce the weight of the air filter system, although considerable weight
      saving is realized even if steel is used.
PAR  In summary, the present invention provides an air filter system for a truck
      which avoids fender-mounting as well as special mounting brackets and
      their attendant installation costs and weight. Weight is still further
      reduced by making the side wall of the filter housing of aluminum. It has
      been found, for example, that as much as 50 pounds may thus be eliminated
      in a filter system for a large truck. Still further, the present invention
      facilitates maintenance by permitting access to the filter elements
      without having to remove either the inlet or the outlet air conduit. Also,
      being mounted on a tank which is normally spaced behind the cab, the air
      filter itself is located in a more convenient, more accessible place.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description
      accompanied by the attached drawing wherein identical reference numerals
      will refer to like parts in the various views.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a partilaly broken away side view of a filter system constructed
      according to the present invention with the major portion of the filter
      and housing being shown in vertical cross section;
PAR  FIG. 2 is a front end elevational view of the system of FIG. 1.
PAR  FIG. 3 is a transverse cross sectional view taken through the sight line
      3--3 of FIG. 1; and
PAR  FIG. 4 is a view similar to FIG. 3 of a modification wherein the housing
      has a rectangular cross section rather than a circular cross section.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, reference numeral 10 generally designates an air
      filter system including an air inlet conduit 11 and an air outlet conduit
      12. The filter system includes a cylindrical side wall 13 which is formed
      as an integral part of a similarly shaped side wall 14 of a tank,
      generally designated by reference numeral 15. The tank 15, as illustrated,
      may be a fuel tank; alternatives are an air start tank or hydraulic
      reservoir. A separating wall 16 separates the tank 15 from the air filter
      10. Thus, the air filter 10 is cantilevered off the side wall 14 of the
      fuel tank 15 as its principal means of support. Of course, the means for
      supporting the fuel tank 15 may be adjusted or connected to the side wall
      13 of the air filter 10, but no special or additional means are required.
PAR  Alternatively, in the case of a retro-fit, the side wall 13 of the air
      filter 10 may be provided with an enlarged skirt or band portion for
      fitting around the cylindrical side wall 14 of the tank 15 for welding
      thereto. Again, the principal means of support would be the means which
      hold the fuel tank 15 to the truck.
PAR  Referring now to FIGS. 1 and 2, the front wall of the filter system
      includes a lower portion 18 which is welded to the side wall 13 and a
      similarly welded upper portion 19, thereby leaving an enlarged central
      opening 20. A cover plate or closure 21 is provided for the opening 20. A
      handle 22 is welded to the cover plate 21.
PAR  The upper edge of the cover plate 21 is held in sealing engagement with the
      rear surface of the upper portion 19 of the end plate by means of a rear
      retention flange 25 which may be welded to the portion 19. The lower edge
      of the cover plate 21 is secured by means of a threaded fastener generally
      designated by reference numeral 27 which may be threaded into a block 28
      welded to an intermediate bottom plate 30. A support flange 31 may be
      welded to the bottom plate 30, and it extends the full width of the lower
      edge of the cover plate 21, and up around the sides as at 31A, whereas the
      block 28 need not, as illustrated in dashed line in FIG. 2. A resilient
      sealing strip 32 may be provided between the flange 31 and the lower edge
      of the cover plate 21, if desired.
PAR  Turning now to FIGS. 1 and 3, a plenum generally designated 33 is located
      toward the rear of the air filter, and it includes a rear wall 34 and a
      front wall 35 which have the general shape of a triangle, as seen in FIG.
      3, with rounded corners for providing surfaces which are welded to the
      interior of the cylindrical side wall 13 at locations designated by
      reference numberal 36 in FIG. 3. The rear wall 34 of the plenum 33 is
      solid, and the two walls 34, 35 are joined together by means of a
      continuous side wall 37 so as to provide an enclosed chamber.
PAR  The front wall 35 of the plenum is provided with two lower openings, one of
      which is designated 38 for receiving air filter elements 39, and an upper
      opening 40 which communicates the interior of the plenum 33 with the
      outlet air conduit 12 by means of an extension conduit 41. The extension
      conduit 41 passes through the upper front wall portion 19 and is welded
      thereto, and it is provided with a coupling 45 for connecting to the
      outlet air conduit 12.
PAR  A generally V-shaped bracket 47 is provided with feet 48 which are welded
      to the front wall 35 of the plenum 33 for supporting conventional air
      filter elements 39 which are secured to the bracket 47 by a threaded
      fastener 50.
PAR  The intermediate plate 30 located beneath the filter elements and the
      plenum 33 is welded at its right side in FIG. 1 to the rear wall 16; and
      it is provided with an aperture 52 which communicates with an air space 53
      located above a discharge element generally designated 54. The discharge
      element 54 permits the discharge of any debris or water collected within
      the filter system, and it includes a sleeve 55 fitted with a flexible cap
      57 which acts as a check valve--that is, it includes inwardly inclined
      walls 58 which come together at the distal or lower end. When the vehicle
      is not operating, the walls 58 permit the discharge water or solid debris;
      whereas a negative pressure (as caused when the engine is operating to
      suck air through the filter element) will cause the walls 58 to come
      together and thereby close the discharge element.
PAR  A pair of baffles 60, 61 extend from the respective sides of the extension
      conduit 41 (where they are welded) outwardly and about the filter elements
      39 to positions at the outboard sides of these elements. The baffles 60,
      61 extend from the plenum 33 forwardly to substantially cover the filter
      elements. The distal edges 62, 63 of the baffles 60, 61 are spaced
      inwardly from the side wall 13 to permit incoming air to pass; and the
      front and rear of each baffle edge 62, 63 is secured to the side wall 13
      by members 64.
PAR  Thus, the baffles 60, 61 protect the filter elements from direct contact
      with rain or solid particles entrained in the incoming air.
PAR  In operation, when the engine is started, air is drawn in through the inlet
      conduit 11 and forced sideways by means of the baffles 60, 61, as
      indicated by the arrow 65 in FIG. 3. The baffles distribute the incoming
      air more evenly over the axial length of the horizontal filter elements;
      and because the upper portion of the filter elements is shrouded by the
      baffles, the air travels around the edges 62, 63 like a vortex. Thus, the
      centrifugal force and gravity assist in separating heavier-than-air
      particles or liquid from the incoming air prior to the air's entering the
      filter elements 39. The air is then drawn through the filter elements 39
      and it enters the plenum 33 by means of the apertures 38. It is then drawn
      upwardly within the plenum 33 and through the extension conduit 41 into
      the discharge conduit 12 (see FIG. 1).
PAR  The filter elements 39 may be easily removed by loosening the front
      fastener 27, grasping the handle 22 and rotating the lower edge of the
      faceplate 21 outwardly to remove that faceplate. The fasteners 50 are then
      loosened and the filter elements may be individually removed. Persons
      skilled in the art will appreciate that the invention may be modified to
      accommodate filter elements other than those which have been illustrated,
      either in kind or number.
PAR  Turning now to FIG. 4, there is shown a modification of the present
      invention wherein the outer side wall of the filter system is square or
      rectangular in shape, thereby providing an upper wall 80, a lower wall 81,
      and first and second side walls 82, 83. The remainder of the system is
      similar to that which have already been illustrated and discussed.
PAR  The baffle structure described is considered to have important advantages
      in pre-filtering some of the heavier particles and rain prior to filtering
      by the elements 39. An alternative structure to accomplish this same
      result routes the incoming air behind the plenum 33--i.e., between the
      plenum and the rear wall 16 and thence into the lower space 53 where the
      intermediate horizontal wall 30 may be used to evenly distribute the air
      to the filter elements. In this embodiment, the heavier particles are
      collected directly in the space 53.
PAR  Having thus described in detail a preferred and a modified embodiment of
      the present invention, persons skilled in the art will be able to modify
      other aspects of the structure which has been illustrated and to
      substitute equivalents for those disclosed while continuing to practice
      the principle of the invention and it is, therefore, intended that all
      such modifications and substitutions be covered as they are embraced
      within the spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an enclosed tank mounted on a motor vehicle and
      having horizontally extending wall means of closed cross section, an air
      filter system for delivering air to a discharge air conduit comprising a
      housing including a side wall connected to and supported by said tank,
      said side wall of said housing having the same cross section as said wall
      means of said tank and being a horizontal extension thereof; a vertical
      rear wall interposed between said filter system and said tank, and a front
      wall spaced laterally from said rear wall and including an access
      aperture; inlet air conduit means communicating through said housing for
      delivering air thereto; baffle means for intercepting air delivered from
      said inlet conduit for distributing the same within said housing; a plenum
      within said housing; air filter element means within said housing for
      filtering air from said baffle means prior to its entering into said
      plenum; a front panel removably mounted to cover said access aperture in
      said front wall to permit access to said filter element means; and
      extension conduit means for communicating the interior of said plenum with
      said discharge air conduit.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said filter element means comprise a
      pair of cylindrical filter elements located side-by-side with their axes
      extending horizontally and said baffle means comprises a pair of
      horizontally elongated baffles located beneath the opening of said inlet
      air conduit means and extending respectively about said filter elements
      for distributing said incoming air substantially along the length of said
      filter elements and on either side of said housing; said incoming air is
      forced between said housing and said baffles in two generally circular
      paths which come together beneath said elements whereby particles are
      forced to the outside of said housing and deposited beneath said elements
      as said paths come together.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said wall means of said tank and said
      side walls of said system each have a circular cross section and are
      continuous with each other.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said plenum is secured to said sidewall
      of said housing and comprises an enclosed chamber located adjacent said
      rear wall and including a forward wall including first aperture means for
      receiving air from said filter element means and second aperture means
      communicating the interior of said plenum with an extension conduit means.
NUM  5.
PAR  5. In combination with a motor vehicle fuel tank with a horizontally
      elongated side wall of closed section, an air filter system comprising: a
      housing including a side wall extending laterally of and in cantilever
      relation with the side wall of said fuel tank, a vertical wall separating
      said filter system from said fuel tank, and a front wall, said housing
      including an access aperture, said side wall of said housing being an
      integral lateral extension of said side wall of said fuel tank; a cover
      panel removably secured to said housing adjacent said operative to close
      said access aperture; inlet air conduit means for delivering air into said
      filter system; outlet air conduit means for delivering air from within
      said filter system to the engine of said motor vehicle; a pair of filter
      elements removably mounted side-by-side within said housing and located
      adjacent said access aperture for convenience of replacement; and
      extension conduit means communicating air passing from said filter
      elements through said front wall of said housing and away from said fuel
      tank to said outlet air conduit means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said inlet air conduit is connected to
      deliver air through said horizontally elongated side wall of said filter
      housing and wherein said communicating means comprises a plenum secured to
      said side wall and provided with mounting means for holding said filter
      element means, and an extension conduit communicating with the interior of
      said plenum through said front wall of said housing to said outlet air
      conduit means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said inlet air conduit communicates
      with a space between said plenum and said rear wall for routing incoming
      air downwardly beneath said filter element means before said air enters
      said filter element means.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said inlet air conduit delivers air to
      said housing above said filter element means; said system further
      comprising baffle means interposed between said inlet air conduit and said
      filter element means to cover the same and to route incoming air down
      around the sides of said filter element means before said air enters said
      filter element means, whereby centrifugal force and gravity assist to
      eliminate heavier matter from said air before it enters said filter
      element means.
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ABST
PAL  Glassware treating apparatus in which bottles which have been coated with a
      non-abrading coating are treated to remove surface irregularities in the
      coating on the bottom of the bottles. The bottles are gripped and
      suspended from conveyor means and pass consecutively over a heating zone,
      a cooling zone and a drying zone for removing the surface irregularities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present application relates to glassware handling equipment for the
      coating of glass containers such as bottles with a protective,
      non-abrading material that is sprayed on in liquid or powder form in the
      manner disclosed in U.S. Pat. No. 3,765,856 issued to me Oct. 16, 1973. My
      earlier patent is directed to the transfer of bottles from the forming
      machine to and through an annealing lehr, with the bottles being
      thereafter raised from a supporting conveyor to spray the sides and bottom
      with the coating material without relative movement of the ware and its
      support. This process leaves the impression of the conveyor surface such
      as woven wire on the bottom of the bottle because it is placed on the
      conveyor before the coating is set or matured. By means of the present
      invention the coating material on the base or bottom of the glassware is
      matured after it is sprayed on.
PAC  SUMMARY OF THE INVENTION
PAR  The glassware handling and maturing equipment in accordance with the
      present invention maintains the flow of glass bottles from the forming
      machines and through the lehr without interruption. Supplemental heating
      and cooling equipment are in the line of movement of the ware after it has
      passed through the annealing and spraying cycle, with the ware being
      suspended so as to remove surface irregularities on the coating on the
      bottom of the bottles.
PAR  Accordingly, the principle object of this invention is to provide means for
      obtaining a non-abrading uniform surface coating on the outside surface of
      glass bottles and the like.
PAR  Another object of this invention is to encapsulate glass bottles in
      non-abrading coating material having a smooth surface of substantially
      uniform thickness on substantially their entire outer surface to render
      them safe for handling when charged with carbonated or other pressure
      fluids.
PAR  It is a further object of this invention to assure separate heating and
      cooling means for maturing the outside surface of the base or bottoms of
      the bottles.
PAR  These and other objects of the invention will be apparent from the
      description which follows and the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of a parallel conveyor with gripping
      means engaging the neck or finish of the bottles and conveying them in
      suspension successively over a heating panel, a cooling spray and a
      water-removing blast of air;
PAR  FIG. 2 is a top plan view of the conveyor, FIG. 1;
PAR  FIG. 3 is a fragmentary, cross-sectional view, partially in elevation, of
      the conveyor support and bottle engaging linkage of the conveyor shown in
      FIGS. 1 and 2;
PAR  FIG. 4 is an end elevation partially in section of the bottle shown in FIG.
      3 suspended over a radiant heat panel of burners;
PAR  FIG. 5 is a side elevational view of the bottles suspended from the
      conveyor and passing over a plurality of the burners shown in FIG. 4; and,
PAR  FIG. 6 is a diagrammatic view partially in elevation and partially in
      section of a bottle exposed to spray nozzles for spraying non-abrading
      coating materials on the outside including a portion of the neck and the
      base of the bottle, as disclosed in my earlier U.S. Pat. No. 3,765,856
      referred to above.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the several figures of the drawing the numerals 1 and 1a designate a
      pair of beams having parallel tracks 1b and 1c for supporting the conveyor
      consisting of a pair of endless chains 2 and 2a with grippers 3
      constituting spring fingers that are juxtaposed and biased toward each
      other where the conveyors merge adjacent the conveyor from the annealing
      lehr. The grippers 3 engage the neck 4 of a bottle 5 by which it is
      suspended from the endless conveyor chain.
PAR  As shown in FIG. 2 the conveyor 7 conveys the bottles from the discharge
      end of an annealing lehr L after which they are sprayed by nozzles 8 and
      8a which coat the sides and neck of the bottles and a spray 9 for coating
      the base 10 of the bottle, as shown in FIG. 6 and disclosed in my
      aforementioned patent. They are then gripped by the fingers 3 and passed
      over a panel 11 of radiant heaters, there being a sufficient number of the
      individual burners 12 to generate enough heat to heal over any impressions
      or marks left on the coating on the bottom of the bottles by the conveyor
      7, which usually is of wire mesh construction.
PAR  When the bottles 5 have passed over the burners 12, the bottoms of the
      bottles are exposed to a water cooling spray from nozzles 13 which are
      supplied by a manifold 13a. There are a sufficient number of nozzles 13 to
      cause the plastic coating material on the bottoms of the bottles to set.
      The bottles pass from the coolant spray over an air blast distributor 14
      having a slot or perforations to blow the water remaining on the bottles
      away from the bottles so that they are matured and dry as they pass over
      and are deposited on a conveyor belt 15 by which they are carried for
      further treatment or to an inspection table where they are removed for
      packing. A blower fan 14a delivers the air blast to the slotted air
      distributor 14.
PAR  It will thus be seen that the only equipment needed for maturing the
      coating on the base of the bottles is the burner panel 11 which reheats
      the base and which may comprise fire polishing burners, spray nozzles 13
      which provide the coolant, and blower 14a which supplies drying air
      through the slotted nozzle 14.
PAR  The spray mechanism shown in FIG. 6 has been disclosed in my former patent
      mentioned above and the present invention is not directed to any spraying
      method but to apparatus that supplements the apparatus shown in my earlier
      patent.
PAR  It will thus be seen that the present invention insures a non-abrading
      coating on the entire outer surface of the bottle, including the base. The
      invention is also applicable to coating the base or bottom of the bottles
      if they have been provided with a plastic sleeve which is shrunk on the
      body of the bottle by means of heat, leaving the base exposed.
PAR  Although one embodiment of the invention has herein been illustrated and
      described, it is obvious that modifications may be made in the details of
      construction without departing from the principles herein set forth.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for maturing a spray coating applied to bottles following
      annealing comprising
PA1  a. conveyor means adapted to be positioned at the outlet end of an
      annealing lehr,
PA1  b. gripping means on said conveyor means for gripping only the neck of said
      bottles and suspending said bottles while moving the length of the
      conveyor,
PA1  c. heating means for heating the base of the bottles while suspended to
      remove surface irregularities caused by supporting the coated bottoms of
      the bottles before the coating is set or matured,
PA1  d. spray means downstream of said heating means for applying a coolant to
      the bottom of the bottles after the same have passed over said heating
      means, and
PA1  e. blower means downstream of said spray means for removing the coolant
      previously sprayed on the bottoms of said bottles.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said conveyor means comprises a pair of
      endless conveyor chains and said gripping means comprises spring clips
      attached to each of said conveyor chains and in juxtaposition at the
      inside runs of said conveyor chains where the chains are adjacently
      disposed, said spring clips having inwardly directed end portions which
      engage under and thus suspend the necks of the bottles while traversing
      the length of said conveyor chains.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said conveyor chains are supported by a
      pair of bars extending in parallel relation from said annealing lehr, said
      bars having slots for receiving guide rolls of said conveyor chains, said
      spring clips when said conveyor chains pass through said slots in said
      bars being cammed and engaging the necks of the bottles thereby suspending
      the same.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said heating means comprises a panel of
      burners located below said bottles when suspended, and said spray means
      comprises a plurality of nozzles connected to a source of water which acts
      as the coolant.
NUM  5.
PAR  5. A method of removing surface irregularities from the bottom of bottles
      having a nonabrading coating thereon comprising the steps of:
PA1  a. gripping said coated bottles by the necks thereof so as to suspend said
      bottoms thereby exposing the bottoms thereof, and conveying the bottles
      when so gripped,
PA1  b. heating the bottoms of said bottles when so suspended to remove the
      surface irregularities,
PA1  c. applying a coolant to the bottoms of said bottles when so suspended
      following heating so as to set the treated surface, and
PA1  d. drying the cooled bottom surface of said bottles while suspended,
      whereby the bottoms of said bottles are matured.
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ABST
PAL  Thermal convection currents in the headspace above a body of glass being
      formed into a continuous sheet of glass while supported on molten metal
      are controlled to prevent the development of surface distortion patterns
      in the upper surface of the glass being formed. This is accomplished by
      establishing a series of small convection cells at least adjacent the
      upper surface of the glass so that the characteristic convective cooling
      rate for the glass in the forming chamber is substantially diminished,
      particularly near the inlet end of the forming chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of flat glass by forming it while
      supporting it on molten metal. More particularly, this invention relates
      to an improved method for controlling the convective cooling of the molten
      glass, particularly, immediately following delivery onto the molten metal
      for forming.
PAR  There are several well-known processes for making flat glass by forming it
      from a body of glass supported on molten metal. Molten glass may be
      delivered onto a pool of molten metal, such as molten tin, and cooled and
      advanced along the surface of molten metal to form a continuous sheet or
      ribbon of glass according to the teachings of Heal U.S. Pat. No. 710,357;
      of Hitchcock U.S. Pat. No. 789,911; or of Pilkington U.S. Pat. Nos.
      2,911,159, 3,083,551 and 3,220,816.
PAR  From the earliest of these disclosures it has been appreciated that the
      temperature of the glass may be controlled while the glass is supported on
      the molten metal. According to Heal, "By varying the temperature in the
      heating chambers the flow of the sheet may be accelerated or retarded in
      proportion to the varying degree of fluidity of the glass." The disclosure
      of Hitchcock primarily concerns the division of a glass supporting molten
      metal bath into segregated pools so that controlled cooling of the glass
      may be facilitated. Hitchcock also discloses the use of burners to heat an
      arch roof extending over the molten glass being supported by and formed on
      the molten metal.
PAR  According to recent patents, workers in the art have coordinated
      temperature control with the application of tractive forces to glass being
      formed in order to produce flat glass of varying thickness. For example,
      U.S. Pat. No. 3,352,657 to Charnock discloses a method for making flat
      glass in which the glass upon delivery onto the molten metal in the
      forming chamber is immediately cooled at a rapid rate and thereafter
      remains at a substantially constant temperature for a prolonged period
      while applying longitudinal tractive forces to the glass at two locations
      and permitting the edges of the glass to be laterally unconstrained.
      According to this patent, flat glass of less than equilibrium thickness
      may be made in the manner described. Equilibrium thickness glass is flat
      glass having the thickness that it will attain when permitted to rest as
      molten glass on a pool of molten metal until it ceases to spread outwardly
      on the molten metal. According to the patent of Charnock, the hot glass
      that is supported on molten metal for forming has its temperature
      controlled by undefined temperature regulators located above and below the
      glass at locations well downstream of the inlet end of the forming
      chamber.
PAR  In the patent of Charnock and in U.S. Pat. No. 3,589,886 to Montgomery,
      there are shown radiation gates extending across float forming chambers.
      These gates are used to shield edge rolls or edge stretching devices
      located in a particular region from radiation of heat from other regions
      in a forming chamber. They shield such devices from heat radiated from
      roof portions of the forming chamber extending both upstream and
      downstream from the protected region. These gates permit the free movement
      of gases along the upper surface of glass along its entire length in the
      chamber.
PAR  In U.S. Pat. Nos. 3,248,197 and 3,615,315 to Michalik and Misson, it has
      been shown that the headspace above molten glass being formed while
      supported on a pool of molten metal in a forming chamber may be subdivided
      at its ends by providing barriers that are connected to a roof overlying
      the bottom portion of the chamber. This is shown with particular reference
      to methods for providing zones of differing atmosphere pressure within a
      forming chamber in order to effectuate control of the thickness of glass
      being produced; hence, such devices are used on conjunction with the
      supply of gas to the headspace under substantially superatmospheric
      pressures and directed at the glass being formed.
PAR  Flat glass produced by the techniques of Pilkington (including the
      variation of Charnock) or by techniques which are improvements of the
      basic Heal or Hitchcock processes, as well as techniques such as described
      in the patents of Michalik and Misson, have generally good optical
      quality. Such glasses are generally optically flatter than flat glasses
      produced by so-called sheet processes, such as the Pittsburgh process, the
      Colburn process or the Fourcault process. That is, these glasses are not
      characterized by optical distortion as intense as that which characterizes
      sheet glasses. Nevertheless, flat glass produced by supporting it on
      molten metal during forming is characterized by some optical distortion.
      This is more evident in thin glasses than in thick glasses, particularly
      equilibrium glass, and it is more evident when glass is observed at a
      small angle by reflected light rather than at an angle at about 90.degree.
      by transmitted light. The optical distortion is variously called "batter",
      "broken line distortion" and "reflective distortion".
PAR  The optical distortion in flat glass may be qualitatively evaluated by
      observing a shadow projection of the glass using a point-light source
      aimed perpendicularly at a target screen and positioning the glass at an
      angle with respect to the target screen so that an image of the glass is
      projected onto the screen. The optical distortion may also be observed in
      Schlerin photographs of the glass. The optical distortion pattern is
      regular, repetitive and isotropic in glass produced by methods like that
      of Pilkington wherein the glass falls onto the molten metal and spreads
      outwardly and then is drawn inwardly again. In glass produced in the
      manner of Hitchcock following horizontal delivery onto motlen metal while
      maintaining its width substantially unchanged, the distortion pattern is
      regular, repetitive and anisotropic. In both types of glass the distortion
      may be sufficiently intense (that is, the variation of lightness to
      darkness and the projected shadow is great) to be easily observed by even
      an untrained eye when the glass is coated with a reflected coating and
      observed by reflected light.
PAR  The optical distortion apparent in flat glass is recognized as an effect
      that may be caused by variations in the surfaces of the glass. If the
      surfaces are not perfectly flat, but rather are characterized by a
      plurality of elevations and depressions, a beam of light passing through
      the glass will be bent or distorted. This optical distortion in the glass
      may be detected during production, using a device such as that disclosed
      and claimed by Simko in U.S. Pat. No. 3,799,679 or determining the surface
      variation of a sheet of glass from its optical characteristics in the
      manner described in U.S. Pat. No. 3,792,930 to Obenreder. The present
      invention provides a method for making glass of improved optical quality
      having distortion of diminished intensity.
PAC  SUMMARY OF THE INVENTION
PAR  A series of sheet-like barriers are mounted inside a glass forming chamber
      to extend transversely across the headspace above a pool of molten metal
      in the forming chamber. The bottom of each barrier is positioned slightly
      above the upper surface of the molten metal. Glass passing beneath the
      barrier while supported for forming on the molten metal, passes
      sufficiently close to the bottom of the barrier so that the movement of
      gases in the headspace of the chamber between the barrier and the glass is
      substantially eliminated. The barriers divide or separate the forming
      chamber into a series of smaller chambers or zones. In each of these zones
      a small convection cell of gas flow is established.
PAR  The barriers preferably extend across the forming chamber from its roof to
      just above the upper surface of the molten metal so that each provides a
      substantially complete barrier across the headspace from the roof of the
      chamber down to the position for movement of glass. Alternatively, the
      barriers may extend from the vicinity of the glass up into the headspace
      only a short distance with the upper portion of the headspace being in
      free comunnication throughout the chamber above the barrier. A combination
      of barriers may be provided with the barriers closest to the inlet end of
      the forming chamber preferably being barriers that extend completely
      across the headspace and completely from the vicinity of the chamber roof
      down to a location just above the upper surface of molten metal and with
      the barriers at locations farther downstream in the forming chamber closer
      its discharge end being of the smaller size.
PAR  The barriers are positioned sufficiently close to one another so that the
      characteristic Nusselt number descriptive of the rate of convective heat
      transfer from the glass to the atmosphere in each convection cell is
      maintained at a value significantly below the characteristic value for a
      Nusselt number descriptive of convective cooling for the forming chamber
      as a whole if no barriers were provided.
PAR  As a layer of molten glass is conveyed along the surface of a pool of
      molten metal to form it into a continuous dimensionally stable ribbon of
      glass, it is successively exposed to discrete convective cooling zones. In
      each of these discrete convective cooling zones, a convection flow is
      established which is independent of the convective flow in the next
      adjacent cooling region at least in the space immediately adjacent the
      glass. The size of each of the discrete cooling zones is such that the
      Nusselt number descriptive of the convective flow cell that develops in
      each zone is maintained at a value substantially below the value of a
      Nusselt number that would be descriptive of convective cooling over the
      full length of the forming chamber were it not divided or segregated into
      discrete convective cooling regions or zones.
PAR  The convective cooling zones closest the hot end of a forming chamber (that
      is, the end where molten glass is received into the forming chamber and
      onto the molten metal for forming) are smaller than the convective cooling
      zones in the vicinity of the cold or exit end of the forming chamber where
      the formed continuous sheet of glass is removed from the molten metal.
PAR  The convective flow cells in the cooling zones of the bath generally
      extending from the location where molten glass is discharged onto the
      molten metal for at least about 10 to about 30 percent of the overall
      length of the forming chamber are preferably characterized by Nusselt
      numbers that are lower than those characterizing convective flow cells in
      the cooling zones in the middle one-third to one-half length of the
      forming chamber which, in turn, are preferably characterized by Nusselt
      numbers that are lower than the Nusselt numbers descriptive of the flow
      cells in the cooling zones in the final third of the forming chamber.
PAR  The characteristic Nusselt number, which is conveniently employed to define
      the preferred sizes of the convective flow cells in a forming chamber, is
      defined according to the following conventionally accepted relationship
      for relative convective and conductive heat transfer in a gaseous medium.
EQU  N.sub.u = (h H)/.kappa.
PAL  The Nusselt number in this environment is now considered to be a function
      of the Grashof number, the Prandtl number and an aspect ratio descriptive
      of the headspace in the forming chamber above the molten glass on the
      molten metal. The form of this relationship is conveniently expressed as
      follows:
EQU  N.sub.u = a(Gr).sup.b (Pr).sup.c (A).sup.d
PAL  In this equation the Grashof number has its usual and conventional meaning,
      that is,
EQU  Gr = (.rho..sup.2 g .beta..DELTA.T H.sup.3)/.mu..sup.2 ;
PAL  The Prandtl number also has its usual and conventional meaning, that is
EQU  Pr = (.mu. C.sub.p)/.kappa.;
PAL  and the aspect ratio descriptive of the headspace of the forming chamber
      has the following meaning:
EQU  A = H/L. In these relationships the individual terms have the following
      meanings:
PA1  .rho. is the average mass density of the gases in the forming chamber
      headspace, since these gases are protective gases, primarily nitrogen with
      a small amount of hydrogen, the density is available in standard tables
      for a full range of temperatures;
PA1  g is the gravitational constant;
PA1  .beta. is the volumetric expansion coefficient for the gases;
PA1  .DELTA. T is the difference in gas temperature between the hot end and the
      cold end of a convective cooling zone or between the hot end and cold end
      of a forming chamber as the case may be;
PA1  H is height of the forming chamber or cooling zone as the case may be;
PA1  .mu. is the average viscosity of the gases;
PA1  C.sub.p is the heat capacity of the gases;
PA1  .kappa. in the thermal conductivity of the gases;
PA1  h is the convective heat transfer coefficient between the glass and the
      gases in the headspace;
PA1  L is the length of a cooling zone or the forming chamber as the case may
      be;
PA1  a, b, c, and d are experimentally determined constants, all positive, with
      b being greater than d.
PAR  The individual relationships which are conventionally known dimensionless
      numbers characteristic of heat transfer generally are discussed at length
      in the following text: TRANSPORT PHENOMENA, R. B. Bird; W. E. Stewart and
      E. N. Lightfoot, J. Wiley and Sons, Inc., New York, N.Y. (1960, 62)
      Library of Congress Catalog Card No. 60-11717.
PAR  In the practice of this invention it is preferred that the Nusselt number
      be maintained below about 1200 and more preferably below about 900,
      particularly when making glass that is significantly thinner than
      equilibrium thickness glass, especially glass on the order of one-eighth
      inch thick or thinner.
PAR  The present invention is preferably practiced by the use of convection
      barriers which are convenient for installation in a forming chamber and
      comprise elements that may be conveniently adjusted within the forming
      chamber in order to controllably alter the convective cooling within the
      chamber.
PAR  Two types of barriers or curtains are preferred for use when practicing
      this invention. One type of barrier is a barrier that extends from the
      roof region of a forming chamber downwardly to an elevation at or just
      above the intended elevation for the upper surface of a layer of glass
      being supported by and formed into a continuous sheet on a pool of molten
      metal in the forming chamber. Such barriers preferably extend across the
      full width of the forming chamber. They should at least extend beyond the
      marginal edges of a layer of glass being formed. They may extend
      downwardly far enough to engage the top surface of the glass, in which
      case they are preferably made of flexible material. However, it is greatly
      preferred that they extend to an elevation just above the surface of glass
      so that there is no possibility of marking the glass due to contact with a
      barrier.
PAR  The preferred barriers comprise flexible material, such as asbestos cloth,
      fiberglass cloth or the like. Such barriers may be supported on fixed
      mountings or may be rollably mounted on rotatable rolls so that they may
      be adjusted upwardly or downwardly depending upon particular production
      needs. A preferred supporting assembly comprises a pipe about which the
      cloth barrier may be rolled. The assembly may be inserted into a forming
      chamber through either of its side walls by providing small, sealable
      openings for that purpose. Once inserted into the forming chamber, the
      assembly may be rotated so that the barrier or curtain can be lowered to a
      suitable position for practicing the invention.
PAR  Short barriers also may be conveniently employed in the practice of this
      invention. They are particularly useful at locations well downstream from
      the hot end of a forming chamber. They are also useful in the immediate
      vicinity of the hot end of a forming chamber, particularly beneath a flat
      arch or lintel at the entrance of a forming chamber. These shortened
      barriers extend from a location on the order of two to three feet above
      the molten tin down to a location just above the molten metal so that
      their bottom surfaces are not engaged by glass passing beneath them. For
      convenience of installation, each of these barriers comprises a transverse
      bar or other support member, such as a pipe, to which the barrier itself
      is connected. Each may be extended into a forming chamber by passing it
      through an opened side seal connecting a suspended top portion of a
      forming chamber with its bottom-molten metal containing portion and then
      by rotating it into position so that the barrier extends downwardly from
      the support member while extending transversely across the forming
      chamber. This divides the headspace in the forming chamber immediately
      above the molten metal while the headspace above the side seal in the
      vicinity of the roof of the chamber is maintained in communication
      throughout its length over the barriers. A preferred short barrier
      comprises a water-cooled pipe on which there is mounted a metal sheet
      barrier, for example, a stainless steel barrier.
PAR  This invention will be further understood with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal, sectional elevation view of a glass forming
      chamber connected to a glassmaking furnace through a glass discharge or
      delivery facility with the forming chamber divided according to this
      invention, and
PAR  FIG. 2 is a perspective view of a preferred short barrier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is seen a glassmaking furnace 11 to which
      there is connected a molten glass delivery facility 13 which in turn is
      connected to a flat glass forming chamber 15 having at its downstream end
      a continuous glass sheet lift-out and conveying facility 17. It is the
      exit or discharge end of the glassmaking furnace 11 that is shown. This is
      the end of a refining or conditioning zone of the furnace. Within the
      glassmaking furnace is a pool of molten glass 19. It is from this pool of
      molten glass that a layer of molten glass is delivered to the forming
      chamber 15 for forming into a continuous sheet of glass.
PAR  Within the flat glass forming chamber 15 there is a pool of molten metal 21
      which acts as a support liquid to support molten glass delivered to the
      forming chamber while it is cooled and conveyed along the surface of the
      pool of molten metal 21 to form a dimensionally stable, continuous sheet
      of glass 23, which can then be removed from the pool of molten metal by
      the lift-out facility 17.
PAR  The molten glass delivery or discharge facility 13 includes a subsurface
      threshold member 25 which supports molten glass as a layer or stream of
      molten glass during its withdrawal from the pool of molten glass 19 and
      delivery onto the pool of molten metal 21. The top surface of the
      threshold 25 is at or just above the top surface of the pool of molten
      metal so that glass delivered over the threshold onto the molten metal is
      delivered in a substantially horizontal path that is either perfectly
      horizontal or comprises a slightly downward slope. This combination of
      elements assures that molten glass is continuously supported during
      delivery.
PAR  The molten glass delivery facility also includes a roof portion 27 that
      extends over the threshold region of the furnace 11 immediately upstream
      of the threshold and the region at the forming chamber immediately
      downstream of the threshold. The roof is preferably of flat arch
      construction. The delivery facility also includes side members or jambs 29
      which define the width of an opening through which molten glass may be
      withdrawn from the furnace and delivered to the forming chamber. These
      extend upwardly from the ends of the threshold 25 to the roof 27.
      Extending down from the roof towards the threshold is an adjustable
      metering member or tweel 31 which extends transversely across the intended
      path of glass movement through the delivery facility. This tweel extends
      downwardly to engage the upper surface of molten glass in the pool of
      molten glass 19 and may be adjusted upwardly or downwardly to vary the
      space between the bottom of the tweel 31 and the top of the threshold 25.
      This controls the depth (height) of the opening through which molten glass
      may be delivered across the threshold 25. A backup tweel 33 may be
      provided upstream of the adjustable tweel used for flow control purposes.
PAR  The forming chamber 15 comprises a top portion and a bottom portion. The
      bottom portion is preferably supported from below and the top portion is
      suspended from above. The bottom portion of the forming chamber comprises
      a bottom 35, bottom side walls 37 and an exit end lip 39 which, together
      with the threshold 25, constitute a vessel for holding the pool of molten
      metal 21 in the forming chamber. The bottom portion of the forming chamber
      may be provided with edge rolls 40 or other force-applying apparatus for
      adjusting or controlling the width and thickness of glass being formed.
PAR  The top portion of the forming chamber includes top side walls 41, which
      are connected to the bottom side walls 37 by a side seal 43, which
      includes individual components that may be removed to provide access to
      the inside of the forming chamber. The top portion of the forming chamber
      further includes a roof 45 and a lintel 47 extending transversely across
      the entrance or hot end of the forming chamber. This lintel 47 may be
      designed to support the downstream portion of the delivery facility roof
      27.
PAR  The glass lift-out and conveying facility 17 includes an exit end seal
      comprising curtains 49 which are designed to prevent the ingress of
      undesired materials, particularly oxygen, into the forming chamber. A
      continuous sheet of glass may be lifted from the pool of molten metal 21
      and conveyed out from or withdrawn from the forming chamber by lift-out
      rolls 51, which comprise part of the lift-out facility 17. These rolls are
      provided with seals 53.
PAR  The forming chamber is provided with a series of radiant heating elements
      55 having connections 57 for connection to a source of electrical power
      (not shown). These heating elements are used to control the rate of glass
      cooling in the forming chamber. Since the glass is cooled by transfer of
      heat to the upper portion of the forming chamber, any increase in the roof
      temperature may be used to diminish the rate of heat transfer from the
      glass to it and conversely a decrease in roof temperature may be used to
      increase heat transfer to it. The roof structure includes roof tiles 59
      which act, in part, as heat absorbers for heat radiated to the roof
      portion of the forming chamber and tend to act as thermal ballast,
      providing a uniform target for heat radiation from the molten glass.
PAR  Not only does the glass give up heat to the roof of the forming chamber by
      radiation, but also it is cooled by convective heat transfer to the
      gaseous atmosphere within the headspace defined by the upper portion of
      the forming chamber and the bottom portion of the forming chamber that
      extends above the glass. This gaseous atmosphere is, of course, preferably
      a protective atmosphere to prevent the oxidation of the molten metal upon
      which the glass is supported. In the absence of any convective flow
      barriers, a large convection cell develops in a forming chamber because
      the entrance end of the chamber is substantially hotter than the exit end
      of the chamber. Gases tend to rise toward the roof in the entrance end of
      the chamber and descend toward the glass in the exit end of the chamber.
      This causes a flow of gases countercurrent to the direction of glass
      movement through the chamber immediately adjacent the glass and cocurrent
      with its movement along the roof.
PAR  In a forming chamber having a large temperature difference between its hot
      end and its cold end, the velocity of the gases adjacent the glass is
      sufficient to cause excessive convective cooling of the glass at its
      surface. This cooling can be so great that the glass at the surface
      develops a substantially stiffer, more viscous character than glass
      immediately subjacent the surface. Apparantly due to this, compressive
      forces develop within the glass near the surface of the molten glass.
      These forces appear to be a primary cause of batter distortion in the top
      surface of the glass. This batter distortion is characterized as periodic
      depressions and elevations in the upper surface of the glass.
PAR  This problem is worse in short forming chambers than in long ones. When the
      length of a forming chamber is less than about 50 times its height,
      convective cooling caused batter is noticeable. The quality of glass
      produced in such a forming chamber may be improved by practicing this
      invention. In a forming chamber having a length that is less than about
      twenty times its height, practice of this invention appears essential if
      glass of commercially acceptable optical quality is to be produced. Thus,
      this invention may be viewed as a key to the production of highquality
      glass in significantly shorter forming chambers than those found practical
      for use in the past. By practicing this invention, forming chambers as
      short as 5 to 10 feet, for example, appear practical for the production of
      flat glass. Such forming chambers can be constructed and operated with
      considerably less expense than can typical current forming chambers that
      are on the order of 200 feet in length.
PAR  When employing an extremely short forming chamber, it is necessary to
      retard the rate of convective heat transfer from the glass to the
      atmosphere significantly in order to avoid the highly-objectionable batter
      effect.
PAR  According to the present invention, the headspace above the pool of molten
      metal in the forming chamber is subdivided into a series of discrete
      regions or zones, each having a length on the order from 1/4 of the height
      of the chamber to 2 times the height of the chamber. This breaks up the
      convective flow within the gaseous atmosphere above the pool of molten
      metal and permits the overall length of the forming chamber to be quite
      short. By practicing this invention, glass can be adequately cooled to
      prevent its marking upon removal from the pool of molten metal without
      extending the length of the forming chamber to a length that is typical of
      common commercial float glass forming chambers which are on the order of
      about 200 feet long.
PAR  The barriers 61 comprise flexible refractory cloth, preferably asbestos
      cloth or silica cloth, which depend from supporting members extending
      transversely across the forming chamber. These are mounted at their ends
      through the upper side walls 41 or, alternatively, are mounted on the roof
      tile 59. A preferred support member is simply a pipe about which the
      refractory cloth is rolled. This pipe may be rotated to raise or lower the
      barrier attached to it. It is found desirable to install such barriers in
      a forming chamber and keep the barriers rolled up during the startup of
      glass forming in the chamber and then lower them after stable forming has
      been achieved.
PAR  The barriers 63 extend down from the elevation of the side seal 43 to just
      above the layer of glass being formed into a continuous sheet of glass.
      These barriers preferably comprise a supporting pipe 67 which has a metal
      sheet, preferably a stainless sheet 65, welded to the pipe 67. They are
      inserted through a removed section of the side seal 43 with the plate in a
      horizontal position and then turned downwardly so that they extend
      transversely across the forming chamber.
PAR  This invention will be further understood from the example which follows:
PAR  A soda-lime-silica glass having the following composition is formed into a
      continuous sheet of flat glass.
TBL  ______________________________________                                    

     Constituent  Initial                                                      

     ______________________________________                                    

                  (Percent by Weight)                                          

     SiO.sub.2    72.93                                                        

     Na.sub.2 O   13.63                                                        

     K.sub.2 O    0.02                                                         

     CaO          8.64                                                         

     MgO          3.80                                                         

     Al.sub.2 O.sub.3                                                          

                  0.12                                                         

     SO.sub.3     0.23                                                         

     Fe.sub.2 O.sub.3                                                          

                  0.08                                                         

     ______________________________________                                    

PAR  Glass batch is melted, refined and discharged for forming at a rate of
      about 50 to 60 tons per day. The forming chamber to which the molten glass
      is delivered has an inside length of about 40 feet and an inside height
      (surface of molten tin to roof tile spacing) of about 3 feet. The
      headspace of the forming chamber contains nitrogen and hydrogen which are
      continuously fed to it through the roof of the chamber.
PAR  Molten glass is delivered to the forming chamber as a thin, wide layer or
      stream over a submerged threshold and beneath an adjustable tweel. The
      space between the tweel and the threshold is varied to control the rate of
      molten glass delivery and is generally kept within the range from about
      1.5 inch to about 2.5 inch. The width of the opening through which the
      layer of glass flows is about 6 feet. The width of the continuous sheet of
      glass produced is also about 6 feet, with the width of glass during
      forming varying little. Edge rolls or machines are used and sufficient
      tractive force is applied to the glass to produce a continuous sheet
      having a thickness of about 1/8 inch.
PAR  The molten glass is delivered to the forming chamber at temperatures within
      the range from about 1950.degree.F. to about 2150.degree.F. with the usual
      delivery temperature about 2050.degree.F. The glass is cooled to a
      temperature within the range from about 1050.degree.F. to about
      1250.degree.F. for lift-off and removal from the pool of molten tin in the
      forming chamber.
PAR  During two extended periods of operation (several days duration) glass is
      produced without convection barriers in the chamber. During two other
      extended periods of operation, glass is produced while two fullheight
      convection barriers are disposed across the chamber near its hot end. One
      is positioned across the chamber a distance of about 4 feet from the tweel
      and threshold and the second about 8 feet from the tweel and threshold.
      The quality of glass produced in each of the four periods is visually and
      quantitatively evaluated. The glass produced with the barriers in place is
      of significantly better quality than that produced with no barrier in
      place. During these periods of operation radiation reflectors, such as
      disclosed by D. L. Cramer in his copending, commonly assigned application
      filed on even date herewith, were from time to time placed in the forming
      chamber. Their beneficial effects were noted as complementing the
      beneficial effects of practicing this invention, as well as improving
      performance even when making glass without barriers in the forming
      chamber.
PAR  The convective heat transfer from the glass in the first 8 feet of the
      forming chamber is determined from temperatures of the glass between the
      tweels and in the forming chamber at locations about 4 feet downstream
      from the tweel and about 8 feet downstream from the tweel. Temperatures of
      the atmosphere gases, the roof, the tin and the refractory walls and
      bottom of the furnace are measured to segregate the total glass heat loss
      into its separate parts, namely, heat loss through the bottom surface of
      the glass to the tin, and the heat through top surface of the glass to the
      roof and to the gases of the atmosphere. Based upon heat transfer from the
      glass and the thermodynamic properties of nitrogen (the principal gas in
      the chamber atmosphere) the convective and conductive heat transfer rates
      are determined, as is the Nusselt number characteristic of the region of
      interest in the forming chamber.
PAR  The glass quality is found to be strongly dependent upon convective cooling
      rate as seen in the following summary of data for the four periods of
      operation.
TBL  ______________________________________                                    

                   Without Barriers                                            

                               With Barriers                                   

     Time Period     1        2        3     4                                 

     ______________________________________                                    

     Total heat transfer Rate                                                  

                     11500    10700    8100  7000                              

      (Btu/hour/foot.sup.2)                                                    

     Convective heat transfer                                                  

                     27       31       22.5  18.5                              

     Coefficient = h                                                           

      (Btu/hour/foot.sup.2 /.degree.F.)                                        

     Nusselt Number  1370     1550     1135  910                               

      (Dimensionless)                                                          

     Distortion Sum  66       56       22    23                                

     Distortion Peak 35       29       11    12                                

     Zebra Board Angle                                                         

                     54       50       60    55                                

      (Degrees)                                                                

     ______________________________________                                    

PAR  The optical distortion measurements are made across the width of the glass
      sheet using a distortion analysis device similar to that described by
      Obenreder in U.S. Pat. No. 3,792,930.
PAR  The distortion sum units are equivalent to 0.05 diopter-inch or
      0.13-centimeter per meter based on a standard 22-inch scan length. The
      distortion peak units are each equivalent to 0.002 dioper.
PAR  The Zebra board angle is the angle a specimen of glass may be placed with
      respect to a planar surface having thereon a series of straight lines and
      positioned perpendicular to a viewer's line of sight when the lines become
      distorted (bent) as viewed through the glass. The glass is midway between
      the planar surface and the viewer. If the glass were a perfect optical
      flat, it could be turned to 90.degree. without causing distortion. This
      test is simple and expedient, though less precise and more subjective than
      the distortion analysis.
PAR  Larger Zebra angles indicate better quality glass, and smaller distortion
      sums and peaks indicate better quality glass. To the untrained eye the
      glass of time periods 1 and 2 is obviously objectionable, while that of
      time periods 3 and 4 is of apparently excellent quality.
PAR  The barriers employed in this invention may be provided with gutters as
      shown in FIG. 2 for diverting to the sides of the chamber condensed
      impurities or foreign material settling on them from the atmosphere. Also
      the bottom of a barrier may be shaped to provide more space beneath its
      central portion than beneath its marginal portions. This permits closing
      off the space between the glass and the barrier very closely with little
      risk of contacting the central region of the glass with the barrier.
PAR  Although this invention has been described according to particularly
      preferred embodiments, those skilled in the art will recognize that these
      embodiments are merely illustrative of the invention and are not intended
      to limit its scope.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of making flat glass wherein molten glass is delivered onto
      a pool of molten metal in an enclosed chamber having a roof extending over
      the pool of molten metal providing a headspace between the roof and the
      pool of molten metal, which headspace is filled with a gaseous atmosphere;
      wherein, following its delivery, the glass is advanced along the surface
      of the pool of molten metal from an inlet end of the chamber to an outlet
      end of the chamber and, while being so advanced, is cooled and subjected
      to tractive forces whereby the glass is formed as a dimensionally stable,
      continuous sheet of glass; and then removing the dimensionally stable,
      continuous sheet of glass from the pool of molten metal and from the
      enclosed chamber, the improvement which comprises
PA1  a. positioning a plurality of barriers in the headspace above the advancing
      glass in a region of the chamber extending from its inlet end to a
      location where the advancing glass is dimensionally stable such that each
      barrier is extended substantially across the headspace transverse to the
      advance of the glass and is extended from adjacent the roof downwardly
      into a sufficiently closely spaced relation with the advancing glass to
      prevent substantial gas flow beneath the barrier along the glass and such
      that the spacing between adjacent barriers of said plurality of barriers
      is from one-fourth to twice the height of the chamber headspace between
      the surface of the pool of molten metal and the roof; and
PA1  b. removing sufficient heat from the chamber between adjacent barriers to
      establish a convective flow of gases in the headspace between adjacent
      barriers that is substantially less intense than the flow of gases in the
      headspace of the chamber in the absence of such barriers;
PAL  whereby the rate at which the advancing glass is cooled following its
      delivery onto the pool of molten metal and prior to its reaching
      dimensional stability is sufficiently low to yield a continuous sheet of
      glass having observably less optical distortion than that of glass
      produced in the absence of such spaced barriers.
NUM  2.
PAR  2. The method according to claim 1 wherein the molten glass is delivered as
      a layer onto the pool of molten metal along a substantially horizontal
      path maintained at substantially the same elevation as the surface of the
      pool of molten metal.
NUM  3.
PAR  3. The method according to claim 1 wherein the discrete convection cells
      established in the portion of the space closest the location of glass
      delivery thereto are established and maintained to be smaller than the
      discrete convection cells established in the portion of the space
      extending from a location about one-third of its length from the location
      of glass delivery to the location of glass sheet removal.
NUM  4.
PAR  4. The method according to claim 1 wherein adjacent barriers are spaced
      sufficiently closely to one another and sufficient heat is removed from
      the chamber between them to provide a convective flow condition between
      them which is characterized by a Nusselt number below 1200 yet sufficient
      to provide for the glass to be cooled to dimensional stability in the
      forming chamber.
NUM  5.
PAR  5. In a glassmaking apparatus including a glass forming chamber having an
      inlet end and an outlet end containing a pool of molten metal for
      supporting glass during forming in the chamber and having a substantially
      enclosed upper portion enclosing a headspace for containing a gaseous
      atmosphere over the pool of molten metal, means for delivering molten
      glass onto the pool of molten metal at the inlet end of the chamber, means
      for advancing delivered glass along the surface of the molten metal, means
      for cooling of the glass for forming a continuous sheet of glass from the
      molten glass and means for removing the continuous sheet of glass from the
      chamber at its outlet end, the improvement comprising:
PA1  a plurality of barriers positioned in a region of the chamber extending
      from its inlet end one-third of its length toward its outlet end, each
      barrier extending transversely across the chamber and being sufficiently
      closely spaced from the pool of molten metal to prevent the substantial
      flow of gases along the length of the chamber parallel to the intended
      direction of glass advance, with adjacent barriers being spaced from one
      another a distance of from about 1/4 to about 2 times the height of the
      chamber headspace.
NUM  6.
PAR  6. The apparatus according to claim 5 including means for delivering molten
      glass as a layer along a substantially horizontal path onto the pool of
      molten metal wherein said molten glass delivery means is connected to the
      forming chamber at a location so that the path for molten glass delivery
      is at substantially the same elevation at the surface of the pool of
      molten metal.
NUM  7.
PAR  7. The apparatus according to claim 5 wherein each barrier extends to
      within about one-eighth inch to about one inch from the surface of the
      pool of molten metal.
NUM  8.
PAR  8. The apparatus according to claim 5 wherein the barrier is flexible.
NUM  9.
PAR  9. The apparatus according to claim 5 wherein the barrier is provided with
      means for raising and lowering its lower extremity.
NUM  10.
PAR  10. The apparatus according to claim 5 wherein the length of the chamber is
      less than about 20 times its height.
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ABST
PAL  The present invention relates to a method for cutting discrete sheets from
      a band or ribbon of glass such as emerges from the final stages of a float
      line or other glass production system. In accordance with the invention, a
      selected portion of an advancing band of glass in which a cut is to be
      made, which band is at a temperature of about 1000.degree. F or upward,
      and particularly in the range of about 1100.degree.  to 1250.degree. F or
      more, is subjected to a moderate, controlled quench influence, scribed,
      and rapidly broken along the scribe line.
PARN
PAR  This application is a continuation-in-part of my applications Ser. No.
      426,526, now U.S. Pat. No. 3,875,766 filed Dec. 20, 1973, entitled METHOD
      FOR THE DIRECT MANUFACTURE OF DISCRETE TEMPERED GLASS SHEETS, and Ser. No.
      470,815, filed May 17, 1974, entitled METHOD FOR THE DIRECT MANUFACTURE OF
      TEMPERED GLASS SHEETS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of glass manufacture, being directed
      specifically to a method for forming a cut or cuts in a band of hot glass
      emerging from the terminal end of a manufacturing process, such as a float
      line.
PAR  2. The Prior Art
PAR  In my copending application Ser. No. 426,526, reference is made to a
      process for the direct manufacture of tempered glass sheets. The method of
      that application involves subjecting a continuously advancing glass band
      to a substantial quench of at least one of its surfaces, effecting a
      conventional scribing in the quenched area, breaking the glass along the
      scribe line by a rapid flexure, and continuing the quench process until
      tempering has been completed.
PAR  As is known, when glass at tempering temperatures, e.g. in the order of
      about 1250.degree.F for a conventional soda-lime composition, is subjected
      to quenching influences, the surface areas are initially placed in
      substantial tension. Further in the quenching cycle, the tension in the
      surface areas is progressively reduced, and with the cooling and
      consequent shrinkage of the interior elements of the glass, the surfaces
      are placed under substantial compression.
PAR  The method of application Ser. No. 426,526 is predicated upon the discovery
      that during a quenching procedure incident to tempering, and particularly
      at that phase or range of the tempering procedure wherein the tension of
      the surface of the glass is reduced and the surface is about to enter or
      has just entered the compressive phase, the surface of the glass may be
      scribed and broken, and the resultant sheet obtained by continuing the
      quenching procedure will not evidence any of the tendencies to dice which
      would be experienced from an attempt to scribe and break a tempered glass
      sheet.
PAR  The method in accordance with application Ser. No. 426,526, in short, is
      directed broadly to the concept of cutting during the quench cycle, and in
      the discovery broadly that a glass sheet within the temperature range
      suitable for tempering may be broken by cooling a surface, scribing the
      cooled surface and breaking along the scribe while a substantial
      temperature differential exists within the sheet.
PAR  As hereinabove noted, the scoring and breaking in accordance with the
      described embodiments in application Ser. No. 426,526 are concluded to
      have been effected in the quenching process at that point or in that range
      when the cooled surface has already progressed through its major tension
      condition and is about to enter or has just entered a compression state or
      is at a null condition.
PAR  Without being bound by any theory, it is believed that the success of the
      procedure in the aforesaid application was predicated upon the fact that
      by cutting at the stage noted, the fissures in the surface resulting from
      scoring were not present at any time when the surface was in a state of
      high tension. Although such fissures may remain after cutting and
      breaking, they do not spread since they exist only in compression zones of
      the glass.
PAR  In contrast, conventional tempering of annealed glass requires that the
      edges of the sheet be ground to remove fissures which would spread when
      the surfaces are placed in tension in the course of quenching.
PAR  There may be mentioned, in addition to the prior art patents cited in the
      text of application Ser. No. 426,526, U.S. Pat. No. 3,754,884, This patent
      suggests that tempering may be effected, with the saving of some of the
      heat of melt, by reducing the temperature of a band of glass emerging from
      a melt to a uniform value below the temperature at which the glass is
      self-sustaining, such temperature being about the strain point of the
      glass, and cutting the glass at such uniform elevated temperature.
PAC  SUMMARY
PAR  The present invention is predicated on the discovery that a band of glass
      emerging from a melt at high temperatures may be cut into discrete sheets
      and may be subjected to edge trimming cuts by a method which does not
      necessitate reducing the temperature of the glass to the extent suggested
      in U.S. Pat. No. 3,754,884, or quenching the glass to a degree whereat the
      quenched surfaces have progressed through or substantially through the
      tension range, to the null or slight compression range.
PAR  More specifically, I have discovered that clean cuts may be formed in glass
      by scoring and breaking with the mean glass temperature substantially
      higher than heretofore considered possible, i.e. at a temperature well
      above the strain relief range, by a procedure which involves slightly
      chilling at least one surface of the glass which is to be cut at least in
      the area in which the cut is to be effected, to induce a slight tension in
      the chilled area, and scribing and rapidly breaking along the area which
      is chilled.
PAR  Unexpectedly I have discovered that glass at a uniform temperature of
      1250.degree.F or even higher may be cut by slightly chilling a surface of
      the glass, scribing the slightly chilled surface, and rapidly breaking
      along the scribe line. The chilling referred to is not sufficient to
      advance the surface through the high tension and then progressively lower
      tension, null or slight compression conditions incident to the fabrication
      of tempered glass. Rather, the slight chilling results in the production
      of a slight tension in the surface, which tension would greatly increase
      if the chilling were continued. During the initial period of slight chill
      or partial quench, if a scribe is run across the partially quenched zone,
      there will be formed fissures of a depth sufficient to permit the glass to
      be broken along the score line provided a sufficiently rapid stress is
      applied in registry with the score.
PAR  Additionally, I have discovered that by forming the scribe across a tension
      zone, the areas to either side of the scribe line tend to pull away or
      recede from the formed scribe, enabling the production of an accurate and
      well defined cut, notwithstanding the application of limited scribe
      pressures.
PAR  Cuts effected by scoring and breaking glass at room temperatures result in
      the formation of a so-called hackle zone at or adjacent the surface, the
      zone extending up to about one tenth of the thickness of the glass,
      depending upon the glass thickness and scribing procedure followed, and a
      so-called mirror or smooth zone below the hackle zone. The hackle zone is
      characterized by a series of interconnected but not necessarily perfectly
      aligned chips having radiating fissures therebelow, the mirror zone being
      essentially a perfectly flat, planar zone extending the remaining nine
      tenths or more of the glass thickness.
PAR  The practice of the procedure of the present invention likewise involves
      hackle and mirror zones, the hackle zone being of lesser depth and
      roughness and the mirror zone of greater thickness than observed in the
      comparable cutting of cold annealed glass.
PAR  In addition to the formation of a fine edge, the practice of the instant
      process is advantageous in that if the resultant sheets are to be
      subjected to further quenching as for tempering, the steps required for
      removal of remaining fissures are simplified.
PAR  By way of example, if the discrete sheets formed as a result of the
      procedure are annealed, cooled and are thereafter to be tempered, the
      amount of grinding necessary to remove the fissures is substantially
      reduced.
PAR  Similarly, if the sheets are to be tempered without cooling, i.e. by fire
      polishing of the edges, the amount of fire polishing required to prevent
      break-up of the subsequently tempered sheets is reduced.
PAR  Also, if cutting is effected at a sufficiently elevated temperature, or if
      the temperature of the severed sheets is thereafter elevated to quenching
      temperatures, the fissures, by reason of their small size, may heal
      themselves to an extent whereby the subsequent high tension formed in the
      hackle zone during quenching, will not cause the sheet to break up.
PAR  Accordingly, it is an object of the invention to provide a method of
      cutting hot glass which is a modification, variation, refinement or
      improvement of the method defined in my application Ser. No. 426,526.
PAR  It is a further object of the invention to provide a method of cutting
      glass bands emerging from a melt at elevated temperatures by quenching and
      subsequently scribing, which method does not involve quenching to an
      extent which produces substantial tension in the surface. Rather,
      quenching is carried out to an extent to induce only moderate tension in
      the surface.
PAR  A further object of the invention is the provision of a cutting procedure
      of the type described which may be carried out in glass bands at high
      temperatures without lowering the temperature of interior increments of
      the glass to the degree inherent in certain aspects of the procedure of my
      copending application Ser. No. 426,526.
DRWD
PAR  To attain these objects and such further objects as may appear herein or be
      hereinafter pointed out, reference is made to the accompanying drawing,
      forming a part hereof, in which:
PAR  FIG. 1 is a graph diagrammatically illustrating the strain characteristics
      in the surface layer of a band of glass processed in accordance with the
      invention.
DETD
PAR  As conducive to an understanding of the present invention, there is shown
      in FIG. 1 a graph illustrating the strain characteristics inhering in the
      surface layer only of glass being processed, the glass being initially,
      e.g. at the intersection of the X and Y axes, at a temperature suitably
      high for tempering, e.g. about 1275.degree.F for a conventional soda-lime
      formulation.
PAR  Glass in the area A has been subjected to a short period of moderate
      quench, the characteristics of which quench being more fully defined
      hereinafter, it being observed from FIG. 1 that the surface zone of the
      glass subjected to the quenching influence (e.g. a transverse band, if a
      transverse cut is to be made) being in a slight state of tension. If the
      glass in the condition of Zone A is at point B subjected to a rapid
      scoring and flexure about the score line, the glass will part cleanly on
      the formed score line. Thereafter, the separated glass increment may be
      processed in any desired manner.
PAR  Assuming the band to have been at an initial temperature of 1250.degree.F
      or more, the heat extraction effected by the quench, especially if the
      same is not applied to the entire glass but only to a band or bands of the
      glass, is normally insufficient to reduce the temperature of the glass
      below that required for tempering. The glass thus may be tempered by
      quenching without further heating or, in the event that heat loss is
      sufficient to reduce the temperature of the glass below the temperatures
      needed for tempering, may be subjected to an additional heating step which
      will raise the glass temperature to a proper temperature level.
PAR  In the Zone C of FIG. 1, there is diagrammatically illustrated the tension
      forces developed in the surface layer as the result of the application of
      a full tempering quench. It will be observed that the tension forces
      existing in the surface layer increase rapidly during the initial stages
      of the quench and thereafter progressively reduce until the surface goes
      into compression.
PAR  In accordance with a form of practice of the method of application Ser. No.
      426,526, cutting and breaking of the glass is believed in such case to
      have been effected at or near the range D where the surface has progressed
      beyond its point of maximum tension and is about to enter or has just
      entered into the compressive phase or, optimally, is at the null zone.
PAR  As more fully set forth in application Ser. No. 426,526, there are
      described various means for maintaining the glass in the Zone D to extend
      the time period during which cutting and breaking may successfully be
      effected, one such means including a progressive quench apparatus
      embodying an initial rapid quench, followed by a decreasing quench,
      followed further by an increasing quench. As an alternative described
      means for extending working time, the application suggests subjecting the
      glass to a source of homogeneous heat while quenching influences are
      applied to the glass.
PAR  The simultaneous homogeneous heating and quenching protracts the cutting
      period by maintaining the temperature differential between the external
      surface and the internal body of the glass since the homogeneous heat acts
      equally throughout the glass whereas the quench extracts heat
      preferentially at the surfaces.
PAR  Where cutting is effected in the Zone D, as per application Ser. No.
      426,526, and the quench continued, the resultant glass is inevitably
      tempered glass or at least heat hardened glass wherein the surface is
      under compression and the interior in tension.
PAR  As will be appreciated from an inspection of FIG. 1, the cutting at point B
      in the procedure provides a substantial degree of flexibility in that the
      resultant cut glass may be annealed, resulting in the production of
      annealed sheets, or may be tempered, or may be bent.
PAR  It will be further understood that since the quenching influences applied
      in the area A are small, heat extracted from the glass body is relatively
      small. It will thus be understood that if the severed sheets are to be
      subjected to the formation of a series of cuts, additional minor quenching
      influences may be applied until all of the necessary cuts have been
      completed, without reducing the temperature to a value below the desired
      range.
PAR  It is feasible, where the initial temperature of the glass is sufficiently
      high, directly to temper without further heating of glass which has been
      cut in accordance with the invention.
PAR  In view of the relatively shallow nature of the fissures resulting from
      cutting in the Zone A, if the cut glass is permitted to soak, i.e. remain
      for a time period without additional heating or cooling, the heated
      interior of the glass during the soak period raises the temperature in the
      surface area and, hence, the relatively smaller hackle zone, to a degree
      sufficient to heal the fissures resulting from scoring, whereafter the cut
      sheets may be subjected to conventional quenching techniques, resulting in
      the direct production of tempered glass sheets.
PAR  The method in accordance with the present invention is particularly
      advantageous in the direct formation of tempered glass sheets where
      multiple cuts are to be effected and where difficulties are encountered in
      maintaining the glass in the Zone D for the period of time necessary to
      effect all of the cuts. In such instance, by repeated cycles of slight
      quenching, cutting and, if necessary, slight reheating, etc. as necessary
      for the formation of additional cuts, the major amount of heat energy
      present in the glass emerging from the melt is maintained.
PAR  The method in accordance with the present invention or in accordance with
      Ser. No. 426,526 is to be contrasted, for instance, with that of United
      States Patent No. 3,754,884 which mandates that cutting be effected after
      a substantial reduction of heat in the entire glass is accomplished, and
      which further mandates that the heat in the glass at the time of cutting
      be equal throughout, requiring the use of an annealing lehr. After the
      cutting in accordance with the noted patent, the glass must be reheated to
      tempering temperatures, involving further energy consumption.
PAR  In accordance with a preferred embodiment, a band of glass of one quarter
      inch thickness emerging from the melt at a temperature of about
      1275.degree.F is, for a period of approximately one quarter second,
      subjected to a quench consisting of air at ambient (approximately
      75.degree.F) temperatures. The quench employed in the instant embodiment
      has an average heat extraction capacity of about 5 BTU per hour per square
      foot for each degree Fahrenheit of temperature differential between the
      glass surface and the quench air medium.
PAR  Immediately after the quench, a score is effected on the quenched surface
      through the use of any conventional scoring implement, a preferred
      implement being a diamond or tungsten-carbide wheel. The implement is
      drawn rapidly across the surface at a speed of about six feet per second.
PAR  Immediately following scoring, the surface of the glass remote from the
      score is subjected, in the usual manner, to a shock or flexing force
      tending to deflect the glass increments to either side of the score line
      about the score line as a bending axis.
PAR  The band will be found to part cleanly about the score line.
PAR  It is important in accordance with the present procedure, especially where
      the same is carried out at elevated temperatures, that the score be
      rapidly formed and that breaking along the score line promptly follow
      completion of the score, since the fissures tend to heal in a short time
      span.
PAR  It is further found to be desirable in the practice of the present method
      that the flexing to effect the break be a sudden or rapid flexing since
      the glass, especially at the higher temperatures noted, is still
      susceptible of being bent or deformed and application of a relatively slow
      flexing force will effect such deformation rather than a clean break.
PAR  The procedure described has been successfully carried out on an
      experimental basis at even higher temperatures than those mentioned, and
      it is within the contemplation of the present invention to encompass
      cutting at such higher temperatures. Such cutting does, however, have the
      disadvantage that the scoring and the flexing necessary for breakage is
      quite likely to deform the edge portions adjacent the break. On the
      positive side, however, due to the relatively lower viscosity of the
      glass, it is feasible to effect a break using a rapid but very minor
      bending of the glass at the score line.
PAR  It will be readily recognized, as is the case with all glass manufacturing
      procedures, that a degree of adjustment in the treatment parameters is to
      be anticipated in order to set up a campaign for the processing of
      particular sizes and compositions of glass. Factors which must be
      considered include the temperature of the glass at the time when the cut
      is to be made, the chemical composition of the glass, the nature of the
      cutting implement employed, the scoring pressure, the dimensions and the
      thickness of the glass, length of cut, etc.
PAR  Where a cutting is effected at especially high temperatures, the amount of
      pressure exerted by the scoring implement should desirably be reduced to a
      relatively low value since in some cases a degree of deformation of the
      score line at the upper temperature range may be observed if undue
      pressure is applied to the scoring implement.
PAR  Broadly stated, the present invention is predicated upon the discovery that
      a glass band may be broken along a parting line by essentially
      conventional scoring and bending steps, even though the glass is at an
      extremely elevated mean temperature, if a surface of the glass is
      subjected to a quenching influence sufficient to place the surface in
      slight tension and if the thus formed tension zone is scored and broken
      rapidly. The tension zone created is substantially less than the
      experienced in the surface of glass in the initial stages of a
      conventional tempering quench, and it will be understood that the tension
      may, after cutting, be eliminated by the addition of minor amounts of heat
      or by a soaking of the glass in an environment not involving substantial
      heat extraction.
PAR  The invention further contemplates the cutting of a band of glass at
      temperatures sufficiently high for tempering, permitting the fissures
      resulting from cutting to heal, either through a soaking, heating, or
      other fire polishing step, and thereafter subjecting the discrete sheets
      formed as a result of cutting to a tempering quench.
PAR  Interestingly, if the glass is cut in accordance with the method of the
      present invention and immediately thereafter, e.g. without soaking or fire
      polishing, subjected to a tempering quench, an in ordinately high
      incidence of breakage occurs. It is believed that the breakage is the
      result of the existence of fissures at a time when high tension is present
      in the hackle zone as a result of the quenching.
PAR  It will be observed that the present invention involves a specific
      refinement of the generic concept disclosed in my copending application
      Ser. No. 426,526. In one aspect of the method of the aforesaid
      application, cutting is effected at an intermediate stage of the tempering
      quench at a point or range wherein a maximum temperature differential
      between quenched surface and interior, on the order of about 300.degree.F
      is attained. In the method of the present invention, a substantially lower
      temperature differential of from about 10.degree.F to about 50.degree.F
      exists between the surface and the interior of the glass.
PAR  While the action of the cutting implement on the chilled tension zone has
      been referred to as "scoring", the precise mechanics resulting from the
      use of such implement are not fully known. Accordingly, the term "scoring"
      as employed herein and the action resulting from the use of the cutting
      implement on the tensioned glass surface and referred to as a "score"
      should not be construed as restricted to the conventionally understood
      meaning of such terms.
PAR  Numerous variations will occur to skilled workers in the art in the light
      of the instant disclosure. Accordingly, the present invention should be
      broadly construed within the scope of the appended claims.
CLMS
STM  Having thus described the invention and illustrated its use, what is
      claimed as new and is desired to be secured by Letters Patent is:
NUM  1.
PAR  1. The method of making discrete glass sheets from a ribbon of glass
      proceeding from a melt, said glass being in the temperature range of from
      about 1000.degree. to about 1300.degree.F, which comprises the steps of
      subjecting at least a surface area of said band to a quenching influence
      in quantity sufficient to place the surface area in slight tension, said
      quench reducing the temperature of said surface area to a range about
      50.degree.F or less below the maximum temperature of the interior of said
      band, forming a score line across said chilled portion of said band and
      breaking said band on said score line promptly after the formation of said
      score line and before the fissures resulting from said score have healed.
NUM  2.
PAR  2. The method in accordance with claim 1 which includes the step of causing
      at least the edge portion of said surface of said separated increment
      formed as a result of said scoring and breaking steps to become reheated
      for a period of time sufficient to heal the fissures formed as a result of
      said scoring and breaking steps, and thereafter subjecting said increment
      to a tempering quench.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein the initial temperature of
      said band is at least at the minimum temperature suitable for tempering
      the particular glass formulation treated at the time of said quench, and
      said reheating is effected by conduction of heat from internal components
      of said band.
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PAL  In forming heat-softened sheets by the roll forming method, continuously
      moving sheets of heat-softenable material, such as glass sheets, are
      conveyed continuously along a conveyor into a roll forming station, where
      a pair of sets of rotating shaping rolls move relatively toward one
      another to provide rolling engagement against the opposite surfaces of
      each moving glass sheet in succession in spaced relation to the conveyor
      for sufficient time to shape the sheets. The sets of rotating shaping
      rolls then move relatively away from one another to redeposit the shaped
      sheet onto the conveyor. The sheets are flat entering the roll forming
      station and shaped to a curved configuration on leaving the roll forming
      station. The present invention relates to a system of conveyor rolls
      capable of supporting heat-softened sheets that enter the roll forming
      apparatus in a flat condition and that leave the roll forming apparatus in
      shaped condition after they have been shaped by roll forming. The conveyor
      roll system also comprises a plurality of conveyor rolls toward the exit
      end of the roll forming station having a unique flexible structure that
      provides positive support for the shaped sheets leaving the roll forming
      station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The need for curved glass sheets has increased tremendously in recent
      years, particularly with the increase in use of curved glass for
      windshields, sidelights and rear windows of automobiles. The problem of
      increasing the rate of production of shaped glass sheets on a mass
      production line has been recognized and the glass shaping art developed
      new methods and apparatus that do not necessarily require sheets to be
      stopped at a shaping station as in U.S. Pat. No. 3,374,080 to Robert W.
      Wheeler or in U.S. Pat. No. 3,468,645 to Harold A. McMaster et al. The
      roll forming method developed in response to this need is disclosed in
      U.S. Pat. No. 3,701,644 to Robert G. Frank. The present invention relates
      to an improvement in the roll forming apparatus of the aforesaid patent.
PAR  U.S. Pat. No. 3,701,644 to Robert G. Frank discloses a method and apparatus
      for shaping sheets of heat-softenable material, such as glass sheets, with
      opposed sets of rotating forming rolls. The sheets of glass or other
      softenable material are shaped while moving between the rotating rolls.
      This technique for shaping glass sheets has been identified by the term
      "roll forming."
PAR  Usually, the glass sheets to be shaped by roll forming are conveyed as a
      series of heat-softened sheets along a roller conveyor in a flat state
      into the roll forming station. The rolls of the roller conveyor are spaced
      longitudinally in a common upper tangential plane that defines the path of
      movement of the glass sheets into the roll forming station. According to
      the roll forming method, each heat-softened flat glass sheet is engaged
      between an upper set and a lower set of rotating forming rolls of
      complementary shape. Each set is carried by a movable roll housing. When
      each glass sheet in succession reaches a position wherein its entire
      length is between the forming rolls, the lower set of forming rolls lifts
      the glass sheet to a position above the conveyor where the sets of
      rotating forming rolls engage the opposite surfaces of the glass sheet for
      sufficient time to impress the shape of the forming rolls on the glass
      sheet as the latter passes between the sets of rotating forming rolls. The
      lower set of rotating forming rolls is lowered to redeposit the shaped
      glass sheet on the conveyor.
PAR  The shaped sheet proceeds along the conveyor to a cooling or quenching
      station where the glass sheet is cooled at a rate sufficient to impart
      either a partial or a full temper or an anneal depending upon the rate of
      cooling. However, if the glass sheet is redeposited on a rigid conveyor
      roll of cylindrical configuration after it is shaped, the glass sheet
      tends to become somewhat flat before it reaches the cooling station.
PAR  In the roll forming method, it is essential that the glass be formed as
      closely as possible to the ultimate shape desired. The glass sheet arrives
      at the roll forming station in a deformable condition but is usually still
      essentially flat when it arrives, and leaves the roll forming station in a
      curved configuration. It is desired that the glass not be prematurely
      shaped to a wrong shape which has to be pressed out by the rotating
      forming rolls and it is also desired that the glass sheet after being
      shaped by roll forming not lose its shape while it is still hot enough to
      be deformed and before it is cooled at the cooling station after its
      passage through the roll forming station.
PAR  Flexible conveyor rolls comprising spaced stub shafts drivingly
      interconnected by springs that assume the shape of bent glass sheets for
      use in a glass shaping station are disclosed in U.S. Pat. No. 3,485,615 to
      Rahrig et al. and U.S. Pat. No. 3,485,618 to Ritter. In both of these
      patents a flexible spring is the only member secured at its opposite ends
      to a pair of spaced stub rolls to transmit a rotating driving force from
      one stub roll to the other. Whenever the bearing for the driven stub roll
      binds, the spring interconnecting the stub rolls develops a torsion force
      that causes it to develop torsional vibration. The torsional vibration
      causes the glass to move in a zig-zag pattern rather than along a straight
      line. If the glass sheet arrives at the cooling station in a skewed
      orientation, the blasts of cool tempering medium that chill the glass tend
      to distort the shape of the glass. Furthermore, when a stub shaft driven
      through a spring as in Ritter freezes to its bearing housing, the
      connecting spring winds into tighter and tighter coils until it breaks
      upon reaching the elastic limit. In Rahrig et al., where each stub shaft
      is driven independently, it is necessary to drive both stub shafts at the
      same peripheral speed to avoid failure of the connecting spring.
PAR  The flexible conveyor rolls of the present invention which transport the
      bent glass sheets out of the roll forming station are constructed to avoid
      these problems.
PAR  Furthermore, all the conveyor rolls at the glass shaping station of the
      latter two patents are flexible. Flexible rolls of the type disclosed in
      these patents contain many components and are more difficult to maintain
      in good operating condition than rigid rolls.
PAC  SUMMARY OF THE INVENTION
PAR  While it is understood that the present invention is suitable to shape
      deformable sheets of any composition, it will be described in terms of
      shaping glass sheets by the roll forming method because it is especially
      beneficial in shaping glass sheets to very close tolerances and with
      minimum optical distortions and markings.
PAR  In order to assure that the roll forming apparatus as modified by the
      present invention produces glass sheets whose configuration is within
      tolerance that is acceptable to the customer, the conveyor rolls on which
      heat-softened, flat glass sheets are introduced into the shaping station
      are essentially cylindrical and rigid, and the conveyor rolls on which the
      glass sheets are removed from the roll forming station after shaping are
      flexible and capable of conforming to the shape of the supported glass
      sheets. One aspect of the present invention is to combine a number of
      rigid conveyor rolls which are relatively easy to maintain with a minimum
      number of flexible conveyor rolls more suitable then rigid cylindrical
      conveyor rolls to transport the shaped sheets out of the sheet forming
      station.
PAR  Excellent conveyor rolls having a shape capable of adjustment into various
      shapes of curved glass sheets have been developed for use in the cooling
      station of a curved glass tempering apparatus. These are disclosed in U.S.
      patent application Ser. No. 285,998 of George R. Claassen and Rudy
      Canonaco, filed Sept. 5, 1972 now U.S. Pat. NO. 3,807,982 and in U.S.
      patent application Ser. No. 285,999 of Rudy Canonaco, filed Sept. 5, 1972.
      Unfortunately, the rolls developed for conveying shaped glass sheets
      through a cooling station, while suitable for moving shaped glass sheets
      through a cooling station, do not provide sufficient space for moving the
      lower set of forming rolls through the plane of support between positions
      occupied by adjacent conveyor rolls in the sheet forming station of roll
      forming apparatus. Accordingly, one aspect of the present invention
      involves improving the exit end of the sheet forming station by
      incorporating at said exit and flexible conveyor rolls of special
      construction capable of conforming to the shape of the glass.
PAR  The flexible conveyor rolls comprise a pair of spaced stub shafts
      interconnected through a flexible cable in such a manner that the driving
      force for causing one of the spaced stub shafts to rotate is transmitted
      mainly through the flexible cable to the other stub shaft regardless of
      whether the cable is straight to support flat glass or curved to conform
      to the curvature of shaped glass sheets. The stub shafts are externally
      threaded to receive the ends of a spring entrained about the cable. A
      fiber glass sleeve covers the spring to contact the shaped glass sheets.
      The latter move through the exit of the roll forming station into the
      cooling station by friction of the rotating flexible conveyor rolls
      against the supported surface of the shaped glass sheet, much in the same
      manner as the flat glass sheets are introduced into the sheet forming
      station while flat by friction of the cylindrically shaped, rigid,
      rotating conveyor rolls spaced along the path of movement for the sheets
      along an upper tangential plane common to the cylindrically shaped
      conveyor rolls.
PAR  The present invention will be understood better in the light of a
      description of an illustrative embodiment and variations thereof that
      follows.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which form part of the description of an illustrative
      preferred embodiment and where like reference numbers are applied to like
      structural elements,
PAR  FIG. 1 is a longitudinal elevation of a portion of a preferred embodiment
      of apparatus incorporating a sheet forming station of the roll forming
      type conforming to the present invention;
PAR  FIG. 2 is a transverse sectional view of the sheet forming station showing
      a pair of forming rolls in retracted position with a flat glass sheet
      entering the forming station for forming into a desired configuration;
PAR  FIG. 3 is a view similar to FIG. 2 showing how the forming rolls of FIG. 2
      engage a glass sheet during the process of roll forming;
PAR  FIG. 4 is a transverse elevation view of a rigid conveyor roll of the type
      located in the entrance part of the roll forming apparatus;
PAR  FIG. 5 is a view similar to that of FIG. 4 with parts broken away to show a
      flexible conveyor roll used in the exit portion of the sheet forming
      station where the conveyor roll is adjusted to assume a straight sheet
      supporting surface in the unloaded position;
PAR  FIG. 6 is a view similar to FIG. 5 showing how the shape of the rotating
      flexible conveyor roll is modified while supporting a curved glass sheet
      after the latter has been shaped at the sheet forming station and
      deposited thereon, and
PAR  FIG. 7 is an exploded view in perspective of certain structural elements of
      the flexible conveyor roll of FIGS. 5 and 6.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 discloses a side view of a roll forming
      apparatus of the type depicted in U.S. Pat. No. 3,701,644 to Robert G.
      Frank modified to incorporate a preferred embodiment of the present
      invention. The roll forming apparatus of the present invention comprises a
      tunnel-type heating furnace 20, a sheet forming station 21 of the
      roll-forming type, and a cooling station 22 of the type also depicted in
      the aforesaid Frank patent.
PAR  A glass sensing device 51 of the type well known in the art, such as an
      ultraviolet or infrared sensing device, is located between the exit of the
      furnace 20 and the entrance to the sheet forming station 21 to detect the
      passage of the trailing edge of a glass sheet to actuate operation of the
      sheet forming station 21 to perform its sheet forming function.
PAR  The conveyor system extends through the length of the furnace 20, the sheet
      forming station 21 and the cooling station 22. The conveyor system
      comprises a series of longitudinally spaced horizontally extending
      conveyor rolls 23 of 13/4 inch diameter disposed at three inch spacing
      throughout the length of the furnace for conveying a succession of glass
      sheets G therealong. The conveyor rolls 23 disposed in the furnace are
      preferably made of stainless steel and are of cylindrical configuration
      and rigid.
PAR  Additional rolls 24, also of rigid stainless steel shaft construction, each
      having an outer diameter of 1 inch and spaced on 7 inch centers are
      located in the entrance end portion of the sheet forming station 21 and
      are covered with thin sleeves of fiber glass 124 (see FIG. 4). Additional
      conveyor rolls 25 which are flexible and which will be described in
      greater detail later are located in the exit end portion of the sheet
      forming station 21 and have the same outer diameters and roll to roll
      spacing as rolls 24. Additional conveyor rolls 26 of the type found
      suitable for use in the cooling station 22 and which are of the type
      described in either the aforesaid U.S. patent application Ser. No. 285,998
      Claassen and Canonaco or Ser. No. 285,999 of Canonaco are disposed in the
      cooling station 22, or at least in the entrance portion of the cooling
      station.
PAR  The conveyor rolls 23, 24, 25 and 26 form different sections of the
      conveyor system. Each conveyor section is driven off a drive motor 27, a
      drive chain 28, a driven gear 29, and a separate longitudinally extending
      drive shaft 128. Bevel gears 129 are provided for each conveyor roll 23,
      24, 25 and 26 to drive each roll of the section off the longitudinally
      extending drive shaft 128 for its respective conveyor section as shown in
      FIG. 2. If desired, certain conveyor rolls of one section may be
      disconnected by clutches from the motor driving one conveyor section for a
      driving connection to a motor driving another conveyor section, in a
      manner well known in the art. Also, the conveyor sections may be further
      subdivided, or the entire conveyor system may be made as one continuous
      section, as desired.
PAR  The furnace 20 comprises a tunnel-type passageway through which flat glass
      sheets are conveyed with their lower surface supported by successive rigid
      conveyor rolls 23. The furnace has heating elements 212 which may be
      electrical resistance heaters supported by the roof and the floor of the
      furnace so that the glass sheets may be irradiated as they are conveyed
      through the furnace to arrive at the furnace exit at a suitable
      temperature for shaping by roll forming and tempering.
PAR  The sheet forming station 21 of the present invention comprises an open
      reinforced frame structure 19 to which are movably supported a lower
      forming roll support housing 31 and an upper forming roll support housing
      41. Both forming roll support housings are oriented in a horizontal plane
      parallel to the horizontal plane of support provided by the conveyor
      system. The lower forming roll support housing 31 comprises a pair of sets
      of vertical brackets 32. Each of the latter is located in spaced relation
      at 7 inch spacing along a row intersected by one of two spaced vertical
      planes that extend longitudinally of the conveyor system to receive one of
      a series of straight lower commom shafts 33 near one or the other of its
      ends. The brackets 32 of each pair of brackets that support one of the
      lower common shafts 33 are located in a common vertical plane that extends
      normal to the first two vertical planes and parallel to the common
      vertical planes in which other pairs of brackets that support the other
      straight lower common shafts are located.
PAR  The brackets 32 are adjustably positioned to support the series of common
      shafts 33 either in alignment with one another either in a horizontal line
      in a plane parallel to the plane of support provided by the upper tangent
      common to the horizontal conveyor rolls 23, 24, 25 and 26 of the conveyor
      system or in an oblique line or in adjustment along a curved line defined
      by the position of each bracket 32 along each of the two longitudinally
      extending, spaced, vertical planes or any combination of horizontal,
      oblique or curved lines as dictated by the nature of the shape to be
      imparted to the glass sheets being shaped.
PAR  Each of the lower common shafts 33 rotatably supports one of a series of
      lower segmented forming rolls 34. Each segment of the segmented forming
      rolls 34 is approximately 2 inches long axially, except for the centermost
      segments which are approximately 4 inches long. Each central shaping
      segment is flanked by an equal number of flanking shaping segments on
      either side thereof.
PAR  An apertured longitudinally extending horizontal angle member 35 is
      supported along each side of the lower forming roll support housing 31.
      Each aperture of each horizontal angle member 35 is vertically aligned
      below an internally threaded member extending downwardly from a
      corresponding one of the brackets 32. A series of threaded shafts 36 have
      their upper ends connected to the brackets 32 and their lower ends
      extending through a corresponding aperture of one or the other of the
      horizontal angle members 35. Suitable lock nuts 37 are provided along each
      shaft 36 above and below a corresponding member 35 to adjust the axial
      position of the threaded shafts 36 relative to the horizontal angle member
      35 so as to fix the position of each bracket 32 relative to the lower roll
      housing support structure 31. Each horizontal member 35 interconnects a
      pair of lower end plates 38. A roller 39 is attached to each end of each
      lower end plate 38.
PAR  The vertical position of each bracket 32, as determined by adjustment of
      its associated threaded shaft 36, controls the position of an end portion
      of a lower common shaft 33. The adjusted position of each pair of brackets
      32 of each lower common shaft 33 establishes the orientation of the
      segmented forming rolls 34 that are mounted on the shafts 33. Each shaft
      33 is straight to facilitate mounting and replacement of the segments of a
      forming roll of desired configuration thereon. It is thus a simple matter
      to remove one set of forming rolls conforming to one configuration and
      replace its segments with another set of forming rolls whose segments
      conform to another configuration whenever parts of a different
      configuration are to be produced
PAR  The lower forming roll support housing 31 is rigidly attached to a lower
      vertical piston 94 mounted on a piston support structure 95 attached to
      the open reinforced frame structure 19. A pair of lower vertical slotted
      plates 96 is carried by the frame structure 19 for receiving the rollers
      39 attached to each end plate 38 of the lower forming roll support housing
      31. A cross-beam 97 is attached to the upper end of piston 94 and
      interconnects the end plates 38 which are also interconnected by the lower
      apertured angle members 35. This provides a rigid structure for the lower
      forming roll support housing 31 so that the set of lower forming rolls 34
      supported by said lower forming roll support housing 31 moves in unison in
      response to actuation by the piston 94.
PAR  The open reinforced frame structure 19 also carries two pairs of upper
      vertically slotted plates 98 that receive upper guide rollers 43 fixed to
      the ends of upper end plates 44. The latter interconnect the opposite ends
      of a pair of upper, apertured, longitudinally extending, horizontal angle
      members 40 that form part of an upper forming roll support housing 41, and
      that have a reversed structure of those of the horizontal members 35. The
      upper end plates 44 are connected to an upper cross-beam 42 which is fixed
      to the free lower end of an upper piston 45, which is extendable in a
      downward direction. A cylinder for the upper piston is supported on an
      upper piston support structure 145 forming part of the reinforced frame
      structure 19.
PAR  In vertical planes intermediate the vertical planes occupied by the
      conveyor rolls 24 and 25 and in alignment with the vertical planes
      occupied by the lower set of segmented forming rolls 34, the upper forming
      roll support housing 41 supports a set of upper segmented forming rolls
      46. Each upper segmented forming roll comprises a plurality of segments
      mounted on a straight upper common shaft 47. The shape of each segment of
      each upper forming roll 46 is complementary to the shape of the
      corresponding segment of its corresponding lower forming roll 34.
PAR  The vertical position of each of the upper segmented forming rolls 46 is
      adjustable in the manner similar to the adjustment provided for the lower
      segmented forming rolls 34. For example, each upper shaft 47 is received
      rotatably in one of a series of upper shaft brackets 58, each of which is
      a reversal of a bracket 32. The lower ends of externally threaded rods 60
      are connected to internally threaded upper end portions of brackets 58 and
      their upper ends extend through apertures in one or the other of the
      upper, apertured, longitudinally extending, horizontal angle members 40
      and are fixed in position to the latter through pairs of adjustment nuts
      64 for each threaded rod, one nut being below the angle member 40 and at
      least one nut mounted above the angle member 40 to determine the vertical
      position of each upper bracket 58 that determines the vertical position of
      each end portion of each upper common shaft 47.
PAR  As seen in FIG. 2, the segments of the lower segmented forming rolls 34
      form a substantially continuous concave contour in the axial direction of
      the straight common shafts 33. This shape conforms to the shape desired
      about an axis parallel to the path the glass sheet takes through the sheet
      forming station 21 for an incremental portion of each glass sheet shaped
      by roll forming. The segments of the upper segmented forming rolls 46 have
      generally convex outer configurations that are complementary to the
      configurations of the lower forming roll segments they oppose.
PAR  Hence, if all the upper segmented rolls 46 have their shafts 47 in
      alignment in an upper horizontal plane and the lower segmented rolls 34
      have their shafts aligned in a lower horizontal plane, when piston 94 is
      extended upwardly, the segmented rolls 34 are lifted in unison to
      positions above the horizontal plane occupied by the tangent common to the
      upper portion of the circumferences of the conveyor rolls 24 and 25 in the
      sheet forming station. Each vertically aligned pair of rotating upper and
      lower forming rolls engage different increments of a heat-softened glass
      sheet moving through a roll-forming station when the piston 94 is extended
      upward a sufficient distance to lift the lower segmented forming rolls 34
      into positions of rolling engagement against the undersurface of the glass
      sheet and forcing the upper surface of the glass sheet into rolling
      engagement against the upper set of forming rolls 46. Thus, the rotating
      rolls impose bending forces on different longitudinal increments of the
      traveling glass sheet simultaneously.
PAR  The composition of the roll segments is very important to insure proper
      operation of the roll forming apparatus with minimum glass breakage or
      glass marking. The material must have a low thermal conductivity to
      minimize thermal shock on the hot glass when the latter engages the
      relatively cold shaping rolls. The rolls must have a low coefficient of
      thermal expansion over a wide range of temperatures of approximately
      600.degree.F. from room temperature to an elevated temperature that the
      forming rolls attain on periodically contacting hot glass. They must be of
      a composition that does not react chemically with glass, that is durable
      over said wide temperature range, and is readily shaped or machined to
      complex contours. To meet the aforesaid requirements, the segments of the
      forming rolls 34 and 46 are composed of an asbestos cement of
      alumino-silica composition sold by Johns Manville under the trademark of
      TRANSITE.
PAR  In order to minimize marking of the glass surface due to rubbing by
      portions of the shaping rolls whose peripheral velocity differs
      sufficiently from the speed of the glass sheet moving through the roll
      forming apparatus to cause observable rubbing marks, only selected
      segments of the segmented forming rolls 34 are keyed to the lower shaft 33
      to rotate therewith and the remaining segments of the lower forming roll
      are freely rotatable relative to the lower shafts. Likewise, only selected
      segments of the upper segmented forming rolls 46 are keyed to the upper
      shafts 47, while the remaining segments are freely rotatably thereon. In
      addition, low friction devices are disposed between adjacent segments to
      minimize friction between adjacent segments.
PAR  Suitable driving means are provided to rotate the keyed segments of forming
      rolls 34 and 46 at optimum peripheral speed. The lower shafts 33, which
      rotatably support the forming rolls 34, are connected to a common drive
      shaft through flexible coupling means 67. The upper shafts 47, which
      rotatably support the segments of the upper forming rolls 46, are
      connected to their respective drive shafts through flexible coupling means
      68. The upper drive shafts are connected through suitable spur gearing to
      a drive motor independent of the drive motor for the drive shaft for the
      lower shafts 33 for reasons that are explained in a copending application
      Ser. No. 466,343 of Robert G. Frank, filed on the same date as this
      application.
PAR  The entire open frame structure 19 is mounted on transverse guides 59 for
      transverse alignment by adjustment means 52. It also facilitates removal
      of one forming station and its replacement by another forming station
      adjusted to produce glass sheets of a different pattern with minimum
      interruption to continuous operation.
PAR  In order to assure proper alignment between the upper roll support housing
      41 and the lower roll support housing 31 when there is relative movement
      between the housings 31 and 41 or between each housing and the frame
      structure 19, each housing is provided with an alignment mechanism. The
      alignment mechanism for the lower roll housing 31 comprises four lower
      racks 69 extending downward from housing 31 to mesh with certain gears of
      a lower rectangular array 79 of lower horizontal connecting rods and gears
      connected to a lower platform 66 forming part of the frame structure 19. A
      similar arrangement of upper racks 78 extends upward from the upper roll
      support housing 41 to mesh with certain gears of an upper rectangular
      array 80 of rods and gears affixed to an upper platform 76 forming part of
      the frame structure 19 to align the upper roll housing 41.
PAR  The lower forming roll support housing 31 is provided with lower stop
      members 61 and the upper forming roll support housing 41 is provided with
      upper stop members 71. Each of the lower stop members 61 comprises a lower
      limit adjustment means 62 and an upper limit adjustment means 63 in the
      form of lock nuts adjustably mounted on one of a plurality of lower
      threaded shafts 65. Each of the latter is rigidly secured at its upper end
      to the lower forming roll support housing 31 and extends through an
      aperture in the lower platform 66 of the open reinforced frame structure
      19 with lower limit adjustment means 62 disposed above the lower platform
      66 and the upper limit adjustment means 63 disposed below the lower
      platform 66.
PAR  Each of the upper stop members 71 comprises an upper limit adjustment means
      72 and a lower limit adjustment means 73 in the form of lock nuts
      adjustably mounted on one of a plurality of upper threaded shafts 75. The
      latter is rigidly secured at its lower end to the upper forming roll
      support housing 41 and extends through an aperture in an upper platform 76
      of the open reinforced frame structure 19 with upper limit adjustment
      means 72 disposed below the upper platform 76 and the lower limit
      adjustment means 73 disposed above the upper platform 76.
PAR  The lower limit adjustment means 73 of the upper forming roll support
      housing 41 and the upper limit adjustment means 63 of the lower forming
      roll support housing 31 are adjusted according to the thickness of glass
      sheets undergoing roll forming so that the minimum spacing between
      corresponding shaping rolls in the direction of the glass sheet thickness
      exceeds the glass sheet thickness by a predetermined amount based on the
      tolerance permitted by the customer. This is usually between 0.01 inch and
      0.05 inch, preferably 0.02 inch to 0.04 inch.
PAR  FIGS. 2 and 3 show the roll forming apparatus in the respective positions
      occupied when the rotating forming rolls 34 and 46 are retracted from one
      another when a flat glass sheet is entering the roll forming station 21
      (FIG. 2), and in the position occupied when they are engaging a glass
      sheet G that is being shaped (FIG. 3). While it is possible to operate the
      roll forming apparatus so that only the lower set of segmented forming
      rolls 34 are moved vertically toward and away from the corresponding upper
      set of segmented forming rolls 46 to shape the glass sheets, greater
      flexibility is provided when both the upper forming rolls 46 and the lower
      forming rolls 34 are provided with vertical movement. However, it is
      necessary that the lower forming rolls 34 retract in the flat glass
      receiving position to a position below the horizontal plane occupied by
      the common tangent to the upper surfaces of all of the conveyor rolls 34
      and 25 in the sheet forming station 21, as depicted in FIG. 2, and that
      the lower forming rolls 34 occupy an upper position wherein the entire
      upper surfaces of the forming rolls 34 is above the common plane of the
      conveyor rolls 24 and 25, as depicted in FIG. 3.
PAR  With reference to FIG. 4, the conveyor rolls at the entrance end of the
      sheet forming station 21 comprise a solid, rigid roll 24 covered with a
      fiber glass covering 124. These rolls are of cylindrical configuration and
      have a common upper tangent that forms a continuation of the plane of
      support provided by the common upper tangent of conveyor rolls 23 in the
      furnace 20.
PAR  The exit end portion of the sheet forming station 21 comprises a series of
      flexible rolls 25 whose flexible structure enables each roll to assume the
      shape of the glass sheets when the lower segmented shaping rolls 34 are
      retracted to a position below the positions occupied by the conveyor rolls
      24 and 25. When unloaded, flexible conveyor rolls 25 occupy positions
      where their common upper tangent forms a continuation of the common upper
      tangent of the rigid conveyor rolls 24.
PAR  Each flexible conveyor roll 25 comprises a pair of stub shafts 103 and 104
      respectively. Stub shaft 103 is grooved helically at 105 along its outer
      surface at a pitch equal to the pitch of a spring 106 to receive the last
      few turns of the spring 106. A flexible steel cable 107 formed of twisted
      steel strands is attached at one end by brazing to an inner recess of an
      inner portion of reduced diameter of stub shaft 103. A slotted member 108,
      such as a clothespin type member having an inner head portion and an outer
      slotted portion of reduced diameter, is rigidly attached to the other end
      of the flexible cable 107 by brazing the latter end to a recess in the
      inner head portion of the member 108. The slotted outer end of the
      clothespin type member 108 is reduced in diameter and is slidably received
      within a cylindrical recess 109 of the laterally inner portion of stub
      shaft 104.
PAR  The latter has an externally helically grooved portion 110 like the
      helically grooved portion 105 of stub shaft 103. The helically grooved
      portions 105 and 110 have the same pitch and their depth equals the
      thickness of the coils of the spring 106 so that grooved portion 110
      receives the last few turns of the other end of the spring 106 from that
      engaged in the grooved portion 105.
PAR  The slot in the slotted end of the slotted member 108 is oriented to be in
      alignment with a pair of diametrically aligned apertures 111 formed in the
      cylindrical recess 109 of the stub shaft 104. A drive pin 113 extends
      through the apertures 111 and the slot at the slotted end of the slotted
      member 108. The opposite ends of the spring 106 are brazed to the stub
      shafts 103 and 104 and the first few turns at either end are received in
      the helical grooves of the grooved inner portions 105 and 110 of the
      respective stub shafts 103 and 104.
PAR  A fiber glass sleeve 124 is mounted over the length of each flexible roll
      25 including a portion of the stub shafts 103 and l04. The outer diameter
      of the spring 106 is equal to the diameter of the grooved portions 105 and
      110 of the respective stub shafts 103 and 104 and the sleeve 124 fits
      directly over the stub shafts 103 and 104 and the spring 106 extending
      intermediate the stub shafts.
PAR  In an illustrative embodiment of the invention, the stub shafts 103 and 104
      have outer diameters of 1 inch, the cable 107 has a diameter of one-half
      inch. The spring having an inner diameter of 0.655 inch and an outer
      diameter of 1 inch is formed of coiled wire about 0.17 inch thick
      helically wound to a pitch of four coils per inch of length and the fiber
      glass sleeve 124 is about 0.025 inch thick.
PAR  The flexible cable 107 extends within the spring 106. Practically all of
      the power transmitted to stub shaft 103 to cause the latter to rotate is
      directly communicated to stub shaft 104 through the cable 107 via drive
      pin 113 and slotted member 108, and very little of the power, if any, is
      transmitted through the spring 106. As a result, very little torsion is
      imparted to the spring so that there is virtually no torsional vibration
      imparted to the spring as power is delivered to rotate the stub shafts in
      unison.
PAR  When the conveyor roll becomes hot through intermittent contact with hot
      glass sheets so that the cable and the spring tend to become extended, the
      cable is free to move relative to the stub shaft 104 a distance equal to
      the length of the slot in the slotted end of the clothespin type member
      108 and still remains in driving relation with the stub shaft 104.
PAR  Bearing housings 114 and 115 are provided for the respective stub shafts
      103 and 104. Axially outward of the bearing housing 115, stub shaft 104 is
      externally threaded at 116 to receive a pair of lock nuts 117 and a washer
      118 to adjust the axial position of stub shaft 104, which fixes the
      tension on spring 106. Cable 107 is capable of loosening or tightening in
      response to the tension applied to spring 106 since the position of the
      slotted end of the clothespin member 108 within slot 109 is readily
      adjusted. The lock nuts 117 are adjusted to tension the spring 106 barely
      sufficiently to cause the spring 106 and the cable 107 extending
      therethrough to extend in a horizontal line from stub shaft 103 to stub
      shaft 104 with no load thereon.
PAR  The cooling station 22 may be of any type of glass tempering or
      heat-strengthening apparatus that is well known in the art. One type of
      cooling station that may be used is disclosed in U.S. Pat. No. 3,245,772
      to James H. Cypher and Charles R. Davidson, Jr. Preferably, it comprises
      upper and lower nozzle boxes 88, each having a set of longitudinally
      spaced, elongated slot nozzle openings 89 extending transversely of the
      path defined by the portion of the conveyor system that extends through
      cooling station 22 that includes flexible conveyor rolls 26. The slot
      openings are preferably about three-sixteenth inch to one-fourth inch wide
      and about 3 inches apart in each set and the nozzle openings of one set
      are about 5 inches from the nozzle openings of the other set, and aligned
      in vertical plane that intersect the spaces between adjacent conveyor
      rolls 26. The latter have an outer diameter of 2 inches or less at their
      axial ends and decrease in diameter toward their central portion as needed
      to conform to the shape of glass sheets being conveyed through the cooling
      station 22. The exact structure of the cooling station forms no part of
      the present invention and this description thereof is made as brief as
      possible because any cooling station used to temper glass sheets on a
      roller hearth may be used in conjunction with the present invention.
      Pressurized air from blowers (not shown) is supplied to the upper and
      lower nozzle boxes 88 for discharge through the nozzle openings 89 to cool
      bent glass sheets as they are conveyed through the cooling station 22.
PAR  If desired, exit doors of the type well known in the art may be included to
      intermittently close the exit slot openings of the furnace 20 and a
      similar door at the entrance of the cooling station 22 may be included to
      intermittently close the opening to the cooling station 22. This minimizes
      the exposure of the sheet forming station to the hot atmosphere of the
      furnace 20 at one end and to the cold blasts of the cooling station 22 at
      the other end.
PAR  The present invention provides a series of rigid conveyor rolls 24 of
      cylindrical configuration at the entrance portion of the sheet forming
      station 21 to provide rolling support for heat-softened flat glass sheets
      entering the sheet forming station 21 and flexible conveyor rolls 25 that
      conform to the shape of the bent glass sheets at the exit portion of the
      sheet forming station to provide a positive support and positive driving
      force to transfer the bent glass sheets to the cooling station 22. The
      flexible conveyor rolls 25 are specially constructed to have a flexible
      cable 107 rigidly connected to one stub shaft 103 at one end and rigidly
      connected at its other end to a slotted member (such as clothespin type
      member 108) that is slidably received for axial movement within a
      cylindrical recess 109 at the axially inner end of another stub shaft 104.
PAR  The aligned apertures 111 and the drive pin 113 cooperate with the slotted
      portion of the slotted member 108 to provide means to drivingly connect
      the other end of cable 107 with stub shaft 104 while permitting axial
      movement therebetween. Thus, the cable 107 is constructed and arranged to
      provide a major portion of the driving connection between stub shafts 103
      and 104. The spring 106, through which the cable 107 extends, is
      positively supported at its ends in the helical grooved portions 105 and
      110 of the stub shafts 103 and 104 and is free to conform between said
      stub shafts to the shape of the sheets conveyed thereon in transit to the
      cooling station 22. The cable 107 is free to follow the change in shape of
      the spring 106 because the movable end of the cable 107 pulls the slotted
      member 108 within the cylindrical recess 109 without interrupting the
      driving engagement between the drive pin 113 and the elongated slot of the
      slotted member 108.
PAR  The thickness of the cable 107 is about three times the thickness of the
      spring 106 and the driving connection between the pin 113 and the slotted
      end of slotted member 108 permits virtually no rotative movement between
      the cable 107 and the stub shaft 104. Hence, the rotational force from one
      stub shaft is transmitted to the other stub shaft mainly through the
      relatively thick cable and only an insignificant portion thereof, if any
      at all, is provided through the spring 106. The tension applied to the
      spring 106 by adjusting the position of stub shaft 104 is barely
      sufficient to prevent it from sagging when the flexible roll 25 is not
      supporting any mass.
PAR  The form of the invention shown and described herein represents an
      illustrative preferred embodiment thereof and it is understood that
      various changes may be made without departing from the gist of the
      invention as defined in the claimed subject matter that follows.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of shaping sheets comprising conveying a heat-softened sheet
      into a sheet forming station comprising upper and lower sets of rotatable
      forming rolls having complementary curvatures while supported on a
      plurality of rotating rigid conveyor rolls of cylindrical configuration
      having a common upper tangent defining a support plane, rotating said
      rotatable forming rolls, lifting said softened sheet on a plurality of
      said lower set of said rotating shaped forming rolls until the opposite
      surfaces of said deformable sheets are engaged and fed longitudinally
      between said upper and lower sets of rotating forming rolls for sufficient
      time to shape said sheet to conform to said complementary curvatures,
      lowering said shaped sheet on said lower set of rotating forming rolls
      near the downstream end thereof to transfer said shaped sheet onto a
      series of flexible rotating conveyor rolls capable of self-conforming to
      the shape of the formed sheets and removing the shaped sheets while
      supported on said flexible conveyor rolls.
NUM  2.
PAR  2. Apparatus for shaping heat-softened sheets comprising a sheet forming
      station and a conveyor comprised of a plurality of conveyor rolls
      longitudinally spaced throughout the length of said sheet forming station,
      said sheet forming station comprising an upper and a lower set of shaped
      forming rolls, said shaped forming rolls including pairs of corresponding
      upper and lower forming rolls of complementary curvature disposed between
      adjacent of said conveyor rolls, said conveyor including a plurality of
      rigid conveyor rolls of cylindrical configuration extending into the
      entrance end portion of said sheet forming station and a plurality of
      flexible conveyor rolls extending from within said sheet forming station
      to the exit end portion of said sheet forming station, said flexible rolls
      being constructed and arranged to self-conform to the shape of a formed
      sheet for conveying the latter out of said sheet forming station, means
      for moving said lower set of forming rolls between a retracted position
      below said conveyor rolls and a sheet engaging position above said
      conveyor rolls and means for rotating said conveyor rolls.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein said flexible conveyor rolls comprise a
      pair of spaced, axially aligned stub shafts, a flexible cable extending
      between said spaced stub shafts, means rigidly connecting one end of said
      cable to one of said stub shafts, means connecting the other end of said
      flexible cable to the other of said stub shafts in axially adjustable
      position relative to said other stub shaft, means preventing relative
      rotation of said other end of said flexible cable relative to said other
      stub shaft to transmit a driving force resulting from rotating said one
      stub shaft through said flexible cable to said other stub shaft.
NUM  4.
PAR  4. Apparatus as in claim 3, further including a spring extending from said
      one stub shaft to said other stub shaft in surrounding relation to said
      flexible cable, each of said stub shafts haivng a helical groove to
      receive the opposite ends of said spring, and a cover means of material
      harmless to said sheet covering said spring.
NUM  5.
PAR  5. Apparatus as in claim 4, further including means to rigidly attach the
      opposite ends of said spring to said stub shafts.
NUM  6.
PAR  6. Apparatus as in claim 4, wherein said helical grooves in said stub
      shafts have the same pitch as that of said spring and a depth approxmately
      equal to the thickness of the coils of said spring.
NUM  7.
PAR  7. Apparatus as in claim 4, further including means to adjust the axial
      position of said other stub shaft to adjust the tension of said flexible
      spring.
NUM  8.
PAR  8. Apparatus as in claim 4, wherein said cable is sufficiently thicker than
      the coils of said spring to provide a major portion of a driving
      connection between said stub shafts when one of said stub shafts rotates.
NUM  9.
PAR  9. A conveyor roll for conveying curved sheets comprising a pair of spaced
      axially aligned stub shafts, a flexible cable extending between said
      spaced stub shafts, means rigidly connecting one end of said cable to one
      of said stub shafts, means connecting the other end of said flexible cable
      to the other of said stub shafts in axially adjustable position relative
      to said other stub shaft, and a helically wound spring extending from said
      one stub shaft to said other stub shaft in surrounding relation to said
      flexible cable, said spring having a portion at each end thereof secured
      to the adjacent stub shaft.
NUM  10.
PAR  10. A conveyor roll as set forth in claim 9 having a cover means
      surrounding said helically wound spring.
NUM  11.
PAR  11. A conveyor roll as in claim 10, further including means to rigidly
      attach the opposite ends of said spring to said stub shafts.
NUM  12.
PAR  12. A conveyor roll as in claim 10, including helical grooves in said stub
      shafts having the same pitch as that of said spring and a depth
      approximately equal to the thickness of the coils of said spring.
NUM  13.
PAR  13. A conveyor roll as in claim 10,, further including means to adjust the
      axial position of said other stub shaft to adjust the tension of said
      flexible spring.
NUM  14.
PAR  14. A conveyor roll as in claim 10, wherein said cable is sufficiently
      thicker than the coils of said spring to provide a major portion of a
      driving connection between said stub shafts when one of said stub shafts
      rotates.
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ABST
PAL  Glass or like stemware is manufactured in one piece by part-forming an
      article having a glob of material in the position where the stem is
      required, placing the glob between rollers which have a shape defining the
      required shape of the stem, and rotating the glob between the rollers
      while advancing the rollers inwardly. Subsequently a foot forming member
      is axially advanced towards the glob to apply pressure against the glob to
      form a radially-extending foot.
PARN
PAR  This is a continuation of application Ser. No. 385,880 filed Aug. 6, 1973,
      now abandoned, which is a division of Ser. No. 275,447, filed July 26,
      1972, now U.S. Pat. No. 3,773,490.
BSUM
PAR  This invention relates to the production of one-piece stemware from glass
      and other viscous settable materials.
PAR  Typically such articles are at present made by the processes described in
      British Pat. Specifications Nos. 822,585 and 833,590. In the first of
      these the foot is formed in a blow moulding machine by upwards pressure on
      the bottom of the blown glass, and in the second the foot is withdrawn to
      form a neck between the foot and the bowl. Neither method permits the
      fabrication of more complex stem shapes.
PAR  According to this invention there is provided a method of manufacturing a
      stemmed article from a viscous settable material comprising the steps of
      providing a part-formed article having a glob of material in the position
      where the stem is required, placing the glob between shaped rollers and
      rotating the glob between the rollers while advancing the rollers inwardly
      to form a stem having a profile defined by the surface of the rollers.
PAR  Preferably a foot forming member is subsequently advanced axially towards
      the glob to apply pressure thereagainst so as to form a radially extending
      foot on the article.
PAR  According to the invention there is also provided apparatus for
      manufacturing a stemmed article from a viscous settable material,
      comprising means for rotatably supporting a part-formed article with part
      thereof between parallel shaped rollers, and means for advancing the
      rollers towards each other to form a stem on the article.
DRWD
PAR  The invention will be described in more detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-section through a part-formed glass article which is to
      be provided with a stem and foot;
PAR  FIGS. 2 to 4 are schematic diagrams illustrating in a simplified manner the
      operation of a stem forming machine embodying the invention, the three
      figures showing successive stages in the method;
PAR  FIG. 5 is a view similar to FIG. 4 showing the production of a relatively
      complex stem shape;
PAR  FIGS. 5A and 5B show other stem shapes which can be produced;
PAR  FIG. 6 is a plan view of a stem-forming machine based on FIGS. 2 to 4;
PAR  FIG. 7 is a sectional view of the machine of FIG. 6 taken on the line
      VII--VII;
PAR  FIG. 8 shows the cam plate of the machine; and
PAR  FIG. 9 is a somewhat diagrammatic sectional view of another machine
      embodying the invention.
DETD
PAR  FIG. 1 shows a part-formed glass article having a bowl 10 and a glob 12 of
      material attached to the bowl in the position where it is desired to have
      the stem of the finished article. The part-formed article can be produced
      by conventional forming methods and has the following basic requirements:
PAR  1. A neck ring 14 suitable for the acceptance of jaws holding the component
      whilst being rotated.
PAR  2. The cylindrical glob 12 of glass of suitable dimensions for the
      formation of the stem and foot.
PAR  3. The provision that the neck ring and glob are true and concentric with
      each other.
PAR  These requirements for the work-piece can all be produced and maintained by
      conventional blow/moulding or other forming methods used on existing
      machinery. An accurately predetermined weight of glass is used in the
      blow/moulding operation, so that the part-formed article of FIG. 1 has an
      accurate shape and an accurate weight of glass in the glob 12. This leads
      to good geometrical and dimensional stability in the subsequent formation
      of the stem.
PAR  The part-formed article is transferred to a separate machine, illustrated
      diagrammatically in FIGS. 2 to 4, without delay in order to minimise heat
      loss. This can be done manually or with an automatic transfer device. The
      stem-forming machine consists essentially of three freely-rotatable shaped
      rollers 16 which are equi-spaced around the part-formed article 10 and
      which are automatically displaced radially inwards. The part-formed
      article is held by its neck ring 14 in rotatable jaws (not shown), and the
      rollers 16 are positioned square and concentric with the jaws. A cam
      advances the rollers 16 inwardly towards the glob 12, one of the rollers
      reaching the glob before the other two so as to allow the first roller to
      true up the revolving glob 12 prior to final forming, and to allow gas
      jets to continue to play on the glob for as long as possible with as
      little contact as necessary between roller and glob.
PAR  Three columns of gas jets are disposed equidistantly about the centre of
      the forming mechanism between the rollers. The temperature of the flame is
      adjustable, with the lower jets being controlled independently of the
      upper jets during formation of the foot.
PAR  To form the foot, a foot forming plate 18 is situated below the level of
      the rollers 16 with its centre axis on the axis of the jaws. The foot
      forming plate can revolve freely and at the same speed as the jaws. It is
      also provided with a vertical drive to produce an up or down motion, with
      pressure exerted during the upward movement.
PAR  The manufacture proceeds as follows. Initially the gas jets are lit and set
      to achieve a suitable temperature. A workpiece having the shape shown in
      FIG. 1 is formed on a conventional blow/moulding machine and is
      transferred with as little delay as possible to the stemforming machine so
      as to retain the heat in the glass. A typical maximum-transfer time would
      be fifteen seconds.
PAR  The workpiece is then held in the jaws which commence to rotate at a
      predetermined speed, and the jaws are lowered to bring the glob 12 in the
      correct position relative to the rollers and the gas jets. The first
      roller is then moved inwardly by the cam plate to bear lightly against the
      revolving glass glob 12. No real pressure is exerted and this is purely to
      control the glob when it is in a pliable state. One roller is sufficient
      to control this and prevent eccentricity of the glob, and by using only
      one roller a greater area remains for the gas flames to play on the glob
      and, further, heat loss by contact with the rollers is kept to a minimum.
      When the glob is brought to the correct temperature, which may take about
      thirty seconds depending on the size of the glob, the remaining rollers 16
      are then brought to bear on the glob. At this stage all the rollers 16 are
      positioned concentrically around the glob.
PAR  The cam plate now moves the rollers 16 symmetrically and evenly inwards
      towards the axis of the machine, pressure being exerted on the glass. This
      stage is illustrated in FIG. 2. The glob is thus rolled to a smaller
      diameter, the surplus glass 20 being forced down below the level of the
      lower edges of the rollers 16.
PAR  When the required stem diameter is reached the rollers are maintained in
      this position whilst the foot forming plate 18 is raised into contact with
      the excess glass 20 which has been forced down by the rollers 16, as shown
      in FIG. 3. The foot forming plate is then raised under steady pressure,
      and a squeezing action takes place between the foot forming plate 18 and
      the lower faces 22 of the rollers 16, causing the glass to spread
      outwardly to form the foot, as shown in FIG. 4.
PAR  When this state is reached the gas jets are turned off and the glass
      allowed to cool. When the glass is sufficiently stable, the foot forming
      plate 18 is lowered, the rollers 16 move outwards, the jaws are raised and
      rotation of the jaws is stopped. The article with the completed stem can
      now be transferred to a burn-off or crack-off process to complete the
      formation of the bowl 10 by removing the moil, and remove the neck ring.
PAR  With small glasses the foot forming plate 18 can remain freely revolving,
      as described, but with larger articles it may be necessary to drive the
      foot forming plate at the same speed as the jaws, the actual speed of
      these being adjustable and being determined by the size of the glass being
      produced.
PAR  It will be appreciated that the shape of the rollers shown in FIGS. 2 to 4
      is purely schematic, and that the process can be used to produce stemware
      of varying shapes and sizes. One rotationally-symmetrical shape is shown
      in FIG. 5, and it will be seen that the roller contour is reflected in the
      shape of the finished stem. Examples of other possible stem shapes are
      shown in FIGS. 5A and 5B.
PAR  It may be possible to provide faceted surfaces to the rollers to produce
      other stem and foot shape, for example based on a square or hexagonal
      cross-section.
PAR  FIGS. 6 to 8 illustrate a stem-forming machine which utilises the
      principles described with reference to FIGS. 2 to 4. The machine has a
      machine frame 40 which carries a hollow cylindrical housing 42 which in
      turn supports a top plate 44. On the plate 44 run three roller brackets 46
      provided with rollers 48 by means of which they can travel radially
      inwardly and outwardly. The brackets 46 carry corresponding rollers 50
      which correspond to the rollers 16 of FIGS. 2 to 4. In this case also the
      rollers are shown with a simplified profile. The rollers 50 are freely
      rotatable on the brackets 46.
PAR  Each bracket 46 has a downward arm 52 which projects through a slot in the
      plate 44 and engages a cam plate 54. To bias the arms 52 against the cam
      plate each bracket 46 is provided with a tension spring 56 which exerts an
      outward pull on the bracket. The cam plate 54 is rotatably mounted between
      the bearing plate 55 supported in housing 42 and the top plate 44 and can
      be driven through a drive gear 58.
PAR  Gas burners 60 are positioned between the brackets 46 and have inwardly
      directed gas jets. The burners 60 are linked to the brackets 46 by links
      62 which are effective to inter-relate the movement of the burners 60 and
      brackets 46 so that inwards movement of the brackets 46 causes outwards
      movement of the burners and vice versa. Thus as the cam plate 54 moves the
      brackets 46 and hence the rollers 50 inwards, the burners 60 are
      automatically retracted.
PAR  A foot forming plate 64 is mounted at the top of a shaft 66 which can be
      driven for rotation at its lower end through drive gears 68. The plate 64
      together with the shaft 66 can also be moved vertically by drive gears 70
      which cooperate with a multi-start thread around the shaft 66 to raise and
      lower the foot plate.
PAR  In view of the above description with reference to FIGS. 2 to 4 it is not
      believed that a detailed description of the operation of the machine of
      FIGS. 6 and 7 is required. Briefly, however, a part-formed glass 72 is
      held by jaws and lowered into the space between the rollers 50, these
      being in their outermost positions. The gas jets from burners 60 play on
      the glass glob 12 (see FIG. 1). When the required temperature is reached,
      the cam plate 54 bears on arms 52 to advance the brackets 46 with rollers
      50 and simultaneously withdraw burners 60. When the stem is shaped, the
      foot-forming plate 64 is raised by gears 70 to form the foot on the glass.
      If desired, drive is provided to the foot plate from gears 68.
PAR  The cam plate 54 is shown in FIG. 8. It is divided into three sectors A, B
      and C for the three respective rollers 50. Each sector is in turn
      subdivided into three phases 1, 2 and 3 as shown. Sector A corresponds to
      the leading roller which is used to true up the glob, and thus phase A1
      advances this roller to the centralising position, phase A2 holds it there
      for re-heating, and phase A3 applies pressure to form the stem. Sectors B
      and C are identical, phases B1 and C1 causing no movement, phases B2 and
      C2 causing a steady advance of these two rollers, and phases B3 and C3
      being identical to phase A3 to apply pressure to the stem.
PAR  The machine shown in FIGS. 6 to 8 also includes a water cooling system for
      the rollers 50 which has been omitted for simplicity.
PAR  Another machine is illustrated diagrammatically in FIG. 9. Here the stem
      and foot forming takes place on the actual blow/moulding machine used to
      produce the part-formed article. The figure illustrates two positions. In
      the first the blow tube 80 is used to blow the bowl and form the glob for
      the stem and foot in a mould 82 the bottom of which is closed by a foot
      forming plate 84, the rollers 86 being well retracted. After the blowing
      operation, the mould is opened and the part-formed article 88, still
      supported by the blow tube 80, is brought between the rollers 86.
      Subsequent operation is similar to that of the machine of FIGS. 6 to 8.
PAR  This embodiment enables the completed article to be made without transfer
      to a separate machine.
PAR  While the manufacture of glass articles has been described, it will be
      clearly apparent that the process can be applied to other viscous settable
      materials.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing a stemmed article, such as a drinking vessel
      or vase, from a viscous settable material, such as glass, comprising the
      steps of:
PA1  a. providing a part-formed article having a glob of at least semi-molten
      material in the position where the stem is required;
PA1  b. supporting said part-formed article vertically for rotation about its
      longitudinal axis with said glob lowermost;
PA1  c. rotating said article about its longitudinal axis while simultaneously
      rolling the circumferential surface of the glob in a vertical plane with
      rollers the surfaces of which conform to the desired shape of the finished
      article;
PA1  d. reducing the distance between the rollers to form the stem of the
      desired shape and configuration without stretching; and
PA1  e. advancing a foot-forming member towards the glob and applying pressure
      thereagainst to form a radially extending foot on said stem.
NUM  2.
PAR  2. A method according to claim 1, wherein one roller is advanced ahead of
      the other(s) into initial light contact with the glob.
NUM  3.
PAR  3. A method according to claim 1, wherein the part-formed article is formed
      by a blow/moulding technique, and the article is supported by the blow
      tube while the stem is formed by the rollers.
NUM  4.
PAR  4. A method according to claim 1, wherein said rollers have upper and lower
      faces with said lower faces being of conical configuration and cooperating
      with said foot-forming member to form said radially extending foot.
NUM  5.
PAR  5. A method according to claim 1, wherein the foot-forming member is freely
      rotatable.
NUM  6.
PAR  6. A method according to claim 1, wherein the article is rotated by drive
      through a jaw, and the rollers are freely rotatable and driven by the
      article.
NUM  7.
PAR  7. A method according to claim 1 wherein said rollers and glob of material
      are rotated about substantially parallel axes.
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ABST
PAL  The neck ring arms of a Hartford I. S. type glassware forming machine
      section are adapted to be oscillated between a blank and a blow station,
      and also to move toward and away from one another in order to cooperate
      with one another and with a blank mold at the blank side of the machine,
      and to release a partially formed parison at the blow side of such a
      machine. In a triple gob configuration, where three such neck ring molds
      are provided, cartridges are disclosed for conveniently mounting the six
      neck ring mold segments for quick assembly with the associated neck ring
      arms. The cartridges can be quickly removed with a minimum downtime to the
      machine section, and the neck ring mold segments bench-assembled in the
      cartridge at the leisure of the machine operator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a Hartford I. S. type glassware forming machine each individual section
      has one or more blank molds into which one or more gobs of molten glass
      are deposited for the purpose of forming a preliminary parison or
      parisons. These parisons are formed inverted, and the neck portions of the
      parisons are actually formed to final shape in a neck ring mold at the
      blank side of the machine. The neck ring mold is then used to transfer the
      parisons to the blow side of the machine for the final forming step. The
      parisons are released at the blow side for this purpose, a blow head being
      lowered onto the blow mold in order to form the parisons into shape
      dictated by the blow molds after the neck ring molds have been returned to
      the blank side to cooperate with the blank mold in forming another group
      of parisons as the first group of articles are being final formed.
PAR  The mechanism for transferring the neck ring molds between the blank and
      the blow side of the machine section comprises left and right hand neck
      ring arms, the inner ends of which arms are mounted to a hub or neck ring
      structure so as to be oscillatable together, that is between the blank and
      blow mold stations or sides of the machine section. This hub structure, or
      neck ring mechanism, also includes means for moving these arms toward and
      away from one another to release the parisons at the blow station.
      Conventionally, the neck ring mold halves or segments are mounted directly
      to these arms by clamping screws or the like. However, with the advent of
      double and triple gob operation for the Hartford I. S. type glassware
      machine the removal for replacement or repair of the six neck ring mold
      halves required in a triple gob configuration has led to excessive
      downtimes in the individual machine section concerned. The purpose of the
      present invention is to avoid such excessive downtime in the glassware
      forming machine due to removal for replacement or repair of the various
      neck ring mold segments.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to glassware forming machines, and deals
      more particularly with an improved cartridge construction for housing the
      various neck ring mold segments provided in such a glassware forming
      machine.
PAR  The general object of the present invention is to provide a neck ring mold
      cartridge construction which is capable of conveniently assembling the
      various neck ring mold segments so that they can be "bench mounted" , each
      such cartridge being received in a channel defined for this purpose in its
      associated neck ring arm, and a quick disconnect latching means being
      provided to secure the cartridge in its associated arm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view depicting known components in
      schematic fashion and illustrating the neck ring arms, the cartridge for
      supporting the various neck ring mold segments, and the latching
      arrangement for securing the cartridges in their associated neck ring
      arms.
PAR  FIG. 2 is a schematic elevational view illustrating the conventional
      oscillatory motion of the neck ring arms whereby the parisons are
      transferred from the blank to the blow side of a typical glassware forming
      machine.
PAR  FIG. 3 is a plan view of a portion of the cartridge configuration depicted
      in FIG. 1 illustrating the manner in which the neck ring mold segment is
      connected to its associated cartridge.
PAR  FIG. 4 is a vertical sectional view taken generally on the line 4--4 of
      FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  In a typical Hartford I. S. type glassware forming machine the mechanism
      for oscillating a pair of neck ring arms from and to the blank and blow
      side station of an individual section is well known in the art. For
      example, U.S. Pat. No. 2,702,444 issued to the inventor herein Feb. 22,
      1955 shows a neck ring mechanism of this general type, that is, a
      mechanism and means for moving the individual neck ring arms toward and
      away from one another and between a blank and a blow station. The reader
      is referred to the above mentioned patent for a detailed description of
      this conventional portion of the present disclosure, such a mechanism
      being illustrated in schematic fashion herein.
PAR  Briefly, such a mechanism, indicated generally at 10 in FIG. 2, is adapted
      to oscillate the neck ring arms 12 and 14 between the limit positions
      shown in FIG. 2 in solid and phantom lines. The neck ring mechanism 10
      also includes means for moving the individual neck ring arms 12 and 14
      toward and away from one another, as indicated generally by the arrows 16
      and 18 respectively in FIG. 1. As disclosed in the above mentioned patent
      a typical neck ring mechanism for carrying out this motion may comprise a
      pair of opposed fluid pressure actuators each of which is slidably mounted
      on a horizontally extending rock shaft oscillatable on the axis 20. These
      actuators may have a common piston pinned or otherwise secured to the rock
      shaft. The cylinders are preferably splined to the shaft to prevent their
      rotation relative to the piston while permitting them to slide in the
      axial direction. A spring may be provided to urge these cylinders toward
      one another, and the neck ring arms preferably include inner portions
      which define flanges for attachment to gibs or the like defined for this
      purpose on the cylinders. The mechanism for oscillating the neck ring arms
      usually comprises a vertically oriented rack gear which is adapted to mesh
      with a pinion on the axis 20 of the horizontally extending rock shaft.
      Such a rack gear is typically actuated by a fluid actuator of conventional
      construction.
PAR  Thus, the neck ring arms 12 and 14 are adapted to move toward and away from
      one another as indicated generally by the arrows 16 and 18, and in
      addition these arms are also adapted to move in unison with one another
      generally in the direction of the arrow 22 shown in FIGS. 1 and 2 so that
      the outer end portions of the arms are oscillated between the blank and
      blow stations (or sides) of a typical glassware forming machine section.
      The above described neck ring mechanism is of conventional construction
      and therefor is indicated schematically in FIG. 1 by reference numeral 24.
      The blank and blow stations are also depicted schematically by reference
      numerals 26 and 28. In the triple gob configuration shown in FIG. 2
      several blank molds are provided at the blank station, and these are
      upwardly open to receive the gobs of glass from the gob distribution
      device (not shown). These gobs are formed into a preliminary shape called
      a parison at this blank station and only the neck portions of the parisons
      are formed to final shape at the blank side. The neck ring mold segments
      (six in number) illustrated generally at 30 and 32 in FIG. 1 final form
      the necks of the three articles. These neck ring mold segments are of
      conventional configuration, and are adapted to cooperate with the blank
      mold to define the neck or upper portion of the article as best shown in
      FIG. 4. By way of reference, an article is shown at A in FIG. 4 to relate
      the neck ring mold to this portion of a typical glassware article.
PAR  In accordance with the present invention all of the various neck ring mold
      segments, or halves, are clamped in one or the other of two cartridges, 36
      and 38, associated with each of the neck ring arms, 12 and 14
      respectively. FIGS. 3 and 4 show the means for clamping each of the neck
      ring mold segments to its associated cartridge. Preferably, said means for
      clamping each neck ring mold segment 32 to its associated cartridge 38
      comprises a clamping screw 40 slidably received in an opening 42 defined
      for this purpose in the cartridge 38 and threadably received in a threaded
      opening aligned therewith in the neck ring mold segment 32.
PAR  The cartridge 38 includes generally semi-circular locating surfaces 44 so
      shaped as to restrain the neck ring mold segment against vertical motion
      and to align such mold segment in the cartridge in order to permit said
      neck ring mold segment 32 to be secured thereto by a single clamping screw
      40. As shown in FIG. 4 these locating surfaces 44, 44 are adapted to
      receive an annular groove in the neck ring mold segment, which groove has
      a vertical dimension corresponding to the thickness of the cartridge 38.
      Thus, the neck ring mold segment 32 is securely clamped in its associated
      cartridge as a result of the cooperative groove in the neck ring mold
      segment and the corresponding or complimentary shaped locating surface 44
      on the cartridge itself.
PAR  Turning next to a more detailed description of the cartridge 38 and also,
      considering the method of assemblying these cartridges with their
      associated neck ring arms, FIG. 1 shows these neck ring arms, 12 and 14,
      to include longitudinally extending surfaces, 13 and 15 respectively,
      which surfaces face one another, and each of which surfaces defines at
      least one longitudinally extending channel opening for receiving its
      associated cartridge 36 and 38 respectively. Preferably, the channel
      shaped opening in each of the neck ring arms 12 and 14 is open outwardly
      to permit the associated cartridge, 36 or 38, to be slidably received
      therein. Quick disconnect attachment means in the form of latches and pins
      is provided for securing each of these cartridges in position. The latches
      50, 50 are pivotally provided on the outer end of each of the neck ring
      arms 12 and 14, with cooperating pins 52, 52 being provided at the outer
      ends of each of the cartridges for receiving complimentary notches
      adjacent the free ends of the pivoted latches 50, 50.
PAR  A further feature of the present invention is the provision of cooperating
      male and female locating means defined in part in the neck ring arms,
      adjacent the inner ends of the channel openings, and in part in the
      cartridges themselves so as to properly locate the inner ends of the
      cartridges as they are received in these channels. As shown in FIG. 1
      longitudinally extending pins 54 extend into the end of the channel
      opening in each of the neck ring arms, and these pins are slidably
      received in corresponding openings provided for this purpose at the inner
      ends of each of the cartridges 36 and 38. As so constructed and arranged
      it will be apparent that the cartridges 36 and 38 can be readily assembled
      and disassembled from their associated neck ring arm, all of this being
      accomplished with a minimum of downtime to the glassware forming machine
      section in which they are a component part. The cartridges themselves can
      be provided with the necessary neck ring mold segments for forming a
      particular style of glassware article while the cartridge is located on a
      bench, that is outside the environment of the glassware forming machine.
      On the other hand, cartridges can be provided in sufficient number to
      accommodate various neck ring mold segments and configurations with the
      result that the machine operator can remove and replace these portions of
      the mold structure in the machine in order to set-up his machine for
      forming a variety of glassware articles all with a minimum of downtime to
      the machine itself, and therefor, the overall operating efficiency of the
      resulting machine is much improved.
CLMS
STM  It is claimed
NUM  1.
PAR  1. In a glassware forming machine of the type having a blank mold station
      wherein several preliminary parisons are formed, a blow mold station for
      final forming several glassware articles from these parisons, and a neck
      ring mechanism for transferring these parisons from the blank station to
      the blow station, the improvement comprising:
PA1  a. left and right hand neck ring arms, both of which arms include inner
      portions for attachment to the neck ring mechanism whereby said arms are
      both movable from and to said blank and blow stations, and also
      individually movable toward and away from one another,
PA1  b. said neck ring arms having longitudinally extending surfaces which face
      one another, each such neck ring arm surface defining at least one
      longitudinally extending channel open onto said surface,
PA1  c. left and right hand neck ring cartridges, each such cartridge having one
      longitudinally extending side edge which is slidably received in an
      associated one of said neck ring arm channels, left and right hand neck
      ring mold segments for forming neck portions of the parisons at the blank
      station and for supporting the parisons during transfer to the blow
      station,
PA1  d. said cartridge having facing portions which define locating surfaces for
      receiving said neck ring mold segments and neck ring mold mounting means
      for retaining said mold segments against said locating surfaces and in
      said cartridges, and
PA1  e. quick disconnect attachment means for retaining said cartridges in said
      channels to facilitate the removal and replacement of said neck ring mold
      segments by removing the cartridges.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said cartridge locating
      surfaces are generally semicircular and cooperate with semicircular
      surfaces on said neck ring mold segments to prevent movement of the mold
      segments in at least one direction (vertical) and said neck ring mold
      mounting means comprising a single screw associated with each mold
      segment, said screws extending through openings (horizontal) in said
      cartridges and threadably received in aligned openings in said neck ring
      mold segments.
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ABST
PAL  A method of and apparatus for quickly composting organic material which
      involves the use of a flexible bag having a plurality of perforations
      through the body portion of the bag and a composting tablet having a water
      soluble binder in which is retained a large number of natural
      micro-organisms, the bag being filled with the organic material and an
      aqueous solution formed by adding the tablet to a predetermined amount of
      water. The open end of the bag is thereafter closed and periodically the
      bag is compressed to force out through the perforations gases resulting
      from decomposition and then fluffed to draw air into the bag through the
      perforations. The composting tablet preferably contains enzymes which
      accelerate the activity of the microorganisms and a nitrogen releasing
      substance to supply the nitrogen necessary for continued decomposition of
      the material being composted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The desirability of composting waste organic material, particularly leaves
      and grass cuttings, has been recognized to an increasing extent in recent
      years. Such organic material when properly composted forms a very
      desirable fertilizer which contains certain ingredients not present in
      chemical fertilizers. The problem, however, of composting such material is
      that it is very difficult in the ordinary urban yard to provide for its
      composting without causing odor or unsightliness at the composting
      location. One method commonly employed is that of digging a pit. A proper
      composting action, however, requires the introduction of air from time to
      time and the exhaust of accumulated gases. This may be accomplished by
      periodically turning the material to admit air to the material being
      composted. This is more difficult to accomplish when the material is in a
      pit. Moreover, there is less likelihood in a pit of air entering the
      material being composted unless it is periodically turned.
PAR  An alternative method that has been employed is to provide a bin or a
      plurality of shelves all above the ground. Again, it is somewhat difficult
      to properly turn the material when it is in the bin. Furthermore, a bin
      can be relatively unsightly. While the bin more readily admits fresh air
      to the mixture being composted, it also tends to result in more drying out
      of the compost material. It is essential in a composting operation that
      the material being composted remains moist. Some of the same problems
      apply when a plurality of shelves are used.
PAR  To eliminate any odors resulting from composting and to facilitate the
      composting action, it has been proposed to employ various natural
      microorganisms. Enzymes are often included with these organisms to
      accelerate the activity of the organisms. While the use of such
      microorganisms accelerates the composting action, it still does not avoid
      some of the drawbacks pointed out above where either pits, bins or
      multiple shelf arrangements are employed.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is concerned with a composting method and arrangement
      in which the material can be quickly composted in a manner which is
      relatively unsightly. The present invention involves the use of a flexible
      bag having a plurality of apertures through the body portion of the bag.
      The bag is filled with organic material to be composted and there is added
      thereto an aqueous solution formed by adding to a predetermined amount of
      water a substance containing a large number of minute particles which tend
      to facilitate decomposition of the organic material.
PAR  The apertures in the bag are sufficiently large to permit the ready escape
      of air and gas therethrough but sufficiently small to prevent the escape
      therethrough of any substantial amount of the organic material to be
      composted. In use, the end of the bag is closed after being filled with
      the material to be composted and the aqueous solution referred to.
      Periodically, the bag is compressed to force out of the bag gases
      accumulater therein as a result of the decomposition and then agitated to
      draw air therein through the apertures.
PAR  The bag is preferably of a dark color to absorb heat and thus increase the
      temperature within the bag. The bag is preferably of a plastic substance
      such as polyethylene and the apertures are made by perforating the same.
PAR  The minute particles are preferably natural microorganisms and may be
      introduced into the aqueous solution by being incorporated in a tablet
      having a water soluble binder. Desirably, the tablet also contains enzymes
      and some nitrogen-releasing substance.
PAR  One convenient method of compressing the bag is to step on it gently.
      Thereafter, the bag can be fluffed to draw in air to replace the gas which
      has been exhausted when the bag was compressed.
PAR  The invention not only involves the novel method described above but also
      the novel composting apparatus comprising the tablet and the bag which are
      used together to carry out the method.
PAR  Further objects of the present invention will be apparent from a
      consideration of the accompanying specification, claims and drawing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a perspective view of the composting bag of my invention showing
      an aqueous mixture being applied to organic material which has been placed
      in the bag;
PAR  FIG. 2 shows a bag being filled with leaves;
PAR  FIG. 3 is a view showing the bag with the open end thereof tied closed and
      being compressed by being stepped on;
PAR  FIG. 4 is a view showing the fluffing of the bag to draw in air after the
      bag has been compressed;
PAR  FIG. 5 is a view showing the bag being emptied of composted material after
      the composting operation has been completed; and
PAR  FIG. 6 is a view of a typical composting kit containing several of the
      perforated bags, composting tablets, and ties for holding the bag closed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the bag used in the invention is shown as
      substantially filled with compostable organic material and with the
      aqueous solution being added thereto. The bag may be of any of various
      types having apertures therethrough. One bag which I have found
      particularly desirable to employ is a plastic yard bag which has been
      provided with a number of perforations. A bag suitable for this purpose is
      a polyethylene bag in which the polyethylene material has a thickness of
      four mils. A seven-bushel capacity bag is a size which is convenient for
      the purpose. It is also desirable to employ a dark colored bag in order to
      facilitate the absorption of heat from the sun.
PAR  Referring specifically to FIG. 1, the bag is indicated by the reference
      numeral 10 and the perforations by the reference numerals 11. These
      perforations are preferably 1/4-inch diameter holes disposed about a
      six-inch center. In other words, the distance between any two diagonal
      holes is twelve inches. These holes may vary in size but they should be
      sufficiently large to permit the ready passage of air or gas therethrough
      while at the same time preventing the escape of any substantial amount of
      the compostable material. It has been found that with 1/4-inch holes,
      practically no material escapes since such compostable material is in the
      form of blades of grass or leaves which tend to mat and which have a long
      dimension far in excess of 1/4 inch.
PAR  The bag 10, as indicated above, is preferably of a dark color such as
      black. The holes 11, as indicated in FIGS. 2 and 3, do not extend all the
      way up to the open end of the bag since it is desirable from the
      standpoint of the strength of the bag to keep the material adjacent the
      open end unperforated. It is this portion of the material which is grasped
      to tie the bag closed and to manipulate the bag during the bag filling
      operation and during the composting operation.
PAR  In FIG. 2, I have shown the bag as being filled with leaves. For
      convenience, a bag gripping member having a handle 13 has been secured to
      the open end of the bag. It will be noted that the bag is being forced
      into a pile of leaves 14 to cause the leaves to enter into and fill the
      bag 10. The leaves are periodically compressed in the bag so as to result
      in the bag being filled relatively firmly.
PAR  It is, of course, understood that the bag 10 may be filled in other ways.
      Thus, it may be attached to the outlet of a lawn mower and automatically
      filled with grass cuttings. Or, where a shredder is employed, the bag 10
      may be secured to the outlet of the shredder.
PAR  When the bag is substantially filled with organic material, as shown in
      FIG. 1, a composting tablet 16 is dissolved in a container of water. I
      have shown the container 17 as in the form of a bucket having a handle 18.
      Where the bag is a seven-bushel capacity bag, it is desirable to employ
      approximately 2 gallons of water. It has been found that this amount of
      water provides the necessary moisture to complete the composting action.
      The tablet 16 has a binder of a water soluble material which is preferably
      effervescent. One suitable material is sodium bicarbonate with an acid
      added thereto. As soon as such a tablet is exposed to water, it decomposes
      very rapidly. The active ingredients of the tablet are a large number of
      minute particles which accelerate the composting action. These particles
      may desirably be natural microorganisms of decomposition. It is also
      desirable to incorporate in the tablet certain enzymes which accelerate
      the activity of the microorganisms. It is necessary in order for these
      microorganisms to become effective that there be a supply of nitrogen. To
      a certain extent, the nitrogen can be obtained from the material being
      composted. It is helpful, however, in order to insure that the composting
      action is relatively rapid, for some nitrogen-releasing compound to be
      added. Such a compound can take the form of any of various nitrates,
      ammonium compounds, carbohydrates, proteins and various synthetic
      slow-release forms of nitrogen-containing compounds. One substance that we
      have found desirable is a pre-gelatinized durum wheat which contains both
      carbohydrates and proteins. The microorganisms are, of course, dormant
      until the tablet is dissolved in water. Upon a tablet 16 being added to a
      container of water, the binder immediately dissolves and the various
      microorganisms are activated.
PAR  The aqueous mixture in the bucket 17 is referred to by the reference
      numeral 19. As best shown in FIG. 1, the aqueous mixture 19 is then poured
      into the organic material in bag 10. Despite the apertures 11, the liquid
      does not run out through the apertures since it is absorbed and retained
      in the organic material. As soon as the material 19 has all been poured
      into the bag 10, the upper portion of the bag is twisted together and
      secured by a tie 21. This tie can be of any suitable type such as a piece
      of string. I have found it desirable, however, to employ the conventional
      twist tying device which commonly comprises a strand of wire covered with
      two strips of paper or plastic and which when twisted retains its shape by
      reason of the rigidity of the wire.
PAR  The bag is now placed on the ground at a suitable location, as shown in
      FIG. 3. It is desirable to place the bag in a place where it is exposed to
      some extent to the sun so that heat can be absorbed from the sun and
      increase the temperature in the bag. The activity of microorganisms is
      accelerated when the temperature within the bag is relatively warm. It is,
      of course, understood that the decomposition resulting from the activity
      of the microorganisms produces heat in itself.
PAR  The composting action tends to generate gases. Furthermore, it is desirable
      to periodically introduce fresh air into the bag to replace the oxygen and
      other gases being consumed in the composting process. It is for this
      reason that in conventional compost heaps, it is desirable to periodically
      turn the composting material to release gases accumulated therein and to
      exposed the composting material to fresh air. In the method of the present
      invention, this is accomplished by periodically compressing the bag to
      force the gases out through the perforations 11 and to then fluff the bag
      to draw in fresh air. In FIG. 2, I have shown the bag 10 as being stepped
      upon by a foot 22. The bag can be stepped on in several locations forcing
      the accumulated gases out through the openings 11. The bag can now be
      grasped, as shown in FIG. 4, and shaken to "fluff" out the bag and draw in
      fresh air. This operation of first compressing the bag and then agitating
      it to introduce fresh air should preferably be done every three or four
      days.
PAR  It has been found that if the proper amount of water is added initially and
      if the bag is periodically compressed and then agitated, as described
      above, the composting action can be completed without ever opening the
      bag. In typical cases during the summer weather, it has been found that
      the entire composting action can be completed in about four to six weeks.
      Where the temperature is below 50.degree. F., the composting action will
      take longer. After the composting action has been completed, the bag can
      be opened and the contents deposited where needed. The material may be
      used as a top dressing on a lawn or as a planting medium for new plants
      and as a soil amendment around old plants. In FIG. 5, I have shown the
      material as being poured out of the bag 10 and onto a desired spot for
      utilization of the composted material. The fact that the composted
      material is already in a bag facilitates dispensing the material since it
      is unnecessary for it to be directly handled.
PAR  In FIG. 6, I have shown a typical kit for carrying out the method of the
      present invention. This kit includes a carton 25 having a plurality of
      bags 10 therein. Also included in the carton are a plurality of composting
      tablets 16 and a plurality of twist tying devices 26. The tablets 16,
      while shown loose in the box 25 will normally be within their own
      container to prevent damage thereto. Furthermore, instead of using a box
      25, a plastic bag may be employed for holding the bags 10, the box of
      tablets 16 and the twist tying devices 21. It will be readily seen that
      with the equipment shown in carton 25, it is possible to carry out the
      method of the present invention in connection with a number of bags of
      compostable material.
PAR  It will also be seen that the method of the present invention not only
      results in a very rapid composting action but it also eliminates any
      unsightly compost heap. The bags 10 are relatively attractive in
      appearance as compared with a typical composting bin. A further advantage
      of the use of the bags is that the extent to which the composting material
      must be handled during the composting operation or after it is completed,
      is relatively small. As pointed out above, the removal of the gases and
      the admission of fresh air is accomplished without ever opening the bag.
      EVen after the composting is completed, the bag provides a means by which
      the composting material can be poured out in the desired quantities at the
      desired locations.
PAR  It will thus be seen that I have provided a composting method and equipment
      for quickly composting organic material with a minimum amount of effort
      and in a manner much more attractive than previous processes. While I have
      shown and described a specific embodiment of my invention, it is to be
      understood that this is only for purposes of illustration and that the
      scope of my invention is limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of rapidly composting organic material, which method comprises:
PA1  providing a flexible bag having an open end, a plurality of apertures
      through the body portion of the bag, said apertures being sufficiently
      large to permit the ready passage of air and gas therethrough but
      sufficiently small to prevent the escape therethrough of any substantial
      amount of the organic material to be composted,
PA1  substantially filling said bag with organic material to be composted,
PA1  adding thereto a predetermined amount of an aqueous solution containing
      therein numerous minute particles which tend to facilitate decomposition
      of the organic material,
PA1  closing the open end of said bag so that said bag is substantially closed
      except for said apertures therethrough,
PA1  placing said bag upon a supporting surface which normally maintains said
      bag in a stationary condition,
PA1  periodically compressing said bag to force out of said bag gases
      accumulating therein as a result of such decomposition, and
PA1  then manipulating the bag to allow air to enter therein through said
      apertures.
NUM  2.
PAR  2. The method of claim 1 in which said bag is of a dark color to absorb
      heat and thus increase the temperature within the bag.
NUM  3.
PAR  3. The method of claim 1 in which the minute particles are natural
      micro-organisms.
NUM  4.
PAR  4. The method of claim 1 in which the manipulation of said bag to allow air
      to enter therein involves agitating the same.
NUM  5.
PAR  5. The method of claim 4 in which said bag is compressed by stepping on the
      same and is agitated by fluffing the same to create pockets of air
      therein.
NUM  6.
PAR  6. The method of claim 1 in which said aqueous solution is formed by
      dissolving in water one or more tablets containing said minute particles
      and a water soluble binder.
NUM  7.
PAR  7. The method of claim 6 in which said tablets further contain a nitrogen
      releasing substance.
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PAL  New and valuable herbicides containing compositions of different active
      ingredient.
BSUM
PAR  The present invention relates to new and valuable herbicides containing
      compositions of different active ingredients.
PAR  It is known that pyrazolium salts, dinitrophenol derivatives,
      hydroxybenzonitriles, hydroxybenzaldoxime aryl ethers, benzothiadiazinone
      dioxides and phenoxycarboxylic acids have a herbicidal action. However,
      this action is not always satisfactory.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC1##
PAL  Where R denotes alkoxy, or phenyl which may be substituted by halogen or
      lower alkyl,
PAL  And/or
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  Where R denotes lower alkyl and R.sup.1 denotes hydrogen, or a salt
      thereof, e.g., salts of ammonium, sodium, potassium, lithium, calcium,
      magnesium, ethylamine, dimethylamine, diethylamine, diethanolamine,
      ethanolamine, dimethylethanolamine and trimethylamine,
PAL  And/or
PAR  C. A COMPOUND OF THE FORMULA
      ##SPC3##
PAL  Where X denotes chloro, bromo, iodo, nitro, cyano or lower alkyl, n denotes
      one of the integers 0, 1, 2 and 3, and R denotes hydrogen, or a salt
      thereof, e.g., the sodium and lithium salts, R further denotes
      ##EQU1##
      R.sup.2 and R.sup.3 denoting hydrogen, lower alkyl or substituted or
      unsubstituted aryl, R further denotes
      ##SPC4##
PAL  Y denoting chloro, bromo or iodo and
PAL  R.sup.1 denoting lower alkyl,
      ##EQU2##
      or hydrogen, or a salt thereof, e.g., the sodium salt, and/or
PAR  D. A COMPOUND OF THE FORMULA
      ##SPC5##
PAL  Or
      ##SPC6##
PAL  Where X and Y denote chloro or methyl, n denotes one of the integers 0, 1,
      2 and 3, R denotes hydrogen or lower alkyl, m denotes one of the integers
      0, 1 and 2, and R.sup.1 denotes alkyl or hydrogen, or a salt thereof,
      e.g., sodium, potassium, dimethylamine, diethanolamine and diethylamine,
      has a better herbicidal action than its individual components.
PAR  The compositions may contain one or more compounds of the formula a and one
      or more compounds of the formulas b, c and d in a ratio by weight of from
      0:1:10 to 10:1 parts in the case of 2-component mixtures, and in a ratio
      by weight of 0.1 to 10:0.1 to 10:0.1 to 10 parts in the case of
      3-component mixtures.
PAR  The amount used of the agents according to the invention may vary and
      depends in essence on the type of effect to be achieved; it is generally
      from 0.1 to 30 (and more), preferably from 0.2 to 6, kg per hectare of
      active ingredient. The agents according to the invention may be used once
      or several times before or after planting, before sowing, and before,
      during or after emergence of the crop plants and unwanted plants.
PAR  The compositions are selective in Triticum aestivum, Hordeum vulgare,
      Secale cereale, Zea mays, Oryza sativa, Pisum sativum, Phaseolus vulgaris,
      Solanum tuberosum, Glycine max. etc.
PAR  The compositions may also be used as total herbicides on ditches, aquatic
      areas, railroad tracks, and barren or waste land, etc.
PAR  Preferred compositions according to the invention are: a+b, a+c, a+d,
      a+b+c, a+b+d, a+c+d and b+c+d.
PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, broadcasting agents, or granules by spraying, atomizing,
      dusting, broadcasting of watering. The forms of application depend
      entirely on the purpose for which the agents are being used; in any case
      they should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-tar oils, etc. and oils of
      vegetable or mineral origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronaphthalene,
      alkylated naphthalenes and their derivatives such as methanol, ethanol,
      propanol, butanol, chloroform, carbon tetrachloride, cyclohexanol,
      cyclohexanone, chlorobenzene, isophorone, etc., and strongly polar
      solvents such as dimethylformamide, dimethyl sulfoxide,
      N-methylpyrrolidone, water, etc. are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenolsulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octyphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders, dusts and broadcasting agents may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid, silica
      gels, silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole,
      loess, clay, dolomite, diatomaceous earth, calcium sulfate, magnesium
      sulfate, magnesium oxide, ground plastics, fertilizers such as ammonium
      sulfate, ammonium phosphate, ammonium nitrate, and ureas, and vegetable
      products such as grain flours, bark meal, wood meal, and nutshell meal,
      cellulosic powders, etc.
PAR  The formulations contain from 0.1 to 95, and preferably 0.5 to 90, % by
      weight of active ingredient.
PAR  There may be added to the compositions or individual active ingredients (if
      desired, immediately before use (tankmix)) oils of various types,
      herbicides, fungicides, nematocides, insecticides, bactericides, trace
      elements, fertilizers, antifoams (e.g., silicones), growth regulators,
      antidotes and other herbicidally effective compounds such as substituted
      anilines, substituted aryloxycarboxylic acids and salts, esters and amides
      thereof
PA0  substituted ethers
PA0  substituted arsonic acids and their salts, esters and amides
PA0  substituted benzimidazoles
PA0  substituted benzisothiazoles
PA0  substituted benzothiadiazinone dioxides
PA0  substituted benzoxazines
PA0  substituted benzoxazinones
PA0  substituted benzothiadiazoles
PA0  substituted biurets
PA0  substituted quinolines
PA0  substituted carbamates
PA0  substituted aliphatic carboxylic acids and their salts, esters and amides
PA0  substituted aromatic carboxylic acids and their salts, esters and amides
PA0  substituted carbamoylalkylthiol- or -dithiophosphates
PA0  substituted quinazolines
PA0  substituted cycloalkylamidocarbothiolic acids and their salts, esters and
      amides
PA0  substituted cycloalkylcarbonamidothiazoles
PA0  substituted dicarboxylic acids and their salts, esters and amides
PA0  substituted dihydrobenzofuranyl sulfonates
PA0  substituted disulfides
PA0  substituted dipyridylium salts
PA0  substituted dithiocarbamates
PA0  substituted dithiophosphoric acids and their salts, esters and amides
PA0  substituted ureas
PA0  substituted hexahydro-1H-carbothioates
PA0  substituted hydantoins
PA0  substituted hydrazides
PA0  substituted hydrazonium salts
PA0  substituted isoxazole pyrimidones
PA0  substituted imidazoles
PA0  substituted isothiazole pyrimidones
PA0  substituted ketones
PA0  substituted naphthoquinones
PA0  substituted aliphatic nitriles
PA0  substituted aromatic nitriles
PA0  substituted oxadiazoles
PA0  substituted oxadiazinones
PA0  substituted oxadiazolidine diones
PA0  substituted oxadiazine diones
PA0  substituted phenols and their salts and esters
PA0  substituted phosphonic acids and their salts, esters and amides
PA0  substituted phosphonium chlorides
PA0  substituted phosphonalkyl glycines
PA0  substituted phosphites
PA0  substituted phosphoric acids and their salts, esters and amides
PA0  substituted piperidines
PA0  substituted pyrazoles
PA0  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides
PA0  substituted pyrazolium salts
PA0  substituted pyrazolium alkyl sulfates
PA0  substituted pyridazines
PA0  substituted pyridazones
PA0  substituted pyridine carboxylic acids and their salts, esters and amides
PA0  substituted pyridines
PA0  substituted pyridine carboxylates
PA0  substituted pyridinones
PA0  substituted pyrimidines
PA0  substituted pyrimidones
PA0  substituted pyrrolidine carboxylic acid and its salts, esters and amides
PA0  substituted pyrrolidines
PA0  substituted pyrrolidones
PA0  substituted arylsulfonic acids and their salts, esters and amides
PA0  substituted styrenes
PA0  substituted tetrahydrooxadiazine diones
PA0  substituted tetrahydroxadiazole diones
PA0  substituted tetrahydromethanoindenes
PA0  substituted tetrahydroxadiazole thiones
PA0  substituted tetrahydrothiadiazine thiones
PA0  substituted tetrahydrothiadiazole diones
PA0  substituted aromatic thiocarbonylamides
PA0  substituted thiocarboxylic acids and their salts, esters and amides
PA0  substituted thiol carbamates
PA0  substituted thioureas
PA0  substituted thiophosphoric acids and their salts, esters and amides
PA0  substituted triazines
PA0  substituted triazoles
PA0  substituted uracils, and
PA0  substituted uretidine diones.
PAR  The last-mentioned herbicidal compounds may also be applied before or after
      the active ingredients or compositions thereof according to the invention.
PAR  These agents may be added to the herbicides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, antidotes and growth
      regulators.
PAR  The new compositions have a strong herbicidal action and may therefore be
      used as weedkillers or for controlling the growth or unwanted plants.
      Whether the new active ingredients are used as total or selective agents
      depends in essence on the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance
     Gramineae, such as                                                        

      Cynodon spp.       Dactylis spp.                                         

      Digitaria spp.     Avena spp.                                            

      Echinochloa spp.   Bromus spp.                                           

      Setaria spp.       Uniola spp.                                           

      Panicum spp.       Poa spp.                                              

      Alopecurus spp.    Leptochloa spp.                                       

      Lolium spp.        Brachiaria spp.                                       

      Sorghum spp.       Eleusine spp.                                         

      Agropyron spp.     Cenchrus spp.                                         

      Phalaris spp.      Eragrostis spp.                                       

      Apera spp.         Phragmites communis                                   

      etc.;                                                                    

     Cyperaceae, such as                                                       

      Carex spp.         Eleocharis spp.                                       

      Cyperus spp.       Scirpus spp.                                          

      etc.;                                                                    

     dicotyledonous weeds, such as                                             

     Malvaceae, e.g.                                                           

      Abutilon theoprasti                                                      

                         Hibiscus spp.                                         

      Sida spp.          Malva spp.                                            

      etc.;                                                                    

     Compositae, such as                                                       

      Ambrosia spp.      Centaurea spp.                                        

      Lactuca spp.       Tussilago spp.                                        

      Senecio spp.       Lapsana communis                                      

      Sonchus spp.       Tagetes spp.                                          

      Xanthium spp.      Erigeron spp.                                         

      Iva spp.           Anthemis spp.                                         

      Galinsoga spp.     Mataricaria spp.                                      

      Taraxacum spp.     Artemisia spp.                                        

      Chrysanthemum ssp. Bidens spp.                                           

      Cirsium spp.       etc.;                                                 

     Convolvulaceae, such as                                                   

      Convolvulus spp.   Cuscuta spp.                                          

      Ipomoea spp.       Jaquemontia tamnifolia                                

      etc.;                                                                    

     Cruciferae, such as                                                       

      Barbarea vulgaris  Arabidopsis thaliana                                  

      Brassica spp.      Descurainia spp.                                      

      Capsella spp.      Draba spp.                                            

      Sisymbrium spp.    Coronopus didymus                                     

      Thlaspi spp.       Lepidium spp.                                         

      Sinapis arvensis   Raphanus spp.                                         

      etc.;                                                                    

     Geraniaceae, such as                                                      

      Erodium spp.       Geranium spp.                                         

      etc.;                                                                    

     Portulacaceae, such as                                                    

      Portulaca spp.     etc.;                                                 

     Primulaceae, such as                                                      

      Anagallis arvensis Lysimachia spp.                                       

      etc.                                                                     

     Rubiaceae, such as                                                        

      Richardia spp.     Diodia spp.                                           

      Galium spp.        etc.;                                                 

     Scrophulariaceae, such as                                                 

      Linaria spp.       Digitalis spp.                                        

      Veronica spp.      etc.;                                                 

     Solanaceae, such as                                                       

      Physalis spp.      Nicandra spp.                                         

      Solanum spp.       Datura spp.                                           

      etc.;                                                                    

     Urticaceae, such as                                                       

      Urtica spp.                                                              

     Violaceae, such as                                                        

      Viola spp.         etc.;                                                 

     Zygophyllaceae, such as                                                   

      Tribulus terrrestris                                                     

                         etc.;                                                 

     Euphorbiaceae, such as                                                    

      Mercurialis annua  Euphorbia spp.                                        

     Umbelliferae, such as                                                     

       Daucus carota     Ammi majus                                            

      Aethusa cynapium   etc.;                                                 

     Commelinaceae, such as                                                    

      Commelina spp.     etc.;                                                 

     Labiatae, such as                                                         

      Lamium spp.        Galeopsis spp.                                        

      etc.;                                                                    

     Leguminosae, such as                                                      

      Medicago spp.      Sesbania exaltata                                     

      Trifolium spp.     Cassia spp.                                           

      Vicia spp.         Lathyrus spp.                                         

      etc.;                                                                    

     Plantaginaceae, such as                                                   

      Plantago spp.      etc.;                                                 

     Polygonaceae, such as                                                     

      Polygonum spp.     Fagopyrum spp.                                        

      Rumex spp.         etc.;                                                 

     Aizoacea, such as                                                         

      Mollugo verticillata                                                     

                         etc.;                                                 

     Amaranthaeceae, such as                                                   

      Amaranthus spp.    etc.;                                                 

     Boraginaceae, such as                                                     

      Amsinchkia spp.    Anchusa spp.                                          

      Myostis spp.       Lithospermum spp.                                     

      etc.;                                                                    

     Caryophyllaceae, such as                                                  

      Stellaria spp.     Silene spp.                                           

      Spergula spp.      Cerastium spp.                                        

      Saponaria spp.     Agrostemma githago                                    

      Scleranthus annuus etc.;                                                 

     Chenopodiaceae, such as                                                   

      Chenopodium spp.   Atriplex spp.                                         

      Kochia spp.        Monolepsis nuttalliana                                

      Salsola Kali       etc.;                                                 

     Lythraceae, such as                                                       

      Cuphea spp.        etc.;                                                 

     Oxalidaceae, such as                                                      

      Oxalis spp.                                                              

     Ranunculaceae, such as                                                    

      Ranunculus spp.    Adonis spp.                                           

      Delphinium spp.    etc.;                                                 

     Papaveraceae, such as                                                     

      Papaver spp.       Fumaria officinalis                                   

      etc.;                                                                    

     Onagraceae, such as                                                       

      Jussiaea spp.      etc.;                                                 

     Rosaceae, such as                                                         

      Alchemillia spp.   Potentilla spp.                                       

      etc.;                                                                    

     Potamogetonaceae, such as                                                 

      Potamogeton spp.   etc.;                                                 

     Najadaceae, such as                                                       

      Najas spp.         etc.;                                                 

     Equisetaceae                                                              

      Equisetum spp.     etc.;                                                 

     Marsileaceae, such as                                                     

      Marsilea quadrifolia                                                     

                         etc.;                                                 

     Polypodiaceae,                                                            

      Pteridium quilinum                                                       

     Alismataoeae, such as                                                     

      Alisma spp.        Sagittaria sagittifolia                               

      etc.                                                                     

PAR  In the greenhouse and in the open, compositions of the following agents
      were tested on the abovementioned plants; it was ascertained that their
      action corresponds to that of the compositions in the examples below:
PA0  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-isobutyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3-Isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3,5-dibromo-4-hydroxybenzaldoxime-O-(2',4'-dinitrophenyl)-ether
PA0  3,5-dibromo-4-hydroxybenzaldoxime-0-(2',4'-dinitrophenyl)-ether, sodium
      salt
PA0  3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether
PA0  3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-nitro-4'-cyanophenyl)-ether
PA0  3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether, sodium
      salt
PA0  3,5-diiodo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)ether
PA0  3,5-diiodo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)ether, sodium
      salt
PA0  3,5-diiodo-4-hydroxybenzonitrile
PA0  3,5-diiodo-4-hydroxybenzonitrile, lithium salt
PA0  3,5-diiodo-4-hyroxybenzonitrile, sodium salt
PA0  3,5-dibromo-4-hydroxybenzonitrile
PA0  3,5-dibromo-4-hydroxybenzonitrile, sodium salt
PA0  3,5-dibromo-4-octanoyloxybenzonitrile
PA0  2-methyl-4,6-dinitrophenol, sodium salt
PA0  2-sec-butyl-4,6-dinitrophenyl acetate
PA0  2-tert-butyl-4,6-dinitrophenyl acetate
PA0  2-tert-butyl-5-methyl-4,6-dinitrophenyl acetate
PA0  2-isopropyl-3-methyl-4,6-dinitrophenol
PA0  2-sec-butyl-4,6-dinitrophenol, sodium salt
PA0  2-sec-amyl-4,6-dinitrophenol
PA0  2-(1-methylbutyl)-4,6-dinitrophenol
PA0  1,2-dimethyl-3,5-diphenylpyrazoliummethyl sulfate
PA0  1,2-dimethyl-3,5-diphenylpyrazolium-p-tolyl sulfonate
PA0  .alpha.-(2,4-dichlorophenoxy)-propionic acid, dimethylamine salt
PA0  .alpha.-(2,4-dichlorophenoxy)-propionic acid, sodium salt
PA0  isooctyl .alpha.-(2,4-dichlorophenoxy)-propionate
PA0  .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, dimethylamine salt
PA0  .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, diethanolamine salt
PA0  .alpha.-(2-methylphenoxy)-propionic acid, dimethylamine salt
PA0  .alpha.-(2-methylphenoxy)-propionic acid, sodium salt
PA0  isooctyl .alpha.-(2-methylphenoxy)-propionate
PA0  .alpha.-(2,4,5-trichlorophenoxy)-propionic acid, potassium salt
PA0  amyl .alpha.-(2,4,5-trichlorophenoxy)-propionate
PA0  .alpha.-(4-chlorophenoxy)-propionic acid, dimethylamine salt
PA0  .alpha.-(2-methyl-4-chlorophenoxypropionic acid, sodium salt
PA0  .alpha.-(2-methyl-4-chlorphenoxy-propionic acid, potassium salt
PA0  amyl 2,4,5-trichlorophenoxyacetate
PA0  isooctyl 2,4,5-trichlorophenoxyacetate
PA0  2,4,5-trichlorophenoxyacetic acid, diethylamine salt
PA0  2,4,5-trichlorophenoxyacetic acid, potassium salt
PA0  2,4-dichlorophenoxyacetic acid, dimethylamine salt
PA0  2,4-dichlorophenoxyacetic acid, sodium salt
PA0  isooctyl 2,4-dichlorophenoxyacetate
PA0  2-methyl-4-chlorophenoxyacetic acid, dimethylamine salt
PA0  isooctyl 2-methyl-4-chlorophenoxyacetate
PA0  4-chlorophenoxyacetic acid, dimethylamine salt
PA0  2-chlorophenoxyacetic acid, dimethylamine salt
PA0  .gamma.-(2,4-dichlorophenoxy)-butyric acid, dimethylamine salt
PA0  isooctyl .gamma.-(2,4-dichlorophenoxy)-butyrate
PA0  .gamma.-(2-methyl-4-chlorophenoxy)-butyric acid, sodium salt
PA0  .gamma.-(2,4,5-trichlorophenoxy)-butyric acid, dimethylamine salt
PA0  .gamma.-(4-chlorophenoxy)-butyric acid
PA0  .gamma.-(2,4-dichlorophenoxycrotonic acid, dimethylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, methylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, trimethylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, ethylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, ethanolamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, aniline salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, pyridine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, phenylenediamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, cyclohexylamine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide,
      dodecylhexamethylenimine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, hydrazine salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, magnesium salt,
PA0  3-iospropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, calcium salt
PA0  3-isopropyl-2,1,3-benzothiadazinone-(4)-2,2-dioxide, ammonium salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, potassium salt
PA0  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, lithium salt
PA0  3-isobutyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-isobutyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-isobutyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-n-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-n-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-n-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-ethyl-2,1,3benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA0  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  3,5-dibromo-4-acetyloxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)ether
PA0  3,5-dibromo-4-propionyloxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether
PA0  3,5-dibromo-4-phenylcarbamoyloxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-et
     her
PA0  3,5-dibromo-4-isopropylcarbamoyloxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)
     -ether
DETD
PAC  EXAMPLE 1
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 21 cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Ii 1,2-dimethyl-3,5-diphenylpyrazolium-p-tolyl sulfonate
PA0  Iii 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  Iv 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vi 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt
PAL  each of these compounds at rates of 0.5, 0.75, 1 and 1.5 kg/ha; I+III,
      I+IV, I+V, I+VI, II+IV and II+V
PAL  each of these compositions at rates of 0.5+1, 1+0.5 and 0.75+0.75 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

                 I        II       III      IV       V                         

     kg/ha     0.5                                                             

                 0.75                                                          

                    1 1.5                                                      

                        0.5                                                    

                          0.75                                                 

                             1 1.5                                             

                                 0.5                                           

                                   0.75                                        

                                      1 1.5                                    

                                          0.5                                  

                                            0.75                               

                                               1 1.5                           

                                                   0.5                         

                                                     0.75    1                 

                                                     1.5                       

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0 0  0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0       0                 

                                                     0                         

     Hordeum vulgare                                                           

               0 0  0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0       0                 

                                                     0                         

     Secale cereale                                                            

               0 0  0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0       0                 

                                                     0                         

     Unwanted plants                                                           

     Avena fatua                                                               

               35                                                              

                 48 65                                                         

                      80                                                       

                        30                                                     

                          45 62                                                

                               80                                              

                                 0 0  0 0 0 0  0 0 0 0       0                 

                                                     0                         

     Galium aparine                                                            

               0 5  6 10                                                       

                        0 0  5 10                                              

                                 35                                            

                                   45 60                                       

                                        75                                     

                                          30                                   

                                            40 60                              

                                                 75                            

                                                   30                          

                                                     40      50                

                                                     60                        

     Stellaria media                                                           

               5 8  10                                                         

                      14                                                       

                        0 5  8 12                                              

                                 30                                            

                                   40 60                                       

                                        70                                     

                                          20                                   

                                            30 55                              

                                                 70                            

                                                   20                          

                                                     35      50                

                                                     70                        

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active  IV       I + III                                                  

                             I + IV  I + V   I + VI   II + IV                  

                                                             II + V            

     ingredient       0.5                                                      

                        1 0.75                                                 

                             0.5                                               

                               1  0.75                                         

                                     0.5                                       

                                        1 0.75                                 

                                             0.5                               

                                                1  0.75                        

                                                      0.5                      

                                                        1 0.75                 

                                                             0.5               

                                                               1 0.75          

             0.5                                                               

               0.75                                                            

                  1 1.5                                                        

                      1 0.5                                                    

                          0.75                                                 

                             1 0.5                                             

                                  0.75                                         

                                     1  0.5                                    

                                          0.75                                 

                                             1  0.5                            

                                                   0.75                        

                                                      1 0.5      0.75          

                                                                 1             

                                                                 0.5           

                                                                 0.75          

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestiv-                                                          

             0 0  0 0 0 0 0  0 0  0  0  0 0  0  0  0  0 0        0             

                                                                 0             

                                                                 0             

                                                                 0             

     vum                                                                       

     Hordeum vulgare                                                           

             0 0  0 0 0 0 0  0 0  0  0  0 0  0  0  0  0 0        0             

                                                                 0             

                                                                 0             

                                                                 0             

     Secale cereale                                                            

             0 0  0 0 0 0 0  0 0  0  0  0 0  0  0  0  0 0        0             

                                                                 0             

                                                                 0             

                                                                 0             

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

             0 0  0 0 84                                                       

                        97                                                     

                          90 85                                                

                               100                                             

                                  90 96 98                                     

                                          93 82 100                            

                                                   96 78                       

                                                        95       87            

                                                                 75            

                                                                 95            

                                                                 90            

     Galium aparine                                                            

             35                                                                

               45 65                                                           

                    80                                                         

                      98                                                       

                        85                                                     

                          94 97                                                

                               80 90 98 80                                     

                                          90 100                               

                                                85 95 97                       

                                                        80       83            

                                                                 90            

                                                                 76            

                                                                 84            

     Stellaria media                                                           

             20                                                                

               40 60                                                           

                    85                                                         

                      95                                                       

                        82                                                     

                          86 93                                                

                               76 80 100                                       

                                        75                                     

                                          80 98 77 90 90                       

                                                        70       78            

                                                                 94            

                                                                 74            

                                                                 85            

     __________________________________________________________________________

       0 = no damage?                                                          

      100 = complete destruction                                               

PAC  EXAMPLE 2
PAR  In the greenhouse, various plants were treated at a growth height of from 3
      to 25 cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Ii 1,2-dimethyl-3,5-diphenylpyrazolium-p-tolyl sulfonate
PA0  Iii 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  Iv 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vi 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt
PAL  each of these compounds at rates of 0.5, 1.5, 2.5 and 3 kg/ha; I+III, I+IV,
      I+V, I+VI, II+IV and II+V
PAL  each of these compositions at rates of 2.5+0.5, 0.5+2.5 and 1.5+1.5 kg/ha.
PAR  After 14 to 18 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

                   I        II       III   IV      V                           

     kg/ha     0.5                                                             

                 1.5                                                           

                   2.5                                                         

                     3  0.5                                                    

                          1.5                                                  

                            2.5                                                

                              3  0.5                                           

                                   1.5                                         

                                     2.5                                       

                                       3 0.5                                   

                                           1.5                                 

                                             2.5                               

                                               3 0.5                           

                                                   1.5                         

                                                     2.5                       

                                                       3                       

     __________________________________________________________________________

     Crop plants;                                                              

     Triticum aestivum                                                         

               0 0 0 5  0 0 5 10 0 0 0 0 0 0 0 0 0 0       0                   

                                                   0                           

     Hordeum vulgare                                                           

               0 0 0 10 0 0 7 10 0 0 0 0 0 0 0 0 0 0       0                   

                                                   0                           

     Secale cereale                                                            

               0 0 0 12 0 0 10                                                 

                              15 0 0 0 0 0 0 0 0 0 0       0                   

                                                   0                           

     Unwanted plants:                                                          

     Avena fatua                                                               

               35                                                              

                 80                                                            

                   95                                                          

                     100                                                       

                        30                                                     

                          80                                                   

                            90                                                 

                              100                                              

                                 0 0 0 0 0 0 0 0 0 0       0                   

                                                   0                           

      Galium aparine                                                           

               0 10                                                            

                   15                                                          

                     26 0 10                                                   

                            16                                                 

                              23 35                                            

                                   75                                          

                                     90                                        

                                       95                                      

                                         30                                    

                                           75                                  

                                             90                                

                                               95                              

                                                 30                            

                                                   60      90                  

                                                   100                         

     Stellaria media                                                           

               5 14                                                            

                   20                                                          

                     30 0 12                                                   

                            20                                                 

                              30 30                                            

                                   70                                          

                                     86                                        

                                       95                                      

                                         20                                    

                                           70                                  

                                             90                                

                                               94                              

                                                 20                            

                                                   70      93                  

                                                   95                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                VI              I+III       I+IV        I+V                    

     kg/ha                      2.5 0.5 1.5 2.5 0.5 1.5 2.5 0.5 1.5            

                0.5 1.5 2.5 3   0.5 2.5 1.5 0.5 2.5 1.5 0.5 2.5 1.5            

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                0   0   0   0   0   0   0   0   0   0   0   0   0              

     Hordeum vulgare                                                           

                0   0   0   0   0   0   0   0   0   0   0   0   0              

     Secale cereale                                                            

                0   0   0   0   0   0   0   0   0   0   0   0   0              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatura                                                              

                0   0   0   0   100 85  100 100 86  100 100 88  100            

     Galium aparine                                                            

                35  80  90  95  97  100 100 94  100 100 96  100 100            

     Stellaria media                                                           

                20  85  100 100 98  100 100 90  100 100 90  100 100            

                      Active ingredient                                        

                                I+VI        II+IV       II+V                   

                      kg/ha     2.5  0.5                                       

                                        1.5 2.5 0.5 1.5 2.5 0.3 1.5            

                                0.5 2.5 1.5 0.5 2.5 1.5 0.5 2.5 1.5            

                      Crop plants:                                             

                      Triticum aestivum                                        

                                0   0   0   5   0   0   5   0   0              

                      Hordeum vulgare                                          

                                0   0   0   7   0   0   7   0   0              

                      Secale cereale                                           

                                0   0   0   10  0   0   10  0   0              

                      Unwanted                                                 

                      plants:                                                  

                      Avena fatura                                             

                                100 85  100 100 82  100 100 80  100            

                      Galium aparine                                           

                                97  100 100 95  100 100 95  100 100            

                      Stellaria media                                          

                                90  100 100 87  100 100 80  100 100            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 3
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 21 cm with the following amounts of the following inndividual active
      ingredients and compositions thereof as dispersions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Ii 1,2-dimethyl-3,5-diphenylpyrazolium-p-tolyl sulfonate
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vii 2-sec-butyl-4,6-dinitrophenyl acetate
PA0  Viii 3,5-diiodo-4-hydroxybenzonitrile
PA0  Ix 3,5-dibromo-4-hydroxybenzaldoxime-O-(2',4'-dinitrophenyl)-ether
PA0  X 3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether,
      sodium salt
PAL  each of these compounds at rates of 0.25, 1 and 1.5 kg/ha;
PAL  I+v+vii, i+v+viii, i+v+ix, ii+v+vii, ii+v+viii, ii+v+ix and I+V+X
PAL  each of these compositions at rates of 1+0.25+0.25, 0.25+1+0.25 and
      0.25+0.25+1 kg/ha.
PAR  After 12 to 16 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

               I       II      V       VII    VIII   IX     X                  

     kg/ha     0.25                                                            

                   1 1.5                                                       

                       0.25                                                    

                           1 1.5                                               

                               0.25                                            

                                   1 1.5                                       

                                       0.25                                    

                                          1 1.5                                

                                              0.25                             

                                                 1 1.5                         

                                                     0.25                      

                                                        1 1.5                  

                                                            0.25               

                                                               1 1.5           

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0 0 0   0 0 0   0 0 0  0 0 0  0 0 0  0 0       0            

                                                          0       0            

     Hordeum vulgare                                                           

               0   0 0 0   0 0 0   0 0 0  0 0 0  0 0 0  0 0       0            

                                                          0       0            

     Secale cereale                                                            

               0   0 0 0   0 0 0   0 0 0  0 0 0  0 0 0  0 0       0            

                                                          0       0            

     unwanted plants                                                           

     Avena fatua                                                               

               20  65                                                          

                     80                                                        

                       18  62                                                  

                             80                                                

                               0   0 0 0  0 5 0  0 0 0  0 0       0            

                                                          0       0            

     Galium aparine                                                            

               0   6 10                                                        

                       0   5 10                                                

                               20  50                                          

                                     60                                        

                                       18 40                                   

                                            50                                 

                                              15 30                            

                                                   60                          

                                                     20 50                     

                                                          60      25           

                                                          95      100          

     Stellaria media                                                           

               0   10                                                          

                     14                                                        

                       0   8 12                                                

                               25  50                                          

                                     75                                        

                                       20 40                                   

                                            45                                 

                                              25 45                            

                                                   70                          

                                                     15 48                     

                                                          70      20           

                                                          80      100          

     __________________________________________________________________________

       0 = damage                                                              

      100 = complete destruction                                               

TBL  Active ingredient                                                         

               I+V+VII  I+V+VIII I+V+IX   I+V+X    II+V+VII                    

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   0.25                        

                                                      0.25                     

                                                         1                     

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  1  0.25                     

                                                         0.25                  

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               80 75 82 78 98 70 100                                           

                                    80 80 100                                  

                                             82 85 77 70 100                   

     Galium aparine                                                            

               85 98 100                                                       

                        100                                                    

                           100                                                 

                              93 90 100                                        

                                       100                                     

                                          98 100                               

                                                100                            

                                                   80 100                      

                                                         85                    

     Stellaria media                                                           

               90 96 100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 96 97 100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   96 100                      

                                                         100                   

     __________________________________________________________________________

     Active ingredient     II+V+VII II+V+IX                                    

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

     kg/ha a.S.            0.25  0.25                                          

                                    0.25  0.25                                 

                           0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1                                    

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum     0  0  0  0  0  0                                    

     Hordeum vulgare       0  0  0  0  0  0                                    

     Secale cereale        0  0  0  0  0  0                                    

     Unwanted plants                                                           

     Avena fatua           98 70 74 100                                        

                                       78 73                                   

     Galium aparine        84 100                                              

                                 90 98 100                                     

                                          100                                  

     Stellaria media       97 100                                              

                                 100                                           

                                    97 100                                     

                                          100                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 4
PAR  In the open, various plants were treated at a growth height of from 2 to 18
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Iii 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  Iv 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vi 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt
PA0  Xi .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xii .alpha.-(2,4-dichlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xiii .alpha.-(2,4,5-trichlorophenoxy)-propionic acid, potassium salt
PA0  Xiv 2-methyl-4-chlorophenoxyacetic acid, dimethylamine salt
PA0  Xv 2,4-dichlorophenoxyacetic acid, diethanolamine salt
PA0  Xvi 2,4,5-trichlorophenoxyacetic acid, potassium salt each of these
      compounds at rates of 0.5, 1,2 and 3 kg/ha; III+I+XVI, IV+I+XIII, V+I+XI,
      V+I+XII, V+I+XIV and VI+I+XV each of these compositions of rate of I+I+I,
      0.5+2+0.5, 2+0.5+0.5 and 0.5+0.5+2 kg/ha.
PAR  After 14 to 17 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
     Active ingredient                                                         

               I        III     IV      V        VI                            

     kg/ha     0.5                                                             

                 1 2 3  0.5                                                    

                          1 2 3 0.5                                            

                                  1 2 3 0.5                                    

                                          1 2 3  0.5                           

                                                   1 2 3                       

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0 0 0 5  0 0 0 0 0 0 0 0 0 0 0 0  0 0       0                   

                                                   0                           

     Hordeum vulgare                                                           

               0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0  0 0       0                   

                                                   0                           

     Secale cereale                                                            

               0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0  0 0       0                   

                                                   0                           

     Unwanted plants                                                           

     Avena fatua                                                               

               35                                                              

                 65                                                            

                   90                                                          

                     100                                                       

                        0 0 0 0 0 0 0 0 0 0 0 0  0 0       0                   

                                                   0                           

     Galium aparine                                                            

               0 6 13                                                          

                     26 35                                                     

                          60                                                   

                            85                                                 

                              95                                               

                                30                                             

                                  60                                           

                                    85                                         

                                      95                                       

                                        30                                     

                                          50                                   

                                            86                                 

                                              100                              

                                                 35                            

                                                   65      85                  

                                                   95                          

     Stellaria media                                                           

               5 10                                                            

                   16                                                          

                     30 30                                                     

                          60                                                   

                            82                                                 

                              95                                               

                                20                                             

                                  55                                           

                                    80                                         

                                      92                                       

                                        20                                     

                                          50                                   

                                            90                                 

                                              95 20                            

                                                   60      95                  

                                                   100                         

     __________________________________________________________________________

       0 = damage                                                              

      100 = complete destruction                                               

     Active Ingredient                                                         

               XI       XII      XIII     XIV     XV                           

     kg/ha     0.5                                                             

                 1 2 3  0.5                                                    

                          1 2 3  0.5                                           

                                   1 2 3  0.5                                  

                                            1 2 3 0.5                          

                                                    1 2 3                      

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0 0 0      0                   

                                                    0                          

     Hordeum vulgare                                                           

               0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0 0 0      0                   

                                                    0                          

     Secale cereale                                                            

               0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0 0 0      0                   

                                                    0                          

     Unwanted plants                                                           

     Avena fatura                                                              

               0 0 5 15 0 0 5 15 0 0 10                                        

                                       30 0 0 0 10                             

                                                  0 0      0                   

                                                    10                         

     Galium aparine                                                            

               30                                                              

                 50                                                            

                   85                                                          

                     100                                                       

                        20                                                     

                          65                                                   

                            80                                                 

                              100                                              

                                 40                                            

                                   57                                          

                                     95                                        

                                       100                                     

                                          10                                   

                                            20                                 

                                              27                               

                                                30                             

                                                  10                           

                                                    20     30                  

                                                    40                         

     Stellaria media                                                           

               35                                                              

                 45                                                            

                   90                                                          

                     100                                                       

                        0 10                                                   

                            20                                                 

                              40 45                                            

                                   60                                          

                                     95                                        

                                       100                                     

                                          15                                   

                                            20                                 

                                              38                               

                                                45                             

                                                  5 10     28                  

                                                    40                         

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               XVI           III+I+XVI       IV+I+XII                          

     kg/ha                   1   0.5 2   0.5 1   0.25                          

                                                     2   0.5                   

               0.5 1  2  3   1   2   0.5 0.5 1   2   0.5 0.5                   

                             1   0.5 0.5 2   1   0.5 0.5 2                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0  7  15  0   0   0   7   0   0   0   0                     

     Hordeum vulgare                                                           

               0   0  10 30  0   0   0   10  0   0   0   0                     

     Secale cereale                                                            

               0   0  10 17  0   0   0   10  0   0   0   0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               0   0  0  20  100 100 70  70  100 100 70  80                    

     Galium aparine                                                            

               30  60 80 100 100 100 100 100 100 100 100 100                   

     Stellaria media                                                           

               35  50 90 100 100 100 100 100 100 100 100 100                   

                   Active ingredient                                           

                             V+I+XI          V+I+XII                           

                   kg/ha     1   0.5 2   0.5 1   0.5 2   0.5                   

                             1   2   0.5 0.5 1   2   0.5 0.5                   

                             1   0.5 0.5 2   1   0.5 0.5 2                     

                   Crop plants                                                 

                   Triticum aestivum                                           

                             0   0   0   0   0   0   0   0                     

                   Hordeum vulgare                                             

                             0   0   0   0   0   0   0   0                     

                   Secale cereale                                              

                             0   0   0   0   0   0   0   0                     

                   Unwanted plants                                             

                   Avena fatua                                                 

                             100 100 72  76  100 100 71  76                    

                   Galium aparine                                              

                             100 100 100 100 100 100 100 100                   

                   Stellaria media                                             

                             100 100 100 100 100 72  100 100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               V+I+XIV         VI+I+XV                                         

               1   0.5 2   0.5 1   0.5 2   0.5                                 

     kg/ha     1   2   0.5 0.5 1   2   0.5 0.5                                 

               1   0.5 0.5 2   1   0.5 0.5 2                                   

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0   0   0   0   0   0   0                                   

     Hordeum vulgare                                                           

               0   0   0   0   0   0   0   0                                   

     Secale cereale                                                            

               0   0   0   0   0   0   0   0                                   

     Unwanted plants                                                           

     Avena fatua                                                               

               100 100 70  70  100 100 70  71                                  

     Galium aparine                                                            

               100 90  100 92  100 92  100 100                                 

     Stellaria media                                                           

               100 88  100 100 100 78  100 87                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 5
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 18 cm with the following amounts of the following individual active
      ingredients and compositions thereof as solutions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Vii 2-sec-butyl-4,6-dinitrophenyl acetate
PA0  Xii .alpha.-(2,4-dichlorophenoxy)-propionic acid, dimethylamine salt
PAR  each of these compounds at rates of 0.5, 1 and 2 kg/ha; I+VII+XII at rates
      of 1+0.5+0.5, 0.5+1+0.5 and 0.5+0.5+1 kg/ha.
PAR  After 14 to 16 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
     Active ingredient                                                         

               I         VII       XII       I+VII+XII                         

                                             1   0.5 0.5                       

     kg/ha                                                                     

        0.5        1  2  0.5 1  2  0.5 1  2  0.5 1   0.5                       

                                             0.5 0.5 1                         

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0  0  0   0  0  0   0  0  0   0   0                         

     Hordeum vulgare                                                           

               0   0  0  0   0  0  0   0  0  0   0   0                         

     Secale cereale                                                            

               0   0  0  0   0  0  0   0  0  0   0   0                         

     Unwanted plants                                                           

     Avena fatua                                                               

               35  65 90 0   0  10 0   0  5  100 69  70                        

     Galium aparine                                                            

               0   6  13 25  40 55 20  65 80 88  97  100                       

     Stellaria media                                                           

               5   10 16 20  40 50 0   10 20 66  80  70                        

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 6
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 24 cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Vii 2-sec-butyl-4,6-dinitrophenyl acetate
PA0  Viii 3,5-diiodo-4-hydroxybenzonitrile, lithium salt
PA0  Ix 3,5-dibromo-4-hydroxybenzaldoxime-0-(2',4'-dinitrophenyl)ether, sodium
      salt
PA0  X 3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether,
      sodium salt
PA0  Xi .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xii .alpha.-(2,4-dichlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xiii .alpha.-(2,4,5-trichlorophenoxy)-propionic acid, isooctyl ester
PA0  Xiv 2-methyl-4-chlorophenoxyacetic acid, dimethylamine salt
PA0  Xv 2,4-dichlorophenoxyacetic acid, dimethylamine salt
PA0  Xvi 2,4,5-trichlorophenoxyacetic acid, isooctyl ester
PA0  Xvii .gamma.-(2,4-dichlorophenoxy)-butyric acid, dimethylamine salt
PA0  Xviii 3,5-dibromo-4-hydroxybenzonitrile, sodium salt
PAL  each of these compounds at rates of 0.5, 0.75, 1 and 1.5 kg/ha; I+VII,
      I+VIII, I+IX, I+X, I+XI, I+XII, I+XIII, I+XIV, I+XV, I+XVI, I+XVII and
      I+XVIII
PAL  each of these compositions at rates of 0.5+1, 1+0.5 and 0.75+0.75 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
     Active ingredient                                                         

               I+XIV    I+XV     I+XVI    I+XVII   I+XVIII                     

               0.5                                                             

                  1  0.75                                                      

                        0.5                                                    

                           1  0.75                                             

                                 0.5                                           

                                    1  0.75                                    

                                          0.5                                  

                                             1  0.75                           

                                                   0.5                         

                                                      1  0.75                  

               1  0.5                                                          

                     0.75                                                      

                        1  0.5                                                 

                              0.75                                             

                                 1  0.5                                        

                                       0.75                                    

                                          1  0.5                               

                                                0.75                           

                                                   1  0.5                      

                                                         0.75                  

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  10 5  7                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  5  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  8  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               82 100                                                          

                     88 80 100                                                 

                              89 82 100                                        

                                       88 81 100                               

                                                88 82 100                      

                                                         89                    

     Galium aparine                                                            

               60 58 62 60 56 62 98 80 90 58 59 61 92 69 85                    

     Stellaria media                                                           

               64 65 58 57 55 51 66 60 58 54 56 50 100                         

                                                      80 94                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+IX     I+X      I+XI     I+XII    I+XIII                      

               0.5                                                             

                  1  0.75                                                      

                        0.5                                                    

                           1  0.75                                             

                                 0.5                                           

                                    1  0.75                                    

                                          0.5                                  

                                             1  0.75                           

                                                   0.5                         

                                                      1  0.75                  

     kg/ha     1  0.5                                                          

                     0.75                                                      

                        1  0.5                                                 

                              0.75                                             

                                 1  0.5                                        

                                       0.75                                    

                                          1  0.5                               

                                                0.75  0.5                      

                                                         0.75                  

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  5  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  7  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  10 0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               80 100                                                          

                     88 80 100                                                 

                              88 81 100                                        

                                       89 80 100                               

                                                87 83 100                      

                                                         88                    

     Galium aparine                                                            

               90 76 90 100                                                    

                           80 94 90 76 90 100                                  

                                             95 100                            

                                                   100                         

                                                      87 93                    

     Stellaria media                                                           

               93 80 75 100                                                    

                           84 79 91 80 79 100                                  

                                             77 80 100                         

                                                      85 90                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

              XVI         XVII        XVIII       I+VII    I+VIII              

                                                  0.5                          

                                                     1  0.75                   

                                                           0.5                 

                                                              1  0.75          

     kg/ha    0.5                                                              

                 0.5                                                           

                    1  1.5                                                     

                          0.5                                                  

                             0.75                                              

                                1  1.5                                         

                                      0.5                                      

                                         0.75                                  

                                            1  1.5                             

                                                  1  0.5                       

                                                        0.75                   

                                                           1  0.5              

                                                                 0.75          

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  0  0  0  0  5  7  10 12 0  0  0  10 0  0             

     Hordeum vulgare                                                           

              0  0  0  5  0  0  0  0  0  0  5  6  0  0  0  10 0  0             

     Secale cereale                                                            

              0  0  0  7  0  0  0  0  0  0  8  10 0  0  0  20 0  0             

     Unwanted plants                                                           

     Avena fatua                                                               

              0  0  0  0  0  0  0  0  0  0  0  0  87 100                       

                                                        98 81 100              

                                                                 88            

     Galium aparine                                                            

              30 45 60 80 12 15 18 25 20 40 50 67 86 76 86 98 76 100           

     Stellaria media                                                           

              10 16 20 36 5  6  8  15 25 54 70 78 100                          

                                                     90 91 99 82 89            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

               XI       XII      XIII     XIV      XV                          

     kg/ha     0.5                                                             

                 0.75                                                          

                    1 1.5                                                      

                        0.5                                                    

                          0.75                                                 

                             1 1.5                                             

                                 0.5                                           

                                   0.75                                        

                                      1 1.5                                    

                                          0.5                                  

                                            0.75                               

                                               1 1.5                           

                                                   0.5                         

                                                     0.75                      

                                                        1 1.5                  

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0 0  0 0 0 0  0 0 0 0  5 10                                     

                                          0 0  0 0 0 0       0                 

                                                     0                         

     Galium aparine                                                            

               0 0  0 0 0 0  0 0 0 0  7 10                                     

                                          0 0  0 0 0 0       0                 

                                                     0                         

     Stellaria media                                                           

               0 0  0 0 0 0  0 0 0 0  10                                       

                                        12                                     

                                          0 0  0 0 0 0       0                 

                                                     0                         

     Unwanted plants                                                           

     Avena fatua                                                               

               0 0  0 0 0 0  0 5 0 0  4 10                                     

                                          0 0  0 0 0 0       0                 

                                                     0                         

     Galium aparine                                                            

               30                                                              

                 45 50                                                         

                      70                                                       

                        50                                                     

                          58 65                                                

                               75                                              

                                 40                                            

                                   48 60                                       

                                        85                                     

                                          10                                   

                                            15 20                              

                                                 25                            

                                                   10                          

                                                     15      20                

                                                     25                        

     Stellaria media                                                           

               30                                                              

                 40 45                                                         

                      70                                                       

                        25                                                     

                          40 55                                                

                               75                                              

                                 30                                            

                                   50 65                                       

                                        85                                     

                                          15                                   

                                            18 20                              

                                                 35                            

                                                   5 8       10                

                                                     20                        

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active Ingredient                                                         

               I        VII      VVIII    IX       X                           

     kg/ha     0.5                                                             

                 0.75                                                          

                    1 1.5                                                      

                        0.5                                                    

                          0.75                                                 

                             1 1.5                                             

                                 0.5                                           

                                   0.75                                        

                                      1 1.5                                    

                                          0.5                                  

                                            0.75                               

                                               1 1.5                           

                                                   0.5                         

                                                     0.75                      

                                                        1 1.5                  

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0 0  0 0 0 0  0 0 0 0  10                                       

                                        20                                     

                                          0 0  0 10                            

                                                   0 0       0                 

                                                     0                         

     Hordeum vulgare                                                           

               0 0  0 0 0 0  0 0 0 0  10                                       

                                        10                                     

                                          0 0  0 15                            

                                                   0 0       0                 

                                                     0                         

     Secale cereale                                                            

               0 0  0 0 0 0  0 0 0 0  20                                       

                                        20                                     

                                          0 0  0 10                            

                                                   0 0       0                 

                                                     0                         

     Unwanted plants                                                           

     Avena fatua                                                               

               35                                                              

                 48 65                                                         

                      80                                                       

                        0 10 12                                                

                               15                                              

                                 0 0  0 0 0 0  0 0 0 0       0                 

                                                     0                         

     Galium aparine                                                            

               0 5  6 10                                                       

                        30                                                     

                          40 46                                                

                               50                                              

                                 30                                            

                                   56 60                                       

                                        70                                     

                                          30                                   

                                            45 50                              

                                                 60                            

                                                   30                          

                                                     45      90                

                                                     100                       

     Stellaria media                                                           

               5 0  10                                                         

                      14                                                       

                        40                                                     

                          50 60                                                

                               75                                              

                                 30                                            

                                   48 55                                       

                                        80                                     

                                          30                                   

                                            35 48                              

                                                 70                            

                                                   30                          

                                                     35      80                

                                                     100                       

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 7
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 20 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions, emulsions, solutions
      and tankmixes:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Iii 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  Iv 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vi 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt
PA0  Vii 2-sec-butyl-4,6-dinitrophenyl acetate
PA0  Viii 3,5-diiodo-4-hydroxybenzonitrile, sodium salt
PA0  Ix 3,5-dibromo-4-hydroxybenzaldoxime-0-(2',4'-dinitrophenyl)ether
PA0  X 3,5-dibromo-4-hydroxybenzaldoxime-0-(2'-cyano-4'-nitrophenyl)-ether,
      sodium salt
PA0  Xi .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xii .alpha.-(2,4-dichlorophenoxy)-propionic acid, sodium salt
PA0  Xiii .alpha.-(2,4,5-trichlorophenoxy)-propionic acid, potassium salt
PA0  Xiv 2-methyl-4-chlorophenoxyacetic acid, dimethylamine salt
PA0  Xv 2,4-dichlorophenoxyacetic acid, dimethylamine salt
PA0  Xvi 2,4,5-trichlorophenoxyacetic acid, potassium salt
PA0  Xvii .gamma.-(2,4-dichlorophenoxy)-butyric acid, dimethylamine salt
PA0  Xviii 3,5-dibromo-4-hydroxybenzonitrile, sodium salt
PAL  each of these compounds at rates of 0.25, 1 and 1.5 kg/ha;
PAL  I + iii + vii, i + iii + viii, i + iii + ix, i + iii + x, i + iii + xi, i +
      iii + xii, i + iii + xiii, i + iii + xiv, i + iii + xv, i + iii + xvii, i
      + iv + xi, i + iv + xii, i + iv + xiv, i + iv + xv, i + iv + xvi, i + iv +
      xvii, i + v + vii, i + v + viii, i + v + xviii, i + v ix, i + v + x, i + v
      + xv, i + v + xvi, i + v + xvii, i + vi + vii, i + vi + viii, i + vi + ix,
      i + vi + x, i + vi + xi, i + vi + viii, i + vii + xi, i + vii + xii, i +
      vii + xiii, i + vii + xiv, i + vii + xv, i + vii + xvi, i + vii + xvii, i
      + viii + xi, i + viii + xii, i + viii + xiii, i + viii + xiv, i + viii +
      xv, i + viii + xvi, i + viii + xvii, i + xviii + xi, i + xviii + xii, i +
      xviii + xiii, i + xviii + xiv, i + xviii + xv, i + xviii + xv, i + xviii +
      xvii, i + ix + xi, i + ix + xii, i + ix + xiii, i + ix + xiv, i + ix + xv,
      i + ix + xv, i + ix + xvii, i + x + xi, i + ix + xii, i + ix + xiii, i +
      ix + xiv, i + ix + xv, i + ix + xv, i + ix + xvii, i + x + xi, i + x +
      xii, i + x + xiii, i + x + xiv, i + x + xv, i + x + xvi, i + x + xvii, iii
      + vii + xi, iii + vii + xii, iii + vii + xiii, iii + vii + xiv, iii + vii
      + xv, iii + vii + xv, iii + vii + xvii, iii + vii + xi, iii + viii + xvii,
      iii + viii + xiii, iii + viii + xiv, iii + viii + xv, iii + viii + xvi,
      iii + viii + xvii, iii + ix + xi, iii + ix + xii, iii + ix + xiii, iii +
      ix + xiv, iii + ix + xv, iii + ix + xv, iii + ix + xvii, iii + x + xi, iii
      + x + xii, iii + x + xiii, iii + x + xiv, iii + x + xv, iii + x + xvi, iii
      + x + xvii, iv + viii + xi, iv + viii + xii, iv + viii + xiii, iv + viii +
      xiv, iv + viii + xv, iv + viii + xvi, iv + viii + xvii, iv + ix + xi, iv +
      ix + xii, iv + ix + xiii, iv + ix + xiv, iv + ix + xv, iv + ix + xvi, iv +
      ix + xvii, iv + x + xi, iv + x + xii, iv + x + xiii, iv + x + xiv, iv + x
      + xv, iv + x + xvi, iv + x + xvii, v + vii + xi, v + vii + xii, v + vii +
      xiii, v + vii + xiv, v + vii + xv, v + vii + xvi, v + vii + xvii, v + viii
      + xi, v + viii + xii, v + viii + xiii, v + viii + xiii, v + viii + xv, v +
      viii + xv, v + viii + xvii, v + ix + xi, v + ix + xii, v + ix + xiii, v +
      ix + xiv, v + ix + xv, v + ix + xvi, v + ix + xvii, iii + xviii + xi, iii
      + xviii + xii, iii + xviii + xiii, iii + xviii + xiv, iii + xviii + xv,
      iii + xviii + xvi, iii + xviii + xvii, iv + vii + xi, iv + vii + xii, iv +
      vii + xiii, iv + vii + xiv, iv + vii + xv, iv + vii + xvi, iv + vii +
      xvii, iii + xviii + xi, iii + xviii + xii, iii + xviii + xiv, iii + xvii +
      xv, iii + xviii + xvi, iii + xvii + xvii, v + x + xi, v + x + xii, v + x +
      xiii, v + x + xiv, v + x + xv, v + x + xvi, v + x + xvii
PAL  each of these compositions at rates of 1+0.25+0.25, 0.25+1+0.25 and
      0.25+0.25+1 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
     Active                                                                    

     ingredient                                                                

              I      III    IV     V      VI     VII      VIII                 

     kg/ha    0.25                                                             

                 1 1.5                                                         

                     0.25                                                      

                        1 1.5                                                  

                            0.25                                               

                               1 1.5                                           

                                   0.25                                        

                                      1 1.5                                    

                                          0.25                                 

                                             1 1.5                             

                                                 0.25                          

                                                    1  1.5                     

                                                          0.25                 

                                                              1  1.5           

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0  0          0            

                                                       10         20           

     Hordeum vulgare                                                           

              0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0  0          0            

                                                       10         10           

     Secale cereale                                                            

              0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0  5          0            

                                                       20         20           

     Unwanted                                                                  

     plants                                                                    

     Avena fatua                                                               

              20 65                                                            

                   80                                                          

                     0  0 0 0  0 0 0  0 0 0  0 0 0  10 15         0            

                                                       0          0            

     Galium aparine                                                            

              0  6 10                                                          

                     15 60                                                     

                          75                                                   

                            15 66                                              

                                 75                                            

                                   20 50                                       

                                        60                                     

                                          25 65                                

                                               80                              

                                                 18 40 50         15           

                                                       60         70           

     Stellaria media                                                           

              0  10                                                            

                   14                                                          

                     25 60                                                     

                          70                                                   

                            10 65                                              

                                 70                                            

                                   25 50                                       

                                        70                                     

                                          10 60                                

                                               85                              

                                                 20 60 75         25           

                                                       55         80           

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active                                                                    

     ingredient                                                                

              IX     X      XI     XII    XIII   XIV      XV                   

     kg/ha    0.25                                                             

                 1 1.5                                                         

                     0.25                                                      

                        1 1.5                                                  

                            0.25                                               

                               1 1.5                                           

                                   0.25                                        

                                      1 1.5                                    

                                          0.25                                 

                                             1 1.5                             

                                                 0.25                          

                                                    1  1.5                     

                                                          0.25                 

                                                              1  1.5           

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0 10                                                          

                     0  0 0 0  0 0 0  0 0 0  5 10                              

                                                 0  0  0          0            

                                                       0          0            

     Hordeum vulgare                                                           

              0  0 15                                                          

                     0  0 0 0  0 0 0  0 0 0  7 10                              

                                                 0  0  0          0            

                                                       0          0            

     Secale cereale                                                            

              0  0 10                                                          

                     0  0 5 0  0 0 0  0 0 0  10                                

                                               12                              

                                                 0  0  0          0            

                                                       0          0            

     Unwanted                                                                  

     plants                                                                    

     Avena fatua                                                               

              0  0 0 0  0 0 0  0 0 0  0 5 0  4 10                              

                                                 0  0  0          0            

                                                       0          0            

     Galium aparine                                                            

              20 50                                                            

                   60                                                          

                     25 90                                                     

                          100                                                  

                            15 50                                              

                                 70                                            

                                   10 65                                       

                                        75                                     

                                          20 60                                

                                               85                              

                                                 5  20 25         5            

                                                       20         25           

     Stellaria media                                                           

              15 48                                                            

                   70                                                          

                     20 80                                                     

                          100                                                  

                            20 45                                              

                                 70                                            

                                   15 55                                       

                                        75                                     

                                          15 65                                

                                               85                              

                                                 10 20 35         3            

                                                       10         20           

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              XVI    XVII   XVIII  I+III+VII                                   

                                            I+III+VIII I+III+XVIII             

                                   1  0.25                                     

                                         0.25                                  

                                            1  0.25                            

                                                   0.25                        

                                                       1   0.25                

                                                               0.25            

     kg/ha    0.25                                                             

                 1 1.5                                                         

                     0.25                                                      

                        1 1.5                                                  

                            0.25                                               

                               1 1.5                                           

                                   0.25                                        

                                      1  0.25                                  

                                            0.25                               

                                               .1  0.25                        

                                                       0.25                    

                                                           1   0.25            

                                   0.25                                        

                                      0.25                                     

                                         1  0.25                               

                                               0.25                            

                                                   1   0.25                    

                                                           0.25                

                                                               1               

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0 0 0  0 0 0  10                                              

                                 12                                            

                                   0  0  0  0  0   10  0   0   10              

     Hordeum vulgare                                                           

              0  0 5 0  0 0 0  5 6 0  0  0  0  0   10  0   0   5               

     Secale cereale                                                            

              0  0 7 0  0 0 0  8 10                                            

                                   0  0  0  0  0   20  0   0   8               

     Unwanted plants                                                           

     Avena fatua                                                               

              0  0 0 0  0 0 0  0 0 100                                         

                                      65 76 93 64  60  90  62  60              

     Galium aparine                                                            

              15 60                                                            

                   80                                                          

                     9  18                                                     

                          25                                                   

                            10 50                                              

                                 67                                            

                                   79 100                                      

                                         95 80 100 100 75  100 100             

     Stellaria media                                                           

              5  20                                                            

                   36                                                          

                     2  8 15                                                   

                            15 54                                              

                                 78                                            

                                   95 100                                      

                                         100                                   

                                            100                                

                                               100 100 87  100 100             

     __________________________________________________________________________

       O = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              I+III+IX I+V+VII  I+V+XIII I+VI+XIV I+VI+XV                      

                                                         I+VI+XVI              

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1  0.25                                        

                                      0.25                                     

                                         1  0.25                               

                                               0.25                            

                                                  1  0.25                      

                                                        0.25                   

                                                           1  0.25             

                                                                 0.25          

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                   1  0.25                                     

                                         0.25                                  

                                            1  0.25                            

                                                  0.25                         

                                                     1  0.25                   

                                                           0.25                

                                                              1  0.25          

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                   0.25                                        

                                      1  0.25                                  

                                            0.25                               

                                               1  0.25                         

                                                     0.25                      

                                                        1  0.25                

                                                              0.25             

                                                                 1             

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  0  0  0  0  5  0  0  0  0  0  0  0  0  0             

     Hordeum vulgare                                                           

              0  0  0  0  0  0  0  0  7  0  0  0  0  0  0  0  0  0             

     Secale cereale                                                            

              0  0  0  0  0  0  0  0  10 0  0  0  0  0  0  0  0  0             

     Unwanted plants                                                           

     Avena fatua                                                               

              100                                                              

                 67 75 98 65 54 100                                            

                                   63 67 100                                   

                                            66 57 99 62 60 100                 

                                                              61 60            

     Galium aparine                                                            

              80 100                                                           

                    98 84 100                                                  

                             98 100                                            

                                   100                                         

                                      100                                      

                                         80 100                                

                                               82 81 100                       

                                                        85 86 100              

                                                                 100           

     Stellaria media                                                           

              93 100                                                           

                    100                                                        

                       95 100                                                  

                             100                                               

                                100                                            

                                   100                                         

                                      100                                      

                                         75 100                                

                                               77 69 100                       

                                                        66 70 100              

                                                                 77            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              I+IV+XI  I+IV+XII I+IV+XIV    I+IV+XV     I+IV+XVI               

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1   0.25                                       

                                        0.25                                   

                                            1   0.25                           

                                                    0.25                       

                                                        1   0.25               

                                                                0.25           

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                    1   0.25                                   

                                            0.25                               

                                                1   0.25                       

                                                        0.25                   

                                                            1   0.25           

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                    0.25                                       

                                        1   0.25                               

                                                0.25                           

                                                    1   0.25                   

                                                            0.25               

                                                                1              

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Hordeum vulgare                                                           

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Secale cereale                                                            

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Unwanted plants                                                           

     Avena fatua                                                               

              100                                                              

                 66 73 96 64 69 91  60  61  88  56  59  94  63  59             

     Galium aparine                                                            

              75 100                                                           

                    98 72 100                                                  

                             100                                               

                                70  94  77  70  100 76  77  100 100            

     Stellaria media                                                           

              79 100                                                           

                    92 74 100                                                  

                             96 72  98  70  65  100 68  70  97  74             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              I+IV+XVII                                                        

                       I+V+VII  I+III+X     I+III+XI    I+III+XII              

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1   0.25                                       

                                        0.25                                   

                                            1   0.25                           

                                                    0.25                       

                                                        1   0.25               

                                                                0.25           

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                    1   0.25                                   

                                            0.25                               

                                                1   0.25                       

                                                        0.25                   

                                                            1   0.25           

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                    0.25                                       

                                        1   0.25                               

                                                0.25                           

                                                    1   0.25                   

                                                            0.25               

                                                                1              

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Hordeum vulgare                                                           

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Secale cereale                                                            

              0  0  0  0  0  0  0   0   0   0   0   0   0   0   0              

     Unwanted plants                                                           

     Avena fatua                                                               

              86 53 55 98 64 73 100 70  75  95  64  67  97  66  70             

     Galium aparine                                                            

              73 100                                                           

                    80 100                                                     

                          100                                                  

                             97 95  100 100 80  100 100 75  100 100            

     Stellaria media                                                           

              65 100                                                           

                    70 100                                                     

                          100                                                  

                             100                                               

                                100 100 100 97  100 100 90  100 100            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              I+III+XIII                                                       

                       I+III+XIV                                               

                                I+III+XV    I+III+XVII  I+V+VIII               

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1   0.25                                       

                                        0.25                                   

                                            1   0.25                           

                                                    0.25                       

                                                        1   0.25               

                                                                0.25           

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                    1   0.25                                   

                                            0.25                               

                                                1   0.25                       

                                                        0.25                   

                                                            1   0.25           

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                    0.25                                       

                                        1   0.25                               

                                                0.25                           

                                                    1   0.25                   

                                                            0.25               

                                                                1              

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  5  0  0  0  0   0   0   0   0   0   0   0   10             

     Hordeum vulgare                                                           

              0  0  7  0  0  0  0   0   0   0   0   0   0   0   10             

     Secale cereale                                                            

              0  0  10 0  0  0  0   0   0   0   0   0   0   0   20             

     Unwanted plants                                                           

     Avena fatua                                                               

              100                                                              

                 65 70 92 60 63 90  57  60  88  55  57  92  64  60             

     Galium aparine                                                            

              83 100                                                           

                    100                                                        

                       70 94 75 70  100 74  72  100 80  80  100 100            

     Stellaria media                                                           

              90 100                                                           

                    100                                                        

                       82 100                                                  

                             80 77  100 75  75  90  80  97  100 100            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

               I+V+XVIII                                                       

                        I+V+IX   I+V+X    I+V+XV   I+V+XVI                     

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    .1 0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  10 0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  5  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  8  0  0  0  0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               89 63 58 98 64 73 92 63 72 88 65 60 95 63 60                    

     Galium aparine                                                            

               80 98 100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 88 100                                        

                                       100                                     

                                          68 93 80 80 100                      

                                                         100                   

     Stellaria media                                                           

               92 100                                                          

                     100                                                       

                        100                                                    

                           98 100                                              

                                 94 97 100                                     

                                          75 90 72 77 100                      

                                                         89                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+V+XVII I+VI+VII I+VI+VIII                                     

                                          I+VI+XVIII                           

                                                   I+VI+IX                     

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  10 0  0  10 0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  10 0  0  5  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  20 0  0  8  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               87 54 56 95 61 70 91 61 58 87 59 57 96 63 71                    

     Galium aparine                                                            

               78 100                                                          

                     79 90 100                                                 

                              100                                              

                                 85 100                                        

                                       100                                     

                                          80 100                               

                                                100                            

                                                   90 100                      

                                                         100                   

     Stellaria media                                                           

               75 98 70 78 100                                                 

                              100                                              

                                 87 100                                        

                                       97 86 100                               

                                                97 77 100                      

                                                         96                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+VI+X   I+VI+XI  I+VI+XIII                                     

                                          I+VII+XI I+VII+XII                   

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  5  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  7  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  10 0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               98 91 75 92 61 63 97 62 68 94 63 66 95 64 68                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        83 100                                                 

                              100                                              

                                 90 100                                        

                                       100                                     

                                          80 95 100                            

                                                   72 87 100                   

     Stellaria media                                                           

               86 100                                                          

                     100                                                       

                        85 100                                                 

                              97 80 100                                        

                                       100                                     

                                          88 100                               

                                                98 86 100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+VII+XIII                                                      

                        II+VII+XIV                                             

                                 I+VII+XV I+VII+XVI                            

                                                   I+VII+XVII                  

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  5  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  7  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  10 0  0  0  0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               98 65 70 93 59 63 90 56 61 96 64 60 89 55 58                    

     Galium aparine                                                            

               85 96 100                                                       

                        70 87 80 70 84 75 80 93 100                            

                                                   70 87 74                    

     Stellaria media                                                           

               85 100                                                          

                     100                                                       

                        70 100                                                 

                              78 72 96 74 77 98 78 75 95 72                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+VIII+XI                                                       

                        I+VIII+XII                                             

                                 I+VIII+XIII                                   

                                          I+VIII+XIV                           

                                                   I+VIII+XV                   

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  10 0  0  10 0  0  10 5  0  10 0  0  10 0                     

     Hordeum vulgare                                                           

               0  10 0  0  10 0  0  10 7  0  10 0  0  10 0                     

     Secale cereale                                                            

               0  20 0  0  20 0  0  20 10 0  20 0  0  20 0                     

      Unwanted plants                                                          

     Avena fatua                                                               

               96 63 70 93 61 66 96 61 66 93 61 64 90 57 60                    

     Galium aparine                                                            

               73 100                                                          

                     97 73 100                                                 

                              100                                              

                                 80 100                                        

                                       100                                     

                                          70 96 76 70 97 77                    

     Stellaria media                                                           

               97 100                                                          

                     100                                                       

                        90 100                                                 

                              100                                              

                                 90 100                                        

                                       100                                     

                                          84 98 87 80 96 74                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+VIII+VI                                                       

                        I+VIII+XVII                                            

                                 I+XVIII+XI                                    

                                          I+XVIII+XII                          

                                                   I+XVIII+XIII                

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Corp plants                                                               

     Triticum aestivum                                                         

               0  10 0  0  10 0  0  10 0  0  10 0  0  10 5                     

     Hordeum vulgare                                                           

               0  10 0  0  10 0  0  5  0  0  5  0  0  5  7                     

     Secale cereale                                                            

               0  20 0  0  20 0  0  8  0  0  8  0  0  8  10                    

     Unwanted plants                                                           

     Avena fatua                                                               

               94 62 58 87 54 56 92 61 64 93 60 65 95 62 69                    

     Galium aparine                                                            

               75 100                                                          

                     100                                                       

                        71 100                                                 

                              70 70 97 96 70 98 100                            

                                                   80 100                      

                                                         100                   

     Stellaria media                                                           

               80 95 85 79 95 76 80 100                                        

                                       95 78 100                               

                                                100                            

                                                   85 100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+XVIII+XIV                                                     

                        I+XVIII+XV                                             

                                 I+XVII+XVI                                    

                                          I+XVII+XVII                          

                                                   I+IX+XI                     

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Corp plants                                                               

     Triticum aestivum                                                         

               0  10 0  0  10 0  0  10 0  0  10 0  0  0  0                     

     Hordeum vulgare                                                           

               0  5  0  0  5  0  0  5  0  0  5  0  0  0  0                     

     Secale cereale                                                            

               0  8  0  0  8  0  0  8  0  0  8  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               90 57 60 90 55 61 94 63 60 88 53 56 92 60 64                    

     Galium aparine                                                            

               65 90 70 64 90 68 77 100                                        

                                       100                                     

                                          70 98 68 80 100                      

                                                         100                   

     Stellaria media                                                           

               72 96 78 73 95 75 75 98 78 70 96 66 84 100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+IX+XII I+IX+XIII                                              

                                 I+IX+XIV I+IX+XV  I+IX+XVI                    

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  5  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  7  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  10 0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               95 61 66 96 64 69 91 60 63 89 55 61 95 62 60                    

     Galium aparine                                                            

               75 97 100                                                       

                        85 100                                                 

                              100                                              

                                 68 90 77 70 90 77 80 97 100                   

     Stellaria media                                                           

               77 98 100                                                       

                        84 100                                                 

                              100                                              

                                 73 96 73 70 88 67 70 90 73                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+IX+XVII                                                       

                        I+X+XI   I+X+XII  I+X+XIII I+X+XIV                     

               1  0.25                                                         

                     0.25                                                      

                        1    0.25                                              

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

                                                kg/ha                          

                                                   0.25                        

                                                      1  0.25                  

                                                            0.25 1  0.25 0.25 1

                                                              0.25 0.25 1      

                                                            0.25 1  0.25 0.25 1

                                                              0.25             

                                                   0.25                        

                                                      0.25                     

                                                         1  0.25 0.25 1        

                                                            0.25 0.25 1        

                                                            0.25 0.25 1        

                                                            0.25 0.25 1        

     __________________________________________________________________________

                                                            .                  

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  5  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  7  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  10 0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               90 56 59 95 63 67 96 65 68 97 63 70 94 58 62                    

     Galium aparine                                                            

               71 95 80 90 100                                                 

                              100                                              

                                 85 100                                        

                                       100                                     

                                          90 100                               

                                                100                            

                                                   80 100                      

                                                         90                    

     Stellaria media                                                           

               70 87 64 93 100                                                 

                              100                                              

                                 84 100                                        

                                       100                                     

                                          90 100                               

                                                100                            

                                                   86 100                      

                                                         87                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+X+XV   I+X+XVI  I+X+XVII III+VII+XI                           

                                                   III+VII+XII                 

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

      Unwanted plants                                                          

     Avena fatua                                                               

               90 58 59 97 66 62 91 57 60 -- -- -- -- -- --                    

     Galium aparine                                                            

               84 100                                                          

                     90 90 100                                                 

                              100                                              

                                 86 100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               75 100                                                          

                     78 77 100                                                 

                              86 90 100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               III+VII+XIII                                                    

                        III+VII+XIV                                            

                                 III+VII+XV                                    

                                          III+VII+XVI                          

                                                   III+VII+XVII                

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  5  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  7  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  10 0  0  0  0  0  0  0  0  0  0  0  0                     

      Unwanted plants                                                          

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           94 90 100                                           

                                    98 90 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         87                    

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              98 100                                           

                                    100                                        

                                       97 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         90                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               III+VIII+XI                                                     

                        III+VIII+XII                                           

                                 III+VIII+XIII                                 

                                          III+VIII+XIV                         

                                                   III+VIII+XV                 

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  10 0  0  10 0  0  10 5  0  10 0  0  10 0                     

     Hordeum vulgare                                                           

               0  10 0  0  10 0  0  10 7  0  10 0  0  10 0                     

     Secale cereale                                                            

               0  20 0  0  20 0  0  20 10 0  20 0  0  20 0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                88 100                         

                                                      100                      

                                                         90                    

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         95                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               III+VIII+XVI                                                    

                        III+VIII+XVII                                          

                                 III+IX+XI                                     

                                          III+IX+XII                           

                                                   III+IX+XIII                 

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  10 0  0  10 0  0  0  0  0  0  0  0  0  5                     

     Hordeum vulgare                                                           

               0  10 0  0  10 0  0  0  0  0  0  0  0  0  7                     

     Secale cereale                                                            

               0  20 0  0  20 0  0  0  0  0  0  0  0  0  10                    

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              85 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              95 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               III+IX+XIV                                                      

                        III+IX+XV                                              

                                 III+IX+XVI                                    

                                          III+IX+XVII                          

                                                   III+X+XI                    

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     93 100                                                    

                           100                                                 

                              90 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                90 100                         

                                                      100                      

                                                         100                   

     Stellaraia media                                                          

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              86 100                                           

                                    100                                        

                                       94 100                                  

                                             100                               

                                                86 100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active Ingredient                                                         

               III+X+XII                                                       

                        III+X+XIII                                             

                                 III+X+XIV                                     

                                          III+X+XV III+X+XVI                   

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                          0.25                 

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  5  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  7  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  10 0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       98 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                96 100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               III+X+XVII                                                      

                        IV+VII+XI                                              

                                 IV+VII+XII                                    

                                          IV+VII+XIII                          

                                                   IV+VII+XIV                  

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  5  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  7  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  10 0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     97 100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     97 100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         91                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               IV+VII+XV                                                       

                        IV+VII+XVI                                             

                                 IV+VII+XVII                                   

                                          IV+VIII+XI                           

                                                   IV+VIII+XII                 

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  10 0  0  10 0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  10 0  0  10 0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  20 0  0  20 0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       92 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     85 100                                                    

                           100                                                 

                              96 100                                           

                                    100                                        

                                       81 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               IV+VIII+XIII                                                    

                        IV+VIII+XIV                                            

                                 IV+VII+XV                                     

                                          IV+VIII+XVI                          

                                                   IV+VIII+XVII                

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  10 5  0  10 0  0  10 0  0  10 0  0  10 0                     

     Hordeum vulgare                                                           

               0  10 7  0  10 0  0  10 0  0  10 0  0  10 0                     

     Secale cereale                                                            

               0  20 10 0  20 0  0  20 0  0  20 0  0  20 0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              92 100                                           

                                    100                                        

                                       91 100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         89                    

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              95 100                                           

                                    100                                        

                                       86 100                                  

                                             100                               

                                                96 100                         

                                                      100                      

                                                         85                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               IV+IX+XI IV+IX+XII                                              

                                 IV+IX+XIII                                    

                                          IV+IX+XIV                            

                                                   IV+IX+XV                    

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  5  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  7  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  10 0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                96 100                         

                                                      100                      

                                                         96                    

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                86 100                         

                                                      100                      

                                                         80                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               IV+IX+XVI                                                       

                        IV+IX+XVII                                             

                                 IV+X+XI  IV+X+XII IV+X+XIII                   

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  5                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  7                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  10                    

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              94 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              84 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                100                            

                                                   100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               IV+X+XIV IV+X+XV  IV+X+XVI IV+X+XVII                            

                                                   V+VII+XI                    

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  0  0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                98 100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     92 100                                                    

                           100                                                 

                              82 100                                           

                                    100                                        

                                       91 100                                  

                                             100                               

                                                80 100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               V+VII+XII                                                       

                        V+VII+XIII                                             

                                 V+VII+XIV                                     

                                          V+VII+XV V+VII+XVI                   

               1  0.25                                                         

                     0.25                                                      

                        1  0.25                                                

                              0.25                                             

                                 1  0.25                                       

                                       0.25                                    

                                          1  0.25                              

                                                0.25                           

                                                   1  0.25                     

                                                         0.25                  

     kg/ha     0.25                                                            

                  1  0.25                                                      

                        0.25                                                   

                           1  0.25                                             

                                 0.25                                          

                                    1  0.25                                    

                                          0.25                                 

                                             1  0.25                           

                                                   0.25                        

                                                      1  0.25                  

               0.25                                                            

                  0.25                                                         

                     1  0.25                                                   

                           0.25                                                

                              1  0.25                                          

                                    0.25                                       

                                       1  0.25                                 

                                             0.25                              

                                                1  0.25                        

                                                      0.25                     

                                                         1                     

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0  0  0  0  0  5  0  0  0  0  0  0  0  0  0                     

     Hordeum vulgare                                                           

               0  0  0  0  0  7  0  0  0  0  0  0  0  0  0                     

     Secale cereale                                                            

               0  0  0  0  0  10 0  0  0  0  0  0  0  0  0                     

     Unwanted plants                                                           

     Avena fatua                                                               

               -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                    

     Galium aparine                                                            

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       98 100                                  

                                             100                               

                                                97 100                         

                                                      100                      

                                                         100                   

     Stellaria media                                                           

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100                                              

                                 100                                           

                                    100                                        

                                       100                                     

                                          100                                  

                                             100                               

                                                95 100                         

                                                      100                      

                                                         100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

              V+VII+XVII                                                       

                       V+VIII+XI                                               

                                V+VIII+XII                                     

                                         V+VIII+XIII                           

                                                  V+VIII+XIV                   

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1  0.25                                        

                                      0.25                                     

                                         1  0.25                               

                                               0.25                            

                                                  1  0.25                      

                                                        0.25                   

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                   1  0.25                                     

                                         0.25                                  

                                            1  0.25                            

                                                  0.25                         

                                                     1  0.25                   

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                   0.25                                        

                                      1  0.25                                  

                                            0.25                               

                                               1  0.25                         

                                                     0.25                      

                                                        1                      

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  10 0  0  10 0  0  10 5  0  10 0                      

     Hordeum vulgare                                                           

              0  0  0  0  10 0  0  10 0  0  10 7  0  10 0                      

     Secale cereale                                                            

              0  0  0  0  20 0  0  20 0  0  20 10 0  20 0                      

     Unwanted plants                                                           

     Avena fatua                                                               

              -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                     

     Galium aparine                                                            

              100                                                              

                 100                                                           

                    89 100                                                     

                          100                                                  

                             100                                               

                                100                                            

                                   100                                         

                                      100                                      

                                         100                                   

                                            100                                

                                               96 100                          

                                                     100                       

                                                        97                     

     Stellaria media                                                           

              100                                                              

                 100                                                           

                    88 100                                                     

                          100                                                  

                             100                                               

                                100                                            

                                   100                                         

                                      100                                      

                                         100                                   

                                            100                                

                                               100                             

                                                  100                          

                                                     100                       

                                                        100                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

              V+VIII+XVII                                                      

                       V+IX+XI  V+IX+XII V+IX+XIII                             

                                                  V+IX+XIV                     

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1  0.25                                        

                                      0.25                                     

                                         1  0.25                               

                                               0.25                            

                                                  1  0.25                      

                                                        0.25                   

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                   1  0.25                                     

                                         0.25                                  

                                            1  0.25                            

                                                  0.25                         

                                                     1  0.25                   

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                   0.25                                        

                                      1  0.25                                  

                                            0.25                               

                                               1  0.25                         

                                                     0.25                      

                                                        1                      

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  10 0  0  0  0  0  0  0  0  0  5  0  0  0                      

     Hordeum vulgare                                                           

              0  10 0  0  0  0  0  0  0  0  0  7  0  0  0                      

     Secale cereale                                                            

              0  20 0  0  0  0  0  0  0  0  0  10 0  0  0                      

     Unwanted plants                                                           

      Avena fatua                                                              

              -- -- -- -- -- -- -- -- -- -- -- -- -- -- --                     

     Galium aparine                                                            

              100                                                              

                 100                                                           

                    94 100                                                     

                          100                                                  

                             100                                               

                                100                                            

                                   100                                         

                                      100                                      

                                         100                                   

                                            100                                

                                               100                             

                                                  100                          

                                                     100                       

                                                        100                    

     Stellaria media                                                           

              100                                                              

                 100                                                           

                    98 100                                                     

                          100                                                  

                             100                                               

                                100                                            

                                   100                                         

                                      100                                      

                                         100                                   

                                            100                                

                                               100                             

                                                  100                          

                                                     100                       

                                                        100                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

              V+IX+XV  V+IX+XVI V+IX+XVII   III+XVIII+XI                       

                                                        III+XVIII+XII          

              1  0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1   0.25                                       

                                        0.25                                   

                                            1   0.25                           

                                                    0.25                       

                                                        1   0.25               

                                                                0.25           

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                    1   0.25                                   

                                            0.25                               

                                                1   0.25                       

                                                        0.25                   

                                                            1   0.25           

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                    0.25                                       

                                        1   0.25                               

                                                0.25                           

                                                    1   0.25                   

                                                            0.25               

                                                                1              

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  0  0  0  0  0  0   0   0   0   0   0   0   10  0              

     Hordeum vulgare                                                           

              0  0  0  0  0  0  0   0   0   0   0   0   0   5   0              

     Secale cereale                                                            

              0  0  0  0  0  0  0   0   0   0   0   0   0   8   0              

     Unwanted plants                                                           

     Avena fatua                                                               

              -- -- -- -- -- -- --  --  --  --  --  --  --  --  --             

     Galium aparine                                                            

              100                                                              

                 100                                                           

                    100                                                        

                       100                                                     

                          100                                                  

                             100                                               

                                100 100 100 100 100 98  100 100 100            

     Stellaria media                                                           

              100                                                              

                 100                                                           

                    91 100                                                     

                          100                                                  

                             100                                               

                                100 100 100 100 100 90  100 100 100            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

              III+XVIII+XIII                                                   

                       III+XVII+XIV                                            

                                III+XVIII+XV                                   

                                            III+XVIII+XVI                      

                                                        III+XVIII+XVII         

               1 0.25                                                          

                    0.25                                                       

                       1  0.25                                                 

                             0.25                                              

                                1   0.25                                       

                                        0.25                                   

                                            1   0.25                           

                                                    0.25                       

                                                        1   0.25               

                                                                0.25           

     kg/ha    0.25                                                             

                 1  0.25                                                       

                       0.25                                                    

                          1  0.25                                              

                                0.25                                           

                                    1   0.25                                   

                                            0.25                               

                                                1   0.25                       

                                                        0.25                   

                                                            1   0.25           

              0.25                                                             

                 0.25                                                          

                    1  0.25                                                    

                          0.25                                                 

                             1  0.25                                           

                                    0.25                                       

                                        1   0.25                               

                                                0.25                           

                                                    1   0.25                   

                                                            0.25               

                                                                1              

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

              0  10 5  0  10 0  0   10  0   0   10  0   0   10  0              

     Hordeum vulgare                                                           

              0  5  7  0  5  0  0   5   0   0   5   0   0   5   0              

     Secale cereale                                                            

              0  8  10 0  8  0  0   8   0   0   8   0   0   8   0              

     Unwanted plants                                                           

     Avena fatua                                                               

              -- -- -- -- -- -- --  --  --  --  --  --  --  --  --             

     Galium aparine                                                            

              100                                                              

                 100                                                           

                    100                                                        

                       100                                                     

                          100                                                  

                             87 100 100 85  100 100 100 100 100 80             

     Stellaria media                                                           

              100                                                              

                 100                                                           

                    100                                                        

                       100                                                     

                          100                                                  

                             98 100 100 95  100 100 94  100 100 86             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

               V+X+XI      V+X+XII     V+X+XIII                                

                                             X+X+XIV                           

               1   0.25                                                        

                       0.25                                                    

                           1   0.25                                            

                                   0.25                                        

                                       1   0.25                                

                                               0.25                            

                                                   1   0.25                    

                                                           0.25                

     kg/ha     0.25                                                            

                   1   0.25                                                    

                           0.25                                                

                               1   0.25                                        

                                       0.25                                    

                                           1   0.25                            

                                                   0.25                        

                                                       1   0.25                

               0.25                                                            

                   0.25                                                        

                       1   0.25                                                

                               0.25                                            

                                   1   0.25                                    

                                           0.25                                

                                               1   0.25                        

                                                       0.25                    

                                                           1                   

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0   0   0   0   0   0   0   5   0   0   0                   

     Hordeum vulgare                                                           

               0   0   0   0   0   0   0   0   7   0   0   0                   

     Secale cereale                                                            

               0   0   0   0   0   0   0   0   10  0   0   0                   

     Unwanted plants                                                           

     Avena fatua                                                               

               --  --  --  --  --  --  --  --  --  --  --  --                  

     Galium aparine                                                            

               100 100 100 100 100 100 100 100 100 95  100 100                 

     Stellaria media                                                           

               100 100 100 100 100 100 100 100 100 100 100 100                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               V+X+XV      V+X+XVI     V+X+XVII                                

               1   0.25                                                        

                       0.25                                                    

                           1   0.25                                            

                                   0.25                                        

                                       1   0.25                                

                                               0.25                            

     kg/ha     0.25                                                            

                   1   0.25                                                    

                           0.25                                                

                               1   0.25                                        

                                       0.25                                    

                                           1   0.25                            

               0.25                                                            

                   0.25                                                        

                       1   0.25                                                

                               0.25                                            

                                   1   0.25                                    

                                           0.25                                

                                               1                               

     __________________________________________________________________________

     Crop plants                                                               

     Triticum aestivum                                                         

               0   0   0   0   0   0   0   0   0                               

     Hordeum vulgare                                                           

               0   0   0   0   0   0   0   0   0                               

     Secale cereale                                                            

               0   0   0   0   0   0   0   0   0                               

     Unwanted plants                                                           

     Avena fatua                                                               

               --  --  --  --  --  --  --  --  --                              

     Galium aparine                                                            

               100 100 100 100 100 100 100 100 95                              

     Stellaria media                                                           

               100 100 98  100 100 100 100 100 92                              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 8
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 20 cm with the following amounts of the following individual active
      ingredients and compositions thereof:
PA0  I 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA0  Iii 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA0  Iv 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA0  V 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA0  Vi 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt
PA0  Xi .alpha.-(2-methyl-4-chlorophenoxy)-propionic acid, sodium salt
PA0  Xii .alpha.-(2,4-dichlorophenoxy)-propionic acid, dimethylamine salt
PA0  Xiv 2-methyl-4-chlorophenoxyacetic acid, dimethylamine salt
PA0  Xv 2,4-dichlorophenoxyacetic acid, dimethylamine salt
PA0  Xvi 2,4,5-trichlorophenoxyacetic acid, isooctyl ester
PAL  each of compounds I to VI at rates of 0.5 and 1.5 kg/ha, and each of
      compounds XI to XVI at rates of 0.25 and 1.5 kg/ha; I + III + XV + XIV, I
      + IV + XV + XIV, I + V + XV + XIV, I + VI + XV + XIV, I + III + XV + XI, I
      + IV + XV + XI, I + V + XV + XI, I + VI + XV + XI, I + III + XI + XVI, I +
      IV + XI + XVI, I + V + XI + XVI, I + VI + XI + XVI, I + III + XV + XVI, I
      + IV + XV + XVI, I + V + XV + XVI, I + VI + XV + XVI, I + VI + XIV + XVI,
      I + IV + XIV + XVI, I + V + XIV + XVI, I + VI + XIV +  XVI, I + III + XII
      + XVI, I + IV + XII + XVI, I + V + XII + XVI, I + VI + XII + XVI
PAL  each of these compositions at a rate of 0.5+0.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same crop plant
      compatibility.
PAR  The results are given below:
     Active ingredient                                                         

               I   III IV  V   VI  XI    XII    XIV    XV     XVI              

     kg/ha     0.5                                                             

                 1.5                                                           

                   0.5                                                         

                     1.5                                                       

                       0.5                                                     

                         1.5                                                   

                           0.5                                                 

                             1.5                                               

                               0.5                                             

                                 1.5                                           

                                   0.25                                        

                                      1.5                                      

                                         0.25                                  

                                             1.5                               

                                                0.25                           

                                                    1.5                        

                                                       0.25                    

                                                           1.5                 

                                                              0.25             

                                                                  1.5          

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0 0 0 0 0 0 0 0 0 0 0  0  0   0  0   0  0   0       0           

                                                           0                   

     Hordeum vulgare                                                           

               0 0 0 0 0 0 0 0 0 0 0  0  0   0  0   0  0   0       0           

                                                           5                   

     Secale cereale                                                            

               0 0 0 0 0 0 0 0 0 0 0  0  0   0  0   0  0   0       0           

                                                           7                   

     Unwanted plants:                                                          

     Avena fatua                                                               

               35                                                              

                 80                                                            

                   0 0 0 0 0 0 0 0 0  0  0   5  0   0  0   0       0           

                                                           0                   

     Galium aparine                                                            

               0 10                                                            

                   35                                                          

                     75                                                        

                       30                                                      

                         75                                                    

                           30                                                  

                             60                                                

                               35                                              

                                 80                                            

                                   15 70 10  75 5   25 5   25      15          

                                                           80                  

     Stellaria media                                                           

               5 14                                                            

                   30                                                          

                     70                                                        

                       20                                                      

                         70                                                    

                           20                                                  

                             70                                                

                               20                                              

                                 85                                            

                                   20 70 15  75 10  35 3   20      5           

                                                           36                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

               I+III+XV+XIV                                                    

                          I+IV+XV+XIV                                          

                                     I+V+XV+XIV I+VI+XV+XIV                    

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+0.25+0.25              

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

               80         82         81         83                             

     Galium aparine                                                            

               85         80         79         84                             

     Stellaria media                                                           

               88         77         78         76                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+III+XV+XI                                                     

                          I+IV+XV+XI I+V+XV+XI  I+VI+XV+XI                     

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+0.25+0.25              

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

               81         80         82         83                             

     Galium aparine                                                            

               94         90         91         95                             

     Stellaria media                                                           

               98         87         89         88                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+III+XI+XVI                                                    

                          I+IV+XI+XVI                                          

                                     I+V+XI+XVI I+VI+XI+XVI                    

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+0.25+0.25              

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

               80         81         80         83                             

     Galium aparine                                                            

               100        100        100        100                            

     Stellaria media                                                           

               100        92         90         93                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+III+XV+XVI                                                    

                          I+IV+XV+XVI                                          

                                     I+V+XV+XVI I+VI+XV+XVI                    

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+0.25+0.25              

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

               81         80         82         79                             

     Galium aparine                                                            

               95         90         88         96                             

     Stellaria media                                                           

               83         73         75         74                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+III+XIV+XVI                                                   

                          I+IV+XIV+XVI                                         

                                     I+V+XIV+XVI                               

                                                I+VI+XIV+XVI                   

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+0.25+0.25              

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted                                                                  

     plants:                                                                   

     Avena fatua                                                               

               80         79         89         80                             

     Galium aparine                                                            

               96         91         89         94                             

     Stellaria media                                                           

               90         80         82         79                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

               I+III+XII+XVI                                                   

                          I+IV+XII+XVI                                         

                                     I+V+XII+XVI                               

                                                I+VI+XII+XVI                   

     kg/ha     0.5+0.5+0.25+0.25                                               

                          0.5+0.5+0.25+0.25                                    

                                     0.5+0.5+0.25+0.25                         

                                                0.5+0.5+ 0.25+0.25             

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

               0          0          0          0                              

     Hordeum vulgare                                                           

               0          0          0          0                              

     Secale cereale                                                            

               0          0          0          0                              

     Unwanted plants:                                                          

     Avena fatua                                                               

               80         82         80         81                             

     Galium aparine                                                            

               95         96         94         98                             

     Stellaria media                                                           

               95         84         85         83                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A herbicide composition consisting essentially of an inert carrier and a
      herbicidally effective amount of a mixture of
PAL  a. a compound of the formula
      ##SPC7##
PA1  in which R denotes lower alkoxy or phenyl which may be substituted by lower
      alkyl, and
PA1  b. a compound of the formula
      ##SPC8##
PA1  in which R denotes lower alkyl and R.sup.1 denotes hydrogen, or an alkali
      metal, alkaline earth or substituted amine salt of said compound (b) in a
      weight ratio of a:b of 5:1 to 1:5.
NUM  2.
PAR  2. A herbicide composition as claimed in claim 1, in which compound a is
      1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate or
      1,2-dimethyl-3,5-diphenylpyrazolium-p-tolyl sulfonate.
NUM  3.
PAR  3. A herbicide composition as claimed in claim 1 wherein said salt of
      compound b is the ammonium, sodium, potassium, lithium, calcium,
      magnesium, ethylamine, dimethylamine, diethylamine, diethanolamine,
      ethanolamine, dimethylethanolamine or trimethylamine salt.
NUM  4.
PAR  4. A herbicide composition as claimed in claim 1 in which R of compound b
      is isopropyl.
PATN
WKU  039350010
SRC  5
APN  4931157
APT  1
ART  124
APD  19740730
TTL  Herbicide mixtures of uracil, a carbamate and a pyridazone
ISD  19760127
NCL  1
ECL  1
EXA  Mills; Catherine L.
EXP  Gotts; Lewis
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720413
APN  2217698
RLAP
COD  74
APN  348085
APD  19730404
PSC  04
CLAS
OCL   71 92
XCL   71111
EDF  2
ICL  A01N  922
FSC   71
FSS  92;111
UREF
PNO  3235363
ISD  19660200
NAM  Luckenbaugh et al.
OCL   71 92
UREF
PNO  3436207
ISD  19690400
NAM  Soboczenski
OCL   71 92
UREF
PNO  3551477
ISD  19701200
NAM  Koenig et al.
XCL   71111
UREF
PNO  3692820
ISD  19720900
NAM  Boroschewski et al.
XCL   71111
UREF
PNO  3758477
ISD  19730900
NAM  Zeidler et al.
XCL   71 92
UREF
PNO  3810751
ISD  19740500
NAM  Fischer et al.
OCL   71 92
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Herbicidal mixtures of a three component mixture of (a)
      3-cyclohexyl-5,6-trimethylene uracil; (b)
      3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)carbamate, and (c)
      1-phenyl-4-amino-5-chloropyridazone-(6).
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      348,085, filed Apr. 4, 1973, the disclosure of which is incorporated
      herein by reference.
PAR  The present invention relates to herbicide compositions containing (a)
      3-cyclohexyl-5,6 -trimethylene uracil, (b)
      3-methoxycarbonylaminophenyl-N-(3' -methylphenyl)-carbamate, and (c)
      1-phenyl-4-amino-5-chloropyridazone-(6) at a weight ratio of
      1-10:1-10:1-10.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions, oil dispersions, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e. g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e. g., kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
PAR  The new herbicides may be applied either pre- or post-emergence, and are
      particularly suited for controlling dicotyledonous seed weeds and
      monocotyledonous seed grasses in crops such as beet, spinach, potatoes,
      peas, beans and groundnuts.
DETD
PAC  EXAMPLE 1
PAR  In the greenhouse various plants were treated at a growth height of 3 to 11
      cm with the following amounts of the following active ingredients and
      compositions thereof as dispersions:
PA1  I 3-cyclohexyl-5, 6-trimethylene uracil, 0.1, 1.0 and 1.2 kg/ha;
PA1  Ii 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.1, 1.0 and
      1.2  kg/ha;
PA1  Iii 1-phenyl-4-amino-5-chloropyridazone-(6), 0.1, 1.0 and 1.2 kg/ha;
PA1  I+ii+iii: 0.1+0.1+1.0, 0.1+1.0+0.1 and 1.0+0.1+0.1 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                    I           II          III                                

     kg/ha          0.1 1.0 1.2 0.1 1.0 1.2 0.1 1.0 1.2                        

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris  0    0   0  0    0   0  0    0   0                         

     Unwanted plants:                                                          

     Avena fatua    2   30  34  2   20  23  1   10  11                         

     Bromus tectorum                                                           

                    3   35  39  2   15  18  0   20  21                         

     Matricaria chamomilla                                                     

                    4   40  43  5   35  39  5   40  44                         

     Setaria faberii                                                           

                    3   35  38  3   20  23  1   20  24                         

     Sinapis arvensis                                                          

                    12  65  73  8   75  81  13  35  39                         

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

TBL  Active ingredient                                                         

                    I + II + III                                               

                            I + II + III                                       

                                    I + II + III                               

     kg/ha          0.1+0.1+1.0                                                

                            0.1+1.0+0.1                                        

                                    1.0+0.1+0.1                                

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris   0       0       0                                         

     Unwanted plants:                                                          

     Avena fatua    60      58      70                                         

     Bromus tectorum                                                           

                    60      56      65                                         

     Matricaria chamomilla                                                     

                    75      73      76                                         

     Setaria faberii                                                           

                    65      60      73                                         

     Sinapis arvensis                                                          

                    100     100     95                                         

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture of herbicides consisting of:
PA1  a. 3-cyclohexyl-5,6-trimethylene uracil,
PA1  b. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, and
PA1  c. 1-phenyl-4-amino-5-chloropyridazone-(6) in a weight ratio of a:b:c of
      1-10: 1-10:1-10.
PATN
WKU  039350029
SRC  5
APN  4577205
APT  1
ART  111
APD  19740403
TTL  Method of blast furnace operation utilizing selective recycling of
      peripheral gas stream
ISD  19760127
NCL  2
ECL  1
EXP  Andrews; M. J.
NDR  7
NFG  8
INVT
NAM  Miyashita; Tsuneo
CTY  Kawasaki
CNT  JA
INVT
NAM  Nishio; Hiroaki
CTY  Kawasaki
CNT  JA
ASSG
NAM  Nippon Kokan Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
CLAS
OCL   75 42
EDF  2
ICL  C21B  506
FSC   75
FSS  41;42
UREF
PNO  2793946
ISD  19570500
NAM  Paschal
OCL   75 41
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  There is provided a method of blast furnace operation utilizing selective
      recycling of peripheral gas stream wherein the number of outlet ports for
      peripheral gas stream and the position of the gas outlet ports relative to
      the inlet ports for reducing gas are optimalized and the content of
      nitrogen in the recycling gas and the content of nitrogen in the reducing
      gas to be injected are controlled within the respective predetermined
      ranges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of blast furnace operation
      utilizing selective recycling of peripheral gas stream wherein the number
      of outlet ports for peripheral gas stream and the position of the gas
      outlet ports relative to the inlet ports for reducing gas are optimalized
      and the content of nitrogen in the recycling gas and the content of
      nitrogen in the reducing gas to be injected are controlled within the
      respective predetermined ranges, whereby a blast furnace operation is
      ensured which is highly efficient and stable. (According to the present
      invention, what is termed as the peripheral gas stream is defined as a gas
      stream that flows in an area between the inner wall surface of a blast
      furnace and a seven-tenths point on the radius extending from the
      cross-sectional center of the blast furnace to the furnace wall.)
PAR  Many different types of recycling processes are known in the art in which
      the gas taken out from the top of the furnace or the furnace shaft and
      reformed into a gas suitable for reducing purposes after the necessary
      treatment, is injected into the blast furnace at the lower level thereof.
      They include, for example, (a) Wiberg process, (b) Purofer process, (c)
      the process disclosed in the published Japanese Patent Application
      (Publication No. 27127/71), (d) Bureau of Mines experiment and (e) Nixon
      process. However, though the processes of (a) through (c) above utilize
      the recycling of the furnace gas, the reducing gas is injected into the
      blast furnace through the ordinary tuyeres and therefore the injection of
      the gases is effected at a single level. Therefore, these processes do not
      belong to the prior art techniques to which the improvements according to
      the present invention pertain, since there is no big difference in
      nitrogen content between the composition of the gas in the central area of
      the furnace and that of the gas in the peripheral area of the furnace. As
      compared with these processes, those of (d) and (e) above are more closely
      related to the techniques to which the subject matter of the present
      invention pertains in that the injection of the reformed reducing gas is
      effected through inlet ports other than the ordinary tuyeres and that two
      injection levels are utilized. However, in the Bureau of Mines experiment
      of (d), the waste gas mixed up irrespective of whether the peripheral gas
      stream or central gas stream, is removed and recycled for the purpose of
      regulating the temperature of the reducing gas to be injected. On the
      other hand, the Nixon process of (e) is designed so that the whole
      quantity of the waste gas is passed through a purifier and a portion of
      the purified gas is recycled. In these processes, therefore, the so-called
      peripheral gas stream flowing in the peripheral area of the furnace top or
      the furnace shaft is not selectively recycled.
PAR  In general, while nitrogen contained in the furnace gases serves as a
      carrier of heat in the process of heat exchange between the gases and the
      charge, it is inert in the reduction of ore. Therefore, it is desirable
      that the nitrogen content of the reducing gas should be minimized so far
      as the heat exchange between the gases and the charge does not have any
      detrimental effect on the operation of the furnace. Accordingly, it is
      essential for improved rate of operation and reduction in fuel ratio to
      minimize the introduction of nitrogen in the injected gas. In the
      above-mentioned recycling processes using two level injection, however, a
      gas mainly consisting of air and containing a greater quantity of nitrogen
      is injected through the ordinary tuyeres at the lower injection level,
      while a reducing gas having a low nitrogen content is injected through the
      upper level inlet ports. Consequently, these gases do not completely mix
      with each other with the result that in the furnace section above the
      upper level gas inlet ports, the high nitrogen content gas predominates
      the central area and the low nitrogen content gas predominates the
      peripheral area. A method of blast furnace operation in which such a low
      nitrogen content peripheral gas stream is selectively recycled and
      utilized as a reforming source to produce a reformed reducing gas that
      suits the desired blast furnace operation, has been proposed in the
      published Japenese Pat. Application (Publication No. 49671/71) of the
      Applicant.
PAR  The inventors have conducted various researches in the methods of blast
      furnace operation which utilize recycling of the abovedescribed peripheral
      gas stream and have discovered that in practising this recycling of
      peripheral gas stream, there is a certain optimum range with respect to
      the number of outlet ports for the peripheral gas stream as well as the
      angular relation between the peripheral gas outlet ports and the inlet
      ports for reducing gas. Further, it has been found that by controlling the
      nitrogen content of the peripheral gas to be taken out and that of the
      reducing gas to be injected within respective predetermined ranges, a
      satisfactory and stable blast furnace operation could be ensured.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method of blast
      furnace operation of the type in which a reducing gas produced by
      reforming a mixture of a peripheral gas stream taken out from the top or
      shaft of a blast furnace and a fresh feed gas is injected into the furnace
      through reducing gas inlet ports other than the ordinary tuyeres, wherein
      the peripheral gas stream is taken out through a plurality of outlet ports
      whose number is determined in accordance with the following equations:
PAL  when
      ##EQU1##
      and when
      ##EQU2##
      where
      ##EQU3##
      U/U+V = ratio of injected reducing gas quantity (U) to the total gas
      quantity (U + V) passing through the furnace
PA1  V = quantity of gas (Nm.sup.3 /hr) produced from the blast by the
      combustion of coke and solution loss reaction
PA1  m = number of outlet ports for peripheral gas stream
PA1  n = number of inlet ports for reducing gas
PA1  C/h = ratio by weight of C to H in a fresh feed gas and wherein the outlet
      ports for peripheral gas stream are positioned relative to the inlet ports
      for reducing gas in such a manner that there is a predetermined angular
      relation therebetween established in accordance with the following
      equation:
      ##EQU4##
      where .theta. = angle made between vertical plane formed by peripheral gas
      stream outlet port and furnace center line and vertical plane formed by
      reducing gas inlet port and furnace center line (in degrees)
PA1  n = number of reducing gas inlet ports
PA1  U = injected reducing gas quantity (Nm.sup.3 /hr)
PA1  V = gas quantity (Nm.sup.3 /hr) produced from the blast by the combustion
      of coke and solution loss reaction
PAR  It is another object of the present invention to provide a method of blast
      furnace operation of the above type wherein in operating the blast furnace
      with the reducing gas inlet ports numbered and positioned in the manner
      described above, the value x of % N.sub.2 in the gas taken out from the
      peripheral area of the furnace is controlled within a range given by the
      following equation:
      ##EQU5##
      where
EQU  0.1 .ltoreq. U/(U+V) .ltoreq. 0.9
PAL  and the value y of % N.sub.2 in the reducing gas injected into the furnace
      is controlled within a range given by the following equation:
      ##EQU6##
      where
EQU  0.1 .ltoreq. U/(U+V) .ltoreq. 0.9.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1a is a diagram showing the separate type reducing gas distribution in
      a blast furnace provided with 8 reducing gas inlet ports.
PAR  FIG. 1b is a diagram showing the annular reducing gas distribution in a
      blast furnace provided with 24 (twenty four) reducing gas inlet ports.
PAR  FIG. 2 is a graph showing the relationship between the number of reducing
      gas inlet ports and the ratio of the injected reducing gas quantity to the
      total gas quantity in the furnace, U/(U+V).
PAR  FIG. 3 is a schematic diagram of a blast furnace showing an exemplary
      angular relation between an outlet port for peripheral gas stream and an
      inlet port for reducing gas.
PAR  FIG. 4 is a graph showing an allowable range of angle .theta. for the
      position of the peripheral gas outlet ports.
PAR  FIG. 5 is a graph showing an optimum range of % N.sub.2
PA1  ( x ) contained in the gas taken out from the furnace.
PAR  FIG. 6 is a graph showing an optimum range of % of N.sub.2
PA1  (y) contained in the reducing gas to be injected.
PAR  FIG. 7 is a schematic diagram of an exemplary blast furnace plant used for
      performing the method of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be described in greater detail with
      reference to the accompanying drawing and the illustrated examples.
PAR  The distribution of a reducing gas injected into a blast furnace depends on
      the quantity of the reducing gas injected and the number of the inlet
      ports used. For example, in FIG. 1 showing a case where the ratio of the
      injected reducing gas to the total quantity of the gas passing through a
      blast furnace, U/(U+V) is 0.4, the distribution of the reducing gas in the
      upper section of a furnace shaft provided with 8 inlet ports is shown in
      FIG. 1a, and the similar distribution of the reducing gas in a blast shaft
      having 24 inlet ports is shown in FIG. 1b. In the case of FIG. 1a, the
      distribution of the injected reducing gas consists of 8 (eight) separate
      circles about the respective inlet ports. In the case of FIG. 1b involving
      24 inlet ports, the reducing gases injected through the respective inlet
      ports are joined to form an annular distribution. With these
      distributions, it will be seen from the separate type reducing gas
      distribution of FIG. 1a that the reducing gas just above the inlet ports
      has the highest concentration and the lowest nitrogen content. Therefore,
      to obtain the recycling gas having a low nitrogen content, the gas near
      the portion of the charge right above the reducing gas inlet ports must be
      taken out. On the other hand, the annular distribution of FIG. 1b
      indicates that the concentration of the reducing gas increases and its
      value of % N.sub.2 decreases in proportion to the distance from the center
      of the blast furnace. Thus, to obtain the recycling gas with a low value
      of % N.sub.2, it is desirable that the gas in the peripheral area of the
      furnace be taken out and that the number of outlet ports for the
      peripheral gas be greater than a certain number.
PAR  On the other hand, CO.sub.2 and H.sub.2 O contained in the taken-out top
      gas from the peripheral area of the furance react with the hydrocarbon in
      a fresh feed gas and produces a reducing gas having higher CO and H.sub.2
      contents which is injected into the blast furnace. As a result, the
      recycling gas quantity Ur taken out from the peripheral area varies
      depending on the injected reducing gas quantity U and it also varies
      depending on the composition of a fresh feed gas to be mixed with the
      recycling gas during reforming process. As the result of various
      researches, the inventors have found that in consideration of quality
      requirements of reducing gas, the taken-out gas quantity Ur is determined
      so that the following equation which shows the relations of the taken-out
      gas quantity Ur with the injected quantity U of reducing gas and the ratio
      C/H (weight ratio) of fresh feed gas is satisfied:
      ##EQU7##
      If the flow of the taken-out recycling gas is too small as compared with
      that determined by the above equation, an increased amount of soot will be
      produced in the reducing gas, whereas an excessive amount of the taken-out
      recycling gas will increase the amounts of CO.sub.2 and H.sub.2 O in the
      reducing gas.
PAR  Within the furnace, the injected reducing gas occupies an area which
      corresponds to the ratio of the injected reducing gas to the total gas
      quantity, i.e., U/(U+V). For example, if U/(U+V) = 0.4 (FIG. 1), then the
      area determined by the line of 0.5 mole fraction of the reducing gas
      injected into the furnace approximately corresponds to the ratio U/(U+V),
      and the concentration of the gas sharply differs between inside and
      outside of said line. As a result, in order to remove the recycling gas
      having a low N.sub.2 content, it is necessary to take out the recycling
      gas from the gas stream occupying the area above the inlet ports (in the
      case of the separate type distribution) or the peripheral area (in the
      case of the annular distribution) with the ratio of U/(U+V). In the case
      of the separate type distribution, for example, if inlet ports numbering n
      are used to inject the quantity U, then the flow quantity of reducing gas
      per inlet port is U/n and thus the maximum quantity of the recycling gas
      available through each outlet port is U/n. On the other hand, if the total
      quantity of recycling gas to be taken out is determined in accordance with
      equation (1), then the number m of outlet ports is given by the following
      equation:
EQU  m .gtoreq. Ur/(U/n) (2) from equations (1) and (2), we obtain
      ##EQU8##
PAR  Whether the distribution of the reducing gas within the furnace takes the
      form of a separate type distribution or annular distribution depends on
      the ratio of the injected reducing gas quantity to the total gas quantity
      in the furnace, U/(U+V) and the number n of the inlet ports used (FIG. 2).
      Let k represent the critical number of inlet ports, then the value of k is
      given by the following equation:
      ##EQU9##
      In other words, if the number of inlet ports is smaller than k, then the
      distribution of the reducing gas takes a separate form, whereas if it is
      greater than k, the distribution of the reducing gas takes an annular
      form. And when computed on the basis of k inlet ports, the number m of
      outlet ports required for producing a quality reducing gas is given from
      equation (3), as follows:
      ##EQU10##
PAR  While the use of inlet ports greater than k results in an annular
      distribution of the injected reducing gas, no further increase in the
      number of the inlet ports can change this distribution form. Therefore, in
      the case of the annular distribution (provided that the number of the
      inlet ports is greater than k), the number of outlet ports must be
      determined, independently of the number of the inlet ports, to satisfy
      equation (5) to obtain a quality reducing gas.
PAR  If follows from the foregoing that the recycling gas suitable for producing
      quality reducing gas having a low N.sub.2 content can be always obtained
      if the following condition is satisfied:
PAR  If n .ltoreq. k (when the distribution of the reducing gas is a separate
      distribution), the number m of outlet ports for the peripheral gas stream
      is given as
      ##EQU11##
      or if n&gt;k (when the distribution of the reducing gas is an annular
      distribution), the number m of outlet ports for the peripheral gas stream
      is given as
      ##EQU12##
PAR  It has also been discovered by the inventors that even in cases where the
      gas removed through a number of peripheral gas outlet ports determined in
      the manner described above was recycled, the quality of the gas thus
      recycled differed depending on the angular relation between the outlet
      ports and the inlet ports for reducing gas and that the peripheral gas
      with improved quality could be taken out by angularly adjusting the
      relative positions of these inlet and outlet ports. It has been
      additionally discovered that if the nitrogen content of the peripheral gas
      to be taken out and that of the reducing gas to be injected were
      respectively controlled within its predetermined range, a stable and
      improved blast furnace operation could be ensured.
PAR  Generally, the injected reducing gas occupies the peripheral area of the
      furnace and the gas produced from the blast occupies the central area of
      the furnace. However, since there occurs mixing by diffusion between these
      gases, the central gas stream having a higher N.sub.2  content is mixed to
      some extent with the peripheral gas stream of lower N.sub.2 content. Where
      the amount of the injected reducing gas is small, this lowers the effect
      of reducing N.sub.2 content due to the taking-out of the peripheral gas
      stream. Accordingly, it is desirable that the ratio of the injected
      reducing gas quantity to the total gas quantity in the furnace, U/(U+V) is
      greater than 0.1.
PAR  On the other hand, the reforming process for producing a reducing gas
      usually utilizes a reaction that results in an increased volume such as
      shown below:
EQU  CO.sub.2 + CH.sub.4 .fwdarw. 2CO + 2H.sub.2
PAL  The required CO.sub.2 is supplied from the recycled top gas and CH.sub.4 is
      contained in a fresh feed gas, e.g., coke-oven gas fed to a reformer
      furnace. The produced CO and H.sub.2 are introduced into the blast furnace
      as reducing gases. Since the amount of the recycling gas used for
      reforming process is smaller than the amount of the injected reducing gas,
      a portion of the injected reducing gas is utilized as the recycling gas
      and the remainder leaves the furnace as waste gas. As the flow of the
      reducing gas increases, the ratio of the reducing gas in the central gas
      stream increases similarly as in the peripheral gas stream with resultant
      decrease in the N.sub.2 content of the central gas stream. If the reducing
      gas is injected excessively, the difference in N.sub.2 content between the
      central gas stream and the peripheral gas stream decreases and hence the
      beneficial effect of taking out the peripheral gas stream deteriorates.
      Therefore, it is desirable that the ratio U/(U+V) be maintained below 0.9.
PAR  The composition of the peripheral gas stream is influenced by the position
      of their outlets on the furnace, and the position of outlet ports through
      which the peripheral gas of the desired properties can be taken out lies
      within a range of angles relative to the position of the inlet ports for
      reducing gas and the center of the furnace. In other words, as shown in
      FIG. 3, if lines X and X' are respectively drawn from the center A of the
      outlet port and the center B of the inlet port toward the center line Y of
      the blast furnace to produce two imaginary vertical planes including
      respectively the sides Y and X and the sides Y and X', in accordance with
      the finding by the inventors, the peripheral gas stream having the lowest
      % N.sub.2 can be taken out by adjusting the value of an angle .theta.
      formed by the two vertical planes within the range determined by the
      following equation (6):
      ##EQU13##
      where .theta. is in degrees
PA1  U = quantity of reducing gas injected
PA1  n = number of inlet ports for reducing gas
PA1  V = quantity of gas produced from the blast by
PA1  the combustion of coke and solution loss reaction
PAR  The allowable limits of the angle .theta. according to equation (6) are
      shown in the graph of FIG. 4, and it is essential that the value of
      .theta. is controlled and maintained within the range indicated by the
      hatched area in FIG. 4.
PAR  The proper position of the peripheral gas outlet ports in the direction of
      the height of the blast furnace is in the area between the line higher
      than 1/3 of the shaft height and near the stock line.
PAR  Further, as will be seen from equation (6), the angle .theta. is
      considerably affected by the ratio of the injected reducing gas quantity
      (U) to the total gas quantity (U+V) and therefore it is desirable that in
      order to take out the peripheral gas of the desired properties and use it
      effectively in the operation of the blast furnace, variation in the
      composition of the injected reducing gas, particularly the variation of
      N.sub.2 content which is detrimental to the reaction within the furnace is
      minimized to ensure stable operating conditions of the furnace. The
      composition of the taken-out recycling gas and that of a reducing gas to
      be injected mutually affect each other and thus any change in the
      composition of one causes a change in the composition of the other.
      Consequently, in order to ensure stable operating conditions of the
      furnace, it is desirable that in addition to taking-out and recycling the
      peripheral gas stream through a proper number of properly positioned
      outlet ports, the value of % N.sub.2 (x ) in the taken-out peripheral gas
      stream and the value of % N.sub.2 (y) in a reducing gas to be injected be
      controlled respectively within the ranges given by the following equations
      (7) and (8):
      ##EQU14##
      where
PA1  x = % N.sub.2 contained in taken-out peripheral gas stream
PA1  y = % N.sub.2 contained in reducing gas injected
PA1  U = quantity of reducing gas injected
PA1  V = quantity of gas produced from the blast by the combustion of coke and
      solution loss reaction.
PAL  Figs. 5 and 6 show the graphic representations of the above equations (7)
      and (8), and the hatched portions represent the respective ranges of
      values to which x and y are to be adjusted.
PAR  The following examples describe in greater detail the operation of an
      exemplary blast furnace plant shown in FIG. 7 in accordance with the novel
      method of this invention.
PAR  Briefly, the blast furnace plant of FIG. 7 was operated as follows. A
      peripheral gas stream 3 in the upper section of the shaft of a blast
      furnace 5 was conducted to a demister and dust catcher 7 and the gas 3
      freed from dust and water was then preheated up to 1,300.degree.C by a
      preheater 8. On the other hand, a coke-oven gas 4 as a fresh feed gas was
      passed to a preheater 9 where it was preheated up to 900.degree.C. The
      thus preheated gases 3 and 4 were then mixed together and reformed in a
      reformer furnace 6 and the reformed gas was introduced as a reducing gas 1
      into the blast furnace 5 at positions above the tuyeres for an air blast
      2. In FIG. 7, numeral 10 designates the top gas which was not recycled.
PAC  EXAMPLE 1:
PAR  The blast furnace plant shown in FIG. 7 was operated utilizing different
      numbers of outlet ports for peripheral gas stream. The following Table 1
      shows the comparison of the blast furnace operation according to the
      method of this invention and according to the conventional methods.
TBL                Table 1                                                     

     ______________________________________                                    

                Separate type                                                  

                            Annular reducing                                   

                reducing gas                                                   

                            gas                                                

                distribution                                                   

                            distribution                                       

                    According       According                                  

                    to the          to the                                     

                    invention       invention                                  

     ______________________________________                                    

                   a       b         c     d                                   

     Number of reducing                                                        

                   8       8        16    16                                   

     gas inlet ports                                                           

     Number of peripheral                                                      

                   3       8         6    16                                   

     gas outlet ports                                                          

     Blast volume(Nm.sup.3 /T)                                                 

                   582     574       830   812                                 

     Blast temperature                                                         

                  1097    1110      1100  1109                                 

     (.degree.C)                                                               

     Injected reducing                                                         

                   533     531       807   794                                 

     gas volume (Nm.sup.3 /T)                                                  

     Reducing gas tempe-                                                       

                  1181    1195      1205  1189                                 

     rature (.degree.C)                                                        

     Recycling gas volume                                                      

                   247     249       354   360                                 

     (Nm.sup.3 /T)                                                             

     Coke-oven gas volume                                                      

                   141     139       201   203                                 

     (Nm.sup.3 /T)                                                             

              CO      39.9    42.6    35.6  41.9                               

     Reducing gas                                                              

              CO.sub.2                                                         

                       8.2     9.0     7.2   8.4                               

     composition                                                               

              H.sub.2 27.9    29.6    35.1  34.0                               

      (%)     H.sub.2 O                                                        

                       6.0     4.2     7.0   4.8                               

              N.sub.2 18.0    14.6    15.1  10.9                               

              CO      16.2    17.6    18.7  19.6                               

     Taken-out                                                                 

              CO.sub.2                                                         

                      19.7    16.5    16.5  14.9                               

     gas composi-                                                              

              H.sub.2 17.2    24.0    20.2  27.8                               

     tion (%) H.sub.2 O                                                        

                      14.0    18.6    16.1  22.6                               

              N.sub.2 32.9    23.3    28.5  15.1                               

     Coke ratio (kg/T)                                                         

                  411     398       323   310                                  

     ______________________________________                                    

PAR  In Table 1, letters a and b show the operations with the separate type
      reducing gas distribution. In the case of b employing reducing gas inlet
      ports and eight peripheral gas outlet ports, as compared with the
      operation a employing only three outlet ports, the amount of N.sub.2 in
      the composition of the removed gas was lower by 9.6%, the amount of
      N.sub.2 in the reducing gas composition was lower by 3.4%, and the coke
      ratio was lower by 13 kg/T. It will thus be seen that the operation of b
      using eight outlet ports along with eight reducing gas inlet ports, is
      more effective in reducing the coke ratio as compared with the operation
      of a.
PAR  Letters c and d show the operations with the annular reducing gas
      distribution. The reducing gas was introduced in an amount corresponding
      to the ratio U/(U+V) = 0.41. In the operation of c, 6 (six) peripheral gas
      outlet ports were used with 16 reducing gas inlet ports, while 16
      peripheral gas outlet ports were used in the operation of d. In the
      operation of d, as compared with the case of c, the content of N.sub.2  in
      the taken-out gas composition was lower by 13.4%, the content of N.sub.2
      in the reducing gas was lower by 4.2%, and the coke ratio was lower by 22
      kg/T. It will thus be seen that the operation of d employing 16 peripheral
      gas outlet ports with 16 reducing gas inlet ports has a greater effect in
      reducing the coke ratio than the operation of c. Thus, it is evident from
      the above Table 1 that the use of a number of peripheral gas outlet ports
      as determined according to equation (3) or (5) has a satisfactory effect
      in reducing the coke ratio of a blast furnace.
PAC  EXAMPLE 2:
PAR  The blast furnace plant shown in FIG. 7 was operated according to the
      method of this invention. The peripheral gas outlet ports were positioned
      according to the teachings of this invention, and the nitrogen content (5)
      in the peripheral gas taken out and the reducing gas injected were also
      controlled according to the teachings of this invention. The following
      Table 2 shows the comparison of the operation according to the invention
      and according to the conventional methods.
TBL                TABLE 2                                                     

     ______________________________________                                    

                    a       b         c                                        

     ______________________________________                                    

     U/(U+V)          0.38      0.38      0.38                                 

     U/n(U+V)          0.095     0.095     0.095                               

     .THETA. (degree) --         0        10                                   

     Blast volume (Nm.sup.3 /T)                                                

                       848       820       831                                 

     Blast temperature (.degree.C)                                             

                      1098      1101      1090                                 

     Injected reducing gas                                                     

                       760       758       761                                 

     volume (Nm.sup.3 /T)                                                      

     Reducing gas temperature                                                  

     (.degree.C)      1200      1196      1215                                 

     Taken-out recycle gas                                                     

                       351       355       353                                 

     volume (Nm.sup.3 /T)                                                      

     Coke-oven gas volume                                                      

                       202       199       200                                 

     (Nm.sup.3 /T)                                                             

                CO        27.2      42.3    34.7                               

     Reducing gas                                                              

                CO.sub.2   7.3       8.5     8.0                               

     composition                                                               

                H.sub.2   37.3      33.1    35.0                               

     (%)        H.sub.2 O  6.7       4.7     7.2                               

                N.sub.2   21.5      11.4    15.1                               

                CO        20.1      19.4    19.0                               

     Taken-out gas                                                             

                CO.sub.2  17.5      15.4    16.5                               

     composition                                                               

                H.sub.2   11.0      27.1    19.1                               

     (%)        H.sub.2 O 11.3      22.5    16.1                               

                N.sub.2   40.1      15.6    29.3                               

     Coke ratio (Kg/T)                                                         

                       335       308       321                                 

     ______________________________________                                    

PAR  In the above Table 2, letter a shows the operation according to a
      conventional method in which the top gas was nonselectively taken out and
      recycled; b the operation according to the method of this invention in
      which the top gas was taken out and recycled from the peripheral gas
      stream just above the reducing gas inlet ports (.theta. = 0) (the N.sub.2
      content was the lowest); and c the operation in which the top gas was
      taken out and recycled from the gas stream outside the limits of the
      .theta. and thus outside the range of this invention though it was a
      peripheral gas stream (the N.sub.2 content was higher than in the case of
      c). In all of these operations, n (the number of reducing gas inlet ports)
      = 4.
PAR  It will be seen from the above Table 2 that in the operation where the
      reducing gas was injected in an amount corresponding to 38% of the total
      quantity of the gas passed through the furnace shaft, the following
      effects were confirmed under the condition that about 200 Nm.sup.3 /T of
      coke-oven gas was used as a fresh feed gas for reforming purposes:
PAR  1. In the operation of a, the top gas taken out from the top of the shaft
      had an average composition and its N.sub.2 content was as high as 40.1% so
      that the resultant reducing gas produced according to the above-mentioned
      conditions would contain 21.5% N.sub.2. In this case, the coke ratio was
      335 kg/T of pig iron. In other words, this operation is representative of
      the conventional top gas recycling processes and it was shown in this
      Table 2 as the standard of comparison.
PAR  2. The operation of b was performed in accordance with the method of this
      invention, and the nitrogen content in the taken-out recycling gas was as
      low as 15.6%. Consequently, the N.sub.2 content in the reducing gas
      reformed by using the above-mentioned amount of fresh feed gas (coke-oven
      gas) was 11.4% which was about one half of that in the case of a. As a
      result, the resultant reducing gas contained CO of particularly high
      concentration with the result that the indirect reduction within the shaft
      of the blast furnace was facilitated and the coke ratio was greately
      reduced to 308 kg/T.
PAR  3. In the operation of c, though the top gas was taken out from the
      peripheral gas stream, the position of the outlet ports was such that the
      value of .theta. was 10.degree. which was outside the range of .theta. as
      defined according to this invention (in this case, the proper angle would
      be .theta..gtoreq.7.degree.). Therefore, the taken-out recycling gas
      contained 29.3% N.sub.2 and thus the resultant reformed reducing gas also
      contained 15.1% N.sub.2. Consequently, the coke ratio was 321 kg/T.
PAR  A comparison between thhe operations a and b shows that the recycling gas
      taken out from the peripheral gas stream contained considerably reduced
      amount of N.sub.2 and thus the nitrogen content in the resultant reformed
      reducing gas was considerably low. Thus, the coke ratio attained with the
      use of the peripheral gas taken out was lower by 27 kg/T. It will thus be
      seen that the nitrogen content in a reducing gas has a detrimental effect
      on coke ratio and the nitrogen content in the reducing gas can be reduced
      with the use of the taken-out peripheral gas.
PAR  It will also be seen from a comparison between the operations b and c that
      in the case of b the content of N.sub.2 in the reducing gas was lower by
      about 3.5%, the content of N.sub.2 in the taken-out recycling gas was
      lower by about 14%, and the coke ratio was lower by 13 kg/T as compared
      with the case of c. This clearly shows the importance of controlling the
      value of .theta. within a range determined according to equation (6) and
      also controlling the values of x and y within the ranges respectively
      defined according to equations (7) and (8).
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of blast furnace operation of the type in which a reducing
      gas produced by reforming a mixture of a peripheral gas stream taken out
      from the top or shaft portion of a blast furnace and a fresh feed
      materials is injected into the blast furnace through reducing gas inlet
      ports other than the ordinary tuyeres, wherein said peripheral gas stream
      is taken out through a plurality of outlet ports the improvement
      comprising determining the number of said outlet ports in accordance with
      either one of the following equations:
      ##EQU15##
      U/U+V = ratio of injected reducing gas quantity (U) to the total gas
      quantity (U+V) passing through furnace
PA1  V = quantity of gas produced from the blast by the combustion of coke and
      solution loss reaction
PA1  m = number of outlet ports for peripheral gas stream
PA1  n = number of inlet ports for reducing gas
PA1  C/h = ratio by weight of C to H contained in a fresh feed gas
PAL  and positioning said outlet ports for peripheral gas stream relative to
      said inlet ports for reducing gas so that there is a predetermined angular
      relation therebetween established in accordance with the following
      equation:
      ##EQU16##
      where .theta. = angle made between vertical plane formed by peripheral gas
      stream outlet port and furnace center line and vertical plane formed by
      reducing gas inlet port and furnace center line (in degrees)
PA1  n = number of reducing gas inlet ports
PA1  U = quantity of reducing gas injected
PA1  V = quantity of gas produced from blast by the combustion of coke and
      solution loss reaction
NUM  2.
PAR  2. A method according to claim 1, including controlling the nitrogen
      content x (% N.sub.2) of the gas taken out from the peripheral area of
      said furnace within a range established in accordance with the following
      equation:
      ##EQU17##
PAR   where 0. 1 .ltoreq. U/(U+V) .ltoreq.0.9
PAL  and controlling the nitrogen content y (% N.sub.2) of the reducing gas to
      be injected within a range established in accordance with the following
      equation:
      ##EQU18##
PAR   where 0. 1 .ltoreq. U/(U+V) .ltoreq. 0.9
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ABST
PAL  This invention relates to an improved method of melting metal, particularly
      reactive metals, such as aluminum, wherein heated molten metal is
      withdrawn from a first chamber and a portion of the withdrawn molten metal
      is transferred to a second chamber containing solid metal so as to melt
      same and a portion of the withdrawn metal is recirculated to the first
      chamber so as to maintain melt homogenuity therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved furnace system for the melting of
      reactive metals, and, in particular, the melting of aluminum and aluminum
      alloys. Conventional practice in the melting of aluminum and aluminum
      alloys generally comprises placing solid metal to be melted, such as pigs,
      ingots, heavy scrap and the like, in a fuel-fired furnace containing a
      heel of molten metal. This melting practice was characterized by a low
      melt rate and extremely high melt losses due to metal oxidation. After the
      melting has been completed and alloying constitutuents added, the melt is
      stirred and then transported to a casting facility or to a holding furnace
      for subsequent casting. During the initial stages of this conventional
      practice, the melting rates are quite high due to the direct exposure of
      the solidified metal to the flame and combustion products, but
      concomitantly, the metal oxidation rate is quite high. It should be noted
      that metal lost to oxidation is probably the largest single cost in
      converting the solid metal to molten metal. When most of the solid metal
      is below the surface of the molten metal, the melt rate is drastically
      reduced due to the layer of oxide skim which inherently forms on the
      molten metal surface and the formation of a slushy aluminum at the
      solid-liquid metal interface both of which severely lower the heat
      transfer rate.
PAR  The metal products with a high surface-to-weight ratio which
      characteristically generate much oxide when melted by normal practice,
      such as thin sheet, foil, chips and the like, are usually melted in
      separate melting facilities, cast into pigs or sows, then remelted in the
      method described above.
PAR  The suggestion has been made (see, for example, U.S. Pat. No. 3,276,758 -
      Baker et al) to charge small chips and the like into a separate bay while
      pumping molten metal from a heating hearth to the separate bay to quickly
      submerge the chips and the like into the molten metal and melt the solid
      charge. The molten metal in the charging bay is returned to the heating
      hearth by gravity. However, one major problem with this system is the lack
      of a homogeneous melt. The melt in the heating hearth tends to stratify
      and frequently the cooler molten metal returned to the heating hearth will
      short circuit to the pump intake port.
PAR  Against this background, the present invention was developed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are elevation and plan views in section of a system for
      practicing the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a process for the melting of reactive metal
      products such as aluminum and the like, which is characterized by
      substantially increased melt rate and a substantially lowered melt loss in
      comparison with conventional melting practices. Melt rate increases of up
      to 30% or more and melt loss reductions of up to 50% or more are found
      with the present invention. Moreover, the process has a substantially
      improved flexibility in that large metal pieces, such as pigs, ingot,
      thick plate and the like, as well as small metal pieces, such as sheet,
      foil, chips and the like, can be melted by the process, separately or
      together, with essentially no changes in the process.
PAR  In accordance with the present invention, a substantial heel of molten
      metal is maintained in a first chamber or heating hearth wherein heat is
      applied to the molten metal by suitable means, such as fuel burners and
      the like. The solid metal to be melted is placed in a second chamber or
      charging hearth. Molten metal is withdrawn from the heating hearth and a
      portion thereof is transferred to the charging hearth so as to melt the
      solid metal therein. In the process of the present invention,
      substantially all of the solid metal melting is caused by the contact of
      moving molten metal. The remaining portion of the withdrawn molten metal
      is recirculated back to the heating hearth so as to maintain the proper
      heat and compositional homogenuity within the melt. Molten metal in the
      charging hearth is returned by suitable means, usually by gravity, to the
      heating hearth. When melting and mixing are completed, the molten metal
      can then be transferred to a holding hearth for subsequent casting.
PAR  To obtain the improvements with the present invention, substantial
      quantities of metal must be transferred. Usually, molten metal amounting
      to at least 2%, preferably at least 10%, of the total metal in the system
      (both solid and liquid) must be transferred per minute from the heating
      hearth to the charging hearth. From about 5-50%, preferably about 5-30%,
      of the total molten metal withdrawn from the heating hearth should be
      recirculated to the heating hearth for mixing purposes. The temperature
      differential between the molten metal pumped to the charging hearth and
      the cooler molten metal returning to the heating hearth is at least
      10.degree.F, preferably from about 50.degree.-100.degree.F.
PAR  Because no metal is exposed directly to the flame or the combustion
      products thereof in the heating hearth, the oxide skim on top of the
      molten metal therein has different characteristics than that normally
      found in melting furnaces. The skim is much thinner and much denser and,
      moreover, it has a higher thermal conductivity. Although very little oxide
      skim is generated in the heating hearth, it is nonetheless preferred to
      control the thickness of this surface oxide to less than one-half inch,
      preferably one-tenth inch or less for high heat transfer from the burners
      to the molten metal thereunder. This is to be compared with conventional
      melting practices where the dross layer can range from two inches to two
      feet or more. The skim can be controlled to a certain extent by avoiding
      direct flame impingement upon the surface of the molten metal in the
      heating hearth. This minimizes any disturbance of the oxide layer which
      can accelerate oxide formation. By directing the flame parallel to the
      surface of the melt a suitable distance therefrom, the oxide surface will
      remain essentially undisturbed. A particularly suitable burner, Model DSF
      manufactured and sold by the Eclipse Company, produces a planar, high-area
      flame which is readily directed parallel to the surface of the molten
      metal. Another method of controlling the skim thickness is to control the
      burners to effect an essentially stoichiometric combustion and thereby
      prevent any excessive amounts of oxygen in the heating hearth which can
      also accelerate oxide formation.
PAR  The heat flux in the heating hearth of the present invention is quite high,
      but not as high as the heat flux characteristic of the conventional
      furnaces during the period when there is a direct flame impingement upon
      the solid metal surface. However, the average heat flux over the entire
      melting period with the present invention is significantly higher than
      that of the conventional processes because in the conventional melting
      practice, once all of the solid metal is beneath the surface of the molten
      metal (flat bath condition), heat transfer rates are significantly
      reduced.
PAR  Burners can be provided in the charging hearth to control the atmospheric
      oxygen within the furnace chamber. The burners in the charging hearth can
      also be utilized for heating purposes when the flat bath condition is
      reached. Thus, when solid metal is above the level of the molten metal,
      the burners would be on low fire so as to control the oxygen content in
      the furnace and possibly to preheat the solid metal. However, when the
      flat bath condition occurs, the burners are turned on to full fire to
      accelerate the heating of the metal therein. It is preferred to use in the
      charging hearth the same techniques of controlling oxide formation that
      are used in the heating hearth, namely, low oxygen content in the furnace
      atmosphere, and no direct flame impingement on the solid or molten metal.
PAR  To maintain efficient melting, the heat flux to the melt in the heating
      hearth should be above 15,000 BTU/hr ft.sup.2, preferably above 20,000
      BTU/hr ft.sup.2. Flame temperature will generally be about 3000.degree.F.
      The flat flame previously described is preferred because the view factor
      of such a flame is increased considerably over the conventional flames. In
      the present invention, refractory temperatures can range up to about
      2700.degree.-2800.degree.F which is higher than the refractory
      temperatures (e.g., 2600.degree.F) found in conventional melting furnaces.
      However, because no charges are placed in the heating hearth and because
      no crane stirring is necessary therein, substantially improved brick life
      is found.
PAR  Alloying additions can usually be added at any time during the process.
      However, when alloying metals which are lighter than the melt and subject
      to air burning, such as magnesium alloying in aluminum melts, it may be
      desirable to add the alloying material at the beginning of the cycle by
      placing it beneath the main charge and charging both at once to the
      charging hearth. The charge keeps the alloy material below the surface of
      the melt where it can quickly be melted and dispersed within the melt with
      little loss of the material from oxidation. Metal
PAR  Generally, the melt depth in the heating hearth will range from about 1 to
      4 feet. However, the level of the melt should never be below the inlet or
      withdrawal ports because much oxide will be generated due to the resulting
      turbulence. Metal flow in both the heating and charging hearths should be
      controlled and directed as much as possible to provide bifurcated flow
      which is described and claimed in U.S. Pat. No. 3,490,896 and which is
      hereby incorporated by reference. Meral velocity in the charging hearth
      should exceed 1 foot/second, preferably more than 5 feet/second.
PAR  Because of the high temperatures and corrosive nature of molten metal,
      particularly molten aluminum and magnesium, the conduits employed to
      transfer the molten metal must be formed of suitable refractory materials.
      However, the refractory material, and particularly the joints between
      conduits and the like, tend to aspirate air during molten metal transfer
      generating considerable amounts of oxide. To avoid this, the metal
      transfer should be under sufficient positive pressure to avoid aspiration.
      A particularly suitable pumping system which avoids this problem is shown
      and claimed in U.S. Pat. No. 3,759,635 which is assigned to the present
      assignee and is hereby incorporated by reference.
PAR  In melting aluminum and aluminum alloys, generally the melt temperature
      will range from about 1250.degree. to about 1400.degree.F. Molten aluminum
      temperatures above 1400.degree.F should be avoided because above this
      temperature several explosions are more apt to occur if contact is made
      with water, such as in a wet metal charge. Also, temperatures above this
      tend to cause rapid oxidation of the molten metal.
PAR  Reference is made to FIGS. 1 and 2 which are respectively elevation and
      plan views in section of the present invention. The heating hearth 10 is
      provided with ports 11 in which the burners 12 are positioned for heating
      the molten metal bath maintained in the chamber. Aperture 13 is provided
      in the lower portion of the side wall to withdraw molten metal from the
      heating hearth to the pump 14 by way of trough 15. The outlet from the
      pump is provided with two conduits 16 and 17, the larger diameter conduit
      16 being in fluid communication with the melting hearth 18 and the smaller
      diameter conduit 17 being in fluid communication with the heating hearth
      10. A trough 19 is provided between the heating hearth and the melting
      hearth for the gravity return of molten metal from the melting hearth to
      the heating hearth. As shown in the drawings, the discharge from trough 19
      and the discharge from conduit 17 are in closed proximity to one another
      so that the relatively cool molten metal returned from the charging hearth
      18 is dispersed by the hotter recirculated metal within the body of molten
      metal in the heating hearth 10 to prevent the stratification of the cooler
      metal at the lower portions of the furnace and the short circuiting of the
      cooler molten metal back into the pump intake 13. The molten metal flow
      patterns in both the heating hearth 10 and charging hearth 18 are shown by
      the arrows. The pumping system, which is more thoroughly described in U.S.
      Pat. No. 3,759,635, generally comprises a pump motor 23, shaft 24 to which
      is connected a multipole rotor 25 which generates a helically shaped
      electromagnetic field within the annulus 26 resulting in the downward flow
      of molten metal through the annulus and out through conduits 16 and 17. A
      solid charge 27 is shown in the melting hearth 18. The solid metal charge
      can be introduced by suitable means into the charging hearth through a
      door (not shown) in the walls of the furnace, or the top of the furnace
      can be removed and the charge introduced by suitable means. If desired,
      burners 29 and 30 can be positioned through ports 31 and 32 in the side
      walls of the melting hearth 18. Troughs 40 and 41 are provided to
      discharge molten metal to holding hearth 43 when melting and mixing are
      completed.
PAR  The following example is given to illustrate the operation of the present
      system wherein both the charging hearth and the heating hearth are 20 feet
      in diameter. At the start of the operations, a molten metal heel of
      approximately 80,000 pounds of metal is in the system at a temperature of
      about 1400.degree.F. Total pump flow is 6,000 pounds per minute with 4,200
      pounds per minute being pumped to the charging hearth and the remainder
      recirculated to the heating hearth. Burners in the heating and charging
      hearths are at minimum fire. At the start of the cycle, approximately
      80,000 pounds of solid aluminum are charged to the charging hearth over a
      13-minute period. The burners in the heating hearth are immediately
      advanced to full fire to supply about 24,000,000 BTU per hour into the
      melt. Burners in the charging hearth are maintained at low fire. At the
      start of the charging operations, the total pump output is increased to
      20,000 pounds per minute with approximately 14,000 pounds per minute being
      transferred to the charging hearth and 6,000 per minute to the heating
      hearth. After about 20 minutes, the solid charge is approximately
      one-third melted and the molten metal in the heating hearth is approaching
      its minimum super heat of approximately 50.degree.F, i.e., a temperature
      of about 1255.degree.F. After approximately one hour, the solid charge is
      approximately 2/3 melted with the charging hearth approaching a flat bath
      condition. With this, the burners in the charging hearth are advanced to
      full fire to accelerate the heating in the charging hearth. After
      approximately 85 minutes, the metallic charge is completely melted and the
      system contains approximately 160,000 pounds of molten metal at a
      temperature of about 1255.degree.F in the heating hearth and approximately
      1210.degree.F in the charging hearth. After about an hour and one-half,
      the metal approaches the desired temperature of about
      1300.degree.-1350.degree.F and all burners in both hearths are reduced to
      a minimum fire. Approximately 80,000 pounds of molten metal is then
      transferred to a holding hearth. The temperature of the molten metal heel
      remaining in the system is heated to a temperature of about 1400.degree.F
      and the system is ready for the next charge. Sampling and alloy
      corrections are made in the holding hearth, if needed. The time from the
      start of the operations to this point is approximately two hours and the
      system is ready for the next charge. Net melt loss in the above example is
      estimated at about 1% or less of the metal melted, whereas net melt losses
      in conventional melting furnaces can exceed 1.5%. Melting rates in the
      above example are about 150 pounds/hr ft.sup.2 of hearth area. A typical
      melting rate in conventional gas-fired furnaces would be about 60
      pounds/hr ft.sup.2 of hearth area.
PAR  Although the process of the present invention has been described in terms
      of melting aluminum or aluminum alloys, the process is useful for many
      metals. Moreover, it is obvious that various modifications and
      improvements can be made to the present invention without departing from
      the spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of melting metal comprising
PA1  a. maintaining a body of molten metal in a heating chamber;
PA1  b. withdrawing molten metal from said heating chamber;
PA1  c. pumping a portion of said withdrawn molten metal to a melting chamber
      containing solid metal so as to melt said solid metal;
PA1  d. pumping a portion of said withdrawn molten metal to said heating chamber
      so as to maintain a substantially homogeneous melt in said heating
      chamber; and
PA1  e. returning molten metal from said melting chamber to said heating
      chamber.
NUM  2.
PAR  2. The method of claim 1 wherein said metal is aluminum.
NUM  3.
PAR  3. The method of claim 1 wherein the temperature differential between the
      molten metal withdrawn from said heating chamber and the molten metal
      returned from said melting chamber to said heating chamber is at least
      10.degree.F.
NUM  4.
PAR  4. The method of claim 3 wherein the temperature differential is between
      about 50.degree. and about 100.degree.F.
NUM  5.
PAR  5. The method of claim 1 wherein the amount of molten metal pumped to said
      melting chamber per minute is at least 2% of the total metal, both solid
      and liquid, in the heating and melting chambers.
NUM  6.
PAR  6. The method of claim 1 wherein the amount of molten metal transferred to
      said melting chamber per minute is at least 10% of the total metal, both
      solid and liquid, in the heating and melting chambers.
NUM  7.
PAR  7. The method of claim 1 wherein the amount of molten metal recirculated to
      said heating chamber is about 5-50% of the total molten metal withdrawn
      from said heating chamber.
NUM  8.
PAR  8. The method of claim 1 wherein the amount of molten metal recirculated to
      said heating chamber is about 5-30% of the total molten metal withdrawn
      from said heating chamber.
NUM  9.
PAR  9. The method of claim 1 wherein the oxide on the surface of the molten
      metal in said heating chamber is controlled to a thickness of less than
      1/2 inch.
NUM  10.
PAR  10. The method of claim 1 wherein the oxide on the surface of the molten
      metal in said heating chamber is controlled to less than 1/10 th inch.
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ABST
PAL  Metals are alloyed into aluminum using a solid compact comprised of
      particles containing a high concentration of the metal to be added. The
      compacts are prepared by blending finely divided particles of the metal
      containing material with a salt fluxing agent, then compacting the mixture
      into a readily useable form such as a pellet. The resultant pellet
      provides rapid dissolution of the alloying constituent in the aluminum
      whether cold charged to the furnace or added to a molten bath over a wide
      range of bath temperatures.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 399,176 filed Sept. 20, 1973 now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process and composition for the addition of
      metal alloying constituents to aluminum. More particularly, the present
      invention is directed to a method for incorporating alloying constituents
      such as manganese, chromium, and iron into aluminum. The alloying
      constituents in the form of a compacted mixture of particulate metal and a
      non-hygroscopic chemical fluxing agent are either introduced directly into
      a molten aluminum bath or are charged into an essentially empty furnace
      with raw aluminum prior to melt-down and then heated. The process and
      composition of the invention afford rapid, complete solution of the
      alloying constituents in aluminum at temperatures as low as
      1,280.degree.F. (693.degree.C.).
PAC  BACKGROUND OF THE INVENTION
PAR  There are several methods disclosed in the literature for alloying high
      melting temperature metals such as manganese, chromium, and iron into
      aluminum. One method, disclosed in U.S. Pat. No. 2,911,297, involves the
      preparation of a briquette of powdered alloying metal and a dispersing
      agent. When such a briquette is introduced into a metal melt, the
      dispersing agent gives off a reactive gas or vapor, spontaneously
      disrupting the briquette and dispersing the powdered metal into the melt.
      This method has several disadvantages, including the undesirable "boiling
      up" effect on the molten bath caused by the evolution of gas from the
      dispersing agent which may result in undissolved powdered metal being
      floated to the top of the bath. Additionally, it is necessary to include a
      large amount (usually more than ten percent) of dispersing agent in the
      briquette.
PAR  A more recent method involves pre-mixing finely divided manganese
      containing particles with finely divided aluminum particles and compacting
      the mixture into a pellet or briquette. Brown et al. (U.S. Pat. No.
      3,592,637) disclose that a briquette or compact comprised of a blended
      mixture of at least two different finely divided metal bearing materials
      rapidly dissolves when the briquette contains a "promoter material" such
      as finely divided aluminum. When such a compacted mixture is added to a
      bath of molten aluminum the lower melting portion of the mixture (i.e. the
      finely divided aluminum) melts and thus assists in the dispersion of the
      remaining mass of manganese. The speed at which the manganese then
      dissolves in the molten bath is merely a function of particle size,
      surface area, and bath variables such as temperature and amount of
      stirring.
PAR  Although offering improvements over previous methods, the practice
      described by Brown et al. also has several disadvantages. The finely
      divided aluminum needed to produce the briquette is expensive to purchase
      or produce. In actual practice, the composition of the briquette produced
      generally contains a significant proportion of aluminum, thus resulting in
      large quantities of briquettes being required to achieve the desired
      manganese content in the final alloy. Additionally, the alloying process
      described in U.S. Pat. No. 3,592,637 was carried out at bath temperatures
      of about 1400.degree.F. (760+C.) or higher. In actual practice, the
      temperature of the molten bath to which such a briquette is added is
      critical with respect to the rate at which the briquette will dissolve. At
      bath temperatures of about 1,280.degree.F. (693.degree.C.) to about
      1,375.degree.F. (746.degree.C.), typical operating temperatures for
      aluminum baths in commercial operations, the solubility rate of such a
      briquette is markedly reduced. Thus this method suffers from the further
      disadvantage of requiring higher than normal operating bath temperatures
      to successfully incorporate a metal briquette into the bath.
PAR  Another recent method is described in U.S. Pat. No. 3,591,369. This patent
      discloses that manganese metal added to molten aluminum in the form of a
      manganese body having thereon a coating containing a complex potassium
      fluoride compound dissolves at a more rapid rate than a similar body of
      manganese without the coating. Theoretically the coating enhances the
      wetting of the manganese surface by the molten aluminum. This method is
      also desirable due to the costly process and controls required to produce
      coated manganese containing metal. In actual practice, this type of
      additive rarely yields recoveries above 90% and often takes in excess of
      one hour to achieve this value. Such incomplete recovery can result in a
      "build-up" of manganese in the furnace or vessel in which the alloy is
      being produced, causing serious metallurgical problems. In addition, this
      product requires bath temperatures of about 1375.degree.-1400.degree.F.
      (746.degree.-760.degree.C.) to obtain maximum solubility of the manganese
      in aluminum.
PAR  U.S. Pat. No. 3,793,007 describes a method for the addition of manganese
      particles having a specified size range (predominantly larger than 0.15
      mm., or 100 mesh) to molten aluminum. The manganese is added in admixture
      with 3-10% of a fluxing agent which forms a molten phase at the
      temperature of the aluminum bath. The patent indicates that the alloying
      composition requires a substantial amount of fluxing agent as the particle
      size of the manganese is reduced, i.e. as the particle size range
      decreases toward 0.15 mm. the amount of flux required increases toward the
      10% level. Some form of protective packaging to prevent undesirable
      absorption of moisture from the atmosphere by the fluxing agent prior to
      addition to the aluminum bath is also recommended.
PAR  Simply making a compact from finely divided manganese or other alloying
      constituents for addition to a molten aluminum bath is not a satisfactory
      solution. It has been found that if particulate alloying metal is to alloy
      into molten aluminum it is first necessary for the aluminum to contact and
      surround the particles. In the absence of some fluxing agent or "promoter
      materials", air remains trapped within the voids between the particles and
      prevents aluminum from pentrating such a compact, consequently preventing
      the required contact for complete solution. Nor is adding the finely
      divided alloying material to the molten bath in a unbriquetted or bulk
      form a practical solution. In bulk form, the fine particles tend to become
      trapped in the oxide or dross layer that exists in commercial practice on
      the surface of molten aluminum baths. The finer the particles, the more
      pronounced this problem becomes. This results in highly variable and
      usually poor recovery of alloying constituent in the final alloy.
PAR  Additionally, it has been a requirement of the newer types of alloying
      additives and processes for use in aluminum that the additive be
      introduced directly into a molten aluminum bath, rather than charged to an
      essentially empty furnace at the same time the other ingredients are added
      and then brought to a molten state. Frequently alloying constituents
      having a large particle size (i.e. greater than 0.15 mm. or 100 mesh) are
      used in order to avoid the aforementioned solubility problems as well as
      undue losses due to the more rapid oxidation of extremely fine material.
      When such relatively large particles, whether loose or in compacted form,
      are placed in a cold furnace with raw aluminum and heated, the first
      aluminum to become molten will surround the particles or penetrate into
      the compact. As this occurs, alloys of aluminum will be formed sooner than
      desired. These alloys have melting points much higher than the final
      operating temperature of the molten bath. The high melting aluminum
      alloys, containing significant amounts of manganese, chromium, or other
      alloying constituent, will then be lost from the final alloy. The
      composition of the final alloy is thus quite unpredictable.
PAR  The current practices for addition of alloying additives to aluminum thus
      require that all of the materials charged to the furnace must be heated to
      form a molten bath before any additive or hardener can be added. In order
      to simplify heat make-up operations, conserve fuel used in preparing the
      melt, and speed production of the alloy, it would be desirable to have an
      alloying additive or hardener which could be added to the other materials
      when charged to the melting furnace. This is known as "cold charging", or
      the addition of solid aluminum to an essentially empty melting furnace
      prior to actual melting. The most desirable additive is one which can be
      both cold charged and/or added to a molten bath. This permits maximum
      flexibility in alloy production.
PAR  Because of the disadvantages of the current state of the art, it remains
      desirable to provide an alloying additive and process for incorporating
      metals such as manganese, chromium, and iron into aluminum which will: (1)
      contain substantially only manganese, chromium, or iron so that smaller
      quantities are required for alloying; (2) be capable of dissolving in a
      molten bath of aluminum in short periods of time with high recoveries of
      the alloying constituents in the final alloy cold charged or added to a
      molten bath; (3) be adaptable to the technique of charging to an
      essentially empty furnace prior to melt-down of the charge ingredients;
      (4) not be limited in use to bath temperatures of 1,375.degree.F.
      (745.degree.C) or higher; (5) utilizes very fine particle size alloying
      constituents; and (6) not require the use of protective packaging or
      special handling procedures during storage and shipping.
PAC  SUMMARY OF THE INVENTION
PAR  A composition and method have been developed for the addition of alloying
      constituents such as manganese, chromium, and iron to aluminum. Metal
      alloying material having a particle size less than about 0.25 mm. is
      blended with from about 0.1 to about 2.5 percent of a non-hygroscopic salt
      fluxing agent and if necessary a small amount of a binder material. The
      resulting mixture is then compacted into a coherent body.
PAR  The compacts of the present invention have numerous advantages, including
      the ability to dissolve rapidly and completely in aluminum whether cold
      charged or added directly to molten baths. The composition and process
      give high metal recoveries in the resulting alloy over a wide range of
      operating aluminum bath temperatures, even when the compacts are cold
      charged.
PAR  The composition and process also utilizes extremely finely divided
      particles of alloying metals, which heretofore had not been considered
      useful due to their tendency to become trapped in the dross layer and to
      give erratic recoveries.
PAR  A further advantage of this invention is the provision of additives which
      do not contain significant amounts of material extraneous to the alloying
      constituents which would dilute the metal value. An additional economy is
      realized by the user in that no specialized equipment or packaging
      procedures are necessary to utilize the additive. Compacts of the
      invention are easily handled and are stable during transportation and
      storage without the need for special precautions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A composition has been discovered for the addition of alloying metals to
      aluminum, which composition comprises from 97.5 to 99.9 percent by weight
      of a particulate metal alloying material selected from the group
      consisting of manganese, chromium, and iron, wherein substantially all of
      the metal has a particle size less than about 0.25 mm., blended with 0.1
      to 2.5 percent by weight of a non-hygroscopic salt fluxing agent. The
      composition is compacted into a coherent body, which is then admixed with
      the aluminum to be alloyed either by cold charging into the melting
      furnace or by adding directly to molten aluminum.
PAR  The alloying additive generally is prepared by mixing an appropriate
      fluxing agent in the form of a dry salt with particulate alloying material
      of predominantly less than about 0.25 mm. (60 mesh) in size, and
      preferably predominantly less than about 0.15 mm. (100 mesh). The alloying
      material will usually contain a substantial proportion of particles
      smaller than 0.075 mm. (200 mesh) and ranging in size to under 0.044 mm.
      (325 mesh). The alloying material is reduced to powder form by
      conventional grinding techniques.
PAR  In the general practice of the invention manganese, chromium, or iron
      selected from a suitable source is crushed such that substantially all of
      the particles are less than 0.25 mm. (60 mesh) in size. This material will
      have a particle size distribution similar to that shown in Table I for
      typical manganese particles.
TBL                TABLE I                                                     

     ______________________________________                                    

     mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.250 (60)           &lt; 0.1                                               

      0.210 (70)           1.1                                                 

      0.177 (80)           26.2                                                

      0.149 (100)          9.8                                                 

      0.105 (140)          27.2                                                

      0.088 (170)          5.0                                                 

      0.074 (200)          6.5                                                 

      0.053 (270)          8.9                                                 

      0.044 (325)          4.8                                                 

     &lt; 0.044 (325)         10.8                                                

     ______________________________________                                    

PAL  However in carrying the invention into practice, a particle size
      distribution similar to that shown for manganese in Table II is
      particularly desirable.
TBL                TABLE II                                                    

     ______________________________________                                    

     mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.250 (60)           0.6                                                 

      0.177 (80)           6.6                                                 

      0.149 (100)          3.5                                                 

      0.105 (140)          13.4                                                

      0.088 (170)          6.9                                                 

      0.074 (200)          7.5                                                 

      0.063 (230)          4.0                                                 

      0.053 (270)          11.1                                                

      0.044 (325)          7.3                                                 

     &lt; 0.044 (325)         38.9                                                

     ______________________________________                                    

PAL  It should be noted that both these embodiments utilize material having a
      substantial portion less than 0.15 mm. (100 mesh) in size, of which the
      material less than 0.044 mm. (325 mesh) is an appreciable portion,
      generally at least 30 percent of the total material in the preferred
      embodiment.
PAR  The source of manganese alloying material can be any manganese-containing
      material such as manganese, ferromanganese, electrolytic manganese, or
      impure manganese. The source of chromium alloying material can be
      electrolytic chromium, ferrochromium, chromium, or impure chromium. The
      source of iron alloying material can be electrolytic iron, impure iron, or
      an alloy containing more than 50 percent by weight iron.
PAR  The chemical fluxing agent is generally a compound which has an eutectic
      melting point at least 50.degree.F. (28.degree.C.) below the operating
      temperature of the bath to which the alloying additive will be added if it
      is added to a molten bath, and in all cases will have a melting point
      below 1,450.degree.F. (788.degree.C.). The fluxing agent may undergo
      physical changes at temperatures below the liquidus temperature of
      aluminum or aluminum alloys, but remains inert and dormant as a flux at
      such temperatures. The amount of fluxing agent used in the composition may
      range from about 0.10 to about 2.5 percent, but preferably is from about
      0.5 to about 1.5 percent by weight of the total mixture. The agent, when
      present in the mixture in the proper quantity, is believed to react with
      any manganese, chromium, iron, and aluminum oxides present to produce a
      fluxing action at temperatures above the liquidus temperature of aluminum
      or commercial aluminum alloys. Such action aids in wetting of the metals
      and increases the rate of dissolution of the alloying constituent into the
      aluminum.
PAR  Chemical fluxing agents which are useful in the preparation of pellets, or
      compacts, for the alloying process of this invention include a wide range
      of materials, including the metal halide salts, salts produced by the
      reaction of hydrofluosilicic acid with salts of sodium, barium, potassium
      and other elements, as well as the commercially available compound
      KBF.sub.4. Particularly preferred fluxing agents include KBF.sub.4 and
      also the combination of salts having the approximate stoichiometric ratio
      represented by the empirical formula K.sub.5 Na.sub.3 Ba.sub.2
      (SiF.sub.6).sub.6. The preferred salt fluxing agents are those which are
      non-hygroscopic, a characteristic which is critical in practical operation
      of the process. If the fluxing agent used in preparing the pellets absorbs
      significant quantities of water, there is the danger of a violent reaction
      when the pellets contact molten aluminum. There is also a problem of
      absorbed water reacting with the metal alloying constituents of the
      compact during storage, resulting in the formation of oxides. This
      reaction, once begun, will cause the compacted mixture to disintegrate,
      often quite rapidly. Thus many salts which have the characteristics of
      melting at the desired temperature and reacting with oxides to produce a
      fluxing action require special handling due to their tendency to absorb
      water. Compounds such as MnCl.sub.2, KF, mixtures of K, Ba, and Na
      chlorides and others are not useable due to their hygroscopic nature, as
      can be seen from the observations summarized in Table III:
TBL                TABLE III                                                   

     ______________________________________                                    

                   % Salt in                                                   

     Salt          Compact   Days    Condition                                 

     ______________________________________                                    

     KF            1.0       1       Very wet                                  

     MnCl.sub.2    0.75      2       Decomposed                                

     NaCl (75 mol %)                                                           

     MnCl.sub.2 (25 mol %)                                                     

                   1.25      2       Decomposed                                

     NaF (25 wt.%)                                                             

     NaCl (40 wt.%)                  Saturated with                            

     KCl (35 wt.%) 1.0       3       Moisture                                  

     NaCl (35 mol %)                                                           

     KCl (40 mol %)                                                            

     BaCl.sub.2 (25 mol %)                                                     

                   1.25      4       Decomposed                                

                                     Partially decom-                          

     LiCl          1.0       6       posed                                     

                                     Partially decom-                          

     KCl           1.0       10      posed                                     

     KCl (40 wt. %)                                                            

     NaCl (40 wt. %)                                                           

     Na.sub.9 AlF.sub.6 (20 wt.%)                                              

                   1.0       10      Decomposed                                

     KBF.sub.4     1.0       180     No change                                 

     K.sub.5 Na.sub.3 Ba.sub.2 (SiF.sub.6).sub.6                               

                   0.75      180     No change                                 

     ______________________________________                                    

PAR  The compacts set forth in Table III were prepared using manganese particles
      having a particle size of less than 0.25 mm. (60 mesh), blending with the
      designated amounts of salt or salt mixtures, and compacting into coherent
      pellets. The pellets were then allowed to stand in the open room
      atmosphere and were observed periodically. Non-hygroscopic fluxes suitable
      for use in the composition and process of the invention will remain dry
      and form compacts which are stable for an indefinite period. Unsuitable
      materials will visibly take up water and cause disintegration of the
      compact. It is conceivable that by the use of complicated production and
      packaging methods a hygroscopic fluxing agent could be used, but this is
      not an economical solution. Use of the preferred salt fluxing agents
      overcomes the problem entirely.
PAR  Production aluminum melting furnaces usually are operated such that the
      ingredients required (mill scrap, pure aluminum, etc.) are charged into an
      essentially empty furnace, heated until a molten bath is formed, and the
      molten bath stirred. Alloy additives have generally been added after
      melt-down of the initial charge. In order for an alloy additive to be
      successfully added with the initial charge to an essentially empty furnace
      (cold charged), the additive should remain inactive below the liquids
      temperature of the aluminum, i.e. the additive should be dormant until all
      the other ingredients in the furnace have formed a molten bath. The molten
      bath is normally maintained at a temperature of about 1,325.degree.F.
      (718.degree.C.) to about 1,375.degree.F. (746.degree.C.), but may operate
      from about 1280.degree.F. (693.degree.C.) to about 1500.degree.F.
      (815.degree.C.). It is therefore important that the pellets heretofore
      described be capable of effecting rapid dissolution and high metal
      recovery over a broad temperature range and a variety of operating
      conditions. All of the preferred fluxing agents, when present in the
      pellets in the proper amount, permit the alloying additive of the
      invention to be used at bath temperatures within the range of about
      1280.degree.F. (693.degree.C.) to about 1500.degree.F. (815.degree.C.),
      and also enable the additive to be cold charged into the furnace without
      affecting the solubility rate or the metal recovery.
PAR  The ability of the present composition and process to operate effectively
      at bath temperatures as low as 1280.degree.F. (693.degree.C.) affords
      considerable savings in energy requirements necessary to bring the
      aluminum bath to a molten state, and to maintain it. The use of low bath
      temperatures also minimizes the undesirable absorption of hydrogen into
      the molten aluminum, a phenomenon which occurs at higher bath
      temperatures. The ability of the present process to be used either with
      cold charging or direct addition to a molten bath also affords a degree of
      flexibility not heretofore available and simplifies heat make-up.
PAR  To improve the green strength of the pellets and to facilitate pelletizing,
      a small amount of a binder may also be blended into the metal/flux
      mixture. The amount of binder incorporated into the mixture may vary
      depending upon parameters such as the size of the alloying metal
      particles, the nature of the alloying metal, the type of compacting
      apparatus used, and the desired density of the finished compact. When
      used, the proportion of binder need only be such that a stable, coherent
      body results upon compacting of the mixture. One binder found to be
      generally satisfactory is a 5-15 percent solution of sodium silicate, used
      in the proportions of about 10 cc. of binder solution per 100 grams of
      manganese particles and about 15 cc. of solution per 100 grams of chromium
      and iron particles. Other binders such as molasses, methyl cellulose, or
      hydroxy-alkyl methyl cellulose derivatives may be used, but products
      containing organic materials are not desirable due to the formation of
      combustion products upon contact with the molten aluminum which may cause
      objectionable fumes.
PAR  The mixture is then compacted using conventional equipment. The preferred
      type of compact, the pellet, may be prepared using equipment such as the
      three foot diameter, variable speed pelletizing disc manufactured by
      Ferro-Tech, Inc. Other types of compacts may be prepared using a
      conventional arbor press or briquetting equipment. When the pelletizing
      disc is used, the feed rate is controlled so that the bed in the disc is
      maintained at a uniform depth in order to produce spherical pellets of
      from about 0.6 cm. (one-fourth inch) to about 2 cm. (three-fourth inch) in
      diameter. The pellets thus formed may have from about 25% to about 45% of
      their volume as voids, but in all cases have a density appreciably greater
      than that of aluminum (i.e. greater than about 2.75 grams per cc.). When
      removed from the pelletizing disc the pellets may be dried in an oven at
      248.degree.F. (120.degree.C.) for a period of time sufficient to remove
      any moisture present, particularly if a binder is used.
PAR  While normally only a single alloying metal is present in the additive, it
      may under certain circumstances be desirable to include two or all three
      of the metals in a single compact. Such a composition is within the
      intended scope of this invention.
PAR  The method of the invention will be further understood by reference to the
      following illustrative examples which should not be construed as limiting
      the invention. The term liquidus temperature as used herein refers to that
      temperature at which the composition of an alloy system completes melting
      upon heating or begins to solidify upon cooling. The terms mesh as used
      herein refers to a specified particle size determined by the use of U.S.
      Standard Sieve Series screens.
PAC  EXAMPLE 1
PAR  A blend of 0.5% by weight of commercially available KBF.sub.4 and manganese
      fines less than 0.25 mm. in size containing 92.7% by weight manganese (the
      balance essentially iron and traces of other elements) was mixed with
      sodium silicate binder and pelletized into 0.6-2.0 cm. diameter pellets,
      then dried. The pellets were added to a molten bath of aluminum in
      sufficient quantity to yield an aluminum alloy containing 0.86% manganese.
      The temperature of the molten bath was 1505.degree.F. (819.degree.C.). The
      bath was stirred 6 minutes. A sample taken 30 minutes after the manganese
      was added was analyzed and showed a manganese recovery of 100%. The
      particle size distribution of the manganese fines used, as determined by
      sieve analysis, was:
TBL  mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.250 (60)           &lt; 0.1                                               

      0.210 (70)           1.1                                                 

      0.177 (80)           26.2                                                

      0.149 (100)          9.8                                                 

      0.105 (140)          27.2                                                

      0.088 (170)          5.0                                                 

      0.074 (200)          6.5                                                 

      0.053 (270)          8.9                                                 

      0.044 (325)          4.8                                                 

     &lt; 0.044 (325)         10.8                                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A salt fluxing agent was prepared by adding a warm solution of 126 grams
      Ba(OH).sub.2.8H.sub.2 O in 400 ml. distilled water to 600 ml. of 25%
      H.sub.2 SiF.sub.6 solution to precipitate BaSiF.sub.6. A solution of 60
      grams KOH and 26 grams NaOH in 200 ml. water was then added to the slurry
      and the resultant mixture was cooled to room temperature and filtered. The
      filter cake was lightly washed with water and was dried at
      232.degree.F.(110.degree.C.) for one hour. The recovered salt was found to
      have a molar ratio of K:Na:Ba of 5:3:2, and an empirical formula of
      K.sub.5 Na.sub.3 Ba.sub.2 (SiF.sub.6).sub.6. A blend of 0.75% by weight of
      this salt and manganese fines less than 0.6 mm. in size containing 93% by
      weight manganese (the balance iron and traces of other elements) was mixed
      with sodium silicate binder and compacted into the form of briquettes,
      then dried. The briquettes were added to a molten bath of aluminum at
      1290.degree.F. (699.degree.C.) in sufficient quantity to yield an aluminum
      alloy containing 0.96% manganese. The bath was stirred for 3.5 minutes. A
      sample taken 30 minutes after the manganese had been added was analyzed
      and showed a manganese recovery of 97.5%.
PAC  EXAMPLE 3
PAR  A blend of 0.75% by weight K.sub.5 Na.sub.3 Ba.sub.2 (SiF.sub.6).sub.6
      prepared as described in Example 2 and manganese fines less than 0.21 mm.
      in size containing 93% by weight manganese (the balance essentially iron
      and traces of other elements) was mixed with sodium silicate binder and
      pelletized into 0.17-0.5 cm. pellets, then dried. The pellets were added
      to a molten bath of aluminum at 1310.degree.F. (710.degree.C.) in
      sufficient quantity to yield an aluminum alloy containing 1.02% manganese.
      The bath was stirred 3.5 minutes. A sample taken 30 minutes after the
      manganese had been added was analyzed and showed a manganese recovery of
      100%. The particle size distribution of the manganese fines used, as
      determined by sieve analysis, was:
TBL  mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.210 (70)           0                                                   

      0.149 (100)          20.3                                                

      0.105 (150)          20.8                                                

      0.088 (170)          9.9                                                 

      0.074 (200)          11.0                                                

      0.063 (250)          5.9                                                 

      0.053 (270)          9.6                                                 

      0.044 (325)          7.6                                                 

     &lt; 0.044 (325)         15.9                                                

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A blend of 0.5% by weight of KBF.sub.4 and manganese fines less than 0.25
      mm. in size containing 92.7% by weight manganese (the balance essentially
      iron and traces of other elements) was mixed with sodium silicate binder
      and compacted into 0.6-2.0 cm. diameter pellets, then dried. The pellets
      were added to a bath of molten aluminum at 1287.degree. (697.degree.C.) in
      sufficient quantity to yield an aluminum alloy containing 0.45% manganese.
      The bath was stirred six minutes. A sample taken 30 minutes after the
      manganese had been added was analyzed and showed a manganese recovery of
      95%.
PAC  EXAMPLE 5
PAR  A blend of 1% by weight KBF.sub.4 and manganese fines less than 0.25 mm. in
      size containing 93% manganese by weight (the balance essentially iron plus
      traces of other elements) was mixed with sodium silicate binder and
      compacted into 0.3-0.5 cm. diameter pellets, then dried. The pellets were
      added to a bath of molten aluminum at 1295.degree.F. (703.degree.C.) in
      sufficient quantity to yield an aluminum alloy containing 1.02% manganese.
      The bath was stirred for 4 minutes. A sample taken 20 minutes after the
      manganese had been added was analyzed and showed a manganese recovery of
      96%.
PAC  EXAMPLE 6
PAR  A blend of 1.0% by weight KBF.sub.4 and electrolytic chromium fines less
      than 0.177 mm. in size containing 99.9% chromium was mixed with sodium
      silicate binder and pelletized into pellets of from about 0.6-2.0 cm.
      diameter, then dried. The pellets were added to a bath of molten aluminum
      at 1,390.degree.F. (754.degree.C.) in a quantity sufficient to yield an
      aluminum alloy containing 0.98% chromium. The bath was stirred 2.5
      minutes. A sample taken 15 minutes after the chromium had been added was
      analyzed and showed a 95% chromium recovery. The particle size
      distribution of the electrolytic chromium fines used, as determined by
      sieve analysis, was:
     mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.177 (80)           0                                                   

      0.149 (100)          17.1                                                

      0.105 (140)          46.4                                                

      0.088 (170)          23.0                                                

      0.074 (200)          9.0                                                 

      0.063 (230)          1.3                                                 

     &lt; 0.063 (230)         3.1                                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A blend of 0.3% by weight KBF.sub.4 and electrolytic iron fines less than
      0.15 mm. in size containing 99.8% iron was mixed with sodium silicate
      binder and compacted into pellets, then dried. The particle size
      distribution of the electrolytic iron, as determined by sieve analysis,
      was:
TBL  mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.149 (100)          0.5                                                 

      0.105 (140)          20.2                                                

      0.088 (170)          12.9                                                

      0.074 (200)          15.2                                                

      0.063 (230)          7.4                                                 

      0.053 (270)          9.8                                                 

      0.044 (325)          10.6                                                

     &lt; 0.044 (352)         22.3                                                

     ______________________________________                                    

PAR  The pellets were added to a molten bath of aluminum at 1310.degree.F.
      (710.degree.C.) in sufficient quantity to yield an aluminum alloy
      containing 1.23% iron. The bath was stirred a total of 3 minutes. A sample
      taken 26 minutes after the iron had been added was analyzed and showed an
      iron recovery of 100%.
PAC  EXAMPLE 8
PAR  A blend of 1.0% by weight KBF.sub.4 and manganese fines less than 0.25 mm.
      in size containing 92.7% by weight manganese (the balance essentially iron
      and trace elements) was mixed with sodium silicate binder and compacted
      into 1-2 cm. diameter pellets, then dried. The particle size distribution
      of the manganese, as determined by sieve analysis, was:
TBL  mm. (Mesh)            % Retained                                          

     ______________________________________                                    

      0.250 (60)           10.1                                                

      0.177 (80)           8.1                                                 

      0.149 (100)          5.6                                                 

      0.105 (140)          10.3                                                

      0.088 (170)          6.0                                                 

      0.074 (200)          7.2                                                 

      0.063 (230)          3.1                                                 

      0.053 (270)          12.6                                                

      0.044 (325)          6.1                                                 

     &lt; 0.044 (325)         31.0                                                

     ______________________________________                                    

PAR  These pellets were added to an aluminum melting furnace by charging
      directly into an essentially empty furnace prior to adding the other
      charge components (cold charging). The quantity of pellets was sufficient
      to yield an aluminum alloy containing 0.80% manganese. It took 3 hr. and
      20 min. for all the charge components to melt down and come to a
      temperature of 1,380.degree.F. (740.degree.C.) at which time the molten
      bath was stirred for 4 minutes and a sample taken for analysis. Analysis
      showed a manganese recovery of 100%.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a composition and process that fully satisfy the objects and
      advantages set forth above. While the invention has been described with
      particular reference to specific embodiments thereof, it is evident that
      many alternatives, modifications, and variations will be apparent to those
      skilled in the art in light of the foregoing description. Accordingly, it
      is intended to embrace all such alternatives, modifications, and
      variations as fall within the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compacted alloying addition for alloying metals to aluminum, which
      consists essentially of from about 97.5 to about 99.9 percent by weight of
      at least one particulate metal alloying material selected from the group
      consisting of manganese, chromium, and iron, substantially all of said
      metal having a particle size less than about 0.25 mm., and about 0.1 to
      2.5 percent by weight of non-hygroscopic salt fluxing agent selected from
      the group consisting of KBF.sub.4 and K.sub.5 Na.sub.3 Ba.sub.2
      (SiF.sub.6).sub.6.
NUM  2.
PAR  2. An additive according to claim 1 wherein substantially all of the metal
      alloying material has a particle size less than 0.15 mm. and contains at
      least about 30 percent material having a particle size less than 0.05 mm.
NUM  3.
PAR  3. An additive according to claim 1 wherein the salt fluxing agent is
      inactive as a flux at temperatures below the liquidus temperature of
      aluminum.
NUM  4.
PAR  4. An additive according to claim 1 wherein the salt fluxing agent has a
      melting point below 788.degree.C.
NUM  5.
PAR  5. An additive according to claim 1 wherein the amount of salt fluxing
      agent ranges from about 0.1 to about 1.5 percent by weight.
NUM  6.
PAR  6. An additive according to claim 1 wherein a binder material is
      additionally present in an amount sufficient to obtain a coherent body
      upon compacting of the composition.
NUM  7.
PAR  7. An additive according to claim 6 wherein the binder material is sodium
      silicate.
NUM  8.
PAR  8. An additive according to claim 1 wherein the manganese alloying material
      is selected from the group consisting of high purity manganese,
      ferro-manganese, electrolytic manganese, and impure manganese.
NUM  9.
PAR  9. An additive according to claim 1 wherein the chromium alloying material
      is selected from the group consisting of chromium, ferro-chromium, impure
      chromium, and electrolytic chromium.
NUM  10.
PAR  10. An additive according to claim 1 wherein the iron alloying material is
      selected from the group consisting of electrolytic iron, impure iron, and
      alloys containing more than 50 percent iron by weight.
NUM  11.
PAR  11. An additive according to claim 1 which contains manganese alloying
      material substantially all having a particle size less than 0.15 mm., from
      0.1 to 1.5 percent by weight of KBF.sub.4, and a binder material in an
      amount sufficient to obtain a coherent body upon compacting.
NUM  12.
PAR  12. A process for the addition of metal alloying constituents to aluminum,
      which comprises;
PA1  blending a mixture of at least one particulate metal alloying material
      selected from manganese, chromium, and iron, substantially all of said
      metal having a particle size less than about 0.25 mm., with from about 0.1
      to about 2.5 percent by weight of a non-hygroscopic salt fluxing agent
      selected from the group consisting of KBF.sub.4 and K.sub.5 Na.sub.3
      Ba.sub.2 (SiF.sub.6).sub.6 ;
PA1  compacting the blended mixture into a coherent body; and
PA1  admixing the compacted mixture with the aluminum to be alloyed.
NUM  13.
PAR  13. The process of claim 12 wherein the compacted mixture is admixed by
      charging into an essentially empty furnace together with the aluminum
      prior to melt-down of the charge, and the further step of heating the
      aluminum above its liquidus temperature is carried out.
NUM  14.
PAR  14. The process of claim 12 wherein the compacted mixture is admixed with
      molten aluminum.
NUM  15.
PAR  15. The process of claim 12 wherein substantially all of the metal alloying
      material has a particle size less than 0.15 mm. and contains at least
      about 30 percent material having a particle size less than 0.05 mm.
NUM  16.
PAR  16. The process of claim 12 wherein a binder material is additionally
      incorporated into the blended mixture prior to compacting, and the
      compacted mixture is dried prior to admixing with the aluminum.
NUM  17.
PAR  17. The process of claim 12 wherein the salt fluxing agent is inactive as a
      flux at temperatures below the liquidus temperature of aluminum.
NUM  18.
PAR  18. The process of claim 12 wherein the amount of salt fluxing agent ranges
      from about 0.1 to about 1.5 percent by weight.
NUM  19.
PAR  19. The process of claim 12 wherein the mixture contains manganese metal
      alloying material substantially all having a particle size less than 0.15
      mm., from 0.1 to 1.5 percent by weight of KBF.sub.4, and a binder material
      is additionally present in an amount sufficient to obtain a coherent body
      upon compacting of the blended mixture.
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ABST
PAL  A dry powder composition for stripping gold and silver contains 78.0-95.0
      percent of a soluble cyanide compound, 0.01-5.0 percent of a soluble
      lithium compound, 0.01-0.5 percent of a soluble lead or bismuth compound
      as an auxiliary agent, and 5.0-22.0 percent of a water soluble
      ring-substituted nitrobenzene acid compound. The nitrobenzene acid
      compounds are selected from the group consisting of the alkali metal and
      ammonium salts of methyl-nitrobenzoic acid, chloro-nitrobenzoic acid and
      amino nitrobenzoic acid and of chloro-nitrobenzenesulfonamides. In using
      the composition, 7.5-60.0 grams per liter of the dry powder composition is
      dissolved inwater and the resultant aqueous solution is maintained at a
      temperature of 18.degree.-55.degree. Centigrade. The solution may be
      replenished as the stripping rate decreases by addition of further amounts
      of the dry powder composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various compositions have been proposed for stripping metal coatings from
      workpieces of other metal onto which the coatings have been deposited by
      electroplating or chemical plating techniques. Frequently, it is found
      that there is an imperfection in the plated deposit, such as discoloration
      or poor adhesion, or an imperfection of the workpiece itself, which will
      require the removal of the plated deposit for reworking of the part or for
      recovery of the metal of the deposit. With the soaring cost of precious
      metals, it has become extremely important that plated deposits of such
      metals be removed completely and with minimum contamination so that the
      precious metal values may be recovered from the stripping solution
      conveniently and economically. Accordingly, it is extremely desirable that
      the stripping solution be one which will remove the precious metal or
      other plated metal deposit rapidly and completely without appreciably
      attacking the substrate.
PAR  In Grunwald U.S. Pat. No. 3,242,090, there is disclosed a gold stripping
      composition comprising a complex metal tetracyanide salt, a
      nitrosubstituted aromatic compound such as nitrobenzenesulfonic acid,
      nitobenzoic acid, nitrochlorobenzene, nitrophenol and nitrobenzaldehyde.
      The metal forming the complex of the patented composition is selected from
      the group consisting of zinc, cadmium and copper. Another prior art
      composition is disclosed in Springer et al. U.S. Pat. No. 2,649,361 and
      comprises sodium cyanide, sodium nitrobenzenesulfonate and sodium
      hydroxide. The compositions of the Grunwald patent and the Springer patent
      have enjoyed substantial utilization as strippers of gold from various
      types of substrates.
PAR  Generally, it has been found that such stripping compositions have not
      removed the metal deposits as rapidly as might be desirable and that there
      has been a tendency to attack various metal substrates. Moreover, there
      has been a continuing need to develop dry powder compositions permitting
      make-up of the aqueous stripping composition rapidly and easily with a
      minimum of danger to the operator. Lastly, there has been a continuing
      need for a composition which would operate at a high rate of speed at
      ambient to low elevated temperatures.
PAR  It is an object of the present invention to provide a novel dry powder
      composition which, upon admixture with water, will produce a highly
      effective solution for stripping gold and silver from various substrates.
PAR  It is also an object to provide such a composition which exhibits
      reasonably long shelf life and which is relatively economical.
PAR  It is a further object to provide a method for stripping gold and silver
      from various substrates which is conveniently and economically practiced
      using for initial make-up and for replenishment a dry powder composition.
PAR  Another object is to provide such a method in which gold values stripped
      from the substrate may be readily recovered on an economical basis.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects may be readily
      attained by use of a dry powder composition consisting essentially of, on
      a dry weight basis, 78.0-95.0 percent of a soluble cyanide compound
      selected from the group consisting of alkali metal cyanides, ammonium
      cyanide and mixtures thereof as an agent for chelating the metal values
      which are stripped from the substrate. The composition contains 0.01-5.0
      percent of a soluble lithium compound to accelerate the stripping action
      and 0.01-0.5 percent of a soluble lead and/or bismuth compound which also
      appears to accelerate the stripping action. Lastly, the composition
      essentially contains 5.0-22.0 percent of a water soluble ring-substituted
      nitrobenzene acid compound selected from the group consisting of alkali
      metal and ammonium salts of methyl-nitrobenzoic acid,
      chloro-nitrobenzenesulfonamide, alkali metal and ammonium salts of amino
      nitrobenzoic acid, and alkali metal and ammonium salts of
      chloro-nitrobenzoic acid; this serves to oxidize the gold, palladium or
      nickel coatings and bring them into solution.
PAR  In the preferred compositions, the nitrobenzene acid compound is an alkali
      metal salt of 2-chloro-4-nitrobenzoic acid and the auxiliarly agent is a
      soluble lead salt. The soluble cyanide compound will most desirably
      comprise 80.0-85.0 percent by weight, the lithium compound 0.05-1.0
      percent by weight, the auxiliary agent 0.05-0.25 percent by weight and the
      nitrobenzene acid compound 12.0-20.0 percent by weight.
PAR  In practicing the method, there is dissolved in water 7.5-60.0 grams per
      liter of the dry powder composition and the resultant aqueous solution is
      maintained at a temperature of 18.degree.-55.degree. Centigrade. A
      workpiece having a deposit of gold, nickel or palladium is immersed in the
      solution for a period of time sufficient to remove the metal deposit
      therefrom. Finally, the workpiece is rinsed to remove any residue of
      aqueous solution therefrom.
PAR  Preferably, the solution is maintained at a temperature of
      25.degree.-35.degree. Centigrade and the dry powder composition is
      dissolved initially to provide a concentration of 25.0-35.0 grams per
      liter. In continuing use of the solution, there is periodically dissolved
      in the solution further amounts of 5.0-30.0 grams per liter of dry powder
      composition as the rate of stripping decreases until there has been
      dissolved in the aqueous solution a total of at least 150 grams per liter
      and not more than 200 grams per liter. To recover gold values from such a
      solution, the solution is subsequently treated to destroy the gold cyanide
      complex and precipitate a gold compound.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As has been hereinbefore indicated, the dry powder compositions of the
      present invention essentially include a soluble cyanide compound, a
      soluble lithium compound, a soluble lead or bismuth compound and a soluble
      ring-substituted nitrobenzene acid compound. Each of these several
      components will be discussed in greater detail hereinafter as will be the
      operating conditions and other factors.
PAR  Various water-soluble nitrobenzene acid compounds may be utilized to
      provide the desired oxidating agent which attacks the gold or silver
      deposit to effect dissolution thereof. Although a wide variety of such
      nitrobenzene acid compounds have been utilized in stripping compositions
      because of their known properties in this regard, a relatively limited
      class of such compounds have proven to be effective in the compositions of
      the present invention. More particularly, the usable compounds are the
      alkali metal and ammonium salts of methyl-nitrobenzoic acid (e.g.,
      3-methyl-6-nitrobenzoic .sup.. acid .sup.. potassium salt;
      3-methyl-2-nitrobenzoic acid .sup.. sodium salt); alkali metal and
      ammonium salts of chloro-nitrobenzoic acid (e.g., 2-chloro-4-nitrobenzoic
      acid .sup.. potassium salt; 4-chloro-3-nitrobenzoic acid .sup.. sodium
      salt); chloro-nitrobenzenesulfonamide (e.g.,
      4-chloro-3-nitrobenzenesulfonamide); and alkali metal and ammonium salts
      of amino-nitrobenzoic acid (e.g., 2-amino-4-nitrobenzoic acid .sup..
      potassium salt). Although it is possible to use mixtures of the several
      classes and species of the nitrobenzene acid compounds, generally it has
      been found preferable to use only one of such compounds to avoid possible
      interactions. In stripping gold deposits, the preferred agents are the
      chloro-nitrobenzoate compounds and potassium 2-chloro-4-nitrobenzoate has
      proven highly effective. In stripping silver deposits, it is desirable to
      avoid the possible presence of chloride ion and the methyl-nitrobenzoates
      have been found most advantageously employed. The amount of the
      nitrobenzene acid compound may vary from as little as 5.0 percent of the
      dry powder composition to more than 20.0 percent with the preferred
      amounts being within the range of 15.0-20.0 percent. Amounts in excess of
      22.0 percent by weight do not appear to provide any additional benefits in
      terms of stripping action and materially increase costs.
PAR  Any soluble lithium compound may be utilized to provide the lithium ion
      which serves to accelerate the stripping rate so long as its anion is
      non-interfering in the particular formulation and process. Thus, in
      preparing a composition for stripping gold, the suitable lithium compounds
      include lithium carbonate, lithium acetate, lithium chloride and lithium
      cyanide, while the lithium chloride would be undesirable in a composition
      for stripping silver. The amount of lithium compound may comprise as
      little as 0.01 percent by weight of the dry powder composition and may
      comprise as much as 5.0 percent and even more. However, amounts in excess
      of 5.0 percent do not appear to afford any advantage and materially
      increase costs. The preferred compositions utilize the lithium compound in
      the range of 0.05-1.0 percent and most desirably at about 0.1-0.5 percent.
PAR  The auxiliary agent comprising the lead or bismuth compound may be provided
      by any suitable lead or bismuth compound having an anion which is
      noninterfering in the process. Suitable anions include acetate, citrate,
      chloride and hydroxide, with the chloride being omitted in the instance of
      compositions for striping silver. Of the two auxiliary agents, lead
      compounds have been found preferable for most applications. The auxiliary
      agent may vary from as little as 0.01 percent to as much as 0.5 percent by
      weight of the dry powder composition. Amounts in excess of 0.5 percent
      have been found disadvantageous in that there is a tendency for the
      auxiliary agent to plate out upon the surface of the workpiece being
      plated. The function of the auxiliary agent is not fully understood but it
      does accelerate the stripping rate.
PAR  Lastly, the dry powder composition must contain an alkali metal or ammonium
      cyanide to chelate the metal being stripped from the surface of the
      workpiece. Of the various cyanide salts, potassium cyanide has been most
      advantageously employed. The cyanide salt will comprise the remainder of
      the composition and will normally be within the range of 78.0-95.0 percent
      and preferably 80.0-85.0 percent.
PAR  The dry powder composition is dissolved in water readily to form the
      aqueous stripping solution. The amount added to form a stripping solution
      may vary from as little as 7.5 grams per liter to 60.0 grams per liter and
      even more, but amounts in excess of 60.0 grams per liter do not afford any
      significant advantage and appear to effect economical operation. The
      preferred concentrations are at about 25.0-35.0 grams per liter.
PAR  As the stripping rate appears to decrease during the course of utilization
      of the stripping solution, it may be replenished by further additions of
      the dry powder composition, generally within the range of 5.0-30.0 grams
      per liter and preferably 10.0-20.0 grams per liter until there has been
      dissolved at least about 150 grams per liter of the dry powder composition
      and not more than about 200 grams per liter. At the 150-200 grams per
      liter level, the solution contains substantial amounts of dissolved
      precious metal and is no longer as effective in operation.
PAR  The precious metal values may be recovered from the solution by either
      electrolytic or chemical techniques. For example, the cyanide complex may
      be destroyed by any of the conventional techniques to precipitate the gold
      and permit its recovery by conventional procedures.
PAR  The stripping solution may be used at ambient to elevated temperatures but
      it affords its most significant advantages in terms of ease of operation
      at ambient to low elevated temperatures on the order of
      18.degree.-35.degree. Centigrade. At temperatures above 55.degree.
      Centigrade, the life of the stripping solution is materially reduced due
      to oxidation of the cyanide ion. The preferred temperatures of operation
      are within the range of 25.degree.-35.degree. Centigrade wherein stripping
      rates of 2.5 micrometers per minute may be readily attained.
PAR  The stripping solution may be brought into contact with the surface of the
      workpiece by any convenient means. Although spray techniques may be
      employed, the tendency for oxidation of the cyanide due to the greater
      solution/air interface generally makes immersion techniques more
      advantageous. The time of contact between the solution and the workpiece
      will vary depending upon the temperature, the concentration of the
      solution, and the thickness of the deposit to be removed. As indicated
      above, stripping rates of 2.5 micrometers per minute in the treatment of
      gold deposits are readily attained within the range of
      25.degree.-35.degree. Centigrade and with concentrations on the order of
      25.0-35.0 grams per liter of the dry powder composition. The stripping
      rate can be increased by increasing the temperature or by increasing the
      concentration; conversely, the stripping rate may be decreased by
      decreasing the temperature and/or the concentration.
PAR  Because of the highly corrosive nature of the stripping composition, the
      apparatus used to effect contact with the workpiece desirably employes a
      surface of stainless steel, polypropylene or a fiberglass reinforced resin
      inert to the stripping composition.
PAR  In practice, it has been found that gold and silver may be readily stripped
      from substrates comprising stainless steel, nickel, molybdenum and and
      alloys of iron, nickel, cobalt and manganese. When the composition is
      utilized for stripping precious metals from a copper substrate, the period
      of immersion should be closely controlled since it will attack the copper
      substrate.
DETD
PAR  Illustrative of the present invention are the following specific examples:
PAC  EXAMPLE ONE
PAR  A dry powder composition is prepared from 17.5 parts of potassium
      2-chloro-4-nitrobenzoate, 0.15 part lead acetate, 0.15 part lithium
      carbonate and the remainder (82.2 parts) potassium cyanide. To water in a
      polypropylene tank is added the dry powder composition in an amount equal
      to 30.0 grams per liter and the solution is then held at a temperature of
      30.degree. Centigrade.
PAR  Workpieces comprising a substrate of kovar electroplated with gold to a
      depth of 1.5 micrometers are immersed in the stripping solution and are
      found to be stripped completely after 30 seconds without any evidence of
      attack upon the kovar substrate.
PAC  EXAMPLE TWO
PAR  The test of Example One is repeated substantially as described therein with
      the exception that potassium 3-methyl-6-nitrobenzoate is substituted for
      the chloro-nitrobenzoate of Example One. Similar results are obtained
      except that the period for complete dissolution is found to be about 50
      seconds.
PAR  From the foregoing detailed specification and examples, it will be readily
      appreciated that the dry powder compositions of the present invention
      produce highly effective solutions for stripping gold and silver from
      substrates of nickel, kovar, stainless steel and molybdenum without
      appreciable attack upon those metals and may also be used for stripping
      such precious metals from copper substrates if the period of contact is
      controlled to minimize the attack upon copper. The stripping solutions may
      be formulated safely and readily from the dry powder composition and may
      be replenished from time to time until a relatively high concentration of
      the precious metal in the stripping solution has been attained. The
      precious metal values may be recovered conveniently and economically from
      the spent stripping composition.
CLMS
STM  Having thus described the invention, we claim:
NUM  1.
PAR  1. A dry powder composition for addition to water to produce an aqueous
      solution for stripping gold and silver deposits from substrates and
      consisting essentially of, on a dry weight basis, 78.0-95.0 percent of a
      soluble cyanide compound selected from the group consisting of alkali
      metal cyanides, ammonium cyanide and mixtures thereof; 0.01-5.0 percent of
      a soluble lithium compound; 0.01-0.5 percent of an auxiliary agent
      comprising a soluble compound of a metal ion selected from the group
      consisting of lead, bismuth and mixtures thereof; and 5.0-22.0 percent of
      a water soluble, ring-substituted nitrobenzene acid compound selected from
      the group consisting af alkali metal and ammonium salts of
      methyl-nitrobenzoic acid, chloro-nitrobenzenesulfonamide, alkali metal and
      ammonium salts of amino nitrobenzoic acid, and alkali metal and ammonium
      salts of chloronitrobenzoic acid, said soluble lithium compound and
      auxiliary agent having non-interfering anions.
NUM  2.
PAR  2. The dry powder composition in accordance with claim 1 wherein said
      ring-substituted nitrobenzene acid compound is an alkali metal salt of
      2-chloro-4-nitrobenzoic acid.
NUM  3.
PAR  3. The dry powder composition in accordance with claim 1 wherein said
      auxiliary agent is a lead salt.
NUM  4.
PAR  4. The dry powder composition in accordance with claim 1 wherein said
      soluble cyanide compound comprises 80.0-85.0 percent, said lithium
      compound comprises 0.05-1.0 percent, said auxiliary agent comprises
      0.05-0.25 percent; and said ring-substituted nitrobenzene acid compound
      comprises 12.0-20.0 percent.
NUM  5.
PAR  5. The dry powder composition in accordance with claim 1 wherein said
      soluble cyanide compound is an alkali metal cyanide; wherein said
      auxiliary agent is a soluble lead salt, and wherein said ring-substituted
      nitrobenzene acid compound is an alkali metal salt of
      2-chloro-4-nitrobenzoic acid.
NUM  6.
PAR  6. In the method of stripping gold and silver deposits from substrates, the
      steps comprising:
PA1  A. dissolving in water 7.5-60.0 grams per liter of a dry powder composition
      consisting essentially of, on a dry weight basis, 78.0-95.0 percent of a
      soluble cyanide compound selected from the group consisting of alkali
      metal cyanides, ammonium cyanide and mixtures thereof; 0.01-5.0 percent of
      a soluble lithium compound; 0.01-0.5 percent of an auxiliary agent
      comprising a soluble compound of a metal ion selected from the group
      consisting of lead, bismuth and mixtures thereof; and 5.0-22.0 percent of
      a water soluble, ring-substituted nitrobenzene acid compound selected from
      the group consisting of alkali metal and ammonium salts of
      methylnitrobenzoic acid, chloro-nitrobenzenesulfonamide, alkali metal and
      ammonium salts of amino nitrobenzoic acid, and alkali metal and ammonium
      salts of chloronitrobenzoic acid, said soluble lithium compound and
      auxiliary agent having non-interfering anions;
PA1  B. maintaining the aqueous solution resulting therefrom at a temperature of
      18.degree.-55.degree. Centigrade;
PA1  C. immersing in said aqueous solution a workpiece having a deposit of a
      metal selected from the group consisting of gold and silver for a period
      of time sufficient to remove said deposit; and
PA1  D. rinsing said workpiece to remove said aqueous solution therefrom.
NUM  7.
PAR  7. The method in accordance with claim 6 wherein said solution is
      maintained at a temperature of 25.degree.-35.degree. Centigrade.
NUM  8.
PAR  8. The method in accordance with claim 6 wherein there is dissolved in
      water 25.0-35.0 grams per liter of dry powder composition.
NUM  9.
PAR  9. The method in accordance with claim 6 wherein there is additionally
      dissolved in said aqueous solution on a periodic basis 5.0-30.0 grams per
      liter of said dry powder composition as the rate of stripping decreases
      until there has been dissolved in said aqueous solution a total of at
      least 150 grams per liter and not more than 200 grams per liter.
NUM  10.
PAR  10. The method in accordance with claim 6 wherein said workpiece has a
      substrate of a metal selected from the group consisting of nickel,
      stainless steel, molybdenum and alloys of iron, nickel, cobalt and
      manganese.
NUM  11.
PAR  11. The method in accordance with claim 6 wherein said metal deposit is
      gold and wherein the aqueous solution is subsequently treated to destroy
      the gold cyanide complex and precipitate gold.
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ABST
PAL  A process is disclosed which is directed to recovering gold and/or silver
      values from activated carbon, wherein gold and/or silver has been adsorbed
      thereon. The process comprises eluting the activated carbon with water
      soluble alcohols or ketones either alone or with aqueous solutions thereof
      and a strong base may be added to further facilitate elution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a relatively simple method for recovering gold
      and/or silver values from activated carbon which has such values absorbed
      thereon from processing solutions, and provides a simple method of
      regeneration of the activated carbon for reuse.
PAR  The recovery of gold and/or silver metals from their ores requires a
      multi-step process in which a solution or pulp containing the metal values
      is usually produced. A typical process involves the grinding of the metal
      bearing ores, treating the ground ores with an alkaline cyanide solution
      to leach the metals from the ores and thereafter recovering the gold
      and/or silver values from the cyanidation pulp solution. Other methods for
      obtaining gold and/or silver containing solutions are well known. A
      conventional method for the recovery of gold and/or silver values from the
      ore processing solution or pulp comprises the step adsorbing the metal
      values onto activated charcoal.
PAR  The recovery of gold and/or silver values from activated carbon containing
      the adsorbed metal values is well known in the prior art. One such method
      is that described in Zadra, J. B., A Process For Recovery of Gold and
      Silver From Activated Carbon by Leaching and Electrolysis, Bureau of Mine
      Reports of Investigations 4843 (1952). Activated carbon which has been
      mixed with cyanidation pulp is screened from the pulp, washed and passed
      to an electrodeposition circuit where hot caustic sodium cyanide solution
      or pressurized steam is utilized to desorb the gold or silver from the
      charcoal. This process necessitates the use of a high temperature for the
      activation of the stripped carbon prior to reuse in the cyanidation
      circuit and leads to carbon attrition. This results in a loss of activated
      carbon.
PAR  Another prior art method is disclosed in U.S. Pat. No. 2,478,652 wherein
      the charcoal desorption agent is an ammonia solution of a concentration in
      excess of 28%. Desorption is accomplished by contacting char containg
      metal values in a closed chamber under pressure with the saturated water
      ammonia solution.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method for recovering gold and/or silver
      values which have been adsorbed onto activated carbon from a processing
      solution. The method is relatively simple and allows for the regeneration
      of used activated carbon without significant loss of carbon or efficiency
      in adsorbtivity upon recycle. Regeneration of the used activated carbon is
      accomplished by washing the activated carbon with water.
PAR  Briefly, the invention comprises contacting metal loaded activated carbon
      with an eluent selected from the group of a water soluble alcohol, an
      alcohol-water mixture, an alcohol solution of a strong base, an
      alcohol-water-base mixture, a water soluble ketone, and ketone-water
      mixture. The gold and/or silver values are readily desorbed into the
      eluent solution and the used activated carbon may be prepared for reuse by
      simply washing it with water. The activated carbon during the process may
      be maintained in the form of a bed or column, but the invention is in no
      way to be limited thereto.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is further illustrated by reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a graph illustrating the effect of water concentration in an
      aqueous methanolic eluent solution, containing sodium hydroxide, with
      respect to the percentage of gold eluted.
PAR  FIG. 2 is a graph similar to FIG. 1 wherein an aqueous methanolic eluent
      was used without sodium hydroxide.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A preferred overall embodiment of the invention comprises contacting a bed
      of activated carbon, e.q., an activated carbon which has been used to
      adsorb gold and/or silver values from a cyanidation pulp, with an eluent
      comprising from about 0 to 60%, by volume, of water, about 40 to 100%, by
      volume, of a water soluble alcohol or ketone and at least about 0.1
      gram/liter of a caustic or other strong base. However, it will be
      understood that greater amounts of water may be used and that the strong
      base may be omitted with corresponding sacrifice in extraction efficiency.
      After the gold and/or silver is eluted from the activated carbon, it is
      regenerated by washing with water.
PAR  Representative examples of strong bases which may be used in the process
      are the alkali metal hydroxides, for example, sodium and potassium
      hydroxide. The effective amount of the selected base for improved elution
      efficiency can readily be determined by simple experimentation.
PAR  Representative examples of water soluble alcohols and ketones are the lower
      aliphatic alcohols and ketones such as methanol, ethanol and acetone.
      Methanol is quite suitable because it is relatively inexpensive and since
      it does not form an azeotrope with water, may be recovered for reuse by
      distillation. For the purposes of this invention, there should be no
      distinction between activated charcoal and activated carbon.
PAR  It has been determined with the increase of the ratio of water to water
      soluble alcohol or ketone in the eluent, the efficiency of elution
      decreases. This is represented by FIG. 1, which is a graph of a series of
      elutions of gold wherein the percentage of water to methanol were varied.
      For each elution, metal-loaded activated coconut carbon column was
      prepared by adsorbing gold from one liter of cyanidation pulp solution, at
      a pH of about between 11 and 12, containing enough gold to load the
      columns to approximately 400 ounces of gold per ton of activated carbon.
      Six bed volumes of eluent were used. The results indicate that elution is
      above 80% when the percentage of water in the eluent is below 60% by
      volume and is optimized at approximately 98% when the eluent contains from
      about 0 to 25% by volume of water. At higher water concentrations, the
      efficiency of elution is sharply decreased.
PAR  Utilizing an eluent without a caustic or other strong base leads to a sharp
      decrease in the optimal efficiency of elution. This is illustrated by FIG.
      2 which is a graph representing a series of elutions wherein the
      percentage of water to methanol were varied in the absence of sodium
      hydroxide. The column was prepared in the same manner as for the elutions
      represented by FIG. 1.
PAR  The invention is further illustrated by the following examples:
PAC  EXAMPLE 1
PAR  An activated coconut carbon column was prepared by adsorbing gold from 1
      liter of solution at a pH between 11 and 12, said column containg
      sufficient gold to load the column to approximately 400 ounces of gold per
      ton of activated carbon. The eluent consisted of 5% water and 95% absolute
      ethanol and 1 gram/liter of sodium hydroxide. Over 98% of the adsorbed
      gold was recovered in the eluate.
PAR  Example 2, below, illustrates the effects of a water soluble ketone, for
      example, acetone as an eluent in the present process.
PAC  EXAMPLE 2
PAR  The activated coconut column was prepared in the same manner as Example 1.
      Acetone was used as the eluent resulting in over 71% of the adsorbed gold
      being recovered in the eluate.
PAC  EXAMPLE 3
PAR  A column was prepared in the same manner as in Examples 1 and 2. The eluent
      consisted of 6 bed volumes of 10% water and 90% methanol containing 1
      gram/liter of sodium hydroxide. The elution step removed more than 98% of
      the adsorbed gold with 80% being recovered in the first two bed volumes.
      The column was regenerated with water with less than 0.2% of the adsorbed
      gold being recovered in the regeneration wash. The foregoing procedure was
      repeated for 6 cycles with no change in the adsorption, elution, or
      regeneration characteristics of the activated coconut carbon.
PAR  The elution of silver from activated carbon with the eluents of this
      process exhibits and analogous characteristics to that of gold. Example 5
      further illustrates this point.
PAC  EXAMPLE 5
PAR  An activated coconut carbon column was loaded to approximately 375 ounces
      of silver per ton of activated carbon from a solution at a pH of 11. Table
      1 indicates the results of elutions with different eluents.
TBL                TABLE 1                                                     

     ______________________________________                                    

                         Silver elution,                                       

     Eluent              percent                                               

     ______________________________________                                    

     Methanol            79                                                    

     Methanol with 1 gm/1 NaOH                                                 

                         98+                                                   

     25% H.sub.2 O-75% methanol                                                

                         75+                                                   

     25% H.sub.2 0-75 % methanol with                                          

       1 gm/1 sodium hydroxide                                                 

                         98+                                                   

     ______________________________________                                    

PAR  With eluents containing sodium hydroxide, 92% of the adsorbed silver was
      eluted in the first two bed volumes.
PAR  It should be understood that the invention is not to be limited to the
      exact details of operation as herein described, and the invention is
      therefore to be limited only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering gold and/or silver values from activiated
      carbon with gold and/or silver values adsorbed thereon, comprising eluting
      said activated carbon with an eluent selected from the group consisting of
      water soluble alcohols, solutions of water soluble alcohols and a strong
      base, aqueous solutions of water soluble alcohols, aqueous solutions of
      water soluble alcohols and a strong base, water soluble ketones and
      aqueous solutions of water soluble ketones.
NUM  2.
PAR  2. The process as defined in claim 1, wherein said eluent containg strong
      base comprises at least 0.1 grams of sodium hydroxide per liter of eluent.
NUM  3.
PAR  3. The process as defined in claim 1, wherein said eluent comprises about 0
      to 60%, by volume, of water and about 40 to 100%, by volume, of a water
      soluble alcohol.
NUM  4.
PAR  4. The process as defined in claim 1, wherein said eluent comprises a water
      soluble alcohol selected from the group consisting of methanol and
      ethanol.
NUM  5.
PAR  5. The process as defined in claim 1, wherein said eluent is acetone.
NUM  6.
PAR  6. The process as defined in claim 1, wherein said strong base is an alkali
      metal hydroxide.
NUM  7.
PAR  7. The process as defined by claim 6, wherein said alkali metal hydroxide
      is sodium hydroxide.
NUM  8.
PAR  8. The process as defined by claim 1, wherein said alkali metal hydroxide
      is potassium hydroxide.
NUM  9.
PAR  9. The process as defined by claim 1, wherein said eluent comprises between
      about 0 to 60%, by volume of water, about 40 to 100% of a water soluble
      alcohol selected from the group consisting of methanol and ethanol, and at
      least 0.1 gram sodium hydroxide per liter of eluent.
NUM  10.
PAR  10. The process as defined as claim 1, wherein said eluent comprises
      between about 0 to 254% by volume of water, about 75 to 100% of methanol
      and at least 1.0 gram of sodium hydroxide per liter of eluent.
NUM  11.
PAR  11. The process as defined by claim 1, wherein said activated carbon has
      gold and/or silver values adsorbed thereon from a cyanidation pulp.
PATN
WKU  039350070
SRC  5
APN  5235340
APT  1
ART  111
APD  19741113
TTL  Aluminum alloy of age hardening type
ISD  19760127
NCL  4
ECL  1
EXP  Dean; R.
INVT
NAM  Baba; Yoshio
CTY  Nagoya
CNT  JA
INVT
NAM  Kawai; Mituhiro
CTY  Inazawa
CNT  JA
ASSG
NAM  Sumitomo Light Metal Industries, Ltd.
CTY  Tokyo
CNT  JA
COD  03
CLAS
OCL   75142
XCL  148 127
XCL  148 315
XCL  148 325
XCL  148159
EDF  2
ICL  C22C 2116
FSC   75
FSS  142;143
FSC  148
FSS  32;32.5;11.5 A;12.7;159;31.5
UREF
PNO  1472740
ISD  19231000
NAM  Archer et al.
OCL   75142
UREF
PNO  1485158
ISD  19240200
NAM  Babson
OCL   75142
UREF
PNO  1710148
ISD  19290400
NAM  Daniels
OCL   75142
UREF
PNO  2887422
ISD  19590500
NAM  Stone et al.
OCL  148159
UREF
PNO  3032448
ISD  19620500
NAM  Siebel et al.
OCL  148 12.7
UREF
PNO  3392062
ISD  19680700
NAM  Altenpohl et al.
OCL  148 11.5A
LREP
FRM  Browdy and Neimark
ABST
PAL  An aluminum alloy of age-hardening type indispensably containing copper,
      magnesium and silicon, being optionally added thereto traces of any one or
      more than one element selected from vanadium, manganese, chromium,
      zirconium and titanium.
PAL  A sheet or strip made from said alloy ingot, being submitted to solution
      treatment followed by precipitation process can improve forming
      properties, such as tensile strength, LDR and/or earing ratio, and be free
      from stretcher-strain marks.
PAL  Said sheet or strip maintains high strength particularly when it is
      submitted to baking i.e. high temperature curing of paint coated thereon.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an aluminum alloy of age-hardening type
      which is extensibly usable in sheet form for cans, caps, blinds, bus- or
      motor car-bodies etc. The aluminum alloy of the present invention can be
      hot- and/or cold-rolled into sheet form from an ingot which has been
      normalized and said alloy sheet is more improved than conventional sheets
      of work-hardening type alloy in forming properties and in strength after
      it is submitted to high temperature curing of paint coating. The alloy of
      the invention, particularly when rolled into a sheet, combined with its
      lightness in weight, may favorably extend its application into sheets to
      be worked, especially followed by paint coating to be cured at rather high
      temperatures, such as those for use of car bodies, rolling-stock and
      vairous containers, etc.
PAC  BACKGROUND OF THE INVENTION
PAR  Aluminum alloy, particularly in sheet form, is extremely useful because of
      its lightness in weight, proper strength, high corrosion resistance and
      easiness of forming. Paint coating processes are increasingly applied to
      various kinds of products of aluminum alloy sheet instead of the anodizing
      process which improves corrosion resistance. For example, cans, caps, and
      blinds fabricated from aluminum alloy sheet are preferably coated with
      paint which is baked or cured at high temperatures. Recently, however,
      such application is extending to those products which require high
      strength such as body plates or some structural members of buses,
      rolling-stock and motor cars. For aluminum alloy sheets to be formed by
      deep drawing, bending or press-forming, the Al-Mn-Mg or Al-Mg alloy of
      work-hardening type, such as AA-3004, AA-5052 or AA-5082, has been used up
      to this time. These alloy sheets are, however, susceptible to
      stretcher-strain marks on the worked or formed surfaces. The Al-Cu-Mg
      alloy, such as AU2G or X2036, which was developed for manufacturing
      car-body plates, is undesirable because its strength may be adversely
      effected by baking of coated surfaces. In such a case, therefore, the
      Al-Cu, Al-Mg-Si or Al-Zn-Mg of age-hardening type, such as AA-2017,
      AA-6061, AA-6151 or AA-7075 is recommended because the strength won't be
      adversely effected by the high temperature of baking, while such
      shortcomings as described below are on the other hand unavoidable to the
      latter:
PAR  1. The alloy of age-hardening type needs heat-treatment equipment, such as
      a salt-bath which makes it difficult to handle coiled material.
PAR  2. The to corrosion resistance Al-Cu or Al-Zn-Mg-Cu alloy of age-hardening
      type is inferior to that of work-hardening type in general.
PAR  3. Al-Mg-Si alloy is poor in strength and bulging properties.
PAR  4. Strength of Al-Zn-Mg alloy which is favored with relatively high
      corrosion resistance is comparable with that of hitherto used alloy, such
      as AA-3004, AA-5082 or AA-5083.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved aluminum
      alloy of age-hardening type which is free from such defects as described
      above.
PAR  It is another object of the present invention to provide an aluminum alloy
      to be rolled into a sheet which is free from stretcher-strain marks as
      well as isotropic.
PAR  It is a further object of the present invention to provide heat-treated
      aluminum alloy sheet which can be handled in a coiled form and has
      excellent properties in forming, particularly in deep drawing.
PAR  It is still another object of the present invention to provide aluminum
      alloy products having sufficient strength for the skin or structural
      members of vehicles and various products after coated surfaces have been
      baked or cured at higher temperatures.
PAR  Research and physical tests have been carried out successfully to achieve
      the above described objects and have proved that an aluminum alloy of
      age-hardening type has excellent properties for deep drawing, leaving no
      noticeable stretcher-strain mark and strengths, particularly high strength
      at softening state after being heated in a continuous rapid heating
      furnace and followed by an artificial age-hardening process.
DETD
PAC  DETAILED DESCRIPTION
PAR  Ranges in weight percents of various constituents which are or may be
      included in an alloy that falls within the scope of the present invention
      are set forth below in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Ranges of Components                                                      

     ______________________________________                                    

     Components                                                                

              Ranges in weight percents                                        

     ______________________________________                                    

     Copper   1.2 - 1.9                                                        

     Magnesium                                                                 

              0.4 - 1.0     indispensable                                      

     Silicon  0.3 - 0.8                                                        

     Vanadium 0.01 - 0.16                                                      

     Manganese                                                                 

              0.05 - 0.5    any one or more than one                           

     Chromium 0.02 - 0.2    of the elements as                                 

     Zirconium                                                                 

              0.02 - 0.2    necessary                                          

     Titanium 0.02 - 0.2                                                       

     ______________________________________                                    

PAR  Effects of various components of alloys of the invention and reasons of the
      ranges specified in Table I will be explained below. (Percentages used in
      this specification are all indicated by weight.)
PAR  Copper is a strengthening element and improves deep forming properties, but
      the strengthening effect will be reduced when its content is less than
      1.20 percent and the corrosion resistance may be decreased in case of more
      than 1.9 percent.
PAR  Magnesium has a strengthening effect on the alloy together with silicon,
      but the effect, as the test results have indicated, will be reduced when
      its content is less than 0.4 percent, and the forming characteristics and
      age-hardening properties will be unfavorably effected and stress-corrosion
      cracks may occur in case of more than 1.0 percent.
PAR  Silicon has the same influences as magnesium on the alloy when its content
      deviates from the range specified in Table I.
PAR  Vanadium serves to improve the strength at softening state and to atomize
      (minimize) the crystal particles. When its content is less than 0.01
      percent, the effects will be reduced and in the case of more than 0.16
      percent giant compounds of vanadium may generate within the ingot, and
      decrease the forming characteristics.
PAR  Manganese, chromium, zirconium and titanium have the same influences as
      vanadium on the alloy when their contents deviate respectively from the
      ranges specified in Table I. In general, cans and caps etc. are preferably
      coated after being formed, and heated at 200.degree.C - 260.degree.C for
      curing the coated paint. These elements serve to prevent the reduction of
      the strength at softening state which may occur after being heated as
      above.
PAR  The typical examples of the alloy of which weight percents of the various
      components are within the scope of the subject invention are set forth
      below in Table II.
TBL                                    TABLE II.                               

     __________________________________________________________________________

     Compositions of Aluminum-Base Alloys of                                   

     the Invention (weight percents)                                           

     Symbols for alloy                                                         

     of the invention                                                          

               Cu  Mg  Si  V   Mn  Cr  Zr  Ti                                  

     __________________________________________________________________________

     A         1.8 1.0 0.5 0.05                                                

                               --  --  --  --                                  

     B         1.7 0.8 0.6 --  --  0.15                                        

                                       --  --                                  

     C         1.8 0.5 0.5 --  --  --  --  0.02                                

     D         1.6 0.8 0.5 --  0.25                                            

                                   --  --  --                                  

     E         1.4 0.5 0.6 --  --  0.1 0.03                                    

                                           --                                  

     __________________________________________________________________________

PAR  Table III below presents several physical and mechanical properties of the
      alloys listed in Table II, compared to those of the conventional alloys.
      Tests are carried out with the alloy sheets of 0.8 mm thick and data are
      obtained on items such as stretcher-strain mark, tensile strength and
      elongation (ductility), Erichsen values (bulging property) and the values
      of yield strength after heating process (for 120 mins. at 180.degree.C)
      which is equivalent to the curing process of paint.
PAR  As seen from the data of Table III, every alloy of the subject invention
      has excellent properties for deep drawing without leaving any
      stretcher-strain mark, and strength, particularly the strength at
      softening state after being heated in a continuous rapid heating furnace
      and followed by an artificial age-hardening process. It should be noted
      that alloys of the invention show much improved strength after baking than
      conventional alloys in general.
TBL                                    TABLE III.                              

     __________________________________________________________________________

     Physical Properties of The Alloys                                         

             Test Item                                                         

                    Tensile                                                    

                          Yield Elon-                                          

                                    Erichsen                                   

                                          Limit of Stretcher                   

                                                          Yield Strength       

                    Strength                                                   

                          Strength                                             

                                gation                                         

                                    Value Drawing  Strain After Baking         

     Alloys         Kg/mm.sup.2                                                

                          Kg/mm.sup.2                                          

                                %   mm    Ratio (LDR)                          

                                                   Mark   Kg/mm.sup.2          

     Conditions                                                                

     __________________________________________________________________________

             A-T4   31.5  17.5  24  8.6   2.15     No     22.5                 

     Alloys of                                                                 

             B-T4   32.0  18.5  26  9.0   2.15     No     23.0                 

     The     C-T4   30.5  17.5  28  9.5   2.15     No     22.0                 

     Invention                                                                 

             D-T4   32.0  18.5  27  9.3   2.15     No     23.0                 

             E-T4   31.0  17.0  27  9.3   2.15     No     22.5                 

     __________________________________________________________________________

             A5052-0                                                           

                    20.0   9.5  24  9.0   2.12      Yes    9.5                 

             A5082-0                                                           

                    26.0  11.5  26  9.5   2.14      Yes   11.5                 

     Conventional                                                              

             A6061-T4                                                          

                    24.5  14.5  23  8.5   2.13     No     22.5                 

     Alloys  A6151-T4                                                          

                    28.0  16.5  22  8.2   2.13     No     25.5                 

             AU2G-T4                                                           

                    28.0  16.0  26  9.0   2.13     No     13.0                 

             X2036-T4                                                          

                    30.5  18.5  24  8.8   2.11     No     17.0                 

     __________________________________________________________________________

     (Symbols of the alloys of the invention correspond respectively to those  

     indicated in Table II.)                                                   

PAR  Now several embodiments of this invention will be presented with some test
      results as follows.
PAR  1. An aluminum alloy ingot (340 mm in thickness) containing 0.8 percent
      magnesium, 0.5 percent silicon, 1.8 percent copper and 0.03 percent
      vanadium was heat-treated for homogenization at 500.degree.C for 12 hours.
      Then the hot-rolling process at 480.degree.C was started followed by the
      cooling process (the forced cooling by water shower or air after and/or
      during the hot-rolling process) to be rolled finally to a sheet of 3 mm in
      thickness at the temperature of 240.degree.C. Then the sheet was
      cold-rolled to a thin sheet of 1 mm in thickness, and re-heated
      substantially at 550.degree.C on material for 20 seconds in a continuous
      rapid heating furnace (solution treatment). After the heating process, the
      sheet was air-cooled and tempered at 175.degree.C for 6 hours
      (precipitation process) (T6 condition), followed by air-cooling and then
      cold worked about to 50 percent. Subsequently the work was tempered at
      175.degree.C for 3 hours (T8 condition) followed by the baking process and
      dried at 200.degree.C for 10 min. Tensile strength and limit of drawing
      ratio (LDR) for the work were obtained respectively as belows:
TBL  Tensile Strength  LDR        Earing Ratio                                 

     ______________________________________                                    

     T6      35 Kg/mm.sup.2                                                    

                           2.15       None                                     

     T8      40 Kg/mm.sup.2                                                    

                           2.20       2%                                       

     ______________________________________                                    

PAR  No stretcher-strain mark was observed on each surface of them.
PAR  2. An aluminum alloy ingot (340 mm in thickness) containing 1.0 percent
      magnesium, 0.5 percent silicon, 1.8 percent copper and 0.12 percent
      vanadium was heat-treated for homogenization at 480.degree.C for 24 hours.
      Then the hot-rolling process at 480.degree.C was started followed by the
      cooling process to be rolled finally to a sheet of 3 mm in thickness at
      the temperature of 250.degree.C. Then the sheet was cold rolled to a thin
      sheet of 1 mm in thickness and thereafter the same processes as described
      in the embodiment (1) were carried out, and the test results were as
      belows:
TBL  Tensile Strength  LDR        Earing Ratio                                 

     ______________________________________                                    

     T6      40 Kg/mm.sup.2                                                    

                           2.15       None                                     

     T8      45 Kg/mm.sup.2                                                    

                           2.20       35                                       

     ______________________________________                                    

PAR  No stretcher-strain mark exists on each surface of them.
PAR  3. An aluminum alloy ingot (340 mm in thickness) containing 0.7 percent
      magnesium, 0.5 percent silicon, 1.7 percent copper and 0.02 percent
      titanium was heat-treated for homogenization at 500.degree.C for 8 hours.
      Then the hot-rolling process at 480.degree.C was started followed by the
      cooling process to be rolled finally to a sheet of 3 mm in thickness at
      the temperature of 240.degree.C. Then the sheet was cold rolled to a thin
      sheet of 0.8 mm in thickness, and re-heated substantially at 560.degree.C
      on material for 20 seconds in a continuous rapid heating furnace, followed
      by air-cooling (T4 condition). The sheets (T4 condition) were
      satisfactorily pressed into shapes of a hood, a trunk lid and a door plate
      of a motor car without leaving any stretcher-strain mark. Tests were
      carried out with the T4 conditioned sheet worked as described above and
      the worked sheet followed by baking process at 180.degree.C for 90 minutes
      to realize tensile strengths and deep drawing properties, of which values
      were comparable with those of mild steel.
TBL  ______________________________________                                    

             Tensile  Yield              Earing                                

             Strength Strength   LDR     Strength                              

     ______________________________________                                    

     T4 sheet  30 Kg/mm.sup.2                                                  

                          17 Kg/mm.sup.2                                       

                                     2.15  None                                

     worked                                                                    

     T4 sheet                                                                  

     worked,   35         22         --    --                                  

     painted                                                                   

     and cured                                                                 

     ______________________________________                                    

PAR  4. An aluminum alloy ingot (340 mm in thickness) containing 0.5 percent
      magnesium, 0.6 percent silicon, 1.4 percent copper, 0.1 percent chromium
      and 0.03 percent zirconium was heat-treated for homogenization at
      500.degree.C for 8 hours. Then the hot-rolling process at 480.degree.C was
      started followed by the cooling process to be rolled finally to a sheet of
      2 mm in thickness at the temperature of 250.degree.C. Then the sheet was
      cold rolled to a thin sheet of 0.24 mm in thickness and thereafter the
      same processes as described in the embodiment (3) were proceeded to
      produce T4 conditioned sheets. These sheets were successfully formed into
      some simple shapes of a can and caps, etc. through combination of deep
      drawing, re-drawing and spinning, and to a shape of a blind through
      bending. Tests were carried out with T4 conditioned sheet, T4 sheet worked
      as described above and the worked sheet followed by baking process at
      200.degree.C for 10  minutes to realize the tensile strengths and deep
      drawing properties.
TBL  ______________________________________                                    

                Tensile                                                        

                       Yield             Earing                                

                Strength                                                       

                       Strength LDR      Ratio                                 

                Kg/mm.sup.2                                                    

                       Kg/mm.sup.2                                             

     ______________________________________                                    

     T4 sheet     31       17       2.15   None                                

     T4 sheet, painted                                                         

     and cured    36       23       --     --                                  

     T4 sheet,                                                                 

     50% cold worked,                                                          

                  43       41       --     --                                  

     painted and cured                                                         

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aluminum alloy of age-hardening type consisting essentially of:
TBL               weight percent                                               

     ______________________________________                                    

     Cu             1.2 to 1.9                                                 

     Mg             0.4 to 1.0                                                 

     Si             0.3 to 0.8                                                 

     V              0.01 to 0.16                                               

     ______________________________________                                    

PAL  and balance aluminum and inevitable impurities.
NUM  2.
PAR  2. An aluminum alloy sheet made of aluminum alloy as claimed in claim 1,
      being solution heat-treated continuously at more than 450.degree.C for
      more than 10 seconds and being able to be handled in a coil form after
      said heat-treatment.
NUM  3.
PAR  3. An aluminum sheet in accordance with claim 2 having been coated with
      paint and baked at a temperature of from 150.degree.C to 250.degree.C.
NUM  4.
PAR  4. An aluminum alloy in accordance with claim 1 further including one or
      more of the following elements:
TBL               weight percent                                               

     ______________________________________                                    

     Mn             0.05 to 0.5                                                

     Cr             0.02 to 0.2                                                

     Zr             0.02 to 0.2                                                

     Ti             0.02 to 0.2.                                               

     ______________________________________                                    
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ABST
PAL  A process for the production of a copy from an original which includes
      creating a charge image on a hydrophobic photoconductive material,
      pre-developing the charge image by the application thereto of a
      hydrophilic solid substance, meniscally contacting the pre-developed image
      with an aqueous liquid and transferring the image onto a copy receiving
      material. The hydrophobic photoconductive material may be a charge
      transfer complex of polyvinyl carbazole and trinitrofluorenone. The
      hydrophilic solid substance may be water-insoluble starch, silica,
      iron-III-oxide, zinc oxide, methylene blue, nigrosin or acid violet.
BSUM
PAR  The present invention relates to a process for the production of a copy
      from an original wherein a charge image corresponding to the original is
      produced, the charge image is made visible by means of a developer, and is
      then transferred onto a copy receiving material.
PAR  Processes of this type have been described in many different variations
      within recent years, and these electrophotographic reproduction processes
      have gained great technical importance.
PAR  In what is probably the best known electrophotographic process, a
      two-component developer is used. Development is accomplished in a manner
      such that the toner component of the two-component developer adheres to
      the charged areas of the image. The toner image is then transferred onto a
      copy receiving material, preferably paper. The image made up of
      thermoplastic toner material must be fixed in order to render it fast to
      wiping. For this purpose, heat radiators, hot-air blowers and similar
      devices may be used. The fixing devices constitute a serious problem in
      electrophotographic reproduction techniques, because they have a very high
      energy consumption.
PAR  In another process, which has been recently proposed but not yet published,
      the development of the charge image present on the photoconductor is
      performed with the aid of tiny droplets of a tacky liquid suspended in a
      highly insulating liquid organic carrier.
PAR  Although this process yields excellent copies and eliminates the need for a
      fixing step requiring a high power input, it has the essential drawback
      that the liquid developer consists substantially of an organic solvent,
      such as "Isopar G" (a commercial product marketed by the Humble Oil and
      Refining Corporation, New York, N.Y., USA), and that a certain quantity of
      this organic solvent inevitably escapes into the surrounding air.
PAR  Finally, an electrophotographic process is known in which the charge image
      is developed by a so-called "ink-development". Despite its indisputable
      advantages, this process did not gain large-scale acceptance, because it
      involves the use of special recording materials.
PAR  It is the object of the present invention to provide an electrophotographic
      process which uses a re-usable photoconductor and plain paper as the
      recording material and which eliminates the fixing problems as well as the
      difficulties connected with organic liquid developers.
PAR  According to the present invention, this object is achieved by a process
      which is characterized in that the charge image is produced, in a manner
      known per se, on a hydrophobic material, especially a photoconductor
      layer, that the charge image is then pre-developed by means of a
      hydrophilic solid substance, that the pre-developed image is then treated
      with an aqueous liquid, and that the image thus produced is finally
      transferred onto a copy receiving material.
PAR  Suitable hydrophilic solid substances for pre-development are inorganic
      pigments, especially zinc oxide, iron-III-oxide and silica, or organic
      hydrophilic substances, especially starch or polyvinyl alcohol and
      water-soluble dyestuffs, especially methylene blue, nigrosin, or acid
      violet. The dyestuff may also be adsorbed by a hydrophilic carrier, for
      example precipitated silica. Suitable hydrophilic solid substances may be
      prepared by hydrophilizing the solid substances, e.g. by treatment with
      wetting agents. Suitable wetting solutions are colored aqueous solutions,
      e.g. aqueous solutions of organic dyestuffs, such as crystal violet or
      methylene blue solutions. If the hydrophilic solid substance itself
      effects a coloration, it may be sufficient to use only water for
      development.
PAR  Suitable hydrophobic supports for the charge image are organic
      photoconductors, such as oxadiazoles (German Pat. No. 1,058,836),
      triazoles (German Pat. No. 1,060,260), oxazoles (German Pat. No.
      1,120,875), benzthiazoles (German Pat. No. 1,137,025), polyvinyl carbazole
      (German Pat. No. 1,111,935), aniline-formaldehyde condensate (German Pat.
      No. 1,197,325), bromopyrene resin or selenium. Advantageously, hydrophobic
      binders are added during the preparation of the photoconductor layers. In
      order to improve their hydrophobic characteristics, the photoconductor
      layers may subsequently be provided with a thin hydrophobic top layer,
      preferably a layer of polymethyl siloxanes or polymeric fluorinated
      hydrocarbons, e.g., polytetrahydroperfluoro-alkyl acrylate.
PAR  By the process of the present invention, it is possible, for the first
      time, to apply an aqueous developing process to a charge image on a
      reusable photoconductor and to transfer the image onto plain paper. The
      degree of sizing or beating of the paper should not be too high, so that
      it readily accepts the aqueous image. On the other hand, the paper must
      not be unduly absorptive, because otherwise the image may tend to "run".
PAR  The present invention will now be described in detail by reference to the
      following non-limiting examples and to the attached drawing.
DETD
PAR  The single FIGURE of the drawing shows a diagrammatic section of an
      electrophotographic reproduction apparatus. A photoconductor 1 is
      stretched over a drum and is uniformly charged by means of a corona 2,
      then image-wise exposed in an exposure station 3, and pre-developed in a
      developing station 4. For pre-development, a two-component developer
      mixture consisting of magnetizable iron filings and one of the hydrophilic
      solid substances used in the examples is applied to the charge image by
      means of a magnet brush.
PAR  In this manner, a very weak, scarcely visible image 10 consisting of the
      hydrophilic solid substance is produced on the photoconductor 1. This
      pre-developed image 10 is then treated with an aqueous liquid 5 stored in
      a trough 6, which is in meniscal contact with the pre-developed
      photoconductor. Of course, the liquid may be applied by any other known
      method. At this stage of the process, the aqueous liquid 5 reaches only
      the image areas 10 which have already been pre-developed with the
      hydrophilic substance, whereas it is repelled by the hydrophobic
      photoconductor 1. In this manner, an aqueous image 11 is produced on the
      photoconductor. In the transfer station 7, this aqueous image 11 is
      transferred onto a copy receiving material 8, preferably paper. Finally,
      in the cleaning station 9, any traces of hydrophilic solid substance 10
      still adhering to the photoconductor are removed. This cleaning is
      particularly easy when the hydrophilic substance is a magnetizable
      material. In this case, cleaning may be performed simply by using a
      magnet.
PAR  The inventive process now will be described in more detail by reference to
      the following examples:
PAC  EXAMPLE 1
PAR  A photoconductor (polyvinyl carbazole/trinitrofluorenone film) was
      uniformly charged and image-wise exposed. The resulting charge image was
      developed by means of a magnet brush containing iron filings as the
      carrier particles. The iron filings were mixed with a small portion
      (approx. 1 percent by weight) of zinc oxide powder. After this treatment,
      an image-wise distributed thin layer of zinc oxide powder became visible
      on the photoconductor. This image was then treated with a 0.1 percent
      solution of crystal violet by immersing the photoconductor film in the
      wetting solution. The crystal violet solution deposited or collected in
      the areas of the photoconductor layer which carried the zinc oxide layer.
      The image thus produced was then transferred onto paper.
PAC  EXAMPLE 2
PAR  The method used in Example 1 was repeated, except that iron-III-oxide was
      used instead of zinc oxide. The image produced was approximately of the
      same quality as that obtained by the method described in Example 1.
PAC  EXAMPLE 3
PAR  The procedure described in Example 1 was repeated, using precipitated
      silica ("Quso H 40", a commercial product marketed by Philadelphia Quartz
      Company, Philadelphia 6, Pa., USA) as the hydrophilic solid substance. The
      copy produced was similar to that produced in Example 1.
PAC  EXAMPLE 4
PAR  The procedure described in the preceding example was repeated, except that
      a thin layer of polytetrahydroperfluoro alkyl acrylate was previously
      applied to the photoconductor in order to further increase its hydrophobic
      properties. A good image of the original was thus produced.
PAC  EXAMPLE 5
PAR  The procedure described in Example 1 was repeated, with the following
      variations: The hydrophilic solid substance used for pre-development was
      the already described precipitated silica, which, in this case, had been
      treated with 0.1 percent of "Sapogenat" (a commercial product marketed by
      Farbwerke Hoechst A. G., Frankfurt/M., Germany). The wetting solution was
      a 0.1 percent solution of methylene blue. In this case, too, a good image
      of the original was obtained.
PAC  EXAMPLE 6
PAR  An image was produced on the photoconductor as described in Example 1 and
      pre-developed with methylene blue as the hydrophilic solid substance. 1%
      of dyestuff was contained in the developer mixture of the magnet brush.
      For wetting, water was sprayed onto the developed image. The image of the
      original thus produced was of good quality, but showed a scum in the form
      of tiny blue dots.
PAC  EXAMPLE 7
PAR  The method described in the preceding example was repeated, using 0.5% of
      nigrosin in the developer mixture of the magnet brush. An image of the
      original was obtained which, although usable, was inferior in quality to
      the image obtained according to the preceding example.
PAC  EXAMPLE 8
PAR  The procedure described in the preceding example was repeated, using 0.5
      percent of acid violet as the hydrophilic solid substance. The copy
      produced did not quite reach the quality of the copy produced when using
      methylene blue.
PAC  EXAMPLE 9
PAR  The procedure described in Example 1 was repeated. The hydrophilic solid
      substance used was the above described silica "Quso H 40" which, in this
      case, had been treated with 150% of "Methylene Blue BB" and 1% of
      "Sapogenat T 130". The image was wetted with water sprayed from a spray
      gun. Upon transfer, a satisfactory image of the original was obtained. The
      high concentration of dyestuff necessary for producing the image is
      presumably due to the large interior surface of the precipitated silica,
      which causes the dyestuff to be released by the silica only at a very high
      concentration.
PAC  EXAMPLE 10
PAR  A crystal violet solution was used as already described, but
      pre-development was performed by means of a developer mixture consisting
      of 1 g of water-insoluble starch and 100 g of iron filings. A copy of good
      quality resulted.
PAR  All percentages disclosed are by weight unless otherwise indicated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of forming an electrophotographic copy from an original which
      comprises uniformly charging a photoconductive hydrophobic material by
      means of a corona, image-wise exposing the photoconductive hydrophobic
      material in an exposure station, pre-developing the exposed charge image
      to a hydrophilic image by means of a two-component developer powder
      consisting of a hydrophilic solid substance and a carrier material,
      developing the hydrophilic image with an aqueous liquid into an aqueous
      image and transferring the aqueous image thus produced onto a copy
      receiving material.
NUM  2.
PAR  2. The process according to claim 1, wherein the hydrophilic solid
      substance is a pigment.
NUM  3.
PAR  3. The process according to claim 2, wherein the pigment is selected from
      the group consisting of water-insoluble starch, silica, iron-III-oxide and
      zinc oxide.
NUM  4.
PAR  4. The process according to claim 1, wherein the hydrophilic solid
      substance is a water-soluble dyestuff.
NUM  5.
PAR  5. The process according to claim 4, wherein the water-soluble dyestuff is
      selected from the group consisting of methylene blue, nigrosin and acid
      violet.
NUM  6.
PAR  6. The process according to claim 4, wherein the aqueous liquid is water.
NUM  7.
PAR  7. The process according to claim 1, wherein the hydrophilic solid
      substance is precipitated silica.
NUM  8.
PAR  8. The process according to claim 7, wherein the precipitated silica
      contains a considerable quantity of a dyestuff.
NUM  9.
PAR  9. The process according to claim 8, wherein at least 150% of methylene
      blue is present in the precipitated silica, based upon the amount of
      silica.
NUM  10.
PAR  10. The process according to claim 1, wherein the hydrophobic material is
      an organic photoconductor.
NUM  11.
PAR  11. The process according to claim 10, wherein the organic photoconductor
      is a charge transfer complex of polyvinyl carbazole and
      trinitrofluorenone.
NUM  12.
PAR  12. The process according to claim 10 wherein the organic photoconductor is
      provided with a coating of a strongly hydrophobic material.
NUM  13.
PAR  13. The process according to claim 12 wherein the strongly hydrophobic
      material is selected from the group consisting of polymethyl siloxane and
      polymeric fluorinated hydrocarbons.
NUM  14.
PAR  14. The process according to claim 1, wherein the pre-developing is
      effected with a magnet brush and the hydrophilic solid substance contains
      iron filings.
NUM  15.
PAR  15. The process according to claim 12, wherein the pre-developing is
      effected with a magnet brush and the hydrophilic solid substance contains
      iron filings.
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PAL  Reproduction elements coated with organic photoconductors are made with
      improved and/or more widely selectable electrophotographic properties by
      employing in the photoconductive coating a donor-acceptor complex composed
      of a known organic electron donor having photo- or semiconductor
      properties, e.g. a poly-N-vinylcarbazole or polyvinylpyrene, and a
      N-(fluoren-9-ylidene)-aniline compound as an activating electron acceptor.
      Especially effective as the electron acceptor are certain new compounds,
      namely, p- and m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline and
      p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline.
BSUM
PAR  This invention relates to an electrophotographic reproduction element of
      the type comprising a suitable support having on it a photoconductive
      coating layer which contains a donor-acceptor complex formed of an
      electron donor having photo- or semiconductor properties and an electron
      acceptor.
PAR  A reproduction element of that type is known, for example, from German
      Auslegeschrift No. 1,111,935 which describes a reproduction element having
      a photoconductive layer formed of a polymer of N-vinylcarbazole containing
      one or more activators, with or without optical sensitizers. All the
      activators mentioned in that publication are compounds having a high
      electron affinity, called electron acceptors. Such electron acceptors,
      which may be considered as Lewis acids, are capable of forming
      donor-acceptor complexes, also called pi-complexes or charge transfer
      complexes (ct-complexes), with compounds which easily release electrons
      and are called electron donors.
PAR  While German Auslegeschrift No. 1,111,935 mentions only
      poly-N-vinylcarbazole as a photoconductive electron donor, in German
      Auslegeschrift No. 1,127,218 a whole series of photoconductive electron
      donors is enumerated which can be activated by electron acceptors when the
      amount of acceptor added is from about 0.1 to about 100 moles per 1,000
      moles of donor. German Auslegeschrift No. 1,219,795, an addition to German
      Auslegeschrift No. 1,127,218, further indicates that the amount of
      acceptor can be much greater: 10 to 10,000 moles per mole of donor.
PAR  Originally almost all Lewis acids were considered to be suitable for use as
      an activating acceptor, but soon a preference for the fluorenone compounds
      was developing. Also from the numerous organic compounds which had
      photoconductive properties, already soon one compound rose forward as
      being extremely suitable, namely, poly-N-vinylcarbazole (PVK).
PAR  Particularly in combination with PVK the fluorenone-compounds, and
      especially 2,4,7-trinitrofluorenone (TNF), yield highly light-sensitive
      layers. In this respect reference can be made to the Dutch application No.
      67,07,950, as well as to the article of R. M. Schaffert in I.B.M. Journ.
      Res. Develop. 15 75 (January 1971).
PAR  Hard attempts have been made to extend the number of classes of compounds
      which might be suitable as activating acceptors to the same extent as TNF.
PAR  Thus the class of the 9-dicyanomethylenefluorene-compounds or the
      9-fluorenylidenemalono-dinitrile-compounds is known from the Dutch
      applications Nos. 6,809,655, 6,814,856 and 7,013,324. The mechanism by
      which this sensitivity-increase is caused -- whether the compound has a
      sensitizing effect or the complex formed is photoconductive or has a
      sensitizing and/or activating effect -- is not known. Therefore the
      sensitivity-increasing compound which on account of its electron-accepting
      properties is capable of forming a pi-complex with photoconductive
      electron-donors, will henceforth be indicated neutrally with acceptor.
PAR  After all, practically speaking only two classes are known of pi-complex
      forming compounds which can be considered as acceptor for
      poly-N-vinylcarbazole -- which up to now has been the most attractive and
      the most applied photoconductor -- namely the above-mentioned fluorene-
      and fluorenone compounds. Out of both classes the compounds which are the
      most suitable and practically applicable, are the
      2,4,7-trinitroderivatives. It will be clear without more, that with such a
      limited assortment it is difficult to develop a reproduction-element,
      based on organic photoconductors, which in all facets will function to the
      best degree.
PAR  The invention not only enlarges the assortment of acceptors for organic
      photoconductive donors, especially poly-N-vinyl-carbazole, but also
      improves the availability of better acceptors for that purpose.
PAR  Thus the object of the invention is to provide an electrophotographic
      reproduction-element which in practice gives at least as much satisfaction
      as the known elements.
PAR  This is achieved by selecting an electophotographic reproduction-element
      which comprises a suitable support with a photoconductive coating-layer on
      it which layer contains a donor-acceptor complex, which is built up of an
      electron-donor with photo- or semiconductor properties, and of an
      electron-acceptor, characterized in that the acceptor is a compound of the
      formula I:
      ##SPC1##
PAL  in which R stands for one or more electron-attracting compounds known by
      themselves and/or for a lower alkyl or alkoxy group or for a hydrogen
      atom, while each of the symbols R' and R" which may be the same or
      different, represents a hydrogen atom or one or more electron-attracting
      groups known by themselves, on the understanding that at least one of the
      symbols R' and R" does not represent a hydrogen atom. Electron-attracting
      groups known by themselves are for instance: a halogen atom, a nitro,
      cyano, acid, ester, alkylsulfinyl, alkylsulfonyl and a trifluoromethyl
      group, whereby an acid group -- and therefore also an ester group -- may
      be both a carboxylic acid group or a sulfonic acid group.
PAR  A lower alkyl group relates in this case to an alkyl group in which the
      number of carbon atoms can vary from 1 to 6, and in which if so required
      one or more hydrogen atoms may have been replaced by electron-attracting
      groups. The same also relates to the alkyl residue in the alkoxy group.
PAR  Groups as: CH.sub.3, CHCl.sub.2, CCl.sub.3, OCH.sub.3, OCF.sub.3 and such
      like can be taken into consideration.
PAR  Preferably a compound is used in which the symbol R stands for one or more
      electron-attracting groups, known by themselves, and/or for a methoxy
      group or hydrogen atom, while each of the symbols R' and R", which may be
      the same or different, represents a hydrogen atom or one or more nitro
      groups, but whereby again at least one of the symbols R' and R" does not
      represent a hydrogen atom. The symbol R stands specially for one or more
      of the electron-attracting substituents nitro, halogen, trifluoromethyl
      and methylsulfonyl, or for a hydrogen atom.
PAR  It has appeared that, in relation to the nitrogen atom which forms the link
      between the fluorene- and the benzene-residue, R must preferably take up
      the para- or meta-position.
PAR  Examples of acceptors suitable according to the invention are:
PA0  1. N-(2-nitrofluoren-9-ylidene)-aniline
PA0  2. N-(2,5-dinitrofluoren-9-ylidene)-aniline
PA0  3. N-(2,7-dinitrofluoren-9-ylidene)-aniline
PA0  4. N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  5. N-(2,4,5,7-tetranitrofluoren-9-ylidene-aniline
PA0  6. p-fluoro-N-(2-nitrofluoren-9-ylidene)-aniline
PA0  7. p-chloro-N-(2-nitrofluoren-9-ylidene)-aniline
PA0  8. p-fluoro-N-(2,5-dinitrofluoren-9-ylidene)-aniline
PA0  9. p-fluoro-N-(2,7-dinitrofluoren-9-ylidene)-aniline
PA0  10. p-chloro-N-(2,5-dinitrofluoren-9-ylidene)-aniline
PA0  11. p-chloro-N-(2,7-dinitrofluoren-9-ylidene)-aniline
PA0  12. p-nitro-N-(2,7-dinitrofluoren-9-ylidene)-aniline
PA0  13. p-fluoro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  14. p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  15. m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  16. p-bromo-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  17. o-bromo-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  18. p-chloro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  19. m-chloro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  20. p-trifluoromethyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  21. p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  22. p-methoxy-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  23. 3,4-dichloro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  24. 2,5-dichloro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  25. 2-chloro-5-methoxy-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  26. 4-chloro-3-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  27. 4-chloro-2-methyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  28. p-nitro-N-(2,4,5,7-tetranitrofluoren-9-ylidene)-aniline
PAR  It is supposed that the complex-formation and therefore also the
      sensitivity-increasing effect of the N-(fluoren-9-ylidene)-aniline
      compounds depends on the electron-attracting effect of the substituents
      carried by the compounds.
PAR  The strongly electron-attracting nitro groups are preferred as
      substituents.
PAR  As acceptor according to the invention preferably p- or m-
      nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline or
      p-methyl-sulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline of the
      formula II respectively III respectively IV as shown below are used:
      ##SPC2##
PAR  In principle the acceptors according to the invention can be applied with
      each electron-releasing photoconductor with which a donor-acceptor complex
      can be formed.
PAR  Especially with poly-N-vinylcarbazole or polyvinylpyrene, substituted or
      non-substituted, a very active complex is formed. But also with other
      photoconductors such as N-ethylcarbazole,
      2,5-bis-(4-aminophenyl)-1,3,4-oxadiazole and
      2,5-bis(4-dialkylaminophenyl)-1,3,4-oxadiazole or poly-9-vinylanthracene,
      substituted or non-substituted, light-sensitive donor-acceptor complexes
      are formed.
PAR  The invention adds a new class of acceptors, being very suitable for the
      electrophotographic copying process, to the two classes already known.
      Especially in combination with poly-N-vinylcarbazole or polyvinylpyrene,
      halogenated or non-halogenated, the compounds of this new class of
      acceptors yield an electrophotographic reproduction-element which, with
      regard to all properties which are important for a reproduction-element,
      such as discharge-speed in dark and light, memory-effect and
      contrast-reproduction, can excellently stand a comparison with the best
      reproduction-elements known so far based on organic photoconductors.
PAR  In proportion to the amount of photoconductor the amount of acceptor added
      can vary within very wide limits. The lower limit is determined by that
      amount which still exercises an activating effect on the photoconductor.
      This lower limit appears to lie near the limit, already mentioned in
      earlier literature, of 0.001 mole per 1 mole of photoconductor, which with
      regard to polymers is calculated to the monomeric unit. The upper limit is
      determined by the solubility of the acceptor in the solvent. For the
      combination of PVK or polyvinylpyrene with one of the preferential
      compounds, such as p- or
      m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline, or
      p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline, this upper
      limit lies for instance near the mole-proportion 1:1.
PAR  The amounts of acceptor preferably lie in the range between the 0.02 and 1
      mole per mole of photoconductor, calculated to the monomeric unit.
PAR  The reproduction-elements according to the invention are obtained by
      coating a suitable support with a photoconductive composition which
      contains a donor-acceptor complex according to the invention. The support
      may consist of i.a. a metal plate or foil, a plastic foil, on which a
      conductive layer has been applied, or of paper which is either
      sufficiently conductive from origin, for instance by impregnation in the
      paper-mill with conductive materials, or which is made conductive by
      providing it with a conductive layer, for instance a layer containing
      carbon.
PAR  It stands to reason, that in addition to the electron-donor and the
      electron-acceptor according to the invention the light-sensitive layer may
      contain one or more photoconductors and/or one or more
      lightsensitivity-increasing compounds.
PAR  When the electron-donor itself does not possess any filmforming properties,
      a binder can be added for that purpose. The thickness of the
      photoconductive layers is not critical and can vary within fairly spacious
      limits. In general a thickness of 3-10 .mu. is already sufficient to give
      practically usable layers, but also thicker layers, for instance of 20
      .mu., are suitable.
PAR  The reproduction-elements according to the invention can be used both in
      the direct and in the indirect electrophotographic copying process. With
      the direct electrophotographic process the latent image formed on the
      reproduction-element is developed and fixed. With the indirect process the
      latent image is either first transferred to a receiving material, such as
      paper, and developed and fixed on it, or is first developed, after which
      the loose powder-image is transferred to a receiving-material and fixed on
      it. The reproduction-elements can be positively and negatively charged.
PAR  The invention further relates to a process for preparing a composition
      which is suitable for the manufacture of a reproduction-element according
      to the invention, whereby a mixture is prepared of an organic
      electron-donor compound with photo- or semiconductor properties and of an
      organic electron-acceptor compound, by which a donor-acceptor complex is
      formed.
PAR  This process is characterized in that as acceptor a compound of formula I
      shown hereinabove is selected, in which R stands for one or more
      electron-attracting groups, known by themselves, and/or for a lower alkyl
      or alkoxy group, or for a hydrogen atom, while each of the symbols R' and
      R", which may be the same or different, represents a hydrogen atom or one
      or more electron-attracting groups known by themselves, with the
      understanding that at least one of the symbols R' and R" does not
      represent a hydrogen atom.
PAR  Although some of the fluoren-9-ylidene-anilines now proposed were already
      compounds known by themselves, it was not known that they tend to accept
      electrons from other compounds, by which they are capable of forming
      donor-acceptor complexes with these compounds. Therefore their application
      as complex-forming acceptor in the electrophotographic coyping process is
      new and not obvious.
PAR  The compounds of formula I shown hereinabove, in which each of the symbols
      R' and R", which may be the same or different, represents a hydrogen atom
      or one or more nitro groups and whereby R stands for a nitro group, a
      trifluoromethyl or for a methylsulfonyl group, are new. To these belong
      also the preferential compounds m- and
      p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline and
      p-methyl-sulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline.
PAR  For the preparation of the acceptors reference can be made to the articles
      of Taylor and Fletcher in J. Org. Chem. 21, 523-527 (1956), J. Am. Chem.
      Soc. 80, 2246-2249 (1958) and J. Org. Chem. 26, 940-942 (1961).
PAR  Also the above-mentioned new compounds can be prepared in an analogous way.
PAR  The invention further relates to an image-support which is characterized in
      that the image is made on a reproduction-element according to the
      invention.
PAR  The following examples serve to illustrate the invention.
DETD
PAC  EXAMPLES
PAR  With the examples 1-8 the mole-proportion donor:acceptor was about 20:1,
      with the examples 9-12 about 2:1.
PAC  EXAMPLE 1.
PAR  To a solution of 1.5 g of PVK in 10 ml of monochlorobenzene a solution of
      0.169 g of m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline in 10 ml of
      1,4-dioxane was added. The two solutions were added in warm condition to
      each other and were stirred for some time at a temperature of 60.degree.C.
      After the solution had been cooled down again to room temperature, an
      aluminium support was coated by means of this composition with a
      lightsensitive layer of 2-3 .mu. thickness, by which an
      electrophotographic reproduction-element was obtained. By means of a
      corona charging device this element was charged to a negative potential of
      300 V. Upon exposure with a glowlamp the amount of luxsec required to
      reduce the potential to 10% of the original value, was 170.
PAR  The positive charging was 210 V. The 10%-sensitivity now was 200 luxsec.
PAR  For a corresponding layer consisting of PVK + TNF the 10%-sensitivity was
      185 luxsec for a layer charged negatively and 190 luxsec for a layer
      charged positively.
PAC  EXAMPLES 2-8.
PAR  Seven solutions were prepared of 1.5 g of PVK in 10 ml of
      monochlorobenzene. By adding one of the following acceptors:
PA0  1) 0.151 g of N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  2) 0.169 g of p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  3) 0.183 g of p-bromo-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  4) 0.178 g of
      p-(.alpha.,.alpha.,.alpha.-trifluoromethyl)-N-(2,4,7-trinitrofluoren-9-yli
     dene)-aniline
PA0  5) 0.182 g of 4-chloro -3-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  6) 0.178 g of 3,4-dichloro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA0  7) 0.204 g of p-nitro-N-(2,4,5,7-tetranitrofluoren-9-ylidene)-aniline.1/2
      dioxane
PAL  each dissolved in 10 ml of 1,4-dioxane, seven different compositions were
      prepared, by means of which seven electrophotographic
      reproduction-elements were obtained in a similar way as mentioned under
      example 1.
PAR  Upon exposure with a glow-lamp the 10%-sensitivity for the various elements
      subsequently was:
TBL  with positive charging                                                    

                         with negative charging                                

     ______________________________________                                    

     1)    500 luxsec        475 luxsec                                        

     2)    190 luxsec        170 luxsec                                        

     3)    455 luxsec        340 luxsec                                        

     4)    215 luxsec        300 luxsec                                        

     5)    185 luxsec        215 luxsec                                        

     6)    285 luxsec        285 luxsec                                        

     7)    185 luxsec        195 luxsec                                        

     ______________________________________                                    

PAC  EXAMPLE 9.
PAR  1.02 g of p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline was solved in
      12 ml of 1,4-dioxane, whilst heating to about 60.degree.C. This solution
      was added to a solution of 0.9 g of PVK in 11 ml of tetrahydrofurane.
      After the whole was cooled down to about 20.degree.C, an aluminium support
      was coated with a light-sensitive layer of 2-3 .mu. thick with the aid of
      the composition thus obtained. In this way an electrophotographic
      reproduction-element was obtained. By means of a corona charging device
      this element was charged to a positive potential of 200 V. Upon exposure
      with a glow-lamp the number of luxsec required to reduce the potential to
      10% of the original value, was 47. The negative charging which could be
      given to the layer, was 420 V. The 10%-sensitivity now amounted to 45
      luxsec.
PAR  By way of comparison two reproduction-elements were manufactured by coating
      an aluminium support with a layer of PVK + TNF of 2-3 .mu. thickness in a
      mole-proportion of subsequently 2:1 and 1:1.
PAR  The 10%-sensitivities for both elements amounted to respectively:
TBL         with positive charging                                             

                          with negative charging                               

     ______________________________________                                    

     PVK+TNF  83 luxsec       72 luxsec                                        

     (2 : 1)                                                                   

     PVK+TNF  47 luxsec       47 luxsec                                        

     (1 : 1)                                                                   

     ______________________________________                                    

PAR  From this it appears, that a reproduction-element according to the
      invention, which contains a photoconductive layer consisting of PVK and
      p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline in a mole-proportion
      of 2:1, is as sensitive as the most rapid reproduction-element, known so
      far and based on an organic photoconductor, namely one which bears a
      photoconductive layer of PVK and TNF in the mole-proportion 1:1. This
      means that the acceptor according to the invention is more active than
      TNF.
PAC  EXAMPLE 10.
PAR  When the acceptor used in the preceding example was replaced by
      m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline, the result obtained
      was:
PA1  positive charging to 305 V; 10%-sensitivity 62 luxsec
PA1  negative charging to 340 V; 10%-sensitivity 80 luxsec.
PAC  EXAMPLE 11-12.
PAR  While maintaining the proportion donor:acceptor = 2:1, the acceptor used in
      the preceding example was replaced by:
PA1  1. N-(2,4,7-trinitrofluoren-9-ylidene)-aniline
PA1  2. p-(.alpha., .alpha.,
      .alpha.-trifluoromethyl)-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline.
PAR  The results obtained (charging and 10%-sensitivity) were respectively:
     with positive charging                                                    

                         with negative charging                                

     ______________________________________                                    

     1)    285 V ; 175 luxsec                                                  

                             435 V ; 135 luxsec                                

     2)    235 V ; 110 luxsec                                                  

                             320 V ; 125 luxsec                                

     ______________________________________                                    

PAC  EXAMPLE 13.
PAR  For obtaining a copy a reproduction-element according to the invention, for
      instance one obtained according to example 9 or 10, was charged by means
      of a 7 kV corona charging device, which could be both a positive and a
      negative charging. Subsequently the reproduction-element was image-wise
      exposed in an enlargement-apparatus for about 31/2 seconds, whereby the
      intensity of the incident light on the surface of the element was 30-35
      lux. The latent charge-pattern was developed with a powder-developer, the
      powder-image thus obtained was covered with a sheet of paper (for instance
      Diapost-paper of Oce-van der Grinten N.V.) and subsequently it was
      transferred by means of an electric field to the paper. After fixing a
      nice, sharp image was produced on the paper.
PAC  EXAMPLE 14.
PAR  To a warm solution of 1.5 g of poly-1-vinylpyrene in 10 ml of
      monochlorobenzene a warm solution of 0.143 g of
      p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline in 7 ml of 1,4-dioxane
      was added, after which the mixture was stirred for some time at a
      temperature of about 60.degree.C.
PAR  The proportion donor:acceptor was 20:1.
PAR  In the way mentioned in example 1 an electrophotographic
      reproduction-element was manufactured with this composition and was
      subsequently tested.
PAR  The results were:
PA1  negative charging to 260 V; 10%-sensitivity 190 luxsec
PA1  positive charging to 240 V; 10%-sensitivity 120 luxsec
PAC  EXAMPLE 15.
PAR  When in the preceding example the proportion donor:acceptor was brought at
      5:1, the results obtained were:
PA1  negative charging to 345 V; 10%-sensitivity 62 luxsec
PA1  positive charging to 230 V; 10%-sensitivity 60 luxsec
PAR  By way of comparison a reproduction-element was manufactured by coating an
      aluminium support with a layer of PVK + TNF of 2-3 .mu. thickness in a
      mole-proportion of 5:1.
PAR  The 10%-sensitivity of this element was 105 luxsec at a negative and 120
      luxsec at a positive charging.
PAR  This implies, that the sensitivity of this element is almost twice as small
      as that of the element according to the invention.
PAC  EXAMPLE 16.
PAR  Polyvinylpyrene was converted by means of a brominating agent such as
      dioxane dibromide, into brominated polyvinylpyrene in which the proportion
      of the monomeric unit vinylpyrene to bromine was about 1:1.
PAR  0.7 g of the brominated polyvinylpyrene thus obtained was dissolved under
      heating in 7 ml of o-dichlorobenzene. At about 60.degree.C a solution of
      91 mg of p-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline in 2 ml of
      tetrahydrofurane was added, so that the mole-proportion donor:acceptor was
      about 10:1. In a way similar to the way described in example 1 an electro
      photographic reproduction-element was manufactured by means of this
      composition and was subsequently tested.
PAR  The results were:
PA1  positive charging to 170 V; 10%-sensitivity 82 luxsec
PA1  negative charging to 160 V; 10%-sensitivity 71 luxsec
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic reproduction element comprising a support having
      on it a photoconductive coating layer which contains a donor-acceptor
      complex formed of an electron donor having photo- or semiconductor
      properties and an electron acceptor, wherein the electron acceptor is a
      compound of the formula
      ##SPC3##
PAL  in which R represents one or more moieties selected from the group
      consisting of hydrogen and halogen atoms and lower alkyl, lower alkoxy,
      nitro, cyano, carboxylic acid, carboxylic ester, sulfonic acid, sulfonic
      ester, alkylsulfinyl, alkylsulfonyl and trifluoromethyl substituents and
      R' and R" each represents a hydrogen atom or one or more nitro groups but
      at least one of R' and R" is not a hydrogen atom.
NUM  2.
PAR  2. An electrophotographic reproduction element according to claim 1,
      wherein R is a methoxy group.
NUM  3.
PAR  3. An electrophotographic reproduction element according to claim 1,
      wherein R is selected from the group consisting of nitro, halogen,
      trifluoromethyl and methylsulfonyl substituents or is a hydrogen atom.
NUM  4.
PAR  4. An electrophotographic reproduction element according to claim 1,
      wherein R is in the para or meta position relative to the nitrogen atom
      which forms the link between the fluorene and benzene residues.
NUM  5.
PAR  5. An electrophotographic reproduction element according to claim 1,
      wherein the electron acceptor is p- or
      m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline or
      p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline.
NUM  6.
PAR  6. A photoconductive composition for use in the coating layer of an
      electrophotographic reproduction element, comprising in admixture an
      organic electron donor having photo- or semiconductive properties and an
      organic electron acceptor that forms a donor-acceptor complex with said
      donor, said acceptor being a compound of the formula
      ##SPC4##
PAL  in which R represents one or more moieties selected from the group
      consisting of hydrogen and halogen atoms and lower alkyl, lower alkoxy,
      nitro, cyano, carboxylic acid, carboxylic ester, sulfonic acid, sulfonic
      ester, alkylsulfinyl, alkylsulfonyl and trifluoromethyl substituents and
      R' and R" each represents a hydrogen atom or one or more nitro groups but
      at least one of R' and R" is not a hydrogen atom.
NUM  7.
PAR  7. A compound of the formula
      ##SPC5##
PAL  in which R is a nitro, trifluoromethyl or methyl sulfonyl group and R' and
      R" each is a hydrogen atom or one or more nitro groups, but at least one
      of R' and R" is not a hydrogen atom.
NUM  8.
PAR  8. A compound according to claim 7, selected from the group consisting of
      p- or m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline and
      p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline.
NUM  9.
PAR  9. An electrophotographic reproduction element according to claim 1,
      carrying an electrophotographic image on the photoconductive coating layer
      thereof.
NUM  10.
PAR  10. An electrophotographic reproduction element according to claim 1, said
      electron donor being a poly-N-vinyl carbazole or a polyvinyl pyrene.
NUM  11.
PAR  11. An electrophotographic reproduction element according to claim 1, said
      electron donor being a poly-N-vinyl carbazole or a polyvinyl pyrene and
      said electron acceptor being p- or
      m-nitro-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline or
      p-methylsulfonyl-N-(2,4,7-trinitrofluorene-9-ylidene)-aniline, said
      acceptor being present in a molar ratio of between 0.02 and 1 to the
      amount of such donor calculated to the monomeric unit thereof.
NUM  12.
PAR  12. An electrophotographic reproduction element according to claim 1, said
      electron donor being a poly-N-vinyl carbazole or a polyvinyl pyrene and
      said electron acceptor being p-nitro-N-(2,4,
      7-trinitrofluorene-9-ylidene)-aniline and being present in a molar ratio
      of between 0.02 and 1 to the amount of said donor calculated to the
      monomeric unit thereof.
NUM  13.
PAR  13. A photoconductive composition according to claim 6, said electron donor
      being a poly-N-vinyl carbazole or a polyvinyl pyrene.
NUM  14.
PAR  14. A photoconductive composition according to claim 6, said electron donor
      being a poly-N-vinyl carbazole or a polyvinyl pyrene and said electron
      acceptor being p- or m-nitro-N-(2,4,7-trinitrofluorene-9-ylidene)- aniline
      or p-methylsulfonyl-N-(2,4,7-trinitrofluoren-9-ylidene)-aniline, said
      acceptor being present in a molar ratio of between 0.02 and 1 to the
      amount of said donor calculated to the monomeric unit thereof.
NUM  15.
PAR  15. A photoconductive composition according to claim 6, said electron donor
      being a poly-N-vinyl carbazole or a polyvinyl pyrene and said electron
      acceptor being p-nitro-N-(2,4, 7-trinitrofluorene-9-ylidene)-aniline and
      being present in a molar ratio of between 0.02 and 1 to the amount of said
      donor calculated to the monomeric unit thereof.
NUM  16.
PAR  16. A compound according to claim 7, namely,
      p-nitro-N-(2,4,7-trinitrofluorene-9-ylidene)-aniline.
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PAL  My invention is directed to a photographic element capable of forming
      either a positive or a negative image, depending upon the choice of
      electromagnetic wavelengths to which it is exposed. The element inludes
      internally fogged photographic silver halide grains which are
      substantially free of surface fog. Associated with the grains is a
      desensitizer containing an imidazoquinoxaline nucleus having a reduction
      potential more positive than -0.90 volts and an oxidation potential more
      positive than +0.80 volt. The desensitizer is present in an amount of no
      more than that required to cover 25 percent of the silver halide grain
      surfaces. Also associated with the grains is a spectral sensitizing dye
      having an absorption peak at least 20 nm removed from any absorption peak
      exhibited by the desensitizer. The photographic element is selectively
      exposed to electromagnetic radiation of a wavelength to which the silver
      halide grains are predominantly desensitized or sensitized and then
      developed in an internal image developer to form either a positive or a
      negative image.
BSUM
PAR  My invention is directed to a photographic element and to a process for its
      use which permits the selective formation of either positive or negative
      photographic images.
PAC  BACKGROUND OF THE INVENTION
PAR  Research Disclosure, Volume 104 , published December 1972, Item 10442,
      titled "Selective Reversal Sensitization of Spectrally Sensitized Silver
      Chloride", discloses a photographic element capable of forming either a
      positive or negative image, depending upon the wavelengths and sequence of
      exposures. The exposures are believed to control the surface pAg of a
      photographic silver chloride emulsion so as to supersensitize
      direct-positive image formation in the spectrally sensitized region of the
      spectrum or enhance the negative image-forming capability in the region of
      absorption of the silver chloride. In employing this approach to forming a
      positive or negative image no desensitizer is disclosed in association
      with the silver chloride emulsion.
PAR  In Gilman et al U.S. Pat. No. 3,772,030, issued Nov. 13, 1973, a
      photographic emulsion and element are disclosed capable of producing
      direct-positive photographic images with an internally fogged
      photosensitive silver halide having grains free of surface fog and having
      on the surface of the silver halide grains a desensitizing compound having
      a polarographic reduction potential less negative than -1.00 volt and a
      polarographic oxidation potential more positive than +0.76 volt.
      Desensitizing compounds are thought to be useful in concentrations of from
      10 to 800 milligrams per mole of silver. In one optional form a
      sensitizing dye can be employed in combination with the desensitizer. In
      the only specific teachings of emulsions containing both desensitizing
      compounds and sensitizing dyes, the desensitizer is present in a
      concentration of at least 200 milligrams per mole of silver in an emulsion
      having an average grain size of 0.35 micron in diameter. This corresponds
      to an average surface coverage of approximately 50 percent of the surface
      area of the silver halide grains.
PAC  SUMMARY OF THE INVENTION
PAR  I have invented a photographic element of quite unexpected properties in
      that it is capable of selectively forming either positive or negative
      photographic images. I accomplish this through the use of internally
      fogged photographic silver halide grains which are substantially free of
      surface fog and which have associated with the surface of these grains a
      novel combination of desensitizer and a sensitizing dye. My discovery is
      particularly unexpected since it had previously been thought by both I and
      others skilled in the art, based on the investigations of similar
      combinations of desensitizers and sensitizing dyes, that only
      direct-positive images would be obtained. I have further illustrated the
      surprising quality of my discovery by demonstrating that desensitizers of
      a type considered by those skilled in the art to be generally analogous to
      those employed in the practice of my invention do not behave similarly in
      that they do not permit the selective formation of either positive or
      negative photographic images in the manner of my discovery.
PAR  In one aspect then, my invention is directed to a photographic element
      capable of forming either a positive or a negative image, depending upon
      the choice of electromagnetic radiation wavelengths to which it is
      exposed. The photographic element is comprised of a support and, as a
      coating thereon, a layer comprising internally fogged photographic silver
      bromide grains which are substantially free of surface fog. Associated
      with the surface of the grains is a desensitizer containing an
      imidazoquinoxaline nucleus having a reduction potential more positive than
      -0.90 volt and an oxidation potential more positive than +0.80 volt. The
      desensitizer is present in a desensitizing amount sufficient to cover less
      than 25 percent of the surface of the silver halide grains. Also
      associated with the surface of the silver halide grains is at least 0.5
      times the amount of the desensitizer of a spectral sensitizing dye having
      an absorption peak at least 20 nm removed from any absorption peak
      exhibited by the desensitizer.
PAR  In another aspect, my invention is directed to a process of selectively
      forming either a positive or a negative photographic image comprising
      providing a photographic element as described above, selectively exposing
      the coating of the photographic element to electromagnetic radiation
      within which the silver halide grain surfaces are predominantly
      desensitized or selectively exposing the coating to electromagnetic
      radiation within a wavelength range within which the silver halide grain
      surfaces are predominantly sensitized and then developing with an internal
      image developer to form a positive image.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Silver Halide
PAR  The silver halide grains employed in the practice of my invention are those
      which are internally fogged and which are substantially free of surface
      fog. Silver halide grains having internal latent image sites and which are
      substantially free of surface fog can also be used in the practice of my
      invention, provided they are uniformly exposed to produce internal fog.
      Exemplary of internally fogged silver halide grains which are
      substantially free of surface fog are those disclosed in Miller U.S. Pat.
      No. 3,767,413, issued Oct. 23, 1973; Luckey et al U.S. Pat. No. 2,996,382,
      issued Aug. 15, 1961. Davey et al U.S. Pat. No. 2,592,250, issued May 8,
      1952; Porter et al U.S. Pat. No. 3,206,313, issued Sept. 14, 1965; Milton
      U.S. Pat. No. 3,761,266, issued Sept. 25, 1973; Ridgway U.S. Pat. No.
      3,586,505, issued June 22, 1971; Gilman et al U.S. Pat. No. 3,772,030,
      issued Nov. 13, 1973 and Gilman et al U.S. Pat. No. 3,761,267, issued
      Sept. 25, 1973, disclose internal latent image emulsions that can be
      employed, provided they are uniformly exposed to produce internal fog.
      Provided the formation of surface fog is avoided, internally fogged and
      internal latent image emulsions useful in the practice of my invention can
      be formed also according to the teachings of Ives U.S. Pat. No. 2,588,982,
      issued Mar. 11, 1952; Falleson U.S. Pat. No. 2,497,875, issued Feb. 21,
      1950; Berriman U.S. Pat. No. 3,367,778,  issued Feb. 6, 1968; Illingsworth
      U.S. Pat. No. 3,632,340, issued Sept. 9, 1968; Evans U.S. Pat. No.
      3,761,276, issued Sept. 25, 1973 and similar patents.
PAR  The silver halide grains are preferably silver bromide grains--e.g., silver
      bromide, silver bromoiodide, silver chlorobromide, silver
      chlorobromoiodide crystals and mixtures thereof. Internal image sites can
      be incorporated into the grains by either physical or chemical internal
      sensitization. Davey et al, cited above, for example, teaches the
      formation physically of internal image sites through the use of more than
      one halide. Chemical internal sensitization can be achieved through the
      use of sulfur, gold, selenium, tellurium and/or reduction sensitizers, as
      described, for example, in Sheppard et al U.S. Pat. No. 1,623,499, issued
      Apr. 5, 1927; Waller et al U.S. Pat. No. 2,399,083, issued Apr. 23, 1946;
      McVeigh U.S. Pat. No. 3,297,447, issued Jan. 10, 1967 and Dunn U.S. Pat.
      No. 3,297,446, issued Jan. 10, 1967. Internal latent image sites can also
      be formed through the incorporation of metal dopants, particularly group
      VIII platinum metals such as ruthenium, rhodium, palladium, iridium,
      osmium and platinum, as taught by Berriman, cited above, for example. In a
      preferred form the silver halide grains can be formed by occluding a
      dopant within the grains during precipitation of silver halide. In an
      alternate form a core grain can be formed which is treated to form the
      internal latent image or fog sites and then a shell deposited over the
      core grains, as taught by Porter et al, cited above, for example. Exposure
      to light can be used to fog the silver halide core grains.
PAR  In one preferred form, an internally fogged silver halide substantially
      free of surface fog according to the present invention can be
      characterized as one which when examined according to normal photographic
      testing techniques, by coating a test portion on a silver support with no
      image exposure and developing for about 5 minutes at 20.degree.C. using
      Kodak Developer D-19 (surface developer) will provide a density of less
      than 0.4 and preferably less than 0.25. When a separate coated sample of
      such emulsion is developed for about 5 minutes at 20.degree.C. in Kodak
      Developer D-19, additionally containing 0.50 g of potassium iodide per
      liter (internal developer), it will have a maximum density greater than
      0.5. The compositions of Kodak Developer D-19 is as follows:
TBL  N-methyl-p-aminophenol sulfate                                            

                             2.0 g                                             

     sodium sulfite          90.9 g                                            

     hydroquinone            8.0 g                                             

     sodium carbonate, monohydrated                                            

                             52.5 g                                            

     potassium bromide       5.0 g                                             

     water to make           1 liter.                                          

PAR  Desensitizer
PAR  Associated with the surface of the silver halide grains is a desensitizer
      containing an imidazoquinoxaline nucleus and exhibiting a reduction
      potential more positive than -0.90 volt and an oxidation potential more
      positive than +0.80 volt. The reduction potential is also known as the
      cathodic halfwave potential (E.sub.c). The oxidation potential is also
      known as the anodic halfwave potential (E.sub.a). In certain embodiments
      the useful desensitizing compounds have an anodic halfwave potential more
      positive than +0.90 volt and preferably more positive than +1.0 volt.
PAR  The electrochemical potential measurements can be made with an
      approximately 10.sup.-.sup.4 molar solution of the desensitizing compound
      in an electrolyte; for example, methanol which is 0.05 molar in lithium
      chloride. A dropping mercury electrode can be used for the cathodic
      measurement with the polarographic halfwave potential for the first
      cathodic response in potential, designated E.sub.c. A pyrolytic graphite
      electrode can be used for the anodic measurement with the voltametric
      halfpeak potential for the first anodic response in potential designated
      E.sub.a. In each meaurement, the reference electrode can be a standard
      Calomel electrode at 20.degree.C. Plus and minus signs are assigned to the
      potential values according to the IUPAC Stockholm Convention 1953. The
      E.sub.a and E.sub.c values so measured shall not include processes in
      which electron transfer is primarily the result of the presence in
      solution of the counter ion of a positively charged compound or other such
      chemical entities in solution that are not an integral part of, or
      attached to, the chromophoric system of the compound. A response of lesser
      current magnitude preceding the primary response, such as a prewave
      resulting from adsorption of the electrolysis product to the electrode
      surface, shall be excluded from designation as E.sub.a or E.sub.c .
PAR  Electrochemical measurements of the type are known in the art and are
      described in one or more of the following reference texts: New
      Instrumental Methods in Electrochemistry, by Delahay, Interscience
      Publishers, New York, New York, 1954; Polarography, by Kolthoff and
      Lingane, 2nd Edition, Interscience Publishers, New York, New York, 1952;
      and Electrochemistry at Solid Electrodes, by Adams, Marcell Dekker, Inc.,
      New York, New York, 1969.
PAR  Imidazoquinoxaline nucleus containing desensitizers are generally known in
      the art and have been disclosed, for example, in Brooker and VanLare U.S.
      Pat. No. 3,431,111, issued Mar. 4, 1969, and Gilman et al U.S. Pat. No.
      3,772,030, issued Nov. 13, 1973, the disclosure of which is here
      incorporated by reference. Brooker and VanLare teach the synthesis of such
      desensitizers while both Brooker and VanLare and Gilman et al teach the
      association of such desensitizers with silver halide grains.
PAR  In accordance with one embodiment of my invention, cyanine dyes are
      employed as desensitizers which contain an imidazo[4,5-b]quinoxaline salt
      moiety.
PAR  In another embodiment of my invention, cyanine dye salts are provided which
      comprise two nuclei joined together by a polymethine linkage, one of the
      nuclei being an imidazo[4,5-b]quinoxaline nucleus, which is joined through
      the 2-carbon atom thereof to the polymethine linkage, and a second nucleus
      to complete the cyanine dye. Advantageously, the second nucleus of such
      dyes contains a heterocyclic nitrogen atom, and the polymethine linkage is
      part of a polyene chain containing an equal number of alternating single
      and double bonds, one terminal carbon atom of the polyene chain being the
      2-carbon atom of an imidazo[4,5-b]quinoxaline nucleus, the other terminal
      carbon atom of the polyene chain being in the second nucleus and attached
      to the heterocyclic nitrogen atom. Preferably, the second nucleus in these
      dyes is a desensitizing nucleus. As used herein and in the appended
      claims, "desensitizing nucleus" refers to those nuclei which, when
      converted to a symmetrical carbocyanine dye and added to a gelatin silver
      chlorobromide emulsion containing 40 mole percent chloride and 60 mole
      percent bromide, at a concentration of from 0.01 to 0.2 gram dye per mole
      of silver, cause at least an 80 percent loss in the blue speed of the
      emulsion when it is senistometrically exposed and developed 3 minutes at
      20.degree.C in Kodak Developer D-19. Preferably, the desensitizing nuclei
      are those which, when converted to a symmetrical carbocyanine dye and
      tested as just described, essentially completely desensitize the test
      emulsion to blue radiation. Substantially complete desensitization as used
      herein refers to nuclei which, when tested as described above, result in
      at least about 90 percent, and preferably more than a 95 percent, loss of
      speed to blue radiation. Nitrosubstituted heterocyclic nuclei of the type
      used in cyanine dyes are typical desensitizing nuclei.
PAR  In another embodiment of my invention, merocyanine dyes are employed
      comprising two nuclei joined together through an acyclic methine group
      which is part of a polyene chain containing an equal number of alternating
      single and double bonds, one of the terminal atoms of the polyene chain
      being the 2-carbon atom of an imidazo[4,5-b]quinoxaline nucleus, and the
      other terminal carbon atom of the polyene chain being a second
      heterocyclic ring and attached to an extracyclic carbonylic oxygen atom.
PAR  In still another embodiment of my invention, styryl dyes are provided
      comprising an imidazo[4,5-b]quinoxaline nucleus joined to a
      para-alkylamino benzene ring through an acyclic polyene chain containing
      an equal number of single and double bonds, one terminal atom of the
      polyene chain being the 2-carbon atom of said imidazo[4,5-b]quinoxaline
      nucleus, the other terminal carbon atom being in the benzene ring and
      attached to the nitrogen atom of the para-aminoalkyl group.
PAR  In a further embodiment of my invention, cyanine dyes are provided
      comprising two imidazo[4,5-b]quinoxaline nuclei joined together through a
      polyene chain containing a equal number of alternating single and double
      bonds, the terminal carbon atoms of the polyene chain being the 2-carbon
      atoms, respectively, of the imidazo [4,5-b9 quinoxaline nuclei.
      Preferably, the polyene chain of these dyes is composed of five carbon
      atoms.
PAR  Desensitizers useful in the practice of my invention include those
      represented by the following general formulas:
      ##SPC1##
PAL  wherein n represents a positive integer of from 2 to 4, m and g each
      represents a positive integer of from 1 to 2, d represents a positive
      integer of from 1 to 3, R and R.sub.1 each represents a substituent
      independently selected from the group consisting of an acyclic
      hydro-carbon substituent, such as an alkyl group (including substituted
      alkyl), preferably containing from 1 to 18 carbon atoms, e.g., methyl,
      ethyl, propyl, isopropyl, butyl, sec-butyl, hexyl, cyclohexyl, dodecyl,
      octadecyl, hydroxyalkyl (e.g. .beta.-hydroxyethyl, .gamma.-hydroxypropyl,
      etc.), and alkenyl substituents, preferably containing 1 to 18 carbon
      atoms, such as allyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl and
      3-butenyl, etc.; alkaryl substituents such as benzyl and
      .beta.-phenylethyl; and aryl substituents (preferably containing 6 to 10
      carbon atoms), e.g., phenyl, p-tolyl, o-tolyl, 3,4-dichlorophenyl, etc.,
      groups; R.sub.3 represents an alkyl group of from 1 - 12 carbon atoms,
      e.g., methyl, .gamma.-sulfopropyl, isopropyl, butyl, secbutyl,
      .gamma.-sulfobutyl, dodecyl, .beta.-hydroxyethyl, .gamma.-hydroxypropyl,
      .beta.-methoxyethyl, .beta.-ethoxyethyl, allyl, benzyl,
      .beta.-phenylethyl, .beta.-carboxyethyl, carboxymethyl,
      .gamma.-carboxypropyl, .beta.-acetoxyethyl, .gamma.-acetoxypropyl,
      carbomethoxymethyl, carboxyethoxyethyl, etc., groups; R.sub.4 and R.sub.5
      each represents the same or different alkyl group of from 1 - 6 carbon
      atoms, e.g., methyl, ehtyl, 2-cyanoethyl, propyl, isopropyl, butyl, hexyl,
      etc., groups, X.sup.-represents an acid ion, e.g., chloride, bromide,
      iodide, thiocyanate, sulfamate, methyl sulfate, ethyl sulfate,
      perchlorate, p-toluenesulfonate, etc., Z represents the nonmetallic atoms
      required to complete a heterocyclic nucleus containing from 5 to 6 atoms
      in the heterocyclic ring, which may also include, in addition to the
      hetero nitrogen atom, a second hetero atom such as an oxygen atom, a
      sulfur atom, a selenium atom, or a second nitrogen atom, such as the atoms
      required to complete a thiazole nucleus (e.g., thiazole, 4-methylthiazole,
      4-phenyl-thiazole, 5-methylthiazole, 5-phenylthiazole,
      4,5-dimethylthiazole, 4,5-diphenylthiazole, 4-(2-thienyl)thiazole, etc.);
      a benzothiazole nucleus (e.g., benzothiazole, 4-chlorobenzothiazole,
      5-chlorobenzothiazole, 6-chlorobenzothiazole, 7-chlorobenzothiazole,
      4-methylbenzothiazole, 5-methylbenzothiazole, 6-methylbenzothiazole,
      5-bromobenzothiazole, 6-bromobenzothiazole, 4-phenylbenzothiazole,
      5-phenylbenzothiazole, 4-methoxybenzothiazole, 5-methoxybenzothiazole,
      6-methoxybenzothiazole, 5-iodobenzothiazole, 6-iodobenzothiazole,
      4-ethoxybenzothiazole, 5-ethoxybenzothiazole, tetrahydrobenzothiazole,
      5,6-dimethoxybenzothiazole, 5,6-dioxymethylenebenzothiazole,
      5-hydroxybenzothiazole, 6-hydroxybenzothiazole, etc.); a naphthothiazole
      nucleus (e.g., .alpha.-naphthothiazole, .beta.-naphthothiazole,
      5-methoxy-.beta.-naphthothiazole, 5-ethoxy-.beta.-naphthothiazole,
      8-methoxy-.alpha.-naphthothiazole, 7-methoxy-.alpha.-naphthothiazole,
      etc.); a thianaphtheno-7',6',4,5-thiazole nucleus (e.g., 4'
      -methoxythianapthene-7',6',4,5-thiazole, etc.); an oxazole nucleus (e.g.,
      4-methoxyloxazole, 5-methyloxazole, 4-phenyloxazole, 4,5-diphenyloxazole,
      4-ethyloxazole, 4,5-dimethyloxazole, 5-phenyloxazole, etc.); a benzoxazole
      nucleus (e.g., benzoxazole, 5-chlorobenzoxazole, 5-methylbenzoxazole,
      5-phenylbenzoxazole, 6Methylbenzoxazole, 5,6-dimethylbenzoxazole,
      4,6-dimethylbenzoxazole, 5-methoxybenzoxazole, 5-ethoxybenzoxazole,
      6-chlorobenzoxazole, 6-methoxybenzoxazole, 5-hydroxybenzoxazole,
      6-hydroxybenzoxazole, etc.); a naphthoxazole nucleus (e.g.,
      .alpha.-naphthaxazole, .beta.-naphthoxazole, etc.); a selenazole nucleus
      (e.g., 4-methylselenazole, 4-phenylselenazole, etc.); a benzoselenazole
      nucleus (e.g., benzoselenazole, 5-chlorobenzoselenazole,
      5-methoxybenzoselenazole, 5-hydroxybenzoselenazole,
      tetrahydrobenzoselenazole, etc.); a naphthoselenazole nucleus (e.g.,
      .alpha.-naphthoselenazole, .beta.-naphthoselenazole, etc.); a thiazole
      nucleus (e.g., thiazoline, 4-methylthiazoline, etc.); a 2quinoline nucleus
      (e.g., quinoline, 3-methylquinoline, 5-methylquinoline, 7-methylquinoline,
      8-methylquinoline, 6-chloroquinoline, 8-chloroquinoline,
      6-methoxyquinoline, 6-ethoxyquinoline, 6-hydroxyquinoline,
      8-hydroxyquinoline, etc.); a 4-quinoline nucleus (e.g., quinoline,
      6-methoxyquinoline, 7-methylquinoline, 8-methylquinoline, etc.); a
      1-isoquinoline nucleus (e.g., isoquinoline, 3,4-dihydroisoquinoline,
      etc.); a 3-isoquinoline nucleus (e.g., isoquinoline, etc.); a
      3,3-dialkylindolenine nucleus (e.g., 3,3-dimethylinodlenine,
      3,3,5-trimethylindolenine, 3,3,7-trimethylindolenine, etc.); a 2-pyridine
      nucleus (e.g., Pyridine, 3-methylpyridine, 4-methylpyridine,
      5-methylpyridine, 3,4-dimethylpyridine, 4-chloropyridine,
      3-hydroxypyridine, etc.); a 4-pyridine nucleus (e.g., 2-methylpyridine,
      3-methylpyridine, 3chloropyridine, 2,6-dimethylpyridine,
      3-hydroxy-pyridine, etc.); a 1-alkylimidazole nucleus (e.g.,
      1-methylimidazole, 1-ethyl-4-phenylimidazole,
      1-butyl-4,5-dimethylimidazole, etc.); a 1-alkylbenzimidazole nucleus
      (e.g., 1-methylbenzimidazole, 1-butyl-4-methylbenzimidazole,
      1-ethyl-5,6-dichlorobenzimidazole, etc.); and a 1-alkylnaphthimidazole
      nucleus (e.g., 1-ethyl-.alpha.-naphthimidazole,
      1-methyl-.beta.-naphthimidazole, etc.); and, Q represents the non-metallic
      atoms required to complete a 5 to 6 membered heterocyclic nucleus,
      typically containing a hetero atom selected from nitrogen, sulfur,
      selenium, and oxygen, such as a 2-pyrazolin-5-one nucleus (e.g.,
      3-methyl-1-phenyl-2-pyrazolin-5-one, 1-phenyl-2-pyrazolin-5-one,
      1-(2-benzothiazolyl)-3-methyl-2-pyrazolin-5-one, etc.); an isoxazolone
      nucleus (e.g., 3-phenyl-5(4H)-isoxazolone, 3-methyl-5-(4H)-isoxazolone,
      etc.); an oxindole nucleus (e.g., 1-alkyl-2,3-dihydro-2-oxindoles, etc.);
      a 2,4,6-triketohexahydropyrimidine nucleus (e.g., barbituric acid of
      2-thiobarbituric acid as well as their 1-alkyl (e.g., 1-methyl-1-ethyl,
      1-propyl, 1-heptyl, etc.) or 1,3-dialkyl (e.g., 1,3-dimethyl, 1,3-diethyl,
      1,3-dipropyl, 1,3-diisopropyl, 1,3-dicyclohexyl,
      1,3-di(.beta.-methoxy-ethyl), etc., or 1,3-diaryl (e.g., 1,3-diphenyl,
      1,3-di(p-chlorophenyl), 1,3-di(p-ethoxycarbonylphenyl), etc.), or 1-aryl
      (e.g., 1-phenyl, 1-p-ethoxycarbonylphenyl), etc. or 1-alkyl-3-aryl (e.g.,
      1-ethyl-3-phenyl, 1-n-heptyl-3-phenyl, etc.) derivatives); a rhodanine
      nucleus (i.e., 2-thio-2,4-thiazolidinedone series), such as rhodanine,
      3-alkylrhodanines (e.g., 3 -ethrylrhodanine, 3-allylrhodanine, etc.),
      3-carboxyalkylrhodanines (e.g., 3-(2-carboxyethyl)rhodanine,
      3-(4-carboxybutyl)rhodanine, etc.), 3-sulfoalkylrhodanines (e.g.,
      3-(2-sulfoethyl)rhodanine, 3-(3-sulfopropyl)rhodanine,
      3-(4-sulfobutyl)rhodanine, etc.), or 3-arylrhodanines (e.g.,
      3-phenylrhodanine, etc.), etc.; a 2(3H)-imidazo-[1,2-a]-pyridone nucleus;
      a 5,7-dioxo-6,7-dihydro5-thiazolo[3,2-a]-pyrimidine nucleus (e.g.,
      5,7-dioxo-3-phenyl-6,7-dihydro-5-thiazolo[3,2-a]pyrimidine, etc.); a
      2-thio-2,4-oxazolidinedione nucleus (i.e., those of the
      2-thio-2,4(3H,5H)-oxazoledione series) (e.g.,
      3-ethyl-2-thio-2,4-oxazolidinedione,
      3-(2-sulfoethyl)-2-thio-2,4-oxazolidione, 3-(4-oxazolidione,
      3(4-sulfobutyl)-2-thio-2,4-oxazolidinedione,
      3-(3-carboxypropyl)-2-thio-2,4-oxazolidinedione, etc.); a thianaphthenone
      nucleus (e.g., 3-(2H)-thianaphthenone, etc.); a
      2-thio-2,5-thiazolidinedione nucleus (i.e., the
      2-thio-2,5-(3H,4H)-thiazoledione series) (e.g.,
      3-ethyl-2-thio-2,5-thiazolidinedione, etc.); a 2,4-thiazolidinedione
      nucleus (e.g., 2,4-thiazolidinedione, 3-ethyl-2,4-thiazolidinedione,
      3-phenyl-2,4-thiazolidinedione, 3-.alpha.-naphthyl2,4-thiazolidinedione,
      etc.); a thiazolidinone nucleus (e.g., 4-thiazolidinone,
      3-ethyl-4-thiazolidinone, 3-phenyl-4-thiazolidione,
      3-.alpha.-naphthyl-4-thiazolidinone, etc.); a 2-thiazolin-4-one series
      (e.g., 2-ethylmercapto-2-thiazolin-4-one,
      2-alkylphenylamino-2-thiazolin-4-one, 2-diphenylamino-2-thiazolin-4-one,
      etc.); a 2-imino-4-oxazolidinone (i.e., pseudohydantoin) nucleus; a
      2,4-imidazolidinedione (hydantoin) series (e.g., 2,4-imidazolidinedione,
      3-ethyl-2,4-imidazolidinedione, 3-phenyl-2,4-imidazolidinedione,
      3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diethyl-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2,4-imidazolidinedione,
      1-ethyl-3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diphenyl-2,4-imidiazolidinedione, etc.); a
      2-thio-2,4-imidazolidinedione (i.e., 2-thiohydantoin) nucleus (e.g.,
      2-thio-2,4-imidazolidinedione, 3-ethyl-2-thio-2,4-imidazolidinedione,
      3-(4-sulfobutyl)-2-thio-2,4-imidazolidinedione, 3-(2-carboxyethyl)-2
      -thio-2,4-imidazolidinedione, 3-phenyl-2-thio-2,4,-imidazolidinedione,
      3-.alpha.-naphthyl-2-thio-2,4-imidazolidinedione,
      1,3-diethyl-2-thio-2,4-imidazolidinedione,
      1-ethyl-3-phenyl-2-thio-2,4-imidazolidinedione,
      1-ethyl-3-.alpha.-naphthyl-2,4-imidazolidinedione,
      1,3-diphenyl-2-thio2,4-imidazolidinedione, etc.); a 2-imidazolin-5-one
      nucleus (e.g., 2-propylmecapto-2-imidazolin-5-one, etc.), etc. (especially
      useful are nuclei wherein Q represents a hetrocyclic nucleus containing 5
      atoms in the heterocyclic ring, 3 of said atoms being carbon atoms, 1 of
      said atoms being a nitrogen atom, and 1 of said atoms being selected from
      the group consisting of a nitrogen atom, an oxygen atom, and a sulfur
      atom).
PAR  The imidazo[4,5-b]quinoxaline nucleus in the dyes of this invention can
      contain various substituents, such as at least one halogen substituent,
      e.g., chloro or bromo, dichloro, etc.; nitro; cyano; or, a fused aryl ring
      (such as phenyl) to provide, for example, an
      8H-benzo[f]imidazo[4,5-b]quinoxaline nucleus. Dyes which contain a nitro,
      a mono- or a di-chloro substituted imidazo[4,5-b]quinoxaline nucleus are
      of particular advantage in fogged direct-positive photographic silver
      halide emulsions. Such nitro- or chloro-substituted dyes have an
      unexpectedly sharp absorption peak and in addition impart an unexpected
      increase in speed. Halogen substituted dyes (such as chloro substituted
      dyes) provide unexpected improved overall results (as compared to the
      nonhalogen substituted analogs) in direct-positive emulsions with respect
      to speed, higher D.sub.max or lower D.sub.min.
PAR  It is well known in the art that very small quantities of an
      imidazoquinoxaline nucleus containing dye are effective to desensitize
      completely silver halide grains. For example, Gilman et al U.S. Pat. No.
      3,772,030 teaches the use of as little as 10 mg of desensitizer per mole
      of silver. I have discovered quite unexpectedly that if a properly chosen
      sensitizing dye is employed in combination with the desensitizer, if the
      oxidation and reduction potentials of the desensitizer are properly
      chosen, if the desensitizer contains at least one imidazoquinoxaline
      nucleus and if the quantity of the desensitizer is limited so that no more
      than 25 percent of the surface of the silver halide grains are covered by
      the desensitizer, it is then possible to obtain either positive or
      negative images, depending upon selection of exposure and development
      conditions. The quantity of desensitizer necessary to provide a 25 percent
      grain coverage for a given silver halide can be calculated readily by
      those skilled in the art from a knowledge of the grain size, distribution
      and habit of the silver halide. For example, 100 mg of a desensitizer
      according to formula (I) above per mole of a monodispersed octahedral
      silver bromide having an average grain diameter of 0.35 micron provides a
      grain coverage of 25 percent. Effective desensitization of silver halide
      grains for purposes of this invention can be achieved by covering as
      little as one or two percent of the effective surface area of silver
      halide grains.
PAR  Spectral Sensitizing Dyes
PAR  Conventional spectral sensitizing dyes for negative working silver halide
      emulsions can be employed in the practice of this invention. It is
      generally preferred that the spectral sensitizing dye have a reduction
      potential more negative than -0.90 volt and an oxidation potential less
      positive than +1.00 volt. In order to facilitate the production of dense
      negative images it is preferred that the sensitizing dye be present in an
      amount of at least 0.5 times, on a mole basis, that of the desensitizer.
      Further, in order to avoid direct interference of the sensitizing dye and
      the desensitizer it is preferred that the sensitizing dye have an
      absorption peak at least 20 nm (most preferably at least 50 nm) removed
      from any absorption peak exhibited by the desensitizer. Generally, the
      more widely separated the absorption peaks of the sensitizing dye and the
      desensitizer the greater will be the exposure latitude in terms of
      wavelengths to obtain either positive or negative images.
PAR  Exemplary spectral sensitizers which can be used include those cyanines,
      merocyanines, complex (tri or tetranuclear merocyanines, complex (tri or
      tetranuclear) cyanines, holopolar cyanines, styryls, hemicyanines (e.g.,
      enamine hemicyanines), oxonols and hemioxonols which do not adversely
      affect the direct-positive materials. Dyes of the cyanine classes can
      contain such basic nuclei as the thiazolines, oxazolines, pyrrolines,
      pyridines, oxazoles, thiazoles, selenazoles and imidazoles. Such nuclei
      can contain alkyl, alkylene, hydroxyalkyl, sulfoalkyl, carboxyalkyl,
      aminoalkyl and enamine groups and can be fused to carbocyclic or
      heterocyclic ring systems either unsaturated or substituted with halogen,
      phenyl, alkyl, haloalkyl, cyano or alkoxy groups. The dyes can be
      symmetrical or unsymmetrical and can contain alkyl, phenyl, enamine or
      heterocyclic substituents on the methine or polymethine chain.
PAR  Merocyanine dyes can contain the basic nuclei mentioned above a well as
      acid nuclei such as thiohydantoins, rhodanines, oxazolidinediones,
      thiazolidinediones, barbituric acids, thiazolineones, and malononitriles.
      These acid nuclei can be substituted with alkyl, alkylene, phenyl,
      carboxyalkyl, sulfoalkyl, hydroxyalkyl, alkoxyalkyl, alkylamino groups or
      heterocyclic nuclei. Combinations of these dyes can be used if desired. In
      addition certain supersensitizing addenda which do not absorb visible
      light can be included, for instance halogenated dyes as described in U.S.
      Pat. No. 3,501,309 and stilbenes as described in U.S. Pat. No. 2,933,390.
PAR  Exemplary preferred spectral sensitizing dyes useful in the practice of my
      invention and procedures for associating these dyes with silver halide
      grains are disclosed in Gilman et al U.S. Pat. No. 3,772,030, cited above.
PAR  Photographic Elements and Their Use
PAR  The silver halide grains with the desensitizer and the sensitizing dye
      associated therewith can be formed into a photographic element of any
      conventional construction. In a preferred form the silver halide grains
      are present in a photographic silver halide emulsion. In this form the
      silver halide grains are dispersed in gelatin or another conventional
      dispersing vehicle. Various conventional photographic addenda, such as
      antifoggants and stabilizers, developing agents, hardeners, plasticizers,
      lubricants, coating aids, matting agents, brighteners and the like, can be
      incorporated into the emulsion. One or more silver halide containing
      layers according to my invention can be coated onto a support, alone or in
      combination with conventional subbing layers, interlayers and overlayers
      to form the completed photographic element. Antistatic layers and
      antihalation layers can also be present. The construction of exemplary
      photographic elements is fully disclosed in the various patents cited and
      incorporated by reference above and in Product Licensing Index, Volume 92,
      published December 1971, publication 9232, the disclosure of which is here
      incorporated by reference.
PAR  Depending upon the specific choice of the desensitizer and the sensitizing
      dye, either positive or negative photographic images can be obtained by
      exposing the photographic layers of my invention to actinic radiation of a
      wavelength corresponding to an absorption peak exhibited by either the
      desensitizer or the sensitizing dye. Such absorption peaks can lie at any
      desired location within the electromagnetic spectrum, including the
      infrared, the visible, the ultraviolet and the X-ray portions of the
      spectrum, provided, of course, that the spectral sensitizing dye and the
      desensitizer exhibit distinctly separated absorption peaks--preferably at
      least 20 nm and most preferably at least 50 nm. By exposing a sample of a
      photographic element formed according to my invention using a wedge
      spectrograph and then developing, it is possible to readily identify those
      portions of the spectrum over which a positive image and a negative image
      is obtainable as well as those transition portions of the spectrum in
      which the sensitizing dye and desensitizer interfer so that no image or
      only a weak image is obtained. The positive image-producing portions of
      the spectrum are visible as fog bleached areas while the negative
      image-producing portions of the spectrum are visible as darkened areas.
      Depending on the distribution of absorption peaks, separated bands of the
      spectrum can exist that produce desirable positive and/or negative images.
      Once the optimum regions of the spectrum have been identified for
      obtaining negative and positive images of maximum density, radiation
      sources can be selected or filters selected to permit selective exposure
      so that positive or negative images are obtained, as desired.
PAR  One particularly useful application of my invention is in forming
      photographs which are composites of positive and negative images. For
      example, a portion of a graphic subject can be produced as a positive and
      the remaining portion reproduced as a negative by exposing my photographic
      element to the subject sequentially using a portion of the spectrum for
      one exposure to which my element responds as a negative-working element
      and a portion of the spectrum for the other exposure to which my element
      responds as a positive-working element. For one exposure all portions of
      the subject are blanked out, except those intended to be reproduced as a
      negative, while for the remaining exposure that portion of the subject is
      uncovered and all the remaining portions of the subject are blanked out.
      Preferably a black mask is used for the exposure forming the negative
      image and a white mask is used for the exposure forming the positive
      image. This is much simpler and more convenient than forming separate
      positive and negative photographs and forming a composite by physically
      deleting and inserting portions to obtain the desired physical
      relationship.
PAR  My photographic elements can be developed following exposure in any desired
      conventional manner using an internal developer. Such developers are those
      conventionally used to develop internal latent image emulsions. One such
      developer is Kodak Developer D-19 modified by the inclusion of iodide,
      described above in connection with the identification of internal image
      silver halide grains useful in the practice of my invention. Other
      internal developers are described in the internal image emulsion patents
      cited above incorporated by reference into this disclosure.
DETD
PAR  The following examples are included for a further understanding of my
      invention.
PAC  EXAMPLES
PAR  A 0.2 micron cubic silver bromoiodide emulsion was chemically finished to
      fog by adding 2.5 mg of thiourea dioxide per silver mole and heating at
      65.degree.C for 60 minutes. Then 0.25 mg of potassium chloroaurate was
      added and the emulsion heated at 65.degree.C for 70 minutes. The emulsion
      was then used as the nuclei for a second precipitation in which equal
      molar solutions of silver nitrate and potassium bromide were added over a
      period of 60 minutes at 70.degree.C while maintaining the pAg at 9.3. The
      resulting emulsion was comprised of octahedral crystals of an average
      diameter of 0.35 micron. To 28 gms of the emulsion (1.12 Kg of emulsion
      per mole of silver and 80 g of gel/mole of silver) was added the
      following:
PAR  1. 34 g of a 10 percent aqueous gelatin solution,
PAR  2. 64 g of distilled water,
PAR  3. 1 g of a 15 percent aqueous saponin solution,
PAR  4. 0.5 g of a 3 percent mucochloric acid solution, and
PAR  5. sufficient spectral sensitizing dyd and/or desensitizer to provide a 25
      percent grain coverage of each (100 mg/mole of silver).
PAR  Samples of the above emulsions were then added on a film support at 200 mg
      of silver/ft.sup.2 and 400 mg of gelatin/ft.sup.2, exposed using an
      Eastman 1B Sensitometer set for 1/2 second exposures and a slit width of
      0.5 nm, developed for 6 minutes in Kodak Developer D-19 containing 0.5 g
      of potassium iodide/liter, fixed, washed and dried. The following results
      were observed:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

            Spect. Sens.   Region of   Region of                               

      No.     Dye   Desensitizer                                               

                           Negative Image (nm)                                 

                                       Positive Image (nm)                     

     __________________________________________________________________________

     Control-1                                                                 

              None   None  400-470     None                                    

     Control-2                                                                 

              SS-I   None  400-470 and 560-580                                 

                                       None                                    

     Control-3                                                                 

              None   DS-II None        400-470 and 580-700                     

     Control-4                                                                 

              None   DS-III                                                    

                           None        400-470 and 500-600                     

       1      SS-I   DS-II 400-470 and 560-580                                 

                                       600-690                                 

       2      SS-I   DS-III                                                    

                           400-470 and 560-580                                 

                                       480-560                                 

     Control-5                                                                 

              SS-I   DS-IV None        560-590                                 

     Control-6                                                                 

              SS-I   DS-V  400-470     None                                    

     Control-7                                                                 

              SS-I   DS-VI 400-470     None                                    

     Control-8                                                                 

              SS-I   DS-VII                                                    

                           400-470     None                                    

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

                                       Potentials (volts)                      

     Descriptor        Name            Oxidation / Reduction                   

     __________________________________________________________________________

     SS-I  1,1'-diethyl-2,2'-cyanine chloride                                  

                                       +0.99   -1.01                           

     DS-II 1,1',3,3'-tetraphenyl-5,5',6,6'-tetrachloroimidazo-                 

           [4,5-b]quinoxalinocarbocyanine p-toluenesulfonate                   

                                       +1.00   -0.45                           

     DS-III                                                                    

           1,3-diethyl-1'-methyl-2'-phenylimidazo[4,5-b]-                      

           quinoxalino-3'-indolo carbocyanine iodide                           

                                       +1.00   -0.63                           

     DS-IV 5-m-nitrobenzylidene rhodanine                                      

                                       +0.44   -0.35                           

     DS-V  2,2'-diethyl-5,5'-dinitrothiocarbocyanine chloride                  

                                       +0.96   -0.58                           

     DS-VI 1,1'-diethyl-6,6'-dinitro-2,2'-cyanine iodide                       

                                       +1.00   -0.55                           

     DS-VII                                                                    

           1,1',3,3'-tetraethylimidazo[4,5-b]quinoxalino-                      

           tricarbocyanine pts         +0.41   -0.58                           

     __________________________________________________________________________

PAR  In looking at Table I is it apparent that the emulsion employed exhibited a
      native sensitivity in the range of from 400 to 470 nm without
      sensitization. The spectral sensitizing die SS-I sensitized the emulsion
      to the green portion of the spectrum in the range of from 560 to 580 nm
      when no desensitizer was present. On the other hand, using the
      desensitizers DS-II and DS-III chosen according to my invention without a
      spectral sensitizer being present, the native negative sensitivity of the
      emulsion was destroyed, and the emulsion produced positive images when
      exposed to radiation in the range of from 440 to 470 nm. In addition, with
      DS-II an additional reversal sensitization in the range of from 580 to 700
      nm was created using the desensitizer along. When the spectral sensitizer
      SS-I and DS-II were present in combination, the native spectral
      sensitivity of the emulsion returned and the negative sensitivity observed
      using the spectral sensitizer along was also observed. The reversal
      sensitivity of from 600 to 690 nm was only slightly less than when the
      desensitizer was present alone. Using SS-I and DS-III together, a positive
      image in the range of from 480 to 560 nm was produced, falling between the
      range of native negative sensitivity and the range of negative sensitivity
      produced by the spectral sensitizing dye.
PAR  To illustrate the ability of my photographic elements to form positive and
      negative images as a function of the desensitizer chosen, DS-IV, DS-V,
      DS-VI and DS-VII were also examined in combination with the spectral
      sensitizer SS-I. One of these combinations gave only positive images while
      the remainder gave only negative images. The failure of DS-VII to give
      positive images is to be particularly noted since this desensitizer
      contained two imidazoquinoxaline nuclei. The failure of this desensitizer
      demonstrates the requirement for oxidation potentials above +0.80 volt.
PAR  The invention has been described with particular reference to preferred
      embodiments thereof but it will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A photographic element capable of forming either a positive or a
      negative image, depending upon the choice of electromagnetic radiation
      wavelengths to which it is exposed, comprising
PA1  a support
PA1  and, as a coating thereon, a layer comprising
PA2  internally fogged photographic silver bromide grains which are
      substantially free of surface fog and, associated with the surface of said
      grains,
PA2  a desensitizer containing an imidazoquinoxaline nucleus having a reduction
      potential more positive than -0.90 volt and an oxidation potential more
      positive than +0.80 volt, said desensitizer being present in a
      desensitizing amount sufficient to cover no more than 25 percent of the
      surface of said silver bromide grains,
PA2  at least 0.5 times the amount of said desensitizer of a spectral
      sensitizing dye having an absorption peak at least 20 nm removed from any
      absorption peak exhibited by said desensitizer, and
PA2  said silver bromide grains being chosen so that prior to association with
      said sensitizing dye and desensitizer a test coating thereof with no image
      exposure and development for about 5 minutes at 20.degree.C using Kodak
      Developer D-19 will provide a density of less than 0.4 and, when said test
      coating is developed, but with the developer containing 0.50 grams of
      potassium iodide per liter of developer, it will have a maximum density
      greater than 0.5.
NUM  2.
PAR  2. A photographic element according to claim 1 in which said desensitizer
      contains two imidazoquinoxaline nuclei.
NUM  3.
PAR  3. A photographic element according to claim 1 in which said photographic
      silver bromide consists essentially of a fogged photosensitive silver
      bromide core having thereon a shell of photosensitive silver bromide
      substantially free of surface fog.
NUM  4.
PAR  4. A photographic element according to claim 1 in which said desensitizer
      is a cyanine or merocyanine dye containing two desensitizing nuclei.
NUM  5.
PAR  5. A photographic element according to claim 4 in which said desensitizer
      is chosen from among compounds having the formula
      ##SPC2##
PAL  wherein n represents a positive integer of from 2 to 4;
PA1  g has the value of 1 or 2;
PA1  R and R.sub.1 are independently chosen from among alkyl substituents having
      from 1 to 18 carbon atoms; alkenyl substituents having from 1 to 18 carbon
      atoms and aryl substituents having from 6 to 10 carbon atoms;
PA1  R.sub.3 represents an alkyl group having from 1 to 12 carbon atoms;
PA1  Z represents the monmetallic atoms necessary to complete a heterocyclic
      nucleus containing 5 to 6 atoms in the heterocyclic ring; and
PA1  X.sup.- represents an anion.
NUM  6.
PAR  6. A photographic element according to claim 1 in which said desensitizer
      has an oxidation potential more positive than +0.90 volt.
NUM  7.
PAR  7. A photographic element according to claim 6 in which said desensitizer
      has an oxidation potential more positive than +1.00 volt.
NUM  8.
PAR  8. A photographic element according to claim 1 in which said test coating
      with no image exposure and development for about 5 minutes at 20.degree.C
      using Kodak Developer D-19 will provide a density of less than 0.25.
NUM  9.
PAR  9. A photographic element according to claim 1 in which said spectral
      sensitizing dye has a reduction potential more negative than -0.90 volt
      and an oxidation potantial less positive than +1.00 volt.
NUM  10.
PAR  10. A process of selectively forming either a positive or a negative
      photographic image comprising
PA1  providing as a coating of a photographic element a composition comprising
      (1) internally fogged photographic silver bromide grains which are
      substantially free of surface fog and, associated with the surface of said
      grains, (2) a desensitizing amount sufficient to cover no more than 25
      percent of the surface of said silver halide grains of a desensitizer
      having a reduction potential more positive than .+-.0.80 volt and (3) at
      least 0.5 times the amount of said desensitizer of a spectral sensitizing
      dye having an absorption peak at least 20 nm removed from any absorption
      peak exhibited by said desensitizer, said silver bromide grains being
      chosen so that prior to association with said sensitizing dye and
      desensitizer a test coating thereof with no image exposure and development
      for about 5 minutes at 20.degree.C using Kodak Developer D-19 will provide
      a density of less than 0.4 and, when said test coating is developed, but
      with the developer containing 0.50 grams of potassium iodide per liter of
      developer, it will have a maximum density greater than 0.5;
PA1  selectively exposing said coating to electromagnetic radiation within a
      wavelength range within which the silver bromide grain surfaces are
      predominantly desensitized or
PA1  selectively exposing said coating to electromagnetic radiation within a
      wavelength range within which the silver bromide grain surfaces are
      predominantly sensitized;
PA1  and then developing with an internal image developer to form an image.
NUM  11.
PAR  11. A process according to claim 10 in which the silver halide grains are
      exposed within a portion of the electromagnetic spectrum to which they
      exhibit native sensitivity in order to obtain a negative image.
NUM  12.
PAR  12. A process according to claim 11 in which the silver halide grains are
      exposed to radiation within that portion of the spectrum to which the
      sensitizing dye exhibits peak absorption in order to obtain a negative
      image.
NUM  13.
PAR  13. A process according to claim 12 in which the silver bromide grains are
      exposed to radiation within that portion of the spectrum to which the
      desensitizer exhibits peak absorption in order to obtain a positive image.
NUM  14.
PAR  14. A process according to claim 10 in which the internal image developer
      contains iodide ions.
NUM  15.
PAR  15. A process according to claim 14 in which the internal image developer
      is of the composition
     N-methyl-p-aminophenol sulfate                                            

                            2.0 g                                              

     sodium sulfite         90.0 g                                             

     hydroquinone           8.0 g                                              

     sodium carbonate, monohydrated                                            

                            52.5 g                                             

     potassium bromide      5.0 g                                              

     potassium iodide       0.5 g                                              

     water to make          1.0 liter.                                         

PATN
WKU  039350118
SRC  5
APN  3519139
APT  1
ART  166
APD  19730418
TTL  System for making composite photomicrographs
ISD  19760127
NCL  1
ECL  1
EXP  Kimlin; Edward C.
NDR  1
NFG  5
INVT
NAM  Schindl; Klaus P.
CTY  Vienna
CNT  OE
ASSG
NAM  C. Reichert Optische Werke AG
CTY  Vienna
CNT  OE
COD  03
CLAS
OCL   96 41
XCL   96 44
XCL  354120
XCL  350 19
EDF  2
ICL  G03C  504
ICL  G03C  506
FSC   96
FSS  44;41;42;43
FSC  354
FSS  79;125;122;120
FSC  350
FSS  19;54
FSC  352
FSS  46
UREF
PNO  1543065
ISD  19250600
NAM  Douglass
OCL  354125
UREF
PNO  1827924
ISD  19311000
NAM  Williams
OCL  352 46
UREF
PNO  2420339
ISD  19470500
NAM  Rabinow
OCL  354125
UREF
PNO  2460163
ISD  19490100
NAM  Bowen
OCL  354125
UREF
PNO  2806415
ISD  19570900
NAM  Friedberg
OCL  354125
UREF
PNO  2910913
ISD  19591100
NAM  Michel
OCL  350 19
UREF
PNO  2931723
ISD  19600400
NAM  Clark
OCL  352 46
UREF
PNO  3088390
ISD  19630500
NAM  Zimmerman
OCL  354125
UREF
PNO  3551019
ISD  19701200
NAM  Michel
OCL  350 19
UREF
PNO  3590712
ISD  19710700
NAM  Ataka
OCL  354125
LREP
FR2  Spencer; Alan H.
FR2  Nealon; William C.
FR2  Berkenstock, Jr.; H. R.
ABST
PAL  By using two or more masks in a microscope having an optical system with an
      intermediate image plane therein in combination with a camera, composite
      photomicrographs can be prepared with two or more images.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Composite photomicrographs have normally been prepared by optically
      combining separate images or skilled photographic dark room techniques
      with two or more negatives. Another system for preparing photomicrographs
      has recently developed, using a "half frame" camera. As the name implies,
      this camera permits two separate exposures to be made in a single frame,
      with each exposure on a respective half of the frame.
PAR  The prior art systems are either complex and expensive or lack versatility,
      or require true creativity in refined dark room techniques.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention avoids the disadvantages of the prior art by
      permitting two or more masks to be sequentially placed in a single
      location during sequential exposures of a single film frame to provide
      composite photomicrographs. The composite photomicrographs may record two
      or more magnifications, or the same object, as viewed during different
      microscopy techniques, i.e., interference contrast and phase contrast or
      bright field and dark field.
PAR  It is one object of the present invention to provide a means of preparing
      comparison photomicrographs.
PAR  It is another object of the present invention to provide a
      photomicrographic system having improved versatility.
PAR  It is a further object of the present invention to provide a
      photomicrographic system enabling comparison photomicrographs to be
      prepared by plural exposures of a single frame.
PAR  These and other objects will be more fully explained by the following
      description.
PAR  Briefly, the present invention is directed to a photomicrographic system
      comprising a microscope with an optical system having an intermediate
      image plane in combination with a conventional camera for use with a
      microscope. By placing a succession of suitable masks at the intermediate
      image plane, one skilled in the art can prepare a single photomicrograph
      by successive exposures with the masks, respectively. The system of the
      present invention is extremely versatile because the mask borders are not
      restricted to straight lines or specific areas. The system of the present
      invention is of advantage because it is not restricted to photomicrographs
      having only two comparative areas.
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  FIG. 1 is a pair of complementary masks.
PAR  FIG. 2 is a representative photomicrograph prepared sequentially utilizing
      a pair of masks of the type illustrated in FIG. 1.
PAR  FIG. 3 is a pair of complementary masks.
PAR  FIG. 4 is a representative photomicrograph prepared sequentially utilizing
      a pair of masks of the type illustrated in FIG. 3.
PAR  FIG. 5 illustrates a complementary pair of masks in a holder.
DETD
PAR  Referring to FIG. 1, 10 indicates the transparent portion of mask A having
      a real or imaginary border 11. Border 11 is adapted to correspond to the
      size and shape of the camera field. The border may be marked on the
      transparent portion in order to assist the observer in positioning the
      object for photographing. The border 11 may also be a real border of the
      transparent portion of the mask. For example, the transparent portion of
      the mask may be held by a metal frame such as will be described later,
      blocking out that portion of the microscope field which does not
      correspond to the camera field. In this form, the size and shape of the
      opening in the metal holder will define border 11. Ocluded 12 occludes all
      light from a corresponding portion of the film upon exposure with mask 10.
      Complementary mask B has a transparent portion 13 defining an area
      precisely located to correspond with the opaque portion 12. The remaining
      portion of mask B is opaque to occlude all light permitted to pass during
      exposure with mask A.
PAR  FIG. 2 is representative of a photograph having an orthoscopic image in the
      area corresponding to the image transmitted through area 10 of mask A, and
      a conoscopic image in the area corresponding to the image transmitted
      through portion 13 of mask B.
PAR  FIG. 3 represents another embodiment of a complementary pair of masks
      similar to those of FIG. 1, having the opaque area 15 of mask A and
      transparent portion 16 in mask B located in the center of the camera
      field.
PAR  FIG. 4 is representative of a photograph having a low magnification portion
      in the area corresponding to the transparent portion 16 and a high
      magnification portion corresponding to the transparent area 17.
PAR  FIG. 5 illustrates a mask holder 18 with a complementary pair of masks
      mounted therein. The masks shown generally at A and B are full field
      masks, as opposed to the camera field masks of FIGS. 1 and 3. Each mask
      has transparent portion 19 and opaque portion 20 complementarily arranged
      in order that the A mask may be used for a first exposure to obtain a
      photographic image corresponding to that imaged at the intermediate image
      plane in the area defined by 19 in mask A. The holder 18 is then
      repositioned to align mask B coincident with the light path through the
      microscope at the intermediate image plane. A second exposure permits a
      photographic image on the same film frame corresponding to that imaged in
      the area 19 in mask B.
PAR  Microscope systems having intermediate image planes are known. One example
      is shown in co-pending application Ser. No. 201,390 filed Nov. 23, 1971,
      now abandoned, which is owned by the assignee of the present application.
      Referring to FIG. 3 of the co-pending application and the text associated
      therewith, both of which are incorporated herein by reference,
      intermediate image plane 21 is shown in the microscope relay system. A
      mask holder of the type illustrated in FIG. 5 of the present application
      is suitable for use in such a microscope which is adapted to accept
      reticles and the like located at the intermediate image plane. While the
      drawings only exemplify masks dividing the field into two portions, the
      invention includes as well, three or more complementary masks which divide
      the field into three or more respective segments, i.e., thirds, quarters,
      etc.
PAR  The foregoing description of embodiments of Applicant's invention is given
      by way of illustration and not of limitation. The concept and scope of the
      invention is limited only by the following claims and equivalents thereof
      which may occur to others skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing composite photomicrographs comprising the steps
      of:
PA1  positioning a mask in the intermediate image plane of a microscope, said
      mask having a transparent portion and an opaque portion and said mask
      being optically aligned with the optical path of said microscope;
PA1  making a first exposure on a frame of a camera film plane through said
      microscope intermediate image plane;
PA1  positioning a second mask in said intermediate image plane, said second
      mask having a transparent portion corresponding to the opaque portion of
      said first mask and an opaque portion corresponding to the transparent
      portion of said first mask and being located in optical, alignment on the
      optical path of said microscope; and
PA1  making a second exposure of the said frame, whereby a composite photograph
      of a single object is produced.
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ABST
PAL  Photosensitive sheet material, containing an acid-cleavable adduct of an
      image-forming first reactant and a reaction inhibitor together with a
      photolyzable source of halogen acid, which upon exposure to a light-image
      liberates said first reactant for reaction with a second reactant to
      produce a visible image, contains a controlled small amount of an acid
      acceptor for reducing backgrounding and increasing contrast in the
      resulting print.
BSUM
PAR  This invention relates to the recording of lightimages and to sheet
      materials useful therein. More specifically, the invention relates to
      sheet materials having a light-sensitive layer which on exposure to a
      light-image liberates a first reactant material, which first reactant then
      causes a visible change to occur in a companion sheet or layer by
      interaction with a second reactant material contained therein. In one
      aspect the invention relates to light-sensitive intermediate sheet
      materials containing a light-sensitive source of hydrogen halide together
      with an acid-cleavable adduct of a first reactant material and a reaction
      inhibitor therefore, and in which sheet is contained a controlled small
      amount of an acid acceptor. In another aspect the invention relates to the
      interaction of the light-sensitive intermediate sheet, after exposure to a
      light-image, with a receptor or print sheet or layer containing a second
      reactant, to produce on the latter sheet well-defined corresponding or
      inverse high contrast image and background areas.
PAR  The improvement in contrast obtained by the practice of the invention may
      frequently be illustrated in terms of the increase in gamma as derived
      from the characteristic, or D log E, curves of sensitometric data, as will
      be shown hereinafter in more detail. As but one illustration of utility,
      the invention has made possible the preparation, by a process involving
      reflex exposure of the light-sensitive sheet in contact with a printed
      original, of color projection transparencies which project reverse or
      negative copy having white images and intensely colored backgrounds.
PAR  Light-sensitive systems which contain organic halogen compounds and which
      readily yield hydrogen halide on exposure to light are well known. The use
      of sensitizers to broaden the spectral response of such systems is also
      known. A particularly desirable class of sensitizers has been described in
      U.S. Pat. No. 3,640,718, which also describes the use of the sensitized
      organic halogen compounds in imaging systems. In one such system the
      hydrogen halide acts to liberate a reactive naphthol from its
      acid-cleavable normally non-reactive adduct. Reaction of the liberated
      naphthol with a co-reactant, as for instance a silver salt, then provides
      a visible change.
PAR  It has now been found possible to obtain significant improvement in the
      prints made with these and other analogous imaging systems involving acid
      cleavage of an adduct, by incorporating in the light-sensitive sheet
      controlled small amounts of acid acceptors, sufficient only to retain
      substantially less than all of the hydrogen halide made available upon
      exposure to light. The characteristic curve obtained with the product is
      not merely displaced along the exposure axis but is steepened, thereby
      showing an increased gamma value;  pg,3 and the resulting print shows
      increased contrast. In some instances systems which normally undergo such
      intense backgrounding as to produce no visible distinction between exposed
      and unexposed areas are enabled to yield well-defined prints showing
      substantially no backgrounding.
PAR  Although useful acid acceptor materials may be either organic or inorganic,
      certain classes of organic basic-nitrogen compounds are found to be
      particularly effective and are presently preferred. These materials are
      not oxidized by any agents produced in the coatings by photolysis. Their
      conjugate acids have pKa values of at least 3.3. The acid acceptors
      contain no hydrogen-heteroatom bonds with dissociation energies less than
      85 kilocalories/mole unless the pKa value of the conjugate acid is at
      least 4.6.
PAR  Photolyzable organic halogen compounds are known to dissociate upon
      exposure to actinic radiation, to yield halogen free radicals. These free
      radicals are good hydrogen abstractors and in presence of hydrogen donors
      will form hydrogen halide. Suitable hydrogen donors are invariably present
      in the compositions and coatings of this invention, e.g., as the adduct,
      as the film-forming binder, as residual traces of organic solvent, or as
      the organic halogen compound itself; and exposure to light of coatings
      containing these materials in conjunction with the organic halogen
      compounds therefore results in formation of hydrogen halide.
PAR  Photolyzable organic halogen compounds which have been found useful in
      these constructions include hexabromoethane,
      tris(tribromomethyl)-s-triazine, and particularly the ester and urethane
      derivatives of tribromoethanol such as 2,2,2-tribromoethyl-benzoate,
      -2-furoate, -3-chlorobenzoate, -3,4-dichlorobenzoate,
      -2,4-dichlorobenzoate, -1-naphthoate, -2-naphthoate, -N-phenylcarbamate,
      which derivative materials provide improved thermal stability. The
      -4-nitrobenzoate and -3,5-dinitrobenzoate derivatives photolyze too slowly
      to be commercially acceptable, whereas the benzenesulfonate derivative is
      thermally unstable; and such classes of compounds are therefore to be
      excluded for purposes of the present invention.
PAR  The print sheet or layer suitable for forming a black image on a white
      background, as described in U.S. Pat. No. 3,640,718, contains as the
      second reactant a reducible metal salt, e.g., a silver salt, together with
      a hindered phenol reducing agent and a toner for the silver image.
      Reduction of a portion of the silver salt to the metal by reaction with a
      reducing agent obtained from light-struck areas of the intermediate sheet
      or layer then catalyzes the heat-induced reduction of the remaining silver
      salt by the less reactive hindered phenol to form the visible image.
PAR  Reducing agents such as 4-methoxy-1-naphthol and hydroquinone are useful as
      co-reactants for such silver salt coatings. These same reducing agents are
      likewise found useful as co-reactants for reducible dyes, such for example
      as N,N-diethyl-2-chloro-2'-methylindoaniline or sodium
      2,3',6-trichloro-indophenol, causing decolorization of the dye.
      Furthermore, these organic reducing agents readily combine with suitable
      reaction inhibitors, notably the dihydropyrans, to form acid-cleavable
      adducts which no longer act as reducing agents for the silver salt or the
      reducible dye. Many of the reducing agents, which are stable solids at
      normal room temperatures, are readily volatilizable at moderately elevated
      temperatures of the order of 130.degree. C., and accordingly are easily
      transferred in vapor form from the intermediate sheet to a superposed
      print sheet. Thus, a preferred class of first reactants for the practice
      of the invention may be identified as reducing agents for silver. Other
      classes of reactants which undergo or cause a visible change on reaction
      with a co-reactant and which form an acid-cleavable adduct are useful in
      other systems.
PAR  Reaction-inhibited acid-cleavable adducts of these reducing agents for
      silver may be formed with a wide variety of organic compounds containing
      vinyl ether linkages, including compounds of such classes as the alkyl
      vinyl ethers, the dihydropyrans, and polyvinyl compounds such as
      glycoldivinyl ethers and glyceroltrivinyl ethers. For a variety of
      reasons, adducts of the dihydropyrans are preferred in the practice of
      this invention.
PAR  Exact stoichiometric relationships between adduct, photolyzable source of
      hydrogen halide, and acid acceptor are difficult if not impossible to
      determine. Thus, the several halogens of compounds such as hexabromoethane
      and tris(tribromomethyl-s-triazine photolyze at greatly different rates or
      under widely diverse conditions, so that the amount of hydrogen halide
      available on exposure to a light-image cannot be accurately estimated.
      Furthermore, the cleavage of the adduct by the hydrogen halide appears to
      proceed by a catalytic rather than a stoichiometric route, so that the
      amount of acid required to release the reducing agent cannot be
      ascertained with accuracy. In general, the amount of adduct must be
      sufficient to provide a concentration of reducing agent which will, on
      reaction with the reactant of the print sheet or layer, form or catalyze a
      distinctly visible change. The amount of photolyzable material must then
      be sufficient to produce an amount of hydrogen halide sufficient to cause
      cleavage of the adduct. And the amount of acid acceptor must be sufficient
      to remove all or substantially all of any hydrogen halide released in the
      unexposed or partially exposed areas but insufficient to remove the excess
      over such amounts which may be liberated at the fully exposed areas,
      thereby to cause a distinct difference in appearance between image and
      background areas of the developed print, generally observable as an
      improvement in contrast. As a general rule, the amount of acid acceptor
      required will be well within the range of 0.01 to 2.0 moles per mole of
      organic halogen compound, and usually within the preferred narrower range
      of 0.3 to 1.2 moles.
PAR  Differences in optical contrast may be estimated visually but are more
      accurately determined by sensitometric measurements, an increase in
      contrast being represented as an increase in gamma. Typically, the
      light-sensitive sheet containing the photosensitive organic halogen
      compound and the acid-cleavable reactant adduct, together with the acid
      acceptor when present, is exposed through an optical step wedge and is
      then heated against a suitable receptor sheet to develop a corresponding
      sequence of images. The optical density of the images is then measured and
      plotted against the relative exposure on a logarithmic scale, the slope of
      the curve representing the gamma or contrast value. An indication of
      relative photographic speed may simultaneously be obtained if the exposure
      is controlled to provide minimum recognizable exposure at the same point
      on the wedge in each instance. The accompanying drawing presents a series
      of D log E curves obtained in this manner as will be further described
      hereinafter.
DETD
PAR  The following Examples are provided further to illustrate but not to limit
      the invention. Proportions are given in parts by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  A coating composition is prepared containing:
     binder (cellulose acetate butyrate)                                       

                              2.8                                              

     solvent (methylethyl ketone)                                              

                              47.1                                             

     (1,2-dichloroethane)     6.6                                              

     adduct of tertiarybutyl hydroquinone                                      

                              1.0                                              

     tris-(tribromomethyl)-s-triazine                                          

                              0.5                                              

     spectral sensitizer      0.025                                            

PAR  One-tenth of the composition is coated as control coating A. To other
      tenth-parts are added different amounts of piperazine as acid acceptor,
      these mixtures providing coating B-E. The coatings are applied to clear
      polyester film from a 3.0 mil (0.075 mm.) coating orifice and permitted to
      dry, all operations being conducted in the dark or under an appropriate
      safelight, to provide a series of photosensitive intermediates.
PAR  The adduct is prepared from 1:2 molar proportions of t-butyl hydroquinone
      and dihydropyran by combining under anhydrous conditions in the presence
      of catalytic amounts of strong acid.
PAR  The spectral sensitizer is the dibutyl ether of the leuco form of Vat
      Violet 7 (C.I. 59320).
PAR  Separately, a receptor sheet is prepared by coating clear polyester film
      from a 3.0 mil (0.075 mm.) orifice with a solution containing,
TBL  ethyl cellulose       0.5                                                 

     acetone               9.5                                                 

     n-butyl alcohol       0.5                                                 

     reducible dye         0.025                                               

PAL  and drying. The dye is N,N-diethyl-2-chloro-2'-methylindoaniline. The sheet
      is an intense blue color.
PAR  Segments of the intermediates are exposed to light from a high intensity
      tungsten filament source through a log .sqroot.2 step wedge for the time
      indicated in the following tabulation, and then placed against the
      receptor sheet and heated at 130.degree. C. for 5 seconds. Exposure time
      is selected to assure that the full range of density variation is obtained
      in the print.
TBL  ______________________________________                                    

     Sample                                                                    

           Piperazine  Ratio      Exposure Gamma                               

     ______________________________________                                    

     A     0           0           15 sec. 1.4                                 

     B     0.0005      0.097       15 sec. 2.9                                 

     C     0.002       0.39        60 sec. 5.8                                 

     D     0.003       0.580      120 sec. 9.9                                 

     E     0.006       1.16       480 sec. 10.0                                

     ______________________________________                                    

PAR  The ratio expressed is the number of moles of piperazine per mole of
      tris-(tribromomethyl)-s-triazine.
PAR  The results are further indicated in the drawing, showing the
      characteristic curves (density vs. relative log exposure curves) of
      Samples A-E. The negative slope of the curves is a result of the reversal
      process employed in going from the light-sensitive intermediate to the
      final print sheet, and is disregarded in the tabulations of gamma values
      herein provided.
PAC  EXAMPLE 2
PAR  A large number of acid acceptors is tested in a separate series, using
      formulations and under procedures essentially as described in Example 1
      except that the concentration of tris-(tribromomethyl)-s-triazine is
      increased to 0.6 part on the same formula basis and 0.030 part of perylene
      replaces the 0.025 part of butylated Vat Violet 7 as spectral sensitizer.
PAR  The coated films, containing the various acid acceptor compounds in the
      amounts indicated in place of the piperazine as used in the photosensitive
      intermediate sheets of Example 1, are exposed through the step wedge and
      heated against the blue receptor sheet all as previously described. The
      results in terms of resultant gamma values are shown in the following
      tabulation, which additionally sets forth the parts by weight of the acid
      acceptor and the pKa of its conjugate acid in each case.
TBL  ______________________________________                                    

     acid acceptor    pKa         parts   gamma                                

     ______________________________________                                    

     none (control)   --          --      1.5                                  

     1,8-bis(dimethylamino)                                                    

     naphthalene      12.3        .005    3.0                                  

     piperidine       11.2        .005    5.1                                  

     diethylamine     11.0        .008    3.4                                  

     1,12-diaminododecane                                                      

                      ca 11       .005    4.1                                  

     1,10-diaminodecane                                                        

                      ca 11       .005    4.9                                  

     1,8-diaminooctane                                                         

                      11.0        .005    3.5                                  

     polyethyleneimine                                                         

                      ca 10.6     .005    3.0                                  

     triethylamine    10.6        .003    2.9                                  

     1,3-diaminopropane                                                        

                      10.6        .005    5.6                                  

     1,3-diphenylguanidine                                                     

                      10.2        .005    3.7                                  

     ethylenediamine  10.0        .010    5.8                                  

     piperazine       9.8         .005    5.9                                  

     1,3-diamino-2-propanol                                                    

                      9.7         .005    5.8                                  

     2-aminoethanol   9.5         .010    2.5                                  

     benzylamine      9.4         .005    4.2                                  

     4-aminopyridine  9.2         .005    5.2                                  

     morpholine       8.4         .005    3.9                                  

     triallylamine    8.3         .005    5.3                                  

     methylhydrazine  7.9         .005    2.7                                  

     triethanolamine  7.8         .005    5.3                                  

     imidazole        7.0         .003    4.3                                  

     N,N-diethylaniline                                                        

                      6.6         .003    4.5                                  

     4-methylpyridine 6.0         .005    3.2                                  

     3-aminopyridine  6.0         .006    5.1                                  

     2-methylpyridine 6.0         .005    3.0                                  

     N,N-diethyl-o-toluidine                                                   

                      5.9         .005    4.8                                  

     2-t-butylpyridine                                                         

                      5.8         .005    4.7                                  

     3-methylpyridine 5.7         .006    4.1                                  

     benzimidazole    5.5         .005    4.8                                  

     4-aminophenol    5.5         .005    2.5                                  

     isoquinoline     5.4         .005    5.1                                  

     pyridine         5.3         .005    5.3                                  

     4-anisidine      5.3         .005    2.5                                  

     5-hydroxyquinoline                                                        

                      5.2         .005    4.7                                  

     6-hydroxyquinoline                                                        

                      5.2         .005    4.7                                  

     8-hydroxyquinoline                                                        

                      5.1         .005    2.7                                  

     4-toluidine      5.1         .005    2.3                                  

     quinoline        4.9         .005    3.9                                  

     3-fluoropyridine 4.8         .005    2.5                                  

     N-methylaniline  4.8         .005    3.3                                  

     2-aminophenol    4.7         .005    2.3                                  

     trimethylamine oxide                                                      

                      4.7         .010    4.8                                  

     3-toluidine      4.7         .005    2.6                                  

     N,N-diethyl-4-nitroso-                                                    

     aniline          3.5         .007    3.8                                  

     phthalazine      3.5         .003    3.7                                  

     4-hydroxypyridine                                                         

                      3.3         .003    4.0                                  

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  The stock solution contains:
TBL  polypropylene oxide      0.5                                              

     chloroform               9.5                                              

     adduct of 4-methoxy-1-naphthol                                            

                              0.2                                              

     methyl-bis(trichloromethyl)-s-                                            

     triazine                 0.04                                             

     bis-(4-dimethylamino-benzalacetone                                        

                              0.008                                            

PAR  The adduct is prepared from 4-methoxy-1-naphthol and dihydropyran in
      equimolar proportions.
PAR  One-half of the solution is coated at 3 mils (0.075 mm.) on polyester film
      as a control.
PAR  To the other one-half is added:
PAR  1,8-bis(dimethylamino)-naphthalene 0.003 as acid acceptor, and this
      solution is similarly coated.
PAR  After drying, the two films are exposed through a step wedge and heated
      against a blue receptor film prepared by coating polyester film with 3
      mils (0.075 mm.) of a solution prepared by dissolving 0.025 part of the
      sodium salt of 2,3',6-trichloroindophenol in 10 parts of a 5% solution of
      hydroxypropyl cellulose in methanol, and drying. The following gamma
      values are obtained:
TBL  sample                 gamma                                              

     ______________________________________                                    

     control                1.6                                                

     with acid acceptor     2.8                                                

     ______________________________________                                    

PAR  Copies of printed graphic originals are prepared by exposure of the
      intermediate sheets in contact with the original, i.e., by reflex
      exposure, followed by heating the exposed intermediate against the
      receptor sheet. The copy made with the sheet containing the acid acceptor
      is visibly better in contrast than is the copy made with the control
      sheet.
PAC  EXAMPLE 4
PAR  Using the same techniques as previously described, an intermediate sheet
      containing the adduct of two moles of dihydropyran and one mole of
      hydroquinone as the source of reducing agent, cellulose acetate butyrate
      as the binder, and hexabromoethane as the photosensitive halogen compound
      is compared with an otherwise identical sheet containing an acid acceptor
      of the same kind and in the same amount as in Example 3. The exposed
      sheets are heated in contact with a print film containing four parts of
      the blue-green (cyan) dye N,N-diethyl-2,6-dichloro-2'-methylindoaniline in
      50 parts of ethyl cellulose. Contrast is improved by incorporation of the
      acid acceptor, the gamma value being increased from 1.5 for the control to
      3.5 for the improved sheet.
PAC  EXAMPLE 5
PAR  An intermediate sheet containing 24.4 parts binder, 4.75 parts anhydrous
      potassium carbonate, 10 parts dihydropyran adduct of t-butylhydroquinone,
      6 parts of tris-(tribromomethyl)-s-triazine, and 0.3 parts perylene is
      compared with an otherwise identical sheet from which the potassium
      carbonate is omitted, by exposure through a step wedge and heating against
      a blue film as described under Example 2. Contrast of prints obtained with
      the sheet containing the potassium carbonate is markedly greater than of
      those obtained with the control sheet.
PAC  EXAMPLE 6
PAR  A stock solution for the intermediate sheet coating is prepared as in
      Example 2 except that the methoxynaphthol adduct of Example 3 replaces the
      adduct of t-butylhydroquinone. Portions with and without acid acceptors
      are coated, the dried sheets are exposed through the step wedge at
      exposures selected to indicate sensitivity, and the exposed samples are
      then heated against a transparent receptor sheet containing a silver salt,
      a hindered phenol reducing agent, and a toning agent and available from
      Minnesota Mining and Manufacturing Company as Type 659 Transparency.
      Results are as here tabulated:
TBL  acid acceptor   mole ratio exposed   gamma                                

     ______________________________________                                    

     none (control)  0          5 sec.    1.4                                  

     1,8-bis(dimethylamino)-                                                   

       naphthalene   0.31       30        5.9                                  

     1,12-diaminododecane                                                      

                     0.34       60        6.5                                  

     imidazole       1.0        60        8.3                                  

     N,N-diethylaniline                                                        

                     0.47       30        6.6                                  

     piperazine      0.8        120       4.9                                  

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Intermediate sheets are prepared by coating polyester film with
      compositions containing:
TBL  cellulose acetate butyrate                                                

                              3.1                                              

     methyl ethyl ketone      48                                               

     1,2-dichloroethane       2.4                                              

     adduct of phenothiazine and                                               

       dihydropyran           1.0                                              

     tris(tribromomethyl)-s-triazine                                           

                              0.6                                              

     acid acceptor            0.01                                             

PAR  The sheets are exposed through a step wedge and heated against a Type 659
      silver salt receptor sheet as in Example 6. Results are shown in the
      accompanying table
TBL  acid acceptor      exposure, sec.                                         

                                      gamma                                    

     ______________________________________                                    

     1,8-bis(dimethylamino)                                                    

     naphthalene        30            6.6                                      

     piperidine         5             7.2                                      

     1,12-diaminododecane                                                      

                        2             5.6                                      

     ______________________________________                                    

PAR  A control example containing no acid acceptor is found to cause complete
      darkening of the receptor sheet.
PAC  EXAMPLE 8
PAR  Each of the intermediate sheets of the foregoing examples contains a
      spectral sensitizer for the photosensitive organic halogen compound, and
      is therefore capable of activation by visible light as obtained from an
      incandescent tungsten filament. In the absence of the sensitizer it is
      found necessary to employ a different light source.
PAR  A control intermediate sheet is prepared using a coating solution
      containing:
TBL  cellulose acetate butyrate                                                

                              0.50                                             

     solvent                  10.0                                             

     bis-tetrahydropyranyl ether of                                            

     t-butyl hydroquinone     0.15                                             

     tris-(tribromoethyl)-s-triazine                                           

                              0.40                                             

PAR  A second intermediate sheet is similarly prepared but with the addition to
      the solution of 0.006 part of 1,8-bis-(dimethylamino)-naphthalene.
PAR  The two are exposed through a step wedge to light from a mercury arc source
      ("Colight MUV-1026") for times selected to indicate sensitivity and are
      then heated against a blue receptor film containing
      N,N-diethyl-2-chloro-2'-methyl-indoaniline to cause bleaching at areas
      corresponding to the exposed areas. Results are as follows:
TBL  sample            exposure     gamma                                      

     ______________________________________                                    

     control            5 minutes   3.0                                        

     with acid acceptor                                                        

                       10           4.4                                        

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  An intermediate having a coating containing:
TBL  polypropylene oxide      0.5                                              

     adduct of dihydropyran and 4-                                             

       methoxy-1-naphthol     0.2                                              

     methyl-bis-(trichloromethyl)-s-                                           

       triazine               0.04                                             

     bis-(4-dimethylamino)-benzalacetone                                       

                              0.008                                            

     1,8-bis(dimethylamino)-naphthalene                                        

                              0.006                                            

PAL  is exposed through a stencil and heated against a receptor sheet having a
      sub-coating of benzimidazole in vinyl chloride-vinyl acetate ("VYNS")
      copolymer as the binder and a top-coating of acid-stabilized diazonium
      salt (Andrews "54S" diazo) in ethyl cellulose binder. The areas of the
      receptor sheet corresponding to the light-struck areas of the intermediate
      develop a blue color. The non-exposed areas remain colorless.
PAC  EXAMPLE 10
PAR  A difunctional dihydropyran is prepared by reacting together equimolar
      quantities of 3,4-dihydro-2H-pyran-2-methanol and
      tolylene-2,4-diisocyanate in benzene using a small amount of
      triethylenediamine as catalyst. The bisdihydropyran product is converted
      to a polymeric tetrahydropyranyl ether (adduct) by reaction with
      tert-butyl hydroquinone in 1:1 molar ratio in benzene, using
      p-toluenesulfonic acid as catalyst.
PAR  Light-sensitive intermediate sheets are prepared with the polymeric ether
      adduct and both with and without an acid acceptor, the dried coatings
      having the following composition:
TBL  cellulose acetate butyrate                                                

                               31.4                                            

     polymeric adduct          8                                               

     hexabromoethane           5                                               

     butylated vat violet 7    0.3                                             

     (1,8-bis(dimethylamino)naphthalene                                        

                               0.5)                                            

PAR  The sheets are exposed through a step wedge and corresponding images are
      developed by heating the exposed strips against a blue receptor sheet
      containing the reducible dye N,N-diethyl-2-chloro-2'-methylindoaniline and
      formulated as described in Example 1. The addition of the small amount of
      1,8-bis(dimethylamino)naphthalene is found to impart improved contrast. In
      the absence of this compound, the blue areas of the developed receptor
      sheet show lowered color intensity.
PAC  EXAMPLE 11
PAR  Replacing the polymeric adduct of Example 10 with an equal amount of the
      1:1 adduct of tert-butyl hydroquinone and tert-butyl vinyl ether results
      in complete decolorization of the receptor sheet by the control sheet when
      the two are heated together either with or without previous exposure. On
      the contrary, heating the exposed intermediate containing the acid
      acceptor against the receptor sheet produces a high contrast image on a
      blue background.
PAC  EXAMPLE 12
PAR  A transparent intermediate is prepared by application to a transparent
      polyester film of a coating containing:
TBL  cellulose acetate butyrate                                                

                              137.5                                            

     dihydropyran adduct of t-butyl                                            

       hydroquinone           42.6                                             

     2,2,2-tribromoethyl-2,4-dichloro-                                         

       benzoate               12.5                                             

     sensitizer (butylated vat violet 7)                                       

                              1.5                                              

     inert filler (cationic starch-                                            

       optional)              1.0                                              

     1,8-bis(dimethylamino)-naphthalene                                        

                              0.6                                              

PAL  applied from solution in
TBL  methyl ethyl ketone     2360                                              

PAL  at a coating orifice of 3 mils (0.075 mm.) and dried.
PAR  The intermediate is placed against a graphic original printed in black ink
      on white paper, and the original is exposed through the intermediate. The
      latter is then heated against a receptor sheet coated with a composition
      containing:
TBL  ethyl cellulose          50                                               

     N,N,-diethyl-2-chloro-2'-                                                 

       methylindoaniline      2.5                                              

PAL  prepared as in Example 1.
PAR  The areas corresponding to the background areas of the original are
      rendered colorless, while the areas corresponding to the printed
      characters of the original retain their clear blue color. The copy serves
      as an excellent color projection transparency, the projected image
      appearing in intense blue characters against a white background.
PAR  Omission of the 1,8-bis(dimethylamino)naphthalene acid acceptor from the
      formula of the intermediate sheet results in extreme backgrounding in the
      copy and loss of contrast on the projection screen.
PAC  EXAMPLE 13
PAR  A coating composition containing
TBL  methyl ethyl ketone     2350                                              

     cellulose acetate butyrate                                                

                             150                                               

     1:1 adduct of dihydropyran and 4-                                         

       methoxy-1-naphthol    12                                                

     (2,2,2-tribromoethyl)-2,4-dichloro-                                       

       benzoate              9.6                                               

     butylated Vat Violet 7  0.84                                              

     diphenyl guanidine      0.42                                              

PAL  is applied to polyester film as a thin uniform coating and dried. The dry
      coating weighs 0.21 gram/sq. ft. (2.1 g./sq.m.)
PAR  The resulting intermediate sheet is placed in reflex position against a
      printed original having black indicia on a white background and the
      printed surface is exposed through the intermediate for 18 seconds to
      light from a bank of incandescent filament lamps.
PAR  The sheet is then placed in face-to-face contact with a transparent
      receptor sheet having a coating containing a silver soap, a hindered
      phenol reducing agent, and a toning agent ("Type 659" Transparency) and
      the composite is heated by repeated passes through a hot roll heating
      device sufficient to develop a dense black appearance at areas
      corresponding to the unprinted areas of the original. Areas corresponding
      to the black printed areas of the original remain clear and transparent.
      Intermediate areas are likewise faithfully inversely reproduced. As many
      as 90-100 lines per inch are faithfully copied. The print serves as a
      highly effective projection transparency.
PAR  The above examples have for convenience been described in terms of separate
      intermediate and print sheets, and image development by heating. Sheet
      materials having separate layers on a single backing, for example with a
      silver salt coating beneath a light-sensitive coating, as well as transfer
      of reactant by solvent transfer or in other ways, are also contemplated as
      being within the ambit of the invention. Combinations of reactants may be
      used, and other non-inventive variations as will become apparent in the
      light of the foregoing description are likewise contemplated.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. Light-sensitive sheet material useful as an intermediate in forming a
      record of a light-image on a print sheet containing a second reactant
      which is reactive with a first reactant to provide a visible change; said
      intermediate sheet consisting essentially of a photolyzable heat-stable
      source of hydrogen halide, an acid-cleavable adduct of a said first
      reactant and an organic compound containing a vinyl ether linkage, said
      adduct being capable of supplying a reducing agent when cleaved with acid,
      and an acid acceptor for said hydrogen halide in an amount, between 0.01
      and 2.0 moles per mole of said photolyzable source, less than sufficient
      to retain all of the hydrogen halide available from said photolyzable
      source upon exposure to said light image; wherein said acid acceptor is
      selected from the group consisting of:
PA1  a. nitrogen-containing organic compounds having at least one basic group
      and wherein the conjugate acid corresponding to each said group has a pKa
      value greater than 4.6, and
PA1  b. nitrogen-containing organic compounds having at least one basic group,
      wherein the conjugate acid corresponding to each said group has a pKa
      value greater than 3.3, and wherein said compound has no
      hydrogen-heteroatom bond with dissociation energy less than 85 kcal/mole.
NUM  2.
PAR  2. Sheet material of claim 1 wherein said acid acceptor is a
      1,8-bis(dimethylamino)-naphthalene.
NUM  3.
PAR  3. Sheet material of claim 1 wherein said acid acceptor is diphenyl
      guanidine.
NUM  4.
PAR  4. Sheet material of claim 1 wherein said first reactant is a phenolic
      reducing agent for silver.
NUM  5.
PAR  5. Sheet material of claim 4 wherein said reducing agent is volatilizable
      at 130.degree. C.
NUM  6.
PAR  6. Sheet material of claim 1 wherein said organic compound containing a
      vinyl ether linkage is a 3,4-dihydropyran.
NUM  7.
PAR  7. Sheet material of claim 6 wherein said first reactant is a phenolic
      reducing agent for silver.
NUM  8.
PAR  8. Method of making a high contrast record of a light-image comprising:
      exposing to said light-image an intermediate sheet of claim 1 to cause
      liberation of hydrogen halide, cleavage of said adduct, and release of a
      reducing agent at light-exposed areas; and then inducing reaction of said
      reducing agent with a second reactant in a companion print sheet or layer,
      which is in contact with said intermediate sheet, to cause in said print
      sheet or layer a visible change at image-defining areas.
NUM  9.
PAR  9. Method of claim 8 wherein said second reactant is a metal salt reducible
      to metal by reaction with said first reactant.
NUM  10.
PAR  10. Method of claim 8 wherein said second reactant is a dye which is
      reducible to a less colored lueco form by reaction with said first
      reactant.
NUM  11.
PAR  11. Method of claim 8 wherein said reactant is photolyzable at 130.degree.
      C. and said reaction is induced by heating said intermediate sheet against
      a said print sheet.
NUM  12.
PAR  12. Sheet material of claim 1 wherein said photolyzable source is an ester
      or urethane derivative of tribromoethanol.
NUM  13.
PAR  13. Light-sensitive sheet material resistant to thermally induced
      degradation and containing as a photolyzable source of halogen free
      radicals an ester or urethane derivative or tribromoethanol.
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PAL  A physical developer composition for latent images comprises a mixture of
      at least one copper salt and at least one nickel salt and a reducing agent
      for copper and nickel salts wherein the nickel and copper salts are in
      such proportions that upon reduction to a metal alloy, the alloy contains
      from 9 to 98 mole percent copper and from 2 to 91 mole percent nickel.
BSUM
PAR  This invention relates to photographic physical developers and more
      particularly, to a physical developer comprising a mixture of copper and
      nickel salts for developing a variety of latent images.
PAR  Physical development typically includes the intensification or development
      of a latent image by treating the latent image with a developer solution
      which contains a reducible metal compound and a reducing agent. In
      physical development, virtually all the metal in the resultant visual
      image is formed by the selective reduction of metal ions supplied by the
      reducible metal compound in the developer solution. It is desirable that
      the physical developer solution be so formulated that it is stable under
      conditions of storage, but that in the presence of a catalyst, such as the
      latent image, it decomposes and deposits reduced metal on the catalytic
      sites. Once a catalytic site is enveloped with metal deposited from the
      developer solution, it is essential that the reduced metal be
      autocatalytic, that is, it, too, must catalyze the decomposition of the
      physical developer solution.
PAR  A wide variety of metal ions have been incorporated in photosensitive
      compositions to be physically developed. The conventional photosensitive
      element contains a silver halide emulsion as the photosensitive component.
      In view of the high cost of such systems, recent imaging systems based on
      non-silver salts have been studied. Physical developers based on non-noble
      metals have also been proposed in order that the entire imaging system be
      based on non-noble metals.
PAR  U.S. Pat. No. 3,598,587, issued Aug. 10, 1971, describes several physical
      developer materials based on non-noble metals. Physical development baths
      employing noble metals such as silver, gold and platinum as well as
      non-noble metals such as nickel, cobalt, iron, and palladium are described
      in U.S. Pat. No. 3,687,668, issued Aug. 29, 1972.
PAR  The addition of lead, cadmium, mercury, tin, tellurium and iron ions to
      nickel physical development baths has been shown to have an adverse affect
      on the physical development in G. Salvago and P. L. Cavalloti, Plating,
      59, (7), 665 (1972).
PAR  One problem involving both noble metal-containing developers and non-noble
      metal-containing developers is that of slow development rate.
PAR  Thus, faster developers, in order to cut down development time, are needed.
      Accordingly, it is an object of this invention to provide novel physical
      developers in which catalytic nuclei develop at a faster rate.
PAR  It is another object of this invention to provide novel physical developer
      formulations.
PAR  Still another object of this invention is to provide novel photographic
      physical developer formulations which have improved stability.
PAR  IT IS STILL ANOTHER OBJECT OF THIS INVENTION TO PROVIDE A NOVEL METHOD OF
      DEVELOPING IMAGES WITH REDUCED FOG.
PAR  Yet another object of this invention is to provide novel physical
      developers which enable predetermined physical and chemical properties in
      deposits of metal alloys.
PAR  The above and other objects of this invention are accomplished by employing
      a mixture of at least one copper salt and at least one nickel salt and at
      least one reducing agent for copper salt and nickel salt as the
      photographic, physical developer composition. The physical developer of
      this invention comprises at least one nickel salt and at least one copper
      salt and at least one reducing agent for copper salt and nickel salt; said
      copper salt and nickel salt being in such proportions that upon reduction
      to a metal alloy, the alloy contains from 9 to 98 mole percent copper and
      from 2 to 91 mole percent nickel.
PAR  The physical developer of the invention containing both nickel and copper
      ions in the above molar relationship provides a physical developer with
      which physically developable nuclei develop at a rate appreciably faster
      than that obtainable from analogous developers containing only copper
      salts or only nickel salts or mixtures of both in ranges outside the range
      delineated above.
PAR  The copper salts useful herein include any water-soluble copper salt such
      as copper halide, such as copper chloride, copper iodide, copper bromide
      and the like, as well as copper sulfate, copper nitrate, copper formate
      and the like.
PAR  Nickel salts which are useful herein include any water-soluble nickel salt
      such as nickel halides, such as nickel chloride, nickel iodide, nickel
      bromide and the like, as well as nickel sulfate, nickel nitrate and nickel
      salts of organic acids such as nickel acetate, nickel formate and the
      like. In the preferred embodiment, nickel chloride and copper chloride are
      used as the salts herein.
PAR  The proportion of nickel salt and copper salt employed must be such that
      upon reduction to a metal alloy, the alloy contains from 9 to 98 mole
      percent copper and from 2 to 91 mole percent nickel. Although the
      proportion of nickel salt and copper salt in the developer bath necessary
      to obtain the above alloys will vary depending on the nickel salt, copper
      salt, and reducer used, generally, the development bath should contain
      from 2.5 to 30 mole percent copper and from 70 to 97.5 mole percent nickel
      based on the total moles of photosensitive metal salts in the developer.
      The most preferred alloy contains from 20 to 60 mole percent copper and
      from 40 to 80 mole percent nickel which generally corresponds to the use
      of 10 to about 25 mole percent copper and 90 to about 75 mole percent
      nickel in the developer bath.
PAR  A further advantage of the mixed copper and nickel salt developers of this
      invention is that a blend of physical properties such as resistivity,
      magnetic properties and reflection density can be obtained by the
      deposition of the alloy. Thus, the proportions of the metals in the
      developer bath may be tailored to provide the physical properties desired
      in the alloy.
PAR  If desired, other salts of heavy metals may be used in the developer bath
      such as salts of Group VIII metals such as cobalt and iron and salts of
      Group VIb metals such as chromium. It is preferred, however, that the
      copper and nickel salts together comprise at least 50 mole percent of the
      total metal salts in the developer composition.
PAR  The reducing agent for the copper and nickel salts can be any compound
      which provides a ready source of electrons for the reduction of the copper
      and nickel ions in the physical developer and which does not otherwise
      interfere with the development of the image. Suitable reducing agents in
      this invention include only those reducing agents which reduce both copper
      and nickel ions such as borane reducing agent, such as dimethylamine
      borane and others described in U.S. Pat. No. 3,650,748, hypophosphite,
      boronium salts, borohydride, and the like. Combinations of reducing agents
      can be used if desired.
PAR  The developer typically contains from about 0.001 to about 1.0 moles per
      liter of solution of the reducing agent and from about 0.01 to about 1.0
      moles per liter of copper and nickel salts. Generally, at least 0.01
      equivalent of reducing agent should be present in the solution for each
      equivalent of copper and nickel salts.
PAR  The developer solution, in addition to the copper and nickel salts and the
      reducing agent, generally contains at least one complexing agent for the
      copper and nickel ions. The complexing agent ties up the nickel and copper
      ions in unexposed areas of the photosensitive element and protects the
      unexposed areas from reduction by the reducing agent. This prevents fog
      from occurring in the non-image areas. Typical complexing agents which are
      useful herein include pyrophosphate, gluconic acid, ethanolamine, organic
      carboxylic acids, organic amines, ammonium, and the like.
PAR  Useful carboxylic acids include monoalkanecarboxylic acids of from 1 to 10
      carbon atoms such as acetic, propionic, trimethylacetic, caproic,
      caprylic, and decanoic acids; dicarboxylic acids of from 2 to 8 carbon
      atoms such as oxalic acid, malonic, succinic, glutaric, adipic, pimelic,
      and suberic acids; halogenated carboxylic acids such as chloroacetic,
      bromoacetic, chloropropionic and bromopropionic acids; and
      hydroxycarboxylic acids such as lactic and tartaric acids.
PAR  Amines that are useful as complexing agents according to this invention
      typically include (1) monoamines including compounds having the formula
      RNH.sub.2, wherein R is alkyl from 1 to 12 carbon atoms such as methyl,
      ethyl, propyl, octyl and decyl, cycloalkyl, such as cyclohexyl and
      cyclopentyl, and aralkyl, such as benzyl and phenethyl and compounds
      having the formula R'NHR.sup.2, wherein each of R' andR.sup.2 is
      independently selected from the group consisting of alkyl from 1 to 10
      carbon atoms, such as methyl, ethyl, butyl, octyl, and the like,
      cycloalkyl, such as cyclohexyl, and aralkyl, such as phenethyl and
      compounds having the formula
      ##EQU1##
      wherein each of R.sup.3, R.sup.4 and R.sup.5 is independently selected
      from the group consisting of alkyl from 1 to 8 carbon atoms, such as
      methyl, ethyl, octyl, and the like, cycloalkyl, such as cyclohexyl, and
      aralkyl, such as phenethyl; (2) alkylenediamines wherein the alkylene
      group contains 1 to 8 carbon atoms, such as ethylenediamine and the like;
      (3) triamines, including diethylenetriamine, and
      3,3'-diaminodipropylamine; and (4) aromatic amines such as p-aminophenol.
PAR  The proportions of the complexing agent used herein can vary over a wide
      range. Typically, the complexing agent is present in amounts of from 0.01
      to about 10 moles per liter of developer solution. Concentrations of 0.01
      to 1.0 moles per litere are preferred.
PAR  In addition, there can be added to the physical developer solutions of the
      invention a variety of other materials typically employed in physical
      developers to facilitate maintenance and operation of the developer and to
      improve the quality of the developed image, such as stabilizing agents,
      surfactants, antifoggants, buffers, thickening agents, brightening agents
      and the like.
PAR  Physical developers, including physical developer solutions, of this
      invention can be prepared merely by mixing the various components. The
      components can be mixed in the dry state, and then water can be added when
      the developer solution is desired for use. Alternatively, because of the
      stability of these developer solutions, the various components can be
      added to water prior to the time the developer solution is to be used.
      Although different orders of addition of the components can be employed in
      preparing the developers of the invention, it is preferred that the
      reducible copper and nickel salts and the complexing agent therefor be
      present in solution before the reducing agent is added.
PAR  The pH at which a physical developer solution of the invention is
      maintained affects both the stability of the solution itself and the
      quality of the image which is obtained from the physical developer
      solution. If the solution is moderately alkaline, i.e., if it has a pH of
      about 8 to about 12, the solution is more stable and image quality is
      improved. It is preferred to operate the developer solution at a pH of
      between about 8.5 and 11.0. The solution can be brought to a pH within the
      desired range by addition of appropriate amounts of a suitable basic
      material; for example, ammonium hydroxide and/or sodium hydroxide. Other
      useful basic materials include organic amines, for example, ethanolamine.
      Other bases, known to those skilled in the art, cann be substituted for
      these compounds. The solution can be maintained at the desired pH by
      incorporation therein of a suitable buffering system. A mixture of sodium
      carbonate and sodium bicarbonate is an example of a suitable buffering
      system. Other suitable buffers will be readily apparent to those skilled
      in the art.
PAR  As indicated above, a wide variety of photosensitive materials are useful
      in the process of this invention. The essential requirement which they
      must satisfy to be useful in this invention is that they are capable of
      producing physically developable nuclei, that is, nuclei which are
      catalytic for the reduction and deposition of metal from the physical
      developer solution. Metals such as palladium, silver, copper, iron,
      nickel, cobalt, chromium, platinum, tin, zinc, and the like are catalytic,
      and photosensitive elements which are capable of producing physically
      developable nuclei of such metals can be employed in this invention. The
      majority of photosensitive materials useful in the processes of this
      invention can be divided into three types. The first type includes those
      materials in which catalytic nuclei are produced directly on
      photoexposure. Typical of such materials are those based on such
      radiation-sensitive metal compounds as radiation-sensitive copper
      compounds in which photoexposure reduces the metal compound to physically
      developable nuclei of elemental metal. The second type includes those
      materials in which photoexposure yields a product which when reacted with
      a second compound, produces catalytic nuclei which are derived either from
      the product of photoexposure, from the second compound, or from a
      combination of the two. An example of this type of system is one in which
      photoexposed silver halide must be chemically developed and then activated
      to give a catalytic image. This is described, for example, in Example 3 of
      U.S. Pat. No. 3,650,748. The third type would include those systems in
      which photoexposure yields a product which is noncatalytic or can be made
      noncatalytic, while the unexposed material is catalytic or can be made
      catalytic, e.g., by chemical reaction. An example of such a system is one
      in which photoexposed silver halide is chemically developed to
      noncatalytic silver and the unexposed silver halide is reduced in the
      physical developer solution to catalytic silver nuclei. This is described,
      for example, in Example 4 of U.S. Pat. No. 3,650,748.
PAR  One photosensitive element which can be used in this invention is one based
      on copper (I) complexes having the formula CuL.sub.n X wherein L is a
      ligand selected from the group consisting of monodentate or polydentate
      neutral Lewis Bases containing a Group V or Group VI donor atom such as
      nitrogen, phosphorus, antimony, sulfur, tellurium and the like; n is an
      integer of from 1 to 4 and X is a monovalent coordinating anion such as
      BH.sub.3 CN, NO.sub.3, N.sub.3, Cl, Br, BH.sub.3 CN and tetraphenyl boron.
      Such a photosensitive element is described in copending U.S. Pat.
      application Ser. No. 365,374 of Gysling and Vinal, filed May 30, 1973,
      U.S. Pat. application Ser. No. 365,375 of Gysling, filed May 30, 1973, and
      U.S. Pat. application Ser. No. 365,376, filed May 30, 1973.
PAR  Another photosensitive element which is useful in this invention is one
      containing copper (II) complexes having the formula CuL.sub.n [BAr.sub.4
      ].sub.2 wherein Ar is aryl such as phenyl, n is 2 or 4 and L is a
      monodentate or polydentate ligand. Examples of these compounds are found
      in copending U.S. Pat. application Ser. No. 409,828 to Gysling, filed Oct.
      26, 1973, Now U.s. Pat. No. 3,800,724.
PAR  In the practice of this invention, an exposed photosensitive element
      containing a latent image is contacted with a bath of a physical developer
      solution of this invention, for example, by immersion therein, for a
      period of time sufficient to produce an image of desired density. The time
      required to deposit a satisfactory metal image can vary from several
      seconds to several hours, depending upon such factors as the composition
      of the particular developer solution employed, the density of heavy metal
      image desired, the temperature of the bath, and the like. Satisfactory
      images can be produced from developer baths at room temperature, typically
      about 20.degree.C, or at elevated temperatures, such as up to about
      150.degree.C. Increasing the bath temperature increases the rate of
      development, but decreases the useful life of the bath since at higher
      temperatures, the developer solution decomposes more rapidly. Developer
      bath temperatures of from about 20.degree.C to about 60.degree.C have been
      found particularly useful.
DETD
PAR  The following examples are included for a further understanding of the
      invention.
PAC  EXAMPLE 1
PAR  A photographic, physical developer composition was prepared by mixing a
      solution of 1.5 g. of dimethylamine borane in 50 ml. water with 100 ml. of
      a developer stock solution comprising 0.76 g. CuCl.sub.2.2H.sub.2 O, 37.5
      g. NiCl.sub.2.6H.sub.2 O, 75 g. Na.sub.4 P.sub.2 O.sub.7.1OH.sub.2 O,
      sufficient NH.sub.4 OH to achieve a pH of 10.5 and sufficient water to
      achieve a final volume of 1 liter. The resulting developer comprised 2.5
      mole percent copper salt based on the total moles of copper salt and
      nickel salt.
PAC  EXAMPLE 2
PAR  A photographic, physical developer composition was prepared by mixing a
      solution of 1.5 g. of dimethylamine borane in 50 ml. water with 100 ml. of
      a developer stock solution comprising 2.8 g. of CuCl.sub.2.2H.sub.2 O, 35
      g. NiCl.sub.2.6H.sub.2 O, 4.8 g. citric acid, 27.3 g. ethanolamine and
      sufficient water to achieve a final volume of 1 liter. The resulting
      developer comprised 10 mole percent copper salt based on the total moles
      of copper salt and nickel salt.
PAC  EXAMPLE 3
PAR  A photographic, physical developer composition was prepared by mixing a
      solution of 1.5 g. of dimethylamine borane in 50 ml. water with 100 ml. of
      a developer stock solution comprising 2.8 g. CuCl.sub.2.2H.sub.2 0, 36 g.
      NiCl.sub.2.6H.sub.2 O, 67 ml. of 50% gluconic acid, sufficient NH.sub.4 OH
      to achieve a pH of 9.0 and sufficient water to achieve a final volume of 1
      liter. The resulting developer comprised 10 mole percent copper salt based
      on the total moles of copper salt and nickel salt.
PAC  EXAMPLE 4
PAR  Various amounts of copper, including corresponding equimolar amounts of
      Na.sub.4 P.sub.2 O.sub.7.6H.sub.2 O, were substituted for the copper in
      the developer solution of Example 1 and used to determine the amount of
      copper and nickel in the alloys formed from the compositions by developing
      a palladium image as follows:
PAR  A glass slide was coated with palladium nuclei by vacuum deposition. The
      palladium had a uniform coverage of 1.375 .times. 10.sup.-.sup.6
      g/cm.sup.2.
PAR  The glass slides were then dipped in developer solutions containing varying
      proportions of copper and nickel salts. Table I shows the mole proportions
      of copper and nickel resulting in the alloy deposited.
TBL                TABLE I                                                     

     ______________________________________                                    

     Copper mole % in                                                          

                  Copper mole % in                                             

                                 Nickel mole % in                              

     Developer Solution                                                        

                  Deposited Alloy                                              

                                 Deposited Alloy                               

     ______________________________________                                    

     0            0              100                                           

     2.5          8.83           91.17                                         

     5.0          16.65          83.35                                         

     7.5          17.60          12.40                                         

     10.0         22.10          77.90                                         

     12.5         29.81          70.19                                         

     15.0         30.82          69.18                                         

     17.5         31.75          68.25                                         

     20.0         43.83          56.17                                         

     25.0         96.37          3.63                                          

     30.0         98.48          1.52                                          

     40.0         100.00         0                                             

     50-100       100.00         0                                             

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Various amounts of copper were substituted for the copper in the developer
      solution of Example 2 and used to determine the amount of coppere and
      nickel in the alloys formed from the compositions by developing a
      palladium image as follows:
PAR  A glass slide was coated with palladium nuclei by vacuum deposition. The
      palladium had a uniform coverage of 1.375 .times. 10.sup.-.sup.6
      g/cm.sup.2.
PAR  The glass slides were then dipped in the developer solutions containing the
      varying proportions of copper and nickel salts. Table II shows the mole
      proportions of copper and nickel resulting in the alloy deposited.
TBL                TABLE II                                                    

     ______________________________________                                    

     Copper mole % in                                                          

                  Copper mole %   Nickel mole %                                

     Developer Solution                                                        

                  in Deposit      in Deposit                                   

     ______________________________________                                    

     0            0               100                                          

     10           29.54           70.46                                        

     20           39.19           60.81                                        

     30           100.00          0                                            

     40           100.00          0                                            

     50           100.00          0                                            

     100          100.00          0                                            

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Various amounts of copper were substituted for the copper in the developer
      soluution of Example 3 and used to determine the amount of copper and
      nickel in the alloys formed from the compositions by developing a
      palladium image as follows:
PAR  A glass slide was coated with palladium nuclei by vacuum deposition. The
      palladium had a uniform coverage of 1.375 .times. 10.sup.-.sup.6
      g/cm.sup.2.
PAR  The glass slides were then dipped in the developer solutions containing the
      caarying proportions of copper and nickel salts. Table III shows the mole
      proportions of copper and nickel resulting in the alloy deposited.
TBL                Table III                                                   

     ______________________________________                                    

     Copper mole % in                                                          

                  Copper mole %   Nickel mole %                                

     Developer Solution                                                        

                  in Deposit      in Deposit                                   

     ______________________________________                                    

     0            0               100                                          

     10           29.5            70.5                                         

     20           49.4            50.6                                         

     30           76.5            23.5                                         

     100          100.0           0                                            

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  The rate of deposition was measured for various copper-nickel developers of
      the composition of Example 1 and compared to copper developers alone and
      nickel developers alone. The results are shown in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Copper Mole Percent                                                       

                  Copper Mole Percent                                          

                              Rate of Development                              

     in Developer Solution                                                     

                  in Alloy Deposit                                             

                              (.mu.moles Ni+Cu/cm.sup.2 min.)                  

                                            Quality of Image                   

     __________________________________________________________________________

     0            0           0.622         Excellent                          

     2.5          8.83        1.073         Excellent                          

     5.0          16.65       1.239         Excellent                          

     7.5          17.60       1.987         Excellent                          

     10.0         22.10       2.158         Excellent                          

     12.5         29.81       2.361         Excellent                          

     15.0         30.82       2.381         Excellent                          

     20.0         43.83       2.374         Excellent                          

     30.0         98.48       0.198         Excellent                          

     40.0         100.00      0.213         Excellent                          

     50-100       100.00      0.210         Excellent                          

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  The rate of deposition was measured for various copper-nickel developers of
      the composition of Example 2 and compared to copper developers alone and
      nickel developers alone. The results are shown in Table V.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Copper Mole Percent                                                       

                  Copper Mole Percent                                          

                              Rate of Development                              

     in Developer Solution                                                     

                  in Alloy Deposit                                             

                              (.mu.moles Ni+Cu/cm.sup.2 min.)                  

                                            Quality of Image                   

     __________________________________________________________________________

     0            0           0.408         Excellent                          

     10           29.54       0.879         Excellent                          

     20           39.19       1.482         Excellent                          

     33           100.00      0.077         Excellent                          

     50           100.00      0.118         Excellent                          

     100          100.00      0.387         Excellent                          

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  The rate of deposition was measured for various copper-nickel developers of
      the composition of Example 3 and compared to copper developers alone and
      nickel developers alone. The results are shown in Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Copper Mole Percent                                                       

                  Copper Mole Percent                                          

                              Rate of Development                              

     in Developer Solution                                                     

                  in Alloy Deposit                                             

                              (.mu.moles Ni+Cu/cm.sup.2 min.)                  

                                            Quality of Image                   

     __________________________________________________________________________

     0            0           0.345         Excellent                          

     10           29.5        0.468         Excellent                          

     20           49.4        0.692         Excellent                          

     30           76.5        0.549         Excellent                          

     100          100.0       0.319         Excellent                          

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  This is a comparative example.
PAR  The developed image and rate of development of the palladium coated glass
      slide developed with the developers of Example 4 was compared to that of
      the glass slide developed with a mixed nickel cobalt developer prepared by
      adding varying amounts of CoCl.sub.2.6H.sub.2 O (for example, 0.42 g. of
      CoCl.sub.2.6H.sub.2 O is added to form a developer comprising 10 mole
      percent cobalt salt) to a nickel stock solution comprising 37.5 g.
      NiCl.sub.2.6H.sub.2 O, 75 g. Na.sub.4 P.sub.2 O.sub.7.10H.sub.2 O,
      sufficient NH.sub.4 OH to achieve a pH of 10.5 and sufficient water to
      achieve a final volume of 1 liter. 1.5 Grams of dimethylamine borane were
      added. Table VII shows the various rates of development and quality of
      image achieved.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     Cobalt mole percent                                                       

                 Cobalt mole percent                                           

                            Rate of Development                                

     in developer solution                                                     

                 in alloy deposited                                            

                            (.mu.moles cobalt+Ni/cm.sup.2 min.)                

                                            Quality of Image                   

     __________________________________________________________________________

     0           0          0.622           Good                               

     10          20.7       0.525           Poor                               

     20          32.6       0.618           Poor                               

     30          40.0       0.640           Poor                               

     40          46.7       0.587           Poor                               

     50          59.0       1.961           Poor                               

     100         100.0      1.113           Poor                               

     __________________________________________________________________________

PAR  As seen above, the quality of the developed image is poor as compared to
      the quality of the image of the nickel-copper developers of Example 4.
PAC  Example 11
PAR  A paper support was imbibed with 0.25 g. CuP(OCH.sub.3).sub.3 BH.sub.3 CN
      in 7ml. chloroform and imagewise exposed to a 360 watt Gates lamp for 2
      minutes and developed to a negative image by immersing in a physical
      developer prepared by mixing a solution of 1.5 g. of dimethylamine borane
      in 50 ml. of water with 100 ml. of a developer stock solution comprising
      37.5 g. NiCl.sub.2.6H.sub.2 O, 75 g. Na.sub.4 P.sub.2 O.sub.7.10Hh.sub.2
      O, sufficient NH.sub.4 OH to achieve a pH of 10.5 and sufficient water to
      achieve a final volume of 1 liter and sufficient CuCl.sub.2.2H.sub.2 O so
      that the developer comprised 10 mole percent copper salt based on the
      total moles of copper salt and nickel salt.
PAC  EXAMPLE 12
PAR  A paper support was imbibed with 0.5 g. Na.sub.2 Cu(C.sub.2 O.sub.4).sub.2.
      2H.sub.2 O in 50 ml. water and imagewise exposed to a 360 watt Gates lamp
      for 2 minutes and developed to a negative image by immersing in the
      physical developer described in Example 11.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A developed photographic element comprising a support having thereon
      physically developable metal nuclei in an imagewise pattern and an
      imagewise coating of a copper nickel alloy containing from 9 to 98 mole
      percent copper and from 2 to 91 percent of nickel based on total moles of
      copper and nickel said coating being formed by electroless deposition of
      said alloy onto said nuclei.
NUM  2.
PAR  2. The element of claim 1 wherein the alloy contains from 20 to 60 mole
      percent copper and from 40 to 80 mole percent nickel.
NUM  3.
PAR  3. The method of developing an image comprising contacting physically
      developable metal nuclei in an imagewise pattern with a photographic,
      physical developer composition comprising a mixture of at least one copper
      salt and at least one nickel salt and at least one reducing agent for
      copper salt and nickel salt; said copper salt and nickel salt being in
      such proportion that upon reduction to a metal alloy, the alloy contains
      from 9 to 98 mole percent copper and from 2 to 91 mole percent nickel.
NUM  4.
PAR  4. The method of claim 3 wherein the physically developable metal nuclei in
      an imagewise pattern are formed by the imagewise exposure of a
      photosensitive material to actinic radiation.
NUM  5.
PAR  5. The method of claim 3 wherein the reducing agent comprises
      hypophosphite.
NUM  6.
PAR  6. The method of claim 3 wherein the developer composition also comprises a
      complexing agent.
NUM  7.
PAR  7. The method of claim 6 wherein the complexing agent is pyrophosphate.
NUM  8.
PAR  8. The method of claim 6 wherein the complexing agent is ammonia.
NUM  9.
PAR  9. The method of claim 6 wherein the complexing agent is gluconic acid.
NUM  10.
PAR  10. The method of claim 6 wherein the complexing agent is ethanolamine.
NUM  11.
PAR  11. The method of claim 3 wherein the developer composition comprises from
      2.5 to 30 mole percent of copper based on total moles of copper and
      nickel.
NUM  12.
PAR  12. The method of claim 3 wherein the proportion of copper salt and nickel
      salt is such that upon reduction to metal alloy, the alloy contains from
      20 to 60 mole percent copper and from 40 to 80 mole percent nickel.
NUM  13.
PAR  13. The method of claim 3 wherein the developer composition comprises from
      about 0.001 to about 1.0 moles per liter of composition of reducing agent
      and from about 0.01 to about 10 moles per liter of composition of
      complexing agent.
NUM  14.
PAR  14. The method of claim 17 wherein the copper salt is copper chloride.
NUM  15.
PAR  15. The method of claim 3 wherein the nickel salt is nickel chloride.
NUM  16.
PAR  16. The method of claim 3 wherein the development is carried out at a
      temperature of from 20.degree.C to 100.degree.C.
NUM  17.
PAR  17. The method of claim 4 wherein the developer is contacted with the
      imagewise exposed photosensitive material by immersion of the
      photosensitive material into a bath of the developer composition.
NUM  18.
PAR  18. The method of claim 4 wherein the photosensitive material comprises a
      copper (I) complex.
NUM  19.
PAR  19. The method of claim 3 whereinn the reducing agent comprises
      dimethylamine borane.
PATN
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APN  4426142
APT  1
ART  166
APD  19740214
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      monodispersed silver halide grains having a layered grain structure of
      specific silver chloride content
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ABST
PAL  A direct-positive photographic material for producing images by fogging
      development wherein the photographic material contains an unfogged silver
      halide emulsion layer. The silver halide grains in the unfogged emulsion
      have a layered grain structure wherein there is a first phase in which is
      localized a relatively high silver chloride content of at least 20 mol
      percent based on the total silver halide content of the grain. A second
      phase contains from less silver chloride than the first phase down to no
      silver chloride and the total silver chloride in the grain does not exceed
      30 mol percent.
PAL  The physical position of the first phase in the grain is not critical.
PAL  The emulsion is either not chemically sensitized or only slightly
      sensitized.
PAL  The photographic material and its use includes both producing black and
      white and colored photographic images and has high sensitivity to light
      and by fogging development yields pure image whites.
BSUM
PAR  This invention relates to a photographic material for producing
      direct-positive photographic images which contains at least one unfogged
      silver halide emulsion layer and to a process for making direct-positive
      photographic images by fogging development.
PAR  In order to produce direct-positive photographic images, it is customary to
      use silver halide emulsions which have been fogged on the surface. The
      developable fog is then destroyed upon exposure at the exposed areas but
      remains intact at the non-lightstruck areas so that a direct-positive
      image is subsequently obtained by development. The sensitivity of fogged
      direct-positive silver halide emulsions to light depends on how rapidly
      the developable fog nuclei on the surface of the silver halide grains are
      destroyed by image-wise exposure to light. This in turn depends on the
      size and number of fog nuclei. If these are too large, the sensitivity to
      light is too low. The extent to which the light-sensitivity of such direct
      positive silver halide emulsions can be increased by optimizing the size
      of the fog nuclei is, however, limited because a relatively high degree of
      fogging is required to obtain a sufficiently high density in the
      direct-positive silver image and because relatively small fog nuclei are
      extremely sensitive to oxidation so that silver halide emulsions which are
      fogged with such small nuclei are not sufficiently stable upon storage.
      Fogged direct-positive silver halide emulsions are therefore of limited
      utility.
PAR  Silver halide emulsion layers which have not been fogged and in which the
      sensitivity in the interior of the grain is substantially higher than on
      the surface have also been described for producing direct-positive
      photographic images. Exposed materials of the kind are developed under
      conditions which cause fogging, mainly in the areas which have not been
      struck by light, so that a direct-positive silver image is obtained. The
      required fogging of layers which have been exposed imagewise is achieved
      either by developing with a developer which causes so-called air fogging
      in the presence of oxygen or by carrying out a process of selective
      fogging by diffuse exposure to light or treatment with a fogging agent
      either before or after development.
PAR  Although the sensitivity to light obtained by using such unfogged
      direct-positive silver halide emulsions is relatively high compared with
      that obtained with fogged direct-positive emulsions, these unfogged
      emulsions are unsatisfactory in that a relatively high fog is produced
      also in the exposed areas so that the direct positive images obtained have
      an interfering background and relatively little differentiation between
      the areas of highest density and the areas of lowest density.
PAR  A certain improvement in this respect can be obtained with the unfogged
      direct-positive silver halide emulsions described in U.S. patent
      application Ser. No. 3,761,266 but even these emulsions do not meet the
      requirements as regards sensitivity to light and whiteness of the image
      background. Moreover, these emulsions require a certain amount of chemical
      sensitization of the surface. This must be carried out under accurately
      controlled conditions in order to ensure that the surface will not be
      excessively chemically sensitized. This again has the disadvantage that
      reproducible preparation of such emulsions is possible only at
      considerable expense.
PAR  It is among the objects of the present invention to provide direct-positive
      photographic materials containing at least one unfogged direct-positive
      silver halide emulsion layer which has a high sensitivity to light, yields
      direct-positive images with very pure image whites and can easily be
      prepared in a reproducible manner.
PAR  We now have found a direct-positive photographic material containing at
      least one unfogged monodisperse silver halide emulsion layer in which the
      silver halide grains have a layered grain structure wherein the silver
      halide grains of the silver chloride emulsion contain a localized first
      phase with a high silver chloride content of at least 20 mols-% and a
      second silver halide phase which contains no silver chloride or less
      silver chloride than the first phase, but wherein the total concentration
      of silver chloride, based on the total silver halide content of the grain,
      is at the most 30 mols-%. The second phase preferably contains no silver
      chloride or contains silver chloride in a concentration which is at least
      lower by 20 mol-% than the silver chloride concentration in the said first
      phase.
PAR  The total silver halide content based on the total silver halide of the
      grain is preferably between 5 and 30 mol-%, more particularly between 7,5
      and 20 mol-%.
PAR  The remaining silver halide of the silver halide grains in the emulsion
      according to the invention consists of silver bromide or mixtures of
      silver bromide and silver iodide.
PAR  The position in which the phase with the high silver chloride content is
      localized in the silver halide grain si not in itself critical. This phase
      may either consist of a core in the grain or form a layer inside the
      silver halide grain or an external shell. The transition from the phase
      with a high silver chloride content to layers with a different silver
      halide composition may form a sharp phase boundary or it may be
      continuous. Silver halide grains with a sharp phase boundary or with a
      short transition zone between the phase rich with silver chloride and the
      zone which has a high silver bromide content are basically suitable but
      emulsions with grains in which the transition between the phases of
      different halide compositions is more or less continuous are preferred.
      The second phase of the silver halide grains of the emulsions according to
      the invention preferably is free from AgCl.
PAR  The unfogged direct-positive silver halide emulsions used for the material
      according to the invention are of the kind which when exposed to light on
      the whole form only a latent image in the interior of the grain, i.e. they
      are emulsions with a substantially higher sensitivity in the interior of
      the grain than on the surface, preferably they have predominantly internal
      sensitivity.
PAR  Emulsions used for the purpose of the invention are preferably not
      chemically sensitized on the surface or only to a very slight extent. When
      samples of exposed material according to the invention are developed with
      a surface developer of the following composition:
TBL  p-Hydroxyphenylglycine   10 g                                             

     Sodium carbonate (cryst.)                                                 

                              100 g                                            

     Water up to              1000 ml                                          

PAL  they should preferably not give rise to a silver image or only to one of
      very low density whereas when they are developed with an internal
      developer of the following composition:
TBL  Hydroquinone               15 g                                           

     Monomethyl-p-aminophenolsulfate                                           

                                15 g                                           

     Sodium sulfite (anhydrous) 50 g                                           

     Potassium bromide          10 g                                           

     Sodium hydroxide           25 g                                           

     Sodium thiosulfate (cryst.)                                               

                                20 g                                           

     Water up to                1000 ml                                        

      they should give rise to a silver image of sufficient density. When
      exposed stepwise for 1/100 to 1 second and developed for 3 minutes at
      20.degree.C in the internal developer described above, the photographic
      material according to the invention should in any case reach a maximum
      density which is at least three times but preferably at least five times
      greater than that obtained by development of a identically exposed
      material (development time 4 minutes at 20.degree.C) in the surface
      developer described above.
PAR  The internal sensitivity of the grains of the emulsions is determined by
      the properties of the phase boundaries or phase transitions between the
      phase having a high AgCl content and a high AgBr content. The phase
      boundaries or phase transitions have to be considered as active centers
      for the deposition of photolytic silver. The high light-sensitivity of the
      emulsion according to the invention, on the other hand, is not due to
      foreign inclusions which act as electron traps.
PAR  The silver halide emulsions used according to the invention are
      homodisperse emulsions with a narrow grain size distribution. Preferably
      about 95 % by weight of the silver halide grains have a diameter which
      does not deviate by more than 40 % and preferably not more than 30 % from
      the average grain diameter.
PAR  The silver halide grains may have any of the known forms, e.g. they may be
      cubic or octahedral or they may have a tetradecahedral mixed form.
PAR  The absolute value of the average grain size may vary within wide limits.
      Both fine grained monodisperse silver halide emulsions with an average
      diameter of less than 0.5 .mu.m and preferably less than 0.3 .mu.m and
      coarse grained monodisperse emulsions with average grain sizes between 0.5
      and 2 .mu.m are suitable, depending on the purpose for which the
      photographic material is to be used.
PAR  In the accompanying drawing results of exposure of emulsions with different
      grain size and a homo-disperse emulsion are represented in the Figure with
      the ordinate representing density and the abscissa representing the log It
      value the respective curves show gradations obtained, as explained in
      greater detail below.
PAR  The silver halide emulsions used according to the invention are prepared by
      known methods of preparing silver halide emulsions with a layered grain
      structure. Double jet methods while maintaining certain pAg and pH values
      are preferably employed. Emulsions with a layered grain structure and
      methods of preparing them have been described in German Pat. No. 1,169,290
      and in British patent specification No. 1,027,146. Reference may also be
      made to the publication by E. MOISAR and S. WAGNER on "Berichte der
      Bunsengesellschaft fur physikalische Chemie" 67 (1963), pages 356 to 359,
      and by P. CLAES and R. BERENDSEN in "Photographische Korrespondenz" 101
      (1965), pages 37 to 42. The pAg values which must be maintained during
      precipitation can be checked continuously by electrometric means. The
      value measured are used to control the rate of inflow of the precipitation
      components.
PAR  The usual hydrophilic film-forming substances are suitable for use as
      protective colloid or binder for the silver halide emulsion layer, e.g.
      proteins such as gelatin, alginic acid or derivatives thereof such as its
      esters, amides or salts, cellulose derivatives such as carboxymethyl
      cellulose and cellulose sulfates, starches or starch derivatives or
      hydrophilic synthetic binders such as polyvinyl alcohol, partly saponified
      polyvinyl acetate, polyvinyl pyrrolidone, etc. The hydrophilic binders in
      the layers may also be mixed with other synthetic binders in the form of
      solutions or dispersions such as homopolymers or copolymers of acrylic or
      methacrylic acid or derivatives thereof such as the esters, amides or
      nitriles, or vinyl polymers such as vinyl esters or vinyl ethers.
PAR  The usual supports may be used for the photographic material according to
      the invention, e.g. supports made of cellulose esters such as cellulose
      acetate or cellulose acetobutyrate, polyesters such as polyethylene
      terephthalate or polycarbonates, especially those based on
      bis-phenylolpropane. Paper supports with or without water impermeable
      polyolefine layers such as layers of polyethylene or polypropylene, and
      supports of glass or metal are also suitable.
PAR  The silver halide emulsions used according to the invention may contain the
      usual emulsion additives, provided only that the surface sensitivity is
      kept as low as possible.
PAR  The emulsions may contain the usual stabilizers, e.g. homopolar or salt
      type compounds of mercury which contain aromatic or heterocyclic rings
      (such as mercaptotriazoles), simple mercury salts, sulfonium mercury
      double salts and other mercury compounds. Azaindenes are also suitable
      stabilizers, especially tetra- or penta-azaindenes and particularly those
      which are substituted with hydroxyl or amino groups. Compounds of this
      kind have been described in the article by BIRR, Z.Wiss.Phot. 47 (9162),
      pages 2 to 58. Other suitable stabilizers include heterocyclic mercapto
      compounds, e.g. phenylmercaptotetrazole, quaternary benzothiazole
      derivatives, benzotriazole and the like.
PAR  The emulsions may also be spectrally sensitized. Suitable spectral
      sensitizers are e.g. the usual mono- or polymethine dyes such as acid or
      basic cyanines, hemicyanines, streptocyanines, merocyanines, oxonoles,
      hemioxonoles, and styryl dyes as well as other dyes including also
      trinuclear or higher nuclear methine dyes, for example rhodacyanines or
      neocyanines. Sensitizers of this kind have been described, for example, in
      the work by F. M. HAMER "The Cyanine Dyes and Related Compounds" (1964),
      Interscience Publishers John Wiley and Sons, New York.
PAR  The photographic materials according to the invention are exposed imagewise
      in the usual manner and are developed in so-called surface developers. By
      surface developers are meant developer baths which do not contain any
      silver halide solvents and are therefore not capable of developing
      internal developable fog nuclei or internal latent image nuclei situated
      in the interior of the grain. Surface developers can only reduce latent
      image nuclei or developable fog nuclei situated on the surface of the
      silver halide grain to image silver. The developing agents used may be any
      of the usual photographic developers, for example hydroquinone,
      aminophenols, especially p-methylaminophenols, and superadditive
      developers preferably those of the 3-pyrazolidone series, in particular
      1-phenyl-3-pyrazolidone, as well as ascorbic acid or ascorbic acid
      derivatives. For developing the photographic materials according to the
      invention by color-forming developing processes, the usual color
      developers may be used, in particular those of the p-phenylene diamine
      series. The exposed materials may, of course, also be processed with
      mixtures of various developing agents.
PAR  The developing agents may be added either by the aqueous developer bath or
      to the photographic material itself, e.g. to the silver halide emulsion
      layer on or adjacent layer. If the developing agents are situated in a
      layer of the photographic material, then a so-called activator bath is
      used for development. This bath may contain mainly alkali for adjusting
      the pH to the necessary value for development in addition to additives
      which promote and control development. After development, the films are
      fixed and washed in the usual manner.
PAR  As already mentioned above, the photographic materials according to the
      invention which contain at least one unfogged direct-positive silver
      halide emulsion layer are developed under fogging conditions after
      exposure. This may be carried out by known methods as described for
      instance in U.S. Pat. No. 3,761,266. For example, socalled aerial fogging
      surface developer which produce a so-called air fog in the presence of
      atmospheric oxygen may be used. Developers of this kind have been
      described e.g. in German Pat. No. 850,383 and in U.S. Pat. No. 2,497,875.
PAR  Fogging may also be achieved by diffuse exposure, e.g. exposure to
      flashlight immediately before or during development. Processes of this
      kind have been described, for example, in U.S. Pat. Nos. 2,456,953 and
      2,592,298 and in British patent specification Nos. 1,150,553; 1,151,363;
      1,195,837; 1,195,838 and 1,187,029.
PAR  According to a third method, fogging is achieved by treatment with a
      reducing agent before or during development of the exposed layer.
PAR  Particularly suitable fogging agents are hydrazine and substituted
      hydrazines such as alkyl or aryl hydrazines, hydrazinocarboxylic acids,
      acylated hydrazines, alkyl sulfonamidoarylhydrazines, naphthylhydrazine
      sulfonic acids and other hydrazine derivatives. Reference is made to U.S.
      Pat. Nos. 2,563,785; 2,588,982; 2,604,400; 2,618,656; 2,663,732;
      2,675,318; 2,685,514; 3,227,552 or 3,565,620 or to British patent
      specification No. 1,269,640.
PAR  Quaternary ammonium salts used either alone or together with hydrazines are
      also suitable fogging agents, especially cyclic quaternary ammonium salts
      such as those described in U.S. Pat. No. 3,615,615 or heterocyclic
      quaternary salts according to U.S. Pat. Nos. 3,737,738 and 3,719,494.
PAR  The fogging agents may, like the developing agents, be used either in one
      of the layers of the photographic material or in the developer baths, or
      they may be used as aqueous solutions in which the exposed layers are
      treated before development.
PAR  The concentration of the fogging compound may vary within wide limits. It
      may depend on the effect desired, the activity of the fogging agent or the
      nature of the unfogged direct-positive silver halide emulsion. The optimum
      concentration for any particular purpose can be determined by a few simple
      tests.
PAR  The developers may also contain the usual additives used in photographic
      developers, such as antioxidants, water softeners, stabilizers, especially
      those of the benzotriazole series or organic mercapto compounds,
      particularly heterocyclic mercapto compounds, as well as the usual
      development accelerators, in particular derivatives of polyalkylene oxides
      or quaternary ammonium compounds.
PAR  In some cases it may be advantageous to add compounds which liberate iodide
      compounds in the course of the process to the photographic material or to
      one of the treatment baths. Reference is made to British patent
      specifications No. 1,151,363; 1,187,029 and 1,195,837.
PAR  The material according to the invention may also contain halogen acceptors
      in known manner, especially those which are relatively difficult to reduce
      but readily oxidized.
PAR  This invention may be employed for producing black-and-white images and for
      producing colored photographic images. The field of application may vary
      according to the gradation of the silver halide emulsion layer, for
      example photographic materials which contain emulsions with a steep
      gradation may be used for phototechnical purposes or those with emulsions
      which have a medium or flat gradation may be used for producing
      black-and-white half tone images or X-ray pictures.
PAR  Photographic emulsion of the present invention which have a flat gradation
      and a relatively low maximum density, e.g. up to 0,8 may be used for the
      production of colored photographic direct-positive images, e.g. by the
      known method of colorforming development in the presence of color couplers
      which react with the oxidation product of colorforming p-phenylene diamine
      developers to form dyes.
PAR  The color couplers may be added to the direct-positive unfogged silver
      halide emulsion layer or to the developer according to the principle of
      the so-called developing in process. Incorporation of the color couplers
      into the emulsion layer may be carried out by the usual methods, for
      example water soluble color couplers which contain one or more sulfo or
      carboxyl groups in the form of the free acid or a salt may be added to the
      casting solution for the emulsion from an aqueous solution, optionally in
      the presence of alkali. Color couplers which are insoluble or
      insufficiently soluble in water are added in the form of a solution in a
      suitable water miscible or water immiscible high-boiling, oil forming or
      low-boiling organic solvent or solvent mixture. If desired, this solution
      may be dispersed in the aqueous solution of a protective colloid in the
      presence of a surface active agent.
PAR  When multilayered color photographic materials are used with a transparent
      layer support, the invention may also be used to produce direct-positive,
      transparent photographic color images. The black-and-white development
      step and intermediate step of diffuse exposure to light which are
      necessary in the usual reversal processes are then obviated. The material
      according to the invention may also be used in known manner for the silver
      dye bleaching process. In that case, negative images of the original are
      obtained since the image is again reversed when dye bleaching is carried
      out.
PAR  This invention is particularly advantageous for instant color processes or
      color transfer processes carried out in known manner. In these processes,
      the dyes for the partial color images diffuse into an image receiving
      layer where they become firmly fixed or the color couplers diffuse into
      the image receiving layer where they are converted to image dye upon the
      usual colorforming development.
PAR  The light-sensitive element in these cases generally consist of three
      light-sensitive emulsion layers, each of which is associated with a color
      producing system. By color producing system is meant a compound
      incorporated in the layer in a diffusion resistant form which constitutes
      a dye or dye precursor which, when development is carried out, reacts in
      the presence of the alkaline processing substance with the oxidation
      products formed by imagewise oxidation of the developer to split off
      diffusible dyes, preferably dyes which contain acid groups. Various
      chemical compounds are available for this purpose. Diffusion resistant,
      color producing substances described in U.S. Pat. No. 3,628,952, for
      example, are particularly suitable for this purpose. These compounds react
      with oxidation products of black-and-white or color developers to split
      off diffusible dyes. Another useful class of compounds is described in
      British patent specification No. 904,364. The compounds mentioned there
      react with the oxidized color developer to form diffusible dyes which
      generally belong to the class of azomethine dyes. Another suitable color
      producing system has been described in U.S. Pat. Nos. 3,443,939 and
      3,443,940. In this system, the action of the oxidized developer substances
      causes ring closure to split off diffusible dyes.
PAR  Color transfer processes and couplers used in such process which are
      suitable for the purpose of this invention have also been described in
      U.S. Pat. Nos. 2,983,606; 3,087,817; 3,185,567; 3,227,550; 3,227,551;
      3,227,552; 3,227,554; 3,253,915; 3,415,644; 3,415,645 and 3,415,646.
PAR  The light-sensitive materials used for such instant color processes are
      generally arranged as follows:
PA1  blue sensitive silver halide emulsion layer,
PA1  layer which releases yellow dye,
PA1  separating layer,
PA1  green sensitized silver halide emulsion layer,
PA1  layer which releases magenta dye,
PA1  separating layer,
PA1  red sensitized silver halide emulsion layer,
PA1  layer which releases cyan dye.
DETD
PAC  EXAMPLE 1
PAR  a. A homodisperse AgBr emulsion with cubic crystals with an edge length of
      about 0.2 .mu.m is prepared by the simultaneous inflow of 3N KBr and 3N
      AgNO.sub.3 solutions at a rate controlled by the pAg into a 3 % gelatin
      solution which has been heated to a temperature of 50.degree.C (double jet
      process -- pAg 8).
PAR  b. A shell of AgCl is precipitated on the original crystals of a portion of
      the AgBr emulsion prepared according to (a) by the double jet method by
      adding simultaneously 3N KCl and 3N AgNO.sub.3 solutions at a rate
      controlled by the pAg, the quantity of AgCl precipitated in this way being
      70 mols-%, based on the quantity of AgBr in the original emulsion (pAg 7).
PAR  Precipitation was then continued by the double inflow of 3N KBr and 3N
      AgNO.sub.3 solutions controlled by the pAg, the quantity of AgBr
      precipitated on the AgCl shell being now 630 mols-%, based on the quantity
      of AgBr in the original emulsion. The resulting homodisperse emulsion
      contains grains with a length of edge of about 0.4 .mu.m in the interior
      of which is a layer of AgCl containing 8.8 mols-% of AgCl, based on the
      total quantity of halide.
PAR  c. The emulsion was solidified in the usual manner, freed from soluble
      alkali metal salts by washing, melted, adjusted to a pAg of about 9 and
      cast on a layer support of polyethylene terephthalate. The emulsion was
      then exposed behind a grey wedge in a sensitometer customarily employed in
      the art and treated with a developer of the following composition:
TBL  N-ethyl-N-.beta.-hydroxyethyl-p-phenylenediamine                          

                                 10 g                                          

     Sodium sulfite (anhydrous)   2 g                                          

     Trisodium phosphate (cryst.)                                              

                                 40 g                                          

     Sodium hydroxide             5 g                                          

     Benzimidazole                0.05 g                                       

     Acetylphenylhydrazide        1 g                                          

     Water up to                 1000 ml                                       

PAR  The developed material was fixed and washed in known manner. A
      direct-positive step wedge was obtained and examined sensitometrically in
      the usual manner. The relative sensitivity (S.sub.rel) was given as the
      reciprocal value of the exposure which results in a density which is 0.1
      units below the maximum density (D.sub.max), using as reference value for
      sensitivity S = 100 a comparison emulsion with an average grain size of
      0.4 .mu.m which had been prepared by converting an AgCl emulsion with
      excess KBr according to U.S. Pat. No. 2,592,250 and exposed and developed
      under the same conditions.
PAR  The sensitometric properties of the comparison emulsion and of the emulsion
      according to the invention prepared in this example are summarized below:
TBL                S.sub.rel                                                   

                            D.sub.max D.sub.min                                

     ______________________________________                                    

     Comparison emulsion                                                       

                     100        1.04      0.80                                 

     Emulsion according                                                        

     to the invention                                                          

                     350        0.65      0.11                                 

     ______________________________________                                    

PAR  A comparison of the two sets of figures shows convincingly the gain in
      sensitivity and contrast (indicated by the difference D.sub.max -
      D.sub.min) and the significantly lower minimum density D.sub.min of the
      emulsion according to the invention.
PAR  The maximum density can easily be increased to the desired value, e.g. 1.5
      - 2.0, by increasing the quantity of silver halide applied without thereby
      increasing the excellent value for D.sub.min.
PAR  The above comparison emulsion was also used as standard emulsion in the
      following examples.
PAC  EXAMPLE 2
PAR  AgCl was first precipitated on the emulsion prepared in Example 1 followed
      by the precipitation of AgBr as described in 1 b, 10 mols-% of the total
      quantity of silver halide precipitated consisting of AgCl and the
      remaining 90 mols-% of AgBr. A homodisperse, cubic emulsion with a length
      of edge of 0.6 .mu.m as obtained. The silver halide grains of the emulsion
      have a composite grain structure consisting of a silver bromide core, a
      layer of silver chloride, a layer of silver bromide (as the emulsion of
      Example 1), a further layer of silver chloride and an outer shell of
      silver bromide.
PAR  A direct-positive step wedge was obtained after processing, exposure and
      development as described in Example 1. The following values were obtained
      in the sensitometric tests. The comparison emulsion is the same as used in
      Example 1.
TBL  ______________________________________                                    

            S.sub.rel :    7000                                                

            D.sub.max :    0.5                                                 

            D.sub.min :    0.06                                                

            D.sub.max /D.sub.min :                                             

                           0.83                                                

     ______________________________________                                    

PAR  If the silver halide concentration is increased by the factor 3 and the
      processing is identical, the following sensitometric results are obtained:
TBL         S.sub.rel :    7000                                                

            D.sub.max :    1.76                                                

            D.sub.min :    0.21                                                

            D.sub.max /D.sub.min :                                             

                           8.5                                                 

PAC  EXAMPLE 3
PAR  Using the original AgBr emulsion described in Example 1 a, 7 times its
      quantity of silver halide was precipitated on it by the triple inflow of
      3N KBr, 3N KCl and 3N AgNO.sub.3 solutions, the inflow being controlled by
      the pAg value (pAg 7 - 8). The chloride content was continuously raised to
      100% in the course of precipitation and then reduced to zero, based on the
      quantities of halide solutions added. The total quantity of AgCl
      incorporated in the emulsion was 15 mols-% of the total quantity of silver
      halide precipitated on the given AgBr grains. A homodisperse silver halide
      emulsion with cubic grains having an edge length of about 0.4 .mu.m was
      obtained. The AgCl content of the grains (now based on the total grain)
      was 13.1 mols-%.
PAR  A direct-positive wedge was obtained after processing, exposure and
      development as indicated in Example 1 c. The following values were
      obtained from sensitometric determinations:
TBL          S.sub.rel :  800                                                  

             D.sub.max :  0.60                                                 

             D.sub.min :  0.10                                                 

PAC  EXAMPLE 4
PAR  Another shell of silver halide was precipitated as described in Example 3
      on the AgBr emulsion described in Example 3 having the localized
      concentration of AgCl in the AgCl layer at first increased and then
      decreased. Here again the chloride content continuously rose from zero to
      100 % in the course of precipitation and then fell to zero %, based on the
      quantity of halide solutions added. The total quantity of AgCl
      incorporated was 15 mols-% of the total quantity of halide precipitated on
      the grains in the original emulsion. A homodisperse silver halide emulsion
      with cubic grains having a length of edge of 0.6 .mu.m was obtained in
      which the AgCl content in both shells together amounted to 14.4 mols-%,
      based on the total quantity of silver halide. The emulsion was ripened at
      50.degree.C for 30 minutes after the addition of 10 ml of 10.sup.-.sup.3
      molar Na.sub.2 S.sub.2 O.sub.3 solution per mol of silver halide.
PAR  A direct-positive wedge with the following sensitometric data was obtained
      after processing, exposure and development as described in Example 1 c:
TBL          S.sub.rel :  3500                                                 

             D.sub.max :  0.65                                                 

             D.sub.min :  0.06                                                 

PAC  EXAMPLE 5
PAR  A homodisperse AgBr emulsion with cubic grains having an edge length of 0.6
      .mu.m was prepared by the double inflow of 3N KBr and 3N AgNO.sub.3
      solutions controlled by the pAg. The starting emulsion thus obtained was
      divided into several samples. Precipitation by double inflow (double jet)
      was now continued to produce shells in which the silver halide content was
      about 10 mols-%, based on the silver halide content of the original
      emulsion. Layers of the same thickness but differing localized molar
      ratios of AgCl:AgBr were produced with the different samples by varying
      the chloride:bromide ratio in the alkali metal halide solutions used for
      precipitation.
PAR  The samples were cast on supports of polyethylene terephthalate in a
      thickness corresponding to an application of 3 g of silver in the form of
      silver halide per m.sup.2. Direct-positive wedges with the following
      sensitometric properties were obtained from the samples after exposure and
      processing as described in Example 1 c:
TBL  Mol-% of AgCl                                                             

                 S.sub.rel                                                     

                          D.sub.max                                            

                                   D.sub.min                                   

                                          Gradation                            

     in the shell                         .gamma.                              

     ______________________________________                                    

     A     90        3200     0.55   0.09   0.61                               

     B     70        2000     0.54   0.09   0.30                               

     C     50        1600     0.45   0.09   0.15                               

     D     20         800     0.57   0.12   0.11                               

     ______________________________________                                    

PAR  A comparison between emulsions A - D shows that the threshold sensitivity
      and the gradation of the positive density curve decrease with decreasing
      localized AgCl concentration in the shell which contains AgCl.
PAC  EXAMPLE 6
PAR  An AgCl emulsion with a cubic crystal structure, in which the grains had an
      edge length of 0.25 .mu.m, was prepared by the double jet method by
      simultaneously adding 3N KCl and 3N AgNO.sub.3 solutions controlled by the
      pAg. KBr and AgNO.sub.3 solutions were then introduced by double inflow to
      precipitate AgBr on ;the original AgCl emulsion. The resulting emulsion
      was homodisperse and contained cubic grains with a length of edge of 0.65
      .mu.m and an AgCl content of 5.8 mols-%.
PAR  A direct-positive density wedge was obtained after processing, exposure and
      development as described in Example 1c. The following sensitometric were
      was obtained:
TBL          S.sub.rel :  6400                                                 

             D.sub.max :  0.52                                                 

             D.sub.min :  0.06                                                 

PAC  EXAMPLE 7
PAR  AgBr/I was precipitated on the original AgCl emulsion described in Example
      6 by basically the same method of controlled double inflow of a 3N
      AgNO.sub.3 solution and a solution which was 2.985 molar with respect to
      KBr and 0.015 molar with respect to KI. The resulting emulsion was
      homodisperse and contained cubic grains with a length of edge of 0.65
      .mu.m.
PAR  The emulsion was processed as described in Example 1 c. The following data
      were obtained from sensitometric examination of the direct-positive
      density wedge:
TBL          S.sub.rel :  4000                                                 

             D.sub.max :  0.48                                                 

             D.sub.min :  0.07                                                 

PAC  EXAMPLE 8
PAR  The same quantity of AgBr as in Example 6 was precipitated on the original
      AgCl emulsion described in Example 6 by controlled double inflow of 3N
      AgNO.sub.3 and 3N KBr solutions at a pAg of 10. The resulting emulsion was
      homodisperse and owing to the high pAg value the grains had an octahedral
      crystal structure with a crystal volume equal to that of the cubic grains
      mentioned in Example 6 which had an edge length of about 0.65 .mu.m.
PAR  The emulsion was processed as described in Example 6. The following data
      were obtained from sensitometric examination of the direct-positive
      density wedge:
TBL          S.sub.rel :  4000                                                 

             D.sub.max :  0.55                                                 

             D.sub.min :  0.08                                                 

PAC  EXAMPLE 9
PAR  AgBr/I was precipitated as described in Example 7 on the original AgCl
      emulsion mentioned in Example 6 by controlled double inflow of a 3N
      AgNO.sub.3 solution and a solution which has 2.985 molar with respect to
      KBr and 0.015 molar with respect to KI. The resulting emulsion was
      homodisperse and contained cubic grains with an edge length of 0.4 .mu.m.
PAR  After the emulsion had been processed as described in Example 1 c, part of
      it was cast without the addition of optical sensitizer (Sample 0 ) and
      another part after it had been optically sensitized with the following
      dyes:
      ##SPC1##
PAL  The sensitometric data obtained after exposure behind a green filter and
      processing as described in Example 1 c are summarized in the Table below
      in which the sensitivity data S.sub.rel,gr.  for green light are based on
      the standard value S.sub.rel = 100 given in Example 1 c which is obtained
      when the standard emulsion prepared according to prior art is exposed to
      white light.
TBL  ______________________________________                                    

     Additive Quantity of   S.sub.rel,gr.                                      

                                       D.sub.max                               

                                             D.sub.min                         

              sensitizer in                                                    

              mg/mol AgX                                                       

     ______________________________________                                    

     0        --            0          0     0                                 

     I        358           400        0.42  0.09                              

      II      358           400        0.43  0.07                              

     ______________________________________                                    

PAR  The maximum density can again be increased by increasing the quantity of
      silver applied without thereby causing an unwanted increase in the value
      for D.sub.min.
PAC  EXAMPLE 10
PAR  The procedure was the same as in Example 9 except that the following
      sensitizers were added:
      ##SPC2##
PAL  The sensitometric data obtained after exposure behind a red filter and
      processing as in Example 1 c are summarized in the Table below in which
      the sensitivity S.sub.rel,red for red light is based on the standard
      S.sub.rel = 100 used in Example 1 c) which is the value obtained when the
      standard emulsion prepared according to prior art is exposed to white
      light.
TBL  ______________________________________                                    

     Additive Quantity of   S.sub.rel,red                                      

                                       D.sub.max                               

                                             D.sub.min                         

              sensitizer in                                                    

              mg/mol of AgX                                                    

     ______________________________________                                    

     0        --            0          0     0                                 

     III      358           200        0.70  0.12                              

     IV       358           400        0.69  0.13                              

     ______________________________________                                    

PAR  The maximum density can be increased by increasing the amount of silver
      applied without at the same time causing unwanted increase in the value
      for D.sub.min.
PAC  EXAMPLE 11
PAR  The procedure was the same as in Example 9 but the emulsion was sensitized
      panchromatically with a combination of 350 mg/mol AgHal of a dye which
      sensitizes in the red spectral region, represented by the formula
      ##SPC3##
PAL  and 350 mg/mol AgHal of a dye of the following formula:
      ##SPC4##
PAL  which absorbs in the blue region of the spectrum and with a combination of
      350 mg/mol of AgHal of a dye of the following formula:
      ##SPC5##
PAL  which absorbs in the green region of the spectrum or 350 mg/mol of AgHal of
      a dye of the following formula:
      ##SPC6##
PAL  which absorbs in the green region of the spectrum, in each case together
      with a supersensitizer of the formula:
      ##SPC7##
PAL  used in a quantity of 35 mg/mol AgHal or a supersensitizer of the formula:
      ##SPC8##
PAL  used in a quantity of 35 mg/mol AgHal.
PAR  The sensitometric data of the direct-positive characteristic curve obtained
      after exposure to unfiltered light as described in Example 1 c are
      summarized below:
TBL  Additive        S.sub.rel  D.sub.max D.sub.min                            

     ______________________________________                                    

     0                800       0.65      0.09                                 

     V + VI + VII + XI                                                         

                     3200       0.60      0.10                                 

     V + VI + VIII + X                                                         

                     3200       0.58      0.09                                 

     ______________________________________                                    

PAR  The maximum density can again be increased by increasing the amount of
      silver applied without at the same time causing any unwanted increase in
      the value for D.sub.min.
PAC  EXAMPLE 12
PAR  Two homodisperse emulsions
PA1  A. as described in Example 4 with a grain size of 0.6 .mu.m and
PA1  B. as described in Example 3 with a grain size of 0.4 .mu.m
PAL  were prepared by the double jet method controlled by pAg. The emulsions
      were cast on a film support both separately and as a 1:1 mixture in
      thicknesses such that the maximum density obtained after development
      performed as described in Example 1 c was D.sub.max = 1. The density curve
      obtained after the individual emulsions (A) and (B) had been exposed
      imagewise and processed as described in Example 1 is shown in the attached
      Figure. It shows that the gradation of the originally steeper homodisperse
      emulsions A (.gamma. = 0.77) and B (.gamma. = 0.76) are flattened to
      .gamma. = 0.51.
PAC  EXAMPLE 13
PAR  AgBr was precipitated by controlled double inflow of KBr and AgNO.sub.3
      solutions on the original AgCl emulsion described in Example 6 in which
      the grains had an edge length of 0.25 .mu.m. Precipitation was continued
      until the crystals of the emulsion contained 10 mols-% of AgCl (in the
      core) and 90 mols-% of AgBr (in the shell) (Emulsion XI).
PAR  In addition, an emulsion which had exactly the opposite halide composition,
      namely 10 mols-% of AgBr in the core and 90 mols-% of AgCl in the shell
      (Emulsion XII), was prepared as described in Example 4 of U.S. Pat. No.
      3,761,266. The grains of emulsions XI and XII had approximately the same
      size, the edge length being in both cases about 0.54 .mu.m. The
      sensitometric data obtained after processing according to Example 1 c were
      as follows:
TBL                 XI            XII                                          

     ______________________________________                                    

     S.sub.rel        1600            100                                      

     D.sub.max        0.75            1.1                                      

     D.sub.min        0.08             0.58                                    

     D.sub.max /D.sub.min                                                      

                      9.4             1.9                                      

     ______________________________________                                    

PAR  The sensitometric results show the substantially higher sensitivity and
      substantially higher density ratio D.sub.max /D.sub.min of emulsion XI
      according to the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photographic material for producing direct-positive photographic
      images having at least one silver halide emulsion layer having unfogged
      and monodispersed silver halide grains having a layered grain structure
      wherein 95% by weight of the silver halide grains of the emulsions have a
      grain diameter which does not deviate by more than 40% from the average
      grain diameter and which grains are not or only slightly chemically
      sensitized at the surface wherein the improvement comprises the unfogged
      silver halide grains of the emulsion have at least two phases, a localized
      first phase of the silver halide grains has at least 20 mol percent of
      silver chloride based on the total mol percent of silver halide and a
      second phase of the silver halide grains has less silver chloride than
      said first phase and said silver halide grains contain not more than 30
      mol percent of silver chloride based on the silver halide of said grains
      based on the total mol percent of silver halide, said silver halide grains
      when exposed for between 1/100 to 1 second and developed for 3 minutes at
      20.degree.C with an internal developer of the following description:
TBL  Hydroquinone               15 g                                           

     Monomethyl-p-aminophenolsulfate                                           

                                15 g                                           

     Sodium sulfite (anhydrous) 50 g                                           

     Potassium bromide          10 g                                           

     Sodium hydroxide           25 g                                           

     Sodium thiosulfate (cryst.)                                               

                                20 g                                           

     Water up to                1000 ml                                        

PAL  provide a silver image of density which is at least three times that when
      similarly exposed and developed for 4 minutes at 20.degree.C with a
      surface developer of the following composition:
TBL  p-Hydroxyphenylglycine    10 g                                            

     Sodium carbonate (cryst.)                                                 

                               100 g                                           

     Water up to              1000 ml.                                         

NUM  2.
PAR  2. The material of claim 1, wherein the total concentration of silver
      chloride, based on the total silver halide of the grain, is less than 20
      mols-%.
NUM  3.
PAR  3. The material of claim 1, wherein the second phase of said silver halide
      grains has a silver chloride concentration which is by at least 20 mol-%
      lower than the silver chloride concentration in the said first phase of
      said silver halide grains.
NUM  4.
PAR  4. The material of claim 2, wherein the total silver chloride
      concentration, based on the total silver halide of the grain, is between
      7.5 and 20 mol-%.
NUM  5.
PAR  5. The material of claim 1, wherein the silver halide grains of the
      emulsion are free of chemically sensitization on the surface.
NUM  6.
PAR  6. The material of claim 1, wherein the silver halide grains of the
      emulsion have a regular crystal form.
NUM  7.
PAR  7. The photographic material as claimed in claim 1, wherein the second
      phase of said silver halide grains is substantially free of silver
      chloride.
NUM  8.
PAR  8. The process for producing direct-positive photographic images in a
      photographic material which comprises (a) imagewise exposing a
      photographic material comprised of a support and at least one
      light-sensitive silver halide emulsion layer which contains monodispersed,
      unfogged, silver halide grains with a layered grain structure wherein 95%
      by weight of the silver halide grains of the emulsions have a grain
      diameter which does not deviate by more than 40% from the average grain
      diameter; (b) in a surface developer developing said exposed material
      under fogging conditions by an additional processing step, wherein the
      silver halide grains of said emulsion are not or only slightly chemically
      sensitized at the surface and wherein the improvement comprises the said
      silver halide grains of the silver halide emulsion contain a localized
      first phase with a silver chloride content of at least 20 mol-% based on
      the total mol percent of silver halide and a second silver halide phase
      which contains less silver chloride than the said first silver halide
      phase, but wherein the total concentration of silver chloride, based on
      the the total silver halide content of the grain, is less than 30 mols-%
      based on the total mol percent of silver halide, said silver halide grains
      when exposed for between 1/100 and 1 second and developed for 3 minutes at
      20.degree.C with an internal developer of the following description:
TBL  Hydroquinone               15[h]g                                         

     Monomethyl-p-aminophenolsulfate                                           

                                15 g                                           

     Sodium sulfite (anhydrous) 50 g                                           

     Potassium bromide          10 g                                           

     Sodium hydroxide           25 g                                           

     Sodium thiosulfate (cryst.)                                               

                                20 g                                           

     Water up to                1000 ml                                        

PAL  provide a silver image of density which is at least three times that when
      similarly exposed and developed for 4 minutes at 20.degree.C with a
      surface developer of the following composition:
TBL  p-Hydroxyphenylglycine    10 g                                            

     Sodium carbonate (cryst.)                                                 

                              100 g                                            

     Water up to              1000 ml.                                         

NUM  9.
PAR  9. The process of claim 8, wherein the total concentration of silver
      chloride, based on the total silver halide content of the grain, is less
      than 20 mols-%.
NUM  10.
PAR  10. The process of claim 8, wherein the second phase of the silver halide
      claims is substantially free of silver chloride.
NUM  11.
PAR  11. The process of claim 8, wherein the additional step of fogging
      comprises developing said exposed material in a surface developer in the
      presence of a fogging agent.
NUM  12.
PAR  12. The process of claim 8, wherein the additional step of fogging
      comprises uniformly exposing said imagewise exposed material with
      flashlight during development in a surface developer.
NUM  13.
PAR  13. The process of claim 8, wherein the additional step of fogging
      comprises developing the said exposed material in a silver halide aerial
      fogging surface developer.
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ABST
PAL  A color photographic material having differently sensitized silver halide
      emulsion layers including a silver halide emulsion layer containing a
      3-anilino-5-pyrazolone magenta dye-forming coupler, the coupler having a
      halogen atom or an alkoxyl group at the 2-position of the anilino group
      and an aliphatic acylamino group at the 5-position of the anilino group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a silver halide color photographic material
      containing an improved magenta dye-forming coupler.
PAR  2. Description of the Prior Art
PAR  It is well known that when silver halide photographic materials are
      color-developed after light-exposure, couplers contained in the color
      photographic materials react with the oxidation products of aromatic
      primary amino developing agents to provide indophenol, indoaniline,
      indamine, azomethine, phenoxazine, phenazine, and other similar dyes,
      whereby color images are formed. In such a known system, color
      reproduction is conducted by a subtractive color process and yellow,
      magenta, and cyan dye images corresponding to blue, green, and red light
      images, respectively, are formed. In general, an acylacetamide coupler or
      a dibenzoylmethane coupler is used for forming yellow dye images, a
      pyrazolone coupler, a cyanoacetyl coupler or an indazolone coupler is used
      for forming magenta dye images, and a phenolic coupler such as a phenol
      and a naphthol is used for forming cyan dye images.
PAR  Various 5-pyrazolone derivatives are known for forming magenta dye images
      for trichromatic color photography. For instance, as the substituents at
      the 3-position of the 5-pyrazolone ring, an alkyl group and an aryl group
      are known. Furthermore, as such substituents, alkoxyl groups as described
      in the specification of U.S. Pat. No. 2,439,098, acylamino groups as
      described in the specifications of U.S. Pat. Nos. 2,369,489 and 2,600,788
      and ureido groups as described in the specification of U.S. Pat. No.
      3,558,319 are known. Other examples of such substituent are anilino
      groups. For instance, 3-anilino-5-pyrazolone couplers are described in the
      specification of U.S. Pat. No. 2,311,081 (or Reissue No. 22,329) and also
      many improvements in such couplers have been proposed. As an example
      British Pat. No. 956,261 teaches that an azomethine dye obtained from a
      3-anilino-5-pyrazolone derivative having an alkoxyl group or a halogen
      atom, as a substituent, at the ortho-position of the anilino group has
      particularly less unnecessary absorption in a red light region, which is a
      preferred spectral characteristic for color photography. As an example of
      non-diffusible couplers which belong to this type of coupler and which can
      be incorporated in photographic emulsions, the
      3-(acylaminoanilino)-5-pyrazolones represented by the following general
      formula (M) are known:
      ##SPC1##
PAL  Wherein D.sub.1 represents an aryl group, D.sub.2 CO- represents an acyl
      group, D.sub.3 represents a hydrogen atom or a residue such as a phenoxy
      group which is released by the oxidation product of an aromatic primary
      amino developing agent, and L represents a chlorine atom or a methoxy
      group.
PAR  These couplers must be provided with diffusion resistance in order that
      these coupler are prevented from diffusing into other photographic
      emulsion layers having different spectral sensitivities and mixing with
      other couplers to reduce the color reproduction of the photographic
      emulsion layers by causing color mixing when these couplers are used in
      silver halide photographic emulsion layers of color photographic
      materials. For this purpose the introduction into the coupler molecule of
      a hydrophobic residue having more than 8 carbon atoms, which contributes
      to reducing the diffusibility of the coupler, as a ballasting group, is
      required.
PAR  To incorporate such non-diffusible couplers into photographic emulsions,
      the following three methods have generally been employed:
PAR  1. Aqueous solution system: The non-diffusible coupler having a
      water-solubilizing group such as a carboxyl group or a sulfo group and
      being soluble in an alkaline aqueous medium is incorporated in a
      photographic emulsion in the form of a neutral or alkaline aqueous
      solution thereof and then the emulsion is neutralized with an acid.
PAR  2. Oil solution system: The non-diffusible coupler is dissolved in an
      organic solvent, the solution is dispersed in an aqueous medium as fine
      colloidal particles, and the dispersion is added to a photographic
      emulsion.
PAR  3. The non-diffusible coupler is melted by heating and the molten coupler
      is directly dispersed in a photographic emulsion or aqueous medium.
PAR  Of these systems, the present invention is concerned with the aforesaid oil
      solution system (2). In order to form a green-sensitive photographic
      emulsion layer having excellent properties using a coupler forming magenta
      dye images employing the oil solution system, the coupler must satisfy the
      following conditions: that is to say, the coupler must have high coupling
      reactivity with the oxidation product of a developing agent, the magenta
      dye image formed by color development must have light absorption
      characteristics appropriate for the color reproduction principle of the
      trichromatic subtraction color process, the magenta dye image formed must
      have a high fastness so that the image can be stored under severe
      conditions without fading, the coupler must not adversely influence the
      properties of photographic emulsions, and further the coupler must be
      readily soluble in an organic solvent employed for dispersing the coupler
      in a photographic emulsion and be less crystallized in the solvent.
PAR  On the other hand, since conventionally known magenta dye-forming couplers
      in the oil solution system show insufficient reactivity with the oxidation
      product of developing agent in the dispersed state in photographic
      emulsion layers, it is difficult to obtain green sensitive emulsion layers
      having excellent photographic properties using the oil solution system.
PAR  Because a magenta dye image in a color photograph using the trichromatic
      subtraction color process absorbs light in the longest wave-length region
      of human visible sensitivity, the light absorption characteristics of the
      magenta dye image are a very important factor in determining the color
      reproduction properties of the color photograph. In particular, it has
      been believed that the improvement in the sharpness of spectral absorption
      curve and the reduction in the second absorption specific to pyrazolone
      magenta coupler give better absorption characteristics for the magenta dye
      image and various efforts have been made in this respect.
PAR  Also, when conventional magenta dye images formed from various magenta dye
      image-forming couplers are stored under high temperature and humidity
      conditions for a long period of time, they tend to fade and to prevent the
      occurence of such a tendency in the case of using conventional magenta
      dye-forming couplers, it is inevitable that formaldehyde be used in the
      course of development.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide magenta dye imageforming couplers
      suitable for producing color photographic materials using the oil solution
      system.
PAR  Another object of this invention is to provide a color photographic
      material which can reproduce clear colors by the subtraction color
      process.
PAR  Still another object of this invention is to provide color photographs
      which have stable magenta dye images and which can be stored under severe
      conditions for a long period of time with less fading.
PAR  A further object of this invention is to provide color photographic
      materials suitable for simple development processing without the necessity
      for a stabilization treatment with formaldehyde, etc.
PAR  Another object of this invention is to provide color photographic materials
      containing magenta dye image-forming couplers which can be prepared easily
      using easily available raw materials.
PAR  The above and other objects of this invention will become apparent from the
      following detailed explanations and examples as set forth below.
PAR  The above-mentioned objects of this invention can be attained by
      incorporating, as a magenta dye-forming coupler, a 5-pyrazolone derivative
      in which the anilino group of a 3-anilino-5-pyrazolone is substituted with
      a halogen atom or an alkoxyl group at the 2-position thereof and with an
      aliphatic acylamino group at the 5-position. Also the 4-position of the
      pyrazolone can be substituted with a coupling releasable group.
PAR  That is to say, according to the present invention there is provided a
      color photographic material comprising a support having coated thereon a
      silver halide emulsion layer containing a 3-anilino-5-pyrazolone magenta
      dye-forming coupler, the coupler having a halogen atom or an alkoxyl group
      at the 2-position of the anilino group and an aliphatic acylamino group at
      the 5-position of the anilino group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "coupling releasable group" as used in this specification has the
      conventional meaning as used in the field of dye-forming couplers. Namely,
      the term means a group which is released by the oxidation product of an
      aromatic primary amino developing agent.
PAR  Pyrazolone couplers particularly useful in this invention include compounds
      represented by the following general formula (I):
      ##SPC2##
PAL  wherein R.sub.1 represents an aryl group (such as, for instance, phenyl,
      halophenyl such as 2-chlorophenyl, 4-chlorophenyl, 2,5-dichlorophenyl,
      2,6-dichlorophenyl, 2,4,6-trichlorophenyl, 2-bromophenyl,
      3,5-dibromophenyl, etc., cyanophenyl such as 2-cyanophenyl, 4-cyanophenyl,
      etc., nitrophenyl such as 3-nitrophenyl, 4-nitrophenyl, etc., alkyl phenyl
      such as 4-methylphenyl, 2,6-dimethylphenyl, 2,6-dimethylphenyl,
      4-butylphenyl, etc., fluoroalkylphenyl such as 2-trifluoromethylphenyl,
      etc., alkoxyphenyl such as 2-ethoxyphenyl etc. arylphenyl such as
      4-phenylphenyl, etc., aryloxyphenyl such as 4-phenoxyphenyl, etc.,
      N-substituted benzamidophenyl such as N-methylbenzamidophenyl,
      N,N-disubstituted carbamylphenyl such as N,N-diphenylcarbamylphenyl, etc.,
      N,N-disubstituted sulfamylphenyl such as N,N-diphenylsulfamylphenyl,
      N,N-dibutylsulfamylphenyl, etc., phenyl-N-substituted sulfonamidophenyl
      such as phenyl-N-methylsulfonamidophenyl, etc., alkoxycarbonylphenyl such
      as methoxycarbonylphenyl, ethoxycarbonylphenyl, etc.,
      aralkoxycarbonylphenyl such as benzyloxycarbonylphenyl, etc.,
      carboxyphenyl such as 4-carboxyphenyl, etc., and various combinations of
      these, such as 2-methyl-5-nitrophenyl, 2-chloro-5-cyanophenyl,
      5-chloro-2-methylphenyl, 2,6-dichloro-4-methylphenyl,
      2,4-dichloro-6-methylphenyl, 2-chloro-4,6-dimethylphenyl,
      2,6-dichloro-4-methoxyphenyl, 2,6-dichloro-4-nitrophenyl,
      2,4,6-trimethyl-3-nitrophenyl, 2,6-dichloro-4-methoxycarbonylphenyl,
      2,6-dichloro-4-benzyloxycarbonylphenyl, 2,6-dichloro-4-carboxyphenyl,
      2,4,6-trimethyl-3-substituted aminophenyl, etc.,) or a heterocyclic ring
      group (such as, for example, 2-thiazolyl, 2-benzothiazolyl,
      2-benzooxazolyl, 2-oxazolyl, 2-imidazolyl, 2-benzimidazolyl group, etc.,);
      R.sub.2 represents a straight chain, branched chain, or cyclic alkyl group
      having 5 to 29 carbon atoms, preferably 7 to 23 carbon atoms, such as,
      heptyl, nonyl, undecyl, tridecyl, heptadecyl, 2-ethylhexyl,
      2-hexyldodecyl, 4-hexylcyclohexyl, 3-pentadecylcyclohexyl, norbornyl,
      7,7-dialkylnorbornyl, 2-pentadecyl, 7,7-dialkylnorbornyl, etc.; X
      represents an alkoxyl group having 1 to 18 carbon atoms or a halogen atom
      (such as, for example, fluorine, chlorine, bromine, etc.,); and Z
      represents a hydrogen atom or any of the groups found as substituents on
      the 4 position of any of the prior art dye-forming 5-pyrazolone couplers
      (colored or uncolored) and on competing 5-pyrazolone couplers including a
      thiocyano group, an acyloxy group (such as an alkoyloxy group having from
      1 to 22 carbon atoms, e.g., acetoxy, 3-pentadecylphenoxyacetoxy,
      propionyloxy, hexanoyloxy, dodecanoyloxy, octadecanoyloxy,
      3-phenylpropionyloxy, etc., an aryloyloxy group, e.g., a benzoyloxy group,
      3-(2-carboxybenzamido)benzoyloxy, 3-(.beta.-sulfopropionamido)-benzoyloxy,
      .alpha.-naphthoyloxy, .beta.-naphthoyloxy, 2,4,6-trichlorobenzoyloxy,
      4-ethoxybenzoyloxy, 4-fluorobenzoyloxy,
      3-[.gamma.-(2,4-di-t-amylphenoxy)butyramido]benzoyloxy, etc., a
      heterocycloyloxy group, e.g., a benzofuranyloyloxy group, a furanyloxy
      group, a thiazoloyloxy group, an oxazoloyloxy group, etc.), an aryloxy
      group, e.g., a phenoxy group, a naphthoxy group, etc., an alkoxy group,
      e.g., methoxy, butoxy, octadecyloxy, etc., chlorine, fluorine, a sulfo
      group, e.g., sulfo or alkali metal salt of the sulfo group, an arylazo
      group, e.g., a phenylazo (such as phenylazo, a tolylazo group, a
      chlorophenylazo group, a benzamidophenylazo group, an acetamidophenylazo
      group, a methoxyphenylazo group, a naphthylazo group, etc.), a
      2-aminoarylazoxy group (e.g., 2-amino-4-methylphenylazoxy,
      2-aminophenylazoxy, 2-amino-4-chlorophenylazoxy, etc.); a 2-amidoarylazoxy
      group (e.g., 2-acetamidophenylazoxy, 2-acetamido-4-methylphenylazoxy,
      2-acetamido-4-chlorophenylazoxy, 2-palmitamidophenylazoxy,
      4-methoxy-2-palmitamidophenylazoxy, 4-chloro-2-palmitamidophenylazoxy,
      etc.); a 2-aryltriazolyl group (e.g., 2-benzotriazolyl,
      5-chloro-2-benzotriazolyl, 5-hydroxy-2-benzotriazolyl,
      4,7-dinitro-2-benzotriazolyl, 5-methyl-2-benzotriazolyl,
      6-methoxy-2-benzotriazolyl, 4-carboxyethyl-2-benzotriazolyl,
      4-sulfoethyl-2-benzotriazolyl, 2-naphthotriazolyl,
      4-methyl-2-naphthotriazolyl, 5-chloro-2-naphthotriazolyl,
      5-hydroxy-2-naphthotriazolyl, 5-nitro-2-naphthotriazolyl,
      5-sulfoethyl-2-naphthotriazolyl, 4-amino-2-naphthotriazolyl,
      benzo[1,2-d:4,5-d']bistriazolyl, etc.), an alkyl group having from 1 to 22
      carbon atoms, e.g., methyl, ethyl, propyl, octyl, decyl, octadecyl, and
      preferably an organic monothio group, such as an alkylthio group (usually
      having from 6 to 10 carbon atoms), an arylthio group (generally a phenyl
      or naphthyl), a cycloalkylthio group (generally having 5 to 6 carbon atoms
      in the ring), especially preferred is a carbon-containing hererocyclic
      monothio group (generally having a 5 to 6 membered ring containing at
      least one hetero nitrogen, oxygen or sulfur atom and preferably 1 to 4
      hetero nitrogen atoms) including heterocyclic radicals such as
      tetrazolyls, triazinyls, triazolyls, oxazolyls, oxadiazolyls, diazolyls,
      thiazyls, thiadiazolyls, benzoxazolyls, benzothiazolyls, pyrimidyls,
      pyridinyls, quinolinyls, benzimidazolyls, etc., in which the aryl-,
      cycloalkyl- and heterocyclic- moieties of the monothio group are incapable
      of forming a chromophoric compound and are either unsubstituted or
      substituted with groups, such as nitro, halogen (chlorine, bromine,
      iodine, fluorine), lower alkyl, lower alkylamido, lower alkoxy, lower
      alkylsulfonamido, .alpha.-chloroacetylthio, lower alkylcarbamyl, amino,
      etc., typical monothio groups representing the above include alkylthio
      groups (e.g., hexylthio, octylthio, decylthio, etc.), an arylthio group
      (e.g., 2-nitrophenylthio), a cycloalkylthio group (e.g., cyclopentylthio,
      cyclohexylthio, etc.), a heterocyclicthio group (e.g.,
      2-benzothiazolylthio, 1-phenyl-5-tetrazolylthio,
      1-(4-carbomethoxyphenyl)-5-tetrazolylthio,
      5-phenyl-1,3,4-oxadiazolyl-2-thio, 2-phenyl-5-(1,3,4)-oxadiazolylthio,
      2-benzoxazolylthio, 2-benzimidazolylthio, etc.)
PAR  Furthermore, other examples of the particularly useful pyrazolone couplers
      in this invention are the compounds represented by the following general
      formula (II)
      ##SPC3##
PAL  wherein R.sub.2, X, and Z have the same significance as in general formula
      (I); Y.sub.1 represents a halogen atom (such as, for example, fluorine,
      chlorine, bromine, etc.,), and an alkyl group, or an alkoxyl group; and
      Y.sub.2 and Y.sub.3, which may be the same or different, each represents a
      hydrogen atom, a halogen atom, an alkyl group, an alkoxyl group, an
      aryloxyl group, an alkoxycarbonyl group, an aralkoxycarbonyl group, a
      carboxyl group, a cyano group, a nitro group, or an acylamino group.
PAR  The pyrazolone coupler in which at least one ortho position of phenyl group
      at the 1-position of the pyrazolone is substituted with a halogen atom, an
      alkyl group or an alkoxyl group as shown in general formula (II) has the
      advantage that even when the coupler remains in a color photographic
      material after development, less yellow color stains on the color image by
      the action of light or heat occur. Also, particularly preferable examples
      of the substituted phenyl group at the 1-position of the coupler
      represented by the general formula (II) are a 2,4-dichlorophenyl group, a
      2,5-dichlorophenyl group, a 2,6-dichlorophenyl group, a
      2,4,6-trichlorophenyl group, a 2,4-dibromophenyl group, a
      2,5-dibromophenyl group, a 2,6-dichlorophenyl group, a
      2,4,6-tribromophenyl group, a 2,4-dichloro-6-methylphenyl group, a
      2,6-dichloro-4-methylphenyl group, a 2,4-dichloro-6-methoxyphenyl group, a
      2,6-dichloro-4-methoxyphenyl group, a 2-chloro-4-nitrophenyl group, a
      2-chloro-5-nitrophenyl group, a 2,6-dichloro-4-methoxycarbonylphenyl
      group, a 2,6-dichloro-6-dichloro-4-carboxyphenyl group, etc., since those
      pyrazolone couplers give less color stains on the coupler remaining and
      give dye images having preferable spectral absorption characteristics as
      magenta dye images with the subtractive color process (i.e., the
      absorption maximum is in the range of 530 millimicrons to 565 millimicrons
      and the absorption to blue and red light is less).
PAR  Also, as the alkyl groups represented by R.sub.2, a straight chain alkyl
      group, preferably an alkyl group having an odd number of 7-17 carbon atoms
      is particularly desirable from the point that fatty acids available with
      low cost can be used as the starting materials for producing couplers
      having such alkyl groups. Still further, when a mixture of two or more
      such kinds of couplers having these straight chain alkyl groups is used,
      the solubility of the couplers in an organic solvent can be increased and
      the tendency of crystallization of the couplers in color photographic
      materials can be reduced.
PAR  Magenta dye-forming couplers which can be used in this invention are
      specifically illustrated below but the invention is not limited to only
      these couplers.
PA1  Coupler (1):
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)-5-pyr
     azolone.
PA1  Coupler (2):
      1-(2,4,6-Trichlorophenyl)-3-(2-methoxy-5-n-tetradecanoylaminoanilino)-5-py
     razolone.
PA1  Coupler (3):
      1-(2,6-Dichloro-4-methoxyphenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino
     )-5-pyrazolone.
PA1  Coupler (4):
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-n-octadecanoylaminoanilino)-5-pyra
     zolone.
PA1  Coupler (5):
      1-(2,4-Dimethyl-6-chlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)
     -5-pyrazolone.
PA1  Coupler (6):
      1-(2,4-Dimethyl-6-chlorophenyl)-3-(2-methoxy-5-n-tetadecanoylaminoanilino)
     -5-pyrazolone.
PA1  Coupler (7):
      1-(2,6-Dichloro-4-methylphenyl)-3-(2-methoxy-5-n-dodecanoylaminoanilino)-5
     -pyrazolone.
PA1  Coupler (8):
      1-(2,6-Dichloro-4-methylphenyl)-3-(2-chloro-5-n-hexadecanoylaminoanilino)-
     5-pyrazolone.
PA1  Coupler (9):
      1-(2,6-Dichloro-4-methoxyphenyl)-3-(2-methoxy-5-n-tetradecanoylaminoanilin
     o)-5-pyrazolone.
PA1  Coupler (10):
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)-4-.al
     pha.-naphthylazo-5-pyrazolone.
PA1  Coupler (11):
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)-4-(4-
     methoxyphenylazo)-5-pyrazolone.
PA1  Coupler (12):
      1-2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-hexadecanoylaminoanilino)-4-(1-ph
     enyl-5-tetrazolylthio)-5-pyrazolone.
PA1  Coupler (13):
      1-(2,6-Dichloro-4-methoxyphenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino
     )-4-(4-methoxyphenylazo)-5-pyrazolone.
PA1  Coupler (14):
      1-(2,4,6-Trichlorophenyl)-3-(2-methoxy-5-n-tetradecanoylaminoanilino)-4-.a
     lpha.-naphthylazo-5-pyrazolone.
PA1  Coupler (15):
      1-(2,4-Dimethyl-6-chlorophenyl)-3-(2-methoxy-5-n-dodecanoylaminoanilino)-4
     -(1-phenyl-5-tetrazolylthio)-5-pyrazolone.
PA1  Coupler (16):
      1-(2,6-Dichloro-4-methoxycarbonylphenyl)-3-(2-chloro-5-n-tetradecanoylamin
     oanilino)-5-pyrazolone.
PA1  Coupler (17):
      1-(2,6-Dichloro-4-benzyloxycarbonylphenyl)-3-(2-chloro-5-n-tetradecanoylam
     inoanilino)-5-pyrazolone.
PA1  Coupler (18):
      1-(2-Chloro-3,5-dimethoxycarbonylphenyl)-3-(2-methoxy-5-n-hexadecanoylamin
     oanilino)-5-pyrazolone.
PA1  Coupler (19):
      1-(2,6-Dichloro-4-n-butyloxycarbonylphenyl)-3-(2-chloro-5-n-octadecanoylam
     inoanilino)-5-pyrazolone.
PA1  Coupler (20):
      1-(2,6-Dichloro-4-ethoxycarbonylphenyl)-3-(2-chloro-5-n-hexadecanoylaminoa
     nilino)-4-(4-hydroxy-3-isobutylphenylazo)-5-pyrazolone.
PA1  Coupler (21):
      1-(2,6-Dichloro-4-methoxycarbonylphenyl)-3-(2-chloro-5-n-tetradecanoylamin
     oanilino)-4-(1-piperidino)-5-pyrazolone.
PAR  The magenta dye-forming couplers used in this invention can be prepared
      using various methods. Specific examples of preparing typical couplers are
      shown below and other couplers can be prepared in a manner similar to the
      illustrated methods. Unless otherwise indicated in the examples given
      herein, all parts percents, ratios and the like are by weight.
PAC  SYNTHESIS EXAMPLE 1
PAR  Preparation of Coupler (1),
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)-5-pyr
     azolone.
PAR  1. Preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-nitroanilino)-5-pyrazolone:
PAR  Method (a): A mixture was 94 g of .beta. ,.beta.-diethoxyacrylic acid
      prepared using the method of S. A. Glickman et al; Journal of the American
      Chemical Society; Vol. 67, 1017 (1945) and 87 g of 2-chloro-5-nitroaniline
       was heated to 130.degree.-150.degree.C for 3 hours under stirring to form
      .beta.-(2-chloro-5-nitroanilino)-.beta.-ethoxyacrylic acid ester. The
      product thus obtained, without being isolated and purified, was mixed with
      106 g of 2,4,6-trichlorophenylhydrazine and 750 ml of acetic acid and the
      mixture was refluxed for 2 hours. The reaction product was allowed to cool
      and then 750 ml of methanol was added to the reaction product to form
      precipitates, which were collected by filtration and washed with methanol
      to give 115 g of the desired product. The melting point of the product was
      289.degree.C.
PAR  Method (b): The above-described pyrazolone can be also prepared using the
      method described in the specification of U.S. Pat. No. 3,615,506. That is
      to say, a mixture of 154 g of
      1-(2,4,6-trichlorophenyl)-3-ethoxy-5-pyrazolone and 130 g of
      2-chloro-5-nitroaniline was heated to 140.degree.C to form a uniform melt
      and then after adding 10 ml of methanesulfonic acid to the melt, the
      reaction was conducted at 140.degree.-160.degree.C for 1 hour under a
      reduced pressure while distilling off the ethanol formed with stirring.
      The reaction product was allowed to cool to 100.degree.C and then after
      adding 250 ml of ethanol to the reaction product with stirring under
      heating, the mixture was allowed to cool to room temperature (about
      20.degree.-30.degree.C) to form precipitates, which were collected by
      filtration and washed with 1 liter of methanol to give 151 g of the
      desired compound. The melting point of the product was 291.degree.C.
PAR  2. Preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-aminoanilino)-5-pyrazolone:
PAR  434 g of 1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-nitroanilino)-5-pyrazolone
      prepared by the aforesaid Method (a) or (b) was dispersed in a mixture of
      2.5 liters of glacial acetic acid, 1.5 liters of methanol, and 300 ml of
      water and then 350 g of iron powder was added to the dispersion with
      stirring under heating over a period of 1 hour. The reaction product was
      poured in 15 liters of water and the precipitates thus formed were
      collected by filtration, washed with water, dried, and recrystallized from
      8 liters of acetonitrile to give 293 g of the desired product having a
      melting point of 239.degree.-241.degree.C.
PAR  3. Preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-tetradecanoylaminoanilino)-5-pyraz
     olone:
PAR  101 g of 1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-aminoanilino)-5-pyrazolone
      prepared in Method (2) as described above and 20 g of anhydrous sodium
      acetate were dispersed in a mixture of 1 liter of acetic acid and 500 ml
      of acetonitrile and then 65 g of myristic acid chloride was added dropwise
      to the dispersion with stirring at room temperature over a period of 30
      minutes. The reaction product was poured into 20 liters of water and the
      precipitates thus formed were collected by filtration, dried, and
      recrystallized from a mixture of 200 ml of acetonitrile and 150 ml of
      ethanol to give 98 g of the desired product having a melting point of
      115.degree.-118.degree.C.
PAC  SYNTHESIS EXAMPLE 2
PAR  Preparation of Coupler (1),
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-tetradecanoylaminoanilino)-5-pyraz
     olone:
PAR  Using the same procedure as Method (a) of Synthesis Example 1, in place of
      2-chloro-5-nitroaniline, 152 g of 2-chloro-5-tetradecanoylaniline was
      reacted with 94 g of .beta.,.beta.-diethoxyacrylic acid ethyl ester at
      130.degree.-150.degree.C for 3 hours to give
      .beta.-(2-chloro-5-tetradecanoylaminoanilino)-.beta.-ethoxyacrylic acid
      ethyl ester. The product was, without being isolated and purified, mixed
      with 106 g of 2,4,6-trichlorophenylhydrazine and 500 ml of acetic acid and
      the mixture was refluxed for 2 hours. After distilling off the acetic acid
      from the reaction product mixture under a reduced pressure, a mixture of
      300 ml of acetonitrile and 300 ml of ethanol was added to the reaction
      product followed by heating to dissolve the product therein and the
      solution was, then, allowed to cool to form precipitates, which were
      collected by filtration and recrystallized from a mixture of 150 ml of
      acetonitrile and 150 ml of ethanol to give 87 g of the desired product
      having a melting point of 115.degree.-118.degree.C.
PAC  SYNTHESIS EXAMPLE 3
PAR  Preparation of Coupler (2),
      1-(2,4,6-Trichlorophenyl)-3-(2-methoxy-5-n-tetradecanoylaminoanilino)-5-py
     razolone:
PAR  1. Preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-nitroanilino)-5-pyrazolone:
PAR  Using the same procedure as Method (a) in Synthesis Example 1, in place of
      2-chloro-5-nitroaniline, 2-methoxy-5-nitroaniline was reacted with
      .beta.,.beta.-diethoxyacrylic acid ethyl ester and then the reaction
      product was further reacted with 2,4,6-trichloro phenylhydrazine to give
      the desired product having a melting point of 254.degree.C.
PAR  2. Preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-aminoanilino)-5-pyrazolone:
PAR  By reducing
      1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-nitroanilino)-5-pyrazolone in the
      same way as Method (2) of Synthesis Example 1, the desired product was
      obtained. The melting point of the product was 203.degree.-205.degree.C.
PAR  3. preparation of
      1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-tetradecanoylaminoanilino)-5-pyra
     zolone:
PAR  The 1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-aminoanilino)-5-pyrazolone
      prepared in the above procedure was reacted with myristic acid chloride
      prepared using Method (3) of Synthesis Example 1 to give the desired
      product having a melting point of 89.degree.-93.degree.C.
PAC  SYNTHESIS EXAMPLE 4
PAR  Preparation of Coupler (10),
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-tetradecanoylaminoanilino)-4-.alph
     a.-naphthylazo-5-pyrazolone:
PAR  An aqueous solution of .alpha.-naphthyldiazonium hydrochloride prepared
      using a conventional method, as disclosed in U.S. Pat. 2,983,608 from 1.2
      equivalents of .alpha.-naphthylamine was added to a pyridine solution of
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-tetradecanoylaminoanilino)-5-pyraz
     olone at temperatures lower than 15.degree.C and the yellow-orange
      precipitates thus formed were collected by filtration, washed with water
      and then methanol, and recrystallized from 1,2-dichloroethane to give the
      desired Coupler (10) having a melting point of 250.degree.-253.degree.C.
PAR  Since the magenta dye-forming couplers used in this invention have high
      coupling reactivity and sufficient solubility in organic solvents, the
      color photographic materials prepared using these couplers have good
      photographic properties such as sensitivity and gradation as well as can
      be prepared easily. In addition, the color photographic images obtained by
      developing the color photographic materials have preferred spectral
      absorption characteristics for color reproduction and sufficient fastness
      and further can be stored for a long period of time even under severe
      conditions. The features of this invention will further be explained below
      in detail.
PAR  Various 3-acylaminoanilino-5-pyrazolone couplers represented by aforesaid
      general formula (M) are described in British Pat. No. 956,261 but since
      the aliphatic hydrocarbon groups of those couplers are very short or the
      aliphatic hydrocarbon groups thereof have further been substituted and
      contain carboxyl groups, such couplers are not suitable for the objects of
      this invention and those known couplers are clearly distinguished from the
      pyrazolone couplers used in this invention. That is to say, the known
      couplers in which the aliphatic hydrocarbon groups are very short are
      dye-forming couplers of the type incorporated in color developers and are
      insufficient in diffusion resistance for the purposes of this invention.
      Also, the known couplers in which the aliphatic hydrocarbon groups have
      been substituted and contain carboxyl groups are water solution system
      couplers and thus have insufficient solubility in organic solvents.
PAR  The pyrazolone couplers used in this invention can be incorporated in the
      photographic emulsions using various techniques but typical examples are
      illustrated below.
PAR  a. A coupler is dissolved in an organic solvent, e.g., in an amount of 0.05
      ml to 3 ml, preferably 0.2 to 1.5 ml, per gram of coupler which is
      sparingly soluble in water and has a high boiling point (higher than
      200.degree.C), the coupler solution is dispersed in an aqueous medium, and
      the dispersion is incorporated in a photographic emulsion.
PAR  Examples of organic solvents suitable for this method are phthalic acid
      dibutyl ester, phosphoric acid tricresyl ester, N,N-diethylcaproic acid
      amide, p-n-nonylphenol, 2-methyl-4-octylphenol, acetyltributyl citrate,
      tributylglycerol, etc.
PAR  b. A coupler is dissolved in an organic solvent which is comparatively less
      soluble in water, the coupler solution is dispersed in an aqueous medium,
      and the dispersion is incorporated in a photographic emulsion. The organic
      solvent used is removed during the production of photographic materials.
      Examples of solvents suitable for this method are ethyl acetate,
      cyclohexanone, .beta.-n-butylethoxyethyl acetate, etc.
PAR  c. A coupler is dissolved in an organic solvent in an amount of about 0.5
      ml to 10 ml, preferably 1 ml to 3 ml, per gram of coupler, which is
      miscible with water and the coupler solution is incorporated in a
      photographic emulsion. The organic solvent used can be removed during the
      production of photographic materials or can be allowed to remain in the
      photographic emulsion layers after the production of the photographic
      materials. Examples of solvents suitable for this method are
      dimethylformamide, dimethyl sulfoxide, N-methylpyrrolidone, glycerol,
      tetrahydrofuran, etc.
PAR  If desired, two or more kinds of the solvents used in aforesaid Methods
      (a), (b), and (c) can be used for improving the dispersing condition of
      the couplers.
PAR  In all cases, since the oil-soluble coupler is initially dissolved in an
      organic solvent or organic solvents and then incorporated in a
      photographic emulsion as a dispersion of the coupler solution in an
      aqueous medium, it is desired that the coupler have high solubility in
      organic solvents.
PAR  As oil-solubilizing groups for facilitating the dissolution of couplers
      used in the oil-solution system in organic solvents, various hydrophobic
      residues are known. Of them, the simplest hydrophobic residue is a
      straight chain alkyl group. However, a conventionally known coupler
      compound having a straight chain alkyl group having more than 8 carbon
      atoms bonded to the coupler residue has generally a melting point in a
      range of about 60.degree. to about 120.degree.C and heat of solution in a
      range of about 10 to about 18 Kcal/mol. This means that such a known
      coupler can be completely dissolved in an organic solvent at a temperature
      higher than 50.degree.C but due to the large temperature dependence of the
      solubility, the solubility of the coupler is reduced greatly at low
      temperatures to which photographic materials are usually exposed and the
      coupler has a tendency of being crystallized, which results in reducing
      the properties of the photographic materials.
PAR  In order to overcome such difficulties hydrophobic groups having various
      types of substitution have been proposed. For instance, as the hydrophobic
      group capable of most highly reducing the heat of solution of couplers and
      providing couplers having excellent solubility at low temperatures, an
      alkylphenoxyalkyl group such as an
      .alpha.-(2,4,-di-tert-amylphenoxy)propyl group is known to be effective
      for phenol couplers, 1-naphthol couplers, acylacetamide couplers, and
      pyrazolone couplers. However, the aforesaid general rule about most
      couplers is inapplicable to the coupler nucleus of this invention shown by
      the formula
      ##SPC4##
PAL  wherein R.sub.1, Z, and X have the same significance as in general formula
      (I).
PAR  A coupler having the above-described coupler nucleus and an
      alkylaryloxyalkyl group is disclosed in U.S. Pat. No. 3,419,391 but such a
      coupler has a high melting point and poor solubility as will be explained
      hereinafter and is unsuitable for practical use.
PAR  On the other hand, a straight chain alkyl group which provides, in general,
      poor solubility to other kinds of couplers can provide a coupler, when it
      is applied to the coupler nucleus of this invention as described above,
      which has a melting point of about 100.degree.C, which has a comparatively
      low heat of resolution of about 6-9 Kcal/mol at 25.degree.C, and which can
      be dissolved quite well in a coupler solvent such as ethyl acetate. It is
      difficult to anticipate such a state of solubility from conventional
      knowledge of couplers having other types of nuclei and thus the
      combination of the coupler nucleus of this invention and the straight
      chain alkyl group is believed to be quite specific.
PAR  The excellent solubility of the couplers used in this invention is
      explained in detail below.
PA1  Coupler (1) of this invention:
      1(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-tetradecanoylaminoanilino)-5-pyra
     zolone.
PA1  Coupler (4) of this invention:
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-5-n-octadecanoylaminoanilino)-5-pyra
     zolone.
PA1  Comparison coupler (A):
      1-(2,4,6-Trichlorophenyl)-3-(2-chloro-4-n-tetradecanoylaminoanilino)-5-pyr
     azolone.
PA1  Comparison coupler (B):
      1-(2,4,6-Trichlorophenyl)-3-(2-methoxy-4-n-tetradecanoylaminoanilino)-5-py
     razolone.
PA1  Comparison coupler (C):
      1-(2,4,6-Trichlorophenyl)-3-{5-[.gamma.-(2,4-di-tert-amylphenoxy)butylamid
     o]-2-chloroanilino}-5-pyrazolone.
PA1  Comparison coupler (D):
      1-(2,4,6-Trichlorophenyl)-3-{5-[.alpha.-(2,4-di-tert-acylphenoxy)butylamid
     o]-2-chloroanilino}-5-pyrazolone.
PA1  Comparison coupler (E):
      1-(2,4,6-Trichlorophenyl)-3-{4-[.alpha.-(2,4-di-tert-acylphenoxy)butylamid
     o]-2-methoxyanilino}-5-pyrazolone.
PAR  The solubility of these couplers in ethyl acetate (at 25.degree.C) and the
      heat of solution of the couplers in ethyl acetate were measured, the
      results being shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Coupler                                                                   

          (A)*                                                                 

             Structure of                                                      

                     Melting Solubility**                                      

                                    Heat of                                    

             Hydrophobic                                                       

                     Point          Solution                                   

             Group   (.degree.C)    (Kcal/mol)                                 

     __________________________________________________________________________

     Coupler                                                                   

          5  Straight                                                          

                     115-118 32     5.13                                       

     (1)     Chain alkyl:                                                      

             Group (C.sub.14)                                                  

     Coupler                                                                   

          5    " (C.sub.18)                                                    

                     91-94   14     8.46                                       

     (4)                                                                       

     Coupler                                                                   

          4    " (C.sub.14)                                                    

                     103-108 20     7.98                                       

     (A)                                                                       

     Coupler                                                                   

          4    " (C.sub.14)                                                    

                      113-114.5                                                

                             68     5.02                                       

     (B)                                                                       

     Coupler                                                                   

          5  Alkylphenoxy-                                                     

                     166-168 1      ***                                        

     (C)     alkyl Group                                                       

     Coupler                                                                   

          5    "     203-205 4.5    ***                                        

     (D)                                                                       

     Coupler                                                                   

          4    "     250-253 1.4    ***                                        

     (E)                                                                       

     __________________________________________________________________________

      (*): Position of the hydrophobic group on the anilide nucleus.           

      (**): Grams of coupler per 100 grams of solution.                        

      (***): The solubility is too low to be measured.                         

PAR  The coupler used in this invention can be readily dissolved in a solvent
      due to its high solubility and hence the amount of the solvent necessary
      for dissolving the coupler can be reduced. Furthermore, in the case of
      using a conventional magenta coupler, in particular a pyrazolone magenta
      coupler in which the 3-position of the pyrazolone ring is substituted with
      an acylamino group or a ureido group, as the amount of a non-volatile
      high-boiling organic solvent incorporated in a photographic emulsion as
      the solvent for the coupler is reduced, the absorption of the dye image
      formed shifts completely to a markedly shorter wave length side and
      broadens as compared to a dye image in which a non-volatile high-boiling
      organic solvent remains sufficiently. Thus, there is a limit to ability to
      reduce the amount of the solvent for the coupler in the case of using such
      a conventional magenta coupler from the standpoint of the spectral
      absorption characteristics of dye images formed. On the other hand, in
      using the 3-anilino-5-pyrazolone coupler to which the couplers of this
      invention belong, the change of the spectral absorption characteristics of
      the dye images formed therefrom is much less when the content of the
      coupler solvent is reduced. In other words, the ability to reduce the
      amount of solvent is not restriced in this respect and, hence, it becomes
      easy to reduce the amount of the coupler solvent. Accordingly, when a
      non-volatile coupler solvent is used, the amount of the solvent retained
      in the coated photographic emulsion layers of photographic materials
      becomes less and the thickness of the photographic emulsion layers can be
      made thinner, which results in the formation of a sharp color image due to
      less scattering of light in the emulsion layers. Moreover, in the case of
      using the coupler of this invention, the coupler is less crystallized in a
      photographic emulsion containing it or in the dried photographic emulsion
      layers after coating.
PAR  The pyrazolone coupler used in this invention has at the 5-position of the
      anilino nucleus an acylamino group containing a hydrophobic group and has
      excellent coupler stability, the absorption characteristics of the dye
      formed as compared with a corresponding coupler in which the acylamino
      group is at the 4-position. If a (straight chain alkyl)--CONH-- group is
      at the 4-position or the 5-position of the anilino nucleus, the pyrazolone
      coupler has good solubility in both cases but the coupler having the group
      at the 5-position is superior in color hue and stability. The features of
      a coupler in which the acylamino group is at the 5-position are further
      explained below more in detail.
PAR  In German Offenlegungsschrift 2,133,655, 1
      -(2,4-dimethyl-6-chlorophenyl)-3-{2-chloro-4-[.alpha.-(2-n-dodecyloxypheno
     xy)butylamido]-anilino}-5-pyrazolone (Comparison coupler (F)) is described
      as a coupler having an oil-solubilizing group represented by the general
      formula
      ##SPC5##
PAL  wherein R.sub.3 represents a hydrogen atom or a lower alkyl group and
      R.sub.4 represents an aliphatic hydrocarbon group having 8 to 16 carbon
      atoms and further in Japanese patent publication No. 19,032/1971,
      1-(2,4,6-trichlorophenyl)-3-{2-chloro-4-[.gamma.-(dodecyloxycarbonyl)-poly
     amido]anilino}-5-pyrazolone (Comparison coupler (G)) is described as a
      coupler having an oil-solubilizing group represented by the general
      formula
      ##EQU1##
      wherein R.sub.5 represents an aliphatic hydrocarbon group having 1 to 4
      carbon atoms and R.sub.6 represents an aliphatic hydrocarbon group having
      7 to 18 carbon atoms.
PAR  Both of these couplers are clearly different from the magenta coupler used
      in this invention in structure and further in those known couplers, the
      oil-solubilizing group is at the 4-position of the anilino group.
PAR  In regard to the above described two kinds of couplers and Comparison
      coupler (A), Comparison coupler (H), and couplers (1) and (5) of this
      invention, the spectral absorption characteristics of the azomethine dyes
      formed by the oxidative coupling reaction thereof with
      4-{N-ethyl-N-(.beta.-methanesulfonamidoethyl)}amino-2-methylaniline in
      ethyl acetate were measured. From the spectral absorption curve thus
      obtained, the main wave length density was controlled to 100 and then the
      second absorption density in a blue light region, the density at the wave
      length side of 60 millimicrons longer than the main wave length, and the
      wave length width when the density became 0.50 were measured. The results
      obtained are shown in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

            Coupler                                                            

                  (1)*    (II)**                                               

                               (a)  (b)  (c)                                   

     __________________________________________________________________________

            Coupler                                                            

                 2,4,6-Tri-                                                    

                          5    0.141                                           

                                    0.134                                      

                                         66                                    

            (1)  chlorophenyl                                                  

     3-Anilino                                                                 

            Coupler                                                            

                   "      4    0.159                                           

                                    0.167                                      

                                         70                                    

            (A)                                                                

     pyrazolone                                                                

            Coupler                                                            

                   "      4    0.147                                           

                                    0.165                                      

                                         70                                    

            (G)                                                                

            Coupler                                                            

                 2,4-Dimethyl-                                                 

                          5    0.176                                           

                                    0.125                                      

                                         66                                    

            (5)  6-chloro-                                                     

                 phenyl                                                        

            Coupler                                                            

                   "      4    0.239                                           

                                    0.260                                      

                                         75                                    

            (F)                                                                

     3-Acylami-                                                                

            Coupler                                                            

                 2,4,6-Tri-    0.230                                           

                                    0.235                                      

                                         82                                    

     nopyrazo-                                                                 

            (H)  chlorophenyl                                                  

     lone                                                                      

     __________________________________________________________________________

      (I)*: Substituent at the 1-position of the pyrazolone ring.              

      (II)**: The position of the hydrophobic group on the anilido nucleus.    

      (a): Second absorption density                                           

      (b): Density at the wave length side of 60 millimicrons longer.          

      (c): Wave length at density 0.5.                                         

PAR  From the results shown in the above table, it can be understood that the
      couplers of this invention have superior spectral absorption
      characteristics to not only known coupler (H) but also comparison couplers
      (A), (G), and (F).
PAR  The color images obtained from the magenta couplers used in this invention
      have spectral absorption curves sharply cut at the longer wave side and
      have less unnecessary second absorption, which are preferable in color
      reproduction. This is believed, as is clear from a comparison of Coupler
      (1) and Comparison coupler (A) each having the same oil-solubilizing
      group, to be a result of the oil-solubilizing group being at the
      5-position of the anilino group in the coupler of this invention which
      differs from Comparison couplers (G) and (F).
PAR  Furthermore, the pyrazolone coupler having an --NHCOR type oil-solubilizing
      group at the 4-position of the anilino nucleus can be considered to be a
      p-phenylenediamine derivative and it is believed that such a compound is
      inferior in stability to oxidation to a coupler having a --NHCOR type
      oil-solubilizing group at the 5-position of the anilino nucleus. In fact,
      when 0.5 g of each of Coupler (1), Comparison coupler (A), Coupler (5),
      Comparison coupler (F), and Comparison coupler (G) was dissolved in 10 ml
      of tricresyl phosphate, and the solution was allowed to stand for 1 week
      at 40.degree.C, the solution of Comparison coupler (A), (F), or (G) became
      dark brown at the interface of the surface of the solution and air, while
      no such phenomenon was observed in the solution of Coupler (1) or (5) of
      this invention. This shows that stains during manufacturing of
      photographic emulsions and after coating the photographic emulsions due to
      air exposure can possibly result in using a magenta coupler having an
      oil-solubilizing group at the 4-position of the anilino nucleus, as in
      Comparison couplers (A), (G), and (F).
PAR  The magenta dye images obtained from the magenta couplers used in this
      invention are not only fast to heat and moisture but also are less faded
      when exposed to intense light. On the other hand, it is known that the
      color images obtained from a conventional 5-pyrazolone coupler having an
      acylamino group or a ureido group at the 3-position of the anilino nucleus
      are faded to a great extent by heat. This is believed to result from the
      reaction of the dye formed with the coupler remaining to form a colorless
      product. In order to prevent fading, a treatment using a stabilizer
      containing formaldehyde, etc., has generally been conducted but in the
      case of using the pyrazolone coupler of this invention, a magenta dye
      image having sufficient fastness to heat and moisture is obtained without
      the necessity of such a treatment, which is one of the features of this
      invention. The stability to heat will be described in Example 2 shown
      later. As described above, the color photographic materials of this
      invention do not require any post treatment with formaldehyde, etc., and
      thus in using the color photographic materials of this invention, the
      development procedures can be simplified overall.
PAR  For producing the silver halide color photographic materials using the
      magenta dye-forming couplers of this invention, the pyrazolone couplers
      represented by general formula (I) can be used individually or as a
      mixture of two or more couplers or further they may be used together with
      magenta-dye forming coupler or couplers other than the couplers
      represented by general formula (I). Also, the pyrazolone coupler of this
      invention can be used in a same photographic emulsion for a magenta
      dye-forming coupler of the aqueous solution system. Furthermore, as
      described in the specification of Japanese patent publication No.
      391/1965, the magenta coupler of general formula (I) can be used in a
      photographic emulsion containing a cyan coupler or a yellow coupler to
      improve the color reproducing characteristics of color photographic
      materials.
PAR  The photographic emulsion containing the magenta coupler of this invention
      in an amount of 1/20 mol to 1/500 mol, preferably 1/20 mol to 1/300 mol,
      of coupler per mole of silver present in the emulsion can be applied to a
      conventional photographic support in an amount of 1 .times. 10.sup.-.sup.4
      mol to 3 .times. 10.sup.-.sup.3 mol/m.sup.2, preferably 3 .times.
      10.sup.-.sup.4 mol to 2 .times. 10.sup.-.sup.3 mol of coupler per m.sup.2
      of the support to provide various color photographic materials such as
      color positive films, color negative films, color reversal films, color
      photographic papers, and the like. Suitable supports which can be used for
      the light-sensitive material of the invention can be any kind of supports
      known in the photographic art, for example, plastic films such as
      cellulose acetate, polycarbonate, polyethylene terephthalate or
      polystyrene, baryta papers, polyethylene-laminated papers described in
      U.S. Pat. No. 3,253,922 or glass plates. These color photographic
      materials are, for example, described in U.S. Pat. Nos. 3,582,322;
      3,622,318; 3,547,640; 3,672,898; 3,516,831; 3,705,799 - 803; 3,703,375;
      3,379,529; 3,639,417; 3,402,046; and 3,450,536; U.S. patent application
      Ser. No. 206,060, filed Dec. 8, 1971; and Ser. No. 29,666, filed Apr. 17,
      1970 and British Pat. No. 923,045.
PAR  As the silver halide for the aforesaid photographic emulsion in which the
      magenta coupler of this invention is incorporated, silver chloride, silver
      bromide, silver iodide, silver chlorobromide, silver chloroiodide, and
      silver chlorobromoiodide can be used. Also, the so-called converted halide
      silver halide grains as described in U.S. Pat. No. 3,622,318 and British
      Pat. No. 635,841 can be used. The photographic emulsion can further
      contain the natural sensitizers present in gelatin, sulfur sensitizers,
      noble metal salt sensitizers, and reduction sensitizers. Suitable examples
      of chemical sensitizers are described in U.S. Pat. Nos. 1,547,944,
      2,410,689, 2,399,083, 2,642,361, 2,487,850, and 2,521,925, etc.
      Furthermore, in order to provide appropriate color sensitivity to the
      photographic emulsion, an optical sensitizer can be further added to the
      photographic emulsion. Suitable examples of optical sensitizers are
      disclosed in U.S. Pat. Nos. 2,519,001, 2,739,964, 3,481,742, 2,734,900,
      etc. Moreover, the photographic emulsion containing the coupler of this
      invention can contain an antifoggant as described in U.S. Pat. Nos.
      3,420,668, 3,622,339, 2,697,099, 2,824,001, 2,694,716, etc., a stabilizer,
      an irradiation preventing dye, a coating aid as described in U.S. Pat.
      Nos. 2,288,226, 3,210,191, 3,294,540, 3,475,174, 3,545,974, etc., a
      polymer, a gelatin plasticizer such as dibutylphthalate,
      tricresylphosphate, dibutylsebacate, butylstearate, etc., a hardening
      agent. As disclosed in U.S. Pat. Nos. 3,232,764, 3,635,718, 3,100,704,
      3,543,295, 3,288,775, and British Pat. No. 1,167,207.
PAR  It is preferable, for further increasing the stability of the color
      photograph obtained from the color photographic material of this
      invention, that the silver halide emulsion layer of the color photographic
      material containing the 3-anilino-5-pyrazolone coupler represented by
      general formula (I) contains additionally a p-substituted phenol
      derivative. Specific examples of p-substituted phenol derivatives suitable
      for the color photographic materials of this invention are hydroquinone
      derivatives including alkylhydroquinones, arylhydroquinones,
      dialkylhydroquinones, diarylhydroquinones, bihydroquinones,
      6-hydroxychromans, 5-hydroxycoumarans, 6,6'-dihydroxy-2,2'-spirochromans,
      p-alkoxyphenols, p-aryloxyphenols, and alkoxyhydroquinones, as disclosed
      in U.S. Pat. Nos. 2,360,290; 2,418,613; 2,675,314; 2,701,197; 2,704,713;
      2,728,659; 2,732,300; 2,735,765; 2,710,801; 2,816,028, and 3,700,453, the
      gallic acid derivatives as disclosed in U.S. Pat. Nos. 3,457,079 and
      3,069,262 and the p-alkoxyphenols as disclosed in U.S. Pat. Nos. 2,735,765
      and 3,698,909 and the p-oxyphenol derivatives as disclosed in U.S. Pat.
      Nos. 3,432,300; 3,573,050; 3,574,627, and 3,764,337.
PAR  The hydrophilic colloid layer, in particular, a gelatin layer containing
      the 3-anilino-5-pyrazolone coupler of this invention can be hardened using
      various kinds of cross-linking agents. For instance, an inorganic compound
      such as a chromium salt and a zirconium salt, mucochloric acid, or a
      aldehyde-type cross-linking agent such as 2-phenoxy-3-chloro-malealdehydic
      acid as described in Japanese patent publication No. 1872/1971 can be
      effectively used in this invention but the non-aldehyde type cross-linking
      agents such as the polyepoxy compounds as described in Japanese patent
      publication No. 7133/1959, the poly(1-aziridinyl) compounds as described
      in Japanese patent publication No. 8790/1962, and the active halogen
      compounds as described in U.S. Pat. Nos. 3,362,827 and 3,325,287 are
      particularly useful in the practice of this invention.
PAR  The color photographic materials containing the above-described pyrazolone
      couplers of this invention can be processed using conventional processing.
      That is to say, after exposure, the color photographic material of this
      invention can be developed in a developer containing a p-phenylenediamine
      developing agent and then bleached and fixed or blixed to provide a color
      image having excellent spectral absorption characteristics and
      transparency. Specific examples of developing agents suitable for
      developing the color photographic materials of this invention are
      4-(N,N-diethylaminoaniline,
      4-(N-ethyl-N-.beta.-methanesulfonamidoethyl)amino-2-methylaniline,
      4-(N-ethyl-N-.beta.-hydroxyethyl)amino-2-methylaniline,
      4-(N,N-diethylamino)-2-methylaniline.
DETD
PAR  Specific examples of this invention are described below but the invention
      is not intended to be interpreted as being limited to them. Unless
      otherwise indicated all parts, percents, ratios and the like are by
      weight.
PAC  EXAMPLE 1
PAR  A solution prepared by heating a mixture of 5 g of Coupler (3) of this
      invention, 2.5 ml. of tricresyl phosphate, and 10 ml of ethyl acetate to
      60.degree.C was added to 50 ml of an aqueous solution containing 5 g of
      gelatin and 0.15 g of sodium dodecylbenzenesulfonate at 60.degree.C and
      then the mixture was stirred using a homogenizer to provide a dispersion
      of the coupler. The coupler dispersion thus prepared was added to 100 g of
      a photographic emulsion containing 5.6 .times. 10.sup.-.sup.2 mol of
      silver chlorobromide (silver chloride 55 mol%) and 10 g of gelatin and
      then after adding thereto 5 ml of a 3% acetone solution of triethylene
      sulfamide as a hardening agent and finally adjusting the pH of the mixture
      to 6.5, the mixture was coated on a cellulose triacetate film and dried
      (dry thickness of the coated layer was 4.5 microns).
PAR  The color photographic film thus prepared was exposed conventionally and
      subjected to the following processing to provide a clear magenta dye image
      having an absorption maximum at 540 millimicrons.
TBL  ______________________________________                                    

     Processing Step  Temperature                                              

                                 Time                                          

     ______________________________________                                    

     1.   Color Development                                                    

                          21.degree.C                                          

                                     14   minutes                              

     2.   Washing         "          30   seconds                              

     3.   First Fixing    "          4    minutes                              

     4.   Washing         "          4    minutes                              

     5.   Bleach          "          8    minutes                              

     6.   Washing         "          4    minutes                              

     7.   Second Fixing   "          4    minutes                              

     8.   Washing         "          6    minutes                              

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above processings
      were as follows:
TBL  Color Developer:                                                          

     4-(N,N-Diethylamino)-2-       2.5    g                                    

     methylaniline hydrochloride                                               

     Sodium Sulfite (Anhydrous)    10     g                                    

     Sodium Carbonate (monohydrate)                                            

                                   47     g                                    

     Potassium Bromide             2      g                                    

     Water added to make                                                       

                        (pH 10.5)  1      liter                                

     Fix Solution:                                                             

     Sodium Thiosulfate (6 H.sub.2 O)                                          

                                   80     g                                    

     Sodium Sulfite (anhydrous)    5      g                                    

     Borax                         6      g                                    

     Glacial Acetic Acid           4      ml                                   

     Potassium Alum                7      g                                    

     Water added to make                                                       

                        (pH 4.5)   1      liter                                

     Bleach Solution:                                                          

     Potassium Ferricyanide        100    g                                    

     Potassium Bromide             5      g                                    

     Boric Acid                    10     g                                    

     Borax                         5      g                                    

     Water added to make                                                       

                        (pH 7.2)   1      liter                                

PAC  EXAMPLE 2
PAR  A polyethylene coated paper was coated with a blue-sensitive silver
      chlorobromide emulsion (silver bromide 70 mol%) containing
      .alpha.-pivaloyl-.alpha.-(5,5-dimethyl-3-hydantoinyl)-2-chloro-5-[.alpha.-
     (2,4-ditert-acylphenoxy)butylamido]-acetanilide as a yellow dye forming
      coupler as a first layer in a thickness of 3.0 microns to provide 3.53
      .times. 10.sup.-.sup.3 mol/m.sup.2 of silver halide and 1.18 .times.
      10.sup.-.sup.3 mol/m.sup.2 of the yellow dye forming coupler and then
      gelatin as a second layer in a thickness of 1.5 microns.
PAR  A solution obtained by heating to 60.degree.C a mixture of 4.5 g of Coupler
      (4) of this invention, 0.3 g of 2,5-di-tert-octylhydroquinone, 0.4 g of
      6,6'-dihydroxy-7,7'-dimethoxy-4,4,4,4'-tetramethylbis-2,2'-spirocumarone,
      4.0 ml of tricresyl phosphate, and 12 ml of ethyl acetate was added to 40
      ml of an aqueous solution containing 4 g of gelatin and 0.10 g of sodium
      dodecylbenzenesulfonate at 60.degree.C and the mixture was stirred using a
      homogenizer to provide a coupler dispersion. The coupler dispersion was
      added to 100 g of a green-sensitive photographic emulsion containing 4.70
      .times. 10.sup.-.sup.2 mol of silver chlorobromide (silver chloride 50
      mol%) and 9 g of gelatin and then after adding thereto 5 ml of a 3%
      acetone solution of triethylene phosphamide as a hardening agent and
      finally adjusting the pH thereof to 7.0, the resultant mixture was coated
      on the second layer as a third layer in a thickness of 3.4 microns to
      provide 4.12 .times. 10.sup.-.sup.3 mol/m.sup.2 of silver halide and 5.89
      .times. 10.sup.-.sup.3 mol/m.sup.2 of Coupler (4). Then, a gelatin
      solution containing 120 g of gelatin, 30 g of
      2-(5-chlorobenzotriazole-2-yl)-4-methyl-6-tert-butylphenol and 50 g of
      2-(benzotriazole-2-yl)-4-tert-butylphenol was coated as a fourth layer in
      a thickness of 1.5 microns, and further a red-sensitive emulsion
      containing silver chlorobromide (silver bromide 50 mol%) and
      2-[.alpha.-(2,4-di-tert-amylphenoxy)-butylamido]-4,6-dichloro-5-methylphen
     ol as a cyan coupler was coated as a fifth layer in a thickness of 2.5
      microns, providing 2.94 .times. 10.sup.-.sup.3 mol/m.sup.2 of silver
      halide and 0.98 .times. 10.sup.-.sup.3 mol/m.sup.2 of the cyan coupler and
      finally a gelatin solution was coated as the uppermost layer in a
      thickness of 1 micron to provide a color print paper (Sample L).
PAR  Furthermore, using the same procedures as above except that 4.3 g of a
      known coupler (Coupler (H)),
      1-2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)butylamido
     ]benzamido}-5-pyrazolone was used in place of Coupler (4) as the magenta
      dye-forming coupler and 6.0 ml of dioctylbutyl phosphate was used in place
      of tricresyl phosphate, a comparison color print paper was prepared
      (Sample M).
PAR  Each of the samples thus prepared was step exposed to green light and then
      subjected to the following processing.
TBL  ______________________________________                                    

     Processing Step  Temperature Time                                         

     ______________________________________                                    

     1.   Color Development                                                    

                          30.degree.C 4 minutes                                

     2.   Blix            "           2 minutes                                

     3.   Washing         "           2 minutes                                

     4.   Stabilization   "           2 minutes                                

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above processing
      were as follows:
TBL  Color Developer:                                                          

     Sodium Metaborate        25      g                                        

     Sodium Sulfite           2       g                                        

     Hydroxylamine (sulfate)  2       g                                        

     Potassium Bromide        0.5     g                                        

     6-Nitrobenzimidazole (nitrate)                                            

                              0.02    g                                        

     Sodium Hydroxide         4       g                                        

     Benzyl Alcohol           15.8    ml                                       

     Diethylene Glycol        20      ml                                       

     4-(N-Ethyl-N-.beta.-methanesulfoneamidoethyl)-                            

                              8       g                                        

     amino-2-methylaniline Sesquisulfate                                       

     Water added to make      1       liter                                    

     Blix Solution:                                                            

     Sodium Ferric Ethylenediamine Tetraacetate                                

                              45      g                                        

     Ammonium Thiocyanate     10      g                                        

     Sodium Sulfite           10      g                                        

     Ethylenediamine Tetraacetic Acid,                                         

                              5       g                                        

     Tetrasodium Salt                                                          

     Ammonium Thiosulfate (60%)                                                

                              100     ml                                       

     Water added to make      1       liter                                    

     Stabilization Bath (a):                                                   

     Tartaric Acid            10      g                                        

     Zinc Sulfate             10      g                                        

     Sodium Metaborate        20      g                                        

     Water added to make      1       liter                                    

     Stabilization Bath (b):                                                   

     Tartaric Acid            10      g                                        

     Zinc Sulfate             10      g                                        

     Sodium Metaborate        20      g                                        

     Formalin (40%)           10      ml                                       

     Water added to make      1       liter                                    

PAR  Sample L gave, using the above-described development processing including
      the stabilization bath (a), a magenta dye-forming image having an
      absorption maximum at 540 millimicrons and Sample M gave also a magenta
      dye-forming image having an absorption maximum at 540 millimicrons. Then
      these color images thus formed were stored for 4 hours at 120.degree.C,
      for 2 weeks at 60.degree.C and 75% RH, or for 2 weeks under exposure to a
      fluorescent lamp through a filter which absorbed substantially all
      ultraviolet light having wave lengths of shorter than 400 millimicrons and
      the density reduction (%) of the magenta dye images from the initial
      density were measured. The results obtained are shown in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

                Density Reduction (%)                                          

                (a)       (b)       (c)                                        

     __________________________________________________________________________

     Initial Density                                                           

                0.5  1.0  0.5  1.0  0.5  1.0                                   

     Sample L, Stabili-                                                        

                9    5    22   17   8    7                                     

     zation Bath (a)                                                           

     Sample M, Stabili-                                                        

                60   37   31   24   30   16                                    

     zation Bath (a)                                                           

     Sample M, Stabili-                                                        

                8    4    28   22   9    5                                     

     zation Bath (b)                                                           

     __________________________________________________________________________

      (a): for 4 hours at 120.degree.C,                                        

      (b): for 2 weeks under exposure to fluorescent lamp through the filter,  

      (c): for 2 weeks at 60.degree.C and 75% RH.                              

PAR  The above results show that the coupler used in this invention gave a color
      image having high fastness to heat and moisture without the necessity of
      the use of a stabilization bath containing formaldehyde.
PAR  Also, color prints were made by exposing each of the color photographic
      papers prepared in the above procedure through a transparency having a
      color negative image and developing the color paper. The red portion of
      the color print obtained from Sample L of this invention had less darkness
      and was clearer than the color print obtained from Sample M containing the
      known compound.
PAC  EXAMPLE 3
PAR  A solution prepared by heating to 60.degree.C a mixture of 4 g of Coupler
      (1), 8 ml, 5.6 ml, 3.2 ml, 2 ml, 0.8 ml, or 0 ml of tricresyl phosphate,
      and 6 ml, 8.5 ml, 11 ml, 12.5 ml, 15 ml, or 15 ml, respectively, of ethyl
      acetate was added to 40 ml of an aqueous solution containing 4 g of
      gelatin and 0.10 g of sodium dodecylbenzenesulfonate at 60.degree.C and
      the mixture was stirred using a homogenizer to provide a coupler
      dispersion. Then, the resultant coupler disperrison was mixed with 100 g
      of a photographic emulsion containing 5.0 .times. 10.sup.-.sup.2 mol of
      silver chlorobromide (silver chloride 55 mol%) and 9 g of gelatin and
      after adding thereto the hardening agent as set forth in Example 1 and
      adjusting the pH of the mixture to 6.5, the mixture was coated on a
      cellulose triacetate film base in an amount of 9.7 .times. 10.sup.-.sup.3
      mol/m.sup.2 of silver halide and dried.
PAR  By following the same procedure as described above, a coupler dispersion
      was prepared using a mixture of 4 g of Coupler (H) used in Example 2 as a
      known coupler, 8 ml, 5,6 ml, 3.2 ml, 2 ml, 0.8 ml, or 0 ml of tricresyl
      phosphate and 6 ml, 8.5 ml, 11 ml, 12.5 ml, 14 ml, or 15 ml, respectively,
      of ethyl acetate and the coupler dispersion was mixed with 88 g of the
      photographic emulsion having the same composition as described above. The
      mixture was coated on a cellulose triacetate film as in the above manner
      and dried.
PAR  Each of the color photographic films thus prepared was developed in a
      developer having the following composition for 12 minutes at 21.degree.C
      and then fixed, bleached, and fixed as described in Example 1 to provide a
      magenta dye image. The main absorption wave length peak of each magenta
      dye image and the fading percentage of the color image when the sample was
      stored for 4 hours at 120.degree.C as described in Example 2 were
      measured. The results obtained are shown in Table 4.
TBL  ______________________________________                                    

     Color Developer:                                                          

     ______________________________________                                    

     Sodium Hexametaphosphate 2       g                                        

     Sodium Sulfite (anhydrous)                                                

                              2       g                                        

     Benzyl Alcohol           5       ml                                       

     Sodium Carbonate (monohydrate)                                            

                              27.5    g                                        

     Potassium Bromide        0.5     g                                        

     Hydroxylamine Sulfate    2.5     g                                        

     4-{N-Ethyl-N-(.beta.-methanesulfonamido-                                  

                              2.5     g                                        

     ethyl)}amino-2-methylaniline                                              

     Sesquisulfate                                                             

     ______________________________________                                    

PAR  Also, a coupler dispersion was prepared in the same manner as described
      above using a mixture of 4 g of Coupler (1) of this invention, Comparison
      Coupler (C), or Comparison Coupler (H), tricresyl phosphate, and ethyl
      acetate in the various amounts as above and after storing the coupler
      dispersion for 3 weeks in a cold chamber of 5.degree.C, 150 ml of water
      was added to the dispersion. The mixture was stirred for 24 hours at
      40.degree.C, filtered using filter paper, Toyo Roshi No. 5B, the filter
      paper was dried, and then the weight of the solid material remaining on
      the filter paper was measured. The results obtained are also shown in
      Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Ratio                                                                     

         Main Wave Length                                                      

                   Heat Fastness (reduction                                    

                                       Stability of                            

     (ml/g)                                                                    

         Peak (m.mu.)                                                          

                   in density by %)    Emulsion (mg)                           

     __________________________________________________________________________

     Coupler  Coupler                                                          

                   Coupler (1)                                                 

                             Coupler (H)                                       

                                       Coupler (1)                             

                                               Coupler (C)                     

     (1)      (H)  Initial Density                                             

                             Initial Density                                   

                   D.sub.0.5                                                   

                        D.sub.1.0                                              

                             D.sub.0.5                                         

                                  D.sub.1.0                                    

     __________________________________________________________________________

     2   540  546  4    4    45   41   5.5     37                              

     1.4 540  547  6    5    53   45   6.1     55                              

     0.8 540  548  8    7    62   49   5.0     124                             

     0.5 540  550  10   6    67   53   6.0     219                             

     0.2 542  553  11   10   77   58   8.0     423                             

     0   544       18   18   79   61   11.0    758                             

     __________________________________________________________________________

PAR  As is clear from these results, when the amount of the high-boiling
      non-volatile solvent was reduced, the spectral absorption characteristics
      and the heat fastness of the magenta dye-images obtained using Coupler (1)
      of this invention were scarcely changed which is different from the
      results obtained using known coupler (H) having an acylamino group at the
      3-position of the pyrazolone ring. Furthermore, in using Coupler (1), when
      the amount of the high-boiling non-volatile solvent was reduced, the
      coupler was not crystallized in the photographic emulsion and stable color
      images having high transparency were obtained in contrast to the use of
      known coupler (C). From these results, it can be understood that by
      employing the magenta coupler of this invention, the amount of
      high-boiling non-volatile solvent used for dissolving the coupler can be
      reduced and thus the thickness of the photographic emulsion layers can be
      reduced.
PAC  EXAMPLE 4
PAR  A red-sensitive silver iodobromide (silver iodide 7 mol%) emulsion
      containing 1-hydroxy-2-tetradecylnaphthamide was coated on a cellulose
      triacetate transparent film as a first layer in a thickness of 5.0 microns
      to provide 3.43 .times. 10.sup..sup.-2 mol/m.sup.2 of silver halide and
      2.86 .times. 10.sup..sup.-3 mol/m.sup.2 of
      1-hydroxy-2-tetradecylnaphthamide and then a gelatin solution containing
      10 g of gelatin and 10 g of 2,5-di-tert-octylhydroquinone was further
      coated on the first layer as a second layer in a thickness of 1.0 micron
      so as to provide 0.04 g/m.sup.2 of the 2,5-di-tert-octylhydroquinone.
PAR  A solution prepared by heating to 60.degree.C a mixture of 15 g of Coupler
      (3) of this invention, 1.9 g of Coupler (11) of this invention, 8 ml of
      tricresyl phosphate, and 45 ml of ethyl acetate was added to 150 ml of an
      aqueous solution containing 15 g of gelatin and 0.4 g of sodium
      dodecylbenzenesulfonate at 60.degree.C and the mixture was stirred as
      described in Example 1 to provide a coupler dispersion. The coupler
      dispersion thus prepared was mixed with 1 kg of a green-sensitive
      photographic emulsion containing 6 .times. 10.sup..sup.-1 mol of silver
      iodobromide (silver iodide 6 mol%) and 60 g of gelatin and after adding
      thereto 5 ml of a 3% acetone solution containing
      2-hydroxy-4,6-dichloro-s-triazine sodium salt as a hardening agent and
      finally adjusting the pH thereof to 7.0, the resultant mixture was coated
      on the second layer as a third layer in a dry thickness of 5.4 microns.
      Thereafter, an aqueous gelatin solution containing yellow colloidal silver
      and 2,5-di-tert-octylhdroquinone was coated thereon as a fifth layer in a
      thickness of 1.5 microns and a blue-sensitive silver iodobromide emulsion
      (silver iodide 7 mol%) containing
      .alpha.-(p-methoxybenzoyl)-.alpha.-(N-phthalimido)-2-chloro-5-.gamma.-(2,4
     -di-tert-amylphenoxy)butylamido acetanilide as a yellow dye forming coupler
      was coated thereon as a sixth layer in a thickness of 5.0 microns to
      provide 1.67 .times. 10.sup..sup.-2 mol/m.sup.2 of silver halide and 1.60
      .times. 10.sup..sup.-3 mol/m.sup.2 of the yellow dye forming coupler, and
      finally a gelatin layer was coated as a protective layer in a thickness of
      1.0 microns to provide a color photographic negative film.
PAR  When the color photographic film was exposed and subjected to the following
      development procedure, a color negative image having good gradation and
      image quality was obtained. Also, the blue density of the color image was
      substantially constant regardless of the extent of the exposure to green
      light, which showed that proper color correction was made.
TBL  ______________________________________                                    

     Processing Step   Temperature Time                                        

     ______________________________________                                    

     1.    Color Development                                                   

                           38.degree.C 3 minutes                               

     2.    Stop            "           1 minute                                

     3.    Washing         "           1 minute                                

     4.    Bleach          "           2 minutes                               

     5.    Washing         "           1 minute                                

     6.    Fix             "           2 minutes                               

     7.    Washing         "           1 minute                                

     8.    Stabilization   "           1 minute                                

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above steps were
      as follows:
TBL  Color Developer:                                                          

     Sodium Hydroxide        2       g                                         

     Potassium Bromide       0.4     g                                         

     Sodium Sulfite          2       g                                         

     Sodium Chloride         1       g                                         

     Borax                   4       g                                         

     Hydroxylamine Sulfate   2       g                                         

     Ethylenediamine Tetraacetic Acid                                          

                             2       g                                         

     4-{N-Ethyl-N(.beta.-hydroxyethyl)amino}-                                  

                             4       g                                         

     2-methylaniline Sesquisulfate                                             

     (monohydrate)                                                             

     Water added to make     1       liter                                     

     Stop Solution:                                                            

     Sodium Thiosulfate      10      g                                         

     Ammonium Thiosulfate (70%)                                                

                             30      ml                                        

     Sodium Acetate          5       g                                         

     Acetic Acid             30      ml                                        

     Potassium Alum          15      g                                         

     Water added to make     1       liter                                     

     Bleach Solution:                                                          

     Sodium Ferric Ethylenediamine                                             

                             100     g                                         

     Tetra-acetic Acid(dihydrate)                                              

     Potassium Bromide       50      g                                         

     Ammonium Nitrate        50      g                                         

     Boric Acid              5       g                                         

     Aqueous Ammonia to adjust the pH to                                       

                             5.0                                               

     Water added to make     1       liter                                     

     Fix Solution:                                                             

     Sodium Thiosulfate      150     g                                         

     Sodium Sulfite          15      g                                         

     Borax                   12      g                                         

     Glacial Acetic Acid     15      ml                                        

     Potassium Alum          20      g                                         

     Water added to make     1       liter.                                    

     Stabilization Bath;                                                       

     Boric Acid              5       g                                         

     Sodium Citrate          5       g                                         

     Sodium Metaborate (tetrahydrate)                                          

                             3       g                                         

     Potassium Alum          15      g                                         

     Water added to make     1       liter                                     

PAC  EXAMPLE 5
PAR  A solution prepared by heating to 60.degree.C a mixture of 5 g of each of
      Couplers (3), (4), (6), (9), (10), (11), (12), (13), (14), and (15), of
      this invention, 6 ml of tricresyl phosphate, and 8 ml of ethyl acetate was
      dispersed as described in Example 1 and after mixing with the photographic
      emulsion as described in Example 1, the resultant emulsion was coated and
      dried to give a color photographic film.
PAR  Each of the photographic films thus prepared was exposed and developed as
      described in Example 1, and a sharp color image having the absorption
      maximum as shown in Table 5 was obtained.
TBL                Table 5                                                     

     ______________________________________                                    

     Coupler  Absorption  Coupler    Absorption                                

              Maximum                Maximum                                   

              (m.mu.)                (m.mu.)                                   

     ______________________________________                                    

      (3)     533          (4)       535                                       

      (6)     527          (9)       528                                       

     (10)     540         (11)       540                                       

     (12)     540         (13)       535                                       

     (14)     533         (15)       527                                       

     ______________________________________                                    

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic material comprising a support having thereon at
      least one silver halide emulsion layer containing a 3-anilino-5-pyrazolone
      magenta dye-forming coupler, said coupler having, the general formula
      ##SPC6##
PAL  wherein R.sub.2 represents a straight chain, branched chain, or cyclic
      alkyl group having 5 to 29 carbon atoms; X represents an alkoxyl group
      having 1 to 18 carbon atoms or a halogen atom; Z represents a hydrogen
      atom, a thiocyano group, an acyloxy group, an aryloxy group, an alkoxy
      group an arylazo group, a 2-aminoarylazoxy group, a 2-amidoarylazoxy
      group, a 2-aryltriazolyl group, an alkyl group, an alkylthio group, an
      arylthio group, a cycloalkylthio group, a carbon-containing heterocyclic
      monothio group having a 5 to 6 membered ring containing at least one
      hetero nitrogen, oxygen or sulfur atom in which the heterocyclic-moieties
      of the monothio group are incapable of forming a chromophoric compound;
      Y.sub.1 represents a halogen atom, an alkyl group, or an alkoxy group; and
      Y.sub.2 and Y.sub.3, which may be the same or different, each represents a
      hydrogen atom, a halogen atom, an alkyl group, an alkoxy group, an aryloxy
      group, an alkoxycarbonyl group, an aralkoxycarbonyl group, a carboxyl
      group, a cyano group, a nitro group, or an acylamino group.
NUM  2.
PAR  2. The color photographic material as set forth in claim 1 in which R.sub.2
      is a straight chain alkyl group.
NUM  3.
PAR  3. The color photographic material as set forth in claim 2, in which said Z
      is a hydrogen atom or an arylazo group.
NUM  4.
PAR  4. The color photographic material as set forth in claim 3, in which said X
      is a chlorine atom.
NUM  5.
PAR  5. The color photographic material as set forth in claim 1, in which said
      magenta dye-forming coupler is
PA1  1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-n-dodecanoylaminoanilino)-5-pyrazol
     one,
PA1  1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-n-tetradecanoyl-aminoanilino)-5-pyr
     azolone, or
PA1  1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-n-hexadecanoylaminoanilino)-5-pyraz
     olone.
NUM  6.
PAR  6. The color photographic material as set forth in claim 1, in which said
      magenta dye-forming coupler is
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-n-alkylcarbonylaminoanilino)-4-.al
     pha.-naphthylazo-5-pyrazolone, said alkyl moiety having 7 to 17 carbon
      atoms.
NUM  7.
PAR  7. The color photographic material as set forth in claim 1 wherein said
      carbon-containing heterocyclic monothio group contains 1-4 hetero nitrogen
      atoms.
NUM  8.
PAR  8. A color photographic material comprising a support having thereon a
      green-sensitive silver halide emulsion layer containing a
      3-anilino-5-pyrazolone magenta dye-forming coupler, a red-sensitive silver
      halide emulsion layer containing a cyan dye-forming coupler with a phenol
      or 1-naphthol nucleus, and a blue-sensitive silver halide emulsion layer
      containing a cyan dye-forming coupler with an acylacetamido group, said
      magenta dye-forming coupler having the general formula:
      ##SPC7##
      wherein R.sub.2 represents a straight chain, branched chain, or cyclic
      alkyl group having 5 to 29 carbon atoms; X represents an alkoxyl group
      having 1 to 18 carbon atoms or a halogen atom; Z represents a hydrogen
      atom, a thiocyano group, an acyloxy group, an aryloxy group, an alkoxy
      group, an arylazo group, a 2-aminoarylazoxy group, a 2-amidoarylazoxy
      group, a 2-arylthriazolyl group, an alkyl group, an alkylthio group, an
      arylthio group, a cycloalkylthio group, a carbon-containing heterocyclic
      monothio group having a 5 to 6 membered ring containing at least one
      hetero nitrogen, oxygen or sulfur atom in which the heterocyclicmoieties
      of the monothio group are incapable of forming a chromophoric compound;
      Y.sub.1 represents a halogen atom, an alkyl group, or an alkoxy group; and
      Y.sub.2 and Y.sub.3, which may be the same or different, each represents a
      hydrogen atom, a halogen atom, an alkyl group, an alkoxyl group, an
      aryloxy group, an alkoxycarbonyl group, an aralkoxycarbonyl group, a
      carboxyl group, a cyano group, a nitro group, or an acylamino group.
NUM  9.
PAR  9. The color photographic material as set forth in claim 8 wherein said
      carbon-containing heterocyclic monothio group contains 1-4 hetero nitrogen
      atoms.
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PAL  A color photographic material comprising a support having coated thereon at
      least one silver halide emulsion layer containing a magenta dye forming
      coupler having a 3-anilino-5-pyrazolone ring in which the ortho position
      of the anilino group at the 3-position is substituted with a halogen atom,
      an alkyl group, an alkoxy group, an amide group, an aryl group, an aryloxy
      group, a cyano group, a nitro group, a hydroxyl group, or an amino group
      and having a hydrophobic residue of 8 to 32 carbon atoms, the silver
      halide emulsion layer or an emulsion layer adjacent to the silver halide
      emulsion layer containing a hydroquinone derivative having at least one
      substituent of at least 8 carbon atoms or a precursor capable of providing
      such a hydroquinone derivative by hydrolysis.
PAL  The color photographic material provides magenta dye images having good
      color separation and less color fog and less color stains in the highlight
      areas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to color photography and, more particularly, it
      relates to a light-sensitive color photographic material wherein color fog
      and stains are effectively prevented and color images of good color
      separation are obtainable.
PAR  2. Description of the Prior Art
PAR  For the formation of color photographic images based on a subtractive color
      process, the steps of forming cyan, magenta, and yellow dye images by the
      coupling of dye-forming couplers with the oxidation product of generally
      an aromatic primary amine compound, and in particular a N,N-di-substituted
      p-phenylenediamine compound, developing agent formed by reducing the
      exposed silver halide grains in photographic emulsion layers are utilized.
PAR  The couplers used for the color development are compounds which have a
      phenolic hydroxyl group, an anilinic amino group, or an active methylene
      group and form dyes capable of absorbing light in a visible wave-length
      region by the oxidative coupling with the aromatic primary amine
      developing agent.
PAR  As the magneta-forming couplers, pyrazolones are generally known. Of the
      pyrazolone couplers, the 3-anilino-5-pyrazolone compounds have long been
      known as good magenta-forming couplers in the field of color photography
      as described in, for instance, the specification of U.S. Pat. No.
      2,311,081 (Reissue 22,329) and also, in British Pat. No. 956,261, an
      azomethine dye obtained from a 3-anilino-5-pyrazolone derivative
      substituted with an alkoxyl group or a halogen atom in the ortho-position
      of the anilino group is described as having a useful spectral absorption
      for color photography and also the description is that the unnecessary
      absorption in the red light region is particularly less. Non-diffusible
      couplers which belong to this type of coupler and can be incorporated in
      photographic emulsions are described in the specifications of U.S. Pat.
      Nos. 3,127,269, 3,658,544, 2,684,516, 3,419,391 and 3,519,429, and
      Japanese patent application Nos. 114,446/1972, 114,445/1972, and
      21454/1973 and German OLS 2,133,655. Of these 3-anilino-5pyrazolone
      couplers, the couplers in which the ortho-position of the anilino group at
      the 3-position has been substituted with a halogen atom, an alkyl group,
      an alkoxyl group, a nitro group, a cyano group, a hydroxyl group, or an
      amide group and which has at least one hydrophobic residue having 8 to 32
      carbon atoms are most excellent at present in that the couplers provide
      color images having sharp spectral absorption curve and less unnecessary
      absorption in the red region and the blue region and that the couplers
      show excellent coupling or coloring at color development. However, in
      spite these excellent advantages as shown above, magenta dye-forming
      couplers of this type do not provide satisfactory color photographic
      materials using conventional techniques for the following reasons. That is
      to say, the couplers suffer from severe magenta fogging at color
      development of the color photographic materials containing the magenta
      dye-forming couplers, yellow stains are readily formed in the color
      photographic materials containing the magenta dye-forming couplers with
      the passage of time after processing due to the action of the formaldehyde
      used in the hardening or the dye image stabilization during color
      processing, color mixing occurs greatly between the photosensitive
      emulsion layer containing the magenta dye-forming coupler and other
      photosensitive emulsion layers, and further the magenta dye-forming
      couplers tend to be oxidized during the addition of the couplers to
      photographic emulsions in the production of color photographic materials.
PAR  The development of a technique for using these substituted
      3-anilino-5-pyrazolone couplers as described above in color photographic
      materials unaccompanied by the above-described disadvantages has, thus,
      been desired.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of this invention is, therefore, to provide a color
      photographic material which provides a magenta dye image having less color
      fog and a high image coupling density at color development.
PAR  A second object of this invention is to provide a color photographic
      material which provides color reproduction with good color separation.
PAR  A third object of this invention is to provide a color photographic
      material which provides a color image having excellent spectral absorption
      characteristics, showing particularly sharp red color reproduction, and
      having good color separation.
PAR  A fourth object of this invention is to provide a color photographic
      material which provides a magenta dye image capable of being stored stably
      even in the presence of light.
PAR  A fifth object of this invention is to provide a color photographic
      material which can be processed using quick color development.
PAR  A sixth object of this invention is to provide a color photographic
      material which is stable when produced.
PAR  It has been discovered that the above-described objects of this invention
      can be surprisingly attained by incorporating a hydroquinone having at
      least one substituent of at least 8 carbon atoms on the hydroquinone
      nucleus or aa preccusor capable of providing such a hydroquinone on
      hydrolysis in at least one of a silver halide emulsion layer containing a
      magenta dye-forming coupler having a 3-anilino-5-pyrazolone ring, in which
      the ortho-position of the anilino group at the 3position is substituted
      with a halogen atom, an alkyl group, an alkoxyl group, an amide group, an
      aryl group, an aryloxy group, a cyano group, a nitro group, a hydroxyl
      group, or an amino group, and having at least one hydrophobic group of 8
      to 32 carbon atoms or in a hydrophilic colloid layer adjacent the silver
      halide emulsion layer.
PAR  Therefore, the present invention provides a color photographic material
      comprising a support having coated thereon a silver halide emulsion layer
      containing a magenta dye-forming coupler having a 3-anilino-5-pyrazolone
      ring, the orthoposition of the anilino group at the 3-position being
      substituted with a halogen atom, an alkyl group, an alkoxyl group, an
      amide group, an aryl group, an aryloxy group, a cyano group, a nitro
      group, a hydroxyl group, or an amino group, and having at least one
      hydrophobic group of 8 to 32 carbon atoms, and at least one of the silver
      halide emulsion layer and a hydrophilic colloid adjacent to the silver
      halide emulsion layer containing therein a hydroquinone having at least
      one substituent of at least 8 carbon atoms on the hydroquinone nucleus or
      a precursor capable of providing the hydroquinone on hydrolysis.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The magenta dye-forming couplers which can be used in this invention can be
      represented by general formula (I)
      ##SPC1##
PAL  wherein X represents a straight chain or branched alkyl group having 1 to
      12 carbon atoms, such as a methyl group, a t-butyl group, and an octyl
      group; an alkoxyl group (including an alkylthio group) such as a methoxy
      group and an octylthio group; and aryl group such as a phenyl group; an
      aryloxy group such as a phenoxy group and a p-t-butylphenoxy group; an
      amino group such as a methylamino group, a diethylamino group, and an
      anilino group; an amide group such as an acetamido group, a butylamido
      group, a methylsulfonamido group, and a diacylamido group; a halogen atom
      such as a fluorine atom, a chlorine atom, and a bromine atom; a hydroxyl
      group; a cyano group; or a nitro group; Y represents an aryl group such as
      a phenyl group, a 2-chlorophenyl group, a 4-chlorophenyl group, a
      2,5-dichlorophenyl group, a 2,6dichlorophenyl group, a
      2,4,6-trichlorophenyl group, a 2-bromophenyl group, a 3,5-dibromophenyl
      group, a 2-cyanophenyl group, a 4cyanophenyl group, a 3-nitrophenyl group,
      a 4-nitrophenyl group, a 4 -methylphenyl group, a 2,6-dimethylphenyl
      group, a 2,6-diethylphenyl group, a 4-butylphenyl group, a
      2-trifluoromethylphenyl group, a 2-chloro-5-nitrophenyl group, a
      2-chloro-5-cyanophenyl group, a 5-chloro-2methylphenyl group, a
      2,6-dichloro-4-methylphenyl group, a 2,4-dichloro-6-methylphenyl group, a
      2-chloro-4,6-dimethylphenyl group, a 2,6-dichloro-4-methoxyphenyl group, a
      2,6-dichloro-4-nitrophenyl group, a 2,4,6-trimethyl-3-nitrophenyl group, a
      2,4,6-trimethyl-3-substituted aminophenyl group, etc.; a heterocyclic
      group such as a 5- or 6-membered heterocyclic group, e.g., a 2-thiazolyl
      group, a 2-benzothiazolyl group, a 2-benzoxazolyl group, a 2-oxazolyl
      group, a 2-imidazolyl group, and a 2-benzimidazolyl group; Z represents a
      hydrogen atom or a group which can be released by the coupling reaction
      with an oxidized aromatic primary amine color developing agent, e.g., a
      thiamino group; and acyloxy group such as an acetoxy group, a
      dodecanoyloxy group, an octadecanoyloxy group, a
      3-pentadecylphenoxyacetoxy group, a benzoyloxy group, a
      .beta.-naphthoyloxy group, and
      3-[.gamma.-(2,4-di-t-amylphenoxy)-butylamido] benzoyloxy group; an aryloxy
      group such as a phenoxy group, a p-chlorophenoxy group, a p-nitrophenoxy
      group, and a naphthoxy group; an aralkyloxycarbonyloxy group such as a
      benzyloxy group and a carbonyloxy group; an alkyloxycarbonyloxy group such
      as an ethyl oxycarbonyloxy group; a halogen atom such as a bromine atom, a
      chlorine atom, and a fluorine atom; an arylazo group such as a substituted
      or unsubstituted phenylazo group and a naphthylazo group; a
      2-aryltriazolyl group such as a 2-benzotriazolyl group and a
      2-naphthotriazolyl group; an alkylthio group such as an alkylthio group
      having 4 to 10 carbon atoms; an arylthio group such as a phenylthio group
      and a naphthylthio group; a heterothio group such as a
      2-benzothiazolylthio group, a 1-phenyl-5-tetrazolylthio group, a
      2-benzoxazolylthio group, a 2-benzimidazolylthio group, a
      5-phenyl-1,3,4-oxadiazolyl-2-thio group, etc,; a cycloalkylthio group such
      as a cyclohexylthio group; and a cycloalkoxyl group such as a
      cyclohexyloxy group; W represents a group containing a hydrophobic residue
      having 8 to 32 carbon atoms, the hydrophobic residue being connected to
      the anilino nucleus directly or through a carbonamido bond, a carbonimido
      bond, a carbamoyl bond, a sulfonamido bond, a sulfamoyl group, a
      carboxylic acid ester bond, a urea bond, a sulfonyl group, a carbonyl
      group, an ether group, an amino bond, an imido bond, a thioether bond,
      etc.; and V represents a hydrogen atom or a group selected from the groups
      defined by X and W, the group V being the same as or different from X or
      W.
PAR  Typical examples of suitable hydrophobic groups are as follows:
PAR  1. Alkyl groups and alkenyl groups such as
      ##EQU1##
      --C.sub.12 H.sub.25 , --C.sub.16 H.sub.33 , --C.sub.17 H.sub.33,
      ##EQU2##
      and --C.sub.18 H.sub.35.
PAR  2. Alkoxyalkyl groups such as
EQU  --(CH.sub.2).sub.3 O(CH.sub.2).sub.7 CH.sub.3 and
      ##EQU3##
PAR  3. Alkylaryl groups such as
      ##SPC2##
PAR  4. Alkyloxycarbonylalkyl groups such as --CH.sub.2 CH.sub.2 OOOC.sub.12
      H.sub.25 and couplers
      ##EQU4##
PAR  5. Alkylaryloxyalkyl groups such as
      ##SPC3##
      ##SPC4##
PAR  6. Acylamidoalkyl groups such as
      ##EQU5##
      --CH.sub.2 CH.sub.2 NHCOC.sub.12 H.sub.25,
      ##EQU6##
PAR  7. Alkoxyaryl groups and alkaryloxyaryl groups such as
      ##SPC5##
PAR  8. Residues having an alkyl or alkenyl long chain aliphatic group together
      with a carboxyl or sulfo water-solubilizing group such as
      ##EQU7##
      and
      ##EQU8##
PAR  Furthermore, the bispyrazolone derivatives formed through group V, W, Y or
      Z, e.g., bonded through groups of V, W, Y and E, are included in this
      invention.
PAR  Suitable examples of anilino type magenta dye-forming couplers are
      disclosed in U.S. Pat. NOs. 3,419,391, 3,519,429, 3,432,300, 3,127,269,
      3,658,544, 3,684,514, and 3,698,909.
PAR  The hydroquinones which can be used in this invention can be represented by
      the following general formula (II)
      ##SPC6##
PAL  wherein R.sub.1 and R.sub.2, which may be the same or different, each
      represents a straight chain or branched chain substituted or unsubstituted
      alkyl group having 1 to 18 carbon atoms, in which examples of substituents
      for the alkyl group are a halogen atom (e.g., fluorine, bromine, chlorine,
      etc.), a hydroxy group, an alkoxy group (e.g., methoxy, ethoxy,
      ethoxyethoxy, hexyloxy, dodecyloxy, etc.), an aryloxy group (e.g.,
      phenoxy, p-tert-butylphenoxy, etc.), an aryl group (e.g., phenyl, tolyl,
      p-tridecanamidophenyl, naphthyl etc), an amino group (e.g., ethylamino,
      dodecylamino, di-ethylamino, N-methyl-N-dodecylamino, anilino, toluidino,
      phenethylamino, etc.), an acylamino group (e.g., formamido, acetamido,
      pivaloylamido, lauroylamido, stearoylamido, benzoylamido, etc.), an imide
      group, a carboxy group, an alkoxycarbonyl group (e.g., ethoxycarbonyl,
      dodecyloxycarbonyl, etc.), a carbamoyl group (e.g., tert-butylcarbamyl,
      diethylcarbamyl, iso-octylcarbamyl, tolylcarbamyl, etc.) or a sulfonamide
      group with these substituents being further substituted, e.g., alkyl
      groups such as a methyl group, a t-butyl group, a t-octyl group, and an
      octadecyl group; an alkoxyl group having 1 to 18 carbon atoms such as
      methoxy, ethoxy, octyloxy, dodecyloxy, etc.; an aryl group, e.g., phenyl,
      tolyl, halophenyl, naphthyl, etc.; an aryloxy group, e.g., phenoxy,
      tolyloxy, halophenoxy, naphthoxy, etc.; an aralkyl group, e.g., benzyl,
      phenethyl, etc.; a halogen atom, e.g., fluorine, bromine, iodine, etc.; or
      a carbamoyl group such as a di-t-butylcarbamoyl group; and n represents
      1,2, or 3. The alkyl group and aryl group represented by R.sub.1 or
      R.sub.2 can be substituted with a halogen atom, an alkyl group, an aryl
      group, an aralkyl group, an alkoxyl group, an aryloxy group, a carboxyl
      group, a carbalkoxyl group, an acyloxy group, a carbamoyl group, an
      acylaminosulfo group, a sulfonyloxy group, an amido group, an ether group,
      or a sulfo group.
PAR  In the hydroquinone represented by general formula (II), group R.sub.2 can
      be a hydrogen atom but it is required that the sum of the number of carbon
      atoms of R.sub.1 and R.sub.2 be at least 8 and suitably up to about 36
      carbon atoms.
PAR  As described above, the hydroquinone derivatives which can be used in this
      invention include a precursor of the abovedescribed hydroquinone. The term
      "precursor" as used in this invention designates a compound capable of
      releasing the abovedescribed hydroquinone derivative by hydrolysis in an
      alkaline solution such as a developer. Examples of such a precursor are a
      hydroquinone derivative as described above in which one or both of the
      hydroxyl groups of the hydroquinone are acylated groups such as
      ##EQU9##
      and
      ##EQU10##
      wherein R represents an aliphatic group such as an alkyl group, an alkenyl
      group, etc., having 1 to 18 carbon atoms.
PAR  One of the features of the magenta dye-forming coupler which can be used in
      this invention is that the hydrophobic group is positioned at the
      3-position of anilino nucleus of the pyrazolone. A magenta dye-forming
      coupler having a hydrophobic group at the 1-position of the pyrazolone
      nucleus generally has the tendency toward low coupling reactivity and
      hence is unsatisfactory. Therefore, for the compound shown by general
      formula (I), in which Y is a phenyl group with at least one of the ortho
      positions being substituted, in particular the coupler represented by
      following general formula III is useful;
      ##SPC7##
PAL  wherein W has the same meaning as in general formula (I), Z.sub.1
      represents a hydrogen atom, an aryl azo group, a naphthyl azo group, an
      alkylthio group or an arylthio group. X.sub.1 represents a halogen atom
      such as a fluorine atom, a chlorine atom, or a bromine atom; an alkoxyl
      group such as a methoxy group; a nitro group; a cyano group; a hydroxyl
      group or an alkyl group such as a methyl group, Y.sub.2 and Y.sub.3 each
      represents a hydrogen atom; a halogen atom such as a fluorine atom, a
      chlorine atom, or a bromine atom; an alkyl group; an alkoxyl group; a
      carboxyl group; a nitro group, am aryloxy group; a cyano group; or an
      acylamino group, and Y.sub.1 is as described for Y.sub.2 and Y.sub.3
      except that Y.sub.1 is not a hydrogen atom. It is desirable that at least
      one of the ortho groups of the phenyl group at the pyrazolone 1-position
      of the compound represented by general formula (III) is substituted with a
      halogen atom or a residue such as an alkyl group and an alkoxyl group
      since in the case of using the 3-anilino-5-pyrazolone coupler having at
      the 1-position a phenyl group of which both ortho positions are not
      substituted, the coupler remaines in the color photographic material after
      color development to cause yellow print out and to stain the color images.
PAR  As the substituted phenyl group at the 1-position of the coupler
      represented by general formula (III), such residues as a
      2,4-dichlorophenyl group, a 2,5-dichlorophenyl group, a 2,6-dichlorophenyl
      group, a 2,4,6-trichlorophenyl group, a 2,5-dibromophenyl group, a
      2,4-dibromophenyl group, a 2,6-dichlorophenyl group, a
      2,4,6-tribromophenyl group, a 2,4-dichloro-6-methylphenyl group, a
      2,6-dichloro-4-methylphenyl group, a 2,4-dichloro-6-methoxyphenyl group, a
      2,6-dichloro-4-methoxyphenyl group, a 2-chloro-4-nitrophenyl group, and a
      2-chloro-5-nitrophenyl group are particularly preferable in that the
      occurence of the above-described coloring of the coupler is less and the
      spectral absorption of the dye image formed has preferred characteristics
      as a magenta dye image in the subtractive color process, i.e., the
      absorption maximum is in a range of 530 to 565 millimicrons and the
      absorption of blue light and red light is less.
PAR  The hydroquinone type compounds which can be used in this invention are
      generally represented by above-described general formula (II) but
      compounds in which R.sub.1 and R.sub.2 are a straight chain or branched
      alkyl group are particularly useful.
PAR  These hydroquinone compounds are well known and are described in, for
      instance, the specifications of U.S. Pat. Nos. 2,336,327; 2,360,290;
      2,384,658; 2,403,721; 2,418,613; 2,675,314; 2,701,197; 2,704,713;
      2,728,659; 2,732,300; 2,735,765; German Patent Offenlegungsschrift
      2,149,789; Japanese patent publication No. 54116/'69 and Japanese patent
      application Laid Open No. 45628/'72.
PAR  The inventors made various experiments for practically using
      3-anilino-5-pyrazolone type couplers and as the results thereof it has
      been discovered that in using 3-anilino-5-pyrazolone type couplers, the
      application of the conventional formaldehyde treatment is unnecessary. It
      is also quite interesting that when the formaldehyde treatment is omitted
      in using other pyrazolone couplers such as, for instance the
      3-acylamino-5-pyrazolones as described in the specifications of U.S. Pat.
      Nos. 2,369,489 and 2,600,788 and the 3-ureido-5-pyrazolone as described in
      the specification of U.S. Pat. No. 3,558,319, thermal fading or fading in
      the darkness after processing occurs greatly, which becomes a great
      disadvantage for color photographic materials containing these couplers in
      practical use. The aforesaid fact is an important advantage of the
      3-anilino-5-pyrazolone type couplers and further it is quite preferred
      from the problem of pollution that the formaldehyde treatment be omitted
      from photographic processings.
PAR  The use of the 3-anilino-5-pyrazolone type coupler and the hydroquinone
      type compound according to the present invention can prevent the occurence
      of color mixing on color development and further can control the formation
      of fog without substantially reducing the sensitivity of color
      photographic materials containing these components. The term "color
      mixing" is a phenomenon which occurs when a so-called multilayer color
      photographic material, i.e., a color photographic material having coated
      on a support differently sensitized emulsion layers in a superposed
      relationship is developed, the oxidation products of a developing agent
      are interchanged between one photosensitive emulsion layer and another
      photographic emulsion layer adjacent to the aforesaid emulsion layer,
      whereby the corresponding relation of sensitivity and coloring is
      disturbed. That is to say, this term designates the phenomenon that while
      originally the red-sensitized layer is colored cyan only by red exposure,
      the green-sensitized emulsion layer magenta only by green exposure, and
      the blue-sensitized emulsion layer yellow only by blue exposure
      respectively, the red-sensitized emulsion layer is colored cyan and
      magenta by red exposure, the green-sensitized emulsion layer is colored
      magenta and cyan by green exposure, and the blue-sensitized emulsion layer
      in yellow and magenta by blue exposure. The occurence of this phenomenon
      reduces the color reproducibility.
PAR  Also, a coupler dispersion is usually prepared by dispersing a coupler in a
      hydrophilic colloid together with a high boiling organic solvent, e.g.,
      having a boiling point greater than 180.degree.C such as
      tricresylphosphate, dibutylphthalate, dioctylbutylphosphate,
      acetyltributyl citrate, N,N-di-ethyllaurylamide, etc., and/or a low
      boiling organic solvent, e.g., having a boiling point lower than
      150.degree.C such as ethyl acetate, butyl acetate, etc., and in this case
      by adding the hydroquinone type compound used in this invention to the
      coupler dispersion, the oxidation of the coupler used in this invention
      can be prevented and thus the coupler dispersion can be prepared without
      problems. Furthermore, when the coupler and the hydroquinone type compound
      are used together according to this invention, the formation of yellow
      stains in the color photographic materials containing them can be
      effectively prevented regardless of the presence or absence of
      formaldehyde and in such a case, even if a formaldehyde treatment is
      employed in the color photographic processings, the presence of
      formaldehyde does not adversely influence the quality of the color images
      obtained.
PAR  Specific examples of the compounds included in the abovedescribed general
      formulae which can be used in this invention are illustrated below
      although the compounds of this invention are not limited to these
      compounds only.
PAR  Specific examples of the magenta dye-forming couplers which can be used in
      this invention are shown below:
      ##SPC8##
PAR  Specific examples of the hydroquinone type compound which can be used in
      this invention are illustrated below:
      ##SPC9##
PAR  To produce the silver halide color photographic material of this invention
      using the above-described couplers, the magenta dye-forming coulers
      represented by general formula (I) can be used individually or as a
      combination of two or more of the couplers, suitably in an amount of about
      1 .times. 10.sup.-.sup.4 to 3 .times. 10.sup.-.sup.3, preferably 5 .times.
      10.sup.-.sup.4 to 2 .times. 10.sup.-.sup.3 mol/m.sup.2 of the support, or
      further can be used together with magenta dye-forming coupler or couplers
      other than the couplers of general formula (I). For instance, the magenta
      coupler or couplers of general formula (I) may be used together with the
      coupler or couplers described in the specifications of U.S. Pat. Nos.
      2,600,788; 2,908,573; 3,062,653; 3,419,391; 3,311,476; 2,725,292;
      3,558,319 and 2,369,489 and British Patent No. 1,249,287. Furthermore, the
      coupler or couplers of this invention can be used in the same silver
      halide emulsion together with a magenta dye-forming coupler or couplers of
      an aqueous solution system. Still further, to improve the color
      reproducibility of color photographic materials, the magenta coupler or
      couplers of general formula (I) can be used together with cyan couplers
      ##SPC10##
PAL  or a yellow coupler
      ##SPC11##
PAL  as described in the specification of Japanese patent publication No.
      391/'65.
PAR  The hydroquinone type compounds represented by general formula (II) can
      also be used individually or as a combination of two or more such
      compounds. The amount of the hydroquinone type compound or compounds to be
      added differs depending on the type of color photographic material, the
      kind of development process, the kind of other magenta dye-forming coupler
      or couplers used in combination, and the kind of silver halide emulsion to
      which the coupler is added but in general an amount of from about 2 to 80%
      by weight, in particular 5 to 50% by weight to the weight of the magenta
      dye-forming coupler or couplers employed is suitable.
PAR  Moreover, the photographic emulsions containing the abovedescribed
      compounds in this invention can contain another anitoxidant or a reducing
      agent as described in U.S. Pat. Nos. 2,336,327; 2,360,290; 2,384,658;
      2,418,613; 3,069,262; 3,457,079, etc., such as, for instance, sodium
      bisulfite, ascorbic acid, aminophenols, pyrogallols, gallates, catechols,
      resorcinols, tocopherols, hydroxylamine, and dihydroxynaphthalenes in an
      amount of about 0.1 to 20% by weight, preferably 1 to 10% by weight.
PAR  In another embodiment of this invention, the hydroquinone type compound of
      general formula (II) in this invention and/or the abovedescribed
      antioxidant can be incorporated in a color developer for the color
      photographic material.
PAR  The color photographic material of this invention is usually a so-called
      multilayer color photographic material having on a support at least two
      (usually three) differently sensitized silver halide emulsion layers and
      can have intermediate layers, a filter layer, a protective layer, etc., in
      addition to the silver halide photographic layers.
PAR  The support which can be used in this invention can be selected from a
      broad range of materials well known in the photographic field. For
      instance, there are illustrated, as such supports, a plastic film such as
      a cellulose acetate film, a polycarbonate film, a polyethylene
      terephthalate film, and a polystyrene film; a baryta-coated paper, a
      polyethylene-coated paper, and a glass sheet.
PAR  The hydrophilic colloid which can be used for the color photographic
      materials of this invention is a high molecular weight material capable of
      forming a film and permeable to a developing solution. Examples of such
      hydrophilic colloids are gelatin, polyvinyl alcohol, polyacrylate,
      polyacrylamide, a partially hydrolyzed product of polyvinyl acetate,
      polyacrylamide subjected to a Hofmann reaction, a copolymer of acrylic
      acid, acrylamide, and N-vinylimidazole, and sodium alginate.
PAR  The photographic emulsion can be hardened in a conventional manner.
      Examples of hardening agents which can be employed for this purpose are
      aldehyde compounds such as formaldehyde, glutaraldehyde, etc.; ketone
      compounds such as diacetyl, cyclopentandiene, etc.; reactive halogen
      containing compounds such as bis(2-chloroethylurea) and
      2-hydroxy-4,6-dichloro-1,3,5-triazine, as disclosed in U.S. Pat. Nos.
      3,288,775 and 2,732,303, British Pat. Nos. 974,723 and 1,167,207;
      compounds having a reactive olefinic group such as divinylsulfone,
      5-acetyl-1,3-diacryloylhexahydro-1,3,5-triazine, etc., as described in the
      specifications of U.S. Pat. Nos. 3,635,718 and 3,232,763 and British Pat.
      No. 994,869; the N-methylol compounds such as N-hydroxymethylphthalimide;
      etc., as described in the specifications of U.S. Pat. Nos. 2,732,316 and
      2,586,168; the isocyanates as described in the specification of U.S. Pat.
      No. 3,103,437; the organic carboxylic acid or sulfonic acid derivatives as
      described in the specifications of U.S. Pat. Nos. 2,725,294 and 2,725,295;
      the carbodiimide compounds as described in the specification of U.S. Pat.
      No. 3,100,704; the epoxy compounds as described in the specification of
      U.S. Pat. No. 3,091,537; the isooxazole compounds as described in the
      specifications of U.S. Pat. Nos. 3,321,313 and 3,543,292;
      halocarboxyaldehydes such as mucochloric acid; dioxane derivatives such as
      dihydroxydioxane, dichlorodioxane, etc.; and inorganic hardening agents
      such as chromium alum, zirconium sulfate, etc.
PAR  Also, precursors such as, for instance, an alkali metal bisulfitealdehyde
      addition product, a methylol derivative of hydantoin, and a primary
      aliphatic nitro alcohol can be used instead of the abovedescribed
      compounds as the hardening agent for the photographic emulsions.
PAR  The color photographic material of this invention is, after exposure,
      developed in a developer containing an aromatic primary amine developing
      agent, in particular a p-phenylenediamine developing agent, and thereafter
      bleached and fixed to form images composed of non-diffusible dyes in the
      hydrophilic colloid layers.
PAR  Typical examples of suitable developing agents are
      4-amino-3-ethoxy-N,N-diethylaniline,
      4-amino-3,5-dimethyl-N,N-diethylaniline,
      4-amino-3-methyl-N-ethyl-N-(.beta.-hydroxyethyl)-aniline,
      4-amino-3-methyl-N,N-diethylaniline,
      4-amino-3-methyl-N-ethyl-N-(.beta.-methylsulfonamidoethyl)aniline,
      4-amino-3-(.beta.-methylsullfoneamidoethyl)-N,N-diethylaniline,
      4-amino-N-ethyl-N-(.beta.-hydroxyethylaniline, 4-amino-N,N-diethylaniline,
      4-amino-N-ethyl-N-.omega.-sulfobutylaniline, etc.
PAR  The color developer containing the color developing agent can further
      contain additives conventionally used, such as an alkali metal sulfite, an
      alkali metal carbonate, an alkali metal bisulfite, an alkali metal
      bromide, an alkali metal iodide, and benzyl alcohol.
PAR  The light sensitive material of this invention can be bleached using
      conventional techniques after color development. This treatment solution
      can be a bleach fix bath by adding a fixing solution. Examples of suitable
      compounds which can be used in a bleaching solution, are polyvalent metal
      compounds such as ferricyanide salts, dichromates, water soluble cobalt
      (III) salts, water soluble copper (II) salts, water soluble quinones,
      nitrosophenols, iron (III), cobalt (III), copper (II) salts and, metal
      complexes with these polyvalent metal cations with malonic acid, tataric
      acid, malic acid, diglycolic acid, dithioglycolic acid and amino
      polycarboxylic acids such as ethylenediamine tetraacetic acid,
      nitrilotriacetic acid, iminodiacetic acid, and
      N-hydroxyethylethylenediaminetriacetic acid, the cupric complex salt of
      2,6-dipicolinic acid, peroxides such as alkyl peroxides, permaganates,
      hydrogen peroxide, halogens such as chloride, bromide, and hypochlorites
      such as bleaching powder. To this solution, further, a bleaching
      accelerating agent or other additives as disclosed in U.S. Pat. Nos.
      3,042,520 and 3,241,966, Japanese patent publication Nos. 8506/1970 and
      8836/1970 can be added.
PAR  As the bleach solution which can be used for processing the color
      photographic materials of this invention, any solutions containing a known
      bleaching agent such as a ferricyanide, a bichromate, a chelate complex of
      ethylenediamine tetraacetic acid and Fe(III), etc., can be used. Also, any
      fixing solutions containing a known fixing agent such as sodium
      thiosulfate, potassium thiosulfate, etc., can be employed in this
      invention. Furthermore, the bleach step and the fix step can be conducted
      in the same bath and such as blix bath is described in, for instance, the
      specification of U.S. Pat. No. 3,582,322.
PAR  The silver halide emulsions which can be used in the present invention can
      be selected from a broad range of emulsions conventionally known in the
      art depending on the end use purposes of the photographic materials. Also,
      the silver halide used in this invention can be selected from silver
      chloride, silver chlorobromide, silver bromide, silver chloroiodobromide,
      silver iodobromide, etc. A suitable coating amount thereof is about 1
      .times. 10.sup.-.sup.3 to 3 .times. 10.sup.-.sup.2, preferably 5 .times.
      10.sup.-.sup.3 to 2 .times. 10.sup.-.sup.2 mol of silver/m.sup.2 of the
      support.
PAR  The photographic silver halide emulsions used in this invention can be
      sensitized using sulfur sensitization, gold sensitization, reduction
      sensitization, etc.
PAR  The above described silver halide emulsion can be chemically sensitized
      using conventional techniques. Suitable examples of chemical sensitizers
      are auric compounds such as auric chloride compounds or auric tri chloride
      compounds as disclosed in U.S. Pat. Nos. 2,399,083, 2,540,085, 2,597,856,
      2,597,915, etc., noble metal salts of platinum, palladium, iridium,
      rhodium, or ruthenium as disclosed in U.S. Pat. Nos. 2,448,060, 2,540,086,
      2,566,245, 2,566,263, 2,598,079, etc.; sulphur compounds which react with
      silver salts to form silver sulfide as disclosed in U.S. Pat. Nos.
      1,574,944, 2,410,689, 3,189,458, 3,501,313, etc.; reduction compounds of
      stannous salts or amine group compounds as disclosed in U.S. Pat. Nos.
      2,487,850, 2,518,698, 2,521,925, 2,521,926, 2,694,637, 2,983,610,
      3,201,254, etc.
PAR  The photographic emulsion can be spectrally sensitized or supersensitized
      employing well known techniques using cyanine dyes of cyanine,
      merocyanine, or carbocyanine type alone or in combination with styryl
      dyes. Suitable examples of sensitizers for the blue-sensitive layer are
      ##SPC12##
      ##SPC13##
PAL  as disclosed in U.S. Pat. Nos. 2,493,748, 2,519,001, 2,977,229, 3,480,434,
      3,672,897, 3,703,377, etc., for the green sensitive layer are
      ##SPC14##
      ##SPC15##
PAL  as disclosed in U.S. Pat. Nos. 2,688,545, 2,912,329, 3,397,060, 3,615,635,
      3,628,964, British Pat. Nos. 1,195,302, 1,242,588, 1,293,862, West German
      Pat. OLS Nos. 2,030,326, 2,121,780, japanese patent Publication Nos.
      4936/1968, 14030/1969, etc., and for the red sensitive layer are
      ##SPC16##
PAL  as disclosed in Japanese patent publication No. 10773/1968, U.S. Pat. Nos.
      3,511,664, 3,522,052, 3,527,641, 3,619,613, 3,615,632, 3,617,295,
      3,635,721, 3,694,217, British Pat. Nos. 1,137,580, 1,216,203, etc.
PAR  The above sensitizers can be easily chosen by one skilled in the art
      depending on the wave length absorption range, the degree of sensitivity,
      or the light sensitive material.
PAR  The photographic emulsions can further be stabilized using an agent for
      forming a sparingly soluble silver salt, such as a mercapto compound,
      e.g., 1-mercapto-5-phenyltetrazole and/or a stabilizer such as
      5-methyl-6-oxy-1,3,4-triazaindolizine. For example the photographic
      emulsion can contain compounds added to prevent a reduction in the
      sensitivity and fogging during the manufacturing process or on storage.
      Typical compounds are 4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene,
      3-methyl-benzothiazole, 1-phenyl-5-mercaptotetrazole, heterocyclic
      compounds, mercury containing compounds, mercapto compounds, and metal
      salts. Additional examples which can be used are disclosed in Mees and
      James The Theory of the Photographic Process (3rd Edition, 1966), and also
      in, U.S. Pat. Nos. 1,758,576, 2,110,178, 2,131,038, 2,173,628, 2,697,040,
      2,304,962, 2,324,123, 2,394,198, 2,444,605, 2,444,606, 2,444,607,
      2,444,608, 2,566,245, 2,694,716, 2,697,099, 2,708,162, 2,728,663,
      2,728,664, 2,728,665, 2,476,536, 2,824,001, 2,843,491, 2,886,437,
      3,052,544, 3,137,577, 3,220,839, 3,226,231, 3,236,652, 3,251,691,
      3,252,799, 3,287,135, 3,326,681, 3,420,668, 3,622,339, and British Pat.
      Nos. 893,428, 403,789, 1,173,609, 1,200,188.
PAR  As the silver halide emulsions, conventional negative-type silver halide
      emulsions are particularly preferred in this invention but the silver
      halide emulsions of the type of containing a fogging agent and of forming
      internal latent images and further silver halide direct reversal emulsions
      of a solarization type can also be used.
PAR  The color photographic materials of this invention can be used for many
      purposes such as, for instance, color photographic positive films, color
      photographic printing papers, color photographic negative films, color
      photographic reversal films, etc.
DETD
PAR  The following examples are given to illustrate the present invention in
      greater detail but are not to be interpreted as limiting it in any way.
      Unless otherwise indicated all parts, percents, ratios and the like are by
      weight.
PAC  EXAMPLE 1
PAR  A coating composition containing a silver chlorobromide emulsion containing
      85 mol percent bromine and a coupler dispersion prepared by dispersing a
      yellow coupler,
      .alpha.-2-methylbenzoyl-.alpha.-phthalimide-2'-methoxy-5'-n-dodecyloxycarb
     onylacetanilide using dibutyl phthalate and ethyl acetate was coated on a
      paper support having polyethylene layers in a thickness of 3.0 microns
      coated on both surfaces to provide a blue-sensitive emulsion layer (coated
      silver amount: 3.5 .times. 10.sup.-.sup.3 mol/m.sup.2, coated coupler
      amount: 1 .times. 10.sup.-.sup.3) and then a gelatin solution was coated
      on the blue-sensitive emulsion layer in a thickness of 1.4 microns as an
      intermediate layer. Then, a coating composition prepared by dispersing the
      following components using a homogenizer and adding the coupler dispersion
      thus prepared to a silver chlorobromide emulsion containing 40 mol percent
      bromine and spectrally sensitized using a sensitizing dye having a
      sensitization maximum at about 545 m.mu. was coated on the intermediate
      layer in a thickness of 3.0 microns to provide a green-sensitive emulsion
      layer. (coated silver amount: 1 .times. 10.sup..sup.-2 mol/m.sup.2, coated
      coupler amount: 1.4 .times. 10.sup..sup.-3 mol/m.sup.2).
TBL  __________________________________________________________________________

     Component Coupler Dispersion                                              

               A    B    C    D    E    F    G    H                            

     __________________________________________________________________________

     Coupler (I)-3                                                             

               100 g                                                           

                    100 g                                                      

                         --   --   --   --   --   --                           

     Coupler (I)-15                                                            

               --   --   100 g                                                 

                              100 g                                            

                                   --   --   --   --                           

     Coupler (I)-19                                                            

               --   --   --   --   100 g                                       

                                        100 g                                  

                                             --   --                           

     Known Coupler A*                                                          

               --   --   --   --   --   --   100 g                             

                                                  100 g                        

     Hydroquinone                                                              

               --   10 g --   10 g --   10 g --   10 g                         

     Compound (II)-2                                                           

     Dibutyl   100 g                                                           

                    10 g --   10 g --   10 g --   10 g                         

     Phthalate                                                                 

     Ethyl Acetate                                                             

               200 g                                                           

                    10 g --   10 g --   10 g --   10 g                         

     10% Aqueous                                                               

               1000 g                                                          

                    10 g --   10 g --   10 g --   10 g                         

     Gelatin                                                                   

     Solution                                                                  

     5% Aqueous                                                                

                50 g                                                           

                    10 g --   10 g --   10 g --   10 g                         

     Solution of                                                               

     Sodium Dodecyl-                                                           

     benzenesulfonate                                                          

     __________________________________________________________________________

      Known coupler*:                                                          

      1-Phenyl-3-[3-(2-carboxymethyleicos-3-enamido)-benzamido]-5-pyrazolone   

      described in U.S. Patent No. 3,468,666.                                  

PAR  A gelatin solution containing
      2-(2'-hydroxy-3'-methyl-5'-sec.-butylphenyl)benzotriazole as an
      ultraviolet absorbing agent was coated (0.8 g/m.sup.2) on the
      green-sensitive emulsion layer in a thickness of 2.3 microns as an
      intermediate layer and then a coating composition prepared by dispersing a
      cyan coupler,
      4,6-dichloro-3-methyl-2-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido]phenol
      using dibutyl phthalate and ethyl acetate and adding the coupler
      dispersion to a silver chlorobromide emulsion containing 40 mol percent
      bromine and spectrally sensitized using a sensitizing dye having a
      sensitization maximum at about 685 m.mu. was coated on the intermediate
      layer in a thickness of 2.6 microns (coated silver amount: 2.9 .times.
      10.sup..sup.-3 mol/m.sup.2, coated coupler amount 1.1 .times.
      10.sup..sup.-3 mol/m.sup.2). Finally, a gelatin solution was coated on the
      emulsion layer in a thickness of 1.0 micron as a protective layer.
PAR  Thus, Samples A to H were prepared.
PAR  The samples thus prepared were stepwise exposed through a wedge using a
      blue filter transmitting light of 400 - 500 m.mu., a green filter
      transmitting light of 500 - 600 m.mu., and a red filter transmitting light
      600 .mu. 700 m.mu. and then processed in the following steps:
     Step          Temperature         Time                                    

     ______________________________________                                    

     Color Development                                                         

                   30.degree.C        4 min.                                   

     Blix          30.degree.C        2 min.                                   

     Wash          30.degree.C        2 min.                                   

     Stabilization 30.degree.C        2 min.                                   

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above steps were
      as follows:
TBL  Color Developer                                                           

     ______________________________________                                    

     Sodium Metaborate       25         g                                      

     Sodium Sulfite          2          g                                      

     Hydroxylamine (sulfate) 2          g                                      

     Potassium Bromide       0.5        g                                      

     6-Nitrobenzimidazole (nitrate)                                            

                             0.02       g                                      

     Sodium Hydroxide        4          g                                      

     Benzyl Alcohol          15.8       ml                                     

     Diethylene Glycol       20         ml                                     

     N-Ethyl-N-.beta.-(methanesulfonamidoethyl)-                               

                             8          g                                      

     p-phenylenediamine                                                        

     Water added to make     1000       ml                                     

     Blix Solution:                                                            

     Iron Salt of ethylenediamine                                              

                             45         g                                      

     Tetraacetic Acid                                                          

     Ammonium Thiocyanate    10         g                                      

     Sodium Sulfite          10         g                                      

     Ammonium Thiosulfate (60%)                                                

                             100        ml                                     

     Tetrasodium Ethylenediamine                                               

                             5          g                                      

     Tetraacetate                                                              

     Water added to make     1000       ml                                     

     Stabilization Bath:                                                       

     Tartaric Acid           10         g                                      

     Zinc Sulfate            10         g                                      

     Sodium Metaborate       20         g                                      

     Water added to make     1000       ml                                     

     ______________________________________                                    

PAR  Then, to demonstrate the effect of the addition of Compound (II)-2, the
      color mixing (the magenta-colored extent in the yellow-colored portion of
      the blue-sensitive emulsion layer), the green sensitivity, and the magenta
      fog of each sample were measured, the results being shown in Table 1.
PAR  The numerical value of the color mixing shown in Table 1 is the density of
      the magenta component (green filter density) in the yellow density 1.5
      (blue filter density) of the blue-sensitive emulsion layer, from which the
      magenta fog value was subtracted. That is, a larger numerical value of the
      color mixing shows that the magenta-colored extent in the yellow colored
      portion is larger. The numerical value of the green sensitivity shows the
      reduction in sensitivity by the addition of Compound (II)-2 for each
      coupler when the sensitivity of the sample not containing Compound (II)-2
      was assumed to be 0. For instance, the value "-0.06" means that the
      sensitivity was reduced by 0.06 as logarithmic unit.
TBL                                    Table 1                                 

     __________________________________________________________________________

             Sample                                                            

             A    B    C    D    E    F    G    H                              

     __________________________________________________________________________

     Color Mixing                                                              

             0.49 0.30 0.47 0.28 0.52 0.31 0.29 0.20                           

     Green   0    -0.06                                                        

                       0    -0.07                                              

                                 0    -0.06                                    

                                           0    -0.08                          

     Sensitivity                                                               

     Fog     0.16 0.14 0.16 0.14 0.16 0.14 0.15 0.14                           

     __________________________________________________________________________

PAR  As is clear form the above results, Compound (I)-3, Compound (I)-15, and
      Compound (I)-19 gave large color mixing as compared with the control
      sample but on combination with Compound (II)-2, the occurence of color
      mixing was reduced remarkably. Also, when the combination of compounds was
      employed, the formation of fog was controlled without lowering the
      sensitivity.
PAC  EXAMPLE 2
PAR  A coating composition containing a silver chlorobromide emulsion containing
      85 mol percent bromine and a coupler dispersion prepared by dispersing a
      yellow coupler,
      .alpha.-2-methylbenzoyl-.alpha.-phthalimido-2'-methoxy-5'-n-dodecyloxycarb
     onylacetanilide using dibutyl phthalate and ethyl acetate was coated on a
      paper support having polyethylene layers coated on both surfaces to
      provide a blue-sensitive emulsion layer (coated silver amount 2.9 .times.
      10.sup..sup.-3 mol/m.sup.2, coated coupler amount 1.1 .times.
      10.sup..sup.-3 mol/m.sup.2) and further a gelatin solution was coated on
      the blue-sensitive layer as an intermediate layer, in this case, however,
      the intermediate layer of Sample M only was formed by coating a gelatin
      solution containing 1.2 g/m.sup.2 of a dispersion prepared by dispersing
      Compound (II)-7 using dibutyl phthalate and ethyl acetate. Then, a coating
      composition prepared by dispersing a sensitizing dye having a
      sensitization maximum at about 545 m.mu. and the following components
      using a homogenizer and adding 100 g of the coupler dispersion thus
      prepared to 100 g of a silver halide emulsion (0.07 mol of silver)
      containing 50 mol percent bromine was coated on the intermediate layer.
      (coated silver amount: 1 .times. 10.sup..sup.-2 mol/m.sup.2, coated
      coupler amount: 1.4 .times. 10.sup..sup.-3 mol/m.sup.2).
TBL  __________________________________________________________________________

     Component  Coupler Dispersion                                             

                I    J    K    L    M    N                                     

     __________________________________________________________________________

     Coupler (I)-3                                                             

                100 g                                                          

                     100 g                                                     

                          100 g                                                

                               100 g                                           

                                    100 g                                      

                                         --                                    

     Known Coupler B*                                                          

                --   --   --   --   --   100 g                                 

     Compound (II)-7                                                           

                --   10 g 20 g 30 g 10 g --                                    

     Dibutyl Phthalate                                                         

                100 g                                                          

                     10 g 20 g 30 g 10 g --                                    

     Ethyl Acetate                                                             

                200 g                                                          

                     10 g 20 g 30 g 10 g --                                    

     10% Aqueous                                                               

                1000 g                                                         

                     10 g 20 g 30 g 10 g --                                    

     Gelatin Solution                                                          

     5% Aqueous  50 g                                                          

                     10 g 20 g 30 g 10 g --                                    

     Solution of                                                               

     Sodium Dodecyl-                                                           

     benzenesulfonate                                                          

     __________________________________________________________________________

      Known Coupler B:                                                         

      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)butylami

     o]-benzamido}-5-pyrazolone.                                               

PAR  Furthermore, a gelatin solution containing a ultraviolet absorbing agent,
      2-(2'-hydroxy-3'-methyl-5'-sec-butylphenyl)-benzotriazole was coated (0.8
      g/m.sup.2) on the emulsion layer as an intermediate layer (incorporating
      therein further 8 g/m.sup.2 of a dispersion prepared by dispersing
      Compound (II)-7 using dibutyl phthalate and ethyl acetate in the case of
      Sample M only). Then, a coating composition prepared by adding a coupler
      dispersion prepared by dispersing a cyan coupler,
      4,6-dichloro-3-methyl-2-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido]phenol
      using dibutyl phthalate and ethyl acetate to a silver chlorobromide
      emulsion containing 40 mol percent bromine together with a sensitizing dye
      having a sensitization maximum at about 685 m.mu. was coated (coated
      silver amount 2.9 .times. 10.sup..sup.-3 mol/m.sup.2, coated coupler
      amount: 1.1 .times. 10.sup..sup.-3 mol/m.sup.2) on the intermediate layer
      and finally a gelatin solution was coated on the silver halide emulsion
      layer as a protective layer. Thus, Samples I to N were prepared.
PAR  The samples thus prepared were exposed and processed as described in
      Example 1.
PAR  By measuring the color mixing on each sample thus processed, the effect of
      the addition of Compound (II)-7 was demonstrated. The results thereof are
      shown in Table 2, in which the numerical values of color mixing (X) are
      the cyan component density (red filter density) in the magenta density 2.0
      (green filter density) of the green-sensitive emulsion layer and the
      numerical values of color mixing (Y) are the magenta component density
      (green filter density in the yellow density 1.5 (blue-filter density) of
      the blue-sensitive emulsion layer, and from each density the cyan fog
      value and the magenta fog value have been subtrated.
TBL                Table 2                                                     

     ______________________________________                                    

             Sample                                                            

             I     J       K       L     M     N                               

     ______________________________________                                    

     Color Mixing                                                              

               0.28    0.28    0.27  0.27  0.14  0.14                          

     (X)                                                                       

     Color Mixing                                                              

               0.49    0.30    0.22  0.19  0.20  0.19                          

     (Y)                                                                       

     ______________________________________                                    

PAR  From the above results, it can be understood that the combination of
      Coupler (I)- 3 and Compound (II)-7 according to the present invention in
      effective to prevent the occurence of color mixing. Also, it can be
      understood that the cyan color mixing (Y) in the green-sensitive emulsion
      layer can be effectively prevented by incorporating Compound (II) of this
      invention in the green-sensitive emulsion layer and the adjacent
      intermediate layer thereto.
PAC  EXAMPLE 3
PAR  The stability of couplers in solution was determined. The compositions of
      the sample solutions determined were as follows:
TBL  Component  Coupler Dispersion                                             

                O    P    Q    R    S    T                                     

     __________________________________________________________________________

     Coupler (I)-19                                                            

                100 g                                                          

                     100 g                                                     

                          --   --    --  --                                    

     Coupler (I)-23                                                            

                --   --   100 g                                                

                               100 g                                           

                                    --   --                                    

     Known Coupler A                                                           

                --   --   --   --   100 g                                      

                                         100 g                                 

     Coupler (II)-7                                                            

                --   5 g  --   5 g  --   5 g                                   

     Dibutyl Phthalate                                                         

                100 g                                                          

                     5 g  --   5 g  --   5 g                                   

     Ethyl Acetate                                                             

                200 g                                                          

                     5 g  --   5 g  --   5 g                                   

     __________________________________________________________________________

PAR  The color of the solutions directly after the preparation thereof and the
      change of the color after allowing the solutions to stand for 12 hours at
      room temperature (about 20.degree. - 30.degree.C) were observed. By these
      tests, it was demonstrated that Sample Q was greatly blackened and Sample
      O was blackened considerably, while Sample S was substantially not
      discolored. On the other hand, Samples P and R which corresponded to
      Samples O and Q containing further Compound (II)-7 were not discolored.
      Sample T also was no discolored.
PAR  Thus, it can be understood that the addition of Compound (II) of this
      invention to Compound (I) has the effect of stabilizing Compound (I) in
      solution, Compound (I) being unstable in solution when it is alone present
      therein.
PAC  EXAMPLE 4
PAR  The occurence of yellow stains in the processing of Samples A to H as
      prepared in Example 1 due to the influence of formaldehyde was
      investigated. First of all, the results obtained by conducting the
      processings as in Example 1 without using formaldehyde (no exposure) are
      shown in Table 3, in which the yellow densities directly after processing
      and after exposing to severe conditions of 80.degree.C for 7 days are
      shown.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Yellow                                                                    

     Stain   Sample                                                            

             A   B   C   D   E   F   G   H                                     

     __________________________________________________________________________

     Immediately                                                               

             0.16                                                              

                 0.16                                                          

                     0.16                                                      

                         0.16                                                  

                             0.16                                              

                                 0.16                                          

                                     0.16                                      

                                         0.16                                  

     After 7 0.25                                                              

                 0.21                                                          

                     0.26                                                      

                         0.22                                                  

                             0.26                                              

                                 0.20                                          

                                     0.20                                      

                                         0.19                                  

     Days at 80.degree.C                                                       

     __________________________________________________________________________

PAR  Then, the processing using the color development and the blix solution
      having the same compositions as described in Example 1 and also using the
      stabilization bath having the same composition as described in Example 1
      having, further, added thereto, 10 ml of formaldehyde (38%) was conducted.
      The results obtained are shown in Table 4. In this case, the samples were
      not exposed. In the table the yellow densities immediately after treatment
      and after 7 days at 80.degree.C are shown.
TBL                                    Table 4                                 

     __________________________________________________________________________

     (yellow stain)                                                            

     Yellow                                                                    

     Stain   Sample                                                            

             A   B   C   D   E   F   G   H                                     

     __________________________________________________________________________

     Immediately                                                               

             0.16                                                              

                 0.16                                                          

                     0.16                                                      

                         0.16                                                  

                             0.16                                              

                                 0.16                                          

                                     0.16                                      

                                         0.16                                  

     After 7                                                                   

     Days at 80.degree.C                                                       

             0.25                                                              

                 0.21                                                          

                     0.26                                                      

                         0.22                                                  

                             0.26                                              

                                 0.21                                          

                                     0.20                                      

                                         0.19                                  

     __________________________________________________________________________

PAR  From the above results it can be understood that the combinations of
      Compound (II)-2 and each of Couplers (I)-3, (I)-15, and (I)-19 are
      effective to prevent the formation of yellow stains with the passage of
      time after processing regardless of the absence or presence of
      formaldehyde.
PAC  EXAMPLE 5
PAR  A subbing layer was formed on a surface of a cellulose acetate film support
      having on the opposite surface thereof an antihalation layer containing
      carbon black and then a coating composition containing a silver
      iodobromide emulsion containing 1.2 mol percent iodine and a coupler
      dispersion prepared by dispersing a yellow coupler,
      .alpha.-(2methylbenzoyl)-3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido]-ac
     etanilide using dibutyl phthalate and ethyl acetate was coated on the
      subbing layer to provide blue-sensitive layer (coated silver amount: 1.1
      .times. 10.sup..sup.-2 mol/m.sup.2 coated coupler amount 1.8 .times.
      10.sup..sup.-3 mol/m.sup.2). Then, a gelatin solution was coated on the
      blue-sensitive emulsion layer as an intermediate layer and further a
      coating composition containing a silver chlorobromide emulsion containing
      30 mol percent bromine and a coupler dispersion prepared by dispersing a
      cyan coupler,
      1-hydroxy-4-chloro-N-hexadecyl-N-(2-cyanoethyl)-2-naphthamide using
      dibutyl phthalate and ethyl acetate was coated on the intermediate layer
      as a red-sensitive emulsion layer (coated silver amount: 4.2 .times.
      10.sup.116 3  mol/m.sup.2, coated coupler amount: 1.4 .times.
      10.sup..sup.-3  mol/m.sup.2). Then, a gelatin solution was coated on the
      red-sensitive layer as an intermediate layer and further a coating
      composition prepared by dispersing the following components using a
      homogenizer and adding 250 g of the coupler dispersion thus prepared to
      100 g of silver chlorobromide emulsion (containing 0.06 mol of silver)
      containing 35 mol percent bromine, the silver halide emulsion having been
      spectrally sensitized so that it had a sensitization maximum at about 555
      m.mu. was coated on the intermediate layer to provide a green-sensitive
      emulsion layer (coated silver amount: 6.0 .times. 10.sup..sup.-5
      mol/m.sup.2, coated coupler amount 1.2 .times. 10.sup..sup.-5
      mol/m.sup.2). Finally, a gelatin solution was coated on the emulsion layer
      as a protective layer. Thus, Samples U to Z were prepared.
TBL  __________________________________________________________________________

     Component Coupler Dispersion                                              

               U    V    W    X    Y    Z                                      

     __________________________________________________________________________

     Coupler (I)-3                                                             

                90 g                                                           

                     90 g                                                      

                          90 g                                                 

                              --   --   --                                     

     Coupler (I)-15                                                            

               --   --   --   72 g 72 g --                                     

     Known Coupler B                                                           

               --   --   --   26 g 26 g  100 g                                 

     Hydroquinone                                                              

               --   0.23 0.46 g                                                

                              --   0.24 g                                      

                                        --                                     

     Compound (II)-2                                                           

     Dibutyl   50 g 50 g 50 g 50 g 50 g 50 g                                   

     Phthalate                                                                 

     Ethyl Acetate                                                             

                200 g                                                          

                     200 g                                                     

                          200 g                                                

                               200 g                                           

                                    200 g                                      

                                         200 g                                 

     10% Aqueous                                                               

               1000 g                                                          

                    1000 g                                                     

                         1000 g                                                

                              1000 g                                           

                                   1000 g                                      

                                        1000 g                                 

     Gelatin                                                                   

     Solution                                                                  

     Aqueous    100 g                                                          

                     100 g                                                     

                          100 g                                                

                               100 g                                           

                                    100 g                                      

                                         100 g                                 

     Solution of                                                               

     Sodium Dodecyl-                                                           

     benzene                                                                   

     Sulfonate                                                                 

     __________________________________________________________________________

PAR  Each of the samples thus prepared was exposed as described in Example 1 and
      then processed by the following steps:
TBL  Step           Temperature   Time                                         

     ______________________________________                                    

     Pre-treatment   27.degree.C  10 sec.                                      

     Wash           "             15 sec.                                      

     Color Development                                                         

                    "             5 min. 20 sec.                               

     Wash           "             15 sec.                                      

     Blix           "             4 min.                                       

     Wash           "             2 min.                                       

     Stabilization  "             10 sec.                                      

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the above steps were
      as follows:
TBL  Pre-treatment Bath:                                                       

     ______________________________________                                    

     Water                   800     ml                                        

     Sodium Carbonate (mono-hydrate)                                           

                             10      g                                         

     Sodium Sulfate (anhydrous)                                                

                             50      g                                         

     Water added to make     1000    ml                                        

     Color Developer:                                                          

     Water                   800     ml                                        

     Sodium Sulfite (anhydrous)                                                

                             4       g                                         

     Sodium Hexametaphosphate                                                  

                             2       g                                         

     2-Amino-5-diethylaminotoluene                                             

                             3       g                                         

     Hydrochloride                                                             

     Sodium Carbonate (monohydrate)                                            

                             25      g                                         

     Potassium Bromide       20      g                                         

     Water added to make     1000    ml                                        

     Stabilization Bath:                                                       

     Water                   800     ml                                        

     40% Aqueous-Solution of Polyethylene                                      

                             5       ml                                        

     Glycol Having Molecular Weight of                                         

     400                                                                       

     Water added to make     1000    ml                                        

     ______________________________________                                    

PAR  The green sensitivity and the magenta fog of the sample thus processed were
      measured in each case and the results obtained are shown in Table 5, in
      which the sensitivity is expressed by each relative sensitivity when the
      sensitivity of the control example Z was assumed to be 100.
TBL                Table 5                                                     

     ______________________________________                                    

             Sample                                                            

             U     V       W       X     Y     Z                               

     ______________________________________                                    

     Green     134     115     106   110   100   100                           

     Sensitivity                                                               

     Fog       0.47    0.06    0.05  0.17  0.06  0.07                          

     ______________________________________                                    

PAR  From these results it can be understood that the combination of the
      compounds according to the present invention make it possible to use
      practically the couplers which give too much fog to be practically used.
      Also, the combination of Compound (II) and a mixture of Coupler (I) and a
      magenta coupler other than the couplers of this invention can also prevent
      the formation of fog.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic material comprising a support having coated thereon
      a silver halide emulsion layer containing a magenta dye forming coupler
      having a 3-anilino-5-pyrazolone ring and at least one hydrophobic residue
      of 8 to 32 carbon atoms, the ortho position of the anilino group at the
      3-position of said pyrazolone ring being substituted with a halogen atom,
      an alkyl group, an alkoxyl group, an amide group, an aryl group, an
      aryloxy group, a cyano group, a nitro group, a hydroxyl group, or an amino
      group, and at least one of said silver halide emulsion layer and a
      hydrophilic colloic layer adjacent said silver halide emulsion layer
      containing a hydroquinone compound having at least one substituent of at
      least 8 carbon atoms or a hydroquinone precursor capable of providing said
      hydroquinone compound upon hydrolysis.
NUM  2.
PAR  2. The color photographic material of claim 1, in which said magenta dye
      forming coupler is a compound represented by the general formula (I)
      ##SPC17##
PAL  wherein X represents a straight chain or branched alkyl group having 1 to
      12 carbon atoms, an alkoxyl group, an aryl group, an aryloxy group, an
      amino group, an amide group, a halogen atom, a hydroxyl group, a cyano
      group, or a nitro group; W represents a hydrophobic residue having 8 to 32
      carbon atoms; V represents a hydrogen atom or a group selected from the
      groups represented by X and W, in which said group for V may be the same
      as or different from the group of X or W; Y represents an aryl group or a
      heterocyclic group; and Z represents a hydrogen atom or a group capable of
      being released by the coupling reaction with an oxidation product of an
      aromatic primary amine color developing agent.
NUM  3.
PAR  3. The color photographic material of claim 2, in which Z is a hydrogen
      atom.
NUM  4.
PAR  4. The color photographic material of claim 2, in which Z is an arylazo
      group or a heterocyclic azo group.
NUM  5.
PAR  5. The color photographic material of claim 2, in which Z is a group
      capable of being released by the coupling reaction with an oxidation
      product of an aromatic primary amine color developing agent.
NUM  6.
PAR  6. The color photographic material of claim 2, in which Z is an arylthio
      group containing at least 12 carbon atoms.
NUM  7.
PAR  7. The color photographic material of claim 2, in which Y is a phenyl group
      in which at least one of the ortho-positions is substituted with a halogen
      atom, an alkyl group, an alkoxyl group, an aryloxy group, a cyano group, a
      nitro group, an acylamino group, or a carboxyl group.
NUM  8.
PAR  8. The color photographic material of claim 2, in which Y is a moiety
      represented by the general formula
      ##SPC18##
PAL  wherein Y.sub.1 represents a halogen atom, an alkyl group, an alkoxyl
      group, an aryloxy group, a nitro group, a cyano group, an acylamino group,
      or a carboxyl group and Y.sub.2 and Y.sub.3 each represents a hydrogen
      atom, a halogen atom, an alkyl group, an aryloxy group, a nitro group, a
      cyano group, an acylamino group, or a carboxyl group.
NUM  9.
PAR  9. The color photographic material of claim 2, in which V is a hydrogen
      atom and W is a group having a hydrophobic residue of 8 to 32 carbon
      atoms.
NUM  10.
PAR  10. The color photographic material of claim 2 in which V is a hydrogen
      atom and W is a carbonamide group, a carbonimide group, a carbomoyl group,
      a sulfonamide group, a sulfamoyl group an alkoxycarbonyl group, a ureido
      group, a sulfonyl group, a carbonyl group, an alkoxyl group, an amino
      group, an imide group, or a thioether group, said group having a
      hydrophobic residue of 8 to 32 carbon atoms.
NUM  11.
PAR  11. The color photographic material of claim 1, in which said hydroquinone
      compound is a compound represented by the general formula (II)
      ##SPC19##
PAL  wherein R.sub.1 and R.sub.2, which may be the same or different, each
      represents an alkyl group, an aryl group, an alkoxyl group, an aryloxy
      group, an aralkyl group, a carbomoyl group, a carbamoylalkyl group, an
      alkyloxy group, a carbonylalkyl group, or a halogen atom, in which R.sub.2
      may additionally be a hydrogen atom and the sum of the number of carbon
      atoms of said R.sub.1 and R.sub.2 being at least 8, and n is 1, 2, or 3.
NUM  12.
PAR  12. The color photographic material of claim 11, in which R.sub.1 is a
      straight chain or branched chain alkyl group and R.sub.2 is a hydrogen
      atom or a straight chain or branched chain alkyl group, with the sum of
      the carbon atoms of said R.sub.1 and R.sub.2 being 8 to 32.
NUM  13.
PAR  13. The color photographic material of claim 1, in which said hydroquinone
      compound is present in said silver halide emulsion layer containing said
      3-anilino-5-pyrazolone type magenta dye forming coupler.
NUM  14.
PAR  14. The color photographic material of claim 1, in which said photographic
      material comprises a support having thereon at least a green-sensitive
      silver halide emulsion layer, a differently sensitized silver halide
      emulsion layer, an a hydrophilic colloid layer present between said two
      silver halide emulsion layers, said green-sensitive silver halide emulsion
      layer containing said 3-anilino-5-pyrazolone type magenta dye forming
      coupler and said hydrophilic colloid layer containing said hydroquinone
      compound.
NUM  15.
PAR  15. The color photographic material of claim 1, in which the ortho position
      of the anilino group at the 3-position of said pyrazolone ring is
      substituted with a halogen atom.
NUM  16.
PAR  16. The color photographic material of claim 1, in which the ortho position
      of the anilino group at the 3-position of said pyrazolone ring is
      substituted with a chlorine atom.
NUM  17.
PAR  17. The color photographic material of claim 1, in which the ortho position
      of the anilino group at the 3-position of said pyrazolone ring is
      substituted with an alkoxy group.
NUM  18.
PAR  18. The color photographic material of claim 2, wherein Z is said group
      capable of being released by the coupling reaction with an oxidation
      product of an aromatic primary amine color developing agent, and Z is
      selected from the group consisting of a thiamino group, an acyloxy group,
      an aryloxy group, an aralkyloxycarbonyloxy group, an alkyloxycarbonyloxy
      group, a halogen atom, an arylazo group, a 2-aryltriazolyl group, an
      alkylthio group, an arylthio group, a heterothio group, a cycloalkylthio
      group, and a cycloalkoxyl group.
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ABST
PAL  The compositions of the present invention comprise alumina and minor
      proportions of a ternary glass sintering aid from the system:
      BaO-MgO-SiO.sub.2. The compositions can be sintered in a reducing
      atmosphere to provide ceramics which find particular utility in electrical
      devices, e.g., in multilayer ceramic sandwiches. The compositions are
      particularly amenable to formation by doctor blade slip casting
      techniques.
BSUM
PAC  BACKGROUND OF THE INVENTION
PA1  Field of the Invention
PAR  The present invention relates to high alumina content ceramic compositions,
      sintered ceramics formed therefrom and to processes for manufacturing the
      same.
PA2  Description of the Prior Art
PAR  One recent advance in electronics packaging to meet microminiaturization
      demands in the art has been the development of multilayer ceramic
      sandwiches; as are described in "Laminated Ceramics", Proc. Electron.
      Comp. Conf. (Washington, D. C. 1967), page 17; "Ceramics for Packaging",
      Solid State Technology, 14, l971, page 40; "A Fabrication Technique for
      Multilayer Ceramic Modules", Solid State Technology, May 1972, page 35;
      and "Metal-Ceramic Constraints for Multilayer Electronic Packages",
      Proceedings of the IEEE, 59, 1455 (1971).
PAR  Multilayer ceramic sandwiches find particular usage in computer circuitry,
      and accordingly stringent requirements are posed thereon both from a
      processing viewpoint and from the viewpoint of final device requirements.
PAR  For instance, multilayer ceramic sandwiches usually comprise a plurality of
      ceramic substrates in combination with internal metallization, the
      combination having been sintered at elevated temperatures, especially in
      the range of 1,400.degree.-1,700.degree.C. Metal having a melting point
      higher than the sintering temperature is generally used, typically
      refractory metals such as molybdenum or tungsten. However, the refractory
      metals require the use of reducing ambients during sintering and critical
      process control since the partial pressure of oxygen must be maintained
      low enough during sintering to prevent oxidation of the metal and yet must
      not be so low that silica present in the ceramic is extensively reduced.
      Further, the use of refractory metals has also necessitated stringent
      controls on the physical properties of the ceramic used so that mechanical
      failure of the ceramic does not occur, for instance, due to stresses
      arising from thermal expansion mismatches between the metallurgy and the
      ceramic.
PAR  Further, under such a reducing ambient, prior art ceramic materials often
      blister or mottle, unless the particle size of the starting ceramic is
      critically controlled.
PAR  U.S. Pat. No. 3,020,619 Koch discloses forsterite ceramic compositions
      having as the major crystalline phase 2MgO.sup.. SiO.sub.2. The material
      is made synthetically from, for example, Montana talc, fused MgO, potash
      feldspar, Kentucky Special ball clay and precipitated BaCO.sub.3.
PAR  U.S. Pat. No. 3,480,452 Fleischner, et al. disclose a method of making void
      free crystalline-glass ceramic materials from two frits, one being a
      thermally crystallizable MgO--Al.sub.2 O.sub.3 --SiO.sub.2 glass and the
      other phase being 10-30% of a bonding frit of the formula:
      MgO--CaO--BaO--Al.sub.2 O--SiO.sub.2, the resultant body containing a
      cordierite crystalline phase.
PAR  U.S. Pat. No. 3,489,627 Botden, et al. disclose a bonding composition and a
      method for bonding using the same, the bonding composition being
      substantially composed of CaO, BaO and/or SiO.sub.2, to which MgO, SrO
      and/or Al.sub.2 O.sub.3 may be added, in which case the proportion of
      Al.sub.2 O.sub.3 is at most 75% by weight.
PAR  U.S. Pat. No. 3,615,763 Flock relates to sintered ceramic articles useful
      as electrical insulators consisting essentially of a reaction product
      which, calculated as oxides, is approximately 94-96.5 wt. % Al.sub.2
      O.sub.3 and a mixture of SiO.sub.2, CaO and MgO.
PAR  U.S. Pat. No. 3,631,131 Kopko discloses a method for reconstituting
      unfired, cast alumina scrap wherein Al.sub.2 O.sub.3 can be blended with
      SiO.sub.2, MgCO.sub.3, CaCO.sub.3 and a binder such as polyvinyl butyral
      to form a firing charge.
PAR  U.S. Pat. No. 3,698,923 Stetson, et al. disclose a fired alumina ceramic
      material which can comprise 96% Al.sub.2 O.sub.3, 2% CaSiO.sub.3 and 2%
      MgSiO.sub.3, fired at 1500.degree.C.
PAR  Miller, et al. in Ceramic Bulletin, Vol. 48, No. 8 (1969), page 786,
      disclose BaO--Al.sub.2 O.sub.3 --SiO.sub.2 glasses, and discuss the same
      in detail.
PAR  Floyd, Journal of the American Ceramic Society, Vol. 47, No. 11, November
      21, 1964, discusses the effect of secondary crystalline phases on
      dielectric losses in high-alumina bodies, and concludes that the presence
      of one of the three feldspars, BaO.sup.. Al.sub.2 O.sub.3.sup..
      2SiO.sub.2, CaO.sup.. Al.sub.2 O.sub.3.sup.. 2SiO.sub.2 or SrO.sup..
      Al.sub.2 O.sub.3.sup.. 2SiO.sub.2 cause hiagh dielectric losses when
      present in high-alumina bodies.
PAR  Goodyear, et al. in the Ceramic Bulletin, Vol. 45, No. 8 (1966), pages 706,
      et seq., present an investigation of the CaO--Al.sub.2 O.sub.3 --SiO.sub.2
      system. This reference relates to the formation of "vitrified" ceramics
      such as cordierite or anorthite. Special glass frits are added as batch
      constituents, along with other raw materials, to yield desired overall
      compositions of the exact compositions of the phases such as anorthite or
      cordierite. The composition of anorthite, and the final composition of the
      ceramic in Goodyear, et al., is CaO.sup.. Al.sub.2 O.sub.3.sup..
      2SiO.sub.2. The present application relates to the formation of high
      alumina ceramics with properties completely different from the properties
      of vitrified ceramics such as anorthite.
PAR  Caldwell and Gdula have suggested the addition of baria, magnesia and
      silica to alumina as fluxing agents. However, the prior art believed that
      a silica:alkaline earth ratio of 1.5:1 was needed to render such bodies
      impervious to water (low porosity). Such compositions fall within the "two
      liquid region" for the baria-magnesia-silica system and illustrate a
      tendency to phase separation. The best of such compositions had the
      following analysis: Al.sub.2 O.sub.3 91%; SiO.sub.2 5.60%; MgO 1.90%; BaO
      1.50%; F 1.06%. Caldwell and Gdula indicate that glasses prepared from
      components of the system BaO--MgO--SiO.sub.2 can be used to fabricate
      ceramic bodies which densify to negligible water absorption if the
      silica:alkaline earth ratio in the glass is 1.5:1, the ceramic is made
      from 4 .mu. Al.sub.2 O.sub.3 and is fired in air. In reducing ambients and
      with different particle size aluminas the behavior of the glass fluxing
      aids are much different and compositions different from those indicated
      were found to be most useful in accordance with the present invention. In
      addition, the best composition in Caldwell and Gdula was one containing
      fluoride. This type of glass is not useful in hydrogen sintering ambients.
PAR  The prior art has also suggested a glass sintering aid for alumina
      containing four components: Al.sub.2 O.sub.3, CaO, MgO and SiO.sub.2. Such
      ceramics are extremely susceptible to blistering during sintering and
      occasional mottling on the surface of the sintered ceramic also occurs. To
      obtain good glass sintering aid qualities, it is further necessary to have
      appreciable percentages of TiO.sub.2, Fe.sub.2 O.sub.3, Na.sub.2 O and
      K.sub.2 O.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide high alumina content
      ceramic compositions which can be sintered in a reducing or an oxidizing
      atmosphere.
PAR  It is a further object of the present invention to provide high alumina
      content ceramic compositions which are not subject to blistering or
      mottling when sintered in a reducing atmosphere.
PAR  Still yet a further object of the present invention is to provide high
      alumina content ceramic compositions which, subsequent to sintering, have
      extremely smooth surface topography.
PAR  A further object of the present invention is to provide high alumina
      content ceramic compositions which are compatible with refractory and
      noble metallurgy.
PAR  A further object of the present invention is to provide sintered high
      alumina content ceramic compositions which densify to less than 5%
      porosity and substantially 0% water absorption.
PAR  Yet another object of the present invention is to provide high alumina
      content ceramic compositions which can be used to form multilayer ceramic
      sandwiches suitable, e.g., in computer circuitry.
PAR  These and other objects of the present invention are provided by high
      alumina content ceramic compositions which comprise alumina and a ternary
      glass sintering aid from the system: BaO--MgO--SiO.sub.2.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a ternary phase diagram for the BaO--MgO--SiO.sub.2 system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although it will be clear to one skilled in the art that the high alumina
      content ceramic compositions of the present invention can be used in any
      environment where the properties heretofore enumerated are desired, the
      following discussion will be given with reference to the formation of a
      multilayer ceramic sandwich where the high alumina content ceramic
      composition of the present invention finds particular application.
PAR  Further, since the ceramic elements of a multilayer ceramic sandwich are
      most profitably formed by doctor blade slip casting techniques
      (hereinafter "slip casting"), the following discussion will be in terms of
      ceramic compositions adapted for such techniques. It should be understood,
      however, that other techniques such as extrusion, pressing techniques,
      calendering and the like can be used, if desired.
PAR  Slip casting generally involves the steps of casting slip formation
      (ceramic/temporary binder/solvent system), casting onto a substrate to
      form a "green sheet", and binder removal/sintering to volatilize
      binder/solvent and densify the ceramic, followed by appropriate final
      device fabrication steps, as will later be explained in detail.
PAR  The alumina used in the present invention is of high purity, i.e., of a
      purity of about 95 wt. % alpha-Al.sub. 2 O.sub.3 or higher. Impurities
      such as sodium oxide tend to lower the dissipation factor and the
      dielectric constant of sintered ceramic articles obtained from the
      composition of the present invention, and it is most preferred that
      alumina of a purity of 99.5 wt. % or higher be used.
PAR  It is important that the particle size of the alumina be appropriately
      selected to enable a slip casting composition of an appropriate viscosity
      to be obtained. Usually, the alumina will have a particle size of from
      about 0.2 microns to about 10 microns, with alumina of a particle size of
      3 to 4 microns being most preferably used.
PAR  If alumina of a particle size substantially lower than 0.2 microns is used,
      the viscosity of a slip casting composition formed therefrom will often be
      too high, causing the slip casting composition formed therefrom to assume
      a rubbery character and making slip casting extremely difficult, unless
      excessive amounts of solvent are added. Excessively small alumina
      particles also have a tendency to decrease the density of a green sheet
      formed therefrom due to poor particle packing. High amounts of binder
      become necessary, which consequently leads to high and poorly controllable
      shrinkage and to low green sheet permeability, causing disruption of the
      multilayer sandwich.
PAR  On the other hand, if the size of the alumina is substantially in excess of
      about 10 microns, the viscosity of the slip casting composition will often
      become too low and cracks and craters will result in green sheets formed
      therefrom. Further, excessively large alumina is difficult to densify
      except at temperatures too high for the glassy phase to withstand. The
      ceramics become "overfired" before they are completely dense.
PAR  If is most preferred that the surface area of the alumina be less than
      about 18 m.sup.2 /gm, more preferably less than 15 m.sup.2 /gm, since this
      will permit preferred amounts of organic binder to be used in forming the
      slip cast composition. Excessive amounts of binder can lead to excessive
      linear shrinkage during sintering.
PAR  An important consideration in forming the high alumina content ceramic
      compositions of the present invention is the ratio of alumina to the
      ternary glass sintering aid. With alumina of a larger particle size,
      lesser amounts of alumina can be used, while with alumina of smaller
      particle size, greater amounts of alumina are required. For example, with
      alumina having a particle size of 4 microns or greater one can use as
      little as 80 to 85 wt. % alumina, whereas with alumina having a smaller
      particle size, e.g., less than 1 micron, at least about 90% alumina should
      be utilized in the ceramic composition of the present invention. A typical
      composition in accordance with the present invention for alumina of a
      particle size of 3 to 4 microns will be 89 wt. % of alumina and 11 wt. %
      of the ternary glass sintering aid.
PAR  In some cases, it may be necessary to use an alumina powder with an average
      particle size less than one micron in order to achieve a smooth surface
      finish on the sintered ceramic. Aluminas with such small particle size can
      usually be sintered to greater than 98% theoretical density without the
      addition of a glass sintering aid. Such unfluxed alumina ceramics,
      however, are not compatible with internal refractory metals due to the
      thermal expansion mismatch between the ceramic and metal. The addition of
      a glass sintering aid in accordance with the present invention to the
      alumina can make the ceramic and metal compatible. All prior art glasses
      caused blistering of the ceramic when submicron alumina was used. This
      occurs due to rapid sintering of the ceramic and entrapment of volatiles
      from the ceramic (such as volatile SiO from reduced SiO.sub.2). The
      ternary glass sintering aids of the present invention do not cause
      blistering and overfiring with submicron aluminas and therefore permit the
      use of refractory metals.
PAR  The ternary glass sintering aids of the present invention which permit the
      objects of the present invention to be reached will now be discussed in
      detail.
PAR  BaO--MgO--SiO.sub.2 ternary glass sintering aids as can be used in the
      present invention have the composition represented by the area A--B--C of
      the ternary phase diagram shown in the attached drawing.
PAR  A--B--C are at the following compositions:
TBL  Point   Mol% BaO    Mol% MgO    Mol% SiO.sub.2                            

     ______________________________________                                    

     A       15.0        15.0        70.0                                      

     B       43.5        17.5        39.0                                      

     C       17.5        43.5        39.0                                      

     ______________________________________                                    

PAR  The sintered ceramics resulting from the high alumina ceramic compositions
      of the present invention, which contain a ternary glass sintering aid from
      the system described above, meet all of the requirements of multilayer
      ceramic sandwiches. They are chemically inert and thermally stable. They
      have high electrical resistance, for instance 10.sup.14 ohm/cm or higher,
      and thus serve as an excellent insulator in circuit components. They have
      high mechanical strength, for example, 40,000 psi or greater, and thus are
      extremely resistant to breakage. They can be fired to an extremely smooth
      surface finish, for instance, 5-20 microinches, thereby providing a high
      degree of film uniformity for surface metallurgy. They illustrate a very
      low porosity, below approximately 0.1% maximum. They have a very low
      dielectric constant, for instance, equal to or less than 9.5, thereby
      permitting reasonable circuit speeds when utilized in computer circuitry.
      In combination with a low dielectric constant, they have a low dissipation
      factor, for instance, less than approximately 0.005, whereby electrical
      leakage is prevented.
PAR  Very importantly, they are stable in reducing atmospheres and can be
      co-sintered with non-precious refractory metals such as molybdenum and
      tungsten, and are not subject to substrate cracking or warping during
      sintering with such relatively inexpensive metals.
PAR  Having established the identity of the components of the high alumina
      ceramic composition of the present invention and the ratio thereof, it is
      appropriate to turn to one preferred processing sequence utilized to form
      multilayer ceramic sandwiches from compositions in accordance with the
      present invention.
PAR  The first procedural step in accordance with the present invention is
      generally to blend the alumina and ternary glass sintering aid, both in
      particulate form. This can be accomplished in, for example, a ball mill or
      equivalent apparatus. Since alumina is much harder than the ternary glass
      sintering aid of the present invention, generally ball milling is
      conducted for a time sufficient to reduce the glass to the size of the
      alumina. So as to avoid excessive ball milling times, usually the glass
      will have a size of 200 mesh or smaller, more preferably 325 mesh or
      smaller (about 44-50 microns), prior to ball milling. Ball milling is
      continued to reduce the glass to a size on the order of that of alumina,
      i.e., 0.2 to 10 microns.
PAR  The alumina and glass particles can be ball milled alone and subsequently
      blended with an organic binder, solvent, etc., to provide the slip casting
      composition, or, if desired, at this stage the solvent and resin binder
      used to form the slip casting composition can be added and the resulting
      composition ball milled to directly provide the desired slip casting
      composition.
PAR  Representative of the slip casting compositions (as can be used) are those
      disclosed in R. E. Mistler, Bull. Am. Ceramic Soc., Vol. 92(11), pages
      850-854 (1973); H. D. Kaiser, et al., Solid State Technology, May 1972,
      page 35; and U.S. Pat. No. 2,966,719 Parks.
PAR  The exact identity of the resin binder and solvent components of the slip
      casting composition is not overly critical. In commercial scale
      operations, the slip casting composition is formed to have a viscosity of
      from about 500  to about 5,000 cps to provide excellent slip casting
      capability. While higher and lower viscosities are acceptable, when the
      viscosity is substantially lower than about 500 cps, for example on the
      order of 200 cps, the slip casting composition will have a tendency to be
      too thin to be easily worked, and at viscosities greatly in excess of
      5,000 cps the slip casting composition becomes too thick to be easily
      worked.
PAR  Usually the particulate alumina plus particulate ternary glass sintering
      aid will comprise from about 25 wt. % to about 75 wt. % of the slip
      casting composition (viscosity is the most important criterion), with the
      balance comprising conventional solvents, binders, plasticizers and like
      components.
PAR  The resulting slip casting composition is then cast utilizing a doctor
      blade or equivalent technique onto a substrate, for instance, a sheet of
      Mylar. The thickness of the green sheet will obviously depend upon user
      requirements, and a common sense approach is used. The green sheet is
      generally sufficiently thick so that it can be easily handled but is not
      so thick that volatiles and binder removal will be hindered. For instance,
      in forming green sheets which are to be later laminated to form a
      multilayer ceramic sandwich, typically thicknesses on the order of 0.006
      to about 0.012 inches are used.
PAR  The green sheet is then dried using any conventional technique, for
      instance, infrared heating, hot plates or the like. Air drying is most
      economically used.
PAR  Most preferably, the green sheet density after drying is from about 2,00 to
      about 2.30 g/cm.sup.3, but as later shown these are not mandatory bounds.
PAR  If desired, at this stage the dry green sheets can be metallized using
      standard techniques, through or via holes in the Z direction punched using
      standard techniques such as with mechanical punches or with high energy
      optical or electron beams, and the green sheets then laminated to provide
      good intersheet bonding. The exact conditions of lamination are not overly
      critical. If the sheet is sufficiently thick, obviously it need not be
      laminated and can be used per se.
PAR  One substantial advantage of the high alumina ceramic composition of the
      present invention is that it can be sintered in a reducing gas atmosphere
      without blistering or mottling.
PAR  Reducing gas atmospheres as are typically used in the art are effective in
      the present invention, with illustrative examples being hydrogen gas or
      cracked ammonia. It is generally desirable to sinter under conditions that
      provide less than 5% porosity in the ceramic article formed. Usually,
      sintering temperatures on the order of 1300.degree. to 1600.degree.C. are
      used, as these elevated temperatures can provide greater than 90%
      theoretical density. Holding times at the sintering temperature are in
      accordance with techniques used in the art, and are typically on the order
      of 3 hours. The greatest amount of sintering occurs in the first hour and
      sintering becomes inefficient after about 3 hours, although sintering
      times longer than 3 hours are not harmful.
PAR  An oxidizing atmosphere can be used for the sintering, if desired, of
      course. Temperatures and times are equivalent to those used for the
      reducing atmosphere sintering heretofore discussed.
PAR  Having thus described the present invention in general, the following
      specific examples are offered to illustrate preferred modes of practicing
      the present invention.
PAC  EXAMPLES
PAR  The following ternary glass sintering aid compositions in accordance with
      the present invention were formed:
TBL  Glass    Wt%(Mol.%)  Wt.%(Mol. %)                                         

                                      Wt.%(Mol.%)                              

     Comp. No.                                                                 

              BaO         MgO         SiO.sub.2                                

     ______________________________________                                    

     G1       47.7 (25.0)  7.5 (15.0) 44.8 (60.0)                              

     G2       48.9 (25.0) 12.8 (25.0) 38.3 (50.0)                              

     ______________________________________                                    

PAR  The aluminas used in this Example has the following compositions:
TBL          Wt. %                                                             

                 Particle Size                                                 

                          Purity                                               

             Na.sub.2 O                                                        

                 (microns)                                                     

                          (wt. % alpha-Al.sub.2 0.sub.3)                       

                                      Surface Area                             

     __________________________________________________________________________

     Al.sub.2 O.sub.3 No. 1                                                    

             .04 1.4      99.7        &lt;15 m.sup.2 /gm                          

     Al.sub.2 O.sub.3 No. 2                                                    

             .04 4.0      99.6        &lt;15 m.sup.2 /gm                          

     Al.sub.2 O.sub.3 No. 3                                                    

             .08 0.5      99.6        &lt;15 m.sup.2 /gm                          

     Al.sub.2 O.sub.3 No. 4                                                    

             .01 1.0      99.98       &lt;15 m.sup.2 /gm                          

     __________________________________________________________________________

PAR  Ternary glass sintering aids G1 and G2 were prepared by melting the
      requisite reagent grade oxides or carbonates in a platinum crucible using
      R-F heating. The resulting molten glass was poured into water to render it
      friable and then ground in an alumina ball mill with deionized water to a
      size of 325 mesh (less than 44 microns), thereafter being dried at
      140.degree.C.
PAR  The ceramic/vehicle formulation for all samples was the same as shown below
      (approximate):
TBL  Ceramic (Al.sub.2 O.sub.3 + Glass)*                                       

                            66.7%                                              

     Butvar (B-98; polyvinyl butyral                                           

                            3.8%                                               

     Dioctylphthalate (plasticizer for                                         

     the polyvinyl butyral) 1.9%                                               

     Methanol               5.3%                                               

     Toluene                7.9%                                               

     Cyclohexanone          14.3%                                              

      *The proportions of alumina:glass are given in the Table.                

PAR  The samples were formed by ball milling the ceramic/vehicle combination for
      12 hours to directly yield the slip casting composition. The slip casting
      composition thus formed was cast by doctor blading into sheets 6 inches
      wide by 0.006-0.008 inches thick on a Mylar substrate using standard
      techniques.
PAR  The sheets were then dried in air for 24 hours to remove volatile solvents
      and then stripped from their Mylar carrier and blanked into 4/4 inch
      sheets.
PAR  For purposes of simplicity, metallurgy/via hole formation was not
      conducted. If such had been performed, it would generally be done at this
      stage.
PAR  Ten of the resulting sheets were stacked together and laminated at
      95.degree.C., 2600 psi for 10 minutes.
PAR  The laminated samples were then sintered in hydrogen in an elevator-hearth
      type furnace. The dew point of the hydrogen ambient in the furnace was
      maintained at 30.degree.C., with sintering being at 1560.degree.C. with a
      3 hour hold at that temperature. All remaining non-ceramic components were
      volatilized during sintering. The substrate was elevated from ambient
      temperature to the sintering temperature at 200.degree.-250.degree.C. per
      hour.
PAR  The following samples were prepared as above (matter in parentheses is
      parts by weight of the components):
TBL  Sample 1  Al.sub.2 O.sub.3 No. 1 (90) + G1                                

                                   (10)                                        

     Sample 2  Al.sub.2 O.sub.3 No. 2 (90) + G1                                

                                   (10)                                        

     Sample 3  Al.sub.2 O.sub.3 No. 3 (95) + G2                                

                                   (5)                                         

     Sample 4  Al.sub.2 O.sub.3 No. 4 (95) + G2                                

                                   (5)                                         

     Sample 5  Al.sub.2 O.sub.3 No. 1 (95) + G1                                

                                   (5)                                         

PAR  The properties of the sintered materials resulting from Samples 1 and 2 are
      given below.
TBL  ______________________________________                                    

            Surface Finish                                                     

                       Dielectric Dissipation                                  

            (.mu. in)  Constant   Factor                                       

     ______________________________________                                    

     Sample 1:                                                                 

              21           9.30       0.00278                                  

     Sample 2:                                                                 

              33           9.20       0.00108                                  

     ______________________________________                                    

PAR  In the green sheet stage the Samples exhibited the following properties:
TBL           Viscosity (cps)                                                  

                           Density (g/cm.sup.3)                                

     ______________________________________                                    

     Sample 1   1100           2.27                                            

     Sample 2   1420           2.04                                            

     ______________________________________                                    

PAR  Sample 3 was examined for different properties, since with prior art
      sintering aids submicron alumina such as Al.sub.2 O.sub.3 No. 3 would show
      poor density, porosity and blistering if sintered at 1560.degree.C.
      However, the BaO--MgO--SiO.sub.2 sintering aid of the present invention
      provided a ceramic which showed zero water absorption, did not blister
      (even at 1600.degree.C.) and had densities in the range of 3.6 .about. 3.7
      g/cm.sup.3 (at 1530.degree.-1560.degree.C. sintering, respectively).
PAR  Sample 4 was examined primarily for density results, and this highly pure,
      low alumina size ceramic was found to sinter to densities of 3.70-3.75
      g/cm.sup.3 in the area of 1560.degree.C.
PAR  The most superior samples from the viewpoint of density was Sample 5, which
      illustrated a density of 3.80-3.84 g/cm.sup.3 with sintering at
      1560.degree.-1600.degree.C.
PAR  The above sintered ceramics were excellent for the fabrication of
      multilayer ceramic sandwiches.
PAR  While the invention has been particularly shown and described with
      reference to the preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sintered alumina ceramic material sinterable in a reducing atmosphere
      without blistering or mottling consisting essentially of alumina and a
      pre-fused ternary glass sintering aid from the system:
PA1  BaO-MgO-SiO.sub.2,
PA1  said sintered alumina ceramic material having a dielectric constant of at
      most 9.5, which permits adequate speeds upon use in computer circuitry,
      and a dissipation factor less than .005, said ternary glass sintering aid
      being selected from compositions within the area bounded by A-B-C in the
      Figure, which points A-B-C represent the following compositions:
TBL  Point   Mol % BaO   Mol % MgO   Mol % SiO.sub.2                           

     ______________________________________                                    

     A       15.0        15.0        70.0                                      

     B       43.5        17.5        39.0                                      

     C       17.5        43.5        39.0.                                     

     ______________________________________                                    

NUM  2.
PAR  2. The sintered alumina ceramic material of claim 1 containing at least 80
      wt. % alumina, where the alumina is at least 95 wt. % alpha-alumina.
NUM  3.
PAR  3. The sintered alumina ceramic material of claim 2 containing at least 90
      wt. % alumina, where the alumina is at least 99.5 wt. % alpha-alumina.
NUM  4.
PAR  4. The sintered alumina ceramic material of claim 1 where the alumina has a
      particle size of about 0.2 to about 10 microns.
NUM  5.
PAR  5. The sintered alumina ceramic material of claim 3 where the alumina has a
      particle size of 3 to 4 microns.
NUM  6.
PAR  6. The sintered alumina ceramic material of claim 1 where the alumina has a
      surface area of less than about 18 m.sup.2 /g.
NUM  7.
PAR  7. The sintered alumina ceramic material of claim 5 where the alumina has a
      surface area of less than 15 m.sup.2 /g.
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PAL  Inorganic oxide glasses having compositions within the range (in moles
      percent) B.sub.2 O.sub.3 1.2-3.5, P.sub.2 O.sub.5 50-72, PbO 0-30,
      transition metal oxides 0-5, the remainder being oxides selected from
      alkali metal oxides, alkaline earths and zinc oxide.
BSUM
PAR  This invention relates to inorganic oxide glass compositions. Our copending
      British Patent Application No. 48105/71 discloses certain borophosphate
      glasses, that is, glasses having a network structure comprising a random
      mixture of boric and phosphoric oxides. The glass disclosed in that
      application also comprise minor proportions of the oxides of one or more
      alkali metals, alkaline earth metals, and/or zinc and have compositions
      within the following range (mole %)
EQU  P.sub.2 O.sub.5 + B.sub.2 O.sub.3 72.5-77.5
PA1  oxides selected from alkali metal oxides, alkaline earths and zinc oxide
      22.5-27.5.
PAL  The ratio of P.sub.2 O.sub.5 : B.sub.2 O.sub.3 is from 15:1 to 6:1, so that
      the minimum B.sub.2 O.sub.3 content is 1/16 of 72.5% or 4.5%.
PAR  We have now found that there are advantages, discussed below, in reducing
      the proportion of boric oxide in borophosphate glasses to a level
      significantly lower than that present in the above compositions.
PAR  The present invention therefore provides inorganic oxide glasses having
      compositions within the following range (moles %)
PA1  B.sub.2 o.sub.3 1.2-3.5
PA1  P.sub.2 o.sub.5 50-72
PA1  PbO 0-30
PA1  transition metal oxides 0-5
PA1  The remainder being oxides selected from alkali
PA1  Metal oxides, alkaline earths and zinc oxide.
PAR  Water is excluded from the compositions set out above; it may be present in
      amounts up to 5% by weight of the glass. Trace quantities (up to
      approximately 1%, but preferably not more than 0.5%) of other oxides, for
      example alumina and silica, may also be present.
PAR  Within the above range certain narrower ranges of glass compositions are
      preferred, as follows: (proportions in moles %)
PA0  Group A
PA1  B.sub.2 o.sub.3 1.2-3.5
PA1  P.sub.2 o.sub.5 68-72
PA1  the remainder being oxides selected from alkali metal oxides, alkaline
      earths and zinc oxide.
PA0  Group B
PA1  b.sub.2 o.sub.3 1.2-3.5
PA1  P.sub.2 o.sub.5 50-58
PA1  PbO 10-30
PA1  transition metal oxides 0-5
PA1  The remainder being oxides selected from alkali metal oxides, alkaline
      earths and zinc oxide.
PA0  Group C
PA1  B.sub.2 o.sub.3 1.2-3.5
PA1  P.sub.2 o.sub.5 52-66, preferably 55-66
PA1  PbO less than 10
PA1  Transition metal oxides 0-5
PA1  The remainder being oxides selected from alkali metal oxides, alkaline
      earths and zinc oxide.
PA0  Group D
PA1  B.sub.2 o.sub.3 1.2-3.5
PA1  P.sub.2 o.sub.5 64-68
PA1  PbO 10-16
PA1  transition metal oxides 0-5
PA1  The remainder being oxides selected from alkali metal oxides, alkaline
      earths and zinc oxide.
PAR  The term `transition metal oxides` is used to signify oxides of metals in
      Groups 111a, IVa, Va, VIa, VIIa, V111 and Ib of the Periodic Table (as
      given inside the back cover of "Advanced Inorganic Chemistry" by F. A.
      Cotton & G. Wilkinson, 2nd Edition, 1966, Interscience Publishers),
      together with oxides of metals of the lanthanide and actinide series.
PAR  The term `alkali metal oxides` means oxides of lithium, sodium, potassium,
      rubidium and caesium, and the term `alkaline earths` means BeO, MgO, CaO,
      SrO and BaO.
PAR  It is found that on reducing the boric oxide content of borophosphate
      glasses to the levels disclosed herein, there is considerably less
      tendency for crystalline inclusions to form in the glasses during the
      manufacturing process. Such crystals, believed to consist essentially of
      boron phosphate, BPO.sub.4, when present in small quantities cause the
      glass to have a white translucent appearance, and when present in larger
      quantities may adversely affect the durability and mechanical properties
      of the glass. Surprisingly, the good durability associated with
      borophosphate glasses, is not lost when the boric oxide content is reduced
      to the range of 1.2-3.5 mole %, and the resulting glasses, particularly
      those having compositions within Group A, have lower melt viscosities and
      may be capable for example of being injection moulded on commercially
      available plastics processing equipment.
PAR  The proportions of the various alkali metal oxides, alkaline earths and
      zinc oxide may be varied within wide limits, with consequent variation in
      the properties of the resulting glass. Both transformation temperature
      (T.sub.g) and durability are increased by the replacement of alkali metal
      oxide with alkaline earth, the magnitude of the effect generally
      increasing in the series SrO, BaO, CaO, MgO. The replacement of alkali
      metal oxide with zinc oxide at high concentrations may also increase
      transformation temperature and durability.
PAR  In order to obtain useful control over the properties of the resulting
      glasses, it is preferred that the glass compositions contain at least two
      metal oxides in addition to P.sub.2 O.sub.5 and B.sub.2 O.sub.3. More
      preferably they contain at least one alkali metal oxide together with at
      least one oxide selected from alkaline earths and zinc oxide. Glasses
      containing K.sub.2 O tend to have lower durabilities than similar glasses
      containing Na.sub.2 O or Li.sub.2 O, and Na.sub.2 O and Li.sub.2 O are
      accordingly the preferred alkali metal oxides.
PAR  The formation of crystalline inclusions in the preparation of glasses
      according to the invention, particularly in large-scale manufacture, is
      made less likely if the composition comprises at least 14 moles % of
      alkali metal oxides. Furthermore, magnesium oxide may give rise to glasses
      containing a crystalline phase if present in quantities greater than 12.5
      mole %, and preferably glasses according to the invention comprise not
      more than 12.5 mole % MgO.
PAR  Up to 5 moles % of transition metal oxides may be present in glasses
      according to the invention, and these oxides may be used to produce a
      coloured glass. For example, the addition of tungsten oxide may give
      glasses ranging in colour from pale amber to deep blue according to the
      oxidation state of the tungsten, and that of chromium oxide gives olive
      green glasses.
PAR  The proportion of lead oxide in the glass may be varied within the range
      stated for the purpose of controlling the refractive index of the glass,
      which may then be fabricated into optical articles for example lenses,
      prisms, mirrors and windows.
PAR  Thus glasses having compositions within Group C above, but with PbO
      contents of less than 1% tend to have refractive indices in the range 1.50
      to 1.51, whereas those having 4-6 mole % PbO, and preferably 58-65 mole %
      P.sub.2 O.sub.5, 12-20 mole % Na.sub.2 O, may have refractive indices in
      the range 1.51-1.53. Certain glass compositions within this range may be
      made to conform to the specification for white opthalmic crown glass in
      British Standard B.S. 3062 (1959), which specifies a refractive index of
      1.523 .+-. 0.001. Preferably in such compositions, the balance of the
      composition other than the stated proportions of B.sub.2 O.sub.3, P.sub.2
      O.sub.5, PbO and NaO is made up of CaO, MgO and Li.sub.2 O.
PAR  Glasses having compositions within Group D above may have refractive
      indices close to or matching that of E-glass (1.548), and are suitable for
      incorporation with E-glass into transparent glass-reinforced polyester
      sheeting.
PAR  Certain glasses according to the present invention possess the useful
      property of having non-misting surfaces, as described in our copending
      British Patent Applications Nos. 30503/72 & 8489/73. The glasses may also
      be suitable for coprocessing with organic polymers in composites as
      described in our copending British Patent Application No. 18481/70 and
      with inorganic components as described in our copending British Patent
      Application No. 48103/71. They may also be coprocessed with pigments,
      opacifiers and the like, and may be suitable for melt spinning into
      fibres. Glasses having compositions within Group B above may be
      particularly suitable for the preparation of fibres.
PAR  The glasses may be prepared by heating together the appropriate oxides, or
      their precursors. By `precursor` is meant a compound which on heating will
      react with the other components present to give the same chemical
      composition in the product as if the oxide had been used. Usually this
      reaction will occur with evolution of one or more volatile compounds, for
      example water, carbon dioxide and ammonia. Thus suitable precursors of
      phosphoric oxide include phosphoric acid and ammonium phosphates, while
      carbonates may be used as precursors of metal oxides. Mixtures of an oxide
      and a precursor of that oxide, or of two or more precursors of the same
      oxide may be used, and the same compound may be used as a precursor of
      more than one oxide, thus for example potassium phosphate is a precursor
      of K.sub.2 O and of P.sub.2 O.sub.5, and borax (sodium borate) is a
      precursor of B.sub.2 O.sub.3 and of Na.sub.2 O. Sodium nitrate may be used
      as a precursor of Na.sub.2 O when oxidising conditions are required in the
      melt, for example to ensure that a transition metal oxide is present in
      its highest oxidation state.
PAR  The heating may be carried out in a two-stage process, in which some or all
      of the components are first heated together at a relatively low
      temperature, for example 300.degree.-500.degree.C, to give a glassy
      mixture (conveniently referred to as the premelt), which is then refined
      at a higher temperature, for example 500.degree.-800.degree.C. The
      duration of the first stage of the heating process to form the premelt, is
      generally from 1-8 hr. When preparing a 2kg bath, a time of 21/2 to 41/2
      hours is convenient. If less than all of the components are present at the
      initial heating stage the remaining material may be added subsequently
      before or during the refining stage. This method is convenient for small
      scale laboratory preparations, but alternatively the components may be
      mixed together and heated for example to 500.degree.-800.degree.C in a
      single stage operation. For example, the components may be mixed together
      at room temperature, with P.sub.2 O.sub.5 supplied in the form of 88%
      phosphoric acid, and alkali metal oxides as carbonates. The heat of
      reaction will cause the temperature to rise to approx. 100.degree.C, and
      this temperature is maintained by heating until gas evolution ceases. The
      mixture is then gradually added to a crucible maintained at a temperature
      between 500.degree. and 800.degree.C. Preferably the temperature is
      initially between 500.degree. and 700.degree.C, and when all the mixture
      has been added it is raised to 700.degree.-800.degree.C for a further
      period.
PAR  The addition of the components may be made all at once or sequentially in a
      batch process, but it may be desirable, particularly when operating upon a
      large scale, to form the glass in a continuous process in which the
      mixture of components is continually or periodically being added to, and
      glass removed from, a reaction vessel maintained at the refining
      temperature.
PAR  We have found, however, that in the preparation of ultraphosphate glasses,
      (that is, those in which the number of moles of P.sub.2 O.sub.5 is more
      than double the number of moles of alkaline metal oxides), by the
      two-stage process involving an intermediate premelt, the addition of all
      of the P.sub.2 O.sub.5 in the form of phosphoric acid may lead to the
      formation of an intractable crystalline phase at the premelt stage. This
      problem may be overcome by reducing the unneutralised P.sub.2 O.sub.5
      content of the melt by supplying at least part of the P.sub.2 O.sub.5 in
      the form of an ammonium phosphate, for example ammonium dihydrogen
      phosphate. Thus in 100 moles of a glass having the composition (moles %)
      P.sub.2 O.sub.5 72, metal oxides 25, B.sub.2 O.sub.3 3, the excess
      unneutralised P.sub.2 O.sub.5 is 72-25 = 47 moles. It is found that not
      more than 61 moles of the P.sub.2 O.sub.5 may be added as acid if the
      formation of a crystalline premelt is to be avoided, if the other 11 moles
      is added as ammonium dihydrogen phosphate. The excess unneutralised
      P.sub.2 O.sub.5 is thereby reduced to 36 moles, or half of the total
      P.sub.2 O.sub.5 content, and we find that in general, if the excess
      unneutralised P.sub.2 O.sub.5 content does not exceed half the total
      P.sub.2 O.sub.5 content, a crystal-free premelt will be formed. If part of
      the P.sub.2 O.sub.5 is added in the form of a more fully neutralised
      precursor such as diammonium hydrogen phosphate, correspondingly more
      P.sub.2 O.sub.5 may be added as phosphoric acid.
PAR  During refining water is gradually lost, the glass network becomes more
      highly crosslinked, and the viscosity and transformation temperature (Tg)
      of the glass increase. Small amounts of volatile oxide components, for
      example P.sub.2 O.sub.5, may be lost during the refining stage, and it is
      desirable to keep the temperature below 800.degree.C. when refining
      glasses according to the invention, to minimise any such loss. As
      mentioned above, the residual water in glasses according to the invention
      may represent up to 5% by weight of the total, but is not included in the
      compositions set out above, which may be regarded as nominal molar
      compositions in that they are based upon the composition of the initial
      mixture of components.
PAR  A glass of a given composition may have a range of transformation
      temperatures, depending upon the refining conditions, and a glass having
      any desired transformation temperature within this range may be obtained
      by routine experimentation involving selection of the appropriate
      conditions, for example time, temperature and batch size, in the refining
      step. The length of refining time required for a particular glass
      composition to reach a particular transformation temperature cannot be
      specified, as it depends upon the size of the batch, the type of furnace
      and crucible used, the exact temperature of the furnace, the furnace
      atmosphere and other variables. In general, the refining time may vary
      from 1 hour to 1 week, depending upon the desired transformation
      temperature and the variables listed above. However, if a given glass
      composition is refined until it reaches a given transformation
      temperature, which may be determined simply by differential thermal
      analysis of a cooled sample of the glass, properties such as durability
      will be reproducible from one batch of that composition to another. In
      general, the durability of a given glass composition increases with its
      transformation temperature.
PAR  The durability of the glasses is a function of the rate at which they are
      attacked by water, which may be expressed either as the rate of loss of
      weight of a standard sample expressed in units of %/min at a given
      temperature, or as the rate of erosion of a glass surface expressed in
      units of microns/min. at a given temperature, and in the present
      application both measurements are used, the relevant units being indicated
      in each case. A low rate of attack by water (Rw) corresponds to a high
      durability and vice versa.
PAR  The rate of loss of weight at 100.degree.C is determined by the following
      procedure: Approximately 2g of molten glass is poured on to a steel plate
      and allowed to cool. The resulting smooth disc of glass, approximately 2
      cm in diameter and 0.3 cm thick, is weighed, immersed in boiling water for
      1 hour, dried and reweighed. The weight loss divided by the initial weight
      and multiplied by 100/60 gives the percentage weight loss/minute.
PAR  For glasses having good durability an alternative test method, whereby the
      rate of erosion of the surface at 20.degree.C or 100.degree.C is measured,
      gives more accurate results. According to this procedure, the glass is
      ground and sieved to provide approximately 10g of glass powder of particle
      size 300-500.mu.m (30-52 mesh BS410). Approximately 5g of the powdered
      glass ia added to a weighed sintered glass crucible having a No. 3 sinter,
      that is, a sinter having an average pore diameter of 20-30.mu.m. The
      contents of the crucible are washed with distilled water then with acetone
      and dried under a vacuum of less than 1 mm Hg air pressure at room
      temperature for 30 minutes.
PAR  The crucible and its contents are then weighed accurately to determine the
      initial weight of the glass. A constant-head device is then arranged to
      maintain a level of 3 cm of distilled water at 20.degree.C in the
      crucible, which ensures that water flows through the sinter at a rate of
      approximately 4 ml/min. Alternatively the crucible is placed in a steam
      jacket which maintains the contents at 100.degree.C, and water at
      100.degree.C is supplied so as to drip through the crucible at the rate of
      4 ml/min.
PAR  After 24 hours the crucible and its contents are washed with acetone, dried
      in vacuum as described above and reweighed to determine the final weight
      of the glass. The rate of erosion is calculated from the equation
      ##EQU1##
      where, X = rate of erosion (.mu./min)
PA1  W.sub.1 = initial weight of glass (g)
PA1  W.sub.2 = final weight of glass (g)
PAR  The mean of two determinations is taken. As a rough indication of the
      correlation between the two methods, a weight loss at 100.degree. of
      0.01%/min corresponds approximately to a rate of surface erosion at
      20.degree.C of 2 .times. 10.sup.-.sup.4 .mu./min, and at 100.degree.C of
      0.3.mu./min.
PAR  The transformation temperature of the glass is determined by differential
      calorimetry using the Du Pont Differential Thermal Analyser. A sample of
      the powdered glass and a reference sample of pure powdered silica are
      heated at a programmed rate of temperature increase of 20.degree.C/min,
      and a graph is obtained of the temperature difference between the samples
      plotted against the temperature of the reference sample. This curve
      typically has a linear portion of small slope and a second linear portion
      of larger negative slope at higher temperatures. The two linear portions
      are produced so that they intersect, and the transformation temperature is
      taken as the temperature corresponding to the point of intersection.
PAR  Preferably glasses according to the invention have transformation
      temperature not greater than 300.degree.C. Preferably also the rate of
      attack by water (Rw) on the glasses at 100.degree.C is not greater than
      1%/min although for glasses of Tg between 200.degree. and 300.degree.C, Rw
      will normally be considerably less than this value.
PAR  Our copending U.S. pat. application Ser. No. 329,167 filed Feb. 2, 1973,
      inorganic oxide glasses having compositions within the range (in mole %)
PA1  P.sub.2 o.sub.5 50-75
PA1  group V1a oxides 0.1-10, comprising singly or in combination CrO.sub.3 up
      to 2.6, MoO.sub.3 up to 7, WO.sub.3 up to 7.
PA1  At least one oxide selected from alkali metal oxides and alkaline earths
      15-49.9,
PAL  the total of all the above components being at least 98 moles % of the
      total composition, excluding water, and states that other oxides,
      including B.sub.2 O.sub.3, may be present up to about 2 moles % of the
      composition. The present application does not claim any glass compositions
      claimed in U.S. Pat. application Ser. No. 329,167 filed Feb. 2, 1973.
DETD
PAR  The invention is illustrated by the following Examples, of which Examples
      1-3 illustrate glasses according to the invention falling within Group A,
      Examples 4-6 illustrate glasses according to the invention falling within
      Group B, Examples 7-22 illustrate glasses according to the invention
      falling with Group C, and Example 23 illustrates a glass within Group D.
PAC  EXAMPLE 1
PAR  950g of glass was prepared in a two stage process as follows:
PAR  a. a premelt was prepared having the nominal composition P.sub.2 O.sub.5,
      71.8; B.sub.2 O.sub.3, 2.56; Li.sub.2 O, 10.26; Na.sub.2 O, 10.26; BaO,
      5.13 moles % by stirring together 1365g ammonium dihydrogen phosphate,
      14.8g boric oxide, 62.6g lithium carbonate, 89.9g sodium carbonate and 65g
      barium oxide and heating the mixture at 300.degree.C for 3 hours until a
      clear viscous melt was formed. The mixture was cooled to a solid premelt
      which was broken into pieces.
PAR  b. The premelt was heated for 10 hours in an alumina crucible to
      700.degree.C in a furnace through which a controlled stream of air was
      passed. The molten glass was poured in a thin stream into a large quantity
      of cold water, giving a coarsely granulated glass having the following
      properties:
TBL  Transformation temperature (Tg)                                           

                            152.degree.C                                       

     Rate of attack by water (Rw)                                              

                            1.mu.m/min at 100.degree.C                         

     Density                2.42 g cm.sup..sup.-3                              

     Young's Modulus        28 GNm.sup..sup.-2                                 

     Viscosity              10.sup.3 Nsm.sup..sup.-2 at 384.degree.C           

                            10.sup.4 Nsm.sup..sup.-2 at 310.degree.C           

                            10.sup.5 Nsm.sup..sup.-2 at 264.degree.C           

PAL  Granules of the glass of 5-8 mesh size were fed into a Stubbe injection
      moulding machine and mouldings of flat discs 10 cm diameter and 0.3 cm
      thick were produced at a barrel temperature of 330.degree.C and a mould
      temperature of 100.degree.C.
PAR  A premelt of the same nominal composition was prepared by stirring together
      779g 88% H.sub.3 PO.sub.4, 805g NH.sub.4 H.sub.2 PO.sub.4, 17.5g B.sub.2
      O.sub.3, 74.1g Li.sub.2 CO.sub.3, 106g Na.sub.2 CO.sub.3 and 76.5g BaO and
      heating at 350.degree.C for 2 hours then 400.degree.-450.degree.C for 2
      hours.
PAR  The premelt was refined at 700.degree. to give a transformation temperature
      of 162.degree.C an Rw value of 0.09%/min at 100.degree.C.
PAC  EXAMPLES 2,3
PAR  The effect of substituting calcium oxide and magnesium oxide for barium
      oxide in the composition of Example 1 is shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Composition (Moles %)              Rw at                                  

     Example                            100.degree.C                           

     No.  P.sub.2 O.sub.5                                                      

              B.sub.2 O.sub.3                                                  

                  Li.sub.2 O                                                   

                       Na.sub.2 O                                              

                            CaO MgO Tg(.degree.C)                              

                                        (%/min)                                

     __________________________________________________________________________

     2    71.8                                                                 

              2.56                                                             

                  10.26                                                        

                       10.26                                                   

                            5.13                                               

                                --  140 0.3                                    

                                    155 0.02                                   

     3    71.8                                                                 

              2.56                                                             

                  10.26                                                        

                       10.26                                                   

                            --  5.13                                           

                                    130 0.03                                   

                                    145 0.006                                  

                                    157 0.009                                  

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  A glass was prepared having the following composition:
TBL  Mole %             Batch wts.                                             

     ______________________________________                                    

     55.9 P.sub.2 O.sub.5                                                      

                        883g NH.sub.4 H.sub.2 PO.sub.4                         

     2.4 B.sub.2 O.sub.3                                                       

                        11.5g B.sub.2 O.sub.3                                  

     20.6 PbO           316g PbO                                               

     18.7 K.sub.2 O     178g K.sub.2 CO.sub.3                                  

     2.4 MgO            6.6g MgO                                               

     ______________________________________                                    

PAL  The components of the batch were stirred together and heated for 2 hours at
      300.degree.C, then the premelt was refined 1/2 hour at 700.degree.C.
PA1  Tg 206.degree.
PA1  Rw 1.3.mu.m/min at 100.degree.C
PA1  10.sup.-.sup.4 .mu.m/min at 20.degree.C
TBL  Viscosity (Nsm.sup..sup.-2)                                               

                          at    Temperature (.degree.C)                        

     ______________________________________                                    

     2.10.sup.5               290                                              

     1.6.10.sup. 4            320                                              

     2.5.10.sup. 3            350                                              

     6.10.sup.2               380                                              

     Coefficient of thermal expansion                                          

                              18.10.sup..sup.-6                                

     Youngs' Modulus          28 GNm.sup..sup.-2                               

     Tensile strength of typical fibres                                        

                              520 MNm.sup..sup.-2                              

     ______________________________________                                    

PAC  EXAMPLE 5
TBL  Mole %             Batch Weights                                          

     ______________________________________                                    

     55.9 P.sub.2 O.sub.5                                                      

                        1750g 88% H.sub.3 PO.sub.4                             

     2.4 B.sub.2 O.sub.3                                                       

                        23.6g B.sub.2 O.sub.3                                  

     20.6 PbO           648g PbO                                               

     18.7 K.sub.2 O     363g K.sub.2 CO.sub.3                                  

     1.2 MgO            6.8g MgO                                               

     1.2 BaO            26.1g BaO                                              

     ______________________________________                                    

PAR  Stirred and heated at 350.degree.-500.degree.C for 6 hours, then refined at
      700.degree.C gave a clear glass of Tg 205.degree.C, Rw 0.028%/min at
      100.degree.C.
PAR  For purposes of comparison, the same batch weights of components were
      taken, but the B.sub.2 O.sub.3 weight was doubled to 47.2g, giving a
      nominal composition of P.sub.2 O.sub.5 54.5, B.sub.2 O.sub.3 4.7, PbO
      20.1, K.sub.2 O 18.3, MgO 1.2, BaO 1.2 moles %, that is, having a B.sub.2
      O.sub.3 content outside the range of the present invention. The batch,
      stirred and heated at 350.degree.-500.degree.C for 6 hours and refined at
      700.degree.C gave a white cloudy glass containing crystalline inclusions.
PAC  EXAMPLE 6
PAR  Glasses containing transition metal oxides in addition to lead oxide are
      illustrated in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Composition (Moles %)                    Rw at                            

     Example                              Tg  100.degree.C                     

     No.  P.sub.2 O.sub.5                                                      

              B.sub.2 O.sub.3                                                  

                  PbO Na.sub.2 O                                               

                          K.sub.2 O                                            

                              Li.sub.2 O                                       

                                  MgO WO.sub.3                                 

                                          (.degree.C)                          

                                              (%/min)                          

     __________________________________________________________________________

     5    52  2   20  14  --  8   --  4   154 0.88                             

                                          269 0.011                            

     6    52  2.8 20  7.4 9   4   2   2.8 212 0.016                            

     __________________________________________________________________________

PAR  The glasses were made by premelting followed by refining at 700.degree.C,
      and were blue in colour.
PAC  EXAMPLES 7-12
PAR  These examples illustrate glasses having no lead oxide, most of which fall
      within Group C, and which have refractive indices in the range 1.50 to
      1.51. Their compositions are given in Table 3, and their properties when
      prepared by premelting and refining at 700.degree.-750.degree.C are given
      in Table 4.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Example No.                                                               

             Compositions in Mole %                                            

     __________________________________________________________________________

             P.sub.2 O.sub.5                                                   

                 B.sub.2 O.sub.3                                               

                     Na.sub.2 O                                                

                         Li.sub.2 O                                            

                             MgO CaO BaO Sro                                   

     __________________________________________________________________________

     7       68.3                                                              

                 2.4 14.6                                                      

                         4.9 4.9 4.9 --  --                                    

     8       65.1                                                              

                 2.3 18.6                                                      

                         2.3 4.7 7.0 --  --                                    

     9       64.5                                                              

                 2.3 13.8                                                      

                         4.6 4.6 4.6 --  5.5                                   

      10     64.5                                                              

                 2.3 13.8                                                      

                         4.6 4.6 4.6 5.5 --                                    

      11     60.5                                                              

                 2.3 18.6                                                      

                         9.3 4.7 4.7 --  --                                    

      12     63.5                                                              

                 2.4 19.5                                                      

                         4.9 4.9 4.9 --  --                                    

     __________________________________________________________________________

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Example                                                                   

          Tg(.degree.C)                                                        

                 Rw at                                                         

                      refractive                                               

                            Viscosity                                          

                                    Temp.                                      

     No.         100.degree.C                                                  

                      index (Nsm.sup..sup.-2)                                  

                                  at                                           

                                    (.degree.C)                                

                 (%/min)                                                       

     __________________________________________________________________________

      7   160    0.01 1.502 --      --                                         

          168    0.008                                                         

                      --    2.10.sup.5                                         

                                  282                                          

                            1.6.10.sup.4                                       

                                  325                                          

                            2.5.10.sup.3                                       

                                  372                                          

                            9.10.sup.2                                         

                                  406                                          

      8   162    0.05       2.10.sup.5                                         

                                  256                                          

                            1.6.10.sup.4                                       

                                  298                                          

                            2.5.10.sup.3                                       

                                  335                                          

                            3.10.sup.2                                         

                                  405                                          

          177    0.006                                                         

                      1.501                                                    

          194    0.004                                                         

      9   188    0.003                                                         

                      1.508                                                    

     10   202    0.002                                                         

                      1.508                                                    

     11   Not measured                                                         

     12   169    0.005                                                         

                      1.500 2.10.sup.5                                         

                                  269                                          

                            1.6.10.sup.4                                       

                                  306                                          

                            2.5.10.sup.3                                       

                                  347                                          

                            6.10.sup.2                                         

                                  387                                          

          181    0.002                                                         

     __________________________________________________________________________

PAC  EXAMPLES 13-21
PAR  These examples illustrate glasses having up to 10 mole % lead oxide, and
      falling within Group C. When prepared by premelting followed by refining
      at 700.degree.-750.degree.C, they have refractive indices in the range
      1.520 to 1.545. Those of Examples 13-19 have refractive indices close to
      that of white opthalmic crown glass (1.523) whereas those of Examples 20
      and 21 have somewhat higher refractive indices. Compositions are shown in
      Table 5 and properties in Table 6. These glasses may be useful for
      fabrication into non-misting optical articles, for example lenses.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Example                                                                   

     No.    Composition (Moles %)                                              

     ______________________________________                                    

            P.sub.2 O.sub.5                                                    

                    B.sub.2 O.sub.3                                            

                            Na.sub.2 O                                         

                                  Li.sub.2 O                                   

                                        CaO  MgO   PbO                         

     ______________________________________                                    

     13     59.9    2.3     18.4  4.6   4.6  4.6   5.5                         

     14     60.5    2.3     18.6  4.7   4.7  4.7   4.7                         

     15     63.0    2.25    13.5  7.65  4.5  4.5   4.6                         

     16     64.5    2.3     13.8  4.7   4.6  4.6   5.5                         

     17     62.8    2.2     13.5  7.6   4.5  4.5   4.9                         

     18     60.4    2.1     18.6  4.6   4.6  4.6   5.1                         

     19     60.1    2.1     18.5  4.6   4.6  4.6   5.4                         

     20     64.1    2.4     13.7  4.6   4.6  4.6   6.1                         

     21     57.8    2.2     17.8  4.4   4.4  4.4   8.9                         

     ______________________________________                                    

TBL                TABLE 6                                                     

     ______________________________________                                    

     Example                                                                   

     No.     Tg.degree.C                                                       

                     Rw at 100.degree.C (%/min)                                

                                     Refractive Index                          

     ______________________________________                                    

     13      230      0.0027         1.524                                     

             179      0.0065         1.522                                     

     14      212     0.003           1.518                                     

     15      230     0.002           1.523                                     

     16      190     0.003           1.524                                     

     17      230     0.002           1.525                                     

     18      205     0.003           1.524                                     

     19      211     0.004           1.526                                     

     20      195     0.003           1.528                                     

     21      204      0.0019         1.540                                     

     ______________________________________                                    

PAC  EXAMPLE 22
PAR  This Example illustrates the preparation of a glass having the composition
      of Example 15 by a process which does not involve the intermediate
      formation of a premelt.
PAR  Lithium carbonate (62.7g), sodium carbonate (159g) and calcium carbonate
      (50g) were slowly added with stirring to 88% phosphoric acid (1560g) in a
      tall borosilicate glass beaker. When gas evolution had ceased, magnesium
      oxide (20.5g), boric oxide (17.5g) and litharge (114.7g) were rapidly
      added. The temperature of the mixture rose to approximately 100.degree.C,
      and the beaker was placed in an oven maintained at 100.degree.C, the
      contents being stirred continuously.
PAR  An alumina crucible was heated to 650.degree.C in a furnace, and the
      mixture was added slowly to the crucible via a funnel projecting through
      the roof of the furnace. Addition was complete in 3 hours. After a further
      30 minutes, the furnace temperature was increased by 15.degree.C, and a
      similar temperature increment was made at half hour intervals until the
      temperature reached 740.degree.C. The crucible was maintained at this
      temperature for 16 hours, and the molten glass was then cast into a block.
PAR  The product glass had the properties given for Example 15 in Table 6.
PAC  EXAMPLE 23
PAR  This example illustrates a glass composition falling within Group D, and
      having a refractive index close to that of E-glass. A glass having the
      composition (moles %) P.sub.2 O.sub.5 65.8, B.sub.2 O.sub.3 2.3, PbO 13.2,
      Na.sub.2 O 9.4, Li.sub.2 O 9.4, prepared by premelting followed by
      refining at 750.degree.C had a Tg of 155.degree.C and a refractive index
      of 1.546.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An inorganic oxide glass having a mole % composition in the range
PA1  B.sub.2 o.sub.3 1.2 to 3.5;
PA1  P.sub.2 o.sub.5 50 to 72;
PA1  PbO 0 to 30;
PAL  at least one oxide selected from oxides of:
PA1  Cu, Ag, Au, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe,
      Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
      Tm, Yb, Lu, Th, Pd, and U, 0 to 5;
PAL  the glass containing in addition at least one oxide selected from alkali
      metal oxides and at least one oxide selected from alkaline earth metal
      oxides and zinc oxide.
NUM  2.
PAR  2. An inorganic oxide glass as claimed in claim 1 which contains PbO in a
      range of 10 to 30 mole %.
NUM  3.
PAR  3. An inorganic oxide glass as claimed in claim 1 having a mole %
      composition in the range:
PA1  B.sub.2 o.sub.3 1.2 to 3.5;
PA1  P.sub.2 o.sub.5 68 to 72;
PAL  the glass containing in addition at least one oxide selected from alkali
      metal oxides and at least one oxide selected from alkaline earth metal
      oxides and zinc oxide.
NUM  4.
PAR  4. An inorganic oxide glass as claimed in claim 2 in which the P.sub.2
      O.sub.5 content lies in the range 50 to 58 mole %.
NUM  5.
PAR  5. An inorganic oxide glass as claimed in claim 1 which contains P.sub.2
      O.sub.5 in a proportion of 52 to 66 mole % and PbO in a proportion of less
      than 10 mole %.
NUM  6.
PAR  6. An inorganic oxide glass as claimed in claim 5 which contains P.sub.2
      O.sub.5 in a proportion of 55 to 66 mole %.
NUM  7.
PAR  7. An inorganic oxide glass as claimed in claim 1 which contains P.sub.2
      O.sub.5 in a proportion of 64 to 68 mole % and PbO in a proportion of 10
      to 16 mole %.
NUM  8.
PAR  8. An inorganic oxide glass as claimed in claim 1 which contains at least 2
      mole % of oxide selected from alkaline earth metal oxides and zinc oxide.
NUM  9.
PAR  9. An inorganic oxide glass as claimed in claim 8 which contains at least
      14 mole % of oxide selected from alkali metal oxides.
NUM  10.
PAR  10. An inorganic oxide as claimed in claim 8 which contains not more than
      12.5 mole % of magnesium oxide.
NUM  11.
PAR  11. Inorganic oxide glass as claimed in claim 6, comprising not more than 1
      mole % of lead oxide.
NUM  12.
PAR  12. Inorganic oxide glass as claimed in claim 6, comprising from 4 to 6
      mole % of lead oxide.
NUM  13.
PAR  13. Inorganic oxide glass as claimed in claim 12, comprising from 58 to 65
      mole % P.sub.2 O.sub.5 and from 12-20 mole % Na.sub.2 O.
NUM  14.
PAR  14. Inorganic oxide glass as claimed in claim 13 having compositions within
      the range
PA1  B.sub.2 o.sub.3 1.2-3.5
PA1  p.sub.2 o.sub.5 58-65
PA1  pbO 4-6
PA1  Na.sub.2 O 12-20
PAR  The remainder being oxides selected from CaO, MgO and Li.sub.2 O.
NUM  15.
PAR  15. An inorganic oxide glass as claimed in claim 14 having the following
      composition
PA1  B.sub.2 o.sub.3 2.25
PA1  p.sub.2 o.sub.5 63.0
PA1  pbO 4.6
PA1  Na.sub.2 O 13.5
PA1  CaO 4.5
PA1  MgO 4.5
PA1  Li.sub.2 O 7.65.
NUM  16.
PAR  16. Inorganic oxide glass as claimed in claim 1 having transformation
      temperatures not greater than 300.degree.C and rates of attack by water
      not greater than 1.0%/min at 100.degree.C.
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ABST
PAL  Thermally crystallizable glasses are disclosed of the system:
EQU  RO -- Nb.sub.2 O.sub.5 -- GeO.sub.2
PAL  wherein RO is a BaO or SrO. Also disclosed are thermally crystallizable
      glasses of the system PbO -- Nb.sub.2 O.sub.5 -- GeO.sub.2. Glass-ceramics
      made from these glass systems have high dielectric constants and low
      dissipation factors or loss tangents, which glasses and glass-ceramics are
      suitable for use as capacitors and dielectrics, and particularly for
      thick-film dielectric pastes utilized in the manufacture of
      micro-electronic printed circuits. By varying the heat treatment schedule
      for crystallization of the glass to a glass-ceramic, a specific high
      dielectric constant coming within a prescribed range can be imparted to
      the finished glass-ceramic.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 349,152 filed Apr. 9, 1973 now abandoned; which in turn is a division
      of copending application Ser. No. 241,448 filed Apr. 5, 1972 now U.S. Pat.
      No. 3,852,077, the entire disclosures of both copending applications are
      relied on herein.
BSUM
PAR  Glasses of the BaO -- Nb.sub.2 O.sub.5 -- GeO.sub.2, SrO -- Nb.sub.2
      O.sub.5 -- GeO.sub.2 and PbO -- Nb.sub.2 O.sub.5 -- GeO.sub.2 system in
      selected proportions have been found to have desirable properties from the
      standpoint of transparency and stability and are useful for a wide variety
      of purposes. Of particular interest is the finding that these glasses can
      be heat treated to produce transparent glass-ceramics having an index of
      refraction higher than that of the glass and which specifically may be in
      excess of 2.000. The glass-ceramics which are capable of being formed from
      glasses within the above-described glass system have high dielectric
      constants; e.g. in excess of 50 and low dissipation factors; e.g. about
      3.5% or less. Both transparent and non-transparent or opaque
      glass-ceramics may be obtained in accordance with this invention
      possessing the aforementioned desirable properties.
PAR  Because they have been found to have excellent dielectric properties,
      including high dielectric constants and very low dielectric losses, the
      glass-ceramics produced in accordance with the present invention are
      suitable for use in a variety of electrical devices, such as capacitors,
      electroluminescent cells, wave guides, thick-film dielectric pastes for
      microelectronic printed circuits and the like.
PAR  Thermally crystallizable glasses of the above-specified systems can, during
      an appropriate heat treatment process, be converted to a transparent,
      inorganic crystalline oxide ceramic material having any desired dielectric
      constant between a selected upper and lower limit. The ceramic material
      thus formed, also known as a glass-ceramic, contains a major portion of
      very tiny crystals embedded in a minor glassy matrix remaining as a result
      of the thermal crystallization.
PAR  Glass-ceramics of the present invention can also be prepared in the form of
      small chips, of a size of about one-fourth inch or less, which are
      suitable for use as support carriers for electronic microcircuits. Chip
      capacitors are produced by casting, pressing and metallizing/heat treating
      in a continuous operation. Such capacitors are of the general purposes or
      high-frequency/positive temperature coefficient. Dielectric constants are
      in the range of 50 or more and the dissipation factor is preferably less
      than 3.5% and usually less than 1% with the temperature coefficient of
      capacitance being positive or negative.
PAR  Glasses coming within the foregoing RO -- Nb.sub.2 O.sub.5 -- GeO.sub.2
      system and capable of producing the aforementioned properties in
      glass-ceramics made therefrom consist essentially of the following:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           39 - 52                                               

     Nb.sub.2 O.sub.5    27 - 41                                               

     RO                  16 - 26                                               

     ______________________________________                                    

PAL  wherein the molar ratio of Nb.sub.2 O.sub.5 to RO is from about 1.3:1 to
      about 2:1 and RO is either SrO, or BaO. When the molar ratio of Nb.sub.2
      O.sub.5 to RO is 3:1, no glasses can be formed from the mixture.
PAR  Glasses coming within the PbO -- Nb.sub.2 O.sub.5 -- GeO.sub.2 system and
      capable of producing the aforementioned properties in glass-ceramics made
      therefrom consist essentially of the following:
     Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           35 - 60                                               

     Nb.sub.2 O.sub.5    19 - 35                                               

     PbO                 16 - 35                                               

     ______________________________________                                    

PAL  wherein the molar ratio of Nb.sub.2 O.sub.5 to PbO is from about 0.9:1 to
      about 1.5:1.
DETD
PAR  The following compositions were prepared.*
PAR  *In forming the glass melts of the compositions, the batch materials
      consisted of GeO.sub.2, Nb.sub.2 O.sub.5 and PbO, charged as the oxides,
      while SrO and BaO were charged as strontium carbonate and barium
      carbonate, respectively.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Composition in Mole Percent                                               

     Ingredient      1   2    3   4    5    5    7                             

     __________________________________________________________________________

     GeO.sub.2       42.9                                                      

                         42.9 42.9                                             

                                  42.9 40.0 40.0 40.0                          

     Nb.sub.2 O.sub.5                                                          

                     42.8                                                      

                         35.7 42.8                                             

                                  35.7 30.0 30.0 30.0                          

     BaO             --  --   14.3                                             

                                  21.4 --   30.0 --                            

     PbO             --  --   --  --   30.0 --   --                            

     SrO             14.3                                                      

                         21.4 --  --   --   --   30.0                          

     Glass Stability                                                           

     Index of Refraction of Glass                                              

                          2.043    2.123                                       

                                        2.043                                  

                                             2.002                             

                                                  2.002                        

     Legend:                                                                   

          Glass Forming Tendency                                               

     Stable enough to draw rods                                                

     Good: Quenched plates could be obtained having no uncontrolled            

     devitrification                                                           

     Fair: Quenched plates could be obtained having some uncontrolled          

     devitrification,                                                          

     usually occurring in isolated areas                                       

     Poor: Quenched plates had only small areas of glass -No glass             

     __________________________________________________________________________

     formation                                                                 

PAR  Glasses were formed in compositions 2, 4, 5, 6 and 7. No glass could be
      formed with compositions 1 and 3. Compositions 2, 4 and 5 were subjected
      to the heat treatments as set forth in Table II. All compositions were
      subjected to a gradient heat treatment which involves subjecting the
      sample to a gradient of 900.degree. to 1700.degree.F. for 2 hours. This
      temperature range covers the range of crystallization temperature. In this
      way it can be determined at what temperature the glass will crystallize;
      whether it will form a transparent glass-ceramic or whether it will form
      any glass-ceramic at all. Compositions 6 and 7 were subjected to a
      gradient heat treatment but no glass-ceramic could be formed. The gradient
      heat treatment is an evaluation of the capability of the glass to form
      glass-ceramics and is determinative of the suitable or optimum condition
      required to achieve crystallization of glass compositions.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Glass-Ceramic Properties                                                  

                   Compositions                                                

     Heat Treatment                                                            

                   2       4       5                                           

     __________________________________________________________________________

     Temp..degree.F (time, hour)                                               

                   1375 (2)                                                    

                           1500 (2)                                            

                                   1335 (2)                                    

                   (transparent)                                               

                           (opaque)                                            

                                   (transparent)                               

     Index of Refraction n.sub.D   2.103                                       

     Dielectric Constant                                                       

                   90.3    67.7                                                

     (R.T.*, 0.5 MHz)                                                          

     Dissipation Factor %                                                      

                   0.25    0.06                                                

     (R.T., 0.5 MHz)                                                           

     Heat Treatment                                                            

                   1335 (2)                                                    

                           1200 (2)                                            

                                   1350 (2)                                    

     Temp..degree.F (time, hour)                                               

                   (transparent)                                               

                           (transparent)                                       

                                   (transparent)                               

     Index of Refraction n.sub.D                                               

                    2.115   2.134                                              

     Dielectric Constant   187     85                                          

     (R.T., 0.5 MHz)                                                           

     Dissipation Factor %  0.74    0.25                                        

     (R.T., 0.5 MHz)                                                           

     Heat Treatment                                                            

                   1250 (2)                                                    

                           1250 (2)                                            

     Temp..degree.F (time, hour)                                               

                   1450 (1/2)                                                  

                   (transparent)                                               

                           (transparent)                                       

     Index of Refraction n.sub.D                                               

                    2.108                                                      

     Dielectric Constant                                                       

                   89.9    153                                                 

     (R.T., 0.5 MHz)                                                           

     Dissipation Factor %                                                      

                   0.3     0.4                                                 

     (R.T., 0.5 MHz)                                                           

     Heat Treatment                                                            

                   1285 (2)                                                    

                           1335 (2)                                            

     Temp..degree.F (time, hour)                                               

                   1550 (1/4)                                                  

                   (transparent)                                               

                           (opaque)                                            

     Dielectric Constant                                                       

                   64.3    258                                                 

      (R.T., 0.5 MHz)                                                          

     Dissipation Factor %                                                      

                   0.1     1.1                                                 

      (R.T., 0.5 MHz)                                                          

     __________________________________________________________________________

      *R.T. stands for room temperature.                                       

PAR  Additional compositions were prepared as shown in Table III, hereinafter.
      The symbols used to indicate glass forming tendency have the same meaning
      as shown in Table I.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Composition in Mole Percent                                               

     Ingredient  8   9  10  11 12 13 14   15  16   17                          

     __________________________________________________________________________

     GeO.sub.2   40  38 50  43 37 50 45   48  45   55                          

     Nb.sub.2 O.sub.5                                                          

                 40  35 30  37 38 30 25   29  27.5 22.5                        

     BaO         --  27 20  -- -- -- --   --  --   --                          

     PbO         --  -- --  20 25 20 30   --  27.5 22.5                        

     SrO         20  -- --  -- -- -- --   23  --   --                          

     Glass Stability                                                           

     Index of Refraction                                                       

                 2.12                                                          

                     -- 1.99                                                   

                            -- -- --  2.115                                    

                                          1.99                                 

                                               2.115                           

                                                   2.09                        

     of glass                                                                  

     __________________________________________________________________________

PAR  In the foregoing Table, compositions 11 and 12 could not be formed into a
      glass. All glasses that could be formed (compositions 8, 9, 10 and 13 to
      17) were subjected to the heat gradient furnace as described hereinabove.
      No transparent ceramic material could be formed with compositions 14 and
      15.
PAR  The remaining compositions 8, 9, 10, 13, 16 and 17 were subjected to the
      indicated heat treatment in Table IV below:
     __________________________________________________________________________

     Glass-Ceramic                                                             

     Properties                                                                

               Compositions                                                    

               8      9     10     13    16     17                             

     __________________________________________________________________________

     Heat Treatment                                                            

               1450(2)                                                         

                      1500(2)                                                  

                            1250(2)                                            

                                   1300(2)                                     

                                         1125(2)                               

                                                1150(2)                        

     Temp..degree.F, (hours)                                                   

                            1400(1/4)    1300(1/4)                             

                                                1400(1/4)                      

               (transp.)                                                       

                      (opaque)                                                 

                            (transp.)                                          

                                   (transp.)                                   

                                         (transp.)                             

                                                (transp.)                      

     Index of                                                                  

     Refraction n.sub.D                                                        

                2.13         2.03        2.12    2.1                           

     Dielectric                                                                

     Constant  88.3   132   70.6   147   262    78.8                           

     (R.T., 0.5 MHz)                                                           

     Dissipation                                                               

     Factor, %  0.28   1.7   0.35  0.74   0.9    1.1                           

     (R.T., 0.5 MHz)                                                           

     Heat Treatment                                                            

               1450(2)      1250(16)                                           

                                   1550(2)                                     

                                         1400(2)                               

                                                1150(2)                        

     Temp..degree.F(hours)                                                     

               1550(1/4)    1400(1/4)    (opaque)                              

                                                1500(1/4)                      

               (transp.)    (transp.)                                          

                                   (opaque)                                    

                                         (white)                               

                                                (trans-)                       

                                                (lucent)                       

     Index of                                                                  

     Refraction, n.sub.D     2.03                                              

     Dielectric                                                                

     Constant  85.9         87.9   373    294   54.3                           

     (R.T., 0.5 MHz)                                                           

     Dissipation                                                               

     Factor %   0.8          0.33   1.3   1.4    0.4                           

     (R.T., 0.5 MHz)                                                           

     Heat Treatment                                                            

               1700(2)      1500(16)     1125(2)                               

                                                1450(2)                        

     Temp..degree.F,(hours)              1600(1/4)                             

               (opaque)     (opaque)     (opaque)                              

                                                (opaque)                       

     Dielectric                                                                

     Constant  89.3         161          81.5   144                            

     (R.T., 0.5 MHz)                                                           

     Dissipation                                                               

     Factor %   3.3         0.7           0.2   1                              

     (R.T., 0.5 MHz)                                                           

     Heat Treatment         1575(2)                                            

     Temp. .degree.F,(hours)                                                   

                            (opaque)                                           

     Dielectric                                                                

     Constant               146                                                

     (R.T., 0.5 MHz)                                                           

     Dissipation                                                               

     Factor %               0.2                                                

     (R.T., 0.5 MHz)                                                           

     __________________________________________________________________________

PAR  The foregoing Tables show that there exists an interrelationship between
      proportions of ingredients and molar ratios. Illustratively, composition 1
      with 14.3 mole percent SrO, which is outside the claimed range fails to
      form a glass. The BaO containing compositions parallel the SrO
      compositions. For example, sample 3 with 14.3 mole percent BaO also failed
      to form a glass. Also, compositions 6 and 7 wherein the ratio of Nb.sub.2
      O.sub.5 : RO is outside the range, could not be formed into transparent or
      opaque glass-ceramics. Composition 9, which is just outside the claimed
      upper limit for BaO content could only be formed into an opaque
      glass-ceramic.
PAR  For the lead oxide containing compositions it developed that the behavioral
      characteristics were quite different from the RO containing composition.
      For instance, composition 5, similar in ratios and proportions to
      composition 6 (BaO) and 7 (SrO) could be heat treated to form a
      transparent glass-ceramic having good electrical properties whereas
      compositions 6 and 7 did not form a glass-ceramic.
PAR  Also, compositions 14 and 15, which fell inside the compositional
      limitations, but outside the molar proportion limitations did not form
      transparent glass-ceramics.
PAR  While the glasses and glass-ceramics of the invention have been discussed
      in terms of the sole essential ingredients, it will be evident to those
      skilled in the art that minor amounts, preferably not more that 10% and
      most preferably no more than 5% by weight of other metal oxides which are
      compatible with the glass and glass-ceramic compositions can be used. Care
      should be taken, however, to insure that such other metal oxides do not
      materially affect the basic characteristics of the glasses and
      glass-ceramics of the present invention, including the high dielectric
      constants and dissipation factors and high indices of refraction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermally crystallizable glass suitable for crystallization to a
      glass-ceramic having good dielectric properties and an index of refraction
      in said glass-ceramic in excess of 2.000 and higher than the index of
      refraction of said glass, said glass consisting essentially of the
      following composition:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           35 - 60                                               

     Nb.sub.2 O.sub.5    19 - 35                                               

     PbO                 16 - 35                                               

     ______________________________________                                    

PAL  wherein the molar ratio of Nb.sub.2 O.sub.5 to PbO ranges from about 0.9:1
      to about 1.5:1.
NUM  2.
PAR  2. A glass-ceramic body having good dielectric properties including a
      dielectric constant in excess of 50 (Room temperature 0.5 MHz) and a
      dissipation factor of less than 2%, said glass-ceramic body being formed
      by thermal in situ crystallization of a glass body consisting essentially
      of the following composition:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           39 - 52                                               

     Nb.sub.2 O.sub.5    27 - 41                                               

     RO                  16 - 26                                               

     ______________________________________                                    

PAL  wherein said RO is SrO or BaO and the molar ratio of said Nb.sub.2 O.sub.5
      to said RO is from about 1:3 to about 2:1.
NUM  3.
PAR  3. A glass-ceramic body having good dielectric properties including a
      dielectric constant in excess of 50 (Room temperature 0.5 MHz) and a
      dissipation factor of less than 2%, said glass-ceramic body being formed
      by thermal in situ crystallization of a glass body consisting essentially
      of the following composition:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           35 - 60                                               

     Nb.sub.2 O.sub.5    19 - 35                                               

     PbO                 16 - 35                                               

     ______________________________________                                    

PAL  wherein the molar ratio of Nb.sub.2 O.sub.5 to PbO ranges from about 0.9:1
      to about 1.5:1.
NUM  4.
PAR  4. A transparent glass-ceramic body having an index of refraction in excess
      of 2.000, said glass-ceramic body being formed by thermal in situ
      crystallization of a glass body having a lower index of refraction and
      consisting essentially of the following composition:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           39 - 52                                               

     Nb.sub.2 O.sub.5    27 - 41                                               

     RO                  16 - 26                                               

     ______________________________________                                    

PAL  wherein said RO is SrO or BaO and the molar ratio of said Nb.sub.2 O.sub.5
      to said RO is from about 1:3 to about 2:1.
NUM  5.
PAR  5. A transparent glass-ceramic body having an index of refraction in excess
      of 2.000, said glass-ceramic body being formed by thermal in situ
      crystallization of a glass body having a lower index of refraction and
      consisting essentially of the following composition:
TBL  Ingredient          Mole Percent                                          

     ______________________________________                                    

     GeO.sub.2           35 - 60                                               

     Nb.sub.2 O.sub.5    19 - 35                                               

     PbO                 16 - 35                                               

     ______________________________________                                    

PAL  wherein the molar ratio of Nb.sub.2 O.sub.5 to PbO ranges from about 0.9:1
      to about 1.5:1.
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ABST
PAL  Faraday rotation glasses exhibiting a high Verdet constant and a low
      susceptability toward devitrification are formed by introducing a high
      quantity of rare earth oxides into a borate glass base. The glasses can be
      melted under standard environmental conditions and may be made on a large
      scale.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to Faraday rotation glasses and is more
      particularly concerned with a new Faraday rotation glass which exhibits a
      high Verdet constant and low susceptibility toward devitrification.
PAR  Some optical materials are themselves optically active, that is, they
      rotate the plane of polarization of polarized light passing through them.
      Glass and some other similar substances are devoid of this property in
      their normal condition, but may exhibit this property when placed in a
      strong magnetic field. This property is called the Faraday effect. The
      polarized light must traverse the substance along the magnetic lines of
      force. The direction of rotation of the plane of polarization is reversed
      if the field is reversed but is the same with respect to the observer
      whether the light is going or coming, so that a beam passing through the
      material in one direction and reflected back through has its rotation
      doubled. This is in contrast with the normal optically active material
      wherein the double pass through the optically active material serves to
      negate the rotational effect in the material.
PAR  Glasses exhibiting the Faraday rotation effect have found considerable use
      in various optical areas, for example, as high speed photographic shutters
      and in various laser optical systems. As the uses of laser materials have
      increased in recent years the interest in Faraday rotating materials has
      likewise increased.
PAR  It is known that cerium containing glasses produce the Faraday rotation
      effect and that the specific rotational capabilities of the cerium glasses
      vary essentially linearly with a concentration of the cerium ion. (See
      U.S. Pat. No. 3,711,264). However, many of these known glasses exhibiting
      the Faraday rotation effect are cumbersome and extremely difficult to
      fabricate, particularly on a large scale. Another common host glass system
      for Faraday rotation glasses is the heavy lead silicate. This system
      requires ceramic crucibles for melting. Consequently, the resulting glass
      is very inhomogeneous as the glass tends to attack the ceramic crucible.
      In addition, this attack may cause submicroscopic metallic or semimetallic
      inclusions within the host glass material. A second conventional system
      for Faraday rotation glasses is the terbium-aluminasilicate glasses. (See
      U.S. Pat. No. 3,484,152). These glasses require high melting temperatures
      and are very limited as to the size of the melt due to devitrification
      problems. Terbium metaphosphate glasses also require ceramic crucibles and
      also have a strong tendency toward devitrification. Rapid quenching of the
      melt of these glasses is essential and can only be achieved for specimens
      whose geometry allows the center of the glass specimen to cool rapidly.
      This necessarily limits the production of these glasses to thin discs. In
      addition, a wellcontrolled, reducing atmosphere is absolutely essential to
      obtain the proper valence of the cerium ions in the case of cerium
      metaphosphate glasses.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a glass
      material exhibiting the Faraday rotation effect which is easy to produce
      in relatively large quantities and in a wide choice of geometries.
PAR  Briefly, the invention in its broadest aspect comprises the formation of a
      Faraday rotation glass exhibiting a high Verdet constant and low
      susceptibility toward devitrification which consists essentially of the
      following constituents as expressed in weight percent:
TBL  SiO.sub.2              0-12                                               

     B.sub.2 O.sub.3       10-42                                               

     Alkali metal oxide    0-1                                                 

     Rare earth oxide      25-57                                               

     Alkaline earth oxide   8-24                                               

     ZrO.sub.2             1-7                                                 

     WO.sub.3              0-7                                                 

     Al.sub.2 O.sub.3      0-2                                                 

     Fining Agent           0-0.5                                              

PAL  where the alkaline earth oxide is selected from the group consisting of
      CaO, BaO, ZnO, and combinations thereof, the rare earth oxide is selected
      from the group consisting of Tb.sub.4 O.sub.7 and the combination of
      Tb.sub.4 O.sub.7 and La.sub.2 O.sub.3, the Tb.sub.4 O.sub.7 being present
      in an amount of at least 20 weight percent, and the alkali metal oxide
      being selected from the group consisting of Na.sub.2 O, K.sub.2 O, and
      combinations thereof.
PAR  Further objects, advantages, and features of the invention will be apparent
      from the details of the following specification.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Glasses according to the present invention may be prepared in conventional
      glass makers' platinum crucibles using standard glass making techniques.
      The glasses of the present invention consist essentially of the
      constituents expressed in weight percent in the table above. The following
      table provides the composition in weight percent for nine glasses,
      examples A through I, according to the present invention, which exhibit
      the Faraday rotation effect and display a low susceptibility toward
      devitrification.
TBL  __________________________________________________________________________

     A         B    C    D    E    F    G    H    I    Range                   

     __________________________________________________________________________

     SiO.sub.2                                                                 

          4.7  2.4  6.0  7.8  --   5.4  5.5  11.7 5.5  0-12                    

     B.sub.2 O.sub.3                                                           

          34.6 40.1 40.5 36.8 37.9 39.8 40.0 11.7 40.0 10-42                   

     CaO  0.4  5.8  17.3 13.5 --   9.4  9.1  1.6  9.1  0-18                    

     BaO  13.7 --   --   5.7  --   --   --   17.2 --   0-18                    

     ZnO  --   5.7  --   3.0  11.1 --   --   --   --   0-12                    

     Tb.sub.4 O.sub.7                                                          

          25.5 41.7 30.2 25.0 35.4 41.5 41.5 44.9 35.5 20-45                   

     La.sub.2 O.sub.3                                                          

          12.0 --   --   3.6  7.7  --   --   9.7  3.0  0-20                    

     Al.sub.2 O.sub.3                                                          

          --   --   --   --   --   --   --   1.6  --   0-2                     

     ZrO.sub.2                                                                 

          3.0  4.3  6.0  4.6  4.5  3.7  3.9  1.6  3.9  1-7                     

     Na.sub.2 O                                                                

          0.1  --   --   --   --   0.1  --   --   --   0-1                     

     K.sub.2 O                                                                 

          --   --   --   --   --   0.1  --   --   --   0-1                     

     WO.sub.3                                                                  

          6.0  --   --   --   3.4  --   --   --   3.9  0-7                     

     Fining                                                                    

     Agent                                              0-0.5                  

     __________________________________________________________________________

PAR  Various melts of the foregoing glasses may contain up to 0.5 weight percent
      of a typical fining agent such as As.sub.2 O.sub.3 or Sb.sub.2 O.sub.3 in
      order to combat problems with respect to bubble formation in the resulting
      glass.
PAR  The glass of Example G was prepared from a batch which consisted of 269.5
      grams of glass making sand, 1960.0 grams of boron oxide, 796.25 grams of
      calcium carbonate, 2033.5 grams of terbium oxide and 191.1 grams of
      zirconium oxide. The batch as so composed was thoroughly mixed prior to
      melting. A platinum crucible having a capacity of approximately 2.5 liters
      was preheated in a standard electric furnace to a temperature of
      approximately 1482.degree.C. The above defined batch was then transferred
      to the preheated crucible in portions of approximately 400 to 500 grams.
      After the batch was completely transferred, the temperature of the furnace
      was raised to approximately 1566.degree.C to insure complete melting of
      the constituents. The temperature was then lowered to approximately
      1371.degree.C at which temperature the glass was stirred to homogenize the
      melt. After the stirrer was removed, the temperature was lowered to
      1316.degree.C to condition the melt. The resulting glass was cast into an
      iron mold preheated to approximately 482.degree.C. The glass sample, so
      cast, together with the iron mold were transferred to an annealing furnace
      and annealed according to the standard techniques. The resulting glass has
      the following properties:
TBL  Strain point        645.degree.C                                          

     Annealing point     664.degree.C                                          

     Softening point     743.degree.C                                          

     Density point       3.80 grams/cm.sup.3                                   

     Verdet Constant at  0.05 min/Oe-cm                                        

     1.06 micrometers                                                          

PAR  Other glasses according to the invention including those set forth in the
      table are formed under similar conditions.
PAR  One of the principal advantages of glasses according to the present
      invention is that the samples as cast from the melt, are not restricted to
      having a precise geometrical configuration. Therefore, the designer is
      more easily able to utilize the material to produce a polarization
      rotating device having specific required properties. That is, if a sample
      of glass is required to rotate the direction of polarization a specified
      number of degrees, that problem may be achieved, within space limitations,
      now by simply extending the length of the specimen of Faraday rotation
      glass. Since such samples may be readily constructed, the increased cost
      in producing such a device is minimal. In the prior art Faraday rotation
      glasses, one was required to gang a number of discs of the expensive and
      hard to produce Faraday rotation glass together or, to increase the
      strength of the magnetic field imposed upon the Faraday rotation glass. An
      increase in strength of the magnetic field does not, however, come
      inexpensively either in terms of cost or in space occupied by the
      equipment. Furthermore, the stronger the magnetic field utilized, the
      greater the extent and effect of this field within the remainder of the
      piece of equipment. Such strong magnetic fields can have detrimental
      effects upon various pieces of operating equipment. Therefore, the
      strength of the magnetic field which may be applied to Faraday rotation
      devices in many instruments is effectively limited.
PAR  The glasses here defined are based on a SiO.sub.2 --B.sub.2 O.sub.3 glass
      system. These glasses have a high susceptibility for rare earth oxides.
      Therefore, an additional control on the Faraday rotation effect is
      achieved by the ability to vary the rare earth ion concentration widely
      within the glasses of the present invention.
PAR  In addition, the glasses may also be stabilized with respect to
      devitrification by the introduction of minor amounts of WO.sub.3.
PAR  The range of temperatures required for melting and fining the glasses of
      the present invention allows the use of standard furnaces which are heated
      by silicon carbide resistance elements. Depending upon the specific
      composition chosen, the melting temperatures range from approximately
      1475.degree.C to over 1500.degree.C. Typically, the refining temperatures
      should be chosen approximately 60.degree.C higher than the melting
      temperatures and the casting temperatures are preferably 60.degree. to
      170.degree.C lower than the melting temperature. The glasses are
      preferably cast into preheated molds and annealed.
PAR  The final column in the table above, provides the range of concentration
      for each of the individual constituents found in glasses according to the
      present invention. Preferably, the glasses according to the present
      invention should consist essentially of the following constituents as
      expressed in weight percent:
     SiO.sub.2              0-12                                               

     B.sub.2 O.sub.3       10-42                                               

     Alkali metal oxide    0-1                                                 

     Alkaline earth oxide   8-24                                               

     Rare earth oxide      25-57                                               

     ZrO.sub.2             1-7                                                 

     WO.sub.3              0-7                                                 

     Al.sub.2 O.sub.3      0-2                                                 

     Fining Agent           0-0.5                                              

PAL  where the alkaline earth oxide is selected from the group consisting of
      CaO; the combination of CaO and BaO; the combination of CaO and ZnO; the
      combination of CaO, BaO, and ZnO; and ZnO which when present alone is in
      an amount of at least 10 weight percent, the rare earth oxide is selected
      from the group consisting of Tb.sub.4 O.sub.7 and the combination of
      Tb.sub.4 O.sub.7 and La.sub.2 O.sub.3, the Tb.sub.4 O.sub.7 being present
      in an amount in the range of 20 to 45  weight percent, the alkali metal
      oxide is selected from group consisting of Na.sub.2 O and the combination
      of Na.sub.2 O and K.sub.2 O, the fining agent is selected from the group
      consisting of As.sub.2 O.sub.3, Sb.sub.2 O.sub.3, and combinations
      thereof, when the amount of CaO present is less than 3 weight percent,
      WO.sub.3 is required to be present, and the total amount of Al.sub.2
      O.sub.3 and ZrO.sub.2 is at least 3 weight percent.
PAR  While there has been shown and described what are considered to be
      preferred embodiments of the present invention, it will be obvious to
      those skilled in the art that various changes and modifications may be
      made therein without departing from the invention as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A Faraday rotation glass exhibiting a high Verdet constant and low
      susceptibility toward devitrification consisting essentially of the
      following constituents as expressed in weight percent:
TBL  SiO.sub.2              0-12                                               

     B.sub.2 O.sub.3       10-42                                               

     Alkali metal oxide    0-1                                                 

     Rare earth oxide      25-57                                               

     Alkaline earth oxide   8-24                                               

     ZrO.sub.2             1-7                                                 

     WO.sub.3              0-7                                                 

     Al.sub.2 O.sub.3      0-2                                                 

     Fining Agent           0-0.5                                              

PAL  where the alkaline earth oxide is selected from the group consisting of
      CaO, BaO, ZnO, and combinations thereof, the rare earth oxide is selected
      from the group consisting of Tb.sub.4 O.sub.7, and the combination of
      Tb.sub.4 O.sub.7 and La.sub.2 O.sub.3, the Tb.sub.4 O.sub.7 being present
      in an amount of 20-45 weight percent, and the alkali metal oxide being
      selected from the group consisting of Na.sub.2 O, K.sub.2 O, and
      combinations thereof.
NUM  2.
PAR  2. A Faraday rotation glass according to claim 1 wherein the constituents
      are present according to the following ranges as expressed in weight
      percent:
TBL         SiO.sub.2     0-12                                                 

            B.sub.2 O.sub.3                                                    

                         10-42                                                 

            CaO           0-18                                                 

            BaO           0-18                                                 

            ZnO           0-12                                                 

            Tb.sub.4 O.sub.7                                                   

                         20-45                                                 

            La.sub.2 O.sub.3                                                   

                          0-20                                                 

            Al.sub.2 O.sub.3                                                   

                         0-2                                                   

            ZrO.sub.2    1-7                                                   

            Na.sub.2 O   0-1                                                   

            K.sub.2 O    0-1                                                   

            WO.sub.3     0-7                                                   

            As.sub.2 O.sub.3                                                   

                          0-0.5                                                

            Sb.sub.2 O.sub.3                                                   

                          0-0.5                                                

NUM  3.
PAR  3. A Faraday rotation glass according to claim 2 wherein the constituents
      are present as follows as expressed in weight percent:
TBL         SiO.sub.2     5.5                                                  

            B.sub.2 O.sub.3                                                    

                          40.0                                                 

            CaO           9.1                                                  

            Tb.sub.4 O.sub.7                                                   

                          41.5                                                 

            ZrO.sub.2     3.9                                                  

NUM  4.
PAR  4. A Faraday rotation glass according to claim 2 wherein the constituents
      are present as follows as expressed in weight percent:
TBL         SiO.sub.2     5.5                                                  

            B.sub.2 O.sub.3                                                    

                          40.0                                                 

            CaO           9.1                                                  

            Tb.sub.4 O.sub.7                                                   

                          35.5                                                 

            WO.sub.3      3.0                                                  

            La.sub.2 O.sub.3                                                   

                          3.0                                                  

            ZrO.sub.2     3.9                                                  

NUM  5.
PAR  5. A Faraday rotation glass exhibiting a high Verdet constant and low
      susceptibility toward devitrification consisting essentially of the
      following constituents as expressed in weight percent:
TBL  SiO.sub.2              0-12                                               

     B.sub.2 O.sub.3       10-42                                               

     Alkali metal oxide    0-1                                                 

     Alkaline earth oxide   8-24                                               

     Rare earth oxide      25-57                                               

     ZrO.sub.2             1-7                                                 

     WO.sub.3              0-7                                                 

     Al.sub.2 O.sub.3      0-2                                                 

     Fining Agent           0-0.5                                              

PAL  where the alkaline earth oxide is selected from the group consisting of
      CaO; the combination of CaO and BaO; the combination of CaO and ZnO; the
      combination of CaO, BaO and ZnO; and ZnO which when present alone is in an
      amount of at least 10 weight percent, the rare earth oxide is selected
      from the group consisting of Tb.sub.4 O.sub.7 and the combination of
      Tb.sub.4 O.sub.7 and La.sub.2 O.sub.3, the Tb.sub.4 O.sub.7 being present
      in an amount in the range of 20 to 45 weight percent, the alkali metal
      oxide is selected from the group consisting of Na.sub.2 O and the
      combination of Na.sub.2 O and K.sub.2 O, the fining agent is selected from
      the group consisting of As.sub.2 O.sub.3, Sb.sub.2 O.sub.3, and
      combinations thereof, when the amount of CaO present is less than 3 weight
      percent, WO.sub.3 is required to be present, and the total amount of
      Al.sub.2 O.sub.3 and ZrO.sub.2 is at least 3 weight percent.
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PAL  The water resistance of gypsum products, such as gypsum wallboard, is
      improved by incorporating in the composition from which the gypsum product
      is made polyvinyl alcohol and wax-asphalt emulsion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to water-resistant gypsum products. More
      particularly, this invention relates to improving the water resistance of
      gypsum products by incorporating into the composition from which the
      product is made additives which impart water-resistant properties to the
      gypsum product.
PAR  Gypsum products are normally produced by intimately mixing water with
      powdered anhydrous calcium sulfate or calcium sulfate hemihydrate
      (CaSO.sub.4.1/2 H.sub.2 O), often referred to as calcined gypsum, and
      thereafter allowing this mixture to 4or set into relatively hard calcium
      sulfate dihydrate (CaSO.sub.4.2H.sub.2 O). An example of a widely used
      gypsum product is gypsum wallboard, also commonly referred to as dry wall,
      gypsum board, and plaster board, which comprises a set gypsum core
      sandwiched between 2 paper liners which form the other surfaces of the
      wallboard. Gypsum wallboard is widely used as a structural building panel.
PAR  A characteristic of set gypsum is that it has a tendency to absorb water.
      (For example, the gypsum core of a commercially available conventional
      wallboard can absorb as applications wallboard wallboard much as 60 wt. %
      water when immersed therein at a temperature of 70.degree.F for about 2
      hours.) The absorption of water by the gypsum product has a tendency to
      reduce the strength of the product. Although there are numerous applicaton
      where the characteristic of set gypsum of set gypsum to absorb water is
      not detrimental to the satisfactory use of the product, there are other
      applications where the water absorption characteristic is detrimental.
      These, of course, are applications in which the gypsum wallboard comes
      into contact with water. For example, gypsum wall board is used on the
      exterior of buildings where it serves as an underlying surface which is
      covered with such materials as aluminum or wood siding, or with cement
      stucco. (Gypsum wall board used in this manner is often referred to as
      "sheathing".) Also, gypsum wallboard is often used in bathrooms as an
      underlying surface which is covered with plastic or ceramic tile. (Gypsum
      wallboard used in this manner is often referred to as "tile-backing
      board".) Use of gypsum wallboard in such applications can result in the
      deterioration of the strength of the wallboard if steps are not taken to
      make the wallboard water-resistant.
PAR  This invention relates to the manufacture of water resistant gypsum
      products by incorporating in the composition from which the gypsum product
      is made additives which impart water-resistant properties to the product.
PAC  REPORTED DEVELOPMENTS
PAR  Many additives have been reported as being effective for imparting
      water-resistant properties to gypsum products. Examples of some
      water-resistant additives include: metallic resinates (U.S. Pat. No.
      1,975,787), wax or asphalt or mixtures thereof (U.S. Pat. No. 2,198,776);
      a mixture of wax and/or asphalt and also cornflower and potassium
      permanganate (U.S. Pat. No. 2,269,457); water insoluble thermoplastic
      organic materials such as petroleum and natural asphalt, coal tar, and
      thermoplastic synthetic resins such as polyvinyl acetate, polyvinyl
      chloride and a copolymer of vinyl acetate and vinyl chloride (U.S. Pat.
      No. 2,483,806); a mixture comprising an alkali metal rosin soap, a water
      soluble alkaline earth metal salt, and residual fuel oil (U.S. Pat. No.
      2,597,901); a mixture comprising petroleum wax in the form of an emulsion
      and either residual fuel oil, pine tar or coal tar (U.S. Pat. No.
      2,604,411); a mixture comprising residual fuel oil and rosin (U.S. Pat.
      No. 2,610,130); aromatic isocyanates and diisocyanates (U.S. Pat. No.
      3,333,974); and organohydrogenpolysiloxanes (U.S. Pat. No. 3,455,710).
PAR  The use of such water-resistant additives has one or more shortcomings. For
      example, it has been found that the use of heretofore known
      water-resistant additives tends to impart to gypsum products varying
      degrees of water resistance, that is, the products do not consistently
      have a uniform degree of water resistance. It has been found also that
      certain of the emulsions disclosed above are not stable, that is, the
      emulsion tends to break and solids settle therefrom thereby rendering the
      material unusable. Also, some of the above mentioned water-resistant
      additives tend to retard the set time of the gypsum composition. In
      addition, some of the above mentioned additives are relatively costly and
      must be used in relatively large amounts in order to provide the desired
      degree of water resistance. The cost involved in using such additives is a
      significant percentage of the overall cost of the gypsum product.
PAR  A widely used water-resistant additive for gypsum compositions, and other
      types of cementitious products, consists of a wax-asphalt emulsion (see
      U.S. Pat. Nos.  2,432,963 and 2,464,759). It is known also to add to the
      wax-asphalt emulsion of the general type disclosed in the aforementioned
      patents other materials which are described as being effective to further
      improve the water-resistant properties of a set gypsum product. Examples
      of such materials include: potassium sulfate, alkali and alkaline earth
      aluminates, and Portland cement (see U.S. Pat. Nos. 2,526,537 and
      2,526,538). Also, U.S. Pat. No. 2,699,414 discloses the preparation of a
      wax-asphalt emulsion by adding to a blend of molten wax and asphalt an
      oil-soluble, water-dispersible emulsifying agent, and pouring the
      resulting blend into a solution of casein which contains, as a dispersing
      agent, an alkali sulfonate of a polyarylmethylene condensation product.
PAR  A problem encountered in utilizing a wax-asphalt emulsion in gypsum
      compositions is that it has a tendency to retard the hydration of the
      gypsum. By way of background, it is noted that it is conventional to add
      to gypsum set accelerators, that is, materials which decrease the time it
      takes for the gypsum to set. In general, wax-asphalt emulsions contain
      organic emulsifying agents, such as proteinaceous materials, which retard
      the hydration of gypsum. When wax-asphalt emulsion is added to a gypsum
      composition, a set accelerator, in an amount over and above that normally
      used, is generally added to the composition in order to counteract the
      retarding effect of the emulsion. One popularly used set accelerator is
      ground or powdered gypsum dihydrate (CaSO.sub.4 .2H.sub.2 O). However, it
      is known that the water-resistant properties of gypsum products are
      impaired by and are inversely proportional to the amount of powdered
      gypsum dihydrate used to accelerate setting time. Thus, the use of such a
      set accelerator to offset the set-retarding effects caused by the
      wax-asphalt emulsion results in a decrease in the water-resistant
      properties of the gypsum product. Furthermore, in plant production of
      gypsum wallboard it is not uncommon to find that the water-resistant
      properties of the wallboard are erratic and unpredictable when utilizing
      wax-asphalt emulsion as the water-resistant additive. This is generally
      attributed to commercially available wax-asphalt emulsions having
      different emulsifying agents present in varying amounts. Since it is
      important in an industrial manufacturing process to maintain the time
      setting of the gypsum substantially constant, adjustments in the amount of
      set accelerator added to the composition must be made to counteract the
      set-retarding effects produced by the emulsion. The use of varying amounts
      of the set-accelerator results in the production of gypsum products which
      have varying degrees of water resistance, and can result in the production
      of a product which has water-resistant properties below accepted
      standards.
PAR  Another material that has been disclosed as being effective in imparting
      improved moisture resistance to gypsum products is polyvinyl alcohol, as
      disclosed in U.S. Pat. No. 3,649,319. This patent discloses a medical cast
      prepared from a composition containing plaster of Paris and polyvinyl
      alcohol or a mixture of polyvinyl alcohol and a minor amount of polyvinyl
      acetate. The patent discloses that the best moisture resistance is
      obtained by utilizing completely hydrolyzed polyvinyl acetate having a
      viscosity of 70 cps at 20.degree.C. (It is noted that polyvinyl alcohol is
      made by hydrolyzing polyvinyl acetate and thus, completely hydrolyzed
      polyvinyl acetate is in effect 100% polyvinyl alcohol.) In general,
      industry standards for water-resistant wallboard are relatively quite high
      compared to the water-resistant properties desired in a medical cast. It
      is believed that polyvinyl alcohol has not been used as a water-resistant
      additive in gypsum wallboard because it has been generally considered to
      be relatively water sensitive compared to water-resistant additives such
      as wax-asphalt emulsions.
PAR  It is an object of this invention to provide improved means for preparing
      water-resistant gypsum products, including particularly gypsum wallboard.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that a number of
      important advantages are realized and gypsum products having excellent
      water-resistant properties can be produced by including in a gypsum
      composition both polyvinyl alcohol and wax-asphalt emulsion. The use of
      both of these materials in a gypsum composition has resulted in the
      unexpected and surprising discovery that products made therefrom have
      water-resistant properties that are better than products utilizing either
      polyvinyl alcohol or wax-asphalt emulsion alone. By way of brief
      illustration, is noted that a gypsum product made from a composition
      containing 0.4 wt. % polyvinyl alcohol and 7 wt. % wax-asphalt emulsion
      was found to absorb only 1.2 wt. % water, whereas a product made from a
      gypsum composition containing as high as 1 wt. % polyvinyl alcohol (and no
      wax-asphalt emulsion) was found to absorb 61% water, and further, a
      product made from a gypsum composition containing 10 wt. % wax-asphalt
      emulsion (and no polyvinyl alcohol) was found to absorb 12.3 wt. % water.
      Additional illustrations of the unexpected water-resistant properties
      afforded by the composition of the present invention appear in examples
      below.
PAR  The amounts of polyvinyl alcohol and wax-asphalt emulsion comprising the
      composition of the present invention can be as little as about 0.05 wt. %
      and about 2 wt. % respectively. Unless otherwise stated, the term "wt. %"
      when used herein and in the claims means weight percent based on the total
      weight of the ingredients of the composition from which the set gypsum
      product is made, said ingredients including the water of the wax-asphalt
      emulsion, but not including additional amounts of water that are added to
      the gypsum composition for forming an aqueous slurry thereof.
PAR  A number of important advantages are afforded by the present invention. For
      example, lower amounts of polyvinyl alcohol and wax-asphalt emulsion can
      be used to impart a desired degree of water resistance to a gypsum product
      than if each of these additives is used individually. The relative cost of
      these additives and the degree of improvement in water resistance obtained
      by using both of them is such that the cost of imparting a desired degree
      of water resistance to the gypsum product can be reduced. Another
      advantage of the present invention is that since desired water-resistant
      properties can be obtained by using less wax-asphalt emulsion than was
      typically the case heretofore, there is less of a tendency for the
      wax-asphalt emulsion to retard the hydration of gypsum and thus, less of a
      need to incorporate in the gypsum composition additional amounts of set
      accelerator. In the overall picture, it has been found that the
      water-resistant properties of gypsum wallboard made on an industrial scale
      from the composition of the present invention are more uniform, and less
      erratic and unpredictable.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The major ingredient of the composition of the present invention is
      calcined gypsum that is capable of hydrating with water to form set
      gypsum.
PAR  Polyvinyl alcohol, one of the water-resistant additives comprising the
      composition of the present invention, is a well known commercially
      available material. Speaking generally, polyvinyl alcohol is prepared by
      hydrolyzing polyvinyl acetate. The source of the polyvinyl alcohol is
      preferably a substantially completely hydrolyzed form of polyvinyl
      acetate, that is, about 97 to 100% hydrolyzed polyvinyl acetate. It has
      been observed that reduced degrees of water-resistant properties are
      obtained when using a less completely hydrolyzed polyvinyl acetate, for
      example, about 87% hydrolyzed polyvinyl acetate. The polyvinyl alcohol
      should be cold-water insoluble and soluble in water at elevated
      temperatures, for example, at temperatures of about 140.degree. to about
      205.degree.F. In general, a 4 wt. % water solution of polyvinyl alcohol at
      20.degree.C will have a viscosity of about 25 to about 70 cp as determined
      by means of the Hoeppler falling ball method. Commercially available
      polyvinyl alcohols for use in the composition of the present invention are
      available from E. I. du Pont de Nemours and Company, sold under the
      trademark "Elvanol" and from Monsanto Co., sold under the trademark
      "Gelvatol". Examples of such products are Elvanol, Grades 71-30, 72-60,
      and 70-05, and Gelvatol, Grades 1-90, 3-91, 1-60 and 3-60.
PAR  The wax-asphalt emulsion for use in the composition of the present
      invention is also a well known material which is commercially available.
      Such emulsions are described in U.S. Pat. No. 2,464,759 to Camp and other
      of the patents referred to hereinabove. In general, the wax used in the
      emulsion is a paraffin or microcrystalline wax, but other waxes can be
      used also. The asphalt in general will have a softening point of about
      115.degree.F to about 185.degree.F, as determined by the ring and ball
      method. Various methods for preparing the wax-asphalt emulsion have been
      reported. For example, the wax-asphalt emulsion can be prepared by
      blending molten wax and molten asphalt in an aqueous medium which contains
      suitable emulsifying or dispersing agents. Or an aqueous emulsion of wax
      can be combined with an aqueous emulsion of asphalt. Although it is
      preferred to add an emulsion containing both the wax and asphalt to the
      composition of the present invention, it is also possible to add thereto a
      wax emulsion and an asphalt emulsion to the composition as described in
      the aforementioned Camp patent. The total amount of wax and asphalt in the
      aqueous emulsion will generally comprise about 50 to about 60 wt. % of the
      aqueous emulsion.
PAR  The weight ratio of asphalt to wax can vary from about 1 to 1 to about 10
      to 1. Particularly good results have been obtained with a wax-asphalt
      emulsion that contains about 3 parts of asphalt to about 1 part of wax.
      Commercially available wax asphalt emulsions that can be used in the
      composition of the present invention are sold by United States Gypsum Co.
      (Wax Emulsion), The Flintkote Co. (No. 52 Emulsion), and Douglas Oil Co.
      (Docal No. 1034).
PAR  As mentioned above, the amount of polyvinyl alcohol and wax-asphalt
      emulsion used in the composition of the present invention should be at
      least about 0.05 wt. % and about 2 wt. % respectively. If lower amounts
      are used, little improvement in water-resistant properties are realized.
      The preferred amounts of polyvinyl alcohol and wax-asphalt emulsion are
      about 0.15 to about 0.4 wt. % and about 3.0 to about 5.0 wt. %
      respectively. Higher amounts of each of the additives can be used.
      However, the small degree of improvements in water resistance attained by
      using amounts of polyvinyl alcohol and wax-asphalt emulsion in excess of
      about 1 wt. % and 8 wt. % respectively does not appear to justify using
      amounts in excess of these figures.
PAR  The amount of gypsum used in the composition can vary over a wide range and
      generally will comprise about 87 to about 98 wt. % of the composition,
      depending on the particular gypsum product made from the composition. A
      recommended wallboard formulation comprises about 93 to about 96 wt. %
      gypsum.
PAR  In addition to the gypsum and water-resistant additives described above,
      the composition can also contain other conventional additives such as set
      accelerators, foaming agents, dispersants and core adhesives which
      increase the strength of the bond between the paper liners and the gypsum
      core. Such materials can be used in conventional amounts.
PAR  The composition from which the set gypsum product is made will generally
      comprise an aqueous slurry of gypsum and the water-resistant additives
      described above. The wax-asphalt emulsion can be added directly to the
      gypsum slurry. The polyvinyl alcohol, which as mentioned above is
      cold-water insoluble, should be added to the composition in the form of an
      aqueous solution. The solution can be prepared by heating a mixture of the
      polyvinyl alcohol and water to a temperature at which the polyvinyl
      alcohol dissolves. Temperatures of about 140.degree.F to about
      205.degree.F are exemplary. The polyvinyl alcohol solution can be added to
      the aqueous gypsum slurry or combined with the wax-asphalt emulsion to
      form a mixture which is added to the aqueous gypsum slurry. An aqueous
      mixture of the wax-asphalt emulsion and polyvinyl alcohol solution for
      addition to the aqueous gypsum slurry will generally comprise about 3 to
      about 12 parts by weight of polyvinyl alcohol and about 88 to about 97
      parts by weight of wax-asphalt emulsion, and preferably comprises about 5
      to about 7 parts by weight of polyvinyl alcohol and about 93 to about 95
      parts by weight of wax-asphalt emulsion.
PAR  The term "wallboard" when used herein is intended to include panel-type
      gypsum products, including sheathing and tile-backing board.
PAR  In addition to preparing wallboard from the composition of the present
      invention, other gypsum products such as road patching compound and floor
      topping mixture can be made also. Water-resistant gypsum products
      comprising the composition of the present invention can be made according
      to conventional and available techniques.
DETD
PAC  EXAMPLES
PAR  Examples below are illustrative of compositions within the scope of the
      present invention. Comparative examples are set forth also.
PAR  Tests were conducted to compare the water resistance of set gypsum cubes
      formed from aqueous slurries of calcined gypsum (CaSO.sub.4.1/2 H.sub.2 O)
      and containing either polyvinyl alcohol or wax-asphalt emulsion or a
      mixture of said alcohol and said emulsion. Unless otherwise stated, the
      set gypsum cubes, which were 2 inches .times. 2 inches .times. 2 inches,
      were prepared as follows:
PA1  1. Polyvinyl alcohol and/or wax-asphalt emulsion and calcined gypsum were
      mixed with an amount of water such that the dry densities of the set cubes
      were within the range of about 48 to about 49.5 pounds per cubic foot.
      (This density range corresponds to that of commercially available one-half
      inch sheathing weighing 1,950 to 2,000 pounds per thousand square feet.)
      The compositions from which the set cubes were made contained also set
      accelerators, namely about 0.4 wt. % potassium sulfate and about 0.3 to
      about 0.7 wt. % of dihydrate gypsum. (The amounts of dihydrate gypsum used
      in the composition were varied in order to provide a uniform setting time
      of about 81/2  minutes.) The amounts of polyvinyl alcohol and wax-asphalt
      emulsion used in preparing the various test samples are set forth in Table
      1 below.
PA1  2. Compositions as described above were formed into cubes by pouring the
      slurry into a rigid brass mold.
PA1  3. The setting time was approximately 81/2 minutes, and thereafter the
      cubes were removed from the mold and were oven-dried to a constant weight
      at 110.degree.F.
PA1  4. the dry weights of the cubes were determined after a cooling period of
      about 11/2 hours.
PA1  5. The set cubes were then immersed in water at 70.degree.F for 2 hours.
      After withdrawing the cubes from the water, the percent water absorption
      thereof was calculated according to the formula:
EQU  (wet wt. after immersion in water) - (dry wt.)/dry weight .times. 100 = %
      water absorption
PAR  The wax-asphalt emulsion used in preparing the set gypsum cubes was
      approximately 57 wt. % solids of which 14 wt. % was paraffin wax and 43
      wt. % was asphalt. The polyvinyl alcohol used in preparing the set gypsum
      cubes was Elvanol Grade 71-30, powdered polyvinyl alcohol having a bulk
      density of 25-27 pounds/cubic foot and a specific gravity of 1.3. The
      polyvinyl alcohol was added to the composition in the form of a solution
      that was prepared by adding 1.65 to 5 wt. % of polyvinyl alcohol to water
      at about room temperature, and then heating the resultant water slurry
      with agitation, to a temperature of about 194.degree.F. In those examples
      which illustrate compositions containing both polyvinyl alcohol and
      wax-asphalt emulsion, a solution of the polyvinyl alcohol and said
      emulsion were first combined, and the resulting mixture was added to the
      gypsum slurry.
PAR  There is set forth in Table 1 below the results obtained following the
      procedure described above. It is noted that Example 1 in Table 1 shows the
      % water absorption of a control composition which contains neither
      polyvinyl alcohol nor wax-asphalt emulsion.
TBL                Table 1                                                     

     ______________________________________                                    

                                % Water                                        

     Example                                                                   

            Additive in Gypsum Cube                                            

                                Absorption                                     

     No.    wt. % pval* wt. % WAE** of Gypsum Cube                             

     ______________________________________                                    

     1      None        None        63.2                                       

     2      0.3         None        63.2                                       

     3      1.0         None        61.0                                       

     4      None        2.5         56.0                                       

     5      None        6.0         20.0                                       

     6      None        10.0        12.3                                       

     7      0.05        5.0         44.9                                       

     8      0.10        3.0         46.0                                       

     9      0.20        5.0          3.8                                       

     10     0.30        7.0          1.4                                       

     11     0.40        7.0          1.2                                       

     ______________________________________                                    

      *polyvinyl alcohol                                                       

      **wax-asphalt emulsion                                                   

PAR  The examples of Table 1 strikingly show how the use of the combination of
      polyvinyl alcohol and wax-asphalt emulsion in a set gypsum composition can
      greatly improve the water resistance thereof. A comparison of Example 1
      with Examples 2 and 3 shows that the use of polyvinyl alcohol alone, even
      in an amount as high as 1%, has no or very little effect on the water
      resistance of the set gypsum product. A comparison of Example 1 with
      Examples 4, 5 and 6 shows that the use of increasing amounts of the
      wax-ashpalt emulsion alone improves the water resistance of the gypsum
      cube, with the % water absorption being 12.3% when using 10% of the
      emulsion. However, a comparison of Examples 6 and 11 shows that the use of
      as little as 0.4 % polyvinyl alcohol in combination with 7% wax-asphalt
      emulsion in the composition of Example 11 (30% less emulsion than used in
      Example 6) results in a decrease in water absorption of  90%.
PAR  In summary it can be said that the present invention affords improved means
      for imparting water resistance to gypsum products wherein a high degree of
      water resistance can consistently be attained at relatively low cost while
      avoiding certain disadvantages encountered in the use of heretofore known
      water-resistant additives.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition, capable of being set by water into a water-resistant
      gypsum product, comprising gypsum, at least about 0.15 wt. % of polyvinyl
      alcohol and at least about 3 wt. % of wax-asphalt emulsion, wherein the
      total amount of said polyvinyl alcohol and said wax-asphalt emulsion
      present in the composition is such that the water-resistant properties of
      said gypsum product are greater than a gypsum product prepared from a like
      gypsum composition which contains one of said polyvinyl alcohol or said
      wax-asphalt emulsion in an amount the same as the figure of said total
      amount.
NUM  2.
PAR  2. A composition according to claim 1 wherein the amount of polyvinyl
      alcohol is no greater than about 1 wt. % and the amount of wax-asphalt
      emulsion is no greater than about 8 wt. %.
NUM  3.
PAR  3. A composition according to claim 2 comprising about 0.15 to about 0.4
      wt. % polyvinyl alcohol and about 3 to about 5 wt. % of wax-asphalt
      emulsion.
NUM  4.
PAR  4. A composition according to claim 2 wherein the amount of gypsum in the
      composition is at least about 87 wt. % and no greater than about 96 wt. %.
NUM  5.
PAR  5. A composition according to claim 3 wherein the amount of gypsum in the
      composition is about 93 to about 96 wt. %.
NUM  6.
PAR  6. A process for preparing a set, water-resistant gypsum product comprising
      providing a mixture of water, gypsum, at least about 0.15 wt. % polyvinyl
      alcohol and at least about 3 wt. % wax-asphalt emulsion, and forming and
      setting said mixture into said gypsum product, wherein the total amount of
      said polyvinyl alcohol and said wax-asphalt emulsion present in the
      mixture is such that the water-resistant properties of said gypsum product
      are greater than a gypsum product prepared from a like gypsum mixture
      which contains one of said polyvinyl alcohol or said wax-asphalt emulsion
      in an amount the same as the figure of said total amount.
NUM  7.
PAR  7. The process of claim 6 wherein said polyvinyl alcohol is present in an
      amount no greater than about 1 wt. % and said wax-asphalt emulsion is
      present in an amount no greater than about 8 wt. %.
NUM  8.
PAR  8. The process of claim 7 wherein said polyvinyl alcohol is present in an
      amount of from about 0.15 to about 0.4 wt. % and said wax-asphalt emulsion
      is present in an amount of from about 3 to about 5 wt. %.
NUM  9.
PAR  9. The process of claim 7 wherein said gypsum is present in an amount of at
      least about 87 wt. % and no greater than about 96 wt. %.
NUM  10.
PAR  10. The process of claim 8 wherein said gypsum is present in an amount of
      about 93 to about 96 wt. %.
NUM  11.
PAR  11. The process of claim 6 wherein said mixture is formed and set into
      water-resistant gypsum wallboard.
NUM  12.
PAR  12. A water-resistant gypsum product having a core comprising the set
      composition of claim 1.
NUM  13.
PAR  13. A water-resistant gypsum wallboard having a core comprising the set
      composition of claim 3.
NUM  14.
PAR  14. A water-resistant gypsum wallboard having a core comprising the set
      composition of claim 4.
NUM  15.
PAR  15. A water-resistant gypsum wallbroad having a core comprising the set
      composition of claim 5.
NUM  16.
PAR  16. A composition according to claim 1 wherein said polyvinyl alcohol is
      about 97 to 100% hydrolyzed polyvinyl acetate.
NUM  17.
PAR  17. A composition according to claim 3 wherein said polyvinyl alcohol is
      about 97 to 100% hydrolyzed polyvinyl acetate.
NUM  18.
PAR  18. A composition according to claim 4 wherein said polyvinyl alcohol is
      about 97 to 100% hydrolyzed polyvinyl acetate.
NUM  19.
PAR  19. A composition according to claim 1 wherein the weight ratio of asphalt
      to wax in said emulsion is about 3 parts of asphalt to about 1 part of
      wax.
NUM  20.
PAR  20. A composition according to claim 3 wherein the weight ratio of asphalt
      to wax in said emulsion is about 3 parts of asphalt to about 1 part of
      wax.
NUM  21.
PAR  21. A composition according to claim 4 wherein the weight ratio of asphalt
      to wax in said emulsion is about 3 parts of asphalt to about 1 part of
      wax.
NUM  22.
PAR  22. A composition, capable of being set by water into a water-resistant
      gypsum product, comprising at least about 87 wt. % and no greater than
      about 96 wt. % gypsum, about 0.15 to about 0.4 wt. % of polyvinyl which is
      about 97 to 100% hydrolyzed polyvinyl acetate and about 3 to about 5 wt. %
      of wax-asphalt emulsion, wherein the total amount of said polyvinyl
      alcohol and said wax-asphalt emulsion present in the composition is such
      that the water-resistant properties of said gypsum product are greater
      than a gypsum product prepared from a like gypsum composition which
      contains one of said polyvinyl alcohol or said wax-asphalt emulsion in an
      amount the same as the figure of said total amount.
NUM  23.
PAR  23. A composition according to claim 22 wherein the weight ratio of asphalt
      to wax in said emulsion is about 3 parts of asphalt to about 1 part of
      wax.
NUM  24.
PAR  24. A composition according to claim 23 comprising about 93 to about 96 wt.
      % gypsum.
NUM  25.
PAR  25. A water resistant gypsum product having a core comprising the set
      composition of claim 22.
NUM  26.
PAR  26. A water-resistant gypsum product having a core comprising the set
      composition of claim 23.
NUM  27.
PAR  27. A water-resistant gypsum product having a core comprising the set
      composition of claim 24.
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ABST
PAL  Hemicellulose is removed from hemicellulose containing caustic solutions by
      adding thereto a sufficient amount of ethanol to precipitate the
      hemicellulose. The caustic solutions are generally obtained in the
      manufacture of viscose products or, more broadly, in processing natural
      products containing cellulose.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the alkaline refining of polymeric carbohydrates and particularly in the
      processing of natural products containing cellulose, hemicellulose is
      dissolved into the caustic solution. As used herein, the term
      hemicellulose should be understood to include all those organic compounds
      which during the course of the alkali treatment are dissolved into such a
      caustic solution. The hemicellulose-containing caustic liquors resulting
      from such treatment can usually be recirculated into the process, but the
      content of hemicellulose in the circulating liquor gradually increases
      until finally it reaches a state of equilibrium. At this stage the amount
      of hemicellulose entering the refining process in the alkali solution
      equals that removed by the refining treatment. This means that the amount
      of hemicellulose introduced into the process in the starting material
      equals that removed from the process with the refined product, with the
      result that refining is frustrated and the removal of hemicellulose in
      fact does not occur. Thus, in order for refining of the pulp to occur,
      hemicellulose-containing liquor must be continuously removed from the
      process by one means or the other, and the removal must be compensated for
      by the addition of a like amount of fresh alkali. The removed solution can
      be treated to regenerate the alkali present therein, but otherwise it must
      be destroyed or used for other purposes.
PAR  This process is particularly important, for example, in the manufacture of
      viscose products and cellulose derivatives from pulp, where, in most
      cases, the first step is mercerisation; that is, steeping treatment of the
      cellulosic material with concentrated alkali solutions which usually
      contain more than 17% sodium hydroxide. This treatment results in the
      dissolution of a major proportion of the hemicelluloses and degradation
      products of the pulp so that a substantially purified cellulose remains.
      Depending on the degree of refining of the pulp used as raw material in
      the viscose manufacture, the alpha cellulose content generally varies
      within the range 89-98% by weight, while the alpha level of unrefined
      bleached pulps is 85-89% by weight. If the pulp is unrefined or refined to
      only a small degree, its hemicellulose content is relatively high, and a
      greater amount of hemicellulose will become dissolved in the steeping
      liquor during the steeping treatment. To avoid high hemicellulose content
      in the steeping liquor, most manufacturers of viscose products in the past
      found it necessary to purify their steeping liquors by dialysis. However,
      such processes not only require a considerable initial investment and high
      operating costs, but also yield a large amount of rather dilute NaOH
      solution that must be concentrated for reapplication, mainly by removal of
      water by evaporation. Today, because of these disadvantages, only a few
      manufacturers of viscose products apply dialysis in the purification of
      their steeping liquors. In the usual case, the hemicellulose-containing
      liquor is recirculated in the process with only a rather small amount of
      alkali being taken from the steeping liquor system for use at a later
      stage (after removal of the fiber fragments and suspended fibers) for
      dissolution of xanthate which is formed by treating the alkali cellulose
      with carbon disulfide. Accordingly, after equilibrium has been attained,
      all of the hemicellulose of the pulp and the low-molecular substances
      formed during the course of ageing end up in the viscose.
PAR  As previously indicated, at equilibrium, the hemicellulose content of the
      steeping liquor will be proportional to the degree to which the pulp has
      been refined. For example, the use of a pulp having an alpha-cellulose
      content of 93-94% will result in a liquor having a hemicellulose content
      of about 20-25 g/l or even somewhat higher, whereas the utilization of a
      pulp having an alpha level of approximately 90% yields a liquor having a
      hemicellulose content of about 50 g/l. Such a high content of
      hemicellulose in the steeping liquor exercises a detrimental effect on the
      mercerising power of the alkali with the result that an unduly high amount
      of carbon disulfide is required in xanthation. Even then, the quality of
      the viscose may be poor. Thus, preparation of acceptable viscose by most
      conventional methods has been possible only from fully bleached,
      more-or-less refined, pulps.
PAR  In a departure from such methods, the recently developed so-called SINI
      process (disclosed and claimed in U.S. Pat. Nos. 3,600,379 and 3,728,330)
      in which the alkali cellulose is subjected to resteeping and repressing
      prior to xanthation by application of a steeping solution with a NaOH
      content lower than 15%, has proved very efficient and makes it possible to
      manufacture high quality viscose even from unrefined pulp. However, where
      unrefined pulp is employed in the process, the concentration of
      hemicellulose in the circulating steeping liquor will become so high that
      utilization of unrefined pulp is impracticable unless the hemicellulose is
      removed from the steeping liquor. It can be estimated that the content of
      hemicellulose in the two steeping liquor systems of the SINI process will
      rise to 100 g/l, if unrefined pulp is utilized as raw material.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      convenient process for removing hemicellulose from circulating caustic
      liquors, principally originating in the alkaline refining of pulp or
      viscose manufacture, so as to permit a recirculation of the caustic
      solution into such processes.
PAR  It is another object of the invention to remove hemicellulose from
      hemicellulose-containing caustic solutions by means other than dialysis.
PAR  A further object of the invention is to reduce hemicellulose content to a
      fraction of the initial hemicellulose in a circulating caustic solution.
PAR  A still further object of the invention is to make it possible to utilize
      low-alpha pulps in the manufacture of viscose, by preventing the
      hemicellulose content of the steeping liquor from rising to a level that
      would occasion disturbances.
PAR  These and other apparent objects of the present invention are accomplished
      by adding to a hemicellulose-containing caustic liquor, a sufficient
      amount of ethanol to cause the hemicellulose to precipitate from the
      caustic liquor, separating said precipitate from the caustic liquor and
      recovering a substantial purified caustic liquor.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention the precipitation and subsequent removal
      of hemicellulose from a caustic liquor is carried out by adding to the
      liquor one or more organic compounds which are miscible with water and
      sodium hydroxide solutions and having a boiling point below 100.degree.C.
      Included among such compounds are alcohols and ketones such as methanol
      and acetone, but the preferred precipitating agent will be ethanol. While
      the use of ethanol alone produces the best results, any of the
      precipitating agents described above may be mixed to cause the intended
      precipitation. Methanol seems to precipitate the hemicellulose at least as
      thoroughly as does ethanol, but the precipitate formed is more difficult
      to separate by centrifugation.
PAR  The amount of precipitating agent depends on how completely the
      hemicellulose should be removed from the caustic solution. The
      precipitation of hemicellulose begins with even a small addition of
      ethanol, for example; however, if it is desired to remove at least 2/3 of
      the hemicellulose present in the solution, the amount of ethanol added
      must be at least half of the volume of the caustic solution. If the amount
      of ethanol equals the volume of caustic solution, 90-95 per cent of the
      hemicellulose may be precipitated. In some cases, depending on the nature
      of the pulp, it may be necessary to employ an amount of precipitating
      agent twice as large as the volume of caustic solution.
PAR  The precipitated hemicellulose can be removed from the solution by ordinary
      techniques of separation such as, for example, filtration, sedimentation
      and decantation, centrifugation and the like. Owing to the finely divided
      precipitate, centrifugation is most appropriate although even then the
      most finely divided substance may not be completely removed from the
      solution.
PAR  The precipitation and centrifugation can be effected at any desired
      temperature, although tests have indicated that the results are slightly
      impaired when the temperature is raised from 20.degree. to 35.degree.C.
      Considerable lowering of the temperature significantly improves the
      separation of the hemicellulose. Thus, the results obtained at +5.degree.C
      are markedly better than those noted at room temperature.
PAR  The separation of the precipitate from the mother liquor can be improved by
      adding flocculation aids thereto in connection with the precipitation. Any
      of the conventional flocculants may be used for this purpose including,
      for example, polyacrylamide, polyamines, polyethyleneimide and the like.
PAR  The mother liquor from which the major proportion of hemicellulose has been
      removed by precipitation and centrifugation, may be treated subsequently
      as follows: The temperature is raised as required to
      20.degree.-90.degree.C, and the organic precipitating agent distilled off,
      with or without the application of reduced pressure (5-700 mmHg), and
      stored for reuse. At this stage, some water usually also evaporates, which
      is advantageous from the aspect of the process as a whole. The caustic
      liquor is now fully clear and contains only a minor proportion (5-40%) of
      the hemicellulose present prior to precipitation. The clear caustic liquor
      is returned to the steeping liquor system of the process; if required, it
      may be concentrated by addition of fresh alkali.
PAR  In a conventional viscose process, steeping is effected either in batches
      ("sheet steeping") or continuously ("slurry steeping"). In sheet steeping,
      the major proportion of the steeping liquor is recovered in a relatively
      pure condition ("yellow liquor") whereas the solution separated from the
      sheets by pressing ("press liquor") contains a large amount of various
      substances dissolved from the pulp. The method presented in this invention
      is particularly suitable for the purification of this type of liquor.
      Experiments have shown that the hemicellulose content in press liquor
      varies from 10 to 35 g/l when the alpha cellulose content of the pulp
      varies between 93 and 85 percent, and pure 19% NaOH solution is used in
      steeping. If press liquor is reused several times repeatedly for the
      steeping of new batches of the same pulp, the content of hemicellulose may
      rise to 25...150 g/l.
PAR  In slurry steeping, yellow and press liquor are usually not separated from
      each other in the process. However, also in slurry steeping, the content
      of hemicellulose in the circulating steeping liquor rises to the same
      level as quoted above unless significant amounts of alkali are removed
      from the process.
PAR  In the SINI viscose process previously alluded to, the alkali cellulose is
      subjected to a second steeping just before xanthation. Here the
      NaOH-concentration of the steeping solution is lower than 15% by weight,
      preferably 10-12%. However, the present invention makes it possible to
      purify the press or circulation liquors from both the first and second
      steeping stage of this process. It should be understood that usually the
      hemicellulose is more readily precipitated from the first steeping liquor
      than from the second one, owing at least in part to the higher content of
      NaOH in the first steeping liquor. Usually no more than about 65 per cent
      of the hemicellulose can be precipitated from the second steeping liquor
      unless the precipitation is carried out at a temperature significantly
      lower than normal. In the SINI process, a proportion of the alkali
      entering along with the alkali cellulose from the first into the second
      steeping liquor system, must be returned to the liquor system of the first
      steeping stage and in this connection it must be concentrated from the
      level of 10-13% by weight to 18-23%; this can be effected in part by
      evaporation of water in conjunction with the distillation of ethanol,
      and/or concentration by addition of fresh alkali prior to the
      precipitation of the hemicellulose. In the latter case the precipitancy of
      the hemicellulose improves at the same time.
PAR  The content of sodium hydroxide in the alkali solution to be purified
      imposes no limitation on the applicability of the method. For example, in
      a circulation steeping such as found in a conventional viscose process,
      the content of NaOH ranges from 17 to 23 per cent by weight, and in the
      second steeping liquor obtained in the SINI process the NaOH-content
      amounts to 10-15% by weight; however, the present invention is applicable
      also in conjunction with the manufacture of other types of cellulose
      derivatives, such as cellulose ethers, in which case the NaOH-content of
      the steeping solution may be considerably higher, even 40 percent by
      weight.
PAR  The major proportion of the hemicellulose in the circulation steeping
      liquor of a conventional viscose process and in the first steeping liquor
      of the SINI process is gamma cellulose, whereas the hemicellulose of the
      second SINI-liquor consists mainly of beta cellulose. Both types of
      hemicellulose, and particularly that obtained from the second steeping
      stage, are well adapted to recirculation into the viscose process. In such
      case ethanol, for example, should first be removed by distillation,
      followed by dissolution of the remaining alkaline hemicellulose
      precipitate into water or dilute alkali and utilization of the resulting
      solution in the dissolution of xanthate to yield viscose.
DETD
PAR  The following examples will further illustrate the invention.
PAC  EXAMPLE 1.
PAR  Dissolving pulp with an alpha cellulose content of 93.4% was mercerised in
      sheet form at 25.degree.C for 60 minutes utilizing a NaOH solution
      containing 19% NaOH by weight and 10.7 g/l hemicellulose. The yellow
      liquor was drained off and the press liquor recovered. The NaOH content of
      the press liquor was 17.4% and hemicellulose content 23.3 g/l. Ethanol was
      added at room temperature to this press liquor in ratios 1:1 and 1:1.5 and
      the precipitates formed were separated from the solutions by
      centrifugation for 15 seconds at a rotation speed of 2000 rpm, the average
      radius being 12 cm. After separation of the precipitate from the mother
      liquor, the ethanol was distilled off the mother liquor at a temperature
      of 30.degree.C and a pressure of 10 mmHg. Some water was removed from the
      solution along with the ethanol and consequently the NaOH content of the
      alkali solution rose to 22-23%. It was found that 76% and 63% of the
      hemicellulose was precipitated when the ratio of the press liquor to
      ethanol was 1:1 and 1.5:1 respectively.
PAC  EXAMPLE 2.
PAR  The alkali cellulose from Example 1 was aged at 25.degree.C for 42 hours,
      and subsequently resteeped with NaOH solution which contained 11.2% NaOH
      by weight and 12.8 g/l of hemicellulose. The yellow liquor was drained off
      and the press liquor recovered. It contained 20.5 g/l of hemicellulose and
      10.7% NaOH by weight. This liquor was mixed with ethanol in ratios 1.5:1,
      1:1 and 1:1.5  and the precipitates formed were separated from the mother
      liquor by centrifugation for 15 seconds at a rotation speed of 5000 rpm.
      In these experiments, 55.7, 63.9 and 75.6% of the hemicellulose in the
      press liquors was removed.
PAC  EXAMPLE 3.
PAR  NaOH solution of 50% concentration was added to the press liquor from
      Example 2, which contained 10.7% NaOH by weight and 20.5 g/l of
      hemicellulose, thus raising the NaOH content of the solution to 18.5% by
      weight. The hemicellulose content was then 19.7 g/l. This solution was
      mixed with ethanol in ratios 1.5:1 and 1:1 and the hemicellulose
      precipitated was separated as in Example 2. In these experiments, 60.2%
      and 72.2% respectively, of the hemicellulose was precipitated indicating
      that a greater proportion of the hemicellulose is precipitated at a higher
      NaOH concentration.
PAC  EXAMPLE 4.
PAR  A sample of circulation steeping liquor was taken from a rayon staple plant
      where a slurry steeping process is applied. The NaOH content of the
      steeping liquor was 18.4% by weight and it contained 51.8 g/l of
      hemicellulose. In the precipitation experiments the steeping
      liquor:ethanol ratios were as follows: 2:1, 1.5:1, 1:1, 1:1.5 and 1:2. The
      hemicellulose precipitated was removed from the mother liquor by
      centrifugation for 15 seconds at a rotation speed of 2000 rpm. The results
      are given in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Steeping Liquor/                                                          

                 Hemicellulose                                                 

                             NaOH content after                                

     ethanol     removed     distillation of ethanol                           

     ______________________________________                                    

     vol/vol      %           %                                                

      2:1        60.3        22.5                                              

     1.5:1       79.3        22.2                                              

      1:1        82.7        23.6                                              

     1:1.5       84.4        23.6                                              

      1:2        83.5        24.7                                              

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Bleached unrefined softwood sulphate pulp (alpha cellulose content 85.2%)
      was steeped in sheet form with 21% NaOH solution for 1 hour at
      25.degree.C. The press liquor recovered contained 19.2% of NaOH by weight
      and 30.3 g/l of hemicellulose. After aging for 48 hours at 35.degree.C the
      alkali cellulose was resteeped with 12% NaOH solution. The press liquor
      recovered contained 12.2% of NaOH and 16.6 g/l of hemicellulose. The press
      liquors from both steepings were treated separately as described in
      Example 1. The results are presented in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

              Press liquor/                                                    

              ethanol   Centrifuging                                           

                                   Precipitated                                

              vol/vol   rpm     sek    %                                       

     ______________________________________                                    

     Press liquor 1                                                            

                 2:1        2000    15   72.3                                  

                1.5:1       2000    15   81.6                                  

                 1:1        2000    15   88.7                                  

                1:1.5       2000    15   85.0                                  

                 2:1        5000    15   74.9                                  

                1.5:1       5000    15   83.6                                  

                 1:1        5000    15   93.9                                  

                1:1.5       5000    15   86.8                                  

     Press liquor 2                                                            

                1.5:1       5000    15   26.2                                  

                 1:1        5000    15   73.1                                  

                1:1.5       5000    15   62.8                                  

     ______________________________________                                    

PAL  These results indicate that in all series of experiments the highest
      percentage of hemicellulose was precipitated at the press liquor:ethanol
      ratio 1:1.
PAR  Unless otherwise indicated, all expressions of percentages or amounts used
      herein are to be on a weight basis.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced within.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for removing hemicellulose from hemicellulose-containing
      alkali solution consisting essentially of adding to said alkali solution a
      sufficient amount of a solvent consisting essentially of ethanol to
      precipitate hemicellulose from said alkali solution, removing the
      precipitated hemicellulose from said solution and recovering the purified
      alkali liquor.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the hemicellulose-containing
      alkali solution is steeping liquor from process circulation in the
      manufacture of viscose products.
NUM  3.
PAR  3. The process as defined in claim 2 wherein press liquor obtained in the
      manufacture of viscose products, in the pressing treatment of alkali
      cellulose subsequent to steeping, is taken to the purification.
NUM  4.
PAR  4. A process as defined in claim 1 wherein said hemicellulose-containing
      alkali solution is obtained from treatment of unrefined, bleached
      cellulose pulp.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said hemicellulose-containing
      alkali solution is obtained from treatment of unbleached or semi-bleached
      cellulose pulp.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the volume of ethanol added to
      said alkali solution is 0.5-2 times the volume of the alkali solution.
NUM  7.
PAR  7. A process as defined in claim 1 wherein said hemicellulose precipitate
      is removed from said alkali solution by centrifugation.
NUM  8.
PAR  8. A process as defined in claim 1 wherein said miscible liquid is
      recovered from the alkali solution by distillation and the purified alkali
      liquor is recycled in a viscose production process.
NUM  9.
PAR  9. In a process for the manufacture of viscose which includes a first
      sodium hydroxide solution steeping and pressing stage, ageing, if
      necessary, a second sodium hydroxide solution steeping and pressing stage
      and xanthation of the resulting alkali cellulose with carbon disulfide to
      produce a cellulose xanthate, the improvement which consists essentially
      of adding to the alkali solutions obtained from both stages of said
      process sufficient amount of a solvent consisting essentially of ethanol
      to precipitate hemicellulose from said alkali solution, removing said
      precipitated hemicellulose from solution; and recovering a purified alkali
      liquor.
NUM  10.
PAR  10. A process as defined in claim 9 wherein hemicellulose is removed from
      the alkali solution obtained in the first steeping stage of said viscose
      manufacture.
NUM  11.
PAR  11. A process as defined in claim 9 wherein hemicellulose is removed from
      the alkali solution obtained in the second steeping stage of said viscose
      manufacture.
NUM  12.
PAR  12. A process as defined in claim 11 wherein the sodium hydroxide
      concentration of the alkali solution to be purified is raised by adding
      fresh strong sodium hydroxide solution before precipitation of the
      hemicellulose.
NUM  13.
PAR  13. A process as defined in claim 11 wherein the alkali solution from which
      hemicellulose has been removed is concentrated by addition of fresh alkali
      and the resulting alkali solution is transferred to steeping liquor in the
      first steeping stage.
NUM  14.
PAR  14. A process as defined in claim 9 wherein alkali solution from which said
      hemicellulose has been removed is utilized for dissolution of the
      xanthate.
NUM  15.
PAR  15. A process as defined in claim 1 wherein said recovered hemicellulose is
      dissolved in water or in dilute alkali solution and used for dissolution
      of xanthate in the manufacture of viscose.
NUM  16.
PAR  16. A process as defined in claim 9 wherein said hemicellulose precipitate
      is removed from said alkali solution by centrifugation.
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PAL  Stable aqueous dispersions of alumina are formed at concentrations of above
      about 18% to about 26% on a weight basis by dispersing alumina in a
      hydrochloric acid solution where the Al.sub.2 O.sub.3 /HCl parts by weight
      ratio is maintained between 54 and 65 pbw of Al.sub.2 O.sub.3 /l pbw of
      HCl.
PARN
PAR  This is a continuation of application Ser. No. 383,879, filed on July 30,
      1973.
BSUM
PAR  It has been known for many years that the application of dispersions of
      finely divided silica or sols of silica to paper surfaces increases the
      friction between those surfaces. More recently it has been found that the
      use of dispersions or aerosols of alumina increases friction even more and
      that such aerosol alumina is more strongly attached to the paper so that
      the non-slip characteristics is maintained through three or four passes,
      even though less alumina is required. For instance, an uncoated paper may
      have an angle of repose of 29.degree. to 35.degree. in a standard slip
      testing device. The same paper, treated with a dispersion of colloidal
      silica may have an angle of repose of 39.degree. to 41.degree., and often
      better results may be obtained using a lower concentration of alumina as
      the treating liquid than is necessary for silica. These angles depend to a
      large degree on the particular paper employed.
PAR  It is well known that aerosols of alumina are very expensive compared to
      sols or dispersions of finely divided alumina. Precipitated colloidal
      alumina or alumina gel, dispersed with strong acid at about a pH of 3 is
      approximately equivalent to the aerosol alumina in performance, but it
      cannot be formed into dispersions of above about 10% Al.sub.2 O.sub.3
      which are stable for more than about one week. These are not really
      satisfactory for commercial use. It has also been known to increase the
      stability of such dispersions by partially removing the acid ions by ion
      exchange resins. These are also not sufficiently stable at concentrations
      above about 16% Al.sub.2 O.sub.3.
PAR  I have found that stable dispersions can be formed at concentrations up to
      about 26% Al.sub.2 O.sub.3 by preparing an aqueous solution of HCl and
      then adding to this solution, with vigorous mixing, sufficient alumina to
      form a dispersion having a concentration of about 54 to 65 pbw of Al.sub.2
      O.sub.3 per pbw of HCl. The pH of an 18 to 26% dispersion while preferably
      between 3.8 to 4.1 can range between 3.5 to 4.2. An 18% dispersion will
      have a viscosity of about 4 to 6 centipoises at 25.degree.C and a 26%
      dispersion will have a viscosity of 5 to 7 centipoises at 25.degree.C.
PAR  Mixing of the HCl solution and Al.sub.2 O.sub.3 can take place at any
      temperature up to the boiling point of the dispersion, but for simplicity
      of processing equipment I prefer to operate between 20.degree. and
      80.degree.C. Pressure has no notable influence on the process, and mixing
      between 0.5 and 5 atmospheres is acceptable while I prefer to operate at
      atmospheric pressure.
PAR  When an 18% Al.sub.2 O.sub.3 dispersion is desired as the end product, I
      have found it necessary to maintain an Al.sub.2 O.sub.3 to HCl ratio of 54
      to 61 pbw of Al.sub.2 O.sub.3 to 1 pbw of HCl. When it is desired to
      obtain a 26% Al.sub.2 O.sub.3 dispersion, I found it necessary to maintain
      an Al.sub.2 O.sub.3 to HCl ratio of 58 to 65 pbw of Al.sub.2 O.sub.3 to 1
      pbw of HCl. When more than 66 pbw Al.sub.2 O.sub.3 are present per pbw of
      HCl there is a tendency for the alumina to be less dispersible yielding a
      product that is unsatisfactory. When less than 53 pbw Al.sub.2 O.sub.3 per
      pbw of HCl is utilized in the dispersion mix the shelf life of the
      resulting product having at least 18% Al.sub.2 O.sub.3 is drastically
      limited, for example, a dispersion of 18% Al.sub.2 O.sub.3 prepared from a
      mixture having 50 pbw Al.sub.2 O.sub.3 to 1 pbw HCl will have a shelf life
      of only 20 days.
PAR  The shelf life of this dispersion containing 18 to 26% Al.sub.2 O.sub.3
      when made from a mixture having the afore described Al.sub.2 O.sub.3 /HCl
      ratio will be a minimum of 6 months and can be over one year.
PAR  In general, this dispersion is diluted before use to about 1 to 5% Al.sub.2
      O.sub.3 although much higher concentrations may be used.
PAR  Generally the application is about 0.05 to 0.3 pounds of alumina solids per
      1000 square feet of paper or paperboard.
PAR  For untreated bags or boxes, which start to slip at 25.degree., the angle
      may be raised to 40.degree. before slippage if the surface is treated with
      at least 0.15 pounds of alumina per thousand square feet, whereas the use
      of colloidal silica usually requires at least about 0.3 pounds per
      thousand square feet to achieve the same value.
PAR  This dispersion may be applied by known methods. The usual methods of
      application of prior art dispersions are the use of a sponge, a felt, a
      contact roller or spraying. These methods of application are all suitable
      for the dispersion of my invention.
PAR  If dispersions prepared according to the methods of my invention should
      become dried on the apparatus used in application or on work areas, the
      dried material can be redispersed in water facilitating cleanup of such
      apparatus and areas.
PAR  It has further been found that a dispersion of my invention wherein the
      ratio of Al.sub.2 O.sub.3 to HCl is maintained between 53 and 66 pbw
      Al.sub.2 O.sub.3 per pbw of HCl can be dried and redispersed in water at a
      later time when ready for use. The drying can take place by any known
      process for removing the water so long as the conditions do not affect the
      pbw balance between Al.sub.2 O.sub.3 /HCl. Examples of suitable methods of
      drying include tray drying, spray drying, double drum drying, freeze
      drying and vacuum evaporation. Rotary dryers and fluid bed dryers are also
      suitable. An advantage of this drying process is that the resulting powder
      can be more easily handled and stored than can the dispersion. The shelf
      life on redispersion is equal to that of the original dispersion, i.e.,
      greater than 6 months for the redispersed powder having 18 to 26% Al.sub.2
      O.sub.3 in the dispersion. The dispersion may be frozen and rethawed
      without notable deterioration to the dispersion when reliquified. The
      advantage of freezing the dispersion is that this is a method whereby the
      shelf life can be extended indefinitely. The time during which said
      dispersion is frozen does not cause any deterioration and the 6 month
      minimum shelf life only begins to run when the material is thawed. A
      separation of some solids may occur during the freeze-thaw cycle, however,
      the dispersion can be returned to its original characteristic through
      vigorous agitation.
DETD
PAR  The following examples describe in general the process of preparing these
      dispersions and their use on paper. These examples are illustrative and
      are not to be construed as restrictive of the invention.
PAR  In the following examples I have used a form of alumina which I will call
      "Alumina A". It has a particle size in solution of about 5 mu. This
      alumina contains about 90% alumina monohydrate and about 10% water by
      weight. Impurities in this system total less than 0.9%. The surface area
      is by the BET method and is approximately 150 to 250 square meters per
      gram.
PAC  EXAMPLE 1
PAR  In this example a 10% dispersion was prepared using the prior art
      procedure. Thus an acid solution containing 0.8 pbw of concentrated HCl
      (37%) and 89.2 pbw of water was prepared at a pH of 1.2. To this was
      added, with moderate agitation, 10 pbw of the Alumina A described above.
      Mixing was continued for 15 minutes. A stable dispersion was prepared
      which had a pH of 2.3 at 1 hour and stabilized at 3.3 in 24 hours. After 7
      weeks, the dispersion was very viscous, but could be redispersed in water.
PAC  EXAMPLE 2
PAR  A dispersion containing 18% Al.sub.2 O.sub.3 was prepared according to the
      invention as follows: 75.6 pbw of water were mixed thoroughly with 0.9 pbw
      HCl (37.5%) to form an aqueous acid solution. 25 parts of Alumina A was
      added slowly to this acidic solution while vigorously agitating. The
      agitation was continued for about 15 to 20 minutes after the addition of
      alumina was complete. The opaque dispersion had a pH of 3.8 and the ratio
      of Al.sub.2 O.sub.3 /HCl on a parts by weight basis was 54/l. The
      viscosity of this dispersion is 5.4 centipoises at 25.degree.C. The
      dispersion is still stable after a period of 10 months storage at room
      temperature.
PAR  A dispersion was made by the same method with somewhat less acid at 18%
      Al.sub.2 O.sub.3 and a pbw of Al.sub.2 O.sub.3 /HCl of 61/l. The pH of
      this dispersion was 4.05 and the viscosity at 25.degree.C was 4.7 cps. The
      dispersion is still stable after one year storage at room temperature.
PAR  A dispersion was made by the same method at 18% Al.sub.2 O.sub.3 and a
      ratio of Al.sub.2 O.sub.3 /HCl of 58/1. The pH of this dispersion was 3.95
      and the viscosity was 5.0 cps. The dispersion is still stable after 11
      months storage at room temperature.
PAC  EXAMPLE 3
PAR  A dispersion was made according to method of Example 2 with the following
      composition: 66.3 pbw of H.sub.2 O, 1.03 pbw HCl (37.5%) and 32.7 parts
      Alumina A. The opaque dispersion had a concentration of 25% Al.sub.2
      O.sub.3 and the Al.sub.2 O.sub.3 /HCl ratio was 65/1. The pH was 4.1 and
      the viscosity was 5.6 cps at 25.degree.C. The dispersion is still stable
      after 7 months storage at room temperature.
PAR  Dispersions were also made at 25% Al.sub.2 O.sub.3 with Al.sub.2 O.sub.3
      /HCl ratios of 63/1 and 58/1 by the method of Example 2. These opaque
      dispersions had pH values of 4.05 and 3.9 respectively. The viscosities
      were 5.9 and 6.6 cps at 25.degree.C. Both dispersions are still stable
      after 6 months storage at room temperature.
PAR  Slide angle tests were made of these products. These tests were carried out
      by the standard TAPPI Method 815su72.
PAR  Paper was pre-conditioned at 73.degree.F and 50% relative humidity. The
      dispersions were diluted from 1 to 5% Al.sub.2 O.sub.3 depending on the
      amount of coating required, and this dilute dispersion of alumina was
      applied to the paper with a sponge. After coating, the treated paper was
      again conditioned at 73.degree.F and 50% relative humidity for 24 hours.
      Sections of the treated paper were cut to fit the slide angle tester. The
      slide angle was measured according to the standard method by raising the
      tester with a constant speed motor at a rate of 1.5.degree. per second.
      The paper was placed in cross-grained position. The angle of inclination
      was observed at the point when the weight began to slide. The first two
      slides are run to precondition the surface and the third slide is the
      determined value.
PAR  A colloidal silica as well as the dispersion prepared in this example were
      diluted to 2% solids, applied to paper and tested for slide angle as
      described above. The slide angle determined with the colloidal silica was
      34.5.degree. while the slide angle with the dispersions of the example
      were between 36.degree. and 37.5.degree.. It was found that these test
      samples were coated with approximately 0.1 pounds solids per 1000 square
      feet of paper surface. Loadings on the paper surface were determined by
      measuring the amount of liquid pick-up for a given area of paper coated.
PAC  EXAMPLE 4
PAR  A dispersion was made according to Example 2 with the following
      composition: 64.9 pbw of water, 1.07 parts HCl(37.5%) and 34.0 parts
      Alumina A. The opaque dispersion had a concentration of 26% Al.sub.2
      O.sub.3 and the Al.sub.2 O.sub.3 /HCl ratio was 65/l. The pH was 4.1 and
      the viscosity was 5.7 cps. The dispersion is still stable after 5 months
      storage at room temperature.
PAC  EXAMPLE 5
PAR  The dispersion of Example 2 was dried in a laboratory spray dryer with an
      inlet temperature of 370.degree.C and an outlet temperature of
      125.degree.C. The resulting powder was totally redispersible and the
      Al.sub.2 O.sub.3 /HCl ratios were 54, 58 and 61/l. The properties and
      stabilities of these dispersions made by reslurrying this dried powder
      were the same as the original dispersions as shown in Example 2.
PAR  The dispersions of Example 2 were also dried in an evaporator at
      temperatures of 60.degree.-80.degree.C. The products of this drying
      process were equivalent to those of the spray dried powder.
PAR  The redispersible powders were aged at room temperature for 6 months and
      redispersed. The stabilities of these dispersions were the same as those
      of the original dispersions.
PAC  EXAMPLE 6
PAR  The dispersions of Example 3 were frozen and thawed with no apparent effect
      upon properties and stability of the material. Frozen samples of the
      dispersion were retained for 8 months and thawed. The stabilities of these
      dispersions were the same as those given in Example 3.
PAR  In addition to the examples described herein, other variations within the
      scope of the invention and the depending claims would occur to those
      skilled in the art and must be regarded as within the scope of the
      invention.
PAR  Alumina itself is suitable for use in the preparation of the dispersions of
      my invention provided it is of a size less than 200 mu and preferably less
      than 100 mu.
PAR  20 parts by weight of alumina is agitated vigorously with a water-HCl
      solution containing
PA1  80 parts by weight of an HCl-water solution having 0.33 pbw HCl therein is
      agitated with 20 pbw alumina resulting in a stable dispersion containing
      20% Al.sub.2 O.sub.3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing stable aqueous dispersions of alumina at
      concentrations of about 18 to 26% Al.sub.2 O.sub.3 onn a weight basis,
      consisting essentially of:
PA1  1. preparing an aqueous solution of hydrochloric acid,
PA1  2. controlling the temperature below the boiling point of the dispersion,
PA1  3. maintaining the pressure between 0.5 to 5 atmospheres,
PA1  4. adding alumina to said aqueous solution such that the weight ratio of
      alumina to HCl is 53 to 66 parts alumina to 1 part HCl and the Al.sub.2
      O.sub.3 is 18 to 26% of the total mixture, and
PA1  5. simultaneously agitating said mixture to obtain the desired dispersion.
NUM  2.
PAR  2. The method of claim 1 in which the concentration of Al.sub.2 O.sub.3 is
      54 to 65 pbw per 1 pbw of HCl.
NUM  3.
PAR  3. The method of claim 1 in which the concentration of Al.sub.2 O.sub.3 is
      18% and the ratio of Al.sub.2 O.sub.3 is 54 to 61 pbw of Al.sub.2 O.sub.3
      per 1 pbw of HCl.
NUM  4.
PAR  4. The method of claim 1 in which the concentration of Al.sub.2 O.sub.3 is
      26% and the ratio of Al.sub.2 O.sub.3 to HCl is 58 to 65 pbw of Al.sub.2
      O.sub.3 per 1 pbw of HCl.
NUM  5.
PAR  5. The method of claim 1 in which the temperature is maintained between
      20.degree. and 80.degree.C.
NUM  6.
PAR  6. The method of claim 1 in which the pressure is atmospheric.
NUM  7.
PAR  7. The method of claim 5 in which the pressure is atmospheric.
NUM  8.
PAR  8. The method of claim 2 wherein the alumina introduced into said mixture
      is in the form of alumina monohydrate.
NUM  9.
PAR  9. The dispersion of alumina produced by the method of claim 1 in which the
      pH is between 3.5 and 4.2 and the stability is greater than 6 months.
NUM  10.
PAR  10. A dispersion of alumina with a concentration of Al.sub.2 O.sub.3
      between 18 and 26%, a ratio of Al.sub.2 O.sub.3 to HCl of 53 to 66 pbw of
      Al.sub.2 O.sub.3 per 1 pbw of HCl and a pH of 3.5 to 4.2.
NUM  11.
PAR  11. A dried powder having therein 53 to 66 pbw Al.sub.2 O.sub.3 per 1 pbw
      HCl prepared by drying the dispersion of claim 10 under conditions that do
      not alter the Al.sub.2 O.sub.3 --HCl ratio.
NUM  12.
PAR  12. The dispersion of claim 10 with an Al.sub.2 O.sub.3 concentration of
      18% and a ratio of Al.sub.2 O.sub.3 to HCl of 54 to 61 pbw of Al.sub.2
      O.sub.3 per 1 pbw of HCl with a shelf life of 6 to 12 months.
NUM  13.
PAR  13. The dispersion of claim 10 with an Al.sub.2 O.sub.3 concentration of
      26% Al.sub.2 O.sub.3 and a ratio of Al.sub.2 O.sub.3 to HCl of 58 to 65
      pbw of Al.sub.2 O.sub.3 per 1 pbw of HCl with a shelf life of 6 months.
NUM  14.
PAR  14. The dispersion of claim 10 with a pH of 3.8 to 4.1.
NUM  15.
PAR  15. in the known process of forming an aqueous alumina dispersion
      comprising forming an aqueous solution of HCl and then adding alumina, the
      improvement being that concentrations of 18 to 26% Al.sub.2 O.sub.3 on a
      weight basis having stability for at least 6 months are obtained by
      maintaining the ratio of Al.sub.2 O.sub.3 to HCl in the dispersion at 53
      to 66 pbw of Al.sub.2 O.sub.3 per 1 pbw of HCl and the pH at 3.5 to 4.2.
NUM  16.
PAR  16. The process of claim 15 in which the pH is 3.8 to 4.1.
NUM  17.
PAR  17. The process of claim 15 in which the weight concentration of Al.sub.2
      O.sub.3 in the dispersion is 18% and the Al.sub.2 O.sub.3 to HCl ratio is
      54 to 61 pbw of Al.sub.2 O.sub.3 per 1 pbw of HCl.
NUM  18.
PAR  18. The process of claim 15 in which the weight concentration of Al.sub.2
      O.sub.3 in the dispersion is 26% and the Al.sub.2 O.sub.3 to HCl ratio is
      58 to 65 pbw of Al.sub.2 O.sub.3 per 1 pbw of HCl.
NUM  19.
PAR  19. The process of claim 15 in which the Al.sub.2 O.sub.3 to HCl ratio of
      the dispersion is 54 to 65 pbw of Al.sub.2 O.sub.3 per 1 pbw of HCl.
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ABST
PAL  A process for the useful storage of electrical energy employing halogen
      hydrates is described. The halogen hydrate can be generated during the
      charging of a secondary battery or may be chemically generated and placed
      in a primary battery.
PARN
PAC  CROSS REFERENCE TO RELATED CASES
PAR  This case is a continuation-in-part of Ser. No. 50,054 filed June 26, 1970
      now U.S. Pat. No. 3,713,888, for Halogen Hydrates, and a
      continuation-in-part of U.S. Ser. No. 244,222 Filed Apr. 14, 1972 now
      abandoned for Halogen Hydrates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Batteries of high energy density are desirable in a number of end uses.
      High energy density batteries are those which generally can produce at
      least 50 watt hours per pound (for a secondary battery). A number of
      secondary batteries have been designed to improve energy capacity. Such a
      system is described in U.S. Pat. 3,328,202 wherein liquid bromine is
      absorbed on an activated charcoal electrode. Another concept is that
      described in U.S. Pat. No. 3,236,694 wherein cesium bromide is used as
      electrolyte and used to absorb the electroactive material. Numerous
      patents describe the use of aqueous metallic halide solutions as
      electrolytes with halogens as electroactive materials. One of the
      earliest, U.S. Pat. No. 1,377,722 describes the use of liquid chlorine
      under pressure. An early reference which describes the preparation of
      chlorine hydrate by the separation of chlorine from gas mixtures is
      British Pat. No. 13,647 published 1887. This reference and French Pat. No.
      393,332 describe the use of chlorine gas from chlorine hydrate in primary
      batteries. Another chlorine battery is described in U.S. Pat. No.
      3,134,698. The difficulty with the prior art batteries is that there has
      been no real method described for producing a material which could be
      generated from and be reconstructed into the electrolyte in order to
      continuously charge and discharge a battery.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned with a method of conveniently storing halogen by
      employing halogen hydrates for use in electrical energy storage devices,
      such as, primary and secondary batteries. The invention is also concerned
      with a method for producing halogen hydrates in secondary batteries.
      Halogen hydrates provide a convenient means of storing halogens to be used
      in the discharge of primary and secondary batteries since they allow the
      concentrations of halogen and electrolyte to be controlled easily. The
      halogen hydrate produced during the charging of a secondary battery is a
      convenient means of storing the halogen until it is used during the
      discharge of the secondary battery. Another aspect of the invention is the
      production of an electrolyte from the halogen hydrate for use during the
      discharging of a secondary battery.
PAR  It is, therefore, an object to produce a composition which can be stored
      and subsequently used to generate electricity.
PAR  It is also an object to reduce the dendrite formation in the operation of a
      secondary battery when generating the storable compositions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A process is described for producing a halogen hydrate in a housing
      containing an electrode compartment with at least one positive and one
      negative electrode therein, comprising:
PAR  1. Passing a current through an aqueous metal halide solution, thereby
      generating halogen at the positive electrode,
PAR  2. Forming a halogen hydrate, and
PAR  3. Separating the halogen hydrate from the solution.
PAR  A preferred embodiment is the production of the halogen hydrate in the
      rechargeable electrical energy storage device, such as, a secondary
      battery.
PAR  The battery can be described as follows: A battery comprising:
PAR  1. An electrode compartment with at least one positive and one negative
      electrode therein,
PAR  2. A storage compartment with a halogen hydrate therein,
PAR  3. An electrolyte, and
PAR  4. Communicative means between said electrode compartment and said storage
      compartment;
PAR  A preferred embodiment of the battery is the use of a means to pass the
      halogen hydrate from the storage compartment through the communicative
      means to the electrode compartment. Such a means could be a pumping means
      or the use of some positive action such as the use of gravity flow or
      other means obvious to one skilled in the art.
PAR  By communication means is meant any means to allow the electrode
      compartment to be in contact with the storage compartment. This can be
      performed by pipes and glass tubes.
PAR  A third aspect of the invention is the production of an aqueous metal
      halide electrolyte solution which is used in the discharge phase of the
      battery. The process can be described as a method for producing an aqueous
      metal halide solution for use as an electrolyte in an electrode
      compartment containing at least one positive electrode and one negative
      electrode with a metal surface, comprising:
PA1  1. Passing a halogen hydrate into an electrolyte, and,
PA1  2. Passing said electrolyte into the electrode compartment.
PAR  In a preferred embodiment, a plurality of cells (consisting of one positive
      and one negative electrode) may be joined together to increase the battery
      capacity. On the other hand, the electrode compartment can also be
      increased in size so that many positive and negative electrodes are
      contained therein.
PAR  One means of producing the aqueous metal halide is by decomposing the
      halogen hydrate to produce its thermal decomposition products, namely,
      halogen and water, and then, passing the decomposition products into
      electrolyte. This electrolyte therefore contains halogen for the halogen
      is entrained or dissolved in the electrolyte. The electrolyte therefore
      brings the halogen to the electrode compartment where it can react
      electrochemically with the zinc to discharge the battery.
DRWD
PAR  In the production of a halogen hydrate, reference can be made to the
      diagrams.
PAR  FIG. 1, is a flow diagram of the overall preparation and storage of halogen
      hydrate.
PAR  FIG. 2, is a phase diagram for the system chlorine/water/zinc chloride.
PAR  FIG. 3, is a sectional view of an electrode that may be used in the
      operation of the invention.
PAR  FIG. 4, is a side sectional view along lines 4--4 of the  FIG. 3.
PAR  FIG. 5, is a sectional view of another type of electrode as is described in
      Example 2.
PAR  FIG. 6, is a side section view along lines 6--6 of the electrode of FIG. 5.
PAR  FIG. 7, is a front view of an embodiment of the invention showing an
      electrode compartment.
PAR  FIG. 8, is a sectional view of another type of separation and storage
      compartment.
PAR  FIG. 9, is a top sectional view of the storage compartment, i.e., the right
      side of FIG. 8.
PAR  FIG. 10, is a schematic diagram of another alternative of using a halogen
      hydrate in an electrical energy storage device.
DETD
PAR  The invention can likewise be considered as an electrical energy storage
      device comprising:
PAR  1. An electrode compartment means with at least one positive electrode
      means and one negative electrode means therein;
PAR  2. An aqueous metal halide electrolyte solution in said electrode
      compartment means;
PAR  3. Electrolyte inlet means and electrolyte outlet means in said electrode
      compartment means positioned so as to provide for a flow of electrolyte
      past the surface of said electrode means;
PAR  4. Storage means with solid halogen hydrate therein, said storage means
      having
PA1  a. inlet means communicating with said electrolyte outlet means, and
PA1  b. outlet means communicating with said electrolyte inlet means,
PAL  thereby providing a first and second communicative means, respectively, for
      the flow of electrolyte between said storage means and said electrode
      compartment means and for passing halogen hydrate, or the thermal
      decomposition products of the stored halogen hydrate, namely, halogen and
      water, to said electrolyte solution as it flows through said storage
      means; and
PAR  5. Circulating means for circulating said electrolyte solution through said
      electrode compartment means and recirculating said electrolyte solution
      exiting from said electrolyte outlet means and back to said electrode
      compartment means. Preferably the electrolyte circulates through the
      storage means.
PAR  In FIG. 1, a reservoir of electrolyte is pumped to an electrode compartment
      containing at least one positive and one negative electrode. During the
      charging state, a halogen gas will form at the positive electrode. Since
      the solution is flowing through the electrode compartment the halogen
      formed will likewise be carried through said line.
PAR  The solution will then pass into a separation zone maintained at a
      sufficiently cool temperature to cause solidification of the halogen
      hydrate while the electrolyte remains a liquid. The halogen hydrate may be
      separated from the electrolyte by any suitable means, such as filtration.
      Glass wool is a suitable filtration mechanism. The halogen hydrate is then
      stored in a storage zone. A pumping means maintains the flow of coolant
      from a reservoir in the storage zone to and from the separation zone. The
      electrolyte solution will then continue back to the reservoir electrolyte
      solution.
PAR  In a primary cell, halogen hydrate can merely be passed from a storage
      compartment, internal or external to the battery, to the electrode
      compartment. By saying that the halogen hydrate passes to the electrode
      compartment from the storage compartment is meant that the halogen
      hydrate, because of its low decomposition temperature, may not be a
      halogen hydrate when the electrode compartment is reached. What is meant
      is that the halogen hydrate or its decomposition products of halogen, such
      as chlorine and water are passed into the electrode compartment via the
      electrolyte.
PAR  In a primary battery, the halogen electrode, i.e., the electrode at which
      halogen is generated or dissolved at, should be chemically indifferent or
      inert, such as, graphite or catalyzed graphite, platium, ruthenium dioxide
      on titanium, platinum on titanium, or a noble metal alloy on a base or
      valve metal. Other electrodes could be used which are obvious to one
      skilled in the art. Some electrodes are described in U.S. Pat. No.
      2,572,296. By "Chemically indifferent or inert" is meant that the halogen
      electrode does not react with halogen.
PAR  The metal electrode of a primary battery may be composed of any metal which
      will dissolve electrochemically. The electrode may be a solid metal
      electrode or the metal may be deposited onto an indifferent or inert
      substrate. Suitable electrode surfaces may be metals such as zinc or
      aluminum.
PAR  In addition the electrodes may both be carbonaceous for economic reasons.
      For suitable bipolar electrodes see Ser. No. 200,041 and Ser. No. 200,043,
      filed Nov. 18, 1971 both now abandoned. During the charging process in a
      secondary battery, the metal halide electrolyte solution will be pumped
      through the electrode area whereby a metal will plate out onto the
      negative electrode and halogen will form at the positive electrode. The
      halogen will be converted to a halogen hydrate generally in an area
      separate from the electrode compartment such as in separation zone and
      will be stored in a storage area.
PAR  There are two concepts at this phase of charging. The first deals with the
      formation of a halogen hydrate which is a solid material in a liquid
      electrolyte. The second concept deals with the sepration of solid from
      liquid and the storage of said solid halogen hydrate for subsequent usage.
PAR  During the discharge of either a primary or a secondary battery,
      electrolyte is pumped to the electrode compartment after passing through
      the storage compartment thereby obtaining halogen hydrate which dissolves
      into the electrolyte. Halogen at the positive electrode combines
      electrochemically with the metal at the negative electrode to produce
      useful electrical energy. The electrolyte will return to the separation
      zone and since it is deficient in halogen, it will dissolve more halogen.
      This will result in decomposition of halogen hydrate in the storage
      compartment whereby halogen and water will return to the separation
      compartment to maintain equilibrium. This process will continue during
      discharge until all halogen hydrate has been used.
PAR  Regardless of whether the device is a primary or secondary battery, the
      negative electrode should be comprised of a metallic surface which will
      combine electrochemically with the halogen from the halogen hydrate.
PAR  A preferred embodiment of the invention is when the electrode compartment,
      separation compartment and storage compartment are separate from each
      other. The halogen hydrate may be stored external to the electrodes.
PAR  The electrolyte solution could be any solution which will permit the
      formation of a halogen hydrate. In later discussion, reference will be
      made to the most preferred embodiment, chlorine hydrate. However, it is
      understood that all halogen hydrates are to be considered. At the present
      time only two stable hydrates are known, i.e., chlorine hydrate and
      bromine hydrate. Iodine hydrate forms in certain atmospheres but is very
      unstable. While applicant does not wish to limit the scope of his
      invention to a particular theory, it is believed that chlorine hydrate is
      of the formula:
EQU  Cl.sub.2 .8H.sub.2 O
PAL  and bromine hydrate of the formula:
EQU  Br.sub.2.10H.sub.2 O
PAR  The source of halide preferably is from an aqueous metal halide solution.
      The halogen is formed during the electrochemical charging process. The
      choice of a metal is primarily dependent upon its ability to plate out
      onto an electrode surface during charging. Along these lines, zinc is the
      most preferred metal. The use of zinc as the metallic portion of a metal
      halide solution is desirable because of its ease of being deposited from
      an aqueous solution. The zinc deposition is smooth and large surfaces
      could be deposited. The most preferred embodiment is an aqueous solution
      of zinc chloride. Preferred metal halides are halides of Group II-B metals
      or halides of iron, cobalt, nickel, or other Group VIII metals of the
      Periodic Table listed in the Handbook of Chemistry and Physics, 43 edition
      (1961-1962). The most preferred halides are chlorides and bromides. Other
      metal halides that may be employed are the halides of the lanthanide and
      actinide series as well as the halides of Sc, Ti, V, Cr, Mn, Cu, Ga, Y,
      Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Re, Os, Ir, Pt, Au,
      Hg, Tl, Pb or Bi.
PAR  The electrolyte solutions employed in this invention may have a variety of
      other components therein to decrease corrosion, reduce dendrite formation,
      increase electrolytic conductivity, etc. Such dendrite reducing
      compositions as those in Ser. No. 200,221 filed Nov. 18, 1971 may be used
      especially a polydioxolane.
PAR  In secondary batteries, the most preferred electrolyte is an aqueous one.
      Other electrolyte systems may be used which are compatible, i.e.,
      chemically stable to the metal halide and the halogen hydrate. Generally
      these systems are polar systems.
PAR  For primary batteries some electrolyte systems in addition to an aqueous
      one that can be employed are lower aliphatic alcohols and ketones, such
      as, methanol, ethanol, acetone, etc., as well as mono methyl formamide,
      dimethyl sulfonxide and propylene carbonate.
PAR  The concentration of the aqueous metal halide electrolyte employed in this
      invention ranges from about 0.1% by weight to saturation. Preferably about
      5% to saturation and that the most preferred metal halide electrolyte is
      about 15 to 35% by weight. This concentration range is desirable because
      the conductivity of the solution varies very little and is about 90% of
      the maximum conductivity, at least, for the most preferred embodiment, an
      aqueous solution of zinc chloride.
PAR  The formation of chlorine hydrate is dependent upon the concentration of
      chloride ions in the electrolyte, the concentration of metal ions and the
      temperature and pressure of the electrolyte solution. FIG. 2, is a phase
      diagram for chlorine, water and zinc chloride solutions wherein the
      pressue (log.sub.10  in atmospheres) is plotted verses temperature in
      .degree. C. The critical point of chlorine hydrate in a 25% by weight
      ZnCl.sub.2 solution is about 16.degree. C.
PAR  The temperature and pressure for the electrode compartment may be varied
      within wide limits from the freezing point to the boiling point of the
      electrolyte. It is preferred that the temperature range from about
      0.degree. C to about 75.degree. C while the pressure ranges from about
      0.05 atmospheres to about 15 atmospheres. A more preferred range is from
      about 10.degree.C to about 60.degree. C while the pressure ranges from
      about 0.2 atmospheres to about 10 atmospheres. The temperature for the
      storage zone during the charging states is from the freezing point of the
      electrolyte solution to the critical temperature of the halogen hydrate.
      During standing, i.e., when there is not a charge or discharge, any
      temperature may be employed sufficient to keep a halogen hydrate formed.
      Suitable temperature and pressures may be obtained from FIG. 2 for a 25
      percent by weight zinc chloride solution.
PAR  A preferred temperature for the storage compartment is one not higher than
      the critical temperature of the halogen hydrate. An even more preferred
      temperature range is from about -50.degree.C to the critical temperature
      of halogen hydrate. The critical temperature of a halogen hydrate is that
      temperature above which halogen hydrate can not be formed by pressure
      alone. This latter definition is in accordance with the definition of
      critical temperature in the "Handbook of Chemistry & Physics," 50th
      edition (1969-1970), page F-72. When one is considering critical
      temperature, only one component and two phases are generally considered.
      However the invention described herein is concerned with four components,
      halogen hydrate and its decomposition products, chlorine and water and the
      metal halide while there are three phases, solid, liquid and gas.
      Therefore, the critical temperature of a halogen hydrate can also be
      defined as that temperature above which a halogen hydrate can not exist.
      The phase diagram of FIG. 2 outlines the critical temperature of the most
      preferred embodiment, chlorine hydrate.
PAR  In the area bounded by points ACD, chlorine hydrate is present as a solid
      in water. Below the line CD, gaseous chlorine is present in water.
      Further, liquid chlorine is present above the line AC. In the area bounded
      by ABE, chlorine hydrate is present as a solid in a 25% concentration of
      zinc chloride in water.
PAR  The electrodes for a secondary battery could be any electrode normally used
      in electrochemical reactions such as graphite, noble metal such as
      platinum or gold, metal plated electrodes, such as a platinum family metal
      or its alloys coated on titanium, or other valve metal; some examples are
      ruthenium dioxide or platinum-iridium coated titanium, or tantalum, etc.
      The electrodes may be bipolar or monopolar. In order to increase
      conductivity, the electrodes may also be fluidized electrodes such as that
      described in British Pat. No. 1,194,181 of the National Research
      Development Corporation. Significant improvements in current densities can
      be obtained when metal plated electrodes are used such as that mentioned
      above.
PAR  A diaphragm may be used to separate the anode and cathode compartments. The
      diaphragms that can be used are those normally employed in the
      electrochemical art such as polytetrafluoroethylene coated fabrics,
      polyethylene, membranes of selected ion permeability, etc. The criteria
      for the diaphragm is that it efficiently separates the two compartments,
      allows the ions to pass therethrough and is chemically and mechanically
      stable.
PAR  Any means to separate a solid from a liquid may be used to separate halogen
      hydrate from the aqueous electrolyte. Such means are filtration,
      crystallization under appropriate temperature and pressure conditions to
      obtain the solid, etc.
PAR  The distinct advantage of this new type of battery is that from a zinc
      chloride solution a substance, chlorine hydrate, can be formed and stored
      during the charging phase. Since zinc is plated onto the negative
      electrode and chlorine and water are removed as chlorine hydrate, the
      concentration of the electrolyte solution can remain reasonably constant
      during a cycle of charge and discharge. During the discharge phase, zinc,
      chlorine and water are added to the electrolyte by zinc being removed from
      the electrodeposit and chlorine hydrate decomposing into the electrolyte.
      The fact that during discharge the electrolyte remains at a reasonably
      constant concentration is important because as the concentration of an
      electrolyte increases above a certain point (which will vary with
      electrolyte), the internal resistance of a battery will increase, thereby
      decreasing discharge efficiency of the battery. By "reasonably constant"
      is meant that the concentration of the electrolyte over a cycle of charge
      and discharge has a definite range. This phenomenon is further exemplified
      in the concentration range of 20-25% ZnCl.sub.2 in Example 2.
PAR  The use of chlorine hydrate is a simplified way of storing chlorine without
      having to compress it. When zinc chloride is employed as an electrolyte,
      maximum conductivity occurs at a concentration of about 25% by weight and
      chlorine hydrate will form at atmospheric pressure. See FIG. 2. However,
      conductivity -- concentration  curves are reasonably flat at concentration
      levels from about 15% to about 35% by weight.
PAR  A distinct advantage of using a halogen hydrate is that the decomposition
      reaction of halogen hydrate is endothermic (i.e., requires heat).
PAR  The operation of most batteries generates heat due to polarization effects
      at the electrodes. This heat must therefore be taken away from the
      electrodes. This heat is readily handled in the present case for a
      circulating electrolyte can remove the heat and bring it to the storage
      compartment where halogen hydrate is present. This permits a direct
      contact between the halogen hydrate and the electrolyte thereby cooling
      the heated electrolyte, decomposing the halogen hydrate and permitting the
      halogen from the halogen hydrate to dissolve into or be entrained in the
      electrolyte for its passage back to the electrode compartment.
PAR  It is clear that the heated electrolyte need not directly contact the
      halogen hydrate but rather can indirectly contact it thereby cooling the
      heated electrolyte and decomposing the halogen hydrate. Also, the halogen
      hydrate could be decomposed by heating the storage compartment. In either
      case, the electrolyte could be cooled by various heat exchange mechanisms
      such as an air cooled heat exchanger. In either situation the
      decomposition products of the halogen hydrate, namely, halogen and water,
      can then be passed into the electrolyte.
PAR  It is preferred however, that the circulating electrolyte directly contact
      the halogen hydrate thereby reducing the need of substantial heat exchange
      systems. When there is a direct contact, the zinc chloride that is formed
      during discharge can be stored in the same storage compartment that the
      chlorine hydrate was stored, thereby conserving space. The direct contact
      provides a convenient means of dissolving the halogen in the electrolyte.
      Therefore one need be concerned primarily with two phases in the electrode
      compartment, i.e., a solid phase (electrodes) and a liquid phase
      (electrolyte). This is contrasted with metal air systems where the
      electrodes must be specifically designed with the gaseous phase in mind.
      Further, in metal air systems the air or oxygen oxidant is not as reactive
      when dissolved in the electrolyte as the halogen, preferably chlorine, is.
PAR  Having described the invention in general, below are examples of
      embodiments of the invention. All temperatures are in degrees centigrade
      and all percentages are parts by weight, unless otherwise indicated.
PAC  EXAMPLE I
PAR  A single cell battery was constructed from one inch thick graphite plates
      31 drilled to allow an even distribution of electrolyte as is shown in
      FIGS. 3 and 4. Two identical plates (See FIGS. 3 and 4 for one plate) 6
      inches .times. 8 inches with 51/2 inches .times. 7 inches of active plate
      area 32 were mounted one thirty-second inch apart using a gasket of teflon
      (trademark for polytetrafluoroethylene) 33. No diaphragm was used to
      separate the cell into compartments in order to simplify operation.
      Solution containing 25% by weight zinc chloride in water and stored in a
      glass round bottomed flask, was pumped to the cell through distribution
      hole 34 at about 100 mls./min. per electrode side using a peristaltic
      pump. The solution passed through holes 35 one thirty-second inch in
      diameter thereby coming in contact with the active area. The solution
      passed through holes 36 one-sixteenth inch in diameter at the top of the
      cell through opening 37 and out the teflon pipe fitting 38. From the top
      of the cell, solution was passed to the top of a bulb condenser and
      therein formed a film of solution on the bulb walls. The solution fell by
      gravity down the walls and into a glass tube containing glass wool to act
      as a filter. The glass filter tube was immersed in a 5 liter beaker of an
      ice/salt mixture maintained at -5.degree. C. The cold brine was pumped to
      the jacket of the bulb condenser and then returned to the 5 liter beaker.
      Electrolyte solution passed by means of a siphon from the filter to the
      solution store and was thence recirculated. The battery plates were coated
      with Teflon spray and Teflon emulsion and then baked at about 250.degree.
      C. to minimize leakage. The two battery plates were held together with
      G-clamps.
PAR  About 450 mls. of zinc chloride solution (25% by weight) was placed in the
      flask and the peristaltic pump was started to circulate solution through
      the system. A current of about 10 amps was passed through the battery from
      an Anotrol potentiostat in the potential control mode; this corresponding
      to about 40 mA/cm.sup.2. The current was passed for 100 mins. Gas was
      observed in the solution coming from the electrode area and passing to the
      glass tube. A light yellow solid was formed in the tube which was
      identified as chlorine hydrate. The solid was sucessfully separated on the
      glass wool.
PAR  At the completion of charging, a potential difference of 2.1 volts was
      observed between the battery plates.
PAR  An ammeter was connected directly between the electrodes. The solution was
      continuously pumped throughout the apparatus. Initially, currents up to 15
      amps at 1.2 volts could be drawn from the cell. After about one minute of
      discharge, a current of 5 amps at 0.8 volts was observed. Chlorine for
      discharge of the battery was provided by decomposition of the chlorine
      hydrate. The battery was discharged for a short time only to allow
      observation of the zinc electrodeposit. The zinc deposit was flat and
      looked microcrystalline under the microscope. There were areas upon which
      there was no electrodeposited zinc -- especially close to the solution
      inlet -- which is expected since no diaphragm was used in the cell.
PAC  EXAMPLE II
PAR  A single cell battery using graphite electrodes with plexiglas frames 50
      and a picture-frame construction was made as shown in FIGS. 5 and 6. FIG.
      5, shows a half-cell; two of these being bolted together to form a
      one-cell battery. The distance between the active electrode surfaces is
      one-sixteenth inches. The electrode frame 50 has a zinc chloride solution
      inlet 51 and distribution holes 52. A rubber gasket 53 fits snugly around
      the graphite electrode 54. The electrode and gasket fit in air and water
      tight fashion into the indentation 56 of the electrode frame. Two separate
      flow systems were used to arrange flow in the two compartments of the cell
      which are separated by the Teflon paper diaphragm material 57 made by
      Pall-Flex Products. These flow systems, which are constant hydrostatic
      head devices used to maintain constant flow rates, are shown in FIG. 7,
      and were constructed from glass. Gum rubber connections were made for the
      cell. FIG. 7, also shows manometers used to monitor the rate of flow
      through the two compartments of the cell, and to insure that no pressure
      difference was exerted on the diaphragm. Solution flowing from the
      chlorine compartment 71 of the cell was first passed to a gas separator 99
      as shown in FIG. 7. The gas phase of this gas separator was directly
      connected to the gas absorber and chlorine hydrate former shown in FIG. 8,
      left side. This apparatus in turn was connected via a peristaltic pump --
      to the chlorine hydrate separator and solution reservoir shown in FIG. 8,
      right side.
PAR  During charge and discharge, a flow of about 300/mls/min. per electrode
      side of 20% by weight of zinc chloride solution was passed into the
      chlorine compartment 71 of FIG. 7, where chlorine gas was formed during
      the charging phase by the electrolysis of zinc chloride. The flow of
      solution through the apparatus of FIG. 7, is as follows. Zinc chloride
      solution from reservoirs 72 and 73 is pumped via pumps 74 through lines 75
      and 76 to reservoirs 77 and 78 which are maintained at a constant head by
      means of connecting tubes 79 and 80 which are open ended at 81 and 82)
      which permits the excess to flow back to the reservoirs (72 and 73),
      respectively. The solutions flow through lines 83 and 84 to the chlorine
      compartment 71 and the zinc compartment 85 through openings 87 and 86,
      respectively. Sufficient pumping pressure is maintained to keep solution
      in lines 88 and 89. Electrolyte flows into the electrode inlet 51 (of
      FIGS. 5 and 6) and through distribution holes 52. The solution passes the
      active surface area 54 and out distribution holes 58 through outlet tube
      59. Solution exits from the chlorine compartment through exit 91 while
      solution exits through exit 90 of the zinc compartment. In order to
      maintain constant pressure on the diaphgram 57, solution is also in lines
      92 and 93 which are attached to exit lines 91 and 90 of the chlorine and
      zinc compartments, respectively. In addition, a manometer 94, is connected
      between reservoirs 77 and 78 with zinc chloride solution 95 therein as a
      means of visually determining the pressure differential between both
      electrode compartments. The solution with entrained chlorine gas was
      passed from the chlorine chamber 71 to the gas separator 99. Sufficient
      electrolyte solution is maintained in the gas separator to allow the
      chlorine gas to exit out line 96. The electrolyte solution was returned to
      the flow system through line 97. The chlorine gas was passed to the
      chlorine hydrate former 180. See FIG. 8, left side. The chlorine hydrate
      former is an apparatus that is maintained at a desired temperature by
      means of a circulating coolant which enters via 182 and exits via 183.
      Here, the gas enters through 181 and is first precooled as it passes
      through line 184. The gas then meets a falling film of 20% zinc chloride
      solution formed on the inner surface of a bulb condenser. This solution is
      excess zinc chloride solution from the chlorine hydrate separator (right
      side FIG. 8) which enters via line 187. Also zinc chloride solution from
      the chlorine compartment 71 exits through line 98 of FIG. 7, and enters
      the chlorine hydrate former (FIG. 8 left side) through line 185. A
      constant level 186 of zinc chloride solution is maintained at the bottom
      of the bulb condenser. Chlorine hydrate is formed and collects with excess
      solution at the bottom of the bulb condenser. From here, the peristaltic
      pump (not shown) was used to pass chlorine hydrate with solution through
      line 188 to the chlorine hydrate separator 190. The separator is formed of
      Plexiglas (Trademark for thermoplastic polymethylmethacrylate). Two
      Plexiglas sheets 191 are placed in the separator 190 to form a storage
      area for the halogen hydrate. A filter 192 is positioned in the storage
      area formed by the two sheets. The zinc chloride solution with chlorine
      hydrate therein enters the separator through line 188, which separator is
      maintained at a desired temperature by means of coolant which enters
      through line 193 and exits through line 194. The chlorine hydrate is
      separated on the Teflon filter cloth 192 and excess solution exits via 187
      of the separator and enters the chlorine hydrate former at the top of the
      bulb condenser 189 to absorb more chlorine hydrate. In order to maintain
      adequate pressure on the filter 192, a reservoir of 25% zinc chloride
      solution 196 of about 500 ml. was placed in the chlorine hydrate
      separator. The reservoir was separated from the chlorine hydrate by means
      of a Teflon sheet 197, which acts as a bellows. As the filter 192 became
      filled with chlorine hydrate, solution from the reservoir was forced out
      exit line 198 and returned to the zinc electrode reservoir 73 via line
      100.
PAR  In order to maintain a constant volume and constant pressure, a glass line
      199 was connected between the chlorine hydrate former (FIG. 8, left side)
      and the chlorine electrode reservoir 72. The gas line for the latter
      reservoir is identified as line 101.
PAR  During charge, an amount of solution just necessary to absorb chlorine and
      cause a concentration change form 20 to 25% in zinc chloride was taken
      continuously from the chlorine electrode compartments 71 via line 98 and
      passed to the chlorine hydrate former (FIG. 8) via line 185. This caused
      the level 186 to rise in the hydrate former unit, so solution was
      periodically removed from the hydrate former system via line 102 to
      maintain the level in the absorber. This zinc chloride was directed via
      line 102 to the chlorine electrode reservoir via 101 rather than going to
      the chlorine hydrate separator via line 188. In essence, there is a
      continuous loop between the chlorine hydrate former and the chlorine
      hydrate separator. The solution is continuously circulated until the level
      186 in the hydrate former rises. On discharge, this level is such that
      solution flows back to the chlorine electrode reservoir. The chlorine
      hydrate part of the system was cooled by passing coolant from a
      refrigerator bath at -5.degree. C. around the hydrate former and separator
      units. The system was sealed by a manometer 200 and filled with water 201,
      so that the system operated at 5 inches of water head above ambient
      pressure.
PAR  In a typical experiment, the battery was charged at a rate of 8 amps for 1
      hour. The voltage under these conditions was about 2.9 volts. During the
      charging process, chlorine hydrate was observed to form in line 184 as a
      pale yellow solid. Observation of the separator unit showed that chlorine
      hydrate was collecting on the filter 192, during charge. After 1 hour, the
      charging current was switched off, so that a total charge of 8 amp hours
      had been put into the battery. Five minutes after switching off the
      charging current, a voltage of 2.134 volts was observed between the zinc
      and chlorine electrodes, and after 9 minutes, the voltage was 2.129 volts.
      Ten minutes after turning off the charging current, a discharge current of
      2 amps was started. One minute after the start of discharging, the voltage
      observed between the two plates was 1.385 volts; and after 21/2 hours
      1.146 volts. After this time, the cell voltage dropped rapidly so that
      after 3 hours it was 0.858 volts, the drain on the battery being 2 amps.
      Thereafter, current and voltage dropped concurrently, so that after 31/4
      hours the current was 0.23 amps at a cell voltage of 0.060 volts. The
      battery was then completely discharged. During discharge, the system's
      pumps were turned on, the chlorine hydrate portion of the system (FIG. 8)
      was warmed and therefore chlorine and water were formed as thermal
      decomposition products of chlorine hydrate. As this occurred, the level
      186 in the chlorine hydrate former rose thereby causing the zinc chloride
      solution to return via line 102 to the chlorine electrode reservoir 72 via
      line 101. This process occurred smoothly, and chlorine hydrate was
      observed to disappear from the filter unit. In order to simplify operation
      and to insure that the zinc electrode controlled the total charge of the
      battery, chlorine gas was supplied from a cylinder (not shown) to the
      chlorine hydrate part of the system via line 104 during discharge. This
      was not done continuously but periodically when some of the chlorine
      hydrate was observed to have disappeared from the filter element.
PAR  A total of 6.267 amp hours were removed from the battery during discharge,
      so that the total charge efficiency was 78.3%.
PAR  The interaction of the various functional aspects of the system must be
      considered as one operates the system. Charging rates is such as example.
      The charging rates can be varied within wide ranges. The following factors
      should be considered in determining a charging rate; if the charging rate
      is too low, the time for total charging in the battery will be
      impractically long; if the charging rate is too high, the rate of heat
      generation within the battery will be unacceptable either because of heat
      damage or since the heat generated will be in excess of the heat that can
      be removed from the cooling system; and if the charging rate is too high,
      the zinc electrodeposit will be unsatisfactory because of nonadherence or
      excessive dendrite formation. It is preferred that charging rates range
      from about 10.sup.-.sup.5 amps per square centimeter to about 10 amps per
      square centimeter, preferably 10.sup.-.sup.3 amps per square centimeter to
      about 0.5 amps per square centimeter and even more preferably
      10.sup.-.sup.2 amps per square centimeter to about 0.2 amps per square
      centimeter.
PAR  Solution flow rate is another example of a system parameter. The flow rate
      utilized in Example II, is significantly different from that used in
      Example I. In Example I, the chlorine gas entrained in the solution was
      moved directly from the electrode area to separation and storage areas. In
      Example 2, on the other hand, to reduce amount of material which needs to
      be cooled, the gas is separated from the electrolyte via separator 97 and
      is precooled in the chlorine hydrate former in line 184. Chlorine hydrate
      is formed and then meets the excess zinc chloride solution from the
      chlorine hydrate separator in the bulb condenser 189. The magnitude of the
      flow rate will depend upon the size of the electrodes and the distance
      between the electrodes. The criteria for determining an appropriate flow
      rate may be as follows: during charging the solution flow rate is such
      that gas pockets do not form in the chlorine compartment 71; during
      charging, the solution flow rate is such as to keep dendrite formation
      within manageable limits; a constant flow of electrolyte decreases
      dendrite formation; during discharge the solution flow rate on the
      chlorine side should be large enough to keep electrode polarization low
      within practical limits; during discharge, the solution flow rate should
      not be so high that excessive amounts of energy are used for pumping; and
      during charge and discharge, this solution flow rate should not be so high
      as to cause excessive transfer of chlorine from the chlorine side to the
      zinc side.
PAR  For an electrode that is approximately 10 centimeters wide by 12
      centimeters high (about 120 square centimeters), preferred flow rates per
      electrode side can range from about 50 milliliters per minute to about 500
      milliliters per minute during charge and discharge. However, flow rates of
      approximately 1 milliliter to about 5,000 milliliters per minute per
      square centimeter electrode surface are also rates that could be employed.
      Since the flow rate is mainly volume determinative, i.e., one considers
      the flow of the solution through the entire electrode chamber, one
      therefore must take into account the distance from one electrode surface
      to the other electrode surface or to the diaphragm therebetween, if one is
      employed.
PAR  Due to the parameters associated with charging and discharging, one may
      wish to vary the shape of the electrodes. The considerations associated
      with each plane (charge and discharge) should be correlated with overall
      effeciencies. During discharge a long type of electrode may be worthwhile
      because of desire of even electrolytic action on metal surface. However on
      charging, a long electrode may not be desirable due to need of removing
      gaseous chlorine from electrode surface in order to prevent passivation of
      said surface. In order to remove the gas, higher flow rates would be
      needed thereby increasing pumping requirements. Therefore, while flow
      rates are mainly determined by size of electrode surface, other factors
      are also taken into consideration.
PAR  Further, electrodes of larger or smaller surface areas may be employed
      depending on the particular use of the battery. In addition, the
      electrodes could be spaced either further or closer together. Once again,
      this is a determination of the end use in which the battery is to be
      employed. Also, a number of cells may be connected to give the desired
      additive effect in order to increase the amount of power of the entire
      battery system.
PAC  EXAMPLE III
PAR  In a three cell having bipolar electrodes comprised of carbonaceous
      materials and having 25 in.sup.2 surface area and spaced 50 mils apart,
      was flowed a 25% by weight zinc chloride electrolyte at a rate of 1.2
      liters/min. Suitable bipolar electrodes are described in U.S. Ser. No.
      200,041 and 200,043 filed Nov. 18, 1971. The zinc metal was deposited on
      to the negative electrode surface while chlorine was generated at the
      positive electrode surface. The chlorine was removed from the electrode
      compartment by the flowing electrolyte. The battery was charged at the
      following rates. The charging was concluded when 600 amp - minutes were
      charged. See Table I.
PAR  After 600 amp - charge, the open cell voltage was 6.30 - 6.27 which
      compares favorably with the theoretical EMF of 6.36.
PAR  The cell was then discharged by flowing the electrolyte at the above rate
      and passing sufficient chlorine into the cells from a cylinder of chlorine
      to keep the electrolyte saturated with chlorine. If chlorine hydrate were
      used as the source of chlorine, the rate of decomposition would be
      adjusted so as to give a saturated zinc chloride electrolyte. See Table
      II.
PAR  The purpose of the experiment was to charge and discharge the cells to
      determine the ability of the zinc-chloride battery to carry various charge
      and discharge rates.
TBL                TABLE I                                                     

     ______________________________________                                    

     CHARGE    AMP-MINUTES      VOLATAGE ACROSS                                

     RATE (AMPS)                THE THREE CELLS                                

     ______________________________________                                    

     10        108              7.93                                           

     10        280              8.14                                           

     12        250 (charged to 12 amps)                                        

                                8.14                                           

     12        273              8.30                                           

     12        295              8.32                                           

     14        300 (charged to 14 amps)                                        

                                8.45                                           

     14        400              8.42                                           

     14        500              8.33                                           

     14        580              8.28                                           

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     DISCHARGE AMPS AMP-MINUTES   VOLTAGE                                      

     ______________________________________                                    

     1               2            5.84                                         

     2               6            5.63                                         

     4               7            5.31                                         

     4               14           5.32                                         

     6               15           5.06                                         

     6               26           5.09                                         

     8               44           4.85                                         

     10              66           4.53                                         

     12              90           4.27                                         

     14             118           3.93                                         

     1                            5.95                                         

     40             120 - 123     1.37                                         

     8              124           6.02                                         

     8              125           5.18                                         

     8              134           5.08                                         

     Open circuit voltage                                                      

                    137           6.18                                         

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Single cell experiments were conducted with a variety of metallic anodes.
      The test cell was comprised of 75 cm.sup.2 electrode area per electrode,
      with an inter electrode spacing of 3.2 mm and an electrolyte of 5% NaCl
      aqueous solution. The electrolyte was flowing through the cell at a rate
      of about 200 cc/minute. The cathode was a porous graphite electrode
      constructed of Union Carbide graphite grade 60. Electrolyte was forced
      into a plurality of passageways formed by the attachment of the porous
      graphite, which was grooved to an impervious back plate. Such electrodes
      are used as bipolar electrodes in multi cell batteries, see U.S. Ser. No.
      200,041 and U.S. Ser. No. 300,043 filed Nov. 18, 1971. Chlorine was
      introduced into the flowing electrolyte by decomposing chlorine hydrate.
      The solution was saturated with chlorine at all times. The introduction of
      the chlorine from chlorine hydrate is schematically shown in FIG. 10. The
      chlorine and water from the decomposing chlorine hydrate (stored in the
      storage area) was fed to the electrolyte which was circulating through the
      electrode area. In the case of aluminum, magnesium and copper, metal
      plates were used for discharge. In the case of nickel and tin, the metal
      was electroplated on to a copper substrate for testing, while zinc was
      deposited on to a graphite substrate. Table III, shows the metal
      consumption for the various metals as the electric energy storage device
      was discharged by the chlorine electrochemically reacting with the various
      metals. Table IV, gives the discharge voltage characteristics where V is
      voltage and CD is current density in milliamps/cm.sup.2.
PAR  The results are surprisingly poor for aluminum. Apparentaly the formation
      of aluminum hydroxides decreases the effectiveness of the aluminum
      electrode.
TBL                TABLE III                                                   

     ______________________________________                                    

                                      WEIGHT                                   

             AMP HOURS (AH)                                                    

                          WEIGHT LOSS LOSS/AH                                  

     METAL   DISCHARGED   (gm)        gm/AH                                    

     ______________________________________                                    

     Aluminum                                                                  

             1.17         1.00        0.85                                     

     Magnesium                                                                 

             1.42         1.43        1.01                                     

     Tin     0.15         0.4         2.67                                     

     Nickel  0.5          1.45        2.90                                     

     Copper  1.03         3.86        3.75                                     

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

     VOLTAGE (V) CURRENT DENSITY ON DISCHARGE FOR VARIOUS                      

     METALS                                                                    

     V     Zn      Mg       Al    SN     Ni    Cu                              

     ______________________________________                                    

      0    2.1     2.7      1.85  1.6    1.12  1.2                             

     10    1.85    2.28     1.45  1.15   0.8   9.87                            

     20    1.77    2.15     1.35  0.95   0.65  0.65                            

     30    1.6     1.98     1.17  0.81   --    --                              

     40    1.55    1.87     1.05  --     --    --                              

     50    1.45    1.75     0.95  --     --    --                              

     60    1.4     1.65     0.9   --     --    --                              

     70    1.32    1.55     --    --     --    --                              

     80    1.25    1.45     --    --     --    --                              

     ______________________________________                                    

PAC  EXAMPLE V
PAR  A battery was constructed of carbonaceous electrodes, such as those
      described in U.S. Ser. No. 200,041 and 200,043, filed Nov. 18, 1971. The
      electrodes were bipolar whereby a porous carbon cathode, which was
      grooved, was attached to an impervious graphite anode. The attachment
      formed channels so that the electrolyte flowed through the channels and
      through the porous cathode into the cell area. The battery was comprised
      of 5 modules, each module having 12 sub-modules connected in series. Each
      sub-module had 24 cells, thereby having a desired open circuit voltage of
      about 50 volts. The electrolyte (20% by weight zinc chloride) was flowed
      through each sub-module in parallel flow patterns at a flow rate of 600
      ml/cell. The battery was charged for 3 hours. Chlorine hydrate was formed
      separately by passing chlorine into a cooled aqueous solution and placed
      into the storage compartment. The chlorine hydrate had 27% by weight
      chlorine. During Discharge, the electrolyte was circulated through the
      electrode compartment, (at a rate of about 400 ml/cell and the storage
      compartment thereby decomposing the chlorine hydrate and dissolving the
      chlorine. The chlorine was then available for discharge with the zinc.
      Five of the modules were placed in an electrically driven automobile
      (which weighed about 4200 pounds plus two passengers) was driven for about
      150 miles at a constant speed of 50 miles an hour. Each module delivered
      8.16 KWH of electric energy.
PAR  It is to be appreciated that the electric energy storage device can be used
      for applications in addition to electric vehicles, such as, standy-by
      power, a means for transporting electric power by merely transporting
      halogen hydrate, and the like. A halogen hydrate energy storage device
      (EESD) could be charged during off-peak hours (evening) and discharged
      during the peak hours (day time). This could be particularily advantageous
      for electric utilities to have their own large scale EESD or the EESD
      could be on a small scale such as that owned by a consumer, such as, in
      air conditioners for office buildings or private homes, and the like. The
      halogen hydrate could be formed electrically during the charging phase of
      an EESD or formed chemically. Either way, the material could then be
      transported to where electric energy is needed. Alternatively the halogen
      (such as liquid chlorine), could be transported, used to chemically form
      halogen hydrate and then react with an anode comprised of a metallic
      surface which thereby produces electric energy. It is to be appreciated,
      that the metal for the metal electrodes would also be transported to the
      desired location for the EESD. In all likelihood the type of device
      described above would be a primary device, i.e., would not be recharged
      electrically.
PAR  It is understood that the following claims are intended to cover all of
      these and other specific features of the invention herein described and
      all statements of the scope of the invention which, as a matter of
      language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing electric current from an electrical energy
      storage device having an electrode compartment means containing therein a
      positive electrode means and a negative electrode means comprised of a
      metallic surface, which will combine electrochemically with a halogen,
      comprising the steps of:
PA1  1. circulating an aqueous metal halide electrolyte solution sequentially
      past said electrode means in said electrode compartment means, externally
      of said electrode compartment means and back past said electrode means;
PA1  2. decomposing a halogen hydrate thereby producing its thermal
      decomposition products, namely halogen and water;
PA1  3. passing said decomposition products into said electrolyte while it is
      being circulated external to said electrode compartment thereby dissolving
      at least a portion of halogen from said halogen hydrate; and
PA1  4. completing the circuit between said positive and negative electrode
      means.
NUM  2.
PAR  2. A method for producing electric current from an electrical energy
      storage device, having an electrode compartment means, containing therein,
      a positive electrode means, a negative electrode means comprised of a
      metallic surface which will combine electrochemically with a halogen and
      an ion permeable diaphragm mounted between said positive electrode means
      and said negative electrode means so as to provide a positive electrode
      compartment means and a negative compartment means comprising the steps
      of:
PA1  1. circulating an aqueous metal halide electrolyte solution sequentially
      past said negative electrode means in said electrode compartment means,
      externally of said electrode compartment means and back past said negative
      electrode means;
PA1  2. circulating an aqueous metal halide electrolyte solution sequentially
      past said positive electrode means in said electrode compartment means,
      externally of said positive electrode compartment means and back past said
      positive electrode means;
PA1  3. decomposing a halogen hydrate thereby producing its thermal
      decomposition products, namely, halogen and water;
PA1  4. passing said decomposition products into said electrolyte from said
      positive electrode compartment means while it is circulating external to
      said electrode compartment means thereby dissolving at least a portion of
      halogen from said halogen hydrate; and
PA1  5. completing the circuit between said positive and negative electrode
      means.
NUM  3.
PAR  3. The method of claim 1, wherein the halogen hydrate is chlorine hydrate.
NUM  4.
PAR  4. The method of claim 1, wherein the electrolyte is a Group II B metal
      halide solution.
NUM  5.
PAR  5. The method of claim 1, wherein the electrolyte solution has a
      concentration of metal halide from about 0.1% by weight to saturation.
NUM  6.
PAR  6. The method of claim 1, wherein said negative electrode comprises a Group
      II B metal surface.
NUM  7.
PAR  7. The method of claim 1, wherein said negative electrode comprises a zinc
      surface.
NUM  8.
PAR  8. The method of claim 1, comprising in addition, heating said halogen
      hydrate to provide said thermal decomposition products.
NUM  9.
PAR  9. The method of claim 1, wherein the metal halide is zinc chloride.
NUM  10.
PAR  10. The method of claim 1, wherein the negative electrode is inert.
NUM  11.
PAR  11. The method of claim 2, wherein the halogen hydrate is chlorine hydrate.
NUM  12.
PAR  12. The method of claim 2, wherein the electrolyte is a Group II B metal
      halide solution.
NUM  13.
PAR  13. The method of claim 2, wherein the electrolyte solution has a
      concentration of metal halide from about 0.1% by weight to saturation.
NUM  14.
PAR  14. The method of claim 2, wherein said negative electrode comprises a
      Group II B metal surface.
NUM  15.
PAR  15. The method of claim 2, wherein said negative electrode comprises a zinc
      surface.
NUM  16.
PAR  16. The method of claim 2, comprising in addition, heating said halogen
      hydrate to provide said thermal decomposition products.
NUM  17.
PAR  17. The method of claim 2, wherein the metal halide is zinc chloride.
NUM  18.
PAR  18. The method of claim 2, wherein the negative electrode is inert.
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ABST
PAL  An electrical storage battery, providing high energy density, comprises an
      anode compartment containing at least one reducer metal and a cathode
      compartment containing an electrically conductive solution of at least one
      salt of the said metal in a non-aqueous solution. The solution is in
      contact with at least one electron acceptor material and the two
      compartments are separated by a wall which is sealed to the fluids and is
      constituted by a solid material that allows the migration, at ambient
      temperature, of the reducer metal of the anode in the form of ions. The
      electron acceptor substance is soluble in the solution contained in the
      cathode compartment in the reduced form thereof, as well as in its
      original form. The battery enables storage of high power density energy in
      terms of both mass and volume.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to electrical storage batteries and more particularly
      to storage batteries providing high energy density.
PAC  BACKGROUND OF THE INVENTION
PAR  One form of high energy density storage battery, which is of particular
      interest here, comprises an anode compartment containing at least one
      reducer metal and a cathode compartment containing an electrically
      conductive solution of at least one salt of the reducer metal in a
      non-aqueous solvent. The solution itself is in contact with at least one
      electron accepting material, and the two compartments are separated by a
      wall, sealed to the fluids, constituted by a solid material which allows
      migration, at ambient temperature, of the anode reducer metal in the form
      of ions. A storage battery of this kind is described in French Patent No.
      2,065,171. In the battery described in this patent the electron acceptor
      material comprises a fritted body having an electrical conductor material
      incorporated therein to form a cathode. Among the disadvantages of this
      kind of battery are that the battery life is relatively short and the
      power density is not as high as might be desired.
PAR  A further storage battery of the same type, whose cathode compartment
      encloses an electrolyte constituted by a solution of a metallic compound
      in a non-aqueous solvent, is described in the U.S. Defensive Publication
      No. T 876,003, the resume of which was published on July 28, 1970.
      However, the storage battery described does not, for equal weight and
      volume, provide as high power as the battery of the invention, because the
      metallic compounds in question have weak solubility and consequently the
      saturation limit of the solution is reached with only a small amount of
      these compounds, and especially because the reduced form of this type of
      electron acceptor, namely metal, is insoluble.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a storage battery is provided
      which, while having the same advantages as the battery described in the
      French patent referred to above, has a power density in terms of mass and
      volume that is greater than that of the batteries referred to. Further, in
      contrast to prior art high energy density batteries which include an anode
      compartment containing a reducer metal and a cathode compartment
      containing solution of a salt of the metal in contact with an electron
      acceptor, but do not include a separator which forms a sealed wall between
      the two compartments, the storage battery of the invention offers the
      advantage of being storable for long periods without spontaneously
      discharging and with the need for renewing the components.
PAR  In accordance with an important feature of the invention the electron
      acceptor substance is soluble in the solution contained in the cathode
      compartment both in the reduced form thereof as well as in the original
      form. The use of electron acceptor material (element or compound) soluble
      both in its original form and in its reduced form, i.e., in the form
      obtained after electron acceptance, ensures that the electrochemical
      reactions that are produced in the cathode compartment upon charging and
      discharging of the battery do not introduce anything other than elements
      or compounds in solution. Consequently, the rates of these reactions can
      be much higher than is the case where these reactions introduce at least
      one solid substance, which is what happens in batteries of the type
      referred to above.
PAR  Thus, the electrical storage battery of the invention is of the type
      comprising an anode compartment containing at least one reducer metal and
      a cathode compartment containing at least one salt of the reducer metal, a
      wall, sealed to fluids and fabricated of a solid material which permits
      the migration, at ambient temperature, of the reducer metal of the anode
      in the form of ions, being provided to separate the compartments and the
      invention being particularly characterized by the provision of an electron
      acceptor of the type described.
PAR  The electron acceptor material used in the storage battery of the present
      invention can be any substance which, at ambient temperature, has a high
      solubility in a non-aqueous solvent and which is able to accept at least
      one electron per molecule, according to the general formula:
EQU  A + ne.sup.- .fwdarw. A.sup.ne
PAL  in which n is a whole number and A represents the original form of the
      substance in question, and whose reduced form A.sup.ne   is likewise
      highly soluble at ambient temperature in the same solvent.
PAR  In particular, a halogen can be used as soluble electron acceptor material
      with iodine being the material used in the preferred embodiment of the
      invention. An organic compound can also be used, e.g., a quinone, a
      oxidized benzidine and the like, or even a mineral complex, e.g., a
      ferricyanide.
PAR  According to the charge state of the storage battery, the electron acceptor
      material may be entirely in its original state or entirely in a reduced
      state, or even in a mixture of the two.
PAR  The reducer metal is preferably sodium although it is also possible to use
      other metals, for example alkali metals such as lithium, potassium and
      rubidium, or even alkaline earth metals such as calcium, strontium and
      barium. It is also possible to use other reducer metals such as magnesium,
      lanthanum and the like.
PAR  The reducer metal can be used in the pure state or in an alloyed state,
      i.e., in the form of an alloy of one of the above-mentioned reducer metals
      either with one or more of the other reducer metals mentioned above, or
      with another suitable metal. Thus, for example, it is possible to use a
      sodium and potassium alloy that is liquid at ambient temperature, or even
      an alloy of sodium and mercury.
PAR  The reducer metal can be used in a metallic form in a solid or a liquid
      state at ambient temperature or even in an ionized form, i.e., in the form
      of ions of the metal, e.g., Na.sup.+ ions. In this latter case, the anode
      compartment contains a solution of at least one salt of the metal reducer
      in a nonaqueous solvent which is electrochemically and chemically inert
      with respect to the non-ionized reducer metal.
PAR  Depending upon the state of charge of the storage battery, the anode
      compartment may contain a greater or lesser amount of reducer metal in one
      of its possible forms. In particular, when the battery is completely
      discharged, the anode compartment may not contain the reducer metal, or
      contain the metal only in the form of positive ions.
PAR  In the preferred embodiment thereof, the anode compartment contains an
      electrically conductive solution of at least one salt of the metal of the
      anode in at least one organic solvent.
PAR  The salt, as for example, in the case of the solution contained in the
      cathode compartment, can be a perchlorate, a halide, a tetraphenyl borate,
      a hexafluorophosphate, or a sulfocyanide of the reducer metal, e.g.,
      NaClO.sub.4 ; NaI; PF.sub.6 Na; NaB(C.sub.6 H.sub.5).sub.4 ; NaCl; and
      NaSCN, among others.
PAR  The solvent in the anode compartment can be a compound such as propylene
      carbonate, tetrahydrofuran, ethylene carbonate, acetonitrile,
      butyrolactone, dimethyl formamide, N,N-dimethyl acetamide, and the like.
PAR  The non-aqueous solvent used to form the solution contained in the cathode
      compartment can be an organic solvent such as propylene carbonate,
      tetrahydrofuran, N, N-dimethyl acetamide, ethylene carbonate,
      acetonitrile, butyrolactone, dimethyl formamide and the like. Preferably,
      the above organic solvents are used in their highest possible state of
      purity.
PAR  The salt of the reducer metal can, for example, be a perchlorate, a halide,
      a tetraphenyl borate, a hexafluorophosphate, or a sulfocyanide. In the
      case of sodium, use may be made of one of the following compounds:
      NaClO.sub.4 ; NaI; PF.sub.6 Na; NaB(C.sub.6 H.sub.5).sub.4 ; NaCl; NaSCN.
PAR  The solid material that allows the migration of the reducer metal can be
      any substance whose crystalline lattice lends itself to such migration at
      ambient temperature with a rather low specific resistance. In a preferred
      embodiment, the material can be that known as ".beta.-sodium alumina"
      which is a solid solution formed between alumina Al.sub.2 O.sub.3 and
      sodium aluminate AlO.sub.2 Na, and whose composition corresponds to the
      general formula Na.sub.2 O, x Al.sub.2 O.sub.3, where x is between either
      9 and 13 (termed "two block" .beta.-alumina) or between 5 and 6.5 (termed
      "three block" .beta.-alumina). It is also possible to use the homologs of
      .beta.-sodium alumina derived from this compound by known substitution of
      all or part of the sodium by another reducer metal. Thus, for example, the
      material used can be one of the materials whose compositions may be
      represented in approximation by the following formulas: K.sub.2 O, 11
      Al.sub.2 O.sub.3 ; Rb.sub.2 O, 11 Al.sub.2 O.sub.3 ; Cs.sub.2 O, 11
      Al.sub.2 O.sub.3 ; Li.sub.2 O, 11 Al.sub.2 O.sub.3 ; CaO, 6 Al.sub.2
      O.sub.3 ; Ia.sub.2 O.sub.3, 11 Al.sub.2 O.sub.3 and intermixtures of these
      compounds, or mixtures thereof with an oxide of alkali metal or alkaline
      earth metal.
PAR  The sealed wall referred to is prepared by any suitable process, for
      example by using fritting powders which have been previously cold or hot
      pressed, spraying of molten powders on a substrate by means of a flame or
      plasma jet, evaporation in the gaseous phase and like processes, either
      directly from the final material used, for example .beta.-sodium alumina
      in pulverulent form, or from mixtures of the starting compounds for the
      preparation of this material, e.g., alumina and sodium aluminate.
PAR  In a further embodiment, instead of using .beta.-alumina, it is possible,
      for example, to use a glass that is a conductor for ions of the reducer
      metal, especially a glass that is a conductor for sodium ions of one of
      the following compositions (in mole %): Na.sub.2 O; 49.8; Al.sub.2 O.sub.3
      : 7.5; SiO.sub.2 : 42.7 or Na.sub.2 O : 50: Al.sub.2 O.sub.3 : 23: B.sub.2
      O.sub.3 : 27.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from, the detailed description of a preferred embodiment found
      hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a storage battery according to a
      first embodiment wherein the battery is illustrated in the uncharged state
      thereof, i.e., with the battery assembled but not yet having received an
      electric charge.
PAR  FIG. 2 shows a top sectional view of the battery of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a storage battery is shown which comprises a
      cylindrical glass receptacle or container 10 and a tubular or cylindrical
      separator 12, fabricated of .beta.-sodium alumina of the approximate
      composition Na.sub.2 O, 11 Al.sub.2 O.sub.3 and having fluid tight walls
      and a thickness of 0.2 mm, placed inside receptacle 10. Tubular separator
      12 is hermetically sealed with respect to the bottom of receptacle 10 by
      means of a glass weld indicated at 14. Weld 14 can be made in any other
      suitable way or can be replaced by a fluid tight joint or by bonding using
      an insoluble plastic material, i.e., a plastic material which is insoluble
      in organic solvents with high dipole moment. An annular space 16 formed
      between the outer wall of tubular separator 12 and the inside wall of
      receptacle 10 comprises the anode compartment of the battery. Similarly, a
      cylindrical space 18, formed inside tubular separator 12 comprises the
      cathode compartment of the battery. A fine cylindrical grid 20, made of
      copper wire having a diameter of 0.1 mm, interlaced as a grid with a
      square mesh, 0.4 mm to the side, is placed in anode compartment 16, 1 mm
      from the wall of tube 2. Grid 20 constitutes the anode current collector
      of the battery and is connected to negative terminal 22 of the said
      battery. A graphite rod 24, 3 mm in diameter in the specific example under
      consideration, extends into the center of cathode compartment 18 and
      constitutes a current collector whose free end constitutes the positive
      terminal of the storage battery.
PAR  An electrically conductive substance, which is indicated at 26 and is
      constituted by a homogeneous mixture of carbon felt 18' and powdered
      sodium iodide impregnated with acetonitrile, substantially completely
      fills the space between rod 24 and the inner wall of tubular separator 12.
      Anode compartment 16 is similarly filled with a saturated solution,
      indicated at 28, comprising a sodium perchlorate (NaClO.sub.4) in
      propylene carbonate.
PAR  A glass cover 38 is hermetically sealed onto receptacle 10 and separator 12
      by bonded joints of epoxy resin indicated at 32, the inlet passages for
      terminals 22 and 24 being also sealed in the same way. The sealing of
      cover 30 is effected with the contents of compartments 16 and 18 kept
      under nitrogen to avoid contamination of the contents by air.
PAR  The storage battery as just described is in the electrically uncharged
      state thereof and can be stored this way without change for very long
      periods. Hence, the first operation to be effected so as to energize the
      battery is electric charging thereof. To this end, terminal 22 is
      connected to the negative terminal of a suitable direct current voltage,
      e.g., 3.5 volts, and the positive terminal 24 is connected to the positive
      terminal of the same source of current.
PAR  With the battery so connected the physicochemical phenomena which occur in
      the battery can be described, with the aid of formulas, as follows:
PAR  In anode compartment 16, the sodium ions are reduced to the metallic state
      according to the following formula:
EQU  Na.sup.+ + e.sup.- .fwdarw.  Na
PAL  and the metal thus formed is deposited on grid 20. A number of sodium ions
      equal to that of the ions thus discharged pass through the wall of tubular
      separator 12 from compartment 18 and replace the ions discharged in
      compartment 16.
PAR  In compartment 18, the iodide ions discharge according to the formula:
EQU  I.sup.- .fwdarw. 1/2 I.sub.2 + e.sup.-
PAL  and the iodine thus formed passes into solution in the acetonitrile,
      presumably as complex ions I.sub.3 .sup.- formed by the reaction I.sub.2 +
      I.sup.- .fwdarw. I.sub.3 .sup.-.
PAR  For a storage battery in which receptacle or container 10 has a length of
      about 5 cm and an internal diameter of 1.3 cm, separator 12 having an
      outer diameter of 1 cm, compartment 18 can be furnished with a mixture
      constituted by 5 g sodium iodide and 0.3 g carbon felt to which is added
      about 1 cc acetonitrile when the mixture is placed within compartment 18.
PAR  The storage battery according to the embodiment just described presents the
      special advantage, among others, that the battery can be manufactured in
      an electrically uncharged state which thus facilitates the storage thereof
      until the battery is put to use. As indicated hereinabove, other forms of
      embodiment of the storage battery are possible. According to one of these
      embodiments the general arrangement of the battery is similar to that of
      the battery shown in FIGS. 1 and 2 but the anode compartment encloses an
      alloy of sodium and potassium liquid at ambient temperature instead of a
      solution of a sodium salt in an organic solvent. According to another
      embodiment, the general arrangement is also preserved, but the anode
      compartment contains a sodium amalgam, i.e., an alloy of sodium and
      mercury, which is liquid at ambient temperature. A number of other
      variations and modifications have been discussed above.
PAR  All the forms of embodiment that have been described function at ambient
      temperature. However, the storage battery of the invention can be used in
      a range of temperatures from below 0.degree.C, e.g., at temperatures
      between -30.degree. and -20.degree.C, to the boiling temperature of the
      most volatile solvent used, e.g., at temperatures between 100.degree. and
      200.degree.C.
PAR  Although the invention has been described with respect to exemplary
      embodiments thereof, it will be understood by those skilled in the art
      that still further variations and modifications may be effected in these
      embodiments without departing from the scope and spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrical storage battery comprising an anode compartment containing
      at least one reducer metal, a cathode compartment containing an
      electrically conductive solution comprising at least one salt of said
      reducer metal in a non-aqueous solvent, at least one electron acceptor in
      solution in said electrically conductive solution, and a wall, sealed to
      fluids, for separating said compartments and comprising a solid material
      which permits the migration, at ambient temperature, of the reducer metal
      of the anode, in the form of ions, the said electron acceptor being
      soluble in the electrically conductive solution contained in the cathode
      compartment in the reduced state as well as the initial state thereof.
NUM  2.
PAR  2. A storage battery as claimed in claim 1 wherein said halogen is iodine.
NUM  3.
PAR  3. A storage battery as claimed in claim 1 wherein said reducer metal is
      selected from the group comprising alkali metals and alkaline earth
      metals.
NUM  4.
PAR  4. A storage battery as claimed in claim 1 wherein said reducer metal
      comprises lanthanum.
NUM  5.
PAR  5. A storage battery as claimed in claim 1 wherein said reducer metal
      comprises an alloy which is liquid at ambient temperature.
NUM  6.
PAR  6. A storage battery as claimed in claim 5 wherein said alloy is an alloy
      of sodium and potassium.
NUM  7.
PAR  7. A storage battery as claimed in claim 1 wherein said anode compartment
      contains a solution of at least one salt of said reducer metal in a
      non-aqueous solvent which is electrochemically and chemically inert with
      respect to the non-ionized reducer metal.
NUM  8.
PAR  8. A storage battery as claimed in claim 6 wherein the salt of the reducer
      metal in the solution in the anode compartment is selected from the group
      comprising perchlorate, halide, tetraphenyl borate, hexafluoro-phosphate
      and sulfocyanide reducer metal salts.
NUM  9.
PAR  9. A storage battery as claimed in claim 3 wherein said salt is a sodium
      salt.
NUM  10.
PAR  10. A storage battery as claimed in claim 8 wherein said reducer metal salt
      is a sodium salt.
NUM  11.
PAR  11. A storage battery as claimed in claim 6 wherein said non-aqueous
      solvent comprises a solvent selected from the group consisting of
      propylene carbonates, tetrahydrofurans, ethylene carbonates,
      acetonitriles, butyrolactones, dimethyl formamides and N, N-cimethyl
      acetamides.
NUM  12.
PAR  12. A storage battery as claimed in claim 1 wherein the salt of the reducer
      metal in solution in the cathode compartment comprises a reducer metal
      salt selected from the group perchlorates, halides, tetraphenylborates,
      hexafluorophosphates and sulfocyanides.
NUM  13.
PAR  13. A storage battery as claimed in claim 12 wherein said salt is a sodium
      salt.
NUM  14.
PAR  14. A storage battery as claimed in claim 1 wherein the non-aqueous solvent
      contained in said cathode compartment is selected from the group
      consisting of propylene carbonates, tetrahydrofurans, N,
      N-dimethylacetamides, ethylene carbonates, acetonitriles, butyrolactones
      and dimethyl formamides.
NUM  15.
PAR  15. A storage battery as claimed in claim 1 wherein said solid material
      which allows migration of the reducer metal ions comprises a
      .beta.-alumina.
NUM  16.
PAR  16. A storage battery as claimed in claim 15 wherein said .beta.-alumina
      comprises a sodium .beta.-alumina of the general formula Na.sub.2 O, x
      Al.sub.2 O.sub.3 where x is a number between 9 and 13.
NUM  17.
PAR  17. A storage battery as claimed in claim 15 wherein said .beta.-alumina
      comprises a sodium .beta.-alumina of the general formula Na.sub.2 O, x
      Al.sub.2 O.sub.3 where x is between 5 and 6.5.
NUM  18.
PAR  18. A storage battery as claimed in claim 1 wherein the solid material
      which permits migration of the reducer metal ions is a glass which
      conducts sodium ions.
NUM  19.
PAR  19. A storage battery as claimed in claim 1 wherein said electronic
      acceptor is selected from the group comprising halides, quinones, oxidated
      benzidines, and ferricyanides.
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PAL  An energy cell for a wrist watch comprises a silver-zinc button-type cell
      having a bottom can for the cathode material and a top cap for the anode
      material mounted thereover with separating means between the anode and
      cathode materials. The cathode material in the bottom can of the first
      embodiment is divalent silver oxide mixed with sulfur. This cathode
      material provides a lower voltage similar to that of the conventional
      monovalent silver oxide material but has a higher cell capacity. A second
      embodiment of the invention comprises a cathode material of silver sulfide
      mixed with divalent silver oxide. This embodiment also retains the higher
      capacity of the divalent silver oxide while supplying a lower voltage
      similar to that of the monovalent silver oxide. The anode material in both
      embodiments is a predetermined zinc amalgam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to energy cells and particularly to energy
      cells having an improved cathode material.
PAR  The prior art includes U.S. Pat. No. 3,484,295 to Dawson, issued Dec. 16,
      1969, which discloses a battery having a cathode comprising principal
      active materials such as divalent silver oxide or sulfur and a secondary
      masking layer of a material such as monovalent silver oxide. The patent,
      however, does not disclose the use of a mixture of divalent silver oxide
      and sulfur to provide a lower voltage, higher capacity energy cell for
      watch use. U.S. Pat. No. 3,121,028 to Story, which issued Feb. 11, 1964,
      discloses the use of various sulfur compounds as depolarizers but does not
      disclose the use of a sulfur and silver oxide mixture as a cathode
      material.
PAR  U.S. Pat. No. 3,615,858 to Luis Soto-Krebs, which issued Oct. 26, 1971,
      describes a means for achieving a single potential discharge from a
      multivalent oxide, such as divalent silver oxide by providing a second
      layer of monovalent silver oxide as an intermediate conductor to give a
      lower voltage This patent recognizes the problems inherent in using
      divalent silver oxide as a cathode material. Interestingly, recent U.S.
      Pat. No. 3,853,623 issued Dec. 10, 1974 to Stuart M. Davis also proposes
      the use of divalent silver oxide but with a gold additive as a cathode
      material. The gold additive is intended to improve the stability of the
      divalent silver oxide. While recognizing the advantageous properties of
      divalent silver oxide as a cathode material, both Soto-Krebs and Davis are
      attempting to deal with the compensating negative factors but in a
      different way than applicant proposes.
PAR  Other prior art patents of interest include U.S. Pat. No. 3,057,944 to
      Ruetschi which issued on Oct. 9, 1962, U.S. Pat. No. 3,716,403 to Braun
      which issued Feb. 13, 1973, and U.S. Pat. No. 3,716,409 to Cairns which
      issued Feb. 13, 1973. These patents are not intended to be an
      all-inclusive listing of pertinent prior art patents but they tend to be
      representative of the art of interest.
PAR  One of the disadvantages of the prior art wherein divalent silver oxide is
      employed as a cathode material in energy cells is that it produces a
      higher initial voltage which is unsuitable for use in electrical or
      electronic watches. The divalent silver oxide also discharges at two
      distinct potentials as the material is first reduced to monovalent silver
      oxide and then to metallic silver. The emphasis in the new generation of
      watches particularly of the quartz crystal variety is on accuracy, and
      variations in the battery voltage adversely affect the accuracy of thes
      watches. Consequently, the present invention which provides the higher
      capacity of divalent silver oxide while supplying the lower voltage of the
      more stable monovalent silver oxide is a considerable improvement in
      energy cell design. Another important consideration in electric and
      electronic watches design is battery life and this requirement is readily
      met by the energy cell of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to energy cells for wrist watches and
      particularly to a new and improved silver-zinc button-type cell of the
      type disclosed in U.S. Pat. 3,708,343 to Walsh which issued Jan. 2, 1974.
      While utilizing a similar structure to that of U.S. Pat. No. 3,708,343 the
      cathode material comprises a mixture of divalent silver oxide and sulfur
      in a first embodiment. Since divalent silver oxide AgO includes a loose
      oxygen in its makeup, it is possible by means of the present invention to
      disturb the lattice arrangement thereof to obtain the lower voltage of the
      more stable monovalent silver oxide Ag.sub.2 O. Basically, the sulfur is
      evenly distributed throughout the divalent silver oxide to build up the
      proper resistance and thereby attain the lower voltage. The cathode
      mixture, nevertheless, still provides the higher capaicty of the divalent
      silver oxide which is approximately double that of the monovalent silver
      oxide. Thus it is possible to obtain a metastable compound without the
      loss of the higher cell capacity of the divalent silver oxide.
PAR  In a second embodiment of the invention, the cathode comprises a mixture of
      silver sulfide AgS and divalent silver oxide. This mixture functions
      similar to the first embodiment, providing a higher capacity cell with a
      predetermined output voltage.
PAR  Accordingly, an object of this invention is to provide a new and improved
      energy cell for wrist watches.
PAR  Another object of this invention is to provide a new and improved
      silver-zinc energy cell of the button-type wherein the cathode material
      includes a mixture of sulfur and a silver oxide compound.
PAR  A further object of this invention is to provide a new and improved energy
      cell for wrist watches wherein the cathode material is a mixture of
      divalent silver oxide and either sulfur or silver sulfide selected to
      provide a lower voltage of constant value and a higher cell capacity than
      conventional monovalent silver oxide cells.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of this invention may be seen from the
      following description when viewed in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 is a diagrammatic illustration of the voltage profile for the energy
      cell of the present invention; and,
PAR  FIG. 2 is a side cross section view of a typical energy cell utilizing the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the invention comprises an energy cell 9 for
      a wrist watch comprising a top cap 10 and a bottom can 11. The top cap 10
      a descending flange 18 and a skirt 19 at the lower end thereof while the
      bottom can 11 includes a top open end and upwardly extending sides 2. The
      top cap 10 provides one terminal of the cell, the other terminal being
      provided by the bottom can 11. An annular grommet 12 is positioned between
      the top cap 10 and the bottom can 11 and electrically insulates the two
      terminals of the cell. The top cap 10 contains the anode material 13,
      which may for example, be a zinc amalgam which is compressed within the
      top cap 10. The bottom can 11 contains a depolarizing silver cathode
      material 15 which will be described more fully hereinafter. The anode and
      cathode materials, 13 and 15 respectively, are separated by one or more
      barrier layers 31 of a suitable plastic microporous membrane maaterial and
      separators 14 of absorbent material which also extends under the annular
      grommet 12. Bibulous separators 14 are positioned between the anode and
      the cathode. An auxilliary cap 22 of plastic material is later assembled
      over the top cap 10 to lengthen the leakage path and to serve as an
      additional seal.
PAR  In the first embodiment of the present invention, the cathode material 15
      in the bottom can 11 is a mixture of divalent silver oxide and sulfur.
      This cathode material provides a lower voltage, see FIG. 1, similar to
      that of monovalent silver oxide material with a higher cell capacity
      similar to that of the divalent silver oxide. Thus, by adding a
      predetermined amount of sulfur to the divalent silver oxide in the
      cathode, it is possible to obtain an output voltage suitable for highly
      accurate timepieces. The addition of sulfur affects the lattice
      arrangement of the divalent silver oxide which contains a loose oxygen and
      adds resistance thereby providing a metastable compound with the prime
      advantages of the monovalent silver oxide voltage while using divalent
      silver compounds of a smaller amount for the same capacities as the
      monovalent cell or increased capacities as required. Since the functioning
      of silver-zinc cells is well known, the internal reactions of the cell are
      not described herein.
PAR  More specifically, the divalent silver oxide, AgO, and sulfur are
      intimately mixed either by a pestle-type arrangement or in an agate mill
      using only agate balls. The AgO is mixed with sulfur in proportions
      ranging up to 20% sulfur by weight depending on how much the voltage must
      be initially depressed to maintain a voltage between 1.68 and 1.48 volts
      throughout the useful life of the battery. The container with the mixture
      should be vented to prevent a pressure build-up and care must also be
      taken to keep the temperature from rising over 100.degree.F. Mixing is
      timed to insure uniform distribution of the sulfur and a slight reduction
      of the AgO particle size.
PAR  The mixture is then compacted into pellets which aare subsequently inserted
      into the bottom can 11 of the energy cell 9 or the mixture is compacted
      directly into the can 11 with sufficient pressure to maintain a density
      between 4.0 and 4.8 gm/cc depending on the desired performance of the
      energy cell 9. The quantity of the mixture 15 is predetermined to provide
      the proper can height and a cell capacity which commonly ranges from 150
      to 250 mah.
PAR  The improved cell 9 of the present invention is intended for use with
      highly accurate timepieces particularly quartz crystal or solid state type
      watches where a constant low voltage power source is required.
      Furthermore, the subject cell 9 meets the design requirement of relatively
      long life due to its higher cell capacity. FIG. 1 gives a representative
      voltage profile over 100% capacity discharge for the cell 9. It is noted
      that the voltage remains constant at approximately 1.54 volts over about
      95% of the cell life and then drops off slowly at first and then very
      rapidly as it reaches 100% of capacity. The cell 9 thus permits accurate
      functioning of the watch until the cell reaches almost the very end of its
      useful life.
PAR  In an alternative embodiment, the cathode material may comprise a mixture
      of silver sulfide mixed with divalent silver oxide. This embodiment also
      retains the higher capacity of the divalent silver oxide while supplying
      voltage similar to that of the monovalent silver oxide.
PAR  As explained above, since divalent silver oxide, AgO, includes a loose
      oxygen in its makeup, it is possible by means of the present invention to
      disturb the lattice arrangement by evenly distributing sulfur throughout
      the divalent silver oxide to obtain the lower constant voltage of the more
      stable monovalent silver oxide, Ag.sub.2 O. The cathode mixture,
      nevertheless, still provides the higher capacity of the divalent silver
      oxide which is approximately double that of the monovalent silver oxide.
      It is therefore, possible to obtain a metastable compound without the loss
      of the higher cell capacity of the divalent silver oxide compound.
PAR  While the invention has been explained by a detailed description of
      specific embodiments, it is understood that various modifications and
      substitutions can be made in any of them within the scope of the appended
      claims which are intended also to include equivalents of such embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an energy cell having a positive electrode, a negative electrode and
      an electrolyte, the improvement comprising:
PA1  a positive active material of said positive electrode consisting
      essentially of a mixture of divalent silver oxide and up to 20% by weight
      of a material from the group including sulfur and silver sulfide whereby
      the voltage level of the divalent silver oxide is depressed to a
      predetermined level without affecting the cell capacity, said voltage
      being maintained over substantially the entire life of the cell.
NUM  2.
PAR  2. An energy cell in accordance with claim 1 wherein:
PA1  the percentage of the material mixed with the divalent silver oxide is
      selected to depress the cell voltage to a range between 1.68 and 1.48
      volts.
NUM  3.
PAR  3. An energy cell in accordance with claim 1 wherein:
PA1  the mixture of the positive electrode has a predetermined density ranging
      between 4.0 g/cc and 4.8 g/cc to provide the desired cell performance.
NUM  4.
PAR  4. An energy cell in accordance with claim 3 wherein:
PA1  the quantity of the mixture comprising the positive electrode is selected
      to provide a capacity ranging between 150 and 250 mah.
NUM  5.
PAR  5. An energy cell in accordance with claim 1 wherein:
PA1  the material mixed with the divalent silver oxide is uniformly distributed
      throughout said mixture and the particle size of the divalent silver oxide
      is slightly reduced during mixing.
NUM  6.
PAR  6. An energy cell in accordance with claim 1 wherein:
PA1  the negative electrode comprises a zinc amalgam, and,
PA1  the cell further includes a microporous membrane material separating the
      negative electrode and the positive electrode.
NUM  7.
PAR  7. A button-type energy cell comprising:
PA1  a bottom can including a top open end,
PA1  cathode material located in the can-like member comprising a mixture of
      divalent silver oxide and up to 20% by weight of a material from the group
      including sulfur and silver sulfide to lower the cell voltage without
      affecting the capacity of the divalent silver oxide material,
PA1  a cap to receive the anode material having a downwardly extending skirt
      portion which is positioned in the opening of the can-like member with the
      can walls swaged thereover,
PA1  anode material comprising a zinc compound mounted in said cap,
PA1  a flexible sealing annular grommet having in a cross section, a flange
      portion forming a shoulder and an opening extending centrally
      therethrough,
PA1  means for adhering the skirt portion to the shoulder of the grommet, and,
PA1  means for separating the anode material from the cathode material in the
      cell.
NUM  8.
PAR  8. A button-type energy cell in accordance with claim 7 wherein:
PA1  the percentage of the material mixed with the divalent silver oxide is
      selected to provide a cell voltage of approximately 1.5 volts throughout
      substantially the entire cell life.
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PAL  Gas electrodes which contain a hydrophilic layer are disclosed. The
      hydrophilic layer is adapted to provide a gas-liquid interface therein;
      and includes an oxygen absorption/reduction material selected from the
      group consisting of CaMnO.sub.3 and Ca.sub.(1.sub.-x.sub.-z) MnO.sub.3
      :Na.sub.x,Y.sub. z and a current collector. A hydrophobic layer can then
      be laminated to the hydrophilic layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Air or oxygen depolarization cells are well known in the art.
      Electrochemical cells of this type include a gas diffusion cathode capable
      of generating electricity. Generally, these electrochemical cells are
      comprised of spaced apart electrodes ionically connected by an
      electrolyte.
PAR  Until recently, metal/air cells were not suitable for applications in which
      a rapid discharge was required. Presently, however, metal/air cells are
      capable of achieving high energy to density ratios, making them useful in
      rapid discharge applications such as light weight intra-urban vehicles.
PAR  The air electrodes utilized in present state-of-the-art metal/air cells,
      however, are generally unifunctional; that is, they are incapable of
      electrochemically regenerating the fuel electrode. Therefore, in order to
      recharge the battery, a third, counter-electrode is required. Since the
      counter-electrode is used only during the recharging cycle and the air
      electrode only during discharge, the cell requires a complicated geometric
      design, as well as complex mechanical or electrical switching means.
      Additionally, the use of a counter-electrode increases the dead weight of
      the cell, and reduces the cell voltage, resulting in a deterioration of
      the capacity of the metal electrode on extended cycling.
PAR  Accordingly, it is an object of the present invention to provide an
      improved electrode for use in hydrogen/oxygen fuel cells, and
      particularly, a bifunctional air electrode for use in metal/air cells that
      undergo substantial charge-discharge cycling. It is a further object of
      the invention to provide, as the preferred embodiment a bifunctional air
      electrode which not only eliminates the need for a counter-electrode, but
      which has a long cycling life, stability, high energy capacity, and low
      cost.
PAR  From an analysis of the reactions associated with oxygen reduction and
      evolution, four different categories of active components are necessary in
      a useful bifunctional air electrode: (1) a conductive support; (2) an
      oxygen absorption/reduction electrocatalyst, generally a carbon material;
      (3) a catalyst for perhydroxide ion decomposition and (4) an
      electrocatalyst for oxygen evolution. Ideally one or several materials
      could perform all of these functions.
PAR  Presently, the carbon used as the oxygen absorption/reduction
      electrocatalyst is the weak component in bifunctional air electrodes. At
      the high potentials associated with oxygen evolution, the active sites of
      the carbon are unstable. This instability is considered to be a major
      contributor to the observed performance degradation of carbon type
      bifunctional air electrodes on cycling. In order to provide improved
      bifunctional air electrodes, low cost substitute oxygen
      absorption/reduction electrocatalysts must be found, preferably one which
      could also provide other catalytic functions.
PAR  The ideal oxygen absorption/reduction electrocatalyst for use in the air
      electrode of a metal/air battery will have the following properties:
PAR  1. Stability between +750 mV and -300 mV (relative to Hg/HgO) in 25 wt.%
      KOH in the temperature range 0.degree.-70.degree.C.
PAR  2. Electrical resistivity of less than 1000 ohm-cm.
PAR  3. Negligible contact resistance between the conductive support and the
      electrocatalyst in 25 wt.% KOH.
PAR  4. Capability of delivering 50 mA cm.sup.-.sup.2 at -150 mV (relative to
      Hg/HgO) in a fully optimized electrode structure for 1000 charge-discharge
      cycles.
PAR  The current price of gold and platinum, which are active in the pure or
      alloyed state, rule out their large scale use in commercial metal/air
      batteries. Strontium-doped lanthanum cobaltite LaCoO.sub.3 :Sr was the
      first material to indicate the feasibility of economical substitution for
      carbon in air electrodes. This material however does not fulfill condition
      3 above, in that activity is present in this material only in sintered
      plaque form. Other perovskites, such as LaMnO.sub.3 :Sr and LaNiO.sub.3
      :Sr have proved to be ineffective. The oxygen/reduction properties of
      spinels, for example, CoFe.sub.2 O.sub.4, CoAl.sub.2 O.sub.4, NiCo.sub.2
      O.sub.4 and NiFe.sub.2 O.sub.4, does not suggest that these compounds are
      strong candidates for use in the air electrodes of metal/air batteries.
      What is needed then is a new, highly-active, effective electrocatalyst,
      preferably one that will be inexpensive.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to improved air electrodes for use in
      hydrogen/oxygen fuel cells, and particularly, bifunctional air electrodes
      for metal/air cells and batteries.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substitutes effective amounts of an oxygen
      absorption/reduction electrocatalyst material selected from CaMnO.sub.3
      and Ca.sub.(1.sub.-x.sub.-z) MnO.sub.3 :Na.sub.x,Y.sub.z for carbon and
      the other catalysts, in the hydrophilic composite comprising the
      hydrophilic layer in an electrode; for use in hydrogen/oxygen fuel cells
      and in metal/air cells, particularly iron/air cells. Because of the
      inexpensiveness of the precursors, i.e. CaCo.sub.3 and MnO.sub.2, these
      compounds are low-cost electrocatalysts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention reference may be made to the
      preferred embodiments, exemplary of the invention, shown in the
      accompanying drawings, in which:
PAR  FIG. 1 is an isometric view, in partial section, of one embodiment of an
      air/metal battery of the present invention;
PAR  FIG. 2 is an enlarged sectional elevation of the cathode of the present
      invention;
PAR  FIG. 3 is a cut away view of the half-cell test assemblies used in the
      Example; and
PAR  FIG. 4 is a graph showing air electrode performance of one of the
      electrodes of the Example.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electrode of the present invention includes a hydrophilic layer,
      comprising an expanded metal, wire screen, or metal fiber current
      collector inert to electrolyte and preferably fabricated from nickel, or
      nickel plated steel, integrally molded into or otherwise attached to a
      hydrophilic composite material. The hydrophilic layer can then be
      laminated or otherwise attached to a hydrophobic layer. The laminated
      composite electrode may then be suitably framed in a material that is
      corrosion resistant to alkaline electrolyte, such as a
      styrene-butadiene-acrylonitrile plastic. The electrode is positioned
      within the cell so that the hydrophobic material is in contact with a
      source of oxygen, and the hydrophilic material is in contact with an
      alkali hydroxide electrolyte solution, such as aqueous NaOH, KOH or LiOH.
PAR  The electrode of this invention will be described primarily with respect to
      its preferred use as a bifunctional electrode in an iron/air battery. It
      is to be understood, however, that it can also be used in other metal/air
      cells and batteries and as the cathode in a fuel cell. Preferably, the
      hydrophilic layer of the air electrode is fabricated from a composite into
      which the current collector is press molded. The hydrophilic composite for
      the bifunctional electrode into which the current collector is molded may
      comprise four components. The first component which may be utilized in the
      hydrophilic composite for the bifunctional electrode provides a low oxygen
      overvoltage, that is, decreases oxygen overvoltage. It, is also believed
      to aid in reducing oxygen reduction products as well as acting as a
      catalyst for the decomposition of perhydroxide. Compounds found suitable
      for use as the first component include tungsten disulfide, tungsten
      carbide, and tungsten carbide containing about 1-20 Wt.% but preferably
      10-15 Wt.% fused cobalt. In this latter material, the cobalt is generally
      fuse sintered onto tungsten carbide particles. This first component is not
      necessary in the fuel cell electrode embodiment of this invention, and is
      optional but preferred in the metal/air cell and metal/air battery
      embodiment of this invention.
PAR  The second component is a non-wetting binding agent, which helps to prevent
      gross flooding of the electrode by the electrolyte. It is effective to
      provide a gas-liquid interface within the hydrophilic layer. It preferably
      comprises a blend of fibrillated polytetrafluoroethylene and particulate
      fluorinated ethylene propylene. The third component, which is a catalyst,
      such as silver, or silver-mercury alloy, which is effective for the
      reduction of oxygen and the decomposition of intermediate reaction
      products, typically perhydroxides may be optionally added.
PAR  The fourth and essential component is an oxygen absorption and reduction
      electrocatalyst material selected from the group of undoped CaMnO.sub.3,
      and calcium manganite containing sodium and yttrium having the formula
      Na.sub.x Y.sub.z Ca.sub.[.sub.1.sub.-(x.sub.+z).sub.] MnO.sub.3 or
      Ca.sub.(1.sub.-x.sub.-z) Na.sub.x Y.sub.z MnO.sub.3, where x and z can
      range from about 0.05 to 0.40. These electrocatalysts have a surface area
      of between about 0.5 to about 200 sq. meters/gram, with a preferred range
      of between about 1 to 200 sq. meters/gram, and consist of discrete
      particles having a particle size between about 0.005-0.13 microns
      approximate diameter. Surface areas below 0.5 sq. meters/gram, while
      providing some electrical output, would not provide the type of electrical
      output necessary for fuel cells or metal/air batteries. Surface areas
      above 200 sq. meters/gram would provide particles below about 0.005
      microns and involve a multitude of fabrication mixing and pasting
      problems.
PAR  These calcium manganites and sodium and yttrium doped calcium manganites
      are very low cost substitutes for carbon, and are also effective to reduce
      the amount of or eliminate catalysts such as Ag and WC in the electrode.
      They also meet the requirements of stability in KOH, high capacity over
      long charge-discharge cycles, low electrical resistivity, and low contact
      resistance with suitable electrode support materials. The calcium
      manganites can generally be made by room temperature grinding and pressing
      of high purity CaCO.sub.3 and high purity MnO.sub.2, followed by sintering
      in a platinum crucible. The sintering is carried out in a pure oxygen
      atmosphere, at temperatures between about 1250.degree.C to 1350.degree.C,
      for a time effective to cause complete reaction to CaMnO.sub.3, and may
      require several grinding, pressing and sintering cycles. This method
      produces CaMnO.sub.3 of relatively large particle size and low surface
      area and is not to be considered in any way limiting, since high surface
      area manganites are highly desirable.
PAR  The use of a pure oxygen atmosphere to promote stability of the +4
      oxidation state of manganese, ensured that the reactants and products
      would be bathed in an atmosphere containing PtO.sub.2, which is stable in
      the gaseous state at these temperatures. Emission spectroscopy and mass
      spectrographic analysis generally showed impurities of Al at about 40 ppm,
      La at about 30 ppm and Pt at less than 1 ppm. Another method of making the
      CaMnO.sub.3 would be by oxidizing calcium-manganese-cyanide complex
      precursor materials. This would produce CaMnO.sub.3 materials with surface
      areas of about 4-20 sq. meters/gram.
PAR  Replacement of 10% to 80% of the calcium +2 ions in the CaMnO.sub.3, by 5%
      to 40% each of sodium +1 ions and yttrium +3 ions, results in a very
      useful oxygen absorption and reduction CaNaYMnO.sub.3 electrocatalyst. The
      replacement can be accomplished by mixing CaCO.sub.3, MnO.sub.2, effective
      amounts of a sodium compound such as Na.sub.2 CO.sub.3 and effective
      amounts of a yttrium compound such as Y.sub.2 (CO.sub.3); pressing at room
      temperature and initially sintering at 700.degree.C to 800.degree.C, to
      decompose the sodium carbonate and stabilize sodium in the CaMnO.sub.3
      lattice, followed by room temperature grinding and resintering at about
      1100.degree.C. The composition of these materials can be easily determined
      by X-ray powder photography. The Na and Y are added in amounts effective
      to substitute for a total of 10% to 80% of the Ca, the Mn +4 ions being
      left in their place in the lattice structure.
PAR  Generally, the manganite materials formed should have a small particle size
      and large surface area, so that they are highly active. They must also be
      homogeneously mixed with the other components of the hydrophilic
      composite, to provide a material with intimate contact of all the
      components with each other and the current collector.
PAR  These four components for the hydrophilic composite for the electrode are
      mixed together in a ratio of: about 1 part by weight oxygen
      absorption/reduction electrocatalyst; 0-1.5 parts but preferably 0.1-1
      part by weight WC, WS.sub.2 or WC with 1-20 Wt.% Co.; an amount of
      non-wetting binding agent or other material effective to bond the other
      components together, prevent electrolyte flooding, and provide a
      gas-liquid interface, usually about 0.05-1.5 parts by weight non-wetting
      binding agent, as a powder having a preferred particle size range of about
      0.2 to 40 microns; and 0-1.5 parts but preferably 0.5-1.5 parts by weight
      of a suitably effective catalyst to decompose perhydroxides. Thus, the
      hydrophilic composite may contain only oxygen absorption/reduction
      electrocatalyst and binding agent.
PAR  To this mixture, a sufficient amount of deionized water is added, to form a
      material having a paste-like consistency. This paste is then spread over
      and pressed into a fibrous mesh or other suitable type current collector,
      to integrate the current collector into a composite structure. This
      structure is then air dried and pressed at a temperature between about
      250.degree.C and 300.degree.C at about 0.25 to 3 tons/sq.in., to form the
      hydrophilic layer having a thickness of about 5 to 45 mils. The hot
      pressing step thermally reduces the catalyst, preferably incorporated as
      AgNO.sub.3, to the metal species, silver, and increases the overall
      electrical conductivity of the plaque by compaction.
PAR  The hydrophilic layer is then generally laminated with a layer of
      hydrophobic material impervious to the electrolyte, but capable of
      permitting air and oxygen diffusion therethrough. Preferably, the gas
      permeable, alkaline liquid impermeable hydrophobic layer comprises a
      combination sheet of porous polytetrafluoroethylene, polypropylene and
      fluorinated ethylene propylene fibers.
PAR  The bifunctional metal/air battery of the present invention comprises at
      least one bifunctional air electrode as described above having the
      hydrophobic layer in contact with a source of oxygen such as air. A metal
      (fuel) electrode made of iron, cadmium, zinc or the like is spaced apart
      from the air electrode and ionically connected by an alkali hydroxide
      electrolyte, preferably aqueous KOH.
PAR  With reference to FIG. 1, a general representation of one embodiment of the
      bifunctional cell of the present invention is shown as 10. Metal/air cell
      10 includes a casing 11 for support of the air electrode and fuel
      electrode as well as the electrolyte. Preferably, casing 11 is fabricated
      from a suitable plastic or other non-conducting material that is stable or
      resistant to the electrolyte and reaction products, typically oxygen and
      hydrogen. Cell 10 comprises a pair of air cathodes 12 and 13 each having
      an outer hydrophobic layer 14 and 16, respectively, each of which is in
      contact with the atmosphere or other source of air or oxygen. Air
      electrodes 12 and 13 also include hydrophilic layers 17 and 18,
      respectively, including integrally molded metal current collectors 19 and
      21. Electrodes 12 and 13 are framed in frames 22 and 23, preferably made
      from styrene-butadiene-acrylontrile plastic and having electrical leads 24
      and 26, respectively.
PAR  Metal/air cell 10 includes a fuel electrode 27, preferably fabricated from
      iron, cadmium, zinc or the like material, preferably iron, disposed and
      spaced between air electrodes 12 and 13 and including electrical lead 28.
      Metal/air cell 10 also includes an electrolyte 29 between and in contact
      with metal electrode 27 and air electrodes 12 and 13, respectively.
      Electrolyte 29 is an alkali hydroxide, preferably potassium hydroxide.
PAR  With reference to FIG. 2, a cathode 12 is shown with hydrophilic layer 17
      and hydrophobic layer 14 laminated thereto. Current collector 19 is shown
      within hydrophilic layer 17 and is adapted for electrical connection to
      the circuit. In the present invention, the hydrophilic layer is about 5 to
      100 mils and preferably about 5 to 45 mils in thickness and the
      hydrophobic layer is about 5 to 20 mils. Generally, it has been found that
      the life of an air electrode increases with an increase in the thickness
      of the hydrophilic layer. However, any increase greater than about 100
      mils is undesirable because of the increase in weight to the cell.
PAR  With reference again to FIG. 2, as is well known, in the cathode 12 shown,
      the air penetrates by diffusion to a three phase zone which is a narrow
      electrochemically active zone where the O.sub.2, liquid electrolyte and
      solid oxygen absorption/reduction electrocatalyst particles meet. The most
      effective interface is at the current collector 19. The hydrophilic layer
      is adapted to provide this gas-liquid interface by using an amount of
      non-wetting binding agent, or by other means, to provide a liquid
      selectively permeable, gas permeable matrix containing the catalyst system
      generally distributed uniformly therethrough. The matrix contains
      sufficient non-wetting binding agents to prevent flooding and effect
      liquid penetration only a narrow active zone preferably near the current
      collector, where the liquid will contact O.sub.2.
PAR  The composition of this invention is spread over and through electronic
      current collectors 19 and 21, each preferably formed as an array of 1 mil
      thick nickel or nickel plated steel fibers, sintered together generally
      below the melting point of the fibers to form a plaque, with a theoretical
      density of about 5-15% i.e. about 85-95% porous, at a thickness of 10-45
      mils. Hydrophobic layers 14 and 16 can comprise a sheet of porous,
      unsintered, completely fibrillated polytetrafluoroethylene alone or in
      combination with polymethylmethacrylate and plasticizers such as dialkyl
      phthalate. Preferably, the hydrophobic layers will comprise a sheet of
      porous unfibrillated fluorinated ethylene propylene and fibrillated
      polytetrafluoroethylene and polypropylene fibers. While other methods of
      attaching hydrophobic layers 14 and 16 to hydrophilic layers 17 and 18 are
      suitable, it is preferred that they be roll laminated. Both layers can be
      passed through a two mill wherein the roll surfaces are maintained at a
      temperature of about 190.degree.C with a pressure therebetween of about 25
      psi.
PAR  The following non-limiting example is illustrative of various air
      electrodes and metal/air cells formed therewith utilizing the materials
      set forth above.
PAC  EXAMPLE 1
PAR  Two air electrodes were fabricated. Electrode (A) utilized CaMnO.sub.3 and
      Electrode (B) utilized Ca.sub.0.8 Na.sub.0.1 Y.sub.0.1 MnO.sub.3, as the
      oxygen absorption and reduction electrocatalyst. For Electrode (A): 320 mg
      of powdered spectroscopically pure CaMnO.sub.3 was mixed with 60 mg of
      polytetrafluoroethylene non-wetting binding agent solution, with a spatula
      to form a paste. For Electrode (B): 320 mg of powdered spectroscopically
      pure Ca.sub.0.8 Na.sub.0.1 Y.sub.0.1 MnO.sub.3 was mixed with 60 mg of
      polytetrafluoroethylene non-wetting binding agent solution, with a spatula
      to form a paste. In both cases, no other catalysts were used. In both
      cases the binding agent solution contained 60 Wt.% solids to provide 0.11
      part binding agent per 1 part electrocatalyst; the oxygen absorption and
      reduction electrocatalysts had surface areas of about 0.5 to 1.0 sq.
      meters/gram and a particle size range of approximately 0.02 to 0.10
      microns.
PAR  These two pastes were then each spread into as well as over both sides of 4
      sq.cm. sintered, nickel mesh plaque current collectors having thicknesses
      of about 0.014 inch and approximately 6% theoretical density i.e. 94%
      porous, to form the hydrophilic composites. The composites were then air
      dried for about 12 hours to remove moisture. The composites were then
      molded by flat-bed pressing at 275.degree.C for 10 minutes at 5000 psi, to
      form hydrophilic layers having thicknesses of about 0.007 inch and
      containing the electrocatalysts distributed throughout the hydrophilic
      matrix. A nickel tab was then spot welded to each electrode plaque.
PAR  Two half-cell test assemblies, shown schematically in FIG. 3 of the
      drawings were constructed. They consisted of a box, 11/2 .times. 11/2
      .times. 3/4 inches, fabricated by cementing together appropriately shaped
      pieces of styrene-butadiene-acrylontrile plastic. One side of the boxes
      was drilled with a hole, 1 cm in diameter as shown. The electrodes were,
      attached to this side with epoxy resin cement. The effective air electrode
      areas were 0.79 cm.sup.2. The assemblies were placed in empty 250 ml
      beakers.
PAR  A counter-electrode of sheet-nickel was placed in each box. A curved
      capillary tip of a Hg/HgO reference electrode was placed so that it
      touched the inside face of the air electrodes as shown. The boxes were
      filled with aqueous 25 Wt.% KOH. After stabilization of the open-circuit
      voltage, the electrodes were operated potentiostatically (PAR Potentiostat
      371) at 25.degree.C at -200 mV (Hg/HgO). Potentiostatic testing of the
      electrodes was employed. As soon as the current stabilized at this
      potential (1-3 hours), the currents at polarizations from -100 mV to -400
      mV (Hg/HgO) were determined for Electrode (A) and Electrode (B) (TABLE 1
      below).
PAR  Data in the anodic (oxygen-evolution) mode were also taken
      galvanostatically at 25.degree.C, at currents ranging from 5 through 50 mA
      (TABLE 2 below). The air electrodes were then returned to the cathodic
      mode and held once again at -200 mV (Hg/HgO) until the current stabilized.
      A comparison of these values with the initial current at -200 mV (Hg/HgO)
      provided a measure of the stability of the materials on cycling (TABLE 2
      below).
PAR  The air electrodes were then "choked" by filling the beakers, in which the
      entire half-cell test assemblies were held, with 25 wt.% KOH. If the
      reaction in the air electrodes is exclusively reduction of the oxygen
      component of air, the current should ultimately fall to a value which
      depends on the equilibrium oxygen content of the electrolyte. The rate of
      fall is a function of the volume of trapped air in the electrode. If the
      current does not fall to near-zero and stabilizes instead at an
      intermediate value, the material is functioning partially as an oxide
      electrode (i.e., it has capacity) and partially as an air electrode.
      Choking is therefore a simple but very useful technique for isolating the
      oxygen/reduction properties of the oxides.
PAR  Electrode (C) containing only 320 mg acetylene black carbon (Shawinigan,
      sold by Shawinigan Products Corp.) having a particle size between about
      0.02-0.1 microns and a surface area of 60-70 sq. meters/gram and 60 mg
      polytetrafluoroethylene solution containing 60 Wt.% solids, was fabricated
      as a comparative electrode, using the same techniques as described above.
      It was tested similarly to Electrodes (A) and (B). Electrode (D) having
      the same composition as Electrode (C) but also containing AgNO.sub.3
      catalyst, and tungsten carbide with 12% by weight fused Co, was also made
      and tested similarly to Electrodes (A) and (B), for comparative purposes.
PAR  The experimental data for Electrodes (A)-(D), is shown in TABLE 1 and TABLE
      2 below:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Oxygen Reduction Activity of CaMnO.sub.3 and Ca.sub.0.8 Na.sub.0.1        

     Y.sub.0.1 MnO.sub.3                                                       

     __________________________________________________________________________

     Sample     E.sub.O.C.                                                     

                       Currents at Polarization Relative                       

                       to Hg/HgO, in mA                                        

                mV,Hg/HgO                                                      

                       -100mV                                                  

                            -200mV                                             

                                 -300mV                                        

                                      -400mV                                   

     __________________________________________________________________________

      Electrode (A)                                                            

                14     --   2.82 4.30 5.80                                     

     CaMnO.sub.3                                                               

      Electrode (B)                                                            

                11     0.60 1.35 2.40 4.0                                      

     Ca.sub.0.8 Na.sub.0.1 Y.sub.0.1 MnO.sub.3                                 

      Electrode (C)                                                            

                -22    0.06 0.45 1.10 1.90                                     

     acetylene black                                                           

      Electrode (D)                                                            

                -75    0.08 0.91 2.78 6.20                                     

     acetylene black,                                                          

     Ag and WC-Co                                                              

     __________________________________________________________________________

PAL  This data indicates that these two MnO.sub.3 type compounds are highly
      active in oxygen reduction, are vastly superior to acetylene black alone,
      and can be as effective an electrode as an acetylene black carbon
      electrode which also contains WC-Co low oxygen overvoltage material. As
      can be seen, the MnO.sub.3 compounds can be completely substituted for
      other catalysts and oxygen overvoltage material. Values for Electrodes (A)
      and (B) should be even better with addition of low oxygen overvoltage
      materials such as WS.sub.2, WC and WC-Co with 1-20 Wt.% Co and with silver
      catalyst.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Oxygen Evolution Activity and Stability of CaMnO.sub.3 and                

     Ca.sub.0.8 Na.sub.0.1 Y.sub.0.1 MnO.sub.3                                 

     ______________________________________                                    

                Polarization  Cathodic                                         

                Relative      Current at                                       

                to Hg/HgO, mV -200 mV vs.                                      

                              Hg/HgO, mA                                       

     ______________________________________                                    

                5mA   20mA    50mA    before                                   

                                            after                              

     ______________________________________                                    

      Electrode (A)                                                            

                  827     940     1002  2.85  2.1                              

     CaMnO.sub.3                                                               

      Electrode (B)                                                            

                  594     650     706   1.30  0.78                             

     Ca.sub.0.8 Na.sub.0.1 Y.sub.0.1 MnO.sub.3                                 

      Electrode (C)                                                            

                  581     614     646   0.48  0.14                             

     acetylene black                                                           

      Electrode (D)                                                            

                  562     578     588   1.40  4.7                              

     ______________________________________                                    

PAL  This data indicates that these two MnO.sub.3 type compounds are highly
      active in oxygen evolution and also very stable upon cycling. As can be
      seen, Electrode (A) was brought 250 mV over +750 mV and Electrode (B) was
      brought up to 706 mV at 5 mA; yet the cathodic current after completion of
      the anodic mode remained stable, i.e. the electrodes were still highly
      active.
PAR  The effects of choking and unchoking on the current-time profile of the
      CaMnO.sub.3 air electrode held at -200 mV (Hg/HgO) is shown in FIG. 4 of
      the drawings. The sharp drop to near-zero current on choking,
      approximately 0.05 mA, followed by the rapid almost 100% recovery of the
      steady-state performance on unchoking, demonstrates that this electrode is
      functioning solely as an air electrode. Similarly, when Electrode (B) was
      choked, the current output fell to 0.05 mA followed by rapid recovery
      indicating performance as an air electrode. The Shawinigan carbon
      electrodes recover only about 30% of the steady-state value due to
      apparent irreversible flooding of the active pores of the carbon
      particles.
PAR  The data in TABLE 1 and TABLE 2 indicate excellent electrode stability for
      electrodes (A) and (B) between +700 to +1000 mV, and -300 mV in KOH at
      room temperatures. The electrical resistivity of these CaMnO.sub.3 and
      CaMnO.sub.3 :Na,Y materials should be less than 1000 ohm-cm, and there
      should be negligible contact resistance with their nickel fiber supports
      in KOH. The data also indicates that the manganite Electrodes (A) and (B)
      will function effectively as bifunctional air electrodes in a metal/air
      battery one type of which is shown in FIG. 1 of the drawings, containing a
      fuel electrode and air electrodes in contact with air, all electrodes
      contacting alkali hydroxide electrolyte.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gas electrode containing a hydrophilic layer comprising:
PA1  1. a composite adapted to provide a gas-liquid interface therein
      containing:
PA2  i. an oxygen absorption/reduction electrocatalyst selected from the group
      consisting of CaMnO.sub.3 and Ca.sub.(1.sub.-x.sub.-z) MnO.sub.3 :
      Na.sub.x, Y.sub.z, where x and z can range from about 0.05 to 0.40; and
PA1  2. a metal current collector.
NUM  2.
PAR  2. A gas electrode as set forth in claim 1 wherein said hydrophilic
      composite includes for each part by weight of oxygen absorption/reduction
      electrocatalyst:
PA2  ii. an amount of a bonding/non-wetting agent effective to bond the
      components together and provide a permeable matrix having a gas-liquid
      interface therein,
PA2  iii. about 0.1-1.5 parts by weight, based on oxygen absorption/reduction
      electrocatalyst, of a low oxygen overvoltage material selected from the
      group consisting of WS.sub.2, WC and WC with 1-20 Wt.% Co and mixtures
      thereof, and
PA2  iv. an effective amount of a catalyst for decomposition of perhydroxides,
PAL  and wherein the current collector is a metal fiber current collector.
NUM  3.
PAR  3. A gas electrode as set forth in claim 2 also containing a hydrophobic
      layer attached to the hydrophilic layer, said hydrophobic layer comprising
      a sheet of porous, plastic selected from the group consisting of
      polytetrafluoroethylene, polypropylene, fluorinated ethylene propylene and
      mixtures thereof and wherein the bonding/non-wetting agent in the
      hydrophilic composite contains polytetrafluoroethylene.
NUM  4.
PAR  4. A gas electrode as set forth in claim 3 wherein said hydrophilic
      composite is substantially flat and the catalyst for decomposition of
      perhydroxides is selected from the group consisting of silver, and silver
      mercury alloys.
NUM  5.
PAR  5. At least one gas electrode as set forth in claim 3 in a metal/air cell
      which comprises a metal electrode selected from the group consisting of
      iron, zinc, and cadmium; the gas electrode spaced apart from said metal
      electrode, and an alkali hydroxide electrolyte in contact with said metal
      electrode and the hydrophilic layer of the gas electrode, the gas
      electrode having the hydrophobic layer in contact with a source of oxygen.
NUM  6.
PAR  6. An air electrode for use in electrochemical energy cells comprising:
PA0  A. a hydrophilic layer comprising:
PA1  1. a hydrophilic composite comprising:
PA2  i. about 1 part by weight of an oxygen absorption/reduction electrocatalyst
      selected from the group consisting of CaMnO.sub.3 and
      Ca.sub.(1.sub.-x.sub.-z) MnO.sub.3 :Na.sub.x,Y.sub.z, where x and z can
      range from about 0.05 to 0.40, having a surface area of from about 0.5-200
      sq. meters/gram;
PA2  ii. about 0.1-1.5 parts by weight of low oxygen overvoltage material
      selected from the group consisting of WS.sub.2, WC and WC with 1-20 Wt.%
      Co. and mixtures thereof; and
PA2  iii. an amount of bonding/non-wetting agent effective to bond the
      components together and provide a permeable matrix having a gas-liquid
      interface therein; and
PAR  2.  a metal current collector; and
PA0  B. a hydrophobic layer attached to said hydrophilic layer.
NUM  7.
PAR  7. An air electrode as set forth in claim 6 wherein said hydrophilic
      composite also includes:
PA2  iv. an effective amount of a catalyst for decomposition of perhydroxides,
PAL  and wherein the current collector is a metal fiber current collector.
NUM  8.
PAR  8. An air electrode as set forth in claim 6 wherein said hydrophobic layer
      comprises a sheet of porous, plastic selected from the group consisting of
      polytetrafluoroethylene, polypropylene, fluorinated ethylene propylene and
      mixtures thereof, and wherein the bonding/non-wetting agent in the
      hydrophilic composite contains polytetrafluoroethylene.
NUM  9.
PAR  9. An air electrode as set forth in claim 6 wherein said hydrophilic
      composite is substantially flat and includes 0.15-1.5 parts by weight of a
      catalyst for decomposition of perhydroxides selected from the group
      consisting of silver, and silver mercury alloy.
NUM  10.
PAR  10. At least one air electrode as set forth in claim 6 in a metal/air
      battery which comprises a metal electrode selected from the group
      consisting of iron, zinc, and cadmium; the air electrode spaced apart from
      said metal electrode, and an alkali hydroxide electrolyte in contact with
      said metal electrode and the hydrophilic layer of the air electrode, the
      air electrode having the hydrophobic layer in contact with a source of
      oxygen.
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ABST
PAL  An improved fuel cell set for the generation of electrical energy through
      the reaction of gaseous reactants and a liquid electrolyte which is
      circulated.
PARN
PAR  This is a continuation of application Ser. No. 261,250, filed June 9, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fuel cell set for the generation of electric
      energy through the reaction of gaseous reactants and a liquid electrolyte
      which is circulated through the fuel cell set, as well as a method for
      operating this fuel cell set.
PAR  Fuel cells and fuel cell batteries generate electric energy in the form of
      direct current from chemical energy, for instance using hydrogen and
      oxygen. The efficiency is about 50 to 60%. With fuel cells connected in
      series, the available current depends on the size of the active area of
      the individual cells and the permissible area loading; the voltage depends
      on the number of cells. Heat is generated during the electrochemical
      reaction in which the chemical energy is converted into electric energy.
      This heat must be removed by means of a collant, such as water. As a rule,
      as much heat must be removed in a fuel cell battery by the coolant as the
      amount of useful energy that is taken from the battery. In addition to the
      reaction heat, reaction water is also produced in the electrochemical
      conversion, about 0.5 liter of water being produced per kilowatt-hour.
PAR  Since fuel cell batteries always consist of a fairly large number of cells
      which are electrically connected in series or in parallel because of the
      relatively low voltage of the individual cells, large units result when
      fuel cell batteries of large power rating are constructed. In addition and
      in contrast to classical batteries and storage cells, fuel cell batteries,
      moreover, require a number of auxiliary devices for continuous operation.
      On the other hand, such fuel cell batteries must meet certain requirements
      for specific application. For instance, if the field of locomotion or
      traction, such as in applications for mobile systems, they must be capable
      of functioning without inordinate sensitivity in inclined positions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved fuel cell set for the generation of
      electrical energy through the reaction of gaseous reactants and a liquid
      electrolyte, which is circulated. In particular, the weight per unit of
      output power and the volume, respectively, and the required space are
      reduced by arranging the individual parts of the fuel cell set in optimum
      position for operation.
PAR  According to the invention, this is accomplished by providing a fuel cell
      set which contains, in compact construction within one housing, at least
      one fuel cell battery which is built up of a plurality of fuel cells, an
      electrolyte regenerator, a pressure lock, a heat exchanger, a supply tank
      and a control unit. These individual building blocks are arranged in this
      order and preferably having the same cross-sectional dimensions. The
      gaseous reactants and a coolant are fed in and discharged on the side of
      the fuel cell set on which the control unit is positioned. In the
      electrolyte circuit, the supply tank is connected with the fuel cell
      battery, and the latter is connected again to the supply tank via the
      electrolyte regenerator and the heat exchanger.
PAR  Such a fuel cell set has numerous advantages. The design of the fuel cell
      set as an integrated structural unit, i.e., as a block, is particularly
      advantageous for manufacturing reasons. Plumbing and lines between
      individual units, which are necessary with the separate type of
      construction, are eliminated. The end plates required for the respective
      individual parts are also partly eliminated, due to the compact
      construction. The subdivision of the energy-generating part into several
      fuel cell batteries has the advantage that deviations from the uniform
      distribution of the electrolyte flow in all electrolyte chambers which may
      occur in large battery blocks, are avoided. As the electrolytic liquid
      flows through the individual fuel cells of fuel cell batteries in parallel
      for the purpose of removing the reaction water and the reaction heat, they
      are electrically short-circuited via the electrolyte ducts.
PAR  Although the electric power losses can be reduced to the extent that the
      duct cross-sections for the electrolyte supply are made smaller, the
      pumping power required for the removal of the reaction heat and the
      reaction water increases as the duct geometry becomes smaller. Moreover,
      there is also the previously mentioned problem of uniform distribution of
      the flow. As the cell with the poorest flow must still be supplied with a
      minimum flow of electrolytic liquid, the total required volume flow, i.e.,
      the pump power, is increased. It is therefore advantageous to combine the
      fuel cells, which are required in total to achieve a given power output,
      into several fuel cell batteries.
PAR  The fuel cell set of this invention is also distinguished by the fact that
      all lines and connections between the individual parts of the set are
      accommodated within a common housing, and specifically in its peripheral
      zones. This leads to compact construction without external plumbing. All
      required lines for the reactants, the electrolytic liquid and the coolant
      are integrated in this structural unit. The unit has connections to the
      outside for the gaseous reactants, such as hydrogen and oxygen, for the
      coolant, for removing the reaction water formed and for ventilation, i.e.,
      for removing the residual gas, as well as terminals for the current.
PAR  A characteristic feature of the structural unit is the closed electrolyte
      cycle, which serves also for the removal of the heat and the water. A
      centrifugal pump with a direct drive by a commutatorless split-housing d-c
      motor is used for circulating the electrolytic liquid. The pump draws
      electrolytic liquid without pressure from a supply tank and delivers the
      same directly to the fuel cell battery, where it flows in parallel through
      all the fuel cells. The electrolytic liquid is heated in the process by
      the reaction heat and is diluted by the reaction water formed. After
      flowing through the fuel cell battery, the electrolytic liquid is fed in
      parallel streams through an electrolyte regenerator as well as through a
      heat exchanger. In the electrolyte regenerator, the reaction water is
      removed from the electrolytic liquid through evaporation of water, as well
      as part of the heat of reaction. The balance of the reaction heat is
      transferred in the heat exchanger from the electrolytic liquid to the
      coolant, which may for instance be cooling water. As more reaction heat is
      produced in the fuel cell battery than is required for the removal of the
      reaction water, more water is removed from the electrolytic liquid, as
      temperature control is employed, than reaction water was formed, i.e., the
      concentration of the electrolytic liquid would rise continuously.
PAR  For this reason, an additional circuit element is provided for the control
      of the electrolyte concentration, which either gives off the reaction
      water depleted in the electrolyte regenerator to the outside if the
      concentration is too low, or returns it to the electrolyte cycle if the
      concentration is too high. It is important here that fluctuations in the
      concentration stay within narrow limits, as they result in volume
      fluctuations. Furthermore, loss of electrolytic liquid must be avoided in
      order to reduce maintenance. Such losses of electrolytic liquid are
      possible through the presence of electrolytic liquid in the removed
      reaction water and through droplets of electrolyte in the reaction gases
      or their inert-gas components within the fuel cell battery, which can
      occur through the passing of electrolytic liquid into the gas chambers.
PAR  Loss of electrolytic liquid is prevented on the one hand by the provision
      that the reaction water is released to the outside only when it exhibits
      neutral reaction, which is possible through monitoring the electric
      conductivity. On the other hand, the loss of electrolytic liquid as
      droplets through their presence in the reaction gases or their inert-gas
      components is prevented by the provision that the unspent reaction gases
      or their inert-gas components, respectively, i.e., the residual gas, are
      not given off directly into the environment after flowing through the last
      fuel cell, but are first returned to the supply tank for the electrolytic
      liquid and are then discharged to the outside.
PAR  In fuel cell sets, insensitivity to inclination is of particular
      importance. This is true especially for the application of fuel cell sets
      in traction systems. Since about 90% of the electrolytic liquid is
      situated in the electrolyte chambers of the fuel cell battery, the
      electrolyte regenerator and the heat exchanger, the entire electrolyte
      supply would flow back into the tank and flow out through the vent holes
      of the tank if the fuel cell set were in an inclined position. This could
      happen in the event that the installation is shut off, or if trouble
      develops, such as if the electrolyte pump stops in a situation where the
      flow of electrolyte goes directly into the battery via the pump and a
      pressure line, i.e., if the supply tank is directly connected with the
      battery in the bottom of the fuel cell set. This is prevented by running
      the lines in a manner which will be explained in the following
      description.
PAR  The electrolytic liquid is first pumped through an electrolyte duct in the
      upper part of the housing of the fuel cell set from the supply tank
      through the entire fuel cell set to that end of the set in which the fuel
      cell battery is situated. There, the electrolytic liquid is conducted, for
      instance, in the end plate, into the lower part of the fuel cell set.
      Then, the electrolytic liquid is conducted in parallel paths through the
      individual fuel cells from the bottom to the top. If several fuel cell
      batteries are present in the set, a separate main duct in the lower part
      of the housing is provided for each individual battery. After flowing
      through the fuel cells, the electrolytic liquid is returned in the upper
      part of the battery to the end of the fuel cell set on the battery side of
      the set, and if necessary, i.e., if several batteries are present, in
      several main ducts. At the end of the set, the electrolytic liquid is
      collected, reversed and fed in a common duct to the electrolyte
      regenerator. There, it is conducted again into the lower part of the fuel
      cell set, specifically, through a reversing cell, and then flows in
      parallel paths from the bottom to the top of the fuel cell set through the
      electrolyte regenerator as well as through the heat exchanger. If in fuel
      cell sets of large rated output, a large number of electrolyte chambers
      exists in the electrolyte regenerator as well as in the heat exchanger, it
      is advantageous in order to obtain uniform distribution of the flow, to
      combine the electrolyte chambers in the electrolyte regenerator as well as
      in the heat exchanger, corresponding to the arrangement in several fuel
      cell batteries, to form two or more units which are provided with separate
      ducts for feeding in and discharging the electrolytic liquid. After
      flowing through the electrolyte regenerator and the heat exchanger, the
      electrolytic liquid is collected, returned into the electrolyte
      regenerator in a common duct, again reversed there and finally transported
      back to the supply tank. In this manner the electrolyte chambers are
      prevented from running empty in case of trouble or if the battery is shut
      down. Discharge of the electrolytic liquid from the supply tank is also
      prevented if the fuel cell set is in an inclined position.
PAR  Finally, reaction gases could also pass through leaks from the gas chambers
      into the electrolyte chambers and push the electrolytic liquid from the
      fuel cell battery back into the supply tank, if the pump is standing still
      and gas chambers are under pressure, whereby the liquid then could escape
      through the venting line. This can be prevented advantageously by a bypass
      line, which connects the battery outlet, i.e., a reversing cell for the
      electrolytic liquid, which is arranged between the fuel cell battery and
      the electrolyte regenerator, with the supply tank. Thereby, the gas that
      has passed into the electrolyte chambers can be removed from the battery
      without the previously mentioned disturbances taking place.
PAR  In the shut-down condition the fuel cell set is separated from the
      pressure-gas lines for the reaction gases by diaphragm valves. When the
      set is to be started up, one of the reaction gases, for instance, hydrogen
      is conducted through a pneumatic, manually operated valve via a control
      line and a reducing valve, into the electrolyte regenerator, and
      specifically, into the condensation chambers of the water depletion units.
      A gas pressure is thereby produced in these condensation chambers which
      supports the asbestos diaphragms that separate the condensation chambers
      from the electrolyte chambers and serve for diffusing the reaction water
      from the electrolytic liquid, against the pressure of the electrolytic
      liquid which appears when the battery is turned on. When a minimum
      pressure, for instance about 0.13 N/mm.sup.2 (1.3 kg/cm.sup.2), is
      reached, a diaphragm valve is opened in the control unit of the fuel cell
      set for each of the two reactants, whereby the reactants can flow into the
      fuel cell set. Through the chemical reaction which then begins, a voltage
      is generated. Upon reaching a lower voltage limit, the control pressure
      for the two diaphragm valves is switched on via a magnetic valve and the
      pneumatic valve is switched off. The fuel cell set is now ready for
      operation and is controlled automatically. In order to prevent the fuel
      cell set from being turned on by itself due to defective diaphragm valves,
      the pneumatic valve may be coupled with an electric valve.
PAR  The diaphragm valve for the oxidant, for instance oxygen, can
      advantageously be preceded by a choke, whereby this diaphragm valve is
      opened later than the diaphragm valve for the fuel, for instance hydrogen.
      Thus, the fuel flows into the fuel cell battery first, followed by the
      oxidant. If the battery is started up under load, it could be possible
      that the potential reaches a value which is less negative than the
      critical hydrogen potential of -780 mV as measured again Hg/HgO, if the
      hydrogen and the oxygen flow simultaneously into the gas chambers of the
      fuel cells, which could cause damage to the hydrogen electrode. This is
      prevented by the use of the choke.
PAR  In the fuel cell set according to the invention, all auxiliary control
      devices, such as valves, are mounted on a common base plate, which is
      adjacent to the electrolyte supply tank and forms the boundary of the fuel
      cell set on one side.
PAR  The reaction gases are led through the fuel cell battery, i.e., through the
      gas chambers, in the fuel cell set in cascade fashion. In this process,
      inert-gas components accumulate in the last stage of the cascade, which
      for instance, consists of one cell, whereby the voltage of the last stage
      of the cascade drops. Through comparison with the average cell voltage, a
      singal is obtained which is used electronically to open a valve, whereby
      the inert components are purged and the voltage rises again. The purging
      device is protected against failure by monitoring the battery voltage. If
      the temperature or the voltage monitoring device responds, the previously
      mentioned magnetic valve closes and simultaneously vents the control
      circuit. As a result, the diaphragm valves close, the purging valves open
      and the voltage breaks down. By using the pressure energy contained in the
      reaction gases and the pneumatic-electrical control, auxiliary electric
      power for starting the fuel cell set can be dispensed with.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a fuel cell showing its major
      components and the electrolyte lines.
PAR  FIG. 2 is a schematic illustration of the fuel cell of FIG. 1 showing the
      auxiliary control devices for the fuel cell of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 the fuel cell set 10 contains within one housing the
      following individual building blocks arranged in the following order and
      preferably having the same cross-sectional dimensions: a control unit 11,
      a supply tank 12 for the electrolyte, a heat exchanger 13, a pressure lock
      14, an electrolyte regenerator 15 and two fuel cell batteries 16 and 17.
PAR  The reaction gases, hydrogen and oxygen, are fed to the fuel cell set 10 on
      the side of the control unit 11. Hydrogen is fed in through hydrogen line
      18 and oxygen is fed in through oxygen line 19. The gas residue, i.e., the
      unspent reaction gases or their inert-gas components, respectively, leave
      the fuel cell set 10 through gas residue line 20. Coolant is supplied to
      the fuel cell set 10 through coolant supply line 21 and is discharged
      through coolant discharge line 22.
PAR  The reaction water produced during the electrochemical reaction in the fuel
      cell batteries is removed from the fuel cell set 10 through reaction water
      discharge line 23. A magnetic valve 24 controls the discharge of reaction
      water through reaction water discharge line 23 and also controls the
      return of reaction water to the supply tank 12 through reaction water
      return line 25.
PAR  Electrolyte pump 26 transports the electrolytic liquid in a cycle through
      the fuel cell set 10. The path of the electrolytic liquid is indicated in
      FIG. 1 by the arrows. The electrolytic liquid flows through electrolyte
      duct 27, then enters the two main ducts 28 and 29 and then flows through
      the electrolyte chambers of the individual fuel cells (which are not shown
      in FIG. 1) of the fuel cell batteries 16 and 17 through battery lines 30.
      After flowing through the fuel cells, the electrolytic liquid is returned
      through main ducts 31 and 32 to the end of the fuel cell set 10 on the
      battery side. The electrolytic liquid is collected and fed through a
      common duct 33 to the electrolyte regenerator 15.
PAR  In the electrolyte regenerator 15, the electrolytic liquid is led down
      through a reversing cell, which is not shown in FIG. 1. The electrolyte
      regenerator 15 also contains a plurality of water depletion units, not
      shown in FIG. 1. Each water depletion unit consists of an electrolyte
      chamber, a condensation chamber separated from the electrolyte chamber by
      an asbestos diaphragm, and a cooling chamber which is separated from the
      condensation chamber by a non-porous condensation surface. As indicated by
      the reference numerals 35, the electrolyte flows, starting from a common
      line 34, in parallel paths through the electrolyte chambers of the
      electrolyte regenerator and of the heat exchanger 13.
PAR  In heat exchanger 13, the electrolyte chambers and the cooling chambers are
      arranged next to each other. The coolant which keeps the electrolytic
      liquid at the desired temperature flows through the cooling chambers.
      After flowing through the electrolyte chambers of the electrolyte
      regenerator 15 and the heat exchanger 13, the electrolytic liquid is
      returned through a common duct 36 into the electrolyte regnerator 15. The
      electrolytic liquid is reversed in the electrolyte regenerator 15 and is
      finally transported back to the supply tank 12.
PAR  The reaction water condensed in the condensation chambers (not shown) of
      the electrolyte regenerator 15 is transported by means of an auxiliary gas
      which is fed to the electrolyte regenerator 15, i.e., to the condensation
      chambers of the water depletion units (not shown), into the pressure lock
      14. The pressure lock 14 consists of a gas chamber which is separated from
      a liquid chamber by a liquid-permeable asbestos diaphragm. From the
      condensation chambers of the water depletion unit in the electrolyte
      regenerator 15, the reaction water flows into the gas chamber of the
      pressure lock 14 and is pushed through the asbestos membrane into the
      liquid chamber by means of the auxiliary gas. The reaction water goes from
      the liquid chamber through line 37 to the end of the fuel cell set 10 at
      the side adjacent to the control unit 11. The reaction water is either
      discharged to the outside by means of magnetic valve 24 through reaction
      water discharge line 23 or the reaction water is returned to the supply
      tank 12 for the electrolytic liquid.
PAR  A concentration sensor 38 and a temperature sensor 39 are attached to the
      supply tank 12 to monitor the electrolytic liquid. A bypass line 40
      connects the output of the fuel cell battery 16, i.e., the reversing cell
      that is not shown in FIG. 1, with the supply tank 12. A choke of small
      cross section or a bypass valve may be arranged in the bypass line 40 so
      that it is closed when the fuel cell set 10 is in operation and is open
      when the fuel cell set 10 is shut down.
PAR  FIG. 2 shows auxiliary control devices which serve for the start control of
      the fuel cell set 10 and which are accommodated in the control unit 11.
      Similar parts are labeled with the same reference numerals in both FIG. 1
      and FIG. 2. The devices in control unit 11 which are shown in FIG. 1 are
      not shown again in FIG. 2.
PAR  Referring to FIG. 2, hydrogen is fed to the fuel cell set 10 through
      hydrogen supply line 51. Oxygen is fed to the fuel cell set 10 through
      oxygen supply line 52. Upon starting the fuel cell set 10, penumatic valve
      53 is closed to allow hydrogen to flow through control line 54, magnetic
      valve 55, reducing valve 56 and line 57 into the condensation chambers of
      the electrolyte regenerator 15.
PAR  Upon reaching a minimum pressure, diaphragm valves 58 and 59 in the
      respective feed lines for the hydrogen and oxygen open and allow these
      gases to flow into the battery through lines 65 and 66.
PAR  Upon reaching a minimum pressure, hydrogen diaphragm valve 58 in the feed
      line for the hydrogen opens and allows hydrogen gas to flow into the
      battery through the hydrogen line 65. Also upon reaching minimum pressure,
      oxygen diaphragm valve 59 in the feed line for the oxygen opens and allows
      oxygen gas to flow into the battery through oxygen line 66. For this
      purpose diaphragm valve 58 and 59 are connected to line 57 by lines 60 and
      61 respectively. A choke 62 is arranged in line 61 whereby diaphragm valve
      59 for the oxidant, e.g. oxygen is opened later than disphragm valve 58
      for the fuel, e.g. hydrogen.
PAR  When the voltge of the fuel cell set 10 reaches a lower limit, the control
      pressure for the diaphragm valves 58 and 59 is switched on by magnetic
      valve 55 and pneumatic valve 53 is released, the fuel cell set 10 is then
      ready for operation and is controlled automatically.
PAR  The reaction gases flow through the individual fuel cells in cascade
      fashion. The discharge of the unspent reaction gases or their inert-gas
      components flow, respectively, from the fuel cell set 10 is controlled via
      valves 63 and 64. Hydrogen discharge valve 63 controls the discharge of
      hydrogen through hydrogen discharge line 67. Oxygen discharge valve 64
      controls the discharge of oxygen through oxygen discharge line 68. Before
      leaving the fuel cell set 10, these gases are conducted to the electrolyte
      supply tank 12 and then removed from the fuel cell set 10 as gas residue.
PAR  In the foregoing description the invention has been described in reference
      to specific exemplary embodiments and methods. It will be evident,
      however, that variations and modifications in the embodiments and methods
      explained by way of illustration may be made without departing from the
      broader scope and spirit of the invention as set forth in the appended
      claims. The specification and drawings are accordingly to be regarded in
      an illustrative rather than in a restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel cell set for the generation of electric energy through the
      reaction of gaseous reactants and a liquid electrolyte which is
      circulated, the fuel cell set comprising:
PA1  a housing of compact construction;
PA1  a plurality of fuel cells which are combined into at least one fuel cell
      battery disposed within said housing;
PA1  an electrolyte regenerator, disposed adjacent said fuel cells within said
      housing, which removes reaction water from the electrolytic liquid, said
      electrolyte regenerator including a plurality of water depletion units
      each comprising an electrolyte chamber, a condensation chamber, an
      asbestos diaphragm which separates said electrolyte chamber from said
      condensation chamber, a cooling chamber, and a non-porous condensation
      surface which separates the cooling chamber from said condensation
      chamber, and said electrolyte chambers of said water depletion units being
      coupled by an electrolyte flow line to the electrolyte chambers of said
      fuel cells;
PA1  a pressure lock, disposed adjacent said regenerator within said housing
      through which the reaction water flows, said pressure lock comprising a
      gas chamber, a liquid chamber, and a liquidpermeable asbestos diaphragm
      which separates the liquid chamber from said gas chamber, and said
      pressure lock gas chamber being coupled to said electrolyte regenerator
      condensation chambers;
PA1  a heat exchanger, disposed adjacent said pressure lock within said housing,
      having a coolant which removes heat from the electrolyte and cooling
      chambers, said heat exchanger electrolyte chambers being coupled to said
      electrolyte regenerator electrolyte chambers;
PA1  a supply tank for the electrolytic liquid disposed adjacent said heat
      exchanger and coupled by a plurality of electrolyte flow lines to the
      electrolyte chambers of said electrolyte regenerator and said fuel cells
      within said housing; and
PA1  a control unit, disposed adjacent said tank within said housing, which
      controls the flow of gaseous reactants, electrolytic liquid and reaction
      water and through which the gaseous reactants and coolant are supplied to
      and discharged from said fuel cell set, said gaseous reactants and said
      coolant being supplied to and discharged from said fuel cells and said
      heat exchanger, respectively, on the side of said fuel cell set on which
      said control unit is disposed, said control unit including valve means,
      coupled to said pressure lock and supply tank for controlling the reaction
      water discharge flow and returning said reaction water to said supply tank
      thereby controlling the electrolyte concentration; a pump for pumping said
      electrolyte through said fuel cell set; a pneumatic valve to allow
      hydrogen to flow to the electrolyte regenerator upon starting the fuel
      cell set; a control line, magnetic valve and reducing valve through which
      the hydrogen flows to the electrolyte regenerator; feed lines for the
      oxygen and hydrogen reactants; an oxygen diaphragm valve in the feed line
      for the oxygen; a hydrogen diaphragm valve in the feed line for the
      hydrogen; a choke which opens the oxygen diaphragm valve later than the
      hydrogen diaphragm valve; discharge lines for the oxygen and hydrogen
      residue; an oxygen discharge valve in the discharge line for the oxygen
      residue; and a hydrogen discharge valve in the discharge line for the
      hydrogen residue.
NUM  2.
PAR  2. A fuel cell set as recited in claim 1, wherein said fuel cells,
      regenerator, pressure lock, heat exchanger, tank and control unit are
      coupled by lines disposed within said housing and have the same
      cross-sectional structural dimensions.
NUM  3.
PAR  3. A fuel cell set as recited in claim 1 and further comprising a bypass
      line coupled to said fuel cell battery and said supply tank.
NUM  4.
PAR  4. A fuel cell set according to claim 3 and further comprising a bypass
      valve in said bypass line.
NUM  5.
PAR  5. A fuel cell set according to claim 1 and further comprising a separate
      main duct for the electrolytic liquid in the lower part of the housing for
      each fuel cell battery.
NUM  6.
PAR  6. A fuel cell set according to claim 1, wherein said electrolyte
      regenerator and heat exchanger electrolyte chambers are combined to
      correspond to the arrangement in the fuel cell batteries and form a
      plurality of units which are provided with separate ducts for feeding in
      and discharging the electrolytic liquid.
NUM  7.
PAR  7. A fuel cell set according to claim 1, wherein the electrolyte
      regenerator further comprises a reversing cell.
NUM  8.
PAR  8. A fuel cell set according to claim 1, and further comprising a
      concentration sensor and a temperature sensor which are attached to the
      supply tank to monitor the electrolytic liquid.
NUM  9.
PAR  9. Method for operating a fuel cell set for the generation of electric
      energy through the reaction of gaseous reactants and a liquid electrolyte
      which is circulated, comprising:
PA1  pumping the electrolytic liquid through an electrolyte duct in the upper
      part of a fuel cell set housing from an electrolytic liquid supply tank
      through the entire fuel cell set to one end of at least one fuel cell
      battery;
PA1  then conducting the electrolytic liquid to the lower part of the fuel cell
      set and through a separate main duct for the electrolytic liquid provided
      in the lower part of the housing for each fuel cell battery;
PA1  then conducting the electrolytic liquid from the bottom to the top of the
      fuel cell set in parallel paths through individual fuel cells;
PA1  then returning the electrolytic liquid to said end of the fuel cell
      battery;
PA1  collecting the electrolytic liquid, reversing the direction of flow thereof
      and conducting it in a common duct to an electrolyte regenerator;
PA1  then conducting the electrolytic liquid within the electrolyte regenerator
      into the lower part of the fuel cell set;
PA1  then conducting the electrolytic liquid from the bottom to the top of the
      fuel cell set using parallel paths through the electrolyte regenerator and
      a heat exchanger;
PA1  collecting the electrolytic liquid and returning it in a common duct to the
      electrolyte regenerator; and
PA1  reversing the direction of flow of the electrolytic liquid in the
      electrolyte regenerator and transporting it back to the supply tank.
NUM  10.
PAR  10. Method for operating a fuel cell set for the generation of electrical
      energy through the reaction of gaseous reactants and a liquid electrolyte
      comprising:
PA1  starting up the fuel cell set by conducting one of the reaction gases into
      an electrolyte regenerator through a control line, a pneumatic valve, and
      a reducing valve;
PA1  opening each of a pair of diaphragm valves for each of two reactants in a
      control unit upon reaching a minimum pressure in the regenerator to admit
      the reactants to the fuel cell set;
PA1  switching on a control pressure for the diaphragm valves upon the
      generating of a lower voltage limit by the fuel cell set by means of a
      magentic valve; and
PA1  switching off the pneumatic valve.
NUM  11.
PAR  11. Method according to claim 10 wherein the diaphragm valves admit an
      oxidant and a fuel to the fuel cell set, and the valve for the oxidant is
      opened by means of an inserted choke later than the diaphragm valve for
      the fuel.
NUM  12.
PAR  12. A fuel cell set as recited in claim 1, wherein said supply tank further
      comprises a venting line.
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ABST
PAL  An electrode substrate is described which is suitable for supporting noble
      metal electrodes in fuel cells and similar electrochemical cells. It is
      composed of fine graphite particles enmeshed in a web of fibers of
      polytetrafluoroethylene (PTFE) produced by forming a homogeneous mixture
      of graphite particles and PTFE powder in an organic liquid, removing the
      liquid, and milling the mixture in a series of steps to form a thin,
      porous, electrically conductive sheet of graphite-PTFE which is an
      excellent support for thin film metallic electrodes and which is resistant
      to corrosive electrolytes.
PARN
PAR  This is a continuation of application Ser. No. 200,052, filed Nov. 18,
      1971.
BSUM
PAR  This invention relates to an electrode substrate which forms a support for
      an electrode in an electrochemical cell. More particularly it relates to
      porous sheet material composed of graphite particles enmeshed in a web of
      fibers of polytetrafluoroethylene, and to a method of producing such
      material. This invention specifically deals with the construction of an
      electrode substrate or electrode support of a low cost chemically inert
      material.
PAC  BACKGROUND OF THE INVENTION
PAR  In the construction of electrochemical fuel cells it is desirable to use
      low cost construction components, whenever possible. This is not always a
      simple thing to achieve because in many instances, especially in
      acid-electrolyte fuel cells, the electrolyte is extremely corrosive and
      thereby attacks many common construction materials.
PAR  An electrochemical fuel cell is a device for converting chemical energy of
      a fuel directly into electrical energy by means of a galvanic process. The
      components of a fuel cell consist of an electrolyte which conducts ions
      between two electrodes, a positive or reducing electrode, and a negative
      or oxidizing electrode.
PAR  The negative electrode is sometimes referred to as the fuel electrode and
      the positive electrode is most commonly an oxygen or air electrode. The
      electrodes are brought in intimate contact with the electrolyte where
      galvanic reactions take place when the external circuit is closed. It is
      next necessary to be able to remove and transfer electrons to and from the
      electrodes by means of appropriate conductors. Simultaneously it is
      necessary to be able to supply fuel and oxygen to the electrode to provide
      a continuous source of the active material. Therefore, in addition to the
      electrodes themselves, there must be provided access to the active site
      via the fuel and oxidizing gas compartments in the cell.
PAR  In many types of fuel cells, the electrodes are supported by metallic
      grids. The metallic grids, in addition to being mechanical supports, act
      as electronic current conductors as well as providing porous structures
      through which gas can readily pass. In the case of acid fuel cells, which
      are an important embodiment of the present invention, the choice of
      electronic conductors to be used as metallic grids in the electrode
      assemblies is severely limited by the corrosive nature of the acids. Only
      a very few metallic materials are capable of withstanding the corrosive
      action of concentrated sulfuric and phosphoric acids commonly used in fuel
      cells. Typical metals which can provide the above function are platinum,
      tantalum, and sometimes niobium if the temperatures are not too high.
PAR  Metal alloys which might be compatible with the acid are generally poor
      materials for use in fuel cells because of severe oxidizing and reducing
      conditions that exist at the electrode during the fuel cell operation.
PAR  We have discovered that graphitic materials are ideally suited to withstand
      the corrosive nature of phosphoric and sulfuric acids over the entire
      range of acid concentration and operating temperatures commonly used in
      fuel cells. This application is directed to solving the problem of how to
      produce the graphitic materials in an appropriate form to provide the
      additional functions of gas accessibility and current collection as well
      as mechanical electrode support.
PAR  The four main requirements for an electrode substrate in the fuel cell are
      good electrical conductivity, good gas diffusion characteristics,
      resistance to the electrolyte from a corrosion viewpoint, and good thermal
      conductivity. The latter characteristic is almost invariably met when the
      higher priority electrical conductivity criterion is met.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This application describes how to fabricate porous graphitic electrode
      support materials, which exhibit equal or superior properties to commonly
      used metallic grid materials but greatly reduce the cost, thereby
      increasing the feasibility of commercially available electrochemical fuel
      cells.
PAR  It is therefore an object of this invention to provide a porous graphitic
      electrode substrate material suitable for use as an electrode support in
      electrochemical cells.
PAR  It is a further object of this invention to provide an electrode support
      material which allows reacting gas accessibility to the active fuel cell
      catalyst at sufficient rates to maintain meaningful operational conditions
      in electrochemical fuel cells.
PAR  It is still a further object of this invention to provide an electrode
      support which has sufficient electronic conductivity to be able to remove
      the current produced at the fuel cell electrodes without suffering high IR
      losses, commonly called voltage drops, by virtue of ohmic effects in the
      electrodes themselves.
PAR  Another object is to provide an electrode support for electrochemical cells
      having good thermal conductivity.
DRWD
PAR  These and other objects of this invention will become clear in the
      description that follows, taken in conjunction with the drawings wherein:
PAR  FIG. 1 is a schematic sectional view of a conventional bipolar stack fuel
      cell;
PAR  FIG. 2 is a schematic representation of the electrode substrate and
      electrodes; and
PAR  FIG. 3 is an enlarged schematic of the graphite-PTFE electrode-electrode
      substrate structure.
DETD
PAC  DESCRIPTION OF THE DRAWING
PAR  As shown in FIG. 2, the electrode structure is made up of a substrate 10 of
      graphite and PTFE and a thin metal-PTFE catalyst layer 11 supported
      thereon. The substrate 10 is generally about 10 mils in thickness,
      although the thickness usually may vary from 5 to 15 mils. Greater
      thickness may be used but may cause either diffusion or polarization
      losses. Lesser thickness may be acceptable in certain applications,
      although in-plane resistance may increase. The relative quantities of
      PTFE, where sintered and employed with a thermosetting resin, in the
      substrate can vary from as low as about 1% by weight to as much as 10% by
      weight, the balance being graphite. The metal in the catalyst layer 11 is
      preferably platinum black for cathodes, although other metals such as
      palladium, or other precious metal blacks or combinations thereof can be
      used. The metal-PTFE catalyst layer 11 is deposited on the substrate 10 by
      the procedure described in our copending application entitled FUEL CELL
      ELECTRODE originally filed on Nov. 18, 1971 as Ser. No. 200,222, now
      continuation application Ser. No. 428,826, filed on Dec. 27, 1973 and
      entitled A METHOD OF MAKING A FUEL CELL ELECTRODE BY COMPRESSING A LEACHED
      MASS. It is generally about 0.5 to 3 mil in thickness.
PAR  FIG. 3 illustrates the electrode structure in more detail. The substrate 10
      is illustrated as made up of graphite particles 12 held together in a web
      or matrix of PTFE fibers or elongated particles. Since the PTFE forms
      usually only a small fraction of the substrate 10 it does not coat or
      cover the graphite particles 12 and the latter are in good electrical
      connection with each other, thus providing good electrical conductivity.
      The electrode 11 is illustrated as composed of metal (e.g. platinum black)
      particles 13 held in a web or matrix of PTFE, the latter comprising 15 to
      35 weight percent of the electrode 11. It is seen that there are pores of
      interstices between the graphite particles 12 in the substrate 10 through
      which gas may pass, such as oxygen, air or hydrogen. In the substrate of
      this application the mean pore size is 10 microns and ranges from 6 to 12
      microns. There are similar, though smaller, pores or interstices between
      the metal particles 13 in the electrode 11 into which the electrolyte may
      partially penetrate.
PAR  FIG. 1 is a schematic view of a complete fuel cell embodying the
      graphite-PTFE substrate of this application. In FIG. 1, 10 represents the
      porous graphite-PTFE substrate, about 10 mils in thickness, and 11 is the
      thin film platinum-PTFE anode, about 1.5 mils in thickness. A gasket 14 of
      inert resin such as a fluoroelastomer like "Viton" or PTFE, about 30 mils
      in thickness, seals the cell. The electrolyte matrix 15 is about 20 mils
      in thickness, of porous acid resistant material in which is absorbed an
      electrolyte such as sulphuric or phosphoric acid. The other side of the
      electrolyte matrix 15 is in contact with a thin film cathode 16 on a
      porous graphite-PTFE substrate or support 17. The structures of the
      cathode 16 and support 17 are substantially the same as those of the anode
      11 and the substrate 10, respectively, although the specific catalysts in
      anode 11 and cathode 16 may be quite different. Adjacent and in contact
      with the cathode support 17 is a conductive bipolar plate 18, about 100
      mils in thickness, which contains gas manifolds (now shown) which provide
      access of an oxidizing gas (e.g., air or oxygen) to the cathode 16 through
      the porous support 17. The bipolar plate 18 is electrically conductive and
      serves to transmit current from one cell to the adjacent one. The outer
      edges 18a of the plate 18 may be thicker than the main body and serve as
      supports for the gaskets 14. The structure, production and composition of
      this bipolar plate are described in our copending application entitled
      BIPOLAR FUEL CELL PLATE originally filed on November 18, 1971 as Ser. No.
      200,022, now continuation application Serial No. 399,620, filed on
      September 21, 1973.
PAR  As shown in FIG. 1, the elements 10, 11, 14, 15, 16, 17 and 18 form a
      complete fuel cell. By the same token, the elements 20, 21, 24, 25, 26, 27
      and 28 form another complete cell in series with the first fuel cell. The
      elements 20, 21, 24, 25, 26, 27, 28 and 28a are the same as 10, 11, 14,
      15, 16, 17, 18 and 18a. Additional fuel cells can be stacked on each other
      in series as illustrated in FIG. 1 to provide a unit with the desired
      voltage.
PAR  In the operation of a fuel cell as shown in FIG. 1, the electrolyte matrix
      15 and 25 is filled with an aqueous acid such as sulphuric or phosphoric.
      The fuel, hydrogen gas, is flowed through the porous anode support 10 to
      the platinum anode 11 via gas manifolds. The oxidant air or oxygen gas, is
      flowed through the gas manifolds in the bipolar plate 18 and through the
      porous cathode support 16 to the platinum cathode 16. The fuel is oxidized
      at the anode 11 and the oxidant is reduced at the cathode 16, causing ions
      to flow between the cathode and anode, thus producing an electric current
      which can be conducted out of the cell via the conductive support 10 and
      the conductive bipolar plate 18. A stack of cells in series operates in
      the same manner.
PAR  In FIG. 1 the position of the graphite-PTFE electrode substrate 10 relative
      to the electrode 11 and bipolar plate in the fuel cell construction is
      shown. In FIG. 2 the detailed relationship between the electrode substrate
      10 and the electrode 11 is shown and, therefore, electrolyte and gas
      movements to and from the electrode are shown. In consideration of FIG. 2
      it is obvious that the electrode substrate should be thin as possible
      without sacrificing mechanical integrity and should be as porous as
      possible without sacrificing good electrical conductivity, with the
      exception that if the substrate is very thin then the gas passages in the
      bipolar plate must also be thin to avoid excessive inplane resistive
      losses. The pure graphite materials themselves have electrical
      conductivity several orders of magnitude higher than are required to make
      a good electrode substrate. However, conventional graphitic structures are
      extremely brittle and have porosities that are relatively low. Further,
      the pore size distribution of conventional graphitic material is extremely
      small, in the sub-micron range, resulting in a high tortuosity gas passage
      thus producing a barrier to gas diffusion resulting in concentration
      polarization in the fuel cell. In our invention we have circumvented these
      difficulties in fabricating electrode substrate materials by a judicious
      choice of graphite particles. If the graphite particles are used in
      manufacturing of the substrate are extremely fine, the substrate itself
      will contain a very narrow and small pore size distribution which causes
      the aforementioned concentration polarization phenomenon. Large particles
      of carbon in the substrate, on the other hand, will produce an irregular
      surface upon which to deposit the electrode, resulting in poor electrical
      conductivity, loss of active area, and pore contact with the electrolyte
      matrix. It is, therefore, necessary to use carbon particles in the
      appropriate size range of between about -100 and +200 mesh.
PAR  A further requirement is that as much graphite as possible be incorporated
      in the electrode substrate. Moreover, graphite per se is not in itself
      sufficient to make up the entire electrode substrate assembly since some
      agent is required to bond or hold the graphite particles together. Like
      the graphite this agent must be capable of withstanding the corrosive
      nature of the electrolyte used in the electrochemical cell. But, unlike
      the graphite, it is not necessary that this material possess the requisite
      of electrical conductivity properties, provided that the material can be
      used in relatively small amounts. In our invention we have developed a
      method of bonding the graphite particles of the substrate together using
      very small amounts of polytetrafluoroethylene (PTFE) powder. Electrode
      substrates have been made with as little as 6% by weight and as high as
      32% by weight of PTFE, although the latter figure results in resistiveties
      that are too high.
PAR  In Table 1 are tabulated the electrical conductivities of a variety of
      substrate materials made up with a variety of graphitic materials. We have
      found that it is not only desirable to have single graphitic particles in
      the electrode substrate but it is sometimes advantageous to use several
      different types of graphite materials in the substrate itself to enhance
      the strength and electrical conductivity of the substrate.
TBL                TABLE 1                                                     

     ______________________________________                                    

     CONDUCTIVITY OF POROUS GRAPHITE SUPPORTS                                  

               Graphite Particle Size, microns                                 

     ______________________________________                                    

               44        74-120     121-244                                    

     Wt. % PTFE  Resistivity ohm-cm.                                           

     ______________________________________                                    

     6           0.2         0.3        0.35                                   

     8           .25         .5         1.1                                    

     16          .4          1.0        3.5                                    

     24          .6          1.6        6.0                                    

     32          .8          2.1        --                                     

     ______________________________________                                    

PAR  The following examples illustrate different processes by which the
      electrode substrates are manufactured. In general, the construction of the
      electrode substrate consists of several steps.
PAR  In the first step, the desired graphitic materials are mixed with the
      desired amount of PTFE in a blender in mineral spirits or other suitable
      organic liquid such as Stoddard solvent or other hydrocarbon or
      halogenated hydrocarbon liquid. After blending for a short period of time
      the materials are filtered, preferably on a Buchner or centrifugal filter,
      and the filter cake is then placed between rollers or between a roller and
      a flat surface and the material is worked between the rollers until a
      bonding consistency is set up between the particles of the substrate,
      mainly through the particles of PTFE stretching and forming interlocking
      fibers. At this point, the material is rolled into a flat sheet of the
      electrode substrate of the desired thicknesses and the substrate is
      allowed to dry to remove the organic liquid. Then, the substrate is ready
      to be used as the electrode support in an electrochemical cell. In some
      instances, it may be desirable to sinter the PTFE bonding agent in the
      substrate although this is not always required and depends on the
      particular electrochemical cell system in question.
PAR  Substrates made in accordance with this invention have been operated in
      fuel cells and their fuel cell performance compared with that of similar
      fuel cells operating with conventional grid structures. These results are
      summarized in Table 2. It can be readily seen there is no appreciable
      difference in operating performance between those cells employing metallic
      grids for the support of the electrode and those employing the electrode
      substrate described in this application. This fact is extremely important
      because a tremendous saving has been made in substituting the inexpensive
      graphitic material for the rather expensive metal grids.
PAR  It is possible that other types of electrode substrates can be used in
      place of particulate carbon. It is not uncommon for fibrous carbon
      filaments to be made into an electrode substrate. However, the results
      obtained with this type of electrode are generally inferior to those
      obtained with the electrodes described herein. For the first part this is
      because the fibrous carbon electrode substrate has a very irregular
      surface which cannot readily support low loadings of precious metal
      catalyst. In other words, a greater amount of precious metal catalysts is
      required on such substrates. Second, the graphite-PTFE substrate is made
      by a process which is considerably less expensive than the process for
      making graphite fibers. So again, a very positive gross advantage is
      realized in using the substrate as described in this invention and in the
      following examples.
PAC  EXAMPLE 1
PAR  A mixture of high purity graphite particles of a -100 +200 mesh screen size
      were mixed with polytetrafluoroethylene powder so that the weight of the
      PTFE was 7.5 percent of the mixture. The materials were blended in mineral
      spirits for approximately 3 minutes in a high-speed blender. The blended
      mixture was next filtered through a centrifugal filter and the homogenous
      carbon-PTFE mixture was then rolled to a thickness of 10 mils in a series
      of 10 milling operations which worked the graphite-PTFE mixture to a
      consistency such that it stuck to itself and could support its own weight.
      The 10-mil sheet, so rolled, was then air dried until the mineral spirits
      evaporated and the resultant substrate was ready for the next step in the
      process.
PAR  In the next step the dried substrate material was pressed at a pressure of
      approximately 400 psi to slightly densify and strengthen the material. The
      material prepared by the above process exhibited approximately 55% total
      porosity, had a conductivity in the plane of the substrate of 0.0520
      ohm-centimeter and a conductivity through the substrate or perpendicular
      to the substrate plane of 0.070 ohm-centimeter.
PAR  In the porous substrate 75% of the pores had a pore size larger than 0.1
      micron and 60% of the pores had a pore size larger than 3.75 microns. This
      material was used in fuel cells, and the results are shown in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     COMPARISON OF TANTALUM SCREEN AND GRAPHITE-PTFE                           

     ELECTRODE SUPPORTS IN TERMS OF AIR ELECTRODE PERFORMANCE                  

                    Tantalum  Graphite-PTFE                                    

                    Screen                                                     

     Time   Current Density                                                    

                          Voltage Wrt H.sub.2                                  

                                      Voltage Wrt H.sub.2                      

     (hours)                                                                   

            (amp/sq.ft.)  (volts)     (volts)                                  

                    Air   Oxygen  Air     Oxygen                               

     ______________________________________                                    

      50    0             1.00    1.02  .96   .99                              

            50            .78     .86   .77   .85                              

            100           .74     .84   .73   .83                              

      500   0             .93     .95   .96   .98                              

            50            .75     .84   .77   .85                              

            100           .71     .80   .72   .82                              

     2000   0             .92     .95   .95   .96                              

            50            .74     .85   .74   .85                              

            100           .69     .81   .70   .82                              

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  In Example 2 a very similar process was used to prepare an electrode
      substrate. In this example the electrode was made up of essentially 7.5%
      by weight of PTFE, 77% particulate carbon as in Example 1, and 15.5%
      carbon fibers.
PAR  Using this formulation it was possible to produce electrodes with total
      porosities of 70%, a parallel conductivity of 0.05 ohm-centimeter, a
      perpendicular conductivity of 0.065 ohm-centimeter, pressed at a pressure
      of 1000 pounds per square inch.
PAC  EXAMPLE 3
PAR  In this example the materials were processed again by the same method as
      described in the previous examples, except that the composition of the
      substrate was altered to 2% PTFE, 70% particulate carbon, 18% fibrous
      carbon and 10% polyphenylenesulfide (PPS). This material is processed in
      the same way, but in the final step was subjected to a pressure of 1000
      pounds per square inch and a temperature of 600.degree.F. The effect of
      the temperature was to cause the PPS material to take a set under
      pressure. The result was an electrode substrate which exhibited the
      following properties.
PAR  It was 60% porous, had a conductivity of 0.07 ohm-centimeter in the plane
      of the electrode, 0.7 ohm-centimeter perpendicular to the plane of the
      electrode. The material was more rigid; this can be a desirable feature in
      certain applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the manufacture of an electrically conductive substrate for
      use as an electrode support in a fuel cell comprising the steps of:
PA1  a. blending a quantity of carbon with dry powdered polytetrafluoroethylene
      in a lubricant to form a homogeneous mixture, said polytetrafluoroethylene
      constituting from 6 percent to no more than 32 percent of the combined
      weight of said carbon and said polytetrafluoroethylene;
PA1  b. filtering lubricant from said blend to form a filtered mixture;
PA1  c. subjecting said filtered mixture to rolling forces effecting thickness
      reduction thereof, thereby forming a sheet of fibrillated
      polytetrafluoroethylene containing carbon and lubricant; and
PA1  d. removing the remainder of said lubricant from said sheet.
NUM  2.
PAR  2. A method for the manufacture of an electrically conductive substrate for
      use as an electrode support in a fuel cell comprising the steps of:
PA1  a. blending a quantity of carbon and a quantity of a thermosetting resin
      with dry powdered polytetrafluoroethylene in a lubricant to form a
      homogeneous mixture;
PA1  b. filtering lubricant from said blend to form a filtered mixture;
PA1  c. subjecting said filtered mixture to rolling forces effecting thickness
      reduction thereof, thereby forming a sheet of fibrillated
      polytetrafluoroethylene containing carbon, thermosetting resin and
      lubricant;
PA1  d. removing the remainder of said lubricant from said sheet; and then
PA1  e. pressing said sheet while maintaining said sheet at temperatures above
      the thermosetting temperature of said thermosetting resin and above the
      sintering temperature of said polytetrafluoroethylene.
NUM  3.
PAR  3. The electrically conductive substrate produced by practice of the method
      claimed in claim 2.
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ABST
PAL  Valve means intended more particularly for a sealed storage cell battery;
      that valve is made to communicate with the compartments of all the storage
      cells by way of independent passages for piping gases from each cell to an
      exhaust passage. The valve is responsive independently to gas pressure
      conditions in each cell to open or close the particular passage from said
      cell irrespective of pressure conditions in other cells. It is thus used
      by all the storage cells.
BSUM
PAC  BACKGROUND AND BRIEF SUMMARY OF INVENTION
PAR  The present invention concerns a valve enabling the passing of a fluid in a
      determined direction as a function of an over-pressure. An application may
      be found for such a valve in electrochemical storage batteries for
      removing the gases which could be accumulated in cells thereof, at the end
      of the charge, during the over-charge and in the case of inversion.
PAR  Objects and features of the present invention are to provide a common
      exhaust valve for several cells of a same battery which will permit
      venting of gas independently from each cell irrespective of gas conditions
      in other cells of the battery.
PAR  One form of valve comprises a chamber communicating freely with a first
      space and communicating, moreover, with a second space. The chamber
      contains an elastically deformable part. This part is capable of stopping
      up the passage between the chamber and the second space, e.g. in a cell,
      when the excess of pressure prevailing, e.g., in the second space in
      relation to the pressure prevailing in the chamber is lower than a first
      predetermined value; it frees the passage by elastic deformation when the
      excess of pressure in the second space is higher than a second determined
      value, thus enabling the escaping of a fluid from the second space towards
      the first space. The said second value in that at which the valve opens,
      when the pressure in said second space increases. The first value is that
      at which the valve closes, when the said pressure again decreases. These
      two values may be identical or different. In the latter case, when the
      pressure is comprised between them, the valve may be open or closed
      according to the previous variation in the pressure. A valve according to
      the invention is characterized more particularly in that the chamber
      communicates with at least a third space, e.g. a second cell, the
      corresponding passage therefrom to said chamber being either stopped up or
      freed by the same elastically deformable part under like pressure value
      conditions as is the passage between the chamber and the first named
      second space. Thus, the single part in said second chamber is responsive
      to pressure differentials between the said chamber and those in the second
      and third spaces independently.
PAR  Another object and feature of the invention is also the provision of such a
      valve in a one-piece battery comprising at least two storage cells and
      whose case has two compartments respectively containing the two storage
      cells and constituting the second and third spaces previously defined. In
      that case, the valve chamber communicates on the one hand with the two
      compartments and on the other hand with the first space which may be the
      atmosphere. The communication with the atmosphere may be effected either
      by an opening formed in the lid or in the bottom of the casing.
PAR  In relation to conventional constructions having a valve for each storage
      cell, the present invention enables a reduction of costs, since only one
      single deformable part is required with a consequent saving of space which
      is all the more appreciable as the dimensions of the storage cells are
      smaller.
PAR  A valve according to the invention may be applied to a one-piece battery
      comprising any number of compartments provided respectively with means for
      leading the gases up to the chamber of the valve which is common to all
      the cells. It may be used, to great advantage, for four storage cells
      having a parallelepipedical shape with a common ridge. It is then placed
      at one of the ends of that ridge and the leading means are constituted
      simply by orifices made through the walls. In a battery having more than
      four storage cells, as many valves as there are sets of four storage cells
      may be provided.
DRWD
PAR  Embodiments of a valve according to the invention applied to a battery of
      electric cells will be hereafter described herebelow with reference to the
      accompanying drawing, given by way of illustration but having no limiting
      character and in which:
PAR  FIG. 1 is a top view of the casing in a first embodiment of a one-piece
      battery comprising four storage cells and from which the valve according
      to the invention has been removed;
PAR  FIG. 2 is a partly sectional view through line A--A in FIG. 1, in which the
      valve has, moreover, been shown;
PAR  FIG. 3 shows partly a top view of the container of the casing in a second
      embodiment of a one-piece battery comprising four storage cells, and
PAR  FIG. 4 shows a partly sectional view through line B--B in FIG. 3 which
      shows, moreover, the lid of the casing and a variant of a valve according
      to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 show the casing made, for example, of a plastic material, of
      a storage cell battery consisting of a container 10 closed by a lid 11 and
      separated by dividing walls 5, 6, 7, 8 into four inner compartments 1, 2,
      3, 4, intended for respectively containing four storage cells. Valve means
      according to the invention is housed in the center of the cover 11. That
      valve means comprises a chamber 12 in the shape of a cup provided in the
      cover and communicating by openings or passages 21, 22, 23, 24 with
      respective of the compartments 1, 2, 3, 4. The chamber 12 contains a
      washer 15 made of an elastomer, supported on the bottom of the cup formed
      by the lid 11. The washer 15 is held in position by means of a valve lid
      14 rigidly fixed, for example, by glueing or welding, in a recess or bore
      18 provided in the top surface of the cover 11. The valve lid 14 has
      exhaust orifices 16 and 17 intended for keeping the chamber 12 in constant
      communication with the atmosphere.
PAR  The valve lid 14 when mounted in said recess or bore 18 exerts on the
      washer 15 a pressure which is determined as a function of the maximum
      tolerable pressure in the compartments 1, 2, 3, 4.
PAR  By way of an example, when the internal pressures in the compartment 4
      becomes greater than its maximum tolerable pressure, the washer 15 is
      deformed and allows the gases to escape to atmosphere through the orifices
      23 and 17, irrespective of pressure conditions in compartments 1, 2 and 3.
      The same applies when the pressure prevailing in the compartment 2 becomes
      greater than the tolerable pressure therein and likewise for compartments
      1 and 3.
PAR  Thus, vent responsive operation of the single washer 15 is identical for
      each one of all the storage cells of the battery independently of pressure
      conditions in respective others of said cells.
PAR  FIGS. 3 and 4 show a variant of valve means according to the invention
      connected with a second example of a battery having four storage cells.
      FIG. 3 shows a top view of the container 31 of the battery casing
      separated by four dividing walls 35, 36, 37, 38 into four compartments 40,
      41, 42, 43 intended for accommodating the said storage cells. The
      container 31 is closed by a lid 30.
PAR  Valve means according to the invention is arranged in the center of the
      container casing, its chamber 53 communicates by openings 44, 45, 46, 47
      respectively with the four compartments 40, 41, 42 and 43 of the battery,
      two of which appear in FIG. 4 (compartments 41 and 43). Moreover, this
      chamber 53 communicates with the atmosphere by a passageway or funnel 32
      bored in the bottom of the container 31. The body of the valve consists of
      a stopper 51 held between a shoulder 48 provided in the wall of the
      chamber and the internal face of the lid 30. This stopper is prolonged by
      a deformable skirt 52 made of an elastomer. The diameter of the skirt is
      adjusted to fit into the chamber 53 formed in the bottom of the container
      31 and which chamber communicates with the passageway funnel 32. The
      adjustment of the diametrical clamping action of the skirt 52 against the
      wall of chamber 53 defines the opening pressure of the skirt 52 of the
      stopper 51. By way of an example, when the pressure in the compartment 41
      becomes greater than its tolerable pressure, which latter is the adjusted
      clamping pressure of skirt 52, the skirt is deformed and allows the gases
      in compartment to pass via passage 40 and via the passage or funnel 32
      outwardly of the battery to atmosphere.
PAR  Similar deformations of the skirt 52 relative to respective pressure
      increases in each of the other cell compartments 42, 43 or 44 will permit
      venting of gases to atmosphere respectively via respective passages or
      openings 45, 46 and 47 irrespective of pressure conditions in any of the
      other cells. To insure such independent venting, the skirt 51 may be
      slotted longitudinally in regions aligned with respective dividing walls
      35, 36, 37 and 38 so that the respective portions of the skirt 52 closing
      respective openings 44, 45, 46 and 47 will be deformed independently by
      over-pressures in respective cells without deforming respective portions
      covering opening of cells in which no over-pressure exists.
PAR  Where the battery comprises more than four cell valve means similar to
      those described for four cells may be provided for any additional groups
      of adjacent cells.
PAR  While specific embodiments of the invention have been described and
      illustrated, variations within the scope of the appended claims of valve
      means are possible and are contemplated in the application to storage cell
      batteries having several compartments wherein any suitable means for
      leading gases from each one of adjacent compartments to the common valve
      chamber may be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Valve means comprising a chamber freely communicating with a first
      venting space and having a passage communicating with a second space and
      an elastically deformable part contained in the chamber, said part
      stopping up the communicating passage between the chamber and the said
      second space when an excess pressure prevails in the second space in
      relation to the pressure prevailing in the chamber is lower than a first
      determined value, and opening up the said communicating passage by elastic
      deformation when the said excess pressure is higher than a second
      predetermined value, thus enabling the escaping of a fluid from the said
      second space via said communicating passage toward the said first space,
      the said chamber communicating with at least a third space having a
      communicating passage corresponding to said first-named communication
      passage and also being stopped up and opened up by the responsive
      deformation of the said elastically deformable part under the same
      pressure conditions in said third space as of the pressures between the
      chamber and the second space, the opening and closing of respective of
      said communicating passages by said part being independent of pressure
      conditions in respective of said second and third spaces.
NUM  2.
PAR  2. In a one-piece battery comprising at least two storage cells arranged
      respectively as two compartments of a casing, valve means according to
      claim 1 including said chamber, the said compartments respectively
      constituting the said second space and the said third space, and a lid.
NUM  3.
PAR  3. A one-piece battery of storage cells according to claim 2, characterized
      in that it is provided with independent communicating passages for the
      gases contained in respective of said compartments each leading to the
      said chamber.
NUM  4.
PAR  4. A one-piece battery of storage cells according to claim 2 comprising a
      casing including a container and a cover, characterized in that the said
      chamber has an opening communicating with the said first space, said
      opening being provided in the bottom of the said container.
NUM  5.
PAR  5. A one-piece battery of storage cells according to claim 2, comprising a
      casing including a container and cover, characterized in that the said
      chamber has an opening communicating with the said first space and an
      opening being provided in the said lid.
PATN
WKU  039350312
SRC  5
APN  3578526
APT  1
ART  221
APD  19730507
TTL  Photovoltaic cell with enhanced power output
ISD  19760127
NCL  13
ECL  1
EXP  Pendegrass; Verlin R.
NDR  2
NFG  3
INVT
NAM  Adler; Alan D.
CTY  West Redding
STA  CT
ASSG
NAM  New England Institute, Inc.
CTY  Ridgefield
STA  CT
COD  02
CLAS
OCL  136206
XCL  136 89
XCL   29572
ICL  H01v  128
FSC  136
FSS  89;206
FSC   29
FSS  572
UREF
PNO  3225208
ISD  19651200
NAM  Wolfe
OCL  136206
UREF
PNO  3331707
ISD  19670700
NAM  Werth
OCL  136 89
UREF
PNO  3539883
ISD  19701100
NAM  Harrison
OCL  136206
LREP
FR2  Berger; Peter L.
ABST
PAL  The photovoltage and photocurrent, and therefore, the power output of
      photovoltaic cells (solar cells) are markedly enhanced by depositing, on
      an exposed semiconductor surface of a solar cell, a layer of any one of a
      very large number of prophyrinic compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to photovoltaic cells and in particular to such cells
      which have been modified by depositing on an exposed semiconductor surface
      thereof, a layer of a porphyrinic compound. Such modified cells have
      markedly enhanced power output characteristics as compared with the
      unmodified cells. The invention also relates to methods for producing such
      modified cells.
PAR  2. Prior Art
PAR  Photovoltaic cells, as well as their construction, use and theory of
      operation are known. Generally, these cells comprise a light sensitive
      semiconductor material, for example, Se, CdS, Si or the like, which, upon
      being irradiated with light, will produce an electric current that is
      related to the intensity and wavelength of the source of irradiation.
      Thus, semiconductor materials and cells made therefrom are a valuable
      source of energy, and in fact, such cells, also known as solar cells, are
      presently in use in a wide variety of applications where energy sources
      are scarce and sunlight is plentiful. The voltage and current, and hence
      the power output of these cells is severely restricted by the nature and
      size of the cells as well as the intensity of the available light.
      Accordingly, any enhancement in the power output of such cells would be
      most desirable and would constitute a valuable advance in the art.
PAR  I have been experimenting with the physical effects of the class of
      chemical substances known as porphyrins and the present invention is a
      result of that experimentation. The porphyrins are, of course, well known.
      There are numerous natural porphyrins and the literature abounds with
      references to the synthesis of both natural and previously unknown
      porphyrins.
PAR  The present invention represents the application of a newly discovered
      interaction of the porphyrins to the known properties of photovoltaics,
      the result being a remarkable and wholly unexpected enhancement of the
      power output capability of the known photovoltaics.
PAC  SUMMARY OF THE INVENTION
PAR  I have now discovered that when an exposed semiconductor surface of a
      photovoltaic cell is coated with a layer, ranging in thickness from a
      monomolecular layer to a thickness of up to one micron, of any one of a
      vast number of porphyrins, the photovoltage and the photocurrent of the
      cell are markedly enhanced.
PAR  Accordingly, in one aspect thereof, the invention is an improved
      photovoltaic cell wherein the semiconductor portion thereof is coated with
      a layer of a porphyrinic compound.
PAR  In another aspect, the invention is a method of producing such improved
      photovoltaic cells by depositing thereon a layer of a porphyrinic
      compound.
PAR  In yet another aspect, the invention is a method of enhancing the power
      output of a conventional photovoltaic cell by depositing thereon a layer
      of a porphyrinic compound.
PAR  As used herein, the terms "porphyrin" and "porphyrinic compound" are
      intended to mean any compound, whether natural or synthetic, which
      includes or derives from the basic porphin structure:
      ##SPC1##
PAR  In this structure, any one or more of the eight numbered
      .beta.,.beta.'-positions on the four pyrrole rings A, B, C, and D may be
      substituted with any one of a large number of substituents. Likewise, any
      one or more of the hydrogen atoms of the four methene bridges
      (.alpha.,.beta.,.gamma.,.delta. ) as well as the hydrogen atoms on the
      central nitrogen atoms may also be substituted to give rise to innumerable
      porphyrin derivatives, all of which are within the scope of the invention.
PAR  In the above structure, which is porphin itself, the molecule consists of
      four heterocycles of pyrrole rings labelled A, B, C, D joined to one
      another at their .alpha.,.alpha.' positions by methene bridges (labelled
      .alpha.,.beta.,.gamma.,.delta.) into a closed macrocycle called the
      porphyrin ring system. In porphin itself the .beta.,.beta.' positions of
      the constituent pyrroles (labelled 1 through 8) and the bridge carbons
      (.alpha. through .delta.) and two of the pyrrole nitrogens all contain
      hydrogen atoms. All of these hydrogens can be replaced to obtain new
      structures. Alternatively, further hydrogens can be added (reducing these
      positions) at carbons 1 to 8 thereby reducing these carbon atoms and,
      also, at the .alpha. to .delta. methene bridges and the "free" nitrogens
      to also derive new structures.
PAR  A large number of derivatives are obtained from naturally occurring
      porphyrins with different alkyl and carboxylated alkyl groups (e.g.,
      protoporphyrin IX which is 1, 3, 5, 8-tetramethyl-2, 4-divinyl-6,
      7-carboethoxyporphin). See, for example, Lemberg & Legge, "Hematin
      Compounds and Bile Pigments," Interscience Publishers, New York (1949);
      Falk, J. E., "Porphyrins and Metalloporphyrins", Elsevier, Amsterdam
      (1964); and Vernon, et al., "The Chlorophylls", Academic Press, New York
      (1966).
PAR  These derivatives may be further modified by adding halogen and/or other
      common substituent functional groups; Caughey, et al, Org. Chem. 31, 2631
      (1966). Alternatively, almost any other sets of groupings can be put on at
      positions 1 through 8 by direct synthesis (e.g., 1,2,3,4,5,6,7,8
      octamethylporphin); Fischer, et al., "Die Chemie des Pyrrols", Akademische
      Verlagsgesellschaft, Leipzig (1934); also available as Johnson Reprint,
      New York (1968). Similarly, almost any set of functional groups (alkyl,
      aryl, heterocyclic, halogenated, etc.) can be obtained by laboratory
      synthesis on the methene bridges (i.e., substituted
      .alpha.,.beta.,.gamma.,.delta.). These are usually synthesized as
      symmetric ms tetraphenylporphin) though not necessarily (e.g.,
      .alpha.,.beta.,.gamma., .delta. tetra phenyl-1,2,3,4,5,6,7,8 octamethyl
      porphin); Dolphin, D., J. Heterocyclic Chem., 7, 275 (1970).
PAR  Another whole series of structures can be obtained by synthesizing
      molecules with nitrogens at the bridge positions in place of the methene
      carbons (i.e., tetraazaporphin or porphyrazine); Linstead, et al., J.
      Chem. Soc., 4839 (1952). These can be synthesized readily with symmetric
      substitutions on positions 1 through 8 (e.g., Baguley, et al., J. Chem.
      Soc. 3521 (1955). Note that since the valence of nitrogen is one less than
      carbon, there does not exist a corresponding series of bridge substituted
      derivatives (i.e., .alpha.,.beta.,.gamma.,.delta.). Alternatively, one can
      substitute only one, two, or three of the bridge carbons with nitrogen
      (i.e., mono, di- or triazaporphins), (Fischer et al, supra). If one fuses
      two adjacent positions of each of four benzene rings to each of the four
      .beta.,.beta.' positions of the pyrroles in either porphin or
      porphyrazine, then one obtains respectively benzoporphin and
      phthalocyanine each of which is also the basis for another whole series of
      structures.
PAR  All of these structures can exist in several redox states of the
      macrocyclic ring system. One and two electron oxidation states have
      recently been reported and similarly, one electron reduction states (e.g.,
      .pi. cation radicals). Better characterized structures are di, tetra, and
      hexahydro porphins. These reductions can be either on the .beta.,.beta.'
      positions (i.e., 1 to 8) or on the methene bridges and adjacent "free"
      nitrogens (i.e., .alpha.,.beta.,.gamma.,.delta.). Reduction of one ring
      (A,B,C, or D) produces a so-called chlorin (e.g., 1,2-dihydroporphins) and
      reduction of two opposite rings produces a so-called bacteriochlorin
      (e.g., 1,2,5,6-tetrahydroporphin) and these are the most stable of these
      various ring redox state structures and therefore they are readily
      obtainable in solid form.
PAR  Moreover, all of these structures, including the various redox states, can
      exist in a series of acid-base salts, formed both at the central nitrogen
      or further with any acidic or basic substituent groupings. For the central
      nitrogens both mono- and di- cations and anions have been reported. The
      most characterized and readily obtainable structures as solids are the
      various diacid salts (e.g., the dihydrochlorides).
PAR  Again, all of these structures can form metal salts or chelates with a wide
      variety of metals. These metalloderivatives themselves can exist in
      several different valence states of the metals (e.g., Fe.sup.+.sup.2 and
      Fe.sup.+.sup.3) and with various counterions, ligands, or coordination
      complexes (e.g., diimidazole ferric ms-tetraphenylporphin chloride).
PAR  Further, all of the previous structures (ring variants, redox states,
      metalloderivatives, ligates, etc.) can be incorporated into polymers (both
      synthetic and natural - e.g. proteins) or into a whole series of various
      van der Waal's complexes, i.e., charge transfer complexes, acceptor-donor
      complexes, .pi.-.pi. complexes, etc.
PAR  It is thus seen that a very large number of structures related to porphin
      can be prepared or synthesized. Including all the above variations,
      several thousands of the same have already been reported in the
      literature. See also, Adler, A. D., J. Poly. Sci. (C), 29, 73 (1970);
      Adler, et al, J. Org. Chem. 32, 476 (1967); Treibs, et al, J. Am. Chem.,
      718, 183 (1968); Moser, et al., "Phthalocyanine Compounds", Reinhold, New
      York (1963); Adler, et al., J. Inorg. Nucl. Chem. 32, 2443 (1970);
      Dolphin, et al., Am. N.Y. Acad. Sci., 112, 510 (1964); Brown, et al, Can.
      J. Chem. 36, 371 (1958); Linstead, et al., J. Chem. Soc. 911 (1937); and
      Busch, et al., Adv. Chem. Series, 100, 44 (1971).
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross sectional view of a conventional selenium barrier layer
      photocell;
PAR  FIG. 2 is a cross sectional view of the photocell of FIG. 1 modified in
      accordance with the invention; and
PAR  FIG. 3 is a block diagram of apparatus used to measure the output of cells
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An International Rectifier barrier layer selenium cell, Model (B2M) was
      obtained from Edmund Scientific Company. This cell has an active cell area
      of 0.26 sq. in. and an average power output of 0.004mW at 1 ft. candle
      under a 20,000 ohm load.
PAR  This cell comprises, as seen in FIG. 1, a base plate 10, which is a
      positive electrode, a layer of selenium 11 on top of the base plate 10, a
      barrier layer 12 between selenium layer 11 and a transparent front
      electrode 13. Barrier layer 12 acts as a gate which prevents electrons
      travelling from selenium layer 11 to front electrode 13 from travelling
      backwards to the selenium layer 11. The front electrode 12 is connected to
      the external load (not shown) through collector strip 15 by means of
      negative lead 16, while the base plate 10 is connected to the external
      load through positive lead 17. A protective plastic coating 14 is on top
      of the photosensitive surface of the cell and covers barrier layer 12 and
      front electrode 13.
PAR  To prepare the cell according to the present invention, the protective
      plastic coating 14 must be removed. This can be done in a number of ways.
      For example, the plastic can be softened with a suitable solvent, such as
      methylene chloride or N, N-dimethylformamide and then cut off with a
      scalpel or picked up with a pair of tweezers. After removal of the
      protective coating 14, the cell is ready for modification in accordance
      with the invention. That is, the cell has an exposed semiconductor surface
      on which a layer of a porphyrinic compound can be deposited.
PAR  This is accomplished by preparing an ethyl acetate (or other suitable
      solvent) solution of the selected porphyrinic compound and spreading the
      solution on a Langmuir trough according to known techniques for obtaining
      very thin films. The film was compressed until it collapsed to a thickness
      of about 60A and was collected by dipping the cell into the film. As seen
      in FIG. 2, the cell, having its protective plastic coating removed, now
      has a film 18 of a porphyrinic compound deposited thereon.
PAR  Electrical measurements were conducted on the cell using a Keithley Model
      151 microvoltmeter and a Simpson Model 260 voltohmeter, both in parallel
      with the output leads (16, 17) of the cell. The measurements were made in
      ambient room (fluorescent) light, unless otherwise specified. The total
      load in the system was about 2500 ohms. A series of measurements were
      conducted on the unmodified cell, the cell having its protective plastic
      coating removed, and the cell having one or more layers of a porphyrinic
      compound deposited thereon. The results of these measurements, in the
      order that they were taken, are given in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Condition of Cell                                                         

                    Volts (mV)                                                 

                           Current (.mu.A)                                     

                                   Power (.mu.W)                               

     __________________________________________________________________________

     unmodified cell                                                           

                    36     14      0.504                                       

     plastic coat removed                                                      

                    20      8      0.160.sup.(1)                               

     plastic coat removed                                                      

      cell irradiated with                                                     

      penlight at four inches                                                  

                    50     20      1.000                                       

     cell coated with one layer                                                

      of TPP.sup.(2)                                                           

                    32     12      0.384                                       

     cell with TPP washed off                                                  

      using chloroform                                                         

                    21      8      0.168.sup.(3)                               

     cell recoated with TPP                                                    

                    40     16      0.640                                       

     cell rewashed with                                                        

      chloroform    20      8      0.160                                       

     cell recoated with TPP                                                    

                    40     16      0.640                                       

     cell coated with second                                                   

      layer of TPP on top of                                                   

      first layer   42     17      0.714                                       

     cell coated with third                                                    

      layer of TPP  42     17      0.714                                       

     __________________________________________________________________________

     Condition of Cell                                                         

                    Volts (MV)                                                 

                           Current (MV)                                        

                                   Power (MV)                                  

     __________________________________________________________________________

     cell heated with heat gun                                                 

                    50     20      1.000                                       

     cell cooled    42     17      0.714                                       

     cell irradiated with pen-                                                 

      light at 4 inches and                                                    

      540 m.mu. filter                                                         

                    80     34      2.720                                       

     cell irradiated with pen-                                                 

      light at 4 inches and                                                    

      500 m.mu. filter                                                         

                    50     20      1.000                                       

     cell washed with chloroform                                               

                    21      8      0.168                                       

     __________________________________________________________________________

      .sup.(1) When removing the protective plastic coating, about 40% of the  

      active selenium is also inadvertently removed. This accounts for a loss i

      output of the cell when the plastic the plastic coat is removed.         

      .sup.(2) tetraphenylporphyrin                                            

      .sup.(3) This value is higher than the 0.160 value for the uncoated cell 

      because the chloroform did not wash off all the TPP.                     

PAR  The data in Table I illustrate several interesting aspects of the
      invention. Thus, it is seen that the effect of the porphyrin on the output
      of the cell is reversible; when the porphyrin is washed off with a
      solvent, the cell assumes its previous characteristics. The positive
      temperature coefficient of the modified cell indicates that the
      enhancement in power output is semiconductive in nature. Moreover, this is
      a very important effect since, ordinarily, selenium cells have a negative
      temperature coefficient. The greater enhancement at 540 m.mu. than at 500
      m.mu. indicates that the effects of the present invention are related to
      the spectral characteristics of the porphyrinic compounds which have an
      absorption maximum at about 630 m.mu.. Later experiments have shown that
      if too thick a layer of porphyrin is built up on the cell, the layer
      starts to act as a filter and the output of the cell actually begins to
      decrease.
PAR  The effects of the present invention are completely unexpected, because
      past experiments with porphyrin films have shown that porphyrins alone do
      not exhibit the properties that they do when used in accordance with the
      invention. That is, when a porphyrin film is thick enough to act as an
      electrical photoemitter, the internal resistance is so high as to prevent
      any current from being generated.
PAR  Next, a series of experiments was conducted with various porphyrinic
      compounds to demonstrate that the effect is not limited to any porphyrin
      but that all porphyrinic compounds will enhance the power output of a
      photocell.
PAR  The porphyrin films were deposited as described above and the measurements
      were also taken as described above. For each porphyrinic compound, a
      first, second and sometimes a third layer thereof was deposited, with
      measurements being taken at each step. Before a subsequent compound was
      deposited, the previous compound was completely washed off with a suitable
      solvent and the cell was brought back to its initial state of 20-21 mV and
      8 .mu.A. The results of these experiments are set forth in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                  Max. E                                                       

                  at                                  Max.                     

                                                          % increase in        

                  600-700                                                      

                        First Coat                                             

                                  Second Coat                                  

                                            Third Coat                         

                                                      Power                    

                                                          Power referred to    

     Porphyrinic Compound                                                      

                  m.mu..                                                       

                        V(mV)                                                  

                             i(.mu.A)                                          

                                  V(mV)                                        

                                       i(.mu.A)                                

                                            V(mV)                              

                                                 i(.mu.A)                      

                                                      .mu.W                    

                                                          0.168                

     __________________________________________________________________________

                                                          (Control)            

     tetraphenyl porphyrin                                                     

                  4     40   16   42   17   42   17   0.714                    

                                                          425%                 

     zinc octaethyl porphyrin                                                  

                  3     32   12   40   16   40   16   0.640                    

                                                          380%                 

     copper tetraphenyl                                                        

      porphyrin   1     38   15   46   18   46   18   0.828                    

                                                          492%                 

     zinc tetraphenyl                                                          

      prophyrin   2     37   14   49   19   50   20   1.000                    

                                                          595%                 

     magnesium tetraphenyl                                                     

      porphyrin   10    36   14   48   19   49   19   0.931                    

                                                          555%                 

     iron tetraphenyl                                                          

      porphyrin .sup.+Cl.sup.-                                                 

                  4     42   16   50   20   50   20   1.000                    

                                                          595%                 

     silver tetraphenyl                                                        

      porphyrin   3     50   20   50   20   --   --   1.000                    

                                                          595%                 

     tetra (p-cyano)phenyl                                                     

      porphyrin   5     45   18   48   19   52   20   1.000                    

                                                          595%                 

     tetra(n-propyl)phenyl                                                     

      porphyrin   8     50   20   54   21   55   21   1.210                    

                                                          720%                 

     porphin      5     42   16   48   18   48   18   0.864                    

                                                          515%                 

     tintetraphenyl por-                                                       

      phyrin - Cl.sub.2                                                        

                  11    50   20   53   21   --   --   1.113                    

                                                          663%                 

     tetraphenyl chlorin                                                       

                  30    50   20   55   22   --   --   1.210                    

                                                          720%                 

     TPPH.sub.2.sup..sup.+2 (TFA.sup.-).sub.2 *                                

                  35    62   25   64   26   65   26   1.690                    

                                                          1000%                

     __________________________________________________________________________

      *TPPH.sub.2.sup..sup.+2 (TFA.sup.-).sub.2 is di-acid tetraphenyl porphin 

      di-flouroacetate salt                                                    

PAR  As can be seen from the data in Table II, a large number of different
      porphyrins all exhibit the enhancing effect of the invention, although
      some do so to a greater extent than others. In general, the power output
      is increased by about 4 to 10 times, depending on the specific compound
      used. It is also interesting to note that the degree of enhancement is
      related to the spectral characteristics of the particular porphyrin; those
      compounds generally absorbing most strongly in the 600-700 m.mu. region
      (which is the peak selenium absorption range) produce the greatest degree
      of enhancement.
PAR  A further series of experiments was conducted using a larger selenium cell
      than in the previous experiments. In this case, the cell was a one-half
      square inch active surface Vactec 157201 cell obtained from Edmund
      Scientific Co. (Edmund P-41502) and described in the Edmund Scientific Co.
      brochure entitled "Selenium Photocell," No. 711467-1, Revised, February,
      1971.
PAR  Before modifying the cell in accordance with the invention, the
      photovoltage was measured in ambient light to determine the basic
      characteristics of the unmodified cell and serve as an index to indicate
      changes resulting from further treatment prior to actual experimentation.
      The protective plastic coating was then removed by softening it with
      N,N-dimethylformamide and removing it with a pair of fine tweezers. The
      active surface was then successively washed with water, acetone, and
      finally chloroform. A short piece of stiff buss wire was then soldered to
      the rear of the cell to act as a support and a back electrode for the
      cell. This soldering operation frequently affected the cell
      characteristics although removing of the plastic coating, however, did
      not.
PAR  Using the instrument arrangement shown in FIG. 3, the cells were now all
      calibrated.
PAR  In FIG. 3, a light source 20, which is a 100 watt tungsten microscope lamp
      obtained from American Optical-Spencer is placed behind a frosted glass
      diffuser 21 and an adjustable iris or diaphragm 22 to enable light of
      varying intensity and diffuseness to be projected onto cell 25 which is
      placed in a light-tight black box 24 after the light is collimated in
      collimator 23. The current and voltage generated by cell 25 are measured
      using a voltohmeter 27 and a microvoltmeter 28 connected in parallel with
      each other and with a decade resistance box 26 for varying the applied
      load on cell 25. The voltohmeter 27 is a Simpson Model 260 VOM, the
      microvoltmeter 28 is a Kiethley Model 151 and the resistance box 26 is a
      General Radio Model 1432-Z.
PAR  The cells were calibrated in the following way: (1) A working reference
      cell with its plastic coating removed was first checked against an
      unmodified master reference cell whose plastic coating was untouched and
      (2) then all all the experimental cells were checked against the working
      reference cell. For a given setting of the diaphragm the voltage and
      current of the reference cells were taken and then those of the
      experimental cells. A plot of the photoemf (or photocurrent) of the
      experimental cells versus the reference cells could then be used to
      indicate changes in behavior. The working reference cell was found to be
      stable in its values relative to the master reference cell over a period
      of several months.
PAR  Tests on the reproducibility of these values were carried out. Voltage
      readings were reproducible to .+-. 2 mV and current readings were
      reproducible to .+-. 0.5 mA (on the 1.0 mA scale). The effects of
      joggling, remounting, heating, etc., were all in the same range of
      variation. The overall error in relative average deviation were of the
      order of .+-. 1-2%. Therefore a maximum error limit for a power figure
      would be of the order of 5%, however, the average precision is probably
      about .+-. 1.5% for photomf, photocurrent, and resistance readings and
      probably about .+-. 3% for photopower calculations. Comparisions with
      known resistances and power sources indicate that the overall accuracy is
      comparable to the precision estimates. .+-. 2% is a reasonable error
      estimate for both precision and accuracy for all quoted values.
PAR  A number of control and exploratory measurements were carried out using the
      100 mV scale on the microvoltmeter and the 1 mA scale on the voltohmeter
      giving an overal total load in the circuit of 250 ohms (with no applied
      load from the decade box). Power outputs here were on the order of mW
      instead of .mu.W as with the smaller cell described previously. As might
      be expected, therefore, with the larger load, the power enhancement was
      about one order of magnitude smaller than in the case of the smaller
      cells. It was established with four different cells that the effect was
      real and also reversible as with the measurements on the smaller cells
      with several coats of tetraphenylporphyrin on each cell. The average power
      increase was about 170% for treated cells for a 100 mV setting on the
      reference cell.
PAR  A number of further tests were then performed and the original data
      reconfirmed. An important difference was noted for the temperature effect.
      Although a positive temperature coefficient for ambient light and heating
      with the heat gun as with the smaller cells could not be observed for the
      larger cells under these conditions, the temperature coefficient tended to
      zero or only slightly negative as compared with the untreated cell which
      exhibited a quite large negative temperature effect on power output.
PAR  Other tests were then conducted. Dipping the untreated cell in water alone
      produced at most less than a 1% increase of power which is within the
      limits of error. It is interesting to note that in the older literature
      (before 1900), water was supposed to effect the selenium surface and
      increase the power by about 5%. However, these data were obtained before
      it was really understood how to reproducibly make the barrier layer by
      deliberate doping of the selenium. Treatment with all types of acids or
      acid vapors all lower the output (voltage, current, and power) of the
      cells. Thus, the large enhancement observed with the use of the acid salts
      of the porphyrins is even greater than it appears to be. Similarly alkalis
      also degenerate the cell and lower the output. Solvents for Se such as
      CS.sub.2 also degenerate the cell and lower output levels.
PAR  Other methods of applying the porphyrin film were tried, such as dipping
      into a concentrated solution, evaporating a dilute solution thereof on the
      surface, or dissolving crystals on the surface and drying. These
      techniques produced enhancement of the power output but none were as good
      as dipping into a Langmuir film. This indicates that the short range
      ordering that is inherent in these Langmuir films plays some mechanistic
      role in power enhancement. All attempts to electrodeposit a film giving
      enhanced activity were either negative or resulted in degeneration of the
      cell. However, with better control and organic solvents as the conducting
      medium this technique may be a feasible possibility. In addition, although
      sputtered or vacuum evaporated films have not yet been tried, they
      probably also would work.
PAR  Other tests were performed to determine whether other dyes and
      semiconductors would also enhance the power output of the cells; or
      whether this phenomenon is really peculiar to porphyrinic compounds.
      Methylene blue, although it is a poor organic semiconductor nevertheless
      photosensitizes and enhances conduction in some organic polymeric
      semiconductors. It has high absorption in the 600-700 m.mu. region as do
      the porphyrins. However, when applied to a selenium cell, it only acted as
      a filter, with each coat successively lowering the output further.
      Trinitrobenzene, tetracyanoethylene, and chloranil, which are all good
      organic semiconductors that do not absorb in the 600-700 m.mu. region,
      also, either did nothing or lowered output when applied to selenium cells.
      It would appear therefore, that the effects of the present invention are
      quite specific for porphyrin like structures. However, other dyes
      absorbing in this region (600-700 m.mu.) and having semiconducting
      characteristics like porphyrins might also give the same effects. Some
      experiments on the crude action spectrum of the tetraphenylporphyrin
      treated cells with absorption filters only showed an enhancement in the
      region of maximum absorption for the untreated Se photopower output.
PAR  Since the selenium cells contain a barrier layer they exhibit diode-like
      action. The application of the porphyrin layers decreases the forward dark
      resistance (usually by about 10 to 20%) but has little effect on the much
      larger back dark resistance. These cells exhibit no dark voltage or
      current thus demonstrating that the effect is not due to a chemical
      battery-like action. The change in dark resistance appears permanent and
      roughly correlates with the enhanced power output showing that the change
      in dark resistance does play some mechanistic role, although it is not
      sufficient to explain all of the enhanced power output. A treated cell was
      found to be stable in its power output upon retesting 8 days after
      treatment and on being left under ambient illumination overnight (about 16
      hours).
PAR  The effect of varying load was tested with a cell coated with one layer of
      tetraphenylchlorin, instead of several layers of tetraphenylporphyrin. The
      treatment both enhances and shifts the optimum load-power locus. In the
      untreated cell, the maximum power developed is achieved with a load of 500
      ohms, while in the treated cell, the maximum power output occurs with a
      load of 1000 ohms.
PAR  Finally, experiments were tried on photovoltaic cells or devices other than
      selenium cells. A Cu/CuO cell with a front surface lead electrode was
      crudely assembled. Treatment with tetraphenylporphyrin enhanced the power
      output by about 30-40%. This effect was reversible as shown by washing the
      film off with chloroform and recoating. Experiments with CdS cells have
      been all negative. However, this kind of cell is a back surface cell
      (i.e., the photoelectrode is on the back and not the front) and because of
      this, it has not yet been possible to get the porphyrin onto the active
      surface. Experiments with Si cells have been difficult because the major
      problem is removing the silicon dioxide layers without damaging the
      collecting electrodes. Treatment of Silicon cells with alcoholic KOH
      converts the oxide to silica gel, through which the porphyrin can then be
      diffused onto the active surface. Using this technique, or by using an
      abrasive to remove the silicon dioxide before coating with a porphyrin, I
      have been able to demonstrate a maximum power increase of about 16-20%.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture comprising a photovoltaic cell having a layer
      of at least one porphyrinic compound deposited on an exposed semiconductor
      surface thereof, said layer being at least as thick as a monomolecular
      layer of said porphyrinic compound.
NUM  2.
PAR  2. An article as claimed in claim 1 wherein the photovoltaic cell is a
      selenium cell.
NUM  3.
PAR  3. An article as claimed in claim 1 wherein the photovoltaic cell is a
      Cu/CuO cell.
NUM  4.
PAR  4. An article as claimed in claim 1 wherein the photovoltaic cell is a
      silicon cell.
NUM  5.
PAR  5. An article as claimed in claim 1 wherein the porphyrinic compound is a
      compound containing the porphin structure:
      ##SPC2##
NUM  6.
PAR  6. An article as claimed in claim 1 wherein the porphyrinic compound is
      selected from the group consisting of tetraphenyl porphyrin, zinc
      octaethyl porphyrin, copper tetraphenyl porphyrin, zinc tetraphenyl
      porphyrin, magnesium tetraphenyl porphyrin, iron tetraphenyl porphyrin
      chloride, silver tetraphenyl porphyrin, tetra-n-propyl porphyrin, porphin,
      tintetraphenyl porphyrin dichloride, tetraphenylchlorin
      TPPH.sub.2.sup..sup.+2 (TFA.sup.-).sub.2.
NUM  7.
PAR  7. A method of producing the article of claim 1, comprising depositing on
      an exposed semiconductor surface of a photocell, a layer of at least one
      porphyrinic compound, said layer being at least as thick as a
      monomolecular layer of said porphyrinic compound.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein the thickness of the layer is
      from 0.003 up to one micron.
NUM  9.
PAR  9. A method as claimed in claim 7 wherein the photocell is a selenium,
      silicon or Cu/CuO cell.
NUM  10.
PAR  10. A method as claimed in claim 7 wherein the porphyrinic compound is a
      compound containing the porphin structure:
      ##SPC3##
NUM  11.
PAR  11. A method as claimed in claim 7 wherein the porphyrinic compound is
      selected from the group consisting of tetraphenyl porphyrin, zinc
      octaethyl porphyrin, copper tetraphenyl porphyrin, zinc tetraphenyl
      porphyrin, magnesium tetraphenyl porphyrin, iron tetraphenyl porphyrin
      chloride, silver tetraphenyl porphyrin, tetra-n-propyl porphyrin, porphin,
      tintetraphenyl prophyrin dichloride, tetraphenylchlorin
      TPPH.sub.2.sup..sup.+2 (TFA.sup.-).sub.2.
NUM  12.
PAR  12. A method as claimed in claim 7 wherein the photocell is a silicon cell
      and the method further comprises treating the cell with an alcoholic KOH
      solution to convert silicon dioxide on the surface of said cell to silica
      gel and diffusing the porphyrinic compound through said silica gel and
      onto the silicon semiconductor surface.
NUM  13.
PAR  13. An article as claimed in claim 1, wherein the thickness of the layer is
      from 0.003 to 1 micron.
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PAL  A thermocouple for measuring the temperatures of hot gases up to and above
      3000.degree. F. with surroundings at the same or different temperatures,
      the thermocouple having its hot junction encased in a protective sheath
      which is detachably sealingly connected to the hot end of an elongated
      tubular housing containing thermocouple leads insulated both
      atmospherically and electrically. These leads extend back through the
      length of the housing and pass through an insulative sealing bushing
      disposed in the cold end of the housing for connection to a suitable
      recording instrument. The interior chamber defined by the sheath, housing
      and bushing is pressurized to assure that the interior chamber is
      atmospherically insulated and to prevent the hot gases from penetrating
      into the interior chamber and, together with effects of condensation,
      deteriorating the hot junction and the leads of the thermocouple and/or
      creating short circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to thermocouples for measuring
      temperatures of hot gases and, more particularly, to sheathed
      thermocouples having a pressurized interior chamber for atmospherically
      insulating the encased thermocouple leads and its hot junction.
PAR  2. Description of the Prior Art
PAR  It is desirable in the glass making industry to measure accurately the
      temperatures of the gases at different locations in the over-all system of
      producing glass, particularly the gas temperatures in a glass melting
      furnace occurring at its ports, regenerators, tunnels, flues, chimney and
      ejectors. Measured under actual operating conditions the temperatures
      serve as bases for improvements in operations, modifications in design,
      and fuel and power savings. As a result, longer furnace life, higher
      tonnages, improved quality, and lower costs for the production of glass
      may be achieved.
PAR  In a conventional glass melting furnace, fuel is alternately fired, using
      preheated combustion air, from one side and then the other through a
      series of ports along each side of the tank at right angles to the flow of
      molten glass. The raw materials are continually fed in at one end of the
      tank and molten glass is removed from its other end. The variations and
      conditions at the various ports down each side of the tank are therefore
      important in determining the variations in temperature undergone by the
      raw materials during melting and the glass after melting.
PAR  In such glass melting furnace systems, the temperature of the combustion
      air and exhaust gases may be substantially different from the temperature
      of their surrounding bodies, and the heat exchanged by radiation between
      the bodies and thermocouple may be predominant over that by convection.
      The exchange by radiation from or to the adjacent bodies influence the
      thermocouple reading so that it may indicate the temperature of such
      bodies or some temperature in between the bodies and the exhaust gases or
      combustion air rather than the temperature of the exhaust gases or
      combustion air.
PAR  Thus, in order to measure accurately the temperatures of these exhaust
      gases or combustion air whose temperatures are different than those of
      their surroundings, aspirating pyrometers may be employed. Such aspirating
      pyrometers may include a metal thermocouple tube centered within an
      aspirated gas stream extending the length of the pyrometer. A metal
      thermocouple sheath holder may be threadedly connected to the hot end
      thereof and, in turn, a closed end ceramic thermocouple sheath which
      extends inside a radiation shield assembly is normally sealed to the
      holder by a refractory cement.
PAR  The importance of protecting the thermocouple from the gases by means of a
      sheath not only to preserve the thermocouple but also to prevent false
      readings, is self evident. However, even though the thermocouple is
      protected by a ceramic sheath, it can progressively lose its electromotive
      force on account of its being indirectly attacked and contaminated by the
      hot gases and condensation which may have permeated the sheath, seal and
      holder, as well as by direct attack if the sheath, seal and holder have
      deteriorated or broken.
PAR  The periodic reversal of firing and gas flow through a glass melting
      furnace presents a problem as waste combustion gases carry highly
      corrosive fluxes from the tank, and the pyrometer used for measuring the
      temperature of the preheated combustion air must be protected from such
      corrosive gases and condensation, particularly in cases when the aspirated
      flow is reduced to zero as required for calibration of the pyrometer under
      operating conditions. These highly corrosive fluxes from the melting tank
      can pass through the sheath, seal, holder, or housing by reason of their
      porosity, deterioration, or being broken, and can attack the thermocouple
      and modify its readings as a result of this, or loss of insulation
      electrically from effects of condensation or destroy its hot junction.
PAR  One attempt to overcome this problem is shown in U.S. Pat. No. 1,615,451,
      issued Jan. 25, 1927. As shown therein, an air flow path is provided so
      that atmospheric air can traverse the interior of the thermocouple
      protector tube and carry off any corrosive gases which have penetrated the
      protector tube. However, the corrosive gases or condensation still
      physically contact the thermocouple and can thus attack, cause loss of
      effective insulation, and destroy the junction thereof. This is true even
      for the embodiment shown in FIGS. 3 and 4 since the gas can penetrate the
      inner casing tube H.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the sheathed thermocouple of this invention overcomes
      the aforementioned problems and permits accurate measurement of the actual
      gas temperatures. To this end, the sheathed thermocouple generally
      comprises an elongated tubular housing adapted to receive thermocouple
      leads of dissimilar metal which are joined together at one of their ends
      externally of the housing to form a hot junction, the purpose of which is
      well known in the art. This end of the housing, commonly called the hot
      end, is adapted to receive the open end of a refractory sheath which
      encases the hot junction. The refractory sheath is detachably secured to
      the housing by a packing and gland arrangement which also seals this end
      of the interior chamber defined by the sheath and the housing from the
      surrounding atmosphere. At the other or cold end of the housing, the
      thermocouple leads pass through an insulative bushing which also seals
      this end of the interior chamber from the surrounding atmosphere.
PAR  The cold end of the housing is also provided with an inlet port through
      which air under pressure is passed into the interior chamber to prevent
      the penetration of corrosive gases through the refractory sheath. Also,
      the cold end of the housing is provided with an outlet port which is
      connected to a pressure flow indicator which indicates that the interior
      chamber is either pressurized or that the sheath is cracked or broken.
PAC  OBJECTS AND ADVANTAGES
PAR  An object of this invention is to provide a sheathed thermocouple with
      simple, efficient and effective means for protecting the thermocouple
      leads and its hot junction from contacting the gases whose temperature is
      to be measured and effects of condensation.
PAR  Another object of this invention is to provide a sheathed thermocouple in
      which a malfunction or breakdown thereof is easily detectable.
PAR  Yet another object of this invention is to provide a sheathed thermocouple
      which is accurate, has a continuously reliable operation as well as being
      sensitive, has a fast rate of response, and is easily maintained.
PAR  Other objects and advantages of the invention will become more apparent
      during the course of the following description when read in connection
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like numerals are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is an axial cross-sectional view of a sheathed thermocouple
      constructed in accordance with this invention;
PAR  FIG. 2 is an elevational view of the sheathed thermocouple incorporated
      with an aspirating pyrometer; and
PAR  FIG. 3 is an enlarged fragmentary view of the hot end of the aspirating
      pyrometer shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the sheathed thermocouple constructed in accordance with this
      invention will be described in conjunction with an aspirating pyrometer
      for measuring combustion air and exhaust gas temperatures which are
      different from those of its surrounding environment, such as in a glass
      melting furnace, it will be apparent that it can also be used in other
      environments where the use of an aspirator and/or radiation shield is not
      necessary.
PAR  Referring now to FIG. 1, the sheathed thermocouple indicated generally by
      the reference numeral 10, is an elongated tubular structure having an
      elongated tubular housing 11 provided with a central axial bore 12
      extending therethrough. For convenience, a combination sheath holder and
      packing box adapter 13 is secured to the forward or hot end thereof by
      suitable means such as by welding. This adapter 13 is provided with a
      central axial bore 14 which has a shouldered counterbore 15. The forward
      end of this adapter 13 is provided with a packing box 16 and internal
      threads 17 which receive the threaded end of a gland nut 18 which is
      provided with a headed end 19 by which it may be turned into or backed
      away from a packing 20 contained within the packing box 16. The packing
      20, used in packing box 16 may be a refractory fiber material such as
      zirconium oxide or aluminum silicate. The tubular housing 11 and the
      combination sheath holder and packing adapter 13 are preferably composed
      of a metallic alloy resistant to heat and corrosion.
PAR  A refractory sheath 21 having one end closed has its other open end
      inserted within the shouldered counterbore 15 in close fitting telescoping
      relation therewith and abuts against the shoulder at a distance beyond the
      packing 20. Thus, as can best be seen in FIG. 1, the gland nut 18 may be
      turned into the packing box 16 and the packing 20 is compressed into
      sealing engagement with and securely holds the sheath 21 in the adapter
      13. On the other hand, the gland nut 18 may be backed away from the
      packing box 16 and the compressive pressure on the packing 20 and the
      sheath 21 is released and the sheath may be removed from the adapter 13
      for its replacement or access into the interior of the adapter 13.
PAR  A thermocouple 22 consisting of leads 23 and 24 of dissimilar metal are
      joined together at their forward ends to form a hot junction 25. This hot
      junction 25 is encased in the closed end of the refractory sheath 21, and
      the leads 23 and 24 then extend back throughout the length of the sheath
      21, adapter 13 and tubular housing 11 within a first series of two hole
      insulators 26 which extend from the sheath 21 into the bore 12 of the
      housing 11 and which electrically insulate the leads from each other. To
      further protect the leads 23 and 24 from corrosion as well as electrically
      insulate them from each other, a second series of two hole insulators 27
      are strung on the leads 23 and 24 and extend back from the first series of
      insulators 26 through the bore 12 of the housing 11 to its cold end.
PAR  A take-off coupling 28 having an axial bore 29, an inlet port 30, and an
      outlet port 31, is affixed to the cold end of the tubular housing by a
      threaded connection 32. An O-ring seal 33 is disposed between the end of
      the housing 11 and a shoulder 34 provided in the bore 29 to seal the
      coupling 28 to the housing 11.
PAR  An insulative bushing 35 having a pair of axially extending apertures 36
      and 37 through which the thermocouple leads 23 and 24 sealingly pass, is
      inserted in close fitting relationship into the open end of the bore 29 so
      that the coupling 28, tubular housing 11, and thermocouple sheath 21,
      define a closed chamber 38 which may be pressurized to positively seal it
      from the surrounding atmosphere.
PAR  The pressurization of the chamber 38 has a two-fold purpose, one of which
      is to indicate whether the sheath 21 is intact or might be cracked or
      broken, and the other is to prevent the gases being measured from
      penetrating the sheath 26 so that adverse effects of the gas on the
      thermocouple leads and its hot junction may be avoided. To this end, the
      inlet port 30 is connected to a source 39 of inert gas or air under
      pressure and the outlet port 31 is connected to a pressure flow indicator
      such as a bubbler device 40, diagrammatically shown in FIG. 1. A pressure
      above atmospheric pressure is thus applied to the chamber 38. A trap 40'
      is connected between the outlet port 31 and the bubbler device 40 to
      prevent water from the bubbler device 40 from being drawn into the chamber
      38 and short-circuiting the thermocouple 22 in case the sheath 21 breaks
      or deteriorates.
PAR  As previously indicated, an aspirating pyrometer 41 is used for measuring
      the high temperatures required in melting glass. Thus, as shown in FIG. 2,
      the sheathed thermocouple 10 is combined with an aspirating device 42 to
      form an aspirating pyrometer such as shown in U.S. Pat. No. 2,833,844,
      issued May 6, 1958. Generally speaking, the aspirating device 42 comprises
      a tubular body 43 at the forward end of which is detachably mounted, as by
      a bayonet fastener 44 (see FIG. 3), a radiation shield 45 normally
      composed of refractory material. The radiation shield may be a cylindrical
      block having a large number of cylindrical passages 46 of small diameter
      surrounding and parallel to a central axial passageway 47 for receiving
      the forward end of the sheath 21. As shown in FIG. 3, the forward part of
      the body 43 is provided with a water jacket 48 separated into two chambers
      49 and 50 by a partition 51, the two chambers 49 and 50 being
      interconnected at their forward end. An inlet connection 52 supplies
      cooling water to the inner chamber 50 and the outer chamber 49 discharges
      the water therefrom via an outlet connection 53. An outlet pipe 54 is
      secured to the rear end of the body 43 as by a union 56 for connection to
      an aspirator (not shown) so that a portion of the gas whose temperature is
      to be measured may be drawn through the passageway 47 in the refractory
      shield 45 and passed over the sheath 21. Thus, a flow of hot gases into
      and through the pyrometer 41 is established by the aspirator pulling the
      gases through the passageway 47 containing the sheathed thermocouple 25
      into the tubular body 43 and out of the pipe 54.
PAR  The sheathed thermocouple 10 (see FIG. 1) is inserted as seen in FIG. 2,
      into a tube 55 emerging in line with the axis of the body 43 through a
      bend in the pipe 54. A centering spider 57 is provided adjacent the hot
      end of the housing 11 for centering the sheathed thermocouple 10 within
      the body 43. Also, as shown in FIG. 2, a conventional reel box 58
      containing a reserve of each thermocouple lead 23 and 24 may be mounted on
      the end of the coupling 28. Thus, when it becomes necessary to renew the
      hot junction 25, the leads 23 and 24 are withdrawn from the box 58 and the
      hot junction 25 can be remade.
PAR  The position of the sheath thermocouple 21 within the body 43 may be
      adjusted by sliding it back and forth therein. As shown, the hot junction
      25 encased in the sheath 21 is located beyond the cooling effect of the
      water and back of the position in the refractory shield 45 where it would
      receive any substantial amount of radiant heat. Also, the housing 11 is
      located within the cooling jacket 28 behind the refractory shield 45 where
      the temperature of the aspirated gas stream is lowered so it will not have
      any deteriorating effect on the hot end of the housing 11.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as an illustrative embodiment only of the same,
      and that various changes in the shape, size and arrangement of the parts
      may be resorted to without departing from the spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a sheathed thermocouple for measuring the temperature of hot gases of
      the type having a pair of dissimilar conductors joined together at one of
      their ends to form a hot junction, which conductors are contained in a
      chamber sealed from the surrounding atmosphere and said hot junction
      extends into a refractory sheath, said refractory sheath together with an
      elongated tubular housing defining the sealed chamber, the tubular housing
      being provided with a hot and a cold end, and the hot end of the housing
      having an elongated bore for telescopically receiving the open end of the
      sheath, the improvement comprising:
PA1  a. connecting means detachably and sealingly attaching the open end of said
      sheath in the bore provided in the hot end of said tubular housing for
      forming one end of said chamber;
PA1  b. seal means attached to the cold end of said tubular housing for forming
      the other end of the chamber and including means to sealingly pass the
      conductors therethrough; and
PA1  c. means for pressurizing and maintaining a positive pressure in the
      chamber defined by said sheath and said tubular housing for preventing the
      hot gases being measured from penetrating said sheath and deteriorating
      said hot junction of said thermocouple.
NUM  2.
PAR  2. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 8, wherein said connecting means includes:
PA1  a. an adapter affixed to the hot end of said housing and having a
      shouldered central bore wherein said sheath is coaxially received in said
      bore in close fitting relation thereto with its open end seated against
      said shoulder;
PA1  b. a packing surrounding said sheath intermediate the ends of the bore; and
PA1  c. a packing nut which is threadedly received in said adapter and bears
      against said packing for compressing said packing into sealing engagement
      adjacent to and between said sheath and the wall of said adapter defining
      the bore.
NUM  3.
PAR  3. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 8, wherein said tubular housing is provided with an inlet
      port adjacent its cold end and said pressurizing means includes a source
      of gas under pressure which is connected to said inlet port for
      pressurizing the sealed chamber.
NUM  4.
PAR  4. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 10, wherein said tubular housing is provided with an
      outlet port adjacent its cold end and including means connected thereto
      for indicating the presence of gaseous pressure in the sealed chamber.
NUM  5.
PAR  5. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 4, wherein said pressure indicating means is a bubbler
      device.
NUM  6.
PAR  6. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 4, wherein said pressure indicating means includes a
      trap.
NUM  7.
PAR  7. A sheathed thermocouple for measuring the temperature of hot gases as
      claimed in claim 1, wherein said seal means is an insulating bushing
      inserted within the cold end of said housing.
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ABST
PAL  The radiation resistance of silicon transistors with a silicon oxide
      coating is improved by irradiating the semiconductor device with electrons
      at an energy below 150 keV and a dose between 10.sup.9 and 10.sup.12 rad
      at the boundary layer between the silicon and silicon oxide coating. The
      temperature of the semiconductor device is maintained at a temperature of
      between 150.degree. and 450.degree.C during irradiation thereof.
PARN
PAR  This is a division, of application Ser. No. 162,439, filed July 14, 1971,
      now U.S. Pat. No. 3,829,961.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to a method of improving the radiation resistance of
      silicon transistors with a silicon oxide coating.
PAR  While in use, Earth satellites and other space vehicles are subjected to
      the effects of particle and quantum radiation. In the region of the
      radiation belt of the Earth, known as the van Allen belt, for example, a
      penetrating proton and electron radiation occurs. Transistors which are
      used in such space vehicles are particularly endangered by this radiation,
      since the electrical characteristics of the transistors are altered by the
      Ionization which occurs under the influence of the radiation. The current
      gain especially may decrease substantially under the influence of the
      radiation. Similar situations can occur also in the application of
      transistors in particle accelerators, nuclear reactors, X-ray
      installations and other installations where ionizing radiation is
      produced. In order to prevent too great an impairment of the functions of
      circuits equipped with the transistors, the transistors should have a
      radiation resistance as high as possible.
PAR  United States patent application Ser. No. 6,724, filed Jan. 29, 1970, now
      U.S. Pat. No. 3,691,376, proposes a method of increasing the radiation
      resistance of silicon transistors with a silicon oxide coating. This
      proposed method consists in the transistor being first exposed to an
      ionizing X-ray, gamma or electron radiation of such energy that the
      silicon oxide coating is penetrated by at least part of the radiation, and
      a dose between 10.sup.4 and 10.sup.9 rad. The transistor is subsequently
      subjected without irradiation to an electrical stress, under which a
      barrier layer temperature of about 50 to 250.degree.C occurs. The sequence
      of irradiation and electrical stress without irradiation is repeated
      several times.
PAR  Although the proposed method produces good results, it is still relatively
      expensive because of the required repeated irradiation and electrical
      stressing without irradiation.
PAR  It is an object of our invention to provide a method of improving the
      radiation resistance of silicon transistors with a silicon oxide coating
      which is simpler, less expensive and more effective than proposed methods.
PAR  Another object of the invention is to provide a method of improving the
      radiation resistance of silicon transistors with a silicon oxide coating
      which requires only a single irradiation and is therefore more simple and
      better suited for inclusion in the manufacturing process of the
      transistors.
PAR  A further object of the invention is to improve the radiation resistance of
      silicon transistors with a silicon oxide coating by a method that may be
      applied at various stages of the manufacturing process.
PAR  Still another object of the invention is to improve the radiation
      resistance of silicon transistors with silicon oxide coating by
      irradiating completed transistors as well as silicon wafers including a
      multiplicity of transistor structures.
PAR  Another object of the invention is to improve the radiation resistance of
      oxide-coated silicon transistors by an irradiation method which is
      applicable to silicon wafers before or after the electrical contacts are
      applied to the transistor structures.
PAR  To achieve these objects, and in accordance with a feature of our
      invention, we subject a transistor, or a silicon wafer including several
      transistor structures, to electron radiation having an energy of less than
      150 keV and a dose of between 10.sup.9 and 10.sup.12 rad at the boundary
      layer between the silicon and the silicon oxide coating; and we maintain
      the transistor or the silicon wafer at a temperature between 150.degree.
      and 450.degree.C during the irradiation.
PAR  The method of our invention has many advantages. As compared to the
      proposed method, it requires only a single irradiation and is therefore
      substantially simpler and better suited for inclusion in the manufacturing
      process of the transistors. Furthermore, the method of the invention may
      be included at various points of the manufacturing process, to the extent
      that the manufacturing process permits it. Completed transistors, with the
      case still appropriately open, may be irradiated as well as silicon wafers
      including a multiplicity of transistor structures not yet diced into
      individual transistor chips. The irradiation of such silicon wafers may
      occur before or after the electrical contacts are applied to the
      transistor structures.
PAR  It is known that in planar silicon transistors, the reduction in current
      gain which occurs through the influence of ionizing radiation of a lower
      radiation dose may in many cases be compensated for partially or even
      completely by heat treatment after the irradiation, or by electrical
      stress, particularly of the emitter-base junction of the transistor in the
      conducting direction. It is, however, completely surprising that
      ionization damage can be compensated for by exposure to radiation doses
      between 10.sup.9 and 10.sup.12 rad and simultaneous heating of the
      transistors to temperatures between 150.degree. and 450.degree.C, and that
      beyond this the radiation resistance of the transistors is substantially
      increased. While it was to be expected that at such high radiation doses
      the irradiated transistors or transistor structures would be damaged
      irrepairably, it was found, surprisingly, that with only the high
      radiation doses between 10.sup.9 and 10.sup.12 rad the radiation
      resistance of the transistors is particularly much improved. Especially
      advantageous radiation doses have been found to be between 5.10.sup.9 and
      2.10.sup.10 rad.
PAR  The improvement of the radiation resistance of the transistors manifests
      itself particularly by the fact that the current gain of a transistor
      treated by the method of our invention drops in a radiation test only to a
      valve which is substantially higher than the value to which the current
      gain of the transistor drops in the same radiation test without treatment
      by the method of our invention. Current gain is understood herein to be
      the DC current gain, that is, the ratio of the collector current and the
      base current. This is the most important characteristic of a transistor.
PAR  The energy of the electron radiation to be used depends on the thickness of
      the silicon oxide coating of the transistor or the silicon wafer. The
      energy should be selected according to the well-known energy range
      relation in such a manner that the electron radiation penetrates through
      the silicon oxide coating into the boundary layer between the silicon
      oxide coating and the silicon. Electron radiation with an energy of more
      than 150 keV is not suitable, since with energies of such magnitude,
      radiation damage may occur in the interior of the silicon body of the
      transistor due to displacement of lattice atoms. With electron rays having
      an energy of less than 1 keV it will as a rule be no longer possible to
      penetrate the silicon oxide coating. The required radiation dose between
      10.sup.9 and 10.sup.12 rad must be attained at the boundary layer between
      the silicon and the silicon oxide coating. It is highly probably that the
      increase in radiation resistance is caused by a reduction of the
      concentration of boundary surface states at this boundary layer due to the
      method of the invention.
PAR  In order to be able to retain the usual transistor mountings and leads when
      irradiating completed bipolar transistors, it is advantageous to heat the
      transistor to a temperature of only 150.degree. to 300.degree.C. Although
      there is an improvement of the radiation resistance obtained thereby in
      any event, there is a danger in some cases that the radiation damage
      caused by the irradiation is not completely compensated by the heat
      treatment, so that the transistor shows a somewhat smaller current gain
      after treatment than in the untreated condition. Complete compensating for
      the radiation damage may, however, be reliably achieved, even in this low
      temperature range, by applying an electric voltage in the conducting or
      forward direction between the emitter and base electrode terminals of the
      transistor simultaneously with the irradiation. This voltage should be as
      high as possible, but the maximum permissible value of the base current
      should not be exceeded.
PAR  If an electric voltage is additionally applied in the conducting direction
      between the collector and the base electrode terminals of the transistor,
      while not exceeding the maximum permissible values of the base and the
      collector currents, the properties of the collector-base junction,
      especially the breakdown voltage and the reverse current, may be favorably
      influenced toward compensating for radiation damage.
PAR  Temperatures of 200.degree. to 250.degree.C, in particular, have been found
      advantageous for the irradiation of bipolar transistors under simultaneous
      electrical stress.
PAR  It is advantageous to maintain the parts to be irradiated at a higher
      temperature between 300.degree. and 400.degree.C during irradiation,
      especially for the irradiation of silicon wafers having transistor
      structures which cannot be stressed electrically, or only at a very great
      expense in instrumentation.
PAR  After irradiation, these parts are annealed advantageously for at least ten
      hours at a temperature between 300.degree. and 400.degree.C in order to
      assure with reliability complete compensation for the radiation damage.
PAR  Even if the parts to be radiated, that is, the transistors or silicon
      wafers, are kept at a temperature of only between 200.degree. and
      250.degree.C during irradiation, the parts can be annealed after
      irradiation, in lieu of an electrical stress during irradiation. The
      annealing is performed advantageously at a temperature between 300.degree.
      and 350.degree.C and lasts at least 10 hours.
PAR  The method of the invention is applicable particularly to planar silicon
      transistors of pnp as well as npn type, but is also suitable for other
      silicon transistors with silicon oxide coating such as, for example, MOS,
      or metal oxide silicon, field effect transistors.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a graphical presentation of the current gain of planar silicon
      transistors as a function of the collector current before and after
      treatment by one embodiment of the method of the invention and after
      radiation tests;
PAR  FIG. 2 is a graphical presentation of the current gain of planar silicon
      transistors as a function of the collector current before and after
      treatment by another embodiment of the method of the invention and after
      radiation tests;
PAR  FIG. 3 is a sectional view of an embodiment of apparatus for carrying out
      the method of the invention; and
PAR  FIG. 4 is a sectional view of part of the apparatus of FIG. 3.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  As an example of a particularly advantageous form of execution of the
      method of the invention, the treatment of a silicon npn type planar
      transistor (Type BCY 59) is first described.
PAR  The transistor is first placed, with the case open, or without the can,
      respectively, into a plate mounting which may be heated or cooled, and
      which comprises a copper slab provided with holes for inserting the
      transistors. A good thermal contact between the transistors and the copper
      slab is assured by firmly pressing the base plate of the transistor
      housing against the copper slab. The copper slab is installed in the
      radiation chamber of an electron accelerator, which may be evacuated. The
      emitter, base and collector electrode leads of the transistor are brought
      out from the radiation chamber via vacuum-tight feedthroughs.
PAR  After the radiation chamber is evacuated down to a residual gas pressure of
      about 10.sup.-.sup.5 Torr, the transistor is irradiated with electrons
      having an energy of 25 keV and a beam current density of 1 .mu.A/cm.sup.2
      for approximately 1.5 hours, until a radiation dose of approximately
      10.sup.10 rad is reached at the boundary surface between the silicon and
      the silicon oxide. The radiation goes through the silicon oxide coating
      layer. The thickness of this coating is approximately 0.2 to 0.5 .mu..
PAR  During the irradiation, the transistor is kept at a temperature of about
      220.degree.C by heating the copper slab. An electric voltage of about 0.7
      V in the conducting direction is applied simultaneously between the
      emitter and base electrode terminals and between the collector and base
      electrode terminals of the transistor, respectively. After an irradiation
      period of about 1.5 hours, the radiation is first discontinued. Then, the
      slab heat and the electrical stress of the transistor are discontinued and
      the copper slab is cooled to room temperature.
PAR  The improved radiation resistance of the transistor is illustrated in FIG.
      1. In FIG. 1, the abscissa represents the collector current I.sub.C in
      amps and the ordinate represents the transistor current gain B. Both the
      abscissa and ordinate are on a logarithmic scale. In order to determine
      curves 1 to 4, the current gain of a transistor is measured at different
      collector currents I.sub.C. Before treatment by the embodiment of the
      method of the invention of the first example, the current gain of the
      transistor corresponds to Curve 1. A similar transistor not treated by the
      method of the invention was irradiated for comparison purposes in a
      radiation test with a dose of 10.sup.7 rad (electron radiation). In this
      case, the current gain dropped from Curve 1, which applied before the
      radiation test, to the values of Curve 2.
PAR  The transistor treated by the embodiment of the method of the invention of
      the first example had a current gain after treatment, which again
      corresponded to Curve 1. The original current gain was therefore not
      impaired by the treatment. This transistor was also subjected to a
      radiation test with a dose of 10.sup.7 rad. The current gain dropped here
      only to the values of Curve 3, and thus was higher by more than a factor
      of 10 after the radiation test than the current gain indicated by Curve 2
      of the untreated transistor after the same radiation test, especially in
      the range of small collector currents between 10.sup.-.sup.7 and
      10.sup.-.sup.6 amps.
PAR  Curve 4, shown as a broken line, presents for further comparison the
      current gain of a similar transistor which was first irradiated with
      electron radiation of a dose of about 10.sup.10 rad at room temperature
      and was heated to about 200.degree.C and stressed electrically by the
      application of electrical voltages in the conduction direction between the
      emitter and base electrode terminals and the collector and base electrode
      terminals only after the irradiation. After such treatment, which deviates
      from the method of the invention, the transistor was also subjected to a
      radiation test with a dose of 10.sup.7 rad.
PAR  Although Curve 4 is above Curve 2, it is far below Curve 3. A comparison of
      Curves 3 and 4 shows the completely unexpected result that with
      simultaneous application of radiation, elevated temperature and electrical
      stress a substantially higher radiation resistance is obtained than with
      successive steps of irradiation on the one hand and the application of
      elevated temperature and electrical stress on the other hand. Curves 1 to
      4 in FIG. 1 relate not only to measurements of single transistors, but
      were confirmed by investigations with many transistors. During all
      radiation tests, the transistor leads were short-circuited.
PAR  A second example of another embodiment of the method of the invention,
      without electrical stress, is hereinafter described. An npn type planar
      silicon transistor (Type BCY 59) is mounted in the radiation chamber of an
      electron accelerator in a manner similar to that described in the first
      example. However, the collector, base and emitter electrode leads are left
      open. The transistor is irradiated with electrons of 25 keV energy and a
      beam current density of 1 .mu.A/cm.sup.2 for about 1.5 hours, until at the
      boundary surface between the silicon and the silicon oxide coating a
      radiation dose of approximately 10.sup.10 rad is reached. During
      irradiation the transistor is kept on a temperature of 350.degree.C. After
      the irradiation, the transistor is further annealed for about 50 hours at
      a temperature of approximately 350.degree.C.
PAR  The improvement of the radiation resistance of the transistor achieved by
      this treatment is illustrated in FIG. 2, in which the abscissa represents
      the collector current I.sub.C in amps and the ordinate represents the
      transistor current gain B. Both the abscissa and the ordinate are on a
      logarithmic scale.
PAR  Before and after the treatment by the embodiment of the method of the
      invention of the second example, the current gain of the transistor
      corresponds to Curve 10. The current gain is therefore not impaired by the
      treatment. The transistor is then subjected to a test radiation of
      10.sup.7 rad. The current gain dropped from Curve 10 to the values of the
      Curve 11. For comparison purposes a similar transistor not treated by the
      method of the invention was subjected to a test radiation with a dose of
      10.sup.7 rad. The current gain of this transistor dropped from Curve 10 to
      the values of the Curve 12. The embodiment of the method of the invention
      of the second example therefore provides a substantial improvement of the
      radiation resistance of the transistors. Curves 10, 11 and 12 were
      confirmed by measurements on several transistors.
PAR  Further investigations have shown that in comparable transistors, which
      showed a lower current gain in the non-irradiated condition than the
      transistors used in the first and second examples, it is possible to not
      only improve the radiation resistance by the method of the invention, but
      even to increase the current gain beyond the initial values.
PAR  Tests with pnp type planar silicon transistors yielded results similar to
      the tests with the npn type planar silicon transistors. Also, in radiation
      tests with other radiation doses, for example, of 10.sup.6 or 10.sup.8
      rad, the substantial improvement of the radiation resistance of the
      transistors by the method of the invention was confirmed.
PAR  In irradiating silicon wafers which contain a multiplicity of transistor
      structures, the second example may be advantageously followed. The silicon
      wafers may be appropriately placed on the heated copper slab. The
      annealing after the irradiation, may, as in the case of completed
      transistors, also be performed in a suitable oven. The irradiation of
      silicon wafers has the particular advantage that a single performance of
      the method of the invention simultaneously handles a large number of
      transistors. The transistor structures may also be transistors in
      integrated circuits.
PAR  FIG. 3 shows apparatus for carrying out the method of the invention. As
      hereinbefore explained in the first example, an npn type planar silicon
      transistor 31 having an open case is inserted into a mounting which
      consists of a copper slab 32 provided with a hole. The transistor case has
      a base plate 33 which is firmly pressed against the copper slab 32. A tube
      34 serves to heat the copper slab 32. The tube 34 is inserted in the
      copper slab 32 and contains an electrically heatable heating coil 35.
PAR  A tube 36 serves to cool the copper slab 32. The tube 36 is inserted in the
      copper slab 32 and includes another tube 37 on the inside. A cooling
      medium such as, for example, air or water, may be fed through the inner
      tube 37, and may then flow off through the space between the tubes 36 and
      37. At the same time, the tubes 34 and 36 function to fasten the copper
      slab 32 to a base plate 38 of a radiation chamber 39 of an electron
      accelerator.
PAR  The radiation chamber itself is connected to an end flange 40 of the
      electron accelerator. The electrons entering the radiation chamber 39 from
      the electron accelerator are shown schematically by arrows 41.
PAR  The transistor 31 has an emitter electrode lead 42, a base electrode lead
      43 and a collector electrode lead 44 which are brought out of the
      radiation chamber 39 in a vacuum-tight manner by an insulating
      feed-through 45. A DC voltage provided by DC voltage sources 46 and 47 is
      applied in the conducting direction between the emitter electrode lead 42
      and the base electrode lead 43, as well as between the collector electrode
      lead 44 and the base electrode lead 43, respectively.
PAR  FIG. 4 shows part of the apparatus of FIG. 3 for the irradiation of a
      silicon wafer. A silicon wafer 50 is placed on the heatable copper slab
      32. The transistor structures contained in the silicon wafer 50 are
      schematically indicated as 51. The schematically indicated silicon oxide
      coating is designated as 52.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, we do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of improving the radiation resistance of silicon transistors
      with a silicon oxide coating, comprising the steps of irradiating a
      semiconductor device having a silicon oxide coating with electrons at an
      energy below 150 keV and a dose between 10.sup.9 and 10.sup.12 rad at the
      boundary layer between the silicon and silicon oxide coating; and
      maintaining the temperature of the semiconductor device at a temperature
      of between 150.degree. and 450.degree.C during irradiation thereof.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the radiation dose is between
      5.10.sup.9 and 2.10.sup.10 rad.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the semiconductor device is a
      silicon transistor.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the semiconductor device is a
      silicon wafer including a plurality of transistor structures.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein the semiconductor device is
      maintained at a temperature of 300.degree. to 400.degree.C during
      irradiation thereof and is annealed for at least ten hours at a
      temperature between 300.degree. and 400.degree.C after the termination of
      irradiation.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the semiconductor device is
      maintained at a temperature between 200.degree. and 250.degree.C during
      irradiation thereof and is annealed for at least 10 hours at a temperature
      between 300.degree. and 350.degree.C after the termination of irradiation.
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PAL  This invention is addressed to a process for the diffusion coating of
      metals which are capable of forming a compound or a solid solution with
      boron by contacting the metal with boron at a temperature greater than
      1350.degree.F.
PARN
PAR  This is a division, of application Ser. No. 220,477, filed Jan. 24, 1972
      now abandoned.
BSUM
PAR  This invention relates to a method for the diffusion coating of metals with
      boron.
PAR  It is known that the coating of various metals with boron can serve to
      increase the hardness of the metal. For example, it has been found that
      the boron diffusion coating of steel can be used as a method of hard
      facing the steel to hardnesses greater than those of sintered tungsten
      carbide.
PAR  Even though there has been substantial interest in processes for diffusion
      coating with boron, to the present, the prior art has been unable to
      provide a method for the diffusion coating of metals with boron which is
      capable of indiffusing boron to significant depths into the metal to
      provide other than a surface coating.
PAR  It is accordingly an object of the present invention to provide a method
      for the diffusion coating of metal surfaces with boron which overcomes the
      foregoing disadvantages, and it is a more specific object of the invention
      to provide a method for the diffusion coating of metal surfaces with boron
      in which the boron in the form of the boride of the metal being coated is
      indiffused to greater depths, which can be carried out in a simple and
      economical manner and which is capable of increasing not only the hardness
      of the surface metal but also the metal at depths significantly below the
      surface of the metal.
PAR  The concepts of the invention reside in a method for the diffusion coating
      of metals with boron to form borides of the metals being coated wherein a
      metal surface is contacted with elemental boron at a temperature of at
      least 1350.degree.F. It has been found that the boron is indiffused into
      the metal surface to form the corresponding boride of the metal, which can
      be found at improved depths beneath the metal surface and serves to impart
      to the metal increased hardness.
PAR  In the practice of the present invention, the metal part to be coated is
      preferably packed in an elemental boron-containing powder, and the
      resulting pack heated to the desired temperature. As the boron-containing
      powder, use can be made of commercially pure amorphous boron, although it
      is generally preferred that the pack powder be composed of a mixture of
      boron and an inert filler material, such inert refractory oxides or
      refractory salts including zirconium oxide, silica, alumina, calcium
      fluoride, etc., as well as mixtures thereof. When use is made of a mixture
      of amorphous boron powder with an inert filler material, the amount of
      boron contained in the mixture is not critical and can be varied within
      wide limits. Generally, a boron content of 0.2 to 15%, and preferably 0.5
      to 10%, by weight based on the total weight of boron and filler is
      sufficient. It is generally advisable to make use of greater amounts of
      boron within these ranges when the metal for coating is formed in complex
      shapes or contains holes or openings.
PAR  In accordance with one embodiment of the invention, the metal surface to be
      diffussion coated can be sprayed or precoated with a mixture of boron and
      an organic binder which serves to bond the the boron-containing coating to
      the metal surface. Thereafter, the precoated metal surface can be packed
      in a pack of inert filler of the type described above (e.g., an aluminum
      oxide) which may or may not contain boron in admixture with the filler.
      This variation on the method of the invention provides an effective means
      to form a boron diffusion coating of limited thickness.
PAR  The organic binder serves only to bond the boron to the metal surface, and
      is essentially burned off when the pack is heated to effect the diffusion
      coating. For this reason, any film forming organic polymeric material
      which is capable of adhering to the metal surface can be used.
PAR  As indicated above, the metal surface in contact with the boron should be
      heated to a temperature of at least 1350.degree.F. to affect the diffusion
      coating thereof. Increasing the temperature above this minimum serves to
      increase the diffusion coating rates due to the increase the diffusion
      coating rates with temperature. For this reason, the maximum temperature
      depends upon the substrate to be coated, the time over which the diffusion
      coating is effected and the desired thickness of the coating. Obviously,
      the maximum temperature should not be a temperature which causes
      distortion of the substrate. In general, diffusion coatings can be carried
      out at temperatures within the range of 1350.degree. to 2500.degree.F. for
      times varying from 0.25 to 25 hours.
PAR  While not necessary to the practice of the invention, the diffusion coating
      can be carried out in the presence of halide activator to increase the
      rate of diffusion coating. Such activators include the halides, and
      preferably the chlorides and fluorides of ammonium and the alkali metals
      (e.g., sodium, potassium, lithium, etc.). Without limiting the invention
      as to theory, it is believed that the presence of these activators, in the
      pack, for example, results in the formation of boron halide compounds on
      heating which decompose on the surface of the metal substrate to increase
      the rate of diffusion coating. The relative amount of activator can be
      varied, within wide limits; amounts of activator of up to 40% of the pack
      are generally suitable.
PAR  The process of the present invention is preferably carried out under an
      inert gas to minimize oxidation and the like from the atmosphere. For this
      purpose, use can be made of a blanket of an inert gas which does not react
      under the diffusion coating conditions with either boron or the metal
      substrate. Representative of such gases include argon, hydrogen, helium,
      etc.
PAR  The process of the invention can be carried out in any suitable apparatus.
      Steel retorts can be simply and economically used to contain the pack.
      Steel cannot be used, however, at temperatures when melting becomes a
      problem due to the formation of the boron-iron eutectic. Ceramic or
      graphite vessels can also be used and are quite suitable for temperatures
      in excess of 2050.degree.F.
PAR  The concepts of the present invention are applicable to a wide variety of
      metal substrates, provided that the metal or alloy:
PA1  1. have a melting point at a temperature above 1350.degree.F., the minimum
      diffusion coating temperature of the process;
PA1  2. be capable of forming a compound or a solid solution with boron; and
PA1  3. not react appreciably with small amounts of contaminants (e.g., oxygen,
      nitrogen, water) which may be present in the pack powder and/or the
      furnace atmosphere.
PAR  The process of the present invention is particularly well suited for the
      diffusion coating of steel, as well as the complete range of iron, nickel
      and cobalt alloys. In addition, the concepts of the invention are likewise
      applicable to the diffusion coating of molybdenum, tungsten and alloys
      thereof. Metals which cannot be diffusion coated in accordance with the
      present invention are aluminum because of its melting point, copper and
      silver because neither forms compounds or solid solutions with boron and
      titanium because it is too reactive with minor amounts of contaminants.
PAR  While not equivalent to the boron diffusion coating of metals, it has been
      found in accordance with another concept of the invention that carbide
      surfaces can be diffusion coated with boron using the process of this
      invention. Such coatings can be formed to increase the hardness of
      cemented carbide (sintered carbide) materials which are used as cutting
      tools and wear surfaces. For example, a surface layer having a thickness
      from 0.00005 to 0.04 inches can be formed with the boron diffusion coating
      process of the invention on cemented carbides.
PAR  This method for hardening cemented carbides can be used on all grades of
      cemented carbides which make use of one or more metals of the iron group
      (iron, nickel and cobalt) as the binder phase. The carbide phase of the
      cemented material can be a pure carbide, a mechanical mixture of carbides
      or a solid solution of carbides. The carbides can be composed of any of
      the carbide-forming metals including tungsten, tantalum, titanium,
      columbium, molybdenum, vanadium, chromium, zirconium, silicon and hafnium.
PAR  The process conditions, including temperatures, coating times, use of inert
      atmosphere and/or halide activators, are generally the same in the
      diffusion coating of carbides as the diffusion coating of metals.
PAR  Having described the basic concepts of the invention, reference is made to
      the following examples, which are provided by way of illustration and not
      by way of limitation, of the practice of the invention.
DETD
PAC  EXAMPLE 1
PAR  A 4340 steel is packed in a powder containing 99% by weight aluminum oxide
      and 1% amorphous boron powder, and the resulting pack was heated to a
      temperature of 1700.degree.F for a time of 0.5 hours under an atmosphere
      of argon.
PAR  The resulting diffusion coated steel is then subjected to analysis to
      determine its microstructure. It is found that the coating is 2.0 mils
      thick and contains primarily Fe.sub.2 B, with smaller amounts of the
      boron-rich compound FeB being found to a depth of 0.2 mil near the
      surface.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, a specimen of the same type of
      steel as employed in Example 1 is packed in amorphous boron without inert
      filler, and the resulting pack is heated to a temperature of 1700.degree.F
      for 0.5 hour.
PAR  The product is found to have a diffusion coating having a total thickness
      of 3.1 mils, with the thickness of the FeB layer being 1.6 mils.
PAC  EXAMPLE 3
PAR  Using the procedure described in Example 1, a specimen of D-2 tool steel is
      packed in a mixture of 1% by weight boron and 99% by weight alumina.
PAR  The pack is then heated to 1850.degree.F for three hours. The composition
      and hardness of the coating as measured from the surface of the steel is
      set forth in the following table:
TBL                Table I                                                     

     ______________________________________                                    

     Distance from                                                             

                 Knoop                                                         

     surface (mils)                                                            

                 microhardness Composition of Layer                            

     ______________________________________                                    

     0.5         1580          FeB layer                                       

     1.0         3050          FeB layer                                       

     1.5         2670          FeB layer                                       

     2.0         3180          FeB layer                                       

     2.5         2320          Fe.sub.2 B layer                                

     3.0         2670          Fe.sub.2 B layer                                

     3.5         1265                                                          

     4.0          755                                                          

     4.5          944                                                          

     5.5          898                                                          

     6.5          898          Core                                            

     ______________________________________                                    

PAR  As can be seen from the foregoing, the hardness of the steel specimen was
      significantly increased, even at depth several mils from the surface. As
      can also be seen from the above table, the boron-rich FeB predominates
      near the surface while the Fe.sub.2 B predominates below the surface.
PAC  EXAMPLE 4
PAR  A specimen of the steel employed in Examples 1 and 2 is first sprayed with
      a slurry of amorphous boron in an organic binder. Thereafter, the
      boron-coated specimen is packed in a powder containing 99% by weight
      alumina and 1% by weight amorphous boron.
PAR  The pack is then heated to 1700.degree.F. for 0.5 hour to produce a
      diffusion coating having a total thickness of 3.1 mils and a FeB layer
      thickness of 0.7 mil.
PAC  EXAMPLE 5
PAR  A stainless steel is packed in a powder containing 1% by weight boron, 5%
      by weight ammonium fluoride and 94% by weight of a mixture of silica and
      alumina in equal parts by weight.
PAR  The pack is then heated to 1800.degree.F. for one hour. Comparable results
      are obtained.
PAC  EXAMPLE 6
PAR  A specimen of cemented carbide having a composition of 93% by weight
      tungsten carbide, 1% by weight tantalum carbide, and 6% by weight cobalt
      is coated using the procedure of Example 1. The pack is heated to
      1700.degree.F. and held for 1 hour.
PAR  The thickness of the diffusion coating is found to be 0.7 mil. The Knoop
      microhardness was measured by indenting perpendicular to the coated
      surface and found to be 3200. The microhardness of a specimen of identical
      composition but uncoated was found to be 2150 Knoop.
PAR  X-ray diffraction analysis of the coated surface has shown that the major
      compound present in the coating is tungsten boride, W.sub.2 B.sub.5.
PAC  EXAMPLE 7
PAR  Using the procedure described in Example 1, a specimen of molybdenum is
      packed in a pack of 1% by weight boron and 99% by weight alumina, and the
      pack is heated to 1400.degree.F. for 15 hours.
PAR  The total thickness of the diffusion coating is 0.15 mil.
PAC  EXAMPLE 8
PAR  The procedure of Example 7 is repeated, using a specimen of tungsten in the
      pack which is heated to 1500.degree.F. for 20 hours.
PAR  The total thickness of the diffusion coating is 1.0 mil.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated, using a high carbon steel and a
      pack containing 2% by weight boron, 49% by weight ZrO.sub.2 and 49% by
      weight SiO.sub.2.
PAR  Comparable results are obtained.
PAC  EXAMPLE 10
PAR  Using the procedure and process conditions in Example 1, a draw die of
      sintered carbide formed of 94% by weight tungsten carbide and 6% by weight
      cobalt binder is diffusion coated with boron.
PAR  It is found that the working life of the die is increased by 700% or more
      due to the increased hardness of the die.
PAC  EXAMPLE 11
PAR  The procedure of Example 2 is repeated, using a sintered material formed of
      titanium carbide (95% by weight) and nickel binder (5% by weight).
PAR  The boron diffusion coating results in significantly increased hardness in
      the sintered material.
PAC  EXAMPLE 12
PAR  Using the procedure of Example 5, a sintered material formed of tantalum
      carbide and nickel as the binder component is diffusion coated with boron.
PAR  Comparable results are obtained.
PAR  It will be understood that various changes and modifications can be made in
      the details of procedure, formulation and use without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the diffusion coating of a cemented metal carbide selected
      from the group consisting of carbides of tungsten, tantalum, titanium,
      columbium, molybenum, vanadium, chromium, zirconium, silicon and hafnium,
      comprising the steps of packing the cemented carbide in a powder
      consisting essentially of boron and a refractory salt or oxide selected
      from the group consisting of aluminum oxide, silica, zirconium oxide, and
      mixtures thereof, with the boron constituting from 0.2 to 15% by weight of
      the total weight of the boron and the refractory oxide or salt, and
      heating the pack to a temperature within the range of 1350.degree. to
      2500.degree.F to diffusion coat the metal carbide.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the carbide contains a surface
      coating of boron in an organic binder.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the process is carried out for
      0.25 to 25 hours.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the process is carried out in
      the presence of a halide activator.
NUM  5.
PAR  5. a process as defined in claim 1 wherein the process is carried out under
      a blanket of an inert gas.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the carbide also contains a
      metal binder.
NUM  7.
PAR  7. A process as defined in claim 6 wherein the binder is one or more metals
      of the iron group.
NUM  8.
PAR  8. An article of a cemented carbide having a surface coated by the process
      of claim 1.
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ABST
PAL  An aqueous solution for treatment of metal surfaces which has a pH value
      greater than 7, and comprises no free inorganic acid and 0.1 to 10% by
      weight, estimated as Cr, of a chromium compound in which 5 to 40% of the
      initial quantity of Cr(VI) is reduced by a reaction with a trifunctional
      phenol.
BSUM
PAR  The present invention relates to an aqueous solution containing chromic
      acid which is used for surface treatment of metals.
PAR  As is well known, various chromic acid baths have been used for treatments
      for preventing rust-formation on the surface of metals, especially of iron
      and steel, metals treated with zinc, aluminum, tin, magnesium or
      phosphate.
PAR  These baths have been applied extensively, for example, to a plating bath
      for chromium plating, various chromate treatment baths used for preventing
      white rust formation of tin, for electrochemical treatments, for
      preventing red rust-formation of iron, for producing an insulating film on
      an electroiron plate, an aqueous treatment solution containing chromic
      acid as the major constituent for blocking holes, improving corrosion
      resistance and preventing aging deterioration of phosphate treated metals,
      and a chromic acid treatment bath for the anodic oxidation and hole
      blocking of aluminum.
PAR  The chromate treatment solution, however, which contains toxic chromium is
      strictly prohibited from being drained. Therefore a chromate treatment
      method which does not require draining solutions and involves little
      dissolution of chromium after the treatment is desirable. In this respect,
      the chemically substitution type chromate methods, such, as "chromac" and
      "unichrom" method leave some problems unsolved. For instance, the high
      chromium contents of drained solutions from post-washing and alkaline
      washing, and furthermore the chromate coating film itself is not
      sufficiently waterproof.
PAR  In an attempt to eliminate the use of a drained solution containing
      chromium in continuous chromate treatment processes such as, for
      coil-coating, those chromates which need be only dried or baked on
      application without being washed with water are being employed. Chromate
      treatment solutions which require no water washing include solutions
      containing anhydrous chromic acid, solutions, consisting of anhydrous
      chromic acid and water glass, inorganic chromate solutions consisting of
      anhydrous chromic acid and phosphate and treatment solutions consisting of
      anhydrous chromic acid and water soluble high molecular substances.
PAR  These processes do not involve washing, and hence free from the troubles of
      draining chromium-containing solutions during the treatment. But the
      coating film becomes the less water-proof due to the larger amount of
      chromium added, and therefore the chromium may be dissolved while such
      products are being used.
PAR  The coating film of chromate or metallic chromium on the surface of the
      base metal has been made undissolvable, by the reaction, mostly the
      oxidation-reductipn reaction, of chromic acid with the base metal, by
      reduction of Cr(VI) and Cr(III) by means of electrolysis or by the
      reaction with a reducing agent or a high molecular substance that is
      present in the chromic acid treatment solution.
PAR  In other words, the chromate or chromium coating film on the surface of a
      base metal is produced by the reduction of Cr(VI) or Cr(III) existing in
      the treatment bath.
PAR  Properties of the chromate coating film formed on the surface of a metal
      are almost uniquely determined by the proportion of Cr(III) compound which
      provides the insolubility towards water and film hardness to the Cr(VI)
      compound which provides the solubility and rust preventing property.
PAR  A chromate coating film with a larger proportion of Cr(VI) has a better
      rust preventing property, but, on the other hand, it produces a greater
      amount of chromium which is a cause of environmental pollution and, when
      the film is further coated, blisters are more likely to be formed on the
      coated surface due to moisture.
PAR  On the other hand, a chromate coating film with a larger proportion of
      Cr(III) is harder and dissolves out less amount of chromium, and hence
      involves environmental problems to a lesser extent. However, it has
      disadvantages in that rust is more readily produced at a marred spot and
      the chromate coating film is easily detached on bending, by impact and by
      a squeeze processing.
PAR  Therefore, a chromate coating film which contains Cr(VI) and Cr(III) in
      appropriate proportions would be useful for practical purposes.
PAR  Processes to attain the above mentioned object include (1) partial
      reduction of Cr(VI) in a coating film by hydrogen that evolves on reaction
      of the base metal with a corrosive acid, such as, sulfuric, nitric,
      hydrochloric, phosphoric and organic acids that are present with the
      chromic acid; (2) a thermosetting reaction comprising applying on the
      metal surface a bath containing a reducing agent together with chromic
      acid and giving rise to a reducing reaction of Cr(VI) in the baking
      operation; and (3) partial reduction of chromate by the direct reduction
      in a cathodic electrolysis.
PAR  In any case, however, Cr(VI) in a treatment bath is primarily reduced in
      the process to obtain a chromate coating film containing both Cr(VI) and
      Cr(III), where the ratio of Cr(VI) to Cr(III) is necessarily indefinite.
PAR  The present invention provides a novel process for the chromic acid
      treatment which is independent of previous processes.
PAR  The principle of this invention is based on freely controlling the ratio of
      Cr(VI) to Cr(III) in the treatment bath which is applied to a metal
      surface and dried to produce a chromate coating film suitable to the
      purpose. In other words, the ratio of Cr(VI) or Cr(III) in the treatment
      bath is equal to that in the coating film prepared in this process of
      surface treatment.
PAR  Solubility of chromium compounds in water vary remarkably depending on pH
      of the treatment solution, valency of the chromium and nature of ions
      present in the solution.
PAR  Compounds of Cr(VI), that is chromic acid and dichromate, permit a stable
      bath to be formed in a wide range of pH and various ions to be compatible.
PAR  On the other hand, however, compounds of Cr(III) require strong acidity and
      the presence of anions for being stable in a bath.
PAR  For example, compounds of Cr(III), such as, sulfate, chloride, acetate and
      nitrate are water soluble in strongly acid solutions and compatible with
      dichromate, but form a precipitate of chromium hydroxide or hydrous oxide
      of chromium in weakly acid, neutral or alkaline solutions.
      ##EQU1##
PAR  In the process where anhydrous chromic acid in an aqueous solution is
      reduced, coexistence of Cr(VI) and Cr(III) is possible at pH below 3
      within a limited extent, but precipitation reactions similar to those
      given above may take place at pH above 4.
PAR  These facts were already illustrated in Patent Publication Sho 35-3219,
      U.S. Pat. No. 2 768 103 and No. 2 768 104.
PAR  In this patent, a chromate coating film is produced from a chromate bath
      containing 0.5 to 30% of chromic acid and 0.25 to 25% of a reducing agent
      which is applied to the surface of iron and baked.
PAR  More particularly in this process where the reduction reaction is
      accelerated by the heat of baking, the ratio of Cr(VI) or Cr(III) in the
      bath is indefinite but generally very large, so that, as the reduction
      reaction proceeds at 25.degree.C in the bath, precipitates of chromium
      oxide or chromium hydroxide may be probably formed in about 2 weeks, which
      inevitably results in deterioration of the bath.
PAR  The working period could be prolonged to approximately 3 weeks in the
      mentioned patent by maintaining the bath at a predetermined pH and adding
      a negative catalyst (a compound of manganese) to suppress the reduction
      reaction taking place in the bath.
PAR  This kind of difficulty should be inevitable with a bath in which a strong
      oxidizing agent, such as, chromic acid and a reducing agent coexist. A
      highly technical problem must be solved to overcome this difficulty to
      produce a treatment bath in which a certain definite ratio of Cr(VI) to
      CR(III) is maintained and is stable for a sufficiently long period.
PAR  Investigations concerning the effect of the ratio of Cr(VI) to Cr(III) on
      the properties of the coating film are scarce; the only one example was
      carried out with chromium-plating at a low pH in the presence of anions
      such as, sulfate. However, a bath capable of freely controlling the ratio
      of Cr(VI) to Cr(III) without using anions in a wide range of pH has not
      yet been found.
PAR  Several chromate baths are already known which contains a water soluble
      polymer. They are: anhydrous chromic acid-organic reducing agent-polymer
      (acrylic) system described in Patent Publication Sho 35-3219; anhydrous
      chromic acid-polyacrylamide system shown in the specification of U.S. Pat.
      No. 3 053 691; anhydrous chromic acid-polyacrylic acid system shown in the
      specification of U.S. Pat. No. 2 902 390; and anhydrous chromic
      acid-maleic acid copolymer system of the present inventors described in
      Patent Publication Sho 37-11508 and described in the specification of U.S.
      Pat. No. 2 921 858.
PAR  In practice, a chromate solution containing Cr(VI) and a polymer as the
      major constituents is applied to the surface and heated to cause the
      Cr(VI) to be reduced to Cr(III), and thus cross-linking of the polymer
      with Cr(III) and precipitates of Cr(VI) and Cr(III) which favor forming an
      organic chromate coating film.
PAR  Properties of the coating film are determined by the ratio of Cr(VI) to
      Cr(III). More particularly, when the amount of Cr(III) is too small, the
      resulting coating film is liable to dissolve. On the other hand, when the
      amount of Cr(III) is too large, the coating film will be deficient in
      corrosion resistance and adherence. Therefore an appropriate ratio of
      Cr(VI) to Cr(III) in the chromate coating film is necessary to obtain a
      film of high quality.
PAR  There is an additional problem which involves stability of the treatment
      bath and the nonsolubility property of the coating film. To enhance the
      insolubility property, a large amount of a reducing agent is needed or
      otherwise a higher temperature and a longer time of heating are required
      for the baking. In the former case, however, the bath will be deteriorated
      by progress of the reduction of Cr(VI) into Cr(III) in the bath which
      induces the formation of gels and further precipitates. In the latter
      case, large volume equipment is needed, and thus a high speed treatment is
      necessarily restricted. All these difficulties are inherent to the
      published processes cited above.
PAR  To stabilize the bath, Ludwig K. Schuster et al., added a compound of
      manganese to suppress the reduction rate of chromium, but still it did not
      suffice for use for a long time. In the chromate treatment of coil
      coating, a simple squeezing operation, such as, with rolls and a air-knife
      is applied after immersion or spraying, where also a treatment solution
      capable of high speed treatment is required.
PAR  The requirements are that the bath maintain a constant viscosity value,
      amount of precipitate and pH, and that the bath when applied on a surface
      of zinc does not corrode the surface and that the bath is stable even at
      relatively high temperatures (50.degree. to 70.degree.C). In addition, the
      chromate bath should provide an insoluble coating film by baking at a
      lower temperature for a relatively short time.
PAR  The properties of a chromate coating film depend on the ratio of Cr(VI) to
      Cr(III). According to the present inventors' investigation, a chromate
      coating film should retain more than 60% of Cr(VI) to prevent white rust
      formation on a surface of zinc, and on the other hand the chromium more
      readily dissolves when the content exceeds 90%.
PAR  In order to satisfy the conflicting requirements, an entirely new
      composition of chromate bath is required which does not rely on the
      previous process where an indissolvable film is formed by the
      oxidation-reduction reaction between the zinc surface and the chromate and
      also by the oxidation-reduction reaction in the baking process. The
      present invention provides a chromate treatment process which has solved
      difficult problems conflicting with each other.
PAR  More particularly, the chromate coating films provided by the present
      invention, that are insoluble in water and are excellent in corrosion
      resistance, adhesive property toward paint and workability, are prepared
      from a chromate treatment solution which has a ratio of Cr(VI) to Cr(III)
      within a predetermined range required to prevent white rust formation,
      said ratio being maintained because the Cr(VI) does not react with the
      metal surface nor the resin, and by drying the applied chromate treatment
      solution which hot air to accelerate the cross-linking reaction of Cr(III)
      in the resin and the reactions to form oxides of Cr(VI) and Cr(III). The
      process of this invention is, in other words, a treatment process where
      the ratio of Cr(VI) or Cr(III) in the treatment bath is approximately
      equal to that in the chromate coating film.
PAR  This process can exhibit excellent results when applied to zinc, aluminum,
      zinc-aluminum, and other zinc alloys, iron, steel, tin, cadmium and lead.
PAR  The bath may be applied by any method; immersing, spraying, and application
      with rollers. Drying is performed preferably at 60.degree. to
      150.degree.C, but even at a temperature below 60.degree.C, the coating
      film can be converted in good time into an insoluble film.
PAR  In an attemp to develop a chromate treatment bath having the above
      mentioned characteristics, the present inventors have found the following
      useful:
PA1  1. to reduce the etching of, the treatment solution is kept weakly alkaline
      at a pH 7 to 11 and any strongly etching anions are excluded from the
      bath,
PA1  2. to avoid oxidation of the resin by chromic acid, a resin stable against
      chromic acid oxidation should be selected and the treatment solution
      should be maintained at a weakly alkaline at a pH of 7 to 11, and
PA1  3. to avoid excessive reduction of Cr(VI) to Cr(III) in the bath in the
      drying stage or in lapse of time, a reducing agent should be selected so
      that the entire amount of the reducing agent is consumed in a short time
      and no trace remains.
PAR  Cane sugar and alcohols, commonly used for reducing agents for chromic
      acid, are not suitable for the present purpose because these reducing
      agents leave a fraction unreacted and the resulting solution forms a
      precipitate when made alkaline.
PAR  The present inventors have selected as reducing agents for the present
      object, polyvalent phenols which react completely and instantaneously with
      chromate ion in an alkaline medium, and have succeeded in developing a
      chromate bath that satisfies the above mentioned requirements by employing
      an aqueous alkaline solution of chromate containing both polyvalent phenol
      and water soluble polymer. Here, Cr(III) produced by reduction forms
      water-soluble stable chelates with carboxyl groups and polyvalent phenols
      to form high molecular weight substances. When the aqueous solution is
      applied and dried, Cr(III) reacts to form cross-linkages with carboxyl and
      hydroxyl groups and forms a rigid high-molecular coating film. The coating
      film can hold Cr(VI) to minimize the dissolution. It is also possible to
      add to the film a coloring agent such as pigment and dyestuffs and to keep
      it from being dissolved.
PAR  The present invention provides a stable chromate bath in aqueous solution
      by adding a trivalent phenol to an aqueous solution of Cr(VI) of pH
      greater than 7 to complete the reaction of Cr(VI) with the phenol, where a
      definite ratio of Cr(VI) to Cr(III) is attained by adding a calculated
      amount of trivalent phenol.
DRWD
PAR  The present invention will be described in more detail referring to the
      attached drawings.
PAR  FIG. 1 shows the relation between the Cr(III) content (%) of the bath and
      properties of resulting chromate coating films.
PAR  FIG. 2 shows the relation between the amount of pyrogallol added as
      reducing agent and the percentage of reduction,
PAR  FIG. 3 shows the relation between the baking temperature and the percentage
      of undissolved chromium in boiling water when pyrogallol and
      triethanolamine are used as the reducing agent,
PAR  FIG. 4 shows the effect of the addition of resin on the property (1 min. in
      boiling water), and
PAR  FIG. 5 shows the effect of adding a resin on corrosion resistance (brine
      spraying test) with respect to the same test specimen as used in FIG. 4.
DETD
PAR  As is shown in FIG. 2, one mole of trivalent phenol suffices to complete
      the reduction of one mole of Cr(VI) to Cr(III).
PAR  The relation between the amount of reducing agent and the percentage of
      reduction, as is shown in FIG. 2 for pyrogallol as reducing agent, is
      linear independently of the pH values. Thus, adding 0.1 mole of a reducing
      agent per one mole of Cr(VI) is adequate to obtain a 10% reduction bath.
PAR  Among the chromate coating films produced by the process of this invention
      of which properties vary as seen in FIG. 1 depending on the ratio of
      Cr(VI) to Cr(III), the best ones are obtained from a bath containing 10 to
      30% of Cr(III).
PAR  More particularly, FIG. 1 shows dependence of the chromate coating films on
      the per cent of Cr(III) content in percentage in the bath. Actually,
      pyrogallol was added to a 3% aqueous solution of ammonium chromate of pH
      9.4 so that 0 to 80% of the chromium was reduced to Cr(III). The aqueous
      solution thus prepared was applied to a steel plate which had been covered
      with molten zinc, and dried at 60.degree.C of the temperature measured on
      the surface. Then the properties were estimated.
PAR  The indissolvable property was determined from analysis of the amounts of
      chromium both dissolved and remaining in the films, while the corrosion
      resistance was determined by the brine spraying test according to
      JIS.Z.2371.
PAR  Workability was estimated by the Du Pont impact test (1/2 in., 50 cm, 1Kg)
      in JIS.K5400 B and by the Erichsen test (10 mm) in JIS.B 7777. The
      adhesive property of a coating paint was estimated from the results of the
      Du Pont impact test and the Erichsen test of specimens which had been
      coated with a white melamine alkyd resin paint to a thickness of 25 .mu.
      by spraying followed by baking at 120.degree.C for 30 min. Visual
      observation was applied for decision.
PAR  The fact that properties of a chromate coating film of the Cr(III) content
      above 30% are surprisingly different form those of the content below 30%
      is of academic interest. The present invention which revealed this fact
      should be recognized as being based on rigorously scientific
      experimentation.
PAR  Inventions which have any connection with the present one include, other
      than those which have been referred to above, U.S. Pat. No. 2 777 785 and
      others.
PAR  In these patents, the reducing agents used are exclusively phenol,
      hydroquinone, cane sugar, glucose, glycol, polyethyleneglycol, glycerine,
      mannitol, sorbitol, triethanol amine and hydroxylamine. Among them
      polyvalent alcohols are the most effective reducing agents. However, they
      exhibit strong reducing action toward chromic acid in an acidic medium,
      where deterioration of the bath due to formation of precipitates of
      hydroxide and oxide of chromium is a serous problem.
PAR  Reducing agents used in the bath of the present invention are polyvalent,
      preferably trivalent, phenols, which have a peculiar action. Thus, they
      exhibit strong reducing action in an alkaline medium and Cr(III) formed
      does not precipitate but remains stable in the aqueous solution. This
      behavior is peculiar to trivalent phenol, not observable in mono- and
      di-functional phenol which Schuster et al. used.
PAR  Following descriptions are concerned to detailed explanation of the
      composition of the bath.
PAR  The chromium compounds used in the present invention include water soluble
      salts of chromate and dichromate, that is, salts of ammonium, alkali
      metals (lithium, potassium, sodium), alkaline earth metals (berylium,
      magnesium, calcium, zinc, strontium, barium and cadmium), and anhydrous
      chromic acid.
PAR  Appropriate concentrations ranges between 0.1 to 10% as Cr depending on
      object and method of treatment.
PAR  Ordinary zinc-plated iron plates can be sufficiently prevented from forming
      white rust with a coating film containing 10 mg Cr/m.sup.2, where the
      concentration 0.5 to 1.0% is appropriate.
PAR  When a highly corrosion-resistant coating film such as that of Unichrom is
      desired, 50 to 100 mg Cr/m.sup.2 is needed, where the bath concentration
      should be 5 to 10%.
PAR  Trivalent phenols used include derivatives of pyrogallol, phloroglucin and
      gallic acid expressed by the following general formulae where R.sub.1,
      R.sub.2 and R.sub.3 are a hydrogen atom, a hydrocarbon group or a carboxyl
      group.
      ##SPC1##
PAL  The amount to be added differs depending on the concentration of Cr(VI) and
      the desired extent of reduction. This amount should be decided according
      to the graph showing the relation between amounts of trivalent phenol to
      be added and the precentage of reduction, as is exemplified in FIG. 2 with
      respect to pyrogallol. To obtain a chromate coating film of excellent
      quality and satisfactorily insolubility in water, the reduction percentage
      should be in the range 5 to 40%, preferably 10 to 20%.
PAR  The pH of the bath, one of the most important factors of this invention,
      should be at least greater than 7.
PAR  Namely, since Cr(III) exhibits strong reducing activity only in an alkaline
      medium, the desired reduction reaction is instantaneously completed at the
      mentioned pH range and thus a stable aqueous solution results. Further,
      the alkaline medium is favored to prevent the metal surface from being
      etched.
PAR  The pH can be adjusted to the desired value most favorably with aqueous
      ammonia which is volatile, but amines and sodium hydroxide may also be
      available.
PAR  The treatment bath is prepared using the following procedure: at first a
      compound of chromium is dissolved in water, the pH thereof is adjusted to
      above 7, and an aqueous solution of trivalent phenol is added to the above
      solution.
PAR  The presence of a water soluble polymer in the treatment bath makes the
      water-insoluble chromate coating films more corrosion resistant.
PAR  FIG. 4 shows that, when an acrylic acid resin is added to an aqueous
      solution of ammonium chromate which has been partly reduced with
      pyrogallol, the indissolvable property is more improved for the same
      percentage of reduction. The data for FIG. 4 was obtained with a test
      specimen which had been prepared by applying the chromate solution to 100
      Cr mg/m.sup.2 to a molten zinc-plated steel plate and the resulting plate
      was dried at 60.degree.C.
PAR  FIG. 5, which demonstrates the result of the brine spraying test of the
      same test specimen as in FIG. 4, shows the apparent improved corrosion
      resistance at lower percentage of reduction when a resin was added.
PAR  The effective water soluble polymers to be used in the bath of the present
      invention include polyacrylic acid and copolymers of acrylic acid with
      acrylic acid ester containing carboxyl groups, maleic acid copolymers,
      maleic acid ester copolymers, polyacrylamides, acrylonitrile polymers,
      polyvinyl alcohols, polyvinyl pyrrolidone and polyvinylmethyl ethers. The
      recommended amount of addition is 0.01 to 10%, preferably 0.5 to 3%.
PAR  Coloring agents to be used for giving a color to the chromate coating film
      are pigments of which the particle size is less than 1 .mu.. They include,
      for example, phthalocyanine green, phthalocyanine blue, titanium white,
      carbon black, red ion oxide, Cr.sub.2 O.sub.3, zinc chromate, ferrocyan
      blue, zinc dust, and alumina dust. The coloring material is added by 0.03
      to 1 part, preferably 0.3 to 1 part, per part resin.
PAR  The bath may be applied by any means available; that is immersion and
      spraying followed by squeezing with rollers or air-knife, or by roller
      coating, by flowing and by brushing.
PAR  Drying to such an extent as to expel water is sufficient. Even air-drying
      suffices to provide a water-proof chromate coating film. However, drying
      at 60.degree. to 100.degree.C on the surface is preferred.
PAR  The baths specified in the specifications of previously published patents
      requires baking to be performed at a higher temperature 250.degree.F
      (120.degree.C) on the surface, as evidenced also by the present inventors.
PAR  In FIG. 3, which shows the relation between the temperature of baking and
      the indissolvable property, A corresponds to 3% of ammonium chromate and
      2% of triethanolamine and B to 3% of ammonium chromate and 0.6% of
      pyrogallol.
PAR  Examples of the present invention are shown below.
PAC  EXAMPLE 1
PAR  To a 3% aqueous solution of ammonium chromate, 0.6% (treatment bath A) and
      0.9% (treatment bath B) of pyrogallol were added separately. The resulting
      aqueous solutions of pH 10 were applied to molten zinc-plated steel plates
      with grooved and smooth rollers, and the surface was dried with hot air at
      60.degree.C.
PAR  The amounts of chromium in the films, indissolvable property and other
      properties are listed in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Properties of coating films                                               

                                            Adhesive                           

                   Total Cr  % of Cr        property of                        

     Bath Roller   (mg/m.sup.2)                                                

                             dissolved.sup.1)                                  

                                      S.S.sup.2)                               

                                            paint.sup.3)                       

     ______________________________________                                    

     A    smooth   20        0        24    good                               

     A    grooved  100       20       240   good                               

     B    smooth   20        0        24    good                               

     B    grooved  100       5        240   good                               

     ______________________________________                                    

      .sup.1) Immersion in boiling water for 1 min.                            

      .sup.2) Time before generation of white rust in the brine spraying test  

      according to JIS.Z.2371                                                  

      .sup.3) Cross-cut test of a white melamine alkyd enamel surface of 25.mu.

      thickness which had been baked at 120.degree.C for 30 min.               

PAR  The percentage of reduction was 20% with the chromate bath A and 30% with
      B.
PAC  EXAMPLE 2
PAR  To a 1% aqueous solution of ammonium chromate of pH 9.5, 0.2% of
      phloroglucin was added, and the resulting solution of 20% reduction was
      applied on a molten zinc-plated steel plate with grooved rollers so as to
      be 50 Cr mg/m.sup.2, and the surface was dried with hot air at
      60.degree.C.
PAR  When the plate was immersed in boiling water for 1 min., only 10% of the
      total Cr was dissolved. No generation of white rust was observed in the
      brine spraying test for 168 hours.
PAC  EXAMPLE 3
PAR  The chromate bath B in Example 1 was applied on clean surfaces of a
      cold-rolled steel plate and an aluminum-plated steel plate to the amount
      so as to result in 100 Cr mg/m.sup.2 using grooved rollers. Then the
      surface were dried at 60.degree.C.
PAR  About 10% of chromium wad dissolved in treatment with boiling water, and in
      the brine spraying test rust was generated in 24 hours with the steel
      plate and in a month with the aluminum-plated steel plate.
PAC  EXAMPLE 4
PAR  An aqueous solution of 20% reduction was prepared by adding 3% of
      pyrogallol to a 1.5% aqueous solution of sodium chromate. The resulting
      solution was applied to the surface of a molten zinc-plated steel plate
      using a smooth rollers, which was then dried with hot air. The total
      quantity of chromium attached amounted to 20 Cr mg/m.sup.2. Generation of
      white rust was observed in the brine spraying test in 48 hours and not a
      trace of rust could be found in 120 hours in a moist tank test.
PAC  EXAMPLE 5
PAR  A 3% aqueous solution of magnesium chromate was adjusted to pH 9.5 with
      ammonia, to which 0.3% of pyrogallol was added to prepare an aqueous
      solution of approximately 10% reduction. This was applied to a molten
      zinc-plated steel plate with grooved rollers and dried with hot air to
      80.degree.C at the surface. The total amount of chromium on the surface
      was 100 Cr mg/m.sup.2.
PAR  The molten zinc-plated steel plate dissolved only about 20% of Cr in 1 min.
      immersion in boiling water and no rust formation was observed in a 240
      hour brine spraying test.
PAC  EXAMPLE 6
PAR  To an aqueous solution of pH 9.3 containing 3% of ammonium chromate and 2%
      of polyacrylic acid, 0.3% of pyrogallol was added to prepare an aqueous
      solution of 10% reduction. A molten zinc-plated steel plate was immersed
      in the solution, squeezed with grooved rollers to obtain a uniform
      surface, and then dried with hot air for 10 sec. The temperature on the
      surface was 60.degree.C and the total amount of chromium was 100 Cr
      mg/m.sup.2.
PAR  The resulting plate was immersed for 1 min. in boiling water. The amount of
      dissolved chromium was estimated to be 30 mg/m.sup.2 (30%). It took 240
      hours in the brine spraying test of the same specimen before white rust
      was observed on the surface.
PAC  EXAMPLE 7
PAR  A treatment bath the same as in Example 6 was prepared wherein the polymer
      was replaced by 1% of a copolymer (acid value being 300) of polyacrylic
      acid with butyl acrylate.
PAR  A molten zinc-plated iron wire (5 mm.phi. ) was immersed in the bath, and
      then dried with hot air for 30 sec. at 150.degree.C, when the surface
      temperature of the wire was 60.degree.C.
PAR  The wire thus obtained produced no trace of white rust for 10 days and more
      than a month in a moist tank test (49.degree.C, 98%), Remaining chromium
      after a month of the moist tank test amounted to 60%.
PAC  EXAMPLE 8
PAR  To an aqueous solution of pH 9.4 containing 2% of styrenemaleic acid
      copolymer (degree of polymerization being 140) and 3% of ammonium
      chromate, 0.3% of pyrogallol was added, so that the ratio of Cr(III) to
      Cr(VI) was approximately 1.2 : 8.8. Viscosity of the bath was 9
      centipoise.
PAR  The treatment solution was applied with grooved rollers on the surface of a
      molten zinc-plated steel plate to obtain the total amount of chromium of
      100 Cr mg/m.sup.2, which was then dried with hot air with the surface
      temperature being 60.degree.C, and followed by baking.
PAR  Immersion in boiling water dissolved 10 mg/m.sup.2 of chromium. No white
      rust formation could be observed for 12 days in the brine spraying test
      (JIS-Z-2371) and for 16 days in the moist tank test (JIS-Z-0228).
PAR  The treatment bath, in turn, was stable enough and underwent little change
      in characteristics such that the pH was 9.3, the ratio of Cr(III) to
      Cr(VI) was 1.2 : 8.8 and the viscosity was 8 centipoise after storage for
      3 months at 50.degree.C.
PAC  EXAMPLE 9
PAR  To an aqueous solution of pH 8.5 containing 2% of styrenemaleic acid
      copolymer (degree of polymerization being 140) and 3% of ammonium
      chromate, 0.5% of pyrogallol was added to prepare a chromate solution in
      which the ratio of Cr(III) to Cr(VI) was 2 : 8. The viscosity of the bath
      was 10 centipoise. The treatment solution was applied to the surface of a
      molten zinc-plates steel plate with grooved rollers so that the total
      amount of chromium amounted to 100 Cr mg/m.sup.2, and then the surface was
      dried with hot air at a temperature of 70.degree.C on the surface.
PAR  Immersion in boiling water dissolved 10 mg/m.sup.2 (10%) of chromium for 5
      min. and 8 mg/m.sup.2 (8%) for 1 min. in a 2% aqueous solution of sodium
      carbonate at 50.degree.C.
PAR  No white rust formation was observed in a 12 day brine spraying test and
      also in a 16 day moist tank test.
PAR  The treatment bath kept the quality almost the same to that at the initial
      stage for 3 month's storage at room temperature.
PAC  EXAMPLE 10
PAR  To an aqueous solution of pH 8 containing 2% of vinyl methyl ether-maleic
      acid copolymer and 3% of ammonium chromate, 0.3% of pyrogallol was added
      to obtain an aqueous solution in which the ratio of Cr(III) to Cr(VI) was
      1.2 : 8.8. Viscosity of the bath was 10 centipoise. This treatment
      solution was applied to the surface of a molten zinc-plated steel plate
      with grooved rollers so that the total amount of chromium amounted to 100
      Cr mg/m.sup.2 and the surface was dried with hot air at 70.degree.C on the
      surface.
PAR  Immersion in boiling water dissolved 10 mg/m.sup.2 of chromium for 5 min.
PAR  White rust was not observed to form for 12 days in the brine spraying test
      and 16 days in the moist tank test. The treatment bath maintained its
      original condition for 3 month's storage at 50.degree.C, that is a
      viscosity of 10 centipoise and pH being 8.1.
PAC  EXAMPLE 11
PAR  To an aqueous solution of pH 9 containing 4% of styrene-ethyleneglycol
      ester of maleic acid copolymer and 3% of ammonium chromate, 0.6% of
      pyrogallol was added to prepare an aqueous solution for chromate treatment
      bath in which the ratio of Cr(III) to Cr(VI) was 2.5 : 7.5. Viscosity of
      the bath was 5.5 centipoise. This solution was applied on the surface of a
      molten zinc-plated steel plate and was squeezed with an air-knife so that
      the total chromium amounted to 100 Cr mg/m.sup.2, and then dried with hot
      air at 70.degree.C on the surface.
PAR  Immersion in boiling water dissolved 7 mg/m.sup.2 (7%) of chromium in 5
      min.
PAR  No generation of white rust could be observed in 12 day brine spraying test
      and also in a 16 day moist tank test.
PAR  The treatment bath remained almost unchanged for 3 months when kept at
      50.degree.C. Thus the viscosity was 4.5 centipoise and pH was 9.0.
PAC  EXAMPLE 12
PAR  A chromate bath having the same reduction as in Example 8 was prepared by
      replacing the pyrogallol by 0.4% of gallic acid in preparation of bath in
      Example 9.
PAR  The treatment bath remained almost unchanged for 2 months at 50.degree.C.
PAR  Both the indissolvable property and corrosion resistance were excellent.
      Thus, the dissolution of chromium was only 10% of the total amount of
      chromium when immersed in boiling water for 5 min. and 8% when immersed in
      a 2% aqueous solution of sodium carbonate for 1 min. at 50.degree.C.
PAC  EXAMPLE 13
PAR  The same treatment solution as in Example 8 was applied by spraying to the
      surface of an electrolytically zinc-plated steel plate having 5 .mu.
      thickness of plated layer, so that the total chromium amounted to 100
      mg/m.sup.2, squeezed with an air-knife to obtain uniform application, and
      then dried and baked with hot air with the surface temperature of
      70.degree.C. Immersion in boiling water dissolved only 7% of total
      chromium for 5 min.
PAC  EXAMPLE 14
PAR  The treatment solution in Example 9 was applied to a molten aluminum-plated
      steel plate with grooved rollers so that the total chromium amounted to
      100 mg/m.sup.2, and then baked with the surface temperature of
      70.degree.C. The chromate coating film dissolved only 5% of the total
      amount when immersed in boiling water for 5 mn. No generation of white
      rust was observed in 1 month of the brine spraying test and in 2 months of
      the moist tank test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous solution for treatment of metal surfaces which has a pH value
      greater than 7, and consists essentially of 0.01 to 10% by weight,
      estimated as Cr, of a chromium compound in which 5 to 40% of the initial
      quantity of Cr(VI) is reduced by reaction with a trifunctional phenol and
      which possesses no free inorganic acid.
NUM  2.
PAR  2. The aqueous solution according to claim 1, wherein 0.01 to 10% by weight
      of a water soluble high molecular compound selected from the group
      consisting of polyacrylic acid and copolymers of acrylic acid with acrylic
      acid esters containing carboxyl groups, maleic acid copolymers, maleic
      acid ester copolymers, polyacrylamides, acrylonitrile polymers, polyvinyl
      alcohols, polyvinyl pyrrolidone and polyvinylmethyl ethers is present
NUM  3.
PAR  3. An aqueous solution according to claim 1, wherein the trifunctional
      phenol is one or more members selected from the derivatives of pyrogallol,
      phloroglucine or gallic acid.
NUM  4.
PAR  4. An aqueous solution according to claim 1, wherein 10 to 30% of Cr(VI) is
      reduced by the reaction with the trifunctional phenol.
NUM  5.
PAR  5. An aqueous solution according to claim 1, wherein the chromium compound
      is one or more members selected from the group consisting of water soluble
      salts of chromate and dichromate such as salts of ammonium, alkali metals
      (lithium, potassium, and sodium), and alkaline earth metals (berylium,
      magnesium, calcium, zinc, strontium, barium and cadmium) and anhydrous
      chromic acid.
NUM  6.
PAR  6. An aqueous solution according to claim 2, wherein the water soluble high
      molecular substance is present in an amount from 0.5 to 3% by weight.
NUM  7.
PAR  7. An aqueous solution according to claim 1, wherein 0.005 to 0.2% by
      weight of silicone is is present as a bubble extinguishing agent.
NUM  8.
PAR  8. An aqueous solution according to claim 7, wherein a coloring agent is
      present.
NUM  9.
PAR  9. An aqueous solution according to claim 1, wherein one or more members
      selected from the group consisting of ammonia, amines, sodium hydroxide
      and potassium hydroxide is added for adjusting the pH of the solution.
NUM  10.
PAR  10. A process for treating a metal surface at a temperature between
      20.degree. to 70.degree.C using the aqueous solution of claim 1.
NUM  11.
PAR  11. A process according to claim 10, wherein the temperature on the surface
      of the plate is 60.degree. to 100.degree.C.
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ABST
PAL  An improved, cathode ray tube mask assembly having a dark, adherent coating
      and a method of forming such a coating. A clean mask assembly is treated
      with a hot solution of chromic and phosphoric acid to form a preliminary
      protective coating. The mask assembly is then baked to convert the
      preliminary protective coating to a final dark, very adherent coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A conventional cathode ray tube (CRT) includes a phosphor-coated front
      panel, a funnel section housing an electron gun for generating one or more
      electron beams, and a steel color selection electrode (referred to
      hereinafter as a mask) for exposing selected phosphor elements to the
      electron beams. The mask is ordinarily welded to a frame which supports it
      within the front panel and sustains it in a position essentially parallel
      to the phosphor coated screen. The combination of the mask and its
      supporting frame, or the mask itself where it is of the type not requiring
      a separate supporting frame, will be referred to herein as a mask
      assembly.
PAR  In the construction of CRT's, one of the first maskrelated operations is to
      bake the mask assembly in an environment having a low oxygen content and a
      dew point of approximately 85. By so baking the mask assembly, its surface
      is given a dark, adherent oxide coating which will protect the mask
      assembly from corrosion as it and other tube components are processed and
      assembled in a factory.
PAR  It is not unusual for the production line processing of a mask assembly to
      take 8 hours or more. During this processing interval, flaky oxide
      deposits can, in the absence of a protective coating, form on the surface
      of the mask assembly. Such deposits are easily rubbed off and may find
      their way to the mask apertures where they may lodge and plug some of the
      apertures.
PAR  A dark coating also serves to make the mask assembly a better radiator of
      heat in order to keep thermal expansion of the mask to a minimum. Although
      shadow masks are generally provided with some form of thermal compensation
      to minimize misregistration between mask apertures and the screen's
      phosphor elements as mask expansion occurs, such compensation is never
      perfect. Therefore, the better radiator a mask is, the less
      misregistration will occur as the mask heats up under electron
      bombardment.
PAR  In addition, a dark, preferably black mask will absorb light which finds
      its way into the tube rather than reflecting it onto the screen where it
      may tend to dilute or "wash-out" the picture.
PAR  For one type of color CRT presently enjoying commercial success, the
      Chromacolor (trademark of Zenith Radio Corp.) tube, the processing of the
      tube components proceeds as follows. The inner side of the front panel or
      screen is coated with a dark, light-absorbing material in which there are
      patterns of openings in which red, blue and green phosphors will be
      deposited.
PAR  A photoresist coating which includes green phosphors, for example, is then
      applied over the dark coating. The screen is then exposed to a source of
      light directed through the mask apertures to render insoluble those areas
      of the photoresist which occupy the holes in the black coating in which
      green phosphor is to lie. The screen is then developed to rinse away the
      green photoresist everywhere except in those areas rendered insoluble by
      the exposure.
PAR  This process is then repeated for the red and blue phosphors so that a
      pattern of red, blue and green phosphor triads are deposited in the
      surrounding black material.
PAR  The next step involves enlarging each mask aperture so that its dimension
      in any direction in which misregistration can occur between an electron
      beam landing and an impinged phosphor element is greater than the
      corresponding dimension of the impinged phosphor element by a
      predetermined amount. This will insure that the electron beam which passes
      through a mask aperture is large enough to cause the electron beam landing
      to be larger than the phosphor element which it illuminates. This
      "negative guardband" principle, in combination with the concept of
      including a light-absorbing material between adjacent phosphor elements,
      is fully disclosed and claimed in U.S. Pat. No. 3,146,368, issued to Fiore
      et al, and assigned to the assignee of this invention.
PAR  A tried and proven method of enlarging the mask apertures is to re-etch the
      mask with ferric chloride until a predetermined degree of aperture
      enlargement has occurred. However, before the etchant can react with the
      mask, the original protective oxide coating on the mask which has provided
      corrosion protection during the preceding processing steps must first be
      removed therefrom. This is usually accomplished by spraying a chemical
      solution onto the mask assembly to completely strip away the protective
      coating.
PAR  When the re-etch of the mask is complete, the mask assembly will require
      another protective coating. This coating cannot now be provided in the way
      the original coating was generated, that is, by baking the mask assembly
      at a very high temperature. At this point, exposing the mask assembly to
      the elevated temperatures required to produce such a coating would deform
      the mask and ruin the registration between the mask and the pattern of
      phosphor elements on the CRT screen.
PAR  Prior art techniques of generating this final coating have included
      applying chemical solutions such as a standard iron-phosphating solution
      to the re-etched mask. However, the next processing step, frit sealing the
      front panel to a mating funnel and baking the assembled tube to cure the
      frit, tended to adversely affect the mask coating. Since the mask assembly
      is installed within the tube, it is, of course, subject to the same baking
      time and temperatures as the curing frit. As a result, the prior art mask
      assembly coating tended to deteriorate under the intense heat (about
      435.degree.C). This caused the mask coating to become flaky and only
      marginally adherent. The coating could then fall off or be rubbed off the
      mask assembly and plug some mask apertures or increase the possibilities
      of arcing within the tube. Accordingly, it is apparent that there is a
      need for a method of providing an improved coating on CRT mask assemblies,
      particularly, but not exclusively, for mask assemblies which undergo the
      above-mentioned re-etch process.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide an improved mask
      assembly having a dark, adherent coating over its surface, and a method of
      making the same.
PAR  It is another object of this invention to provide a method of forming an
      improved and more adherent mask coating, especially on shadow mask
      assemblies which have been re-etched.
PAC  PRIOR ART
PAR  U.S. Pat. Nos. 2,030,601, 2,245,609, 2,303,242, 2,418,608, 2,494,908,
      2,564,864, 2,728,008, 3,074,827, 3,094,441, 3,351,996, 3,404,045,
      3,510,366 and 3,604,081.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of this invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 depicts a typical mask assembly to which this invention is
      applicable;
PAR  FIG. 2 depicts a cross-section of the FIG. 1 mask assembly including inner
      and outer layers of a protective coating on the mask; and
PAR  FIG. 3 depicts schematically a production line process for treating a mask
      assembly in accordance with this invention.
PAR  FIG. 2A is an expanded view of the circled portion of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As pointed out in the discussion above, this invention is especially
      directed toward improving the coating on a CRT mask assembly after the
      mask has been used to photochemically deposit a pattern of colored
      phosphor elements on the CRT screen and after the mask apertures have been
      enlarged by re-etching. A typical CRT mask assembly is shown in FIG. 1.
      The assembly 10 includes a foraminous shadow mask 12 mounted on a
      supporting steel frame 14. Three mounting springs 16 are welded to frame
      14 and have holes 18 which mate with mounting studs in a front panel (not
      shown). One mounting stud engages each hole 18 and supports the mask
      assembly within the front panel.
PAR  According to this invention, a protective coating may be formed on a CRT
      mask assembly by first applying a hot chemical solution over the surface
      of the mask assembly. The solution preferably has a concentration of about
      1% by weight of phosphoric acid (H.sub.3 P.sub.04) and a concentration of
      about 1/4% by weight of chromic acid (H.sub.2 CR.sub.04), the remainder of
      the solution being water. The content of the phosphoric acid may, however,
      be varied over a range of from 0.5% to 2% without severely effecting the
      efficacy of the solution. It is desirable, however, that the ratio of
      chromic acid to phosphoric acid be maintained at approximately the same
      ratio over that range (i.e., approximately 4 to 1). The concentration of
      phosphoric acid should not be permitted to attain a level much above what
      has been suggested above. Higher concentrations of phosphoric acid may
      allow the acid to attack the metal. In some cases where the metal has been
      so attacked, a green powdery residue, thought to be a combination of
      chromic phosphate and chromic oxide, formed on the surface of the mask.
PAR  The temperature of the solution applied to the mask assembly is preferably
      within the temperature range of from about 120.degree.F to about
      195.degree.F. At this temperature the solution reacts with the surface of
      the mask assembly at a reasonable rate.
PAR  As the acid solution reacts with the steel mask assembly, a silver-gray
      coating is formed on the surface thereof. This coating is only a
      preliminary protective coating which will be heat treated to form the
      final dark coating, all as described below.
PAR  The excess of acid is then removed from the mask assembly and the assembly
      is dried. It is then inserted into its mating front panel and the panel
      itself is mated with a CRT funnel. A frit cement is applied at the joint
      between the front panel and the funnel section and the entire assembled
      tube is then baked. A baking cycle which has been found satisfactory, that
      is, which both cures the frit cement and which converts the preliminary
      protective coating on the mask assembly to a final adherent dark coating
      is as follows: The assembled CRT is brought up to a temperature of
      435.degree.C over a period of approximately 40 minutes. When the baking
      temperature of 435.degree.C is attained, the temperature is maintained at
      that point for a period of approximately 1 hour. The CRT is then cooled to
      the ambient temperature over a period of approximately 1 1/2 hours.
PAR  The result of the entire process is that the mask assembly acquires a dark,
      adherent coating composed substantially of black iron oxide with a trace
      of iron chromate and decomposed iron phosphate. See FIG. 2. Mask assembly
      10 is coated on both sides by the adherent black oxide coating 20. See
      FIG. 2A. This coating is not flaky, will not rub off and is sufficiently
      dark so that the mask assembly acts as a reasonably good radiator of heat.
      The thickness of the coating and the mask have been exaggerated in FIG. 2
      for clarity.
PAR  Although the above-described process of forming a mask assembly coating is
      applicable to all types of shadow masks, it is particularly suited for use
      with shadow masks which are reetched (as described above) in order to
      enlarge their apertures. A production line system which has been found to
      be very suitable for practicing this invention is shown in FIG. 3. As
      shown, the system includes an automatic conveyor 22 which transports mask
      assemblies 10 through a series of process stations A through E. In this
      case, each mask assembly is stepped through a series of eight processing
      stations, at each of which it remains for approximately 20 seconds.
PAR  At stations A, each mask assembly is rinsed with untreated tap water to
      remove any residual ferric chloride which might remain thereon from the
      re-etch process. This station is, of course, unnecessary if the mask is
      not of the type that has been re-etched.
PAR  At station B, a mask assembly is given a rinse with deionized water in
      order to further clean its surface so that the acid spray to follow will
      react in a way which will result in etching of the mask assembly.
PAR  At stations C, the mask assembly is sprayed with a solution of chromic and
      phosphoric acid having a temperature of approximately 150.degree.F. The
      concentration of chromic acid is maintained at from about 0.23 to 0.27% by
      weight while the concentration of phosphoric acid is maintained at from
      about 0.9 to 1.0% by weight.
PAR  At stations D, the mask assemblies are again rinsed with deionized water to
      remove all traces of the acid spray that have not reacted with the steel
      of the mask assembly.
PAR  Station E is a drying oven which blows heated air onto the mask assembly.
PAR  At this point, the mask assemblies are in condition to be inserted into
      their respective front panels and baked to form the adherent black oxide
      coating. However, due to manufacturing processing schedules, the acid
      treated mask assemblies may not be baked for a number of hours. This delay
      is, however, of no consequence to mask assemblies treated according to
      this invention since the processing described above in connection with
      FIG. 3 forms a preliminary protective coating on the assemblies which
      tends to retard rusting and to passivate the metal.
PAR  The mask assemblies 10 exciting from station E are ultimately inserted into
      their mating front panels. The panels are then frit sealed to a CRT funnel
      and the entire assembled tube is then baked as described above.
PAR  A mask assembly treated in accordance with the directions above will, as
      set forth in the objects of this invention, produce an improved mask
      assembly having a dark, adherent coating which is superior to any such
      coating previously found on re-etched shadow masks. While the invention
      has been described with specific embodiments thereof, it is evident that
      many alterations, modifications and variations will be apparent to those
      skilled in the art in light of the above disclosure. Accordingly, it is
      intended to embrace all such alterations, modifications and variations
      which fall within the spirit and scope of this invention as defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a dark, adherent coating, primarily of black iron
      oxide, on a mask assembly having exposed steel surfaces for use in a
      cathode ray tube bulb, said method comprising:
PA1  applying a solution of chromic and phosphoric acid to the exposed steel
      surfaces of the mask assembly for reaction therewith so as to generate a
      preliminary protective coating on said exposed surfaces, the ratio of
      chromic acid to phosphoric acid being approximately 4 to 1 over a range of
      concentration of phosphoric acid from about 0.5% to 2% by weight;
PA1  rinsing the mask assembly to substantially remove therefrom that portion of
      the acid which did not react with the mask assembly;
PA1  inserting the mask assembly into a cathode ray tube bulb; and
PA1  baking the mask assembly and the bulb so as to convert said preliminary
      coating to an adherent, dark coating consisting primarily of black iron
      oxide over the surface of the mask assembly.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the temperature of said
      solution applied to the mask assembly is within the temperature range of
      from about 120.degree.F to about 195.degree.F.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein the mask assembly is baked at
      approximately 435.degree.C for approximately 1 hour.
NUM  4.
PAR  4. A method of producing a dark, adherent coating, primarily of black iron
      oxide on a steel cathode ray tube mask assembly which has been re-etched
      to enlarge its apertures, said method comprising:
PA1  spraying the mask assembly with a hot solution of chromic and phosphoric
      acid, the ratio of chromic acid to phosphoric acid being approximately 4
      to 1 over a range of concentration of phosphoric acid from about 0.5% to
      2% by weight;
PA1  rinsing the excess solution from the mask assembly with a spray of
      deionized water;
PA1  drying the mask assembly;
PA1  inserting the mask assembly into its mating front panel;
PA1  mating the front panel with a cathode ray tube funnel;
PA1  baking the assembled cathode ray tube panel, mask assembly and funnel at
      approximately 435.degree.C.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein the temperature of the solution
      applied to the mask assembly is within the temperature range of from about
      120.degree.F to about 195.degree.F.
NUM  6.
PAR  6. A method as set forth in claim 4 wherein the assembled cathode ray tube
      is baked by bringing it to a temperature of 460.degree.C over a period of
      approximately 40 minutes, holding the temperature at approximately
      435.degree.C for a period of approximately 1 hour, and cooling the cathode
      ray tube to the ambient temperature over a period of approximately 1 1/2
      hours.
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ABST
PAL  An iron-nickel base alloy containing 0.10% Max. carbon, 2% Max. manganese,
      1% Max. silicon, 13.5-16% chromium, 24-28% nickel, 1-1.75% molybdenum,
      1.6-2.7% titanium, 0.7-1.2% columbium, 0.5% Max. vanadium, 0.35% Max.
      aluminum, 0.001-0.01% boron, and the balance iron plus incidental
      impurities having improved strength as compared to A-286 Alloy and capable
      of attaining at least about 180 ksi yield strength when cold worked as
      little as about 15% and precipitation hardened. The alloy is especially
      useful in making large massive parts such as retaining rings which are
      substantially fully austenitic and nonmagnetic for the rotor windings of
      very large electric generators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an austenitic iron-nickel base alloy and more
      particularly to such an alloy which can be brought to a high strength
      level while retaining a unique degree of its toughness.
PAR  It has long been sought to increase the strength of large nonmagnetic
      austenitic parts of thick cross section without substantially increasing
      the cost of the parts made therefrom which already are expensive. Such
      large nonmagnetic parts, as for example, retaining rings for the copper
      windings at the ends of the rotor in large turbine driven electric
      generators may each weigh several thousand pounds and in addition to being
      nonmagnetic must also be strong enough to resist the stresses resulting
      from its own mass and the centrifugal force of the rotating windings.
PAR  Heretofore, an alloy containing nominally about 0.5% carbon, 18% manganese,
      5% chromium and the balance iron (here designated Alloy A for convenience)
      has been used to make such large nonmagnetic parts but it has left much to
      be desired. For one thing, Alloy A cannot be strengthened by heat
      treatment and consequently has required extensive cold working which is
      expensive because of the special equipment required to carry out such
      large amounts of cold work in such large, massive parts. In any event, the
      upper limit of about 160 ksi 0.2% yield strength (Y.S.) as measured by
      standard room temperature tensile specimens is not adequate for very large
      electric generators.
PAR  Very large electric generators requiring retaining rings stronger than
      those which can be provided from Alloy A have been in demand for many
      years as is evident from the article by K. E. Fritz and D. R. DeForest,
      "High-Strength Turbo-Generator Retaining Ring Forgings of an Age
      Hardenable Austenitic Alloy" (Journal of Materials, 1968, pp. 629-645).
      Fritz and DeForest propose forming such large nonmagnetic parts from A-286
      Alloy (A.I.S.I. 660) and show that by combined cold working and aging the
      0.2% Y.S. of A-286 Alloy parts can be increased to about 175 ksi.
      Unfortunately, as Fritz and DeForest point out, the amount of cold working
      required by parts made from A-286 Alloy to achieve that level of strength
      is 30 percent. Thus, some improvement in strength can be obtained by using
      A-286 alloy instead of Alloy A, but the large amount of cold work and the
      attendant expense remain. The A-286 Alloy as used by Fritz and DeForest
      had a nominal composition of about 0.05% carbon, 1.25% manganese, 0.5%
      silicon, 25.5% nickel, 14.75% chromium, 1.3% molybdenum, 0.25% vanadium,
      2.3% titanium, 0.25% aluminum, 0.005% boron and the balance iron.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a principal object of this invention to provide an
      improved iron-nickel base alloy which is capable of being strengthened
      both by heat treatment alone or by a combination of cold work and heat
      treatment to significantly higher levels than attainable by A-286 Alloy
      without adding significantly to the cost or difficulty of fabricating
      parts therefrom.
PAR  A more specific object is to provide such an alloy and articles made
      therefrom strengthened by a combination of less than 20% cold work and
      precipitation hardening to a 0.2% Y.S. of at least about 180 ksi.
PAR  The foregoing as well as additional objects and advantages of the present
      invention are substantially attained by providing an alloy the composition
      of which is conveniently summarized in tabular form as consisting
      essentially in weight percent of about
TBL                 Broad       Preferred                                      

                    Range       Range                                          

     ______________________________________                                    

     Carbon           0.10*         0.08*                                      

     Manganese         2*            **                                        

     Silicon           1*            **                                        

     Chromium         13.5-16       13.5-16                                    

     Nickel           24-28         24-28                                      

     Molybdenum        1-1.75        1-1.75                                    

     Titanium         1.6-2.7       1.9-2.5                                    

     Columbium (Niobium)                                                       

                      0.7-1.2       0.8-1.1                                    

     Vanadium         0.5*          0.1-0.5                                    

     Aluminum         0.35*          0.1-0.35                                  

     Boron            0.001-0.01    0.003-0.01                                 

     ______________________________________                                    

      *Maximum                                                                 

      **Manganese and silicon are not essential in this composition for article

      to be used at room temperature or the temperatures encountered in electri

      generators which is usually less than about 500.degree.F. However, when  

      articles made from this composition are to be stressed at elevated       

      temperature then the manganese and silicon are preferably present in the 

      amounts specified in U.S. Patent No. 3,795,552, that is 0.15-2%,         

      preferably 0.15-0.40% manganese and 0.10-0.30%, preferably 0.15-0.25%    

      silicon.                                                                 

PAL  The balance is iron except for incidental impurities which may also include
      phosphorus up to a maximum of 0.04%, sulfur up to a maximum of 0.03%,
      copper up to a maximum of 0.5%. It is to be noted that by the foregoing
      tabulation, it is not intended to restrict the preferred ranges for use
      solely in combination with each other. Thus, one or more of the preferred
      ranges can be used with any one or more of the broad ranges. In addition a
      preferred range limit for an element can be used with a broad range limit
      for that element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The composition of the present invention differs from hitherto known A-286
      Alloy and modifications thereof primarily by the addition of a sharply
      critical amount of columbium (niobium). Nevertheless, the composition is
      substantially fully austenitic and nonmagnetic. To provide the improved
      strength characteristic of this alloy, a minimum of about 0.7% columbium
      is required. Below about 0.5% no significant effect, if any at all, can be
      observed on the 0.2% Y.S. of A-286 Alloy. Too much columbium appears to
      cause the formation of an undesired Laves phase (which may be generalized
      as M.sub.2 [Ti,Cb]). Therefore, no more than about 1.2% columbium is used.
      Preferably, 0.8 to 1.1% is used. Within the ranges stated, the larger
      amounts of columbium are used with the lower amounts of titanium to
      minimize the likelihood of Laves phase being formed.
PAR  The mechanism by which the improved strength characteristic of this alloy
      is achieved is not fully understood but it is believed that the critical
      addition of columbium works to strengthen the alloy. The columbium may
      also work to make the amount of titanium present as effective as a
      substantially larger amount of titanium but without the drawbacks usually
      resulting from increasing titanium as is, for example, characteristic of
      V-57 Alloy (A.I.S.I. 663). Titanium works as a precipitation strengthener
      in the form of a nickel-titanium precipitate identified as Ni.sub.3 Ti, or
      as Ni.sub.3 (Ti,Al) when aluminum is present, and at least about 1.6%
      titanium is required for this purpose. Some of the columbium present may
      also be precipitated as Ni.sub.3 (Ti,Cb), or Ni.sub.3 (Ti,Al,Cb) when
      aluminum is present. The columbium may also function to free some of the
      titanium for precipitation which otherwise would be tied up so as not to
      take part in the precipitation reaction. Up to about 2.7% titanium can be
      used without an objectionable loss in ductility. Preferably about 1.9 to
      2.5% and better yet, no more than about  2.3% is used for best results.
      However, to maximize yield strength the largest amounts of titanium, that
      is up to about 2.7% can be used.
PAR  Nickel is a strong austenite-forming element and in addition takes part
      with titanium in the main strengthening reaction to form the precipitate
      Ni.sub.3 Ti and Ni.sub.3 (Ti,Al) as well as the Ni.sub.3 (Ti,Cb) and
      Ni.sub.3 (Ti,Al,Cb) that may be formed. Therefore, at least about 24%
      nickel is required. Above about 28%, the benefit gained does not appear to
      be warranted by the additional cost of the alloy.
PAR  Chromium works predominantly to provide oxidation resistance and corrosion
      resistance. Chromium also works as a solid solution strengthener. Thus,
      about 13.5-16% chromium is used in the composition. Molybdenum also
      functions as a solid solution strengthener and preferably about 1 to 1.75%
      is included for that purpose.
PAR  A small amount of vanadium, up to about 0.5%, preferably about 0.1 to 0.5%,
      can be included for its beneficial effect upon the ductility of the
      composition. When present, aluminum contributes to the stability of the
      gamma prime precipitate, Ni.sub.3 Ti or Ni.sub.3 (Ti,Cb), and up to 0.35%
      is used for that purpose. Preferably a minimum of about 0.1% aluminum is
      present and for best results a minimum of about 0.15% aluminum is used.
PAR  Though only present in a small amount, boron is an essential element for
      its particular effect upon the forgetability of the composition. For this
      effect, at least about 0.001% is present and preferably 0.003 to 0.01% is
      used.
PAR  The alloy is readily prepared and worked using conventional manufacturing
      techniques, and those hitherto used in making and working A-286 Alloy can
      also be used in preparing the present composition and making articles
      therefrom. Depending upon the end use and the properties desired the alloy
      can be melted in air using a single melting practice or multiple melting
      practices can be employed in which an ingot previously cast is remelted as
      a consumable electrode. It is desirable that processing be carried out to
      provide a substantially uniform structure essentially free from
      segregation of the hardening elements titanium and columbium to avoid the
      presence of Laves phase in the final product. To this end, it may be
      desirable to homogenize forgings by holding them just below the melting
      temperature long enough for homogenization by diffusion to occur. Solution
      treatment can be carried out between about 1600.degree. and 1900.degree.F,
      preferably at about 1650.degree.F or 1800.degree.F depending upon whether
      maximum strength or maximum rupture life is desired. Aging can also be
      varied as desired between about 1175.degree. to 1350.degree.F to favor
      hardness and strength depending upon the degree of cold working before
      aging. The lower temperatures, about 1175.degree. to 1225.degree.F provide
      best results for about 15 to 20% cold working while about 1300.degree.F to
      1350.degree. is best for articles not cold worked before aging. One
      specific heat treatment that can be used is to solution treat at
      1800.degree.F for 1 hour followed by quenching in oil and then heating at
      1325.degree.F for 16 hours followed by cooling in air. The material can
      also be heated at 1650.degree.F for 2 hours followed by quenching in oil
      and then aging at 1325.degree.F for 16 hours followed by cooling in air.
      For maximum strength, it is preferred to solution treat at 1650.degree.F
      for 2 hours, oil quench, then age at about 1200.degree. to 1325.degree.F
      for 8 hours depending on the degree of cold working, cool at the rate of
      100.degree./hr. to 1050.degree.-1150.degree.F, hold for 8 hours, and then
      air cool.
PAC  EXAMPLE 1
PAR  An experimental 17 pound vacuum induction heat was prepared having the
      following composition as cast:
TBL                    Weight Percent                                          

     ______________________________________                                    

     Carbon              0.04                                                  

     Manganese           1.4                                                   

     Silicon             0.4                                                   

     Chromium            13.9                                                  

     Nickel              24.7                                                  

     Molybdenum          1.3                                                   

     Titanium            2.1                                                   

     Vanadium            0.3                                                   

     Aluminum            0.15                                                  

     Columbium           1.01                                                  

     Boron               0.004                                                 

     ______________________________________                                    

PAL  and the balance was iron and incidental impurities which included less than
      0.005% phosphorus and less than 0.005% sulfur.
PAR  The ingot was homogenized at 2100.degree.F for 24 hours and then forged
      from a temperature of 2050.degree.F to a 1 in. sq. bar. Sections of the
      bar 4 ins. long were then flattened to 5/8 in. thick from 1850.degree.F.
      Room temperature tensile specimens having a 0.252 in. diameter and 1 in.
      long gage portion were formed from the 5/8 in. forgings, solutioned at
      1650.degree.F for 2 hours, oil quenched, and, after different degrees of
      cold working equal to 0, 0.08 and 0.16 true strain (corresponding
      respectively to 0%, 8%, and 15% cold work), were aged at 1325.degree.F for
      8 hours, furnace cooled at a rate of 100.degree.F/hour to 1150.degree.F,
      held for 8 hours and then air cooled. The hardness of the heat treated
      specimens was about Rockwell A 68 or about Rockwell C 35.  The amounts of
      cold work specified were applied to the test specimens by straining in a
      tensile machine at 0.01 in./min. which is considered to be a good
      simulation of the cold expansion process used in the manufacture of large
      retaining ring forgings. The true strain is calculated as the natural
      logarithm (ln) of the ratio of the starting cross section area (A.sub.o)
      to the cross section area (A) after cold working that is (ln A.sub.o /A).
PAR  The results of the room temperature tensile tests for the specimens
      subjected to 0, 0.08 and 0.16 true strain are set forth in Table I where
      the ultimate tensile strength in thousands of pounds per square inch is
      given under UTS (ksi), the 0.2% yield strength is given under 0.2% Y.S.,
      the percent elongation is given under Elong. (%), and the percent
      reduction in area is given under R.A. (%).
TBL                TABLE I                                                     

     ______________________________________                                    

     True     UTS       .2%Y.S.     Elong   R.A.                               

     Strain   (ksi)     (ksi)       (%)     (%)                                

     ______________________________________                                    

     0        182       141         15.8    22.3                               

              181       141         18.1    34.6                               

     0.08     191       168         12.1    22.6                               

              190       166         14.0    33.6                               

     0.16     203       186         10.2    30.1                               

              198       181         12.0    29.9                               

     ______________________________________                                    

PAR  The alloy of this invention is especially well suited for use in making
      austenitic, nonmagnetic articles such as retaining rings for very large
      turbine driven electric generators. Such rings when finished may be in the
      form of a hollow cylinder about 3.5 feet in diameter, 2.5 feet long and a
      wall thickness of 3 ins. Such a ring weighs about 4,000 pounds.
PAR  The 0.16 true strain imparted to the test specimens represented the limit
      of uniform plastic deformation, that is, just below the start of necking.
      Additional cold work beyond the 15% or 0.16 true strain can be imparted to
      the workpiece before aging to obtain somewhat greater strength. The
      foregoing data clearly demonstrates the significant improvement attained
      in sharply reducing the amount of cold work required to attain 180 ksi
      0.2% Y.S. As compared to the 30% cold work and only 175 ksi 0.2% Y.S.
      obtained by Fritz and DeForest (Op. Cit. p. 633).
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described or portions thereof, but it is recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An iron-nickel base cold worked and precipitationed strengthened article
      subjected to less than 20% cold work before being precipitation
      strengthened to 0.2% yield strength of at least 180 ksi, the composition
      of said article consisting essentially in weight percent of about
TBL  Carbon               0.10 Max.                                            

     Manganese             2 Max.                                              

     Silicon               1 Max.                                              

     Phosphorus           0.04 Max.                                            

     Sulfur               0.03 Max.                                            

     Chromium             13.5-16                                              

     Nickel               24-28                                                

     Molybdenum            1-1.75                                              

     Titanium             1.6-2.7                                              

     Columbium            0.7-1.2                                              

     Vanadium              0.5 Max.                                            

     Aluminum              0.35 Max.                                           

     Boron                0.001-0.01                                           

     Copper               0.5 Max                                              

NUM  2.
PAR  2. The article as set forth in claim 1 containing about 1.9%-2.5% titanium,
      0.8%-1.1% columbium, and at least 0.1% aluminum.
NUM  3.
PAR  3. The article as set forth in claim 2 containing at least about 0.15%
      aluminum.
NUM  4.
PAR  4. The article as set forth in claim 3 containing no more than about 2.3%
      titanium.
NUM  5.
PAR  5. The article as set forth in claim 1 which contains a maximum of about
      0.08% carbon and about 1.9% to 2.5% titanium.
NUM  6.
PAR  6. The article as set forth in claim 5 which contains at least about 0.1%
      aluminum.
NUM  7.
PAR  7. The article as set forth in claim 6 which contains about 0.8% to 1.1%
      columbium.
NUM  8.
PAR  8. The article as set forth in claim 7 which contains no more than about
      2.3% titanium.
NUM  9.
PAR  9. The article as set forth in claim 7 which contains at least 0.015%
      aluminum.
NUM  10.
PAR  10. The article as set forth in claim 1 which contains about 0.04% carbon,
      1.4% manganese, 0.4% silicon, 13.9% chromium, 27.7% nickel, 1.3%
      molybdenum, 2.1% titanium, 0.3% vanadium, 0.15% aluminum, 1% columbium,
      0.004% boron.
PATN
WKU  039350380
SRC  5
APN  5290996
APT  1
ART  111
APD  19741203
TTL  Method for manufacturing non-oriented electrical steel sheet and strip
      having no ridging
ISD  19760127
NCL  2
ECL  1
EXP  Satterfield; Walter R.
NDR  2
NFG  4
INVT
NAM  Shimoyama; Yoshiaki
CTY  Kitakyushu
CNT  JA
INVT
NAM  Miyoshi; Kunisuke
CTY  Kitakyushu
CNT  JA
INVT
NAM  Kimura; Hiroyuki
CTY  Kitakyushu
CNT  JA
ASSG
NAM  Nippon Steel Corporation
CNT  JA
COD  03
PRIR
CNT  JA
APD  19711028
APN  46-85752
RLAP
COD  72
APN  503868
APD  19740906
PSC  03
RLAP
COD  81
APN  301221
APD  19721026
PSC  03
CLAS
OCL  148110
XCL   75123L
XCL  148 3155
XCL  148111
XCL  148112
EDF  2
ICL  H01F  104
FSC  148
FSS  110;111;112;31.55;113;120;121;12
FSC   75
FSS  123 L
UREF
PNO  2980561
ISD  19610400
NAM  Ford et al.
OCL  148112
UREF
PNO  3061486
ISD  19621000
NAM  Jackson
OCL  148 31.55
UREF
PNO  3090711
ISD  19630500
NAM  Kohler
OCL  148111
UREF
PNO  3128211
ISD  19640400
NAM  Waxweiler
OCL  148112
UREF
PNO  3139358
ISD  19640600
NAM  Graziano
OCL  148 12
UREF
PNO  3178318
ISD  19650400
NAM  Shimzu et al.
OCL  148 12
UREF
PNO  3203839
ISD  19650800
NAM  Takahashi
OCL  148111
UREF
PNO  3347718
ISD  19671000
NAM  Carpenter et al.
OCL  148111
UREF
PNO  3522114
ISD  19700700
NAM  Knuppel et al.
OCL  148112
UREF
PNO  3671337
ISD  19720600
NAM  Kumai et al.
OCL  148111
UREF
PNO  3713812
ISD  19730100
NAM  Brickner
OCL  148 12
OREF
PAL  McGannon (Ed.); Making Shaping and Treating Steel, U.S. Steel Corp., 1964
      p. 1150.
PAL  Sachs, G. et al.; Practical Metallurgy; Cleveland (Asm), 1940 pp. 119-121 &
      320-321.
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  A method for manufacturing non-oriented electrical steel sheet and strip
      having no ridging characterized in that, non-oriented electrical steel
      sheet and strip is manufactured by casting molten silicon steel into a
      slab, hot-rolling, cold-rolling and annealing, said molten silicon steel,
      being controlled so as to give a composition, at the time of hot-rolling,
      comprising C &lt;0.06%, Si 1.5 - 4.0% and Al &lt; 1.0%, with the relation Si +
      Al &gt; 2.0% and also C .gtoreq. 1/100 [(Si + Al) - 0.75]% with the remainder
      being iron and unavoidable impurities.
PARN
PAC  CROSS REFERENCE TO PRIOR APPLICATIONS
PAR  This application is a continuation-in-part application of a pending prior
      application Ser. No. 503,868 filed Sept. 6, 1974, and now abandoned, which
      is a continuation application of a prior application Ser. No. 301,221
      filed Oct. 26, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for manufacturing non-oriented
      silicon steel sheet and strip having a smooth surface condition without
      the defect of ridging. Particularly, it relates to a method for
      manufacturing non-oriented silicon steel sheet and strip having no
      ridging, in which molten silicon steel, whose composition is controlled
      properly, is made into a slab by casting, and said slab is dealt with by a
      combination treatment comprising hot-rolling, cold-rolling and annealing.
PAR  In recent years, the technical development in the manufacture of
      non-oriented electrical steel sheet and strip has been very remarkable.
PAR  Particularly, various newly developed technics such as, controlling the
      composition of the molten steel, for instance, by vacuum degas treatment,
      and ingot making of molten steel have been introduced in the manufacture
      of electrical steel sheet and strip, and consequently excellent electrical
      steel sheet and strip can be manufactured.
PAR  However, as a result of introducing such new techniques, while a remarkable
      effect can be obtained on one hand, new defects are occuring on the other
      hand.
PAR  As an example, particularly, in manufacturing high quality non-oriented
      electrical steel sheet and strip, when a cold-rolled non-oriented steel
      strip is manufactured by a combination treatment, comprising a degassing
      treatment under reduced pressure, continuous casting and cold-rolling,
      lengthwise strips called ridging appear continuously in parallel with the
      rolling direction on the surface thereof.
PAR  The above-mentioned lengthwise stripes, namely, ridging or ribbing or
      roping, demonstrate continuous undulation in the form of so-called
      lengthwise stripes along the rolling direction on the surface of the
      cold-rolled steel sheet, wherein the crest and the trough of the foregoing
      undulation are extended to run nearly in parallel with the rolling
      direction. As one surface of the produced steel sheet is being formed, for
      instance, in a concave shape, the other surface thereof which corresponds
      to said one surface would be formed naturally in a convex shape, the
      configuration of the upper surface and the lower surface of the steel
      sheet should be closely matched with each other. Further, the undulation
      on the surface of the steel sheet is adapted to be increased as the
      increase of the frequency of the working processes for the steel sheet.
PAR  The present invention will be explained referring to the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical representation of ridging undulation in a steel
      sheet.
PAR  FIG. 2 is a graph of the relationship of the carbon, silicon, and aluminum
      contents to ridging.
PAR  FIG. 3 is a cross sectional view, in detail, of laminated steel sheets
      having ridging.
PAR  FIG. 4 is a view similar to that of FIG. 3, wherein the sheets have a
      configuration relative to one another.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an example of ridging in which the profile thereof clearly
      demonstrates close matching of the surfaces of steel sheet as described
      hereinbefore, and the extent of the undulated concave and convex, that is,
      the difference between the crest and the trough of the undulation is
      normally comes to the range of several microns to less than scores of
      microns. According to the experiences of the present inventors, it has
      come to 30.mu. at the maximum in case when the steel sheet has 0.35mm
      plate thickness thereof.
PAR  Electrical steel sheet and strip having such ridging inevitably has not
      only a low commodity value from the standpoint of appearance, but also, a
      defect in that the lamination factor is low, for instance, in forming a
      laminated iron core.
PAR  The object of the present invention is to offer high quality non-oriented
      electrical steel sheet and strip having no ridging and thus having no
      hindrance in its application. The invention will be set forth in the
      following.
PAR  The present invention is a method for manufacturing excellent non-oriented
      electrical steel sheet and strip in which the composition of molten
      silicon steel is controlled by a suitable treatment. It is made into a
      slab having a suitable size by casting, and said slab is subjected to a
      suitable combination treatment comprising hot-rolling, cold-rolling and
      annealing. Its main characteristic lies in the composition of a directly
      cast slab as a base material for hot-rolling.
PAR  The steel used in this invention is smelted in a suitable known steel
      making means, such as, a converter, an arc furnace or an open hearth.
PAR  The composition of molten steel need not be controlled in the stage of
      smelting if it is controlled in the next stage of degassing under reduced
      pressure. On the other hand, when the contents of C and O.sub.2 are
      controlled in the steel making process, no degassing under reduced
      pressure is necessary. The degassing may also be carried out at the time
      of casting. The composition of steel as a base material for hot-rolling is
      controlled as C &lt; 0.06% (in weight, hereinafter the amount of constituent
      will always be expressed by weight %), Si 1.5 - 4.0% and Al &lt; 1.0, with
      the relation Si + Al &gt; 2.0% and also C .gtoreq. 1/100[(Si+Al) - 0.75] %.
PAR  In the present invention, the composition of the base material for
      hot-rolling, i.e., steel slab, is specified in said range.
PAR  It is necessary, in the stage of hot-rolling, that the amount of C in the
      steel have a definite relationship with the amount of Si, or with the
      total amount of Si and Al if Al is contained therein. The object of
      preventing the occurrence of ridging in this invention can not be achieved
      if said relationship in the steel composition is not retained.
PAR  After a result of various investigations on the relationship in the amounts
      between C and Si + Al, the present inventors found the relation as shown
      in FIG. 2.
PAR  FIG. 2 shows the region of the appearance and non-appearance of ridging in
      the diagram between the amount of C and the amount of Si + Al in the base
      material for hotrolling. As obvious from the figure, there is a distinct
      boundary, straight line (.vertline.) in the figure, between the regions of
      the appearance and non-appearance of ridging. This line can be expressed
      as a formula,
      ##EQU1##
PAR  Thus, it is proved that, in order to obtain a final product having no
      occurrence of ridging, the relation between the C content and the total
      amount of Si and Al (when Al is contained) should be,
      ##EQU2##
      where Si + Al &gt; 2.0%.
PAR  In the case of a product being manufactured by means of cold-rolling and
      other processes subsequent to the hotrolling process from said hot-rolled
      silicon steel which has properly been controlled its composition as
      mentioned hereinbefore, the undulation of the plate surface would never be
      increased to the extent more than 7.mu., so that a steel sheet having a
      flat and smooth surface without ridging can be produced. The steel sheet
      having the undulated surface of not more than 7.mu. produced according to
      the present invention demonstrates the ratio of space occupancy (the
      lamination factor) to the extent of more than 98.5% which may cause a
      problem when the present inventive steel sheet is employed, for instance,
      as a motor core which is perforated into a specific shape and laminated.
      Thus the present inventive steel sheet is advantageous since it is capable
      of preventing deterioration in the magnetic property as well as of
      enhancing its commercial merit together with exhibiting a desirable
      appearance.
PAR  In the non-oriented electrical steel sheet and strip in this invention, the
      amount of Si should at least be more than 1.5% in order to exhibit the
      necessary magnetic characteristics. On the other hand, the amount should
      at most be less than 4.0%. More than 4.0% of Si makes the cold-rolling
      difficult, and is not beneficial to the productivity.
PAR  The smaller the amount of C is, the better the improvement in magnetic
      characteristics. In the case when the C content can readily be reduced to
      a definite value in the decarburizing treatment in the later stage, the
      base material for hot-rolling may contain some amount of C. However, it
      seems that 0.06% is generally the upper limit from the standpoint of this
      treatment. When the C content is more than 0.06% it can hardly be reduced
      to a definite value in the decarburizing annealing.
PAR  While Al is not a necessary component in the steel composition of this
      invention, it may be added in some instances for improving the magnetic
      characteristics and controlling the crystal grain size in the final
      product. The amount should be less than 1.0%. More than 1.0% of Al injures
      the hot-rolling characteristic and makes the treatment, such as,
      decarburizing annealing difficult. In adding Al for this object, the
      addition of at least more than 0.2% is recommended. However, Al may not
      necessarily be added in this invention.
PAR  In this invention, Mn may be added in the range less than 1% for the
      purpose of improving the rolling characteristics. Less than 0.2% of P may
      also be added for controlling the hardness of the final product in order
      to improve the punchability and cutting property.
PAR  Molten steel having said composition is made directly into a slab with a
      definite size by casting. The slab thus cast is hot-rolled by a
      conventional method to obtain a hot-rolled steel sheet or strip with a
      medium guage. This hot-rolled steel sheet or strip is acid pickled and
      coldrolled to a final guage.
PAR  The combination treatment, in which the hot-rolled steel sheet is annealed
      preliminarily, acid pickled and coldrolled, belongs naturally to the scope
      of this invention. The cold-rolling may be done in one stage, or in two or
      more stages inserting an intermediate annealing.
PAR  Steel sheet and strip, cold-rolled to a final guage in this way, is
      subjected to a final annealing to obtain the desired magnetic
      characteristics. If necessary, decarburization annealing is used in order
      to reduce the carbon content after the hot or cold rolling.
PAR  As above explained, the main characteristic of this invention lies in the
      composition of the base material for hot-rolling obtained by the direct
      casting of the molten steel. Examples of the invention follow.
PAC  EXAMPLE
PAR  Molten steel smelted in a converter was treated by vacuum degassing and
      cast directly into a slab.
PAR  The analyses of the slab were as in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

              Analyses %          Si+Al                                        

     Example                                                                   

            Mark   C       Si   Al    Mn   P      %                            

     ______________________________________                                    

     Compari-                                                                  

            A-1    0.015   2.86 0.301 0.22 0.015  3.161                        

     son                                                                       

     Inven- A-2    0.025   2.71 0.212 0.20 0.013  2.922                        

     tive                                                                      

     Compari-                                                                  

            B-1    0.011   2.20 0.178 0.22 0.150  2.378                        

     son                                                                       

     Inven- B-2    0.019   2.08 0.368 0.24 0.014  2.448                        

     tive                                                                      

     Inven- C-1    0.012   1.71 0.166 0.65 0.20   1.876                        

     tive                                                                      

     Inven- C-2    0.007   0.85 tr    0.20 0.013  0.85                         

     tive                                                                      

     Compari-                                                                  

            D-1    0.007   3.45 tr    0.08 0.022  3.450                        

     son                                                                       

     Inven- D-2    0.025   3.15 tr    0.10 0.006  3.150                        

     tive                                                                      

     ______________________________________                                    

TBL                                    Table 2                                 

     __________________________________________________________________________

            Magnetic characteristics State of ridging                          

            occurrence                  Lamina-                                

        Thick-                                                                 

            W.sub.10/50                                                        

                 W.sub.15/50                                                   

                      B.sub.20                                                 

                          B.sub.40                                             

                              yes Degree of                                    

                                        tion                                   

     Mark                                                                      

        ness                  or no                                            

                                  undulation                                   

                                        factor                                 

     __________________________________________________________________________

        mm  Watt/kg                                                            

                 Watt/kg                                                       

                      wb/m.sup.2                                               

                          wb/m.sup.2                                           

                                  .mu.  %                                      

     A-1                                                                       

        0.35                                                                   

            1.24 3.05 1.55                                                     

                          1.63                                                 

                              yes 18    96.7                                   

        0.50                                                                   

            1.41 3.23 1.56                                                     

                          1.65                                                 

                              yes 13    97.4                                   

     A-2                                                                       

        0.35                                                                   

            1.19 2.84 1.54                                                     

                          1.63                                                 

                              no   3    99.1                                   

        0.50                                                                   

            1.40 3.25 1.56                                                     

                          1.64                                                 

                              no   2    99.3                                   

     B-1                                                                       

        0.35                                                                   

            1.39 3.08 1.55                                                     

                          1.64                                                 

                              yes 22    98.7                                   

        0.50                                                                   

            1.59 3.56 1.57                                                     

                          1.65                                                 

                              yes 15    99.0                                   

     B-2                                                                       

        0.35                                                                   

            1.42 3.30 1.57                                                     

                          1.65                                                 

                              no   3    99.1                                   

        0.50                                                                   

            1.69 3.83 1.59                                                     

                          1.68                                                 

                              no   2    99.3                                   

     C-1                                                                       

        0.50                                                                   

            1.84 4.03 1.60                                                     

                          1.69                                                 

                              no   4    99.0                                   

     C-2                                                                       

        0.50                                                                   

            2.93 5.84 1.65                                                     

                          1.73                                                 

                              no   5    99.0                                   

     D-1                                                                       

        0.35                                                                   

            1.27 2.89 1.51                                                     

                          1.60                                                 

                              yes 25    96.5                                   

        0.50                                                                   

            1.48 3.36 1.54                                                     

                          1.61                                                 

                              yes 25    97.0                                   

     D-2                                                                       

        0.35                                                                   

            1.25 2.91 1.49                                                     

                          1.59                                                 

                              no    4   99.1                                   

        0.50                                                                   

            1.43 3.22 1.52                                                     

                          1.63                                                 

                              no   2    99.4                                   

     __________________________________________________________________________

PAR  A slab having said composition as shown in Table 1 was hot-rolled and wound
      up as a hot-coil with a thickness of 2.3mm, subjected to a preliminary
      annealing for 15 hours at 730.degree.C, acid pickled to remove the scale
      on the surface, cold-rolled to obtain cold-rolled strips with a thickness
      of, respectively, 0.35mm, and 0.50mm, subjected to the final annealing for
      30 seconds at 1000.degree.C.
PAR  The magnetic characteristics and the state of ridging occurrence of the
      products obtained are shown in Table 2.
PAR  As is obvious from Table 2, all of the silicon steel strips manufactured
      according to the present invention shown a smooth surface having no
      ridging, whereas those manufactured according to any method other than the
      present invention show an undulate surface having ridging.
PAR  In the above mentioned Table 2, the basis of the excellent lamination
      factors in the lines of specimens of B-1, respectively, irrespective of
      the relatively large numerical values of ridging, lies in that the steel
      sheets of B-1 specimens happened to be laminated closely one upon the
      other as shown in FIG. 3a in such a manner that each of the crests of the
      upper sheet is adapted to engage within a corresponding trough of the
      lower sheet and each of the troughs of the upper sheet is meshed with
      corresponding crest of the lower sheet. Thus the laminated steel sheets
      are formed in a state of close mutual contacting on their entire
      interfacial plane.
PAR  On the other hand, although steel sheets having ridging respectively
      similar to those as mentioned hereinbefore are laminated one upon the
      other as shown in FIG. 3b in such a manner that each of the crests of the
      upper sheet is adapted to butt against the corresponding crest of the
      lower sheet while each of the troughs of the upper sheet and the
      corresponding trough of the lower sheet are adapted to face to each other
      produce a space between the upper and the lower troughs, the lamination
      factor will be lowered. Accordingly, the lamination factor of steel sheets
      may be small even though they have ridgings with large undulations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for manufacturing non-oriented electrical steel sheet and
      strip wherein molten silicon steel is cast into a slab which is hot
      rolled, cold rolled, and annealed, the improvement which comprises
      controlling the composition of the steel so that the composition at the
      time of hot rolling comprises
PA1  C .ltoreq. 0.06%
PA1  si = 1.5 to 4.0% Al &lt; 1.0%,
PA1  Si + Al .gtoreq. 2.0%, and
PA1  C &gt; 1/100 (si + Al) - 0.75%,
PAL  with the remainder being iron and unavoidable impurities, such that the
      sheet possesses ridging having undulations of not more than about 7
      microns.
NUM  2.
PAR  2. In a method for manufacturing non-oriented electrical steel sheet and
      strip wherein molten silicon steel is cast into a slab which is hot
      rolled, cold rolled, and annealed, the improvement which comprises
      controlling the composition of the steel such that the composition of the
      steel at the time of hot rolling comprises
PA1  C .ltoreq. 0.06%
PA1  si = 1.5 to 4.0%,
PA1  Al &lt; 1.0%,
PA1  Si + Al .gtoreq. 2.0%, and
PA1  C &gt; 1/100 (si + Al) - 0.75%,
PAL  and wherein the steel further comprises a member selected from the group
      consisting of Mn - 1.0%, P - 0.20%, and combinations thereof, with the
      remainder being iron and unavoidable impurities, such that the steel
      possesses ridging having undulations of not more than about 7 microns.
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PAL   A method of manufacturing a green light-emitting gallium phosphide device
      which comprises the steps of preparing a liquid-phase epitaxial solution
      of one conductivity type containing a high concentration of nitrogen at a
      higher temperature than 1000.degree.C; bringing said epitaxial growth
      solution now cooled to 600.degree.C to 1000.degree.C into contact with a
      gallium phosphide substrate of the same conductivity type as said
      solution; cooling said epitaxial growth solution to form a liquid-phase
      epitaxial layer on said substrate; and forming a region in close proximity
      to said liquid-phase epitaxial layer with the opposite conductivity type
      thereto.
BSUM
PAR  This invention relates to a method of manufacturing a green light-emitting
      gallium phosphide device.
PAR  The common practice of forming a p-n junction for the object of attaining a
      very efficient light emission using gallium phosphide (hereinafter
      abbreviated as "GaP") is to carry out the process of double liquid--phase
      epitaxy, which consists in forming a liquid phase epitaxial layer on a
      single crystal substrate prepared by the liquid-encapsulated Czochralski
      process with the same conductivity type as said substrate, and further
      superposing another liquid-phase epitaxial layer on the first mentioned
      layer with the opposite conductivity type so as to form a p-n junction.
PAR  This double liquid-phase epitaxy can reduce the lattice defects of a region
      in the proximity of the p-n junction even if a substrate crystal happens
      to have a relatively large number of lattice defects and also control the
      concentration of impurities defining the conductivity type of said
      liquid-phase epitaxial layers and that of nitrogen atoms constituting the
      luminescent center.
PAR  Where a p-n junction is formed by growing double epitaxial layers on an
      n-type single crystal substrate prepared by the liquid-encapsulated
      Czochralski process, then a donor impurity contained in a first n-type
      layer generally has such a pattern of distribution as illustrated in FIG.
      1. This distribution is generally defined, for example, by the segregation
      coefficient of the donor impurity in liquid phase and solid phase, the
      diffusion coefficient thereof in the epitaxial growth solution and the
      growing velocity of a single crystal. As apparent from FIG. 1, the pattern
      of said distribution has a sharply rising portion in the direction of
      epitaxial growth, said rise becoming prominent particularly near the
      surface of the first n-type epitaxial layer. Where, therefore, the surface
      of this first n-type epitaxial layer is used in an intact state in
      providing a p-n junction by the growth of a second epitaxial layer, then
      the donor impurity present in the n-type region of said p-n junction will
      indicate a widely varying concentration, resulting in the considerably
      changing properties of a product. To eliminate such drawbacks, therefore,
      the common practice is to grind the surface of the first n-type epitaxial
      layer to expose the interior portion thereof wherein the donor impurity
      has a gentle gradient of concentration, and form a second epitaxial layer
      on said ground surface.
PAR  On the other hand, nothing is known of the distribution in an epitaxial
      layer of nitrogen atoms acting as the green-emitting center of the GaP by
      substituting some of the phosphorous atoms of said GaP. To date, the
      nitrogen atoms have been supposed to have a substantially uniform
      distribution. However, the present inventors have disclosed for the first
      time the distribution of the nitrogen atoms in an epitaxial layer from the
      measured distribution of the intensity of photoluminescence (hereinafter
      appreviated as "PL"). There will now be briefly described the present
      inventors' experiments leading to this discovery. A laminate consisting of
      an n-type substrate and an n-type epitaxial layer grown thereon was
      grounded on one side to have a prescribed angle. Th ground surface was
      excited by a laser of argon ion having a wave length of 4,880A. A green
      light emitted by the impurity of nitrogen atoms was received by a
      photoelectron amplifier to determine the distribution of the PL intensity
      in an epitaxial layer. Actually, however, this distribution of the PL
      intensity does not represent the distribution of only nitrogen atoms
      included in the epitaxial layer, but is subject to the effect of
      non-radiative recombination center. A combination of these elements
      constitutes an important factor in determining the light-emitting property
      of the p-n junction of the GaP. FIG. 2 shows the measured distribution of
      the PL intensity of three lots of the above-mentioned laminate which
      consisted of an n-type single crystal GaP substrate and an n-type
      epitaxial layer grown on said substrate by cooling it from 1000.degree.C
      at the rate of 5.4.degree.C per minute and was ground to provide an angle
      of 1.degree.27' on one side. As seen from FIG. 2, the PL intensity has a
      distribution closely resembling that of the donor impurity shown in FIG.
      1. The PL intensity increases in the direction of epitaxial growth, though
      a carrier should naturally be expected to have a longer life in the
      interior of an epitaxial layer grown on the substrate than on the surface
      of said layer in view of the fact that the concentration of the donor
      impurity is increasingly distributed in the direction of epitaxial growth.
      It can be inferred from the above-mentioned fact that the nitrogen atoms
      themselves are also more concentrated in the direction of epitaxial
      growth.
PAR  Accordingly, the grinding of the surface of the first n-type epitaxial
      layer, as practised in the prior art, to expose the interior thereof means
      that only that region of GaP is used where nitrogen atoms acting as
      luminescent center are sparsely concentrated, thus failing to meet the
      demand for a high efficiency of luminescence.
PAR  It is accordingly the object of this invention to provide a green
      light-emitting GaP device having a high degree of external quantum
      efficiency with very little variation.
PAR  The method of manufacturing a gree light-emitting GaP device according to
      this invention characteristically comprises the steps of preparing a
      liquid-phase epitaxial solution of one conductivity type containing a high
      concentration of nitrogen atoms at a higher temperature than
      1000.degree.C; bringing said solution now cooled to 600.degree.C to
      1000.degree.C into contact with a single crystal GaP substrate having the
      same type of conductivity as said solution; cooling said solution at a
      prescribed rate for the growth of a liquid-phase epitaxial layer
      containing nitrogen on said substrate; and forming a region in close
      proximity to said epitaxial layer with the opposite conductivity type
      thereto.
PAR  The above-mentioned high content of nitrogen in the epitaxial growth
      solution means a saturated or a slightly smaller amount of nitrogen. The
      nitrogen contained in said solution is supplied from nitrogen compounds
      such as ammonia, GaN, PN, P.sub.2 N.sub.3 and P.sub.3 N.sub.5. It is
      preferred that nitrogen be added to the epitaxial growth solution
      maintained at a temperature of 1030.degree. to 1100.degree.C. It is also
      desired that said solution be brought into contact with the substrate
      after being cooled to a level ranging between 900.degree. and
      1000.degree.C. A region in close proximity to the first epitaxial layer
      already formed on the substrate may be formed by the process of liquid
      phase-epitaxy or diffusion with the opposite conductivity type to said
      first epitaxial layer.
PAR  The present inventors' experiments show that the above-mentioned region
      formed by the liquid-phase epitaxial process enabled the resultant GaP
      device to display a higher degree of luminescence than that by the
      diffusion process. The reason is assumed to be that the region prepared by
      the liquid phase-epitaxial process has fewed lattice defects than that by
      the diffusion process. Even in the case of the diffusion process, however,
      the GaP device may be made to indicate a high degree of luminescence by
      properly selecting the conditions of diffusion.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 shows the doping profile of an n-type liquid-phase epitaxial layer
      grown on a substrate; and
PAR  FIG. 2 is a curve diagram showing the distribution of photoluminescence of
      several lots of said n-type liquid-phase epitaxial layer in the direction
      of epitaxial growth.
DETD
PAR  There will now be described the embodiment of this invention where an
      n-type epitaxial GaP layer is formed on an n-type GaP substrate, and later
      a p-type region is formed adjacent to said first n-type GaP layer.
      Nitrogen atoms incorporated in the first n-type liquid-phase epitaxial
      layer so as to act as luminescent center are generally increasingly
      concentrated, as apparent from the distribution of PL intensity thereof,
      toward the region where said n-type liquid phase epitaxial layer is
      precipitated at a relatively low temperature or the surface of said
      epitaxial layer. Therefore, it is advised to maintain the donor
      concentration (Nd) in the n-type epitaxial layer near the p-n junction at
      a lower level than the acceptor concentration (Na) in the p-type epitaxial
      layer and incorporate nitrogen atoms acting as luminescent centers in the
      n-type epitaxial layer instead of in the p-type one. This process causes
      the p-n junction to be formed in the n-type epitaxial layer, and also
      nitrogen atoms to be highly concentrated in a region of diffused current
      spaced less than several microns from both sides of the p-n junction (a
      luminescent region), reducing an amount of such donor impurities as are
      likely to act as non-radiative recombination center. Further, the
      concentration distribution of nitrogen atoms acting as green-emitting
      center in the n-type epitaxial layer has a gradient sharply rising in the
      direction of epitaxial growth, thus preventing light emitted by said
      center from being absorbed in the outside of luminescent region, and
      consequently elevating the external quantum efficiency of an indirect band
      gap semiconductor such as GaP.
PAR  Where nitrogen atoms acting as luminescent centers are concentrated with a
      sharply rising distribution pattern as shown in FIG. 2, a p-n junction
      should, of course, be formed in the surface of n-type epitaxial layer due
      to the presence of said nitrogen atoms. In this case, however, the uneven
      thickness of said n-type epitaxial layer gives rise to a prominent
      variation in the concentration of nitrogen atoms acting as luminescent
      centers, causing a plurality of luminescent elements cut out from a single
      wafer also to present a widely different light-emitting property. Where,
      therefore, the distribution pattern of nitrogen atoms has a sharp gradient
      as described above, the n-type epitaxial layer containing said nitrogen
      atoms should have a uniform thickness.
PAR  From the above-mentioned point of view, determination was made of the
      distribution of PL intensity by varying the temperature at which the first
      n-type epitaxial layer began to be grown. Throughout the experiments,
      gallium was used in an amount of 20g, to which GaP was added in an amount
      saturable at the respective temperatures of epitaxial solution.
PAR  Incorporation of nitrogen atoms was carried out by passing hydrogen gas
      containing 0.1% of ammonia gas at the rate of 4 ml/min.sup.. cm.sup.2. The
      epitaxial growth solution was cooled at the rate of 5.degree.C/min. The
      results of these experiments are set forth in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Initial tem-                                                              

              Thickness                                                        

                       Distribution of                                         

     perature of                                                               

              of epi-  PL intensity                                            

     epitaxial                                                                 

              taxial         PL max     PL max PL max                          

                       log          log                                        

     growth   layer          PL center  PL center                              

                                               (optional                       

     T max (.degree.C)                                                         

              .DELTA.d (.mu.)       .DELTA.d                                   

                                        scale)                                 

     ______________________________________                                    

     900      15       0.8        5.3 .times. 10.sup..sup.-2                   

                                           50                                  

     1000     25       0.5        2.0 .times. 10.sup..sup.-2                   

                                           60                                  

     1050     50       0.1        2.0 .times. 10.sup..sup.-3                   

                                           80                                  

     1100     80       0.08       1.0 .times. 10.sup..sup.-3                   

                                           80                                  

     ______________________________________                                    

PAR  Referring to Table 1 above, the term "PL center" denotes a PL intensity of
      the central line of an epitaxial layer as viewed from the doping profile
      and the term "PL max" represents a PL intensity on the surface of said
      epitaxial layer. A gradient of the distribution of PL intensity may be
      expressed by the following compound fraction as a guide:
      ##EQU1##
PAR  Table 1 above shows that the distribution pattern of PL intensity presents
      a sharper gradient as epitaxial growth is commenced at a lower
      temperature. It is desired, therefore, to initiate epitaxial growth at a
      lower temperature than 1000.degree.C. Table 1 also indicates that the PL
      max decreases as epitaxial growth starts at a lower temperature. This
      event is assumed to originate with the fact that the fall of the T max
      leads to a smaller amount of gallium nitride produced from gallium and
      ammonia. It is, therefore, expected that where it is desired to render the
      distribution pattern of PL intensity sharper and also to elevate the PL
      max, it is advised to maintain the temperature of an epitaxial growth
      solution once at a higher level than 1000.degree.C, add nitrogen to said
      solution under this condition and later carry out liquid-phase epitaxial
      growth by reducing the temperature of said solution to a lower level than
      1000.degree.C. The results of experiments conducted in this respect are
      presented in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

     Temperature                                                               

                Initial   Gradient of distri-                                  

     for addi-  temper-   bution of PL intensity                               

     tion of    ature of                 PL max                                

     nitrogen   epitaxial         PL max     (optional                         

                            log                                                

     (.degree.C)                                                               

                growth      PL           scale)                                

                T max (.degree.C)                                              

                            .DELTA.d                                           

     ______________________________________                                    

     A   900        900       0.053        50                                  

     B   1100       900       0.052        70                                  

     ______________________________________                                    

PAR  Referring to Table 2 above, the character A represents the case where the
      temperature of an epitaxial growth solution was fixed at 900.degree.C from
      the start. The character B denotes the case where said solution was once
      maintained at 1100.degree.C, nitrogen was added under this condition to
      said solution from ammonia contained in a carrier gas and later
      liquid-phase epitaxial growth was effected by reducing the temperature of
      said solution to 900.degree.C. Except for the temperature, the experiments
      of Table 2 were carried out under the same conditions as those of Table 1
      with respect to both cases A and B.
PAR  Table 2 shows that in the case of B, there was obtained an n-type epitaxial
      layer wherein, as anticipated in the foregoing description, the
      distribution pattern of PL intensity presented a sharp gradient and the PL
      max was elevated.
PAR  Formation of a first n-type epitaxial layer for preparation of a GaP device
      of high luminescence should advisably be effected under the following
      conditions conducted from the above-mentioned experimental results:
PAR  1. A liquid epitaxial growth solution is maintained at a higher temperature
      than 1000.degree.C. Nitrogen at high concentration is added under this
      condition to said solution from ammonia contained in a carrier gas.
PAR  2. Later, the epitaxial growth solution is maintained at a prescribed
      temperature lower than 1000.degree.C. Epitaxial growth is carried out at
      said temperature.
PAR  Where the above-mentioned conditions are fully met, it is possible to
      provide an n-type epitaxial layer wherein nitrogen atoms acting as
      green-emitting center are highly concentrated on the surface and the
      distribution pattern of the nitrogen atoms has a gradient sharply rising
      in the direction of epitaxial growth, namely, an n-type epitaxial layer
      wherein the nitrogen atoms are more concentrated on the luminescent region
      than in the interior of said layer where the nitrogen atoms themselves
      scattered therein conversely tend to absorb the light emitted by the
      nitrogen atoms concentrated on the surface of the n-type epitaxial layer.
      Further, the n-type epitaxial layer grown at a lower temperature than
      1000.degree.C can have the variation of its thickness extremely reduced.
      For example, where the epitaxial growth of the n-type epitaxial layer is
      commenced at 1100.degree.C, then said layer will have a thickness of about
      .DELTA.d = 80.mu. .+-.15 .mu.. In contrast, where the epitaxial growth
      starts at 900.degree.C, then said layer will have a thickness of about
      .DELTA.d = 15.mu. .+-. 2.mu.. If, therefore, the previously mentioned
      conditions of epitaxial growth are fully met, then variations in the PL
      intensity on the surface of respective GaP pieces cut out from a wafer
      consisting of the n-type epitaxial layer and n-type substrate will be
      considerably reduced to about .+-.5%. Where, therefore, a p-type epitaxial
      layer is grown on said wafer to produce a diode wafer, then it will be
      substantially unnecessary to treat the surface of the first n-type
      epitaxial layer on which said p-type epitaxial layer is superposed.
PAR  Determination was made of the photoluminescent property of a large number
      of GaP diodes, the results being set forth in Table 3 below.
TBL                Table 3                                                     

     ______________________________________                                    

                  External quantum efficiency (%)                              

     Lot    Diode No.   Group a      Group b                                   

     ______________________________________                                    

            1           0.092        0.045                                     

            2           0.094        0.051                                     

            3           0.092        0.053                                     

            4           0.093        0.049                                     

            5           0.093        0.052                                     

     I      6           0.091        0.052                                     

            7           0.093        0.048                                     

            8           0.092        0.050                                     

            9           0.092        0.051                                     

            10          0.093        0.052                                     

            1           0.035        0.024                                     

            2           0.044        0.022                                     

            3           0.041        0.023                                     

            4           0.039        0.025                                     

     II     5           0.048        0.020                                     

            6           0.033        0.023                                     

            7           0.029        0.018                                     

            8           0.037        0.022                                     

            9           0.048        0.021                                     

            10          0.046        0.023                                     

            1           0.089        0.023                                     

            2           0.048        0.035                                     

            3           0.072        0.011                                     

            4           0.066        0.029                                     

     III    5           0.074        0.041                                     

            6           0.090        0.045                                     

            7           0.050        0.028                                     

            8           0.085        0.036                                     

            9           0.044        0.061                                     

            10          0.027        0.009                                     

     ______________________________________                                    

PAR  Referring to Table 3, all the GaP diodes were prepared by forming an n-type
      liquid-phase epitaxial layer on an n-type substrate and further forming a
      p-type region adjacent to said first n-type layer by the process of
      liquid-phase epitaxy or diffusion. Lot I of Table 3 represents GaP diodes
      containing an n-type epitaxial layer prepared under the conditions of
      epitaxial growth shown in Table 2 associated with the case B. Lot II
      denotes GaP diodes containing an n-type epitaxial layer formed under the
      conditions of epitaxial growth set forth in Table 2 associated with the
      case A. Lot III shows the GaP diodes containing an n-type epitaxial layer
      obtained by the conventional process of adding nitrogen to an epitaxial
      growth solution at a temperature of 1050.degree.C and cooling said
      solution from said temperature. Group a represents GaP diodes containing a
      p-type region formed by the process of liquid-phase epitaxy and Group b
      denotes GaP diodes containing a p-type region obtained by the process of
      diffusion.
PAR  As apparent from Table 3 above, the GaP diodes of Lot I present extremely
      minute variations in external quantum efficiency for both groups a and b.
      In Lot I, nitrogen atoms acting as luminescent centers are highly
      concentrated only in a ligh-emitting region, and the light emitted by the
      nitrogen atoms concentrated on the surface of the n-type epitaxial layer
      is little likely to be absorbed, as previously described, by nitrogen
      atoms themselves sparsely scattered in any other region than the
      luminescent surface of the n-type epitaxial layer, thereby attaining a
      high external quantum efficiency. In contrast, the GaP diodes of Lot II
      display a low external quantum efficiency for both groups a and b, though
      they present relatively small variations in external quantum efficiency.
      In Lot III, the GaP diodes indicate widely different variations in
      external quantum efficiency for both groups a and b and in consequence a
      low average value of said efficiency.
PAR  This invention is also applicable to the modified process where a p-type
      liquid-phase epitaxial layer of GaP is first grown on a p-type substrate
      of GaP and later an n-type epitaxial layer of GaP is formed adjacent to
      said p-type epitaxial layer. This modified process has been experimentally
      proved to be similarly effective. According to said modified process, a
      nitrogen-containing p-type liquid-phase epitaxial layer is first grown on
      a p-type substrate and then an n-type liquid-phase epitaxial layer is
      superposed on said p-type epitaxial layer, producing a diode. Even this
      modification reduces variations in the external quantum efficiency of
      respective GaP diodes to a level of .+-.5%, thus attaining a high degree
      of luminescence. Further, this invention is applicable not only to the
      above-mentioned light-emitting GaP diode having a single p-n junction, but
      also to a device having p-n-p-n structure with negative resistance.
PAR  The foregoing description refers to the case where nitrogen was added to an
      epitaxial growth solution from ammonia gas. However, addition of nitrogen
      from gallium nitride (GaN) was also confirmed to have the same effect. In
      the case of gallium nitride, epitaxial growth was effected by adding 2 mg
      of gallium nitride to 20g of gallium.
PAR  Other nitrogen compounds than ammonia and GaN such as PN, P.sub.2 N.sub.3
      and P.sub.3 N.sub.5 can offer substantially the same degree of
      luninescence because the components constituting said other compounds are
      well incorporated in an epitaxial GaP layer without detriment to
      luminescent property.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of manufacturing a green light-emitting gallium phosphide
      device which comprises the steps of adding nitrogen from a nitrogen
      compound to a liquid-phase epitaxial solution maintained at a higher
      temperature than 1030.degree.C; precooling said solution to a temperature
      of 600.degree. to 1000.degree.C; bringing said precooled solution into
      contact with a substrate of gallium phosphide having the same conductivity
      type as said solution; cooling said solution for the formation of a
      nitrogen-containing liquid-phase epitaxial layer on said substrate; and
      forming a region in close proximity to said epitaxial layer with the
      opposite conductivity type thereto.
NUM  2.
PAR  2. A method according to claim 1 wherein the nitrogen compound is one
      selected from the group consisting of ammonia, GaN, PN, P.sub.2 N.sub.3
      and P.sub.3 N.sub.5.
NUM  3.
PAR  3. A method according to claim 1 wherein nitrogen is added to the epitaxial
      solution maintained at a temperature of 1030.degree. to 1100.degree.C.
NUM  4.
PAR  4. A method according to claim 1 wherein said epitaxial solution is brought
      into contact with the substrate at a temperature of 900.degree. to
      1000.degree.C.
NUM  5.
PAR  5. A method according to claim 1 wherein a layer having the opposite
      conductivity type to the epitaxial layer already formed on the substrate
      is superposed on the latter layer by the process of liquid-phase epitaxy.
NUM  6.
PAR  6. A method according to claim 1 wherein a layer having the opposite
      conductivity type to the epitaxial layer already grown on the substrate is
      formed in the latter layer by the process of diffusion.
NUM  7.
PAR  7. A method of manufacturing a green light-emitting gallium phosphide
      device which comprises the steps of adding nitrogen from a nitrogen
      compound to an n-type liquid-phase epitaxial solution maintained at a
      temperature of 1030.degree. to 1100.degree.C; precooling said solution to
      a temperature of 900.degree. to 1000.degree.C; bringing said precooled
      solution into contact with an n-type substrate of gallium phosphide;
      cooling said solution for the formation of a nitrogen-containing n-type
      liquid phase epitaxial layer on the substrate; and superposing a p-type
      liquid-phase epitaxial layer on said n-type epitaxial layer.
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PAL  A process for producing light emitting diodes is disclosed. In the process
      a major planar surface of a single crystal silicon wafer is modified to
      acceptably match the crystallographic lattice constant of a preselected
      electroluminescent single crystal semiconductor, such as gallium
      phosphide. The preselected electroluminescent semiconductor material is
      then epitaxially deposited in single crystal form on the modified surface
      of the silicon wafer, a step which is not feasible without the
      modification of the silicon wafer surface. Preferably, the modification is
      achieved by epitaxially depositing a thin layer of semiconductor material
      whose lattice structure offers, a substantially smaller disparity with the
      structure of the electroluminescent material than the existing disparity
      between the silicon wafer and the electroluminescent material.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my prior copending application Ser. No.
      190,778, filed Oct. 20, 1971, now U.S. Pat. No. 3,766,447, issued Oct. 16,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field
PAR  The invention disclosed and claimed herein is in the field of semiconductor
      devices and processes for their manufacture. Specifically the invention is
      directed toward the preparation of light emitting diodes (LEDs) and toward
      the structure of such diodes.
PAR  2. Prior Art
PAR  The capability of certain semiconductor materials such as gallium phosphide
      (GaP), gallium arsenide (GaAs), and gallium arsenide phosphide (GaAsP),
      when in p-n junction configuration, to emit visible light in certain
      regions of the spectrum at extremely low power dissipation levels would
      seemingly make these materials prime candidates for use in the production
      of solid state displays. However, pure electroluminescent materials of
      this type are expensive, being difficult and costly to produce in large
      single crystals which heretofore have been required for display devices,
      and therefore solid state displays consisting of these materials have
      found only limited use, existing principally as laboratory curiosities.
      Typically GaP and GaAs single crystals are grown in relatively small
      diameter form by the Bridgeman or Czochralski method, the crystals are
      thereafter sawed into wafers, and the same material of which the crystal
      is composed is ultimately epitaxially deposited in appropriately doped
      form and desired pattern on the wafer to provide a monolithic array of
      light emitting diodes.
PAR  Manifestly, it would be desirable to provide monolithic displays capable fo
      functioning in an identical manner to those described above, but without
      need for the costly basic material heretofore employed. It is the
      principal objective of the present invention to provide low cost
      monolithic semiconductor light emitting displays and processes for making
      such displays.
PAC  SUMMARY OF THE INVENTION
PAR  The crux of the invention is the epitaxial deposition of known
      electroluminescent semiconductor materials, such as GaP, GaAs, and GaAsP
      on substrates of different, less expensive crystalline materials.
      Preferably, substrates of single crystal silicon are used because the
      latter is comparatively less expensive than single crystal GaP, GaAs, or
      GaAsP, by a sufficiently large margin to justify widespread commercial use
      of LEDs, and because single crystal silicon is compatible with fabrication
      techniques for most present-day semiconductor devices, being the basic
      material for those devices. Despite the desirability of silicon there is
      nothing critical about its use as the substrate material, and it is
      contemplated that other materials of equal or lesser cost such as
      germanium, sapphire or spinel may be preferred for a specific application.
      Regardless of the material used for the substrate, however, if it differs
      from the material to be epitaxially deposited thereon there will usually
      be a considerable difference in the lattice constant of the two materials.
      By "considerable" is meant a lattice mismatch sufficiently great to
      preclude true epitaxial growth, in the sense of extension of the crystal
      lattice structure, of one material upon the other. Clearly, the resulting
      layer of electroluminescent material would be polycrystalline rather than
      monocrystalline in form, and hence would be unsuitable as an efficient
      light emitting diode structure.
PAR  According to an important aspect of the invention, then, the lattice
      constants of the substrate and the electroluminescent layers are
      artificially "matched," where necessary, by use of an intermediate layer
      or region between the two which is compatible with both. In the particular
      case of Si and GaP, for example, the lattice constant of Si is
      approximately 5.42 and that of GaP is approximately 5.45. The lattice
      mismatch is (5.45 - 5.42)/5.42 .times. 100 = 0.56%, which is unacceptable
      for producing a heteroepitaxial structure. The angle of mismatch between
      the substrate and the epitaxial film, in this case is:
EQU  .theta.= cos.sup.-.sup.1 (5.42/5.45) = cos.sup.-.sup.1 0.995 =
      5.degree.40'.
PAL  Such a mismatch angle is too large for normal epitaxy. In a preferred
      embodiment of the invention the mismatch between Si and GaP is compensated
      by the use between the two of a graded alloy layer consisting of Si with a
      germanium (Ge) concentration ranging from zero at the junction with the Si
      substrate to about eight percent at the junction with the GaP layer. Here
      again, alternatives are available. Clearly, factors such as a reasonably
      close match between the thermal coefficients of linear expansion of the
      various layers, must be considered for any given case.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-section of a monolithic heteroepitaxial LED array; and
PAR  FIG. 2 is a cross-section of a heteroepitaxial LED in integrated circuit
      with a bipolar transistor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to a preferred method of practicing the invention, a large
      diameter single crystal silicon wafer is used as the substrate. One or
      both major faces of the wafer are polished using standard techniques.
PAR  After polishing, the wafer is masked, as by oxidation, to form a silicon
      oxide film on an exposed major surface. The desired light emitting diode
      pattern may then be provided in the mask using conventional protoresist
      and etch techniques. For example, an alphanumeric display consisting of a
      5 .times. 7 dot matrix is conveniently formed by opening five columns and
      seven rows of apertures in the oxide mask layer. Of course, other LED
      pattern geometries and other dielectric or insulative layers (such as
      silicon oxynitride or silicon nitride) may be employed in the masking
      process.
PAR  A silicon-germanium (Si-Ge) alloy layer is now formed in each aperture on
      the major face of the Si wafer. This is one of the critical steps of the
      process in that the alloy or other intermediate material must be capable
      of forming a suitable junction between the substrate and the
      electroluminescent material, and must have a crystal lattice constant at
      its surface matching the lattice constant of the electroluminescent
      material. While Si-Ge alloy is preferred at this time, other materials may
      provide similar or perhaps even better results, and therefore the
      invention should not be considered as limited to any particular
      intermediate junction layer. The Si-Ge alloy is epitaxially deposited in a
      manner such that the initial coating on the silicon wafer face is
      substantially pure single crystal silicon and the germanium concentration
      is thereafter gradually increased from zero percent to about eight percent
      over a layer thickness of a few microns. This may be accomplished by vapor
      phase deposition, with hydrogen reduction of silicon tetrachloride (i.e.,
      SiCl.sub.4  in H.sub.2) at about 1200.degree.C, adding germanium
      tetrachloride (GeCl.sub.4) in gradually increasing amounts to produce the
      uniformly increasing concentration of Ge throughout the thickness of the
      Si-Ge alloy layer.
PAR  Rather than using hydrogen reduction of silicon tetrachloride, the
      epitaxial growth may be accomplished by thermal decomposition of silane
      (SiH.sub.4) at a somewhat lower temperature (about 1,000.degree.C), or by
      using SiHCl.sub.3 with GeCl.sub.4 added during the reaction process in
      amounts suitable to produce the graded junction (preferably uniformly
      varying concentration of Ge) Si-Ge alloy layer. Methods of epitaxial
      deposition of silicon and Si-X alloys are generally well known, and
      therefore the invention contemplates the use of any available process for
      accomplishing that result, without limitation.
PAR  Although a graded layer is preferred, as an alternative the Si-Ge alloy
      layer may simply contain a fixed low percentage of germanium, four to ten
      percent for example, in substantially uniform concentration throughout. In
      principle, neither the graded nor the uniformly low concentration alloy
      layer constitutes a step junction with the silicon wafer, nor between the
      single crystal silicon and the electroluminescent material ultimately
      deposited on the alloy layer. Instead, each may be validly considered as a
      linearly graded junction by which an appropriate match is provided between
      the lattice constant of the silicon wafer and the lattice constant of the
      electroluminescent layer.
PAR  In the formation of the Si-Ge alloy layer, the Si-Ge material deposits
      epitaxially in single crystal structure on the single crystal silicon
      wafer surface exposed in the mask apertures, and in polycrystalline
      structure on the oxide mask covering the remaining portions of the wafer
      surface. The polycrystalline material may be removed, by lapping, etching,
      or other conventional steps, before further processing, or it may be
      retained until additional steps of the overall process are completed. In
      any event, the desired electroluminescent layer may now be deposited
      epitaxially on the single crystal alloy layer since the latter provides a
      surface lattice constant matching the lattice constant of GaP.
PAR  GaP doped with Zn, O, and Te is epitaxially deposited as compensated p-type
      GaP, using separate vapors of elemental Ga in PCl.sub.3, Zn, H.sub.2 O,
      and H.sub.2 Te, in the appropriate vapor phase concentrations to produce
      the single crystal GaP with the desired net doping. The PCl.sub.3, H.sub.2
      O and H.sub.2 Te are introduced into separate inlets of a mixing chamber
      at desired flow rates. The outlet of the mixing chamber is connected to
      the inlet of a reaction chamber containing hyperpure gallium and into
      which is also fed the zinc vapor of ultra high purity. Hydrogen may be
      used as the carrier gas. The reaction zone temperature is preferably
      maintained in the range from 750.degree.C to 950.degree.C, and the
      substrate (the silicon wafer with Si-Ge alloy layer deposited thereon in
      the mask apertures) is maintained at a temperature of from 650.degree.C to
      850.degree.C. An epitaxial layer of GaP about 10 to 30 microns thick is
      grown on the single crystal Si-Ge alloy in the mask apertures to form the
      light emitting diode array. The formation of a p-n junction necessary for
      diode action in the GaP layer is conveniently achieved by heating the
      structure to a temperature in the range from 900.degree.C to
      1,000.degree.C to induce out-diffusion of zinc ions from the surface of
      the GaP epitaxial layer, thereby producing an n-type surface region on the
      p-type material.
PAR  An array of LEDs in a monolithic display produced by the above process is
      shown in FIG. 1. The substrate comprises an appropriately doped single
      crystal silicon body 10 (here p-type, for example) constituting one of the
      dice of the original silicon wafer after processing. The
      electroluminescent areas of GaP are layers 12 separated from silicon body
      10 by intermediate lattice constant matching layers 15. Each of the latter
      is a graded layer of silicon-germanium alloy (here doped p-type for
      example) in which the germanium concentration increases to a percentage of
      under 10 percent, in the manner described above. Layers 12 are separated
      from each other by insulative or dielectric passivating regions 16 atop
      silicon body 10. Usually, these passivating regions comprise silicon
      dioxide. Each of the electroluminescent layers constitutes a separate and
      distinct light emitting diode with a shallow p-n junction between p-region
      18 (in this example) and n-region 20. The thickness of the various layers
      and regions are intentionally exaggerated in FIG. 1 for the sake of
      clarity. Metallization patterns (not shown) for interconnecting the diodes
      with appropriate drive and/or decode circuitry may be laid down as an
      adherent aluminum film on the structure, which may also include an
      additional passivation layer. Obviously, in any desired arrangement at
      least a substantial portion of the electroluminescent material is left
      exposed to exhibit emission of light when energized.
PAR  The silicon body and/or the silicon-germanium layer may contain active or
      passive components formed therein using conventional techniques, to
      provide an integrated circuit. A portion of such an integrated circuit is
      shown in FIG. 2. In the formation of this structure a p-type single
      crystal silicon substrate 50, after polishing of one or both its major
      faces, is subjected to oxidation to form an oxide layer mask thereon.
      Apertures are opened in the mask by standard photoresist-etch techniques,
      as required for the provision of active components (such as transistors),
      passive components, and alphanumeric character elements (i.e., LEDs). In
      the device shown in FIG. 2, diffusion of n-type impurities is employed to
      form the transistor collector region 52 and the character "tub" 54. After
      an oxide strip and clean operation, the lattice constant matching layer 55
      consisting of p-type Si-Ge of the uniformly graded type as described above
      is epitaxially deposited on the surface of silicon body 50. The entire
      body is again subjected to oxidation and opening of apertures in the oxide
      mask for n.sup.+ diffusion to form isolation (p-n junction isolation) ring
      57 and additional character tub 58. After further masking the transistor
      emitter region 60 is formed by another n.sup.+ diffusion into layer 55.
PAR  The surface is again masked and LED matrix apertures are opened for
      epitaxial deposition of n-type GaP layer 62 onto Si-Ge layer 55 via the
      apertures. A p-type surface diffusion into layer 62 provides a p-region 63
      for creating the desired p-n junction for diode action. Finally, a
      protective coating 65 is deposited on the device and apertures are opened
      for application of contacts and interconnection through a metallization
      layer.
PAR  Again, while the use of a single crystal semiconductor as the substrate is
      preferred, to allow incorporation of components of the drive and decode
      circuit in monolithic form, other single crystal materials such as
      sapphire or spinel may alternatively be employed as the substrate.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. A method of fabricating a monolithic semiconductor display in a single
      crystal silicon substrate comprising:
PA1  epitaxially depositing on a plurality of selected regions of a surface of
      said silicon substrate a thin layer of an alloy of silicon to form a
      graded layer on each selected region having a crystal lattice constant
      substantially matching the crystal lattice constant of said silicon
      substrate at the boundary therebetween and having a crystal lattice
      constant substantially matching the crystal lattice constant of a
      preselected electroluminescent single crystal semiconductor material at a
      second surface;
PA1  thereafter epitaxially depositing a layer of said preselected
      electroluminescent semiconductor material on each of said thin layers;
PA1  forming a planar p-n junction in each of said layers of electroluminescent
      semiconductor material to form a plurality of light emitting diodes for
      said display; and
PA1  forming p-n junctions in said substrate and said graded epitaxial layer to
      form an active semiconductor component different from said light emitting
      diodes.
NUM  2.
PAR  2. The method according to claim 1, wherein
PA1  said layer of electroluminescent material is selected from the group
      consisting of GaP, GaAs, and GaAsP.
NUM  3.
PAR  3. The method according to claim 1 wherein said semiconductor component is
      formed to be a transistor.
NUM  4.
PAR  4. The method according to claim 3 wherein said transistor is formed so as
      to be a part of the drive circuit for the electroluminescent layer.
NUM  5.
PAR  5. The method of claim 1 wherein said thin layer is deposited to form a
      graded layer by vapor phase deposition and hydrogen reduction of a varying
      ratio of silicon tetrachloride and germanium tetrachloride.
NUM  6.
PAR  6. The method of claim 1 wherein said thin layer is deposited by thermal
      decomposition of a varying ratio of silane and germanium tetrachloride.
NUM  7.
PAR  7. The method of claim 1 wherein said thin layer deposited by thermal
      decomposition of a varying ratio of trichlorosilane and germanium
      tetrachloride.
NUM  8.
PAR  8. The method of claim 1 wherein said silicon alloy is silicon and
      germanium in which the germanium concentration is zero at said substrate
      boundary and under 10 mole percent at said second surface.
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ABST
PAL  Treated articles such as printed circuit boards that have been etched with
      an etchant or treated with a solvent, are delivered into a zone of
      sufficiently high humidity to prevent drying of a liquid treatment fluid
      on the articles, and wherein the treatment fluid is "blown off" the
      articles by pressurized air, in the high humidity environment, with the
      treatment fluid then being delivered for re-use at a prior station.
      Alternately, the treatment fluid is atomized, entrained in the pressurized
      air stream and "blown on" the articles, whereby the treatment fluid is
      efficiently and uniformly applied thereto.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-In-Part of my copending application Ser.
      No. 189,895, filed Oct. 18, 1971, now U.S. Pat. No. 3,801,387.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of etching printed circuit boards, the boards are generally
      masked, to prevent etching of copper portions thereof, with unmasked
      portions of the board having copper portions etched by an acid, such as
      ferric chloride or the like. For purposes of this invention, such acid may
      be referred to as "treatment fluid," and is usually in the liquid state.
      However, the treatment fluid can be any treatment material in a fluid
      state. Such acid has in the past been applied and thereafter rinsed from
      the board following an etching operation, thereby contaminating the rinse
      water, requiring regular discharge of the rinse water, carrying the acid
      to sewage, and eventually to waterways and the like and thereby
      contaminating the environment. Furthermore, the etchant or treatment fluid
      is lost, and not available for re-use, unless an expensive reclamation
      process is utilized. In any event, prior art techniques have involved
      substantial expense, either by necessitating the loss of the etchant after
      use, or necessitating the utilization of expensive reclamation equipment.
PAR  Furthermore, in the art of printed circuit board manufacture, the mask or
      "resist," applied to the printed circuit boards must be removed in a
      subsequent operation. Such removal is generally effected by the use of a
      solvent, generally of the alkaline type, for removal of resist of the
      soluble silkscreen ink or photoresist type, when the resist is of the acid
      type. Accordingly, the term "treatment fluid" is intended also to
      encompass solvents and alkaline solutions.
PAR  As in the past, following application of etchant to printed circuit boards,
      water sprays are generally used to remove solvent that remains on the
      boards following a solvent stripping operation, such water sprays also
      contaminating sewage, waterways and the like, and furthermore requiring
      either loss of the solvent or other treatment fluid, or else requiring
      expensive equipment for reclamation of the same.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward providing a device for utilization
      either between an etching chamber and a rinsing section, or between a
      resist stripping station and a subsequent rinsing station associated
      therewith, in order to physically remove the treatment fluid, be it an
      etchant, a solvent or the like, physically from the printed circuit
      boards, prior to spraying the boards with any fluid that would tend to
      dilute such treatment fluid. Furthermore, another embodiment of the
      present invention provides a process by which such a treatment fluid can
      be applied to an article such as a printed circuit board in a uniform and
      efficient manner.
PAR  Accordingly, the present invention is directed toward providing a means
      whereby articles such as printed circuit boards may have the treatment
      fluid physically blown therefrom by jets or streams of gas such as air, or
      the like, in an environment or sufficiently high humidity that the
      treatment fluid will not dry on the boards, or evaporate therefrom, and
      preferably for reclamation of such treatment fluid by collecting the same
      and redelivering the treatment fluid to the zone or equipment from which
      it came, be it etching equipment, or resist stripping equipment, for
      re-use.
PAR  Furthermore, the present invention alernately provides a process whereby
      articles such as printed circuit boards may have a treatment fluid applied
      in such a manner that only a very small amount is required and in such a
      manner that it will not be economically necessary to recirculate the
      solution, thereby avoiding the contamination build-up which occurs when
      recirculation of excess treatment fluid is required. Among the advantages
      of this novel application process are reduction of wastes, elimination of
      reclamation or disposal of contaminated treatment fluid and more efficient
      application of a uniform, thin film of the treatment fluid.
PAR  Accordingly, it is an object of this invention to provide a novel apparatus
      for removing liquid treatment fluid from articles that have been treated,
      without substantial dilution of the liquid treatment fluid.
PAR  It is another object to accomplish the above object wherein the liquid
      treatment fluid is removed from the articles by blowing the same
      therefrom.
PAR  Furthermore, it is an object of this invention to provide a novel process
      for uniformly applying treatment fluid to an article in a manner such that
      a minimal amount of treatment fluid is required.
PAR  It is another object to accomplish the preceding object wherein the
      treatment fluid is applied to the article by blowing atomized particles of
      the same thereupon.
PAR  It is a further object to provide a process for applying a treatment fluid
      in a manner which does not require recirculation of excess or contaminated
      fluid, or large scale disposal thereof.
PAR  It is a further object of the invention to provide a process for the
      application of treatment fluid to an article, wherein the application will
      be of improved uniformity and provide a thin film of treatment fluid on
      the treated article.
PAR  It is a further object of this invention to provide novel method steps and
      apparatus for accomplishing the objects set forth above, and others as
      will be apparent more fully hereinafter.
PAR  Other objects and advantages of the present invention will be readily
      apparent to those skilled in the art from a reading of the following brief
      description of the drawing figures, detailed description of the preferred
      embodiments, and the appended claims.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a treatment station with a treatment
      fluid removal station disposed next thereto, in accordance with this
      invention, with several components in the later station being illustrated
      in dotted lines, for the sake of clarity.
PAR  FIG. 2 is an enlarged transverse sectional view taken through the treatment
      fluid removal station of FIG. 1, generally along the line II--II of FIG.
      1, and wherein the air distribution for facilitating the "blow-off" of
      liquid treatment fluid is more clearly illustrated, and with spray nozzles
      for creating the high humidity atmosphere being also illustrated.
PAR  FIG. 3 is a longitudinal sectional view, taken through the apparatus of
      FIG. 2, generally along the line III--III, of FIG. 2, and wherein the
      function of the various operative components of the treatment liquid
      removal apparatus of this invention are more clearly apparent.
PAR  FIG. 4 is an enlarged fragmentary longitudinal section view illustrating
      the details of the air knife configurations utilized to effect the "blow
      off."
PAR  FIG. 5 is an enlarged transverse sectional view of a treatment fluid
      application station of the present invention, similar to the view in FIG.
      2, but showing an alternate embodiment and illustrating the air
      distribution for facilitating the application of treatment fluid entrained
      therein, with atomizing heads for entraining very small particles of the
      treatment fluid as a "mist" in the air distribution stream also being
      illustrated.
PAR  FIG. 6 is a longitudinal sectional view, taken through a treatment fluid
      application station of FIG. 5, generally along the line VI--VI.
PAR  FIG. 7 is an enlarged fragmentary longitudinal sectional view illustrating
      the details of the air knife configurations utilized for treatment fluid
      application.
DETD
PAR  Referring now to the drawings in detail, reference is made to a first
      embodiment of the invention generally showing treatment fluid removal
      apparatus in FIG. 1, wherein there is illustrated a treatment liquid
      application station, generally designated by the numeral 10, that may
      comprise an etching station wherein acid is applied to copper surface
      portions of printed circuit boards or the like, or with the station 10
      comprising a solvent application station or the like for removal of
      resist, or mask from printed circuit boards or the like. Throughout this
      application, it will be understood, that wherever the apparatus 10 is
      referred to as being an etching station, that the same could also be a
      solvent application station as aforesaid.
PAR  Disposed adjacent the station 10, but downstream thereof, as viewed in the
      direction of flow of a printed circuit board being conveyed as illustrated
      by the arrow 11, there is provided the removal station 12 of this
      invention.
PAR  With particular reference to FIGS. 2 and 3, it will be apparent that
      printed circuit boards 13 are delivered to the station 12, passing
      inwardly of a chamber 14 thereof, through an opening 15, and being carried
      along a predetermined generally horizontal path by a plurality of driven
      drive wheels 16, which are driven for rotation in a counterclockwise
      direction, as viewed in FIG. 3, for passage of the circuit boards 13 from
      right to left as viewed in FIG. 3.
PAR  The boards 13 then pass through a fog zone 17, of moist air, of high
      relative humidity, preferably as close as possible to, but not exceeding
      100% relative humidity. This is to prevent acid or other treatment liquid
      that is present on the boards 13 from evaporating, or drying on the
      boards. However, it will be noted that the fog or mist 17 should not
      surpass 100% relative humidity, as that could dilute the liquid treatment
      fluid being removed therefrom. The fog or mist is created by emanation or
      spray of water under pressure from one or more nozzles 18, 20, 21 and 22,
      each of which is provided with a water inlet 23, a pressurized air inlet
      24, and an adjustment device 25, for properly regulating the amount of
      moisture to be sprayed from an associated said nozzle. While four such
      spray nozzles 18, 20, 21 and 22 are utilized, it will be apparent that any
      number may be utilized that will perform the desired function.
      Accordingly, the nozzles create the high humidity atmosphere 17 within the
      chamber 14. It will be noted that such atmosphere does not pass rightward
      through the inlet 15 of the apparatus 12, because of a slight draft or
      partial vacuum applied at the left upper end of the chamber 14, to a duct
      26, such draft amounting to a mere few pounds gauge pressure below
      atmospheric, in order to provide a direction of gentle flow for the fog
      17, in order to prevent excessive buildup of moisture within the chamber
      14. Accordingly, the flow of fog 17 is in the direction of the arrow 27.
PAR  As the boards 13 are delivered through the zone 17, they pass between
      streams of gas (preferably air) emanating from upper and lower air knives
      28 and 30, for blowing off acid or other treatment liquid from upper and
      lower surfaces respectively of the boards 13.
PAR  The air knives 28 and 30 are provided with a gas such as pressurized air,
      by means of a motor driven blower 31, suitably mounted on a support 32
      within a base 33 of the apparatus 12, for delivery of a stream of air from
      the blower 31, upwardly through delivery duct 32, in the direction of the
      arrows indicated in FIG. 2, for delivery through protruding ends 33 and 34
      of the air knives 28 and 30, to be discharged through slit-like orifices
      35 and 36, respectively, as is best illustrated in FIG. 4, with the air
      knives 28 and 30 being angularly oriented, or configured, or both, in
      order to facilitate a blowing-off of treatment liquid from the boards 13,
      in a rearwardly direction, relative to the forward direction of movement
      of the boards 13 indicated by the directional arrow 37, in FIG. 4, for
      example.
PAR  Acid or other treatment liquid thus blown from the boards 13 falls to the
      bottom wall 38 of the chamber 14, for discharge through a drain 40
      thereof, for redelivery to the apparatus 10 through delivery line 41, for
      re-use as aforesaid.
PAR  Printed circuit boards 13 that have passed between air knives 28 and 30 are
      thus delivered by the rollers 16, through an outlet or discharge 42 of the
      chamber, generally to a rinsing station or apparatus, whereby rinsing of
      any residual treatment liquid may be effected, without introducing any
      substantial amount of treatment liquid into the rinse medium.
PAR  It will be apparent that various components of the apparatus of this
      invention will be constructed of selected materials that are especially
      selected to prevent deterioriation of the same by acids, solvents or the
      like. Accordingly, utilization of materials such as titanium and various
      other acid-resistant materials such as plastics like polyvinylchloride or
      the like will be commonplace.
PAR  It will further be noted that the amount of water utilized in formation of
      the water mist 17 will be of sufficiently low volume to prevent
      significant dilution of the etchant or other treatment liquid. For
      example, the water may be atomized with compressed air delivered from an
      air line at 5 pounds per square inch gauge, at a flow of 3.2 cubic
      feet/minute. A typical water usage may require 0.75 gallons of water per
      hour. The air knives may be fed by a centrifugal blower that would be
      capable of delivering approximately 185 cubic feet/minute at a pressure of
      71/4 inches of water. It will be noted that the moist atmosphere is often
      particularly necessary because the etchant may be heated to 130.degree.
      Fahrenheit or more, that would otherwise stimulate a high rate of
      evaporation of water therefrom. Furthermore, other substances such as
      liquid kerosene or other solvents not miscible with the etchant may be
      utilized in lieu of water, for delivery to the nozzles, to make a fog or
      mist. As used herein, therefore the terms "humidity," "fog" and "mist" are
      not limited to water atmosphere, but can also be atmospheres of other
      liquids.
PAR  It has been found that the function of the apparatus 12 of this invention
      is highly desirable. In a system wherein printed circuit boards are
      delivered directly from an etcher, for example, to a rinsing station,
      without an apparatus of the type 12 of this invention, and with ferric
      chloride as an etchant, it has been found that, for a particular
      apparatus, at a conveyor speed of 50 inches per minute, an amount of
      etchant containing ferric chloride that was delivered to the rinsing
      station was 2.6 grams of iron per square foot of board, utilizing grams of
      iron per square foot of board as a measurement of the amount of etchant
      delivered to the rinsing station. However, when a unit of the type of this
      invention was inserted between the etching apparatus and the rinsing
      apparatus, only 0.02 grams of iron per square foot of board was delivered
      to the rinsing station, again using the iron content as a fair measurement
      of the amount of ferric chloride etchant that was delivered to the rinsing
      station. From this iron value, the copper content of the etchant can be
      computed because it would be proportionately equivalent to the copper
      content of the ferric chloride etchant. Thus, it will be apparent that
      there is approximately a reduction by a factor of 100 or more, in the
      amount of etchant remaining on the boards, as residue, with the
      utilization of the apparatus of this invention.
PAR  It will further be noted that the air knives 28 and 30 of this invention
      may take on any desired shapes or configurations, such as being completely
      cylindrical, rather than of the generally rectangular cross-section
      illustrated, as desired, and their placement and orientations may vary, as
      long as the streams of air emanating therefrom function to blow-off the
      treatment liquid, while the affected portions of the boards 13 are still
      within the high humidity environment. Also, it will be apparent that the
      air streams emanating through the openings 35 and 36 of the knives 28 and
      30 may be continuous between opposite sidewalls of the chamber 14, or, if
      rigidity of the construction of the air knives 28 and 30 is a concern, a
      plurality of slits or holes of other types, may be utilized, across the
      apparatus 12, between sidewalls thereof.
PAR  Also, while printed circuit boards are identified as being the articles
      from which the treatment fluid is "blown-off," it will be apparent that
      other members, such as flexible printed circuits, or even members that are
      not printed circuits may employ the advantages of this invention.
PAR  The second embodiment of the present invention provides a novel method for
      the application of a treatment fluid to an article, wherein a minimal
      amount of the treatment fluid is required for economical, efficient and
      uniform application to a generally planar article.
PAR  This invention provides a method whereby treatment fluids are applied by a
      "wet" air knife technique, which is utilized in the operation of the
      treatment fluid application station 120. Since only a small quantity of
      treatment fluid is required, it is not economically necessary, unless
      specifically desired, to recirculate the solution, or attempt to remove
      any contamination build-up resulting from water, solvents, or prior
      treatments still remaining on the article as it passes through the
      application station.
PAR  Furthermore, when only a very low volume application is desired, such as a
      small quantity of chemical treatment, paint, or the like, a thin film of
      the treatment can be applied by this "wet" air knife technique. It should
      be noted, that the term "wet," as used herein, refers not only to the
      presence of a liquid, but furthermore to the presence of any fluid
      material, including liquids, liquids entrained in gases, and the like.
PAR  One example of the application method disclosed herein is directed to the
      application of a dilute solution of hydrochloric acid treatment fluid to a
      printed circuit board 113 for the purpose of neutralizing and rinsing off
      an alkaline etchant contained thereon.
PAR  Now with particular reference to FIGS. 5 and 6, a printed circuit board 113
      is delivered to application station 120, passing inwardly of a chamber 114
      thereof, through an inlet 115 and is carried along a predetermined,
      generally horizontal path by a plurality of driven drive wheels 116 which
      are driven for rotation in a counterclockwise direction as viewed in FIG.
      7 for passage of the printed circuit board 113 from right to left, in
      direction 111 as viewed in FIG. 6.
PAR  As the printed circuit board 113 is delivered through the chamber 114, it
      is passed between streams of gas, preferably air, in which very small
      particles, (hereinafter referred to as "atomized particles"), of treatment
      fluid are entrained. These streams of gas are discharged from openings in
      upper and lower air knives 128 and 130, respectively, which blow the
      entrained, atomized particles of treatment fluid onto the upper and lower
      surfaces, respectively, of the printed circuit board 113, whereby the
      treatment fluid is delivered and applied thereto.
PAR  The air knives 128 and 130 are provided with a stream of gas, such as
      pressurized air, by means of a motor driven blower 131 which may be
      suitably mounted on support base 100 of the application station 120,
      upwardly through delivery duct 160, in the direction of arrows indicated
      in FIG. 5, for delivery through protruding ends 133 and 134 of air knives
      128 and 130, respectively, to be distributed therethrough. Alternatively,
      air or other gas may be provided by a compressed gas cylinder or other
      source, rather than the blower 131.
PAR  Protruding ends 133 and 134 are provided with atomizing means 163 and 164,
      and 165 and 166, respectively. It will be readily apparent that any
      practical number or configuration of such atomizing means may be utilized
      in the practice of this embodiment of the invention. Atomizing means 163,
      164, 165 and 166 are configured so as to produce very small particles of
      treatment fluid within protruding ends 133 and 134, whereby a mist of
      atomized treatment fluid will be entrained in the stream of gas passing
      therethrough, as best shown in FIG. 5, with directional arrows indicating
      the mist flow.
PAR  The atomizing means 163, 164, 165, and 166 are supplied with pressurized
      air from a separate air pressure source 168 through pressurized air line
      161, which is provided with a regulatory valve 167 and the same are also
      supplied with treatment fluid, either at normal or elevated pressure, from
      a treatment fluid reservoir 171 through treatment fluid line 162, which is
      provided with a regulatory valve 170. The mist of atomized treatment fluid
      is created by atomizing means 163, 164, 165 and 166 as the pressurized air
      and treatment fluid are brought together therein at rates regulated by
      valves 167 and 170, respectively.
PAR  The mist of atomized treatment fluid produced by atomizing means 163, and
      164, and 165 and 166, and entrained in the stream of gas which is swept
      through air knives 128 and 130, respectively, is discharged through
      slit-like orifices 135 and 136, and thereby "blown-on" and applied to
      circuit board 113. This is best illustrated in FIG. 7, with air knives 128
      and 130 being angularly oriented, or configured, in order to facilitate
      application of a mist of atomized treatment fluid through the air knives
      onto circuit board 113 in a rearwardly direction, relative to the forward
      direction of movement of the printed circuit board 113, indicated by the
      directional arrow 137 in FIG. 7. The angular orientation of air knives 128
      and 130 may, of course, vary even to be forwardly directed, if desired.
PAR  Printed circuit boards 113 that have passed between air knives 128 and 130
      and had treatment fluid applied thereby are transported by driven drive
      wheels 116, through an outlet, or discharge, 142 of chamber 114, generally
      to a rinsing station or further treatment station.
PAR  It will be fully apparent to one skilled in the art that the application
      method of the present invention is not limited to the preferred
      embodiment, but also fully encompasses the application of any treatment
      fluid to any article in accordance with the present invention. Examples of
      various specific embodiments of the method of the present invention
      include the application of a dilute hydrochloric acid solution to a
      printed circuit board for rinsing of an alkaline etchant therefrom,
      application of a dilute chromic acid solution for passivating metals to an
      appropriate metal article, application of an aqueous solution of CrO.sub.3
      to panels of aluminum or steel, application of developer solutions to an
      aqueous base dry film photoresist after ultra-violet exposure, application
      of solutions of acid to etched metals, such as applying 42.degree. Be
      ferric chloride solution to copper, application of a dilute sodium
      persulfate solution to copper for removal of oxide film, and application
      of cleaning solutions, including detergents, to remove dirt and dust from
      plastic sheets. All of the foregoing specific treatment fluids applied in
      accordance with the present invention are understood to be "chemical
      treatment fluids," although the term is not limited solely thereto. Also,
      for purposes of this invention, an etchant may be any chemical treatment
      fluid which is useful for etching metal surfaces, including ferric
      chloride, cupric chloride, ammonium persulfate, sodium persulfate,
      chromic-sulfuric acid (in any ratio of chromic to sulfuric acid), and
      ammoniated etchants.
PAR  Among the advantages of the application method of the present invention is
      that the treatment agent supply does not become progressively
      contaminated, as it would if the treatment fluid were applied by a
      recirculating system, such as is now used in the present state of the art.
      For example, if treatment fluid is applied to an article by a
      recirculating system approximately 20 gallons of treatment fluid per
      minute would be required, a significant portion of which would become
      contaminated and require reclamation.
PAR  However, applying the treatment fluid by the method of the present
      invention, in one example, only 4 gallons per hour would be required to
      uniformly apply a coating on both sides of a 20 inch, 600 foot long strip
      of metal, without significant waste. Therefore, as a result of reduced
      waste, and the elimination of any significant excess of treatment fluid in
      which contamination builds-up, it is not economically necessary to
      recirculate or reclaim the same.
PAR  It will be apparent from the foregoing that various modifications may be
      made in the details of construction, as well as in the use and operation
      of the apparatus and method of this invention, all within the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for application of a film of chemical treatment fluid to an
      article wherein the film is of improved uniformity, comprising the steps
      of:
PA1  A. providing a stream of gas having atomized particles of a treatment fluid
      entrained therein;
PA1  B. moving said article along a predetermined generally planar path through
      a chamber; and
PA1  C. exposing said article to said stream of gas by blowing a thin stream of
      said gas directly thereon across the path, through gas knife means that
      extend across the path, whereby a thin film of said entrained treatment
      fluid is applied directly to said article, while the article is moving
      along its generally planar path.
NUM  2.
PAR  2. The process of claim 1, wherein said atomized particles are produced by
      the steps of:
PA1  A. providing a source of pressurized gas to the said gas knife means from
      outside the chamber;
PA1  B. providing a source of said treatment fluid to the said gas knife means
      closely adjacent discharge portions thereof; and
PA1  C. combining said pressurized gas and said treatment fluid in a suitable
      means for producing atomized particles of said treatment fluid directly
      prior to delivery of the gas and atomized particles to the gas knife
      means.
NUM  3.
PAR  3. The process of claim 1, wherein said atomized particles are entrained in
      said stream of gas by producing said atomized particles in a zone through
      which said stream of gas is simultaneously passed.
NUM  4.
PAR  4. The process of claim 1, wherein said article being treated is a printed
      circuit board member having an alkaline etchant thereon and said treatment
      fluid comprises a hydrochloric acid solution.
NUM  5.
PAR  5. The process of claim 1, wherein the article being treated is a printed
      circuit board member having a dry film of photoresist thereon and said
      treatment fluid comprises a developer solution therefor, with said
      photoresist having previously been exposed to ultra-violet radiation.
NUM  6.
PAR  6. The process of claim 1, wherein said article being treated is a metal
      article and said treatment fluid is comprised of an etchant solution.
NUM  7.
PAR  7. The process of claim 6, wherein said metal article is copper and etchant
      solution contains an etchant selected from the group consisting of ferric
      chloride, cupric chloride, ammonium persulfate, sodium persulfate, and a
      chromic-sulfuric acid.
NUM  8.
PAR  8. The process of claim 6, wherein said metal article is copper and said
      etchant solution contains an etchant selected from the group consisting of
      ferric chloride, cupric chloride, ammonium persulfate, sodium persulfate,
      a chromic-sulfuric acid, and ammoniated etchant.
NUM  9.
PAR  9. The process of claim 1, wherein said article being treated is a plastic
      article and said treatment fluid is a detergent cleaning solution.
NUM  10.
PAR  10. The process of claim 1, wherein said article being treated is a steel
      article and said treatment fluid comprises a chromic acid solution for
      passivating said steel.
NUM  11.
PAR  11. The process of claim 1, wherein said treatment fluid comprises a
      solution of a film-forming coating composition.
NUM  12.
PAR  12. The process of claim 11, wherein said solution of film-forming coating
      composition is paint.
NUM  13.
PAR  13. A process for application of a film of a chemical treatment fluid of
      improved uniformity to a series of generally planar articles comprising
      steps of:
PA1  A. providing a chamber of predetermined width and having a generally planar
      path for conveyance of generally planar articles therethrough;
PA1  B. driving conveying means associated with said chamber so as to convey
      said articles in a direction generally from an inlet to an outlet thereof
      along the planar path;
PA1  C. providing a stream of gas from outside the chamber for conveying a mist
      of said chemical treatment fluid;
PA1  D. providing a separate source of pressurized gas and a separate source of
      said chemical treatment fluid;
PA1  E. combining said pressurized gas and said chemical treatment fluid in a
      suitable means for atomizing particles of said chemical treatment fluid
      directly prior to delivery of the gas and atomized particles to a mist
      delivery means;
PA1  F. entraining said atomized particles of said chemical treatment fluid in
      said stream of gas, whereby a mist of said chemical treatment fluid is
      produced;
PA1  G. distributing said mist in a thin film through at least one mist delivery
      means within said chamber, said mist delivery means being of the gas knife
      type and a narrow opening therein configured to extend generally across
      the width of said path; and
PA1  H. conveying said articles upon which said chemical treatment fluid is to
      be applied along said path past said narrow opening in said mist delivery
      means, whereby said mist is discharged from said opening and said
      particles of said chemical treatment fluid entrained in said mist are
      uniformly applied to said articles.
NUM  14.
PAR  14. A process of claim 13, wherein at least one said mist delivery means is
      provided with said opening generally above said path, and at least one
      said mist delivery means is provided with said opening generally below
      said path, whereby said chemical treatment fluid is applied both to the
      upper and lower surfaces of said articles as said articles are conveyed
      along said path.
NUM  15.
PAR  15. The process of claim 13, wherein said article being treated is a
      printed circuit board member having an alkaline etchant thereon and said
      treatment fluid comprises a hydrochloric acid solution.
NUM  16.
PAR  16. The process of claim 13, wherein the article being treated is a printed
      circuit board member having a dry film of photoresist thereon and said
      treatment fluid comprises a developer solution therefor, with said
      photoresist having previously been exposed to ultra-violet radiation.
NUM  17.
PAR  17. The process of claim 13, wherein said article being treated is a metal
      article and said treatment fluid is comprised of a etchant solution.
NUM  18.
PAR  18. The process of claim 17, wherein said metal article is copper and
      etchant solution contains an etchant selected from the group consisting of
      ferric chloride, cupric chloride, ammonium persulfate, sodium persulfate,
      and a chromic-sulfuric acid.
NUM  19.
PAR  19. The process of claim 17, wherein said metal article is copper and said
      etchant solution contains an etchant selected from the group consisting of
      ferric chloride, cupric chloride, ammonium persulfate, sodium persulfate,
      a chromic-sulfuric acid, and ammoniated etchant.
NUM  20.
PAR  20. The process of claim 13, wherein said article being treated is a
      plastic article and said treatment fluid is a detergent cleaning solution.
NUM  21.
PAR  21. The process of claim 13, wherein said article being treated is a steel
      article and said treatment fluid comprises a chromic acid solution for
      passivating said steel.
NUM  22.
PAR  22. The process of claim 13, wherein said treatment fluid comprises a
      solution of a film-forming coating composition.
NUM  23.
PAR  23. The process of claim 22, wherein said solution of film-forming coating
      composition is paint.
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ABST
PAL  A method of manufacturing high voltage carrying electric power cable having
      a conductor insulated with a multilayered covering, and the cable product
      thereof. The cable construction includes a primary or dielectric
      insulating body of thermoset ethylene-propylene rubber and a thermoset
      jacket about the conductor, which is substantially free of corona-prone or
      ionization-prone voids and separations intermediate the layers. The method
      comprises forming and curing the ethylene-propylene rubber compound
      constituting the body of the primary or dielectric insulation around the
      conductor and then heat treating the thermoset-cured ethylene-propylene
      rubber insulation prior to applying subsequent components of the
      multilayered covering about the condutor, including an overlying
      semiconductive shielding layer and a protective enclosing jacket of
      heat-cured thermoset polymer. The semiconductive shielding layer overlying
      the body or primary of dielectric insulation around the conductor,
      comprises a combination of a highly vapor-permeable coating of
      semiconductive material adhered to the surface of the underlying body of
      insulation and a contiguous layer of semiconductive material superimposed
      over the coating adhered to the insulation.
PARN
PAR  This is a division of application Ser. No. 486,523, filed July 8, 1974 now
      U.S. Pat. No. 3,878,319
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Higher-voltage carrying electric power cables, for example, cables carrying
      about 2000 or more volts, are conventionally constructed of an assemblage
      of a conductor with a multilayered insulating covering thereon, including
      a body of a primary or dielectric insulation, one or more layers of
      semiconductive shielding material immediately adjacent the body of
      insulation, and a protective enclosing jacket. Typical multilayered
      high-voltage carrying cables are shown, for example, in U.S. Pat. Nos:
TBL  2,446,387   3,060,261     3,259,688                                       

     3,472,692   3,541,228     3,569,610                                       

     3,617,377   3,643,004     3,646,248                                       

     3,677,849   3,684,821     3,748,369                                       

     3,787,255   3,792,192                                                     

PAL  And Canadian Pat. No. 740,093.
PAR  The occurrence or presence of voids within the primary insulation, or
      intermediate the insulation and an adjacent overlying or underlying
      semiconductive shielding body of the insulating coverings of such
      higher-voltage carrying cables, whether due to a separation or parting of
      component layers, or otherwise, often results in the generation of corona
      or ionization in the multilayered insulating covering during service,
      which in time is likely to cause a breakdown in the insulating covering
      and a failure of the cable. Coronaprone or ionization-prone separations or
      partings in multilayer covered electrical cable, as well as other gas
      formed pores or voids, commonly occur in such cable as the result of
      "outgassing" during manufacturing operations. The formation of such
      potentially debilitating voids due to outgassing is especially troublesome
      and critical in the production of cable wherein the manufacturing process
      includes exposure to high temperatures such as during heating operation to
      induce curing of thermosettable components or materials. Moreover, the
      presence of compositions which are prone to the formation of gases, such
      as thermosetting curable ethylene-propylene rubber compounds, increases
      the likelihood of void formation and related potential failure.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a combination of cable manufacturing conditions,
      cable construction and compositions therefor, for the manufacture of high
      voltage electric power cable having a conductor insulated with a
      multilayered covering, including a primary or dielectric insulating body
      of thermoset ethylene-propylene rubber compound, an overlying contiguous
      layer of semiconductive shielding, and a heat-cured, thermoset protective
      enclosing jacket. The invention enables the production of such cable in a
      manner which does not promote separations of, or a parting between, the
      layer of primary insulation and the immediate overlying shield, and as a
      result thereof the formation of intermediate voids or pores which are
      conducive to corona or ionization.
PAR  The invention further comprises a method wherein the body of thermosetting
      or curable ethylene-propylene rubber compound forming the primary or
      dielectric insulation for the conductor and a component of the composite
      insulating covering thereon, is subjected to a prolonged heat treatment
      following the completion of its cure through conventional means, and prior
      to the application or formation of overlying components or units of the
      assemblage constituting the composite covering. Additionally the invention
      entails the application and inclusion of a semiconductive coating of
      ingredients providing a highly vaporpermeable film extending over and
      securely adhered to the surface of the cured and heat treated body of
      ethylene-propylene rubber compound, and an adjoining overlying layer of
      semiconducting material superimposed on the coating.
PAR  The term ionization is used throughout this specification to define the
      same electrical phenomenon which is frequently referred to as "corona," or
      corona discharge or formation in the prior art patents and/or literature.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of this invention to provide a method of producing
      high voltage carrying electric power cable having a conductor insulated
      with a multilayered or composite covering which is not subject to a
      separation or parting of the layers or individual units of the composite
      and thus is not subject to ionization formation resulting from voids
      within the assemblage.
PAR  It is also an object of this invention to produce high voltage carrying
      electric power cable containing an assemblage of a primary or dielectric
      insulation of a body of cured ethylene-propylene rubber compound, a unit
      of semiconductive insulation shielding material and an enclosing
      protective jacket of cured polymeric material without the separations or
      partings of the insulation shield from the insulation.
PAR  it is a specific object of this invention to provide a method for the
      production of high voltage carrying electric cable including a body of
      primary or dielectric insulation comprising cured ethylene-propylene
      rubber compound and an overlying unit of semiconductive material
      comprising a vapor-permeable coating adhered to the surface of the cured
      body of insulation which effectively resists separation or parting
      therefrom and thus avoids the resultant occurrence of ionization-prone
      voids, and the product thereof.
PAR  It is additionally an object of this invention to provide a high voltage
      carrying electric cable product comprising a particular combination of
      components and materials, including a body of primary insulation and an
      insulation shield, which have been combined and treated in a specific
      manner whereby the product is effectively free of the presence of voids or
      open spaces between the primary insulation and its shield which would be a
      potential source of ionization.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a cross-sectional view of a multilayered cable construction
      of this invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  This invention specifically deals with a high voltage carrying power cable
      having a conductor insulated with a multilayered covering or assemblage,
      including a primary or dielectric insulating body of cured or thermoset
      ethylene-propylene rubber composition, an overlying adjoining unit of
      semiconducting shielding material, and a protective enclosing jacket of a
      heatcured polymeric material such as thermoset polychloroprene.
PAR  With reference to the drawing illustrating an electric power cable product
      10, the method and construction of this invention comprises the following:
PAR  A metal conductor 12, which may be solid or stranded, can be provided with
      an optional inner shield of a layer 14 of semiconductive material, or
      other conventional components (not shown) such as a paper wrap or
      separating material located intermediate the conductor and the surrounding
      body of a primary or dielectric insulation 16. The inner shield can
      comprise a conventional semiconductive material such as a polymer
      composition filled with an electro-conductive ingredient comprising
      particulate metal or carbon black, and can be either applied as a fabric
      supported tape or extruded on as a continuum.
PAR  The body of primary or dielectric insulation 16, according to this
      invention, comprises a relatively thick layer of thermosetting curable
      ethylene-propylene rubber surrounding the conductor 12. The
      ethylene-propylene rubber can comprise a typical ethylene-propylene
      copolymer or terpolymer including any of the appropriate common curing
      systems comprising heat-activiated sulfurcontaining agents, organic
      peroxide-containing curing agents, and coagents therefor. Moreover, to
      insure the attainment of the optimum advantages and benefits of this
      invention, it is highly preferred that the ethylene-propylene rubber
      compound for the insulation be provided with a suitable peroxode curing
      agent in amounts within the approximate range of about 2.5 to about 3.5
      parts of active peroxide material per 100 parts by weight of
      ethylene-propylene rubber. It is also preferred that the
      ethylene-propylene rubber compound be relatively free of highly volatile
      ingredients such as low molecular weight organic components.
PAR  Following the application of the body of curable ethylene-propylene rubber
      compound insulation around the conductor and curing thereof by
      conventional means, the formed and cured or thermoset ethylene-propylene
      rubber is heat treated to purge gases or sources thereof from its mass by
      prolonged exposure to high temperatures of at least about 200.degree.F for
      a period in excess of about 12 hours. Temperatures within the approximate
      range of about 200.degree.F to about 300.degree.F for periods of between
      about 12 to about 98 hours are preferred. The heat treatment is carried
      out with a substantial amount of the surface of the cured or thermoset
      ethylene-propylene rubber compound exposed to the surrounding atmosphere
      to encourage the emanation and dissipation of any gases therefrom.
PAR  According to this invention, the adjoining insulation shielding unit of
      semiconductive material overlying the surface of the body of insulation
      comprises two distinct phases including a coating 18 having semiconductive
      properties adhered to the surface of the body of insulation and a
      contiguous layer 20 of semiconductive composition superimposed over the
      coating 18.
PAR  Coating 18, which covers and is adhered to the surface of the underlying
      body of insulation, consists of a highly vapor-permeable film comprising a
      polymeric material containing an electro-conductive filler, such as an
      ethylene-containing polymer or copolymer with a filler of particulate
      metal or carbon black. The coating is applied by any suitable manner such
      dipping, spraying, flooding or wiping a solution and/or dispersion thereof
      in an apt solvent or liquid medium, on the surface of the cured and
      heat-purged body of insulation. A suitable coating material comprises, for
      example, a copolymer of ethylene-vinyl acetate and carbon black dispersed
      in a medium of trichloroethane.
PAR  Semiconductive layer 20 comprises a blend of elastomeric material with
      electro-conductive filler which can be applied over the coating 18 either
      by extrusion molding of a surrounding continuum or as a wrapping of a tape
      containing the components thereof. Semiconductive layer 20 can comprise a
      commercial electrical tape having semiconductive properties composed, for
      example, of a nylon polyamide or other textile fabric, scrim, or stranded
      foundation, impregnated or coated with butyl rubber or other suitable
      elastomer containing electro-conductive filler such as particulate metal
      or carbon black. Suitable tapes for use in this invention are commercially
      available from vendors including Chase & Sons, Inc., Plymouth Rubber Co.
      Inc., and Haartz-Mason, Inc.
PAR  It is to be understood that in the semiconductive components of the
      construction or assemblage for cable 10, the amounts of electro-conductive
      filler in proportion to polymeric carrying material or matrix, depends
      upon cable designs including service voltages, the dimensions of the
      respective components, and the electrical properties of the particular
      fillers and polymeric materials employed, among other possible factors
      appreciated by those akilled in the art.
PAR  In the preferred embodiment illustrated in the drawing for a cable 10 of
      this invention, a layer of shielding drain or ground 22 comprising strands
      of metal such as tape or wire are positioned over the composite insulation
      shield unit of semiconductive materials composed of coating 18 and
      contiguous layer 20. A typical drain or ground shield 22 consists of
      copper or aluminum tapes, or wires, wrapped helically about or otherwise
      fixed along the length of the assembly in contact with semiconducting
      layer 20.
PAR  Enclosing the overall cable 10 construction or the multilayered assembly
      about the conductor 12, is a protective jacket 24 or sheath comprising a
      heat-cured or thermoset polymeric material such as a
      polychloroprenechlorosulfonated polyethylene, butadiene-acrylonitrile and
      polyvinyl chloride blends, butyl rubber, polyethylene, and the like. An
      optional separator of cloth, paper or plastic film can be placed between
      the metal shield 22 and the overlying polymeric jacket 24 to prevent
      adhesion and/or penetration of the polymeric material with respect to the
      metal shield.
PAR  In addition to the heat purging of gases or potential volatiles from the
      mass of the cured body of ethylene-propylene rubber compound insulation 16
      described above, a further essential feature of this invention with
      respect to deterring separations or a parting of the semiconductive
      insulation shield from the insulation with the resultant formation of
      detrimental corona or ionization prone voids, is the unique construction
      and nature of the outer insulation shield unit comprising a semiconductive
      composite of the coating 18 and contiguous layer 20. This aspect of the
      invention comprises the formation or introduction of a coating of
      semiconductive material which is highly permeable to vapors and also is
      securely adhered to the surface of the underlying body of primary
      insulation 16 with a bonding strength effectively greater than does occur
      between this coating and the overlying contiguous layer 20 of
      semiconductive tape or extrudate. Thus upon the emanation of any gases
      from the mass of the cured ethylene-propylene rubber compound insulation
      which have not previously been expelled by the purging heat treatment,
      attributable to heat from subsequent manufacturing steps such as curing
      the applied thermosetting protective jacket, or whatever source or cause,
      the emanating gases readily permeate or diffuse through the coating 18
      which is securely adhered to the surface of the underlying gas emitting
      insulation rather than causing a parting or separation therebetween at
      their interface. Moreover, although the gases may not as easily pass
      through subsequent layers or units of denser or less permeable
      consistency, such as layer 20 of the contiguous semiconductive material,
      the possible formation of a void due to a parting or separation of
      semiconductive layer 20 from semiconductive coating 18 does not result in
      development of corona or ionization because the area of such a void or
      pore is effectively surrounded and protected by semiconducting material.
PAR  An illustration of a specific embodiment of all aspects of this invention,
      comprising the method and product thereof, is provided by the following
      example along with the indicated ionization properties thereof in relation
      to the same properties of similar cable products outside the scope of this
      invention.
PAR  Following the application of a strand or inner shield of semiconductive
      material composed of a carbon black filled ethylene-vinyl acetate
      copolymer extruded around a copper conductor, a body of primary or
      dielectric insulation approximately one-fourth of an inch thick and of the
      below-identified composition, was continuously formed by extrusion around
      the taped conductor. The ethylene-propylene rubber compound constituted
      the given ingredients in approximate parts by weight:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     Ethylene-propylene rubber copolymer                                       

                            45.15                                              

      Vistalon 404, Enjay                                                      

     Clay filler            43.19                                              

     Zinc oxide             1.35                                               

     Lead dioxide           0.90                                               

     Polytrimethyldihydroquinoline antioxidant                                 

                            0.90                                               

      Flectol H, Monsanto                                                      

     Petrolatum             2.26                                               

     Polybutadiene homopolymer coagent                                         

                            2.26                                               

      Ricon 150                                                                

     Vinyl silane           0.68                                               

     Dicumyl peroxide curing agent                                             

                            3.30                                               

      40% active - DiCup 40KE, Hercules                                        

     ______________________________________                                    

PAR  The extruded insulating body of the aforesaid composition was cured to a
      thermoset condition by exposure to a temperature of about 406.degree.F
      over a dwell period of about five minutes. Thereafter, the cured
      ethylene-propylene rubber compound insulation was subjected to a
      heat-treatment of approximately 239.degree.F for 60 hours while the length
      of the unit thereof was wound with its convolutions or coils separated in
      a spaced pattern providing a high degree of access of the surface to the
      ambient atmosphere to expedite the purging of any internal gases.
PAR  Next a coating composition comprising approximately 39 parts by weight of
      ethylene-vinyl acetate copolymer and approximately 59 parts by weight of
      carbon black dispersed in about 465 parts by weight of trichloroethane,
      was applied by saturating the surface of the cured and heat treated
      ethylene-propylene insulation and wiping off the excess.
PAR  A helical wrapping of semiconductive tape with overlapping edges was
      applied over the coating. The tape was a commercial electrical tape
      comprising a nylon polyamide fabric impregnated with butyl rubber
      containing carbon black.
PAR  A wrapping of copper strips was then applied over the semiconductive
      composite of the coating and tape to provide a drain or ground shield. A
      protective jacket enclosing the overall cable construction was extruded
      over the composite assemblage with a curable polychloroprene (neoprene)
      compound and thereafter cured at about 200.degree.F for approximately 10
      hours. The thermosetting curable polychloroprene composition consisted of
      in parts by weight:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     Polychloroprene        100.00                                             

      Neoprene Type W, duPont                                                  

     Carbon black           40.70                                              

     Clay                   48.60                                              

     Oil - Sundex 790       15.12                                              

     Anti-chek wax, Sunoco  2.91                                               

     Plasticizer            2.33                                               

      Millrex, Malrex Chemicals Co.                                            

     Phenyl-beta-naphthylamine                                                 

                            2.09                                               

      Neozone D, duPont                                                        

     Red lead               16.28                                              

     Petrolatum             2.26                                               

     Dispersion of ethylenethiourea in stearic                                 

                            2.28                                               

      acid and wax                                                             

      5432-25 (Pre-dispersed acceleration)                                     

      Ware Chemical Co.                                                        

     ______________________________________                                    

PAR  Exemplary samples of the cable produced by the foregoing method and
      construction of this invention, designate Examples I-IV, were tested for
      ionization according to the Insulated Power Cable Engineers Associated
      test S-68-516 Interim Standard No. 1 dated March, 1971, and the ionization
      data derived from the tests were compared with respect to ionization data
      from samples of Standards composed of similarly constructed cables of the
      same capacity which did not contain a composite insulation shield unit of
      semiconductive coating adhered to the primary insulation combined with a
      contiguous layer of semiconductive material.
PAR  The Standards of A, B and C comprised samples of the same cable
      construction as the Examples of this invention, except for the omission
      therefrom of the coating 18 having semiconductive properties adhered to
      the surface of the body of insulation 16, and wherein the manufacturing
      heat treatment of the same intensity and time as the Examples was carried
      out with the material wound on a reel in a normal manner with the
      convolutions in a contiguous relationship. The Standards of D and E
      comprised samples of the same cable construction as the Examples of this
      invention, namely, including coating 18 described above, which were
      subjected to the same manufacturing heat treatment under the conditions
      applied in Standards A, B & C, that is with the material wound on a reel
      in a normal manner with the convolutions in a contiguous relationship.
PAR  The cable specifications for the samples of the Examples and Standards, and
      their ionization properties are all given in the following table.
TBL  ______________________________________                                    

     Conductor      Voltage   Ionization Level                                 

             Size       Capacity  Minimum                                      

     Examples                                                                  

             AWG        KV        Required                                     

                                          Test                                 

     ______________________________________                                    

     I       1000       15        15      33                                   

     II      4/0        15        15      32.3                                 

      III    4/0        15        15      23                                   

     IV      500        15        11      19.1                                 

     Standards                                                                 

     A       4/0        15        15      11.7                                 

     B       4/0        15        15      11                                   

     C       4/0        15        15      10.8                                 

     D       4/0        15        15      15                                   

     E       4/0        15        15      15                                   

     ______________________________________                                    

PAR  In the preferred embodiment of this invention, ionization properties of
      approximately twice the required minimum are provided. Also, the cable
      construction of this invention produces a cable which meets the minimum
      requirement regardless of circumstances of performing the heat treatment,
      as demonstrated by Standards D and E.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of manufacturing electric power cable comprising an assemblage
      of a conductor with a composite covering thereabout including a dielectric
      insulation of a thermoset ethylene-propylene rubber compound, a
      semiconductive layer overlying the dielectric insulation, and an enclosing
      jacket of a thermoset polychloroprene, comprising the steps of:
PA1  a. forming a dielectric insulating body of a curable ethylene-propylene
      rubber compound about a metallic electrical conductor, and curing the
      ethylene-propylene rubber of said insulating body;
PA1  b. heating the cured ethylene-propylene rubber compound insulating body
      about the conductor to a temperature of at least about 200.degree.F;
PA1  c. applying a vapor-permeable, semiconductive adhering coating over the
      surface of said cured and heated insulating body of ethylene-propylene
      rubber compound;
PA1  d. applying a layer of semiconductive material overlying the coating
      adhered to the surface of the cured and heated insulating body; and
PA1  e. forming an enclosing protective jacket of a heat-curable polymer
      surrounding the cable assemblage and heat curing the polymer.
NUM  2.
PAR  2. A method of manufacturing electrical power cable comprising an
      assemblage of a conductor with a composite covering thereabout including a
      dielectric insulation of a thermoset ethylene-propylene rubber compound, a
      semiconductive layer overlying the dielectric insulation, and an enclosing
      jacket of a thermoset polychloroprene, comprising the steps of:
PA1  a. forming a dielectric insulating body of a curable ethylene-propylene
      rubber compound about a metallic electrical conductor, and curing the
      ethylene-propylene rubber of said insulating body;
PA1  b. heating the cured ethylene-propylene rubber compound insulating body
      about the conductor to a temperature of about 200.degree.F to about
      300.degree.F for a period of at least about 12 hours;
PA1  c. applying a vapor-permeable, semiconductive adhering coating over the
      surface of the cured and heated insulating body of the ethylene-propylene
      rubber compound;
PA1  d. applying a layer of semiconductive material overlying the coating
      adhered to the surface of the cured and heated insulating body; and
PA1  e. forming an enclosing protective jacket of a heat-curable polymer
      surrounding the cable assemblage, and heat curing the polymer.
NUM  3.
PAR  3. The method of manufacturing electric power cable of claim 2, wherein the
      cured ethylene-propylene rubber compound insulating body is heated to a
      temperature of about 200.degree.F to about 300.degree.F for a period of
      about 24 hours to about 98 hours.
NUM  4.
PAR  4. The method of manufacturing electrical power cable of claim 3, wherein
      the layer of semiconductive material overlying the coating adhered to the
      surface of the insulating body comprises a fabric impregnated with an
      elastomer containing an electro-conductive filler.
NUM  5.
PAR  5. A method of manufacturing electric power cable comprising an assemblage
      of a conductor with a composite covering thereabout including a dielectric
      insulation of a thermoset ethylene-propylene rubber compound, a
      semiconductive layer overlying the dielectric insulation, and an enclosing
      jacket of a thermoset polychloroprene, comprising the steps of:
PA1  a. forming a dielectric insulating body of a curable ethylene-propylene
      rubber compound about a metallic electrical conductor, and curing the
      ethylene-propylene rubber of said insulating body;
PA1  b. heating the cured ethylene-propylene rubber compound insulating body
      about the conductor to a temperature of at least about 200.degree.F for a
      period of at least about 12 hours;
PA1  c. applying a vapor-permeable, adhering coating comprising an
      ethylene-containing polymer and electro-conductive filler dispersed in a
      volatile solvent for the polymer over the surface of the cured and heated
      insulating body of ethylene-propylene rubber compound;
PA1  d. applying a layer of semiconductive material overlying the coating
      adhered to the surface of the cured and heated insulating body; and
PA1  e. forming an enclosing protective jacket of a heat-curable polymer
      surrounding the cable assemblage and heat curing the polymer.
NUM  6.
PAR  6. The method of manufacturing electrical power cable of claim 5, wherein
      the cured ethylene-propylene rubber compound insulating body is heated to
      a temperature of about 200.degree.F to about 300.degree.F for a period of
      about 24 hours to about 98 hours.
NUM  7.
PAR  7. The method of manufacturing electrical power cable of claim 6, wherein
      the layer of semiconductive material applied over the coating adhered to
      the surface of the cured and heated insulating body comprises a fabric
      impregnated with an elastomer containing an electro-conductive filler.
NUM  8.
PAR  8. The method of manufacturing electrical power cable of claim 7, wherein
      the vapor-permeable coating adhered to the surface of the insulating body
      comprises a copolymer of ethylene-vinyl acetate and carbon black filler.
NUM  9.
PAR  9. A method of manufacturing electric power cable comprising an assemblage
      of a conductor with a composite covering thereabout including a dielectric
      insulation of a thermoset ethylene-propylene rubber compound, a
      semiconductive layer overlying the dielectric insulation, and an enclosing
      jacket of a thermoset polychloroprene, comprising the steps of:
PA1  a. forming a dielectric insulating body of a curable ethylene-propylene
      rubber compound about a metallic electrical conductor, and curing the
      ethylene-propylene rubber of said insulating body;
PA1  b. heating the cured ethylene-propylene rubber compound insulating body
      about the conductor to a temperature of about 200.degree.F to about
      300.degree.F for a period of at least about 24 hours;
PA1  c. applying a vapor-permeable, adhering coating comprising a polymeric
      material and an electro-conductive filler over the surface of the cured
      and heated insulating body of ethylene-propylene rubber compound;
PA1  d. applying a layer of semiconductive material overlying the coating
      adhered to the surface of the cured and heated insulating body; and
PA1  e. forming an enclosing protective jacket of a curable polychloroprene
      surrounding the cable assemblage and heat curing the polychloroprene.
NUM  10.
PAR  10. The method of manufacturing electrical power cable of claim 9, wherein
      the layer of semiconductive material comprises a nylon polyamide fabric
      impregnated with butyl rubber.
NUM  11.
PAR  11. The method of manufacturing electrical power cable of claim 10, wherein
      the vapor-permeable, adhering coating comprising and ethylene-containing
      polymer and electro-conductive filler dispersed in a volatile solvent for
      the polymer, and is applied over the surface of the cured and heated
      insulating body of ethylene-propylene rubber whereby it resides
      intermediate said surface and the layer of overlying semiconductive
      material.
NUM  12.
PAR  12. A method of manufacturing electrical power cable comprising an
      assemblage of a conductor with a composite covering thereabout including a
      dielectric insulation of a thermoset ethylene-propylene rubber compound, a
      semiconductive layer overlying the dielectric insulation, and an enclosing
      jacket of a thermoset polychloroprene, comprising the steps of:
PA1  a. preparing a curable ethylene-propylene rubber compound containing about
      2.5 to about 3.5 parts by weight of peroxide curing agent per 100 parts by
      weight of ethylene-propylene rubber and up to about 8 parts by weight of
      petrolatum per 100 parts by weight of ethylene-propylene rubber, forming a
      dielectric insulating body of said curable ethylene-propylene rubber
      compound about a metallic electrical conductor and curing the
      ethylene-propylene rubber of said insulating body;
PA1  b. heating the cured ethylene-propylene rubber compound insulating body
      about the conductor to a temperature of at least about 200.degree.F for a
      period of at least about 24 hours;
PA1  c. applying a vapor-permeable coating comprising an ethylenecontaining
      polymer and electro-conductive filler dispersed in a volatile solvent for
      the polymer over the surface of the cured and heated insulating body of
      ethylene-propylene rubber compound;
PA1  d. applying a layer of semiconductive material overlying the coated surface
      of the cured and heated insulating body; and
PA1  e. forming an enclosing protective jacket of a curable polychloroprene
      surrounding the cable assemblage and heat curing the polychloroprene.
NUM  13.
PAR  13. The method of manufacturing electrical power cable of claim 12, wherein
      the cured ethylene-propylene rubber compound insulating body is heated to
      a temperature of about 200.degree.F to about 300.degree.F for a period of
      about 24 hours to about 98 hours.
NUM  14.
PAR  14. The method of manufacturing electrical power cable of claim 13, wherein
      the vapor-permeable coating comprises a copolymer of ethylene-vinyl
      acetate and carbon black filler.
NUM  15.
PAR  15. The method of manufacturing electrical power cable of claim 14, wherein
      the layer of semiconductive material applied over the coated surface of
      the cured and heated insulated body comprises a nylon polyamide fabric
      impregnated with a butyl rubber elastomer containing carbon black filler.
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ABST
PAL  A method of making pile weatherstripping of the type having a strip of
      velvet-like pile material reinforced by one or more
      longitudinally-extending walls of plastic imbedded in or alongside the
      pile material, by forming such walls of the base sheeting which supports
      and retains the pile material. The pile material is applied in spaced
      parallel strips on the base sheeting, which is then cut between the strips
      and bare portions of the sheeting, and folded and adhered together to form
      the reinforcing walls, which also add to the weathersealing effectiveness
      of the assembly.
BSUM
PAR  Pile weatherstripping is a standard article of commerce, widely used on
      windows and doors to seal the edges thereof against the entrance of cold
      air, moisture, etc. A common form consists of a strip of pile material,
      that is somewhat like velvet, applied to a strip of base material, with
      the base material extending out on either side of the strip of pile
      material so that it can be slipped into a retaining groove on the door,
      window, etc., and be held in place by the retaining edges thus formed, as
      is well known. The pile material may be composed of threads of fabric
      material sewn into the base material or otherwise attached thereto, or in
      a less expensive form of weatherstripping may be formed of flocking
      adhered to the base material. In one form of weatherstripping, an
      upstanding wall of thin, flexible sheet material is incorporated into the
      pile material in order to lend its support and also to increas its
      imperviousness to the passage of air or moisture. This upstanding strip of
      sheet material is usually a different material from the base strip to
      which the piling is fixed and its use adds appreciably to the expense of
      making the weatherstrip. The present invention relates to a method of
      making this general type of weatherstripping in a more simple and less
      expensive manner than has heretofore been the case. According to the
      present invention, the weatherstripping is made by applying parallel
      longitudinal strips of lines of piling to a continuous sheet of thin
      flexible material such as thin sheeting of suitable plastic material, e.g.
      polypropylene. This is preferably done as a continuous process with the
      sheet material being continuously passed through the fabricating station,
      while the piling is applied by known methods, such as applying parallel
      spaced lines of flocking to the sheet material, although the piling may
      also be of any other known form and be attached in any known way, such as
      by sewing, etc. The base sheet of thin plastic material is left bare
      between the lines of piling, for a sufficient distance to permit it to be
      folded up against the line of piling, as will be described in more detail
      hereafter. After the lines of piling are applied, the sheet of base
      material is cut between the lines of piling, and a portion of the exposed
      bare strip extending laterally away from the piling is folded up against
      the line of piling to form a folded wall of the thin sheet material, the
      dimensions of the cut being such that enough of the sheet material remains
      beyond the fold and lying in its original plane to form a retaining edge
      for the weatherstrip.
DRWD
PAR  The specific nature of my invention, as well as other objects and
      advantages thereof, will clearly appear from a description of a preferred
      embodiment as shown in the accompanying drawing, in which:
PAR  FIG. 1 is a transverse sectional view of a conventional form of
      weatherstrip showing the manner in which it is applied and held in place;
PAR  FIG. 2 is a traverse sectional view showing a continuous line of base
      material with spaced lines of piling applied to it, indicating the lines
      of cut and the fold lines;
PAR  FIG. 3 is a transverse sectional view of a single weatherstrip after it has
      been cut and folded, and a backing strip applied thereto;
PAR  FIG. 4 is a similar view of a different form of weatherstrip having two
      supporting walls;
PAR  FIG. 5 is a view similar to FIG. 2 showing the lines of cut and fold lines
      for making the weatherstrip of FIG. 3; and
PAR  FIG. 6 is a plan view of the sheet shown in FIG. 2.
DETD
PAR  As shown in FIG. 1, conventional weatherstripping consists of a line of
      pile material 2 which may be composed of individual filaments such as a
      velvet-like material or flocking and which forms the active portion of the
      weatherstrip as is well-known. The pile material is fastened in any
      conventional manner to a backing strip 4 which extends out laterally
      beyond the line of pile material as shown at 6, 7, so that it may be
      retained in the undercut portion of a groove 8 formed on the edge of a
      door or window, etc., into which the weatherstrip is longitudinally
      inserted in order to perform its function.
PAR  FIGS. 2 and 6 show a manner of making weatherstripping of the general type
      shown in FIG. 1, but with an additional supporting wall. A continuous
      sheet 10 of thin flexible material such as polyproplene or polyethyle
      0.010 - 0.035 inch thick has applied to it by any known method a series of
      spaced parallel lines of piling 12. Machinery for doing this is well known
      in the art and need not be described in detail. The piling may be of any
      type, but it is preferably flocking material adhered at one end to the
      base sheet 10 in any known manner. The base sheet 10 may also be of any
      suitable woven material. At a point beyond that at which the piling is
      applied, the base sheet 10 is cut into longitudinal strips by cutting
      wheels or knives in a continuous process, the equipment for doing this
      being well known and conventional. The cuts are made along lines 14 so
      that each cut strip now has on it two parallel spaced lines of piling. At
      a further point along the continuous production line, the base sheet is
      folded, again by known machinery, along lines 16, so as to bring the two
      adjacent strips 12 and 12a together to form one continuous line of piling
      with the upstanding folded portion 17 between them. A suitable adhesive or
      glue may be applied to the interior sides of the folded portion at 18, so
      that the upstanding portion will retain its configuration by itself. For
      some uses, this procedure will now form the entire weatherstrip, and in
      this case, the base sheet 10 is made sufficiently rigid so that the
      remaining unfolded portion of the base sheet which extends out at 20 and
      22 has sufficient rigidity to serve to retain the weatherstrip in its
      slot, similar to portions 6 and 7 shown in FIG. 1. However, in most cases,
      it is preferred to use a base sheet material which is too thin and
      flexible to serve for this purpose, and in that case a backing sheet or
      strip 24 is employed, which is suitably fastened to the bottom of the
      weatherstrip in any suitable or known manner, as by adhesives or by the
      application of heat. The upstanding wall 17 thus formed thus serves as a
      supporting wall and also as a barrier against moisture, etc.
PAR  FIG. 4 shows a weatherstrip having two upstanding walls, one on each side
      of the piling line, which may be formed as shown in FIG. 5 by making the
      line of cut between each two adjacent lines of piling, leaving enough of
      the bare base material 10a on either side of the line of piling 12' so
      that when it is folded along fold lines 16a two upstanding walls 17a and
      17b will be formed, leaving retaining edges 20a and 20b on either side of
      the line of piling. This has the advantage of forming a double barrier, as
      well as helping to support the line of piling against undue flattening and
      distortion.
PAR  If desired, the top edge of strip 17, 17a, 17b may be cut as shown at A in
      FIG. 4 to provide two edges for improved weathersealing action; in this
      event the adhesive at 18 is applied only at the bottom of the folded
      strip, leaving the cut edges free to spread apart.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of making pile weatherstrip comprising the steps of
PA1  a. applying parallel spaced continuous lines of piling to a continuous base
      sheet of thin flexible material,
PA1  b. cutting the sheet between lines of piling to leave strips of the base
      material with one or more continuous lines of piling running along each
      strip, and the base sheet material extending out on each side from each
      line of piling,
PA1  c. folding a portion of the bare base sheet material of the strip back on
      itself beside a line of said piling to form an upstanding wall of folded
      base sheet material alongside and adjacent to the line of pile, with the
      remainder of said base sheet material lying flat in its original plane and
      extending out away from the line of piling to form a retaining edge
      portion for the weatherstrip,
PA1  d. fastening a backing support strip to the bottom of the weatherstrip,
PA1  e. cutting the top edge of said upstanding wall of folded base sheet
      material along its top fold line to thus provide two upstanding walls of
      the base sheet material capable of spreading apart and thus providing two
      sealing edges instead of one.
NUM  2.
PAR  2. The invention according to claim 1, and the further step of folding and
      cutting a similar portion of bare base material along the other side of
      the line of pile to thus form two upstanding double walls of folded sheet
      material, one on each side of the line of pile.
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ABST
PAL  A method is disclosed for producing a protective helmet, the method
      comprising placing an inner shell having a dome portion and downwardly
      extending side portions on a die, positioning a further die so that a
      cavity is provided between the outer surface of the inner shell and the
      further die, filling the cavity with pre-foamed beads of polystyrene of
      selected density, and applying heat to expand the beads to create a
      continuous layer of shock absorbing material extending over the whole
      outer surface of the inner shell. Additionally, and subsequent to the
      formation of the layer of shock absorbing material, an outer covering may
      be applied to the outer surface of the shock absorbing material to provide
      a double-skin helmet.
PARN
PAR  This is a divisional, of application Ser. No. 246,581, filed Apr. 24, 1972
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to protective helmets used in industry, the armed
      forces, and as used as crash helmets, equestrian helmets, climbing helmets
      and like helmets where it is desirable to provide a protective barrier
      between the head of a wearer and any means whereby the head of the wearer
      may be injured, and is particularly concerned with a novel manufacturing
      method therefor.
PAR  It is known to provide a protective helmet having a shell made from metal
      or made from synthetic resin materials and having fixed or otherwise
      fastened within the interior of the shell either a sling or harness of
      webbing or other material fastened to the lower edge portion of the shell,
      the dimensions and arrangement of the webbing being such that when the
      webbing is in contact with the head of a wearer there is provided a
      clearance between the shell and said head; or, the interior of the shell
      may be provided with protective padding fixed or secured in some manner to
      the shell, the padding being arranged to bear against the head of a
      wearer.
PAR  It is further known that the most vunerable parts of the human head are the
      flat portions immediately above and about the ear. It is also known that
      many impacts whether to vehicle users, sportsmen or industrial users,
      occur in and about this area. Hitherto protection of these areas has not
      been satisfactorily achieved.
PAR  In protective helmets generally, the protection provided terminates at the
      "headband" line, that is on a line passing approximately medially through
      the temporal and occipital areas of the skull, and if any further covering
      is provided and does extend downwardly below the headband line in an
      attempt to cover more adequately the beforementioned areas then this
      covering is found weak when compared with the strength of the dome
      structure of the helmet.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is one of the objects of this invention to provide a novel method of
      manufacturing forms of protective helmets each having in structural
      composition, continuity of strength with little if any depreciation from
      the crown of the helmet into and encompassing further areas of the helmet
      covering the temporal and occipital areas of the head.
PAR  Further objects of the invention will be apparent from the following
      description.
PAR  The invention provides for the manufacture a protective helmet comprising a
      dome portion and downwardly extending side portions consisting of spaced
      inner and outer shells or coverings and a continuous layer of shock
      absorbing material or padding occupying said space, the shells and shock
      absorbing material being structurally continuous from crown to perimeter
      thereby maintaining continuity of strength and shock absorbing capacity
      from crown to terminal of each side portion such that the shells and said
      material in combination provides a stable shock absorbing structure.
PAR  The inventive method may be used to provide a helmet having only an inner
      shell and overlying padding as will be explained, or to provide what may
      be termed a double-skin construction formed from the aforesaid inner and
      outer shells, or coverings the shells being molded from synthetic
      material, the inner having shell dimensions smaller than the outer
      covering so as to provide a space therebetween, this space being filled in
      its entirety with a polyurethane or polystyrene foam core or padding of a
      selected density and thickness depending upon the distance between the
      facing surfaces of the inner and outer shells, sufficient to provide the
      amount of shock absorption required for a particular type of protective
      helmet. The layers so provided may be or may not be bonded together. By
      bonding the spaced inner and outer shells together with one lightweight
      shock absorbing material, all three elements of the finished helmet
      contribute to the physical strength of the structure, and the performance
      is improved considerably due to the high strength/weight ratio achieved.
      It is also envisaged that through control of the various combinations of
      weight, thickness of outer shell and thickness of inner shell, specific
      characteristics can be obtained. The edges or rims of either one or both
      of the shells can be heat formed to provide a welded bead, or
      alternatively an extruded plastic or rubber edging or bead can be used,
      which edging is welded, cemented or otherwise attached between the
      matching edges of the two shells to provide a space between them. This
      latter space, which may be narrower than the space extending between the
      dome and sides of the shells can also be filled with the shock absorbing
      material, thereby providing greater flexural strength around the edges of
      the structure by virtue of the double-skin effect. The outer edge of the
      edging provides a finishing bead around the edge or rim of the helmet.
PAR  Referring more specifically to the shells, the interior shell can be made
      from one of a variety of plastics materials, either by thermo-forming or
      injection molding or rotational casting. The inner shell generally needs
      to be non-brittle and preferably resistant to body oils and perspiration
      as well as being compatible with the type of shock absorbing material used
      to fill the space between the shells, or suitable for cementing to the
      shock absorbing core.
PAR  The outer shell or covering requires to be tough and non brittle and also
      smooth and unaffected by water. It can be made by injection molding or
      thermo-forming, or by vacuum forming or by rotational casting, or by the
      use of reinforced plastics material. The material for the outer shell
      should be compatible with the type of shock absorbing material used in
      forming the core, or be suitable for cementing to the core, and the outer
      shell can be self-coloured or covered with a paint or a plastic film. The
      outer shell primarily or covering serves to spread the load of any shock
      over a larger area and also protects the core and other components of the
      helmet from mechanical damage.
PAR  The inner shell, as before described, is molded or otherwise formed to
      closely follow the general contours of the head of a person. The inner
      shell acts as a protective containing barrier for the core or layer of
      shock absorbing material and assists in distributing shock over all or
      nearly all of the helmet.
PAR  The portions of the inner shell in the vicinity of the ears may be shaped
      or flared away to provide comfortable accommodation for the ears whilst
      the contour of the remainder of the inner shell follows closely that of a
      wearer's head. This also provides for good aural access for the ears even
      though they are well within the protected area.
PAR  One method of constructing the helmet consists of vacuum forming the inner
      and outer shells, placing the inner shell in a die such as an aluminium
      die, with a mating half providing a cavity of the same dimension as the
      final core, and filling the cavity with pre-foamed beads of selected
      predetermined density. Applying heat such as by a short period in steam at
      say 7lbs per square inch expands the beads to fill the cavity and create a
      homogenous mass physically adhered to the inner shell. This unit or
      intermediate product comprising an inner shell and expanded polystyrene
      padding over its outer surface is then fitted with mounting lugs and slots
      for accommodating the fastening of a headband within the shell, the
      intermediate product having a separate utility of its own in that the
      protective effects of the additional outer shell or coverings may not be
      necessary in certain applications. Alternatively the unit may then be
      finally mated to an outer shell. The perimetrical edges of the shells may
      be held together by means of an added rubber or plastics edging or
      molding. One of the advantages of the aforegoing method is that some
      reverse taper can be imparted to the sides of the outer shell at the ear
      position, which is important for overall appearance. This method also
      provides a means of providing mounting points for a head-band and a means
      for fitting a chinstrap in such a way that no piercing of the outer shell
      is required, thus protecting the wearer from both the effects of blows to
      the head and the hazard of electric shock. A suitable material for the
      shells is found at present to be A. B. S., but so long as the physical
      requirements are met, quite a wide range of plastics materials can be
      used. In the same way, the shock absorbing material can be expanded
      polystyrene steamformed in a separate die or polyurethane 2 liquid foam
      molded in situ between two shells, or molded and assembled separately.
PAR  Where the shock attenuation requirement is high, such as for example for
      aircraft pilots helmets, racing car drivers helmets and motor cyclists
      helmets, the outer shell would be provided and can be made of reinforced
      plastics material such as synthetic resin and fibreglass to provide
      greater strength in the outer shell.
PAR  For helmets requiring a lesser degree of shock absorption, such as
      equestrian helmets, the thickness of both inner and outer shell can be
      reduced with a consequent saving in weight.
PAR  A further advantage in the construction of the helmet of this invention is
      that the helmet is of a positive buoyancy when fully submerged in water
      and as will be appreciated, this advantage is of importance to the wearers
      of helmets in water sports.
PAR  The helmet may be provided with an occipital strap which preferably is
      adjustable or is elastic in nature. The strap can be fixed through the
      inner shell and anchored in the shock absorbing material. Alternatively
      the helmet may be provided with a head-band which includes at the rear an
      adjustable occipital strap, the head-band adjustable or fixed size, being
      secured in relation to the helmet by lugs or ears passing through slits in
      the inner shell, the roots of the lugs or ears being embedded in the shock
      absorbing material. Chin straps if desired can be fitted through a slot on
      each side of the inner skin of the helmet and held in position by such as
      a keeper bar or by embedding in the shock absorbing material. In this
      arrangement one slot is large enough to allow the hook, or similar
      fastening on a long strap to pass through, and a short strap has a
      removable buckle, allowing the strap to be removed and refitted as
      required.
PAR  Economical production of the helmets constructed according to this
      invention can be met by using thermoforming or vacuum-forming techniques
      in which sheet material of approximately 0.100 of an inch is used to form
      an outer shell of the required dimensions and shape, using relatively
      inexpensive apparatus and molds. A shell so formed is then held in a
      suitable outer mold. The inner shell, mounted on a matching inner mold, is
      then clamped in position within the outer shell. The constituents of the
      shock absorbing material are injected into the space between in a measured
      amount to produce a foam or expanded material of the required density.
      Such material sets and adheres to the surfaces of the two shells and
      produces a very high strength/weight ratio. Furthermore the two shells can
      also be cemented to a previously molded shock absorbing core.
PAR  The inner shell, if desired, can be provided with what may be termed a
      comfort padding which will be a soft resilient padding used to absorb
      differences in head contours and provide a comfortable fit, and also if
      necessary provide for ventilation. This padding may be provided for as
      follows.
PAR  The surface of the inner shell intended to face the head of the wearer of
      the helmet may be provided with a plurality of partitions or ribs or like
      raised portions extending from the surfaces of the shell. These partitions
      or ribs add strength to the inner shell and to the helmet as a whole. The
      partitions or ribs in forming inter-connecting passages leading from or
      near the edges of the inner liner provide for ventilation. Covering the
      inwardly facing surfaces of the partitions there may be resilient material
      such that said material is positioned between the inner shell and the head
      of a wearer when the headwear is in use. A membrane or impervious
      material, which is resistant to oil and perspiration may be provided and
      placed over the resilient material thereby providing a barrier between
      said resilient material and the head of a wearer when the headwear is in
      use.
PAR  The whole of the inside of the inner shell can be covered with a suitable
      material to give adequate protection from wear and tear, effects of oil,
      perspiration and like liquids or substances, and/or to enhance the
DRWD
PAR  The invention will now further be described by way of example with
      reference to the accompanying drawings comprising FIGS. 1 to 9; more
      particularly, one method of constructing a protective helmet in accordance
      with this invention is illustrated by way of example in the diagrammatic
      views, Numbers 1 to 6 inclusive.
DETD
PAR  FIGS. 1, 2 and 3 respectively show a preferred shape of helmet, FIG. 1
      being a side view, FIG. 2 being a view looking at the front of the helmet,
      and FIG. 3 being a view looking at the back of the helmet.
PAR  The dome portion 1 of the helmet which can be said to be that portion above
      interrupted line 2 extends downwardly, particularly at the sides, and to a
      certain extent at the rear to provide side portions 3. As will be seen,
      the portion of the helmet below line 2 provides optimum protection for the
      temporal and occipital areas of the skull.
PAR  FIG. 4, diagrammatically shows in cross section, an outer shell designated
      numeral 4, the side portions 5 of outer shell 4 having a slight draft.
PAR  In FIG. 5, which is a diagrammatic cross section, there is shown inner
      shell 6 over which is molded the core or inner layer of shock absorbing
      material 7. The shock absorbing material 7 is molded onto inner shell 6
      having a contour substantially as that shown in the drawing, but before
      mating the unit of inner shell 6 and core 7 to outer shell 4, part of the
      material of 7 is removed, the removed part being depicted by interrupted
      line 8, following which when outer shell 4 is placed over the unit
      comprising 6 and 7, the side portions 5 of outer shell 4 are drawn
      inwardly in the final assembly, the perimeters being welded together or
      fastened by means such as a bead or edging 9 as shown in FIG. 6.
PAR  As will be seen when referring to FIG. 6, side portions 5 covering the
      temporal areas of the skull extend around the rear of the helmet to meet
      and insodoing provide a protection barrier for the occipital area of the
      head of a person using the helmet.
PAR  The illustrations of the invention in FIGS. 5 and 6 also contain
      representations of ribs, partitions or like raised portions 10 which serve
      to assist in stiffening the inner shell, and also make provision for
      ventilating passages 11.
PAR  Again referring to the drawings, FIGS. 7 and 8 are sectional views on a
      larger scale of a similar construction of helmet according to the
      invention where, likewise, the outer shell is designated numeral 4, the
      inner shell is designated numeral 6, and the molded core or inner layer of
      shock absorbing material designated numeral 7. The dome portion of the
      helmet is indicated generally by arrow 1 and the side portions indicated
      generally by arrow 3. As will be seen, the structure provided by the
      combination of outer and inner shells 4 and 6 respectively, together with
      the core of shock absorbing material 7 is continuous from the crown of the
      helmet to the perimeter thereof and that no break or discontinuity of any
      of the members forming the combination is present, and that no radical
      changes in section occur between the dome portion and the side portions of
      the helmet thereby providing for a stable shock absorbing structure.
PAR  FIG. 9 is a fragmentary view on a substantially horizontal plane in section
      showing an example of configuration of the inner shell 6, particularly the
      ribs or partitions adding strength to the inner shell.
PAR  As will be more particularly seen from FIGS. 5, 6 and 7, those parts of the
      side portions 3 which lie in the vicinity of the ears of a wearer of the
      helmet, are flared at 11 thereby providing comfortable accommodation for
      the ears of the wearer, and also providing for good aural access, yet at
      the same time maintaining the essential feature of continuity through the
      dome portion of the helmet into and to the perimeter of the side portions
      3.
PAR  Referring more particularly to FIGS. 7 and 8, there is shown slots 12
      formed at convenient points through inner shell 6. Slots 12 permit the
      accommodation of lugs 13 which pass through the slots into the core
      material 7 wherein the lugs 13 are anchored. Lugs 13 conveniently form
      securement points for a head band, illustrated by interrupted lines 14 in
      FIG. 8. An occipital strap is also indicated in interrupted lines and
      indicated by numeral 15, strap 15 being secured or forming part of head
      band 14.
PAR  Additional slots are formed or provided in the lower portions of inner
      shell 6, one of said slots being shown in FIG. 8 and having reference
      numeral 16. A slot 16 is provided on each side of the helmet and the slots
      accommodate a chin strap shown by interrupted lines 17. Preferably, chin
      strap 17 is anchored within the shock absorbing material 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing a protective helmet comprising placing an inner
      shell having a dome portion and downwardly extending side portions on a
      die, positioning a further die so that a cavity is provided between the
      outer surface of the inner shell and the further die, filling the cavity
      with prefoamed beads of polystyrene of selected density, applying direct
      steam heat to said beads to expand said beads and create a continuous
      homogeneous layer of shock absorbing material extending over the whole
      outer surface of the inner shell and physically adhered to it, and
      removing the inner shell with the adhered layer of shock absorbing
      material from said die and said further die.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein slots are cut through the inner
      shell, and lugs are anchored through said slots and into said layer of
      shock absorbing material for attachment of a head-band.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein subsequent to the formation of
      said layer of shock absorbing material and attachment of said lugs, an
      outer covering is applied to the outer surface of the shock absorbing
      material.
NUM  4.
PAR  4. A method as claimed in claim 1 including the step of forming the inner
      surface of the inner shell with recesses at the position which will lie in
      the vicinity of the ears of the wearer to provide for comfort and aural
      acuity.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein a chin strap anchorage is
      provided within or on the outer surface of the layer of shock absorbing
      material.
NUM  6.
PAR  6. A method as claimed in claim 3 further including the step of applying an
      edge beading to reinforce and finish the helmet edge.
NUM  7.
PAR  7. A method as claimed in claim 3 further including the step of improving
      the strength and shock absorption of the helmet by bonding the outer
      covering to the shock absorbing padding.
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ABST
PAL  A "full cap" method of retreading a tire with a previously molded and
      vulcanized tread in combination with unvulcanized rubber material which is
      placed adjacent the precured tread in the shoulder regions, or upper
      sidewall areas of the tire. Metal rings are placed over the unvulcanized
      rubber material and heated to mold in the unvulcanized material a pattern
      of grooves and recesses which esthetically blends with the design of the
      precured tread. Conventional techniques for heating and cementing the
      precured tread to the tire casing are used in recapping the tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is particularly well suited for use in recapping tires with a
      precured tread. In such recapping operations, the worn tread of a tire
      casing suitable for recapping, is removed by buffing and a precured tread
      is cemented to the buffed periphery of the tire casing. The precured tread
      and layer of cement are next covered by a fluid-impervious membrane, such
      as a piece of conventional innertubing. The assembly of tire casing,
      precured tread and membrane, is then subjected to a heated fluid, under
      pressure, for vulcanizing the layer of cement, whereby the precured tread
      is permanently bonded to the tire casing. In most cases, the precured
      tread is clearly distinguishable from the adjacent upper sidewalls of the
      tire, since no attempt is made to match the design of the two adjacent
      components. From a structural and operational standpoint, it is not
      necessary that the design of these two components match, but the esthetic
      appearance of the tire is highly improved if they do. The invention is
      directed to solving this particular problem by providing esthetically
      pleasing upper sidewalls which blend, in appearance, with the design of
      the precured tread.
PAR  Briefly stated, the invention is in a method of retreading a tire using a
      precured tread. The tire casing is first buffed in the areas of the tread
      and shoulders of upper sidewalls of the tire. A precured tread is
      positioned around the buffed periphery of the tire casing after a layer of
      vulcanizable cement is interposed between the precured tread and tire
      casing. Unvulcanized material is positioned on the buffed shoulder areas
      of the tire adjacent the precured tread. A pair of molding rings are then
      placed over the unvulcanized material. Conventional techniques used in 1
      protecting the precured tread and unvulcanized rubber material from a
      heated curing medium, and 2 heating the assembly with the medium, are
      employed to bond the precured tread to the tire casing and mold and
      vulcanize a predetermined pattern of ribs and recesses in the unvulcanized
      material in the shoulder regions of the tire.
DETD
PAC  Description of the Invention
PAR  The following description of the invention will be better understood by
      having reference to the attached drawing which is a section of a portion
      of a recapped tire 2 in an apparatus 3 used in vulcanizing any uncured
      elastomeric material employed in the recapping process. The recapped tire
      2 comprises a tire casing 4 with an outer periphery 5 which has been
      buffed in accordance with conventional full-cap retreading procedures
      normally employed when rebuilding the tread and upper sidewall areas of a
      tire with unvulcanized elastomeric material, e.g. natural or synthetic
      rubber. A layer of cement 6, normally employed in recapping tires with
      precured treads, is interposed between the tire casing 4 and a previously
      molded and vulcanized tread 7 which is positioned on the outer buffed
      periphery 5 of the tire casing 4. The cement 6 may be in the form of a
      liquid coating, or a layer of conventional cushion gum including a
      vulcanizing agent and accelerator, or a combination of both. Unvulcanized
      rubber material 8 is placed over one or both of the buffed upper sidewalls
      9 and 10 of the tire casing 4 adjacent the precured tread 7, depending on
      whether it is desirable replacing the upper sidewall on one, or both sides
      of the tire 2. The unvulcanized rubber material 8 abuts the precured tread
      7 and covers the buffed upper sidewall regions 9 and 10 of the tire casing
      4.
PAR  The recapped tire 2, including the properly positioned precured tread 7 and
      unvulcanized material 8, is now ready for heating, molding, and
      vulcanization which can be accomplished by any of the conventional
      techniques presently employed for bonding precured treads to recappable
      tire casings. In the case of a pneumatic tire, for example, a regular
      curing tube 11 and rim CR, are placed within the cavity of the recapped
      tire 2.
PAR  A pair of frusto-conically shaped annular rings 13 and 14, somewhat similar
      to those shown in U.S. Pat. No. 2,343,724, are positioned over the uncured
      rubber material 8 in the upper sidewall regions 9 and 10 of the tire
      casing 4. The rings 13 and 14 are composed of any appropriate material,
      e.g. metal, and are each provided with a pattern of protuberances or
      projecting ribs 15 for molding correspondingly configured recesses or
      grooves 16 in the unvulcanized material 8. The rings 13 and 14, in this
      instance, are designed to mold an annular scuff rib 17 in each of the
      upper sidewalls 9 and 10 of the recapped tire 2. The mold rings 13 and 14
      are in registry with the precured tread 7, i.e. they are designed to abut
      and partially overlap the opposing annualar sides 18 and 19 of the
      precured tread 7. The mold rings 13 and 14, in this case, are also
      designed for registry with a pair of annular stops 20 and 21 projecting
      from sections 22 and 23 of the kettle like apparatus 3 which, when closed,
      forms an enclosed chamber 24 for receiving a single tire.
PAR  A fluid impervious membrane, such as a conventional innertube 25, is placed
      over the precured tread 7 and mold rings 13 and 14 to prevent heated
      fluid, e.g. steam, from contacting the uncured cement 6 and rubber
      material 8. The tube 11 is inflated with air to exert a predetermined
      outward radial pressure against the inner periphery 12 of the tire casing
      4. Saturated steam is forced through the inlet 26 of the kettle 3 into the
      steam chamber 24 for contacting the flexible, rubber membrane 25 covering
      the tire 2 positioned in the kettle 3, as shown in the drawing. The air
      pressure within the curing tube 11 and steam pressure against the membrane
      25, designated by small arrows in the drawing, coact to hold the various
      components firmly in position until the cement 6 and rubber material 8 are
      vulcanized. The unvulcanized rubber material 8, used in the upper
      sidewalls 9 and 10, generally has the same good wear characteristics of
      the material of the precured tread 7, but in some cases it may be
      desirable using material having better heat resistant than wear resistant
      qualities, especially in bias, or bias-belted tires where the build-up of
      heat in the upper sidewalls 9 and 10 is somewhat greater than that of
      radial tires.
PAR  Thus, there has been described a method of full capping a tire with a
      precured tread and unvulcanized rubber material which is molded and
      vulcanized to blend in with the design of the precured tread. The mold
      rings can be configured to register with the precured tread, or a
      particular component of the kettle, or other apparatus in which the
      recapped tire is placed for heating and vulcanization. A tire fully capped
      in accordance with the invention resembles a new tire in that there is
      unitary design of tread and sidewalls.
PAR  The aforementioned process is essentially the same for full-capping a tire
      mounted on a rim and filled with foamed synthetic rubber, except that the
      conventional curing rim and tube are replaced by the foamed rubber as a
      means for exerting radial pressure against the inner crown of the tire.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of full-capping a tire comprising:
PA1  a. buffing a tire casing to remove at least a portion of the worn tread and
      at least one upper sidewall of the tire casing;
PA1  b. positioning a previously molded and vulcanized tread in surrounding
      relation around the tire casing, the precured tread extending beyond the
      buffed upper sidewall of the tire casing;
PA1  c. interposing a heat-curable material between the precured tread and tire
      casing for bonding the tread to the casing;
PA1  d. placing unvulcanized elastomeric material against the precured tread and
      buffed upper sidewall of the tire casing; and
PA1  e. contacting the unvulcanized elastomeric material with a molding device
      to form a pattern of ribs and grooves in the unvulcanized elastomeric
      material while simultaneously heating the bonding and unvulcanized
      elastomeric material to temperatures sufficient to cause curing of the
      bonding material and vulcanization of the elastomeric material.
NUM  2.
PAR  2. The method of claim 1, wherein forming a pattern of ribs and grooves in
      the unvulcanized elastomeric material includes (i) positioning a dish-like
      ring adjacent the unvulcanized elastomeric material, the ring including a
      pattern of ribs extending therefrom for forming correspondingly configured
      grooves in the unvulcanized elastomeric material, (ii) registering the
      ring with at least the precured tread, and (iii) heating the ring to
      correspondingly heat and vulcanize the unvulcanized elastomeric material.
NUM  3.
PAR  3. The method of claim 2, wherein both upper sidewalls of the tire are
      buffed and a pair of rings are used for forming at least a pattern of
      grooves in the unvulcanized elastomeric material positioned on the tire
      casing in the upper sidewalls of the tire.
NUM  4.
PAR  4. The method of claim 3, which includes covering at least the precured
      tread with a flexible, fluid-impervious elastomeric membrane, prior to
      heating the precured tread.
NUM  5.
PAR  5. The method of claim 4, which includes covering both the precured tread
      and rings with a flexible, fluid impervious elastomeric membrane, and
      contacting the membrane with steam for a time sufficient to heat and
      vulcanize any unvulcanized elastomeric material.
NUM  6.
PAR  6. The method of claim 5, which includes inflating a curing tube within the
      cavity of the recapped tire, prior to heating the unvulcanized elastomeric
      material.
NUM  7.
PAR  7. The method of claim 5, wherein the unvulcanized elastomeric material is
      of the group consisting of natural and synthetic rubber.
NUM  8.
PAR  8. The method of claim 7, wherein the rings are rigid and metallic.
NUM  9.
PAR  9. The method of claim 8, wherein the unvulcanized elastomeric material in
      the sidewalls has better heat resistant characteristics than the
      elastomeric material of the precured tread.
NUM  10.
PAR  10. The method of claim 1, wherein the molding device is a frusto-conically
      shaped, rigid annular metal ring including a surface for contacting the
      unvulcanized elastomeric material, the surface including a pattern of ribs
      projecting from the surface for forming correspondingly configured
      recesses in the material, the ring being free of the ground contacting
      surface of the precured tread and designed to contact only the annular
      sides of the precured tread.
NUM  11.
PAR  11. The method of claim 10, including means carried by the ring for placing
      the ring in registry with the precured tread.
NUM  12.
PAR  12. The method of claim 10, which includes means carried by the ring for
      forming an annular scuff rib.
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PAL  A process for producing a non-woven fabric having a textured surface,
      comprising forming a web of fibres at least a proportion of which are
      potentially adhesive, superimposing said web on a scrim fabric and passing
      said web and scrim through a needle loom containing coarse gauge needles
      whereby fibres of said web are needle punched through the scrim, needle
      punching fibres of a second web with coarse gauge needles on to the scrim
      side of the web-scrim assembly, subsequently needle punching the assembly
      with fine gauge needles from both sides, and finally treating the assembly
      so as to form bonds between contiguous fibres.
BSUM
PAR  The invention relates to improvements in the manufacture of non-woven
      fabrics containing at least a proportion of potentially adhesive fibres,
      and particularly that class of non-woven fabrics containing at least a
      proportion of bicomponent fibres and strengthened and stabilised by
      inter-fibre bonds derived from one component of those bicomponent fibres.
      By potentially adhesive fibres we mean fibres which can be, or have been,
      rendered adhesive by a treatment which leaves other non-activatable fibres
      substantially unaffected.
PAR  It has already been proposed to make non-woven fabrics having a textured
      surface, that is, having tufted or pile-like surface by forming a mat or
      web of fibres passing the web or mat through a needle loom, in which some
      fibres of the web are reoriented to lie substantially perpendicular to the
      web and protrude beyond the surface thereof and subsequently treating the
      fibrous assembly to bond together the fibres in order to strengthen and
      stabilise the structure as a whole. In some cases the stability of the
      structure has been increased by the inclusion of a woven scrim fabric
      within the web of fibres. The surface texture of the non-woven fabric
      depends to a great extent on the gauge of the needles with which the web
      is punched and upon the number of needle punches per unit area. Thus, if
      coarse gauge needles are used, large tufts of fibres spaced apart from
      each other will be produced, and if fine gauge needles are used, small
      tufts, again spaced apart, will be produced. Multiple-passes through the
      needle loom or a high density of needle penetrations per unit area
      increases the tuft density, but as many as four passes with coarse gauge
      needles and up to eight passes with fine gauge needles are found to be
      necessary to produce an evenly tufted surface. Even after multiple passes
      of the non-woven material through the needle loom the appearance of the
      surface produced with fine gauge needles differs from the surface produced
      with coarse gauge needles, the latter having a grainy appearance arising
      from the relatively large size of the tufts.
PAR  It is also known that the physical characteristics of the non-woven fabric
      are affected by the depth to which the needles penetrate through the web.
      If needles are arranged to penetrate only a small distance through the web
      then the small tuft height provides the surface with good resistance to
      abrasion, but since the fibres contained in the tufts constitute a small
      proportion of the total number of fibres than those there is little
      protection for the fibres in the web and consequently such latter fibres
      are prone to become loosened and pilling occurs.
PAR  This effect is particularly noticed with fine gauge needling of a non-woven
      web because at most a very small proportion of fibres can be carried by
      the fine gauge needles into the tufts.
PAR  We have now found that a non-woven fabric having an attractive appearance,
      good abrasion resistance and a high resistance to pilling can be produced
      without the need for the previously necessary high number of passes
      through the needle loom, by a first needling with coarse gauge needles and
      a subsequent needling with fine gauge needles.
PAR  Thus, according to the invention there is provided a process for producing
      a non-woven fabric having a textured surface, comprising forming a web of
      fibres at least a proportion of which are potentially adhesive
      superimposing said web on a scrim fabric and passing said web and scrim
      through a needle loom containing coarse gauge needles whereby fibres of
      said web are needle punched through the scrim, needle punching fibres of a
      second web with coarse gauge needles on to the scrim side of the web scrim
      assembly, subsequently needle punching the assembly with fine gauge
      needles from both sides, and finally treating the assembly so as to form
      bonds between contiguous fibres.
PAR  The gauges of needles may be defined as coarse up to 25 blade gauge and as
      fine 25 blade gauge and above. Preferably the difference in gauge between
      fine and coarse needles is at least 10.
PAR  The needling with coarse gauge needles serves to unite the web with the
      scrim or with the web scrim combination as the case may be and after the
      coarse needling stage there is produced an assembly having large tufts of
      fibres on the surface of the first web, the fibres of the tufts being
      derived from the second web and passing through the scrim and first web.
      This product, even if the fibres are bonded together, has a marked
      tendency to pill. The subsequent needle punching of both surfaces using
      fine gauge needles, however, intermingles the fibres and modifies the
      surface appearance by reducing the pile height and merging the large
      individual tufts to give a smooth textured surface having a pile-like
      appearance. After bonding the fabric has a good resistance to abrasion and
      resistance to pilling.
PAR  It is necessary that the webs used in the process of the invention contain
      at least 5%, preferably 25%, potentially adhesive fibres. Such fibres,
      which are used in the process of the invention as bonding agents, may be
      any synthetic thermoplastic organic polymer, such as, for example,
      polyamide, polyester, polyolefin or polyacrylonitrile. These fibres may be
      used alone, although it is preferred that they are blended with fibres
      which do not become adhesive under the conditions in which the
      thermoplastic fibres become adhesive. The non-adhesive fibres may be
      natural fibres, such as wool or cotton fibres, or may be thermoplastic
      fibres which remain unaffected during the bonding treatment. A preferred
      embodiment employs multi-component fibres, having a component, occupying
      at least part of the surface of the fibre, that can be rendered adhesive
      under conditions which leaves at least one other component unaffected,
      either alone or in admixture with other non-activatable fibres. If
      desired, the component of the multi-component fibres may be arranged
      asymmetrically so that the fibres are able to develop crimp by a suitable
      treatment, which can conveniently be the bonding treatment.
DRWD
PAR  The invention is further described in the accompanying drawing in which:
PAR  FIG. 1 is a representation of a process according to the invention,
PAR  FIGS. 2 and 3 are illustrative cross-sections of structures intermediate to
      the non-woven fabric according to the invention, and
PAR  FIG. 4 is a cross-section through a sample of fabric made according to the
      invention.
DETD
PAR  Referring to FIG. 1, reference numeral 10 indicates a storage roll of
      non-woven web containing a proportion of potentially adhesive fibers and
      manufactured in a conventional manner, for example, by air deposition of
      the fibers of the like, or other well known process. A scrim material 36
      is unrolled from roll 16 via take-off rolls 18 whereat the non-woven web
      32, unrolling from roll 10, is superimposed upon scrim material 36.
PAR  The superimposed non-woven web and scrim material 20 is then passed to a
      first needle loom 22 wherein needle board 28, adapted to be reciprocated
      vertically by suitable means (not shown) such as a crankshaft, carrying a
      plurality of coarse gauge barbed needles 30 moves up and down. As is
      conventional, the barbed needles 30 are first passed or driven through
      aligned holes in a strip or plate 26, through the non-woven web and scrim
      20 and through aligned holes in bed plate 24, and are then withdrawn.
      During passage of the barbed needles through the non-woven web, the barbs
      engage certain of the fibers thereof and carry them through the scrim
      material. When the needles are withdrawn the fibers are released from the
      barbs and remain as tufts of fibers on the side of the scrim material
      remote from the non-woven web from which they are derived.
PAR  FIG. 2 is an illustration of the cross-sectional structure of the non-woven
      assembly 48 emerging from the needle loom 22. Tufts of fibers 34 extend
      from non-woven web 32 through scrim material 36.
PAR  On emerging from needle loom 22, the assembly 48 is led by guide rolls 38
      and 40 to a second needle loom 42. Before entering loom 42, however, a
      second non-woven web 44 unrolled from storage roll 46 is laid on the scrim
      side of the non-woven assembly 48 at feed rolls 50. Second needle loom 42
      is similar in structure and operation to needle loom 22 and comprises the
      conventional bed plate 24', stripper plate 26', needle bore 28' containing
      a plurality of coarse gauge needles 30'. On emerging from needle loom 42
      the non-woven composite has the structure illustrated in FIG. 3. Tufts 52
      extend from second non-woven web 44 through scrim 36 and first non-woven
      web 32 and appear on the surface of second non-woven web 32 as large
      tufts, each containing a multiplicity of fibers.
PAR  The assembly is next passed to needle loom 54 which is a double acting
      needle loom whereby needles can penetrate the non-woven structure from
      both sides simultaneously. Needle loom 54 consists of plates 56 and 56',
      reciprocating needle bores 58, 58' containing a plurality of fine gauge
      needles 60, 60'.
PAR  The barbed needles 60' engage with certain of the fibers in non-woven webs
      44 and 32 and carry these beyond the surface of web 32 where they entangle
      and intermingle with the fibers of tufts 52.
PAR  On emerging from needle loom 54 the non-woven assembly is passed through a
      bonding chamber 62 wherein the potentially adhesive fibers are treated so
      as to activate their adhesiveness and to cause bonds to form between
      contiguous fibers. The product may then be wound up on roll 64.
PAR  Fibers of tufts 52 are entangled and intermingle with the fibers of
      adjacent tufts 52 as illustrated at 66 and with fibers from non-woven webs
      32 and 44.
PAR  In the production of such fabrics by the preferred method a web of fibre
      composed of 10-90% bicomponent fibre and 90-10% non-bicomponent fibres may
      advantageously be used.
PAR  The weight of the web on each side of the scrim can range from 15 to 250
      grams per square meter. A typical range of the punch density of the first
      two needle punches is between 5 and 100 punches per cm.sup.2, with similar
      figures for the second two punches, and the needle penetrations may be
      between 0.9 and 1.6 cm. The type of needles which may be used can be
      regular barb, close barb or bunch barb, the penetration and punch density
      being altered for each type of needle being used.
PAR  The invention is further illustrated by the following example which in no
      way limits the scope thereof.
PAC  EXAMPLE
PAR  6 denier bicomponent fibres having a core-sheath configuration, the core
      being composed of nylon 66 and the sheath being composed of nylon 6, in a
      volume ratio of 50:50 were cut to a length of 5 cm.
PAR  These fibres were blended in equal proportions with 6 denier, 5 cm long
      nylon 66 staple fibres and a random web weighing 85 grams per square meter
      was formed from the blend on an air-laying machine. This web was needle
      punched on to a nylon scrim (containing 8 warp yarns and 6 weft yarns per
      inch) at a punch density of 47 punches per sq cm. using 15 .times. 19
      .times. 31/2 regular barb needles with a needle penetration of 1.6 cm.
      After the needling had been completed, the combined web and scrim was
      turned over and a second identical web was needled on to the other side of
      the scrim in an identical manner. This product was then turned over on to
      the first side and needled at a similar punch density with needles
      designated 15 .times. 18 .times. 32 .times. 31/2 regular barb with a
      penetration of 1.25 cm. The product was then turned back to the second
      side and punched in a similar manner. The product was finally heated in a
      recirculating oven containing 85% steam, 15% air at a temperature of about
      230.degree.C. The resultant fabric was smooth-surfaced with a high
      resistance to abrasion and pilling, and was suitable for use as an
      upholstery or finishing fabric.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for producing a non-woven fabric having a textured surface,
      comprising:
PA1  forming a first non-woven web of fibers at least 5% by weight of which are
      potentially adhesive,
PA1  superimposing said first web on a scrim fabric, and
PA1  passing said first web and scrim through a needle loom containing coarse
      gauge needles whereby fibers of said first web are needle punched through
      the scrim,
PA1  needle punching fibers of a second non-woven web with coarse gauge needles
      on to the scrim side of the web-scrim assembly to carry fibers from said
      second web through said scrim and said first web to form large tufts on
      the surface of said first web,
PA1  subsequently needle punching the assembly with fine gauge needles from both
      sides thereby forming intermingled tufts of fibers of said first and
      second non-woven web on the surface of said first non-woven web, and
PA1  finally treating the assembly to render adhesive the potentially adhesive
      fibers so as to form bonds between continguous fibers.
NUM  2.
PAR  2. A process according to claim 1, wherein the difference in gauge between
      coarse and fine needles is at least 10.
NUM  3.
PAR  3. A process according to claim 2, wherein the web is needled with coarse
      needles to a penetration density between 5 and 100 punches per cm.sup.2.
NUM  4.
PAR  4. A process according to claim 3, wherein the first and second webs weigh
      between 15 and 250 grams per square meter.
NUM  5.
PAR  5. A process according to claim 4, wherein the needle penetration is
      between 0.9 cm and 1.6 cm.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the potentially adhesive fibres
      are bicomponent fibres in which at least a portion of the surface
      comprises a potentially adhesive component.
NUM  7.
PAR  7. A process as claimed in claim 6, wherein the components of said
      bicomponent fibres are arranged in a core-sheath configuration.
NUM  8.
PAR  8. A process as claimed in claim 6, wherein the components of said
      bicomponent fibres are arranged in a side-by-side configuration.
NUM  9.
PAR  9. A process as claimed in claim 6, including the steps of arranging the
      components of said bicomponent fibers asymmetrically relative to one
      another in at least one of the non-woven webs and developing crimp in the
      bicomponent fibers during the step of treating the assembly to render
      adhesive the potentially adhesive fibers.
NUM  10.
PAR  10. A process as claimed in claim 9, wherein the bicomponent fibres develop
      crimp during the bonding treatment.
NUM  11.
PAR  11. A process as in claim 1 wherein the final treatment is a
      heat-treatment.
NUM  12.
PAR  12. A process for producing a non-woven fabric having a textured surface,
      comprising the steps of:
PA1  a. superimposing a blended web of fibers on a nylon scrim containing 8 warp
      yarns and 6 weft yarns per inch, said web of fibers being of 6 denier
      bicomponent having a core composed of nylon 66 and a sheath composed of
      nylon 6 blended with 6 denier nylon 66 staple fibers;
PA1  b. passing said web and scrim through a needle loom containing 15 .times.
      19 .times. 31/2 regular barb needles arranged to penetrate 1.6 cm through
      the web wherein said web and scrim are needled to a punch density of 47
      punches per square centimeter to form a combined web and scrim;
PA1  c. turning over said combined web and scrim and applying an identical web
      on the scrim side thereof, and passing the same through a needle loom
      containing 15 .times. 19 .times. 31/2 regular barb needles which make
      first contact with a surface of said identical web, wherein said identical
      web and said web and scrim are needled to a punch density of 47 punches
      per square centimeter, said needles penetrating 1.6 cm through said
      identical web and said web and scrim to thereby carry fibers from said
      identical web through said web and scrim to form large tufts on the
      surface of said first web;
PA1  d. turning over for a second time said combination and passing said
      combination on both sides thereof through a needle loom containing 15
      .times. 18 .times. 32 .times. 31/2 regular barb needles with a penetration
      of 1.25 cm and a punch density of approximately 47 punches per square
      centimeter; and
PA1  e. heating said combination in a recirculating oven containing 85% steam
      and 15% air to a temperature of approximately 230.degree.C.
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ABST
PAL  A process for preparing a synthetic wood comprises fusion mixing a
      thermoplastic resin and a particulate filler, molding the resulting
      mixture into sheets, monoaxially drawing the sheets, arranging the drawn
      sheets one upon another and then rapidly heating the thus-arranged drawn
      sheets to fusion bond them together thereby obtaining the synthetic wood.
      In one embodiment the sheets may allow a thermoplastic resin film to be
      inserted between any adjacent two sheets before the heating step, and in
      another embodiment the sheets may be coated with a thermoplastic resin
      before or after the drawing step.
BSUM
PAR  This invention relates to a process for the preparation of wood-like
      materials for use mainly as construction, packing and other industrial
      materials.
PAR  There have already been reported some wood-like materials made of synthetic
      high molecular material as the base material. Typical of these known
      materials are a material obtained by the low foaming of a synthetic resin,
      a material prepared by the addition of fine hollow particles to a
      synthetic resin, a hydrous polyester and a material prepared by highly
      filling a synthetic resin with pigment. Certain of these known wood-like
      materials have begun to be put to practical use depending on their
      particular features; however, they are generally inferior in strength,
      elastic modulus, later workability and the like, and they also raise
      problems as to their disposal and regeneration. Thus, at present, there
      are no conventional wood-like materials which have satisfactory balanced
      properties.
PAR  Attempts have been made by the present inventors to obtain wood-like
      materials which are excellent in strength and elastic modulus and are
      well-balanced in later workability and disposability, thus accomplishing
      this innvention.
PAR  An object of this invention is to provide a process for the preparation of
      wood-like materials for use mainly as construction, packing and other
      industrial materials.
PAR  This and other objects, as will hereinafter become more readily apparent,
      can be attained in the following ways.
PAR  In a first embodiment of this invention, a desired wood-like material is
      obtained by melt mixing 100 parts by weight of at least one thermoplastic
      resin with 5 - 400 parts of at least one particulate filler; forming the
      mixture to sheets; monoaxially drawing or stretching the thus-formed
      sheets to an extent that a drawing ratio of 50 - 1500% is reached; rapidly
      heating or heating the drawn sheets for a time enough to heat their
      surfaces to their melting point or higher while allowing their interior
      temperature to remain lower than said melting point; superposing the
      heated sheets one upon another; laminating or fusion bonding the
      thus-arranged sheets together under pressure; and then allowing the
      thus-laminated mass to cool thereby obtaining the desired wood-like
      material.
PAR  In a second embodiment of this invention, a desired wood-like material is
      obtained by following the same procedure as taken in said one embodiment
      of this invention except that the drawn sheets and thermoplastic
      resin-made films are alternately superposed one upon another before
      laminated under pressure, the films having a lower melting point than the
      sheets and being capable of being easily fusion bonded thereto.
PAR  In a third embodiment of this invention, a desired wood-like material is
      obtained by following the same procedure as used in the first embodiment
      of this invention with the exception that the sheets as formed are coated
      with a thermoplastic resin on at least one side thereof to form composite
      sheets by the use of a co-extrusion or lamination method before or after
      drawn, the thermoplastic resin so coated on the sheets being capable of
      melting at lower temperatures than the sheets and of being easily bonded
      thereto.
PAR  Thermoplastic resins which may be used for the sheets include polyolefins
      such as polyethylene and polypropylene; homopolymers such as polystyrene,
      polyvinyl chloride, polyvinylidene chloride, polyesters and polyamide;
      copolymers prepared mainly from the same monomers as those from which the
      said homopolymers were prepared; and the blends thereof. They further
      include mixtures of these homopolymers, copolymers and blends as the base,
      with rubber and other polymers. In addition, they may be incorporated with
      anti-aging agents, absorbents for ultraviolet rays, fluorescent materials
      for increasing whiteness, antistatic agents and flame-retarding agents, as
      required.
PAR  Thermoplastic resins for the films used in the second embodiment should be
      low-density polyethylene, ethylene-vinyl acetate copolymers,
      ethylene-acrylic acid copolymers and the like if those for the sheets used
      are high-density polyethylene; they should be chlorinated polypropylene,
      maleic-modified polypropylene and the like if the sheets are made of
      polypropylene; and they should be soft polyvinyl chloride if the sheets
      are made of rigid polyvinyl chloride. In addition, other suitable
      thermoplastic resins may be used depending on the kind of thermoplastic
      resins of which the sheets are made.
PAR  Thermoplastic resins to be coated on the sheets in the third embodiment of
      this invention should be low-density polyethylene, ethylene-vinyl acetate
      copolymers, ethylene-acrylic acid copolymers and the like if the sheets
      are made of high-density polyethylene; they should be chlorinated
      polypropylene, maleic-modified polypropylene, low-density polyethylene and
      the like if the sheets are made of polypropylene; and they should be soft
      polyvinyl chloride and the like if the sheets are made of rigid polyvinyl
      chloride. In addition, they may be of any suitable type depending upon the
      kind of material of the sheets.
PAR  Particulate fillers which may be used in this invention include calcium
      carbonate, magnesium carbonate, calcium sulphate, calcium sulphite,
      silicon dioxide, titanium dioxide, barium sulphate, diatomaceous earth,
      talc, clay, saw dust, pulp powder, Hedoro and carbon black. The fillers
      should preferably be about 5-mesh or finer in particle size.
PAR  The process of this invention will hereinafter be illustrated in more
      detail.
PAR  One hundred parts by weight of a thermoplastic resin and 5 - 400 parts by
      weight of a particulate filler are melt blended together on a Banbury
      mixer, a kneader or the like, forming the thus-obtained melt blend to
      sheets by the use of a calender molder, monoaxially drawing the sheets so
      formed by using a longitudinally drawing machine or the like, rapidly
      heating the drawn sheets under tension to prevent their thermal shrinkage,
      in such a manner that their surface is heated to temperatures preferably
      ranging from their melting point to a temperature higher than said melting
      point by about 10.degree.C while their interior remains at temperatures
      lower than their melting point, stacking the heated sheets one upon
      another followed by being pressed together or passing them through between
      rollers to obtain a synthetic wood in which the sheets are pressure bonded
      to each other. The lamination of such drawn sheets may be effected while
      arranging them one upon another so that their drawn directions are in
      accord with each other or, if desired, are alternately intersected at
      right angles. The term "melting point" used herein is intended to mean
      "melting point" for crystalline high molecular compounds such as
      polyethylene, polypropylene, Tetron (Trademark indicating a polyester) and
      nylon and also to mean "glass transition point" for non-crystalline high
      molecular compounds such as polystyrene and polyvinyl chloride.
PAR  Another illustration of the process of this invention is as follows.
PAR  One hundred parts by weight of a thermoplastic resin and 5 - 400 parts by
      weight of a particulate filler are dry blended with each other by the use
      of a supermixer, Henschel mixer or the like, and the resulting blend is
      extruded to sheets which are monoaxially drawn and then laminated under
      heat and pressure.
PAR  In said illustrated processes of this invention, a thermoplastic film,
      which has a lower melting point than the sheets and can be satisfactorily
      fusion bonded thereto, may be inserted between the adjacent sheets
      followed by laminating the whole mass; or the sheets may be coated, on at
      least one side, with the same thermoplastic resin as the aforesaid
      thermoplastic film before they are drawn.
PAR  It has been found by the present inventors that the monoaxial drawing of
      the sheets composed of a thermoplastic resin and particulate filler in
      admixture will produce voids around the filler particles thereby obtaining
      homogeneous closed-cellular sheets, and that the monoaxial drawing allows
      the thermoplastic resin molecules of the sheets to be oriented in the
      drawing direction thereby remarkably improving the sheet in properties
      with the result that there is obtained a laminate having a homogeneous
      closed-cellular structure and remarkably excellent properties with respect
      to the longitudinal direction thereof when the drawn sheets are fusion
      bonded to each other under pressure while preventing the thermal shrinkage
      thereof after they are superposed one upon another so that their drawn
      directions are in accord with each other.
PAR  Wood is originally superior in properties with respect to its longitudinal
      direction (direction of the fibers in wood) and inferior therein with
      respect to its lateral direction. Thus it has long been customary to use
      wood in such a manner that the advantage of its excellent properties with
      respect to its longitudinal direction is taken. It was therefore
      considered that if there is obtained a synthetic wood wherein the
      properties with respect to the longitudinal direction (hereinafter
      referred to as "longitudinal direction properties") are made remarkably
      excellent as compared with those with respect to the lateral direction
      (hereinafter referred to as "transverse or lateral direction properties"),
      then the thus-obtained synthetic wood will be one which is very highly
      similar to natural wood, thus accomplishing this invention.
DRWD
PAR  This invention will be understood in greater detail by the following
      explanation in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view of a process for the lamination of drawn
      sheets, embodying this invention;
PAR  FIG. 2 is a diagrammatic view showing a modification of the process of FIG.
      1;
PAR  FIG. 3 is a diagrammatic view showing another modification of the process
      of FIG. 1; and
PAR  FIG. 4 is a diagrammatic view illustrating combinations of drawn,
      thermoplastic resin-coated sheets used in the modified process of FIG. 3.
DETD
PAR  Referring now to FIG. 1, monoaxially drawn thermoplastic resin sheets 1
      supplied from reels are passed through clip rolls 2 to a thermostatically
      controlled chamber 3 where they are rapidly heated to suitable
      temperatures and passed through pressure laminating rolls 4 to fusion bond
      them to each other thereby producing laminated sheets. The laminated
      sheets are further passed through cooling rollers 5 to be cooled thus
      obtaining a synthetic wood 6. The product 6 is then cut into pieces of a
      predetermined length. It is of course possible to obtain an excellent
      synthetic wood wherein the longitudinal and lateral direction properties
      are well balanced, by stacking the sheets one upon another so that their
      drawn directions are alternately crossed at right angles and then
      laminating the thus-arranged sheets by the use of heat and pressure.
PAR  With reference to FIG. 2, a modified process will be explained as follows.
      Monoaxially drawn sheets 1a from reels and thermoplastic resin films 1b
      from reels each positioned between the adjacent ones for said drawn sheets
      1a, are passed through clip rolls 2 and then treated in the same manner as
      explained with reference to FIG. 1 to obtain a synthetic wood 6 which is
      then passed to a cutting step (not shown); the thermoplastic resin films
      used in this modified process are those which have a lower melting point
      than the sheets and can easily be bonded thereto and, in order to laminate
      the films and sheets, they are heated for a time enough to heat the resin
      films to temperatures preferably ranging from the melting point of the
      films to a temperature higher than said melting point by about 30.degree.C
      while permitting the interior of the sheets to remain at temperatures
      lower than the melting point of the sheets in this modified process.
PAR  Referring to FIGS. 3 and 4, another modified process of this invention will
      be explained below. The numeral 1c indicates a drawn or stretched
      composite sheet prepared by monoaxially drawing a composite sheet
      comprising a sheet substrate and a thermoplastic resin coated on at least
      one side thereof. The thermoplastic resin so coated has a lower melting
      point than the sheet substrate and can easily be bonded thereto. The
      monoaxially drawn composite sheets 1c from reels are passed through clip
      rollers 2 into a thermostatically controlled chamber wherein they are
      heated to temperatures approximating the melting point of the
      thermoplastic resin coating 7. The composite sheets so heated are then
      treated in the same manner as previously explained, thereby obtaining a
      synthetic wood 6 which is subsequently passed to a cutting step (not
      shown).
PAR  With reference to FIGS. 4a, 4b and 4c, there are illustrated various
      combinations of the sheet substrate 1a, composite sheet 1c.sub.1 having a
      coating at one side and composite sheet 1c.sub.2 having a coating at each
      side.
PAR  The synthetic wood obtained by the process of this invention has a foamed
      structure, that is, a homogeneous closed-cellular structure formed by the
      creation of voids in the drawing step. Therefore, the synthetic wood is
      very excellent in heat insulation and other properties as compared with
      similar materials having the same foam or cellular structure and can be
      obtained as a highly foamed one.
PAR  Thus the synthetic wood obtained according to this invention as compared
      with conventional synthetic wood, is very excellent in various properties
      (especially longitudinal direction, that is, drawn direction properties),
      is capable of being obtained as a homogeneous closed-cellular type foam
      plastic and is a wood-like material of high quality obtainable at a
      decreased cost for its volume and properties.
PAR  In the first embodiment of this invention it is important to stack the
      drawn sheets one upon another and laminate them under pressure while they
      are heated for a time enough to heat their surfaces to temperatures
      preferably ranging from their melting point to a temperature higher than
      said melting point by about 10.degree.C and allow their interior
      temperature to remain lower than their melting point. The reason for this
      is that it is necessary to keep the surfaces of the sheets at temperatures
      equal to, or higher than, their melting point in order to effect a fusion
      bond between the sheets, while it is also necessary to keep the interior
      of the sheets at temperatures lower than their melting point not to crush
      the voids or cells created in the sheets when applying a pressure thereon
      in the lamination step. To this end, for example, the drawn sheets 1a may
      be passed through the thermostatically controlled chamber 3 at such a
      travelling velocity as to create a sharp temperature gradient in the
      sheets and it is desirable that the drawn sheets be sufficiently thick and
      the clearance between the clip rolls 2 be not made narrower than necessary
      (refer to FIG. 1).
PAR  In the second embodiment of this invention, the drawn sheets 1a and the
      thermoplastic resin films 1b inserted between the adjacent sheets 1a
      should be kept at temperatures which are considerably lower than the
      melting point of the drawn sheets 1a and at which the films 1b can be
      fusion bonded to the adjacent sheets 1a, in the lamination step. The
      pressure for the lamination should be suitable, not too high. The use of
      unduly high temperatures and/or pressures is not desirable since it tends
      to crush the voids present in the drawn sheets 1a (refer to FIG. 2).
PAR  In the third embodiment, the composite sheets 1c should be kept at as low
      temperatures as possible as far as the resin coating 7 of the sheets 1c
      can be fusion bonded to the adjacent materials in the lamination step and
      the pressure for the lamination should be suitable, not too high. The use
      of too high temperatures and/or pressures is not desirable since it will
      crush the voids present in the composite sheets 1c (refer to FIGS. 3 and
      4).
PAR  If a natural wood sheet or a wood grain-printed paper or plastic sheet, is
      used as at least one of the outermost layers in the lamination step
      according to this invention, then the resulting synthetic wood will have
      the same appearance as natural wood.
PAR  This invention will be better understood by the following examples in which
      all parts are by weight unless otherwise indicated.
PAC  COMPARATIVE EXAMPLES 1 - 2
PAR  For comparison, in Table 1 are shown the properties of natural cedar wood
      and of a low foamed polystyrene (a conventional synthetic wood supplied
      under the trakemark of MIRAWOOD by Toyo Chemical Co., Ltd., Japan).
PAC  EXAMPLE 1
PAR  One hundred parts of polyethylene (density, 0.960; melt index, 5) and 100
      parts of calcium carbonate were fusion blended together on a Banbury mixer
      at temperatures of 160.degree.- 200.degree.C expressed by the resin
      temperatures, pelletized and extruded by the use of an extruder, T die at
      resin temperatures of 190.degree. - 240.degree.C to sheets of 2 mm in
      thickness. The sheets so molded were monoaxially drawn to an extent that a
      drawing ratio of 700% was reached by a roll-type longitudinally drawing
      machine at a roll temperature of 140.degree.C and passed to a
      thermostatically controlled chamber at a temperature of 130.degree.C
      wherein they were passed through between rolls to fusion bond them to each
      other under pressure with their drawn directions being kept parallel to
      each other while preventing the thermal shrinkage of the sheets, thereby
      obtaining a 5 mm thick plate-like material (refer to FIG. 1). The
      properties of the plate-like material so obtained are indicated in Table 1
      from which said material is found to be very excellent in longitudinal
      (drawn) direction properties.
PAC  EXAMPLE 2
PAR  One hundred parts of polyethylene (density, 0.956; M.I., 0.3), 400 parts of
      calcium sulphite, 20 parts of SBR 1500 (Trademark, styrene-butadiene
      rubber) and 3 parts of VLTN-5 (Trademark, lubricating agent produced by
      Kawaken Fine Chemical Co., Ltd., Japan) were fusion mixed with each other
      at a resin temperature of 170.degree. - 180.degree.C by the use of a
      kneader and the resulting fusion mixture was molded to 0.5 mm thick sheets
      by a calender molding machine (roll temperature, 180.degree. -
      190.degree.C). The sheets so obtained were monoaxially drawn to an extent
      of a drawing ratio of 50% being reached, by using a roll-type
      longitudinally drawing machine (roll temperature, 140.degree. -
      150.degree.C). The drawn sheets, as shown in FIG. 1, were then passed to a
      thermostatically controlled chamber at 120.degree.C wherein they were
      passed through between rolls to fusion bond them with their drawn
      directions kept parallel to each other in a laminated form, thereby
      obtaining a 10 mm thick plate-like material the properties of which are
      shown in Table 1. From this Table it is seen that the plate-like material
      so obtained have excellent longitudinal direction properties.
PAC  EXAMPLE 3
PAR  One hundred parts of polypropylene (M.I., 2) and 5 parts of clay were dry
      blended together by the use of a super-mixer and extruded by using an
      extruder, T die (resin temperature, 210.degree. - 240.degree.C) to 2 mm
      thick sheets which were monoaxially drawn to an extent that a drawing
      ratio of 1500% was attained by the use of a roll-type longitudinally
      drawing machine (roll temperature, 130.degree. - 140.degree.C). The drawn
      sheets, as shown in FIG. 1, were then passed to a thermostatically
      controlled chamber at 120.degree.C, while preventing the thermal
      shrinkage, wherein they were passed through between rolls to fusion bond
      them with their drawn directions kept parallel to each other thereby
      obtaining a laminated article which was a 5 mm thick plate-like material.
      The properties of the plate-like material are indicated in Table 1 from
      which it is seen that said material is very excellent in longitudinal
      direction properties.
PAC  EXAMPLE 4
PAR  One hundred parts of polystyrene (M.I., 1.4) and 50 parts of magnesium
      carbonate were fusion mixed together on a kneader (resin temperature,
      160.degree. - 180.degree.C) and compression molded by a press at
      200.degree.C to 2 mm thick sheets which were passed to an air
      thermostatically controlled chamber at 130.degree.C wherein they were
      monoaxially drawn to an extent that a drawing ratio of 600% was attained.
      The sheets so drawn were superimposed one upon another with their drawn
      directions kept parallel to one another and were pressed as soon as
      sandwiched in a press at 110.degree.C to prevent the sheets from being
      thermally shrunk and to fusion bond them together thereby obtaining a 5 mm
      thick plate-like material. Table 1 indicates that the plate-like material
      so obtained is very superior in longitudinal direction properties.
PAC  EXAMPLE 5
PAR  Using a Banbury mixer (resin temperature, 170.degree. - 200.degree.C),
      there were fusion mixed 100 parts of polyvinyl chloride (average degree of
      polymerization, 800), 10 parts of tricresyl phosphate, 5 parts of DBTM
      (tin malate type stabilizer produced by Katsuda Kako Co., Ltd., Japan), 2
      parts of DBTL (tin laurate type stabilizer produced by Katsuda Kako Co.,
      Ltd.), 3 parts of VLTN-5 (lubricating agent produced by Kawaken Fine
      Chemical Co., Ltd.) and 50 parts of saw dust (50 mesh pass) to form a
      fusion mixture which was molded to 0.5 mm thick sheets by using a calender
      molder (roll temperature, 190.degree.C). The sheets so obtained were
      monoaxially drawn by the use of a roll-type longitudinally drawing machine
      (roll temperature, 150.degree.C) to an extent that a drawing ratio of 500%
      was attained. The drawn sheets, as shown in FIG. 1, were passed to a
      thermostatically controlled chamber at 150.degree. - 160.degree.C while
      preventing the thermal shrinkage thereof, wherein they were passed through
      between rolls with their drawn directions being kept parallel to one
      another thereby to obtain a laminated article in the form of a 5 mm thick
      plate-like mass. Table 1 shows that this plate-like mass is very superior
      in longitudinal direction properties.
PAC  EXAMPLE 6
PAR  One hundred parts of ABS resin (supplied under the trademark of SAICOLAC by
      Ube Saicon Co., Ltd.) were fusion mixed with 100 parts of calcium sulphate
      on a Banbury mixer (resin temperature, 170.degree. - 200.degree.C) to form
      a mixture which was molded into 2 mm thick sheets by the use of a press at
      200.degree.C. The sheets thus obtained were placed in an air
      thermostatically controlled chamber at 140.degree.C wherein they were
      monoaxially drawn to an extent that a drawing ratio of 400% was attained.
      The sheets so drawn were stacked one upon another so that their drawn
      directions were alternately crossed at right angles, after which they were
      subjected to pressure as soon as sandwiched in a press at 120.degree.C
      (thus preventing the thermal shrinkage of the sheets) to fusion bond them
      together thereby obtaining a 5 mm thick plate-like material the properties
      of which are shown in Table 1. This Table indicates that this plate-like
      material is very excellent as a synthetic wood.
PAC  EXAMPLE 7
PAR  One hundred parts of polyethylene (density, 0.957; M.I., 0.9) were fusion
      mixed with 50 parts of "Hedero" (sediment obtainable from sedimentation
      ponds of wood pulp-making factories; particle size, 20 mesh pass) on a
      kneader (resin temperature, 160.degree. - 180.degree.C) to form a mixture
      which was molded into 4 mm thick sheets by using a press at 180.degree.C.
      The sheets so obtained were monoaxially drawn to an extent that a drawing
      ratio of 300% was attained in an air thermostatically controlled chamber
      at 140.degree.C, and were then superposed one upon another with their
      drawn directions kept parallel to each other. The drawn sheets so
      superposed were brought under pressure upon being sandwiched in a press at
      130.degree.C to effect a fusion bond therebetween thereby obtaining a 5 mm
      thick plate-like material. Table 1 shows that this material is very
      excellent in longitudinal direction properties.
PAC  EXAMPLE 8
PAR  One hundred parts of polyethylene (density, 0.957; M.I., 0.9) were fusion
      mixed with 100 parts of carbon black (HAF) on a kneader (resin
      temperature, 160.degree. - 180.degree.C) to form a mixture which was
      molded into 4 mm thick sheets by a press at 200.degree.C. The sheets were
      monoaxially drawn to an extent that a drawing ratio of 400% was attained
      in an air thermostatically controlled chamber at 150.degree.C, superposed
      one upon another with their drawn directions kept parallel to each other
      and then brought under pressure as soon as sandwiched in a press at
      130.degree.C, thereby to obtain a 5 mm thick plate-like material. Table 1
      shows that this material is an excellent one.
TBL                                    Table 1                                 

     __________________________________________________________________________

            *1        *1       *2       *3                                     

            Bending modulus of                                                 

                      Bending strength                                         

                               Tensile strength                                

                                        Izot impact                            

                                                 Specific                      

            elasticity .times. 10.sup.-.sup.3                                  

                               at break strength gravity                       

            L / T (Kg/ cm.sup.2)                                               

                      L / T (Kg/cm.sup.2)                                      

                               L / T (Kg/cm.sup.2)                             

                                        L / T (ft-lb /                         

                                        inch of Notch)                         

     __________________________________________________________________________

     Comparative                                                               

     example 1                                                                 

            66 / 21   540 / 114                                                

                               384 /  92                                       

                                         21 / 1.5                              

                                                 0.3-0.4                       

     Comparative                                                               

     example 2                                                                 

            12 / 10   205 / 194                                                

                               106 / 102                                       

                                        1.8 / 1.5                              

                                                 0.55                          

     Example 1                                                                 

            72 / 23   624 / 126                                                

                               542 / 128                                       

                                         22 / 1.3                              

                                                 0.4                           

     Example 2                                                                 

            55/ 29    312 / 118                                                

                               256 / 185                                       

                                        7.5 / 1.8                              

                                                 0.9                           

     Example 3                                                                 

            32 / 11   472 / 121                                                

                               412 /  97                                       

                                         17 / 1.2                              

                                                 0.5                           

     Example 4                                                                 

            78 / 26   612 / 134                                                

                               411 /  91                                       

                                         14 / 1.1                              

                                                 0.3                           

     Example 5                                                                 

            67 / 23   553 / 112                                                

                               452 / 114                                       

                                         18 / 1.4                              

                                                 0.3                           

     Example 6                                                                 

            45 / 44   416 / 424                                                

                               246 / 251                                       

                                        9 / 8    0.5                           

     Example 7                                                                 

            64 / 22   554 / 121                                                

                               372 /  85                                       

                                         12 / 1.0                              

                                                 0.4                           

     Example 8                                                                 

            62 / 20   531 / 119                                                

                               435 /  94                                       

                                         21 / 1.6                              

                                                 0.4                           

     __________________________________________________________________________

      *1 : Measured in accordance with ASTM-D-790?                             

      *2 : Measured at a deformation rate of 10%/min. by the use of a tester fo

      tensile strength                                                         

      *3 : Measured in accordance with ASTM-D-256                              

      L/T: Longitudinal/Transverse                                             

      Bending modulus of elasticity = Modulus of elasticity in bending         

PAC  EXAMPLE 9
PAR  One hundred parts of polyethylene (density, 0.960; M.I., 5) were fusion
      mixed with 120 parts of calcium sulphate on a kneader (resin temperature,
      160.degree. - 200.degree.C) to form a mixture which was pelletized and
      extrusion molded into 3 mm thick sheets by the use of an extruder, T die
      (resin temperature, 190.degree.  240.degree.C). The sheets so obtained
      were monoaxially drawn to an extent that a drawing ratio of 800% was
      attained, by the use of a roll-type longitudinally drawing machine (roll
      temperature, 145.degree.C). As shown in FIG. 2, the drawn sheets and
      low-density polyethylene films (M.I., 2; density, 0.923; thickness, 30
      .mu.) were passed to a thermostatically controlled chamber at 110.degree.C
      wherein the sheets and the films were passed through between rolls to
      obtain a 5 mm thick laminated article in which the sheets and the films
      were alternately superposed one upon another with the drawn directions of
      the sheets kept parallel to each other and were fusion bonded to each
      other. The properties of this laminated article are shown in Table 2, from
      which it is seen that said article is very excellent in longitudinal
      direction properties.
PAC  EXAMPLE 10
PAR  One hundred parts of polyethylene (density, 0.956; M.I., 0.3), 400 parts of
      calcium sulphite and 5 parts of VLTN-5 (lubricating agent produced by
      Kawaken Fine Chemical Co., Ltd.) were fusion mixed with each other at a
      resin temperature of 170.degree. - 190.degree.C by the use of a Banbury
      mixer to form a mixture which was molded into 0.5 mm thick sheets by the
      use of a calender molding machine (roll temperature, 180.degree. -
      190.degree.C). The sheets so obtained were monoaxially drawn to an extent
      that a drawing ratio of 50% was reached by using a roll-type
      longitudinally drawing machine (roll temperature, 140.degree. -
      150.degree.C). Then, as shown in FIG. 2, the drawn sheets and
      ethylene-vinyl acetate copolymer films (vinyl acetate content, 10 wt.%;
      M.I., 1.5; thickness, 20 .mu.) were introduced to a thermostatically
      controlled chamber at 100.degree.C wherein the sheets and the films were
      passed through between rolls to superpose them "film upon sheet"
      alternately (with the drawn directions of the sheets kept parallel to each
      other), press and fuse bond them thereby obtaining a 10 mm thick
      plate-like material. Table 2 indicates that this plate-like material is
      very superior in longitudinal direction properties.
PAC  EXAMPLE 11
PAR  One hundred parts of polypropylene (M.I., 2) were dry blended with 5 parts
      of clay on a super-mixer to form a blend which was molded into sheets
      having a thickness of 2 mm by the use of an extruder, T die (resin
      temperature, 210.degree. - 240.degree.C). The sheets were monoaxially
      drawn to an extent that a drawing ratio of 1500% was attained by the use
      of a roll-type longitudinally drawing machine (roll temperature,
      130.degree. - 140.degree.C). The drawn sheets and chlorinated isotactic
      polypropylene films (chlorine content, 26 wt.%; thickness, 20 .mu.) were
      superposed "film upon sheet" alternately, while keeping the drawn
      directions of the drawn sheets parallel to each other, and the whole
      materials so alternately superposed were fusion bonded to one another
      under pressure as soon as sandwiched in a press at 110.degree.C thereby to
      obtain a 5 mm thick plate-like material which is shown to be very
      excellent in longitudinal direction properties in Table 2.
PAC  EXAMPLE 12
PAR  One hundred parts of polyvinyl chloride (average degree of polymerization,
      800), 5 parts of DBTM (tin malate type stabilizer as previously
      explained), 2 parts of DBTL (tin laurate type stabilizer as previously
      explained), 3 parts of VLTN-5 (lubricating agent as previously explained),
      2 parts of butyl stearate and 50 parts of saw dust (50 mesh pass) were
      fusion mixed together at a resin temperature of 180.degree. - 210.degree.
      C on a Banbury mixer to form a mixture which was molded into 0.5 mm thick
      sheets at a roll temperature of 190.degree. - 200.degree.C by the use of a
      calender molding machine. The sheets thus obtained were monoaxially drawn
      to an extent that a drawing ratio of 600% was attained by the use of a
      roll-type longitudinally drawing machine (roll temperature, 160.degree.C).
      As indicated in FIG. 2, the drawn sheets and soft polyvinyl chloride films
      (average degree of polymerization, 1300; 5 parts of DBTM, 2 parts of DBTL,
      3 parts of VLTN-5 and 50 parts of tricresyl phosphate contained;
      thickness, 30 .mu.) were introduced to a thermostatically controlled
      chamber at 130.degree.C wherein they were passed through between rolls to
      superpose them "film upon sheet" alternately, press and fusion bond them
      to each other thereby obtaining a 15 mm thick plate-like material which is
      shown in Table 2 to be very excellent in longitudinal direction
      properties.
PAC  EXAMPLE 13
PAR  One hundred parts of polystyrene (M.I., 1.4) were fusion mixed with 50
      parts of calcium carbonate on a kneader (resin temperature, 160.degree.-
      180.degree.C) to form a mixture thereof which was molded into 2 mm thick
      sheets by the use of a press at 200.degree.C, and the sheets were
      monoaxially drawn to an extent that a drawing ratio of 700% was attained.
      The drawn sheets and soft polyvinyl chloride films (average degree of
      polymerization, 1300; 5 parts of DBTM, 2 parts of DBTL, 3 parts of VLTN-5
      and 50 parts of tricresyl phosphate contained; thickness, 30 .mu.) were
      alternately superposed "film upon sheet" while keeping the drawn
      directions of the drawn sheets alternately crossed at right angles and
      then fusion bonded together as soon as sandwiched in a press at
      110.degree.C thereby obtaining a 5 mm thick plate-like material the
      properties of which are shown in Table 2. This Table shows the
      thus-obtained material to have well-balanced longitudinal and transverse
      direction properties.
PAC  EXAMPLE 14
PAR  One hundred parts of ABS resin (supplied under the trademark of CLARASTICK
      K-2938 by Sumitomo Chemical Industrial Co., Ltd., Japan) were fusion mixed
      with 100 parts of carbon black (HAF) on a kneader (resin temperature,
      160.degree. - 180.degree.C), and the resulting mixture was molded into 2
      mm thick sheets by using a press at 200.degree.C and then monoaxially
      drawn to an extent that a drawing ratio of 500% was reached in an air
      thermostatically controlled chamber at 140.degree.C. The drawn sheets and
      ethylene-vinyl acetate copolymer films (content of vinyl acetate units, 15
      wt.%; M.I., 1.5; thickness, 30 .mu.) were superposed "film upon sheet"
      alternately while keeping the drawn directions of the drawn sheets
      parallel to each other, to press and fusion bond them to each other
      thereby obtaining a 5 mm thick plate-like material which is shown in Table
      2 to have very excellent longitudinal direction properties.
TBL                                    Table 2                                 
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     Example  9                                                                

            65 / 24    612 / 184                                               

                                472 / 196                                      

                                         26 / 11  0.3                          

     Example 10                                                                

            51 / 22    374 / 226                                               

                                272 / 231                                      

                                         8.4 / 6.5                             

                                                  1.2                          

     Example 11                                                                

            30 / 11    486 / 147                                               

                                427 / 124                                      

                                          14 / 3.5                             

                                                  0.6                          

     Example 12                                                                

            75 / 32    576 / 212                                               

                                442 / 126                                      

                                          24 / 4.5                             

                                                  0.4                          

     Example 13                                                                

            43 / 44    472 / 465                                               

                                287 / 292                                      

                                         11 / 9   0.3                          

     Example 14                                                                

            68 / 27    552 / 146                                               

                                392 / 112                                      

                                         27 / 12  0.4                          

     __________________________________________________________________________

      *1 : Measured in accordance with ASTM-D-790                              

      *2 : Measured at a deformation rate of 10%/min. by the use of a tester fo

      tensile strength.                                                        

      *3 : Measured in accordance with ASTM-D-256                              

      L/T: Longitudinal/Transverse                                             

PAC  EXAMPLE 15
PAR  One hundred parts of high-density polyethylene (density, 0.956; M.I., 0.3)
      were fusion mixed with 150 parts of calcium sulphate on a kneader at a
      resin temperature of 170.degree. - 190.degree.C, and the resulting mixture
      was pelletized. The pellets of the mixture so obtained and those of an
      ethylene-vinyl acetate copolymer (content of vinyl acetate, 10 wt.%; M.I.,
      1.5) were subjected to co-extrusion thereby to obtain a composite sheet
      comprising a 1 mm thick sheet of the mixture and a 120 .mu. thick coating
      of the copolymer formed on said sheet. The composite sheets were
      monoaxially drawn to an extent that a drawing ratio of 500% was attained,
      by the use of a roll-type longitudinally drawing machine at a roll
      temperature of 140.degree. - 150.degree.C. As shown in FIG. 2, the drawn
      composite sheets were introduced to a thermostatically controlled chamber
      at 110.degree.C wherein they were passed through between rollers to
      superpose them one upon another while keeping the drawn directions of the
      composite sheets parallel to one another and fusion bond them together
      thereby obtaining a 5 mm thick plate-like material. The properties of this
      plate-like material are shown in Table 3, from which it is seen that the
      plate-like material is very excellent in longitudinal direction
      properties.
PAC  EXAMPLE 16
PAR  One hundred parts of polypropylene (M.I., 2), 400 parts of calcium
      carbonate and 5 parts of VLTN-5 (lubricating agent as previously
      explained) were fusion mixed together at a resin temperature of
      170.degree. - 190.degree.C on a Banbury mixer, and the resulting mixer was
      molded into 0.5 mm thick sheets by the use of a calender molding machine
      (roll temperature, 180.degree. - 190.degree.C). The sheets were treated to
      be covered on one side with a 40 .mu. thick coating of chlorinated
      isotactic polypropylene, thus obtaining composite sheets. The composite
      sheets were monoaxially drawn to an extent that a drawing ratio of 50% was
      attained, by the use of a roll-type longitudinally drawing machine (roll
      temperature, 140.degree. - 150.degree.C). As shown in FIG. 3, the drawn
      composite sheets were introduced to a thermostatically controlled chamber
      at 120.degree.C wherein they were passed through between rolls to
      superpose one upon another while keeping their drawn directions parallel
      to one another and fusion bond them together under pressure thereby
      obtaining a 5 mm thick plate-like material. Table 3 shows the properties
      of this plate-like material and clarifies that said material has very
      excellent longitudinal direction properties.
PAC  EXAMPLE 17
PAR  One hundred parts of polypropylene (M.I., 2) were dry blended with 5 parts
      of clay on a super-mixer to form a dry blend thereof. The dry blend and a
      low-density polyethylene (density, 0.923; M.I., 2) each in a pelletized
      form were subjected to co-extrusion thereby to obtain a composite sheet
      comprising a 4 mm thick sheet of the dry blend and an 0.5 mm thick coating
      of the polyethylene formed on each side of the sheet. The composite sheets
      were monoaxially drawn to an extent that a drawing ratio of 1500% by the
      use of a roll-type longitudinally drawing machine at a roll temperature of
      140.degree. - 150.degree.C to obtain drawn composite sheets I. Separately,
      100 parts of polypropylene (M.I., 2) were fusion blended with 50 parts of
      saw dust (20 mesh pass) on a Banbury mixer (resin temperature, 170.degree.
      - 190.degree.C) to form a mixture which was pelletized and extruded into 4
      mm thick sheets by the use of an extruder, T die (resin temperature,
      170.degree. - 190.degree.C). These sheets were then monoaxially drawn to
      an extent that a drawing ratio of 200% was attained, to obtain drawn
      sheets II. As shown in FIG. 3, the drawn composite sheets I and the drawn
      sheets II were introduced to a thermostatically controlled chamber at
      110.degree.C wherein the sheets I and II were superposed "sheet I upon
      sheet II" alternately while keeping the drawn directions of the sheets I
      and II parallel to each other, and then fusion bonded together under
      pressure thereby obtaining a 10 mm thick plate-like material the
      properties of which are shown in Table 3. This Table indicates that the
      plate-like material so obtained has very excellent longitudinal direction
      properties.
PAC  EXAMPLE 18
PAR  One hundred parts of polyvinyl chloride (average degree of polymerization,
      800), 5 parts of DBTM (tin malate type stabilizer as previously
      explained), 2 parts of DBTL (tin laurate type stabilizer as previously
      explained), 3 parts of VLTN-5 (lubricating agent as previously explained),
      2 parts of butyl stearate and 200 parts of carbon black (HAF) were fusion
      mixed together on a Banbury mixer (resin temperature, 180.degree. -
      210.degree.C) to form a mixture which was pelletized thereby obtaining
      pellets thereof I. Separately, 100 parts of polyvinyl chloride (average
      degree of polymerization, 1300), 5 parts of DBTM, 2 parts of DBTL, 3 parts
      of VLTN-5 and 50 parts of tricresyl phosphate were fusion mixed together
      to form a mixture which was pelletized thereby obtaining pellets thereof
      II. The pellets I and II were subjected to co-extrusion thereby to obtain
      a composite sheet comprising a 3 mm thick sheet of pellet I and a 200 .mu.
      thick coating of pellet II formed on one side thereof. The composite
      sheets thus obtained were monoaxially drawn to an extent that a drawing
      ratio of 800% was attained by a roll-type longitudinally drawing machine
      at a roll temperature of 140.degree. - 150.degree.C and, as indicated in
      FIG. 3, the drawn composite sheets were passed to a thermostatically
      controlled chamber at 110.degree.C wherein they were passed through
      between rolls thereby to superpose them one upon another while keeping the
      drawn directions of the sheets parallel to one another and fuse bond them
      together under pressure, thus obtaining a 5 mm thick plate-like material.
      The properties of the plate-like material so obtained are shown in Table
      3, from which it is seen that said material is one having excellent
      longitudinal direction properties.
PAC  EXAMPLE 19
PAR  One hundred parts of polystyrene (M.I., 1.4) were fusion mixed with 50
      parts of talc on a kneader (resin temperature, 160.degree. -
      180.degree.C), and the resulting mixture was pelletized to obtain pellets
      I.
PAR  On the other hand, one hundred parts of polyvinyl chloride (average
      polymerization degree, 1300), 5 parts of DBTM, 2 parts of DBTL, 3 parts of
      VLTN-5 and 50 parts of dioctyl phthalate were kneaded together on rolls
      (roll temperature, 150.degree. - 160.degree.C) and then pelletized to
      obtain pellets II.
PAR  The pellets I and II were subjected to co-extrusion thereby to obtain a
      composite sheet comprising a 1 mm thick sheet (from the pellets I) and a
      100 .mu. thick coating (from the pellets II) formed at one side thereof.
PAR  The composite sheets so obtained were monoaxially drawn to an extent that a
      drawing ratio of 50% was attained in an air thermostatically controlled
      chamber at 140.degree.C, and the composite sheets so drawn were superposed
      one upon another while keeping their drawn directions alternately crossed
      at right angles and were then fusion bonded together under pressure as
      soon as sandwiched in a press at 110.degree.C, thereby obtaining a 5 mm
      thick plate-like material. The properties of this plate-like material are
      shown in Table 3, from which it is seen that said material has
      well-balanced longitudinal and transverse direction properties.
PAC  EXAMPLE 20
PAR  One hundred parts of ABS resin (supplied under the trakemark of CLARASTICK
      K-2938 by Sumitomo Chemical Industrial Co., Ltd., Japan) were fusion mixed
      with 100 parts of a sediment (20 mesh pass) from settling ponds of
      pulp-making factories, by the use of a Banbury mixer (resin temperature,
      170.degree. - 190.degree.C), and the resulting mixture was pelletized
      thereby obtaining pellets I.
PAR  The pellets I and ethylene-vinyl acetate copolymer pellets II (content of
      vinyl acetate, 15 wt.%; M.I., 1.5) were subjected to co-extrusion thereby
      obtaining a composite sheet comprising a 2 mm thick sheet (from the
      pellets I) and a 50 .mu. thick coating (from the pellets II) formed on one
      side thereof. The composite sheets so obtained were monoaxially drawn to
      an extent that a drawing ratio of 200% was attained in an air
      thermostatically controlled chamber at 150.degree.C, and the drawn
      composite sheets were superposed one upon another while keeping their
      drawn directions parallel to one another and were then fusion bonded
      together under pressure as soon as sandwiched in a press at 100.degree.C
      thereby obtaining a 5 mm thick plate-like material. Table 3 shows the
      properties of the plate-like material and clarifies that said material is
      very excellent in longitudinal direction properties.
TBL                                    Table 3                                 

     __________________________________________________________________________

            *1         *1       *2       *3                                    

            Bending modulus of                                                 

                       Bending strength                                        

                                Tensile strength                               

                                         Izot impact                           

                                                  Specific                     

            elasticity .times. 10.sup.-.sup.3                                  

                                at break strength gravity                      

            L / T (Kg/cm.sup.2)                                                

                       L / T (Kg/cm.sup.2)                                     

                                L / T (Kg/cm.sup.2)                            

                                         L / T (ft-lb /                        

                                         inch of Notch)                        

     __________________________________________________________________________

     Example 15                                                                

            67 / 20    571 / 145                                               

                                424 / 135                                      

                                         23 / 8.4 0.4                          

     Example 16                                                                

            73 / 26    465 / 212                                               

                                395 / 211                                      

                                         14 / 6.5 0.8                          

     Example 17                                                                

            69 / 34    552 / 175                                               

                                411 / 124                                      

                                         26 / 9.5 0.4                          

     Example 18                                                                

            79 / 31    612 / 245                                               

                                472 / 136                                      

                                         27 / 8.4 0.3                          

     Example 19                                                                

            46 / 46    437 / 438                                               

                                296 / 291                                      

                                         10 / 11  0.3                          

     Example 20                                                                

            71 / 29    550 / 132                                               

                                396 / 124                                      

                                         24 / 11  0.4                          

     __________________________________________________________________________

      *1 : Measured in accordance with ASTM-D-790                              

      *2 : Measured at a deformation velocity of 10%/min. by use of a tester fo

      tensile strength.                                                        

      *3 : Measured in accordance with ASTM-D-256                              

      L/T: Longitudinal/Transverse                                             

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a synthetic wood comprising the steps
      of:
PA1  fusion mixing a composition consisting essentially of 100 parts by weight
      of a thermoplastic resin and 5 - 400 parts by weight of an inorganic
      particulate filler to form a mixture thereof, the thermoplastic resin
      being selected from the group consisting of homopolymers of the monomers
      ethylene, propylene, styrene, vinyl chloride and vinylidene chloride,
      copolymers of at least two of said monomers, blends of said homopolymers
      and said copolymers, and mixtures of rubber with said homopolymers and
      said copolymers
PA1  molding the mixture into sheets, having a thickness of at least 0.5 mm,
PA1  drawing the sheets only monoaxially and to an extent that a drawing ratio
      of 50 - 1500% is attained,
PA1  heating the drawn sheets for a time sufficient to permit their surfaces to
      be heated to temperatures not lower than the melting point of the sheets
      while their interior remains at a temperature lower than said melting
      point,
PA1  superposing the thus heated drawn sheets one upon another,
PA1  fusion bonding the thus heated, superposed sheets together, and
PA1  allowing the fusion bonded mass to cool thereby obtaining the synthetic
      wood.
NUM  2.
PAR  2. A process according to claim 1, wherein the particulate filler is a
      member selected from the group consisting of calcium carbonate, magnesium
      carbonate, calcium sulphate, calcium sulphite, silicon dioxide, titanium
      dioxide, barium sulphate, diatomaceous earth, talc, clay, Hedoro and
      carbon black.
NUM  3.
PAR  3. A process according to claim 1, further comprising interposing a
      thermoplastic resin film between all of the sheets before the heating
      step, the thermoplastic resin films having a lower melting point than the
      sheets and being capable of being satisfactorily bonded thereto, and
      wherein the heating is affected for a time sufficient to heat the resin
      films to a temperature not lower than the melting point thereof while
      allowing the interior of the sheets to remain at a temperature lower than
      the melting point thereof.
NUM  4.
PAR  4. A process according to claim 3, wherein the thermoplastic resin of the
      films is a member selected from low-density polyethylene, ethylene-vinyl
      acetate copolymers, ethylene-acrylic acid copolymers, chlorinated
      polypropylene, maleic-modified polypropylene and soft polyvinyl chloride,
      the thermoplastic resin of the films having a lower melting point than the
      thermoplastic resin of the sheets.
NUM  5.
PAR  5. A process according to claim 3, wherein the particulate filler is a
      member selected from the group consisting of calcium carbonate, magnesium
      carbonate, calcium sulphate, calcium sulphite, silicon dioxide, titanium
      dioxide, barium sulphate, diatomaceous earth, talc, clay, Hedoro and
      carbon black.
NUM  6.
PAR  6. A process according to claim 1 further comprising coating the sheets on
      at least one side with a thermoplastic resin immediately before or after
      the drawing step, the thermoplastic resin coating having a lower melting
      point than the sheets and being capable of being satisfactorily bonded
      thereto, and wherein the heating is effected for a time sufficient to heat
      the resin coating to a temperature not lower than the melting point
      thereof while allowing the interior of said sheets to remain at a
      temperature lower than the melting point thereof.
NUM  7.
PAR  7. A process according to claim 6, wherein the thermoplastic resin of the
      resin coating is a member selected from the group consisting of
      low-density polyethylene, ethylene-vinyl acetate copolymers,
      ethylene-acrylic acid copolymers, chlorinated polypropylene,
      maleic-modified polypropylene, low-density polyethylene and soft polyvinyl
      chloride, the thermoplastic resin of the resin coating having a lower
      melting point than the thermoplastic resin of the sheets.
NUM  8.
PAR  8. A process according to claim 6, wherein the particulate filler is
      selected from the group consisting of calcium carbonate, magnesium
      carbonate, calcium sulphate, calcium sulphite, silicon dioxide, titanium
      dioxide, barium sulphate, diatomaceous earth, talc, clay, Hedoro and
      carbon black.
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ABST
PAL  A conventional fin-type seam formed on tubed bag forming sheet material
      provided on one face with heat sealable material, has heat sealed
      overlapping edge portions forming the seam. The fin slides over a back-up
      plate extending between it and the body of the tube to prevent scuffing of
      the heat sealable material with consequent seal failure. A tracking wheel
      engaging the fin presses it against the back-up plate, and maintains
      alignment.
PARN
PAR  This application is a division of applicant's copending application Ser.
      No. 327,476, filed Jan 29, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional bag making wherein a tube is formed from sheet material
      having a heat sealable material on a face thereof, the tube is
      continuously moved in an axial direction. A fin-type seal can be formed
      wherein the inner heat sealable face of one edge portion of the sheet
      overlaps the inner heat sealable face of the opposite edge portion which
      is folded back over the body of the tube. A heat sealing die pressing
      against the fin, heat seals such edges together against a back-up plate
      heretofore located within the tube.
PAR  The heat sealable material is on the inside face of the tube which is the
      face that necessarily slides over the back-up plate when located within
      the tube. Heat from a heat sealing die penetrates the fin with the result
      that the inner heat sealable face of the tube becomes softened and scuffed
      as it rides over the back-up plate. This frequently results in seal
      failure and mistracking of the fin over the back-up plate.
PAC  SUMMARY AND OBJECTS
PAR  Summarizing the invention hereof, it overcomes the foregoing problem by the
      provision of a back-up plate located outside the tube between the fin and
      the outer face or body of the tube. As a result, the outer face of the
      tube body and the outside face of the folded edge portion of the fin,
      which are not heat sealable faces, can engage the backing plate. Thus,
      when heat sealing pressure is applied to the fin, the scuffing problem is
      completely eliminated because faces which do not have the heat sealable
      material can engage the back-up plate.
PAR  There is a tendancy for the fin being formed to be pulled or drift in a
      direction toward the fold line of the fin and away from the outer edge
      thereof. To overcome such pulling force and maintain tracking alignment of
      the fin on the back-up plate, a tracking wheel which is rotatable about an
      axis transverse to the axis of the tube engages the outside of the fin and
      presses it against the backing plate. This tracking wheel is angularly
      adjustable about an axis transverse to the axis of rotation of the wheel
      to counteract the pulling force to the desired extent.
PAR  From the preceding, it is seen that the invention has as its objects, among
      others, the provision of an improved apparatus and method which will
      overcome the foregoing scuffing problem, while at the same time, maintain
      tracking alignment of the fin on the back-up plate, which are simple and
      economical, and in which the method is easy to perform. Other objects will
      become apparent from the following more detailed description and
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a fragmentary front elevation, partly in section of a
      conventional tube former in conventional bag making apparatus,
      illustrating the invention hereof; the planes of the section being
      indicated by line 1--1 in FIG. 2;
PAR  FIG. 2 is a side elevation with parts broken away and other parts shown in
      section to illustrate the construction more clearly;
PAR  FIG. 3 is an enlarged horizontal section taken in a plane indicated by line
      3--3 in FIG. 1;
PAR  FIG. 4 is a similar section, but illustrating the previous type of
      construction in which a back-up plate is within the tube; and
PAR  FIG. 5 is a horizontal section taken in a plane indicated by line 5--5 in
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  As is illustrated in FIGS. 1 through 3, the apparatus comprises a
      conventional tube forming collar 2 attached to a tube 2' mounted on
      conventional slotted plate 3 forming part of the frame of the tube forming
      apparatus. Bag forming sheet material 4 is coated on one face 5 (the
      inside face in the bag tube) with a film of heat sealable resinous
      material, and is continuously drawn in a conventional manner, from a
      supply roll 6 (by means in the bag forming apparatus not shown) over
      collar 2 and through the tube 2' which form bag tube 7 below plate 3. The
      opposite edges of the sheet 4 are drawn through a slot 8 in plate 3; and a
      conventional fold-back fin 9, shown best in FIG. 3, is formed. Bags are
      formed from the tube in a conventional manner in the bag forming machine
      (not shown).
PAR  Parent sheet material 4 is usually of plastic film, such as high density
      polyethylene, which may vary in thickness from 1.5 mil to 3.5 mil, the
      face 5 of which is coated with a heat sealable film or coating usually of
      about 0.2 to 0.3 mil thickness. The coating may be of any suitable
      resinous heat sealable material, such as an ethyl vinyl acetate. It may
      also be a heat sealable plastic film bonded to the sheet. However, it is
      to be understood that the parent sheet may be of any other suitable
      material having heat sealable material on a face thereof. In the tube
      forming operation, the heat sealable coating is on the inside face 5 of
      the bag tube, as is indicated in FIG. 3.
PAR  It will be noted from FIG. 3 that the fin-type seam comprises an edge
      portion 12 of the bag tube, the inner heat sealable face of which overlaps
      the outer face of opposite edge portion 13 of the tube with the heat
      sealable faces in engagement; such opposite edge portion 13 being folded
      back at fold line 14 over the outer face or in other words the body of bag
      tube 7 adjacent the fin. Heat sealing and consequent bonding of the
      adhesive coatings of the fin is effected by the usual heat sealing die 16
      engaged against edge portion 12 of the fin and pressing it against a
      back-up means 17, illustrated in FIG. 3, and over which the folded back
      edge portion 13 continually rides.
PAR  Such back-up means comprising an elongated, smooth, and rigid back-up plate
      18 located outside the bag tube, between the fin and the outer face of the
      body of the bag tube, and which is fixedly mounted on a bracket 19 fixedly
      secured to a frame portion of the apparatus. The inner edge of the back-up
      plate is rounded. This construction, illustrated in FIG. 3, forms part of
      the present invention. When the described fin arrangement is first
      manually formed on back-up plate 18, it will be continuously maintained
      under the continuous pull of the bag tube through the apparatus and the
      pressure application effected by die 16.
PAR  Previously, as is illustrated in FIG. 4 (in which primed reference numerals
      are applied to the corresponding elements shown in FIG. 3), the back-up
      means was a relatively thick bar 21' located inside the bag tube 7' and on
      which the entire fin-type seam could ride. In other words, there was no
      back-up plate between the fin and the body of tube 7'. Because of this,
      the heat sealable coating 5' on the inside of the bag tube rode over bar
      21', adjacent the fold portion 14', under the pressure of heating die 16'.
      Heat from the die 16' would penetrate the fin, and soften the inside heat
      sealable coating 5' . Thus, as the tube was continuously moved, scuffing
      of the softened heat sealable coating would occur as it rode over bar 21'.
      This often resulted in seal failure and mistracking which are overcome by
      the construction shown in FIG. 3 wherein the uncoated face of the bag tube
      at the fin continuously engages back-up plate 18 under the pressure of
      heating die 16.
PAR  Conventionally, heating die 16 comprises a metal block 20 having a cavity
      containing a heating element 22 connected by wiring 23 to a source of
      electrical energy (not shown) to heat the block. As can be seen best from
      FIG. 2, the heat sealing block has an elongated platen face 20', and is
      pivotally mounted at 24 on a frame 25 which is pivotally mounted at 25' on
      plate 3 of the apparatus. It is provided with weight means 26 to effect
      floating engagement of the die platen 20' against the fin-type seam riding
      over back-up plate 18 hereof. By adjustable screw means 26', the die can
      be adjusted even with back-up plate 18 about pivot 24. Although a pivotal
      mounting is disclosed as one embodiment of the floating engagement for the
      heating die platen 20' against the fin sliding over the back-up plate,
      other suitable means, such as pneumatic means or spring press means are
      also conventionally used.
PAR  Back-up plate 18 is desirably of rigid relatively non-flexible smooth
      material fixedly secured to fixed bracket 19, so as to provide a strong
      bearing surface presenting minimum friction to the fin. It has a minimum
      thickness to take up as little room as possible; and as can be seen from
      FIG. 2, it is longer than heat sealing die platen face 20', as it extends
      from above such face to below the same. The upper end is very close to
      plate 3 (about 1/32 inch), so there is a continuous support for the fin;
      and its length is about 8 to 10 inches depending on the size of the
      apparatus. As an example of a suitable material, it is desirably of
      clock-spring steel about 0.040 inch thick, resistant to abrasion and wear,
      and in the range of about 40 to 50 Rockwell hardness. Other suitable
      material presenting minimum friction, such as chrome-plated steel, may be
      employed.
PAR  As the fin slides over back-up plate 18 between it and the heating die,
      there is a tendancy for it to pull in a direction away from the exposed
      edge 30 of the fin, toward fold line 14, as is indicated by direction
      arrow D in FIG. 3. This results in mistracking of the fin on back-up plate
      18. Means is provided to overcome this mistracking pull comprising a
      resiliently pressed and angularly adjustable tracking wheel 27 rotatable
      about an axis transverse to the bag tube axis. As can be seen from FIGS.
      1, 2 and 5, wheel 27 is located up stream of the heating die in the space
      between the heating die and frame plate 3. It is freely journalled on a
      bearing 28 fixedly secured to an end of a shaft 29 slidably mounted in a
      collar or sleeve 31 which is adjustably secured in a bracket 32; the
      bracket being in turn mounted for lateral adjustment on frame 25 of
      heating die 16. Bracket 32 has elongated slots 32' through which cap
      screws 33 extend to permit such lateral adjustment, and which when tight
      hold the bracket and, consequently, shaft 29, in a selected lateral
      position.
PAR  A pin 36 fixed to shaft 29 and engaging in slots 37 in sleeve 31 permits
      slidable axial movement of shaft 29 in sleeve 31, but prevents angular
      movement or rotation of such shaft relative to sleeve 31. Sleeve 31 can be
      fixed in a selected longitudinal and a selected angularly adjusted
      position in bracket 32 by clamping means such as set screw 38. A
      compression spring 41 is interposed between an end of sleeve 31 and
      bearing 28 on which tracking wheel 27 is journalled.
PAR  By the described wheel mounting structure, the position of wheel 27 can be
      laterally adjusted, through lateral adjustment of bracket 32, to a desired
      lateral position with reference to back-up plate 18. Also, through
      clamping means 38, the compression of spring 41 may be adjusted by moving
      sleeve 31 longitudinally in bracket 32, and then tightening the clamping
      means; and likewise sleeve 31 and, consequently, shaft 29, can be adjusted
      angularly in bracket 32 to adjust the angular position (inclination from
      the vertical) of tracking wheel 27 with reference to the axis of the bag
      tube. Angular adjustment of the wheel to various positions is indicated in
      FIG. 1 by the angularly related arrows A and A'; the arrow A indicating
      the neutral position of the wheel where it is aligned with the vertical
      and arrow A' indicating a selected one of angularly adjusted positions at
      which the wheel can be bodily fixed.
PAR  Desirably, wheel 27 has a highly frictional rim for engaging the fin-seal,
      such as rubber rim 43; and it is desirably of relatively small overall
      diameter, nemely about 7/8 of an inch. The compression of spring 41 is
      adjusted to be in the order of about 2 to 3 ounces.
PAR  It will be noted that tracking wheel 27 is located in the space above heat
      sealing block 20 close to the upper end of back-up plate 18 and close to
      tube 2' of the tube former 2, so that it engages the fin portion of the
      tubed bag right after the bag tube emerges from the tube former. As
      previously noted, there is a tendancy for the fin-type seam to be pulled
      or drift toward its fold line 14 in a direction away from the edge 30
      thereof. However, by adjusting the angular position of wheel 27 to a
      selected position at which its upper half is inclined to the left of the
      vertical, as indicated by the dotted position and the right-hand arrow A'
      in FIG. 1, the pressure of the wheel on the fin maintains it in engagement
      with the fin and exerts a pulling force in a direction toward the edge of
      the fin, indicated by arrow D' in FIG. 3, to compensate for the opposite
      pulling force and thus effect true tracking. When a run is first started,
      wheel adjustments can be readily made by the operator until correct
      tracking is obtained.
PAR  The described arrangement can be readily installed as an attachment in an
      existing apparatus. In such event, the back-up means 21' in the apparatus
      need not be removed, as is indicated by the phantom lines in FIG. 3.
      However, the arrangement can be incorporated in the apparatus when it is
      first built.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a heat sealed fin-type seam on tubed bag forming
      sheet material having heat sealable material on a face thereof, which
      comprises continuously moving the tube in an axial direction with the heat
      sealable material on the inside of the tube, while thus moved continuously
      folding one edge portion of the sheet back over the body of the tube,
      simultaneously overlapping the opposite edge portion of the sheet over the
      folded edge portion to form said fin, providing between said fin and the
      body of the tube a back-up plate over which the fin can ride, continuously
      heat sealing said edge portions together by pressure application of a
      heated die against said overlapped edge portion whereby said folded edge
      portion engages said plate, and maintaining tracking alignment of said fin
      on said plate by continuously applying a pulling force on said fin in a
      direction toward the edge of the fin.
NUM  2.
PAR  2. The method of claim 1 wherein a rotatable wheel engaging the overlapped
      edge portion of said fin is provided to maintain said tracking alignment.
NUM  3.
PAR  3. The method of claim 2 wherein the pulling force is adjustable by setting
      the wheel at a predetermined angular position relative to the axis of said
      tube.
NUM  4.
PAR  4. The method of forming a heat sealed fin-type seam on tubed bag forming
      sheet material having a heat sealable face, which comprises continuously
      forming the tube and simultaneously moving it in an axial direction with
      such heat sealable face on the inside of the tube, providing a back-up
      plate outside the body of the tube, while thus moved continuously folding
      one edge portion of the sheet along a fold line over the back-up plate
      with said fold line adjacent an edge of the back-up plate, simultaneously
      while said sheet is being continuously moved overlapping the opposite edge
      portion of the sheet over the folded edge portion to form said seam with
      the heat sealable faces on said edge portions of the sheet in engagement
      over the back-up plate, heat sealing said edge portions together by
      pressing said seam against the back-up plate by pressure application of a
      heated die against said overlapped edge portion while said seam
      continuously slides over said back-up plate, and maintaining tracking
      alignment of said seam on said plate by continuously applying and
      maintaining a pulling force on said seam in a direction toward the edge of
      the seam.
NUM  5.
PAR  5. The method of claim 4 wherein said pulling force is applied upstream of
      said heated die.
NUM  6.
PAR  6. The method of claim 5 wherein said pulling force is effected by
      provision of a rotatable tracking wheel pressing said seam against said
      back-up plate and which is set at a predetermined angular position to
      oppose drifting of said seam in a direction toward said fold line.
NUM  7.
PAR  7. The method of claim 6 wherein resilient pressure is applied to said
      tracking wheel to press the seam against the back-up plate.
NUM  8.
PAR  8. The method of forming a heat sealed fin-type seam on tubed bag forming
      sheet material having a heat sealable face which comprises continuously
      forming the tube and simultaneously continuously moving the tube in an
      axial direction with said heat sealable face on the inside of the tube,
      while thus continuously moved folding one edge portion of the sheet back
      over the body of the tube with the heat sealable face on the outside of
      the folded portion and simultaneously overlapping the opposite edge
      portion of the sheet over the folded back portion with its heat sealable
      face in engagement with the heat sealable face of the folded back portion
      to form a fin-type seam, providing a back-up plate between said fin-type
      seam and the body of the tube having a flat surface over which the fin of
      the seam can slide, heat sealing said engaging heat sealable faces of the
      seam together by pressure application of a heated die against said
      overlapped edge portion while said seam continuously slides over said
      back-up plate, said die having a flat heat sealing surface which presses
      said seam adjacent the flat surface of the back-up plate, and continuously
      applying and maintaining a pulling force on said seam in a direction
      toward the edge of the seam to maintain tracking alignment of said seam on
      the back-up plate.
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ABST
PAL  Laminates are prepared from rigid panels or sheets (e.g. gypsum board or
      plywood) and resin-saturated paper by a unidirectional pressure process
      which simultaneously bonds the paper to one of the broad flat sides of the
      panel or sheet and to one or more of the adjacent thin sides of the panel
      or sheet which intersect the broad side. The resulting laminates are
      useful in the construction of walls and furniture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lamination is a general term which denotes the building up of thin sheets
      or layers of one or more materials (e.g. wood, paper, etc.) with the aid
      of a bonding material, usually a thermosetting resin, to form a thicker,
      heavier sheet or board having desirable properties.
PAR  Laminates are often prepared by a process which involves coating or
      impregnating a suitable covering material (e.g. paper or cloth) with a
      thermosetting resin (e.g. a phenolic resin). A sandwich is then made from
      one or more sheets of this impregnated covering material and a supporting
      substrate (e.g. hardboard). This sandwich is then heated under compressive
      forces (usually unidirectional) to form a hard, dense board or molded form
      (i.e. it is laminated).
PAR  Typically, the covering material is only bonded or laminated to one of the
      broad sides of the substrate, and the contiguous thin sides and remaining
      broad side are exposed (i.e. non-laminated). By contrast, when the thin
      sides (skewed, rounded or normal to the broad side to be laminated) are to
      be covered, such is ordinarly accomplished by first forming a shaped
      unsupported laminate in a mold and then gluing this molded form to the
      supporting substrate (i.e. indirect formation of a supported laminate).
      Alternatively, and less frequently, edge or side lamination can be
      obtained directly by complex operations involving the simultaneous
      application of surface and side pressures (e.g. vertical and lateral
      pressures).
PAR  Suitable covering materials include paper, asbestos paper, woven and
      non-woven fabrics (e.g. cotton and nylon fabrics), fiberglass, and the
      like. The more popular resins include phenol-formaldehyde resins,
      melamine-formaldehyde resins, ureaformaldehyde resins, epoxy resins, and
      polyester resins. Supporting substrates include wood, plywood, processed
      hardboard, and gypsum board.
PAR  Most commercially available laminating presses are of the unidirectional
      type. By unidirectional, it is meant that the compressive forces exerted
      by the press are exerted in only one direction or dimension (e.g.
      vertical). Ordinarily, one of two parallel, flat, paired press platens is
      held in a fixed position and compressive forces (i.e. pressure) are
      generated by moving the other press platen toward the first, thereby
      squeezing a laminating assembly or sandwich between the platens.
PAR  Different resins or plastic-forming systems require different conditions of
      heat and pressure for curing or hardening. Thus, some phenolic resins
      require rather severe conditions for curing or hardening (e.g. 1500 psig
      and 350.degree.F. for five minutes). Consequently, such resins cannot be
      used with supporting substrates having low compressive strengths (e.g.
      gypsum board). However, other resins are available which can be cured or
      hardened under much less severe conditions (e.g. certain unsaturated
      polyester resins can be cured at 280.degree.F. and 150 psig for five
      minutes).
PAR  Laminates of this general type are known and many of them are available
      commercially. Such laminates are used in the manufacture of furniture,
      counter-tops, doors, walls and the like. Consequently, the knowledge and
      selection of suitable covering materials (e.g. paper), suitable resins
      (e.g. unsaturated polyester resins) and suitable substrates (e.g.
      plywood), are within the skill of the art when aided by this disclosure.
PAR  Some of these prior art laminates have disadvantages which limit their
      usefulness.
PAR  First, some of the supporting substrates which can be used (e.g. 4 .times.
      8 feet sheets of half-inch-thick plywood or gypsum board) exhibit minor
      but noticeable variations in width. Thus, walls made from these substrates
      (or made from "one-sided" laminates of these substrates) must be
      constructed in such a way as to compensate for these minor differences in
      width. In the case of laminated plywood panels, small strips or moldings
      (e.g. wood, metal or plastic) are frequently used to hide the seams formed
      with the thin sides of two laminates are placed in abutting relationship,
      as in the construction of a wall. Similarly, the seams formed in the
      construction of walls from ordinary gypsum board are hidden by the use of
      tape and plaster.
PAR  Laminated gypsum board is a recent development and it has been suggested
      that the non-laminated edges of the laminated gypsum board would be
      covered with a suitable molding, much in the same manner as plywood
      laminates. The preparation of laminated gypsum board is described in U.S.
      Pat. No. 3,692,620, which is incorporated herein by reference.
PAR  A second disadvantage of some conventional laminates is the susceptibility
      of such laminates to damage along their edges where the thin,
      non-laminated sides intersect the broad laminated surface, usually at
      right angles (i.e. normally).
PAR  A third disadvantage of some laminates is the unsightly absence of edge or
      side lamination. Consequently, such edges or sides must be disguised or
      covered in some way when such laminates are used to form, for example, a
      table or desk top.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered that some disadvantages of the prior art laminates
      can be reduced or eliminated by an improved laminating process which
      simultaneously bonds a resin-impregnated covering material (e.g. paper) to
      one of the broad (usually flat) surfaces of a supporting panel or sheet
      and simultaneously laminates one or more of the adjacent thin sides of the
      substrate with the same covering material. In this manner, we are able to
      eliminate one or more of the unsightly, non-laminated thin sides of the
      prior art laminates, obtain consistent laminate dimensions, and produce
      laminates having edges which are less susceptible to damage (e.g. by
      impact). Furthermore, the process of our invention can be practiced in
      unidirectional presses of conventional design.
PAR  Briefly described, our invention involves applying a ribbon or strip of a
      heat-moldable resin or plastic (usually a paste) along one or more of the
      edges or thin surfaces which border the broad flat surface of the
      substrate, which surface is to be laminated. Desirably, the thin sides of
      the substrate (which thin sides define the edge) will not be normal to the
      flat surface. Thin sides which are otherwise normal to the broad flat
      surface to be laminated can be suitably altered by simply rounding or
      beveling the edges involved. Next resinimpregnated paper is positioned
      over the wide or broad flat surface of the substrate which is to be
      laminated. The resinimpregnated sheet should be wider than that normally
      used to laminate only the flat surface of the substrate. According to this
      invention, the resin-impregnated sheet will extend out beyond the beveled
      or rounded edge (e.g. by the thickness of the substrate being laminated).
      The resin-impregnated sheet and supporting substrate are then inserted
      into a conventional unidirectional laminating press. However, instead of
      using a conventional flat or embossed caul plate, a caul plate is used
      which is adapted (e.g. channel shaped) to bend or press the extended edges
      of the resin-impregnated paper around and against the beveled edges of the
      supporting substrate, as well as perform the ordinary function of pressing
      the resin-impregnated paper firmly against the broad flat surface of the
      supporting substrate.
PAR  When laminated in the usual manner, the resulting product will have one or
      more of the thin sides laminated, as well as the broad flat surface.
      Furthermore, the laminate will have assumed the shape defined by the
      U-shaped caul plate as a result of plastic or resin flow and can thereby
      be given consistent dimensions which will be fixed or determined by the
      dimensions of the caul plate.
PAR  The present invention can be further understood by reference to the
      attached Drawing and the following description:
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of a sheet of gypsum board before lamination,
      which sheet has bevelled or chamfered edges.
PAR  FIG. 2 is a fragmentary isometric view of the gypsum board of FIG. 1 to
      which a strip or ribbon of heat-moldable resin has been applied.
PAR  FIG. 3 is an exploded view of the laminating assembly (i.e. "sandwich") and
      press platens of a typical laminating operation of this invention.
PAR  FIG. 4 is a cross-sectional view of gypsum board which has been laminated
      according to this invention.
PAR  FIG. 5 is a top cross-sectional view of a wall which has been constructed
      from gypsum board laminated according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The laminates of this invention can be prepared from a variety of
      supporting substrates. Thus, plywood, chipboard, hardboard, and gypsum
      board can be used. Gypsum board is the preferred substrate because of its
      low cost and fire resistant characteristics. Accordingly, this invention
      will be described with particular reference to gypsum board and the
      simultaneous lamination of one broad flat side and two opposite or
      parallel sides or edges thereof, without intending to be limited thereby.
PAR  The following description is made with reference to the attached Drawings
      in which like numerals refer to like elements.
PAR  Referring now to FIG. 1, an ordinary flat sheet of gypsum wall board
      consists of a core 1 (e.g. a core of calcium sulfate) having adherent
      paper surfaces 2, 3, 4, 5, 6 and 7. For convenience, the entire sheet of
      gypsum board is hereinafter referred to by the numeral 8. Gypsum wall
      board is commonly manufactured and solid in four-foot-wide by
      eight-foot-long sheets (1/4 - 3/4 inches thick), although other sizes are
      known. Usually, paper surfaces 2, 3, 4, 6 and 7 are of better quality
      paper than paper surface 5. Frequently, the "finished" side of gypsum wall
      board will be highly calendered and/or contain small amounts of resins
      etc. to give a smoother wall (e.g. smoother after painting). Although the
      gypsum wall board shown in FIG. 1 is manufactured with bevelled edges
      (i.e. with chamfered surfaces 3 and 7), other edge forms are known (e.g.
      tapered edges). The use of flat gypsum wall board is preferred over, for
      example, tapered-edge gypsum wall board.
PAR  If a supporting substrate (e.g. plywood) is to be used which does not have
      chamfered surfaces such as surfaces 3 and 7 of FIG. 1 (or their
      equivalent), such surfaces should preferably be formed or created in the
      preparation of the plywood for use according to this invention. Thus, the
      sharp or right angle edges found in common plywood should be removed by
      sanding, grinding or the like to thereby obtain rounded or beveled edges
      and surfaces similar to those (3 and 7) shown in FIG. 1. If the bevelling
      or rounding of the edges is not accomplished, it is usually necessary to
      use substantially more molding resin between the resin impregnated
      covering material and the substrate, all as hereinafter described.
      Further, the use of bevelled or rounded edges greatly facilitates the
      positioning or selfpositioning of the caul sheet (hereinafter described)
      during the laminating process. Thus, although beveling and rounding are
      not absolutely essential steps or pre-requisites to the practice of this
      invention, they are of major significance in obtaining the best results
      from the practice of this invention. Only the edges or sides to be
      laminated need to be bevelled or rounded.
PAR  Turning now to FIG. 2, once the beveled or rounded edges (chamfers 3 and 7)
      of the supporting substrate 8 have been prepared, it is then necessary to
      apply a heavy preformed film, ribbon, or strip 9 of a heat-moldable or
      curable resin along chamfer 3 (and/or 7), preferably along its entire
      length. The amount of resin which is applied can vary widely, and the
      amount used is not critical. However, best results have been obtained when
      the amount of resin used was sufficient to cause some resin to spread down
      along surface 4 and be exuded from between the impregnated covering
      material and the supporting substrate during lamination. In the case of
      commercial gypsum wall board, a strip or ribbon of heat-moldable resin
      approximately one-half the size of the wooden shaft of an ordinary lead
      pencil is usually sufficient.
PAR  The heat-moldable resins which can be used for this purpose can be any one
      of a variety of commercially available resin systems such as unsaturated
      polyester resins, epoxy resins, aminoplasts, and the like. It is preferred
      that such resins be in the form of sticky pastes, gels, or very viscous
      solutions to facilitate their application and positioning.
PAR  The laminates are then prepared in the following manner with reference to
      FIG. 3. A sandwich or laminating assembly is prepared by stacking a dished
      or U-shaped caul plate 10 (e.g. substantially a "mate" for the top and
      side surfaces of gypsum wall board 8), resin-impregnated paper 11, gypsum
      board 8, and asbestos pad 12. The purpose of asbestos pad 12 is to permit
      the release of any water vapor from gypsum board 8 during lamination. As
      shown in FIG. 3, beads or ribbons of resin 9 have been applied to chamfers
      3 and 7 before assembling the sandwich. The sandwich is then inserted
      between heated press platens 13 and 14. A wide variety of presses are
      marketed and multiple-tier presses can be used. The press is then actuated
      to a suitable pressure (i.e. compressive force) to thereby mold and harden
      or cure the various resins, thereby bonding the impregnated paper to
      gypsum board 8. In the case of gypsum board, care must be taken to use a
      laminating pressure below that at which the gypsum board will crumble
      (i.e. without crushing the gypsum board). With gypsum board, the upper
      pressure limit is typically in the range of 600-800 psig, although the
      precise pressure limit will vary depending upon the exact nature and
      quality of the gypsum board involved. Preferably, the laminating pressure
      will be between 50 and 300 psig, usually 80-200 psig. The temperature used
      can vary widely and will be determined by such factors as the resin
      selected, the curing catalyst, the desired cycle time, etc. Generally, a
      press platen temperature of 200.degree.-400.degree.F. will be used (e.g.
      275.degree.-325.degree.F). At temperatures of 280.degree.-300.degree.F.
      and pressures of 100-120 psig, a cycle time in the press of 5-8 minutes is
      typical. At the end of the cycle time, the pressure is released and the
      laminated board removed from the press. Then, the laminated gypsum board
      is set aside and permitted to cool.
PAR  As previously indicated, the purpose of U-shaped caul 10 is to transmit the
      compressive forces of the press platens 13 and 14 to the top and sides of
      gypsum board 8, to impart a desired surface finish to the laminated gypsum
      board 17, and to prevent the laminating and molding resins from adhering
      to the press platens. As those skilled in the laminating art already
      known, the flow of resin or resin-forming materials which takes during the
      laminating process causes the surface of the laminate to assume or
      duplicate the finish of the caul sheet. Aluminum cauls (e.g. 0.02 to 0.10
      inches thick) are recommended for best results. They give excellent
      release, are light in weight and are easily rubbed to a desired sheen. For
      low gloss effects, aluminum can be etched and anodized. Similarly, the
      cauls can be shaped to impart embossed surfaces or patterns to the
      laminate (e.g. a waffle-iron shaped caul can be used to impart a
      waffle-like appearance to the resulting laminate). New cauls should be
      washed with solvent (e.g. lacquer thinner) and treated with mold release
      agents such as stearic acid. Alternatively, or additionally, mold release
      agents can be included in the resin impregnated paper 11. In addition to
      using the caul sheets to obtain various gloss and pattern effects, several
      types of release papers are on the market which can be inserted between
      caul sheet 10 and resin-impregnated paper 11 during lamination. The use of
      release papers is especially useful in imparting a wood grain feel to the
      resulting laminates when simulating wood paneling. Ordinarily, U-shaped
      caul 10 will be slightly larger than (e.g. 1/16 inch wider) and "matched"
      to the supporting substrate (e.g. gypsum board 8). However, the caul does
      not need to be a "matched" caul and the laminate 17 can be made to conform
      to an "unmatched" caul by using more resin 9 to serve as a filler. For
      best results, angle X, as shown in FIG. 1, should not exceed 90.degree..
      If angle X is greater than 90.degree., it becomes much more difficult to
      obtain satisfactory edge lamination, and substantially more molding resin
      9 is required.
PAR  Resin-impregnated papers (e.g. impregnated paper 11) can be prepared by
      dipping or otherwise coating, impregnating or saturating paper with
      solutions of thermosetting resins as is known in the art. Such impregnated
      or saturated papers are commercially available. Briefly, these known
      procedures for producing resin-saturated laminating papers involve dipping
      or otherwise contacting paper or other covering material (e.g. woven and
      non-woven fabrics) with a coating composition which is typically a solvent
      solution of thermosetting resin or resinforming ingredients and catalyst,
      plus other optional inert or active ingredients. The wet paper is then
      dried (e.g. oven dried) to remove any inert solvent without substantially
      curing or hardening the resin.
PAR  The resins which can be used in this invention are the thermosetting resins
      which can be hardened, set or cured at the temperatures and pressures
      herein contemplated for use. The selection of operable resins is within
      the skill of the art when aided by this disclosure, although all do not
      serve with equal efficiency. Thus, phenolic, melamine and polyester resins
      can be used. Mixtures of resins can be used. I have obtained best results
      using unsaturated polyester resins as the only or predominant resin. As is
      known in the art, unsaturated polyester resins are used in admixture with
      copolymerizable monomers (e.g. styrene, diallyl phthalate, vinyl toluene,
      methyl methacrylate, etc.). They can be cured or hardened, usually with
      the aid of catalysts (e.g. benzoyl peroxide or cumene hydroperoxide). For
      a more comprehensive discussion of unsaturated polyester resins, see the
      text POLYMERS & RESINS by Brage Golding, copyright 1959 by D. Van Nostrand
      Company, Inc. Pages 303-314 are incorporated herein by reference for their
      disclosure of unsaturated polyester resins, polymerizable monomers,
      catalysts, etc.
PAR  Ordinarily, the coating resins will be used to impregnate decorative papers
      rather than plain papers. For example, paper printed to resemble wood
      paneling can be used to create wood-like laminates. Although paper is the
      preferred base material for saturation, other fibrous materials in sheet
      form can be used, e.g. woven and non-woven fabrics. The dry uncured resin
      impregnated paper can be made with varying resin contents. To be
      effective, the dry saturated paper (e.g. impregnated paper 11) should
      contain at least 25 weight %, preferably more than 50 weight % (e.g. above
      80 weight %) of deposited solids (the solids are usually polyester resin,
      monomer and additives) based on the weight of the uncoated paper. When
      higher quality laminates are desired (e.g. for improved abrasion
      resistance), resin impregnated overlay sheets can be inserted in the
      laminating assembly shown in FIG. 3 between the impregnated decorative
      paper 11 and caul sheet 10 (or the release sheet, when such is used). The
      purpose of using impregnated overlay sheets is to provide a thicker, resin
      rich surface on the laminates, thereby making them tougher and more
      abrasion resistant. Such overlay sheets are commercially available and
      typically contain from 15-30% by weight of paper or other fiber, with the
      balance to make 100% of deposited solids (primarily resin). For most
      purposes, the paper (or other fiber) and resin used in overlay sheets
      should be selected so that their refractive indices match on curing to
      thereby give a clear or transparent coating over the decorative paper
      below. Suitable base materials for use in making clear overlays are alpha
      cellulose, fiber glass, rayon and "Orlon" (a registered trademark).
PAR  If desired, the receiving paper surface (e.g. surfaces 3, 2 and 7 as shown
      in FIG. 1) on the gypsum board can be pre-coated with a resin-containing
      coating composition just prior to formation of the laminate assembly and
      lamination.
PAR  FIG. 4 is a cross-sectional view of a laminated gypsum board (generally
      designated as 17) having its two long thin parallel sides laminated. In
      FIG. 4, the resin-impregnated paper 11 is firmly bonded to paper surfaces
      6, 7, 2, 3 and 4. After lamination is complete, some slight excess molding
      resin will often be noticed at points a and b as shown in FIG. 4. This is
      molding resin which has exuded from between impregnated paper 11 and
      surfaces 4 and 6. This is desirable and indicates that sufficient molding
      resin (resin 9 of FIGS. 2 and 3) was available to cause the laminated
      gypsum board to accurately and fully assume the shape defined by caul
      plate 10. In FIG. 4, note how hardened molding resin 9 has filled in
      between surface 4 and impregnated paper 11. Thus, the laminated gypsum
      board produced by this process will always have consistent dimensions,
      which dimensions will be fixed by the shape and distance between inner
      confining surfaces 15 and 16 of caul plate 10 as shown in FIG. 3.
PAR  FIG. 5 is a top cross-sectional view of a wall constructed from laminated
      gypsum boards 17 prepared according to this invention. It can be seen that
      such a wall is free from unsightly gaps between adjacent boards caused by
      dimensional variations. Further, the edges of such wall boards are
      protected and have a pleasing appearance.
PAR  The present invention will be further understood by reference to the
      following specific examples which include a preferred embodiment. Unless
      otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE 1
PAC  Preparation of Impregnated Paper
PAR  A coating composition suitable for use in this invention can be made as
      follows by known prior art techniques:
      INGREDIENT         PARTS                                                 

     ______________________________________                                    

     solid unsaturated polyester resin                                         

      (e.g. an isophthalic acid resin)                                         

                         83                                                    

     copolymerizable monomer                                                   

      (e.g. di-allyl phthalate)                                                

                         17                                                    

     inert organic solvent                                                     

      (e.g. acetone)     50                                                    

     catalyst            as needed, i.e. a cata-                               

      (e.g. benzoyl peroxide)                                                  

                         lytic amount (e.g. 2                                  

                          parts)                                               

     other optional additives                                                  

                         usually, less                                         

      (e.g. hydroquinone)                                                      

                         than 10                                               

     ______________________________________                                    

PAL  Suitable resins, monomers, and catalysts include those previously
      described. Peroxide catalysts are usually employed to speed the cure
      during lamination. Suitable inert organic solvents include the various
      ketones, methylene chloride, acetone, etc. Additives used can include flow
      control agents or thickeners (e.g. magnesium silicates or silicon dioxide)
      which prevent excessive resin flow during lamination, and inhibitors to
      improve storage stability (e.g. hydroquinone).
PAR  A sheet of paper (e.g. alpha cellulose paper) or other covering material
      can then be passed through a dip tank (containing this coating
      composition) at a controlled rate to deposit the desired amount of coating
      composition on the paper. The paper is then passed through an oven (e.g.
      at 250.degree.F.) to remove inert organic solvent without substantially
      curing the resin. After drying, the saturated or coated paper can be wound
      on rolls (using a slip sheet) and stored until needed.
PAR  Similar results can be obtained using other thermosetting resin systems
      capable of curing under the conditions of temperature and pressure herein
      contemplated. Likewise, similar results can be obtained using other
      covering materials (e.g. rayon fabric).
PAC  EXAMPLE 2
PAC  Preparation of Gypsum Board Laminate with Side Laminations
PAR  A single-sheet laminate without overlay was prepared using commercially
      available gypsum wall board (with bevelled edges as shown in FIG. 1) and a
      paper saturated with polyester resin.
PAR  The laminate was prepared in a single tier oil-heated press operating at a
      platen temperature of 280.degree.-300.degree.F. and a pressure of about
      100-120 psig. The laminate was prepared using a sandwich (see FIG. 3) made
      up of aluminum caul 10, impregnated paper 11, gypsum board 8 and cotton
      asbestos pad 12. The latter served to prevent contact between gypsum board
      8 and press platen 14 and permitted the escape of steam from the gypsum
      board.
PAR  U-shaped caul 10 was made by bending the edges of a conventional flat caul
      so that the caul 10 matched gypsum board 8, but was slightly wider (e.g.
      1/16 inch wider) to accommodate for the added thickness of impregnated
      paper 11 and some of resin 9.
PAR  The paper used was decorative alpha cellulose paper (commercially
      available) impregnated with an inert organic solvent solution of a solid
      (powdered) unsaturated polyester resin prepared from isophthalic acid,
      maleic acid or anhydride and propylene glycol, a peroxide catalyst and a
      copolymerizable monomer (di-allyl phthalate) to a 50-60% solids content
      (i.e. resin, monomer, catalyst and additives) based on the weight of the
      dry, resin-impregnated paper. Decorative paper of this type (after
      impregnation) typically weighs 160 pounds per 3,000 square feet of paper
      (i.e., approximately 18 square feet of resin-impregnated paper per pound
      of such impregnated paper).
PAR  Resin 9 was spread on chamfers 3 and 7 as shown in FIGS. 1 and 3. Resin 9
      was a paste made by thickening a catalyzed unsaturated polyester/styrene
      mixture with colloidal silica. It was applied by extruding it from a tube
      to a thickness of about 3/16 inch.
PAR  The sandwich was placed in the press and heated under pressure for about 5
      minutes. The pressure was then released and the sandwich removed. Caul 10
      was lifted from the laminated board while the laminated gypsum board was
      still hot. The laminated board was then set aside and allowed to cool.
PAR  After the laminated board had cooled, some excess resin was observed at
      point a and this was removed with an abrasive. The resulting laminate was
      of good quality, with the top and both sides being laminated. The side
      laminations were adherent, uniform in size, and pleasing to the eye.
PAR  Although the present invention has been described with particular reference
      to certain materials and conditions, it will be appreciated that numerous
      obvious variations and modifications can be made by one skilled in the art
      without departing from the essence of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for preparing a laminate from a rigid sheet and a
      resin-impregnated covering material wherein the covering material is to be
      bonded to a broad flat side of said sheet, the improvement which
      comprises:
PA1  A. applying a preformed strip of heat moldable resin along at least one of
      the thin sides bordering and adjacent to a broad flat side of a support
      substrate sheet;
PA1  B. positioning a resin-impregnated covering material over said flat side,
      said covering material extending beyond said strip of heat moldable resin;
      and
PA1  C. hot pressing said covering material with unidirectional compressive
      forces against said broad flat surface of said sheet and over said heat
      moldable resin, thereby simultaneously laminating said at least one of the
      thin sides and the broad flat surface.
NUM  2.
PAR  2. The process of claim 1 wherein the thin side to which the heat moldable
      resin is applied is a beveled or rounded surface.
NUM  3.
PAR  3. The process of claim 2 wherein said sheet is gypsum wallboard, and said
      surface is beveled during the original manufacture of said gypsum board.
NUM  4.
PAR  4. The process of claim 3 wherein said impregnated covering material is
      paper impregnated with a thermosetting unsaturated polyester resin.
NUM  5.
PAR  5. The process of claim 4 wherein said heat moldable resin comprises
      unsaturated polyester resin.
NUM  6.
PAR  6. The process of claim 4 wherein said heat moldable resin is a viscous
      mixture of liquid epoxy resin and a curing agent for said resin.
NUM  7.
PAR  7. The process of claim 4 wherein the two parallel edges bordering and
      adjacent the broad flat surface of said sheet are beveled or rounded; and
      wherein said resin-impregnated covering material is bonded to said flat
      surface and around both of the parallel edges of said sheet.
NUM  8.
PAR  8. The process of claim 7 which further includes after the hot pressing
      step, removing any unwanted hardened resin which may have exuded from
      between the covering material and the sheet along said at least one of the
      thin sides.
NUM  9.
PAR  9. The process of claim 2 wherein the maximum pressure of the
      unidirectional compressive forces is in the range of 600-800 psig.
NUM  10.
PAR  10. The process of claim 2 wherein the pressure of the unidirectional
      compressive forces is between 50 and 300 psig and wherein the temperature
      of the hot pressing is 200.degree.-400.degree. F.
NUM  11.
PAR  11. The process of claim 2 wherein the pressure of the unidirectional
      compressive forces is between 80-200 psig and the temperature of the hot
      pressing is between 275.degree.-325.degree. F.
NUM  12.
PAR  12. The process of claim 2 wherein the pressure of the unidirectional
      compressive forces is 100-120 psig, the temperature of the hot pressing is
      280.degree.-300.degree. F, and the time of said hot pressing is 5-8
      minutes.
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PAL  A method of building an elastomeric fabric container by building an
      innerliner on a building form, applying a solvent solution of fluorocarbon
      elastomer over the innerliner and laying up fabric over the cement coat
      while the cement is sufficiently fluid to strike through the fabric to
      give at least one layer of fabric covered with at least one coat of
      fluorocarbon elastomer and curing the elastomer to give a finished
      container.
BSUM
PAR  This invention relates to the improvement in the method of construction of
      high temperature elastomeric fabric containers. More particularly, this
      invention relates to fluorocarbon elastomeric fabric containers.
PAR  U.S. Pat. No. 3,577,314 describes the problems associated with producing
      high temperature resistant fuel containers and discloses an excellent
      solution to these problems utilizing fluorocarbon elastomers and polyamide
      fabric. Unfortunately, the method of construction described is
      timeconsuming and difficulties are experienced with voids and bubbles
      being formed in the seam areas and adjacent fabric and elastomer as well
      as leakage at the seams.
PAR  An object of this invention is to provide a method of construction which
      reduces difficulty with voids and air bubbles in the seam area and in the
      area adjacent the fabric elastomer.
PAR  This object and other advantages of this invention can be obtained by
      laying the fabric up and pressing into the wet elastomeric coating on the
      building form to obtain the number of desired plies and then curing the
      completed assembly.
PAR  The nature of this invention can be more readily illustrated by the
      following representative example where all parts are by weight unless
      otherwise indicated.
PAR  A rectangular plaster of paris building form essentially one foot on each
      side with a sugar release coat was sprayed with a fluorocarbon elastomeric
      cement of the type described hereinafter to give a coating one to 150 mils
      thick, depending on the nature of the container, but preferably 10 to 30
      mils thick.
PAR  Plies of square woven polyamide fiber, eight ounces per square yard weight
      and untreated (griege type) was wet in a methyl ethyl ketone bath and laid
      up over the fluorocarbon elastomer coating before it becomes dry to the
      touch. The laid-up plies were pressed down to remove occluded air, seamed
      together with cement and allowed to air dry to give a fabric cover over
      the form. Then the fabric was spray coated with the cement to give a
      finished container. The fitting openings were cut therein and fittings
      cemented into the opening to give a finished container after curing 60
      minutes at 300.degree.F., in an autoclave with 85 p.s.i. back-up pressure.
PAR  This fluorocarbon elastomer, Viton B.sup.1, 100 parts, was compounded
      according to the recipe of Table 1:
TBL                Table 1                                                     

     ______________________________________                                    

     Compounded Recipe                                                         

     Ingredients:              Parts                                           

     ______________________________________                                    

     Viton B                   100                                             

     Magnesium oxide           15                                              

     N,N'-dicinnamylidene-1,6-hexane                                           

     diamine                   2.0                                             

     Red iron oxide            7.0                                             

     ______________________________________                                    

      1 - A commercial elastomeric terpolymer of vinylidene fluoride,          

      hexafluoropropylene and tetrafluoroethylene available from duPont        

      deNemours & Company.                                                     

PAR  The compounded fluorocarbon elastomer was dissolved in sufficient methyl
      ethyl ketone (MEK) to give a cement of 15 percent solids. This cement was
      used to coat the building form above by spraying.
PAR  The cured container was filled with water and allowed to stand overnight to
      soften the plaster of paris. The water and plaster of paris was removed
      through the fitting
FNT  1 - A commercial elastomeric terpolymer of vinylidene fluoride,
      hexafluoropropylene and tetrafluoroethylene available from du Pont de
      Nemours & Company opening to give a container free of voids and air
      bubbles and capable of passing the qualification test for fuel containers
      as specified by Mil-T-25783D specification.
PAR  In another embodiment, a one foot cube building form available from
      Mandrels, Inc. under the tradename Ultra-Cal cube forms was used. Since
      regular pottery plaster was used in construction of Ultra-Cal forms, they
      are porous in nature. The porosity was eliminated by applying a smooth
      coat of regular plaster to seal the pores and an aqueous sugar solution
      was applied to provide a release coat for the form.
PAR  Sufficient of the compounded Viton of Table 1 was dissolved in a blend of
      50 percent methyl ethyl ketone, 24 percent cyclohexanone, 20 percent
      Butanol and 10 percent N-methyl pyrrolidone to give a 15 percent solution
      or cement. This solution was spray applied to the one-foot sealed
      Ultra-Cal cube in several applications to give a coating 12 mils thick
      when dried to touch. Usually 10 to 15 minutes was allowed between spray
      coats. This general coating on the cube will hereinafter be referred to as
      the inner liner.
PAR  Over the inner liner a coat of the cement was applied to give a wet coat
      over the inner liner of 0.5 to 3 mils. The exposed face of the cube was
      covered with a high temperature polyamide, Nomex fabric, code 9267,
      (trademark of E. I. duPont deNemours & Company) panels approximately 10
      inches by 16 inches. Each panel was laid into the wet cement coat on the
      inner liner and pressed into the cement with a cotton swab until signs
      that the solvent was striking through the panel was observed due to color
      change of the panel, viz. the panel appeared wet.
PAR  Then the cube was rotated to expose a different face and panels were then
      applied to the newly exposed face, as described above, to give a cube
      fully enclosed in fabric.
PAR  If more than a single ply thickness is desired or needed, they can be
      applied in the same manner as the first panel. Then the last ply is
      covered with one or more spray coats of the above cement to give a
      decorative and/or protective coat to the finished container and also to
      give a container of the desired thickness and strength.
PAR  It is preferred that the finished cell dry at room temperature for several
      hours and then be cured at elevated temperatures where the temperature is
      raised 25.degree. to 50.degree.F. per hour until a temperature of
      400.degree. to 450.degree.F. is reached. This temperature is maintained 20
      to 30 hours before cooling the heat cured cell and removing the building
      form by the normal water soak method to give a finished cell ready for
      use.
PAR  Fuel cells made as described above were pressurized with 10 pounds per
      square inch of air and tested for leaks with soapy water and found to be
      free of leaks. Likewise, these fuel cells were filled with fuel and
      pressurized with air and let stand and did not exhibit any sign of
      leaking.
PAR  This method of making fuel cells or containers can be readily used with the
      fluorocarbon elastomers and fabric described in U.S. Pat. No. 3,577,314.
PAR  Although the cement has for convenience been described as spray applied, it
      can be applied by brushing, scrubbing, dipping and related well known
      methods.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of building an elastomeric fabric container comprising building
      a fluorocarbon elastomeric inner liner on a building form, applying a
      solvent solution of a fluorocarbon elastomer coating over the inner liner
      and laying up fabric over the coating while the coating is sufficiently
      fluid to strike through the fabric, to give at least one layer of fabric,
      covering the fabric with at least one coat of a fluorocarbon elastomer and
      curing the elastomer to give a finished container after removal of the
      building form.
NUM  2.
PAR  2. The method of claim 1 wherein the fabric is wet with methyl ethyl ketone
      and laid up over the coating.
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ABST
PAL  This invention relates to an adhesive for use in forming laminates of
      polyester impregnated fiberglass. This adhesive comprises a reaction
      mixture of 100 parts of a reactive hydrogen containing polymeric material
      of about 700 to 4500 molecular weight selected from the class consisting
      of polyester polyols, polyether polyols and polyester amides, an organic
      polyisocyanate, at least 5 parts to no more than about 200 parts of an
      inert powdery filler with the proviso that the filler shall not exceed
      that amount which renders the resulting mixture unspreadable and
      sufficient monomeric nitrogen containing polyol having 3 to 6 hydroxyls to
      be essentially equivalent to the excess polyisocyanate. Catalysts of the
      tin and amine type may be utilized, if desired. Amounts of 38, 52 and 80
      parts of organic polyisocyanate per 100 parts of the polymeric material
      are some of the levels used in some of the examples.
PARN
PAR  This application is a division of Ser. No. 217,230, filed Jan. 12, 1972
      issued as U.S. Pat. No. 3,812,003 on May 21, 1974, which was a
      continutation-in-part application of Ser. No. 009,131, filed Feb. 11, 1970
      and now abandoned, which was a streamlined continuation application of
      Ser. No. 833,855, filed May 29, 1969, now abandoned, which in turn was a
      streamlined continuation of application Ser. No. 360,753, filed Apr. 16,
      1964, now abandoned.
BSUM
PAR  This invention relates to polyurethane compositions and its use as a
      cement. More specifically, this invention relates to polyurethane
      compositions useful for adhering polyester coated fiberglass panels to
      form laminated bodies and to said laminates, without the need for a heat
      treatment.
PAR  It has been desirable for some time to make polyester impregnated
      fiberglass vehicular bodies but the vehicular bodies made of polyester
      impregnated fiberglass are relatively expensive to fabricate as no
      suitable method for rapidly assembling them on automated lines without
      pressure jigs were known. Hence, molded polyester fiberglass impregnated
      bodies have been used for the luxury line of automobiles; notwithstanding
      the fact that there has been considerable need for the use of nonmetallic
      bodies in those areas where salt and other chemicals are used to melt snow
      and thus keep the roads passable.
PAR  It is an object of this invention to provide an adhesive which may be used
      to adhere polyester impregnated fiberglass parts and other materials
      together to permit ready assembly of vehicular bodies and other laminated
      structures.
PAR  This and other objects and advantages may be obtained by (a) forming a
      reaction mixture comprising (1) about 100 parts of a reactive hydrogen
      containing polymeric material having a molecular weight of about 700 to
      4500 and preferably from about 1500 to 3000 selected from the class
      consisting of polyester polyols, polyether polyols and polyesteramides,
      (2) about 38 to about 80 parts of an organic polyisocyanate, (3) at least
      5 parts to about 200 parts of an inert powdery filler provided in no cases
      the amount of filler shall exceed the amount which when mixed with 100
      parts of the reactive hydrogen containing polymeric material, renders the
      resulting mixture unspreadable, (4) sufficient catalyst to achieve set of
      the reaction mixture in at least several hours and preferably one-fourth
      to one hour at about 75.degree.F. and (5) sufficient monomeric nitrogen
      containing polyol having from 3 to 6 hydroxyls to be equivalent to the
      excess polyisocyanate relative to the reactive hydrogen containing
      polymeric material but preferably 0.5 to 0.9 mol for each 1.5 to 1.9 mols
      of excess polyisocyanate.
PAR  Two pieces of fiberglass mats or other building materials can be cemented
      together by spreading the above reaction mixture over at least one of the
      surfaces to be adhered and then passing the two surface together until the
      reaction mixture has set.
DETD
PAR  The nature of this invention may be further appreciated from the following
      examples:
PAC  EXAMPLE I
PAR  The following ingredients: 100 parts of a polypropylene ether glycol having
      a molecular weight of about 2000 with one-tenth part of 1,2,4-trimethyl
      piperazine and 0.05 parts of dibutyl tin dilaurate, 10 parts of a
      reinforcing carbon black and 5 parts of a submicroscopic pyrogenic silica
      prepared in a hot gaseous environment by the vapor phase hydrolysis of
      silicon tetrachloride were intimately mixed to form mixture A. Then 38
      parts of polyisocyanate A prepared by the phosgenation of the reaction
      product of formaldehyde and aniline was added to mixture A and allowed to
      react to form a prepolymer. When the prepolymer was ready to be used 2.5
      to 3.0 parts of N,N,N',N'-tetrakis (2-hydroxylpropyl) ethylene diamine was
      added to 15 parts of the prepolymer and intimately mixed therewith. The
      resulting liquid reaction mixture had a shelf life of 15 minutes and when
      used as an adhesive adhered two polyester impregnated fiberglass panels
      together and it required in excess of 60 pounds per square inch pull to
      tear the two panels apart. The adhesive when applied between the two
      panels cured sufficiently fast to permit the panels to be moved along a
      continuous assembly line and cured to a state requiring at least 60 pounds
      pull to separate the two panels without the application of heat or
      pressure.
PAC  EXAMPLE II
PAR  A prepolymer was formed by mixing and reacting 100 parts of polypropylene
      glycol of about 2000 molecular weight containing 60 parts of carbon black,
      0.01 part of 1,2,4-trimethyl piperazine and 0.05 parts of dibutyl tin
      dilaurate, with 52 parts of toluene diisocyanate. Then various amounts of
      triethanolamine were used to cure the prepolymer. When 6 grams of
      triethanolamine were used the resulting liquid reaction mixture cured and
      set within about 1-2 minutes. Another batch containing 2 grams
      triethanolamine which set in about 15 minutes was used to adhere two
      polyester fiberglass impregnated panels together.
PAR  Instead of the polyaryl polyisocyanates of Example I and the toluene
      diisocyanates of Example II, other isocyanates may be used, for example,
      4,4'-diisocyanatophenyl-methane may be used. Also other tin compounds than
      the dibutyl tin dilaurate may be used. Representative tin compounds are
      dibutyl tin maleate, dialkyl tin dioctate, dibutyl tin dibutyl mercaptide,
      dibutyl tin amyl mercaptide. The tin compounds may be represented by the
      formula SnY.sub.4 where either one or all the Y's may be the same or
      different and y may be hydrocarbon radical, halogen, oxygenated or
      thionated hydrocarbons.
PAR  Instead of carbon black, other fillers may be used. Representative examples
      of these inert powdery fillers are clay, talc, asbestos, titanium dioxide,
      powdered calcium carbonate, whiting, zinc oxide, barytes, basic magnesium
      carbonate, water insoluble soaps, blanc fixe, aluminate, hydrated alkali
      silico aluminate and litherge. Normally the amount of filler may vary from
      a low of 5 or 10 parts to a high of 200 parts per hundred parts of
      reactive hydrogen containing compound with the preferred amount being
      about 50 to 100 parts. The amount of filler should be adjusted to give a
      paste which can be spread to give a smooth surface. This amount is related
      to density of the filler.
PAR  The presence of finely divided silica in weight ratio of 0.5 to 50 parts
      per 100 parts of reactive hydrogen containing polymeric material increases
      the modulus and gives better adhesion. For example, when 4 parts of Hi sil
      (a commercial porous silica) per 100 parts of polyether polyol was used in
      the recipe the adhesion increased from 60 pounds to 160 pounds with
      increases in the modulus, too. This is more specifically illustrated in
      Example III:
TBL                EXAMPLE III                                                 

     ______________________________________                                    

     Recipe             A          B                                           

     ______________________________________                                    

     Polypropylene ether glycol -                                              

                        100            100                                     

     MW 2000                                                                   

     Talc               60             32                                      

     Polyisocyanate A   80             80                                      

     Hisil                             4                                       

     Curative B         16             16                                      

     Adhesion           60      lbs.   160   lbs.                              

     ______________________________________                                    

PAL  Polyisocyanate A is a product producted by prosgenation of a
      formaldehyde-aniline reaction product having about 40-50% of diisocyanate.
      Curative B was a mixture of 50 parts of polypropylene ether glycol of 2000
      molecular weight, 100 parts of N,N,N',N'-tetrakis (2-hydroxyl propyl)
      ethylene diamine, 0.1 part of 1,2,4-trimethyl piperazine and 0.1 part of
      dibutyltin dilaurate.
PAR  The data of Table 5 indicates the porous spongelike silicas particularly
      enhanced the strength of the adhesive. The silicas useful as inert
      materials in this invention are not the same in physical properties with
      that of finely ground sand. The porous silica sponge-like fillers exerting
      particular enhancement of the pull strength are those having a particle
      size range of from about 1 to 20 microns average diameter and a bulk
      density of about 4 to about 18 pounds per cubic foot. One type of the
      porous silicas of this nature may be prepared by taking a refined quality
      sand having a very low iron content and containing about 99% SiO.sub.2.
      The highly refined quality sand is fused with alkali to form sodium
      silicate. The sodium silicate is hydrolized by an acid such as sulfuric
      acid to silica gel. The gel is dehydrated and is then ground to a fine
      particle size in the range of from about 1 to 20 microns average diameter.
      The ground material is then further dehydrated by heating at 525.degree.
      to 650.degree.C. for about 12 hours to obtain the finely divided porous
      silicas. Also useful as porous silicas are diatomaceous silicas and
      silicas aerogels.
PAC  EXAMPLE IV
PAR  A prepolymer was prepared by mixing 100 parts of polypropylene ether glycol
      of about 2000 molecular weight with 85 parts of talc coated with zinc
      stearate and 58.8 parts of toluene diisocyanate. An adhesive was formed by
      adding a curative comprising 16 parts of N,N,N',N'-tetrakis
      (2-hydroxylpropyl) ethylene diamine, 0.1 part of 1,2,4-trimethyl
      piperazine and 0.1 part dibutyltin dilaurate to the above prepolymer. This
      adhesive was used to satisfactorily adhere large fiberglass panels in
      simulation of automatic body assemblies.
PAR  Representative members of the polyester polyols are the condensation
      products of a polycarboxylic acid or its anhydride with a polyol.
      Representative carboxylic acids are the aliphatic ones: adipic acid,
      glutaric acid, azelaid acid, and the aromatic ones: phthalic, terephthalic
      and isophthalic acids. Polyesters having more than 2 hydroxyls can be made
      by using higher functional carboxylic acids or polyols other than the
      lower glycols having 2 to 10 carbon atoms, for instance, glycerine or
      trimethylol propane. The polyether polyols are the glycols and higher
      hydroxyl terminated polyethers. Representative polyethers are
      polypropylene ether glycol or triol, polybutylene ether glycol, triol or
      higher.
PAR  The amount of tin catalyst usually will be from a low of about 0.0001 to
      0.1 part per hundred parts of reactive hydrogen containing polymer with
      the preferred range being 0.005 to 0.05 parts.
PAR  Any of the usual polyurethane amine catalysts in the amount of 0.0001 to
      0.1 part per 100 of reactive hydrogen containing polymer can be used to
      advantage with the tin catalyst.
PAR  Representative amine catalyst are the cyclic amines such as
      N-ethyl-morpholine, piperazine, 1,2,4-trimethyl piperazine and the
      tertiary amines such as triethylamine and trimethylamine.
PAR  Use of coated fillers is particularly desirable as these coatings seal the
      filler against moisture effects and facilitates incorporation of the
      filler in the reactive hydrogen containing polymeric material. Suitable
      sealants are the water insoluble soaps such as zinc stearate, the waxes,
      polyethylene and polypropylene.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of forming a polyester fiberglass laminate that requires a pull
      in excess of 60 pounds per square inch to separate the polyester
      fiberglass laminate consisting of spreading an adhesive on the surface of
      the polyester fiberglass specimen and bringing said specimen into
      laminating relationship with a second specimen until the adhesive has set,
      said adhesive consisting essentially of a reaction mixture
PA1  1. of 100 parts of a reactive hydrogen containing polymeric material having
      a molecular weight of about 700 to 4500 selected from the class consisting
      of polyester polyols, polyether polyols and polyester amides,
PA1  2. about 38 to 80 parts of an organic polyisocyanate,
PA1  3. at least 5 parts to no more than about 200 parts of an inert powdery
      filler with the proviso that in no case shall the amount of filler exceed
      that amount which when mixed with a hundred parts of the reactive hydrogen
      containing polymeric material renders the resulting mixture unspreadable,
PA1  4. sufficient catalyst to achieve set of the reaction mixture in at least a
      quarter of an hour at about 75.degree.F., and
PA1  5. sufficient monomeric nitrogen containing polyol having from 3 to 6
      hydroxyls to be about equivalent to the excess polyisocyanate relative to
      the amount of reactive hydrogen containing polymeric material.
NUM  2.
PAR  2. The method of claim 1 wherein the organic polyisocyanate is toluene
      diisocyanate.
NUM  3.
PAR  3. The method of claim 1 wherein the organic polyisocyanate is
      4,4'-diisocyanato phenyl-methane.
NUM  4.
PAR  4. An adhesive characterized by requiring a pull in excess of 60 pounds per
      square inch to separate two polyester impregnated fiberglass panels bonded
      therewith and composed of a reaction mixture
PA1  1. of 100 parts of a reactive hydrogen containing polymeric material having
      a molecular weight of about 700 to 4500 selected from the class consisting
      of polyester polyols, polyether polyglycols and polyester amides,
PA1  2. about 38 to 80 parts of an organic polyisocyanate,
PA1  3. at least five parts to no more than about 200 parts of an inert powdery
      filler with the proviso that in no case shall the amount of filler exceed
      that amount which when mixed with a hundred parts of the reactive hydrogen
      containing polymeric material renders the resulting mixture unspreadable,
      and
PA1  4. sufficient nitrogen containing monomeric polyol having 3 to 6 hydroxyls
      to be essentially equivalent to the excess polyisocyanate relative to the
      amount of reactive hydrogen containing polymeric material.
NUM  5.
PAR  5. The adhesive of claim 4 wherein the filler is a porous silica having a
      particle size in the range of 1 to 20 microns average diameter and a bulk
      density of about 4 to about 18 pounds per cubic foot.
NUM  6.
PAR  6. The adhesive of claim 4 wherein the organic polyisocyanate is toluene
      diisocyanate.
NUM  7.
PAR  7. The adhesive of claim 4 wherein the inert powdery filler is talc coated
      with zinc stearate.
NUM  8.
PAR  8. The adhesive of claim 4 wherein the surface of the filler is sealed with
      a sealant selected from the class consisting of the water insoluble soaps,
      waxes, polyethylene and polypropylene.
NUM  9.
PAR  9. The adhesive of claim 4 wherein the reaction mixture contains sufficient
      catalyst to achieve set of the reaction mixture in at least a quarter of
      an hour at about 75.degree.F.
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PAL  An acid engraving device containing a reservoir for acid, a valve to meter
      the acid flow from the reservoir, and a ball point etching pen to apply
      acid to the work surface.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an acid engraving device and particularly to a
      device in the form of a writing instrument, with an acid reservoir, a
      metering valve to regulate the flow of acid and a ball point etching pen
      to apply the acid to the work surface. The device is in the form of a
      cylindrical container with a filler opening fitted at one end enclosed by
      a screw cap. The lower external portion of the device is threaded to fit a
      pantograph arm, and a washer and nut are mounted on the threads for
      adjustment of the device in a pantograph apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the invention; and
PAR  FIG. 2 is a section of the invention along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      illustrate the invention 10 in the general form of a cylinder, formed with
      an external screw thread 11 on the lower portion of the body 31 for
      mounting in a threaded pantograph arm (not shown). A nut 23 and washer 22
      are fitted over the threads 11 for locking to the pantograph female
      threads.
PAR  An acid reservoir 16 is fitted in the upper portion of the body 31 and
      formed with a filler opening 14 capped by a threaded cap 15 fitted with a
      vent hole 37. A tube 17 leads from the acid reservoir 16 to the etching
      pen 19, with the opening 37 of the tube regulated by a screw valve 20
      which is threaded in the body 31, transverse to the axis of the tube
      opening 37, with the valve screw head 28 extending externally of the body
      31.
PAR  The tube 17 extends from the acid reservoir to the tapered tip end 33 of
      the body 31, in which the pen 18 is mounted in an axial hole 27. Pen 18 is
      a tube formed with an axial hole of a diameter of 0.002 inches to 0.004
      inches in size, that is fitted at its external end 12 with a rollable
      stainless steel ball 19, with the external end 12 of the pen 18 projecting
      beyond the tip end 33 of the body 31.
PAR  The upper section of the body 31 of the device is housed snugly in a
      stainless steel tube 34 for structural purposes, with the body 31 and the
      internal tube 17 formed preferably of a plastic material that is
      unaffected by the etching acid employed.
PAR  The invention is supplied to the engraving trade together a kit of bottles
      containing various types of acid necessary to engrave different metals
      such as gold, silver, platinum, bronze, brass, aluminum, steel and
      stainless steel. Preferably such bottles are each of a volume of 2.65 to 3
      cubic inches and individually fit into marked compartments in the box of
      the kit, which is fabricated of acidproof material.
PAR  The acid reservior 16 of the engraving pen 10 is filled from one of such
      bottles with the acid required to etch the particular metal being
      engraved.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A pen device for use in engraving, adaptable for mounting in an arm of a
      pantograph, said device incorporating a housing body comprising:
PA1  an internal refillable acid reservoir,
PA1  a hollow axial tube leading from the acid reservior to a pen member which
      projects through an end tip of the device,
PA1  said pen member being in the form of a hollow tube fitted at its external
      end with a rollable stainless steel ball, with
PA1  a valve member in the form of a screw that is mounted transversely to the
      said hollow axial tube, said screw extending externally of the device and
      threaded in the housing so as to extend beyond the periphery of the
      housing, in which the acid reservoir is open at an end of the housing and
      is covered by a removable threaded cap, said cap fitted with a vent hole,
PA1  said housing body fitted with means to attach to the arm of a pantograph.
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ABST
PAL  An improved method of laminating thermosetting laminates is provided which
      comprises heating a laminate assembly which comprises a thermosetting
      resin, measuring the electrical impedance of the thermosetting resin to
      ascertain its lowest point, and applying full laminating pressure to the
      heated laminate assembly at that point of increased electrical impedance
      occurring subsequent to the ascertained lowest point of electrical
      impedance. An additional improvement is provided which consists of heating
      a laminate assembly which comprises a thermosetting resin, measuring the
      electric current generated by heating the thermosetting resin to ascertain
      its highest point and applying full laminating pressure to the heated
      assembly at that point of decreased generation of electric current
      occurring subsequent to the ascertained highest point of electric current.
PAL  Furthermore, an improved press is provided which is adapted with electrical
      sensing means to determine the gel stage of the thermosetting resin of a
      heated thermosetting laminate assembly. Lastly, an improved process of
      preparing multilayer circuit laminates is provided which comprises
      treating the surface of a fully cured laminate circuit layer having
      printed, metallic circuit pattern surfaces with a laminating adhesive
      resin prior to lamination.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 819,093, filed
      Apr. 24, 1969, now U.S. Pat. No. 3,600,247, which in turn is a
      continuation-in-part of U.S. application Ser. No. 680,983, filed Nov. 6,
      1967, now abandoned.
BSUM
PAR  Generally stated, the subject matter of the present invention relates to
      the process of preparing thermosetting laminates. More particularly, the
      invention relates to the improved process of preparing thermosetting
      laminates which comprises electrically determining the gel stage of a
      thermosetting resin so as to insure the application of full laminating
      pressure to a heated laminate assembly at the proper time to achieve
      successful interlaminar bonds.
PAC  BACKGROUND OF THE INVENTION
PAR  Almost all process difficulties occasioned by laminate inconsistencies can
      be explained by some failure of control in the manufacture of the
      laminates. Laminates, as the name implies, are composed of layers of
      materials united by a binding material, Thermosetting laminates are
      pressed together under heat and pressure to form a dense, consistent,
      electrical insulator. The basic raw materials of thermosetting laminates
      are paper, glass, cloth, or glass mat, bonded together with various
      thermosetting resins, such as phenolic, epoxy or polyester resins.
PAR  The first operation in laminate manufacture usually consists of
      impregnating or coating a base material, such as paper, glass cloth, or
      other fibrous sheet materials with a thermosetting resin. The resin is
      partially cured by heating to a point of cure suitable for storage. The
      base material is passed through a dip tank of resin, then into a set of
      squeeze rollers and through a drying oven. The resin is partially cured to
      what is called a B stage, and most of the volatiles in the resin are
      driven off in the oven. The partially polymerized or semi-cured material
      is also known as "prepreg", and in general is dry and tack-free.
PAR  Rigid process control is maintained during treating in order to monitor the
      ratio of resin to base material, the final thickness of the prepreg, and
      the degree of resin cured. However, laminate pressing is both manually
      controlled and operated. The most modern procedure requires the control of
      a skilled operator employing a skill based on years of experience to
      determine operating variables, the most critical of which is the
      determination of when to apply full laminating pressure to the heated
      laminate assembly. Usually, uncontrollable variables and differences in
      judgment have been such that no two operators would follow the same
      pattern, and seldom would the same operator use an identical pattern on
      successive batches. The high cost involved, together with the high
      incidence of poor interlaminar bonds, and the necessity for uniformity, as
      well as the unavailability of skilled operating personnel have long
      indicated the desirability of scientific control and automation.
PAR  In the process of laminating thermosetting laminates, the point at which
      full laminating pressure is applied to the heated laminate assembly is
      critical. This criticality is occasioned by the nature of the
      thermosetting resins which are irreversible when polymerized. Partially
      polymerized or semi-cured thermosetting resins liquefy when first heated.
      The resin then passes to a gel stage and finally sets or polymerizes as a
      hardened material. The thermosetting resin cannot be liquefied again by
      heating. Therefore, it is important in setting up a pressing cycle of a
      laminating process to apply full laminating pressure while the resin is in
      the gel stage. The premature application of full laminating pressure while
      the resin is in the liquid stage will result in excess resin being
      squeezed out of the laminate assembly leaving voids in the finished
      laminate. Poor interlaminar bonds also result from the application of full
      laminating pressure when the resin has passed from the gel to the solid
      stage since there is insufficient resin flow.
PAR  Attempts to insure successful interlaminar bonds have primarily involved
      modification in the press employed. The modification usually resides in
      the use of a press which is capable of rapid temperature rise. In essence,
      the pressing cycle is started at room temperature, and the temperature is
      raised to the gel point of the resin, at which point full laminating
      pressure is applied. The gel point is ascertained by imbedding a
      thermocouple in the center sheet of pregreg. This modification while
      overcoming some of the inherent disadvantages of the process by providing
      longer gel stages, requires operation by a skilled technician.
      Furthermore, the incidence of poor interlaminar bonds is not significantly
      reduced since the temperature at which a particular resin achieves its gel
      stage is not constant and is reliant on the temperature history of the B
      stage of the resin.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved laminating process which enables the accurate determination of
      the gel stage of a thermosetting resin so as to insure the application of
      full laminating pressure at the proper time in the laminate pressing step.
PAR  Another object of the present invention is to provide an improved process
      for laminating multilayer circuit laminates.
PAR  It is a further object of the present invention to provide an improved
      press which is adapted to electrically determine the gel stage of a
      thermosetting resin.
PAR  Yet another object of this invention is to overcome such inherent
      disadvantages of the prior art laminating process as poor interlaminar
      bonds, interior voids in the laminate, and the like.
PAR  Additionally, it is a further object of the invention to provide successful
      interlaminar bonds in a multilayer circuit laminate without resorting to
      roughing the printed, metallic circuit pattern surfaces of the fully cured
      laminate circuit layers by etching or mechanical abrasion prior to
      lamination.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be realized by practice of the invention, the
      objects and advantages being realized and attained by means of the
      methods, processes, instrumentalities and combinations particularly
      pointed out in the appended claims.
PAC  THE INVENTION
PAR  To achieve the foregoing objects, and in accordance with its purpose, as
      embodied and broadly described, the present invention provides an improved
      laminating process for preparing thermosetting laminates in which the gel
      stage of the thermosetting resin employed in the laminate is accurately
      determined by measuring the electrical impedance of the thermosetting
      resin to ascertain its lowest point and applying full laminating pressure
      to the heated laminate assembly at that point of increased electrical
      impedance occurring subsequent to the ascertained lowest point of
      electrical impedance.
PAR  In addition, the present invention also provides for an improved laminating
      process in which the heating of the thermosetting resin will generate an
      electric current which can be measured. Therefore, the invention also
      relates to a process in which the electric current generated by heating
      the thermosetting resin is measured to ascertain its highest point, and
      applying full laminating pressure to the heated laminate assembly at that
      point of decreased electric current occurring subsequent to the
      ascertained highest point of electric current generated.
PAR  The present invention further provides an improved press which is adapted
      with electrical sensing means to determine the electrical impedance of the
      thermosetting resin of a heated thermosetting laminate assembly.
PAR  Additionally, the present invention also provides an improved process of
      laminating multilayer circuit laminates which comprises treating the
      surfaces of the fully cured laminate circuit layers having printed,
      metallic circuit pattern surfaces with a laminating adhesive resin prior
      to lamination.
PAR  The invention consists of the novel methods, processes, steps and
      improvements shown and described.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory but are not
      restrictive of the invention.
PAR  Electrical impedance is defined as the total opposition that a circuit
      presents to an electrical current, and as herein employed shall be defined
      to include resistance, inductive reactance, capacitive reactance and
      conductance which is the reciprocal of resistance. Whereas, the phrase
      full laminating pressure, shall be defined to mean that pressure necessary
      to form a dense, consistent laminate, as for example pressures ranging
      from about 200 to 1500 psi have been employed.
PAR  The manner of carrying out the present invention is hereinafter broadly
      illustrated in the preparation of copper clad laminates, and multilayer
      circuit laminates.
PAR  The present invention is particularly useful in the printed circuit
      industry in the preparation of metallic clad laminates. Therefore, in
      addition to the resin impregnated base material, the other principal
      material is a metal, such as copper foil which is obtained by
      electrodeposition of copper on large rotating steel drums. Depending on
      the particular resin employed with the base material, an adhesive resin
      may be necessary to achieve lamination of the copper to the base material.
      However, the use of particular epoxy glass laminates avoids the necessity
      of using an adhesive resin.
PAR  Copper clad laminates are usually prepared by first placing copper foil
      against a large, polished steel pan. A number of sheets of prepreg
      material are laid on top of the copper, the number of layers employed
      depending on the desired thickness of the laminate and the characteristics
      of the prepreg material. One of the sheets of prepreg material, preferably
      a center sheet, is provided with a contact material at two distinct points
      employing a probe, which is usually insulated. Next a final sheet of
      copper foil is placed on top of the prepreg. In those instances in which a
      single sided copper laminate is to be prepared the top press pan is
      generally sprayed with a mold release before being laid on top of the
      prepreg, or the surface of the press pan may be specially treated, as for
      example by coating the press pan surface with polytetrafluoroethylene.
PAR  The assembled components of the laminate are then placed in a press, such
      as a hydraulic press and the press is closed to contact pressure. Contact
      pressure is defined as sufficient pressure to press the parts firmly
      together to provide a thermal path throughout the assembly. One of the
      contact points of the probe is connected to a source of electrical
      current, and the second contact point is connected to a standard measuring
      device, such as a recording voltmeter. When employing an alternating
      current it is advisable to use lower frequencies in the magnitude of one
      megahertz, since at lower frequencies impedance may be accurately measured
      by standard techniques. However, it is preferred to use a direct current
      potential of 3.2 volts. Depending on the particular press employed, heat
      will either be applied at this point, or the press will have been
      preheated to the approximate gel point temperature of the resin.
PAR  As the laminate assembly is heated, the electrical impedance is measured
      and as the resin liquefies impedance decreases. As the resin passes to its
      gel stage there is an increase in impedance and it is at this point that
      full laminating pressure should be applied. It is preferred that a time
      lag of at least 5 to 10 seconds elapse prior to applying full laminating
      pressures so as to compensate for temperature gradients across the press
      platens. The time lag thereby insures that the thermosetting resin of the
      entire laminate assembly has entered into its gel stage. The duration of
      the time lag is dependent on a variety of factors, the most notable of
      which are the particular resin employed, and the thickness of the laminate
      assembly among others.
PAR  The presses employed in laminating high pressure thermosetting laminates
      usually use hydraulic pressure and develop pressures in excess of 1000
      psi. Steam is used as the heat source, and the steam is released into each
      press platen as pressure is applied to cure the assembled components into
      a final homogeneous laminate. When the cured portion of the pressing cycle
      is completed, curing is arrested by running cold water through the press
      platens, and after proper cure the laminate is trimmed.
PAR  The preparation of multilayer circuit laminates, which comprise a plurality
      of interconnected fully cured laminate circuit layers in substantially the
      same as the process hereinabove described for copper clad laminates. One
      of the primary differences resides in the components of the multilayer
      circuit, which comprise fully cured laminate circuit layers having
      metallic printed circuit pattern surfaces and prepreg. Additionally, the
      probe employed for determining electrical impedance may be incorporated as
      part of the circuit layer.
PAR  The inherent difficulty of poor interlaminar bonds becomes particularly
      apparent in the preparation of multilayer circuit laminates, since the
      problem of uniformity are multiplied and the necessity for successful
      interlaminar bonds is accentuated, since the economic impact of defective
      multilayer circuit laminates is greater because of the circuit layers
      employed in the assembly.
PAR  The method of assembling the multilayer circuit laminate is substantially
      the same as hereinabove described for the copper clad laminates. In
      essence, the component parts of the multilayer circuit laminate are
      assembled in their planned order and proper registry employing jig plates
      and locater pins. It is helpful to pad the assembly by placing a few
      sheets of heavy kraft paper between the plates of the jig and the platens
      of the press.
PAR  The assembled components are placed in a press such as a hydraulic press,
      and contact pressure is applied. The assembly is heated and the electrical
      impedance is measured as hereinabove described. It is preferred to employ
      a time lag prior to applying full laminating pressure to compensate for
      temperature gradients across the press platens.
PAR  Furthermore, it is preferred to treat the surfaces of the circuit layers
      prior to lamination to insure successful interlaminar bonds. The art
      accepted expedient has been to roughen the printed metallic circuit
      pattern surface by mechanical abrasion or chemical etching. An additional
      embodiment of the invention resides in the discovery that a successful
      interlaminar bond can be achieved by treating the printed metallic circuit
      pattern surfaces of the fully cured laminate circuit layer with an
      adhesive laminating resin. The adhesive laminating resin obviates the
      necessity for roughing the printed, metallic circuit pattern surfaces
      prior to lamination. However, the circuit layers may be pretreated with an
      adhesive laminating resin in conjunction with roughing to insure resin
      penetration between closely adjacent conductors.
PAR  A further embodiment of the invention resides in the discovery of an
      improved press, in which the press is adapted with electrical sensing
      means to enable the determination of the gel stage of the thermosetting
      resin of the heated laminate assemblies. The electrical sensing means may
      be a voltmeter, an ammeter, an ohmmeter and the like. Additionally, the
      electrical sensing means may be combined with a recorder, and an
      electronic controller, such as a differential amplifier with storage and
      comparison circuits. Therefore, as the thermosetting resin achieves its
      gel stage the press is automatically activated to apply full laminating
      pressure to the assembly at the proper time. Additionally, the press may
      be activated at a point in time subsequent to the initial indication of
      the gel stage of the resin to compensate for temperature gradients across
      the press platens.
PAR  The thermosetting resins employed with the base materials may be either
      epoxy, phenolic or polyester resins. The base materials may be impregnated
      with any one of said resins or a combination of same.
PAR  Typical of the thermosetting resins may be mentioned oil soluble phenolic
      type resins such as fusible copolymers of phenol resorcinol, a cresol or
      an xylenol with an aldehyde or with furfural. Illustrative of the
      polyester resins which are well known in the art and are prepared by
      reacting discarboxylic compounds with dihydric alcohols, for example, by
      the reaction of phthalic or maleic anhydride with mono-, di- or
      polyethylene glycols. The polyester resins are ordinarily dissolved in
      styrene monomer and cross-linked by reaction with the styrene. Lastly,
      illustrative of an epoxy resin which may be employed is the reaction
      product of epichlorohydrin with bisphenol A.
PAR  The thermosetting resins alone do not ordinarily have adequate tackiness or
      sufficient flexibility to resist heat shock. Furthermore, the
      thermosetting resins have little resistance to peeling of long conductor
      patterns from the surface of the resin. Therefore, the use of an adhesive
      resin together with a thermosetting resin provides a suitable composition
      for carrying conductor patterns as well as adhesively binding them to the
      base.
PAR  Typical of the adhesive resins are the epoxy resins, polyvinyl acetal
      resins, polyvinyl alcohol, polyvinyl acetate and the like. Also as the
      adhesive resins may be mentioned chlorinated rubber and butadiene
      acrylonitrile copolymers.
PAR  The adhesive resins of the type described have appended thereto polar
      groups such as nitrile, epoxide, acetal and hydroxyl groups. Such adhesive
      resins copolymerize with and plasticize the thermosetting resins, and
      impart good adhesive characteristics through the action of the polar
      groups.
PAR  Particularly suitable for use as an adhesive resin for certain substrates
      is a combination of a phenolic type resin and an epoxy resin. The most
      common epoxy resins for use in the resinous composition are copolymers of
      epichlorohydrin (1-chloro-2,3-epoxy propane) with bisphenol A
      (2,2-p-hydroxy phenyl propane) which have melting points within the range
      of 20.degree.F to 375.degree.F and molecular weights of about 350 to
      15,000.
PAR  Lastly, the adhesive laminating resin can be epoxy resin, a blend of an
      epoxy resin andd a phenolic resin or a blend of an epoxy resin and an
      adhesive resin, which is preferred. The adhesive laminating resin should
      be a homogeneous system which when dried contains solid resin and
      catalyst. Furthermore, the resin should be capable of application as a
      liquid, as well as being capable of curing to a B stage having a dry, tack
      free surface; curing being effected by the application of moderate heat or
      solvent evaporation.
PAR  Although epichlorohydrin is the most important organic epoxide employed in
      the formation of the epoxy resins, other epoxides such as, for example,
      1,2,3,4-diepoxy butane may be used. Similarly, epoxy resins derived from
      phenols other than bisphenol A are suitable for use. Such resins include,
      for example, the reaction product of epichlorohydrin with resorcinol, with
      phenols derived from cashew nut oils, with hydroquinone, with
      1,5-dihydroxy napthalene or with 2,2,5,5-tetrabis-(4-hydroxy phenyl)
      hexane. Phenolic intermediates of the resol type, hydrazines and
      sulfonamides, such as, for example, 2,4-toluene disulfonamide, may also be
      used for reaction with an organic epoxide to produce epoxy resins suitable
      for us. Aliphatic epoxy resins are also suitable. Such resins are, for
      example, the reaction product of epichlorohydrin with glycerol, with
      ethylene glycol or with pentacrythritol.
PAR  The phenolic type resin may be a copolymer of phenol, resorcinol, a cresol
      or a xylenol with an aldehyde or with furfural. Thus, it may be a
      copolymer of phenol or a substituted phenol with formaldehyde or a
      formaldehyde-yielding material such as, paraformaldehyde or a
      hexamethylene tetramine. The phenolic resin is preferably of the oil
      soluble type. As examples of thermosetting phenolic type resins which may
      be used may be mentioned copolymers of formaldehyde with p-cresol, p-ethyl
      phenol, p-tert butyl phenol, p-tert amyl phenol, or a "bisphenol", such as
      4,4-isopropylidene diphenol or 2,2-bis (p-hydroxy phenyl) propane. It may
      be of the modified type, such as, for example, one which has been modified
      with copal or rosin to cause it to be oil soluble.
PAR  The phenolic type resins are, themselves, curing agents for the epoxy
      resins, and even those which are, themselves, permanently fusible form a
      tough, adherent film in combination with an epoxy resin which is probably
      the result of a cross-linking between the epoxy resin and the phenolic
      type resin. However, the resinous compositions may contain an additional
      curing agent. This curing agent may be another resin, such as, for
      example, a polyamide resin, or a melamine-formaldehyde resin, or it may
      be, for example, a dibasic acid, such as, for example, phthalic anhydride,
      an amine, such as, for example, triethanolamine, diethylene triamine or
      metaphenylene diamine, or an amide, such as, for example, dicyandiamide.
PAR  When using a phenolic resin, a curing agent for the resin, such as, for
      example, one of the amines mentioned hereinabove as a curing agent for
      epoxy resin may be employed.
DETD
PAR  The following examples are provided for illustrative purposes and may
      include particular features of the invention; however, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof.
PAC  EXAMPLE I
PAC  PREPARATION OF A MULTILAYER CIRCUIT LAMINATE ASSEMBLY
PAR  This example demonstrates the preparation of a multilayer circuit laminate
      assembly which comprises fully cured laminate circuit layers having
      printed, copper circuit pattern surfaces and prepreg sheets.
PAR  The fully cured laminate circuit layers are prepared for lamination by
      etching the printed, copper circuit pattern surfaces of the circuit layers
      with an ammonium persulfate copper etch solution.
PAR  The prepreg sheets are prepared from No. 112 glass cloth impregnated with a
      resin composition comprising EPON 1001 epoxy resin supplied by Shell
      Chemical Co., which is defined as a copolymer of epichlorohydrin and
      bisphenol A having a molecular weight of over 875, dicyandiamide as a
      catalyst and aluminum silicate as a filler.
PAR  The assembly, comprising five circuit layers having two sheets of prepreg
      between each circuit board, is assembled in planned order and proper
      registry employing a jig plate and locator pins. A test probe comprising a
      copper circuit printed on polytetrafluoroethylene is inserted into the
      center of the assembly with the copper surface facing a prepreg sheet.
PAC  EXAMPLE II
PAC  PREPARATION OF A MULTILAYER CIRCUIT LAMINATE
PAR  This example demonstrates the preparation of a multilayer circuit laminate
      employing the novel improvements of the present invention.
PAR  A multilayer circuit laminate assembly, prepared in the manner set forth in
      Example I, is placed in a hydraulic press and the press is closed to
      contact pressure.
PAR  A lead providing a direct electric potential of 1.35 volts is connected to
      one lead of the test coupon. The second remaining lead of the test coupon
      is connected to a recording ohmmeter and the assembly is heated. The
      electrical impedance is measured as the assembly is heated, recording
      time, temperature and ohms.
PAR  The recorded measurements are set forth in the following table:
TBL                TABLE 1                                                     

     ______________________________________                                    

     Time             Temperature  Impedance                                   

     Minutes   Seconds    Fahrenheit   Ohms                                    

     ______________________________________                                    

               30         180.degree.  100 .times. 10.sup.6                    

               50         220.degree.  35 .times. 10.sup.6                     

     1         10         232.degree.  26 .times. 10.sup.6                     

     1         30         240.degree.  18 .times. 10.sup.6                     

     2          0         250.degree.  16 .times. 10.sup.6                     

     2         20         255.degree.  14 .times. 10.sup.6                     

     2         40         260.degree.  12 .times. 10.sup.6                     

     3         10         262.degree.  10.5 .times. 10.sup.6                   

     3         40         270.degree.  9.5 .times. 10.sup.6                    

     4         10         272.degree.  9 .times. 10.sup.6                      

     4         40         275.degree.  8.5 .times. 10.sup.6                    

     5          5         276.degree.  8 .times. 10.sup.6                      

     5         40         278.degree.  7.4 .times. 10.sup.6                    

     6          0         280.degree.  7 .times. 10.sup.6                      

     6         30         282.degree.  6.7 .times. 10.sup.6                    

     7          5         283.degree.  6.4 .times. 10.sup.6                    

     7         40         283.degree.  6.4 .times. 10.sup.6                    

     8          5         283.degree.  6.4 .times. 10.sup.6                    

     8         40         283.degree.  6.4 .times. 10.sup.6                    

     9         10         284.degree.  6.5 .times. 10.sup.6                    

      9'       30         285.degree.  6.6 .times. 10.sup.6                    

     9         45         286.degree.  6.7 .times. 10.sup.6                    

     10        30         289.degree.  7 .times. 10.sup.6                      

     ______________________________________                                    

PAR  The above measurements of impedance clearly indicate that at 9 minute and
      10 seconds the thermosetting resin is entering its gel stage. A time lag
      of 20 seconds is allowed to elapse to compensate for the temperature
      gradients across the press platens and full laminating pressure of 250 psi
      is supplied at 9 minutes and 30 seconds.
PAR  Visual observation of the resulting multilayer circuit laminate indicates
      that successful interlaminar bonds were achieved.
PAC  EXAMPLE III
PAC  PREPARATION OF A MULTILAYER CIRCUIT LAMINATE
PAR  This example demonstrates the preparation of a multilayer circuit laminate
      employing the novel improvements of the present invention.
PAR  Two multilayer circuit assemblies, prepared in the manner set forth in
      Example I, are placed in hydraulic presses preheated to 345.degree.F. and
      the presses are closed to contact pressure.
PAR  Two leads providing a direct current potential of 1.35 volts are connected
      to one of the leads of each of the test coupons of the assemblies. The
      remaining leads of the test coupons are connected to recording ohmmeters
      and the electrical impedance is measured. The recorded measurements are
      set forth in the following tables:
TBL                TABLE 2                                                     

     ______________________________________                                    

     Test No. 1                                                                

     Time                   Impedance                                          

     Minutes       Seconds      Ohms                                           

     ______________________________________                                    

                   10           80 .times. 10.sup.6                            

                   20           50 .times. 10.sup.6                            

                   25            8 .times. 10.sup.6                            

                   30            4 .times. 10.sup.6                            

                   35            2 .times. 10.sup.6                            

                   45           60 .times. 10.sup.4                            

                   50           35 .times. 10.sup.4                            

     1              0           30 .times. 10.sup.4                            

     1             15           30 .times. 10.sup.4                            

     1             30           30 .times. 10.sup.4                            

     1             45           30 .times. 10.sup.4                            

     1             50           35 .times. 10.sup.4                            

     2              0           35 .times. 10.sup.4                            

     2             10           40 .times. 10.sup.4                            

     2             25           47 .times. 10.sup.4                            

     2             30           50 .times. 10.sup.4                            

     ______________________________________                                    

TBL                TABLE 3                                                     

     ______________________________________                                    

     Test No. II                                                               

     Time                   Impedance                                          

     Minutes       Second       Ohms                                           

     ______________________________________                                    

                   10           15 .times. 10.sup.6                            

                   20           2.2 .times. 10.sup.6                           

                   30           100 .times. 10.sup.4                           

                   40           50 .times. 10.sup.4                            

                   45           40 .times. 10.sup.4                            

                   50           30 .times. 10.sup.4                            

     1              0           28 .times. 10.sup.4                            

     1             10           26 .times. 10.sup.4                            

     1             20           26 .times. 10.sup.4                            

     1             30           28 .times. 10.sup.4                            

     1             40           30 .times. 10.sup.4                            

     1             50           33 .times. 10.sup.4                            

     2              0           35 .times. 10.sup.4                            

     ______________________________________                                    

PAR  The thermosetting resin is apparently at its minimum viscosity when the
      measurement of impedance stabilizes at a low point. The duration of this
      period of low viscosity is a function of heat transfer rate.
PAR  In Test No. I full laminating pressure of 250 psi is applied at 2 minutes
      and 35 seconds, a full 45 seconds after the end of the low viscosity
      period. There is insufficient resin flow resulting in poor interlaminar
      bonds which is obvious upon visual examination of the multilayer circuit
      laminate. Blisters are visually apparent from the uneven surface of the
      laminate, as well as measles which show as white opaque spots in the
      laminate.
PAR  In Test No. II full laminating pressure of 250 psi is applied at 1 minute
      and 50 seconds, a full 50 seconds after the end of the low viscosity
      period. Visual observation indicates that successful interlaminar bonds
      were achieved.
PAC  EXAMPLE IV
PAC  PREPARATION OF A MULTILAYER CIRCUIT LAMINATE
PAR  This example demonstrates the use of adhesive laminating resins to prepare
      fully cured laminate circuit layers having printed, copper circuit pattern
      surfaces for lamination in multilayer circuit laminates. In particular,
      the example demonstrates that the necessity of roughing or etching the
      printed, copper circuit pattern surfaces of the circuit layer prior to
      lamination in a multilayer circuit laminate can be avoided by employing an
      adhesive laminating resin.
PAR  A multilayer circuit assembly is prepared in the manner set forth in
      Example I with the exception that the fully cured laminate circuit layers
      having printed, copper circuit pattern surfaces are prepared for
      lamination by applying to the surface of the circuit layers a composition
      comprising EPON 1001 epoxy resin supplied by Shell Chemical Co., which is
      defined as a copolymer of epichlorohydrin and bisphenol A, having a
      molecular weight of over 875, and dicyandiamide as a catalyst. The treated
      circuit layers are then heated in an oven of 250.degree.F for 10 minutes.
PAR  The multilayer circuit assembly is then laminated employing the process set
      forth in Example II. Visual observation indicates that successful
      interlaminar bonds were achieved.
PAC  EXAMPLE V
PAR  This example demonstrates the preparation of a multilayer circuit laminate
      by measuring the electric current generated by heating the thermosetting
      resin.
PAR  A multilayer circuit laminate assembly, prepared in the manner set forth in
      Example I, is placed in a hydraulic press and the press is closed to
      contact pressure of 1.75 psi at 350.degree.F.
PAR  Both leads of the test coupon are connected to a recording microammeter and
      as the assembly is heated, current will begin to flow between the leads of
      the test coupons.
PAR  The recording microammeter will monitor the voltage drop across the
      microammeter giving a plot of the characteristic of the electric current,
      and full laminating pressure of 250 psi is applied where the current
      begins to drop off.
PAR  Visual observation of the resulting multilayer circuit laminate indicates
      that successful interlaminar bonds were achieved.
PAR  Although the invention has been described and illustrated by reference to
      particular embodiments thereof, it will be understood that in its broadest
      aspects the invention is not limited to such embodiments and that
      variation and substitution of such equivalents may be resorted to within
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a laminating press for heating and laminating with thermosetting
      resins the improvement which comprises electrical sensing means for
      measuring the electrical properties of the gel stage of the thermosetting
      resin of a heated thermosetting laminating assembly as said resin is
      heated and means for applying pressure to said press when said electrical
      sensing means measures the gel stage to thereby thermoset the laminated
      assembly in said press.
NUM  2.
PAR  2. The press according to claim 1 in which the electrical sensing means is
      a recording ohmmeter.
NUM  3.
PAR  3. The press according to claim 1 in which the electrical sensing means is
      connected to an electronic controller.
NUM  4.
PAR  4. The press according to claim 3 in which the electronic controller is a
      differential amplifier with storage and comparison circuits.
NUM  5.
PAR  5. The press according to claim 1 in which hydraulic pressure is employed
      to operate said press.
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ABST
PAL  Apparatus for securing a lining in an end of a neck-tie comprising; a
      supporting surface for supporting the end of a strip of tie material
      containing heat fusible fibres, means for forming a pleat along the
      longitudinal axis of said strip of tie material, means for clamping a
      lining against said strip of tie material along two lines diverging from
      said pleat, and means for providing heat at said two-lines to fuse the
      lining and material together at said lines and thereby form a pointed end
      to the lining and material.
PARN
PAR  This application is a divisional application of U.S. application Ser. No.
      137,446 filed Apr. 26, 1971 now U.S. Pat. No. 3,842,436.
BSUM
PAR  The invention relates to apparatus for manufacturing neck-ties having
      pointed ends and more particularly to apparatus for securing a lining in a
      pointed end of a neck-tie.
PAR  The lining referred to is usually secured in the end of a neck-tie by
      stitching. This requires a certain amount of skill and is also time
      consuming.
PAR  It is accordingly an object of the invention to provide apparatus with
      which the above disadvantages way be lessened when ties are made of
      material containing heat fusible fibres.
PAR  According to the invention there is provided apparatus of the kind set
      forth comprising; a supporting surface for supporting the end of a strip
      of tie material containing heat fusible fibres, means for forming a pleat
      along the longitudinal axis of said strip of tie material, means for
      clamping a lining against said strip of tie material along two lines
      diverging from said pleat, and, means for providing heat at said two lines
      to fuse the lining and material together at said lines and thereby form a
      pointed end to the lining and material.
PAR  Further features of the invention provide for the means for forming said
      pleat to comprise a groove formed in said supporting surface and extending
      across it, and, a blade pivoted adjacent said groove and aligned with it,
      for the means for clamping said lining against said strip of the material
      to comprise an arm displacable towards and away from said supporting
      surface and for the means for providing heat to comprise a wire adapted to
      be electrically heated, the wire being mounted on said arm or on said
      supporting surface.
DRWD
PAR  A preferred embodiment of the invention is described below by way of
      example, reference being made to the accompanying drawings in which;
PAR  FIG. 1 is a perspective view of an apparatus according to the invention,
      and,
PAR  FIGS. 2 to 4 are diagrams illustrating the method of putting the apparatus
      to use.
DETD
PAR  The apparatus comprises a table 1 having a supporting surface 2 thereon.
      The supporting surface has at least one right angled corner 3 from which a
      groove 4 extends diagonally, the groove conveniently having the top
      surface of the table 2 as its base.
PAR  The two edges 5 of the supporting surface defining the right angle are
      provided with a layer 6 of a suitable substance of the type which enables
      material to be heat fused by clamping it between this layer and a heated
      element.
PAR  Mounted adjacent the supporting surface 2 on horizontal pivots 7 is an arm
      8 having a right angled bend therein, the pivot axes being parallel to one
      portion of the arm. The arm is provided along its length with a wire 9
      adapted to be electrically heated. When the arm 8 is pivoted onto the
      supporting surface 2, the wire 9 bears on the layer 6.
PAR  Operation of the arm is preferably effected through the action of a
      solenoid 10 and foot operable switch 11 but the arm may be mechanically
      linked to a foot operable pedal or may be hand operable. A timing switch
      12 is provided to allow current to flow through the wire 9 for a
      predetermined period of time when the arm 8 is clamped against the
      supporting surface.
PAR  A blunt edged blade 13 is pivoted to the table 1 and is aligned with the
      groove 4. A hole 14 is provided in the table through which a strip of
      material will extend whilst a lining is secured thereto.
PAR  In use, the end 15 of a strip of tie material containing heat fusible
      fibres is laid face upwards over the supporting surface so that the groove
      4 coincides with the longitudinal axis of the strip of material. The end
      15 is so placed that the material extends across the layers 6 on the
      supporting surface. The blade 13 is then rotated into the groove thereby
      urging the material into the groove to form a pleat 20 therein as shown in
      FIG. 2. The blade is then removed leaving the tie material in this
      position and a lining 16 is placed over the tie material to extend across
      it. The arm 8 is then operated, the wire 9 fusing the two pieces of
      material together along lines 17 diverging from the pleat 20 to form a
      pointed end to the lining and material.
PAR  The material and lining are removed from the supporting surface and the
      material is heat fused to itself along a line 18 extending across the
      pleat 20 from the point of divergence of the lines 17. This can be done
      with a separate heat sealing machine (not shown) of a known type.
PAR  It is envisaged that at least the end of the supporting surface may be made
      movable and provided with a short heat sealing wire to enable the sealing
      on line 18 to be performed whilst the tie material is still located in the
      groove, thereby eliminating the separate sealing operation. All three
      lines of heat intersect at the point of the lining and material and the
      heating wire is such that the material is substantially "cut" along the
      lines of heat. Thus the excess material 19 may simply be removed and the
      end of the tie turned inside out to provide the finished assembly
      illustrated in FIG. 4.
PAR  It will be appreciated that the above-described operation may be swiftly
      and easily effected by unskilled operators.
PAR  It will be understood that the invention may be applied to any types of
      heat fusible cloths which contain at least an appreciable amount of heat
      fusible fibres and has been found to be particularly suitable when used on
      polyester cloths. It is envisaged that the invention will operate
      effectively even on cloths containing cotton or the like in which case the
      molten material from the heat fusible fibres will tend to lock onto the
      cotton or other threads.
PAR  The arm 8 may be replaced by a clamp guided for vertical movement. Also,
      the wire 9 may be mounted on the supporting surface instead of on the arm
      or clamp, as shown by dotted line 21 in FIG. 1.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for securing a lining in an end of a neck-tie comprising;
PA1  a supporting surface for supporting the end of a strip of tie material
      containing heat fusible fibres,
PA1  means for forming a pleat along the longitudinal axis of said strip of tie
      material,
PA1  means for clamping a lining against said strip of tie material along two
      lines diverging from said pleat, and
PA1  means for providing heat at said two-lines to fuse the lining and material
      together at said lines and thereby form a pointed end to the lining and
      material.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein the means for forming said
      pleat comprises;
PA1  a groove formed in said supporting surface and extending across it, and,
PA1  a blade pivoted adjacent said groove and aligned with it.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein the means for clamping said
      lining against said strip of tie material comprises an arm displacable
      towards and away from said supporting surface and wherein the means for
      providing heat comprises a wire adapted to be electrically heated, the
      wire being mounted on said arm.
NUM  4.
PAR  4. Apparatus as set forth in claim 2 wherein the means for clamping said
      lining against said strip of tie material comprises an arm displacable
      towards and away from said supporting surface and wherein the means for
      providing heat comprises a wire adapted to be electrically heated, the
      wire mounted on said supporting surface.
PATN
WKU  039350550
SRC  5
APN  5020883
APT  1
ART  161
APD  19740830
TTL  Assembly tool for use in attaching fiberglass tool handles
ISD  19760127
NCL  3
ECL  1
EXA  Gallagher; J. J.
EXP  Drummond; Douglas J.
NDR  1
NFG  5
INVT
NAM  Carmien; Joseph Allen
CTY  Beverly Hills
STA  CA
ASSG
NAM  Nupla Corporation
CTY  Sun Valley
STA  CA
COD  02
CLAS
OCL  156443
XCL   29242
XCL   76103
XCL  145 29R
XCL  156475
XCL  156581
XCL  269275
EDF  2
ICL  B31F  100
FSC  156
FSS  212;228;229;293;294;423;443;475;486;488;493;496;579;581;494
FSC   76
FSS  103
FSC  100
FSS  211
FSC  269
FSS  275
FSC   29
FSS  242;DIG. 1
FSC  145
FSS  29 R
FSC  403
FSS  268
FSC  264
FSS  249;292;263
UREF
PNO  2519661
ISD  19500800
NAM  Johnson
OCL  269275
UREF
PNO  2708305
ISD  19550500
NAM  Ohl
OCL   29242
UREF
PNO  3681160
ISD  19720800
NAM  Richie et al.
OCL  156212
LREP
FR2  Comstock; Robert C.
ABST
PAL  An assembly tool for use in attaching fiberglass handles to tools and the
      like. A tape applicator is mounted for reciprocal vertical movement by a
      double-acting hydraulic cylinder. A tool head is mounted beneath the
      applicator with masking tape overlying one end of the tool head opening.
      The applicator comprises a hollowed resilient pad which draws the masking
      tape tightly across the top of the opening and then presses it into
      sealing engagement with the entire periphery of the opening. The opening
      is thereby sealed against leakage of potting compound inserted into the
      opening to bond a handle to the tool head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an assembly tool for use in attaching fiberglass
      handles to tools and the like.
PAR  2. Description of the Prior Art
PAR  At the present time, fiberglass tool handles are customarily assembled with
      the tool in a vertical position. The tool head is disposed uppermost, with
      the handle therebeneath. The handle is inserted into the tool head opening
      from the bottom of the opening. Potting compound is then poured into the
      top of the tool head opening, depending upon the force of gravity to cause
      the potting compound to fill the areas within the tool eye opening which
      are not filled by the handle.
PAR  If an inverted position is used in the assembly operation, the top of the
      tool head opening becomes the bottom and it must be sealed off,
      customarily with masking tape. If the masking tape is applied by hand, it
      is time consuming for the operator applying the tape to try to smooth it
      manually so that a perfect seal is formed around the entire peripheral
      edge of the tool head opening and to eliminate sags, wrinkles and folds in
      the tape surface which would be faithfully reproduced in the surface of
      the potting compound. If there should not be such a perfect seal, the
      potting compound will leak out, destroying the assembly and possibly
      gumming up the assembly apparatus as well, which is often due to irregular
      edges and complex shapes of many tool eye openings.
PAR  Manual application of the masking tape is the only method now in use. It is
      time consuming and therefore costly and it is also likely to be faulty or
      imperfect.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an assembly tool for use in attaching fiberglass
      handles to hand tools and the like which is particularly designed and
      adapted to automatically apply a piece of masking tape over the tool head
      quickly, perfectly and "drum-head" tight each time it is used.
PAR  It is accordingly among the primary objects of the invention to provide
      such an assembly tool which is faster and more economical than the manual
      methods of assembly which are now in use.
PAR  It is particularly an object of the invention to provide such a device
      which is automatic in operation and which provides a complete seal around
      the entire peripheral edge of the tool head opening, to provide a smooth
      "drum-head" surface which insures a sightly potted surface when the tape
      is removed.
PAR  The present invention is particularly adapted for use in connection with
      the apparatus, techniques and inventions of patent applications Ser. Nos.
      473,273, 473,274 and 473,275, all filed May 28, 1974.
PAR  In essence, the present invention contemplates a device for applying
      masking tape to a tool head which will first draw the tape drumhead tight
      across the top of the tool head opening, then pull the sides of the tape
      down and then apply downward and inward pressure to seal the tape in
      uniformly tight relationship to the tool head and to the entire periphery
      of the tool head opening. The masking tape must be sealed sufficiently to
      prevent any leakage of potting compound from the tool head opening.
PAR  It is accordingly among the objects of the invention to provide such a
      device and thereby to provide an assembly tool and technique which is
      capable of being operated by relatively unskilled employees, thereby
      reducing labor costs as well as providing better products and improved
      product assembly.
PAR  It is an object of the invention to provide an assembly tool having all of
      the advantages and benefits set forth above and described hereinafter in
      further detail in this specification.
PAR  The invention also comprises such other objects, advantages and
      capabilities as will later more fully appear and which are inherently
      possessed by the invention.
PAR  While there is shown in the accompanying drawings a preferred embodiment of
      the invention, it should be understood that the same is susceptible of
      modification and change without departing from the spirit of the invention
     .
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of an assembly tool constructed in
      accordance with the present invention, with the tool head and the lowered
      position of the tape applicator shown in phantom lines;
PAR  FIG. 2 is an enlarged partial sectional view of the same taken on line 2--2
      of FIG. 1, showing the tape applicator in partly lowered position about to
      engage the tape, with a slightly lower position of the applicator and
      bending of the tape indicated in phantom lines;
PAR  FIG. 3 is an enlarged partial sectional view similar to FIG. 2, showing the
      applicator in its lowest position, pressing the tape against the tool
      head;
PAR  FIG. 4 is an enlarged partial sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged partial sectional view similar to FIG. 4, showing use
      of the invention with a ball-peen hammer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment which has been selected to illustrate the invention
      comprises a vertically directed panel 10, above which is an enclosure 11
      which contains a double-acting hydraulic cylinder 12. The cylinder 12 is
      conventional in its structure and operation and accordingly requires no
      detailed description. A control knob 13 is movable downwardly to control
      the operation of the cylinder 12 to cause downward movement of a shaft 14
      which extends downwardly from the cylinder 12. The lower end of the shaft
      14 is secured to the upper end of a connector 15. The lower end of the
      connector 15 is in turn attached to the upper end of an applicator housing
      16. Mounted within the applicator housing 16 is a tape applicator 17,
      which preferably comprises a substantially resilient pad of cast silicone
      rubber having a Shore A hardness in the range between 20 and 60. A
      hardness of approximately 30 has been found to provide particularly
      satisfactory results in use. Other suitable materials may also be used,
      such as polyurethane, vinyl or natural rubber.
PAR  The lower midportion of the applicator 17 has a concone hollow portion 18
      which is preferably formed substantially complementarily to the contour of
      the upper portion of the tool head 21 to which masking tape is to be
      applied.
PAR  Mounted directly beneath and in alignment with the applicator 17 is a tool
      head holder 20, which is adapted to removably receive and hold in place a
      tool head 21, comprising a hammer head in the drawings for purposes of
      illustration. The tool head holder 20 is mounted on a base 22 which
      extends transversely outwardly from the panel 11. In use, the lower
      surface of the tool head 21 rests upon the base 22. The holder 20 extends
      into the tool head opening, its upper edge being disposed beneath the
      upper edge of the tool head 21.
PAR  In use, a piece of masking tape 23 is first positioned manually or
      otherwise in overlying relationship to the tool head opening 24 of the
      tool head 21. Downward movement of the control knob 13 operates the
      cylinder 12 to cause downward movement of the shaft 14, connector 15,
      applicator housing 16 and applicator 17.
PAR  As best shown in FIG. 2 of the drawings, such downward movement causes the
      applicator 17 to first engage the tape 23 adjacent to, but preferably
      slightly outwardly from, the outer edge of the top of the tool head 21
      surrounding the opening 24.
PAR  As the applicator 17 moves downwardly, it causes the portions of the tape
      23 which protrude outwardly beyond the edges of the top of the tool head
      21 to be bent downwardly. At this time, pressure is applied upon all of
      the peripheral edges of the tape 23 substantially simultaneously while no
      pressure is applied against the midportion of the tape 23 which extends
      across the top of the opening 24. This results in the tape 23 being pulled
      outwardly and stretched or drawn drumhead tight across the top of the
      opening 24.
PAR  After the tape 23 has been so tightened, further downward movement of the
      applicator 17 causes the peripheral edges of the tape 23 to be pressed
      inwardly into engagement with the sides of the tool head 21 beneath and
      surrounding the opening 24. The inward pressure of the applicator 17
      against the tape 23 is at its maximum at the bottom of the downward
      movement of the shaft 14.
PAR  The applicator 17 is preferably held in its extreme downward position for a
      brief period of time, such as from several seconds to half a minute, in
      order for the pressure and time to cause a bond to be formed between the
      tool head 21 and the adhesive carried by the tape 23.
PAR  The applicator 17 is then released for upward movement, which release may
      be controlled manually by upward movement of the control knob 13 or which
      may be controlled automatically by timed operation of the cylinder 12.
PAR  The applicator 17 in its lowermost position applies simultaneous and
      continuous downward and inward pressure against the tape 23, holding the
      tape 23 tightly drawn over the opening 24 and simultaneously bonding it to
      the tool head 21 to fix it in such position. It can thus be seen that the
      assembly tool of the present invention will apply the masking tape 23 to
      the tool head 21 automatically in such a manner that it is uniformly and
      completely sealed with each application, thereby eliminating the
      uncertainties, expense and poor appearance of manual application.
CLMS
STM  I claim:
NUM  1.
PAR  1. An assembly tool for use in connecting fiberglass handles to tool heads,
      said assembly tool comprising means for holding a tool head with a piece
      of masking tape extending across the top of said tool head in overlying
      relationship to the handle receiving opening of said tool head, a tape
      applicator movable with respect to said tool head, said applicator having
      a concave resilient pad formed complementarily to the convex portion of
      said tool head surrounding said opening, said pad being constructed and
      arranged so that said pad upon movement thereof toward said tool head
      engages all of the peripheral edges of said tape adjacent to and
      surrounding said opening and moves said edges downwardly simultaneously
      while applying no pressure against the portion of said tape which extends
      across the top of said opening, whereby said tape is drawn tightly across
      the top of said opening, said padd being adapted upon further movement
      toward said tool head to press the portions of said tape disposed
      outwardly from said opening inwardly simultaneously into sealing
      engagement with said tool head around the entire periphery of said opening
      while said tape is held tightly drawn across said opening to seal said
      opening against leakage of potting compound inserted into said opening to
      bond a handle to said tool head.
NUM  2.
PAR  2. The structure described in claim 1, said pad being formed of cast
      silicon rubber.
NUM  3.
PAR  3. The structure described in claim 2, said rubber having a Shore A
      hardness in the range between 20 and 60.
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ABST
PAL  Rubber cloth splicing apparatus broadly comprising a forward vibrating
      conveyor, a butt-splicer, a backward vibrating conveyor, and a take-up
      conveyor. Each piece of rubber cloth is fed by the forward vibrating
      conveyor onto the rear table of the butt-splicer and is clamped in
      position thereon, whereas the precedingly spliced rubber cloth piece is
      fed backwardly by the backward vibrating conveyor onto the front table of
      the butt-splicer and is similarly clamped in position thereon. The two
      rubber cloth pieces are joined end to end without overlap as the rear
      table is forced into abutting contact with the front table. The take-up
      conveyor carries the spliced pieces of rubber cloth away from the
      butt-splicer via the backward vibrating conveyor by indexed movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for successively splicing
      parallelogrammatic pieces of rubber cloth, and more specifically to
      apparatus for joining successive pieces of rubber cloth end to end without
      overlap for use later in the manufacture of vehicle tires and like
      products.
PAR  It is customary in the tire manufacturing industry to splice a number of
      parallelogrammatic pieces of rubber cloth to provide an elongate strip of
      such rubber cloth pieces as an intermediate product. The
      parallelogrammatic pieces of rubber cloth are formed by cutting a
      continuous, selvaged strip of the rubber cloth either biaswise or
      crosswise, and the desired elongate strip of these rhomboidal or
      rectangular rubber cloth pieces is produced by successively joining their
      selvages. For use the elongate strip is again cut into pieces sized to
      suit the particular size of tires to be built.
PAR  For the manufacture of high-quality tires, it is of absolute necessity that
      the above described elongate strip of rubber cloth pieces be produced by
      evenly joining the selvages of the adjacent pieces. There are two well
      known methods of producing the elongate strip of rubber cloth pieces. One
      of the methods is herein termed "lap splice" wherein the joint is formed
      by overlapping the opposed edges and by forcing them against each other.
      The other is termed "butt splice" wherein the two opposed edges are joined
      without overlap. Lap splice tends to cause irregularity in thickness
      and/or strength at the lapped joints, which defect is substantially absent
      from butt splice. Generally, butt splice is far preferable to lap splice,
      principally from the standpoint of the provision of evenly joined rubber
      cloth pieces.
PAR  Butt-splicing apparatus has been known which comprises a splicer mechanism
      and two belt conveyors positioned forwardly and backwardly, respectively,
      of the splicer mechanism. Each parallelogrammatic piece of rubber cloth is
      fed forwardly into the splicer mechanism by one of the belt conveyors,
      whereas the precedingly spliced rubber cloth piece is fed backwardly into
      the splicer mechanism by the other belt conveyor. The rubber cloth pieces
      are retained in respective predetermined positions in the splicer
      mechanism and are then forced into end-to-end abutment against each other
      for butt-splicing operation.
PAR  For the correct butt-splicing of rubber cloth pieces, their opposed edges
      must be held exactly in parallel spaced relationship when the rubber cloth
      pieces are stopped in their respective predetermined positions in the
      splicer mechanism, and further this parallel relationship must be
      faithfully maintained as they are succeedingly forced into end-to-end
      abutment. The belt conveyors employed as feed mechanisms in the prior art
      butt-splicing apparatus, however, are incapable of correctly reorienting
      the rubber cloth pieces being fed into the splicer mechanism, due in part
      to the adherent and highly pliable properties of the rubber cloth. This is
      the principal reason why the splicer mechanism as heretofore constructed
      is complicated with extra means for readjusting the positions of the
      successively supplied rubber cloth pieces.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide simple,
      inexpensive and highly efficient apparatus for successively butt-splicing
      parallelogrammatic pieces of rubber cloth, in such a manner that there is
      hardly any irregularity in thickness or strength at the joints of the
      rubber cloth pieces butt-spliced into the form of an elongate strip.
PAR  Another object of the invention is to provide apparatus of the above
      described character wherein rubber cloth pieces to be spliced are fed into
      a butt-splicer in a correctly oriented manner, so that the butt-splicer is
      highly simplified in construction as it dispenses with any means for
      readjusting the positions of the successively supplied rubber cloth
      pieces.
PAR  A further object of the invention is to provide apparatus of the character
      described which is well adapted to consecutively handle a large number of
      rubber cloth pieces in an automatic sequence and which requires little
      attention from an operator throughout the course of infeeding, orienting,
      butt-splicing, and take-up operations.
PAR  As further object of the invention is to provide apparatus of the character
      described which is easily and readily adjustable to handle either
      rectangular or rhomboidal pieces of rubber cloth with equal efficiency.
PAR  With these objects in view and the other objects hereinafter set forth,
      this invention provides apparatus consisting essentially of a forward
      vibrating conveyor, a butt-splicer, a backward vibrating conveyor, and
      take-up means. The forward vibrating conveyor is adapted to feed each
      parallelogrammatic piece of rubber cloth to a prescribed position on the
      rear table of the butt-splicer, and the backward vibrating conveyor to
      feed the precedingly spliced rubber cloth piece back to a prescribed
      position on the front table of the butt-splicer. The forward and backward
      vibrating conveyors can be of substantially the same construction, both
      including means for reorienting the rubber cloth pieces being fed into the
      butt-splicer.
PAR  The butt-splicer can be of practically the simplest construction since the
      rubber cloth pieces are fed thereinto in a correctly oriented manner as
      above stated. Basically, the butt-splicer comprises front and rear
      retractable stops for arresting the backward and forward movements of the
      rubber cloth pieces in the prescribed positions on the front and rear
      tables, respectively, front and rear clamping platens for clamping the
      respective rubber cloth pieces against the tables in the prescribed
      positions thereon, and means for moving at least one of the tables into
      forced abutting contact with the other for butt-splicing of the rubber
      cloth pieces. The take-up means, which can be in the form of a belt
      conveyor, carries the butt-spliced rubber cloth pieces away from the
      butt-splicer via the backward vibrating conveyor by indexed movement.
PAR  In view of the fact that the shape of rubber cloth pieces used for vehicle
      tire building may be either rectangular (for use, for example, in
      radial-ply tires) or rhomboidal (bias-ply tires), the angular position of
      the front and rear tables of the butt-splicer according to the invention
      is made adjustable in a horizontal plane to permit the apparatus to handle
      both types of rubber cloth pieces. In a preferred embodiment of the
      invention hereinafter presented, this objective is accomplished simply by
      revolving a hand wheel. The angular position of the front and rear
      clamping platens and so forth coacting with the tables for butt-splicing
      operation can simultaneously be adjusted by the revolution of the hand
      wheel.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and mode of
      operation, together with the further objects and advantages thereof, will
      become more apparent and understandable as the description proceeds
      hereinbelow, with reference taken to the accompanying drawings wherein
      like reference characters denote corresponding parts of the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of rubber cloth splicing apparatus
      constructed by way of preferred embodiment of this invention;
PAR  FIG. 2 is a top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a side elevational view showing the details of a forward
      vibrating conveyor used in the apparatus shown in FIGS. 1 and 2;
PAR  FIG. 4 is a top plan view of a trough used in the forward vibrating
      conveyor shown in FIG. 3;
PAR  FIG. 5 is a right-hand end elevational view of the forward vibrating
      conveyor shown in FIG. 3;
PAR  FIG. 6 is an enlarged sectional view taken along the plane of line VI--VI
      in FIG. 3;
PAR  FIG. 7 is an enlarged sectional view taken along the plane of line VII--VII
      in FIG. 2;
PAR  FIG. 8 is an enlarged sectional view taken along the plane of line
      VIII--VIII in FIG. 2;
PAR  FIG. 9 is also an enlarged sectional view taken along the plane of line
      IX--IX in FIG. 2;
PAR  FIG. 10 is a plan view taken along the plane of line X--X in FIG. 9;
PAR  FIGS. 11A to 11H inclusive are schematic side elevational views
      sequentially showing a complete cycle of splicing operation by the
      apparatus shown in FIGS. 1 and 2; and
PAR  FIG. 12 is a time chart explanatory of automatic operation of the apparatus
      shown in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 represent, in side elevational and top plan views
      respectively, the general organization of a preferred form of the splicing
      apparatus according to this invention. Seen at 15 in these drawings is a
      vibrating conveyor adapted to feed each parallelogrammatic piece of rubber
      cloth 16 forwardly to a butt-splicer 17 which joins the successive rubber
      cloth pieces end to end without overlap. Another vibrating conveyor 18 is
      mounted next to the butt-splicer 17 to feed the precedingly spliced rubber
      cloth piece 16a backwardly to the butt-splicer. The first mentioned
      vibrating conveyor 15 is therefore herein called the forward vibrating
      conveyor, and the second mentioned vibrating conveyor 18 the backward
      vibrating conveyor, by way of distinction. A take-up conveyor 19 is
      further mounted forwardly of the backward vibrating conveyor 18 for
      carrying the successive spliced rubber cloth pieces away from the
      butt-splicer 17 via the backward vibrating conveyor by indexed movement.
PAR  Although not shown in the drawings, it is understood that ech
      parallelogrammatic piece of rubber cloth 16 is formed by cutting a
      continuous strip of such rubber cloth into a desired length and at a
      desired angle by suitable means. The rectangular pieces of rubber cloth
      shown in FIG. 2, purely by way of example, are intended for use in the
      manufacture of radial-ply tires. The aforesaid continuous strip of rubber
      cloth may be cut on the bias by the so-called bias cutter to provide
      rhomboidal rubber cloth pieces for use in the manufacture of bias-ply
      tires.
PAR  FIGS. 3 to 6 inclusive illustrate the construction of the forward vibrating
      conveyor 15 in greater detail. As best shown in FIG. 6, the forward
      vibrating conveyor 15 includes a flat trough 20 having an enclosed space
      21 thereunder and a guide plate 22 along one of the lateral edges thereof.
      The trough 20 is connected via coiled springs 23 to a vibrating plate 24
      on which there is mounted a vibrator 25 of any known or suitable
      construction, as will be seen from the showings of FIGS. 3 and 5. The
      vibrating plate 24 is further mounted on a base 26 via coiled springs 27.
PAR  It will appear from a consideration of FIGS. 3 and 5 that the top surface
      of the base 26 is inclined toward the side of the guide plate 24 at an
      angle .alpha., and toward the butt-splicer 17 at an angle .beta., with
      respect to the plane of the horizon. The trough 20 and the vibrating plate
      24 are inclined at the same angles toward the guide plate 24 and the
      butt-splicer 17 respectively, for purposes hereinafter made apparent.
PAR  FIGS. 4 and 6 best illustrate a number of perforations 28 formed through
      the trough 20 in communication with the enclosed space 21 thereunder.
      These perforations are calculated to cause the escape therethrough of the
      air which tends to be trapped under the rubber cloth piece 16 as the same
      is transported over the trough by vibration. The enclosed space 21 may be
      maintained at atmospheric or slightly negative pressure during operation
      of the apparatus. Although the provision of this enclosed space 21 and
      perforations 28 is confirmed to result in the substantial increase in the
      speed of transportation of each rubber cloth piece over the trough 20,
      they may be dispensed with altogether. While the same objective is
      likewise substantially accomplished by the aforementioned angle of
      inclination .beta. of the trough toward the butt-splicer 17, it is also
      not of absolute necessity to incline the trough toward the butt-splicer.
PAR  However, it is preferable, or indeed essential, that a row of perforations
      29 be formed through the guide plate 22 at appropriate spacings as seen in
      FIGS. 3 and 6, in order to cause the escape therethrough of the air
      trapped under each rubber cloth piece traveling over the trough 20. For,
      were it not for these perforations 29, the rubber cloth piece would not be
      properly fed forwardly of the forward vibrating conveyor 15 but would tend
      to move laterally away from the guide plate 22 due to the streams of air
      escaping from between the guide plate and the opposed lateral edge of the
      rubber cloth piece. It has been confirmed that such lateral displacement
      of the rubber cloth piece cannot be prevented merely by the provision of
      the perforations 28 through the trough 20.
PAR  The backward vibrating conveyor 18 shown in FIGS. 1 and 2 is of
      substantially the same construction as the forward vibrating conveyor 15
      except that the vibrations of the former are so produced as to impart
      backward feeding motion to the precedingly spliced rubber cloth piece 16a.
      No more description will therefore be given on the construction of this
      backward vibrating conveyor.
PAR  FIGS. 7 to 10 inclusive are all directed to the structural details of the
      butt-splicer 17. A stationary mount of the butt-splicer is shown at 30,
      and a pair of parallel spaced cam plates 31 are fixedly mounted on the
      mount 30 on both lateral sides thereof in coplanar relationship to each
      other. Each cam plate 31 has longitudinally spaced arcuate slots 32 and 33
      therethrough, as best shown in FIG. 10, and cam follower pins 34 and 35
      extending downwardly from each of a pair of slide plates 36 slidably
      mounted on the respective cam plates 31 are slidably received in the
      respective arcuate slots 32 and 33. The slide plates 36 are thus
      constrained to rotary motion through a preassigned angle.
PAR  A pair of supporting columns 37 are fixedly mounted on the respective slide
      plates 36 adjacent the front ends thereof, seen to the left in FIGS. 7 and
      9, and a front table 38 is rotatably supported by these columns 37 via
      collars 39. The columns 37 include portions 37a projecting upwardly of the
      front table 38 to rotatably and vertically slidably support a front
      clamping platen 40 in a horizontal disposition. Above the front clamping
      platen 40, a beam 41 is rotatably supported by the projecting column
      portions 37a. A front clamping cylinder 42 that may be actuated either
      hydraulically or pneumatically is mounted vertically on the beam 41 at the
      midpoint thereof, and the piston rod 43 of this front clamping cylinder
      extends downwardly therefrom and is rigidly coupled to the front clamping
      platen 40.
PAR  A pair of parallel spaced slide rails 44, extending in the front-to-rear
      direction of the butt-splicer 17, are fixedly mounted on the respective
      slide plates 36. Slidably mounted on the respective slide rails 44 are a
      pair of carriages 45 securely supporting a pair of supporting columns 46
      respectively. A rear table 47 is rotatably supported by these columns 46
      via collars 48 in coplanar relationship to the front table 38. The columns
      46 include portions 46a projecting upwardly of the rear table 47 to
      rotatably and vertically slidably support a rear clamping platen 49 in a
      horizontal disposition. A beam 50 is rotatably supported by the projecting
      column portions 46a above the rear clamping platen 49, and a rear clamping
      cylinder 51 mounted vertically on the beam 50 at the midpoint thereof has
      its piston rod 52 rigidly coupled to the rear clamping platen.
PAR  As best shown in FIGS. 7 and 8, a rotatable shaft 53 extends vertically
      downwardly from the midpoint of the front table 38 and is operatively
      connected to a hand wheel 54 as via a worm gearing 55 supported by the
      mount 30. The shaft 53 is rigidly coupled to the front table 38, so that
      the revolution of the hand wheel 54 results in the simultaneous angular
      displacement of the front and rear tables 38 and 47 relative to the cam
      plates 31, as later described in greater detail.
PAR  Another shaft or rod 56 extends vertically downwardly from the midpoint of
      the rear table 47 and is rotatably coupled at 57 to the piston rod of a
      splicing cylinder 58 supported on the mount 30. When the piston rod of
      this splicing cylinder 58 moves to the left, as viewed in FIG. 7, on its
      forward stroke, the rear table 47 will simultaneously travel toward the
      front table 38 to join the opposed edges of two successive rubber cloth
      pieces that are retained in position on the respective tables by the front
      and rear clamping platens 40 and 49.
PAR  Front and rear retractable stops 59 and 60 are pivotally pinned at 61 along
      the opposed edges of the front and rear tables 38 and 47 respectively.
      Rotary actuators of any known or suitable construction, seen at 62 and 63
      in FIG. 2, are operatively connected to the respective retractable stops
      59 and 60 in order that these stops may be turned approximately
      180.degree. on their pivot pins 61 in both directions between their
      operative positions shown in FIGS. 7 and 9 and their inoperative positions
      under the respective tables 38 and 47.
PAR  As seen in FIG. 7, a light emitting diode is embedded at 64 in the front
      table 38, and a suitable photoelectric element 65 is embedded in the front
      clamping platen 40 in vertical register with the light emitting diode 64.
      Another pair of light emitting diode 66 and photoelectric element 67 are
      likewise embedded in the rear table 47 and the rear clamping platen 49
      respectively. The photoelectric elements 65 and 65 coact with the
      respective light emitting diodes 64 and 66 in the well known manner to
      sense the rubber cloth pieces 16 and 16a as their opposed edges are fed
      into abutting contact with the rear and front retractable stops 60 and 59
      of the butt-splicer 17 by the forward and backward vibrating conveyors 15
      and 18, respectively.
PAR  Referring back to FIGS. 1 and 2, the take-up conveyor 19 provided next to
      the backward vibrating conveyor 19 can be in the form of an endless moving
      belt 68 operating over a pair of terminal pulleys 69. A drive mechanism
      comprising an electric motor 70 and a speed reduction device 71 is coupled
      to one of the terminal pulleys 69 for driving the take-up conveyor 19 at
      prescribed time intervals. A roll 72 is pivotally supported at the rear
      end of the take-up conveyor 19 and is operatively coupled to a hydraulic
      or pneumatic cylinder 73 thereby to be pivoted up and down for purposes
      hereinafter made apparent.
PAR  The operation of the preferred form of the splicing apparatus according to
      the invention will now be described with reference directed to FIGS. 11A
      to 11H and FIG. 12 as well. Before setting the complete apparatus of FIGS.
      1 and 2 in operation, the working angle .theta. of the front and rear
      tables 38 and 47 of the butt-splicer 17 relative to the longitudinal axis
      of the splicing apparatus must be adjusted to the cutting angle .phi. of
      each rubber cloth piece to be spliced, as indicated in FIG. 2.
PAR  This adjustment of the angular position of the front and rear tables 38 and
      47 can be effected by the manual revolution of the hand wheel 54. The
      revolution of the hand wheel 54 is transmitted via the worm gearing 55 to
      the shaft 53 and thence to the front table 38, thereby causing the latter
      to displace angularly about the shaft 53 in a horizontal plane. Since the
      front table 38 is rotatably connected at both lateral ends thereof to the
      supporting columns 37 fixedly mounted on the respective slide plates 36,
      the angular displacement of the front table results in the movements in
      the opposite directions of the slide plates as guided by the arcuate slots
      32 and 33 of the cam plates 31 slidably receiving the cam follower pins 34
      and 35. The angular positions of the front and rear tables 38 and 47 can
      thus be simultaneously adjusted to the cutting angle of each rubber cloth
      piece, with the parallel relationship of the opposed edges of the front
      and rear tables held unchanged. It will be apparent that the front and
      rear clamping platens 42 and 49, the front and rear retractable stops 59
      and 60 and so forth undergo angular displacement in step with the front
      and rear tables 38 and 47.
PAR  It may be recalled that the rubber cloth pieces shown in FIG. 2 are
      intended for use in the manufacture of radial-ply tires, so that each
      piece has a cutting angle .phi. of 90.degree.. The front and rear tables
      38 and 47 are correspondingly shown at a working angle .theta. of
      90.degree.. For handling bias-cut pieces of rubber cloth, the working
      angle .theta. of the front and rear tables must of course be made acute in
      conformity with the acute cutting angle .phi. of such bias-cut rubber
      cloth pieces.
PAR  With reference to FIG. 11A, the piston rod of the splicing cylinder 58 is
      then caused to retract so that the rear table 47 together with the rear
      clamping platen 49 and so forth moves away from the front table 38. The
      front and rear retractable stops 59 and 60 mounted along the opposed edges
      of the front and rear tables 38 and 47 respectively are then pivoted
      upwardly by the respective rotary actuators 62 and 63. The widths of the
      marginal edge portions of two consecutive rubber cloth pieces 16 and 16a
      to be butt-spliced, which may usually be in the range of from about 0.5 to
      3 millimeters, can be selectively determined in accordance with the
      horizontal spacings between the front and rear retractable stops 59 and 60
      in their operative positions and the opposed edges of the front and rear
      tables 38 and 47 respectively.
PAR  Further with reference to FIG. 11A, the piston rods 43 and 52 of the front
      and rear clamping cylinders 42 and 51 are caused to retract so that the
      front and rear clamping platens 40 and 49 are both elevated away from the
      front and rear tables 38 and 47 respectively. The roll 72 may be pivoted
      upwardly by the cylinder 73. With the preliminary adjustments of the
      various working parts of the splicing apparatus thus completed, the
      parallelogrammatic pieces of rubber cloth may now be successively loaded
      onto the forward vibrating conveyor 15. The succeeding description of
      splicing operation will be better understood by referring also to the time
      chart of FIG. 12, in addition to the sequential representation of
      operating steps given in FIGS. 11B to 11H.
PAR  In the condition represented by FIG. 11B, the forward vibrating conveyor 15
      is set in high speed operation, and the roll 72 is pivoted downwardly. The
      backward vibrating conveyor 18 may be maintained in low speed operation
      throughout the complete cycle of splicing operation. The rubber cloth
      piece 16 that has been loaded onto the forward vibrating conveyor 15 as
      through a chute, not shown, is thereby fed forwardly onto the rear table
      47 of the butt-splicer 17. Since it is highly unlikely that the edge bc of
      the rubber cloth piece 16 should make any neat contact with the guide
      plate 22 when the same is first deposited on the trough 20, the position
      of the rubber cloth piece must be readjusted so that its edge bc will be
      neatly held against the guide plate before its leading edge ab reaches the
      rear retractable stop 60 of the butt-splicer 17. It is to this end that
      the trough 20 is inclined toward the guide plate 22, and that the
      perforations 29 are formed through the guide plate.
PAR  The rubber cloth piece 16 is thus fed onto the rear table 47 of the
      butt-splicer 17 in a correctly oriented manner, with part of its edge bc
      still held in substantially neat contact with the guide plate 22.
      Preferably, the vibrator 25 of the forward vibrating conveyor 15 should be
      switched from high to low speed operation when the leading edge of the
      rubber cloth piece passes a prescribed position adjacent the rear
      retractable stop 60. By thus driving the forward vibrating conveyor at low
      speed matching the pliancy of the rubber cloth piece, the same will
      produce no slack when succeedingly fed against the rear retractable stop
      60.
PAR  As the roll 72 is pivoted downwardly as previously mentioned, the backward
      vibrating conveyor 18 takes up the slack of the already spliced rubber
      cloth pieces, so that the precedingly spliced rubber cloth piece 16a is
      fed backwardly until its trailing edge comes ito abutting contact with the
      front retractable stop 59 of the butt-splicer 17. Since the backward
      vibrating conveyor 18 is of the same construction as the forward vibrating
      conveyor 15 except for the direction of vibrations imparted to the rubber
      cloth pieces, the precedingly spliced rubber cloth piece 16a can be neatly
      held against the guide plate 22 before its trailing edge comes into
      abutting contact with the front retractable stop 59.
PAR  The fact that the rubber cloth pieces 16a and 16 have been fed to the
      prescribed positions on the front and rear tables 38 and 47 of the
      butt-splicer 17 is sensed by the photoelectric elements 65 and 67
      cooperating with the respective light emitting diodes 64 and 66. The
      electric signals produced resultantly by the photoelectric elements 65 and
      67 are utilized to cause the front and rear clamping cylinders 42 and 51
      to depress the front and rear clamping platens 40 and 49 respectively. The
      rubber cloth pieces 16a and 16 are thus tightly pressed against the front
      and rear tables 38 and 47 respectively, as illustrated in FIG. 11C.
PAR  In FIG. 11D the retractable stops 59 and 60 are shown pivoted downwardly by
      the respective rotary actuators 62 and 63 to their inoperative positions
      under the front and rear tables 38 and 47. The splicing cylinder 58 is now
      actuated to cause the rear table 47 to travel toward the front table 38
      until the opposed edges of these tables are forced against each other,
      thereby butt-splicing the two consecutive rubber cloth pieces 16a and 16
      as clearly seen in FIG. 11E.
PAR  The front and rear clamping cylinders 42 and 51 are then re-actuated to
      cause the front and rear clamping platens 40 and 49 to rise away from the
      spliced rubber cloth pieces 16a and 16, as shown in FIG. 11F, and
      immediately thereafter the splicing cylinder 58 is also re-actuated to
      cause the rear table 47 to travel away from the front table 38 as in FIG.
      11G.
PAR  In FIG. 11H the roll 72 is pivoted upwardly, and the take-up conveyor 19 is
      set in operation to carry the spliced rubber cloth pieces 16a and 16
      forwardly until the trailing edge of the rubber cloth piece 16 passes the
      light emitting diode 64 and photoelectric element 65. Preferably, the
      take-up conveyor 19 should first be set in high speed operation and then
      switched to low speed operation when the rubber cloth piece 16 approaches
      its prescribed standby position spanning the front table 38 and the
      backward vibrating conveyor 18. The front and rear retractable stops 59
      and 60 are pivoted upwardly to their operative positions above the plane
      of the front and rear tables 38 and 47.
PAR  One cycle of splicing operation is thus completed, and the next cycle is
      initiated as another parallelogrammatic piece of rubber cloth is loaded
      onto the forward vibrating conveyor 15. Although the controls of the
      apparatus are not specifically illustrated because of their rather common
      nature, it will be apparent to those skilled in the art that the above
      described cycle of operation can be repeated sequentially and fully
      automatically by synchronizing the operations of the various working parts
      or components of the apparatus.
PAR  Having thus described the several novel and useful features of the
      apparatus for splicing parallelogrammatic pieces of rubber cloth according
      to the invention, it is believed that many objects for which it was
      designed have been fully accomplished. However, while only one of the
      various possible adaptations of the invention has been illustrated and
      described herein, certain additional modifications may well occur to those
      skilled in the art within the broad teaching hereof. The invention,
      therefore, should be interpreted broadly and in a manner comprehensive of
      all such modifications remaining within the scope of the invention as
      sought to be defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for successively splicing parallelogrammatic pieces of
      rubber cloth without overlap, the combination of:
PA1  a. a forward vibrating conveyor for successively feeding the pieces of
      rubber cloth forwardly by vibration, said forward vibrating conveyor
      including means for reorienting and guiding lateral edges of the
      successive pieces of rubber cloth traveling thereon;
PA1  b. a butt-splicer for joining the successive pieces of rubber cloth end to
      end without overlap, said butt-splicer including:
PA2  1. a rear table mounted forwardly of said forward vibrating conveyor for
      receiving the successive pieces of rubber cloth therefrom, said rear table
      having an edge remote from said forward vibrating conveyor;
PA2  2. a rear retractable stop;
PA2  3. means for moving said rear retractable stop between an operative
      position for arresting the forward movement of each piece of rubber cloth
      in a prescribed position on said rear table and an inoperative position
      away from the plane of said rear table, the piece of rubber cloth having
      its leading edge projecting a prescribed distance beyond said edge of said
      rear table when stopped in said prescribed position thereon;
PA2  4. a rear clamping platen;
PA2  5. means for moving said rear clamping platen between an operative position
      for clamping the piece of rubber cloth against said rear table in said
      prescribed position and an inoperative position for releasing the same;
PA2  6. a front table mounted forwardly of said rear table in coplanar
      relationship thereto, said front table having an edge opposed to said edge
      of said rear table;
PA2  7. a front retractable stop;
PA2  8. means for moving said front retractable stop between an operative
      position for arresting in a prescribed position on said front table the
      movement of the precedingly spliced piece of rubber cloth as the same is
      fed backwardly and an inoperative position away from the plane of said
      front table, the precedingly spliced piece of rubber cloth having its
      trailing edge projecting a prescribed distance beyond said edge of said
      front table when stopped in said prescribed position thereon;
PA2  9. a front clamping platen;
PA2  10. means for moving said front clamping platen between an operative
      position for clamping the precedingly spliced piece of rubber cloth
      against said front table in said prescribed position thereon and an
      inoperative position for releasing the same; and
PA2  11. means for moving at least one of said front and rear tables toward and
      away from the other whereby said opposed edges of said front and rear
      tables can be forced into abutting contact with each other for splicing
      operation;
PA1  c. a backward vibrating conveyor mounted forwardly of said butt-splicer for
      selectively feeding the precedingly spliced piece of rubber cloth
      backwardly to said butt-splicer by vibration, said backward vibrating
      conveyor including means for reorienting the piece of rubber cloth
      traveling backwardly thereon; and
PA1  d. take-up means for carrying the spliced pieces of rubber cloth away from
      said butt-splicer via said backward vibrating conveyor by indexed
      movement.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein each of said forward
      and backward vibrating conveyors comprises:
PA1  a. a trough having a perforated guide plate along one of the lateral edges
      thereof, said trough being inclined at least toward said guide plate; and
PA1  b. means for imparting vibration to said trough.
NUM  3.
PAR  3. The combination as set forth in claim 1, further including means for
      simultaneously changing the angular positions of said front and rear
      tables in a horizontal plane in accordance with the shape of each piece of
      rubber cloth to be spliced.
NUM  4.
PAR  4. The combination as set forth in claim 3, wherein said simultaneously
      changing means comprises:
PA1  a. cam plate means disposed horizontally;
PA1  b. slide plate means slidably mounted on said cam plate means and thereby
      constrained to rotary motion through a prescribed angle;
PA1  c. a first pair of columns supported on said slide plate means and
      rotatably supporting said front table;
PA1  d. a second pair of columns supported on said slide plate means and
      rotatably supporting said rear table; and
PA1  e. manually actuatable means for simultaneously causing angular
      displacement of said front and rear tables relative to said cam plate
      means.
NUM  5.
PAR  5. The combination as set forth in claim 4, wherein said first pair of
      columns include portions projecting upwardly of said front table to
      slidably support said front clamping platen, and wherein said second pair
      of columns also include portions projecting upwardly of said rear table to
      slidably support said rear clamping platen, whereby said front and rear
      clamping platens are angularly displaced simultaneously with said front
      and rear tables.
NUM  6.
PAR  6. The combination as set forth in claim 4, wherein said means for moving
      at least one of said front and rear tables toward and away from the other
      comprises:
PA1  a. slide rail means mounted horizontally on said slide plate means;
PA1  b. carriage means slidably mounted on said slide rail means, said second
      pair of columns being supported on said slide plate means via said
      carriage means;
PA1  c. a rod extending vertically from said rear table along the axis of
      rotation thereof; and
PA1  d. means rotatably coupled to said rod for causing said rear table to
      travel toward and away from said front table along said slide rail means.
NUM  7.
PAR  7. The combination as set forth in claim 1, further comprising:
PA1  a. a movable roll arranged between said backward vibrating conveyor and
      said take-up means and underlying the spliced pieces of rubber cloth; and
PA1  b. means for selectively moving said movable roll up and down, said movable
      roll permitting the precedingly spliced piece of rubber cloth to be fed
      backwardly to said butt-splicer by said backward vibrating conveyor when
      moved downwardly.
NUM  8.
PAR  8. In an apparatus according to claim 1 wherein said reorienting means
      comprises a lateral guide arranged such that one lateral edge of said
      pieces of rubber are positively fed along said lateral guide.
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ABST
PAL  Disclosed is an apparatus for securing the free end of a roll of fibrous
      web material to the body of the roll while the roll is uninterruptedly
      conveyed through the apparatus. The apparatus is particularly useful for
      securing the free end of fibrous web material which has a
      pattern-disposition of blockable bonding material disposed in the web for
      bonding fibers together. The apparatus, in its preferred embodiment,
      includes a knurled wheel mounted for rotation in a reservoir of moisture
      for applying moisture to the outside surface of the free end while held
      against the roll, electrically heated bars positioned for applying heat to
      the moistened portion of the free end, pressure members positioned
      opposite the heated bars for passage of the roll between the pressure
      members and the heated bars to cause pressure to be applied to the roll by
      the heated bars, a pair of stationarily positioned, spaced-apart elongated
      guide members for guiding the roll in its axial direction past and into
      operative contact with the knurled wheel, with the heated bars, and with
      the pressure members, and paddle means for moving the roll uninterruptedly
      through the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to apparatus for securing the free end of a roll of
      fibrous web material to the body of the roll. The invention is
      particularly applicable to a fibrous web material which has
      pattern-disposed blockable bonding material in the web to bond fibers of
      the web together.
PAR  2. Description of the Prior Art
PAR  One problem facing the manufacturers of rolled products such as paper and
      other fibrous webs is securing the free end of the roll to the body of the
      roll. Examples of prior art apparatus for securing the free end of a roll
      are disclosed in the following patents. U.S. Pat. No. 3,044,532 to Ghisoni
      discloses an apparatus in which a roll, while being transported on a
      conveyor, is unwound slightly to expose the free end for application of
      glue in a strip to the underside of the free end, and then the roll is
      rewound to adhere the free end to the roll. U.S. Pat. No. 3,134,706 to
      Alexander discloses an apparatus wherein the roll, while carried on an
      intermittently operating conveyor, passes a spray nozzle where moisture is
      sprayed in a strip on the web. The conveyor is then stopped and a heated
      pressure bar is pressed against the moistened portion of the web. The
      heated pressure bar is then raised from the roll, and the conveyor begins
      movement again and transports the roll out of the apparatus.
PAR  U.S. Pat. No. 3,172,612 to Besserdich discloses an apparatus wherein
      thermoplastic adhesive is applied in a pattern to the underside of the
      free end of the roll, the free end is rolled against the body of the roll,
      and a heated, rotating press roll is pressed against the outside of the
      free end to make the thermoplastic tacky and secure the free end to the
      Roll. U.S. Pat. No. 3,393,105 to Tellier, Jr., discloses an apparatus
      which unwinds a portion of the web to expose the underside of the free end
      for application of glue, and then rewinds the web.
PAR  U.S. Pat. No. 3,553,055 to Janik discloses an apparatus in which the roll
      is carried on a conveyor which stops while glue is applied in a strip to
      an inner convolution. The free end is then secured by rewinding the web on
      the roll. British Pat. No. 1,326,043 discloses an apparatus which unwinds
      the free end, squirts glue on the underside of the free end and rewinds
      the roll.
PAR  U.S. Pat. No. 3,791,907 to Marcalus discloses an apparatus in which a log
      of rolled paper is intermittently advanced into a saw for cutting into
      individual rolls. A portion of the log is placed in a manifold just before
      advancement into the saw. Within the manifold are means for applying a jet
      of water into several convolutions of the paper to secure the free end to
      the roll. U.S. Pat. No. 3,806,388 to Contini discloses an apparatus
      wherein a log of rolled material is conveyed past a glue applicator which
      applies glue to the roll in a continuous wavy line which crosses back and
      forth from the free end wrapped about the roll to the portion of the roll
      beyond the free end.
PAR  Disadvantages of these apparatus are, for example, the complicated
      facilities necessary to unwind a portion of the free end, apply the glue
      on the inner surface and rewind the web. Another disadvantage is the
      intermittent operation of the apparatus. It is an object of the present
      invention to avoid these disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an apparatus which secures the free end of a roll of
      fibrous web material while the roll is conveyed through the apparatus
      without interruption and without partially unwinding and then rewinding
      the roll. (The roll is preferably in log form, a long roll which is later
      cut into short consumer rolls.) The apparatus includes
      moisture-application means for applying moisture to the outside surface of
      the free end while the free end is wrapped against the roll,
      heat-application means for applying heat to the moistened free end,
      pressure-application means for applying pressure to the moistened free end
      simultaneously with applying heat, guide means for guiding the roll in its
      axial direction past and into operative contact with the
      moisture-application means, with the heat-application means and with the
      pressure-application means, and roll-conveyance means for moving the roll
      uninterruptedly through the apparatus.
PAR  The preferred form of the apparatus is the following. The
      moisture-application means is provided by a knurled wheel mounted for
      rotation in the direction of movement of the roll in a position where its
      periphery contacts the free end of the roll when the roll is moved past
      the wheel. The moisture-application means also includes a reservoir into
      which the knurled wheel extends for picking up moisture held in the
      reservoir. The heat-application means is provided by a plurality of
      electrically heated long narrow bars positioned with their elongate
      dimensions in the direction of roll movement. Each bar is individually
      spring mounted to be urged against the roll. The pressure-application
      means is provided by a pair of elongate pressure members positioned
      opposite the heated bars for passage of the roll between the pressure
      members and the heated bars, the spacing between the members and the bars
      being maintained by spacing means to be slightly less than the diameter of
      the roll, whereby pressure is applied to the roll by the heated bars when
      the roll is passed between the pressure members and the heated bars. The
      guide means is provided by a pair of stationarily positioned, spaced-apart
      elongated guide members which are parallel to the pressure members and
      heated bars and prevent lateral movement of the roll as it is moved
      through the apparatus. The heated bars are positioned between and beneath
      the elongated guide bars, and it is the heated bars which support the
      roll. The roll-conveyance means is provided by a paddle for engaging the
      trailing end of the roll sliding between the guide members and paddle
      drive means for continuously moving the paddles in a direction parallel to
      the elongate dimension of the guide members.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view schematically illustrating the apparatus of
      the invention.
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1.
PAR  FIG. 3 is a sectional view with portions removed taken along line 3--3 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A roll (or log) of fibrous web material is transported to the apparatus by
      horizontal conveyor 25 (FIG. 1). Conveyor 25 is positioned to pass the
      roll into the apparatus between elongated guide members 12, which guide
      the roll through the apparatus in a manner to be described. The guide
      members 12 are mounted to the apparatus frame 11 in a manner which extends
      their elongate dimension in the direction of roll movement, and they each
      have a wide surface disposed vertically to hold the roll against lateral
      movement as it moves through the apparatus. As the trailing end of the
      roll approaches the end of conveyor 25, conveyor mounted paddle 30
      operably engages the trailing end of the roll (see FIG. 2) and pushes the
      roll uninterruptedly through the apparatus. After being moved through the
      apparatus, the roll 34 of web material (shown in broken line in FIGS. 2
      and 3) is taken away by conventional means (not shown), such as a conveyor
      similar to conveyor 25.
PAR  While being conveyed through the apparatus, the roll 34 of web material is
      first brought into operable engagement with moisture-application means,
      which are provided by knurled wheel 16, reservoir 15, doctor blade 17, and
      driving motor 32. Knurled wheel 16 is positioned so that its periphery
      lightly contacts the bottom of roll 34 when roll 34 is moved into the
      apparatus. Knurled wheel 16 rotates through reservoir 15, containing
      moisture, which is preferably water. Drive motor 32 rotates wheel 16 to
      pick up a desired quantity of water and transport it to roll 34. Doctor
      blade 17, which is preferably made of any flexible material such as
      rubber, is used to meter and remove excess moisture from knurled wheel 16.
      Although knurled wheel 16 could be rotated through frictional contact with
      the moving roll 34, it is preferable to drive knurled wheel 16 with drive
      motor 32 in the direction of roll movement. It has been found particularly
      preferable to drive knurled wheel 16 at a peripheral speed slightly faster
      than the movement of roll 34.
PAR  After application of moisture to the roll 34, the roll is conveyed between
      heated bars 14 and pressure plates 13, both of which are mounted to the
      apparatus frame 11. Heated bars 14 are long, narrow bars preferably heated
      by electrical means through leads 18 (shown for only one bar) and are
      employed to heat the moistened area of roll 34. Heated bars 14 are
      positioned between and beneath guide members 12 and are mounted to frame
      bar 36 through springs 35 to permit each one to move up or down
      independently to accomodate variations in diameter along the length of the
      roll. The elongate dimension of heated bars 14 is parallel to the elongate
      dimensions of the guide members 12. The number of heated bars 14 employed
      can be from one to any reasonable number, the larger number providing more
      adjustability to roll diameter variances.
PAR  Pressure plates 13 are each mounted for reciprocal movement to their
      linkage members 19 and 20, which are interconnected by linkage bars 21.
      Air cylinders 24 are mounted to apparatus frame 11 and to each set of
      linkage bars 21 through each sleeve 22 and set screw 23. Through
      conventional application of air pressure to air cylinders 24, pressure
      plates 13 can be moved up or down to accommodate different size rolls 34.
      Furthermore, use of air cylinders 24 yieldingly biases the pressure plate
      13 and permits application of constant pressure on the roll, because
      variations in roll 34 diameter are automatically adjusted for through
      movement of pressure plates 13 either up or down. A single pressure plate
      13 could be used but by using a plurality of pressure plates 13,
      variations in diameter along the length of the roll 34 can be readily
      accommodated. The amount of force applied to the roll 34 through pressure
      plates 13 is adjusted to apply a predetermined amount of pressure to the
      lower portion of the roll by the heated bars 14.
PAR  Roll-conveyance means are provided by paddles 30 mounted to endless chain
      27, which moves in an obliquely inclined looped path about sprockets 26
      and 28. (See FIG. 2, the path is shown in a horizontal plane in FIG. 1 for
      clarity.) The path is obliquely inclined to permit paddle 30 to move
      between guide members 12 and pressure plates 13. Sprocket 26 is driven by
      motor 31, and sprocket 28 is mounted for free rotation in bearings 29. The
      rolls 34 of web material passed through the apparatus of the invention are
      generally in log form (before they are cut into short consumer rolls) and
      may be several feet long, (8 feet long, for example). The apparatus is
      preferably approximately the length of one log. Therefore, the preferred
      arrangement is to use two paddles 30, each mounted half way around the
      loop of the chain 27 from the other, so that succeeding logs can follow
      immediately behind each log.
PAR  Guide members 12 are preferably provided by two stationarily positioned,
      spaced apart elongate bars which are made of a smooth material, such as
      steel angles, to permit the rolls 34 to slide easily upon them. They may
      be coated with a low friction material, such as Teflon. Guide members 12
      preferably have their surfaces upon which the rolls 34 slide disposed
      vertically. They are spaced apart a distance slightly larger than the roll
      34 diameter to permit easy movement of the roll 34 over the heated bars 14
      without lateral deviation.
PAR  The preferred use of the apparatus is for securing the free end of a roll
      of fibrous web material which has blockable bonding material disposed in a
      pattern throughout the web for bonding fibers together. The fibers may
      typically be of wood pulp, or other fibers, and may be formed into a web
      through conventional papermaking techniques or dry forming techniques.
      Examples of such webs are paper webs used for products such as bathroom
      tissues and towels. The bonding materials are such that in the finished
      product they exhibit a blocking tendency, which is a tendency to cause
      adjacent convolutions in a roll to stick to each other upon being
      subjected to pressure, heat, or moisture, either alone or in combination.
      Examples of bonding materials which exhibit this blocking tendency are
      acrylates, styrene-butadienes, polybutadienes, acrylonitriles,
      acrylonitrilebutadienes, polyurethanes, ethylene vinyl acetates, polyvinyl
      alkyl ethers, polyacetals, polyterpenes, vinyl acrylics, ethylene-vinyl
      acrylates, polychloroprenes, polychlorohydrins, acrylate-acetate
      copolymers, plasticized polyvinyl chlorides, plasticized polyvinyl
      acetates, non-cross linking copolymers of vinyl acetate and acrylic
      esters, plasticized polyvinyl alcohols, CMC, starch, dextrin, casein and
      animal glue.
PAR  With webs having this type of bonding material, the free end of a roll can
      be secured to the roll through application of moisture, heat, and
      pressure. With such application in the right amount, the blocking tendency
      of the bonding material is increased sufficiently to cause the free end to
      adhere tightly to the next convolution of the roll without adhering to any
      convolutions beneath that. Additionally, the free end can be readily
      pulled free from the web without loss or significant distortion of
      product.
PAR  While the apparatus of the invention is capable of applying moisture, heat,
      and pressure in a wide range, the following is a guideline to be used,
      particularly for the types of webs described above. Moisture, preferably
      water (although a little adhesive could also be added to the water), is
      preferably applied in an amount of from about 0.0005 to about 0.1
      milliliters per linear inch of roll length. Pressure is applied from the
      heated bar to the web in a range of from about 0.5 psi to about 20 psi.
      The heated bar is heated to a temperature of from about 250.degree. to
      550.degree.F. The length of the heated bar is such that each portion of
      the moistened web is in contact with the bar from about 0.5 seconds to 20
      seconds, the length being dependent upon the speed at which the roll 34 is
      moved through the apparatus.
PAR  The sizes of the various components of the apparatus can be varied somewhat
      with satisfactory performance. The following sizes have been found
      satisfactory for use on bathroom tissue rolls of about 41/2 inch
      diameters: knurled wheel -- 1/8 inch wide; heated bars -- 1/2 inch wide;
      pressure plates -- 11/2 inches wide; and guide members -- 2 inches high.
PAR  Preferably, the free end is secured to the roll 34 near the termination of
      the free end (about 1 inch away), in which case, the roll 34 must be
      rotated before being passed through the apparatus to align the termination
      of the free end with the knurled wheel 16 and the heated bar 14. However,
      the free end can be secured to the roll 34 at any position on the last
      convolution, in which case a larger portion of the free end will be
      unsecured.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for securing the free end of a roll of fibrous web material,
      comprising:
PA1  moisture-application means for applying moisture to a selected location on
      the outside surface of the free end while the free end is against the
      roll, the moisture-application means comprising a knurled-periphery wheel
      mounted for rotation in the direction of movement of the roll through the
      apparatus and in a position where its periphery contacts the periphery of
      the roll when the roll is moved past, a reservoir into which the wheel
      extends for picking up moisture held in the reservoir, means for rotating
      the wheel slightly faster than movement of the roll past the wheel, and
      doctor means positioned adjacent the wheel for wiping excess moisture from
      the wheel;
PA1  heat-application means for applying heat to the moistened selected
      location;
PA1  pressure-application means for applying pressure to the moistened selected
      location simultaneously with applying heat;
PA1  guide means for guiding the roll in its axial direction past and into
      operative contact with the moisture-application means, the
      heat-application means and the pressure-application means; and
PA1  roll-conveyance means for moving the roll uninterruptedly past the
      moisture-application means, the heat-application means, and the
      pressure-application means.
NUM  2.
PAR  2. Apparatus for securing the free end of a roll of fibrous web material,
      comprising:
PA1  moisture-application means for applying moisture to a selected location on
      the outside surface of the free end while the free end is against the
      roll;
PA1  heat-application means for applying heat to the moistened selected
      location, the heat-application means comprising a plurality of
      electrically heated narrow elongate bars positioned with the elongate
      dimension in the direction of web movement, and biasing means associated
      with each bar for urging the bars towards the pressure-application means;
PA1  pressure-application means for applying pressure to the moistened selected
      location simultaneously with applying heat;
PA1  guide means for guiding the roll in its axial direction past and into
      operative contact with the moisture-application means, the
      heat-application means and the pressure-application means; and
PA1  roll-conveyance means for moving the roll uninterruptedly past the
      moisture-application means, the heat-application means, and the
      pressure-application means.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the pressure-application means
      are provided by at least one elongate pressure member positioned opposite
      the heated bars for passage of the roll between the pressure member and
      the heated bars and means for maintaining the spacing between the member
      and the bars slightly less than the diameter of the roll, whereby pressure
      is applied to the roll by the heated bars when passing the roll between
      the pressure member and the heated bars.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein the member is yieldingly biased
      towards the heated bars to maintain a constant pressure by the heated bar
      on the roll.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein the pressure application means
      are provided by a plurality of yieldingly biased elongate pressure
      members.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the roll-conveyance means is
      provided by paddle means engaging the trailing end of the roll moving
      through the apparatus and paddle drive means for continuously moving the
      paddles in a direction parallel to the elongate dimension of the guide
      means.
NUM  7.
PAR  7. Apparatus for securing the free end of a roll of fibrous web material,
      comprising:
PA1  moisture-application means for applying moisture to a selected location on
      the outside surface of the free end while the free end is against the
      roll;
PA1  heat-application means for applying heat to the moistened selected location
      and for supporting the roll moving through the apparatus;
PA1  pressure-application means for applying pressure to the moistened selected
      location simultaneously with applying heat;
PA1  guide means for guiding the roll in its axial direction past and into
      operative contact with the moisture-application means, the
      heat-application means and the pressure-application means; and
PA1  roll-conveyance means for moving the roll uninterruptedly past the
      moisture-application means, the heat-application means and the
      pressure-application means, the roll-conveyance means being provided by
      paddle means engaging the trailing end of the roll moving upon the
      heat-application means and by paddle drive means for continuously moving
      the paddles in a direction parallel to the elongate dimension of the guide
      means.
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ABST
PAL  Increased heat control is obtained in the melting zone of a zone melting
      process utilizing an electric current passed longitudinally through the
      charge, to melt the charge, by constricting the melted charge in the
      melting zone.
PARN
PAR  This is a continuation of application Ser. No. 270,692, filed July 11,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a zone melting process wherein an
      elongated charge of meltable material has, in a zone migrating in the
      direction of the longitudinal extent of the charge, a temperature above
      the melting point of the charge. After the migrating zone, in the
      direction of migration, the charge has a temperature at least below the
      melting point, and an electric current is passed through the charge in the
      longitudinal direction of the charge which is capable of heating the
      charge to a temperature above the melting point. The charge is cooled to a
      temperature below the melting point, at least in the region positioned
      after the migrating zone, in the direction of travel of the zone,
      according to German Patent Application P 21 25 726.1, the teachings of
      which are incorporated by reference herein.
PAR  From German Pat. No. 1,169,683 a process is known for zone melting a
      semiconductor rod without the use of a crucible or boat, wherein the
      molten zone is produced by a radiant energy source directed at right
      angles to the semiconductor rod and concentrically surrounding the rod. An
      approximately level course is obtained for the boundaries between the
      molten zone and the solid semiconductor material supporting it. Heating in
      the region of the molten zone is to be provided in a substantially linear
      form. Further, the heating of this region is to be to such an extent that
      this region is substantially smaller than the length of the molten zone.
      In brief, to achieve a short molten zone in the longitudinal direction,
      heating is to be carried out only in a short region. Additionally, heating
      of the semiconductor rod is provided by a current flowing through it in
      the longitudinal direction. In this way, it is intended to achieve a
      general, preferably uniform heating so that the temperature achieved by
      the heating is below the melting point. The object of this known process
      is to produce as level a boundary as possible between the liquid phase and
      the solid phase.
PAR  The older patent application P 21 25 726.1, proposes a zone melting process
      wherein an elongated charge of meltable material has, in a zone migrating
      in the direction of the longitudinal extent of the charge, a temperature
      above the melting point and after the migrating zone in the direction of
      migration, has a temperature at least below the melting point. The
      particular feature of that process is that the current flowing through the
      charge in the longitudinal direction is capable of heating the charge to a
      temperature above the melting point, and that the charge, at least in the
      region situated after the zone in the direction of travel of the zone, is
      cooled to a temperature below the melting point. In this way it is not
      necessary to introduce energy in the region of the melting zone for
      producing and maintaining the melting zone, as was the case with the
      process proposed in German Pat. No. 1,169,683. The current heats the
      charge in the region of the melting zone above the melting point, and,
      outside the melting zone, suitable cooling insures that the liquid phase
      merges into the solid phase or that the charge remains unmelted. With this
      process the boundary between the liquid phase and the solid phase is
      substantially a plane.
PAR  If the electrical resistance of the charge increases with increasing
      temperature or, on the solid charge, changing to the liquid phase, the
      voltage drop across this zone, and therefore the power produced, also
      rises. Therefore, it is very easy to bring about a stable condition by the
      cooling. But not all materials exhibit this resistance pattern, so that it
      becomes more complicated to maintain the necessary conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as its object to improve and further develop the older
      process such as proposed in German Patent Application P 21 25 726.1 in
      such a manner that the heat produced in the melting zone by the electric
      current can be regulated in a simple manner, especially in the case of
      materials having an unfavorable resistance pattern in relation to
      temperature.
PAR  The object of this invention is obtained by carrying along with the region
      of the melting zone, a cross-section narrower which constricts the
      cross-section of the charge in the region of the melting zone but does not
      constrict the charge outside the melting zone.
PAR  In other words, the invention proposes narrowing or constricting the
      cross-section of the charge in the region of the melting zone by
      mechanical means and thereby increasing the resistance in this region and,
      as a result, the quantity of heat produced. The cross-section narrower
      which brings about the mechanical narrowing travels along with the melting
      zone, and after the cross-section narrower, the cross-section widens again
      while the charge is still liquid. Only after the cross-section widens does
      the change to the solid phase take place.
PAR  Just before the cross-section narrower, the change from the solid to the
      liquid phase takes place, so that the liquid travels through the narrower
      at a velocity increased in accordance with the reduced cross-section.
PAR  A further development of the invention consists in that the cross-section
      narrower is in the form of a plate in which an aperture is provided whose
      cross-section is smaller than that of the charge. The cross-section
      narrower is thus an extremely simple means for constricting the
      cross-section. This cross-section narrower thus substantially replaces the
      complicated heat source such as is necessary in the process illustrated in
      the German Pat. No. 1,169,683.
PAR  Another further development of the invention consists in that the aperture
      has a substantially conical inlet and outlet. This form of aperture
      promotes the entry of the charge in the liquid state into the narrowed
      aperture and an orderly expansion of the flow pattern of liquid after it
      passes through the aperture.
PAR  Finally, it is possible to have an annular aperture. Thus, by using the
      process of this invention, it is possible to produce complicated elongated
      crystal bodies.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention, it is convenient to press the charge
      with a constant force against the cross-section narrower. This guarantees
      a feed which depends on the rate at which the charge melts. If the charge
      melts relatively quickly, e.g. because of relatively high current
      intensity on the part of the current flowing through the charge for
      heating purposes, or due to relative cross-sectional reduction of the
      charge, the thickness of the molten layer tends to increase. However, this
      results in a drop in the resistance presented to the charge by the
      cross-section narrower inlet, and the molten material flows more quickly
      through the narrowed portion of the cross-section narrower. Thus, there
      is, more or less, a natural regulation which results in very constant
      operating conditions. This is particularly advantageous if the entire
      process is to be carried out in a hermetically sealed chamber, as may be
      necessary, for example, if unstable or highly volatile substances are to
      be subjected to zone melting at the melting temperature concerned. These
      may include, for example, carbides, almost all of the metal oxides, and
      mixed phases which do not melt congruently.
PAR  If the charge is moved at the same velocity relative to the cross-section
      narrower, as the crystal body produced, the resultant crystal body is
      given substantially the same cross-section (with the same density) as the
      charge. When the charge and crystal body move at the same speed, it is
      preferred to hold the charge and the crystal body jointly, and to produce
      the constant force by its weight and/or an additional weight. Thus, with
      this embodiment of the process according to the invention, the charge and
      the crystal body, in the simplest case, descend because of their own dead
      weight through the cross-section narrower. In this case, the current must
      be introduced by a mobile arrangement with the use of stranded cables. Of
      course, the velocity of the charge and the speed of movement of the
      crystal body may differ. If the crystal body moves relatively quickly, its
      cross-section is smaller than that of the charge. In the case of
      relatively slow movement, the cross-section is greater. It is also
      possible to influence the cross-section of the crystal body produced by
      the form of the outlet of the cross-section narrower.
PAR  In an alternative embodiment of the process according to the present
      invention the charge is moved in one operation through a plurality of
      cross-section narrowers, which are positioned one after the other and each
      produce melting zones. This modification of the process is particularly
      suitable for the purification of materials, since the crystallizing (i.e.
      precipitation) operation takes place several times in succession. The
      downward movement of the individual particles of the crystal body before
      the cross-section narrowers can be effected, in the simplest case, by
      gravitational force. Again, it is possible to have a hermetically closed
      apparatus even with this complicated way of carrying out the process.
PAR  The process provided by the invention will be explained in detail with
      reference to constructional examples shown in the drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 illustrates schematically, in perspective and section, an apparatus
      for carrying out the process according to the present invention;
PAR  FIG. 2 illustrates a section taken on section line II--II of FIG. 1;
PAR  FIG. 3 illustrates a modification of a side view of FIG. 1, showing a
      cross-section narrower with an annular aperture;
PAR  FIG. 4 illustrates a section taken along section line IV--IV of FIG. 3;
PAR  FIG. 5 illustrates an apparatus for carrying out the process of the present
      invention, wherein the charge is advanced with constant force;
PAR  FIG. 6 shows an apparatus with a hermetic enclosure for carrying out the
      process according to the invention; and,
PAR  FIG. 7 shows schematically the arrangement of two cross-section narrowers
      one behind the other.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows schematically, in perspective and section, a substantially
      plate-shaped charge 1 which is vertically positioned and is connected
      above and below a current source 4 by lines 2 and 3.
PAR  The cross-section of the charge 1 is reduced and constricted by a
      plate-shaped, cross-section narrower 5 in which there is positioned a
      slot-shaped aperture 6 provided with a funnel-shaped inlet 7 and an outlet
      6 with a curved wall.
PAR  FIG. 2 shows a plan section taken on section line II--II of FIG. 1 and
      shows clearly the slot-shaped form of the aperture 6 in the cross-section
      narrower 5.
PAR  To carry out the process according to the present invention, the current
      flows from a conventional current source 4 through lines or wires 2 and 3
      through the charge 1. The current is regulated to compensate for any
      increased electrical resistance in the charge 1 in the region of the
      aperture 6 due to heat produced in this constricted region and the
      attendant temperature rises above the melting point of the charge. The
      portion of the charge closely adjacent to aperture 6 is also brought, by
      heat transfer, to a liquid state. Heat may also be additional dissipated
      through the cross-section narrower, so that the liquified parts of the
      charge 1 in the region of the inlet 7 flow downward through the aperture
      6. Because of the reduced cross-section in the region of the aperture 6,
      this quantity of heat is increased. The heat decreases again in accordance
      with the widened cross-section in the outlet 8. Since there is widened
      cross-section, there is a reduced electrical resistance and the quantity
      of heat produced is smaller. At the same time, due to the exposure of
      charge 1, heat dissipation takes place, which may be further promoted by
      cooling. A change to the solid phase takes place very quickly, and thus
      crystallizing-out or precipitation takes place in the region of a
      relatively level surface.
PAR  It will be understood that the charge 1, both above and also below the
      cross-section narrower, moves at the same speed relative to the
      cross-section narrower 5, so that the cross-sections are the same above
      and below the cross-section narrower. However, it is also possible,
      through different velocities for the portions of the charge 1 which are
      situated either above or below the cross-section narrower 5, to alter the
      cross-section of that portion of the charge 1 situated below the
      cross-section narrower 5.
PAR  FIG. 3 shows the utilization of the process of the present invention for
      the production of hollow charges of any desired cross-section. In the
      example shown in FIG. 3 there is a tube section 13. Accordingly, an
      aperture 9 of annular shape is provided in a cross-section narrower 10.
      The radial cross-section of the aperture 9 corresponds substantially to
      the cross-section of the aperture 6 of the cross-section narrower 5 in
      FIG. 1, with the difference that the aperture has the shape of a closed
      ring. A disc-shaped portion 11 of the cross-section narrower 10 is
      positioned at the center thereof and is held in place by means of webs 12
      which extends through the melting zone in the region of the aperture 9 to
      the outer portion of the cross-section narrower 10. The liquid material of
      charge 13 flows about these webs and then unites again to form an
      uninterrupted annular cross-section. An inlet 14 and an outlet 15 are
      again provided as discussed in relation to FIG. 1.
PAR  In the lower region of the lower portions of the charge 13, there is
      positioned a ring 16 which consists of a single crystal which acts as a
      nucleating crystal and effects the formation of a single crystal tube.
      FIG. 4 illustrates annular aperture 9, narrower 10, and webs 12 in a plan,
      sectional view.
PAR  FIG. 5 shows an apparatus for carrying out the process according to the
      invention wherein the charge is moved with a constant force against the
      cross-section narrower. A cross-section narrower 17 is held in stationary
      manner. A ceramic tube 18 holds two electrodes 19 and 20 which are
      constructed as mounts and are provided with electrical leads 21 and 22 for
      connection to a suitable current source.
PAR  The electrode 20 holds a charge 23. The electrode 19 holds a nucleating
      crystal 24, so that the crystal body 25 growing on it and formed below the
      cross-section narrower 17 is a single crystal.
PAR  From the electrode 19 there extends downwards a rod 26 which enters a tube
      27 and holds the tube 18 with its contents. The tube 18 is suspended by
      means of the electrode 20 on a cable 28 which is passed over a wheel 29 to
      weights 30. By means of the weights 30, the weight of the tube 18, the
      electrodes 19 and 20 and the charge 23, together with the crystal body 25,
      can be compensated so that the force remaining, in the form of the
      residual weight, is just great enough for the purposes of the process;
      namely, the pressing of charge 23 through the cross-section narrower 17.
      The arrangement shown in FIG. 1 can be left by itself after being started,
      until the melting zone has migrated through the entire charge. For this
      reason, it is possible to arrange the entire arrangement in a hermetically
      sealed chamber such as is necessary when using protective gases or with
      volatile substances capable of producing a positive vapor pressure.
PAR  FIG. 6 shows a hermetically enclosed modification of FIG. 5. A ceramic tube
      29 holds two electrodes 30 and 31 which are also used as mounts. The
      electrode 30 holds a charge 32 and the electrode 31 holds a corresponding
      crystal body 33.
PAR  The electrode 31 is connected by means of a flexible electrical lead 34 to
      an electrical supply lead 35. Similarly, the electrode 30 is connected by
      an electrical lead 36 to an electrical supply lead 37.
PAR  The electrical supply lead 35 is taken through a ceramic housing whereas
      the electrical supply lead 37 is mounted in a ceramic cover 39 closing the
      housing. The housing 38, with the cover 39, is positioned in a pressure
      vessel 40 through which the supply lead 35 is taken in seal-tight manner
      known to the art. The pressure vessel 40 is closed in seal-tight manner by
      a cover 41. The electrical supply lead 37 is taken through cover 41 in a
      seal-tight manner.
PAR  The housing 38 comprises a shoulder 42 on which supporting rods 43 rest and
      hold a cross-section narrower 44.
PAR  In operation, the interior of pressure vessel 40 is subjected to a
      predetermined pressure depending on the material of the charge 32. For
      example, the pressure can be created by the evaporation of material
      constituting the charge 32. The current is switched on to produce heating
      and liquifying of the charge in the region of the cross-section narrower
      44. As soon as liquifying occurs, the charge 32 and the crystal body 33,
      both held by the tube 29, descent due to the weight of the mobile system.
      The tube 29 is guided by a conical guide 45 in a ceramic tube 36. The tube
      29 is slit so that the supporting rod 43 can extend freely through.
PAR  FIG. 7 shows two stationary holders 46 and 47 for two cross-section
      narrowers 48 and 49 which are spaced apart in the longitudinal direction
      of a charge 50 one behind the other. The cross-section narrowers 48 and 49
      are sapphire rings, while the holders 46 and 47 from compressed ceramic
      wool and provide thermal insulation for the sapphire rings. As a result,
      the heat dissipation through the cross-section narrowers is reduced and
      the melting zone is formed without difficulty in the region of the
      cross-section narrowers 48 and 49.
PAR  The charge 50 moves substantially downward due to its own dead weight
      through the cross-section narrowers 48 and 49. This guarantees that below
      the cross-section narrower 48 the temperature cannot rise above the
      melting point of the charge, since heat is supplied to this portion of the
      charge, i.e. the crystal body is already crystallized-out once from both
      melting zones in the region of the cross-section narrowers 48 and 49.
      Cooling is affected through a flow of coolant (inert gas) in the direction
      of arrows 51. The material constituting the charge is, for example,
      aluminium.
PAR  The passage through the cross-section narrower can be given many different
      forms. As already mentioned, the cross-section may be annular, thus
      producing the tube. However, it is also possible to provide the
      cross-section narrower with several apertures which are closely adjacent
      to each other in such a manner that the molten material, after passing
      through the cross-section narrowers, unites again and forms a joint body.
      This form of the cross-section narrower gives a uniform cross-section
      reduction over the entire cross-sectional region of the charge, whereas
      when using only one passage, the molten material has to flow from the
      outside towards the inside through the passage, which in many cases, may
      be disadvantageous.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A zone melting process for purifying a charge utilizing a narrower
      having an aperture therethrough, said aperture defining an inlet, a
      central region, and an outlet, the cross-sectional area of said central
      region being less than the cross-sectional area of said charge adjacent to
      said narrower, comprising the steps of:
PA1  passing an alternating current longitudinally through said charge to heat
      said charge by Joule heating;
PA1  driving said charge into direct physical contact with said narrower,
      through said inlet and into said central portion to reduce the
      cross-sectional area of a portion of said charge and define a zone of
      molten liquid in said charge, said zone being within and closely adjacent
      said aperture;
PA1  continuing to pass said alternating current through said charge;
PA1  causing said molten liquid to flow through said aperture and said outlet to
      increase the cross-sectional area of said zone and solidify said molten
      liquid exiting said aperture; and
PA1  moving said charge relative to said narrower whereby said zone migrates
      through said charge.
NUM  2.
PAR  2. A process as claimed in claim 1 further comprising the step of placing a
      crystal in contact within said molten liquid exiting said aperture.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein said aperture is a slot.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said aperture is an annular
      ring.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein said inlet is funnel-shaped.
NUM  6.
PAR  6. A process as claimed in claim 1 where said outlet widens in the
      direction of movement of said charge relative to said narrower.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein said driving step is
      accomplished by a constant force.
NUM  8.
PAR  8. A process as claimed in claim 6 wherein said constant force is the
      weight of said charge.
NUM  9.
PAR  9. An apparatus for purifying a charge comprising, in combination:
PA1  a narrower having an aperture therethrough, the cross-sectional area of
      said aperture being less than the cross-sectional area of said charge
      adjacent said narrower;
PA1  means for continually passing an alternating current longitudinally through
      said charge to Joule heat said charge;
PA1  means for driving said charge into physical contact with said narrower and
      into said perture to reduce the cross-sectional area of a portion of said
      charge within said aperture, said current being sufficient to melt said
      portion and form a zone of molten charge in and adjacent to said aperture,
      said driving means including means for moving said charge relative to said
      narrower to effect migration of said zone through said charge.
NUM  10.
PAR  10. An apparatus as claimed in claim 9 further comprising a housing
      enclosing said narrower and said charge.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 wherein said housing is insulated.
NUM  12.
PAR  12. An apparatus as claimed in claim 9 wherein said aperture is annular.
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ABST
PAL  In a floating-zone melting process for producing single crystals of a
      semi-conductor material from a semi-conductor rod and a seed crystal, the
      rod is heated by high-frequency induction from an inductance coil which is
      spaced from a short-circuited annular conductor. The spacing between the
      inductance coil and the short-circuited conductor is varied during passage
      of the molten zone to correspond with variations in the diameter of the
      growing crystal.
PARN
PAR  This is a continuation of application Ser. No. 56,631, filed July 20, 1970
      now abandoned.
BSUM
PAR  The invention relates to a method of producing single crystals of
      semiconductor material by floating-zone melting starting from a
      semiconductor rod and a seed crystal, a molten zone being passed from the
      seed crystal through the rod so that from the seed crystal a rod-shaped
      crystal starts growing, the diameter of the growing crystal being
      gradually varied at least temporarily, while the molten zone is heated by
      high-frequency induction with the aid of an inductance coil in the
      presence of a short-circuit ring; the invention furthermore relates to a
      semiconductor single crystal produced by said method and to a device for
      carrying said method into effect. Such a method is disclosed, for example,
      in French Pat. No. 1,415,880.
PAR  In a known method of producing single crystals by floating-zone melting
      starting from a rod of semiconductor material, which may be
      polycrystalline, a molten zone is provided at one end of the rod between
      the material of the rod and a single-crystal seed arranged at said end.
PAR  Subsequently this molten zone is passed through the rod so that the single
      crystal grows gradually from the seed onwards. In general the diameter of
      the molten zone may differ at the beginning from the diameter of the zone
      in a later stage of the crystal growth. In order to obtain a satisfactory
      crystal perfection it is known to start from a seed crystal of small
      diameter and/or from a portion thereof having a small diameter. In order
      to improve the crystal perfection it is even desirable to grow first a
      portion of small diameter. Then the diameter of the growing portion is
      raised to a value matching the diameters commonly used in the series
      production of semiconductor devices. In order to ensure a satisfying
      perfection of the crystal growth during this enlargement of the diameter,
      it is desirable to enlarge the diameter gradually and over not too large a
      distance so that the final crystal has the desired diameter over maximum
      part of its length. Moreover, the displacement of the solidification front
      has to be uniform.
PAR  A difficulty is involved in correctly adapting the quantity of supplied
      heat to the increase in diameter of the molten zone, also in view of the
      conditions mentioned above. In addition, particularly in high-frequency
      inductive heating, the coupling between the high frequency coil and the
      semiconductor material changes during the variation in diameter.
PAR  In a known method it is endeavoured to adapt the quantity of supplied heat
      to the increase in diameter of the molten zone by gradually varying the
      value of energization of the high-frequency coil simultaneously with the
      variation of the rate of displacement of the seed. However, such an
      adaptation of the energization of the high-frequency coil is very critical
      and this involves the risk that the increase in diameter and the
      displacement of the solidification front are performed in a
      non-reproducible manner.
PAR  The present invention has for its object inter alia to provide a simple
      precaution to obtain a smooth adaptation of the conditions for such a
      gradual variation in diameter of the rod to be crystallized.
PAR  According to the invention the method of producing single crystals of
      semiconductor material by floating-zone melting starting from a
      semiconductor rod and a seed crystal, in which a molten zone is passed
      from the seed crystal through the rod so that a rodshaped crystal grows
      from the seed crystal and the diameter of the growing crystal is gradually
      varied at least temporarily and in which the molten zone is heated by
      high-frequency induction with the aid of an inductance coil in the
      presence of a short-circuit ring, is characterized in that during the
      zone-melting process, when the diameter is changed at the passage of the
      molten zone, the distance between the short-circuit ring and the
      inductance coil is also varied. This variation is such that at an increase
      in diameter the distance between the short-circuit ring and the inductance
      coil is enlarged and at a decrease in diameter said distance is reduced.
      The displacement of the short-circuit ring relative to the high-frequency
      coil during the variation in diameter of the molten zone is preferably
      adjusted so that the load of the inductance coil remains constant. In a
      further preferred embodiment the displacement of the short-circuit ring
      relative to the high-frequency coil is programmed in accordance with the
      displacement of the high-frequency coil relative to the seed crystal.
PAR  The invention is particularly suitable for obtaining crystals having few or
      no dislocations by enlarging the molten one to the desired diameter of the
      rod, in one phase of the melting process, from a very narrow part of the
      growing portions associated with the seed crystal or connected with said
      crystal. In this phase of the zone-melting process the distance between
      the short-circuit ring and the high-frequency coil is gradually increased.
      In order to obtain a satisfacotry cyrstal growth and particularly in order
      to ensure an optimally flat solidification face it is advantageous to
      arrange the short-circuit ring on the side of the seed crystal viewed from
      the high-frequency coil.
PAR  The invention furthermore relates to a semi-conductor single crystal
      manufactured by the method embodying the invention. The invention
      furthermore relates to a device for floating zone-melting of a rod-shaped
      semiconductor body for carrying out the method embodying the invention,
      said device comprising a high-frequency coil for inductive heating of the
      molten zone, means for displacing the high-frequency coil relatively to
      the rod-shaped body in the direction of length thereof and a short-circuit
      ring around the rod-shaped body at a given distance from the
      high-frequency coil.
PAR  According to the invention the device comprises means for gradually varying
      the distance between the short-circuit ring and the high-frequency coil
      during the zone-melting process.
PAR  It should be noted that devices for floating-zone melting with the aid of
      high-frequency inductive heating by means of a high-frequency coil are
      known to comprise a short-circuit ring on one side at a short distance
      from the high-frequency coil in order to restrict the field of the coil.
      It is furthermore known to use such short-circuit rings on either side of
      the high-frequency coil. In these known devices the distance between the
      high-frequency coil and the short-circuit ring is fixed in operation. As a
      matter of course, within the scope of the present invention two
      short-circuit rings may be employed, which may either of them or both of
      them be displaceable with respect to the high-frequency coil in operation.
PAR  In order to obtain a single crystal rod of semiconductor material having a
      constant diameter over a large part of its length by floating zone melting
      with the aid of the device embodying the invention the energization of the
      high-frequency coil may be adjusted so that a molten zone of appropriate
      size is obtained in a rod of the desired diameter when the displaceable
      short-circuit ring is at such a distance from the high-frequency coil that
      it only slightly affects the field of said coil. At the beginning of the
      crystal growth from the seed crystal this energization of the coil allows
      the short-circuit ring to be very near the coil so that the ring absorbs a
      large quantity of energy of the high-frequency field, whereas a small
      portion of the energy is employed to form a short molten zone in the
      growth of a thin rod portion at the seed crystal. When the crystal widens,
      the short-circuit ring is gradually moved away from the high-frequency
      coil so that the field effect on the molten zone is gradually increased
      during the increase in diameter of the crystal up to the desired value.
PAR  The invention will be described more fully with reference to the
      accompanying drawing.
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PAR  FIGS. 1a to 1f show schematically the relative positions of the
      high-frequency coil and the short-circuit ring during the passage of the
      molten zone from the diameter of the seed up to the desired diameter of
      the rod-shaped single-crystal semiconductor body.
PAR  FIG. 2 shows schematically a device for carrying out the method embodying
      the invention.
DETD
PAR  Referring to FIGS. 1a to 1f reference numeral 1 designates a rod of the
      starting material for the production of the single-crystal rod, which
      starting material may be polycrystalline. Reference numeral 2 designates
      the seed crystal of much smaller diameter than the rod 1. The
      high-frequency coil is designated by 3 and it is fed from a high-frequency
      generator (not shown). Reference numeral 4 designates a short-circuit ring
      located at a variable distance from the high-frequency coil. In order of
      succession FIGS. 1a to 1f illustrate consecutive stages of the
      zone-melting process. The rod 1 of basic material comprises a conical
      portion tapering towards the seed crystal 2 and a short, cylindrical
      portion of smaller diameter matching the diameter of the seed. FIG. 1a
      shows a very small distance d between the high-frequency coil 3 and the
      short-circuit ring 4, the ring 4 thus compensating to a considerable
      extent the field effect of the high-frequency coil 3. The effect of the
      high-frequency field on the molten zone 6a is thus fairly slight so that
      the molten zone is comparatively short. The high-frequency coil and the
      short-circuit ring are then gradually moved upwards in common so that the
      molten zone 6a shifts to the position 6b shown in FIG. 1b. The smaller
      diameter of the growing portion is maintained and the distance d  between
      the coil 3 and the short-circuit ring 4 has not changed.
PAR  When the molten zone has reached the conical portion of the rod 1, so that
      it is gradually widened, the distance d between the high-frequency coil
      and the short-circuit ring is gradually enlarged. The energy supplied to
      the molten zone is thus raised sufficiently for maintaining the molten
      zone throughout the diameter of the rod. The progression of the molten
      zone from the position 6c at the beginning of the conical portion via the
      position 6d to the position 6e is attended by a gradual increase of
      distance d between the coil 3 and the short-circuit ring 4. The
      energization of the high-frequency coil 3 can then remain unchanged. In
      the state illustrated in FIG. 1f the molten zone has reached the desired
      diameter for crystallizing out the final rod portion of constant diameter
      as desired. The distance d between the coil 3 and the short-circuit ring 4
      is then adjusted to such a high value that the influence of the
      short-circuit ring on the high-frequency field at the area of the molten
      zone is practically nil.
PAR  The floating-zone melting device shown schematically in FIG. 2 is one
      embodiment of the invention. The single crystal is produced in a
      hermetically closed tube having a transparent wall 18. The seed crystal 12
      in a holder 17 is brought into contact with the end of a rod 11 of larger
      diameter. The tube 18 is surrounded by a high-frequency coil 13. The coil
      13 is cooled by circulating water. By arms 24, one of which is shown in
      FIG. 2, both water and high frequency current is passed through the coil.
PAR  Beneath the coil 13 a hollow, conductive short-circuit ring 14 is arranged,
      which is also cooled by circulating water and which is secured to an
      insulating arm 23. The short-circuit ring 14 also surrounds the tube 18.
      The insulating arm 23 is provided with a sliding piece 22, which fits
      slidably around the vertical column 21. The arm 23 is furthermore provided
      with a nut 20 by means of which the short-circuit ring 14 can be displaced
      vertically by turning a spindle 19. The short-circuit ring 14 preferably
      has a rectangular section and its side 25 facing the wall of the tube 18
      preferably has a reflecting surface.
PAR  By means of the spindle 19 the distance d between the short-circuit ring 14
      and the high-frequency coil 13 can be varied and set.
PAR  The tube 18 and the high-frequency coil 13 occupy fixed positions; the seed
      crystal 12 and the rod 11 are adapted to perform in known manner
      translation and rotation motions. During the passage of the molten zone
      from the seed crystal 12 through the conical portion 15 of the rod 11 the
      short-circuit ring 14 is gradually moved away from the coil 13, the
      distance d being gradually varied in accordance with the variation in
      diameter of the molten zone. The distance d is gradually varied by
      rotation of the spindle 19.
PAR  When the coil 13 is moved upwardly along the tube 18 for passing the molten
      zone through the stationary rod, the movement of the ring 14 is coupled
      with this displacement of the coil 13, for example, by causing the spindle
      19 to move together with the coil 13, the distance d being controlled by
      the rotation of the spindle 19.
PAR  Because the short-circuit ring has a deforming effect on the field of the
      high-frequency coil, small variations of the distance d are sufficient for
      markedly changing the power absorbed by the ring. For example, in order to
      enlarge a molten zone from the diameter of a seed of about 7 mms to a rod
      diameter of about 32 mms, the distance d between the coil 13 traversed by
      a current of a frequency of about a MHz and the short-circuit ring 14 can
      be gradually varied from 6 mms to 20 mms.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a floating melt zone process for forming a monocrystalline
      semiconductor rod from a seed crystal in contact with an end of a rod of
      semiconductor material, wherein the diameter of the rod varies at least
      over a portion of the length thereof, a method for generating a floating
      melt zone of substantially constant axial depth moving axially through the
      rod of varying diameter at a substantially constant axial displacement
      rate, said method comprising the steps of:
PA1  positioning axially with respect to the rod a high frequency inductance
      coil radiating sufficient energy to generate a floating melt zone of at
      least the desired axial depth even when positioned over the rod region of
      maximum diameter;
PA1  positioning a short circuit ring axially with respect to the rod;
PA1  slowly moving the radiating inductance coil axially with respect to the rod
      at a substantially constant rate from the end in contact with the seed
      crystal to the other end; and
PA1  maintaining the short circuit ring in axial position with respect to the
      rod at an axial distance from the inductance coil which varies directly
      with the diameter of the rod at the floating melt zone,
PAL  whereby the short circuit ring absorbs radiated energy in excess of the
      amount required to maintain a substantially constant axial depth for the
      floating melt zone as the floating melt zone travels through the rod at a
      substantially constant axial displacement rate.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the short circuit ring is
      positioned on the trailing side of the moving inductance coil.
PATN
WKU  039350606
SRC  5
APN  4096207
APT  1
ART  173
APD  19731025
TTL  Fibrous insulation and process for making the same
ISD  19760127
NCL  8
ECL  1,6
EXA  Smith; William F.
EXP  Bashore; S. Leon
NDR  1
NFG  3
INVT
NAM  Blome; James C.
CTY  Bridgeton
STA  MO
INVT
NAM  Goodbrake; Chris J.
CTY  Vandalia
STA  IL
INVT
NAM  O'Brien; Marvin Edward
CTY  Jackson
STA  MS
INVT
NAM  Vance; Macy W.
CTY  St. Louis
STA  MO
ASSG
NAM  McDonnell Douglas Corporation
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL  162152
XCL  106 57
XCL  106 65
XCL  106 69
XCL  162145
XCL  162181R
XCL  162181C
XCL  162192
XCL  162225
XCL  264 25
XCL  264 66
XCL  264 86
XCL  264 87
XCL  264311
EDF  2
ICL  D21H  518
FSC  106
FSS  65;69;57
FSC  161
FSS  168;169;170
FSC  264
FSS  66;25;86;87;311
FSC  162
FSS  152;181 C;181 R;192;221;225;224;231;145
FSC  252
FSS  62
UREF
PNO  2731359
ISD  19560100
NAM  Nicholson
OCL  162152
UREF
PNO  3100734
ISD  19630800
NAM  Rex et al.
OCL  162152
UREF
PNO  3231401
ISD  19660100
NAM  Price et al.
OCL  106 57
UREF
PNO  3253978
ISD  19660500
NAM  Bodendorf et al.
OCL  162181C
UREF
PNO  3423216
ISD  19690100
NAM  Somers
OCL  106 57
UREF
PNO  3467535
ISD  19690900
NAM  Myles
OCL  252 62
UREF
PNO  3510323
ISD  19700500
NAM  Wismer et al.
OCL  106 65
UREF
PNO  3577344
ISD  19710500
NAM  Ardary et al.
OCL  252 62
UREF
PNO  3629116
ISD  19711200
NAM  Gartner et al.
OCL  162152
UREF
PNO  3704523
ISD  19721200
NAM  Guerga et al.
OCL   34  1
UREF
PNO  3732048
ISD  19730500
NAM  Guerga et al.
OCL  264 25
OREF
PAL  Casey J P "Pulp Paper" Vol. II. Sec. Ed. Interscience Publishers N. Y.  N.
      Y.,  1960 pp. 1004-1006.
LREP
FRM  Gravely, Lieder & Woodruff
ABST
PAL   An insulative material comprises a random network of ceramic fibers and a
      binder for holding the fibers together. In addition, it may include a
      filler material composed of hollow ceramic spheres which locate at the
      interstices of the fibrous network and increase the strength of the
      network. The insulative material can withstand extremely high temperatures
      and thermal shock without degradation, has an extremely low density, has
      excellent insulating properties, and has reasonably high compressive
      strength. The material is formed by making a slurry which contains the
      ceramic fibers, with or without the filler, and the binder; felting the
      slurry; subjecting the felt so formed to microwave energy for drying; and
      firing the dried felt at 2300.degree.-3200.degree.F. to increase its
      strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to refractory materials and more
      particularly to a high temperature insulation of a fibrous nature.
PAR  Many refractory materials are quite heavy and as a result are unsuitable
      for aerospace applications. Where they are used, they are often difficult
      to handle and large foundation structures are usually required. Moreover,
      most of these heavy refractory materials cannot withstand thermal shock,
      that is, rapid variations in temperature, for when subjected to rapid
      temperature variations, tend to crack and spall. Firebrick is an example
      of such a refractory material.
PAR  Due to the foregoing limitations aerospace engineers have turned to
      so-called ablative materials where extremely high temperatures are
      encountered, such as during the re-entry of a space craft into the earth's
      atmosphere. Ablators dissipate heat through pyrolysis and other modes of
      heat rejection and consequently degrade in use. Generally, ablative
      materials are used only once, and therefore such materials are not
      suitable where reuse of the heat shield is desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in an insulation material comprising
      ceramic fibers and a binder for holding the fibers together. It also
      includes the process for manufacturing the insulation involving making a
      slurry containing the fibers and binder, felting the slurry, subjecting
      the felt to microwave energy for drying, and firing the same for increased
      strength. The invention also consists in the parts and in the arrangements
      and combinations of parts hereinafter described and claimed.
PAR  One of the principal objects of the present invention is to provide a
      fibrous insulative material and a process for manufacturing the same.
      Another object is to provide a material of the type stated which is light
      in weight and self-supporting. A further object is to provide a material
      of the type stated which is capable of withstanding extremely high
      temperatures without decomposing or losing its strength. An additional
      object is to provide a material of the type stated which is reusable and
      is ideally suited for aerospace applications. Still another objective is
      to provide a material which is durable and dimensionally stable over a
      wide temperature range. Another object is to provide an insulation which
      may be bonded to a supporting structure without creating high strain at
      bondline interfaces, even when the temperature of the supporting structure
      and the insulation are quite different. Yet another object is to provide a
      simple process for making the insulation material, which utilizes readily
      available materials. These and other objects and advantages will become
      apparent hereinafter.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the specification and
      wherein like numerals and letters refer to like parts wherever they occur:
PAR  FIG. 1 is a flow chart showing the process used in making the insulation;
PAR  FIG. 2 is a schematic view showing equipment used in vacuum felting the
      slurry from which the insulation is derived; and
PAR  FIG. 3 is a schematic view showing equipment used to centrifugally felt the
      slurry as an alternative to vacuum felting.
DETD
PAC  DETAILED DESCRIPTION
PAR  Broadly speaking, this invention concerns a light-weight fibrous insulation
      comprised of inorganic ceramic fibers and a binder. The preferred
      embodiment of this invention includes light-weight ceramic fillers of a
      hollow spherical nature. The ceramic fibers are arranged in a semirandom
      network and thus produce a batting or matted form. The hollow spherical
      ceramic fillers occupy the interstices in the fibrous network and this
      tends to improve the overall strength of the insulation. The binder acts
      as a bonding agent and should be completely void of organic materials or
      possibly contain a relatively low proportion of such materials. The
      ceramic fibers should constitute 20% to 80% of the weight of the
      insulation and should preferably constitute about 50%. The fillers should
      constitute 0% to 50% of the weight of the insulation and should preferably
      be about 25%. The binder solids should constitute 10% to 40% of the total
      insulation weight and preferably should be 25%. The fibrous insulation is
      sometimes referred to as "hardened compacted fibers" or merely "HCF"
PAR  The inorganic ceramic fibers may be mullite fibers (3 Al.sub.2 O.sub.3
      .sup.. 2 SiO.sub.2), aluminosilicate fibers (Al.sub.2 O.sub.3 .sup..
      SiO.sub.2 , approximately), silica fibers (SiO.sub.2), zirconia fibers
      (ZrO.sub.2), or aluminosilicate chromia fibers (48% Al.sub.2 O.sub.3
      .sup.. 48% SiO .sup.. 4% Cr.sub.2 O.sub.3, expressed as mole percentages).
      These materials are made into a fibrous matt which is wet felted and
      rigidizied with a ceramic binder and filler to large block type thermal
      insulation materials. Table I lists distinguishing properties of the
      different fibrous materials. The maximum use temperatures listed are
      conservative and for long time exposure.
PAR  The various fibrous insulations set forth in Table I contain the following
      ingredients:
     Fibrous Materials                                                         

                   Mullite, Aluminosilicate, Zirconia,                         

                    Silica, Aluminosilicate + Chromia                          

     Binder                                                                    

     Colloidal Silica, Hydrolyzed                                              

                    Ethyl Silicate                                             

     Hollow spheres                                                            

     Silica Spheres, Aluminosilicate                                           

     filler         Spheres                                                    

PAR  The materials were made by the process of Example No. 1.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     VARIOUS TYPES OF HCF MATERIALS                                            

     Type of HCF     Mullite                                                   

                            Aluminosilicate                                    

                                     Zirconia                                  

                                            Silica Aluminosilicate-Chromia     

     __________________________________________________________________________

     Maximum use                                                               

     Temperature(.degree.F.)                                                   

                     2300-2500                                                 

                            2000-2200                                          

                                     3100-3200                                 

                                            2000-2200                          

                                                   2200-2400                   

     Density                                                                   

     (LBS./FT..sup.3)                                                          

                     15     15       34     15     15                          

     Thermal     1500* 500*                                                    

     Conductivity    0.90   0.55     0.43   0.51   0.60 (EST)                  

      BTU-IN                                                                   

      FT.2-HR-.degree.F.                                                       

                     1.50   1.50     1.20   1.40   1.50 (EST)                  

     __________________________________________________________________________

      *MEAN TEMPERATURE (.degree.F.)                                           

PAR  The diameter of the fibers should be between about 2.5 microns and about
      6.0 microns, with about 4.7 microns being preferred. The length of the
      fibers should range between about 0.002 inches and about 0.5 inches,
      approximately 20 times the diameter of the fiber.
PAR  The light-weight fillers should preferably be small hollow spheres ranging
      between 150 microns and 60 microns in diameter, although other granular
      configurations are also suitable. The filler may be composed of pure
      silica, or it may be a hollow sphere 95% silica product, sold under the
      trademark ECCOSPHERES,SI by Emerson-Cummings, Inc. It may also be hollow
      spheres of aluminosilicate zirconia material. Even glass spheres separated
      from common fly ash derived from the smoke stacks of coal burning
      utilities and the like may be utilized. The filler should preferably be
      spherical in nature and should be capable of withstanding high
      temperatures. It should further pass a 120 mesh screen, while 15% of it
      should pass a 230 mesh screen. While the filler improves the strength of
      the overall structure, it is not absolutely necessary.
PAR  The binder may be silica, which is an inorganic substance, and colloidal
      silica is ideally suited for use as the binder. However, it is not
      necessary that the binder ingredient be in the inorganic state throughout
      the processing operation. Indeed, the silica binder may be derived from
      hyrolyzed ethyl silicate. When the insulation is fired in the processing
      operation the organic components are driven off and only silica remains.
PAR  Furthermore, silicone binders having a low portion of inorganic
      constituents may be used, and when such binders are used the fibrous
      insulation not only possesses insulating properties, but also possesses
      ablative properties. When an insulation containing a silicone binder is
      heated to a high enough temperature the silicone binder is pyrolyzed, and
      is transformed into a silica. The transformation requires heat and hence
      some of the heat is dissipated in the conversion. The silicone binder is
      more resilient than ceramic binders, and thus the insulation is somewhat
      tougher with the silicone binder than with a pure silica binder. While the
      silicone binder imparts ablative qualities to the insulation, the
      insulation does not remain highly dependent upon pyrolysis for thermal
      control as do pure ablators. On the contrary, it is dependent primarily on
      the insulative effect created by the network of ceramic fibers. In any
      event, the insulation remains intact after the pyrolysis and thereafter
      functions as an insulation with a pure silica binder.
PAR  Thus, the binder need not be inorganic silica from the very outset, for it
      may be a substance which may decompose to silica under elevated
      temperatures or hydrolysis such as silicone or ethyl silicate.
      Nevertheless, the volatiles, including water, and/or organic compounds,
      should not exceed 75% of the total weight of the binder.
PAR  To manufacture the fibrous insulation, the ceramic fibers, the filler
      material, and the binder, are all mixed together, and the mixture is
      subjected to high shear mixing to form a uniformly dispersed slurry. The
      slurry comprises from about 2.1% to about 7.5% by weight ceramic fibers,
      from about 0% to about 5.4% by weight filler, from about 18% to about 22%
      by weight binder and from about 60% to about 80% by weight water. The high
      shear mixing may be effected in a high speed blender or a propeller mixer,
      and results in complete dispersion of the fibers, filler and binder.
PAR  In addition to the foregoing ingredients, a substance capable of
      precipitating the binder onto the fibers and filler should be added to the
      slurry and thoroughly dispersed therein. Actually, the substance
      agglomerates the binder at the junctures or junction points of the fillers
      and fibers when activated. The substance should remain stable and
      ineffective at room temperatures, but when elevated to between
      160.degree.F. and 205.degree.F. it should release an agent capable of
      raising the pH of the slurry to at least 6.5 so as to cause the binder to
      precipitate onto the fibers and filler particles. Hexamethylenetetramine
      (CH.sub.2).sub.6 N.sub.4, which is often called HMT, is a suitable
      substance for precipitating the binder, since HMT releases ammonia when
      heated, and the ammonia will raise the pH of the slurry. This causes
      gellation of the binder at fiber and filler contacts that is at the
      junction points of the network.
PAR  Aside from the HMT, it is also desirable to add a wetting agent to the
      slurry to prevent the ceramic fibers from settling and to prevent the
      filler from floating during subsequent felting. The wetting agent should
      be volatile at between 800.degree.F. and 1200.degree.F. so that it can be
      driven from the other materials when heated. Hydroxypropyl cellulose which
      is sold under the trademark KLUCEL by Hercules, Inc. is a suitable wetting
      agent.
PAR  In any event, while the slurry is mixed with the HMT and the wetting agent,
      it should have a pH of less than 5.0 and a temperature of about 72.degree.
      to 76.degree.F.
PAR  Once the slurry is thoroughly dispersed it is felted to remove excess
      binder and to form a semi-rigid block. The felt product which remains has
      a density greater than the final product, that is the insulation, but is
      considerably less dense than the slurry. It is further soft and flexible,
      but possesses enough body to remain free standing when removed from the
      felting mold.
PAR  Vacuum felting constitutes one felting procedure suitable for use in the
      process, particularly where the final insulation is to be in block form.
      In vacuum felting, the slurry is contained initially in a retaining column
      2 which is located directly above a support column 3 which in turn is
      located above a manifold 4 having an apertured upper surface or platen 6.
      The columns 2 and 3 move vertically from separated positions to stacked
      positions, and in the latter position the support column 3 rests on the
      manifold platen 6 while the retaining column 2 rests on the support column
      3.
PAR  The manifold 4 is connected to a sealed sump 8 through a drain line 10, and
      the drain line 10 has a throttling valve 11 therein to control the vacuum
      in the manifold 4. The upper end of the sump 8 has a connecting line 12
      passing through a cold trap leading to a vacuum pump 13. The vacuum pump
      13 is attached to line 12 to induce a vacuum within the sump 8 and the
      manifold 4 when energized. In addition, there is provided a felting mold
      14 having imperforate sidewalls 16 and a wire or fibrous glass mesh 18
      across its bottom, and this mold is sized to fit entirely within the
      support column 3 with its mesh against the apertured platen 6 of the
      manifold 4. The mesh 18 should have from about 6 to about 20 openings per
      lineal inch.
PAR  In use, the retaining column 2 is initially in its upper position, that is
      the position in which it is separated from support column 3. The mold 14,
      on the other hand, is placed within the support column 3 which in turn is
      placed on the platen 6 of the manifold 4 directly beneath the retaining
      column 2. Once the column 3 is aligned with the column 2, the latter is
      lowered andd indeed forced against the upper edge of the support column 3
      to form a fluid-tight seal therewith, and this in turn forces the support
      column 3 tightly against the platen 6 of the manifold 4 to form another
      fluid-tight seal at that juncture. Next, enough slurry is introduced into
      the retaining column 2 to fill the mold 14 and a vacuum is produced in the
      sump 8 and manifold 4. The vacuum is controlled at the throttle valve 11
      and should be such that approximately a 10 psi pressure differential
      exists across the slurry in the mold 14. This pressure differential forces
      excess binder into the manifold 4 and thence into the sump 8 where it is
      collected. The soft felt remains in the mold 14.
PAR  Where the fibrous insulation is to have a cylindrical or conical shape or
      some other shape of circular cross-section, circumferential felting is
      more suited for forming such shapes than is vacuum felting. In
      circumferential felting the slurry is introduced into the interior of a
      hollow spindle 20 having apertures 22 opening outwardly from the hollow
      interior thereof. Surrounding the spindle 20 is a mold 24 which includes a
      screen 26 in the shape the insulation is to assume. The mold 24 also
      includes a pair of end plates 28 and 30 which close the ends thereof, that
      is the annular areas between the ends of the screen 26 and the spindle 20.
      Where conical shapes are desired, the spindle 20 should be tapered to
      conform generally to the shape of the screen 26. The spindle 20 and mold
      24 are rotated in unison and at the same velocity, and the rotation causes
      the slurry to flow outwardly through the apertures 22 in the spindle under
      the influence of centrifugal force. The angular velocity of the mold
      should be such that about a 10 psi pressure differential is created across
      its screen 26. The major portion of the slurry collects on the interior
      surface of the screen 26, while the excess binder flows through the screen
      26. The end results is a soft felt of annular cross-section.
PAR  After the soft felt is formed, it is released from its mold 14 or 24,
      whatever the case may be, and placed in a plastic bag which is then
      sealed. The felt and bag in which it is contained are next placed in a
      conventional oven where the felt is heated to between about 160.degree.F.
      and about 205.degree.F. and preferably to about 200.degree.F. Within that
      temperature range, which is below the boiling point of water, the
      hexamethylenetetramine (HMT) volatilizes and furthermore decomposes. One
      of the products resulting from the decomposition is ammonia. This ammonia
      raises the pH of the water solution within the felt and causes the binder
      to precipitate or agglomerate on the ceramic fibers and the fillers. While
      some of the water evaporates during this heating, the plastic bag prevents
      excessive evaporation so that most of the water remains in the felt. At
      this juncture the felt is completely free of the organic HMT.
PAR  Other substances such as ammonium hydroxide NH.sub.4 (OH) may be used in
      lieu of HMT to precipitate the binder. Precipitation may also be effected
      by bubbling ammonia gas through the soft felt.
PAR  Once the binder has been precipitated, the soft felt is placed in a
      microwave oven, the frequency of which is compatible with water (about 2.0
      .times. 10.sup.9 hertz) so that water within the felt is instantly
      vaporized. Moreover, the microwave oven heats all the water within the
      felt uniformly and therefore the water at the center of the felt
      evaporates along with the water at the exterior surfaces. This prevents
      any significant displacement or migration of the binder during the heating
      so that when the felt has dried the density of the binder will be about
      the same in the center as it is at the exposed surfaces. This should be
      contrasted to cures in conventional ovens which provide a heated
      atmosphere. In these ovens the heating occurs from the exposed surfaces
      inwardly and due to the insulative qualities of the felt, a substantial
      temperature gradient exists in the felt for much of the oven cure. This in
      turn causes the water to move outwardly so that the evaporation takes
      place generally along the exposed surface of the felt only. As a result
      the binder migrates outwardly with the water leaving the felt with a crust
      of binder along its exterior surface and inadequate binder at its center.
      This unequal distribution of the binder adversely affects the structural
      qualities of the insulation. Thus, the main advantage of the microwave
      oven cure is that it prevents binder migration.
PAR  The oven cure drives most of the water from the felt, leaving a fibrous
      block or annulus. The block or annulus is then fired at between about
      2300.degree.F. and about 3200.degree.F. for about 1 to about 3 hours to
      increase its strength. If the binder at the outset of the process contains
      some organic components, the oven cure pyrolyzes the organic components,
      leaving pure silica at the bonds. Thus, when hydrolyzed ethyl silicate is
      used as the binder in lieu of colloidal silica, it is converted into
      silica during the firing. Where the insulation is to be subjected to
      sustained heating at high temperatures, such as in a furnace, the firing
      may be omitted, for it will take place once the insulation has been
      installed. In other words, the fibrous material may be fired in situ.
PAR  However, where a silicone binder is used to provide the insulation with
      ablative properties as well as insulative properties, the firing should be
      omitted altogether to avoid pyrolyzing the binder prematurely.
PAR  Finally, the block or annulus of insulation is machined to the desired
      shape and size. Such machining may involve sawing, grinding, and sanding,
      but grinding is preferred since the cutting tools used in most other forms
      of machining dull rapidly. The block can be machined using diamond air
      tools without any additional cooling fluid, and the tool life is quite
      long.
PAR  The fibrous insulative materials are very uniform both in density and
      strength from felt to felt and within each felt. The density is lower than
      that of typical commercial block insulation. The material will have
      uniform strength when trimmed due to the absence of soft centers that are
      associated with most commercial block insulation. This additional strength
      over commercial block insulations provides greater flexability in
      handling, cutting to size and designing larger pieces.
PAR  The fibrous insulative material of this invention is capable of
      withstanding extremely high temperatures without degradation or shrinkage.
      For example, where mullite is the fibrous material, the insulation can
      withstand temperatures of up to about 2500.degree.F. without affecting its
      physical properties. Where zirconia forms the fibrous material, it can
      withstand 3200.degree.F. The density of the material is quite low ranging
      between about 10 and about 38 lbs./ft..sup.3. Notwithstanding its fibrous
      nature and low density, the material is relatively strong, having a
      compressive strength between 50 and 300 psi. Moreover, the insulation is
      unaffected by water and most vibrations.
PAR  The insulation is ideally suited for furnace lining since it can withstand
      thermal shock, that is rapid variations in temperature, without
      degradation. Conventional ceramic liners tend to crack and spall when
      subjected to rapid fluctuations in temperature. Moreover, because of its
      low density and low thermal conductivity the insulation does not absorb
      large quantities of heat. Thus, when the insulation is used in furnace
      construction heat lost through furnace walls and the heat-up and cool-down
      rates for such furnaces are greatly reduced. These properties result in
      savings in fuel costs.
PAR  Aside from the foregoing, the insulation when bonded to metal supporting
      structures does not develop excessive strain at the bondline, even when
      subjected to extremely high temperatures at its opposite surface. The
      fibrous network prevents such strains from developing. This characteristic
      coupled with the extremely low density and relatively high compressive
      strength makes the insulation ideally suited for use in the re-entry heat
      shields of spacecraft.
PAC  EXAMPLE NO. 1
PAR  The following batch ingredients were mixed in a high shear mixer to form a
      typical slurry:
     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Mullite fiber                                            

     60 gm.           Eccospheres-SI                                           

                        (95% by weight                                         

                        silica product                                         

                        manufactured by                                        

                        Emerson-Cummings,                                      

                        Inc.)                                                  

     2000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel                                                   

                        (Hydroxypropyl cellulose                               

                        manufactured by                                        

                        Hercules, Inc.                                         

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  Sixteen batches of the foregoing formulation were made and the slurry was
      then poured into a mold and felted to a thickness of 4.5 .+-. 1/2 inches
      and was vacuum felted at a pressure differential of 10 psi for 45 seconds.
      The base of the mold was wire or mesh having 12 openings per lineal inch.
      This produced a soft, wet felt having a density of 27 .+-. 2
      lbs./ft..sup.3.
PAR  The felt was removed from the mold and placed in a plastic bag wherein it
      was heated to 200.degree.F. Thereafter, the felt was placed in a microwave
      oven where for 30 minutes it was subjected to microwave energy having a
      frequency 2.0 .times. 10.sup.9 hertz. Then the block of material was fired
      at 2300.degree.F. for 60 to 180 minutes. The firing time varies
      proportionately with the size of the block.
PAR  The insulation formed had a coefficient of thermal conductivity of
      ##EQU1##
      and could withstand temperatures  up to 2500.degree.F. for 10 hours
      without extensive deterioration or loss of rigidity. It could further
      withstand thermal cycling and rapid changes in temperature without
      significant shrinkage, cracking, or spalling. Its final density was 15.0
      .+-. 1 lbs./ft..sup.3 and its compressive strength was 225 psi.
PAC  EXAMPLE NO. 2
PAR  In the following batch of ingredients aluminosilicate is the ceramic fiber
      utilized in the formulation.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Aluminosilicate Fibers                                   

     60 gm.           Eccospheres-SI (95% by weight                            

                        silica product                                         

                        manufactured by                                        

                        Emerson-Cummings,                                      

                        Inc.)                                                  

     2000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel (Hydroxypropyl cellulose                          

                        manufactured by Hercules,                              

                        Inc.)                                                  

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  The process used in Example No. 1 was followed except that the mesh base of
      the felting mold had 6 to 15 openings per lineal inch. After the block was
      formed it was fired at 2300.degree.F. for 60 minutes to produce an
      insulative material that could withstand temperatures up to 2200.degree.F.
      for 10 hours without extensive deterioration or loss of rigidity. Its
      final density was 15 lbs./ft..sup.3 and its compressive strength was 200
      psi.
PAC  EXAMPLE NO. 3
PAR  In the following batch of ingredients zirconia is the ceramic fiber
      utilized in the formulation.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Zirconia Fibers                                          

     0 gm.            Eccospheres-SI (95% by weight                            

                        silica product                                         

                        manufactured by                                        

                        Emerson-Cummings,                                      

                        Inc.)                                                  

     2000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel (Hydroxypropyl cellulose                          

                        manufactured by Hercules,                              

                        Inc.)                                                  

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  The process used in Example No. 1 was followed except that the mesh base of
      the felting mold had 20 openings per lineal inch. After the block was
      formed it was fired at 3200.degree.F. for 60 minutes to produce an
      insulative material that could withstand temperatures up to 3100.degree.F.
      for 10 hours without extensive deterioration or loss of rigidity. Its
      final density was 38 lbs./ft..sup.3 and its compressive strength was 75
      psi.
PAC  EXAMPLE NO. 4
PAR  In the following batch of ingredients silica is the ceramic fiber utilized
      in the formulation.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Silica Fibers                                            

     60 gm.           Eccospheres-SI (95% by weight                            

                        silica product                                         

                        manufactured by                                        

                        Emerson-Cummings,                                      

                        Inc.)                                                  

     4000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel (Hydroxypropyl cellulose                          

                        manufactured by Hercules,                              

                        Inc.)                                                  

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  The process used in Example No. 1 was followed except that the mesh base of
      the felting mold had 6 openings per lineal inch. After the block was
      formed it was fired at 2300.degree.F. for 60 minutes to produce an
      insulative material that could withstand temperatures up to 2000.degree.F.
      for 20 hours without extensive deterioration or loss of rigidity. Its
      final density was 15 lbs./ft..sup.3 and its compressive strength was 200
      psi.
PAC  EXAMPLE NO. 5
PAR  In the following batch of ingredients aluminosilicatechromia is the ceramic
      fiber utilized in the formulation.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Aluminosilicate-chromia Fibers                           

     60 gm.           Eccospheres-SI (95% by weight                            

                        silica product                                         

                        manufactured by                                        

                        Emerson-Cummings,                                      

                        Inc.)                                                  

     2000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel (Hydroxypropyl cellulose                          

                        manufactured by Hercules,                              

                        Inc.)                                                  

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  The process used in Example No. 1 was followed except that the mesh base of
      the felting mold had 20 openings per lineal inch. After the block was
      formed it was fired at 2300.degree.F. for 60 minutes to produce an
      insulative material that could withstand temperatures up to 2100.degree.F.
      for 10 hours without extensive deterioration or loss of rigidity. Its
      final density was 15 lbs./ft..sup.3 and its compressive strength was 200
      psi.
PAC  EXAMPLE NO. 6
PAR  In the following batch of ingredients mullite is the ceramic fiber utilized
      in the formulation.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     120 gm.          Mullite Fibers                                           

     60 gm.           Aluminosilicate Spheres                                  

                      (Mullite composition)                                    

     2000 ml.         Colloidal Silica Binder                                  

     1 gm.            Klucel (Hydroxypropyl cellulose                          

                        manufactured by Hercules,                              

                        Inc.)                                                  

     8.75 gm.         Hexamethylenetetramine                                   

     ______________________________________                                    

PAR  The process used in Example No. 1 was followed except that the mesh base of
      the felting mold had 10 openings per lineal inch. After the block was
      formed it was fired at 2300.degree.F. for 60 minutes to produce an
      insulative material that could withstand temperatures up to 2250.degree.F.
      for 10 hours without extensive deterioration or loss of rigidity. Its
      final density was 17 lbs./ft..sup.3 and its compressive strength was 140
      psi.
PAC  EXAMPLE NO. 7
PAR  The following batch ingredients were mixed in a high shear mixer to form a
      slurry without the presence of a filler material.
TBL  ______________________________________                                    

     Amounts          Ingredients                                              

     ______________________________________                                    

     2400 gm.         Mullite Fiber                                            

     40  l.           Colloidal Silica Binder                                  

     ______________________________________                                    

PAR  The slurry was poured into a mold and felted to a thickness of 4.0 inches
      and was vacuum felted at a pressure differential of 10 psi for 45 seconds.
      The base of the mold was wire or mesh having 10 openings per lineal inch.
      This produced a soft, wet, felt having a density of about 31
      lbs./ft.sup.3.
PAR  The felt was removed from the mold and placed in a plastic bag wherein it
      was heated to 190.degree.F. Thereafter, the felt was placed in a microwave
      oven for 30 minutes subject to mircowave energy having a frequency of 2.0
      .times. 10.sup.9 hertz. The block of material was fired at 2300.degree.F.
      for 60 minutes.
PAR  The insulation so formed had a coefficient of thermal conductivity of
      ##EQU2##
      and could withstand temperatures up to 2300.degree.F. for 25 hours without
      extensive deterioration or loss of rigidity. This composition had less
      shrinkage than the insulation material utilizing filler materials. It also
      didn't crack or spall. Its final density was 16 lbs./ft..sup.3 and its
      compressive strength was 190 psi.
PAR  This invention is intended to cover all changes and modifications of the
      examples of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for making a fibrous insulation, said process comprising
      forming a slurry containing by weight about 2.1% to about 7.5% ceramic
      fibers, about 18% to about 22% colloidal silica binder which is capable of
      forming a ceramic when fired, not more than about 5.4% ceramic filler, and
      about 60% to about 80% water; felting the slurry to form a soft felt in
      which the fibers cross at junction points; precipitating the binder onto
      the fibers and filler by mixing into the slurry hexamethylenetetramine
      which generates ammonia at between about 160.degree.F. and 205.degree.F.
      and heating the soft felt to between about 160.degree.F. and 205.degree.F.
      for about 60 to about 120 minutes to generate the ammonia so as to elevate
      the pH of the liquid within the felt to at least about 6.5 and thereby
      cause the binder to concentrate and gel at the junction points, said
      heating to between 160.degree.F. and 205.degree.F. being in an enclosure
      to prevent excessive evaporation of liquid from the soft felt; thereafter
      subjecting the soft felt to microwave energy to dry the felt; and firing
      the felt to increase its strength.
NUM  2.
PAR  2. A process for making a light weight fibrous insulation having a density
      between approximately 10 lbs./ft..sup.3 and 38 lbs./ft..sup.3, said
      process comprising: forming a slurry containing by weight about 2.1% to
      about 7.5% ceramic fibers, about 18% to about 22% colloidal silica binder
      which is capable of forming a ceramic when fired, no more than about 5.4%
      ceramic filler of a granular nature, and about 60% to about 80% water;
      felting the slurry to form a soft felt in which some fibers cross over
      other fibers to create a network having interstices in which the granules
      of the filler generally locate and wherein the crossing fibers and the
      fillers form junction points; causing the binder to concentrate at the
      junction points and to gel at the junction points by introducing into the
      soft felt enough ammonia gas to elevate the pH of the liquid within the
      felt to at least about 6.5; and subjecting the felt to microwave energy to
      dry the felt such that the drying is substantially uniform throughout so
      as to prevent the binder from migrating to the surface of the felt.
NUM  3.
PAR  3. The process according to claim 2 wherein the slurry further contains a
      wetting agent which prevents the ceramic fibers from settling.
NUM  4.
PAR  4. A process according to claim 2 wherein the fibers are selected from the
      group consisting of mullite, aluminosilicate, zirconia, silica, and
      chromia.
NUM  5.
PAR  5. A process according to claim 2 wherein the dried felt is fired at a
      temperature between about 2300.degree.F. and 3200.degree.F.
NUM  6.
PAR  6. An insulative material comprising: ceramic fibers disposed in a random
      network such that some of the fibers cross over other fibers, creating
      interstices in the network; a granular ceramic filler with the granules
      thereof being in the interstices of the network, whereby the crossing
      fibers and the fillers form junction points in the network; and a binder
      concentrated at the junction points of the fibrous network and holding the
      fibers and the granules of the filler in place, the binder being silica;
      the insulative material having a density between approximately 10
      lbs./ft..sup.3 and 38 lbs./ft..sup.3 with the fibers constituting between
      approximately 20% and 80% of the weight of the material, the binder
      between approximately 10% and 40%, and the granular filler not more than
      approximately 50%.
NUM  7.
PAR  7. An insulative material according to claim 6 wherein the ceramic fibers
      are selected from the group consisting of mullite, aluminosilicate,
      silica, zirconia, and aluminosilicate-chromia.
NUM  8.
PAR  8. An insulative material according to claim 6 wherein the granular filler
      includes hollow spheres of a material selected from the group consisting
      of silica, aluminosilicate, and zirconia.
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ABST
PAL  The vacuum pressure in the suction box which extends across the
      sheet-forming zone and terminates at the end of the zone is controlled in
      dependence on the pressure of the stock in the inlet duct opposite the
      suction box in order to maintain a constant column of stock liquid in the
      inlet duct at the end of the inlet duct. Various combinations of vacuum
      controlled suction boxes can be used.
BSUM
PAR  This invention relates to a stock inlet for a paper machine.
PAR  Paper machines have been known to include a movable water-permeable
      element, which may be a roll having a cylinder mold or a flat wire, to
      which stock is fed via a feed duct which extends along a sheet-forming
      zone of the element and terminates at the end of the zone. Generally, the
      stock is fed to the inlet duct in a constant quantity per unit of time and
      at least one suction box is disposed in the region of the sheet-forming
      zone on that side of the permeable element which is remote from the inlet
      duct. The suction box is usually connected to a vacuum source in order to
      draw out the water from the stock on the movable element.
PAR  The quality of a paper made on a paper machine depends upon a satisfactory
      supply of the stock at the stock inlet to the permeable element. It is
      therefore important that the feed or inlet duct should always be filled
      with stock, i.e., a suspension of fibers, fillers, etc., in water, as far
      as the end. At the same time, care must be taken to prevent the stock at
      the end of the inlet duct from escaping onto the fleece which has already
      formed on the permeable element, since this would cause damage to the
      fleece. In these circumstances, one of the difficulties experienced is
      that the stock must be supplied in a constant quantity per unit of time in
      the case of a permeable element moving at a constant speed, if a fleece of
      uniform thickness and density is to be formed. The permeability of the
      fleece forming on the element in the sheet-forming zone may vary, however,
      so that the water forming the suspension flows away from the feed duct
      through the element too soon or else, in the case of a lower permeability,
      overflows from the inlet duct to the end.
PAR  Accordingly, it is an object of the invention to provide a stock inlet
      which can be kept full to the end during operation while at the same time
      the stock or water is prevented from escaping onto the fleece already
      formed.
PAR  Briefly, the invention provides a paper machine having a movable
      water-permeable element, a stock supplying feed duct having an outlet
      extending over and terminating at one end of a sheet-forming zone of the
      element, at least one suction box in the sheet-forming zone opposite the
      feed duct and a vacuum source connected to the box to evacuate the box.
      The suction box is also provided with a control means for controlling the
      vacuum and the feed duct is provided with a sensor for measuring the stock
      pressure operative in the sheet-forming zone. The sensor is connected to
      the control device to deliver a measurement signal to the control device
      in response to the stock pressure. In this way, the control device adjusts
      the vacuum in dependence on the measuring signal of the sensor so that the
      end of the column of stock liquid is situated at the end of the feed duct.
PAR  By controlling the vacuum in the suction box, the takeup of stock from the
      inlet duct can be so controlled as to maintain the required condition.
PAR  Preferably, the suction box connected to the control means terminates, as
      considered in the direction of movement of the permeable element, in the
      region of the place where the end of the feed duct is situated. This gives
      an optimum action on the part of the control means, since the end of the
      feed duct which is very important to the control process can be influenced
      and at the same time the flow of secondary air from the permeable element
      zone situated after the feed duct is obviated.
PAR  In another embodiment, a second suction box is disposed, as considered in
      the direction of movement of the permeable element, in front of and/or
      after the suction box provided with the control means for the vacuum, and
      is connected to a vacuum source having a constant vacuum value. In this
      way, the stock inlet and the paper machine can be simplified and the cost
      thereof reduced, since the control does not have to influence all of the
      air drawn in through the permeable element, but only a part of the air.
PAR  According to another embodiment of the invention, a plurality of suction
      boxes are disposed serially as considered in the direction of movement of
      the permeable element and are provided with control means for the vacuum.
      At least one pressure sensor is provided on the duct wall in the zone of
      each of the suction boxes for transmitting a signal to the associated
      control means. This gives a very effective control whereby the pressure
      and flow conditions of the stock in that part of the feed duct situated
      above the suction boxes can be influenced.
PAR  According to another embodiment of the invention, a plurality of pressure
      sensors are disposed on the wall of the duct transversely of the direction
      of movement of the permeable element and their signals are fed in
      combination to the control means. With such a construction, it is possible
      to allow for pressure differences which may form in the feed duct in the
      transverse direction of the wire or in the axial direction of a suction
      roll.
PAR  According to another embodiment of the invention, a plurality of suction
      boxes are disposed side-by-side in the transverse direction of the
      permeable element and are connected to separate control means for the
      vacuum, a pressure sensor which influences the control device being
      associated with each such suction box. In this way, it is possible for
      optimum consideration to be given to different influences in the
      transverse direction of the permeable element.
PAR  The permeable element may, for example, be a suction couch roll around
      which is secured a cylinder mold or the permeable element may be a flat
      wire.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 diagramatically illustrates a first embodiment of the invention with
      a diagrammatic section of a feed duct and suction roll and a partial
      section of the suction boxes according to the invention;
PAR  FIG. 2 illustrates a view of a further embodiment utilizing a plurality of
      suction boxes with a controlled vacuum;
PAR  FIG. 3 diagrammatically illustrates another embodiment of the stock inlet
      looking from the left in FIG. 1 to a somewhat smaller scale;
PAR  FIG. 4 illustrates another embodiment of the invention in a similar view to
      FIG. 3; and
PAR  FIG. 5 illustrates another embodiment of the invention utilizing a flat
      wire as the permeable element.
DETD
PAR  Referring to FIG. 1, as is known, the stock inlet of a paper machine
      compreses an inlet or feed duct 1 and a water-permeable element in the
      form of a suction couch roll 2, around which is secured a cylinder mold. A
      felt web 3 is guided over the roller 2 and is pressed against the roller 2
      by a couch roll 4 in order to take off the paper fleece formed on the roll
      2. The stock is feed to the duct 1 by a means such as a pump 5 from a tank
      (not shown); the pump 5 being driven by a controllable electric motor 6.
      The motor 6 is controlled by a controller 7 in dependence on a stock
      sensor 8 so that the stock is fed at a constant quantity per unit of time.
      The duct 1 extends over part of the mold on the roll 2 to form a
      sheet-forming zone Z on the roll 2.
PAR  Inside the shell of the suction roll 2 are suction boxes 10, 11, 12, which
      may be constructed in known manner. The outer suction boxes 10 and 12 are
      connected via conduits 13 and 14 to a vacuum source (not shown) having a
      constant vacuum. The middle suction box 11 is connected via a conduit 15
      containing a water separator 16 to a conduit 17 which leads to a vacuum
      source (not shown) and contains a control means such as a valve 18. This
      valve 18 is influenced via a control line 20 by a controller 21 which
      receives a signal from a pressure sensor 23 via a signal line 22. The
      pressure sensor signal is compared in the controller 21 with an adjustable
      set-value 24.
PAR  The pressure sensor 23 is disposed on a wall 25 of the feed duct 1 and
      measures the pressure of the stock suspension in the duct 1 in the region
      of the suction box 11 and hence in the sheet-forming zone Z. As will be
      apparant from FIG. 1, the suction box 11, as considered in the direction
      of movement of the suction roll 2, terminates in a wall 26 at the place
      where the end 27 of the duct 1 is situated.
PAR  In operation, the pressure sensor 23 delivers a signal indicative of the
      stock pressure adjacent the suction box 11 in the sheet-forming zone Z to
      the controller 21. After comparison with the set-value, a difference
      signal or the like corresponding to a deviation from the set-value is
      delivered to the valve 18 to open or close the same in order to vary the
      vacuum pressure in the suction box 11. As a result, more or less water is
      drawn through the box 11 so that the column of stock in the duct 1 is
      maintained constant.
PAR  Referring to FIG. 2, instead of having one controlled suction box, a
      plurality of suction boxes 11a, 11b and 11c can be disposed serially
      inside the suction roll 2. Each box 11a, 11b, 11c is connected via suction
      conduits 15a, 15b, 15c containing pressure adjusting means 18a, 18b, 18c,
      to a common vacuum source or to separate vacuum sources. Also, pressure
      adjusting means 18a, 18b, and 18c are connected to controllers 21a, 21b,
      21c via control lines 20a, 20b, 20c. The controllers 21a, 21b, 21c also
      receive signals from pressure sensors 23a, 23b, 23c via signal lines 22a,
      22b, 22c. The pressure sensors 23a, 23b, 23c are each situated in the wall
      25 of the duct 1 at places in the region of their associated suction box
      11a, 11b,  11c, respectively.
PAR  Referring to FIG. 3, pressure sensors 23d, 23e, 23f can also be provided
      which feed their signals via signal lines 22d, 22e, 22f to a computing
      element 30 from which a signal dependent upon the three measuring signals
      is fed to the controller 21 via the signal line 22. In this case, the
      pressure sensors are distributed in the duct wall 25 transversely of the
      direction of movement of the suction roll 2. Their measuring signals are
      combined in the computer means 30. The controller 21 acts on a vacuum
      adjusting means which influences the vacuum in a suction box (not shown)
      which may, for example, correspond to the suction box 11 shown in FIG. 1
      and extends through the entire suction roll.
PAR  Referring to FIG. 4, which is shown in the same way as FIG. 3, the suction
      roll 2 contains two suction boxes 11g and 11h, which correspond
      substantially to a suction box 11 provided with a partition 40 in the
      middle. The two suction boxes 11g and 11h are connected to vacuum sources
      (not shown) via suction conduits 15g and 15h containing adjusting means
      18g and 18h. The two suction boxes 11g and 11h are associated with
      pressure sensors 23g and 23h, each connected to a controller 21g and 21h
      via signal lines 22g and 22h. As in the previously described exemplified
      embodiments, the controllers 21g and 21h are used to influence the vacuum
      in the suction boxes 11g and 11h and hence to control the stock liquid
      pressure operative in the relevant section of the inlet duct 1.
PAR  It will be evident that the exemplified embodiments shown in the individual
      Figures may also be suitably combined with one another. Although the
      permeable element described and illustrated in every case is a suction
      roll 2 with a cylinder mold, the element can be in the form of a flat
      wire, which may extend horizontally or at an angle. For example, as shown
      in FIG. 5, wherein like reference characters have been used to indicate
      like parts as above, the water permeable element in the form of a flat
      wire 26 which is passed over a roller 28 before moving across the suction
      boxes 10, 11, 12.
PAR  Although a valve 18 is used in FIG. 1 to control the vacuum in the suction
      box 11, the vacuum can be controlled in any known manner, for example by
      secondary air supply, vacuum pump speed control, and so on.
PAR  The sensor shown in the examples for measuring the pressure operative in
      the duct is a pressure sensor disposed in the wall. In principle, however,
      the pressure may be measured indirectly, e.g., a force dependent upon the
      pressure being measured. Further, the pressure measurement need not be
      carried out at a place situated opposite the associated suction box. In
      principle, measurement at some other place in the feed duct 1 is possible,
      although it is necessary to take into account the static and dynamic
      pressure difference between the place at which the measurement is carried
      out and the end of the feed duct, for example by appropriate adjustment of
      the set-value 24.
PAR  With regard to the computer means 30 of the device shown in FIG. 3, the
      same may be a simple summation means which forms a sum of the three
      measuring signals supplied, a means for forming an arithmetic or a
      geometric mean, or means for forming a value dependent upon the three
      measuring signals, in which the influence of the individual measuring
      signals on the output signal may be in accordance with any desired
      function.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a paper machine, the combination of
PA1  a movable water-permeable element;
PA1  a feed duct for supplying stock onto said element, said duct having an
      outlet extending over a sheet-forming zone of said element and terminating
      at one end of said zone;
PA1  means for feeding stock to said feed duct at a constant quantity per unit
      of time;
PA1  at least one suction box disposed in the region of said zone on a side
      opposite said feed duct;
PA1  a vacuum source connected to said suction box to evacuate said box;
PA1  a control means for controlling the vacuum in said suction box; and
PA1  a sensor in said feed duct for measuring the stock pressure in said zone,
      said sensor being connected to said control means to deliver a signal
      thereto indicative of the stock pressure, wherein said control means
      controls the vacuum in said vacuum box in response to deviations of said
      signal from a set value to maintain a constant column of stock at said
      outlet of said feed duct.
NUM  2.
PAR  2. In a paper machine as set forth in claim 1 wherein said suction box
      terminates at said one end of said sheet-forming zone.
NUM  3.
PAR  3. In a paper machine as set forth in claim 1 which further includes a
      second suction box downstream of the first suction box, and means
      connected to said second suction box to maintain a constant vacuum
      therein.
NUM  4.
PAR  4. In a paper machine as set forth in claim 1 including a plurality of said
      suction boxes, said boxes being disposed in series, and a plurality of
      said sensors and control devices, each respective sensor and control
      device being connected with a respective suction box.
NUM  5.
PAR  5. In a paper machine as set forth in claim 1 including a plurality of said
      sensors disposed transversely of said feed duct relative to the flow of
      stock, said sensors each being connected to said control device to deliver
      respective signals thereto.
NUM  6.
PAR  6. In a paper machine as set forth in claim 1 including a plurality of
      suction boxes disposed side-by-side transversely across said feed duct,
      and a plurality of said sensors and control devices, each respective
      sensor and control device being connected with a respective suction box.
NUM  7.
PAR  7. In a paper machine as set forth in claim 1 wherein said element is a
      suction couch roll having a cylinder mold secured thereto.
NUM  8.
PAR  8. In a paper machine as set forth in claim 1 wherein said element is a
      flat wire.
PATN
WKU  039350622
SRC  5
APN  3539989
APT  1
ART  221
APD  19730424
TTL  Nuclear power plant with a safety enclosure
ISD  19760127
NCL  10
ECL  1
EXP  Feinberg; Samuel
NDR  5
NFG  6
INVT
NAM  Keller; Wolfgang
CTY  Erlangen
CNT  DT
INVT
NAM  Kruger; Joachim
CTY  Forchheim
CNT  DT
INVT
NAM  Ropers; Johann
CTY  Erlangen, Dechsendorf
CNT  DT
INVT
NAM  Schabert; Hans-Peter
CTY  Erlangen
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720426
APN  2220491
CLAS
OCL  176 30
XCL  176 30
EDF  2
ICL  G21C 1920
FSC  176
FSS  30-32
FSC  214
FSS  18 N
UREF
PNO  3190805
ISD  19630600
NAM  Straub et al.
OCL  176 30
UREF
PNO  3513070
ISD  19700500
NAM  Margen et al.
OCL  176 31
UREF
PNO  3637096
ISD  19721200
NAM  Crate
OCL  176 30
UREF
PNO  3765549
ISD  19731000
NAM  Jones
OCL  176 30
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  A nuclear power plant has a safety enclosure for a nuclear reactor. A fuel
      element storage basin is also located in this safety enclosure and a fuel
      element lock extends through the enclosure, with a cross-sectional size
      proportioned for the endwise passage of fuel elements, the lock including
      internal and external valves so that a fuel element may be locked endwise
      safely through the lock. The lock, including its valves, being of small
      size, does not materially affect the pressure resistance of the safety
      enclosure, and it is more easily operated than a lock large enough to pass
      people and fuel element transport vessels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a nuclear power plant having a safety enclosure
      which encloses the nuclear reactor. A high pressure is potentially
      possible on the inside of the enclosure and must be contained against
      escape to the outside. The fuel element storage basin is also located on
      the inside of the safety enclosure beside the reactor so that the
      reactor's fuel elements can be changed expeditiously.
PAR  More particularly, the invention is concerned with a light-water reactor,
      particularly a pressurized-water reactor, having a pressure containment
      system requiring the safety enclosure. To change fuel elements, a space
      above the reactor and the fuel element storage basin is flooded with
      water. The fuel elements are transported to and from the storage basin
      while immersed under water in fuel element transport vessels, so that the
      after-decay heat is removed and shielding is provided. People must pass
      into and from the safety enclosure with the large and heavy transport
      vessels, the safety enclosure having an adequately large lock for this
      purpose. Remote-controlled equipment inside of the safety enclosure is
      provided for moving the fuel elements between the reactor and storage
      basin, but special crane equipment is required to handle the transport
      vessels. The lock, proportioned to pass the people and transport vessels,
      involves operational difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is to avoid the need for people
      and the fuel element transport vessels to be on the inside of the safety
      enclosure while fuel elements are being transferred between these vessels
      and the fuel element storage basin inside of the safety enclosure.
PAR  According to the invention, the safety enclosure is provided with a fuel
      element lock, separate from the large lock, having a cross-sectional size
      dimensioned to permit the endwise or lengthwise passage of a fuel element.
      This lock has inside and outside valves which when open permit the element
      to pass, the space between these valves being long enough to accommodate a
      fuel element when located endwise within the lock. The inside end of the
      lock is in the water in the fuel element storage basin and means are
      provided for transferring elements between the inner end of the lock and
      the fuel element storage basin, with the elements inserted and removed
      endwise through the lock's inner end. On the outside of the safety
      enclosure means are provided for handling the fuel elements between that
      end of the lock and fuel element transport vessels while the elements are
      constantly immersed in water. The lock valves and these means can be of
      the remote-controlled type.
PAR  The fuel elements can be exchanged between the reactor and the fuel element
      storage basin inside of the safety enclosure in the usual manner by
      remote-controlled equipment. This does not require passage through the
      safety enclosure. With this invention it is also unnecessary to pass
      through the safety enclosure to exchange fuel elements between the fuel
      element storage basin and the fuel element transport vessels or to pass
      these vessels through the safety enclosure. Furthermore, the fuel elements
      may be thus exchanged even during the operation of the reactor when the
      safety enclosure is closed pressure-tight.
PAR  The safety enclosure is made of steel and is in the form of a large sphere
      protected externally by a thick-walled shell. The fuel element lock may
      comprise a metal tube having a diameter which is not substantially larger
      than is needed to pass the fuel elements endwise through it, this tube
      passing through the steel safety enclosure and being connected to it in a
      fluid-tight manner. This may be by welding the tube directly to the safety
      enclosure or via an adequately strong metallic bellows or the like in case
      the latter is indicated to compensate for movement of the tube relative to
      fixed parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the present invention are illustrated by the
      accompanying drawings in which the various figures are as follows:
PAR  FIG. 1 is a vertical section taken through the side of a nuclear reactor
      safety enclosure and showing elements of the invention;
PAR  FIG. 2 is a horizontal section of the parts shown by FIG. 1;
PAR  FIG. 3 is like FIG. 1 but shows a modification;
PAR  FIG. 4 is again a vertical section of a small portion of the safety
      enclosure and illustrating parts of the invention;
PAR  FIG. 5 is a vertical section taken through one of the fuel element
      transport vessels; and
PAR  FIG. 6 is a horizontal cross section showing a form somewhat like that
      illustrated in FIG. 2 but showing a further modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The form of the invention shown by FIGS. 1 and 2 involves a horizontally
      positioned fuel element lock tube arrangement.
PAR  In detail, the safety enclosure of a pressurized-water power reactor for,
      say 1,000 MWe, is shown at 1, it comprising a large steel sphere which
      encloses the reactor pressure vessel and the essential elements of the
      primary cooling circuit (not shown). The safety enclosure is shown with
      the large lock 2 designed for the largest elements that would ordinarily
      have to be transported to within the safety enclosure. In the absence of
      the present invention the fuel element transport vessels accompanied by
      people would have to pass through this lock. This requirement is an
      indication of the necessary size of this lock, making its pressure
      resistant doors very large and requiring locking mechanisms which can be
      manipulated only with difficulty. When this lock 2 is used, the reactor
      cannot be in operation.
PAR  The steel safety enclosure 1 is itself enclosed by a mechanically strong
      outer enclosure 3. Inside of the safety enclosure 1 a space 4 is provided
      above the reactor pressure vessel and which is flooded with water during
      fuel element changing, and beside this space there is located a fuel
      element storage basin 5 formed by walls 6 and containing a storage rack 7
      for the nuclear fuel elements which are located below the normal water
      level 8. For an actually constructed reactor, for example, 121 or 157 fuel
      elements are used, each usually being of square cross section and having
      dimensions of, for example, 220 .times. 220 mm. and a length of between 3
      and 4 m, which corresponds to the height of the reactor core. At least
      half of these fuel elements can be accommodated in the fuel element
      storage basin 5. By remote-controlled equipment (not shown) the elements
      can be exchanged between the reactor and the basin via a gate 4a when the
      water level 8 is correspondingly maintained in the space 4.
PAR  The minimum liquid level 9 of the water in the basin 5 is shown by a
      dash-dotted line, this designating the level of the quantity of water
      which must be present in the fuel element storage basin as a minimum so
      that even in an emergency, sufficient cooling of the stored fuel elements
      is assured. It is to be understood that circulating water is involved so
      that the water can be an effective cooling medium. However, during normal
      operation, and particularly for the exchanging of fuel elements between
      the storage basin and the reactor, the high water level 8 is used.
PAR  Between these two liquid levels 8 and 9 and at a level a little above that
      of elements stored in the basin 5, the horizontal fuel element, lock tube
      10 is provided which is connected with the safety enclosure at 11 in a
      pressure-tight manner. The lock chamber 12 inside of the tube 10 can be
      closed at both ends by two gate valves 13 and 14 which may be of the
      remote-controlled type, by which is meant any of the prior art
      arrangements for effecting operation from outside of the safety enclosure.
      Of these, the inner gate valve 13 is fluid-tightly connected with the
      adjacent wall of the fuel element storage basin 5; the outer gate valve is
      fluid-tightly connected to the part of the lock tube 10 which is adjacent
      to the safety enclosure to which the outer end of the lock tube is
      connected at 11 in a pressure-tight manner.
PAR  To transport the fuel elements (not shown), they are raised out of the rack
      7 of the storage basin 5 by means of a tilting device 15, to which they
      may be moved by the usual handling equipment (not shown). Through a cable
      18 operated by a remote-controlled positioning drive 19, the elements are
      turned from their vertical position to a horizontal position and in this
      position they are brought into the lock tube 10, the valve 13 being
      opened. A carriage 20 is used for this purpose which after passing through
      the lock can be brought back into the vertical position in a second
      tilting device 22 on the outside of the safety enclosure 1.
PAR  This tilting device 22 is part of a loading station 24 which is located in
      an outer building 23 as part of the outer enclosure 3 which surrounds the
      safety enclosure 1. This loading station 24 is designed so that it can be
      flooded with water for loading and unloading fuel elements into or from
      the storage basin 5 via the fuel element lock tube 10. This station has a
      loading opening 26 in its bottom 27, and to the lower end of this opening
      26 the top of a fuel element transport vessel 28 can be connected to a
      liner 29 lining the opening 26. This can be done fluid-tightly so that the
      space 30 formed by the outer building 23 does not have to be flooded with
      water when the loading station 24 above it is flooded. With the tilting
      device 22 constructed to pivot at a point spaced between its opposite
      ends, it is possible to reduce the vertical clearance required when it
      tilts to turn a fuel element between vertical and horizontal positions.
PAR  The tilting device 22 must be registered with the outer end of the fuel
      element lock 10, but the opening 26 can be offset because a traveling
      crane 31, running on a trackway extending tangentially with respect to the
      safety enclosure 1, may be used for loading and unloading of the transport
      vessel 28. The latter stands on a dolly 32 which can move on tracks 33
      which, as shown in FIG. 2, lead from the loading station 24 to a steel
      scaffolding 36 through a pressure-resistant door 35, which may be part of
      a pneumatic lock. At this scaffolding 36 a lifting device in the form of a
      traveling crane 34 is provided to handle reactor parts and the like for
      passage through the large lock tube when required. By means of this crane
      34 a transport vessel 28 can be removed from the dolly 32 and, for
      example, placed on a railroad train running to the nuclear power plant on
      tracks 33.
PAR  In connection with the foregoing, it is to be understood that the normal
      equipment (not shown) provided in the safety enclosure 1 for handling the
      fuel elements for other purposes, may be used to convey the fuel elements
      to the tilting device 15 over which the carriage 20 can be run to receive
      the element when the devicce 15 is in its vertical position, the carriage
      and device then being pulled to the horizontal position and pushed into
      chamber 12 within the lock tube 10. The reverse action is involved when a
      fuel element is to be passed from the outside of the safety enclosure to
      the storage basin 5.
PAR  In FIG. 3 a vertical fuel element lock arrangement is shown. In this figure
      the fuel element storage basin 5 is shown with the fuel element rack 7. In
      this case the fuel element lock tube 10a is at a lower level within the
      basin 5 and extends vertically. During transfer of the fuel elements, a
      fuel element is moved by the usual equipment (not shown) to a position
      where it is gripped by its upper portion by means of a gripper 42 which is
      arranged in an enclosing housing 43 having a top opening closed by a
      sliding valve 44. The gripper is raised or lowered by a winch 45. The fuel
      elements can be inserted through this valve 44, when opened, by the usual
      loading machine (not shown) which normally takes care of transporting the
      fuel elements between the storage basin 5 and the reactor pressure vessel
      located below the space 4. After the sliding valve 44 is closed, the
      housing is made to be pressure-tight up to a pressure which is at least as
      high as that demanded of the safety enclosure 1.
PAR  A fuel element 47 is shown as being inserted into the lock tube 10a. In
      this case the lock tube 10a is provided with a remote-controlled valve 48,
      which may be operated by a motor M, for example, and is connected to the
      safety enclosure 1 in a fluid-tight manner, either by being welded
      directly to the enclosure or by means of a metallic bellows arrangement
      permitting relative movement between the lock tube 10 and the enclosure 1.
      The tube 10a has a corresponding valve 52 at its lower or outer end and a
      bellows 54 releasably connects this lower outer end with the top opening
      of a fuel element transport vessel 28. With the valve 44 closed, and the
      valves 48 and 54 opened, the fuel element may be moved vertically into and
      from the vessel 28. All of these parts are flooded with water as required
      for the reasons previously described. The valve 48 may be regarded as a
      safety measure which is closed to prevent the discharge of the water in
      the fuel element storage basin in the event the lock tube 10a fails so as
      to otherwise permit such discharge. The portion of the tube 10a  above the
      valve 48 may be considered as essentially comprising the fuel element lock
      tube, the portion below it being to confine the fuel element within water
      as it travels between the valve 48 and the transport vessel 28. The latter
      is mounted on a dolly 53 which can be rolled along the tracks 33
      previously described.
PAR  As shown in FIG. 3, the space 30, previously described, is unflooded.
      Within this space a cable winch 55 suspends a lid 56 for the transport
      vessel 28 and which is lowered to close the latter after the dolly 53 has
      traveled just a short distance from under the tube 10a. The transport
      vessel 28 may be pivotally carried by the dolly 53 so that after the lid
      56 is applied and fixed in position by suitable means, described
      hereinafter, and the dolly run to its outermost position, the transport
      vessel may be swung from the vertical to the horizontal position as
      indicated at 58 in dash-dotted lines.
PAR  FIG. 4 shows somewhat the same arrangement as is shown by FIG. 3, the fuel
      element lock tube 10b being vertical, but in this case a loading machine
      60 is used which transports the fuel elements from the rack 7 (not shown
      in this figure), into the area of the lock tube 10b. This loading machine
      60 comprises a cable winch 61 with a gripper 62 in a housing 63, which
      latter can be pivoted as at 63a so that the gripper 62 can grip a fuel
      element. The pivotal arrangement permits slight vertical motion of the
      housing 63 so that it can be raised by a lifting arrangement 65 slightly
      to clear the upper end 69 of the lock tube 10b. When the housing 63 is
      swung vertically, while containing a fuel element picked up by the gripper
      62, it may be lowered slightly to form a fluid-tight and pressure-tight
      seal at 67 with the upper end 69 of the lock tube 10b. The gate valves 48a
      and 52a correspond with the valves 48 and 52 of the FIG. 3 example.
PAR  FIG. 5 shows the transport vessel 28 previously referred to. Its interior
      70 is formed by walls 71 which provide the necessary radiation protection.
      In the upper end 73 which is open to pass the fuel elements, there is an
      enlargement or countersink providing a peripheral ledge on which the lid
      74, previously referred to, may seat, this providing complete radiation
      proof protection. This ledge is positioned so that the top of the lid 74
      is substantially flush with the upper end 73, and the lid 74 is therefore
      held firmly down by the application of a closure 76 which through sealing
      rings 75 provides for water tightness. The sealing rings 75, or equivalent
      sealing arrangement, seal water-tightly with the liner 29 shown in FIG. 1
      or the lower ends of the lock tubes 10a and 10b shown in FIGS. 3 and 4
      respectively. With the closure of plate 76 in place and clamped by
      suitable means (not shown), the fuel element is safely enclosed. This
      permits the vessel 28 to be turned horizontally as shown in FIG. 3. When
      transferred to another vehicle, such as a railroad vehicle, the vessel may
      be transported horizontally.
PAR  FIG. 6 shows a form wherein the loading station 24 corresponds generally
      with that shown by FIG. 2. Thus, the loading station is shown as being
      located in the space 80 formed between the safety enclosure 1 and the
      shell structure 81 which surrounds the safety enclosure 1 eccentrically
      and in spaced relationship. This part 81 generally corresponds to the part
      23 in FIG. 1 and encloses a storage rack 83 for new fuel elements, and all
      other components of the reactor installation that might conceivably be
      radiation carriers, such as for instance, cooling water processing
      equipment. A corresponding rack is shown at 83a in FIG. 2 where it is
      serviced by the traveling crane 31 which, of course, includes a winch, a
      cable, and suitable means for engaging the fuel elements.
PAR  Radially extending tracks 85 are shown adjacent to the shell structure 81
      passing through a pneumatic lock 86 having interspaced doors 87 and 88,
      these tracks forming a transport path to and from the station 24 which may
      be substantially the same as the loading station 24 in FIG. 1. This
      pneumatic lock 86 is equipped with a hoisting facility 90, indicated by
      broken lines, for transferring the fuel element transport vessels from a
      transport vehicle associated with the loading station 24, which may be
      like the dolly 53 shown by FIG. 3, outwardly to a railroad car or motor
      truck. This transport vehicle can have a suitable device (not shown) for
      lifting the transport vessels tightly against and sealing with the liner
      26 shown in FIG. 1. Any suitable means may be used for fluid-tight sealing
      at this point.
PAR  The lock 86 may be combined with an auxiliary reactor building 92 adjacent
      to the shell structure 81. In the case of a twin configuration of two
      reactor systems, this building 92 may be designed as a connection between
      loading stations which are associated with the respective systems. In such
      an instance the lock 86 may be equipped with a turntable 93, indicated by
      dashed lines, which leads to the door 88, this door 88 in such an instance
      then being arranged in the side wall separating the pneumatic lock 86 from
      the building 92, the opposite end of which would then connect with the
      fuel element loading and unloading station of the other reactor system.
      Such an arrangement is not illustrated by the drawings.
PAR  To emphasize the small size of the fuel element lock, for the usual fuel
      elements it may have a cross-sectional size of only from 0.05 to 0.3
      m.sup.2 .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear power plant comprising a pressure containment shell having a
      personnel lock extending therethrough, means inside of said shell forming
      a water-floodable reactor fuel-element changing space and a
      water-floodable fuel-element storage basin connecting with said space, a
      fuel-element storage rack in said basin, a fuel-element transport vessel
      on the outside of said shell; a fuel-element lock extending through said
      shell and transversely dimensioned for the endwise passage of fuel
      elements therethrough, said fuel-element lock having an inner end in said
      basin and an outer end on the outside of said shell, means in said basin
      for transferring fuel-elements between said inner end and said rack, and
      means on the outside of said shell for transferring fuel-elements under
      water between said outer end and said vessel.
NUM  2.
PAR  2. The plant of claim 1 in which said fuel-element lock has a
      cross-sectional size not more than about 0.3m.sup.2.
NUM  3.
PAR  3. The plant of claim 1 having an outer enclosure surrounding said shell
      and internally forming a substantially enclosed space outside of the
      shell, said vessel being removably positioned in said space and said outer
      enclosure having a passage for said vessel between the space and the
      outside of the outer enclosure.
NUM  4.
PAR  4. The plant of claim 3 in which the fuel-element lock's said outer end is
      positioned at a height above said space between said shell and said outer
      enclosure and said vessel, and a water-floodable loading station is
      positioned between said outer end and said vessel and has an opening to
      which said transport vessel is releasably connectable for the passage of
      fuel elements between said station and vessel, and said station being
      inside of said outer enclosure and outside of said shell.
NUM  5.
PAR  5. The plant of claim 1 in which said containment shell is a steel sphere
      and said fuel-element lock comprises a steel tube welded to said sphere
      and having pressure-resistant gate valves at said inner and outer ends of
      the fuel-element lock.
NUM  6.
PAR  6. The plant of claim 5 in which said fuel element lock has a
      cross-sectional size not more than about 0.3m.sup.2.
NUM  7.
PAR  7. The plant of claim 5 having an outer enclosure surrounding said shell
      and forming en enclosed space between the enclosure and the outside of
      said shell, said vessel being movably positioned in said space and said
      outer enclosure having a passage for movement of said vessel between the
      enclosed space and the outside of the outer enclosure.
NUM  8.
PAR  8. The plant of claim 5 in which the fuel-element lock's said outer end is
      positioned for direct connection with said vessel.
NUM  9.
PAR  9. The plant of claim 1 in which said fuel-element changing space extends
      to a height substantially above the top of said fuel-element storage rack
      and said fuel-element storage basin extends to substantially said height
      and a fuel-element gate interconnects said space and basin above said
      rack, said basin being water-floodable to a normal level covering said
      rack and to said height for transferring fuel-elements between said space
      and basin through said gate, the fuel-element lock's said inner end in
      said basin being at a height at least slightly above said normal level and
      substantially below said height.
NUM  10.
PAR  10. The plant of claim 9 in which said shell is a steel sphere and said
      fuel-element lock comprises a substantially horizontal steel tube welded
      to said sphere and having pressure-resistant gate valves at the said inner
      and outer ends of the fuel-element lock, and a mechanically strong
      protective enclosure surrounds said sphere and forms a water-floodable
      station at said outer end and having a bottom in which a fuel-element
      loading opening is formed, said outer enclosure forming a space below said
      station and in which said transport vessel is movably positioned, said
      vessel being releasably connectable with said opening and said outer
      enclosure having a passage to its outside, for said transport vessel.
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ABST
PAL  A heat removal system for nuclear reactors serving as a supplement to an
      Emergency Core Cooling System (ECCS) during a Loss of Coolant Accident
      (LOCA) comprises a plurality of heat pipes having one end in heat transfer
      relationship with either the reactor pressure vessel, the core support
      grid structure or other in-core components and the opposite end located in
      heat transfer relationship with a heat exchanger having heat transfer
      fluid therein. The heat exchanger is located external to the pressure
      vessel whereby excessive core heat is transferred from the above reactor
      components and dissipated within the heat exchanger fluid.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under,
      employment with the U.S. Atomic Energy Commission.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a nuclear reactor heat removal system and more
      particularly to a back up heat removal system to supplement an
      emergency-core-cooling-system (ECCS) during a loss-of-collant-accident
      (LOCA).
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The cooling system for a power reactor should ensure to the utmost extent
      possible adequate heat removal from the reactor core following an accident
      or the occurrence of abnormal conditions in the reactor. Thus, an
      emergency-core-cooling-system or ECCS must be provided supplementing the
      primary heat-transport-system (hereinafter referred to as HTS) to remove
      decay heat once the reactor is shutdown. Generally, it is recognized that
      an ECCS and the HTS together ensure that there will probably be sufficient
      capacity to remove sufficient decay heat to protect a reactor from fuel
      element meltdowns. This capability must exist for a broad spectrum of
      possible accident conditions from equipment failures to loss of electrical
      power to a complete loss-of-coolant-accident or LOCA. The problem remains
      particularly troublesome in the continued operation of Pressurized Water
      Reactors (PWR), Boiling Water Reactors (BWR) and the future development of
      Liquid Metal Fast Breeder Reactors (LMFBR).
PAR  For example, a LOCA in a nuclear reactor occurs when primary coolant
      escapes from the reactor coolant system as a result of rupture of a vessel
      or pipe in that system. Designs of ECCS have comprised a safety injection
      system wherein emergency coolant from reactor plant storage facilities was
      pumped to the reactor core in the event of a LOCA. U.S. Pat. application
      No. 147,941(70) filed on May 5, 1971, by Harry G. Johnson and Roland N.
      Macken is typical of this approach. This system necessitated the
      availability of large supplies of stored water and pumping means to
      deliver the emergency coolant to the reactor core. In addition, emergency
      coolant impinging on the reactor vessel tends to produce more thermal
      shock than a higher temperature coolant. Also, liquid emergency cooling
      with water tends to lag because cooling of the core cannot be initiated
      until "blowdown" is complete. Cooling of core hot spots may also be
      hindered by steam blockage of reactor coolant channels and a stagnant
      vapor blanket on hot surfaces, both of which occur as the coolant pressure
      drops and the coolant is vaporized by the hot fuel elements. Additional
      problems arise because of fission products contamination of the coolant
      introduced in the core and the inherent danger of leakage if fuel meltdown
      occurs.
PAR  Another ECCS is the flooding of the core by steam supplied from the
      secondary side of the steam turbines of a nuclear power plant. Although
      thermal shock problems are alleviated, it is readily apparent the steam
      flooding system has a limited duration in emergency cooling of water
      cooled reactors.
PAR  It has also been recognized that a fuel element meltdown was a possibility
      to be recognized in reactor design and particularly in fast reactors. U.S.
      Pat. application Ser. No. 133,654(70) filed on June 16, 1971 by George
      Jensen Jr. now U.S. Pat. No. 3,731,283 recognizes this need and provides a
      method for reducing the downward movement of fuel and fission products
      following a core meltdown in a fast reactor.
PAR  In regard to LMFBR's, it has been predicted a gross core meltdown would
      have temperatures exceeding 3000.degree.C which is far above the
      temperature metallic containment means can withstand. It has also been
      estimated temperatures for thermal PWR would exceed 2500.degree.F. In
      response to this problem of removing decay heat, molten core stopping
      devices have been designed such as shown in U.S. Pat. No. 3,607,630 issued
      to A. F. John M. West et al. on Sept. 21, 1971.
PAR  Thus, it became apparent an emergency-heat-removal system may be needed in
      addition to an ECCS to remove decay heat and yet have a sufficient margin
      of safety to prevent fuel element melting and pressure vessel damage as
      well as overcome the dangerous possibility of having a gross core
      meltdown. This need has also been highlighted by environmental
      considerations in achieving a safe and functional nuclear reactor.
PAR  Not only must this backup protection exist, it must be provided by as
      simple and reliable system as possible in order that its own effectiveness
      by undiminished by functional unreliability. Furthermore, it would be
      compatible with future reactor designs and potentially adaptable to
      existing PWR and BWR facilities.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a primary object of this invention to provide an emergency
      heat removal system (EHRS) during LOCA for use on nuclear reactors.
PAR  It is also an object of this invention to provide a means of preventing
      pressure vessel hotspots during a LOCA in a nuclear reactor.
PAR  Another object of this invention is to prevent a gross core meltdown during
      a LOCA in a nuclear reactor.
PAR  Another object of this invention is to prevent fuel and fission product
      contamination released during a LOCA in a nuclear reactor.
PAR  Another object of this invention is to provide a simple, functional
      operable, emergency heat removal system (EHRS) during a LOCA in a nuclear
      reactor.
PAR  Another object of this invention is to provide an EHRS which inherently
      functions without external activation when the core reaches a
      predetermined temperature during a LOCA.
PAR  Another object of this invention is to provide an EHRS to distribute heat
      which is potentially adaptable to existing PWR's and BWR's.
PAR  Another object of the present invention is to provide an EHRS which
      relieves hotspot temperature peaking.
PAR  Another object of this invention is to control the rate of the heat removal
      from the pressure vessel in order to reduce thermal shock.
PAR  Another object of this invention is to provide a backup pressure vessel
      cooling system to protect vessel integrity during a gross core meltdown.
PAR  The inventive EHRS during a LOCA comprises a plurality of heat pipes having
      one end in heat transfer relationship with either the reactor pressure
      vessel, core support grid structure, or other in-core components and the
      opposite end in heat transfer relationship with a heat exchanger external
      to the pressure vessel wherein excessive heat generated in the reactor is
      transferred from the reactor via the heat pipes to the heat exchanger. The
      term heat exchanger includes a pit below the reactor which can be water
      filled during a LOCA, a trench capable of being water filled external to
      the reactor container building to reduce pressure within the building, or
      other conventional apparatus commonly used to dissipate heat.
PAR  One embodiment of the heat pipes uses an inherently self regulating heat
      pipe which uses a working fluid which increases in heat removal capacity
      as temperature increases. A second embodiment is to select the working
      fluid of the heat pipes to become operable above normal reactor operating
      temperatures with the heat exchanger end of the heat pipes exposed to a
      poor heat transfer medium such as stagnant air. At a predetermined
      temperature above normal operating temperatures, heat exchanger fluid is
      introduced around the end of the heat pipes in heat transfer relationship
      with the heat exchanger so as to provide a substantial heat sink. Either
      embodiment in combination with gradual controlled flooding around the heat
      pipes within the heat exchanger provide a wide range of heat removal.
PAR  For particular nomenclature associated with heat pipes and capabilities
      thereof, reference is made to Scientific American, "The Heat Pipe" by C.
      Yale Eastman, May 1968; U.S. Pat. No. 3,618,660 issued to Claus Busse on
      June, 1944, and U.S. Pat. No. 3,229,759 issued to G. M. Grover on Jan. 18,
      1966.
PAR  The use of heat pipes to remove heat from a reactor vessel during normal
      operation has been illustrated in U.S. Pat. No. 3,378,449 issued to J. J.
      Roberts et al. on Apr. 16, 1968; U.S. Pat. No. 3,403,075 issued to P.
      Fiebelmann on Sept. 24, 1968; U.S. Pat. No. 3,509,386  issued to A. W.
      Byrd on Apr. 28, 1970; and U.S. Pat. No. 3,688,070 issued to P. Fiebelmann
      on June 6, 1972. The design of the EHRS contemplates that sufficient heat
      removal capacity is available to adequately cool the pressure vessel in
      the event a localized fuel meltdown within the core and to prevent any
      breech of the pressure vessel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of a nuclear reactor
      incorporating the features of the present invention.
PAR  FIG. 2 is a horizontal cross-sectional view of the reactor along line 2--2
      of FIG. 1.
PAR  FIG. 3 is a schematic diagram illustrating a nuclear reactor incorporating
      features of the present invention having the controlled flooding heat
      reservoir.
PAR  FIG. 4a and 4b are representative schematic diagrams of the temperature
      profile through a reactor pressure vessel for a reactor with and without
      out-core heat pipes respectively during normal operation.
PAR  FIG. 5a and 5b are representative schematic diagrams of the temperature
      profile through a reactor pressure vessel for a reactor with and without
      out-core heat pipes respectively during a severe LOCA.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention can best be understood by reference to the drawings where a
      PWR is shown, although it is apparent a BWR or LMFBR could also have been
      illustrated to show features of the invention. Referring to FIG. 1-3, a
      PWR having a pressure vessel 20, comprising a vessel shell 22, a closure
      head 24, inlet and outlet coolant passages 26 and 28, and core 40
      supported with a core support structure 42. The core support structure 42
      comprises an upper baffle assembly 60, an inner support barrel 62, and
      allower baffle assembly 64. Thermal shield 43 is placed between the core
      40 and support structure 42.
PAR  The core 40 having fissionable fuel comprises a plurality of fuel elements
      44 having vertical coolant and control rod channels 46 and 48 respectively
      extending therethrough. The coolant enters an inlet 26, as indicated by
      the directional arrows in FIG. 1, passes by an upper baffle assembly 60
      into plenum 66 and along the inner support barrel 62 into a common plenum
      68, passes through baffle plates 70 and 72 of thermal shield 43 and barrel
      62 respectively having openings 74 and 76 respectively, enters the coolant
      passage 78 at the bottom of fuel elements 44 along assembly 64 and passes
      therethrough by passages 90 of assembly 62, enters a common plenum 92
      within assembly 60 and exits at outlet 28. The vessel head 24 is attached
      to the vessel shell 22 by large bolts 94 extending through flange 96 in
      the head 24 and flange 98 in the vessel shell 22. The closure head 24 has
      a plurality of openings 110 therethrough for the control rods 112 which
      are attached to control rod drive mechanisms 114. The pressure vessel 20
      is supported within a frustra-conical concrete structure 116 having
      extending steel ledges 118 wherein the vessel 20 is supported by structure
      ledges 118.
PAR  Incumbent with this PWR is a water flooding Emergency Core Coolant System
      (ECCS) comprising a tank of water 126 connected to inlet passage 26 via
      piping 128 as shown in FIG. 3. Similarly, other ECCS systems as described
      in the aforementioned prior art could readily be used as well as the
      described water flooding system.
PAR  It should be emphasized the present invention is a supplemental system to
      the emergency core cooling system of a nuclear reactor. This assumes the
      reactor can be shutdown by scramming the rods or poisoning the core during
      an emergency situation such as a blocked coolant flow passage, or positive
      reactivity transit which initiates a scram situation wherein the specific
      problem the invention is directed to with is decay heat removal.
PAR  The inventive backup EHRS comprises in-core or out-core heat pipes 140 or
      142 respectively, singularly or in the combination, as illustrated in FIG.
      1, in heat transfer relationship with the fuel elements 44 or vessel shell
      22. The in-core heat pipes 140 extend through reentrant openings 144
      through the vessel shell to a heat exchanger 146. Similarly, out-core heat
      pipes extend along side of vessel shell 22 to heat exchanger 146.
PAR  The heat exchanger 146, as shown in FIG. 3, comprises a fluid reservoir 148
      formed at the base of structure 116 beneath the pressure vessel and a
      source of fluid. The source of fluid comprises tanks 148, which may be at
      different levels, which are connected to reservoir 148 via piping 151 and
      valve 153. The in-core heat pipes 140 are located within control rod
      coolant channel 48 whereas the out-core heat pipes 142 are located around
      the pressure shell 22 by suitable mounting means. The reservoir end of the
      heat pipes 140 and 142 are disposed along the reservoir floor in a manner
      to maximize heat transfer area. In the first embodiment, the operability
      of the heat pipes becomes inherently self-regulating in that no external
      mechanism need to be activated in initiate decay heat removal. For
      example, both in-core and out-core heat pipes 140 and 142 can be designed
      to have the heat removal capability increasing as the temperature
      increases. U.S. Pat. application Ser. No. 287,211(70) filed by Gregoire et
      al. on Sept. 7, 1972 now U.S. Pat. No. 3,854,524 describes such a heat
      pipe system for use in nuclear reactors. The heat pipe can be constructed
      of the same materials as the reactor core and compatible with the coolant.
      Specific materials for the tubing will include aluminum, stainless steel,
      zirconium, metal alloys and reactor hardware metals. Materials selected
      will have a low neutron cross section so as to not unduly preturb the
      neutron flux in the core. Working fluids within the heat pipe includes
      H.sub.2 O, D.sub.2 O, liquid metals selected from the group consisting of
      sodium, lithium, mercury, and diphenyl organics. H.sub.2 O is the
      preferred working fluid in water cooled reactors and lithium is the
      preferred working fluid in liquid metal cooled reactors.
PAR  The various chemical properties of representative working fluids are
      illustrated in TABLE I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     HEAT PIPE WORKING FLUIDS                                                  

                                                      Diphenyl                 

     Working Fluids                                                            

                   H.sub.2 O                                                   

                            D.sub.2 O                                          

                                   Hg    Na      Li   (C.sub.6 H.sub.5)        

     __________________________________________________________________________

                                                      2                        

     Molecular Weight                                                          

                   18       20     200.6 23       7   154.2                    

     Boiling Point of (.degree.F)                                              

                        212        675   1621    2403 490                      

     Melting Point of (.degree.F)                                              

                         32        -40   208     367  158                      

     Maximum Operating                                                         

     Temperature (.degree.F)                                                   

                         600       1200  1500    --   700                      

                                   100-                                        

     Operating Pressure, psig                                                  

                        2000       200   0-100   0-100                         

                                                      250                      

     Heat Transfer Coef                                                        

     (20 fps) BTU/(hr)                                                         

     (ft.sup.2) (.degree.F)                                                    

                        8000       --    25,000  25,000                        

                                                      2000                     

     Specific Heat                                                             

     BTU/(ft.sup.3) (.degree.F)                                                

                         60        25.7  18.7    38    25                      

     Latent Heat of Fusion                                                     

     BTU/lb             --         5     49      284  177.8                    

                        728                                                    

     Latent Heat of     to                                                     

     Vaporization BTU/lb                                                       

                        998        125   1810    8420 136.5                    

     Thermal Absorption                                                        

     Cross Section a at                                                        

     600.degree. F 0.11     85 .times. 10.sup.-.sup.6                          

                                   9.6   0.0064  0.001                         

                                                      0.009                    

     Slowing Down Power                                                        

                   1.5      0.18   0.003 0.005   0.01 1.0                      

     Corrosion-Resistant                                                       

                   300 Series, Zr, Hf                                          

                                   Fe, 300                                     

                                         300 series,                           

                                                 Same Many                     

     Structural Material                                                       

                   Ti, Stellites   Series                                      

                                         Ni alloys,                            

                                                 as                            

                                         W, Mo, low-c                          

                                                 Na                            

                                         steel                                 

     __________________________________________________________________________

PAR  For comparative purposes, to show the variance in heat removal capability
      between the heat pipe working fluids and air, TABLE II presents data on
      air at various temperatures.
TBL                TABLE II                                                    

     ______________________________________                                    

     PHYSICAL PROPERTIES OF AIR                                                

     Temperature                                                               

                Thermal Conductivity                                           

                                  Specific Heat                                

     .degree.R  BTU/ (ft) (hr) (.degree.F)                                     

                                  BTU/ (lb) (.degree.F)                        

     ______________________________________                                    

     180        0.00535           0.246                                        

     360        0.01044           0.241                                        

     540        0.01518           0.240                                        

     720        0.01943           0.242                                        

     900        0.02340           0.246                                        

     1080       0.02700           0.251                                        

     1260       0.03030           0.257                                        

     ______________________________________                                    

PAR  In general, working fluids will be selected to be compatible with coolants
      and fuel cladding used in the reactors. For example, lithium would not be
      utilized in a PWR or BWR due to the inherent chemical incompatibility of
      water and lithium which would create safety problems. Similarly water
      would not be selected for use in a sodium cooled liquid metal fast breeder
      reactor. The general guidelines for coolant selection besides the
      parameters suggested in the basic Grover heat pipe patent include
      stability under radiation, low pressure in a high temperature environment
      and adequate heat of vaporization.
PAR  The fluid reservoir 146 used as a heatsink for the heat pipes 140, would
      have a fluid selected to compatible with the working fluid within the heat
      pipes so as to reduce safety problems as well as have a high heat of
      vaporization. The reservoir fluid would be selected from water, organics,
      ammonia, or other fluids meeting the above criteria. The reservoir may be
      empty or have a small amount of fluid during normal reactor operation
      whereas, the valves would be actuated within fractions of a second during
      temperature, excursions experienced during a LOCA. As illustrated in FIG.
      3, the vaporized fluid could be directed pass the outside surface of the
      pressure vessel to provide more uniform cooling. If other conventional
      heat exchanger apparatus as a closed circuit system is used, instead of a
      reservoir, then water would be used in the secondary shell. The heat pipes
      would then become the primary reentrant tubes.
PAR  Besides the safety feature of inherent activation of the working fluid, the
      subject invention can also remove heat from the core without exposing
      additional fluid to possible radioactive contamination.
PAR  The suitable mounting means of the out-core heat pipes 142, as shown in
      FIG. 1 and 2, comprises fitting the pipes 142 within thermal conducting
      blocks 152 which are attached to the outside of the reactor pressure
      vessel. To preserve the integrity of the pressure vessel 20 during a LOCA
      or gross core meltdown large numbers of heat pipes are positioned at the
      lower portion of the pressure vessel. The blocks 152 have heat pipes 142
      located therein which extend to the heat exchanger fluid reservoir 146.
      This embodiment would be particularly adaptable for use in existing
      commercial power plants where large areas and spacing around the existing
      pressure vessel shell could be utilized.
PAR  The blocks 152 could be constructed from metals compatible to the pressure
      vessel such as steel plate, molybdenum, aluminum, copper, beryllium or
      alloys thereof in combination. It is desired that the blocks 152 have a
      slightly less coefficient of thermal expansion so that during heat buildup
      good thermal contact is maintained at the block-vessel interface. Spring
      loaded steel bands or cables 154 as shown in FIG. 1 attach the blocks to
      the vessel. Lugs (not shown) on the external surface of the pressure
      vessel shell 22 may be readily added to existing PWR's and BWR's and are
      used to tighten the blocks so as to maintain thermal contact with the
      pressure vessel. The blocks are designed to have sufficient area adjacent
      the vessel to remove decay heat from the vessel and not limit the removal
      capacity of the heat pipes located therein.
PAR  The function of the out-core heat pipes 142 can best be illustrated by
      referring to parameters associated with PWR's and BWR's. Referring to FIG.
      4a and 4b, the out-core heat pipes provide a significantly greater heat
      sink on the outside of the pressure vessel of thickness W than the
      stagnant air which surrounds the outer surface of the vessel. When the
      temperature of the inside of the pressure vessel is about 600.degree.F,
      the outside of the pressure vessel would be between
      150.degree.-250.degree.F during normal reactor operation.
PAR  Assuming a double end rupture of a primary cooling pipe, the reactor would
      be scramed with control rods going into the reactor core within fractions
      of a second to reduce the power level. A large portion of the water in the
      reactor core vessel would immediately flash to steam with the reduction in
      pressure. In seconds much of the water would be forced out of the primary
      coolant rupture and the core would start to increase in temperature. The
      ECCS would immediately be placed in operation with the core coolant spray
      in an attempt to reduce the steam formation in the core and begin to cool
      the core.
PAR  Assuming a severe LOCA where the core is rapidly depressurized within a few
      micro-seconds, the vaporization of the reactor coolant will completely
      void the core causing a core meltdown. Thus a molten mass of core material
      assumed to be a temperature of 3000.degree.F would be located at the lower
      portion of the core. As shown in FIG. 5a and 5b, the addition of heat
      pipes on the outer portion of the core can significantly reduce the
      scarring and penetration of molten mass into the pressure vessel. The
      flooding of the reservoir and resulting vaporization of the reservoir
      flood greatly increases the heat removal capability of the outside of the
      pressure vessel. Accordingly, only a portion of the pressure vessel wall
      may be scarred or melted as representatively shown by area A-B-C in FIG.
      5b. In this manner the integrity of the pressure vessel is maintained so
      that radioactive debris and fission products are contained within the
      vessel.
PAR  In a similar situation a LOCA may result in slow depressurization and
      partial voiding of the core. As the rods have been driven in to reduce the
      degree of heat generated, the heat pipes located on the side of the vessel
      can remove decay heat at a rate sufficient to maintain liquid coolant
      around the lower portion of the core. This prevents some of the water in
      the pressure vessel from flashing to steam. If one-third of the water in
      the pressure vessel remains, the core will not melt and will be protected
      from complete destruction and resulting release of fission fragments. If
      more water is lost the core will begin melting and the molten parts of the
      fuel elements will drop to the pressure vessel surface and resolidify.
      Thus, the outcore heat pipe system assists in maintaining the integrity of
      the pressure vessel and so to provide a means to contain most of the
      fission products.
PAR  Recognizing that precise physical properties for heat pipe working fluids
      may not be available for all reactor operating temperatures or practical
      due to compatibility problems, the inventive devices are readily adaptable
      to more conventional ECCS fluid flooding approaches by altering the rate
      of fluid flow within the heat exchange reservoir. In this manner heat pipe
      working fluids are selected to function during normal reactor operation
      temperatures, however with little or no fluid within the heat exchange
      reservoir. Without a heat sink, very little heat is lost from the reactor
      core. The tanks 150 above the pressure vessel contains sufficient fluid to
      gradually flood the heat exchange reservoir. Instrumentation means (not
      shown) within the reactor detect temperature excursion due to an emergency
      condition and accordingly activate and control the fluid flow within the
      reservoir. As previously mentioned, upon sensing of excess heat generation
      due to a LOCA or failure of the ECCS, pumps or valves are activated to
      gradually flood by gravity, the heat exchanger reservoir. In this manner,
      the heat removal capability of both in-core and out-core systems can
      readily be controlled by selecting the reservoir fluid having a high heat
      of vaporization and controlling the rate of flooding.
PAR  Assuming a normal operating temperature of 500.degree.F for a PWR or BWR, a
      heat pipe coolant would be selected at a satisfactory pressure which would
      vaporize at 600.degree.F such that the heat pipe would become active when
      the core temperature exceeded the normal temperature. Similarly a liquid
      metal heat pipe coolant could be selected for a liquid metal cooled
      reactor as noted in the Gregoire et al. application.
PAR  The number of heat pipes would be selected to remove the estimated amount
      of decay heat which is generally from about 5 to 12 percent of the
      operating power. Assuming a maximum decay heat buildup of 5 percent of
      1000mw nuclear reactor plant, 50Mw of heat would have to be removed from
      the core to prevent localized melting. As noted in the basic heat pipe
      patents, a heat pipe of five-eights of an inch diameter could remove
      1.0Mw/hr. Thus a total of 50 heat pipes would remove the total amount of
      decay heat generated after shutdown. Typically in-core heat pipes range in
      size from 1/16 inch to 1/4 inch and out-core heat pipes range from 1/2
      inch to 1 inch. The critical flux density is on the order of 320,000 BTU
      per hour per square foot of evaporator surface for water at 212.degree.F
      and 1,600,000 BTU per hr per square foot for lithium at 2,700.degree.F.
      Based on these parameters, it is readily apparent that various numbers and
      numerous heat pipe sizes could provide adequate decay heat removal.
PAR  It also should be apparent that in-core and out-core heat pipe systems
      could be used in various combinations either with inherent self activation
      or continuous operation in conjunction with the fluid control of the
      reservoir. For example, the inventive back up EHRS in FIG. 1 can comprise
      the combination of inherent self activation in-core heat pipes 140 and
      continuous operation out-core heat pipes 142 in conjunction with the fluid
      control of the reservoir.
PAR  Thus has been described an inventive emergency heat removal system which
      accomplishes the aforementioned objects. The scope of invention coverage
      desired by letters and patents is set forth by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for removing decay heat from a nuclear reactor having a
      core, pressure vessel, and cooling system comprising: a heat exchange
      reservoir; a plurality of heat pipes having a working fluid selected from
      the group consisting of water, sodium, lithium, bismuth and mercury, the
      first end of a heat pipe in heat transfer relationship with the nuclear
      reactor and the second end within the reservoir; a fluid storage tank with
      fluid therein; a fluid connecting means between the reservoir and tank
      having a valve; a means to detect core temperatures; and a means to
      activate the connecting means valve upon detecting core temperatures to
      control the fluid flow between the storage tank and heat exchange
      reservoir.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein the first heat pipe end is
      in heat transfer relationship with the fuel elements of the reactor core.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein the first heat pipe end is
      in heat transfer relationship with the pressure vessel of the reactor,
      said first end of said heat pipes embedded in thermal conducting blocks
      affixed adjacent to the pressure vessel.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein a first group of said heat
      pipes have the first heat pipe end in heat transfer relationship with the
      fuel elements of the reactor core, and a second group of said heat pipes
      have the first heat pipe end in heat transfer relationship with the
      pressure vessel of the reactor.
NUM  5.
PAR  5. The apparatus as defined in claim 1 wherein the heat exchanger reservoir
      fluid is selected from the group consisting of light water, heavy water,
      sodium, lithium, diphenyl, and mercury.
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ABST
PAL  A fuel assembly for gas-cooled nuclear reactor: a wrapper tube within which
      are positioned a number of spaced apart beds in a stack, with each bed
      containing spherical coated particles of fuel; each of the beds has a
      perforated top and bottom plate; gaseous coolant passes successively
      through each of the beds; through each of the beds also passes a bypass
      tube; part of the gas travels through the bed and part passes through the
      bypass tube; the gas coolant which passes through both the bed and the
      bypass tube mixes in the space on the outlet side of the bed before
      entering the next bed.
BSUM
PAR  The present invention relates to fuel assemblies for nuclear reactors, and
      more particularly to assemblies for gas-cooled reactors.
PAR  It is known to use spherical particle fuel for this type of reactor. When
      using this type of fuel in gas-cooled fast neutron reactors, the
      particles, which consist of fissile and fertile material, coated with
      protecting layers, are piled up in a cylindrical space formed between two
      perforated tubes so as to form a long annular bed. The coolant gas passes
      through this bed or stack of particles via the perforations of the tubes.
PAR  This type of assembly, described in British Patent No. 1,213,557 for
      instance, has however fundamental disadvantages. As a matter of fact :
PAR  1. The bed of coated particles would be about 100 cm high and only 3 cm
      wide in a typical reactor. It is not certain that the inner and outer
      container tubes and the coated particles would withstand the axial and
      radial forces arising from friction between coated particles when the
      coated particles and the bed container tubes expand and contract during
      large changes in temperature.
PAR  2. The axial component of the bed lateral pressure drop would be opposite
      to the direction of gravitation forces for cores having upward coolant
      flow, causing thus a risk of separating the bed into sections by
      levitation and provoking flow bypass and thermal shock.
PAR  3. The diameter of each core element is fundamentally limited by the
      available pressure drop and it is found that in a typical reactor very
      many elements are needed.
PAR  4. There is no way of controlling the hot-spot temperature independently of
      the assembly temperature rise.
PAR  5. The available pressure drop across the bed varies with height and since
      it is undesirable to provide compensation by varying the effective coated
      particle volume with height, complicated other means are to be provided.
PAR  6. The assembly has axial coolant ducts which can lead to axial neutron
      streaming losses.
PAR  The present invention has for its object to propose a fuel assembly for
      gas-cooled nuclear reactors allowing to avoid the disadvantages of the
      known assemblies.
PAR  A further object of the invention is to provide a fuel assembly which meets
      certain design limitations as regards length, outlet gas temperature,
      maximum pressure drop, maximum hot-spot temperature and which provides
      adequate containment and protection of the coated fuel particles. The fuel
      assembly must also have a geometry which can be fabricated cheaply.
PAR  The assembly according to the invention comprises a wrapper tube or casing,
      inside said wrapper tube, a number of cylindrical beds containing
      spherical coated particle fuel, traversed by a vertical coolant flow and
      comprising tubes constituting by-passes for the coolant, which beds are
      superposed so as to form between them a space constituting a mixing zone
      for the gas coolant.
PAR  The spherical particle beds may all have the same height, or have different
      heights in function of their situation in the assembly, so that they can
      adapt themselves to the available local coolant pressure drop.
PAR  The assembly according to the invention allows to adjust the height of the
      bed to the available local pressure drop, avoids too thick particle stacks
      and thus the problems due to the friction of the particles on irradiation.
      This assembly moreover allows a higher fuel density in the core and a more
      precise control of the fuel temperature.
DRWD
PAR  The invention will be described hereafter in more detail with the help of a
      non-limitative embodiment, under reference to the accompanying drawing,
      which represents a longitudinal schematic section of an assembly according
      to the invention.
DETD
PAR  The assembly comprises a wrapper tube 10 on its whole length, traversed
      from bottom to top, by the gas coolant. Inside the wrapper tube 10, are
      mounted in sequence 30 boxes, each being firmly attached to the wrapper
      tube. These boxes are parallel to each other and are traversed by vertical
      tubes 3. The boxes are of varying depth, the deepest at the bottom of the
      assembly and the shallowest at the top. Each box constitutes a spherical
      particle bed. 10-20 % of the coolant gas passes through each bed and the
      rest bypasses the bed through the tubes 3. The gas exiting out of the bed
      is at a high temperature and so the space 8 between the boxes is used as a
      mixing zone where the bed exit gas mixes with the cooler bypass gas
      producing gas at a mean temperature. This gas then enters the next bed in
      series. Any inadequacy of mixing in space 8 is corrected by further
      temperature mixing in the next bed in series.
PAR  The FIGURE represents two boxes or spherical particle beds 1 and 2. In each
      of the beds, the spherical particle fuel coated with protective layers is
      piled up between a lower perforated metallic plate 4 and an upper
      perforated metallic plate 5. Each box has sidewalls 6 welded or loosely
      attached to the lower perforated plate 4. The upper perforated plate 5 is
      held in axial position between the top of the sidewall and a projection 7
      attached to the wrapper 10 and is therefore free to expand radially as its
      temperature increases. The wrapper 10 is maintained at the temperature
      corresponding to the mean temperature in the mixing space by allowing a
      bypass cooling flow (not illustrated) between the wrapper 10 and the
      sidewall 6. The bypass pipes 3 are loosely located in the upper and lower
      perforated plate by shoulders 9. Besides providing the passage for the
      bypass gas these pipes serve to strengthen the upper plate 5 against
      deformation resulting from the load due to the coolant pressure drop
      across the bed. The upper end of the pipe 3 is given a bend which directs
      the gas in a direction to cause vortex in the mixing space 8. This vortex
      serves to mix the gases issuing out of the bed of coated particles via the
      perforated plate 5 and out of the bypass pipes 3 so that gas at a mixed
      mean temperature is obtained for cooling the coated particles in the next
      box in the sequence. The vortex also serves to compensate for the effects
      of any radial rating gradient which would otherwise tend to make the
      temperatures on one side of the assembly significantly different from
      those on the other side. Besides reducing temperature hot-spots this
      reduces the thermal bowing of the wrapper tube.
PAR  The pressure drop generated within the bypass pipes 3 provides the
      necessary pressure head across the particle bed and the area of the bypass
      pipes 3 is adjusted so that the bed mass flow is correct. In this way it
      is possible to select any desired outlet temperature from the bed
      independently of the assembly overall outlet temperature. So it is
      possible to control the coolant hot-spot temperature independently of the
      assembly mixed mean outlet temperature. This is an important feature of
      the assembly.
PAR  The principal advantages of the fuel assembly according to this invention
      can be summarized as follows:
PAR  1. The coated particle beds are small in height so the problems due to
      ratcheting, jamming, etc... of the coated particles during thermal and
      irradiation induced expansions are likely to be eliminated.
PAR  2. Coolant flow bypasses cannot occur within the bed.
PAR  3. There is potential for a higher fuel volume fraction.
PAR  4. It is possible to control the hot-spot temperature independently of the
      assembly gas outlet temperature. This will lead either to higher gas
      outlet temperatures or to lower hot-spot temperatures at a given gas
      temperature.
PAR  5. There are no large axial coolant ducts that could lead to neutron
      streaming losses.
PAR  6. There is a constant mixed mean gas temperature at the upper perforated
      plate 5.
PAL  This mixing of hot and cold temperatures to produce the mixed mean
      temperature at the upper plate 5 can be done by the mixing of gases in the
      zone 8 as hereabove described or/and by mixing of the gases in the
      particle beds.
PAR  It is evident that the invention is not limited to the details and the
      embodiment described above, and that modifications can be introduced
      without leaving the general principle of the invention, i.e. fractionating
      the fuel into several individual beds, with coolant bypass tubes and
      superposed so as to form between them a mixing zone for the gas coolant.
PAR  Thus for example the coolant bypass tubes are not necessarily vertical
      tubes. Furthermore the gas flow may equally be directed from top to
      bottom, and the perforated upper plate can be constituted of another
      material, such as for instance ceramics.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel assembly for gas-cooled nuclear reactors, comprising:
PA1  a wrapper tube;
PA1  inside said wrapper tube is positioned a number of beds each said bed being
      defined above it and below it by spaced apart plates which permit gas
      coolant to pass therethrough; each said bed containing fuel comprised of
      coated particles; said beds are superposed in a stacked array and so as to
      form between neighboring said beds a space which defines a mixing zone for
      gas coolant; said beds extending across said wrapper tube and each sealing
      said wrapper tube;
PA1  a bypass tube passing by each said bed and communicating between a said
      space that is above that said bed which it passes by and another said
      space that is below that said bed;
PA1  whereby gas coolant flow is divided between a said bed and a said bypass
      tube.
NUM  2.
PAR  2. Assembly according to claim 1, in which said assembly is arranged such
      that the coolant is caused to flow vertically therethrough.
NUM  3.
PAR  3. Assembly according to claim 1, wherein said plates are perforated.
NUM  4.
PAR  4. Assembly according to claim 1, in which each said tube extends from a
      said space beneath a said bed to a said space above that said bed.
NUM  5.
PAR  5. Assembly according to claim 2, in which the upper end of each said
      bypass tube is bent within a said mixing zone to be directed generally
      across said zone.
NUM  6.
PAR  6. Assembly according to claim 1, in which said beds have different
      heights.
NUM  7.
PAR  7. Assembly according to claim 1, in which said beds are oriented parallel
      to each other.
NUM  8.
PAR  8. Assembly according to claim 1, in which the upper end of each said
      bypass tube is bent within a said mixing zone to be directed generally
      across said zone.
NUM  9.
PAR  9. Assembly according to claim 1, wherein said bypass tubes communicating
      into each said space are misaligned, thereby to facilitate thorough mixing
      in that said mixing zone.
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ABST
PAL  Apparatus and process are provided for the conservation of living organs by
      using a cooled perfusing means enriched with a respiratory gas in a
      thermally insulated receptacle with a pumping device driven by a gas and
      which regulates the perfusing medium according the flow-resistance in the
      organ.
PARN
PAR  This is a division of application Ser. No. 285,739 filed Sept. 1, 1972.
BSUM
PAR  The invention concerns a procedure for preservation of living organs by
      using a cooled perfusion enriched with a respiratory gas as well as an
      apparatus for the execution of this procedure.
PAR  The existing apparatus for perfusion and for the conservation of organs are
      mainly used for stationary operating due to their size and large weight
      and because electric energy is needed for running them. Another
      disadvantage is the fact that the rate of flow of the perfusion pump is
      manual and fixed by the circumstance that the living organ is endangered,
      if the pressure of solution in the vessel rises.
PAR  The main problem is that the organs have to be transported, because the
      donor and the receptor of a living organ, e.g., a human kidney, are
      usually in different places. Therefore it is often not possible to use the
      offered organ because without preservation an organ remains vital only for
      a very short time and transport in the existing devices is not possible
      due to the aforementioned reasons.
PAR  The present invention solves the problem and removes this disadvantage of
      the existing devices. The invention makes it possible to produce a
      portable, apparatus for perfusion, independent from electricity and with
      pumping characteristics that save the organ, with all the necessary
      provisions for regulation.
PAR  This invention is characterisized by automatic regulation of the perfusion
      which is adapted to the flow resistance in the organ, using a perfusing
      pump, which is driven by a gas, e.g. by a respiratory gas.
PAR  The operation of the perfusion pump and the cooling of the perfusate are
      achieved by CO.sub.2 -gas resulting from dry ice. The dry ice can even be
      used to run a pumping device to oxygenate the perfusate. The cooling
      temperature of the perfusate is kept constant by changing the position or
      the insulation of the dry ice compartment in relation to the organ and
      pump compartment.
PAR  The operation of the perfusion pump may be changed from the CO.sub.2 -gas
      to a respiratory gas. In this case, the respiratory gas after passing the
      pump is used to oxygenate the perfusuate. The apparatus for the execution
      of this procedure is characterised by a thermally insulated receptacle
      which contains one compartment for the pump, one for the organ and, if
      necessary, one for the dry ice. The pump compartment is provided with an
      inflow and an outflow valve for the perfusate; the gas enters through a
      gas inlet and is vented through a pressure or volume monitored outlet
      valve.
PAR  Further the device is provided with regulators for monitoring the
      physiologic pulse form, the pulse frequency, the rate of flow and the
      maximal pressure of perfusion for a pulsating or non pulsating organ
      perfusion, as well as for operating under hyperbaric conditions in the
      organ compartment.
DRWD
PAR  In the drawings examples for the execution of the invention are
      illustrated.
PAR  FIG. 1 shows a section through a perfusion apparatus with a pressure
      monitored outlet valve for the gas.
PAR  FIG. 2 shows a variation of the perfusion apparatus in FIG. 1.
PAR  FIG. 3 shows a perfusion apparatus driven by dry ice.
PAR  FIG. 4 shows a part of a perfusion apparatus with a magnetic outlet valve.
DETD
PAR  The apparatus for perfusion shown in FIG. 1 consists of a receptacle with
      thermoinsulation 2. It is divided into a pumping compartment 3 and an
      organ compartment 4. In the pump compartment 3 there are the passive
      inflow valve 5 and the passive outflow valve 6 for the perfusate 21, the
      gas inlet 7 and the gas outlet 8 as well as the pressure monitored outlet
      valve 9 for the gas. The latter is composed of a mobile part in the form
      of a prestressed monostabile membrane 10 with an opening 11 for the gas
      and a fixed part 12, the valve fitting. A monostabile membrane is a
      membrane, which after deflecting to one side returns automatically into
      the original position.
PAR  The gas inlet 7 is directed through a tube 13 which carries the fixed part
      12 of the outlet valve 9 for the gas. This tube 13 is inserted with an
      outer thread 13a into an inner thread on the receptacle 1. By turning the
      tube 13 the position of the part 12 and at the same time the stressing of
      the membrane 10 can be changed. Above the gas outlet 8 a surplus-pressure
      valve 14 is mounted.
PAR  The organ compartment 4 includes the organ 15, which is to be conserved.
      This organ is connected with its artery 16 to a linking tube 17 for the
      perfusate. The vein 18 is open to the organ compartment 4. A section of
      the linking tube 17 is elastically widened (19). The organ 15 enclosed in
      the organ compartment 4 is subjected to the pressure of an air cushion 20.
      The liquid for perfusion, shortened to "the perfusate" 21, has a different
      level in the pumping compartment 3 to that in the organ compartment 4. A
      filter 22 is installed in the perfusion circuit.
PAR  The apparatus for perfusion functions in the following way: From a pressure
      flask, not shown in the drawings, a respiratory gas enters the tube 13
      through the gas inlet 7 and continues from there to the pump compartment
      3, where it bubbles through the perfusate 21, which is thereby enriched
      with the gas. The gas is collected above the perfusate and, if the outlet
      valve 9 for the gas is closed, builds up a pressure in the pump
      compartment 3. This pressure pumps the perfusate through the passive
      outflow valve 6 via the linking tube 17 into the artery 16 of the organ
      15. The organ is perfused in direction of the arrows. The perfusate flows
      out of the vein 18 into the organ compartment 4, where it collects at the
      bottom. By increasing the volume of the perfusate in the organ compartment
      the overlying air cushion 20 becomes compressed. By achieving the desired
      pressure in the organ compartment 3 the prestressed membrane 10 is
      suddenly lifted from the fixed part 12 of the outlet valve 9 and takes
      position 10a. The gas is vented through the opening 11 and the gas outlet
      8. The pressure in the pump compartment 3 decreases. The previously
      compressed air cushion 20 in the organ compartment 4 pushes the perfusate
      through the inflow valve 5 back into the pump compartment 3. By running
      through the filter 22 the perfusate is cleaned. As soon as the pressure in
      the organ compartment 4 and in the pump compartment 3 falls to the
      original level, the membrane 10 returns to the starting position 10 and
      closes the outlet valve 9 for the gas. The gas is still running through
      the gas inlet 7 and a new pumping rate starts. By turning the tube 13 the
      stressing of the membrane 10 can be changed. If the fixed part 12 on the
      outlet valve 9 is lifted, the valve 9 already opens at a lower pressure.
      By this means the maximal pulse pressure can be lowered, the rate of flow
      reduced and the pulse frequency raised. The pulse form and the volume of
      perfusion per time unit are monitored according to these conditions. They
      can also be altered in a similar manner by regulating the gas inflow. If
      the flow resistance in the organ 15 rises, then, at a constant gas inflow,
      the desired pressure in the pump compartment 3 is reached sooner and after
      a smaller rate of flow per pumping stroke. By means of the pressure
      monitored membrane 10 the pump regulates automatically, like a heart, the
      pulse frequency and the rate of flow adapted to the flow resistance in the
      organ 15. The maximal pulse pressure per pumping stroke is unchanged. This
      safely avoids the dangerous destruction of the organ 15 caused by over
      pressure during perfusion. As a further advantage the best corresponding
      volume of flow in relation to the organ resistance is maintained. The
      elastic sections 19 in the wall of the linking tube 17 for the perfusate,
      mounted after the outflow valve 6, absorb the pulse strokes and, if the
      elasticity is very high, a pulseless, continous perfusion of the organ can
      be achieved, despite the pulsations from the pump.
PAR  A surplus-pressure valve 14 is provided at the gas outlet 8 to obtain a
      hyperbaric perfusion.
PAR  In contrast to FIG. 1 referring now to the perfusion apparatus shown in
      FIG. 2, the gas, after entering through the tube 13, is separated from the
      perfusate 21 by an elastic membrane 23. The gas collects between membrane
      10 and the elastic membrane 23 until the pressure opens the gas-outlet
      valve 9. The gas is vented through the gas outlet 8a and bubbles through
      the perfusate into the organ compartment 4. The counterpressure is
      effected by the contracting elastic membrane 23. The gas pressure pushes
      the perfusate from the pump compartment 3 through the filter 22, via
      outflow-valve 6a and the elastic enlargement 19 of the linking tube 17
      into the artery 16 of the Organ 15. After perfusing the Organ in direction
      of the arrows the perfusate flows out of the vein 18 into the organ
      compartment 4 and from there via inflow-valve 5a in the pump compartment
      3.
PAR  At the membrane 10 an additional inlet-valve 24 for the gas is mounted,
      which at the end of a pumping stroke is lifted together with the opening
      membrane 10 and closes the gas inlet on the tube 13. By this means the
      gas-supply is interrupted until the next pumping stroke and the driving
      gas can be economized.
PAR  The perfusion-apparatus shown in FIG. 3, contrary to the other two models
      can be driven with CO.sub.2 -gas resulting from dry ice 32 or with a
      respiratory gas from a pressure flask. Besides the pump compartment 3 and
      the organ compartment 4 there is an additional pressure compartment 31 for
      the dry ice 32. This dry-ice-compartment 31 is thermally insulated against
      the organ compartment 4 by the insulation 33. A tube 34 is joined to the
      compartment 31 by the connection 13 on the gas inlet 7. The gas entering
      through the tube 13 is separated from the perfusate 21 by an elastic
      membrane 23 as in FIG. 2. For the oxygenation of the perfusate with air an
      air-outlet valve 36 and an air-inlet-tube 37 are provided. They open the
      organ compartment 4 to the open air outside. For operation with
      respiratory gas from a pressure flask, e.g. if they lack dry ice in a
      hospital, the connections illustrated by dashed lines are necessary: A
      linking tube 38 between air-inlet-tube 37 and gas-outlet 8 as well as a
      connection 39 to a pressure flask not shown in the drawings. A
      surplus-pressure valve 35 in the linking tube 34 may be mounted for
      safety.
PAR  The apparatus for perfusion in FIG. 3 functions in the following way: The
      CO.sub.2 -gas resulting from the dry ice 32 in compartment 31 by warming
      up, runs through the linking tube 34 into the gas inlet 7 of the perfusion
      pump and causes a pressure on the elastic membrane 23, if the gas-inlet
      valve 9 is closed. The perfusate 21 is thereby transported from the pump
      compartment 3 through the outflow-valve 6 into the artery 16 of the organ
      15. The perfusate flowing out of the vein 18 raises the level of the
      perfusate in the organ compartment 4 and presses the air in the upper part
      of the compartment 4 out through the air-outlet valve 36. The prestressed
      membrane 10 is suddenly lifted from the valve fitting 12, if the desired
      pressure is achieved in the pump compartment 3. The CO.sub.2 -gas is
      vented through the opening 11 and the gas-outlet 8. The elastic membrane
      23, liberated from the gas pressure, contracts and the perfusate 21 flows
      from the organ compartment 1, via inflow-valve 5 and filter 22 in the pump
      compartment 3. The level of the perfusate in the organ compartment 4 falls
      back to the position illustrated by dashed lines. A low pressure is built
      up in the upper part of the organ compartment 4 if the air-outlet valve 36
      is closed. The air from outside is sucked in through the air-inlet-tube
      37, bubbles through the perfusate 21 and oxygenates it. If the pressure in
      the pump compartment 3 is lowered to the original value, the membrane 10
      returns to the starting position and closes the gas-outlet valve 9. The
      driving gas continues to run through the gas inlet 7 and a new pumping
      rate starts. In this way the perfusion apparatus works completely
      automatically as long as there remains any dry ice in compartment 31.
PAR  If necessary the perfusion apparatus may be run with a respiratory gas from
      a pressure flask. In this case the linking tube 34 is moved from the
      connection 13 and replaced by the connecting-tube 39, which leads to the
      flask containing the respiratory gas. The gas-outlet 8 on the pump
      compartment 3 is joined to the air-inlet-tube 37 via connecting-tube 38,
      which conducts the vented respiratory gas into the organ-compartment 4,
      where it bubbles through the perfusate 21 and oxygenates it. The air is
      vented through the air-outlet valve 36. The necessary cooling in this
      arrangement is effected with normal ice in compartment 31, i.e. if using a
      respiratory gas for operation. The perfusing pump works in just the same
      way as when operating with dry ice. The desired, constant cooling
      temperature of the perfusate 21 is effected by a corresponding position
      and insulation of the dry-ice-compartment 31 in relation to the
      compartment for the organ 4 and the pump 3. The thickness of the
      insulation 33 is correspondingly selected.
PAR  FIG. 4 shows a variation of the pressure monitored outlet-valve 9 for the
      gas with a magnetic control. This consists of a fixed cylindrical tube 25
      with a lateral gas outlet 26 and of a mobile, inserted bolt 27 on which a
      holding plate of metal 28 is mounted at the upper end. With help of this
      plate 28 the bolt 27 is held down by a magnet 29, the magnet being mounted
      at the upper end of the tube 25 and in this way closing the gas-outlet 26.
      When the desire pressure in the pump compartment 3 is reached, Then the
      bolt 27 with holding-plate 28 is suddenly separated from the magnet 29.
      The bolt 27 is lifted and the gas is vented through the gas-outlet 26. The
      magnet 29 pulls the bolt 27 downwards and closes the gas-outlet-valve 9
      suddenly, if the pressure in the pump-compartment 3 falls to the starting
      level. The gas supply is achieved through a separated gas-inlet 7. The
      simple procedure, as well as the low weight and the smal price of the
      apparatus and the dry-ice, which supplies the energy for cooling,
      perfusion and oxygenation, the few necessary components for construction
      together with the completely automatic and safe operating of the apparatus
      allow a serial-production of a compact, portable safely operating and
      cheap, disposable perfusion-apparatus in which living human and animal
      organs can be transported anywhere.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the conservation, storage and transport of a living
      organ using a portable apparatus having an organ compartment, a pump
      compartment and a cooled liquid perfusion medium enriched with a
      respiratory gas, wherein said perfusion medium is subjected to automatic
      regulation of the flow rate of said gas in response to the flow resistance
      in the organ, the improvement comprising the use of dry ice and the
      CO.sub.2 gas resulting therefrom for the cooling of the perfusate and the
      operation both of the perfusing pump and of the pumping means for
      oxygenating the perfusate with air.
NUM  2.
PAR  2. The process of claim 1, wherein the cooling temperature of the perfusate
      is kept constant at a desired level by changing either the position of the
      insulation of a dry ice compartment in relation to the organ compartment
      and the pump compartment.
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PAL  A human epithelial heterploid liver cell line, such as line WRL 68 which
      forms individually separated islands or discrete clumps when cultured in a
      growth medium, has a morphology closely resembling that of hepatocytes of
      the human liver and a generation time not more than 24 hours, manifests
      increased production of glycogen in the presence of 1% glucose in the
      medium, and is capable of supporting viruses.
PAL  Such cells may be advantageously used to provide cell cultures for
      supporting viruses for the preparation of viral vaccines.
PARN
PAR  This application is a continuation of application Ser. No. 301,429 filed
      Oct. 27, 1972. Application Ser. No. 301,429 is a continuation of
      application Ser. No. 108,228 filed Jan. 20, 1971. Application Ser. No.
      108,228 is a continuation of application Ser. No. 50,289 filed June 26,
      1970, all now abandoned.
BSUM
PAR  This invention relates to cell lines, in particular to a heteroploid human
      liver cell line and cultures thereof.
PAR  It has been known that certain types of human tissues may be grown in vitro
      as tissue cultures, and some of these transform into cell lines capable of
      being propagated and passaged several times on a reasonable scale. Those
      which had undergone substantial chromosomal changes and became heteroploid
      in character are particularly useful, since such lines are continuous and
      can be passaged and multiplied on a very large scale practically any
      number of times to provide a basis for the industrial production of
      viruses and corresponding vaccines. Several types of pathogenic viruses
      infect the liver and multiply therein, and there has been a great demand
      for a continuous cell line capable of supporting such viruses.
PAR  Only fibroblastic diploid cell lines have so far been obtained from liver
      cells, but these had a limited life span. No continuous heteroploid cell
      line derived from human liver cells retaining their characteristics has
      yet been provided to enable researchers to investigate the nature of some
      pathogens in such cells, to grow them in continuous cultures, and thereby
      to open the possibility for producing antigenic materials from the
      propagated and isolated viruses for vaccination and diagnostic purposes.
      One object of the present invention is to provide such a cell line, in
      particular a human epithelial liver cell line which contains glycogen and
      resembles in morphology and in biochemical activity functional liver cells
      in vivo.
PAR  According to the present invention in one aspect therefore there is
      provided a human epithelial heteroploid liver cell line, such as line WRL
      68, which forms individually separated islands or discrete clumps, when
      cultured in a growth medium, has a morphology closely resembling that of
      hepatocytes of the human liver and a generation time not more than 24
      hours, manifests increased production of glycogen in the presence of 1%
      glucose in the medium, and is capable of supporting viruses.
PAR  Cell line WRL 68 is deposited at the Wellcome Collection of Micro-organisms
      and Cultures, Beckenham, Kent, England, and also with the American Type
      Culture Collection at Rockville, Md., United States of America (ATCC
      accession number CL48).
PAR  The type of cell line according to the present invention is heteroploid,
      i.e. the number of typically human chromosomes is overwhelmingly
      non-diploid or abnormal, ranging from about 63 to 91, the modal number
      being about 72. Under the optical microscope the cells are polygonal and
      epitheloid in appearance and resemble hepatocytes.
DRWD
PAR  So that the invention will be more easily understood and the main features
      of the cells recognised, features visible under the optical and electronic
      microscopes of cell line WRL 68 will now, by way of example, be described
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a drawing of a discrete clump of cells showing the main features
      as visible under the optical microscope at a magnification of 2,400 times.
PAR  FIG. 2 is a drawing of what is seen under an electron microscope when a
      section of magnified 19,000 times and examined.
DETD
PAR  In FIG. 1 individual cells C are shown with rounded nuclei N containing up
      to five nucleoli NI. Cytoplasm CP surrounds each nucleus N. FIG. 2 shows
      that under the electron microscope in these sections the cytoplasm CP can
      be seen to contain many granules MB probably consisting of lipid material.
      Mitochondria M are very numerous as well as glycogen GL. The appearance in
      the electron microscope also closely resembles that of typical human
      hepatocytes, and differs greatly from the usual structure of fibroblastic
      cells.
PAR  Such, and substantially identical cell lines, which can be obtained by
      those skilled in the art by modifying or cloning the cell lines described
      and thereby provided by the present invention, without substantially
      altering the morphological and functional properties of the cell line or
      those of the culture, are within the scope of the present invention.
      Although the indicated public availability is the simplest method for
      obtaining a cell line according to the present invention, it is not
      altogether impossible or improbable that similar and functionally
      substantially identical human epithelial heteroploid liver cell lines
      might be produced by other methods or similar unexpected chance
      occurrences. Such functionally substantially identical cell lines are
      biologically equivalent to cell line WRL 68 and are also within the
      general scope of the present invention.
PAR  Cell line WRL 68 has been obtained, as far as we are aware, through a
      completely unexpected and original spontaneous transformation when human
      embryo liver tissue was trypsinised and kept in Eagle's Minimum Essential
      Medium (Eagle H., Science, 1959, 130, 432) mixed with 10% bovine serum at
      37.degree.C for a few months.
PAR  The cell line readily grows in standard media. Conveniently Eagle's Minimal
      Essential or Basal (Eagle H., J. Exp. Med., 1955, 102, 595) Media may be
      used, since these are readily available. As usual, these may be
      supplemented with bovine serum, especially calf serum. Preferably the
      usual amount of amino acids and vitamins are increased by a factor of
      about two. Medium 199 (Morgan J.F., et al., Proc. Soc. Exp. Biol. Med.,
      1950, 73, 1) may also be used. The generation time is usually around 15
      hours under favourable conditions, such as at 37.degree.C. The cell line
      does not form continuous sheets but grows as islands or discrete clumps
      which resemble liver lobules. The average dimension of these is between 2
      and 3 mm, or about 3 mm.
PAR  Biochemically, the cell lines provided by the invention produce glycogen
      like the functional cells, the hepatocytes of the liver. As all human
      continuous heteroploid lines, they are oncogenic when tested in hamster
      cheek pouches.
PAR  The cell limes may be used for the cultivation of various human and animal
      viruses. These include DNA viruses such as vaccinia virus, adenoviruses
      and the herpes virus, RNA viruses such as poliomyelitis virus, HeLa-cell
      adapted echoviruses, parainfluenza-1 (Sendai) virus, feline infections
      enteritis virus, and orboviruses, such as Semliki Forest virus, Sindbis
      virus.
PAR  According to the present invention in another aspect there is provided a
      method of culturing a heteroploid human epithelial liver cell line, as
      hereinbefore defined, which comprises maintaining the cells in a nutrient
      culture medium. In a further aspect the invention provides a method for
      cultivating viruses, which comprises inoculating the heteroploid human
      liver cell line or its culture with a virus to which the cells are
      susceptible, and culturing the cell line, as hereinbefore defined. In a
      particular aspect there is provided a corresponding cell culture or a
      virus culture using such cells, which comprises such cell line, or cell
      line infected with viruses to which the cells are susceptible, in
      association with a nutrient culture medium.
PAR  The viruses obtained in this manner are suitable for further processing in
      a known manner for instance by passaging in the same or in other cell
      cultures to provide a purified or attenuated strain and a live vaccine.
      The antigenic viral material grown according to the invention can also be
      inactivated by commonly applicable methods to produce an inactivated
      vaccine. Live or inactivated vaccines are usually presented in association
      with a pharmaceutically acceptable carrier in a liquid or solid form.
PAR  Another possibility is that the cell line according to the present
      invention can be used in research for instance to investigate the
      metabolic processes of the liver, or for the production of glycogen or
      enzymes normally produced by the liver in vivo. Furthermore these cells
      may act as hosts to human hepatitis viruses which have not yet been
      successfully grown in any culture in vitro.
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAR  A sample of the heteroploid liver cell line WRL 68 representing about
      10.sup.5 to 10.sup.6 cells was transferred into 1 oz. medicinal flat
      bottles containing Eagle's Minimal Essential Medium supplemented with 10%
      v/v calf serum. After 3 days at 37.degree.C maximum development of clumps
      was observed. 0.5 Milliliter of a suspension of adenovirus 11 in Eagle's
      Basal Medium, containing about 10.sup.4 TCID 50 (tissue culture infective
      doses)ml., was contacted with the cells and the virus was allowed to
      adsorb for half an hour. The excess of virus was washed off with
      maintenance medium (without serum), and the culture was incubated at
      37.degree.C.
PAR  A cytopathic effect typical for adenoviruses was observed after 3 days. The
      culture was then frozen and thawed to liberate the virus from the cells.
      The cell debris was filtered off, and the presence of the virus in the
      medium was demonstrated by haemagglutination with patas monkey red blood
      cells. The titre was 128, indicating the maximum dilution still showing
      haemagglutination.
PAR  Adenovirus strains 4, 5, 7 and 15 were also grown in the cell line and gave
      satisfactory titres.
PAC  EXAMPLE 2
PAR  The Lister strain of vaccinia virus was adsorbed to a culture of the
      heteroploid liver cell line, as described in Example 1. A typical
      cytopathic effect was observed after incubation for 24 hours at
      37.degree.C. The cell line was also susceptible to the Jenner strain of
      vaccinia virus and a similar cytopathic effect was observed.
PAC  EXAMPLE 3
PAR  The following viruses were also successfully grown on the heteroploid liver
      cell line WRL 68, as described in the previous Examples:
PAR  Poliomyelitis virus, echoviruses 2, 7, 9, 11, 15, 17, 20, 23 and 25
      previously adapted to HeLa cell cultures, Sendai virus, herpes virus,
      feline infectious enteritis virus, San Carlos virus, and arboviruses such
      as the Semliki Forest virus and Sindbis virus.
PAR  These viruses show satisfactory antigenicity after adaptation to the human
      hetroploid liver cell line. Such and other susceptible viruses may
      therefore be grown on such a cell line and presented as a vaccine in
      association with a pharmaceutically acceptable carrier, after appropriate
      inactivation or attenuation according to methods well known in the art.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cell culture of a human epithelial heteroploid liver cell line,
      comprising a cell line in association with a nutrient culture medium, said
      cell line being a human epithelial heteroploid liver cell line, comprising
      cells characterized as follows:
PA1  a. the cells form individually separated islands or discrete clumps when
      cultured in a growth medium;
PA1  b. the cells have a morphology closely resembling that of hepatocytes of
      the human liver;
PA1  c. the cells have a generation time not more than 24 hours;
PAR  d. the cells manifest increased production of glycogen in the presence of
      1% glucose in the said growth medium; and
PA1  e. the cells are capable of supporting viruses.
NUM  2.
PAR  2. A cell culture according to claim 1 wherein the islands or discrete
      clumps resemble liver lobules.
NUM  3.
PAR  3. A cell culture according to claim 2, wherein the islands or discrete
      clumps have an average dimension of between 2 and about 3 mm.
NUM  4.
PAR  4. A cell culture of a human epithelial heteroploid liver cell line,
      comprising a cell line in association with a nutrient culture medium, said
      cell line comprising a human epithelial heteroploid liver cell line, as
      deposited with the American Type Culture Collection under accession number
      CL48.
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      Science, The Williams and Wilkins Co., 1939, p. 1.
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ABST
PAL  Microorganisms and tissue cells are cultured in culture media which contain
      a growth support. Such support is often agar. All microorganisms and
      tissue cells which are grown and propagated on an agar support in a
      culture media are also grown and propagated under the same conditions on a
      solid or semi-solid support, consisting essentially of an inorganic
      water-swellable material and water, containing the same amounts of the
      same materials otherwise contained by the culture medium with the agar
      support.
BSUM
PAC  BACKGROUND
PAR  The current technique for the propagation of microbial cultures includes
      admixing appropriate chemicals for a nutrient supply, water, and a support
      for the culture. Usually the support is the seaweed extract, agar. Agar is
      used primarily because it exhibits the desirable properties of:
PAR  1. WATER RETENTION
PAR  2. A FIRM GROWING SURFACE WHEN COOL
PAR  3. EASE OF HANDLING WHEN DISSOLVED IN BOILING WATER
PAR  4. ALLOWED MOBILITY OF THE NUTRIENT IONS.
PAR  Agar also possesses undesirable properties. Agar is an organic compound,
      more specifically a polysaccharide; because of this it is susceptible to
      degradation and subsequent digestion by some types of microorganisms. Agar
      is also not tolerant to the entire range of pH that is sometimes employed
      in the culturing of microorganisms. Agar has water-retention properties
      that are of limited duration. In incubated petri dishes agar may dry out
      in a period of 1 to 2 weeks rendering the colony dormant or dead. In
      capped test tubes agar may last longer, but it still dries out in a period
      of several months. Besides the physical and chemical drawbacks associated
      with the use of agar as a microbial growth medium, there are also economic
      drawbacks. Agar has increased in price by a factor of 2 to 3 times over
      the past several years, and supplies seem to fluctuate depending on ocean
      currents and other harvesting conditions.
PAR  Due to the aforementioned drawbacks associated with the use of agar as a
      microbiological culture support medium, an alternative support medium that
      exhibits the desired agar characteristics and less of the undesired
      characteristics would be very valuable.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the use of inorganic waterswellable material,
      e.g. a naturally-occurring water-adsorbing clay mineral, as a support for
      growth and propagation of microbial and tissue-cell cultures in a culture
      medium. More particularly the invention relates to the use of, e.g., a
      water-adsorbing clay mineral as a substitute for agar as a growth support
      in culture media for all types of bacteria, tissue cultures (plant and
      animal), molds, yeasts, and other fungi. Culture conditions and culture
      media compositions are otherwise identical, i.e. except for the
      substitution of the agar support by that formed by the inorganic
      water-swellable material and water. The invention also includes culture
      media comprising either natural or artificial inorganic water-swellable
      support material and the preparation of such media.
PAR  All microorganisms and tissue cells which are grown and propagated on an
      agar or silica-gel support in an aqueous culture medium are also grown and
      propagated under the same conditions on a solid or semi-solid support
      (composed of an inorganic waterswellable material, such as a
      water-adsorbing clay mineral, and water) containing the same amounts of
      the same materials (e.g. minerals, sources of nitrogen, carbon, and
      energy, and sometimes vitamins or other growth factors) otherwise
      contained by the culture medium with the agar or silica-gel support. The
      media are sterilized, and inoculation with microorganisms or tissue cells
      is effected in accord with standard accepted procedures.
PAR  An ingredient furnishing energy is called the substrate. Substrates for
      culture media are generally, but not necessarily, organic. Four classes of
      inorganic compounds, e.g., serve as energy sources for chemolithotrophic
      bacteria. Cf. Stanier, Doudoroff and Adelberg, "The Microbial World",
      pages 416 to 419.
PAR  The invention has plural aspects:
PA1  a. aqueous microbial or tissue-cell culture media,
PA1  b. the use of an inorganic water-adsorptive mineral as a non-nutritive
      growth support in a culture medium,
PA1  c. the combination of a microorganism (fungus, mold, yeast or bacterium)
      with a culture medium having an inorganic growth support,
PA1  d. preparation of such culture media, and
PA1  e. using such culture media for growth and propagation of microorganisms or
      tissue cells.
PAL  The culture media are composed of nutrient matter (usually an organic
      substrate), inorganic non-nutritive water-adsorbing support material and
      water. A typical organic substrate is carbohydrate, such as sucrose and
      dextrose. Inorganic substrates include reduced nitrogen compounds, e.g.
      ammonia and nitrites; reduced sulfur compounds, e.g. H.sub.2 S, S and
      thiosulfates; hydrogen gas and ferrous iron.
PAR  When the inorganic support material is blended with the water, a
      thixotropic admixture is formed, and this admixture sets as a solid or
      semi-solid mass; it is used in this form, which is clearly
      non-particulate.
PAR  The natural or artificial inorganic support material is, e.g., a hydrated
      aluminum silicate, such as clay minerals, exemplified by montmorillonites
      and, more specifically, bentonite. It finds particularly advantageous use
      in static cultures.
PAC  DETAILS
PAR  Clay minerals in the montmorillonite category exhibit many of the
      characteristics that are desirable for a microbial or tissue-cell growth
      medium. Naturally-occurring swelling clays suitable as such growth
      supports include, e.g., bentonite, nontronite, beidellite, smectite,
      vermiculite, and swelling chlorite. These several clays vary considerably
      in water adsorptivity, the adsorbing capacity of vermiculite for water,
      e.g., is only about one third that of bentonite. The preferred clay
      mineral for this application is a high-swelling sodium-based bentonite
      that is composed primarily of montmorillonite.
PAR  Throughout the disclosure and claims "water-swellable" is applied only to
      material which swells at least 3-fold in contact with water. Preferred
      water-swellable inorganic supports swell at least 5-fold in contact with
      water. Still better water-swellable supports swell as much as 7- or 8-fold
      or even more in contact with water. High swelling sodium-based bentonite
      is reported to swell 10-fold in contact with water.
PAR  Major advantages for the use of a water-adsorbing clay mineral instead of
      agar as a culture support are:
PA1  1. Longer water retention -- clay minerals, such as montmorillonite, have
      much better water-retention properties; in the range of 3 times or more
      than those of agar. The necessity of transferring stock cultures because
      of rapid dehydration is thus eliminated or substantially reduced, and
      incubation periods place less stress on the medium.
PA1  2. Cost -- The cost of producing such clay minerals, e.g. montmorillonite,
      is much less than that for agar.
TBL  ______________________________________                                    

     Raw Bentonite    $12.00/ton                                               

     Refined Bentonite                                                         

                      $200.00/ton approx.                                      

     Agar - Retail    $44,800/ton                                              

     Agar - Wholesale $16,000/ton                                              

     ______________________________________                                    

PA1  3. Availability -- The availability of montmorillonite is much greater than
      that of agar. Agar is a polysaccharide extract of a genus of seaweed
      (Gelidium) which grows in the Pacific Ocean, Indian Ocean and Japan Sea.
      Six hundred tons were imported into the United States in 1972 -- there
      appears to be no surplus of agar and the price of agar has been rising.
      [The current consumption of agar in the United States of America amounts
      to several million pounds per year].
PA1  4. Inorganic versus Organic -- Some organisms can utilize agar for
      nutrients; thus controlling the growth of such organisms is not possible
      on agar. Clay minerals do not have any usable organic material.
PA1  5. Field Preparation of Media -- A dry clay mineral media base does not
      have to be heated to facilitate hydration; thus a sterile package of,
      e.g., bentonite media is readily added to distilled water in a "field"
      situation, and media are thus prepared without heat.
PAR  Raw unrefined clay minerals are useful as growth supports in culture media,
      but refining the clay minerals by passing a thin slurry thereof through a
      centrifuge yields a more desirable product. The increased desirability of
      the centrifuged product is demonstrated by the improved utility of growth
      media produced therewith. Grit and non-colloids are removed and a smoother
      more transparent product is obtained. The centrifuged product is superior
      because of (1) a higher percent water retention made possible by removal
      of extraneous material (i.e. grit and allophanes), (2) a more transparent
      and uniform color on which microbial growth is more readily observed, and
      (3) increased thixotropism, a property which provides for a "setting up"
      of the medium to yield a firm working surface for microbial growth. The
      addition of water and appropriate nutrient chemicals to purified clay
      mineral produces a growth medium of superior composition. The advantages
      of higher water retention and longer growth life are apparent. Other
      advantages not yet completely understood may account for the unique
      behavior of microbial colonies on the clay mineral growth medium.
PAR  The (w/v) relationship [corresponding to grams/cubic centimeter (g/cc)]
      between the inorganic support material and the water which swells it to a
      solid or semi-solid mass varies with the water adsorptivity and
      retentiveness of the inorganic material itself. For the purpose of the
      subject invention such relationship is ordinarily at least 3:100 for even
      the most water-adsorptive hydrated aluminum silicates, but generally at
      least 1:25, and preferably within the range of from 1:20 to 1:10 or
      possibly even 3:25 .
PAR  The water adsorptivity of the water-swellable hydrated aluminum silicate is
      a limiting factor on the ratio of support material to water in the
      formulation of any culture medium. The amount of hydrated aluminum
      silicate in any culture medium must be at least sufficient to adsorb all
      of the water used in that culture medium. Moreover, the amount of water in
      any culture medium cannot exceed that which, when blended with the
      hydrated aluminum silicate therein and nutrient materials, will permit the
      resulting blend to set into a solid or semi-solid mass. Hydrated aluminum
      silicate having the highest water adsorptivity and thus compatible with
      the lowest (w/v) relationship to yield a solid or semi-solid mass is
      preferred.
PAR  The hydrated aluminum silicate must thus likewise be one which, when mixed
      with water, forms a thixotropic mass that sets to a solid or semi-solid
      state. Thixotropism is an essential property of the aqueous mass produced
      with the hydrated aluminum silicate. Once the mass sets, it must be
      capable of retaining essentially all of its water, other than that lost by
      surface evaporation, for an extended period of time. Periods of water
      retention in excess of three, preferably in excess of 6, months or even
      longer are expected.
PAR  The solid or semi-solid support is pH stable over a large pH range. Such
      stability is reflected within the range of from pH 2 through pH 12.
PAR  Media according to this invention are useful for culturing diverse
      microorganisms and tissue cells. The microorganisms and tissue cells are
      prepared for culturing in accord with standard established procedures and
      are inoculated on such media in the generally-accepted and
      currently-employed manner. Illustrative of the microorganisms which are
      cultured on such media are fungi, such as Ascomycetes, e.g. Penicillium
      notatum, Saccharomyces cerevisiae and Aspergillus fumigatus; yeast-like
      fungi, e.g. Candida albicans; plant or animal parasites, such as
      Phytophthora infestans and Enterobacteriaceae, e.g. Escherichia coli,
      Aerobacter aerogenes and Serratia marcescens; Bacillacease, e.g. Bacillus
      cereus; bacteria, such as Micrococcaceae, e.g. Sarcina lutea; and
      Actinomycetaceae, e.g. Actinomyces bovis. Plant and animal tissue cells,
      such as cells of Solanum tuberosum, Gallus Domesticus embryonic
      fibroblasts and Nicotinana glauca are also cultured on media of this
      invention.
DETD
PAR  From the preceding discussion the artisan can make and use the subject
      invention throughout its various aspects. The following preferred specific
      embodiments are, therefore, merely illustrative and in no way limit either
      the scope of the remainder of the disclosure or of the claims appended
      hereto.
PAC  EXAMPLE 1
PAR  Blend 1000 milliliters (ml) of distilled water with 70 g of 200 mesh
      bentonite in a Waring Blender for 5 minutes to obtain a smooth thick
      slurry. Admix with the slurry the following dry nutrients:
TBL  Sodium Nitrate         2.0 grams                                          

     Potassium Chloride     0.5 gram                                           

     Magnesium Glycerophosphate                                                

                            0.5 gram                                           

     Ferrous Sulfate Heptahydrate                                              

                            0.01 gram                                          

     Potassium Sulfate      0.35 gram                                          

     Sucrose               30.0 grams                                          

PAL  The pH of the resulting mixture is approximately 6.8. [Use lactic acid to
      adjust the pH to accommodate acidophilic organisms.] After thorough
      mixing, autoclave the resulting admixture (medium) to sterilize it. After
      autoclaving, pour the medium into petri plates or inject same into test
      tubes for subsequent inoculation.
PAR  Almost immediately the medium begins to exhibit thixotropic properties,
      which cause slight solidification. Surface drying and the thixotropic
      effect eventually provide a semi-solid working surface for culturing
      microorganisms. The high waterretention properties of the bentonite yield
      a medium suitable for prolonged growth of inoculum.
PAR  Inoculate the medium on three petri plates with Penicillium notatum,
      Aspergillus fumigatus and Candida albicans, respectively, and culture the
      organisms under the same conditions otherwise employed for such culturing.
PAR  Replacing the 200-mesh bentonite with any other wateradsorbing hydrated
      aluminum silicate which swells at least 3-fold in contact with water, such
      as similarly finely-divided beidellite, nontronite or saponite, yields
      comparable results. Any of these minerals (in either refined or unrefined
      form) is substitutable for the bentonite in the following examples to
      obtain comparable results.
PAC  EXAMPLE 2
PAR  Repeat the medium preparation described in Example 1, replacing the dry
      nutrients called for therein by the following:
TBL  Peptone (gelsate)   10.0 grams                                            

     Lactose             10.0 grams                                            

     Dipotassium Hydrogen                                                      

     Phosphate            2.0 grams                                            

     Eosin Y              0.4 gram                                             

     Methylene Blue       0.065 gram                                           

PAL  Inoculate the resulting medium on separate petri plates with each of the
      bacteria, Escherichia coli, Aerobacter Aerogenes and Serratia marcescens,
      respectively, and culture the bacteria under conditions otherwise employed
      for such culturing. [Cf. "The Oxoid Manual", Third Edition, Oxoid Limited,
      Southward Bridge Road, London, England, 1971.]
PAC  EXAMPLE 3
PAR  Repeat the medium preparation described in Example 1, replacing the dry
      nutrients called for therein by the following:
TBL  Beef Extract       1.0 gram                                               

     Yeast Extract      2.0 grams                                              

     Peptone (gelsate)  5.0 grams                                              

     Sodium Chloride    5.0 grams                                              

PAL  The pH of the resulting admixture is approximately 7.4. Inoculate the
      resulting medium on separate petri plates with each of the bacteria,
      Escherichia coli, Bacillus cereus and Sarcina Lutea, respectively, and
      culture the bacteria under conditions otherwise employed for such
      culturing.
PAC  EXAMPLE 4
PAR  Repeat the medium preparation described in Example 1, replacing the dry
      nutrients called for therein by the following:
TBL  Peptone (gelsate)  10.0 grams                                             

     Yeast Extract      10.0 grams                                             

     Glucose            10.0 grams                                             

PAL  The pH of the resulting admixture is approximately 7.0. The resulting
      medium is suitable for culturing yeasts and molds. Inoculate such medium
      on separate petri plates with Penicillium notatum and Saccharomyces
      cerevisiae, respectively, and culture these microorganisms under
      conditions otherwise employed for such culturing.
PAC  EXAMPLE 5
PAR  Repeat the medium preparation described in Example 1, replacing the dry
      nutrients called for therein by the following:
TBL  Tryptone (casein)    17.0      grams                                      

     Peptone (gelsate)    3.0       grams                                      

     Dextrose             2.5       grams                                      

     Sodium Chloride      5.0       grams                                      

     Dibasic Potassium Phosphate                                               

                          2.5       grams                                      

PAL  The pH of the resulting admixture is approximately 7.3. The resulting
      medium is suitable for culturing bacteria and fungi. Inoculate such medium
      on separate petri plates with Serratia marcescens, Bacillus cereus,
      Sarcina Lutea, Penicillium notatum, Actinomyces bovis and Phytophthora
      infestans, respectively, and culture these microorganisms under conditions
      otherwise employed for such culturing.
PAC  EXAMPLE 6
PAR  Repeat the medium preparation described in Example 1, replacing the dry
      nutrients called for therein by the following:
TBL  Sucrose            30.0         grams                                     

     Glycine            0.002        gram                                      

     Indoleacetic Acid  0.002        gram                                      

     Kinetin            0.0002       gram                                      

     Myo-Inositol       0.10         gram                                      

     Nicotinic Acid     0.0005       gram                                      

     Pyridoxin Hydrochloride                                                   

                        0.0005       gram                                      

     Thiamin Hydrochloride                                                     

                        0.0001       gram                                      

     Ammonium Nitrate   1.65         grams                                     

     Potassium Nitrate  1.90         grams                                     

     Calcium Chloride   0.44         gram                                      

     Magnesium Sulfate Heptahydrate                                            

                        0.37         gram                                      

     Monopotassium Phosphate                                                   

                        0.17         gram                                      

     Iron - EDTA        0.0429       gram                                      

     Boric Acid         0.00625      gram                                      

     Manganese Sulfate Monohydrate                                             

                        0.0223       gram                                      

     Zinc Sulfate Heptahydrate                                                 

                        0.0086       gram                                      

     Potassium Iodide   0.0008       gram                                      

     Sodium Molybdate Dihydrate                                                

                        0.00025      gram                                      

     Copper Sulfate Pentahydrate                                               

                        0.000025     gram                                      

     Cobalt Chloride    0.000025     gram                                      

PAL  The resulting medium is suitable for culturing plant tissue cells.
      Inoculate such medium in separate test tubes with prepared tissue cells of
      Solanum tuberosum and Nicotinana glauca, respectively, and culture these
      tissue cells under conditions otherwise employed for such culturing. [Cf.
      Murashige, Toshio, and Skoog, Folks, "A Revised Medium for Rapid Growth
      and Bio Assays with Tobacco Tissue Cultures", Physiologia Plantarum, 15,
      473, to 497, 1962. ]
PAC  EXAMPLE 7
PAR  Blend the following ingredients:
TBL  Sodium Nitrate     0.50       gram                                        

     Potassium Chloride 0.125      gram                                        

     Magnesium Sulfate Heptahydrate                                            

                        0.125      gram                                        

     Ferrous Sulfate Heptahydrate                                              

                        0.0025     gram                                        

     Potassium Sulfate  0.0875     gram                                        

     Sucrose            7.50       grams                                       

     Monosodium Phosphate                                                      

                        0.125      gram                                        

     Bentonite (200 mesh)                                                      

                        15.0       grams                                       

     Water (distilled)  250        milliliters                                 

PAL  in a Waring Blender for 5 minutes. Autoclave the resulting blend at 15
      pounds pressure for 20 minutes. Then pour petri plates. Inoculate the
      petri plates with Penicillium notatum and incubate for six days. The
      culture then covers 90 percent of the petri dishes. Many penicillin beads
      are present. No drying of the surface is observed.
PAC  EXAMPLE 8
PAR  Substitute the following ingredients for those specified in Example 7:
TBL  Nutrient Broth  4.0         grams                                         

     Bentonite (200 mesh)                                                      

                     30          grams                                         

     Water (distilled)                                                         

                     500         milliliters                                   

PAL  Inoculate the resulting poured petri plates with Bacillus cereus. The
      obtained growth is similar to that of the same organism on nutrient agar.
PAC  EXAMPLE 9
PAR  Substitute the following ingredients for those specified in Example 7:
TBL  Tryptone (casein)    17.0      grams                                      

     Peptone (gelsate)    3.0       grams                                      

     Sodium Chloride      5.0       grams                                      

     Dextrose             2.5       grams                                      

     Dibasic Potassium Phosphate                                               

                          2.5       grams                                      

     Bentonite (200 mesh) 60.0      grams                                      

     Water (distilled)    1.0       liter                                      

PAL  Inoculate the individual resulting poured petri plates with Aspergillus
      niger, Micrococcus flavus, and Saccharaomyces cerevisiae, respectively.
      Good long-term growth was observed.
PAC  EXAMPLE 10
PAR  Substitute the following ingredients for those specified in Example 7:
TBL  Magnesium Sulfate Heptahydrate                                            

                           0.2       gram                                      

     Dibasic Potassium Phosphate                                               

                           1.0       grams                                     

     Ferrous Sulfate Heptahydrate                                              

                           0.05      gram                                      

     Calcium Chloride      0.02      gram                                      

     Manganese Chloride    0.002     gram                                      

     Sodium Molybdate Dihydrate                                                

                           0.001     gram                                      

     Ammonium Chloride     1.0       gram                                      

     Sodium Thiosulfate Heptahydrate                                           

                           7.0       grams                                     

     Bentonite (200 mesh)  60.0      grams                                     

     Water (distilled)     1.0       liter                                     

PAL  Adjust the pH to neutral or slightly acid. This medium is suitable for
      culturing the obligate chemolithotrophic bacteria, Thiobacillus
      thiooxidans. The presence of any organic compound, including agar, in this
      medium would inhibit the growth of Thiobacillus thiooxidans.
PAC  EXAMPLE 11
PAR  Blend the following ingredients:
TBL  Lactalbumin Hydrolysate                                                   

                         5.0         grams                                     

     Sodium Chloride     8.9         grams                                     

     Potassium Chloride  0.4         gram                                      

     Calcium Chloride    0.14        gram                                      

     Magnesium Sulfate Heptahydrate                                            

                         0.1         gram                                      

     Magnesium Chloride Hexahydrate                                            

                         0.1         gram                                      

     Dibasic Sodium Phosphate                                                  

                         0.06        gram                                      

     Monobasic Potassium Phosphate                                             

                         0.06        gram                                      

     Glucose             4.0         grams                                     

     Phenol Red (.5%)    4.0         grams                                     

     Sodium Bicarbonate  0.35        gram                                      

     Potassium Penicillin                                                      

                         100,000     I.U.                                      

     Streptomycin        100,000     I.U.                                      

     Bentonite (200 mesh)                                                      

                         60.0        grams                                     

     Water (distilled)   1.0         liter                                     

PAL  Autoclave the resulting medium at 15 pounds pressure for 20 minutes; then
      pour into clean, sterile tissue culture flasks. The resulting medium is
      suitable for culturing tissue cells of chick embryonic fibroblasts, Gallus
      domesticus. The bentonite used in this medium acts as a growth support
      base and/or an overlay after the fibroblast cells begin to grow.
PAC  EXAMPLE 12
PAR  The purification of sodium bentonite by centrifugation involves:
PA1  1. Making a slurry by blending 5% powdered bentonite and 95% distilled
      water. The blending does not have to be vigorous; any agitation will
      suffice, but the greater the agitation the faster the desired slurry will
      form. The resulting slurry has a typical viscosity of 90 cps, as measured
      by a Fann viscosity meter. The slurry contains the undesireable
      contaminants found in unpurified bentonite as mined (e.g. sand or
      SiO.sub.2 and low colloidal clays, called allophanes). These contaminants
      are held in suspension in the slurry by the high colloidal material
      present.
PA1  2. The resulting slurry is introduced into a continuous flow Super-D-Canter
      centrifuge (model 3000; Sharples) with a G. force of 3180. Two fractions
      are collected:
PA2  A. a thick solid mass of sand and low colloidal clay (approx. 2-3% by
      weight).
PA2  B. a liquid slurry containing the high colloidal clay and water (approx.
      97-98% by weight).
PAR  The viscosity of the high colloidal clay is now approximately 120 cps when
      measured on a Fann viscosity meter. This liquid slurry also has more
      pronounced thixotropic properties than the initial clay slurry.
PA1  3. The water is removed from the desired high colloidal clay material by
      any means that does not heat the clay to a temperature exceeding 250
      degrees Fahrenheit. Above this temperature there is danger of destruction
      of some of the water-adsorbing properties of the clay.
PA1  4. The resulting dry clay product is ground to a 200 mesh particle size and
      used as a culture medium base.
PAR  Based on the preceding disclosure and specific examples the artisan will
      recognize that various changes and modifications of the invention can
      readily be made without departing from the spirit or scope thereof. The
      invention is not limited to the microorganisms or the tissue cells
      actually exemplified or disclosed; the culture media are of general
      application wherever a solid or semi-solid support mass is desired. The
      use of the subject inorganic support is independent of microorganisms
      being cultured and/or metabolic pathway.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an aqueous microbial or tissue-cell culture medium which consists
      essentially of a support, nutrient matter and water, the improvement
      wherein the support is water-swellable to an extent of at least 3-fold in
      contact with sufficient water, and the support and water together
      constitute a solid or semi-solid non-particulate mass which is inorganic,
      is water-retentive, is thixotropic, and is a non-nutritive microbial or
      tissue-cell growth support.
NUM  2.
PAR  2. Culture medium according to claim 1 wherein the support is a
      water-adsorbing clay which swells at least 5-fold in contact with water.
NUM  3.
PAR  3. Culture medium according to claim 1 wherein the support is a hydrated
      aluminum silicate.
NUM  4.
PAR  4. Culture medium according to claim 1 wherein the support is a
      montmorillonite.
NUM  5.
PAR  5. Culture medium according to claim 1 wherein the support is bentonite.
NUM  6.
PAR  6. Culture medium according to claim 1 wherein the support is refined clay.
NUM  7.
PAR  7. Culture medium according to claim 1 wherein the nutrient matter
      comprises substrate which consists essentially of means for microbial or
      tissue-cell growth and propagation, and the support is stable over a pH
      range of from pH 2 through pH 12.
NUM  8.
PAR  8. Culture medium means according to claim 7 for static microbial or
      tissue-cell growth and propagation.
NUM  9.
PAR  9. Culture medium according to claim 7 which consists essentially of an
      admixture of the organic substrate and the other nutrient matter with
      water-swelled support.
NUM  10.
PAR  10. Culture medium according to claim 7 wherein the water-swellable support
      constitutes from 4 to 12 percent by weight, based on the weight of the
      water in the medium.
NUM  11.
PAR  11. Culture medium according to claim 9 wherein carbohydrate constitutes
      the organic substrate.
NUM  12.
PAR  12. Culture medium according to claim 7 further comprising fungi.
NUM  13.
PAR  13. Culture medium according to claim 7 further comprising mold.
NUM  14.
PAR  14. Culture medium according to claim 7 further comprising yeast.
NUM  15.
PAR  15. Culture medium according to claim 7 further comprising bacteria.
NUM  16.
PAR  16. Culture medium according to claim 7 further comprising tissue cells.
NUM  17.
PAR  17. A process for preparing culture medium according to claim 1 which
      comprises blending the water with sufficient wateradsorbing clay to obtain
      a smooth thick slurry, admixing the organic substrate and the other
      nutrient matter with the slurry, sterilizing the resulting admixture, and
      permitting the sterilized product to set to a solid or semi-solid mass.
NUM  18.
PAR  18. A process which comprises inoculating culture medium according to claim
      1 with a species of microorganism and culturing the species on the medium.
NUM  19.
PAR  19. A process which comprises inoculating culture medium according to claim
      1 with tissue cells and culturing the tissue cells on the medium.
NUM  20.
PAR  20. In culturing microorganisms or tissue cells which may be grown and
      propagated on an agar or silica-gel support in an aqueous culture medium,
      the improvement wherein the agar or silica-gel support is replaced by a
      support which is water-swellable to an extent of at least 3-fold in
      contact with sufficient water, and the support and water together
      constitute a solid or semi-solid non-particulate mass which is inorganic,
      is water-retentive, is thixotropic, and is a non-nutritive microbial or
      tissue-cell growth support.
NUM  21.
PAR  21. Culture medium according to claim 1 wherein the (w/v) relationship
      between the inorganic support and the water which swells it to a solid or
      semi-solid mass is within the range of from 3:100 to 3:25.
NUM  22.
PAR  22. Culture medium according to claim 1 wherein the amount of
      water-swellable support is sufficient to adsorb all of the water, and the
      amount of water is sufficient, when blended with the nutrient matter and
      support, to permit the resulting blend to set into a solid or semi-solid
      mass.
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ABST
PAL  Cell-free active enzyme preparations are treated with flocculating agents
      to produce aggregates that are useful in effecting enzyme-catalyzed
      chemical transformations. Substrates are brought into contact with the
      aggregates where they undergo chemical transformations in the presence of
      the active enzymes.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for effecting chemical transformation
      of various substrates in the presence of enzymes which have been
      previously immobilized by treatment with flocculating agents. More
      specifically, cell-free enzyme preparations are treated with
      polyelectrolyte flocculating agents under conditions favoring formation of
      stable enzyme-containing aggregates. Inert support materials are
      preferably incorporated into the aggregates to produce a material that is
      particularly suitable for use in continuous enzymatic processes in which a
      substrate solution is passed through a bed of the aggregates.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of enzymes to effect specific chemical transformations is well
      known. In carrying out such transformations, cell-free preparations are
      commonly employed in batch-type processes. The rather costly procedures
      normally used in the production of cell-free enzyme preparations raises
      questions of economic feasibility in view of the fact that the enzymes are
      used one time only in batch-type operations. It is this fact which has
      prompted an increased interest in the preparation of various forms of
      immobilized enzymes which would permit repeated use of the enzymes thus
      making such processes commercially attractive.
PAR  A number of immobilizing agents for enzymes have been investigated but a
      totally satisfactory process which is generally applicable to a large
      number of enzymes has not yet been found. Various problems such as enzyme
      inactivation resulting from the immobilization procedure, low substrate
      flow rates through the immobilized enzyme and difficulty in purifying
      enzymes prior to immobilization have prevented wide commercial use of
      continuous-type processes based on immobilized enzymes. The present
      invention provides a simple, convenient and effective means of adapting
      enzymes for use in either continuous or batch-type operations which
      largely overcomes the foregoing limitations. It has been found that
      cell-free enzyme preparations can be easily converted to stable
      enzyme-containing aggregates through the use of polyelectrolyte
      flocculating materials. The process disclosed herein does not require
      enzyme purification, enzyme inactivation is minimal and the immobilized
      enzyme material prepared in the presence of an inert support material is
      characterized by a loose, noncompacting mass which allows relatively high
      flow rates of substrate solution through the enzyme reactor bed. Moreover,
      this immobilization procedure can be adapted to a wide variety of enzymes
      and enzymatic processes, enzymes from plant or animal sources being
      equally amenable to the disclosed procedure.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Briefly, this invention involves the use of polyelectrolytes as
      aggregate-forming flocculants for cell-free enzyme preparations. The
      enzyme-containing aggregates are preferably formed in the presence of
      inert filter aids and the material thus obtained is packed into a column
      or formed into some other suitable reactor bed through which a substrate
      solution is passed to effect the desired chemical transformation.
PAR  The polyelectrolytes contemplated for use with this process are preferably
      water-soluble polymeric substances containing monomeric units which
      possess polar or ionizable groups. They are generally classified into
      three main categories -- anionic, cationic and nonionic. Anionic
      polyelectrolytes usually contain carboxylic, sulfonic or phosphonic acid
      groups and examples of such materials include polyacrylic acid,
      polystyrenesulfonic acid, polyvinylphosphonic acid, alginic acid and
      pectic acid. Most cationic polyelectrolytes involve the use of quaternary
      ammonium, sulfonium or phosphonium groups including the protonated forms
      of polyamines such as polyethylenimine and polyvinylpyridine. Specific
      examples of synthetic cationic polyelectrolytes may be found in a
      comprehensive review by M. F. Hoover, J. Macromol. Sci.--Chem. A4(6), pp.
      1327-1417 (1970). Nonionic polyelectrolytes are exemplified by
      polyacrylamide and polyvinyl alcohol. Obviously, polyelectrolytes having
      characteristics of more than one of the above categories may also be used
      in the process disclosed herein. For example, partial hydrolysis of
      polyacrylamide would produce a polyelectrolyte having both amide
      (nonionic) and carboxylic acid (anionic) groups.
PAR  With respect to the foregoing categories of polyelectrolytes, it has been
      found that totally nonionic polyelectrolytes used alone are essentially
      ineffective as flocculants for cell-free enzyme preparations. However,
      nonionic or partially nonionic polyelectrolytes may be used in combination
      with anionic or cationic polyelectrolytes to give useful enzyme-containing
      aggregates. Accordingly, the polyelectrolytes which may be satisfactorily
      used for the process of this invention are water-soluble anionic or
      cationic polyelectrolytes, preferably of synthetic origin, as well as
      combinations of anionic, cationic and nonionic polyelectrolytes.
PAR  The formation of the flocculated cell-free enzyme is effected by adding a
      solution of the polyelectrolyte flocculant to a stirred, aqueous solution
      or suspension of the enzyme. Flocculation of the enzyme occurs almost
      immediately and the resulting aggregates are recovered by filtration or
      other suitable means.
PAR  In a particularly preferred embodiment of the invention, an inert filter
      aid is added to the enzyme-containing medium prior to addition of the
      flocculant. This results in a uniform distribution of the filter aid
      throughout the enzyme-containing aggregates and improves substrate
      solution flow rates through a bed of the aggregates when the latter is
      used in a continuous enzymatic process. By "inert filter aid" is meant a
      material which improves the filtration properties of the flocculated
      enzyme and which has no appreciable detrimental effect on either the
      activity of the enzyme or the stability of the substrate and product
      involved in the enzymatic process of interest. Typical of the filter aids
      which may be used are infusorial earth such as Celite (available from
      Johns-Manville of Baltimore, Maryland) and asbestos fibers. Also useful
      are water-insoluble polymeric adsorbents such as acrylic ester resins
      XAD-1 and XAD-4 available from Rohm and Haas of Philadelphia,
      Pennsylvania.
PAR  In another preferred embodiment of this invention, a cationic and an
      anionic polyelectrolyte are used sequentially to effect immobilization of
      the cell-free enzyme preparation. In most cases a superior floc is
      obtained if the cationic polyelectrolyte is added to the enzyme-containing
      medium before addition of the anionic polyelectrolyte. A filter aid may be
      used in conjunction with this embodiment also but it is not necessary.
PAR  The quantity of polyelectrolyte required will depend on the type or types
      used and the nature and amount of the enzyme being treated. In general,
      cationic or combinations of cationic and anionic flocculants are utilized
      in amounts sufficient to effect flocculation only. The flocculants are
      usually added in the form of dilute solutions or suspensions and the
      flocculation is preferably conducted at temperatures between about
      10.degree. and 40.degree. C. The pH of the flocculation medium is
      determined by the stability of the enzyme and the optimum pH range in
      which the flocculant is effective. Optimum conditions for effecting
      flocculation are readily determined by experimentation.
PAR  The immobilized enzyme material obtained from the flocculation step may be
      dried for storage and later use or it may be used directly in preparing a
      reactor bed of suitable dimensions for use in a continuous enzymatic
      process. For example, a vertical column having a circular cross section
      and provided with means for heating the column may serve as a support for
      the reactor bed. The immobilized enzyme material is introduced into the
      column as an aqueous slurry or suspension and allowed to settle. Passage
      of a substrate solution or emulsion through the packed colulmn is then
      effected at a controlled flow rate to produce the desired chemical
      transformation of the substrate.
PAR  The immobilized enzyme material may be used for a wide variety of
      enzyme-catalyzed transformations such as isomerization, oxidation,
      dehydrogenation, hydrolysis and reduction. The quantity of
      enzyme-containing material required for a given process will depend on a
      number of factors including the specific enzyme activity of the material
      and its availability to the substrate as well as the rate and degree of
      transformation desired. Operating parameters such as temperature, pH and
      substrate concentration are readily determined by experimentation. The
      product of the enzyme-catalyzed transformation is recovered by any
      suitable means or subjected to further treatment as desired.
DETD
PAR  The following examples will further illustrate the process of this
      invention:
PAC  EXAMPLE 1
PAR  Fermentation of Arthrobacter nov. sp. NRRL B-3728 is carried out as
      described in U.S. Pat. No. 3,645,848 and the cells are harvested by
      centrifugation. A 10 percent by weight suspension of the harvested cells
      in 0.01 M Tris buffer (pH 8.2) and 0.001 M magnesium chloride is treated
      with crystalline lysozyme (0.05 mg. per gram of wet cells). The cell
      suspension is incubated at 60.degree. C. for 2 hours with gentle
      agitation. The suspension is then cooled to 12.degree. C. and subjected to
      sonication for 5 minutes. Centrifugation yields a clear, cell-free
      supernatant containing isomerase. A 200-milliliter portion of this
      supernatant containing 2 grams of Silflo filter aid (supplied by Silflo
      Corporation of Ft. Worth, Tex.) is slowly agitated at about 25.degree. C.
      while adding to it 40 milliliters of a 1.5% solution of Primafloc C-7
      cationic flocculant (supplied by Rohm & Haas) which has been previously
      adjusted to pH 8.0 by the addition of sodium hydroxide. Agitation is
      continued for a few minutes before collecting the enzyme-containing
      flocculated material by vacuum filtration. A 1.3-gram portion of this
      material is packed into a 1-inch diameter glass column and through it is
      passed a 50 weight percent solution of dextrose containing 0.004 M
      magnesium chloride and adjusted to pH 8.0. The column is maintained at
      60.degree. C. and the flow rate of the effluent syrup is controlled to
      give 440 milliliters per day. After one day the effluent syrup contains
      16.1% fructose and after nine days contains 14.2% fructose thus
      demonstrating the stability of the flocculated enzyme.
PAC  EXAMPLE 2
PAR  Fermentation of Streptomyces olivochromogenes is carried out as described
      in U.S. Pat. No. 3,622,463 and the mycelia are harvested by
      centrifugation. One liter of a 10% by weight suspension of the harvested
      mycelia is homogenized in a Waring blendor for 2 minutes and is then
      subjected to sonication for 6 minutes. Centrifugation yields a clear,
      cell-free supernatant containing isomerase. To a stirred 200-milliliter
      portion of this supernatant are added 4 grams of Silflo filter aid and 20
      milliliters of a 5% solution of Magnifloc 521C (a cationic flocculant
      supplied by American Cyanamid Company, Water-Treating Chemicals
      Department, Wayne, N.J. 07470). Immediately following addition of
      Magnifloc 521C, 30 milliliters of a 1% solution of Primafloc A-10 anionic
      flocculant (available from Rohm and Haas) are added. Stirring is continued
      for a few minutes and the flocculated enzyme is recovered by
      centrifugation to give 8 grams of wet material which, upon drying
      overnight at 56.degree. C., yields 4.3 grams of dry material. A slurry of
      3.3 grams of the dried, flocculated enzyme in 0.01 M sodium bicarbonate is
      packed in a 1-inch diameter glass column and heated to 60.degree. C. A 50
      weight percent solution of dextrose having pH 8.0 is passed through the
      column on a continuous basis at a flow rate of 450 milliliters per day.
      After one day the syrup emerging from the column contains 32.5% fructose
      and after 16 days it contains 24.0% fructose.
PAC  EXAMPLE 3
PAR  A cell-free extract containing glucose isomerase is prepared from
      Arthrobacter cells as described in Example 1. A 100-milliliter portion of
      the enzyme solution containing 10 grams of Celite is treated with 85
      milliliters of a 5 percent solution of Magnifloc 521C. Gentle stirring of
      the flocculating medium is continued for a few minutes and the flocculated
      enzyme is then recovered by vacuum filtration. The enzyme-containing floc
      is packed into a column and a 94 DE starch conversion syrup containing
      0.004 M magnesium chloride and buffered with Tris (pH 8.2) is passed
      through the column. The column is maintained at 60.degree. C. and the flow
      rate is controlled to give 1175 milliliters per day. The initial glucose
      to frustose conversion is 46% and after 4 weeks of continuous operation
      the conversion rate is 34%.
PAC  EXAMPLE 4
PAR  A cell-free glucose isomerase preparation is obtained from Arthrobacter
      cells as described in Example 1. Flocculation of 750 milliliters of the
      isomerase solution in the presence of 50 grams of Celite using 300
      millililters of 5% Purifloc C-31 (a polyethylenimine flocculant available
      from the Dow Chemical Company of Midland, Michigan) is effected as
      described in Example 3. The resulting flocculated isomerase is suitable
      for use in a continuous glucose isomerization process.
PAC  EXAMPLE 5
PAR  An experimental fungal lactose preparation (Lot No. 957-43 having 145
      MLU/gm activity) obtained from Miles Laboratories, Inc. of Elkhart,
      Indiana is used to prepare 500 milliliters of a 0.2% by weight aqueous
      solution of the enzyme. To this solution are added, with gentle agitation,
      10 grams of Silflo filter aid, 1.2 milliliters of a 1.5% solution of
      Primafloc C-7 (previously adjusted to pH 6.5) and 0.5 milliliter of a 1.5%
      solution of Primafloc A-10 in that order. The flocculated enzyme is
      recovered by filtration and dried to give 9.7 grams of immobilized enzyme.
      This material is formed into a suitable reactor bed through which is
      passed a 5% lactose solution containing 0.02 M acetate buffer (pH 4.5).
      The lactose in the feed solution is partially hydrolyzed to given an
      effluent containing glucose and galactose.
PAR  The advantages of this invention are readily apparent from the foregoing
      description. It will be appreciated that any number of variations in the
      basic process described herein may be made. The modifications and
      equivalents which fall within the spirit of the invention and scope of the
      appended claims are to be considered part of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous process for converting glucose to fructose which comprises
      passing a glucose-containing solution through a bed of immobilized glucose
      isomerase wherein the immobilized glucose isomerase is used in the form of
      an aggregate comprising cell-free glucose isomerase and a water-soluble
      polyelectrolyte flocculating agent selected from the group consisting of
      cationic polyelectrolytes and anionic polyelectrolytes.
NUM  2.
PAR  2. A process according to claim 1 in which said aggregate contains a filter
      aid.
NUM  3.
PAR  3. A process according to claim 1 in which said glucose isomerase is
      derived from a microorganism belonging to the genus Arthrobacter.
NUM  4.
PAR  4. A process according to claim 1 in which said glucose isomerase is
      derived from a microorganism belonging to the genus Streptomyces.
NUM  5.
PAR  5. A process according to claim 1 in which said bed is maintained at a
      temperature between 50.degree. and 90.degree. C. and said
      glucose-containing solution has a pH of about 6 to 10.
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ABST
PAL  Microbial cells having active enzymes associated therewith are flocculated
      in the presence of certain metallic compounds to give flocculated cell
      aggregates exhibiting improved hardness. The cell aggregates are effective
      as immobilized enzyme materials which are useful in enzymatic processes,
      particularly those which are of the continuous type.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Microbial cells having active enzymes associated therewith are flocculated
      in the presence of certain metallic compounds to give stable
      cell-containing aggregates that are useful for effecting enzymatic
      transformation of various substrates which are brought into contact with
      the aggregates. The metallic compounds which are useful include the
      oxides, hydroxides, phosphates and sulfates of magnesium, calcium, iron
      and manganese. Preferred flocculating agents are synthetic anionic or
      cationic polyelectrolytes.
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,821,086 discloses a process for effecting enzyme-catalyzed
      reactions in the presence of flocculated cell aggregates which have
      associated therewith the desired enzyme activity. Such immobilized cells
      are sufficiently stable to permit their use in continuous-type processes
      without appreciable losses in enzyme activity over a period of time. Some
      flocculated microbial cells, however, undergo a certain degree of
      compaction, adhesion and fissuring under conditions of continuous use
      thereby resulting in a gradual decrease in substrate solution flow rates
      through a bed of the flocculated cells. Even though enzyme activities are
      retained under the conditions of use, the gradual decrease in flow rates
      in a continuous process limits the utilization of all available enzyme
      activity in the immobilized cells. The decrease in flow rates becomes much
      more pronounced as the viscosity of the substrate solution is increased
      which, for certain enzymatic processes, results in process limitations
      that are economically unattractive.
PAC  DETAILED DESCRIPTION
PAR  The present invention provides a means for improving the stability of
      flocculated cell aggregates so that the cell aggregate particles show a
      greater resistance to compaction under conditions of use in an enzymatic
      process. This improved stability greatly enhances the flow rates of
      substrate solutions through beds of microbial cells flocculated by the
      method of this invention thereby increasing the useful lifetimes thereof.
      The processing of substrate solutions of relatively high viscosity is also
      made possible by the improvements associated with the presently disclosed
      invention.
PAR  Simply stated, this invention involves the flocculation of microbial cells
      in the presence of certain metallic compounds which compounds have been
      found to impart a greater degree of hardness to the resulting cell
      aggregates thus obtained when compared with flocculated cells obtained by
      the process of U.S. Pat. No. 3,821,086. The metallic compounds which have
      been found to be effective for this purpose include the oxides,
      hydroxides, phosphates and sulfates of magnesium, manganese, calcium and
      iron. The compounds are added to the fermentation broth or cell suspension
      just prior to the addition of the flocculants. Recovery of the flocculated
      cell aggregates containing the added metallic compounds may then be
      effected by conventional means such as filtration or centrifugation. The
      recovered cell aggregates are then dried sufficiently to permit milling
      and sieving thereof. This allows selection and use of a particular
      particle size for use in the continuous enzymatic process contemplated.
      Drying of the aggregates may be carried out at any suitable temperature so
      long as the enzyme activity of interest is not adversely affected.
PAR  The effectiveness of the present invention is shown by results obtained in
      the treatment of microbial cells with magnesium oxide. Fermentation of
      Arthrobacter NRRL B-3728 was carried out using the procedure described in
      Example 1 of U.S. Pat. No. 3,821,086. A 19-liter portion of the resulting
      fermentation broth was treated with 7.6 liters of a 1 percent Primafloc
      C-7 solution (previously adjusted to pH 5) followed by 7.6 liters of a 1
      percent Primafloc A-10 solution (previously adjusted to pH 7). Primafloc
      C-7 and A-10 are cationic and anionic flocculants, respectively, which
      were obtained from Rohm and Haas of Philadelphia, Pennsylvania. Following
      addition of the flocculants to the broth, gentle agitation of the broth
      was continued for 5 minutes and the resulting flocculated cells were
      recovered by filtration. The wet flocculated cell aggregates were then
      extruded and the extrudate was dried at 55.degree. C. in a forced-draft
      oven for 18 hours. The dried material was ground in a Wiley mill and
      particles of 16-20 mesh were collected by sieving. These 16-20 mesh
      particles were assayed for glucose isomerase activity and found to have
      62.7 milliunits per gram. A second 19-liter portion of the Arthrobacter
      fermentation broth was stirred vigorously with 60 grams of magnesium oxide
      (Magmaster No. 340 obtained from Michigan Chemical Corporation of Chicago,
      Illinois) until the pH had increased from 5.7 to 8.5. Further processing
      of this magnesium oxide-treated broth was the same as above. The dried
      16-20 mesh particles were found to contain 52.1 milliunits per gram of
      glucose isomerase activity.
PAR  A procedure for making a preliminary evaluation of the effectiveness of a
      given additive involves the use of an instrument which measures the
      hardness or resistance to compression of the particles produced. An
      instrument which has been found to be suitable for this purpose is the
      Instron Model 1132 Food Testing System obtained from Instron Corporation
      in Canton, Massachusetts. The particles to be tested are placed between
      flat surfaces, one of which is movable at a predetermined speed in the
      direction of the stationary surface. This instrument is capable of
      measuring the force required to compress the particles to a preset
      thickness. Using a thickness of 0.0015 inch (i.e., the movable surface
      penetrates to within 0.0015 inch of the stationary surface), it has been
      found that good correlation exists between the measured values and the
      performance of the cell aggregate particles when used in an enzymatic
      process. In other words the flow rates of substrate solutions through beds
      of flocculated cells become more resistant to decreases as the measured
      resistance to compression of the flocculated cell particles increases.
PAR  The hardness of flocculated Arthrobacter NRRL B-3728 cells was evaluated by
      using the Instron Model 1132 system referred to above. The dried 16-20
      mesh particles obtained in each case were immersed in water at room
      temperature and allowed to stand for 4 hours in order to induce any
      swelling of the particles. The water covering the cell-containing
      particles was then replaced with an equal volume of a 2 M glucose solution
      which had been buffered to pH 8.0 and the resulting immersed cells were
      maintained at 60.degree. C. overnight. Immersion of the particles in 2 M
      glucose was effected in order to simulate conditions to which the cell
      aggregate particles would be subjected when used for isomerizing glucose.
      Measurement of hardness of the particles with the Instron system was done
      by randomly selecting 10 individual particles from the immersed sample
      being investigated, removing excess glucose solution from the particles by
      briefly contacting them with absorbent paper and immediately placing them
      on the flat measuring surface of the instrument so that the particles were
      grouped closely together in the central portion of the measuring surface
      but not touching each other. Using a drive speed of 5 centimeters per
      minute, a chart speed of 5 centimeters per minute and a force range of 50
      kilograms full scale, the magnesium oxide treated cell aggregates required
      a force of 9.5 kilograms while the control cell aggregate particles
      required only 3.3 kilograms.
PAR  Evaluation of the flocculated Arthrobacter cells was also made under
      continuous column operating conditions in order to determine flow rates
      over extended periods of time. For this test 75 grams of the dried 16-20
      mesh particles obtained from each of the two flocculations were immersed
      in water for a period of time to permit any swelling of the particles. The
      material was then washed with 8 liters of 0.004 M magnesium chloride that
      contained 0.1 M sodium bicarbonate as a buffer. The washed particles in
      each case were packed into 1-inch diameter jacketed columns that were
      heated to 60.degree. C. A 50-percent by weight glucose solution was
      allowed to flow by gravity through each column andd the flow rates were
      monitored hourly. The results shown in Table 1 clearly indicate that the
      flocculated cells containing magnesium oxide exhibit a more gradual
      decrease in glucose solution flow rates than do the "untreated" cells.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Comparative Glucose Solution Flow Rates                                   

     Through Beds of Flocculated Arthrobacter Cells                            

                Glucose Soln. Flow                                             

                           Total Volume                                        

                                   Total                                       

                Rate (liters/hour)                                             

                           of Glucose                                          

                                   Operating                                   

     Bed Composition                                                           

                Initial                                                        

                       Final                                                   

                           Soln. (liters)                                      

                                   Time (hrs.)                                 

     __________________________________________________________________________

     Cells Flocculated                                                         

      with Primafloc                                                           

      C-7 and A-10, 75                                                         

      grams of 16-20                                                           

      Mesh Particles                                                           

                21.9   6.0 349.8   44                                          

     Cells Flocculated                                                         

      with Primafloc                                                           

      C-7 and A-10 and                                                         

      containing Mag-                                                          

      nesium Oxide, 75                                                         

      grams of 16-20                                                           

      Mesh Particles                                                           

                21.0   13.8                                                    

                           681.75  44                                          

     __________________________________________________________________________

PAR  In addition to magnesium oxide, a number of other compounds have been found
      to be effective in producing flocculated Arthrobacter cell aggregates with
      increased hardness as determined by the Instron Model 1132 measuring
      system. Shown in Table 2 are the results obtained with various additives
      used in accordance with the present invention. The experimental procedures
      for obtaining these data were similar to those described above. It will
      also be noted in Table 2 that certain compounds such as magnesium
      carbonate, magnesium chloride and calcium carbonate were found to be
      ineffective when used in accordance with the presently disclosed process.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Flocculation of Arthrobacter NRRL B-3728 Cells                            

     in Presence of Various Additives Using                                    

     Primafloc C-7 and A-10 Flocculating Agents                                

                      Hardness of   Glucose                                    

                      16-20 Mesh    Isomerase                                  

     Additive (Use Level:                                                      

                      Particles by  Activity                                   

      2.5 g./liter of broth)                                                   

                      Instron (kg.) (m.mu./g.)                                 

     ______________________________________                                    

     Control (No additive)                                                     

                      3.3           62.7                                       

     Magnesium oxide, C.P.                                                     

                      21.5          54.4                                       

     Magnesium hydroxide                                                       

                      10.5          43.1                                       

     Magnesium monohydrogen                                                    

       phosphate      7.4           45.4                                       

     Calcium oxide    7.5           37.2                                       

     Calcium hydroxide                                                         

                      8.0           35.0                                       

     Calcium triphosphate                                                      

                      4.6           54.6                                       

     Calcium sulfate  6.0           53.5                                       

     Manganese monoxide                                                        

                      6.7           40.4                                       

     Ferric oxide     5.4           46.5                                       

     Magnesium carbonate                                                       

                      2.9           59.4                                       

     Magnesium chloride                                                        

                      2.2           41.3                                       

     Calcium carbonate                                                         

                      2.8           49.6                                       

     ______________________________________                                    

PAR  The effectiveness of the presently disclosed invention has also been
      evaluated using another microorganism known to produce glucose isomerase.
      Streptomyces albus ATCC 21132 was inoculated into a medium (250
      milliliters) containing 1% peptone, 0.25% yeast extract, 0.5% meat
      extract, 0.05% magnesium sulfate heptahydrate, 0.5% sodium chloride, 2%
      xylose and 0.003 M cobalt chloride. The medium was incubated in a
      one-liter flask on a rotary shaker at 30.degree. C. for 48 hours and was
      then used as the inoculum for a 10-liter fermentation. A New Brunswick
      fermentor was used for the 10-liter fermentation which was allowed to
      proceed for 48 hours with an aeration rate of 2.5 liters per minute and
      agitation at 200 r.p.m. Flocculation of the resulting mycelial suspension
      was carried out using the general procedure described earlier for
      Arthrobacter NRRL B-3728. Evaluation of the flocculated aggregates was
      done as before and results are summarized in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Flocculation of Streptomyces albus albus ATCC 21132                       

     in Presence of Various Flocculants and Additives                          

                    Additive Hardness of                                       

                                     Glucose                                   

                    (Use Level:                                                

                             16-20 Mesh                                        

                                     Isomerase                                 

                    2.5 g./liter                                               

                             Particles by                                      

                                     Activity                                  

     Flocculant and Use Level                                                  

                    of broth)                                                  

                             Instron (kg.)                                     

                                     (m.mu./g.)                                

     __________________________________________________________________________

     Primafloc C-7 (13.5 g./l.                                                 

      added as a 2.7% aqueous                                                  

      solution) followed by                                                    

      Primafloc A-10 (4.35                                                     

      g./l. added as a 2.9%                                                    

                    Control                                                    

      aqueous solution)                                                        

                    (No Additive)                                              

                             22.0    12.4                                      

     Primafloc C-7 (13.5 g./l.                                                 

      added as a 2.7% aqueous                                                  

      solution) followed by                                                    

      Primafloc A-10 (4.35                                                     

      g./l. added as a 2.9%                                                    

                    Magnesium                                                  

      aqueous solution)                                                        

                    oxide    40.0    5.85                                      

     Cat-Floc.sup.a (2.5 ml./l.                                                

      added without prior                                                      

                    Control                                                    

      dilution)     (No Additive)                                              

                             6.5     12.0                                      

     Cat-Floc.sup.a (2.5 ml./l.                                                

      added without prior                                                      

                    Magnesium                                                  

      dilution)     oxide    34.0    1.8                                       

     Delfloc 763.sup.b (2.5                                                    

      ml./l. added without                                                     

                    Control                                                    

      prior dilution)                                                          

                    (No Additive)                                              

                             3.2     10.0                                      

     Delfloc 763.sup.b (2.5                                                    

      ml./l. added without                                                     

                    Calcium                                                    

      prior dilution)                                                          

                    hydroxide                                                  

                             6.5     5.9                                       

     __________________________________________________________________________

      .sup.a Cat-Floc is polydiallyldimethyl ammonium chloride, a cationic     

      polyelectrolyte available from the Calgon Corporation in Pittsburgh,     

      Pennsylvania.                                                            

      .sup.b Delfloc 763 is a cationic polyamide-epichlorohydrin type          

      polyelectrolyte available from Hercules Incorporated of Wilmington,      

      Delaware.                                                                

PAR  The flocculation of a lactase-producing microorganism in the presence of an
      inorganic additive in accordance with this invention is exemplified by the
      treatment of a Bacillus coagulans. This organism is described in copending
      application, U.S. Ser. No. 529,329, filed Dec. 4, 1974. Cultivation of
      Bacillus coagulans was carried out in a medium containing 1% proteose
      peptone, 1% yeast extract, 0.8% potassium dihydrogen phosphate and 2%
      lactose (sterilized separately). The pH of the medium was 6.0 and
      incubation at 45.degree. C. for 48 hours was effected on a rotary shaker.
      At the end of the incubation period toluene was added to the broth (0.5%
      on a volume per volume basis) and the mixture was agitated for 30 minutes.
      Flocculation and recovery of the resulting flocculated cell aggregates was
      carried out using the general procedure described above for Arthrobacter
      NRRL B-3728 except that 4.5 grams per liter of broth of Primafloc C-7 was
      added as a 1.5% aqueous solution followed by 1.5 grams per liter of broth
      of Primafloc A-10 was added as a 1% aqueous solution. Evaluation of the
      flocculated aggregates (16-20 mesh particles) was done in the usual manner
      except that the particles were immersed in a 2% lactose solution maitained
      at 60.degree. C. instead of 2 M glucose to give an Instron hardness of 4.6
      kg. An assay of the lactase activity associated with these particles
      revealed 38.5 units of activity per gram (dry weight) using the assay
      method described by Weetall et al. in Biotechnology and Bioengineering 16,
      295 (1974). The flocculation procedure for Bacillus coagulans was then
      repeated except that magnesium oxide (2.5 grams per liter of broth) was
      added to the broth just prior to flocculation. The resulting 16-20 mesh
      particles were found to have an Instron hardness of 6.0 kg. and a lactase
      activity of 26.5 units.
PAR  The selection of a particular additive for use in the present invention
      will be influenced by several factors including the stability of the
      enzyme of interest, the optimum pH range for the enzymatic transformation
      contemplated and the response of the microbial cells to the flocculants in
      the presence of the additive selected. For example, an alkaline additive
      such as calcium oxide would not be suitable for use with an enzyme having
      optimum activity at pH 4. Final selection of an additive is, of course,
      based on actual performance under the conditions of use so that some
      experimentation is necessary to determine the optimum formulation.
      Determination of this optimum formulation is most conveniently carried out
      by first selecting the flocculating agent or agents to be used and the
      optimum use levels thereof. The effectiveness of various additives at
      different concentration levels can then be easily evaluated by routine
      experimentation.
PAR  The amount of the additive required to produce the desired hardness may
      vary from about 1% to about 12% by weight of the wet cells being
      flocculated. The preferred use level is from about 2% to about 6% by
      weight of the wet cells.
PAR  It is readily apparent from the above teachings that a large number of
      variations may be made in the practice of this invention with respect to
      the microbial cells immobilized, the enzymatic conversion effected and the
      flocculating agent or agents used. Those modifications and equivalents
      which fall within the spirit of the invention and scope of the appended
      claims are to be considered part of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for effecting an enzyme-catalyzed transformation of a
      substrate which comprises contacting the substrate, under conditions
      suitable for effecting said enzyme catalyzed transformation, with an
      aggregate comprising microbial cells having associated therewith active
      quantities of said enzyme, a polyelectrolyte flocculating agent and
      amounts of an oxide, hydroxide, phosphate or sulfate of a metal selected
      from the group consisting of magnesium, calcium, iron and manganese
      sufficient to produce increased hardness in the aggregate and recovering
      the transformed substrate, said aggregate having been dried prior to use
      in said transformation.
NUM  2.
PAR  2. A process according to claim 1 in which the enzyme is glucose isomerase
      and the tranformation is the conversion of glucose to fructose.
NUM  3.
PAR  3. A process according to claim 2 in which the metal is magnesium.
NUM  4.
PAR  4. A process according to claim 2 in which the metal is calcium.
NUM  5.
PAR  5. A process according to claim 2 in which the metal is iron.
NUM  6.
PAR  6. A process according to claim 2 in which the metal is manganese.
NUM  7.
PAR  7. A process according to claim 2 in which the cells are obtained from a
      member of the genus Streptomyces.
NUM  8.
PAR  8. A process according to claim 2 in which the cells are obtained from a
      member of the genus Arthrobacter.
NUM  9.
PAR  9. A process according to claim 1 in which the enzyme is lactase and the
      transformation is the conversion of lactose to a mixture containing
      glucose and galactose.
NUM  10.
PAR  10. A process according to claim 9 in which the cells are obtained from a
      member of the genus Bacillus.
NUM  11.
PAR  11. A process for preparing an aggregate of microbial cells capable of
      effecting an enzyme-catalyzed transformation of a substrate which
      comprises flocculating microbial cells having associated therewith active
      quantities of said enzyme with a polyelectrolyte flocculating agent in the
      presence of an oxide, hydroxide, phosphate or sulfate of a metal selected
      from the group consisting of magnesium, calcium, iron and manganese in
      amounts sufficient to produce increased hardness in the aggregate,
      recovering the flocculated cell aggregates and drying said cell aggregated
      sufficiently to permit milling and sieving thereof.
NUM  12.
PAR  12. The process of claim 11 in which the metal is magnesium.
NUM  13.
PAR  13. The process of claim 11 in which the metal is calcium.
NUM  14.
PAR  14. The process of claim 11 in which the metal is iron.
NUM  15.
PAR  15. The process of claim 11 in which the metal is manganese.
NUM  16.
PAR  16. A process according to claim 12 in which the enzyme is glucose
      isomerase and the microbial cells are obtained from a member of either
      Streptomyces or Arthrobacter.
NUM  17.
PAR  17. A dried enzyme-containing microbial cell aggregate capable of effecting
      enzymatic transformation of a substrate contacted therewith comprising
      polyelectrolyte-flocculated microbial cells having active quantities of
      said enzyme associated therewith, said aggregate containing amounts of an
      oxide, hydroxide, phosphate or sulfate of a metal selected from the group
      consisting of magnesium, calcium, iron and manganese sufficient to produce
      increased hardness in said aggregate.
NUM  18.
PAR  18. An aggregate according to claim 17 in which the polyelectrolyte is
      selected from the group consisting of synthetic anionic and cationic
      polyelectrolytes.
NUM  19.
PAR  19. An aggregate according to claim 18 in which the enzyme is glucose
      isomerase, the microbial cells are obtained from a member of the genus
      Arthrobacter and the metal is magnesium.
NUM  20.
PAR  20. An aggregate according to claim 18 in which the enzyme is glucose
      isomerase, the microbial cells are obtained from a member of the genus
      Streptomyces and the metal is magnesium.
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ABST
PAL  A process for converting a dextrose mother liquor to a sweet product,
      comprising subjecting a dextrose mother liquor to isomerization,
      preferably by the action of an enzyme preparation having dextrose
      isomerizing activity, to isomerize a substantial part of the dextrose
      content to levulose, and then subjecting the isomerized liquor to the
      action of an enzyme preparation having isomaltose activity.
PARN
PAR  This is a continuation, of copending application Ser. No. 303,751 filed
      Nov. 6, 1972, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the production of sweet syrups. More
      particularly, the invention relates to a novel enzymatic process for the
      production of sweet syrups.
PAC  BACKGROUND
PAR  As is pointed out in U.S. Pat. No. 3,042,584, granted July 3, 1962, to Earl
      R. Kooi, Clarence F. Harjes, and John S. Gilkison, amylase preparations of
      microbiological origin demonstrate three major types of enzyme activity
      concerned with the hydrolysis of alpha-1, 4-linked glucose polymers, such
      as starch and starch hydrolysates. These three types of activity may be
      classified as alpha-amylase activity, glucamylase activity, and
      transglucosidase activity.
PAR  For the enzymatic conversion of starch or thinned starch to produce a high
      D. E. hydrolysate, the transglucosidase activity is undesirable, since it
      acts particularly on maltose, to form unfermentable and undesirable
      dextrose polymers that contain alpha-1, 6-glucosidic linkages.
PAR  In commercial operations for the production of high D. E. hydrolysates, the
      amylase preparations that are used may be treated with clay, to remove the
      transglucosidase activity. The clay, with the absorbed transglucosidase
      activity, is easily separated from the amylase enzyme preparation, by
      filtration or other separation means. The separated clay is considered to
      be a waste product, and is ordinarily discarded.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the invention is to provide a novel process for making use of
      the present waste product, that is, clay that has absorbed
      transglucosidase activity.
PAR  A related object of the invention is to provide a novel process for the
      production of sweet syrups, that takes advantage of the transglucosidase
      activity that is currently discarded.
PAR  Another related object of the invention is to provide a novel process of
      the character described, that can be used for upgrading "greens", i.e.,
      mother liquors from which crystalline dextrose has been recovered, but
      which contain additional, residual dextrose value that cannot now be
      economically recovered.
PAR  Other objects of the invention will be apparent hereinafter from the
      specification and from the recitals of the appended claims.
PAC  DEFINITIONS
PAR  Because of the many terms that are in common use in the art, a few
      definitions are made to simplify the present application and permit it to
      be more concise.
PAR  D. E. The term "D. E." is an abbreviation for "dextrose equivalent", and
      these terms are used interchangeably to refer to the reducing sugar
      content of a material calculated as dextrose and expressed as percent of
      total solids.
PAR  Starch hydrolyzate. The term "starch hydrolyzate" is used in a general way
      to refer to a syrup or dry product that is made by the hydrolysis of
      starch. Such a product may be made by acid or enzymatic hydrolysis, or by
      a combination of acid and enzymatic hydrolysis. A preferred type of starch
      hydrolyzate for use as the supply material for the process of the present
      invention is the hydrol that is obtained by recovering crystalline
      dextrose from a starch conversion product obtained by acid or enzyme
      thinning of starch to a D. E. of 10 or less, followed by enzymatic
      saccharification to a D. E. above 95, and preferably above 97.5, and
      crystallization of the dextrose, to leave a mother liquor (hydrol or
      greens).
PAR  Glucose and dextrose. Medium D. E. starch hydrolyzates are commonly
      referred to in the art as "glucose", whether the starch hydrolyzate is in
      the form of a syrup or in the form of solids. The term "dextrose"  is
      commonly reserved for the refined crystalline monosaccharide that is
      recovered from a high D. E. starch hydrolyzate, or for D-glucose as a
      constituent of starch hydrolyzates. As used hereafter, the term "dextrose"
      will be used to embrace this monosaccharide in any form, in solution or
      dry, as a constituent of a starch hydrolyzate syrup, syrup solids, or in
      refined crystalline form.
PAR  Fructose and levulose. The terms "fructose" and "levulose" are generally
      employed interchangeably in the art to refer to the isomer of dextrose
      that is sweeter than dextrose. This isomer is found in honey and in invert
      sugar, along with dextrose, and it is valuable because of its sweetness.
      The term "levulose" will be used to refer to this monosaccharide.
PAR  The isomerase enzyme. The enzyme that isomerizes dextrose to levulose has
      been referred to in the art by several names. It is referred to in the
      Marshall U.S. Pat. No. 2,950,228, as xylose isomerase, because it
      isomerizes xylose to xylulose. This activity is in addition to its ability
      to isomerize dextrose to levulose. It has also been referred to in the art
      as dextrose isomerase and glucose isomerase. The term "xylose isomerase"
      will be used herein.
PAR  Enzyme preparation. The term "enzyme preparation" is used to refer to any
      composition of matter that exhibits the desired xylose isomerase enzymatic
      activity. The term is used to refer, for example, to live whole cells,
      dried cells, cell extracts, and refined and concentrated preparations
      derived from the cells. Enzyme preparations may be either in dry or liquid
      form.
PAR  Isomaltase activity. This term refers to the enzyme activity whose
      substrate is isomaltose. Transglucosidase enzyme preparations exhibit this
      activity, along with other activities. Isomaltase enzyme preparations,
      particularly those from Aspergillus niger, convert maltose and isomaltose
      and other oligosaccharides to dextrose.
PAR  Units. In this application, all parts and percentages are by weight, and on
      an as is basis, unless expressly stated to be otherwise.
PAR  Isomerase Unit. One isomerase unit is defined as the amount of enzyme
      activity that is required to produce one millimicromole of levulose per
      minute under the isomerization conditions described hereafter under the
      heading, "Assay of Isomerase Activity."
PAR  Isomaltase unit. One isomaltase, or transglucosidase unit, is defined as
      the amount of enzyme activity that is required to produce one
      millimicromole of glucose per minute under the reconversion conditions
      described hereafter under the heading, "Assay of Isomaltose Activity."
PAC  ASSAY OF GLUCOSE ISOMERASE ACTIVITY
PAR  The assay procedure involves making a spectrophotometric determination of
      the ketose produced from a glucose solution under a standardized set of
      conditions.
PAR  The assay mixture, in a final volume of 1 ml, containing:
PAC  TABLE 1
PAC  Stock Solution for Assay
PAC  Component
PA1  100 micromoles of glucose
PA1  10 micromoles of MgSO.sub.4
PA1  1 micromole of CoCl.sub.2
PA1  50 micromoles of Tris-HCl buffer (pH 7.5)
PA1  Approximately 500 units of the enzyme
PAL  was incubated at 60.degree.C for 10 minutes. The reaction was terminated by
      adding 4 ml. of 0.5 N HClO.sub.4. Levulose/formed was determined by the
      cysteine-carbazol method of Disch and Borenfreund (J. Biol. Chem., 192,
      583 (1951)). Intensity of color developed at 60.degree.C for 10 minutes
      was read at 560 m.mu..
PAR  For the purpose of this assay, one glucose isomerase unit is defined as the
      amount of enzyme activity that is required to produce one millimicromole
      of levulose per minute under these isomerization conditions.
PAC  ASSAY OF TRANSGLUCOSIDASE OR ISOMALTASE ACTIVITY
PAR  The assay procedure involves making a determination of the glucose produced
      from an isomaltase solution under a standard set of conditions.
PAR  The reaction mixture consists of, in final mole concentration, 0.01 M
      isomaltose, 0.05 M acetate buffer, pH 4.5, and 0.25 ml. of enzyme
      solution, thus totaling 0.5 ml. volume. After incubation for 10 minutes at
      37.degree.C, the reaction was terminated by heating at 100.degree.C for 5
      minutes. The amount of glucose produced was determined by the glucose
      oxidase method according to Loyd and Whelan (Anal. Biochem. 30, 467
      (1969)). For the purposes of this assay, one isomerase unit is defined as
      the amount of enzyme activity that is required to produce one
      millimicromole of glucose per minute under these reconversion conditions.
PAC  BRIEF SUMMAR OF THE INVENTION SUMMARY
PAR  We have now discovered that it is possible to treat a solution that
      contains isomaltose, maltose, other oligosaccharides, and dextrose in a
      certain way, to increase its value. The treatment steps are first, to
      isomerize a substantial part of the dextrose to levulose, preferably by
      enzymatic isomerization, and then to subject the resultant solution to the
      action of an enzyme preparation having isomaltase activity or
      transglucosidase activity. The initial solution preferably is at a
      concentration not exceeding about 50% dry substance (d. s.).
PAR  The process of the invention, in the first step, converts the dextrose to
      levulose. This decreases the dextrose concentration in the solution. The
      second step, reconversion, converts most of the isomaltose, maltose, and
      other oligosaccharides, to dextrose, thereby completing the conversion of
      most of the original, less valuable polysaccharides to the more valuable
      monosaccharides.
PAR  The end product is a solution of dextrose, levulose and a minor amount of
      oligosaccharides. It can advantageously be utilized in the production of
      food, soft drinks and candy, and for several applications in baking,
      either as a syrup or in dried form.
PAR  One important advantage of the process is that it offers an attractive way
      to utilize greens to make the greens useful for economically valuable
      applications. Another important advantage is that a high recovery of
      monosaccharide values is achieved because of the sequence of the steps,
      which takes advantage of the dextrose-isomaltose-maltose equilibrium in
      solution, to obtain the high monosaccharide values in the final product.
PAR  Greens are a good raw material, for the process of the invention, because
      they are high in maltose and isomaltose, and also contain dextrose.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will now be further described by means of a specific
      demonstration in the following example.
PAC  EXAMPLE 1
PAC  Isomerization and Reconversion of Greens; Effect of Dry Solids Content
PAR  A deionized greens solution was adjusted to a 50% concentration of dry
      solids. It was then subjected to enzymatic isomerization. The enzyme
      dosage was 400 units per gram of solids, d.s., in the greens. The
      isomerization was conducted at pH 6.5, at 70.degree.C, for 48 hours.
PAR  The isomerizate was separated into three portions, and the concentrations
      were adjusted to 10%, 30%, and 50% d.s., respectively.
PAR  These isomerizates were then subjected to the action of transglucosidase,
      from a clay that had been employed to absorb transglucosidase from
      amylase. The enzyme dosage was at the rate of 25,000 units of enzyme per
      gram of dry substance, and the conditions were pH 4.5 at 60.degree.C, for
      2 days.
PAR  The data are summarized below.
TBL                Table 2                                                     

     ______________________________________                                    

     Results of the Isomerization and Reconversion of Greens                   

     ______________________________________                                    

     Supply Liquor:                                                            

                  End Product                                                  

     Greens, %    Dextrose, % of                                               

                                ketose % of                                    

     solids, d.b. solids, d.b.  solids, d.b.                                   

     ______________________________________                                    

     10           70            27                                             

     30           61            27                                             

     50           48            27                                             

     ______________________________________                                    

PAR  The advantages of the invention can be demonstrated by considering what
      happened to the hydrol (greens) treated by the present process, in the
      foregoing example.
PAR  Greens at 10% d.s., subjected to successive enzymatic isomerization and
      transglucosidase treatment, produced a syrup containing 70% dextrose, 27%
      levulose, and a very minor amount of polysaccharides, based on 100 parts
      d.s. This is a much more valuable syrup product than the original greens.
      Moreover, it is a superior product to the syrup that would be obtained by
      treating the greens with transglucosidase above, since such a treatment
      would produce a syrup containing 90% dextrose, based on 100 parts d.s.,
      with the balance being polysaccharides. This contrasts with the 97% of
      monosaccharides in the syrup, based on dry substance, obtained by the
      process of the invention.
PAR  Similarly, the 30% d.s. greens, treated in accordance with the invention,
      produced a syrup containing 88% of monosaccharides based on total solids,
      the balance being polysaccharides, whereas a treatment with
      transglucosidase above would produce a product at 82% monosaccharide
      (dextrose), because of the maltose-isomaltose-dextrose equilibrium factor.
PAR  The contrast at 50% solids d.s. is not so great. The process of the
      invention produces a syrup product containing 75% monosaccharides based on
      total solids; a treatment with transglucosidase alone would produce a 74%
      monosaccharide product, d.s.
PAR  Accordingly, the advantages of the invention can best be realized when the
      total solids in the starting material is about 50% or less, d.s. Even so,
      by a slight modification in processing, the advantages of the invention
      can be realized. This modification involves a preliminary treatment of the
      greens with transglucosidase. Thus, greens at 50% solids d.s. can be
      subjected to the action of transglucosidase to produce a modified greens
      at 57% dextrose based on total solids; this is the approximate
      maltose-isomaltose-dextrose equilibrium value. Upon enzymatic
      isomerization, this is converted to a syrup containing about 44% dextrose,
      and 30% levulose, for a total monosaccharide content of 74%, based on
      total solids. Upon further treatment with transglucosidase, the
      polysaccharides are further converted to produce a final product
      containing 52% dextrose and 30% levulose, based on total solids, for a
      total monosaccharide content of 82% based on total solids. In this final
      product, the dextrose is at equilibrium, substantially, with the maltose
      content, and the polysaccharide content is 18% based on total solids.
      Thus, the process of the invention can be used to convert greens at about
      50% solids to a syrup product containing predominantly monosaccharides,
      without diluting the greens.
PAC  EXAMPLE 2
PAC  Treatment of Second Greens from An Enzyme-Enzyme Hydrolysate
PAR  To demonstrate the invention further, the process was applied to the final,
      deionized greens from an enzyme-enzyme hydrolysate.
PAR  The composition of the greens, based on an average of several samples, was
      as follows:
TBL                Table 2                                                     

     ______________________________________                                    

     Greens Composition                                                        

                        % of component sugar as                                

     Sugar              a % of total sugar present                             

     ______________________________________                                    

     dextrose           58.7                                                   

     maltose            16.2                                                   

     isomaltose         12.5                                                   

     trisaccharide      2.9                                                    

     DP4                1.2                                                    

     DP5 and higher polysaccharides                                            

                        8.7                                                    

     ______________________________________                                    

PAR  The glucose isomerase utilized was derived from a strain of Streptomyces
      olivochromogenes.
PAR  The transglucosidase was obtained by clay absorption in the following
      manner. An Aspergillus niger culture filtrate was mixed with Florex clay
      at pH 3.5-4.0, to effect absorption of the transglucosidase. The clay was
      then filtered out and washed with acetate buffer at pH 3.5, then eluted
      with phosphate buffer at pH 7.0. The transglucosidase was then
      precipitated onto a Dicalite (diatomaceous earth) carrier with 2-propanol,
      followed by air drying. Each gram of the thus purified enzyme preparation
      contained the activity from about 25 ml. of the culture broth.
PAR  The activity of the adsorbed transglucosidase was assayed in the following
      manner. Twenty-five mg. of the adsorbed enzyme was incubated in 2 ml. of
      0.05 M acetate buffer (pH 4.5) with nitrogen sparging, at an isomaltose
      concentration of 0.01 M at 37.degree.C for 10 minutes. The amount of
      dextrose was then determined. One unit of enzyme is defined as the amount
      that produces 1 m.mu. mole of dextrose under the assay conditions. The
      activity of the Dicalite-enzyme preparation was 120,000 units/g.
PAR  For comparative purposes, reconversion of greens was also conducted with a
      culture filtrate of Paecilomyces varioti having an isomaltase activity of
      5,000 units/ml., which is approximately equivalent to the activity of the
      Dicalite-enzyme complex (4,800 units/ml.). Both exhibited the same mode of
      action on greens.
PAR  The greens, at 50% solids d.s., were subjected first to isomerization, by
      treatment with 400 units/g of the isomerase per gram of substrate dry
      substance, at an initial pH 6.2 as estabilished by 0.05M phosphate buffer,
      at 70.degree.C, in the presence of 0.01 M MgSO.sub.4, for two days. The
      isomerizate analysed 38% dextrose and 20% ketose, based on total solids
      present.
PAR  The isomerizate was divided in two portions. One portion was reconverted
      with the Dicalite-enzyme complex, and the other with the transglucosidase
      from the P. varioti. The results were essentially the same in each case.
      The reconversion was effected by treatment of the isomerisate with 25,000
      units of the transglucosidase enzyme preparation per gram of substrate,
      d.s., at 60.degree.C for 2 days. The amount of dextrose was increased to
      58%, while the ketose component decreased from 20% to 19%. The total
      increase in dextrose and levulose was 17% as compared to the initial
      greens, i.e., there was a net increase of 2% in the dextrose
      concentration, and the creation of ketose values of 14%, all based on
      total solids.
PAC  EXAMPLE 3
PAC  Isomerization, Dilution, and Reconversion of Second Greens; Effects of
      Process Parameters
PAR  The same initial greens supply was used as in Example 2, at 50% dry solids.
PAR  The greens supply was incubated with 400 units of isomerase per gram of
      substrate d.s. at pH 6.2 and 70.degree.C for 2 days. The isomerizate was
      then diluted to 30% d.s., divided into several portions, and then each of
      three portions was reconverted with 25,000 units of transglucosidase per
      gram of substrate d.s., at pH 4.5 for 4 days, at temperatures of
      37.degree.C., 50.degree.C, and 60.degree.C, for each of the three
      different portions, respectively.
PAR  The batch that was reconverted at 37.degree.C had a final analysis of
      approximately 30% levulose and 52% dextrose: The batch reconverted at
      50.degree.C analyzed at approximately 30% levulose and 58% dextrose; and
      the batch reconverted at 60.degree.C analyzed at approximately 30%
      levulose and 60% dextrose; all of the foregoing percentages being based on
      total dry substance.
PAR  These data demonstrate that the optimum temperature for reconversion is
      approximately 60.degree.C.
PAR  Using similar techniques, the effect of different transglucosidase dosages
      on the isomerizate was observed. Three portions of the diluted isomerizate
      mentioned above were reconverted by treatment with transglucosidase at
      5,000 units/g, 10,000 units/g, and 25,000 units/g, based on substrate dry
      substance, respectively, at pH 4.5 and at 60.degree.C. After four days of
      treatment, the products had the following respective contents of dextrose,
      approximately: 55%, 59%, and 62%, d.s., respectively, and each had a
      levulose content of about 30%, d.s. The dosage level of 25,000 units/g
      appeared to be desirable for obtaining the maximum yield of dextrose.
PAR  A study of the effect of different levels of glucose isomerase dosage on
      greens indicated that an enzyme dosage of about 400 units/g of substrate
      d.s. is necessary for maximum ketose yield.
PAR  Greens isomerized under optimum conditions and then reconverted at 30%
      concentration had the following composition:
TBL                Table 3                                                     

     ______________________________________                                    

     Product Composition                                                       

                   % of component sugar as                                     

     Sugar         a % of total sugar present                                  

     ______________________________________                                    

     dextrose      59.7                                                        

     ketose        24.6                                                        

     isomaltose    6.6                                                         

     DP3           1.9                                                         

     Other         7.1                                                         

     ______________________________________                                    

PAC  CONCLUSION
PAR  The process of the invention takes advantage of the equilibrium conditions
      that exist between dextrose, isomaltose, and maltose, and dextrose and
      levulose.
PAR  Generally, as has been demonstrated, the process of the invention consists
      of two sequential steps, i.e., isomerization followed by conversion with
      transglucosidase. The isomerization transforms up to about 50% of the
      initial dextrose to levulose, thus reducing the dextrose content so as to
      favor dextrose formation during the treatment with transglucosidase. In
      this way, the total monosaccharide content of the end product is
      maximized.
PAR  The process of the invention can be practised in several ways.
PAR  One preferred technique is a continuous process in which hydrol, such as
      second greens, is passed first through a column packed with a source of
      xylose isomerase, then through a column containing bentonite on which
      transglucosidase had been absorbed.
PAR  The transglucosidase need not be derived by clay absorption from amylase,
      however, instead, it may be derived directly from a microorganism. Thus,
      isomaltase derived from Paecilomyces varioti and from Penicillium
      brefeldianum has been utilized successfully, over a wide range of greens
      concentrations. The enzyme treatment with such enzymes has been carried
      out successfully in 0.05 M succinate NaOH buffer at pH 4.0 at 60.degree.C
      for 2 days. Purified enzymes generally produce higher conversion rates
      than crude enzymes. One way to produce purified enzyme is by treatment of
      the culture broth of the source microogranism with an adsorbing clay,
      preferably an activated clay.
PAR  Simultaneous enzymatic isomerization and transglucosidase conversion has
      been found to be ineffective. The enzymes apparently are incompatible to
      some extent, and very little ketose is formed. When practising batch
      isomerization in the process of this invention, the isomerase is largely
      exhausted at the conclusion of the isomerization, so that it has little or
      no effect on the subsequent treatment with isomaltase.
PAR  No significant difference is observed when the process of the invention is
      practised with acid-enzyme greens rather than enzyme-enzyme greens.
      However, the compositions of saccharides in enzyme-enzyme and acid-enzyme
      greens, before and after treatment, is somewhat different.
PAR  The equilibrium points in the reversion of dextrose and conversion of
      maltose were investigated, using enzyme-enzyme greens. During the
      transglucosidase treatment, the equilibrium points at greens
      concentrations of 10%, 30%, and 50%, d.s., respectively, appeared to be at
      about 95%, 85%, and 75%, d.s. in terms of dextrose content.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing the sweetness and monosaccharide content of a
      starch hydrolysate, comprising:
PA1  a. subjecting a starch hydrolysate containing dextrose, maltose, isomaltose
      and oligosaccharides to enzymatic isomerization to isomerize at least a
      portion of the dextrose in said starch hydrolysate to levulose, and then
PA1  b. treating said hydrolysate with an enzyme preparation having isomaltase
      or transglucosidase activity to produce a syrup which is sweeter and
      contains a higher amount of monosaccharides than said starch hydrolysate.
NUM  2.
PAR  2. The process in accordance with claim 1, wherein the concentration of
      solids in the starch hydrolysate does not exceed about 50%, by weight, dry
      substance.
NUM  3.
PAR  3. The process in accordance with claim 1, wherein the concentration of
      solids in the initial starch hydrolysate is about 50%, by weight, dry
      substance, including as a preliminary step:
PA1  subjecting the starch hydrolysate to the action of an enzyme preparation
      having a isomaltase or transglucosidase activity.
NUM  4.
PAR  4. The process of claim 1, wherein the enzyme preparation is employed at a
      dosage level of about 25,000 units/g d.s. in the substrate.
NUM  5.
PAR  5. The process of claim 1, wherein said enzyme preparation is derived from
      Aspergillus niger.
NUM  6.
PAR  6. The process of claim 1, wherein the enzyme preparation is derived from
      Paecilomyces varioti or Penicillium brefeldianum.
NUM  7.
PAR  7. A process for the enzymatic conversion of a dextrose mother liquor,
      comprising:
PA1  a. subjecting a dextrose mother liquor containing dextrose, maltose,
      isomaltose and oligosaccharides having a solids concentration that does
      not exceed 50%, by weight, dry substance to the action of xylose
      isomerase, and then
PA1  b. subjecting the isomerizate to the action of an enzyme preparation having
      isomaltase or transglucosidase activity.
NUM  8.
PAR  8. The process in accordance with claim 7, wherein the enzyme preparation
      is absorbed on clay.
NUM  9.
PAR  9. The process in accordance with claim 7, wherein the concentration of
      solids in the initial dextrose mother liquor is about 50%, by weight, dry
      substance, including a preliminary step:
PA1  subjecting the mother liquor to the action of an enzyme preparation having
      isomaltase or transglucosidase activity absorbed on clay.
NUM  10.
PAR  10. A process in accordance with claim 7, including the step of diluting
      the isomerizate prior to treatment with the enzyme preparation.
NUM  11.
PAR  11. The process of claim 7, wherein said enzyme preparation is derived from
      Aspergillus niger.
NUM  12.
PAR  12. A continuous process for increasing the sweetness and monosaccharide
      content of a dextrose mother liquor, comprising:
PA1  a. continuously passing a dextrose mother liquor containing dextrose,
      maltose, isomaltose and oligosaccharides through a column packed with a
      xylose isomerase enzyme preparation, and then
PA1  b. continuously passing said liquod liquor a column containing an enzyme
      preparation having isomaltase or transglucosidase activity and said
      preparation being absorbed on bentonite.
NUM  13.
PAR  13. The process of claim 12, wherein said enzyme preparation is derived
      from Aspergillus niger.
NUM  14.
PAR  14. A process for increasing the monosaccharide content of a
      levulose-bearing syrup comprising:
PA1  subjecting an enzymatically isomerized starch hydrolysate, containing
      dextrose, levulose, disaccharides and oligosaccharides which has been
      produced by enzymatically isomerizing a starch hydrolysate to convert at
      least a portion of the dextrose in said starch hydrolysate to levulose, to
      the action of a transglucosidase enzyme preparation to obtain a
      levulose-bearing syrup having a higher monosaccharide content than said
      enzymatically isomerized starch hydrolysate.
NUM  15.
PAR  15. The process of claim 14, wherein said enzyme preparation is derived
      from Aspergillus niger.
NUM  16.
PAR  16. A continuouse process for increasing the sweetness and monosaccharide
      content of a hydrol liquor, comprising:
PA1  a. acid or enzyme thinning a starch slurry to a D.E. of 10 or less,
      followed by enzymatic saccharification of the thinned starch to obtain a
      hydrolysate having a D.E. above about 95,
PA1  b. crystallizing the dextrose from said hydrolysate to obtain a crystalline
      dextrose and a hydrol,
PA1  c. continuously passing said hydrol through a column packed with a xylose
      isomerase enzyme preparation to partially isomerize the dextrose in said
      hydrol and thereafter
PA1  d. continuously passing said hydrol containing partially isomerized
      dextrose through a column containing an enzyme preparation having
      isomaltase or transglucosidase activity, said enzyme preparation having
      been absorbed on bentonite.
NUM  17.
PAR  17. The process of claim 12, wherein said enzyme preparation is derived
      from Aspergillus niger.
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ABST
PAL  Glucose is converted into gluconic acid by oxidation with oxygen in aqueous
      solution, by a process comprising passing a glucose containing aqueous
      solution over a catalyst which contains glucose oxidase and catalase,
      bound to an appropriate carrier, in immediate proximity to one another.
      The process avoids the disadvantage of previous catalytic processes
      depending on catalysts which rapidly lose their activity and is adapted to
      large-scale operation.
BSUM
PAR  The present invention is concerned with a process for the conversion of
      glucose into gluconic acid by the oxidation of glucose in the presence of
      a catalyst.
PAR  The conversion of glucose into gluconic acid is of great interest for many
      technical purposes. The problem is usually either the separation and
      removal of glucose from mixtures thereof with other substances, especially
      with other sugars, such as fructose, or the preparation of gluconic acid.
      The separation of glucose is a special problem, for example, in the case
      of sugars which still contain small amounts of glucose, which are
      extremely difficult to remove. A typical case of this kind is the
      preparation of fructose for dietetic or pharmaceutical purposes in which
      it is frequently extremely difficult to reduce the glucose content to the
      required extent. Similar problems arise in the case of foodstuffs,
      especially those for diabetics, for example, in the case of fruit juices,
      beer, wine and the like, in which there is a great need for simple methods
      for the removal of the glucose present therein.
PAR  It is known that glucose can be converted into gluconic acid by oxidation
      with oxygen in aqueous solution, with the catalytic action of the enzyme
      glucose oxidase. However, this process is not suitable for large-scale use
      because glucose oxidase very quickly loses its activity and is also very
      expensive, so that the use thereof in the necessarily large amounts is not
      economically feasible.
PAR  It is an object of the present invention to overcome the above-mentioned
      disadvantages and to provide a simple process for the conversion of
      glucose into gluconic acid which avoids the disadvantages of the known
      process.
PAR  The enzymatic conversion of glucose into gluconic acid by oxidation with
      oxygen in the presence of glucose oxidase (GOD) takes place according to
      the following equation:
      ##EQU1##
PAR  The use of dissolved GOD for the above-mentioned reaction cannot be used on
      a large scale since the expensive enzyme can only be used for a single
      reaction batch and, in the case of large-scale batches, a subsequent
      separation of the enzyme protein is also necessary. Theoretically, these
      difficulties can admittedly be overcome by using GOD bound to an insoluble
      carrier. However, it has been found that, in practice, this cannot be
      carried out because although the carrier-bound GOD can be easily
      separated, it is inactivated in a very short period of time.
PAR  Starting from the assumption that the hydrogen peroxide formed is at least
      partially responsible for this inactivation, investigations were,
      therefore, made to overcome this difficulty by the addition of the enzyme
      catalase to the reaction batch. Catalase decomposes peroxide
      catalytically, with the formation of oxygen and water, according to the
      following equation:
      ##EQU2##
PAR  However, the experiments carried out showed that even in the presence of
      catalase, the rapid inactivation of GOD cannot be avoided.
PAR  The attempt was, therefore, made to use a mixture of carrier-bound GOD with
      carrier-bound catalase. In order to achieve the most intimate possible
      contact and thus an immediate removal of the newly formed hydrogen
      peroxide, each of the enzymes was fixed on finely-divided carrier material
      and the finely divided carriers obtained then mixed together. However,
      this also did not overcome the above-mentioned difficulties so that it was
      assumed that the formation of hydrogen peroxide was not of decisive
      importance for the ascertained rapid inactivation of the GOD.
PAR  Surprisingly, we have now found that the above-mentioned problem can be
      overcome by using glucose oxidase and catalase bound together on a
      suitable carrier in immediate proximity with one another. In other words,
      broadly speaking, a molecule of GOD can be regarded as being present bound
      to the carrier next to a molecule of catalase. It is to be assumed that,
      in this way, a kind of cyclic reaction takes place at the molecular level
      in which the hydrogen peroxide formed by the GOD is again decomposed by
      the catalase present in the immediate proximity before the hydrogen
      peroxide can act upon another GOD molecule.
PAR  Thus, according to the present invention, there is provided a process for
      the conversion of glucose into gluconic acid by oxidation with oxygen in
      aqueous solution, which process comprises passing a glucose-containing
      aqueous solution over a catalyst which contains glucose oxidase and
      catalase bound to a carrier and in immediate proximity to one another.
PAR  From the above-given equations (1) and (2), it can be seen that, in the
      case of the process according to the present invention, additional oxygen
      is necessary only in the case of comparatively high glucose concentrations
      because the oxygen initially present is always reformed. However, we have
      found it to be advantageous to add additional oxygen, even when the
      glucose content of the solution to be treated does not substantially
      exceed the oxygen content of the solution on a molar basis, the oxygen
      content being dependent upon the temperature of the solution. In this
      case, by the addition of oxygen to the solution, a considerable
      acceleration of the reaction can be brought about. However, the process
      according to the present invention can also be carried out without
      additional enrichment with oxygen when the reaction velocity is adjusted
      to the oxygen content. This can take place by contacting the
      glucose-containing solution with the carrier-bound enzymes, in the manner
      of a chromatographic process, in a column with an approximately low flow
      rate or, for example, by repeatedly recycling the glucose-containing
      solution over the catalyst.
PAR  If the glucose-containing solution is to be enriched with oxygen, this can
      take place by the addition of pure oxygen or of an agent containing
      oxygen, especially of a gas such as air. Preferably, the oxygen is added
      without being admixed with comparatively large amounts of foreign gases.
PAR  The process according to the present invention must be carried out at a pH
      at which the enzyme glucose oxidase and catalase are active. Preferably, a
      pH value of between 3.5  and 8 is maintained during the reaction, although
      the enzymes in question still have a certain degree of activity above and
      below this pH range. Especially good results are achieved in the pH range
      between 4.5 and 7 and a maximum activity was, in many experiments,
      measured at pH values between 5 and 5.5. The pH value of the maximum
      activity also depends upon the origin of the enzymes, for example, whether
      there is used a catalase from mold fungi, which is preferred, or mammalian
      liver catalase.
PAR  The desired pH can be maintained by the usual chemical methods used for the
      regulation of pH insofar as the activity of the enzymes is thereby not
      disadvantageously changed. Good results have been obtained by the addition
      of lyes, especially of alkaline-reacting compounds of the alkali metals,
      for example, aqueous solutions of sodium hydroxide, sodium carbonate,
      potassium hydroxide or the like. Organic bases can also be used in the
      same way for the adjustment of the pH.
PAR  It has proved to be especially expedient to maintain the pH constant within
      the preferred pH range. This can be achieved, for example, by automatic
      titration, with the use of a glass electrode and of a pH stat. By means of
      the measurement results of the pH electrode, the pH stat opens a valve
      which controls the run off a lye, for example, of an aqueous solution of
      sodium hydroxide, into the reaction vessel.
PAR  The process according to the invention is carried out at a temperature at
      which the activity of the enzyme has a technically useful value.
      Preferably, the process is operated at temperatures between 10.degree. and
      60.degree.C. At higher temperatures, a noticeable denaturing of the enzyme
      takes place and at lower temperatures the rate of reaction is too slow.
      The particularly preferred temperature range is between 25 and
      50.degree.C.
PAR  The process according to the present invention can be carried out batchwise
      or continuously. The batchwise embodiment of the process according to the
      present invention can be carried out particularly simply by adding to a
      reaction vessel, which contains the glucose-containing aqueous solution,
      the catalyst to be used according to the process of the present invention,
      the catalyst then being left in the solution until the desired reaction
      has taken place. It is expedient to agitate the solution in the usual
      manner, blowing in of oxygen having proved to be especially advantageous
      because, on the one hand, it brings about the desired enrichment with
      oxygen and, on the other hand, results in an agitation of the solution.
      When the reaction is finished, the catalyst is removed, for example, by
      centrifuging off, decanting or the like. The catalyst can, without further
      treatment, be used again and the treated solution itself can be used as
      such, for example, when it was originally a glucose-containing juice or
      the like.
PAR  According to a further embodiment of the process according to the
      invention, the reaction takes place in a cycle. This permits an especially
      simple control of the process. Furthermore, the gluconic acid formed in
      this way can be separated and thus removed from the equilibrium so that
      the reaction takes place quickly and quantitatively.
PAR  The separation of the gluconic acid formed can be carried out in a
      conventional manner, for example, by binding to an anion exchanger,
      conversion into a sparingly soluble salt or other derivative or separation
      according to other known physical or chemical methods.
PAR  In the case of the cyclic embodiment of the process according to the
      present invention, the gluconic acid can be removed especially well by
      passage through an anion exchanger. Since, in the continuous reaction in a
      cycle, the catalyst used according to the present invention is also
      preferably placed in a column, through which flows the solution to be
      treated, the process can be carried out by simply connecting together at
      least two columns in series in such a manner that the solution to be
      treated first flows through the catalyst to be used according to the
      present invention and thereafter through the anion exchanger resin.
PAR  The catalyst used according to the present invention can be obtained by
      fixing GOD and catalase, present in an aqueous solution, on to an
      appropriate carrier. Appropriate carriers and fixing methods are
      described, for example, in British Pat. Specifications Nos. 1,294,591 and
      26556/72. The nature of the carrier used is not critical so long as only
      GOD and catalase are commonly bound to the carrier in immediate proximity
      to one another.
PAR  The ratio of the activities of GOD to catalase on the carrier is preferably
      not below 1:1 and, more preferably, the ratio should be 1:10 to more. Very
      good results have been achieved with activity ratios of up to 1:200.
      However, it is to be assumed that still higher activity ratios also give
      outstanding results. A special advantage of the high activity ratios,
      i.e., of a high bound catalase activity in relation to the GOD activity,
      is that the oxygen requirement is thereby substantially reduced. This
      reduction of the oxygen requirement depends upon the immediate reformation
      of oxygen from the hydrogen peroxide according to equation (2) given
      above.
PAR  In comparison with known chemical processes for the conversion of glucose
      into gluconic acid and for the separation of glucose from aqueous
      solutions containing it, the process according to the present invention
      has the advantage of absolute specificity and extreme simplicity. The
      process according to the present invention can also be carried out in the
      presence of very large amounts of chemically similar substances. Thus, it
      can be used for the removal of comparatively small amounts of glucose in
      the presence of large amounts of other sugars, for example, of fructose.
      By means of the process according to the present invention, problems can,
      thus, be solved which hitherto could not be solved with the previously
      known chemical and physico-chemical methods. The process according to the
      present invention is of extremely wide applicability and extends from the
      removal of glucose from foodstuffs, drinks and the like to the production
      of glucose-free preparations for the pharmaceutical industry and to the
      large-scale production of gluconic acid. A special advantage of the use of
      the process of the present invention for drinks, such as fruit juices,
      beer, wine and the like, is that the gluconic acid formed can admittedly
      easily be removed therefrom but it does not have to be removed because it
      is itself a flavoring which advantageously "rounds off" the flavor of the
      drinks treated.
PAR  The following Examples illustrate the preparation of the carrier-bound
      GOD-catalase for use in the process according to the present invention:
DETD
PAC  EXAMPLE A.
PAR  50 mg. of a commercially-available GOd preparation with a specific activity
      of 220 U/mg. were dissolved in 1 ml. 0.5M triethanolamine/hydrochloric
      acid buffer (pH 8.0), mixed at 30.degree.C with 0.25 ml. acrylic acid
      2,3-epoxypropyl ester, while passing in nitrogen, and stirred for about 30
      minutes at this temperature. Subsequently, the reaction mixture was cooled
      to 10.degree.C. Thereafter, 3.0 g. acrylamide, 0.1 g.
      N,N'-methylene-bis-acrylamide and 300 mg. of an enzyme preparation with a
      GOD activity of 20 U/mg. and a catalase activity of 260 U/mg. were
      successively dissolved in 18 ml. distilled water and introduced into the
      reaction vessel. The polymerization reaction was then initiated by the
      addition of 50 mg. benzoyl peroxide and 0.5 ml. 5%
      N,N-dimethylaminopropionitrile solution. When the polymerization was
      finished (after about 1 hour), the reaction mixture was left to stand for
      12-18 hours at 4.degree.C. The polymer formed was then forced through a
      sieve of mesh size 4 mm., washed and dried.
PAR  The specific activity of the carrier-bound enzyme thus obtained was: GOD
      281 U/mg. (photometric GOD test according to H.U. Bergmeyer, "Methoden der
      enzymatischen Analyse", Vol. I, p.416/1970); catalase 185 U/mg.
      (monometric determination of the liberated oxygen).
PAR  In the following, the preparation thus obtained is referred to as
      GOD-catalase A.
PAC  EXAMPLE B.
PAR  1.5 g. of an enzyme preparation with a GOD activity of 20 U/mg. and a
      catalase activity of 260 U/mg., as well as 50 mg. of a catalase of
      specific activity of 39000 U/mg., were dissolved in 15 ml. distilled water
      and 7.5 ml. 1M triethanolamine/hydrochloric acid buffer (pH 8.0). 1.25 ml.
      acrylic acid-2,3-epoxypropyl ester were then added at 30.degree.C., under
      an atmosphere of nitrogen. Thereafter, the reaction mixture was gently
      stirred for 30 minutes at this temperature, cooled to 10.degree.C and
      mixed with 15 g. acrylamide and 0.75 g. N,N'-methylene-bis-acrylamide in
      78 ml. distilled water. The polymerization was initiated by the addition
      of 3 ml. 5% ammonium peroxydisulfate solution and 3 ml. 5%
      dimethylaminopropionitrile solution. Further working up was carried out in
      the manner described above in Example A.
PAR  The specific activity of the GOD-catalase thus obtained was: GOD 95 U/g.
      (photometric); catalase 4200 U/g. (photometrically according to H.U.
      Bergmeyer, "Methoden der enzymatischen Analyse", Vol I, p. 339/1970).
PAR  In the following, the preparation thus obtained is referred to as
      GOD-catalase B.
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
PAC  EXAMPLE 1.
PAC  Batchwise Carrying Out of the Process.
PAR  20 g. (0.11 mol) fructose and 1.1 g. (0.0055 mol) glucose hydrate were
      dissolved in water to give 200 ml. of solution. The solution was placed in
      a thermostatically controlled reaction vessel and the temperature was
      adjusted to 35.degree.C. The reaction vessel was provided with a pH
      electrode which was connected, via a pH stat, with a burette filled with
      0.2N aqueous sodium hydroxide solution. The pH value was maintained
      constant at 5.5 by automatically adding an appropriate amount of aqueous
      sodium hydroxide solution to neutralize the gluconic acid formed in the
      course of the reaction.
PAR  Furthermore, the reaction vessel contained an oxygen inlet tube provided
      with a frit, through which 10 liters oxygen per hour were introduced.
PAR  The fructose-glucose solution was now mixed with 250 mg. of a carrier-bound
      GOD with a specific activity of 300 U/g. At intervals of 50 minutes, the
      glucose content of the solution was determined. After 100 minutes, 20% of
      the glucose initially present had been converted into gluconic acid.
PAR  In a further experiment, the above-described process was repeated but with
      the addition of 2 mg. of a catalase with a specific activity of 40000
      U/mg. to the solution. After 100 minutes, the glucose conversion was 30%
      and after 200 minutes was 40%. In the case of still longer reaction times,
      the GOD was deactivated and could not be reactivated.
PAR  In another experiment, the method according to the present invention was
      used. The procedure was as described for the previous experiments but,
      instead of using carrier-bound GOD and dissolved catalase, there were
      added 250 mg. of the above-described GOD-catalase preparation A. After 100
      minutes, the conversion of glucose to gluconic acid was about 50% and
      after 200 minutes was 70%. Inactivation of the enzyme did not occur and,
      in the case of continued reaction, practically the whole of glucose was
      converted into gluconic acid.
PAR  The above-described process was repeated with the use of the
      above-described GOD-catalase preparation B. After 100 minutes, about 40%
      and after 200 minutes 94% of the glucose had been converted into gluconic
      acid. After 220 minutes, more than 99% of the glucose had been converted
      into gluconic acid.
PAR  The above-described experiments show that, according to the process of the
      present invention, in spite of substantially lower enzyme activities, very
      considerably higher conversions of glucose to gluconic acid are achieved.
      Furthermore, in the process according to the present invention, no
      noticeable deactivation of the catalyst takes place, whereas in the
      comparative experiments without the use of catalase and with the use of
      dissolved catalase, in spite of higher enzyme activities, a rapid and
      irreversible deactivation of the enzymes took place.
PAC  EXAMPLE 2.
PAC  Continuous Reaction
PAR  1. g of carrier-bound GOD-catalase preparation B was suspended in distilled
      water and allowed to swell. Subsequently, it was placed in a column of 20
      mm. internal diameter and 5 cm. length. Through this column was passed a
      solution of 50 g. fructose and 2.75 g. glucose hydrate in 500 ml. water,
      through which air was bubbled at 25.degree. C., the rate of flow of the
      solution being 1.2 liters per hour. After passage of the reaction solution
      through the column, the pH value was adjusted to 6.5 with 0.2N aqueous
      sodium hydroxide solution, oxygen was passed through it and the solution
      was recycled through the column. Per passage, 100-120 mg. glucose were
      converted into gluconic acid. After 23 passages, more than 99% of the
      glucose had been converted into gluconic acid.
PAC  EXAMPLE 3
PAR  The process of Example 2 was repeated, but an anion exchanger column
      (acetate-loaded IMAC A 27) was connected in series after the enzyme column
      and the pH regulation by the addition of an aqueous sodium hydroxide
      solution was omitted. The solution running off from the exchanger column
      only contained 0.086% gluconic acid, referred to the fructose content.
PAC  EXAMPLE 4
PAR  The following experiment shows that the rate of glucose conversion depends
      upon the ratio of glucose to GOD-catalase catalyst in the solution.
PAR  Using the batch process described in Example 1, a solution of 20 g.
      fructose and 1.1 g. glucose was mixed at 40.degree.C and pH 5.5, while
      passing in air, with catalyst preparation A according to the present
      invention. After reaction periods of 100 minutes with different amounts of
      catalyst, there were obtained the results set out in the following Table:
TBL                TABLE                                                       

     ______________________________________                                    

     amount of       glucose reacted                                           

     catalyst (mg.)  after 100 minutes                                         

     ______________________________________                                    

     100             24%                                                       

     250             69%                                                       

     500             97%                                                       

     ______________________________________                                    

PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the conversion of glucose into gluconic acid by enzymatic
      oxidation in the presence of oxygen in aqueous solution, which process
      comprises passing a glucose-containing aqueous solution over a catalyst
      comprising an insoluble gel carrier to which is bound a mixture of glucose
      oxidase and catalase in close side by side proximity.
NUM  2.
PAR  2. Process as claimed in claim 1, wherein oxygen is passed into the
      glucose-containing solution.
NUM  3.
PAR  3. Process as claimed in claim 1, wherein the pH during the reaction is
      maintained between 3.5 and 8.
NUM  4.
PAR  4. Process as claimed in claim 3, wherein the pH during the reaction is
      maintained between 4.7 and 7.
NUM  5.
PAR  5. Process as claimed in claim 4, wherein the pH during the reaction is
      maintained between 5 and 5.5.
NUM  6.
PAR  6. Process as claimed in claim 3, wherein the pH is controlled by the
      addition of a lye.
NUM  7.
PAR  7. Process as claimed in claim 3, wherein the pH is controlled by removal
      of the gluconic acid formed.
NUM  8.
PAR  8. Process as claimed in claim 1, wherein the reaction is carried out
      continuously by recycling the treated solution.
NUM  9.
PAR  9. Process as claimed in claim 8, wherein the catalyst is fixed in a column
      through which the reactants are passed.
NUM  10.
PAR  10. Process as claimed in claim 8, wherein the gluconic acid formed is
      removed from the solution before recycling the solution to the catalyst.
NUM  11.
PAR  11. Process as claimed in claim 10, wherein the gluconic acid is removed by
      treatment with an anion exchanger or by conversion into a sparingly
      soluble derivative thereof.
NUM  12.
PAR  12. Process as claimed in claim 1, wherein the reaction is carried out at a
      temperature between 10.degree. and 60.degree.C.
NUM  13.
PAR  13. Process as claimed in claim 12, wherein the reaction is carried out at
      a temperature between 25.degree. and 50.degree.C.
NUM  14.
PAR  14. Process as claimed in claim 1, wherein the ratio of activities of
      glucose oxidase to catalase is less than 1:1.
NUM  15.
PAR  15. Process as claimed in claim 14, wherein the ratio of activities of
      glucose oxidase to catalase is from 1:10 to 1:200.
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PAL  Coenzyme A is purified by a process involving contacting a cyanogen
      halide-activated water-insoluble polysaccharide with a cell-free extract
      of a coenzyme A-producing microorganism to immobilize proteins such as
      enzymes having affinity for coenzyme A on the polysaccharide. The
      immobilized proteins are then contacted with a coenzyme A-containing
      solution to absorb coenzyme A followed by eluting coenzyme A from the
      immobilized proteins. Alternatively, the proteins having affinity for
      coenzyme A may be isolated from the cell-free extract prior to
      immobilization by absorbing the proteins on coenzyme A immobilized on a
      cyanogen halide-activated water-insoluble polysaccharide followed by
      eluting the proteins from the immobilized coenzyme A.
BSUM
PAR  This invention relates to the purification of coenzyme A.
PAR  It is well known that coenzyme A (hereinafter referred to as "CoA") is an
      important compound in the metabolic processes of living cells. For
      example, it is useful in the metabolism of carbohydrates, fats and amino
      acids, and in the biosynthesis of protoheme IX.
PAR  Some methods for the purification of CoA are known. In one known method CoA
      is purified by treating a crude CoA solution with a heavy metal salt
      (e.g., mercuric, lead, silver or barium salt), phosphotungstic acid or an
      organic solvent, e.g., acetone (The Journal of Biological Chemistry 186,
      253 - 243; ibid. 193, 307 - 316). In another method CoA is purified by a
      charcoal adsorption procedure or chromatography on the column of an ion
      exchange resin (The Journal of Americal Chemical Society 72, 4838; U.S.
      Pat. No. 2828302; Biochemistry 5, 3886 - 3886; Japanese Pat. Publication
      No. 10188/1965). However, all of these methods are disadvantageous in a
      commercial application because of insufficient purification of CoA and a
      great loss of CoA during the operations.
PAR  As a result of investigations, we have now found that a biologically
      specific interaction between CoA and its associated enzymes can be
      utilized advantageously for the purification of CoA. In other words,
      enzymes or proteins, which exhibit a special and unique affinity to CoA,
      are inherently contained in living cells of a CoA-producing microorganism.
      Such enzymes or proteins (i.e., "CoA-affinity-substance") can be
      advantageously used as a liquid which is coupled to a solid support for
      affinity chromatography. We have also found that the coupling of the
      ligand can be readily achieved by immobilizing the cell-free extract of a
      CoA-producing microorganism with a cyanogen halide-activated
      water-insoluble polysaccharide. Moreover, we have found that the
      aforementioned coupling can be achieved by separating
      CoA-affinity-substance from the cell-free extract of a CoA-producing
      microorganism by the use of an immobilized CoA, and then immobilizing the
      isolated CoA-affinity-substance with the cyanogen halide-activated
      water-insoluble polysaccharide. The resultant immobilized cell-free
      extract involving CoA-affinity-substance therein or the resultant
      immobilized CoA-affinity-substance is used as an adsorbed for the affinity
      chromatography of a crude CoA solution.
PAR  On object of the present invention is to provide a novel and practical
      method for treating a crude CoA solution to obtain a purified CoA
      solution. Another object of the invention is to provide a method for
      purfying CoA by affinity chromatography. The other object is to provide a
      method in which CoA is purified from a crude CoA solution by utilizing a
      biologically specific interaction between CoA and CoA-affinity-substance.
      A further object is to provide a method which enables the purification of
      CoA without substantial loss of CoA during the operation. Still further
      objects of the present invention will be apparent from the description
      which follows.
PAR  According to the present invention, a purified CoA solution is obtained by
      the steps of (a) immobilizing the cell-free extract of a CoA-producing
      microorganism with a cyanogen halide-activated water-insoluble
      polysaccharide to prepare an immobilized cell-free extract involving
      CoA-affinity-substance, (b) washing the immobilized cell-free extract, (c)
      contacting a crude CoA solution with the immobilized cell-free extract to
      have CoA adsorbed thereon, (d) washing the immobilized cell-free extract,
      and (e) eluting CoA from the immobilized cell-free extract. Alternatively,
      CoA-affinity-substance may be separated from the cell-free extract of a
      CoA-producing microorganism prior to the immobilization step mentioned to
      above. In this alternative method, the separation of
      CoA-affinity-substance is carried out by the steps of (a) immobilizing CoA
      with a cyanogen halide-activated water-insoluble polysaccharide, (b)
      contacting the resultant immobilized CoA with the cell-free extract of a
      CoA-producing microorganism to have CoA-affinity-substance absorbed on the
      immobilized CoA, and (c) eluting CoA-affinity-substance from the
      immobilized CoA. CoA-affinity-substance thus obtained is then immobilized
      with a cyanogen halide-activated water-insoluble polysaccharide. A
      purified CoA solution is obtained by contacting a crude CoA solution with
      the resultant immobilized CoA-affinity-substance to have CoA adsorbed
      thereon, washing the immobilized CoA-affinity-substance, and then eluting
      CoA from the immobilized CoA-affinity-substance.
PAR  The above-mentioned steps of the present invention are shown by the
      following scheme:
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PAR  Mircroorganisms which produce CoA can be employed for the purpose of the
      present invention. Examples of the CoA-producing microorganisms include
      Sarcina lutea IAM (Institute of Applied Microbiology, Tokyo University,
      Japan) 1099, Sarcina aurantiaca IAM 1059, Sarcina aurantiaca IFO
      (Institute for Fermentation, Osaka, Japan) 3064, Micrococcus rubens IFO
      3768, Mircrobacterium flavum IAM 1642, Brevibacterium ammoniagenes IAM
      1641, Corynebacterium alkanophilum nov. sp. ATCC 21071 and Pseudomonas
      alkanolytica nov. sp. ATCC 21034. All of these microorganisms are publicly
      available from the above-mentioned depositories. In this connection,
      however, it should be noted that the present invention is not limited to
      the use of these specific microorganisms, but include within its scope the
      use of all CoA-producing microorganisms. The cell-free extract of each one
      of the above-mentioned microorganisms can be prepared by known methods
      such as, for example, homogenization, ultrasonic destruction or lysozyme
      treatment (c.f., Methods of Enzymology, Academic press Inc., New York,
      vol. 1, page 51 (1955)). Moreover, the cyanogen halide-activated
      water-insoluble polysaccharide of the invention can be prepared by known
      methods such as that disclosed in "Nature"  214, 1302 - 1304  (1967). The
      activation reaction of a water-insoluble polysaccharide (e.g., agarose,
      dextran, cellulose) with a cyanogen halide is shown by the following
      scheme:
      ##EQU1##
      Suitable examples of said activated water-insoluble polysaccharide include
      cyanogen bromide-activated agarose, cyanogen chloride-activated agarose,
      cyanogen iodide-activated agarose, cyanogen bromide-activated dextran,
      cyanogen chloride-activated dextran, cyanogen iodide-activated dextran,
      cyanogen bromide-activated cellulose, cyanogen chloride
      activated-cellulose and cyanogen iodide-activated cellulose. In preparing
      the activated water-insoluble polysaccharide which is suitable for use in
      the present invention, it is preferred to use 0.01 to 0.05 mole,
      especially 0.01 to 0.03 mole, of a cyanogen halide per gram of the
      water-insoluble polysaccharide. For example, one to two grams of cyanogen
      bromide per gram of the water-insoluble polysaccharide are preferably used
      in the activation reaction.
PAR  Immobilization of the cell-free extract [i.e., Step (A)] in the present
      invention is readily accomplished by admixing the cell-free extract of
      CoA-producing microorganism with the cyanogen halide-activated
      water-insoluble polysaccharide at a pH of 6 to 9. It is preferred to carry
      out the reaction at 0.degree. to 30.degree.C, especially at 15.degree. to
      25.degree.C, under stirring. The preferred amount of the cell-free extract
      which is used in the immobilization reaction is 10 to 30 mg, especially 15
      to 20 mg, (based on the amount of protein) per gram of the cyanogen
      halide-activated water-insoluble polysaccharide. The immobilization
      reaction may be completed with 10 to 30 hours. The resultant immobilized
      cell-free extract involving CoA-affinity-substance is then washed with a
      solvent until materials which are not covalently bound to the activated
      water-insoluble polysaccharide are removed. Water and an aqueous sodium
      chloride solution (pH 6 - 8) are employed as the washing solvent.
PAR  Immobilization of CoA [i.e., Step (C)] is accomplished by admixing CoA with
      the cyanogen halide-activated water-insoluble polysaccharide at a pH of 6
      to 8. The immobilization reaction is carried out at 0.degree. to
      30.degree.C, especially at 15.degree. to 25.degree.C, under stirring.
      Moreover, in this immobilization reaction it is preferred to use a highly
      purified CoA, especially an authentic sample of the reduced CoA. The
      immobilization reaction of CoA may be completed within 6 to 10 hours. The
      preferred amount of the reduced CoA which is bound to the activated
      water-insoluble polysaccharide is 2 to 5 mg, especially 3 to 4 mg, per
      gram of the activated water-insoluble polysaccharide. For the
      immobilization reaction, therefore, it is preferred to use 2 to 10 mg of
      the reduced CoA per gram of the activated water-insoluble polysaccharide.
      The immobilized reduced CoA thus obtained is represented by the following
      formula:
      ##SPC1##
PAR  In carrying out the adsorption procedure [i.e., Step (D)] it is preferred
      to use the cell-free extract having an ionic strength lower than 0.1,
      especially an ionic strength of 0.05 to 0.1. When the cell-free extract
      prepared from the CoA-producing microorganism shows an ionic strength
      higher than 0.1, it is recommended to dialyze said extract against water
      prior to the adsorption procedure of Step (D). On the other hand, when the
      cell-free extract shows an ionic strength lower than 0.05, an insert
      electrolyte such as sodium chloride may be added to the cell-free extract
      so that the ionic strength thereof is adjusted to 0.05 to 0.1. The
      cell-free extract adjusted as above is then mixed with the immobilized
      CoA, and the mixture is stirred at 0.degree. to 30.degree.C, especially at
      15.degree. to 25.degree.C. Then, the mixture is filtered and the
      immobilized CoA thus recovered is further washed with an aqueous solution
      (pH 6 - 8) having an ionic strength of 0.05 to 0.1.  Examples of the
      washing solvent which is used in Step (E) include an aqueous 0.01 M sodium
      acetate buffer solution (pH 6.5) containing 0.05 M sodium chloride, and an
      aqueous 0.01 M phosphate buffer solution (pH 7.0) containing 0.05 M sodium
      chloride. By these operations the immobilized CoA having adsorbed
      CoA-affinity-substance thereon is obtained. Alternatively, the adsorption
      and its subsequent procedures [i.e., Steps (D) to (F)] of the invention
      may be carried out by a column method. For example, the immobilized CoA
      obtained in Step (C) is charged into a column, and the cell-free extract
      (pH 6 - 8) adjusted as above is passed through the column at 0.degree. to
      30.degree.C, especially at 15.degree. to 25.degree.C. By washing the
      column with such an aqueous solution as mentioned above, the immobilized
      CoA having adsorbed CoA-affinity-substance thereon is obtained.
PAR  Elution of CoA-affinity-substance from the immobilized CoA, i.e., Step (F),
      is readily accomplished. As the eluting solvent there is used an aqueous
      solution (pH 6 - 8) having an ionic strength higher than 0.5, especially
      an ionic strength of 0.5 to 1. For example, an aqueous 0.01 M sodium
      acetate buffer solution (pH 6.5) containing 0.5 M sodium chloride, and an
      aqueous 0.1 M phosphate buffer solution (pH 7.0) containing 0.2 M sodium
      chloride are suitably employed as the eluting solvent. It is preferred to
      carry out the elution at 0.degree. to 30.degree.C, especially at
      15.degree. to 25.degree.C. Immobilization of CoA-affinity-substance thus
      eluted, i.e., Step (G), can be carried out in the same manner as described
      in Step (A). The preferred amount of CoA-affinity-substance which is used
      in the immobilization reaction of Step (G) is 10 to 30 mg, especially 15
      to 20 mg, (based on the amount of protein) per gram of the cyanogen
      halide-activated water-insoluble polysaccharide.
PAR  The immobilized cell-free extract or CoA-affinity-substance obtained in
      Steps (B) or (G) is then contacted with a crude CoA solution to have CoA
      adsorbed on the immobilized preparation. That is, the immobilized
      cell-free extract or CoA-affinity-substance is mixed with the crude CoA
      solution, and the mixture is stirred. After filtering the mixture, the
      immobilized preparation recovered is further washed with a suitable
      solvent. By these operations, the immobilized cell-free extract or
      CoA-affinity-substance having adsorbed CoA thereon is obtained.
      Alternatively, the adsorption and its subsequent procedures [i.e., Steps
      (H) to (J)] may be carried out by a column method. For example, the
      immobilized preparation obtained in Steps (B) or (G) is charged into a
      column, and a crude CoA solution is passed through the column at a
      suitable flow rate. By washing the column with a suitable solvent, the
      immobilized cell-free extract or CoA-affinity-substance having adsorbed
      CoA thereon is obtained. The adsorption procedure, i.e., Step (H), is
      preferably carried out at a pH of 6 to 8 and at 0.degree. to 30.degree.C,
      especially at 15.degree. to 25.degree.C. Moreover, as the washing solvent
      in Step (I) there is used an aqueous solution (pH 6 - 8) having an ionic
      strength lower than 0.04, especially an ionic strength of 0.02 to 0.04.
      Examples of the washing solvent which are employed in Step (I) include an
      aqueous 0.01 M sodium acetate buffer solution (pH 6.5) containing 0.03 M
      sodium chloride, and an aqueous 0.005 M phosphate buffer solution (pH 7.0)
      containing 0.02 M sodium chloride.
PAR  Elution of CoA from the resultant immobilized cell-free extract or
      CoA-affinity-substance, i.e., Step (J), is preferably carried out at
      0.degree. to 30.degree.C, especially at 15.degree. to 25.degree.C. An
      aqueous acidic solution (pH 2 - 5) is employed as the eluting solvent in
      this step. Moreover, an aqueous solution (pH 6 - 8) having an ionic
      strength higher than 0.06, especially an ionic strength of 0.1 to 0.5 is
      employed as the eluting solvent which is used in Step (J) include an
      aqueous 0.01 M sodium acetate buffer solution (pH 6.5) containing 0.1 M
      sodium chloride, and an aqueous 0.01 M phosphate buffer solution (pH 7.0)
      containing 0.06 M sodium chloride. When the elution is completed, the
      immobilized cell-free extract or CoA-affinity-substance is recovered as a
      solid material. The immobilized preparation thus recovered can be used
      repeatedly for the purpose of the present invention.
PAR  According to the above-mentioned method of the present invention, a CoA
      extract which is obtained from animal tissues (e.g., hog livers) or the
      fermentation broth of a CoA-producing microorganism can be readily
      purified. Moreover, a supernatant solution or filtrate which is obtained
      by centrifuging or filtering the heat-treated fermentation broth of a
      CoA-producing microorganism may be employed as the crude CoA solution of
      the present invention. A CoA solution which is obtained by purifying said
      supernatant solution or filtrate with an active charcoal may also be
      employed as the crude CoA-solution of the invention. Alternatively, the
      CoA solution purified with the active charcoal as mentioned above may be
      further purified by chromatography on a column of an ion exchange resin
      such as DEAE-cellulose prior to the purification of the present invention.
PAR  Practical and presently-preferred embodiments of the present invention are
      illustratively shown in the following Examples. In this specification, the
      amount of CoA (i.e., the total amount of the reduced and oxidized CoA) was
      assayed in the presence of cysteine by the phosphotransacetylase method
      described in "The Journal of Biological Chemistry" 191, 365 (1951). The
      amount of the reduced CoA was also assayed spectrophotometrically by the
      phosphotransacetylase method described in "Methods of Enzymatic Analysis"
      page 512 (1963, Academic Press Incorp.). The purity (%) of each of CoA and
      the reduced CoA was estimated in accordance with the following equation:
      ##EQU2##
      Moreover, the amount of CoA-affinity-substance was measured in accordance
      with the method described in "The Journal of Biological Chemistry" 198,
      265 (1951). Further, in this specification and claims, the terminology
      "CoA(or coenzyme A)-affinity-substance" should be interpreted as referring
      to "a group of enzymes or proteins being inherently contained in living
      cells of a CoA(or coenzyme A)-producing microorganism and at the same time
      being adsorbed to CoA(or coenzyme A) in an aqueous solution (pH 6 - 8)
      having an ionic strength lower than 0.1". More specifically, for example,
      the terminology "CoA(or coenzyme A)-affinity-substance" refers to "a
      mixture of enzymes or proteins selected from the group consisting of
      dephospho-CoA(or coenzyme A) kinase, acyltransferase, acyl-CoA(or coenzyme
      A) reductase, palmitoyl-CoA(or coenzyme A) hydrolase, succinyl-CoA(or
      coenzyme A) hydrolase, citrate synthase and other analogeous proteins
      having affinity to CoA".
DETD
PAC  EXAMPLE 1
PAC  1. Preparation of the cell-free extract of a CoA-producing microorganism
PAR  10 liters of an aqueous nutrient medium containing glucose (10 w/v %), corn
      steep liquor (2.2 w/v %), peptone (1.35 w/v %), monopotassium phosphate
      (0.5 w/v %), dipotassium phosphate (0.5 w/v %), magnesium sulfate 7
      hydrate (0.1 w/v %), ammonium acetate (1.0 w/v %) and biotin (0.05
      .mu.g/ml) are charged into a jar fermentor. The nutrient medium is
      adjusted to pH 7.0 and then sterilized. Sarcina lutea IAM 1099 is
      inoculated into the nutrient medium. The medium is then cultivated at
      30.degree.C for 72 hours under aeration (3 liters/minute) and agitation
      (350 rotations/minute). The fermentation broth thus obtained is
      centrifuged. The microbial cells thus collected are lyophilized, whereby
      500 g of the lyophilized cells of Sarcina lutea IAM 1099 are obtained. 100
      g of the lyophilized cells are suspended in 3.5 liters of a 0.05 M
      phosphate buffer solution (pH 7.0). The suspension is subjected to
      ultrasonic treatment (20 kilocycles/hour) under ice-cooling and then to
      centrifugation. 3 liters of the cell-free extract of Sarcina lutea IAM
      1099 are obtained.
PAC  2. Preparation of a cyanogen halide-activated water-insoluble
      polysaccharide
PAR  700 g of agarose (wet form) (manufactured by Pharmacia Fine Chemical Co.
      under the trade name "Sepharose" ) are suspended in 28 liters of an
      aqueous cyanogen bromide solution (Contents of cyanogen bromide: 25
      mg/ml), and the suspension is stirred at about 25.degree.C for 8 minutes.
      The suspension is kept at pH 11 with an aqueous 5N-sodium hydroxide
      solution during the reaction. After the reaction, the resultant
      precipitate is collected by filtration. The precipitate thus collected is
      washed with water and an aqueous 0.1 M sodium bicarbonate solution. 650 g
      of cyanogen bromide-activated agarose (wet form) are obtained.
PAC  3. Preparation of an immobilized cell-free extract
PAR  320 g of cyanogen bromide-activated agarose (wet form) are added to 3
      liters of the cell-free extract obtained in the above-mentioned paragraph
      (1). After the mixture is stirred at 10.degree.C for 17 hours, 320 g of
      cyanogen bromide-activated agarose (wet form) are again added thereto.
      Then, the mixture is adjusted to pH 6.0 and is further stirred at
      10.degree.C for 6 hours. The resultant precipitate is collected by
      filtration. The precipitate thus collected is washed with water and an
      aqueous 0.01 M sodium acetate solution (pH 7.0). 640 g of an immobilized
      cell-free extract (wet form) are obtained.
PAC  4. Purification of CoA
PAR  A seed culture is prepared by cultivating Sarcina lutea IAM 1099 for 20
      hours in an aqueous medium containing the same ingredients as described in
      the above-mentioned paragraph (1). 20 ml of an aqueous nutrient medium
      containing the same ingredients as described in said paragraph (1) are
      charged into a 500 ml shaking flask, and 0.5 ml of the seed culture is
      added thereto. The nutrient medium is cultivated at 30.degree.C for 48
      hours under shaking (140 rotations/minute). 20 mg of potassium
      panthotenate, 20 mg of adenine and 20 mg of cystein hydrochloride are
      dissolved in the nutrient medium, and the medium is diluted with water to
      bring its volume to 25 ml. Then, the medium is further cultivated at
      30.degree.C for 16 hours under shaking (140 rotations/minute). The
      fermentation broth thus obtained is heated at 100.degree.C for 10 minutes
      and then is centrifuged. 340 ml of water are added to the supernatant
      solution, whereby 510 ml of a crude CoA solution (pH 6.5,  ionic strength
      = 0.04) are obtained. The solution contains 94 mg of CoA (purity: 0.7 %).
PAR  640 g of the immobilized cell-free extract obtained in the above-mentioned
      paragraph (3) are charged into a 5 cm .times. 50 cm column, and the column
      is washed with an aqueous 0.01 M sodium acetate solution (pH 6.5). 510 ml
      of the crude CoA solution thus obtained are passed through the column at a
      flow rate of 18 ml/hour. The column is washed with an aqueous 0.01 mol
      solution acetate buffer solution (pH 6.5) containing 0.03 M sodium
      chloride until contaminants are removed from the column. Then, an aqueous
      0.01 M sodium acetate buffer solution (pH 6.5) containing 0.5 mol sodium
      chloride is passed through the column to elute CoA therefrom. The eluate
      thus obtained contains 59 mg of CoA (purity: 71 %).
PAC  EXAMPLE 2
PAR  Sarcina lutea IAM 1099 is cultivated in the same manner as described in
      Example 1, paragraph (4). The fermentation broth obtained is heated at
      100.degree.C for 10 minutes and filtered by centrifugation. One liter of
      the supernatant solution thus obtained is introduced into a column of 10 g
      of active charcoal to have CoA adsorbed on the column. After washing the
      column with water a mixture of aqueous acetone and aqueous ammonia (an
      aqueous 40 % acetone solution : an aqueous 28 % ammonia solution = 100 :
      1) is passed through the column. The eluates containing CoA are collected,
      combined and concentrated under reduced pressure to bring its volume to
      100 ml. 15 ml of 2-mercaptoethanol are added to 100 ml of the concentrated
      eluate. Then, the mixture is adjusted to approximately pH 8. After the
      mixture is stirred for about 2 hours, 1.2 liters of ethanol are added
      thereto. The resultant precipitate is collected by centrifugation and then
      dissolved in water. 35 ml of a crude CoA solution are obtained. The
      solution contains 316 mg of CoA (purity: 13 %).
PAR  640 g of an immobilized cell-free extract prepared in the same manner as
      described in Example 1, paragraph (3), are charged in a 5 cm .times. 50 cm
      column. The column is washed with an aqueous 0.01 M sodium acetate
      solution (pH 6.5). 8 ml of the crude CoA solution obtained above are
      diluted with 72 ml of water, and passed through the column at a flow rate
      of 18 ml/hr. Then, the column is treated in the same manner as described
      in Example 1, paragraph (4). The eluate thus obtained contains 60 mg of
      CoA (purity: 100 %).
PAC  EXAMPLE 3
PAC  1. Preparation of the cell-free extract of a CoA-producing microorganism
PAR  10 liters of an aqueous nutrient medium containing glucose (5 w/v %), corn
      steep liquor (2.2 w/v %), peptone (1.4 w/v %), monopotassium phosphate
      (0.5 w/v %), dipotassium phosphate (0.5 w/v %) and magnesium sulfate 7
      hydrate (0.1 w/v %) are charged into a jar fermentor. The nutrient medium
      is adjusted to pH 7.0 and then sterilized. After Microbacterium flavum IAM
      1642 is inoculated into the nutrient medium, the medium is treated in the
      same manner as described in Example 1, paragraph (1). Thus, 2.6 liters of
      the cell-free extract of Microbacterium flavum IAM 1642 are obtained.
PAC  2. Preparation of an immobilized cell-free extract
PAR  1.5 kg of cyanogen bromide-activated agarose prepared in the same manner as
      described in Example 1, paragraph (2), are added to 2.6 liters of the
      cell-free extract of Microbacterium flavum IAM 1642 obtained above. Then,
      the mixture is treated in the same manner as described in Example 1,
      paragraph (3). 1.5 kg of an immobilized cell-free extract are obtained.
PAC  3. Purification of CoA
PAR  1.5 kg of the immobilized cell-free extract obtained above are charged in a
      10 cm .times. 30 cm column. The column is washed with an aqueous 0.01 M
      sodium acetate solution (pH 6.5). 11 ml of a crude CoA solution prepared
      in the same manner as described in Example 2 are diluted with water to
      bring its volume to 110 ml, and the diluted CoA solution (CoA content: 99
      mg, purity: 13 %) is passed through the column at a flow rate of 18 ml/hr.
      Then, the column is treated in the same manner as described in Example 1,
      paragraph (4). The eluate thus obtained contains 94 mg of CoA (purity: 73
      %).
PAC  EXAMPLE 4
PAC  1. Preparation of the cell-free extract of a CoA-producing microorganism
PAR  10 liters of an aqueous nutrient medium containing glucose (5 w/v %), meat
      extract (1 w/v %), yeast extract (0.45 w/v %), protein hydrolysate (0.55
      w/v %), peptone (1.35 w/v %), monopotassium phosphate (0.5 w/v %),
      dipotassium phosphate (0.5 w/v %) and magnesium sulfate 7 hydrate (0.1 w/v
      %) are charged into a jar fermentor. The nutrient medium is adjusted to pH
      7.0 and then sterilized. After Micrococcus rubens  IFO 3768 is inoculated
      into the nutrient medium, the medium is treated in the same manner as
      described in Example 1, paragraph (1). Thus, 3.3 liters of the cell-free
      extract of Micrococcus rubens IFO 3768 are obtained.
PAC  2. Preparation of an immobilized cell-free extract
PAR  3.65 kg of cyanogen bromide-activated agarose (wet form) prepared in the
      same manner as described in Example 1, paragraph (2), are added to 3.3
      liters of the cell-free extract of Micrococcus rubens IFO 3768 mentioned
      to above. The mixture is then treated in the same manner as described in
      Example 1, paragraph (3). 3.65 kg of an immobilized cell-free extract are
      obtained.
PAC  3. Purification of CoA
PAR  3.65 kg of the immobilized cell-free extract mentioned above are charged
      into a 10 cm .times. 75 cm column. The column is washed with an aqueous
      0.01 M sodium acetate solution. 15 ml of a crude CoA solution prepared in
      the same manner as described in Example 2 are diluted with 135 ml of
      water, and the diluted crude CoA solution (CoA content: 135 mg, purity: 13
      %) is passed through the column at a flow rate of 18 ml/hour. The column
      is washed with an aqueous 0.01 M sodium acetate buffer solution (pH 6.5)
      containing 0.04 M sodium chloride until contaminants are removed from the
      column. The column is then treated in the same manner as described in
      Example 1, paragraph (4). The eluate thus obtained contains 126 mg of CoA
      (purity: 76 %).
PAC  EXAMPLE 5
PAC  1. Preparation of the cell-free extract of a CoA-producing microorganism
PAR  10 liters of an aqueous nutrient medium containing glucose (1 w/v %),
      peptone (1.5 w/v %), yeast extract (0.1 w/v %), dipotassium phosphate (0.3
      w/v %), sodium chloride (0.2 w/v %) and magnesium sulfate 7 hydrate (0.02
      w/v %) are charged in a jar fermentor. The nutrient medium is adjusted to
      pH 7.0 and then sterilized. After Brevibacterium ammoniagenes IAM 1641 is
      inoculated into the nutrient medium, the medium is treated in the same
      manner as described in Example 1, paragraph (1). Thus, 1.3 liters of the
      cell-free extract of Brevibacterium ammoniagenes IAM 1641 are obtained.
PAC  2. Preparation of an immobilized cell-free extract
PAR  1.3 kg of cyanogen bromide-activated agarose (wet form) prepared in the
      same manner as described in Example 1,  paragraph (2), are added to 1.3
      liters of the cell-free extract of Brevibacterium ammoniagenes IAM 1641
      mentioned to above. Then, the mixture is treated in the same manner as
      described in Example 1, paragraph (3). 1.3 kg of an immobilized cell-free
      extract are obtained.
PAC  3. Purification of CoA
PAR  1.3 kg of the immobilized cell-free extract mentioned above are suspended
      in one liter of an aqueous 0.01 mol sodium acetate solution (pH 7.0). 4 ml
      of a crude CoA solution (CoA content: 36 mg, purity: 13 %) prepared in the
      same manner as described in Example 2 are added to the suspension. The
      mixture is stirred at room temperature for 5 hours thereby adsorbing CoA
      on the immobilized cell-free extract. The immobilized cell-free extract is
      collected by filtration and washed with an aqueous 0.01 M sodium acetate
      solution (pH 7.0) containing 0.01 M sodium chloride until contaminants are
      removed from the immobilized preparation. The immobilized cell-free
      extract is then suspended in 1.7 liters of an aqueous 0.01 M sodium
      acetate solution (pH 7.0) containing 0.5 M sodium chloride. The suspension
      is stirring at room temperature for 2 hours. Next, the suspension is
      filtered to remove insoluble materials. The filtrate thus obtained
      contains 23 mg of CoA (purity: 70 %).
PAC  EXAMPLE 6
PAC  1. Preparation of an immobilized CoA
PAR  510 g of the cyanogen bromide-activated agarose mentioned above are
      suspended in one liter of an aqueous 0.1 mol sodium acetate buffer
      solution (pH 6.0), and 0.6 g of the reduced CoA (purity: 92 %) is added
      thereto. The suspension is stirred at room temperature for 3 hours. The
      resultant precipitate is collected by filtration. The precipitate thus
      collected is washed with water and an aqueous 0.5 mol sodium chloride
      solution. 500 g of an immobilized CoA are obtained. It contains 3 mg of
      the reduced CoA per g. Moreover, it is positive to a nitroprusside
      reaction and shows an infrared adsorption band at 1720 cm.sup.-.sup.1 to
      (R--OCON=).
PAC  2. Preparation of CoA-affinity-substance
PAR  500 g of the immobilized CoA obtained in paragraph (1) are charged in a 5
      cm .times. 40 cm column. The column is washed with an aqueous 0.1 M sodium
      chloride. The cell-free extract of Sarcina lutea IAM 1099 prepared in the
      same manner as described in Example 1, paragraph (1), is dialyzed at
      1.degree.C overnight through cellophan against water, and 850 ml of the
      dialyzed solution is passed through the column. The column is washed with
      an aqueous 0.01 M sodium acetate buffer solution (pH 6.5) containing 0.1 M
      sodium chloride until contaminants are removed from the column. Then, the
      column is eluted with an aqueous 0.01 M sodium acetate buffer solution (pH
      6.5) containing 0.5 M sodium chloride. 3 liters of the eluate thus
      obtained contain 3.5 g of CoA-affinity-substance.
PAC  3. Preparation of an immobilized CoA-affinity-substance
PAR  270 g of cyanogen bromide-activated agarose (wet form) prepared in the same
      manner as described in Example 1, paragraph (2) are added to 3 liters of
      the eluate obtained in paragraph (2). After the mixture is stirred at
      10.degree.C for 17 hours, 270 g of cyanogen bromide-activated agarose (wet
      form) obtained in paragraph (1) are again added thereto. Then, the mixture
      is adjusted to pH 6.0 and further stirred at 10.degree.C for 6 hours. The
      resultant precipitate is collected by filtration. The precipitate thus
      collected is washed with an aqueous 0.01 M sodium acetate buffer solution
      (pH 7.0) containing one M sodium chloride. 530 g of an immobilized
      CoA-affinity-substance (wet form) are obtained.
PAC  4. Purification of CoA
PAR  530 g of the immobilized CoA-affinity-substance (wet from) obtained in
      paragraph (3) mentioned to above are charged in a 5 cm .times. 43 cm
      column. The column is washed with an aqueous 0.01 sodium acetate buffer
      solution (pH 6.5) containing 0.01 M 2-mercaptoethanol. 6 ml of a crude CoA
      solution prepared in the same manner as described in Example 2 are diluted
      with 72 ml of water, and passed through the column at a flow rate of 18
      ml/hour. The column is washed with an aqueous 0.01 M sodium acetate buffer
      solution (ph 6.5) containing 0.03 M sodium chloride until contaminants are
      removed from the column. Then, the column is eluted with an aqueous 0.01 M
      sodium acetate buffer solution (pH 6.5) containing 0.5 M sodium chloride.
      The eluate thus obtained contains 50 mg of the reduced CoA (purity: 98 %).
PAC  EXAMPLE 7
PAR  An immobilized CoA-affinity-substance is prepared in the same manner as
      described in Example 6, paragraph (3). One kg of the immobilized
      CoA-affinity-substance is washed with water and then suspended in 2 liters
      of an aqueous 0.01 M sodium acetate solution. 12 ml of a crude CoA
      solution prepared in the same manner as described in Example 2 are added
      to the suspension. The suspension is stirred at room temperature for 5
      hours. The resultant precipitate is collected by filtration. The
      precipitate thus collected is washed with an aqueous 0.01 M sodium acetate
      buffer solution (pH 7.0) containing 0.03 M sodium chloride until
      contaminants are removed from the precipitate. Then, the precipitate is
      suspended in 1.3 liters of an aqueous 0.01 M sodium acetate solution (pH
      7.0) containing 0.5 mol sodium chloride. After the suspension is stirred
      at room temperature for 2 hours, the resultant precipitate is removed by
      filtration. The filtrate thus obtained contains 81 mg of the reduced CoA
      (purity: 98 %).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for purifying coenzyme A which comprises the steps of:
PA1  A. admixing a cell-free extract of a coenzyme A-producing microorganism
      with a cyanogen halide-activated water-insoluble polysaccharide at a pH of
      6 to 9 thereby immobilizing proteins contained in the extract; and washing
      the immobilized proteins until materials which are not covalently bound
      thereto are removed; or
PA1  B. admixing coenzyme A with a cyanogen halide-activated water-insoluble
      polysaccharide at a pH of 6 to 8 to give an immobilized coenzyme A;
      contacting the immobilized coenzyme A with a cell-free extract of a
      coenzyme A-producing microorganism at a pH of 6 to 8, said extract having
      an ionic strength of 0.05 to 0.1, whereby proteins which exhibit special
      and unique affinity to coenzyme A and are inherently contained in living
      cells of the coenzyme A-producing microorganism are adsorbed on the
      immobilized coenzyme A; washing the immobilized coenzyme A with an aqueous
      solution of pH 6 to 8 having an ionic strength of 0.05 to 0.1; contacting
      the washed immobilized coenzyme A with an aqueous solution of pH 6 to 8
      having an ionic strength higher than 0.5 to elute the proteins from the
      immobilized coenzyme A; and admixing the resultant proteins with a
      cyanogen halide-activated water-insoluble polysaccharide at a pH of 6 to 9
      to give immobilized proteins; and
PA1  C. contacting a coenzyme A solution with the immobilized proteins or
      enzymes at a pH of 6 to 8 to have coenzyme A adsorbed on the immobilized
      preparation; washing the immobilized proteins with an aqueous solution of
      pH 6 to 8 having an ionic strength lower than 0.4; and then contacting the
      washed immobilized proteins with an aqueous acidic solution of pH 2 to 5
      or with an aqueous solution of pH 6 to 8 having an ionic strength aqueous
      solution of pH 6 to 8 having an ionic strength of 0.1 to 0.5, at 0.degree.
      to 30.degree.C, to elute coenzyme A from the immobilized preparation.
NUM  2.
PAR  2. The process of claim 1 wherein the proteins are enzymes.
NUM  3.
PAR  3. A process for purifying coenzyme A which comprises the steps of admixing
      a cell-free extract of a coenzyme A-producing microorganism with a
      cyanogen halide-activated water-insoluble polysaccharide at a pH of 6 to 9
      at 0.degree. to 30.degree.C thereby immobilizing proteins contained in the
      extract; washing the immobilized proteins with water or an aqueous sodium
      chloride solution of pH 6 to 8, or both, until materials which are not
      covalently bound thereto are removed; contacting a coenzyme A solution
      with the immobilized proteins at a pH of 6 to 8 at 0.degree. to
      30.degree.C to have coenzyme A adsorbed on the immobilized preparation;
      washing the resultant immobilized proteins with an aqueous solution of pH
      6 to 8 having an ionic strength of 0.04 to 0.02; and then contacting the
      washed immobilized proteins with an and are inherently contained in living
      cells of the coenzyme A-producing microorganism are adsorbed on the
      immobilized coenzyme A; washing the immobilized coenzyme A with an aqueous
      solution of pH 6 to 8 having an ionic strength of 0.05 to 0.1; contacting
      the immobilizing coenzyme A with an aqueous solution of pH 6 to 8 having
      an ionic strength of 0.5 to 0.1, at 0.degree. to 30.degree.c, to elute the
      proteins from the immobilized coenzyme A; admixing the resultant proteins
      with a cyanogen halide-activated water-insoluble polysaccharide at a pH of
      6 to 8 at 0.degree. to 30.degree.C to give an immobilized protein;
      contacting a coenzyme A solution with the immobilized proteins at a pH of
      6 to 8 at 0.degree. to 30.degree.C to have coenzyme A adsorbed on the
      immobilized preparation; washing the immobilized proteins with an aqueous
      solution of pH 6 to 8 having an ionic strength of 0.02 to 0.04; and then
      contacting the washed immobilized proteins with and aqueous solution of pH
      6 to 8 having an ionic strength of 0.1 to 0.5, at 0.degree. to
      30.degree.C, to elute coenzyme A from the immobilized preparation.
NUM  4.
PAR  4. The process according to claim 3, in which the immobilization of the
      proteins is carried out by admixing 10 to 30 mg based on the amount of
      protein of the cell-free extract of the coenzyme A-producing microorganism
      per gram of the cyanogen halide-activated water-insoluble polysaccharide.
NUM  5.
PAR  5. The process according to claim 3, in which the temperature is adjusted
      to 15.degree. to 25.degree.C during the steps.
NUM  6.
PAR  6. The process according to claim 3, in which the cyanogen halide-activated
      water-insoluble polysaccharide is selected from the group consisting of
      cyanogen bromide-activated agarose, cyanogen chloride-activated agarose,
      cyanogen iodide-activated agarose, cyanogen bromide-activated dextran,
      cyanogen chloride-activated dextran, cyanogen iodide-activated dextran,
      cyanogen bromide-activated cellulose, cyanogen chloride-activated
      cellulose and cyanogen iodide-activated cellulose.
NUM  7.
PAR  7. A process for purifying coenzyme A which comprises the steps of admixing
      coenzyme A with a cyanogen halide-activated water-insoluble polysaccharide
      at a pH of 6 to 8 at 0.degree. to 30.degree.C to give an immobilized
      coenzyme A; contacting the immobilized coenzyme A with the cell-free
      extract of a coenzyme A-producing microorganism at a pH of 6 to 8 at
      0.degree. to 30.degree.C, said extract having an ionic strength of 0.05 to
      0.1 whereby proteins which exhibit special and unique affinity to coenzyme
      A higher than 0.06 to elute coenzyme A from the immobilized preparation.
NUM  8.
PAR  8. The process according to claim 7, in which the immobilized proteins are
      prepared by admixing 10 to 30 mg protein per gram of the cyanogen
      halide-activated water-insoluble polysaccharide.
NUM  9.
PAR  9. The process according to claim 7, in which the immobilized proteins are
      prepared by admixing 15 to 20 mg protein per gram of the cyanogen
      halide-activated water-insoluble polysaccharide.
NUM  10.
PAR  10. The process according to claim 7, in which the immobilized coenzyme A
      is prepared by admixing 2 to 10 mg of coenzyme A per gram of the cyanogen
      halide-activated water-insoluble polysaccharide.
NUM  11.
PAR  11. The process according to claim 7, in which the temperature is adjusted
      to 15.degree. to 25.degree.C during the steps.
NUM  12.
PAR  12. The process according to claim 7, in which the cyanogen
      halide-activated water-insoluble polysaccharide is selected from the group
      consisting of cyanogen bromide-activated agarose, cyanogen
      chloride-activated agarose, cyanogen iodide-activated agarose, cyanogen
      bromide-activated dextran, cyanogen chloride-activated dextran, cyanogen
      iodide-activated dextran, cyanogen bromide-activated cellulose, cyanogen
      chloride-activated cellulose and cyanogen iodide-activated cellulose.
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ABST
PAL  A sample of material such as blood, urine, spinal fluid, or the like to be
      tested for the presence of biological activity is placed into a sterile
      container together with a suitable growth medium which includes a C.sup.14
      carbon containing carbon source (such as C.sup.14 substituted glucose)
      which is fermentable to produce gaseous C.sup.14 O.sub.2. An incubator is
      provided for exposing the container and its contents to conditions
      conducive to growth. After a suitable incubation period, a portion of the
      gaseous atmosphere in the container is withdrawn and analyzed in gaseous
      form in an ionization chamber for the presence of radioactivity. Valve and
      conduit means are provided for analyzing a number of samples sequentially.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a division of application Serial No. 30.675, filed Apr. 22, 1970
      now U.S. Pat. No. 3,676,679 which is a continuation-in-part of application
      Serial No. 770,484, filed Oct. 25, 1968 now abandoned.
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PAC  DESCRIPTION OF INVENTION:
PAR  The present invention relates to a method and apparatus for detecting
      biological activity and particularly for making rapid analyses of
      materials in which the presence of microorganisms, or the like, is
      suspected through the use of a growth medium containing radioactivity
      which is fermentable to produce a radioactive gaseous product.
PAR  When, for example, bacteria are cultured in a suitable medium including a
      fermentable carbon source such as glucose, the source may be broken down
      to form CO.sub.2 during the growth of the bacteria. If the growth medium
      is alkaline, the CO.sub.2 will generally be absorbed to form carbonates or
      bicarbonates. However, if the starting medium is acidic (or slightly
      alkaline or neutral so that a slight amount of CO.sub.2 absorption will
      convert the same to acidic conditions), gaseous CO.sub.2 will be evolved
      into the atmosphere above the solution.
PAR  If the medium includes a carbon source prepared from radioactive carbon
      having an atomic weight of 14 (C.sup.14) rather than normal carbon having
      an atomic weight of 12, any CO.sub.2 liberated will include radioactive
      C.sup.14 O.sub.2. The radioactivity of the C.sup.14 O.sub.2, which is the
      result of the beta decay of the C.sup.14, can be measured. This
      radioactivity will be generally related to the amount of CO.sub.2
      generated and thus can be used to measure bacterial presence and growth in
      the medium.
PAR  In the past, the principal method for measuring the radioactivity of the
      C.sup.14 O.sub.2 liberated has been to collect the CO.sub.2 on a filter
      paper soaked in an alkaline solution. The filter paper, thus containing a
      radioactive carbonate or bicarbonate in liquid form, is then processed and
      analyzed for radioactivity in a liquid scintillation counter. This method
      for determining bacteriological presence and growth by the radioactivity
      of the CO.sub.2 evolved from the medium is slow and laborious.
PAR  In hospital work, the early detection of bacteria in body fluids is of
      paramount importance. It has been a well recognized practice to place
      blood or urine specimens or the like in an appropriate growth medium on a
      Petri dish and make visual observations of the bacteriological growth.
      While this method is also slow and laborious, it does facilitate the final
      identification of the bacteria. Manifestly, in each method, all samples,
      whether positive or negative for bacteria, had to be subjected to
      extensive procedures.
PAR  In many cases, proper diagnosis and treatment of diseases would be
      facilitated if the absence of certain bacteria could be confirmed simply
      and quickly. Further, if such negative samples could be identified and
      discarded without extensive processing, much laboratory effort would be
      eliminated. The latter is also true if the presence of a certain species
      or at least of a certain group of bacteria could be established rapidly.
PAR  The method of the instant invention operates to provide a quick
      determination of the general presence or absence of most medically
      significant bacteria in a given sample. Also, the invention provides a
      quick determination of the presence or absence of a given species or group
      of bacteria. Further, the invention is adapted to provide automatic
      analyses, thereby to free laboratory personnel for other activities. In
      addition, the present invention facilitates the performance of a plurality
      of individual analyses essentially simultaneously by a single technician.
PAR  The novel advantages are achieved through the use of a method which
      comprises, first, the placing of a sample of material to be tested into a
      container together with a growth medium including a C.sup.14 carbon
      containing carbon source which is metabolizable or fermentable to produce
      gaseous carbon dioxide. Thereafter, the container having the medium with
      the sample therein is incubated under conditions conducive to the
      occurrence of normal metabolic processes for a period of time sufficient
      to cause production of gaseous carbon dioxide by the fermentation of the
      carbon source if bacteria are present in the original sample. At least a
      portion of the gaseous atmosphere from within the container above the
      medium is then removed. Finally, the radioactivity of the removed portion
      of gas is measured while the portion remains gasiform to thereby rapidly
      determine whether or not certain species or groups were present in the
      original sample. While the method of the invention is not so limited, it
      is particularly adapted for the detection of medically significant
      bacteria.
PAR  The invention also includes apparatus which operates to achieve the various
      desirable advantages set forth above. This apparatus includes a container
      adapted for receiving a sample of material to be analyzed for biological
      activity together with a growth medium including a C.sup.14 carbon
      containing carbon source which is fermentable to produce carbon dioxide.
      Means are provided for exposing the container and thereby the medium and
      the sample to conditions conducive to the occurrence of normal metabolic
      processes. Also provided are radioactivity measuring means operable to
      measure the radioactivity of a quantity of gas. The container and the
      radioactivity measuring means are intercommunicated by conduit means and a
      valve is provided for normally blocking the conduit. The valve is operable
      to periodically unblock the conduit to permit at least a portion of the
      gaseous atmosphere in the container to flow into the radioactivity
      measuring means.
PAR  Further, and in another aspect, the invention provides an apparatus for
      rapidly and sequentially analyzing a plurality of materials for biological
      activity by measuring the radioactivity of gaseous portions removed, after
      incubation, from individual containers which originally contained
      individual samples of the materials to be analyzed together with a growth
      medium including a C.sup.14 containing carbon source fermentable to
      produce carbon dioxide. The apparatus comprises, for these purposes, a
      conduit segment for each of the containers adapted for connection thereto
      and a radioactivity measuring device including an ionization chamber
      operable to facilitate the measurement of the radioactive decay of the
      C.sup.14 in C.sup.14 O.sub.2 which is present in gaseous form within the
      chamber, said chamber having an inlet conduit. The device also includes
      means operably coupled to the chamber for measuring the electric current
      produced therein by said decay. Also provided are valve means connected to
      the conduit segments and the inlet conduit, the valve means being operable
      to selectively intercommunicate the inlet conduit with any one of the
      conduit segments individually to permit flow of a gaseous portion from the
      corresponding container into the chamber. Suction means are coupled to the
      chamber to flush the chamber after the radioactivity of a portion has been
      measured.
DRWD
PAR  FIG. 1 is a schematic diagram of a biological detector constructed in
      accordance with the concepts and principles of the instant invention.
PAR  FIG. 2 is a detail drawing depicting a preferred means of achieving
      agitation of the culture medium.
PAR  FIGS. 3 and 4 depict another apparatus embodiment of the instant invention.
DETD
PAR  A detector apparatus embodying the principles and concepts of the invention
      is broadly designated in FIG. 1 by the numeral 10. Apparatus 10 is
      particularly useful, for example, in providing early detection of the
      general presence of most medically significant bacteria in materials such
      as blood, urine, spinal fluid, water samples and the like. The presence of
      such bacteria is readily detected by measuring the amount of C.sup.14
      O.sub.2 generated when a material to be analyzed is placed into a growth
      medium including a C.sup.14 carbon containing source (such as C.sup.14
      substituted glucose) which is metabolized or fermented to produce C.sup.14
      O.sub.2 and the medium with the sample therein is thereafter incubated.
      Manifestly, the presence of radioactivity in the atmosphere above the
      growth medium is an indication of the presence of microorganisms in the
      original sample of material. It should be noted that the term ferment as
      employed herein embraces metabolic processes generally.
PAR  A sample to be analyzed, such as blood or urine or the like, is placed into
      sterile culture container 12 or 14 together with a growth medium which
      preferably includes C.sup.14 glucose (all carbon atoms replaced by
      C.sup.14) and incubated. At suitable intervals, at least a portion of the
      gaseous atmosphere within the culture chamber 12 or 14 is transferred to a
      radioactivity measuring means which includes an ionization chamber 16. The
      electric current produced within chamber 16 by radioactive decay of
      C.sup.14 in the gas is measured and displayed on a meter 18 which may
      include provision for simultaneous recording on an analog recorder (not
      shown). After the measurement has been made, chamber 16 may be flushed
      with clean air to sweep residual radioactive C.sup.14 O.sub.2 into an
      absorber 20. Thereafter, chamber 16 preferably is evacuated by vacuum pump
      22 to make sure that all radioactivity is removed from chamber 16 so that
      the next reading will not be affected.
PAR  Apparatus 10 may be used, for example, to detect the presence of bacteria
      generally rather than to detect a given species. A growth medium which
      includes C.sup.14 glucose is preferred and C.sup.14 glucose constitutes a
      practical general purpose carbon source. However, it is to be understood
      that in some instances a given medium may be specific for a given species
      or at least for a known group and in those instances, the present
      invention may be utilized to detect the presence or absence of such
      species or members of such group. While glucose is the preferred medium
      because it is generally fermentable to form gaseous CO.sub.2 by nearly all
      medically significant bacteria, it is to be appreciated that not all
      bacteria act on glucose to form gaseous CO.sub.2. Some bacteria, for
      example Pseudomonas aeruginosa, Shigella flexneri, and Salmonella typhi,
      are listed, in standard works such as Bergey's Manual of DETERMINATIVE
      BACTERIOLOGY; as not producing CO.sub.2 from glucose. This has been found
      to be at least technically incorrect since the small amounts of CO.sub.2
      produced, while escaping detection by conventional analyses, are readily
      detectable by the method of the present invention. However, should a
      strain or class of bacteria be studied that does not produce CO.sub.2 from
      glucose, some other carbohydrate such as xylose or maltose, can be used to
      test for such microorganisms. The only necessity being that the
      carbohydrate includes C.sup.14 and that it is fermentable by the species
      or group of interest to form gaseous C.sup.14 O.sub.2.
PAR  Standard nutrient mediums operable in this invention generally will contain
      water, a suitable C.sup.14 substituted carbohydrate (C.sup.14 glucose), a
      nitrogen source, calcium, magnesium, potassium, phosphate, sulfate, and
      minor elements. The medium may also include a buffer for pH adjustment and
      maintenance.
PAR  While, as stated above, C.sup.14 glucose is the preferred carbon source,
      other C.sup.14 substituted sugars, such as sucrose, fructose, xylose,
      maltose, lactose and the like, as well as mixtures of such sugars, may be
      employed in the practice of this invention, generally for more specific
      determinations. The invention also contemplates the use of fermentation
      mediums containing C.sup.14 carbon substituted carbohydrates generally
      including starches, dextrins, and the like as well as sugars. Such
      radioactive materials are well known to those skilled in this art. As
      employed herein, the terms "sugar," "starch," and the like embrace not
      only such materials, per se, but their obvious equivalents, such as, for
      example, molasses and the like. For maximum sensitivity, all of the carbon
      atoms in the carbon source are preferably replaced by C.sup.14 carbon
      although this is not absolutely necessary so long as the C.sup.14 is
      substituted in the correct position in the carbohydrate molecule so that
      it is liberated as C.sup.14 O.sub.2. In this regard, it should be noted,
      as is well understood by those skilled in the art, that the C.sup.14
      cannot be substituted at random in the molecule, but its position must be
      selected carefully.
PAR  The carbohydrates are employed in the fermentation medium in amounts of at
      least about 0.0001% weight. Desirably the medium will contain from about
      0.0003% to about 0.001% carbohydrate although fermentation mediums
      containing up to about 20% carbohydrate and above are operable. The
      C.sup.14 activity supplied by the carbohydrate can be in the range of from
      less than 0.1 micro curie to about 10 micro curies or more per 10 ml of
      medium, although about 0.5 micro curies is preferred. It will be apparent
      that the precise proportion of carbohydrate employed in the medium will
      generally be a matter of choice.
PAR  The medium also may contain a standard nitrogen source, such as nitrates,
      nitrites, ammonia, urea, or other assimilable nitrogen source either
      organic or inorganic. Preferably, at least sufficient nitrogen is present
      to supply nitrogen for cell growth.
PAR  A variety of calcium, potassium, and magnesium salts may be employed in the
      fermentation medium including the chlorides, sulfates, phosphates and the
      like. Similarly, phosphate and sulfate ions can be supplied as any of a
      variety of salts. While salts which supply both the desired anion and
      cation may be employed (e.g., potassium phosphate, magnesium sulfate) the
      selection is by no means so limited. Again, such materials are
      conventional in fermentation mediums and the selection of specific
      materials as well as their proportion is within the skill of the
      routineer.
PAR  The so-called "minor elements" are commonly understood to include
      manganese, iron, zinc, cobalt, and possibly others. Trace quantities
      thereof are preferred, and such quantities are commonly present in the
      materials used in the preparation of fermentation mediums.
PAR  Finally, the medium may contain a buffer to maintain the pH in the desired
      range. Once more a wide variety of materials may be utilized. Potassium or
      ammonium phosphates often are employed to maintain the pH of fermentation
      media.
PAR  A particularly preferred type of medium is known as thioglycolate and is a
      generally used, widely available medium. The composition of thioglycolate
      without its glucose is as follows:
PA1  trypticase 15.0 gms/1
PA1  1-cystine 0.5 gms/1
PA1  yeast extract 5.0 gms/1
PA1  sodium chloride 2.5 gms/1
PA1  sodium thioglycolate 0.5 gms/1
PA1  resazurin 0.001 gms/1
PA1  agar 0.75 gms/1
PAR  C.sup.14 carbon containing glucose is added to this composition in
      accordance with the criteria set forth above to produce the complete
      preferred growth medium containing radioactivity.
PAR  Another acceptable type of medium which is generally available is a
      brain-heart-infusion broth (BHI) having the following composition in 1
      liter of aqueous broth;
PA1  infusion from 200 ml of calf's brain
PA1  infusion from 250 ml of beef heart
PA1  10 gms of peptone gelysate
PA1  5 gms of sodium chloride
PA1  2.5 gms of disodium phosphate
PAL  Again, the C.sup.14 substituted carbohydrate is added to this composition
      to produce a growth medium containing radioactivity.
PAR  At the outset of the process, the fermentation medium is inoculated with a
      sample of the material to be tested while the pH is maintained between
      about 6 and about 7 and desirably at about 7. The amount of sample
      employed may vary widely but often is preferably from about 0.01% to about
      10% by volume. After a short delay, any organisms present will grow
      rapidly followed by a decrease in growth rate. In addition, the rate of
      fermentation and thereby the rate of evolution of CO.sub.2 will vary
      depending upon such factors as nutrient composition, pH, temperature,
      proportion of inoculum, and the like.
PAR  For effective fermentation for the majority of bacteria, the temperature of
      the medium with the sample therein is preferably maintained between about
      35.degree.C and about 39.degree.C. Some organisms achieve optimum growth
      at temperature of 20.degree.C or lower while others may exhibit optimum
      growth at 45.degree.C or higher. This invention may employ any temperature
      best suited in a given circumstance. Although satisfactory growth can be
      achieved without agitation, fermentation preferably is carried out with
      active shaking, stirring, or the like, effective to insure proper
      evolution of CO.sub.2 from the medium. In one preferred embodiment,
      agitation is provided by stirring to introduce a vortex into the liquid
      medium. An external stirring apparatus to provide the vortex is desirable
      and is described more fully hereinafter with reference to FIG. 3.
PAR  Most often, interest will be in determining whether a given sample contains
      aerobic bacteria and, therefore, the atmosphere in the containers
      generally will be air or oxygen. This invention can be used to detect
      anerobic bacteria, however, by employing nitrogen or the like as an inert
      atmosphere and flushing gas. It will be appreciated that light may be
      provided in the event organisms responsive to light are being
      investigated.
PAR  Turning now more particularly to the mechanical equipment depicted in FIG.
      1, the culture containers 12 and 14 preferably will have a total capacity
      of approximately 50 ml, of which 15-25 ml will be occupied by the culture
      medium and test sample. The volume of blood or urine or other sample may
      be, for example, 1- 3 ml.
PAR  A submicron filter 24 which includes a check valve, is provided for each
      container 12 and 14 to allow airborne bacteria and other particulate
      contaminants to be removed from surrounding atmosphere drawn into the
      containers 12 and 14. An outlet conduit segment 26 generally preceded by
      an absorptive filter (not shown) is provided for each container 12 and 14
      to prevent droplets of culture medium from leaving the culture container.
      Segments 26 are located well above the culture medium level 27. Containers
      12 and 14 are preferably constructed of components suitable to permit
      sterilization by autoclaving or gas sterilization methods.
PAR  Culture containers 12 and 14 with the culture medium and test samples
      therein are disposed in a thermostatically controlled temperature
      incubator 28, where the temperature is maintained preferably at
      37.degree.C.+-.  2.degree.C to provide optimum conditions for growth.
PAR  One gaseous radioactivity detector, such as chamber 16, is used in common
      with a plurality of culture containers such as containers 12 and 14. In
      this regard, it should be noted that while only two containers 12 and 14
      are shown, at least 10 to 20 are actually preferred for greater
      efficiency. A sequential gas selector valve 30 is used to connect the
      detector chamber 16 alternately to a culture container, such as 12 or 14,
      and then to a source 32 of filtered air for flushing the contents of
      detector chamber 16. Valve 30 is shown as including a plurality of inlets
      40, 42, 44, 46, 48, 50 and 52. In actual practice, however, valve 30
      preferably will have as many as 20 to 40 or more inlets. Port means
      disposed internally of valve 30 are operable selectively to
      inter-communicate any one of the inlets 40-52 with valve outlet 53. As
      shown, inlet 44 is coupled with the conduit segment 26 of container 12 and
      inlet 48 is coupled with the conduit segment 26 of container 14. Inlets
      42, 46 and 50 are coupled with a manifold 39 which communicates with
      filtered air source 32. Inlets 40 and 52 are not coupled as shown.
      However, it is to be understood that additional containers could be
      coupled to these inlets. Incubator 28 also includes facilities for
      handling additional containers.
PAR  A pair of solenoid valves 54 and 56 are provided for blocking or unblocking
      the conduits on either side of chamber 16 as may be required for purging
      or evacuating chamber 16. A position indicator 34 may provide electrical
      identification of the position of valve 30. Indicator 34 is actuated by a
      multiposition switch (not shown) mechanically coupled to valve 30.
PAR  Ionization chamber 16 is preferably a conventional type of radioactivity
      detector similar to that used in the Johnston Laboratories' TRITON Model
      755C. Chamber 16 is used to provide an electrical output current
      corresponding to the amount of radioactivity present therein. The
      electrical output, which is displayed on meter 18, should preferably
      correspond to a sensitivity of at least about 12 picocuries of C.sup.14
      per milliliter of air at full-scale or approximately 14 nanocuries of
      activity in the ion chamber 16. An output for connection to a 10 milivolt
      full-scale analog recorder may also be provided along with an attenuator
      which permits recording outputs corresponding to 120 picocuries of
      C.sup.14 per milliliter of air at full-scale. Also, other devices capable
      of measuring radioactivity in a gaseous medium may be utilized.
      Specifically, this may include such devices as scintillation counters,
      proportional counters, Geiger counters and ionization chambers operated in
      the pulsed mode.
PAR  The level of radioactivity which must be detected before a culture can be
      identified as containing biological activity is preset on meter 18 which
      also may include an electric relay. As will be appreciated by those
      skilled in the art, ionization chambers such as chamber 16, are preferably
      preset (or calibrated) by empirical methods prior to their use for
      analytical purposes. When the preset level is exceeded by the amount of
      radioactivity in a given portion of gas being analyzed, an indicator light
      corresponding to the appropriate culture container may be activated and an
      audible alarm may be sounded. The indication of activity preferably
      remains actuated until intentionally reset by an operator. In the event of
      temporary power failure, a battery-powered electronic logic element may be
      provided to retain the indicator state of each culture container for
      display upon resuming normal operation. The operation of the entire
      indicating system preferably is designed so that it may be tested at any
      time without changing any indicator state.
PAR  The sequence of operations which must be performed for each measurement is
      controlled by a motor driven cam operated programmer 36. Both manual and
      automatic operating modes may be provided. In the automatic mode, the
      sequence controller 36 may begin operation, for example, at a selected
      time interval of 1, 2, 3 or 4 hours after the initiation of the incubation
      of the sample and the culture medium. Controller 36 causes apparatus 10 to
      measure sequentially all culture containers seriatim and then return to
      its standby (initial) position until the selected interval of time again
      has elapsed after which the cycle is repeated. Manifestly, a series of
      portions may be removed from each container and analyzed to indicate the
      amount of biological activity during any given time period. The sequence
      controller measurement sequence is actuated by a push-button switch, at
      which time a reading is taken. At the completion of the reading cycle, the
      sequence controller 36 returns to its standby condition with the
      sequential selector valve 30 positioned at the selected container. In the
      manual mode of operation, the sequential selector valve 30 may be
      automatically positioned at an operator selected container by a position
      selector 138.
PAR  In operation, valve 30 is operated to intercommunicate the conduit segment
      26 of any container (12 or 14 or any other container) and the inlet
      conduit 38 of chamber 16. For this purpose, valve 54 is opened. At least a
      portion of the gaseous contents of the selected culture container are
      transferred into ionization chamber 16 whereupon valve 54 is closed. For
      this purpose, chamber 16 will have been left at least partially evacuated
      at the end of the previous cycle and this vacuum will provide the impetus
      for transferring the gaseous contents from the container into the chamber.
      Thereafter, the current reading in chamber 16 is taken. If the level of
      radioactivity exceeds the preset limit, the appropriate growth indicator
      lamp lights and the audible alarm sounds. After the measurement is made,
      the sequential selector valve 30 is actuated to its next position to
      intercommunicate inlet conduit 38 and filtered air source 32. Then, valves
      54 and 56 are opened and pump 22 is actuated whereby filtered atmospheric
      air may be sucked through the ionization chamber 16 and its associated
      conduits to flush any activity present therein and trap it in the carbon
      dioxide filter 20. Then valve 54 may be closed while valve 56 remains open
      and pump 22 remains actuated to evacuate chamber 16 to further rid chamber
      16 of any residual radioactivity. Thereafter, valve 56 is closed and pump
      22 is turned off. This also establishes the vacuum for sucking the next
      gaseous portion into chamber 16. This cycle is repeated on each container.
      In this regard, valve 30 operates as a rotary stepping switch connecting
      one inlet (44 or 48) at a time to outlet 53. Thus, for example, inlet 44
      is connected to outlet 53 and the gaseous contents of container 12 are
      drawn into chamber 16. Thereafter, valve 30 steps one position so that
      inlet 46 and outlet 53 are intercommunicated. Thus, clean filtered air
      from source 32 passes through apparatus 10 via manifold 39, inlet 46,
      outlet 53 and conduit 38 and chamber 16 to purge the latter and all its
      associated conduits. After purging and evacuation are complete, valve 30
      steps to its next position interconnecting inlet 48 and outlet 53, so that
      the gaseous atmosphere in container 14 may be monitored. If after a
      suitable incubation period, no radioactivity is detected, it can be
      concluded that the original sample was negative.
PAR  A preferred apparatus for providing agitation of the liquid culture medium
      is shown in FIG. 2. In FIG. 2, tubular chamber 112 contains liquid culture
      medium 27. A small magnetic bar 101 is located within chamber 112 and is
      rotated by magnetic stirring mechanism 102 to provide a vortex 114 in the
      medium. Stirring mechanism 102 may contain a conventional bar magnet
      horizontally rotated by a standard A.C. motor. The magnetic field between
      magnet 101 and the magnet of stirring mechanism 102 causes both to rotate
      when the magnet of stirrer 102 is rotated by the A.C. motor. Heat block 28
      desirably surrounds at least the lower portion of chamber 112 to maintain
      an appropriate culture temperature. For compact operation, the heat block
      and stirrer may be combined to provide a single unit.
PAR  A great advantage of the technique of this invention of letting the
      C.sup.14 O.sub.2 evolve in a closed container and then extracting it as a
      gas to measure its activity is that it is faster than previously known
      methods and lends itself to automation. Many samples can be incubated in
      their sealed containers and then inspected sequentially by an automatic
      instrument. Thus, samples which are negative are rapidly identified and
      therefore need not be subjected to extensive analyses.
PAR  In one form the apparatus of the instant invention includes provision for a
      plurality of relatively stationary culture containers and a multiposition
      valve for selectively coupling the containers to the ion chamber.
      Alternately, the containers can be arranged in an automatic feeder
      arrangement wherein the containers are brought sequentially past a
      connector mechanism coupled to the ion chamber. Thus, the gaseous
      atmosphere would be drawn off of a container and the next container
      thereafter moved into position. Such second form of the apparatus is shown
      in FIGS. 3 and 4.
PAR  Housing 110 contains an ion chamber 106, electrometer and meter display
      118, sequence controller 136, CO.sub.2 absorber 120, vacuum pump 122 and
      valves 154 and 156 corresponding generally to the apparatus depicted in
      FIG. 1. Containers 112 and 114 having self-sealing caps are positioned in
      automatic feeding mechanism 166 which is circular and passes the
      containers beneath hood 164 sequentially. After each container is brought
      into position, sterile hypodermic needles 162 and 163 penetrate the cap of
      the container and gas is drawn from the container through valve 161 and
      into ion chamber 106 for measurement of its radioactivity.
PAR  In addition to the basic elements necessary for operation, the apparatus
      desirably will also have a number of optional features as shown in FIGS. 3
      and 4. The position of the container in feeder 166 may be identified such
      as by number and the machine may be provided with a corresponding number
      of lights 170. In the event the radioactivity of a sample is above the
      preset minimum level, the appropriate light will go on and stay on to
      indicate activity. At the time each container is sampled, the identity of
      the container is shown at 167 and the activity is displayed on display
      meter 118. The apparatus may include a print-out component 169 that prints
      out the sample number and the measured level of activity. Any activity
      over the predetermined minimum can be automatically "flagged" on the
      print-out if desired. Switches 171 may be provided for turning the
      apparatus on, for selection of automatic or manual operation, and the
      like.
PAR  Apparatus 110 also may be provided with a variable control 165 to permit an
      operator to select any of several desired cycles. After the gaseous
      atmosphere of the container has been sampled, valve 161 connects the ion
      chamber 106 with filtered air 132 to allow the ion chamber to be flushed
      as described with regard to the apparatus of FIG. 1. After the ion chamber
      has been flushed with air and a vacuum established, the apparatus is in
      condition to sample the next chamber. The entire sequence of sampling and
      recording may occur in about 2 minutes.
PAR  While the apparatus of FIG. 4 is shown with the automatic feeding mechanism
      166 located adjacent housing 110, it should be understood that the
      apparatus may also be provided in other forms. For example, in order to
      save space, automatic feeding mechanism may be mounted on top of housing
      110 with hypodermic needles 162 and 163 appropriately relocated. Further,
      this invention also contemplates the positioning of the sample bottles at
      a location remote from the data recording units. Such positioning, inter
      alia, permits the sample containers to be shielded by lead or the like in
      the event that gamma emitting samples are employed.
PAR  While the use of the apparatus has been described with respect to the
      detection of bacteria, the apparatus may be used to detect biological
      activity broadly including, inter alia, other single cell organisms,
      enzymes and the like. Variations of the invention described herein will be
      apparent to those skilled in the art. It is intended, therefore, that the
      invention be limited only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for analyzing a body fluid for the presence of bacteria
      therein, said method comprising:
PA1  placing a sample of the body fluid into a closed container together with a
      growth medium containing water including a C.sup.14 carbon containing
      carbon source which is fermentable to produce carbon dioxide;
PA1  exposing the medium with the sample therein in said closed container to
      conditions conducive to the occurrence of normal metabolic processes for a
      period of time sufficient to cause production of C.sup.14 O.sub.2 by the
      fermentation of said source;
PA1  thereafter removing at least a portion of the gaseous atmosphere from
      within the container above the medium and the sample and replacing a
      portion of the atmosphere in said container; and
PA1  determining the presence of C.sup.14 O.sub.2 in said gaseous atmosphere by
      measuring the radioactivity of said removed portion of said gaseous
      atmosphere in radioactivity measuring means while the gaseous atmosphere
      remains in a gaseous condition; and flushing said radioactivity measuring
      means with gas to remove the radioactive gaseous atmosphere therefrom.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein a series of said portions are
      removed from within the container, the radioactivity of each of said
      portions being measured while the portions remain in gaseous form to
      thereby determine the relative presence of C.sup.14 O.sub.2 in said
      atmosphere in relationship to the amount of time that the sample and the
      medium have been exposed to fermentation conditions.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein said measuring is conducted in
      a measuring zone and a plurality of said analyses are conducted in
      sequence, the portions from different containers being fed into said zone
      seriatim and analyzed for radioactivity.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein said source comprises C.sup.14
      substituted glucose.
NUM  5.
PAR  5. The method of claim 1 in which a vortex is maintained in the medium in
      order to promote growth.
NUM  6.
PAR  6. The method of claim 1 in which the body fluid analyzed is blood.
NUM  7.
PAR  7. The method of claim 1 in which the medium is subjected to agitation.
NUM  8.
PAR  8. The method of claim 1 in which the gaseous atmosphere is removed from
      said container by connecting said container to a partial vacuum.
NUM  9.
PAR  9. A method for analyzing fluidized materials capable of supporting
      biological activity for the presence of bacteria therein, said method
      comprising:
PA1  placing separate samples of said fluidized materials into a plurality of
      closed sterile containers together with a growth medium containing water
      including a C.sup.14 carbon containing carbon source which is fermentable
      to produce carbon dioxide;
PA1  exposing the medium with the sample in each said closed container to
      conditions conducive to the occurrence of normal metabolic processes for a
      period of time sufficient to cause production of C.sup.14 O.sub.2 by the
      fermentation of said source; thereafter
PA1  removing at least a portion of the gaseous atmosphere from within a
      container above the medium and the sample and replacing a portion of the
      atmosphere in said container;
PA1  determining the presence of C.sup.14 O.sub.2 in said gaseous atmosphere by
      measuring the radioactivity of said removed portion of said gaseous
      atmosphere in radioactivity measuring means while the gaseous atmosphere
      remains in a gaseous condition, and
PA1  flushing said radioactivity measuring means with gas to remove the
      radioactive gaseous atmosphere therefrom; and thereafter
PA1  removing at least another portion of the gaseous atmosphere from within a
      container above the medium and the sample and replacing a portion of the
      atmosphere in said container; and
PA1  determining the presence of C.sup.14 O.sub.2 in said gaseous atmosphere by
      measuring the radioactivity of said removed portion of said gaseous
      atmosphere in radioactivity measuring means while the gaseous atmosphere
      remains in a gaseous condition, and
PA1  flushing said radioactivity measuring means with gas to remove the
      radioactive gaseous atmosphere therefrom.
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PAL  A novel immunoassay is provided, as well as particular reagents, for
      determining the presence of a ligand. A Reagent is employed having at
      least two epitopes, one of the epitopes being common with the ligand, and
      the other epitopes being foreign to the ligand. The two epitopes are
      positioned in the Reagent so that antibody bound to one of the epitopes
      sterically inhibits the binding of antibody to the second epitope.
PAL  In carrying out the assay, the sample, the Reagent, and antibodies to the
      two epitopes are combined. Because of the steric inhibition to the
      simultaneous binding of the two antibodies to the Reagent, the amount of
      antibody bound to the epitope of the Reagent foreign to the ligand will be
      related to the amount of ligand present in the assay medium. By analyzing
      directly or indirectly for the antibody bound to the epitope foreign to
      the ligand, and comparing the results to known standards, qualitative or
      quantitative determinations of the amount of ligand may be made. Various
      detector systems may be employed for determining the amount of antibody to
      the foreign epitope which is unbound or bound. These systems include
      stable free radicals, enzymes, radioactive labels, fluorescers, and the
      like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Medical diagnosis is dependent to a great degree on the determination of
      the presence or absence of various compounds or their amounts in
      physiological fluids. Forensic medicine is also frequently concerned with
      the determination of the presence or absence of various physiologically
      active materials. Many systems have been developed to be able to
      accurately determine the presence and amounts of materials of interest.
PAR  One particular group of techniques is referred to as immunoassays. The
      immunoassays are dependent upon the recognition capability of a molecule,
      which may be referred to as a receptor, and is normally an antibody.
      Vertebrates have the capacity to produce molecules of protein which are
      able to distinguish a compound or group of compounds from other compounds
      which have similar or different structures. One immunoassay method, which
      has been available for a long period of time, is radioimmunoassay.
      Radioimmunoassay employs a molecule which has been tagged with a
      radioactive isotope. By combining an antibody to the ligand (ligand is the
      compound to be determined) with a small amount of ligand which has been
      tagged with a radioactive isotope and separating ligand bound to antibody
      from ligand which is unbound, the amount of radioactive ligand remaining
      in the supernatant solution will be related to the amount of ligand which
      was present in the original sample. Since this technique requires a
      separation into two phases, it will be referred to as a heterogeneous
      immunoassay technique.
PAR  Recently, two homogeneous immunoassay techniques have been developed by
      Syva Company, sold under the trademarks, FRAT, and EMIT. By homogeneous it
      is intended that after mixing the reagent, the assay does not require a
      separation step. The first homogeneous assay, the FRAT technique, uses a
      stable free radical tag, rather than a radioactive tag on the ligand. The
      ESR spectrum changes significantly in relation to the rate of tumbling of
      the free radical in solution. When the labeled ligand is bound to
      antibody, the peak height is substantially lower than when the labeled
      ligand freely tumbles in solution. Since the amount of labeled ligand
      bound to antibody will be related to the amount of ligand in solution, the
      peak height obtained with the assay solution can be related to known
      standards, and the concentration of the ligand determined.
PAR  The second homogeneous immunoassay involves an enzyme tag. The reagent
      employed has ligand bound to enzyme at a position, so that when antibody
      is bound to the ligand, the activity of the enzyme is substantially
      reduced. Thus, one can assay for enzyme activity in the assay solution,
      with the enzyme activity being related to the amount of ligand which was
      present in the unknown.
PAR  All of these techniques have been found to be highly sensitive, being able
      to detect concentrations of ligand at 10.sup..sup.-6 M or below, and
      applicable to a wide variety of haptens and antigens. However, as is
      evident from the above discussion, a different detector molecule must be
      prepared for each ligand to be determined. While for many ligands no
      significant difficulty is encountered, with some ligands, substantial
      difficulty is encountered in preparing the detector molecule. It would be
      of great convenience if a single detector molecule could be prepared,
      which had the desired properties and could be used for detecting a wide
      range of ligands.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 3,709,868 is exemplary of a radioimmunoassay. U.S. Pat. No.
      3,690,834 is exemplary of a spin immunoassay. U.S. Pat. No. 3,654,090 and
      German Auslegeschrift 2,223,385 are exemplary of enzyme immunoassays.
PAC  SUMMARY OF THE INVENTION
PAR  An assay technique is provided employing a Reagent having two epitopes, one
      common to a ligand to be determined and one foreign to the ligand. The two
      epitopes are spaced on the molecule, so that simultaneous binding to the
      same molecule of antibodies to the two epitopes is sterically inhibited.
PAR  In carrying out the assay, an unknown sample suspected of containing the
      ligand is combined with the Reagent and antibodies to the two epitopes in
      an aqueous medium at an appropriate pH. The distribution of antibody to
      the foreign epitope is then assayed by determining the amount of antibody
      either bound or unbound to the epitope, the amount being related to the
      amount of ligand in the unknown. Various assay techniques may be employed
      for determining the amount of bound or unbound antibody to the foreign
      epitope, such as radioimmunoassay, spin label immunoassay, homogeneous
      enzyme immunoassay, a fluorescent technique, and the like. A common
      detector molecule can be employed, and the double epitope Reagent varied.
      In this way, greater versatility and flexibility is achieved in preparing
      reagents in immunoassays.
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  The assay of this invention is predicated on the ability to provide a
      molecule which has two different epitopes which are spatially situated in
      the molecule so that receptors to the molecule are sterically inhibited
      from being simultaneously bound to the two epitopes. The first epitope
      will be common to the compound to be assayed or ligand. The second epitope
      is involved with the group which is part of the detection scheme.
PAR  When an unknown suspected of containing a ligand is combined with the
      molecule having the two epitopes and receptor for the ligand, the amount
      of receptor bound to the molecule having two epitopes will be a function
      of the amount of ligand present. The amount of receptor which can bind to
      the second epitope will be a function of the remaining number of molecules
      having the two epitopes which are not bound to receptor for the first or
      ligand epitope. Therefore, by adding receptor for the second epitope and
      determining the amount that becomes bound or remains unbound, one can
      relate this value to the amount of ligand present in the unknown. Various
      detection schemes can be employed for determining the amount of bound or
      unbound receptor to the second epitope. These will normally employ
      chemical and/or physical methods for obtaining an electromagnetic signal.
PAC  DEFINITIONS
PAR  Whenever used in this specification, the following terms will have the
      meaning indicated.
PAR  Ligand -- any molecule to which a receptor, normally an antibody, can be
      obtained or formed. Such molecule is normally antigenic or haptenic.
PAR  Epitope -- that portion of a molecule which is specifically recognizable by
      a receptor, normally an antibody. It is also referred to as the
      determinant site.
PAR  Ligand Analog -- a group having at least one epitope common to the ligand
      and normally differing from the ligand by removal of a hydrogen atom and
      replacement by a bond or linking group, so that the ligand analog is
      recognizable by the same receptor as is the ligand.
PAR  Reagent -- a molecule having two different epitopes, one common with the
      ligand and the other, the detector epitope, which is associated with the
      assay method. The two epitopes are spatially juxtaposed, so as to inhibit
      simultaneous binding of receptors to the two epitopes.
PAR  Detectant -- the means employed including any chemical reagents for
      determining the amount of bound or unbound detector epitope. There will be
      two primary means involved.
PAR  The first means has a detector ligand which gives a different
      electromagnetic signal, when subjected to electromagnetic radiation, when
      bound to receptor as compared to unbound, e.g. a fluorescing molecule.
PAR  The second means will employ a Detector Molecule which is capable of
      binding to receptor for the detector epitope. Determination of the amount
      of bound or unbound detector molecule permits determination of the amount
      of unbound or bound detector epitope.
PAR  Detector Ligand -- the portion of the Reagent which contains the detector
      epitope. The group is bonded to the ligand analog by a bond or linking
      group. The same or substantially the same group will normally be present
      in the molecule employed as the detector molecule.
PAC  Assay
PAR  The subject assay is carried out in an aqueous medium at a moderate pH,
      generally close to the pH for optimum binding of the antibody to ligand,
      by combining a sample suspected of containing ligand, Reagent, antibodies
      to ligand (antiligand) and antibodies to detector ligand. (While the term
      "antibodies" will be used hereinafter, it is understood that antibodies is
      merely illustrative of receptors generally.) By employing a detectant, the
      amount of anti(detector ligand) which is bound and/or unbound to the
      detector ligand portion of the Reagent is determined. Because of the
      steric inhibition of simultaneous binding of antibodies to the ligand
      analog and detector ligand of the Reagent, the amount of bound and/or
      unbound anti(detector ligand) will be related to the amount of ligand
      which is present in the medium.
PAR  Where the Reagent has a plurality of epitopes common to the ligand and a
      pluralitty of epitopes common to the detector ligand, simultaneous binding
      of antibody to the two different epitopes can occur, except where the two
      different epitopes are sufficiently close together. Therefore, in
      referring to the steric inhibition of simultaneous binding of the two
      different antibodies, where a molecule has a plurality of epitopes common
      to the two different antibodies, the reference is to pairs of epitopes
      which provide the necessary steric inhibition, and not to the molecule as
      a whole.
PAR  The assay is concerned with available sites for binding of the
      anti(detector ligand) to Reagent. To the extent that all, or substantially
      all, of the Reagent present in the assay medium is bound to antiligand.
      the anti(detector ligand) will be precluded or substantially precluded
      from binding to Reagent. The more ligand present, the greater the amount
      of anti(detector ligand) which may bind to Reagent. Therefore, the amount
      of Reagent bound to anti(detector ligand) is related to the amount of
      ligand present in the assay medium.
PAR  In carrying out the assay, an aqueous medium will normally be employed.
      Other polar solvents may also be employed, usually oxygenated organic
      solvents of from 1 to 6, more usually from 1 to 4 carbon atoms, including
      alcohols, ketones, and the like. Usually, these co-solvents will be
      present in less than about 20 weight percent, more usually in less than
      about 10 weight percent.
PAR  The pH for the medium will usually be in the range of about 6 to 9, more
      usually in the range of about 7 to 8.5. Various buffers may be used to
      achieve the desired pH and maintain it during the determination.
      Illustrative buffers include borate, phosphate, carbonate, Tris, barbital,
      and the like. The particular buffer employed is not critical to this
      invention, but in particular assays, one buffer may be preferred over
      another.
PAR  Moderate temperatures are normally employed for carrying out the assay and
      usually constant temperatures during the period of the assay will be
      employed. The temperatures normally range from 15.degree. to 50.degree.C,
      more usually from about 20.degree. to 40.degree.C.
PAR  The concentrations of ligand which may be assayed for will vary from about
      10.sup..sup.-4 to 10.sup..sup.-13 M, more usually from about
      10.sup..sup.-6 to 10.sup..sup.-11 M. Whether the assay is qualitative,
      semi-quantitative or quantitative, the particular detection technique and
      the concentration of ligand of interest will normally determine the
      concentration of the other reagents. Normally, the concentration of
      Reagent will not exceed ten times and more usually will be equal to or
      less than the maximum concentration of interest, but will be no less than
      10.sup..sup.-4, more usually no less than 10.sup..sup.-2 of the minimum
      concentration of interest. The antibody concentrations will normally not
      differ by more than about 10.sup.2, more usually by not more than about 10
      from the concentration of Reagent.
PAR  The order of addition may vary widely. It is normally desirable to have the
      binding of one antibody go substantially to completion under the assay
      conditions, followed by the addition of the second antibody. Preferably,
      the unknown sample may be combined with the antiligand, followed by the
      addition of Reagent, followed by the addition of the anti(detector
      ligand). Depending on the particular assay technique, the detectant may
      now be employed. Alternatively, the ligand, Reagent and antiligand are
      combined, followed by the addition of anti(detector ligand).
PAR  In effect, one allows the amount of ligand present in the unknown to fill
      the available binding sites in accordance with the number of ligands
      present. This can be carried out in the absence of Reagent or in the
      presence of Reagent, where the Reagent will compete with the ligand
      present in the unknown for the available binding sites. Depending on the
      conditions employed, the amount of time allowed for the immunological
      reaction to occur, and the order of addition, there will be differing
      amounts of unbound Reagent. To the mixture is now added anti(detector
      ligand), which will combine with Reagent which is not bound to antiligand.
      By employing the appropriate detectant, one can analyze for the amount of
      bound or unbound anti(detector ligand), which amount is related to the
      amount of ligand present in the sample.
PAR  The times between the various additions and immunological reactions will
      vary widely, depending on the particular ligands involved, the mode of
      addition, the concentrations involved, the binding constants of the
      antibodies, and the like. Normally, times between additions may vary from
      a few seconds to many hours, usually not exceeding twelve hours, more
      usually not exceeding 6 hours. After adding each component to the assay
      mixture, different incubation periods before adding the next component or
      taking the measurement will be involved. Since the ultimate result will be
      dependent upon the results obtained with standards treated in
      substantially the same manner and, when possible, in the identical manner,
      the particular mode and periods of time are not critical, so long as the
      desired differentiation is obtained with varying concentrations of ligand
      and the results are reproducible.
PAR  Depending on the choice of the assay, the equipment employed and the
      concentration of ligand involved, assay volumes may be as small as about
      1.mu.l, more usually at least 25.mu.l, and will usually not exceed 3ml,
      more usually not exceeding about 1ml.
PAR  With the exception of the electromagnetic radiation sensitive detector
      technique, all of the other detection techniques have been previously
      disclosed in the literature, a few references having been indicated
      previously. Therefore, as to those techniques which have been published,
      only a brief description of the method will be given.
PAR  In radioimmunoassay, the detectant involves a detector molecule which is a
      radioactive analog of the detector ligand. After combining the unknown,
      Reagent, the two antibodies and the radioactive analog, the bound
      radioactive analog may be separated from the unbound analog, by
      centrifugation, chromatography, or the like. One or both of the resulting
      fractions containing the bound and unbound components can then be assayed
      for the amount of radioactive analog which is present.
PAR  In the spin label technique, the detectant involves a detector molecule
      which is a spin labeled analog of the detector ligand. The assay mixture
      is taken up into an electron spin resonance cell and introduced into the
      cavity of an electron spin resonance spectrometer. The peak height may
      then be determined at one or more points in the spectrum.
PAR  In the enzyme technique, the detectant involves a detector molecule which
      is an enzyme labeled analog of the detector ligand. The necessary
      substrates are introduced into the assay mixture, and the enzyme activity
      determined in accordance with the particular enzyme. For example, with a
      dehydrogenase, the spectral change occurring as a result of the reduction
      of nicotinamide adenine dinucleotide may be determined after a fixed
      period of time for a specified period of time, for example, after 5
      minutes from the addition for a period of 2 minutes.
PAR  In the electromagnetic sensitive detector technique, the detectant involves
      electromagnetic radiation, e.g. light, of an appropriate wavelength to be
      absorbed by the detector epitope. The sample is introduced into a
      spectrometer and absorption or emission of electromagnetic radiation is
      determined. With a fluorescing molecule, the sample is introduced into a
      fluorometer and irradiated with light at or near the absorption maximum of
      the fluorescer. The emission intensity is then determined. As will be
      discussed, the emission or absorption intensity will be a function of the
      amount of detector epitope bound to antibody.
PAC  MATERIALS
PAC  Ligand
PAR  The ligand may vary widely, normally having a molecular weight of at least
      110, more usually at least 125, with a maximum molecular weight unlimited,
      although usually not exceeding 10 million. For the most part, the
      significant factor concerning a ligand is that a receptor can be made for
      the ligand or is available. Normally, receptors can be made for most
      organic compounds having a polar functionality. Compounds for which
      antibodies can be formed by bonding the compound to a compound having
      antigenic properties are referred to as haptens. Those compounds which
      elicit antibody formation without chemical modification are referred to as
      antigens. See Kabat et al, Experimental Immunochemistry, Charles C.
      Thomas, Springfield, Illinois, 1967.
PAR  Among ligands which are drugs, will be compounds which act as narcotics,
      hypnotics, sedatives, analgesics, antipyretics, anaesthetics,
      psychotogenic drugs, muscle relaxants, nervous system stimulants,
      anticholinesterase agents, parasympathomimetic agents, sympathomimetic
      agents, .alpha.-adrenergic blocking agents, antiadrenergic agents,
      ganglionic stimulating and blocking agents, neuromuscular agents,
      histamines, antihistamines, 5-hydroxytryptamine and antagonists,
      cardiovascular drugs, antiarrhythmic drugs, antihypertensive agents,
      vasodilator drugs, diuretics, pesticides (fungicides, antihelminthics,
      insecticides, ectoparasiticides, etc.), antimalarial drugs, antibiotics,
      antimetabolites, hormones, vitamins, sugars, thyroid and antithyroid
      drugs, corticosteroids, insulin, and oral hypoglycemic drugs, as well as
      other organic materials not normally considered drugs such as tumor cells,
      bacterial and viral proteins, toxins, blood proteins, and their
      metabolites.
PAR  (A drug is any chemical agent that affects living protoplasm. (Goodman &
      Gilman, The Pharmacological Basis of Therapeutics, 3rd Ed., Macmillan, New
      York (1965)). A narcotic is any agent that produces sleep as well as
      analgesia).
PAR  The non-polymeric compounds of interest will normally be of from about 125
      to 2,000 molecular weight. These compounds involve a wide variety of
      compounds of varying structure, functionality, and physiological
      properties. The compounds may be acyclic, alicyclic or heterocyclic, both
      mono- and polycyclic. The heteroatoms involved include oxygen, nitrogen,
      sulfur, halogen (fluorine, chlorine, bromine and iodine) boron,
      phosphorous, metal cations of Groups 1A and 2A of the Periodic Chart, and
      the like.
PAR  The functionalities include alcohols, ethers, carboxylic acids, esters and
      amides, amines, (primary, secondary, tertiary and quaternary) halo,
      mercapto, nitrilo, and the like. Normally, the compounds will be composed
      solely of carbon, hydrogen, oxygen, sulfur, nitrogen, halogen, and
      phosphorous, particularly carbon, hydrogen, oxygen and nitrogen, and where
      salts are involved, the appropriate metal counterion or ammonium
      counterion.
PAR  Heterocyclic rings which are present include pyrrole, pyridine, piperidine,
      indole, thiazole, piperazine, pyran, coumarin pyrimidine, purine,
      triazine, imidazole, and the like.
PAR  Because of the wide variety of compounds which can be determined in
      accordance with the subject assay, the different groups will be broken
      down into various, frequently artificial, categories, either by the
      presence of a particular functionality or ring structure, or because of
      sharing a particular function or because of being recognized as a class.
PAR  The first class of compounds of interest are those having an amino group,
      either as a heterocyclic member, or as a functionality on an aliphatic
      chain. These compounds will normally be of from about 110 to 800 molecular
      weight, more usually of about 125 to 650 molecular weight.
PAR  The first group of compounds of interest are the alkaloids and the
      metabolites of those alkaloids which are ingested. The first group of
      important alkaloids are alkaloids of the morphine group. Included in this
      group are morphine, codeine, heroin, morphine glucuronide and the like.
PAR  The next group of alkaloids are the cocaine alkaloids, which include,
      particularly as metabolites, benzoyl ecgonine and ecgonine.
PAR  Another group of alkaloids are the cinchone alkaloids which include
      quinine.
PAR  The isoquinoline group of alkaloids includes mescaline.
PAR  The benzylisoquinoline alkaloids include papaverine.
PAR  The phthalide isoquinoline alkaloids include narcotine, narceine and
      cotarnine.
PAR  The indolopyridocoline alkaloids include yohimbine and reserpine.
PAR  The ergot alkaloids include ergotamine and lysergic acid.
PAR  Other groups of alkaloids include strychnine alkaloids, pyridine alkaloids,
      indole alkaloids, piperidine alkaloids, pyrrolizidine alkaloids, and the
      like.
PAR  The alkaloids of primary interest are those which come within the category
      of drugs of abuse, such as morphine, cocaine, mescaline, and lysergic
      acid, which may be analyzed for the compound or its metabolite, depending
      on the physiological fluid which is analyzed for its presence.
PAR  A number of synthetic drugs mimic the physiological properties, in part or
      in whole, of the naturally occurring drugs or abuse. Included among these
      drugs are methadone, meperidine, amphetamine, methamphetamine,
      glutethimide, diphenylhydantoin, and drugs which come within the category
      of benzdiazocycloheptanes, phenothiazines, and barbiturates.
PAR  Drugs of interest because of their physiological properties are those which
      are referred to as catecholamines. Among the catecholamines are
      epinephrine, ephredine, L-dopa and norepinephrine.
PAR  Another drug of interest is the tranquilizer Meprobamate.
PAR  Other compounds of interest are tetrahydrocannabinol, cannabinol, and
      derivatives thereof, primarily compounds derived from marijuana, synthetic
      modifications and metabolites thereof.
PAR  Another group of compounds of significant interest are the steroids. The
      steroids include estrogens, gestogens, androgens, adrenocortical hormones,
      bile acids, cardiotonic glycoids, algycones, saponins and sapogenins.
PAR  Another class of compounds are the vitamins, such as vitamin A, the B
      group, e.g., vitamin B.sub.1 and B.sub.12, E, K, and the like.
PAR  Another class of compounds are the sugars, both the mono- and
      polysaccharides, particularly di- and higher order polysaccharides.
PAR  Another class of compounds is the prostaglandins.
PAR  Another class of compounds is the amino acids, polypeptides and proteins.
      Polypeptides usually encompass from about 2 to 100 amino acid units
      (usually less than about 12,000 molecular weight). Larger polypeptides are
      arbitrarily called protein and are usually composed of from about 1 to 20
      polypeptide chains. Poly(amino acid) will be used as generic to
      polypeptides and proteins. Of particular interest among amino acids are
      the iodosubstituted thyronines, e.g. thyroxine, (tetraiodothyronine) and
      triiodothyronine.
PAR  Another group of compounds are the antibiotics such as penicillin,
      actinomycin, chloromycetin, and the like.
PAR  Individual compounds of interest are serotonin, spermine and phenylpyruvic
      acid.
PAR  Finally, compounds which are pesticides, such as fungicides, insecticides,
      bactericides, and nematocides, may also be of interest for assaying.
PAC  REAGENT
PAR  The Reagent will be a molecule having two parts: ligand analog, including
      the linking group, and detector ligand.
PAR  While the linking group has been associated with the ligand analog, the
      linking group could be derived during synthesis of the Reagent from the
      precursor for the detector ligand. How Reagent is synthesized will depend
      on the groups involved in forming Reagent. It should be understood that
      including the linking group as part of the ligand analog is merely a
      matter of convenience for purposes of discussion.
PAR  In most cases, the ligand analog will have a hydrogen of the ligand
      replaced with a bond to a linking group. As for example, with morphine,
      the hydrogen of the phenolic hydroxyl can be replaced with a bond to the
      methylene of an acetyl group. The hydrogen may be replaced by a bond to a
      linking group which is joined to carbon, either aliphatic or aromatic,
      oxygen or nitrogen.
PAR  In some instances, an oxocarbonyl may serve as the linking site by
      modifying the oxocarbonyl to an oxime. In other instances, the hydroxyl of
      a carboxyl group may be replaced to form a linking group, by forming an
      ester or amide.
PAR  Additional alternatives include introducing functionalities, such as
      hydroxyl functionalities from which ethers can be formed, amino
      functionalities, from which diazo groups can be formed, and the like.
PAR  The significant factor for the ligand analog is that it has sufficient
      structural similarity to the ligand so as to be recognized by the antibody
      for the ligand. Because the manner of addition can be widely varied, the
      antibody binding constants for the ligand and the ligand analog may be
      different, but should not differ by more than a factor of 10.sup.4,
      preferably by not more than a factor of 10.sup.2.
PAR  For the most part, the ligand analog will have the same or substantially
      the same structure and charge distribution (spatial and polar
      organization) as the ligand for a significant, if not major, portion of
      the molecular surface. Since frequently, the linking site for a hapten
      will be the same in preparing the antigen for production of antibodies as
      used for linking to the detector ligand, the same portion of the ligand
      analog which provides the template for the antibody will be exposed by the
      ligand analog in the Reagent.
PAR  Because of the requirement for steric inhibition due to the presence of one
      antibody preventing the binding of another antibody to the Reagent, the
      linking group will normally be relatively short. Usually, the linking
      group will be substantially less than 25 A, more usually less than 20 A,
      and preferably less than 15 A. Normally, the linking group will be from
      about 1.5-10 A.
PAR  The linking group will normally be either a bond or a group of from 1 to 10
      atoms, more usually from about 2 to 8 atoms, other than hydrogen. The
      linking group will normally be composed of carbon, hydrogen, oxygen,
      sulfur, phosphorous and nitrogen, usually having a nonoxocarbonyl group as
      part of the linking functionality. (Nonoxocarbonyl is intended to include
      the amino analogs thereof, e.g. imidate, amidine, etc.
PAR  In many molecules, the molecule may have a plurality of epitopes distant
      from one another. For example, polypeptides and proteins are known to have
      a number of different epitopes. When the detector ligand is bonded to a
      polypeptide ligand analog (in this case usually the linking group will
      have initially been bonded to the detector ligand) the detector ligand
      should be within the distances indicated above from an epitope to which an
      antibody is present in the assay medium. In effect, this molecule will
      have a plurality of Reagent portions, whereby antibody to the ligand
      epitope and antibody to the detector ligand are sterically inhibited from
      being simultaneously bound. For the purposes of this invention, such pairs
      of ligand analog epitope and detector ligand epitope are considered
      equivalent to the situation where a ligand analog has a single epitope.
PAR  While theoretically, with the exception of the electromagnetic sensitive
      detector assay, the detector ligand may be any ligand other than the
      ligand to be measured, as a practical matter the detector ligand will
      normally be a molecule of molecular weight in the range of about 125 to
      1,200, more usually 125 to 800. Also, it will usually be preferred that
      the detector ligand will normally not be encountered in the media which
      are assayed. In addition, the detector ligand should have receptors
      available or allow for the formation of antibodies having high
      specificity. Another consideration is synthetic convenience, so that the
      detector ligand may be readily bonded to antigenic materials, the ligand
      analog, and the detector molecule. Finally, the detector ligand should be
      substantially free from interfering physical and chemical properties, such
      as non-specific binding, susceptibility to oxidation or reduction,
      susceptibility to chelation and the like. That is, the detector ligand
      should be free of functionalities which will result in interaction with
      the medium which would change the binding characteristics of the detector
      ligand with its antibody.
PAR  As already indicated, a ligand will normally have at least one polar
      functionality. For the detector ligand, two polar functionalities will
      usually be present and generally not more than about three polar
      functionalities, usually not more than about 30 polar functionalities,
      more usually not more than about four polar functionalities. By polar
      functionality is intended a functionality having from one to three
      heteroatoms, e.g. oxocarbonyl, nonoxocarbonyl, hydroxy, acetal,
      hemiacetal, nitro, amino, and the like. Included in the number of
      heterofunctionalities is the heterofunctionality employed in the linking
      group. Usually, the detector ligand will be cyclic, frequently polycyclic,
      having from one to five rings, and preferably having at least one ring
      which is aromatic. The detector ligand may be carbocyclic, heterocyclic,
      aromatic, or have all these groups. As indicated, the requirements for the
      ligand are so general, that no particular structure or compound can be
      specified. In addition, different detector ligands may be of particular
      advantage with different ligands.
PAR  As previously mentioned, one of the advantages of the subject invention is
      that a single detectant can be employed in the detection of a wide variety
      of ligands. Thus, one can employ a single compound having a radioactive
      tracer for determining a wide variety of different ligands. In this
      manner, one need only store a single radioactive compound for carrying out
      a wide variety of assays. Since radioactive compounds have relatively
      short shelf lives, the advantage of using one single radioactive compound
      for assaying for a wide variety of ligands, is self evident.
PAR  With the enzyme assay and the spin label assay, there are numerous
      synthetic conveniences in having a single detectant. For example, with the
      spin label or stable free radical, one of the stable free radicals which
      is employed is the nitroxide free radical. The nitroxide compounds tend to
      be relatively water insoluble. If the ligand is also hydrophobic, some
      technique must be provided for enhancing the hydrophilicity of the
      resulting ligand-spin label conjugate. By contrast, in the subject
      invention, the detector ligand of choice can be hydrophilic. In this
      manner, the detector ligand will render the Reagent and detector molecule
      water soluble.
PAR  Similar considerations are involved in the enzyme process whereby efforts
      can be made to optimize the properties of a particular enzyme with respect
      to a particular ligand, which combination can then serve as a universal
      detector molecule for a wide variety of ligands.
PAR  In the case where light is the detectant, the detector ligand portion of
      the Reagent may be a fluorescing group. In choosing the particular
      fluorescer, a number of general considerations will come into play. The
      choice of fluorescer will, to a degree, be governed by the ligand. The
      fluorescer should have light absorption at higher wavelengths than the
      ligand or ligand-antibody complex. Since one is concerned with a change in
      the fluorescer emission spectrum as a result of its being bound or unbound
      to antifluorescer, the emission spectrum of the particular fluorescer
      compound should be sensitive to the environmental change produced by
      binding to antifluorescer.
PAR  Also, since proteins absorb at a wavelength of about 280, the fluorescer
      should have an absorption maximum above 300 and preferably above 400. The
      molar extinction coefficient should be greatly in excess of 10 1./mole-cm,
      preferably in excess of 10.sup.3 1./mole-cm and particularly preferred in
      excess of 10.sup.5 1./mole-cm. In addition, a fluorescer of choice will
      have a large Stokes shift. That is, there should be a substantial spread
      or difference in wavelengths between the longest wavelength absorption
      maximum of the fluorescer and the shortest wavelength emission maximum of
      the fluorescer. An additional consideration is that where physiological
      fluids are concerned, the fluorescer should have minimum non-specific
      binding to protein.
PAR  A number of different fluorescers are described in an article by Brand et
      al, Fluorescence Probes for Structure, Annual Review of Biochemistry, 41
      843-868 (1972) and Stryer, Science, 162, 526 (1968).
PAR  One group of fluorescers having a number of the desirable properties
      described previously are the xanthene dyes, which include the fluoresceins
      derived from 3,6-dihydroxy-9-phenyl-xanthhydrol and rosamines and
      rhodamines, derived from 3,6-diamino-9-phenylxanthhydrol. The rhodamines
      and fluoresceins have a 9-o-carboxyphenyl group, and are derivatives of
      9-o-carboxyphenylxanthhydrol.
PAR  These compounds are commercially available with substituents on the phenyl
      group which can be used as the site for bonding or as the bonding
      functionality. For example, amino and isothiocyanate substituted
      fluorescein compounds are available.
PAR  Another group of fluorescent compounds are the napthylamines, having an
      amino group in the alpha or beta position, usually alpha position.
      Included among the naphthylamino compounds are
      1-dimethylaminonaphthyl-5-sulfonate, 1-anilino-8-naphthalene sulfonate and
      2-p-toluidinyl-6-naphthalene sulfonate. The naphthalene compounds are
      found to have some non-specific binding to protein, so that their use
      requires employment in an assay medium where the amount of protein is
      minimized.
PAC  DETECTANT
PAR  With the exception of the electromagnetic radiation sensitive detector
      ligand, the other techniques require the presence of a detector molecule.
PAR  In the case of radioimmunoassay, the detector ligand will differ from the
      ligand by the presence of a radioactive tracer, such as covalently bound
      tritium, carbon 14, or iodine (atomic weight 125). While other radioactive
      tracer elements could be used, these particular radioactive elements have
      found popularity because of synthetic convenience, reasonable shelf life,
      safety in handling, and the like.
PAR  For the spin labeled detector molecule, the detector ligand will be bonded
      by a linking group, previously described, to a stable free radical group,
      normally a cyclic nitroxide, disubstituted at the alpha carbon atoms with
      lower alkyl groups, usually methyl.
PAR  For the most part, the spin label compounds will have the following
      formula:
      ##EQU1##
PAR  wherein R is a lower alkyl group of from 1 to 3 carbon atoms, usually
      methyl;
PAR  alpha is a divalent aliphatic group of from 1 to 3 carbon atoms having from
      0 to 1 site of ethylenic unsaturation;
PAR  beta is a linking group or bond, wherein the linking group is of from 1 to
      12 atoms other than hydrogen, usually of from 2 to 6 atoms other than
      hydrogen, normally having a nonoxocarbonyl group and composed solely of
      carbon, hydrogen, nitrogen and oxygen, and L is the ligand.
PAR  The nitroxide ring will normally have from 5 to 6 annular atoms.
PAR  The enzyme detector will have on the average at least about one detector
      ligand bonded to the enzyme, whereby when antibody is bound to the
      detector ligand, the enzymatic activity is substantially diminished. The
      average number of detector ligands per enzyme will normally be in the
      range of about 1 to 25, more usually in the range of about 2 to 20 and
      preferably in the range of about 1 to 12, usually not exceeding one
      detector ligand per 2,000 molecular weight of enzyme.
PAR  The enzymes of significant interest are the hydrolases, lyases and
      oxidoreductases. Enzymes of particular interest are lysozyme, malate
      dehydrogenase, glucose-6-phosphate dehydrogenase and amylase. Enzymes of
      choice have easy detection systems, e.g. spectrophotometric, have large
      turnover numbers, are relatively stable, and are not present in the
      materials to be analyzed or may be easily destroyed or removed prior to
      the assay.
PAC  EXPERIMENTAL
PAR  The following examples are offered by way of illustration, and not by way
      of limitation.
PAR  All temperatures are in centigrade unless otherwise indicated.
DETD
PAC  EXAMPLE I -- Homogeneous Enzyme Immunoassay for Insulin
PAR  The following reagents were employed:
PAR  1. Serum containing insulin;
PAR  2. Carboxymethylmorphine conjugate to insulin, 2 .times. 10.sup..sup.-4 M
      carboxymethylmorphine;
PAR  3. Antiinsulin, 1.08 .times. 10.sup..sup.-5 M based on binding sites;
PAR  4. One weight percent bovine serum albumin in a buffer, which is 0.055M
      Tris-HCl, pH 7.8 at 30.degree., 0.003M MgCl.sub.2, and 10.sup..sup.-3 M
      sodium azide;
PAR  5. Morphine conjugate to glucose-6-phosphate dehydrogenase having 11.5
      haptens on the average per enzyme and a concentration of 0.5mg. per ml;
PAR  6. Antimorphine, 2.1 .times. 10.sup..sup.-4 M based on binding sites;
PAR  7. Glucose-6-phosphate, Calbiochem, cat. no. 34676 as the disodium salt
      dihydrate, A grade, 67.2mg per ml in buffer; and
PAR  8. NAD, Sigma, Grade III from yeast, 58.8mg per ml in water at pH 5-6
      employing sodium hydroxide.
PAR  The assay solution was prepared combining 100.mu.l of serum, sufficient of
      the carboxymethylmorphine insulin conjugate to provide 2 .times.
      10.sup..sup.-12 mole of carboxymethylmorphine, 0.8.mu.1 of antiinsulin and
      1 percent bovine serum albumin buffer solution to bring the total volume
      to 550.mu.l The assay mix was then incubated for 3 hours in a 37.degree.
      water bath.
PAR  Solutions of glucose-6-phosphate dehydrogenase morphine conjugate (average
      of .apprxeq.11.5 morphine molecules per enzyme molecules) and antimorphine
      were combined to provide 400.mu.l of solution 0.11 .times. 10.sup..sup.-9
      M in enzyme and 2.5 .times. 10.sup..sup.-9 M in antimorphine (based on
      binding sites). This solution was combined with the above solution and
      incubated for three hours at 37.degree..
PAR  At the end of this time, 25.mu.l containing 5 .times. 10.sup..sup.-9 mole
      G6P and 25.mu.1 of 2 .times. 10.sup..sup.-9 mole NAD were added to the
      incubated mixture and an aliquot introduced at once into a
      spectrophotometer. A second aliquot was incubated at 37.degree. for 2
      hours and then introduced into the spectrophotometer. The enzyme activity
      for the sample immediately read and the sample read after two hours was
      determined by reading the value at 340nm. The difference between the two
      values is indicative of the rate of reaction of the enzyme or the
      enzymatic activity. Reaction concentrations less than 1 .times.
      10.sup..sup.-8 M of insulin gave detectable differences from a sample
      containing no insulin.
PAC  EXAMPLE II -- Spin Label Immunoassay for Detection of Dinitro Aniline
PAR  The following reagents were employed:
PAR  1. Buffer -- 0.013M sodium phosphate, pH 7.4, 0.13M NaCl, 10.sup..sup.-4 M
      thimerosal;
PAR  2. Antimorphine 2.1 .times. 10.sup..sup.-4 M in binding sites;
PAR  3. N - (2',2',5',5'-tetramethylpyrrolidinyl-1'-oxyl) O.sup.3
      -morphinoxyacetamide.
PAR  4. Antidinitroaniline;
PAR  5. 3-(2',4'-dinitroanilino)-2,2,5-tetramethylpyrrolidinyl-1-oxyl, 3.48
      .times. 10.sup..sup.-5 M in 5 percent methanol in water;
PAR  6. N.sup.5 -(2',4'-dinitrophenyl) N.sup.2 -(O.sup.3.sub."
      -morphinoxyacetyl) lysine, 7.79 .times. 10.sup..sup.-5 M in buffer.
PAR  Dinitrophenylmorphine, antidinitrophenyl and dinitrophenyllysine were
      combined to provide final concentrations of 5.6 .times. 10.sup..sup.-5 M,
      0.43 .times. 10.sup..sup.-5 M in binding sites and 0.4 .times.
      10.sup..sup.-5 M respectively. To this mixture was then added a solution
      of antimorphine and morphine spin label which had been preincubated and
      provided a final concentration of antibody of 0.3 .times. 10.sup..sup.-5 M
      in binding sites and 0.33 .times. 10.sup..sup.-5 M in spin label. It was
      found that about 40 minutes was required before equilibrium was achieved
      at which time a reading was made. It was found that at the indicated
      concentration of the ligand, the spin label was completely free, which
      indicated that the dinitrophenylmorphine was completely excluded from the
      antidinitrophenyl. Therefore, at lower concentrations of the
      dinitrophenyllysine, various amounts of the spin label compound would be
      bound by antimorphine.
PAR  The above procedure was repeated, except that a system for the analysis of
      morphine was carried out. Dinitrophenylmorphine and antimorphine were
      combined in amounts to provide a final assay concentration of 0.825
      .times. 10.sup..sup.-5 M and 0.5 .times. 10.sup..sup.-5 M respectively.
      The mixture was incubated for one-half hour. To the mixture was then added
      antidinitrophenyl and dinitrophenyl spin label in amounts sufficient to
      provide a final assay concentration of 0.14 .times. 10.sup..sup.-5 M and
      0.154 .times. 10.sup..sup.-5 M respectively, the mixture having been
      preincubated. When 0.44 .times. 10.sup..sup.-5 M morphine was included in
      the assay mixture, 0.0077 .times. 10.sup..sup.-5 M of the dinitrophenyl
      spin label was mobilized. Therefore, the presence of morphine affected the
      amount of free spin label.
PAC  EXAMPLE III -- Fluorescent Assay for Morphine
PAR  The reagents which were employed were as follows: FLUMO
      (fluorescein-morphine conjugate) was 3 .times. 10.sup..sup.-6 M in water;
      antifluorescein, was 5.6 .times. 10.sup..sup.-6 M in binding sites, in
      water, 0.05M phosphate, pH 8.0; antimorphine was 2 .times. 10.sup..sup.-4
      M in binding sites, 0.05M Tris-HCl, pH 8.0, in saline solution; buffer was
      Tris/saline 0.05M/1, pH 8.0. Opiate solutions had 1,000.mu.g/ml per ml of
      codeine.
PAR  All of the determinations were made at a sensitivity setting of 4 on a
      Perkin-Elmer MPST Fluorometer. The solutions were mixed in order from left
      to right as set forth in the table. Excitation light was 460nm and the
      emitted light read was at 516nm, with a band width of 10nm.
PAR  The following table indicates the results.
TBL                                    TABLE I                                 

     __________________________________________________________________________

        Fluorescein-                                                           

               Anti-  Anti-       Reading                                      

                                        Reading                                

     Cell                                                                      

        Morphine                                                               

               Fluorescein                                                     

                      Morphine                                                 

                            Codeine                                            

                                  Signal                                       

                                        Time                                   

     No.                                                                       

        Vol. .mu.1                                                             

               Vol. .mu.1                                                      

                      Vol. .mu.1                                               

                            Vol. .mu.ul                                        

                                  Intensity                                    

                                        min.                                   

     __________________________________________________________________________

     2  5      --     --    --    62                                           

     2  5      5      --    --    21                                           

     2  5      5      5     --    25                                           

                                  26.5  5                                      

                                  27.5  90                                     

     4  --     --     --    --    8                                            

     4  --     5      --    --    3.5                                          

     4  --     5      5     --    3.5                                          

                                  5     5                                      

                                  5.5   90                                     

     3  --     --     --    --    1.5                                          

     3  5      --     --    --    46                                           

     3  5      --     5     --    35.5                                         

                                  35    5                                      

     3  5      5      5     --    23                                           

                                  22.5  5                                      

     3  5      5      5     5     20                                           

                                  16    90                                     

     1  --     --     --    --    11                                           

     1  --     --     5     --    14.5                                         

     1                            14.5  5                                      

     1  --     5      5     --    5                                            

     1  --     5      5     5     5.5                                          

                                  6     90                                     

     __________________________________________________________________________

PAR  Where a reading is given but the absence of any material is indicated, only
      buffer was present in the cell. The reading times indicate the interval of
      time from the time of the first reading to the reading for the result
      which is reported, the first reading being made within as short an
      interval as possible of the mixing.
PAR  The following examples describe the preparation of reagents which were not
      commercially obtained and were employed in the prior assays.
PAC  EXAMPLE A -- Preparation of O.sup.3 -(2,4-dinitrophenylmorphine)
PAR  Into a reaction vessel was introduced 475mg of dry morphine in 15ml of dry
      DMSO, followed by the addition of 71mg (56 weight percent) of sodium
      hydride. The mixture was stirred under nitrogen for approximately 1 hour,
      when the sodium hydride had been dissolved. To the mixture was then added
      2,4-dinitrofluorobenzene (308mg) and the mixture stirred overnight. After
      distilling off the DMSO (45.degree., 0.02mm Hg), the residue was dissolved
      in 100 ml of hot 0.1N aqueous hydrochloric acid and allowed to cool.
      Yellow crystals (500mg) were collected which softened at 180.degree. and
      decomposed at 200.degree.. A portion of the hydrochloride product (100mg)
      was dissolved in 5ml of hot water and 300.mu.l, N sodium hydroxide added.
      Upon cooling, 85mg pale yellow crystals were obtained. m.p.
      250.degree.(d).
PAC  EXAMPLE B -- Conjugation of Carboxymethylmorphine-Insulin
PAR  Into a reaction vessel was introduced 10.2mg of O.sup.3
      -carboxymethylmorphine (.sup.14 C) dissolved in dry 200.mu.l
      dimethylformamide (DMF) and 2.5mg dry triethylamine. The solution was
      stirred, cooled to 0.degree., and 4.1mg isobutylchloroformate added,
      whereupon the mixture was stirred for 1 hour at the same temperature.
PAR  To a solution of 60mg insulin in 4ml carbonate buffer, 0.1M, pH 9.2 was
      added the above solution at 0.degree.. A precipitate formed which
      dissolved slowly, after 2 hours of stirring the reaction mixture.
PAR  No separation of unreacted carboxymethylmorphine from insulin was achieved
      by applying the mixture on a Sephadex column G-15 (K9/30) which had been
      equilibrated with PBS, pH 8.0, 0.1M. A column (K26/40) half filled with
      G-15 gave partial separation of the protein from the
      carboxymethylmorphine. Fractions 9-20 were combined to give 32ml of the
      solution. A slight precipitate was removed by addition of two drops of 2N
      sodium hydroxide.
PAR  The solution was acidified to pH 3.5 with 3N HCl and dialyzed overnight
      against 1.5 liters, 0.3 percent acetic acid. Radioactivity of the
      dialysate was 94 cpm/0.5ml, showing no conjugate.
PAR  Fractions 21-32 were combined and dialyzed against 1.1 liters 0.3 percent
      acetic acid. Radioactivity 1297 cpm/0.5ml.
PAC  EXAMPLE C -- O.sup.3 -morphinoxyacetimidine derivative of
      Glucose-6-phosphate dehydrogenase
PAR  Methyl O.sup.3 -(morphinoxyacetimidate) was prepared in accordance with the
      method described in application Ser. No. 358,757, filed May 9, 1973, which
      pertinent portion is incorporated herein by reference.
PAR  Into a reaction vessel was introduced 3.85 .times. 10.sup..sup.-8 M of
      G-6-PDH (Beckman Microbics Operations) in an aqueous buffer 0.055M Tris,
      0.003M MgCl.sub.2, pH 8.5. To the mixture was added 118mg NADH and 68mg
      G-6-P, followed by addition of 75.mu.l, 0.2M methyl O.sup.3
      -(morphinoxyacetimidate). The mixture was stirred for 3 hours at room
      temperature and dialyzed against the above indicated buffer at pH 7.9. The
      dialysate was diluted to 8ml with the above buffer, pH 7.9.
PAC  EXAMPLE D -- Preparation of Morphine-fluorescein Conjugate
PAR  Into a reaction vessel was introduced 68.8mg (0.2mmole) O.sup.3
      -carboxymethylmorphine in 2ml DMF, the mixture cooled to -5.degree. and
      26.mu.l (0.2mmole) isobutyl chloroformate added. The mixture was then
      stirred for 45 minutes. The resulting solution was then added slowly in
      0.05ml portions to 36mg 4-aminofluorescein hydrochloride (Sigma isomer
      II.sup.. HCl) in 1ml butanol cooled in an ice bath. The mixture was
      allowed to stand 90 min. before workup.
PAR  The reaction mixture was streaked directly on a preparative thin layer
      chromatography plate and eluted with CHCl.sub.3 ; MeOH; HOAc (75:50:10).
      After repeating the chromatography, the product was extracted from the
      silica gel with methanolic sodium hydroxide. The methanol was evaporated,
      water added, and the resulting precipitate was rinsed thoroughly. The
      product was redissolved in methanolic sodium hydroxide, water added, the
      methanol evaporated and the pH adjusted to 8.0 with HCl to provide a
      solution of the desired product.
PAR  It is evident from the prior results that by employing a reagent having a
      ligand analog and a detector ligand, numerous practical advantages can be
      achieved. First, one detector system can be used for a wide variety of
      ligands. By appropriate choice of the detector ligand, solubilization of
      the ligand can be enhanced and improved. Enhanced use of a single reagent
      which has a limited lift time, as in radioimmunoassay, can provide
      substantial economies in the utilization of the radioactive reagent.
      Economies in chemical synthesis can be achieved due to synthetic
      simplification. Besides the advantages of having a single reagent, there
      is the fact that a highly sensitive method is obtained for determining the
      presence, either qualitatively or quantitatively, of a wide variety of
      organic compounds with high specificity.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for determining the presence of a ligand in an unknown
      suspected of containing said ligand which comprises:
PA1  combining in an aqueous medium said unknown, antiligand, anti(detector
      ligand) and Reagent, wherein said Reagent has a pair of epitopes in close
      proximity so that simultaneous binding of receptors to said pair of
      epitopes is sterically inhibited, wherein one of said pair of epitopes is
      recognized by said antiligand and the other of said pair of epitopes is
      recognized by said anti(detector ligand);
PA1  determining by a detectant the amount of remaining unbound anti(detector
      ligand) or anti(detector ligand) bound to Reagent; and
PA1  determining the presence of ligand by comparing said amount determined with
      said amount determined with a medium having a known amount of ligand.
NUM  2.
PAR  2. A method according to claim 1, wherein said aqueous medium is buffered
      at a pH in the range of 6 to 9 and said determining is carried out at a
      temperature in the range of about 15.degree. to 40.degree.C.
NUM  3.
PAR  3. A method according to claim 2, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and a stable free radical group.
NUM  4.
PAR  4. A method according to claim 3, wherein said stable free radical group is
      a cyclic nitroxide.
NUM  5.
PAR  5. A method according to claim 2, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and a radioactive atom.
NUM  6.
PAR  6. A method according to claim 2, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and an enzyme, wherein said activity of said enzyme is
      substantially reduced when said epitope recognized by said anti(detector
      ligand) is bound to antibody.
NUM  7.
PAR  7. A method according to claim 6 wherein said enzyme is lysozyme,
      glucose-6-phosphate dehydrogenase, malate dehydrogenase, or amylase.
NUM  8.
PAR  8. A method according to claim 2, wherein said ligand is a drug of
      molecular weight in the range of 125 to 2,000.
NUM  9.
PAR  9. A method according to claim 8, wherein said ligand is an alkaloid.
NUM  10.
PAR  10. A method according to claim 8, wherein said ligand is a catecholamine.
NUM  11.
PAR  11. A method according to claim 8, wherein said ligand is an opiate.
NUM  12.
PAR  12. A method according to claim 8, wherein said ligand is a cardiac
      glycoside.
NUM  13.
PAR  13. A method according to claim 8, wherein said ligand is a vitamin.
NUM  14.
PAR  14. A method according to claim 8, wherein said ligand is an iodo
      substituted thyronine.
NUM  15.
PAR  15. A method according to claim 8, wherein said ligand is a steroid.
NUM  16.
PAR  16. A method according to claim 2, wherein said ligand is an amino acid or
      poly(amino acid) of from 2 to 100 amino acid units.
NUM  17.
PAR  17. A method for determining the presence of a ligand in an unknown
      suspected of containing said ligand which comprises:
PA1  combining in an aqueous medium buffered at a pH in the range of 6 to 9,
      said unknown, Reagent and antiligand, wherein said Reagent has a pair of
      epitopes in close proximity, so that simultaneous binding of antibodies to
      said pair of epitopes is sterically inhibited, wherein one of said pair of
      epitopes is recognized by said antiligand and the other of said pair of
      epitopes is recognized by an anti(detector ligand);
PA1  incubating for sufficient time for a steady state to be obtained;
PA1  adding anti(detector ligand); and
PA1  determining by a detectant at a temperature in the range of 15.degree. to
      40.degree.C, the amount of remaining unbound anti(detector ligand) or
      anti(detector ligand) bound to Reagent; and
PA1  determining the presence of ligand by comparing said amount determined with
      said amount determined with a medium having a known amount of ligand.
NUM  18.
PAR  18. A method according to claim 17, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and a stable free radical group.
NUM  19.
PAR  19. A method according to claim 17, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and a radioactive atom.
NUM  20.
PAR  20. A method according to claim 17, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and an enzyme whose activity is substantially reduced when said
      epitope is bound to said anti(detector ligand).
NUM  21.
PAR  21. A method for determining the presence of a ligand in an unknown
      suspected of containing said ligand which comprises:
PA1  combining in an aqueous medium buffered at a pH in the range of 6 to 9,
      said unknown and antiligand;
PA1  incubating said aqueous medium for sufficient time to obtain a steady
      state;
PA1  adding Reagent to said aqueous medium, wherein said Reagent has a pair of
      epitopes in close proximity, so that simultaneous binding of antibodies to
      said pair of epitopes is sterically inhibited, wherein one of said pair of
      epitopes is recognized by said antiligand and the other of said pair of
      epitopes is recognized by an anti(detector ligand);
PA1  incubating for a sufficient time to establish a steady state;
PA1  adding anti(detector ligand);
PA1  determining by means of a detectant the amount of remaining unbound
      anti(detector ligand) or anti(detector ligand) bound to Reagent; and
PA1  determining the presence of ligand by comparing said amount determined with
      a medium having a known amount of ligand.
NUM  22.
PAR  22. A method according to claim 21, wherein said detectant includes a
      detector molecule having an antibody recognized by said anti(detector
      ligand) and a stable free radical group.
NUM  23.
PAR  23. A method according to claim 21, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and a radioactive atom.
NUM  24.
PAR  24. A method according to claim 21, wherein said detectant includes a
      detector molecule having an epitope recognized by said anti(detector
      ligand) and an enzyme whose activity is substantially reduced when said
      epitope is bound to said anti(detector ligand).
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ABST
PAL  The present invention provides an automatic streaking device for bacterial
      specimens, which device produces a repetitive, overlapped plurality of
      figure eight patterns. An electrically conductive loop is displaced in a
      direction perpendicular to the major axis of the figure eight pattern.
      Means are provided for non-linearly advancing the loop in a direction
      perpendicular to the major axis of the figure eight pattern so as to vary
      the resulting pattern in a predetermined manner. Means are also provided
      for automatically sterilizing the loop when the series of figure eight
      movements are terminated. A first motor drives a pair of crank arms having
      different lengths in order to determine the amplitudes of the figure eight
      patterns in two mutually perpendicular directions. A second, variable
      speed, reversible motor is coupled to and drives a carriage that supports
      the first motor and the crank arms so as to vary the center-to-center
      spacing between adjacent figure eight patterns.
BSUM
PAR  The aforementioned Abstract is neither intended to define the invention of
      the application which, of course, is measured by the claims, nor is it
      intended to be limiting as to the scope of the Claims in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for preparing bacterial
      specimens and more particularly to automated apparatus of this type which
      prepares the specimens for visual counting, typing and other analysis of
      the bacterial populations.
PAR  2. Description of the Prior Art
PAR  One of the many procedures which must be performed in microbiology are
      plate streaks for isolating microbiological colonies. Distinctly isolated
      colonies are produced as a result of growth starting with a single cell.
      The isolated colonies are absolutely necessary for the observance of
      colony morphology and for the performance of staining and other procedures
      which are necessary for determining the genus and in many cases, the
      species, strain, etc. of an unknown organism. Both bacterial and fungus
      type micro-organisms must be isolated from test samples. In an actual
      process, a liquid such as isolation broths, blood, urine, etc. or solids
      such as feces, scrapings, etc. might be used to identify an unknown
      bacterial. Fungi requires the same type of isolation as bacteria but,
      unlike the bacterial, the fungi are generally not subjected to additional
      tests since colony characteristics and microscopic appearance alone are
      usually adequate for their identification.
PAR  Two or three plates are streaked per sample of each test specimen. The
      streaking process requires approximately 30 seconds per agar plate of a
      technologist's time. The quality of the streak and therefore the degrees
      of isolation of the microorganism depends upon the training received by
      the technologist and the care taken in performing the process.
PAR  Problems typically encountered during a streaking process include the use
      of an improperly cooled inoculating needle following flame sterilization.
      As a result, the organisms may be destroyed in the streaking process. In
      addition, contaminants may be introduced by the use of an improperly
      sterilized inoculating needle. There are also the problems caused by the
      lack of reproducibility of streaks from one technician to another and the
      difficulty a technician often encounters in streaking soft agars which are
      easily cut. An improperly made streak has to be redone before further
      testing is possible. The detection of a faulty streak may require anywhere
      from 12 to 48 hours depending upon the rate of growth of the organisms
      present in the sample.
PAR  Several machines have been developed for automatically preparing bacterial
      specimens. One such machine is disclosed in U.S. Pat. No. 3,778,351 which
      was granted on Dec. 11, 1973 to Robert J. Rosov. In this patent, means are
      provided for controlling relative movement of a specimen plate and a
      dispensing pipette. The volume rate of delivery of the specimen from the
      pipette to the specimen plate is accurately controlled in order to effect
      the preparation of the specimen along a pre-determined and reproducible
      pattern and concentration. Specifically, U.S. Pat. No. 3,778,351 provides
      a specimen plate having a plurality of laterally elongated grooves that
      are adapted to contain a bacterial specimen growth base material. The
      pipette is supported above the specimen plate which includes a frame, a
      table mounted on the frame for movement in one direction and indexing
      means on the table for engaging the specimen plate. The indexing means is
      movable relative to the table in a direction normal to the table movement
      for aligning each groove selectively with a pipette. As will be explained
      more fully hereinafter, U.S. Pat. No. 3,778,351 is contrasted from the
      present invention by virtue of the linear advance of the pipette and by a
      zig-zag path as opposed to a figure eight path.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest aspect, the present invention provides a method and
      apparatus for producing a repeatedly intersecting figure eight streaking
      pattern. An electrically conductive loop is driven so as to generate the
      figure eight pattern having a major dimension in one direction and a minor
      dimension in a second direction perpendicular to the major dimension. In
      addition, means are provided for driving the loop in a direction
      perpendicular to the major dimension so as to form a plurality of
      continuous, overlapping figure eight patterns. A reversible, variable
      speed motor is used to determine the center-to-center dimension in a
      direction parallel to the minor dimension of the overlapped figure eight
      patterns. As a result, the figure eight patterns cross over each other at
      several points. At the end of the streaking cycle, means are provided for
      automatically sterilizing the loop when the loop is returned to its
      starting position. The loop is then available for the next streaking
      operation.
PAR  Accordingly it is an object of the present invention to provide an improved
      apparatus for automatically preparing bacterial specimens.
PAR  It is another object of the present invention to provide an improved
      apparatus, as described above, for driving a streaking loop in a figure
      eight pattern.
PAR  It is a further object of the present invention to provide an improved
      apparatus, as described above, wherein the loop is driven in a figure
      eight pattern of a continuous nature whereby successive figure eight
      patterns overlap each other.
PAR  Another object of this invention is to provide an improved loop.
PAR  Still a different object is to provide an electrically sterilizable loop.
PAR  A further object of the present invention is to provide an improved
      apparatus, as described above, wherein the plurality of figure eight
      patterns are overlapped in a pre-determined, non-linear relationship.
PAR  Still another object of the present invention is to provide an improved
      method for streaking a bacterial specimen.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing, like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a perspective view illustrating one embodiment of the present
      invention;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a sectional, elevational view, partially in section and partially
      broken away, taken along line 3--3 as FIG. 2;
PAR  FIG. 3A is a fragmentary, perspective view of a portion of FIG. 3;
PAR  FIG. 4 is a sectional, elevational view, partially in phantom taken along
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary sectional elevational view taken along line 5--5 of
      FIG. 2;
PAR  FIG. 6 is a fragmentary elevational view, partially in section taken along
      line 6--6 of FIG. 2;
PAR  FIGS. 7A and 7B are schematic views illustrating two typical streaking
      patterns and
PAR  FIG. 8 is a schematic diagram illustrating the electrical controls for the
      present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, and in particular to FIGS. 1-3 there is shown
      the structure of an improved bacterial specimen streaker 10 constructed in
      accordance with the concepts of the present invention. The streaker 10
      includes a table 12 on which is mounted, in a manner to be described more
      fully hereinafter, a multi-compartmented tray 14 which is adapted to
      contain the inoculated specimen. A loop generally designated by the
      referenced character 16, is positioned over the tray and is arranged to be
      driven in a figure eight pattern so as to streak the specimen.
PAR  In order to define the figure eight path over which the loop 16 travels,
      there are provided two crank mechanisms generally designated by the
      referenced characters 18 and 20 respectively. The crank mechanism 18
      generates movement along a major axis designated as X while the crank
      mechanism 20 generates movement along a substantially perpendicular axis
      designated as Y.sub.1. The combination of movement of the crank mechanisms
      18 and 20 define the figure eight patterns shown in FIGS. 7A and 7B.
PAR  As shown in FIGS. 2 and 3 for example, the crank mechanisms 18 and 20 are
      mounted on a carriage 22 which is arranged to move in the Y.sub.1
      direction. Proximate one edge thereof, the carriage 22 is provided with
      linear bearing means 24 in which is positioned a shaft 26. Suitable
      support means 28 are used to mount the shaft on the table 12. A variable
      speed, reversible motor 30 is also mounted on the table 12 and is used for
      driving the carriage 22 back and forth in the Y.sub.1 direction. The
      output shaft 32 of the motor 30 is connected to a right angle gear box 34
      through a coupling member 36. The output shaft 38 of the gear box 34 is
      provided with a first sprocket 40 about which is trained an endless chain
      42. A second sprocket 44 is also rotatably mounted on the table 12. A pair
      of pins 46, which are integral with the chain 42, are suitably connected
      to a bracket 48 which is mounted on the carriage 22. Preferably, the
      connection between the bracket 48 and the carriage 22 is through a shaft
      50 which permits limited relative angular movement therebetween.
PAR  The first and second crank assemblies 18 and 20 are defined by a double-T
      support bracket 52 which is positioned above and secured to the carriage
      22 by means of posts 54. The first crank assembly 18 further includes a
      pair of guide rods 56 which are mounted in linear bearings 58. Support
      members 60 are used to position the guide rods 56 relative to the bracket
      52. A plate 62, which has a slot 64 formed therein, is rigidly coupled to
      and extends between one end of the guide rods 56 for movement together
      therewith. A drive pin 66 is positioned within the slot 64 and is driven
      by a crank arm 68.
PAR  A second, constant speed drive motor 70 is mounted on and positioned
      beneath the carriage 22. The output shaft 72 of the motor 70 supports a
      pair of coaxial gears 74 and 76. Toothed timing belts 78 and 80 are
      trained about the gears 74 and 76 respectively. A second pinion 82 is
      driven by the first belt 78. As shown for example in FIG. 3, a pivot pin
      84 is rigidly coupled to the second gear 82 as well as to the first crank
      arm 68 so that as the second motor 70 is driven, the first crank arm 68
      will rotate clockwise (FIG. 2) about the pivot pin 84, and will thereby
      translate the bracket 62 in the X direction as shown in FIG. 2.
PAR  The second crank assembly 20 is comprised of a plate 86 having a slot 88
      formed therein. The second crank 20 is driven by the timing belt 80, a
      drive pin 90 which is mounted on the carriage 22 as shown in FIG. 6 and a
      crank arm 92. A pin 94 extends upwardly from the crank arm 92 and is
      provided with a rectangular bushing 96 that fits in the slot 88. The plate
      86 of the second crank assembly 20 is coupled to linear bearings 98 that
      ride on guide rods 100. Posts 102 are used for supporting the guide rods
      100 on the carriage 22 as shown in FIG. 1 and in FIG. 3. Thus, as the
      second motor 70 is driven, the second crank arm 92 will rotate in a
      clockwise direction (FIG. 2) about the axis of the gear 90 to thereby
      drive the plate 86 in the Y.sub.1 direction.
PAR  With the motor 70 running, the crank arms 68 and 92 will be simultaneously
      driven and will thereby generate a figure eight pattern. By way of
      example, the pulleys driving the crank arms 68 and 92 may have a ratio of
      2:1. It will further be appreciated that by the coupling of the carriage
      22 to the output of the variable speed motor 30 the figure eight pattern
      will be repeated such as shown in FIGS. 7A and 7B. As will be explained
      more fully hereinafter, the center-to-center dimension between adjacent
      figure eight patterns can be varied.
PAR  A shaft 104 is secured to the plate 62 by means of a coupling 106. A linear
      bearing 108 supports the shaft 104 and is mounted in a post 110 which is
      secured to the plate 52. The loop 16 is provided with a shaft 112 which is
      secured to the shaft 104 by means of a bracket 114.
PAR  The carriage 22, in addition to moving in the Y direction along the guide
      rod 26 is also angularly displaced about the axis of the guide rod 26 at
      the beginning and end of the travel of the loop 16 in the Y direction.
      This is accomplished by means of a cam plate 116 having a continuous
      groove 118 formed in one surface thereof. The cam plate 116 is mounted on
      the plate 12 such as shown in FIG. 3. An arm 120 extends downwardly from
      the underside of the carriage 22 and carries therewith a shaft 122 on
      which is mounted a cam follower 124 which engages the cam groove 118. As
      the carriage 22 moves in the Y direction, and more specifically to the
      right as shown in FIG. 2, the cam follower 124 will engage the lower track
      118a of the cam groove 118. At the end of travel, the cam follower 124
      will engage cam track 118b which is inclined upwardly and to the right so
      as to raise the loop 16. The carriage 22 will then pivot about the axis of
      the guide rod 26 in a counter clock-wise direction as shown in FIG. 3. The
      cam follower 124 will then engage the cam track 118c so that the loop 16
      will be returned to its starting position but at an elevated location.
      Proximate the left hand end of the cam track 118, the cam follower 124
      will engage the track portion of 118d so that the loop 16 will be lowered
      and returned to its starting position.
PAR  As shown in FIG. 4, a gate comprising a bracket 126 is pivotally mounted on
      the cam plate 116 by means of a pin 128. The cam follower 124 will push
      the bracket 126 to the phantom outlined position shown in FIG. 4 when the
      cam follower 124 moves from the cam track 118b to the cam track 118c. The
      shaft 122 guides a bracket 132 having a slot 134 therein through which the
      shaft 122 extends. The bracket 132 extends through a slot 136 formed in
      the plate 12 and terminates in a bracket 138 that slidingly rides on a
      shaft 140. This form of mounting arrangement prevents twisting in an
      angular direction, either clockwise or counter clockwise, of the bracket
      120 and hence the carriage 22.
PAR  A drawer 142 having a rectangular opening 144 is provided for receiving the
      tray 14. The drawer 142 includes a pair of spaced apart parallel side
      rails 146. Frame members 148 each having a groove 150 therein are arranged
      to slidingly receive the rail 146 of the drawer 142.
PAR  The bracket 132 is also provided with an arm 152 from which extends a pin
      154. The arm 152 is further provided with a pivotally mounted lever 156.
PAR  The loop 16 is comprised of a U-shaped oxidation resistant metal strap 200
      having a pair of dimples 202 formed at the lower end thereof. A suitable
      material is NIKROTHAL No. 6 made by Kanthal Corporation of Bethel,
      Connecticut. In FIG. 3, the dimples 202 would be seen as one behind the
      other. The U-shaped strap 200 is secured to a support member 204 which is
      mounted on the shaft 112. A transverse strap 206 having a pair of contacts
      208 also forms part of the loop 16. When the loop 16 reaches the right
      hand end of its travel as viewed in FIG. 2, the contacts 208 will engage
      contacts 210 that are mounted on bracket 212. The contacts 210 are
      electrically connected to a transformer 214 and to a relay 216 which is
      energized from a suitable voltage source by a control signal from a
      conventional solid state circuit so that when the loop 16 is at the
      extreme right hand position, the electrical coupling of the contacts 208
      and 210 will close the circuit to sterilize loop 16.
PAR  Latching and unlatching of the tray 14 is accomplished by a parallel
      linkage mechanism generally designed by the reference character 220 in
      FIG. 2. Parallel bars 222 and 224 are pivotally coupled, proximate the
      ends thereof, to a link 226 and a latch 228. A spring 230 biases the latch
      228 which is arranged to be releasably engaged by a pin 232. It will be
      appreciated from FIG. 3A that the lever 156 can ride over the link 226
      when the loop 16 moves to the right as in FIG. 2 but that the pin 154
      prevents the lever 156 from moving in the opposite angular direction.
      Similarly, when the tray 14 is inserted, the pin 232 extending downwardly
      therefrom engages the latch 228 and displaces the parallel linkage
      mechanism 220 in a clockwise direction (FIG. 2) against the biasing of the
      spring 230 but that a stop pin 234 prevents the opposite angular
      displacement of the parallel linkage mechanism 220.
PAR  When the drawer 142 is fully inserted, as shown in FIG. 2, a second pin 236
      extending downwardly therefrom engages a projection 238 which is mounted
      on a slide 240 that is secured to the frame 148. A spring 242 biases the
      slide 240. Thus, when the tray 14 is inserted the spring 242 is tensioned.
      When the streaking cycle is over and the latch 228 is disengaged, as
      described above, the tray 14 will be ejected by the spring 242. Concurrent
      with the insertion of the tray 14 the second pin 236 and the projection
      238 deflect the arm 244 (FIG. 5) of a switch (not shown) in order to close
      an electrical circuit and thereby energize the motors 30 and 70.
PAR  In order to provide a non-linear distribution of bacteria the traverse rate
      in the Y direction is changed by zones. Referring to FIG. 7B it will be
      seen that Zone A shows a greater number of figure eight patterns than Zone
      B and in turn Zone C has a lesser number than Zone B, etc.
PAR  It is also desirable to provide a limited number of repeatable programs
      having different traverse rates. This is accomplished by controlling the
      speed of motor M.sub.1 as the carriage moves the "loop" from zone to zone.
      It is within the state of the art to provide programmers to accomplish
      this function and accordingly by way of example and without intent to be
      limiting there is schematically disclosed in FIG. 8 a typical control
      apparatus.
PAR  Assuming four programs, the apparatus would be provided with a selection
      means which may include four separate panel mounted switches 300a, 300b,
      300c and 300d. A second switch, 301a, 301b, 301c and 301d of the momentary
      contact type is ganged to each of the switches 300a, 300b, 300c and 300d
      respectively. Actually one of the pairs of switches 300a, 301a, etc.
      energizes motor 70 through contacts 307a of holding relay 307 and motor 30
      through contacts 307b and a selected one of variable resistors, 302a,
      302b, 302c or 302d. The resistors are shown as four section devices, each
      of which may be linear or non-linear so as to meet the program desired.
      The wipers 303a, 303b, 303c and 303d may be carried by a common shaft 304
      mechanically coupled through a gear train or other linkage to the (not
      shown) output shaft of motor M.sub.1. This establishes that the
      longitudinal position of the loop is related to a given zone of the
      variable resistor. Thus the change in resistance in the motor M circuit
      acts to control the speed of the motor.
PAR  As the loop is brought back to the sterilizing position a sensor 309 (FIG.
      3) controls switch 310 which interrupts the current to holding relay 307
      and energizes relay 216 to energize transformer 214.
PAR  Associated with motor 30 are reversing switches (not shown) which reverse
      the direction of rotation as the carriage reaches the end of travel in a
      given direction.
PAR  It is important that the pattern intersect uniformly this feature as shown
      in FIGS. 7A and 7B, the points of intersection being shown by dots.
PAR  As shown in FIG. 2 motor 70 should rotate counterclockwise to insure that
      the direction of the pattern as shown by the arrows at the outer edges be
      in the same longitudinal direction the loop is following.
PAR  It will be noted that the loop is provided with two dimples. This permits
      the forming of two figure eight loops simultaneously.
CLMS
STM  What we claim as new and desire to secure by letters Patent is:
NUM  1.
PAR  1. Automatic bacterial specimen streaking apparatus comprising:
PA1  a. a table;
PA1  b. means for mounting a tray containing the specimen on said table whereby
      the tray is non-moveably held with respect to said table when said
      apparatus is in use;
PA1  c. moveable loop means positioned above said mounting means in the vicinity
      of the area to be occupied by the tray, said loop means being arranged to
      selectively contact the specimen in the tray;
PA1  d. first displacing means for moving said loop means from a starting
      position in a first direction over the area of said mounting means to be
      occupied by the tray;
PA1  e. second displacing means for moving said loop means from a starting
      position in a second direction over the area of said mounting means to be
      occupied by the tray, said second displacing means moving said loop means
      concurrently with the movement thereof in said first direction, said
      second direction being substantially perpendicular to said first direction
      to thereby define a figure eight movement pattern of said loop means;
PA1  f. a drive system for synchronously moving said first and said second
      displacing means;
PA1  g. means for advancing said loop means from the starting position thereof
      and in a direction parallel to said first direction of movement after the
      completion of each figure eight pattern to thereby define a plurality of
      successive figure eight patterns having a plurality of cross-over points
      between adjacent figure eight patterns; and
PA1  h. means for returning said loop means to the starting position thereof
      after a predetermined length of travel in said first direction
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said tray mounting means
      comprises a frame secured to said table, a drawer slidably positioned
      within said frame and latch means for releasably holding the tray.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein there is further included
      switch means responsive to the placement of the tray on said mounting
      means at a location below said loop means, said switch means closing a
      signal generating circuit for energizing said drive system.
NUM  4.
PAR  4. The apparatus according to claim 2 wherein there is further included
      means for automatically releasing said latch means at the conclusion of a
      streaking cycle.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein said loop means comprises a
      strap having at least one dimple on the surface thereof that contacts the
      specimen.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said loop means includes two
      dimples arranged parallel to said first direction of movement.
NUM  7.
PAR  7. The apparatus according to claim 5 wherein said strap is electrically
      conductive.
NUM  8.
PAR  8. The apparatus according to claim 1 wherein said first and said second
      displacing means are crank mechanisms and said drive system comprises a
      motor and a gear and belt arrangement driven by said motor, said crank
      mechanisms being coupled to and driven by said gear and belt arrangement.
NUM  9.
PAR  9. The apparatus according to claim 8 wherein one of said crank mechanisms
      has a crank arm whose effective radius of rotation is twice as large as
      the radius of rotation of the crank arm of said other crank mechanism.
NUM  10.
PAR  10. The apparatus according to claim 8 further including a plate for
      supporting said crank mechanisms whereby said crank mechanisms are
      linearly moveable in said first and second directions.
NUM  11.
PAR  11. The apparatus according to claim 10 further including a carriage for
      supporting said plate, said carriage being coupled to said advancing
      means.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein said advancing means
      comprises a reversible motor and an endless chain driven by said motor,
      said carriage being coupled to said chain.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein said reversible motor is a
      variable speed motor.
NUM  14.
PAR  14. The apparatus according to claim 1 wherein there is further included
      means for automatically sterilizing said loop means at the end of each
      streaking cycle.
NUM  15.
PAR  15. The apparatus according to claim 1 wherein there is further included
      means for lifting said loop means from the surface of the specimen at the
      end of each streaking cycle and for returning said loop means to the
      starting position thereof at said elevated position.
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ABST
PAL  This invention is an improvement on the hot water process for recovering
      bitumen from tar sand. The aqueous slurry of tar sand is introduced into a
      first vessel, termed the sand separation cell, containing a body of hot
      water. The coarse sand settles out and is discharged as tailings. The top
      product, comprising bitumen, water and fine sand, is transferred to a
      second vessel, termed the froth formation cell, containing a second body
      of hot water. In this latter cell, the bitumen forms froth and is
      recovered, and the fine solids and some water are recycled to the lower
      end of the sand separation cell. Because the coarse sand has previously
      been removed in the sand separation cell, good distribution of the feed
      across the cross-sectional area of the froth formation cell is achieved.
      This leads to good recoveries and froth quality. By recycling the fines
      from the froth formation cell to the vicinity of the tailings outlet of
      the sand separation cell, the fines can be eliminated from the system
      without the need for a middlings dragstream, as is required in the prior
      art.
PARN
PAR  This is a division, of application Ser. No. 364,343, filed May 29, 1973,
      now U.S. Pat. No. 3,487,789.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hot water process for recovering bitumen from
      tar sand, and to the apparatus for practising the process.
PAC  Tar Sand
PAR  The invention has been developed using tar sand from the Athabasca deposit
      at Fort McMurray, Alberta, Canada. While it is described with reference to
      that feed stock, the invention may find beneficial application to tar
      sands present in other deposits. Athabasca tar sand comprises sand grains
      which are each sheathed in a thin layer of water. Bitumen is trapped in
      the void space between the water-wet grains. By way of example, the
      composition of the tar sand might be 10 percent by weight bitumen, 4
      percent water, and 86 percent solids.
PAC  THE KNOWN HOT-WATER PROCESS
PAR  Athabasca tar sands are presently processed using a method commonly
      referred to as the hot water method. In accordance with this process, tar
      sand is mixed in a conditioning drum or tumbler with hot water and steam.
      While in the tumbler, the tar sand disintegrates and at the same time
      liberated bitumen is aerated. By "disintegrate" is meant that the sand and
      bitumen particles are dispersed one from another in a preliminary way.
PAR  The tumbler product, a porridge-like slurry, is flooded with additional hot
      water to further disperse the sand and bitumen. This flooding operation is
      usually carried out at a screen positioned at the outlet from the tumbler.
      The flooded slurry typically might have a composition of 7 percent
      bitumen, 43 percent water, and 50 percent solids and a temperature of
      160.degree.F.
PAR  The flooded slurry is introduced into a separation cell. This cell is a
      cylindrical settler having a conical bottom and containing a body of hot
      water. When the slurry mixes with the water, the sand and bitumen
      particles are further dispersed one from another. The bulk of the sand
      particles fall to the bottom of the settler; most of the bitumen
      particles, which have preferentially become attached to bubbles of air,
      rise to the top surface of the cell contents, where they form a froth. The
      sand leaves the vessel through a bottom outlet and is discarded as
      tailings. The froth overflows the vessel wall into a launder and is
      removed for further treatment.
PAR  While the settler-froth formation operation appears simple in theory, in
      practise it involves many considerations and is not easy to design or
      operate.
PAC  BASIC OBJECTIVES
PAR  There are four basic objectives which one seeks to achieve when working
      with the hot water process. These are: (1) high recovery of bitumen; (2)
      good quality of froth; (3) low consumption of water in the process; and
      (4) successful handling of the fines (i.e. -44 micron) present in the
      feed.
PAR  To achieve high recovery, it is self-evident that the bitumen must be made
      to report in the froth. In practise, some of it ends up in the tailings
      and is lost. At the present state of the art, recoveries as froth of 87-92
      percent of the bitumen in the tar sand feed as considered good.
PAR  To achieve good quality froth, one must minimize the amount of solids and
      water reporting in the froth. A typical prior art froth composition
      comprises 57 percent bitumen, 8 percent solids, and 35 percent water.
PAR  The amount of water used in the process is partly dictated by the amount of
      fines present in the tar sand feed entering the plant. If the fines become
      concentrated beyond a critical level in the settler-froth formation cell,
      the cell will become inoperative. This is because the fines form a dense,
      floating bed or gel through which the bitumen particles cannot rise to
      reach the froth-water interface and the settling of sand is hindered. One
      standard solution for this problem is to supply enough clear water to the
      cell to make sure that the fines never concentrate beyond the critical
      level. The water added for this purpose must be hot, so as to maintain the
      cell temperature at the desired level -- usually about 180.degree.F. It is
      thus seen that the heat input to the process is affected by the amount of
      water used, and the minimum amount of water permissible is presently
      dictated by gelling considerations.
PAR  Since one will want to keep the heat input as low as possible, it is
      desirable to minimize the water consumption while still keeping the cell
      operative.
PAC  HIGH RECOVERY OF BITUMEN
PAR  As previously stated, the sand tailings stream from the cell takes some
      bitumen with it; this constitutes a loss and lowers the bitumen recovery.
PAR  The bitumen tends to accompany water; if the cell is operated with a lot of
      water and the solids content of the tailings stream is, for example, 45
      percent, then the bitumen losses with the tailings are high. On the other
      hand, if the cell is operated with a sand tailings stream containing a
      solids content in the order of 65 - 70 percent, then losses are much
      lower. Due to the gelling and separation problems, there is usually an
      excess of water in the cell over that amount which can be handled through
      the tailings outlet.
PAR  The excess water is withdrawn from the middle of the cell as a dragstream.
      This middlings dragstream contains bitumen and must, therefore, be
      processed through a flotation cell to recover the contained bitumen in the
      form of secondary froth. The flotation cell involves aerating the
      dragstream turbulently; as a result, the secondary froth is contaminated
      with large amounts of solids and water. This secondary froth is combined
      with the primary froth from the settler-froth formation cell to produce
      the feed for the dehydration and upgrading processes which follow.
PAR  It has been found that some of the bitumen introduced to the cell is only
      semi-buoyant. It may not have been well enough aerated or it may have
      become associated with solids. In either case, this bitumen tends to
      accumulate just above the sand layer which exists at the base of the cell.
      It tends to get trapped in the sand and leaves as part of the tailings.
PAR  It is therefore one object of this invention to provide a system
      characterized by high recovery of bitumen. It is another object to provide
      a system which can operate using a relatively small quantity of water. It
      is another object to provide a system which does not need a middlings
      dragstream and secondary recovery circuit.
PAC  GELLING
PAR  Gelling tends to occur in quiescent zones in the separation cell. For
      example, one zone in which gelling is likely to occur is located just
      above the well through which the slurry is introduced into the cell.
PAR  It is therefore an object of this invention to provide a system wherein the
      fines are kept moving to prevent gelling. It is another object to
      introduce low-solids water additions to the system in certain zones, where
      gelling is likely, to keep the fines dispersed in those zones.
PAR  The prior art technique for controlling gelling includes operating the
      system at a relatively high temperature, such as 180.degree.F. Gelling
      does not occur as easily at this temperature as it does, for example, at
      150.degree.F. The conventional approach, of course, requires a relatively
      higher heat input.
PAR  It is another object of this invention to provide a system which uses a
      technique for preventing gelling which is not dependent on temperature,
      and which can therefore be operated using a low heat input.
PAC  FROTH QUALITY
PAR  A very significant factor influencing froth quality is the uniformity of
      distribution of the bitumen and solids particles through the body of
      water. If the particles are relatively far apart, the aerated bitumen can
      work its way up to the surface without accumulating solids and losing its
      buoyancy. At the same time, the sand can drop down without taking an
      appreciable amount of bitumen with it. Spacing of the particles is, of
      course, maximized by distributing the particles as evenly as possible
      through the available cell space.
PAR  Others in the art have appreciated that good distribution is desirable.
      Small scale bench units for testing the process have used a centrally
      positioned impellor to throw the slurry out across the full width of the
      test cell. However, this is not a feasible arrangement for use in
      commercial-size cells, which have an inside diameter in the order of fifty
      feet.
PAR  It is therefore an object of this invention to provide a system
      characterized by improved distribution of the bitumen and solids across
      the cross-sectional area of the froth formation zone.
PAR  Forth quality is improved if part of the low-solids water added to the
      process is introduced just below the froth formation zone. This water
      dilutes the system at a point in the process where it is most useful. More
      particularly, the added water further isolates the bitumen particles at a
      time when they are being floated to the forth layer. In another aspect,
      the added water tends to move downwardly through the zone. This movement
      has the effect of depressing upwardly moving fines and keeping them out of
      the froth.
PAR  It is therefore another object of the invention to provide a system wherein
      low-solids water is added to the froth formation zone to dilute the
      concentration of bitumen and solids particles, preferably in a manner
      which depresses upwardly moving fines.
PAR  Experimentation has indicated that the sand settling operation can be
      carried out at a much higher loading than the froth formation operation.
      It is therefore another object of the invention to provide a system
      wherein the two operations are separated so that each can be optimized in
      both performance and equipment requirements.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, coarse sand separation and bitumen froth
      formation are carried out in separate vessels or cells. By removing most
      of the coarse sand from the feed in a sand separation cell, one can
      subsequently achieve uniform distribution of the bitumen and fines across
      a froth formation cell. This is possible because improved devices, such as
      a horizontal perforated pipe, can now be used to deliver the feed to the
      froth formation zone. Since the coarse sand has been previously removed,
      there is no danger of plugging the distributing device. Another advantage
      of using separate cells is that the cross-sectional area for each cell can
      be specified based on maximum possible loading considerations.
PAR  In another aspect of the invention, the froth cell tailings are recycled to
      the lower end of the sand cell. The froth cell fines are thus delivered to
      a point adjacent the sand cell tailings outlet. When the system is
      operating, the concentration of fines builds up to a particular level,
      (perhaps 18 percent by weight) and remains constant at that level. From
      this, it can be taken that the excess fines are being removed from the
      system with the sand cell tailings. The use of a middlings drag stream for
      this purpose is not necessary.
PAR  The recycle stream entering the base of the sand cell creates circulation
      through the system. The currents created tend to keep the fines moving so
      that they do not accumulate in the form of a stationary dense bed.
PAR  According to another aspect of the invention, an inverted cone may be
      provided in the sand cell, immediately beneath the slurry introduction
      unit. This cone functions to outwardly disperse the sand and bitumen
      particles dropping out of the unit. Cleaner separation of the particles is
      thereby promoted. The recycle stream is introduced into the sand cell at a
      point beneath the cone. A conduit is provided leading from the underside
      of the cone back up to the upper end of the cell. Recycled bitumen
      particles and semi-buoyant bitumen particles which have accumulated in the
      conical section of the cell are carried up through the conduit by the
      recycled water and are transferred to the froth cell for recovery. Thus it
      is seen that the cone-recycle arrangement helps to improve bitumen
      recovery.
PAR  According to another aspect, solids-free water may be introduced into the
      froth cell to help separate the bitumen and fines particles and thereby
      improve the quality of the froth which is formed. Preferably the water is
      introduced to the cell immediately beneath the froth-water interface. The
      so-introduced water creates a downward vector through the cell and
      displaces the fines away from the froth-water interface and toward the
      tailings outlet. The quality of the froth benefits accordingly.
PAR  From the foregoing, it is seen that gelling is attacked from two directions
      -- the fines are kept moving so that they do not form a dense bed, and
      they are diluted with low-solids water in the froth cell. As a result, the
      system can be operated at a lower temperature and with less water than has
      heretofore been conventional. In addition, the middlings drag stream and
      its attendant secondary recovery cell can be eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a schematic illustration of one embodiment of the invention;
PAR  FIG. 2 is a partly broken away isometric view of the sand and froth cells
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  By way of exemplification, the apparatus is now described with reference to
      the bench scale system shown in FIGS. 1 and 2.
PAR  The front end of the system, up to the sand cell, is conventional. It
      comprises a pug mill 1 having an internal steam sparger means (not shown).
      The tar sand, water and steam are fed into the pug mill 1 and are mixed
      therein for sufficient time to heat and disintegrate the tar sand. At the
      same time, air bubbles are entrained in the slurry which is formed. The
      product slurry leaves the pug mill 1 and drops through the screen 2 into
      the slurry hopper 3. On leaving the hopper 3, the slurry is blended with a
      stream of hot water. The diluted mixture is then delivered by auger 4 into
      the sand cell 5.
PAR  The sand cell 5 is an upright vessel having a cylindrical middle section
      and conical top and bottom sections 6, 7.
PAR  A submerged cylinder 8 is mounted coaxially within the sand cell 5. This
      cylinder is disposed in spaced relation to the cell's side wall and
      cooperates therewith to form a vertical annular passage 9. Transverse
      baffles 10 extend across the top and bottom openings 11, 12 of the
      cylinder 8, to protect the zones above and below from the turbulence
      within it. As shown, the auger 4 delivers the slurry into the cylinder.
      The auger thus provides means, associated with the sand cell intermediate
      its ends, for introducing the slurry therein. A pump or like means could
      be used for the same purpose. An impellor 13 rotates within the cylinder
      and mixes its contents to further disperse the sand and bitumen particles.
PAR  The conical top section 6 defines a zone 14 which is in communication with
      the top opening 11 of the cylinder 8 and the annular passage 9 -- the
      bitumen-rich product of the cell converges into this zone 14 and passes
      out the cells top outlet 15. This outlet 15 provides means at the upper
      end of the cell for removing therefrom a first product stream, comprising
      water, bitumen, fine sand particles and a minor amount of coarse sand
      particles.
PAR  A cone 16 is positioned immediately beneath the cylinder bottom opening 12.
      This cone has a pair of upwardly extending conduits or tubes 17 which
      connect the underside of the cone 16 with the annular passage 9. The
      recycle line 18, from the tailings outlet 19 of the froth cell 20, extends
      through the wall of the sand cell 5 and terminates beneath the cone 16,
      for discharging a recycle stream there beneath.
PAR  The conical bottom section 7 of the vessel defines a sand concentration
      zone 32 and includes a bottom outlet 33. The sand tailings leave the
      vessel through this outlet and are pumped by pump 34 to a tailings pit.
      The outlet 33 and pump 34 therefore provide means associated with the sand
      cell vessel at its lower end for removing therefrom a second stream.
PAR  The sand cell's top outlet 15 is connected through a line 21 to the froth
      cell 20.
PAR  The fourth cell 20 is also an upright vessel, having a cylindrical side
      wall and conical bottom, and confining a second body of hot water. Its
      interior cross-sectional area is greater than that of the sand cell 5. The
      line 21 from the sand cell 5 is connected through a swivel joint 22 to a
      rotatable vertical feed pipe 23 extending into the froth cell. The feed
      pipe has a horizontal leg 24 at its lower end; this leg is perforated at
      intervals along its length. When the feed pipe is rotated, its leg is
      swept through the interior of the second body of water and evenly
      distributes the stream from the sand cell 5 across the froth formation
      zone 25. The feed pipe 23 provides means, associated with the froth cell
      vessel intermediate its ends, for distributing the first stream thereinto
      uniformly across its cross sectional area. The line 21 functions to
      connect the sand cell outlet 15 with the feed pipe for transferring the
      first stream therebetween.
PAR  A circular, perforated underwash tube 26 is positioned in the froth cell 20
      above the feed leg 24 and below the expected level of the froth-water
      interface. A source 27 is connected to the underwash tube for supplying it
      with low-solids water, which is to be introduced into the froth cell.
PAR  A launder 28 runs around the top rim of the froth cell 20 for recovering a
      third stream, namely the bitumen froth.
PAR  The froth cell 20 has a tailings outlet 19 at its bottom end. This outlet
      provides means for removing from the froth cell a fourth stream,
      comprising water, fine sand particles, and minor amounts of coarse sand
      and bitumen. It is connected by a pump 30 and recycle line 18 with the
      sand cell 5, as stated before.
PAR  In operation, the slurry is introduced into the body of hot water in the
      sand cell 5 through the auger 4. As the slurry swirls around within the
      cylinder 8, the sand and bitumen particles are further dispersed. Bitumen
      particles, together with some solids, float up through the cylinder and
      out its upper opening 11 into the zone 14. Most of the coarse sand,
      together with some fines and bitumen, settle out through the cylinder's
      bottom opening 12 into the sand separation zone 31. Here they are
      distributed outwardly by the cone 16. As they move through the sand
      separation zone 31, bitumen particles and some fines begin to rise and
      float up through the annular passage 18 into the zone 14. The coarse sand
      particles, together with some bitumen and fines, drop into the conical
      sand concentration zone 32. Here they move downwardly, toward the tailings
      outlet 33, and are simultaneously packed together. Some bitumen particles
      trapped in the sand are squeezed out; these particles rise back through
      the cell 5 or collect above the tailings outlet. The coarse sand particles
      are removed through the tailings outlet as a second product.
PAR  A stream of water, fines and minor amounts of bitumen and coarse sand, is
      recycled from the froth cell tailings outlet 19 into the lower end of the
      sand cell 5. This stream establishes an upward flow through the tubes 17,
      annular passage 18 and zone 14. The constant circulation functions to keep
      the fines in the sand cell from gelling and rendering the cell
      inoperative. It also functions to carry non-buoyant bitumen from the lower
      end of the sand cell up to the zone 14.
PAR  While it is preferred to recycle the froth cell tailings to the sand cell,
      one may alternatively supply water to the recycle line from another
      source, such as the tailings pond, and treat the froth cell tailings in a
      secondary oil recovery unit, if desired. In fact, one may even operate the
      system without introducing water at the lower end of the sand cell,
      although many advantages of the invention will be lost in doing so.
PAR  The first product from the zone 14 is transferred to the line 21 into the
      froth cell 20. It enters the body of hot water contained therein through
      the perforations in leg 24 and is distributed evenly across the cross
      sectional area of the body. At the same time, hot water is fed into the
      froth cell 20 through the underwash tube 26. The bitumen floats upwardly
      and forms a froth which is recovered in the launder 28. The water and
      fines move downwardly to the tailings outlet 19 and exits as a fourth
      product.
PAR  The method is illustrated by the following example:
PAR  A system in accordance with FIG. 2 was operated continuously for four hours
      as follows: 240 lb/hr. of tar sand, comprising 11.33 percent by weight
      bitumen, 4.33 percent water, and 84.04 percent solids, including 17.9
      percent fines, were fed to a pugmill. The tar sand had a pH of 7.8.
      Sufficient fresh hot water, pre-heated to 180.degree.F, was added to the
      tar sand to produce a slurry containing 24 percent by weight water. The
      pugmill was externally heated with a steam jacket. The product slurry was
      observed to have a temperature of 154.degree. - 155.degree.F. The
      residence time in the pugmill was approximately 21/2 minutes.
PAR  The slurry was fed by a screw auger from the pugmill into a sand cell.
      Water, at 180.degree.F, was added to the slurry at the screw auger to
      raise the water content to approximately 28 percent. The sand and froth
      cells were both filled with clear water at 180.degree.F at the time the
      test run was initiated. The underflow from the froth cell was recycled to
      the underside of the cone at a rate of 6.6 pounds/minute. Clear water, at
      a temperature of 180.degree.F, was fed into the froth cell through the
      underwash ring at a rate of 7 - 10 lb./100 lb. of tar sand being
      introduced to the system.
PAR  The following table lists the compositions, in weight percent, of the sand
      cell tailings, recycle, and product froth streams:
     Stream      % oil      % water    % solids                                

     ______________________________________                                    

     Sand cell tailings                                                        

                 0.56       35.48      63.96                                   

     Recycle     1.70       80.28      18.03                                   

     Product froth                                                             

                 81.4       13.7       4.9                                     

     ______________________________________                                    

PAR  The oil or bitumen recovery from the system was 93.5 percent. The total
      water used was 40.3 pounds per 100 pounds of tar sand processed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-cell separator, for use in the hot water process for extracting
      bitumen from a slurry containing bitumen, coarse and fine sand particles,
      and water, comprising:
PA1  a. a sand cell vessel having a side wall and conical bottom and adapted to
      contain a body of hot water,
PA1  b. means associated with the sand cell vessel intermediate its upper and
      lower ends for introducing the slurry thereinto,
PA1  c. means associated with the sand cell vessel at its upper end for removing
      therefrom a first stream,
PA1  d. means extending into the sand cell vessel's lower end for discharging a
      recycle stream thereinto,
PA1  e. means associated with the sand cell vessel at its lower end for removing
      therefrom a second stream;
PA1  f. a froth cell vessel having a side wall and adapted to contain a body of
      hot water,
PA1  g. means, associated with the froth cell vessel intermediate its upper and
      lower ends, for distributing the first stream thereinto uniformly across
      its cross-sectional area,
PA1  h. means associated with the froth cell vessel at its upper end for
      removing therefrom a third stream,
PA1  i. means associated with the froth cell vessel at its lower end for
      removing a fourth stream,
PA1  j. means connecting the means (c) with the means (g) for transferring the
      first stream therebetween; and
PA1  k. means connecting the means (i) with the means (d) for recycling the
      fourth stream therebetween.
NUM  2.
PAR  2. The separator as set forth in claim 1 comprising
PA1  cylinder means combining with the inner surface of the sand cell vessel's
      side wall to define an upwardly extending annular passage;
PA1  a cone, having a downwardly and outwardly diverging wall extending toward
      the sand cell vessel's side wall, disposed beneath the cylinder for
      distributing the bitumen and sand particles across the interior of the
      vessel;
PA1  at least one upwardly extending conduit connecting the underside of the
      cone with the annular passage; and
PA1  the means (d) terminates beneath the cone whereby the recycle stream is
      delivered there beneath.
NUM  3.
PAR  3. The separator as set forth in claim 2 comprising:
PA1  means, disposed in the froth cell vessel above the means (g), for
      introducing low-solids water thereinto.
NUM  4.
PAR  4. The separator as set forth in claim 1 wherein:
PA1  the interior cross-sectional area of the froth cell vessel is substantially
      greater than that of the sand cell vessel.
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PAL  An automatic water distiller has an insulated evaporator to which water is
      supplied after being preheated by cooling the steam, which is produced by
      the evaporator, in a condensing chamber with which the water is in heat
      exchange relation. Air also flows in heat exchange relation with the
      condensing chamber to aid in condensing the steam. A storage chamber is
      disposed above the evaporator and beneath the condensing chamber to
      receive the condensed steam and the air, which flows over the condensing
      chamber to cool the steam therein, is first passed in heat exchange
      relation with the distilled water in the storage chamber. The vapors in
      the condensing chamber are vented to the chamber in which the water is in
      heat exchange relation with the condensing chamber.
BSUM
PAR  The sources of drinking water contain various elements, which can cause
      health hazards. This is because many toxic chemicals, for example, which
      are currently used by American industry, find their way into the various
      water supplies. Thus, many of the water supply systems in the United
      States fail to meet the present U.S. Public Health Service drinking
      standards.
PAR  While various types of bottled water are sold for drinking purposes, many
      also fail to meet the standards of the U.S. Public Health Service for
      drinking water. Thus, safe drinking water is not necessarily obtainable
      through purchase of the water, either from a water system or bottled
      water.
PAR  One satisfactory way of achieving safe drinking water is to produce
      distilled water. This removes all of the undesired elements from the water
      such as inorganic materials and toxic chemicals, for example.
PAR  The present invention satisfactorily solves the foregoing problems through
      providing an automatic water distillation apparatus designed primarily for
      domestic use although it can be employed for commercial use. The
      distillation apparatus of the present invention requires the user to only
      remove the distilled water when needed and an occasional cleaning. Thus,
      once the distillation apparatus of the present invention is set up, the
      user can have all of the desired distilled water.
PAR  The present invention is relatively economical to operate through using
      both air and water to cause condensation of the steam produced by an
      electrical evaporator of the distillation apparatus of the present
      invention. The use of air cooling reduces the amount of waste water, which
      is not utilized in the evaporator, to a minimum. At the same time, by
      utilizing water to cool the steam prior to supplying it to the evaporator,
      the present invention reduces the energy required by the evaporator to
      convert the water to steam since the water is preheated because of its
      heat exchange with the steam. Thus, the distillation apparatus of the
      present invention reduces the amount of energy required without wasting a
      large quantity of water.
PAR  An object of this invention is to provide a water distillation apparatus
      having simultaneous air and water cooling of the condensing chamber.
PAR  Another object of this invention is to provide a water distillation
      apparatus in which there is preheating of the feed water to the
      evaporator.
PAR  A further object of this invention is to provide a water distillation
      apparatus that can be easily utilized in any portion of a home.
PAR  Still another object of this invention is to provide a water distillation
      apparatus that can be easily disassembled for cleaning and maintenance.
PAR  Other objects of this invention will be readily perceived from the
      following description, claims, and drawings.
PAR  This invention relates to a water distillation apparatus including a base
      having a shell removable supported thereby. Insulated evaporator means is
      disposed within the shell and the base. A condensing chamber is disposed
      within the shell above the insulated evaporator means and has steam
      transported thereto from the insulated evaporator means by insulated
      means. A water cooling and preheating chamber is disposed above the
      condensing chamber with the water cooling and preheating chamber having a
      common wall with the condensing chamber to provide heat exchange
      therebetween. First means supplies water to the water cooling and
      preheating chamber to aid in cooling the steam in the condensing chamber.
      The water in the water cooling and preheating chamber is supplied by
      second means to the insulated evaporator means when the water in the water
      cooling and preheating chamber reaches a predetermined level. The
      condensing chamber has its outer wall spaced from the shell to form a
      passage therebetween, and means causes the flow of air through the passage
      to aid in cooling the steam in the condensing chamber. Distilled water
      produced by condensation of the steam in the condensing chamber is
      collected from the condensing chamber by suitable means.
DRWD
PAR  The attached drawing illustrates a preferred embodiment of the invention,
      in which:
PAR  FIG. 1 is a perspective view of the water distillation apparatus of the
      present invention;
PAR  FIG. 2 is a vertical sectional view of the water distillation apparatus of
      FIG. 1;
PAR  FIG. 3 is a schematic wiring diagram showing the arrangement for
      controlling the operation of the water distillation apparatus; and
PAR  FIG. 4 is a top plan view of the mounting plate disposed within the shell.
DETD
PAR  Referring to the drawing and particularly FIGS. 1 and 2, there is shown a
      water distillation apparatus 10 including a base 11 having an upstanding
      portion 12 within which the lower end of a cylindrically shaped shell 14
      is removably supported. A cylindrically shaped shell 15 is removably
      supported on the upper end of the shell 14 by having its lower end
      supported on an outwardly extending protrusion or bead 16 of the shell 14.
      A cap 17 is removably supported on the upper end of the shell 15 and has
      its upper wall 18 formed with ports 19 or a screen.
PAR  An evaporator chamber 20 (see FIG. 2) is formed between the base 11 and an
      evaporator top 21. The evaporator top 21 has its lower portion supported
      within the base 11.
PAR  The base 11 is formed of a pair of sheet metallic pans or elements 22 and
      23, which are secured together by suitable means such as crimping, for
      example. The crimped ends form the upstanding portion 12. A heat
      insulation material 24 such as polyurethane foam, for example, is disposed
      in the space between the pans 22 and 23 of the base 11.
PAR  A molded ring 25 of heat insulation material, which preferably is formed of
      the same material as the heat insulation material 24, is disposed in
      surrounding relation to the evaporator top 21. Thus, the evaporator
      chamber 20 is insulated against heat.
PAR  The evaporator top 21 has a depending side wall 26 extending into the upper
      pan 23 of the base 11 to support the evaporator top 21 therein. The upper
      end of the side wall 26 has a substantially horizontal wall 27 extending
      inwardly therefrom. An inclined wall 28 extends upwardly from the inner
      end of the wall 27 and has a substantially vertical wall 29 at its upper
      end.
PAR  The vertical wall 29 has a hollow tube or pipe 30 secured thereto by
      suitable means such as welding, for example. The hollow tube or pipe 30 is
      surrounded by a layer 31 of heat insulation material, which preferably is
      formed of the same material as the molded ring 25.
PAR  An electrical heating element 32 is supported by the substantially
      horizontal wall 27 of the evaporator top 21. Thus, when the evaporator top
      21 is removed from its support by the base 11, the electric heating
      element 32 is carried therewith as is the layer 31 of heat insulation
      material and the hollow tube 30.
PAR  The evaporator chamber 20 has a circular shaped baffle 33, which is
      supported by the evaporator top 21 through having an integral flange 34
      welded to the substantially horizontal wall 27 of the evaporator top 21,
      disposed beneath the hollow tube 30. The baffle 33 insures that no water
      droplets escape from the evaporator chamber 20 through the hollow tube 30
      but that only steam flows therethrough. Thus, only steam, which has had
      all the minerals and chemicals distilled therefrom, passes upwardly
      through the hollow tube 30.
PAR  The upper end of the hollow tube 30 communicates with a condensing chamber
      34. The condensing chamber 34 is formed by a lower, inclined condensing
      plate 35, an outer wall 36, and a dome or cover 37.
PAR  The annular shaped plate 35 is removably supported by the upper end of the
      hollow tube 30 through having a flange 38 disposed over the upper end of
      the hollow tube 30. The dome 37 is removably supported on the upper end of
      the outer wall 36 by having an outwardly extending protrusion or bead 39
      formed adjacent its end to engage the upper end of the outer wall 36.
PAR  The outer wall 36 of the condensing chamber 34 is a single wall extending
      upwardly from a bottom wall 40 of a distilled water storage chamber 41.
      The storage chamber 41, which is an annular shaped cylinder, includes an
      inner vertical wall 42 with the plate 35 of the condensing chamber 34
      forming the top wall of the storage chamber 41.
PAR  A support ring 42' is disposed beneath the bottom wall 40 to which it is
      secured. The support ring 42' rests on the molded ring 25 of heat
      insulation material.
PAR  The plate 35 terminates prior to the outer wall 36 so that an annular
      passage 43 is formed between a downwardly depending flange 44 of the plate
      35 and the inner surface of the outer wall 36 to allow the condensed steam
      to flow into the storage chamber 41 from the condensing chamber 34. A
      longitudinal, annular passage 45, which is formed between the outer wall
      36 and the shell 14, communicates at its lower end with air inlet ports 46
      in the shell 14.
PAR  The upper end of the inner vertical wall 42 of the storage chamber 41 has
      an inwardly extending annular flange 47 adapted to be disposed in
      overlapping relation to an outwardly extending annular flange 48 on the
      upper end of the hollow tube 30. Thus, the hollow tube 30 removably
      supports the storage chamber 41 since the condensing plate 35 can be
      removed from the hollow tube 30 as well as the connected inner wall 42,
      the bottom wall 40, the outer wall 36, and the support ring 42' of the
      storage chamber 41.
PAR  The dome 37 has a water cooling and preheating chamber 49, which is annular
      shaped, formed therein. A wall 50 of the dome 37 defines the water cooling
      and preheating chamber 49 and is a common wall with the condensing chamber
      34. Thus, cold water, which is supplied to the water cooling and
      preheating chamber 49, is in heat exchange relation with steam supplied
      through the supply tube 30 to the condensing chamber 34 to condense the
      steam.
PAR  A cap 51 is removably supported on the dome 37 to close the water cooling
      and preheating chamber 49. The cap 51 is removably connected to the dome
      37 by a screw 52 to prevent any accidental removal of the cap 51.
PAR  A mounting plate 53 is disposed above the cap 51. The mounting plate 53 is
      preferably triangular shaped (see FIG. 4) and has a finger 54 extending
      from each of the apexes. A flange or bracket 55 extends upwardly from each
      of the fingers 54 to receive a screw 56, which secures the removable cap
      17 and the mounting plate 53 to the shell 15.
PAR  The mounting plate 53 has a fan motor 57 supported thereon. A fan 58 is
      driven by the motor 57 to cause air to flow through the inlet ports 46
      into the air passage 45 and through the air passage 45 in heat exchange
      relation with the entire length of the outer wall 36. As a result, steam
      in the condensing chamber 34 is cooled by the air after the air has
      initially cooled any distilled water in the storage chamber 41. The air
      exits through the ports 19 in the upper wall 18 of the cap 17 after
      flowing between the mounting plate 53 and the shell 15.
PAR  A layer 59 of heat insulation material, which is preferably the same
      material as the molded ring 25, is supported on the lower side of the
      mounting plate 53 by suitable means such as adhesive cement, for example.
      The layer 59 prevents transfer of heat from the fan motor 57 to the water
      cooling and preheating chamber 49.
PAR  Water is supplied to the water cooling and preheating chamber 49 from a
      source of water by a supply line 60, which is connected to the source of
      water. The supply line 60 is connected through a coupling 61 with a line
      62, which extends upwardly within the passage 45. Thus, by means of the
      coupling 61, the line 62 can be disconnected from the supply line 60 so
      that this does not prevent removal of the shell 14 from the base 11 when
      desired.
PAR  The upper end of the line 62 is connected through an elbow 63 with a water
      flow regulator 64, which is supported on the mounting plate 53
      intermediate two of the fingers 54. The water flow regulator 64 controls
      the quantity of water flowing into the water cooling and preheating
      chamber 49 regardless of fluctuations in the supply pressure of the water
      flowing in the water supply line 60.
PAR  The flow of water to the water cooling and preheating chamber 49 is
      controlled by a solenoid valve 65, which is supported adjacent the water
      regulator 64. The solenoid valve 65 includes a rectifier 66. The fan motor
      57 and the solenoid valve 65 are connected to a source of power 67 (see
      FIG. 3) through a quick disconnect 68. The quick disconnect 68 enables the
      shell 15 to be removed from the shell 14 and the shell 14 to be removed
      from the base 11.
PAR  When the solenoid valve 65 is opened by energization of its solenoid, water
      flows into the water cooling and preheating chamber 49 through a tube 69.
      The water adjacent the wall 50 is in heat exchange with the steam flowing
      into the condensing chamber 34 from the evaporator chamber 20 to condense
      the steam.
PAR  When the level of the water in the water cooling and preheating chamber 49
      is such that water can enter the upper end of a feed water transport tube
      70, which is supported in the wall 50 of the chamber 49 by welding, for
      example, water flows from the water cooling and preheating chamber 49
      through the tube 70 into a tube 71, which has the tube 70 slidably
      disposed therein and is supported by a clamp 72 on the inner surface of
      the hollow tube 30. The clamp 72 is welded to the inner surface of the
      hollow tube 30 and holds the tube 71 by a spring clip action.
PAR  The tube 71 extends through the baffle 33 into the evaporator chamber 20.
      The tube 71 is welded to the baffle 33.
PAR  Accordingly, whenever the dome 37, which has the water cooling and
      preheating chamber 49 therein, is removed from support by the outer wall
      36, the feed tube 70 merely slides out of the tube 71. The tube 71 is
      removable with the hollow tube 30 and the evaporator top 21.
PAR  The water in the evaporator chamber 20 is maintained at a level defined by
      the upper end of a waste water discharge tube 73, which extends through
      the pans 22 and 23 of the base 11. The side wall 26 of the evaporator top
      21 has a longitudinal slot extending upwardly from its lower end to
      receive the waste water discharge tube 73. Thus, the evaporator top 21 can
      be removed from its support by the base 11 without the waste water
      discharge tube 73 interfering therewith. When the water exceeds the level
      at the top of the waste water discharge tube 73, the water in the
      evaporator chamber 20 flows through the waste water discharge tube 73.
      Thus, the level of the water in the evaporator chamber 20 is maintained at
      a predetermined level.
PAR  If the supply of water should fail to reach the evaporator chamber 20 for
      any reason, the electric heating element 32 will rise in temperature above
      its normal operating temperature and cause the temperature of the
      evaporator chamber 20 to increase. As a result, the surface of the
      evaporator top 21 will heat up sufficiently to cause a high temperature
      manual reset relay 75, which is supported by the evaporator top 21 as
      shown in FIG. 2, to open.
PAR  The opening of the relay 75 disconnects the power source 67. When this
      occurs, an indicator light 76 is turned off to indicate that the
      electrical system for the distillation apparatus 10 is no longer
      energized. As a result, the user must activate the reset relay 75 manually
      to activate the electrical system; this will remind the user to correct
      for any malfunction of the supply of water since it is the absence of the
      water in the evaporator chamber 20 that caused the relay 75 to be opened.
PAR  The indicator light 76 is supported on a bracket 77, which is welded to the
      substantially horizontal wall 27 of the evaporator top 21. The indicator
      light 76 is viewable through a reflector 78, which is supported in a hole
      in the shell 14.
PAR  When the distilled water within the storage chamber 41 rises upwardly to a
      predetermined level, a float 79 is moved upwardly. The float 79 is carried
      at one end of a rod 80, which cooperates with a switch 81 to open the
      switch 81 when the distilled water in the storage chamber 41 reaches the
      predetermined level. The opening of the switch 81, which is disposed
      within a recess 82 in the outer wall 36 of the storage chamber 41,
      disconnects the heating element 32, the solenoid valve 65, and the fan
      motor 57 from the power source 67 to inactivate them.
PAR  The power source 67 is connected to the various elements of the water
      distillation apparatus 10 through a power cord 85. The cord 85 passes
      through a longitudinally extending slot 86, which extends upwardly from
      the bottom end of the shell 14. The slot 86 also accomodates the push
      button of the manual reset relay 75. Accordingly, the shell 14 can be
      removed from the base 11 without interference of the power cord 85.
PAR  The bottom of the outer wall 36 of the storage chamber 41 has a faucet 87
      fastened thereto and extending through an elongated slot 88 in the shell
      14. The slot 88 extends upwardly from the bottom end of the shell 14. A
      cover closes most of the slot 88. When it is desired to remove distilled
      water from the storage chamber 41, it is only necessary to open the faucet
      87. Because of the slot 88, the shell 14 can be moved vertically relative
      to the storage chamber 41. Thus, the faucet 87 does not interfere with
      removal of the shell 14 from the base 11.
PAR  Considering the operation of the water distillation apparatus 10, the
      connection of the cord 85 with the power source 67 supplies electricity
      from the power source 67. If the manual reset relay 75 is closed and the
      switch 81 for the float 79 is closed because the level of the water in the
      storage chamber 41 is not at the predetermined level, then the heating
      element 32 is energized, the solenoid valve 65 is opened, and the fan
      motor 57 is activated.
PAR  Thus, water is supplied to the water cooling and preheating chamber 49 from
      which it flows through the tubes 70 and 71 to the evaporator chamber 20.
      In the evaporator chamber 20, the water, which has been preheated through
      heat exchange relation with the steam in the condensing chamber 34, is
      evaporated by the electric heating element 32 to form steam, which flows
      through the hollow tube 30 to the condensing chamber 34. In the condensing
      chamber 34, the steam is condensed, and the water flows from the
      condensing chamber 34 through the annular passage 43 into the storage
      chamber 41.
PAR  The fan 58 draws air through the ports 46 in the shell 14 and through the
      passage 45 to cool the distilled water in the storage chamber 41 and to
      aid in condensing the steam in the condensing chamber 34. Any water
      flowing from the water cooling and preheating chamber 49 beyond that
      required in the evaporator chamber 20 escapes through the waste water
      discharge tube 73.
PAR  Water distillation continues until the level of the distilled water in the
      storage chamber 41 reaches that at which the float 79 moves upwardly to
      open the switch 81. This disconnects the power source 67 from the solenoid
      valve 65 to stop the flow of water to the water cooling and preheating
      chamber 49, from the fan motor 58 to stop the flow of air through the
      passage 45, and from the heating element 32 to stop formation of steam in
      the evaporator chamber 20. The water distillation apparatus 10 remains
      inactive until some of the distilled water is removed from the storage
      chamber 41 through opening the faucet 87. When this occurs, the switch 81
      will again close and distillation of the water will start again.
PAR  Volatile gases such as carbon dioxide, chlorine, and ammonia, which may be
      in the steam, are vented from the condensing chamber 34 through one or
      more vent openings 90 in the dome 37. The gases are collected in the upper
      end of the water cooling and preheating chamber 49 from which they flow
      through one or more vent openings 91 in the cap 51.
PAR  If the water supply should be inadvertently stopped, the manual reset relay
      75 opens because of the increased heat generated in the evaporator chamber
      20 due to the lack of water therein. Thus, this prevents any inadvertent
      overheating of the water distillation apparatus 10.
PAR  Whenever it is necessary to clean the water distillation apparatus 10,
      particularly the evaporator chamber 20, the evaporator base 11, together
      with pan 23 and insulation 23, can be removed as a unit. The rest of the
      apparatus will be left intact and need not be dissembled except on rare
      occasions for cleaning. Residues will be kept in suspension by the
      agitation of boiling water and will be continually flushed down the drain
      by overflowing through drain pipe 73. Therefore, residues will not
      normally collect on bottom of chamber 20.
PAR  It should be understood that the shells 14 and 15 of the water distillation
      apparatus 10 can be formed of metal or plastic. The shells 14 and 15 can
      be finished in any appliance color such as avocado or harvest gold, for
      example. The base 11 of the water distillation apparatus 10 would be
      finished in chrome plate, for example, or any other finish that would
      esthetically harmonize with the color of the shells. Similarly, the cap 17
      of the water distillation apparatus 10 would be finished similar to the
      base 11.
PAR  A very important advantage of this distillation apparatus, due to its
      construction, is that it can be vented and, hence, can be built into a
      cabinet or an enclosed space. Venting discharges the heat and the volatile
      gases, such as chlorine, to the outside. Under certain conditions of
      operation, heat generated in the process of distillation can cause
      problems for the user and, in previously known equipment, chlorine gas may
      become toxic to certain individuals if allowed to accumulate in the room.
PAR  Another advantage of this invention is that a water distillation apparatus
      can be readily disposed in a home. Still another advantage is that it can
      be easily disassembled for cleaning and maintenance. A further advantage
      of this invention is that it reduces the amount of water required through
      using both air and water cooling of the steam condensing chamber. Still
      another advantage of this invention is that it reduces the energy required
      to heat the water in the evaporator to vaporize it because of preheating
      the feed water to the evaporator.
PAR  For purposes of exemplification, a particular embodiment of the invention
      has been shown and described according to the best present understanding
      thereof. However, it will be apparent that changes and modifications in
      the arrangement and construction of the parts thereof may be resorted to
      without departing from the spirit & scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A water distillation apparatus including:
PA1  a base;
PA1  a shell removably supported by said base;
PA1  insulated evaporator means disposed within said shell and said base;
PA1  a condensing chamber disposed within said shell above said insulated
      evaporator means;
PA1  insulated means to transport steam from said insulated evaporator means to
      said condensing chamber;
PA1  a water cooling and preheating chamber disposed above said condensing
      chamber, said water cooling and preheating chamber having a common wall
      with said condensing chamber to provide heat exchange therebetween;
PA1  first means to supply water to said water cooling and preheating chamber to
      aid in cooling the steam in said condensing chamber;
PA1  second means to supply the water in said water cooling and preheating
      chamber to said insulated evaporator means when the water in said water
      cooling and preheating chamber reaches a predetermined level;
PA1  said condensing chamber having its outer wall spaced from said shell to
      form a passage therebetween;
PA1  means to cause the flow of air through said passage to aid in cooling the
      steam in said condensing chamber;
PA1  means to inactivate said first water supply means, said insulated
      evaporator means, and said causing means when the water in said storage
      chamber reaches a predetermined level;
PA1  a storage chamber disposed within said shell above said insulated
      evaporator means and beneath said condensing chamber, for storing the
      distilled water from said condensing chamber produced by condensation of
      the steam in said condensing chamber;
PA1  said insulated means to transport steam extending through said storage
      chamber and being insulated therefrom;
PA1  an annular plate mounted at its inner circumference on said insulated means
      to transport steam, separating said condensing chamber from said storage
      chamber, with its outer circumference spaced from said outer wall of said
      condensing chamber, for directing a portion of the steam from said
      condensing chamber into said storage chamber.
NUM  2.
PAR  2. The distillation apparatus according to claim 1 in which said causing
      means includes:
PA1  a fan supported above said water cooling and preheating chamber and
      communicating with said passage;
PA1  and means in said shell and communicating with said passage to allow air to
      enter said passage.
NUM  3.
PAR  3. The distillation apparatus according to claim 1 in which said first
      water supply means includes:
PA1  first means supported by said shell and connected to a source of water;
PA1  and second means to control the flow of water from the source through said
      first means to said water cooling and preheating chamber.
NUM  4.
PAR  4. The distillation apparatus according to claim 1 including means to
      control the level of water within said insulated evaporator means.
NUM  5.
PAR  5. The distillation apparatus according to claim 1 including means to
      inactivate said insulated evaporator means when the water therein falls
      below a predetermined level.
NUM  6.
PAR  6. The distillation apparatus according to claim 1 including means to vent
      vapors from said condensing chamber.
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ABST
PAL  A waste heat exhaust system for side burner regenerative coke oven
      batteries, comprises a coke oven battery which has a chimney flue
      connected to one end of the battery and includes a plurality of flue gas
      ducts which extend in a longitudinal direction and are connected at their
      one ends to the chimney flue. A plurality of transverse first flues of
      unequal length have outer ends which are connected to respective waste gas
      lines which are located on the pusher side of the battery. The first flues
      extend transversely to the flue gas ducts and they are connected at their
      inner ends to respective ones of the gas ducts. A similar set of second
      flues of unequal length have outer ends which are connected to the waste
      gas lines on the coke side of the battery and they have inner ends which
      are connected to respective ones of the gas ducts. In the preferred
      arrangement, three of the first flues are connected to waste gas lines on
      the pusher side and terminate at their inner ends on one side of the gas
      ducts and three of the second flues are connected to waste gas lines on
      the coke side terminating at their inner ends on the opposite side of the
      wall of the associated gas duct.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of coke ovens and, in
      particular, to a new and useful waste heat exhaust system for side burner
      regenerative coke oven batteries having a divided heating system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates to a waste heat exhaust system for side
      burner regenerative coke oven batteries which have a divided heating
      system, which comprises a a plurality of flue gas ducts of mutually
      identical cross-sections which are disposed beneath the regenerators and
      extend in the longitudinal direction of the battery, and which communicate
      with each other and lead into a common chimney flue connection provided at
      one end of the battery. Waste heat exhaust systems which make it possible
      to obtain a uniform guidance of the waste gases at one side of the battery
      are known. During operation, however, only one-half of the flue gas
      passages is passed through by the waste gases, in each instance, while the
      other half is not used and lies idle. Only the passages of the
      "burning-off" side are used in operation, while flue gas passages of the
      "burning-up" side are used for the exhaust during the next heating period,
      when the burning-up side becomes the burning-off side or, the burning-down
      side.
PAR  The alternate utilization in each heating period of only a part of the flue
      gas passages entails a periodical cooling down of the respective part of
      the flue system structure which, for known reasons, if undesirable. In
      addition, for very long batteries, that is, those comprising a large
      number of oven chambers, such a construction requires dimensions of the
      flue system structure which endanger the stability of the entire battery.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a waste heat exhaust system for side burner
      regenerative coke oven batteries which have a divided heating system and
      in which the periodical cooling down of the flue gas passages at one side
      of the battery is avoided and which results in a better utilization of
      space, particularly in long batteries, and also results in gas passage
      dimensioning which is in acceptable proportion relative to the other parts
      of the battery and meet with the stability requirements of the entire
      construction.
PAR  The waste heat system, in accordance with the invention, is constructed to
      ensure that both at the pusher side and the coke side, the individual flue
      gas ducts are connected to opposite groups of waste gas lines at the bends
      of waste gas valves by connection through respective first and second
      groups of transverse flues.
PAR  Experience has shown that a particularly advantageous arrangement is a
      system of six flue gas ducts, of which each is connected with one of six
      first and second groups of transverse flues which are arranged at both the
      pusher and the coke sides. For example, a first group of transverse flues
      extends from the waste gas valve bends located at one end of the battery
      at the pusher side and they communicate through the short transverse flues
      with the nearest or outermost flue gas duct extending along the pusher
      side. The second group, located on the coke side, is connected to waste
      gas lines, and the transverse flues of the second group extend across
      substantially all of the longitudinal ducts and are connected to the duct
      which is closest to the pusher side. In this latter case, the transverse
      flues must be very long because they extend transversely through almost
      the entire width of the battery structure. The arrangement includes a
      second connection of first and second transverse flues which extend from
      the respective pusher and coke sides to the second coke end from the
      pusher side. The arrangement is such that each successive first and second
      transverse flue groups are connected at their inner ends to the next
      adjacent duct proceeding from the pusher side to the coke side until the
      groups of transverse flues connect into the duct which is closest to the
      coke side. The arrangement is such that, in accordance with the invention,
      none of the flue gas passages is unused at any time of the operation. At
      any time, all flue gas passages are used uniformly at both sides, in
      alternating rhythm of the reversal. Therefore, the dimensions of the flue
      gas ducts can be provided correspondingly small. Their free
      cross-sectional area can be reduced to approximately one-half so that
      instead of the usual heights of up to 3 to 4 m, the height of the flue gas
      duct, in accordance with the invention, is only about 2 m.
PAR  While embodying the waste heat exhaust system, according to the invention,
      prefabricated parts may be used principally for the inner coating of the
      duct walls. All of the inner surfaces may be sprayed by a special mortar.
      The mortar layer is applied in a thickness of about 5 cm and retained by
      means of a wire mesh anchored on the steel concrete prefabricated pieces.
      This mortar may be applied after the erection so that the total
      construction time can be reduced.
PAR  The erecting time can be further reduced by providing the prefabricated
      pieces of the flue walls, in accordance with a particular design, with a
      base, so that the prefabricated piece has the shape of an inverted T
      (.perp.). Thus, in such a case, any additional bracing against overturning
      is unnecessary during erection. A prefabrication of pieces of 2.7 to 2.8
      m, corresponding to two oven chamber divisions each, is advantageous.
PAR  Accordingly, it is an object of the invention to provide a waste heat
      exhuast system for side burner regenerative coke oven batteries having a
      divided heating system, which comprises, a coke oven battery having a
      chimney flue connected to one end of the battery and a plurality of flue
      gas ducts extending in a longitudinal direction and connected at their one
      ends to the chimney flue and, wherein, there are a plurality of transverse
      first flues of unequal length having outer ends connected to respective
      waste gas lines on the pusher side of the battery and extending
      transversely to said flue gas ducts, and having inner ends connected to
      respective ones of said flue gas ducts, and further including a plurality
      of transverse second flues of unequal length having outer ends connective
      to respective waste gas lines on the coke side of the battery, and
      extending transversely to the flue gas ducts, and having inner ends
      connected to respective ones of these flue gas ducts.
PAR  A further object of the invention, is to provide a waste heat exhaust
      system for side burner regenerative coke oven batteries, which is simple
      in design, rugged in construction and economical to manufacture.
DRWD
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial horizontal plan view of a waste heat exhaust system
      constructed in accordance with the invention;
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section taken along the line 3--3 of FIG. 1; and
PAR  FIG. 4 is an enlarged view of a portion of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a waste heat exhaust system for a coke oven battery, generally
      designated 50, which is of a side burner type on one end is connected to a
      chimney flue 15. The system comprises outer longitudinally extending walls
      1 and 1' and with a plurality of longitudinally extending ducts 9, 10, 11,
      12, 13 and 14 for conducting flue gas extending longitudinally from the
      burner and to the chimney flue 15. A series of parallel spaced interior
      walls 2a, 2b, 2c, 2d and 2e divide the interior into the flue gas ducts 9
      to 14.
PAR  In accordance with the invention, the coke oven battery 50 is provided with
      waste gas connections, generally designated 52 and 54 on the pusher side
      and the coke side of the battery, respectively. Each waste gas connection
      52, includes a bend of waste gas valves 52a and 54a, respectively. In the
      embodiment shown, there are six sets of waste gas connections on each of
      the pusher and coke sides, and they are connected to individual transverse
      flues comprising a first set 3a, 4a, 5a, 6a and 7a, which is connected to
      the waste gas connection 52 on the pusher side and a distinct set 3b, 4b,
      5b, 6b and 7b which is connected to a respective waste gas connection 54
      on the coke side. Each group or set 3a or 3b includes three separate
      transversely extending flues which are connected at their exteriors to a
      respective waste gas connection 52 or 54. Each group comprising sets 3a
      and 3b, 4a and 4b, 5a and 5b, 6a and 6b, 7a and 7b, and 8a and 8b, include
      transverse flues of different lengths so that, at the flue end 15, the
      conduits 3a are longer than the conduits 3b, whereas, at the opposite end,
      the conduits 8a are shorter than the conduits 8b, and the others vary in
      dimension between these extremes. Transverse flues 3a and 3b all
      communicate at their interiors with the duct 14. The first and second sets
      4a and 4b communicate at their interiors with the duct 13, the first and
      second sets 5a and 5b with the duct 12, the first and second sets 6a and
      6b with the duct 11, the first and second sets 7a and 7b with the duct 10
      and the first and second groups 8a and 8b with the duct 9. The flow out of
      the various individual ducts is as indicated by the arrows and is
      generally from the opposite side to the flue 15.
PAR  As shown in FIGS. 2 and 3, there is a slab foundation 16 at the bottom of
      the battery 50, and a base of the flue gas passages 17 is provided
      thereabove. The tops are provided with vaults 18 which define the upper
      ends of the flue gas ducts.
PAR  As shown in FIG. 2, a sloping bottom portion 19 is provided in the flue gas
      duct 9, which serves as a transition surface for directing the flow of
      flue gases from the transverse flues 8a and 8b into the duct 9 and a
      sloping surface 19a at the end of all of the flue gas ducts 9 to 14 serves
      to guide the flue gas flow into the chimney flue connection 15. Sloping
      bottom portions corresponding to surface 19 are also provided in the zones
      where the transverse flues 4a and 4b and the remainders up to 7a and 7b
      open into the ducts 10 to 14, respectively. Gaps 20 are provided between
      individual vault arches, and a layer 21 of thermal insulation covers the
      inner surfaces of the flue gas ducts 9 to 14. A concrete filling 22
      separates the transverse flues 3a, 3b to 8a, 8b and a joint portion 23 is
      provided in the vault pieces of the flue gas ducts 9 to 14.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A waste heat exhaust system for side burner regenerative coke oven
      batteries having a divided heating system, comprising a coke oven battery
      having a pusher side and a coke side, a chimney flue connected to one end
      of said battery, said battery having a plurality of flue gas ducts
      extending in a longitudinal direction and connected at their one ends to
      said chimney flue, a plurality of transverse first flues of unequal length
      having outer ends connected to respective waste gas lines on the pusher
      side of said battery and extending transversely to said flue gas ducts and
      having inner ends connected to respective ones of said gas ducts at spaced
      longitudinal locations along the length thereof, and a plurality of
      transverse second flues of unequal lengths having outer ends connected to
      respective waste gas lines on the coke side of said battery and extending
      transversely to said flue gas ducts and having inner ends connected to
      respective ones of said gas ducts at spaced locations along the length of
      said batteries.
NUM  2.
PAR  2. A waste heat exhaust system, according to claim 1, wherein there are six
      flue gas ducts and there are six pluralities of first flues and of second
      flues connected respectively to each one of said ducts.
NUM  3.
PAR  3. A waste heat exhaust system, according to claim 1, including a waste gas
      line connected to each of said plurality of first flues and to each of
      said plurality of second flues on said pusher side and said coke side
      respectively, each of said plurality of transverse first and second flues
      comprising three separate flues, the three separate flues of said first
      flues adjacent the chimney flue end being connected to the duct adjacent
      said coke side and each three conduits of said first and second flues of
      the next adjacent ones toward the opposite side from said chimney flue
      being connected successively to the ducts which are arranged in order from
      said coke side to said pusher side.
NUM  4.
PAR  4. A waste heat exhaust system, according to claim 1, wherein said ducts
      and said flues are made up of prefabricated parts.
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ABST
PAL  A method and apparatus for displaying the active oxygen content of a liquid
      metal and the sensor temperature of a probe from signals developed by the
      probe which is capable of being plunged directly into the liquid metal.
      The probe comprises a small mass of solid oxygen-permeable electrolyte in
      the end of a refractory insulating tube, an oxygen reference material in
      contact with the inner surface of the electrolyte, and suitable electrodes
      for providing both a signal representative of the active oxygen of the
      liquid metal and a signal representative of the sensor temperature. The
      apparatus comprises first recording means for displaying the sensor
      temperature, and second recording means for displaying the active oxygen
      of the metal, a source of power, and sequencing means which are initially
      responsive to the probe emf for sequencing the operation of the apparatus.
      The method and sequence of steps in connection with displaying the sensor
      temperature and the active oxygen on the instrument and the determination
      of the active oxygen on the liquid metal therefrom are also disclosed. The
      apparatus is portable, self-contained and operable from either a
      conventional a-c source or rechargeable batteries to provide a sequence of
      signals to the operator to advise that the probe is operative and properly
      connected, that the apparatus is ready to receive signals from the probe,
      that the signals are being received, and that the sequence is complete so
      that the probe may be removed from the liquid metal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus which may be used in the control of
      the quality of liquid metals, for example, liquid steel or copper, in
      commercial production. More particularly, this invention relates to an
      apparatus for displaying the active oxygen content of a liquid metal and
      the sensor temperature developed by an oxygen sensing probe immersed in
      the liquid metal. Still more particularly, this invention relates to a
      method and apparatus for displaying such data.
PAR  The advent of new and rapid processes for the refining of liquid steel,
      such as the basic oxygen furnace, has emphasized the need for extremely
      rapid methods of analyses of the metal while the metal is still liquid in
      the furnace or in the ladle. Earlier steel refining processes, such as the
      basic open hearth, required upward to ten hours or more to refine
      completely a heat of 200 or 300 tons from melt-down to tap, whereas the
      same amount of steel is now being processed in the basic oxygen furnace in
      as little as thirty minutes. As a result, an open hearth operator had as
      much as an hour in the latter part of the heat in which to obtain
      sufficient analytical data to make decisions regarding the types and
      quantities of the final additions to be made, to make the additions, and
      then to tap the heat within the desired specifications. Today, the
      refining reactions occur so rapidly in the basic oxygen furnace that the
      operator has only about five minutes in which to obtain his analytical
      data and in which to make the necessary additions prior to tapping.
      Sometimes this final stage of the heat is reduced to as little as one or
      two minutes.
PAR  Thus, the need for very rapid analytical methods in modern steel-making is
      apparent. Such data must be available instantaneously and provide the
      necessary information in a matter of seconds.
PAR  In most steels, the data needed for such control are the temperature, the
      amount of carbon and the active oxygen which are present. The immersion
      thermocouples which have been in use for some 20 or 30 years will indicate
      the temperature of liquid steel in about 10 seconds. In addition, rapid
      methods for the determination of the carbon content have been available
      for the past several years.
PAR  However, the determination of the active of the dissolved oxygen in liquid
      metals was not possible until the invention of the solid oxygen-ion
      electrolyte sensor or probe which is capable of being plunged directly
      into the liquid metal. Such a device is described in the literature of the
      following articles, for example:
PAR  1. G. R. Fitterer, "Progress in the Development of a Device for the Direct
      Determination of Oxygen in Liquid Steel", AIME, J. Metals, August 1966;
      and
PAR  2. G. R. Fitterer, "Measuring the Active Oxygen Content in Commercial
      Steel," Instrument Society of America, "Iron and Steel Instrumentation
      Symposium", March 1970, Pittsburgh, Pa.
PAL  This device is also disclosed in detail in U.S. Pat. to G. R. Fitterer, No.
      3,619,381, issued Nov. 9, 1971.
PAR  Fortunately, this device also responds very rapidly so that the oxygen
      content of the liquid metal is indicated within fifteen to twenty seconds.
      With this information, the steel melter can decide about the amount and
      types of deoxidizing alloys to add so as to insure that the desired degree
      of soundness and other qualities are provided when the metal solidifies as
      an ingot, as a casting, or during the continuous casting process. Thus,
      the three most important items of information needed by the steel melter
      in all of the steelmaking processes are available to him within seconds
      for the first time in history.
PAR  Accordingly, it is an object of this invention to provide a method and
      appratus for displaying such data for the convenience of their users. It
      is generally desired that such an apparatus be portable so that it may be
      carried by the operator to different stations in the plant or situated
      permanently at one station as desired.
PAR  Because of the constraints on this invention and its environment, it is
      also desired that the apparatus be completely self-contained so that it
      may be operated on rechargeable batteries or on line current as desired.
PAR  In addition, it is desired that such an apparatus provide a completely
      automatic sequence of events so that only one operator is needed to make
      the oxygen determination.
PAR  Thus, it is a principal object of this invention to provide such a method
      and apparatus described above.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The apparatus according to this invention is portable, self-contained, and
      comprises a source of power which may be developed from a conventional a-c
      source, or from batteries, and further includes means for recharging the
      batteries and testing the operative conditions of the batteries to
      determine whether recharging is necessary. A first recording means,
      including a read and hold circuit, is provided for displaying sensor
      temperature and a second recording means is provided for displaying active
      oxygen. The apparatus is operable with any source of voltage signals
      representing sensor temperature, and active oxygen, but is particularly
      adapted for use with the output of a sensor which generally comprises a
      small mass of solid, oxygen-permeable electrolyte, such as
      calcia-stabilized zirconia, in the end of a refractory insulating tube,
      and having an oxygen reference material in contact with the inner surface
      of the electrolyte. A plurality of electrodes are provided in contact with
      the electrolyte to provide the signals representative of the temperature
      and the difference in oxygen pressure on each side of the electrolyte
      which can thus be correlated with the oxygen content of the metal and with
      the temperature of the sensor. Means are provided in the apparatus to
      initiate the sequence of events to display such readings from the emf of
      the sensor shortly after the insertion of the probe into the liquid metal.
      A plurality of lamps are provided to apprise the operator that the
      apparatus is ready for use, and that the probe or sensor is properly
      secured and in circuit with the apparatus. One lamp indicates that the
      apparatus is ready for use, another indicates that the readings have
      started, still another indicates that the probe is operative and properly
      connected, while yet another lamp and an audible warning signal inform the
      operator that the readings have been completed and that he may remove the
      probe from the metal. It is a feature of the invention that the
      thermocouple indication is retained on the first recording means at least
      until the next probe is inserted into the circuit, thus giving the
      operator sufficient time to record the temperature. Still further, means
      are provided to calibrate the recorder for muting or testing the alarm and
      for charging the batteries when necessary.
PAR  Sequencing means, comprising a motor connected to a shaft for
      predeterminedly camming a plurality of switches, are provided to sequence
      the operation of the apparatus and are initially responsive to the signals
      from the probe. The apparatus, thus programmed by the sequencing means,
      performs a plurality of steps to achieve its objectives.
PAR  The method according to the invention comprises the steps of providing a
      probe of the type indicated, securing the probe in circuit with the input
      of the apparatus, testing to determine that the probe is properly in
      circuit with the input of the apparatus and operable, sensing a
      predetermined level of signals from the sensor, recording the sensor emf
      and initiating the operation of the sequencing means. During the operation
      of the apparatus, a low input impedance across an operational amplifier in
      circuit with the input signals is disconnected at about two or three
      seconds after the start of the cycle and at about the same time the read
      and hold circuit of the first recording means is disconnected to cause the
      first recording means to seek and hold a zero setting until the next
      impulse is received during the sequence. At about fifteen seconds after
      the start of the cycle, the thermocouple leads from the probe are
      connected to the first recording means and the thermocouple emf or
      temperature of the liquid metal is indicated on the first recording means.
      At about nineteen seconds after the sequence is initiated, a closed or
      short circuit is placed across the read and hold circuit and the
      temperature indication is retained on the first recording means. During
      the sequencing, the signals representing the oxygen content of the liquid
      metal are displayed and/or recorded on the second recording means. At
      about 20 seconds after the start of the cycle, a warning signal is
      actuated and thereafter terminated to apprise the operator that the probe
      may be removed from the metal. After about 60 seconds after the start of
      the cycle, the entire circuit of the apparatus is restored to its original
      starting state and the temperature indication is retained on the first
      recording means at least until the start of the next cycle.
PAR  Various additional features and capabilities of the apparatus of the
      invention are discussed in detail hereinafter.
PAR  These and other objects and features of the invention will become apparent
      from a review of the accompanying written description of the invention
      together with the review of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic representation of a thermal shock resistant oxygen
      sensing probe immersed in a bath of liquid metal;
PAR  FIG. 2 is a graph of calculated oxygen sensing probe potentials using
      various standard references at 2900.degree.F;
PAR  FIG. 3 is a conversion graph for converting the millivolt readings from the
      oxygen sensing probe to parts per million of dissolved oxygen in the metal
      as a function of temperature for a sensor using a mixture of molybdenum
      and its oxide as the oxygen reference material;
PAR  FIG. 4 is a graph relating to the millivolt readings from the thermocouple
      on the probe to the sensor temperature for a type B thermocouple;
PAR  FIG. 5 is an illustration of a slide rule for calculating the temperature
      of and the dissolved oxygen content of liquid steel from the readings from
      a solid electrolyte sensor using the Mo--MoO.sub.2 as the standard oxygen
      reference material;
PAR  FIG. 6 is a schematic illustration, in block form, of a circuit according
      to the invention in combination with the oxygen sensing probe;
PAR  FIG. 7 is a detailed schematic drawing of the circuit according to the
      invention; and
PAR  FIG. 7A is a schematic illustration of the sequential operation of the
      respective switches by a motor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the solid electrolyte sensor with which the circuit according to
      the invention is preferably used is designated generally by the reference
      numeral 10 and comprises a small mass of solid oxygen-permeable
      electrolyte 11, such as calcia-stabilized zirconia, in the end of a
      refractory insulating tube 12.
PAR  A reference material 13, such as Mo--MoO.sub.2 is in contact with the inner
      surface of the electrolyte while the outer surface of the electrolyte is
      in contact with the bath of liquid steel, retained in an apparatus
      designated generally by the reference numeral 15, such as a basic oxygen
      furnace, an open hearth, a ladle, and the like. A plurality of electrodes
      17, 18 and 19 are operatively connected to the probe 10 in such a manner
      that a temperature reading may be determined from the potential in
      millivolts which exists between lead 17, for example a PtRh lead, and lead
      18, for example, a Pt lead. An emf in millivolts is also derived between
      the lead 18 and the lead 19 representing a voltage which can be correlated
      with the oxygen content of the metal 14.
PAR  When the sensor 10 is plunged into the liquid metal 14 containing the
      active or dissolved oxygen, the difference in oxygen pressure on the
      opposed sides of the electrolyte 11 provides the signal which can be
      correlated with the dissolved oxygen content of the metal. The reference
      material 13 provides a known oxygen pressure inside the sensor for
      comparison with the unkown oxygen pressure of that dissolved in the liquid
      metal 14. This relation is illustrated by the equation:
      ##EQU1##
      wherein
PAR  E is the sensor voltage;
PA1  R is the gas constant;
PA1  F is the Faraday equivalent;
PA1  n is the valence equivalent depending upon the reference material being
      used;
PA1  1n is the natural logarithm;
PA1  P.sub.o.sbsb.2 is the partial pressure of the oxygen in the liquid metal;
      and
PA1  P*.sub.o.sbsb.2 is the partial pressure of oxygen developed by the
      reference material at the temperature of the test.
PAR  From this equation, it may be seen that such oxygen sensors are quite
      temperature sensitive to the extent that it is imperative that the
      temperature of the sensor be known at the time the oxygen probe reading is
      being made. Further details of such an oxygen sensing probe are contained
      in U.S. Pat. No. 3,619,381, in the name of Dr. G. R. Fitterer, issued Nov.
      9, 1971, the disclosure of which is herein incorporated by reference.
PAR  The oxygen sensors which are described in the literature cited above and in
      the above-mentioned patent contain their own thermocouples corresponding
      to leads 17 and 18 of FIG. 1 and the circuit of this invention is capable
      of measuring both the temperature and the emf from the oxygen sensor
      simultaneously.
PAR  FIG. 2 illustrates the relationship of the sensor emf on leads 18 and 19
      with the oxygen content of the liquid metal 14 at a temperature of
      2900.degree.F. when various reference materials 13 are used in the probe
      10. From this figure, it may be seen that an emf, in millivolts as shown,
      and plotted on the abscissa can be converted to the dissolved oxygen
      content of the metal in parts per million, plotted on the ordinate, for
      the particular reference material used, as indicated by one of the
      plurality of lines 20.
PAR  FIG. 3 is a graph to convert the emf reading on leads 18 and 19 from the
      probe 10 to the dissolved oxygen content in parts per million in the metal
      14, as a function of temperature. This representative graph is applicable
      when a mixture of molybdenum and its oxide is used as the oxygen reference
      material 13 in the sensor 10. Similar graphs can be developed for other
      reference materials in the same manner. The emf reading is plotted on the
      abscissa while the oxygen content is plotted on the ordinate, while
      various temperatures are indicated by the lines 21.
PAR  FIG. 4 is a graph of the sensor temperature in degrees Fahrenheit plotted
      on the abscissa and the millivolt reading on leads 17 and 18 from the
      sensor 10 plotted on the ordinate. Thus, by knowing the emf reading on
      leads 17 and 18, the sensor temperature may be determined for use with the
      chart of FIG. 3 to convert the emf reading on leads 18 and 19 to the
      dissolved oxygen content of the metal. Thus, the information in FIGS. 3
      and 4 is provided as evidence that the oxygen content of liquid metal,
      such as steel, may be determined from the emf of the sensor and the
      corresponding temperature at the time of the reading. Such graphs have
      been used to make the calculations by first determining the sensor
      temperature from the millivolt reading according to the graph of FIG. 4,
      and using the appropriate temperature line of the graph of FIG. 3 to
      convert the millivolt readings at that particular temperature to the
      dissolved oxygen content of the metals as a function of the temperature.
PAR  FIG. 5 illustrates a slide rule indicated generally by the reference
      numeral 23 for converting the millivolt representation of the temperature
      on the thermocouple in the sensor on the righthand portion of the upper
      fixed portion 23a of the slide rule to a temperature in degrees Fahrenheit
      indicated by indicia in the upper left portion of the slide rule by
      sliding the central portion 23b of the slide rule to align the righthand
      arrow with the mv reading and following the indicia thereon (for
      indicating for carbon and low alloy steels with one set of arrows in
      comparison to stainless steel in the other set of arrows) to the
      corresponding temperature aligned with the lefthand arrow. After the
      slideable portion 23b has been fixed by the conversion of the millivolt
      readings to temperature, the active oxygen in parts per million may be
      directly determined by moving the slideable member 23d along the lower
      portion of the slide rule 23c having indicia representing the millivolts
      of active oxygen to determine directly on the lower portion of the
      slideable portion 23b the active oxygen content in parts per million. This
      particular slide rule has been developed using Mo--MoO.sub.2 as a standard
      oxygen reference material, but a similar instrument can be developed for
      other reference materials. As may be seen, in using the oxygen sensing
      probe in field conditions, the slide rule according to FIG. 5 has
      materially enhanced the speed at which such calculations may be made by
      the operator.
PAR  FIG. 6 is a block diagram of the circuit according to the invention,
      designated generally by the reference numeral 25, in combination with the
      diagrammatic illustration of the probe 10 immersed in the liquid metal 14,
      as shown in FIG. 1. The apparatus 25 according to the invention has
      certain basic characteristics which are essential to utilizing effectively
      the output of sensors of this type. It is contemplated that the apparatus
      25 is portable so that it may be carried by the operator to different
      stations in the plant or may be situated permanently at one station if
      desired. The apparatus 25 is also completely self-contained so that it may
      be operated on rechargeable batteries or on line current.
PAR  In one embodiment of the invention, a potentiometric chart recorder
      provided with a high input impedance is used to record the emf from the
      sensor 10 and a digital panel meter is used to indicate the emf from the
      thermocouple or to indicate the temperature directly. Two panel meters
      could be used, as well as two recorders, or a two channel recorder, if
      preferred.
PAR  It is a characteristic of the present invention that a sequence of events
      is initiated from the emf of the sensor within seconds after the insertion
      of the probe 10 into the liquid metal 14. First, the chart mechanism of
      the recorder is actuated from the sensor emf and the recording of that emf
      is begun within a few seconds after the immersion of the probe 10 into the
      liquid metal 14. At about the same time, the digital panel meter first
      exhibits a zero reading and then indicates a thermocouple emf or the
      temperature directly as desired. Since the thermocouple emf reaches a
      steady value after about ten seconds and since the sensor obtains a steady
      emf after about fifteen seconds, a warning signal thereafter informs the
      operator that the reading has been completed and that he may remove the
      probe from the metal. Meanwhile, the thermocouple indication is retained
      on the digital meter on the face of the instrument until the next probe is
      inserted into the circuit giving the operator ample time to record the
      temperature.
PAR  The oxygen content of the metal may then be determined by referring these
      values to the calibration charts as shown in FIGS. 3 and 4 or with the
      help of the slide rule which has been shown in FIG. 5. An alternative
      procedure would be to provide both readings into a device such as an
      analogue digital computer in which the digital panel meter as described
      above could also become a part of the computer.
PAR  When a new sensor or probe 10 is plugged into the circuit by attachment to
      a handle adapted to receive such probes, and the probe is immersed into
      the liquid metal, the complete sequence of events is automatically
      repeated with a new set of data depending upon the analysis and
      temperature. Because of the portability of the apparatus, its complete
      independence electrically from the regular power supply and in particular
      its completely automatic sequence of circuit changes, only one operator is
      needed to make the oxygen determination. Furthermore, his only function is
      to plug a sensor into the handle, turn on the main power switch, insert
      the probe into the liquid metal, and calculate the oxygen content from the
      instrument records on the calibration chart or the calculator as mentioned
      above. Thereafter, he need only insert a new probe into the handle in
      order to start the sequence over again.
PAR  The sequence of events which are characteristic of the apparatus of this
      invention are best described generally by reference to the schematic of
      the circuit in block diagram as illustrated in FIG. 6. In this embodiment
      of the apparatus, two sets of events occur simultaneously upon the
      insertion of a sensor into the liquid metal. The first set involves
      automatic recording of the sensor emf, and the other set of events is a
      thermocouple indication of the temperature. The various steps in the
      sequence using the apparatus in FIG. 6 are as follows.
PAR  First, the power supply 26 is turned on.
PAR  Second, the probe 10 is inserted into a suitable handle (not shown) and the
      sensor 10 is plunged into the liquid metal 14.
PAR  Third, as the probe emf developes, it actuates a limit switch 27 which can
      be external to or a component part of the recorder.
PAR  Fourth, the chart drive of the recorder 28 starts operating and a record of
      the sensor emf is recorded through contact with the sensor leads 18 and
      19. At this time, a synchronous motor 29 which drives a multi-gang timer
      having six cam-operated switches 30a through 30f starts to rotate and the
      auxiliary switch 30a connects the motor circuit to the motor to insure a
      power supply thereto.
PAR  Fifth, within two or three seconds, a switch 30b disconnects the low input
      impedance 31 from across the operational amplifier 32 thus insuring a high
      input impedance which is required in the sensor circuit.
PAR  Sixth, and at about the same time as the fifth step above, the switch 30c
      disconnects the read and hold circuit 35, thus causing the digital panel
      meter 36 to seek and hold a zero setting until the next programmed impulse
      is received from the timer switch 30 to permit the displaying of the emf
      representing the temperature of the probe.
PAR  Seventh, the switches 30d and 30e connect the thermocouple leads 17 and 18
      to the digital panel meter 36 and either the thermocouple emf or the
      temperature of the liquid metal directly is indicated on the panel. When
      the temperature of the liquid metal is diplayed directly on the face of
      the meter, the location of the indicia thereon is such that the conversion
      discussed in connection with FIG. 4 has been performed.
PAR  Eighth, at about nineteen seconds after start, a short is placed across the
      read and hold circuit 35 (which may be part of the digital panel meter 36)
      by the switch 30c and the temperature indication is locked in on the
      digital panel, thus permitting the operator to make a note of the
      temperature on the record.
PAR  Ninth, at about twenty seconds after start, a switch 30f actuates the
      warning signal from a suitable signaling means 37 which is subsequently
      turned off by the same switch at about 25 seconds after the start of the
      cycle, thus providing a warning period of about 5 seconds for the operator
      to remove the probe from the metal.
PAR  Tenth, after about 60 seconds, the entire circuit is restored to the
      original or starting position by switch 30a. However, the temperature
      indication is retained on the digital panel meter 36 until the sixth step
      as described above with a new probe. At that time, the panel meter 36
      again indicates a zero setting during a new cycle as previously described.
PAR  Thus, it is apparent that the apparatus is completely automatic and permits
      the operator complete freedom from the need to make instrument
      adjustments. The data is thus available to the operator within about 30
      seconds and the readings may be repeated, if necessary or if desirable
      about every minute. All that is required of the operator is to turn on the
      power, plug in a new probe and insert the probe into the liquid metal. The
      operator can then remove the used probe, make notes regarding the results
      indicating the calculation of the parts per million of oxygen, and if he
      wishes he may immediately insert a new probe into the metal without any
      contact with the apparatus which will proceed through a new cycle
      automatically. Thus, use of the instrument 25 saves costly labor charges,
      as well as being extremely convenient. Moreover, the instrument is
      extremely accurate, displaying oxygen content within a tolerance on the
      order of about .+-. 10% of the amount present in parts per million and a
      sensor temperature with an accuracy on the order of about .+-. 5.degree.F.
PAR  A detailed schematic and wiring diagram of the apparatus according to the
      invention is shown in FIG. 7 wherein a number of additional features of
      the invention are indicated. Among these is a battery circuit which
      renders the apparatus completely independent of the usual a-c power lines
      which are sometimes quite unreliable and variable and often inaccessible
      in steel plants. This battery circuit includes gel-cell type batteries
      which are connected to a vibrator system which converts the direct current
      to 110 volts a-c. In addition, a battery charger is included together with
      a test circuit for indicating whether the batteries require recharging
      under a simulated load condition. For example, it is contemplated that the
      batteries are capable of supplying considerable current to operate the
      apparatus for upward to one and one-half or two hours continuously without
      recharging. Since the use cycles are only of one minute duration, the
      apparatus may be used for a considerable number of test without the need
      for recharging, another significant factor in the field use of the device.
PAR  The apparatus according to the invention also has a system of sequencing
      lights, each of which will indicate that a certain step in the cycle has
      been successfully attained. For example, in one embodiment of the
      invention, four such lights are used. A white light, or "reset ready"
      light, indicates that the circuit is ready for the start of the cycle; a
      green light, or "probe ready" light, provides an indication of the
      continuity of the thermocouple circuit; a yellow light, or "reading
      started" light, indicates that the timer motor is running; and a red,
      perhaps blinking light, or "out alarm" light, is synchronized with the
      alarm system which indicates to the operator that the reading has been
      made and that he can remove the sensor from the liquid metal. After about
      60 seconds, when the circuit returns to its original position, the "reset
      ready" light again is displayed.
PAR  Turning now to a detailed discussion of FIG. 7, the elements of FIG. 7
      which correspond to those previously described are identified with like
      reference numerals.
PAR  The power supply, designated generally in phantom outline by the reference
      numeral 15, comprises a plug 40 connected to a suitable recepticle 40a and
      is applied to the circuit by the closure of switch 41. The switch 41 is
      preferably a three-position switch having an a-c position (as shown), a
      d-c position and an off position. The closure of the switch 41 provides
      power for the circuit on leads 42 and 43 by way of the lead 44, connected
      to a terminal of the switch 45, and by a lead 46. This energizes the panel
      meter 36 which, by way of example, may be an API Model 4304 Digital Panel
      Meter. The power is also supplied to the strip chart recorder 28 by way of
      leads 48 and 49. For example, the strip chart recorder 28 may be a
      Hewlett-Packard, Model 680, equipped with an internal limit actuating
      circuit and a remote chart drive circuit. The lead 50 from the strip chart
      recorder is connected to ground. Because the switch 30a is in a normally
      open position, the "reset ready" lamp 53 is thus energized by the power on
      the leads 88 and 89, indicating that the circuit is ready for operation.
      The switches 30a- 30f are operated in sequence by the motor 29 as
      indicated by FIG. 7A.
PAR  When the probe 10 is inserted in the handle, the leads 55, 56 and 57 are
      connected to the leads 17, 18 and 19 of the probe 10 so that a
      thermocouple reading is available from the emf which exists between the
      leads 55 and 56, while the oxygen reading is available from the emf which
      exists between the leads 55 and 57.
PAR  The signal on the leads 55 and 56 is provided to a "probe ready" circuit
      designated generally by the reference numeral 60 by way of leads 61 and 62
      respectively. A "probe ready" lamp 63 is in series with the lead 61 and
      with the switch 65. The switch 65 is normally open and is momentarily
      depressed to obtain an indication on the lamp 63. The switch 65 is
      connected by way of the lead 66 to the negative side of the batteries 67
      while another terminal of the switch 65 is connected by way of leads 68
      and 69 through a terminal of the switch 41 and a lead 70 to a positive
      side of the batteries 67. These connections apply the battery potential to
      the voltage divider circuit comprising resistors 71 and 72, which are
      respectively about 20 ohms and 100 ohms to protect the thermocouple
      circuit on the probe from damage when depressing the switch 65 to
      determine whether the probe is ready to operate. The common connection
      between the resistors 71 and 72 is connected by a lead 73 to the lead 62
      to complete the "probe ready" test circuit. Thus, by depressing the switch
      65 momentarily from its normally open position, the operability of the
      thermocouple circuit which exists between leads 55 and 56 can be
      immediately determined. When the probe is in the operative state, the test
      may be continued, while if the depression of the switch 65 fails to
      indicate that the probe is in an operative condition, the probe should be
      changed on the handle.
PAR  Input circuit means designated generally by the reference numeral 75
      comprise an operational amplifier (op amp) designated in phantom outline
      by the reference numeral 8, the power to which is provided by a power
      supply for the operational amplifier, designated by the reference numeral
      76. As specific examples, the operational amplifier may be a Model TP 1420
      and the power supply a Model TP 2204, both available from
      Teledyne-Philbrick. The lead 85 is a common lead connected to the input
      lead 57 and to the common lead of the power supply.
PAR  The signal on the lead 55 is provided through a switch 30b through the low
      input resistors 78 in parallel with capacitor 79. The signal on the lead
      55 is also provided by way of a lead 81 to an input terminal of the
      amplifier. A variable resistor 82 is connected across the amplifier to
      provide a zero off-set adjustment for the operational amplifier. The
      resistor 82 is on the order of 10 K ohms. The output from the amplifier is
      provided on a lead 84 while the common output is provided on a lead 85,
      which leads are connected to the input of the strip chart recorder 28.
PAR  The operational amplifier 8 acts as a buffer or isolator between the
      recording circuit according to the invention and the probe 10 to prevent
      loading on the probe and distortion of the output signals therefrom. The
      input circuit means 75 also comprise a signal calibration circuit
      designated generally by the reference numeral 86 which will be discussed
      hereinafter.
PAR  The recorder 28 is provided with an internal limit switch circuit such that
      the strip chart on the recorder begins to operate when the probe potential
      from the amplifier 8 on leads 84 and 85 is on the order of 50 millivolts.
      The trip point on the limit switch circuit may be adjustable.
PAR  When the potential provided to the recorder is sufficient to actuate the
      limit circuit in the recorder, the line potential is provided on leads 88
      and 89 from the recorder to the series circuit comprising the reset ready
      lamp 53 and the energizing winding 90 of the motor 29. The motor 29, as
      indicated in FIG. 7A, drives a shaft 91 which sequentially actuates the
      plurality of switches 30a through 30f by operation of cams on the shaft.
      The contact of the switches 30a-30f throughout the drawings are
      corresondingly labeled. The mechanical sequencing circuit could also be
      replaced by an electrical circuit having electronic switches.
PAR  When the motor winding 90 has been energized by the presence of a potential
      on leads 88 and 89, the motor begins to rotate the shaft 91 causing the
      closure of the switch 30a to provide power from leads 42 and 43 directly
      to the motor winding 90 by by-passing the reset ready lamp 53. Thus, the
      lamp 53 is extinguished, while closure of the switch 30a causes the
      "readings started" lamp 93 to illuminate, apprising the operator that the
      readings are under way.
PAR  Further rotation of the motor 29 and the shaft 91 causes the switch 30b in
      circuit with the lead 55 to open to disconnect the resistor 78, on the
      order of 500 K ohms, from the input circuit. The resistor 78 is connected
      in the circuit to prevent the amplifier 8 from being open-circuited so
      that after a signal is available from the probe to be received at the
      input of the amplifier, the low input resistor 78 is disconnected from the
      input circuit, permitting the probe to see an input impedance on the order
      of 10.sup.12 ohms which is the high input impedance of the amplifier 8.
      The opening of the switch 30a occurs within about two or three seconds
      after the start of the cycle to disconnect the input resistor 78.
PAR  At about the same time, the switch 30c opens to disconnect a read and hold
      circuit in the panel meter 36 by opening the circuit between leads 100 and
      101. The read and hold circuit is built into the digital panel meter 36.
      This will cause the digital panel meter 36 to seek and hold a zero setting
      until the next impulse is received from the circuit as a result of the
      programmed sequence.
PAR  At about 15 seconds after the start of the cycle, the time at which the
      thermocouple emf is generally stable, the switches 30d and 30e close to
      cause the signals on the thermocouple sensing leads 55 and 56 to be
      provided on the leads 103 and 104 through a switch 105 to the digital
      panel meter 36, thus providing an input on the leads 107 and 108 to the
      meter 36. Thus, at this point in the cycle, either the thermocouple emf or
      the temperature of the liquid metal is directly indicated on the panel of
      the meter 36.
PAR  At about nineteen seconds after the start of the cycle, a short is placed
      across the read and hold circuit of the digital panel meter by the return
      of the switch 30c to its starting position, effectively placing a short
      across the leads 100 and 101. This causes the temperature indication to be
      locked in on the digital panel for future reference.
PAR  At about 20 seconds after the start of the sequencing, the switch 30f
      closes to actuate the alarm circuit 14, which by way of specific
      embodiment may be a Milletron, Inc., Model BA-02 backup alarm. Actuation
      of the alarm circuit 14 causes the illumination of the "out alarm" lamp
      110 and an audible warning signal from the speaker 111 through leads 112
      and 113 in circuit with the switch 114 at the output of the alarm 14. When
      the alarm switch 114 is in the position shown, the alarm is at its loudest
      for in-plant testing. When the switch 114 is transferred to its middle
      position, the resistor 116, on the order of 150 ohms, is placed in series
      with the lead 113 to mute the audible signal from the speaker 111 for use,
      for example, in demonstrating the instrument in an office or other
      position where the loud alarm would be objectionable. By transferring the
      switch 114 to its third position, the alarm may be tested momentarily to
      verify that the alarm is working properly. The alarm 14 is energized by a
      connection of leads 116 and 117 to the leads 66 and 68 which energize the
      "probe ready" lamp 63 in the manner previously described.
PAR  As previously indicated, the apparatus according to the invention is
      operated from an a-c line voltage for the situation when it is convenient
      to plug the cord into a grounded 110 volt a-c recepticle by placing the
      power switch 41 in the a-c position shown. The apparatus can also be
      operated from a built-in power supply, designated generally by the
      reference numeral 125, which includes the batteries 67, and a d-c/a-c
      power inverter 126. The inverter 126 transforms the 12 volt input from the
      batteries 67 to 110 volt a-c output to operate the circuit in the manner
      previously described. The capacitor 130 is provided to filter the a-c
      components which may exist in the d-c signal at the input of the inverter
      126.
PAR  A battery charger circuit is also provided which includes a battery charger
      129 in circuit with the switch 45. When the switch 45 is closed, the power
      from the recepticle 40a is provided on the leads 130 and 131 to the
      battery charger 129 which is connected to the leads 132 and 133 in circuit
      with the batteries 67.
PAR  A testing circuit to determine whether the batteries 67 are in need of
      charging is also provided, as indicated by the reference numeral 135,
      comprising a pair of resistors 136 and 137 in parallel with the resistor
      138 and in circuit with the switch 105, as shown.
PAR  With the closure of the switch 105, the rechargeable battery voltage is
      read directly on the digital panel meter 36 by dividing the 12 volt
      battery voltage down on the order of 1000 to 1 through the resistors 136
      and 137. By way of a specific embodiment, resistor 136 is 47 ohms while
      resistor 137 is 47 K ohms and resistor 138 is 25 ohms. The resistor 131 is
      a dummy load applied only when the switch 105 is depressed to drop the
      open circuit battery voltage down to its true loaded voltage. This feature
      permits the operator to determine directly whether the battery needs to be
      recharged under simulated load conditions and to take appropriate action.
PAR  A calibrate signal circuit, designated generally by the reference numeral
      86, comprises a switch 150 in circuit with leads 151 and 81. A zener diode
      152 is in circuit with a plurality of resistors 153. This circuit permits
      the input signals to be calibrated. When the switch 150 is depressed,
      internal voltages are applied to the circuit. Holding the switch down
      until the alarm 14 operates will cause the instrument to run through its
      cycle and show calibration voltages on both the recorder 28 and on the
      panel meter 36. These readings are used to determine that the instrument
      is operating properly. During calibration, a probe 10 is not connected to
      the circuit because the thermocouple in the probe will short out the
      voltage applied to the meter 36 thereby causing an erroneous reading.
PAR  Finally, the switch 161 is a switch in circuit with the strip chart
      recorder, provided by the manufacturer, for causing the chart to be
      operated and is used, for example, to space the readings on the chart or
      to run the chart paper out from the recorder.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated, by the claims
      rather than by the foregoing description, and all changes which come
      within the meaning and range of the eqivalents of the claims are therefore
      intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for displaying at least a pair of physical representations
      which respectively represent at least a first and a second sensed
      parameter, comprising the combination of:
PA1  input circuit means for receiving a first signal and a second signal which
      are respectively electrical representations of said first parameter and
      said second parameter;
PA1  first recording means operatively connected to said input circuit means for
      receiving said first signal representative of said first parameter and for
      displaying a first physical representation of said signal upon command;
PA1  second recording means for receiving said second signal representative of
      said second parameter and for displaying a second physical representation
      of said second signal, said second recording means including limiting
      means responsive to a predetermined level of said second signal for
      initiating the operation of said second recording means;
PA1  sequencing means initially responsive to said limiting means for causing
      said first recording means to display said first representation of said
      first parameter; and
PA1  a source of power operatively connected to said first recording means and
      said second recording means.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein said sequencing means (a)
      operates in response to said limiting means and causes said sequencing
      means to be operatively connected to said source of power for a
      predetermined cycle and (b) then causes said first signal to be
      operatively connected from said input means to said first recording means
      so that said first recording means displays said first representation of
      said first signal.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 further including means responsive
      to said sequencing means for indicating a predetermined time in said
      predetermined cycle.
NUM  4.
PAR  4. The apparatus as set forth in claim 2 wherein said input circuit means
      includes a low input resistance and said sequencing means further causes
      said low input resistance to be removed therefrom so that input circuit
      means has a high input resistance, said low input resistance being removed
      after said sequencing means is operatively connected to said source of
      power and before said first recording means displays said first signal.
NUM  5.
PAR  5. The apparatus as set forth in claim 4 wherein said first recording means
      includes read and hold means for causing a physical representation on said
      first recording means to be retained until released by said sequencing
      means, said sequencing means causing a previous representation to be
      released prior to causing said first signal to be operatively connected to
      said first recording means.
NUM  6.
PAR  6. The apparatus as set forth in claim 1 wherein said source of power
      includes means for providing power from either a conventional a-c source
      or from batteries, and means for switching therebetween.
NUM  7.
PAR  7. The apparatus as set forth in claim 1 wherein said apparatus further
      includes means for charging said battery.
NUM  8.
PAR  8. The apparatus as set forth in claim 7 wherein said apparatus further
      includes means for determining whether said battery needs charging.
NUM  9.
PAR  9. The apparatus as set forth in claim 1 wherein said input circuit means
      further includes temperature measuring means for producing said first
      parameter and dissolved oxygen measuring means for producing said second
      parameter.
NUM  10.
PAR  10. The apparatus as set forth in claim 9 in combination with a solid
      electrolyte sensor capable of being plunged into liquid metal comprising a
      small mass of solid oxygen-permeable electrolyte in a refractory
      insulating tube, an oxygen reference material in contact with said
      electrolyte and wherein said temperature measuring means includes a
      plurality of electrodes for providing an emf representative of the
      temperature of the probe and said dissolved oxygen measuring means
      includes a plurality of electrodes for providing an emf representative of
      the dissolved oxygen content of the metal, said electrodes being in
      circuit with said input circuit means.
NUM  11.
PAR  11. The apparatus as set forth in claim 10 further including means for
      indicating whether said sensor is operatively connected to said apparatus.
NUM  12.
PAR  12. The apparatus as set forth in claim 11 further including means for
      indicating when said sequencing means is operating, indicating that
      readings from said sensor are being obtained.
NUM  13.
PAR  13. An apparatus for displaying a physical representation which represents
      a sensed parameter comprising:
PA1  input circuit means for receiving a signal wich is an electrical
      representative of said parameter;
PA1  recording means operatively connected to said input circuit means for
      receiving said signal and displaying a first physical representation of
      said signal, said recording means including limiting means responsive to a
      predetermined level of said signal; and
PA1  sequencing means initially responsive to said limiting means for causing
      said input circuit means to exhibit a high input impedance to said signal.
NUM  14.
PAR  14. An apparatus as set forth in claim 13 wherein said sensed parameter is
      an emf representing the dissolved oxygen content of a liquid metal.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 in combination with a solid
      electrolyte sensor capable of being plunged into liquid metal comprising a
      small mass of solid oxygen-permeable electrolyte and a plurality of
      electrodes for providing an emf representative of the temperature of the
      probe and an emf representative of the dissolved oxygen content of the
      metal, said electrodes being in circuit with said input circuit means.
NUM  16.
PAR  16. A method for displaying a first signal representing the temperature of
      a liquid metal, and a second signal representative of the dissolved oxygen
      content of the liquid metal, said first signal and said second signal
      being derived from a sensor capable of being plunged into the liquid metal
      and comprising a small mass of solid oxygen-permeable electrolyte in a
      refractory insulating tube, an oxygen reference material in contact with
      said electrolyte, and a plurality of electrodes for providing said first
      signal and said second signal, comprising the steps of:
PA1  plunging said probe into said liquid metal,
PA1  displaying a second physical representation of said second signal when said
      second signal reaches a predetermined level,
PA1  displaying a first physical representation of said first signal in response
      to said second signal reaching said predetermined level, and
PA1  indicating that said first physical representation and said second physical
      representation have been displayed.
NUM  17.
PAR  17. The method as set forth in claim 16 further including the steps of:
PA1  causing a low input impedance to said second signal to be translated into a
      high input impedance prior to the step of displaying said first physical
      representation of said first signal.
NUM  18.
PAR  18. The method as set forth in claim 17 further including the step of
      causing said first physical representation to be retained for a
      predetermined period of time.
NUM  19.
PAR  19. The method as set forth in claim 18 further including the step of
      testing to determine whether said probe is operative.
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ABST
PAL  A method of producing an aluminum base sheet for printing plates is shown.
      The improvement comprises three steps in sequence including
      electrolytically graining the surface of the aluminum sheet by exposing it
      to a chemical etching bath comprising a chloride containing electrolytic
      solution and impressing a current on the sheet; thereafter cathodically
      cleaning the grained sheet by exposing it to a concentrated solution of
      sulfuric acid and again impressing a current on the sheet; and finally
      anodizing the cathodically cleaned sheet by exposing it to a second
      concentrated solution of sulfuric acid and imposing a current on the
      sheet. In the preferred embodiment, the electrolytic graining is carried
      out in the presence of hydrochloric acid and in an alternating current;
      and the cathodic cleaning and anodizing steps are carried out in sulfuric
      acid and in a direct current. In the preferred embodiment of the invention
      a web of aluminum is continuously moved through three treating baths in
      series.
BSUM
PAR  This invention relates to printing plates, and more particularly to the
      making of improved aluminum bases for offset, dry-offset, relief and
      letterpress printing plates.
PAR  Offset printing plates, particularly planographic printing plates, require
      a distinctly hydrophilic character on their surface so that the surface in
      non-image printing areas of the plates is well-dampened by water or
      fountain solution and is sufficiently hydrophilic to repel greasy printing
      ink. Typically, such a surface character on an aluminum base sheet of such
      a plate is accomplished by mechanical or chemical graining, electrolysis
      or by etching or anodizing. Those treatments also serve to provide a
      roughened and porous surface that provides mechanical "tooth" which
      results in better anchorage and adherence of oleophilic image printing
      areas on the base sheet.
PAR  Letterpress printing plates, which are commonly made of casting metal with
      photo-sensitive polymeric materials thereon, require that the base of the
      printing plate have sufficient strength and elasticity to be wrapped
      around the cylinder of a letterpress. The base should have a surface which
      is capable of bonding the photopolymer material to the base, and adequate
      strength to withstand the impact of repeated printing forces. By virtue of
      its dimensional stability and flexibility, aluminum is most desirable for
      this type of application. One drawback of aluminum for this purpose,
      however, is the inadequate bonding that exists between the photopolymer
      and the aluminum surface. Without some form of treatment, therefore, such
      as using a phenol-formaldehyde resin as a bonding layer, the bonding is
      not satisfactory.
PAR  In general it is desirable that aluminum sheets intended as bases for
      planographic offset printing plates be processed, as by graining, to
      increase the surface area of the raw aluminum in the order of about two to
      about five times to achieve an ample hydrophilic characteristic and
      mechanical tooth. For elevated image plates, which may be used without
      water in dry offset printing, and for letterpress plates, mechanical tooth
      becomes the more important factor because of the greater mass of material
      on the base in the image printing area that must be firmly anchored to the
      base for prolonged presslife. The increase of surface area of the raw
      aluminum base sheet for such plates should be in excess of five times and
      desirably is about 7 to 20 times.
PAR  Etching of aluminum sheets by ball graining increases the surface area of
      raw aluminum in the order of about five times. The disadvantages of ball
      graining, however, are that one-half hour or longer is required and ball
      graining cannot feasibly be done continuously. Brush graining, which
      increases the surface area of the raw aluminum sheet about two and
      one-half times in less time and with continuous processing, is therefore
      commonly employed. Chemical graining and anodizing methods produce similar
      results. Such graining and anodizing techniques are disclosed in U.S. Pat.
      Nos. 2,882,153; 2,882,154 and 3,440,050
PAR  In preparing the aluminum sheet for use as a printing plate, it is
      desirable to clean the surface of the plate and to grain it as well. It is
      also desirable to harden the surface of the sheet after the plate has been
      grained so that satisfactory bonding is obtained between the plate and the
      photosensive polymeric material.
PAR  It is thus a primary object of this invention to provide a continuous
      process for the treatment of aluminum sheet for use as printing plate
      backing.
PAR  It is a further object of this invention to provide a unified process for
      the graining, cleaning and anodizing of the aluminum plate which minimizes
      the time required for the treatment and the expense related thereto.
PAR  It is still a further object of this invention to provide a process for
      electrolytically graining the aluminum sheet and thereafter cleaning it,
      prior to hardening the surface thereof by anodizing.
PAR  It is still a further object of this invention to provide a thorough
      cleaning of the plate after it has been subjected to an etching bath for
      providing a grain.
PAR  These and other objects of this invention are achieved in a three step
      process comprising the steps of:
PA1  1. electrolytically graining the surface of the aluminum base sheet by
      exposing it to a chemical etching bath which comprises a chloride
      containing electrolytic solution;
PA1  2. thereafter cathodically cleaning the grained sheet by exposing it to a
      concentrated solution of sulfuric acid; and
PA1  3. thereafter anodizing the cathodically cleaned sheet by exposing it to a
      concentrated solution of sulfuric acid.
PAR  In the electrolytic graining step, the sheet has a current density of from
      0.1 to 10 amperes per square inch of sheet imposed upon it and the
      chemical etching bath is maintained at a temperature of broadly from
      20.degree. to 95.degree.C. In the cathodic cleaning step the current
      density is from 0.1 to 10 amperes per square inch of sheet and the bath is
      maintained at a temperature of about 20.degree. to 80.degree.C. Similarly,
      during the anodizing step, the cathodically cleaned sheet has a current
      density of 1 to 100 amperes per square foot impressed upon it and the
      concentrated solution of sulfuric acid in which it is anodized is
      maintained at a temperature of from 20.degree. to 80.degree.C. The
      concentrated aqueous solutions of sulfuric acid used in the cathodic
      cleaning and in the anodizing steps are approximately 5 to 50% by weight
      sulfuric acid.
PAR  During the chemical graining step, the aluminum surface is etched by
      reaction with the chloride containing electrolyte and the surface area is
      substantially increased. Depending upon the degree of etching desired, the
      processing time, the temperature and other process parameters are adjusted
      accordingly. To obtain about a five-fold increase of surface area it has
      been found that the current density should be approximately 0.1 to 10 amps
      per square inch, the temperature should be desirably 20.degree. to
      80.degree.C, and the concentration of chloride in the aqueous solution
      should be about 0.1 to 20%. Desirably, the etching process is completed in
      from one-half to two minutes and the aluminum sheet is thereafter removed
      from the etching bath and introduced into the cathodic cleaning bath.
PAR  During the graining step, it has been found that impurities form on the
      surface of the aluminum, including aluminum hydroxide, various chloride
      compounds and other contaminants introduced with the raw aluminum sheet.
      It is, therefore, desirable to subject the aluminum sheet, prior to the
      graining step, to a degreasing in order to remove organic impurities such
      as greases and oils and the greater part of any inorganic contaminants on
      the surface of the aluminum.
PAR  Preferably, the graining is carried out in the presence of a solution of
      hydrochloric acid having a concentration of from 0.5 to 5%. The
      temperature of the solution is preferably in the range of from 20.degree.
      to 50.degree.C. The current impressed upon the sheet in the graining
      operation is desirably an alternating current. However, it is possible to
      use a direct current as well. Other electrolytes which can be used are
      sodium chloride, potassium chloride, and lithium chloride.
PAR  The cathodic cleaning step achieves the removal of the chemicals which are
      formed during the graining step. The cathodic cleaning takes place in a
      solution of sulfuric acid which is desirably in a concentration of from 10
      to 50 weight %. The solution is maintained at a temperature of from
      20.degree. to 80.degree.C. The current which is impressed on the aluminum
      sheet, passing through the cathodic cleaning solution, is desirably from
      0.1 to 10 amperes per square inch and more preferably is from 1 to 5
      amperes per square inch. Depending on these several parameters, the
      cathodic cleaning can be completed in from 1/2 to 2 minutes and usually
      less than 1 minute is required to completely remove the contaminants from
      the surface of the aluminum. It is possible to use either direct current
      or alternating current in the cathodic cleaning step; however, it has been
      found that best results are obtained if direct current is used.
PAR  After the cathodic cleaning, the surface of the aluminum sheet is clean but
      it is still relatively soft. The sheet is then passed from the cathodic
      cleaning bath to an anodizing bath which contains a solution of sulfuric
      acid having a weight concentration of desirably from 8 to 22%. The
      preferred concentration of sulfuric acid is from 10 to 20 weight %. The
      temperature of the anodizing bath is from 20.degree. to 80.degree.C and
      best results are obtained if the temperature is from 20.degree. to
      40.degree.C. Best results are also obtained if a direct current is
      impressed on the aluminum sheet in the anodizing bath and the current
      density should be in the range of from 1 to 100 amperes per square foot.
      The preferred current density is from 10 to 50 amperes per square foot.
      The anodizing step can be completed in from 1/2 to 3 minutes but usually
      this step takes no longer than from 1 to 2 minutes.
DRWD
PAR  A most efficient operation is obtained in accordance with the process shown
      in the drawing. The drawing depicts a schematic process showing the three
      stages of treatment of the aluminum sheet.
DETD
PAR  In the drawing reference numeral 10 refers to a web of aluminum which moves
      from left to right through the three electrolytic baths discussed below.
      The aluminum web passes over rollers 12 and is moved by means not shown in
      the drawings. Numerous rollers and switchbacks can be used in order to
      control the residence time of the web in each of the electrolytic baths.
PAR  Reference numeral 14 refers to an electrolytic graining bath containing a
      solution of hydrochloric acid 16 and having electrode 18 placed in
      confrontation with the aluminum web 10. Reference numeral 20 refers to a
      cathodic cleaning bath containing a solution of sulfuric acid 21 and
      reference numeral 22 refers to an electrode in confrontation with aluminum
      web 10. Likewise, reference numeral 30 refers to a tank containing an
      anodizing solution of sulfuric acid 31 and reference numeral 32 refers to
      an electrode in confrontation with aluminum web 10. Reference numeral 40
      refers to a source of alternating current which impresses an alternating
      current on graining electrode 18. Reference numeral 50 refers to a source
      of direct current which imposes a direct current on the cathodic cleaning
      and anodizing electrodes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing an aluminum base sheet suitable for a printing
      plate, which comprises:
PA1  a. First graining the surface of said aluminum base sheet by treatment for
      from one-half to two minutes in an aqueous electrolytic solution
      containing from 0.1 to 20 per cent of an electrolyte selected from the
      group consisting of HCl, NaCl, LiCl and KCl, with an alternating voltage
      providing a current density of from about 0.1 to 10 amps per square inch,
      at a temperature of from 20.degree. to 95.degree.C., to increase the
      surface area of said aluminum sheet by about 500%; and
PA1  b. Then cleaning the said grained aluminum sheet by treatment thereof for
      from 1/2 to 2 minutes in an aqueous solution of sulfuric acid of
      concentration of from about 10 to 50 weight percent, with a direct voltage
      providing a current density of from about 0.1 to about 10 amps per square
      inch, at a temperature of from about 20.degree. to 80.degree.C, wherein
      said aluminum sheet is the cathodic electrode; and
PA1  c. Then anodizing the said cleaned aluminum sheet by treatment thereof in
      an aqueous solution of sulfuric acid having a concentration of from 8 to
      22 weight percent for from 1/2 to 3 minutes, with a direct voltage
      providing a current density of from 1 to 100 amperes per square foot, at a
      temperature of from 20.degree. to 80.degree.C wherein said aluminum sheet
      is the anodic electrode, to yield a grained, cleaned and anodized aluminum
      base sheet suitable for a printing plate.
NUM  2.
PAR  2. The method of claim 1 wherein in step (a), the electrolyte is
      hydrochloric acid.
NUM  3.
PAR  3. The method of claim 1 wherein in step (c), the sulfuric acid is present
      in a concentration of from 10 to 20 weight percent.
NUM  4.
PAR  4. The method of claim 1 wherein in step (a), the temperature is maintained
      at from 20.degree. to 50.degree.C.
NUM  5.
PAR  5. The method of claim 1, wherein in step (c), the temperature is
      maintained at from 20.degree. to 40.degree.C.
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      Draper, Ltd., Teddington, 1971.
ABST
PAL  A plastic composition especially suitable for use in barrel electroplating
      processes is prepared by incorporating in the plastic a siliceous filler
      and a heavy filler such as barium sulfate or zinc oxide in amounts such
      that the density of the molded composition is greater than the density of
      the plating bath.
BSUM
PAR  This invention relates to the electroplating of plastics. In one aspect,
      this invention relates to an improved electroplating process.
PAR  Small parts, such as buttons, knobs, and the like, are normally
      electroplated by a barrel electroplating process. When properly employed,
      barrel electroplating is most desirable because it eliminates racking,
      wiring, jigging, and the relatively expensive labor for such operations.
      The process involves considerably less labor than still plating and
      productivity is high. However, parts molded from low-density polymeric
      materials are not well suited for barrel electroplating processes. Such
      parts tend to float in the plating barrel due to the greater densities of
      the plating baths, thus receiving uneven or incomplate plating on some
      parts. Such plating baths generally have densities ranging from about 1.1
      to 1.2.
PAR  It is desirable that such small parts be molded from the relatively
      inexpensive low-density polymers, then electroplated using a barrel
      electroplating process. There has been considerable effort to develop a
      satisfactory process for barrel electroplating molded low-density
      polymeric articles.
PAR  Accordingly, it is an object of this invention to provide an improved
      process for electroplating plastics.
PAR  It is another object to provide an improved process for barrel
      electroplating plastics.
PAR  Other apsects, objects and several advantages of this invention will be
      apparent to those skilled in the art from the following description and
      appended claims.
PAR  In accordance with the present invention it has been discovered that
      articles molded from low-density polymeric materials can be satisfactorily
      electroplated in a conventional electroplating process if there is
      incorporated therein a dual filler system consisting of a siliceous filler
      and a heavy filler as hereinafter defined, in an amount such that the
      resultant polymeric composition has a density of not less than the density
      of the electroplating baths. The resulting electroplated articles exhibit
      extremely good adhesion between the metal plate and the polymeric
      material. The present invention is especially applicable to a barrel
      electroplating process.
PAR  According to this invention, there is provided a process for electroplating
      low-density polymeric materials which comprises the steps of:
PA1  1. incorporating a dual filler system in the plastic;
PA1  2. molding the resulting composition into the desired configuration;
PA1  3. conditioning the resulting molded plastic article;
PA1  4. preplating the conditioned article with an electrolessly platable metal;
      and
PA1  5. electroplating the preplated article with a final finish to obtain a
      metal-plated plastic product.
PAR  The process of this invention can be utilized with any moldable plastic
      material. As used herein and in the claims, the term "plastic" is intended
      to include any natural or synthetic polymeric material which can be molded
      into a desired final shape using heat and/or pressure. Examples of such
      materials are: ABS resins, ionomers, nylons, polyarylene oxides,
      polyolefins, styrene polymers and copolymers such as styrene/butadiene,
      vinyl polymers and copolymers such as poly(vinyl chloride), poly(vinyl
      fluoride), vinylidene chloride/vinyl chloride copolymer, and the like,
      including blends.
PAR  The process of this invention is particularly applicable to any plastic
      having a low density, i.e., on the order of 0.8 to 1.0 g/cc, and which is
      inert to most chemicals.
PAR  The terms "mold", "molded", "moldable", "molding" and the like as used
      herein and in the claims is intended to include any plastic forming
      process such as film formation by extrusion, casting, or calendering, blow
      molding, injection molding, extrusion, vacuum forming, pressure forming,
      compression molding, transfer molding, thermoforming and the like.
PAR  Although the process of this invention can be utilized for electroplating
      of any moldable plastic as defined above, in one specific embodiment of
      this invention it has been found to be particularly suitable for barrel
      electroplating olefin polymers.
PAR  The term "olefin polymer" as used herein and in the claims is intended to
      include both normally solid homopolymers and copolymers of aliphatic
      1-olefins having 2 to 8 carbon atoms or mixtures thereof, and terpolymers
      of aliphatic 1-olefins with conjugated diolefins containing from 4 to 8
      carbon atoms.
PAR  Examples of the aliphatic 1-olefins and diolefins are ethylene, propylene,
      1-butene, 1-pentene, 4-methylpentene-1, 1-hexane, 1-heptene, 1-octene,
      1,3-butadiene, 1,4-hexadiene, 1,3-heptadiene, 1,5-octadiene, and the like.
      Examples of the olefin polymers and polymer blends that can be used are
      polyethylene, polypropylene, poly(butene-1), poly(4-methylpentene-1),
      ethylene/propylene copolymer, ethylene/1-butene copolymer,
      ethylene/1-hexene copolymer, ethylene/propylene/1,4-hexadiene terpolymer,
      ethylene/propylene/1-butene terpolymer, polyethylene/polypropylene blends,
      polyethylene/polypropylene/polydiene blends, and the like.
PAR  The dual filler system of this invention consists of a combination of
      siliceous filler and a heavy filler. The filled polymer should have a
      density at least as great as the density of the first electroplating bath.
      Preferably, the filled polymer has a density greater than the density of
      the plating baths, so that the molded article will exhibit a negative
      buoyancy when placed in the plating baths.
PAR  Siliceous fillers which can be utilized in the formation of the dual filler
      system are those having a particle size of less than 50 microns and
      preferably less than 10 microns. Examples of suitable siliceous fillers
      are the synthetic silicas and hydrated silicas, and naturally occurring
      minerals having a high -- i.e., greater than about 70 weight percent --
      silica content, such as pumice, diatomaceous earth, and the like,
      including mixtures thereof.
PAR  The heavy fillers which can be utilized in the formation of the dual filler
      system of this invention are stable materials of synthetic or mineral
      origin which exhibit poor water solubility and which have densities of
      about 3.9 g/cc or higher.
PAR  Such heavy fillers generally have a particle size of less than 50 microns
      and preferably less than 10 microns. Such fillers include metal oxides,
      metal sulfates and complex metal compounds. Examples of suitable fillers
      are antimony trioxide, barium molybdate, barium sulfate, bismuth trioxide,
      cadmium oxide, calcium tungstate, chromic oxide, lead monoxide, lead
      sulfate, manganese dioxide, molybdenum dioxide, stannic oxide, strontium
      sulfate, zinc oxide, and the like and mixtures thereof.
PAR  In one presently preferred embodiment of this invention the heavy filler is
      zinc oxide. In another preferred embodiment the heavy filler is barium
      sulfate.
PAR  The fillers are utilized in amounts in the range of 15 to 60, preferably 30
      to 40 weight percent based upon the total weight of filled plastic and
      fillers. All percentages recited hereinafter and in the claims are on this
      basis. By "filled" plastic is meant that portion of a plastic molding into
      which the filler has been incorporated. The fillers or mixtures thereof
      can be incorporated into the plastic by any known technique using known
      milling and blending equipment, such as a Banbury mixer, a Brabender
      Plastograph, extruders, and the like.
PAR  It is essential that at least a portion of the filler be silica, i.e., at
      least 10 percent and preferably 12 percent or more. The total filler
      content should not exceed 60 percent and preferably should not exceed 40
      percent. Higher filler levels inhibit melt flow, an important
      consideration during molding.
PAR  Suitable ranges of polymer and siliceous and heavy fillers are shown below:
TBL             Broad Range,                                                   

                            Preferred Range,                                   

                Wt. %       Wt. %                                              

     ______________________________________                                    

     Polymer      40-85         55-70                                          

     Siliceous filler                                                          

                  10-40         12-20                                          

     Heavy filler  5-35         10-33                                          

     ______________________________________                                    

PAR  The weight ratio of siliceous filler to heavy filler can range from about
      0.2:1 to about 5:1. In a preferred embodiment the range is from about
      0.3:1 to about 1.2:1.
PAR  In addition, the filled polymer composition can also contain other
      ingredients normally employed to give desirable properties to the
      polymers. Such ingredients include antistatic agents, antioxidants,
      crystallization modifiers, lubricants and the like.
PAR  As indicated, it is highly desirable in the electroplating of a plastic
      article to be able to utilize conventional plating processes in producing
      a plated product having good adhesion of the metal plate thereto. Such
      conventional plating processes involve a preplating process which includes
      cleaning; conditioning or etching the surface of the plastic; sensitizing
      the surface of the plastic with an oxidizable salt, such as stannous
      chloride, that is absorbed and later reduces the activator (not all
      conventional processes include this step); activating the surface with a
      precious metal salt, such as palladium chloride; and electroless plating
      with either copper (about 0.005 mil to 0.010 mil) or nickel (about 0.010
      to 0.030 mil). Each conditioning step is usually followed by one or more
      water rinses. The continuous film of electrically conductive material
      applied by the preplating process provides the capability for applying the
      final finish by conventional electrolytic processes. Following the
      preplate process, normal plating of copper-nickel-chrome, or nickel-chrome
      or any of a whole variety of final finishes, including gold and silver,
      can be applied by conventional electroplating techniques. For most
      applications the final plate will be about 0.5 to 2.0 mils thick, but even
      thicker plate can be applied if desired.
PAR  The molded article can be conditioned by treating with an acid chromate
      etch and an HF treatment.
PAR  The term "HF treatment" as used herein is intended to cover any treatment
      whereby the surface of the plastic article is contacted with hydrogen
      fluoride. For convenience, aqueous solutions of hydrofluoric acid or acid
      fluoride salts are employed in effecting the treatment of the surface of
      the plastic article with hydrogen fluoride. In addition, if desired, the
      HF treatment can be carried out in the vapor phase. The time required for
      successful treatment of the plastic article is dependent on the
      concentration of the HF in the treating zone. When utilizing an aqueous
      hydrofluoric acid solution, the concentration of the HF can be in the
      range of about 0.1 to saturation. When utilizing an aqueous solution
      containing a water-soluble acid fluoride salt, the concentration of the
      salt in the aqueous solution can likewise be in the range of about 0.1
      weight percent to saturation, preferably 1.0 weight percent to saturation.
PAR  When carrying out a vapor phase HF treatment, the minimum temperature will
      be determined by that required to vaporize the HF. Thus, a temperature of
      at least 67.degree. F. is used when the process is operated at atmospheric
      pressure, with higher temperatures being used at higher treating
      pressures. The maximum temperature that can be used is at least 50.degree.
      F. below the softening point of the plastic being treated. The HF
      treatment is ordinarily carried out utilizing an aqueous solution of the
      treating agent for a period of 0.1 to 10 minutes, and preferably 2 to 4
      minutes.
PAR  The HF treatment is normally carried out at room temperature when utilizing
      an aqueous treating agent but can be carried out at temperatures up to
      essentially the boiling point of the solution. Temperatures above the
      normal boiling point also can be used, provided the pressure is sufficient
      to maintain a liquid phase. Temperatures in the range of 30.degree. to
      200.degree. F. are suitable for the aqueous systems.
PAR  The "acid chromate etch" treatment is that conventionally employed in metal
      plating and is normally carried out at temperatures in the range of
      75.degree. to 200.degree. F. The acid chromate etch treatment is generally
      carried out for a period of time in the range of 0.1 to 20 minutes.
PA1  1. concentrated sulfuric acid (750 ml)
PA1  2. water (2271 ml)
PA1  3. CrO.sub.3 (1360 grams)
PA1  4. surfactant (20 milligrams).
PAR  The following procedures are representative of the conventional plating
      processes and conditions which can be used in the electroplating of
      conditioned plastics in accordance with this invention.
PAR  It is to be understood that the recitation of specific plating solutions
      and steps in no way limits the invention to these specific solutions and
      steps. There are numerous plating systems available, and the process of
      the invention can be used with any of them, so long as the HF treatment,
      as herein defined, follows the acid chromate etch.
PAR  1. Immerse in a sodium pyrophosphate cleaning solution for 2 to 5 minutes
      at 75.degree. to 140.degree. F.
PAR  2. Immerse in a sodium bisulfate neutralizing solution for 15 to 30 seconds
      at 75.degree. F.
PAR  3. Immerse in an acid chromate etching solution for 0.1 to 20 minutes at
      75.degree. to 200.degree. F.
PAR  4. Immerse in an aqueous solution of ammonium bifluoride for 0.1 to 10
      minutes at 30.degree. to 200.degree. F.
PAR  5. Rinse with 5 weight percent HCl containing about 10-20 ppm of a wetting
      agent.
PAR  6. Immerse in a stannous chloride sensitizing solution for 15 to 60 seconds
      at 75.degree. F.
PAR  7. Immerse in a palladium-ammonium chloride activating solution for 15 to
      60 seconds at 75.degree. F.
PAR  8. Immerse in an electroless Ni plating solution for 5 to 30 minutes at
      75.degree. F. The electroless Ni solution can be prepared as follows:
TBL                   g/l                                                      

     ______________________________________                                    

     NiSO.sub.4 . 7H.sub.2 O                                                   

                        40                                                     

     Sodium citrate     24                                                     

     Sodium pyrophosphite                                                      

                        20                                                     

     Sodium acetate     14                                                     

     Ammonium chloride  5                                                      

      (density ca       1.10 g/cc)                                             

     ______________________________________                                    

PAR  9a. strike with nickel. The composition of the nickel strike bath and
      conditions for plating are as follows:
TBL  Composition of Nickel Strike Bath                                         

     ______________________________________                                    

     NiSO.sub.4 . 6H.sub.2 O                                                   

                        300-410    grams                                       

     NiCl.sub.2.31/2 H.sub.2 O                                                 

                        30-45      grams                                       

     Nickel brightener  10         ml                                          

     Water to make      1          liter                                       

      (density ca       1.18-1.25  g/cc)                                       

     ______________________________________                                    

     Plating Conditions                                                        

     ______________________________________                                    

     Voltage          6-18      volts D.C.                                     

     Current density  30-80     amp/ft.sup.2                                   

     Current efficiency                                                        

                      100       %                                              

     Anode            nickel    (99.5%)                                        

     Temperature      75-155.degree.                                           

                                F.                                             

     Time             variable                                                 

     Agitated bath                                                             

     ______________________________________                                    

PAL  or
PAR  b. Strike with copper. The composition of the copper strike bath and
      conditions for plating are as follows:
TBL  Composition of Copper Strike Bath                                         

     ______________________________________                                    

     CuSO.sub.4 . 5H.sub.2 O                                                   

                         98      g                                             

     H.sub.2 SO.sub.4 (conc.)                                                  

                         15.5    ml                                            

     Brightener          1       ml                                            

     Water to make       1       liter                                         

      (density ca        1.13    g/cc)                                         

     ______________________________________                                    

     Plating Conditions                                                        

     ______________________________________                                    

     Voltage            2 volts D.C.                                           

     Current density    10-15 amp/ft.sup.2                                     

     Current efficiency 100 %                                                  

     Anode              electrolytic copper                                    

     Temperature        75-80.degree. F.                                       

     Time               variable                                               

     Agitated bath                                                             

     ______________________________________                                    

PAR  10. After electroless plating, the resulting electrically conductive
      product can be electroplated with any combination of conventional plating
      solutions.
PAR  Following is an example of a typical copper plating solution and conditions
      for plating. Numerous other solutions are known and can be utilized if
      desired.
PAR  11. Electroplate with bright copper. The composition of the bright copper
      bath and conditions for plating are as follows:
TBL  Composition of Bright Copper Bath                                         

     ______________________________________                                    

     CuSO.sub.4 . 5H.sub.2 O                                                   

                         212     grams                                         

     H.sub.2 SO.sub.4 (conc.)                                                  

                         28.8    ml                                            

     Brightener          4       ml                                            

     NaCl                75      mg                                            

     Water to make       1       liter                                         

      (density ca        1.17    g/cc)                                         

     ______________________________________                                    

     Plating Conditions                                                        

     ______________________________________                                    

     Voltage            4 volts D.C.                                           

     Current density    30-40 amp/ft.sup.2                                     

     Current efficiency 98-100%                                                

     Anode              electrolytic copper                                    

     Temperature        75-80.degree. F.                                       

     Time               variable                                               

     Agitated bath                                                             

     ______________________________________                                    

PAR  Ordinarily each conditioning and plating step is followed by one or more
      water rinses.
DETD
PAR  The following specific examples are presented further to illustrate the
      invention but should not be interpreted to restrict or limit the
      invention.
PAR  The plastic-filler blends used in the examples were prepared by blending
      the indicated amounts of plastic and fillers in either a Brabender
      Plastograph for 5 to 10 minutes at 50 to 75 rpm at about 370.degree. F. in
      a nitrogen atmosphere or in a Banbury mixer for about 5 minutes at about
      350.degree. F. in an air atmosphere.
PAC  EXAMPLE I
PAR  Blends of filler and plastic were prepared by mixing a propylene/ethylene
      copolymer with the fillers shown below in a Banbury mixer for about 5
      minutes at about 350.degree. F. The values for polymer and fillers are in
      terms of weight percent.
TBL                Table I                                                     

     ______________________________________                                    

     Sample No.  1          2          3                                       

     ______________________________________                                    

     Polymer     60.9.sup.a 66.7.sup.a 60.6.sup.b                              

     Silica      17.4.sup.c 14.7.sup.c 10.1.sup.d                              

     Barytes     21.6       18.7       --                                      

     Zinc oxide  --         --         29.2                                    

     Density, g/cc                                                             

                 1.27       1.21       1.32                                    

     ______________________________________                                    

     .sup.a Melt flow, ASTM D1238-70, Condition L                              

                             4                                                 

      Flexural modulus, ASTM D790-70                                           

                             190,000   psi                                     

      Density, ASTM D1505-68 0.904     g/cc                                    

     .sup.b Melt flow        3                                                 

      Flexural modulus       170,000   psi                                     

      Density                0.903     g/cc                                    

     .sup.c Precipitated hydrated silica, average particle size 0.022          

     -microns                                                                  

     .sup.d Natural silica, average particle size about 1.5 microns            

     ______________________________________                                    

PAL  This example illustrates that control of polymer density is easily achieved
      by the present invention.
PAC  EXAMPLE II
PAR  A series of plating tests was performed using the compositions of Example
      I. Plaques were molded from the blends, conditioned, coated with
      electroless nickel and then electroplated with copper as described above.
PAR  Adhesion values of the metal plate to the plastic were determined by
      pulling a 1/2-inch-wide strip of the metal layer for the plated specimens
      using an Instron tester. The metal plate was first cut; one end of the
      1/2-inch-wide strip was pulled loose from the plastic for a distance of
      one-half to three-fourths inch. This plated sample was attached to the
      traverse of the Instron tester. The metal tab was attached to the upper
      jaw by means of a clamp and a 2-foot-long wire. The long wire was used so
      that the pulling angle would not change appreciably as the metal was
      separated from the plastic surface. The metal was pulled from the plastic
      surface at an angle of 90.degree. and at a rate of 2 inches per minutes.
      The average value of the force, in pounds, required to separate the metal
      and plastic, multiplied by 2, gives the adhesion of the metal plate to the
      plastic in terms of pounds per lineal inch of contact. In these tests the
      bright copper plate was 2 to 2.5 mils thick so that the metal itself would
      not yield during the test. The adhesion values are shown in Table II.
TBL                                    Table II                                

     __________________________________________________________________________

     Run Sample No.                                                            

                Chromate Etch Bifluoride Etch                                  

                                            Adhesion,                          

     No. Used   Time (min.)                                                    

                       Temp.,.degree.F.                                        

                              Time (min.)                                      

                                     Temp., .degree.F.                         

                                            Lbs/Inch                           

     __________________________________________________________________________

     1   1      6      145    2      80     15                                 

     2   1      10     "      "      "      20                                 

     3   2      6      140    "      "      10                                 

     4   2      8      "      "      "      11                                 

     5   2      10     "      "      "      14                                 

     6   2      12     "      "      "      14                                 

     7   3      4      "      "      "       7                                 

     8   3      6      "      "      "       6                                 

     9   3      8      "      "      "      13                                 

     10  3      10     "      "      "      13                                 

     __________________________________________________________________________

PAR  The results show that good adhesion was obtained using the dual filler
      system of this invention.
PAR  Reasonable variations and modifications of this invention can be made or
      followed, in view of the foregoing disclosure, without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for barrel electroplating a normally solid polymer which
      comprises the steps of:
PA1  a. incorporating a filler system into said plastic, said filler system
      consisting of a siliceous filler and a heavy filler selected from the
      group consisting of barium sulfate and zinc oxide;
PA1  b. molding the resulting composition of plastic and fillers;
PA1  c. conditioning the molded plastic product of step (b) by contacting same
      with a combination, in series, of (1) an acid chromate etch and (2) an HF
      treatment;
PA1  d. preplating the resulting conditioned product of step (c) with an
      electrolessly platable metal; and
PA1  e. electroplating the preplated product of step (d) with a final finish to
      obtain a metal-plated plastic product; wherein said siliceous filler is
      present in an amount ranging from 10 to 40 weight percent, said heavy
      filler is present in an amount ranging from 5 to 35 weight percent, and
      the filler system of said siliceous and said heavy filler is present in an
      amount ranging from 15 to 60 weight percent, and the weight ratio of said
      siliceous filler to said heavy filler is in the range of about 0.2:1 to
      about 5:1, and wherein the composition resulting from step (a) has a
      density not less than the density of the plating baths of steps (d) and
      (e).
NUM  2.
PAR  2. The process of claim 1 wherein said filler system is present in an
      amount ranging from 30 to 45 weight percent.
NUM  3.
PAR  3. The process of claim 2 wherein said polymer is a normally solid
      polyolefin.
NUM  4.
PAR  4. The process of claim 3 wherein said polyolefin is polyethylene.
NUM  5.
PAR  5. The process of claim 3 wherein said polyolefin is polypropylene.
NUM  6.
PAR  6. The process of claim 3 wherein said polyolefin is a copolymer of
      ethylene and propylene.
NUM  7.
PAR  7. The process of claim 6 wherein said filler system consists of silica and
      barium sulfate.
NUM  8.
PAR  8. The process of claim 6 wherein said filler system consists of silica and
      zinc oxide.
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ABST
PAL  In making an electrode for a lead-acid accumulator or the like, a
      supporting body of titanium is immersed in a boiling solution of oxalic
      acid containing the ions of a titanium-oxalato complex. This treatment is
      followed by anodic coating of the titanium body with PbO.sub.2 in an
      electrolyte containing the ions of lead (II), in the presence of a lead
      (II) salt of an amido, imido, nitrido or fluoro sulfate or phosphate at
      least during a first anodizing stage. The coated electrode may be further
      immersed in a weakly medium for a prolonged period.
PARN
PAC  CROSS-REFERENCE TO COPENDING APPLICATION
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 440,449 filed 7 Feb. 1974 (now abandoned).
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the manufacture of an electrode which
      contains lead oxide as an active material, as used in lead-acid
      accumulators or for electrolytic purposes.
PAC  BACKGROUND OF THE INVENTION
PAR  Solid electrodes of lead oxide are mechanically weak and are therefore of
      limited practical utility. Use is therefore frequently made of an inert
      metallic support, such as a plat or a grid, which is coated with lead
      oxide PbO.sub.2, preferably by electrolytic deposition. Such a support
      advantageously consists of titanium; however, firmly adhering coatings of
      lead oxide have heretofore been achieved on titanium bodies only by
      relatively complicated and costly processes.
PAC  OBJECT OF THE INVENTION
PAR  The object of the invention, therefore, is to provide a simple and
      inexpensive process for manufacturing electrodes of this nature in a
      manner insuring dependable adhesion of the lead oxide to its titanium
      support.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, in accordance with our present invention, by first
      immersing a titanium body in a mordanting bath consisting of a hot,
      preferably boiling aqueous solution of oxalic acid, containing at least
      one titanium-oxalato complex dissolved therein; thereafter, the body so
      treated is anodically coated with PbO.sub.2 in an electrolyte containing
      the ions of lead (II). Advantageously, the titanium body is initially
      cleansed and deoxidized in a pickling bath, consisting of hot diluted
      oxalic acid, which is subsequently enriched with the mordanting agent
      constituted by the aforementioned titanium-oxalato complex or complexes
      whose presence prevents any significant amount of titanium from going into
      solution with evolution of hydrogen therefrom. This treatment, especially
      at boiling temperature, expels any adsorbed hydrogen and deposits a thin
      oxalato layer on the electrode surface.
PAR  The titanium-oxalato complexes used in the mordanting bath may have a
      variety of cationic constituents including sodium, potassium or ammonium
      ions. The anions of this complex, attracted onto the titanium body upon
      positive energization thereof in an electrolyte, are destroyed in this
      anodizing step with evolution of CO.sub.2 and leave a support surface
      which is particularly receptive for the subsequent deposition of lead
      oxide. Thus, a highly homogeneous and firmly adhering PbO.sub.2 layer can
      be formed on that surface from any electrolyte containing lead (II) ions.
      The inclusion of a wetting agent, especially a nonionic one such as a
      perfluoro carbonic acid, further improves the adhesion of the coating.
PAR  According to yet another feature of our invention, the electrolyte also
      contains a high concentration of one or more additives forming ions of a
      lead salt of an organic sulfate or phosphate with a highly polar group,
      specifically an amido, imido, nitrido or fluoro group. The additive, which
      at near-saturation levels makes the solution highly conductive, may be
      introduced either directly as a sulfate or phosphate or in the form of a
      water soluble lead (II) salt together with amido etc. sulfuric or
      phosphoric acid. Lead (II) amido sulfate or a mixture of lead nitrate and
      amido sulfuric acid is especially suitable, the electrolyte being
      preferably maintained at room temperature in this instance. However,
      higher temperatures up to or even beyond 70.degree.C are permissible with
      current densities of preferably not more than about 40 mA/cm.sup.2, this
      relatively low current density improving the homogeneity of the deposit.
      Further improvements in the structure of the deposite are possible by
      repeatedly interrupting the anodic treatment for short periods, as by
      discontinuing the current flow or by removing the electrode body from the
      electrolyte. We have found that the two measures last referred to (i.e.
      the alkalinic aftertreatment and the interrupted anodization), taken
      either singly or together, result in a completely crystallized and dense
      coating surface as established by raster electron micrographs.
PAR  Advantageously, the aforementioned anodizing step is followed by a second
      electrodeposition in which the electrolyte contains only lead nitrate. We
      have found that this two-step coating results in a particularly hard and
      durable layer. Surprisingly enough, the density of that layer is increased
      by an aftertreatment in a weakly alkalinic aqueous medium, preferably with
      a pH of about 8.
PAR  The titanium body may be a solid plate, an expanded-metal sheet, a grid or
      any similar structure conventionally used in the art. Its interstices, if
      any, may be initially filled with lead oxide by conventional anodic
      treatment in an alkaline electrolyte containing a suitable lead salt.
PAR  Since the fastening of terminals to the electrode by spot welding may give
      rise to high-resistance oxidic or nitritic intermediate layers, we prefer
      to use contact clamps on the electrode to connect it in an external
      circuit (e.g. in a storage battery).
DETD
PAC  SPECIFIC EXAMPLE
PAR  A titanium sheet is cleansed by boiling it for one hour in aqueous oxalic
      acid at 15% concentration. Next, a titanium-oxalato complex with an anion
      of the [TiO(C.sub.2 O.sub.4).sub.2 ].sup.- or [Ti(C.sub.2 O.sub.4).sub.3
      ].sup.- type (cation = Na.sup.+, K.sup.+, NH.sub.4 .sup.+) is dissolved in
      the same bath until the evolution of hydrogen around the titanium sheet
      ceases. The sheet remains in this boiling solution for another two hours
      and is then immersed in an aqueous electrolyte in which 66 grs. of lead
      nitrate is dissolved along with 0.75 gr. of a wetting agent such as a
      perfluoro carbonic acid marketed under the designation FC 98 by 3M Co. To
      lower the resistance of the electrolyte, lead (II) amido sulfate is
      dissolved therein until its conductivity ranges between 10.sup.-.sup.3 and
      10.sup.-.sup.4 mho.cm.sup.-.sup.1. In this electrolyte the titanium sheet
      is anodically connected against a suitable counterelectrode to a
      direct-current source delivering 20 mA/cm.sup.2, the electrolyte being
      maintained at a temperature of 65.degree.C. The current flow is continued
      for several hours, with brief interruptions every 15 minutes, until the
      deposit of lead oxide on the sheet almost reaches the thickness desired
      for this coating. The final deposition is carried out under similar
      conditions in an electrolyte containing only lead nitrate. Finally, the
      fully coated electrode is rinsed in water and thereafter treated for two
      hours in a boiling aqueous solution of sodium hydroxide of pH .apprxeq. 8.
PAR  Electrodes so produced were tested under various charging conditions in a
      cell in which they were anodically connected by terminal clamps as
      discussed above. The following results were obtained:
PAR  a. At 40 mA/cm.sup.2 and 2.45V, in an electrolyte consisting of a 20%
      aqueous solution of sulfuric acid at room temperature, no significant
      changes were observed for at least 1000 hours.
PAR  b. Upon an increase of the charging current 100 mA/cm.sup.2 and cell
      voltage to 2.75 V, with no change in the temperature of concentration of
      the electrolyte, a slight initial loss of PbO.sub.2 was observed, followed
      by constant evolution of O.sub.2 for a period of more than 600 hours.
PAR  c. During the electrolysis of a variety of concentrated acidic aqueous
      solutions at temperatures of 95.degree.C, with a voltage of 3.9 V and a
      current density of 500 mA/cm.sup.2, the terminal voltage remained constant
      over a prolonged period. No disintegration of the electrode, e.g. as
      evidenced by the appearance of lead ions in the electrolyte, was observed
      even after extended use.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for making an electrode containing lead oxide as an active
      material, comprising the steps of:
PA1  a. immersing a body of titanium in a hot solution of oxalic acid having a
      titanium-oxalato complex dissolved therein; and
PA1  b. anodically coating the so treated body with PbO.sub.2 in an electrolyte
      containing the ions of lead (II) and the ions of a lead (II) salt of an
      organic sulfate or phosphate with a highly polar group.
NUM  2.
PAR  2. A process as defined in claim 1, comprising the further step of
      cleansing said body in hot diluted oxalic acid prior to the treatment in
      step (a).
NUM  3.
PAR  3. A process as defined in claim 1 wherein said electrolyte further
      contains a wetting agent.
NUM  4.
PAR  4. A process as defined in claim 1 wherein said highly polar group is
      amido, imido, nitrido or fluoro.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said lead salt is lead (II)
      amido sulfate.
NUM  6.
PAR  6. a process as defined in claim 1, comprising the further step of
      anodically coating the body coated in step (b) with an additional
      PbO.sub.2 layer in an electrolyte having only lead nitrate dissolved
      therein.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the body coated in step (b) is
      boiled in a weakly alkalinic aqueous medium.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the anodic coating in step (b)
      is repeatedly interrupted for short periods.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the solution in step (a) is
      maintained at boiling temperature.
NUM  10.
PAR  10. A process for making an electrode containing lead oxide as an active
      material, comprising the steps of:
PA1  a. immersing a body of titanium in a hot solution of oxalic acid having a
      titanium-oxalato complex dissolved therein;
PA1  b. anodically coating the so treated body with PbO.sub.2 in an electrolyte
      containing the ions of lead (II); and
PA1  c. boiling the body so coated in a weakly alkalinic aqueous medium.
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ABST
PAL  A method for forming an insulating film on an interconnection layer for an
      integrated circuit, or the like, includes the steps of forming an aluminum
      layer on the surface of a substrate, oxidizing a thin portion of the upper
      surface of the aluminum layer in order to convert the thin parts into a
      porous alumina film, applying a photoresist film having a predetermined
      pattern on the upper surface of the porous alumina film, and etching those
      portions of the porous alumina film, together with the aluminum layer
      which are not covered with the photoresist film. Then, the photoresist
      film is removed and an aluminum film is formed on the entire surface of
      the resulting substrate; the aluminum film is oxidized, to form a porous
      alumina film, and the surface of the remaining aluminum layer is anodized,
      in order to form a non-porous alumina film. Finally, unnecessary portions
      of the remaining porous alumina film are removed, and a film is formed by
      chemical vapor deposition on the resulting structure.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application relates to subject matter described in U.S. Pat.
      Application No. 431,556 filed on even date herewith, now U.S. Pat. No.
      3,855,112, by the applicants of the present application and assigned to
      the assignee of the present application, entitled "Method of Manufacturing
      Interconnection Substrate" which relates to Japanese Priority Application
      5979/73 filed in Japan on Jan. 12, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of forming an insulating film on,
      for example, the interconnection layer in an integrated circuit, or the
      like. The surface of the interconnection portions of the uppermost layer
      of multi-interconnection layers are oxidized to form a film of a metallic
      oxide, so as to enhance the moisture resistance of the interconnection
      layers and to enable the manufacture of a protective film or insulating
      film for the interconnection layers, so as to prevent deterioration of the
      moisture-resisting protective film which covers the uppermost layer of the
      interconnection portions.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In general, in integrated circuits and the like, in order to prevent
      metallic interconnection portions made of aluminum or the like from being
      corroded by moisture or the like, subsequent to the formation of the
      interconnections, a protective film has been formed, for example, by a
      chemical vapor deposition technique on the surface of the aluminum
      interconnection portions.
PAR  However, such a formed aluminum interconnection portion has, at its
      shoulder portions, sharp corners, and the chemical-vapor-deposition film
      to be formed on the upper surface of the aluminum interconnections does
      not have a uniform thickness; also, the thickness is extremely thin in the
      vicinity of the corners of the interconnection portion. As a result, the
      possibility of existence of pinholes is quite high, so that moisture can
      penetrate into the chemical-vapor-deposition film and corrode the aluminum
      interconnection portions, thereby causing disconnection problems.
PAR  On the other hand, if the chemical-vapor-deposition film has a substantial
      thickness, in order to prevent the occurrence of pinholes, because of the
      difference in the coefficients of thermal expansion of the substrate and
      the chemical-vapor-deposition film, cracks result in the
      chemical-vapor-deposition film due to thermal stresses resulting from heat
      generated during the operation of the semiconductor device.
PAR  In one technique of forming a multi-layer interconnection arrangement,
      which has been previously attempted, in order to enhance the moisture
      resistance properties, the chemical-vapor-deposition film has been formed
      so that the thickness thereof is evenly distributed along the surface of
      the interconnection portions and, also, the surface of the interconnection
      portions have been lightly anodized to form a thin film of a metallic
      oxide thereon. More specifically, the upper surface of an aluminum layer
      in a multi-layer laminar structure is thinly anodized to form an alumina
      layer and, subsequently, the structure is then etched in order to provide
      a gentle or gradual slope for the ends and side portions of the upper
      surface of the interconnection portions of the first layer, in order that
      the insulating film and interconnection portions of a second subsequent
      layer may be uniformly formed on the upper surface of the interconnection
      portions of the first layer and, moreover, in order that any
      short-circuiting and disconnecting problems might be prevented.
PAR  In this method, however, the alumina film is formed only on the upper
      surface of the aluminum interconnection portions, the
      chemical-vapor-deposition film itself is not satisfactorily resistant to
      moisture and, in addition, the film is somewhat thin at the side portions
      of the interconnections, so that the aluminum interconnection portions
      become corroded at the side portions thereof as a result of moisture or
      the like which penetrates through the chemical-vapor-deposition film.
PAR  In order to prevent the aluminum interconnection portions from becoming
      corroded at the sides thereof, one proposal has been to cover the entire
      surface of the aluminum interconnection portions with an alumina film, as
      depicted in FIG. 1 (B), of the drewings, so as to enhance the reliability
      and electrical characteristics of the interconnection portion against
      moisture and chemicals. This method includes the formation of a non-porous
      alumina film 2, which acts as an insulator, at a portion of the surface of
      the aluminum layer 1, as depicted in FIG. 1 (A). The aluminum layer 1 is
      anodized by using the alumina film 2 as a mask, with a porous alumina film
      1 (a) being formed as shown in FIG. 1 (B). In this case, the aluminum
      layer beneath the non-porous alumina film 2 is masked by the alumina film
      2, and, accordingly is not anodized, with an aluminum interconnection
      portion 1 (b) being formed. By using a predetermined electrolyte for the
      anodization, a non-porous alumina film 2a can be formed on the sides of
      the aluminum interconnection portion from the electrolyte, e.g., an oxalic
      acid, which penetrates through the porous alumina.
PAR  Since, however, in the above method, the entire thickness of the evaporated
      and formed aluminum layer must be anodized, this method has had
      disadvantages in that a considerable amount of time is required to carry
      out the method and in that there sometimes remain portions which are not
      anodized. For this reason, in order to perfectly anodize the side portions
      of all of the aluminum interconnection portions, it is necessary to
      partially short-circuit the aluminum interconnections therebetween, which
      necessarily leads to the disadvantage that the number of steps required in
      the method is increased and the efficiency of manufacture decreases.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the above disadvantages and problems, by
      oxidizing a thin upper surface portion of a metallic layer which is
      evaporated and formed on a substrate to form a metallic oxide film. A
      photoresist film, employed as a mask, is formed on the metallic oxide
      film, and an etching treatment is applied thereto, to form interconnection
      portions. Thereafter, a second metallic film is formed on the substrates
      to cover all of the surfaces of the interconnection portions and the
      second metallic film is completely oxidized to form a porous film
      therefrom. Thereafter, an additional oxidizing treatment is carried out to
      form a non-porous film on all of the surfaces of the interconnection
      portions, so that the sides of the interconnection portions can also be
      covered with a metallic oxide film thereby significantly enhancing the
      degree of moisture resistance. Also, a metallic layer which is formed by
      evaporation does not have to be oxidized, as compared with the prior art,
      but all that is necessary is that the second thin metallic film which is
      evaporated and formed subsequent to the formation of the interconnection
      portions, be oxidized, so as to permit the time required for carrying out
      the method to be shortened and to permit metallic oxidization to be
      perfectly effective.
PAR  Moreover, since the second metallic film is oxidized, a reliable and
      uniform oxidization treatment can be effected even when the
      interconnection substrate has stepped portions and, since a simple
      oxidization process is carried out subsequent to the formation of the
      interconnection portions, the present invention can be employed for the
      manufacture of an interconnection substrate having a high degree of
      integration, such as in an MOS device and an LSI.
PAR  Also, since the interconnection portions are formed by etching the metallic
      layer underneath a metallic oxide film, the upper surface ends and side
      portions of the interconnection portions are formed to have a gentle
      slope, so that a moisture-resistant protective film, such as a film
      deposited by chemical-vapor-deposition techniques, can be disposed on the
      interconnection portions with a uniform thickness and with a smooth
      surface. As a result, pinhole deterioration of the
      chemical-vapor-deposition film can be prevented and corrosion of the
      interconnection portions by water or chemicals can be avoided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIGS. 1 (A) and 1 (B) are cross sectional views for explaining the
      above-mentioned prior art method of forming a protective film made of a
      metallic oxide on the surface of an interconnection portion; and
PAR  FIGS. 2 (A) - 2(H) are cross sectional side views of a substrate and
      interconnection layers for explaining the steps of manufacture of an
      interconnection substrate in accordance with an embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference now to FIGS. 2 (A) - 2(H), an aluminum layer 7 is initially
      evaporated onto a protective film (or onto an underlying insulating
      protective film) 6, such as SiO.sub.2, Si.sub.3 N.sub.4 and SiO.sub.2 --
      P.sub.2 O.sub.5, disposed on a semiconductor substrate (or on an
      underlying conductor portion) 5, such as silicon, germanium and an
      intermetallic compound, or an insulator such as ceramic and glass plates.
      The thickness of the aluminum layer 7 is approximately 1.4 microns.
PAR  Then, as shown in FIG. 2 (B) the upper surface of the aluminum layer 7 is
      oxidized by a conventional anodization process, so as to form a porous
      alumina (Al.sub.2 O.sub.3) film 8. The porous alumina film 8 may be formed
      by oxidizing the aluminum layer 7 and, for such oxidization process, a 5%
      oxalic acid may be employed as the treating liquid during anodization. The
      anodization process is carried out for 60 minutes under an applied voltage
      of 1 volt using such a treating solution. As a result a porous alumina
      film 8, 1500 A thick, is formed on aluminum layer 7.
PAR  Then, as shown in FIG. 2 (C) a photoresist film 9a, 9b is selectively
      formed by a conventional photoresist deposition process, for example, the
      spinner method, on the porous alumina film 8.
PAR  Next, using the selectively formed photoresist film portions 9a and 9b as a
      corrosion-proof mask, the aluminum layer 7 and the alumina film 8 are
      etched. The degree of adherence of the photoresist film 9a, 9b to the
      alumina film 8 is quite strong. A suitable etchant may consist, for
      example, of a mixed solution of phosphoric acid (H.sub.3 PO.sub.4), acetic
      acid (CH.sub.3 COOH), water (H.sub.2 O), ammonium fluoride (NH.sub.4 F)
      and nitric acid (HNO.sub.3), mixed in respective proportions of 760cc,
      150cc, 50cc, 20-60cc, and 30cc. With the porous alumina film 8 having an
      etching rate greater than the etching rate of the aluminum layer 7, with
      the volume of NH.sub.4 F in the etchant within the above range of 20-60cc,
      the etching rate ratio of the alumina layer 8 to the aluminum layer 7 can
      be from 2 : 1 to 3 : 1. Namely, for example, the etching rate of the
      etchant for the aluminum layer 7 may be 1000  A/min., while that for the
      porous alumina layer 8 is 2,500 A/min. The temperature of the solution may
      lie within a range of about 30.degree. to 50.degree., and is preferably at
      40.degree.C.
PAR  With the etching rate of the alumina film 8 being greater than that of the
      aluminum film 7, and the alumina film 8 being etched to a greater degree
      in the lateral direction, rather than vertically, the sloped formation for
      the aluminum layer portions 7a, 7b upon which the porous alumina film 8a,
      8b is formed, results.
PAR  Then, the photoresist film portions 9a and 9b are removed by a conventional
      photoresist removing solution, e.g. benzenesulfonic acid, and, thereafter,
      an aluminum film 10 is evaporated on the entire upper surface of the
      resulting structure, as shown in FIG. 2 (E). The thickness of the
      deposited aluminum film 10 is approximately 500-3000 A. In this case, the
      aluminum film 10 has a substantially even thickness distribution and can
      be uniformly evaporated and formed even when the substrate has stepped
      portions, so that a subsequent anodization treatment to be carried out
      will provide a smooth surface.
PAR  Subsequent to the formation of the aluminum film 10, on the resulting
      substrate structure 5-6-7a,7b-8a-8b, the aluminum film 10 is anodized by
      the use of a 5% oxalic acid as the electrolyte, as described above, to
      form a porous alumina film 11, as shown in FIG. 2 (F). The conditions of
      the anodization treatment in this case are the same as the previous
      treatment.
PAR  The thickness of the porous alumina film 11 is approximately 500-3000 A. In
      this case, the alumina film 8a, 8b overlying the interconnection portions
      7a-7b becomes integral with the newly formed alumina film 11. Yet, if
      desired, the alumina film portions 8a, 8b may be removed prior to the
      evaporation of the secondary aluminum film 10 without any harmful results.
PAR  When the porous alumina film 11 is formed, the thickness of the same can be
      quite substantial, so as to protect the interconnection portions against
      external mechanical forces which may be exerted thereon and, with a thick
      alumina film, the durability of the interconnection portions is enhanced.
      However, the film 11 does not have a sufficient moisture resistance in and
      of itself, although it be thickly formed, so that a subsequent anodization
      treatment is carried out. This anodization treatment is carried out using
      a 5% ammonium tetraborate solution, with a voltage of 100 volts applied
      for a period of 5 minutes to form a non-porous alumina film 12a, 12b,
      thereby covering all of the surfaces of the interconnection portions 7a,
      7b, as shown in FIG. 2 (G).
PAR  The non-porous alumina film 12a, 12b is formed so that a very thin
      non-porous portion of the porous alumina film 11 beneath respective porous
      portions becomes thickened. The thickness of the non-porous alumina film
      12a, 12b is approximately 1000-1500 A. Of course, for a desired case it
      depends upon the applied voltage, with the increase in the thickness
      saturating after a period of treating time. After a period of about 5
      minutes has elapsed, growth of the non-porous alumina film ceases, so that
      its thickness is at a constant value. Therefore, it may be said that the
      thickness grows to a value corresponding to the relationship 15 A/volt
      applied. As a result, for an applied voltage of 100 volts, as described
      above, a non-porous alumina film 1500 A thick can be obtained. This
      non-porous alumina film 12a, 12b has extremely good moisture resistance
      characteristics and, moreover, effectively acts as a protective film
      against chemical action, so that it further protects the interconnection
      portions 7a, 7b from corrosion.
PAR  As was mentioned above, the protective film on the interconnection portion
      7a, 7b can be formed to have a sufficient thickness, by the use of a
      double structure consisting of a porous alumina film 11 and a non-porous
      alumina film 12a, 12b so that the protective film becomes quite stable.
PAR  Next, as depicted in FIG. 2 (H), unnecessary portions of the porous alumina
      film 11 are removed, and a protective film 13 formed by
      chemical-vapor-deposition techniques is formed on the substrate to thereby
      cover the interconnection portions 7a, 7b. An SiO.sub.2 film (0.5 to 0.8
      .mu. thick), as the protective film, can be used by thermally decomposing
      silane compounds, for example, a monosilane at 400.degree.C.
PAR  Here, because the interconnection portions 7a, 7b have their upper surface
      ends and sides formed with a gentle slope, the chemical-vapor-deposition
      film is formed over the interconnection portions 7a, 7b with a uniform
      thickness and gently slope.
PAR  For providing wire bonding pads, the chemical-vapor-deposition film 13 is
      etched and removed and, since the aluminum interconnection portions 7a, 7b
      are covered with a porous alumina film 11a, 11b and a non-porous alumina
      film 12a, 12b, they are not attacked by the etchant so that the secondary
      effect of etching the chemical-vapor-deposition film etching treatment is
      prevented.
PAR  The protective film to be formed on the surfaces of the interconnection
      portions may be a structure consisting on only non-porous alumina. In this
      case, the non-porous alumina film can be formed directly on the entire
      surfaces of the interconnection portions by the use of a prescribed
      electrolyte. Although the thickness of the non-porous film is
      comparatively small, in this case, the non-porous film can act
      satisfactorily as a protective film, due to its excellent moisture and
      chemical attacking resistant properties.
PAR  From the foregoing description, it will be readily appreciated that the
      range of application of the method of the present invention can be varied
      widely and is applicable to aluminum interconnections for transistors,
      Integrated Circuits, and Large Scale Integrated Circuits. For the
      manufacture of a multi-layer interconnection structure, it is applicable
      to the interconnection portions of all the layers or, if desired, it may
      be applied to only a single layer interconnection and to a single
      electrode.
PAR  While We have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and We therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a protected interconnection layer overlying the
      surface of a substrate structure comprising the steps of:
PA1  a. forming a first metallic layer over the surface of said substrate
      structure;
PA1  b. anodically oxidizing a thin portion of the upper surface of said first
      metallic layer to form a first porous metallic-oxide insulating film on
      said first metallic layer;
PA1  c. selectively removing prescribed portions of said porous film and said
      first metallic layer to expose the surface of said substrate structure and
      to form gradually sloping side surfaces of said first metallic layer;
PA1  d. forming a second metallic layer on the entire surface of the substrate
      structure and layer resulting from said (c);
PA1  e. anodically oxidizing said second metallic layer to form a second porous
      metallic oxide film therefrom;
PA1  f. anodically converting the surface portion of said first metallic layer
      facing said second porous metallic oxide film into a non-porous metallic
      oxide film;
PA1  g. removing portions of said second porous metallic oxide film lying in the
      etched-out portions of said first metallic layer on said substrate
      structure; and
PA1  h. forming, by chemical vapor deposition, a further protective insulating
      film on the substrate resulting from step (g).
NUM  2.
PAR  2. A method according to claim 1, wherein said metallic layers are made of
      aluminum, said porous oxide films are alumina films, and said step (f)
      comprises anodizing the first aluminum layer to form a thin non-porous
      alumina film.
NUM  3.
PAR  3. A method according to claim 2, wherein said step (c) comprises
      selectively etching said prescribed portions of said first porous alumina
      film and said first aluminum layer with an etchant, the etching rate of
      which with respect to said aluminum layer is smaller than its etching rate
      with respect to said first alumina layer.
NUM  4.
PAR  4. A method according to claim 3, wherein said step (b) comprises the step
      of anodizing said thin portion of the upper surface of said first aluminum
      layer to form a first porous alumina insulating film.
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ABST
PAL  A colored oxide film on the surface of aluminium or an alloy thereof can be
      formed by anodizing at a D.C. voltage in an electrolyte based on sulfuric
      acid, followed by alternating current electrolysis at an A.C. voltage
      which is lower than the D.C. voltage.
PAL  In order to increase the degree of coloring of the colored oxide film,
      after the alternating current electrolysis the A.C. voltage is raised to a
      higher level but lower than the D.C. voltage, followed by dropping the
      voltage down to a level of the A.C. voltage or thereabout.
BSUM
PAR  The present invention relates to an anodizing process for aluminium or an
      aluminium base alloy and more particularly to a method of forming a
      colored oxide film on the surface of aluminium or an aluminium base alloy
      by the combination of direct current anodizing and alternating current
      electrolysis.
PAR  The known methods which have been used to form a colored oxide film on an
      aluminium substrate include the following:
PA1  A. Anodizing of aluminium in an electrolyte of an organic sulfonic acid;
PA1  B. Anodizing of aluminium in an aqueous sulfuric acid solution followed by
      the immersion of the anodized aluminium in a solution containing an
      inorganic metal salt;
PA1  C. Anodizing of aluminium in an aqueous sulfuric acid solution, followed by
      subjecting the anodized aluminium to alternating current electroylsis in a
      solution containing a heavy metal salt.
PAR  These methods, however, have some disadvantages as mentioned below:
PAR  Method (a) which is described, for example, in Japanese Pat. Specfication
      No. 296079, is carried out in an electrolyte which is much more expensive
      than sulfuric acid and under electrolysis conditions of a high voltage and
      current density. Thus, its installation is costly. Method (b) includes one
      in which anodized aluminium is immersed in a solution of ferric ammonium
      oxalate to develop golden color and one described in Japanese Pat.
      Publication No. 9805/69.  Such immersion methods are difficult to achieve
      uniform coloring and not easy to control pH in an immersion bath. Method
      (c) which is described, as a typical example, in Japanese Patent
      Specification No. 310,40l, imports excellent light resistance and a wide
      range of color tones to the film and so broadly used. However, this method
      also has some drawbacks that it is difficult to control the coloring bath,
      the use of two electrolysis bathes renderes the process complicated and
      the presence of heavy metal ions causes the problem of pollution.
PAR  An object of the present invention is to provide a process of forming a
      colored oxide film in an anodizing manner which can overcome the
      abovementioned drowbacks of the prior art methods.
PAR  According to an aspect of the present invention, therefore, there is
      provided a process of forming a colored oxide film on the surface of
      aluminium or an aluminium base alloy, which comprises subjecting it to
      anodizing at a direct-current voltage E.sub.1 in an electrolyte based on
      sulfuric acid to give a substantially colorless oxide film of a required
      thickness and then subjecting the anodized aluminium or alloy to
      alternating current electrolysis at a voltage E.sub.2 which is lower than
      the voltage E.sub.1.
PAR  In the process of the invention, the direct current anodizing is carried
      out in an electrolyte based on sulfuric acid, for example, in an aqueous
      solution of 10 to 15% by weight of sulfuric acid and under normal
      anodizing conditions, for example, at a current density of 1 A/dm.sup.2
      for a period of 40 minutes. The voltage E.sub.1 to be impressed is
      generally 10 to 20 volts. After a substantially colorless transparent
      oxide film has been formed on the surface of aluminium or an alloy thereof
      to a required thickness, the impressed voltage is dropped down to zero
      with interruption of the direct current.
PAR  Then, a voltage E.sub.2 which is lower than the voltage E.sub.1 is applied
      through an alternating current or a highly pulsating current source to
      carry out the alternating current electrolysis. With the impressed voltage
      E.sub.2 of a level lower than that of E.sub.1, no electric current flows
      immediately but it begins to flow gradually after the lapse of several
      seconds or minutes and reaches a stationary current after a while. This
      phenomenon is commonly designated as "recovery effect" and the time after
      an electric current begins to flow and before it reaches a stationary
      current is denoted as "recovery time".
PAR  The present invention is based on the discovery that said recovery effect
      plays a part in coloring of the anodized oxide film and thus a colored
      film of a variety of color tones may be formed by appropriately selecting
      the anodizing and/or alternating current electrolysis conditions such as
      impressed voltage, composition of electrolyte and temperature and time of
      electrolysis.
PAR  A colored oxide film can be obtained by displaying the recovery effect only
      once, in which case, however, the degree of coloring is often lower. It is
      therefore advisable to display the recovery effect repeatedly so as to
      obtain an oxide film of a higher degree of coloring. For this purpose, it
      is essential to raise the voltage E.sub.2 to a level of E.sub.3 over a
      short time after continuing to impress the voltage E.sub.2 for a given
      period of time but before reaching the stationary current, the level of
      E.sub.3 being higher than that of E.sub.2 but lower than that of E.sub.1,
      and then to suddenly drop the voltage E.sub.3 again down to the level of
      E.sub.2 or thereabout. Two or more repetitions of the operation of the
      rise and drop in voltage may vary the color tone of the film by degrees.
PAR  Each of the voltages E.sub.2 and E.sub.3 to be applied in the repeat
      operations may vary somewhat, for example, within a limit up to 1 volt.
PAR  An electrolyte for use in the present process is one based on sulfuric acid
      and is usually an aqueous solution of 4 to 15% by weight of sulfuric acid.
      It has been found that color tone of the film may be more or less shifted
      by adding to the electrolyte a small amount of an ammonium salt or a metal
      salt including salts of Ni, Co, Cu, Nm, Zn, Cr, Sn and V with sulfuric,
      hydrochloric, nitric, phosphoric, chromic or oxalic acid.
PAR  Further, it has been found possible to give an oxide film of a more opaque
      color tone by adding to the electrolyte an acid including boric acid,
      organic dicarboxylic acids such as oxalic, malonic, maleic or tartaric
      acid and organic sulfonic acids such as p-phenol sulfonic or
      sulfosalicylic acid.
PAR  The amount of these salts or acids to be added may be generally in the
      range 0.1 to 10% by weight of the electrolyte used. These salts or acids
      may also act as stabilizers for the electrolyte.
PAR  The present invention is further illustrated with reference to the
      accompanying drawing, in which the figure includes two graphs each showing
      the variation of the voltage and electric current applied with lapse of
      time in the D.C. anodizing and the A.C. electrolysis according to an
      embodiment of the invention.
PAR  Firstly, the anodizing is carried out at a direct-current voltage E.sub.1
      in a conventional manner to form an oxide film of a required thickness
      (e.g. 10 microns) on the surface of aluminium or an alloy thereof.
PAR  After interrupting the passage of the electric current, an
      alternating-current or a highly pulsating-current voltage E.sub.2 is
      impressed which is lower than the voltage E.sub.1. The impressed voltage
      E.sub.2 (mean value) is generally 1 to 5 volts, preferably 2 to 4 volts.
      The lower the voltage, the longer the recovery time, which results in the
      formation of the opaquer film of greyish black color. On the other hand,
      with a higher level of the voltage E.sub.2 the film formed looks nearly
      transparent and pale bronze, crimson or green in color. If a voltage
      exceeding 4 volts is applied, the recovery time will fall within one
      minute, when it will be difficult to obtain a colored oxide film.
PAR  The time during which the voltage E.sub.2 is applied may vary depending on
      the electrolysis conditions and the desired color tones, although it is
      generally 2 to 20 minutes.
PAR  The D.C. anodizing at the voltage E.sub.1 and the subsequent A.C.
      electrolysis at the voltage E.sub.2 may be carried out in the same
      electrolyte of an aqueous sulfuric acid solution or alternatively in
      different electrolytes, for example, by adding a metal salt or an acid as
      set out above to an electrolyte to be used in either treatment.
PAR  With an aqueous sulfuric acid solution as electrolyte, its concentration of
      lower than 4% by weight tends to cause pitting during the first anodizing
      while the concentration of higher than 15% by weight gives a too short of
      a recovery time leading to unsatisfactory coloring.
PAR  The temperature of the electrolyte is preferably in the range of 20.degree.
       to 40.degree.C. In general, the lower the temperature, the longer the
      recovery time which results in the formation of the film of greyish black
      color. At a temperature exceeding 40.degree.C considerable dissolution by
      sulfuric acid will take place and hence it will be difficult to form a
      desirable colored film.
PAR  As a result of the recovery effect from the application of the voltage
      E.sub.2 there may be formed a colored oxide film. Where it is intended to
      increase the degree of coloring of the film, it is required to raise the
      voltage E.sub.2 to a level of E.sub.3, for example, on the order of 10
      volts, which is lower than that of E.sub.1 before the electric current
      reaches the stationary state, for instance, when the current density has
      amounted to 0.3 to 1.3 A/dm.sup.2. After applying the voltage E.sub.3 for
      1 to 5 seconds, it is suddenly dropped down to the level of E.sub.2 or
      thereabout to again display the recovery effect. If necessary or desired,
      the operation of the rise and drop in voltage can be further repeated.
PAR  As seen from the graph of electric current-time, the electric current is
      reduced to zero on the sudden drop of the voltage from E.sub.3 to E.sub.2.
PAR  The process of the invention can be applied to any anodizable aluminium and
      aluminium base alloy and has the following advantages:
PA1  1. It is sufficient to use an aqueous sulfuric acid solution alone as
      electrolyte, which leads to no pollution concerns, low cost for carrying
      the process into practice and good stability of the electrolyte.
PA1  2. The desired object can be attained using D.C. and A.C. sources,
      resulting in inexpensive installations.
PA1  3. Since the overall processes may be effected in the same bath, the course
      of the processes is short and the control thereof is easy.
PA1  4. There may be formed films of a wide range of color tones regardless of
      the nature of the material to be anodized.
PAR  The following examples further illustrate, but in no way limit the present
      invention.
DETD
PAC  EXAMPLE 1
PAR  Using as an anode an extruded form (50.times.100.times.1 mm) of aluminium
      alloy composed of Al, Mg and Si in weight proportions of 1:0 6:0.45 and as
      cathode a carbon plate, the anodizing through a direct current source was
      carried out at a current density of 1 A/dm.sup.2 in an aqueous solution of
      5% by weight of sulfuric acid at 25.degree.C for 10 minutes. Thus, a
      substantially colorless transparent oxide film of 2.5 microns thick was
      formed on the surface of the aluminium alloy.
PAR  Then, the anodized aluminium alloy was subjected to the alternating current
      electrolysis at a voltage of 2.5 volts in the same electrolyte. At first
      no electric current was found to flow but it began to flow gradually with
      lapse of time. It was observed that the color of the film was shifting to
      grey with evolution of gases from the surface of the aluminium alloy. Ten
      minutes later the electric current ceased to pass when the current density
      amounted to 0.3 A/dm.sup.2.
PAR  The film thus formed had a grey color and a thickness of 2.5 microns
      unchanged.
PAC  EXAMPLE 2
PAR  Using the same extruded form of aluminium alloy as in Example 1, the D.C.
      anodizing was carried out at a current density of 1 A/dm.sup.2 in an
      aqueous solution of 10% by weight of sulfuric acid at 35.degree.C for 10
      minutes. Then, through an A.C. source a voltage of 3.0 volts was applied.
      Seven minutes later the electric current ceased to pass when the current
      density was 0.7 A/dm.sup.2. The film thus formed was bronze in color.
PAC  EXAMPLE 3
PAR  The D.C. anodizing was effected in the same manner as in Example 1, except
      that the anodizing time was 40 minutes, to form an oxide film of 10
      microns thick.
PAR  Then, the anodized aluminium was subjected to the A.C. electrolysis at a
      voltage of 2.5 volts. 15 Minutes later, when the current density amounted
      to 1.0 A/dm.sup.2, the voltage was raised to 10 volts over 30 seconds.
      After a few seconds the voltage was suddenly dropped down again to 2.5
      volts. Then, the electric current was interrupted but began to flow after
      a while. About 5 minutes after the voltage was retained at 2.5 volts, the
      current density amounted to 1 A/dm.sup.2, when the electric current was
      ceased to pass.
PAR  The film so formed had a color slightly deeper grey than that of the film
      obtained in Example 1.
PAC  EXAMPLE 4
PAR  Following the procedure as described in Example 3 except that the operation
      of the rise and drop in voltage was repeated four times (that is, the
      recovery effect was repeatedly displayed four times), the film formed was
      deep greyish black in color.
PAC  EXAMPLE 5
PAR  Following the procedure as in Example 3 except that the material to be
      anodized was replaced by pure aluminium, the film obtained had a grey
      color and appeared slightly transparent.
PAC  EXAMPLE 6
PAR  By a similar procedure to that of Example 3, the anodizing through a D.C.
      source was carried out in an aqueous solution of 7% by weight of sulfuric
      acid at 350.degree.C for 30 minutes.
PAR  Then, a voltage of 2.5 volts was applied through an A.C. source, three
      minutes after which the voltage was raised to 8 volts and then suddenly
      dropped down to 2.5 volts. Three repetitions of the operation of the rise
      and drop in voltage gave the film of a bronze color.
PAC  EXAMPLE 7
PAR  Following the procedure as described in Example 6 except that the
      concentration of an aqueous sulfuric acid solution was 10% by weight, the
      film formed had a redish violet color.
PAC  EXAMPLE 8
PAR  The same procedure as in Example 6 was repeated but the electrolyte
      employed was an aqueous solution of 10% by weight of sulfuric acid to
      which 0.5% by weight of zinc sulfate had been added. The film thus formed
      had a green color.
PAC  EXAMPLE 9
PAR  The D.C. anodizing was carried out for 40 minutes under similar conditions
      to those of Example 1, with a variant that there was used as electrolyte
      an aqueous solution of 10% by weight of sulfuric acid to which 1.0% by
      weight of p-phenol sulfonic acid had been added.
PAR  Then, the anodized aluminium was subjected to the A.C. electrolysis at a
      voltage of 2.5 volts, ten minutes after which the voltage was raised to 10
      volts. Thereafter, the voltage was suddenly dropped down to 2.5 volts and
      the electric current was ceased to pass when the current density amounted
      to 1 A/dm.sup.2.
PAR  The film so formed was deep grey in color.
PAC  EXAMPLE 10
PAR  Following the procedure as in Example 1 except that 1% by weight of
      ammonium molybdate was added to the aqueous sulfuric acid solution, the
      film formed was slightly redish grey in color.
PAC  EXAMPLE 11
PAR  Using as an anode a plate of pure aluminium 1100-H24 (JIS Standard) and as
      a cathode a carbon plate, the anodizing through a D.C. current was carried
      out at a current density of 1 A/dm.sup.2 in an aqueous solution of 14% by
      weight of sulfuric acid and 1% by weight of copper sulfate at a
      temperature of 25.degree.C for 10 minutes. The oxide film formed was 2.5
      microns thick.
PAR  Then, the anodized aluminium was subjected to the A.C. electrolysis at a
      voltage of 2.5 volts in the same electrolyte, about eight minutes after
      which the voltage was raised to 10 volts and then dropped suddenly down to
      2.5 volts. Three repetitions of the operation of the rise and drop in
      voltage yielded the film of a redish bronze color.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of forming a colored oxide film on a substrate of aluminium or
      an aluminium alloy, which comprises subjecting the substrate to anodizing
      at a direct-current voltage E.sub.1 of 10 to 20 volts in an electrolyte
      comprising an aqueous solution of 4 to 15% by weight of sulfuric acid to
      form a substantially colorless oxide film on the surface of the substrate,
      then dropping the voltage E.sub.1 to zero and subjecting the substrate
      carrying the oxide film on its surface to electrolytic treatment in the
      same electrolyte by applying an alternating-current voltage E.sub.2 of 2
      to 4 volts for a period of 2 to 20 minutes to develop a recovery effect
      and obtain an oxide film of desired color tone.
NUM  2.
PAR  2. A process as claimed in claim 1, which further comprises raising the
      voltage E.sub.2 to a higher voltage E.sub.3 in the range 5 to 10 volts and
      suddenly dropping the voltage E.sub.3 after applying it for a period of
      seconds down to a voltage within the range of E.sub.2.
NUM  3.
PAR  3. A process as claimed in claim 2, which further comprises repeating the
      voltage cycle of the rise and the drop once or more times.
NUM  4.
PAR  4. A process as claimed in claim 1, in which there is present in the
      electrolyte an acid selected from boric, oxalic, malonic, maleic,
      tartaric, p-phenol sulfonic and sulfosalicylic acids in an amount of 0.1
      to 10% by weight of the electrolyte.
NUM  5.
PAR  5. A process as claimed in claim 1, in which the electrolyte is maintained
      at a temperature of 20.degree. to 40.degree.C while the voltage E.sub.2 is
      being applied.
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ABST
PAL  This invention relates to a method of controlling the composition of an
      electrocoating bath, and, in particular, the neutralization agent content
      of such a bath wherein the electrocoating current is sensed and in
      accordance therewith a particular amount of ultrafilter permeate is
      discarded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to an improved method of electrocoating
      water-soluble or water-dispersible coating resins onto a conductive
      surface and specifically to the control of amines in an amine neutralized
      polycarboxylic acid resin system, such as is taught in U.S. Pat. Nos.
      3,230,162; 3,382,165; and the like.
PAR  Electrodeposition of water-based coatings, commonly termed electrocoating,
      is a coating process which has many advantages over other coating methods,
      such as spraying, dipping, rolling and the like. The advantages are
      numerous. The process deposits a film of uniform thickness on essentially
      any conductive surface even those having sharp points and edges. The
      electrocoated film applied is relatively water-free, and thus will not run
      or drip when taken out of the bath. Because little or no organic solvents
      are used in resin systems, the process is essentially fumeless and
      requires no extensive fume collection and incineration equipment. This
      latter point is important in view of the increased concern over
      environmental pollution. An additional advantage is the fact that a second
      or top coat can be applied over the electrocoated film without curing the
      electrocoated film and both coats can be cured in one baking operation. By
      eliminating the necessity of two furnaces, the cost of a two-coat process
      can be considerably reduced.
PAR  The electrocoating process generally comprises immersing the article to be
      coated into the electrocoating bath, usually as an anode, and passing a
      current through the bath between the article and an electrode. The process
      is usually self-arresting in that as the thickness of the coating
      increases, the resistance thereof also increases, thereby decreasing the
      electrodeposition rate.
PAR  Most commercially available resins for anodic electrocoating generally are
      polycarboxylic acid-based resins, such as those described in the
      previously mentioned patents which issued to Gilchrist. To solubilize the
      resins, usually the resin is completely or nearly completely neutralized
      by a base, such as an organic amine, such as diisopropanolamine,
      dimethylethanolamine, triethylamine or ammonium hydroxide or other
      suitable base, such as KOH, LiOH and NaOH. During electrocoating when the
      polycarboxylic acid-based resin is electrodeposited, the organic amine or
      other neutralizing agent is released taking on a hydrogen ion and is
      driven to the cathode where H.sub.2 is usually liberated. The organic
      amine or other neutralizing agent is not deposited in the coating and will
      stay in the bath except for small amounts which may be lost through
      dragout. Unless removed, the neutralizing agent will gradually build up in
      the bath and interfere with the electrocoating process. To remove the
      neutralizing agent and other low molecular materials, the bath is usually
      passed through an ultrafilter or other suitable device. For an excellent
      discussion on the use of ultrafilters in the purification of an
      electrocoating bath, see the article "Ultrafiltration of Electrocoating
      Systems," in Nonpolluting Coatings and Coating Processes, Plenum Press,
      (1973) edited by J. L. Gardon and J. W. Prane and the article written by
      A. S. Michaels in Chemical Engineering Progress, Vol. 64, No. 12, 31-43.
PAR  Prior methods of controlling the neutralizing agent and other components in
      the electrocoating bath generally comprise determining the concentration
      of neutralizing agent and other components in the bath and then discarding
      a particular amount of the ultrafilter permeate for those components in
      excess, such as organic amines, and adding components, such as
      solubilizing or coupling agents and deionized water in which the bath is
      deficient. Usually, deionized water must be added due to the water which
      is discarded with the permeate. However, unless the analysis and permeate
      disposal is done frequently, a considerable variation in the amine level
      and other components can result, thus seriously interfering with the
      electrocoating operations. Frequent analysis is both troublesome and
      expensive.
PAR  Against this background, the present invention was developed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 generally are schematic drawings of various embodiments of
      the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to automatically controlling the composition of an
      electrocoating bath, and, in particular, to a method of automatically
      controlling the content of the neutralization agent in an electrocoating
      bath containing polycarboxylic acid resin.
PAR  In accordance with the invention, the electrocoating current is sensed and
      in response to the sensed current, a predetermined amount of amine or
      other neutralization agent is removed from the system by discarding a
      particular amount of ultrafilter permeate, sometimes termed ultrafiltrate.
      The amount of excess neutralizing agent generated during electrocoating is
      directly related to the amount of polycarboxylic acid resin
      electrodeposited which in turn is directly related to the amount of
      current which passes through the electrocoating bath between anode and the
      cathode. Thus, by measuring the current, the amount of excess amine
      generated can be determined and this excess amount can be removed from the
      bath by passing the bath through an ultrafilter and then discarding a
      sufficient amount of the permeate to remove the desired amount of
      neutralizing agent. The permeate is primarily a dilute aqueous solution
      and thus discarded water is also lost for the bath system. Because the
      present invention provides for a relatively constant amine level, the
      ratio of amine to water in the permeate will remain relatively constant.
      Therefore, deionized water additions to the bath to compensate for the
      water loss in discarding permeate can also be controlled in accordance
      with the amount of current which passes through the cell. Resin solids,
      coupling or solubilizing agents and the like can be added in a similar
      fashion to provide complete bath composition control.
PAR  Reference is made to FIG. 1 which schematically illustrates an embodiment
      of the present invention. The electrocoating tank 10 contains an aqueous
      bath comprising a dispersion or solution of polycarboxylic acid resin.
      Disposed in the bath 11 are at least two electrodes, an anode 12 and a
      cathode 13. Bath 11 overflows to holding tank 14 through conduit 15
      wherein temperature and composition control can be exercised on the bath.
      The bath is recirculated back to the electrocoating tank 10 through
      conduit 16 by means of pump 17 to maintain a homogeneous bath. Bath is
      continuously or periodically removed from the holding tank 14 and
      transported through conduit 18 to ultrafilter 20 by means of pump 19. In
      ultrafilter 20, the low molecular materials, including neutralizing
      agents, are removed from the bath and transferred through conduit 21 to
      permeate holding tank 22. The thus-purified bath is returned to the
      holding tank 14 by way of conduit 23. The ultrafilter permeate overflow
      from holding tank 22 is returned through pump 24 and conduit 25 to the
      electrocoating tank 10. Permeate holding tank 22 is provided with a
      discharge line 26 which leads to a positive displacement pump 27. Direct
      current is supplied to the anode 12 and cathode 13 by means of the power
      supply unit 28. Amp hour meter 29 is provided to sense the current which
      passes between the anode 12 and the cathode 13. The output of amp hour
      meter 29 is directed through conductor 30 to integrator 31 which actuates
      the positive displacement pump 27 when total current flow reaches a
      predetermined amount. The pump 27 is preferably present to operate at a
      predetermined length of time so as to discharge a particular quantity of
      permeate and thus neutralization agents and other undesirable
      contaminants. the same signal can be used to actuate pump 40 which is
      preset to operate a predetermined length of time to add a particular
      amount of deionized water (the amount lost in discarded permeate) to the
      bath through conduit 41 to the holding tank 14.
PAR  In operation, the electrocoating bath is continuously recirculated from the
      electrocoating tank through conduit 15 to the holding tank 14 and then
      back to the electrocoating tank 10. This provides a homogeneous bath
      temperature and composition. Temperature control and composition control
      can be effected in the holding tank. Electrocoating bath is continuously
      withdrawn from the holding tank 14 and pumped to the ultrafilter 20
      wherein the low molecular weight contaminant including neutralizing agents
      are removed from the aqueous bath which is then returned to the holding
      tank 14. Ultrafilter permeate is passed to the permeate holding tank 22
      which continuously overflows with the overflow being returned to the
      electrocoating tank 10. As electrolysis proceeds, the amp hour meter
      measures the total amount of current which is passed over a particular
      time. The integrator continuously adds the amount of current until the
      total amount of amp hours reaches a predetermined amount at which time the
      integrator generates a signal which actuates the positive displacement
      pumps 27 and 40. The pumps are preset to operate a particular length of
      time and thereby discard a particular amount of permeate (and thus amine)
      and add a particular amount of deionized water. Other components, such as
      paint solids, coupling or solubilizing agents and the like, can be
      similarly added if desired.
PAR  Alternative methods of discarding the permeate are shown in FIGS. 2 and 3.
      In FIG. 2, electrocoating current is sensed by amp meter 40 and in
      response to the current sense controller 41 adjust the automatic control
      valve 42 so as to control the rate of permeate discharge required by the
      current sensed. Excess permeate through conduit 43 can be returned to
      electrocoating tank 10 as shown in FIG. 1. In FIG. 3, the permeate is
      directed to a permeate handling unit 50 comprising an outer tank 51 and an
      inner tank 52. The permeate constantly overflows from inner tank 52 to
      outer tank 51. When the amp hour meter 29 has sensed a particular amount
      of current, the integrator 53 then actuates valve 54 so as to open same
      and remain open until the inner tank 52 is essentially drained. The valve
      54 then closes and the cycle can repeat itself.
PAR  Although in the figures the excess permeate is shown as being returned to
      the electrocoating tank and the purified electrocoating purified coating
      bath from the ultrafilter is shown to be returned to the holding tank 14,
      in actuality, the two streams can be directed to either tank.
PAR  All of the control equipment necessary to perform the functions described
      above may be conventional equipment which can be readily selected by those
      skilled in the art. For example, a particularly desirable amp hour meter
      is Model No. VT 1355-500-50 manufactured and sold by Vari-Tech, Inc., of
      Grand Rapids, Michigan, which contains a means for generating a signal
      when a predetermined amp hour is reached. The generated signal can be used
      to activate a valve or pump and thus eliminate the need for a controller
      or equivalent various relays and timers in the embodiment shown in FIGS. 1
      and 3.
PAR  The ultrafiltration unit is an integral part of the present invention
      because it is necessary to make the separation between the organic amine
      or other neutralization agent and the polycarboxylic acid coating resin.
      As described in the previously mentioned articles on ultrafiltration by
      Josefson et al and Michaels, ultrafiltration functionally resembles
      classical filtration. However, the process is a membrane separation
      process and because of this, the technology departs considerably from
      classical filtration. The membrane is generally constructed of synthetic
      polymers, preferably having anisotropic characteristics. Most commercially
      available membranes are constructed to have a thin skin layer with a
      submicroscopic porosity. The underlying support material in the membrane
      contains pores several magnitudes larger than the porosity of the skin
      layer. Therefore, any material which passes through the skin layer will
      not plug or foul the underlying porous structure. The ultrafiltrate or
      permeate will contain water and low molecular weight materials which in
      the present case will be low molecular weights solvents or coupling
      agents, organic amines or other neutralization agents, ionic species and
      low molecular resinous materials. Water-insoluble solvents generally will
      not be found in the permeate. The ionic species will usually be the
      chromates, phosphates and possibly chlorides which may be brought into the
      bath from the surface of the metal to be coated. A particularly suitable
      ultrafilter is manufactured and sold by the Elcoat Systems, Inc.
PAR  The following is an example of an embodiment of the process of the present
      invention wherein the electrocoating bath treating system is that shown in
      FIG. 1. The electrocoating process involved primer coating a continuous
      aluminum strip. Upon exiting from the bath, the strip was not rinsed but
      merely squeegeed to remove excess bath. About 200 gallons of bath is
      maintained in the electrocoating tank with the bath containing about 10%
      by weight of Lectropon, a polycarboxylic acid coating resin manufactured
      and sold by DeSoto, Inc. The holding tank contains about 400 gallons of
      bath and about 50 gallons per minute is recirculated between the two
      tanks. About 20 gallons per minute of bath is removed from the holding
      tank and passed under a pressure of 150 psi to an ultrafilter unit
      manufactured by the Elcoat Systems, Inc., having a filtration area of
      about 2.5  ft.sup.2 and utilizing a 25A.degree. membrane. About 50
      milliliters per minute of permeate is discharged from the ultrafilter and
      passed to the permeate holding tank. About 45 gallons per minute of
      filtrate is returned from the ultrafilter to the holding tank. The
      permeate holding tank contains about 5 gallons of permeate. Current load
      during electrocoating averaged about 300 amps and every 44 amp hours the
      positive displacement pump is activated for 3-9  minutes to discharge all
      of the permeate in the permeate holding tank. This process of control
      maintains the excess amine concentration in the electrocoating bath within
      the range of 10.4 and 10.8 milliequivalents of amine. In this particular
      instance, the solubilizing amine was dimethylethanolamine.
PAR  It is obvious that various modifications and improvements can be made to
      the present invention without departing from the spirit thereof and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of electrocoating metal products wherein the
      electrocoating bath contains polycarboxylic acid coating resin which has
      been at least partially neutralized with an agent selected from the group
      consisting of organic amines, ammonium hydroxide, potassium hydroxide,
      sodium hydroxide and lithium hydroxide and wherein electrocoating bath is
      passed through an ultrafilter so as to separate neutralization agent
      therefrom and at least part of the ultrafilter permeate containing
      neutralization agent is discarded, the improvement comprising
PA1  a. sensing the electrocoating current; and
PA1  b. discarding a predetermined amount of permeate containing the
      neutralization agent in accordance with the current sensed.
NUM  2.
PAR  2. The method of claim 1 including adding a predetermined amount of water
      to said bath in accordance with the current sensed.
NUM  3.
PAR  3. The method of claim 1 wherein the permeate containing the neutralization
      agent is discarded when the total current flow during a particular period
      exceeds a predetermined amount.
NUM  4.
PAR  4. The method of claim 1 including adding a predetermined amount of bath
      component selected from the group consisting of resin, coupling agents and
      solubilizing agents in accordance with the current sensed.
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ABST
PAL  A specific class of anionic ion-exchange membranes, comprising a
      crosslinked vinyl imidazole polymer or copolymer film, is suitable for use
      in electrodialysis process by use of ion-exchange membranes of an aqueous
      solution containing organic contaminating electrolyte such as humic acid
      without organic contamination.
BSUM
PAR  This invention relates to improved electrodialysis processes, which make it
      possible to carry out stable and continued electrodialysis of an aqueous
      solution containing one or more organic contaminating electrolytes. More
      particularly, this invention is concerned with prolonged electrodialysis
      of aqueous solutions containing organic contaminating electrolytes by the
      use of specific anion exchange membranes prepared from a crosslinked
      polymer of a vinyl imidazole monomer.
PAR  Conventional electrodialysis is carried out by passing direct current
      through an alternating array of cation and anion exchange membranes. As is
      well known, when the liquid to be treated contains an organic substance
      convertible to anions, e.g. humic acid, the anion exchange membranes
      undergo organic contamination which increases their electric resistance.
      As a result, the voltage requirements are too high to permit continued
      operation of electrodialysis. It has been proved theoretically that the
      organic contamination and increase in electrodialysis voltage can be
      avoided by using neutral membranes having no ion-exchange groups in place
      of the anion exchange groups. With neutral membranes are used, however,
      current efficiency (ratio of real transport amount to theoretical
      transport amount calculated from quantity of electric current) is too low
      to be economical.
PAR  It has now been found that specific anion exchange membranes, comprising a
      crosslinked polymer or copolymer of a vinyl imidazole monomer, can be used
      in prolonged electrodialysis of an aqueous solution containing organic
      contaminating electrolytes without undergoing organic contamination.
PAR  Specific anion exchange membranes used in the present invention are
      prepared by polymerizing a composition comprising:
PA1  1. 10 to 80 wt. parts, preferably 15 to 40 wt. parts of a vinyl imidazole
      monomer;
PA1  2. 3 to 50 wt. parts, preferably 5 to 30 wt. parts of a polyvinyl monomer;
PA1  3. 10 to 150 wt. parts, preferably 30 to 120 wt. parts of a
      non-polymerizable additive;
PA1  4. 0 to 80 wt. parts, preferably 0 to 60 wt. parts of a vinyl monomer other
      than said monomer (1); and
PA1  5. 0 to 2.0 wt. parts of a polymerization initiator, either in the absence
      or in the presence of a reinforcing material, based on 100 wt. parts of
      total polymerizable components (1), (2) and (4), to prepare a crosslinked
      polymer or copolymer in the form of a membrane and then eliminating at
      least 10 wt. parts of the additive (3) from said polymer or copolymer.
PAR  The vinyl imidazole monomer (1) referred to herein encompasses all
      compounds in which there is a vinyl group bonded to an unsubstituted or
      substituted imidazole ring. Examples are N-vinyl imidazole,
      N-vinyl-2-methyl imidazole, N-vinyl-2,4-dimethyl imidazole,
      N-vinyl-2-ethyl imidazole, N-vinyl-2-ethyl-4-methyl imidazole, 2-vinyl
      imidazole, 1-methyl-2-vinyl imidazole, and the like.
PAR  The content of the vinyl imidazole monomer (1) is 10 to 80 wt. parts based
      on 100 wt. parts of total polymerizable components. If it is less than 10
      wt. parts, the membrane is too high in electric resistance to be used for
      electrodialysis. On the other hand, if it is more than 80 wt. parts, the
      membrane is lowered in mechanical strength and current efficiency.
PAR  The polyvinyl monomer (2) to be used in the present invention refers to a
      monomer having two or more polymerizable vinyl groups. Typical examples
      are divinyl benzene, trivinyl cyclohexane, ethylene glycol dimethacrylate,
      divinyl naphthalene, divinyl toluene and the like.
PAR  The content of the polyvinyl monomer (2) is 3 to 50 wt. parts based on 100
      wt. parts the total polymerizable components. If it is less than 3 wt.
      parts, the membrane swells execessively; if it is more than 50 wt. parts,
      the membrane is lowered in mechanical strength.
PAR  As the non-polymerizable additive (3), there may be used any compound which
      can be mixed with the aforesaid compounds (1) and (2) to form a
      homogeneous phase. Examples of such compound are aromatic compounds such
      as benzene, toluene, xylene, naphthalene, etc.; alcohols such as ethanol,
      propanol, butanol, cyclohexanol, glycerine, etc.; ethers such as dioxane,
      tetrahydrofuran, ethyl ether, etc.; esters of such acids as phthalic acid,
      adipic acid, phosphoric acid, etc. with mono- or polyhydric alcohols with
      1 to 20 carbon atoms; and polymers such as styrene dimer,
      poly(.alpha.-methyl styrene), polystyrene, polybutadiene, polychloroprene,
      etc. Said additive is composed of at least one of these compounds.
PAR  The amount of the non-polymerizable additive is 10 to 150 wt. parts based
      on 100 wt. parts of the total polymerizable components. If it is less than
      10 wt. parts, the resistance of the membrane to organic contamination is
      decreased; if it is more than 150 wt. parts, mechanical strength of the
      membrane is lowered.
PAR  The mono-vinyl monomers other than the monomer (1) are those having vinyl
      groups copolymerizable with the compounds (1) and (2). They are
      exemplified by styrene, ethyl vinyl benzene, vinyl toluene, vinyl
      naphthalene, mono-chloro styrene, acrylic acid and methacrylic acid
      derivatives, acrylonitrile, and the like. Furthermore, vinyl pyridines
      such as 4-vinyl pyridine, 2-methyl-5-pyridine, etc. may be added in an
      amount which does not cause organic contamination.
PAR  As polymerization initiators (5), any one known in the art can be used. For
      example, organic peroxide catalysts such as benzoyl peroxide, lauroyl
      peroxide, etc., azobis-type catalysts such as azobisisobutyronitrile, and
      other conventionally known radical polymerization catalysts can be used.
      In place of the polymerization catalyst, radiant rays can be irradiated to
      proceed polymerization.
PAR  The reinforcing materials include polymers of at least one monomer selected
      from olefinic monomers such as ethylene, propylene, etc.; halogenated
      vinyl monomers such as vinyl chloride, vinylidene chloride,
      tetrafluoroethylene, etc.; acrylic monomers such as acrylic acid,
      methacrylic acid, etc.; styrene derivatives; acrylonitrile; and the like.
      Alternatively, polyvinyl alcohol, cellulose, polyamide, polyester, wool,
      silk, etc. can also be used. Furthermore, a mixed composition of these
      materials may also be used. For improvement of adhesiveness between
      reinforcing materials and the membranes, the reinforcing materials may be
      subjected to surface treatment, grafting treatment, radiation treatment,
      etc. The reinforcing materials can be used in the form of cloths of fibers
      with thickness of 0.01 to 2.0 mm, fabrics such as nets, knitted goods,
      unwoven fabrics, etc.
PAR  The polymerization is carried out generally at -20.degree.C to 250.degree.,
      usually at 40.degree. to 110.degree.C. The additives in the crosslinked
      polymer film prepared from polymerization of the above components are
      removed partially or totally (at least 10 wt. parts) therefrom after
      polymerization, at the same time as the alkylation or after alkylation, by
      extraction or evaporation.
PAR  The crosslinked polymer films thus prepared are weakly basic anion exchange
      membranes. They may be converted to strong basic anion exchange membranes
      by alkylation of tertiary amines in the imidazole rings to quaternary
      amines. Alkylation can be performed by conventional known methods, using
      dimethyl sulfate, diethyl sulfate, methyl iodide, methyl chloride, ethyl
      iodide, ethyl bromide, ethyl chloride, and the like. It is not necessary
      to quaternize all tertiary amines in the imidazole rings, but extent of
      quaternization is usually about 50% for the purpose of the invention.
PAR  Films of crosslinked vinyl imidazole polymers or copolymers of the present
      invention thus prepared have the following specific properties:
PA1  1. transport number of anions which is 0.60 or more;
PA1  2. specific electric conductivity which is 0.5 .times. 10.sup..sup.-3 to 20
      .times. 10.sup..sup.-3 .OMEGA..sup..sup.-1 cm.sup..sup.-1 (at 25.degree.C,
      in 0.5N aqueous sodium chloride solution), preferably 2 .times.
      10.sup..sup.-3 to 15 .times. 10.sup..sup.-3 .OMEGA..sup..sup.-1
      cm.sup..sup.-1 ; and
PA1  3. resistance to organic contamination which is 10 minutes or more in terms
      of the time needed before the electrodialysis voltage becomes twice as
      much as that at the start up of electrodialysis when 0.05N aqueous sodium
      chloride solution containing 10 ppm sodium dodecyl benzene sulfonate is
      subjected to electrodialysis at current density of 1.1 A/cm.sup.2.
PAR  The organic contaminants which may be present in electrolyte solutions to
      which the present invention is applicable includes, for example organic
      compounds having hydrophilic groups such as carbonyl, hydroxyl, mercapto,
      nitrile, thiocyano, ether, carboxyl, sulfonic acid, sulfate, phosphate,
      etc. In particular, organic compounds having carboxylic acid, sulfonic
      acid, phosphate or sulfate groups exhibit conspicuous organic
      contamination. Typical examples of these organic compounds are soaps,
      alkyl benzene sulfonates, alkyl phosphate esters, higher fatty acids,
      humic acid, polyethylene glycols, etc. Typical electrolyte solutions which
      may contain these organic compounds, include sewage water, sewage
      treatment water, whey, milk, plating liquids, electrostatic coating
      liquids, and other organic electrolyte solutions.
PAR  For practicing the process of the present invention, any conventional
      electrodialysis cell may be used, wherein anionic and cationic exchange
      membranes are arranged between electrodes to divide a cell into multiple
      chambers, each chamber being filled with electrolyte solution. Direct
      current is passed through the membranes to concentrate, remove or
      transport ions in the solution.
PAR  The anion exchange membranes prepared according to the above procedure have
      excellent resistance to organic contamination as well as excellent
      electrochemical, mechanical and chemical properties. Accordingly, when
      these membranes are used in membraneous electrodialysis of an organic
      compound contaminated electrolyte solution, long-term continued,
      economical operation is feasible.
PAR  The following non-limiting Examples and Comparative Examples, wherein
      "parts" and "%" signify "parts by weight" and "% by weight", respectively,
      are given by way of example.
DETD
PAC  EXAMPLE 1
PAR  A homogeneous solution of monomers, comprising 20 parts of 1-vinyl-2-methyl
      imidazole, 20 parts of divinyl benzene (purity: 55%), 60 parts of styrene,
      60 parts of toluene and 0.2 parts of benzoyl peroxide is charged into a
      glass ampoule (30 mm in diameter) and polymerization is carried out at
      40.degree.C for one day, at 60.degree.C for one day and at 95.degree.C for
      one additional day to obtain a crosslinked polymer in the form of a rod.
      This rod is sliced into films, each having a thickness of 0.20 mm. They
      are dipped in 20% acetone solution of methyl iodide at 40.degree.C for one
      day to simultaneously effect alkylation and extraction of the additive.
      They have an electric conductivity of 3.5 .times. 10.sup..sup.-3
      .OMEGA..sup..sup.-1 cm.sup..sup.-1 at 250.degree.C in sea water. The
      transport number of Cl.sup.- determined from the membrane potential
      between 0.4N-NaCl and 0.2N-NaCl aqueous solutions is  0.91. When an
      aqueous solution containing 0.05N-NaCl and 10 ppm sodium dodecyl benzene
      sulfonate is charged to cathode sides of said anion exchange membranes
      using a multi-compartment type electrodialysis cell to perform
      electrodialysis at a current density of 1.1 A/dm.sup.2, resistance to
      organic contamination of the membranes is evaluated at 91, as measured by
      an organic contamination measuring instrument which measures organic
      contamination from the change in electrodialysis voltage as mentioned
      above. On the other hand, resistance to organic contamination of Aciplex
      CA-2 membranes (trade name: product of Asahi Kasei Kogyo Kabushiki Kaisha,
      Japan) is evaluated to be 3.
PAC  COMPARATIVE EXAMPLE 1
PAR  Example 1 is repeated except that 4-vinyl pyridine is used in place of
      1-vinyl-2-methyl imidazole to prepare 4-vinyl pyridine type strongly basic
      anion exchange membranes. The specific conductivity of these membranes at
      25.degree.C in sea water is 8.5 .times. 10.sup..sup.-3 .OMEGA..sup..sup.-1
      cm.sup..sup.-1 and the transport number of Cl.sup.- determined from the
      membrane potential between 0.4N-NaCl and 0.2N-NaCl aqueous solutions is
      0.93. The resistance to organic contamination is evaluated according to
      the same method as described in Example 1 to be 4.5.
PAC  EXAMPLE 2
PAR  A 60 mesh plain weave fabric made of 40 denier polypropylene
      multi-filaments is irradiated at room temperature by electron beams from
      an electron beam accelerator to dosage of 1.5 Mrad. Separately, a mixed
      monomer solution is prepared from 30 parts of 1-methyl-2-vinyl imidazole,
      45 parts of divinyl benzene (purity: 55%), 25 parts of styrene, 80 parts
      of dibutyl phthalate and 0.3 parts of azobisisobutyronitrile. The mixed
      monomer solution is charged into a square stainless vessel, and a
      polyester film, the aforesaid polypropylene cloth and another polyester
      film are dipped into the solution in this order to remove air contained in
      the polypropylene cloth. Finally, under light pressure, polymerization is
      carried out while heating at 60.degree.C for 5 hours, and at 95.degree.C
      for 5 hours, whereby a crosslinked polymer film having polypropylene cloth
      as reinforcing material is produced. The film is alkylated with methyl
      chloride and then dipped in methanol to remove the additive by extraction
      to provide a strongly basic anionic exchange membrane. The electric
      conductivity of this membrane at 25.degree.C in 0.5N aqueous sodium
      chloride solution is 10.5 .times. 10.sup..sup.-3 .OMEGA..sup..sup.-1
      cm.sup..sup.-1 The transport number of Cl.sup..sup.-1 is determined from
      membrane potential between 0.4N-NaCl and 0.2N-NaCl aqueous solutions to be
      0.88. The resistance to organic contamination is measured according to the
      same method as in Example 1 to be 105.
PAC  EXAMPLE 3
PAR  The anionic exchange membranes prepared in Example 1 and cation exchange
      membranes (Aciplex CK-1: trade name; product of Ashai Kasei Kogyo
      Kabushiki Kaisha, Japan) are arranged alternately between anode and
      cathode in a cell to divide into multi-compartments to provide a
      multi-compartment electrodialysis cell. Sewage treatment water is passed
      into the cathode sides of the anionic exchange membranes (organic
      electrolyte = 11 ppm; inorganic electrolyte = 250 ppm) and electrodialysis
      is performed at a current density of 0.2 A/dm.sup.2. There is no change in
      electrodialysis voltage even after 45 days running time.
PAC  COMPARATIVE EXAMPLE 2
PAR  Example 3 is repeated, but conventional anionic exchange membranes (Aciplex
      CA-2: trade name; product of Asahi Kasei Kogyo Kabushiki Kaisha, Japan)
      are used in place of the anion exchange membranes of the present
      invention. After running for about 11 days, the increase in
      electrodialysis voltage and due to organic contamination is so high that
      electrodialysis must be discontinued.
PAC  EXAMPLE 4
PAR  Various anion exchange membranes are prepared according to the same
      procedure as described in Example 1, by using N-vinyl imidazole,
      N-vinyl-2-methyl imidazole, N-vinyl-2,4-dimethyl imidazole,
      N-vinyl-2-ethyl imidazole, N-vinyl-2-ethyl-4-methyl imidazole, 2-vinyl
      imidazole and 1-methyl-2-vinyl imidazole in place of 1-vinyl-2-methyl
      imidazole. Organic contamination tests are performed for all of these
      membranes according to the procedure of Example 3. In these tests, no
      substantial change in electrodialysis voltage is observed after running
      for 45 days.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An anionic ion-exchange membrane, comprising a film of a crosslinked
      vinyl imidazole polymer or copolymer, said membrane having the properties
      of:
PA1  1. an anionic transport number which is 0.60 or more;
PA1  2. a specific electric conductivity which is 0.5 .times. 10.sup..sup.-3 to
      20 .times. 10.sup..sup.-3 .OMEGA..sup..sup.-1 cm.sup..sup.-1 (at
      25.degree.C, in 0.5N aqueous sodium chloride solution); and
PA1  3. a resistance to organic contamination which is 10 minutes or more in
      terms of the time needed before the electrodialysis voltage becomes twice
      as much as that at the start up of electrodialysis when 0.5N aqueous
      sodium chloride solution containing 10 ppm sodium dodecyl benzene
      sulfonate is subjected to electrodialysis at current density of 1.1
      A/dm.sup.2.
NUM  2.
PAR  2. An anionic ion-exchange membrane as claimed in claim 1, consisting
      substantially of said crosslinked vinyl imidazole polymer or copolymer and
      a reinforcing material.
NUM  3.
PAR  3. A process for producing an anionic ion-exchange membrane as claimed in
      claim 1, which comprises polymerizing a composition comprising:
PA1  1. 10 to 80 wt. parts of a vinyl imidazole monomer;
PA1  2. 3 to 50 wt. parts of a polyvinyl monomer;
PA1  3. 10 to 150 wt. parts of a non-polymerizable additive;
PA1  4. 0 to 80 wt. parts of a vinyl monomer other than said monomer (1); and
PA1  5. 0 to 2.0 wt. parts of a polymerization initiator, all parts being based
      on 100 wt. parts of total polymerizable components (1), (2) and (4) to
      prepare a crosslinked polymer or copolymer in the form of a membrane, and
      then eliminating at least 10 wt. parts of the additive (3) from the
      polymer or copolymer.
NUM  4.
PAR  4. A process as claimed in claim 3, wherein 15 to 40 wt. parts of a vinyl
      imidazole monomer are used in the composition.
NUM  5.
PAR  5. A process as claimed in claim 3, wherein 5 to 30 wt. parts of a
      polyvinyl monomer are used in the composition.
NUM  6.
PAR  6. A process as claimed in claim 3, wherein 30 to 120 wt. parts of a
      non-polymerizable additive are used in the composition.
NUM  7.
PAR  7. A process for electrodialysis of an aqueous solution containing organic
      contaminating electrolytes by use of a cell wherein cationic and anionic
      ion-exchange membranes are placed alternately to divide said cell into
      multiple chambers, which comprises using an anionic ion-exchange membrane
      as claimed in claim 1 as an anionic ion-exchange membrane.
NUM  8.
PAR  8. A process as in claim 3 wherein polymerization is effected in the
      presence of a reinforcing material.
NUM  9.
PAR  9. A process for electrodialysis of an aqueous solution containing organic
      contaminating electrolytes by use of a cell wherein cationic and anionic
      ion-exchange membranes are placed alternately to divide said cell into
      multiple chambers, which comprises using an anionic ion-exchange membrane
      as claimed in claim 2 as an anionic ion-exchange membrane.
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ABST
PAL  It has been found that aqueous coating compositions comprising a resin
      containing capped or blocked isocyanate groups, quaternary onium salt
      groups and, optionally, free epoxy groups may be electrodeposited on a
      cathode to produce coatings having highly desirable properties.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of co-pending Application Ser.
      No. 317,864, filed Dec. 22, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrodeposition as a coating application method involves the deposition
      of a film-forming material under the influence of an applied electrical
      potential, and has become of increasing commercial importance. Along with
      the increased use of such methods has been the development of various
      compositions which provide more or less satisfactory coatings when applied
      in this manner. However, most conventional coating techniques do not
      produce commercially usable coatings, and electrodeposition of many
      coating materials, even when otherwise successful, is often attended by
      various disadvantages such as non-uniform coatings and by poor throw
      power, i.e., the ability to coat areas of the electrode which are remote
      or shielded from the other electrode. In addition, the coatings obtained
      are in many instances deficient in certain properties essential for their
      utilization in certain applications for which electrodeposition is
      otherwise suited. In particular, properties such as corrosion resistance
      are difficult to achieve with the resins conventionally employed in
      electrodeposition processes, and many electrodeposited coatings are
      subject to discoloration or staining because of chemical changes
      associated with electrolytic phenomena at the electrodes and with the
      types of resinous materials ordinarily utilized. This is especially true
      with the conventional resin vehicles used in electrodeposition processes
      which contain polycarboxylic acid resins neutralized with a base; these
      deposit on the anode and because of their acidic nature tend to be
      sensitive to common types of corrosive attack, e.g., by salt, alkali, etc.
      Further, anodic deposition tends to place the uncured coating in proximity
      to metal ions evolved at the anode, thereby causing staining with many
      coating systems.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that aqueous coating compositions comprising a resin
      containing capped or blocked isocyanate groups, quaternary onium salt
      groups and, optionally, free epoxy groups may be electrocoated on a
      cathode to produce coatings with highly desirable properties, including
      alkali resistance and corrosion resistance and color stability.
PAR  The cationic resins described above can be prepared by reacting a portion
      of the hydroxyl groups of a hydroxyl-containing epoxy group-containing
      organic material with a partially-capped or blocked organic
      polyisocyanate, followed by reacting at least a portion of the epoxy
      groups in a manner so as to add pendant quaternary onium (preferably
      sulfonium) salt groups to render the resin water dispersible or
      solubilized.
PAR  The partially- or semi-capped or blocked isocyanate which may be employed
      in preparing the compositions of the invention may be any polyisocyanate
      where a portion of the isocyanato groups have been reacted with a compound
      so that the resultant capped isocyanate portion is stable to hydroxyl
      groups at room temperature but reactive with hydroxyl groups at elevated
      temperatures, usually between about 200.degree. and about 600.degree.F.
      The semi-capped polyisocyanate employed should contain an average of about
      one free reactive isocyanate group.
PAR  In the preparation of the partially-blocked organic polyisocyanate, any
      suitable organic polyisocyanate may be used. Representative examples are
      the aliphatic compounds such as trimethylene, tetramethylene,
      pentamethylene, hexamethylene, 1,2-propylene, 1,2-butylene, 2,3-butylene,
      1,3-butylene, ethylidine and butylidene diisocyanates; the cycloalkylene
      compounds such as 1,3-cyclopentane, 1,4-cyclohexane and 1,2-cyclohexane
      diisocyanates; the aromatic compounds, such as m-phenylene, p-phenylene,
      4,4'-diphenyl, 1,5-naphthalene and 1,4-naphthalene diisocyanates; the
      aliphatic-aromatic compounds such as 4,4'-diphenylene methane, 2,4- or
      2,6-tolylene, or mixtures thereof, 4,4'-toluidine, and 1,4-xylylene
      diisocyanates; the nuclear-substituted aromatic compounds, such as
      dianisidine diisocyanate, 4,4'-diphenylether diisocyanate and
      chlorodiphenylene diisocyanate; the triisocyanates such as triphenyl
      methane-4,4',4"-triisocyanate, 1,3,5-triisocyanate benzene and
      2,4,6-triisocyanate toluene; and the tetra-isocyanates such as
      4,4'-diphenyldimethyl methane-2,2',5,5'-tetraisocyanate; the polymerized
      polyisocyanates such as tolylene diisocyanate dimers and trimers, and the
      like.
PAR  Preferably, the polyisocyanate employed should have isocyanate groups with
      varied reactivity to facilitate the partially-blocking reaction.
PAR  In addition, the organic polyisocyanate may be a prepolymer derived from a
      polyol, including polyether polyol or polyester polyol, including
      polyethers which are reacted with excess polyisocyanates to form
      isocyanate-terminated prepolymers. The polyols may be simple polyols such
      as glycols, e.g., ethylene glycol and propylene glycol, as well as other
      polyols such as glycerol, trimethylolpropane, hexanetriol,
      pentaerythritol, and the like, as well as mono-ethers such as diethylene
      glycol, tripropylene glycol and the like and polyethers, i.e., alkylene
      oxide condensates of the above. Among the alkylene oxides that may be
      condensed with these polyols to form polyethers are ethylene oxide,
      propylene oxide, butylene oxide, styrene oxide and the like. These are
      generally called hydroxy-terminated polyethers and can be linear or
      branched. Examples of polyethers include polyoxyethylene glycol having a
      molecular weight of 1540, polyoxypropylene glycol having a molecular
      weight of 1025, polyoxytetramethylene glycol, polyoxyhexamethylene glycol,
      polyoxyhexamethylene glycol, polyoxynonamethylene glycol,
      polyoxydecamethylene glycol, polyoxydodecamethylene glycol and mixtures
      thereof. Other types of polyoxyalkylene glycol ethers can be used.
      Especially useful polyether polyols are those derived from reacting
      polyols such as ethylene glycol, diethylene glycol, triethylene glycol,
      1,4-butylene glycol, 1,3-butylene glycol, 1,6-hexanediol, and their
      mixtures; glycerol, trimethylolethane, trimethylolpropane,
      1,2,6-hexanetriol, pentaerythritol, dipentaerythritol, tripentaerythritol,
      polypentaerythritol, sorbitol, methyl glucosides, sucrose, and the like,
      with alkylene oxides such as ethylene oxide, propylene oxide, their
      mixtures, and the like.
PAR  Any suitable aliphatic, cycloaliphatic aromatic alkyl monoalcohol and
      phenolic compounds may be used as a blocking agent in accordance with the
      present invention, such as, for example, lower aliphatic alcohols, such as
      methyl, ethyl, chloroethyl, propyl, butyl, amyl, hexyl, heptyl, octyl,
      nonyl, 3,3,5-trimethylhexanol, decyl, and lauryl alcohols, and the like;
      the cycloaliphatic alcohols such as, for example, cyclopentanol,
      cyclohexanol, and the like; the aromatic alkyl alcohols, such as,
      phenylcarbinol, methylphenylcarbinol, ethylene glycol monoethyl ether,
      ethylene glycol monobutyl ether, and the like; the phenolic compounds such
      as phenol itself, substituted phenols in which the substituents do not
      adversely affect the coating operations. Examples include cresol, xylenol,
      nitrophenol chlorophenol, ethyl phenol, t-butyl phenol, and
      2,5-di-t-butyl-4-hydroxy toluene. Minor amounts of higher molecular
      weight, relatively non-volatile monoalcohols may be used, if desired, to
      serve as plasticizers in the coatings provided by this invention.
PAR  Additional blocking agents include tertiary hydroxylamines such as
      diethylethanolamine and oximes such as methyl ethyl ketone oxime, acetone
      oxime and cyclohexanone oxime. Use of oximes is particularly desirable
      because polyisocyanates blocked with oximes uncap at relatively low
      temperatures without the need for externally added urethane forming
      catalyst such as the tin catalyst described below.
PAR  The semi-capped organic polyisocyanate is formed by reacting a sufficient
      quantity of blocking agent with the organic polyisocyanate to provide a
      product having one free isocyanate group remaining. The reaction between
      the organic polyisocyanate and the blocking agent is generally exothermic.
      The polyisocyanate and the blocking agent are preferably admixed at low
      temperatures to promote isocyanate group selectivity.
PAR  The epoxy group-containing organic material reacted with the
      partially-capped polyisocyanate can be any monomeric or polymeric compound
      or mixture of compounds having a 1,2-epoxy equivalency greater than 1.0,
      that is, in which the average number of 1,2-epoxy groups per molecule is
      greater than one and containing hydroxyl functionality. It is preferred
      that the epoxy compound be resinous, that is, a polyepoxide, i.e.,
      containing more than one epoxy group per molecule and containing free
      hydroxyl groups. The polyepoxide can be any of the well-known
      hydroxyl-containing epoxides. Examples of these polyepoxides have, for
      example, been described in U.S. Patents Nos. 2,467,171; 2,615,007;
      2,716,123; 3,030,336; 3,053,855 and 3,075,999.
PAR  A useful class of polyepoxides are the polyglycidyl ethers of polyphenols,
      such as Bisphenol A. These may be produced, for example, by etherification
      of a polyphenol with epichlorohydrin or dichlorohydrin in the presence of
      an alkali. The phenolic compound may be bis(4-hydroxyphenyl)2,2-propane,
      4,4'-dihydroxybenzophenone, bis(4-hydroxyphenyl)1,1-isobutane;
      bis(4-hydroxytertiarybutylphenyl)-2,2-propane,
      bis(2-hydroxynaphthyl)methane, 1,5-hydroxynaphthalene, or the like.
      Another quite useful class of polyepoxides are produced similarly from
      novolak resins or similar polyphenol resins.
PAR  Also suitable are the similar polyglycidyl ethers of polyhydric alcohols
      which may be derived from such polyhydric alcohols as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butylene
      glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycreol,
      bis(4-hydroxycyclohexol)2,2-propane, and the like.
PAR  Another class of polyepoxides are those containing oxyalkylene groups in
      the epoxy molecule. Such oxyalkylene groups are typically groups of the
      general formula:
      ##EQU1##
      where R is hydrogen or alkyl, preferably lower alkyl (e.g., having 1 to 6
      carbon atoms) and where, in most instances, m is 1 to 4 and n is 2 to 50.
      Such groups can be pendant to the main molecular chain of the polyepoxide
      or part of the main chain itself. The proportion of oxyalkylene groups in
      the polyepoxide depends upon many factors, including the chain length of
      the oxyalkylene group, the nature of the epoxy and the degree of water
      solubility desired. Usually the epoxy contains at least about one percent
      by weight or more, and preferably 5 percent or more of oxyalkylene groups.
PAR  Some polyepoxides containing oxyalkylene groups are produced by reacting
      some of the epoxy groups of a polyepoxide, such as the epoxy resins
      mentioned above, with a monohydric alcohol containing oxyalkylene groups.
      Such monohydric alcohols are conveniently produced by oxyalkylating an
      alcohol, such as methanol, ethanol, or other alkanol, with an alkylene
      oxide. Ethylene oxide, 1,2-propylene oxide and 1,2-butylene oxide are
      especially useful alkylene oxides. Other monohydric alcohols can be, for
      example, the commercially-available materials known as Cellosolves and
      Carbitols, which are monoalkyl ethers of polyalkylene glycols. The
      reaction of the monohydric alcohol and the polyepoxide is generally
      carried out in the presence of a catalyst. Formic acid,
      dimethylethanolamine, diethylethanolamine, N,N-dimethylbenzylamine and, in
      some cases, stannous chloride are useful for this purpose.
PAR  Similar polyepoxides containing oxyalkylene groups can be produced by
      oxyalkylating the epoxy resin by other means, such as by direct reaction
      with an alkylene oxide.
PAR  The polyepoxide employed to produce the foregoing epoxies containing
      oxyalkylene groups contain a sufficient number of epoxy groups so that the
      average number of residual epoxy groups per molecule remaining in the
      product after the oxyalkylation is greater than 1.0. These epoxides, which
      tend to contain unreacted alcohols or hydroxyl-containing byproducts, are
      presently less preferred unless purified to remove interfering hydroxyl
      containing materials.
PAR  The presently preferred class of resins which may be employed is acrylic
      polymers containing epoxy groups and hydroxyl groups. Preferably these
      acrylic polymers are polymers formed by copolymerizing an unsaturated
      epoxy-containing monomer, such as, for example, glycidyl acrylate or
      methacrylate, a hydroxyl-containing unsaturated monomer and at least one
      other unsaturated monomer.
PAR  Any polymerizable monomeric compound containing at least one
      ##EQU2##
      preferably in terminal position, may be polymerized with the unsaturated
      glycidyl compounds. Examples of such monomers include aromatic compounds
      such as phenyl compounds, for example, styrene, alpoha-methylstyrene,
      vinyl toluene and the like. Also aliphatic compounds such as olefinic
      acids and esters such as acrylic acid, methylacrylate ethyl acrylate,
      methyl methacrylate and the like.
PAR  In carrying out the polymerization reaction, techniques well known in the
      art may be employed. A peroxygen type catalyst is ordinarily utilized;
      diazo compounds or redox catalyst systems can also be employed as
      catalysts.
PAR  The preferred hydroxy-containing unsaturated monomers are hydroxyalkyl
      acrylates, for example, hydroxyethyl acrylate or methacrylate or
      hydroxypropyl acrylate or methacrylate may be used.
PAR  Another method of producing acrylic polymers which may be utilized in this
      invention is to react an acrylic polymer containing reactive sites,
      including hydroxyl groups, with an epoxy-containing compound such as the
      diglycidyl ether of Bisphenol A or other polyepoxides as enumerated
      elsewhere herein, to provide an epoxy group-containing hydroxyl
      group-containing acrylic polymer.
PAR  The proportions of the epoxy group hydroxy group-containing resin reacted
      with the semi-capped polyisocyanate is not unduly critical. Preferably
      sufficient semi-capped isocyanate is employed to provide an adequate
      number of crosslinking sites to provide a cured film. Usually about
      one-half of the available hydroxyl groups are reacted. The maximum amount
      usually reacted can be the equivalence of the total hydroxyl
      functionality.
PAR  Preferably this reaction of epoxy resin and partially-capped organic
      polyisocyanate is conducted at low or moderate temperatures, generally
      less than about 120.degree.C. to preserve the capped isocyanate groups in
      order to avoid gelation and to retain latent crosslinking sites. Usually
      the reaction is conducted in the presence of a catalyst for urethane
      formation at a temperature between about 60.degree.C. and about
      120.degree.C. Temperatures of about 100.degree.C. are commonly employed.
PAR  The resultant capped urethane group-containing epoxy group-containing
      adduct is then subsequently reacted to form quaternary group-containing
      resins.
PAR  To form the quaternary ammonium group-containing resins of the invention,
      the epoxy group-containing compound is reacted with a tertiary amine salt
      to form quaternary amine salt group-containing resins.
PAR  Where final resins containing free epoxide groups are desired, the ratio of
      starting polyepoxide to amine salt is selected so as to provide an excess
      of epoxy groups, thereby producing a resin containing free unreacted
      epoxide groups. Epoxy free resins can be prepared by reacting
      stoichiometric amounts of amine salts with the available epoxide groups.
      Epoxy-free resins can also be provided by hydrolysis or post reaction of
      the epoxide-amine salt reaction product.
PAR  Examples of tertiary amine salts which may be employed include salts of
      boric acid or an acid having a dissociation constant greater than that of
      boric acid or an acid having a dissociation constant greater than that of
      boric acid and preferably an organic acid having a dissociation constant
      greater than about 1 .times. 10.sup.-.sup.5. The presently-preferred acid
      is lactic acid. Such acids include boric acid, lactic acid, acetic acid,
      formic acid, propionic acid, butyric acid, hydrochloric acid, phosphoric
      acid and sulfuric acid. The amines may be unsubstituted amines or amines
      substituted with non-reactive constituents such as halogens or
      hydroxylamines. Specific amine salts include salts of
      dimethylethanolamine, triethylamine, trimethylamine, triisopropanol, amine
      and the like. Examples include dimethylethanolamine borate,
      dimethylethanolamine lactate, dimethylethanolamine acetate,
      dimethylethanolamine chloride, dimethylethanolamine phosphate, as well as
      other amine salts as defined above. Examples of other suitable amines are
      disclosed in U.S. Pat. No. 3,839,252 to Bosso and Wismer in Column 5, line
      3 through Column 7, line 42 which is hereby incorporated by reference.
PAR  The amino salts and the epoxy compound are reacted by mixing the
      components, preferably in the presence of a controlled amount of water.
      The amount of water employed should be that amount of water which allows
      for smooth reaction with retention of epoxy groups but not sufficient to
      cause extremely slow or non-reaction. Typically, the water is employed on
      the basis of about 1.75 percent to about 20 percent by weight, based on
      the total reaction mixture solids and preferably about 2 percent to about
      15 percent by weight, based on total reaction solids.
PAR  Another measure of the amount of water which may be employed is the
      equivalent ratio of water to amine nitrogen present in the reaction
      mixture. Typically, the equivalent ratio of water to amine nitrogen is
      controlled between about 1.3 and about 16 equivalents of water per
      equivalent of amine nitrogen. Preferably, the ratio of water to amine
      nitrogen is controlled between about 1.5 and about 10.6 equivalents of
      water per equivalent of amine nitrogen.
PAR  The reaction temperature may be varied between about the lowest temperature
      at which the reaction reasonably proceeds, for example, room temperature,
      or in the usual case, slightly above ordinary room temperature to a
      maximum temperature between about 100.degree.C. and about 110.degree.C.
PAR  A solvent is not necessary, although one is often used in order to afford
      better control of the reaction. Aromatic hydrocarbons or monoalkyl ethers
      of ethylene glycol are suitable solvents. The proportions of the amine
      salt and the epoxy compound can be varied and the optimum proportions
      depend upon the particular reactants. Ordinarily, however, from about one
      part to about 50 parts by weight of the salt per 100 parts of epoxy
      compound are employed. The proportions are usually chosen with reference
      to the amount of nitrogen, which is typically from about 0.05 to about 16
      percent based on the total weight of the amine salt and the epoxy
      compound. Since the amine salt reacts with the epoxide groups of the epoxy
      resin employed, in order to provide an epoxy group-containing resin, the
      stoichiometric amount of amine employed should be less than the
      stoichiometric equivalent of the epoxide groups present, so that the final
      resin is provided with one epoxy group per average molecule.
PAR  Phosphonium group-containing resins can be prepared by reacting the above
      epoxy compounds with a phosphine in the presence of an acid to form
      quaternary phosphonium base group-containing resins.
PAR  The phosphine employed may be virtually any phosphine which does not
      contain interferring groups. For example, the phosphine may be aliphatic,
      aromatic or alicyclic. Examples of such phosphines include lower trialkyl
      phosphine, such as trimethyl phosphine, triethyl phosphine, tripropyl
      phosphine, tributyl phosphine, mixed lower alkyl phenyl phosphines, such
      as phenyl dimethyl phosphine, phenyl diethyl phosphine, phenyl dipropyl
      phosphine, diphenyl methyl phosphine, diphenyl ethyl phosphine, diphenyl
      propyl phosphine, triphenyl phosphine, alicyclic phosphines such as
      tetramethylene methyl phosphine and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      phosphonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of the acids which may be employed are boric acid, lactic acid,
      formic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid, and sulfuric acid. Preferably the acid is an acid having
      a dissociation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of phosphine to acid is not unduly critical. Since one mole of
      acid is utilized to form one mole of phosphonium group, it is preferred
      that at least about one mole of acid be present for each mole of desired
      phosphine-to-phosphonium conversion.
PAR  The phosphine/acid mixture and the epoxy compound are reacted by mixing the
      components, sometimes at moderately elevated temperatures. The reaction
      temperature is not unduly critical and is chosen depending upon the
      reactants and their rates. Frequently the reaction proceeds well at room
      temperature or temperatures up to 70.degree.C., if desired. In some cases,
      temperatures as high as about 110.degree.C. or higher may be employed. A
      solvent is not necessary, although one is often used in order to afford
      better control of the reaction. Aromatic hydrocarbons, monoalkyl ethers of
      ethylene glycol, and aliphatic alcohols are suitable solvents. The
      proportions of the phosphine and the epoxy compound can be varied and the
      optimum proportions depend upon the particular reactants. Ordinarily,
      however, from about one part to about 50 parts by weight of the phosphine
      per 100 parts of epoxy compound is employed. The proportions are usually
      chosen with reference to the amount of phosphine, which is typically from
      about 0.1 to about 35 percent, based on the total weight of the phosphine
      and the epoxy compound.
PAR  Sulfonium group-containing resins can be prepared by reacting the above
      epoxy compounds with a sulfide in the presence of an acid to form
      quaternary sulfonium base group-containing resins.
PAR  The sulfide employed may be virtually any sulfide which reacts with epoxy
      groups and which does not contain interfering groups. For example, the
      sulfide may be aliphatic, mixed aliphatic-aromatic, aralkyl or cyclic.
      Examples of such sulfides include dialkyl sulfides such as diethyl
      sulfide, dipropyl sulfide, dibutyl sulfide, dihexyl sulfide, phenyl
      sulfide or alkyl phenyl sulfides such as diphenyl sulfide, ethyl phenyl
      sulfide, alicyclic sulfides, such as tetramethylene sulfide,
      pentamethylene sulfide, hydroxyl alkyl sulfides such as thiodiethanol,
      thiodipropanol, thiodibutanol and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      sulfonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of acids which may be employed are boric acid, formic acid,
      lactic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid and sulfuric acid. Preferably, the acid is an acid having
      a dissociation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of sulfide to acid is not unduly critical. Since one mole of acid
      is utilized to form one mole of sulfonium group, it is preferred that at
      least about one mole of acid be present for each mole of desired
      sulfide-to-sulfonium conversion.
PAR  The sulfide/acid mixture and the epoxy compound are reacted by mixing the
      components, usually at moderately elevated temperatures such as
      70.degree.-110.degree.C. A solvent is not necessary, although one is often
      used in order to afford better control of the reaction. Aromatic
      hydrocarbons, monoalkyl ethers of ethylene glycol, aliphatic alcohols are
      suitable solvents. The proportions of the sulfide to the epoxy compound
      can be varied and the optimum proportions depend upon the particular
      reactants. Ordinarily, however, from about one part to about 50 parts by
      weight of the sulfide per 100 parts of epoxy compound is employed. The
      proportions are usually chosen with reference to the amount of sulfur,
      which is typically from about 0.1 to about 35 percent, based on the total
      weight of the sulfide and the epoxy compound.
PAR  Since the sulfide and phosphine react with the epoxy group, where epoxy
      group-containing products are desired, less than an equivalent of sulfide
      or phosphine should be employed so that the resultant resin has one epoxy
      group per average molecule.
PAR  The particular reactants, proportions and reaction conditions should be
      chosen in accordance with considerations well-known in the art, so as to
      avoid gelation of the product during the reaction. For example,
      excessively severe reaction conditions should not be employed. Similarly,
      compounds having reactive substituents should not be utilized along with
      epoxy compounds with which those substituents might react adversely at the
      desired conditions.
PAR  It is usually necessary, in order to insure rapid and complete curing of
      the polymers of the invention, to have present in the coating mixture an
      externally added catalyst for urethane formation. However, if curing
      temperatures after deposition are high enough, catalyst may not be needed.
      Also, if the proper blocking agent for the isocyanate is employed, e.g.,
      oximes, catalyst may not be needed. Examples of externally added catalyst
      are the tin compounds such as dibutyl tin dilaurate and tin diacetate are
      preferred but other catalysts for urethane formation known in the art may
      be employed. The amount of catalyst employed is that amount which
      effectively promotes reaction of the deposited film, for example, amounts
      varying from about 0.5 percent to about 4 percent by weight of the polymer
      may be employed. Typically about 2 percent by weight is employed.
PAR  The polymer of the invention and catalyst mixture is electrodeposited on a
      suitable substrate and cured at elevated temperatures, such as from about
      250.degree.F. to about 600.degree.F., the film curing at least in part
      through urethane crosslinks. The alcohol released may either volatilize or
      remain in the mixture as a plasticizer, depending essentially on its
      boiling point.
PAR  The products forming the resin of the invention may be crosslinked to some
      extent; however, it remains soluble in certain organic solvents and can be
      further cured to a hard, thermoset state. It is significantly
      characterized by its epoxy or hydroxyl content and chemically bound
      quaternary onium content, and capped isocyanate group content.
PAR  Aqueous compositions containing the above reaction products are highly
      useful as coating compositions and can be applied by any conventional
      method, such as by dipping, brushing, etc. They are, however, eminently
      suited to application by electrodeposition.
PAR  Where the resin of the invention was prepared employing at least in part a
      salt of an acid having a dissociation constant greater than 1 .times.
      10.sup.-.sup.5, it is not necessary to add a solubilizing agent to the
      product to obtain a suitable aqueous electrodepositable composition,
      although an acid or acidic solubilizing agent can be added if desired.
      Where boric acid salts or similar boron compounds, as described above, are
      employed to prepare the resin without the presence of a salt of an acid
      having a dissociation constant greater than 1 .times. 10.sup.-.sup.5,
      compositions within the scope of this invention can be prepared by adding
      such an acid, the stronger acid replacing the boron compound in the resin
      and the boron compound forming substantially undissociated boric acid
      remaining in the aqueous media and being at least partially codeposited
      with the resin.
PAR  The presence of a boron compound in the electrodeposited film is of
      substantial benefit in that boron compounds apparently catalyze the cure
      of the deposited film, allowing lower cure temperatures and/or harder
      films.
PAR  The acid or acidic solubilizing agent may be any acid having a dissociation
      constant greater than 1 .times. 10.sup.-.sup.5. Preferably, the acid or
      acidic solubilizing agent should be an organic acid having a dissociation
      constant greater than about 1 .times. 10.sup.-.sup.5, the presently
      preferred acid being lactic acid. The addition of acid aids in stabilizing
      the resin, since the epoxy may tend to further polymerize on storage under
      highly alkaline conditions. In some cases, the acid also helps to obtain
      more complete dissolution of the resin. It is also desirable to
      electrodeposit these coatings from an acidic or only slightly basic
      solution (e.g., having a pH between about 3 and about 8.5), and the
      addition of acid thus is often useful to achieve the desired pH.
PAR  Where a carboxyl amine is employed in forming the resin of the invention,
      the resultant resin contains a Zwitterion, or internal salt, that is, an
      interaction between the quaternary group formed and the carboxyl group
      present, the carboxyl group displaying a dissociation constant greater
      than 1 .times. 10.sup.-.sup.5. The resultant resin is inherently
      self-solubilized without the use of external solubilizing agents.
PAR  The resin of the invention, when placed in a water-containing medium, such
      as an electrodeposition high solids feed concentrate or the
      electrodeposition bath, changes character. Since frequently the boron, if
      present, is apparently weakly chemically-bound in the resin, it is subject
      to cleavage from the resin molecule and, while the boron electrodeposits
      with the resin and is found in the electrodeposited film, the boron may be
      removed from the water-containing medium, in whole or in part, by
      separation means, such as electrodialysis or ultrafiltration, in the form
      of boric acid.
PAR  Thus, the resin in aqueous medium can be characterized as a
      water-containing medium in which the resin molecule contains capped
      isocyanate groups, hydroxyl and/or epoxy groups, and chemically-bound
      quaternary onium base salts sufficient to solubilize the resin.
PAR  Electrodepositable compositions, while referred to as "solubilized", in
      fact are considered a complex solution, dispersion or suspension, or a
      combination of one or more of these classes in water, which acts as an
      electrolyte under the influence of an electric current. While, no doubt,
      in some instances and perhaps in most, the resin is a dispersion which may
      be called a molecular dispersion of molecular size between a colloidal
      suspension and a true solution.
PAR  The concentration of the product in water depends upon the process
      parameters to be used and is, in general, not critical, but ordinarily the
      major proportion of the aqueous composition is water, e.g., the
      composition may contain one to 25 percent by weight of resin. In most
      instances, a pigment composition and, if desired, various additives such
      as surface-active agents, coupling solvents, and the like known in the
      electrodeposition art are included. The pigment composition may be of any
      conventional type, comprising, for example, one or more pigments such as
      iron oxides, lead oxides, strontium chromate, carbon black, titanium
      dioxide, talc, barium sulfate, cadmium yellow, cadmium red, chromic
      yellow, coal dust, and the like.
PAR  In electrodeposition processes employing the aqueous coating compositions
      described above, the aqueous composition is placed in contact with an
      electrically-conductive anode and an electrically-conductive cathode, with
      the surface to be coated being the cathode. Upon passage of electric
      current between the anode and the cathode, while in contact with the bath
      containing the coating composition, an adherent film of the coating
      composition is deposited on the cathode. This is in contrast to processes
      utilizing polycarboxylic acid resins which deposit on the anode, and many
      of the advantages described above are in large part attributed to this
      cathodic deposition.
PAR  The conditions under which the electrodeposition is carried out are in
      general similar to those used in electrodeposition of other types of
      coatings. The applied voltage may be varied greatly and can be, for
      example, as low as one volt or as high as several thousand volts, although
      typically between 50 volts and 500 volts. The current density is usually
      between about 1.0 ampere and 15 amperes per square foot and tends to
      decrease during electrodeposition.
PAR  The method of the invention is applicable to the coating of any
      electrically-conductive substrate, and especially metals such as steel,
      aluminum, copper, and the like.
PAR  After deposition, the coating is cured at elevated temperatures by any
      convenient method, such as in baking ovens or with banks of infrared heat
      lamps. Curing temperatures depend principally on the capping agent for the
      isocyanate and are usually preferably from about 350.degree.F. to about
      425.degree.F., although curing temperatures from about 250.degree.F. to
      about 500.degree.F. or even 600.degree.F. may be employed, if desired.
PAR  Illustrating the invention are the following examples, which, however, are
      not to be construed as limiting the invention to their details. All parts
      and percentages in the examples, as well as throughout this specification,
      are by weight unless otherwise specified.
PAC  EXAMPLE I
PAR  Into a reactor equipped with azeotrope means were charged 400 parts of a
      polyglycidyl ether derived from the condensation of Bisphenol A and
      epichlorhydrin possessing an epoxy equivalent of 485 (EPON 1001) and 118
      parts of methyl-n-butyl ketone (urethane grade). The mixture was heated to
      reflux for one hour and 2 milliliters of water were extracted. The mixture
      was then cooled to 100.degree.C. There was then added 200 parts of toluene
      diisocyanate (TDI), half-capped with 2-ethyl hexanol. The temperature of
      the mixture dropped to 82.degree.C. and there was added 0.5 gram of
      dibutyl tin dilaurate. Heat was applied and the reaction mixture
      exothermed to 104.degree.C. The reaction mixture was held for 1 hour at
      120.degree.-125.degree.C. The reaction mixture was scanned by IR and was
      shown to be devoid of free NCO groups.
PAR  To the reaction mixture at 98.degree.C. there was then added a mixture of
      59.4 parts of 85 percent lactic acid, 68.5 parts of thiodiethanol and 40
      parts of deionized water. The temperature dropped to 75.degree.C. Heat was
      applied. The mixture was white, opaque, and resinous. The reaction mixture
      was held at 90.degree.-98.degree.C. for 45 minutes. The resin mixture
      cleared but was still somewhat cloudy. At 80.degree.C. there was then
      added 35 parts of ethylene glycol monobutyl ether (butyl CELLOSOLVE) and
      25 parts of water. There was then added an additional 54 parts of butyl
      CELLOSOLVE. The analysis of the resultant resin composition showed 68.3
      percent solids, a hydroxyl value of 174, an epoxide value of 7,000. This
      product is hereinafter identified as Resin A.
PAR  A pigment paste was prepared with a resin containing quaternary ammonium
      salt groups. The resin was the reaction product of two equivalents of EPON
      836 with 0.9 equivalents of polypropylene glycol 600. The resin was
      quaternarized with dimethyl ethanolamine (DMEA) lactate to the extent of
      0.75 equivalent of DMEA lactate nitrogen to one equivalent of epoxide
      group. The resin was 65 percent solids in a solvent comprising 78 percent
      water, 12.6 percent 2-ethylhexanol, 6 percent isopropanol, 3.2 percent
      xylene (This resin was prepared in accordance with the teachings of U.S.
      Pat. Application Ser. No. 167,470, filed July 29, 1971.). This resin is
      hereinafter identified as Resin B.
PAR  The pigment paste was prepared by admixing 1,430 parts of Resin B, 4,360
      parts of titanium dioxide, 500 parts of aluminum silicate, 10.5 parts of
      red iron oxide, 108.5 parts of yellow iron oxide, 18 parts of carbon black
      and 1,270 parts of deionized water. The paste was ground in a pebble mill
      to an NSF No. 7 grind.
PAR  Electrodepositable composition was prepared by admixing 178 parts of Resin
      A, 70.5 parts of the above pigment paste and 3.6 parts of dibutyl tin
      dilaurate. The mixture was reduced to approximately 10 percent solids by
      the addition of 1,650 parts of deionized water.
PAR  The conductivity of the electrodeposition bath was 760 mmhos, and the
      electrodeposition bath demonstrated a Ford throw power at 300 volts for 90
      seconds at 80.degree.F. of 43/4 inches.
PAR  The electrodepositable composition was electrodeposited on galvanized steel
      panels serving as the cathode at a bath temperature of 77.degree.F. for 90
      seconds and the resultant panels baked at 385.degree.F. for 20 minutes.
      The panels were coated at 250 volts, 350 volts and 400 volts. Respective
      film builds 0.35 mil, 0.5 mil and 0.75 mil. All films demonstrated 6H
      pencil hardness, were resistant to rubbing with acetone, withstood 160
      inch pounds direct impact and showed only a slight failure at 160 inch
      pounds reverse impact.
PAR  The same composition at higher solids with higher levels of dibutyl tin
      dilaurate (5 percent on solids) produced an excellent flow coating.
PAC  EXAMPLE II
PAR  Into a reactor were charged 400 parts of EPON 1001 and 118 parts of methyl
      monobutyl ketone (urethane grade) and the reaction mixture heated to
      reflux and azeotroped. After one hour, two milliliters of water had been
      removed. The temperature of the mixture was dropped to 95.degree.C. and
      188 parts of 2-ethylhexyl alcohol half-capped TDI added. There was then
      added 0.5 part of dibutyl tin dilaurate. The temperature of the mixture
      dropped to 70.degree.C. The mixture was heated to 88.degree.C., at which
      time the reaction mixture exothermed to 120.degree.C. The reaction mixture
      was held at 120.degree.-122.degree.C. for 65 minutes, at which point an IR
      scan showed no free NCO.
PAR  The reaction mixture was cooled to 97.degree.C. and there was added a
      solution of 49.0 parts of thiodiethanol, 42.3 parts of 85 percent lactic
      acid, together with 28.5 parts of deionized water. The reaction mixture
      was milky and the temperature dropped to 78.degree.C. The reaction mixture
      was heated between 90.degree.-98.degree.C. for 45 minutes. The reaction
      mixture cleared. There was then added a solution of 50 parts butyl
      CELLOSOLVE and 78 parts of deionized water. A yellow hazy resin was
      obtained which when analyzed contained 67.1 percent solids, a hydroxyl
      value of 93.2 and an epoxide value of 2,793.
PAR  An electrodepositable composition was prepared as follows: There was
      admixed 199.5 parts of the above resin, 78.5 parts of the pigment paste of
      Example I, 3.6 parts of dibutyl tin dilaurate and 1,630 parts of deionized
      water to provide an electrodeposition bath of approximately 10 percent
      solids.
PAC  EXAMPLE III
PAR  A first acrylic polymer was prepared as follows: The monomer feed
      composition was as follows:
     Monomer               Parts by Weight                                     

     ______________________________________                                    

     Reaction product of 2-ethylhexanol                                        

     half-capped TDI and hydroxyl-                                             

     ethylacrylate         66                                                  

     Butyl acrylate        90                                                  

     Styrene               60                                                  

     2-hydroxyethyl acrylate                                                   

                           21                                                  

     Glycidyl methacrylate 48                                                  

     Methyl methacrylate   15                                                  

     ______________________________________                                    

PAL  The above monomer mixture also contained 4.5 parts of VAZO
      [azobis(isobutyronitrile)] and 9 parts of tertiary dodecyl mercaptan.
PAR  The polymer was prepared in a reaction flask equipped with thermometer,
      stirrer, reflux condenser and monomer addition means in a continuous
      nitrogen gas blanket. Into the reactor was charged 75 parts of butyl
      CELLOSOLVE and the contents of the reactor heated to 95.degree.C.
      One-quarter of the monomer feed was added over a 4-minute period. The
      reaction mixture exothermed to 112.degree.C. and was held for 85 minutes.
      The reaction mixture then dropped to 95.degree.C. and the additional
      monomer added over a 2-hour period, with heating. The final temperature
      was 135.degree.C. The reaction mixture was held between 135.degree.C. and
      168.degree.C. for 41/4 hours. The reaction mixture was cooled and there
      was then added 0.3 parts of 2,6-ditertiary butyl para-cresol.
PAR  To the reaction mixture at 95.degree.C. was added a mixture of 38.7 parts
      of thiodiethanol, 33.4 parts of 85 percent lactic acid and 30 parts of
      deionized water. The reaction mixture was then held at
      95.degree.-97.degree.C. for one hour and 40 minutes. There was then added
      10 parts of water. The resin analyzed to contain 69.9 percent solids,
      hydroxyl value 192, epoxy value of infinity. This resin is hereinafter
      referred to as Resin C.
PAR  In a similar manner, an interpolymer was prepared by interpolymerizing the
      following monomer mixture in accordance with procedure set forth above.
TBL  Monomer               Parts by Weight                                     

     ______________________________________                                    

     Methyl methacrylate   105                                                 

     Ethyl methacrylate    57                                                  

     Styrene               45                                                  

     Glycidyl methacrylate 33                                                  

     Reaction product of 2-ethylhexanol                                        

     half-capped TDI and hydroxyl-                                             

     ethylacrylate         60                                                  

     ______________________________________                                    

PAL  The monomer mixture also contained 9 parts of tertiary dodecyl mercaptan
      and 4.5 parts of VAZO, the polymerization was conducted in 75 parts of
      butyl CELLOSOLVE and equivalent amount of inhibitor added at the end of
      the polymerization.
PAR  To this resin at 100.degree.C. were added a mixture of 28.4 parts of
      thiodiethanol, 26.4 parts of 85 percent lactic acid and 20 parts of
      deionized water. The reaction mixture was held at 95.degree.-98.degree.C.
      for 41/2 hours and then there were added 20 parts of water. This resin
      analyzed to contain 78.8 percent solids, a hydroxyl value of 87, and an
      epoxy value of infinity. This resin is hereinafter referred to as Resin D.
PAR  A pigment paste was prepared by admixing 103 parts of Resin D, 300 parts of
      titanium dioxide, 3 parts of a non-ionic surfactant, and 107 parts of
      butyl CELLOSOLVE. The pigment paste was ground to an NSF No. 7 grind.
PAR  An electrodepositable composition was prepared by admixing 76.5 parts of
      the above pigment paste, 123 parts of Resin A, 2 parts of dibutyl tin
      dilaurate and 1250 parts of deionized water to produce an approximately 10
      percent solids electrodeposition bath having a conductivity of 515 mmhos
      and a pH of 3.6. Zinc phosphate treated steel panels were electrocoated at
      300 volts for 120 seconds at a bath temperature of 77.degree.F. and baked
      at 350.degree.F. for 20 minutes. The resultant film build was 1.1 to 1.5
      mils. The films were glossy white, had a 2H pencil hardness and had
      excellent resistance to acetone.
PAR  Similar panels were electrocoated at 300 volts for 90 seconds at a bath
      temperature of 77.degree.F. and baked at 350.degree.F. for 20 minutes. The
      film build was 1.0 mil with smooth white gloss and had a pencil hardness
      of 2H and was resistant to acetone rubbing. The film withstood both
      forward and reverse impact of 40 inch pounds.
PAC  EXAMPLE IV
PAR  Into a suitable reactor were charged 267 parts of methyl-n-butyl ketone
      solvent and 485 parts of a polyglycidyl ether derived from the
      condensation of Bisphenol A and epichlorohydrin, possessing an epoxy
      equivalent weight of 485 (EPON 1001). The mixture was dissolved with
      agitation and heated to reflux at approximately 130.degree.C. and held for
      25 minutes, when any water present was azeotroped off and separated in a
      trap.
PAR  The mixture was then cooled to 100.degree.C. and there was added 384 parts
      of the 2-ethylhexyl monourethane of 2,4-toluene diisocyanate at 95 percent
      solids in methyl-n-butyl ketone. There was then added 0.8 part of dibutyl
      tin dilaurate catalyst. After the initial exotherm subsided, the reaction
      mixture was heated to 120.degree.C. and held for about 30 minutes to
      insure complete isocyanate reaction, as indicated by the infrared scan of
      the reaction mixture.
PAR  The reaction mixture was then cooled to 75.degree.C., at which point a
      mixture of 220 parts of dimethyl dodecyl amine, 104.5 parts of 88 percent
      lactic acid and 44.3 parts of isopropanol and 45.6 parts of water were
      introduced slowly over a one hour period, while maintaining the reaction
      temperature at about 80.degree.C. After the addition was complete, the
      reaction mixture was held for an additional 20 minutes at 80.degree.C. and
      100 parts of water was then added. The reaction mixture was then cooled.
PAR  To 53.9 parts of the above quaternized, self-curing urethane resin solution
      was blended 0.8 part of dibutyl tin dilaurate catalyst. The mixture was
      reduced with 345.3 parts of water to yield an electrodeposition bath of
      approximately 10 percent solids with a pH of 6.4.
PAR  Using conventional electrodeposition procedures, a zinc phosphate
      pretreated steel panel was electrocoated as a cathode at 250 volts for a
      two-minute period, the bath being at room temperature. The panel, after
      rinsing, was cured in an oven for 20 minutes at 350.degree.F. The baked
      film was a glossy, acetone-resistant coating of 0.4 mil film thickness and
      possessed an H pencil hardness.
PAC  EXAMPLE V
PAR  Into a suitable reactor were charged 197 parts by weight of methyl isobutyl
      ketone and 381 parts by weight of a polyglycidyl ether derived from the
      condensation of Bisphenol A and epichlorohydrin possessing an epoxy
      equivalent weight of 485 (EPON 1001). The epoxy was dissolved with
      agitation and heated to reflux at approximately 125.degree.C. and held for
      20 minutes, when any water present was azeotroped off and separated in the
      trap.
PAR  The mixture was cooled to 95.degree.C. and there was added 250 parts by
      weight of methylethyl ketoxime capped monourethane of isophorone
      diisocyanate at 90 percent solids in methyl isobutyl ketone. The reaction
      mixture was held for about 90 minutes to insure complete isocyanate
      reaction as indicated by the infrared scan of the reaction mixture.
PAR  The reaction mixture was then cooled to 75.degree.C. at which point a
      mixture of 160 parts by weight of dimethyldodecyl amine, 78 parts by
      weight of an 88 percent by weight aqueous solution of lactic acid, 43
      parts by weight of isopropanol and 34 parts by weight of water were
      introduced slowly over a 1 hour period while maintaining the reaction
      mixture at about 80.degree.C. After addition was complete, the reaction
      mixture was held for an additional 20 minutes at 80.degree.C. and 100
      parts by weight of water was then added. The reaction mixture was then
      cooled.
PAR  53.9 parts by weight of the above quaternary ammonium self-curing urethane
      resin was reduced with 343 parts by weight of deionized water to yield an
      electrodeposition bath of approximately 10 percent solids with a pH of
      8.3.
PAR  Using conventional electrodeposition procedures, a zinc phosphate
      pretreated steel panel was electrocoated as a cathode at 50 volts for a
      two minute period, the bath being at room temperature. The panel, after
      rinsing, was cured in an oven for 10 minutes at 350.degree.F. The baked
      film was an acid-resistant bubbled coating.
PAC  EXAMPLE VI
PAR  Into a suitable reactor were charged 1871 parts by weight of a polyglycidyl
      ether derived from the condensation of Bisphenol A and epichlorohydrin,
      possessing an epoxy equivalent weight of about 195 (EPON 829), and 604
      parts by weight of Bisphenol A and 477 parts by weight of a
      polycaprolactone diol sold commercially by Union Carbide Corporation under
      the trade name PCP 0200.
PAR  The charge was agitated and heated to exotherm at about 160.degree.C. The
      mixture was permitted to exotherm freely and held for approximately 40
      minutes between 160.degree.-192.degree.C. The mixture was then cooled to
      145.degree.C. and then 5.5 parts by weight of dimethylethanolamine was
      added to the reaction mixture. The mixture was held at about 135.degree.C.
      for approximately 31/2 hours after which time 9.1 parts by weight of an 85
      percent by weight aqueous lactic acid solution was added, followed by the
      addition of 214 parts by weight of 2-ethyl hexanol. The reaction mixture
      cooled upon addition of the 2-ethyl hexanol to 117.degree.C. and then an
      additional 77.5 parts by weight of 2-ethyl hexanol were added to cool the
      reaction mixture to about 104.degree.C., after which time a mixture of 616
      parts by weight of dimethylcyclohexylamine lactate and 200 parts by weight
      of deionized water were charged to the reactor. The temperature of the
      mixture in the reactor was held at 91.degree.-99.degree.C. for about 55
      minutes, after which time it was thinned with 396 parts of methylethyl
      ketone to produce 75 percent total solids solution.
PAR  Forty parts by weight of the above-described quaternary ammonium resin was
      then blended with 6 parts by weight of benzyl butyl phthalate
      (plasticizer) and 12.9 parts by weight of a ketoxime fully blocked
      polyisocyanate crosslinking agent prepared as described below. The blend
      was reduced with 341 parts by weight of deionized water to yield an
      electrodeposition bath of approximately 7 percent total solids with a pH
      of 5.6.
PAR  The crosslinking agent was prepared by charging with agitation into a
      suitable reactor 3,550 parts of a trifunctional aliphatic isocyanate sold
      by Mobay Chemical Company under the trademark DESMOTURN-100 and 1182 parts
      by weight of methyl normal butyl ketone. To this agitated mixture was
      slowly added over a period of about 11/2 hours 1815 parts by weight of
      methylethyl ketoxime keeping the reaction mixture temperature below
      23.degree.C. The cooling was removed and the reaction mixture held until
      infrared analysis showed no free NCO groups.
PAR  Using conventional electrodeposition procedures, a zinc phosphate
      pretreated steel panel was electrocoated as a cathode in the
      electrodeposition bath described above at 80 volts for two minutes, the
      bath being at room temperature. The panel, after rinsing, was cured in an
      oven for 10 minutes at 325.degree.F. The baked film was a smooth
      acetone-resistant coating of 0.6 mil film thickness which possessed a 3H
      pencil hardness.
PAR  In the manner of the above examples, various other epoxy resins,
      semi-capped isocyanates and quaternary group-forming reactants can be
      employed to provide resins within the scope of this invention.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered to be its best
      embodiments. However, within the scope of the appended claims, it is to be
      understood that the invention can be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of electrocoating an electrically-conductive surface serving as
      a cathode comprising passing an electric current between said cathode and
      an anode in electrical contact with an aqueous electrodepositable
      composition, wherein said electrodepositable composition comprises an
      aqueous dispersion of:
PA1  A. a quaternary onium salt group-containing resin comprising the reaction
      product of:
PA2  1. an epoxy group-containing reaction product of an epoxy group-containing
      organic material and a semi-capped organic polyisocyanate; and
PA2  2. a reactant selected from the group consisting of an amine acid salt, a
      sulfide-acid mixture, and a phosphine-acid mixture, said reactant reacted
      with said epoxy group-containing reaction product in an amount and at a
      temperature sufficient to provide a quaternary onium salt-containing,
      water-dispersible resin;
PAL  said quaternary onium group salt-containing resin (A) containing hydroxyl
      groups and capped isocyanate groups, said capped isocyanate groups stable
      at room temperature but reactive with hydroxyl groups at elevated
      temperatures; and
PA1  B. a catalytic amount of a catalyst for urethane formation.
NUM  2.
PAR  2. A method as in claim 1 wherein the isocyanate groups are capped with an
      alcohol or ketoxime.
NUM  3.
PAR  3. A method as in claim 1 wherein the isocyanate groups are capped with a
      phenol.
NUM  4.
PAR  4. A method as in claim 1 wherein the isocyanate groups and hydroxyl groups
      are present in a ratio of about 0.5 to about 2.0 latent urethane groups
      per hydroxyl group.
NUM  5.
PAR  5. A method as in claim 1 wherein the resin (A) contains free epoxy groups.
NUM  6.
PAR  6. A method as in claim 1 wherein the quaternary onium group is a sulfonium
      group.
NUM  7.
PAR  7. A method as in claim 6 wherein the isocyanate groups are capped with an
      alcohol or ketoxime.
NUM  8.
PAR  8. A method as in claim 6 wherein the isocyanate groups are capped with a
      phenol.
NUM  9.
PAR  9. A method as in claim 6 wherein the isocyanate groups and hydroxyl groups
      are present in a ratio of about 0.5 to about 2.0 latent urethane groups
      per hydroxyl group.
NUM  10.
PAR  10. A method as in claim 6 wherein the resin (A) contains free epoxy
      groups.
NUM  11.
PAR  11. A method as in claim 6 wherein the resin (A) is devoid of free epoxy
      groups.
NUM  12.
PAR  12. A method of electrocoating an electrically-conductive surface serving
      as a cathode comprising passing an electric current between said cathode
      and an anode in electrical contact with an aqueous electrodepositable
      composition, wherein said electrodepositable composition comprises an
      aqueous dispersion of:
PA1  a quaternary onium salt group-containing resin comprising the reaction
      product of:
PA2  1. an epoxy group-containing reaction product of an epoxy group-containing
      organic material and a semi-capped organic polyisocyanate; and
PA2  2. a reactant selected from the group consisting of an amine acid salt, a
      sulfide-acid mixture, and a phosphine-acid mixture, said reactant reacted
      with said epoxy group-containing reaction product in an amount and at a
      temperature sufficient to provide a quaternary onium salt-containing,
      water-dispersible resin;
PAL  said quaternary onium group salt-containing resin containing hydroxyl
      groups and capped isocyanate groups, said capped isocyanate groups stable
      at room temperature but reactive with hydroxyl groups at elevated
      temperatures.
NUM  13.
PAR  13. A method as in claim 12 wherein the isocyanate groups are capped with
      an alcohol or ketoxime.
NUM  14.
PAR  14. A method as in claim 12 wherein the isocyanate groups and hydroxyl
      groups are present in a ratio of about 0.5 to about 2.0 latent urethane
      groups per hydroxyl group.
NUM  15.
PAR  15. A method as in claim 12 wherein the resin contains free epoxy groups.
NUM  16.
PAR  16. A method as in claim 12 wherein the quaternary onium group is a
      sulfonium group.
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PAL  A vitreous enamel-coated ferrous article is prepared by (a) pretreating a
      ferrous article such as by pickling, (b) coating the pretreated ferrous
      article with a metal whose boiling temperature is above the firing
      temperature of the enamel, (c) electrophoretically coating the
      metal-coated article with a vitreous enamel, and (d) firing the enamel.
PARN
PAC  Cross-Reference to Related Application
PAR  This application is a continuation-in-part of parent application Ser. No.
      179,203, filed Sept. 9, 1971, entitled ELECTROPHORETIC ENAMELLING OF
      FERROUS ARTICLES, now abandoned.
BSUM
PAR  The present invention relates to a vitreous enamel-coated article of
      manufacture and to a method for electrophoretically coating vitreous
      enamel on ferrous parts, particularly steel.
PAR  A method is known for the electrophoretic coating of steel parts with
      enamel. This method suffers from the disadvantage that the enamelled
      articles are not of a satisfactory white color. The reason for this is
      that nickel and iron are oxidized due to the anodic polarity of the
      articles being enamelled. This oxidation causes discoloration of the
      deposited enamel. In addition, the dross in the enamelling container is
      discolored due to this oxidation after the enamelling of several articles,
      and a brown or yellow coloration occurs. There is also the disadvantage
      that a part of the nickel necessary for adhesion of the enamel is lost.
PAR  It is therefore an object of the present invention to provide an improved
      vitreous enamel-coated article and enamelling method which overcomes the
      above-mentioned disadvantages.
DETD
PAR  In the enamelling method according to the present invention, the ferrous
      part is first pretreated in a conventional manner, such as degreasing,
      pickling, nickel-plating or the like. Before the electrophoretic coating
      step, the ferrous part, in particular a steel part, is coated with zinc or
      copper. Instead of zinc or copper, it is also possible to use any metal
      with a boiling temperature above the firing temperature of the vitreous
      enamel. It is advantageous to use a metal having oxidation products which
      are white or substantially white. Particularly good results are achieved
      when using a zinc coating with a thickness of from 0.3 to 5 g/sq. m. of
      surface area on a copper coating with a thickness of from 0.01 to 2 g/sq.
      m. of surface area.
PAR  The method of the present invention has the particular advantage that the
      deposited enamel and the dross in the enamelling container do not change
      color, even after prolonged use. The method according to the present
      invention therefore avoids nickel and iron being oxidized by the anodic
      polarity of the articles being enamelled. If there is sufficient zinc on
      copper on the surface of the ferrous material or steel, the zinc or copper
      is oxidized instead of the ferrous material and the nickel. The resulting
      zinc or copper oxide, or zinc or copper hydroxide is white, however, and
      does not result in any change in color.
PAR  Due to the relatively high electrolyte content of the dross, gas reactions
      occur both at the cathode and at the workpiece (anode). The escaping gases
      very often cause bubbles in the enamel or partially dissolve the enamel.
      Due to the metal coating on the surface of the steel part in accordance
      with the present invention, these gas reactions can be suppressed to such
      an extent that neither bubbles in the deposited enamel or loosened enamel
      coatings any longer occur.
PAR  In the previously known electrophoretic enamelling methods, the variables
      of the dross such as specific weight, temperature, conductivity, grinding
      additives and the like, had to be kept within very narrow limits. Due to
      the interposed metal layer, in particular zinc or copper, the variables of
      the dross can be varied within wide limits.
PAR  Since no material gas reactions occur with the zinc or copper-coated steel
      parts during the electrophoretic coating step, the conductivity of the
      dross can be increased by increased addition of electrolyte. Increasing
      the conductivity improves the distribution and shaped parts can therefore
      be better enamelled.
PAR  The improved distribution also provides for an improved control of the
      thickness of the coating when enamelling shaped parts. Excessive
      accumulation of enamel at exposed places is avoided. Faraday forces no
      longer have the action as in the case of steel parts which are not zinc or
      copper-coated.
PAR  A further advantage is that the electrophoretically applied coating adheres
      better to the steel parts. The coating no longer slips off during rinsing
      after the electrophoretic coating step or even directly after the
      electrophoretic coating step.
PAR  In accordance with the method of the present invention, the steel surface
      or the nickel-plated steel surface is covered by an additional metal
      coating, in particular zinc or copper. The exact thickness of the coating
      depends on the deposition equivalent of the dross and the required
      thickness of the coating of vitreous enamel. The coating of metal applied
      should, however, not be too thick, for otherwise the enamel adhesion is
      poor. In the case of zinc, a coating of from 0.3 to 5 g/sq. m. of surface
      area has been found to be desirable when using a titanium-white enamel
      with a thickness of about 0.12 mm.
PAR  After the pretreated ferrous part is coated with zinc, copper or other
      metal, the metal-coated article is electrophoretically fired-on opaque
      glassy coatings conventionally used on steel or other metals and sometimes
      referred to as "porcelain enamel." More specifically, the vitreous enamel
      can be such inorganic glass-forming substances as quartz, feldspar, boric
      acid, borax, Na.sub.2 O, K.sub.2 O, lead oxide, PbO, aluminum oxide and
      titanium-white enamel. The enamel is fired at conventional temperatures
      normally ranging from 500.degree. to 900.degree.C and typically above
      800.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the electrophoretic coating of a ferrous article with a
      vitreous enamel comprising the steps of (a) coating said article with from
      0.3 to 5 g/sq. m. of zinc or 0.01 to 2 g/sq. m. of copper, (b)
      electrophoretically coating the metal-coated article with vitreous enamel,
      and (c) firing said enamel.
NUM  2.
PAR  2. The method of claim 1 wherein said ferrous article is a steel article.
NUM  3.
PAR  3. The method of claim 1 and further comprising pretreating said article
      prior to coating said article with said metal.
NUM  4.
PAR  4. The method of claim 3 wherein said pretreatment is degreasing, pickling
      or nickel plating.
NUM  5.
PAR  5. The method of claim 1 wherein said vitreous enamel is quartz, feldspar,
      boric acid, borax, Na.sub.2 O, K.sub.2 O, lead oxide, PbO, aluminum oxide,
      or titanium-white enamel.
NUM  6.
PAR  6. The method of claim 1 wherein said enamel is fired at 500.degree. to
      900.degree.C.
NUM  7.
PAR  7. A vitreous enamel-coated article of manufacture comprising a ferrous
      part, from 0.3 to 5 g/sq. m. of zinc or 0.01 to 2 g/sq. m. of copper
      coated on said ferrous part, said zinc or copper being at least partially
      oxidized, and a fired-on vitreous enamel electrophoretically coated on the
      metal-coated part.
NUM  8.
PAR  8. The article of claim 7 wherein said vitreous enamel is quartz, feldspar,
      boric acid, borax, Na.sub.2 O, K.sub.2 O, lead oxide, PbO, aluminum oxide,
      or titanium-white enamel.
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ABST
PAL  One of the Pt electrodes of a concentration cell comprising a solid
      oxygen-ion electrolyte is coated with a porous inorganic material such as
      .gamma.-type Al.sub.2 O.sub.3 impregnated with an oxidation catalyst such
      as Pt so that oxidation reactions in a mixed gas to be measured may attain
      equilibrium before the gas comes into contact with the cell.
BSUM
PAR  The present invention generally relates to a concentration cell comprising
      a solid oxygen-ion electrolyte, and more particularly to an oxygen sensor
      essentially consisting of such a cell and a catalytic coating deposited on
      one of the cell electrodes and to a method of making the same.
PAR  An oxygen concentration cell can be used to measure oxygen concentration in
      a mixed gas because the magnitude of the electromotive force (EMF) between
      two electrodes of such a cell is dependent on the difference in oxygen
      concentration in the two atmospheres surrounding the respective
      electrodes. When one of the electrodes is exposed to a reference gas such
      as air, variations of oxygen concentration in a sample gas can be detected
      continuously. Usually, a solid electrolyte such as an oxide of a
      tetravalent element, in which oxygen ions function as electron carriers,
      is chosen to make a cell suitable as a practical oxygen sensor.
PAR  This type of oxygen sensor is frequently employed in a control system for
      automatically controlling the air to fuel ratio (A/F) of a combustible
      mixture fed to an engine, particularly in automobile internal combustion
      engines to achieve top engine efficiency and/or to produce an innocuous or
      clean exhaust gas. The sensor is usually disposed in the exhaust system of
      the engine.
PAR  Since the A/F is in many cases near the stoichiometric ratio, the oxygen
      sensor is required to be highly sensitive to small deviations of the A/F
      about the stoichiometric value. In conventional oxygen sensors of this
      type, however, the variation of the EMF in response to the variation of
      the actual A/F in such a range is not sufficiently sharp to accurately
      judge whether the stoichiometric ratio is attained or not.
PAR  It is therefore an object of the present invention to provide an oxygen
      sensor which produces a sharp change in the magnitude of EMF in response
      to a variation of oxygen concentration in an exhaust gas resulting from a
      slight deviation of the A/F of a combustible mixture from the
      stoichiometric value.
PAR  It is another object of the invention to provide a method of making such a
      sensor.
PAR  According to the invention, an oxygen sensor comprises, like a conventional
      sensor, a layer of a solid oxygen-ion electrolyte, a first electrode
      formed on the electrolyte layer to communicate with a reference gas, and a
      second electrode formed on the opposite side of the electrolyte layer to
      communicate with the gas subject to measurement. Both electrodes are
      permeable to the gas. A coating of a porous inorganic material is formed
      on the second electrode, and the coating is impregnated with a catalyst
      for oxidation of oxidizable components in the gas to be measured. The
      coating has preferably a rough surface.
PAR  The solid electrolyte is selected from conventional solid solutions of
      ZrO.sub.2 --CaO, CeO.sub.2 --CaO and ThO.sub.2 --CaO, the first being
      preferred, and the electrodes are preferably made of Pt. Examples of
      preferred coating material are .gamma.-type Al.sub.2 O.sub.3 and an
      aluminous cement, and the catalyst may be either Pt or Pd.
PAR  A method of making a porous and Pt-impregnated .gamma.-type Al.sub.2
      O.sub.3 coating according to the invention comprises the steps of;
      depositing .alpha.-type Al.sub.2 O.sub.3 on a surface of a Pt electrode by
      means of a plasma injection, adjusting the temperature of the deposited
      .alpha.-type Al.sub.2 O.sub.3 to transform it into .gamma.-type Al.sub.2
      O.sub.3, impregnating the .gamma.-type Al.sub.2 O.sub.3 with
      chloroplatinic acid, and heating the impregnated coating in a hydrogen
      atmosphere.
DRWD
PAR  Other features and advantages of the invention will become clear from the
      following detailed description with reference to the accompanying drawing,
      in which:
PAR  FIG. 1 is a partial sectional view of a conventional oxygen concentration
      cell;
PAR  FIG. 2 is a partial sectional view of an oxygen concentration cell
      according to this invention;
PAR  FIG. 3 is a graph showing qualitatively the variations of the magnitude of
      EMF when the cells of FIGS. 1 and 2 are exposed to an automobile engine
      exhaust gas as functions of A/F of a combustible mixture fed to the
      engine; and
PAR  FIG. 4 is a sectional view of an oxygen sensor of this invention.
DETD
PAR  In FIG. 1, a conventional oxygen concentration cell practicable as an
      oxygen sensor consists of a layer of a solid oxygen-ion electrolyte 11
      such as zirconia, ZrO.sub.2 stabilized with calcia, CaO and two Pt
      electrodes 12A and 12B deposited on both surfaces of the layer 11. Both
      the electrodes 12A and 12B are permeable to gas and are connected to a
      potentiometer 14 via leads 13. When the electrodes 12A and 12B are exposed
      to air and, for example, to an engine exhaust gas, respectively, a
      potential difference is developed between the two electrodes 12A and 12B.
      The potential difference or EMF is determined by the Nernst's equation
      ##EQU1##
      where R is the gas constant, T is the absolute temperature, F is the
      Faraday constant, (PO.sub.2) is the partial pressure of oxygen in a gas
      surrounding an electrode 12A or 12B, and the subscripts 1 and 2 refer to
      the reference air and the exhaust gas, respectively.
PAR  The curve I of FIG. 3 represents the variation of the EMF magnitude for the
      cell of FIG. 1 when the electrode 12B is exposed to an automobile engine
      exhaust gas and the A/F of a combustible mixture to feed the engine is
      varied about the stoichiometric ratio S. The curve III represents the
      oxygen concentration in the exhaust gas for reference. As is apparent from
      the curve I, there are two levels of the EMF magnitude, a higher level for
      an A/F range below S and a lower one for another range above S, and a
      level transfers gradually or mildly into the other level when the A/F is
      varied across S. Due to the mild slope of the curve I at the EMF level
      transition, it is very difficult to judge whether the A/F is just
      stoichiometric or slightly deviated therefrom.
PAR  The reason for such a mild transition of the EMF level is assumed as
      follows. Oxidation reactions in an actual engine do not attain
      equilibrium, so that oxygen concentration in the exhaust gas is always
      higher than theoretical values when an A/F lower than the stoichiometric
      ratio is employed. The platinum electrode 12B may act as a catalyst for
      reactions of oxygen contained in the exhaust gas with unburned
      hydrocarbons and carbon monoxide, but the catalytic effect of the
      electrode 12B is not considered strong enough to allow the reactions to
      attain equilibrium.
PAR  Based on these analysis, the cell of FIG. 2, according to the invention has
      a coating 15 of a porous inorganic material 16, which is impregnated with
      a catalyst 17, on the outer surface of the electrode 12B. The solid
      electrolyte 11 and the electrodes 12A and 12B are similar to the
      conventional cell of FIG. 1. The catalyst 17 is selected from substances
      which catalyze oxidation reactions of oxidizable components in a gas to be
      measured such as an engine exhaust gas. The porosity of the coating 15
      enhances the catalytic effect of the coating 15. The surface 15A of the
      coating 15 is preferably roughened to further enlarge the specific surface
      area thereof. The inorganic material 16 should be a material that is
      stable both chemically and thermally.
PAR  FIG. 4 shows an oxygen sensor 18 as a preferred embodiment of the
      invention. A top-sealed tube 19 made of a solid solution of 85 mole %
      ZrO.sub.2 and 15 mole % CaO serves as the oxygen-ion electrolyte 11 of
      FIG. 2. As is known, CaO is a typical stabilizer for an oxide electrolyte
      such as ZrO.sub.2. The Pt electrodes 12A and 12B are deposited on the
      inner and outer surfaces of the tube 19, respectively, and a pair of Pt
      wire leads 13 are connected to the electrodes 12A and 12B. The exterior
      electrode 12B is covered with the coating 15 of Pt-impregnated porous
      .gamma.-type Al.sub.2 O.sub.3.
PAR  The oxygen sensor 18 is produced by the following method according to the
      invention. The upper portion including the sealed end of the outer surface
      of the tube 19 as well as the inner surface is initially roughened by
      means of sand-blast. A platinum paste containing a fine powder of platinum
      in an organic binder is applied on the rough-finished portion and the
      inner surface of the tube 19, and then the tube 19 is baked at
      1100.degree.C for 2 hr to evaporate the binder and to form the electrodes
      12A and 12B. After connection of platinum wire leads 13 to the respective
      electrodes 12A and 12B, .alpha.-type alumina is deposited on the exterior
      electrode 12B by means of plasma injection. The deposited .alpha.-type
      alumina transforms into porous .gamma.-type alumina when the temperature
      is reduced. Alternatively, a paste containing .gamma.-type alumina in a
      liquid binder is directly applied on the exterior electrode 12B followed
      by heating to evaporate the binder when requirement for the adhesion of
      the resulting coating 15 is not severest. Then, the .gamma.-type alumina
      coating 15 is impregnated with chloroplatinic acid and is subsequently
      heated in a hydrogen atmosphere at 550.degree.C for 3 hr to reduce the
      impregnating platinum ions to metallic platinum.
PAR  An aluminous cement containing calcium aluminate Al.sub.2 O.sub.3.sup.. CaO
      as a principal component is another excellent material 16 for the coating
      15 of this invention. The watery cement is applied on the exterior
      electrode 12B and is hardened in a usual way to give a stable and porous
      coating 16. Also, a clay such as kaolin or bentonite substantially free
      from oxidation catalyst can be utilized. Such a clay is admixed with fine
      cellulose fiber or powder and water. Baking of the clay after application
      on the exterior electrode 12B causes the cellulose to disappear and gives
      an appropriate porosity to the clay coating 16.
PAR  The oxygen sensor 18 is installed in an exhaust pipe (not shown) of an
      engine by means of suitable attachment members (not shown) so that the
      coating 15 may be exposed to the stream of exhaust gas represented by the
      arrow E in FIG. 4. Air is passed in the interior 20 of the tubular sensor
      18 as a reference gas for measuring the partial pressure or concentration
      of oxygen in the exhaust gas E.
PAR  The solid oxygen-ion electrolyte 11 in the present invention is not limited
      to the above ZrO.sub.2 -CaO, but may be selected from various conventional
      solid solution electrolytes composed of an oxide such as ceria CeO.sub.2
      and ThO.sub.2 and a stabilizer such as calcia CaO. Pd may be used as the
      catalyst 17 instead of, or in combination with Pt.
PAR  Referring again to FIG. 3, the curve II represents the variation of the EMF
      magnitude for the cell of FIG. 2 according to the invention under the same
      condition as described before with respect to the curve I. As is apparent,
      curve II shows a very sharp transition from a high EMF level for a low A/F
      range to a low level at a point very close to the stoichiometric point S.
      Besides, the absolute EMF values in the higher level are larger than those
      of the curve I.
PAR  Such a characteristic may be considered to verify the assumption that the
      mild EMF level transition in the case of a conventional cell results from
      the presence of unreacted oxygen in the measured exhaust gas. The catalyst
      17 impregnating the coating 15 has an extremely large specific surface
      area, so that the unreacted oxygen can be almost completely reacted with
      unburned hydrocarbons and carbon monoxide before the exhaust gas comes
      into contact with the exterior electrode 12B. In other words, the
      electrode 12B communicates always with the exhaust gas in an equilibrium
      state. Therefore, the curve II represents the excess or deficiency of
      oxygen in the combustible mixture more exactly than the curve I.
PAR  The sharp and great change in the EMF magnitude for the cell of FIG. 2 or
      the oxygen sensor 18 of the invention enables accurate judgement as to
      whether the stoichiometric mixing ratio is established or not.
      Accordingly, the amount of fuel supply to an engine in operation can be
      minutely controlled, or a predetermined A/F can be maintained with little
      change when the oxygen sensor 18 is used in a common control system for a
      fuel supply system of an engine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oxygen sensor to sense the difference in oxygen content between two
      gases, comprising a layer of a solid oxygen-ion electrolyte, a first metal
      electrode formed on a side of said electrolyte layer to communicate with a
      reference gas, a second metal electrode formed on the opposite side of
      said electrolyte layer to communicate with the gas being measured, both
      said first and second electrodes being permeable to gas, and a porous
      coating formed on said second electrode, said coating being of an
      inorganic material comprising at least a major amount of at least one
      refractory oxide and impregnated with a catalyst for oxidation of
      oxidizable components in said gas said refractory oxide comprises at least
      a substantial amount of Al.sub.2 O.sub.3.
NUM  2.
PAR  2. An oxygen sensor as claimed in claim 1, in which an exposed surface of
      said coating is roughened whereby the effective surface area is enlarged.
NUM  3.
PAR  3. An oxygen sensor as claimed in claim 1, in which said electrolyte is a
      solid solution of CaO and an oxide selected from the group consisting of
      ZrO.sub.2, CeO.sub.2 and ThO.sub.2, and said first and second electrodes
      are made of Pt.
NUM  4.
PAR  4. An oxygen sensor as claimed in claim 1, in which said inorganic coating
      is .gamma.-type Al.sub.2 O.sub.3.
NUM  5.
PAR  5. An oxygen sensor as claimed in claim 1, in which said inorganic coating
      material is a hardened aluminous cement containing Al.sub.2 O.sub.3.sup..
      CaO as a principal component.
NUM  6.
PAR  6. An oxygen sensor as claimed in claim 1, in which said inorganic coating
      material is a baked clay selected from the group consisting of kaolin and
      bentonite.
NUM  7.
PAR  7. An oxygen sensor as claimed in claim 1, in which said catalyst is
      selected from the group consisting of Pt and Pd.
NUM  8.
PAR  8. An oxygen sensor as claimed in claim 1, wherein said inorganic coating
      material is selected from the group consisting of .gamma.-alumina,
      aluminous cement and baked clay.
NUM  9.
PAR  9. An oxygen sensor comprising a tubular body made of a solid solution of
      ZrO.sub.2 and CaO, an end thereof being sealed, a first Pt electrode
      formed on the inner surface of said body, a second Pt electrode formed on
      at least a portion of the outer surface of said body including the sealed
      end, both said first and second electrodes being permeable to gas, and a
      coating of porous .gamma.-type Al.sub.2 O.sub.3 formed on the surface of
      said second electrode, said coating being impregnated with Pt.
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ABST
PAL  The covering of an aluminium-producing electrolysis cell is made as a hood
      for gathering and extracting volatiles, mounted over the cell.
PAL  Provided at the edges of said hood are inclined lids interconnected with
      the levers of the drive shafts, as well as inclined guideways for said
      lids.
PAL  Each of said levers carries one of the arms of the double-arm angle hanger,
      said arm being arranged lengthwise said lever pivotally round the
      longitudinal axis thereof, while the other arm of said hanger is
      articulated to the top end face of the lid and with its loose end rests
      upon the adjacent lever.
PAL  Such a covering enables the electrolysis cell to be attended when its lids
      are partly raised which cuts down power consumption of the ventilation
      system and improves labour conditions of the attending personnel.
BSUM
PAR  This invention relates to coverings of aluminium-producing electrolysis
      cells used in metallurgical industry.
PAR  The herein-disclosed covering is suitable for use in electrolysis cells
      having multiple-block preburnt anodes applied in electrowinning of
      aluminum.
PAR  Known in the art is a covering of an aluminium-producing electrolysis cell,
      which is made as a hood mounted above the cell and adapted for gathering
      and eliminating volatiles, said hood featuring the edges of the side walls
      thereof arranged in parallel with the side walls of the cell and having
      inclined lids adjacent to said edges and resting with their top portion
      upon the hood stationary part and with their bottom portion, upon the
      beams along the cell side walls. To provide simultaneous opening of all
      the lids, the covering has air cylinders to actuate the beams with the
      lids to turn.
PAR  The lids are to be opened for the sake of cell maintenance, e.g., for
      electrolyte crust chopping, charging alumina and fluoric salts, cleaning
      the cathode bottom and some other operations. In performing some of such
      operations, e.g., anode replacement, discharge of metal into the ladle,
      piercing electrolyte crust for the gases to vent out, one of the cell lids
      is to be opened by hand. When all the lids are to be opened at a time,
      they are turned so that their bottom end gets at the level of their top
      end or above it. As a result, the cell gets very exposed and, in order to
      avoid gas escaping from under the covering into the shop's atmosphere, the
      power of the gas exhaust plants should be increased, which is of special
      importance in the case of the crust piercing procedure.
PAR  Besides, when attending the cell the operator remains in a dangerous
      condition under the cell lid, being thus exposed to the effects of gas and
      high temperature of convective and radiant heat.
PAR  Known in the art is one more covering of an aluminium-producing cell made
      as a hood mounted over the cell and adapted to gather and eliminate
      volatiles, wherein the edges of the walls are parallel to the cell walls
      and provision is made for inclined lids adjacent to said edge and to one
      another and interconnected with the levers of the drive shafts, said
      shafts being arranged along the longitudinal cell walls behind the holders
      of the block-type preburnt anodes.
PAR  With the covering closed the lids with their top portion adjoin the hood
      stationary part, and with the bottom portion, adjoin the gas exhaust duct.
PAR  To open the lids for the sake of cell maintenance operations, the covering
      is provided with lid raising mechanisms. In order to open the lids on one
      of the cell sides, one must turn the respective shaft with the levers with
      the result that the lids will turn above their horizontal position and
      render the cell exposed to a great extent. Since the gas exhaust outlet is
      in the bottom portion of the covering, so with the cell open, escapement
      of harmful substances into the shop's atmosphere is unavoidable and the
      operator performing manual operations of the cell attendance, must stay
      close to or under the overhanging lids, thus being subjected to the
      harmful effect of concentrated toxic substances and radiated heat, while
      the principal gas flow passes at the level of the operator's face.
PAR  A cardinal disadvantage inherent in said covering under said conditions
      resides in the potential danger to inflict injury upon the attending
      personnel in case of possible dropping of the covering lids.
PAR  During operating routine of the known coverings, the lids hanging over the
      cathode impede the introducing of the actuating member of the cell
      attending mechanism into the space in between the cathode unit of the cell
      and the lids raised thereabove. This refers equall to difficulties arising
      during operation of the coverings using the above-discussed way of opening
      the lids.
PAR  Small quantity of the known types of cell coverings does not allow said
      disadvantages to be obviated completely.
PAR  It is therefore a primary object of the present invention to provide a
      covering of an aluminium-producing electrolysis cell which would make it
      possible to perform cell maintenance operations with the lids partly
      raised.
PAR  It is another important object of the present invention to cut down power
      consumed by the gas exhaust system of the cell.
PAR  One more important object of the invention is to ensure normal
      environmental conditions within the zone of process maintenance of the
      cell when the covering lids are open.
PAR  It is still another objects of the present invention to eliminate the
      danger of injuring the attending personnel by the raised lids of the
      covering.
PAR  Said and other objects are attained by the provision of a covering of an
      aluminium-producing electrolysis cell having preburnt anodes, which is
      made as a hood located over the cell adapted to gather and eliminate
      volatiles, wherein the edges of the side walls are parallel to the side
      walls of the cell and provision is made for inclined lids adjacent to said
      edges and to one another and interconnected with the levers of the drive
      shafts located behind the anode holders wherein, according to the
      invention inclined guideways for the lids are provided at the edges of the
      hood side walls, each of said lids with its top end face being articulated
      to the respective lever through an angle hanger whose one arm is arranged
      along the lever and is articulated thereto, while the other arm carries
      the lid which is articulated thereto with its top end face and has a loose
      end with which it rests upon the adjacent lever.
PAR  Due to an articulated jointing of the lids to the angle hangers, when the
      levers are moved upwards the bottom portion of the lid is urged to deflect
      towards the covering space to establish a gap large enough for the
      actuating member of the cathode attending mechanism to pass. With such a
      constructional arrangement of the covering the lids do not hang over the
      operators attending the cell.
PAR  Besides, whenever necessary, each of the lids can be opened manually
      independently of the other lids by being turned in the articulated joints
      of the double-arm angle hanger with respect to one or both of the arms
      thereof.
PAR  Said construction of the covering provides for normal ambient air
      conditions for the cell attending personnel, protects the latter against
      the effect of heat irradiated by the cell and precludes any injuries to
      the operators by the raised lids.
PAR  Moreover, the covering is a packed structure and enables the use of highly
      efficient cell attending mechanisms.
PAR  It is expedient that the portions of the hood side walls that are adjacent
      to the hood edges be made as level platforms and that said shafts with the
      levers be located thereon.
PAR  Said platforms establish favourable conditions for safe attending of the
      contact units of the anode bar system.
PAR  It is desirable that a recess be made in the side level portions of the
      hood for the anode-holder rods to pass and that said recess be covered
      with metal plates having baffles adapted to close the spaces between the
      guideways and located at the same level therewith.
PAR  The spaces are necessary for the replacement of the cell anodes.
PAR  When the cell is operative said recesses are closed by the metal plates
      whose baffles close the free spaces between the adjacent lid guideways,
      thus making the covering airtight at the places of adjoining of the
      inclined lids to the hood level platforms.
PAR  Each of said metal plates covering the recesses may be held with one of its
      sides to the level platform through an articulated joint featuring a gap
      between its links permitting the plate to move longitudinally.
PAR  Such an articulated joint ensures the required plate movement for its
      baffle to come out of the gap between the lid guideways and its subsequent
      turn when exposing the recess.
PAR  It is not less expedient that each lid be provided with a shaped projection
      located on the side facing the guideway and provided with bevels made in
      the direction of the lid movement along a preset steep path.
PAR  The shaped projections provided on the lids ensure that the lid bottom edge
      moves in the zone of immersion into alumina melt along a steep path so as
      to prevent the effect of horizontal forces of resistance of alumina melt
      on the lid.
DRWD
PAR  To illustrate the invention in detail given below are exemplary embodiments
      of a covering of an aluminium-producing electrolysis cell with due
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 illustrates a perspective view of a hood of an electrolysis cell
      covering, showing two open lids and one open metal plate with baffle;
PAR  FIG. 2 illustrates a cross-sectional view of FIG. 1;
PAR  FIG. 3 illustrates lids with double-arm angle hangers and levers;
PAR  FIG. 4 illustrates a fragmentary view of a level platform with recesses,
      one of which is open and the other is closed by a metal plate with a
      baffle, a partially cutaway view of a lid and guideways for lids; and
PAR  FIG. 5 illustrates a side view of a lid with a shaped projection.
DETD
PAR  The covering of an aluminum-producing electrolysis cell is made as a metal
      hood 1 (FIG. 1) mounted over an electrolysis cell 2 (FIG. 2). The hood 1
      is for gathering and removing the volatiles resulting from the process of
      electrolysis of an alumina melt 3. The hood 1 rests upon stands 4 (FIG. 1)
      provided on the end faces of the cell 2 (FIG. 2). The side walls of the
      hood 1 are parallel to the side walls of the cell 2 and carry inclined
      guideways 5 for lids 6. The middle portion of the hood 1 is made as a duct
      7, while the side walls adjacent thereto are made as level platforms 8
      mounting shafts 9 with levers 10.
PAR  Each of the lids 6 (FIG. 3) has on its top end face a sleeve 11 fitted over
      one arm 12 of a duble-arm angle hanger 13, while its other arm 14 is
      arranged along the lever 10 and is mounted thereon pivotally round its
      longitudinal axis. The arm 12 carrying the lid 6, with its loose end rests
      upon the adjacent lever 10. The side level platforms 8 (FIG. 4) have
      recesses 15 for passing rods 16 of the holders of block-type preburnt
      anodes 17 (FIG. 2). The recesses 15 (FIG. 4) are covered by metal plates
      18 with baffles 19 adapted to close the free spaces between the guideways
      5 and located at the same level therewith. Each metal plate 18 with one of
      its sides is connected to the level platform 8 through articulated joints
      20, a gap being provided in between the links of said joints for the
      plates 18 to move longitudinally. The level platforms 8 and the guideways
      5 are held by cross beams 21 (FIG. 2) secured to the bottom of the duct 7.
PAR  The duct 7 is dimensioned so as to provide equal volatiles suction rate
      throughout the cell length and their expelling into the exhaust
      ventilation system (not shown in the drawing). Besides, the duct serves as
      a longitudinal load-bearing beam carrying all the components of the
      covering. The hood 1 has end walls 22 (FIG. 1).
PAR  Each of the lids 6 is located against the anode 17 (FIG. 2); besides, an
      extreme lid 23 (FIG. 1) is provided on each side of the hood.
PAR  All the lids 6 and 23 have on their side facing the guideways 5 (FIG. 5),
      shaped projections 24 with bevels made in the direction of the lid motion.
      The shaped projections 24 are adapted to ensure that the bottom edges of
      the lids 6 and 23 move along a preset steep path and to eliminate harmful
      effect of the horizontal resistance forces upon the lids 6 and 23 at the
      moment they are immersed into alumina melt.
PAR  The herein-disclosed covering functions as follows during the electrolysis
      cell operation.
PAR  When closed the covering features its lids 6 (FIG. 1) in the downward
      position. In case of maintenance operation of the cell, such as piercing
      the electrolyte crust, charging alumina or fluoride salts, cleaning the
      cathode bottom and the like operations, the lids 6 are to be raised a
      little. To this end the drive (not shown) is put into action to turn the
      shaft 9 with the levers 10.
PAR  As one arm 14 (FIG. 3) of the hanger 13 is articulated along each lever 10,
      and the other arm 12 of the adjacent hanger 13 rests upon said lever with
      its loose end, the hanger 13 with the lids 6 will be raised when the
      levers 10 are moved up. When being raised each lid 6 slides along the
      inclined guideway 5 (FIG. 5) with its side having the shaped projection
      24.
PAR  The lids 6 are raised for the height enough to introduce the actuating
      members of the mechanisms for piercing the electrolyte crust and charging
      alumina. As a result, the cell 2 (FIG. 2) gets slightly open, whereby the
      amount of gases escaping from under the covering into the shop's
      atmosphere is reduced and, therefore, the power consumed by the gas
      exhaust system is decreased accordingly. Moreover, labour conditions are
      much improved, since with the lids 6 opened but partly, the effect of gas
      and high temperature of convective and radiant heat emitted by the cell
      during operation, upon the attending personnel is considerably reduced.
PAR  Inasmuch as the lids 6 are located in front of the operator, the latter is
      in the safety zone and thus is out of danger of any injury.
PAR  In order to lower the lids 6, upon completing said work, one must merely
      engage the drive (not shown) to turn the shaft 9 (FIG. 2) with the levers
      10 in the opposite direction. When being lowered the lids 6 slide with
      their shaped projections 24 along the inclined guideways 5, whereby the
      bottom edges of the lids 6 are immersed into alumina melt along the path
      approximating the perpendicular one so that the effect of the horizontal
      forces of resistance of alumina is completely avoided. Such a lowering of
      the lids 6 into alumina prevents also their bending and thus adds to their
      service life.
PAR  To effect visual control over the electrolysis process or discharge of
      liquid aluminium from the cell, it is quite enough to open manually one of
      the lids (FIG. 1). In this case the lid 6 is to be turned with respect to
      its top end face with the sleeve 11 (FIG. 3) fitted over the arm 12 of the
      double-arm hanger 13, and is tipped towards the level platform 8 until it
      assumes the position from which it cannot drop spontaneously.
PAR  Whenever it is necessary to replace one of the anodes 17 (FIG. 2) of the
      cell, one should turn the lid 6 arranged opposite to the anode by the
      technique discussed above, whereupon the lid 6 is turned further round the
      other arm 14 (FIG. 3) of the double-arm hanger 13 on said lid is mounted,
      and the latter is placed upon the adjacent lid 6 (FIG. 1). Then the metal
      plate 18 (FIG. 4) with the baffle 19 that is located opposite said anode
      17 (FIG. 2), is shifted lengthwise in the articulated joints 20, with the
      result that the baffle 19 is displaced with respect to the inclined
      guideways 5 with which it has earlier been at the same level. Next the
      metal plate 18 is swivelled about the articulated joints 20 and placed
      upon the level platform 8. Thus, the space is opened for replacing the
      anode 17.
PAR  Upon replacing the anode 17 the recess 15 of the covering is closed. To
      this end, first the recess 15 (FIG. 4) is closed by turning the plate
      round the articulated joints 20, whereupon the plate 18 is shifted
      lengthwise until the baffle 19 engages the gap between the inclined
      guideways 5.
PAR  To close the individually opened lid 6 the latter is swivelled round the
      articulated joints in the order reversed as to that referred to for its
      opening.
PAR  In order to slightly open or to lower all the lids 6 arranged in a row
      along the side wall of the covering, one must appropriately turn the shaft
      9 with the levers 10 by means of the reversible drive (not shown).
PAR  The covering under discussion is convenient and safe in attendance and,
      besides, it contributes to more economical running of the aluminium
      electrowinning process.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An aluminium-producing electrolysis cell having vertical side walls and
      provided with holders for block-type preburnt anodes, comprising: a hood
      for gathering and extracting volatiles, located above said cell and having
      side walls whose edges are parallel to the cell side walls; slidable lids
      adjacent to one another and arranged inclinedly at the lower edges of said
      side walls of the hood; inclined guideways for each of said lids, made
      fast at the edges of said walls of the hood; drive shafts arranged along
      said electrolysis cell behind said anode-holders; levers secured on said
      drive shafts; double-arm right angle hangers, wherein one of the arms of
      each hanger is arranged along one of said levers pivotally round the
      longitudinal axis of said lever, while the other arm is articulated to the
      top end face of said lid and rests with its loose end upon the adjacent
      lever.
NUM  2.
PAR  2. A cell as claimed in claim 1, wherein the portions of the side walls of
      said hood that are adjacent to its edges are made as level platforms,
      whereon said shafts with the levers are located.
NUM  3.
PAR  3. A cell as claimed in claim 2, wherein provision is made in the side
      level portions of said hood for recesses for said anode-holder rods to
      pass through, said recesses being closed by metal plates with baffles
      adapted to close the space between the guideways and located at the same
      level therewith.
NUM  4.
PAR  4. A cell as claimed in claim 3, wherein each of said metal plates is
      adapted to close said recess, with one of its sides connected to the level
      platform through an articulated joint having a gap in between its links
      for the plate to move lengthwise.
NUM  5.
PAR  5. A cell as claimed in claim 1, wherein provision is made in each of said
      lids on its side facing the guideway for a shaped projection with bevels
      made in the direction of the lid movement along a preset steep path.
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ABST
PAL  Electrolytically precipitated metal sheets, such as copper, nickel or zinc
      sheets, are detached from a base plate having worked as a cathode during
      precipitation and being rigidly held in a vertical position. Firstly, the
      upper edge of the metal sheet is detached entirely or locally by the aid
      of a blade system and, thereafter, said detached edge portion is grabbed
      with gripping means and pulled outwards essentially in a horizontal
      direction until the entire metal sheet is detached from the base plate. To
      facilitate the initial detachment an insulating tape or similar may be
      glued to the base plate at the solution level before precipitation. The
      gripping means may be connected to essentially horizontal guide means
      provided with driving members for creating the pulling force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and device for detaching an
      electrolytically precipitated metal sheet, especially a copper, nickel or
      zinc sheet, from a base plate which works as a cathode and which is kept
      in an essentially vertical position.
PAR  2. Description of the Prior Art
PAR  The detachment of cathodally precipitated metal sheets (especially a
      copper, nickel, or zinc sheet) in an electrolytic system is usually
      achieved manually. Various tools are used for the detachment, such as a
      chisel or scrapers, which damage the base plate working as a cathode in
      long-term use and make the detachment from the scratched plate difficult.
      Various mechanized methods have been suggested to facilitate this working
      stage, which is of considerable technological and economic importance in
      the electrolytic production of metal. Some of these methods are detaching
      of the metal sheet with a suction cup device (Finnish patent application
      No. 1879/71), with a pneumatic or hydraulic spray device (U.S. Pat. No.
      3,501,385 and Finnish patent application No. 2856/70), with a vibrator
      (Finnish patent application No. 3254/72), with vertically moving blades or
      a guillotine (Belgian Pat. No. 758,783), or by a rolling-mangling
      treatment. For example, German patent application No. 1,904,104 introduces
      a device provided with a detachment blade which moves up and down on both
      sides of the base plate over the entire height of the plate and which is
      guided by guide members so that during the detaching movement it is in
      contact with the plate and during the return movement it is clear from the
      plate. Furthermore, the device contains members for holding on to the base
      plate during the detachment operation and slanted side plates for
      receiving the detached copper sheets. Besides being mechanically
      complicated and expensive these known methods and devices either damage
      the base plate or are slow and poorly applicable to mass production. The
      yield of faultlessly detached sheets in proportion to the amount fed into
      the process also remains too low.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of the character once described,
      which comprises initially detaching the upper edge of the precipitated
      sheet at least locally by a blade system forced between the base plate and
      the metal sheet, then gripping the opened upper edge of the precipitated
      metal sheet firmly and pulling the sheet sidewards essentially
      horizontally until the entire metal sheet is detached from the base plate.
PAR  A preferred device for carrying out said method comprises means for holding
      the base plate rigidly in an essentially vertical position during the
      detaching operation, a blade system for detaching the upper edge of the
      precipitated metal sheet either entirely or locally from the base plate,
      gripping jaws for gripping said detached upper edge portion, and a
      horizontal pulling device connected to the gripping jaws and provided with
      essentially horizontal guides and driving members for creating of the
      pulling force.
PAR  It is an object of the invention to provide a method and device which make
      it possible to detach a metal sheet automatically in one working stage and
      yields a faultless straight sheet product without damaging the surface of
      the cathode base plate.
PAR  Thus the invention comprises two essential parts. One of them is a
      hydraulically/pneumatically working blade system for the initial
      detachment of the sheet, and the other is an actual horizontal pulling
      device which immediately grips the opened upper edge of the sheet with its
      gripping members and, moving on a mainly horizontal track, peels the sheet
      from the base plate and transfers the detached sheet automatically to a
      sheet stack controlled by a stacking device.
PAR  The detachment of the sheet preferably takes place simultaneously from both
      sides of the base plate. The opening mechanism of the upper edge
      preferably consists of two or more pneumatically/hydraulically working
      blades positioned above the level of the upper edge of the sheet. The
      opening blade may be attached to the piston arm of a working cylinder so
      that its path of movement is directed slantingly down to the upper edge of
      the plate (i.e. the solution level). The blade cylinder is preferably
      provided with bearings at its upper end so that the cylinder and the blade
      can turn around a horizontal axis. The downward movement of the blade is
      achieved with such a force (e.g. 100 kp) that the blade penetrates between
      the sheet and the base plate only so much that the upper edge of the sheet
      opens either at the area of the blade or over its entire width, thereby
      making it possible for the gripping means of the horizontal pulling device
      to grip the upper edge of the plate.
PAR  The necessary pressure of the blade against the base plate (e.g. 100 kp) at
      the opening stage is achieved by means of an auxiliary cylinder. When the
      blade has reached its extreme position below, which usually corresponds to
      a penetrating depth of 2-10 cm, the auxiliary cylinder moves the blade and
      the working cylinder away from the base plate by means of a change of
      direction, whereby the upper edge portion opens even more, thereby
      ensuring the gripping of the gripping jaws of the horizontal pulling
      device. It should be noted that, taking into consideration the variations
      of the sheet meterial, the thrusting depth and the approach angle of the
      blade are limited by blade movement control so that only the upper edge of
      the sheet is opened and the opening operation is not continued downwards
      with the blades. This prevents a wrinkling and cutting of the sheet and
      damaging scratches to the base plate.
PAR  The horizontal pulling device preferably works hydraulically/pneumatically
      and moves along guide rails which are at the level of the upper edge of
      the sheet and perpendicular (on each side) to the surface of the base
      plate. Two or more pairs of pneumatically/hydraulically working gripping
      jaws may be attached to the carriage of the pulling device. The carriage
      has two extreme positions on its path of movement. A movement of 100 % to
      the end position brings the gripping jaws onto the sheet to be detached,
      at which time they close and grip the opened upper edge of the sheet. When
      the pulling device returns to the initial position of 0 %, the sheet
      becomes detached from the base plate and is turned, for example, by a
      block stop to an almost horizontal position, and the sheet detached by the
      gripping jaws, when these have received an opening order, is placed on the
      sheet stack of a stacking device underneath the detachment station.
PAR  After the horizontal pulling device has peeled the sheet off during its
      return movement, the opening of the gripping jaws is timed so that the
      sheet falls on the sheet stack exactly in the correct position. This can
      be achieved by the correct choice of a jaw structure and by means of a
      rapid exhaust valve.
PAR  The detaching force of the horizontal pulling device in the direction of
      the track is, for example, 400 kp, which makes it possible to peel the
      sheet in a faultlessly straight form. Usually an average force of 25 kp is
      sufficient for detaching a copper sheet.
PAR  The mechanical movements of both the opening blades of the upper edge of
      the sheet and the horizontal pulling device can be precisely regulated,
      controlled and limited in relation to each given station.
PAR  Especially for copper, but also for nickel and zinc, a plastic solution
      level band or tape can be used for the precise placement of the upper edge
      of the sheet and for facilitating the initial detachment; this band is
      attached to the base plate at the solution level. It also works as a guide
      and slide base for the opening blades.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically an example of the placement of the conveyors and
      the detachment station,
PAR  FIG. 2 is a drawing of the position of the detachment station on the track,
PAR  FIG. 3 shows the edge lists of the base plate and its guides and attachment
      shoes at the detachment station,
PAR  FIGS. 4a and 4b show two embodiments of the opening blade and gripping
      members for the upper edge of the sheet,
PAR  FIG. 5 shows the horizontal pulling device schematically, and
PAR  FIGS. 6 and 7 show two different embodiments of the driving members of the
      horizontal pulling device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an industrial application as set forth in the invention, the number of
      conveyors 1, 2, and 3 (FIGS. 1-2) used can be three, for example. The base
      plates, i.e., the cathodes A lifted from the electrolysis tank, together
      with the sheets B grown on their both sides, are fed, for example, by
      means of a hoist or transfer carriages to conveyors 1. Through the
      conveyor washing station 4 they are transferred one by one to conveyor 2
      and further in predetermined steps to the detachment station 5. After the
      detachment mechanism has peeled the metal sheets off, the base plates A
      continue to the coating station 6 (or to the maintenance track 7 for
      maintenance at determined intervals). After the coating, the base plates
      are transferred to conveyor 3 where they are respaced as required by the
      electrolysis tank, and the refill plate batch (e.g. 20 - 60 plates)
      required by the electrolysis is returned to the electrolysis tank.
PAR  After arriving at the detachment station 5 the plate is guided in place in
      its direction of movement by means of, for example, a guide groove 8 at
      the lower edge. The base plate A has preferably been provided with plastic
      or wooden edge lists 9, and pneumatic/hydraulic attachment shoes 10 lock
      the plate in place in the direction of movement and in the transversal and
      vertical directions.
PAR  The blade system 20 which performs the initial opening of the upper edge
      contains blades 21 which work with independent controls and limits on each
      side of the plate. These blades have been attached to the piston arm 23 of
      the working cylinder 22 in order to obtain a slanting downward movement.
      The cylinder 22 has been attached with bearings to a horizontal turning
      axle 24 so that the cylinder and the blade can turn freely around the axle
      to come in contact with the base plate A. A blade pressure which can be
      controlled over a wide range (0-200 kp) is created by cylinder 25, which
      at the detachment stage, through joint 26, causes the blade to be thrust
      on its moving track between the upper edges of the sheet B and the base
      plate A. At this point the sheet opens at the upper edge, either locally
      or over its entire width. When a control order returns the piston,
      cylinder 26 turns cylinder 22 and blade 21 away from the plate surface so
      that the upper edge opens more outwards. When the upper edge has opened,
      blade 21 returns to its initial position.
PAR  The horizontal pulling device, which consists of a carriage 12 which moves
      along guide rails 11, is moved by a pneumatic/hydraulic cylinder 19 to the
      pulling position so that the upper jaw 14 of the gripping member 13 is
      wound by means of working cylinder 16 around the opened upper edge of the
      sheet and the lower jaw 15 is set resiliently against the outer edge of
      the sheet, and the gripping jaws grip the sheet B.
PAR  The carriage 12 of the horizontal pulling device has been provided with
      guide wheels 17, which ensure a faultless pulling even if only one pair of
      jaws grips. On a control order, the carriage 12 moves along its horizontal
      track away from the base plate A, at thich point the sheet B becomes
      detached from the base plate A and is turned by a block stop 18 to an
      almost horizontal position. The gripping jaws 14, 15 are opened on an
      opening order and the sheet falls on the sheet stack 27 of the stacking
      device. The stacking device consists of a hoist table 29; its cylinder 28
      lowers the hoist table when more sheets are placed on it. Thus, the
      stacking level is kept constant with a tolerance of .sup..+-. 10 mm by
      means of control signals. The hoist table has been provided with a hoist
      frame from where the completed load together with the hoist frame is
      transferred away from the system for a further process.
PAR  The horizontal pulling device works with such a great pulling force (e.g.
      400 kp) that it is capable of detaching from each other sheet halves which
      are attached to each other at the lower edge (as is the case with zinc).
      Only in an exceptional case may an extra blade be used to detach sheets
      difficult to detach, blade which works when the pulling movement has
      already proceeded almost to the initial position and makes one controlled
      downward movement over the entire surface of the base plate on its one or
      both sides.
PAR  In the embodiment according to FIG. 6, the driving member of the pulling
      device is a chain 30 which moves along rails 11 or similar guides the
      carriage 12 which supports the gripping jaws. Working cylinder 31 turns
      the block stop away for the time of the turning movement of the stack 27.
PAR  In FIG. 7, the gripping jaws with their driving members have been fitted at
      the upper end of a turning arm 32. This arm has been attached with
      bearings below the stack 27, and it obtains its turning movement from the
      working cylinder 33.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for detaching an electrolytically precipitated metal sheet,
      especially a copper, nickel or zinc sheet, from a base plate working as a
      cathode, which comprises
PA1  means for holding the base plate rigidly in an essentially vertical
      position,
PA1  blades mounted for limited downward movement to initially detach the upper
      edge of the precipitated metal sheet at least locally from the base plate
      by movement of said blades between said upper edge and said base plate,
PA1  gripping jaws, for gripping the detached upper edge, a horizontal pulling
      device comprising a carriage having wheel means movable along generally
      horizontal rails, said carriage being connected to the gripping jaws, and
      said carriage being provided with driving members for creating horizontal
      movement along said rails to an extent sufficient to detach the entire
      precipitated sheet from the base plate.
NUM  2.
PAR  2. The device of claim 1 wherein the driving members include a chain for
      pulling said carriage along said rails.
NUM  3.
PAR  3. The device of claim 1 wherein the driving members include a fluid
      actuated piston for pulling said carriage along said rails.
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PAL  A process and apparatus for purification of a sodium chloride solution
      dialysis liquid in which the liquid is subjected to an electrolysis.
PARN
PAR  This is a division of application Ser. No. 315,196 filed Dec. 14, 1972.
BSUM
PAR  The present invention relates to the purification of a solution of sodium
      chloride containing oxidisable waste matter which originated from blood
      and has passed through a membrane, for example, the purification of blood
      ultrafiltrate, or the purification and regeneration of a blood dialysis
      liquid.
PAR  Amongst these various applications, the regeneration of a blood dialysis
      liquid has formed the subject of many investigations. In effect, the
      treatment of renal insufficiencies by haemodialysis sessions requires, at
      the present time, that large amounts of dialysis liquid as well as a bulky
      and complex apparatus are employed.
PAR  According to the present invention there is provided a process for the
      purification of a solution of sodium chloride containing considerable
      waste matter originating from blood and which has passed through a
      membrane, said process comprising subjecting said sodium chloride solution
      and waste material to electrolysis to form sodium hypochlorite and
      allowing said sodium hypochlorite to oxidise and destroy said waste
      matter.
PAR  With such a process it is possible to reduce the total volume of the liquid
      used during a haemodialysis session to less than about ten liters.
PAR  To facilitate the description of the present invention, reference will be
      made in the remainder of the text to the example of the purification and
      regeneration of a blood dialysis liquid.
PAR  It is known that, under the effect of a quantity of electricity of 2
      Faradays (2 .times. 96,490 coulombs), one molecule of sodium chloride
      combines with one molecule of water to yield one molecule of sodium
      hypochlorite and two atoms of hydrogen which are evolved as gas.
PAR  Electrolysis of the dialysis liquid thus forms sodium hypochlorite in situ
      and does so without changing the ionic strength.
PAR  It has been found that sodium hypochlorite destroys, by oxidation, the main
      waste matter which originated from blood and has passed into the dialysis
      liquid, especially nitrogen-containing waste matter, such as urea,
      creatinine and uric acid.
PAR  It is true that this nitrogen-containing waste matter can be adsorbed onto
      active charcoal, but the amounts of urea to be removed are much too high
      for the use of active charcoal alone to be possible in practice. It is
      thus necessary to add an additional system, even a non-selective system,
      to destroy the urea.
PAR  The manufacture in situ of sodium hypochlorite by electrolysis of the
      dialysis liquid has various advantages. In the first place, the
      concentration of chlorine-containing ions in the dialysis liquid remains
      constant during the entire duration of the treatment. The dialysis liquid
      thus remains permanently isotonic with the blood plasma and this obviously
      constitutes an essential advantage.
PAR  In the second place, no toxic, or even simply inconvenient, by-product is
      manufactured. Hydrogen, nitrogen and carbon dioxide can either be evolved
      directly as gases or can be dissolved in the blood and be removed by the
      lungs.
PAR  In addition, it is found that the volume of the dialysis liquid remains
      substantially constant. In effect, the consumption of 18 g of water in
      order to destroy 60 g of urea is negligible, having regard to the
      concentration of urea in the blood dialysis liquid. Furthermore, it is not
      necessary to add other components to the bath, with the exception,
      optionally, of very small amounts of a biocompatible reducing agent such
      as ascorbic acid. As a result, the volume of the dialysis liquid can be
      reduced to the amount necessary to start up the apparatus. In general, a
      few liters, for example 2 liters, are sufficient.
PAR  According to a second aspect of the invention, we provide apparatus
      comprising a haemodialyser; a first and second chamber in said
      haemodialyser, a membrane separating said first and second chamber, means
      for producing a pressure differential between said first and second
      chamber, an inlet and an outlet for said second chamber, a purification
      closed loop connected to said inlet and outlet and including means to
      circulate a solution of sodium chloride around said loop, an electrolyser
      and means to supply a direct current to said electrolyser.
DRWD
PAR  The present invention will be better understood from the following
      description, given merely by way of example, reference being made to the
      accompanying drawing, in which the sole FIGURE shows schematically and
      without a definite scale, a particular embodiment of the apparatus
      according to the invention.
DETD
PAR  The apparatus illustrated includes a haemodialyser 1 provided with a
      dialysis membrane 2 which separates a first chamber 3, intended for the
      flow of the blood to be purified, from a second chamber 4 through which
      passes a dialysis liquid in the form of a solution of sodium chloride, for
      example in counter-current.
PAR  The dialysis liquid is caused to flow in a closed circuit 5 by a
      circulating pump 6, the pumping rate of which is not critical. A valve 15
      makes it possible to control the pressure reduction in the compartment 4.
PAR  At the outlet of the haemodialyser, the dialysis liquid passes through a
      cartridge 7 filled with active charcoal which absorbs a portion of the
      waste matter which has been dialysed. The dialysis liquid then passes
      through an electrolysis cell 9, supplied with direct current by a
      generator 8. It then enters into a reactor 11, the capacity of which
      ensures a dwell time which makes it possible for the sodium hypochlorite
      produced in the electrolysis cell to destroy a sufficient amount of the
      urea. The reactor 11 is followed by a separator 14, equipped with a tube
      13 for the removal of gases and of a volume of liquid equivalent to that
      which passed through the dialysis membrane by ultrafiltration. Within the
      reactor 11 is a heating and controlling device 12 to keep the dialysis
      liquid at the desired temperature, of the order of 37.degree. to
      38.degree.C.
PAR  At the outlet of the separator, the dialysis liquid passes through a device
      10 for measuring the residual hypochlorite. This device can consist of a
      cell for making potentiometric measurements, comprising an indicating
      electrode of platinum and a reference electrode of silver/silver
      chloride/sodium chloride, isotonic with the dialysis liquid.
PAR  A system comprising a reservoir 16 and a metering pump 17 for injecting a
      biocompatible reducing agent, such as ascorbic acid, into the dialysis
      liquid, can advantageously be added. This reducing agent destroys any
      traces of sodium hypochlorite which might not have reacted, at the inlet
      to the haemodialyser.
PAR  The electrolysis cell is closed but its shape is not critical. The
      electrodes are advantageously close to one another to reduce losses by the
      Joule effect, and can be of identical shapes. Advantageously, one of the
      electrodes, for example the cathode, can form the outer jacket of the
      cell.
PAR  As materials, it is possible to use, for the anode, materials which are
      resistant to oxygen, chlorine and hypochlorite in a chloride medium, such
      as platinum, metals or alloys covered with platinum, graphite and vitreous
      carbon. For the cathode, it is possible to use materials which are
      suitable for the electrolytic decomposition of water and for which the
      overvoltage for the evolution of hydrogen is lowest. For example, it is
      possible to use platinum, platinized metals or alloys, palladium, graphite
      or stainless steels.
PAR  The surface area of the cathode is not critical. The surface area of the
      anode is determined as a function of the current density to be employed to
      manufacture the desired amounts of sodium hypochlorite. This current
      density is generally between 1 A/dm.sup.2 and 500 A/dm.sup.2, and
      preferably between 5 and 50 A/dm.sup.2. The surface area of the anode is
      generally between 0.6 and 6 dm.sup.2. An anode with a surface area of 1
      dm.sup.2 is very suitable.
PAR  The electrolysis cell is supplied by a direct current generator of any
      known type. The characteristics of the direct current are not critical.
      The power of the generator is usually between 50 and 1,000 watts, but
      these limits are not critical.
PAR  The electric current delivered by the generator can advantageously be
      controlled by the cell 10 in order to maintain a substantially zero
      proportion of residual hypochlorite in the dialysis liquid. This
      corresponds to sodium hypochlorite being produced in amounts which are
      necessary and sufficient to destroy the urea.
PAR  The electrolysis cell can advantageously be used for producing sodium
      hypochlorite between two haemodialysis sessions. It is then possible to
      use this hypochlorite for sterilising haemodialyser circuits and/or for
      regenerating adsorbent products (for example, active charcoal).
PAR  The following Examples will provide a better illustration of the invention.
PAC  EXAMPLE 1
PAR  The apparatus is used which is as represented in the FIGURE and which the
      haemodialyser is simulated by a urea injection device. The volume of the
      "dialysis liquid" circuit is 5 liters and the circulating pump discharges
      15 liters/hour. The electrolyser comprises a tank consisting of a
      stainless steel tube of internal and external diameters 4 and 6 mm, and of
      length 250 mm., forming the cathode and equipped with side orifices at its
      ends. The anode consists of a coaxial wire, made of platinum, of diameter
      1.2 mm., mounted on insulating plugs. The electrodes are connected to a
      direct current generator with an adjustable and stabilised potential.
PAR  The original composition of the solution, which is isotonic with plasma, is
      as follows, in g./liter:
TBL  NaCl               :         5.85                                         

     NaHCO.sub.3        :         2.7                                          

     KCl                :         0.3                                          

     CaCl.sub.2.2H.sub.2 O                                                     

                        :         0.37                                         

     MgCl.sub.2.6H.sub.2 O                                                     

                        :         0.15                                         

     Na.sub.3 PO.sub.4.12H.sub.2 O                                             

                        :         0.38                                         

     Na.sub.2 SO.sub.4.10H.sub.2 O                                             

                        :         0.06.                                        

PAR  The solution is brought to a temperature of 37.degree.C. and to a pH of 7.4
      by bubbling in CO.sub.2. 1.5 g. of urea are introduced all at once, and
      this leads to an initial urea concentration of 0.300 g./liter. A potential
      difference is applied to the electrodes and a constant current of 3 A is
      passed for 73 minutes, which corresponds to a total amount of electricity
      of 14,000 coulombs.
PAR  Electrolysis is stopped and the urea is measured by the usual means, after
      having destroyed the traces of residual sodium hypochlorite. It is found
      that the final urea concentration is equal to 0.082 g./liter (27% of the
      initial concentration).
PAC  EXAMPLE 2
PAR  The same apparatus is used as in Example 1, but with a different
      electrolyser, the tube of which has internal and external diameters of 8
      and 10 mm. respectively. The other conditions of the experiment are
      identical to those of Example 1, with the exception of the amount of urea
      which is introduced all at once, namely 5 g. of urea, leading to an
      initial urea concentration in the dialysis liquid of 1 g./liter. The final
      concentration is 0.76 g./liter (namely 76% of the initial concentration);
      it is thus found that the overall electrolysis yield increases with the
      average urea concentration in the "dialysis liquid."
PAC  EXAMPLES 3 to 5
PAR  The same apparatus and the same experimental conditions are used as in
      Example 1. Three experiments are carried out by introducing urea, all at
      once, and by changing the current intensity provided by the generator for
      each experiment. The results are shown in the following Table:
TBL  Example                                                                   

          Weight of                                                            

                 Current                                                       

                       Potential                                               

                             Duration                                          

                                     Weight of                                 

          urea intro-                                                          

                 intensity                                                     

                       V     of the  urea des-                                 

          duced, 9.                                                            

                 A           experiment                                        

                                     troyed,g.                                 

     __________________________________________________________________________

     3    1.54   4     11    1 hr. 6 mins.                                     

                                     1.15                                      

     4    1.58   2     7.5   2 hrs.  1.10                                      

     5    1.34   1     6.5   4 hrs.  1.02                                      

     __________________________________________________________________________

PAR  It is found that the weight of urea destroyed is a function of the amount
      of electricity used and depends only very slightly on the current
      densities.
PAC  EXAMPLE 6
PAR  The same apparatus and the same experimental conditions are used as in
      Example 2. However, 5.12 g. of urea are introduced initially, and then 77
      ccs. of an aqueous solution of urea containing 50 g./liter of urea, that
      is to say 3.85 g. of additional urea, are introduced continuously during
      the experiment. The experiment lasts for 5 hours 11 minutes. The residual
      urea at the end of the experiment is measured; it is found that 4.55 g. of
      urea (50.7% of the urea introduced) have been destroyed.
PAC  EXAMPLE 7
PAR  The same apparatus and the same experimental conditions are used as in
      Example 2. 5.25g. of creatinine are introduced all at once, to give an
      initial creatinine concentration of 1.05 g./liter in the "dialysis
      liquid." A potential is applied to the electrodes and a constant current
      of 3 A is passed for 4 hours, which corresponds to a total amount of
      electricity of 43,200 coulombs.
PAR  Electrolysis is stopped and the residual creatinine is measured. It is
      found that the final creatinine concentration is 0.1 g./liter.
PAC  EXAMPLE 8
PAR  The same apparatus and the same experimental conditions are used as in
      Example 2. 2.5 g. of uric acid are introduced all at once, to give an
      initial uric acid concentration in the "dialysis liquid" of 0.5 g./liter.
      A constant current of 3 A is applied, corresponding to a potential
      difference of 10 volts. It is found that the residual uric acid
      concentrations are as follows: After 15 minutes, (2,700 coulombs),
      concentration: 0.331g./l. After 30 minutes, (5,400 coulombs),
      concentration: 0.200g./l. After 45 minutes, (8,100 coulombs),
      concentration: 0.025 g./l.
PAR  It is found that the uric acid disappears in a substantially linear manner.
PAC  EXAMPLE 9
PAR  A circuit of the type represented in the FIGURE is used, comprising only
      and successively a haemodialyser 1, a circulating pump 6, an electrolyser
      9, a reactor 11 and a container of active charcoal 7.
PAR  The haemodialyser is of the type described in French Pat. No. 1,597,874;
      the membrane surface area reaches 1 m.sup.2.
PAR  The electrolyser consists of 8 cells in parallel. Each cell comprises a
      cathode consisting of a cylindrical stainless steel tube of diameters 8
      and 10 mm. and of length 250 mm., open at its ends, and an anode
      consisting of a platinum wire of diameter 1 mm., attached coaxially to the
      tube through two insulating plugs. The total surface area of the anode is
      approximately 0.6 dm.sup.2. The electrodes are connected to a direct
      current generator, with an adjustable and stabilised potential.
PAR  The charcoal cartridge is filled with 170 g. of active charcoal of the type
      CECA - NC 45, which has first been washed with water.
PAR  Blood circuit -- The patient is simulated by 35 liters of a solution which
      is isotonic with plasma, the composition of which is given in Example 1.
      The following are added before the experiment: (35 g. of glucose, namely 1
      g./liter, (67.5 g. of urea, namely 1.93 g./liter, (7.35 g. of creatinine,
      namely 0.21 g./liter and (3.64 g. of uric acid, namely 0.104 g./liter).
PAR  This liquid is made to flow through the compartment 3 of the haemodialyser
      at the rate of 200 ccs./minute.
PAR  Dialysis solution circuit -- The above solution is purified by dialysis
      against 10 liters of an isotonic solution, the composition of which is
      given in Example 1 and to which 10 g. of glucose (namely 1 g./liter) only
      have been added. The pH of this solution is brought to 7.4 by bubbling in
      CO.sub.2. The temperatures of the solutions are kept at 37.degree. -
      38.degree.C. The dialysis solution is circulated at a rate of 500
      ccs./minute. A pressure difference of 200 mm. of mercury is maintained
      between the chambers 3 and 4 of the haemodialyser,
PAR  15 Minutes after the start of the dialysis, a potential is applied to the
      electrodes. In all, 40 amperes are passed through the 8 cells for 5 hours,
      that is to say 720,000 coulombs.
PAR  At the end of the experiment, the urea, creatinine and uric acid in the
      "blood circuit" are measured. The following results are obtained:
TBL            Weight removed                                                  

                            % removed                                          

     ______________________________________                                    

     urea        34.6 g         51.3                                           

     creatinine  3.4 g.         47.5                                           

     uric acid   2.26 g.        61.5                                           

     ______________________________________                                    

PAR  In addition, the following observations are made:
PA1  a. No hypochlorite ion is detected, either in the circuit simulating blood,
      or in the dialysis solution at the inlet to the haemodialyser.
PA1  b. The volume of ultrafiltered liquid is 1.6 liters.
PA1  c. The final pH of the dialysis solution is 7.2.
PA1  d. The final solutions do not show any acute toxicity when administered
      intravenously to mice.
PAC  EXAMPLE 10
PAR  The experiment consists of dialysing sheep's blood overloaded with waste
      matter, of measuring the degrees of purification by a solution regenerated
      by electrolysis and of checking the general behaviour of the blood of the
      animal.
PAR  An apparatus similar to that described in Example 9 is used.
PAR  The chamber 3 of the haemodialyser is supplied with 200 ml./minute of
      arterial blood removed from a sheep which had previously been equipped
      with an arterial-venous shunt. The purified blood is returned into the
      vein.
PAR  Before introducing the blood into the haemodialyser, 4 ml/minute of a
      sterile aqueous solution of sodium chloride (9/g/l), of urea (30 g/l) and
      of creatinine (3 g/l) are added.
PAR  A solution, which flows in a closed circuit at a rate of 200 ml/minute,
      passes through the compartment 4 of the haemodialyser, the initial volume
      of this solution being 9 liters and its composition being as follows:
TBL  NaCl          6.1           g/l                                           

     NaHCO.sub.3   5.14          g/l                                           

     KCl           0.34          g/l                                           

     MgCl.sub.2.6H.sub.2 O                                                     

                   0.19          g/l                                           

     CaCl.sub.2.2H.sub.2 O                                                     

                   0.42          g/l                                           

PAR  The pH is brought to a value of 7.4 by bubbling in CO.sub.2.
PAR  This solution is isotonic with sheep plasma.
PAR  The temperature of the solution is kept at 38.5.degree.C.
PAR  The dialysis lasts for 4 hours 10 minutes.
PAR  The solution is electrolyzed for 4 hours with a current intensity of 40
      amperes.
PAR  The necessary electrolysis potential is 9.5 volts.
PAR  During the entire experiment, the urea and the creatinine are measured by
      the usual means, by removing samples simultaneously from the blood and
      from the dialysis solution, respectively at the inlet and outlet of the
      haemodialyser.
PAR  During the dialysis, 14.5 g of urea on the one hand and 1.3 g of creatinine
      on the other hand, are thus removed from the blood.
PAR  The dialysis solution contains less than 10 mg/l of urea, 1 mg/l of
      creatinine and 10 mg/l of hypochlorite ion.
PAR  The working conditions, particularly the relative speeds of the fluids in
      the haemodialyser and the concentrations of the waste matter in the blood
      (1 g/l of urea and 0.1 g/l of creatinine), give average clearances of 62%
      for the two waste materials.
PAR  The volume of ultrafiltrate reaches 1.1 liters.
PAR  Furthermore, by measuring the plasma iron, a complete absence of haemolysis
      of the sheep's blood is observed. The concentration of iron in the blood
      plasma remains at an average value of 2.5 mg/l.
PAR  All the other parameters checked in the blood (pressure of CO.sub.2,
      pressure of O.sub.2, pH and ionic strength) remain in a satisfactory
      range.
PAR  The present invention can be the subject of diverse variants within the
      scope of the technician. Thus, without implying a limitation, the
      electrolyser 9 can consist of several electrolysis cells arranged in
      series and/or in parallel; the various apparatuses can be placed in the
      closed circuit 5 in a different order. It is possible to substitute other
      systems for the active charcoal, such as selective absorbents or ion
      exchange resins. The electrolyser can be placed in a dialysis liquid
      circuit which is partially used in open circuit. The electrolyser can be
      placed in a compartment which collects a blood ultrafiltrate.
PAR  In general terms, the process described in the particular case of
      regenerating a dialysis liquid can be used for purifying any solution of
      sodium chloride containing oxidisable waste matter originating from blood.
      For example, it can be suitable for treating hospital waste water.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the purification of blood, said apparatus comprising a
      haemodialyzer, a first and second chamber in said haemodialyzer, a
      membrane separating said first and second chamber, means for producing a
      pressure differential between said first and second chamber, an inlet and
      an outlet for said second chamber, a purification closed loop connected to
      said inlet and outlet said loop including (i) means to circulate a
      solution of sodium chloride around said loop, (ii) an electrolyzer and,
      (iii) a separator permitting the removal from the closed loop of gases and
      of a volume of liquid and means to supply a direct current to said
      electrolyzer.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 and further comprising a device for
      measuring the residual concentration of sodium hypochlorite in the closed
      loop at the inlet to the second chamber, said device being operatively
      connected to said direct current supply means to control the supply of
      current effective to reduce said concentration to a minimum.
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ABST
PAL  A bitumen blowing method comprises blowing air into a body of bitumen to
      produce an upward flow of bitumen relatively rich in air and a downward
      flow of bitumen relatively poor in air. The upward flow is agitated to
      disperse the air therein. A bitumen blowing reactor suitable for carrying
      out the method comprises a reactor vessel having an air inlet, a
      dispersion container in the vessel, the dispersion container having a
      floor provided with a passage therethrough, and bitumen-agitating means
      disposed in the container. The air inlet is arranged to discharge below
      the passage. One or more additional dispersion containers each having
      bitumen agitating means disposed therein may be provided above the
      first-mentioned container.
PARN
PAR  This is a continuation of application Ser. No. 78,035, filed Oct. 5, 1970,
      now abandoned.
BSUM
PAR  The present invention relates to a bitumen blowing method in which air is
      blown into a body of bitumen to produce an upward flow of bitumen
      relatively rich in air and a corresponding downward flow of bitumen
      relatively poor in air. The invention also relates to a bitumen blowing
      reactor for carrying out the method.
PAR  Bitumen is a very viscous liquid or a solid, consisting essentially of
      hydrocarbons and their derivatives, which is soluble in carbon disulphide.
      It is substantially non-volatile and softens gradually when heated. It is
      black or brown in colour and possesses waterproofing and adhesive
      properties. It is obtained principally by refinery processes from
      petroleum, and is also found as a natural deposit or, in association with
      mineral matter as a component of naturally occurring asphalt.
PAR  Asphalt is a natural or mechanical mixture of bitumen with a substantial
      proportion of solid mineral matter.
PAR  It is well known that bitumen blowing is used to produce asphaltic bitumen
      of a desired consistency from what is known as soft bitumen. The size of
      the area of contact, the exchange surface, between the hot soft bitumen
      and the air forced into it is a critical factor in determining the time
      the bitumen blowing takes and the quantity of air used.
PAR  There are two conventional methods of finely dispersing the air in the
      bitumen during bitumen blowing:
PAR  A. IMMEDIATE FINE DISPERSION BY MEANS OF JETS OR NOZZLES WHICH MAY BE IN
      THE FORM OF PERFORATED TUBES SUCH AS SPINNERETS OR RINGS, OR BY MEANS SUCH
      AS FILTER PLATES, SINTER PLATES, OR EJECTORS. The force required for
      dispersion of the air is achieved by increasing the air pressure
      substantially above the hydrostatic pressure of the bitumen by using an
      air compressor. Such an air compressor has an efficiency of only about
      0.5.
PAR  B. Preliminary course dispersion in which the air pressure is only slightly
      higher than the hydrostatic pressure of the bitumen, followed by a fine
      dispersion by mechanical means, such as agitator vanes or turbines. The
      dispersion effect achieved by the mechanical means is thus combined
      directly with the blowing process and the effectiveness of the mechanical
      means is approximately 0.95.
PAR  Each of the two methods (a) and (b) has, moreover, special advantages and
      disadvantages. However, in both cases optimum air dispersion can only be
      achieved at a certain gas pressure V.sub.Q which is determined by the
      ratio of the quantity of air flowing in per second (cm3/sec.) to reaction
      area (cm2). Any increase in the rate of airflow per second has the effect
      of enlarging the diameter of the air jet d.sub.B1 and hence reducing the
      specific area a of the air bubbles, which means that the degree of
      exploitation of the air is lowered. The specific area is defined, as is
      well known, by the ratio of the surface of air bubbles to the volume of
      the bubbles, i.e.
      ##EQU1##
PAR  In the case of method (a), the rate of airflow is associated with an
      increase in the air pressure, i.e. with an increase in desired air
      compressor efficiency, whereas in the case of method (b), the efficiency
      required of the agitator system decreases as the rate of airflow
      increases, while the air pressure, which only corresponds to the
      hydrostatic pressure of the bitumen, remains the same.
PAR  It is, however, impossible in the practice of bitumen blowing to avoid
      varying the amount of air blown in since the conditions of the reaction
      have to be varied according to the quality of the raw materials used or of
      the finished product required. In the case of method (a) however, a
      variation in the rate of airflow which is coupled with optimum air
      distribution is only possible if structural modifications are made to the
      apparatus in that, for example, either the size or number of jets are
      altered.
PAR  The present invention is based on method (b) and involves the use of an
      agitator mechanism. According to Calderbank "the interfacial area in
      gas-liquid contacting with mechanical agitation" (Transactions Institution
      of Chemical Engineers, Vol. 36, 1958, page, 444), the average diameter of
      air bubbles which can be obtained when liquids are acted upon by a jet in
      conjunction with mechanical agitators is
      ##EQU2##
      when C is an apparatus constant, .sigma. the surface tension of the
      liquid, L the power consumption of the agitator, V the dispersion volume
      and Q.sub. Dis the dispersion density.
PAR  Since for a given quality of bitumen and with a certain reaction
      temperature the surface tension .sigma. will be fixed, while the
      dispersion density Q.sub. Dis will also take on a certain fixed value for
      a given rate of airflow, the remaining parameters influencing the diameter
      of the air bubbles, will be the power consumption of the agitator L and
      the dispersion volume V. Thus in order to achieve the aim of a specific
      area a which is as large as possible, which is the same as an air bubble
      diameter d.sub.b1 which is as small as possible, either L must be kept
      very high or V very low in value.
PAR  The aim of the present invention is to ensure that the air bubbles are of
      as small a diameter as possible by correspondingly reducing the dispersion
      volume, without thereby detrimentally affecting the efficiency of the
      apparatus and the quality of the asphaltic bitumen produced.
PAR  Accordingly the invention provides a bitumen blowing method in which: air
      is blown into a body of bitumen to produce an upward flow of bitumen
      relatively rich in air and a corresponding downward flow of bitumen
      relatively poor in air; and the upward flow is agitated to disperse the
      air therein.
PAR  Only a small volume requires agitation so that the power required for
      agitation may be substantially reduced, since the work of distribution in
      a small dispersion volume is correspondingly smaller, while a satisfactory
      average air bubble diameter d.sub.B1 already obtained is not enlarged.
      Although the power requirements are substantially reduced, the product
      obtained is of the same quality as those obtained in conventional blowing
      processes. The reasons why this is so are as follows:
PAR  Each of the air bubbles dispersed in the hot bitumen rises more or less
      rapidly to the surface of the mixture because of the difference in density
      between bitumen and air. In doing so it draws bitumen behind it. If the
      air bubble now bursts at the surface of the mixture, the bitumen which it
      has drawn upwards and which is now free of air has to flow downwards
      again. It is now possible to distinguish five different zones in the flow
      within the reactor, viz. a zone of turbulent, downwardly flowing bitumen
      containing little or no air which is located within the zone of action of
      the agitator mechanism along the internal wall of the reactor, a zone of
      turbulent centrally upward-flowing bitumen containing air bubbles within
      the zone of action of the agitator mechanism, a zone of straight centrally
      upward-flowing bitumen mixture containing air produced by the agitator
      mechanism, a zone of straight, downward-flowing bitumen with little or no
      air content along the internal wall of the reactor vessel, and a zone of
      turbulent bitumen containing air on the boundary surfaces between the said
      straight upward flow and the said straight downward flow.
PAR  It is now clear however that any effort expended on distribution or
      agitation at least in the first zone of turbulent, downward flowing
      bitumen with little or no air content flowing along the internal wall of
      the reactor vessel is wasted. The method of the invention, according to
      which only the air rich rising flow, i.e. the turbulent flow of bitumen
      containing air bubbles at the centre, is agitated, avoids any superfluous
      agitation without effect.
PAR  Advantageously in this method the air-rich rising flow may be separated
      from the downward flow of bitumen with little or no air content, at least
      in the area of agitation. This means that the substance requiring
      agitation is spatially defined so that when the air bubbles remain the
      same the work of distribution is correspondingly reduced.
PAR  The device for use with the method, which is conventionally provided with a
      built-in agitator mechanism, is characterised in that the agitator
      mechanism is arranged within a container  which serves to separate the two
      flows, the air inlet discharging into the reactor vessel below a passage
      provided in the funnel-shaped upwardly extending floor of the container.
      Advantageously the agitator mechanism may be arranged directly above the
      passage since this ensures particularly effective agitation.
PAR  Tests have shown that the diffusion processes which are decisive for the
      effectiveness of the blowing process occur almost exclusively in the zone
      of the turbulent upward flow of bitumen rich in air bubbles in the range
      of action of the agitator and that the zone of straight upward flow of
      mixture containing air produced by the agitator only makes a small
      contribution to the success of the process, while the zone of turbulent
      downward flow which contains little or no air and moves along the internal
      walls of the reactor vessel and the zone of straight downwardly flowing
      bitumen on the walls of the reactor vessel which contains little or no
      air, as also the zone of undirected, air-containing bitumen on the
      boundary surfaces between the said straight upward and straight downward
      flows are markedly free from any reaction. In one embodiment of the
      invention a number of dispersion containers arranged one above the other
      and preferably coaxially so that their walls continue each other may be
      provided with passages in their floors which extend upwards in the form of
      funnels, each such container housing an agitator mechanism and all
      agitators being driven through a common shaft. This makes it possible
      almost completely to eliminate the zones in which little or no reaction
      occurs, as specified above, and this substantially increases the output
      per cubic meter useful capacity of the reactor vessel.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a vertical section through a bitumen blowing reactor according
      to the invention; and
PAR  FIG. 2 shows a vertical section through another bitumen blowing reactor
      according to the invention.
DETD
PAR  Referring to FIG. 1, a cylindrical reactor vessel 1 is provided with an air
      offtake 2 on the upper part of the reactor vessel 1. The base 3 of the
      vessel has a charging aperture 4 through which bitumen to be treated i.e.
      the soft residues of petroleum distillation which it is desired to convert
      into asphaltic bitumen of a desired degree of hardness, may be pumped into
      the vessel 1. The asphaltic bitumen thus produced may be removed through a
      discharge aperture 5 in the base 3 of the reactor vessel 1. The lower
      portion of the reactor vessel 1 is provided with an air inlet 6. An end 7
      of the inlet 6 is located below an agitator 8 in the form of a vane mixer
      is driven through a shaft 9. The lower portion of the reactor vessel 1
      contains a dispersion container 10 which serves to separate an upward
      bitumen flow a and a downward bitumen flow b and is coaxial with the shaft
      9. The container 10 has a funnel-shaped floor 11, extending upwards to a
      passage 12 provided therein. The agitator mechanism 8 is arranged within
      the dispersion container 10 directly above the passage 12. A fixed portion
      13 of the agitator 8 is secured to the floor 11.
PAR  Air is conveyed into the reactor vessel 1 through the air inlet 6 at a
      pressure just sufficient to overcome the hydrostatic pressure of the
      column of bitumen in the vessel 1 and forms large bubbles which are broken
      up into smaller bubbles by the agitator 8. This results in the formation
      of the upward flow a which is relatively rich in air and the downward flow
      b which contains little or no air. Only the upward flow a is agitated.
      Adjacent the agitator the two flows a and b are separated by the container
      10. This reduction in the volume of substance to be agitated results in a
      considerable saving in energy without the quality of the blown bitumen
      being in any way impaired.
PAR  Referring to FIg. 2, a reactor vessel 21 is provided with an air offtake 22
      a base 23 and charging and discharge apertures 24 and 25 respectively.
      Three dispersion containers 30, 35 and 36 are arranged coaxially one above
      the other so that their walls 34 are contiguous. Each container has a
      funnel-shaped floor 31, 37 38 or extending upwards to a passage 32, 39 or
      40 provided therethrough. The air inlet 26 discharges below the passage 32
      of the lowest container 30, into the reactor vessel 21. Each of the
      containers 30, 35 and 36 houses an agitator mechanism 28, 41 or 42 and all
      the agitators are driven through a common shaft 29. Fixed portions of the
      agitator mechanisms are secured to the floors 31, 37 and 38 of the
      containers.
PAR  Air is fed into the reactor vessel 21 through the inlet 26 and is finely
      distributed by the agitator mechanism 28 and the mixture of bitumen and
      air thus produced rises within the container 30.
PAR  Air bubbles of small diameter reach the floor 37 of the next higher
      container 35 where they form relatively large air pockets or sacs which
      slide over the funnel-shaped floor to the passage 39, thus reaching the
      agitator mechanism 41 in the dispersion container 35 which is in the form
      of a redispersing vane system which again divides the air pockets or sacs
      into small bubbles, i.e. re-disperses them. The processes described take
      place in the container 35 and are repeated in the container 36. The
      mixture of bitumen and air which rises in the container 36 rises above the
      edge 43 of the uppermost container and the air is liberated at the surface
      of the contents of the reactor vessel, thereby producing bitumen with
      little or no air content which flows downwards in the annular space 44
      between the internal wall of the reactor vessel and the containers; when
      it reaches the lower regions of the vessel, air is again forced in.
PAR  As has already been stated, a reactor of this type makes it possible almost
      completely to eliminated the zones in which little or not reaction occurs.
PAR  The following are the results of comparative tests:
PAR  a. In a blowing reactor vessel equipped according to the latest state of
      the art and having an agitator for distribution of fresh air in the form
      of a dispersal turbine and a redispersal turbine, the power requirements
      during blowing when the peripheral speed . . . of the turbine wheels is
      4.6 meters per sec. were:
EQU  L.sub.m =  23.0 kw, i.e. 11.5 kw per turbine.
PAR  The output from the reactor used for blowing soft bitumen B 200 (softening
      point, ring and ball. 39.degree.C, penetration at 25.degree.C: 200 1/10mm)
      to give a medium b 85 bitumen (softening point ring and ball 47.degree.C,
      penetration at 25.degree.C: 85 1/10mm) at a reaction temperature of
      250.degree.C was 9500 kg per day and ton of reactor vessel contents.
PAR  b. In a reactor equipped according to the invention with three dispersal
      containers (one fresh air dispersal vane system and two re-dispersal
      systems) the power requirements during blowing when the peripheral speed
      of the turbine wheels remained the same (4.6m/sec.) were
EQU  L.sub.m = 15.8 kw, i.e. 5.3 kw per turbine.
PAR  The output from the reactor vessel equipped according to the invention with
      three dispersal containers and used for blowing soft bitumen B 200 by the
      same process as described under (a) above was found to be 15,600 kg per
      day and ton of useful reactor capacity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bitumen blowing method comprising: providing a body of bitumen,
      providing a spatially defined centra portion in said body of bitumen,
      blowing air into said spatially defined central portion at a pressure
      sufficient to overcome the hydrostatic pressure of the bitumen, thereby
      producing within the body of bitumen an upward flow of a mixture of
      bitumen and air and a corresponding downward flow of bitumen relatively
      poor in air compared to the upwardly flowing mixture and mechanically
      agitating the upwardly flowing mixture within the spatially defined
      central portion to disperse the air therein.
NUM  2.
PAR  2. A method according to claim 1, wherein the upward flow is separated from
      the downward flow.
NUM  3.
PAR  3. A method according to claim 1 further including mechanically agitating
      the upward flow at a plurality of levels in the upward flow.
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ABST
PAL  Purification of ilmenite from chromite impurities by a two step magnetic
      separation wherein magnetically susceptible chromite is magnetically
      removed, followed by an oxidizing roasting of the ilmenite and a
      subsequent magnetic separation of ilmenite from the remaining chromite
      impurities to obtain an ilmenite with 1% or less chromite.
BSUM
PAR  This invention pertains to purification of ilmenite; more specifically,
      this invention pertains to purification of ilmenite concentrates whereby
      the chromite fraction thereof is removed with simple processing steps to
      the levels found to be acceptable for ilmenite in its various
      applications. Still further, this invention pertains to a two step
      magnetic separation of ilmenite whereby ilmenite of very low chromium
      concentration is obtained as a result of the two step coaction.
PAC  BRIEF DESCRIPTION OF BACKGROUND OF INVENTION AND PRIOR ART
PAR  Ilmenite has served as a starting material for obtaining titanium dioxide
      of various degrees of purity. Generally when producing titanium dioxide by
      the sulphate route, it is important that ilmenite be as free of chromium
      as possible. It is also very essential that the purity of the raw ilmenite
      material be as high as possible so that the ilmenite may be used for other
      purposes. However, it is not only essential that ilmenite be pure for
      obtaining titanium dioxide by the above mentioned process but that it be
      substantially free of chromium when ilmenite is used for other purposes
      such as for producing titanium carbide which is suitable as a component in
      welding rod coatings as a precursor thereof.
PAR  Various investigations have heretofore been conducted for the separation of
      chromites from ilmenite and these have generally relied upon the magnetic
      properties of the chromite present in ilmenite.
PAR  The magnetic behavior of ilmenite and the susceptibility of the same to
      magnetic treatment is fairly well illustrated in the article authored by
      Westcott et al., Journal of Geophysical Research, Volume 73, No. 4, Pages
      1269 to 1277 (1968) (Australian). Based on the disclosure in this article,
      the magnetic properties of ilmenite are fairly well understood such as the
      function of particle sizes as well as treatment of the same under
      oxidizing conditions.
PAR  Substantial laboratory investigation about the separation of chromites from
      ilmenite from various sources has been set forth in Investigation Report
      No. 461 dated Oct. 3, 1953 carried out under the auspices of Commonwealth
      Scientific and Research Organization in the Mining Department of the
      University of Melbourne. In that report, it has been concluded that
      magnetic separation of ilmenite is attractive especially if the ilmenite
      is treated under oxidizing conditions and the enhanced magnetic
      susceptibility of the ilmenite utilized to convert it to magnetically more
      active species vis-a-vis the chromite impurity in the ilmenite. In this
      article, it has been specifically mentioned that magnetic separation of
      the ilmenite prior to its oxidization and subsequent recovery of the
      chromite has not improved the recovery of ilmenite or enhanced the
      separation of chromites to the final chromium content required for a good
      quality sulphate feed stock.
PAR  Consequently, this article describes the separation of ilmenite to a degree
      which is still unacceptable for many purposes desired by the end users.
PAC  DESCRIPTION OF INVENTION AND EMBODIMENTS THEREOF
PAR  It has now been discovered that if ilmenite is purified in accordance with
      a combination of steps which must cooperate with each other in order to
      contribute to the total end result, the separation heretofore sought to be
      obtained can readily and elegantly be achieved by relying upon both the
      magnetic properties of the ilmenite and chromite both before and after the
      treatment of the ilmenite and chromite in an oxidizing atmosphere under
      specific conditions. Thus, not only the preceding treatment becomes
      extremely critical but the subsequent treatment requires the critical
      interrelationship of the preceding or first step treatment.
PAR  Consequently, it has been discovered that if ilmenite is purified
      magnetically before it is rendered magnetically susceptible in a vastly
      enhanced manner, the chromite species which are magnetically highly
      susceptible can be separated from the ilmenite. Thereafter, the treatment
      of the ilmenite by oxidization at a specific and narrow temperature range
      produces a magnetically very active ilmenite which can then be separated
      as the magnetically active fraction from the residual chromite which has
      different magnetic properties than the enhanced ilmenite. Thus, it has
      been discovered that the prior removal of the magnetically susceptible
      chromites enhances the purification and yields of the ilmenite rendered
      magnetically susceptible of oxidization. By the second step separation of
      the residual chromites as non-magnetics, a cleaner separation and a more
      pure ilmenite has been obtained.
PAC  DESCRIPTION OF INVENTION AND EMBODIMENTS THEREOF
PAR  In accordance with the invention, it has now been found that ilmenite from
      various sources can be purified. Ores which provide the ilmenite are those
      found on the east coast of South Africa, e.g., Richard's Bay and Ste.
      Lucia, and on the east coast of Australia, e.g., Stradbrooke Island.
      Richard's Bay ore which has been concentrated has an assay of 47.5 percent
      TiO.sub.2 ; 36.5 percent Fe and 0.40 percent Cr.sub.2 O.sub.3. The
      ilmenite concentrate is then subjected to a magnetic separation in a wet
      separation process and the high magnetically susceptible chromite
      contaminant is removed therefrom.
PAR  The assay of the magnetics which are separated from the primary concentrate
      consists of chromite and Cr.sub.2 O.sub.3 bearing mineral of about 20
      percent of the chromite present in the primary concentrate. As indicated
      above, the primary concentrate contains 0.40 percent chromite expressed as
      Cr.sub.2 O.sub.3.
PAR  The non-magnetics from the separation step are ilmenite and chromite
      impurities associated therewith.
PAR  The non-magnetics are then subjected to roasting under oxidizing conditions
      at a temperature between 690.degree.C to 810.degree.C, but preferably at
      750.degree.C for a period from ten minutes to forty-five minutes, but
      preferably for fifteen minutes.
PAR  The roasting of the particles may be achieved in known process equipment
      such as a fluidized bed or rotary kiln as the means for heating the
      ilmenite particles. The fuel being augmented with up to 15 percent O.sub.2
      but preferably 1 percent to 5 percent excess of oxygen with respect to the
      stoichiometric requirements for the burning of the fuel and combustible
      impurities.
PAR  With respect to the amount of oxygen as the stoichiometric excess, it may
      range from 1 percent to 6 percent but preferably from 3 percent with
      respect to the amount of fuel used for the oxidization of the ilmenite
      material. A slight increase in weight of the ilmenite is observed during
      the oxidization.
PAR  Thereafter the oxidized ilmenite is magnetically highly susceptible and it
      is separated as the magnetics from the chromites. The ilmenite thus
      obtained contains 0.10 percent or less of Cr.sub.2 O.sub.3 content or
      about 20 percent of the original chromite content in the Richard's Bay
      primary ilmenite.
DRWD
PAR  With reference to the figures herein:
PAR  FIG. 1, illustrates the magnetic susceptibility of the ilmenite described
      above as Richard's Bay ilmenite and it illustrates the increased magnetic
      susceptibility by heat treatment. At the same time, the chromite phase,
      the major Cr.sub.2 O.sub.3 contaminant in the ore, is relatively
      unchanged. The gap between ilmenite and chromite is noteworthy as is the
      relative placement of peaks vis-a-vis the equivalent gauss value; and
PAR  FIG. 2, illustrates a flow sheet showing the separation achieved when
      practicing the present invention.
DETD
PAR  The overall effect of the heat treatment is to increase the magnetic
      susceptibility gap between ilmenite and chromite which in turn facilitates
      the magnetic separation of the two minerals. However, the important
      pre-removal of the magnetic chromite provides the clean separation for the
      second separation. The chromite does not change very appreciably its
      magnetic characteristics vis-a-vis the non-oxidized species of ilmenite.
      On the other hand, ilmenite changes drastically and markedly its magnetic
      characteristics.
PAR  To sum up, it requires first the treatment of the ilmenite concentrate to
      remove the magnetically active species of chromite and chromite-containing
      minerals and the oxidation within a very narrow temperature and time span
      of non-magnetically active ilmenite concentrate to render it magnetically
      susceptible. The combination is necessary for the total removal of
      chromium and the magnetic separation of the ilmenite from the chromites in
      the final magnetic separation. In accordance with the novel method,
      recovery of up to 80 percent of the total ilmenite with the desired
      Cr.sub.2 O.sub.3 level of 0.10 percent or less is possible by the above
      method. The residual chromium content in accordance with the above method
      is 0.10 percent or less by weight. (Example I and FIG. II.)
PAR  This compares with the best possible result of 50 percent recovery of the
      total ilmenite at 0.17 percent Cr.sub.2 O.sub.3 obtained by separation on
      non-roasted material (Example II) and 65 percent recovery of 0.10 percent
      Cr.sub.2 O.sub.3 concentrate (or 82 percent recovery of 0.14 percent
      Cr.sub.2 O.sub.3) on roasted material if the prior magnetic step of
      eliminating the magnetically active species of chromite and high chromium
      bearing minerals is not carried out prior to the roasting.
PAC  EXAMPLE 1
PAR  a. A crude primary ilmenite containing 0.40 percent Cr.sub.2 O.sub.3 was
      produced using a Readings 5 TPH high intensity wet magnet from the
      ilmenite bearing Richard's Bay beach sand deposit. This material was
      magnetically partitioned at 4000 gauss on the Readings high intensity wet
      magnetic separator to yield a magnetic fraction of 8 percent by weight
      containing 1.00 percent Cr.sub.2 O.sub.3. The non-magnetic fraction was
      roasted in a fluid bed fueled by natural gas at 750.degree.C with a 3
      percent O.sub.2 atmosphere with an average retention of 45 minutes. The
      combined fluid bed product (discharged and cyclone dust) was subjected to
      a magnetic separation at 2500 gauss. The magnetic fraction representing
      80% of the original ilmenite and contained 0.10 percent Cr.sub.2 O.sub.3
      while the residual non-magnetics now contained 2.00 percent Cr.sub.2
      O.sub.3. FIG. II gives the flowsheet of magnetic fractionation of
      heat-treated ilmenite sand.
PAR  b. Concentrate which is used as a starting material and contains chromite
      of low magnetic susceptibility only. For the above material, the chromite
      of high magnetic susceptibility has been removed before roasting, using a
      high intensity wet magnetic separator. The new ilmenite concentrate which
      contains ilmenite and chromite of low magnetic susceptibility can then be
      roasted and fractioned using magnetic separations to yield an ilmenite
      product containing 0.10 percent Cr.sub.2 O.sub.3 or less. In this instance
      the recovery is also greatly improved.
PAC  EXAMPLE II
PAR  A crude primary ilmenite containing 0.30 percent Cr.sub.2 O.sub.3 was
      produced using a Reading 5 TPH high intensity wet magnet from the
      Richard's Bay black sand deposit. This material was magnetically
      partitioned at 4000 gauss on a Readings high intensity wet magnetic
      separator to yield a magnetic fraction of 8 percent by weight containing
      1.00 percent Cr.sub.2 O.sub.3. The non-magnetic fraction was not roasted
      but was passed over a high intensity magnetic separator a higher
      intensities. At 9000 gauss, a 70 percent yield of the ilmenite at 0.21
      percent Cr.sub.2 O.sub.3 was obtained. At 7,000 gauss a 50 percent yield
      of total ilmenite was obtained at 0.17 percent Cr.sub.2 O.sub.3.
PAC  EXAMPLE III
PAR  A crude primary ilmenite containing 0.30 percent Cr.sub.2 O.sub.3 was
      produced using a Reading's 5 TPH high intensity wet magnet separator from
      the Richard's Bay beach sand deposit. This material was roasted in a fluid
      bed fueled by natural gas at 750.degree.C with a 3 percent O.sub.2
      atmosphere with an average retention time of 45 minutes. The combined
      fluid bed product was subjected to magnetic separation at 2500 gauss. The
      magnetic fraction represented 82 percent of the original ilmenite and
      contained 0.14 percent Cr.sub.2 O.sub.3. A 0.10 percent Cr.sub.2 O.sub.3
      magnetic fraction was obtained from the above material in a 65 percent
      yield.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for purifying ilmenite ore containing combustibles, the
      improvement comprising the steps of:
PA1  a. separating magnetically an ilmenite ore having liberated chromites
      present as impurities to remove magnetically susceptible chromium bearing
      minerals;
PA1  b. heating the thus treated ilmenite at a temperature from 690.degree.C to
      810.degree.C for a period of at least ten minutes, said heating being in
      the presence of excess oxygen;
PA1  c. separating magnetically the thus heated ilmenite as the more
      magnetically susceptible species from the impurities therein;
PA1  e. recovering the magnetized ilmenite product having the reduced amount of
      chromites present.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the heating is in an oxidizing
      atmosphere having from minimum 1 percent O.sub.2 of excess oxygen over the
      stoichiometric amount of fuel required to heat the ilmenite and the
      combustibles in said ilmenite.
NUM  3.
PAR  3. The method as defined in claim 2 wherein the oxidizing atmosphere has
      minimum oxygen content of 1 percent above the stoichiometric amount
      required for the combustion of said fuel as well as the combustibles in
      said ilmenite.
NUM  4.
PAR  4. The process as defined in claim 1 wherein the heating in the oxidizing
      atmosphere is at 750.degree.C for 15 minutes.
NUM  5.
PAR  5. In a method for purifying ilmenite ore containing combustibles the
      improvement comprising the steps of:
PA1  a. grinding an ilmenite ore having 0.40 percent chromites by weight percent
      as impurities, expressed as Cr.sub.2 O.sub.3 ;
PA1  b. separating magnetically the ground ore to remove magnetically
      susceptible impurities including chromites;
PA1  c. heating the thus treated ilmenite at a temperature from 690.degree.C to
      810.degree.C for a period of at least ten minutes, said heating being in
      the presence of oxygen;
PA1  d. separating magnetically the thus heated ilmenite as the more
      magnetically susceptible species from the impurities therein; and
PA1  e. recovering the ilmenite product having the reduced amount of chromites
      present.
NUM  6.
PAR  6. The method as defined in claim 5 wherein the heating is in an oxidizing
      atmosphere having from 1 to 6 percent of excess oxygen over the
      stoichiometric amount of fuel required to heat the ilmenite and the
      combustibles in said ilmenite.
NUM  7.
PAR  7. The method as defined in claim 6 wherein the oxidizing atmosphere has
      oxygen content of 3 percent above the stoichiometric amount required for
      the combustion of said fuel as well as the combustibles in said ilmenite.
NUM  8.
PAR  8. The process as defined in claim 5 wherein the heating in step c) is
      carried out in a fluidized bed.
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ABST
PAL  A high intensity field magnetic separator for separating materials of
      different magnetic properties, in which the materials to be separated from
      each other are during the movement of containers comprising induction
      poles and containing the materials to be separated passed through high
      intensity magnetic fields which are induced in the interior of coreless
      magnetic coils.
BSUM
PAR  The present invention relates to a strong field magnetic separator for
      separating from each other materials of different magnetic properties,
      according to which the materials are by means of containers comprising
      induction poles passed through strong magnetic fields while the containers
      are in movement.
PAR  For separating materials of different magnetic properties, so-called
      magnetic separators are employed. In this connection, depending on the
      degree of the magnetic properties of the materials to be separated,
      various devices may be employed. For separating highly magnetic materials
      from weak magnetic materials and nonmagnetic materials, preferably weak
      field magnetic separators are employed which generally are designed as
      drum separators of various constructions. The separation of weak magnetic
      materials from non-magnetic materials, however, requires completely
      different devices. This is due to the fact that the, in this instance,
      required particularly high values for the product of magnetic field
      intensity and field intensity gradient cannot be ascertained with drum
      separators with which the separation of the respective materials is
      throughout effected in the stray field of the magnet system proper.
PAR  The heretofore known so-called strong field magnetic separators for
      separating weak magnetic materials from non-magnetic materials according
      to the dry or wet method have the drawback that they are heavy and
      expensive. With these separators, the magnetic field generated in magnetic
      coils is through large cross sections of ferromagnetic substances,
      preferably iron or iron containing alloys, conveyed to where it is to be
      used for separating the materials of different magnetizability from each
      other, namely between the pole shoes of electromagnets. In this connection
      differences between the various known magnetic separators exist only with
      regard to the way in which the magnetic field is guided relative to the
      space which is provided for separating the materials from each other. In
      order to obtain the required high values for the product of field
      intensity and gradient, this space is filled with materials of high
      permeability, in other words, with so-called induction poles which are so
      shaped and arranged that at their contact points or at their points of
      smallest distance, high field line densities will occur. For a continually
      working separating device, the guiding of a container through the space or
      chamber is necessary. Inasmuch as such guidance can be effected only
      transverse to the lines of force of the magnetic field located between the
      pole shoes of the electromagnets, it will be appreciated that naturally
      great forces act from the pole shoes onto the container. All devices of
      this type, therefore, have in common that for guiding the magnetic lines
      of force, considerable masses of iron are required and that for receiving
      the power effect upon the container, particularly strong bearings and
      devices are necessary.
PAR  It is, therefore, an object of the present invention to provide a strong
      field magnetic separator of the above described general character, which
      will be free from the above outlined drawbacks.
DRWD
PAR  This object and other objects and advantages of the invention will appear
      more clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a portion of a top view of a magnetic separator according to the
      invention.
PAR  FIGS. 2--5 respectively illustrate cross sections through the lines II --
      II, III -- III, IV -- IV and V -- V of FIG. 1.
DETD
PAR  The strong field magnetic separator for separating materials of different
      magnetic properties, in which the materials are passed through containers
      comprising induction poles while the containers are moved through strong
      magnetic fields, is according to the present invention characterized in
      that the path of movement of the containers extends through magnetic
      fields which are induced in the interior of core-less magnetic coils.
PAR  The present invention is based on the finding that when introducing a
      container with induction poles into a core-less magnetic coil generating a
      magnetic field, there will be generated in the core-less magnetic coil
      high values for the product of magnetic field intensity and gradient. The
      forces acting upon the container are minor inasmuch as the magnetic forces
      primarily balance each other between the induction poles in the container.
      In this way large iron masses for conveying the magnetic field lines of
      force as well as the heavy design for mounting the containers will be
      superfluous.
PAR  The containers may, as known per se, be linked to an endless chain or may
      be designed as chambers of a circular ring of U-shaped cross section and
      may be rotatable about a vertical central axis. In the last mentioned
      instance, it would, however, not be possible to provide a definite central
      and rotary shaft to which the ring, similar to heretofore known strong
      field magnetic separators, could be connected by spokes. The reason for
      this consists in that the ring itself is passed through the magnetic
      coils. The ring itself thus has to be supported by supporting and guiding
      rollers or has to be guided in its path of movement.
PAR  Referring now to the drawings in detail, a circular ring 1 of U-shaped
      cross section forms a container of non-magnetic material. This container
      is moved through the magnetic field which is induced in the interior of a
      core-less coil 2 passed through by direct current. Induction poles 3
      located in the circular container are magnetized by the lines of force of
      the magnetic field so that at their points of contact or points which have
      the least distance from each other there will be generated a high field
      line density, which means high yields for the product of magnetic field
      intensity and gradient. The circular ring is rotated about its vertical
      central axis from a circumferential point outside the coil 2 by any
      desired driving element 4. Due to the supporting rollers 5, the ring is
      guided from below, and guiding rollers 6 see to it that the ring remains
      also laterally in its intended track and is not deviated by minor lateral
      forces within the magnetic coil 2. The supporting rollers 5 may be so
      arranged that in view of their conical shape they will bring about a
      self-stabilizing movement of the ring.
PAR  The feeding of the materials to be separated is effected, in the direction
      of movement of the ring shortly prior to the ring entering the coil 2,
      through a charging device 7 which sees to it that the material is
      uniformly distributed over the width of the ring. If the materials
      involved represent a suspension in a liquid, the charging device may, for
      instance, be designed as a slotted pipe or as an overflow trough. For dry
      materials, the charging device may consist, for instance, of a
      vibro-trough.
PAR  There will now be described the operation of the separation of materials of
      different magnetic properties for a suspension.
PAR  After supplying the suspension, which henceforth may also be called the
      sludge, the same will in view of the advancing movement of the ring enter
      the interior of the magnetic coil 2 and under the influence of the force
      of gravity will pass between the induction poles 3 to the bottom side of
      the ring which has a U-shaped cross section. This bottom side is,
      preferably by means of an inserted sifting bottom, designed so as to be
      permeable. The bottom may also be perforated in a different manner. In
      this way a portion of the liquid will flow off with the non-magnetic
      components and will pass through a chute 9 located between the container
      bottom and the coil 2.
PAR  The withdrawal of the sludge may be effected in the direction and also
      opposite to the direction of movement of ring 1, but it may also be
      effected through a gap 10 or an opening in the magnetic coil 2. While the
      ring 1 in coil 2 continues its movement, it passes into the region of a
      sprinkling device 11 which may be similar to the charging device 7. Here,
      by the addition of liquid low in solid substances, the magnetic substances
      adhering to the induction poles 3 are washed off and the induction poles
      are, as a result thereof, freed from residues of still adhering weaker or
      non-magnetic materials. The liquid which in this way is enriched with
      solid materials flows between the induction poles 3, leaves the ring 1
      through the sifting bottom 8 and is discharged through chute 9 from the
      inner space of the coil 2. If necessary, the first sprinkling device 11
      may be followed by one or more sprinkling devices. The serially last
      sprinkling operation must be finished or completed when ring 1 during its
      movement through coil 2 comes into the region of the magnetic lines of
      force which are no longer dense enough to form at the induction poles 3
      such values for the product of field intensity and gradient as they are
      required for an adherance of the substance of higher magnetizability. This
      may be the case inside of as well as outside of the coil.
PAR  During its further movement, ring 1 gradually leaves the range of the lines
      of force, and after the product of field intensity and gradient has fallen
      below the limit value for the product of field intensity and gradient of
      the magnetic substances adhering up to this time to the induction poles 3,
      these substances may be washed off by an additional sprinkling device 12.
      The washed off substances pass through the permeable bottom 8 and while
      thus leaving the container are conveyed through a further chute 13. Thus,
      the induction poles 3 are again free and ready for a further separating
      operation.
PAR  Under some circumstances it may be necessary to effect a temporary
      de-magnetizing of the induction poles 3. To this end, when viewing in the
      direction of movement of the ring, a demagnetizing coil 14 passed through
      by an alternating current may be arranged behind the magnetic coil 2. If
      in the path of ring 1 there are provided at least two magnetic coils 2, it
      is possible therebetween to obtain a de-magnetizing by arranging the
      magnetic coils in their magnetizing direction with regard to the ring in
      an opposite direction, which means in such a way that two successive
      magnetic coils face each other with the same poles.
PAR  The drive of ring 1 may be effected in customary manner by conveying a
      mechanical force through a driving means onto the ring from the
      circumference thereof. By correspondingly designing the container, the
      wall 15 thereof or an element arranged on the wall may be employed as
      counter pole of a linear motor so that a frictionless power transmission
      will be realized.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A strong field magnetic separator for separating materials of different
      weak magnetic properties from each other, which includes in combination: a
      plurality of coreless magnetic coils operable to induce high intensity
      magnetic fields in the space within said coreless magnetic coils, said
      magnetic coils including an even number of coreless magnetic coils each
      two successive magnetic coils having poles of the same polarity facing
      each other, container means including induction poles and being movable
      within the space surrounded by said coreless magnetic coils, conveying
      means for conveying materials to be separated from each other into said
      container means, means for withdrawing separated materials of different
      magnetic properties, said container means including a plurality of
      containers respectively forming chambers of a circular ring rotatable
      about its vertical central axis, and driving means operatively connected
      directly to the periphery of said ring.
NUM  2.
PAR  2. A strong magnetic separator for separating materials of different
      magnetic properties from each other, which includes in combination: a
      plurality of coreless magnetic coils operable to induce high intensity
      magnetic fields in the space within said coreless magnetic coils,
      container means comprising a channel-shaped ring of non-magnetic material
      having an outer side wall and a perforated bottom and mounted to rotate
      about a vertical axis, said ring being surrounded by said coils so as to
      pass through said space within said magnetic coils, induction poles of
      magnetizable material closely spaced in said channel-shaped ring,
      conveying means for conveying materials to be separated from each other
      into said container means, means for withdrawing separated materials of
      different magnetic properties by passing non-magnetic material through
      perforated bottom of said container means in a magnetic field of said
      coils and passing magnetizable material through said perforated bottom
      beyond a magnetic field, said container means including a plurality of
      containers respectively forming chambers of said channel-shaped ring,
      driving means operatively connected to said ring to rotate said ring about
      the vertical axis, and guiding and supporting rollers including lateral
      rollers in engagement with said outer side wall to resist outward movement
      of said ring.
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PAL  A cation-active permselective membrane of a hydrolyzed copolymer of a
      perfluorinated olefin and a fluorosulfonated perfluorovinyl ether, a
      modification thereof, or sulfostyrenated perfluorinated ethylene propylene
      copolymer is employed to dialytically pass metal hydroxide from an aqueous
      solution thereof containing metal halide halates, thereby purifying the
      metal hydroxide of the metal halide. The named cation-active permselective
      membrane materials resist deterioration by the halates, hydroxide and
      halide components of the solution being purified.
PAL  The invention also includes a dialysis cell for effecting the purification.
BSUM
PAR  This invention relates to an improved method of purifying aqueous metal
      hydroxide by ion-exchange dialysis. More particularly, it relates to the
      production of aqueous metal hydroxide solutions of low metal halide
      contents. It is especially concerned with production of such metal
      hydroxide solutions from solutions also containing metal halide and
      halates, by diffusion of the hydroxide through a cation-active
      permselective membrane.
PAR  An economical, efficient method of separating metal hydroxide from
      solutions of the hydroxide containing metal halide and halates is required
      in many areas of the chemical industry which produce such "starting"
      solutions. Efficient and economical separation of metal hydroxide values
      is particularly necessary in the manufacture of alkali metal hydroxides,
      e.g., sodium hydroxide by, electrolysis of aqueous metal halide, e.g.,
      sodium chloride. The catholytes obtained from such electrolysis processes
      contain not only alkali metal hydroxide and halates but also residual
      metal halide starting material. Use of conventional separating techniques
      to separate the hydroxide values from the metal halide values has proven
      costly and time-consuming and good separations are often not economically
      obtainable. One simple separatory technique, namely ion-exchange dialysis
      of the aqueous hydroxide-halide-halate solution with a cation-selective
      membrane which is permeable to hydroxide anion but not to halide anion has
      not been employed heretofore as a separatory technique on these solutions
      since membranes of the type required are usually easily disintegrated even
      after only short-term contact with the solution. Typical cation-active
      permselective membranes, such as membranes of heterogeneous polyvinyl
      chloride base resin of the type available commercially under the trade
      name Ionac, may be destroyed after about a week's use in contact with such
      hydroxide-halide-halate solutions.
PAR  The aforementioned disadvantages of the prior art are overcome by the
      present invention, which is directed to a novel method of separating
      aqueous metal hydroxide values from aqueous metal halide values contained
      in an aqueous solution of metal hydroxide, metal halide and metal halate.
      This method comprises diffusing the hydroxide from the solution through a
      cation-active permselective membrane of a material which is the hydrolyzed
      copolymer of a perfluorinated olefin and a fluorosulfonated perfluorovinyl
      ether to produce an aqueous metal hydroxide diffusate solution of low,
      very low, or trace metal halide concentration, or one which is essentially
      pure of any halide contamination.
PAR  Although they are not as resistant to the medium of the cell as the
      hydrolyzed copolymers mentioned, also useful in the present purifications
      are the modified copolymers of perfluorinated olefins and fluorosulfonated
      perfluorovinyl ethers in which one side of the membrane has --SO.sub.2
      NHNa, --SO.sub.2 NH.sub.2 or similar moieties and the other has --SO.sub.2
      F, --SO.sub.2 Na or --SO.sub.3 H moieties. Similarly, the sulfostyrenated
      perfluoroethylene-propylene resins make effective, resistant membranes.
PAR  To effect the described purification there is employed a dialysis cell
      which comprises a housing with the above-defined membrane positioned
      within the cell to separate the compartment containing
      hydroxide-halide-halogen starting solution, (the dialyzate compartment)
      from the compartment containing hydroxide diffusate (the diffusate
      compartment).
PAR  In preferred embodiments of the invention the permselective membrane is a
      hydrolyzed copolymer of tetrafluoroethylene and a fluorosulfonated
      perfluorovinyl ether of the formula
EQU  FSO.sub.2 CF.sub.2 CF.sub.2 OCF(CF.sub.3)CF.sub. 2 OCF=CF.sub.2
PAL  which polymer has an equivalent weight of about 900 to about 1,600, said
      membrane, if desired, being mounted on a network of supporting material
      such as polytetrafluoroethylene, perfluorinated ethylene-propylene
      polymer, polypropylene, asbestos, titanium, tantalum, niobium or noble
      metal.
DRWD
PAR  The invention will be more readily understood by reference to the following
      descriptions of embodiments thereof, taken in conjunction with the drawing
      of means for effecting the invented process and apparatus.
PAR  In the Drawing:
PAR  The FIGURE is a schematic diagram, in elevation, of a two-compartment
      dialysis cell for producing aqueous metal hydroxide diffusate solution of
      low metal halide concentration from a dialyzate or starting solution
      containing metal hydroxide, metal halide and metal halate. The cell
      includes a membrane of the described type separating the dialyzate and
      diffusate compartments. In variations of the cell design plural separated
      zones are employed, from 3 to 10, with the same or different types of the
      described cation-active membranes being utilized.
DETD
PAR  In the FIGURE the points of addition and withdrawal of typical and
      preferred starting ingredients and products are illustrated. Although the
      production of sodium hydroxide solutions from sodium hydroxide-sodium
      chloride-chlorate solutions is illustrated it is to be understood that
      other halates and water soluble metal hydroxides and halides can be
      substituted, at least in part, for those illustrated and specifically
      mentioned herein.
PAR  In the FIGURE dialysis cell 11 includes housing 13 and cation-active
      permselective membrane 15, which divides the interior of the cell into a
      starting solution or dialyzate compartment 17, and a diffusate compartment
      19. An aqueous caustic brine solution containing sodium hydroxide, sodium
      chloride and sodium chlorate, such as diaphragm cell liquor, is fed to the
      dialyzate compartment through line 21. Water is fed to the diffusate
      compartment through line 23. On completion of dialysis, that is diffusion
      of sodium hydroxide through the membrane to an equilibrium or other
      desired concentration in the diffusate compartment, the sodium
      hydroxide-depleted dialyzate solution is withdrawn from the dialyzate
      compartment through line 25, while the desired purified sodium hydroxide
      product is withdrawn from the diffusate compartment through line 27.
PAR  By the present process metal hydroxide diffuses efficiently through the
      membrane to provide a diffusate solution which may contain metal hydroxide
      up to equilibrium concentration with metal hydroxide in the dialyzate
      compartment, i.e., the purified metal hydroxide solution obtained in the
      diffusate compartment at equilibrium contains about half of the metal
      hydroxide charged in the starting solution, if the containers are of equal
      size. Normally, it can approach the original concentration of the
      dialyzate. The purified metal hydroxide solution obtained in the diffusate
      compartment moreover contains only minor amounts of metal halide, usually
      0.1 to 10 g./liter of the metal hydroxide diffusate solution. The cell
      membrane is substantially impermeable to halates so that the diffusate is
      substantially free of halates dissolved in the starting solution or at
      least, its concentration is significantly diminished. The operation of the
      present cell is not impeded or terminated by disintegration of the
      membrane which remains intact and operative even after long term use in
      the dialysis process, e.g., use of up to three years or more.
PAR  The metal hydroxide, and metal halide of the starting solution are
      preferably alkali metal hydroxides such as sodium hydroxide and potassium
      hydroxide, and alkali metal halides, such as sodium and potassium
      chloride, sodium and potassium bromide or sodium and potassium iodide.
      Alternatively, other water soluble metal halides and hydroxides, such as
      those of magnesium or calcium can constitute the starting solution or at
      least a part thereof. Preferably, the halate dissolved in the starting
      solution is chlorate, but the dissolved component can alternatively be
      another halate such as bromate or iodate. Mixtures of different
      hydroxides, halides and halates can also be used. In a preferred
      embodiment of the invention, the present process and apparatus are
      utilized to obtain aqueous sodium hydroxide of low sodium chloride content
      by dialysis of the catholyte obtained from electrolysis of aqueous brine
      in diaphragm cells, which, as is well known to those skilled in the art,
      consists essentially of aqueous sodium hydroxide and sodium chloride, with
      some chlorate.
PAR  The concentrations of metal hydroxide and metal halide in the starting
      solution are not critical to the operation of the present process. Aqueous
      starting solutions saturated with respect to the hydroxide and the halide
      at a given operating temperature can be used, as well as solutions
      containing as little as 0.1 percent or less of metal hydroxide and as
      little as  0.1 percent or less of metal halide. Usually, in employing the
      above-mentioned  catholyte as starting solution the concentration of metal
      hydroxide is about 10 to 15 percent, especially about 11 percent, and the
      concentration of the metal halide is about 15 to 20 percent, especially
      about 16 percent, based on the weight of the starting solution. Halate or
      chlorate content may be from 0.01 to 10 percent but often is from 1 to 10
      percent.
PAR  The starting solution may even be saturated with respect to the halate
      constituent but it will be understood that the present dialysis can be
      effected even with lower concentrations of halate e.g., 1/10 or 1/2 of the
      amount dissolved at saturation, or even quantities as small as about 10
      p.p.m., based on the starting solution.
PAR  The present process and apparatus will generally be operated at a
      temperature in the range of room temperature to an elevated temperature
      below the normal boiling point of liquids in the dialyzate and diffusate
      compartments, that is, at a temperature of about 20.degree. to
      95.degree.C. A particular advantage of the present process is the
      effectiveness of the process at temperatures in the range of about
      75.degree.C to 95.degree.C., at which moderately elevated temperatures
      membranes of conventional dialysis systems may often be rendered
      inoperative due to heat-accelerated disintegration by the starting
      solution, especially if it contains dissolved chlorine.
PAR  The membranes utilized in the invention to divide the electrolytic cell
      into compartments and to provide selective ion diffusion are preferably
      mounted in the cell on networks or screens of supporting material such as
      polytetrafluoroethylene, perfluorinated ethylene-propylene copolymer,
      polypropylene, asbestos, titanium, tantalum, niobium or noble metals.
      Preferably, polytetrafluoroethylene screening is used.
PAR  The cation-active permselective membranes used are of known classes of
      proprietary organic polymers, initially often being thermoplastic, which
      are substituted with a multiplicity of ionogenic substituents and which,
      in thin film form, are permeable to negatively charged ions. Certain ions,
      apparently by means of ion exchange with the ionogenic substituents on the
      polymer film, are able to pass through the polymer membrane, while other
      ions, of opposite sign, may be unable to do so.
PAR  Cation-active permselective membrane materials which selectively permit
      passage or diffusion of cations generally contain a multiplicity of
      sulfonate or sulfonic acid substituents or, in some instances, carboxylate
      or phosphonate substituents. Cation-active membranes can be prepared by
      introducing the cation-exchanging substituent, e.g., sulfonate, into a
      thin film of polymer, e.g., phenol formaldehyde polymer, by chemical
      reaction, e.g., sulfonation. Other polymers which can be sulfonated in
      this manner to obtain cation-active membrane materials include
      polystyrene, styrene-divinyl benzene copolymer, polyvinyl chloride, vinyl
      chloride-styrene copolymers, polyethylene, and styrenebutadiene rubbers.
      Alternatively, a homo- or co-polymer containing the cation-exchanging
      group(s) can be prepared by polymerizing a monomer substituted with the
      group(s). For example, phenol sulfonic acid can be substituted for some or
      all of the phenol normally used as a reactant in preparing a phenol
      formaldehyde polymer to obtain polysulfonated phenol formaldehyde polymer.
      In another example of this type of procedure, acrylic, methacrylic or
      maleic acid or its anhydride can be polymerized or copolymerized, e.g.,
      with divinyl benzene, to obtain a cation-active membrane material in which
      the cation exchanging substituents on the polymer base are carboxylate
      groups.
PAR  The cation-active polymeric membranes used for selective diffusion of ions
      are further classified as homogeneous, i.e., polymers visually appearing
      to be of only one phase, or as heterogeneous, i.e., polymers visually
      appearing to include more than one phase because of the presence of a
      matrix material in which the ion exchange polymer is embedded in powdered
      form.
PAR  The preparation and structure of cation-active permselective membranes are
      discussed in greater detail in the chapter entitled "Membranes" in the
      "Encyclopedia of Polymer Science and Technology" , published by J. Wiley
      and Sons, New York, 1968, at Vol. 8, pages 620 to 638, and in the chapter
      entitled "Synthetic Resin Membranes" in Diffusion and Membrane Technology,
      by S. B. Tuwiner, published by Rheinhold Publishing Corporation, New York,
      1962, at pages 200 to 206, the pertinent subjects matter of which
      references are hereby incorporated by reference.
PAR  In addition to the examples of cation-active permselective membranes
      previously discussed, the following proprietary compositions are
      representative examples of various cation-active permselective membranes
      which may be tried in the practice of the present invention: Ionac MC
      3142, MC 3235, and MC 3470 XL types - polysulfonate-substituted
      heterogeneous polyvinyl chloride, manufactured by Ritter-Pfaudler Corp.,
      Permutit Division; Nafion XR type - hydrolyzed copolymer of perfluorinated
      olefin and a fluorosulfonated perfluorovinyl ether, manufactured by E. I.
      DuPont de Nemours and Company, Inc.; Nafion XR, modified - Nafion XR
      treated on one side with ammonia to convert SO.sub.2 F groups to SO.sub.2
      NH.sub.2, which are then hydrolyzed to SO.sub.2 NHNa; RAI Research
      Corporation membranes such as types 18ST12S and 16ST13S - sulfostyrenated
      perfluorinated ethylene propylene copolymers.
PAR  The most highly preferred cation-active permselective membranes of the
      invention are the hydrolyzed copolymers of perfluoroolefins and
      fluorosulfonated perfluorovinyl ethers, the -SO.sub.2 NHNa modifications
      thereof and the sulfostyrenated perfluoroethylene-propylene copolymers, of
      which the former type is preferred.
PAR  The sulfostyrenated perfluoroethylene-propylene polymers, useful as
      cation-active membranes in a preferred embodiment of the invention, are
      generally those which have 2/3 to 11/16 of the phenyl groups therein
      monosulfonated and which are about 16 to 18 percent styrenated. To
      manufacture the sulfostyrenated perfluoroethylene-propylene copolymer
      membrane materials, a standard perfluoroethylene-propylene copolymer
      (hereinafter referred to as FEP), such as is manufactured by E. I. DuPont
      de Nemours and Company, Inc., is styrenated and the styrenated polymer is
      then sulfonated. A solution of styrene in methylene chloride or benzene at
      a suitable concentration in the range of about 10 to 20 percent is
      prepared and a sheet of FEP polymer having a thickness of about 0.02 to
      0.5 mm., preferably 0.05 to 0.15 mm., is dipped into the solution. After
      removal it is subjected to radiation treatment, using a cobalt .sup.60
      radiation source. The rate of application may be in the range of about
      8,000 rads/hr. and a total radiation application is about 0.9 megarad.
      After rinsing with water the phenyl rings of the styrene portion of the
      polymer are monosulfonated, preferably in the para position, by treatment
      with chlorosulfonic acid, fuming sulfuric acid or SO.sub.3. Preferably,
      chlorosulfonic acid in chloroform is utilized and the sulfonation is
      completed in about 1/2 hour.
PAR  Examples of useful membranes made by the described process are the RAI
      Research Corporation products previously mentioned, 18ST12S and 16ST13S,
      the former being 18 percent styrenated and having 2/3 of the phenyl groups
      monosulfonated and the latter being 16 percent styrenated and having 13/16
      of the phenyl groups monosulfonated. To obtain 18 percent styrenation a
      solution of 171/2 percent of styrene in methylene chloride is utilized and
      to obtain 16 percent styrenation a solution of 16 percent of styrene in
      methylene chloride is employed.
PAR  The especially preferred cation-active permselective membranes of the
      invention are of a hydrolyzed copolymer of perfluorinated hydrocarbon,
      e.g., an olefin, and a fluorosulfonated perfluorovinyl ether. The
      perfluorinated olefin is preferably tetrafluoroethylene, although other
      perfluorinated hydrocarbons of 2 to 5 carbon atoms may also be utilized,
      of which the monoolefinic hydrocarbons are preferred, especially those of
      2 to 4 carbon atoms and most especially those of 2 to 3 carbon atoms,
      e.g., tetrafluoroethylene, hexafluoropropylene. The sulfonated
      perfluorovinyl ether which is most useful is that of the formula
EQU  FSO.sub.2 CF.sub.2 CF.sub.2 OCF(CF.sub.3)CF.sub.2 OCF=CF.sub.2
PAR  Such a material, named as perfluoro-[2-(2-fluorosulfonylethoxy)-propyl
      vinyl ether], referred to henceforth as PSEPVE, may be modified to
      equivalent monomers which are represented by the formula
EQU  FSO.sub.2 CFR.sup.1 CF.sub.2 O(CFYCF.sub.2 O).sub.n CF=CF.sub.2
PAL  wherein R.sup.1 is a radical selected from the group consisting of fluorine
      and perfluoroalkyl radicals having from 1 to 10 carbon atoms, Y is a
      radical selected from the group consisting of fluorine and the
      trifluoromethyl radical, and n is a integer from 1 to 3, inclusive.
      However, it is most preferred to employ PSEPVE.
PAR  The method of manufacture of the hydrolyzed copolymer is described in
      Example XVII of U.S. Pat. No. 3,282,875 and an alternative method is
      mentioned in Canadian Pat. No. 849,670, which also discloses the use of
      the finished membrane in fuel cells, characterized therein as
      electrochemical cells. The disclosures of such patents are hereby
      incorporated herein by reference. In short, the copolymer may be made by
      reacting PSEPVE or equivalent with tetrafluoroethylene or equivalent in
      desired proportions in water at elevated temperature and pressure for over
      an hour, after which time the mix is cooled. It separates into a lower
      perfluoroether layer and an upper layer of aqueous medium with dispersed
      desired polymer. The molecular weight is indeterminate but the equivalent
      weight is about 900 to 1,600 preferably 1,100 to 1,400, e.g., 1,250, and
      the percentage of PSEPVE or corresponding compound is about 10 to 30
      percent, preferably 15 to 20 percent and most preferably about 17 percent.
      The unhydrolyzed copolymer may be compression molded at high temperature
      and pressure to produce sheets or membranes, which may vary in thickness
      from 0.02 to 0.5 mm. These are then further treated to hydrolyze pendant
      --SO.sub.2 F groups to --SO.sub.3 H groups, as by treating with 10%
      sulfuric acid or by the methods of the patents previously mentioned. The
      presence of the --SO.sub.3 H groups may be verified by titration, as
      described in the Canadian patent. Additional details of various processing
      steps are described in Canadian Pat. No. 752,427 and U.S. Pat. No.
      3,041,317, also hereby incorporated by reference.
PAR  Because it has been found that some expansion accompanies hydrolysis of the
      copolymer it is preferred to position the copolymer membrane after
      hydrolysis onto a frame or other support which will hold it in place in
      the electrolytic cell. Then it may be clamped or cemented in place and
      will be true, without sags. The membrane is preferably joined to the
      backing tetrafluoroethylene or other suitable filaments prior to
      hydrolysis, when it is still thermoplastic, and the film of copolymer
      covers each filament, penetrating into the spaces between them and even
      around behind them, thinning the films slightly in the process, where they
      cover the filaments.
PAR  The aminated and hydrolyzed improvements or modifications of the
      polytetrafluoroethylene PSEPVE copolymers are made, as previously
      mentioned, by treatment with ammonia of one side of the copolymer, before
      hydrolysis thereof, and then hydrolyzing with caustic or other suitable
      alkali. Acid forms may also be utilized. The final hydrolysis may be
      conducted after the membrane is mounted on its supporting network or
      screen. The membranes so made are fluorinated polymers having pendant side
      chains containing sulfonyl groups which are attached to carbon atoms
      bearing at least one fluorine atom, with sulfonyl groups on one surface
      being --(SO.sub.2 NH).sub.n M form, where M is H, NH.sub.4, alkali metal
      or alkaline earth metal and n is the valence of M, and the sulfonyls of
      the polymer on the other membrane surface being in --(SO.sub.3).sub.p Y
      form or --SO.sub.2 F, wherein Y is a cation and p is the valence of the
      cation, with the requirement that when Y is H, M is also H. In use the
      sulfonamide side faces the dialyzate compartment.
PAR  A complete description of methods for making the above improved membrane is
      found in French Pat. No. 2,152,194 of E. I. DuPont de Nemours and Company,
      Inc., corresponding to U.S. Pat. application Ser. No. 178,782, filed Sept.
      8, 1971 in the name of Walther Gustav Grot, which disclosures are hereby
      incorporated herein by reference.
PAR  The membranes of hydrolyzed copolymer of perfluorinated olefin and
      fluorosulfonated perfluorovinyl ether and the one-side hydrolyzed aminated
      modifications thereof described are far superior in the present processes
      to various other cation-active membrane materials. The RAI type membranes
      are also generally superior to those previously known. The preferred
      membranes last for much longer time periods in the medium of the cell and
      do not become brittle when subjected to long term contact with halate
      (chlorate), halide (sodium chloride) and alkali (sodium hydroxide).
      Considering the savings in time and fabrication costs, the present
      membranes are more economical. They do not fail when chlorine is present
      and the caustic concentration in the dialyzate compartment increases to
      above about 100 g./l. of caustic. The selectivity of the membrane and its
      compatibility with the medium do not decrease detrimentally as the
      chlorine and hydroxyl concentrations in the catholyte liquor increase, as
      has been noted with other cation-active membrane materials. Thus, these
      differences in the present process make it practicable, whereas previously
      described processes have not attained commercial acceptability. While the
      more preferred copolymers are those having equivalent weights of 900 to
      1,600, with 1,100 to 1,400 being most preferred, some useful resinous
      membranes employable in present methods may be of equivalent weights from
      500 to 4,000. The medium equivalent weight polymers are preferred because
      they are of satisfactory strength and stability, enable better selective
      ion exchange to take place and are of lower internal resistances, all of
      which are important to the present cell's improved operation.
PAR  The improved versions of the TFE - PSEPVE copolymers, made by chemical
      treatment of surfaces thereof to modify the --SO.sub.3 H group thereon,
      may have the modification only on the surface or extending as much as
      halfway through the membrane. The depth of treatment will usually be from
      0.001 to 0.2 mm., e.g., 0.01 mm.
PAR  The walls of membranes used in the present process will normally be from
      0.02 to 0.5 mm. thick, preferably 0.1 to 0.4 mm. thick. When mounted on a
      polytetrafluoroethylene, asbestos, titanium or other suitable network, for
      support, the network filaments or fibers will usually have a thickness of
      0.01 to 0.5 mm., preferably 0.05 to 0.15 mm., corresponding to up to the
      thickness of the membrane. Often it will be preferable for the fibers to
      be less than half the film thickness but filament thicknesses greater than
      that of the film may also be successfully employed, e.g., 1.1 to 5 times
      the film thickness. The networks, screens or cloths have an area
      percentage of openings therein from about 8 to 80 percent, preferably
      about 10 to 70 percent and most preferably about 20 to 70 percent.
      Generally the cross-sections of the filaments will be circular but other
      shapes, such as ellipses, squares and rectangles, are also useful. The
      supporting network is preferably a screen or cloth and although it may be
      cemented to the membrane it is preferred that it be fused to it by high
      temperature, high pressure compression before hydrolysis of the copolymer.
      Then, the membrane-network composite can be clamped or otherwise fastened
      in place in a holder or support.
PAR  The material of construction of the cell body is conventional, including
      steel, concrete, stressed concrete or other suitably strong material,
      lined with mastics, rubbers, e.g., neoprene, polyvinylidene chloride, FEP,
      chlorendic acid based polyester, polypropylene, polyvinyl chloride
      polytetrafluoroethylene or other suitable plastic, usually being in tank
      or box form. Substantially self-supporting structures, such as rigid
      polyvinyl chloride, polyvinylidene chloride, polypropylene or phenol
      formaldehyde resins may be employed, preferably reinforced with molded-in
      fibers, cloths or webs, such as asbestos fibers.
PAR  While the compartments of the present cell will usually be separated from
      each other by flat membranes and will usually be of substantially
      rectilinear or parallelepipedal construction, various other shapes,
      including curves, e.g., cylinders, spheres, ellipsoids; and irregular
      surfaces, e.g., sawtoothed or plurally pointed walls, may also be
      utilized. Pluralities of individual cells of the invention can be employed
      in multicell units, often having common feed and product manifolds and
      being housed in unitary structures.
PAR  For satisfactory and efficient operation of the present cell the volumes of
      the compartments will be about the same.
PAR  The dialysis process of this invention proceeds rapidly, so that normally
      the metal hydroxide concentration in the diffusate compartment approaches
      or is in equilibrium with the metal hydroxide concentration in the
      dialyzate compartment in about 1/2 to 5 hours. The present dialytical
      production of aqueous metal hydroxides of low halide contents can be
      effected batchwise or in continuous fashion, with the latter usually being
      much preferred. In both cases forced circulation is preferably used.
PAR  The metal hydroxide solution obtained in the diffusate compartment of the
      present dialysis cell can, if desired, be evaporated to a hydroxide
      solution of greater concentration or, alternatively, is diluted with water
      to provide a metal hydroxide solution of lower concentration. The product
      solution, can be employed as alkali treatment agent in a variety of
      industrial applications requiring aqueous metal hydroxide solutions of low
      metal halide content, for example, as alkaline treatment agents in pulping
      woodchips in pulp mills, generating hypohalites, e.g., hypochlorites,
      manufacturing halates, e.g., chlorates, neutralizing acids, peroxide
      bleaching, making caustic sulfites, or regenerating ion exchange resins.
PAR  The aqueous solution of metal halide removed from the dialyzate compartment
      on completion of dialysis, which is depleted in metal hydroxide, i.e.,
      contains about 50 percent of the metal hydroxide originally charged in the
      starting solution, is conveniently fed to a flash evaporator or other
      concentration stage, wherein a portion of the dissolved metal halide is
      crystallized and recovered as a solid, as part of the water is evaporated.
      The evaporated solution, which contains metal halide and hydroxide values,
      is advantageously recycled to the feed stream, i.e., the starting solution
      charged to the dialyzate compartment.
PAR  The dialysis process of the invention is characterized by efficient long
      term operations, that is, the particular preferred membranes of the
      present dialysis process and cell last much longer than other known
      cation-active permselective membranes, including also, other fluorinated
      membranes. The present membrane does not disintegrate, become brittle, or
      decrease in selectivity with respect to the ions diffusing through it,
      even at operating temperatures of 75.degree.C. or higher, despite long
      term contact with wet elemental halogens, dissolved halogens, halates and
      halides and metal hydroxides. In the production of aqueous metal
      hydroxides of low halide contents, according to the described process, the
      membranes generally remain intact and maintain their efficiencies for up
      to three years and more, without need of replacement. Even when such
      longevity is not obtained they are still significantly longer lived than
      other anionic and cationic membranes in the described environment. As a
      result of such stability the membranes are commercially feasible for use
      in dialyzing diaphragm cell liquor to bring it up to mercury cell or
      membrane electrolyte cell purities (low chloride content), permitting uses
      of already installed diaphragm cells, without modifications, to make such
      caustic.
PAR  The following examples illustrate but do not limit the invention. Unless
      otherwise indicated, all parts are by weight and temperatures are in
      .degree. C.
PAC  EXAMPLE 1
PAR  A two-compartment dialysis cell, as illustrated in the FIGURE, is utilized
      to prepare aqueous sodium hydroxide of low sodium chloride concentration
      from the catholyte solution obtained in the diaphragm cell electrolysis of
      aqueous sodium chloride, using a Hooker C-60 electrolysis cell. The
      dialysis cell is rectilinear in shape and is constructed of steel with an
      overall interior capacity of two thousand liters being divided into two
      compartments of equal volumes by a flat cation-active permselective
      membrane sold as XR-type membrane under the trademark Nafion by E I DuPont
      de Nemours and Company, Inc. The membrane is 7 mils thick (about 0.2 mm.)
      and is joined to a backing or supporting network of
      polytetrafluoroethylene (Teflon) filaments of a diameter of about 0.1 mm.,
      woven into a cloth which has an area percentage of openings therein of
      about 22 percent. The membrane is fused onto the backing by high
      temperature, high compression pressing with some of the membrane portions
      flowing around the filaments of the backing during the fusion process so
      as to lock the membrane onto the backing cloth, without thickening the
      membrane between the cloth filaments.
PAR  The material of the XR-type permselective membrane is hydrolyzed copolymer
      of the perfluorinated olefin, tetrafluoroethylene, and the
      fluorosulfonated perfluorovinyl ether, PSEPVE, having an equivalent weight
      of about 1,250.
PAR  The dialyzate compartment of the cell is filled with an aqueous solution,
      at 95.degree.C., which is obtained directly from the cathode compartment
      of the Hooker brine electrolysis cell, as previously mentioned. The liquid
      contains about 11 percent sodium hydroxide, 16 percent sodium chloride,
      and about 1 percent sodium chlorate. The diffusate compartment of the cell
      is filled with water at 95.degree.C. The cell is maintained at 95.degree.C
      for 5  hours, after which the contents of both compartments are removed,
      cooled and analyzed. The dialyzate and diffusate compartments are then
      refilled with fresh catholyte starting solution and water, respectively
      and the process is repeated over and over for as long as a year and more.
      The aqueous solutions removed from the diffusate compartment over that
      period contain, on the average, about 5.5 percent of sodium hydroxide,
      only about 0.1 to 10 g./1. of sodium chloride and are substantially free
      of chlorate. The aqueous solutions recovered from the dialyzate
      compartment contain about 5.5 percent sodium hydroxide, in addition to
      dissolved chlorate and sodium chloride. Substantially similar results are
      obtained in the foregoing dialysis when the membrane is replaced by
      similar membranes having thicknesses of 4, 10 and 14 mils.
PAR  The foregoing procedure is also modified to operate the dialysis on a
      continuous basis, with provision for the passage of the sodium
      hydroxide-depleted sodium chloride dialyzate solution to a flash
      evaporator for partial evaporation of water and for crystallyzation of a
      portion of the sodium chloride, which can be continuously removed from the
      evaporator by filtration or decantation. The partially evaporated solution
      is combined with the feed stream of catholyte entering the dialyzate
      compartment and the process is operated so as to produce only the improved
      caustic (sometimes at concentrations approaching those charged) plus the
      removed chloride and chlorate, which is also removed in the evaporator. In
      the continuous process it will often be possible for less water to be
      charged and sometimes virtually none is added after startup. If desired,
      the cells are operated at other temperatures, e.g., 20.degree., 50.degree.
      and 75.degree., with results substantially equivalent to those obtained
      above. Similar results are obtained when the dialyzate compartment is held
      under a pressure of about 10 lbs./sq. in. g.
PAC  EXAMPLE 2
PAR  The dialysis procedure of Example 1 is repeated substantially as described
      except that the fluorinated membrane of Example 1 is replaced with a
      cation-active selective membrane of 14 mils thickness which is composed of
      a heterogeneous polyvinyl chloride base and is marketed as Type MC 3470
      under the tradename Ionac by Permutit Division of the Ritter-Pfaudler
      Corporation. After dialysis for only one week this membrane disintegrates,
      terminating the experiment.
PAR  The foregoing result, compared with the long term repeated dialyses of
      Example 1, clearly indicates the superior performance of the membrane of
      the present process in the dialytic production of metal hydroxide
      solutions of low metal halide concentration when chlorate or other halate
      is present. Both experimental and comparative runs are more effective when
      agitation is employed in the feed compartment.
PAC  EXAMPLE 3
PAR  The dialysis procedure of Example 1 is repeated in two experiments,
      utilizing ten mil cation-active selective membranes of fluorinated
      membrane materials identified as 18ST12S ST12S and 16 ST13S, respectively,
      made by RAI Research Corporation, in replacement of the hydrolyzed
      copolymer of tetrafluoroethylene and fluorosulfonated perfluorovinyl
      ether. The former of the RAI products is a sulfostyrenated perfluorinated
      ethylenepropylene polymer in which the polymer is 18 percent styrenated
      and has 2/3 of the phenyl groups thereof monosulfonated. The latter RAI
      product is a sulfostyrenated perfluorinated ethylenepropylene polymer in
      which the polymer is 16 percent styrenated and has 13/16 of the phenyl
      groups thereof monosulfonated. Repeated dialysis with these membranes,
      following the procedure of Example 1, is continued for about 10 weeks with
      substantially the same results obtained in Example 1, after which period
      the membranes begin to show signs of wear, causing termination of
      dialysis. The foregoing result, compared with the long term repetition of
      dialysis in Example 1, indicates the significant superiority of the Nafion
      XR membranes in the medium employed.
PAC  EXAMPLE 4
PAR  The procedures of Examples 1-3 are repeated, employing in both the batch
      and continuous processes the modified Nafion type membranes previously
      described and mentioned in French Pat. No. 2,152,194, wherein the material
      of construction is aminated and hydrolyzed on only one side. Thus, the
      membranes on one side have the sulfonyl groups in the --SO.sub.2 NHNa or
      SO.sub.2 NH.sub.2 form whereas those on the other side are in --SO.sub.2 F
      or --SO.sub.3 H form. Although such modified membranes are generally
      superior in electrolytic-dialytic processes compared to the Nafion XR
      membranes, especially with respect to current efficiencies, they do not
      last as long when employed as dialysis membranes in the present
      operations, although they are more satisfactory than RAI, Ionac, and
      AMFion cation-active permselective membranes described.
PAR  In all the above experiments the diffusate is subsequently used in pulp
      mill operations when the diaphragm cells and the electrodialytic
      apparatuses are "on site." The sodium hydroxide solution is satisfactory
      for such use and of course, the chlorine obtained from the diaphragm cell
      and from the stripping of chlorine from the cell liquor is similarly
      useful. This improvement in diaphragm cell operation makes such cells more
      competitive with mercury cells, which are environmentally hazardous,
      although they have been favored in the past for producing purer caustic
      solutions.
PAR  The invention has been described with respect to working examples and
      illustrative embodiments but it is not to be limited to these because it
      is evident that one of ordinary skill in the art will be able to utilize
      substitutes and equivalents without departing from the spirit of the
      invention or going beyond the scope of the claims.
PAC  What is claimed is:
CLMS
NUM  1.
PAR  1.  A method of separating metal hydroxide from metal halide in an aqueous
      solution of metal hydroxide, metal halide and halate which comprises
      diffusing the metal hydroxide from the solution through a cation-active
      permselective membrane of a material selected from the group consisting of
      the hydrolyzed copolymer of a perfluorinated olefin and a fluorosulfonated
      perfluorovinyl ether, one-side modified, derivatives thereof and
      sulfostyrenated perfluoroethylene-propylene to produce an aqueous metal
      hydroxide diffusate solution of low metal halide concentration.
NUM  2.
PAR  2. A method according to claim 1 wherein the membrane material is a
      hydrolyzed copolymer of a tetrafluoroethylene and
EQU  FSO.sub.2 CF.sub.2 CF.sub.2 OCF(CF.sub.3)CF.sub.2 OCF=CF.sub.2
NUM  3.
PAR  3. A method according to claim 2 wherein the equivalent weight of the
      hydrolyzed copolymer is in the range of about 900 to about 1,600.
NUM  4.
PAR  4. A method according to claim 3 wherein the equivalent weight of the
      hydrolyzed copolymer is in the range of about 1,100 to about 1,400 and the
      thickness of the permselective membrane is from about 0.02 to about 0.5
      mm.
NUM  5.
PAR  5. A method according to claim 4 wherein the metal hydroxide is an alkali
      metal hydroxide, the metal halide salt is an alkali metal halide and the
      thickness of the membrane is from about 0.1 mm. to about 0.5 mm.
NUM  6.
PAR  6. A method according to claim 5 wherein the alkali metal halide is alkali
      metal chloride, the halate is a chlorate and the thickness of the membrane
      is about 0.1 mm. to about 0.3 mm.
NUM  7.
PAR  7. A method according to claim 6 wherein the starting solution is saturated
      with chlorate.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein the alkali metal chloride is
      sodium chloride and the alkali metal hydroxide is sodium hydroxide.
NUM  9.
PAR  9. A method according to claim 8 wherein the initial concentrations of
      sodium chloride and sodium hydroxide in the starting solution are,
      respectively, about 15 to 20 percent and about 10 to 15 percent.
NUM  10.
PAR  10. A method according to claim 9 wherein the starting solution contains
      about 11 percent sodium hydroxide and about 16 percent of sodium chloride.
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ABST
PAL  HF and water are separated in a high pressure liquid chromatographic column
      using a mixture of a saturated aliphatic carboxylic acid such as formic
      acid and a saturated aliphatic alcohol such as methanol as the carrier.
      This is of particular utility in continuous control of an HF alkylation
      unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a high pressure liquid chromatography.
PAR  High pressure liquid chromatography and its forerunner, paper
      chromatography, have been known for many years. These techniques along
      with gas chromatography make possible a myriad of separations which would
      otherwise be difficult or impossible. One separation of potential
      commercial importance which has been difficult to carry out in the past is
      the separation of HF and water in the system acid of an HF alkylation
      unit.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to separate HF and water; it is a further
      object of this invention to monitor the HF and water in the system acid of
      an HF alkylation unit; it is yet a further object of this invention to
      provide an improved HF alkylation control system; it is still yet a
      further object of this invention to separate HF, water, and acid soluble
      oil (partially fluorinated heavy hydrocarbons); and it is still yet a
      further object of this invention to provide an improved high pressure
      liquid chromatographic separation.
PAR  In accordance with this invention HF and water are separated in a high
      pressure liquid chromatographic column using a mixture of a saturated
      aliphatic carboxylic acid and a saturated aliphatic alcohol as the carrier
      in a column having a weakly basic anion exchange resin as the packing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings, forming a part thereof, FIG. 1 is a schematic
      representation of a monitoring system of this invention; and FIG. 2 is a
      curve showing a typical separation utilizing the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is of particular applicability in the control of an HF
      alkylation operation such as that shown in Chapman, U.S. Pat. No.
      3,478,125 issued Nov. 11, 1969, the disclosure of which is hereby
      incorporated by reference. The system acid is that coming out of the
      bottom of the settler and being returned to the reaction zone. The sample
      is withdrawn at a point prior to combining this stream with a stream of
      fresh makeup HF. Analysis of this stream can be utilized to determine how
      well the re-run unit or acid purification unit is cleaning up the acid.
      The output signal may control such parameters as flow rate, temperature,
      or pressure of the re-run unit.
PAR  Generally the system acid will contain about 90 to 94 weight per cent HF, 1
      to 3 weight per cent water, and 1 to 3 weight per cent heavy partially
      fluorinated hydrocarbons (acid soluble oils) and 2 to 6 weight per cent
      light hydrocarbons.
PAR  The high pressure liquid chromatographic column can be a column such as the
      Optichrom LC high pressure liquid chromatography system sold by Applied
      Automation, Inc., Pawhuska Road, Bartlesville, Oklahoma. The sample and
      solvent are passed through a sampling valve which allows sample to be
      continually passed through the valve except when it is switched to allow a
      small portion of sample which is trapped to be introduced into the carrier
      stream and thus into the column under high pressure. This type of high
      pressure sample valve for chromatography is known in the art and is
      described in U.S. Pat. No. 3,387,496 issued June 11, 1968, to A. B.
      Broerman, the disclosure of which is hereby incorporated by reference.
PAR  The pressure in the column will generally vary from 200 to 1800 psi with
      the flow rate being 1/4 to 5 cc/min., and the operating temperature within
      the range of 40.degree.F to 400.degree.F. The flow is usually at a fixed
      rate to assure a uniform sample, about 0.5 to 4, preferably about 1 to 2
      cc/minute being satisfactory.
PAR  The solid packing is a weakly basic anion exchange resin such as AG3-X4A
      produced by Bio-Rad Laboratories, Richmond, California. This resin
      comprises a styrene-divinylbenzene polymer to which polyalkylamine groups
      are attached.
PAR  The packing is preferably prepared by first flowing water and sodium
      hydroxide through the resin to remove chlorine ions. Next the
      alkanecarboxylic acid and water is flowed through to remove sodium
      hydroxide. Finally, the saturated aliphatic alcohol is flowed through the
      material prior to its use. Preferably the resin is soaked in the carrier
      prior to adding it into the column so as to avoid expansion of the column.
PAR  The carrier liquid must be a mixture of a saturated aliphatic carboxylic
      acid and a saturated aliphatic alcohol, preferably a mixture containing
      0.2 to 2 moles of acid per liter of alcohol.
PAR  The saturated aliphatic carboxylic acid can be any normally liquid
      saturated aliphatic carboxylic acid but is preferably formic, acetic or
      propionic acid because of their lower viscosity. Thus the exchange resin,
      if not already in that form is converted to the formate, acetate, or
      propionate form in the preferred embodiments. Similarly the aliphatic
      alcohol can be any normally liquid saturated aliphatic alcohol but is
      preferably methanol, ethanol, or n-butanol, most preferably methanol
      because of the lower viscosity. Mixtures of either the acids or the
      alcohols or both can also be used.
PAR  The detector can be either a refractive index type, an ultraviolet absorber
      or a density type. Preferably a density type which does not require the
      use of glass which is etched by the HF is utilized.
PAR  Such a detector can be constructed as follows. An oval tube is disposed
      with the long direction thereof in a vertical plane, said tube having a
      conduit communicating therewith at a top portion of the oval extending
      downwardly to a differential pressure cell and a similar conduit at a
      bottom portion of the oval extending upwardly to said differential
      pressure cell, with means to introduce effluent from a chromatographic
      column to a central portion of a flat side portion of the oval and means
      to remove material from a corresponding central portion of the conduit
      forming the other flat side of the oval. The apparatus is liquid full to
      begin with and as effluent from the chromatographic column flows into the
      first port, it is split in substantially equal volumes upwardly and
      downwardly through the conduit forming the first flat side of the oval.
      Any change in composition of the column effluent, such as occurs when a
      constituent of the sample appears from the effluent, results in a change
      in the differential pressure measured by the differential pressure cell.
      It has been found that adequate sensitivity for such analyses can be
      obtained when the total vertical height of the conduits connecting the
      upper and lower portions of the oval with the differential pressure cell
      is as small as four inches wherein the conduits are of a diameter as small
      as 18 mils. However, greater sensitivity can be obtained by increasing the
      vertical lengths of the conduits to provide a differential measuring
      system of greater heights. The differential pressure cell measures the
      pressure differential which exists between the upper region of the oval
      and the lower region of the oval. This differential pressure cell can
      advantageously be a variable reluctance transducer having a center
      diaphragm which separates the conduits connecting with the upper and lower
      portions of the oval. The displacement of the diaphragm in either
      direction changes the relative electrical properties of coils on the two
      sides of the diaphragm. These coils are connected to a measuring circuit
      such as that available from Validyne Engineering Corporation, 18819 Napa
      Street, North Ridge, California 91324. Such an apparatus is capable of
      measuring pressure differentials as small as 0.05 psi, for example.
      Alternatively a reference fluid and a carrier fluid containing the
      effluent from a chromatographic column can be passed on opposite sides of
      a differential pressure measuring means so as to measure pressure
      differential exerted by predetermined heights of the reference fluid and
      sample-containing fluid in conduits in communication with opposite sides
      of the pressure measuring means. For instance the reference fluid can be
      passed upwardly past one side of the pressure measuring means and thence
      to a vertically disposed conduit projecting upwardly while the carrier
      fluid containing the sample is passed through a similar conduit on the
      other side of the pressure measuring means, the two conduits being joined
      at the upper end thereof and the resulting mixed fluids passed to vent.
PAR  The resolution of water in HF can be controlled by varying the amount of
      acid in the alcohol solvent. Too small an amount of acid makes the
      separation time too long. Too much, while giving a short time for the
      analysis will not make an adequate separation between the peaks. The
      optimum can easily be determined experimentally for any given
      installation.
PAR  It is to be noted that by using a nonaqueous base solvent, the water can be
      measured. Also since the HF is eluted last, better measurement of the
      minor water peak is allowed.
PAR  Referring now to the drawings, particularly FIG. 1, there is shown a
      solvent supply tank 10 for storing the formic acid/methanol solvent.
      Solvent is passed via line 12 through pulse damping tank 14 by means of
      pump 16. Relief valve 18 is set at about 1800 psi to relieve the pressure
      if it exceeds the capacity of the column. For convenience pressure gauge
      20 allows a visual check of the pressure. The solvent then goes to solvent
      preheater 22 and thence through high pressure sample valve 24. Sample
      supply from the settling column of an HF alkylation unit is introduced via
      line 26 through sample preheater 28 to high pressure sample valve 24. Both
      preheaters 22 and 28 are contained in the heated oven. This supply of
      sample can be taken off continuously and vented to the atmosphere via line
      30 except when it is desired to analyze a sample. At this point, sample
      valve 24 is switched so as to trap a small portion of the sample flowing
      therethrough and introduce same into line 32 along with the carrier
      solvent. The sample is then carried by means of the solvent liquid via
      line 32 to column 34. Column 34 is packed with an ion exchange resin which
      has been treated with sodium hydroxide to remove chlorine ions and
      thereafter with formic acid. Coming out of column 34 is line 36 which
      carries the eluted portions of the sample to detector 38 which in this
      case is a differential density detector. Capillary back pressure rate
      restrictor 40 helps to maintain pressure within the detector.
PAR  The sample valve is returned to its original position whereby the sample
      flows through the same and to vent via line 30 as soon as the trapped
      sample therein has been carried into the column. The carrier solvent
      drives the sample through the column.
PAR  The preheaters, sample valve, column, and detector are preferably located
      within an oven so as to minimize variations due to temperature changes.
PAR  Many conventional parts such as temperature controllers, frame elements,
      valves, and the like have been omitted for the sake of simplicity but
      their inclusion is understood by those skilled in the art and is within
      the scope of the invention.
PAC  EXAMPLE
PAR  System acid from the settling column of an HF alkylation unit similar to
      that shown in said patent, U.S. Pat. No. 3,478,125 was passed to a
      preheater and thence through a high pressure sampling valve such as is
      shown in FIG. 1. A solvent liquid comprising one liter of methanol with
      1.5 molar formic acid was used as a carrier liquid. This liquid was passed
      through a preheater and thence to said high pressure sample valve. The
      column was 6 foot long, 1/4 inch outside diameter Monel tubing packed with
      weakly basic anionic exchange resin in the formate form produced by
      treating Bio-Rad resin No. AG3-X4A, which is a weakly basic anion exchange
      resin comprising polyalkylamine functional groups attached to a
      styrene-divinylbenzene polymer lattice, with sodium hydroxide and
      thereafter with formic acid in water and thereafter with methanol. The
      flow rate of solvent through the column was two cc per minute. The column
      temperature was 50.degree.C. The system acid contained about 92 weight per
      cent HF, 2 weight per cent water, 2 weight per cent acid soluble oils
      (mostly partially fluorinated heavy hydrocarbons) and 4  weight per cent
      light hydrocarbons. A sample of the system acid was trapped in the high
      pressure sample valve and passed into the carrier liquid. Downstream of
      the column was a differential density type detector. The first material to
      come through the column was the combined light hydrocarbons and acid
      soluble oils labeled peak 1 in FIG. 2. Thereafter, the water came through
      and finally the HF which was labeled peak 3.
PAC  Control
PAR  A similar separation was attempted utilizing a strong base anion resin
      borate form. No separation of water from HF occurred.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for separating HF, water, and acid soluble oil comprising
      passing a sample containing said HF, water and acid soluble oil through a
      high pressure liquid chromatographic column packed with a weakly basic
      anion exchange resin in a carboxylate form utilizing as a carrier a liquid
      mixture of a normally liquid saturated aliphatic carboxylic acid in a
      normally liquid saturated aliphatic alcohol.
NUM  2.
PAR  2. A method according to claim 1 wherein said acid is formic acid and said
      alcohol is methanol.
NUM  3.
PAR  3. A method according to claim 2 wherein said formic acid is present in an
      amount within the range of 0.2 to 2 moles per liter of said methanol.
NUM  4.
PAR  4. A method according to claim 2 wherein said anion exchange resin is
      prepared by first treating said weakly basic anion exchange resin with
      sodium hydroxide, thereafter flowing said formic acid and water
      therethrough and finally flowing said methanol therethrough.
NUM  5.
PAR  5. A method according to claim 4 wherein said sample is system acid from an
      HF alkylation unit.
NUM  6.
PAR  6. A method according to claim 5 wherein said acid soluble oil is made up
      of heavy partially fluorinated hydrocarbons and where some light
      hydrocarbons are present which remain with said acid soluble oil.
NUM  7.
PAR  7. A method according to claim 6 wherein said system acid comprises 90 to
      94 weight per cent HF, 1 to 3 weight per cent water, 1 to 3 weight per
      cent heavy partially fluorinated hydrocarbons, and 2 to 6 weight per cent
      light hydrocarbons.
NUM  8.
PAR  8. A method according to claim 7 wherein said column is operated at a
      temperature of 40.degree.F to 400.degree.F and a pressure of 200 to 1800
      psi.
NUM  9.
PAR  9. A method according to claim 8 wherein the materials eluted from the
      column are analyzed by means of a differential density detector.
NUM  10.
PAR  10. A method according to claim 9 wherein an HF re-run column of said HF
      alkylation unit is controlled in response to the amount of HF, water and
      acid soluble oil detected.
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ABST
PAL  An adsorbent process for heavy metals or heavy metallic compounds, which
      comprises utilizing a resin prepared by a reaction between aldehydes,
      dithiocarbamate compounds and aromatic compounds having at least one
      radical selected from the group consisting of --OH, --SH, --COOH and
      --COOMe (wherein Me represents sodium, potasium, NH.sub.4 or calcium).
BSUM
PAR  This invention relates to a novel absorbent and more particularly this
      invention relates to a aldehyde-dithiocarbamate-aromatic condensation
      resin adsorbent for heavy metals and heavy metallic compounds.
PAR  Ion-exchange resins and activated charcoal have been employed heretofore in
      the capture or removal of heavy metals and heavy metallic compounds which
      are present or contaminate liquids or gases. However ion-exchange resins
      can capture ionic compounds but cannot do non-ionic compounds and moreover
      the resins hardly have selectivity of adsorbates. Further, activated
      charcoal can adsorbs both of non-ionic and ionic compounds but the
      charcoal has no selectivity of adsorbates. So, ion-exchange resin and
      activated charcoal are not suited to capture or remove heavy metals or
      heavy metallic compounds from liquids or gases which contain various kinds
      of materials. It has been thought to be difficult to selectively capture
      or remove heavy metals or heavy metallic compounds, which exists in an
      amount of ppm orders in liquid or gases with other compounds such as
      non-metallic compounds and light metallic compounds.
PAR  Further, dumping of solid waste, which is discharged from mines or
      factories and contains heavy metals and heavy metallic compounds, causes
      scattering of heavy metals and heavy metallic compounds, and causes
      pollution of surroundings.
PAR  It is an object of this invention to provide an adsorbent process which
      selectively adsorbs heavy metals and heavy metallic compounds. It is
      another object of this invention to provide an economical method to remove
      or capture heavy metals or heavy metallic compounds from liquids and gases
      for example service water, river water, drainage or sewage from a factory,
      laboratory or hospital, air, exhaust gas from cars or a factory, which are
      sometimes contaminated with heavy metals and heavy metallic compounds.
PAR  It is another object of this invention to provide an economical method to
      prevent surroundings from pollution by heavy metals or heavy metallic
      compounds.
PAR  It is another object of this invention to provide a method to make a slurry
      or solid wastage which contains heavy metal or heavy metallic compounds,
      harmless and insoluble and to prevent heavy metal or heavy metallic
      compounds from exuding.
PAR  Other objects of this invention will become apparent from the following
      specification and claim.
PAR  It has been discovered that aldehyde-dithiocarbamate-aromatic compound
      condensation resins selectively adsorbs heavy metals such as Cd, Cu, Hg,
      Zn, Pb and Ag, metallic ions thereof, and their metallic compounds.
      Aldehyde-dithiocarbamate-aromatic compound condensation resins can be
      prepared by a condensation reaction between dithiocarbamate compounds,
      aldehydes and aromatic compounds.
PAR  In the invention dithiocarbamate compounds which have at least one
      dithiocarbamate group
      ##EQU1##
      can be employed and the dithiocarbamate group may be combined in the
      compound in the form of dithio-carbamic acids (R-NHCSSH or
      ##EQU2##
      salts between one of basic compounds selected from the group consisting of
      alkali metals, alkali earth metals and ammonium hydroxide, and carbamic
      acids (R-NHCSSM or
      ##EQU3##
      and ethers of dithiocarbamic acid (R-NHCSSR' or
      ##EQU4##
      (In these parentheses R and R' show alkyl or aromatic groups having or not
      having substituent groups, R" shows low alkyl groups having or not having
      substituent groups and M shows alkali, alkali earth metals or --NH.sub.4)
PAR  The following are the typical examples of dithiocarbamate compounds.
PA1  ortho (o-)-, meta(m-)- or para(p-)- hydroxylphenyldithiocarbamic acid
PA1  Phenyldithiocarbamic acid
PA1  o-, m- or p- methylphenyldithiocarbamic acid
PA1  o-, m- or p- aminophenyldithiocarbamic acid
PA1  phenyl-1, 2-(1,3- or 1,4-) di- dithiocarbamic acid
PA1  toluene-2-amino-4-(or -6-) dithiocarbamic acid
PA1  toluene-2,4-(or -2.6-) di-dithiocarbamic acid
PA1  melamine-1-dithiocarbamic acid
PA1  melamine-1,3-di-dithiocarbamic acid
PA1  melamine-1,3,5-tri-dithiocarbamic acid
PA1  2-(3- or 4-) carboxyl-phenyldithiocatbamic acid
PA1  2-(3- or 4-) sulfo-phenyldithiocarbamic acid
PAL  and alkali metal (e.g. Na and K), alkali earth metal (e.g. Be, Mg, Ca and
      Ba) or ammonium hydroxide salts of above said acids, and low alkyl groups
      such as methyl alcohol, ethyl alcohol, propyl alcohol, allyl alcohol and
      butyl alcohol
PA1  ethylene-di-dithiocarbamic acid
PA1  tris(dithiocarboxyl)diethylenetriamine
PA1  tetra(dithiocarboxyl)triethylenetetramine
PA1  penta(dithiocarboxyl)tetraethylenepentamine
PA1  tetramethylene-di-dithiocarbamic acid
PA1  and ammonium hydroxide salts of above said acid,
PA1  methyl or ethyl ester of these dithiocarbamic acid.
PAR  These dithiocarbamate compounds can be easily prepared from corresponding
      amine compounds such as aminophenols, anilines, toluidines,
      diaminobenzenes, melamine and diethylenetriamine, aminobenzoic acid by
      reacting carbon bisulfide in the presence of a solvent such as acetone,
      methylethyl ketone and water, and alkaline catalysis such as sodium
      hydroxide, potassium hydroxide and ammonium hydroxide at a temperature
      from -10.degree.C to 50.degree.C.
PAR  As a typical aldehyde, formaldehyde, paraformaldehyde, acetaldehyde,
      glyoxal, acrolein, benzaldehyde, furfural can be employed.
PAR  As aromatic compounds in this invention, aromatic compounds having at least
      one group selected from group of hydroxyl (-OH), thiol(-SH),
      amino(-NH.sub.2), carboxyl(-COOH) and alkali carboxyl (COOMe) (wherein Me
      is sodium, potasium, NH.sub.4 or 1/2Calcium) is used and typically
      phenols, thiophenols, naphthols or pyridines, e.g. phenol, thiophenol,
      naphthol, benzenedithiol, o- (m- or p-) phydroxybenzoic acid and sodium or
      potassium salt thereof, benzoic acid and sodium or potasium salt thereof,
      cresol, xylenol, resorcinol, toluenethiol, p-hydroxybenzensulfomic acid,
      benzylhydrazine, hydroquinone and pyrogallol can be used. Particularly,
      phenol, cresol, pyrogallol and resorcinol are most preferable.
PAR  These aromatic compound give aldehyde dithiocarbamate resin improved
      chemical resistance and mechanical strength.
PAR  In accordance with the invention, the resin can be prepared by reacting one
      or more aldehyde compounds and one or more dithiocarbamate compounds, and
      one or more aromatic compounds corresponding to the known process for the
      preparation of aldehyde-polyamine resins.
PAR  The reaction ratio of aldehydes and dithiocarbamate compounds can be chosen
      freely providing that resinous material can be obtained, however,
      preferably 0.8 - 6.0 preferably 1.5 - 3.0 mole of aldehydes can be
      employed with 1 total mole of dithiocarbamate compounds and aromatic
      compounds. In the reaction acids or alkali substances such as NaOH,
      NH.sub.4 OH, H.sub.2 SO.sub.4 and HCl preferably employed as a reaction
      catalysis. The reaction can be completed at a temperature from about
      20.degree.C to about 120.degree.C for about 10 minutes to 10 hours. Solid
      resinous material is obtained from reaction mixture via gelatinous
      mixture.
PAR  Preferably 1 total mole of dithiocarbamate compounds and aromatic compounds
      in a ratio of 0.1 - 0.8 mole of dithiocarbamate compounds and 0.2 - 0.9
      mole of aromatic compound can be employed for 1.5 - 3.0 mole of aldehydes.
PAR  The order of adding aldehydes, dithiocarbamates and aromatic compounds are
      not limited. For example to a certain extent the methylol reaction is
      carried on by reacting aldehydes and aromatic compounds at the start and
      then dithiocarbamates are mixed with the reaction mixture. Another method
      for the preparation is proposed. In the method, preparation of
      dithiocarbamates compound from corresponding amines is carried out in the
      course of the preparation of the resins. For example, corresponding amines
      and aromatic compounds are mixed together in a solvent of water or an
      organic solvent containing alkaline catalysis or ammonium hydroxide and
      under vigorous agitation carbon bisulfide is introduced into the mixture
      and then aldehyde is reacted with dithiocarbamate produced in the reaction
      mixture. Ordinarily aldehyde is gradually or divisionally added in order
      to carry out a homogeneous reaction. Further mineral alkalis such as NaOH,
      KOH and NH.sub.4 OH and mineral acids such as HCl and H.sub.2 SO.sub.4 can
      be employed for the completion of the condensation reaction.
PAR  Additives such as surfactant, foaming agent, clolarant etc. can be
      employed, if desired in the invention.
PAR  The resin can be arranged in several forms to suit the desired use, for
      example, into the shape of beads, foamed plastics, granules or powder etc.
      For example, after a completion of condensation reaction resinous reaction
      mixture is pulverized into powder or granules and then the powder or
      granule is dried at about 60.degree.C to 100.degree.C, or fine spherical
      particle of powder are obtained by suspension polymerization in a solvents
      such as carbon tetrachloride, benzene, monochlorobenzene,
      trichloroethylene.
PAR  Further, various kinds of means can be employed in order to enlarge
      specific surface area (m.sup.2 /g) of the resin and to heighten the
      capacity of the adsorption.
PAR  The means depend on the properties of the resin and the means may be
      sometimes very troublesome particularly when the resin is tough and the
      formed resin has closed cells (foams).
PAR  One of the best means to heighten the capacity of adsorption is to use a
      carrier which holds the resin in an impregnated state or as a covering on
      the surfaces of the carrier.
PAR  The resin with the carrier can be preferably prepared by following method.
PAR  Aldehydes, dithiocarbamates and aromatic compound are respectively or
      simultaneously impregnated into the carrier and made to coexist in the
      carrier and then polycondensation reaction is completed in the carrier at
      about 20.degree.C to 120.degree.C.
PAR  When aldehydes, dithiocarbamates and aromatic compounds or mixture thereof
      have not sufficient fluidity to impregnate into the carrier, an
      appropriate solvent may be employed and preferably water, ketones e.g.
      acetone, methylethylketone, methylisobutyl ketone, alcohols e.g.
      methylalcohol, and tetrahydrofran can be used.
PAR  If desired, the mixture may be a little polymerized to form a prepolymer in
      the solution prior to the impregnation, however the polymerization should
      not be carried out to the extent that a large amount of turbidity appears
      in the solution.
PAR  The impregnation should be carried on in order to contain resin at a
      desired amount of 0.1 percent to 100 percent preferably 5 percent to 30
      percent by weight to carrier weight and for this purpose, the solution of
      the mixture is preferably prepared in concentration from 0.1 percent to 50
      percent by weight. Ordinary methods, for example, dipping and spraying are
      used for the impregnation. In order to facilitate the impregnation, if
      desired, the carrier may be dried, heated or air in the carrier is removed
      under reduced pressure. After the impregnation, if necessary, excess
      amounts of monomer such as aldehydes, dithiocarbamates, and/or aromatic
      compounds or mixture thereof or a prepolymer which exists on the surfaces
      of the carrier may be rinsed with solvent or may be centrifuged.
PAR  The polycondensation can be completed by heating, after the removal of
      solvent used or by heating combining removal of the solvent, at high
      temperature preferably at about 60.degree.C to 120.degree.C for more than
      about 30 minutes preferably 1 hours to 10 hours so as to increase the
      adsorption capacity.
PAR  As for carriers, many kinds of materials having porous structure and wide
      surfaces can be employed and preferably porous materials having large
      specific surfaces more than 1m.sup.2 /g (BET's method by argon gas), for
      example, diatomaceous earth, pumice stone, zeolite, kaolin, vermiculite,
      alumina (aluminum oxide), silicagel, coke, activated charcoal, graphite,
      bentonite, foamed urethane resins having open cell, are used as a carrier
      and if an inorganic carrier is used, carriers preferably having 2.0 mm to
      0.05 mm in diameter are employed.
PAR  The resin in the carrier is presented following the fine porous structure
      of the carrier and has large specific surfaces to an extent more than
      1.0m.sup.2 /g. The specific surfaces of the carrier may be reduced and the
      reduction of the surfaces sometimes goes up to 70 percent to 85 percent of
      un-treated carrier, but it gives no difficulty in this invention.
PAR  When a resin adsorbent is used, various conventional method for adosrption
      can be employed, for example, the resin adsorbent is contacted with the
      liquids or gases which to be treated in a batchwise operation, packed
      tower or layer systems, fluid bed operation etc., and in packed tower or
      layer system, liquids are ordinary passed through at a rate of 2 to 30 of
      SV (space velocity) preferably 5 to 15 of SV and gases are ordinary passed
      at 2 to 25m/min preferably 5 to 15mm/min.
PAR  The resin adsorbent in the invention can be further activated by dipping in
      pure water for several days or by treating with acidic or alkaline aqueous
      solution.
PAR  In this treatment acidic or alkaline aqueous solution having
      concentrational N to 12 N preferably 5 N to 10 N for 1 to 10 hours can be
      employed. As an acid or alkali, aqueous solution of mineral acid e.g.
      hydrochloric acid, phosphoric acid, sulfuric acid, nitric acid, sulfurous
      acid, perchloric or inorganic alkali compound e.g. sodium hydroxide
      potassium hydroxide, ammonia can be preferably used for dipping and
      preferably the resin treated is rinsed with water to the extent that the
      water used for rinsing has pH amount 4 to 8 preferably 6 to 7.
PAR  The resin absorbent can selectively adsorb heavy metal and heavy metallic
      compounds such as nickel, chromium, zinc, lead copper, cadomium, silver,
      gold, strontiumand mercury particularly mercury and compound thereof from
      liquids or gases to the extent of detectable concentrations of 0.01 to
      0.001 ppm, even if these heavy metal or metallic compound exists with
      other metallic compound and the adsorbing ability lasts long and further
      the capacity is large to the extent that the resin can adsorb 3 to 33
      percent by weight for the resin even if silver compounds and mercuric
      compounds are nonionic or ionic compounds e.g. metallic oxides e.g. HgO,
      Ag.sub.2 O, metallic chlorides e.g. HgCl.sub.2, AgCl, HgSO.sub.4,
      Hg(NO.sub.3).sub.2, Ag.sub.2 SO.sub.4, HgCO.sub.3, Hg.sub.2 SO.sub.4, HgS,
      Hg.sub.2 S, Hg.sub.2, (NO.sub.3).sub.2, organometallic compound e.g.
      methylmercury chloride, ethylmurcury chloride, phenylmercuric acetate,
      ethylmurcury iodide, methylmurcury iodide, ethylmurcury bromide,
      methylmurcury fromide, phenylmurcury chloride, diphenylmurcury,
      phenylmurcury benzoate.
PAR  Furthermore cadmium and cadmium compounds are especially adsorbed by the
      resin even if cadmium compounds are nonionic or ionic e.g. CdSO.sub.4,
      CdCl.sub.2, CdS, CdO, Cd(OH).sub.2.
PAR  Mercuric compounds and silver compounds are effectively adsorbed when
      aqueous solution contains such compound at pH 1 to 10  especially and
      cadmium compounds are effectively adsorbed when the aqueous solution is pH
      3 to 11 especially at pH 7 to 10, and copper compounds are effectively
      adsorbed at pH 1 to 11 especially at pH 5 to 11, and lead compounds are
      effectively adsorbed at pH 2 to 11, and zinc compounds are effectively
      adsorbed at pH 5 to 11 especially pH 7 to 11 and cobalt compounds are
      effectively adsorbed at pH 5 to 11 especially at pH 9 to 11.
PAR  The resin adsorbent can be used for various purposes using the
      characteristic properties. For example, the adsorbend is used for removal
      of heavy metals and heavy metallic compounds and captured or recovery of
      heavy metals from liquid and gases e.g. service water, river water, waste
      water of factory, laboratory or hospital, or from organic solvent or
      acidic aqueous solution e.g. H.sub.2 SO.sub.4 or HCl, which sometimes
      contains heavy metal, and fixation of heavy metal and heavy metallic
      compounds.
PAR  After adsorption of heavy metallic compound adsorbing capacity of the resin
      can be recovered by rinsing aqueous alkali solution such as 1/10 normal to
      1/2 normal of sodium hydroxide and resin which is saturated by cadmium
      compound or zinc compounds are especially recovered.
PAR  The resins in this invention have some novel usages besides the
      conventional usages as an adsorbent. For example, when a slurry or
      granular waste containing heavy metals of heavy metallic compounds such as
      mud containing mercuric compound by-produced in an electrolysis plant of
      alkalichloride by mercury cell is sometimes treated to be packed in a
      concrete box in order to dump it in the sea or to bury it in the ground,
      heavy metal or heavy metallic compounds are exuded out through the walls
      of the concrete box by extraction with water and then pollute the
      surroundings. In that case mixing the resin and the waste at a ratio of
      0.1 to 50 percent of the resin in the waste completely prevents the
      exudation of harmful heavy metal and heavy metallic compounds and further
      when the resin is homogeniously mixed in concrete or mortar in an amount
      of 0.1 percent to 50 percent preferably 0.5 to 20 percent for cement,
      which is used in the concrete or mortar, the resin checks and prevents
      heavy metals and heavy metallic compounds from passing through the cement
      or mortar walls. Moreover solidifying material, which solidifies to be
      hard, for example, cement e.g. Portland cement, or raw material of resin,
      containing 0.1 percent to 50 percent preferably 1 percent to 20 percent of
      the resin adsorbent can be used for packing of the harmful heavy metallic
      component and further, walls or constructions made by such solidifying
      material prevent heavy metals and heavy metallic compounds from passing
      through the walls or the constructions such as pipes for drainage.
PAR  The effects of the present invention will be shown in the following
      Example. All quantities described in this specification and the appended
      claims as "parts" or "percent" refer to "parts by weight" or "percent by
      weight" unless expressly stated otherwise.
DETD
PAC  EXAMPLE 1
PAC  Preparation of resin:
PAR  55 parts of lesorcinol were mixed with 1000 parts of water and then 202
      parts of 37 percent aqueous solution of formaldehyde was added and PH of
      the solution was adjusted at 8 by adding NaOH aqueous solution and pale
      brown solution [I] was obtained after agitation for 30 minutes at
      60.degree.C.
PAR  On the other hand, 55 parts of m-aminophenol was dissolved in 520 parts of
      aqueous solution containing 20 parts of NaOH and in the aqueous solution
      38 parts of carbon bisulfide was added dropwise at 35.degree.C to
      40.degree.C under vigorous agitation. Aqueous orange solution [II]
      containing about 6.4 percent by weight of benzoildithiocarbamate was
      obtained.
PAR  Then the orange solution [II] was added dropwise in the brown solution [I]
      and temperature of the reaction mixture rose at 50.degree.C to 60.degree.C
      and resinous material was obtained via orange yellow gelatinous. The
      resinous material was crashed into 20 - 50 mesh and red-brown granulars
      were obtained by drying at 80.degree.C.
PAR  The obtained granular resin adsorbent was dipped in distilled water and
      swelled, and adsorbent [.alpha.] was prepared.
PAR  On the other hand, the granular resin adsorbent was dipped in 1/10 normal
      aqueous solution of HCl for 45 hours and adsorbent [.beta.] was obtained.
PAC  ADSORPTION A:
PAR  In 3 liters of aqueous wastage containing 20 ppm of cadmium (mainly as
      CdSO.sub.4), 3 g of ammonium sulfate was added as a buffer solution and
      then PH was adjusted at 9 by adding ammonium hydroxide and after one
      night, the aqueous wastage was filtered through diatom earth and
      transparent aqueous wastage containing 9.9 ppm of cadmium at PH 8.8 was
      obtained.
PAR  1. 70 ml of adsorbent [.alpha.] was packed in a glass tube having a
      diameter of 15 mm and a length of 400 mm and the above said transparent
      aqueous wastage was passed through the leyer of the adsorbent in the glass
      tube at SV (space velocity) of 2 and cadmium concentration of the effluent
      was measured by emission spectro analysis. Results were shown as follows.
TBL                Table 1                                                     

     ______________________________________                                    

                                  Cadmium                                      

     amount of treated                                                         

                  PH of the effluent                                           

                                  concentration                                

     effluent (ml)                (ppm)                                        

     ______________________________________                                    

      100 - 200   8.4             0.01                                         

      300 - 400   8.5             less than 0.01                               

     2,300 - 2,400                                                             

                  8.5             Dot                                          

     2,900 - 3,000                                                             

                  8.5             Dot                                          

     ______________________________________                                    

PAR  2. 0.05 g, 0.1 g 0.5 g or 1,0 g of adsorbent [.beta.] was added in each 400
      ml of the above said transparent aqueous wastage and after 5 hours of
      shaking the treated wastage and filtered through filter paper and cadmium
      concentration of the wastage was measured by emission spectro analysis.
      Results were shown as follows.
TBL                Table 2                                                     

     ______________________________________                                    

              PH of                                                            

     amount of                                                                 

              treated  cadmium      amount of cadmium                          

     adsorbent                                                                 

              aqueous  concentration                                           

                                    adsorbed by 1 g of                         

     (g)      wastage  (ppm)        adsorbent (mg/g)                           

     ______________________________________                                    

     0.05     8.8      14           40                                         

     0.1      Dot      11           32                                         

     0.5      Dot      1.5          14                                         

     1.0      Dot      0.4          7.4                                        

     ______________________________________                                    

PAC  ADSORPTION B:
PAR  Aqueous solution containing 10 ppm mercury in a state of mercuric chloride
      was adjusted at PH 3 by adding HCl aqueous solution and in each 100 ml of
      the solution 0.1 g or 0.5 g of adsorbent [.beta.] was added and after 5
      hour shaking at 30.degree.C and following 19 hours on standing the
      solution was filtered and concentration of mercury was measured by
      emission spectro analysis and 0.003 ppm and 0.001 ppm was obtained as the
      results. 0.5 g of powder of activated carbon was repeated instead of above
      said adsorbent [.beta.] and mercury content was 0.27 ppm.
PAC  EXAMPLE 2
PAC  Preparation of resin:
PAR  Aldehyde and aromatic compound were mixed and reacted to the extent that
      little amount of turbidity appeared at 40.degree.-95.degree.C for 0.5 to 3
      hours in the presence or organic solvent or water, and further
      dithiocarbamate and sodium hydroxide or ammonium hydroxide as a catalyst
      were added to the reaction mixture and optionally the mixture was soaked
      in carrier and then the mixture was heated at 40.degree.C to 110.degree.C
      for 0.5 to 5 hour and after milling a reaction mixture, adsorbent
      [.alpha.] having particle size of 20 to 40 mesh (Tyler) was obtained. The
      adsorbent was dipped in 0.05-1.0 normal of hydrochloric acid solution for
      12 hours and rinsed with water. On the other hand, the adsorbent [.alpha.]
      was dipped in 1/10 normal aqueour solution of NCl and after rinsing with
      water adsorbent [.beta.] was obtained.
PAC  ADSORPTION:
PAR  The adsorbents were tested the adsorption effect for copper, mercury,
      silver, zinc, lead nickel, chlomium, strontium and cadmium.
PAR  70 ml of each adsorbent was packed in glass tube having 15 mm in diameter
      and 30 liter of aqueous solution containing heavy metallic compound was
      passed at SV : 5 and content of metal in last one liter of effluent
      aqueous solution was estimated.
PAC  AQUEOUS SOLUTION
TBL  copper  :     10 PPM of CuSO.sub.4 aqueous solution at PH.sub.5           

     mercury :     (A) 10PPM of HgCl.sub.2 aqueous solution at PH7             

                   (B) 1PPM of CH.sub.3 HgCl aqueous solution at PH3           

     cadmium :     2PPM of CdSO.sub.4 aqueous solution at PH8.5                

     silver  :     10PPM of AgNO.sub.3 aqueous solution of PH5.0               

     Strontium                                                                 

             :     10PPM of SrCl.sub.2 aqueous solution at PH9                 

     chromium                                                                  

             :     10PPM of CrCl.sub.3 aqueous solution at PH9                 

     nickel  :     10PPM of NiCl.sub.2 aqueous solution at PH9                 

     lead    :     10PPM of Pb(NO.sub.3).sub.2 aqueous solution at PH5         

     zinc    :     10PPM of ZnSO.sub.4 aqueous solution at PH8                 

PAR  The results and adsorbents with methods of preparation were shown in Table
      3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     adsorbent                                                                 

     raw material (mole)       carrier ad-                                     

                               resinx100                                       

                                       sorbent                                 

     Run                                                                       

        dithio carbamates                                                      

                   aldehyde                                                    

                        aromatic                                               

                               resin.times.100                                 

                                       sorbent                                 

                        compound                                               

                               carrier [style]                                 

     __________________________________________________________________________

     1  sodium toluene-                                                        

                   form-                                                       

                        resorcinol                                             

                                 --     .beta.                                 

        2,4-di-dithio-                                                         

                   aldehyde                                                    

                        (0.6)                                                  

        carbamate (0.4)                                                        

                   (2.0)                                                       

     2  "          "    "        --     .alpha.                                

     3  "          "    "      diatom   .alpha.                                

                               earth (15)                                      

     4  sodium toluene-di-                                                     

                   furfural                                                    

                        resorcinol                                             

                                 --     .beta.                                 

        dithiocarbamate                                                        

                   (2.0)                                                       

                        (0.5)                                                  

        (0.5)                                                                  

     5  sodium m-hydroxyl-                                                     

                   form-                                                       

                        resorcinol                                             

                                 --     .alpha.                                

        phenyl dithio-                                                         

                   aldehyde                                                    

                        (0.6)                                                  

        carbamate (0.4)                                                        

                   (2.0)                                                       

     6  phenyldithiocarba-                                                     

                   form-                                                       

                        cresol zeolite  .beta.                                 

        mic acid (0.4)                                                         

                   aldehyde                                                    

                        (0.6)  (15)                                            

                   (2.5)                                                       

     7  sodium-m-hydroxyl                                                      

                   form-                                                       

                        resorcinol                                             

                               diatom   .beta.                                 

        phenyldithiocarba-                                                     

                   aldehyde                                                    

                        (0.7)  earth                                           

        mate (0.3) (2.0)       (15)                                            

     8  sodium m-hydroxyl                                                      

                   furfural                                                    

                        resorcinol                                             

                                 --     .beta.                                 

        phenyldithiocarba-                                                     

                   (1.5)                                                       

                        (0.5)                                                  

        mate (0.5)                                                             

     9  sodium phenyl-1,3-                                                     

                   form-                                                       

                        resorcinol                                             

                                 --     .beta.                                 

        di-dithiocarbamate                                                     

                   aldehyde                                                    

                        (0.7)                                                  

        (0.3)      (2.0)                                                       

     10 "          furfural                                                    

                        resorcinol                                             

                                 --     .alpha.                                

        (0.4)      (2.0)                                                       

                        (0.6)                                                  

     11 sodium-m-hydroxyl-                                                     

                   form-                                                       

                        hydroquinone                                           

                                 --     .beta.                                 

        phenyl dithio-                                                         

                   aldehyde                                                    

                        (0.6)                                                  

        carbamate (0.4)                                                        

                   (2.0)                                                       

     12 potasium-p-phenyl-                                                     

                   furfural                                                    

                        hydroquinone                                           

                                 --     .alpha.                                

        dithio carbamate                                                       

                   (2.5)                                                       

                        (0.8)                                                  

        (0.2)                                                                  

     13 ammonium-o-amino-                                                      

                   acet-                                                       

                        resorcinol                                             

                                 --     .beta.                                 

        phenyl dithio-                                                         

                   aldehyde                                                    

                        (0.9)                                                  

        carbamate (0.1)                                                        

                   (2)                                                         

     14 sodium-2-amino-4-                                                      

                   form-                                                       

                        resorcinol                                             

                                 --     .alpha.                                

        dithio carbamate                                                       

                   aldehyde                                                    

                        (0.9)                                                  

        (0.1)      (2)                                                         

     15 sodium phenyl-1,3-                                                     

                   form-                                                       

                        resorcinol                                             

                                 --     .alpha.                                

        di-dithiocarbamate                                                     

                   aldehyde                                                    

                        (0.7)                                                  

        (0.3)      (3)                                                         

     16 sodium melamine-                                                       

                   form-                                                       

                        phenol   --     .beta.                                 

        1-dithio carbamate                                                     

                   aldehyde                                                    

                        (0.4)                                                  

        (0.6)      (2.5)                                                       

     17 ammonium ethylene-                                                     

                   form-                                                       

                        resorcinol                                             

                                 --     .alpha.                                

        diamine-1,4-di-                                                        

                   aldehyde                                                    

                        (0.7)                                                  

        dithio carbamate                                                       

                   (2.0)                                                       

        (0.3)                                                                  

     18 sodium benzoate-                                                       

                   furfural                                                    

                        pyrocatechin                                           

                                 --     .alpha.                                

        4-sodium dithio-                                                       

                   (2.0)                                                       

        carbamate (0.5)                                                        

     19 sodium benzene-                                                        

                   form-                                                       

                        resorcinol                                             

                                 --     .alpha.                                

        sulfonate-2-sodium                                                     

                   aldehyde                                                    

                        (0.6)                                                  

        dithiocarbamate                                                        

                   (2.5)                                                       

        (0.4)                                                                  

     20 tetramethylenebis-                                                     

                   form-                                                       

                        phenol diatom   .alpha.                                

        dithio carbamic                                                        

                   aldehyde                                                    

                        (0.4)  earth                                           

        acid (0.6) (2.0)                                                       

     21 ethyldithiocarba-                                                      

                   form-                                                       

                        cresol   --     .alpha.                                

        mate (0.7) aldehyde                                                    

                        (0.3)                                                  

                   (2.0)                                                       

     22 sodium benzene-                                                        

                   benz-                                                       

                        meta-amino-                                            

                                 --     .alpha.                                

        sulfonate-2-sodium                                                     

                   aldehyde                                                    

                        phenyl                                                 

        dithiocarbamate                                                        

                   (2.0)                                                       

                        (0.7)                                                  

        (0.3)                                                                  

     __________________________________________________________________________

                  adsorbent effect                                             

                  concentration (ppm)                                          

     Hg                                                                        

     Run                                                                       

        A    B    Ag  Cu  Pb  Zn  Cd  Ni  Cr  Sp                               
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                      less                                                     

                          less                                                 
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                                  less                                         

                                      --  --  --                               
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                                  than                                         
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             0.001                                                             
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                                          than                                 
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                                          0.2 0.1                              
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     5  "    0.003                                                             
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CLMS
STM  We claim:
NUM  1.
PAR  1. A process for adsorbing heavy metals or heavy metallic compounds which
      comprises contacting liquid or gas containing heavy metal or heavy
      metallic compounds with a resin prepared by a reaction between an an
      aldehyde, a dithiocarbamate compound and an aromatic compound having at
      least one group selected from --OH, --SH, --NH.sub.2, --COOH, and --COOMe
      wherein Me represents sodium, potasium, NH.sub.4 or calcium.
NUM  2.
PAR  2. A process set forth in claim 1 and wherein 0.8 - 6.0 mole of aldehyde
      and 1 total mole of dithiocarbamate compound and aromatic compound in a
      ratio of 0.1 to 0.8 mole of dithiocarbamate compound and 0.2 to 0.9 mole
      of aromatic compound is employed, and wherein the dithiocarbamate compound
      is a compound selected from the group of hydroxphenyldithiocarbamic acid,
      phenyl dithiocarbamic acid, methyl aminophenyl dithiocarbamic acid,
      melamin dithiocarbamic acid, ethylenediamine-1,4-dithiocarbamic acid,
      toluene-di-dithiocarbamic acid, benzenesulforic acid, dithiocarbamic acid
      and alkali salts thereof.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein 0.8 - 6.0 mole of aldehyde and
      1 total mole of dithiocarbamate compound and aromatic compound in a ratio
      of 0.1 to 0.8 mole of dithiocarbamate compound and 0.2 to 0.9 mole of
      aromatic compound are employed and wherein the aldehyde is a compound
      selected from a group of formaldehyde, paraformaldehyde, acetaldehyde,
      glyoxal, furfural and benzaldehyde.
NUM  4.
PAR  4. A process with a resin as set forth in claim 1 and wherein 0.8 - 6.0
      mole of aldehyde and 1 total mole of dithiocarbamate compound and aromatic
      compound in a ratio of 0.1 to 0.8 mole of dithiocarbamate compound and 0.2
      to 0.9 mole of aromatic compound is employed and wherein the aromatic
      compound is a compound selected from the group of phenol, resorcinol,
      cresol and hydroquinone.
NUM  5.
PAR  5. A process for fixing heavy metal or heavy metallic compound which
      comprises mixing (A) a slurry or mud containing a heavy metal or heavy
      metallic compound and (B) an adsorbent for heavy metals or heavy metallic
      compound which comprises a resin prepared by a reaction between an
      aldehyde, dithiocarbamate compound and an aromatic compound having at
      least one group selected from --OH, --SH, --NH.sub.2, --COOH, --COOMe,
      wherein Me represents sodium, potasium, NH.sub.4 or calcium and wherein
      0.8 - 6.0 mole of aldehyde and 1 total mole of dithiocarbamate compound
      and aromatic compound in a ratio of 0.1 to 0.8 mole of dithiocarbamate
      compound and 0.2 to 0.9 mole of aromatic compound are employed, and
      wherein the dithiocarbamate compound is a compound selected from the group
      consisting of hydroxyphenyl -dithiocarbamic acid, phenyl dithiocarbamic
      acid, methylphenyl dithiocarbamic acid, aminophenyl dithiocarbamic acid,
      phenyl-di-dithiocarbamic acid, methyl aminophenyl dithiocarbamic acid,
      melamin dithiocarbamic acid, ethylenediamine-1,4-dithiocarbamic acid,
      toluene-di-dithiocarbamic acid, benzenesulforic acid, dithio-carbamic acid
      and alkali salts thereof.
NUM  6.
PAR  6. A process for fixing heavy metal or heavy metallic compounds, which
      comprises mixing (A) slurry or mud containing heavy metal or heavy
      metallic compound and (B) a cement composition for fixing heavy metals or
      heavy metallic compounds, which comprises a resin prepared by a reaction
      between an aldehyde, a dithiocarbamate compound and an aromatic compound
      having at least one group selected from --OH, --SH, --NH.sub.2, --COOH,
      --COOMe wherein Me represents sodium, potasium, NH.sub.4 or calcium.
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ABST
PAL  Starch-containing polymer compositions are prepared which absorb amounts of
      water equaling up to more than 1000 times their own weight. The
      compositions find many applications including their incorporation into
      products such as disposable diapers, surgical pads and sheets, and paper
      towels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to starch-graft copolymer compositions which absorb
      and retain under pressure large quantities of aqueous fluids and to their
      method of preparation. The invention further relates to various
      compositions and articles of manufacture which utilize the instant
      composition.
PAR  Crosslinked polymeric substances which possess the ability to absorb large
      quantities of fluids are known in the prior art. For example, U.S. Pat.
      No. 3,669,103 discloses that a variety of monomers may be polymerized to
      give copolymers and terpolymers which must be crosslinked in manners known
      in the polymer arts. One such copolymer contains carboxamide and
      carboxylate groups and is crosslinked by including a difunctional monomer
      such as N,N-methylenebisacrylamide into the polymerization solution. The
      crosslinking reaction is of critical importance. When the copolymers and
      terpolymers are not crosslinked, they are water soluble and have limited
      utility as absorbents.
PAR  U.S. Pat. No. 3,670,731 discloses the utility of particulate,
      water-insoluble, crosslinked polymeric compositions as absorbents in
      fabricated articles such as diapers, sanitary napkins, and the like.
PAR  It is an object of this invention to provide polymeric absorbent
      compositions which have the preparative ease and economic advantages
      inherent in starch graft copolymers and which will absorb aqueous fluids
      in quantities many times their own weight.
PAR  It is a further object of the invention to provide polymeric absorbent
      compositions which have not been subjected to normally used crosslinking
      compositions or procedures and yet are water-insoluble solids.
PAR  In accordance with the objects of the invention, we prepared aqueous
      fluid-absorbing compositions comprising water-insoluble alkali salts of
      saponified gelatinized-starch-polyacrylonitrile graft polymers containing
      gelatinized starch (GS) and saponified polyacrylonitrile (HPAN) in molar
      ratios of from about 1:1.5 to 1:9 GS:HPAN. The water-insoluble alkali
      salts of saponified gelatinized-starch-polyacrylonitrile graft polymers
      are further characterized as water-insoluble solids capable of absorbing
      in excess of 300 parts of water by weight per part of the water-insoluble
      solids.
PAR  Compositions comprising water-insoluble organic amine salts of the
      compositions described above were found to absorb aqueous fluids which
      contain organic components in major proportions.
PAR  Also in accordance with the objects of the invention, we discovered a
      method of preparing water-insoluble aqueous fluid-absorbing compositions
      comprising the following steps:
PA1  A. saponifying a gelatinized starch-polyacrylonitrile graft polymer
      (GS-PAN) in an aqueous slurry with an alkali in amounts such that the
      molar ratio of alkali to the acrylonitrile repeating unit of said GS-PAN
      is from about 0.1:1 to 7:1 to form a water-soluble saponified GS-PAN
      (water-soluble GS-HPAN); and
PA1  b. optionally adjusting the pH of said water-soluble GS-HPAN to about 3
      followed by isolating the resulting water-insoluble acid form of GS-HPAN,
      and readjusting the pH of said water-insoluble acid form of GS-HPAN to
      from about 4 to 12 to reform said water-soluble GS-HPAN; and
PA1  c. drying said water-soluble GS-HPAN to a moisture level of from about 1 to
      15 percent water by weight.
PAR  Incorporation of the instant compositions in disposable soft goods such as
      diapers, hospital bed pads, surgical pads and sheets, catamenial devices,
      and the like would greatly increase the fluid-absorbing capacity of the
      articles. Such increased absorbency of the disposable soft goods is
      important from both an economic and an ecological standpoint, since the
      higher absorbency permits the use of a smaller quantity of material to be
      disposed of by incineration or by discharge into sewage systems. The use
      of smaller quantities of GS-HPAN also decreases the amount of the
      synthetic polymers used in the application of the invention. Acrylonitrile
      is a petrochemical, and its decreased consumption increases the amount of
      petroleum that can be diverted to more urgently needed products. The
      instant compositions are also useful in agricultural applications for
      increasing water-holding capacity of soils which promotes more efficient
      germination of seeds and plant growth.
PAR  When the instant compositions were applied as coatings onto substrates such
      as seeds, clay, starch, fibers, paper, or the like, a large increase in
      the water-holding capacity of the substrate was realized.
PAR  The organic amine salts of the invention, which absorb large amounts of
      aqueous-organic fluids, are useful in the formulation of jellied fuels,
      paint removers, and other formulations where it is desirable to have an
      organic solvent, containing a minimum amount of water, in an essentially
      solid form.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In prior art methods of producing water-absorbing compositions, it was
      assumed that water-soluble products had to be rendered insoluble by
      crosslinking the polymers, by saponifying in an aqueous-alcoholic medium,
      or by adjusting the pH so that the product was in an insoluble acid form.
      We were surprised, therefore, when we discovered a water-insoluble
      composition was formed by simply drying water-soluble saponified
      starch-polyacrylonitrile graft polymer containing starch that had been
      gelatinized prior to graft polymerization. We were further surprised when
      we found that the instant products had water absorptive capabilities which
      were from three to over 10 times greater than the best prior art starch
      graft compositions. The term "water-soluble composition" is herein defined
      to include apparently soluble or highly dispersed compositions.
PAR  Water-absorbing alkali salts of saponified starch-polyacrylonitrile graft
      polymers are disclosed in U.S. Pat. No. 3,661,815. Both the method of
      preparation and the resulting products disclosed therein differ from the
      method and compositions of the instant invention in several critical
      areas. It is specifically stated, for instance, in U.S. Pat. No. 3,661,815
      that "carrying out the saponification in an alcohol-containing medium is
      an essential feature of (the) invention." Absorptive values in Table VII
      of U.S. Pat. No. 3,661,815 show that saponification in an alcohol-free
      medium results in a product having water-absorptive properties which are
      inferior to the prduct saponified in an alcohol-containing medium. It is
      also disclosed in U.S. Pat. No. 3,661,815 that pretreating starch in an
      aqueous slurry at 60.degree. C. before grafting was beneficial to the
      product while pretreatment of starch at 65.degree. C. was detrimental, and
      that "tapioca and potato starch required lower pretreatment temperatures,
      because of their lower gelatinization temperatures."
PAR  In contrast to the teachings disclosed in U.S. Pat. No. 3,661,815, we have
      found that in the instant method the presence of alcohol in the
      saponification medium is not only unnecessary, its use results in final
      products having significantly lower absorptive capabilities. Two portions
      of GS-PAN were saponified in the presence of alcohol and in the absence of
      alcohol in accordance with Examples 24-26 of U.S. Pat. No. 3,661,815, and
      the products, which were dried in vacuo at 110.degree. C. for 16 hr., were
      tested for water and synthetic urine absorptivity. Aqueous-alcohol-KOH
      saponification resulted in a product which absorbed 31 g./g. (i.e., grams
      substance absorbed per gram absorbent composition) synthetic urine and 220
      g./g. water. The aqueous-KOH saponification product absorbed 53 g./g.
      synthetic urine and 800 g./g. water. The reason that the
      aqueous-alcohol-KOH saponified product prepared in accordance with
      Examples 24-26, U.S. Pat. No. 3,661,815 (supra), had a higher absorptive
      value than is shown in Table VII, U.S. Pat. No. 3,661,815, for similar
      products is believed to lie in the fact that our starting material was
      GS-PAN (i.e., a starch-polyacrylonitrile graft polymer prepared from
      starch which had been pretreated in aqueous slurry at temperatures above
      the gelatinization temperature of the starch).
PAR  It is well known that startch in the granule state is insoluble in water at
      ambient temperatures. It is also known that when a water suspension of
      unmodified starch granules is heated the granules first slowly and
      reversibly take up water with limited swelling and then, at a definite
      temperature, typically about 70.degree. C., the granules undergo
      irreversibly a sudden rapid swelling. As the temperature is increased
      beyond about 70.degree. C., more starch molecules diffuse from the
      granules until, at a temperature range of about 80.degree. to 100.degree.
      C., the starch appears to become soluble. It is an essential and critical
      feature of the present invention that the graft copolymerization of
      acrylonitrile be carried out on starch that has been pretreated by methods
      known to those skilled in the art so as to render it soluble. We prefer to
      solubilize the starch by heating an aqueous suspension of starch to about
      70.degree. to 100.degree. C. and holding the suspension at such
      temperatures for about 15 min. or longer.
PAR  We are aware, also, that U.S. Pat. No. 3,425,971 (cited as a reference in
      U.S. Pat. No. 3,661,815) discloses water-soluble alkali salts of
      (nongelatinized) starch-polyacrylonitrile graft polymers and the insoluble
      acid form thereof which is resolubilized by adjusting the pH with alkali.
      The alkali salt products are used as thickeners and as such must be water
      soluble or completely water dispersible. In U.S. Pat. No. 3,425,971
      (supra) as in U.S. Pat. No. 3,661,815 (supra), there is no teaching that
      simply gelatinizing the starch before graft polymerizing and drying the
      alkali salt graft polymer after saponification would give an insoluble
      product with such surprisingly different properties.
PAR  Starch-polyacrylonitrile graft copolymers are well known. Fanta, Block and
      Graft Copolymerization, R. J. Ceresa, ed., John Wiley and Sons, 1973,
      Chapter 1, has recently reviewed the various methods for making starch
      graft copolymers and the influence of such variables as type of initiator
      used, type of pretreatment of starch, kinds of polymerization media
      employed, amounts of monomer used, and the like on starch copolymer
      composition. The preferred monomer used to prepare the instant
      compositions is acrylonitrile (AN), but it is herein understood that
      methacrylonitrile (MAN) is equivalent to the acrylonitrile monomer
      specified in the claims. It is contemplated that, with a minimum of
      experimentation, those skilled in the art will find other monomers
      suitable for use in accordance with the invention and that monomers so
      found are also considered herein to be equivalent to acrylonitrile and
      methacrylonitrile. Preferred molar ratios of gelatinized starch to monomer
      range from about 1:1.5 to 1:9.
PAR  The preferred polymerization initiator is the ceric ammonium nitrate-nitric
      acid system used in the examples. However, other suitable initiator
      systems will be known to those skilled in the art (cf. Fanta, supra).
PAR  Saponification of GS-PAN is accomplished with an alkali defined herein as
      being the hydroxide of an alkali metal, preferably Li.sup.+, Na.sup.+, or
      K.sup.+, or of NH.sub.4 .sup.+. It is an essential feature of the instant
      invention that the saponification step be carried out in a manner such
      that a water-soluble product be obtained. Preferably, GS-PAN is contacted
      with an aqueous solution of alkali for from 1 to 3 hr. at a temperature of
      about 90.degree.. Saponification apparently takes place only on the -PAN
      moiety of GS-PAN, converting nitrile groups to carboxamide and carboxylate
      groups to form the -HPAN moeity. During saponification, GS-PAN dissolves
      and forms a highly viscous solution or dispersion of GS-HPAN.
      Water-soluble GS-HPAN compositions were obtained from saponifications in
      which the molar ratio of alkali to the polyacrylonitrile repeating unit
      (i.e., alkali:AN ranged from 0.1:1 to 7.2:1. Alkali:AN molar ratios of
      from 0.6:1 to 7.2:1 are preferred.
PAR  Compositions in accordance with the invention are prepared directly from
      the saponification reaction mixture without previous isolation of
      water-soluble GS-HPAN. However, higher absorptivities are obtained from
      GS-HPAN compositions which are purified before drying.
PAR  Isolation of water-soluble GS-HPAN is readily accomplished after completion
      of the saponification step by adjusting the pH of the reaction mixture by
      any suitable means to about 3, thereby precipitating the water-insoluble
      acid form of GS-HPAN. The water-insoluble precipitate is then isolated,
      washed, suspended in water, and the pH readjusted by any suitable means to
      a pH of from about 4 to 12, thereby reforming water-soluble GS-HPAN.
      Alternatively, the water-insoluble absorbent form of GS-HPAN can be
      prepared by packing a column with the acid form of GS-HPAN and allowing
      gaseous NH.sub.3 to pass up the column for a period of time sufficient to
      form the ammonium salt.
PAR  The absorbent form of the polymer is prepared by simply drying the solution
      or dispersion obtained from the saponification step. Surprisingly, when a
      solution or dispersion containing the water-soluble GS-HPAN is cast into a
      film and subsequently dried by known routine methods including oven
      drying, drum drying, and air drying, the resulting dry films are insoluble
      and absorb up to about 300 times their weight in water forming clear,
      cohesive, self-supporting gel sheets. The dried films, which preferably
      contain from 1 to 15 percent moisture, can be ground or milled to give
      flakes or powders which have greatly increased surface areas over the
      films. The water-insoluble character of the product is retained by the
      flakes and the powders, and both forms display highly rapid uptake of
      fluids. The amount of fluid uptake by the flakes or powders is generally
      similar to amount of fluid uptake observed for the parent films. The
      absorbent polymer can be in the form of a mat or pad. Such forms result
      when the soluble form of the polymer is freeze or foam dried.
PAR  As an alternative to the drying procedures described above, the viscous
      mixture obtained after addition of alkali is diluted with a water-miscible
      organic solvent such as alcohol or acetone and the precipitated product
      isolated in powder form by filtration and drying.
PAR  Of particular importance is the fact that the dried GS-HPAN films are
      insoluble in all solvents despite the fact that no crosslinking reagents
      were added. Treatment with boiling water, boiling 1N potassium hydroxide,
      and boiling 1N hydrochloric acid failed to dissolve the instant films. The
      exact nature by which the polymer forms the insoluble films is not clearly
      understood. The insolubilization apparently takes place by some unknown
      mechanism when water solutions are dried at temperatures as low as room
      temperature or lower. The extremely mild conditions under which this
      insolubilization takes place are unique and unexpected. The insoluble and
      water-swollen graft copolymer was redispersed in water by subjecting it to
      high mechanical shear or to sonification. Mechanical shear was
      accomplished in a Waring blendor and a colloid mill. Surprisingly, if
      shearing has not been too extensive, this dispersion yields on drying, an
      absorbent, insoluble film which has properties similar to the original
      insoluble polymer. Even dispersions which have been subjected to the
      highest mechanical shear will form insoluble films if they are dried at
      room temperature and the dried films are then allowed to stand for from
      about 7 to 100 days at room temperature and high humidity, or if they are
      dried at 160.degree. for from about 15 to 120 min. Insolubilization of
      these sheared polymers is accelerated by heat and gamma irradiation.
PAR  The absorbency of a film prepared in accordance with the invention was
      reduced from 600 to 100 g. water per gram of polymer by 3 megarads of
      gamma irradiation. Such control of film swellability can be utilized in
      the gel entrapment of enzymes, where a large initial swelling is desirable
      to allow the enzyme to penetrate into the film, but subsequent use of the
      film requires a lower degree of swelling to keep the enzyme trapped.
PAR  The commercial value of immobilized enzymes has been the subject of many
      reports in recent years. One of the more frequently used immobilization
      techniques has been physical entrapment. Hicks et al. [Anal. Chem. 38(6):
      726-730 (1966)] describe a method of entrapping enzymes such as glucose
      oxidase in a polyacrylamide gel. As in most procedures which entrap
      enzymes within synthetic polymer matrices, it was necessary for the enzyme
      to be present during the polymerization of the acrylamide.
PAR  Enzymes have also been entrapped in starch gels [Bouman et al., Anal. Chem.
      37: 1378 (1965)]. Enzymes were dissolved into a solution of starch and the
      mixture worked into a slab of polyurethane foam.
PAR  Water-insoluble GS-HPAN film was treated with an aqueous solution of
      glucoamylase, then treated with a solution of calcium chloride. The
      calcium chloride shrunk the fluid-swollen film sufficiently to entrap the
      enzyme, which remained active through five separate and consecutive
      reactions with starch. The amounts of enzyme, GS-HPAN, and calcium
      chloride would be different for each different enzyme, depending upon the
      enzyme's molecular size and desired activity. Therefore, the inventive
      method should not be limited to any particular enzyme or to any specific
      ratios of enzyme to water-absorbent GS-HPAN. Since the method simply
      involves the absorption of a solution of the desired enzyme by the
      water-absorbent film, it would be easy for one skilled in the art to
      perform a few experiments to determine the necessary amount of all
      components.
PAR  Any soluble mineral salt is suitable for shrinking the gel after it has
      absorbed the enzyme solution.
PAR  Immobilized amylase enzymes were prepared by two methods. One, an
      .alpha.-amylase, was covalently bonded to the instant water-absorbent
      compositions, and the other, a glucoamylase, was absorbed according to the
      method described above. It was surprising when we discovered that in
      neither immobilizing enzyme composition did the amylase degrade the starch
      moeity of the GS-HPAN, even though these enzymes are well-known degraders
      of starch.
PAR  The absorbent polymers of the present invention may be extended by mixing
      dispersions of water-soluble GS-HPAN with dispersions of inexpensive
      natural polymers, or their derivatives, and then drying the resulting
      mixtures. Examples of such natural polymers are flour, guar, gelatin,
      starch, or dextrin.
PAR  An important application of dried water-insoluble GS-HPAN is the reduction
      of the water content of emulsions, suspensions, and dispersions. Milk
      containing 27.4 percent milk solids was treated with the water-absorbent
      composition in amounts such that the ratio of absorbent to water was about
      1:100. The resulting filtrate, which was still a milk emulsion, contained
      39.4 percent milk solids. It will be understood that milk solids include
      minerals, protein, and butterfat. Linseed oil-in-water emulsions
      containing 9.5 percent and 52.3 percent oil were concentrated to emulsions
      containing 12.3 percent and 57.9 percent oil, respectively, when treated
      with dried films of the absorbent compositions in amounts such that the
      ratios of absorbent to water were about 0.1:90 and 1:100, respectively.
      The numerous emulsions known to those skilled in the art will require
      varying amounts of the water-absorbent compositions of the instant
      invention to accomplish the desired amounts of concentration. However,
      optimum amounts of absorbent for each emulsion can be easily determined by
      a few simple trial experiments. Preferably, amounts of the instant
      absorbent composition to water contained in emulsions was from 0.1 to 1
      part of absorbent to 100 parts of water (by weight).
PAR  Aqueous dispersions or suspensions such as sewage sludge can be
      beneficially treated by addition of the instant water-absorbent
      composition so that the use of settling ponds can be reduced or
      eliminated. Sewage sludge containing 3.9 percent solids was dewatered to
      the extent that the solids content was increased by 25 percent by the
      addition of 0.5 g. of absorbent to 100 ml. of sludge. When the same sewage
      sludge was treated with 1 part of absorbent to 100 ml. of sludge, the
      resulting fluid mass was too thick to pass through the 40-mesh sieve used
      to separate the gelled water-absorbing composition from concentrated
      sludge.
PAR  Although the fluid mass could be separated by other means, it is preferred
      that the instant compositions be added to the sludge at a rate of about
      0.1 to 0.5 part absorbent per 100 ml. of water (by weight).
PAR  It was found that adding the water-absorbent composition to the sewage
      sludge at a rate of at least 2 parts absorbent per 100 parts water
      provided a crumbly-solid material which cannot be pumped but can be
      handled by mechanical means including shovels, scoops, end loaders, and
      conveyors. It can be carried in wheelbarrows and trucks, and can be
      dispersed on field by means of manure spreaders and the like.
      Theoretically, there is no upper limits to the amount of absorbent which
      can be combined with sewage sludge. However, for economic reasons, the
      preferred range of addition is from 2 to 10 parts absorbent per 100 parts
      water.
PAR  Thin films of water-insoluble GS-HPAN greatly increase the water-holding
      capacity of many substrates. Since prior art absorbent compositions
      require crosslinking reactions or saponifications in the presence of
      alcohol to make them insoluble, it would be very difficult to coat
      substrates with them in order to increase the water-absorptive abilities
      of the substrates. The instant absorptive compositions, on the other hand,
      can be easily obtained as coatings on any water-insoluble substrate by
      merely drying solutions of water-soluble GS-HPAN while the solutions are
      in contact with the desired substrate. Examples of such substrates include
      silica, clay, animal litter or bedding, granular starch, cellulose fibers,
      cloth, and paper. The preferred amount of dry saponified
      starch-polyacrylonitrile is 0.5 to 3 percent, based on the dry weight of
      substrate.
PAR  Starch granules coated with water-absorbent GS-HPAN show a viscosity rise
      at a lower temperature than untreated starch when heated in water. Also,
      final viscosities after heating at 90.degree. C. are higher than that
      shown by untreated starch. In the manufacture of paper or mineral board,
      coated starches are retained better than untreated starch when added at
      the wet end along with a cationic retention aid.
PAR  Seeds may be coated with saponified starch-polyacrylonitrile and
      subsequently dried. Water content in the vicinity of the seed during
      germination would thus be maximized. Also, dry GS-HPAN, in powder or flake
      form, may be blended with soil. In an arid climate, such a blend will hold
      a higher percentage of water for longer periods than untreated soil. The
      instant compositions are also useful as soil conditioners. Silt-type soils
      are composed of fine particles which pack together to form almost
      impenetrable surfaces, increasing water runoff and greatly adding to
      erosion and pollution problems. Many polyelectrolyte materials have been
      used to aggregate soil particles so that the soil would allow water to
      penetrate, thereby minimizing water runoff.
PAR  Dispersions of water-soluble GS-HPAN were added to silt-loam soils in
      amounts of from 0.3 to 0.9 part GS-HPAN to 100 parts soil and the
      resulting soil allowed to dry, leaving a coating of water-absorbent
      compositions on the soil particles. These coated soils and uncoated
      control soils were then evaluated according to the soil conditioner
      testing method of R. M. Hedrick [J. Agr. Food Chem. 2(4): 182-185 (1954)].
      Up to 96 percent of the soils coated with the instant compositions formed
      aggregates which would not pass a 20-mesh screen while 100 percent of
      untreated soil passed through 60-mesh screens.
PAR  By adding seeds to a dispersion or solution of saponified
      starch-polyacrylonitrile, casting and drying a film from the resulting
      mixture, the seeds are immobilized in a wate-swellable film for use in
      gardening or farming.
PAR  Nutrients such as nitrates, lime, etc. can be added to the water-soluble
      GS-HPAN solution before casting the film, or they can be added as a
      solution to the seed containing water-absorbent film. Seeds thus
      immobilized can be planted in strips, or the film can be broken up and the
      seeds planted in a more conventional manner. Ground or powdered materials
      such as iron can be added to the slurry of seeds and water-soluble GS-HPAN
      before casting the seed-ladened film in order to give the immobilized seed
      sufficient weight to minimize its being washed away. The use of iron in
      the film allows handling by means of magnets.
PAR  The form of the polymer, which will absorb large quantities of
      aqueous-organic fluids where the organic material is the principle
      component, is prepared by first isolating the acid form from the
      saponification reaction mixture as described above and reacting it with a
      suitable organic amine in quantities such that the reaction mixture has a
      pH of from 5 to 11. The resulting thick solutions or dispersions of the
      organic-amine salts of GS-HPAN are then dried to yield insoluble films
      which will absorb organic fluids containing minimal amounts of water.
      Examples of suitable organic amines include primary amines such as
      methyl-, ethyl-, hexyl-, dodecyl-, benzyl-, chlorobenzyl-, and
      ethanolamines; secondary and tertiary analogs of the same; aniline;
      cyclohexylamine and pyridine. Other suitable amines will be known to those
      skilled in the art.
PAR  The following examples are intended only to further illustrate the
      invention which is defined by the claims.
PAR  All percentages mentioned herein are by weight unless otherwise specified.
DETD
PAC  EXAMPLES 1-8
PAC  A. Preparation of GS-PAN
PAR  Stirred slurries consisting of 5 to 10 percent by weight starch in water
      were heated for 30 min. at the designated temperature, Table 1, and cooled
      under a nitrogen atmosphere to 27.degree. C. To each stirred mixture was
      added 0.1 molar ceric ammonium nitrate solution in 1N nitric acid (see
      Table 1). After 10 min., acrylonitrile was added and the mixture stirred
      for 3 hr. at 35.degree. C. The starch-polyacrylonitrile graft copolymer
      was isolated by filtration and dried, Table 1.
PAC  B. Preparation of Water-insoluble Acid Form of GS-HPAN
PAR  The GS-PAN compositions from Examples 1A-8A were slurried in water and
      varying amounts of sodium or potassium hydroxide added, Table 2. The
      mixtures was stirred at 90.degree. C. until the orange-red color, which
      formed on initial heating with alkali, had disappeared. The smooth, light
      yellow dispersions were diluted to 5 percent solids, cooled to room
      temperature, and sulfuric acid added to give a pH of 3.2. The
      water-insoluble acid form, which precipitated on acidification, was
      isolated by centrifugation and washed successively with water, 5:1
      methanol:acetone, and acetone. The product was finally isolated by
      filtration and dried at 25.degree. C., Table 2.
PAC  C. Preparation of Water-insoluble GS-HPAN Absorbent Compositions
PAR  To prepare the absorbent polymer, 5 g. of the water-insoluble acid form of
      GS-HPAN selected from Examples 1B-8B were sifted into 500 ml. of rapidly
      stirred water, and high-speed stirring was continued for 30 sec.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                   Starch                                      

                                         Reaction                              

          Starch           H.sub.2 O,                                          

                               Ce.sup.+.sup.4,                                 

                                   pretreat                                    

                                         time,                                 

                                              Yield,                           

                                                  GS:PAN                       

     Example                                                                   

          variety                                                              

                 GS,g.                                                         

                      AN, g.                                                   

                           ml. mmoles                                          

                                   temp.,.degree.C.                            

                                         hr.  g.  mole ratio                   

     __________________________________________________________________________

     1A   Corn   25.0 15.0 400 1.5 95    3    38.3                             

                                                  1:1.6                        

     2A   Corn   37.4 40.0 600 1.9 55    3    60.0                             

                                                  1:2.4                        

     3A   Corn   27.0 31.8 480 1.5 88    17   57.0                             

                                                  1:3.3                        

     4A   Waxy sorghum                                                         

                 27.0 31.8 480 1.5 88    17   57.0                             

                                                  1:3.3                        

     5A   Wheat  42.4 6l.6 400 1.5 85    3    71.0                             

                                                  1:3.5                        

     6A   Waxy corn                                                            

                 42.0 61.5 400 1.5 90    3    87.0                             

                                                  1:3.8                        

     7A   Wheat  28.8 75.5 400 1.4 85    3    90.0                             

                                                  1:5.7                        

     8A   Corn   25.5 75.0 400 1.5 95    3    97.0                             

                                                  1:8.6                        

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

                                                GS-HPAN                        

                                                water-insol.,                  

     GS-PAN ( from Part A)                      acid form                      

     Amount,   Conc. in H.sub.2 O,                                             

                            Alkali:PAN                                         

                                   Reaction     Yield,                         

     Example                                                                   

          g.   wt. %    Alkali                                                 

                            molar ratio                                        

                                   Temp.,.degree.C.                            

                                          time, hr.                            

                                                g.  % N                        

     __________________________________________________________________________

     1B   15   6.12     NaOH                                                   

                            1.3:1  92     3.0   --  --                         

     2B   60   3.0      NaOH                                                   

                            1.3:1  90     3.0   --  --                         

     3B   50   6.25     NaOH                                                   

                            1.3:1  95     3.0   37  4.2                        

     4B   50   6.25     NaOH                                                   

                            1.3:1  95     1.5   41  4.3                        

     5B   32   3.2      KOH 2.7:1  100    1.5   --  5.5                        

     6B   33   4.4      KOH  1:1   100    2.5   32  --                         

     7B   10   4.0      KOH 7.2:1  80     2.0   --  6.5                        

     8B   12   4.6      NaOH                                                   

                            1.3:1  92     3.0   --  --                         

     __________________________________________________________________________

PAR  The pH of the dispersion was adjusted to 6-9 by addition of 1N potassium,
      sodium, or ammonium hydroxide. Some of the resulting viscous solutions
      were then spread on trays and dried at 25.degree.-35.degree. C. to yield a
      continuous film of absorbent polymer; others, after tray drying, were
      coarsely ground to a flake-like material. Still other solutions of the
      water-soluble GS-HPAN compositions were drum dried using a drum
      temperature of about 132.degree. C. This product was also coarsely ground.
PAR  To rapidly evaluate water absorbency of the dry, particulate products, 0.25
      g. of the now water-insoluble GS-HPAN absorbent polymer was sifted into
      500 ml. of distilled water and allowed to soak for 30 min. The mixture,
      containing swollen polymer and excess water, was then poured onto a
      40-mesh sieve held in a funnel leading to a graduated cylinder. The
      unabsorbed water was collected and measured, and the grams of fluid
      absorbed per gram of dry polymer were calculated.
PAR  A similar procedure was followed to determine the absorption of an
      electrolyte solution simulating urine (simulated urine: 97.09 percent
      distilled water, 1.94 percent urea, 0.80 percent NaCl, 0.11 percent
      MgSO.sub.4.sup.. 7H.sub.2 O, 0.06 percent CaCl.sub.2). One gram of
      absorber is soaked for 30 min. in 100 ml. of simulated urine, poured
      through a 60-mesh sieve, and the excess urine collected and measured.
PAR  The procedure used with 0.9 percent sodium chloride solution was identical
      to that used with synthetic urine.
PAR  See Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

                      Absorbency of insol. GS-HPAN                             

                Method of                                                      

                      Water,                                                   

                           Synthetic urine,                                    

                                    0.9% NaCl solu-                            

     Example                                                                   

           Alkali.sup.1                                                        

                drying                                                         

                      g./g..sup.2                                              

                           g./g..sup.2                                         

                                    tion, g./g..sup.2                          

     __________________________________________________________________________

     1C    NaOH tray  320  34       --                                         

     2C    NaOH tray  160  30       --                                         

     2C    NaOH drum  189  34       --                                         

     3C-1  KOH  drum  896  --        60                                        

     3C-2  KOH  tray  648  54       --                                         

     3C-3  NH.sub.4 OH                                                         

                tray  725  53       --                                         

     3C-4  NaOH tray  711  61       --                                         

     4C    KOH  drum  1000 60       --                                         

     5C    KOH  tray  1150 --       115                                        

     7C    KOH  tray  1040 --       140                                        

     8C    NaOH tray  973  74       --                                         

     Cellulose                                                                 

           (control)                                                           

                --    --    43      34       --                                

     __________________________________________________________________________

      .sup.1 Alkali used to adjust pH of GS-HPAN.                              

      .sup.2 g./g.= grams of absorbed substance per gram absorbent composition.

PAC  EXAMPLE 9
PAR  Absorbents for aqueous-organic fluids are prepared by reacting saponified
      starch-polyacrylonitrile in the acid form with an organic amine.
PAR  Ten grams of the acid form of GS-HPAN of Example 3B were sifted into 1
      liter of water, and 4 ml. of triethylamine were added to the stirred
      mixture. The resulting thick dispersion was spread onto a tray and allowed
      to dry at 25.degree.-35.degree. C. The resulting continuous film was then
      coarsely ground and tested for absorbency as described in Examples 1-8.
      One gram of this polymer absorbed 48 g. of simulated urine, 80 g. of 80:20
      (by volume) ethanol:water, and 87 g. of 40:40:20 (by volume)
      acetone:methanol:water.
PAC  EXAMPLE 10
PAR  A stirred slurry of 135 g. of wheat starch in 2400 ml. of water was heated
      for 30 min. at 85.degree.-90.degree. C. and then cooled under a nitrogen
      atmosphere to 25.degree. C. To the stirred mixture were added 75 g. of 0.1
      molar ceric ammonium nitrate solution in 1N nitric acid. After 10 min.,
      159 g. of flash-distilled acrylonitrile were added and the mixture stirred
      for 3 hr. at 35.degree. C.
PAR  The mixture was diluted with water, sodium hydroxide was added in varied
      amounts, and the mixture was heated to temperatures of
      95.degree.-150.degree. C., Table 4. An autoclave was used for temperatures
      over 100.degree. C. The resulting water-soluble GS-HPAN compositions were
      shown by infrared analysis to be substantially the same as the composition
      prepared in accordance with Examples 1-8.
TBL                Table 4                                                     

     ______________________________________                                    

     Conc. of               Reaction Reaction                                  

     GS-PAN in  NaOH:PAN    temp.,   time,                                     

     water , %  mole ratio  .degree.C.                                         

                                     hr.                                       

     ______________________________________                                    

     4.7         0.85:1     95       3.0                                       

     2.4         0.85:1     95       3.0                                       

     2.4        0.6:1       95       3.0                                       

     2.4        0.4:1       95       3.0                                       

     2.4        0.4:1       125      3.0                                       

     4.7        0.2:1       150      1.5                                       

     6.0        0.4:1       150      --                                        

     4.7        0.1:1       150      --                                        

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  A particularly convenient method of obtaining the absorbent polymer in
      particulate form is to loosely pack a column with the acid form of GS-HPAN
      and then pass gaseous ammonia up through the column for 15 min. Infrared
      analysis shows conversion from the carboxyl to the cargoxylate form. See
      Table 5.
PAC  EXAMPLE 12
PAR  The wide pH range which may be used to prepare the absorbent polymer is
      shown in Table 6. The water-insoluble acidic polymer of Example 3B was
      neutralized with potassium hydroxide to the pH's given in the table and
      the dispersions then dried and ground as in Example 1C.
PAC  EXAMPLE 13
PAR  The following procedure illustrates prior isolation of the
      starch-polyacrylonitrile graft copolymer is unnecessary.
TBL                Table 5                                                     

     ______________________________________                                    

            Absorbency                                                         

     Acid form                                                                 

              Water per Synthetic urine                                        

                                    0.9% NaCl solution                         

     of GS-HPAN                                                                

              polymer,  per polymer,                                           

                                    per polymer,                               

     (Example)                                                                 

              g./g.     g./g.       g./g.                                      

     ______________________________________                                    

     3B       1300      80          --                                         

     4B        960      52          50                                         

     ______________________________________                                    

     Table 6                                                                   

     ______________________________________                                    

                Absorbency                                                     

                  Water per 0.9% NaCl solution                                 

     pH Before    polymer,  per polymer,                                       

     drying       g./g.     g./g.                                              

     ______________________________________                                    

     4.0          450       --                                                 

     4.8          820       60                                                 

     6.45         960       80                                                 

     7.85         920       100                                                

     11.3         580       80                                                 

     12.0         340       60                                                 

     ______________________________________                                    

PAR  A slurry of 33.2 g. of waxy corn starch in 600 ml. of distilled water was
      stirred and heated at 90.degree. C. for 30 min. and then cooled to
      25.degree. C. under nitrogen. To the stirred mixture were added 18.7 g. of
      0.1 molar ceric ammonium nitrate in 1N nitric acid. After the mixture was
      stirred for 10 min., 40 g. of acrylonitrile were added. The reaction
      mixture was stirred for 3 hr. at 35.degree. C. and then heated to
      90.degree. C. A solution of 25 g. of sodium hydroxide in 600 ml. of water
      was added, and stirring at 90.degree. C. was continued for 3 hr. The
      thick, clear dispersion was diluted to 5 percent solids and cooled to room
      temperature. The pH was adjusted to 3.2 by addition of 28 g. of sulfuric
      acid. The acid form of GS-HPAN was separated by centrifugation, washed
      with 1 liter of water, and finally dewatered with 5:1 methanol:acetone and
      dried. The yield was 64 g.
PAR  The absorbent form of the copolymer (i.e., water-insoluble GS-HPAN) was
      prepared by neutralizing with potassium hydroxide, tray drying, and coarse
      grinding as in Examples 1-8. This composition absorbed 795 times its
      weight of water at 25.degree. C. and 59 times its weight of synthetic
      urine.
PAR  The procedure was repeated with the exception that 37.4 g. of waxy corn
      starch, 80 g. of acrylonitrile, and 44 g. of NaOH (i.e., 0.75 mole NaOH
      per mole PAN) were used. The absorbent form, prepared as above, absorbed
      1480 times its weight of water and 87 times its weight of synthetic urine.
PAC  EXAMPLE 14
PAR  The following procedure illustrates the preparation of water-insoluble
      GS-HPAN with no intermediate isolation steps.
PAR  Preparation of the starch-polyacrylonitrile graft copolymer and its
      reaction with sodium hydroxide were carried out as in Example 13 with 37.4
      g. waxy corn starch, 40 g. acrylonitrile, and 25 g. NaOH. The thick, clear
      dispersion was diluted to 5 percent solids and drum dried directly without
      acidification using a drum temperature of 132.degree. C. The yield was 96
      g. The dry product was crushed and passed through a coarse screen. This
      polymer absorbed 280 times its weight of water at 25.degree. C. and 56
      times its weight of synthetic urine.
PAR  The above procedure was repeated except that the thick, clear dispersion
      was drum dried at 13 percent solids and gave a comparable product.
PAR  The above procedure was again repeated with the exception that 37.4 g. waxy
      corn starch, 80 g. acrylonitrile, and 36 g. NaOH (i.e., 0.6 mole NaOH per
      mole PAN) were used. The absorbent form, prepared as above, absorbed 425
      times its own weight of water and 50 times its weight synthetic urine.
PAC  EXAMPLE 15
PAR  The rapidity with which these polymer will absorb aqueous fluids is shown
      in Table 7 for the absorbent composition of Example 3C-2 which was tray
      dried.
PAC  EXAMPLE 16
PAR  As an estimate of the absorbency of these polymers under pressure, the
      compositions of Example 15 containing 648 g./g. water and 54 g./g. urine
      were centrifuged at 45 and 180 X gravity. It is apparent from Table 8 that
      this polymer loses only a small percentage of its absorbed fluid under
      pressure, as compared with cellulose.
PAC  EXAMPLE 17
PAR  The useful absorptive properties of these polymers are not confined only to
      synthetic electrolyte solutions or to water.
PAR  The composition of Example 3C-2 absorbed 40 times its weight or pork liver
      blood, 100 times its weight of human urine, more than 300 times its weight
      of water at 75.degree. C., and more than 300 times its weight of water at
      0.degree. C.
PAC  EXAMPLE 18
PAR  A 2-cm. square of absorbent polymer film, prepared from the tray-dried
      product of Example 3C-2 weighed 0.03 g. and had a thickness of 0.009 cm.
      When placed in a tray of distilled water, the film imbibed water
      immediately, and after 10 min. had swelled to an 11.5-cm. square weighing
      9.2 g., which is an absorbence of 300 g./g. When the pH was adjusted to
      2.3 with hydrochloric acid, the film shrank back to a 2-cm. square and
      showed rubberlike elasticity. When the surrounding liquid was replaced
      first with potassium hydroxide solution (pH 11), then with distilled
      water, and finally with hydrochloric acid solution (pH 2.3), the
      respective dimensions of the squares were 7.5, 12, and 2 cm. This cycling
      of expansion and shrinkage with pH adjustment was repeated three times.
      Each time the dimensional changes were the same, and apparently the film
      will undergo extensions and contractions repeatedly.
TBL                Table 7                                                     

     ______________________________________                                    

               Absorbency                                                      

                 Water per Synthetic urine                                     

     Time,       polymer,  per polymer,                                        

     sec.        g./g.     g./g.                                               

     ______________________________________                                    

      30         365       --                                                  

      60         410       39                                                  

     180         538       --                                                  

     300         570       46                                                  

     600         616       49                                                  

     1800        648       54                                                  

     3600        --        54                                                  

     ______________________________________                                    

TBL                Table 8                                                     

     ______________________________________                                    

                  Fluid per polymer, g./g.                                     

                  No pressure                                                  

                           45 X g.   180 X g.                                  

     ______________________________________                                    

     Cellulose fibers                                                          

      Water         40         2.1       1.05                                  

      Synthetic urine                                                          

                    32         1.8       1.0                                   

     Polymer of Example 15                                                     

      Water         648        409       --                                    

      Synthetic urine                                                          

                    54         40        37                                    

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  Another useful form of the absorbent copolymer is the sponge-like mat which
      is obtained when the viscous mixture of Example 4B, after addition of
      alkali to pH 6-9, is freeze dried. Such a freeze-dried product absorbed
      more than 400 times its weight in water.
PAC  EXAMPLE 20
PAR  The following examples show that efficient absorbents for aqueous fluids
      may be prepared by mixing water-soluble GS-HPAN with inexpensive extenders
      and drying the resulting mixtures.
PAR  Five-gram samples of the water-insoluble acid form of GS-HPAN of Example 3B
      were sifted into 500 ml. of water and the pH adjusted to 7-9 with
      potassium hydroxide solution. Dispersions of 5 g. of the extenders in 500
      ml. of water were prepared separately. Heat was applied to the extender
      dispersions when necessary to obtain a smooth dispersion. The two
      dispersions were mixed and the final dispersion either spread onto a tray
      and allowed to dry at 25.degree.-35.degree. C. in a forced air oven, or
      drum dried at about 130.degree.. The resulting continuous film was
      coarsely ground, Table 9.
PAC  EXAMPLE 21
PAR  A thinned dispersion is obtained by subjecting dispersions of water-soluble
      GS-HPAN to high shear conditions, such as sonification, colloid milling,
      or Waring blending. Excessive shearing will drastically reduce the
      viscosity of an aqueous dispersion.
TBL                                    Table 9                                 

     __________________________________________________________________________

                                Absorbency                                     

                                Water per                                      

                                      Synthetic urine                          

                Ratio of GS-HPAN                                               

                          Method of                                            

                                absorbent,                                     

                                      per absorbent,                           

     Extender   to extender                                                    

                          drying                                               

                                g./g. g./g.                                    

     __________________________________________________________________________

     Flour      50:50     drum  334   32                                       

     Guar       50:50     drum  373   38                                       

     Acid-modified flour                                                       

                33:67     drum  370   22                                       

     Acid-modified flour                                                       

                50:50     drum  386   28                                       

     Guar       50:50     tray  448   53                                       

     Gelatin    42:58     tray  458   34                                       

     Hydroxyethyl flour                                                        

                50:50     tray  444   40                                       

     Control    100:0     tray  648   54                                       

     Control    100:0     drum  896   60                                       

     __________________________________________________________________________

PAR  A 1-liter 1 percent dispersion of water-soluble GS-HPAN from Example 3C-2
      was sonified at 20 kHz for about 1 hr. which reduced the viscosity of the
      dispersion from 30,000 cp. to 30 cp. Films prepared by drying the 30-cp.
      solution at room temperature are soluble and will dissolve in water giving
      a viscosity near 30 cp.
PAR  The soluble films were irradiated with gamma rays from a Cobalt 60 source
      for a period of time sufficient to obtain total radiation dosages of from
      0 to 4 megarads, which resulted in products which were water insoluble and
      highly absorbent, Table 10.
TBL                Table 10                                                    

     ______________________________________                                    

                     Absorbency of ground film,                                

     Radiation dose, water per polymer,                                        

     megarad         g./g.                                                     

     ______________________________________                                    

     0               none (polymer is sol.)                                    

     1               570                                                       

     2               245                                                       

     3               165                                                       

     4               125                                                       

     ______________________________________                                    

PAR  Saponified starch-polyacrylonitrile can thus be applied to a substrate in
      the form of a nonviscous aqueous solution and then converted to the
      absorber form after drying.
PAC  EXAMPLE 22
PAR  Soluble films were prepared in the manner described in Example 21 and
      converted to the insoluble, highly absorbent form by heating in a vacuum
      oven at 160.degree. C. for from 0 to 150 min., Table 11.
TBL                Table 11                                                    

     ______________________________________                                    

                     Absorbency of ground film,                                

     Time at 160.degree.C.,                                                    

                     water per polymer,                                        

     min.            g./g.                                                     

     ______________________________________                                    

      0              none (polymer is sol.)                                    

     30              2000                                                      

     60              1200                                                      

     90               700                                                      

     120              400                                                      

     150              240                                                      

     ______________________________________                                    

PAC  EXAMPLE 23
PAR  Soluble films were prepared in the manner described in Example 21 and
      converted to the insoluble, highly absorbent form by merely standing at
      normal room temperature (25.degree. C.) at a range of relative humidities.
      After 105 days at room temperature and 43 percent relative humidity, 90
      percent of the film was still soluble while 10 percent was converted to an
      insoluble gel. After 7 days at room temperature and 93 percent relative
      humidity, over 70 percent of the film was an insoluble gel which absorbed
      600 g. water per gram of polymer. After 100 days at room temperature and
      93 percent relative humidity, over 90 percent of the film was an insoluble
      gel which absorbed 400 g. water per gram of polymer.
PAC  EXAMPLE 24
PAR  If the insoluble, highly absorbent form of GS-HPAN is allowed to swell in
      water and the swollen polymer subjected to mechanical shear, smooth
      dispersions are obtained which, on further shearing, are converted to low
      viscosity solutions.
PAR  One part, by weight, of polymer film, prepared from the product of Example
      3C-4, was swollen in 99 parts of water and then a 10-ml. sample was
      subjected to sonification at 20 kHz for 5 min. until a clear solution was
      obtained with a viscosity of 30 cp. On drying at room temperature, a film
      was obtained which behaved the same as that of Example 21. This film was
      converted to the insoluble, highly absorbent form by the methods described
      in Example 21, 22, or 23.
PAC  EXAMPLE 25
PAR  Various substrates were slurried in 1 percent by weight dispersions of
      water-soluble GS-HPAN prepared as described in Example 3C-4 prior to
      drying.
PAR  The mixtures were dried at 25.degree. to 75.degree. C. in a forced air oven
      and slurried in 2.5 g. of water per gram of absorbent-coated substrate.
      The volume of supernatant was measured after the mixture had settled and
      was subtracted from the original volume to give the volume of water
      absorbed, Table 12.
PAC  EXAMPLE 26
PAR  A thin film of GS-HPAN may be dried down onto cellulose or paper to greatly
      increase its water-holding capacity.
PAR  A 1 percent GS-HPAN dispersion was prepared as described in Example 25.
      This dispersion (Brookfield viscosity: 2980 c.p.s.) was treated for a
      total of 12 min. in a Branson Sonifier set at maximum output of
      ultrasound. This treatment reduced the Brookfield viscosity to 80 c.p.s.
      and thus gave a dispersion which more rapidly penetrated the substrate.
      Circles of Whatman No. 1 filter paper were soaked for 30 sec. in the
      dispersion, the excess dispersion was removed by passing through rolls,
      and the filter papers were dried at 25.degree. C. in a forced air oven.
      Water-insoluble (GS-HPAN) content of the dried papers was 1.66 percent.
      Papers containing water-insoluble GS-HPAN absorbed 3.27 times their weight
      of deionized water, as compared with 2.55 for untreated papers.
TBL                                    Table 12                                

     __________________________________________________________________________

            % Water-soluble                                                    

                      Drying                                                   

                          Absorption, ml. water/g. substrate                   

            GS-HPAN on                                                         

                      temp.,                                                   

                          Substrate with                                       

                                  Substrate with                               

     Substrate                                                                 

            substrate, by wt.                                                  

                      .degree.C.                                               

                          absorbent                                            

                                  no absorbent                                 

     __________________________________________________________________________

     Celite 3.0       25  2.5      1.1.sup.1                                   

     Cat litter                                                                

            1.0       75  2.0     --                                           

            2.0       75  2.5     1.2                                          

     Wheat starch                                                              

            0.5       25  1.8     1.1                                          

            1.0       25  2.1     1.1                                          

     .XI.   2.0       25  2.5     1.1                                          

     __________________________________________________________________________

      .sup.1 Approximate value due to incomplete settling.                     

PAC  EXAMPLE 27
PAR  Finely divided inorganic substrates coated with a thin film of GS-HPAN are
      not only good absorbents for animal wastes but also help reduce the
      accompanying objectionable odors.
PAR  A portion of cattle feedlot waste, obtained from a soluble fraction by
      freeze drying, was dissolved in water to give a 1 percent solution.
      Twenty-five milliliters of the resulting waste solution were absorbed into
      10 g. of the GS-HPAN treated celite of Example 25. After the mixture had
      stood in a stoppered bottle for several days, microorganism growth was
      observed, and the highly objectionable odor was no longer evident. Only a
      mild, musty odor of mold remained.
PAC  EXAMPLE 28
PAR  When the water-insoluble GS-HPAN coated starches prepared in Example 25 are
      heated in water, they show a viscosity rise at a lower temperature than
      untreated starch. Also, final viscosities after heating at 90.degree. C.
      are higher than those shown by untreated starch.
PAR  These properties are shown by heating 8 percent by weight water dispersions
      in a Brabender Amylograph at 75 r.p.m. using a 350-g. cartridge and a
      heating rate of 1.5.degree. C. per minute. Mixtures were heated from
      25.degree. to 90.degree. C. over a 43-min. period, held at 90.degree. C.
      for 17 min., and then cooled back to 25.degree. over a 43-min. period.
      Results are shown in Table 13.
PAC  EXAMPLE 29
PAR  The absorbent polymer films act as metal ion-exchangers.
TBL                                    Table 13                                

     __________________________________________________________________________

              Mixture shows                                                    

              measurable        Viscosity at                                   

              viscosity                                                        

                       Viscosity at                                            

                                end of run,                                    

     % H-SPAN      Temp.,                                                      

                       90.degree.C.,                                           

                                25.degree.C.,                                  

     on starch                                                                 

              Minutes                                                          

                   .degree.C.                                                  

                       Brabender units                                         

                                Brabender units                                

     __________________________________________________________________________

     0.0 (control)                                                             

              36   79   550     2280                                           

     0.5      25   62   950     2930                                           

     1.0      22   58  1600     2980                                           

     2.0      20   55  2480     3930                                           

     __________________________________________________________________________

PAR  A 20.5-mg. sample of dry film prepared as described in Example 3C-2 was
      placed into 100 ml. of tap water for 10 min., after which the unabsorbed
      water was removed and reserved.
PAR  The water-soaked film was then placed in a second 100 ml. volume of tap
      water for 1 hr., after which the water was again removed and reserved.
      This procedure was repeated once more leaving the film to soak for 3 hr.
      The reserved water and the film were analyzed for K.sup.+ and MG.sup.+ by
      atomic absorption. The water lost 0.068 mmoles of Mg.sup..sup.+2 and
      gained 0.066 mmoles of K.sup.+.
PAC  EXAMPLE 30
PAR  This example shows the utility of absorbent polymers prepared in accordance
      with the invention for concentrating or dewatering aqueous emulsions or
      dispersions.
PAR  Portions of the dried absorbent product of Example 3C-2 were added as
      ground flakes or as film to various emulsions which were then stirred and
      allowed to stand at 25.degree. C. The mixtures were then poured through a
      40-mesh sieve, the filtrate collected, and the percent solids determined,
      Table 14.
PAC  EXAMPLE 31
PAR  Films of GS-HPAN serve as insoluble supports for enzymes, and enzymes are
      readily covalently bonded to the support.
PAR  A 0.25-g. sample of tray-dried film prepared as described in Example 3C-2
      was added to 10 ml. of a 5 percent solution of
      1-ethyl-3-(3-dimethylaminopropyl) carbodiimide and 5 ml. of stock H.T-1000
      .alpha.-amylase solution, prepared by making a 10 percent solution and
      then filtering. The film was allowed to swell for 30 min. and 10 ml.
TBL                                    Table 14                                

     __________________________________________________________________________

     Emulsion or dispersion                                                    

                           GS-HPAN  Standing                                   

                                          % Solids in                          

     Description                                                               

                % Solids                                                       

                     Amount                                                    

                           Wt., g.                                             

                                Form                                           

                                    time, min.                                 

                                          filtrate                             

     __________________________________________________________________________

     Milk, 2% butterfat                                                        

                27.4 100 ml.                                                   

                           1.0  flakes                                         

                                    60    39.4                                 

     Sewage sludge                                                             

                3.9   50 ml.                                                   

                           1.0  flakes                                         

                                    --    --.sup.1                             

     Sewage sludge                                                             

                3.9  100 ml.                                                   

                           1.0  flakes                                         

                                    40    --.sup.2                             

     Sewage sludge                                                             

                3.9  100 ml.                                                   

                           0.5  film                                           

                                    45    4.8                                  

     Oil in water                                                              

                52.3.sup.3                                                     

                     100 g.                                                    

                           0.5  film                                           

                                    30    57.9.sup.3                           

     Oil in water                                                              

                9.5.sup.3                                                      

                     100 g.                                                    

                           0.1  film                                           

                                    30    12.3.sup.3                           

     __________________________________________________________________________

      .sup.1 Became a crumbly solid on addition of GS-HPAN.                    

      .sup.2 Was too thick to filter.                                          

      .sup.3 Content of linseed oil.                                           

PAL  of 1 percent calcium chloride solution were added. The film, which shrank
      considerably, was transferred to fresh calcium chloride solution and
      finally to distilled water. Gradual swelling of the film was observed on
      standing in water for 1 wk. Water was finally decanted off, and the film
      reshrunk with 1 percent calcium chloride.
PAR  Enzyme activity was tested by reacting the film, containing the bound
      enzyme, with a 1 percent starch solution in 1 percent calcium chloride.
      The film was placed in a Petri dish and 10 ml. of the starch solution
      added. Incubation was for 1 hr. at 40.degree. C., and iodine solution was
      used to test for unreacted starch. The solution was then tested for
      reducing sugar by the ferricyanide procedure.
PAR  The film was then washed with 1 percent calcium chloride solution, and the
      procedure was repeated with a fresh starch solution. The procedure was
      performed a total of three times, and the results are shown in Table 15.
TBL                Table 15                                                    

     ______________________________________                                    

                             Reducing sugar,                                   

                 Starch-iodine                                                 

                             (as glucose),                                     

     Trial       color       mg. per 100 ml.                                   

     ______________________________________                                    

     1           colorless   114                                               

     2           colorless   121                                               

     3           slight blue  78                                               

     ______________________________________                                    

PAC  EXAMPLE 32
PAR  Enzymes may be rendered insoluble by entrapment in swollen water-insoluble
      films of GS-HPAN. A 0.25-g. sample of tray-dried film, prepared as
      described in Example 3C-2, was swollen in 10 ml. of water containing
      glucoamylase enzyme having approximately 160 glucoamylase units. The film
      absorbed all of the solution. A 10-ml. portion of 1 percent calcium
      chloride solution was added to shrink the film, and the resulting film was
      then washed several times to remove untrapped enzyme.
PAR  Activity of the film was tested by placing it in a Petri dish and adding 5
      ml. of a 1 percent starch solution in 1 percent calcium chloride at pH
      6.5. Five different starch solutions were used consecutively, and after
      incubation, solutions were tested for reducing sugar by the ferricyanide
      procedure, Table 16.
TBL                Table 16                                                    

     ______________________________________                                    

                    Reducing sugar,                                            

                    (as glucose),                                              

            Trial   mg. per 100 ml.                                            

     ______________________________________                                    

            1       288                                                        

            2       214                                                        

            4       340                                                        

            5       520                                                        

     ______________________________________                                    

PAC  EXAMPLE 33
PAR  Addition of the absorbent polymer to soil decreases water loss due to
      evaporation.
PAR  Three grams of water-insoluble GS-HPAN, prepared as described in Example
      3C-2, were blended with 300 g. of white sand in a small container (weight:
      17 g.) and five bean seeds were planted. Similar plantings were made in
      sand containing 3.0 g., 1.5 g., 0.75 g., and 0 g. of absorbent polymer.
      Water was added to each container to bring the total weight to 400 g.
      Containers were allowed to stand at room temperature overnight, weighed to
      determine water content, and water was added on the 2nd, 5th, 6th, 7th,
      and 9th days to bring the total weight to 400 g. Percentages of the
      original water remaining after standing are shown in Table 17. A high
      percentage of all the bean seeds germinated.
PAC  EXAMPLE 34
PAR  When dispersions of water-soluble GS-HPAN are added to soil, they act as
      soil conditioners to stabilize small dirt clods against disintegration in
      heavy rains, and thus minimize excessive soil packing and the resulting
      problems of water runoff.
PAR  One hundred grams of Miami silt loam were wetted with a combination of 1
      ml. of 1 percent calcium acetate and 30 ml. of a 3 percent dispersion of
      water-soluble GS-HPAN, prepared as described in Example 25. Using a method
      for evaluating soil conditioners described by R. M. Hedrick [J. Agr. Food
      Chem. 2: 182 (1954)], the wet cake was pressed through a screen with
      4.76-mm. openings,
TBL                Table 17                                                    

     ______________________________________                                    

     Days standing % Original water remaining                                  

     without adding                                                            

                   Grams absorbent polymer per 300 g. sand                     

     Day  water        0        0.75   1.5    3.0                              

     ______________________________________                                    

     1    0            100      100    100    100                              

     2    1            63       68     70     70                               

     5    3            0        11     10     9                                

     6    1            65       67     65     64                               

     7    1            60       65     69     68                               

     8    1            63       66     70     70                               

     9    2            26       46     49     47                               

     12   3            10       29     28     29                               

     ______________________________________                                    

PAL  and the resulting crumbs were dried in a forced air oven at 60.degree. C.
      Forty grams of the dry crumb were placed on a 20-mesh sieve which was then
      agitated gently in water for 30 min. At the end of this time, over 96
      percent of the crumb was retained on the sieve, as compared to 0 percent
      for a control crumb which was prepared in the absence of polymer.
PAR  When the experiment was repeated with 30 ml. of a 0.09 percent dispersion
      of water-soluble GS-HPAN, 20 percent of the crumbs was retained on the
      40-mesh screen. The remainder passed through.
PAC  EXAMPLE 35
PAR  When seeds are slurried in a dispersion of water-soluble GS-HPAN and the
      resulting slurry spread in a tray and allowed to dry, a continuous film of
      insoluble GS-HPAN containing entrapped seeds is obtained. This system is
      ideally suited to hydroponic gardening, since addition of an aqueous
      nutrient solution to the film yields a highly swollen gel containing
      entrapped and completely immobilized seeds.
PAR  A 1 percent saponified starch-polyacrylonitrile dispersion was prepared
      from the product of Example 3B by adding potassium hydroxide to pH 6-9.
      Marigold seeds were added, and the resulting dispersion was spread onto a
      tray and allowed to dry at room temperature. A hydroponic nutrient mixture
      was prepared from the following components: potassium nitrate (16.49
      percent), ammonium sulfate (4.80 percent), potassium sulfate (42.22
      percent), calcium dihydrogen phosphate (14.44 percent), calcium sulfate
      (16.06 percent), magnesium sulfate (5.98 percent). One tablespoon of this
      mixture was dissolved in 1 gal. of water, and the resulting solution was
      added to the film containing the entrapped seeds. Swelling of the film was
      observed, and the seeds germinated.
PAR  This experiment was repeated with petunia seeds, and germination of the
      seeds was again observed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of reducing the water content of emulsions, comprising:
PA1  a. providing an aqueous-fluid absorbing composition comprising
      water-insoluble alkali salts of aqueous alkali saponified
      gelatinized-starch-polyacrylonitrile graft polymers which contain
      gelatinized starch (GS) and saponified polyacrylonitrile (HPAN) in molar
      ratios of from about 1:1.5 to 1:9 GS:HPAN, said water-insoluble alkali
      salts of aqueous alkali saponified gelatinized-starch-polyacrylonitrile
      graft polymers being further characterized as water-insoluble solids
      capable of absorbing in excess of 300 parts of water by weight per part of
      said water-insoluble solids,
PA1  b. mixing an emulsion with the aqueous fluid-absorbing composition, and
PA1  c. separating the resuling water-soaked aqueous-fluid absorbing composition
      from the resulting water-reduced emulsion.
NUM  2.
PAR  2. A method of reducing the water content of emulsions as described in
      claim 1 wherein the emulsion is an oil-in-water emulsion or milk.
NUM  3.
PAR  3. A method of reducing the water content of emulsions as described in
      claim 1 wherein the aqueous fluid-absorbing composition and emulsion are
      present in amounts such that the weight ratio of aqueous fluid-absorbing
      composition to water contained in the emulsion is from 0.1:90 to 1:100.
NUM  4.
PAR  4. A method of reducing the water content of aqueous suspensions or
      dispersions, comprising:
PA1  a. providing an aqueous-fluid absorbing composition comprising
      water-insoluble alkali salts of aqueous alkali saponified
      gelatinized-starch-polyacrylonitrile graft polymers which contain
      gelatinized starch (GS) and saponified polyacrylonitrile (HPAN) in molar
      ratios of from about 1:1.5 to 1:9 GS:HPAN, said water-insoluble alkali
      salts of aqueous alkali saponified gelatinized-starch-polyacrylonitrile
      graft polymers being further characterized as water-insoluble solids
      capable of absorbing in excess of 300 parts of water by weight per part of
      said water-insoluble solids,
PA1  b. mixing an aqueous suspension or dispersion with the aqueous-fluid
      absorbing composition, and
PA1  c. separating the resulting water-soaked aqueous fluid-absorbing
      composition from the resulting water-reduced suspension or dispersion.
NUM  5.
PAR  5. A method of reducing the water content of aqueous suspensions or
      dispersions as described in claim 4 wherein the aqueous suspension or
      dispersion is sewage sludge.
NUM  6.
PAR  6. A method of reducing the water content of aqueous suspensions or
      dispersions as described in claim 4 wherein the aqueous fluid-absorbing
      composition and suspension or dispersion are present in amounts such that
      the weight ratio of aqueous fluid-absorbing composition to water contained
      in the suspension or dispersion is from 0.1:100 to 0.5:100.
NUM  7.
PAR  7. A method of changing the consistency of aqueous suspensions or
      dispersions from a fluid to a sufficiently solid mass to be handled by
      ordinary mechanical means, comprising:
PA1  a. providing an aqueous-fluid absorbing composition comprising
      water-insoluble alkali salts of aqueous alkali saponified
      gelatinized-starch-polyacrylonitrile graft polymers which contain
      gelatinized starch (GS) and saponified polyacrylonitrile (HPAN) in molar
      ratios of from about 1:1.5 to 1:9 GS:HPAN, said water-insoluble alkali
      salts of aqueous alkali saponified gelatinized-starch-polyacrylonitrile
      graft polymers being further characterized as water-insoluble solids
      capable of absorbing in excess of 300 parts of water by weight per part of
      said water-insoluble solids,
PA1  b. mixing an aqueous suspension or dispersion with the aqueous-fluid
      absorbing composition in amounts sufficient to form a crumbly solid.
NUM  8.
PAR  8. A method of changing the consistency of aqueous suspensions or
      dispersions as described in claim 7 wherein the suspension or dispersion
      is sewage sludge.
NUM  9.
PAR  9. A method of changing the consistency of aqueous suspensions or
      dispersions as described in claim 7 wherein the aqueous fluid-absorbing
      composition and aqueous suspension or dispersion are present in amounts
      such that there are at least 2 parts by weight of aqueous fluid-absorbing
      composition to 100 parts by weight water contained in the aqueous
      suspension or dispersion.
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ABST
PAL  Process for treating a waste water containing sulfuric acid and/or ammonium
      sulfate comprising (1) reacting said water with barium sulfide to form
      barium sulfate, (2) reacting the latter with carbon containing inorganic
      impurities, at high temperature, thereby forming barium sulfide, at least
      a major portion of which is recycled to step (1), and a gas which is
      separated, (3) dissolving in water a minor portion of the barium sulfide
      produced in step (2), separating the insoluble impurities therefrom and
      recycling at least one portion of the resulting purified solution to step
      (1).
BSUM
PAR  In the course of numerous chemical operations and various treatments,
      solutions of sulfuric acid are used. The waste waters from said operations
      are polluted by organic and inorganic impurities and by free sulfuric acid
      whose concentrations are variable to a large extent.
PAR  The discharge of these waste waters resulting in a pollution of waters,
      difficult problems have to be solved by the industry in order to comply
      with more and more severe regulations in this field. As a matter of fact,
      this water cannot be sent to the plants usually used for the treatment of
      waste waters, due to the presence of sulfuric acid. The neutralization by
      CaO, as carried out in numerous plants, requires to solve the problem of
      the discharge of the formed CaSO.sub.4. Other waste waters contain
      ammonium sulfate.
PAC  SUMMARY
PAR  The object of this invention is to provide a general method for treating
      such waste waters irrespective of their origin and their concentration.
      This method permits to recover and recycle sulfur. It is particularly
      convenient for treating waste waters of low sulfuric acid content, for
      example from 1 to 40 percent by weight. These waters may also contain
      soluble sulfates, for example ammonium sulfates or various metal sulfates.
PAR  The optimum concentration being from 10 to 30 percent b.w. , when various
      waste waters of different origin are available, it is possible by admixing
      them, to adjust the sulfuric content of the resulting mixture. When the
      total concentration is greater than 30 percent by weight, we can proceed
      to a dilution by recycling a portion of the treated water. However, in a
      particular embodiment, the treated waters contain 20 to 40 percent by
      weight of sulfuric acid or ammonium sulfate.
PAR  The present process makes use of the known reaction of reduction of barium
      sulfate to barium sulfide by means of carbon. It has however be observed
      that this process was difficult to carry out. For example, the insoluble
      impurities accompanying the treated waters or resulting from the reacted
      materials, have the effect of progressively reducing the efficiency of the
      process. Moreover, it has been observed that the gaseous effluents
      obtained at various points of the installation could not be discharged as
      such in the atmosphere, in view of their polluting action.
PAR  The present process provides an economical way of solving these
      difficulties.
PAR  The invention concerns a process for treating a waste water containing
      sulfuric acid and/or ammonium sulfate, comprising the steps of : (1)
      reacting the waste water with barium sulfide, introduced at least partly
      in the solid state, so as to form a suspension of solid barium sulfate in
      waste water, (2) reacting the resulting barium sulfate at high temperature
      with carbon [containing inorganic impurities] so as to form solid barium
      sulfide [containing inorganic impurities] and a gas which is separated,
      (3) recycling to step (1) at least the major portion of the formed solid
      barium sulfide and (4) dissolving in water a minor portion of solid barium
      sulfide from step (2), separating the resulting solution from the
      insoluble impurities contained therein and (5) transferring at least one
      portion of the resulting purified solution to step (1).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated by the accompanying drawings:
PAR  FIG. 1 is a schematic flow diagram illustrating a first embodiment which
      may be used when treating relatively dilute sulfuric acid containing waste
      water;
PAR  FIG. 2 is a modification of the diagram of FIG. 1 concerning the treatment
      of two different streams of sulfuric acid containing waste water.
PAR  FIG. 3 is a modification of the diagram of FIG. 1 concerning the treatment
      of relatively concentrated sulfuric acid containing waste water.
PAR  FIG. 4 is a modification of the diagram of FIG. 3 concerning the treatment
      of ammonium sulfate containing waste water.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  According to a first embodiment, waste water is reacted in a first step
      with barium sulfide (BaS). The latter may be used, for example, as a
      powder or in solution or suspension in water or in a gas. We preferably
      proceed with a slight shortage of barium sulfide with respect to SO.sub.4
      ions so that the pH during the operation and particularly at the outlet of
      the neutralization reactor is maintained between 3 and 7 and, preferably,
      between 4 and 6. The reaction is preferably conducted in a stirred reactor
      in order to completely exhaust the introduced BaS and to maintain in
      suspension the formed barium sulfate BaSO.sub.4. The substantially pure
      hydrogen sulfide (H.sub.2 S) produced by the reaction may be converted in
      a burner to sulfur dioxide (SO.sub.2) which can be used for example for
      manufacturing sulfuric acid. The H.sub.2 S may also be converted to
      sulfur, for example by the Claus process. The precipitation of BaSO.sub.4
      may be conducted under atmospheric pressure or super atmospheric pressure
      and at room temperature or a higher temperature. The residence time is
      usually from 0.1 to 1  hour. A very significant parameter of this reaction
      is the pH at the outlet of the reactor which must be maintained below 7 in
      order to limit as much as possible the amount of soluble Ba, irrespective
      of its form, in the medium and, preferably, to a value lower than 10 ppm
      by weight corresponding to the solubility of BaSO.sub.4 in water.
PAR  In a second step, the resulting barium sulfate suspension in water is
      fractionated, for example filtrated with or without filtration aids or
      dried or centrifuged. The solid precipitate consisting mainly of
      BaSO.sub.4, but also possibly, of other organic and inorganic impurities,
      is advantageously washed with water.
PAR  In a third step, this precipitate is intimately admixed with carbon
      possibly containing inorganic impurities, for example coal or coke or,
      preferably finely crushed petroleum coke. This mixture is treated in an
      oven where BaSO.sub.4 is reduced at high temperature by the carbon to BaS
      according to a well known process. We proceed for example at a temperature
      of from 700.degree. to 1 500.degree.C. During this operation, the organic
      impurities, if any, are incinerated and the inorganic impurities, as well
      as the coal ashes, are removed from the system by purging a portion of the
      produced BaS. At least the major portion (more than 50 percent) of the
      produced BaS is recycled to the neutralization reactor. The purged BaS
      fraction is defined by the amount of inorganic impurities, particularly
      ashes, to be removed from the system and by the stationary concentration
      compatible with a good operation of the oven. This fraction is, for
      example from 5 to 30 percent by weight. In a fourth step the purged BaS is
      treated with water, preferably at a temperature of 70.degree.
      -80.degree.C, in order to dissolve substantially all the BaS. The
      inorganic impurities insoluble in water, such as the gangue of BaSO.sub.4
      ore and the coal ashes and a few insoluble Ba compounds such as BaCO.sub.3
      and BaCO.sub.4, are removed, for example by filtration or centrifugation.
      The resulting filtrate, containing BaS is, at least partly, recycled to
      the neutralization reactor. The residue may be discharged. However, in
      some cases, it may be interesting to react the same with a solution of HCl
      before its discharge in order to recover Ba in the form of BaCl.sub.2
      which can be subsequently treated by H.sub.2 SO.sub.4 to form BaSO.sub.4,
      which is recycled to the oven, and to regenerate HCl, which is recycled.
PAR  In a preferred additional stage, the fumes evolving from the oven, are
      subjected to dust-removal in dry conditions by means of cyclones or other
      devices commonly used for dry-dust removal and/or washed with a portion of
      the purified water. The so-washed fumes contain H.sub.2 S, SO.sub.2,
      CO.sub.2,etc... and may be advantageously oxidized for converting H.sub.2
      S to SO.sub.2 ; they can be subjected to a final purification before being
      discharged. This purification may be advantageously carried out according
      to the process described in the French patents : No. E.N. 72 34076, No.
      E.N. 72 32342. For this purpose, the SO.sub.2 contained in the gaseous
      effluent from the incinerator is washed out by means of an aqueous
      solution of ammonium sulfite and/or ammonia. The effluent gas usually
      contains less than 300 ppm of SO.sub.2. The liquid effluent from the
      collector is treated by means of a BaS solution. The precipitated Ba salts
      (mainly Ba sulfite and sulfate), after filtration, are fed to the oven for
      reduction of the sulfates. The filtrate is introduced into a distillation
      or stripping tower in order to obtain a top fraction consisting of a
      mixture of steam, NH.sub.3 and H.sub.2 S and a bottom fraction consisting
      of water having a reduced (NH.sub.4).sub.2 S content and which can be
      directly discharged. H.sub.2 S after oxidation to SO.sub.2, is fed to
      reactor 41 through line 25 of FIG. 1. The amount of H.sub.2 S contained in
      line 25 corresponds to one half by moles of that contained in line 33.
      Sulfur is produced at the bottom of the reactor (line 32). The ammonia
      solution condensed at the top of the reactor is recycled through line 31
      to the gas washer 40. The purified water line 15 discharged from filter 7
      contains 2 000 to 3 000 ppm of dissolved H.sub.2 S which must be removed
      before rejecting the water. This removal can be achieved in a tower by
      stripping with air, according to a preferred embodiment of this invention.
      The air outflow from the tower, containing more than 98 percent of the
      H.sub.2 S of the water, is conveyed through line 44 to the incinerator 28.
PAC  EXAMPLE 1 (FIG. 1)
PAR  The feed through line 1 consists of 32.7 T/h of waste waters containing 30
      percent by weight of H.sub.2 SO.sub.4 and suspended solids, i.e. 9.8 T/h
      of H.sub.2 SO.sub.4 (100 kmoles). This waste water is so diluted as to
      contain 15 percent by weight of H.sub.2 SO.sub.4, by recycling 32.6 T/h of
      filtrate through line 3. The so-diluted waste water is introduced into the
      neutralization reactor 5 through line 2. The same reactor is also fed
      through line 12 with a suspension of BaS in water having a BaS content of
      about 16.9 T/h. The neutralization of H.sub.2 SO.sub.4 by BaS is conducted
      under controlled pH, the latter being maintained at a value of at most 6.
      The average residence time in the reactor is 0.25 h. In these conditions,
      the BaS attack is substantially complete. Through line 21, 3.2 T/h of
      H.sub.2 S evolve which are subsequently converted to SO.sub.2 in the
      burner 22. The formed SO.sub.2 is fed through line 23 to the sulfuric acid
      manufacturing unit. The suspension formed in reactor 5 contains 23.3 tons
      of BaSO.sub.4 and, in addition, impurities which are insoluble in water in
      substantially neutral medium and which are found, on the one hand, in the
      treated water and, on the other hand, in the barium sulfate discharged
      from the oven in which is carried out the BaSO.sub.4 reduction.
PAR  This suspension is conveyed through line 4 to the liquid-solid separator 7
      consisting, for example, of a filter. The filtration is facilitated by the
      use of incinerable filtration aids, for example having a cellulose or a
      porous coal base. The resulting filtrate (line 15) is very slightly acid
      and contains less than 10 ppm of soluble Ba in the form of BaSO.sub.4.
PAR  This filtrate contains from 2 000 to 3 000 ppm of dissolved H.sub.2 S which
      can be removed by stripping with air introduced into tower 43 through line
      47. The air effluent (line 44) containing more than 98 percent of the
      H.sub.2 S of the water, is sent to incinerator 28. The water free from the
      major portion of the H.sub.2 S may then, if necessary, be sent through
      line 26 to the water purification station of the plant in order to be
      subjected to a finishing treatment.
PAR  The solid residue obtained on filter 7, after admixture with the necessary
      coal amount and additional BaSO.sub.4 through line 16, is sent through
      line 6 to the reduction oven 18 where BaSO.sub.4 is reduced to BaS at a
      temperature of 1 100.degree.C. At the outlet from the oven 18.8 T/h of BaS
      in the solid form. admixed with solid impurities such as unreacted coal,
      BaCO.sub.3, BaO, gangue due to the coal, etc... are recycled in major
      portion to the reactor 5 through lines (8-9-12). About 2 T/h of BaS (line
      10) are dissolved in a dissolution reactor 19 with 10 T/h of filtrate
      coming from line 14.
PAR  The effluent is conveyed through line 11 to filter 20. After drying and
      washing in the unit 20, the mother liquors are returned to reactor 5
      through line 13 and the residue is discharged through line 24. The gases
      issued from the oven (line 17) are subjected to a dust removal in dry
      conditions followed with a washing with water in a wet washer. The
      so-washed gases contain, in addition to the inert gases N.sub.2 and
      CO.sub.2, about 2 to 3 percent of the total sulfur introduced by H.sub.2
      SO.sub.4, in the form of H.sub.2 S and SO.sub.2. These gases are supplied
      through line 17 to the incinerator 28 and then through line 27 to the
      above-mentioned fume treatment unit. For this purpose, the fumes are
      treated in the gas washer 40 by means of an ammonia solution introduced
      through line 31. The purified fumes, containing less than 300 ppm by
      volume of SO.sub.2, may be rejected to the atmosphere through line 30. The
      solution of ammonium sulfite and sulfate obtained from the bottom of the
      washer (line 29) is treated in a stirred reactor 35 by means of a BaS
      solution coming from line 34. The mixture of BaSO.sub.4 and BaSO.sub.3
      obtained after filtration 36, which amounts to 2.5 T/h, is conveyed
      through line 38 to the oven 18.
PAR  The resulting ammonium sulfide solution (line 37) is distilled in tower 42.
      We obtain, from the bottom of the tower, through line 39, waste water
      which can be rejected and, at the top, from line 33, H.sub.2 S, NH.sub.3
      and water vapor which are transferred to reactor 41 in order to produce
      sulfur (line 32) by reaction with a corresponding amount of SO.sub.2 fed
      through line 45.
PAR  This SO.sub.2 is obtained by combustion in the incinerator 46 of a small
      portion (line 25) of the H.sub.2 S produced in reactor 5. The ammonia
      solution obtained by condensation of the top effluent from reactor 41 is
      recycled through line 34 to collector 40.
PAR  The performance of the process of the invention is sometimes made difficult
      when the waste sulfuric waters contain impurities producing, during the
      reaction with barium sulfide, an evolution of gaseous compounds
      accompanying the main H.sub.2 S gaseous effluent. The further use of the
      H.sub.2 S may be thus jeopardized, depending on the nature of the
      impurities accompanying it. These impurities may be, for example, HCl,
      metal chlorides or hydrocarbyl halides.
PAR  This inconvenience may be avoided in a second mode of operation of this
      invention.
PAR  In this second mode, we proceed to a preliminary selection of waste
      sulfuric waters of different origins and we feed the zone of reaction with
      barium sulfide only with those waste waters which, by reaction with BaS,
      do not produce compounds impeding the subsequent operations.
PAR  The complementary portion of the waste sulfuric waters, which may or not
      contain impeding impurities, is fed to a reactor intermediate between the
      SO.sub.2 absorber and the reactor for converting ammonium sulfite to
      barium sulfite. In this intermediate reactor, sulfuric acid reacts with
      ammonium sulfite with production of SO.sub.2. The SO.sub.2 evolved during
      this reaction is conveyed to the enclosure where is carried out the
      reaction between H.sub.2 S and SO.sub.2, in view of producing elemental
      sulfur.
PAR  According to some preferred operating conditions which will be specified
      later, the SO.sub.2 amount thus fed to this intermediate reactor may
      contribute to reduce or even avoid the independent production of SO.sub.2
      by H.sub.2 S combustion. The respective amounts of the two separate flows
      of waste sulfuric waters may vary within a wide range, the only condition
      being that the total amount of the waste sulfuric waters which may give
      rise to contaminents of H.sub.2 S be included in the feed of the
      intermediate reactor.
PAR  FIG. 2 illustrates the performance of this technique.
PAR  The equipments denoted with references (1) to (47) are the same as in FIG.
      1 and, accordingly, it will not normally be made reference to them.
PAR  The intermediate reactor referenced 48 and placed on line 29, is fed with
      waste sulfuric water containing impeding impurities, through line 49,
      while other less polluted sulfuric waters are treated in reactor 5. This
      reactor is fed with an aqueous solution of ammonium sulfites through line
      29 and, in some cases, with additional ammonia from line 52. The outflow
      from this reactor consists of an aqueous solution containing ammonium
      sulfates and sulfites (duct 29a connected to reactor 35) and of a gaseous
      effluent of high SO.sub.2 content (duct 50). In some operating cases,
      particularly when the production of SO.sub.2 duct 50 is sufficiently high
      with respect to that of H.sub.2 S (line 33) to comply with the
      stoichiometry of the reaction between H.sub.2 S and SO.sub.2 in reactor
      41, it will be needless to incinerate H.sub.2 S in reactor 46. When the
      production of SO.sub.2 is higher than the stoichiometry, it will be not
      only convenient to omit the incineration 46 but also the additional
      H.sub.2 S will be sent to reactor 41 through line 51.
PAR  The different modes of operation of the invention in this particular case,
      will be illustrated by examples 2 to 4. The flow sheet is that of FIG. 2.
PAR  The plant will be operated as in the first mode of operation of the
      invention except that a portion of the waste sulfuric waters will be sent
      to reactor 48.
PAR  In view of making easier the understanding of the specification, the three
      examples relate to the same hourly feeding rate of the absorber 40 with
      100 moles of SO.sub.2, through line 27.
PAR  The ammonia hourly flow rate through line 31 is such that the resulting
      sulfitic liquor contains 50 moles of ammonium hydrogen sulfite and 50
      moles of di-ammonium sulfite.
PAR  The stoichiometrical reaction taking place in the absorber, may be written
      :
EQU  100 SO.sub.2 + 150 NH.sub.3 + 100 H.sub.2 O .fwdarw. 50 NH.sub.4 H SO.sub.3
      + 50 (NH.sub.4).sub.2 SO.sub.3
PAR  This basic case is not to be considered as a preferred embodiment and has
      been given only for illustrative purpose. In particular, any other ratio
      between the sulfite and the hydrogen sulfite can be used as well.
PAC  EXAMPLE 2
PAR  To the sulfitic liquor recovered from the bottom of absorber 40, containing
      50 moles of NH.sub.4 H SO.sub.3 and 50 moles of (NH.sub.4).sub.2 SO.sub.3,
      we add 50 moles of H.sub.2 SO.sub.4 in the form of waste sulfuric waters
      containing impeding impurities, introduced through line 49.
PAR  The reaction taking place in the intermediate reactor (48), gives a mixture
      of ammonium sulfate and ammonium hydrogen sulfite according to the
      stoichiometrical reaction:
EQU  50 NH.sub.4 H SO.sub.3 + 50(NH.sub.4).sub.2 SO.sub.3 + 50 H.sub.2 SO.sub.4
      .fwdarw. 50 SO.sub.2 + 50 (NH.sub.4).sub.2 SO.sub.4 + 50 NH.sub.4 H
      SO.sub.3 + 50 H.sub.2 O
PAR  The resulting aqueous solution is fed to reactor 35 where it is reacted
      with the stoichiometrical amount of BaS according to the reaction :
EQU  50 (NH.sub.4).sub.2 SO.sub.4 + 50 NH.sub.4 H SO.sub.3 + 100 BaS .fwdarw. 50
      Ba SO.sub.4 + 50 Ba SO.sub.3 + 50 (NH.sub.4).sub.2 S + 50 NH.sub.4 HS
PAR  After filtration or centrifugation in separator 36, the resulting liquor is
      subjected to a decomposition in reactor 42, according to the reaction :
EQU  50 (NH.sub.4).sub.2 S + 50 NH.sub.4 HS .fwdarw. 150 NH.sub.3 + 100 H.sub.2
      S
PAR  The so-produced gases are fed to reactor 41 where they react with 50 moles
      of SO.sub.2 coming from reactor 48 through line 50, thereby producing 150
      moles of sulfur recovered from the bottom of reactor 41 and fed to the
      absorber so as to close the ammonia cycle.
PAR  The total equation of these reactions may be written :
EQU  2 SO.sub.2 + H.sub.2 SO.sub.4 + 2 BaS .fwdarw. Ba SO.sub.4 + Ba SO.sub.3 +
      H.sub.2 O + 3 S
PAR  The barium salts are fed to the reduction oven 18 so as to regenerate the
      barium sulfide required for the reaction. As reducer, we use coke
      containing 10 percent b.w. of ash and 2 percent b.w. of surfur.
PAC  EXAMPLE 3
PAR  To the sulfitic liquor of example 2, we add 150 moles of H.sub.2 SO.sub.4
      containing impeding impurities. The following reaction takes place in
      reactor 48 :
EQU  50 NH.sub.4 H SO.sub.3 + 50 (NH.sub.4).sub.2 SO.sub.3 + 150 H.sub.2
      SO.sub.4 .fwdarw. 100 SO.sub.2 + 150 NH.sub.4 H SO.sub.4 + 100 H.sub.2 O
PAR  SO.sub.2 evolves and the obtained solution is treated with BaS :
EQU  150 NH.sub.4 H SO.sub.4 + 150 BaS .fwdarw. 150 Ba SO.sub.4 + 150 NH.sub.4
      HS
PAR  After centrifugation, the solution is heated so as to liberate H.sub.2 S
      and NH.sub.3 :
EQU  150 NH.sub.4 H S .fwdarw. 150 NH.sub.3 + 150 H.sub.2 S
PAR  The amount of produced H.sub.2 S is not sufficient for stoichiometrically
      reacting with SO.sub.2 from line 50. Accordingly 50 moles of additional
      H.sub.2 S are fed through lines 21, 25, 51, 45. 300 moles of sulfur are
      thus produced in reactor 41. The ammonia is fed to absorber 40, thus
      closing its cycle.
PAR  The total equation of these reactions may be written :
EQU  2 SO.sub.2 + 3 H.sub.2 SO.sub.4 + 3 BaS + H.sub.2 S .fwdarw. 3 Ba SO.sub.4
      + 4 H.sub.2 O + 6 S
PAR  The barium sulfate is converted to barium sulfide as indicated in example
      2.
PAC  EXAMPLE 4
PAR  To the sulfitic liquor of example 2, we add 300 moles of H.sub.2 SO.sub.4
      containing impeding impurities. The following incomplete reaction should
      have then to take place :
EQU  50 NH.sub.4 H SO.sub.3 + 50 (NH.sub.4).sub.2 SO.sub.3 + 300 H.sub.2
      SO.sub.4 .fwdarw. 100 SO.sub.2 + 100 H.sub.2 O + 150 H.sub.2 SO.sub.4 +
      150 NH.sub.4 H SO.sub.4
PAR  If fed to reactor 35, this strongly acid liquor is liable to lose H.sub.2 S
      in this reactor. In order to avoid this inconvenience, a portion of the
      recycled ammonia is fed to reactor 48 through line 52. The ammonia amount
      to be added for neutralizing the sulfuric acidity is 150 moles of
      NH.sub.3. The total stoichiometrical reaction in reactor 48 can thus be
      written :
EQU  50 NH.sub.4 H SO.sub.3 + 50 (NH.sub.4) .sub.2 SO.sub.3 + 300 H.sub.2
      SO.sub.4 + 150 NH.sub.3 .fwdarw. 300 NH.sub.4 H S O.sub.4 + 100 SO.sub.2 +
      100 H.sub.2 O
PAR  By reaction with BaS, we obtain :
EQU  300 NH.sub.4 H SO.sub.4 + 300 BaS .fwdarw. 300 Ba SO.sub.4 + 300 NH.sub.4 H
      S
PAL  BaSO.sub.4 is reduced to BaS by means of coal and the aqueous solution of
      NH.sub.4 H S is decomposed by heating as follows :
EQU  300 NH.sub.4 H S .fwdarw. 300 NH.sub.3 + 300 H.sub.2 S
PAR  Finally, the ammonia will be found partly at the inlet of the absorber 150
      moles and partly at the inlet of the reactor 48 150 moles. The ammonia
      thus closes its cycle. At that time, H.sub.2 S is in excess with respect
      to SO.sub.2 and it will be convenient to produce the lacking SO.sub.2 by
      incinerating a portion of the H.sub.2 S which is fed to incinerator 46
      through line 25. The required SO.sub.2 amount is 50 moles.
PAR  It has been mentioned above that the process of the invention could be used
      for treating waste sulfuric waters containing from 1 to 40 percent by
      weight of sulfuric acid. However, in the case of high concentrations, it
      was necessary to dilute the waste water by means of a filtrate produced in
      the step of filtration of Ba SO.sub.4 produced by reaction of BaS with
      sulfuric acid, It has been observed that, for sulfuric acid concentrations
      from 20 to 40 percent by weight, it was not only useless to recycle a
      portion of the filtrate, but that, in addition, the filtration step could
      be completely omitted, thereby resulting in a considerable simplification
      of the treatment with the substantial advantages resulting therefrom. This
      constitutes a third mode of operation of the invention.
PAR  As a matter of fact, it has been observed that it was difficult to remove
      from the filtrate produced by filtration of the barium sulfate obtained by
      reacting sulfuric acid with barium sulfide, the soluble organic impurities
      already present in the starting material or produced by the reaction of
      initially present organic impurities with the reactants. Said removal of
      the soluble organic compounds would require a costly complementary
      treatment. By using the third mode of operation of the invention, it is
      possible to completely avoid this inconvenience.
PAR  Moreover, this third mode of operation of the invention has a very
      particular advantage in the case of waste waters containing ammonium
      sulfate without free sulfuric acid. In this case, no gas evolves from the
      neutralization reactor. The SO.sub.2 amount required by the reaction in
      order to produce elemental sulfur is then obtained in a known manner, for
      example by sulfur combustion.
PAR  The third mode of operation concerns particularly the treatment of waste
      waters whose concentration of sulfuric acid and/or ammonia sulfate is
      substantially high, for example about 20 to 40 percent by weight and
      optionally containing soluble organic impurities which do not react with
      barium sulfide or react with the same by producing soluble organic
      compounds and/or inorganic impurities.
PAR  When the sulfuric acid and/or ammonium sulfate concentration is too high
      and exceeds about 40 percent by weight, it is convenient to dilute the
      feed charge with water. Such water may be advantageously taken from the
      purified effluent at the outlet of the treatment unit.
PAR  The mechanical design of the reactor is substantially different from that
      hereinbefore recommended: as a matter of fact, the high apparent viscosity
      of the semi-solid paste resulting from the chemical reaction and the
      necessity of obtaining a sufficient homogeneity of the composition and of
      the temperature while permitting the evolution of H.sub.2 S as completely
      as possible, make it necessary to use malaxing devices such as axial
      mixers with Archimede screw, planet mixers, z mixers, etc .
PAR  The further treatment of this semi-solid paste is different according to
      the fact that the waste waters contain or not ammonium sulfate.
PAR  When the waste sulfuric waters do not contain or only contain negligible
      amounts of ammonium sulfate, the paste issued from the mixer-degazifier
      reactor 5 is directly conveyed to the oven 18 for reduction of Ba
      So.sub.4. The subsequent steps of the treatment are the same as hereabove
      described. The complete flow sheet is given in FIG. 3. The organic
      impurities accompanying BaSO.sub.4 are destroyed in the oven 18, partially
      incinerated in the oven itself or rejected with the gases. These gases are
      fed to the incinerator 28 together with air from duct 62 ensuring the
      conversion of the sulfur-containing compounds to SO.sub.2  and the
      complete incineration of the organic impurities.
PAR  When the waste waters contain ammonium sulfate in substantial amount,
      wheter or not free sulfuric acid is still present, it is observed that the
      treatment carried out in reactor 5 has converted the ammonium sulfate to
      ammonium sulfide.
PAR  For recovering the ammonium sulfide, a modification of the flow sheet in
      conformity with FIG. 4 is necessary.
PAR  In view of recovering the ammonium sulfide contained in the paste, the
      latter is fed to a stove 53. We proceed, either by indirect heating,
      performed, for example, by means of tubes heated with steam or by direct
      heating, for example by means of steam or hot gases, to the removal of the
      ammonium sulfide in the form of H.sub.2 S and NH.sub.3. This operation can
      be performed continuously or batchwise in a single stove or in several
      stoves in series.
PAR  The operation may consist only in the removal of ammonium sulfide but it
      may also be conducted so as to completely dry the paste issued from
      reactor 5.
PAR  The paste having a variable degree of dryness is subsequently fed, in a
      known manner, to the reactor 18 for reduction of Ba SO.sub.4.
PAR  The vapors evolving from the stove 53 through line 54 essentially contain
      NH.sub.3, H.sub.2 S and variable amounts of steam.
PAR  Preferably these vapors will be subjected to a partial condensation 55, 56;
      the condensate line 58 will be fed to stripper 42 and the uncondensed
      fraction line 57 will feed reactor 41. it is however possible to directly
      supply these vapors to reactor 41 through line 60.
PAR  A portion of the ammonia recovered at the top of reactor 41, will be reused
      in the form of an aqueous solution in view of absorbing SO.sub.2 in the
      absorber 40 The exceeding portion will be withdrawn from the system
      through line 59 in the form of an aqueous ammonia solution containing
      traces of ammonium sulfide.
PAR  When the charge contains ammonium sulfate without free sulfuric acid, the
      lines 21, 23, 25 and the units 22 and 46 can be omitted. The sulfur
      dioxide necessary for the reaction taking place in the reactor 41, may be
      introduced through line 45. It is produced, for example, by sulfur
      combustion.
PAR  The water necessary for dissolving BaS in the reactor 19 is taken from duct
      39, through duct 63. Through duct 61, it is possible to dilute the waste
      waters when their concentration is too high.
PAR  These examples have been successfully repeated with other materials under
      claimed conditions. For example coals or cokes containing or producing
      from 0.1 to 20 percent b.w.of ash (such as SiO.sub.2, iron oxides, calcium
      and iron silicates, barium oxide or silicate and the like).
PAR  According to a preferred embodiment, there is used highly sulfurized coke
      (S content of about 1-15 % b.w.) which is normally valueless but which
      yields her gaseous sulfur compounds (H.sub.2 S and SO.sub.2) which are
      useful to the process : they are discharged through pipe 17 and converted
      in reactor 28.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treating waste water containing sulfuric acid and/or
      ammonium sulfate, comprising the steps of : (a) reacting the waste water
      with ash-containing solid barium sulfide recovered from the following step
      (c) and with an aqueous solution of barium sulfide recovered from the
      following step (e), to form a suspension of ashcontaining solid barium
      sulfate in the waste water at a pH of 3 - 7, the proportions of said solid
      barium sulfide from step (c) and said barium sulfide supplied as solution
      from step (e) being respectively 70 - 95 percent and 5 - 30 percent of the
      total barium sulfide, (b) reacting the resulting barium sulfate with coal
      or coke containing 0.1 - 20 percent b.w. of ash, at 700.degree.-
      1500.degree.C, to form ash-containing solid barium sulfide and a gas
      containing H.sub.2 S and SO.sub.2 which is separated, (c) recycling to
      step 1 at least the major portion of the ash-containing solid barium
      sulfide formed in step (b), and (d) admixing water with a minor portion of
      the ash-containing solid barium sulfide formed in step (b), thereby
      obtaining a barium sulfide solution and insoluble ash, separating said
      barium sulfide solution from said insoluble ash and (e) recycling at least
      one portion of the barium sulfide solution obtained in step (d) and
      separated from the ash to step (a).
NUM  2.
PAR  2. A process according to claim 1 in which the waste water contains from 1
      to 40 percent by weight of sulfuric acid.
NUM  3.
PAR  3. A process according to claim 1 in which the pH of the barium sulfate
      suspension at the end of step (a) is from 4 to 6.
NUM  4.
PAR  4. A process according to claim 1 in which the average reaction time of
      step (a) is from 0.1 to 1 hour.
NUM  5.
PAR  5. A process according to claim 1 in which the gas formed in step (b) is
      subsequently treated with a gas containing free oxygen for converting the
      hydrogen sulfide contained in said gas to sulfur dioxide.
NUM  6.
PAR  6. A process according to claim 5 in which the gas formed in step (b),
      before treatment with a gas containing free oxygen, is subjected to dust
      removal and/or washing with water.
NUM  7.
PAR  7. A process according to claim 5 in which, after conversion of hydrogen
      sulfide to sulfur dioxide, the gas is washed with an aqueous solution of
      ammonium sulfite and/or ammonia, to dissolve the sulfur dioxide and obtain
      a solution of ammonium sulfite and/or bisulfite.
NUM  8.
PAR  8. A process according to claim 7 in which the obtained solution of
      ammonium sulfite and/or bisulfite is reacted with an aqueous solution of
      barium sulfide to produce insoluble barium sulfites and/or sulfates and a
      residual aqueous phase containing hydrogen sulfide and ammonia, and
      separating said insoluble barium sulfites and/or sulfates from said
      residual aqueous phase.
NUM  9.
PAR  9. A process according to claim 8 in which the barium sulfites and/ or
      sulfates are recycled to step (b).
NUM  10.
PAR  10. A process according to claim 8 in which the residual aqueous phase is
      subjected to distillation or stripping with an inert gas, to obtain a
      hydrogen sulfide- and ammonia-containing gas.
NUM  11.
PAR  11. A process according to claim 10, in which the hydrogen sulfide and
      ammonia-containing gas is reacted with the sulfur dioxide produced
      according to claim 22.
NUM  12.
PAR  12. A process according to claim 1 in which, after step (a), at least one
      portion of the waste water is separated from the solid barium sulfate, the
      latter is fed to step (b) and the separated waste water is treated with an
      air stream, so as to carry away the hydrogen sulfide contained therein,
      the resulting gas, containing free oxygen, being then heated in order to
      convert the hydrogen sulfide to sulfur dioxide.
NUM  13.
PAR  13. A process according to claim 1 in which waste water of other origin,
      containing sulfuric acid, is fed to an enclosure in which said waste water
      is contacted with an aqueous solution of ammonium sulfite so as to form
      gaseous sulfur dioxide and an aqueous solution containing ammonium
      sulfate, said solution being subsequently treated with barium sulfide so
      as to form insoluble barium salts and ammonium sulfide, the barium salts
      being used in step (b), the ammonium sulfide being decomposed by heating
      to a gaseous mixture of hydrogen sulfide and ammonia, said mixture of
      hydrogen sulfide and ammonia being subsequently reacted with sulfur
      dioxide to produce elemental sulfur with evolution of ammonia.
NUM  14.
PAR  14. A process according to claim 13, in which the waste water of other
      origin fed to the enclosure for being contacted with an aqueous solution
      of ammonium sulfite, is waste sulfuric acid containing water, capable of
      generating, by reaction with barium sulfide, gaseous compounds which
      contaminate hydrogen sulfide and jeopardize its further use.
NUM  15.
PAR  15. A process according to claim 13, in which the amount of sulfuric acid
      present in said waste water of other origin, exceeds the amount necessary
      for ensuring the evolution of all the potential SO.sub.2 contained in the
      aqueous solution of ammonium sulfite, so that the formed aqueous solution
      containing ammonium sulfate also contains sulfuric acid.
NUM  16.
PAR  16. A process according to claim 15, in which ammonia is added to said
      aqueous solution containing ammonium sulfate and sulfuric acid, the amount
      of ammonia being sufficient to convert said sulfuric acid to ammonium
      bisulfate.
NUM  17.
PAR  17. A process according to claim 1 in which, during step (a), waste water
      containing about 20 to 40 percent by weight of sulfuric acid and/or
      ammonium sulfate is treated with powdered barium sulfide to form a wet
      semi-solid paste containing a high proportion of BaSO.sub.4, which is fed
      in totality to step (b).
NUM  18.
PAR  18. A process according to claim 17, in which the waste water supplied to
      step (a) contains ammonium sulfate, whereby the semi-solid paste obtained
      by reaction of said waste water with barium sulfide contains ammonium
      sulfide produced by reaction of ammonium sulfate with barium sulfide, and
      said semi-solid paste is heated to produce a gas containing steam, ammonia
      and hydrogen sulfide, and said gas is separated from the semi-solid paste.
NUM  19.
PAR  19. A process according to claim 18, in which said separated gas containing
      steam, ammonia and hydrogen sulfide is admixed with sulfur dioxide to
      produce elemental sulfur by reaction of hydrogen sulfide with sulfur
      dioxide.
NUM  20.
PAR  20. A process according to claim 18, in which said separated gas containing
      steam, ammonia and hydrogen sulfide is subjected to partial condensation
      for removing water therefrom, the uncondensed vapors being reacted with
      sulfur dioxide to produce elemental sulfur.
NUM  21.
PAR  21. A process according to claim 1 wherein the treated waste-water contains
      sulfuric acid, whereby hydrogen sulfide is formed in step (a) and is
      separated from the suspension of solid barium sulfate in the waste-water.
NUM  22.
PAR  22. A process according to claim 21, wherein at least a portion of the
      hydrogen sulfide separated from the suspension of solid barium sulfate in
      the waste-water is reacted with oxygen to produce sulfur dioxide.
NUM  23.
PAR  23. A process according to claim 1 wherein the ash of said coal or coke
      contains silicium dioxide, iron oxide, calcium silicate, iron silicate,
      barium oxide or barium silicate.
NUM  24.
PAR  24. A process according to claim 1 wherein the ash of said ashcontaining
      solid barium sulfide contains unreacted coal, barium carbonate, barium
      oxide or gangue from coal.
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ABST
PAL  A clarification process using a water-soluble lignin-di-epoxide composition
      as a flocculating agent is described. The lignin-di-epoxide compositions
      are prepared by cross-linking of lignin with a di-epoxide.
PARN
PAR  This is a division of application Ser. No. 305,821 filed on Nov. 13, 1972
      Now U.S. Pat. No. 3,857,830.
BSUM
PAR  This application relates to a clarifying process using novel lignin
      compounds as flocculating agents. More particularly, it pertains to using
      high molecular weight lignin compositions prepared by cross-linking of
      lignin with a di-epoxide as coagulants or flocculating agents.
PAR  One of the major contributors to pollution of streams and waterways is the
      effluent discharged into the waterways without proper treatment to remove
      the fine, colloidal particles of solids dispersed in the effluent. While
      the large particles may be settled out without difficulty, the fine solids
      do not settle and have to be treated with a flocculating agent or
      coagulant to coagulate or aggregate the particles before settling.
      Multivalent salts such as ferric chloride and aluminum sulfate are
      commonly used for particular systems but are of limited effectiveness even
      in the systems used. The more effective organic polyelectrolytes are
      relatively expensive and cannot be economically used in many applications.
PAR  The surface active properties of lignins and lignosulfonates have long been
      recognized, and these products have been used as dispersing and
      flocculating agents. While it was known for a number of years that high
      molecular weight lignin and lignosulfonate, such as obtained by
      fractionation or polymerization of pulping liquors, function as
      flocculating agents, these materials do not have sufficient effectiveness
      for commercial acceptance and are suggested for use mainly as flocculating
      aids in conjunction with other flocculating agents. Polymerization of
      lignosulfonates and the reaction of lignins with aldehydes and other
      reactants, such as disclosed in U.S. Pat. Nos. 3,470,148 and 3,600,308,
      have not improved the effectiveness of these materials to make them
      commercially attractive.
PAR  It is therefore the object of this invention to provide a clarification
      process for flocculation of solids suspended in an aqueous medium using
      improved flocculating agents prepared from lignin and lignosulfonates. A
      further object is to provide watersoluble lignin and lignosulfonate
      compositions which are effective flocculating agents. A still further
      object is to provide a method for the preparation of these compositions.
PAR  The above and other objects are obtained according to this invention by
      using as a flocculating agent a water-soluble lignindi-epoxide reaction
      product obtained by reacting a lignin with a long chain, terminal
      di-epoxide having a molecular weight in the range of from 120 to 1800 to
      the extent that the phenolic hydroxyl content of the lignin has been
      reduced from about 40% to 95%. By reacting the lignin with a limited
      amount of epoxide under controlled conditions, cross-linking or bridging
      of the lignin by long chains is obtained resulting in formation of
      molecules having large entities held together at a distance from each
      other by non-rigid, flexible bonding. These products when dissolved in
      aqueous medium form loosely bound, flexible molecules having increased
      area for adsorption or entrapment of fine solid or colloidal particles in
      the solution or suspension to result in the flocculation of these
      particles.
PAR  While the lignin may be reacted with the di-epoxide by the various known
      methods, it is essential that the reaction be carried out under controlled
      alkaline conditions to prevent the lignin from reacting with the
      di-epoxide to the extent that the reaction product becomes
      water-insoluble. The preferred method for cross-linking or bridging of the
      lignin molecules with the epoxide is to react the di-epoxide with the
      lignin in an aqueous lignin solution under alkaline conditions. The
      di-epoxides generally have limited solubility in water and are intermixed
      with the aqueous lignin solution to form a two-phase system or an
      emulsion. With the more viscous or solid di-epoxides, the di-epoxide may
      be dissolved in a water-immiscible organic solvent prior to intermixing
      with the lignin solution. Thus, the initial reaction of the lignin with
      the di-epoxide is effected at the interface of the two-phase system. Upon
      having one of the epoxides reacted with the lignin, the epoxide-reacted
      lignin generally remains soluble in the aqueous phase where the unreacted
      epoxy group then further reacts with lignin in the aqueous solution. The
      aqueous solution contains a high ratio of lignin to epoxide to effect the
      cross-linking. By the above procedure, the extent of reaction between the
      lignin and di-epoxide can be controlled to obtain the desired bridging or
      cross-linking without the reaction proceeding to insolubility. The
      reaction rate is controlled such that after the desired extent of reaction
      between the lignin and the di-epoxide is obtained, unreacted epoxide may
      be recovered from the reaction mixture. The reaction may also be effected
      in an alkaline, aqueous medium by using a water-miscible solvent for the
      epoxide, such as dioxane or a ketone or ether. The bridging or
      cross-linking reaction between the di-epoxide and the lignin is believed
      to be between the hydrogen of the phenolic hydroxyl radicals of the lignin
      and the epoxy group of the di-epoxide. The epoxide ring is opened with the
      lignin being attached to one of the carbon atoms of the ring through an
      ether linkage with the formation of a hydroxyl group on the second atom.
PAR  When the reaction is carried out with the lignin and the diepoxide in an
      organic solvent, solvents such as formamide and tetrahydrofuran may be
      used. Since there are only a limited number of organic solvents,
      unreactive with the di-epoxides, for alkali and alkaline earth metal salts
      of lignin, it may be convenient to convert the lignosulfonate to an amine
      salt, in a manner similar to that disclosed in U.S. Pat. No. 3,578,651,
      prior to reaction with the di-epoxide. The alkyl ammonium lignosulfonates
      are more soluble in a number of organic solvents. Pyridine,
      polychlorinated and brominated hydrocarbon solvents of from 1 to 3 carbon
      atoms such as chloroform, dichloromethane, di- or trichloroethane,
      trichloroethylene, perchloroethylene and the halogenated propanes may be
      used. Most of the trialkyl ammonium lignosulfonate salts and the
      di-epoxides are sufficiently soluble in these solvents to effect the
      reaction. Other solvents which may be used are dimethylformamide and
      ethers such as alicyclic ethers of from 4 to 5 carbon atoms as dioxane,
      tetrahydrofuran, and tdtrahydropyran, glycol diethers having from 4 to 10
      carbon atoms, and phenolic ethers such as anisole and phenetole. The
      reaction is carried out in presence of a base which generally may be a
      tertiary organic amine such as pyridine, or dimethylbenzylamine or other
      base. An inorganic base such as sodium hydroxide or potassium hydroxide
      may also be used by being dispersed within the solvent. Generally, the
      solvent may contain a sufficient amount of moisture to maintain the
      desired alkaline conditions.
PAR  After the reaction, the ammonium salt can be converted to the sodium or
      calcium salt or any other metal salt desired prior to use as a
      flocculating agent.
PAR  Lignin is a polymeric substance of substituted aromatics found in plant and
      vegetable tissue associated with cellulose and other plant constituents.
      In the pulp and paper industry, lignincontaining materials such as wood,
      straw, corn stalks, bagasse, and other vegetable and plant tissues are
      processed to recover the cellulose or pulp. The residual pulping liquor
      containing the lignin as a by-product is thus one of the main sources of
      lignin. While there is some variation in the chemical structure of lignin,
      depending upon the plant from which lignin is obtained, the place where
      the plant is grown, and also upon the method used in recovery or isolation
      of the lignin from the plant tissue; the basic structure and properties of
      the lignin are similar; all containing the phenolic hydroxyls through
      which the cross-linking or bridging is effected. Thus, lignin obtained by
      any method or from any source may be used in this reaction as long as the
      lignin is in a form soluble in an alkaline medium.
PAR  Since the lignin separated from the plant may be chemically altered
      somewhat from that found in the plant, the term "lignin", as used herein,
      means the lignin product which is obtained upon separation from the
      cellulose or recovered from the plant. In the sulfate pulping process, the
      lignocellulosic material is digested with a bisulfite or sulfite resulting
      in the sulfonation of the lignin. In other methods of the recovery or
      separation of the lignin from the plant, the lignin may not be sulfonated
      but may be chemically altered somewhat in some other manner. For example,
      in residual pulping liquors obtained in the sulfate and other alkaline
      pulping processes, the lignin is present as an alkaline metal compound
      dissolved in the alkaline aqueous liquor. "Hydrolysis lignin" obtained
      from the hydrolysis of lignocellulosic materials in manufacture of sugar
      is likewise altered somewhat from that found in the plant but may be
      relatively insoluble and thus may have to be modified to solubilize the
      product before it can be used. Also, the lignin products such as a
      residual pulping liquor may be subjected to various treatments such as,
      for example, acid, alkaline or heat treatments or reacted with the other
      chemicals which may further alter somewhat the lignin constituents. The
      lignins remain operative as long as the treatment is not so severe as to
      destroy the basic polymeric structure or substantially reduce the phenolic
      hydroxyl content of the lignin.
PAR  The residual pulping liquors, or the lignin-containing product obtained in
      the separation or recovery of lignin from the plant, may contain other
      constituents besides the lignin. For example, in the sulfite pulping
      process, the spent sulfite liquor contains lignosulfonates, generally in
      an amount of 40 to 60 weight percent, which may be present as salts of
      cations, such as magnesium, calcium, ammonium, sodium and other cation
      which may have been present during the sulfonation of the lignin with the
      remainder being carbohydrates and other organic and inorganic constituents
      dissolved in the liquor. Lignin products obtained by other pulping
      processes may likewise contain other materials such as carbohydrates,
      degradation products of carbohydrates, and resinous materials which are
      separated from the lignocellulosic materials with the lignin. Lignin
      obtained by hydrolysis of lignocellulosic materials may not contain the
      carbohydrates but may contain resinous type materials as well as other
      materials which are not removed by the hydrolysis. It is not necessary to
      separate the lignin-containing constituents from the other constituents.
      The lignin product as obtained containing all of the constituents may be
      used as such or subjected to different treatments such as alkaline, acid,
      or heat treatments as well as reacted with chemicals to modify or remove
      some of the non-ligneous constituents prior to reaction with the
      di-epoxide. The reaction of the di-epoxide with the non-lignin
      constituents is not excessive and the presence of the reaction products of
      these constituents does not materially effect the flocculating properties
      of the product. The non-lignin constituents are generally of relatively
      low molecular weight and can be easily removed from the final product
      after reaction, if desired. The lignin material may also be separated from
      the non-lignin containing products prior to reaction with the di-epoxide,
      as well as after reaction, using methods such as dialysis, gel permeation,
      and chemical precipitation as acid, calcium hydroxide, or amine
      precipitation, or alcohol or solvent extraction, and other methods well
      known in the art for fractionation and recovery of organic
      polyelectrolytes from lower molecular weight materials.
PAR  The di-epoxides reacted with the lignin are the "1,2-epoxides" or "alpha
      epoxides ", containing 2 alpha or terminal epoxy groups or oxirane rings.
      The epoxides must be relatively long chained epoxides having a molecular
      weight in the range of 120 to 1800, preferably in the range of 250 to 800.
      The epoxides of molecular weight higher than 1800, while operative if
      reacted, are more difficult to react with the lignin to the necessary
      extent to obtain an effective flocculating agent. Although the linear,
      straightchained di-epoxides such as the diglycidyl ethers of aliphatic
      polyols or polyalkylene glycols are preferred, the di-epoxides do not have
      to be the alkylene or oxyalkylene epoxides. The chain may contain cyclic
      or aromatic groups such as, for example, substituted and non-substituted
      cyclohexylene, phenylene, biphenylene, naphthylene and other arylene
      groups of up to 12 carbon atoms substituted in the aliphatic chain. The
      chain may also contain linking atoms such as oxygen in ether linkages,
      nitrogen, or sulfur atoms. When cyclic or aromatic groups or other linking
      atoms are substituted in the chain, the oxirane groups must be separated
      from the substituted group or linking atom by at least one carbon atom so
      that each epoxy group is on the end of an alkylene group containing at
      least 3 carbon atoms to have the chain maintain its linear
      characteristics. Further the chain may also contain side chains as long as
      the side chains are of a size and number such that the epoxide does not
      lose its linear characteristics. The side chains may be alkyl groups or
      substituted and non-substituted aromatic or cyclic groups including groups
      containing nitrogen or sulphur as well as oxygen ether linkages. Generally
      the length of the side chains is less than 1/2 of the length of the main
      chain having the oxirane groups, and the total number of atoms of the side
      chains does not exceed the number of the atoms of the main chain. The
      nitrogen in the chains may be present as a tertiary amine radical or a
      quaternary ammonium salt with the alkyl radicals on the nitrogen being of
      from 1 to 4 carbon atoms in length with the total carbon atoms in the
      alkyl radicals on the nitrogen not exceeding about 8 carbon atoms. The
      most readily available di-epoxides are the diglycidyl ethers obtained by
      the reaction of the epichlorohydrin with polyhydric alcohols such as diols
      and polyalkylene glycols. The nitrogen containing diepoxides may be
      similarly prepared by reaction of epichlorohydrin with amines, such as
      disclosed, for example, in U.S. Pat. Nos. 3,091,537 and 3,189,459. In
      addition, the di-epoxides may also be prepared by the peroxide route such
      as the reaction of peracetic acid with di-olefins as well as
      dehydrohalogenation of chloroacetyls and other methods known in the art.
PAR  Illustrative examples of the more readily available epoxides which may be
      used are as follows:
PA1  1. Carbon-linked di-epoxides such as 1,2,7,8 -diepoxyoctane; 1,2,11,12
      -diepoxydodecane; 1,2,7,8 - diepoxy - 4 -methyloctane; 1,2,7,8 - diepoxy -
      4,5 dimethyloctane; and other epoxides having a general formula:
      ##EQU1##
PAR  Where R represents alkylene radicals having up to 18 carbon atoms, arylene
      or oxy-linked arylene radicals having up to 12 carbon atoms and R.sub.1
      represents hydrogen, phenyl or one or more alkyl radicals such that the
      total carbon atoms of R.sub.1 does not exceed 1/2 of the carbon atoms of
      the chain containing the oxirane groups.
PAR  2. Diglycidyl ethers of aromatic and aliphatic polyols and such as 1,4 -
      butanediol; 1,8 - octanediol; 1,12 - dodecanediol; glycerol, sorbitol;
      Bisphenol A; 2,5 - bis (hydroxymethyl) tetrahydrofuran; 1,4 - bis
      [2-(4'-hydroxyphenyl) ethyl] benzene; and dihydroxynaphthalene; and
      epoxides having a general formula:
      ##EQU2##
PAR  Where R represents alkylene radicals having up to 18 carbon atoms, arylene
      or oxy-linked arylene radicals having up to 12 carbon atoms, and R.sub.1
      represents hydrogen, phenyl or one or more alkyl radicals such that the
      total carbon atoms of R.sub.1 is less than 1/2 of the carbon atoms of the
      chain containing the oxirane groups. 3. Diglycidyl ethers of polyalkylene
      glycols such as polyethylene glycol and polypropylene glycol and other
      epoxides having a general formula:
      ##EQU3##
PAR  Where "n" is a positive integer of from 2 to 20, R represents alkylene
      radicals having from 2 to 4 carbon atoms, and R.sub.1 represents hydrogen
      or alkyl radicals having from 1 to 2 carbon atoms with the total of R and
      R.sub.1 not being greater than 4 carbon atoms. (4) Diglycidyl amines and
      amine salts such as N,N - bis (2,3 - epoxypropyl) methylamine; N,N - bis
      (2,3 - epoxypropyl) butylmethylammonium iodide; 1,4 - butylenebis [N -
      (2,3 epoxypropyl) - N,N - dimethylammonium iodide] and other epoxides
      having the general formula:
      ##EQU4##
      or
      ##EQU5##
PAR  Where m is a positive integer of from 2 to 5, n is a positive integer from
      0 to 5, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 represent alkyl radicals
      having from 1 to 2 carbon atoms, and X represents bromide, iodide,
      arenesulfonate, or acetate ions.
PAR  The reaction of the lignin with the di-epoxide may be carried out by
      intermixing the di-epoxide with an alkaline aqueous lignin solution at a
      pH of from 8 to 13, preferably 9 to 11. Alkali metal hydroxides and
      carbonates, and alkaline earth metal hydroxides may be used for pH control
      of the aqueous solution. The lignin is present as an alkali or alkaline
      earth metal salt in the solution and must be at an initial concentration
      of at least 20 weight percent. Generally, a solution containing initially
      from 20 to 50 weight percent of solids is used with a solution containing
      from 30 to 40 weight percent solids being preferred. Solutions above 45
      percent concentration are relatively viscous and more difficult to handle.
      In the preferred range, the solutions are of sufficient concentration to
      obtain the desired reaction at a practical rate and at a sufficiently low
      viscosity to permit relatively easy intermixing or emulsification with the
      diepoxide. As the reaction proceeds, the reaction mixture may have to be
      further diluted. For example, for most of the epoxides, the viscosity of
      the reaction mixture may increase rapidly as the di-epoxide reacts with
      the lignin to a point where the mixture gels. The reaction cannot be
      controlled under these conditions and may result in the insolubilization
      of the product. To overcome this difficulty, additional water or solvent
      is generally added to the reaction mixture diluting the concentration of
      the reaction product to permit agitation and to further the desired
      reaction. The addition of water or solvent is made periodically to
      maintain the reaction mixture as concentrated as possible without gelling.
      Usually, the reaction is continued under viscous conditions, for example,
      at from about 5000 to 10000 centipoises under the temperature and shear
      conditions of the reaction. The reaction mixture generally is thixotropic
      so that the extent of dilution necessary will vary somewhat as to the type
      and extent of mixing employed in effecting the reaction. For example, when
      the reaction is carried out with a high degree of mixing such as would be
      obtained in the blender, the reaction may be carried out under higher
      concentrations than when a relatively slow mixer is used. If the mixture
      is diluted too rapidly, the necessary extent of cross-linking may not be
      obtained. By carrying out the reaction under high viscous conditions, the
      dilution may be made to the extent that the concentration of the final
      product may be reduced to below 20 percent and may be as low as 15 or so.
      However, usually dilution to about 20 is sufficient in most cases to
      obtain the desired extent of interaction without insolubilizing a large
      portion of the reaction product.
PAR  Generally, the epoxide is intermixed with the lignin solution in a ratio to
      obtain from about 0.5 to over 1.3 epoxy group for each phenolic hydroxyl
      group on the lignin. The reaction is carried out at a temperature in the
      range of 50.degree. to 220.degree.C, preferably in the range of
      75.degree.C to the reflux temperature of the mixture at atmospheric
      pressure, until from 40 to 95 percent of the phenolic hydroxyl groups on
      the lignin have been reacted. Products reacted with sufficient amount of
      di-epoxide to reduce the phenolic hydroxyl content of the lignin by from
      50 to 75 percent are preferred. The flocculating properties improve with
      increased reaction with the di-epoxide until about 60 to 70 percent of the
      phenolic hydroxyl on the lignin has been reacted at which point further
      reaction may not necessarily further improve the flocculating properties.
      When the amount of di-epoxide reacted exceeds the amount equivalent to
      satisfy the phenolic hydroxyls on the lignin, the product may become
      insoluble even with dilution of the reaction mixture. The insoluble
      portion has limited effectiveness as a flocculating agent. In the
      reaction, the amount of the epoxide intermixed with the lignin can be
      greater than that desired for the reaction. The reaction takes place at a
      controlled rate so that all of the epoxide does not have to be reacted
      with the lignin and the unreacted reacted and unhydrolyzed epoxide can be
      recovered from the reaction mixture. Generally, the amount added is in a
      small excess of the amount of epoxide desired to be reacted with the
      lignin and the reaction carried out until most of the di-epoxide has been
      reacted. The length of time required to react the epoxide depends upon the
      reaction conditions employed. For reaction temperatures in the preferred
      range, generally a reaction time of from 1 to 4 hours is sufficient.
      However, the reaction time may be varied from 15 minutes to 24 hours or
      longer. At the preferred reaction temperature, generally products with
      optimum flocculating properties are obtained with a reaction time of from
      1 to 4 hours. Prolonging the reaction time does not necessarily improve
      the effectiveness of the product. For example, a product reacted for 2 to
      4 hours may have a settling time of about 60 seconds in flocculation of a
      dispersion which may increase to about 80 seconds if the reaction time in
      preparation of the product is extended to 19 or 20 hours.
PAR  After the di-epoxide has been reacted with the lignin, the reaction mixture
      as obtained may be used as a flocculating agent. The reaction mixture may
      also be purified to recover the lignindi-epoxide product by separating the
      unreacted di-epoxide or organic phase from the aqueous phase, especially
      if the recovery of the unreacted di-epoxide is desired. The phases may be
      separated by intermixing a water-immiscible organic solvent with the
      reaction mixture to extract the di-epoxide and permitting the phases to
      separate. However, the separation may be more rapidly effected by
      centrifuging the reaction mixture containing the diepoxide solvent. The
      aqueous phase thus obtained may be further processed to recover the
      epoxide-lignin reaction product from the remaining constituents, these
      constituents being mainly the diepoxide reaction products of the low
      molecular weight, non-ligneous constituents of the lignin and inorganic
      salts. The high molecular weight constituents can be recovered by the well
      known methods used for fractionation or recovery of high molecular weight
      polyelectrolytes. The unreacted di-epoxide may be recovered from the
      organic phase and reused.
PAR  In using the lignin-di-epoxide composition, the same procedures and methods
      employed for other polyelectrolytes or high molecular weight flocculating
      agents can be used. The products may be used by themselves or in
      conjunction with other agents. They are effective in acid, neutral, or
      alkaline conditions for flocculation of relatively dilute dispersions
      containing less than 0.1% of solids to more concentrated dispersions
      containing from 4% to 10% or higher of solids and may be used in various
      amounts varying generally from less than 1 part per million to 1000 parts
      per million depending upon the system being treated. For the flocculation
      of inorganic particles such as finely dispersed clay or sediment, an
      amount of from 10 to 30 parts per million usually may be employed to
      obtain effective flocculation. The products are also effective under acid
      conditions in flocculating finely dispersed organic material such as
      proteins. Generally the flocculating time does not decrease too rapidly
      when the amount of the flocculating agent used is increased above about 10
      to 30 parts per million. For example, a dispersion which may be
      flocculated in about 60 seconds with 10 parts per million of the
      flocculating agent may have a floc time of about 50 to 55 seconds with 100
      parts per million. A somewhat greater variation in flocculating times than
      above may be obtained at the lower levels with the higher molecular weight
      flocculating agents cross-linked with the longer chained di-epoxides, such
      as diglycidyl ethers of polyalkylene glycols. For these products, the
      settling time may decrease from about 55 seconds to 35 seconds upon the
      increase of dosage from 10 parts per million to 100 or more parts per
      million. Products cross-linked with the shorter di-epoxides are also more
      sensitive to the pH of the system being treated. For example a product
      prepared by cross-linking a lignosulfonate with a diglycidyl ether of
      polyethylene glycol may be relatively independent of pH in the range of
      from about 4.5 to 10 especially in the presence of electrolyte normally
      found in the effluents or streams. However, lignosulfonate cross-linked
      with the shorter di-epoxides, such as the diglycidyl ether of the
      butanediol, may be somewhat less effective under alkaline conditions than
      under acid conditions and higher dosages may be desirable.
PAR  The following examples further illustrate the invention.
DETD
PAC  EXAMPLE I
PAR  A fermented calcium base spent sulfite liquor was dialyzed as a 30 weight
      percent aqueous solution against water using a polyvinyl alcohol membrane.
      A dialyzate fraction containing about 74 weight percent of the spent
      sulfite liquor solids was obtained which was then base exchanged with
      sodium sulfate to convert the calcium lignosulfonate dialyzate to the
      sodium base and to precipitate the calcium sulfate. The sodium base
      lignosulfonate was adjusted to a pH of 11 by addition of sodium hydroxide
      and spray dried. The spray dried sodium lignosulfonate, in an amount of
      20.0 grams (97% solids), was dissolved in distilled water to obtain an
      aqueous solution having a pH of 9.4 containing about 39 percent solids.
      The lignosulfonate solution was reacted with 1,4-butanediol diglycidyl
      ether in a 250 milliliter, 3 neck, round bottom flask. The 1,4-butanediol
      diglycidyl ether had a molecular weight of about 135 per epoxide and was
      dissolved in an amount of 2.4 grams in 20 milliliters of trichloroethylene
      prior to intermixing with the lignosulfonate solution. The ratio of the
      epoxide groups to the phenolic hydroxyl groups of the lignosulfonate was
      0.8:1. The two-phase system was heated to reflux temperature with vigorous
      stirring of the reaction mixture to emulsify the trichloroethylene
      solution of the di-epoxide with the aqueous lignosulfonate solution. The
      emulsion then was maintained at a temperature in a range of 75.degree. to
      80.degree.C on a steam bath for 4 hours, while being agitated, to obtain a
      gold-brown reaction mixture. The reaction mixture was centrifuged at
      10,000 r.p.m. to separate the organic and aqueous phases. The organic
      phase was diluted with 75 milliliters of acetone to precipitate any lignin
      product in the organic layer or in the small amount of emulsion remaining
      intermixed with the organic layer. The small amount of precipitate was
      removed by filtration. The filtrate was dried over anhydrous magnesium
      sulfate and evaporated at 50.degree.C at 25 millimeters of pressure
      absolute to recover the unreacted di-epoxide.
PAR  The aqueous layer recovered from the organic layer was dialyzed
      continuously against running water for 117 hours using a regenerated
      cellulose dialysis casing. Evaporation of the dialyzate in a forced-air
      oven at 40.degree.C gave 16.1 grams of dark, golden-brown product.
      Analytical data of the lignosulfonate prior to reaction with the
      di-epoxide and of the product are shown in the table below:
TBL                 Sodium       Lignosulfonate                                

                    Lignosulfonate                                             

                                 Di-epoxide                                    

     Analysis       Reactant     Product                                       

     ______________________________________                                    

     Methoxyl, wt % 10.7         12.1                                          

     Strong acids, meq/g                                                       

                    1.9          1.6                                           

     Weak acids, meq/g                                                         

                    1.2          0.47                                          

     Carboxylic acid, wt %                                                     

                    2.2          1.0                                           

     Phenolic hydroxyl, wt %                                                   

                    2.1          0.95                                          

     ______________________________________                                    

PAR  The methoxyl content of the lignosulfonate and the product was determined
      by the Ziesel method as described in Organic Analysis by John Mitchell,
      Jr., et al, Volume I, Page 93, Interscience, New York (1953). The phenolic
      hydroxyl content was determined by the procedure of Otto Goldschmid,
      "Determination of Phenolic Hydroxyl Content of Lignin Preparations by
      Ultra-violet Spectrophotometry", Analytical Chemistry, 26, p. 1421 (1954).
      The strong acid, weak acid, and the carboxylic acid content were
      determined by conductometric titration.
PAR  The lignosulfonate-di-epoxide composition was tested as a flocculating
      agent in the flocculation of clay in an aqueous system at a pH of 5. A
      commercially available low-yield clay (Panther Creek) was dispersed in
      water to obtain a dispersion containing about 4 weight percent of clay.
      Sodium chloride was also added in an amount of about 1,000 parts per
      million. The test was carried out by inverting and shaking 100 milliliter
      samples of the clay suspension in a 100 milliliter graduated cylinder and
      then noting the time taken for the boundary line of the clay to settle to
      half-volume or 50 milliliter mark on the cylinder. The settling time for
      the lignosulfonate-di-epoxide product was thus determined when the
      flocculating agent was added in an amount of about 10 parts per million.
      The results obtained were compared to the flocculating time required for
      the clay to settle to the half-volume mark without the addition of the
      lignosulfonate. The results obtained are shown in the table below.
TBL  ______________________________________                                    

                     Amount      Settling Time                                 

     Sample          Added, p.p.m.                                             

                                 Secs.                                         

     ______________________________________                                    

     Blank           --          430                                           

     Lignosulfonate-di-epoxide                                                 

                     10           85                                           

     product                                                                   

     ______________________________________                                    

PAC  EXAMPLE II
PAR  A sodium lignosulfonate prepared from a fermented calcium base spent
      sulfite liquor in a manner similar to that described above was reacted
      with 1,4-butanediol diglycidyl ether at various reaction times. The
      lignosulfonate in an amount of 21 grams was dissolved in 30 milliliters of
      distilled water to obtain a lignosulfonate solution containing about 40%
      solids. The solution was intermixed with 2.4 grams of 1,4-butanediol
      diglycidyl ether which amount was the equivalent to 0.8 epoxy group for
      each of the phenolic hydroxyl groups in the lignosulfonate solution. In
      one of the samples, the di-epoxide was dissolved in 3 milliliters of
      trichloroethylene prior to intermixing with the solution. The two-phase
      reaction mixture was heated on a steam bath and reacted at a temperature
      in the range of 70.degree. to 76.degree.C for 4 hours while the reaction
      mixture or emulsion was continually stirred. Additional distilled water
      and trichloroethylene were added periodically to the reaction mixture as
      the reaction proceeded to dilute the reaction mixture to maintain it
      stirrable. A total of 32 milliliters of additional water and 23
      milliliters of additional trichloroethylene was added. At the end of 4
      hours, the reaction mixture was cooled and the mixture was tested as a
      flocculating agent without the recovery of the lignosulfonate-di-epoxide
      product. The flocculation test was similar to that described above in
      Example I. The crude product was added to the 100 milliliters of clay
      suspension in an amount of about 2 to 3 drops which represented an
      addition of the lignosulfonate-di-epoxide product in an amount of from 10
      to 20 parts per million. The settling time to settle the clay to a
      half-volume was 67 seconds.
PAR  The cooled reaction mixture was intermixed with 50 milliliters of ether to
      extract the unreacted di-epoxide and centrifuged to separate the aqueous
      phase from the organic phase. The organic phase was diluted with about 100
      milliliters of acetone to precipitate any lignin product from the organic
      phase and the small amount of emulsion dispersed in the organic phase. The
      organic phase then was dried and upon evaporation 0.8 gram of unreacted
      di-epoxide was recovered.
PAR  The aqueous layer was dialyzed continuously against running water in a
      regenerated cellulose casing, then air dried at 25.degree.C to obtain 15.0
      grams of lignosulfonate-di-epoxide product. The di-epoxide product upon
      being tested as a flocculating agent in a manner described above at a
      usage of 10 parts per million had a settling time of 86 seconds.
PAR  A second run was made where the lignosulfonate was reacted with
      1,4-butanediol diglycidyl ether in a manner similar to the procedure
      described above except that the 1,4-butanediol diglycidyl ether was
      intermixed with the lignosulfonate solution directly without the use of
      the organic solvent. The reaction was carried out by heating the reaction
      mixture for 5 hours on a steam bath at a temperature of about 70.degree.C.
      At the end of 5 hours, approximately 62% of the phenolic hydroxyls on the
      lignosulfonate had been reacted and the reaction mixture when tested as a
      flocculating agent had a flocculating time of 54 seconds. Upon ether
      extraction and centrifuging the reaction mixture, 0.3 gram of unreacted
      diepoxide was recovered from the organic phase and after dialysis 16.3
      grams of the lignosulfonate-di-epoxide product was recovered from the
      aqueous phase. The purified product when tested as a flocculating agent at
      a procedure described in Example I gave a flocculation time of 80 seconds
      at a dosage of 10 parts per million.
PAR  Further, a third run was made similar to that described above wherein the
      1,4-butanediol diglycidyl ether was dissolved in 3  milliliters of
      trichloroethylene and the reaction carried out for a total of 19.3 hours.
      During the reaction, water was periodically added to a total of 75
      milliliters. No additional trichloroethylene was added. After the
      lignosulfonate solution was reacted with the trichloroethylene solution of
      1,4-butanediol diglycidyl ether for about 1.5 hours, a small sample of the
      reaction mixture was withdrawn and tested as a flocculating agent. The
      procedure used for testing the crude product was similar to that described
      for testing the reaction mixture above utilizing about 2 to 3 drops of the
      reaction mixture for 100 milliliters of the clay suspension. The
      flocculation time obtained was about 70 seconds. After a reaction time of
      3.5 hours, the flocculation time was 59 seconds. Upon continuing the
      reaction for a total period of 19.3 hours, the flocculation time for the
      reaction mixture was 78 seconds.
PAC  EXAMPLE III
PAR  A sodium lignosulfonate similar to that above was reacted with polyethylene
      glycol diglycidyl ether. The polyethylene glycol diglycidyl ether had an
      average molecular weight of about 290 per epoxide.
PAR  The polyethylene glycol diglycidyl ether was reacted with the
      lignosulfonate solution in a manner described above wherein the di-epoxide
      was dispersed in about 40 weight percent concentration lignosulfonate
      solution without the use of any organic solvent. The polyethylene glycol
      diglycidyl ether was added in an amount to obtain a ratio of 0.8 epoxy
      group for each phenolic hydroxyl of the lignosulfonate. The reaction
      mixture was heated and reacted on a steam bath for about 4.1 hours at a
      temperature of 75.degree. to 85.degree.C. Water in a total amount of about
      149 milliliters was added periodically to the reaction mixture as the
      viscosity of the mixture increased upon the reaction of the lignosulfonate
      with the di-epoxide. The aqueous phase was recovered by extraction and
      centrifugation, dialyzed, and dried in the manner described above. The
      intrinsic viscosity of the product, determined in a 0.1 N sodium chloride
      solution, was 0.33 dlg.sup.-.sup.1.
PAR  The product obtained was tested as a flocculating agent at several dosage
      or usage levels using the procedure and clay suspension described above.
      Some flocculation tests were also made wherein the clay suspension was
      adjusted to a pH of 9 by addition of sodium hydroxide and the sodium
      chloride content was increased to 4,000 parts per million. The results
      obtained are shown in the table below:
TBL          Settling Time, Sec.                                               

     Amount of                                                                 

     Product Clay Suspension                                                   

                           Clay Suspension                                     

     Added, p.p.m.                                                             

             at pH 5       at pH 9                                             

             1000 parts                                                        

                    4000 parts                                                 

                           1000 parts                                          

                                  4000 parts                                   

             NaCl   NaCl   NaCl   NaCl                                         

     __________________________________________________________________________

      1      --     230    --     357                                          

     10      57     61     51     55                                           

     20      --     --     --     46                                           

     50      35     39     38     39                                           

     100     --     35     --     37                                           

     200     31     --     --     37                                           

     500     27     --     --     --                                           

     1000    31     --     --     --                                           

     __________________________________________________________________________

PAR  The product was also tested using 10,000 parts per million of the product
      in the suspension at a pH of 5 containing 1000 parts per million of sodium
      chloride. Large flocs were formed upon addition of the large amount of
      product which settled immediately to form a gelatinous precipitate or
      sludge.
PAR  The flocculating time obtained by using 10 parts per million of
      commercially available polyelectrolyte, Separan AP 30, a partially
      hydrolyzed polyacrylamide manufactured by the Dow Chemical Company, gave
      flocculating times of 18 and 19 seconds at pH of 5 and 9, respectively.
PAC  EXAMPLE IV
PAR  A sodium base lignosulfonate prepared from a fermented dialyzed calcium
      base spent sulfite liquor was reacted with a polypropylene glycol
      diglycidyl ether having an equivalent weight of about 190 per epoxide.
PAR  The sodium lignosulfonate in an amount of 20 grams was dissolved in 30
      milliliters of water in a 3-necked flask. To this solution, 3.4 grams of
      polypropylene glycol diglycidyl ether were added which gave a ratio of
      0.85 epoxy group for each phenolic hydroxyl of the lignin. The mixture was
      reacted while being stirred under reflux at a temperature of about
      86.degree.C. Water was periodically added to the reaction mixture after a
      reaction time of about 13 minutes to dilute the reaction mixture to
      maintain stirrability. A total of about 100 milliliters of water was thus
      added during the 75 minute reaction time.
PAR  After the reaction, the reaction mixture was neutralized, extracted with
      ether and centrifuged to separate the aqueous phase from the organic
      phase. The product was not dialyzed. About 0.1 gram of unreacted epoxide
      was recovered. The cross-linked lignin product obtained was tested as a
      flocculating agent and the results obtained are shown in Table I below.
PAC  EXAMPLE V
PAR  A sodium base lignosulfonate similar to that of Example IV above was
      reacted with a polypropylene glycol diglycidyl ether which had an
      equivalent weight of about 325 per epoxide. A ratio of about 0.85 epoxide
      groups per phenolic hydroxyl of the lignin was obtained by adding 5.8
      grams of the polypropylene glycol diglycidyl ether to a sodium
      lignosulfonate solution obtained by dissolving 20 grams of the sodium
      lignosulfonate in 30 milliliters of water. The mixture was reacted for 6.2
      hours at a temperature of about 88.degree.C. About 40 milliliters of
      additional water was added during the reaction to dilute the reaction
      mixture to maintain stirrability. After the reaction, the reaction mixture
      was neutralized, extracted with ether, and centrifuged to separate the
      organic phase from the aqueous phase containing the cross-linked lignin.
      Approximately 0.1 gram of the epoxide was recovered. The product obtained
      was tested as a flocculating agent and the results are given in Table I
      below.
PAC  EXAMPLE VI
PAR  A sodium lignosulfonate prepared from a fermented, dialyzed calcium base
      liquor was cross-linked with a diglycidyl ether prepared by reacting a
      polyethylene glycol having an average molecular weight of 600 with
      epichlorohydrin. The product had an average molecular weight of 715 per
      epoxide. The sodium base lignosulfonate in an amount of 10 grams was
      dissolved in 15 milliliters of water to obtain a 40 weight percent
      solution at pH 10.2. The solution was reacted with 8.1 grams of the high
      molecular weight polyethylene glycol diglycidyl ether at a temperature of
      about 86.degree. for 3 hours and 10 minutes. A total of 80 milliliters of
      additional water was added during the reaction. After the reaction, the
      reaction mixture was neutralized, extracted with the ether, and
      centrifuged. The cross-linked lignosulfonate was tested as a flocculating
      agent. The details and results are given in Table I below.
PAC  EXAMPLE VII
PAR  A sodium base lignosulfonate converted from a dialyzed, fermented, calcium
      base liquor similar to that of Example VI was cross-linked with a
      di-epoxide prepared by reacting 1,7-octadiene with chloroperoxybenzoic
      acid in chloroform. The product had an average molecular weight of about
      270 per epoxide.
PAR  The sodium lignosulfonate in an amount of 20 grams was dissolved in 30
      milliliters of water to obtain a solution at pH 10.2. To this solution,
      7.1 grams of the di-epoxide were added and the mixture reacted at a
      temperature of from 80.degree. to 85.degree. for 3 1/2 hours. During the
      reaction time, about 100 milliliters of water were added to thin the
      reaction mixture as it thickened upon the cross-linking of the
      lignosulfonate. The reaction mixture was purified in a manner similar to
      that described above. About 0.5 gram of epoxide was recovered. The
      cross-linked lignosulfonate was tested as a flocculating agent. The
      results and details are given in Table I below.
PAC  EXAMPLE VIII
PAR  In a manner similar to that described in Example VII above, the sodium base
      lignosulfonate was reacted with diglycidyl ether which had an equivalent
      weight per epoxide of about 73. To 20 grams of the sodium lignosulfonate,
      1.3 grams of diglycidyl ether were added. After the reaction, 0.1 gram of
      the epoxide was recovered. The product obtained was tested as a
      flocculating agent and the details and results are shown in the table
      below.
PAC  EXAMPLE IX
PAR  The sodium base liquor of Example VII was cross-linked with a Bisphenol A
      diglycidyl ether which had an equivalent weight per epoxide of about 190.
      To 20 grams of the sodium lignosulfonate, 3.4 grams of the Bisphenol A
      diglycidyl ether were added. About 0.2 gram of epoxide was recovered after
      the reaction. The product obtained was tested as a flocculating agent and
      the details and results are given in Table I below.
PAC  EXAMPLE X
PAR  a. A sodium base spent sulfite liquor was reacted with 1,4-butanediol
      diglycidyl ether to cross-link the lignosulfonate in the spent sulfite
      liquor. The sodium base spent sulfite liquor was prepared from a fermented
      undialyzed calcium base spent sulfite liquor by reaction with sodium
      sulfate to precipitate out the calcium sulfate. The sodium base liquor
      thus obtained was adjusted to a pH of 11 with sodium hydroxide and then
      spray dried.
PAR  The undialyzed sodium base spent sulfite liquor solids in an amount of 20
      grams were dissolved in 30 milliliters of water. To the solution,
      1,4-butanediol diglycidyl ether was added in an amount of 3.5 grams which
      gave a ratio of 1.2 epoxy groups per each phenolic hydroxyl group of the
      lignosulfonate. The reaction mixture was reacted for 73 minutes at a
      temperature of about 90.degree.C during which time 43 milliliters of
      additional water were added. After the reaction, the reaction mixture was
      purified in the manner described above. About 0.2 gram of unreacted
      epoxide was recovered. Based upon the phenolic hydroxyl analysis before
      and after reaction, about 50% of the phenolic hydroxyl had reacted. The
      cross-linked lignosulfonate was tested as a flocculating agent and the
      details and results are given in Table I below.
PAR  b. In a run similar to that above, a sodium base spent sulfite liquor
      prepared from a dialyzed calcium base spent sulfite liquor was
      cross-linked with 1,4 - butanediol diglycidyl ether in an amount which
      gave a ratio of 0.86 epoxy group per each phenolic hydroxyl of the
      lignosulfonate. The reaction was carried out at 90.degree.C for 4 hours.
      Water was periodically added to the reaction mixture to keep the reaction
      mixture from gelling. The product obtained was cooled, ether extracted,
      and centrifuged to obtain the reaction product. The product was tested as
      a flocculating agent at 10 parts per million. The results obtained and
      other details are shown in the table below.
PAR  c. In a manner similar to Run (b) above, a similar run was made wherein the
      1,4 - butanediol diglycidyl ether was reacted with the sodium base
      lignosulfonate in a water-dioxane solution in which both the
      lignosulfonate and di-epoxide were soluble.
PAR  Twenty grams of the spent sulfite liquor were dissolved in 25 grams of
      distilled water to which was then added 6 milliliters of 1,4 - dioxane.
      After the addition of the dioxane, 2.4 grams of the di-epoxide were added
      which gave a ratio of 0.86 grams epoxy group per each phenolic hydroxyl
      group of the lignosulfonate. The reaction mixture was placed on the steam
      bath and reacted at a temperature of about 90.degree. for 4 hours. Water
      was periodically added to the reaction mixture until a total of 100
      milliliters of additional water had been added. The reaction thickened
      rapidly and after about a 10 minute reaction time, addition of water had
      to be made every few minutes for about the next 20 minutes in which time
      the 100 milliliters of water were added. After about 30 minutes of
      reaction time, no further additions of water were made but the reaction
      continued for an additional 3 1/2 hours. After the reaction, the solution
      was cooled to room temperature, ether extracted, and centrifuged.
      Unreacted epoxide in an amount of 0.2 gram was recovered from the ether
      extract. The water solution was evaporated under vacuum to remove the
      remaining ether and tested as a flocculating agent at 10 parts per
      million. The results and other details are given in the table below.
PAC  EXAMPLE XI
PAR  A sodium base lignosulfonate prepared from a fermented dialyzed calcium
      base liquor was reacted with a low molecular weight fraction of a
      di-epoxide prepared by reacting ethyleneglycol with epichlorohydrin. The
      diglycidyl ether had an equivalent weight of 105 per epoxide and was
      reacted in an amount of 1.9 grams with 20 grams of the sodium
      lignosulfonate in 30 milliliters of water. The mixture was reacted while
      being stirred at a temperature of about 90.degree.C for 75 minutes. An
      additional amount of water of about 50 milliliters was added during the
      reaction. Upon purification of the reaction mixture in a manner similar to
      that described above, about 0.1 gram of the unreacted epoxide was
      recovered. The cross-linked lignosulfonate was tested as a flocculating
      agent and the details and results are given in Table I below.
PAC  EXAMPLE XII
PAR  The sodium lignosulfonate of Example IX was cross-linked with a higher
      molecular weight fraction of the di-epoxide prepared as described in
      Example XI above. This fraction had an equivalent weight of 117 as
      compared to 105 of the example above. The reaction was carried out in the
      manner similar to that of Example XI. The cross-linked lignosulfonate was
      tested as a flocculating agent. The results and details are given in Table
      I below.
PAC  EXAMPLE XIII
PAR  A kraft lignin was cross-linked with 1,4-butanediol diglycidyl ether. The
      alkali lignin in an amount of 20 grams was dissolved in 50 milliliters of
      water to obtain a solution at pH 8.5. To the solution, 7.2 grams of
      1,4-butanediol diglycidyl ether were added. The alkali lignin had a
      phenolic hydroxyl content of about 6% so that the amount of the butanediol
      diglycidyl ether added represented about 0.75 epoxy group per phenolic
      hydroxyl of the lignin. The mixture was reacted at a temperature of
      85.degree. to 90.degree.C for about 65 minutes. Additional water was added
      periodically during the reaction mixture until a total amount of about 100
      milliliters had been added.
PAR  After the reaction, the reaction mixture was neutralized and extracted with
      ether to recover about 0.2 gram of unreacted epoxide from which it was
      estimated that about 70% of the phenolic hydroxyl of the lignin had
      reacted. The aqueous layer containing the cross-linked lignin was tested
      as a flocculating agent using the method described above. The results are
      shown in Table I below.
PAC  EXAMPLE XIV
PAR  A sodium base spent sulfite liquor was reacted with N,N - bis (2,3 -
      epoxypropyl) dimethylammonium iodide to cross-link the lignosulfonate in
      the spent sulfite liquor. The sodium base spent sulfite liquor was
      prepared in the manner described above wherein a fermented dialyzed
      calcium base liquor was reacted with sodium sulfate to convert the spent
      sulfite liquor to sodium base be precipitating out the calcium sulfate.
      The sodium base liquor thus obtained was adjusted to a pH of 11 with
      sodium hydroxide and then spray dried.
PAR  The spray dried sodium base spent sulfite liquor in an amount of 5 grams
      was dissolved in 7.5 milliliters of distilled water in a 3-necked round
      bottom flask equipped with a condenser. The N,N - bis (2,3 - epoxypropyl)
      dimethylammonium iodide was added in an amount of 0.75 gram in 4.6
      milliliters of water which gave a ratio of 0.86 epoxy group per each
      phenolic hydroxyl group on the lignosulfonate. The mixture was reacted at
      a reaction temperature of 94.degree.C for about 4 hours. After the
      reaction had proceeded for about 10 minutes, the viscosity increased to
      the extent that an additional 4 milliliters of water was added to dilute
      the reaction mixture to permit stirring. A total of 14 milliliters of
      water was thus added periodically in 5 steps. At the end of the reaction,
      the sample was cooled, blended with additional water, and centrifuged to
      obtain approximately 0.2 gram of a water insoluble product when dried. The
      water soluble portion obtained was tested as a flocculating agent at 10
      parts per million. The results are shown in the table below.
PAR  In Table I, the flocculating tests were made on the flocculation of clay in
      an aqueous system. The tests were similar to that described in Example I
      except that 4,000 parts per million of sodium chloride were added to the 4
      weight percent clay slurry. The test was performed in the manner described
      above wherein a 100 milliliter sample of the clay suspension was shaken in
      a 100 milliliter graduated cylinder and the length of time for the clay to
      settle to half volume or the 50 milliliter mark on the cylinder was noted
      and taken as the settling time. The flocculating agent was used in an
      amount of 10 parts per million and the slurry was at a pH of about 5. The
      intrinsic viscosities were determined in a 0.1 N sodium chloride solution.
PAR  The results of the above noted products were compared to a blank where the
      clay slurry was settled without the addition of any flocculating agent and
      to a second blank to which a dialyzed sodium lignosulfonate without being
      cross-linked was added in an amount of 10 parts per million.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                   Ratio of                                                    

                   Epoxy Groups                                                

                           Percent of                                          

                   Per Phenolic                                                

                           Phenolic                                            

                                 Intrinsic                                     

                                       Settling                                

           Di-epoxide                                                          

                   Hydroxyl of                                                 

                           Hydroxyls                                           

                                 Viscosity,                                    

                                       Time,                                   

     Example                                                                   

           Reacted Lignin  Reacted                                             

                                 dlg.sup.-.sup.1                               

                                       Sec.                                    

     __________________________________________________________________________

     IV    Polypropy-                                                          

           lene glycol                                                         

           diglycidyl                                                          

           ether (MW                                                           

           per epox-                                                           

           ide=190)                                                            

                   0.85    60    0.13   67                                     

     V     Polypropy-                                                          

           lene glycol                                                         

           diglycidyl                                                          

           ether (MW                                                           

           per epox-                                                           

           ide=325)                                                            

                   0.85    49    0.25  103                                     

     VI    Polyethy-                                                           

           lene glycol                                                         

           diglycidyl                                                          

           ether (MW                                                           

           per epox-                                                           

           ide=715)                                                            

                   1.1     --    --     69                                     

     VII   1,7-diepoxy-                                                        

           octane (MW                                                          

           per epox-                                                           

           ide=270)                                                            

                   1.2     --    0.20  102                                     

     VIII  Diglycidyl                                                          

           ether   0.86    70    0.23  104                                     

     IX    Bisphenol A                                                         

           diglycidyl                                                          

           ether   0.86    58    0.23  133                                     

     X (a) Butanediol                                                          

           diglycidyl                                                          

           ether   1.2     50    --     83                                     

      (b)          0.86    65    0.33   83                                     

      (c)          0.86    67    0.27   87                                     

     XI    Polyethylene                                                        

           glycol di-                                                          

           glycidyl                                                            

           ether (MW                                                           

           per epox-                                                           

           ide=105)                                                            

                   0.86    59    0.17  117                                     

     XII   Polyethylene                                                        

           glycol di-                                                          

           glycidyl                                                            

           ether (MW                                                           

           per epox-                                                           

           ide=117)                                                            

                   0.85    61    0.27  100                                     

     XIII  Butanediol                                                          

           diglycidyl                                                          

           ether   0.75    70    --    135                                     

     XIV   N,N-bis(2,3-                                                        

           epoxypropyl)                                                        

           dimethylammo-                                                       

           nium iodide                                                         

                   0.86    63    0.24  104                                     

     Blank I       --      --    --    430                                     

     Blank II                                                                  

           (dialyzed                                                           

           lignosul-                                                           

           fonate) --      --    --    450                                     

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the clarification of an aqueous suspension of solid
      particle matter wherein a flocculating agent is added in a sufficient
      amount to flocculate the suspended particle matter the improvement which
      cimprises using as a flocculating agent a water-soluble lignin-di-epoxide
      reaction product obtained by reacting at a pH in range of 8-13 and a
      temperature in the range of 50.degree. to 220.degree.C a lignin solution
      containing 20-50 percent lignin with a long-chained di-epoxide having a
      molecular weight in the range of 120 to 1800 to the extent that the
      phenolic hydroxyl content of the lignin has been reduced from 40 to 95%,
      said di-epoxide having linking atoms selected from the group consisting
      essentially of carbon, nitrogen, sulfur, and oxygen and being a terminal
      di-epoxide with epoxy groups being on the terminal ends of the long chain,
      said terminal ends being alkylene groups of at least 3 carbon atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the flocculating agent is a
      lignosulfonate-di-epoxide reaction product.
NUM  3.
PAR  3. A process according to claim 1 wherein the flocculating agent is an
      alkali lignin-di-epoxide reaction product.
NUM  4.
PAR  4. A process according to claim 1 wherein the flocculating agent is
      obtained by dissolving the lignin in an aqueous medium to form a solution
      containing from 20 to 50 weight percent lignin, intermixing the lignin
      solution at a pH in the range of 8 to 13 with the di-epoxide to react the
      di-epoxide with the lignin.
NUM  5.
PAR  5. A process according to claim 4 wherein the di-epoxide is selected from
      the group consisting essentially of the following di-epoxides:
PA1  1. 1,2,7,8 - diepoxyoctane; 1,2,11,12 - diepoxydodecane; 1,2,7,8 - diepoxy
      - 4 - methyloctane; 1,2,7,8 - diepoxy - 4,5 - dimethyloctane; and
      di-epoxides having a general formula:
      ##EQU6##
      Where R represents alkylene radicals having up to 18 carbon atoms, arylene
      or oxy-linked arylene radicals having up to 12 carbon atoms and R.sub.1
      represents hydrogen, phenyl or one or more alkyl radicals such that the
      total carbon atoms of R.sub.1 does not exceed 1/2 of the carbon atoms of
      the chain containing the oxirane groups.
PAR  2.  Diglycidyl ethers of 1,4 - butanediol; 1,8 - octanediol; 1,12 -
      dodecanediol; glycerol, sorbitol; Bisphenol A; 2,5 - bis (hydroxymethyl)
      tetrahydrofuran; 1,4 - bis [2-(4'-hydroxyphenyl) ethyl] benzene; and
      dihydroxynaphthalene; and di-epoxides of other aromatic and aliphatic
      polyols having a general formula:
      ##EQU7##
      Where R represents alkylene radicals having up to 18 carbon atoms, arylene
      or oxy-linked arylene radicals having up to 12 carbon atoms, and R.sub.1
      represents hydrogen, phenyl or one or more alkyl radicals such that the
      total carbon atoms of R.sub.1 is less than 1/2 of the carbon atoms of the
      chain containing the oxirane groups.
PAR  3.  Diglycidyl ethers of polyalkylene glycols having a general formula:
      ##EQU8##
      Where n is a positive integer of from 2 to 20, R represents alkylene
      radicals having from 2 to 4 carbon atoms, and R.sub.1 represents hydrogen
      or alkyl radicals having from 1 to 2 carbon atoms with the total of R and
      R.sub.1 not being greater than 4 carbon atoms.
PAR  4.  N,N - bis (2,3 - epoxypropyl) methylamine; N,N - bis (2,3 -
      epoxypropyl) butylmethylammonium iodide; 1,4 - butylene-bis [N - (2,3 -
      epoxypropyl) - N,N - dimethylammonium iodide] and diglycidyl amines and
      amine salts having the general formula:
      ##EQU9##
      or
      ##EQU10##
PAR  Where "m" is a positive integer of from 2 to 5, "n" is a positive integer
      from 0 to 5, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 represent alkyl
      radicals having from 1 to 2 carbon atoms, and X represents bromide,
      iodide, arenesulfonate, or acetate ions.
NUM  6.
PAR  6. A process according to claim 5 wherein the lignin solution is a solution
      containing from 30 to 40% lignin and is reacted at a temperature in the
      range of 75.degree.C to reflux temperature at atmospheric pressure with
      the di-epoxide at a pH in the range of 9 to 11 to the extent that the
      phenolic hydroxyl content of the lignin is reduced by an amount of from 50
      to 75%.
NUM  7.
PAR  7. A process according to claim 6 wherein the lignin is a lignosulfonate
      solution.
NUM  8.
PAR  8. A process according to claim 7 wherein the di-epoxide has a molecular
      weight in the range of 250 to 800 and is a diglycidyl ether of a polyol.
NUM  9.
PAR  9. A process according to claim 8 wherein the di-epoxide is a diglycidyl
      ether of a polyalkylene glycol.
NUM  10.
PAR  10. A process according to claim 9 wherein the di-epoxide is a diglycidyl
      ether of polyethylene glycol.
NUM  11.
PAR  11. A process according to claim 6 wherein the lignin is an alkali lignin
      and the di-epoxide is a diglycidyl ether of polyethylene glycol.
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ABST
PAL  A system and method for extracting heat from hot unrefined water and
      ultimately using this heat to do useful work, while avoiding the danger of
      damage to heat exchange equipment by scale and corrosion, which is many
      times attendant on such methods. The hot unrefined water is passed through
      a housing containing porous material giving up its heat to the porous
      material. A volume of clean water is then passed through the housing
      picking up the heat from the porous material. The heated clean water can
      then be passed through a more or less conventional heat exchanger without
      danger of damaging the internal surfaces of the exchanger with scale and
      corrosion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In accord with today's need for more and better sources of energy, and
      sources which create minimum pollution problems, increased attention is
      being given to geothermal sources of energy. These include capturing and
      utilizing the heat from naturally hot underground water to do useful work.
      After absorption of its heat, the water can be returned to the ground and
      there are usually little or no polluting by-products from such systems.
PAR  2. Description of the Prior Art
PAR  In some such systems the hot water is passed through a heat exchanger to
      heat a working fluid and ultimately produce useful work.
PAR  One problem with such a system is that the water which is drawn from the
      ground, and which may in some cases be primarily brine, is unrefined and
      contains many impurities both in solution and in suspension. In fact, the
      hot water is often supersaturated with impurities such as silica, calcium
      sulfate, silicates and other compounds which can cause rapid corrosion,
      scaling, etc., of the surfaces of a heat exchanger if the unrefined water
      is passed directly through the heat exchanger. Such water may be purified
      or refined before passing it through the heat exchanger, as by filtering,
      however, this requires that the water, filtering systems, etc., be well
      insulated and/or pressurized so that minimum heat is lost during the
      refining process. Additionally the purification of the water is costly.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention, the unrefined hot water is prevented
      from coming into direct contact with the surfaces of the heat exchanger.
      Filters and like equipment are not needed. A heat transfer medium in the
      form of a housing containing porous material such as a bed of gravel or
      other granular material is used to transfer heat from the unrefined water
      to clean water which is then passed through the heat exchanger. The porous
      material is inexpensive and expendable and can even be easily cleaned and
      reused if desired.
PAR  In the system of the invention a volume of the hot unrefined water is
      passed through a housing containing porous material which picks up the
      heat of the water. A volume of clean water is then passed through the
      housing to pick up the heat from the porous material. The now heated clean
      water can then be passed through a heat exchanger without significant
      danger to the surfaces of the exchanger. The clean water can be recycled
      through the system many times, each time passing through the housing
      immediately after a volume of the unrefined water.
PAR  Thus a major object of the invention is to provide a system and method of
      extracting heat from hot unrefined water and transferring said heat to a
      working fluid in a heat exchanger without direct contact of the unrefined
      water with the exchanger.
PAR  Another object of the invention is to provide a system and method as
      described above in which an inexpensive and expendable and/or readily
      reconditionable heat transfer medium is employed.
PAR  Another important aspect of the invention is that the source of the clean
      water may be the unrefined water which has been passed through the porous
      material. After being removed from the housing, the cooled unrefined water
      is delivered to a detention receptable. Here it attains stabilization
      through elimination of its supersaturation and many of the impurities
      precipitate to the bottom of the receptacle. The liquid which is left on
      the top of the receptacle is substantially free of impurities to the
      extent that what impurities are left in the liquid are not sufficient to
      unduly damage the surfaces of the heat exchanger. It is this substantially
      impurity-free liquid which is used as the clean water, yet no filtering,
      etc., is necessary.
PAR  Thus, another object of the invention is the provision of a system and
      method of extracting heat from unrefined water and transferring it to
      clean water, wherein said clean water is derived from said unrefined water
      without the use of filters or other elaborate equipment.
PAR  It will be understood that the substantially impurity-free liquid in the
      detention receptacle does contain some particles in suspension of the same
      nature as the impurities in the unrefined water. These are useful in
      continuously cleaning the system. For example, some impurities will be
      left in the porous material when the unrefined water passes therethrough
      and will then be picked up by the clean water which subsequently passes
      through the porous material. Other impurities will be introduced into the
      purified water in the housing, for example by mixing of water in the
      trailing edge of a volume of unrefined water with the immediately
      following leading edge of a volume of clean water. Still other impurities
      are introduced by erosion of the porous material. Any such impurities
      which are thus picked up by the clean water will tend to adhere to the
      particles already suspended in the clean water, which offer a large amount
      of closely associated surface area, rather than adhering to the material
      in the housing or to the surfaces of the heat exchanger. The impurities
      will thus be carried along with the clean water away from the apparatus.
      It is also desirable that these suspended particles have the same
      electrical charge as any boiler scale which may have formed on the
      surfaces of the heat exchanger so that the boiler scale will not have any
      greater attraction for the impurities than the suspended particles. As the
      impurity content of the clean water increases, this water can be freshened
      by continuously or periodically tapping quantities of the water from
      communication with the heat exchanger and replacing them with quantities
      of the liquid from the detention receptacle.
PAR  Thus, another object of the invention is to provide a system and method as
      described above in which the clean water contains particles in suspension
      which are instrumental in cleansing of the system.
PAR  A preferred embodiment of the invention provides for continuous operation
      of the system by the use of two housings containing porous material. The
      source of hot unrefined water is connected to the entrance end of one of
      the housings and hot unrefined water is passed through this housing until
      the leading edge of this volume of water is at the exit end of the
      housing. At this time, the source of hot unrefined water is disconnected
      from the first housing and connected to the entrance end of the second
      housing; simultaneously the source of cool clean water is connected to the
      entrance end of the first housing (having been previously connected to the
      second). At the same time that the source of clean water is connected to
      the first housing, i.e. when the leading edge of the preceding volume of
      unrefined water has reached the exit end of the first housing, the exit
      end of the first housing is connected to the detention receptacle so that
      the unrefined water may be deposited therein. Meanwhile, the leading edge
      of a volume of clean water, which water has been heated, has reached the
      exit end of the second housing which is then connected to the heat
      exchanger. Thus, the entrance ends of the housings are alternately
      connected to the sources of unrefined and clean water and each time the
      connections at the entrance ends are switched, the connections at the exit
      ends are also switched to alternately direct unrefined and clean water
      from the housings to the detention receptacle and the heat exchanger
      respectively. To allow for proper timing in this simultaneous switching of
      the connections of the entrance and exit ends of the beds, a temperature
      front, on one side of which the porous material and water are at their
      highest temperature and on the other side of which the porous material and
      water are at their lowest temperature, must move along the porous material
      with half the velocity of the water volume such that it is at the center
      of the housing when the leading edge of a volume of water has reached the
      exit end. One way of achieving this is to choose the porous material such
      that its heat capacity per unit volume is substantially the same as that
      of the unrefined water or clean water contained in the voids of a unit
      volume of the gravel or other porous material.
PAR  Still another object of the invention is to provide a two housing system
      wherein the relative velocities of the temperature fronts and the leading
      edges of the volumes of water in the two housings are such that the
      entrance and exit connections may be switched simultaneously with maximum
      efficiency in the use of the available heat.
PAR  Thus, still another object of the invention is to provide a system and
      method as described above wherein the porous material, the unrefined water
      in the voids of the porous material, and the clean water in the voids of
      the porous material all have substantially the same heat capacity per unti
      volume of porous material.
PAR  Other objects, features, and advantages of the present invention will be
      made apparent by the drawings and by the detailed description and claims
      to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram of the system of the invention.
PAR  FIG. 2 is a graph showing temperature and water composition versus bed
      length for a volume of unrefined water.
PAR  FIG. 3 is a graph showing temperature and water composition versus bed
      length for a volume of clean water.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, hot underground water is drawn up from a well 10.
      This water, which may be brine, contains many impurities both in solution
      and in suspension. These may include silica, calcium sulfate, silicates,
      and possibly other compounds. Many of these impurities tend to form
      precipitates and may also tend to form scale. This is especially true upon
      cooling of the water. Any water containing sufficient impurities to cause
      excessive damage to or interference with the operation of the heat
      exchanger and, in particular, water essentially as it comes from the well,
      will be referred to herein as "unrefined" water.
PAR  The hot unrefined water is delivered via line 12 to a four way valve 14.
      When valve 14 is in the position shown in solid lines, the hot water is
      delivered to the entrance end 22 of a container 16 containing a porous bed
      18. The word "porous," as used herein, is intended to refer to the bed of
      material as a whole in the sense that water can flow through the bed via
      the voids or "pores" between the individual granules. Thus for example a
      gravel made up of primarily siliceous materials, for one, can be used. In
      other words, the term porous is used primarily in a macroscopic sense in
      that it is preferable that the particles which make up the aggregate are
      themselves substantially nonporous. Thus, for example, material such as
      molecular sieves might be used but would not be preferable because of
      their inherent microporosity. It will be understood however that other
      forms of porous material might be used. For example the housing could
      contain a single porous brick of appropriate material.
PAR  The gravel bed 18 absorbs the heat of the unrefined water as it flows
      through the housing 16. Meanwhile a volume of cool clean water or other
      suitable liquid, the nature and source of which will be described more
      fully below, is pumped from a heat exchanger 38 by pump 46 into the
      entrance end 26 of a second housing 30 via line 48 and four way valve 14.
      The housings 16 and 30 are preferably of the same size and housing 30
      contains gravel bed 32. It will be understood that the gravel 32 in
      housing 30 at this point in the cycle is hot, a volume of hot unrefined
      water having previously been passed therethrough. Thus, the clean water
      absorbs heat from gravel 32 as it passes through housing 30.
PAR  The volumes of unrefined and clean water are admitted to the respective
      entrance ends 22 and 26 of the housings 16 and 30 at approximately the
      same time. These volumes of water have substantially the same flow
      characteristics so that they flow through their gravel beds at
      substantially the same speed. Each of these volumes of water may be
      considered to have a leading edge, i.e. the portion of the volume of water
      which has passed farthest toward the exit end 24 or 28 of its respective
      housing. The leading edges of the two volumes reach the exit ends 24 and
      28 at approximately the same time, and the portions of the respective
      volumes of water which are then at the entrance ends 22 and 26 may be
      considered the trailing edges of their respective volumes of water.
PAR  At this time valve 14 is switched to the position shown in dotted lines so
      that a new volume of unrefined water begins to flow into the now cool bed
      32 and a new volume of clean water begins to flow into the heated bed 18.
      Simultaneously, a second four way valve 20 connected to the exit ends 24
      and 28 of the beds is turned to the position shown in dotted lines so that
      the cool unrefined water now exiting from housing 16 is delivered to a
      detention receptacle such as a pond 34 and the clean water which has been
      heated in bed 32 is delivered to a heat exchanger 38 or to a boiler or the
      like which may be more or less conventional. Here it gives up the heat
      indirectly absorbed from the unrefined water through the gravel bed 32 to
      a working fluid which ultimately results in the production of useful work.
PAR  It will be appreciated that each of the beds 18 and 32 has volumes of
      unrefined water and clean water alternately passed therethrough in a
      continuous cycle, the unrefined water giving up heat to the gravel and the
      gravel giving up heat to the clean water. It will also be appreciated that
      while unrefined water is passing through one bed, clean water is passing
      through the other so that the total process of heat transfer in exchanger
      38 is continuous. By proper switching of valve 20 the unrefined water
      exiting from one bed is directed into the detention pond 34 while the
      clean water is entering that bed and clean water exiting from the other
      bed is directed to the heat exchanger 38 while unrefined water is entering
      said other bed. The solid line position of valve 20 directs water from
      housing 16 to the heat exchanger 38 and water from housing 30 to the pond
      34; the dotted line position directs water from housing 16 to the pond and
      water from housing 30 to the heat exchanger.
PAR  One of the primary advantages of the system of the invention is that the
      clean water may be derived from the unrefined water without the need for
      filters or other expensive or elaborate equipment. However, it will be
      appreciated that the clean water could be derived from other sources and
      also that, while water is preferred, other liquids might sometimes be
      used. It should be understood that the terms "clean water" or "clean
      liquid" are intended to include any water or liquid which is sufficiently
      free of impurities that it can be safely and practically passed through
      heat exchange equipment, etc. In the preferred form of the invention, the
      unrefined water which enters the pond 34 from the housings 16 and 30 has
      been cooled by giving up its heat to the gravel in the beds. It is then in
      condition to attain stabilization by elimination of its supersaturation.
      As it rests in the pond 34, many of the impurities precipitate to the
      bottom of the pond leaving on the top of the pond a liquid which is
      substantially free of impurities. By "substantially free of impurities" is
      meant that the liquid is sufficiently free of impurities that it can be
      safely passed through a heat exchanger or other apparatus in direct
      contact with the surfaces of the apparatus without excessive danger of
      scaling, corrosion, etc. It is part of this substantially impurity-free
      liquid that is used as at least part of the "clean water" while the
      remainder of the impurity free liquid may be returned to the ground via
      line 50 and well 36. It will be understood that part of the clean water
      may come from another source, however, the substantially impurity-free
      liquid in the pond may, and preferably does, supply all the clean water.
PAR  It should be understood that this liquid from the pond does contain some
      impurities in the form of particles in suspension. However, these
      particles, rather than creating a problem, are instrumental in cleansing
      the apparatus of the system.
PAR  Some impurities are left in the beds 18 and 32 by the unrefined water as it
      passes therethrough. It is desirable that the beds be kept as free as
      possible of these impurities. The impurities thus left in the gravel beds
      are picked up by the clean water as it passes through the beds. Other
      impurities resulting from erosion of the gravel are also picked up by the
      clean water. Furthermore, impurities are picked up by the clean water due
      to intermingling of unrefined and clean water at the adjacent leading and
      trailing edges of such volumes of water which pass through the beds. These
      impurities may tend to precipitate or produce a scaling effect
      particularly in the heat exchanger where the water carrying them undergoes
      a temperature change. However, the particles already in suspension in the
      clean water, i.e. as it is taken from the pond, are of the same character
      as the impurities which will be picked up by the clean water as it passes
      through the system as described. Thus, the impurities will tend to adhere
      to the particles in suspension in the clean water, which provide a large
      amount of intimately located surface area for reception of these
      impurities, rather than to the equipment. The impurities are thus carried
      along with the clean water and removed from the beds, the heat exchanger,
      and other equipment.
PAR  It should be noted that in most practical cases, at least some boiler scale
      is going to form on the surfaces of the heat exchanger. This scale may
      have an electrical charge. The particles in suspension (or colloidal
      dispersion) in the clean water may have a charge of the same sign as the
      boiler scale, or they can be made to have one of the same sign by use of a
      suitable additive to the clean water. Thus, the particles which may be
      present as colloidal dispersion will be repelled by the boiler scale.
      Since the colloidal dispersion offers such a great surface area in
      intimate association with the dissolved impurities in the water, these
      impurities will tend to largely collect on the suspended particles rather
      than on the boiler scale thus forming more scale.
PAR  As the content of impurities in the clean water increases by virtue of
      impurities adhering to the suspended particles, the clean water may be
      freshened by continuously or periodically tapping off quantities of the
      clean water from communication with the heat exchanger 38 and other parts
      of the system via line 44 and returning it to the pond 34 for
      restabilization. These quantities of the clean water are replaced by
      quantities of substantially impurity-free liquid from the pond 34. These
      quantities of liquid may be pumped from return line 50 by pump 40 and
      directed into communication with the heat exchanger and other parts of the
      system via line 42.
PAR  It should also be understood that the gravel in the beds 18 and 32 is
      usually inexpensive and expendable. However, when it becomes fouled with
      impurities, it can be reconditioned and reused if desired. For example, it
      can be cleaned by tumbling and washing. Additionally the erosion of the
      gravel and removal of eroded granules by the clean water as described
      above is instrumental in keeping the gravel beds clean.
PAR  As explained above, each volume of water, either unrefined or clean, which
      passes through one of the housings 16 or 30 and its respective contained
      bed 18 or 32 may be considered to have a leading and a trailing edge. The
      leading edge of each volume of water will be at the exit end of the bed
      when the trailing edge is at the entrance end. Thus, the volumes of water
      might be considered to have a "length" equivalent to that of the beds. It
      is desirable that the valves 14 and 20 be turned simultaneously so that
      the two volumes of water exiting from the respective beds are directed
      into the appropriate receptacles, i.e. pond or heat exchanger, while new
      volumes of water are directed into the beds, each volume of unrefined
      water always being followed by a volume of clean water in a particular
      bed.
PAR  It is noted here that as a volume of water moves through one of the beds, a
      temperature front which extends for only a short distance along the bed
      moves along the bed also. The portions 54 and 52 of the solid line curves
      in FIGS. 2 and 3 respectively represent such temperature fronts where, in
      the solid curves, temperatures of the water-gravel mixtures in respective
      beds are plotted on the vertical axes versus position along the bed on the
      horizontal axes. X.sub.1 represents the entrance end of the bed, and
      X.sub.2 represents the exit end of the bed. Y.sub.1 represents minimum
      temperature and Y.sub.2 represents maximum temperature. The dashed curves
      in FIGS. 2 and 3 represent the positions of the volumes of water in the
      beds with the portions 58 and 56 representing the leading edges of
      respective volumes of water. Percentage of the water which is unrefined
      water is plotted on the vertical axes, Z.sub.1 representing 0% unrefined
      water and Z.sub.2 representing 100% unrefined water.
PAR  FIG. 2 represents the passage of a volume of unrefined water through one of
      the beds. The graph shows that the temperature change across the
      temperature front 54 is abrupt. To the left of the front 54 the
      temperature is at its highest; to the right of the front, the temperature
      is at its lowest. The presence of such an abrupt temperature change,
      recognizable as a front, is made possible by the large surface area
      provided by the gravel in the beds. FIG. 2 shows that when the leading
      edge 58 of a volume of unrefined water is at the exit end of a housing,
      the temperature front 54 is approximately midway through the housing and
      bed. It will be understood that the leading edge 58 of the volume of water
      and the temperature front 54 both started at the entrance end of the
      housing at the same time.
PAR  This relationship is also true in FIG. 3 which represents the passage of a
      volume of clean water through one of the beds. The leading edge 56 and
      temperature front 52 started at the entrance end of their housing at the
      same time. At the time represented by the graph of FIG. 3 the leading edge
      56 of the volume of water is at the exit end of the housing when the
      temperature front 52 is approximately halfway along the length of the bed.
      It will be understood that the temperature fronts move along the beds with
      half the velocity of the volumes of water. This condition, i.e. that the
      temperature fronts have half the average speed of the water, makes
      possible the simultaneous switching of valves 14 and 20 as described
      above. This condition, in turn, is made possible by proper relation of the
      heat capacities per unit volume of the gravel (when dry) and of the
      unrefined water and the clean water in the voids of a unit volume of
      gravel. In practice the heat capacities of the unrefined and clean water
      will be substantially equal. By choosing the gravel or other porous
      material so that it has approximately the same heat capacity as the water
      in the voids of a unit volume of the bed the condition depicted in FIGS. 2
      and 3 is achieved.
PAR  This choice depends primarily on the size of the gravel since the heat
      capacity of the water in the voids of a unit volume of gravel depends on
      the size of the voids. Obviously smaller voids can be had by choosing
      finer and finer gravel. Furthermore, the voids in the bed of relatively
      coarse gravel can be made smaller and hence the heat capacity varied by
      mixing a finer grade gravel with the coarse gravel so that the fine gravel
      particles partially fill the voids between the coarse gravel particles.
PAR  It will be appreciated that proper choice of the gravel or other porous
      material may depend partially on the temperature and composition of the
      unrefined water, and accordingly a large variety of materials may be used.
      The materials chosen can be naturally occurring or synthetic, i.e.
      manufactured.
PAR  It will be understood that many modifications of the system and method of
      the invention will suggest themselves to those skilled in the art, and it
      is intended that the scope of the invention be defined by the claims which
      follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of extracting heat from hot unrefined water containing
      impurities comprising the steps of: alternately co-currently flowing
      volumes of said unrefined water and volumes of clean liquid through a
      housing containing porous material whereby heat is alternately transferred
      from said unrefined water to said porous material and from said porous
      material to said clean liquid, and extracting heat from said clean liquid
      subsequent to its flow through said housing, wherein a high temperature
      front moves along the length of said housing as each of said volumes of
      unrefined water is passed therethrough and wherein the subsequent volume
      of clean liquid is caused to begin to flow through said housing when said
      high temperature front is intermediate the ends of said housing.
NUM  2.
PAR  2. The method of claim 1 comprising the further steps of directing said
      unrefined water exiting from said housing into a detention receptacle; and
      holding said unrefined water in said receptacle thereby freeing said
      unrefined water of a portion of said impurities by precipitation of said
      portion of impurities; thereby forming a substantially impurity-free
      liquid at the top of said pond; and using a portion of said substantially
      impurity-free liquid as at least part of said clean liquid, said clean
      liquid being clean water.
NUM  3.
PAR  3. The method of claim 2 wherein said unrefined water is incompletely freed
      of said impurities whereby said substantially impurity-free liquid
      contains suspended particles of the same nature as said impurities.
NUM  4.
PAR  4. The method of claim 3 wherein boiler scale forms in said heat exchanger
      and including the step of maintaining the sign of the charges on said
      particles the same as the sign of the charge on the boiler scale.
NUM  5.
PAR  5. The method of claim 3 comprising the further step of withdrawing a
      quantity of said clean water from communication with said heat exchanger
      and replacing it with a quantity of said substantially impurity-free
      liquid from said receptacle.
NUM  6.
PAR  6. The method of claim 1 wherein there are two such housings containing
      porous material and volumes of said hot unrefined water and volumes of
      said clean liquid are alternately co-currently flowed through each of said
      two housings, such that when a volume of said hot unrefined water is
      flowing through one of said housings, a volume of said clean liquid is
      flowing through the other of said housings, said clean liquid being clean
      water.
NUM  7.
PAR  7. The method of claim 6 wherein said housings are of substantially equal
      size and wherein each of said volumes of water is of a quantity relative
      to the size of said housings that when a leading edge of one of said
      volumes has reached an exit end of one of said housings, a trailing edge
      of said one volume is at an entrance end of said one housing.
NUM  8.
PAR  8. The method of claim 7 wherein a low temperature front moves along the
      length of each of said housings as each of said volumes of clean water is
      passed therethrough and wherein each of said high and low temperature
      fronts is caused to move at a velocity equal to half the velocity of the
      respective volume of water.
NUM  9.
PAR  9. The method of claim 8 wherein the heat capacity per unit volume of said
      porous material when dry is maintained substantially equal to the heat
      capacity of the unrefined water in the voids in a unit volume of said
      porous material.
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ABST
PAL  An apparatus for separating a relatively low density liquid such as oil
      from a relatively more dense liquid, e.g. water, substantially immiscible
      therewith, comprises a vessel in which the two liquids form strata, and a
      trough in the vessel is provided with a pair of floats. At least one of
      the floats is internally subdivided into at least a pair of laterally
      spaced trim chambers interconnected by a tube so that the introduction of
      compressed air into one chamber displaces trim liquid into the other and
      causes rotation of the float about an axis parallel to the trough so that
      the overlying liquid can flow over the edge of the trough into the latter
      when this edge is canted beneath the liquid surface.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus for separating a relatively
      low-density liquid, e.g. oil, from a relatively high-density liquid, e.g.
      water, with which the low-density liquid is substantially immiscible.
PAC  BACKGROUND OF THE INVENTION
PAR  The separation of a relatively low-density liquid, e.g. oil or an organic
      solvent, from a relatively high-density liquid such as water with which
      the low-density liquid is substantially immiscible is required for many
      purposes. For example, oil and water mixtures may arise in oil refineries
      or in the removal of oil from bodies of water and can be introduced into
      decanting tank or vessels in which the two liquids are permitted to
      separate by stratification. The relatively low-density liquid forms a
      layer above the relatively high-density liquid and must be removed.
PAR  Simple decanting techniques whereby the low-density liquid is permitted to
      flow over a weir at a fixed location on the separation vessel have not
      proved to be effective for many purposes especially because the level of
      the liquid may vary.
PAR  There has also been suggested a portable floating device for drawing
      pumpable impurities from the surface of a body of water. This device
      comprises an upper open surface and floats carrying the collecting vessel
      which comprises an upper receptacle portion and a lower receptacle
      portion, the two portions being so interconnected that they permit
      relative vertical movement. The lower receptacle portion contains one or
      two immersion pumps. The upper edge of the upper receptacle portion lies
      substantially at the upper surface of the water and the depth to which the
      upper edge can be immersed can be controlled by regulating the floats.
PAR  This conventional system has, necessarily, a complex and costly
      construction and is not always satisfactory in operation. For example, it
      cannot be used in large clarifier or settling tanks whose lateral walls
      are of rectangular cross section and have lengths of 4 to 6 meters or
      more.
PAR  Such large clarifier or separating vessels are used in the petroleum
      industry, e.g. at refineries, for the separation of large quantities of
      waste water which may contain petroleum products. Such products must be
      removed from the surface of the water in the vessel so that, for example,
      they may be worked up to recover the valuable petroleum components.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      apparatus of the trough type for the withdrawal of a low-density liquid
      from the surface of a high-density liquid with which the low-density
      liquid is substantially immiscible.
PAR  Another object of this invention is to provide an apparatus of the general
      type described above wherein, however, the aforestated disadvantages are
      obviated.
PAR  Yet another object of the present invention is to provide a system for the
      removal of low-density liquid from a high-density liquid which is
      effective independently of the quantity of liquid in the separation vessel
      and has simple means for producing canting of the separation trough.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, in an apparatus for
      the removal of a relatively light or low-density liquid from a heavier or
      relatively high-density liquid, especially the removal of oil from water,
      which comprises a separation vessel in which the two liquids have
      stratified, and a floating trough whose edges, in an uncanted position of
      the trough, lie just above the upper surface of the low-density liquid. A
      discharge arrangement is connected with the trough to carry off the liquid
      collected therein and the trough is provided, e.g. at its ends or more
      generally at two longitudinally spaced locations, with a pair of floats at
      least one of which is internally subdivided into at least two laterally
      spaced trim chambers connected by a tube or passage and communicating
      selectively with a source of compressed or pressurized gas and the
      atmosphere. According to the invention, trim water or another liquid is
      displaced from one of the chambers into the other, thereby canting the
      trough and bringing one of its edges below the surface of the low density
      liquid so that the latter can flow into the trough and be withdrawn. When
      the low density liquid is present in a large quantity the height of its
      layer is correspondingly large and the tilting or canting angle may be
      correspondingly increased so that the trough is rotated about its
      longitudinal axis to a greater extent. When the quantity of low density
      liquid is less, a smaller angle of canting or rotation may be effected
      and, of course, in the rest position of the trough both of its edges may
      overly the surface of the liquids in the vessel since no liquid need be
      withdrawn.
PAR  While the canting of the trough may be carried out in a number of ways, it
      is preferred to effect the canting solely by displacement of trim water in
      the manner described. The trough may be provided with a weighted keel
      tending to return it into its rest position although it is preferred in
      accordance with the present invention, to provide means for the
      displacement of the liquid from one trim chamber to the other to effect
      canting in either sense.
PAR  According to a more specific feature of this invention, the floats may be
      of circular configuration, e.g. cylindrical so that the rotary movement is
      effected about a horizontal axis.
PAR  It is an important feature of the invention that the rotation of the trough
      is effected without mechanical means, i.e. solely hydraulically, and to
      this end the control float or edge control float is provided internally
      with two laterally spaced partitions subdividing the interior of the float
      into three chambers. The central chamber may be charged with liquid to a
      selected level for adjustment of the height of the float and the trough
      while the outer chambers are interconnected as previously indicated,
      preferably at their lower portion. All three chambers may be formed with
      fittings connectible to valves by which a pressurized gas may be forced
      into the chamber and/or the chamber may be vented, to shift the trim water
      from one of the outer chambers to the other and/or to adjust the level of
      the liquid in the central chamber. Flexible hoses can be connected to
      these fittings and the valves may be located remote from the trough.
PAR  A discharge device, e.g. a further flexible hose, may be connected to the
      bottom of the trough to drain the liquid collected therein.
PAR  After the trough is set into the settling vessel, the two outer chambers
      are filled with water or another liquid to a maximum height of the
      horizontal axial plane of the assembly. Thereupon the inner chamber is
      charged with water until the float settles so that the trough has its
      edges, in an uncanted horizontal position, lying slightly above the
      surface of the liquid in the vessel. The valve of the central chamber can
      then be closed while the valves of the outer chambers remain open.
PAR  To cant the trough, the valve of one of the outer chambers is connected to
      a pressurized gas source while the valve of the other outer chamber
      remains open to the atmosphere. The pressurized gas (preferably compressed
      air) drives liquid from the first outer chamber into the second thereby
      shifting the center of gravity of the float and causing the rotation of
      the float and the trough about a longitudinal axis parallel to the edges
      of the trough. The canting angle is controlled by regulating the quantity
      of compressed air introduced into the outer chamber from which the ballast
      water is displaced. Similarly, the trough may be rotated in the opposite
      sense by closing the compressed air inlet to the first outer chamber and
      venting the latter to the atmosphere while introducing compressed air into
      the outer chamber containing most of the ballast water. A portion of the
      ballast is thereby displaced into the outer chamber.
PAR  While the stiffness of the trough makes it necessary to use only one
      control float, i.e. only one of the floats need be provided with the
      chambers, and the other float may simply be provided with ballast water to
      a level sufficient to maintain the edges of the trough horizonal (i.e.
      both ends of the trough at the same level), it has been found to be
      desirable, especially when the trough is of considerable length, to
      provide the second float as a control float as well.
PAR  Since no mechanical drive or control parts are connected to the float and
      trough assembly, breakdown is minimized.
PAR  To control the compressed air float and the setting of the angle of the
      trough, a Yaxley-type stacked-switch or valve arrangement is employed, the
      stacked controls providing the simultaneous feed of compressed air to one
      trim chamber and the venting of the other so that the ballast is displaced
      from one trim chamber to the other. The floats at opposite ends of the
      trough can be operated synchronically and simultaneously in this manner.
PAR  The use of the stacked or ganged control provides a further advantage that
      the control system can be remote from the trough and can, for example, be
      provided at an observation station at which the operating personnel are
      located and which may be separated by a window or the like from the tank.
PAR  The system may comprise a vessel or tank having a length greater than that
      of the trough and float assembly but preferably is carried out in a
      settling vessel whose width corresponds to the length of this assembly. It
      is possible in this arrangement to guide the assembly in the walls on
      opposite sides of the tank so that the surface of the liquid in the vessel
      is subdivided by the float/trough assembly into two parts. In each part,
      the low-density liquid may collect upon high-density liquid and the trough
      may be canted from side to side. Alternatively, the low-density liquid may
      be only on one side of the trough and the latter can be tilted in this
      direction. The liquid on the opposite side of the trough, substantially
      free from the low density layer, can be withdrawn. When the tank has a
      width greater than the length of the assembly, two or more such assemblies
      may be provided in aligned relationship across the width of the tank and,
      of course, a plurality of such assemblies may be disposed in spaced
      parallel relationship across the tank. All such assemblies can by
      synchronized for common operation by a single control means or may be
      individually controlled as required.
PAR  According to an important aspect of the invention, therefore, the apparatus
      for the removal of a low-density liquid floating upon a high density
      liquid, especially oil on water, comprises an elongated trough having a
      length which is greater relative to its width and an upwardly open mouth
      defined between a pair of horizontal upper edges which, in a rest position
      of the trough, i.e. just above the upper surface of the low-density layer.
      The two edges of the trough thus define weirs which can be selectively
      brought below the upper surface of the low density layer to permit the
      low-density liquid to flow into the trough while barring entry of the
      high-density liquid. The bottom of the trough converges or slopes to a
      central outlet from which the collected liquid is removed from the trough.
      The floats are so ballasted that the trough is swingable about its
      longitudinal axis which lies substantially in a plane corresponding to the
      liquid level and parallel to a plan defined by the upper edges of the
      trough in the rest position of the latter.
PAR  It is important to this aspect of the invention that the trough and float
      assembly extend the full span of the vessel between the opposite walls
      thereof while being adjustable in height by control of the ballasting of
      the floats. Thus the floats may close the opposite ends of the trough and
      in turn may be connected to the opposite walls of the vessel to enable the
      trough to pivot to either side from its rest position about its
      longitudinal axis through a limited angle. The floats are so formed that,
      in this rest or intermediate position, the upper edges of the trough
      project above the surface of the low density layer on both sides of the
      trough and prevent the entry of either liquid into the latter. At least
      one of the floats is provided with means which enables the trough to be
      pivoted about its longitudinal central axis selectively into intermediate
      position or into working positions to either side thereof whereby one or
      the other of the upper edges of the trough can be dipped to a greater or
      lesser extent beneath the surface of the low density liquid substantially
      to the interface between the low density and high density liquids.
PAR  At least one of the floats is rotationally connected with the trough and is
      provided with at least one partition running from the bottom of the float
      to its upper wall and subdividing the float into at least two chambers
      lying on opposite sides of the vertical plan through the longitudinal axis
      and containing ballast or trim liquid. The two chambers are connected at
      their lower portions by a connecting pipe and are each provided at an
      upper portion with a fitting for the supply or discharge of a pressurizing
      medium (preferably compressed air) so that the introduction of compressed
      air into one chamber will displace ballast liquid into the other and pivot
      the floats around the longitudinal axis of the trough solely by the
      application of the pressurizing medium.
PAR  According to an important feature of the invention, the float, or each
      float, may be connected to the respective wall of the separating vessel by
      a system which provides positive guidance for the assembly and, at the
      same time, permits both the tilting of the trough and the vertical
      movement thereof to follow the liquid level.
PAR  More particularly, the opposite radial walls of the vessel may be provided
      with respective pairs of vertical rails defining a space between them in
      which a pivotal pin is vertically guided. The pin projects from the axis
      of the cylindrical float, at an end wall thereof confronting the wall of
      the vessel with which it is parallel. It is important to the present
      invention that the pivot-pin axis coincide with the axis of the
      cylindrical float and that both these axes coincide with the axis of the
      trough which, according to the invention, lies in the plane of the surface
      of the liquid in the vessel, only the parallel horizontal upper edges of
      the trough projecting slightly above this surface in the intermediate
      position in which the trough is not canted to either side.
PAR  Furthermore, the floats may be provided with adjustable stop means for
      limiting the angular displacement of the assembly about the aforementioned
      common axis of the trough, floats and pivot pins, and thereby restrict the
      depth to which the edges of the trough may be dipped below the surface of
      the petroleum product overlying the water.
PAR  Such means may include a pair of rollers having axis of rotation parallel
      to the common axis and disposed adjustably to either side of the rail and
      engageable with an inwardly projecting shank or web thereof in either
      limiting position of the assembly. When the rollers engage the rail, they
      impede further canting movement about the common axis, but nevertheless
      permit vertical movement of the assembly to follow changes in the liquid
      level.
PAR  The adjusting means may include a pair of arcuate slots, centered on the
      common axis of the system and formed in a segment piece anchored to the
      float, each slot accommodating a respective axis of one of the limit
      rollers and being so constructed and arranged as to enable the roller
      shafts to be locked at selected positions along the slots.
PAR  The control means for the system may be designed to block the air inlets
      and outlets of the compartment in the canted or intermediate position of
      the trough so as to stabilize the latter in these positions.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a vertical section through an apparatus for separating a
      relatively low-density liquid from a liquid of limited miscibility
      therewith and of a higher density;
PAR  FIG. 2 is a cross-section taken generally along the line II -- II of FIG. 1
      through one of the two floats of the trough assembly of FIG. 1, the other
      float being substantially identical thereto;
PAR  FIG. 3 is a view similar to FIG. 2 but with the trough in a position canted
      in a clockwise position relative to its position in FIG. 2;
PAR  FIG. 4 is a diagram illustrating a control system for the trough of FIGS.
      1-3 in one operating condition thereof;
PAR  FIG. 5 is a diagram illustrating the control system in another position;
PAR  FIG. 6a is a fragmentary perspective view of the trough assembly of FIGS.
      1-3 showing the means for connecting the floats to the wall of the
      separation vessel so as to allow vertical and pivotal movement;
PAR  FIG. 6b is a section along line VIb -- VIb of FIG. 6a; and
PAR  FIG. 7 is a section through a valve adapted to be used in the control
      system of FIG. 4 or FIG. 5.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The apparatus of FIGS. 1-3, according to the invention, comprises a
      separation or settling vessel 1 (e.g. of concrete) for the removal of a
      relatively low-density liquid 3, e.g. oil or another light petroleum
      product having an upper surface 3a, from a relatively high-density liquid
      2 (e.g. water) which is of limited miscibility with the low-density
      liquid. The upper surface of the high-density liquid is represented at 2a.
      The separation takes place as soon as the liquids are introduced into the
      vessel 1 or after a period sufficient to effect such separation. The
      discharge of the water partly or completely freed from oil takes place
      through an outlet (not shown) located below the level 2a.
PAR  A trough 4 is supported in the liquids by a pair of floats 5 and 6 rigidly
      fixed to the upwardly open trough at the opposite ends thereof (FIGS. 1 -
      3). The trough 4 is provided at its center bottom with a downwardly
      extending fitting 38 having a pair of transverse outlets connected to
      flexible discharge hoses 7. The trough in FIG. 1 is shown in its
      intermediate position in which the longitudinal axis 30 of angular
      displacement of the trough is coplanar or flush with the upper surface 3a
      of the oil layer 3.
PAR  In this intermediate position, the rectilinear upper edges 4a (see FIG. 6a)
      of the trough 4 lie horizontally in a horizontal plane parallel to the
      upper surface of the oil layer 3 at equal distances thereabove.
PAR  Each of the floats 5, 6 has an outer housing of cylindrical configuration
      with end faces (e.g. 6a in FIG. 6b) closing the respective cylinder and
      closely juxtaposed with a neighboring parallel surface 31 of the
      respective side wall of the vessel 1. The opposite end wall 6b of each
      float is rigid with a respective end of the trough 4 and may be welded
      thereto so that the axes of the cylinders coincide with axis 30.
PAR  The floats 5 and 6 are internally subdivided by upright partitions 8 and 9
      into chambers 10, 11 and 12. The two outer chambers (trim chambers) 10 and
      12 are connected by an inverted-Ubent pipe 13 reaching close to the bottom
      of each of the trim chambers 10 and 12 of the respective floats.
PAR  The bottom-forming parts 34, 35 of the trough are inclined inwardly and
      downwardly, as shown by broken lines in FIG. 11 toward an outlet bore 37
      at the lowest portion of the trough and communicating with the outlet 37.
PAR  In FIG. 6a only the bottom portion 35 of the trough 4, which extends to the
      float 6, has been shown. The outlet fitting 38 is a Tee which is connected
      by flexible hoses 7 to a T-shaped fitting 39 opening into a discharge pipe
      40. Members 38, 7, 39 and 40 together form a discharge device for leading
      off the lighter liquid which flows toward the bore 37 in the trough 37.
      The pipe 40 passes through a side wall of the vessel 1 to enable the
      lighter liquid to further worked and/or discharged.
PAR  The approximately semicylindrical bottom 36 of the trough 4 serves only to
      stiffen it.
PAR  The intermediate chamber 11 is vented at 5a, 6a, to the atmosphere and is
      provided at its bottom 5b, 6b connected to a flexible hose 5c, 6c through
      which ballast water 16 can be supplied to an adjustable level. The trim
      water in chambers 10 and 12 has been presented at 14 and 15.
PAR  The chambers 10 and 12 are provided with fittings 17 and 18 through which
      the chambers can be charged with compressed air, e.g. via a line 25, or
      vented selectively via flexible hoses 17a and 18a, respectively connected
      to these fittings. A pair of guide bars 5d and 5e flank the floats 5 and
      6, respectively, to enable their vertical and rotary movement without,
      however, permitting them to move along the liquid surface.
PAR  The control device for the trough assembly 4, 5, 6 of FIGS. 1-3 and 6
      comprises a handwheel 19 whose shaft 20 is connected to a stacked switch
      or valve arrangement 21-24 selectively connecting the compressed air
      supply 25 and the atmosphere (represented at 26 in FIGS. 4 and 5) with the
      fitting 17 and 18 as will be described below.
PAR  A single valve as has been shown in FIG. 7 can replace both valves 21 and
      24 in the position shown in FIG. 4 or both valves 23 and 22 in their
      positions shown in FIG. 5. Valve body 49 of FIG. 7 is formed with a port
      25 which is connected by a passage 52 in a rotary valve member 51 with a
      port 53 communicating with the hose 17a and fitting 17 (FIG. 1).
PAR  Another passage 55 simultaneously connects the vent port 26 with a port 56
      communicating with a hose 18a of fitting 18.
PAR  The valve member 51 is keyed to shaft 20 for rotation therewith. Thus, in
      one position of the valve, e.g. equivalent to that represented at 21, 24
      in FIG. 4, the compressed air port 25 is connected to chamber 10 via its
      fitting 17 while the other chamber 12 is vented to the atmosphere by port
      26 and its fitting 18.
PAR  In the other position, equivalent to that represented at 22, 23 in FIG. 5,
      the compressed air port 25 is connected to port 56 and chamber 12 via
      fitting 18, whereas the vent port 26 is connected to chamber 10 by its
      fitting 17. When the valve body 55 is rotated 90.degree. in the clockwise
      sense, therefore, the pipe 17a communicates with pipe 26 and
      compressed-air line 25 communicates with pipe 18a.
PAR  Thus the system illustrated in FIGS. 1, 6a and 6b comprises an assembly
      consisting of the removal trough 4 for the low-density liquid supported by
      floats 5 and 6 in the liquid in vessel 1 so that the upper edges of the
      trough lie in the rest position thereof, above the surface of the oil film
      3. The floats 5 and 6 reach substantially to the walls of the vessel 1.
PAR  In FIG. 6b the system for guiding the float 6 and, therefore, the
      corresponding end of the trough 4 on the juxtaposed surface 31 of the
      vessel wall. A similar arrangement is used for the other float 5. At the
      center (axis) of the float 6, projecting outwardly from its end wall 6a is
      a pivot pin 32 slidably received between the inwardly projecting parallel
      vertical shanks of a pair of angle-iron rails 33. The pin (and therefore
      the float) is thus able to rise and lower vertically and to pivot about
      the axis 30 relative to the wall of the vessel. The trough 4 is thus
      capable of similar movement. The angular range of pivotal displacement is
      limited by a pair of limit rollers 41, 42 (see FIGS. 6a and 6b) whose
      shafts can be locked in position along respective arcuate slots 43
      centered on the axis 30 and formed in a segment piece 44 rigid with the
      float 6. The angular displacement which is admissable can thus be adjusted
      to limit the depth to which the edges 4a are dipped beneath the surface
      3a. In the intermediate position, however, neither roller 41, 42 engages
      the respective rail 33.
PAR  In FIG. 2, the ballast water 14 and 15 is in its rest position and thus
      have the same height in both outer trim chambers 10 and 12. The median
      axial plane through each float, represented by the axis 45 perpendicular
      to axis 30, is thus vertical.
PAR  The level of the trough is positioned by supplying ballast through closable
      fittings 46, 47 and 48 to the chambers 10, 11 and 12 which also serves, in
      the case of necessity, to discharge the ballast water.
PAR  When compressed air at a superatmospheric pressure of, say, 0.2 atmospheres
      gauge is applied to the fitting 17 of the left trim chamber 12, a portion
      of the ballast water 14 is displaced via ballastwater-filled tube 13 into
      the right-hand chamber 10 from which air is displaced to the atmosphere
      via fitting 18 and the ballast water 15 is augmented. The float rotates in
      the clockwise sense to swing the trough 4 abouts its axis 30 until its
      right-hand edge (FIGS. 2 and 3) lies below the level of low-density liquid
      3 whereby the low-density liquid collects in the trough with only a minor
      portion of the highdensity liquid 2 as can be seen from FIG. 3. In this
      tilted condition hoses 17a and 18a can be closed to hold the trough
      constant and stable.
PAR  The angle through which the trough is canted is readily controlled by the
      amount of air introduced through fitting 17. To permit the trough to
      return to its rest position, compressed air is introduced via fitting 18
      into the right-hand trim chamber 10 while the fitting 17 is open to the
      atmosphere. Ballast liquid 15 is thus displaced via tube 13 into the
      chamber 12.
PAR  FIGS. 4 and 5 show the stacked control arrangement according to the
      invention in two operating modes. Thus the handwheel 19 rotates the shaft
      20 to operate the valves 21-24. In the first position (FIG. 4) the valve
      21 connects the compressed air supply 25 with fitting 17 of trim chamber
      12 and valve 24 connects the fitting 18 of trim chamber 10 with the
      atmosphere 26. Flow paths represented by valves 22 and 23 are closed. The
      compressed air drives trim water from chamber 12 into chamber 10 to rotate
      the float as indicated in the partition between FIGS. 2 and 3.
PAR  In an intermediate position, the valves are closed and the floats and
      trough remain stable in their previous positions.
PAR  In a third condition illustrated in FIG. 5, valve 23 connects the
      compressed air line 25 with the fitting 18 of trim chamber 10 while valve
      22 vents trim chamber 12 through fitting 17. Valves 21 and 24 are closed,
      compressed air is driven from chamber 10 into chamber 12 and the float and
      trough assembly are rotated in the opposite sense back into their rest
      position or into a counterclockwise position in which the other edge of
      the trough dips below the surface of the low-density liquid to decant the
      latter.
PAR  Instead of a manual operation the valves can be provided with a
      remote-control actuator.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a device for withdrawing a light liquid from a heavy liquid upon
      which the light floats, especially for the removal of oil from water, in
      which a longitudinally extending trough having a width which is small
      relative to its length and formed at least in part with an upwardly open
      channel cross section, is supported in the liquids by floats so that it
      can be immersed in the liquids to enable only the upper liquid to flow
      from above into the open upper part of the channel cross section while the
      heavier liquid is drawn off through an outlet below the trough, the upper
      edges of the side walls of the trough are horizontal and parallel to one
      another and lie close to the liquid surface while the longitudinal axis of
      the trough parallel to these upper edges lies substantially at the level
      of the liquid surface and the bottom of the trough is formed by parts
      which converge toward one another and are inclined to the axis of the
      trough toward a lower outlet opening from which a discharge device leads
      to the lighter liquid from the trough, the improvement wherein:
PA1  the trough is disposed in a vessel containing the liquids to be separated
      to a variable height;
PA1  the floats are disposed at the ends of the trough and close these ends
      while being provided with means for raising and lowering the trough
      relative to the liquid levels;
PA1  at least one of the floats is provided with an end face juxtaposed with a
      confronting side wall of the vessel and so connected thereto that the
      trough is movable relative to the bottom of the vessel upwardly and
      downwardly and is swingable about its longitudinal axis over a limited
      angular range in opposite senses from an intermediate position;
PA1  in the intermediate position the upper edges of the lateral walls of the
      trough both lie above the level of the lighter liquid in the vessel and
      block the admission of both liquids into the trough; and
PA1  the floats are provided with means for selectively canting the trough in
      one sense or the other about its axis to selectively immerse the
      respective upper edge of the trough beneath the surface of the lighter
      liquid, the latter means including a pair of trim chambers formed in one
      of said floats, means connecting said trim chambers for liquid
      communication therebetween, and means for transferring liquid between said
      chambers without altering the total quantity of liquid in said chambers.
NUM  2.
PAR  2. In a device for withdrawing a light liquid from a heavy liquid upon
      which the light liquid floats, especially for the removal of oil from
      water, in which a longitudinally extending trough having a width which is
      small relative to its length and formed at least in part with an upwardly
      open channel cross section, is supported in the liquids by floats so that
      it can be immersed in the liquids to enable only the upper liquid to flow
      from above into the open upper part of the channel cross section while the
      heavier liquid is drawn off through an outlet below the trough, the upper
      edges of the side walls of the trough are horizontal and parallel to one
      another and lie close to the liquid surface while the longitudinal axis of
      the trough parallel to these upper edges lies substantially at the level
      of the liquid surface and the bottom of the trough is formed by parts
      which converge toward one another and are inclined to the axis of the
      trough toward a lower outlet opening from which a discharge device leads
      the lighter liquid from the trough, the improvement wherein:
PA1  the trough is disposed in a vessel containing the liquids to be separated
      to a variable height;
PA1  the floats are disposed at the ends of the trough and close these ends
      while being provided with means for raising and lowering the trough
      relative to the liquid levels
PA1  at least one of the floats is provided with an end face juxtaposed with a
      confronting side wall of the vessel and so connected thereto that the
      trough is movable relative to the bottom of the vessel upwardly and
      downwardly and is swingable about its longitudinal axis over a limited
      angular range in opposite senses from an intermediate position;
PA1  in the intermediate position the upper edges of the lateral walls of the
      trough both lie above the level of the lighter liquid in the vessel and
      block the admission of both liquids into the trough; and
PA1  the floats are provided with means for selectively canting the trough in
      one sense or the other about its axis to selectively immerse the
      respective upper edge of the trough beneath the surface of the lighter
      liquid, said one of said floats being connected with the juxtaposed wall
      of said vessel by:
PA1  a pair of vertical rails mounted on said walls of said vessel and defining
      a vertical channel between them;
PA1  a pin coinciding with the axis of said trough and said one of said floats
      and projecting from the latter into said channel for vertical guidance
      therein and pivotal movement about said axis relative to said vessel;
PA1  a pair of limit rollers mounted on said one of said floats and flanking
      said rails while being engageable therewith upon canting of said trough in
      a respective sense to limit the canting of the trough; and
PA1  means for selectively adjusting the positions of said rollers about said
      axis.
NUM  3.
PAR  3. An apparatus for separating a low-density liquid from a high-density
      liquid comprising:
PA1  a trough disposed in said liquids and having in a rest position two
      longitudinal edges in which the trough is immersed;
PA1  float means located at each end of said trough and constructed and arranged
      so that ballast selectively positioned in said float means may rotate said
      two longitudinal edges around the trough's longitudinal axis, one of said
      float means comprising a hollow compartment with a pair of spaced apart
      parallel partitions therein with the longitudinal axes thereof arranged in
      a direction parallel to said trough axis and defining within said one of
      said float means first and second spaced apart ballast compartments with a
      floatation compartment therebetween;
PA1  fluid inlet means for introducing liquid ballast into at least one of said
      ballast compartments;
PA1  fluid conduit means for conducting liquid ballast from said first to said
      second ballast compartment and returned; and
PA1  compressed air means connected to each of said ballast compartments for
      selectively displacing liquid ballast from one ballast compartment to the
      other ballast compartment in fluid communication therewith whereby
      selective displacement of ballast rotates said trough edges around the
      trough's longitudinal axis adjusting the depth and height of said trough
      edges relative to the surface of the body of liquids in which said trough
      is disposed.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein said trough has a bottom
      converging downwardly toward an outlet, a longitudinal axis of said trough
      lying in a plane of the level of said low-density liquid, said compressed
      air means including stacked control means for selectively feeding
      compressed air to one of said ballast compartments while venting the other
      outer ballast compartment above the liquid therein and vice versa.
NUM  5.
PAR  5. The apparatus defined in claim 3 wherein said trough has a bottom
      inclined downwardly and converging toward a discharge location, and a
      fitting at said location for discharging collected liquid from said
      trough, said trough having a length substantially greater than said width.
NUM  6.
PAR  6. The apparatus defined in claim 3 wherein said fluid conduit means is a
      connecting pipe opening into both of said ballasted compartments close to
      the bottom thereof.
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PAL  An automatic foam remover for a substantially rectangular flotation tank in
      which during operation thereof a layer of foam accumulates on the top
      surface of a liquid body therein, said foam remover comprising a hollow
      beam extending horizontally across the top of the tank and being movable
      back and forth between two parallel side walls of the tank by means of
      motor-driven endless chains mounted on the tank and operably connected
      with said beam, the hollow interior of which is in communication with a
      source of vacuum. Said hollow beam is provided with a longitudinal bottom
      slot through which a vane which is pivotally mounted within the hollow
      beam, extends downwardly through said layer of foam, whereby said vane
      during the movement of the beam is alternately forced into engagement with
      the two edges of said slot and thereby causes the layer of foam to be
      subjected to the action of the source of vacuum alternately at one side of
      the vane and at the other side thereof.
BSUM
PAR  This invention relates to improvements in automatic foam removing means for
      industrial flotation apparatus for separation of suspended solids and
      immiscible liquids from a liquid body by causing a multiplicity of gas
      bubbles to rise from the lower regions of said liquid body to the surface
      thereof while carrying said solids and/or immiscible liquids with them
      which results in the formation of a layer of foam, froth or sludge on said
      surface. The gas bubbles may be produced by various means well known in
      the art which form no part of the present invention.
PAR  An object of the invention is to provide in apparatus of the kind indicated
      above a novel and improved foam remover which is extremely efficient in
      operation and at the same time simple and inexpensive to manufacture,
      install and maintain.
PAR  Another object of the invention is to provide a foam remover of the kind
      indicated in which vacuum means are utilized for the removal of the foam.
PAR  A further object of the invention is to provide in apparatus of the kind
      indicated, particularly in such apparatus which include a tank of
      substantially rectangular cross-section, a foam remover which is adapted
      to reciprocate across the top of the tank between two opposite sides
      thereof, and which is provided with depending, pivotally mounted vane
      means extending through the layer of foam between the two other sides of
      the tank.
PAR  Yet another object of the invention is to provide a foam remover of the
      type indicated which comprises a hollow beam provided at both ends thereof
      with rollers mounted for rolling engagement with parallel guide rails
      secured to said opposite side walls of the tank adjacent the top edge
      thereof, said beam being operatively connected at both ends thereof with
      drive means mounted on said tank and adapted to move said beam back and
      forth between two end positions, having its hollow interior in
      communication with a vacuum source.
PAR  A further object of the ivention is to provide a foam remover of the kind
      indicated, in which said hollow beam is provided with a longitudinal
      bottom slot through which vane means extend downwardly, said vane means
      being pivotally mounted within said hollow beam for alternating engagement
      with the two edges of said slot as the beam is being moved back and forth
      through the layer of foam on top of said liquid body, thereby connecting
      said vacuum source through said hollow beam with the layer of foam
      alternatingly at one side of said vane means and at the other side thereof
     .
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PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of preferred embodiments thereof, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view and partial section of an electroflotation apparatus
      provided with the novel foam removing means,
PAR  FIG. 2 is a top view of said apparatus,
PAR  FIG. 3 is a cross-section on line III -- III of FIG. 2, drawn to a larger
      scale.
PAR  FIG. 4 is a partial elevational view of the upper portion of the apparatus,
      seen in the direction of the arrow A in FIG. 3,
PAR  FIG. 5 is a top view of the portion of the apparatus shown in FIG. 4,
PAR  FIG. 6 is an elevational view similar to FIG. 4, of another embodiment of
      the invention,
PAR  FIG. 7 shows a cross-section on line VII -- VII of FIG. 1, and
PAR  FIG. 8 shows the same cross-section as FIG. 7 with parts in a different
      operational position.
DETD
PAR  With reference particularly to FIGS. 1, 2 and 3, a tank 10 of substantially
      square cross-section is divided into four compartments 12, 14, 16 and 18
      by vertical partition walls 20 and 22, 24. Each compartment is provided
      with a separate funnel-shaped bottom as indicated at 26 and 28 for
      compartments 14 and 16, respectively, and the tank 10 is supported on a
      base frame 30 which includes four corner legs, two of which are shown at
      32 and 34. An influent pipe 36 is connected to the bottom of compartment
      12, and an effluent pipe 38 provides communication between the bottom of
      compartment 18 and the bottom of a weir box 40 mounted exteriorly near the
      top of the tank 10. A discharge pipe 42 is connected to the bottom of the
      weir box 40, and a pipe 44 establishes communication between compartments
      14 and 16 at the bottoms thereof. Means for controlled supplying of
      special treatment chemicals to the influent pipe 36 are indicated
      generally at 46, and a plurality of electrodes 48 with electrical
      connection lines 50 and coupling boxes 52, 54 are shown in a general way
      only and not described in detail, since neither said treatment means 46
      nor said electrical means 50, 52, 54 form any part of this invention.
PAR  The top of the tank 10 is provided with a peripheral enlargement, as shown
      at 60, which is located entirely abovethe intended liquid level 62 in the
      tank, as determined by the weir box 40. A straight guide rail 64 is
      secured to the inside of the enlargement wall 66 near the top edge
      thereof, and a similar guide rail 68 is secured to the opposite
      enlargement wall 70 at the same level, as indicated in FIG. 3. A foam
      remover assembly 72 comprises a hollow horizontal beam 74 (see also FIGS.
      7 and 8) which at each end is provided with a vertical end plate 76
      carrying on its outside surface four rotatably mounted rollers 78, 80, 82,
      84. When the foam remover 72 is in operative position across the top of
      the tank 10, two of said rollers 78, 80 are in engagement with the top
      surface of the corresponding guide rail 64 or 68 while the other two
      rollers 82, 84 are in engagement with the bottom surface of said guide
      rail. A horizontal pin 86 is secured to each of the end plates 76 and
      extends transversely outwardly therefrom at a level above the top edge of
      the enlargement wall 66, 70 for a purpose to be explained below.
PAR  The hollow beam 74 extends between the end plates 76 and in the embodiment
      shown particularly in FIGS. 7 and 8 the lower portions of its side walls
      are inclined inwardly to form between them a longitudinal bottom slot 88
      in the beam. A recess 90 in the side walls of the beam 74 extends upwardly
      from the bottom thereof at the middle of the length of the beam to receive
      the top portion of the partition wall 20 in the tank 10. The top edge 92
      of the partition walls 22, 24 is disposed below the intended liquid level
      62. The recess 90 is surrounded by side walls 94 and a top wall 96, and in
      each of said side walls 94 and the corresponding end plate 76 a shaft 98
      is rotatably mounted. Each of said aligned shafts 98 has secured thereto a
      vane 100 which extends downwardly through the corresponding portion of the
      slot 88 to below the intended liquid level 62 in the tank 10 but short of
      the top edge 92 of the partition walls 22, 24. A horizontal pipe 102
      extends above the hollow beam 74 longitudinally thereof and is in
      communication with the interior of said hollow beam by branch pipes 104,
      106 located equidistantly from the recess 90. One end of said pipe 102 is
      connected with a vacuum source (not shown) by means of a flexible hose
      108.
PAR  A shaft 110, parallel with the hollow beam 74, is rotatably mounted in
      bearings 112, 114 which are secured to the outside of the enlargement wall
      66, and said shaft 110 is connected to be driven by an electric motor 116
      which is also mounted on said enlargement wall 66. At the opposite side of
      the tank 10 a second shaft 118 is similarily mounted in parallel with
      shaft 110. Each of the shafts 110, 118 is provided at each end with a
      sprocket wheel 120, and a chain 122 is trained over each pair of sprocket
      wheels 120 mounted on corresponding ends of the shafts 110, 118. A pin 124
      is secured to the chain 122 and extends transversely outwardly therefrom
      into a longitudinal slot 126 in a puller arm 128 which at one end thereof
      is pivotally mounted on a decreased diameter end extension 130 of the pin
      86 on the beam end plate 76.
PAR  In operation, the waste liquid enters through the influent pipe 36 and
      flows upwardly through compartment 12 between the electrodes 48, over the
      top of partition wall 22, downwardly through compartment 14 between other
      electrodes, through pipe connection 44, upwardly through compartment 16
      between another set of electrodes, over the top of partition wall 24,
      downwardly through compartment 18 between yet another set of electrodes,
      through pipe 38 to the weir box 40 and out through discharge pipe 42. As
      is well known in the art, the electrodes, when energized, cause the
      formation of gas bubbles which rise upwardly in all four compartments of
      the tank and accumulate as a layer of foam on the surface of the liquid
      body which is maintained at the constant level 62 by the action of the
      weir box 40. Said layer of foam is separated into two portions by the
      upwardly projecting partition wall 20, one portion covering the
      compartments 12 and 14 and the other portion covering the compartments 16
      and 18.
PAR  When the electric motor 116 is started, the chains 122 are driven in
      synchronism with the lower reaches thereof moving in the direction
      indicated by arrow 131 in FIG. 4, thereby pulling the foam remover beam 74
      to the left in FIG. 4 through the intermediary of the puller rod 128. This
      movement of the beam 74 is slow, and the inter-engagement of the rollers
      78, 80, 82, 84 and the guide rails 64, 68 maintains the beam 74 on a
      straight horizontal course. While the pins 124 proceed around the sprocket
      wheels 120, the beam 74 comes to a standstill with the lefthand edge of
      the end plates 76 in close vicinity to the enlargement wall 66, and as the
      pins 124 begin their return movement with the lower reach of the chains
      122, the pins 124 move slowly in the slots 126 toward the right in FIG. 4,
      at the same time forcing the puller rods 128 to rotate on the pin
      extensions 130 in the counter-clockwise direction as seen in FIG. 4. When
      the puller rods 128 pass their vertical center position, the movement of
      the pins 124 in the slots 126 is reversed, and when said pins 124 again
      reach the end of the slots 126, the beam 74 begins its reverse movement
      (towards the right in FIG. 4). This operation is repeated when the beam 74
      reaches the opposite side of the tank, with the difference that the pins
      124 then move around the sprocket wheels 120 in the opposite direction,
      i.e. upwardly rather than downwardly.
PAR  During the movement of the beam 74 across the tank the lower edge portions
      of the vanes 100 move in the liquid body slightly below the liquid level
      62. Accordingly, when the beam 74 moves in the direction indicated by the
      arrow 132 in FIG. 7, the bottom portion of the vanes 100 is subject to
      resistance by the liquid, and the portion of the vanes above the liquid
      level 62, as well as the beam 74 itself, are subject to movement
      resistance by the foam layer, as indicated at 134 in FIG. 7, with the
      result that the vanes 100 are forced against the righthand edge (in FIG.
      7) of the slots 88 and the suction action from the vacuum source
      transmitted through the conduit means 108, 102, 104, 106 forces the
      accumulated foam at 134 out through said conduit means to a place of
      disposal or further treatment. When the beam 74 moves in the opposite
      direction, as indicated by arrow 136 in FIG. 8, similar conditions prevail
      with the vanes 100 against the other edge of the slots 88 and the
      accumulated foam at 138 subjected to the vacuum action.
PAR  Thus, by properly coordinating the flow velocity through the tank and the
      speed of the reciprocatory movement of the beam 74, the foam continuously
      accumulating on the surface of the liquid body can be continuously removed
      therefrom.
PAR  In the embodiment of FIG. 6 the puller rod 128 is replaced by a simple
      flexible chain 140 of any suitable kind which has its end connected to the
      pins 124, 130 or to sleeves (not shown) rotatably mounted on said pins.
      Obviously, as the distance between the pins 124 and 130 varies during the
      movements of the chains 122 and the foam remover beam 74, the chains 140
      are alternately slackened and straightened out to full length, with the
      same effect as described above.
PAR  Various modifications of the embodiments shown and described are feasible,
      and the invention is not limited to said embodiments other than as defined
      in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a flotation tank of substantially rectangular cross-section for
      treatment of waste water therein by causing the formation of gas bubbles
      which rise through the waste water body carrying insoluble and immiscible
      matter in the waste water with them to the surface of said body to form a
      layer of foam, froth or sludge on said surface which is maintained at a
      constant level by overflow means connected with the tank, an automatic
      foam remover comprising:
PA1  a. a hollow beam extending horizontally across the top portion of said tank
      between two opposite side walls thereof and having its bottom edge at a
      distance above said waste water level with a downwardly open slot
      extending along said bottom edge,
PA1  b. an elongate substantially flat-faced vane mounted within said hollow
      beam for pivotal movement on a horizontal axis above said slot and
      extending downwardly through said slot to a level below the surface of
      said waste water body, said slot being of significantly greater width than
      the thickness of said vane,
PA1  c. conduit means providing communication between a vacuum source and the
      interior of said hollow beam,
PA1  d. means at the ends of said beam supporting said beam for translatory
      movement on guide rails provided on said tank and extending along said two
      opposite side walls thereof,
PA1  e. a horizontal shaft rotatably mounted on the outside of said tank and
      extending transversely of said guide rails,
PA1  f. a sprocket wheel secured to each end of said shaft,
PA1  g. an endless drive chain trained over each of said sprocket wheels and
      over an idler sprocket wheel at the opposite side of the tank,
PA1  h. drive means operatively connected with said shaft for moving said
      endless drive chains in synchronism with each other continuously in one
      direction,
PA1  i. a first horizontal lateral projection on each of said chains in
      alignment with each other,
PA1  j. a second horizontal projection on each end of said beam and extending
      longitudinally of said beam outwardly above the top edge of said tank,
PA1  k. link means connecting said first and second projections at each end of
      said beam, said link means being of variable effective length to permit
      variation of the distance between said first and second projections as
      said first projections pass around the sprocket wheels in the reversal of
      the direction of movement of said beam,
PAL  whereby movement of said beam in one direction tends to cause compression
      of the foam in front thereof and thereby causes said vane means to pivot
      into engagement with the rear edge of said slot and thus subjects said
      foam in front of the vane means to the suction action of said vacuum
      source and thereby causes discharge of said foam through said conduit
      means, the operation being repeated during the reverse movement of said
      beam, this time with said vane means in engagement with the other edge of
      said slot.
NUM  2.
PAR  2. An automatic foam remover according to claim 1, wherein said link means
      are flexible to enable their points of attachment to said drive chains to
      move around said sprocket wheels, while said hollow beam is at a
      standstill in either of its end positions.
NUM  3.
PAR  3. An automatic foam remover according to claim 1, in which said link means
      each comprises a flexible element having its ends connected with said
      first and second horizontal projections at one side of said tank.
NUM  4.
PAR  4. An automatic foam remover according to claim 3, including a sleeve
      secured to each end of said flexible element and mounted for rotation on
      said first and second horizontal projections.
NUM  5.
PAR  5. An automatic foam remover according to claim 1, in which said link means
      each comprises an elongated rigid element having a closed longitudinal
      slot therein, said second horizontal projection comprising a pin on which
      said elongate element is rotatably mounted, and said first horizontal
      projection being slidably received in said longitudinal slot.
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ABST
PAL  A separator for solid particles from a liquid, such as a dirty industrial
      machine tool coolant, comprising a settling tank with one or more frames
      or assemblies of horizontally extending tubular filters and means to
      removably clamp such frames against a side of the settling tank over
      suction outlets. Each of the filter frames comprises a chamber into which
      all of the tubular filters communicate, which chamber is provided with a
      gasket that is pressed against the vertical wall of the settling tank
      around an outlet therefrom. Socks may be provided for the tubular filters,
      which socks may contain seams that are aligned in vertical planes for the
      easy severance of the cakes of solid particles which build up upon them. A
      bottom drag out conveyor may be provided for the settling tank and a
      suction pump draws the liquid through the filters into an adjacent clean
      tank. When the coating of removed solid particles on the tubular filters
      becomes excessive, such as after a certain period of time and/or a
      predetermined vacuum occurs on the intake of the pump, the suction may be
      automatically shut down, and reverse pressure applied to the filters to
      bump off the cake that has formed on the filters so it can settle and be
      removed from the settling tank. If required, a precoat filter medium may
      be applied to the filters. This precoating filter medium or material may
      be fed from a hopper onto a screen where jets of liquid disperse it
      through the screen for introduction into the settling tank above each of
      the tubular filter frames for direct and rapid deposit on the filters to
      minimize loss due to settling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Previously, settling tanks for the separation of solid particles from
      liquid which tanks also included filters, often had filters with
      vertically extending parallel tubes or plates, which filters became
      covered and/or bridged with the cakes of particles that did not detach
      from the socks on the filters, or fall off and settle to the bottom of the
      settling tank for removal. Furthermore these filters either had to be
      separately removed or they were mounted in a custer in a base which then
      could be removed for cleaning and replacement, but no protection for the
      filters themselves was provided, and very careful handling of the filters
      was required to avoid puncturing of the socks which were usually used over
      them. Also the whole system had to be shut down, the tank drained and even
      the piping disconnected in order to replace these filters.
PAR  Also if a precoat medium was used on such filters, it required a relatively
      long time for circulation of the liquid in the tank until substantially
      all of the precoat medium suspended in the liquid was deposited on the
      filters and much of it was lost by settling in the bottom of the tank.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the removable filter frame for a settling tank of a
      solid-liquid separator according to this invention, overcomes the above
      mentioned difficulties by a combination of structural features including
      employing a plurality of tubular filters mounted horizontally in a frame
      or assembly with their single open tubular ends communicating with a
      chamber at one end of the frame. This chamber has an opening on the side
      of the frame which opening is provided with a peripheral gasket for
      sealing this chamber by clamping it against a vertical side wall of the
      settling tank over an outlet therefrom. A plurality of such units may be
      provided in the settling tank, and each of the outlets therefrom in the
      wall of the tank may be connected to a manifold through separate valve
      means, so that any one or all of the outlets may be closed, when a filter
      frame is to be removed, without having to drain the settling tank. A pair
      of pivoted guide levers may be provided for engagement with trunnions on
      each filter frame for locating the frame over its associated tank outlet,
      and a screw and bar means may be provided for clamping the frame in
      position. Socks may be provided for the tubular filters, which socks also
      may be provided with seams that are aligned in vertical parallel planes so
      that the material that accumulates on the socks does not accumulate at the
      seams as thickly, and then when back washing or bumping is employed, the
      cakes will break completely away from the tubes along the seams and not
      expand, hang, or bridge between adjacent tubes.
PAR  The back washing may be done at regular intervals by a timer, which timer
      may be overridden by a vacuum sensor when the suction on the outlet from
      the filters becomes greater than a predetermined amount, indicating that
      the cake is too thick to produce effective filtering. Under these
      circumstances the suction pump is immediately shut off, and a back
      pressure is applied as quickly as possible to all of the filters in the
      tank to knock off the cakes that have accumulated on them. This back
      pressure or bumping may be done by air pressure from a reservoir to first
      push clean liquid back through the filters, and then air if necessary.
      Then time is allowed to permit settling of the cakes to the bottom of the
      settling tank before starting the pump again. This delay in restarting the
      suction pump also permits the liquid in the tank to refill the lines to
      the pump and partially prime the pump before it is restarted.
PAR  Adjacent the settling tank there may be provided a clean tank for the
      liquid sucked from the filters, which clean tank acts as a reservoir for
      supplying the clean liquid during the times that the main tank is having
      its filters back washed and/or precoated.
PAR  If a precoater is used, it may comprise a bin for the precoating of solid
      particles, such as diatomaceous earth, which bin may have a plurality of
      screw conveyors or augers along its bottom for feeding out the precoat
      onto a slanting screen against which jets of clean liquid impinge for
      breaking up the particles and disbursing them in the liquid for conduction
      to inlets into the settling tank located above and adjacent each of the
      filter frames. Thereby a majority of the precoat particles will collect on
      the filters as rapidly as possible without loss by settling. As soon as
      the precoating medium has been built up in the filters, the separating
      operation is recommenced.
PAR  The flights of the bottom scraper conveyor which on their return reach may
      pass over the top of the filter frames in the settling tank, are provided
      with trunnions that easily slip into and out of the open links of the
      conveyor spocket chain, so that the flights may be readily removed without
      dismantling the conveyor chain when a filter frame is to be removed.
PAC  OBJECTS AND ADVANTAGES
PAR  Accordingly, it is an object of this invention to produce a simple,
      efficient, effective, economic, and sturdy solids-from-liquid filter for a
      settling tank.
PAR  Another object is to produce a settler which has a filter that is easily
      back washed, does not cause bridging of the cake between its filter
      elements, and which can easily be replaced without damage or shut down of
      the settler separator.
PAR  Another object is to provide a precoating device for a filter in a settling
      tank, wherein the time for precoating is materially reduced by being
      directly and rapidly applied to the filters.
PAR  Another object is to provide a sock with seams for tubular filter elements,
      which seams aid in the breaking away of the cake that accumulates on the
      sock.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS
PAR  The above mentioned and other features, objects and advantages, and the
      manner of obtaining them are described more specifially below by reference
      to embodiments of the present invention shown in the accompanying
      drawings, wherein:
PAR  FIG. I is a perspective view of a settling tank with part of one side
      thereof broken away, showing a plurality of filter frames mounted against
      one of the vertical walls thereof and a drag out conveyor in its bottom
      according to one embodiment of this invention. Adjacent thereto is a clean
      tank upon which is mounted a precoating apparatus, an air bump backwashing
      apparatus, and a pair of suction pumps;
PAR  FIG. II is a schematic perspective view of the back of the apparatus shown
      in FIG. I also with one of its walls broken away showing the inlet and
      outlet ducts for the settling tank, and air bumping apparatus and pumps
      schematically spaced above the top of the settling tank;
PAR  FIG. III is a vertical section view along line III--III of FIG. I showing
      the inlet and outlet ducts adjacent a filter frame, and the precoating
      apparatus;
PAR  FIG. IV is an enlarged vertical section view taken along line IV--IV of
      FIG. III showing the feeding and dispersing means of the precoating
      apparatus;
PAR  FIG. V is an enlarged fragmentary perspective view of part of a drag out
      conveyor chain and the end of one of its flights trunnioned in the link of
      the chain;
PAR  FIG. VI is an enlarged perspective view of one of the filter frames shown
      in FIGs. I, II and III, looking into the chamber at the one end thereof
      that is clamped against the wall of the settling tank;
PAR  FIG. VII is a side elevation of the lowering in place of a filter frame as
      shown in FIG. VI showing its guiding, supporting and clamping means inside
      the settling tank;
PAR  FIG. VIII is a view similar to that shown in FIG. VII but with the filter
      frame in its operative position clamped against the wall of the settling
      tank; and
PAR  FIGS. IX, X, and XI are enlarged schematic vertical sections of three
      vertically arranged filter tubes, such as along line IX--IX of FIG. VIII,
      showing, respectively, a seamed sock on the filter tubes with the seams
      aligned vertically, the accumulation of a precoat medium on the filter
      tubes, and the bumping off of the cake from the filter by back pressure,
      which breaks the cakes at their seams.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring first to FIGS. I and II, there is shown a settling tank 20 having
      an adjacent clean tank 22, both of which are provided with bottom drag out
      conveyors 24 and 26 which scrap settled particles by their flights 27 (see
      FIGS. III and V) up the inclined end 28 of both adjacent tanks 20 and 22.
      Over the upper edge of end 28 the solid particles are then dumped out
      under hood 29 for the removal, such as by a conveyor or a tote box (not
      shown).
PAC  A. FILTER ASSEMBLY
PAR  Submerged in the liquid in the settling tank 20, there are shown in FIG. I
      a plurality of filter assemblies or frames 30, comprising a plurality of
      horizontally extending tubular filters 32, the ends of which are clamped
      between and inside the peripheral edges of two horizontal plates 34 and 36
      (see FIGS. VI and VII). The plate 34 closes the corresponding adjacent
      ends of all of the filter tubes 32 which herein are shown to be held to
      the plate by nuts 31 at the end of each tubular filter 32. The opposite
      end plate 36, forms the bottom of a tray-shaped chamber 38 into which all
      of the ends of the filter tube elements 32 communicate. The outer rim of
      this chamber 38 is provided with a gasket 39 and the inside of this
      chamber may be provided with bracing members 37 the height of the side
      walls of the chamber 38. Thus when the chamber 38 is clamped against the
      vertical wall 25 of the settling chamber 20 and sealed by the gasket 39
      (see FIG. VIII), and suction is applied to the outlet duct 50 these
      bracing members 37 will prevent the plate 36 of the chamber 38 from
      bending or collapse. Each end of the chamber 38 is provided with a
      trunnion 35 which fits into a pair of channels 42 pivotally mounted at 43
      on the settler wall 25 (see FIGS. I, VII and VIII) for guiding the chamber
      38 and its associated filter frame 30 into the position as shown in FIG.
      VII before being clamped against the wall 25 over the outlet duct 50 as
      shown in FIG. VIII. There also may be attached to the side of the chamber
      38 an eye or hook engaging plate 33 into which a hook or grapple such as G
      shown in FIG. VII may be connected for removal or replacement of the frame
      30 into the tank 20.
PAR  On the opposite side wall 23 of the settling tank 20 there may be provided
      a bracket 44 as shown in FIGS. III, VII and VIII for supporting the outer
      end or plate 34 of the frame 30 for its installation as shown in FIG. VII.
      Once the frame is located as shown in FIG. VII, the clamping bar 46 (see
      FIG. I) is used which is centrally connected onto a threaded rod 48 with
      wing nut 49. This clamping assembly is also pivotally connected, such as
      by a hook means 47 to the wall 25 above the outlet duct 50, so that it can
      be swung downwardly with the ends of the bar 46 engaging the upper ends of
      the pivoted channels 42. Then when the wing nut 49 is tightened the whole
      assembly and filter frame 30 is tightly held against the wall 25,
      compressing the gasket 39 to prevent leakage into the chamber 38.
PAR  Anyone of these tubular filter frames 30 may be removed without draining
      the tank, by reversing the just described operations, but before doing so,
      its corresponding outlet valve 51 should be closed (see FIGS. II and III).
      These outlet valves 51 may be operated by extension rods therefrom to
      above the liquid level in the clean tank 22.
PAR  If the return reach of the bottom scrapper or drag out conveyor 24 passes
      over the top of the filter frames 30, the flights 27 (see FIG. V) of such
      conveyor can easily be removed, in that these flights 27 are provided with
      trunnions 52 at their ends, which slip into and out of the links 54 of the
      conveyor spocket chain 56.
PAC  B. BACKWASH
PAR  In FIGS. I through IV there is shown the dirty liquid or contaminated
      coolant intake duct 60 which may enter a trough 62 that connects with a
      manifold type trough 64 along the outside of the wall 25 of the settling
      tank 20, which wall has a plurality of inlet openings 66 located above
      each of the filter frames 30, so that the liquid containing solid
      particles that is introduced into the settling tank 20 will pass the
      suction tubular filters 30 as soon as possible so as to remove as many of
      the solid particles as quickly as possible.
PAR  As shown in FIG. II the outlet manifold 58 of the outlet ducts 50 is
      connected to the suction input 70 of a pair of parallel pumps 72 (one of
      which is a stand-by), which pumps may be driven by separate electric
      motors 74. This pump assembly may be mounted on top of the platform 76 on
      the clean tank at 22 as shown in FIG. I. Discharge duct 78 from these
      pumps puts the clean liquid in the clean liquid tank 22, and may have a
      valved branch pipe at 79 (see FIGS. II and III) for connection to the
      precoat dispersing nozzles 91 described later. This clean liquid tank has
      an outlet duct 21 (see FIG. II) for the continuous recirculation of the
      liquid or coolant to where it collects solid particles for further
      separation by return through inlet duct 60.
PAR  After the solid particles removed from the contaminated liquid in tank 20
      have accumulated on the filter tubes 32 for predetermined time and/or
      until a certain vacuum is sensed in the intake duct 70, such as by an
      adjustable timer-vacuum control means 80 shown in FIG. I, the operating
      pump 72 is shut off, so that a back pressure can be applied to the filter
      tubes 30. This back pressure for back washing may comprise a bump air
      pressure from the air pressure reservoir 82 as shown in FIGS. I and II
      connected via duct 84 to the outlet manifold 58 or duct 70, to first push
      clean liquid back through the filter 30, and then air, if necessary to
      break all the cake off of the top of the tubes 32 in a manner such as that
      shown in FIG. XI. The same or another adjustable timer control means 80 is
      provided for preventing the start up of the pump 72 for a predetermined
      period of time so as to allow the broken off cakes S from the tubes 32 to
      settle to the bottom of the settling tank 20 for removal by the drag out
      conveyor 24. This delay also permits liquid to seep back up through the
      filter tubes 32 into the chamber 38 and ducts 58 and 70 to at least
      partially prime the pump 72 before it is restarted.
PAC  C. PRECOAT
PAR  The next step in the operation may be to introduce a precoating medium or
      material D, such as diatomaceous earth, onto the filter tubes 32, which
      solid precoat material D is stored in the bin 90 (see FIGS. I, III and
      IV). This powdered or fine solid material D may be fed from the bottom of
      the bin 90 by an odd number of screw conveyors or screw augers 92 along
      the bottom of the hopper, that alternately rotate in opposite directions
      by means by a motor and gearing mechanism which is enclosed in the housing
      94 (see FIG. I). The outer augers 92 are always feeding augers while the
      adjacent oppositely rotating auger or augers is for maintaining even
      distribution of the precoat material D in the bin 90. The feeding augers
      92 discharge the material D into a hopper 96 (see FIGS. III and IV) which
      has a sloping screen or perforated plate 98 at its bottom, against which
      the particles D drop and are broken up by jets from the nozzles 91. These
      nozzles 91 are fed with liquid under pressure from the outlet duct 78 and
      the valved duct 79 from the pump 72, which pump now has been started after
      the predetermined period of time for the settling of the cakes S has
      expired. These jet nozzles 91 not only break up the particles of precoat D
      but also disperse them in the liquid so that they pass through the screen
      98 and into the trough 62 for distribution through the manifold trough 64
      and openings 66 above each of the filter frames 30, so that the precoat D
      suspended in the liquid will accumulate on the tubes 32 as quickly as
      possible in a manner such as that shown in FIG. X to form coating C. By
      introducing this precoat solid D directly over the filters 30, the time
      for circulation of the liquid to apply the required coating C is reduced
      to about one quarter of what would be required if the precoat suspended
      liquid were introduced in a remote corner of the settling tank 20. Thus,
      after several minutes, usually between 2 and 5 minutes, a sufficient
      precoat C is built up on the tubes 32 so that the precoating apparatus may
      be shut off and the valve closed in by-pass duct 79, until another cake S
      is built up on the tubular filters 32.
PAR  Since the settling tank 20 and clean tank 22 have sufficient capacity, the
      flow of dirty and clean liquid to and from the separator continues during
      the backwashing and precoating operations. These operations may be either
      manually or automatically controlled, or a combination of both.
PAR  Referring to FIGS. IX, X and XI, there are shown cross-sections of three
      vertically disposed tubular filter elements 32 as they occur in one of the
      frames 30, in three successive stages of their operation. Each tubular
      filter 32 comprises primarily a perforated cyclindrical tube 100 around
      which may be and preferably is placed a fabric or flexible porous sock
      102. In this embodiment, this sock 102 is provided with overlapping flange
      type seams 104 that are aligned in the same vertical plane for all of the
      vertically disposed tubes 100. These seams prevent too much accumulation
      of the cakes S along them so that when the socks are blown back or
      backwashed as shown in FIG. XI, the cakes S will be sure to break off at
      these flanges 104 and fall clear and not on or over any filter tubes below
      it. If desired, the adjacent flanges 104 can be connected so that the
      whole sock may be composed of two sheets sewn together along parallel
      lines to form pockets in which a plurality of tubes are simultaneously
      placed. Such seam tubes are primarily desirable for cohering filter cakes
      S as shown in FIG. XI. In the event the filter cakes are not coherent
      masses and not tend to cover or bridge adjacent filter tubes, then of
      course smooth socks without the seams 104 may be used.
PAR  It is to be clearly understood that the structural shapes and sizes of the
      tubular filters, filter frames, and settling tank shown in this invention
      may vary and be used for separating solid particles from liquids other
      than coolants without departing from the scope of this invention.
      Furthermore, the tubular filters may in some instances be used without
      socks and/or without precoating material. Also the means for blowing back
      or knocking off the cake periodically may not even be necessary for some
      solids which would automatically fall off the tubular filters after a
      certain thickness of cake had accumulated.
PAR  While there is described above the principles of this invention in
      connection with specific apparatus it is to be clearly understood that
      this description is made only by way of example and not as a limiation to
      the scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for separating solid particles from a liquid comprising:
      a settling tank having an apertured side wall, a filter in said settling
      tank, and pump means for sucking said liquid through said filter from said
      tank, the improvement comprising:
PA1  A. an assembly having an open sided chamber and a plurality of horizontal
      tubular filter elements comprising said filter communicating with said
      chamber,
PA1  B. releasable clamping means for holding the open side of said chamber in
      fluid tight communication with said side wall around said aperture in said
      side wall of said tank, and
PA1  C. duct means connecting said aperture to said pump means.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein the open side of said chamber
      includes a gasket means for sealing said chamber to said side wall around
      said aperture.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said tubular filter elements
      comprise perforated tubes surrounded with flexible porous socks.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said socks are provided with
      diametrical opposite outwardly extending flange seams.
NUM  5.
PAR  5. An apparatus according to claim 4 wherein a plurality of said elements
      with seamed socks have their seams vertically aligned in common and
      parallel planes.
NUM  6.
PAR  6. An apparatus according to claim 1 wherein said clamping means comprises
      a pair of channels pivoted to said side wall of said tank, and said
      assembly comprises a pair of trunnions slidable in said channels for
      guiding said assembly into position adjacent said aperture.
NUM  7.
PAR  7. An apparatus according to claim 6 wherein said clamping means includes
      wing and bar means engageable with the outer ends of said channels for
      urging and holding said assembly against said side wall of said tank.
NUM  8.
PAR  8. An apparatus according to claim 1 wherein said settling tank includes a
      bottom drag out conveyor.
NUM  9.
PAR  9. An apparatus according to claim 8 wherein said conveyor comprises a pair
      of parallel spocket chains, transverse flights between said chains, and
      means for removably seating the ends of said flights in the links of said
      chains.
NUM  10.
PAR  10. An apparatus according to claim 1 including a plurality of said
      assemblies in said tank, and an outlet manifold duct connected to the
      apertures in the side wall provided for each of said assemblies for
      connection to said pump means.
NUM  11.
PAR  11. An apparatus according to claim 1 including a clean tank adjacent said
      settling tank for the discharge of liquid from said pump means.
NUM  12.
PAR  12. An apparatus according to claim 1 including an air pressure reservoir
      for back pressuring said filters for bumping off the cakes of solid
      particles that accumulate thereon.
NUM  13.
PAR  13. An apparatus according to claim 1 including means for coating said
      filter elements with a filter medium.
NUM  14.
PAR  14. An apparatus according to claim 1 including means for automatically
      back washing and precoating said filter elements periodically during the
      separating operation of said apparatus.
NUM  15.
PAR  15. A precoating apparatus for a separator for solid particles from a
      liquid, comprising: a settling tank, a filter in said tank, a pump means
      connected to said filter to suck liquid from said tank through said
      filter, and means connected to the connection of said pump to said filter
      to backwash said filter, said precoating apparatus for said filter
      comprising:
PA1  A. a supply bin for a solid particle precoating material,
PA1  B. a plurality of auger means for feeding said precoating material from a
      supply bin,
PA1  C. hopper means for receiving said fed precoating material and having a
      slanting perforated bottom screen,
PA1  D. nozzle means directing jets of liquid downwardly onto said precoating
      material on said screen for dispersing said material in said liquid, and
PA1  E. duct means for directing the resulting suspended precoating material in
      said liquid from said hopper into said tank adjacent and vertically above
      said filter.
NUM  16.
PAR  16. An apparatus according to claim 15 wherein said nozzle means is
      connected to said pump means.
NUM  17.
PAR  17. An apparatus according to claim 15 wherein said filter comprises a
      plurality of horizontal tubular filters mounted in a frame removably
      connected to the side wall of said settling tank.
NUM  18.
PAR  18. A separator for solid particles in a liquid, comprising:
PA1  A. a settling tank having
PA2  a. a vertical wall with an outlet therein,
PA2  b. means for removing the settled particles from the bottom of said tank,
      and
PA2  c. filter means in said tank attached to said vertical wall,
PA1  B. a clean liquid tank adjacent said settling tank,
PA1  C. pump means connected to said outlet for removing liquid from said
      settling tank through said filter means into said clean tank,
PA1  D. means for precoating said filter means with a suspended filtration
      medium, and
PA1  E. means connected to said outlet for backwashing said filter means to
      remove periodically accumulated particles on said filter means for
      settling in said settling tank;
PAL  the improvement comprising:
PA1  in said filter means:
PA2  a. a plurality of parallel tubular filter elements mounted horizontally
      inside said settling tank,
PA2  b. a chamber connected to one end of all said elements and to said outlet
      in the wall of said settling tank,
PA2  c. means attached to said wall for removably holding said chamber against
      said outlet in said wall, and
PA2  d. gasket means around an aperture in said chamber for insuring a fluid
      type seal between said chamber and side wall of said settling tank around
      said outlet; and
PAL  in said precoating means:
PA2  a. means for dispersing said precoat medium in said liquid from said pump
      means,
PA2  b. duct means for directing liquid containing said precoat medium to above
      and adjacent said filter means for direct deposit on said filter means;
      and
PA1  F. means for controlling the cycle of operation of said separator for
      periodically backwashing and precoating said filter means.
NUM  19.
PAR  19. A separator for solid particles in a liquid, comprising:
PA1  A. a settling tank having
PA2  a. a vertical wall with an outlet therein,
PA2  b. means for removing the settled particles from the bottom of said tank,
      and
PA2  c. filter means in said tank attached to said vertical wall,
PA1  B. a clean liquid tank adjacent said settling tank,
PA1  C. pump means connected to said outlet for removing liquid from said
      settling tank through said filter means into said clean tank, and
PA1  D. means connected to said outlet for backwashing said filter means to
      remove periodically accumulated particles on said filter means for
      settling in said settling tank;
PAL  the improvement comprising:
PA1  in said filter means:
PA2  a. a plurality of parallel tubular filter elements mounted horizontally
      inside said settling tank,
PA2  b. a chamber connected to one end of all said elements and to said outlet
      in the wall of said settling tank,
PA2  c. means attached to said wall for removably holding said chamber against
      said outlet in said wall, and
PA1  d. gasket means around an aperture in said chamber for insuring a fluid
      type seal between said chamber and side wall of said settling tank around
      said outlet.
NUM  20.
PAR  20. An apparatus according to claim 19 wherein said tubular filter elements
      comprise perforated tubes surrounded with flexible porous socks.
NUM  21.
PAR  21. An apparatus according to claim 20 wherein said socks are provided with
      diametrical opposite outwardly extending flange seams.
NUM  22.
PAR  22. An apparatus according to claim 19 wherein said clamping means
      comprises a pair of channels pivoted to said side wall of said tank, and
      said assembly comprises a pair of trunnions slidable in said channels for
      guiding said assembly into position adjacent said outlet.
NUM  23.
PAR  23. An apparatus according to claim 22 wherein said clamping means includes
      means engageable with the outer ends of said channels for urging and
      holding said assembly against said side wall of said tank.
NUM  24.
PAR  24. An apparatus according to claim 19 wherein said settling tank includes
      a bottom drag out conveyor.
NUM  25.
PAR  25. An apparatus according to claim 24 wherein said conveyor comprises a
      pair of parallel spocket chains, transverse flights between said chains,
      and means for removably seating the ends of said flights in the links of
      said chains.
NUM  26.
PAR  26. An apparatus according to claim 19 including a plurality of said
      assemblies in said tank, and an outlet manifold duct connected to the
      outlets in the side wall provided for each of said assemblies for
      connection to said pump means.
NUM  27.
PAR  27. An apparatus according to claim 19 including an air pressure reservoir
      for back pressuring said filters for bumping off the cakes of solid
      particles that accumulate thereon.
NUM  28.
PAR  28. An apparatus according to claim 19 including means for automatically
      back washing said filter elements periodically during the separating
      operation of said apparatus.
NUM  29.
PAR  29. An apparatus according to claim 19 including means for coating said
      filter elements with a filter medium.
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ABST
PAL  A low cost water filter apparatus including a valve rotor rotatable within
      a valve housing which rotor may be rotated within the valve housing when
      necessary for the purpose of engaging a bypass safety feature, or for the
      purpose of shutting off the flow of water through the filter unit prior to
      changing the filter element.
PARN
PAR  This patent application is a continuation-in-part of United States patent
      application Ser. No. 435,849 filed on Jan. 23, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to devices for filtering liquids
      and more specifically to low cost, easily changeable water filter
      assemblies.
PAR  Water filters have been used to filter the entire water stream entering a
      residence or business to remove particles therein to avoid, e.g., sediment
      in the water heater, which would in time necessitate costly replacement or
      repair. Additionally, particles contained in drinking water tend to reduce
      its palatability. Such filter systems also provide particle-free water for
      laundry purposes.
PAR  A number of disadvantages have, however, been associated with the use of
      prior art water filtering systems. Formerly, the design of water filter
      assemblies required the use of two valves on the water line, one before
      the filter to prevent the flow of water into the filter tank during
      changing of the filter element and one after the filter to shut off the
      flow of water from the filter tank, in order to prevent back flow of water
      from the water line of the user. In prior art devices, in order to change
      the filter element, both of these valves had to be turned off. This fact
      made changing the filter element an excessively time consuming operation.
      A further disadvantage of prior art systems was the fact that the
      necessity for using two valves entailed an excessive expense in
      manufacturing, installing and servicing such systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially reduces the problems associated with
      the use of prior art water filter assemblies by eliminating the necessity
      for using two separate valves, one to shut off the stream of water
      entering the filter and the other to prevent back flow of water from the
      water line. The present invention accomplishes both these functions in one
      simple rotational operation by the use of a single valve assembly, thus,
      resulting in a considerable saving to the consumer in the initial cost of
      the unit, installing the unit and in servicing the unit.
PAR  Yet a further advantage of the present invention is the fact that the
      filter element of the present invention may be easily and quickly changed.
      Whereas the prior art required the closing of two valves before a filter
      element could be changed, the present invention requires only a partial
      rotation of a valve rotor within its housing. The filter element may then
      be easily changed. A reciprocal rotation of the valve rotor again opens
      the filter to the incoming and outgoing streams of water to again place
      the present invention in operating configuration.
PAR  Also, the present invention preferably provides for a safety feature which
      when the rotor is rotated from its filtering position, permits the stream
      of water from the community line to bypass the filter element, should the
      filter tank become damaged or otherwise become inoperative. Preferred
      embodiments of the present invention also include an automatic vacuum
      relief mechanism to release the vacuum occurring within the filter tank
      when the rotor is placed in bypass position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded perspective view showing the valve assembly elements
      of one embodiment of the present invention.
PAR  FIG. 2 is a side elevation showing the valve assembly in filtering position
      and further showing by arrows the path of water entering the filter, being
      filtered and exiting the filter assembly.
PAR  FIG. 3 is a top view of one embodiment of the present invention.
PAR  FIG. 4 is a fragmented side elevation showing the valve assembly in closed
      position.
PAR  FIG. 5 is a top view of an alternate embodiment of the present invention.
PAR  FIG. 6 is a side view taken along line 6-6 of FIG. 5.
PAR  FIG. 7 is a magnified view of a portion of FIG. 6 showing the automatic
      vacuum relief mechanism of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, valve assembly 5 comprises a valve rotor 10 fitting
      into a generally T-shaped valve housing 30, which has inlet and outlet
      portions 31, 32, which are disposed diametrically opposite each other on
      exterior surface 33 of cylindrical shaped chamber 34 of T-shaped valve
      housing 30. Inlet and outlet portions 31, 32 have centrally located
      horizontal inlet and outlet openings 31a and 32a respectively.
PAR  In one embodiment, bottom plate 40, defining vertical axial inlet and
      radial outlet openings 41, 42 otherwise sealingly encloses the bottom of
      frustoconical shaped chamber 34, which is shaped to receive valve rotor
      10. In alternative embodiments such as those described in FIGS. 5-7,
      infra, such chambers, rather being frustoconical are cylindrical in shape.
PAR  Valve rotor 10, having handle 11 mounted on upper surface 12 thereof, has
      pressure release valve 13 mounted therein. Referring now to FIGS. 1 and 2,
      just as with housing 30, rotor 10 also has horizontal entering and exiting
      openings 14a, 15a horizontally positioned therein so as to communicate
      with horizontal entering and exiting openings 31a, 32a of housing 30 when
      valve assembly 5 is in the filtering position. Vertical axial and radial
      bores 14, 15 of rotor 10 also communicate with axial and radial openings
      41, 42 in bottom plate 40 of valve housing 30 when valve assembly 5 is in
      the filtering position.
PAR  T-shaped housing 30 has threaded portion 50 on its underside for attaching
      the filter tank thereto. Stop ring 20, whose function is examined in more
      detail in connection with FIG. 3, infra, is positioned atop periphery 24
      of rotor 10 when the present invention is in its fully assembled state,
      such that, when one turns handle 13 of rotor 10, valve assembly 5 may be
      placed thereby in either filtering or non-filtering position.
PAR  Referring to FIG. 2, which shows the present invention in its fully
      assembled state, rotor 10 is shown in the filtering position. Horizontal
      entering and exiting openings 14a, 15a of rotor 10 are shown communicating
      with entering and exiting openings 31a and 32a respectively of T-shaped
      housing 30. Axial and radial bores 14, 15 further communicate with axial
      and radial openings 41, 42 in bottom plate 40 of housing 30.
PAR  In the embodiment shown in FIGS. 1-4, pressure release valve 13 in handle
      11 of rotor 10 has a relief plunger 16 fitting and received within valve
      chamber 16a. Threadably attached to the underside of plunger 16 is plunger
      screw 17, about shaft 17a of which plunger coil spring 18 is axially
      mounted. Washer 19, mounted on screw 17 between screw head 17b and inside
      surface 15b of radial bore 15, seals radial opening 15 and prevents
      leakage of the water stream therefrom. Valve cover ring 20 held by screws
      23a-d secures rotor 10 in place and prevents its accidental loss or
      removal from the system, which would result in flooding.
PAR  Threadably attached to threaded portion 50 of housing 30 is threaded
      portion 50a of filter tank 51, which contains hollow cylindrical or
      semi-frustoconical fibrous filter element 52. Input end 57 of filter
      element 52 communicates with axial inlet bore 14 of rotor 10. Support end
      58 rests upon projection 56, which is shaped to receive and hold it.
PAR  Arrows symbolically illustrate the path of water being filtered by passing
      through filter element 52 of the present invention. Incoming water goes
      through horizontal entering opening 31a of housing 30, continues through
      lateral entering opening 14a of rotor 10, goes through vertical axial bore
      14 of rotor 10 and then through axial opening 41 in bottom plate 40 of
      housing 30 into central filtering cavity 53 of filter element 52. The
      water stream is then filtered through fibrous walls 54 of filter element
      52 into collecting chamber 55 within filter tank 51 and exits therefrom
      through radial opening 42 in bottom plate 40 of housing 30, continuing
      through horizontal exiting opening 15a of rotor 10, and finally through
      horizontal exiting opening 32a of housing 30 into the water line of the
      consumer.
PAR  Collecting chamber 55 may be filled with charcoal. It is also contemplated
      that in other embodiments of the present invention the direction of flow
      of the water stream to be filtered may be reversed from that shown in
      FIGS. 1-4. FIGS. 5-7 hereof illustrate this alternative direction of flow
      of water entering and exiting the filter unit. Also, if desired central
      cavity 53 may be filled with charcoal, rather than using collecting
      chamber 55 for this purpose.
PAR  Referring to FIG. 3, showing a top view of T-shaped housing 30, which is
      shaped to receive rotor 10, inlet and outlet portions 31, 32 are disposed
      diametrically opposite each other about rotor 10. Valve rotor 10 is
      mounted off center and has plug handle 11 mounted atop rotor 10,
      containing release valve 13 therein.
PAR  Stop ring 20, with open and close restraining projections 21, 22
      respectively, is positioned over rotor 10 such that handle 11 may be moved
      no further than the open or closed positions respectively. In the
      embodiment shown, stop ring 20 is secured by four evenly spaced screws
      23a-d to upper surface 35 of frustoconical shaped chamber 34, as shown in
      FIG. 1.
PAR  Referring to FIG. 4, valve assembly 5 of the present invention is shown in
      its closed position. Rotor 10 mounted in housing 30 has been turned
      90.degree. from the positions shown in FIGS. 2 and 3. Entering and exiting
      openings 31a, 32a of housing 30 are not in communication with inlet and
      outlet openings 14, 15 of rotor 10 (not shown in FIG. 4). Hence, it is not
      possible for water to enter or leave filter tank 51. In this closed
      position, filter element 52 of the present invention may be easily changed
      merely by unscrewing threaded portion 50a of filter tank 41 from threaded
      portion 50 of housing 30. Before this may be easily done, however,
      internal vacuum is relieved by pushing down plunger 16 of release valve 13
      which is mounted atop handle 11 of valve rotor 10, as detailed in FIG. 2.
PAR  After the filter element has been changed and a new filter element has been
      inserted around lip portion 44 projecting outwardly from under surface 45
      of bottom plate 40, filter tank threaded portion 50a is then rethreaded
      onto threaded portion 50 of housing 30. Rotor 10 is then reciprocally
      turned 90.degree. such that entering and exiting openings 14a, 15a are
      once again in communication with entering and exiting openings 31, 32 of
      housing 30, as shown in FIG. 2. When this communication occurs, axial and
      radial bores 14, 15 will also be in communicating relationship with axial
      and radial openings 41, 42 of bottom plate 40. In this, the open position,
      the water stream is again free to enter and exit filter tank 51 of the
      present invention.
PAR  The various detachable parts of the present invention may be sealed by
      O-rings. In the embodiment shown in FIG. 4, O-ring 60 positioned in cavity
      60a serves as a seal between threaded portion 50 of housing 30 and the
      corresponding threaded portion 50a of filter tank 41. Similarly, O-ring 61
      serves as a seal between the bottom portion of rotor 10 and housing 30.
      The upper portion of rotor 10 and housing 30 are sealed by O-ring 62.
      Referring to FIG. 2, O-ring 63 serves as a seal between washer 19 in
      chamber 16a and rotor 10.
PAR  As described more fully in connection with an alternative embodiment
      described hereinbelow, a through passage may be provided in valve rotor 10
      such that, when the rotor is rotated to a position where the through
      passage communicates with horizontal entering and exiting openings 31a, 32
      a of housing 30, water will flow straight through housing 30 but cannot
      flow into the filter because the valve housing is sealed. This feature
      would permit filter tank 51 to be removed easily and safely for cleaning
      and changing of filter element 52, but does not necessitate a shut off of
      the water supply.
PAR  FIGS. 5, 6 and 7 illustrate an alternative preferred embodiment of the
      present invention, which differs from the above described embodiment in
      certain design features and includes certain additional features, but
      operates according to the same basic principles.
PAR  Referring to FIG. 6, valve rotor 70 is contained within valve housing 72
      which is secured to filter tank 74 by threads 76. Tank 74 contains filter
      element 78, the walls of which define a central cavity 80. Filter element
      78 is positioned inside tank 74 by projection 68 thereof at its bottom or
      support end 68a and by sump 81 of rotor 70 at its top end 81a.
PAR  Referring to FIGS. 6 and 7, valve rotor 70 is attached at its top 82 to cap
      83 by bolt 84 in depression 71, such that if cap 83 is rotated, rotor 70
      is also rotated thereby. Depression 71 is topped by cover 73 in the upper
      surface of cap 83. Cap 83 fits snugly over the top surface 85 of housing
      72. Cap 83 preferably has ribbed projections 67 on its upper surface for
      ease of gripping and rotating. Cap 83 has on its under surface 86 a
      semicircular support groove 87 and a semicircular vacuum relief groove 88,
      as illustrated in FIG. 5. Support groove 87 accomodates support projection
      89 and also serves to restrict the arc of rotation of valve rotor 70 to a
      90.degree. rotation, the extremes 90, 91 of which correspond respectively
      to the filtering and bypass positions of rotor 70. In alternative
      embodiments, a matching diametrically disposed auxiliary support groove
      87a with accompanying auxiliary support projection 89a may be provided for
      balance.
PAR  Cap 83 serves the dual function of supporting rotor 70 to which cap 83 is
      fixedly secured by bolt 84, as well as transmitting rotation to rotor 70
      when cap 83 itself is manually rotated. Valve rotor support ring 103
      disposed under rotor 70 also serves as additional support for rotor 70
      within housing 72. Ring 103 preferably has two or more ear-like radially
      extending projections which fit into recesses (not shown) in housing 72.
      Ring 103 thus serves a purpose analogous to that of bottom plate 40 in the
      alternative embodiment of the present invention illustrated in FIGS. 1-4
      hereof.
PAR  Housing 72 has inlet and outlet portions 69a and 69b, as shown in FIG. 5
      which contain respectively entering and exiting openings 94, 95 therein.
      Rotor 70 has entering and exiting openings 92, 93 on diametrically opposed
      sides thereof which communicate with entering and exiting openings 94, 95
      of housing 72 when the rotor is in the filtering position, as it is shown
      in FIG. 6.
PAR  Bypass opening 96 is provided in rotor 70 such that, if rotor 70 is rotated
      90.degree. from the operating position shown in FIG. 6, bypass opening 96
      will communicate with entering and exiting openings 94, 95 of housing 72.
      The water will then pass straight through the valve, with no water
      entering filter tank 74. Rotor 70 is placed in the bypass position when
      the filter element is to be changed, should the filter tank become
      damaged, or should the filter element become clogged with foreign matter.
PAR  Vacuum relief groove 88 accomodates vacuum seal 100, which is fixedly
      secured to the inner surface thereof. Vacuum seal 100 covers and seals
      vacuum opening 97 which extends through housing 72 in the upper surface 86
      thereof. Vacuum opening 97 is preferably approximately 0.020 inches in
      diameter.
PAR  When the rotor 70 is placed in bypass position by rotating cap 83, vacuum
      seal 100, which is attached to the under surface of cap 83 in vacuum
      relief groove 88, automatically uncovers vacuum opening 97. Atmospheric
      air then enters the filter tank to releave the vacuum created therein, to
      provide thereby for easier disassembly of the filter tank from the
      housing.
PAR  Radial bore 99 in rotor 70 communicates with entering opening 92 thereof.
      Thus, when rotor 70 is in the filtering position, water enters housing 72
      at entering opening 94 and passes into communicating entering opening 92
      of rotor 70. The stream of water then passes downwardly to radial bore 99
      where it enters pre-filter chamber 102. After passing through the walls of
      filter 78, the then filtered water continues upwardly in internal filter
      cavity 80. Next, the filtered water passes through axial bore 101 in the
      bottom surface of rotor 70, and then is directed diagonally upward through
      exiting opening 93 of rotor 70 and finally through exiting opening 95 of
      housing 72 ready for use.
PAR  Similarly to the above described embodiment, O-rings 102a, 102b and 102c
      are preferably used to seal the connections between the various elements
      of the filter unit.
PAR  The present invention may be made in a variety of sizes to correspond to
      the volume of water to be filtered. The housing and filter tank elements
      of the present invention may be molded of rigid polymeric materials or may
      be constructed of more permanent materials, such as stainless steel. The
      rotor element of the present invention is preferably constructed from
      similar polymeric materials.
PAR  The foregoing descriptions have been given for clearness of understanding
      only, and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water filtering apparatus comprising:
PA1  a valve rotor, having an inlet bore and an outlet bore, said inlet and
      outlet bores communicating respectively with oppositely disposed entering
      and exiting openings in said rotor;
PA1  a housing for said rotor, said housing having therein housing entering and
      housing exiting openings corresponding to those of said rotor and
      communicating therewith when said rotor is in filtering position,
      positioned such that if said valve rotor be rotated, said rotor entering
      opening and said rotor exiting opening may be discommunicated thereby from
      said housing entering opening and said housing exiting opening
      respectively;
PA1  a filter tank detachably, sealably mounted to said housing;
PA1  a hollow, elongated filter element having permeable walls defining a
      central cavity, said filter element mounted in said filter tank with one
      end thereof opening into one said bore of said rotor; and
PA1  automatic vacuum relief means for releasing the vacuum created within said
      filter tank when said entering and exiting openings of said rotor have
      been discommunicated from said entering and exiting openings of said
      housing, whereby said apparatus may be more easily disassembled; said
      automatic vacuum relief means comprising a vacuum opening in said filter
      tank communicating said filter tank with the ambient atmosphere; and a
      vacuum seal covering said vacuum opening when said valve rotor is in
      filtering position discommunicatable therefrom when said valve rotor is
      rotatably positioned in bypass configuration.
NUM  2.
PAR  2. A water filtering apparatus comprising:
PA1  a valve rotor, having a radially disposed inlet bore and an axially
      disposed outlet bore, said inlet and outlet bores communicating
      respectively with oppositely disposed rotor entering and rotor exiting
      openings;
PA1  a housing for said rotor, said housing having therein housing entering and
      housing exiting openings corresponding to said rotor entering and rotor
      exiting openings and communicating therewith when said rotor is in
      filtering position, positioned such that if said valve rotor be rotated
      said rotor entering opening and said rotor exiting opening may be
      discommunicated thereby from said housing entering opening and said
      housing exiting opening respectively;
PA1  a filter tank detachably, sealably mounted to said housing; and
PA1  a hollow elongated filter element having permeable walls defining a central
      cavity, said filter element mounted in said filter tank with one end
      thereof opening directly into and communicating directly with said axially
      disposed outlet bore of said rotor, whereby filtered water in said central
      cavity may unimpedably flow therefrom through said outlet bore of said
      rotor.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 wherein:
PA1  said exiting opening in said rotor extends diagonally from said outlet bore
      in said rotor to communicate said outlet bore with said exiting opening of
      said housing.
NUM  4.
PAR  4. An apparatus as claimed in claim 2 wherein:
PA1  said valve rotor further includes bypass means for directly communicating
      through said rotor said entering and exiting openings in said housing,
      such that when so communicated no water may enter said filter tank,
      whereby a safety feature is incorporated therein to permit unfiltered
      water to be used should said filter tank become inoperative and to permit
      said unfiltered water to be used when said filter element is changed.
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PAL  A filter characterized in that a plurality of screen plates each having a
      penetration hole at its central portion are disposed inside of a filter
      box in a stacked form with a distance between each other in such a manner
      that the penetration holes are aligned up-and down-wards. The raw liquid
      to be filtered is fed through said penetration holes and the filtrate is
      collected at plurality of portions disposed at a nearly equal intervals in
      the peripheral part of said screen plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a filtering apparatus in which the filter
      bed can be formed uniformly over the screen plate and thereby a uniform
      filtration can be effected.
PAR  In a filter provided with a screen plate as a filter medium it is usual to
      collect the filtrate through a supporting member which supports part of
      the screen plate. In this case, however, if the filtering surface is
      uniform, the filterate which has passed through an area of the filtering
      surface in the neighborhood of the collector such as the screen plate
      supporting member would have been encountered by a smaller internal
      resistance than that passed through the areas far off the collector. This
      means that the amount of filtration load is greater at area nearer to the
      collector than those distant therefrom.
PAR  In order to achieve an effective filtration, it is desirable to give a
      uniform filtering ability over the whole filtering surface. For this
      purpose, it is to provide a uniform filter bed.
PAR  During the precoating a filter aid onto the filter medium by circulating
      it, there is tendency towards nonuniform formation of the filter bed,
      because the amount of the precoat liquor containing the filter acid
      passing through per unit of time is greater in the neighborhood of the
      collector than that far therefrom, resulting in a greater amount of filter
      aid being precoated there.
PAR  Generally, in prior art filters with a screen plate, the screen plate is
      supported at the central portion and the filtrate passing through said
      screen plate is collected using the supporting member. With this
      construction, however, the unequality between the filtration at the inner
      portion and that at the outer side portion of the screen plate as
      mentioned above will be significant, since the collector is only singly
      provided and, in addition, the collector portion is located far apart from
      the surrounding large area for the filtration.
PAC  SUMMARY OF THE INVENTION
PAR  In order to eliminate such drawbacks, the present invention has been made.
      An object of the present invention is to provide a filter capable of
      attaining mechanically an effective filtration, in which a feed portion
      for the original liquor to be filtered is arranged at the central part of
      the screen plate, and a plurality of collector portions for the filtrate
      are arranged at nearly equal interval at the circumferential part of the
      screen plate, thereby to avoid the above-mentioned inequality.
PAR  Another object of the present invention is to provide a filter having a
      conical screen plate, in which the both advantages intrinsic of a filter
      having vertical filter surface and of that having horizontal filter
      surface are effectively combined.
PAR  In a pressure filter having vertical filtration surface, the filtration is
      unstable, since the cake formed on the filter surface, when a large amount
      of filtrate accumulates because it slides down by its own gravity upon
      pressure change. On the other hand, it is noted that a flush removal of
      the cake may cause clogging.
PAR  By contrast, in filters having horizontal filtration surface, the
      disadvantages are reversed.
PAR  According to the present invention, there is provided a new filter with
      conical screens suitable for achieving the uniform and steady formation of
      the filter bed just as in a horizontal screen plate and a complete removal
      of the cake using a small amount of flush water just as in a vertical
      screen plate, without any decrease in the filtering ability. Such filter
      is so constructed that the mounting of filter cloth onto the conical
      screen plate is carried out firmly and the stacked assemblage thereof is
      done firmly.
PAR  A further object of the present invention is to provide a filter which is
      so constructed that the water flush cleaning is carried out using a rotary
      jet shower pipe provided with many nozzles displaced in the
      circumferential direction for jetting the flush water onto each of the
      stacked conical screen plates, so that the discharge of the cake is not
      disturbed by an eventual local accumulation of the cake within the filter
      box.
PAR  A still further object of the present invention is to provide a filter in
      which jetting of the water flush cleaning is carried out successively upon
      the conical stacked screen plates one after another using a rotary jet
      shower pipe capable of a vertical movement, whereby the occurrence of
      clogging by accumulation of a large amount of the cake at the discharge
      opening can be avoided.
PAR  A still further object of the present invention is to provide a filter in
      which the filter box is coupled with the filter aid mixing vessel and an
      agitation blade is provided inside the mixing vessel at a portion
      corresponding to the above-mentioned rotary jet shower pipe, thereby to
      effect co-utilization of the motive power and, at the same time, to enable
      a construction of the whole assemblies of the filter to be compact.
PAR  A still further object of the present invention is to provide a filter in
      which the conical screen plates are stacked in a form upside-down and a
      feed portion for feeding the liquor to be filtered is located at central
      portion of the screen plate. The filtrate is collected at the periferal
      portion of the screen plate, such that the rotating jet shower pipes
      moving along the circumference of the screen plate are disposed so as to
      enable the cake to be discharged out from said feed portion.
PAR  A further object of the present invention is to provide a filter with
      conical screen plates which is so constructed that, in order to capture a
      metallic ingredient in the liquor to be treated, the conical screen plates
      are electrode plates and are each coupled with a conical counter electrode
      plate stacked on each another. So as each electric junction member of
      respective electrode plates can be connected to the respective plus or
      minus electrode pole in a manner allowing easy assembly and disassembly.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a vertical sectional view of an exemprary filter having
      conical screen plates according to the present invention.
PAR  FIG. 2 is a vertical sectional view showing the conical screen plate and
      the conical electrode plate.
PAR  FIG. 3 is an enlarged partial sectional view showing the construction of
      the inner circumferential edge of the conical screen plate.
PAR  FIG. 4 is an enlarged section showing the construction of the outer
      circumferential edge of said conical screen plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is further explained with reference to an example of the
      present invention by the attached drawings. In the drawings, 1 is the base
      frame, upon which a filter aid mixing vessel 2 is located. Inside the
      mixing vessel 2 is arranged a filter box 3 standing upwards therefrom. The
      bottom plate 4 of the filter box 3 is disposed at a distance from the
      bottom plate 5 of the mixing vessel 2, so that the liquid in the mixing
      vessel 2 fills up the space defined by the bottom plate 4 and by the shell
      wall 6 of the box 3. The bottom plate 4 is constructed in a conical shape.
PAR  Inside of the frame 1 is arranged a liquid feed pump 7. To the feed pump 7
      are connected a suction pipe 9 and a raw liquid feed pipe 10 which passes
      through the mixing vessel 2 and opens into the filter box at the bottom
      plate 4. A connection pipe 12 with a valve 11 is disposed between the
      bottom plate 5 of the mixing vessel 2 and the suction pipe 9.
PAR  Within the filter box, conical screen plates A, each having at the top a
      cutted-off penetration hole A.sub.1, are stacked on each other separated
      by an adequate distance in vertical direction in such a manner that the
      penetration holes A.sub.1 are aligned in vertical direction. The plates
      are fixed, with their tops being selfsustained freely, by the base portion
      thereof onto the supporting members B arranged at the peripheral portion
      A.sub.2 at a selected interval, so as to form an annular space G between
      the peripheral portion A.sub.2 and the shell wall 6 of the filter box 3.
PAR  The supporting member B is used at the same time as the collector member
      for the filtrate. Underneath the supporting member B is arranged a
      filtrate collecting pipe 13 which forms a seal between the peripheral
      portion A.sub.2 of the lowermost conical screen plate A and the filter box
      bottom plate 4 affording communication of the plurality of supporting
      members B. To the collector pipe 13 is connected a filtrate discharge pipe
      15 with a valve 14. The pipe 15 passes through the mixing vessel 2 and the
      shell wall 6 of the filter box 3. A filtrate draw-out pipe 17 with a valve
      16 is provided on the discharge pipe 15 for the inspection of the
      filtrate.
PAR  Inside the vertically aligned penetration holes A.sub.1 of the conical
      screen plates A, a rotary jet shower pipe 19 having jet nozzles 18 is
      provided. The lower part of said pipe 19 penetrates through the bottom
      plates 4 and 5 to communicate with the flushing water feed pipe 22 having
      a valve 21 through a joint member 20. The rotary jet shower pipe 19 has an
      agitation blade 23 located within the mixing vessel 2 and is rotated by a
      motor 24 disposed inside of the base frame 1 through gears 25 and 26.
PAR  Beneath the annular space G, at the circumferential portion of the filter
      box bottom plate 4 there is provided drain outlet 28 having a valve 27.
PAR  Between the suction pipe 9 and the filtrate discharge pipe 15, a
      circulation pipe 30 with a valve 29 is interposed.
PAR  In operating the filter constructed as above, the liquid in the mixing
      vessel 2 containing the filter aid is first circulated by starting the
      feed pump 7 with the valves 11 and 29 being kept open and the valves 8 and
      14 being kept closed. The liquid passes through the connection pipe 12,
      raw liquid feed pipe 10, penitration holes A.sub.1, conical screen plates
      A, supporting member B, collector pipe 13, filtrate discharge pipe 15 and
      circulation pipe 30, to thereby build up a precoat over the filter cloths
      on the conical screen plates. Then, the raw liquid to be filtered is
      conducted from the suction pipe 9 by opening the valves 8 and 14 and
      closing the valves 11 and 29, so that the liquid is passed through the so
      coated conical screen plates so as to be subjected to filtration. The
      filtrate obtained is discharged from the filtrate discharge pipe 15.
      During the operation of precoat, the precoating liquid mixed with the
      filter aid is agitated by rotating the agitation blade 23 through the
      rotary jet shower pipe 19.
PAR  After a filter cake has been heaped over the conical screen plate, the cake
      is flushed off by jetting the flush water from the nozzles 18, while
      rotating the rotary jet shower pipe 19 by the motor 24 and feeding the
      flushing water to the shower pipe 19. The muddy water obtained is drained
      off from the drain outlet 28 by opening the valve 27.
PAR  It is possible to arrange the jet nozzles on the rotary jet shower pipe 19
      directed for each of the stacked conical screen plates in such a manner
      that they are distributed around the shower pipe 19 displacedly from each
      other, so as to distribute the flow down of the accumulated cake into the
      annular space G upon water flushing, in order to avoid the difficulty of
      the drain off caused from the local piling of cake in the annular space.
      It is also possible to employ a rotary partial jet shower pipe which has
      jet nozzles and which is movable in vertical direction, so as to jet the
      flush water successively onto each of the stacked conical screen plates,
      in order to avoid the above-mentioned difficulty due to the local collapse
      of the cake.
PAR  Moreover, the conical screen plate A is composed of a main plate 31, a
      raster screen 32 and a filter cloth 33. Over the whole surface of the main
      plate 31, many projections 34 are formed at an adequate interval by press
      work. At the circumferential edge of the main plate is provided a flange
      35.
PAR  The peripheral portion A.sub.2 of the conical screen plate A is formed into
      a flat skirt, and a spacer 36 having passage holes 36b in radial direction
      and passage ways 36a up-and down-wards is interposed between the main
      plate 31 and the raster screen 32 and fixed therein by welding. The
      passage ways 36a coincide with the perforation 31a of the main plate 31 as
      well as with the performation 32a of the raster screen 32 to communicate
      therewith.
PAR  At the portion of the penetration hole of the conical screen plate, i.e.,
      at the inner peripheral edge, the main plate 31 and the raster screen 32
      are welded onto a spacer ring 37. The spacer ring 37 is constructed in
      such a manner that it has a flat upper surface 37a followed by a tapered
      surface 37b and continues to an inner screwed surface 37c and, on its
      outer surface, there are two butting stages 37e and 37f, which are
      disposed above and below the distance-holding portion 37d. The raster
      screen 32 and the main plate 21 are welded to the portion 37d. 38 is a
      washer ring which has on its rear side a flat portion 38a corresponding to
      the flat surface 37a of the spacer ring 37 and a tapered portion 38b
      corresponding to the tapered surface 37b of the spacer ring. 39 is a
      tightening ring having a press jaw 39a and a screw portion 39b around the
      outer surface.
PAR  40 denotes a conical electrode plate having at its outer peripheral portion
      a flat skirt 40a, with a perforation 40a.sub.1.
PAR  On the upper surface of the conical electrode plate 40a, a plastic
      insulation coating is applied.
PAR  In order to assemble the conical screen plates A, the filter cloth is first
      put on the plate A, and then, the washer ring 38 is mounted at the inner
      edge, and thereafter, by screw fixing the tightening ring 39 onto the
      spacer ring 37, the inner edge of the filter cloth 33 is pinched firmly,
      while the outer peripheral edge of the cloth is dangled along the flange
      35 and is held by strings 41 and covered with an annular band 42 thereon.
PAR  The conical screen plate A so constructed and the electrode plate 40 are
      then stacked alternately with an interposition of a supporting and
      collecting pipe unit 43 having a vertical communication hole 43a and are
      fixed by screwing a fixing bolt 44 disposed through the communication hole
      43a into a tightening cover 45.
PAR  To the main plate 31 of the conical screen plate A and to electrode plate
      40 are affixed junction members 31' and 40' leading respectively to the
      cathodic and anodic poles 46 and 47 disposed close to the stacked
      assembly. Upon assembling, the junction members 31', 40' are pinched by an
      insulator tube unit provided with electro-conductive cores 48 at its
      terminal surfaces.
PAR  Further, it is also possible to construct the filter assemebly in such a
      manner that the bottom plate 4 of the filter box 3 is shaped in the form
      of a reverse crown and the conical screen plates A according to the
      present invention are assembled by stacking them in the upside-down
      direction, while the jet shower pipe 19 is arranged movably around the
      circumference of the conical screen plate. By disposing the drain outlet
      28 at the central portion of the box the cake is drained off from the
      central raw liquid feed A.sub.1 by adequately opening and closing the
      valves.
PAR  It should further be noted that the conical screen plate according to the
      present invention can be modified without departing from the scope and
      gist of the present invention into, for example, a form of polygonal cone
      may be used, since the technical idea does not change thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter comprising a plurality of screen plates, each having a
      penetration hole at its central portion, said plates being disposed inside
      of a filter box in a stacked form with a predetermined distance between
      each said plate such that the penetration holes are vertically aligned,
      pump means for pumping a raw liquid from an input pipe connected thereto
      through said penetration holes, wherein the raw liquid to be filtered is
      fed through said penetration holes onto the central portion of each of
      said screen plates and flows towards the peripheral portion thereof such
      that the filtrate is collected at a plurality of portions disposed at
      nearly equal intervals on the peripheral portion of each of said screen
      plates, a rotary jet shower pipe positioned within said penetration holes
      such that said jet shower pipe does not contact the edges of said
      penetration holes, and collector means operatively coupled to said
      peripheral portion of said screen plate for collecting and removing the
      filtrate collected on said peripheral portions of said screen plates.
NUM  2.
PAR  2. A filter according to claim 1, wherein the screen plates are conical
      screen plates.
NUM  3.
PAR  3. The filter according to claim 2, wherein the conical screen plate
      comprises a filter cloth fixed at the inner peripheral edge by a
      tightening and washer ring and fixed to its outer peripheral edge by an
      annular tightening member wherein a supporting and collecting pipe is
      positioned on the peripheral portion of the screen plates.
NUM  4.
PAR  4. A filter according to claim 1 wherein said rotary jet shower pipe has
      nozzles for jetting flush water onto each of the stacked conical screen
      plates, and wherein the nozzles are displaced around the shower pipe, and
      are disposed inside the penetration holes.
NUM  5.
PAR  5. A filter according to claim 3, further including an agitation blade
      connected to a portion of the pipe within the filter box.
NUM  6.
PAR  6. A filter according to claim 1, wherein said rotary jet shower pipe is
      arranged movably in the vertical direction inside the penetration holes.
NUM  7.
PAR  7. A filter according to claim 1, further including electrode plates
      wherein junction members are affixed to the screen plates and to the
      electrode plates, the electrode plates being connected respectively to the
      anodic and cathodic conduction poles, each arranged in a standing position
      being held by insulator units having electro-conductive cores at the
      terminal surface thereof.
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ABST
PAL  Changeover valves are provided for a dual filter system which are
      characterized by auxiliary bypass and vent valving to facilitate changing
      over from one filter to the other. The bypass valving allows a process
      fluid to fill the second filter while the first is still in service and
      without a substantial reduction in process fluid flow or pressure to
      downstream equipment; and the vent valving permits elimination of air or
      gases from the second filter before it is put into service.
BSUM
PAR  This invention relates to plug valves and more particularly to plug valves
      with auxiliary by-pass or vent valving.
PAR  For a variety of manufacturing processes involving use of process fluids
      such as "hot melts" and fluid monomer and polymer feedstocks, e.g., nylon
      and polyesters, it is desirable to operate on a continuous flow basis or
      with constantly full feedstock supply lines. Such processes typically
      embody extrusion, injection and blow molding, coating and spraying
      techniques, e.g., the manufacture of synthetic textile fibers, plastic
      tubing, plastic sheets and films, and protective or insulating coatings
      for electrical conductor wires. In such processes it is common practice to
      include a filter unit in the flow stream to effect removal of impurities
      which might result in an imperfect product or cause clogging of downstream
      equipment such as spinnerettes or extrusion dies. As is obvious, filters
      must be cleaned or replaced periodically. Therefore, in order to permit
      uninterrupted operation, two parallel filter units (each of which may
      consist of more than one filter) are provided together with changeover
      valves for alternately diverting flow through one filter unit or the
      other, so that one unit is in service while the other is being cleaned or
      replaced. However, in many processes it is essential that filter
      changeover be accomplished without any significant reduction in process
      fluid flow or pressure to downstream equipment and without introducing any
      air to the flow stream. Furthermore, with a number of process fluids, it
      is essential that the out-of-service filter unit and any associated filter
      changeover valves be cleaned with selected solvents, and also that this be
      done without danger of contaminating the process fluid. However, filter
      changeover valves already known to persons skilled in the art either do
      not meet the above-described requirements or else are objectionable for
      other reasons such as being unduly large, complicated or difficult to
      clean, maintain and repair. It is to be noted also that where a polymer
      hot melt is pumped under pressure, the pressure differential across the
      changeover valve may be as high as 5000 pounds per square inch, and as a
      result of such pressure differential an excessive force is required to
      operate the changeover valve to divert flow from one filter to the other.
PAR  Accordingly, the primary object of this invention is to provide new and
      improved valves for use as process equipment changeover valves.
PAR  Another object is to provide a novel plug valve for process equipment
      change-over applications.
PAR  Still another object is to provide a diverting plug valve that is suitable
      for controlling flow of high pressure, high temperature, high viscosity
      process fluids such as hot melt polymer materials.
PAR  A further object is to provide a changeover valve assembly suitable for the
      purposes described which embodies auxiliary valve means for by-passing or
      venting selected portions of the changeover valve without having to adjust
      the latter.
PAR  Another object is to provide a valve of the character desdribed which can
      be supplied with a jacket for liquid or vapor heating or with electrical
      heating means, and which also includes a by-pass or vent valve which is
      easy to remove for cleaning.
PAR  A more specific object is to provide a dual filter system which comprises
      two diverting plug valves connected between the two filter units for
      filter changeover purposes, and auxiliary valving associated with the
      diverting valves for by-passing or venting fluid at appropriate times
      during a filter changeover operation.
PAR  The foregoing and other objects hereinafter described or rendered obvious
      are achieved in a preferred embodiment of the invention by providing a
      three-way diverting plug valve and a pair of auxiliary valves mounted to
      the plug valve. The plug valve has two passageways each communicating with
      one of its two outlet (or inlet) chambers, and each auxiliary valve
      comprises a non-rotatable, longitudinally movable valve member that is
      mounted in one of said passageways and is adapted to selectively permit or
      block flow of fluid to or from said chamber via the passsageway. Two such
      diverting valve assemblies are used in a dual filter system, with each
      diverting plug valve arranged to selectively couple a main flow line to
      one or the other of the filter units, with the auxiliary valve means of
      one being used to optionally cause some of the feedstock fed by the main
      line to pass to the out-of-service filter unit and the auxiliary valve
      means of the other being used to vent a filter unit that is to be removed
      from service for cleaning.
DRWD
PAR  Other features and advantages of the invention are disclosed or rendered
      obvious by the following detailed description which is to be considered
      together with the accompanying drawings, wherein:
PAR  FIG. 1 is a side elevation of a plug valve forming part of a preferred
      embodiment of the invention;
PAR  FIG. 2 is a sectional view in elevation taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary cross-sectional view on an enlarged scale taken
      along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view of one of the auxiliary valves
      mounted to the plug valve of FIG. 1;
PAR  FIG. 5A is a cross-sectional view taken along line 5A-5A of FIG. 5;
PAR  FIG. 6 illustrates a dual filter system embodying two plug valves as shown
      in FIG. 1, with one pair of auxiliary valves arranged for by-passing and
      the second pair arranged for venting; and
PAR  FIGS. 7 and 8 illustrate modifications of the plug valve.
DETD
PAR  In the drawings, like numerals refer to like parts.
PAR  I have recognized that in systems of the character described reductions in
      process fluid flow and process fluid pressure to downstream process
      equipment can be substantially avoided and operation of the changeover
      valve can be facilitated by providing auxiliary valving in association
      with the changeover valve for allowing a small stream of feedstock to fill
      the second clean filter while the first dirty filter is still in service.
PAR  Referring now to FIGS. 1 and 2, the illustrated embodiment of the invention
      comprises a jacketed three-way diverting plug valve which is characterized
      by a valve body 2 having three chambers or ports 4, 6 and 8 and flanged
      ends 10. Each flanged end 10 is provided with a plurality of tapped holes
      12 for receiving screws for coupling the valve into a fluid handling
      system. Ports 4 and 6 are aligned with one another and each is disposed at
      a right angle to a third port 8. All three ports have the same diameter.
      Intersecting the three ports is a valve bore 14 which has a circular
      cross-section but is tapered to receive a conically tapered valve plug 16.
      The latter is formed with a passageway in the form of a bore 18 of
      circular cross-section, the bore being formed by cutting away a portion of
      the plug along a circular arc so as to form a small pillar 20 at the outer
      side of the plug. The diameter of bore 18 is the same as that of ports 4,
      6 and 8 and the bore is located so that, by appropriately positioning the
      valve plug, the two ends of the bore will line up exactly and be flush
      with the inner ends of two of the three ports (see FIG. 3). Hence, bore 18
      can function as a smooth continuity of the ports with which it is aligned.
      As is believed obvious, the plug is rotatable so that bore 18 can connect
      port 8 with either or both of ports 4 and 6. Port 8 can act as an inlet or
      outlet and ports 4 and 6 can act as the outlets or inlets of the plug
      valve.
PAR  The upper end of valve bore 14 is counterbored and the upper portion or
      stem 24 of valve plug 16 is reduced in diameter to provide an annular
      space to receiving a packing 26. An annular packing retainer member 28
      surrounds the valve stem 24 and engages the packing. Retainer member 28 is
      provided with a peripheral flange 30 provided with a plurality of holes
      for receiving screws 32 that are screwed into tapped holes in the valve
      body and act on the retainer member to compress the packing so as to
      prevent leakage and also prevent the valve plug from moving up in bore 14.
      The upper end of stem 24 has a hexagonal cross-section as shown at 33
      whereby it may be gripped by a wrench or hand wheel or other external
      turning means for rotating the plug. At the opposite end of valve bore 14
      the valve body 2 is provided with a threaded hole for receiving a thrust
      bearing in the form of a threaded rod 34. The latter bears against the
      bottom end of the valve plug and coacts with retainer member 28 and
      packing 26 to prevent axial movement of the valve plug and also to keep
      the groove 18 vertically aligned with ports 4, 6 and 8. A nut 36 on rod 34
      acts to lock the rod in place. Flat surfaces 37 are provided on the outer
      end of rod 34 to permit rotation thereof by a suitable wrench.
PAR  The foregoing plug valve is of the jacketed type. Thus in addition to the
      foregoing features, valve body 2 is provided with internal passageways 38
      surrounding the three ports 4, 6 and 8 for circulating a heating fluid
      such as steam or hot oil or water. Passageways 38 terminate in suitable
      openings 40 which are adapted, e.g., by screw threads as shown, for
      coupling to pipelines which (not shown) form part of a heating fluid
      circulating system.
PAR  To the extent already described, the plug valve assembly of FIGS. 1-3 is
      conventional. However, for purposes of this invention the plug valve is
      modified to accommodate the valve stems of two auxiliary valves 50 (see
      FIGS. 1, 5 and 6). Accordingly, two like relatively small diameter bores
      52 are formed in plug valve body 2 one as shown in FIG. 3 intersecting
      valve port 6 and the other as shown in FIG. 1 intersecting valve port 4.
      Bores 52 extend parallel to valve port 8 and are disposed so that their
      center lines intersect the center lines of ports 4 and 6, i.e., so that
      their center lines extend along a diameter of ports 4 and 6 as shown in
      FIG. 4. In this preferred embodiment of the invention each bore 52
      comprises a relatively short reduced diameter section 52A that intersects
      one of the ports 4 and 6, and the remaining larger diameter of each bore
      52 leads out of the rear side of valve body 2 (see FIG. 6).
PAR  Each of the auxiliary valves 50 comprises an elongate valve stem 54 which
      extends into one of the bores 52 and includes an end valve section 56
      whose outer diameter is set so that it will make a precision (i.e., close)
      sliding fit in bore section 52A. The inner end or tip of valve section 56
      is contoured to match the cross-sectional curvature of ports 4 and 6. More
      specifically the tip of each valve section 56 is formed with an end
      surface 58 which is curved with a radius of curvature equal to one-half
      the diameter of bores 4 and 6. Additionally valves 50 are constructed as
      later described so that stems 54 are movable axially but fixed against
      rotation, and surfaces 58 are oriented so that they can be positioned
      flush with the curved surfaces of bores 4 and 6 (as shown in FIG. 4). When
      so positioned the surfaces 58 present no impedance to flow of fluid along
      ports 4 and 6. Each stem 54 also is formed with an enlarged diameter stop
      section 60 which is sized so as to leave an annular space between it and
      the surrounding surface of bore 52. Each bore 52 is formed with a tapered
      shoulder 62 at the outer end of its reduced diameter section 52A and the
      length of each end valve section 56 is set so that when stop section 60
      engages shoulder 62, its contoured end surface 58 will be flush with the
      curved surface of the associate valve port 4 or 6 as shown in FIG. 4. To
      facilitate flow of fluid into bore 52 from the associated port 4 or 6 when
      end valve section 56 is retracted from bore section 52A, it is preferred
      to bevel the inner end of stop section 60 as shown at 64. It is believed
      obvious from the foregoing discussion that when end valve section 56 is
      inserted into bore section 52A it effectively plugs the inner end of bore
      52, and when the bevelled inner end 64 of stop section 60 engages shoulder
      62 it effectively prevents any leakage from the associated port 4 or 6
      which might occur between end valve section 56 and bore section 52A.
PAR  Turning now to FIGS. 5 and 6, each of the valves 50 comprises a hollow body
      68 having a center flow chamber 70 with two opposed side ports 71 and 72,
      and two axially aligned bores 74 and 76. One end of a cylindrical sleeve
      78 extends into bore 74 and is welded to body 68, while its opposite end
      is secured, e.g. by welding or a screw connection, in an opening of a
      mounting plate 80 which is used to secure valve 50 to the plug valve body.
      For this purpose plate 80 has a plurality of holes to accommodate threaded
      mounting stubs 82 which are screwed into threaded blind holes in valve
      body 2 and receive nuts 84 that engage mounting plate 80.
PAR  The inner diameter of sleeve 78 is sized so as to leave an annular space
      between it and the associated valve stem 54, and radial projections 86 on
      the valve stem cooperate with the inside surface of sleeve 78 to keep stem
      54 centered. As shown in FIG. 5A, one of the projections 86 has a greater
      dimension radially of stem 54 than the other projections and rides in a
      groove 87 in the inner surface of sleeve 78 so as to prevent stem 52 from
      rotating while permitting it to move axially. The upper end of stem 54
      extends into an axially extending hole in a valve spindle 88 and is
      secured thereto by a diametrically extending locking pin 90. At the end
      opposite sleeve 78 the valve body 68 is provided with an enlarged circular
      flange 92 and spindle 88 extends through bore 76 beyond the end face of
      flanged end 92. An O-ring 93 seated in a groove in valve body 68 coaxial
      with bore 76 surrounds and engages spindle 88 so as to prevent leakage of
      fluid through bore 76. A bonnet 94 surrounds the spindle and has a
      circular flange 96 at one end which engages the end face of flanged end 92
      and has holes to receive screws 98 that are screwed into tapped holes as
      shown to lock bonnet 94 to valve body 68. The end face of flanged end 92
      has a shallow counterbore to accommodate gaskets 100 which are compressed
      by bonnet 94 and prevent fluid from leaking out between the bonnet and
      valve body 68.
PAR  At the end opposite flange 92, the bonnet 94 is counterbored to receive a
      packing 102 and is provided with a pair of diametrically extending ears
      104 which have holes for receiving adjustment bolts 106 as shown.
      Additionally bonnet 94 comprises a yoke which consists of two arms 108
      that are joined at their outer ends with a collar 110. The opposite ends
      of arms 108 are formed integral with ears 104.
PAR  Surrounding spindle 88 and sized to engage packing 102 is a gland 112
      having a pair of diametrically opposed ears 114 with holes to accommodate
      bolts 106. The latter and nuts 116 cooperate with ears 114 and 104
      respectively to cause the gland to compress packing 102.
PAR  The upper end of spindle 88 is threaded as shown at 122 and extends through
      collar 110. Disposed in collar 110 is a bushing 124 having a flange 126
      that seats in a counterbore and engages a ring bearing 128 as shown. The
      inner surface of bushing 124 is threaded to mate with the threaded section
      of spindle 88. Mounted on and connected to bushing 124 so as to rotate
      therewith is a hand wheel 130. The latter may be connected to the hand
      wheel by a spline or by a key-keyway connection, and is held in place by a
      nut 132 that is screwed onto the bushing as shown.
PAR  If required, each valve 50 may be jacketed or otherwise provided with
      heating (or cooling) means. In this case the embodiments shown in FIGS. 1,
      5 and 6 are provided with a jacket 134 which defines a chamber 136 and has
      ports 138 and 140 at opposite sides of the valve for coupling chamber 136
      into a system (not shown) for circulating a heating or cooling fluid.
PAR  A further desirable feature is provision of a passageway for draining or
      flushing each bore 52 with a cleaning fluid. Thus, as shown in FIG. 5, a
      bore 137 intersects each bore 52 adjacent to its shoulders 62. Bore 137
      leads outside of plug valve body 2 and preferably is threaded as shown at
      139 to receive a plug (not shown) for closing it off until the
      flushing-operation is to be carried out.
PAR  FIG. 6 illustrates a dual filter system incorporating two changeover valve
      assemblies constructed as above described. More specifically, the system
      of FIG. 6 has two like filter units 144A and 144B, each of which comprises
      a housing 146 for a removable filter unit 148, a flanged end cover 150
      removably bolted to the housing, and inlet and outlet lines 152 and 154
      having end flanges 156 for connection to the flanged ends 10 of the two
      plug valves which are identified generally as 2A and 2B. The port 8 of
      plug valve 2A is coupled to a process fluid supply line 158 which may have
      a flanged end 160 that is attached to the end flange of the valve, while
      the port 8 of valve 2B is coupled to downstream equipment, e.g. extrusion
      equipment (not shown), by a process fluid delivery line 162 which may also
      have a flanged end 160 for securing it to the valve.
PAR  In the system of FIG. 6 the two valves 50A and B associated with changeover
      plug valve 2A are employed for by-pass purposes and thus their ports 72
      are connected by a conduit 164, and the jackets 134 of the same valves are
      modified to include a third port concentric with ports 72 and connected by
      a sleeve 166 which connects the chambers 136 of the same valves. The other
      ports 71 of valves 50A and B are closed off by plugs 168. The two valves
      50C and D associated with changeover plug valve 2B are employed for
      venting purposes and thus their ports 72 are closed off by plugs 168 while
      their ports 71 are connected to exhaust lines 170. Also, although not
      shown, it is to be understood that the two plug valves 2A and 2B and the
      four auxiliary valves 50A-D can be heated by means of a suitable heating
      fluid circulated by means of lines connected to ports 40 of the plug
      valves, ports 138 and 140 of both valves 50C and D, and port 138 of valve
      50A and port 140 of valve 50B. The other ports 140 and 138 of valves 50A
      and B respectively can be closed off by plugs 168 if not needed for proper
      flow of heating fluid. Accordingly, heating fluid will flow from chamber
      136 of valve 50A through sleeve 166 to chamber 136 of valve 50B. If
      desired, the jacket 134 of valves 50C and D may be modified to include
      third ports in each which may be connected by a sleeve like sleeve 166 so
      that heating fluid may be introduced into chamber 136 of one valve, and
      withdrawn from the corresponding chamber of the other valve.
PAR  A dual filter system featuring dual changeover valves with bypass and vent
      valving as shown in FIG. 6 is especially suitable for process systems
      handling highly viscous polymer process fluids at high temperatures and
      under high pressures. The system allows a small stream of process fluid to
      fill a second filter while the first is in service, and the flow through
      the bypass valves can be closely controlled to prevent a significant
      reduction in feedstock flow rate and pressure to downsteram equipment
      during changeover. Control of flow through the bypass valves also is
      important to control the rate of filling the new filter unit to prevent
      stagnation or degradation of, for example, polyester materials, due to a
      long residence time in the filter unit under high temperatures. These
      advantages are rendered obvious from the following description of the
      changeover procedure.
PAR  FIG. 6 shows a normal operation phase with filter unit 144A on line. During
      this normal operation phase, bypass valves 50A, B and vent valves 50C, D
      and closed and plug valves 2A and B are set so that the hot process fluid
      flows from supply line 158 through valve 2A into filter 144A, passes
      through the filter, and discharges into valve 2B which directs it to
      delivery line 162. When the pressure drop across the on-line filter 144A
      reaches the point where a changeover to the clean filter 144B must be
      made, bypass valves 50A and B are opened to allow a stream of process
      fluid to bypass the valve plug of valve 2A and flow off into filter 144B.
      This stream exits port 6 of valve 2A via valve 50A and reenters port 4 of
      the same valve via valve 50B. As this stream enters filter unit 144B, vent
      valve 50D is opened to permit air and vapor to vent from the same filter.
      Control of bleed volume and pressure can be obtained by throttling one or
      both bypass valves to prevent excessive pressure drop in filter 144A and
      maintain steady flow to downstream equipment. Vent valve 50D is closed off
      when filter 144B is completely filled, e.g., as indicated by discharge of
      process fluid from the vent valve. Thereafter, with the two bypass valves
      still open, both changeover valves 2A and 2B are operated simultaneously
      so as to divert flow from filter 144A to filter 144B. As the plugs 16 of
      valves 2A and 2B are rotated to align their passageways 18 with their
      ports 8 and their ports 4 and 6 respectively, the flow through filter 144A
      will diminish and the flow through filter 144B will increase. The flow
      areas of the two changeover valves can be calculated to provide minimum
      pressure peaks of the process fluid supply stream. The open bypass valves
      also further minimize undesirable pressure peaks by providing extra flow
      passages for the process fluid during changeover. When the plugs of the
      two changeover valves have reached their new operating positions so that
      full flow of process fluid is through filter 144B, the two bypass valves
      are closed. Thereafter, any rsidual pressure in filter 144A is relieved by
      opening vent valve 50C. Filter unit 144A is opened for cleaning after the
      pressure therein has been safely dissipated. Any process fluid remaining
      in the bypass valves 50A and B can be drained by opening their drain ports
      71. Preferably, however, solvent cleaning fluid is circulated through the
      two bypass valves via flushing passageways 137 and their drain ports 71.
      Vent valves 50C and D can also be cleaned in place by flushing them while
      closed with a solvent cleaning fluid via their corresponding flushing
      passageways 137 and drain ports 71. Once filter unit 144A has been
      cleaned, the system is ready for a new changeover operation, with vent
      valve 50C rather than 50D being open while filter 144A is being filled via
      the bypass valves.
PAR  FIG. 7 illustrates one possible modification of the invention. In this
      modification the rear side of the valve body of valve 2A is provided with
      a boss 174 and the member 80 is omitted from each valve 50. Instead, the
      inner end of the sleeve 78 of each valve 50 is threaded and screwed into a
      tapped hole in boss 174. One projection 86 is provided on the stem 54 of
      the valve 50 and the inside diameter of sleeve 78 is sized so that the
      stem makes a close sliding fit with the sleeve. A groove 87 is provided on
      the inner surface of sleeve 78 to slidably receive projection 86 so as to
      prevent rotation of stem 54. Additionally, the inner end of sleeve 78 is
      counterbored so as to provide a tapered seat 176 for the enlargement 60 on
      stem 54. The rear side of valve body 2 of the associated plug valve is
      formed with two drain or flushing passageways 177 and 178 which intersect
      bore 52 of its port 6 (although not shown, it is to be understood that
      similar passageways 177 and 178 are provided with respect to the bore 52
      which intersects the port 4 of the plug valve). The outer end of
      passageways 177 and 178 are threaded as shown at 180 to receive plugs (not
      shown) for closing off the passageways. For this modification the bodies
      of valves 50 do not require the use of ports 71 and 72 for draining or
      cleaning purposes. When valve stem 54 is in its extended position, its
      contoured end section 56 plugs the reduced diameter bore section 52A and
      its enlargement 60 seats on shoulder 62. Thus no process fluid can pass
      out of the plug valve through bore 52. However, when stem 54 is retracted,
      its enlargement 60 mates with seat 176 and feedstock can flow out of plug
      valve via bore 52 and passageway 178. If cleaning or draining is desired,
      stem 54 is extended to close off bore section 52A and passageways 177 and
      178 are opened to drain any residual process fluid and also to permit
      flushing with a suitable solvent.
PAR  FIG. 8 illustrates a further modification of the invention which comprises
      a three-way valve for use where it is desired to provide flow in two
      directions simultaneously, e.g. to both filter units at the same time.
      FIG. 8 is a fragmentary cross-section of a plug valve wherein the valve
      body 2 includes a fourth bleed port 7 in addition to main ports 4, 6 and
      8. Bleed port 7 is disposed opposite to port 8 and at right angles to
      ports 4 and 6. Instead of having a flow passageway as shown in FIG. 3, the
      valve plug 16 has two full round bores 18A and 18B which intersect one
      another at a 90.degree. angle as shown. Bores 18A and B have the same
      diameter as ports 4, 6 and 8. Either path of the plug valves 2A and 2B of
      FIG. 6 may be modified as shown in FIG. 8. By appropriately positioning
      the valve plug, fluid introduced via port 8, for example, may be made to
      flow out of either or both of ports 4 and 6. When bore 18B is aligned with
      either of ports 4 and 6, process fluid can be discharged from bore 18A via
      bleed port 7. However, if bore 18B is aligned with port 8 so that bore 18A
      is aligned with borh ports 4 and 6, the body of valve plug 16 will block
      off bleed port 7. The primary purpose of bleed port 7 is to provide
      continuous flow of process fluid through the entire length of bore 18A
      when only one end of bore 18A is aligned with one of the ports 4, 6 and 8,
      as in FIG. 8. Without bleed port 7 process fluid would tend to be trapped
      and stagnate at the blocked end of bore 18. Bleed port 7 may also serve
      other purposes. Thus it may be used for sampling process fluid or for
      introducing a selected material e.g. a coloring agent, into the process
      fluid. It also may be used as a bleed to control the pressure and flow
      rate of fluid passed by the plug valve to downstream equipment. For such
      other purposes it may be desirable to connect bleed port 7 to a conduit or
      to adapt it to receive a plug (not shown) for selectively closing it off.
PAR  It is believed obvious from the foregoing description of FIG. 6 that the
      bypass and vent valve assemblies can be drained and flushed in place
      without adjustment or movement of the two changeover valves, thereby
      avoiding feedstock contamination or disturbance of feedstock flow. The
      contoured tips of the bypass and vent valve stems eliminate cavities or
      recesses which may trap process fluid. Trapping of process fluids is
      particularly objectionable with fluids that tend to degrade under heat if
      not flowing at suitable rates. Also the fact that they cannot rotate,
      insures tight shut off with no danger of galling.
PAR  In this connection, it is to be appreciated that the seating of the stop
      sections 60 of valve stems 54 on shoulders 62 insures that the contoured
      tips will be flush with the plug valve bore 14. Further, if the filter
      system is shut down for periodic maintenance, the entire bypass assembly
      can be easily and quickly detached for mechanical cleaning after removal.
      An additional important advantage of the bypass feature is that it makes
      it possible to balance the pressure across the ports 4 and 6 of the
      changeover valve, thus reducing the torque required to operate the plug
      when the valve is subjected to a relatively large pressure differential.
PAR  Further the vent valve makes it possible to relieve pressure locked in the
      dirty filter unit before it is opened for cleaning, thus avoiding possible
      injury or damage to operators of adjacent equipment.
PAR  While the two diverting valves with their associated bypass and vent
      valving are companion units in the system of FIG. 1, it is to be
      recognized that either may be used separately in other fluid handling
      systems. Also, dual changeover valves with bypass and vent valving as
      herein described are not restricted to use with filters and instead, for
      example, may be used with two chemical reactors where it is desired to
      changeover from one reactor to another. In such case, the changeover valve
      2A would be installed in the feed lines to the two reactors and valve 2B
      would be connected to the reaction product withdrawal lines of the same
      reactors. Furthermore, it is to be appreciated that the bypass and vent
      valves, and also the changeover valves with which they are associated, may
      be construed other than as herein described and illustrated. Thus, for
      example, the plug valve could be a two-way or four-way valve.
PAR  A further modification is contemplated where the diverter valves are not
      large enough to permit mounting the auxiliary bypass and vent valves
      directly to the diverter valve body as shown in FIGS. 1 and 5-7. In such
      case the auxiliary valves may be installed in the piping connecting each
      diverter valve and each filter (or whatever other equipment such as
      chemical reactor is connected to the diverter valve). This may be
      achieved, for example, by mounting each auxiliary by-pass valve to a
      mounting block or spacer (not shown) installed between each diverter valve
      flange 10 and the end flange 156 of the associated filter inlet line 152
      or outlet line 154. In such case, the mounting block or spacer will have a
      main fluid passageway connecting the associated port of the diverter valve
      with the associated filter inlet or outlet line, and also a small diameter
      bore like that shown at 52 which intersects the main fluid passageway and
      is sized to receive the valve stem 54 of the auxiliary valve. The main
      fluid passageway of each mounting block or spacer will have a circular
      cross-section and the valve stem 54 of the auxiliary valve will be
      oriented so that its contoured inner end surface 58 will match the
      cross-sectional contour of the fluid passageway in the mounting block and
      be flush with the surface of such passageway when the valve stem is
      extended, in the manner shown in FIGS. 3 and 4. It is believed obvious
      that for this modification longer lines 164 and 166 are required to
      connect the two by-pass valves 50A and 50B.
PAR  Still other modifications will be obvious to persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising:
PA1  a plug valve and first and second auxiliary valves mounted to said plug
      valve;
PA1  said plug valve comprising a valve body having a chamber for receiving a
      valve plug and at least a first port and a second port communicating with
      said chamber, first and second openings in said valve body intersecting
      said first and second ports respectively, and a valve plug rotatably
      mounted in said chamber, said valve plug having a passageway for
      controlling flow of fluid through said valve body via said first and
      second ports;
PA1  said auxiliary valves each comprising a stem having a stop portion which is
      disposed in one of said openings and is adapted to close off said one
      opening when said stem is in a first position and to open said one opening
      when said stem is in a second position, and means for moving said stem
      axially between said first and second positions; and
PA1  means connecting said first and second openings so that fluid can bypass
      said valve plug when the stems of said bypass valves are in said second
      positions.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said first and second ports each
      comprises a cylindrical surface, and further wherein each of said stems
      has an end surface which is contoured to mate flush with said cylindrical
      surface.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said auxiliary valves include
      means for preventing rotation of said stems.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein each of said auxiliary valves
      comprises a chamber leading to one of said plug valve openings and a port
      leading to said chamber; and
PA1  further wherein said connecting means comprises a conduit connecting the
      ports of said first and second auxiliary valves.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said connecting means comprises a
      conduit directly connecting said first and second openings.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said plug valve body comprises a
      third port and said valve plug passageway is adapted to connect said third
      port with either or both of said first and second ports.
NUM  7.
PAR  7. Apparatus according to claim 6 further including first and second
      process equipment means connected to said first and second ports
      respectively.
NUM  8.
PAR  8. Apparatus according to claim 7 further including a second plug valve as
      defined in claim 6, and means connecting said first and second process
      equipment means to the first and second ports respectively of said second
      plug valve.
NUM  9.
PAR  9. Apparatus according to claim 8 further including third and fourth
      auxiliary valves connected to said second plug valve for selectively
      opening and closing off the first and second openings respectively of said
      second plug valve.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said third and fourth auxiliary
      valves have vent ports communicating with the first and second openings of
      said second plug valve, whereby said process equipment means may be vented
      via said third and fourth auxiliary valves.
NUM  11.
PAR  11. Apparatus according to claim 9 wherein said first and second ports of
      said first-mentioned plug valve each comprise a cylindrical surface, and
      further wherein the stems of said first and second auxiliary valves have
      end surfaces which are contoured to mate flush with the said cylindrical
      surfaces of the first and second ports respectively of said
      first-mentioned plug valve.
NUM  12.
PAR  12. Apparatus according to claim 9 wherein each of said third and fourth
      auxiliary valves comprises a stem having a stop portion which is disposed
      in one of the openings of said second plug valve and is adapted to close
      off said one opening when said stem is in a first position and to open
      said one opening when said stem is in a second position, each of said
      third and fourth axuiliary valves also comprising means for moving the
      stem thereof axially between said first and second positions.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein the first and second ports of
      said second plug valve each comprises a cylindrical surface, and further
      wherein the stem of each of said third and fourth auxiliary valves has an
      end surface which is contoured to mate flush with the cylindrical surface
      of the corresponding one of the first and second ports of said second plug
      valve.
NUM  14.
PAR  14. Apparatus according to claim 1 further including an aperture in the
      outer surface of said plug valve body and a clean-out passageway in said
      plug valve body leading from said aperture to one of said openings,
      whereby said one opening may be drained or flushed with a cleanig fluid.
NUM  15.
PAR  15. Apparatus comprising a main valve and first and second auxiliary valves
      mounted to said main valve;
PA1  said main valve comprising a valve body with at least first, second and
      third ports, first and second openings in said valve body intersecting
      said first and second ports respectively, means defining first and second
      valve seats in said valve body for said first and second openings
      respectively, and flow control means for selectively controlling flow of
      fluid through said valve body between said third port and said first and
      second ports;
PA1  said first and second auxiliary valves each comprising a stem with a valve
      head, the stems of said first and second auxiliary valves being disposed
      so that said valve heads engage said first and second seats and block off
      said first and second openings respectively when said stems are in a first
      position and are disengaged from said first and second seats and unblock
      said first and second openings respectively when said stems are in a
      second position, and means for moving said stems from one to the other of
      said first and second positions.
NUM  16.
PAR  16. Apparatus according to claim 15 wherein each of said auxiliary valves
      comprises a chamber communicating with one of said openings in said main
      valve body and a port communicating with said chamber, whereby fluid can
      flow between said auxiliary valve ports and said openings in said main
      valve body via said chambers when said valve heads are disengaged from
      said valve seats.
NUM  17.
PAR  17. Apparatus according to claim 16 further including means connecting the
      ports of said first and second auxiliary valves so that fluid can pass
      from said first port to said second port via said first and second
      openings in said valve body and said auxiliary valve chambers when said
      valve heads are disengaged from said valve seats.
NUM  18.
PAR  18. Apparatus according to claim 15 further including means connecting said
      first and second openings in said main valve body so that fluid can pass
      from said first port to said second port via said first and second
      openings when said valve heads are disengaged from said valve seats.
NUM  19.
PAR  19. Apparatus according to claim 15 further including at least one
      passageway in said valve body leading to one of said first and second
      openings for draining fluid from said one opening.
NUM  20.
PAR  20. Apparatus according to claim 15 further including a second main valve
      having a valve body with first, second and third ports, and flow control
      means for selectively controlling flow of fluid through the valve body of
      said second main valve between the third port and the first and second
      ports thereof, first and second process equipment means each having an
      inlet and an outlet, conduit means connecting the first and second ports
      of said first-mentioned main valve to the inlets of said first and second
      process equipment means respectively, and conduit means connecting the
      first and second ports of said second main valve to the outlets of said
      first and second process equipment means respectively, whereby by
      operation of the flow control means of said main valves fluid can be
      directed to flow through either or both of said first and second process
      equipment means.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said process equipment means
      are filters.
NUM  22.
PAR  22. Apparatus comprising a main valve and first and second auxiliary
      valves;
PA1  said main valve comprising a valve body with at least first, second and
      third ports, and flow control means for selectively controlling flow of
      fluid through said valve body between said third port and said first and
      second ports;
PA1  said first and second auxiliary valves each comprising a stem with a valve
      head, and means for axially and non-rotatably reciprocating said stem; and
PA1  means defining first and second openings in said valve body communicating
      with said first and second ports respectively, and means defining first
      and second valve seats in said valve body for the valve heads of said
      first and second auxiliary valves respectively;
PA1  the stems of said first and second auxiliary valves being disposed in said
      first and second openings respectively so that the valve heads of said
      first and second auxiliary valves engage said first and second valve seats
      respectively and block off said first and second openings respectively
      when said stems are in a first position and are disengaged from said first
      and second valve seats respectively and unblock said first and second
      openings when said stems are in a second position.
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ABST
PAL  A fibre-containing liquid is sprayed on the inlet side of a first strainer,
      there being a flow path for medium passing therethrough and leading from
      the outlet side of the strainer. A second strainer spaced from the first
      strainer covers said flow path and has mesh openings larger than those of
      the first strainer but small enough so that fibres passing through the
      first strainer, due to rupture thereof, will rapidly obstruct the second
      strainer.
BSUM
PAR  The present invention relates to a straining apparatus for separating
      fibres and the like from a liquid that is sprayed on the strainer.
PAR  It has long been desired that apparatus of this kind should be suitable for
      freeing so-called backwater, coming from a paper-making machine, from
      fibres present therein, so that the water can be re-used in the
      paper-making machine as so-called spray-water. Spray-water is sprayed on
      the paper-making machine wire through nozzles having very narrow channels.
PAR  At present, filters of different kinds are used for separating fibres from
      backwater. These filters become clogged by separated fibres, however, and
      must be cleansed at certain time intervals. Filters of this kind are also
      expensive. Straining apparatus of the first-described kind, in which a
      liquid is sprayed on a strainer, are self-cleansing and may, therefore, be
      in operation continuously during long periods of time. This is one of the
      reasons why they are also cheaper in most cases than conventional filter
      apparatus.
PAR  The main reason why straining apparatus of this kind has not been used for
      separating fibres from backwater coming from a paper-making machine is
      that rupture of the strainer, which sometimes occurs, would lead to very
      severe consequences. The strainer usually consists of a fine-mesh net of
      thin threads which can easily burst if they are hit by some strange object
      present in the liquid that is sprayed on the strainer. In case of rupture
      of the strainer, the fibres present in the backwater will immediately
      block the channels in the nozzles in the paper-making machine. Sooner or
      later this will lead to rupture of the running wire of the paper-making
      machine, causing heavy expenses, and will also necessitate far-reaching
      and time-consuming work for cleaning the nozzles.
PAR  An object of the present invention is to solve this problem, so that
      straining apparatus of the first-mentioned kind can be used for the
      above-mentioned and similar purposes.
PAR  This object is achieved by providing the straining apparatus with means
      comprising a further strainer arranged on the outlet side of the first
      strainer and spaced therefrom, which further strainer covers the flow path
      for medium having passed through the first strainer, the mesh openings of
      the further strainer being larger than the mesh openings of the first
      strainer but not larger than required so that fibres having passed through
      the first strainer (due to rupture of it) will rapidly obstruct the
      further strainer.
PAR  During test runs with an apparatus of this kind, the further strainer has
      been immediately obstructed also upon minor rupture of the first strainer,
      and no long fibres have passed through the further strainer in spite of
      the fact that it has had larger mesh openings than the first strainer. A
      particularly rapid obstruction of the further strainer has been obtained
      when the apparatus also comprised means for maintaining, during the
      operation of the straining apparatus, a liquid column covering the inlet
      side of the further strainer. Another factor that is important for a rapid
      obstruction of the further strainer is that the latter is smaller than the
      first strainer.
PAR  For maintaining a liquid column covering the inlet side of the further
      strainer, no other means are required than walls confining a liquid
      column. If desired, the throughflow area and/or the mesh openings of the
      further strainer may be so small that the strainer itself constitutes a
      throttliing in the flow path of the liquid for forming and maintaining the
      liquid column. It is not preferable, however, to have a substantial
      pressure drop across the further strainer during normal operation of the
      straining apparatus, and therefore other measurements are preferably taken
      for maintaining a water column having a certain minimum height above the
      further strainer. Due to the presence of the liquid column, there is no
      risk of making the mesh openings of the further strainer much larger than
      the mesh openings of the first strainer. This is a guarantee for an
      undisturbed normal operation of the straining apparatus owing to the fact
      that the further strainer, which unlike the first strainer is not
      subjected to syringing with liquid, will easily let through particles
      which have been able to pass through the first strainer only because of
      the said syringing of the liquid.
PAR  In a preferred embodiment of the invention, there is also an arrangement
      for indicating an obstruction of the further strainer and an arrangement
      for rapid cleansing of the further strainer after such an obstruction. The
      advantages of such arrangements will be seen from the following
      description of the invention with reference to the accompanying drawing.
PAR  In the accompanying drawing,
PAR  FIG. 1 is a longitudinal sectional view of a straining apparatus according
      to the invention, and
PAR  FIG. 2 is a cross-sectional view along the line II-II in FIG. 1.
PAR  In a casing 1 having an inlet 2 at the top and an outlet 3 at the bottom,
      there is arranged a funnel-shaped vessel 4. The vessel 4 opens upwardly
      and is covered by a strainer 5 in the form of a net, the mesh openings of
      which are carefully determined, for instance 0.16 mm. The vessel 4 at its
      bottom has an outlet 6 to which is connected a conduit 7 extending through
      the wall of the casing 1 and opening outside this wall at a level above
      the outlet 6. Above the outlet 6 there is arranged a further strainer 8,
      the mesh openings of which are larger than the mesh openings of the first
      strainer 5, for instance 2.0 mm.
PAR  Immediately above the further strainer 8, the vessel 4 has a further outlet
      9. To this outlet 9 there is connected a conduit 10 extending out through
      the wall of the casing 1 and opening into a vertical tube 11. The tube 11,
      being open at the top, has a lower portion situated at a level below the
      further strainer 8. The lower end of the tube 11 is closed by means of a
      shut-off valve 12.
PAR  Numeral 13 designates a nozzle which is arranged in the inlet 2 of the
      casing 1 and is directed towards the strainer 5, and numeral 14 designates
      a pipe connected to the vessel 4 and to a vacuum source (not shown).
PAR  In the operation of the straining apparatus, a liquid containing fibres or
      the like enters through the nozzle 13. It is sprayed on the strainer 5,
      the larger part of the liquid penetrating the strainer, whereas fibres
      having a length exceeding a certain value (determined with regard to the
      strainer) are separated and rinsed by following liquid to the sides toward
      and over the edges of the strainer. The separated fibres and a part of the
      liquid leave the casing 1 through the outlet 3. For increasing the
      capacity of the strainer, a sub-atmospheric pressure is maintained in the
      vessel 4 by its communication through the pipe 14 with a vacuum source.
PAR  As can be seen from FIG. 1, the conduit 7 connected to the outlet 6 of the
      vessel 4 opens outside the casing 1 at a level above the lower strainer 8.
      This guarantees that a liquid surface will be formed above the strainer 8
      and, thus, that a liquid column covers the inlet side of the strainer.
      During normal operation of the straining apparatus, the liquid level in
      the vessel 4, owing to the sub-atmospheric pressure therein, will be kept
      somewhat above the level of the opening of the conduit 7 outside the
      casing 1.
PAR  Owing to the pressure difference prevailing between the inlet side and
      outlet side of the strainer 5, fibres of a certain length are forced
      through the strainer 5 together with the liquid. In order that these
      particles shall be able to pass through the lower strainer 8, the mesh
      openings of the latter are larger than those of the first strainer 5, as
      there is not a corresponding pressure difference between the inlet side
      and outlet side of this lower strainer.
PAR  If the first strainer 5 ruptures, the liquid containing long fibres flows
      directly down into the vessel 4 onto the liquid surface present therein.
      As soon as the long fibres reach the lower strainer 8, this is obstructed
      so that the liquid surface in the vessel 4 will be raised. Also the liquid
      surface in the tube 11 will rise, and when the liquid surface in the
      vessel 4 has reached a certain level, the liquid will flow over the upper
      edge of the tube 11. In this way, there is obtained an indication that the
      strainer 5 has ruptured.
PAR  When the liquid supply through the nozzle 13 has been stopped for changing
      of the strainer 5, the valve 12 at the lower end of the tube 11 is opened.
      The liquid present within the vessel 4 and the long fibres therein will
      then flow out through the outlet 9 and further through the conduit 10 and
      the valve 12. When the liquid surface in the vessel has been lowered
      sufficiently, liquid will flow through the conduit 7 towards the outlet 6
      of the vessel 4. This flow of liquid occurs because of the fact that the
      end of the conduit 7 situated outside the casing 1 opens at a level
      situated above the level of the outlet 9 of the vessel 4. Owing to this
      flow of liquid back through the conduit 7, there is achieved automatically
      a reverse rinsing of the strainer 8, which is thereby freed from the long
      fibres by which it had been obstructed. These fibres leave the vessel 4
      together with the liquid through the outlet 9.
PAR  When the strainer 8 has been freed from fibres in this way, and the first
      strainer 5 has been changed, the operation of the straining apparatus can
      be resumed immediately. The liquid surface in the vessel 4 will not be
      lowered below the lower strainer 8.
CLMS
STM  We claim
NUM  1.
PAR  1. In a straining apparatus for separating fibres and the like from a
      liquid, the combination of a vessel having an outlet, a first strainer
      forming one wall of the vessel, means for spraying the fibre-containing
      liquid on to the outside of said strainer wall, means for evacuating said
      vessel, a second strainer having a smaller total area than the first
      strainer and covering said outlet from the vessel, said outlet being
      situated lower than said strainer wall, said second strainer having an
      inlet side, and means for maintaining, during operation of the straining
      apparatus, a liquid column covering said inlet side of the second strainer
      and forming a free liquid surface between the two strainers, the mesh
      openings of the second strainer being larger than the mesh openings of the
      first strainer but small enough so that fibres passing through the first
      strainer due to rupture thereof will rapidly obstruct the second strainer,
      the combination comprising also an outlet conduit connected to said outlet
      of the vessel, said conduit having outside the vessel a portion located at
      a higher level than the second strainer.
NUM  2.
PAR  2. The combination of claim 1, in which the vessel has a further outlet
      leading from a point located immediately above the second strainer but
      below the level of said portion of the outlet conduit.
NUM  3.
PAR  3. The combination of claim 2, comprising also a second conduit connected
      at one end to said further outlet, the other end of the second conduit
      opening freely outside said vessel at a point above the level at which the
      liquid surface is formed within the second conduit during normal operation
      of the apparatus.
NUM  4.
PAR  4. In a straining apparatus for separating fibres and the like from a
      liquid, the combination of a vessel having an outlet, a first strainer
      forming one wall of the vessel, means for spraying the fibre-containing
      liquid on to the outside of said strainer wall, means for evacuating said
      vessel, a second strainer having a smaller total area than the first
      strainer and covering said outlet from the vessel, said outlet being
      situated lower than said strainer wall, said second strainer having an
      inlet side, and means for maintaining, during operation of the straining
      apparatus, a liquid column covering said inlet side of the second strainer
      and forming a free liquid surface between the two strainers, the mesh
      openings of the second strainer being larger than the mesh openings of the
      first strainer but small enough so that fibres passing through the first
      strainer due to rupture thereof will rapidly obstruct the second strainer,
      the combination comprising also a conduit connected to the vessel
      immediately above the second strainer and having a lower portion located
      below the level of the second strainer, and a shut-off valve connected to
      said lower portion for discharging medium from above the second strainer.
NUM  5.
PAR  5. In a straining apparatus for separating fibres and the like from a
      liquid, the combination of a vessel having an outlet, a first strainer
      forming one wall of the vessel, means for spraying the fibre-containing
      liquid on to the outside of said strainer wall, means for evacuating said
      vessel, a second strainer having a smaller total area than the first
      strainer and covering said outlet from the vessel, said outlet being
      situated lower than said strainer wall, said second strainer having an
      inlet side, and means for maintaining, during operation of the straining
      apparatus, a liquid column covering said inlet side of the second strainer
      and forming a free liquid surface between the two strainers, the mesh
      openings of the second strainer being larger than the mesh openings of the
      first strainer but small enough so that fibres passing through the first
      strainer due to rupture thereof will rapidly obstruct the second strainer,
      the vessel having a further outlet above said outlet covered by the second
      strainer.
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ABST
PAL  A filter having two plate-shaped cover members whose opposite major faces
      are formed with grooves are sealed to each other to form a chamber in
      which opposite surfaces of a layer of filtering material are engaged by
      the grooved major faces and bound the grooves. A conduit and an opening in
      one cover member constitute an inlet path, and an opening in the other
      cover member and another conduit constitute an outlet path for the fluid
      to be filtered and the filtered fluid respectively, both paths being
      transverse to the two major faces. The fluid entering the chamber is
      deflected at right angles from the inlet path into a direction parallel to
      the major faces, and the filtered fluid is correspondingly deflected into
      the outlet path to avoid erosion of the filtering material.
BSUM
PAR  The present invention relates to enclosed filtering units.
PAR  A hitherto proposed enclosed filtering unit for filtering and/or treating
      liquid or gaseous media has the inlet side formed by a first cover plate
      and the outlet side is formed by a second cover plate, a filter layer
      being located between these cover plates. In this enclosed unit,
      hereinafter referred to as a filter unit of the kind specified, the cover
      plate at the inlet side has a substantially plane outside and an inside
      provided with medium communication passages, which passages are in
      communication with a plurality of inlet apertures which are distributed,
      at specific distances apart, over a portion of the surface of the first
      cover plate and which lead to the outside of this plate. The cover plate
      at the outlet side likewise has a substantially plane outside and an
      inside which is provided with second medium communication passages, which
      passages collect the medium flowing away from the filter or treatment
      layer and conduct it away from the discharge surface of said layer, in
      laminar flow. The second cover plate is provided with an outlet aperture
      which leads to the outside of this plate and which is connected to one of
      the collecting passages. Both cover plates are provided in their marginal
      region with parts of a sealing device and are connected to one another in
      a fluid-tight manner, and one of the cover plates is provided with
      separate centering means, in order to ensure that the filter unit is
      mounted in a holder in the correct position.
PAR  The provision of a relatively large number of inlet apertures distributed
      over a portion of the cover plate at the inlet side is a disadvantage
      insofar as a relatively large surface region is exposed to the free
      admission of air, when the filter units are stored. Furthermore, for the
      operation of the filter unit together with a filtering or treatment
      device, a housing or holder has to be selected which is capable of
      incorporating a medium distributing device at the inlet side and so leads
      to sealing problems. These sealing problems arise because pressure-tight
      and liquid parts are necessary not only between the housing portion at the
      inlet side and the filter unit, but also between the latter and the
      housing portion at the outlet side, and in addition towards the outside.
PAR  It is therefore an object of the present invention to provide an enclosed
      filter unit for filtering and/or treating liquid or gaseous media, of the
      kind specified, which enables the said disadvantages during the storage of
      the filter unit and in the arrangement of the device receiving the
      treatment element to be overcome by largely eliminating relatively
      large-area or long sealing points.
PAR  The enclosed element according to the invention, for filtering and/or
      treating liquid or gaseous media, having a first cover plate forming its
      inlet side, a second cover plate forming the outlet side, and a filter or
      treatment layer disposed between these cover plates, is characterised in
      that the first cover plate at the inlet side has a substantially plane
      outside and an inside provided with first medium communication passages,
      which passages are disposed in accordance with a first arrangement
      pattern, distributing the inflowing medium uniformly substantially over
      the entire active surface of the filter or treatment layer, that the
      second cover plate at the outlet side likewise has a substantially plane
      outside and an inside which is provided with second medium communication
      passages, which passages are disposed in accordance with a second
      arrangement pattern in order to collect the medium flowing away from the
      filter or treatment layer, and at least the one of the two cover plates is
      provided at its inside with clamping means which are situated radially
      outside the passage arrangement pattern and by means of which the filter
      or treatment layer disposed between the plates is compressed in order to
      prevent a flow of medium into the marginal regions of the layer. The two
      cover plates are preferably provided with inlet and outlet nipples which
      project above the outsides, and the bores in which are in communication
      with the medium communication passages at the insides of the plates. It is
      an advantage to provide, at the end of the inlet nipple bore, a first flow
      guide device which deflects the medium flowing in substantially
      perpendicular to the surface of the filter or treatment layer, into a
      direction extending substantially parallel to the surface of the layer at
      the inlet side, and into the medium communication passages. In the same
      way, it is also advisable to provide, at the inner end of the outlet
      nipple bore, a second flow guide device which deflects the medium emerging
      from the surface of the filter or treatment layer at the outlet side and
      flowing away through the medium communication passages at the outlet side,
      substantially parallel to the surface of the layer referred to in the
      second place, in a direction extending substantially perpendicular to this
      suface, into the filter nipple bore.
DRWD
PAR  An embodiment of the invention will now be described, by way of example
      only with reference to the accompanying drawings in which:
PAR  FIG. 1 is a partial plan of the cover plate at the inlet side, of an
      enclosed element for filtering and/or treating liquid or gaseous media,
      viewed from the inside of the filter unit;
PAR  FIG. 2 is a partial plan of a cover plate at the outlet side, illustrated
      in a similar manner to FIG. 1, likewise seen from the inside of the filter
      unit;
PAR  FIG. 3 is a partial section through the cover plates shown in FIGS. 1 and
      2, brought into the assembly position, along the lines III--III in FIGS. 1
      and 2, the treatment layer being omitted for reasons of clarity;
PAR  FIG. 4 shows the marginal portion "A" in FIG. 3 on a larger scale together
      with parts of an apparatus housing receiving an enclosed element according
      to the present invention;
PAR  FIG. 5 shows a section through the inlet nipple for untreated medium in the
      cover plate of FIGS. 1 and 3, on a larger scale;
PAR  FIG. 6 shows a section through the outlet nipple for treated medium in the
      cover plate of FIGS. 2 and 3, on a larger scale; and
PAR  FIG. 7 is an enlarges illustration of the outlet point for treated medium
      at the inside of the cover plate shown in FIG. 2.
DETD
PAR  In FIGS. 1 to 4, the main components of an enclosed filter unit according
      to the invention for filtering and/or treating liquid or gaseous media are
      shown illustrated in plan and section, FIG. 1 showing the cover plate 1 at
      the inlet side, FIG. 2 the cover plate 2 at the outlet side, both viewed
      from the inside of the filter unit, and FIG. 3 showing the two cover
      plates in the assembled position, on substantially the same scale.
PAR  In FIG. 3, the filter layer designated by 3 in FIG. 4 is omitted for
      reasons of clarity.
PAR  The cover plate 1 at the inlet side, which is provided with a peripheral
      rim 4, has a substantially plane outer, major face 5 and an inner, major
      face parallel to the outer face and formed with an array of passages 6. In
      the example shown, this comprises a plurality of parallel ribs 7 which are
      perpendicular to a diametral axis and which bound intervening passages or
      grooves 8 which extend from a relatively broad central collecting passage
      9 to a peripheral groove 10 which is substantially the same depth as the
      passages 8. The ends of the ribs 7, which lie in a single plane and are
      adjacent to the filter or medium-treatment layer 3, are made flat, as can
      be seen from FIG. 4, and in their entirety form the base for the greater
      part of the layer 3 whose surface bounds the grooves 8. The passage width
      on the one hand, and the ratio between rib width and passage width on the
      other hand, are selected so that apart from providing a substantially
      uniform distribution of the pressure of the inflowing untreated medium
      over the whole effective area of the filter or treatment layer, this is
      stressed mechanically as little as possible. In an example of one form of
      the embodiment, the rib width amounts to about two thirds of the passage
      width.
PAR  The width of the collecting passage 9 is selected so that the medium
      supplied through an inlet nipple 11 projecting from the plane outside of
      the cover plate 1 can enter each of the passages 8 with substantially the
      same initial pressure. In order to achieve suitable supporting of the
      layer 3 in the region of the collecting passage 9 also, a plurality of
      substantially cylindrical supporting elements 12 are provided, their plan
      area in relation to the width of the collecting passage 9 being selected
      substantially in accordance with the same points of view as with regard to
      the ratio between the widths of the ribs 7 and the passages 8. The
      cross-sectional shape of these supporting elements 12 is not critical,
      however, and can be substantially as desired, consistent with technical
      considerations of flow.
PAR  In order to avoid any erosion or cavitation action on the surface of the
      layer 3, in the region in which the inflowing medium enters the collecting
      passage 9 from the inlet nipple 11 in a path perpendicular to the plates
      1, 2 and the layer 3, the inlet orifice is covered by a cap 13
      (illustrated in section in FIG. 5) so that the entering medium is
      deflected in the direction of the arrows, that is to say substantially
      parallel to the major faces of the cover plates 1, 2. The cap 13, which is
      secured to two adjacent supporting elements 12, has a conical jet divider
      14 for this purpose, the axis of which coincides with that of the inlet
      nipple 11 whose base overlies the opening in the cover plate 1, and which
      tapers inward of the nipple 11.
PAR  As an important component, the cover plate 1 at the inlet side comprises,
      in its marginal region of its inner face, a compression strip 15, which
      extends completely around the plate 1 and is triangular in cross-section,
      and a plurality of (preferably three) clamping beads 16 which likewise
      extend right around the plate 1 and which are situated radially outwardly
      of the compression strip as illustrated in FIG. 4. The function both of
      the compression strip 15 and of the clamping beads 16 will be described in
      detail later.
PAR  The cover plate 2 at the outlet side, as shown in FIGS. 2, 3 and 4, like
      the cover plate 1, likewise comprises a peripheral rim 21, which bears
      against the plate 1 radially outside the rim 4 and blocks off a sealing or
      condensation groove 22 from the outside. The major outside face 23 of the
      cover plate 2, like that of the cover plate 1, is substantially plane,
      while the major inside face is for the most part provided with a passage
      pattern 24 which as shown in FIG. 2, is similar to that of the plate 1.
      The same constructional details apply equally to the ribs 25 and the
      passages or grooves 26 as to the ribs 7 and the passages or grooves 8 in
      the plate 1. An encircling groove 27 similar to the groove 10 in plate 1
      is provided, together with a collecting passage 28 with substantially
      cylindrical supporting elements 29 which correspond to the related parts 9
      and 12 in the plate 1.
PAR  In order to achieve as gentle and smooth a flow as possible, even in the
      region of the outlet path, that is to say at the inner orifice of the bore
      in the outlet nipple 30, the outlet orifice is provided with a
      cross-shaped or spider-shaped flow control member 31, which is illustrated
      in section in FIG. 6, the flow control member 31 is so situated that, of
      the whole cross-section of the bore, only four part-circular sectors 32
      remain unblocked whereby the treated medium can flow out of the collecting
      passage 28 through these sectors 32.
PAR  In FIG. 7, the flow control member 31 and its surroundings are illustrated
      in the same manner as in FIG. 2 but on a larger scale. Between the crossed
      arms of the flow control member 31 there are disposed guide walls 33 which
      supply the medium flowing from the collecting passage 28 to the
      part-circular sectors 32. The upper end of the flow control member 31 and
      the guide walls 33 are at the same height as the upper ends of the
      supporting elements 29 and form supporting points for the filter layer 3.
      It should be understood that this flow control member at the outlet side
      may alternatively have a different configuration, provided that a gentle
      and smooth flow of medium results, to prevent cavitation or erosion
      effects.
PAR  In the same manner as the cover plate 1 at the inlet side, the cover plate
      2 at the outlet side comprises, in the marginal region of its inner face,
      an encircling compression strip 34 which is triangular in cross-section,
      and a plurality of (preferably two) clamping beads 35 which likewise
      extend all round and are situated radially outwardly of the compression
      strip 34.
PAR  It should be mentioned that the passage patterns shown in FIGS. 1 and 2 may
      have different shapes, both with regard to the formation of the collecting
      passages 9 and 28 and also the distributing passages 8 and 26, provided
      that as uniform a supply as possible of the medium to all active regions
      of the filter or treatment layer is achieved together with an unhindered
      discharge of the treated medium from the adjacent surface of the filter or
      treatment layer.
PAR  On condition that these requirements are met, the formation of the passage
      pattern, which may also be different for the two cover plates 1 and 2, is
      primarily a question of the most suitable method of manufacturing.
PAR  FIG. 4 shows, on a scale greater than the actual scale of the filter unit,
      the arrangement of the filter or treatment layer 3 between the two cover
      plates 1 and 2. As a result of the two compression strips 15 and 34, being
      offset somewhat in relation to one another or having unequal diameters,
      the filter layer 3 is constricted at 36 during assembly; that is to say
      when the two cover plates 1, 2 are assembled together the filter layer 3
      is highly compressed as a result of which it becomes more difficult for
      the medium being treated to flow away in the direction of the edge 37. The
      marginal region of the filter or treatment layer 3 is further compressed
      by the clamping beads 16 and 35, and above all centred so as to render
      optimum the sealing action of the constriction between the compression
      strips 15 and 34. In order to be able to absorb resiliently the reaction
      forces caused by the compression strips 15 and 34 and the clamping beads
      16 and 35, recesses 38, 39 are provided both on the cover plate 1 at the
      inlet side and on the cover plate 2 at the outlet side. The cover plates
      1, 2 are connected to one another through the marginal flange 4, the outer
      end of the marginal flange 4 preferably being welded in a pressure-tight
      manner to the bottom of the sealing or condensation groove 22.
PAR  The illustration shown in FIG. 4, shows the enclosed filter unit consisting
      of the two cover plates 1, 2 and the filter or treatment layer 3, in a
      holder, of which an upper and a lower supporting member 40, 41 and housing
      portions 42, 43 are shown. The two housing portions may appropriately be
      connected to one another so as to be easily detachable, by means of a
      clamping device (not illustrated), for example a clamp. The two supporting
      members 40, 41 form supporting elements for the cover plates 1 and 2 which
      would otherwise easily arch outwards under high operating pressures.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A fluid treating unit comprising:
PA1  1. a first plate-shaped member having a major face formed wtih a plurality
      of grooves therein, said member being formed with an opening therethrough
      transverse to said major face and communicating with said grooves;
PA1  2. a second plate-shaped member having a major face formed with a plurality
      of grooves therein, said second member being formed with an opening
      therethrough transverse to the major face of said second member and
      communicating with the grooves in the major face of said second member;
PA1  3. a layer of treating material permeable to the fluid to be treated and
      having two opposite surfaces respectively engaged by said major faces and
      bounding said grooves in said major faces;
PA1  4. sealing means connecting said plate-shaped members and therewith
      constituting a chamber enclosing said layer;
PA1  5. a first conduit communicating with said opening in said first member and
      constituting an inlet path of flow into said chamber for a fluid to be
      treated;
PA1  6. a second conduit communicating with said opening in said second member
      and constituting a discharge path of flow from said chamber for the
      treated fluid, (a) said paths being transverse to said major faces,
PA1  7. first guide means in said chamber at said opening of said first member
      for deflecting fluid entering said chamber from said first conduit in said
      inlet path into a direction substantially parallel to the major face of
      said first member and for thereby preventing erosion of said layer; and
PAR  8. second guide means in said chamber at the opening of the second member
      for deflecting fluid flowing in a direction substantially parallel to the
      major face of said second member in the grooves of said second member into
      said discharge path.
NUM  2.
PAR  2. The unit of claim 1, wherein said first and second conduits constitute
      the only inlet path and the only outlet path of flow to and from said
      chamber respectively.
NUM  3.
PAR  3. The unit of claim 1, wherein said first guide means include a
      substantially conical deflecting element having a base overlying said
      opening in said first member in said chamber, and tapering in a direction
      from said base inward of said inlet path.
NUM  4.
PAR  4. The unit of claim 3, wherein said second guide means include a flow
      control element arranged in said opening in said second member, said
      element dividing said openings into a plurality of sectors, and a
      plurality of guide members in said chambers guiding fluid from said
      grooves to said sectors.
NUM  5.
PAR  5. The unit of claim 4, wherein said flow control element is spider-shaped
      and has a plurality of angularly offset arms, said guide members being
      each arranged between two of said arms.
NUM  6.
PAR  6. The unit of claim 3, further comprising a plurality of supporting
      elements projecting from the major face of said first member and engaging
      one of said opposite surfaces, said deflecting element being mounted on
      one of said supporting elements.
NUM  7.
PAR  7. The unit of claim 1, wherein each of said plate-shaped members has an
      outer face substantially planar and parallel to said major face, said
      first and second conduits passing through said plate-shaped members
      between the respective faces thereof, the thickness of each member between
      the faces thereof being smaller than any dimension of said chamber
      parallel to said major faces.
NUM  8.
PAR  8. The unit of claim 7, wherein said grooves in each of said major faces
      include a plurality of transversely spaced, elongated, parallel passages
      defining parallel, elongated ribs therebetween, and an elongated
      collecting passage transverse to said parallel passages and connecting the
      same, the depth of said parallel passages being substantially the same.
NUM  9.
PAR  9. The unit of claim 8, wherein said opening in each of said members has an
      orifice in said major face spaced from said ribs, said guide means
      including respective guide elements received in said orifices.
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ABST
PAL  A device for removing microemboli including microparticles and aggregates
      of various types including degenerated blood elements from whole blood or
      other transfusible materials, such as packed red cells and other blood
      components. The device has a casing with an interior chamber and is
      provided with externally-connectable flow inlet and flow outlet ports
      relative to the interior of the chamber, with a plurality of effective
      layers of microemboli-removing material positioned in the chamber and
      sealed to the inner periphery of the casing to require blood flow
      therethrough in travel of the blood from the flow inlet to the flow
      outlet. Each of said layers of microemboli-removing material consists of a
      foamed open cell polyurethane to define tortuous flow passages
      therethrough and with the layers having progressively smaller effective
      pore sizes whereby the blood in flowing therethrough has substantially all
      of the microemboli of a size to block passages in a layer prevented from
      flowing thereto by adherence to the walls of the tortuous passages in a
      preceding layer of said material. Two different embodiments are shown,
      with one embodiment having bypass structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to medical devices for removing various types of
      microemboli from whole blood or the like and from both venous and arterial
      blood in extracorporeal circulation systems as well as in infusion of
      blood bank blood to a patient.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In recent years, investigators have found that blood bank-blood rapidly
      deteriorates in storage after the first few days with the formation of
      aggregates of blood components, such as altered platelets and leukocytes
      which become adhesive. Platelets range upwardly in size from 2 microns,
      with red cells being somewhat larger and white cells being approximately
      20 microns. In addition to the foregoing microemboli, there are also other
      agglomerates, such as fat agglomerates. Investigators have referred to a
      "buffy coat" which is that layer of material in a centrifuge sample of
      whole blood between the red cells and the plasma and which contains sticky
      platelets, fat agglomerates and broken red cell debris. These various
      agglomerates and aggregates have been found to be of varying sizes, with
      the size thereof in many instances being less than 5 microns, but in some
      cases being up to a size of 100 microns in longest diameter. Thus in many
      instances, the microemboli are of a size smaller than usable parts of the
      blood including the red cells and a good share of the components in the
      plasma.
PAR  Problems with microemboli are also known in extracorporeal circulation
      systems with damaged blood components being circulated.
PAR  In both instances, namely, infusion of whole blood or the like as well as
      in extracorporeal circulation systems, the microemboli should be removed
      before delivery to the patient, since the microemboli may cause adverse
      effects on the patient. For example, the microemboli have been found to
      collect in the capillaries and cause occlusion of the capillaries.
PAR  Many different types of filter media have been investigated and certain
      filter media have been in actual use.
PAR  One form of filter media utilizes a compacted layer of glass fiber wool or
      a wool formed from other materials, such as DACRON.
PAR  The filter media functions to catch the microemboli on the fibers thereof,
      with this action aided by the adhesive nature of the microemboli, and thus
      strains the micreoemboli from the blood flow. This tends to build up a
      blocking layer to blood flow and an increase of the pressure of the blood
      to obtain flow through the filter may result in additional damage to the
      blood.
PAR  The filter media does not provide for specific control of the size of the
      flow passages and, therefore, there can be a channeling effect with the
      blood taking the easiest flow path. This does not provide a positive
      control to assure that the blood leaving the filter assuredly has no
      potentially damaging microemboli. Any attempt to have the passages of a
      size less than the size of a microemboli would not be satisfactory because
      the resulting size would result in straining from the blood the desirable
      components thereof which may be of a lesser size than the microemboli.
PAC  SUMMARY
PAR  The invention disclosed herein has, as a primary concept, the use of a
      microemboli removal element having a multiplicity of elongated passageways
      extending through the thickness direction of the removal element, with
      each passageway being largest on the inflow side and progressively
      decreasing in diameter along the passageway length, so that at the outflow
      side the passageways are generally of smallest cross section. The damaged
      particles of blood tend to have an adhesiveness and, from a statistical
      standpoint, the larger portions of the passageways on the inflow side of
      the removal element are more apt to come into adherence with the largest
      damaged blood particles. Similarly, the intermediate sized damaged blood
      particles are most apt to adhere to the side walls of the intermediate
      sized portions of the passageways, thus leaving the smaller damaged
      particles for adherence to the side walls of the smaller portions of the
      passageways near the outflow side of the removal element. Some small and
      intermediate size damaged blood particles may adhere near the inflow side
      of the removal element to the passageways. However, for the most part,
      there is a selective progressive removal of biologically damaged blood
      particles which are subjected to flow for a period of time through a
      removal element of substantial thickness.
PAR  The flow passageways are of a length to provide the damaged blood particles
      with a substantial opportunity to engage and adhere to a wall and, thus,
      the wall surfaces of all the passageways are potentially effective to
      remove undesired blood particles. As part of the primary concept, the
      removal element builds up a collection of damaged blood particles on the
      walls of the passageways, rather than at the inflow surface of the removal
      element to avoid clogging of blood flow through the removal element,
      whereby there can be a continuous flow of undamaged blood. The damaged
      blood particles are effectively collected on the walls of the passageways
      of the removal element by adsorption by exposing the damaged blood
      particles over a period of time to the passageways of the removal element.
      This enables the utilization of the entire thickness of the removal
      element in removing damaged particles of blood, some of which may be
      smaller in size than undamaged usable portions of the blood.
PAR  Blood flows through the removal material having tortuous passages with an
      initial effective pore size greater than that of the size of the
      microemboli with adherence of said microemboli to the walls of said
      passages during flow therethrough with progressively decreasing effective
      pore sizes throughout the removal structure whereby microemboli of a size
      larger than the effective pore size at a certain level of the removal
      structure will have been removed upstream thereof to avoid any mechanical
      straining or filtering of the microemboli from the blood which would tend
      to clog the entry to any portion of the tortuous flow passages of the
      microemboli-removing material.
PAR  Another primary feature of the inventive concept is the provision for the
      microemboli removal by use of the principles set forth in the preceding
      paragraphs wherein the microemboli-removing material is formed from a
      foamed open cell polyurethane and with the material having several
      effective layers, with the first layer encountered by the blood flow
      therethrough having an effective pore size greater than the size of the
      microemboli to be removed and with the effective pore size going through a
      series of stepped reductions in the effective layers of the material and
      with the final effective layer having a much smaller effective pore size
      whereby the blood leaving the device will have harmful microemboli removed
      therefrom.
PAR  The invention utilizes open cell foamed plastic having a plurality of
      effective layers with tortuous passages therethrough and with the
      effective pore size of the initial effective layer being greater than the
      size of the microemboli to be removed from the blood and with a
      progressive reduction in the effective pore size through the effective
      layers whereby a build-up of microemboli does not occur on the surface of
      the material to block blood flow therethrough nor is there a build-up at
      the entry level of any of the succeeding effective layers because of the
      adherence of the larger microemboli in a preceding effective layer of the
      material. This avoids mechanical obstruction or straining of the
      microemboli from the blood with a resultant potential for build-up of a
      blood flow blocking layer on the surface of a mechanical-type filter with
      resultant malfunctioning in the infusion or extracorporeal circulation
      system.
PAR  An object of the invention is to provide a device for removing microemboli
      from whole blood or the like wherein the blood flow is caused to travel
      through a plurality of effective layers of microemboli-removing material
      of an open cell foamed plastic with the effective layers defining tortuous
      flow passages therethrough and with the effective layers having
      progressively smaller effective pore sizes whereby the blood in flowing
      therethrough has the microemboli of a size to block passages in a layer
      prevented from flowing thereto by adherence to the walls of the passages
      in a preceding layer and wherein the initial effective layer has an
      effective pore size larger than the largest diameter of substantially all
      of the microemboli.
PAR  Another object of the invention is to provide a device for removing
      microemboli from whole blood or the like as described above and having the
      inventive concepts wherein the plurality of effective layers of
      microemboli-removing material are of an open cell foamed polyurethane with
      such material having been tested and found to not be harmful to blood.
PAR  An additional object of the invention is to provide a microemboli-removing
      device wherein the effective layers of microemboli-removing material are
      mounted within an interior chamber of a casing having a housing member and
      a base member and provided with a flow inlet to the chamber and a flow
      outlet therefrom and with the housing member and base member
      telescopically interfitted and capturing the effective layers of removal
      material therebetween. Said casing may be suitably constructed for use in
      a blood infusion system or for use in extracorporeal circulation systems
      and, in the latter instance, may be provided with suitable connections to
      tubing or may be part of a cardiotomy reservoir. Also, the casing may have
      provision for bypass of priming fluid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical elevation of a first embodiment of the
      microemboli-removing device for use in extracorporeal circulation systems;
PAR  FIG. 2 is a vertical section, taken generally along the line 2--2 in FIG.
      1;
PAR  FIG. 3 is a vertical section of the device and taken generally along the
      line 3--3 in FIG. 2;
PAR  FIG. 4 is a framentary view of a part of the structure shown in FIG. 3 and
      in a locked position;
PAR  FIG. 5 is a vertical elevation of a second embodiment of the
      microemboli-removing device for use in the infusion of blood; and
PAR  FIG. 6 is a central vertical section through said second embodiment of the
      microemboli-removing device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The first embodiment of the invention is shown in FIGS. 1-4 and is a
      preferred form for use in extracorporeal circulation systems and
      particularly where the device is connected into a tubular path for the
      blood. The device embodies a casing, indicated generally at 10, made up of
      a housing member 11 and a base member 12 which are generally circular in
      cross-section and which have a major diameter section defined by a
      peripheral wall 15 for the housing member and a peripheral wall 16 for the
      base member 12. These two parts are assembled by telescopic interfitting
      of the walls, one within the other, and a suitable bonding of the parts
      together. A suitable material for forming the housing member and base
      member is polycarbonate and a solvent may be applied to obtain the bonding
      of the two members together with the solvent being applied at 17.
PAR  The casing 10 has an interior chamber with a flow inlet 20 defined by a
      reduced diameter tubular portion of the housing member 10 and which has
      shapes on its outer surface for insertion and locking into a tube 21.
PAR  A flow outlet 22 is defined by a reduced diameter tubular part of the base
      member 12 and having suitable shaping on the exterior thereof for locking
      into a tube 23.
PAR  The housing member 10 has a generally uniform wall thickness with the
      peripheral wall 15 being of an outer diameter slightly less than the inner
      diameter of peripheral wall 16 of the base member 12 whereby the
      first-mentioned wall may fit into the interior of the last-mentioned wall
      to define the interior chamber. The base member 12 has a radially
      extending wall 30 with a series of channels 31 spaced apart by integral
      ribs 32 and which slope toward the flow outlet 22.
PAR  The microemboli-removing material is shown as formed of discrete layers 40,
      41 and 42. These layers are supported in position within the casing by a
      support member 50 in the form of screen material having relatively large
      openings spanning the interior chamber of the casing and assuring blood
      flow paths in the channels 31 of the base member 12 by the support of the
      microemboli-removing material.
PAR  The three discrete layers 40-42 vary in thickness in the embodiment shown
      with layer 40 being of the greatest thickness, layer 41 of a medium
      thickness, and the final layer 42 being the thinnest. The final layer 42
      is of the same diameter as the other layers, but does not show completely
      in FIG. 3 because of its compression.
PAR  The effective layers 40-42 are formed of an open cell foamed plastic and,
      more particularly polyruethane, and with the diameter of the layers 40-42
      being the same as the diameter of the base member 12 within the peripheral
      wall 16. The layers of material 40-42 are held against the support member
      50 by a retainer 51 having inner and outer rings 52 and 53 and
      interconnecting ribs 54. The assembly of the layers within the base member
      12 followed by insertion of the housing member 11 against retainer ring 53
      results in compression of the periphery of these layers, as shown in FIG.
      3, with a securing of these layers in position by the peripheral wall 15
      of the housing member.
PAR  The polyurethane is sufficiently flexible to take the shape shown in FIG.
      3, although the layers were initially flat.
PAR  As stated previously, microemboli to be removed from the whole blood or the
      like, such as, packed red cells and blood components and aggregates are in
      most instances less than 50 microns at their largest dimension but some
      have been found to be greater than 100 microns in diameter. Accordingly,
      the first layer 40 has tortuous passages therethrough with an effective
      pore size (being substantially the minimum throat diameter of such
      passages) of approximately 150 microns. As blood with various aggregates
      and agglomerates flows through the first layer 40, the effective pore
      sizes are sufficiently large as to avoid any mechanical straining or
      filtering at the exposed surface of the first layer 40. The larger
      aggregates and agglomerates being quite adhesive tend to adhere to the
      walls of the tortuous passages whereby the blood with aggregates and
      agglomerates of only a reduced size reaches the second effective layer 41.
      As an example only, and not to be construed as limiting, the effective
      pore size of the second effective layer 41 can be 75 microns, with an
      action similar to that of the first layer 40 occurring where additional
      aggregates and agglomerates adhesively adhere to the walls of the tortuous
      passages prior to the blood reaching the third effective layer 42. As an
      example, the third layer 42 can have effective pore sizes of approximately
      30 microns, with similar adhesive adherence of even smaller microemboli.
      The blood then flows from the flow outlet 22 with the microemboli which
      should not reach the patient removed by adhesive adherence to the walls of
      the tortuous passages of the various layers 40-42, while not preventing
      the flow-through of the usable components of the blood. This action has
      occurred without any obstructing build-up of such aggregates and
      agglomerates on the surface of the initial layer 40 or of any of the
      succeeding effective layers of the microemboli-removing material.
PAR  When used in an arterial line, the device should be primed, with flow of a
      suitable fluid therethrough. This is accomplished by flow of such fluid
      through the layers 40-42 of material and also by flow through a bypass
      passage 55 which is a tubular passage formed in the base member 12 and
      connecting the interior chamber at either side of the layers of material
      40-42.
PAR  As shown in FIG. 3, a flow-blocking plunger 56 is shown in inactive
      position whereby there is relatively free flow through the bypass passage
      55. After priming, the plunger 56 can be moved to the flow-blocking
      position shown in FIG. 4 which closes the bypass passage 55. The plunger
      56 is generally cylindrical, with a sealing O-ring 57 and with a
      circumferentially-spaced series of protrusions 58 which limit the
      outermost position of the plunger 56 as shown in FIG. 3 by one of the
      protrusions engaging a protrusion 59 formed on the base member 12. Once
      the bypass operation has been completed and the plunger 56 is moved to the
      locked position shown in FIG. 4, a flange 60 on the plunger moves behind
      the projections 59 to hold the plunger in locked position. A removable
      plug 61 closes an opening in the base member 12 through which air bubbles
      may be removed from the device.
PAR  The general structure as shown in FIGS. 1 and 2 with suitable modifications
      as to shape may be used in a cardiotomy reservoir.
PAR  The second embodiment shown in FIGS. 5 and 6 is of the same basic
      construction as that of the first embodiment and similar parts have been
      given the same reference numeral, with a prime affixed thereto. The
      housing member 11' has a peripheral wall 15' fitted within a peripheral
      wall 16' of a base member 12' to define a casing 10' with an interior
      chamber. A reduced, generally tubular part of the housing member 11' is
      constructed differently from the similar structure in the first embodiment
      in that it is formed as a sharpened spike for insertion into the outlet of
      a blood container 66 to enable use of this device in a blood infusion
      system with the blood flowing to the interior chamber through a flow inlet
      20'.
PAR  A gross filter 70 in the form of a sock of screen material with a lower
      closed end and having realtively large openings such as approximately 200
      microns is positioned within the chamber with the upper peripheral edge 71
      thereof held against an annular flange 72 on the interior of the housing
      member by a retaining ring 73. This filter collects and retains any clots
      of a major size that might come into the device from blood bank-blood. The
      whole blood or the like flowing past the gross filter 70 reaches the
      plurality of effective layers of microemboli-removing material which, in
      the embodiment of FIGS. 1-4, consists of three effective layers. These
      layers are of open cell foamed polyurethane as in the embodiment of FIGS.
      1 and 2 whereby the same principles of adhesive adherence of microemboli
      for removal thereof from the flow of whole blood or the like is utilized.
      As an example, the first layer 80 may have effective pore sizes of
      approximately 150 microns with the second layer 81 having effective pore
      sizes of 75 microns and the third layer 82 having effective pore sizes of
      approximately 30 microns.
PAR  An upper screen 83 is fitted against a flange 84 to hold the layers 80-82
      in position.
PAR  With the device of FIGS. 5 and 6, whole blood or the like flows from the
      flow outlet 22' with harmful microemboli removed therefrom to avoid
      harmful effects to a patient, such as occlusion of the capillaries.
PAR  An example of a suitable material is polyester urethane. Normally open
      celled foamed polyurethane is produced with effective pore sizes exceeding
      150 microns. In order to enable use of such polyurethane, the open cell
      foamed polyurethane may be modified to obtain the selected effective pore
      sizes by obtaining uniform heating throughout the entire thickness of the
      foamed polyurethane and then compressing the polyurethane to the desired
      density without sufficient heat being applied to the exterior thereof to
      raise the temperature of the polyurethane to form a hard dense surface.
      The compression and resulting density may be selected in order to provide
      the desired effective pore sizes for the various layers of the
      microemboli-removing material.
PAR  It is within the scope of the invention to form the plural layer
      microemboli removing material as a unitary structure treated by heat and
      pressure appropriately so that the passages therethrough are of
      progressively decreasing cross section.
PAR  The polyurethane has approximately the same static electric charge as do
      undamaged red blood cells, thus the latter exhibit little or no tendency
      toward adherence to the side walls defining the tortuous flow passages.
PAR  With the structures disclosed herein, microemboli may be removed
      satisfactorily in extracorporeal systems as well as in blood infusion
      systems and, in the latter instance, enable the use of blood bank-blood
      which has been in storage for a greater length of time than is now
      feasible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for removing microemboli from whole blood or the like
      comprising: a casing with an interior chamber and with a flow inlet to and
      a flow outlet from the chamber; a plurality of effective layers of
      microemboli-removing material positioned in said chamber and sealed to the
      inner periphery of the casing to require blood flow therethrough in travel
      of the blood from the flow inlet to the flow outlet, said effective layers
      each consisting of foamed open cell polyurethane to define tortuous flow
      passages therethrough, said effective layers having progressively smaller
      effective pore sizes whereby the blood in flowing therethrough has the
      microemboli of a size to block passages in a layer prevented from flowing
      thereto by adherence to the walls of the passages in a preceding layer.
NUM  2.
PAR  2. A device for removing microemboli from whole blood or the like as
      defined in claim 1 wherein the initial layer of material has an effective
      pore size greater than substantially all of the microemboli.
NUM  3.
PAR  3. A device for removing microemboli from whole blood or the like
      comprising: a casing with an interior chamber and with a flow inlet to and
      a flow outlet from the chamber; a plurality of layers of
      microemboli-removing material positioned in said chamber and sealed to the
      inner periphery of the casing to require blood flow therethrough in travel
      of the blood from the flow inlet to the flow outlet, said layers each
      having a plurality of tortuous passages therethrough with the effective
      pore size of each layer differing from the other and gradually decreasing
      in size from the layer closest to the flow inlet; and each of said layers
      of microemboli-removing material being formed of an open cell foamed
      plastic.
NUM  4.
PAR  4. A device for removing microemboli from whole blood or the like as
      defined in claim 3 and wherein said open cell foamed plastic is
      polyurethane.
NUM  5.
PAR  5. A device for removing microemboli from whole blood or the like as
      defined in claim 4 wherein the effective pore size of the layer of
      material closest to the flow inlet is larger than substantially all of the
      microemboli to be removed whereby said microemboli are not mechanically
      strained from the blood flow at the surface of said last-mentioned layer
      but may travel into the tortuous passages thereof and adhere to the wall
      of said passages.
NUM  6.
PAR  6. A device for removing microemboli from whole blood or the like as
      defined in claim 5 wherein said casing includes a housing member and a
      base member with said members being telescopically interfitted to define
      said interior chamber; and said layers of material being held in position
      by having their peripheries mechanically captured by said members.
NUM  7.
PAR  7. A device for removing microemboli from whole blood or the like as
      defined in claim 6 wherein the device is usable in blood infusion and said
      housing member has the flow inlet in an end thereof and said end is formed
      as a spike for insertion into the outlet of a blood container; and a gross
      filter in said interior chamber ahead of said material layers for
      collecting large blood clots.
NUM  8.
PAR  8. A device for removing microemboli from whole blood or the like as
      defined in claim 7 wherein said gross filter is in the form of a sock; a
      peripheral flange on the interior of the housing member, and a retainer
      ring holding the top edge of said sock against said flange.
NUM  9.
PAR  9. A device for removing microemboli from whole blood or the like as
      defined in claim 6 wherein said housing member and base member each has
      adjacent ends with a peripheral cylindrical wall and with the wall of the
      housing member of a smaller diameter and fitted into the wall of the base
      member to form said telescopic interfit; and said base member having a
      support of screen material underlying said layers of material and spanning
      the flow outlet to support said layers.
NUM  10.
PAR  10. A device for removing microemboli from blood as defined in claim 8
      including blood flow channels in the base member adjacent said screen
      material support to facilitate blood flow to the flow outlet.
NUM  11.
PAR  11. A device for removing microemboli from whole blood or the like as
      defined in claim 9 with a bypass passage around said layers of material,
      and a plunger movable to a position to close said passage.
NUM  12.
PAR  12. A device for removing microemboli from whole blood or the like
      comprising: a casing defined by a housing member and a base member
      received together to define an interior chamber; an externally connectable
      flow inlet to the chamber in one member; an externally connectable flow
      outlet from the chamber in the other member; a plurality of layers of
      microemboli-removing material positioned in said chamber in obstructing
      relation to the flow path from the flow inlet to the flow outlet, said
      layers each consisting of foamed open cell polyurethane to define tortuous
      flow passages therethrough, the first layer closest to the flow inlet
      having an effective pore size for the passages greater than the size of
      substantially all microemboli to be removed from the blood whereby the
      microemboli may enter the passages and the largest thereof adhesively
      adhere to the wall thereof to prevent further flow of the largest
      microemboli, the successive layers of material having progressively
      smaller effective pore size to receive progressively smaller microemboli
      and cause adherence thereof to the passage walls, said smaller effective
      pore sizes being less than the size of microemboli retained by the
      previous layer of material but not being blocked thereby because of their
      adherence to the wall of the passages in a preceding layer.
NUM  13.
PAR  13. A device for removing microemboli from whole blood or the like
      comprising: a casing defined by a housing member and a base member secured
      together to define an interior chamber; an externally connectable flow
      inlet to the chamber in one member; an externally connectable flow outlet
      from the chamber in the other member; a plurality of layers of
      microemboli-removing material positioned in said chamber in obstructing
      relation to the flow path from the flow inlet to the flow outlet, said
      layers each consisting of foamed open cell polyurethane to define tortuous
      flow passages therethrough, said layers having progressively smaller
      effective pore sizes whereby the blood in flowing therethrough has the
      microemboli of a size to block passages in the layer prevented from
      flowing thereto by adherence to the walls of the passages in a preceding
      layer.
NUM  14.
PAR  14. A device as defined in claim 13 including means defining a bypass
      passage around said layers of material for use in priming the device, and
      means movable to a locked position to close said bypass passage.
NUM  15.
PAR  15. In a device for removing microemboli from whole blood or the like
      having a casing defining an interior chamber with a flow inlet and outlet;
      a plurality of layers of microemboli-removing material, each layer having
      a plurality of tortuous passageways therethrough; said layers being
      positioned in said chamber in obstructing relation to the flow path from
      said flow inlet to said flow outlet; the first of said layers closest to
      the flow inlet having an effective pore size greater than the size of all
      microemboli to be removed from the blood; the successive layers of said
      microemboli-removing material having progressively smaller effective pore
      size; said layers being formed of an open cell foamed plastic with
      effective pore sizes from about 150 microns to about 25 microns.
NUM  16.
PAR  16. A device for removing microemboli from whole blood or the like
      according to claim 15 wherein said open cell foamed plastic forming said
      layers is a unitary structure of polyurethane.
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ABST
PAL  A reusable coffee filter with a pot-shaped hotwater container and a filter
      strainer adjacent an opening in the bottom of said container. The filter
      strainer is made of metallic sieve sheets having perforations flaring out
      in the flow direction. On top of the hotwater container a distribution
      plate is supportably held which has a plurality of holes distributed over
      an area corresponding to the vertical projection of the opening of the
      filter strainer in order to ensure a good wetting and extraction
      efficiency of the coffee powder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A known reusable coffee filter comprises a pot-shaped hotwater container
      and a filter strainer with metallic sieve sheets beneath an opening in the
      bottom of said container. Said sieve sheets have perforations flaring out
      in the flow direction. The opening in the filter strainer has a smaller
      diameter than the bottom of the hotwater container.
PAR  Such a reusable coffee filter has a water discharge opening with a
      predetermined flow resistance in the bottom of the hotwater container. It
      has been found that such a reusable coffee filter does not guarantee a
      uniform distribution of the coffee powder when pouring the hotwater on it.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a reusable coffee filter which
      is easy to clean and results in a better wetting of the coffee powder in
      comparison to known coffee filters.
PAR  This is achieved by a distribution plate mounted on top of the hotwater
      container and having a plurality of openings, which are distributed over
      an area corresponding to the vertical projection of the opening of the
      filter strainer. By this means, a unifrom wetting of the coffee powder is
      attained and relatively few powder particles tend to float.
PAR  Preferably, the bottom of the hotwater container is shaped
      frustro-conically. Thus, after filling the hotwater container the coffee
      powder particles will settle at the bottom.
PAR  Advantageously, the filter strainer is shaped frustro-conically. Such a
      form is easy to manufacture and ensures an optimal distribution of the
      coffee powder over the active filter surface.
PAR  Preferably, the distribution plate comprises a flat, projecting rim. By
      this means it is achieved that the water pressure, which exists at the
      opening of the distribution plate, only varies to a small extent, and
      therefore the flow rate through the openings is practically kept constant.
      It is favourable to dimension the rim such that it has a height which is
      smaller than one third of the height of the hotwater container.
PAR  According to a further development, the rim is provided with a shoulder
      which serves to support the distribution plate non-skidly onto the
      hotwater container.
PAR  In this case the rim may have protrusions to ensure free excape of the air
      when filling the hotwater container.
PAR  Further objects and features of the invention are set forth in the
      following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial view of a reusable coffee filter according to the
      invention.
PAR  FIG. 2 is a sectional view of the filter strainer and the adjacent area of
      the hotwater container.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The coffee filter illustrated in the Figures comprises a pot-shaped
      hotwater container 1, contiguous to the top of which is a handle 2, which
      is integral with the hotwater container.
PAR  A frustro-conical bottom 3 of the hotwater container comprises an opening
      4, in which a filter strainer 5 is sealingly inserted.
PAR  The edge of the opening 4 has a circular recess 6, facing downwardly, in
      which the upper edge 7 of the filter strainer fits.
PAR  The filter strainer is formed frustro-conical and consists of a
      frusto-conical sieve sheet 8 and a bottom sieve sheet 9, which parts are
      secured to one another by a plastic ring 10, into which the adjacent edges
      of sieve sheets 8 and 9, respectively, are embedded. The upper edge of the
      filter strainer is equally reinforced by a plastic bead.
PAR  The upper plastic bead is formed such that it fits in the circular recess
      and consists of material, which may be sealingly joined to the hotwater
      container 1, f.i. by ultrasonic welding.
PAR  The sieve sheet 8 and the bottom sieve sheet 9 are made galvanoplastically
      and are gold plated. They are provided with longitudinal slits having a
      length of between 1 and 3 mm and a width of between 20 and 100 micron, and
      flaring out in the direction of flow.
PAR  A distribution plate 11 is situated on the top of the hotwater container 1
      having a number of holes 12 in its central part. The area enclosing the
      totality of the holes 12 is vertically aligned with the opening 4 in the
      bottom of the hotwater container and is somewhat smaller than said
      opening.
PAR  The distribution plate is provided with a rim 13 having a recessed shoulder
      14, which is adapted to rest on the upper edge of the hotwater container
      1. By this means it is achieved that the distribution plate securely fits
      on the hotwater container.
PAR  The height of the rim 13 is considerably smaller than that of the hotwater
      container 1, namely approximately one-fourth of the same.
PAR  Three protrusions 15 are provided at the shoulder, which are equally spaced
      circumferentially and which are formed so that they maintain a clearance
      between the rim 13 and the shoulder 14 on the one hand and the wall of the
      hotwater container 1 on the other hand.
PAR  A cover 16 is supported on the edge of the distribution plate. The cover 16
      is furnished with a flange 17 which prevents that the cover from sliding
      down on the distribution plate.
PAR  In its central part the cover 16 has a cylindrical domelike handle 18
      serving as a grip when in the position shown in FIG. 1, whereas in its
      reversed position it serves as a deposit plate for the coffee filter, the
      recess of said handle 18 being adapted to receive the plastic ring 10 of
      the filter strainer.
PAR  When using the coffee filter, the filter strainer 5 is filled with the
      desired amount of coffee powder and thereafter the distribution plate 11
      is put onto the hotwater container. Boiling water is poured onto the
      distribution plate and drops through the holes 12 directly onto the coffee
      powder contained in the filter strainer 5. The flow resistance of the
      holes 12 is such that the water contained in the chamber defined by the
      distribution plate 11 and the cover 16 will pass into the hotwater
      container 1 within 10 to 30 seconds.
PAR  After pouring in the total amount of water, the cover 16 is put on in order
      to avoid cooling off which may be caused by emanating steam.
PAR  It has been found that such a reusable coffee filter obtains a good wetting
      of the coffee powder, which does not adhere to air bubbles and therefore
      does not tend to float. Moreover, the coffee filter is easy to clean and
      simple to manufacture.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reusable coffee filter comprising:
PA1  a. a pot-shaped hot water container having a bottom wall defining an
      opening of a diameter smaller than the diameter of the hot water
      container;
PA1  b. a frustro-conical filter strainer made of metallic sieve sheets
      depending from the opening in said pot-shaped hot water container, the
      bottom of said frustro-conical strainer comprising a horizontal sieve
      sheet; and
PA1  c. a water distribution pan supported within said hot water container by
      means located at the top thereof, said pan having a bottom wall containing
      a large number of small holes distributed over a portion of the bottom
      wall vertically aligned with the opening in said hot water container and
      somewhat smaller in extent than that opening.
NUM  2.
PAR  2. A coffee filter in accordance with claim 1 wherein said distribution pan
      has a rim extending over the top of said container, the axial dimension of
      said rim being less than one-third the height of said container.
NUM  3.
PAR  3. A coffee filter in accordance with claim 1, wherein the small holes in
      said distribution pan are so dimensioned as to have a flow resistance
      corresponding to an efflux time of between 10 and 30 seconds for the
      filling of said container.
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ABST
PAL  An evacuated tube having both ends closed has a ball actuated resilient
      aperture type valve fixedly disposed between the ends for dividing the
      tube into upper and lower chambers. The valve is formed and arranged to
      provide a passageway between the upper and lower chambers when opened by
      the ball subjected to a centrifugal force of proper intensity and
      direction. Upon cessation of the force, the valve closes to provide a
      separation between the upper and lower chambers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to separators and more particularly to a
      device for separating blood plasma from cellular material of the type
      disclosed in commonly assigned application Ser. No. 247,483, filed Apr.
      25, 1972, now U.S. Pat. No. 3,849,072.
PAR  2. Description of the Prior Art
PAR  With the development of modern pathological laboratories, it has become the
      common practice to send blood samples to a centralized laboratory facility
      for analysis. The normal procedure requires that the patient's blood
      sample be taken at a doctor's office or a clinic and thereafter mailed in
      a proper container to a centrally located laboratory to be tested. In many
      instances, it is desirable that the cellular material contained in a blood
      sample be separated from the blood plasma shortly after the sample is
      taken from the patient and prior to mailing. Centrifuging has become the
      accepted method for separation of the suspended cellular material from the
      blood plasma.
PAR  It is known to separate blood into its component parts by centrifugation,
      for example, the assembly disclosed in U.S. Pat. No. 2,460,641. However,
      this particular assembly does not employ a means for sealing the separated
      plasma or serum phase from the cellular phase.
PAR  It is also known to provide assemblies for manually separating the plasma
      or serum phase from the cellular phase, for example, as disclosed in U.S.
      Pat. Nos. 3,586,064; 3,661,265; 3,355,098; 3,481,477; 3,512,940 and
      3,693,804. In all of these devices the serum is collected in a blood
      collection container and means are provided for separating the plasma or
      serum phase from the cellular phase employing filters, valves, transfer
      tubes or the like.
PAR  It is also known to provide assemblies for the sealed separation of blood
      in which a piston is actuated by centrifugal force such as is disclosed in
      U.S. Pat. Nos. 3,508,653 and 3,779,383. These devices use either a
      distortable piston made of a resilient material or valve means associated
      with the piston to affect a sealed separation after centrifugation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an evacuated tube having closed ends and
      a valve fixedly disposed between the ends to divide the tube into upper
      and lower chambers. The valve includes an elastomeric body having a
      centrally located stretchable diaphragm with a plurality of normally
      closed apertures. A ball, preferably of stainless steel, is disposed in
      the upper chamber adjacent the diaphragm.
PAR  The tube used has an open upper end being closed with a penetrable stopper.
      The tube is evacuated through the upper end so that the upper chamber is
      evacuated first. A pressure differential is developed across the diaphragm
      which causes the elastomeric members to be stretched upwardly to open its
      apertures. The upper and lower chambers come into communication so that
      the lower chamber is also evacuated.
PAR  The tube is filled with blood by puncturing the stopper disclosed in the
      upper end of the tube and the vacuum in the upper chamber draws blood into
      the tube in a manner well known to the art. As the upper chamber is filled
      with blood, a pressure differential is developed across the diaphram which
      will force it downwardly to open the apertures thereby causing the blood
      to flow into the evacuated lower chamber. Thus, the entire container is
      filled with a blood sample.
PAR  Upon subsequent centrifuging, the heavy ball is forced against the
      elastomeric diaphragm which stretches causing the apertures to open to
      connect the upper and lower chambers so that the heavier blood cells flow
      in a downwardly direction causing the lighter plasma to be displaced into
      the upper chamber of the tube.
PAR  When centrifuging is discontinued, th elastomeric diaphragm assumes normal
      position whereby its apertures are closed to provide a seal between the
      cellullar material and the plasma.
PAR  The primary objective of the present invention is to provide an improved
      device that may be used to collect a blood sample from a patient, separate
      the blood sample into its constituents, and maintain the constituents
      separate all at reduced costs.
PAR  The foregoing objectives and advantages of the invention will appear more
      fully hereinafter from a consideration of the detailed description which
      follows, taken together with the accompanying drawings, wherein two
      embodiments of the invention are illustrated by way of example. It is to
      be expressly understood, however, that the drawings are for illustrative
      purposes only and are not to be considered as defining the limits of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of a separator device of the present
      invention containing blood prior to centrifugation and separation with the
      gravity operated valve in closed position; and
PAR  FIG. 2 is a similar view with the valve open upon centrifugation and
      incidnet to separation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 there is shown a glass tube 10, having an upper opening
      closed by stopper 12 preferably resilient and penetrable by a cannula for
      purposes of evacuating or filling the tube. A centrifugally actuaged valve
      18 is properly positioned within tube 10 to divide the tube into an upper
      chamber 11 and a lower chamber 13.
PAR  It is to be understood that the valve could be positioned in many ways well
      known in the art as discussed in the above referenced application. The fit
      between the valve and the inside diameter of the tube is of sufficient
      tightness so that once the valve is forced into a particular position
      during assembly the frictional forces between the valve and the tube will
      retain the valve at the desired position during its life including periods
      of centrifuging.
PAR  The valve is positioned so that it is slightly above an interface 17 that
      is formed between the plasma and the cellular material of the blood during
      centrifuging. This is essential so that the plasma remains free of
      cellular material.
PAR  Valve 18 is made of an elastomeric material such as an inert rubber or
      plastic material. A ball 20 is associated with valve 18 on the upper
      chamber 11 and is formed of one of a variety of materials having a
      specific gravitiy greater than the heavy phase of blood, which is
      approximately 1.09. The material from which the ball is manufactured must
      be chemically inert with blood and the preferred materials are glass,
      ceramic or stainless steel.
PAR  Valve 18 has a conical-shaped upper surface 22 forming a funnel. A
      diaphragm 23 extends across and is located at the base of the funnel and
      is formed with normally closed apertures 24. This diaphragm is formed of a
      thin, stretchable or resilient material. The upper periphery of surface 22
      terminates in a feather edge which seals against the inner surface of tube
      10 to facilitate unrestricted flow of cellular material through the valve
      during centrifuging and to prevent cellular material from being caught
      between the valve and the inner surface of the tube.
PAR  When the tube is to be filled with a blood sample, stopper 12 is punctured
      with a pointed cannula connected with a patient so that blood is drawn
      into the evacuated upper chamber. As the upper chamber fills with blood, a
      pressure differential is created across diaphragm 23 causing it to be
      displaced downwardly thereby opening apertures 24. The opening of the
      apertures 24 allows blood to flow into the lower chamber so that the
      entire tube is filled with the blood sample.
PAR  In order to separate the plasma from cellular material, the entire device
      is centrifuged so that centrifugal force is exerted in the direction of
      the tube base. Since ball 20 has a specific gravity greater than blood,
      the ball is urged in a downwardly direction stretching diaphragm 23 and
      opening apertures 24 so that a passage is formed between the upper and
      lower chambers. The heavier red blood cells flow in a downwardly direction
      displacing the plasma in the lower chamber so that it flows in an upwardly
      direction into the upper chamber until a plasma-cellular interface 17 is
      established below valve 18. When interface 17 is established, centrifuging
      is stopped and diaphragm 23 contracts causing apertures 24 to close,
      thereby creating a permanent separation between the upper and lower
      chambers.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A separator device for separating mixed light phase and heavy phase
      constituents of blood and establishing a permanent barrier between said
      phases, including:
PA1  a tubular container closed at both ends, one of said ends being closed with
      a stopper penetrable by a needle for the introduction of blood into said
      container;
PA1  elastomeric barrier means fixedly located intermediate the container ends
      and dividing the container into first and second chambers such that upon
      separation of the blood into the light phase and the heavy phase by the
      application of centrifugal force, the first chamber contains only the
      light phase;
PA1  a passageway through the barrier means connecting the first and second
      chambers;
PA1  a ball in said first chamber having a specific gravity greater than the
      heavy phase of the blood; and
PA1  a stretchable diaphragm integral with the base of the barrier means and
      extending across the passageway, at least one normally closed aperture in
      the diaphragm, the diaphragm normally sealing off the passageway to
      provide a barrier between first and second chambers, and when subjected to
      a predetermined centrifugal force, the ball causes the diaphragm to
      stretch in the direction of the second chamber to open the apertures to
      provide communication between the chambers to permit the light phase to
      travel to the first chamber and the heavy phase to travel to the second
      chamber, and upon cessation of the applied centrifugal force, the
      diaphragm returns to its normal unstretched position to close the
      apertures and seal off the passageway and provide a barrier between the
      first and second chambers; said ball normally resting on the upper surface
      of said diaphragm.
NUM  2.
PAR  2. The invention in accordance with claim 1, wherein the barrier means
      includes a conical surface, adjacent the first chamber, which forms a
      funnel that is in communication with the passageway to facilitate the
      separation of the phases and the flow of the heavy phase into the second
      chamber.
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APT  1
ART  116
APD  19741204
TTL  Low-wear grease for journal bearings
ISD  19760127
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FR2  Felsman; Robert A.
ABST
PAL  A low-wear grease for journal bearings characterized by a high temperature,
      multi-purpose heavy duty hydrocarbonaceous lubricant that is thickened by
      calcium acetate complex to form a lubricating grease having an ASTM worked
      penetration no less than 265; and molybdenum disulfide and a selected
      class of metallic oxide in effective and synergistic amounts.
      Surprisingly, better lubrication is provided when the molybdenum disulfide
      particles are non-uniform in size so they have a range of sizes, including
      some fine and some relatively coarse but are small enough to pass 100
      percent through a 100 mesh screen, and 85 percent through a 325 mesh
      screen. The metallic oxide is either antimony trioxide or a mixture of
      substantially equal parts of antimony trioxide, zinc oxide, lead oxide,
      nickel oxide, tungsten trioxide, vanadium pentoxide and copper oxide. The
      particles of the metallic oxide are small enough to pass 90 percent
      through a 325 mesh screen. All particles are uniformly dispersed in the
      thickened, heavy duty lubricating grease.
PARN
PAR  This is a continuation, of application Ser. No. 292,021, filed Sept. 25,
      1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to new grease compositions; and, more particularly,
      to improved, low-wear grease for heavy duty, high temperature
      applications, such as for journal bearings on bits drilling into hot
      subterranean formations.
PAR  2. Description of the Prior Art
PAR  Complex-thickened greases are well known in the art. For example, an
      excellent discussion is contained in the ENCYCLOPEDIA OF CHEMICAL
      TECHNOLOGY, KIRK-Othmer, Second Edition, A. Standen, Editor, Interscience
      Publishers, John Wiley & Sons, Inc., New York, N.Y., 1967, pages 582-587.
      Also, it is known to employ certain complexes; such as, the
      calcium-acetate-containing complexes and the
      lithium-hydroxy-stearate-containing complexes; to provide high temperature
      stability and maintain lubrication properties at the high temperatures to
      which the greases may be subjected.
PAR  Lubricating a drill bit drilling in hot (frequently above 300.degree.F)
      subterranean formations is one of the most severe and demanding set of
      conditions ever posed for a lubricant. The drilling takes place in an
      abrasive atmosphere of drilling mud and rock particles thousands of feet
      from the engineer or supervisor, who does not have benefit of oil pressure
      gauges or temperature sensors at the surfaces to be lubricated. The
      lubricant should have properties that enable flow through passageways to
      the surfaces to be lubricated and that prevent solid lubricant particles
      from settling out.
PAR  The best available lubricants heretofore have not satisfactorily minimized
      wear under the heavy load conditions encountered by earth boring drill
      bits having friction bearings.
PAR  The prior art shows solid extreme pressure (EP) additives have been
      employed to attempt to enhance the lubrication properties of oils and
      greases. For example, molybdenum disulfide has been used in a wide variety
      of lubricants, as noted in U.S. Pat. Nos. 3,062,741, 3,170,878, 3,281,355
      and 3,384,582. The prior art has taught, however, that the molybdenum
      disulfide should comprise fine particles having an average diameter less
      than 10 microns and some prefer less than 2 microns.
PAR  Also, it is known to include metallic oxides like zinc oxide in other
      lubrication oils. Moreover, U.S. Pat. No. 2,736,700 describes the use of
      molybdenum disulfide and a metallic oxide, such as fumed lead oxide and
      zinc oxide in a ratio of 2 parts molybdenum disulfide to 1 part metallic
      oxide, in a paint-on composition, or bonded lubricant, containing a
      lacquer drying agent. The bonded lubricant is described for drawing tough
      metals, such as uranium, thorium, zinc and titanium. Such bonded
      lubricants are inadequate and could not be employed in the low-wear,
      heavily loaded applications for which this invention was engineered.
PAR  Insofar as I am aware, the prior art has not provided a heavy duty
      lubricant employing a hydrocarbonaceous grease that is calcium acetate
      complex thickened for temperature stability and that has the superior
      lubricating properties of this invention; particularly, that could be
      employed in the application of lubricating journal bearings in bits
      drilling in an abrasive atmosphere thousands of feet from the engineer or
      supervisor; or under conditions that are similarly severe and demanding of
      the grease.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide a grease
      that is temperature stable and that can be employed under severe and
      demanding conditions; such as, for lubricating journal bearings of bits
      penetrating subterranean formations; by providing a degree of protection
      not heretofore available at the extreme pressure, high temperature
      atmosphere conditions to which the lubricant will be subjected.
PAR  It is a particular object of this invention to provide a grease that has
      physical properties, such as a worked penetration, sufficient to flow to
      the surfaces to be lubricated; and not flow out of the bit but to provide
      lubrication and protection greater than available heretofore at
      temperatures in excess of 300.degree.F.
PAR  These and other objects will become apparent from the following descriptive
      matter.
PAR  In accordance with this invention, the superior grease consists essentially
      of a substantially uniform dispersion including:
PAR  a. a multi-purpose heavy duty hydrocarbonaceous lubricant thickened by a
      calcium acetate complex to form a heavy duty lubricating grease that is
      stable at high temperatures and that has an American Society for Testing
      Materials (ASTM) worked penetration no less than 265; and
PAL  effective and synergistic amounts of the solid additives of:
PAR  b. molybdenum disulfide (MoS.sub.2) powder; and
PAR  c. metallic oxide powder; the metallic oxide being selected from the group
      consisting of antimony trioxide (Sb.sub.2 O.sub.3); and a mixture of
      substantially equal parts of antimony trioxide, zinc oxide (ZnO), lead
      oxide (PbO), nickel oxide (Ni.sub.2 O.sub.3), tungsten trioxide
      (WO.sub.3), vanadium pentoxide (V.sub.2 O.sub.5) and copper oxide
      (CuO/Cu.sub.2 O).
PAL  The effective and synergistic amounts of the powdered solid additives in
      the lubricating grease preferably includes at least 7 percent by weight of
      molybdenum disulfide and at least 5 percent by weight of the metallic
      oxide when employed in a downhole bit. The percent by weight is based on
      the final weight of grease. The powder is also preferably made up of a
      range of non-uniform particle sizes, as delineated hereinafter.
PAR  A particularly preferred grease consists essentially of the lubricating
      grease containing 11-20 percent by weight of the molybdenum disulfide and
      5-20 percent by weight of the metallic oxide. Other non-detrimental
      additives, such as graphite, may be employed if desired.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT(S)
PAR  The grease of this invention, with its superior lubrication properties, is
      prepared by dispersing uniformly in a conventional high temperature,
      calcium acetate complex thickened lubricating grease, the desired
      effective and synergistic amounts of molybdenum disulfide and the metallic
      oxide chosen. The molybdenum disulfide and the metallic oxide additives
      can be incorporated into the grease at almost any stage in the manufacture
      of the final product, dependent upon the convenience with respect to the
      particular grease plant. For example, they can be incorporated when the
      thickener is added; or, ordinarily, they can be incorporated at some stage
      in the handling of the semi-finished product. The important feature is
      that sufficient mixing should be employed; as by working, homogenizing, or
      otherwise; to secure a complete, uniform, and thorough dispersion of the
      particles of the molybdenum disulfide and the metallic oxide throughout
      the grease.
PAR  Considering the constituents of the grease, the "lubricating grease", as
      used herein, denotes a high temperature, multi-purpose heavy duty
      hydrocarbonaceous lubricant that has been thickened by a calcium acetate
      complex. The lubricating grease has an ASTM D-217 test, in depth of
      penetration in tenths of a millimeter in five seconds at 77.degree.F, no
      less than 265. The lubricating grease has a National Lubricating Grease
      Institute (NLGI) classification of less than class 3 to effect the
      requisite flow through passageways to reach and lubricate the surfaces of
      interfacing elements, such as bearings. Thus, the lubricating grease falls
      in the NLGI class 00, class 0, class 1, or class 2. The methods of
      dispersion and the NLGI table of classification, including physical
      properties for the classes, is included in the above-referenced
      ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY; for example, the NLGI classification
      table is included at page 586. Accordingly, this voluminous material need
      not be duplicated herein. The greases employ a calcium complex type of
      thickener that contains calcium acetate as a primary ingredient. A
      suitable lubricating grease is the Amdex No. 0 EP or the No. 1 EP,
      available from American Oil Company. The satisfactory Amdex greases have
      the specifications set forth in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

                         Amdex Grease                                          

                                 Amdex Grease                                  

            Property     No. 0 EP                                              

                                 No. 1 EP                                      

     __________________________________________________________________________

     Worked Penetration, 60 strokes                                            

                         369     325                                           

     Worked Penetration, 100,000 strokes                                       

                         382     343                                           

     Viscosity of Oil at 100.degree.F, SUS                                     

                         900     900                                           

     Viscosity index of oil                                                    

                          90      90                                           

     Timken EP, lbs. pass                                                      

                          55      55                                           

     Dropping point .degree.F                                                  

                          500+    500+                                         

     Bearing rust protection test                                              

                         No. 1   No. 1                                         

     Bomb oxidation, psi* drop/100 hrs.                                        

                           3       3                                           

     Copper corrosion    Pass    Pass                                          

     Roll stability, 20 hrs., % change                                         

                          +2.6    +5.1                                         

     Oil separation, 24 hrs. at 210.degree.F %                                 

                         2.9     2.0                                           

     __________________________________________________________________________

     *psi --                                                                   

          pounds per square inch                                               

     lbs. --                                                                   

          pounds                                                               

     hrs. --                                                                   

          hours                                                                

     SUS --                                                                    

          Saybolt universal seconds                                            

     % -- percent                                                              

PAL  Other calcium-acetate-complex thickened greases; such as those described in
      U.S. Pat. No. 2,999,065 and U.S. Pat. No. 2,999,066 should be
      satisfactory, although they have not been tested. In any event, the
      lubricating grease should have lubricating properties, before addition of
      the solid additives, sufficient to provide a Shell 4-ball EP scar diameter
      of 1.3 millimeters (mm) maximum after five minutes (min.) at 900
      revolutions per minute (rpm) under 200 kilogram (kg).
PAR  The particulate molybdenum disulfide, as indicated hereinbefore, is small
      enough to pass 100 percent through a 100 mesh per inch screen, and 85
      percent through a 325 mesh screen such that it may be easily substantially
      uniformly dispersed throughout the lubricating grease. The percents are by
      weight. I have found, surprisingly, that molybdenum disulfide having a
      complete range of particle sizes, some fine and some coarse, affords
      better extreme pressure lubrication properties than classified, relatively
      uniform sizes of less than 10 microns, or even less than 2 microns, as
      taught by the prior art. A satisfactory commercial grade of molybdenum
      disulfide is Esco, available from Dow Corning as No. 3490 molybdenum
      disulfide that is not size-segregated and has the desired range of
      particle sizes. The Esco molybdenum disulfide meets the foregoing criteria
      and has about 2-4 percent retained on a 200 mesh screen.
PAR  The particulate metallic oxide is small enough to pass 100 percent through
      a 100 mesh screen and 90 percent through a 325 mesh screen such that the
      metallic oxide may be readily substantially uniformly dispersed in the
      lubricating grease. A satisfactory metallic oxide comprises a mixture of
      substantially equal parts of antimony trioxide, zinc oxide, lead oxide,
      nickel oxide, tungsten trioxide, vanadium pentoxide and copper oxide. I
      have found it preferable, however, to employ the single oxide of antimony
      trioxide to obtain superior results without the bother of having to blend
      the mixture of oxides. A satisfactory commercial grade of antimony oxide
      is White Star M, available from Harshaw Chemical Company as a fine powder.
      The satisfactory antimony trioxide has the properties set forth in Table
      II.
TBL                Table II                                                    

     ______________________________________                                    

     Chemical or Element  Specifications                                       

     ______________________________________                                    

     Sb.sub.2 O.sub.3 *   99.00%     min.                                      

     Pb*                  0.05%      max.                                      

     Cu*                  0.004%     max.                                      

     Ni*                  0.004%     max.                                      

     As*                  0.05%      max.                                      

     Fe*                  0.007%     max.                                      

     SO.sub.4 *           0.01%      max.                                      

     Physical properties (typical)                                             

     Specific gravity      5.72                                                

     Oil absorption       10.0                                                 

     Reflectance in Oil   92%                                                  

     Color (masstone)     Excellent white                                      

     Tint Strength        Pigment quality                                      

     Residue on 325 mesh  0.022%                                               

     ______________________________________                                    

      *Symbols used in accordance with the Periodic Table                      

PAR  A grease that is minimally satisfactory for a drill bit is provided by the
      inclusion of as little as 7 percent molybdenum disulfide and 5 percent
      metallic oxide into the lubricating grease. It is preferred, however, that
      an amount within the range illustrated in Table III be employed. The
      amounts in Table III are percent by weight based on a uniform dispersion
      in the final grease composition and are incorporated into the lubricating
      grease described hereinbefore.
TBL                TABLE III                                                   

     ______________________________________                                    

                     Metallic                                                  

              MoS.sub.2                                                        

                     Oxides    Graphite  Total                                 

     ______________________________________                                    

     Lower limits                                                              

                 11%      5%        0%      16%                                

     Optimum    13       7         0       20                                  

     Upper limits                                                              

                20       20        5       36                                  

     ______________________________________                                    

PAL  As noted from the total percentage in Table III, the maximum amount of
      molybdenum disulfide would not be employed with the maximum amount of the
      metallic oxides, since no more than 36 percent of solid EP additives is
      employed, preferably.
PAR  The following examples illustrate satisfactory greases prepared in
      accordance with this invention. Different size batches were prepared and
      tested on the Shell 4-ball EP tester. The Shell 4-ball EP tester has been
      demonstrated to give excellent results in testing a lubricant for
      extremely severe and demanding steel-sliding-on-steel applications. The
      Shell 4-ball EP tester has been described in the literature and is well
      known so it need not be described herein. Basically, a lubricant is tested
      in contact with four balls, the top ball being rotated while loaded. After
      a predetermined length of time the diameter of the wear scar is measured.
      The smaller the scar dimension is, the better the lubricant is. Finally, a
      table, Table IV, summarizes several of the many compositions, including
      tests on compositions similar to those delineated in the Examples, tried
      in arriving at the grease of this invention.
PAC  EXAMPLE I
PAR  This example illustrates the best grease yet prepared.
PAR  Respective amounts of molybdenum disulfide and antimony trioxide were added
      to the Amdex 0 EP lubricating grease to form a grease that had 14 percent
      molybdenum disulfide by weight and 7 percent antimony trioxide by weight
      with 79 percent Amdex 0 EP.
PAR  A similar grease was formed by adding 13 percent molybdenum disulfide and 7
      percent antimony trioxide to 80 percent of Amdex 0 EP lubricating grease
      effected a final product that was almost equally as satisfactory.
PAC  EXAMPLE II
PAR  Another grease that performed satisfactorily was made by adding respective
      amounts of molybdenum disulfide and a mixture of substantially equal parts
      of metallic oxides to the Amdex O EP lubricating grease to form a uniform
      admixture containing 14 percent molybdenum  disulfide and 7 percent
      metallic oxides. The metallic oxides had substantially equal parts of
      antimony trioxide, zinc oxide, lead oxide, nickel oxide, tungsten
      trioxide, vanadium pentoxide and the copper oxides. The copper oxides
      comprised both cuprous and cupric oxide in about equal portions, although
      they combined to form an amount equal to that of the respective other
      oxides employed. This grease was almost as good as those of Example I, as
      shown in Table Iv.
PAC  EXAMPLE III
PAR  In this example, graphite in the same range of particle sizes as described
      with respect to molybdenum disulfide and the antimony trioxide were added
      to a variety of grease formulations. In general, the substitution of the
      graphite for either the molybdenum disulfide or the antimony trioxide
      resulted in an inferior grease. The graphite could be included, however,
      in addition to the satisfactory effective and synergistic amounts of the
      molybdenum disulfide and the metallic oxide, such as antimony trioxide,
      without adversely affecting the properties of the grease. The data are
      summarized in Table IV hereinafter.
PAR  Table IV summarizes a variety of compositions that were tried and
      illustrates some satisfactory and unsatisfactory compositions that were
      surprising. Table IV summarizes the results in terms of the scar diameters
      obtained in the Shell 4-ball EP tests on different greases, and inspection
      of worn journal bearings after a simulated run, referred to as "Journal
      Bearing Test" in Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

                       Weight % Solid EP Additives                             

                                          Avg. EP Scar Diameter                

                                                              Journal          

                                 Oxide    900 rpm                              

                                                 900 rpm                       

                                                       1800 rpm                

                                                              Bearing          

     Formulation and Remarks                                                   

                       MoS.sub.2                                               

                            Sb.sub.2 O.sub.3                                   

                                 Mix*                                          

                                     Graphite                                  

                                           500 KG                              

                                                  550 KG                       

                                                       300 KG Test             

     __________________________________________________________________________

     1.  grease employing lithium                                              

         hydroxy stearate                                                      

         thickener; large                                                      

         scar diameter 14   7             1.97**       W                       

     2.  same grease, additional                                               

         additives, no improvement                                             

                       15   15            1.96**       W                       

     3.  Amdex 0 EP + MoS.sub.2                                                

                        7                 1.49   1.62  W, 1.43                 

     4.  Amdex 0 EP + additional                                               

         MoS.sub.2 : no improvement                                            

                       19 to 24           1.56   1.55  1.44                    

     5.  Amdex 0 EP + MoS.sub.2 + small                                        

         amount Sb.sub.2 O.sub.3, 3% Sb.sub.2 O.sub.3 is                       

         better than 15% MoS.sub.2                                             

                        7   3             1.51   1.57                          

     6.  Amdex 0 EP + MoS.sub.2  + more                                        

         Sb.sub.2 O.sub.3 : appreciable im-                                    

         provement      7   5 to 10       1.43   1.56  1.39                    

     7.  6 + graphite; graphite                                                

         apparently not detrimen-                                              

         tal            7   7        7    1.44   1.55                          

     8.  Amdex 0 EP, preferred com-                                            

         position, appreciable im-                                             

         provement over other                                                  

         compositions tested                                                   

                       11 to 16                                                

                            5 to 20       1.35   1.49  1.25   Very good        

     9.  8 + graphite; graphite                                                

         apparently not detrimen-                                              

         tal           13    7.5     5    1.34**       1.25                    

     10. mixed oxides* in lieu of                                              

         Sb.sub.2 O.sub.3 ; almost as good as                                  

         Sb.sub.2 O.sub.3                                                      

                       13        7        1.38   1.47         Good             

     11. graphite in lieu of MoS.sub.2 ;                                       

         bearing galled                                                        

                        6        5   9.5  1.35   1.49         Galled           

     12. less oxides than 11;                                                  

         bearing galled                                                        

                       10        3.5 5    1.38   1.49         Galled           

     __________________________________________________________________________

       *Equal parts (by weight): Sb.sub.2 O.sub.3 + ZnO + PbO + Ni.sub.2 O.sub.

      + WO.sub.3 + V.sub.2 O.sub.5 + (CuO + Cu.sub. 2 O)                       

      **400 KG load instead of 500 KG                                          

       W = Welded during 4-ball EP test                                        

PAR  As can be seen from Table IV, there are effective and synergistic amounts
      of the solid additives. For example, run 5 indicates that 3% of the
      metallic oxide added to at least 7% of MoS.sub.2 is better than 15% of
      additional MoS.sub.2. Adding a little more metallic oxide up to 5%
      effected significant improvement. Attempts to substitute graphite for one
      or more of the ingredients did not produce a satisfactory grease. The
      addition of the MoS.sub.2 and Sb.sub.2 O.sub.3 did not sufficiently
      improve the performance of the grease that had been thickened with lithium
      hydroxy stearate (see runs 1. and 2.), as they did for the
      calcium-acetate-complex-thickened grease. This invention takes advantage
      of the surprisingly low wear obtained using the combination
      calcium-acetate-complex-thickened grease and the minimum concentration of
      the MoS.sub.2 and the metallic oxides uniformly dispersed therein. In
      fact, by using the delineated effective and synergistic amounts of the
      solid additives, the final grease will lubricate sufficiently to effect a
      Shell 4-ball EP scar diameter of about 1.4 millimeters maxmium after five
      minutes at 900 revolutions per minute under 500 kilograms load. This
      represents outstanding preformance.
PAR  Having thus described the invention, it will be understood that such
      description has been given by way of illustration and example and not by
      way of limitation, reference for the latter purpose being had to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heavy duty lubricating grease consisting essentially of a
      substantially uniform dispersion including:
PA1  a. a multi-purpose heavy duty hydrocarbonaceous lubricant thickened by a
      calcium acetate complex to form a lubricating grease that is stable at
      high temperature and that has an ASTM worked penetration of no less than
      265; and effective and synergistic amounts of:
PA1  b. powdered molybdenum disulfide; and
PA1  c. powdered metallic oxide; said metallic oxide being selected from the
      group consisting of antimony trioxide; and a mixture of substantially
      equal parts of antimony trioxide, zinc oxide, lead oxide, nickel oxide,
      tungsten trioxide, vanadium pentoxide and copper oxide;
PAL  such that said heavy duty lubricating grease can be prepared to have a
      Shell 4-ball EP scar diameter of about 1.4 millimeters maximum after 5
      minutes at 900 revolutions per minute at 500 kilograms load.
NUM  2.
PAR  2. A heavy duty lubricating grease consisting essentially of a
      substantially uniform dispersion including:
PA1  a. a multi-purpose heavy duty hydrocarbonaceous lubricant thickened by a
      calcium acetate complex to form a lubricating grease that is stable at
      high temperatures and has an ASTM worked penetration of no less than 265;
      and effective and synergistic amounts of:
PA1  b. particles of molybdenum disulfide that are small enough to pass 100
      percent through a 100 mesh screen and 85 percent through a 325 mesh
      screen,
PA1  c. particles of antimony trioxide that are small enough to pass 100 percent
      through a 100 mesh screen and 90 percent through a 325 mesh screen,
PAL  such that said heavy duty lubricating grease can be prepared to have a
      Shell 4-ball EP scar diameter of about 1.4 millimeters maximum after 5
      minutes at 900 revolutions per minute under 500 kilograms load.
NUM  3.
PAR  3. A heavy duty lubricating grease consisting essentially of a
      substantially uniform dispersion including:
PA1  a. a multi-purpose heavy duty hydrocarbonaceous lubricant thickened by a
      calcium acetate complex to form a lubricating grease that is stable at
      high temperatures and has an ASTM worked penetration of no less than 265;
      and  effective and synergistic amounts of:
PA1  b. particles of molybdenum disulfide that are small enough to pass 100
      percent through a 100 mesh screen and 85 percent through a 325 mesh
      screen;
PA1  c. particles of metallic oxide consisting of a mixture of substantially
      equal parts of antimony trioxide, zinc oxide, lead oxide, nickel oxide,
      tungsten trioxide, vanadium pentoxide and copper oxide; said metallic
      oxide particles being small enough to pass 100 percent through a 100 mesh
      screen and 90 percent through a 325 mesh screen;
PAL  such that said heavy duty lubricating grease can be prepared to have a
      Shell 4-ball EP scar diameter of about 1.4 millimeters maximum after 5
      minutes at 900 revolutions per minute under 500 kilograms load.
NUM  4.
PAR  4. A heavy duty lubricating grease consisting essentially of a
      substantially uniform despersion including:
PA1  a. a multi-purpose heavy duty hydrocarbonaceous lubricant thickened by a
      calcium acetate complex to form a lubricating grease that is stable at
      high temperatures and has an ASTM worked penetration of no less than 265;
      and
PA1  b. small particles of molybdenum dislufide in an amount of at least 7
      percent by weight of said grease; said molybdenum disulfide particles
      having a range of particle sizes, including some fine particles and some
      coarse particles; and being small enough to pass 100 percent through a 100
      mesh screen and 85 percent through a 325 mesh screen;
PA1  c. small particles of metallic oxide in an amount of at least 5 percent by
      weight of said grease; said metallic oxide being selected from the group
      consisting of antimony trioxide; and a mixture of substantially equal
      parts of antimony trioxide, zinc oxide, lead oxide, nickel oxide, tungsten
      trioxide, vanadium pentoxide and copper oxide; said metallic oxide
      particles being small enough to pass 100 percent through a 100 mesh screen
      and 90 percent through a 100 mesh screen and 90 percent through a 325 mesh
      screen;
PAL  such that said heavy duty lubricating grease has a Shell 4-ball EP scar
      diameter of about 1.4 millimeters maximum after 5 minutes at 900
      revolutions per minute under 500 milograms load.
NUM  5.
PAR  5. The grease of claim 1 wherein said lubricating grease is in the National
      Lubricating Grease Institute class number lower than class 3, and has
      sufficient lubricating properties to effect a Shell 4-ball EP scar
      diameter of about 1.3 millimeters maximum after five minutes at 900
      revolutions per minute under 200 kilogram load.
NUM  6.
PAR  6. The grease of claim 5 wherein said lubricating grease is in NLGI class
      0, passes a Timken EP bearing test of 55 pounds, has a dropping point in
      excess of 500.degree.F, and employed a hydrocarbonaceous oil with a
      viscosity index of about 90 and a Saybolt Universal Seconds viscosity of
      100.degree.F of about 900, so as to be useful in bits drilling in hot
      subterranean formations.
NUM  7.
PAR  7. The grease of claim 4 wherein said molybdenum disulfide is present in an
      amount within the range of 11-20 percent by weight.
NUM  8.
PAR  8. The grease of claim 7 wherein said molydenum disulfide is present in an
      amount of about 13 percent by weight.
NUM  9.
PAR  9. The grease of claim 4 wherein said metallic oxide is present in an
      amount within the range of 5-20 percent by weight.
NUM  10.
PAR  10. The grease of claim 9 wherein said metallic oxide is present in an
      amount of about 7 percent by weight.
NUM  11.
PAR  11. The grease of claim 4 wherein said molybdenum disulfide is present as a
      solid EP additive in an amount within the range of 11-20 percent by
      weight; said metallic oxide is present as a solid EP additive in an amount
      within the range of 5-20 percent by weight; and wherein graphite, as
      another solid EP additive, is present in an amount of no more than 5
      percent by weight; and the total amount of EP solid additives is no more
      than 36 percent by weight.
PATN
WKU  039351157
SRC  5
APN  4037057
APT  1
ART  223
APD  19731004
TTL  Coolant for rotary engine
ISD  19760127
NCL  2
ECL  2
EXA  Kyle; Deborah L.
EXP  Padgett; Benjamin R.
INVT
NAM  Paul; George A.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  252 73
XCL  252 70
EDF  2
ICL  C09K  500
FSC  252
FSS  73;70
UREF
PNO  3743452
ISD  19730700
NAM  Steinwart
OCL  123 41.1
OREF
PAL  Miller, James E., "Methoxy Propanol Automotive Antifreeze," Soap & Chemical
      Specialties, Oct. 1967, pp. 68-76 and 212-213.
LREP
FR2  Mellom; Ralph M.
FR2  Rehberg; Chessie E.
ABST
PAL  An aqueous solution of propylene glycol monomethyl ether is a more
      effective coolant for rotary (Wankel) engines and less toxic than is
      gaseous alkylene glycol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Aqueous solutions of propylene glycol monomethyl ether have been suggested
      for general use as coolants for internal combustion engines and have been
      sold commercially for such use in heavy piston-type engines such as are
      used in buses and heavy trucks but have not been found commercially
      acceptable for use in automobile engines.
PAR  Wankel engines, herein referred to generically as rotary engines, have
      peculiar coolant problems in that the rotor housing is asymmetrically
      heated "hot spots" are formed on the combustion side and as a result in
      extreme cases, severe engine damage can occur. The danger arising from
      high metal temperatures is made more acute by the fact that as hot spots
      develop there is often a tendency for solid deposits to form on the
      coolant side, which deposits further reduce heat transfer, thus
      aggravating the problem. It is accordingly highly desirable to prevent
      even transient formation of hot spots under severe conditions, such as
      high speed, heavy load, rapid acceleration, etc.
PAR  While water is the most readily available and effective coolant, antifreeze
      additives are necessary for cold weather use. Ethylene glycol is by far
      the most widely used antifreeze additive. It is less efficient than water
      but more efficient than propylene glycol and similar materials.
PAR  There is increasing concern about the use of ethylene glycol because of its
      high toxicity. Propylene glycol and its ethers are much less toxic than
      the corresponding ethylene compounds.
PAR  In most areas glycol antifreeze is used at a concentration of about 50-60%
      by weight. However, because of the common habit of adding additional
      concentrate from time to time to assure that a safe concentration of both
      antifreeze and corrosion inhibitors is present, it is not unusual to find
      autos carry antifreeze concentractions of 70% or more. Since the heat
      transfer efficiency of the fluid decreases as the concentration of
      antifreeze additive increases, such high concentrations are conducive to
      the formation of hot spots where metal temperatures are beyond the safe
      range.
PAR  In view of the above problems, it is an object of the present invention to
      provide a coolant for rotary engines that adquately protects against
      freezing and also against excessively hot spots on the combustion chamber
      wall when operating the engine under severe conditions and which has low
      animal and human toxicity.
PAC  SUMMARY OF THE INVENTION
PAR  Liquid-cooled rotary engines are effectively cooled by use of an aqueous
      solution of propylene glycol monomethly ether. Such a solution is more
      efficient and less toxic than is a solution of ethylene glycol. Suitable
      concentrations are essentially those used with ethylene glycol and depend
      primarily on the lowest temperatures that are to be expected.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The fluid of the invention is used in the same way as conventional
      antifreeze coolants based on ethylene glycol. The same types of corrosion
      inhibitors, antioxidants, antifoam agents, lubricants, leak stoppers and
      other additives that are conventionally used in glycol-based antifreezes
      are also useful and effective in fluids based on propylene glycol
      monomethyl ether; hence, they need not be enumerated or further discussed
      here.
PAR  The rotary engine used in the tests described herein was that of a 1972
      Mazda R-100 coupe weighing 2040 lb. It had a two-rotor, water-cooled
      Wankel engine of 9.4:1 compression ratio and was rated at 110 brake
      horsepower at 7000 r.p.m. The cooling system had a capacity of 7.5 qt.,
      including the heater. The water pump had a capacity of 30 g.p.m., the
      thermostat was fully open at 194.degree.F. and the radiator was of the
      corrugated fin type with 51 sq. ft. of core area. The pressure cap opened
      at 12.8 p.s.i.g.
PAR  Thermocouples were installed at critical areas in the top, middle and
      bottom of each rotor housing about 0.050 inch from the inner wall of the
      housing. Since the hottest spots were found to be the combustion sides of
      the two rotor housings, only the readings at these points are included
      herein.
PAR  Since the differences in cooling efficiences of various coolant fluids
      become significant only under relatively severe conditions, the data shown
      in Tables I and II were obtained at road speeds of 70 and 80 m.p.h. and
      with coolant antifreeze concentrations up to 70%. The tables also include
      data taken in a peak acceleration test wherein the car was accelerated
      with wide-open throttle from a standing start to 7000 r.p.m. in third
      gear. The reported temperatures are the average of two runs made in
      opposite directions on the test course.
TBL                TABLE I                                                     

     ______________________________________                                    

     Rear Rotor Housing                                                        

               Conc.,                                                          

                     Housing Temp., .degree.F.                                 

     Coolant     Vol. %  70 MPH   80 MPH Acceleration                          

     ______________________________________                                    

     Water       --      264      293    349                                   

     Ethylene Glycol                                                           

                 34      283      310    367                                   

     "           50      301      333    393                                   

     "           70      316      353    419                                   

     Methoxypropanol                                                           

                 34      280      306    364                                   

     "           50      288      315    376                                   

     "           70      298      326    390                                   

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Front Rotor Housing                                                       

               Conc.,                                                          

                     Housing Temp., .degree.F.                                 

     Coolant     Vol. %  70 MPH   80 MPH Acceleration                          

     ______________________________________                                    

     Water               261      282    328                                   

     Ethylene Glycol                                                           

                 34      287      310    353                                   

     "           50      309      334    383                                   

     "           70      329      359    409                                   

     Methoxypropanol                                                           

                 34      281      300    344                                   

     "           50      287      306    351                                   

     "           70      297      318    363                                   

     ______________________________________                                    

PAR  While methoxypropanol used in the above tests was the commercial material
      consisting essentially of 1-methoxy-2-propanol, the isomeric
      2-methoxy-1-propanol is quite similar in properties and gives essentially
      equivalent results.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of cooling a liquid-cooled rotary internal combustion engine
      comprising circulating an aqueous solution of 2-methoxypropanol in the
      coolant passages of said engine.
NUM  2.
PAR  2. The process of cooling a liquid-cooled rotary internal combustion engine
      comprising circulating in the cooling system thereof an aqueous solution
      of propylene glycol monomethyl ether containing about 25-70% by volume of
      the ether.
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ABST
PAL  A functional fluid composition consisting essentially of (1) a phosphorus
      compound, preferably a phosphate ester containing at least two alkyl
      groups such as tributyl phosphate or di-n-butyl phenyl phosphate, alone or
      particularly in combination with a phosphate ester containing at least two
      aromatic groups, such as n-butyl diphenyl phosphate or tricresyl
      phosphate, and (2) a polyalkylene glycol material, e. g. a polypropylene
      glycol ether having a molecular weight ranging from about 600 to about
      1200, and particularly a combination of at least two polyalkylene glycol
      materials, e.g. two polypropylene glycol ethers having substantially
      different molecular weights.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 230,131, filed Feb. 28, 1972.
BSUM
PAR  This invention relates to functional fluid compositions having good fire
      resistance and desirable viscosity characteristics at both high and low
      temperature, and is especially directed to functional fluid compositions
      having the above-noted properties, particularly improved fire resistance
      and reduced deleterious effect on non-metallic materials, including
      reduced swelling effect on rubber, consisting essentially of a phosphorous
      compound, particularly certain phosphate esters and certain combinations
      of phosphate esters, and a polyalkylene glycol material, such as a
      polypropylene glycol ether of relatively low to medium molecular weight,
      and particularly combinations of certain polyalkylene glycol materials,
      the resulting functional fluids having the abovenoted desirable viscosity
      characteristics without requiring addition thereto of viscosity index
      improvers, such fluids also having improved thermal and hydrolytic
      stability and reduced density, as compared to conventional phosphate ester
      fluids, while otherwise retaining the desirable characteristics and
      advantages of conventional functional fluids containing chiefly a
      phosphate ester or mixtures thereof.
PAR  Many different types of materials are employed as functional fluids, and
      functional fluids are utilized in a wide variety of applications. Thus,
      such fluids have been utilized as electronic coolants, diffusion pump
      fluids, lubricants, damping fluid, power transmission and hydraulic
      fluids, heat transfer fluids and heat pump fluids. A particularly
      important application of such functional fluids has been their utilization
      as hydraulic fluids and lubricants in aircraft, requiring successful
      operation of such fluids over a wide temperature range, and fire resistant
      fluids.
PAR  Functional and hydraulic fluids employed in many industrial applications
      and particularly hydraulic fluids for aircraft must meet a number of
      important requirements. Thus, such hydraulic fluids particularly for
      aircraft use, should be operable over a wide temperature range, should
      have good stability at relatively high temperatures and preferably have
      lubricating characteristics. In addition to having the usual combination
      of properties making it a good lubricant or hydraulic fluid, such fluid
      should also have relatively low viscosity at extremely low temperatures
      and an adequately high viscosity at relatively high temperatures, and must
      have adequate stability at the high operating temperatures of use.
      Further, it is of importance that such fluids be compatible with an not
      adversely affect materials including metals and non-metals such as
      elastomeric or rubber seals of the system in which the fluid is employed.
      It is also important in aircraft hydraulic fluids and lubricants that such
      fluids have as high a fire resistance as possible to prevent ignition if
      such fluids are accidentally or as result of damage to the hydraulic
      system, sprayed onto or into contact with surfaces of materials of high
      temperature. Another important property for application of a hydraulic
      fluid in aircraft is the provision of a low density fluid to increase pay
      load.
PAR  Hydraulic fluids in commercial jet aircraft are exposed to temperatures
      ranging from below -40.degree.F to over 200.degree.F. Within these
      temperature extremes, it is necessary for the fluid to maintain a
      reasonably low viscosity when cold, and yet not become too thin when hot.
      As a general rule, this means that the fluid preferably should have a
      viscosity of less than 4,200 cs. (centistokes) at -65.degree.F, and
      maintain a viscosity preferably above 3.0 at 210.degree.F.
PAR  Presently available commercial functional or hydraulic fluid base stocks do
      not possess these viscosity characteristics. Phosphate esters are among
      the most commonly employed base stocks, of which tributyl phosphate and
      dibutyl phenyl phosphate are widely used components. Both of the latter
      phosphates are too thin at high temperatures, and their use alone would
      result in rapid wear of moving parts. Other phosphate esters, such as
      tricresyl phosphate, for example, which provide the requisite high
      temperature viscosity become too thick to be useful at low temperatures.
      Even mixtures of various phosphate esters such as those noted above do not
      provide the required viscosity characteristics at both low and high
      temperatures. Accordingly, it has been the practice to achieve the
      required wide viscosity range required for aircraft hydraulic fluids by
      adding to a thin base stock, such as phosphate ester or mixtures thereof,
      a small proportion, e.g., up to 10%, of a polymeric material such as
      polyalkyl acrylates or methacrylates, whose solubility characteristics in
      the base stock are chosen so that the polymeric material thickens the
      fluid more at high temperatures than at low temperatures, and thus
      functions as a viscosity index (VI) improver.
PAR  However, the chief disadvantage of this method of viscosity improvement is
      that polymers of the type noted above are generally not stable to the
      shearing forces encountered in an aircraft hydraulic system, and during
      use, these large molecules are sheared down to smaller molecules which
      lose their ability to improve viscosity index. This means that the
      functional fluid loses viscosity in use and requires addition of polymer
      to the fluid and eventually, as the detritus from polymeric breakdown
      accumulates in the fluid and contaminates it, the fluid must be discarded.
      In addition, of course, employment of a viscosity index improver in the
      functional fluid, even in the minor amounts presently employed,
      substantially increases the cost of the fluid.
PAR  Polyalkylene glycol materials such as the co-polymer of ethylene oxide and
      1,2-propylene oxide, having high molecular weight up to 15,000 to 20,000,
      have been employed as soluble organic polymeric thickeners in water based
      hydraulic fluids containing a water soluble glycol such as ethylene
      glycol, as the basic component, as disclosed in U.S. Pat. No. 2,602,780.
      However, such high molecular weight polyalkylene glycol materials have not
      heretofore been employed as a base stock component in essentially
      non-aqueous fire resistant phosphate ester based hydraulic fluids of the
      type according to the present invention.
PAR  U.S. Pat. No. 2,469,285 to White discloses a hydraulic pressure
      transmitting fluid such as a brake fluid, consisting essentially of
      tricresyl phosphate, along with solvents or diluents, such as a
      polymerized glycol and/or an aliphatic ether of a polyglycol, singly or in
      combination. However, such a fluid containing only tricresyl phosphate as
      the so-called lubricating base of the fluid, is too thick to be used as a
      hydraulic fluid for aircraft, at low temperatures ranging from
      -40.degree.F to -65.degree.F. even in the presence of the glycol materials
      employed as solvents or diluents in such fluid. Thus, as noted in the
      patent, the viscosity at -40.degree.F. of representative examples of
      fluids according to this patent are about 9000 cs. and about 19,500 cs,
      which is substantially above the required viscosity for hydraulic fluids
      in commercial jet aircraft exposed to such low temperatures, such fluids
      preferably having a viscosity of less than 4200 cs. at the much lower
      temperature of -65.degree.F. as noted above.
PAR  U.S. Pat. No. 2,801,968 to Furby et al. is directed to a jet turbine
      lubricant having as the main component a glycol ether employed in an
      amount of 90 to 98%, and which includes an antiwear additive in the form
      of a phosphate ester employed in minor proportions of only 0.5 to 5%. This
      composition is not a phosphate ester based hydraulic fluid, and it is
      noted that it is necessary to have the lubricant of this patent relatively
      thick because of the high operating temperatures of 550.degree. to
      650.degree.F. of the lubricant, it being only necessary to be able to
      start the engine at low temperatures. Thus, in representative examples of
      this patent it is noted that at -65.degree.F. the compositions of the
      patent have a viscosity ranging from almost 13,000 to 19,000 cs. Although
      such a high viscosity is permissible for use of the composition of the
      patent as a jet lubricant, that is to supply a film of lubricant to the
      moving parts of the jet engine, such high viscosities would render the
      composition of Furby et al. entirely unacceptable and inoperative to
      function as a hydraulic fluid continuously at such low temperatures, for
      example at -65.degree.F. since as noted above a hydraulic fluid for
      successful operation of commercial jet aircraft at -65.degree.F.
      preferably should have a viscosity of less than 4200 cs. at such
      temperature, while at the same time having sufficiently high viscosity at
      high temperatures also to continuously operate at the higher temperatures.
PAR  U.S. Pat. No. 2,839,468 to Stewart et al. has substantially the same
      disclosure as the above-noted Furby et al. U.S. Pat. No. 2,801,968.
PAR  U.S. Pat. No. 3,468,802 to Nail discloses hydraulic fluid compositions
      containing a phosphate ester as base stock component and discloses that
      various viscosity index improvers, including high molecular weight
      polyalkylene glycols, can be employed in minor proportion of from about
      0.2 to about 12% by weight. It is noted that such high molecular
      polyalkylene glycol viscosity index improvers are characterized by having
      a high viscosity in the range of about 1400 to 23,000 cs. at 100.degree.F.
PAR  U.S. Pat. No. 3,513,097 to Langenfeld discloses use of a wide variety of
      base stocks in functional fluid compositions, including esters and amides
      of phosphorus, among other types of base stocks. The patentee notes that
      the base stocks can also contain other fluids derived from coal products,
      for example alkylene oxide-type polymers, e.g. propylene oxide polymers.
      There is no disclosure or suggestion in this patent, however, of the
      combination of such alkylene oxide polymers with any specific types of
      base stock components, such as phosphate esters.
PAR  It is an object of this invention to provide a functional fluid which is
      particularly useful as an aircraft hydraulic fluid and which has requisite
      viscosity characteristics over a wide temperature range, and which has the
      advantage of not requiring incorporation of viscosity index improvers,
      while at the same time having other improved and other requisite
      properties for a good hydraulic fluid, including good fire resistance and
      low density, freedom from corrosivity and wear on metallic parts, and
      reduced deleterious effect on non-metallic materials, e.g. reduced rubber
      swell, and having substantially reduced cost as compared to presently
      available aircraft hydraulic fluids, particularly those based essentially
      on phosphorous esters alone as the base stock component. Hence it is a
      particular object to replace such presently employed phosphorus ester base
      stock fluids, with functional fluids or blends containing base stock
      components or combinations thereof, in addition to phosphorus ester or
      phosphate components, which confer on the functional or hydraulic fluid,
      good viscosity and density characteristics, and other improved properties,
      while substantially reducing the cost of the fluid.
PAR  The above objects are achieved according to the present invention by the
      provision of a functional fluid, particularly valuable as a hydraulic
      fluid for aircraft, comprising basically a mixture of a phosphorus
      compound, particularly a phosphate ester containing at least two alkyl or
      alkoxyalkyl groups, hereinafter termed an "aliphatic" phosphate, and a
      polyalkylene glycol material, particularly a polypropylene glycol ether of
      relatively low to medium molecular weight. The phosphorus compound, e.g.
      phosphate ester, and polyalkylene glycol material are utilized preferably
      in the amounts or proportions set forth hereinafter, in order to obtain
      the desirable properties of the functional fluid noted above.
PAR  As a further feature of the invention it has been found that the
      incorporation ester containing at least two aromatic groups, e.g.
      diphenyl-n-butyl phosphate, hereinafter termed an "aromatic" phosphate,
      particularly in certain amounts noted below, in combination with a
      phosphate ester containing at least two alkyl groups, e.g. tributyl
      phosphate or di-n-butyl phenyl phosphate, the aliphatic phosphate,
      provides additional advantages. In the first place, the presence of the
      phosphate ester containing at least two aromatic groups has been found
      unexpectedly to increase or improve the AIT (autoignition temperature)
      characteristics of the residing fluid or blend, over the fluid having only
      a phosphate ester or esters containing at least two alkyl groups, that is,
      the aliphatic phosphate. This advantage renders unnecessary the use of
      heavy metal, e.g. selenium or lead, or iodine, organic compounds as AIT
      enhancers. This is particularly noticeable in blends containing an
      aliphatic phosphate and including polyglycol ethers such as polyethylene
      glycol or polypropylene glycol mono- or di-butyl ethers. Such blends
      generally exhibit AIT values below 700.degree.F in the absence of either
      selenium additives, or aromatic phosphates. Thus, in a functional fluid
      containing e.g. about 75% tributyl phosphate, and about 25% polyalkylene
      glycol material, by replacing a portion of such tributyl phosphate, e.g.
      25% by weight of the fluid, with diphenyl octyl phosphate, the AIT of the
      resulting blend can be raised as much as 100.degree.F or more over the
      fluid containing only the tributyl phosphate.
PAR  A further unexpected advantage of the presence of the aromatic phosphate
      together with the aliphatic phosphate is a marked decrease in the effect
      of such fluid blend on non-metallic materials, particularly elastomers
      such as rubber, as compared to fluids containing only an aliphatic
      phosphate or phosphates. Thus, the amount of rubber swell occuring on
      contact of such fluid blend of aromatic and aliphatic phosphates with
      rubber materials such as rubber seals, is markedly reduced as contrasted
      to the amount of rubber swell produced by contact with fluids containing
      only aliphatic phosphates. Hence the presence of such aromatic phosphates
      in the above fluid blends causes a significant improvement in rubber
      compatibility. This is quite remarkable, since it is known, as pointed out
      in above U.S. Pat. No. 2,469,285 to White, that aromatic compounds are
      noted for their capacity to cause rubber swelling.
PAR  However, the presence of aromatic phosphates, such as tricresyl phosphate,
      in blends together with an aliphatic phosphate, such as tributyl phosphate
      causes the blend to be less responsive to the viscosity improving
      characteristics of the polyalkylene glycol component. As a further feature
      of the invention, it has been found advantageous to incorporate at least
      two different polyalkylene glycol components, that is at least two
      polyalkylene glycol materials, preferably at least two polyalkylene glycol
      ethers, that is, monoethers and/or diethers, having substantially
      different molecular weights, in the fluid or blend containing both the
      above-noted aromatic and aliphatic phosphates. The result is that the
      fluid blend can be more readily designed or tailored so that it has the
      above noted desirable low and high temperature and viscosity
      characteristics.
PAR  Thus, the functional fluids produced according to the invention can be
      blended as noted above to have a fire resistance greater than the fire
      resistance of presently employed commercially available hydraulic fluids,
      and at the same time to have suitably low viscosity at temperatures below
      -40.degree.F, and down to -65.degree.F, and suitably high viscosity at
      high temperature of 210.degree.F, and above, and this can be accomplished
      without incorporating viscosity index improver. by avoiding the necessity
      for a viscosity index improver, the functional fluids of the invention do
      not suffer from the disadvantage noted above, namely, the deterioration of
      such polymeric additives used for viscosity improvement, and accumulation
      of molecular debris, leading to a shortening of the useful life of the
      fluid. Hence the functional fluids of the present invention have a longer
      period of usefulness, providing economic advantages including the
      avoidance of the high cost of the viscosity index improver and the
      employment of relatively low cost polyalkylene glycol ethers or diethers,
      in place of a substantial portion of the phosphate ester generally
      employed in presently available phosphate based aircraft hydraulic fluids.
PAR  Also, the functional fluid compositions and blends of the present invention
      have improved thermal and hydrolytic stability compared with the phosphate
      ester based fluids currently in use, contributing to a long useful life
      for the fluid. In addition, the functional fluids according to the present
      invention have low densities of the order of 1.0 or less, an important
      property for aircraft hydraulic fluids. The above advantages can be
      achieved while at the same time improving the flammability characteristics
      over phosphate ester-type hydraulic fluids currently in use. Also, the
      functional fluids according to the invention have freedom from
      corrosivity, wear and deterioration with respect to the metallic and
      non-metallic components, and the pumps of hydraulic fluid systems, which
      compare favorably with these characteristics for phosphate type base stock
      hydraulic fluids presently commercially employed.
PAR  Further, in addition to their valuable application as hydraulic fluids for
      aircraft hydraulic systems, the fluids according to the invention have
      important application as a hydraulic or functional fluid in industrial and
      marine fields, particularly in industrial turbine systems.
PAR  One of the essential components of the functional fluids according to the
      invention is a phosphorus compound selected from the group consisting of
      certain phosphate esters and amides of an acid of phosphorus, or mixtures
      thereof.
PAR  The basic aliphatic phosphate ester employed in the functional fluid
      according to the invention has the general formula:
      ##EQU1##
      where R.sub.1 and R.sub.2 each are alkyl, both straight chain and branched
      chain of from about 3 to about 10 carbon atoms such as n-propyl, n-butyl,
      n-amyl, n-hexyl, isopropyl, isobutyl, and the like, and alkoxyalkyl having
      from about 3 to about 8 carbon atoms such as methoxy methyl, methoxy
      ethyl, ethoxy ethyl, methoxy propyl, and the like, and R.sub.3 can be
      alkyl or alkoxyalkyl as defined above, or aryl such as phenyl and
      naphthyl, alkaryl such as cresyl, xylyl, ethyl phenyl, propyl phenyl,
      isopropyl phenyl, and the like, said aryl and alkaryl radicals preferably
      containing from 6 to about 8 carbon atoms.
PAR  Examples of such aliphatic phosphates are the trialkyl phosphates having
      alkyl groups which are either straight chain or branched chain with from
      about 3 to about 10 carbon atoms, such as n-propyl n-butyl, n-amyl and
      n-hexyl, particularly tri-n-butyl phosphate, tri(2-ethyl hexyl) phosphate
      and triisononyl phosphate, the straight chain alkyl groups preferably
      containing from 4 to 6 carbon atoms.
PAR  Other examples of such aliphatic phosphate esters are the dialkyl aryl
      phosphates in which the alkyl groups are either straight chain or branched
      chain and contain from about 3 to about 10 carbon atoms, such as n-propyl,
      n-butyl, n-amyl, n-hexyl, isopropyl, isobutyl, isoamyl, and the aryl
      radicals have from 6 to 8 carbon atoms and can be phenyl, cresyl or xylyl,
      particularly dialkyl phenyl phosphates including dibutyl phenyl phosphate,
      butyl amyl phenyl phosphate, butyl hexyl phenyl phosphate, butyl heptyl
      phenyl phosphate, butyl octyl phenyl phosphate, diamyl phenyl phosphate,
      amyl hexyl phenyl phosphate, amyl heptyl phenyl phosphate, and dihexyl
      phenyl phosphate.
PAR  In the above-noted preferred embodiment, the basic phosphate ester also
      includes an aromatic phosphate in combination with the above aliphatic
      phosphate. Such aromatic phosphate has the general formula:
      ##EQU2##
      where R.sub.4 and R.sub.5 are each aryl or alkaryl as defined above, and
      R.sub.6 can be aryl or aralkyl, or alkyl or alkoxyalkyl, as defined above,
      except that such alkyl can contain from about 3 to about 20 carbon atoms,
      as illustrated below.
PAR  Examples of such aromatic phosphates are triaryl phosphates in which the
      aryl radicals of such phosphates have from 6 to 8 carbon atoms, that is,
      may be phenyl, cresyl or xylyl, and in which the total number of carbon
      atoms in all three of the aryl radicals is from 18 to 24, and preferably
      wherein the three radicals include at least one cresyl or xylyl radical.
      Examples of such phosphates include triphenyl, tricresyl, trixylyl, phenyl
      dicresyl, and cresyl diphenyl phosphates.
PAR  Examples of other phosphates also termed herein aromatic phosphates are
      alkyl diaryl phosphates in which the aryl radicals of such phosphates may
      have from 6 to 8 carbon atoms and may be phenyl, cresyl or xylyl, and the
      alkyl radical may have from about 3 to about 20 carbon atoms, examples of
      which are given above. Examples of the alkyl diaryl phosphates include
      butyl diphenyl, amyl diphenyl, hexyl diphenyl, heptyl diphenyl, octyl
      diphenyl, 6-methyl heptyl diphenyl, 2-ethylhexyl diphenyl, decyl diphenyl,
      decyl dicresyl, tridecyl diphenyl, butyl phenyl cresyl, amyl phenyl xylyl,
      and butyl dicresyl phosphates.
PAR  The above aliphatic and aromatic phosphate esters wich can be employed
      generally are normally liquid between about -65.degree.F and 210.degree.F,
      except for triphenyl phosphate. Preferably, the abovenoted trialkyl
      phosphates such as tributyl phosphate or tri-n-hexyl phosphate are
      employed as the basic aliphatic phosphate, as such phosphates are
      particularly effective in achieving low viscosity at low temperature.
      However, the above-noted dialkyl aryl phosphates such as dibutyl phenyl
      phosphate, also can be employed as the aliphatic phosphate, and such
      phosphate can be employed in combination with a trialkyl phosphate such as
      tributyl phosphate.
PAR  The aromatic phosphate preferably employed in combination with the basic
      aliphatic phosphate component in formulating the above-noted blends, are
      triaryl phosphates as illustrated above, e.g. tricresyl phosphate,
      particularly in combination with the above-noted trialkyl phosphates, e.g.
      tributyl phosphate. However, the above-noted alkyl diaryl phosphate such
      as butyl diphenyl phosphate or octyl diphenyl phosphate or tridecyl
      diphenyl phosphate also can be employed, particularly in combination with
      the above-noted trialkyl phosphate. Mixtures of aromatic phosphates also
      can be employed as the aromatic phosphate ester component.
PAR  Further, a mixture of three of the above aliphatic and aromatic phosphates
      can be used, e.g. a mixture of dibutyl phenyl, tributyl and triphenyl
      phosphates, or a mixture of tributyl, trihexyl and butyl diphenyl
      phosphates. Since triphenyl phosphate is a solid at ambient temperature,
      it is generally employed in combination with a liquid aliphatic phosphate
      in sufficient amount to maintain the combination liquid over the desired
      temperature range of operation of the fluid.
PAR  Another class of phosphorus compounds which can be employed as a base stock
      component according to the invention are the amides of acids of
      phosphorus, e.g., amido phosphates, including the mono-, di- and triamides
      of an acid of phosphorus, an example of which is phenyl
      N-methyl-N-n-butyl-N'-methyl-N'-n-butyl phosphorodiamidate. Additional
      examples are m-cresyl-p-cresyl -N,N-dimethylphosphoroamidate,
      di-m-cresyl-N,N-dimethyl-phosphoroamidate, di-p-cresyl-N,N-dimethyl
      phosphoroamidate, phenyl-N,N-dimethyl-N',N'-dimethylphosphorodiamidate,
      N-methyl-N-butyl-N'-N"-tetramethylphosphorotriamidate, N,N'
      -di-n-propyl-N"-dimethylphosphorotriamidate.
PAR  The second essential component of the functional fluid according to the
      invention is a polyalkylene glycol material. The polyalkylene glycol
      materials employed are compatible with the above-noted phosphorus
      compounds, particularly the phosphate esters.
PAR  Although polyalkylene glycols, e.g. polypropylene glycol, can be employed,
      the preferred polyalkylene glycol materials are those in which one or both
      of the terminal hydroxy groups have been modified to form ether groups,
      providing mono- or diether derivatives, or combinations thereof. Thus, the
      most desirable glycol materials for purposes of the invention are the
      monoethers and diethers. Particularly satisfactory materials have been
      found to be the monomethyl ether of polypropylene glycol, the copolymer of
      ethylene oxide and propylene oxide, monobutyl ether, and the butyl, methyl
      diether of polypropylene glycol.
PAR  The polyalkylene glycol materials employed in the invention composition
      preferably are substantially hydrophobic materials. It is preferred not to
      employ those polyalkylene glycol materials that are to any significant
      extent water miscible and which would accordingly tend to dissolve water
      at one temperature and crystallize water out at lower temperatures. The
      molecular weight of the glycol materials can range from about 500 to about
      25,000. However, in order to maintain as low a viscosity of the functional
      fluid as possible at low temperatures, the glycol materials employed
      should be of low to medium molecular weight, and accordingly should have a
      molecular weight ranging from about 500 to about 2,000, preferably from
      about 600 to about 1,200. Also, it is desirable that the polyalkylene
      glycol component employed be of a type which tends to supercool and to
      maintain a low viscosity at temperatures down to about -65.degree.F.
PAR  However, as previously noted, where the preferred blend of aromatic and
      aliphatic phosphates is employed, it has been found advantageous to
      incorporate two or more glycol materials of the types described above,
      such glycol materials having substantially different molecular weights.
      Thus, it has been found most desirable to employ a combination of a glycol
      material, preferably an ether, having a low to medium molecular weight, as
      defined above, with a high molecular weight glycol material, preferably an
      ether, the latter material having a molecular weight above about 2,000,
      generally ranging from about 3,000 to about 25,000.
PAR  The ether end groups which preferably are present on the polyalkylene
      gylcol materials are preferably oxyalkyl groups, the alkyl radicals of
      which can range from 1 to about 8 carbon atoms in length. The longer chain
      alkyl groups having in excess of 4 carbon atoms, e.g. pentyl, hexyl,
      heptyl and octyl, are not preferred because polyalkylene glycol ethers of
      this type have increased viscosity. It is preferred to employ one or more
      end alkyl groups in the polyalkylene glycol mono- or diether, which have
      from 1 to 4 carbon atoms. Thus, preferred end alkyl groups are, for
      example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, and the
      like. It is often desirable that where a diether is employed, one of the
      end alkyl groups be a methyl or an ethyl radical, while the other end
      alkyl group of the diether be, for example, a propyl or butyl radical.
PAR  The alkylene groups of the polyalkylene glycol material can be an ethylene
      or propylene group, or mixtures thereof, that is, copolymers containing
      ethylene and propylene groups. The propylene polymers and
      ethylene-propylene copolymers, that is, copolymers of ethylene oxide and
      propylene oxide, are preferred over the ethylene polymers, because of the
      increased water solubility of the ethylene polymers.
PAR  Particularly satisfactory polyalkylene glycol materials for purposes of the
      invention are the n-butyl methyl, n-butyl ethyl, isobutyl ether, n-propyl
      ethyl and isopropyl ethyl diethers of polypropylene glycol, the monomethyl
      ether of polypropylene glycol and the copolymer of ethylene oxide and
      propylene oxide, monobutyl ether.
PAR  The preferred polyalkylene glycol materials employed in the invention
      composition can be produced in known manner from the 1,2-alkylene glycols.
      Thus, for example, polypropylene glycol materials are prepared by reacting
      1,2-propylene oxide and the corresponding alkylene glycol to form
      poly-1,2-propylene glycol derivatives, and one or both terminal hydroxy
      groups can be removed to provide the above-noted ether groups, either
      during or after polymerization. The term "polypropylene glycol" employed
      in the specification and claims is intended to denote and include the
      above-noted poly-1,2-propylene glycol derivatives.
PAR  As noted above, mixtures of the above polyalkylene glycol materials, e.g.
      mixtures of polypropylene glycol mono and/or diethers can be used, or
      mixtures of two copolymers of ethylene oxide and propylene oxide,
      monobutyl ether, of substantially different molecular weights.
PAR  The phosphorus compound, e.g. phosphate ester, is employed in amounts
      sufficient particularly to provide good fire resistance or flammability
      characteristics of the functional fluid. Further, the phosphorus compound
      and glycol material are present in amounts such that the functional fluid
      composition has a viscosity at -65.degree.F of not greater than about
      6,000 cs, preferably not greater than about 4,200 cs, and a viscosity at
      210.degree.F of not less than 2.25 cs, preferably not less than about 3.0
      cs. Generally, the phosphorus compound, e.g. phosphate ester, or a mixture
      thereof, is employed in an amount ranging from about 15 to about 90%,
      preferably about 15 to about 70%, by weight of the functional fluid
      composition. When employing the above-noted preferred combination of
      aliphatic and aromatic phosphates, the aliphatic phosphate can be present
      in an amount ranging from about 10 to about 80%, preferably about 10 to
      about 60%, and the aromatic phosphate can be present in an amount ranging
      from about 5 to about 75%, preferably about 5 to about 40%, by weight of
      the composition. It has often been found desirable to employ a larger
      amount of the aliphatic phosphate compared to aromatic phosphate, e.g. a
      ratio of from 3:2 to 8:1 of aliphatic phosphate. However, in some
      instances a larger amount of aromatic phosphate to aliphatic phosphate can
      be employed.
PAR  The amount of polyalkylene glycol material, e.g. polypropylene glycol
      monoether or diether, which can be employed separately or in admixture can
      range from about 10 to about 85%, preferably about 10 to about 70%, by
      weight of the functional fluid composition. Compositions containing
      approximately equal weight proportions of the phosphorus compound or
      phosphorus ester, and polyalkylene glycol material, for example, have been
      found quite effective. When mixtures of polyalkylene glycol materials are
      used, a low to medium molecular wieght glycol material can be used in an
      amount ranging from about 8% to about 65%, preferably about 10 to about
      40%, and a glycol material of high molecular weight in an amount ranging
      from about 2 to about 25%, preferably about 4 to about 15%, by weight of
      the composition. In such mixture of glycol materials, generally the
      polyalkylene glycol material of low to medium molecular weight is employed
      in larger amount than the glycol material of high molecular weight, e.g.
      in a ratio of 3:2 to 5:1 of the former to the latter.
PAR  In any event, the minimum above-noted proportions of at least 15%
      phosphorus compound, e.g. phosphate ester or a mixture thereof, and at
      least 10% of the polyalkylene glycol material, or a mixture thereof, by
      weight, are present in the functional fluid. It will be noted further that
      when a mixture or combination of phosphate esters is employed, as
      described above, a single glycol material can be employed, but preferably
      a mixture thereof, as described above, is used. When only a single glycol
      material is used, it is preferred to employ the medium to low molecular
      wieght glycol material defined above.
PAR  It will be understood that other commonly employed additives such as
      corrosion inhibitors, oxidation inhibitors, stabilizers, metal
      deactivators, and the like, such as epoxides, dialkyl sulfides,
      benzothiazole, phenyl alpha naphthylamine and phenolic oxidation
      inhibitors, well known as functional fluid additives in the art, can also
      be incorporated in the functional fluid composition of the invention, in
      relatively small amounts, if desired.
PAR  The following are examples illustrating functional fluid compositions
      according to the invention, such examples being only illustrative and are
      not intended as limitative of the invention.
DETD
PAC  EXAMPLE 1
PAR  The following composition containing a phosphate ester and a polyalkylene
      glycol diether was prepared.
TBL  ______________________________________                                    

     Components            Percent by weight                                   

     ______________________________________                                    

     n-butyl-methyl diether of                                                 

     polypropylene glycol (molecular                                           

     weight, about 700) marketed as                                            

     "Ucon DLB 62E"        37                                                  

     n-butyl-methyl diether of                                                 

     polypropylene glycol (molecular                                           

     weight about 1,000) marketed as                                           

     "Ucon DLB-200E"       16                                                  

     tri-n-hexyl phosphate 47                                                  

                           100                                                 

     ______________________________________                                    

PAL  The viscosity of the above composition at -65.degree.F, 100.degree.F, and
      210.degree.F was measured and the results noted below.
TBL  ______________________________________                                    

     Temperatures(.degree.F)                                                   

                        Viscosity                                              

                        (centistokes)                                          

     ______________________________________                                    

     -65                3670                                                   

     100                10.1                                                   

     210                3.01                                                   

     ______________________________________                                    

PAC  EXAMPLES 2 and 3
PAR  Compositions 2 and 3 noted in Table I below, containing a phosphate ester
      or esters, and a polypropylene glycol diether or diethers were prepared in
      accordance with the invention.
PAR  The viscosity in centistokes at -65.degree.F and at 210.degree.F, and also
      the density, of the respective compositions were measured.
PAR  The resulting compositions designated Examples 2 and 3 are given in the
      table below, together with their respective density and viscosities at
      -65.degree.F and 210.degree.F.
TBL                TABLE I                                                     

     ______________________________________                                    

     Examples of Compositions (% by weight                                     

     Components       2           3                                            

     ______________________________________                                    

     Ucon DLB-200E    18          22.5                                         

     Ucon DLB-62E     15.5        19                                           

     Dibutyl phenyl phosphate                                                  

                      8           --                                           

     Tri-n-hexyl phosphate                                                     

                      55          55                                           

     Additives        3.5         3.5                                          

                      100.0       100.0                                        

     Viscosity (cs)                                                            

      65.degree.F     2880        3980                                         

     210.degree.F     2.70        3.22                                         

     Density          0.96        0.95                                         

     ______________________________________                                    

PAR  The term "additives" set forth in the table above includes epoxide
      stabilizer, 4,4'-dichlorodiphenyl diselenide and triphenyl phosphine, and
      water.
PAR  From the table above, it is seen that the compositions of Examples 2 and 3
      containing a phosphate ester, or mixtures thereof, and a polypropylene
      glycol diether or mixtures thereof, of suitable molecular weight, each
      have viscosities at -65.degree.F ranging from 2880 to 3980 cs. and at
      210.degree.F ranging from 2.70 to 3.22 cs, and essentially within the
      preferred viscosities of less than 4200 cs at -65.degree.F and about 3.0
      cs at 210.degree.F, and densities less than 1, and hence are relatively
      low density fluids, an important economic criterion for use of such fluids
      in modern large commercial aircraft, so that such compositions are
      particularly useful as functional or hydraulic fluids in aircraft .
PAR  The compositions corresponding to Examples 2 to 3 of the above table also
      have good fire resistance, and have good thermal and hydrolytic stability.
PAC  EXAMPLE 4
PAR  The following composition containing a combination of aliphatic and
      aromatic phosphate esters was prepared:
TBL  Components           Percent by weight                                    

     ______________________________________                                    

     Tributyl phosphate   49.5%                                                

     Santicizer 148       24.4%                                                

     Ucon LB 285 (a polyglycol)                                                

                          14.1%                                                

     Ucon 50HB 5100 (a polyglycol)                                             

                          5.6%                                                 

     A mono epoxide additive                                                   

                          6.0%                                                 

     Bis (phenylthio)-ethane                                                   

                          0.4%                                                 

                          100.0                                                

     ______________________________________                                    

PAR  Water concentration of the above composition was adjusted to 0.2%, and
      0.02% of a perfluorinated alkyl sulfonic acid surfactant was added.
PAR  Santicizer 148 is understood to be a mixed alkyl (C.sub.8 - C.sub.13)
      diphenyl phosphate.
PAR  Ucon LB 285 is understood to be the copolymer of ethylene oxide and
      propylene oxide, monobutyl ether having a molecular weight of
      approximately 1,000.
PAR  Ucon 50HB 5100 is understood to be the copolymer of ethylene oxide and
      propylene oxide, monobutyl ether, molecular weight 4,000 - 5,000.
PAR  The resulting composition containing a mixture of aliphatic and aromatic
      phosphates has an improved AIT (autoignition temperature) of about
      800.degree.F as compared to an AIT of less than 600.degree.F for the
      composition of Example 1, containing only an aliphatic phosphate. Further,
      the low and high temperature viscosity characteristics of the composition
      of the present example, containing the mixture of low molecular weight and
      high molecular weight polyalkylene glycol ethers, are similar to the
      desirable low and high temperature viscosity characteristics of the
      composition of Example 1.
PAR  Rubber compatibility-rubber swell tests for 168 hours immersion of butyl
      rubber and EPR (ethylene-propylene rubber) in the composition of this
      example, designated composition 4, and in two different commercial
      phosphate ester-based low density hydraulic fluid compositions, designated
      compositions 5 and 6, were carried out and the results are shown in Table
      II below.
TBL                TABLE II                                                    

     ______________________________________                                    

                 Percent rubber swell                                          

                 Butyl      EPR                                                

      4            7.7          6.8                                            

     Composition 5 14.7         9.1                                            

     Composition 6 15.5         10.7                                           

     ______________________________________                                    

PAR  From the above table, it is seen that the amount of rubber swell on contact
      of composition 4 according to the invention, with butyl rubber and EPR,
      important rubbers widely used in the manufacture of seals for aircraft
      hydraulic systems, is substantially less than in the case of the two
      different phosphate-ester based hydraulic fluid compositions 5 and 6.
PAC  EXAMPLES 7 - 18
PAR  In Table III below is set forth additional illustrative compositions of the
      present invention.
TBL                                    TABLE III                               

     __________________________________________________________________________

                    EXAMPLES OF COMPOSITIONS (% by weight)                     

                    7  8  9  10 11 12 13 14 15 16 17 18                        

     __________________________________________________________________________

     di-n-hexyl phenyl                                                         

     phosphate                  20                                             

     di-n-butyl phenyl                                                         

     phosphate         65 30       45       15    15                           

     tri-n-butyl                                                               

     phosphate      25       40       45       50 30 40                        

     tri-n-hexyl                                                               

     phosphate      25          40                                             

     n-butyl diphenyl                                                          

     phosphate      25                      25                                 

     n-octyl diphenyl                                                          

     phosphate                        25                                       

     triphenyl phosphate                       15                              

     dicresyl phenyl                                                           

     phosphate                     20                15                        

     tricresyl phosphate     15                   25 20                        

     Phenyl-N-methyl-N-n                                                       

     butyl-N'-methyl-N'-n-butyl                                                

     phosphorodiamidate                  55                                    

     Ucon DLB 62E      35 70       25    45          15                        

     Ucon LB 285    17       45 40    20    40 25 22                           

     Jeffox OL 2700                10       20       10                        

     Ucon 50HB 5100  8                10       10  8                           

     __________________________________________________________________________

PAR  Jeffox OL 2700 is understood to be a polypropylene glycol monomethyl ether,
      molecular weight about 3,000.
PAC  EXAMPLE 19
PAR  The following composition was prepared:
TBL  Components        Parts by weight                                         

     ______________________________________                                    

     tributyl phosphate                                                        

                       495                                                     

     Santicizer 148    244                                                     

     Ucon LB 285       141                                                     

     Ucon 50HB 5100     56                                                     

     ______________________________________                                    

PAR  The resulting composition had an AIT, low and high temperature viscosity
      characteristics and rubber compatibility, comparable to the functional
      fluid composition of Example 4.
PAR  From the foregoing, it is seen that in accordance with the invention,
      functional fluids designed for industrial and marine use, and particularly
      for use as hydraulic fluids in jet aircraft, are provided in the form of a
      mixture of a phosphorus compound, preferably an aliphatic phosphate ester
      containing at least two alkyl groups, and a polyalkylene glycol material,
      preferably a polypropylene glycol ether, the phosphate ester most
      desirably being a combination of aliphatic and aromatic phosphates, and
      the polyalkylene glycol material most desirably being a combination of
      polyalkylene glycol ethers of low to medium molecular weight, and of high
      molecular weight, such fluids having requisite viscosity characteristics
      at temperatures ranging from about -65.degree.F to about 210.degree.F,
      permitting their use in aircraft hydraulic systems even in the absence of
      viscosity index improvers, and improved thermal and hydrolytic stability,
      and which have improved fire resistance and reduced deleterious effect on
      non-metallic materials, e.g. reduced rubber swell on contact with rubber
      parts, and also have satisfactory corrosion and pump wear resistance
      corresponding to conventionally employed phosphate ester base stocks, and
      desirably low density, with the particular virtue that the resulting
      invention fluids in which a substantial proportion of phosphorus ester,
      particularly aliphatic phosphate ester, in conventionally employed
      phosphorus ester base stocks, is replaced by the abovenoted polyalkylene
      glycol material, have substantially improved shear stability and
      substantially reduced cost as compared to the conventional phosphorus
      ester base stocks.
PAR  While I have described particular embodiments of my invention for purposes
      of illustration, it will be understood that various changes and
      modifications within the spirit of the invention can be made, and the
      invention is not to be taken as limited except by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A functional fluid composition consisting essentially of (1) a
      combination of at least two phosphate esters, one of said phosphate esters
      containing at least two groups selected from the class consisting of alkyl
      and alkoxyalkyl, and mixtures thereof, and a second of said phosphate
      esters containing at least two aromatic groups selected from the class
      consisting of aryl and alkaryl groups, and mixtures thereof, and (2) a
      combination of at least two polyalkylene glycol ethers containing terminal
      oxyalkyl groups wherein the alkyl radicals contain from 1 to about 8
      carbon atoms, said alkylene groups being selected from the class
      consisting of ethylene and propylene radicals, one of said polyalkylene
      glycol ethers having a molecular weight ranging from about 500 to about
      2,000, and a second of said polyalkylene glycol ethers having a molecular
      weight ranging from above 2,000 up to about 25,000, said phosphate esters
      and said polyalkylene glycol ethers being present in amounts such that
      said composition has a viscosity at -65.degree.F of not greater than about
      6,000 centistokes, and a viscosity at 210.degree.F of not less than 2.25
      centistokes.
NUM  2.
PAR  2. A functional fluid composition as defined in claim 1, said phosphate
      esters and said polyalkylene glycol ethers being present in amounts such
      that said composition has a viscosity at -65.degree.F not greater than
      about 4,200 centistokes and a viscosity at 210.degree.F not less than
      about 3.0 centistokes.
NUM  3.
PAR  3. A functional fluid composition as defined in claim 1, said one phosphate
      ester being present in an amount ranging from about 10 to about 80%, and
      said second phosphate ester being present in an amount ranging from about
      5 to about 75%, said one polyalkylene glycol ether being present in an
      amount ranging from about 8 to about 65%, and said second polyalkylene
      glycol ether being present in an amount ranging from about 2 to about 25%,
      by weight of said composition.
NUM  4.
PAR  4. A functional fluid composition as defined in claim 3, said one phosphate
      ester having the general formula:
      ##EQU3##
      where R.sub.1 and R.sub.2 are each a member selected from the group
      consisting of alkyl of from about 3 to about 10 carbon atoms, and
      alkoxyalkyl having from about 3 to about 8 carbon atoms, and R.sub.3 is a
      member selected from the group consisting of alkyl and alkoxyalkyl, as
      above defined, aryl and alkaryl, containing from 6 to about 8 carbon
      atoms, said second phosphate ester having the general formula:
      ##EQU4##
      where R.sub.4 and R.sub.5 are each a member selected from the group
      consisting of aryl and alkaryl, containing from 6 to about 8 carbon atoms,
      and R.sub.6 is a member selected from the group consisting of aryl and
      alkaryl, containing from 6 to about 8 carbon atoms, alkyl of from about 3
      to about 20 carbon atoms, and alkoxyalkyl having from about 3 to about 8
      carbon atoms.
NUM  5.
PAR  5. A functional composition as defined in claim 4, wherein said one
      phosphate ester is selected from the group consisting of dialkyl aryl and
      trialkyl phosphates, and said second phosphate ester is selected from the
      group consisting of triaryl and alkyl diaryl phosphates.
NUM  6.
PAR  6. A functional fluid composition as defined in claim 3, said polyalkylene
      glycol ethers selected from the group consisting of a polypropylene glycol
      mono- or diether, and a mono- or diether of an ethylene-propylene
      copolymer, said mono- or diethers having at least one terminal oxyalkyl
      group wherein the alkyl radicals contain from 1 to about 4 carbon atoms.
NUM  7.
PAR  7. A functional fluid composition as defined in claim 4, said polyalkylene
      glycol ethers selected from the group consisting of a polypropylene glycol
      mono- or diether, and a mono- or diether of an ethylene-propylene
      copolymer, said mono- or diethers having at least one terminal oxyalkyl
      groups wherein the alkyl radicals contain from 1 to about 4 carbon atoms.
NUM  8.
PAR  8. A functional fluid composition as defined in claim 7, said one
      polyalkylene glycol ether having a molecular weight ranging from about 600
      to about 1,200, and said polyalkylene glycol ether having a molecular
      weight ranging from about 3,000 to about 25,000.
NUM  9.
PAR  9. A functional composition as defined in claim 8, wherein said one
      phosphate ester is selected from the group consisting of dialkyl aryl and
      trialkyl phosphates, and said second phosphate ester is selected from the
      group consisting of triaryl and alkyl diaryl phosphates.
NUM  10.
PAR  10. A functional fluid composition as defined in claim 9, said one
      phosphate ester being present in an amount ranging from about 10 to about
      60%, and said second phosphate ester being present in an amount ranging
      from about 5 to about 40%, said one polyalkylene glycol ether being
      present in an amount ranging from about 10 to about 40%, and said second
      polyalkylene glycol ether being present in an amount ranging from about 4
      to about 15%, by weight of said composition.
NUM  11.
PAR  11. A functional fluid composition as defined in claim 7, said one
      phosphate ester being selected from the group consisting of tributyl
      phosphate, dibutyl phenyl phosphate and tri-n-hexyl phosphate, and said
      second phosphate ester being selected from the group consisting of
      tricresyl phosphate, butyl diphenyl phosphate and tridecyl diphenyl
      phosphate.
NUM  12.
PAR  12. A functional fluid composition as defined in claim 10, said one
      phosphate ester being selected from the group consisting of tributyl
      phosphate, dibutyl phenyl phosphate and tri-n-hexyl phosphate, and said
      second phosphate ester being selected from the group consisting of
      tricresyl phosphate, butyl diphenyl phosphate and tridecyl and diphenyl
      phosphate.
NUM  13.
PAR  13. A functional fluid composition as defined in claim 11, said
      polyalkylene glycol ethers being selected from the group consisting of the
      n-butyl methyl diether of polypropylene glycol, the monomethyl ether of
      polypropylene glycol, and the copolymer of ethylene oxide and propylene
      oxide, monobutyl ether.
NUM  14.
PAR  14. A functional fluid composition as defined in claim 12, said
      polyalkylene glycol ethers being selected from the group consisting of the
      n-butyl methyl diether of polypropylene glycol, the monomethyl ether of
      polypropylene glycol, and the copolymer of ethylene oxide and propylene
      oxide, monobutyl ether.
NUM  15.
PAR  15. A functional fluid composition as defined in claim 14, wherein both
      said one and said second polyalkylene glycol ethers are each a copolymer
      of ethylene oxide and propylene oxide, monobutyl ether.
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ABST
PAL  A method of forming patterns on a semiconductor element is disclosed
      comprising the steps of (a) depositing a coating of silicon nitride,
      borosilicate glass, or phosphosilicate glass on the surface of a
      semiconductor substrate, (b) applying a photosensitive etching solution
      layer to the coating and drying it, (c) irradiating the substrate with
      ultraviolet radiation through a photomask having a required pattern to
      decompose the photosensitive solution and etch the coating, and (d)
      removing the photosensitive solution, the decomposed material, and the
      reaction product of the decomposed material and the coating with an
      organic solvent. The photosensitive etching solution consists of a
      compound which may be decomposed by light to a material which etches the
      coating, or a compound obtained from the reaction between the
      photodecomposed material and other material in the solution which etches
      said coating.
PARN
PAR  This application is a continuation-in-part of serial No. 174,825, filed
      Aug. 25, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for fabricating semiconductor devices,
      and more specifically to a method for forming patterns for semiconductor
      elements on a silicon semiconductor substrate having a protective coating.
PAR  2. Description of the Prior Art
PAR  It is generally well known to those skilled in the art that, in the
      processes of fabricating a transistor or IC, patterns are formed on the
      semiconductor substrate or on the protective coating of the semiconductor
      element.
PAR  The most generally used method for forming patterns is as follows: a
      substrate of silicon, germanium, or other similar semiconductor material
      is first oxidized to form the silicon dioxide coating on the surface of
      the substrate by heating it in an atmosphere containing oxygen. A layer of
      a photosensitive material, such as, for example, a photosensitive polymer
      (photoresist) is next applied to the dioxide surface. An opaque mask is
      then applied to the element to block off the edge areas and the unmasked
      areas are exposed to actinic radiation such as ultraviolet light and
      hardened. The unexposed areas of the photoresist are removed with an
      organic solvent, and thus the silicon dioxide surface is exposed. The
      element is now heated to harden the irradiated areas and then the entire
      substrate is treated with an etching solution, such as hydrofluoric acid
      to dissolve the exposed silicon dioxide surface uncovered with the
      photoresist. Afterwards the hardened photoresist above is removed with an
      organic solvent. Subsequently the diffusion processes of another metal
      material is applied to the uncovered surface portions of the element.
PAR  The photolithographic operation described above is generally known to those
      skilled in the art as the photoetching technique. In fabricating a
      semiconductor device, several diffusion process operations are applied,
      depending upon the type of the semiconductor device. It is, therefore,
      required to repeat the cycles of applying photosensitive material,
      exposing, developing, etching the dioxide coating, removing the unexposed
      portion of the photosensitive material, and diffusion process each time,
      and accordingly much time and high grade technique is required to practice
      these operations. In addition, these procedures have a disadvantage in
      that the hardened portions may be damaged by the operation of removing the
      unhardened portions.
PAR  To eliminate these disadvantages, there have been disclosed several
      improved photoetching techniques, for example, as described in U.S. Pat.
      No. 3,095,332; No. 3,095,341; No. 3,122,463; No. 3,255,005; No. 3,346,384;
      No. 3,471,291; No. 3,489,564; No. 3,494,768 and French Pat. No. 1,394,467.
PAR  Directing our attention to the method of forming patterns on the silicon
      dioxide coating of a silicon semiconductor material, which is disclosed in
      the aforementioned patent specifications, a silicon slice having silicon
      dioxide coating is disposed in a particular ambient of a composition which
      is decomposed by light into the material which etches the silicon dioxide,
      and exposed to ultraviolet radiation through the photomask having a
      required pattern for etching the silicon dioxide coating to form the
      pattern with a suitable depth. That is, the exposure and etching are
      practiced simultaneously.
PAR  To explain this more specifically, a silicon slice having a silicon dioxide
      coating is disposed in a gaseous ambient of a fluorine compound, such as
      F.sub.2 O (difluoroxide), the fluorine of which may be set free by
      exposure, and exposed to actinic radiation through photomask, or while
      being exposed in a gaseous ambient of a fluorine compound, such as
      fluorobenzene, the silicon slice is cooled to form a liquid state film of
      fluorobenzene on the surface of the silicon dioxide coating, and,
      subsequently, exposed to actinic radiation through the photomask.
PAR  In this method, however, as the fluorine compound is supplied continuously
      between the photomask and the silicon dioxide coating, it is very
      difficult to initiate a reaction between the product of the
      photodecomposition or fluorine, which is in a fluid state, in the entire
      surface of the pattern uniformly in a short time. Moreover, it is also
      difficult to obtain an etched configuration having a sharp line
      definition.
PAR  In the case of forming a liquid state film and irradiating light thereof,
      considering the surface tension between the liquid and the silicon dioxide
      coating, and maintaining the liquid state film on the surface of the
      silicon dioxide coating, problems prevail. For example, there is the
      problem of how to accomplish the cycle of liquefying the unexposed gas and
      removing the liquid state film, including the fluorine reacted with the
      silicon oxide in the entire surface to be etched uniformly, and how to
      make an apparatus for achieving the same. It is, therefore, readily
      understood that, according to this method, it is difficult to form
      accurate patterns due to the fact that the light for exposure is scattered
      by the gas and liquid flowing between the photomask and the silicon
      dioxide coating, and it is especially difficult to obtain exceedingly
      accurate microscopic patterns, which are required for fabricating IC or
      LSI.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Therefore, an object of this invention is to provide an improved method of
      fabricating semiconductor devices.
PAR  Another object of the invention is to provide an improved process for
      selectively etching a diffusion resistant overlayer for leaving a
      diffusion resistant mask of a prescribed configuration suitable for
      monitoring a subsequent diffusion of the conductivity-type determining, or
      significant, impurities into a semiconductor substrate.
PAR  A further object of this invention is to provide a process for reproducing
      a pattern directly on a layer of a material without the necessity for a
      negative-positive procedure, typical of the photolithographic process.
PAR  A further object of the invention is to provide an improved method for
      forming a pattern in which a single coating layer consisting of silicon
      nitride, borosilicate glass, and phosphosilicate glass, or a mixture
      coating layer comprising more than two materials thereof is deposited on a
      silicon substrate, and a photosensitive etching solution which may be
      decomposed into its components by irradiation of light is applied to the
      surface of the coating layer. The decomposed component or the material
      obtained from the reaction of the component with other material etches the
      coating layer. The photosensitive etching solution is then dried into a
      solid state film, and subsequently, the photosensitive etching solution
      layer is exposed to radiation through a photomask of a prescribed
      configuration to form a pattern of the coating layer having suitable depth
      with the result that the silicon substrate is uncovered in the exposed
      portion, and the pattern of the coating is formed in the unexposed
      portion, which is necessary for fabricating semi-conductor devices.
PAR  Still another object of the present invention is to provide a
      photosensitive etching solution in a solid state film for accomplishing
      the objects described above.
PAR  Accordingly, a feature of this invention is in performing exposure in the
      state where the photosensitive etching solution is applied to the coating
      layer of silicon nitride, borosilicate glass, or phosphosilicate glass and
      the applied photosensitive etching solution is in the state of a solid
      coating where the solvent is removed thermally or spontaneously. In some
      cases, however, the applied photosensitive etching solution requires an
      adequate amount of hygroscopic moisture to activate the reaction between
      the decomposed material and the coating.
PAR  Another feature of this invention resides in the method of exposure in
      which as in the conventional photoetching method, the photomask having a
      required pattern is disposed in intimate contact with the solid film of
      the photosensitive etching solution, or the pattern of the photomask is
      projected, and the photosensitive etching solution film is set in the
      position where the projected image is focused; that is, so called
      projection exposure may be utilized. Thus, the apparatus for practicing
      them is simple and easy to handle.
PAR  In accordance with this invention, since the photosensitive etching
      solution for etching the coating of silicon nitride, borosilicate glass,
      or phosphosilicate glass is, as is described above, previously applied to
      the coating by a suitable applying apparatus, no supply of new
      photosensitive etching solution is required during exposure. Consequently
      the resulting pattern accuracy will not be affected by the wettability of
      the photosensitive etching solution to the coating as compared with
      exposing to the liquid state film of photosensitive etching solution, or
      alternatively, according to this invention, as the photosensitive etching
      solution is in the state of solid film which is not fluid, the etched
      pattern having accurate line definition may be obtained.
PAR  Further, it is characterized that in case of etching silicon nitride,
      borosilicate glass or phosphosilicate glass in accordance with the
      photosensitive etching solution of the present invention, the side etching
      of them is quite little as compared with the in case of etching silicon
      oxide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and features of this invention will be understood more
      fully from the following detailed description taken in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 illustrates the first step of the process and is a side view of a
      silicon substrate with a layer of silicon nitride, borosilicate glass, of
      phosphosilicate glass on one side thereof.
PAR  FIG. 2 illustrates the second step and shows the silicon sibstrate with a
      layer of a photosensitive etching solution applied and dried to the
      surface of the coating layer.
PAR  FIG. 3 illustrates the third step of the process and shows irradiation for
      the unmasked portion one side of the silicon substrate and etching the
      coating layer.
PAR  FIG. 4 illustrates a side view of the resulting substrate after finished
      etching.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, a so called N-type or P-type of silicon
      semiconductor material is used as a substrate, and a protective coating is
      formed thereon utilizing a desired process, such as, for example, heating
      the silicon substrate slice in the presence of a suitable amount of
      nitrogen so that a surface coating of silicon nitride is deposited.
PAR  In the case of utilizing germanium as a substrate material, a silicon
      nitride coating may be obtained by gas phase growth of tetrachlorosilane
      or tetrahydroxilane with ammonia gas. Other coatings including silicon may
      be obtained from borosilicate glass or phosphosilicate glass.
PAR  The resulting coating formed by the method described above will protect and
      stabilize the surface of the silicon substrate as well as mask the
      prescribed portion when the selective diffusion of a donor or acceptor is
      practiced. The coating may also be utilized to make windows through which
      electrodes are attached in a procedure of fabricating semiconductor
      devices.
PAR  A layer of photosensitive etching solution is next applied to the surface
      of the coating of the substrate. The composition of the photosensitive
      etching solution comprises (1) a compound which may be decomposed by
      irradiation of light into a material which etches the coating, or a
      compound obtained from reaction between the photodecomposed material and
      other material in the solution which etches said coating, (2) binder, and
      (3) solvent.
PAR  Suitable decomposable compounds include tritylfluoroamine,
      tetraflurohydrazine, tri-n-butyl-tin-fluoride, .alpha., .alpha., .alpha.,
      trifluorotoluene, fluorobenzene, fluorosulphonylbenzenesulphonyl chloride,
      mono fluoroacetone, 4,4'-fluorobenzophenone, methanesulphonylfluoride,
      1-fluro-2-propanol, hexafluorobenzene, trityldifluoroamine, fluoranyl,
      trifluoriodomethane, trifluorotrichloroethane, P,
      P'-difluorodiphenylsulphone. Suitable solvents include benzene, acetone,
      xylene, toluene, and alcohol. As a binder, conventional resins, such as
      polystyrene and polyvinylalcohol may be utilized.
PAR  The photosensitive etching solution may be applied to the coating by well
      known methods, such as the dip method or spinner method in the dark. Then,
      the applied coating of the photosensitive etching solution is dried by
      suitable means. The photosensitive etching solution layer is next exposed
      with ultraviolet or infrared light through a photomask having a required
      pattern in a suitably wet ambient with the result that the photosensitive
      etching solution in the exposed portion is decomposed and the resulting
      material etches the coating layer and thus, the coating layer disappears.
PAR  Giving an example where the resulting material of photo-decomposition
      reacts with other material to etch the coating layer, a photo-sensitive
      etching solution comprising trityldifluoroamine as fluoride, polystyrene
      as binder, and benzene as solvent is a good example thereof.
PAR  Being exposed, trityldifluoroamine liberates fluorine which reacts with the
      hydrogen from the polystyrene to make hydrogen fluoride. This hydrogen
      fluoride etches the coating layer in a suitably wet ambient. The unexposed
      portion of the photosensitive etching solution and the resulting material
      of the reaction between the photodecomposed material and the coating layer
      are then washed or dissolved away with water or an organic solvent, and
      thus, the substrate is uncovered in the exposed portion.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, a silicon substrate 1 is employed to
      fabricate the semiconductor device. The silicon substrate 1 is first
      coated with silicon nitride, borosilicate glass, or phosphosilicate glass
      to form a coating layer 2 on the surface of the substrate 1 (shown in FIG.
      1). A layer of photosensitive etching solution 3 is next applied to the
      surface of the coating layer 2 and dried (shown in FIG. 2). The
      photosensitive etching solution in solid state is then exposed to actinic
      radiation 5, such as ultraviolet light through a photomask 4 having a
      required pattern (shown in FIG. 3). The radiated areas 6 of the
      photosensitive etching solution is decomposed and the photo-decomposed
      material etches the coating layer 2'. The photosensitive etching solution
      layer 3, the photo-decomposed material and the resulting material of
      reaction between the photodecomposed material and the coating 2 are next
      dissolved away with an organic solvent, and thus the silicon substrate 1'
      is uncovered.
PAR  It is characterized that in case of etching silicon nitride, borosilicate
      glass or phosphosilicate glass in accordance with the photosensitive
      etching solution of the present invention, the side etching of them is
      quite lettle as compared with that in case of etching silicon oxide.
PAR  The detailed explanation of the above is as follows;
PAR  A photosentive etching solution composed of 6g of p,p
      -difluorophenylsulfone, 6g of polystyrene (molecular weight: about
      20,000), 5g of benzene and 1g of acetone was applied to a silicon nitride
      layer (thickness : 1000A) provided on a silicon slice having a diameter of
      30mm by means of a spinner coating device rotating at 4000 r.p.m., and
      then allowed to stand for 15 minutes at 60.degree.C to obtain a dry
      photosensitive etching layer having a thickness of 20 microns. The dry
      photosensitive etching layer, which was then contacted with a photomask,
      was exposed to a 100 W high-pressure mercury lamp. By the exposure of 1
      minute 40 seconds, the silicon nitride layer corresponding to patterns of
      photomask was completely etched. In this case, the side etching in the
      width of 100 .mu. delated by etching is 70A. On the other hand, when the
      photosensitive etching solution was coated and then dried as the same
      manner as the above with the exception of using silicon oxide (thickness :
      1000A) instead of silicon nitride, the etching was completely effected
      during 60 seconds, and the side etching is 100A. From this result, it is
      recognized that the photosentive etching solution applied to a silicon
      nitride in this invention is superior to that applied to a silicon oxide
      since the side etching is less.
PAR  From the foregoing, it is readily appreciated that a pattern for a
      semiconductor device having a protective coating may be formed on the
      substrate thereof in an easy manner by utilizing the photosensitive
      etching solution in accordance with this invention, and thus, it is
      possible to obtain a highly accurate microscopic pattern required for
      fabricating a transistor or IC.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      scope.
PAR  While the present invention has been adequately discussed in the foregoing
      specification and examples included therein, it is readily apparent that
      various changes and modifications can be made without departing from the
      spirit and scope thereof.
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STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive etching solution for fabricating a semiconductor
      device, employing a coating of silicon nitride, borosilicate glass, or
      phosphosilicate glass, provided on a silicon semiconductor substrate which
      comprises:
PA1  1. a compound which is capable of being decomposed by light to liberate a
      material which etches said coating, said decomposable compound being
      selected from the group consisting of tritylfluoramine,
      tetrafluorohydrazine, tri-n-butyl-tin-fluoride, .alpha., .alpha., .alpha.,
      trifluorotoluene, trifluoriodomethane, trifluorotrichloroethane, and
      p,p'-difluorodiphenylsulphone or a compound obtained from the reaction
      between the photodecomposed material and other material in the solution
      which etches said coating,
PA1  2. a binder, and
PA1  3. a solvent.
NUM  2.
PAR  2. The photosensitive etching solution of claim 1, wherein said solvent is
      a member selected from the group consisting of benzene, acetone, xylene,
      toluene, and alcohol.
NUM  3.
PAR  3. The photosensitive etching solution of claim 1, wherein said binder is a
      member selected from the group consisting of polystyrene and polyvinyl
      alcohol.
PATN
WKU  039351181
SRC  5
APN  4413423
APT  1
ART  161
APD  19740211
TTL  Nitric acid system for etching magnesium plates
ISD  19760127
NCL  56
ECL  1,17
EXA  Leitten; Brian J.
EXP  Powell; William A.
NDR  6
NFG  6
INVT
NAM  Czirr; David L.
CTY  Cresskill
STA  NJ
INVT
NAM  Kroll; Harry
CTY  Warwick
STA  RI
ASSG
NAM  Philip A. Hunt Chemical Corporation
CTY  Palisades Park
STA  NJ
COD  02
RLAP
COD  72
APN  337879
APD  19730305
PSC  03
CLAS
OCL  252 794
XCL  156 14
EDF  2
ICL  C09K 1306
FSC  156
FSS  7;8;14
FSC  252
FSS  79.1;79.2;79.4
UREF
PNO  3725158
ISD  19730400
NAM  Messerschmidt et al.
OCL  156 14
LREP
FRM  Kirschstein, Kirschstein, Ottinger & Frank
ABST
PAL  A one-step powderless high-speed process for producing photoengraved
      letter-press printing and pattern plates from magnesium and alloys thereof
      by etching such plates in a machine that directs against a surface of the
      plate droplets of an etching liquid comprising an aqueous solution of a
      strong inorganic acid and adjuvants.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 337,879
      filed Mar. 5, 1973, now abandoned, for NITRIC ACID SYSTEM FOR ETCHING
      MAGNESIUM PLATES.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Strong inorganic acid system for etching plates of magnesium and alloys
      thereof.
PAR  2. Description of the Prior Art
PAR  Magnesium (the term "magnesium" as used herein denotes magnesium with trace
      impurities and magnesium alloys, the same frequently being alloyed with
      zinc; such alloys include at least 70% magnesium and preferably at least
      95% magnesium) printing and pattern plates are produced, by etching, from
      metal coated, in the present state of the art, with a light-sensitive
      coating which has been transformed by the action of light, with or without
      the assistance of heat, in certain areas, into an etch-resist pattern
      known as a photo-resist pattern, the remainder of the coating having been
      removed, as by dissolving, to leave bare metal areas.
PAR  An image is produced on a surface of a metal plate by a photomechanical
      process commonly practiced in the photoengraving art or by other standard
      means. The image consistss of areas where the metal is protected by a
      photo-resist coating, and nonimage areas where bare metallic surfaces are
      exposed. These bare metallic areas are etched to a sufficient depth to
      permit a printing process to take place or for the preparation of mats.
      Typical depths are in the range of from about 0.004 inch (e.g. for
      halftones) to about 0.040 inch for newspaper work and up to 0.150 inch for
      flexographic masters.
PAR  A plate having both the image (resist protected) and non-image (bare metal)
      areas is placed in a commercial etcher for etching. Various types of
      etchers are used, these all being of such character that droplets of an
      etching liquid are directed against the surface of the plate to be etched,
      preferably in such fashion that a large part of the droplets impinge on
      the plate in a direction having a substantial component perpendicular to
      said surface of the plate. Typical etching machines include those in which
      the droplets are formed and flung by paddles which successively dip into
      an etching bath and then are raised above it, turning about a horizontal
      axis; those in which the etching liquid is sprayed out of nozzles; and
      those in which streams of the etching liquid which break up into droplets
      are jetted from orifices in a revolving hollow shaft. Etchers of the
      foregoing type are shown, by way of example, in U.S. Pat. Nos. 2,669,048,
      3,402,083 and 3,689,333.
PAR  Conventional magnesium etching liquids have as the primary etching agent a
      strong inorganic acid such as nitric acid, sulfuric acid or hydrochloric
      acid, nitric acid currently being the etching agent of choice. However,
      the action of such a strong acid on the exposed bare metal areas is
      omnidirectional, although the desired direction of etch is perpendicular
      to the surface to be etched and preferably is such that the sidewall
      (shoulder) beneath the non-etched (imaged) portion slopes (banks),
      preferably steeply, toward the etched area so as to strengthen the support
      for the imaged area; this is particularly desirable where the imaged area
      is small as, for example, in halftone, fine line and closed letter
      geometries. The omnidirectional etching action of strong inorganic acids
      results in lateral etching which undercuts and weakens the imaged areas
      and which even undercuts the protective resist so as to reduce and, on
      occasion, obliterate imaged areas.
PAR  To prevent this and to obtain a desired angle of bank, it has been the
      practice to include various additives in etching liquids, these including
      strong inorganic acid etching liquids for magnesium. In other words, it is
      the function of these additives to limit the direction of etching to the
      perpendicular or slightly off perpendicular (in favor of wider bases for
      the imaged areas) and thereby prevent lateral etching. Thus, sidewalls
      that form around the imaged areas are contiguous with the image, creating
      both the line and the halftone imaged areas which large constitute a
      composite magnesium printing or pattern plate.
PAR  One of the conventional components of a commercial filming agent (a filming
      agent is a mixture of water-immiscible liquids, surfactants and coupling
      agents which is added to an aqueous etching agent to obtain a suitable
      angle of bank; "coupling agent" is a term which denotes a material having
      a solubilizing and/or dispersing effect and which specifically will render
      water-soluble and/or water-dispersible a bath additive that is not so
      normally characterized) is a water-immiscible hydrocarbon liquid, examples
      of which are gasoline, benzine, kerosene, turpentine, diethylbenzenes,
      coal oil and lubricating oils. Another conventional component is an
      anionic surface-active agent, e.g. a sulfonated surfactant, or a mixture
      of such agents. Still another component is a coupling agent or a mixture
      of coupling agents.
PAR  The filming agents which have been used conventionally, of late, in baths
      that etch magnesium in order to produce letter-press and pattern plates do
      not employ water-immiscible hydrocarbon liquids, except occasionally to a
      minor extent. Such conventional filming agents for magnesium eliminate the
      water-immiscible hydrocarbon liquids and, instead, employ fatty
      monocarboxylic acids that are in liquid form in the bath. These fatty
      monocarboxylic acids contain from 6 to 26 carbon atoms, are saturated or
      unsaturated, are unsubstituted or substituted with alkyl, aryl and/or
      alkylaryl groups, and have straight or branched chains. Such fatty
      monocarboxylic acids have been observed to control the etching depth of
      non-imaged areas alongside fine lines and halftones and to prevent
      undercutting of the imaged areas in these critically important portions of
      magnesium plates.
PAR  More recently, organic polycarboxylic acids such as dicarboxylic and
      tricarboxylic acids, examples of which are adipic, malic and citric acids
      (see U.S. Letters Pat. Nos. 3,053,719 and 3,152,083) have been used as a
      component of filming agents for magnesium etching liquids. These were
      considered essential to obtain a better quality of etching in a nitric
      acid etching liquid for magnesium; but they were susceptible to oxidative
      degradation brought about by the nitric acid etchant. The degradation was
      not rapid but, in practice, as an etching liquid was used over a period of
      time, the degradation caused the performance of the etching liquid to
      deteriorate gradually. It was necessary for operators to detect such
      degradation before the results of etching became unsatisfactory and plates
      had to be discarded. When the degradation was observed the operator added
      to the nitric acid etching liquid other surfactants or components which
      counteracted the undesirable activity imparted by the degradation products
      of the polycarboxylic acids. To operate with such polycarboxylic acids
      entailed a certain amount of operator judgment, experience and skill.
PAR  The degradation even occurred when a nitric acid etching liquid containing
      polycarboxylic acids stood idle for several hours as, for example, over
      night, or for a few days such as over a weekend or holidays. Here, too,
      the degradation products of the polycarboxylic acids deteriorated the
      etching liquid and, as a matter of practice, frequently caused the liquid
      to be useless because of lowering of the protective action of the filming
      agent when the etching process was started up after a period of
      inactivity.
PAR  Another problem which has plagued the art in this field is that where
      water-immiscible hydrocarbon liquids were used in conjunction with
      sulfonated surfactants as the protective components of a filming agent,
      rather large amounts of the blends of these compounds had to be employed.
      This was rather expensive; moreover, the bulk of the filming agent led to
      high shipping and storage costs.
PAR  It also has been observed that the emulsified blends of water-immiscible
      hydrocarbon liquids and surfactants which produced a semi-stable emulsion
      that formed a protective film on the areas to be etched adjacent the
      lateral edges, fine lines, lines defining closed letter areas and delicate
      halftones tended to soften cured photo-resists that had been formed and
      which were supposed to protect the imaged areas against attack by the
      etching agent. Sometimes the softening was so extreme that the
      photo-resist stripped from the metal surface of the magnesium plate during
      etching and, obviously, where this occurred, the integrity of the image
      was destroyed.
PAR  There has been a further problem that applies with particular force to
      so-called "combination" plates which in the art are referred to as having
      "mixed geometries", these being plates with different types of
      configurations to be etched thereon such as halftones, line work,
      conventional printing, bold type and reverse printing which generally are
      characterized by the removal of considerably different amounts of metal
      per unit area.
PAR  It has been observed with current etching baths that the slopes of the
      sidewalls vary with the extent of metal removed in a unit area. Thus,
      where the amount of metal removed was small, the slopes of the sidewalls
      were steep [tight] and, conversely, when the amount of metal removed was
      large, the slopes of the sidewalls were less steep [broad]. The slope of
      the sidewall is generally known as a "shoulder angle", this being the
      angle between the sidewall and an imaginary line perpendicular to the
      original surface of the plate. Investigation has shown that in modern
      etching systems the sidewalls in zones where small amounts of metal are
      being removed are cooler than the sidewalls where large amounts of metal
      are being removed, due, it is believed, to the fact that where a small
      amount of metal is being removed the heat produced by etching is less than
      where a large amount of metal is being removed. Rough measurements in
      different areas indicate plate temperatures in the range of
      100.degree.-200.degree.F. where a small amount of metal is being removed,
      and plate temperatures in the range of 200.degree.-400.degree.F. where a
      large amount of metal is being removed. Higher plate temperatures appear
      to have two different effects. One is a faster rate of etching. The second
      is an enhancement of the protective action of the protective film on the
      sidewalls.
PAR  As a practical matter, this has created difficulties. One has been that it
      is generally desirable to have a substantially uniform shoulder angle for
      the entire plate, and this has not been possible with combination plates
      because where the plate was hot the enhanced protection of the sidewall
      film broadened the shoulder angle. Conversely, in a cooler area with a
      weaker film the shoulder angle tightened or even undercut. Therefore, the
      practice has been to group plates according to the geometries of the
      overall photoresist patterns so that the shoulder angles could be held
      relatively constant and adjustments were made in bath temperatures,
      concentrations and paddle speeds to obtain a desired plate temperature
      and, hence, a desired angle for a given type of photoresist pattern.
PAR  On the other hand, where it has not been feasible to separate combination
      plates into groups, if a desired shoulder angle is obtained for one
      portion of the plate there may be undercutting at another portion of the
      plate, and if the shoulder angle is proper, say, for a cool area of the
      plate, the shoulder angle may be too broad for a hotter area of the plate.
PAC  SUMMARY OF THE INVENTION
PAR  1. Purposes of the Invention
PAR  It is the principal object of the invention to provide a novel filming
      agent, etching liquid and method of etching magnesium plates which
      eliminate the foregoing drawbacks.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which secure good banking
      angles even with fine lines, halftones and closed letter areas, but
      without employing polycarboxylic acids which, as noted above, are
      susceptible to degradation when used with a strong inorganic etching acid.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which eliminate the need for
      water-immiscible hydrocarbon liquids of any type in a filming agent,
      etching liquid and method, and thus do away with the disadvantages
      consequent upon the use thereof such, for instance, as the softening and
      stripping of photo-resist coatings and the necessity for incorporating
      large amounts of such hydrocarbon liquids and the consequent large amount
      of surfactants that conventionally are used therewith.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which creates a more uniform
      shoulder angle in plates of widely varying geometries.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which enables an unskilled
      operator to use a standardized etching bath under standardized conditions
      for use with photoresist patterns of varying geometries.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which makes the etching bath
      and the use thereof largely insensitive to the geometries of different
      plates to be etched.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which obtains a more uniform
      average of shoulder angles at all areas of plates being etched, and
      particularly of combination plates.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which enable etching to be
      carried out at higher than present-day conventional temperatures and,
      therefore, shorten the time required to etch to a desired depth without
      broadening shoulder angles to an unacceptable extent.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which can be utilized in
      existing apparatuses and without requiring the development of fresh skills
      or knowledge on the part of operators and which, indeed, will simplify the
      operator's work and thus will enable him to attend to larger or additional
      etching machines so as to increase his production.
PAR  It is another object of the invention to provide a filming agent, etching
      liquid and method of the character described which operate efficiently,
      which are able to make etched magnesium plates of high quality and which,
      withal, are no more costly than those presently employed.
PAR  Other objects of the invention in part will be obvious and in part will be
      pointed out hereinafter.
PAR  2. Brief Description of the Invention
PAR  A primary aspect of the present invention resides in dispensing with the
      use of polycarboxylic acids, thereby eliminating the disadvantages
      inherent therein and, in their place, using organophosphonic acids which
      improve the chemical stability of the etching system because they are not
      subject to oxidative degradation or any other type of degradation in a
      strong inorganic acid etching liquid. Filming agents including
      organophosphonic acids inter alia provide superior protective
      characteristics in the etching of a printing plate.
PAR  Moreover, the present invention employs in the additive and etching bath
      fatty monocarboxylic acids in liquid form, essentially to the exclusion of
      water-immiscible hydrocarbon liquids which monocarboxylic acids, in
      combination with the organophosphonic acids and in a strong inorganic acid
      etching liquid, produce a highly synergistic and protective action against
      undesirable etching and do this with a lesser volume of additives per unit
      volume of etching liquid than heretofore. In addition, utilization of the
      fatty monocarboxylic acids has the further advantage of avoiding the
      undesirable softening and/or stripping of the photo-resist coating that
      attends the use of water-immiscible hydrocarbon liquids. The employment of
      the fatty monocarboxylic acids permits the complete elimination of
      water-immiscible hydrocarbon liquids from the filming agent and etching
      liquid, although it is within the scope of the invention to employ a small
      amount of water-immiscible hydrocarbon liquids if desired. The
      monocarboxylic acid constituent must be liquid in the etching bath.
PAR  The fatty monocarboxylic acids useful in the present invention are selected
      from a wide variety of such acids providing that the carbon atoms present
      lie within the range of 6 to 26. Such acids can be saturated or
      unsaturated; they can be unsubstituted or substituted with alkyl, aryl
      and/or alkylaryl groups; they can be straight or branched chain.
      Monocarboxylic acids which are suitable for use in the present invention
      are described by K. S. Markley in "Fatty Acids", Interscience, 1947, pages
      20-43. The saturated and unsaturated fatty monocarboxylic acids with 18
      carbon atoms are of particular interest because of their present
      commercial availability. The preferred fatty monocarboxylic acid is
      isostearic acid. A commercial source of supply for the same is Emery
      Industries, Inc. of Cincinnati, Ohio.
PAR  In connection with the primary aspect of the invention, a required
      ingredient of the additive and etching bath is an alkyl aryl sulfonate
      such as dodecylbenzene sulfonic acid, dinonylnaphthalene sulfonic acid,
      nonylnaphthalene sulfonic acid and octylbenzene sulfonic acid.
PAR  The organophosphonic acids used in accordance with the primary aspect of
      the present invention are selected from the group consisting of organic
      phosphonic acids having two phosphonic acid groups attached to the same
      carbon atom and aminomethylene phosphonic acids in which at least one of
      the nitrogen atoms has at least one methylene phosphonic acid group
      attached thereto. The presence of such organophosphonic acids results in a
      substantial improvement in the performance of a strong inorganic acid
      etching bath including the new filming agent.
PAR  The filming agent of the primary aspect of the present invention may
      include, in addition to a fatty monocarboxylic acid, an alkyl aryl
      sulfonic acid and an organophosphonic acid, one or more surfactants and/or
      coupling agents. Preferred coupling agents are butyl Carbitol (diethylene
      glycol monobutyl ether) and hexyl Cellosolve (ethylene glycol monohexyl
      ether). Preferred surfactants are tertiaryoctylphenoxypolyoxyethyl ethanol
      and nonylphenoxypolyoxyethyl ethanol. Other surfactants which can be used
      in the practice of the invention to provide good filming agents and
      etching liquids are the various alkali earth metal, ammonium and amine
      salts of sulfated and/or sulfonated fatty monocarboxylic acids, for
      example, oleic acid, stearic acid, caprylic acid, myristic acid, palmitic
      acid, and ricinoleic acid and hydrolyzable esters thereof.
PAR  It further has been discovered that in the filming agent of the primary
      aspect of the present invention, which is characterized by the presence of
      an organophosphonic acid, an alkyl aryl sulfonate and a fatty
      monocarboxylic acid, a certain desirable result can be obtained by
      including in the filming agent an amine selected from the group consisting
      of branched, unbranched, saturated and unsaturated primary, secondary and
      tertiary acyclic amines and alicyclic amines, having at least 6 carbon
      atoms. Materials from this group impart to an etching bath containing the
      same the ability of the etching reagent to form shoulders of approximately
      the same shoulder angle in different portions of combination plates which,
      as will be recalled, are plates having printing portions adjacent etched
      areas from which substantially different amounts of metal are removed by
      etching. Amines of the aforesaid group can be incorporated in the filming
      agent and/or in the bath directly in any one of various ways. One way is
      to supply the amine(s) to the etching bath as a compound separate from the
      additive. Another way is to incorporate the amines in the filming agent
      additive as amine moieties of amine salts of any one or more of (1) the
      organophosphonic acid, (2) the fatty monocarboxylic acid, or (3) the alkyl
      aryl sulfonic acid. An additional way is to incorporate the amines in the
      filming agent additive as moieties of salts the anions of which are
      obtained from strong inorganic acids such, for instance, as nitric,
      sulfuric or hydrochloric acid. The amines are present in the etching
      liquid (bath) as hydrolyzable salts of the strong inorganic etching acid.
PAR  It will be realized that adding the aforesaid amines as moieties of the
      salts of the sundry acids mentioned above neutralizes as much of the acids
      as that of which salts are formed. It usually is not desirable to fully
      neutralize the acids with these amines. However, it is desirable to
      neutralize not only the remainder of these acids but other acid
      constituents of the filming agent prior to their addition to the aqueous
      etching reagent. Such additional neutralization desirably is accomplished
      by adding an alkalizing agent such as alkali earth metal hydroxides,
      ammonium hydroxide and water-soluble amines. The amount of alkalizing
      agent present desirably is such that the pH of the filming agent is
      alkaline, e.g. 8.0 to 10.0, whereby the filming agent as manufactured and
      sold to the trade is a clear homogenous liquid.
PAR  The filming agent also includes water.
PAR  When the filming agent is added to a water-diluted inoroganic etching acid
      to form a working bath, the amines of the aforesaid group and the
      neutralizing agent are transformed to salts of said acid.
PAR  There is a particular precaution to be exercised when the amines of said
      group are employed in the filming agent and, as amine salts, in the bath,
      which is that when such amines are present neither a sulfonated nor a
      sulfated fatty monocarboxylic (C 6-26) acid or salt thereof should be used
      inasmuch as the concurrent presence of such amines and such acids
      interferes with the etching action.
PAR  Another aspect of the present invention relates to the novel function of
      the amines of the aforesaid group with respect to their mentioned ability
      to improve the overall shoulder angle uniformity of plates etched with a
      strong inorganic acid. Said amines have been observed to function in
      etching baths of the general character above described merely by virtue of
      their presence and not necessarily by the incorporation of every one of
      the components of the baths with which the primary aspect of the invention
      is concerned. Specifically, such amines have been observed to obtain the
      desired uniformity of shoulder angle in the absence of organophosphonic
      acids and in the absence of sulfated or sulfonated fatty monocarboxylic
      acids, the organophosphonic acids not necessrily having to be omitted but
      the sulfated or sulfonated fatty monocarboxylic acids necessarily being
      absent (in the primary aspect of the invention as well) in order for the
      amines to achieve their desired result.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings in which are shown operational results of
      different formulations embodying the invention:
PAR  FIGS. 1 - 4 are graphs illustrating shoulder angles for hot and cold areas
      of etched magnesium plates, with and without different ones of the
      aforesaid group of acyclic and alicyclic amines and with different amounts
      of such amines, and of the ratios of the shoulder angles using these
      amines, FIG. 1 illustrating the graphs for n-dodecylamine in a certain
      bath embodying other constituents pursuant to the present invention, FIG.
      2 illustrating the graphs for n-nonylamine in a bath otherwise having the
      same constituents, FIG. 3 illustrating the graphs for secondary octylamine
      in such bath, and FIG. 4 illustrating the graphs for 2-ethyl hexylamine;
      and
PAR  FIGS. 5 and 6 are graphs similar to FIGS. 1 - 4 but illustrating similar
      graphs for the same baths including amines that do not function in
      accordance with the present invention, the amine of FIG. 5 being
      isopropylamine and the amine of FIG. 6 being triethanolamine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The basic components of an etching liquid incorporating the primary aspect
      of the present invention are eight. These constitute: (1) from 10% to 30%
      by volume of an etching liquid (working bath) of a strong inorganic acid,
      e.g. a concentrated 42.degree. Be. aqueous nitric acid solution, (2) from
      1 to 25 grams per liter of the etching liquid of a fatty monocarboxylic
      acid in liquid form containing from 6 to 26 carbon atoms, said acid being
      substantially non-reactive with the strong inorganic acid employed, being
      saturated or unsaturated, unsubstituted or substituted with alkyl, aryl
      and/or alkylaryl groups, and having straight or branched chains, (3) from
      1 to 10 grams per liter of the etching liquid of an organophosphonic acid,
      (4) from 1 to 10 grams per liter of the etching liquid of an alkyl aryl
      sulfonic acid or a salt thereof, (5) from 3 to 40 grams per liter of the
      etching liquid of a blend of surfactants and/or coupling agents, and (6)
      water to make up the remainder. Optional additional ingredients are (7) a
      neutralizing agent to raise the pH of the additive to from 8.0 to 10.0,
      and (8) when present, from 0.1 to 10 grams per liter [this weight range is
      for the amine moiety of the amine salt] of the etching liquid of a salt of
      a branched, unbranched, saturated or unsaturated primary, secondary or
      teritary acyclic amine or an alicyclic amine, having at least 6 carbon
      atoms [compound (8) may be combined chemically with compounds (2), (3) and
      (4) in the filming agent]. It will be appreciated, of course, that if the
      etching liquid and bath include a sulfated or sulfonated fatty
      monocarboxylic acid (C 6-26), no amine such as just mentioned should be
      present, and vice versa. Other adjuvants well known in the powderless
      etching art, such as very small amounts of aliphatic and/or aromatic
      hydrocarbon liquids may be incorporated in the etching liquid to act as
      foam suppressants. Components (2), (3), (4), (5) and (7), and optionally
      (8), with some water make up the filming agent of the present aspect of
      the invention which is added to a strong inorganic acid and more water to
      form the etching liquid. The amine can be present in the filming agent as
      such or as a salt, in any event converting to a salt of the strong
      inorganic acid upon addition to the working bath.
PAR  Typical ranges for preferred components of a filming agent to be used in an
      etching liquid embodying the primary aspect of the present invention are
      set forth below:
TBL                    Ranges Per Liter                                        

     Components        of Etching Liquid                                       

     ______________________________________                                    

     Polyhydric alcohols                                                       

     &/or ethers thereof                                                       

     (coupling agent is a                                                      

     minimal function) 0-30 g.                                                 

     Non-ionic polyethoxylate                                                  

                       0-20 g.                                                 

                       3-40 g.                                                 

     Sulfated or sulfonated                                                    

     monocarboxylic acids                                                      

     or salts or esters                                                        

     thereof           0-10 g.                                                 

                       (surfactants)                                           

     Alkyl aryl sulfonates                                                     

     or salts thereof  1-10 g.                                                 

     Fatty monocarboxylic acids                                                

                       1-25 g.                                                 

     Organic phosphonic acids                                                  

                       1-10 g.                                                 

     Water-insoluble amine salt                                                

     (when present)    0.1-10 g.[for amine moiety]                             

     Alkalizing agent to adjust                                                

     pH to from 8.0 to 10.0                                                    

     Water             q.s. to about 50 ml.                                    

     ______________________________________                                    

PAR  The aforementioned coupling agents and surfactants are, as indicated, only
      preferred. It is within the ambit of the present invention to use some or
      all of these coupling agents and surfactants or to substitute other
      coupling agents and surfactants well known in the art of metal etching for
      some or all of the aforesaid specific coupling agents and surfactants.
PAR  The strong inorganic acids [see (1) above] are: nitric, sulfuric and
      hydrochloric acids.
PAR  As to the fatty monocarboxylic acid [see (2) above], one or more of the
      same are employed in the filming agent. There is a large group of
      available fatty monocarboxylic acids which are useful in carrying out the
      invention. By way of example, typical useful monocarboxylic acids are
      those described by K. S. Markley in "Fatty Acids," Interscience, 1947,
      pages 20-43.
PAR  The organophosphonic acid [see (3) above] (one or more can be employed) is
      an acid selected from the group consisting of organophosphonic acids
      having at least two phosphonic acid groups attached to the same carbon
      atom and aminoethylenephosphonic acids in which at least one of the
      nitrogen atoms has at least one methylene phosphonic group attached
      thereto.
PAR  By way of example, commercially available organophosphonic acids included
      in the aforesaid group are:
PAR  1. methylene diphosphonic acid
      ##EQU1##
PAR  2. 1-hydroxyethane 1,1-diphosphonic acid
      ##EQU2##
PAR  3. nitrilo tris(methylene phosphonic acid)
      ##EQU3##
PAR  4. N-carboxymethyl,N,N-di(methylene phosphonic acid)
      ##EQU4##
PAR  5. hexamethylenediamine tetra(methylene phosphonic acid)
      ##EQU5##
PAR  6. ethylenediamine tetra(methylene phosphonic acid)
EQU  (H.sub.2 O.sub.3 PCH.sub.2).sub.2 N(CH.sub.2).sub.2 N(CH.sub.2 PO.sub.3
      H.sub.2).sub.2
PAR  7. diethylenetriamine penta(methylene phosphonic acid)
      ##EQU6##
PAR  8. N,N-di(carboxymethyl) N-methylene phosphonic acid
      ##EQU7##
PAR  9. N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid)
      ##EQU8##
PAR  10. N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic
      acid)
      ##EQU9##
PAR  11. N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid)
      ##EQU10##
PAR  12. 2-hydroxypropylene diamine N,N',N,N'-tetra (methylene phosphonic acid)
      ##EQU11##
PAR  13. di(2-hydroxypropylene) triamine penta(methylene phosphonic acid)
      ##EQU12##
PAR  14. tri(2-hydroxypropylene) tetraamine hexa(methylene phosphonic acid)
      ##EQU13##
PAR  The organophosphonic acids identified as (3) above presently are preferred
      in the practice of the invention. Such acids and their water-soluble salts
      are available from Monsanto Chemical Company of St. Louis, Missouri, as
      DEQUESTs and from Wayland Chemical Division, Lincoln, Rhode Island, of
      Philip A. Hunt Chemical Corp. as WAYPLEXs. Particularly, chemical (2) as a
      Monsanto product is known as DEQUEST 2010 and as a Wayland product as
      WAYPLEX HEDPA 60.
PAR  The alkylaryl sulfonic acids [component (4)] presently preferred have from
      6 to 18 carbon atoms in the alkyl portion and from 6 to 10 carbon atoms in
      the aryl portion. Commercially available acids of this nature include:
      dodecylbenzene sulfonic acid and dinonylnaphthalene sulfonic acid. The
      alkali earth metal, ammonium and amine salts of the alkylaryl sulfonates
      may be employed.
PAR  The surfactants and coupling agents [component (5)] are those conventional
      in the etching art and include, by way of example, ethers of polyhydric
      alcohols as well as polyhydric alcohols, e.g. methyl Carbitol, butyl and
      hexyl Carbitol, butyl and hexyl Cellosolve, propylene glycol, diethylene
      glycol, glycerine, 1,2,6 hexanetriol; sulfated and sulfonated
      monocarboxylic fatty acids and esters thereof, e.g. .alpha.-sulfopalmitic
      acid, sulfophenylstearic acid, sulfonated oleic acid, .alpha.-sulfostearic
      acid, sulfated ricinoleic acid, sulfated castor oil, sulfated butyl
      palmitate, sulfonated amyl oleate and alkali earth metal, ammonium and
      amine salts thereof; non-ionic polyethoxylated surfactants, e.g.
      tertiaryoctylphenoxypolyoxyethyl ethanol, nonylphenoxypolyoxyethyl ethanol
      and octylphenoxypolyoxyethyl ethanol.
PAR  Suitable neutralizing agents [component (7)] to be used in the filming
      agent prior to its addition to the aqueous solution of strong inorganic
      acid in order to impart homogeneity to the filming agent by raising the pH
      thereof to from about 8.0 to about 10.0 and thereby solubilize otherwise
      waterinsoluble or not highly water-soluble components, are alkali earth
      metal hydroxides and ammonium hydroxide. In passing, it may be mentioned
      that amines also could be used for neutralizing agents but the amounts
      necessary become commercially unfeasible. Therefore, amine moieties, when
      present, usually are employed in one or more of the basic components of an
      etching liquid incorporating the primary aspect of the present invention
      only for some of the specific organic acids.
PAR  The amines [component (8)] used in an etching bath pursuant to the present
      invention in order to obtain the desirable type of shoulder formation
      discussed hereinabove are primary, secondary and tertiary branched,
      unbranched, saturated and unsaturated acyclic amines and alicyclic amines,
      having at least 6 carbon atoms. By way of example, such amines may be
      selected from the following: primary octyl amine, secondary octyl amine,
      tertiary octyl amine, 2-ethyl hexyl amine, tri(n-propyl) amine, cyclohexyl
      amine, dicyclohexyl amine, monohexadecyl amine, dibutyl amine,
      5-aminononane, oleyl amine, mono(n-hexyl) amine, di(n-hexyl) amine,
      n-nonyl amine, and n-dodecyl amine. The amines are present in the
      inorganic acid working bath as salts of the anion of said inorganic acid.
PAR  Other adjuvants may be incorporated in the filming agent if desired, a
      typical one being an aliphatic and/or aromatic liquid hydrocarbon which,
      if used, should only be present in minor amounts rather than in major
      amounts, so as not to encourage any tendency of the etching liquid to
      soften or strip the etch-resist image coating from the surface of the
      magnesium plate during etching.
PAR  The basic components of an etching liquid embodying the second aspect of
      the present invention are:
PAR  1. as above, including amount, with respect to the primary aspect of the
      invention,
PAR  2. as above, including amount, in the same respect,
PAR  3. the organophosphonic acid may be partially or entirely replaced by a
      polycarboxylic acid having from 2 to 10 carbon atoms [the preferred range
      for this component, i.e. the polycarboxylic acid, is from 1 to 10 grams
      per liter of etching bath],
PAR  4. as above, including amount,
PAR  5. as above, including amount,
PAR  6. as above, including amount,
PAR  7. as above, including amount,
PAR  8. as above, including amount, but necessary, and
PAR  9. no sulfonated or sulfated fatty monocarboxylic acids (C 6 - 26).
PAR  It is not necessary to detail any of the components except the
      polycarboxylic acids having from 2 to 10 carbon atoms inasmuch as these
      components have been specified in connection with the primary aspect of
      the present invention. Insofar as the polycarboxylic acid is concerned, it
      is characterized by the fact, as noted just previously, that it has from 2
      to 10 carbon atoms. Typical examples of such acids are: citric acid, malic
      acid, adipic acid, maleic acid, succinic acid and azelaic acid. The alkali
      earth metal salts, ammonium salts, amine salts and hydrolyzable esters of
      these acids can be used in place of such acids.
PAR  As mentioned previously, the new filming agent and new etching liquid of
      both aspects of the invention have several advantages over previously
      employed filming agents and etching liquids used in conjunction with the
      etching of magnesium plates. These advantages include increased stability
      of the new filming agent, increased stability of the new etching liquid,
      that is to say, the ability of such an etching liquid to stand idle for
      hours and days without deteriorating (losing the protective capability of
      the filming agent), the non-softening and non-stripping characteristic of
      the new etching liquid on etchresist coatings, the reduced bulk and weight
      of the new filming agent; the higher etching capability of the new etching
      liquid (the ability of a given volume of the new etching liquid containing
      the new filming agent to etch more square inches of a magnesium plate than
      prior art etching liquids containing the same amount and concentration of
      nitric acid but employing other filming agents), the excellent protective
      action of the new etching liquid containing the new filming agent against
      undesirable lateral etching, good regulation of the depth of etch in
      printing patterns involving small circumscribed areas and small image
      areas such as dots and fine lines, and good uniformity of shoulder angle.
PAR  A further advantage of the new filming agent of both aspects of the
      invention and the new etching liquid containing the same is the ability to
      employ the filming agent with widely varying amounts of aqueous strong
      inorganic acids in the etching liquid whereby the same type of new filming
      agent can be utilized in strong, rapid etching liquids as well as in
      weaker, slower etching liquids, different speeds being desirable to secure
      different qualities for a given printing plate.
PAR  Several examples of filming agents and etching liquids embodying both
      aspects of the present invention have been set forth below. In all
      instances the filming agents are to be added to nitric acid and diluted
      with water to form an etching liquid. The etching liquid then is used in
      accordance with conventional manipulative steps in the art of etching
      magnesium plates, that is to say, the etching liquid can constitute a bath
      in a splash or paddle-type etcher, or an etching liquid in a spray etcher,
      or an etching liquid in a revolving jet etcher. Typical etching equipments
      are shown, by way of example, in U.S. Pat. Nos. 2,669,048; 3,402,083 and
      3,689,333. Exemplificatively, where splash or paddle etching is practiced,
      typical operating conditions for the etching bath are a bath temperature
      of 90.degree.-120.degree. F. with a preferred temperature of
      100.degree.-105.degree. F., a paddle speed with a 6-inch paddle of 450 to
      650 rpm with a preferred speed of 560 to 600 rpm, and with an 8-inch
      paddle a speed of 300 to 400 rpm with a preferred speed of 340 to 360 rpm.
      The paddle dip is about 1/4 inch to about 1/2 inch with a preferred dip of
      3/8 inch. The ratio of the volume of the filming agent to the volume of
      the etching bath is about 1:10 to 1:50, the preferred ratio being 1:15 to
      1:30.
PAR  In all the etching methods performed with the different types of equipment
      mentioned, the etching liquid is formed into droplets which are propelled
      against the surface of a plate to be etched (suitably protected by a
      patterned etch-resist) in a direction having a component substantially
      perpendicular to said surface.
PAR  The following example lists preferred components and their preferred ranges
      for an etching bath embodying the primary aspect of the present invention.
TBL  EXAMPLE I                                                                 

     Components        g/l of Etching Bath                                     

     ______________________________________                                    

     Aqueous nitric acid,                                                      

     42.degree. Be.(etching agent)                                             

                       160 - 320                                               

     Hexyl Cellosolve                                                          

     (coupling agent)  2 - 3                                                   

     Butyl Carbitol                                                            

     (coupling agent)  2 - 6                                                   

     Isostearic acid                                                           

     (monocarboxylic acid)                                                     

                       4 - 8                                                   

     Caprylic acid                                                             

     (monocarboxylic acid)                                                     

                       1 - 3                                                   

     Organic polyphosphonic                                                    

     acid              1 - 5                                                   

     Alkylaryl sulfonate                                                       

                       2 - 5                                                   

     Sulfonated oleic acid                                                     

                       1 - 3                                                   

     Tertiaryoctylphenoxy-                                                     

     polyoxyethyl ethanol                                                      

     (surfactant)      1 - 3                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  It will be observed that the above example is for an etching liquid which
      includes the etching agent, the water diluent and components which are
      attributable to the filming agent. The filming agent, per se, includes all
      of the above components except the etching agent and some of the water
      diluent. The filming agent also includes an alkalizing agent such as
      potassium hydroxide the presence of which will be mentioned in the next
      table which is directed to the filming agent, per se. The alkalizing agent
      is neutralized by the massive quantity of nitric acid in the bath.
PAR  The following is an example of an etching liquid embodying the primary
      aspect of the present invention and, by way of comparison, other etching
      liquids, one of which uses a dicarboxylic acid and the other a
      tricarboxylic acid instead of an organic polyphosphonic acid. In a
      subsequent table, the different etching liquids will be evaluated as to
      their stabilities, this being their etching abilities after standing idle.
TBL  EXAMPLE II                                                                

                   g/l of Etching Bath                                         

                     Formula  Formula    Formula                               

     Components      I        II         III                                   

     ______________________________________                                    

     Nitric acid, 42.degree.Be.                                                

     (etching agent) 170      170        170                                   

     Hexyl Cellosolve                                                          

     (coupling agent)                                                          

                     2.7      2.0        2.2                                   

     Butyl Carbitol                                                            

     (coupling agent)                                                          

                     4.5      4.5        4.5                                   

     Isostearic acid                                                           

     (monocarboxylic acid)                                                     

                     5.5      5.1        5.1                                   

     Caprylic acid                                                             

     (monocarboxylic acid)                                                     

                     1.7      0.6        0.6                                   

     Triethanolamine salt                                                      

     of sulfonated oleic                                                       

     acid (surfactant)                                                         

                     2.2      2.1        2.1                                   

     Isopropylamine salt                                                       

     of dodecylbenzene                                                         

     sulfonic acid                                                             

     (alkylaryl sulfonate)                                                     

                     2.7      2.4        2.4                                   

     Tertiary octyl phenol                                                     

     [Ethoxylated with 7                                                       

     mols of ethylene oxide]                                                   

     (surfactant)    1.8      1.7        1.7                                   

     Malic acid                                                                

     (dicarboxylic acid)                                                       

                     --       1.7        --                                    

     Citric acid                                                               

     (tricarboxylic acid)                                                      

                     1.4      --         --                                    

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid                                                         

     (organic phosphonic                                                       

     acid)           --       --         3.3                                   

     Water           balance  balance    balance                               

                     to make  to make    to make                               

                     up 1     up 1       up 1                                  

                     liter    liter      liter                                 

     ______________________________________                                    

PAR  It will be observed that Formula I of EXAMPLE II is an etching liquid
      formula which contains a polycarboxylic acid (specifically a tricarboxylic
      acid) in combination with fatty monocarboxylaic acids. Formula II
      substitues a dicarboxylic acid for the tricarboxylic acid and Formula III
      substitutes an organophosphonic acid of the present invention for the
      polycarboxylic acids; the remaining components of the three formulas are
      the same and the quantitative amounts thereof are approximately the same
      having been adjusted for approximately the same etching activity when the
      etching liquid is freshly prepared.
PAR  EXAMPLES I and II describe etching liquids, these being liquids in which
      the etching agent is nitric acid and in which filming agents have been
      added together with enough water to make up one liter.
PAR  In TABLE A which follows, there are set forth the components of the three
      different filming agents which are used to make up the three etching
      liquids of EXAMPLE II. These filming agents have been formulated for use
      in an etching liquid containing 12% of 42.degree. Be. nitric acid and 5%
      filming agent.
TBL                TABLE A                                                     

     ______________________________________                                    

     Filming Agent Formulas                                                    

                   g/l of Filming Agent                                        

                     Formula  Formula    Formula                               

     Components      I        II         III                                   

     ______________________________________                                    

     Water           475      537        537                                   

     Potassium hydroxide                                                       

     (90%)           76       58         58                                    

     Butyl Carbitol  101      101        101                                   

     Isostearic acid 122      113        113                                   

     Caprylic acid   39       14         14                                    

     Hexyl Cellosolve                                                          

                     61       45         50                                    

     Triethanolamine salt                                                      

     of sulfonated oleic                                                       

     acid            49       46         46                                    

     Isopropylamine salt                                                       

     of dodecylbenzene                                                         

     sulfonic acid   61       54         54                                    

     Tertiary octyl phenol                                                     

     (ethoxylated with                                                         

     7 mols of ethylene                                                        

     oxide)          41       39         39                                    

     Malic acid      --       38         --                                    

     Citric acid     32       --         --                                    

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid                                                         

                     --       --         73                                    

     ______________________________________                                    

PAR  The three etching liquids of EXAMPLE II, one of which constitutes an
      etching liquid of the present invention and the others etching liquids
      that substitute for an organic phosphonic acid, polycarboxylic acids of
      the prior art have substantially different stabilities, this being one of
      the major contributions of the primary aspect of the present invention.
      Stability may be measured by a degree of change in halftone depth when the
      etching liquid is allowed to stand idle for a fixed period of time. The
      period of time selected for comparison is 18 hours. In evaluating the
      results which are given below, it is useful to note as a reference that
      commonly acceptable halftone depths of etch for newspaper type work
      (conventionally using 55 to 65 line screen with about 10% highlights -- a
      typical figure used for this nature of comparison) range from about 4.6 to
      about 8.0 thousandths of an inch. Any deeper etch is unacceptable because
      it degrades the quality of the image as reproduced on newsprint.
TBL  Table of Comparative Etches of Formulas of EXAMPLE II                     

                           Depth of Halftone Etching                           

              Depth of Halftone Etching                                        

                           After Etching Bath is                               

     Etching Liquid                                                            

              Using a Fresh Etching                                            

                           Permitted to Stand Idle                             

                                          Percentage of Change                 

     Formula  Bath         for 18 Hours   in Etch Depth                        

     __________________________________________________________________________

     I        0.0075"      0.0160"        113%                                 

     II       0.0075"      0.0120"        60%                                  

     III      0.0075"      0.0090"        20%                                  

     __________________________________________________________________________

PAR  The following is an example of an etching liquid embodying the primary
      aspect of the invention which is characterized in that it employs a short
      straight chain saturated fatty monocarboxylic acid to the exclusion of any
      other fatty monocarboxylic acid:
TBL  EXAMPLE III                                                               

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       170.251                                                 

     Caprylic acid     5.376                                                   

     Butyl Carbitol    5.376                                                   

     Nitrilo tris(methylene                                                    

     phosphonic acid)  2.240                                                   

     Hexyl Cellosolve  4.480                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       5.376                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     4.928                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           4.032                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the present invention which is characterized in that it employs
      a short branched chain saturated fatty monocarboxylic acid to the
      exclusion of any other fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE IV                                                                

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       169.489                                                 

     Nitrilo tris(methylene                                                    

     phosphonic acid)  2.240                                                   

     2-ethyl hexanoic acid                                                     

                       6.720                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       1.344                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene sulfonic                                                   

     acid              2.688                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of a further etching liquid embodying the
      primary aspect of the present invention which is characterized in that it
      employs a long chain unsaturated fatty monocarboxylic acid to the
      exclusion of any other fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE V                                                                 

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       284.6                                                   

     Butyl Carbitol    2.554                                                   

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid 4.032                                                   

     Oleic acid        10.976                                                  

     Hexyl Cellosolve  2.329                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       2.509                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     3.226                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           2.061                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The foregoing example is an illustration of an etching liquid using a high
      concentration of nitric acid, to wit, 20% by volume of 42.degree. Be.
      rather than 12% as in previous examples; hence, it will etch at a faster
      rate.
PAR  The following is an example of another etching liquid embodying the primary
      aspect of the present invention which is characterized in that it employs
      a long straight chain saturated fatty monocarboxylic acid to the exclusion
      of any other fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE VI                                                                

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       170.000                                                 

     Nitrilo tris(methylene                                                    

     phosphonic acid)  5.600                                                   

     n-stearic acid    4.480                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       5.825                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene sulfonic                                                   

     acid              3.584                                                   

     Butyl Carbitol    2.240                                                   

     Hexyl Cellosolve  2.240                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the present invention which is characterized in that it employs
      a long branched chain saturated fatty monocarboxylic acid and a short
      chain saturated fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE VII                                                               

                       g/l of                                                  

     Component         Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       170.000                                                 

     Butyl Carbitol    5.316                                                   

     Isostearic acid   5.947                                                   

     Caprylic acid     1.579                                                   

     Hexyl Cellosolve  2.632                                                   

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid 4.184                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       2.421                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     2.842                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           1.921                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the invention which is characterized in that it employs a medium
      length straight chain saturated fatty monocarboxylic acid to the exclusion
      of any other fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE VIII                                                              

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       170.000                                                 

     Butyl Carbitol    4.480                                                   

     Nitrilo tris(methylene                                                    

     phosphonic acid)  2.240                                                   

     Myristic acid     5.824                                                   

     Hexyl Cellosolve  3.360                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       4.928                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     2.688                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           1.747                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the present invention which is characterized in that it employs
      a mixture of fatty monocarboxylic acids, one short chain and the other
      long chain, and in that the concentration of nitric acid employed is high,
      i.e. 20%, such as in EXAMPLE V.
TBL  ______________________________________                                    

     EXAMPLE IX                                                                

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid. 42.degree. Be.                                               

                       282.36                                                  

     Butyl Carbitol    2.552                                                   

     Isostearic acid   6.132                                                   

     Caprylic acid     2.632                                                   

     Hexyl Cellosolve  2.316                                                   

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid 3.013                                                   

     Triethanolamine salts of                                                  

     sulfonated oleic acid                                                     

                       2.500                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     2.947                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           2.158                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the present invention which is characterized in that it employs
      a substituted fatty monocarboxylic acid to the exclusion of any other
      fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE X                                                                 

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       170.000                                                 

     Nitrilo tris(methylene                                                    

     phosphonic acid)  1.792                                                   

     Butyl Carbitol    2.016                                                   

     Hexyl Cellosolve  2.016                                                   

     Phenyl stearic acid                                                       

                       2.240                                                   

     Triethanolamine salt of                                                   

     sulfonated oleic acid                                                     

                       3.808                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     3.500                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following is an example of another etching liquid embodying the primary
      aspect of the invention which is characterized by the omission of a
      sulfonated or a sulfated fatty monocarboxylic acid.
TBL  ______________________________________                                    

     EXAMPLE XI                                                                

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     N,N-di(carboxymethyl)                                                     

     N-methylene phosphonic acid                                               

                         3.14                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

PAR  The following are two examples of etching liquids embodying the primary
      aspect of the present invention which are characterized by the
      substitution of a sulfated fatty monocarboxylic acid or ester for
      sulfonated fatty monocarboxylic acids.
TBL  ______________________________________                                    

     EXAMPLE XII                                                               

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     N,N-di(carboxymethyl)                                                     

     N-methylene phosphonic acid                                               

                         3.14                                                  

     Sulfated castor oil 0.60                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

TBL  EXAMPLE XIII                                                              

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     N,N-di(carboxymethyl)                                                     

     N-methylene phosphonic acid                                               

                         3.14                                                  

     Sulfated ricinoleic acid                                                  

                         0.70                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

PAR  All the magnesium printing plates etched with the foregoing liquids were of
      excellent quality.
PAR  The following are examples of the second aspect of the present invention,
      these being etching baths that are characterized by the presence of the
      components of the primary aspect of the invention except that there are no
      sulfated or sulfonated fatty monocarboxylic acids and by the inclusion of
      a salt of an acyclic or alicyclic amine having at least 6 carbon atoms, it
      being observed that this phase of the invention functions satisfactorily
      if some or all of the organophosphonic acid is replaced by a
      polycarboxylic acid having from 2 to 10 carbon atoms. In this example and
      subsequent examples showing the use of amine salts pursuant to this
      invention, only the weight of the amine moiety is given since it is
      simpler to include such moiety as a component of the filming agent, the
      same being converted to the salt upon the addition to diluted nitric acid.
TBL  ______________________________________                                    

     EXAMPLE XIV                                                               

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     Cyclohexyl amine    0.90                                                  

     N-hydroxymethyl,N,N',N'-                                                  

     ethylene diamine tris                                                     

     (methylene phosphonic acid)                                               

                         2.09                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

TBL  EXAMPLE XV                                                                

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     Tri(n-propyl) amine 0.90                                                  

     N,N-di(carboxymethyl)                                                     

     N-methylene phosphonic acid                                               

                         3.14                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

TBL  EXAMPLE XVI                                                               

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       281.60                                                  

     Butyl Carbitol    4.16                                                    

     White mineral oil 0.69                                                    

     Caprylic acid     1.97                                                    

     Isostearic acid   4.76                                                    

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     2.65                                                    

     Tertiary octylphenoxy                                                     

     ethanol           2.58                                                    

     2-hydroxypropylene diamine                                                

     N,N',N,N'-tetra(methylene                                                 

     phosphonic acid)  3.14                                                    

     Dicyclohexyl amine                                                        

                       1.12                                                    

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

TBL  EXAMPLE XVII                                                              

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         281.60                                                

     Butyl Carbitol      4.16                                                  

     White mineral oil   0.69                                                  

     Caprylic acid       2.20                                                  

     Isostearic acid     4.32                                                  

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid       2.66                                                  

     Tertiary octylphenoxy                                                     

     polyethoxyethyl                                                           

     ethanol             2.58                                                  

     Di-n-hexyl amine    0.45                                                  

     N-carboxymethyl,N,N-di                                                    

     (methylene phosphonic acid)                                               

                         3.14                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

PAR  Combination magnesium printing plates etched with EXAMPLES XIV - XVII
      likewise were of excellent quality and, additionally, had good uniformity
      of shoulder angles in hot and cold areas of the plates.
PAR  The following formulations are two examples in which amines as above
      described are used and which are characterized by the substitution of a
      polycarboxylic acid (C 2 to 10), actually citric acid, for the
      organophosphonic acids:
TBL  EXAMPLE XVIII                                                             

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         197.00                                                

     Citric acid         2.52                                                  

     Butyl Carbitol      2.24                                                  

     White mineral oil   1.34                                                  

     Caprylic acid       2.85                                                  

     Isostearic acid. 4.48                                                     

     Nonylphenoxypolyoxyethyl                                                  

     ethanol             4.32                                                  

     Dodecylbenzene sulfonic acid                                              

                         2.78                                                  

     n-octyl amine       0.33                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

TBL  EXAMPLE XIX                                                               

                         g/l of                                                

     Components          Etching Bath                                          

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                         310.00                                                

     Citric acid         2.71                                                  

     White mineral oil   1.77                                                  

     Nonylphenoxypolyoxyethyl                                                  

     ethanol             5.40                                                  

     Caprylic acid       3.07                                                  

     Isostearic acid     5.31                                                  

     Dodecylbenzene sulfonic acid                                              

                         2.90                                                  

     Secondary octyl amine                                                     

                         0.59                                                  

     Water               q.s. to 1 liter                                       

     ______________________________________                                    

PAR  The foregoing etching liquids form etching magnesium plates, combination or
      otherwise, of unusually good characteristics. Such plates have very
      uniform shoulder angles over the entire areas of the plates; they can be
      etched quite rapidly at high temperatures without deleteriously affecting
      any of the desired qualities of an etched plate such as uniform shoulder
      angle, smoothness of shoulder, absence of dirt and pimples, and etch
      factors exceeding 100. The temperatures and rates at which the bath can
      operate are as great as 140.degree. F. and 0.018 inch a minute. Great
      etching depths are easily obtainable with such liquids using
      polycarboxylic acids and amines of the character described, e.g. 0.20
      inch, which heretofore has not been feasible due to limitation of time and
      deterioration of etching qualities. Previously, depths of such nature
      required the use of machine tools.
PAR  The following formulation is an example in which amines as above described
      are used and which is characterized by the substitution of a
      polycarboxylic acid (C 2 - 10), actually malic acid, which is substituted
      for a portion of the organophosphonic acid.
TBL  ______________________________________                                    

     EXAMPLE XX                                                                

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       282.36                                                  

     Butyl Carbitol    2.552                                                   

     Isostearic acid   6.132                                                   

     Caprylic acid     2.632                                                   

     Hexyl Cellosolve  2.316                                                   

     1-hydroxyethane 1,1-                                                      

     diphosphonic acid 1.500                                                   

     Malic acid        1.550                                                   

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     2.947                                                   

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           2.158                                                   

     n-hexadecyl amine 1.200                                                   

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  The following formulation (called EXAMPLE XXI) is one embodying the primary
      aspect of the present invention but omitting amine salts that characterize
      the second aspect of the invention and which desirably are included
      therein. This example is used in conjunction with various amounts of salts
      of the following amines: n-dodecyl amine, n-nonyl amine, secondary octyl
      amine and 2-ethyl hexyl amine. All the just-mentioned salts of amines are
      those within the group of amines prescribed for use in connecction with
      the instant invention. This formulation was employed to etch combination
      plates which normally, that is to say, in the absence of such amines,
      would have non-uniform shoulder angles in hot and cold areas. In FIGS. 1 -
      4 graphs have been illustrated which show the action of the aforesaid bath
      with and without the aforesaid amines, in hot and cold areas. These graphs
      also illustrate the ratio of the shoulder angles for the hot and cold
      areas as the amounts of the amine salts vary. Again, for convenience, the
      weights of the amine salts have been given as weights of the amine
      moieties of the salts.
TBL  ______________________________________                                    

     EXAMPLE XXI                                                               

                       g/l of                                                  

     Components        Etching Bath                                            

     ______________________________________                                    

     Nitric acid, 42.degree. Be.                                               

                       280.00                                                  

     Butyl Carbitol    4.74                                                    

     White mineral oil 0.79                                                    

     Caprylic acid     2.50                                                    

     Isostearic acid   4.92                                                    

     Hydroxyethane                                                             

     diphosphonic acid 3.70                                                    

     Isopropylamine salt of                                                    

     dodecylbenzene                                                            

     sulfonic acid     3.03                                                    

     Nonylphenoxypolyoxyethyl                                                  

     ethanol           2.94                                                    

     Water             q.s. to 1 liter                                         

     ______________________________________                                    

PAR  In order to illustrate the effect of adding salts of amines not within the
      aforesaid group, FIGS. 5 and 6 have been included which illustrate the
      change in shoulder angles in hot and cold areas and shoulder angle ratios
      in the hot and cold areas of plates treated with the bath of EXAMPLE XXI
      to which there have been added varying amounts of salts of isopropylamine
      and triethanolamine, respectively, the weights being given as those of the
      amine moieties.
PAR  Combination magnesium plates etched with EXAMPLE XXI but including salts of
      amines that do not conform to the description of amine salts pursuant to
      the present invention showed no marked improvement in the ratio of
      uniformity of shoulder angles in the hot and cold areas of the plates as
      the amounts of the amine salts varied, it being noted that isopropylamine
      has less than 6 carbon atoms and that triethanolamine is not an acyclic
      amine because it has had a hydroxyl group substituted thereon so that it
      is not aliphatic.
PAR  It will be observed that all examples in which a salt of an amine of the
      mentioned group is included with nitric acid, a fatty monocarboxylic acid
      (C 6-26), an alkyl aryl sulfonic acid or salt, a blend of surfactants and
      water, neither a sulfated nor a sulfonated fatty monocarboxylic acid (C
      6-26) is employed and, indeed, as previously noted, such sulfated or
      sulfonated acids should be omitted when the aforesaid amine salts are
      present in order to secure suitable etching. It has been observed that
      even as little as 0.5 grams per liter of such a sulfated or sulfonated
      fatty acid (C 6-26) makes a plate unusable when such an additive is
      employed. Hence, the amount of such an acid that can be used best is
      described as being essentially absent, that is to say, so little that only
      a trace amount can be tolerated.
PAR  It thus will be seen that there are provided a filming agent, an etching
      liquid and an etching method for etching an imaged magnesium plate which
      achieve the various objects of the invention and which are well adapted to
      meet the conditions of practical use.
PAR  As various possible improvements might be made in the above invention and
      as various changes might be made in the embodiments above set forth, it is
      to be understood that all matter herein described is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described the invention, there is claimed as new and desired to
      be secured by Letters Patent:
NUM  1.
PAR  1. An etching liquid for etching bare areas of a magnesium plate, other
      portions of which are covered with an etch-resist pattern, said etching
      liquid including
PA1  I. a strong inorganic acid,
PA1  Ii. at least one liquid fatty monocarboxylic acid having from 6 to 26
      carbon atoms and substantially non-reactive with the inorganic acid,
PA1  Iii. at least one organophosphonic acid,
PA1  Iv. at least one alkylaryl sulfonic acid,
PA1  V. at least one surfactant or coupling agent, and
PA1  Vi. water.
NUM  2.
PAR  2. An etching liquid as set forth in claim 1 wherein the strong inorganic
      acid is nitric acid.
NUM  3.
PAR  3. An etching liquid as set forth in claim 2 wherein the components are
      present in the following ranges per liter of etching liquid: (I) from 10%
      to 30% by volume of a 42.degree. Be. aqueous solution; (II) from 1 to 25
      grams; (III) from 1 to 10 grams; (IV) from 1 to 10 grams; (V) from 3 to 40
      grams; and (VI) balance.
NUM  4.
PAR  4. An etching liquid as set forth in claim 1 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  5.
PAR  5. An etching liquid as set forth in claim 3 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  6.
PAR  6. An etching liquid as set forth in claim 5 wherein the organophosphonic
      acids are selected from the group consisting of:
PA0  methylene diphosphonic acid;
PA0  1-hydroxyethane 1,1-diphosphonic acid;
PA0  nitrilo tris(methylene phosphonic acid);
PA0  N-carboxymethyl,N,N-di(methylene phosphonic acid);
PA0  hexamethylenediamine tetra(methylene phosphonic acid);
PA0  ethylenediamine tetra(methylene phosphonic acid);
PA0  diethylenetriamine penta(methylene phosphonic acid);
PA0  N,n-di(carboxymethyl) N-methylene phosphonic acid;
PA0  N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid);
PA0  N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  2-hydroxypropylene diamine N,N',N,N'-tetra(methylene phosphonic acid);
PA0  di(2-hydroxypropylene)triamine penta(methylene phosphonic acid); and
PA0  tri(2-hydroxypropylene) tetraamine hexa(methylene phosphonic acid).
NUM  7.
PAR  7. An etching liquid as set forth in claim 1 wherein the alkylaryl sulfonic
      acid is selected from the group consisting of dodecylbenzene sulfonic acid
      and dinonylnaphthalene sulfonic acid.
NUM  8.
PAR  8. An etching liquid as set forth in claim 1 wherein the surfactants and
      coupling agents are selected from the group consisting of:
PA0  propylene glycol;
PA0  diethylene glycol;
PA0  glycerine;
PA0  1,2,6 hexanetriol;
PA0  diethylene glycol methyl ether
PA0  diethylene glycol monobutyl ether
PA0  diethylene glycol monohexyl ether
PA0  ethylene glycol monobutyl ether
PA0  ethylene glycol monohexyl ether
PA0  .alpha.-sulfopalmitic acid;
PA0  sulfophenylstearic acid;
PA0  sulfonated oleic acid;
PA0  .alpha.-sulfostearic acid;
PA0  sulfonated amyl oleate;
PA0  sulfated ricinoleic acid;
PA0  sulfated castor oil;
PA0  sulfated butyl palmitate;
PA0  tertiary octylphenoxypolyoxyethyl ethanol;
PA0  nonylphenoxypolyoxyethyl ethanol; and
PA0  octylphenoxypolyoxyethyl ethanol.
NUM  9.
PAR  9. An etching liquid as set forth in claim 3 which further includes at
      least one sulfonated fatty monocarboxylic acid with from 6 to 26 carbon
      atoms.
NUM  10.
PAR  10. An etching liquid as set forth in claim 3 which further includes at
      least one sulfated fatty monocarboxylic acid with from 6 to 26 carbon
      atoms.
NUM  11.
PAR  11. An etching liquid as set forth in claim 2 which further includes at
      least one salt of an acyclic or alicyclic amine having at least 6 carbon
      atoms, there being essentially absent from the etching liquid sulfonates
      and sulfates of fatty monocarboxylic acids.
NUM  12.
PAR  12. An etching liquid as set forth in claim 3 which further includes at
      least one salt of an acyclic or alicyclic amine having at least 6 carbon
      atoms, there being essentially absent from the etching liquid sulfonates
      and sulfates of fatty monocarboxylic acids.
NUM  13.
PAR  13. An etching liquid as set forth in claim 12 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary, secondary
      and tertiary branched, unbranched, saturated and unsaturated amines and
      saturated cyclic amines.
NUM  14.
PAR  14. An etching liquid as set forth in claim 13 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary octyl
      amine, secondary octyl amine, tertiary octyl amine, 2-ethyl hexyl amine,
      tri(n-propyl) amine, cyclohexyl amine, dicyclohexyl amine, monohexadecyl
      amine, dibutyl amine, 5-aminononane, oleyl amine, mono(n-hexyl) amine,
      di(n-hexyl) amine, n-nonyl amine, and n-dodecyl amine.
NUM  15.
PAR  15. An etching liquid as set forth in claim 13 wherein the amine moiety of
      the amine salt is present in an amount of from 0.1 to 10 grams per liter
      of etching liquid.
NUM  16.
PAR  16. An etching liquid as set forth in claim 12 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acid in which at least one of the nitrogen atoms
      has at least one methylene phosphonic acid group attached thereto.
NUM  17.
PAR  17. An etching liquid for etching bare areas of a magnesium plate, other
      portions of which are covered with an etch-resist pattern, said etching
      liquid including
PA1  I. a strong inorganic acid,
PA1  Ii. at least one liquid fatty monocarboxylic acid having from 6 to 26
      carbon atoms and substantially nonreactive with the inorganic acid,
PA1  Iii. at least one polycarboxylic acid having from 2 to 10 carbon atoms,
PA1  Iv. at least one alkylaryl sulfonic acid,
PA1  V. at least one surfactant or coupling agent,
PA1  Vi. at least one salt of an acyclic or an alicyclic amine having at least 6
      carbon atoms, and there being essentially absent from the etching liquid
      sulfonates and sulfates of fatty monocarboxylic acids, and
PA1  Viii. water.
NUM  18.
PAR  18. An etching liquid as set forth in claim 17 wherein the strong inorganic
      acid is nitric acid.
NUM  19.
PAR  19. An etching liquid as set forth in claim 18 wherein the components are
      present in the following ranges per liter of etching liquid: (I) from 10%
      to 30% by volume of a 42.degree. Be. aqueous solution; (II) from 1 to 25
      grams; (III) from 1 to 10 grams; (IV) from 1 to 10 grams; (V) from 3 to 40
      grams; (VI) from 0.1 to 10 grams; and (VII) balance.
NUM  20.
PAR  20. An etching liquid as set forth in claim 19 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary, secondary
      and tertiary branched, unbranched, saturated and unsaturated amines and
      saturated cyclic amines.
NUM  21.
PAR  21. An etching liquid as set forth in claim 20 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary octyl
      amine, secondary octyl amine, tertiary octyl amine, 2-ethyl hexyl amine,
      tri(n-propyl) amine, cyclohexyl amine, dicyclohexyl amine, monohexadecyl
      amine, dibutyl amine, 5-aminononane, oleyl amine, mono(n-hexyl) amine,
      di(n-hexyl) amine, n-nonyl amine, and n-dodecyl amine.
NUM  22.
PAR  22. An etching liquid as set forth in claim 20 wherein the amine moiety of
      the amine salt is present in an amount of from 0.1 to 10 grams per liter
      of etching liquid.
NUM  23.
PAR  23. An etching liquid as set forth in claim 20 wherein the polycarboxylic
      acid is selected from the group consisting of citric acid, malic acid,
      adipic acid, maleic acid, succinic acid, and azelaic acid.
NUM  24.
PAR  24. An etching liquid for etching bare areas of a magnesium plate, other
      portions of which are covered with an etch-resist pattern, said etching
      liquid including
PA1  I. a strong inorganic acid,
PA1  Ii. at least one liquid fatty monocarboxylic acid having from 6 to 26
      carbon atoms and substantially nonreactive with the inorganic acid,
PA1  Iii. at least one polycarboxylic acid having from 2 to 10 carbon atoms and
      at least one organophosphonic acid,
PA1  Iv. at least one alkylaryl sulfonic acid,
PA1  V. at least one surfactant or coupling agent,
PA1  Vi. at least one salt of an acyclic or an alicyclic amine having at least 6
      carbon atoms, and there being essentially absent from the etching liquid
      sulfonates and sulfates of fatty monocarboxylic acids, and
PA1  Vii. water.
NUM  25.
PAR  25. An etching liquid as set forth in claim 24 wherein the strong inorganic
      acid is nitric acid.
NUM  26.
PAR  26. An etching liquid as set forth in claim 25 wherein the components are
      present in the following ranges per liter of etching liquid: (I) from 10%
      to 30% by volume of a 42.degree. Be. aqueous solution; (II) from 1 to 25
      grams; (III) from 1 to 10 grams; (IV) from 1 to 10 grams; (V) from 3 to 40
      grams; (VI) from 0.1 to 10 grams; and (VII) balance.
NUM  27.
PAR  27. An etching liquid as set forth in claim 24 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  28.
PAR  28. An etching liquid as set forth in claim 26 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  29.
PAR  29. An etching liquid as set forth in claim 28 wherein the organophosphonic
      acids are selected from the group consisting of:
PA0  methylene diphosphonic acid;
PA0  1-hydroxyethane 1,1-diphosphonic acid;
PA0  nitrilo tris(methylene phosphonic acid);
PA0  N-carboxymethyl,N,N-di(methylene phosphonic acid);
PA0  hexamethylenediamine tetra(methylene phosphonic acid);
PA0  ethylenediamine tetra(methylene phosphonic acid);
PA0  diethylenetriamine penta(methylene phosphonic acid);
PA0  N,n-di(carboxymethyl) N-methylene phosphonic acid;
PA0  N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid);
PA0  N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  2-hydroxypropylene diamine N,N',N,N'-tetra(methylene phosphonic acid);
PA0  di(2-hydroxypropylene)triamine penta(methylene phosphonic acid); and
PA0  tri(2-hydroxypropylene) tetraamine hexa(methylene phosphonic acid).
NUM  30.
PAR  30. An etching liquid as set forth in claim 26 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary, secondary
      and tertiary branched, unbranched, saturated and unsaturated amines and
      saturated cyclic amines.
NUM  31.
PAR  31. An etching liquid as set forth in claim 30 wherein the amine moiety of
      the amine salt is selected from the group consisting of primary octyl
      amine, secondary octyl amine, tertiary octyl amine, 2-ethyl hexyl amine,
      tri(n-propyl) amine, cyclohexyl amine, dicyclohexyl amine, monohexadecyl
      amine, dibutyl amine, 5-aminononane, oleyl amine, mono(n-hexyl) amine,
      di(n-hexyl) amine, n-nonyl amine, and n-dodecyl amine.
NUM  32.
PAR  32. An etching liquid as set forth in claim 31 wherein the amine moiety of
      the amine salt is present in an amount of from 0.1 to 10 grams per liter
      of etching liquid.
NUM  33.
PAR  33. An etching liquid as set forth in claim 30 wherein the polycarboxylic
      acid is selected from the group consisting of citric acid, malic acid,
      adipic acid, maleic acid, succinic acid, and azelaic acid.
NUM  34.
PAR  34. A filming agent for use with a strong inorganic acid etching liquid for
      etching bare areas of a magnesium plate, other portions of which are
      covered with an etch-resist pattern, said filming agent comprising
PA1  I. at least one liquid fatty monocarboxylic acid having from 6 to 26 carbon
      atoms and substantially nonreactive with the inorganic acid,
PA1  Ii. at least one organophosphonic acid,
PA1  Iii. at least one alkylaryl sulfonic acid,
PA1  Iv. at least one surfactant or coupling agent, and
PA1  V. water.
NUM  35.
PAR  35. A filming agent as set forth in claim 34 wherein components (I) - (IV)
      are present in amounts such that when the filming agent is added to the
      etching liquid the amounts of the components are per liter of etching
      liquid: (I) from 1 to 25 grams; (II) from 1 to 10 grams; (III) from 1 to
      10 grams; and (IV) from 3 to 40 grams.
NUM  36.
PAR  36. A filming agent as set forth in claim 35 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  37.
PAR  37. A filming agent as set forth in claim 36 wherein the organophosphonic
      acids are selected from the group consisting of:
PA0  methylene diphosphonic acid;
PA0  1-hydroxyethane 1,1-diphosphonic acid;
PA0  nitrilo tris(methylene phosphonic acid);
PA0  N-carboxymethyl,N,N-di(methylene phosphonic acid);
PA0  hexamethylenediamine tetra(methylene phosphonic acid);
PA0  ethylenediamine tetra(methylene phosphonic acid);
PA0  diethylenetriamine penta(methylene phosphonic acid);
PA0  N,n-di(carboxymethyl) N-methylene phosphonic acid;
PA0  N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid);
PA0  N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  2-hydroxypropylene diamine N,N',N,N'-tetra(methylene phosphonic acid);
PA0  di(2-hydroxypropylene)triamine penta(methylene phosphonic acid); and
PA0  tri(2-hydroxypropylene) tetraamine hexa(methylene phosphonic acid).
NUM  38.
PAR  38. A filming agent as set forth in claim 35 which further includes at
      least one acyclic or alicyclic amine having at least 6 carbon atoms, there
      being essentially absent from the filming agent sulfonates and sulfates of
      fatty monocarboxylic acids.
NUM  39.
PAR  39. A filming agent as set forth in claim 38 wherein the amine is selected
      from the group consisting of primary, secondary and tertiary branched,
      unbranched, saturated and unsaturated amines and saturated cyclic amines.
NUM  40.
PAR  40. A filming agent as set forth in claim 39 wherein the amine is selected
      from the group consisting of primary octyl amine, secondary octyl amine,
      tertiary octyl amine, 2-ethyl hexyl amine, tri(n-propyl) amine, cyclohexyl
      amine, dicyclohexyl amine, monohexadecyl amine, dibutyl amine,
      5-aminononane, oleyl amine, mono(n-hexyl) amine, di(n-hexyl) amine,
      n-nonyl amine, and n-dodecyl amine.
NUM  41.
PAR  41. A filming agent for use with a strong inorganic acid etching liquid for
      etching bare areas of a magnesium plate, other portions of which are
      covered with an etch-resist pattern, said filming agent comprising
PA1  I. at least one liquid fatty monocarboxylic acid having from 6 to 26 carbon
      atoms and substantially nonreactive with the inorganic acid,
PA1  Ii. at least one organophosphonic acid,
PA1  Iii. at least one alkylaryl sulfonic acid,
PA1  Iv. at least one surfactant or coupling agent,
PA1  V. at least one acyclic or alicyclic amine having at least 6 carbon atoms,
      and there being essentially absent from the etching liquid sulfonates and
      sulfates of fatty monocarboxylic acid, and
PA1  Vi. water.
NUM  42.
PAR  42. A filming agent as set forth in claim 41 wherein components (I) - (V)
      are present in amounts such that when the filming agent is added to the
      etching liquid the amounts of the components are per liter of etching
      liquid: (I) from 1 to 25 grams; (II) from 1 to 10 grams; (III) from 1 to
      10 grams; (IV) from 3 to 40 grams; and (V) from 0.1 to 10 grams.
NUM  43.
PAR  43. A filming agent as set forth in claim 42 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  44.
PAR  44. A filming agent as set forth in claim 43 wherein the organophosphonic
      acids are selected from the group consisting of:
PA0  methylene diphosphonic acid;
PA0  1-hydroxyethane 1,1diphosphonic acid;
PA0  nitrilo tris(methylene phosphonic acid);
PA0  N-carboxymethyl,N,N-di(methylene phosphonic acid);
PA0  hexamethylenediamine tetra(methylene phosphonic acid);
PA0  ethylenediamine tetra(methylene phosphonic acid);
PA0  diethylenetriamine penta(methylene phosphonic acid); N,N-di(carboxymethyl)
      N-methylene phosphonic acid;
PA0  N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid);
PA0  N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  2-hydroxypropylene diamine N,N',N,N'-tetra(methylene phosphonic acid);
PA0  di(2-hydroxypropylene)triamine penta(methylene phosphonic acid); and
PA0  tri(2-hydroxypropylene) tetramine hexa(methylene phosphonic acid).
NUM  45.
PAR  45. A filming agent as set forth in claim 41 wherein the amine is selected
      from the group consisting of primary, secondary and tertiary branched,
      unbranched, saturated and unsaturated amines and saturated cyclic amines.
NUM  46.
PAR  46. A filming agent as set forth in claim 45 wherein the amine is selected
      from the group consisting of primary octyl amine, secondary octyl amine,
      tertiary octyl amine, 2-ethyl hexyl amine, tri(n-propyl) amine, cyclohexyl
      amine, dicyclohexyl amine, monohexadecyl amine, dibutyl amine,
      5-aminononane, oleyl amine, mono(n-hexyl) amine, di(n-hexyl) amine,
      n-nonyl amine, and n-dodecyl amine.
NUM  47.
PAR  47. A filming agent for use with a strong inorganic acid etching liquid for
      etching bare areas of a magnesium plate, other portions of which are
      covered with an etch-resist pattern, said filming agent comprising
PA1  I. at least one liquid fatty monocarboxylic acid having from 6 to 26 carbon
      atoms and substantially nonreactive with the inorganic acid,
PA1  Ii. at least one polycarboxylic acid having from 2 to 10 carbon atoms,
PA1  Iii. at least one alkylaryl sulfonic acid,
PA1  Iv. at least one surfactant or coupling agent,
PA1  V. at least one acyclic or alicyclic amine having atleast 6 carbon atoms,
      and there being essentially absent from the etching liquid sulfonates and
      sulfates of fatty monocarboxylic acids, and
PA1  Vi. water.
NUM  48.
PAR  48. A filming agent as set forth in claim 47 wherein components (I) - (V)
      are present in amounts such that when the filming agent is added to the
      etching liquid the amounts of the components are per liter of etching
      liquid: (I) from 1 to 25 grams; (II) from 1 to 10 grams; (III) from 1 to
      10 grams; (IV) from 3 to 40 grams; and (V) from 0.1 to 10 grams.
NUM  49.
PAR  49. A filming agent as set forth in claim 48 wherein the amine is selected
      from the group consisting of primary, secondary and tertiary branched,
      unbranched, saturated and unsaturated amines and saturated cyclic amines.
NUM  50.
PAR  50. A filming agent as set forth in claim 49 wherein the amine is selected
      from the group consisting of primary octyl amine, secondary octyl amine,
      tertiary octyl amine, 2-ethyl hexyl amine, tri(n-propyl) amine, cyclohexyl
      amine, dicyclohexyl amine, monohexadecyl amine, dibutyl amine,
      5-aminononane, oleyl amine, mono(n-hexyl) amine, di(n-hexyl) amine,
      n-nonyl amine, and n-dodecyl amine.
NUM  51.
PAR  51. A filming agent for use with a strong inorganic acid etching liquid for
      etching bare areas of a magnesium plate, other portions of which are
      covered with an etch-resist pattern, said filming agent comprising
PA1  I. at least one liquid fatty monocarboxylic acid having from 6 to 26 carbon
      atoms and substantially nonreactive with the inorganic acid,
PA1  Ii. at least one organophosphonic acid and at least one polycarboxylic acid
      having from 2 to 10 carbon atoms,
PA1  Iii. at least one alkylaryl sulfonic acid,
PA1  Iv. at least one surfactant or coupling agent,
PA1  V. at least one acyclic or alicyclic amine having at least 6 carbon atoms,
      and there being essentially absent from the etching liquid sulfonates and
      sulfates of fatty monocarboxylic acids, and
PA1  Vi. water.
NUM  52.
PAR  52. A filming agent as set forth in claim 51 wherein components (I) - (V)
      are present in amounts such that when the filming agent is added to the
      etching liquid the amounts of the components are per liter of etching
      liquid: (I) from 1 to 25 grams; (II) from 1 to 10 grams; (III) from 1 to
      10 grams; (IV) from 3 to 40 grams; and (V) from 0.1 to 10 grams.
NUM  53.
PAR  53. A filming agent as set forth in claim 52 wherein the organophosphonic
      acid is selected from the group consisting of organic phosphonic acids
      having two phosphonic acid groups attached to the same carbon atom and
      aminomethylene-phosphonic acids in which at least one of the nitrogen
      atoms has at least one methylene phosphonic acid group attached thereto.
NUM  54.
PAR  54. A filming agent as set forth in claim 53 wherein the organophosphonic
      acids are selected from the group consisting of:
PA0  methylene diphosphonic acid;
PA0  1-hydroxyethane 1,1-diphosphonic acid;
PA0  nitrilo tris(methylene phosphonic acid);
PA0  N-carboxymethyl,N,N-di(methylene phosphonic acid);
PA0  hexamethylenediamine tetra(methylene phosphonic acid);
PA0  ethylenediamine tetra(methylene phosphonic acid);
PA0  diethylenetriamine penta(methylene phosphonic acid);
PA0  N,n-di(carboxymethyl) N-methylene phosphonic acid;
PA0  N-(2-hydroxyethyl) N,N-di-(methylene phosphonic acid);
PA0  N-hydroxymethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  N-hydroxyethyl,N,N',N'-ethylene diamine tris(methylene phosphonic acid);
PA0  2-hydroxypropylene diamine N,N',N,N'-tetra(methylene phosphonic acid);
PA0  di(2-hydroxypropylene)triamine penta(methylene phosphonic acid); and
PA0  tri(2-hydroxypropylene) tetraamine hexa(methylene phosphonic acid).
NUM  55.
PAR  55. A filming agent as set forth in claim 51 wherein the amine is selected
      from the group consisting of primary, secondary and tertiary branched,
      unbranched, saturated and unsaturated amines and saturated cyclic amines.
NUM  56.
PAR  56. A filming agent as set forth in claim 55 wherein the amine is selected
      from the group consisting of primary octyl amine, secondary octyl amine,
      tertiary octyl amine, 2-ethyl hexyl amine, tri(n-propyl) amine, cyclohexyl
      amine, dicyclohexyl amine, monohexadecyl amine, dibutyl amine,
      5-aminononane, oleyl amine, mono(n-hexyl) amine, di(n-hexyl) amine,
      n-nonyl amine, and n-dodecyl amine.
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ABST
PAL  This disclosure relates to a luminescent device having a uniformly
      coalesced, transparent, luminescent silica glass target containing an
      activating amount of at least one selected rare earth oxide. This
      disclosure further relates to a luminescent process, a composition, and an
      article of manufacture.
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BSUM
PAC  THE INVENTION
PAR  This invention relates to the preparation and use of novel glass
      compositions consisting essentially of silica and small effective amounts
      of at least one selected oxide ingredient.
PAR  More particularly, in accordance with this invention, a substantially
      transparent, uniformly coalesced, homogeneous glass is prepared by
      uniformly compacting a homogeneous, anhydrous mixture consisting
      essentially of finely-divided, substantially pure, non-crystalline silica
      and a small effective amount of at least one glass-modifying oxide
      ingredient selected to impart desired characteristics to the glass, and
      then heating the compacted mixture under vacuum at an elevated,
      non-devitrifying temperature for a period of time sufficient to obtain
      substantially complete, uniform coalescence and sintering of the mixture.
PAR  A wide range of oxide ingredients may be selected for the practice of this
      invention depending upon the characteristics desired in the glass body.
PAR  Typical ingredients include not by way of limitation the oxides of V, Cr,
      Mn, Fe, Co, Ni, Cu, Sb, Zn, P. B, U, Ti, Zr, Hf, W, Ta, Ag, Au, Pb, Bi,
      As, and the rare earths.
PAR  In accordance with one important embodiment of this invention, it is
      contemplated preparing a novel, substantially transparent, homogeneous,
      luminescent glass having a luminescence output of high intensity by
      uniformly compacting a homogeneous, anhydrous mixture consisting
      essentially of finely-divided, non-crystalline, substantially pure silica
      and a small effective amount of at least one luminescent oxide activator,
      and heating the compacted mixture under vacuum at an elevated,
      non-devitrifying temperature for a period of time sufficient to obtain
      substantially complete coalescence thereof.
PAR  A wide range of luminescent oxide activators or dopants is contemplated
      herein including not by way of limitation oxides of Sn, Sb, Zn, Ni, V, Mn,
      U, Cu, Ag, As, and the rare earths.
PAR  It has been discovered that compounds of the rare earths are particularly
      suitable for the practice of this invention. More particularly, it has
      been found that luminescent glasses of high intensity output may be
      prepared by using one rare earth selected from lanthanum, cerium,
      praseodymium, neodymium, samarium, europium, gadolinium, terbium,
      dysprosium, erbium, thulium, ytterbium, and lutetium alone or in
      combination with at least one other rare earth selected from lanthanum,
      cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
      dysprosium, erbium, thulium, ytterbium, lutetium, and holmium.
PAR  Specific rare earth combinations contemplated herein include:
PAR  1. La and at least one member selected from Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
      Tm, Yb, and Lu.
PAR  2. Ce and at least one member selected from Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
      Er, Tm, Yb, and Lu.
PAR  3. Pr and at least one member selected from Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
      Tm, Yb, and Lu.
PAR  4. Nd and at least one member selected from Sm, Eu, Gd, Tb, Du, Ho, Er, Tm,
      Yb, and Lu.
PAR  5. Sm and at least one member selected from Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
      and Lu.
PAR  6. Eu and at least one member selected from Gd, Tb, Dy, Ho, Er, Tm, Yb, and
      Lu.
PAR  7. Gd and at least one member selected from Tb, Dy, Ho, Er, Tm, Yb, and Lu.
PAR  8. Tb and at least one member selected from Dy, Ho, Er, Tm, Yb, and Lu.
PAR  9. Dy and at least one member selected from Ho, Er, Tm, Yb, and Lu.
PAR  10. Ho and at least one member selected from Tm, Yb, and Lu.
PAR  11. Er and at least one member selected from Tm, Yb, and Lu.
PAR  12. Tm and at least one member selected from Yb and Lu.
PAR  13. Yb and Lu.
PAR  In accordance with another embodiment of this invention it is contemplated
      using a luminescent glass body (prepared by the novel process described
      hereinbefore) as the target material.
PAR  Luminescence is photon emission initiated by energy forms other than
      thermal agitation. Luminescence of a solid under excitation requires
      suitable arrangement and population of the electronic energy levels in its
      constituent atoms: properly situated electrons are excited to higher
      energy levels under excitation, and emit photons upon their spontaneous
      return to lower levels. Luminescent materials are used commercially in
      cathode ray tubes, particularly television picture tubes, X-ray and radar
      screens, oscilloscopes, electron microscopes, fluorescent lights,
      radiation detection devices, and luminous markers, signs, and dials.
PAR  Luminescence device herein means any apparatus or contrivance in which
      energizing radiation is converted to luminescence emission; target herein
      means the material, regardless of shape or form, in a luminescence device
      which effects this conversion. Cathodoluminescence device and
      photoluminescence device refer, respectively, to luminescence devices in
      which the energizing agent is cathode rays or photon radiation. Most
      present commercial luminescence devices are targets composed of
      polycrystalline phosphors prepared by sintering powdered inorganic
      reactants selected to provide the necessary host and activator components.
      The resultant aggregates are ground or otherwise reduced to a particle
      size of about 1 to 20 microns, and then deposited on a substrate. Organic
      materials are often used as binders to obtain more uniform phosphor
      deposition, or as membrane coatings for the phosphor to provide a surface
      which can be aluminized. Several disadvantages attend these processes
      comminution adversely affects luminescence efficiency of the phosphors;
      the phosphors' inherent sensitivity to deterioration by chemical attack is
      enhanced by their large surface/volume ratio when powdered; uniform
      contact among phosphor particles and with the substrate is difficult to
      achieve, and inadequate contact causes light scattering which decreases
      effective output; phosphor coatings have little abrasion resistance, and
      binders used in their preparation are subject to thermal deterioration;
      and, of course, product fabrication techniques are limited to those which
      do not adversely affect the sensitive phosphor screens. In
      cathodoluminescene devices the excitation current must be kept below
      levels, usually low, which damage the phosphor. Also, the screen is
      usually opaque, and consequently resolution and definition of a projected
      image are relatively poor. A known process designed to overcome some of
      these problems involves blending powdered phosphor in a frit, followed by
      fusion. The phosphor detericrates under this treatment, however, and the
      inhomogeneity of the resultant glass causes objectionable scattering of
      emitted light.
PAR  The luminescence devices of the present invention overcome many of these
      disadvantages by employing a target comprising a glass body consisting
      essentially of silica and a metal or metalloid oxide wherein the oxide is
      preferably that of a rare earth element as described hereinbefore.
      Broadly, the glass body consists essentially of vitreous silica with small
      amounts of the aforesaid glass-modifying metal or metalloid oxide, e.g. at
      least one rare earth oxide, where the number of metal or metalloid atoms
      per million silicon atoms is from 5 to 5000.
PAR  These compositions possess the unique and advantageous properties of
      vitreous silica, including high chemical durability and low thermal
      expansion with consequent resistance to thermal shock. The transparency of
      silica allows transmission of a greater range of exciting radiations than
      other glasses and most crystals. Its optical transparency in particular
      allows excellent resolution, definition, and contrast ratio, so that
      images remain visible at luminosity levels lower than those which are
      adequate with commercial opaque phosphors; conversely, the vitreous silica
      host can withstand extremely high current density without damage, allowing
      cathodoluminescence to achieve high luminosity. The silica-rare earth
      oxide glasses of this invention possess particularly unique and
      unexpectedly bright luminescence, especially cathodoluminescence, when
      excited as hereinafter described.
PAR  The vitreous silica-rare earth oxide glass bodies used in the devices of
      the present invention are prepared by novel procedures which comprise a
      further aspect of this invention. Prior art methods for preparing vitreous
      silica and forming objects therefrom can be classified into those which
      begin with crystalline silica and those which use vitreous silica as a
      starting material. The formation of vitreous silica from one of its
      crystalline forms has been carried out by fusion and by sintering. The
      fusion process requires temperatures above 1710.degree.C, the liquids of
      betacristobalite. The resultant melt is difficult to handle. It has a high
      viscosity which causes it to retain dissolved and entrapped gases
      tenaciously, a high vapor pressure, and a strong affinity for impurities
      which enhance an already pronounced tendency to devitrify during cooling.
      For these reasons, properties such as transparency or homogeneity are
      often sacrificed to avoid the difficulties associated with prolonged high
      temperature treatments, and the resultant products are allowed to retain
      partial crystalline character. Thus in the process described in U.S. Pat.
      No. 2,958,604, particulate crystalline silica (quartz) on which cerium
      oxide has been uniformly deposited is heated momentarily to 1750.degree. C
      to obtain a fused product which resists darkening on exposure to nuclear
      radiation. Undoubtedly, the product retains substantial crystalline
      character, since it has been shown that to obtain truly vitreous silica in
      which all quartz structure is obliterated, crystalline starting material
      must be subjected to long exposure to temperatures of 1800.degree. to
      1900.degree.C; see V. A. Florinskaya and R. S. Pechenkina, Dokl. Akad.
      Nauk SSSR 85, 1265 (1952). When optically transparent completely vitreous
      silica is to be prepared from crystalline precursors, fusion must be
      effected at prolonged high temperatures; a typical process requires
      temperatures near 1850.degree.C for eight hours under vacuum, to remove
      from the melt bubbles which otherwise provide sites for initiation of
      devitrification during cooling. Known sintering processes for converting
      crystalline silica to partially vitreous silica involve temperatures of
      about 1100.degree. to 1700.degree.C. The higher temperatures in this range
      allow faster glass formation, but incur the problem of cristobalite
      crystallization, which occurs at 1300.degree. to 1710.degree.C. The
      difficulties involved in sintering quartz to obtain vitreous silica are
      discussed at length in U.S. Pat. No. 2,270,718.
PAR  Vitreous silica is available from sources other than its crystalline forms:
      particulate vitreous silica can be prepared by the hydrolysis or
      combustion of suitable silicon compounds such as silicon halides and
      organosilanes. The finely divided material thus obtained can be condensed
      directly upon a molten surface and immediately fused as described in U.S.
      Pat. Nos. 2,188,121 and 2,272,342. Particulate vitreous silica from these
      sources or that obtained by grinding fused silica can also be employed to
      form large vitreous bodies by slip casting techniques which require firing
      at 1100.degree. to 1260.degree.C for about 1 to 4 hours. The products are
      translucent or opaque, porous, and partly crystalline; see J. D. Fleming,
      Am. Ceram. Soc. Bull., 40 (12), 748 (1961). A similar process at slightly
      higher temperatures (1200.degree. to 1450.degree.C) has been said to give
      transparent products (U.S. Pat. No. 2,268,589). Processes which begin with
      particulate vitreous silica but require temperatures well above the fusion
      point of betacristobalite are also known: British Pat. No. 524,442 (1940)
      specifies 1800.degree. to 2100.degree.C; S. D. Brown, "The Devitrification
      of High-Temperature Glass" (Thesis, University of Utah, 1957) suggests
      1800.degree. to 1900.degree.C. The difficulties expected from silica melts
      at these temperatures have already been noted.
PAR  We have now discovered a method for preparing homogeneous, optically
      transparent, vitreous silica bodies essentially devoid of crystalline
      structure and voids, at temperatures well below 1800.degree.C. In
      particular, we have discovered a method for preparing vitreous luminescent
      bodies which consist essentially of substantially pure, non-crystalline
      silica and a relatively lesser portion of at least one metal or metalloid
      oxide, especially a rare earth oxide.
PAR  Within the useful concentration range already set forth, e.g. 5 to 5000
      atoms of metal or metalloid ion per million silicon atoms, a range of 100
      to 2000 atoms is preferred. Concentrations substantially below this range
      fail to provide a convenient brightness level under energization by
      readily obtainable means, and concentrations substantially above this
      level lead to decreased transparency in the product.
PAR  In the particular embodiment of this invention wherein the vitreous targets
      contains two or more metal or metalloid oxide luminescent activators, e.g.
      rare earth oxides, the concentration of each activator should be at least
      5 atoms, preferably at least 50 atoms, with the total concentration of all
      the activators not exceeding 5000 atoms, preferably less than 2000 atoms.
PAR  The vitreous or non-crystalline silica compositions of this invention
      containing a rare earth oxide have been found to be both
      cathodoluminescent and photoluminescent; in particular, photoluminescence
      is obtained when the compositions are energized by ultraviolet rays. For
      example, in a specific embodiment of this invention, the glasses which
      contain lanthanum oxide or lanthanum oxide and an oxide of a rare earth
      selected from praseodymium, cerium, neodymium, samarium, europium,
      gadolinium, terbium, dysprosium, thulium, ytterbium, and lutetium, are
      cathodoluminescent, whereas those containing lanthanum oxide or lanthanum
      oxide and an oxide of a rare earth selected from praseodymium, cerium,
      neodymium, samarium, europium, gadolinium, terbium, dysprosium, thulium,
      and ytterbium are photoluminescent.
PAR  According to a further embodiment of the invention there are provided
      vitreous fibers of silica containing a luminescent activator, e.g. a rare
      earth oxide; and, optionally, at least another luminescent activator. In
      each of those embodiments pertaining to silica fibers, the broad and
      preferred concentration ranges are as stated hereinbefore.
PAR  In a further particular aspect of the invention there are provided glass
      fibers of the foregoing description wherein the central core of the fiber
      is as before described, but wherein there is an outer sheath of vitreous
      silica containing substantially no luminescent activator, or at least
      containing several orders of magnitude less luminescent activator than in
      the core.
PAR  The foregoing silica glass fibers containing luminescent activators are, of
      course, also responsive to the same energizing radiations as the bulk
      glasses, and can thus be used in various luminescence devices. However,
      the fibers containing the outer covering of vitreous silica cannot be used
      as cathodoluminescent fibers by bombardment through the silica sheath,
      since the electrons will not sufficiently penetrate. However, they can be
      employed by bombardment on the end where the luminescent glass is exposed.
      The clad fibers, are, however, responsive to ultraviolet radiation, since
      silica will pass ultraviolet light through the sheath to the core.
PAR  According to a specific embodiment of this invention for preparing
      luminescent glass, there is provided a process for making a transparent,
      luminescent glass which comprises compacting a homogeneous mixture of
      finely divided vitreous silica and at least one rare earth oxide wherein
      the number of rare earth atoms per million silicon atoms is from 5 to
      5000, to form a coherent body, and heating the body thus obtained at
      1000.degree.C. to 1750.degree.C for a time of from about one minute to
      about 24 hours. In a usual embodiment silica of particle size one to 5000
      millimicrons is used.
PAR  The time required to effect glass formation at a given temperature, or the
      temperature at a set time, decreases with decreased particle size. Also,
      homogeneous mixture of batch components is more assured when the silica
      particle size is small. Therefore, in a preferred embodiment, vitreous
      silica of particle size 10 to 2500 millimicrons is used. In a particularly
      preferred embodiment, vitreous silica of particle size 10 to 100
      millimicrons is used.
PAR  Because the temperatures involved in the glass forming procedures of this
      invention are well below 1800.degree.C, the viscosity of the vitreous
      material remains high throughout; this prevents significant migration of
      the rare earth components, and favors their homogeneous distribution in
      the products already described.
PAR  The ability to obviate migration of rare earth components during glass
      formation also allows formation of physically uniform glasses which
      contain a sharp boundary between two areas, one of which contains a rare
      earth not present in the other, by heating two or more pressed bodies of
      the type already described and which contain different rare earth
      components, while they are in contact, to form a glass. The boundary can
      be a plane, or any other shape to which the coherent bodies of this
      invention can be formed. The resultant glasses are useful as decorative
      materials since each sharply defined segment of, for example, a rod, can
      contain a different rare earth or rare earths, and therefore emit a
      different luminescence emission when excited by energizing radiation.
      These materials are also useful in devices which require changing target
      materials rapidly or often.
PAR  Retention of high viscosities by the vitreous materials of this invention
      during formation of the glass bodies herein described also allows
      preparation of otherwise homogeneous vitreous bodies in which there is a
      sharp change in concentration of a constituent rare earth across a
      predetermined boundary, by heating two or more pressed bodies of the type
      already described and which contain different concentrations of the same
      rare earth component, while they are in contact, to form a glass. These
      products are especially useful in applications where luminescence emission
      of the same wavelength but varying intensity is desired.
PAR  The luminescent glass compositions of the present invention are useful as
      light sources in illuminating devices, signs, markers, etc. The
      luminescence devices of the present invention are useful as display means,
      oscilloscopes, etc.
PAR  The starting material for the practice of the present invention is finely
      divided particulate non-crystalline or vitreous silica, usually with a
      maximum linear dimension of about 5000 millimicrons. This material can be
      obtained by grinding or otherwise comminuting fused vitreous silica, or by
      combustion of vapor phase hydrolysis of silicon derivatives, particularly
      organosilanes and silicon halides. The latter process is preferable,
      particularly for the smaller particle range, because comminuting to obtain
      these sizes is laborious, and tends to introduce impurities. The particle
      size depends upon the heating schedule to be followed and the particular
      desired properties of the product. Limitations on the use of a certain
      particle size, temperature, and time to obtain a vitreous, transparent,
      luminescent product are best established by routine test, and cannot be
      set forth for all possible combinations.
PAR  Preliminary treatment of the particulate vitreous silica to remove water
      and organic impurities is conveniently carried out by heating at
      700.degree.C for about twelve hours, followed by about two hours at
      1000.degree.C, both steps optionally being carried out in a vacuum. Firing
      at 700.degree.C removes about 90% of the water and, if in air, organic
      material, firing at 1000.degree.C removes most of the remaining water.
      Water thus removed is that which is present at chemisorbed water, i.e., as
      silicon-bonded hydroxyl groups on the surface of the starting material.
      Although the anhydrous particulate silica thus obtained is subsequently
      contacted with water, as discussed below, rehydration by chemisorption is
      so slow that it does not take place under the conditions used; see A. C.
      Makrides and N. Hackerman, J. Phys. Chem. 63, 594 (1959).
PAR  The substantially anhydrous material obtained from the drying procedure is
      treated with about 10 ml of water per gram of silica to obtain a slurry or
      paste which can be compacted. The liquid used need not be water, since it
      is removed at a subsequent step, and serves merely as a medium in which to
      manipulate the silica; other liquids such as alcohol and acetone can be
      used with suitable modification of subsequent steps. The homogeneous
      addition of the small amounts of the oxide ingredient source to the silica
      is conveniently carried out at this step. The oxide source can be added in
      a form which is soluble in the liquid used, and subsequently precipitated
      in the paste, thereby assuring homogeneous distribution in the final
      product. When water is used to prepare the slurry, selected salts in
      aqueous solution can be added, and the oxide or hydroxide thereof
      precipitated by addition of base. The salt and precipitant should be
      selected so that by-products from precipitation are volatilized during
      subsequent heating.
PAR  The paste thus obtained is next evaporated to dryness, at about
      100.degree.C or slightly more when water is the continuous phase, to give
      a more dense material than the original anhydrous powder. The compressed
      material is pulverized by any convenient means, usually by mortar and
      pestle or a ball mill. To retain highest purity, the abrasive surfaces
      should be alundum or silica. The pulverized material is fired at about
      700.degree.C in air to remove organic impurities which may have been
      re-introduced since the initial purification, and to complete removal of
      the added water or other dispersing medium. Temperatures substantially
      above 700.degree.C should not be exceeded, since premature coalescence of
      the particles can occur. Usually about thirty minutes at 700.degree.C is
      adequate, with increasing time for larger quantities. The resultant dried
      powder is next treated with about two or three drops of water or other
      suitable liquid per gram to increase cohesion of the particles. The
      dampened powder is then formed by pressing, usually in a stainless steel
      or platinum mold for highest purity. Only about 100 psig is required for
      forming, although higher pressures can be used. Care should be taken that
      compacting is relatively uniform through the mass so the surface does not
      seal during subsequent firing, leaving bubbles in the interior of the
      body. The pressed forms can be left in the die during subsequent firing or
      removed if desired. The pressed forms are next subjected to temperatures
      of about 700.degree.C under a vacuum of about 10..sup.-.sup.4 mm of
      mercury. The temperature is slowly increased to about 1250.degree.C, where
      it is maintained for about 30 to 60 minutes. The time at 1250.degree.C
      depends upon the particular size used. In general, heating should be
      discontinued when the pressed form has shrunk about 40% along each linear
      dimension, and before the surface has a glazed appearance. The purpose of
      the vacuum is principally to avoid trapping bubbles and to keep the glass
      in its essentially anhydrous condition. The final coalescence is next
      carried out at temperatures up to 1750.degree.C in a vacuum conveniently
      maintained at about 10.sup.-.sup.1 mm of mercury. The time required for
      complete coalescence varies with the temperature used, usually from about
      twenty-four hours at lower temperatures to about three minutes at
      temperatures near 1750.degree.C. The products thus obtained are vitreous,
      that is, they are substantially devoid of crystalline structure.
PAR  As used herein, the term "substantially pure" silica means silica which is
      at least 99 percent pure.
PAR  The silica used in the following examples had a particle size of 10 to 20
      millimicrons and is designated Cab-O-Sil "0", and can be obtained from
      Godfrey L. Cabot, Inc., Boston 10, Massachusetts; the manufacturer gives
      the composition on a total weight basis as:
TBL  Al.sub.2 O.sub.3       0.010%                                             

     Fe.sub.2 O.sub.3       0.001%                                             

     TiO.sub.2              0.001%                                             

     CuO-MgO                0.000%                                             

     Na.sub.2 O             0.020%                                             

     SiO.sub.2 by difference                                                   

                            99.968%                                            

DRWD
PAR  The drawings attached hereto show the following:
PAR  FIG. 1 shows a trace comparing the spectra obtained from glasses which
      contain gadolinium but not praseodymium and glasses which contain
      gadolinium and praseodymium;
PAR  FIG. 2 shows a trace of a spectrum of a glass containing 2,000 terbium
      atoms and 200 europium atoms per million silicon atoms;
PAR  FIG. 3 shows a trace of a spectrum of a glass containing 100 europium atoms
      and 100 lutetium atoms per million silicon atoms; and
PAR  FIG. 4 shows a composite trace of a spectrum of a silica glass containing
      200 cerium atoms per million silicon atoms and the spectrum of a silica
      glass containing 200 terbium atoms and 200 cerium atoms per million
      silicon atoms.
DETD
PAR  The various aspects of the invention will now be illustrated with lanthanum
      oxide and it is to be understood that the other rare earth oxides can be
      used in place thereof as described and illustrated in the thirteen (13)
      parent applications listed hereinbefore under related applications.
      Likewise, other glass modifying ingredients may be substituted.
PAC  EXAMPLE 1
PAR  This example describes preparation of transparent, luminescent, silica
      glasses containing lanthanum oxide.
PAR  A. Vitreous silica of particle size 10 to 20 milimicrons was heated at
      700.degree.C for 12 hours and then at 1000.degree.C for about 2 hours. The
      material thus obtained was mixed with aqueous lanthanum nitrate in a ratio
      of 10 ml of solution per gram of silica, and a solute concentration
      selected to provide 5 lanthanum atoms per million silicon atoms. Aqueous
      ammonia was added to precipitate lanthanum oxide on the surface of the
      silica, and the resultant mixture was evaporated to dryness at
      100.degree.C. The residue was ground with a mortar and pestle, and the
      powder thus obtained was first heated at 700.degree.C for 30 minutes, and
      then mixed with two drops of water per gram of solid. The resultant
      material was pressed in a platinum die at 100 psig to form a coherent
      cylinder about 5/8 inch in diameter and 3/8 inch high. The pressed form
      was dried at about 100.degree.C, and then heated at 1250.degree.C until
      the cylinder had shrunk about 40% along each linear dimension. The product
      thus obtained was placed in the closed end of a vitreous silica tube,
      whose interior was kept under vacuum, and this assembly was heated at
      1750.degree.C for three minutes, whereupon the silica tube collapsed
      around the cylinder as coalescence occurred to give a transparent,
      luminescent glass of silica and lanthanum oxide. The luminescent glass
      thus obtained is surrounded by an envelope of pure vitreous silica; the
      envelope is readily removed, if necessary, by grinding.
PAR  B. The procedure of Example 1A was repeated, except that a concentration of
      100 lanthanum atoms per million silicon atoms and a final coalescence
      temperature of 1600.degree.C for ten minutes were substituted for the
      conditions therein described; the product was a transparent, luminescent
      glass.
PAR  C. The procedure of Example 1A was repeated, except that a concentration of
      200 lanthanum atoms per million silicon atoms and a final coalescence
      temperature of 1500.degree.C for forty minutes were substituted for the
      conditions therein described; the product was a transparent, luminescent
      glass.
PAR  D. The procedure of Example 1A was repeated, except that a concentration of
      2000 lanthanum atoms per million silicon atoms and a final coalescence
      temperature of 1400.degree.C for nine hours were substituted for the
      conditions therein described; the product was a luminescent glass.
PAC  EXAMPLE 2
PAR  This example describes preparation of transparent, luminescent, silica
      glasses containing lanthanum oxide, and another rare earth oxide.
PAR  The procedure of Example 1A was repeated, except that the aqueous lanthanum
      nitrate therein described was replaced with aqueous lanthanum nitrate and
      praseodymium nitrate in a concentration of solutes selected to provide 10
      rare earth atoms per million silicon atoms; the product was a transparent,
      luminescent glass. The procedure of Examples 1A-D can also be adopted by
      suitable changes apparent to those skilled in the art to provide
      transparent, luminescent glasses of silica, lanthanum oxide and neodymium
      oxide; silica, lanthanum oxide, and samarium oxide; silica, lanthanum
      oxide, and europium oxide; silica, lanthanum oxide, and gadolinium oxide;
      silica, lanthanum oxide, and terbium oxide; silica, lanthanum oxide, and
      dysprosium oxide; silica, lanthanum oxide, and thulium oxide; silica,
      lanthanum oxide, and ytterbium oxide; and silica, lanthanum oxide, and
      lutetium oxide, wherein there are 100, 2000, or 5000 rare earth atoms per
      million silicon atoms and at least 5 lanthanum atoms per million silicon
      atoms.
PAC  EXAMPLE 3
PAR  This example describes preparation of luminescence devices from glasses
      made according to Examples 1 to 2.
PAR  A. Samples of glasses prepared according to Examples 1 and 2 were employed
      as target materials and irradiated with ultraviolet light filtered to
      obtain wavelengths of 2537A and 3660A. Under these conditions, glasses
      which contained lanthanum and optionally another rare earth gave the
      following results: lanthanum, weak green luminescence at the shorter
      wavelength; lanthanum-praseodymium, red luminescence of bright intensity
      at the shorter wavelength and infrared emission; lanthanum-neodymium,
      infrared emission; lanthanum-samarium, light pink luminescence of weak
      intensity at the shorter wavelength, blood red luminescence of weak
      intensity at the longer wavelength, and infrared emission;
      lanthanum-europium, light red luminescence of medium intensity at the
      shorter wavelength, pink luminescence of medium intensity at the longer
      wavelength, and infrared emission; lanthanum-gadolinium, ultra-violet
      emission; lanthanum-terbium, light green luminescence of bright intensity
      at the shorter wavelength, and greenish luminescence of very weak
      intensity at the longer wavelength; lanthanum-dysprosium, light yellow
      luminescence of weak intensity at the shorter wavelength, yellow
      luminescence of very weak intensity at the longer wavelength, and infrared
      emission; lanthanum-thulium, dark blue luminescence of very weak intensity
      at the longer wavelength, and infrared emission; lanthanum-ytterbium,
      infrared emission.
PAR  B. Samples of glasses prepared according to Examples 1 and 2 were employed
      as target materials and bombarded with cathode rays. Under these
      conditions, the glasses which contained lanthanum or lanthanum and another
      rare earth gave the following results: lanthanum, dark blue luminescence
      of weak intensity; lanthanum-praseodymium, dark red luminescence of medium
      intensity and infrared emission; lanthanum-neodymium, infrared emission;
      lanthanum-samarium, red luminescence of bright intensity and infrared
      emission; lanthanum-europium, orange luminescence of weak intensity and
      infrared emission; lanthanum-gadolinium, ultraviolet emission;
      lanthanum-terbium, blue green luminescence of very bright intensity;
      lanthanum-dysprosium, yellow luminescence of bright intensity, and
      infrared emission; lanthanum-thulium, dark blue luminescence of medium
      intensity, and infrared emission; lanthanum-ytterbium, infrared emission;
      lanthanum-lutetium, ultraviolet emission.
PAC  EXAMPLE 4
PAR  This example describes the preparation of a transparent, luminescent glass
      of silica and rare earth oxides, which possesses several boundaries on one
      side of each of which the glass contains a rare earth not present on the
      other side.
PAR  Vitreous silica of particle size 10 to 20 millimicrons was heated at
      700.degree.C for twelve hours and then at 1000.degree.C for about 2 hours.
      The material thus obtained was mixed with aqueous lanthanum nitrate in a
      ratio of 10 ml of solution per gram of silica, and a solute concentration
      selected to provide 100 lanthanum atoms per million silicon atoms. Aqueous
      ammonia was added to precipitate lanthanum oxide on the surface of the
      silica, and the resultant mixture was evaporated to dryness at
      100.degree.C. The residue was ground with a mortar and pestle, and the
      powder thus obtained was first mixed with two drops of water per gram of
      solid. The resultant material was pressed in a platinum die at 100 psig to
      form a coherent cylinder about 5/8 inch in diameter and 3/8 inch high,
      here designated Sample A. The following samples were similarly prepared,
      substituting the designated rare earths for the lanthanum of Sample A:
      Sample B, 200 atoms of samarium per million silicon atoms; Sample C, 150
      atoms of lutetium per million silicon atoms; Sample D, 100 atoms of
      lanthanum and 100 atoms of praseodymium per million silicon atoms. The
      pressed form was dried at about 100.degree.C, and then heated at
      1250.degree.C until the cylinder had shrunk about 40% along each linear
      dimension. The samples thus obtained were stacked in alphabetical order in
      a vitreous silica tube, and the tube, whose interior was kept under
      vacuum, was heated at 1750.degree.C for three minutes, whereupon the
      silica tube collapsed around the cylinders as coalescence occurred to give
      a transparent, luminescent glass which was physically homogeneous and had
      sharp boundaries between successive regions containing lanthanum;
      samarium; neodymium and lutetium; and lanthanum and praseodymium.
PAC  EXAMPLE 5
PAR  This example describes the preparation of a transparent, luminescent glass
      of silica containing lanthanum oxide, which possesses several boundaries
      on one side of which the concentration of lanthanum is different from that
      on the other side.
PAR  By the procedure of Example 4, a series of five samples was prepared
      containing, respectively, 5, 100, 200, 300, and 400 lanthanum atoms per
      million silicon atoms. The resultant samples were coalesced as described
      in the cited example to give a transparent, luminescent glass which was
      physically homogeneous and had sharp boundaries between successive regions
      containing lanthanum in the cited concentrations.
PAR  In particular, the luminescence spectra of the silica-lanthanum oxide
      glasses of this invention show a broad continuum from about 400 to about
      520nm (nanometers). The spectra of the silica glasses of this invention
      which contain lanthanum oxide and other rare earth oxide display this
      continuum and, superimposed thereon, maxima at the following principal
      wavelengths; the term in parentheses is an approximation of relative
      intensity: lanthanum-praseodymium 10.9nm (medium), 910nm (strong), 860nm
      (strong), 722nm (weak), 708nm (weak), 656nm (strong), 635nm (strong),
      612nm (strong), 592nm (weak), 490nm (weak); lanthanum-neodymium 890nm
      (strong), 907nm (medium), 1010nm (weak); lanthanum-samarium, 566nm
      (strong), 578nm (weak), 605nm (strong), 651nm (strong), 663nm (medium);
      lanthanum-europium 617nm (strong), 629nm (medium), 657nm (medium), 700nm
      (weak); lanthanum-gadolinium 325nm (weak); 316nm (strong), 314nm (strong),
      313nm (medium), 311nm, 308nm, 306nm (weak); lanthanum-terbium 377nm,
      381nm, 383nm, 413 nm, 416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474nm,
      486nm, 541nm, 548nm, 595nm, 630nm, 653nm; lanthanum-dysprosium 582nm,
      602nm (strong), 669nm, 671nm, 678nm (medium), 758nm (strong), 870nm
      (weak); lanthanum-thulium 458nm, 461nm, 464nm (strong), 787nm;
      lanthanum-ytterbium 986nm (medium), 1040nm (weak); lanthanum-lutetium ca.
      450nm.
PAC  EXAMPLE 6
PAR  A. The procedure of Example 1A was repeated, except that praseodymium
      nitrate, neodymium nitrate, samarium nitrate, gadolinium nitrate, europium
      nitrate, terbium nitrate, dysprosium nitrate, holmium nitrate, erbium
      nitrate, thulium nitrate, ytterbium nitrate, or lutetium nitrate was used
      in place of the lanthanum nitrate. A transparent, luminescent glass of
      silica and the rare earth oxide was formed in each instance. The
      luminescent glass thus obtained is surrounded by an envelope of pure
      vitreous silica; the envelope is readily removed, if necessary, by
      grinding.
PAR  B. The procedure of Example 6A was repeated except that a concentration of
      100 of the aforesaid rare earth oxides per million silicon atoms and a
      final coalescence temperature of 1600.degree.C for ten minutes were
      substituted for the conditions therein described; the product was a
      transparent, luminescent glass.
PAR  C. The procedure of Example 6A was repeated, except that a concentration of
      200 of the aforesaid rare earth oxides per million silicon atoms and a
      final coalescence temperature of 1500.degree.C for forty minutes were
      substituted for the conditions therein described. The product was a
      transparent, luminescent glass.
PAR  D. The procedure of Example 6A was repeated, except that a concentration of
      2000 of the aforesaid rare earth oxides per million silicon atoms and a
      final coalescence temperature of 1400.degree.C for nine hours were
      substituted for the conditions therein described. The product was a
      luminescent glass.
PAC  EXAMPLE 7
PAR  The procedure of Example 1A was repeated for each of the following aqueous
      mixtures which were substituted for the aqueous lanthanum nitrate, and a
      transparent, luminescent silica glass was obtained in each instance;
      praseodymiun nitrate and neodynium nitrate; neodynium nitrate and samarium
      nitrate; samarium nitrate and europium nitrate; europium nitrate and
      gadolinium nitrate; gadolinium nitrate and terbium nitrate; terbium
      nitrate and dysprosium nitrate; disprosium nitrate and holmium nitrate;
      holmium nitrate and thulium nitrate; erbium nitrate and thulium nitrate;
      thulium nitrate and ytterbium nitrate; ytterbium nitrate and lutetium
      nitrate. The concentration of solutes was selected to provide 10 rare
      earth atoms per million silicon atoms. The product was a transparent
      luminescent glass.
PAR  The procedure of Examples 1A - 1D can also be adapted by suitable changes
      apparent to those skilled in the art to provide transparent, luminescent
      glasses of silica plus at least two of the aforesaid rare earth oxides.
PAC  EXAMPLE 8
PAR  A. Samples of glasses prepared according to Examples 6 and 7 were employed
      as target materials and irradiated with ultraviolet light filtered to
      obtain wavelengths of 2537A and 3660A. Various results were noted,
      depending upon the particular rare earth oxides present in the glass.
PAR  B. Samples of glasses prepared according to Examples 6 and 7 were employed
      as target materials and bombarded with cathode rays. Again, different
      results were noted with respect to each glass, depending upon the
      composition thereof.
PAR  The silica glasses of this invention which contain praseodymium oxide and
      gadolinium oxide possess remarkable and unexpected properties. When these
      glasses are excited with ultraviolet radiation of wavelength 2537A, the
      emission spectrum of gadolinium is markedly enhanced. Quantitative
      intensity measurements are difficult, but it is estimated that the
      presence of preseodymium multiplies the intensity of gadolinium
      luminescence by at least a factor of five. FIG. 1 shows a trace which
      compares the spectra obtained from glasses which contain gadolinium but
      not praseodymium (lower curve) and glasses which contain gadolinium and
      praseodymium (upper curve). The ordinate is proportionate to intensity of
      emission under the same concentrations and excitation conditions for each
      glass; it is apparent that the presence of praseodymium causes substantial
      increase in brightness of luminescence emission. The cause of this
      synergistic enhancement of gadolinium emission by praseodymium is unknown.
PAR  The present invention also provides new, substantially homogeneous glasses
      of silica containing europium oxide and terbium oxide which possess
      remarkable and unexpected selective enhancement of the luminescence from
      certain electronic energy levels in terbium. Thus according to this aspect
      of the invention, addition of terbium and adjustment of the europium and
      terbium concentrations of the silica glasses heretofore described can be
      used to enhance selectively certain wavelengths of terbium emission while
      others are substantially unaffected, and emission from europium is
      decreased. The causes of this behavior are unknown. A suitable rare earth
      concentration range for the silica glasses of this invention containing
      terbium oxide and europium oxide is from about 5 to about 5000 rare earth
      atoms per million silicon atoms, and at least 5 europium atoms per million
      silicon atoms.
PAR  The unusual and unexpected enhancement of certain terbium emission
      wavelengths in the presence of europium is shown in FIG. 2, which is a
      trace of the luminescence spectrum of a glass of this invention containing
      2000 terbium atoms and 200 europium atoms per million silicon atoms,
      excited by 3660A ultraviolet irradiation; abscissa units are nanometers.
      Since neither glasses containing europium but not terbium, nor those
      containing terbium but not europium gave measurable spectra under similar
      excitation conditions, it is apparent that a marked and unexpected
      enhancement of luminescence is provided by glasses containing both of
      these rare earths. The causes of this synergistic effect are unknown.
PAR  The present invention also provides new, substantially homogeneous glasses
      of silica containing europium oxide and lutetium oxide which are
      remarkable and unexpected in that they possess luminescence emission
      spectra of unusual and unpredictable wavelengths and intensities. Thus,
      according to this aspect of the invention, addition of lutetium and
      europium can be used to provide a silica glass containing europium oxide
      and lutetium oxide which shows under suitable excitation a broad emission
      continuum of high intensity from about 400nm to about 650nm (nanometers);
      this type of emission is not characteristic of either europium or lutetium
      in the absence of one another. The causes of this synergistic effect are
      unknown.
PAR  The unusual and unexpected spectra characteristic of the silica glasses of
      this invention containing europium and lutetium are represented in FIG. 3,
      which is a trace of the luminescence spectrum of a glass of this invention
      containing 100 europium atoms and 100 lutetium atoms per million silicon
      atoms, excited by 3660A ultraviolet irradiation abscissa units are
      nanometers. Since neither glasses containing europium but not lutetium,
      nor those containing lutetium but not europium gave measurable spectra
      under similar excitation conditions, it is apparent that a marked and
      unexpected enhancement of luminescence is provided by glasses containing
      both of these rare earths. Also, the shape of the curve is not
      attributable to either rare earth. The causes of this synergistic effect
      are unknown.
PAR  The present invention also provides new, substantially homogeneous glasses
      of silica containing terbium oxide and cerium oxide which possess
      remarkable and unexpected selective enhancement of the luminescence from
      certain electronic energy levels in terbium. Thus according to this aspect
      of the invention, addition of cerium and adjustment of the cerium and
      terbium concentrations of the silica glasses heretofore described can be
      used to enhance selectively certain wavelengths of terbium emission while
      others are substantially unaffected, and emission from cerium is
      decreased. The causes of this behavior are unknown. A suitable rare earth
      concentration range for the silica glasses of this invention containing
      terbium oxide and cerium oxide is from about 5 to about 5000 rare earth
      atoms per million silicon atoms, and at least 5 terbium atoms per million
      silicon atoms.
PAR  The unusual and unexpected enhancement of certain terbium emission
      wavelengths in the presence of cerium is shown in FIG. 4, which is a
      composite trace of the luminescence spectrum of a silica glass containing
      200 cerium atoms per million silicon atoms, (lower curve), and the
      spectrum of a silica glass containing 200 terbium atoms and 200 cerium
      atoms per million silicon atoms (upper curve) excited by 3660A ultraviolet
      radiation; the abscissa units are nanometers. Terbium under similar
      excitation shows no spectrum when similarly measured, and as FIG. 4 shows,
      cerium in the absence of terbium shows relatively weak intensity
      luminescence, whereas glasses containing both show the relatively bright
      intensity spectrum characteristic of terbium shown as the upper trace in
      FIG. 4. The causes of this synergistic effect are unknown.
PAR  In particular, these principal wavelengths were observed in luninescence of
      the silica glasses of this invention containing oxides of the following
      rare earths; nm represents nanometers, and the term in parentheses is an
      approximation of relative intensity: terbium, 377nm, 381nm, 383nm, 413nm,
      416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474nm, 486nm, 541nm, 548nm,
      595nm, 630nm, 653nm; terbium-dysprosium, 582nm, 602nm, (strong), 669nm,
      671nm, 678nm (medium), 758nm (strong), 870nm (weak), 377nm, 381nm, 383nm,
      413nm, 416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474nm, 486nm, 541nm
      548nm, 595nm, 630nm, 653nm; terbium-holmium, 377nm, 381nm, 383nm, 413nm,
      416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474 nm, 486nm, 541nm, 548nm,
      595nm, 630nm, 653nm; terbium-erbium, 377nm, 381nm, 383nm, 413nm, 416nm,
      420nm, 437nm, 44nm, 443nm, 459nm, 474nm, 486nm, 541nm, 548nm, 595nm,
      630nm, 653nm; terbium-thulium, 458nm, 461nm, 464nm (strong), 787nm, 377nm,
      381nm, 383nm, 413nm, 416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474nm,
      486nm, 541nm, 548nm, 595nm, 630nm, 653nm; terbium-ytterbium 986nm
      (medium), 1040nm (weak), 377nm, 381nm, 383nm, 413nm, 416nm, 420nm, 437nm,
      440nm, 443nm, 459nm, 474nm, 486nm, 541nm, 548nm, 595nm, 630nm, 653nm;
      terbium-lutetium, ca. 450 nm, 377nm, 381nm, 383nm, 413nm, 416nm, 420nm,
      437nm, 440nm, 443nm, 459nm, 474nm, 486nm, 541nm, 548nm, 595nm, 630nm,
      653nm.
PAC  EXAMPLE 9
PAR  This example describes preparation of transparent, luminescent silica
      glasses containing terbium oxide and cerium oxide, and their use as
      luminescence targets.
PAR  The procedure of Example 6A was repeated, except that the aqueous terbium
      nitrate therein described was replaced with aqueous terbium nitrate and
      cerium nitrate in a concentration of solutes selected to provide 10 rare
      earth atoms per million silicon atoms; the product was a transparent,
      luminescent glass. The procedure of Examples 6A-D can also be adopted by
      suitable changes apparent to those skilled in the art to provide
      transparent, luminescent glasses of silica containing terbium and cerium
      oxides, wherein the number of rare earth atoms per million silicon atoms
      is from 5 to 5000, and the number of terbium atoms per million silicon
      atoms is at least 5. The glasses thus obtained show cathodoluminescence
      and photoluminescence: when bombarded with cathode rays they show light
      blue luminescence of medium intensity; when bombarded with 2537A
      ultraviolet radiation they show light blue luminescence of medium
      intensity; when bombarded with 3660A ultraviolet radiation they show light
      blue luminescence of bright intensity. Fibers drawn from these glasses by
      conventional means gave similar results. In particular, luninescence
      spectra of these glasses show an underlying continuum from about 410nm to
      about 600nm, attributable to cerium, with superimposed maxima at 377nm,
      381nm, 383nm, 413nm, 416nm, 420nm, 437nm, 440nm, 443nm, 459nm, 474nm,
      486nm, 541nm, 548nm, 595nm, 630nm, and 653nm, attributable to terbium.
PAR  As previously discussed, spectra of these glasses compared with those of
      silica glasses similarly prepared but containing terbium but not cerium or
      cerium but not terbium at the same concentrations show decreased intensity
      of luminescence attributable to cerium and an increased intensity of
      certain wavelengths attributable to terbium, in particular the maxima at
      486nm, 541nm, 548nm, 595nm, 630nm, and 653nm.
PAR  Although the examples hereof have been directed toward the use of certain
      rare earth oxides, it will be obvious to those skilled in the art that
      other rare earth oxide combinations can be used as well as other oxide
      ingredients, e.g. metal or metalloid oxides, including both luminescent
      and non-luminescent activators.
PAR  The particular non-luminescent activator will depend upon the specific
      glass characteristics desired. Thus if one selects an oxide of cobalt
      (alone or in combination with other oxide ingredients), the resulting
      glass (prepared in accordance with this invention) will have high
      temperature stability, low thermal expansion, unique filter properties,
      and unique sonic properties (for use in delay lines).
PAR  In preparing the mixture of silica and the oxide ingredients(s), the oxide
      may be used or it may be prepared by oxidation or hydrolysis as described
      hereinbefore. When the latter technique is used, any source of the oxide
      cation can be used providing such source can be dissolved in a liquid
      suitable for wetting colloidal or otherwise finely divided silica and
      subsequently precipitated onto the silica where it can be made to remain
      during the sintering and coalescing steps of the process without
      objectionable chemical changes, e.g. such as the release of gas due to a
      change of valence.
PAR  It will be evident that modifications of this invention can be made without
      departing from the spirit and scope of this disclosure or the scope of the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vitreous homogeneous fiber consisting essentially of silica and the
      oxides of the rare earths terbium and cerium, wherein the total number of
      atoms of said rare earths per million silicon atoms does not exceed 5000,
      and the number of each of such rare earth atoms per million silicon atoms
      is at least 5, said silica glass, exclusive of said rare earth oxides,
      being at least 99 weight percent silica.
NUM  2.
PAR  2. A vitreous homogeneous fiber having a core consisting essentially of
      silica and the oxides of the rare earths terbium and cerium, wherein the
      total number of atoms of said rare earth per million silicon atoms does
      not exceed 5000, and the number of each of such rare earth atoms per
      million silicon atoms is at least 5, said silica glass, exclusive of said
      rare earth oxides, being at least 99 weight percent silica, and having a
      sheath of silica.
NUM  3.
PAR  3. As an article of manufacture, a substantially transparent, homogeneous
      luminescent glass fiber consisting essentially of silica and the oxide of
      at least one rare earth selected from the group consisting of lanthanum,
      cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
      dysprosium, erbium, thulium, ytterbium, and lutetium, the number of atoms
      of each of said rare earths per million atoms of silicon being at least 5
      and the total number of atoms of all said rare earths being no more than
      5000 per million silicon atoms, said silica glass, exclusive of said rare
      earth oxides, being at least 99 weight percent silica.
NUM  4.
PAR  4. A vitreous fiber having a homogeneous core consisting essentially of
      silica and the oxide of at least one rare earth selected from the group
      consisting of lanthanum, cerium, praseodymium, neodymium, samarium,
      europium, gadolinium, terbium, dysprosium, erbium, thulium, ytterbium, and
      lutetium, wherein the number of atoms of each of said rare earths per
      million silicon atoms is at least 5 and the total number of atoms of all
      said rare earths is no more than 5000 per million silicon atoms, said
      silica glass, exclusive of said rare earth oxides, being at least 99
      weight percent silica, and having a sheath of vitreous silica.
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ABST
PAL  The invention relates to a method for the preparation of aniondeficient
      actinide nitrate solutions. Anion deficient actinide nitrate solutions are
      used for the preparation of ceramic spherical ceramic nuclear fuel.
PAL  According to the invention one or more actinide oxides selected from the
      group of PuO.sub.2, UO.sub.2, U.sub.3 O.sub.8, UO.sub.3 of oxides ranging
      between UO.sub.2 and UO.sub.3 are dissolved in one or more actinide
      nitrates which are molten in their water of crystallination. The obtained
      mixture is subsequently diluted with water.
BSUM
PAR  The invention relates to a method for the preparation of an anion-deficient
      actinide nitrate solution.
PAR  According to known methods of earlier art, it is an existing practice to
      prepare such solutions by dissolving actinide oxides in an aqueous
      solution of uranyl nitrate or thorium nitrate. The anion-deficient
      actinide salt solutions obtained find technical application as starting
      material for preparing fissile substances through the medium of sol-gel
      processes. For some sol-gel processes the strength of concentration of the
      starting material frequently has to be 3-4 molar.
PAR  In many cases the anion-deficient salt solution is required to be highly
      concentrated. During concentration it may happen under certain conditions,
      depending upon the temperature and the strength of concentration, that
      UO.sub.3 hydrates undergo crystallization. The crystals formed often will
      not fully re-dissolve on diluting the solution. These crystallization
      effects are troublesome in that they prevent continuous processing,
      besides causing losses. Loss of fissile material in the precipitates
      formed is in fact a costly occurrence if, for instance, enriched uranium
      is being processed, necessitating an expensive recycling process.
PAR  The invention aims at obviating this drawback by providing a method of
      preparation in which makes concentration unnecessary. Moreover, in some
      cases a uranium dioxide that has been sintered at a high temperature and
      is consequently very difficult to dissolve afresh, can according to the
      aforementioned method be very easily processed to ceramic nuclear fissile
      material.
PAR  The invention provides for using, instead of an aqueous actinide salt
      solution, a hydrated actinide nitrate which is melted in its own water of
      crystallization. The mixture, after being dissolved, is mixed with water
      to the desired degree of ion concentration. The actinide oxides to be
      dissolved may be selected from the group of PuO.sub.2, UO.sub.2, U.sub.3
      O.sub.8, UO.sub.3 or lower oxides than UO.sub.3, located between UO.sub.2
      and UO.sub.3. Some deviation from stoichiometry is possible with the said
      compounds in so far as they are stated with exact formulas.
PAR  The compounds Th(NO.sub.3).sub.4.4H.sub.2 O, UO.sub.2
      (NO.sub.3).sub.2.6H.sub.2 O or mixtures of these salts may be used as
      hydrated actinic nitrates.
PAR  Thorium nitrate offers the advantage that uranium oxides with an
      unfavourable (in fact highly unfavourable) texture, which in this case
      means low specific surface area, can be dissolved. Fissile substances
      containing thorium are of importance for thermal breeding reactors.
      UO.sub.3 is a compound that can very easily be dissolved in molten
      Th(NO.sub.3).sub.4 . 4H.sub.2 O. A preferred embodiment for the new method
      consists in adding the actinide oxide in small amounts to the molten salt
      mixture. The dissolving of UO.sub.2 in molten uranyl nitrate proved
      somewhat more difficult than dissolving it in thorium nitrate. It is
      therefore advisable in this case to use a UO.sub.2 that has a high
      specific surface area. A suitable UO.sub.2 in this connection has a
      specific surface area between 5 and 20 m.sup.2 per gram.
PAR  The qualities of the ceramic fissile substances to be prepared from the
      anion-deficient salt solution can be improved by adding one or more other
      compounds to the melt during solution. Such compounds may, for instance,
      be metal oxides that are soluble in the melt, metal salts or borium
      compounds that are soluble in the melt.
PAR  The metal salts and metal oxides may, without thereby exhausting all the
      possibilities, be selected from among the elements of the group Al, Y, Sc,
      Nb, Ta, Zr, Hf or all rare-earth metals.
PAR  The following examples may serve to elucidate the invention without thereby
      restricting its scope. Example I relates to the dissolving of a difficulty
      soluble UO.sub.2 in molten thorium nitrate. Examples II and III relate to
      the dissolving of U.sub.3 O.sub.8 and UO.sub.3 respectively in molten
      thorium nitrate. It is evident from Example III that UO.sub.3 dissolves
      particularly well in molten thorium nitrate. Example IV relates to the
      dissolving of UO.sub.2 in molten uranyl nitrate. The UO.sub.2 is,
      moreover, added in small quantities to molten uranyl nitrate.
PAR  Examples V and VI relate to the dissolving of UO.sub.3 and U.sub.3 O.sub.8
      in molten uranyl nitrate. It was found that U.sub.3 O.sub.8 and UO.sub.3
      dissolve more difficulty than UO.sub.2 in molten uranyl nitrate.
DETD
PAC  EXAMPLE I
PAR  According to this example powdered UO.sub.2 was dissolved in thorium
      nitrate that had been melted in its own water of crystallization. The
      powdered UO.sub.2 had been sintered in Dawson gas (25 % H.sub.2 and 75 %
      N.sub.2) at a temperature of 1400.degree.C. The specific surface area was
      less than 1 m.sup.2 per gram; the size of crystallite as determined by
      X-ray diffraction was about 1000 A. Of the above-mentioned UO.sub.2, 1.0
      gram was mixed with 18.4 grams of Th(NO.sub.3).sub.4 . 4H.sub.2 O. Next,
      the mixture was heated to about 90.degree.C, causing the thorium nitrate
      to melt in its water of crystallization. After about 1/2 to 1 hour the
      whole of the uranium oxide had been dissolved and a viscous dark-red
      liquid formed. The dark-red liquid obtained was diluted to an actinide
      concentration of from 3 to 3.5 molar. This dilution served to prevent
      crystallizing of solid substances at the ambient temperature.
PAC  EXAMPLE II
PAR  In this example a U.sub.3 O.sub.8 with a size of crystallite of from 400 to
      500 A was dissolved in molten thorium nitrate. The said U.sub.3 O.sub.8
      had been obtained by heating ADU in air at 800.degree.C. The further
      operations and results were identical with Example I except for the
      quantity of Th(NO.sub.3).sub.4 . 4H.sub.2 O, which was 17.7 grams.
PAC  EXAMPLE III
PAR  One gram of UO.sub.3, obtained by heating ADU at 500.degree.C in air, was
      dissolved in 17.4 grams of molten Th(NO.sub.3).sub.4 . 4H.sub.2 O. The
      further data are identical with those of Examples I and II except for the
      dissolving time, which was only 5 minutes, and the colour of the viscous
      liquid obtained, which was yellow.
PAC  EXAMPLE IV
PAR  A quantity of UO.sub.2 with a specific surface area between 11 and 16
      m.sup.2 per gram was dissolved in molten uranyl nitrate by additing minute
      quantities at a time. The UO.sub.2 employed, which had a size of
      crystallite ranging between 200 and 300 A, had been obtained by reducing
      UO.sub.3 in Dawson gas (25 % H.sub.2 and 75 % N.sub.2) at a temperature of
      500.degree.C.
PAR  A quantity of 10.0 grams of UO.sub.2 (NO.sub.3).sub.2 . 6H.sub.2 O was
      melted by being heated to a temperature of 60.degree.-70.degree.C. Next,
      an amount of 0.697 gram of the above-mentioned UO.sub.2 was dissolved in
      the melt by adding small amounts at a time. During the melting process the
      uranyl nitrate was to some extent decomposed, with liberation of nitrous
      vapours and evaporation of some water. The total dissolving time was about
      15 minutes. After dissolution a yellow viscous liquid was formed, which
      was diluted with water to a strength of uranium concentration of 1.54
      millomols per gram or 1.54 mols per kilogram, the molar nitrate-to-uranium
      ratio of the dilute solution being 1.68;
PAR  .rho. = 1.86 grams per cm.sup.3, corresponding to 2.85 mols per liter. This
      strength of concentration is sufficiently high for the production of
      globular ceramic particles of fissile material according to the sol-gel
      process.
PAC  EXAMPLE V
PAR  According to the method set forth in Example IV, 0.51 gram of UO.sub.3 was
      dissolved in 9.41 grams of molten UO.sub.2 (NO.sub.3).sub.2 . 6H.sub.2 O.
PAR  It can be calculated from the foregoing data that the nitrate-to-uranium
      ratio of the melt obtained is 1.83.
PAR  The UO.sub.3 used was a uranium trioxide as normally obtainable on the
      market.
PAC  EXAMPLE VI
PAR  An amount of 0.61 gram of U.sub.3 O.sub.8 was dissolved in 9.35 grams of
      molten UO.sub.2 (NO.sub.3).sub.2 . 6H.sub.2 O according to the method set
      forth in Example IV. The calculated nitrate-to-uranium ratio of the melt
      obtained is 1.76.
PAR  The U.sub.3 O.sub.8 had been obtained by heating the UO.sub.3 of Example V
      for an hour in air at a temperature of 700.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the preparation of a concentrated anion deficient actinide
      nitrate solution, the actinide metals being chosen from the group of four
      valent plutonium, hexavalent uranium and four valent thorium, wherein
      undesired precipitates of UO.sub.3 hydrates are avoided, by dissolving one
      or more oxides from the group PuO.sub.2 UO.sub.2, U.sub.3 O.sub.8,
      UO.sub.3 or lower oxides than UO.sub.3, located between UO.sub.2 and
      UO.sub.3 in molten UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O or molten
      Th(NO.sub.3).sub.4.4H.sub.2 O and mixtures thereof at a temperature of at
      least 60.degree.C, whereafter the obtained melt is diluted with water to
      the desired concentration.
NUM  2.
PAR  2. A method according to claim 1, wherein UO.sub.3 is dissolved in molten
      Th(NO.sub.3).sub.4.4H.sub.2 O.
NUM  3.
PAR  3. A method according to claim 1, wherein the actinide oxide is added in
      small quantities to the molten actinide nitrate.
NUM  4.
PAR  4. A method according to claim 1, wherein a UO.sub.2 with a specific
      surface area ranging between 5 and 20 m.sup.2 per gram is dissolved in
      molten UO.sub.2 (NO.sub.3).sub.2.6H.sub.2 O.
NUM  5.
PAR  5. A method according to claim 1, wherein a minute amount of one or more
      metal salts are added to the molten salt, preferable such metal salts as
      will permit of hydrolyzation, metal oxides that are soluble in the melt,
      or borium compounds that are soluble either in water or in the melt.
NUM  6.
PAR  6. The process of claim 1 wherein UO.sub.2, U.sub.3 O.sub.8 or UO.sub.3
      dissolved in molten Th(NO.sub.3).sub.4.4H.sub.2 O at temperatures of about
      90.degree.C wherein the weight ratio of the molten material to the uranium
      compound to the molten material is at least 17.4 to 1.
NUM  7.
PAR  7. The process of claim 1 wherein said oxide is UO.sub.2, UO.sub.3 or
      U.sub.3 O.sub.8 and wherein said oxide is dissolved in molten UO.sub.2
      (NO.sub.3).sub.2.6H.sub.2 O wherein the molar ratio of nitrate to uranium
      is 1.68 to 1.83.
NUM  8.
PAR  8. The process of claim 1 wherein dilution results in 3 to 3.5 molar
      concentration of said actinide.
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PAL  A foam control composition, and methods for its production and use, is
      disclosed, which comprises a liquid hydrocarbon carrier, an organic
      emulsifier, an amide of a fatty acid, and, optionally, a silicone oil.
      Composition is useful in controlling foam encountered in preparation of
      paper pulp, resinous materials, and in the treatment of waste systems and
      cooling towers. The foam control composition is prepared by (a.) combining
      the amide, emulsifier and from about 1/5 to about 1/2 of the liquid
      hydrocarbon carrier, (b.) heating until a clear melt is obtained, (c.)
      rapidly adding to said melt the remainder of said liquid hydrocarbon
      carrier to cool the melt to a temperature of from ca. 150.degree.F. to ca.
      200.degree.F., and (d.) allowing the cooled mixture to further cool to a
      temperature of from about ambient to about 135.degree.F.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Foam of course, is a most undesirable by-product in most industries since
      it does have a direct and drastic effect upon production efficiency and
      accordingly the economics of a system or process. In some systems, foam
      can be tolerated to a certain extent; however, in most systems such as the
      pulp and paper producing processes, the quality of the product is
      dependent upon the control of foam.
PAR  At present there are a number of different chemical pulping processes
      finding extensive use in the industry. However, by far the most widespread
      are the alkaline pulping processes commonly referred to as the "soda" and
      the "kraft" processes.
PAR  Kraft pulp, also referred to as sulfate pulp, represents one type of
      chemical pulp. It is, perhaps, the most important of the chemical pulps,
      as indicated by the increased number of kraft pulp mill installations and
      by the fact that many of the mills now under construction are planning to
      utilize the kraft process. The reasons for the popularity of this process
      are many among which can be mentioned the strength of the resultant pulp,
      the varieties of wood that lend themselves to this process, and the
      excellent degree of chemical recovery of cooking liquors which is
      possible.
PAR  Because kraft provides the strongest pulp, its primary use is where
      strength is an important consideration. Kraft is used for making wrapping
      paper, grocery bags, heavy duty shipping bags, cartons, etc. It is also
      mixed with other types of pulp where added strength is required.
PAR  The kraft process is an alkaline process with the active cooking chemicals
      being caustic soda and sodium sulfide. The presence of the sodium sulfide
      is what makes the kraft process different from the soda process.
PAR  In the kraft process, measured quantities of standard sized chips are
      directed to a digester which is a tall cylindrical pressure vessel with a
      conical bottom. Briefly stated, in addition to the wood chips, white
      liquor (which is the cooking liquor, the active chemical ingredients of
      which are caustic soda and sodium sulfide) and steam are charged to the
      digester. Through the action of the cooking liquor and steam on the chips,
      the lignin binder is dissolved, freeing the cellulose fibers, thus the
      chips are converted into a brown colored kraft pulp. The cooking is
      performed normally at pressures varying from 80 - 110 psi. Although the
      active chemicals in the cooking liquor (white liquor) are caustic soda and
      sodium sulfide, the liquor will also contain some sodium carbonate and
      some sodium sulfate. The kraft process is sometimes called "sulfate"
      because sodium sulfate (saltcake) is the makeup chemical for converting
      the black liquor to white liquor.
PAR  In the cooking process in the digester, the white liquor becomes black as
      it is spent in cooking. After the cook, the pulp and black liquor are
      blown out of the digester to a blow pit and directed over a knot screen
      and then to vacuum washers, at which point the black liquor is separated
      from the pulp. The pulp is then sent to the bleach plant, or if unbleached
      kraft is to be used, the pulp is directed to the paper mill.
PAR  The pulp washing, which accomplishes the removal of the black liquor from
      the pulp, is the point at which brown stock defoamers and drainage aids
      are required. A screening operation usually precedes the washing stage to
      remove any knots which may be ejected from the digester into the blow
      tank. The washing takes place in a group of washers connected in series
      and is countercurrent.
PAR  Weak liquor removed from the pulp on the last washer is sprayed on the pulp
      on the previous washer. This continues back to the first washer. By using
      this process, the pulp is always washed by a liquor of lower solids
      content that the pulp itself contains. This permits removal of solids from
      the pulp with minimum fresh water requirements.
PAR  As earlier stated, although the soda and kraft processes possess distinct
      advantages with respect to the reclaiming and reuse of the spent
      chemicals, the processes do possess inherent disadvantages due to the
      foaming problems which are encountered at various steps in the process.
      The most troublesome areas are at the pulp washing, screening and knotting
      stages of the operation. During these stages a considerable amount of
      troublesome foam is generally formed. Likewise, when the resulting pulp is
      being washed in the brown stock washers to remove residual chemicals
      commonly referred to as black liquor, a significant foam problem is
      encountered. A black liquor contains from 13 to 20% by weight of dissolved
      solids and has a pH in the range of from about 11 to 13. Because of the
      constitution of the black liquor, that is, its resin content, its
      dissolved solids content and the ph of the system, there is a definite
      foaming potential, which if allowed to occur, affects the entire system
      deleteriously.
PAR  Foam is equally encountered after the pulp has left the brown stock washers
      and has traveled to the screenroom where the pulp is again diluted with
      water and passed through the various screening operations. Thiss operation
      allows the satisfactory fibers to pass through while the clumps of
      unpulped fibers, knots or other foreign material is retained on the
      screen. In addition, foam becomes quie significant in the screenroom where
      the diluted pulp containing a small residual amount of black liquor is
      subjected to violent agitation by the screen. The black liquor removed
      during the screening operation is normally used as the dilution water in
      in the various stages of the brown stock washers; therefore, since the
      diluted black liquor still contains a minor amount of solids, a foaming
      potential exists.
PAR  The foaming problems encountered at various stages of the operation are
      dependent upon a number of factors of which may be mentioned the type wood
      used in the pulp making process, the conditions, e.g., temperature and the
      extent of agitation, the amount and type of undissolved solids dispersed
      in the liquor and the dissolved materials in the liquor. It is common in
      some pulping processes to find that foaming is not a particular problem at
      one stage but that it does become such at a later stage as when the liquor
      or effluent of one stage is returned to the system as a washing or
      diluting agent at another stage of the operation.
PAR  Since the foaming problems do have a significant effect on the efficiency
      of the pulp producing process and since the economics of the pulp
      producing system itself are greatly affected, many defoaming compositions
      have been proposed for use during the stages of operation in question. The
      various defoamers recommended for use, although possessing distinct
      advantages in some aspects, also possess attendant disadvantages. For
      example, a formulated defoamer or antifoaming agent may be satisfactory
      with one particular type wood such as spruce or fir, but may not be at all
      successful in retarding foam where the fibers are derived from hemlock.
      Moreover, it is not unusual to find differences when the same type wood is
      utilized to produce a pulp. The conditions of the operation in one
      instance may be such as to render a defoaming wholly inoperable while at
      the same time this same defoamer may be perfectly successful in another
      similar process. The differences in the respective operations can be
      attributed to the relative differences in temperature, the type water used
      and the respective agitation and/or aeration times utilized.
PAR  Another important consideration is the cost involved. Although a particular
      defoamer may have successfully inhibited the foaming potential of a
      particular system, the feed rate and the initial cost of a defoamer or
      drainage aid may be such as to make its use prohibitive. Accordingly, it
      can be appreciated that when all of the factors are considered, it is
      extremely difficult to formulate a particular composition which will not
      only perform the function desired but which will also be operable at the
      specific feed rates demanded by the mills. With the foregoing in mind, the
      present inventors embarked upon a comprehensive study in an attempt to
      produce a defoamer or antifoaming agent which would fulfill as many of the
      prerequisites as possible. The primary objective of course, was to obtain
      a defoaming composition which would not only satisfy the demands of all of
      the systems wherein the alkaline pulp producing process is utilized, but
      also one which would be economically desirable to the mill.
PAC  SUMMARY OF THE INVENTION
PAR  With the above-defined objectives as a goal, it was discovered that the
      foam potential of a particular aqueous system could be inhibited and/or
      that existing foam in a system could be eliminated by adding thereto a
      composition which comprises:
PAR  A. A liquid hydrocarbon carrier which may be any aliphatic, alicyclic or
      aromatic hydrocarbon or mixture thereof which is liquid at room
      temperatures;
PAR  B. An emulsifier which may be cationic, anionic or non-ionic, or a mixture
      thereof, depending upon the particular application for which the foam
      controller is intended;
PAR  C. An amide obtained by the reaction of a polyamine containing an alkylene
      group of 2 to 6 carbons with a fatty acid or mixture of fatty acids having
      an average composition of 6 to 22 carbons per acid molecule; and,
      preferably, but not essentially,
PAR  D. A silicone oil which may be any alkyl, aryl, alicyclic or alkylaryl
      siloxane or polysiloxane having viscosities from about 10 to 1000
      centistokes at 25.degree. C.
PAR  Generally, the hydrocarbon carrier, the emulsifier and the amide are
      combined and heated with agitation until a clear melt is obtained. The
      mixture is then cooled somewhat rapidly and, if desired, the silicone oil
      is added.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Specifically, the foam control composition of this invention is comprised
      of from about 1% to about 10% of the amide, from about 1% to about 10% of
      the emulsifier, from about 88% to about 98% of the hydrcarbon carrier, and
      0% to about 2% of the silicone oil.
PAR  The process by which the composition is made is critical. Preferably, the
      amide, emulsifier and from one-fifth to one-half of the oil carrier are
      heated with agitation until a clear melt is obtained. The remainder of the
      oil is quickly added to effect a rapid cooldown to about 150.degree. F to
      200.degree. F. The batch is then cooled to about ambient to 135.degree. F
      in 2 to 3 hours, and then, if desired, the silicone oil is added and
      stirred until the mixture is homogeneous. Alternatively, all the oil may
      be added initially so long as the melt is then rapidly cooled by other
      means down to about 150.degree. F to 200.degree. F, i.e., in about 2
      hours.
PAR  The effective treatment levels for the inventive composition were
      determined to be within the range of from about 0.01 to about 1% by weight
      of the defoamer based upon the weight of the dry solids content of the
      aqueous system.
PAR  Although treatment levels above 1% are successful in controlling foam, the
      use of excesses above this level are prohibitive due to cost
      considerations.
PAR  The defoamer compositions of this invention were tested for their
      effectiveness by the following procedure: 500 milliliters of concentrated
      paper mill stock is charged into a glass vessel; an amount of the defoamer
      to be treated is introduced into the vessel; a pump is used to circulate
      the stock from the base of the vessel to a hose and nozzle assembly
      through which a stream of the liquid is made to impinge upon the surface
      of the sample in the vessel; the amount of foam generated is measured at
      30 second intervals over a test period of two minutes; in some cases, the
      foam level reaches the top of the vessel (180 milliliters) in less than
      two minutes; in these cases, the elapsed time is recorded; foam height
      and/or top time is a good measure of the relative effectiveness of the
      defoamer.
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAR  A composition with the following ingredients was prepared:
PA1  a. ethylene bis stearamide -- 3%
PA1  b. diethylene glycol mono-oleate -- 2%
PA1  c. hydrocarbon carrier -- 94.5% (one-third mineral seal oil and two-thirds
      process oil, Tufflo 15, Arco)
PA1  d. silicone oil (Union Carbide L-45) -- 0.5%
PAR  The diamide, mono-oleate, and the mineral seal oil were heated together
      until a clear melt was obtained at about 250.degree. F. The process oil
      was then rapidly added with vigorous agitation which quickly cooled the
      batch down to about 175.degree. F. It was then allowed to cool to about
      100.degree. F., at which time the silicone oil was stirred in.
PAC  EXAMPLE 2
PAR  Same as Example 1 except that no silicone oil was added.
PAC  EXAMPLE 3
PAR  Same as Example 1 except that final cooldown to 100.degree. F. was
      lengthened to cover 4 hours.
PAC  EXAMPLE 4
PAR  Same as Example 1 except that only one-fifth of the oil was present in the
      initial melt, and final batch temperature was about 135.degree. F.
PAC  EXAMPLE 5
PAR  Same as Example 1 using a different brand of the diamide.
PAC  EXAMPLE 6
PAR  Same as Example 1 except that the ethylene bis stearamide was replaced by
      ethylene bis ricinoleamide.
PAC  EXAMPLE 7
PAR  Same as Example 1 except that the silicone oil (Union Carbide, L-45) which
      is a dimethyl polysiloxane, was replaced by a methyl hydrogen
      polysiloxane.
PAC  EXAMPLE 8
PAR  The ingredients of Example 1 were heated together with agitation all the
      oil being present, until a clear melt was obtained. The batch was cooled
      to 180.degree. F over a period of two hours. In two more hours, the batch
      was cooled to 100.degree. F. Then the silicone oil was stirred in.
PAC  EXAMPLE 9
PAR  Same as Example 8 except that the mono-oleate was replaced by a complex
      organic phosphate ester (2% GAFAC RD 510).
PAC  EXAMPLE 10
PAR  Same as Example 8 except that the batch was passed once through a colloid
      mill (set at 0.007") between initial and final cooldown.
PAR  The composition prepared according to the above examples were tested for
      their antifoaming ability using the test procedures described above. Each
      composition was tested on two different samples of paper mill stock.
PAR  Table 1 reports the results using a 100% concentration Southern pulp mill
      black liquor, containing about 15% solids. A blank sample was foamed
      without treating with a defoamer, and topped the vessel in only 10
      seconds. In all cases, 100 microliters of the test defoaming composition
      was added to the pulp mill liquor.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     EXAMPLE                                                                   

           COMPOSITION                                                         

                   FOAM HEIGHT AT (Milliliters) TOP TIME                       

                   30 Seconds                                                  

                          60 Seconds                                           

                                 90 Seconds                                    

                                        120 Seconds                            

     __________________________________________________________________________

     11    Example 1                                                           

                   45     75     125    --      101 Sec.                       

     12    Example 2                                                           

                   60     130    --     --      65 Sec.                        

     13    Example 3                                                           

                   50     80     130    --      99 Sec.                        

     14    Example 4                                                           

                   70     135    --     --      61 Sec.                        

     15    Example 5                                                           

                   70     --     --     --      58 Sec.                        

     16    Example 6                                                           

                   75     --     --     --      45 Sec.                        

     17    Example 7                                                           

                   80     --     --     --      52 Sec.                        

     18    Example 8                                                           

                   63     30     --     --      62 Sec.                        

     19    Example 9                                                           

                   45     85     --     --      75 Sec.                        

     20     Example 10                                                         

                   60     00     --     --      70 Sec.                        

     __________________________________________________________________________

PAR  Table 2 data was obtained using a 100% concentration Mid-Atlantic pulp mill
      liquor containing about 18% solids. The untreated blank topped in only 6
      seconds. Defoamer dosage was again about 100 microliters per sample.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     EXAMPLE                                                                   

           COMPOSITION                                                         

                   FOAM HEIGHT (Milliliters) AT TOP TIME                       

                   30 Seconds                                                  

                          60 Seconds                                           

                                 90 Seconds                                    

                                        120 Seconds                            

                                                (Seconds)                      

     __________________________________________________________________________

     21    Example 1                                                           

                   45     85     --     --      82                             

     22    Example 2                                                           

                   85     --     --     --      55                             

     23    Example 3                                                           

                   50     80     --     --      88                             

     24    Example 4                                                           

                   80     --     --     --      49                             

     25    Example 5                                                           

                   85     --     --     --      48                             

     26    Example 6                                                           

                   125    --     --     --      37                             

     27    Example 7                                                           

                   85     --     --     --      42                             

     28    Example 8                                                           

                   80     --     --     --      50                             

     29    Example 9                                                           

                   75     135    --     --      63                             

     30     Example 10                                                         

                   70     180    --     --      60                             

     __________________________________________________________________________

PAR  The above two tables demonstrate the defoaming effectiveness of the
      compositions and process of this invention.
PAR  Just prior to filing the instant patent application, a U.S. patent was
      issued to Hart Chemical, Ltd., of Canada, Shane, et. al., U.S. Pat. No.
      3,723,342, Mar. 27, 1973. This patent discloses a somewhat similar
      defoaming composition for use in paper and pulp mills. One major
      difference between the compositions of Shane, et. al., and those of the
      instant invention is that the particle size of the resultant batch of the
      Shane composition is required to be from 4 to 7 on the Hegman scale, while
      the particle sizes of the compositions of the instant invention are not
      critical. However, the processes by which the respective compositions are
      made are more distinguishable in that the Shane process, disclosed at
      column 5, Example 1, takes considerably more time than that of the instant
      invention.
PAR  However, because of the general similarity of composition, the applicants
      decided to test the antifoaming performance of their compositions against
      that of Shane, et. al. To that end, batches of the compositions described
      in Shane's Examples 1 and 2 were prepared according to the procedures
      given in those Examples. That procedure is considerably longer due to the
      need for milling the diamide down to Hegman scale size, and the six-hour
      intermediate hold time. Compositions of the instant invention were
      prepared according to the above Example 1. The test vessel was charged
      with about 540 milliliters of a 100% concentrated Mid-Atlantic pulp mill
      soft wood black liquor, containing about 14% solids. The test procedure
      was basically the same as before for Tables 1 and 2, except that the
      volume to the top of the vessel was 140 milliliters instead of 180. The
      time for an untreated blank sample to top the vessel was about 8 seconds.
      Table 3 summarizes the results.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     COMPOSITION                                                               

             AMT ADDED                                                         

                    FOAM HEIGHT (Milliliters) AT TOP TIME                      

                    30 Seconds                                                 

                           60 Seconds                                          

                                  90 Seconds                                   

                                         120 Seconds                           

                                                 (Seconds)                     

     __________________________________________________________________________

     Shane Ex 1                                                                

             60      140   --     --     --      30                            

     Shane Ex 2                                                                

             60     --     --     --     --      15                            

     Instant Ex 1                                                              

             60     80     100    140    --      90                            

     Shane Ex 1                                                                

             70     --     --     --     --      22                            

     Shane Ex 2                                                                

             70     --     --     --     --      12                            

     Instant Ex 1                                                              

             70     75     90     120    --      98                            

     Shane Ex 1                                                                

             100    --     --     --     --      28                            

     Shane Ex 1                                                                

             100    --     --     --     --      20                            

     Shane Ex 2                                                                

             100    --     --     --     --      10                            

     Instant Ex 1                                                              

             100    75     95     --     --      83                            

     Shane Ex 1                                                                

             120    90     95      80    80      Did Not Top                   

     __________________________________________________________________________

PAR  The above results clearly indicate that at dosage levels less than 120
      microliters, the compositions of this invention give superior anti-foaming
      effects compared to those of Shane, et. al. Treatment levels higher than
      that are not acceptable because of economic considerations. The results
      would indicate that the compositions of this invention can be used at much
      lower levels, and be effective, than those of the Shane patent. Moreover,
      the process by which the latter are made lasts three to four times as long
      as the process of this invention.
CLMS
STM  Having thus described the invention what is claimed is:
NUM  1.
PAR  1. A process for preparing a foam control composition for aqueous systems,
      said composition consisting essentially of from about 1% to about 10% of
      an amide, from about 1% to about 10% of an emulsifier, from about 88% to
      about 98% of a liquid hydrocarbon carrier, and from 0% to about 2% of a
      silicone oil, which process comprises:
PA1  a. Combining the amide, the emulsifier, and from about 1/5 to about 1/2 of
      said liquid hydrocarbon carrier;
PA1  b. Heating the amide, emulsifier, and the liquid hydrocarbon carrier amount
      until a clear melt is obtained;
PA1  c. Rapidly adding to said melt the remainder of said liquid hydrocarbon
      carrier to cool the melt to a temperature of from about 150.degree.F. to
      about 200.degree.F.;
PA1  d. Allowing the cooled mixture to further cool to a temperature of from
      about ambient to about 135.degree.F.; all said percentages being on a
      weight basis and wherein said amide is obtained by the reaction of a
      polyamine containing an alkylene group of from 2 to 6 carbons, with a
      fatty acid or a mixture of fatty acids, having an average composition of 6
      to 22 carbons per acid molecule.
NUM  2.
PAR  2. The process of claim 1 further comprising a final step of adding up to
      2% of a silicone oil to the mixture.
NUM  3.
PAR  3. The product of the process of claim 2.
NUM  4.
PAR  4. A process for controlling the foam of an aqueous system, which comprises
      adding to said system an effective amount of the product of claim 3.
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ABST
PAL  Grease compositions are provided comprising a major proportion of an oil of
      lubricating viscosity and a thickening amount of a metal salt of a C-alkyl
      or alkenyl succinic acid, having from about 10 to about 30 carbon atoms in
      the alkyl or alkenyl group, and a metal salt of a C-alkyl or alkenyl
      succoinoamidoarylsulfonic acid, having from about 14 to about 30 carbon
      atoms in the alkyl or alkenyl group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to grease compositions and relates more particularly
      to grease compositions containing, as thickening agents, metal salts of
      C-alkyl or alkenyl succinic acids, having from about 10 to about 30 carbon
      atoms in the alkyl or alkenyl group, and metal salts of C-alkyl or alkenyl
      succinomidoarylsulfonic acids, having from about 14 to about 30 carbon
      atoms in the alkyl or alkenyl group.
PAR  2. Description of the Prior Art
PAR  The prior art has, heretofore, provided grease formulations containing
      various types of thickening agents, particularly greases thickened with
      animal or plant-derived fatty acid salts or modified clays. It is found,
      however, that such thickening agents often fail to provide the complete
      range of thickening desired in commercial greases, where the grease must
      undergo widely varying temperature changes during the course of operating
      conditions. The use of C-alkyl or alkenyl succinimidoarylsulfonic acids,
      as thickening agents, has also been proposed, resulting in greases which
      can perform their function over a wide temperature range, and disclosed in
      co-pending Application Ser. No. 507,024, filed Sept. 18, 1974.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there are provided improved
      grease compositions comprising a major proportion of an oil of lubricating
      viscosity and a thickening amount of each of a metal salt of a C-alkyl or
      alkenyl succinic acid, having from about 10 to about 30 carbon atoms in
      the alkyl or alkenyl group and a metal salt of a C-alkyl or alkenyl
      succinimidoarylsulfonidc acid, having from about 14 to about 30 carbon
      atoms in the alkyl or alkenyl group. The presence of each of these metal
      salts, as thickening agents, results in greases which can effectively
      perform their function over a wide temperature range, and are also
      effective in exhibiting highly improved stability properties with
      reference to separation and improved (higher) dropping point
      characteristics, as compared with the use of the thickeners of the prior
      art.
PAR  A critical requirement of the above-described metal salts, as thickening
      agents, is that the C-alkyl or alkenyl succinic acids have from about 10
      to about 30 carbon atoms in the alkyl or alkenyl group, and that the
      C-alkyl or alkenyl succinimidoarylsulfonic acid have from about 14 to
      about 30 carbon atoms in the alkyl or alkenyl group. If each of the metal
      salts, contains less than the aforementioned lower limit number of carbon
      atoms, the resulting metal salts are found to be insoluble in the oil
      vehicle and are not sufficiently stable to perform satisfactorily under
      conditions of operation. On the other hand, if the alkyl or alkenyl group
      of each of the aforementioned metal salts contains more than about 30
      carbon atoms, the resulting thickener becomes excessively soluble in the
      oil to such an extent that it cannot provide sufficient thickening power
      to obtain an effective grease.
PAR  Within the aforementioned limitations, various metal salts of C-alkyl or
      alkenyl succinimidoarylsulfonic acids, containing from about 14 to about
      30 carbon atoms in the alkyl or alkenyl group may be effectively employed
      as thickening agents. Thus the salts may include salts of C-alkyl or
      alkenyl succinimidobenzenesulfonic acids or C-alkyl or alkenyl
      succinimidonaphthalenesulfonic acids, the sodium-lithium or
      sodium-aluminum salt C-n-octadecyl or octadecenyl
      succinimidonaphthalenedisulfonic acid, the sodium-calcium salt of
      C-n-octadecyl or octadecenyl succinimidohydroxybenzenesulfonic acid, the
      triethylamine salt of C-n-docosenylsuccinimidohydroxybenzenesulfonic acid,
      the sodium salts of C-n-docosenylsuccinimidohydroxybenzenesulfonic acid,
      or the lithium salt of C-n-docosenylsuccinimidohydroxybenzenesulfonic
      acid.
PAR  These salts of C-alkyl or alkenyl succinimidoarylsulfonic acids may be
      synthesized by commercially well-known methods, in oil solution. Many
      metals may be effectively employed for synthesizing the desired metal salt
      and particularly include alkali or alkaline earth metal salts represented
      by lithium, sodium, potassium, rubidium, cesium, calcium, strontium or
      barium.
PAR  The novel greases of the present invention, as hereinbefore noted, may be
      prepared in accordance with conventional grease manufacturing procedures,
      or by any mixing technique in which solid particles are wetted by a fluid.
      The manufacture of typical representative greases, in accordance with the
      invention, is illustrated by the procedures of the following examples.
PAR  In the above-described grease composition each of the metal salts may be
      present in an amount from about 1 to about 99%, by weight of the total
      weight of the salts. Particularly preferred are grease compositions
      wherein each of the metal salts is present in an amount from about 40 to
      about 60%, by weight of the total weight of the salts.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  EXAMPLE 1
PAR  Preparation of the Imide:
PAR  About 0.54 mole (189 g. based on assay by titration) of 7-Amino-1,
      3-naphthalene disulfonic acid, monosodium salt, about 250 ml. water, about
      80 ml. of triethylamine and about 1357 g. of 500" solvent-refined
      naphthenic neutral base oil were mixed in an appropriate reactor under
      nitrogen. The mixture was stirred and heated slowly to about 150.degree.C
      to form the amine salt, and to remove the excess amine and the water.
PAR  At about 150.degree.C, about 223 g. (about 0.55 mole) of docosenylsuccinic
      anhydride was added to the reaction mixture. Stirring and heating at about
      50.degree.C was continued for 15 to 20 hours. At this time the infra-red
      spectrum of the reaction mixture showed a strong absorption for imide
      carbonyl group.
PAC  EXAMPLE 2
PAR  Mixed Calcium Salt Thickened Grease:
PAR  About 250 g. of the product from Example 1 (containing about 62-1/2   g.,
      0.077 mole of the imide in the aforementioned base oil of Example 1) 32
      g., 0.091 mole of octadecenyl succinic anhydride, 96 g. of the
      aforementioned base-oil of Example 1, 9 g. (.116 mole) of 96% Ca(OH).sub.2
      and 10 g. of water were mixed in a small, open, externally-heated reactor
      which was stirred by counter-rotating blades to insure good mixing. The
      stirring mixture was heated at 210.degree.F .+-. 10.degree. for about 15
      minutes, then to about 400.degree.F. After cooling to room temperature,
      the product was homogenized by two passes through a mill. The ASTM 1/2
      scale penetration (worked 60 strokes) of this product was 71. The product
      was returned to the reactor, 150 g. of the aforementioned baseoil of
      Example 1 was added and then stirred and heated to about 400.degree.F.
      After cooling to room temperature and two passes through the mill, the
      ASTM 1/2 scale penetration (worked 60 strokes) was 95. The solute
      concentration was about 18%.
PAR  About one-half of the product (265 g.) was removed from the reactor. To the
      remaining half, about 135 g. of the aforementioned base-oil of Example 1
      stock was added. The mixture was stirred, heated to about 400.degree.F,
      cooled and milled by two passes through the mill. (Solute concentration
      was then about 12%). The ASTM 1/2 scale penetration (worked 60 strokes)
      was 134. A full-scale ASTM penetration (worked 60 strokes) was 283.
PAC  EXAMPLE 3
PAR  Mixed Calcium Salt Thickened Grease:
PAR  About 250 g. of the product from Example 1 above (containing about 621/2
      g., 0.077 mole of the imide in the aforementioned base-oil), 23 g., 0.077
      mole of tetradecenyl succinic anhydride, 60 g. of the base-oil, 9 g. (.116
      mole) of 96% Ca(OH).sub.2 and 10 g. of water were mixed in a small, open,
      externally-heated reactor which was stirred by counterrotating blades to
      insure good mixing. The stirring mixture was heated at 210.degree.F .+-.
      10.degree. for about 15 minutes, then to about 400.degree.F. After cooling
      to room temperature, the product was homogenized by two passes through a
      mill. The ASTM 1/2 scale penetration (worked 60 strokes) of this product
      was 105. The product was returned to the reactor, 130 g. of the base-oil
      was added and then stirred and heated to about 400.degree.F. After cooling
      to room temperature and two passes through a mill, the ASTM 1/2  scale
      penetration (worked 60 strokes) was 123. The solute concentration was
      about 18%. The "ASTM Dropping Point" was 609.degree.F. The "oil separation
      at 300.degree.F" was 1.9%.
PAR  About one-half of the product (230 g.) was removed from the reactor. To the
      remaining half, about 109 g. of the base-oil was added. The mixture was
      stirred, heated to about 400.degree.F, cooled and milled by two passes
      through the mill. (Solute concentration was then about 12%). The ASTM 1/2
      scale penetration (worked 60 strokes) was 210. The "ASTM Dropping Point"
      was 609.degree.F. The "oil separation" at 300.degree.F was 8.1%.
PAC  EXAMPLE 4
PAR  Mixed Aluminum Salt Thickened Grease:
PAR  About 250 g. of the product from Example 1 above (containing about 621/2
      g., .077 mole of the imide in base-oil, 32 g. (0.091 mole) of octadecenyl
      succinic anhydride, 100 g. base-oil, 21 g. (0.09 mole) of 98% aluminum
      isopropoxide were mixed in a small, open, externally-heated reactor which
      was stirred by counter-rotating blades to insure good mixing. The stirring
      mixture was heated at 210.degree.F .+-. 10.degree. for about 15 minutes,
      then to about 300.degree.F. After cooling to room temperature, the product
      was homogenized by two passes through a mill. The ASTM 1/2 scale
      penetration (worked 60 strokes) of this product was 133. The product was
      returned to the reactor, 150 g. of base-oil was added and then stirred and
      heated to about 300.degree.F. After cooling to room temperature and two
      passes through the mill, the ASTM 1/2 scale penetration (worked 60
      strokes) was 185. The solute concentration was about 18%. The "ASTM
      Dropping Point" was &gt;633.degree.F. The "Oil Separation" at 300.degree.F
      was 0.18%.
PAC  EXAMPLE 5
PAR  Mixed Calcium-Aluminum Salt Thickened Grease:
PAR  About 250 g. of the product from Example 1 above (containing about 621/2
      g., 0.077 mole of the imide in base-oil, 32 g., 0.091 mole of octadecenyl
      succinic anhydride, 100 g. base-oil, 9.1 g. aluminum isopropoxide and 5.9
      g. of 96% Ca(OH) were mixed in a small, open, externally-heated reactor
      which was stirred by counter-rotating blades to insure good mixing. The
      stirring mixture was heated at 210.degree.F .+-. 10.degree.for about 15
      minutes, then to about 300.degree.F. After cooling to room temperature,
      the product was homogenized by two passes through a "Tri-Homo" mill. The
      ASTM 1/2 scale penetration (worked 60 strokes) of this product was 108.
      The product was returned to the reactor, 150 g. of base-oil was added and
      then stirred and heated to about 300.degree.F. After cooling to room
      temperature and two passes through the "Tri-Homo" mill, the ASTM 1/2 scale
      penetration (worked 60 strokes) was 121. The solute concentration was
      about 17%. The "ASTM Dropping Point" was &gt;633.degree.F. The "Oil
      Separation" at 300.degree.F was 0.5%.
PAR  About one-half of the product (264 g.) was removed from the reactor. To the
      remaining half, about 111 g. of 678 stock was added. The mixture was
      stirred, heated to about 300.degree.F, cooled and milled by two passes
      through the "Tri-Homo" mill. (Solute concentration was then about 12%).
      The ASTM 1/2 scale penetration (worked 60 strokes) was 167. The "ASTM
      Dropping Point" was 598.degree.F. The "Oil Separation" at 300.degree.F was
      5.8%.
PAC  EXAMPLE 6
PAR  Preparation of the Imide
PAR  About 0.54 mole (230 g) of the triethylamine salt of 7-amino-1,
      3-naphthalene disulfonic acid monosodium salt and about 0.55 mole (223 g)
      of n-docosenyl-succinic anhydride and about 1360 g of the base-oil
      described in Example 1 were mixed in an appropriate reactor under
      nitrogen. The mixture was stirred and heated at about 150.degree.C for 15
      to 20 hours. The infra-red spectrum of the cooled reaction mixture showed
      a strong absorption for an imide carbonyl group.
PAC  EXAMPLE 7
PAR  Calcium Salt-thickened Grease:
PAR  About 0.15 moles (about 500 g of 25% of imide-oil solution) of the product
      from reaction described above was placed in a reactor. About 0.076 mole
      (6.1 g of 93%) Ca(OH).sub.2 and about 10 ml. of water were added.
PAR  The stirring mixture was heated to 420.degree.F, cooled and then milled
      twice through a mill. After cooling to room temperature, the 1/2 scale
      ASTM penetration (worked 60 strokes) was 101.
PAR  The mixture was returned to the reactor, 50 ml. H.sub.2 O was added and
      heated, with stirring again to about 400.degree.F. After cooling to room
      temperature and milling twice in the mill the 1/2 scale ASTM penetration
      at room temperature (worked 60 strokes) was 108.
PAR  The product was returned to the reactor, 150 g. of the base-oil was added
      and it was again heated with stirring to 400.degree.F. After cooling and
      milling as before the 1/2 scale ASTM penetration (worked 60 strokes) was
      136. The solute concentration was about 17-18%.
PAR  The dropping point (ASTM D2265) was 601.degree.F and the oil separation at
      300.degree.F (F321) was 3.08%.
PAC  EXAMPLE 8
PAR  Mixed Calcium Salt Thickened Grease:
PAR  About 250 g. of the product from Example 1 (containing about 62-1/2  g.,
      0.077 mole of the imide) in the aforementioned base-oil, 32 g., 0.091 mole
      of octadecenyl succinic anhydride, 96 g. of the same base-oil, 9 g. (0.116
      mole) of 96% Ca(OH).sub.2 and 10 g. of water were mixed in a small, open,
      externally-heated reactor which was stirred by counter-rotating blades to
      insure good mixing. The stirring mixture was heated at 210.degree.F .+-.
      10.degree. for about 15 minutes, then to about 400.degree.F. After cooling
      to room temperature, the product was homogenized by two passes through a
      mill. The ASTM 1/2 scale penetration (worked 60 strokes) of this product
      was 71. The product was returned to the reactor, 150 g. of base-oil was
      added and then stirred and heated to about 400.degree.F. After cooling to
      room temperature and two passes through the mill, the ASTM 1/2 scale
      penetration (worked 60 strokes) was 95. The solute concentration was about
      17-18%.
PAR  The dropping point (ASTM D2265) was 623.degree.F and the oil separation at
      300.degree.F (F321) was 0.26%.
PAR  It is to be understood that the foregoing description is merely
      illustrative of preferred embodiments of the invention of which many
      variations may be made by those skilled in the art within the scope of the
      following claims without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A grease composition comprising a major proportion of an oil of
      lubricating viscosity and an amount of metal salts sufficient to thicken
      said oil to a grease consistency, which salts consist essentially of (a)
      at least one metal salt of a C-alkyl or alkenyl succinic acid, having from
      about 10 to about 30 carbon atoms in the alkyl or alkenyl group and (b),
      at least one metal salt of a C-alkyl or alkenyl succinimidoarylsulfonic
      acid, having from about 14 to about 30 carbon atoms in the alkyl or
      alkenyl group, the relative weight proportions of (a) to (b) being between
      1:99 and 99:1.
NUM  2.
PAR  2. The grease composition of claim 1 wherein said relative weight
      proportion of (a) and (b) are between about 60:40 and about 40:60.
NUM  3.
PAR  3. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinic acid is the calcium salt of octadecenyl succinic acid.
NUM  4.
PAR  4. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinic acid is the aluminum salt of octadecenyl succinic
      acid.
NUM  5.
PAR  5. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinic acid is the calcium salt of tetradecenyl succinic
      acid.
NUM  6.
PAR  6. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is a metal salt of a C-alkyl or
      alkenyl succinimidobenzene sulfonic acid.
NUM  7.
PAR  7. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is a metal salt of a C-alkyl or
      alkenyl succinimidonaphthalenesulfonic acid.
NUM  8.
PAR  8. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is the sodium-lithium salt of
      C-n-octadecylsuccinimidonaphthalenedisulfonic acid.
NUM  9.
PAR  9. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is the sodium-calcium salt of
      C-n-octadecylsuccinimidohydroxybenzenesulfonic acid.
NUM  10.
PAR  10. The grease composition of claim 1 wherein the salt of the C-alkyl or
      alkenyl succinimidoarylsulfonic acid is the triethylamine salt of
      C-n-docosenylsuccinimidohydroxybenzenesulfonic acid.
NUM  11.
PAR  11. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is the sodium salt of
      C-n-docosenylsuccinimidorhydroxybenzenesulfonic acid.
NUM  12.
PAR  12. The grease composition of claim 1 wherein the metal salt of the C-alkyl
      or alkenyl succinimidoarylsulfonic acid is the lithium salt of
      C-n-docosenylsuccinimidohydroxybenzenesulfonic acid.
NUM  13.
PAR  13. The grease composition of claim 1 wherein the thickener comprise a
      combination of the calcium-sodium salt of
      C-n-docosenylsuccinimidonaphthalenedisulfonic acid and the calcium salt of
      C-n-octadecenylsuccinic acid.
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ABST
PAL  Provided as novel compositions which are especially useful as stabilizers
      of flame-retarded, flexible polyether polyol-based urethane foam, is an
      admixture containing from about 10 to about 90 weight percent of Component
      A and from about 90 to about 10 weight percent of Component B, said
      percentages being based on the total weight of A and B contained in the
      admixture, wherein: Component A is a cyano-bearing
      polysiloxane-polyoxyalkylene copolymer having the average composition,
EQU  (R).sub.3 SiO[(R).sub.2 SiO].sub.x [(NC-R')(R)SiO].sub.y [(R) (E)SiO].sub.z
      Si(R).sub.3
PAL  wherein R is alkyl, R' has at least two carbon atoms and is bivalent
      alkylene or an oxyalkylene group the oxygen atom of which is bonded to
      silicon, and the respective average values of x, y and z are from about 10
      to about 200 (x), from about 3 to about 100 (y) and from about 2 to about
      30 (z), and E comprises a polyoxyalkylene block the oxyalkylene content of
      which is constituted of from about 20 to about 65 weight percent
      oxyethylene; and Component B is a polyalkylsiloxane-polyoxyalkylene
      copolymer the oxyalkylene content of which is constituted of from about 20
      to about 75 weight percent oxyethylene. The admixtures of the invention
      may also contain an organic component such as, in particular, normally
      liquid polyoxyalkylene compounds.
PARN
PAR  This application is a continuation-in-part of our prior and copending
      application Ser. No. 279,883, filed Aug. 11, 1972, now U.S. Pat. No.
      3,846,462.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel compositions comprising particular
      polysiloxane-polyoxyalkylene polymers and to the use of such compositions
      in the manufacture of urethane cellular products, particularly
      flame-retarded flexible polyether polyol-based urethane foam.
PAR  Our aforementioned copending application Ser. No. 279,883, filed Aug. 11,
      1972, now U.S. Pat. No. 3,846,462 provides a particular class of
      cyanoalkyl- and/or cyanoalkoxy-modified polysiloxane-polyoxyalkylene block
      polymers which are especially useful as foam stabilizers of polyether
      polyol-based urethane foam. As described in said application, such
      polymers have a highly desirable combination of properties. One such
      property is good surfactant potency from the standpoint of both (1) the
      measured original height to which the foam rises as it is being formed and
      (2) the ability to maintain the original height of the foam once it has
      formed.
PAR  Another highly desirable property of the aforesaid class of cyano-bearing
      polymers is their good processing latitude, that is, the ability to
      provide foams of satisfactory quality over a relatively wide range of
      operating variables, such as, for example, variation in polymer
      concentration and in the concentration of metal co-catalysts which are
      normally employed in the manufacture of flexible polyether-based foams.
      The more common co-catalysts are organic derivatives of tin and thus
      sensitivity to variation in co-catalyst concentration is more particularly
      referred to in the art as "tin operating latitude." Decreasing the
      concentration of such co-catalysts below normal levels is sometimes
      necessary to improve foam breathability but, if the effectiveness of the
      foam stabilizer is narrowly dependent on co-catalyst concentration (that
      is, its tin operating latitude is poor), the desired enhanced
      breathability will be offset by foam weakness due to split formation. It
      is evident, therefore, that the good tin operating latitude of our
      aforesaid class of cyano-bearing polymers is a significant property.
PAR  In addition to good potency and processing latitude, our aforesaid
      cyano-bearing polysiloxane-polyoxyalkylene polymers possess the further
      highly desirable property of allowing for the formation of flame-retarded,
      polyether urethane foam of relatively low burning extent and high porosity
      (as opposed to "tight" foam and as reflected by foam breathability).
PAR  Notwithstanding the aforementioned excellent combination of properties
      exhibited by the cyano-modified polysiloxane-polyoxyalkylene block
      copolymers of our aforementioned application, it has been found that, when
      employed as the foam stabilizing component of foam formulations having low
      density foam specifications, such polymers often provide foam having a
      density which is higher than the density specification with a
      corresponding production of less foam per unit volume. Although the foam
      product is acceptable and useful and, although the numerical value of the
      density may only be slightly higher than desired, the consequential
      production of less foam per unit volume is of significant concern to the
      large scale producer of urethane foam. It is desirable, therefore, and is
      a primary object of this invention to provide foam stabilizing
      compositions which allow for minimization of this particular problem
      without substantial sacrifice of the highly desirable combination of
      properties possessed by our aforementioned class of cyano-bearing
      polysiloxane-polyoxyalkylene polymers. Various other objects and
      advantages of this invention will become apparent to those of ordinary
      skill in the art from the accompanying description and disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the present invention, novel compositions
      are provided as an admixture containing from about 10 to about 90 weight
      percent of Component A and from about 90 to about 10 weight percent of
      Component B, said percentages being based on the total weight of A and B
      contained in the admixture, wherein:
PAR  Component A is a cyano-bearing polysiloxane-polyoxyalkylene copolymer
      having the average composition encompassed by the following Formula I,
      ##EQU1##
      where R is alkyl having from 1 to 10 carbon atoms, R' is bivalent alkylene
      (--R.degree.--) or an oxyalkylene group (--OR.degree.--) the oxygen atom
      of which is bonded to silicon, R.degree. having at least 2 and usually no
      more than 12 carbon atoms, x has an average value from about 10 to about
      200, y has an average value from about 3 to about 100, z has an average
      value from about 2 to about 30, and E comprises a polyoxyalkylene block
      the oxyalkylene content of which is constituted of from about 20 to about
      65 weight percent of oxyethylene; and
PAR  Component B is a polyalkylsiloxane-polyoxyalkylene copolymer in which the
      polyoxyalkylene content is constituted of from about 20 to about 75 weight
      percent of oxyethylene.
PAR  One class of suitable copolymers encompassed by Component B are
      polyalkylsiloxane-polyoxyalkylene copolymers containing difunctional
      dialkylsiloxy units [(R).sub.2 SiO.sub.2/2 ] in combination with
      monofunctional trialkylsiloxy units [(R).sub.3 SiO.sub.1/2 ] and
      difunctional monoalkylsiloxy units [(R)SiO.sub.2/2 ] wherein the remaining
      valence of silicon is in association with a polyoxyalkylene block-bearing
      moiety which is designated herein as E.degree.. The said units may be
      present in the copolymer as essentially the sole types of units or they
      may be in further combination with trifunctional monoalkylsiloxy units
      [(R)SiO.sub.3/2 ]. Illustrative of this class of polymers encompassed by
      Component B are those having the average composition depicted by Formula
      II,
      ##EQU2##
      where R is alkyl having from 1 to 10 carbon atoms, v has an average value
      from about 10 to about 60, w has an average value from about 2 to about
      10, and E.degree. comprises a polyoxyalkylene block the oxyalkylene
      content of which is constituted of from about 20 to about 75 weight
      percent of oxyethylene.
PAR  Also included within the scope of Component B of the admixtures of this
      invention are polysiloxane-polyoxyalkylene copolymers which comprise
      sub-blocks of difunctional dialkylsiloxy units associated with a
      trifunctional monoalkylsiloxy unit and a polyoxyalkylene block such that
      the polysiloxane and polyoxyalkylene portions of the polymer are linked
      directly through an Si--O--C linkage.
PAR  The compositions of the present invention may consist essentially of the
      aforesaid polymer Components A and B, or they may contain one or more
      organic components such as, in particular, normally liquid
      poly(oxyalkylene) compounds.
PAR  In accordance with another aspect of the present invention, a process is
      provided for producing flexible polyurethane foam which comprises reacting
      and foaming a reaction mixture of: (a) a polyether polyol reactant
      containing an average of at least two hydroxyl groups per molecule; (b) a
      polyisocyanate reactant containing at least two isocyanato groups per
      molecule; (c) a blowing agent; (d) a catalyst comprising an amine; (e) a
      co-catalyst comprising an organic derivative of a polyvalent metal such as
      tin; and (f) a foam stabilizing component which comprises the aforesaid
      admixture of the respective polysiloxane-polyoxyalkylene polymers referred
      to herein as Components A and B. In accordance with one embodiment of this
      aspect of the invention, flame-retarded flexible polyether-based urethane
      foam is provided by including a flame-retardant in the foam-producing
      reaction mixture as an additional component thereof.
PAR  In providing either non flame-retarded or flame-retarded foam, the
      admixture of Component A and Component B can be introduced to the
      foam-producing reaction mixture either as such, in diluted form, in
      combination with organic surfactants, or preblended with one or more of
      the polyether polyol reactant, blowing agent, amine catalyst and, when
      used, the flame-retarding agent.
PAR  In addition to the substantial retention of the aforementioned desirable
      combination of properties as stabilizers of both non flame-retarded and
      flame-retarded foam exhibited by the polymers encompassed by Component A,
      the surfactant compositions of this invention containing Component A in
      combination with Component B, offer additional advantage as the
      foam-stabilizing ingredient of reaction mixtures (or foam formulations)
      having low density foam specifications. The foam stabilizing compositions
      of the invention are also useful in providing high density foam and are
      thus highly versatile materials which can be used to meet foam
      specifications of a wide variety of foam formulations.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  In the cyanoalkyl- and/or cyanoalkoxy-modified
      polyalkylsiloxane-polyoxyalkylene copolymers within the scope of Component
      A of the compositions of the invention, the polyoxyalkylene block-bearing
      moiety (E) comprises a monovalent organic-terminated polyoxyalkylene
      chain, --(OC.sub.a H.sub.2a).sub.b OW, wherein W is an organic cap, a has
      a value from 2 to 4 provided from about 20 to about 65 weight percent of
      the polyoxyalkylene chain, --(OC.sub.a H.sub.2a).sub.b --, is constituted
      of oxyethylene, and b is a positive number the average value of which is
      such that the average molecular weight of the polyoxyalkylene chain is
      from about 1000 to about 6000.
PAR  In the unmodified polyalkylsiloxane-polyoxyalkylene copolymers within the
      scope of Component B of the compositions of the invention, the
      polyoxyalkylene block-bearing moiety (E.degree.) also comprises a
      monovalent organic-terminated polyoxyalkylene chain, --(OC.sub.d
      H.sub.2d).sub.f OW, wherein W is an organic cap, d has a value from 2 to 4
      provided from about 20 to about 75 weight percent of the polyoxyalkylene
      chain, --(OC.sub.d H.sub.2d).sub.f --, is constituted of oxyethylene, and
      f is a positive number the average value of which is such that the average
      molecular weight of the polyoxyalkylene chain is from about 800 to about
      6000 and is preferably no higher than about 4000.
PAR  In regard to the respective polyoxyalkylene blocks, --(OC.sub.a
      H.sub.2a).sub.b OW and --(OC.sub.d H.sub.2d).sub.f OW, the polyoxyethylene
      contents of which are as defined hereinabove, the remainder of the
      polyoxyalkylene chain is usually formed of oxypropylene, oxybutylene or a
      combinaton of such units, although preferably the remainder is
      oxypropylene. It is to be understood that the oxyethylene and other
      oxyalkylene units can be randomly distributed throughout the respective
      polyoxyalkylene chains or they can be grouped in respective sub-blocks,
      provided the total average content of --(C.sub.2 H.sub.4 O)-- is within
      the aforementioned respective ranges.
PAR  The aforesaid groupings or polyoxyalkylene blocks, --(OC.sub.a
      H.sub.2a).sub.b OW and --(OC.sub.d H.sub.2d).sub.f OW, of the E and
      E.degree. moieties of the respective copolymers of Components A and B of
      the admixtures of this invention, are linked to a silicon atom of the
      polysiloxane portion of the respective copolymers either (1) directly so
      as to form an Si--O--C linkage, or (2) through a bivalent organic radical
      (--R"--) comprising a bivalent alkylene group a carbon atom of which is
      bonded to silicon so as to form an Si--C linkage. These various types of
      copolymers are encompassed by the following Formula I-A of cyano-bearing
      polymeric Component A and Formula II-B which illustrates one class of
      polymers included within the definition of Component B:
      ##EQU3##
      wherein: R is alkyl having from 1 to 10 carbon atoms;
PA1  R' is bivalent alkylene (--R.degree.--) or an oxyalkylene group
      (--OR.degree.--) the oxygen atom of which is bonded to silicon, R.degree.
      having at least 2 and usually no more than 12 carbon atoms;
PA1  R" is a bivalent alkylene group, an -alkylene-C(O)-- or an
      -alkylene-NHC(O)-- group where in each instance the indicated free valence
      of alkylene is bonded to silicon;
PA1  x has an average value from about 10 to about 200, and usually has an
      average value from about 20 to about 100;
PA1  y has an average value from about 3 to about 100, and usually has an
      average value from about 4 to about 30;
PAR  z has an average value from about 2 to about 30, and usually has an average
      value from about 2 to about 10;
PA1  W is an organic cap;
PA1  p is zero or one;
PA1  a has a value from 2 to 4 provided from about 20 to about 65 weight percent
      of the oxyalkylene units of the polyoxyalkylene chain, --(C.sub.a H.sub.2a
      O).sub.b --, is constituted of oxyethylene units; and
PA1  b has an average value such that the average molecular weight of the
      polyoxyalkylene chain is from about 1000 to about 6000.
      ##EQU4##
      wherein: R, as previously defined herein, is alkyl having from 1 to 10
      carbon atoms;
PA1  R", as previously defined herein, is a bivalent alkylene group, an
      -alkylene-C(O)-- or an -alkylene-NHC(O)-- group where in each instance the
      indicated free valence of alkylene is bonded to silicon;
PA1  W, as previously defined herein, is an organic cap;
PA1  v, as previously defined, has an average value from about 10 to about 60;
PA1  w, as previously defined, has an average value from about 2 to about 10;
PA1  p is zero or one;
PA1  d has a value from 2 to 4 provided from about 20 to about 75 weight percent
      of the polyoxyalkylene chain, --(OC.sub.d H.sub.2d).sub.f --, is
      constituted of oxyethylene; and
PA1  f has an average value such that the average molecular weight of the
      polyoxyalkylene chain is from about 800 to about 6000 and is preferably no
      more than about 4000.
PAR  It is evident, therefore, that the cyano-bearing copolymers included within
      the scope of Component A of the compositions of the invention, as well as
      the copolymers included within the scope of Component B, may be of the non
      hydrolyzable type (that is, when p of Formulas I-A and II-B is one) or
      they may be of the hydrolyzable type (that is, when p of Formulas I-A and
      II-B is zero).
PAR  In the respective polymer compositions encompassed by Formulas I-A and
      II-B, the bivalent alkylene group of the linking member represented by R",
      has the more specific formula, --C.sub.e H.sub.2e --, where e has a value
      from 2 to 6 and is usually no more than four. Illustrative of suitable
      groups encompassed by R" are: ethylene; trimethylene; propylene,
      tetramethylene; hexamethylene; corresponding --C.sub.e H.sub.2e --C(O)--
      groups which together with oxygen of the polyoxyalkylene chain form an
      ester linkage; and corresponding --C.sub.e H.sub.2e --NHC(O)-- groups
      which in combination with oxygen of the polyoxyalkylene chain form
      carbamate linkages.
PAR  As indicated with specific reference to Formulas I-A and II-B, W of the
      respective polyoxyalkylene blocks is an organic group which caps the
      polyoxyalkylene chains. Illustrative of the caps encompassed by W are such
      groups as: R.degree..degree.--, R.degree..degree.NHC(O)--, and
      R.degree..degree.C(O)--, wherein R.degree..degree. is a monovalent
      hydrocarbon radical having from 1 to 12 carbon atoms, and is usually free
      of aliphatic unsaturation. The groups (WO--) which endblock the
      polyoxyalkylene chains are, therefore, corresponding R.degree..degree.O--,
      R.degree..degree.NHC(O)O-- and R.degree..degree.C(O)O-- monovalent organic
      radicals. In the aforesaid capping (W) and terminal (WO--) groups,
      R.degree..degree. can be any of the following: an alkyl group including
      linear and branched chain alkyls such as, for example, methyl, ethyl,
      n-propyl, isopropyl, n-butyl, t-butyl, octyl and dodecyl groups; a
      cycloaliphatic radical including monocyclic and bicyclic groups such as,
      for example, cyclopentyl, cyclohexyl and bicyclo[2.2.1]heptyl groups; an
      aromatically unsaturated group including aryl, alkaryl and aralkyl
      radicals such as, for example, phenyl, naphthyl, xylyl, tolyl, cumenyl,
      mesityl, t-butylphenyl, benzyl, beta-phenylethyl and 2-phenylpropyl
      groups; alkyl- and aryl- substituted cycloaliphatic radicals such as, for
      example, methylcyclopentyl and phenylcyclohexyl radicals; and the like. It
      is evident, therefore, that the terminal group (WO--) of the
      polyoxyalkylene chain can be corresponding alkoxy, aryloxy, aralkoxy,
      alkaryloxy, cycloalkoxy, acyloxy, aryl-C(O)O--, alkyl carbamate and aryl
      carbamate groups.
PAR  The generally preferred R.degree..degree. groups are phenyl, lower alkyl
      radicals, the lower alkyl-substituted aryl groups and the aryl-substituted
      lower alkyl groups, wherein the term "lower alkyl" denotes C.sub.1
      -C.sub.4 alkyl radicals. Therefore, illustrative of the preferred capping
      groups are: methyl, ethyl, propyl, butyl, phenyl, benzyl, phenylethyl
      (C.sub.6 H.sub.5 --C.sub.2 H.sub.4 --), acetyl, benzoyl, methylcarbamyl
      [CH.sub.3 NHC(O)--], ethylcarbamyl [C.sub.2 H.sub.5 NHC(O)--], propyl- and
      butyl-carbamyl groups, phenylcarbamyl [C.sub.6 H.sub.5 NHC(O)--],
      tolylcarbamyl [(CH.sub.3)C.sub.6 H.sub.4 NHC(O)--], benzylcarbamyl
      [C.sub.6 H.sub.5 CH.sub.2 NHC(O)--], and the like.
PAR  It is to be understood that the terminal organic radical (WO--) of the
      respective polyoxyalkylene blocks of the polymers encompassed by Component
      A and of the Component B polymers of the class defined by Formula II-B may
      be the same throughout the polymers or they may differ within or as
      between the respective polymers. For example, either one or both types of
      polymers can contain polyether blocks in which the terminal group (WO--)
      is methoxy, and other polyether groups in which WO-- is butoxy, acetoxy, a
      hydrocarbyl-carbamate group such as methylcarbamate [CH.sub.3 NHC(O)O--]
      or benzyloxy (C.sub.6 H.sub.5 CH.sub.2 O--).
PAR  Another class of polyalkylsiloxane-polyoxyalkylene copolymers which are
      within the scope of Component B of the surfactant compositions of this
      invention and in which the polysiloxane and polyoxyalkylene portions of
      the copolymer are linked through an Si--O--C linkage, are those comprised
      of the units shown in the following expression,
      ##EQU5##
      wherein: R, as previously defined herein, is alkyl having from 1 to 10
      carbon atoms;
PA1  R.degree..degree., as previously defined herein, is a monovalent
      hydrocarbon group having from 1 to 12 carbon atoms;
PA1  d, as defined with respect to Formula II-B, has a value from 2 to 4
      provided from about 20 to about 75 weight percent of the polyoxyalkylene
      chain is constituted of oxyethylene;
PA1  f, as defined with respect to Formula II-B, has an average value such that
      the average molecular weight of the polyoxyalkylene chain is from about
      800 to about 6000 and is preferably no more than about 4000;
PA1  t.degree. has an average value from about 0.8 to about 2;
PA1  v.degree. has an average value from about 3 to about 20; and
PA1  w.degree. has an average value from about 2 to about 4.
PAL  It is to be understood that the class of polymers depicted by the above
      expression (III) also comprises polymers containing residual
      silicon-bonded alkoxy groups (Si-OR, where R is alkyl of 1 to 10 carbon
      atoms) derived from alkyltrialkoxysilanes employed in their preparation,
      and that R of such residual alkoxy may satisfy oxygen of the trifunctional
      and/or difunctional siloxy units.
PAR  In the use of the compositions of this invention as foam stabilizers of
      flexible polyether urethane foam, for any given cyano-bearing polymer
      composition within the scope of Component A (Formulas I and I-A), the
      particular average values of x, y and z are such that the polymer has an
      average polysiloxane content of from about 15 to about 45 weight percent
      of the total weight of the polymer, the remaining weight being constituted
      essentially of the polyoxyalkylene blocks, --(OC.sub.a H.sub.2a).sub.b OW,
      and when present, the linking group, --R"--. Further in this regard, for
      any given polymer composition within the scope of Component B, the average
      polysiloxane content is from about 10 to about 35 weight percent, the
      remaining weight being constituted essentially of E.degree., that is, the
      polyoxyalkylene blocks, (--OC.sub.d H.sub.2d).sub.f OW, and when present,
      the linking group, --R"--. For example, in Formulas II and II-B, the
      particular values of v and w in any given polymer composition are such
      that the combined average weight of the (R).sub.3 SiO.sub.1/2, (R).sub.2
      SiO.sub.2/2, and (R)SiO.sub.2/2 units is from about 10 to about 35 weight
      percent of the total weight of the polymer. In the above-described further
      class of Component B polymers (III), the siloxane content is taken as the
      combined weight of (R)Si as contained in the trifunctional units,
      OSi(R).sub.2 of the difunctional units and the weight of the
      aforementioned silicon-bonded residual alkoxy groups, and is also from
      about 10 to about 35 weight percent of the total weight of the polymer,
      the remaining weight being essentially constituted of E.degree. which in
      this class of polymers is --(OC.sub.d H.sub.2d).sub.f OR.degree..degree..
PAR  As indicated by Formulas I and I-A, the cyano-substituted groups (--R'CN)
      of the polymers encompassed by Component A may be bonded to silicon either
      through a silicon-to-carbon bond (when R' is an alkylene group,
      --R.degree.--) or through a silicon-to-oxygen bond (when R' is an
      oxyalkylene group, --OR.degree.--) as illustrated by the following
      Formulas I-A-1 and I-A-2:
      ##EQU6##
      wherein: R, R.degree., R", W, x, y, z, p, a and b are as previously
      defined. Thus, the polymers included within the scope of Component A of
      the compositions of this invention may be: (1) non hydrolyzable with
      respect to both the polyoxyalkylene block and cyano-substituted groups
      (when p of Formula I-A-1 is one); (2) hydrolyzable with respect to both
      the polyoxyalkylene block and cyano-substituted groups (when p of Formula
      I-A-2 is zero); (3) hydrolyzable with respect to the polyoxyalkylene block
      and non hydrolyzable with respect to the cyano-substituted groups (when p
      of Formula I-A-1 is zero); and (4) non hydrolyzable with respect to the
      polyoxyalkylene block and hydrolyzable with respect to the
      cyano-substituted groups (when p of Formula I-A-2 is one).
PAR  In the silicon-bonded, cyano-substituted --R.degree.CN and --OR.degree.CN
      groups of the Component A polymers, R.degree. is a bivalent alkylene
      radical including linear and branched radicals of the series, --C.sub.c
      H.sub.2c --, where c has a value of from 2 to 12 and is preferably not
      more than six. Illustrative of suitable groups represented by R.degree.
      are: ethylene (--CH.sub.2 CH.sub.2 --); trimethylene; propylene
      [--CH.sub.2 CH(CH.sub.3)--]; tetramethylene and higher homologues to
      dodecamethylene [--(CH.sub.2).sub.12 --]. The --R.degree.--groups are
      usually lower alkylene groups having from two to four carbon atoms. It is
      to be understood that the --R.degree.-- groups may be the same throughout
      the polymer or they may differ and that the polymer may contain any
      combination of cyanoalkyl-(NC--R.degree.--) and cyanoalkoxy-
      (NC--R.degree.O--) substituted siloxy units.
PAR  In polymeric Components A and B of the compositions of this invention, the
      silicon-bonded R groups are, as previously defined, C.sub.1 -C.sub.10
      alkyls including linear and branched alkyls. Illustrative of suitable
      groups encompassed by R are: methyl, ethyl, n-propyl, isopropyl, n-butyl,
      t-butyl, pentyl, hexyl, octyl and decyl groups. Of the various groups
      represented by R, the lower alkyl groups (that is, those having from one
      to four carbon atoms) are preferred of which methyl is especially
      suitable. It is to be understood that the R groups may be the same
      throughout the respective polymers or they may differ as between or within
      units and as between the polymers. For example, the end-blocking
      monofunctional units, R.sub.3 SiO.sub.1/2 --, of Formulas I and II may be
      trimethylsiloxy units and the difunctional units, R.sub.2 SiO.sub.2/2, may
      be diethylsiloxy or methylethylsiloxy units.
PAR  Preferred cyano-substituted polysiloxane-polyoxyalkylene copolymers within
      the scope of Component A are the gamma-cyanopropyl- and
      gamma-cyanopropoxy-substituted polymers having the following average
      compositions:
      ##EQU7##
      wherein: Me is methyl (--CH.sub.3); x has an average value from about 20
      to about 100; y has an average value from about 4 to about 30; z has an
      average value from about 2 to about 10; e has a value from 2 to 4 and is
      most preferably three; R.degree..degree.-- is a lower alkyl, phenyl or
      ar(lower)alkyl group such as benzyl; and --(OC.sub.a H.sub.2a).sub.b --
      has an average molecular weight from about 1000 to about 6000 of which
      between about 20 and about 65 weight percent is composed of oxyethylene
      units, the remaining weight being constituted of oxypropylene units. More
      specifically, the preferred polyether content of the polymers within the
      scope of Component A of the admixtures of this invention is expressed as,
      --(OC.sub.2 H.sub.4).sub.n (OC.sub.3 H.sub.6).sub.m --, wherein n has an
      average value from about 4.5 to about 90, and m has an average value from
      about 6 to about 82, provided the average values of the oxyethylene
      content and molecular weight of the poly(oxyethylene-oxypropylene) chain
      are within the aforesaid respective ranges. Generally, the cyano-bearing
      copolymers encompassed by Formulas I-A-3 to I-A-6 have a particularly good
      combination of potency, processing latitude including "tin operating
      latitude" and allowed for the formation of flame-retarded polyether-based
      urethane foams which are not only self-extinguishing (by ASTM D-1692-68)
      and of low burning extent, but are also of a relatively high porosity.
PAR  The cyano-bearing polysiloxane-polyoxyalkylene copolymers within the scope
      of Component A of the admixtures of this invention are prepared by any one
      of a number of reactions. One method by which the polymers encompassed by
      Formula I-A are prepared is as illustrated by the reaction of Equation 1
      below which comprises the platinum-catalyzed addition of monoolefinic
      polyoxyalkylene ethers to the indicated cyano-substituted
      polyalkylsiloxane hydride fluids:
      ##EQU8##
      wherein, R, R', W, x, y, z, a, b and e have the aforesaid significance.
      Preferably, the monoolefinic group, --C.sub.e H.sub.2e-1, of the polyether
      reactant is vinyl, allyl or methallyl, the allyl endblocked reactants
      being especially suitable. One method for preparing such polyether
      reactants comprises starting alkylene oxide polymerization with an alkenol
      having at least three carbon atoms such as allyl alcohol to provide
      HO(C.sub.a H.sub.2a O).sub.b C.sub.e H.sub.2e-1 (wherein e has a value of
      at least 3), followed by capping of the terminal hydroxyl group with the
      aforesaid organic radical, W, such as methyl, phenyl, benzyl, acetyl,
      methylcarbamyl and like capping groups. Further details concerning the
      method of preparation of such polyether reactants are as described in
      British Patent Specifications 1,220,471 and 1,220,472. Alternatively, the
      polyether reactants can be prepared by starting the alkylene oxide
      polymerization with an alkanol such as methanol, an aralkyl alcohol such
      as benzyl alcohol, phenol and the like, followed by capping of the
      terminal hydroxyl group of the reaction product with the monoolefinic
      group such as vinyl, allyl, methallyl and the like. Of these various
      monoolefinically unsaturated polyether reactants for use in preparing the
      polymers of Component A of the admixtures of this invention, allyl
      alcohol-started polyoxyalkylene ethers are especially suitable. It is to
      be understood that the polyoxyalkylene chain, --(C.sub.a H.sub.2a O).sub.
      b --, of the polyether reactants is composed of from about 20 to about 65
      weight per cent of oxyethylene units, --(C.sub.2 H.sub.4 O).sub.n --, the
      remaining oxyalkylene units being oxypropylene and/or oxybutylene. The
      different types of oxyalkylene units can be randomly distributed
      throughout the chain such as when a mixture of alkylene oxides is
      polymerized, or they can be arranged as sub-blocks such as when the
      respective alkylene oxides are polymerized sequentially.
PAR  The hydrosilation reaction illustrated by Equation 1 is effected in the
      presence of a platinum catalyst. Particularly effective is platinum in the
      form of chloroplatinic acid dissolved, if desired, in a solvent such as
      tetrahydrofuran, ethanol, butanol or mixed solvents such as
      ethanol-ethylene glycol dimethyl ether. It is to be understood, however,
      that other platinum derivatives known to the art as hydrosilation
      catalysts may also be used. The platinum is present in a catalytic amount
      such as from about 5 to about 300 parts per million (p.p.m.) parts by
      weight of the combined weight of the silicon-containing and organic
      reactants. The more usual platinum concentration is from about 5 to about
      150 p.p.m. Suitable reaction temperatures range from about room
      temperature (25.degree.C.) to about 200.degree.C., and are more usually
      from about 60.degree.C. to about 150.degree.C.
PAR  Another method for preparing the cyano-bearing polysiloxane-polyoxyalkylene
      copolymers within the scope of Component A of the admixtures of this
      invention comprises the catalyzed condensation of silicon-bonded hydrogen
      of the Si--H fluids shown in Equation 1 with hydrogen of the --OH groups
      of hydroxyl-terminated polyether reactants. This method is as illustrated
      by the following Equation 2:
      ##EQU9##
      wherein R, R', x, y, z, a and b have the aforesaid significance.
PAR  The condensation reaction illustrated by Equation 2 is promoted by a
      variety of catalysts such as organic derivatives of tin, platinum and
      other transition metals. Especially suitable are organic derivatives of
      tin such as tin carboxylates which are typically illustrated by stannous
      octoate, stannous oleate, stannous laurate and dibutyl tin dilaurate.
      These catalysts are employed in amounts from about 0.1 to about 5, and
      usually no more than about 2, weight per cent, based on the total weight
      of the reactants. The Si--H/HO--C condensation reactions are effected at
      temperatures from about 60.degree.C. to about 150.degree.C., more usually
      from about 80.degree.C. to about 120.degree.C.
PAR  Further details pertaining to these and other methods for the preparation
      of the cyanoalkyl- and/or cyanoalkoxy-substituted polyalkylsiloxane
      copolymers within the scope of Component A of the compositions of this
      invention are as disclosed and described in our aforementioned application
      Ser. No. 279,883, filed Aug. 11, 1972, the teachings of which in these
      respects are incorporated as part of the present disclosure by reference
      thereto. It is further noted that the cyano-alkyl- and/or
      cyanoalkoxy-substituted polyalkylsiloxane hydrides shown as reactants in
      Equations 1 and 2 above are as described and claimed in our said
      application Ser. No. 279,883 and that the various methods by which they in
      turn are prepared are also incorporated herein as part of the present
      disclosure by reference thereto.
PAR  Illustrative polymers within the scope of Component B of the admixtures of
      the present invention are the following polymethylsiloxane-polyoxyalkylene
      copolymers which are of the class defined by above Formulas II and II-B:
      ##EQU10##
      wherein, as previously defined herein: Me is methyl; W is an organic cap;
      v has an average value from about 10 to about 60; w has an average value
      from about 2 to about 10; e has a value from 2 to 6; d has a value from 2
      to 4 provided from about 20 to about 75 weight percent of the
      polyoxyalkylene chain, --(OC.sub.d H.sub.2d).sub.f --, is constituted of
      oxyethylene; and f has an average value such that the average molecular
      weight of the polyoxyalkylene chain is from about 800 to about 6000 and is
      preferably no more than about 4000. Further illustrative copolymers
      suitable for use as Component B of the admixtures of this invention are
      those copolymers described in U.S. Pat. No. 3,505,377, now U.S. Pat. No.
      Re. 27,541, having from 40 to 60 dialkylsiloxy units and which otherwise
      are within the parameters described herein for Component B.
PAR  The non hydrolyzable polymers illustrated by Formula II-B-1 are prepared by
      conventional platinum-catalyzed hydrosilation reactions between
      corresponding equilibrated polymethylsiloxane hydrides (or, with reference
      to general Formula II-B equilibrated polyalkylsiloxane hydrides) and
      corresponding monoolefinic polyoxyalkylene ether reactants, WO(C.sub.d
      H.sub.2d O).sub.f C.sub.e H.sub.2e-1. The hydrolyzable polymers
      illustrated by Formula II-B-2 are prepared by conventional catalyzed
      condensation reactions (Si--H/--OH) between such hydrides and
      hydroxyl-terminated polyoxyalkylene ethers, W(OC.sub.d H.sub.2d).sub.f OH.
PAR  Further illustrative copolymers within the scope of Component B of the
      admixtures of the present invention are the following
      polymethylsiloxane-polyoxyalkylene copolymers which are of the class
      discussed above with reference to expression III:
      ##EQU11##
      wherein: Me is methy; v.degree. has an average value from about 3 to about
      20; d has a value from 2 to 4 provided from about 20 to about 75 weight
      percent of the polyoxyalkylene chain is constituted of oxyethylene; f has
      an average value such that the average molecular weight of the chain is
      between about 800 and about 6000 and is preferably no more than about
      4000; and R.degree..degree. is a monovalent hydrocarbon cap. As previously
      discussed, polymers of this type also contain residual silicon-bonded
      alkoxy groups which are usually ethoxy derived from methyl triethoxysilane
      employed in their preparation. Methods for their preparation are known to
      the art and are described, for example, in U.S. Pat. No. 2,834,748.
PAR  In a preferred embodiment of the polymers encompassed by Component B of the
      admixtures of this invention, the polyoxyalkylene block, --(OC.sub.d
      H.sub.2d).sub.f OW, is comprised of an admixture of Units X and Y of the
      formula, --(OC.sub.2 H.sub.4 (.sub.n .sub..degree.(OC.sub.3 H.sub.6).sub.m
      .sub..degree.OW, wherein the values of n.degree. and m.degree. are
      determined by the following conditions prevailing for Units X and Y:
PAR  Unit X represents from about 50 to about 95 weight percent, based on the
      total weight of Units X and Y in said admixture thereof, of low molecular
      weight poly(oxyethylene-oxypropylene) copolymers having an average
      molecular weight from about 800 to about 3000 and wherein from about 20 to
      about 75 weight percent of the oxyalkylene groups are oxyethylene, the
      remainder of the oxyalkylene groups being oxypropylene;
PAR  Unit Y represents from about 50 to about 5 weight percent, based on the
      total weight of Units X and Y in said admixture thereof, of a higher
      molecular weight poly(oxyethylene-oxypropylene) copolymer having an
      average molecular weight from about 1600 to about 6000 and wherein from
      about 20 to about 75 weight percent of the oxyalkylene groups are
      oxyethylene, the remainder of the oxyalkylene groups being oxypropylene;
      provided the said admixture of Units X and Y has an average molecular
      weight no higher than about 6000.
PAR  In a preferred embodiment of said admixture of Units X and Y, Unit X
      represents from about 60 to about 90 weight percent of low molecular
      weight poly(oxyethylene-oxypropylene) copolymer having an average
      molecular weight from about 1400 to about 2500, and Unit Y constitutes
      from about 40 to about 10 weight percent of higher molecular weight
      poly(oxyethylene-oxypropylene) copolymers having an average molecular
      weight from about 2500 to about 3500, and the average molecular weight of
      the admixture is no higher than about 4000, the oxyethylene content of
      respective Units X and Y being as aforesaid. Most preferably, the average
      molecular weight of Unit X is no higher than about 2200.
PAR  In providing polyalkylsiloxane-poly(oxyethylene-oxypropylene) copolymers
      encompassed by Component B of the foam stabilizing surfactants of the
      present invention, wherein the polyoxyalkylene block constitutes the
      aforesaid Units X and Y, a mixture of respective corresponding polyether
      reactants is hydrosilated or condensed with the aforementioned
      equilibrated polyalkylsiloxane hydrides, depending on whether it is
      desired to provide an Si--C or Si--O--C linkage between the polysiloxane
      and polyoxyalkylene blocks. It is to be understood that said mixture of
      polyether reactants is such that one polyether reactant has an average
      molecular weight corresponding to that of Unit X and the other has an
      average molecular weight corresponding to that of Unit Y, the oxyalkylene
      content of said polyethers being constituted of from about 20 to about 75
      weight percent of oxyethylene, the said polyether reactants being employed
      in relative amounts to satisfy the above-defined relative proportions of
      Units X and Y in the polyoxyalkylene block of the final Component B
      product. In regard to the Component B copolymers of the non hydrolyzable
      type such as those illustrated by above Formula II-B-1, it is especially
      preferred to employ an alkenyl-capped mixture of the said polyether
      reactants which have been prepared by starting the respective ethylene
      oxide-propylene oxide copolymerization with a hydroxyl-containing
      compound, R.degree..degree.--OH (wherein R.degree..degree.-- is as
      previously defined herein) such as alkanols (e.g., methanol, ethanol and
      butanol), phenols and aralkyl alcohols (e.g., benzyl alcohol). The capping
      of the mixture of the R.degree..degree.--OH started, hydroxy-terminated
      polyethers, with an alkenyl group (--C.sub.e H.sub.2e-1) which is usually
      allyl, is effected by conventional methods. For example, the
      hydroxyl-terminated polyethers can be reacted with an alkali metal
      alkoxide such as sodium methoxide, to produce their corresponding alkali
      metal salts which are then reacted in admixture with an alkenyl halide
      such as allyl chloride, to provide the desired alkenyl-capped mixture of
      polyether reactants. It is to be understood, however, that the Component B
      copolymers illustrated by Formula II-B-1 wherein the polyoxyalkylene
      blocks contain an admixture of said Units X and Y can also be derived from
      polyether reactants prepared by starting the ethylene oxide-propylene
      oxide copolymerization with an alkenol such as allyl alcohol, followed by
      capping of the terminal hydroxyl group in the same manner using
      R.degree..degree.--Cl compounds such as alkyl, aryl or aralkyl halides, or
      by esterifying the terminal hydroxyl group with an acyl compound (e.g.,
      acetic anhydride), or by reacting the --OH with an isocyanate or by other
      known reactions, to provide corresponding alkyl, aryl, aralkyl, acyl or
      carbamate caps.
PAR  In regard to the Component B copolymers of the hydrolyzable type such as
      those illustrated by above Formulas II-B-2 and III-B wherein the block,
      --(OC.sub.d H.sub.2d).sub.f -- is formed of the above-defined Units X and
      Y, the respective polyether reactants are R.degree..degree.--OH started
      and a mixture of the respective hydroxyl-terminated polyethers is reacted
      with an appropriate polyalkylsiloxane.
PAR  It is to be understood that the cyano-bearing polysiloxane-polyoxyalkylene
      copolymers within the scope of Component A of the admixtures of the
      present invention may be in combination with one or more types of
      polyalkylsiloxane-polyoxyalkylene polymers within the scope of Component
      B, provided the admixture contains from about 10 to about 90 weight
      percent of Component A and from about 90 to about 10 weight percent of
      total Component B polymers, based on the combined weight of Components A
      and b in the admixture. Usually, the admixtures contain from about 20 to
      about 90 weight percent of Component A and correspondingly from about 80
      to about 10 weight percent of Component B. From the standpoint of
      providing the most desirable overall results and versatility as the foam
      stabilizing components of a wide variety of flexible foam formulations
      including formulations having low and high density specifications, it is
      preferred that the admixtures of the invention contain a minor amount of
      Component B, that is, less than 50 weight percent such as no more than
      about 45 weight percent, based on the combined weight of A and B in the
      admixture. Most preferably, particularly for use in stabilizing high
      density foam, the admixtures of the invention contain from about 65 to
      about 85 weight percent of Component A and correspondingly from about 35
      to about 15 weight percent of Component B.
PAR  The respective polymers defined herein as Component A and Component B are
      normally liquid compositions and comprise mixtures of polymer species
      which differ in molecular weight, polyether and siloxane contents and
      relative number of monomeric units. It is to be understood, therefore,
      that as expressed herein, the values of these parameters are average
      values. It also is to be understood that a small percentage (on the
      average, usually about 10 mole percent or less) of the polyoxyalkylene
      blocks may comprise residual, uncapped hydroxyl-terminated groups
      introduced with the polyoxyalkylene ether reactants.
PAR  The admixtures of Component A and Component B provided by the present
      invention can be employed as a 100 percent active stream or in dilute form
      as a solution in various types of organic liquids including polar and non
      polar solvents. For example, the admixtures may be diluted with non polar
      solvents such as the normally liquid aliphatic and aromatic unsubstituted
      and halogensubstituted hydrocarbons such as heptane, xylene, toluene,
      chlorobenzene and the like. When used, the preferred diluents are
      polyoxyalkylene compounds encompassed by the formula:
EQU  ZO(Z'O).sub.t Z"
PAL  wherein:
PA1  Z is hydrogen or a monovalent hydrocarbon group including alkyl (e.g.,
      methyl, ethyl, propyl and butyl), aryl (e.g., phenyl and tolyl) and
      aralkyl (e.g., benzyl) groups;
PA1  Z' is a bivalent alkylene group (e.g., ethylene, propylene, trimethylene
      and butylene);
PA1  Z" is a monovalent hydrocarbon group such as defined for Z; and
PA1  t has an average value of at least two. When Z is hydrogen, it is preferred
      that such ZO groups (that is, --OH) represent no more than about 5 weight
      percent of the solvent. Suitable solvents are alkylene oxide adducts of
      starters such as water, mono-ols, diols and other polyols. Such organic
      starters are typically illustrated by butanol, propylene glycol, glycerol
      and 1,2,6-hexantriol. Preferred adducts of the organic starters are the
      mixed alkylene oxide adducts, particularly those containing a combination
      of oxyethylene and oxypropylene units. For example, one class of such
      organic solvents which may be present in combination with Components A and
      B of the admixtures of the present invention are mixed ethylene
      oxide-propylene oxide adducts of butanol which are represented by the
      general formula, HO(C.sub.2 H.sub.4 O).sub.s (C.sub.3 H.sub.6 O).sub.u
      C.sub.4 H.sub.9, wherein s has an average value from about 8 to about 50,
      and u has an average value from about 6 to about 40. Preferably, the
      values of s and u are such that the weight percent of oxyethylene units is
      about equal to the weight percent of the oxypropylene units.
PAR  When used, the aforesaid diluents are usually present in the admixtures of
      the invention in an amount from about 1 to about 60 weight percent, based
      on the combined weight of Component A and Component B contained in the
      resulting solution. More usually, when such diluents are present, they are
      contained in the solution in an amount from about 5 to about 45 weight
      percent, again based on the combined weight of Components A and B
      contained therein. It is to be understood, however, that such solutions
      may have higher contents of diluent and that the extent of dilution, if
      any, depends largely on the activity specifications of any given foam
      formulation.
PAR  The admixtures of Components A and B of the present invention may also be
      used in combination with non ionic organic surfactants such as adducts
      produced by reacting k moles of ethylene oxide (wherein k has an average
      value from about 4 to about 40, inclusive of whole and fractional numbers)
      per mole of any of the following hydrophobes: n-undecyl alcohol, myristyl
      alcohol, lauryl alcohol, trimethyl nonanol, tridecyl alcohol, pentadecyl
      alcohol, cetyl alcohol, nonylphenol, dodecylphenol, tetradecylphenol and
      the like. Especially useful are ethylene oxide adducts of nonylphenol
      having the average composition, C.sub.9 H.sub.19 --C.sub.6 H.sub.4
      --(OC.sub.2 H.sub.4).sub.h OH, wherein h has an average value from about 9
      up to about 20 or more, including whole and fractional numbers such as 9,
      10.5, 13, 14.5 and 15. When used, such non ionic organic surfactants are
      used in amounts from about 2 to about 20 weight percent, based on the
      combined weight of Components A and B in any given admixture.
PAR  In addition to the surfactant compositions comprising the respective
      copolymers encompassed by Components A and B, the other essential types of
      components and reactants employed in providing flexible polyurethane foams
      as described herein are polyether polyols, organic polyisocyanates, the
      catalyst system and blowing agent, and, when producing flame-retarded
      foams, the foam-producing  reaction mixture also contains a
      flame-retardant. The admixture of Components A and B of the present
      invention is usually present in the final foam-producing reaction mixtures
      in amounts of from about 0.1 to about 5 parts by weight (expressed on the
      basis of the combined weight of polymeric Components A and B, exclusive of
      any diluent or other additive which may be present in the admixture) per
      100 parts by weight of the polyether polyol reactant.
PAR  In producing the flexible polyurethane polymers of the present invention,
      one or more polyether polyols is employed for reaction with the
      polyisocyanate reactant to provide the urethane linkage. Such polyols have
      an average of at least two, and usually not more than six, hydroxyl groups
      per molecule and include compounds which consist of carbon, hydrogen and
      oxygen and compounds which also contain phosphorus, halogen and/or
      nitrogen.
PAR  Among the suitable polyether polyols that can be employed are the
      poly(oxyalkylene) polyols, that is, alkylene oxide adducts of water or a
      polyhydric organic compound as the initiator or starter. For convenience,
      this class of polyether polyols is referred to herein as Polyol I.
      Illustrative of suitable polyhydric organic initiators are any one of the
      following which may be employed individually or in combination: ethylene
      glycol; diethylene glycol; propylene glycol; 1,5-pentanediol; hexylene
      glycol; dipropylene glycol; trimethylene glycol; 1,2-cyclohexanediol;
      3-cyclohexane-1,1-dimethanol and dibromo-derivative thereof; glycerol;
      1,2,6-hexanetriol; 1,1,1-trimethyolethane; 1,1,1-trimethyolpropane;
      3-(2-hydroxyethoxy)- and 3-(2-hydroxypropoxy)-1,2-propanediols;
      2,4-dimethyl-2-(2-hydroxyethoxy)methylpentanediol-1,5;
      1,1,1-tris[(2-hydroxyethoxy)methyl]ethane;
      1,1,1-tris[(2-hydroxypropoxy)methyl]propane; pentaerythritol; sorbitol;
      sucrose; alpha-methyl glucoside; other such polyhydric compounds
      consisting of carbon, hydrogen and oxygen and having usually not more than
      about 15 carbon atoms per molecule; and lower alkylene oxide adducts of
      any of the aforesaid initiators such as propylene oxide or ethylene oxide
      adducts having a relatively low average molecular weight up to about 800.
PAR  The above-described polyether polyols are normally liquid materials and, in
      general, are prepared in accordance with well known techniques comprising
      the reaction of the polyhydric starter and an alkylene oxide in the
      presence of an oxyalkylation catalyst which is usually an alkali metal
      hydroxide such as, in particular, potassium hydroxide. The oxyalkylation
      of the polyhydric initiator is carried out at temperatures ranging from
      about 90.degree.C. to about 150.degree.C. and usually at an elevated
      pressure up to about 200 p.s.i.g., employing a sufficient amount of
      alkylene oxide and adequate reaction time to obtain a polyol of desired
      molecular weight which is conveniently followed during the course of the
      reaction by standard hydroxyl number determinations. As is well known to
      this art, the hydroxyl numbers are determined by, and are defined as, the
      number of milligrams of potassium hydroxide required for the complete
      neutralization of the hydrolysis product of the fully acetylated
      derivative prepared from 1 gram of polyol or mixture of polyols. The
      hydroxyl number is also defined by the following equation which indicates
      its relationship with the molecular weight and functionality of the
      polyol:
      ##EQU12##
      wherein OH = hydroxyl number of the polyol,
PA1  f = average functionality, that is, the average number of hydroxyl groups
      per molecule of polyol, and
PA1  M.w. = average molecular weight of the polyol.
PAL  The alkylene oxides usually employed in providing the polyether polyol
      reactants are the lower alkylene oxides, that is, compounds having from 2
      to 4 carbon atoms including ethylene oxide, propylene oxide, butylene
      oxides (1,2- or 2,3-) and combinations thereof. When more than one type of
      oxyalkylene unit is desired in the polyol product, the alkylene oxide
      reactants may be fed to the reaction system sequentially to provide
      polyoxyalkylene chains containing respective blocks of different
      oxyalkylene units or they may be fed simultaneously to provide
      substantially random distribution of units. Alternatively, the
      polyoxyalkylene chains may consist essentially of one type of oxyalkylene
      unit such as oxypropylene capped with oxyethylene units.
PAR  A second class of polyether polyols that are suitable for use in preparing
      the flexible polyurethane foams of the present invention are
      polymer/polyether polyols which, for convenience, are referred to herein
      as Polyol II. Such reactants are produced by the polymerizing one or more
      ethylenically unsaturated monomers dissolved or dispersed in a polyether
      polyol in the presence of a free radical catalyst. Suitable polyether
      polyols for producing such compositions include, for example, any of the
      above-described polyols encompassed by the definition of Polyol I.
      Illustrative of suitable ethylenically unsaturated monomers are those
      encompassed by the general formula,
      ##EQU13##
      where: R.degree..degree..degree. is hydrogen, methyl or any of the
      halogens (i.e., fluorine, chlorine, bromine or iodine); and
      R.degree..degree..degree..degree. is R.degree..degree..degree., cyano,
      phenyl, methyl-substituted phenyl, or alkenyl radicals having from 2 to 6
      carbon atoms such as vinyl, allyl and isopropenyl groups. Typical examples
      of such polymerizable monomers are the following which may be employed
      individually or in combination: ethylene, propylene, acrylonitrile,
      methacrylonitrile, vinyl chloride, vinylidene chloride, styrene,
      alpha-methylstyrene, and butadiene. These and other polymer/polyol
      compositions which are suitably employed either individually or in
      combination with Polyol I are those described in British Patent 1,063,222
      and U.S. Pat. No. 3,383,351, the disclosures of which are incorporated
      herein by reference thereto. Such compositions are prepared by
      polymerizing the monomers in the polyol at a temperature between about
      40.degree.C. and about 150.degree.C. employing any free radical-generating
      initiator including peroxides, persulfates, percarbonates, perborates, azo
      compounds such as, for example, hydrogen peroxide, dibenzoyl peroxide,
      benzoyl hydroperoxide, lauroyl peroxide, and azobis(isobutyronitrile). The
      polymer/polyether polyol product may also contain a small amount of
      unreacted polyether, monomer and free polymer.
PAR  When used in the practice of this invention, the polymer/polyol
      compositions usually contain from about 5 to about 50, and more usually
      from about 10 to about 40, weight percent of the ethylenically unsaturated
      monomer polymerized in the polyether polyol. Especially suitable
      polymer/polyols are those containing:
PAR  (A) from about 10 to about 30 weight percent of a copolymer of (1)
      acrylonitrile or methacrylonitrile, and (2) styrene or
      alpha-methylstyrene, the said copolymer containing from about 50 to 75 and
      from about 50 to 25 weight percent of (1) and (2), respectively; and
PAR  (B) from about 90 to about 70 weight percent of the polyether polyol, and
      particularly trifunctional polyols such as alkylene oxide adducts of
      glycerol.
PAR  In preparing polyurethane foams in accordance with the present invention,
      it is to be understood that mixtures of any of the aforesaid polyether
      polyols encompassed by Polyol I and Polyol II can be employed as reactants
      with the organic polyisocyanate. The particular polyether polyol or
      polyols employed depends upon the end-use of the polyurethane foam.
      Usually diols provide soft foams, firmer foams are obtained by the
      incorporation of polyether polyols having more than two hydroxyl groups,
      including triols, tetraols, pentols and hexols. When it is desired to
      produce polyurethanes having comparatively high load-bearing properties
      and/or diecutability, polymer/polyether polyols of the aforesaid type are
      used.
PAR  The hydroxyl number of the polyether polyol reactant including mixtures of
      polyols employed in the production of the flexible polyurethane foams of
      this invention may vary over a relatively wide range such as from about 28
      to about 150, and is usually no higher than about 80.
PAR  The polyisocyanates used in the manufacture of polyurethanes are known to
      the art and any such reactants are suitably employed in producing the
      flexible polyether-based polyurethane foams of the present invention.
      Among such suitable polyisocyanates are those represented by the general
      formula:
EQU  Q'(NCO).sub.i
PAL  wherein: i has an average value of at least two and is usually no more than
      six, and Q' represents an aliphatic, cycloaliphatic or aromatic radical
      which can be an unsubstituted hydrocarbyl group or a hydrocarbyl group
      substituted, for example, with halogen or alkoxy. For example, Q' can be
      an alkylene, cycloalkylene, arylene, alkyl-substituted cycloalkylene,
      alkarylene or aralkylene radical including corresponding halogen- and
      alkoxy-substituted radicals. Typical examples of polyisocyanates for use
      in preparing the polyurethanes of this invention are any of the following
      including mixtures thereof: 1,6-hexamethylene diisocyanate,
      1,4-tetramethylene diisocyanate, 1-methyl-2,4-diisocyanatocyclohexane,
      bis(4-isocyanatophenyl)methane, phenylene diisocyanates such as
      4-methoxy-1,4-phenylenediisocyanate, 4-chloro-1,3-phenylenediisocyanate,
      4-bromo-1,3-phenylenediisocyanate, 5,6-dimethyl-1,3-phenylenediisocyanate,
      2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, crude tolylene
      diisocyanates, 6-isopropyl-1,3-phenylenediisocyanate, durylene
      diisocyanate, triphenylmethane-4,4',4"-triisocyanate, and other organic
      polyisocyanates known to the polyurethane art. Other suitable
      polyisocyanate reactants are ethylphosphonic diisocyanate and
      phenylphosphonic diisocyanate. Of the aforesaid types of polyisocyanates,
      those containing aromatic nuclei are generally preferred.
PAR  Also useful as the polyisocyanate reactant are polymeric isocyanates having
      units of the formula:
      ##SPC1##
PAL  wherein R'" is hydrogen and/or lower alkyl and j has an average value of at
      least 2.1. Preferably the lower alkyl radical is methyl and j has an
      average value of from 2.1 to about 3.0. Particularly useful
      polyisocyanates of this type are the polyphenylmethylene polyisocyanates
      produced by phosgenation of the polyamine obtained by acid-catalyzed
      condensation of aniline with formaldehyde. Polyphenylmethylene
      polyisocyanates of this type are available commercially under such trade
      names as PAPI, NIAX Isocyanate AFPI, Mondur MR, Isonate 390P, NCO-120,
      Thanate P-220, NCO-10 and NCO-20. These products are low viscosity (50-500
       centipoises at 25.degree.C.) liquids having average isocyanato
      functionalities in the range of about 2.25 to about 3.2 or higher,
      depending upon the specific aniline-to-formaldehyde molar ratio used in
      the polyamine preparation.
PAR  Other useful polyisocyanates are combinations of diisocyanates with
      polymeric isocyanates containing more than two isocyanate groups per
      molecule. Illustrative of such combinations are: a mixture of 2,4-tolylene
      diisocyanate, 2,6-tolylene diisocyanate and the aforesaid
      polyphenylmethylene polyisocyanates and/or polymeric tolylene
      diisocyanates obtained as residues from the manufacture of the
      diisocyanates.
PAR  On the combined basis, the polyether polyol and organic polyisocyanate
      usually constitute the major proportion by weight of the
      polyurethane-forming reaction mixture. In general, the polyisocyanate and
      polyether polyol reactants are employed in relative amounts such that the
      ratio of total --NCO equivalents to total active hydrogen equivalent (of
      the polyether polyol and any water, when used) is from 0.8 to 1.5,
      preferably from 0.9 to 1.1, equivalents of --NCO per equivalent of active
      hydrogen. This ratio is known as the Isocyanate Index and is often also
      expressee as a percent of the stoichiometric amount of polyisocyanate
      required to react with total active hydrogen. When expressed as a percent,
      the Isocyanate Index may be from 80 to 150, and is preferably within the
      range from about 90 to about 110.
PAR  The urethane-forming reaction is effected in the presence of a minor amount
      of a catalyst comprising an amine. This component of the
      polyurethane-forming reaction mixture is usually a tertiary amine.
      Suitable amine catalysts include one or more of the following:
      N-methylmorpholine; N-ethylmorpholine; N-octadecylmorpholine;
      triethylamine; tributylamine, trioctylamine;
      N,N,N',N'-tetramethylethylenediamine;
      N,N,N',N'-tetramethyl-1,3-butanediamine; triethanolamine;
      N,N-dimethylethanolamine; triisopropanolamine; N-methyldiethanolamine;
      hexadecyldimethylamine; N,N-dimethylbenzylamine; trimethylamine;
      N,N-dimethyl-2-(2-dimethylaminoethoxy)ethylamine, also known as
      bis(2-dimethylaminoethyl)ether; triethylenediamine (i.e.,
      diazabicyclo[2.2.2]octane); the formate and other salts of
      triethylenediamine, oxyalkylene adducts of the amino groups of primary and
      secondary amines and other such amine catalysts which are well known in
      the art of polyurethane manufacture. Also useful are the beta-tertiary
      amino amides and esters described in U.S. Pat. No. 3,821,131, as
      exemplified by 3-dimethylamino-N,N-dimethylpropionamide. Also useful as
      the amine catalyst are the beta-tertiary-amino nitriles described in
      copending application Ser. No. 369,556, filed June 13, 1973, of W. R.
      Rosemund, M. R. Sandner and D. J. Trecker, as exemplified by
      3-dimethylaminopropionitrile as such or in combination with other tertiary
      amines such as bis[2-(N,N-dimethylamino)ethyl]ether. The amine catalyst
      may be introduced to the polyurethane-producing reaction mixture as such
      or as a solution in suitable carrier solvents such as diethylene glycol,
      dipropylene glycol, and 2-methyl-2,4-pentanediol ("hexylene glycol").
PAR  The amine catalyst is present in the final urethane-producing reaction
      mixture in an amount of from about 0.05 to about 3 parts by weight of
      active catalyst (that is, the amine exclusive of other components present
      in solutions thereof) per 100 parts by weight of the polyether polyol
      reactant.
PAR  In producing polyurethanes from polyether polyols usual practice is to
      include as a further component of the reaction mixture a minor amount of
      certain metal catalysts which are useful in promoting gellation of the
      foaming mixture. Such supplementary catalysts are well known to the art of
      flexible polyether-based polyurethane foam manufacture. For example,
      useful metal catalysts include organic derivatives of tin, particularly
      tin compounds of carboxylic acids, such as stannous octoate, stannous
      oleate, stannous acetate, stannous laurate, dibutyl tin dilaurate, and
      other such tin salts. Additional metal catalysts are organic derivatives
      of other polyvalent metals such as zinc and nickel (e.g., nickel
      acetylacetonate). In general, the amount of such metal co-catalysts which
      can be present in the polyurethane-producing reaction mixture is within
      the range from about 0.05 to about 2 parts by weight per 100 parts by
      weight of the polyether polyol reactant.
PAR  Foaming is accomplished by the presence in the reaction mixture of varying
      amounts of a polyurethane blowing agent such as water which, upon reaction
      with isocyanate generates carbon dioxide in situ, or through the use of
      blowing agents which are vaporized by the exotherm of the reaction, or by
      a combination of the two methods. These various methods are known in the
      art. Thus, in addition to or in place of water, other blowing agents which
      can be employed include methylene chloride, liquefied gases which have
      boiling points below 80.degree.F. and above -60.degree.F., or other inert
      gases such as nitrogen, carbon dioxide added as such, methane, helium and
      argon. Suitable liquefied gases include aliphatic and cycloaliphatic
      fluorocarbons which vaporize at or below the temperature of the foaming
      mass. Such gases are at least partially fluorinated and may also be
      otherwise halogenated. Fluorocarbon blowing agents suitable for use in
      foaming the formulations of this invention include trichlorofluoromethane,
      dichlorodifluoromethane, 1,1-dichloro-1-fluoroethane,
      1,1,1-trifluoro-2-fluoro-3,3-difluoro-4,4,4-trifluorobutane,
      hexafluorocyclobutene and octafluorocyclobutane. The generally preferred
      method of foaming for producing flexible foams is the use of water or a
      combination of water plus a fluorocarbon blowing agent such as
      trichlorofluoromethane.
PAR  The amount of blowing agent employed will vary with factors such as the
      desired density of the foamed product. Usually, however, from about 1 to
      about 30 parts by weight of the blowing agent per 100 parts by weight of
      the polyether polyol reactant is preferred. Foam densities may be within
      the range from about 0.8 to about 5 pounds per cubic foot (pcf).
      Polyurethane foam of relatively low density such as 2 pcf and less is
      usually prepared employing blowing agent comprising water in an amount of
      at least about 3 parts by weight per 100 parts by weight of polyether
      polyol reactant, whereas higher density foam is provided at lower levels
      of water with and without the use of an auxiliary fluorocarbon blowing
      agent. It is to be understood, however, that these are general guidelines
      and that the choice of the particular amount of blowing agent employed to
      obtain a desired foam density specification varies from formulation to
      formulation and is well within the skill of the art to which the present
      invention pertains.
PAR  The organic flame-retardants that can be employed in producing
      flame-retarded flexible polyether foams in accordance with the teachings
      of this invention can be chemically combined in one or more of the other
      materials used (e.g., in the polyether polyol or polyisocyanate), or they
      can be used as discrete chemical compounds added as such to the foam
      formulation. The organic flame-retardants preferably contain phosphorus or
      halogen, or both phosphorus and halogen. Usually, the halogen, when
      present, is chlorine and/or bromine. Flame-retardants of the discrete
      chemical variety include: 2,2-bis(bromomethyl)-1,3-propanediol (also known
      as dibromoneopentyl glycol); 2,3-dibromopropanol, tetrabromophthalic
      anhydride; brominated phthalate ester diols such as those produced from
      tetrabromophthalic anhydride, propylene oxide and propylene glycol;
      tetrabromo-bisphenol-A; 2,4,6-tribromophenol; pentabromophenol; brominated
      anilines and dianilines; bis(2,3-dibromopropyl)ether of sorbitol;
      tetrachlorophthalic anhydride; chlorendic acid; chlorendic anhydride;
      diallyl chlorendate; chlorinated maleic anhydride;
      tris(2-chloroethyl)phosphate [(ClCH.sub.2 CH.sub.2 O).sub.3 P(O)];
      tris(2,3-dibromopropyl)phosphate; tris(1,3-dichloropropyl)phosphate;
      tris(1-bromo-3-chloroisopropyl)phosphate; bis(2,3-dibromopropyl)
      phosphoric acid or salts thereof; oxypropylated phosphoric and
      polyphosphoric acids; polyol phosphites such as tris(dipropylene
      glycol)phosphite; polyol phosphonates such as bis(dipropylene
      glycol)hydroxymethyl phosphonate; di-poly(oxyethylene)hydroxymethyl
      phosphonate; di-poly(oxypropylene)phenyl phosphonate;
      di-poly(oxypropylene)chloromethyl phosphonate; di-poly(oxypropylene)butyl
      phosphonate; and O,O-diethyl-N,N-bis(2-hydroxyethyl)aminomethyl
      phosphonate. Also suitable are compounds having the formulas:
      ##EQU14##
      and
      ##EQU15##
      which are available from Monsanto Chemical Company under the names
      Phosgard 2XC-20 and Phosgard C-22-R, respectively. Other suitable
      flame-retardants comprise halogen-containing polymeric resins such as
      polyvinylchloride resins in combination with antimony trioxide and/or
      other inorganic metal oxides such as zinc oxide, as described in U.S. Pat.
      Nos. 3,075,927; 3,075,928; 3,222,305; and 3,574,149. It is to be
      understood that other flame-retardants known to the art may be used and
      that the aforesaid compounds may be employed individually or in
      combination with one another.
PAR  Those of the above flame-retardants of the discrete chemical compound
      variety which contain groups reactive with hydroxyl or isocyanato groups
      can be used as reactants in producing the polyether polyol reactant or
      they can be reacted with organic polyisocyanates, to produce modified
      polyols or polyisocyanates having chemically combined flame-retarding
      groups. Such modified polyether polyols and polyisocyanates are also
      useful as reactants in the process of this invention. In such cases, due
      regard must be given to the possible effect of the functionality of the
      compound on the other properties (e.g., degree of flexibility) of the
      resulting foam.
PAR  The flame-retarding agent can be used in an amount from about 1 to about 30
      parts by weight per 100 parts by weight of the polyether polyol reactant,
      and is usually employed in an amount of at least about 5 parts by weight.
      It is evident that the particular amount of flame-retardant employed
      depends largely on the efficiency of any given agent in reducing
      flammability.
PAR  The polyether-based polyurethane foams of this invention may be formed in
      accordance with any of the processing techniques known to the art such as,
      in particular, the "one-shot" technique. In accordance with this method,
      foamed products are provided by carrying out the reaction of the
      polyisocyanate and polyether polyol simultaneously with the foaming
      operation. It is sometimes convenient to add the foam stabilizing
      component comprising the admixture of polymeric Components A and B of the
      present invention, to the reaction mixture as a premixture with one or
      more of the blowing agent, polyether polyol, amine catalyst and, when
      used, the flame-retardant. It is to be understood that the relative
      amounts of the various components of the foam formulations are not
      narrowly critical. The polyether polyol and polyisocyanate are present in
      the foam-producing formulation in a major amount. The relative amounts of
      these two components is the amount required to produce the urethane
      structure of the foam and such relative amounts are well known in the art.
      The source of the blowing action such as water, auxiliary blowing agents,
      amine catalyst, metal co-catalyst and the foam stabilizing admixtures of
      the present invention are each present in a minor amount necessary to
      achieve the function of the component. Thus, the blowing agent is present
      in an amount sufficient to foam the reaction mixture, the amine catalyst
      is present in a catalytic amount (i.e., an amount sufficient to catalyze
      the reaction to produce the urethane at a reasonable rate), and the
      admixture of Components A and B of this invention is present in a
      foam-stabilizing amount, that is, in an amount sufficient to stabilize the
      foam. The preferred amounts of these various components are as given
      hereinabove.
PAR  If desired, other additional ingredients can be employed in minor amounts
      in producing the polyurethane foams in accordance with the process of this
      invention. Illustrative of such additives that can be employed are:
      cross-linking agents such as glycerol, triethanolamine and their
      oxyalkylene adducts, as well as fillers, dyes, pigments, anti-yellowing
      agents and the like. The polyurethanes produced in accordance with the
      present invention are used in the same areas as conventional flexible
      polyether polyurethanes and are especially useful where improved
      fire-resistance properties are beneficial. Thus, the foams of the present
      invention are used with advantage in the manufacture of textile
      interliners, cushions, mattresses, paddings, carpet underlay, packaging,
      gaskets, sealers, thermal insulators and the like.
PAR  The following examples are merely illustrative of the present invention and
      are not intended as a limitation upon the scope thereof.
PAR  In the examples and comparative runs which follow various organosilicone
      compositions comprising a cyanopropylmodified polysiloxane-polyoxyalkylene
      polymer within the scope of Component A and/or a
      polymethylsiloxane-polyoxyalkylene polymer within the scope of Component
      B, were evaluated as the surfactant component, that is, the foam
      stabilizing component, of a variety of foam-producing reaction mixtures
      designed to provide low and high density foam including flame-retarded
      foam. These various reaction mixtures are referred to herein as Foam
      Formulations A through D. The components and relative proportions of
      components in said reaction mixtures are as indicated in the following
      Tables I through IV, respectively.
TBL                TABLE I                                                     

     ______________________________________                                    

     FOAM FORMULATION A                                                        

                                 Parts By                                      

     Components                  Weight                                        

     ______________________________________                                    

     Polyether Polyol having a Hydroxyl Number                                 

                                 100                                           

     of about 46 produced by reacting glycerol,                                

     propylene oxide and ethylene oxide.                                       

     Tolylene Diisocyanate (Index 105) (1)                                     

                                 48.4                                          

     Water                       4.0                                           

     Bis[2-(N,N-dimethylamino)ethyl] ether                                     

                                 0.1                                           

     employed as a 70 weight percent                                           

     solution in dipropylene glycol                                            

     Stannous Octoate            0.2                                           

     Flame-Retardant (2)         5.0                                           

     Surfactant                  Varied                                        

     ______________________________________                                    

      (1) This component was a mixture of the 2,4- and 2,6- isomers of tolylene

      diisocyanate present in a weight ratio of 80:20, respectively. Index 105 

      designates that the amount of mixture employed was 105 weight percent of 

      the stoichiometric amount required to react with total reactive hydrogens

      from the polyether polyol and water present in the foam formulation.     

      (2) Tris(2,3-dibromopropyl)phosphate which has the formula, (BrCH.sub.2  

      CHBrCH.sub.2).sub.3 P(O), and is also known as Firemaster LV-T23P        

      (Michigan Chemical Company).                                             

TBL                TABLE II                                                    

     ______________________________________                                    

     FOAM FORMULATION B                                                        

                                 Parts By                                      

     Components                  Weight                                        

     ______________________________________                                    

     Polyether Triol having an average molecular                               

                                 100                                           

     weight of about 5000, a Hydroxyl No. of                                   

     about 34, and a primary hydroxyl content                                  

     of about 75 mole percent, derived from                                    

     glycerol, ethylene oxide and propylene                                    

     oxide.                                                                    

     Tolylene Diisocyanate (Index 105) (1)                                     

                                 27.4                                          

     Blowing Agent                                                             

     Water                       2.15                                          

     Trichlorofluoromethane      3.0                                           

     Bis[2-(N,N-dimethylamino)ethyl]ether                                      

                                 0.1                                           

     employed as a 70 weight per cent                                          

     solution in dipropylene glycol                                            

     Flame-Retardant (2)         3                                             

     Surfactant                  0.75                                          

     Stannous Octoate            Varied                                        

     ______________________________________                                    

      (1) This component was a mixture of the 2,4- and 2,6-isomers of tolylene 

      diisocyanate present in a weight ratio of 65:35, respectively. Index 105 

      has the same significance indicated in footnote 1 of Table I.            

      (2) Tris(2,3-dibromopropyl)phosphate.                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     FOAM FORMULATION C                                                        

                             Parts By                                          

     Component               Weight                                            

     ______________________________________                                    

     Polyether Polyol having a Hydroxyl No.                                    

                             100                                               

     of about 46, produced from glycerol                                       

     dipropylene glycol, propylene oxide                                       

     and ethylene oxide.                                                       

     Tolylene Diisocyanate (1)                                                 

                             48.4                                              

     Water                   4                                                 

     Bis[2-(N,N-dimethylamino)ethyl]ether                                      

                             0.1                                               

     employed as a 70 weight percent                                           

     solution in dipropylene glycol                                            

     Stannous octoate        0.25                                              

     Surfactant              1                                                 

     Flame-Retardant (2)     10                                                

     ______________________________________                                    

      (1) As defined in Table I.                                               

      (2) Tris(2,3-dichloropropyl)phosphate.                                   

TBL                TABLE IV                                                    

     ______________________________________                                    

     FOAM FORMULATION D                                                        

                        Parts By                                               

     Component          Weight                                                 

     ______________________________________                                    

     Polyether Polyol (1)                                                      

                        100                                                    

     Tolylene Diisocyanate                                                     

                        Index 105                                              

     Blowing Agent                                                             

     Water              4.85                                                   

     Trichlorofluoromethane                                                    

                        15.0                                                   

     Dimethylethanolamine                                                      

                        0.35                                                   

     Stannous octoate   0.3                                                    

     Surfactant         0.6                                                    

     ______________________________________                                    

      (1) As defined in Table III.                                             

PAC  General Foaming Procedure
PAR  Except as noted, the foams of the examples and comparative runs were
      prepared employing substantially the same procedure which entailed the
      following manipulative steps: After dispensing the polyether polyol
      reactant in a container, the flame-retardant (when used) is added thereto
      and dispersed therein with a spatula. The surfactant is then added from a
      syringe and is also dispersed with a spatula. After inserting a baffle, a
      premixture of the amine catalyst and blowing agent is added but not
      dispersed. The resulting blend is then placed in a drill press and the
      mixture agitated 15 seconds at 2000 revolutions per minute. Agitation is
      then stopped and the stannous octoate co-catalyst is added from a syringe.
      Agitation is continued for an additional 8 seconds, after which the
      diisocyanate reactant is added rapidly and the agitation is continued for
      another 7 seconds. After the mixing cycle, the mixture is poured into a
      parchment-lined container (12 .times. 12 .times. 12 inches when employing
      Foam Formulations A and B; 12 .times. 12 .times. 8 inches when employing
      Foam Formulations C and D supported by a wooden mold. The foam is allowed
      to rest in the container for at least 3 minutes and is then cured in an
      oven for 10-15 minutes at 130.degree.C. After cutting, the height of the
      foam rise is measured, and foam samples are prepared for breathability and
      burning extent determinations.
PAR  "Breathability" denotes the porosity of a foam and is roughly proportional
      to the number of open cells in a foam. As reported herein, breathability
      was determined in accordance with the NOPCO test procedure described by R.
      E. Jones and G. Fesman, "Journal of Cellular Plastics" (January, 1965), as
      follows: A 2 inch .times. 2 inch .times. 1 inch piece of foam is cut from
      near the center of the bun. Using a Nopco Foam Breathability Tester, Type
      GP-2 Model 40GD10, air is drawn through the foam sample at a pressure
      differential of 0.5 inches of water less than atmospheric pressure. The
      air flow is parallel to the direction of original foam rise. The degree of
      openness of the foam (or foam breathability) is measured by the rate of
      air flow through the foam and is reported in standard cubic feet per
      minute (SCFM).
PAR  "Burning Extent" was determined in accordance with standard flammability
      test procedure ASTM D-1692-68, except that five test specimens of foam
      were used instead of ten. Burning extent denotes the burned length (in
      inches) of the foam and is reported as the average of the results obtained
      with the various test specimens of a given foam. On the basis of this
      test, an average burning extent of less than 5.0 inches qualifies the foam
      for a self-extinguishing ("SE") rating. When the burning extent of at
      least one test specimen is 5.0 inches or greater, the foam is assigned a
      burning ("B") rating and usually no further specimens of that foam are
      tested.
PAR  "Burning Time" denotes the average time (in seconds) taken to give the
      specified burning extent.
PAR  As used herein, the abbreviation "p.h.p." means that the concentration of a
      particular component of the foam formulation is expressed in parts by
      weight per 100 parts by weight of the polyether polyol reactant contained
      in the formulation.
PAR  In the examples which follow the surfactant or foam-stabilizing components
      of the above Formulations A-D are designated Surfactants A-B-1, A-B-2,
      A-B-3 and A-B-4 which are illustrative of the admixtures of the present
      invention. In the comparative runs, the surfactant components of the
      formulations are designated as Surfactants A-1, A-2, A-3, B-1, B-2 and
      B-3. The compositions of these various surfactants are given in Table V in
      which the individual polysiloxane-polyoxyalkylene copolymers thereof are
      referred to as Polymer A, Polymer B and Polymer BB. These latter polymers
      are in turn identified as follows (wherein Me represents methyl):
PAC  Polymer A
PAR  This polymer, which is illustrative of the polymers within the scope of
      Component A of the admixtures of this invention, is a
      gamma-cyanopropyl-modified
      polymethylsiloxane-poly(oxyethylene-oxypropylene) block polymer having the
      average composition,
      ##EQU16##
      and is prepared by the platinum-catalyzed hydrosilation of allyl
      alcohol-started, methoxy-capped polyether having the average composition,
EQU  CH.sub.2 =CHCH.sub.2 (OC.sub.2 H.sub.4).sub.24.9 (OC.sub.3
      H.sub.6).sub.25.6 OMe
PAL  with a corresponding gamma-cyanopropyl-modified polymethylsiloxane hydride
      having the average composition,
      ##EQU17##
      which in turn is prepared as described in our aforesaid copending
      application Ser. No. 279,883, filed Aug. 11, 1972.
PAC  Polymer B
PAR  This polymer, which is illustrative of the polymers within the scope of
      Component B of the admixtures of this invention, is a
      polymethylsiloxanepoly(oxyethylene-oxypropylene) polymer having the
      average composition,
      ##EQU18##
      wherein E.degree. comprises a mixture of poly(oxyethylene-oxypropylene)
      blocks of different average molecular weights linked to silicon through
      --C.sub.3 H.sub.6 --. The average compositions of the respective blocks
      are as follows,
EQU  --C.sub.3 H.sub.6 (OC.sub.3 H.sub.6).sub.14 (OC.sub.2 H.sub.4).sub.18.4
      OC.sub.4 H.sub.9 --C.sub.3 H.sub.6 (OC.sub.3 H.sub.6).sub.24.3 (OC.sub.2
      H.sub.4).sub.32.1 OC.sub.4 H.sub.9
PAL  the indicated moieties being within the scope of respective Units X and Y
      as defined herein and being present in an amount of 78 and 22 weight
      percent, respectively, based on their combined weight. Polymer B is
      prepared by the platinum-catalyzed hydrosilation reaction between an
      equilibrated polymethylsiloxane hydride fluid having the average
      composition,
      ##EQU19##
      and an allyl-capped mixture of butanol-started
      poly(oxyethylene-oxypropylene) polyether mono-ols referred to herein as
      Polyether Mono-ols I and II which have the following respective average
      compositions,
EQU  C.sub.4 H.sub.9 O(C.sub.2 H.sub.4 O).sub.18.4 (C.sub.3 H.sub.6 O).sub.14 H
      I
EQU  C.sub.4 H.sub.9 O(C.sub.2 H.sub.4 O).sub.32.1 (C.sub.3 H.sub.6 O).sub.24.3
      H                                                         II
PAL  the said mixture of mono-ols containing 78 weight percent of I and 22
      weight percent of II. Said mixture of mono-ols is allyl capped by
      converting the mono-ols contained therein to thier corresponding sodium
      salts followed by reaction with allyl chloride, thereby replacing hydrogen
      of the terminal hydroxyl groups with allyl (--CH.sub.2 CH=CH.sub.2).
PAC  Polymer BB
PAR  This polymer is also illustrative of the polymers within the scope of
      Component B of the surfactant admixtues of this invention and is a
      polymethylsiloxane-poly(oxyethylene-oxypropylene block polymer having the
      average composition,
      ##EQU20##
      Polymer BB is prepared by the platinum-catalyzed hydrosilation reaction
      between a corresponding equilibrated polymethylsiloxane hydride fluid and
      a corresponding allyl alcohol-started, methoxy-capped polyether.
PAR  As previously noted, the particular surfactants employed in the examples
      and comparative runs are identified in the following Table V wherein all
      references to Polymer A, Polymer B and Polymer BB are to polymeric
      compositions described immediately above.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     SURFACTANT COMPOSITIONS.sup.1                                             

     Surfactant Designation                                                    

                      A-B-1                                                    

                           A-B-2                                               

                                A-B-3                                          

                                     A-B-4                                     

                                          A-1.sup.2                            

                                              A-2.sup.2                        

                                                  A-3.sup.2                    

                                                       B-1.sup.2               

                                                           B-2.sup.2           

                                                                B-3.sup.2      

     __________________________________________________________________________

     Composition of Surfactant                                                 

     Component A                                                               

      Polymer A, Wt. %                                                         

                      75   50   25   65.7 100 57  70   --  --   --             

     Component B                                                               

      Polymer B, Wt. %                                                         

                      25   50   75   20   --  --  --   67.3                    

                                                           --   100            

      Polymer BB, Wt. %                                                        

                      --   --   --   --   --  --  --   --  72.5 --             

     Polyether Mono-ol II.sup.3, Wt. %                                         

                      --   --   --   14.3 --  43  30   32.7                    

                                                           27.5 --             

     __________________________________________________________________________

      .sup.1 All weight percentages expressed in this Table are based on the   

      combined weight of Component A, Component B and Polyether Mono-ol II when

      the latter is present as a component of the surfactant. In regard to     

      Surfactant A-B-4 of the invention, the weight percentages of Component A 

      and of Component B, based on their combined weight, exclusive of the     

      weight of Polyether Mono-ol II, are 76.7 and 23.3, respectively. In      

      comparative Surfactants A-2, A-3, B-1 and B-2, the weight percentage of  

      the indicated Component A or Component B polymer, exclusive of Polyether 

      Mono-ol II, is of course 100 percent.                                    

      .sup.2 Not surfactant admixtures of the present invention.               

      .sup.3 Average composition is C.sub.4 H.sub.9 O(C.sub.2 H.sub.4          

      O).sub.32.1 (C.sub.3 H.sub.6 O).sub.24.3 H.                              

PAC  EXAMPLES 1-6
PAR  In accordance with these examples, Surfactants A-B-1, A-B-2 and A-B-3 of
      the invention were employed as the surfactant component of Foam
      Formulation A which is of low density foam specification. In Examples 1-3,
      as well as in comparative Run Nos. C-1 through C-4 in which Surfactants
      A-1, A-2, B-1 and B-2 were used, the concendtration of the said surfactant
      (inclusive of Polyether Mono-ol II, when present) was one part per 100
      parts by weight of the polyether polyol reactant. In Examples 4-6 and
      comparative Runs C-5 and C-6, the concentration of the respective
      surfactants was 0.5 p.h.p. The results of these various flame-retarded,
      flexible foam preparations are given in Tables VI and VII which follow.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     LOW DENSITY FOAM                                                          

     __________________________________________________________________________

     Example No. --   --   --   --   1    2    3                               

     Run No.     C-1  C-2  C-3  C-4  --   --   --                              

     Formulation A (1)                                                         

     Surfactant (2)                                                            

                 A-1  A-2  B-1  B-2  A-B-1                                     

                                          A-B-2                                

                                               A-B-3                           

     p.h.p.      1.0  1.0  1.0  1.0  1.0  1.0  1.0                             

     Cream time, seconds                                                       

                 12   12   12   12   12   12   12                              

     Rise time, seconds                                                        

                 91   89   98   98   91   93   95                              

     Height of rise, inches                                                    

                 6.7  6.7  6.9  6.9  6.8  6.8  6.9                             

     Foam Properties (3)                                                       

     Density, pcf.                                                             

                 1.68 1.71 1.62 1.63 1.62 1.65 1.62                            

     Breathability, SCFM                                                       

                 3.25 4.0  3.25 2.8  3.75 3.75 4.0                             

     Burning extent, inches                                                    

                 3.2  2.4  2.5  3.3  3.4  2.7  3.0                             

     Burning time, seconds                                                     

                 41   39   34   48   49   40   44                              

     __________________________________________________________________________

      (1) As defined in Table I.                                               

      (2) The components of these surfactants are as indicated in Table V.     

      (3) The cells per inch (CPI) for each foam was 45-50.                    

TBL                                    TABLE VII                               

     __________________________________________________________________________

     LOW DENSITY FOAM                                                          

     __________________________________________________________________________

     Example No. --   --   4    5    6                                         

     Run No.     C-5  C-6  --   --   --                                        

     Formulation A (1)                                                         

     Surfactant (2)                                                            

                 A-1  B-2  A-B-1                                               

                                A-B-2                                          

                                     A-B-3                                     

     P.h.p.      0.5  0.5  0.5  0.5  0.5                                       

     Cream time, seconds                                                       

                 12   12   12   12   12                                        

     Rise time, seconds                                                        

                 87   89   89   89   91                                        

     Height of rise, inches                                                    

                 6.6  6.9  6.6  6.9  6.8                                       

     Foam Properties (3)                                                       

     Density, pcf.                                                             

                 1.68 1.64 1.65 1.63 1.64                                      

     Breathability, SCFM                                                       

                 4.75 4.75 5.25 5.25 5.0                                       

     Burning extent, inches                                                    

                 2.9  3.5  2.5  2.5  2.9                                       

     Burning time, seconds                                                     

                 43   54   37   34   42                                        

     __________________________________________________________________________

      (1) As defined in Table I.                                               

      (2) The components of these surfactants are as indicated in Table V.     

      (3) The cells per inch (CPI) for each foam was 45-50.                    

PAR  Inspection of the results of Talbes VI and VII show that, as compared with
      Srufactants A-1 (100 percent active) and A-2 (57 percent active) in which
      cyano-bearing Polymer A was the sole type of organosilicone component, the
      surfactant admixtures of the invention (that is, A-B-1, A-B-2 and A-B-3)
      wherein Polymer A was in combination with Polymer B, provided
      flame-retarded flexible foam of lower density. As previously discussed
      herein, this is a desirable and advantageous result in the formation of
      low density grade foam in that a greater production of foam per unit
      volume is realized. It is also noted that, as compared with undiluted
      Polymer A (that is, Surfactant A-1) employed in comparative Run Nos. C-1
      and C-5, the lower density foam products provided with Surfactants A-B-1,
      A-B-2 and A-B-3 were also of enhanced breathability. Further, although
      Surfactans B-1 and B-2 (in which Polymers B and BB were the respective
      sole types of organosilicone component) also provide foams of lower
      density than the density of the foams produced with Surfactants A-1 and
      A-2, they tend to provide less open or "tight" flame-retarded foam. The
      results of Examples 4-6 are particularly outstanding in that the lower
      density foams (that is, lower as compared with the density of the foam
      produced with Surfactant A-1 in Run C-5) stabilized with the admixtures of
      the invention also had a desirably low burning extent, notwithstanding
      their highly open nature, as reflected by the breathability values.
PAC  EXAMPLES 7-15
PAR  In accordance with these examples, Surfactants A-B-1, A-B-2 and A-B-3 of
      the invention were employed as the surfactant component of Foam
      Formulation B which is of high density foam specification. Inasmuch as tin
      operating latitude is of particular concern with respect to formation of
      high density foam, a sutdy was made of the effect of variation in stannous
      octoate concentration (0.25, 0.30 and 0.35 p.h.p.). The results of these
      examples as well as the results of a corresponding study with the
      comparative surfactants, are given in Table VIII which follows.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     HIGH DENSITY FOAM                                                         

     __________________________________________________________________________

     Example No. --    --                                                      

                         -- --    -- -- --    -- -- --    --    --             

     Run No. C-  7     8 9  10    11 12 13    14 15 16    17    18             

     Formulation B (1)                                                         

     Stannous octoate, php.                                                    

                 0.25  0.30                                                    

                         0.35                                                  

                            0.25  0.30                                         

                                     0.35                                      

                                        0.25  0.30                             

                                                 0.35                          

                                                    0.25  0.30  0.35           

     Surfactant (2)                                                            

                  --   A-1                                                     

                         --  --   B-1                                          

                                     --  --   B-2                              

                                                 --  --   B-3   --             

     Cream time, seconds                                                       

                 11    11                                                      

                         10 10    10 10 10    10 10 11    10    10             

     Rise time, seconds                                                        

                 140   122                                                     

                         116                                                   

                            147   145                                          

                                     127                                       

                                        142   129                              

                                                 123                           

                                                    150   130   124            

     Height of rise, inches                                                    

                 TIN SPLIT                                                     

                       4.2                                                     

                         4.5                                                   

                            TIN SPLIT                                          

                                  4.5                                          

                                     4.7                                       

                                        TIN SPLIT                              

                                              4.1                              

                                                 4.4                           

                                                    TIN SPLIT                  

                                                          4.5   4.7            

     Foam Properties (3)                                                       

     Density, pcf.                                                             

                 "     2.36                                                    

                         2.32                                                  

                            "     2.23                                         

                                     2.21                                      

                                        "     2.27                             

                                                 2.26                          

                                                    "     2.26  2.22           

     Breathability, SCFM                                                       

                 "     2.8                                                     

                         1.55                                                  

                            "     1.75                                         

                                     0.85                                      

                                        "     1.85                             

                                                 1.0                           

                                                    "     1.8   1.65           

     Burning extent, inches                                                    

                 "     1.7                                                     

                         2.0                                                   

                            "     1.7                                          

                                     2.1                                       

                                        "     2.0                              

                                                 1.8                           

                                                    "     1.9   1.7            

     Burning time, seconds                                                     

                 "     35                                                      

                         41 "     33 44 "     40 40 "     38    35             

     Example No. --    --                                                      

                         -- 7     8  9  10    11 12 13    14    15             

     Run No. C-  19    20                                                      

                         21 --    -- -- --    -- -- --    --    --             

     Formulation B (1)                                                         

     Stannous octoate, php                                                     

                 0.25  0.30                                                    

                         0.35                                                  

                            0.25  0.30                                         

                                     0.35                                      

                                        0.25  0.30                             

                                                 0.35                          

                                                    0.25  0.30  0.35           

     Surfactant (2)                                                            

                  --   A-2                                                     

                         --  --   A-B-1                                        

                                     --  --   A-B-2                            

                                                 --  --   A-B-3 --             

     Cream time, seconds                                                       

                 10    10                                                      

                         10 11    10 10 11    10 10 10    10    10             

     Rise time, seconds                                                        

                 135   128                                                     

                         121                                                   

                            140   132                                          

                                     120                                       

                                        144   130                              

                                                 122                           

                                                    147   129   122            

     Height of rise, inches                                                    

                 4.2   4.4                                                     

                         4.4                                                   

                            4.2   4.4                                          

                                     4.6                                       

                                        TIN SPLIT                              

                                              4.4                              

                                                 4.4                           

                                                    TIN SPLIT                  

                                                          TIN                  

                                                                4.6IT          

     Foam Properties (3)                                                       

     Density, pcf.                                                             

                 2.4   2.37                                                    

                         2.37                                                  

                            2.44  2.39                                         

                                     2.37                                      

                                        "     2.33                             

                                                 2.33                          

                                                    "     "     2.31           

     Breathability, SCFM                                                       

                 3.0   2.05                                                    

                         1.2                                                   

                            2.9   1.85                                         

                                     1.55                                      

                                        "     2.25                             

                                                 1.7                           

                                                    "     "     1.75           

     Burning extent, inches                                                    

                 2.0   1.6                                                     

                         2.1                                                   

                            1.7   1.9                                          

                                     1.5                                       

                                        "     2.0                              

                                                 2.0                           

                                                    "     "     1.5            

     Burning time, seconds                                                     

                 45    34                                                      

                         50 36    40 33 "     40 41 "     "     35             

     __________________________________________________________________________

      (1) As defined in Table II.                                              

      (2) The components of these surfactants are as indicated in Table V.     

      (3) In the foams of Run Nos. C-12, -14, -15, -17 and -18, basal split    

      formation was observed.                                                  

PAR  The data of Table VIII show that, except for control Surfactant A-2 (57
      percent active) employed in comparative Runs C-19 to C-21 and Surfactant
      A-B-1 of the invention (Examples 7-9), tin (or large) split formation was
      observed at the lower levels of stannous octoate. Therefore, from the
      standpoint of achieving excellent tin opering latitude in the production
      of high density foam, the admixtures of the invention contain less than 50
      weight percent of the Component B polymer, Surfactants A-B-2 and A-B-3
      having contained 50 and 75 weight percent, respectively, in contrast to
      the lower amount (25 weight percent) contained in Surfactant A-B-1.
      Although Surfactants A-B-2 and A-B-3 (as well as A-B-1) offer advantage as
      the foam stabilizing component of low density foam formulations as
      discussed above with reference to Examples 1-6, from the standpoint of
      outstanding broad applicability as the foam stabilizing component of a
      wide variety of formulations, the admixtures of the invention preferably
      contain from about 55 to about 90 percent of Component A and
      correspondingly from about 45 to about 10 weight percent of Component B,
      based on the combined weight of Components A and B in the admixture.
PAC  EXAMPLE 16
PAR  In accordance with this example, Surfactant A-B-4 which is of the invention
      was employed as the surfactant component of flame-retarded Foam
      Formulation C (Table III). As identified in Table V, Surfactant A-B-4
      contained: 65.7 weight percent of above-identified Polymer A which is
      illustrative of the cyanopropyl-modified
      polymethylsiloxane-poly(oxyethylene-oxypropylene) copolymers within the
      scope of Component A of the admixtures of the invention; 20 weight percent
      of Polymer B which is illustrative of the unmodified
      polymethylsiloxane-poly(oxyethylene-oxypropylene) copolymers within the
      scope of Component B of the presently described admixtures, the
      poly(oxyethylene-oxypropylene) blocks of which in turn are allylcapped
      mixtures of respective low and high molecular weight Units X and Y as
      described herein; and 14.3 weight percent of Polyether Mono-ol II. The
      results are given in Table IX which follows.
TBL                TABLE IX                                                    

     ______________________________________                                    

     Example            --       16                                            

     Run No.            C-22     --                                            

     Formulation C (1)                                                         

     Surfactant (2)     A-3      A-B-4                                         

     Height of rise, inches                                                    

                        7.9      8                                             

     Foam Properties                                                           

     Cells per inch     38       40                                            

     Breathability, SCFM                                                       

                        2.8      2.7                                           

     Burning extent, inches                                                    

                        2.4      2.5                                           

     Burning time, seconds                                                     

                        40       42                                            

     ______________________________________                                    

      (1) As defined in Table III.                                             

      (2) As identified in Table V.                                            

PAR  The results of Table IX further show that the use of cyanopropyl-modified
      copolymers within the scope of Component A in combination with polymers
      within the scope of Component B allows for the formation of flame-retarded
      foam without substantial sacrifice of the low burning extent achieved with
      control Surfactant A-3.
PAC  EXAMPLE 17
PAR  In accordance with this example, a potency determination was made of
      Srufactant A-B-4 of the invention. For this purpose, Surfactant A-B-4
      (identified in Table V) was employed as the surfactant component of non
      flame-retarded Foam Formulation D of Table IV. The results (height of rise
      = 11.7 inches; cells per inch = 30; and breathability = 4.7 SCFM) indicate
      that Surfactant A-B-4 has good potency as a foam stabilizer of flexible
      urethane foam and provides good quality foam.
PAR  Further illustrative surfactant compositions of the present invention are
      the following:
PAR  1. An admixture containing about 85 weight percent of Polymer A and about
      15 weight percent of Polymer B, wherein the said polymers are as defined
      hereinabove, and the said weight percentages are based on the total weight
      of Polymer A and Polymer B contained in the admixture.
PAR  2. An admixture containing about 65 weight percent of Polymer A and about
      35 weight percent of Polymer BB, wherein the said polymers are as defined
      hereinabove, and the said weight percentages are based on the total weight
      of Polymer A and Polymer BB contained in the admixture.
PAR  3. Admixture (2) above diluted with Polyether Mono-ol II to an activity of
      about 80 weight percent, that is, to a resulting solution containing about
      80 weight percent of admixture (2), the remaining weight being constituted
      of Polyether Mono-ol II.
PAR  4. An admixture containing about 65 weight percent of Polymer A and about
      35 percent of a hydrolyzable polymethylsiloxane-polyoxyalkylene copolymer
      within the scope of the class of Component B polymers depicted by
      expression III hereinabove, having the following average composition,
EQU  MeSi[(OSiMe.sub.2).sub.6.4 (OC.sub.2 H.sub.4).sub.19 (OC.sub.2
      H.sub.6).sub.14 OC.sub.4 H.sub.9 ].sub.3
PAR  5. An admixture containing about 80 weight percent of a
      cyanopropyl-substituted copolymer within the scope of Component A and
      about 20 weight percent of above-defined Polymer B said weight percentages
      being based on the combined weight of said polymers contained in the
      admixture, and wherein said cyanopropyl-substituted copolymer has the
      average composition,
      ##EQU21##
PAR  6. An admixture containing about 90 weight percent of a
      cyanopropyl-substituted copolymer within the scope of Component A and
      about 10 weight percent of above-defined Polymer B, said weight
      percentages being based on the combined weight of said polymers contained
      in the admixture, and wherein said cyanopropyl-substituted copolymer has
      the average composition,
      ##EQU22##
PAR  7. An admixture containing about 65 weight percent of a
      cyanopropyl-substituted copolymer within the scope of Component A and
      about 35 weight percent of above-defined Polymer B, said weight
      percentages being based on the combined weight of said polymers contained
      in the admixture, and wherein said cyanopropyl-substitued copolymer has
      the average composition,
      ##EQU23##
PAR  8. An admixture containing about 75 weight percent of a
      cyanopropyl-substituted copolymer within the scope of Component A and
      about 25 weight percent of above-defined Polymer B, said weight
      percentages being based on the combined weight of said polymers contained
      in the admixture, and wherein said cyanopropyl-substituted copolymer has
      the average composition,
      ##EQU24##
PAR  9. An admixture containing about 65 weight percent of above-defined Polymer
      A, about 20 weight percent of above-defined Polymer B, and about 15 weight
      percent of Polyether Mono-ol I which is defined hereinabove with specific
      reference to the composition of Polymer B.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As novel compositons, an admixture containing from about 10 to about 90
      weight percent of Component A and from about 90 to about 10 weight percent
      of Component B, said percentages being based on the total weight of A and
      B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxanepolyoxyalkylene copolymer having
      the average composition,
      ##EQU25##
      where R is alkyl, R' has at least two carbon atoms and is bivalent
      alkylene or an oxyalkylene group the oxygen atom of which is bonded to
      silicon, x has an average value from about 10 to about 200, y has an
      average value from about 3 to about 100, z has an average value from about
      2 to about 30, and E comprises a polyoxyalkylene block the oxyalkylene
      content of which is constituted of from about 20 to about 65 weight
      percent of oxyethylene; and
PA1  Component B is a polyalkylsiloxane-polyoxyalkylene copolymer in which the
      polyoxyalkylene content is constituted of from about 20 to about 75 weight
      percent of oxyethylene.
NUM  2.
PAR  2. An admixture as defined in claim 1 in which R of the Component A
      copolymer is methyl.
NUM  3.
PAR  3. An admixture as defined in claim 1 in which alkyl of the
      polyalkylsiloxane portion of the Component B copolymer is methyl.
NUM  4.
PAR  4. An admixture as defined in claim 3 in which the polymethylsiloxane and
      polyoxyalkylene portions of the copolymer are linked through a
      silicon-to-carbon bond.
NUM  5.
PAR  5. An admixture as defined in claim 3 in which the polymethylsiloxane and
      polyoxyalkylene portions of said copolymer are linked through a
      silicon-to-oxygen-to-carbon bond.
NUM  6.
PAR  6. An admixture as defined in claim 1 in which R'CN of the Component A
      copolymer is cyanoalkyl having from two to four carbon atoms.
NUM  7.
PAR  7. An admixture as defined in claim 1 in which R'CN of the Component A
      copolymer is cyanoalkoxy having from two to four carbon atoms.
NUM  8.
PAR  8. An admixture as defined in claim 1 in which R of the Component A
      copolymer is methyl, R'CN is cyanopropyl and E comprises an organic-capped
      poly(oxyethylene-oxypropylene) block linked to silicon by a bivalent
      alkylene group having from two to six carbon atoms.
NUM  9.
PAR  9. An admixture as defined in claim 1 in which said Component A is present
      in an amount from about 55 to about 90 weight percent and said Component B
      is present in an amount from about 45 to about 10 weight percent, based on
      the combined weight of Components A and B in the admixture.
NUM  10.
PAR  10. An admixture as defined in claim 1 in which the remaining weight of
      oxyalkylene of respective Components A and B is oxypropylene.
NUM  11.
PAR  11. As novel compositions, an admixture containing from about 10 to about
      90 weight percent of Component A and from about 90 to about 10 weight
      percent of Component B, said percentages being based on the total weight
      of A and B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxanepolyoxyalkylene copolymer having
      the average composition,
      ##EQU26##
      wherein: R is alkyl having from 1 to 10 carbon atoms, R' is bivalent
      alkylene or an oxyalkylene group the oxygen atom of which is bonded to
      silicon, x has an average value from about 10 to about 200, y has an
      average value from about 3 to about 100, z has an average value from about
      2 to about 30, R" comprises a bivalent alkylene group having from two to
      six carbon atoms one carbon atom of which is bonded to silicon, W is an
      organic cap, p is zero or one, a has a value from 2 to 4 provided from
      about 20 to about 65 weight percent of the oxyalkylene units of the
      polyoxyalkylene chain, --(C.sub.a H.sub.2a O).sub.b --, is constituted of
      oxyethylene units and b has an average value such that the average
      molecular weight of the polyoxyalkylene chain is froom about 1000 to about
      6000; and
PA1  Component B is a polyalkylsiloxane-polyoxyalkylene copolymer having the
      average composition,
      ##EQU27##
      wherein: R is alkyl having from 1 to 10 carbon atoms, R" comprises a
      bivalent alkylene group having from two to six carbon atoms one carbon
      atom of which is bonded to silicon, W is an organic cap, v has an average
      value from about 10 to about 60, w has an average value from about 2 to
      about 10, p is zero or one, d has a value from 2 to 4 provided from about
      20 to about 75 weight percent of the polyoxyalkylene chain, --(OC.sub.d
      H.sub.2d).sub.f --, is constituted of oxyethylene, and f has an average
      value such that the average molecular weight of the polyoxyalkylene chain
      is from about 800 to about 6000.
NUM  12.
PAR  12. An admixture as defined in claim 11 wherein in each of said Component A
      and Component B polymers, R is methyl, p is one, R" is bivalent alkylene
      having from 2 to 4 carbon atoms, and wherein --R'CN of said Component A
      polymer is --R.degree.CN or --OR.degree.CN where R.degree. is bivalent
      alkylene having from 2 to 6 carbon atoms.
NUM  13.
PAR  13. An admixture as defined in claim 12 in which --R.degree.CN of said
      Component A polymer is gamma-cyano-propyl.
NUM  14.
PAR  14. An admixture as defined in claim 11 which contains as an additional
      component thereof, a normally liquid organic poly(oxyalkylene) compound.
NUM  15.
PAR  15. An admixture as defined in claim 14 in which said organic
      poly(oxyalkylene) compound is an alkanol-started, hydroxyl-terminated
      poly(oxyethylene-oxypropylene) ether.
NUM  16.
PAR  16. As novel compositions, an admixture containing from about 10 to about
      90 weight percent of Component A and from about 90 to about 10 weight
      percent of Component B, said percentages being based on the total weight
      of A and B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxane-polyoxyalkylene copolymer
      having the average composition,
      ##EQU28##
      wherein: R is alkyl having from 1 to 10 carbon atoms, R' is bivalent
      alkylene or an oxyalkylene group the oxygen atom of which is bonded to
      silicon, x has an average value from about 10 to about 200, y has an
      average value from about 3 to about 100, z has an average value from about
      2 to about 30, R" comprises a bivalent alkylene group having from two to
      six carbon atoms one carbon atom of which is bonded to silicon, W is an
      organic cap, p is zero or one, a has a value from 2 to 4 provided from
      about 20 to about 65 weight percent of the oxyalkylene units of the
      polyoxyalkylene chain, --(C.sub.a H.sub.2a O).sub.b --, is constituted of
      oxyethylene units and b has an average value such that the average
      molecular weight of the polyoxyalkylene chain is from about 1000 to about
      6000; and
PA1  Component B is a polyalkylsiloxane-poly(oxyethylene-oxypropylene) block
      copolymer having a polysiloxane content from about 10 to about 35 weight
      percent, and an oxyethylene content from about 20 to about 75 weight
      percent, based on the total weight of oxyethylene and oxypropylene
      contained in the polymer.
NUM  17.
PAR  17. An admixture as defined in claim 16 in which the polysiloxane portion
      of the Component B polymer consists essentially of monofunctional
      trialkylsiloxy units, difunctional dialkylsiloxy units, and difunctional
      monoalkylsiloxy units in which the remaining valence of the respective
      silicon atoms is satisfied by a bond to the poly(oxyethylene-oxypropylene)
      portion of the polymer.
NUM  18.
PAR  18. An admixture as defined in claim 16 in which the polysiloxane portion
      of the Component B polymer consists essentially of trifunctional
      alkylsiloxy units, difunctional dialkylsiloxy units and silicon-bonded
      alkoxy groups, and in which the polysiloxane and
      poly(oxyethyleneoxypropylene) portions of the polymer are linked through
      an Si--O--C linkage.
NUM  19.
PAR  19. An admixture as defined in claim 16 in which the
      poly(oxyethylene-oxypropylene) portion of said Component B polymer is
      comprised of an admixture of Units X and Y which are organic-capped
      poly(oxyethylene-oxypropylene) blocks joined to respective silicon atoms
      of the polysiloxane portion of said Component B polymer directly by an
      Si-O-C linkage or through a linking member comprising a bivalent alkylene
      group a carboon atom of which is linked to silicon, wherein Unit X
      represents from about 50 to about 95 weight percent, based on the total
      weight of Units X and Y in said admixture thereof, of low molecular weight
      poly(oxyethylene-oxypropylene) copolymers having an average molecular
      weight from about 800 to about 3000, and Unit Y represents from about 50
      to about 5 weight percent, based on teh total weight of Units X and Y in
      said admixture therof, a higher molecular weight
      poly(oxyethylene-oxypropylene) copolymers having an average molecular
      weight from about 1600 to about 6000, provided the said admixture of Units
      X and Y has an average molecular weight no higher than about 6000.
NUM  20.
PAR  20. As novel compositions, an admixture containing from about 10 to about
      90 weight percent of Component A and from about 90 to about 10 weight
      percent of Component B, and from zero to about 60 weight percent of a
      normally liquid alkanol-started, hydroxyl-terminated
      poly(oxyethylene-oxypropylene) ether, said percentages being based on the
      total weight of A and B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxane-poly(oxyalkylene) copolymer
      having the average composition,
      ##EQU29##
      where Me is methyl, R.degree. is bivalent alkylene having from 2 to 6
      carbon atoms, x has an average value from about 20 to about 100, y has an
      average value from about 4 to about 30, z has an average value from about
      2 to about 10, W is an organic cap, e has a value from 2 to 4; p is zero
      or one, a has a value from 2 to 4 provided from about 20 to about 65
      weight percent of the oxyalkylene units of the polyoxyalkylene chain,
      --(C.sub.a H.sub.2a O).sub.b --, is constituted of oxyethylene untis and b
      has an average value such that the average molecular weight of the
      polyoxyalkylene chain is from about 1000 to about 6000; and
PA1  Component B is a polymethylsiloxane-poly(oxyethylene-oxypropylene)
      copolymer having the average composition,
      ##EQU30##
      where Me is methyl, W is an organic cap, v has an average value from about
      10 to about 60, w has an average value from about 2 to about 10, e has a
      value from 2 to 4, and --(OC.sub.2 H.sub.4).sub.n.sub..degree. (OC.sub.3
      H.sub.6).sub.m.sub..degree. OW is comprised of an admixture of Units X and
      Y having said formula wherein the values of n.degree.  and m.degree. are
      determined by the following conditions prevailing for Units X and Y: Unit
      X represents from about 60 to about 90 weight percent, based on the
      combined weight of Units X and Y in said admixture thereof, of low
      molecular weight poly(oxyethylene-oxypropylene) copolymer having an
      average molecular weight from about 1400 to about 2500, Unit Y constitutes
      from about 40 to about 10 weight percent, based on the combined weight of
      Units X and Y in said admixture thereof, of higher molecular weight
      poly(oxyethylene-oxypropylene) copolymers having an average moleular
      weight from aabout 2500 to about 3500, provided the admixture of said
      Units X and Y has an average molecular weight no higher than about 4000,
      the oxyethylene content of siad Units X and Y being within the range from
      about 20 to about 75 weight percent.
NUM  21.
PAR  21. An admixture as defined in claim 20 wherein the average molecular
      weight of said Unit X of the Component B polymer is no higher than about
      2200.
NUM  22.
PAR  22. An admixture as defined in claim 20 wherein e of said Component A
      polymer has a value of three, and --R.degree.CN is gamma-cyanopropyl.
NUM  23.
PAR  23. An admixture as defined in claim 20 wherein W of said Component B
      polymer is R.degree..degree.which is a monovalent hydrocarbon group of 1
      to 12 carbon atoms, and said admixture of Units X and Y is derived from an
      alkenyl-capped mixture of corresponding R.degree..degree.--OH started
      poly(oxyethylene-oxypropylene) copolymers, wherein R.degree..degree.is as
      aforesaid, and said alkenyl cap has from 2 to 4 carbon atoms.
NUM  24.
PAR  24. An admixture as defined in claim 23 wherein aid admixture of Units X
      and Y is derived from an allylcapped mixture of alkanol-started
      poly(oxyethylene-oxypropylene) copolymers.
NUM  25.
PAR  25. An admixture as defined in claim 23 wherein said admixture of Units X
      and Y is derived from an allylcapped mixture of butanol-started
      poly(oxyethylene-oxypropylene) copolymers.
NUM  26.
PAR  26. An admixture as defined in claim 20 wherein, when present, said
      normally liquid alkanol-started, hydroxyl-terminated
      poly(oxyethylene-oxypropylene) ether is a mixture of butanol-started
      poly(oxyethylene-oxypropylene) copolymers having the average composition,
      C.sub.4 H.sub.9 (OC.sub.3 H.sub.6).sub.u (OC.sub.2 H.sub.4).sub.s OH,
      wherein s has an average value from about 8 to about 50 and u has an
      average value from about 6 to about 40.
NUM  27.
PAR  27. An admixture as defined in claim 26 containing at least about 5 weight
      percent of said normally liquid, alkanol-started ether.
NUM  28.
PAR  28. An admixture as defined in claim 20 in which Component A is present in
      an amount of at least about 20 weight percent and said Component B is
      present in an amount no more than about 80 weight percent.
NUM  29.
PAR  29. An admixture as defined in claim 20 in which Component A is present in
      an amount of at least about 55 weight percent and Component B is present
      in an amount no more than about 45 weight percent.
NUM  30.
PAR  30. A process for producing flexible polyurethane foams which comprises
      reacting and foaming a reaction mixture comprising: (a) a polyether polyol
      reacant containing an average of at least two hydroxyl groups per
      molecule; (b) a polyisocyanate reactant containing at least two isocyanato
      groups per molecule; (c) a blowing agent; (d) a catalyst comprising an
      amine; and (e) a foam stabilizer comprising an admixture containing from
      about 10 to about 90 weight percent of Component A and from about 90 to
      about 10 weight percent of Component B, said percentages being based on
      the total weight of A and B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxane-polyoxyalkylene copolymer
      having the average composition,
      ##EQU31##
      where R is alkyl, R' has at least two carbon atoms and is bivalent
      alkylene or an oxyalkylene group the oxygen atom of which is bonded to
      silicon, x has an average value from about 10 to about 200, y has an
      average value from about 3 to about 100, z has an average value from about
      2 to about 30, and E comprises a polyoxyalkylene block the oxyalkylene
      content of which is constituted of from about 20 to about 65 weight
      percent of oxyethylene; and
PA1  Component B is a polyalkylsiloxane-polyoxyalkylene copolymer in which the
      polyoxyalkylene content is constituted of from about 20 to about 75 weight
      percent of oxyethylene.
NUM  31.
PAR  31. A process as defined in claim 30 in which a flame-retardant is present
      as an additional component of said reaction mixture.
NUM  32.
PAR  32. A process for producing flame-retarded, flexible polyurethane foams
      which comprises reacting and foaming a reaction mixture comprising: (a) a
      polyether polyol reactant containing an average of at least two hydroxyl
      groups per molecule; (b) an organic polyisocyanate reactant containing at
      least two isocyanato groups per molecule; (c) a blowing agent comprising
      water; (d) a catalyst comprising a tertiary amine; (e) a co-catalyst
      comprising an organic derivative of tin; (f) a flame-retarding agent; and
      (g) a foam stabilizer comprising an admixture containing from about 10 to
      about 90 weight percent of Component A and from about 90 to about 10
      weight percent Component B, and from zero to about 60 weight percent of a
      normally liquid alkanol-started, hydroxyl-terminated
      poly(oxyethylene-oxypropylene) ether, said percentages being based on the
      total weight of A and B contained in the admixture, wherein:
PA1  Component A is a cyano-bearing polysiloxane-poly(oxyalkylene) copolymer
      having the average composition,
      ##EQU32##
      where Me is methyl, R.degree. is bivalent alkylene having from 2 to 6
      carbon atoms, x has an average value from about 20 to about 100, y has an
      average value from about 4 to about 30, z has an average value from about
      2 to about 10, W is an organic cap, e has a value from about 2 to 4; p is
      zero or one, a has a value from 2 to 4 provided from about 20 to about 65
      weight percent of the oxyalkylene units of the polyoxyalkylene chain,
      --(C.sub.a H.sub.2a O).sub.b --, is constituted of oxyethylene units and b
      has an average value such that the average molecular weight of the
      polyoxyalkylene chain is from about 1000 to about 6000; and
PA1  Component B is a polymethylsiloxane-poly(oxyethylene-oxypropylene)
      copolymer having the average composition,
      ##EQU33##
      where Me is methyl, W is an organic cap, v has an average value from about
      10 to about 60, w has an average value from about 2 to about 10, e has a
      value from 2 to 4, and --(OC.sub.2 H.sub.4).sub.n.sub..degree. (OC.sub.3
      H.sub.6).sub.m.sub..degree. OW is comprised of an admixture of Units X and
      Y having said formula wherein the values of n.degree. and m.degree. are
      determined by the following conditions prevailing for Units X and Y: Unit
      X represents from about 60 to about 90 weight percent, based on the
      combined weight of Units X and Y in said admixture thereof, of low
      molecular weight poly(oxyethylene-oxypropylene) copolymer having an
      average molecular weight from about 1400 to about 2500, Unit Y constitutes
      from about 40 to about 10 weight percent, based on the combined weight of
      Units X and Y in said admixture thereof, of higher molecular weight
      poly(oxyethylene-oxypropylene) copolymers having an average molecular
      weight from about 2500 to about 3500, provided the admixture of said Units
      X and Y has an average molecular weight no higher than about 4000, the
      oxyethylene content of said Units X and Y being within the range from
      about 20 to about 75 weight percent.
NUM  33.
PAR  33. A flame-retarded foam produced by the process of claim 32.
NUM  34.
PAR  34. A process as defined in claim 32 in which in said foam stabilizer (g),
      --R.degree.CN of said Component A is gamma-cyanopropyl.
NUM  35.
PAR  35. A process as defined in claim 34 in which said foam stabilizer (g)
      contains at least about 5 weight percent of said mormally liquid
      alkanol-started ether.
NUM  36.
PAR  36. A process as defined in claim 32 in which said Component B is present
      in an amount no more than about 45 weight percent.
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ABST
PAL  A liquid anti-stick coating composition for coating and detackifying solid
      articles of uncured elastomeric materials, such as uncured rubber pellets,
      initially having sticky or tacky surface properties. The composition
      basically consists of an aqueous slurry containing a substantial
      proportion of finely divided particles of a kaolin clay, a sufficient
      amount of a water-soluble soap to provide bridging and tieing between the
      charge sites on the kaolin particles and the tacky surfaces of the uncured
      articles to thereby adhere a layer of a kaolin particles to the tacky
      surfaces, and a sufficient amount of water to disperse the clay particles.
      The coating composition may also include a dispersing and viscosity
      improving component such as sodium polyphosphate or a mixture of the
      latter and sodium sulfate for the purpose of maintaining the clay
      particles in suspension and maintaining the viscosity of the slurry at a
      workable level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates generally to the field of processing of materials,
      such as uncured rubber pellets, which have sticky surface properties. More
      particularly, the invention relates to anti-stick coating compositions
      useful as a parting of detackifying agent for preventing solid articles
      having sticky surface properties from sticking to one another during the
      processing of the same.
PAR  2. Description Of The Prior Art
PAR  Many synthetic and naturally occurring polymeric elastomeric materials are
      manufactured in an uncured stage for subsequent use in the manufacture of
      products such as tubing, belts, tires, rubber sheeting and the like. In
      the production of the final product, the uncured materials are subjected
      to curing or vulcanization in an appropriate molding apparatus or press.
      The handling of such uncured materials in mechanical processing equipment
      and the storage thereof is extremely difficult because of the tackiness,
      or stickiness, of the materials in their uncured stage. Accordingly, many
      attempts have been made, in the past, to develop some means for rendering
      the uncured articles less tacky without substantially interfering with the
      subsequent curing or vulcanizing operations and without substantially
      altering the physical characteristics of the resultant product.
PAR  One method previously attempted consisted of applying a particulate
      material such as talc, starch, cellulose fibers, vinyl aromatic polymer
      dust, or hydrophobic silica powder directly to the uncured pellets or
      articles. The principal difficulties involved in such a procedure is that
      it is practically impossible to apply an even coating of the material, and
      dusting problems are severe. This latter factor of course presents two
      problems, one being the safety hazard and the other being the excess cost
      of wasted materials.
PAR  Another prior art method for detackifying uncured rubber stock and the like
      comprised the incorporation directly into the rubber composition of an
      internal lubricating material. Of course it will readily be apparent to
      one of ordinary skill in the art to which the present invention pertains
      that such a method would involve additional processing steps and the use
      of relatively expensive materials. Moreover, it would be necessary for the
      lubricating material to be dispersed throughout the entirety of the
      uncured rubber pellets and accordingly, the total quantity present at the
      time of cure would be much greater than in the case of an external
      coating. Moreover, the problems involved in selecting a compatible
      material which could be utilized as a lubricant but which would not affect
      the final properties of the cured article are manifest. Lubricated
      materials also are difficult to handle in some processing apparatuses,
      such as, for example, vertical screw conveyors.
PAR  Yet another prior art method for detackifying uncured pellets comprised the
      coating of each pellet with a continuous outer film of a hard, non-tacky
      material such as polyethylene or the like. Again, the obvious shortcomings
      are apparent because such procedure would involve expensive processing
      steps and the compatibility or lack thereof of the coating film with the
      rubber compound would add another variable to subsequent processing
      operations.
PAR  A known prior art liquid anti-tack composition which utilizes bentonite
      clay is disclosed in U.S. Pat. No. 3,765,911 which issued on Oct. 16, 1973
      to Knowles et al. The Knowles et al. composition is described as
      necessarily including a strong gelling grade of bentonite as opposed to
      ordinary or non-gelling grades of this material. Moreover, the Knowles et
      al. compositions also necessarily include either a water soluble salt of
      an alkyl ether sulfate or a water soluble salt of an alkyl alcohol
      sulfate. In each of the specific compositions described in the Knowles et
      al. disclosure, the quantity of soap is much greater than the overall
      quantity of bentonite. In particular, the utility of the Knowles et al.
      compositions is extremely limited because of this necessity for inclusion
      of a strong gelling grade of bentonite coupled with a large proportion of
      soap with respect to the amount of bentonite present and this latter
      factor contributes to the necessity for using slurries containing
      relatively low concentrations of the bentonite component. Even in Example
      V of Knowles et al., the total amount of clay in the slurry amounts to
      only approximately 6.6 times the amount of pale oleine oil saponified to
      produce the soap component. Moreover, the composition exemplified in
      Example V of the Knowles et al. disclosure also includes large relative
      quantities of sodium/ether sulfate (anhydrous) and sodium nitrite. al. the
      exact basis for the inclusion of these latter two components is not
      particularly clarified in the Knowles et al disclosure, it seems
      reasonable to assume that they were included for the purpose of providing
      a composition having operable physical properties.
PAR  It is also to be noted that the compositions exemplified by Knowles et al.
      are described as being in a concentrate form and substantial dilution with
      water is intended. At column 6, line 26, Knowles et al. suggest a 10-fold
      dilution as resulting in loss of stability of the colloidial dispersion;
      however, there is no disclosure at all with respect to exactly how much
      dilution is permissible. Accordingly, there really is no way to tell from
      the Knowles et al. disclosure just how much clay is intended in the
      composition as the same is applied to articles to be detackified.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the concepts and principles of the present invention,
      the various shortcomings and difficulties experienced in utilizing prior
      art processes and compositions are substantially overcome through the use
      of a liquid composition for coating and thereby detackifying solid
      articles of uncured elastomeric material initially having tacky surface
      characteristics. The basic composition comprises an aqueous slurry
      consisting essentially of: (1) a substantial proportion of finely divided
      particles of a kaolin clay; (2) a sufficient amount of a water-soluble
      soap to provide bridging and tieing between the charge sites on the kaolin
      particles and the tacky surfaces of the uncured articles to thereby adhere
      a layer of kaolin particles to the tacky surfaces; and (3) a sufficient
      amount of water to disperse the clay particles. In a slightly narrower
      sense, it is the intent of the invention to provide a concentrated
      composition which is dilutable with water to present a coating for
      detackifying solid articles of uncured elastomeric materials initially
      having a tacky surface characteristics as outlined above. In this aspect
      of the invention, the original concentrated composition contains 50-75% by
      weight of the kaolin clay. In any event, the composition actually used for
      coating and detackifying solid articles of uncured elastomeric materials
      preferably contains at least about 5 weight percent of a kaolin clay.
PAR  In its more specific aspects, the invention contemplates the use of a soap
      selected from the group consisting of alkali metal salts, alkaline earth
      metal salts and amine salts of organic carboxylic acids having at least
      six carbon atoms, and mixtures thereof. Moreover, the preferred kaolin
      clay is kaolinite.
PAR  Preferably the weight ratio of clay particles to soap in accordance with
      the present invention should be in the range of from 10:1 to 150:1.
      Moreover, the preferred soap is derived from a fatty acid component having
      a titer in the range of from about 40.degree.-50.degree. C and even more
      particularly, the preferred soap basically comprises a saponified tallow
      component. A soap designated Saratoga soap, which is specifically
      described hereinbelow, is the particularly preferred material for use as
      the soap component which should preferably be present in the concentrated
      slurry in an amount ranging from approximately 0.5 to 5.0 weight percent.
PAR  In commercial applications, it is often desirable to include, in the
      concentrated compositions provided by the present invention, a sufficient
      amount of a dispersing and viscosity improving component to maintain the
      clay particles in suspension and maintain the viscosity of the slurry at a
      workable level. In this connection, in concentrated compositions which
      contain approximately 61-70% by weight of the kaolin clay component, a
      viscosity of approximately 3200-3900 cps. as measured with a Brookfield
      No. 4 spindle at 50 rpm and a specific gravity of approximately 1.5 to
      1.56 have been found to be operable, although the principal criteria is
      only that the concentrated material be pourable from the bung hole of a
      conventional shipping drum.
PAR  In accordance with the invention summarized above, it has been hypothesized
      and is presently believed that the soap acts as a bridging and tieing
      component for adhering the clay particles to the surfaces of the uncured
      articles of rubber or other elastomeric material. It has been found that
      the mere contacting of uncured tacky articles with dry clay particles
      results in extremely uneven coatings including bare spots and the clay
      particles are so lightly adhered to the tacky articles that severe dusting
      problems are encountered. The soap component, however, apparently is
      capable of adhering to the tacky surfaces of the uncured articles and
      attracting the charge sites of the kaolin clay whereby the soap operates
      to present a bridge between the surfaces of the uncured articles and the
      clay particles and the latter are thereby tied to the surfaces of the
      uncured articles strongly enough to cause a layer of the clay particles to
      adhere to the tacky surfaces and dusting is prevented.
PAR  In making the present invention, it was totally unexpected that kaolin
      clays would apparently possess a vastly lesser number of charge sites than
      bentonite clay whereby much less soap is necessary to bind the kaolin clay
      to the surfaces of the uncured articles than is required for binding
      bentonite clay to such surfaces. This provides the secondary unexpected
      result that the lower soap concentrations possible in kaolin clay
      slurries, permit the utilization of greater clay concentrations in
      commercial concentrated slurries than is possible where bentonite clay and
      the necessarily greater quantities of soap are utilized. Accordingly,
      commercial concentrated slurries containing as much 75% by weight kaolin
      clay particles have been found practical.
PAR  Still another factor to be considered in connection with the compositions
      of the present invention as compared to the slurries of Knowles et al.
      discussed above, is that it has not been found necessary to include a
      synthetic detergent such as a water soluble salt of an alkyl ether sulfate
      or a water soluble salt of an alkyl alcohol sulfate to produce an operable
      composition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, a liquid composition for coating
      and thereby detackifying solid articles of uncured elastomeric materials
      unitially having tacky surface characteristics is provided. The
      composition comprises an aqueous slurry which consists essentially of a
      substantial proportion of finely divided particles of a kaolin clay, a
      sufficient amount of a water-soluble soap to provide bridging and tieing
      between the charge sites on the kaolin particles and the tacky surfaces of
      the uncured articles to thereby adhere a layer of kaolin particles to the
      tacky surfaces, and a sufficient amount of water to disperse the clay
      particles. In a more commercial form, the invention is directed to a
      concentrated composition which is dilutable with water to present such a
      coating for detackifying solid articles of uncured elastomeric materials
      having tacky surface characteristics. This concentrated composition
      generally comprises an aqueous slurry containing 50-75% by weight of the
      kaolin clay. In its more preferred form, the concentrate of the present
      invention contains 61-70% clay. The concentrated slurries are dilutable
      with water and in actual practice slurries with clay concentrations as low
      as about 5% by weight may be utilized for coating and thereby detackifying
      solid articles of uncured elastomeric materials which initially have tacky
      surface properties.
PAR  While all kaolin clays are useable in connection with the present
      invention, kaolinite is the preferred kaolin clay. Kaolinite is a hydrated
      aluminum silicate with an ideal structural formula of (OH).sub.8 Al.sub.4
      Si.sub.4 O.sub.10 and a composition of 46.5% SiO.sub.2 ; 39.5% Al.sub.2
      O.sub.3 ; and 14% H.sub.2 O. Kaolinite is classified as a layer silicate
      material. The basic structural units in layer silicates are silica sheets
      and alumina sheets. In kaolinite, these two sheets are combined with a
      layer of silica tetrahedral units joined with a layer of aluminum
      octahedral units, both sheets sharing a common layer of oxygen atoms and
      hydroxyl groups. Kaolinite, because of its unique properties, is the
      preferred kaolin material for use in the present invention; however, other
      minerals in the kaolin group which operate similarly to kaolinite are
      nacrite, dickite and halloysite.
PAR  Per contra, montmorillonite (or bentonite) is a hydrated sodium, calcium,
      iron, magnesium aluminum silicate. This mineral is also a layer silicate
      but the basic layer is comprised of three sheets; an alumina octahedral
      sheet joined on both sides with a silica tetrahedral sheet.
      Montmorillonite is classed as a three layer mineral. Other three layer
      clay minerals include smectite, nontronite, saponite, hectorite, illite,
      and vermiculite. Other clay minerals which are classed as layer silicates
      generally are chlorite, sepiolite, attapulgite, palygorskite, talc, and
      pyrophyllite.
PAR  Kaolinite has several distinctive physical chemical properties which make
      it an extremely important industrial mineral. It is white or near white in
      color, very fine in particle size, plate shaped, soft (hardness of a
      fingernail) and non-abrasive. Kaolinite is also relatively chemically
      inert between a pH of 4 and 10 and has a relatively low viscosity at high
      solids content when dispersed in water. Kaolinite is hydrophilic and
      easily dispersed in water and with the aid of a small amount of a
      dispersing agent, such as sodium polyphosphate, kaolinite can be dispersed
      in water to form a slurry containing more than 70% solids which will flow
      like milk. Without the dispersing agent, floculation may occur because the
      edge of the kaolin layer has a positive charge and the surface of the
      sheet has a negative charge. Accordingly, the edge of one particle is
      attracted to the sheet surface of another particle and a house of cards
      type of flocculation occurs, presenting a high viscosity slurry.
PAR  Bentonite, on the other hand, can be tan, brown, buff, gray or white in
      color. It is exceedingly fine in particle size and swells in volume when
      placed in water because it absorbs water between the layers of one sheet
      and the layers of another. The charges on the edge are positive and those
      on the surface are negative. Cations such as sodium and calcium are
      attracted and held on the layer surface. Bentonite can be dispersed in
      slurries containing very low solids content (maximum approximately 10%)
      because the same is extremely viscous and has thixotropic qualities.
      Because of this high viscosity and such thixotropic properties, bentonite
      is often used as a gellant in many applications. Accordingly, it can be
      seen that kaolinite and bentonite are extremely different in their
      properties and have very different industrial uses.
PAR  In any event, the primary and critical difference between kaolin clays and
      bentonite for purposes of the present invention is that the latter
      features a greater surface charge and a vastly greater number of charge
      sites on its surface than do kaolin clays and this feature leads to the
      unexpected result that kaolin clays can be adhered to uncured tacky
      surfaces with a vastly lesser quantity of soap than can bentonite or the
      like.
PAR  Several different kaolin materials have been tested in connection with the
      present invention; and each has provided good results. However, the most
      preferred clay composition is WP grade kaolin slurry produced by
      Georgia-Kaolin Company. This material comprises an aqueous slurry
      containing approximately 70% kaolinite clay solids and the viscosity is
      low due to the incorporation therein of about 0.3% by weight of sodium
      polyphosphate. The kaolinite clay particles in the slurry have a GE
      brightness at 457 millimicrons of 84-85%, an oil absorption of 37-41%, a
      surface area of about 10 square meters per gram, a dry bulk density of
      22.66 pounds per gallon, and a particle size distribution of 85% less than
      5 microns, 60% less than 2 microns and 40% less than 1 micron. The average
      particle diameter of the kaolinite clay in the WP grade slurry is about
      1.4 microns.
PAR  Another clay material which has been found to be highly useful in
      connection with the present invention is a kaolinite clay designated
      Hydrite R by the manufacturer, Georgia-Kaolin Company. This clay is
      composed of hydrated aluminum silicates, and has a mean particle size of
      0.77 microns, an oil absorption of 41% and a bulk density of 21.66 pounds
      per dry gallon. Yet another specific clay product which has been found to
      be operable is a clay designated SAF clay which is also sold and
      manufactured by Georgia-Kaolin Company. SAF clay is hydrated aluminum
      silicate kaolinite clay which in its dry form is identical to the clay
      utilized in the production of the WP clay slurry discussed above except
      that the SAF clay is dry and does not contain a polyphosphate dispersant.
      Thus, SAF clay has a larger particle size and presents a denser product
      than the Hydrite R discussed above.
PAR  With respect to the soap component of the present invention, this material
      must be a water-soluble soap and must be present in the slurry in
      sufficient amount to provide bridging and tieing between the charge sites
      on the kaolin clay particles and the tacky surfaces of the uncured
      articles to thereby adhere the layer of the kaolin clay particles to the
      tacky surfaces. In a broad sense, the soaps may comprise any alkali metal,
      alkaline earth metal or amine salt of an organic carboxylic acid having a
      molecule which contains at least 6 carbon atoms. The basic molecule may be
      saturated or unsaturated and may also contain other active groups such as
      hydroxyls. The soap itself does not necessarily have to be pure but may
      comprise a blend of various fatty acid soaps particularly to provide a
      desired titer and other such characteristics. As is the case in many
      industrial products which must be purchased from an outside source, the
      product may generally contain defoamers, dyes, perfumes, and/or synthetic
      surfactants without substantially altering the principal characteristics
      thereof.
PAR  Generally speaking, both high and medium titer soaps are operable in
      connection with the present invention. In this regard, titer is defined as
      the melting point of the fatty acid which is saponified to produce the
      soap in question and high titer soaps are those wherein the precursor
      fatty acid has a melting point of at least 30.degree. C. The upper limit
      of the titer is not critical so long as the soap produced is substantially
      water soluble. Medium titer soaps are those wherein the precursor fatty
      acids have a melting point of at least -15.degree. C or so and less than
      30.degree.C. The generally preferred soap for use in connection with the
      present invention is a soap designated Saratoga soap by its manufacturer,
      Proctor & Gamble Company. Saratoga soap is defined as an 88% high-titer
      tallow soap having a titer of approximately 42.degree. C. This soap
      contains high percentages of saturated fatty acids such as stearic acid,
      palmitic acid and myristic acid and low percentages of unsaturated fatty
      acids such as oleic acid, linoleic acid, palmitoleic and myristoleic acid.
      This soap may also contain certain impurities such as moisture, sodium
      sulfate and sodium carbonate. Generally speaking, soaps produced by
      saponifying tallow-derived fatty acids are broadly useful in connection
      with the present invention and saponified mixtures of stearic and palmitic
      fatty acids having a titer of about 53.degree.-54.degree. C have also been
      found to have particular utility in connection with the present invention.
PAR  In summation, and not by way of limitation of any of the factors discussed
      above, the soap constituent may be produced by saponification of any
      convenient vegetable oil, animal fat or animal oil. These soaps may be
      produced during the preparation of the compositions themselves by
      saponification of a corresponding fatty acid or glyceride oil component
      present as an initial ingredient. By way of example, a number of operable
      fatty acids are disclosed by Louis F. Fieser and Mary Fieser, ORGANIC
      CHEMISTRY, 3rod Edition (1956) pp. 400, 401, Reinhold Publishing
      Corporation, New York, N.Y.
PAR  As mentioned above, the operable soaps include the alkali metal salts,
      alkaline earth metal salts and amine salts of appropriate fatty acids. In
      this connection, such salt can be produced, for example, by reacting the
      corresponding fatty acid with a base such as potassium hydroxide, sodium
      hydroxide, triethanolamine, diethanolamine, monoethanolamine and ammonia.
PAR  As has been set forth above, the preferred soap for use in connection with
      the present invention is Saratoga soap, a high titer soap described above.
      It has also been mentioned above that medium titer soaps are also operable
      and in this connection a soap designated Non-Pareil soap also manufactured
      by Proctor & Gamble is useful in connection with the present invention.
      The primary difference between the high titer soaps and the medium titer
      soaps is that the former perform well at higher temperatures in the order
      of 140.degree.- 160.degree. F; however, sometimes at room temperatures the
      same fail to provide adequate leveling and bonding of the kaolin to the
      rubber. This may result in sticking and excessive dusting. Using a lower
      titer soap often serves to overcome such problems.
PAR  In accordance with the preferred form of the present invention, the weight
      ratio of clay particles to soap in the anti-stick compositions should be
      within the range of from 10:1 to 150:1. That is, the slurry should contain
      at least 10 times as much clay by weight as soap and operable compositions
      result even when the composition includes as much as 150 times as much
      clay by weight as soap.
PAR  One of the primary and principal advantages obtained through the use of the
      present invention is that in accordance therewith a concentrated
      composition can be prepared which is dilutable with water to present a
      coating for detackifying solid articles of uncured elastomeric materials
      initially having tacky surface characteristics. The concentrated
      compositions produced in accordance with the invention are capable of
      containing from about 50 to about 75% by weight of the finely divided
      particles of kaolin clay. More specifically, preferred commercial
      compositions contain from about 61 to about 70% by weight clay particles.
      In addition to the essential ingredients of the water-soluble soap and the
      kaolin clay particles, the concentrated composition may also include a
      sufficient amount of a dispersing and viscosity improving component to
      maintain the clay particles in suspension and maintain the viscosity of
      the slurry at a workable level, such that shipping expenses are minimized
      and the concentrated material is pourable from conventional shipping
      containers.
PAR  The preferred clay material fur use in connection with the present
      invention is WP grade kaolin slurry which is described above and consists
      of an aqueous slurry containing approximately 70% solids and 0.3% by
      weight sodium polyphosphate. This slurry is preferably mixed with an
      appropriate amount of Saratoga soap and hot water whereby the dispersion
      of kaolin particles is improved. The reason for this apparently is that
      the soap molecule with its inherent polarity is attracted to the charge
      sites on the kaolin particles that are not satisfied by the dispersing
      agent. This further counteracts any attraction between the kaolin
      particles whereby the dispersion itself is improved.
PAR  In its particularly and specifically preferred form, the concentrated
      composition of the present invention has the following formula:
TBL                TABLE I                                                     

     ______________________________________                                    

     Component         Weight Percent                                          

     ______________________________________                                    

     Water             7.08                                                    

     Saratoga soap     1.37                                                    

     Sodium sulfate    0.75                                                    

     WP clay slurry    90.80                                                   

     Total             100.00                                                  

     ______________________________________                                    

PAL  This formulation is produced by dissolving the Saratoga soap and the sodium
      sulfate in the water at a temperature of about 200.degree.F. Equivalent
      quantities of the aqueous solution of soap and sodium sulfate and of the
      WP clay slurry are then metered into a mixing tank in such a manner that
      the ratio of ingredients in the mixing tank remains relatively constant.
      Mixing is accomplished in the mixing tank followed by pouring the
      resultant composition into drums. Manifestly, it would be obvious to one
      of ordinary skill in the art that the method of mixing could easily be
      automated thereby eliminating the need of a mixing tank by utilizing
      metering devices and in-line, high shear mixing equipment. It is pointed
      out particularly in connection with the foregoing formulation that the WP
      clay slurry contains too much polyphosphate to produce appropriate
      physical characteristics and accordingly it is desirable to incorporate
      the sodium sulfate into the formulation as a thickener for the purpose of
      increasing the viscosity and thixotropy of the concentrated composition.
      Other thickeners such as potassium sulfate, sodium carbonate, potassium
      carbonate or other sulfates or carbonates could also be used and it is
      pointed out that the routineer in this art should have no difficulty in
      selecting an appropriate thickener if the overall viscosity or thixotropy
      of the concentrated solution provides inappropriate handling
      characteristics.
PAR  Of course it should be appreciated that the composition set forth above is
      in a concentrated form and should preferably be diluted with water. In
      this connection, the slurry can be diluted such that a slurry having a
      solids content of 5% by weight is achieved and such dilute slurries have
      been found to be fully operable. However, preferably the slurry is diluted
      on the basis of about 7 to 1 by volume, that is, by adding 7 volumes of
      water to each volume of the slurry. This diluted composition may then be
      aplied to solid articles of uncured elastomeric materials initially having
      tacky surface characteristics for the purpose of coating and thereby
      detackifying the articles. The composition may be applied to the materials
      being treated by any customary liquid application process such as dipping,
      spraying or brushing, for example, this being followed by drying, to
      produce a coherent durable non-adhesive film. In conventional rubber
      pellet manufacturing equipment, the pellets are manufactured and ejected
      from the pellet making machinery in uncured form and a stream of the
      diluted composition may be aimed directly onto the stream of pellets as
      the latter are ejected from the pellet manufacturing equipment. These
      coated pellets may then be placed in a shaker while heat is applied for
      the purpose of drying the slurry composition thereon.
PAR  When the diluted aqueous slurry containing soap, kaolin clay particles,
      polyphosphate and sodium sulfate is sprayed onto the rubber pellets, the
      soap molecules actually act as a bridge between the kaolin particles and
      the rubber surface which tie the clay particles to the tacky surface. This
      phenomena causes the kaolin particles to coat or plate out on the tacky
      uncured rubber surfaces very efficiently and this in turn prevents
      sticking. Moreover, the attraction of the soap and the kaolin particles to
      the rubber is sufficiently strong to prevent substantial dusting. This
      result, as was set forth above, was entirely unexpected. The charge sites
      on the kaolinite apparently have a geometrical configuration which fits
      the geometrical configuration of the soap molecules whereby a very small
      quantity of soap is operable to adhere a relatively large quantity of
      kaolin particles to the uncured rubber particles. On the other hand,
      bentonite has a much higher charge and more numerous charge sites on its
      surface whereby a great deal more soap is required for adhering bentonite
      to the surface of uncured rubber particles. Accordingly, in accordance
      with the present invention, a slurry containing a relatively small amount
      of soap and a relatively large amount of kaolin particles presents an
      efficient coating for preventing sticking of the uncured articles and
      which is substantially dust free both during application and after drying.
PAR  Another operable formulation is produced utilizing an initially dry
      powdered kaolin clay material. In this instance the complete formula is as
      follows:
TBL                TABLE II                                                    

     ______________________________________                                    

     Component         Percent By Weight                                       

     ______________________________________                                    

     Water             39.07                                                   

     Saratoga Soap     1.37                                                    

     Darvan No. 1      0.95                                                    

     SAF clay          58.61                                                   

     Total             100.00                                                  

     ______________________________________                                    

PAL  In this Example, hot water at 200.degree.F is utilized and the soap and the
      Darvan No. 1 are dissolved therein. Darvan No. 1 is a material produced by
      R. T. Vanderbilt Company which consists of sodium salts of polymerized
      alkyl naphthalene sulfonic acids. This material serves a dual function in
      the formula by reducing the viscosity of the product and serving as a
      dispersing aid for maintaining the clay particles in suspension. Another
      similar and generally equivalent material is designated Tamol SN, a
      product of Rohm and Haas Company.
PAR  After the Saratoga soap and the Darvan No. 1 are dissolved in the hot
      water, the clay is mixed therein using a large mixing tank and a high
      speed mixer. The greatest difficulty in connection with the preparation of
      this formula is that the handling of powdered clay in bags or in a bulk
      system is required and therefore dusting is a problem and mixing time is
      greater than when a pre-mixed slurry is used. However, the concentrated
      composition produced is fully acceptable and in commercial application
      works identically with the formula described above wherein the WP clay
      slurry was utilized. In this connection it is pointed out again that the
      SAF clay is the same clay which is utilized in the WP clay slurry, the
      only difference being the inclusion of a sufficient amount of water to
      slurrify the clay and the inclusion of 0.3% sodium polyphosphate to reduce
      the viscosity.
PAR  It is mentioned once again that while each of the above formulations
      includes preformed Saratoga soap, it is entirely possible within the broad
      concepts of the present invention to produce the soap by saponifying an
      appropriate fatty acid component. This of course merely adds an additional
      process step which should be well within the capabilities of one of
      ordinary skill in the art to which the present invention pertains.
      Typically, such saponification merely requires neutralization of the fatty
      acid in an aqueous medium by adding an appropriate base such as an alkali
      metal hydroxide or an amine.
PAR  When powdered clays are used, in addition to the dusting and handling
      problems, it is also generally necessary to add a small amount of a
      dispersant such as sodium polyphosphate or the like to increase the total
      amount of clay which can be maintained in dispersion.
PAR  In addition to the foregoing, there are several other additives which could
      be introduced into the product for specific purposes. Included among these
      are rust inhibitors such as sodium nitrite, ammonia, morpholine,
      triethanolamine, cyclohexylamine, dicyclohexylamine, silicates, chromates,
      phosphate-esters, and/or alkanol amides. Bactericides such as phenolics
      may also be added to prevent bacterial attack of the soaps. Defoamers such
      as silicone and non-silicone defoamers could be added to reduce or
      completely eliminate foam formation. Moreover, wetting agents such as
      ethoxylated alkylphenols, ethoxylated linear alcohols, ethoxylated fatty
      acids, alkylaryl sulfonates, phosphate esters, alkyl ether sulfates and
      the like may be utilized to provide a more even coating over the rubber
      surfaces.
PAR  One of the primary considerations for any composition to be used for
      coating and thereby detackifying solid articles of uncured elastomeric
      materials initially having tacky surface characteristics, is that the
      surface coating itself be compatible with the final product to be
      produced. In the present instance, it has unexpectedly been found that not
      only are the components of the composition of the present invention
      completely compatible with rubber articles to be produced from uncured
      rubber pellets, but the same actually operate to increase the adhesion of
      rubber to steel cords of the type utilized in the production of automobile
      tires.
PAR  The specific advantages obtained through the use of the present invention,
      in its preferred form, is that the handling of dry clays is avoided
      whereby there is no danger of dusting either during mixing or after the
      rubber pellets have been coated and dried. Further, the even coating of
      kaolin clay provided substantially completely eliminates the sticking of
      the rubber pellets to one another. Moreover, the coating of clay sticks to
      the rubber pellets tenaciously and the danger of flaking off is
      substantially eliminated. The coating compositions of the present
      invention are extremely stable whereby substantial settling during
      shipment does not occur and neither does sludging in operation equipment
      such as circulating tanks. The composition is compatible with rubber and
      does not interfere with subsequent operations such as molding, forming or
      bonding and it has been found that when the coated articles are subjected
      to heating and curing the coating is totally absorbed into the finished
      article without substantially altering the properties of the latter.
PAR  The solids contents of the concentrated composition is preferably within
      the range of 61-70% by weight whereby shipping costs are reduced and yet
      the same are still fully pourable from the bung holes of conventional
      shipment drums. Moreover, the concentrated compositions can be diluted to
      an extent such that the diluted composition contains only 5% solids while
      remaining fully operable. The coating compositions of the present
      invention have been found to be particularly useful in connection with
      rubber stocks containing a high percentage of oil and also in connection
      with 100% crude rubber stock.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid composition for coating and thereby detackifying solid articles
      of uncured elastomeric materials initially having tacky surface
      characteristics, said composition comprising an aqueous slurry consisting
      essentially of:
PA1  a substantial proportion of finely divided particles of a kaolin clay;
PA1  a sufficient amount of a water-soluble soap to provide bridging and tieing
      between the charge sites on the kaolin particles and the tacky surfaces of
      the uncured articles to thereby adhere a layer of kaolin particles to the
      tacky surfaces; and
PA1  a sufficient amount of water to disperse said clay particles.
NUM  2.
PAR  2. A composition as set forth in claim 1 wherein said soap is selected from
      the group consisting of alkali metal salts, alkaline earth metal salts and
      amine salts of organic carboxylic acids having at least six carbon atoms
      and mixtures thereof.
NUM  3.
PAR  3. A composition as set forth in claim 1 wherein said kaolin clay is
      selected from the group consisting of kaolinite, nacrite, dickite and
      halloysite.
NUM  4.
PAR  4. A composition as set forth in claim 1 wherein the weight ratio of clay
      particles to soap in said slurry ranges from 10:1 to 150:1.
NUM  5.
PAR  5. A composition as set forth in claim 2 wherein said soap basically
      comprises a saponified tallow component.
NUM  6.
PAR  6. A composition as set forth in claim 2 wherein said soap is an 88%
      high-titer tallow soap having a titer of approximately 42.degree.C.
NUM  7.
PAR  7. A composition as set forth in claim 3 wherein said clay is kaolinite.
NUM  8.
PAR  8. A composition as set forth in claim 6 wherein said clay is kaolinite.
NUM  9.
PAR  9. A composition as set forth in claim 8 wherein the weight ratio of clay
      particles to soap in said slurry ranges from 10:1 to 150:1.
NUM  10.
PAR  10. A composition as set forth in claim 9 wherein said slurry includes at
      least about 5 weight percent of said kaolinite.
NUM  11.
PAR  11. A concentrated composition dilutable with water to present a coating
      for detackifying solid articles of uncured elastomeric materials initially
      having tacky surface characteristics, said composition comprising an
      aqueous slurry containing:
PA1  50 to 75 percent by weight of finely divided particles of kaolin clay;
PA1  a sufficient amount of a water-soluble soap to provide bridging and tieing
      between the charge sites on the kaolin particles and the tacky surfaces of
      the uncured particles to thereby adhere a layer of kaolin particles to the
      tacky surfaces; and
PA1  a sufficient amount of water to make-up the remainder of the composition.
NUM  12.
PAR  12. A concentrated composition as set forth in claim 11 wherein said
      composition includes a sufficient amount of a dispersing and viscosity
      improving component to maintain said clay particles in suspension and
      maintain the viscosity of the slurry at a workable level.
NUM  13.
PAR  13. A composition as set forth in claim 12 wherein said slurry contains
      approximately 61 to 70 percent by weight of said clay and has a specific
      gravity of approximately 1.5 to 1.56.
NUM  14.
PAR  14. A composition as set forth in claim 11, wherein said aqueous slurry
      contains approximately 0.5 to 5.0 weight percent of said soap and
      approximately 20 to 49.5 weight percent water.
NUM  15.
PAR  15. A composition as set forth in claim 11 wherein said soap is selected
      from the group consisting of alkali metal salts, alkaline earth metal
      salts and amine salts of organic carboxylic acids having at least six
      carbon atoms and mixtures thereof.
NUM  16.
PAR  16. A composition as set forth in claim 11 wherein said kaolin clay is
      selected from the group consisting of kaolinite, nacrite, dickite and
      halloysite.
NUM  17.
PAR  17. A composition as set forth in claim 11 wherein the weight ratio of clay
      particles to soap in said slurry ranges from 10:1 to 150:1.
NUM  18.
PAR  18. A composition as set forth in claim 16 wherein said clay is kaolinite.
NUM  19.
PAR  19. A composition as set forth in claim 2 wherein said soap is derived from
      a fatty acid component having a titer of at least -15.degree.C.
NUM  20.
PAR  20. A composition as set forth in claim 19 wherein said soap is derived
      from a fatty acid component having a titer in the range of from about
      40.degree. to 55.degree.C.
NUM  21.
PAR  21. A composition as set forth in claim 15 wherein said soap is derived
      from a fatty acid component having a titer of at least -15.degree.C.
NUM  22.
PAR  22. A composition as set forth in claim 21 wherein said soap is derived
      from a fatty acid component having a titer in the range of from about
      40.degree. to 55.degree.C.
NUM  23.
PAR  23. A composition as set forth in claim 21 wherein said soap basically
      comprises a saponified tallow component.
NUM  24.
PAR  24. A composition as set forth in claim 21 wherein said soap is an 88%
      high-titer tallow soap having a titer of approximately 42.degree.C.
NUM  25.
PAR  25. A composition as set forth in claim 24 wherein said clay is kaolinite.
NUM  26.
PAR  26. A composition as set forth in claim 25 wherein the weight ratio of clay
      particles to soap in said slurry ranges from 10:1 to 150:1.
NUM  27.
PAR  27. A concentrated composition as set forth in claim 26 wherein said
      composition includes a sufficient amount of a dispersing and viscosity
      improving component to maintain said clay particles in suspension and
      maintain the viscosity of the slurry at a workable level.
NUM  28.
PAR  28. A composition as set forth in claim 27 wherein said slurry contains
      approximately 61 to 70 percent by weight of said clay and has a specific
      gravity of approximately 1.5 to 1.56.
NUM  29.
PAR  29. A composition as set forth in claim 28 wherein said aqueous slurry
      contains approximately 0.5 to 5.0 weight percent of said soap and
      approximately 25 to 38.5 weight percent water.
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ABST
PAL  The invention disclosed relates to a method and composition for inhibiting
      corrosion in aqueous systems, the composition including a mixture of amine
      pyrophosphate, an organophosphonate, and a triazole. The composition
      provides a non-polluting corrosion inhibitive system which is especially
      useful in aqueous units constructed of ferrous and non-ferrous metals.
BSUM
PAR  This invention relates to a method and composition for inhibiting corrosion
      in aqueous systems constructed of ferrous or non-ferrous metals. The
      present composition, formed of a mixture of amine pyrophosphate,
      organophosphonate and triazole, is especially effective in preventing
      corrosion of metal surfaces in contact with aqueous systems, while at the
      same time being non-polluting.
PAR  Numberous compositions are known to the art for inhibiting corrosion in
      aqueous systems. A number of these prior art compositions are based on
      chromates, heavy metals and phosphates. The residues from such
      compositions frequently may not be discharged into receiving waters due to
      restrictions in the amount of toxicants allowed. It has now been found,
      however, that by practice of the present invention there is provided a new
      improved aqueous corrosion inhibiting composition and method which not
      only effectively inhibits corrosion but also is readily disposed of after
      use, since it is non-polluting in nature. The non-polluting character of
      the present composition results since the composition is free of
      chromates, heavy metals and contains practically negligible amounts of
      phosphate. In addition to excellent corrosion inhibition, the present
      composition is also effective in reducing scale and fouling on heat
      transfer surfaces.
PAR  Generally stated, the present invention provides a corrosion inhibiting
      composition consisting essentially of an amine pyrophosphate, an
      organophosphonate, and a triazole; which are disposed in corrosion
      inhibiting amounts in an aqueous system.
PAR  Amine pyrophosphates used in the present composition include aliphatic,
      aromatic, and heterocyclic amines which form watersoluble salts with
      pyrophosphoric acid.
PAR  Amines which may be reacted to form water-soluble pyrophosphate salts
      include aliphatic amines having from 2 to 10 carbon atoms. Primary,
      secondary and tertiary amines may be used. Specific examples of useful
      aliphatic amines include lower alkyl amines, di-lower alkyl amines, and
      tri-lower alkyl amines, wherein the length of the alkyl group ranges from
      2 to 10 carbon atoms.
PAR  Aromatic amines may also be reacted to form water-soluble salts useful
      herein. Examples of useful aromatic amines are aniline and substituted
      alkyl anilines where the alkyl-substituent ranges from 1 to 6 carbon
      atoms.
PAR  Heterocyclic amines may also be reacted to form water-soluble salts. Useful
      heterocyclic amines include pyrrole and substituted pyrroles, pyridine and
      substituted pyridine, etc.
PAR  Organophosphonates include alkylene polyphosphonic acids and/or mixtures
      thereof having one or more of the following formulae, A, B. or C:
      ##EQU1##
      wherein m is an integer from 1 to 10, R.sub.1 is hydrogen, or an alkyl
      group having from 1 to 4 carbons and R.sub.2 is hydroxyl, hydrogen, or an
      alkyl group having from 1 to 4 carbons, R.sub.3 is an alkyl group having 1
      to 10 carbons, benzyl of phenyl, R' is an alkylene radical having from 1
      to 10 carbons.
PAR  The preferred organo-phosphonic acid compound for use in the composition of
      this invention is an alkylene diphosphonic acid having the foregoing
      Formula A, such as those disclosed in U.S. Pat. Nos. 3,214,454 and
      3,297,578, the entire disclosure of which is incorporated herein by
      reference. Suitable acids of this type include methylenediphosphonic acid;
      ethylidenediphosphonic acid; isopropylidenediphosphonic acid; 1-hydroxy,
      ethylidenediphosphonic acid; trimethylenediphosphonic acid; 1-hydroxy,
      propylidenediphosphonic acid; 1,3-dihydroxy, 1,3-dipropyl,
      trimethylenediphosphonic acid; dihydroxy, diethyl, ethylenediphosphonic
      acid; butylidenediphosphonic acid; 1-aminoethane-1,1-diphosphonic aicd;
      1-aminopropane-1,1-diphosphonic acid; 1-aminobenzyl-1,1-diphosphonic acid;
      1,6-diaminohexane-1,1,6,6-tetramethylphosphonic acid and
      1-amino-2-phenylethane-1,1-diphosphonic acid. Water-soluble salts of these
      acids such as the alkali metal, alkaline earth metal, ammonium or amine
      and lower aklanol amine salts can be used. Use of mixtures of any of the
      general types of organophosphonic acid compounds described above is also
      contemplated within the scope of this invention.
PAR  The compositions of this invention also contain from 1 to 95 and preferably
      from 10 to 45 percent of a water-soluble triazole. The triazole may be any
      of a number of triazole moiety containing compounds. Examples of a useful
      triazole include benzotriazole; 1,2,3-triazole or derivative thereof
      having the formula:
      ##SPC1##
PAL  where R is H or an alkyl group of 1-4 carbon atoms, or an aromatic group or
      together form an aromatic or substituted aromatic ring. The preferred
      1,2,3-triazole is benzotriazole (sometimes known as 1,2,3-benzotriazole),
      i.e.,:
      ##SPC2##
PAL  other suitable water-soluble derivates include, for example,
      4-phenyl-1,2,3-triazole; 1,2,3-tolyltriazole, 4-methyl-1,2,3-triazole,
      4-ethyl-1,2,3-triazole, 5-methyl-1,2,3-triazole, 5-ethyl-1,2,3-triazole,
      5-propyl-1,2,3-triazole, and 5-butyl-1,2,3, triazole. Alkali metal or
      ammonium salts of 1,2,3-triazole or any of the above described derivatives
      thereof may also be used.
PAR  In the methods of this invention, corrosion is inhibited by maintaining in
      the aqueous fluid in contact with the metal surfaces to be protected an
      effective amount of the above described corrosion inhibiting composition.
      As will be apparent to those skilled in the art, the methods of this
      invention may also be practiced by separate introduction of the three
      essential corrosion inhibiting ingredients into the aqueous system in the
      following concentrations:
TBL               Concentration (in ppm)                                       

                    Typical       Preferred                                    

     Ingredient     Effective     Range                                        

     ______________________________________                                    

     Amine Pyrophosphate                                                       

                    about 0.5 to  About 3 to                                   

     or derivative  about 1,000   about 60                                     

     Organophosphonate                                                         

                    about 0.5     about 1 to                                   

                    to about 1,000                                             

                                  about 80                                     

     Triazole       about 0.5     about 1 to                                   

     or derivative  to about 200  about 60                                     

     ______________________________________                                    

PAR  The compositions of this invention are useful for treating a variety of
      aqueous systems, that is, any aqueous system corrosive to metal surfaces
      in contact therewith. Suitable systems which can be treated according to
      this invention include water treatment systems, cooling towers, water
      circulating systems, and the like wherein fresh water, brines, sea water,
      sewage effluents, industrial waste waters, and the like are circulated in
      contact with metal surfaces. These compositions are also useful in
      radiator coolers, hydraulic liquids, antifreezes, heat transfer mediums,
      and petroleum well treatments. The process of this invention is suitable
      for reducing the corrosion of iron, copper, aluminum, zinc and alloys
      containing these metals such as steel and other ferrous alloys, brass, and
      the like which are in contact with corrosive aqueous systems.
DETD
     The invention will be further understood from the following illustrative
      but non-limiting examples.
PAR  All concentrations are given herein as weight percent unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  Corrosion tests were conducted on test coupons exposed for ten days in a
      simulated cooling tower system which included a treatment feed system and
      a cooling water recirculation system. Circulating water containing total
      dissolved solids 2000 ppm; calcium 135 ppm; magnesium, 49 ppm;
      bicarbonate, 134 ppm; chloride, 600 ppm; and sulfate 600 ppm was used.
      During the test, the circulating water, with or without treatment,
      depending upon the test underway, was fed to the circulating test system
      at a rate of 5 gallons per day, the overflow from the test system being
      discharged to waste.
PAR  In the circulating system, water having a temperature of 130.degree. F
      (54.degree. C) and pH of 6.5 to 7 was fed at a rate of 1 gallon per minute
      to a coupon chamber containing test coupons for the corrosion test. Water
      from the coupon chamber was then passed through an arsenical-admiralty
      brass tube surrounded by a jacket through which a heating fluid having an
      initial temperature of 240.degree. Fahrenheit (116.degree. Centigrade) was
      counter-currently passed. The circulating water was then cooled to
      130.degree. F and recirculated through the system. Total time for each
      test was 10 days.
PAR  Mild (SAE 1010) steel, brass (33 weight percent zinc), copper, and aluminum
      coupons having an average area of 26.2 square centimeters were used in the
      test chamber. In preparation for corrosion testing, each coupon was
      sandblasted and brushed to remove loosely held sand particles. After
      brushing, the specimens were successively immersed in running tap water,
      in distilled water, then dipped into isopropyl alcohol, followed by a dip
      into benzol. Upon removal from the benzol, the specimens were air dried
      and stored over calcium chloride in a desiccator. Each coupon was weighed
      just before use. Following the corrosion test, each coupon was cleaned
      with inhibited acid, rinsed, dried and weighed to determine the corrosion
      rate in mils per year (hereinafter referred to as MPY).
PAR  The testing system was pretreated in each test by adding five times the
      normal dosage of the treatment being tested to the circulating water
      during the startup of the test. Based on the treatment feed rate of 5
      gallons per day, and the system volume of 2.9 gallons, pretreatment
      duration was about 14 hours for each corrosion test. In cooling water
      treatment, most methods of corrosion inhibition are based on forming a
      uniform impervious film that acts as a diffusion barrier to inhibit
      corrosion. The rate at which the protective film forms is determined
      largely by the concentration of the inhibitive composition. Since
      extensive corrosion data demonstrate the effectiveness of the pretreatment
      principle in decreasing initial corrosion rates, pretreatment procedure
      was followed in the tests.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Corrosion Measurements with Simulated Cooling Tower Unit                  

                           Corrosion Rate (MPY)                                

                           10 days, 130.degree.F pH 7-8.5                      

     Treatment             Steel                                               

                                Aluminum                                       

                                     Copper                                    

                                          Brass                                

     __________________________________________________________________________

     Blank                 19.2 21   2.6  2.9                                  

      *30 ppm dibutyl amine pyrophosphate +                                    

     **10 ppm hydroxyethylidene diphosphonic                                   

      acid + 5 ppm benzotriazole                                               

                           3.18 3.02 0.31 0.16                                 

      *30 ppm dibutyl amine pyrophosphate +                                    

     **10 ppm hydroxyethylidene diphosphonic                                   

      acid + 5 ppm benzotriazole                                               

                           3    3.1  0.27 0.15                                 

      *30 ppm dibutyl amine pyrophosphate +                                    

     **10 ppm hydroxy ethylidene diphosphonic                                  

      acid + 5 ppm benzotriazole                                               

                           3.2  3    0.3  0.17                                 

     __________________________________________________________________________

       *dibutyl amine pyrophosphate is 41.9% active                            

      **hydroxy ethylidene diphosphonic acid is 60% active                     

TBL                                    TABLE II                                

     __________________________________________________________________________

     Corrosion Measurements with Simulated Cooling Tower Unit                  

                          Corrosion Rate (MPY)                                 

                          10 days, 130.degree.F. pH 7-8.5                      

     Treatment            Steel                                                

                               Aluminum                                        

                                    Copper                                     

                                         Brass                                 

     __________________________________________________________________________

     10 ppm hydroxy ethylidene diphosphonic                                    

     acid                 19.2 20   2.6  2.5                                   

     5 ppm benzotriazole  13.0 9    0.41 0.48                                  

     30 ppm dibutyl amine pyrophosphate                                        

                          11   6    0.4  0.3                                   

     10 ppm hydroxy ethylidene diphosphonic                                    

     acid + 5 ppm benzotriazole                                                

                          13.9 9.05 0.41 0.48                                  

     10 ppm hydroxy ethylidene diphosphonic                                    

     acid + 30 ppm dibutyl amine pyrophos-                                     

     phate                10   4    0.3  0.27                                  

     30 ppm dibutyl amine pyrophosphate +                                      

     5 ppm benzotriazole  10   4    0.3  0.15                                  

     30 ppm dibutyl amine pyrophosphate +                                      

     10 ppm hydroxy ethylidene diphosphonic                                    

     acid + 5 ppm benzotriazole                                                

                          3    3.1  0.27 0.15                                  

     __________________________________________________________________________

TBL                TABLE III                                                   

     ______________________________________                                    

     Scale Deposit Measurement Using Heat                                      

     Exchange Tube on Simulated Cooling Tower Unit                             

                            Weight per 2 ft.                                   

     Treatment              Length (grams)                                     

     ______________________________________                                    

     Blank                  3.0                                                

     30 ppm dibutyl amine pyrophosphate +                                      

     10 ppm hydroxy ethylidene diphosphonic                                    

     acid + 5 ppm benzotriazole                                                

                            0.08                                               

     ______________________________________                                    

PAR  It will be seen from the above examples that dibutylamine pyrophosphate,
      hydroxy ethylidene diphosphonic acid and benzotriazole in the weight ratio
      of 2.6:1.2:1 will give complete protection for mild steel, brass, aluminum
      and copper (Table I). The inhibition property is found to be synergistic
      in nature (Table II). It not only reduces corrosion, but reduces scale and
      fouling on heat transfer tube surfaces (Table III).
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that many variations may be made therein without
      departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for inhibiting corrosion in aqueous systems, said
      compositions consisting essentially of watersoluble amine pyrophosphate,
      organophosphonate and triazole; wherein the amine pyrophosphate has from 2
      to 10 carbon atoms; wherein the organophosphonate has a formula of the
      group consisting of:
      ##EQU2##
      wherein m is an integer from 1 to 10; R.sub.1 is hydrogen, or alkyl group
      having from 1 to 4 carbons; R.sub.2 is hydroxyl, hydrogen or alkyl group
      having from 1 to 4 carbons; R.sub.3 is an alkyl group having 1 to 10
      carbons, benzyl or phenyl, and R' is an alkylene radical having from 1 to
      10 carbons; and water soluble salts of these acids; and wherein the
      triazole is a member of the group consisting of benzotriazole;
      1,2,3-triazole or derivative thereof having the formula:
      ##SPC3##
PAL  where R is H or an alkyl group of 1-4 carbon atoms, or an aromatic group,
      or together from an aromatic or substituted aromatic ring; and water
      soluble salts, and wherein the amine pyrophosphate is present in an amount
      from about 0.5 to about 1,000 ppm; the organophoshonate is about 0.5 to
      about 1,000 ppm; and the triazole is about 0.5 to about 200 ppm of water.
NUM  2.
PAR  2. The composition of claim 1 wherein the amine pyrophosphate is present in
      an amount from about 3 to about 60 ppm; the organophosphonate is about 1
      to about 80 ppm; and the triazole is about 1 to about 60 ppm.
NUM  3.
PAR  3. A composition for inhibiting corrosion according to claim 1 wherein the
      amine pyrophosphate is dibutylamine pyrophosphate, the organophosphonate
      is 1-hydroxyethylidene, 1,1-diphosphonic acid, and the traizole is
      benzotriazole.
NUM  4.
PAR  4. The method of claim 1 wherein the amine pyrophosphate is present in an
      amount from about 3 to about 60 ppm; the organophosphonate is about 1 to
      about 80 ppm; and the triazole is about 1 to about 60 ppm.
NUM  5.
PAR  5. A method for inhibiting corrosion in aqueous systems, said method
      comprising maintaining therein a corrosion inhibiting amount of the
      composition of claim 1.
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ABST
PAL  Alkaline earth-nickel phosphates having from about 61% to about 70%
      phosphate are superior catalysts for oxydehydrogenating alkyl aromatic
      compounds including nitrogen heterocyclics which have at least one C.sub.2
      -C.sub.6 alkyl side chain to form derivatives having side chain
      unsaturation. The alkyl aromatic compound can have 1-2 rings. The process
      is carried out at 450.degree.-650.degree.C. and a space velocity of
      55-2500.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain alkaline earth-nickel phosphates, such as calcium-nickel phosphate
      or strontium-nickel phosphate are good dehydrogenation catalysts for
      converting n-butenes to butadiene or for oxydehydrogenating lower
      aliphatic alkanes and alkenes to dienes. Although they also dehydrogenate
      alkyl aromatic hydrocarbons to their alkene aromatic derivatives, these
      catalysts are not as active for this purpose, as are the well known
      self-regenerative catalysts containing iron, zinc or magnesium oxides and
      potassium oxide or a potassium compound convertible to the oxide.
PAR  One of the shortcomings of the self-regenerative dehydrogenation catalysts
      for converting ethyl benzene to styrene is that under acceptable
      commercially operating conditions the conversion of the ethyl benzene is
      in the 35-40% range. Selectivity, however, is in the 85-95% range. The
      self-regenerative catalysts are not sufficiently selective in
      oxydehydrogenation systems to be useful commercially for converting alkyl
      benzenes to alkene derivatives in the presence of oxygen.
PAR  Therefore, an object of this invention is the provision of a superior
      catalyst for oxydehydrogenation of an alkyl aromatic compound. Another
      object is to provide a process for oxydehydrogenating alkyl aromatic
      compounds in which process superior conversions with high selectivities of
      the alkyl group to an alkene group are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns a novel catalyst and a method of oxydehydrogenating
      alkyl aromatic compounds having at least one C.sub.2 -C.sub.6 alkyl group;
      including nitrogen heterocyclics, and 1-2 rings in the aromatic moiety, to
      form derivatives having aliphatic unsaturation in the side chain. More
      particularly, the catalyst is an alkaline earth nickel-phosphate which has
      been impregnated with phosphate ions. The catalyst can also contain small
      amounts of chronium oxide. The method comprises passing a mixture of an
      oxygen containing gas and vapors of the alkyl aromatic compounds, with or
      without an inert diluent vapor, over the catalyst at a temperature of from
      about 450.degree.C. to about 650.degree.C., at a space velocity of from
      about 55 to about 2500.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A commercially available calcium nickel phosphate catalyst is made by the
      procedure described in U.S. Pat. No. 2,542,813. In general, the procedure
      comprises preparing an aqueous solution of calcium chloride, and nickel
      nitrate in a molar ratio of about 8 to 1, respectively, and about 9%
      excess H.sub.3 PO.sub.4. This solution is fed into a tank simultaneously
      with ammonia to control the pH at between 7.7 to 8.3. The precipitate
      which forms is separated washed and dried. The dried product is then
      crushed, mixed with a lubricant and if desired with about 1 to 5% chromium
      oxide. The mixture is then formed into pellets or classified by screening.
PAR  Strontium nickel phosphate and other alkaline earth metal-nickel phosphates
      can be prepared by following the above-described procedure or they can be
      prepared by procedures described in U.S. Pat. No. 3,541,172. In preparing
      the catalysts of this invention it is necessary to remove any lubricant
      from the alkaline earth-nickel phosphate before impregnating with
      phosphate ions.
PAR  The amount of phosphate on and in the alkaline earth metal phosphate can
      range from about 61% to about 70%. If the alkaline earth-nickel phosphate
      is immersed in a solution with a concentration of more than about 0.15
      mole per liter of phosphate or less than about 3.5 moles per liter, good
      results are obtained. When the concentration is below 0.15 molar
      phosphate, conversion and selectivity of the oxydehydrogenation reaction
      are comparatively low, and when the concentration is above 3.5 molar
      phosphate, conversion tends to decrease, but selectivity remains fairly
      high.
PAR  The molar ratio of oxygen to alkyl aromatic compound can range from about
      0.5 to about 4.0 moles of O.sub.2 per mole of alkyl aromatic compound, but
      a preferred range is from about 0.5 to about 1.5 and most preferred is a
      range of about 0.9 to about 1.1 moles O.sub.2 per mole of aromatic
      compound.
PAR  The oxygen can be pure oxygen, air, or air enriched with oxygen.
PAR  The space velocity (vol./vol./hr.) can range from about 55 to 2500, but a
      preferred range is from about 250 to about 1800. Most preferred is a range
      of from about 800 to about 1800.
PAR  Diluents when used can be the noble gases, nitrogen, carbon dioxide or
      steam. These can range from about 4-16 volumes per volume of alkyl
      aromatic compound, but preferably range from about 4 to about 11 volumes.
PAR  The pressure at which the reaction can be run ranges from 0.5 to about 5
      atmospheres, but it is preferable to operate at autogenous pressure which
      is generally the range of about 1 to about 2 atmospheres.
PAR  The reaction can be effected in a temperature range of from about
      450.degree.C. to about 650.degree.C., but a preferred range is from about
      500.degree.C. to about 575.degree.C.
PAR  Care should be exercized to avois explosive mixtures when feeding the alkyl
      aromatic compound and oxygen into the reactor.
PAR  The examples which follow are intended to illustrate, but not to limit the
      invention. All parts are by weight unless specifically indicated
      otherwise.
PAC  EXAMPLE 1
PAR  Pellets of a commercial grade of calcium-nickel phosphate containing
      graphite, but no chromates, were crushed and calcined in air at
      650.degree.C. for 9 hours to remove the graphite. An aqueous solution of
      2.2 molar NH.sub.4 H.sub.2 PO.sub.4 neutralized with ammonium hydroxide
      was added to 2 l. of 5-12 mesh particles of the calcium-nickel phosphate.
      After 15 minutes soaking the solids were separated, partially dried at
      room temperature and further dried at 110.degree.C. for 16 hours. The
      phosphate impregnated solids were then calcined in flowing air at
      gradually increasing temperatures up to 550.degree.C.
PAR  Unless otherwise indicated the reactor for this and subsequent examples was
      a high silica glass tube 16 mm I.D. and 42 cm. long, with an inlet for the
      compound to be dehydrogenated and another for a premixed feed of oxygen
      and an inert diluent. After loading the reactor with catalyst, coarse,
      high silica chips were placed above the catalyst layer to serve as a
      mixing and preheating area. The reactor was heated by placing it in an
      electric resistance furnace.
PAR  The reactor was loaded with 20 ml. of the phosphate impregnated
      calcium-nickel phosphate, and then high silica chips were loaded on top of
      the catalyst.
PAR  A feed of 51.6 ml. air, 22.5 ml. nitrogen per minute and 2.58 g. of ethyl
      benzene was passed through the catalyst bed which was held at
      535.degree.C. After three hours the conversion of ethyl benzene fed was
      77.2% and the selectivity to styrene was 89.5%. After 22 hours of
      continuous operation conversion was 69.2% and selectivity was 87.1%.
PAC  EXAMPLE 2
PAR  The catalyst for this run was prepared by soaking calcined calcium-nickel
      phosphate particles of 5-12 mesh size in a 1.5 molar aqueous phosphoric
      acid solution. The catalyst was then dried by the process described in
      Example 1.
PAR  For this run 60 ml. per minute of helium, 15 ml. per minute of O.sub.2 and
      3.2 g. per hour of ethyl benzene were passed over 20 ml. of the catalyst.
      After three hours at 536.degree.C. the conversion was 70% and selectivity
      to styrenes was 88.9%.
PAC  EXAMPLE 3
PAR  Strontium nickel phosphate particles, of 5-12 mesh size, were soaked in a
      14.7 weight percent solution of NH.sub.4 H.sub.2 PO.sub.4, followed by
      drying and calcining as described in Example 1.
PAR  Feed at a rate of 60 ml. per minute of helium, 15 ml. per minute of oxygen
      and 3.2 g. per hour of ethyl benzene was passed over 20 ml. of the
      catalyst at 531.degree.C. After 23 hours the conversion of ethyl benzene
      was 64.6% and selectivity to styrene was 88.3%.
PAC  EXAMPLE 4
PAR  One run was made with calcium-nickel phosphate containing about 2% chromium
      oxide and another with strontium-nickel phosphate containing about 2%
      chromium oxide. In each instance 5-12 mesh particles were soaked in a 14.7
      weight percent aqueous solution of NH.sub.4 H.sub.2 PO.sub.4, and dried
      and calcined at a temperature of 550.degree.C. The feed rate in each run
      was 63.2 ml. nitrogen per minute, 10.9 ml. oxygen per minute and 2.62 g.
      of ethyl benzene per hour. The feed in each instance was passed over 20
      ml. of catalyst at 535.degree.C. After 22 hours, the conversion with
      phosphated strontium-nickel phosphate was 69% and selectivity to styrene
      was 88%; with the phosphated calcium-nickel phosphate after 11 hours the
      conversion was 67.8% and selectivity 87%.
PAC  EXAMPLE 5
PAR  A series of catalysts was prepared using the procedure of Example 1 by
      soaking calcium-nickel phosphate in various molar concentrations of
      NH.sub.4 H.sub.2 PO.sub.4 neutralized with ammonia. In each instance 20
      ml. of catalyst was tested at 535.degree.C. The feed rates of air nitrogen
      and ethyl benzene were the same as those of Example 1. Results after 4
      hours are tabulated below.
TBL  ______________________________________                                    

     Molarity of                                                               

     PO.sub.4 In                                                               

               % Conversion      % Selectivity                                 

     Solution  E.B.       O.sub.2    To Styrene                                

     ______________________________________                                    

     3.48      63.3       91.9       89.4                                      

     2.17      66.7       94.0       89.1                                      

     .87       65.9       96.1       90.0                                      

     .44       66.8       96.9       89.4                                      

     .17       49.0       100        84.0                                      

     0         33.7       100        75.6                                      

     ______________________________________                                    

      E.B. = Ethyl Benzene                                                     

PAR  These data show that a minimum concentration of about 0.15 molar phosphate
      concentration in solution is needed to show a substantial improvement in
      conversion and selectivity as compared to the nonphosphated calcium-nickel
      phosphate. At about 3.5 mol phosphate concentration, conversion of ethyl
      benzene has passed its peak slightly, but good selectivity is retained.
PAC  EXAMPLE 6
PAR  A phosphated calcium-nickel phosphate prepared by the procedure of Example
      1, was used to convert ring chlorinated ethyl benzene to chlorostyrene. In
      this run air at 51.6 ml. per minute, nitrogen at 22.5 ml. per minute and
      chloroethyl benzene (a mixture of 67% ortho and 33% para isomers) at 3.2
      g. per hour were fed over 20 ml. of the catalyst at 540.degree.C. The
      conversion was 64.5% and selectivity to chlorostyrene was 81%.
PAC  EXAMPLE 7
PAR  A phosphated calcium-nickel phosphate prepared by the procedure of Example
      1, with the exception that graphite was removed by calcining at
      650.degree.C. in a stream of two parts air and 5.4 parts steam at a GHSV
      of 440 per hour. The calcium-nickel phosphate was phosphatized with
      NH.sub.4 H.sub.2 PO.sub.4 and thereafter heated to 550.degree.C. The
      reactor was loaded with 10 ml. (8.79 g.) of the catalyst. The feed rate to
      the reactor was 55 ml. air per minute and 4.8 g. of bromoethylbenzene (a
      mixture containing about 25% o-bromoethylbenzene and 75%
      p-bromoethylbenzene). The operation was cyclic in that an
      oxydehydrogenation period of two hours at 500.degree.C. was followed by a
      half hour decoking cycle. The conversion was 83.3% and selectivity to
      bromostyrene was 86.7%.
PAR  In a continuous run at 475.degree.C. using 20 cc of catalyst and feeding
      51.6 ml. of air per minute, 22.5 ml. nitrogen per minute and 4.78 g. of
      the bromoethylbenzene per hour, the conversion was 73.9% and selectivity
      to bromostyrene was 85% average from 6-12 hours on stream.
PAC  EXAMPLE 8
PAR  The reactor in this run was a 3/4inch I.D. stainless steel tube loaded with
      704 g. of a catalyst prepared as in Example 1.
PAR  The feed rate was 1.26 standard cubic feet per hour of ethylbenzene, 6.48
      SCHF air and 2.55 SCHF nitrogen to provide a GHSV of 420 hr. .sup.-.sup.1.
      The reaction temperature was 555.degree.C. The reaction was run for 40.5
      days without catalyst burnoff. After a total of 50 days on stream the
      conversion was 65% and selectivity to styrene was 84%.
PAC  EXAMPLE 9
PAR  The reactor described in Example 1 was loaded with 20 ml. (17.27 g.) of a
      catalyst prepared by the procedure of Example 1.
PAR  The feed rate in each case was about 24.8 mmoles per hour of hydrocarbon,
      and 28.4 mmoles of oxygen, with air as the oxygen source. The GHSV was 195
      hr. .sup.-.sup.1.
PAR  A variety of alkyl aromatic compounds were passed over the catalyst at
      various temperatures. Tabulated below are the results of these runs.
TBL  __________________________________________________________________________

     Alkyl Aromatic                                                            

                  Temp. %      %                                               

     In Feed      .degree.C.                                                   

                        Conversion                                             

                               Selectivity                                     

     __________________________________________________________________________

     m-diethylbenzene                                                          

                  500   53.4   59.9 m-vinyl ethyl-                             

                               benzene 14.5 divinyl                            

                               benzene                                         

     p,t-butylethylbenzene                                                     

                  500   52.1   77.8 p,t-butyl styrene                          

     o,p-ethyl toluene                                                         

                  500   36.4   67.7 o,p-vinyl toluene                          

     1 & 2 ethyl  500   51.4   82.7  1 and 2 vinyl                             

     naphthalene               naphthalene                                     

     2-ethyl pyridine                                                          

                  500   37.9   48.9 2-vinyl pyridine                           

     2-ethyl thiophene                                                         

                  464   78.8   79.5 2-vinyl thiophene                          

     3-ethyl phenol                                                            

                  458   57.7   64.4 3-vinyl phenol                             

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A catalyst consisting essentially of an alkaline earth metal-nickel
      phosphate containing from about 61 to about 70% phosphate.
NUM  2.
PAR  2. A catalyst of claim 1 in which the alkaline earth metal moiety is
      calcium.
NUM  3.
PAR  3. A catalyst of claim 1 in which the alkaline earth metal moiety is
      strontium.
NUM  4.
PAR  4. A method of preparing a catalyst having from about 61 to about 70%
      phosphate consisting essentially of impregnating an alkaline earth-nickel
      phosphate with an aqueous solution having a concentration from about 0.15
      to about 3.5 moles of phosphate per liter and thereafter drying the
      catalyt.
NUM  5.
PAR  5. The method of claim 4 is which the alkaline earth nickel phosphate is
      calcium-nickel phosphate.
NUM  6.
PAR  6. The method of claim 4 in which the alkaline earth metal phosphate is
      strontium nickel phosphate.
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ABST
PAL  A catalytic composite of from about 4 to about 30 wt. % Group VIB metal,
      from about 1 to about 10 wt. % Group VIII metal and a refractory inorganic
      oxide carrier material is manufactured by co-extruding a Group VIB metal
      compound, a Group VIII metal compound and a refractory inorganic oxide,
      the resulting extrudate being subsequently impregnated with a Group VIB
      metal compound and a Group VIII metal compound to yield an improved
      catalyst.
BSUM
PAR  This invention relates to the hydrodesulfurization of petroluem hydrocarbon
      fractions such as residual fuel oils, and to a method for the manufacture
      of a catalytic composite particularly adapted thereto. It has become well
      known that oxides of sulfur, plus lesser amounts of other sulfurous
      compounds, are among the major pollutants of the atmosphere. It has been
      estimated that, in this country alone, in excess of about 23 million tons
      of sulfur dioxide has been discharged into the atmosphere on an annual
      basis. The increasingly deleterious effect of the sulfurous pollutants
      with respect to cardiorespiratory disease, eye irritation, and the like,
      has prompted rather severe legislative action to control the amount of
      sulfur dioxide discharged into the atmosphere, particularly in densely
      populated areas where the problem is more acute. It has been recognized
      that the combustion of petroleum products accounts for a substantial
      portion of said oxides of sulfur and legislation has been effected or
      proposed which is particularly directed to the limitation of sulfurous
      compounds in residual fuel oils to be burned in densely populated areas.
      The supply of residual fuel oils of suitably low sulfur content is
      entirely inadequate for the present day requirements and it becomes
      increasingly important to develop improved desulfurization techniques to
      treat the more accessible and abundant residual fuel oils of relatively
      high sulfur content.
PAR  Desulfurization technology is presently concerned with hydrotreating and to
      the development of catalysts that are more selective and/or operate at
      less severe conditions to obviate hydrocracking of the residual fuel oil.
      Hydrotreating, or hydrodesulfurization, is generally effected at
      hydrodesulfurization reaction conditions including an imposed hydrogen
      pressure of from about 100 to about 3000 psi. Normally, the hydrogen is
      charged together with recycle hydrogen to provide from about 1000 to about
      50,000 standard cubic feet per barrel of hydrocarbon charge.
      Hydrodesulfurization reaction conditions further include an elevated
      temperature, usually from about 200.degree. to about 800.degree. F.
      although temperatures in the higher range, say from about 600.degree. to
      about 800.degree. F., are most suitable. Also, a sulfur-containing feed
      stock is generally suitably processed at a liquid hourly space velocity of
      from about 0.5 to about 20. Hydrodesulfurization catalysts preferably
      comprise a Group VIB metal, usually molybdenum, and a Group VIII metal,
      usually nickel or cobalt, on a refractory inorganic oxide carrier
      material, usually alumina.
PAR  It is an object of this invention to present a novel method for the
      manufacture of a catalytic composite of a Group VIB metal, a Group VIII
      metal and a refractory inorganic oxide carrier material, the method being
      particularly applicable to the manufacture of an improved hydrorefining
      catalyst.
PAR  In one of its broad aspects, the present invention embodies a method of
      manufacturing a catalytic composite of from about 4 to about 30 wt. %
      Group VIB metal, from about 1 to about 10 wt. % Group VIII metal and a
      refractory inorganic oxide carrier material which comprises dry mixing a
      finely divided Group VIB metal compound, Group VIII metal compound and a
      refractory inorganic oxide, said metal compounds being utilized in an
      amount to provide from about 60 to about 90% of the Group VIB metal
      component of the final catalytic composite, and from about 60 to about 90%
      of the Group VIII metal component; peptizing the mixture and forming an
      extrudable dough; extruding said dough, and drying and calcining the
      extrudate; impregnating the calcined extrudate with a Group VIB metal
      compound and a Group VIII metal compound, said metal compound being
      utilized in an amount to provide a final catalytic composite containing
      from about 4 to about 30 wt. % Group VIB metal and from about 1 to about
      10 wt. % Group VIII metal; and drying and calcining the resulting
      composite in an oxidizing atmosphere. The aforesaid metal compounds are
      thermally decomposable to metal oxides by the calcination treatment and
      the final catalyst hence contains the metals in oxide form.
PAR  One of the more specific embodiments of the present invention relates to a
      method of manufacturing a catalytic composite of from about 4 to about 30
      wt. % molybdenum, from about 1 to about 10 wt. % cobalt and alpha-alumina
      monohydrate, which comprises dry mixing finely divided molybdic anhydride,
      cobalt carbonate and alpha-alumina monohydrate, said molybdic anhydride
      and said cobalt carbonate being utilized in an amount to provide from
      about 60 to about 90% of the molybdenum component and from about 60 to
      about 90% of the cobalt component; peptizing the mixture with dilute
      nitric acid and forming an extrudable dough; extruding said dough, and
      drying and calcining the extrudate at a temperature of from about
      600.degree. to about 1200.degree. F.; impregnating the calcined extrudate
      with a common ammoniacal solution of molybdic acid and cobalt nitrate,
      said molybdic acid and said cobalt nitrate being utilized in an amount to
      provide a final catalytic composite containing from about 4 to about 30
      wt. % molybdenum and from about 1 to about 10 wt. % cobalt; drying and
      calcining the resulting composite in air at a temperature of from about
      600.degree. to about 1200.degree. F.
PAR  Other objects and embodiments of this invention will become apparent in the
      following detailed specification.
PAR  In accordance with the method of this invention, a finely divided Group VIB
      metal compound, Group VIII metal compound and a refractory inorganic oxide
      are dry mixed, the mixture being subsequently peptized to form an
      extrudable dough. The expression "finely divided" is descriptive of
      particles having an average diameter of less than about 150 microns, for
      example, particles which are recoverable through a 105 micron microsieve.
      The refractory inorganic oxide can be alumina, silica, zirconia, thoria,
      boria, chromia, magnesia, titania, and the like, or composites thereof
      such as alumina-silica, alumina-zirconia, and the like. Alumina is a
      preferred refractory inorganic oxide, especially alpha-alumina monohydrate
      of the boehmite structure, and the further description of the method of
      this invention is presented with respect thereto. The dry mixing operation
      is improved utilizing an alpha-alumina monohydrate characterized by a
      weight loss on ignition at 900.degree. C. of from about 20 to about 30 wt.
      %. In addition to its contribution to the catalytic properties of the
      catalytic composite of this invention, the alpha-alumina monohydrate
      improves the extrusion characteristics of the mixture whereby the mixture
      is readily extruded through a 1/32 -1/8 inch orifice at a pressure of less
      than about 500 psig.
PAR  Molybdic anhydride is a particularly suitable Group VIB metal compound, and
      cobalt carbonate is a particularly suitable Group VIII metal compound for
      dry mixing with the alpha-alumina monohydrate as herein contemplated.
      Other suitable Group VIB metal compounds, that is, compounds of
      molybdenum, tungsten and chromium, include molybdic acid, ammonium
      molybdate, ammonium chromate, chromium acetate, chromous chloride,
      chromium nitrate, tungstic acid, etc. Other Group VIII metal compounds
      which may be employed, that is, compounds of iron, nickel, cobalt,
      platinum, palladium, ruthenium, rhodium, osmium and iridium, include
      nickel initrate, nickel sulfate nickel chloride, nickel acetate, coblatous
      sulfate, ferric nitrate, ferric sulfate, platinum chloride, palladium
      chloride, and the like. In any case, the resulting mixture is peptized,
      suitably by the addition thereto of a weak acid such as formic acid,
      acetic acid, propionic acid, and the like, although the stronger acids
      such as sulfuric acid, hydrochloric acid, and particularly nitric acid are
      preferred. Sufficient peptizing agent is blended or mulled with the
      mixture to form an extrudable dough or pliable plastic mass.
PAR  The extrusion operation is suitably effected with commercial extrusion
      apparatus. For example, the dough is continuously processed through a
      cylinder by means of a rotating screw, and pressured through a perforated
      plate at one end of the cylinder. The extrudate may be cut into particles
      of desired length prior to drying and calcining by means of a rotating
      knife as the extrudate emerges from the perforated plate. Alternatively,
      the extrudate may be broken into particles of random length during the
      drying and calcining process. In any case, the exturdate is dried and
      calcined, drying being usually accomplished at a temperature up to about
      25.degree. F. over a 1-24 hour period, and calcining being preferably
      effected in an oxidizing atmosphere such as air at a temperature of from
      about 600.degree. to about 1200.degree. F. over a period of from about 2
      to about 4 hours.
PAR  The catalytic composite of this invention is prepared to contain from about
      4 to about 30 wt. % Group VIB metal and from about 1 to about 10 wt. %
      Group VIII metal. Only a fraction of the total desired metals content of
      the final catalytic composite is added thereto by the foregoing
      co-extrusion technique. More particularly, said Group VIB metal compound
      and said Group VIII metal compound are utilized in an amount to provide
      from about 60% to about 90% of each of the Group VIB metal component and
      the Group VIII metal component of the final catalytic composite. The
      remainder of the desired total metals content is added by impregnating the
      calcined extrudate with a Group VIB metal compound and a Group VIII metal
      compound.
PAR  It is common practice to deposit catalytically active metallic components
      on a support or carrier material by the method whereby a soluble compound
      of the desired metallic component is impregnated on the carrier material
      from an aqueous solution. The soluble compound serves as a precursor of
      the metallic component such that, upon subsequent heating of the
      impregnated carrier material at a temperature effecting decomposition of
      said compound, the desired metallic component is formed deposited upon the
      carrier material. The aqueous impregnating solution will thus comprise a
      soluble precursor compound of a Group VIB metal. Suitable compounds
      include ammonium molybdate, ammonium paramolybdate, molybdic acid,
      ammonium chromate, ammonium peroxychromate, chromium acetate, chromous
      chloride, chromium nitrate, ammonium metatungstate, tungstic acid, etc.
      The impregnating solution is suitably a common solution of a Group VIB
      metal compound and a Group VIII metal compound. Suitable soluble compounds
      of Group VIII metals include nickel nitrate, nickel sulfate, nickel
      chloride, nickel bromide, nickel fluoride, nickel iodide, nickel acetate,
      nickel formate, cobaltous nitrate, cobaltous sulfate, cobaltous fluoride,
      ferric fluoride, ferric bromide, ferric nitrate, ferric sulfate, ferric
      formate, ferric acetate, platinum chloride, chloroplatinic acid,
      chloropalladic acid, palladium chloride, etc. Of the Group VIB metals,
      molybdenum is preferred.
PAR  Impregnation of the calcined extrudate can be accomplished by conventional
      techniques whereby the extrudate particles are soaked, dipped, suspended
      or otherwise immersed in the impregnating solution at conditions to absorb
      a soluble compound comprising the desired catalytic component. Certain
      impregnating techniques have been found to be particularly favorable to
      promote desired physical properties of the finished catalyst. Thus,
      impregnation of the Group VIB and Group VIII metal components is
      preferably from a common aqueous ammoniacal solution of soluble compounds
      thereof, for example, an ammoniacal solution of molybdic acid and cobalt
      nitrate. Further, the impregnation is preferably effected utilizing a
      minimal volume of impregnating solution commensurate with an even
      distribution of the catalytic components on the calcined extrudate
      particles. One preferred method involves the use of a steam-jacketed
      rotary dryer. The extrudate particles are immersed in the impregnating
      solution contained in the dryer and tumbled therein by the rotating motion
      of the dryer, the volume of extrudate particles so treated being initially
      in the range of from about 0.7 to about 1.0 with respect to the volume of
      the impregnating solution. Evaporation of the solution in contact with the
      extrudate particles is expedited by applying steam to the dryer jacket.
      The evaporation is further facilitated by a continuous purge of the dryer
      utilizing a flow of dry gas, suitably air or nitrogen. The impregnated
      particles, thus dried, are thereafter calcined in an oxygen-containing
      atmosphere at a temperature of from about 600.degree. to about
      1200.degree. F. in accordance with prior art practice, usually for a
      period of from about 1 to about 8 hours or more.
PAR  The following comparative examples, including an example of one preferred
      embodiment of the present invention, are presented in illustration of the
      improvment resulting from the method of manufacture of this invention and
      are not intended as an undue limitation on the generally broad scope of
      the invention as set out in the appended claims.
PAC  EXAMPLE I
PAR  About 450 grams of a commercial powdered alpha-alumina monohydrate (Catapal
      S) was thoroughly dry mixed with 95.6 grams of a finely powdered, volatile
      free, molybdic oxide and about 19.9 grams of powdered cobalt carbonate.
      Approximately 245 grams of 13 wt. % nitric acid was then added to the
      powdered mixture in a muller, the mixture being thereby converted to a
      dough. The mixture was mulled for about an hour and thereafter extruded
      through a perforated plate comprising 1/32 inches perforations. The
      extrudate was dried and calcined in air for about an hour at 750.degree.
      F. and thereafter for an additional hour at 1100.degree.F. The extruded
      particles, broken to an average length of about 1/8 inches, contained 2.8
      wt. % Co and 8.7 wt. % Mo.
PAC  EXAMPLE II
PAR  Pursuant to the present invention, the extrudate particles of Example I
      were further impregnated with molybdic acid and cobalt nitrate. Thus,
      about 100 grams of the extrudate particles were impregnated with a common
      ammoniacal solution of molybdic acid and cobalt nitrate prepared by
      commingling an aqueous solution of 2.7 grams of 85% molybdic acid and 2.3
      milliliters of ammonium hydroxide with an aqueous solution of 1.2 grams of
      cobalt nitrate hexahydrate and 1.2 milliliters of ammonium hydroxide, the
      resulting solution being subsequently diluted to about 170 milliliters
      with water. The extrudate particles were immersed in the impregnating
      solution which was then evaporated to dryness. The impregnated particles
      were then calcined in air for about 1 hour at 750.degree. F. and for an
      additional hour at 1100.degree. F. The extrudate particles contained 3.5
      wt. % Co and 10.3 wt. % Mo.
PAC  EXAMPLE III
PAR  In this example, the cobalt and molybdenum components were incorporated in
      the catalytic composite solely by impregnation. In this example, 100 grams
      of the powdered alpha-alumina monohydrate was mulled with about 55 grams
      of 13 wt. % nitric acid to form a dough. The dough was then extruded,
      dried, and calcined in air for about an hour at 750.degree. F. and then
      for an additional hour at 1100.degree. F. The calcined particles were
      immersed in a common ammoniacal solution of molybdic acid and cobalt
      nitrate hexahydrate prepared by commingling an aqueous solution of 20.7
      grams of 85% molybdic acid and 12 milliliters of ammonium hydroxide with
      an aqueous solution of 16 grams of cobalt nitrate hexahydrate and 12
      milliliters of ammonium hydroxide. Approximately 87 grams of the extrudate
      particles were immersed in the impregnating solution which was then
      evaporated to dryness. The impregnated particles were then calcined as
      heretofore described. The impregnated extrudate particles contained 3.25
      wt. % Co and 9.4 wt. % Mo.
PAR  A summary of catalyst properties and activity test results is tabulated
      below.
TBL  __________________________________________________________________________

                            Coextrusion &                                      

     Promoter Addition Technique                                               

                     Coextrusion                                               

                            Impregnation                                       

                                    Impregnation                               

     Catalyst Properties                                                       

     __________________________________________________________________________

     ABD             0.685  0.733   0.697                                      

     Piece Density, g/cc                                                       

                     1.25   1.30    1.28                                       

     Diameter, In.   0.028  0.028   0.029                                      

     Wt. % Co        2.8    3.5     3.25                                       

     Wt. % Mo        8.7    10.3    9.4                                        

     SA, m.sup.2 /g  299    294     272                                        

     PV, cc/g        0.51   0.48    0.51                                       

     PD, A           68     65      75                                         

     __________________________________________________________________________

PAR  The above-described catalysts were evaluated with respect to the
      desulfurization of a vacuum gas oil boiling in the
      600.degree.-1050.degree. F. range and containing 2.6 wt. % sulfur. In each
      case, the catalyst was disposed as a fixed bed in a vertical tubular
      reactor maintained at 650 psig and 750.degree. F. The vacuum gas oil was
      charged over the catalyst at 3.0 liquid hourly space velocity in admixture
      with 1800 standard cubic feet of hydrogen per barrel of charge. The
      reactor effluent was separated into a liquid and a gaseous phase in a high
      pressure separator at 250.degree. F., and the liquid phase was treated in
      a stripper column for the separation of light ends. The liquid stripper
      bottoms collected over an 8-hour period was analyzed for sulfur.
PAR  In the described desulfurization of vacuum gas oil, the catalyst of Example
      II, wherein the cobalt and molybdenum components were incorporated in the
      catalyst by coextrusion followed by impregnation pursuant to the method of
      this invention, was 55% more active than the catalyst of Example III,
      wherein the cobalt and molybdenum components were incorporated solely by
      impregnation, and 95% more active than the catalyst of Example I, wherein
      the cobalt and molybdenum components were incorporated solely by
      coextrusion with the alumina.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of manufacturing a catalytic composite of from about 4 to about
      30 wt. % Group VIB metal in oxide form, from about 1 to about 10 wt. %
      Group VIII metal in oxide form and a refractory inorganic oxide carrier
      material which comprises:
PA1  a. dry mixing molybdenum oxide or finely divided Group VIB metal compound
      thermally decomposable to the metal oxide, Group VIII metal compound
      thermally decomposable to the metal oxide and a refractory inorganic
      oxide, said metal compounds being utilized in amounts to provide from
      about 60 to about 90% of said Group VIB metal in oxide form and from about
      60 to about 90% of said Group VIII metal in oxide form;
PA1  b. peptizing the mixture and forming an extrudable dough;
PA1  c. extruding said dough and drying and calcining the extrudate;
PA1  d. impregnating the calcined extrudate with a Group VIB metal compound and
      a Group VIII metal compound, said metal compounds being thermally
      decomposable to metal oxides and being utilized in amounts to provide a
      final catalytic composite containing from about 4 to about 30 wt. % Group
      VIB metal in oxide form and from about 1 to about 10 wt. % Group VIII
      metal in oxide form; and
PA1  e. drying and calcining the resulting composite in an oxidizing atmosphere.
NUM  2.
PAR  2. The method of claim 1 further characterized in that said refractory
      inorganic oxide is alumina.
NUM  3.
PAR  3. The method of claim 1 further characterized in that said refractory
      inorganic oxide is alpha-alumina monohydrate.
NUM  4.
PAR  4. The method of claim 1 further characterized with respect to step (b) in
      that said mixture is peptized with nitric acid.
NUM  5.
PAR  5. The method of claim 1 further characterized in that said Group VIB metal
      is molybdenum.
NUM  6.
PAR  6. The method of claim 1 further characterized in that molybdic anhydride
      is used in step (a).
NUM  7.
PAR  7. The method of claim 1 further characterized in that said Group VIII
      metal is cobalt.
NUM  8.
PAR  8. The method of claim 1 further characterized in that said Group VIII
      metal compound is cobalt carbonate.
NUM  9.
PAR  9. The method of claim 1 further characterized with respect to step (e) in
      that said composite is calcined in an oxidizing atmosphere at a
      temperature of from about 600.degree. to about 1200.degree. F.
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ABST
PAL  An improved copper chromite catalyst having high density, low monovalent
      ion content, high activity and resistance to poisoning is prepared by
      reacting a soluble copper salt with chromic acid or a dichromate in
      solution in the presence of ammonia and urea to precipitate a
      copper-chromium-nitrogen complex, washing, drying and calcining the
      precipitate.
BSUM
PAR  Copper chromite or Adkin's catalyst has been a useful synthetic tool since
      its disclosure in 1931. The organic chemical industry has produced
      millions of pounds of hydrogenated and dehydrogenated esters and alcohols
      by processes employing this catalyst. Despite a long history of use,
      relatively little is known of its fundamental catalytic mode or even of
      its true chemical structure. It is well acccepted that even the name is a
      misnomer and that the actual catalyst contains no crystalline copper
      chromite. Copper chromite catalysts are commonly prepared by reacting a
      mixture of a water soluble copper salt and an alkali dichromate with
      ammonium hydroxide, separating the precipitated copper-chromium-nitrogen
      complex thus formed, washing and calcining the precipitate.
PAR  Catalysts employed in commercial processes are expected to give high
      conversions of materials per unit of catalyst. It is also desirable to
      have catalysts that are resistant to process upsets and which can tolerate
      impure feedstocks for prolonged periods. To this end modifications of the
      original catalyst with varying chromium ratios and with additional
      elements present have been developed. Primarily barium and other divalent
      ions incorporated in the catalyst have been utilized to achieve resistance
      to reduction of the active catalytic sites. It has been found that sodium
      ions and other monovalent ions will severely lower catalyst activity.
PAR  Active sites must be accessible to reacting molecules for catalysis to
      occur. A porosity and surface area appropriate to the synthetic
      environment must therefore be provided for a commercial catalyst. For this
      reason, extremes of high or low specific surface area are not desirable.
PAR  A further requirement for efficient catalyst use is its ease of removal
      from the reaction mixture. Although some of this catalyst is employed in
      compacted forms, slurries of the catalyst are more common. As
      centrifugation is a useful way of continuously removing catalyst from
      organic liquids, a dense form of the catalyst, meeting the previous
      criteria is particularly desirable.
PAR  Prior commercial catalysts, and those described in the literature show
      varying degrees of success in achieving these goals, and in general these
      prior art materials have been characterized by high sodium ion contents
      and low bulk density.
PAR  We have now found that through the employment of urea as a novel processing
      aid, a catalyst of unique structure can be produced which possesses the
      characteristics of high density, low monovalent ion content and unusual
      resistance to poisoning by impurities. It also has large particles easily
      washed free of the reaction products to improve yields while possessing
      ample surface for catalytic reactions.
DRWD
PAR  FIG. 1 is a microphotograph of copper chromite catalysts prepared in
      accordance with a prior art method and
PAR  FIG. 2 is a microphotograph of the catalyst of the invention.
DETD
PAR  In accordance with the present invention, there is provided an improved
      copper chromite catalyst which is prepared by the process which comprises
      reacting a mixture of a soluble copper salt and a chromium compound taken
      from the group selected from chromic acid or an alkali chromate or
      dichromate, with ammonia and between about 0.5 and about 5 percent urea
      based on the weight of the copper, calculated as the metal, separating the
      copper-chromium-nitrogen complex thus formed as a precipitate from the
      reaction mixture, washing the precipitate and then calcining the
      precipitate.
PAR  The soluble copper salt can be sulfate, chloride, nitrate, phosphate,
      carbonate or an acetate. The preferred copper salts are those of nitric
      acid. The copper salt is used as a solution which is prepared either by
      dissolving the salt in a polar solvent such as water or by dissolving
      metallic copper in the appropriate acid. Similarly, the chromium compound
      is employed as a solution in the reaction. The chromate or dichromate can
      be sodium dichromate, potassium dichromate, ammonium dichromate, sodium
      chromate, lithium chromate, etc. The relative proportions of copper salt
      and chromium compound should be selected such that the atomic ratio of
      copper to chromium ranges between about 0.8 to about 2.5 and preferably
      between about 1.0 to about 1.5.
PAR  The ammonia can be provided to the reaction either in gaseous form or as
      aqueous ammonia or both. The actual quantity of ammonia used varies from
      system to system depending upon such factors as whether the anion of the
      copper salt is from a weak or strong acid in the copper salt solution,
      whether chromic acid or alkaline chromate or dichromate was used, etc. For
      this reason no specific proportions can be set that are meaningful,
      however, the total amount of ammonia used should be sufficient to result
      in maintaining a final pH after addition of all reactants at a value
      ranging between about 5 and about 10, and preferably a pH between about
      5.5 and about 7 is maintained to assure maximum recovery of the
      precipitate.
PAR  The urea is added to the reaction usually in solid form. However, it is
      also within the scope of the invention to add it as a solution e.g.
      dissolved in water or in aqueous ammonia.
PAR  The amount of polar solvent used (hereinafter referred to as water), should
      be sufficient to provide a final solids concentration in the slurry
      resulting from the reaction of between about 1 to about 20 percent by
      weight, preferably between about 5 and about 15 percent by weight. In
      order to avoid contamination from dissolved impurities in the water, it is
      preferred to use deionized water in the reaction.
PAR  The catalyst is prepared by adding the ammonia and the urea to the solution
      of either the chromium compound or the copper salt. As mentioned above,
      the ammonia can be added in aqueous form, e.g. 28-30% by weight NH.sub.3
      in water or it can be bubbled or sparged into the solution of the chromium
      or copper compound. Subsequently, the other solution containing then
      either the copper salt or the chromium compound is added on an
      intermittent or continuous basis. The reaction mixture is then allowed to
      digest for at least another 20 minutes, preferably for at least one hour
      in order to provide a slow crystal growth which is necessary to avoid
      entrapment of reactants and reaction products within the crystal structure
      and to enable sufficient time for the development of the large crystals,
      which are uniquely formed by this process. The temperature employed is not
      critical and may be varied over a wide range, e.g. from about 40.degree.C
      to the boiling point of the polar solvent. Usually the temperature is
      maintained in the region from about 60.degree. C to about 90.degree. C.
PAR  After the digestion is completed, the precipitated solids are recovered
      from the slurry by a conventional means such as by filtration or
      centrifugation. The solids are then washed free of reaction products in
      one or more washing steps, suitably employing deionized water, at least as
      the final washing medium. Preferably the solids are washed by reslurrying
      the solids in the water with agitation. The solids can then be dried, if
      desired, and are subsequently calcined at a temperature of about
      200.degree. C to about 1000.degree. C or higher and suitably from about
      300.degree. C to about 475.degree. C. In the calcination nitrogen and
      water are released from the copper-chromium-nitrogen complex and the
      desired active copper chromite catalyst is produced.
PAR  Depending upon its subsequent process use, the catalyst may or may not be
      pulverized and/or classified. In many reactions, especially those carried
      out with the catalyst slurried in the reaction mixture, it is preferred to
      use the catalyst without comminutation because of the superior separation
      characteristics of the large particle catalyst.
PAR  The catalyst of this invention is useful in any of the processes employing
      copper chromite catalyst, such as in various hydrogenation,
      dehydrogenation and oxidation reactions. Specific examples of reactions
      catalyzed by copper chromite include conversion of esters of organic acids
      to the corresponding alcohols, reduction of diesters to glycols, oxidation
      of carbon monoxide to carbon dioxide in automotive exhausts, reduction of
      nitrogen oxides to nitrogen with carbon monoxide or hydrocarbons, etc.
PAR  If desired, any of the various additives and promoters for copper chromite
      catalysts may be incorporated into the catalyst of the present invention
      by any of the well known techniques therefor, e.g. by impregnation,
      co-precipitation, etc. Such additives and promoters include zinc, barium,
      manganese or calcium compounds, which upon calcination of the catalysts
      are converted to oxidic form.
PAR  It is not known what the exact function the urea serves in the reaction
      producing the copper-chromium-nitrogen complex. One may postulate that is
      prevents the formation of nitroso complexes of copper and enhances the
      regularity of the desired amine complex. The latter in turn enables
      formation of uniform crystals without co-precipitation or entrapment of
      undesirable salts. Whatever the reason may be, incorporation of small
      amounts of urea into the reaction causes a dramatic increase in crystal
      size of the calcined catalysts which is demonstrated by a comparison of
      FIG. 1 (microphotograph of a prior art catalyst at X30,000 magnification)
      and FIG. 2 (catalyst of the invention at X30,000 magnification). The
      catalysts exhibits a much superior activity as compared to catalysts
      prepared by prior art techniques. Also the preparation and handling of the
      catalysts of the invention are considerably easier and more efficient than
      those of the prior art catalysts, in that due to the higher densities of
      the complex as well as the final catalysts, any solids-liquid separation
      involving these materials, such as by filtration, centrifugation is both
      more rapid and more complete.
PAR  The following examples are illustrative of the invention and are not
      intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  A copper chromite catalyst was prepared according to the prior art
      technique as set forth below. 900cc of a solution containing 260 grams of
      copper nitrate trihydrate in deionized water was heated to 80.degree. C
      and added with stirring into 900cc of a solution at 25.degree.C containing
      178 grams of sodium dichromate dihydrate and 225cc of 28% ammonium
      hydroxide in deionized water resulting in the formation of a precipitate.
      The reaction mixture which had a pH of 6.4 was digested for 45 minutes
      under agitation after which it was filtered, washed twice on the filter
      with 100cc portions of deionized water, dried at 110.degree.C overnight
      and calcined at 360.degree.C for 45 minutes. The resulting catalyst was
      analyzed for sodium content by atomic absorption. The average crystal size
      was determined by scanning electron microscopy, and the surface area by
      B.E.T. nitrogen surface area determinations. The activity of the catalyst
      was evaluated by measuring the speed of reduction of methyl laurate with
      hydrogen at 3000 psig and 260.degree.C. The products of this reaction are
      methyl alcohol and dodecyl alcohol. A slurry of 5.0 grams of the catalyst
      was made in 100cc of methyl alcohol and added to 450 grams of methyl
      laurate in a one liter 4 3/8inches standard autoclave vessel, which was
      subsequently pressurized with hydrogen to 3000 psig and heated to
      260.degree.C. 90 minutes after the temperature and pressure had been
      established, the reaction was discontinued and the reaction mixture was
      analyzed to determine the amount of residual methyl laurate present in the
      reaction mixture by standard saponification and titration techniques. It
      was found that 65% of the methyl laurate had actually been converted. For
      the purpose of enabling comparison with the catalysts prepared in
      subsequent experiments, the activity of the catalyst corresponding to the
      observed conversion of 65% was arbitrarily set at 100%.
PAR  The pertinent data obtained in the aforementioned analyses and
      determinations are presented in Table I.
PAC  EXAMPLE 2
PAR  The catalyst of this Example was prepared in the same manner as that of the
      previous example except that 0.6 grams of urea was also added to the
      ammoniacal solution of sodium dichromate, the urea addition corresponding
      to 1 percent by weight of copper calculated as the metal. The results of
      the tests performed on the catalyst are reported in Table I.
PAC  EXAMPLES 3-4
PAR  Examples 3 and 4 were carried out respectively as Examples 1 and 2 except
      that after filtration, each of the precipitates were slurried five times
      with agitation in 100cc portions of deionized water, rather than being
      washed twice on the filter. The washing technique had a beneficial effect
      on activities and sodium contents of the catalysts, and it appeared that
      the improvement had due to the addition of urea was even more pronounced
      when the catalyst had been washed repeatedly by reslurrying it in water.
      The data are presented in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Example                                                                   

            Urea wt.%                                                          

                     pH    Size           Na  Surface                          

            basis          Microns                                             

                                  Activity-%                                   

                                          ppm Area m.sup.2 /g                  

     ______________________________________                                    

     1      0        6.4   0.7    100     525 48                               

     2      1        6.3   2.8    100     150 50                               

     3      0        6.6   0.6    106     450 42                               

     4      1        6.5   3.2    121      75 45                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of copper chromite catalyst wherein a
      water soluble copper salt is reacted in solution with a chromium compound
      selected from the group consisting of chromic acid, an alkali chromate and
      an alkali dichromate in the presence of ammonia to form a precipitate of a
      copper-chromium-nitrogen complex, the precipitate is recovered from the
      reaction mixture, washed, dried and calcined, the improvement which
      comprises, adding between about 0.5 and about 5 percent by weight of urea
      based on the copper calculated as the metal to the solution prior to
      precipitation.
NUM  2.
PAR  2. The process of claim 1 wherein the proportions of copper salt and
      chromium compound are selected to provide a copper to chromium atomic
      ratio in the range between about 0.8:1 and about 2.5:1.
NUM  3.
PAR  3. The process of claim 1 wherein the soluble copper salt is selected from
      the group consisting of copper sulfate, copper chloride, copper nitrate,
      copper phosphate, copper carbonate and copper acetate.
NUM  4.
PAR  4. The process of claim 1 wherein the copper salt is a copper nitrate.
NUM  5.
PAR  5. The process of claim 1 wherein the chromium compound is an alkali
      dichromate selected from the group consisting of sodium dichromate,
      potassium dichromate and ammonium dichromate.
NUM  6.
PAR  6. The process of claim 1 wherein the chromium compound is sodium
      dichromate.
NUM  7.
PAR  7. The process of claim 1 wherein the proportions of copper salt and
      chromium compound are selected to provide a copper to chromium atomic
      ratio in the range between about 1:1 and about 1.5:1.
NUM  8.
PAR  8. The process of claim 1 wherein the temperature of the reaction mixture
      is maintained between about 60.degree.C and about 90.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein prior to recovery of the precipitate the
      reaction mixture is digested for at least 20 minutes.
NUM  10.
PAR  10. The process of claim 1 wherein the reaction is carried out in the
      presence of sufficient amount of ammonia to maintain the reaction mixture
      in a pH range from about 5 to about 10.
NUM  11.
PAR  11. The process of claim 1 wherein the precipitate is washed in more than
      one step by reslurrying it under agitation in deionized water.
NUM  12.
PAR  12. The process of claim 10 wherein the pH is maintained between about 5.5
      and about 7.
NUM  13.
PAR  13. An improved copper chromite catalyst composition prepared by washing,
      drying and calcining the copper-chromium-nitrogen complex obtained in the
      process which comprises reacting in solution and in the presence of
      ammonia
PA1  a. a water-soluble copper salt selected from the group consisting of copper
      sulfate, copper chloride, copper nitrate, copper phosphate, copper
      carbonate and copper acetate;
PA1  b. a chromium compound selected from the group consisting of chromic acid,
      alkali chromate and alkali dichromate in an amount to provide a copper to
      chromium atomic ratio in the range between about 0.8:1 and about 2.5:1.
PA1  c. from about 0.5 to about 5 percent by weight urea based on the copper
      calculated as the metal.
NUM  14.
PAR  14. The improved catalyst of claim 13 wherein the copper salt is copper
      nitrate.
NUM  15.
PAR  15. The improved catalyst of claim 13 wherein the chromium compound is
      alkali dichromate selected from the group consisting of sodium dichromate,
      potassium dichromate and ammonium dichromate.
NUM  16.
PAR  16. The improved catalyst of claim 13 wherein the chromium compound is
      sodium dichromate.
NUM  17.
PAR  17. The improved catalyst of claim 13 wherein the proportions of copper
      salt and chromium compound are selected to provide a copper to chromium
      atomic ratio in the range between about 1:1 and about 1.5:1.
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ABST
PAL  A "system" of aqueous liquid cleaning compositions is described wherein the
      concentrations of each of five basic ingredients -- urea, glycerine,
      triethanolamine, an organic anionic detergent, and an organic non-ionic
      detergent -- are defined in terms of the concentration of alkali metal
      silicate. Within the system three preferred embodiments are used, by way
      of example, as a hair shampoo, a spot remover, and a laundry detergent,
      respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is now a large body of knowledge in the cleaning and detergent arts.
      It has become large partly because of the universal need to clean things
      and partly because of the many unique cleaning problems which have arisen.
      For example, soil on the surface of non-porous ceramic tile is generally
      much easier to remove than the same soil embedded in a highly porous
      fiber; a food stain in an evening gown has generally required a treatment
      quite different from that used to remove a crayon mark from a wall; and,
      to be extreme, a shampoo for human hair or a cleaner for human skin can
      usually be expected to be different from an oven cleaner.
PAR  The wide range of soils and stains and the large number of widely different
      sites in which they occur has been a factor in the "easy" solution to the
      problem where the "easy" solution might involve the use of an inflammable
      solvent, the use of a toxic solvent, or the use of phosphates or other
      ecologically unacceptable chemicals.
PAR  The differences in water hardness throughout the country has also posed a
      problem in the design of multi-purpose cleaners.
PAR  There has been, therefore, a need for non-flammable, non-toxic,
      non-phosphate cleaners which can be used successfully with water of
      substantially any hardness. Secondly, there is a need for a cleaner
      "system"; that is, a group of chemicals which, by adjustment in accordance
      with a mathematical pattern form compositions which clean substantially
      any substrate of substantially any soil or stain. Thirdly, there is a need
      for such a cleaner system wherein all definable compositions are excellent
      cleaners and some are superior cleaners.
PAC  SUMMARY OF THE INVENTION
PAR  The above defined needs for a system of cleaners are met by the present
      invention. The compositions of the invention include five basic
      ingredients -- urea, glycerine, triethanolamine, an organic anionic
      detergent, and an organic non-ionic anionic detergent -- and one
      ingredient, an alkali metal silicate, which may or may not be present. The
      variation in concentrations of each of the ingredients within the system
      manifest a mathematical relationship which can be expressed in terms of
      the concentration of one of the ingredients, the alkali metal silicate.
PAR  It may be noted that the concentration of the alkali metal silicate is the
      reference concentration even though the silicate may be absent from the
      composition. As will appear hereinafter a zero concentration of an alkali
      metal silicate is just as significant a parameter as is any finite
      concentration.
PAR  In this connection the concentrations of two ingredients, the anionic
      detergent and the triethanolamine each are in approximately inverse
      proportion to the silicate concentration and the concentrations of three
      ingredients, the glycerine, urea, and non-ionic detergent, are
      approximately directly proportional to the silicate concentration over
      part of their concentration ranges and are approximately inversely
      proportional over the balance of their concentration ranges.
PAR  All concentrations herein are expressed in parts by weight. The term "non
      aqueous" components or ingredients refers to alkali metal silicate, urea,
      triethanolamine, glycerine, organic anionic detergents and organic
      non-ionic detergents.
PAR  The invention is defined as an aqueous liquid cleaning composition wherein
      the non-aqueous components comprise from zero to about 65 parts by weight
      of an alkali metal silicate and wherein the composition comprises the
      combination of (a) an anionic organic detergent and triethanolamine, the
      concentration of each of which is approximately inversely proportional to
      the concentration of said silicate in accordance with the following table:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     Alkali metal silicate                                                     

                      about     0     30   65                                  

     Anionic detergent                                                         

                      about    55     30   4                                   

     Triethanolamine  about     9     3    0.5                                 

     Glycerine        about    10     30   0.5                                 

     Urea             about     6     2    5                                   

     Non-ionic detergent                                                       

                      about    20     5    25                                  

     ______________________________________                                    

PAL  (b) glycerine, the concentration of which is approximately directly
      proportional to the concentration of said silicate between a silicate
      concentration of zero and about 30 and is approximately inversely
      proportional to the concentration of said silicate between a silicate
      concentration of about 30 and about 65 in accordance with said table, and
      (c) urea and a non-ionic organic detergent, the concentration of each of
      which is approximately inversely proportional to the concentration of said
      silicate at silicate concentrations between zero and about 30 and
      approximately directly proportional to the concentration of said silicate
      between silicate concentrations of about 30 to about 65 in accordance with
      said table.
PAR  A first preferred embodiment comprises about 55 parts of said anionic
      detergent, about 9 parts triethanolamine, about 10 parts glycerine, about
      6 parts urea, and about 20 parts of said non-ionic detergent.
PAR  A second preferred embodiment comprises about 29 parts of an alkaline metal
      silicate, about 31 parts of said anionic detergent, about 3 parts
      triethanolamine, about 30 parts glycerine, about 2 parts urea, and about 5
      parts of said non-ionic detergent.
PAR  A third preferred embodiment comprises about 65 parts of an alkali metal
      silicate, about 4 parts of said anionic detergent, about 0.5 parts
      triethanolamine, about 0.5 parts of glycerine, about 5 parts urea, and
      about 25 parts of said non-ionic detergent.
PAR  The mathematical relationship among the various ingredients of the
      compositions of the invention can be seen by reference to the accompanying
      drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single FIGURE illustrates the invention by means of a graph. In the
      graph the ordinate is parts by weight and spaced along the abcissa are
      three vertical lines, A, B and C, representing selected parameter
      compositions.
PAR  A line marked SILICATE is the concentration of alkali metal silicate
      present in various compositions and passes through zero on line A, through
      30 on line B, and through 65 on line C.
PAR  A line marked ANIONIC is the total concentration of anionic organic
      detergents present in various compositions and passes through 55 on line
      A, through 30 on line B, and through 0.5 on line C.
PAR  A line marked GLYCERINE is the concentration of glycerine present in
      various compositions and passes through 10 on line A, through 30 on line
      B, and through 4 on line C. It may be noted that lines SILICATE, ANIONIC
      and GLYCERINE cross each other at about 30 parts by weight alkali metal
      silicate, about 30 parts by weight glycerine, and about 30 parts by weight
      anionic detergents.
PAR  A line marked NON-IONIC is the total concentration of organic non-ionic
      detergents in various compositions and passes through 20 on line A,
      through 5 on line B, and through 25 on line C.
PAR  A line marked TRIETHANOLAMINE is the concentration of triethanolamine in
      various compositions and passes through 8 on line A through 3 on line B
      and through 0.5 on line C.
PAR  A line marked UREA is the concentration of urea in various compositions and
      passes through 6 on line A, through 2 on line B, and through 5 on line C.
PAR  Because of a fortuitous characteristic of the six concentration curves on
      the graph, concentrations of alkali metal silicate of zero, 30 and 65 can
      serve as the parameters by which all other curves are determined.
PAR  Thus, as shown in the drawing, the anionic detergent concentration is
      approximately inversely proportional to the silicate concentration, line
      ANIONIC being defined by the fact that the concentrations of anionic
      detergent form a substantially straight line passing through 55 when
      SILICATE is at zero, through 30 when SILICATE is at 30, and through 4 when
      SILICATE is at 65. Similarly, concentrations of triethanolamine are
      approximately inversely proportional to silicate concentrations, line
      TRIETHANOLAMINE being defined by the fact that the concentrations of
      ethanolamine form a substantially straight line passing through 8 when
      SILICATE is at zero, through 3 when SILICATE is at 30, and at 0.5 when
      SILICATE is at 65.
PAR  As shown in the drawing, the concentration of glycerine is approximately
      directly proportional to the silicate concentration when the latter is
      between zero and 30, but is approximately inversely proportional to the
      silicate concentration when the latter is between 30 and 65; the
      concentrations of glycerine forming a curve which is convex upwardly and
      passes through 10 when SILICATE is at zero, through 30 when SILICATE is at
      30, and through 0.5 when SILICATE is at 65.
PAR  As shown in the drawing the concentrations of urea and the concentrations
      of non-ionic detergents each are substantially inversely proportional to
      the silicate concentration when the latter is between zero and 30, but are
      approximately directly proportional to the silicate concentration when the
      latter is between 30 and 65; the concentrations of each forming curves
      which are concave upwardly. As shown, line NON-IONIC passes through 20
      when SILICATE is at zero, through 5 when SILICATE is at 30, and through 25
      when SILICATE is at 65. Further as shown, line UREA passes through 8 when
      SILICATE is at zero, through 2 when SILICATE is at 30, and through 5 when
      SILICATE is at 65.
PAR  In the drawing arrow D represents an intermediate composition between two
      preferred compositions (line A and arrow E) while arrow F represents an
      intermediate composition between two preferred compositions (arrow E and
      line C). Thus, A, E, and C are preferred compositions; D and F are
      intermediate compositions selected to illustrate the nature of
      compositions lying in the system between preferred compositions; and B is
      a unique composition selected because it is a parameter by which the
      system of compositions can be defined.
PAR  The term "an organic anionic detergent" means one, two, or more than two
      organic anionic detergents. There are numerous such anionic detergents
      known to the art. They are generally a sulfate or sulphonate having a
      hydrophobic substituent.
PAR  Examples of suitable anionic detergents are: (a) sulfuric acid esters of
      polyhydric alcohols incompletely esterified with higher fatty acids such
      as coconut oil monoglyceride monosulfate and tallow diglyceride
      monosulfate; (b) long chain pure or mixed alkyl sulfates such as lauryl
      sulfate, cetyl sulfate, and higher fatty alcohol sulfates derived from
      coconut oil; (c) the hydroxy sulfonated higher fatty esters such as the
      higher fatty acid esters of 2, 3 - dihydroxypropane sulfonic acid; (d) the
      higher fatty acid esters of low molecular weight alkylol sulfonic acids,
      such as the oleic acid ester of isethionic acid; (e) the sulfated higher
      fatty acid alkylol-amides such as ethanolamide sulfates and the higher
      fatty acid amides of amine alkyl sulfonic acids such as the lauric amids
      of taurine; (f) sulfonic acid salts of alkylated aromatic hydrocarbon
      compounds having an alkyl substituent wherein the aromatic portion of the
      molecule may be mono- or polynuclear; e.g., benzene, toluene, xylene,
      naphthalene, phenanthrene, anthracene, etc. and may contain other
      substituents such as hydroxyl groups or short chain alkyl groups such as
      in phenol, cresol, phenol ethers, toluene, xylene, etc; and wherein the
      long chain alkyl substituent of the alkylated aromatic molecule preferably
      is saturated and may be straight chain or branched; e.g. dodecyl, hexyl,
      octyl, nonyl, and decyl groups as well as mixed alkyls derived from fatty
      materials, cracked paraffins or polymers of lower mono olefins, etc.
PAR  The anionic detergents may be used in the form of their sodium, potassium,
      lithium, ammonium, triethanolamine, etc. salts.
PAR  Referring to anionic detergents, I have found that best results are
      obtained using a mixture of dodecyl benzene sulfonic acid and a coconut
      fatty alcohol ether sulfate at concentrations, respectively, of about 50
      and 5 when the silicate concentration is zero, about 28 and 2 when the
      silicate concentration is about 30, and about 2 and 2 when the silicate
      concentration is about 65.
PAR  Similarly the term "a non-ionic organic detergent" means one, two, or more
      than two non-ionic organic detergents. There are numerous such non-ionic
      detergents known to the art. They are generally lower alkylene oxide
      condensation products of hydrophobic compounds.
PAR  Examples of suitable non-ionic detergents are:
PAR  a. ethylene oxide, propylene oxide, and butylene oxide condensation
      products with higher fatty acids, higher fatty alcohols, or alkylated
      aromatic hydrocarbons;
PAR  b. polypropylene glycols having a molecular weight greater than 900;
PAR  c. amide and amine condensates such as fatty acid alkylol amides (e.g.
      N-bis (2-hydroxy-ethyl) -lauramide).
PAR  d. condensation products of fatty acid chlorides with hydrolysed natural
      protein (lysalbinic acid derivatives).
PAR  Referring to non-ionic detergents, I have found that best results are
      obtained using a mixture of isooctyl phenol polyethylene glycol ether and
      a coconut fatty acid alkylol amide at concentrations, respectively, of
      about 13 and 7 when the concentration of silicate is zero, about 2 and 2
      when the concentration of silicate is about 30, about 21 and 4 when the
      concentration of silicate is about 65.
PAR  Other detergents; as well as stabilizers, defoamers, brighteners and other
      adjuvants; can be added where desired. Similarly, the pH can be varied
      depending on the use to which the selected composition is to be put.
PAC  EXAMPLE 1
PAR  The following composition, representing the preferred composition of line A
      of the drawing, was prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     urea                    6                                                 

     triethanolamine         9                                                 

     glycerine               10                                                

     dodecylbenzene sulfonic acid                                              

                             50                                                

     coconut fatty alcohol ether sulfate                                       

                             5                                                 

     isooctyl phenol polyethylene                                              

      glycol ether           13                                                

     coconut fatty acid alkylol amide                                          

                             7                                                 

     Total (non aqueous)    100                                                

     water                  250                                                

     pH adjusted to         7.5                                                

     ______________________________________                                    

PAR  The composition of Example 1 is particularly valuable as a hair shampoo. At
      near neutral pH values it has a wet out time of 9.5 - 12.5 seconds, as
      compared to the wetting out times of the two leading commercially
      available shampoos of 30.5 and 70 seconds respectfully. In addition, it
      has proved to be less irritating to the eyes than said two leading
      shampoos.
PAR  The composition was tested as a shampoo for human hair by a number of
      professional hair dressers who compared it with those available commercial
      products which each had previously considered best. It was their opinion
      that the above composition of the invention was superior to any other
      tested. The following advantages were cited:
PAR  1. The rapid rinse out.
PAR  2. Only one application of the test composition was required whereas
      normally two applications of commercially available shampoos are required.
PAR  3. Deep cleaning of the scalp was achieved resulting in a good control of
      dandruff.
PAR  4. There was no static electricity in the shampooed hair.
PAR  5. No conditioners or special rinses were required in about 90 percent of
      the cases to enable a satisfactory brushing out of the hair.
PAR  The composition also is an excellent cleaner for the human body; for
      dishes, especially for glassware; for rugs, and can be used as a detergent
      additive to other cleaners in place of the usual organic detergents of
      commerce.
PAR  The composition of Example 1 is particularly useful over a pH range of
      about 6 - 8.5.
PAC  EXAMPLE 2
PAR  The following composition, representing the preferred composition of arrow
      E of the drawing, was prepared:
TBL  Ingredient            Parts by Weight                                     

     ______________________________________                                    

     sodium silicate        29                                                 

     urea                    2                                                 

     triethanolamine         3                                                 

     glycerine              30                                                 

     dodecyl benzene sulfonic acid                                             

                            29                                                 

     coconut fatty alcohol ether                                               

      sulfate                2                                                 

     isooctyl phenol polyethylene                                              

      glycol ether           3                                                 

     coconut fatty acid alkylol                                                

      amide                  2                                                 

     Total (non aqueous)    100                                                

     water                 1500                                                

     pH adjusted to         12                                                 

     ______________________________________                                    

PAR  The composition of Example 2 was tested as an all purpose spot remover
      against the commercially available spot removers previously considered as
      the best available. The above composition proved superior in over all
      cleaning to all tested. This superiority of this composition is especially
      noteworthy for the reason that the most successful spot removers to date
      have included ecologically unacceptable organic solvents. The only
      disadvantage of the composition is that it is slower in its attack on
      hydrocarbon oils and greases than the solvent type cleaners but yet cleans
      such oil and grease stains.
PAR  The composition of Example 2 is excellent as a spot remover of a wide range
      of foods and soils and is uniquely superior as a hard surface cleaner. It
      serves, for example, as an oven cleaner, a wall cleaner, and for the
      removal of spots from rugs, tile, wood, and various fabrics. It has found
      application in the removal of stains set in by other cleaners and for the
      removal of water rings from fabrics where a stain had been "dabbed" with
      water. The composition is surprisingly mild for a high pH cleaner for a
      reason which is not yet apparent.
PAC  EXAMPLE 3
PAR  The following compositions, representing the preferred composition of line
      C of the drawing, was prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     sodium silicate        65                                                 

     urea                   5                                                  

     triethanolamine        0.5                                                

     glycerine              0.5                                                

     dodecyl benzene sulfonic acid                                             

                            2                                                  

     coconut fatty alcohol ether sulfate                                       

                            2                                                  

     isooctyl phenol polyethylene                                              

     glycol ether           21                                                 

     coconut fatty acid alkylol amide                                          

                            4                                                  

     Total (non aqueous)    100                                                

     water                  250                                                

     pH adjusted to          13 plus                                           

     ______________________________________                                    

PAR  The composition was tested as a laundry detergent and was tested against
      several commercially available liquid laundry detergents previously
      considered as the best available. The most noteworthy result of the
      comparison, in addition to its generally superior performance, was the
      results obtained with the composition with difficultly removable stains
      like grape juice and mustard stains. For example, whereas the best of the
      commercially available liquid detergents turned a dark blue grape juice
      stain into a light gray stain, the composition of Example 3 removed the
      stain completely.
PAC  EXAMPLE 4
PAR  The following composition, representing the composition of arrow D of the
      drawing, was prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     sodium silicate         15                                                

     urea                    3                                                 

     triethanolamine         7                                                 

     glycerine               25                                                

     dodecyl benzene sulfonic acid                                             

                             39                                                

     coconut fatty alcohol ether sulfate                                       

                             3                                                 

     isooctyl phenol polyethylene                                              

      glycol ether           5                                                 

     coconut fatty acid alkylol amide                                          

                             3                                                 

                            100                                                

     water, various compositions in range                                      

     250-1500                                                                  

     pH, adjusted for various samples                                          

     to range                                                                  

     7-12                                                                      

     ______________________________________                                    

PAR  The composition of Example 4 was tested in a manner similar to the
      compositions of Example 1 and 2. Although it was not as good as the latter
      compositions it proved to be at least equal to the commercially available
      cleaners used in the comparison. By way of example, the composition of
      Example 4 tends to leave a film on glassware but continues to be a
      superior rug cleaner.
PAC  EXAMPLE 5
PAR  The following composition, representing the composition of arrow f of the
      drawing, was prepared:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     sodium silicate         45                                                

     urea                    3                                                 

     triethanolamine         2                                                 

     glycerine               23                                                

     dodecyl benzene sulfonic acid                                             

                             17                                                

     coconut fatty alcohol ether sulfate                                       

                             2                                                 

     isooctyl phenol polyethylene                                              

      glycol ether           5                                                 

     coconut fatty acid alkylol amide                                          

                             3                                                 

                            100                                                

     water, various compositions                                               

      in range              250 - 1500                                         

     pH, adjusted for various samples                                          

      in range              12 - 13.5                                          

     ______________________________________                                    

PAR  The composition of Example 5 was tested in a manner similar to Examples 2
      and 3. Although it was not as good as the latter compositions it proved to
      be at least equal to the commercially available cleaners used in the
      comparison. By way of example, the composition of Example 5 was equal to,
      but not superior to, the leading commercially available liquid laundry
      detergent in removing grape juice stains from cotton fabrics but yet was a
      better all purpose cleaner than any of the tested commercially available
      cleaners.
PAR  The pH adjustments in the examples were made in the alkaline direction with
      sodium or potassium hydroxide. Adjustments in the acid direction were made
      by the use of predetermined mixtures of dodecyl benzene sulfonic acid and
      salts thereof.
PAR  The preferred alkali metal silicates are sodium and potassium silicates and
      preferably, water glass.
PAR  The degree of dilution of each of the compositions of the invention can be
      quite variable. Generally the composition is packaged in a relatively
      concentrated form to be diluted by the user in accordance with the use
      intended. A spot remover (e.g. Example 2) is generally used in its
      original dilution; a shampoo (e.g. Example 1) is generally diluted with at
      least the water used to wet the hair prior to applying the shampoo, and a
      laundry cleaner (e.g. Example 3) is generally diluted many fold.
PAR  It is usually taken for granted that one skilled in the art can design a
      specific cleaner for a specific cleaning job and that, because there are
      so many types of soils and stains in so many types of sites, that one so
      skilled would come up with a wide variety of cleaners for all such jobs.
      It follows then that an all purpose cleaner would of necessity be expected
      to be a compromise, doing nothing well. The presently designed system,
      however, is therefore surprising in that it is in no sense a compromise.
      It does substantially every cleaning job well and many in a superior
      manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aqueous detergent composition comprising zero to about 65 parts by
      weight of an alkali metal silicate and a combination of an anionic organic
      detergent, a non-ionic organic detergent, triethanolamine, glycerine, and
      urea; each in an approximate proportion relative to the proportion of said
      silicate as indicated in the drawing.
NUM  2.
PAR  2. The composition as defined in claim 1 and comprising about 55 parts of
      said anionic deterggent, about 9 parts triethanolamine, about 10 parts
      glycerine, about 6 parts urea, and about 20 parts of said non-ionic
      detergent.
NUM  3.
PAR  3. The composition as defined in claim 2 where said anionic detergent is
      about 50 parts dodecy, benzene sulfonic acid and about 5 parts of a
      coconut fatty alcohol ether sulfate.
NUM  4.
PAR  4. The composition as defined in claim 2 where said non-ionic detergent is
      about 13 parts isooctyl phenol polyethylene glycol ether and about 7 parts
      of a coconut fatty acid alkylol amide.
NUM  5.
PAR  5. The composition as defined in claim 1 and comprising about 9 parts
      triethanolamine, about 10 parts glycerine, about 6 parts urea, about 50
      parts dodecyl benzene sulfonic acid, about 5 parts of a coconut fatty
      alcohol ether sulfate, about 13 parts isooctyl phenol polyethylene glycol
      ether, and about 7 parts of a coconut fatty acid alkylol amide.
NUM  6.
PAR  6. The composition as defined in claim 2, wherein said water proportion is
      about 250 parts.
NUM  7.
PAR  7. The composition is defined claim 2 and having a pH of about 6 -8.5.
NUM  8.
PAR  8. The composition as defined in claim 1 and comprising about 29 parts of
      an alkali metal silicate, about 31 parts of said anionic detergent, about
      3 parts triethanolamine, about 30 parts glycerine, about 2 parts urea, and
      about 5 parts of said non-ionic detergent.
NUM  9.
PAR  9. The composition as defined in claim 8 where said anionic detergent is
      about 29 parts dodecyl benzene sulfonic acid and about 2 parts of a
      coconut fatty alcohol ether sulfate.
NUM  10.
PAR  10. The composition as defined in claim 8 where said non-ionic detergent is
      about 3 parts isooctyl phenol polyethylene glycol ether and about 2 parts
      of a coconut fatty acid alkylol amide.
NUM  11.
PAR  11. The composition as defined claim 1 and comprising about 29 parts of an
      alkali metal silicate, about 3 parts triethanolamine, about 30 parts
      glycerine, about 2 parts urea, about 29 parts dodecyl benzene sulfonic
      acid, about 2 parts of a coconut fatty alcohol ether sulfate, about 3
      parts isooctyl phenol polyethylene glycol ether, and 2 parts of a coconut
      fatty acid alkylol amide.
NUM  12.
PAR  12. The composition as defined claim 8 where said water proportion is about
      1500 parts.
NUM  13.
PAR  13. The composition as defined in claim 8 and having a pH above about 11.
NUM  14.
PAR  14. The composition as defined in claim 1 and comprising about 65 parts of
      an alkali metal silicate, about 4 parts of said anionic detergent, about
      0.5 parts triethanolamine, about 0.5 parts glycerine, about 5 parts urea,
      and about 25 parts of said non-ionic detergent.
NUM  15.
PAR  15. The composition as defined in claim 14 where said anionic detergent is
      about 2 parts dodecyl benzene sulfonic acid and about 2 parts of a coconut
      fatty alcohol ether sulfate.
NUM  16.
PAR  16. The composition as defined in claim 14 where said non-ionic detergent
      is about 21 parts isooctyl phenol polyethylene glycol ether and about 4
      parts of a coconut fatty acid alkylol amide.
NUM  17.
PAR  17. The composition as defined in claim 1 and comprising about 65 parts of
      an alkali metal silicate, about 0.5 parts triethanolamine, about 0.5 parts
      glycerine, about 5 parts urea, about 2 parts dodecyl benzene sulfonic
      acid, about 2 parts of a coconut fatty alcohol ether sulfate, about 21
      parts isooctyl phenol polyethylene glycol ether, and about 4 parts of a
      coconut fatty acid alkylol amide.
NUM  18.
PAR  18. The composition as defined in claim 14 where said water proportion is
      about 250 parts.
NUM  19.
PAR  19. The composition as defined in claim 14 and having a pH above about 12.
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ABST
PAL  A detergent composition for bathtub cleaning which needs little rubbing of
      the tub, and which comprises:
PA1  1. 100 parts by weight of a detergent base comprising surfactants:
TBL                parts by weight                                             

     ______________________________________                                    

     anionic         40 - 85                                                   

     nonionic        10 - 40                                                   

     amphoteric       5 - 20                                                   

     ______________________________________                                    

PA1  2. 9 to 30 parts by weight of an alkylene glycol alkyl ether, and
PA1  3. 2 to 15 parts by weight of an alkanolamine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally, a detergent for use in removing grime on a bath tub wall is
      required to meet requirements different from that for the conventional
      detergents for tablewares, fabrics, etc. One reason for this is that the
      grime on a bathtub, that is, so-called scum or a bathtub ring, does not
      necessarily comprise only organic materials.
PAR  It is usually considered that the development of the scum in a bathtub may
      be attributable to stains from the skin and the fat of a human body,
      formation of an insoluble-lime soap through the use of a soap, inorganic
      and organic stains, and the like. Among them, the lime soap and the skin
      and fat grime of the human body are considerably sticky, and when they
      adhere to surfaces of a bathtub or a bath water heater of water
      recirculation type, it is difficult to remove.
PAR  In order to remove this grime completely with the use of conventional
      detergents, the work of rubbing heavily the surfaces of the bathtub with a
      scrubbing-brush, a sponge and the like is required and particularly the
      work of rubbing the bottom surface of a bathtub requires considerable
      labor and time.
PAR  Furthermore, with a bath water heater of water recirculation type installed
      outside the bathtub it is impossible to clean throughout the inner surface
      thereof due to its construction, and only clean cleaning grime out by
      means of hydraulic pressure provided through ports in communication with
      the outside is possible, so that no satisfactory effect of cleaning is
      obtained and the scum gradually accumulates to float out into the bathtub
      during bathing whereby those having a bath will feel uncomfortable. Such
      accumulation and floatation of scum must be avoided also from the
      standpoint of sanitation.
PAR  In addition to these problems, when these detergents are used for cleaning
      a bathtub, they are further unsatisfactory in sudsing, permeability,
      deodorizing ability, etc.
PAR  In cleaning a bathtub, the efficiency of cleaning work depends greatly upon
      sudsing and the time until the suds disappear which in turn govern the
      ease and time for rinsing and draining. In order to remove the scum
      adhering to a bathtub, a detergent should have a strong permeability and
      solubilization and at the same time should perform the function of
      removing bad odor resulting from the grime such as scum. That is, a
      detergent suitable for use for bathtub cleaning is one that has a good
      sudsing property, a short desudsing time, and strong deodorization and
      permeability.
PAR  Most of the detergents which have heretofore been used for bathtub cleaning
      comprise abrasives, and the cleaning of the tub has been conducted by a
      physical operation of rubbing the surface of the tub. As a result, the
      surface of the tub is liable to be scratched and the cleaning work is
      troublesome.
PAR  Detergents for cleaning toilet ceramic products such as a water closet may
      be also used for washing the tub, but these detergents are strongly acidic
      and the rubbing operation using a sponge directly containing these
      detergents has the great possibility of roughening the user's hands and
      has a tendency to deteriorate the materials of which the bathtub and bath
      water heater are made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a detergent composition which meets the
      various requirements for cleaning bathtubs and bath water heaters as
      mentioned above. The detergent composition according to the present
      invention does not cause scratching of the materials of which the tube and
      the boiler are made because it is free of abrasives and can remove grime
      from the tub and the water heater without causing deterioration and
      corrosion of the tub and the water heater materials because it is weakly
      alkaline. Removal of the grime from the water heater will, of course, lead
      to improvement of thermal efficiency of water heater.
PAR  In accordance with the present invention, briefly summarized, there is
      provided a detergent composition for bathtub cleaning which comprises:
PA1  1. 100 parts by weight of a detergent base comprising 40 to 85% by weight
      of an anionic surface active agent, 10 to 40% by weight of a non-ionic
      surface active agent and 5 to 20% by weight of an amphoteric surface
      active agent;
PA1  2. 9 to 30 parts by weight of an alkylene glycol alkyl ether; and
PA1  3. 2 to 15 parts by weight of an alkanolamine.
PAR  The nature, principle, and utility of the present invention will be more
      clearly apparent from the following detailed description beginning with
      general aspects and features of the invention and concluding with specific
      examples of practice illustrating preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, the single FIGURE is a schematic representation of a device
      for determining sudsing ability of a detergent.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present detergent composition for cleaning bathtubs comprises a
      detergent base [1] which comprises anionic, nonionic, and amphoteric
      surfactants and provides the composition with the basic detergency and a
      modifier [2 + 3] which provides the composition with improved capability
      of solubilizizng grime firmly adhering to the tub and the water heater.
PAC  Detergent base
PAR  Example of the surface active agents which may be used as the detergent
      base (1) in the present invention are as follows:
PAR  a. Anionic surface active agents
PA1  1. Alkylaryl sulfonates:
      ##SPC1##
PAL  wherein R.sub.1 is an alkyl radical having 8 to 14 carbon atoms and M is
      NH.sub.4 or an ethanol amine selected from the group consisting of
      monoethanolamine, diethanolamine, and triethanolamine.
PA1  2. Higher alcohol sulfate ester salts:
EQU  R.sub.1 . OSO.sub.3 M
PAL  wherein R.sub.1 is a higher alcohol moiety having 8 to 18 carbon atoms and
      M is NH.sub.4 or an ethanol amine selected from the group consisting of
      mono-, di-, and trethanolamines.
PA1  3. Alkyl sulfosuccinates:
      ##EQU1##
      wherein R.sub.2 is an alkyl radical having, for example 1 to 10 carbon
      atoms, e.g., isobutyl, amyl, hexyl, and 2-ethylhexyl.
PA1  4. Polyalkylene alkyl or aryl ether sulfate ester salts:
EQU  R.sub.3 (OCH.sub.2 CH.sub.2).sub.n . OSO.sub.3 M
PAL  wherein n is an integer from 2 to 10, R.sub.3 is an alkyl radical having 8
      to 14 carbon atoms or an aryl radical such as phenol or a tolyl, M is
      NH.sub.4 or an ethanol amine selected from the group consisting of mono-,
      di-, and tri-ethanolamines.
PA1  5. Higher alkyl sulfonates:
EQU  R.sub.4 . SO.sub.3 M
PAL  wherein R.sub.4 is a linear hydrocarbon having 11 to 18 carbon atoms and M
      is NH.sub.4 or an alkali metal such as Na or K.
PAR  b. Nonionic surface active agents
PA1  1. Ethylene oxide addition products of higher alcohols:
EQU  R.sub.5 - O (CH.sub.2.CH.sub.2 O).sub.n H
PAL  wherein R.sub.5 is a higher alcohol moiety having 12 to 18 carbon atoms,
      and n is an integer from 9 to 13.
PA1  2. Polyoxyethylenealkylarylethers:
      ##SPC2##
PAL  wherein R.sub.6 is an alkyl radical having, for example, 4 to 16 carbon
      atoms, e.g., octyl, nonyl, dodecyl and an aryl radical such as phenol or a
      tolyl and n is an integer from 7 to 13.
PA1  3. Polyoxyethylene-polyoxypropylene block polymers:
PA2  i. Pluronic type
      ##EQU2##
      ii. Tetronic type
      ##EQU3##
      wherein the hydrophobic group (polypropylene glycol) used has a molecular
      weight of 950 to 2050 and the added ethylene oxide comprises 10 to 40 % by
      weight.
PAR  c. Amphoteric surface active agents
PA1  1. Cyclic imidiniums (Miranol)
      ##EQU4##
      wherein R.sub.7 is an aliphatic hydrocarbon having 7 to 17 carbon atoms,
      R.sub.8 is H, an alkali metal such as Na, or K or CH.sub.2 COOH CH.sub.2
      COONa or CH.sub.2 COOK, R.sub.9 is --CH.sub.2 COONa, --CH.sub.2 COOH or
      ##EQU5##
      R.sub.10 is OH,
      ##EQU6##
      C.sub.12 H.sub.25 OSO.sub.3 or C.sub.13 H.sub.27 (OC.sub.2 H.sub.4).sub.3
      OSO.sub.3.
PAL  Miranol is a trade mark owned by The Miranol Chemical Company Inc. for
      cyclic imidiniums disclosed in U.S. Pat. No. 2,773,068.
PA1  2. Alkylglycines
EQU  R.sub.11 -- (NHCH.sub.2 CH.sub.2).sub.n N.sup.+H CH.sub.2 COO--
PAL  wherein R.sub.11 is an alkyl radical having 8 to 18 carbon atoms and n is
      an integer from 1 to 3.
PAR  Several tests on the detergent base per se according to the present
      invention were conducted.
PAR  The compositions of the detergent bases used in these test are indicated in
      Table 1.
TBL                Table 1.                                                    

     ______________________________________                                    

     Sample                                                                    

     Component         A        B        C                                     

     ______________________________________                                    

     Triethanolamine lauryl sulfate                                            

                       60%      50%      50%                                   

     Polyoxyethylenenonylphenol                                                

                       40%      40%      30%                                   

     ether (10 E.O.)                                                           

     Miranol C-2M CONC *1                                                      

                       0        10%      20%                                   

        Total          100%     100%     100%                                  

     ______________________________________                                    

      *1 Miranol C-2M CONC is a cyclic imidinium amphoteric surface active agen

      as described in U.S. Pat. No. 2,773,068.                                 

PAR  1. Specific surface tension test
PAR  In this test the Samples A and B were subjected to Drop Weight Method to
      determine their surface tension, which was compared with that of water.
PAC  The Drop Weight Method
PAR  Traube's stalagmometer is used to calculate surface tension from the number
      of drops of liquid of given volume passing an orifice according to the
      equation:
EQU  .gamma..sub.1 /.gamma..sub.2 = n.sub.2 .rho..sub.1 /n.sub.1 .rho..sub.2
PAL  where:
PA1  n.sub.1, .rho..sub.1, and .gamma..sub.1 are the number of drops, the
      density, and the surface tension of the liquid A which is water,
      respectively; n.sub.2, .rho..sub.2, and .gamma..sub.2 are the number of
      drops, the density, and the surface tension of the liquid B which is the
      sample.
PAR  The results are shown in Table 2.
TBL                Table 2.                                                    

     ______________________________________                                    

     Sample                                                                    

     Concentration  A            B                                             

     ______________________________________                                    

      0.1%          0.81         0.74                                          

     0.5            0.64         0.61                                          

     1.0            0.60         0.58                                          

     ______________________________________                                    

PAL  The results of this test show that the Sample B which contains the
      amphoteric surface active agent is effective particularly in a lower
      concentration.
PAR  2. Detergency test
PAR  Detergency was determined by the Reflectance Method.
PAR  In this test a test piece composed of the bathtub material was immersed in
      a bath and was exposed to the grime from the human body during bathing.
      The test piece thus soiled was then immersed in cleaning solutions, viz.,
      diluted Samples A to C, for 60 minutes. At the end of the time, the test
      piece was removed therefrom, dried and subjected to the reflectance
      measurement. The reflectance was determined with reference, as a blank, to
      test pieces before the griming.
PAR  The data obtained are set forth in Table 3, in which a larger value
      indicates that the test piece has a closer gloss to the standard sample to
      which no grime adheres and that it is free of grime.
TBL                Table 3.                                                    

     ______________________________________                                    

     Sample                                                                    

     Concentration  A         B         C                                      

     ______________________________________                                    

      5 ml./180 l. water                                                       

                     72.2%     75.6%     80.2%                                 

     10    "        75.6      87.2      87.2                                   

     15    "        86.2      91.0      91.0                                   

     20    "        91.0      92.0      93.0                                   

     ______________________________________                                    

PAR  The results of this test indicate that the Samples B and C which contain
      the amphoteric surface active agent are more effective particularly at a
      lower concentration than the Sample A which contains no amphoteric surface
      active agent.
PAR  A preferred combination of the surface active agents to prepare the
      detergent base used in the present invention comprises one or more anionic
      surface active agents in a quantity of 40 to 85%, preferably 50 to 80%,
      one or more nonionic surface active agents in a quantity of 10 to 40%,
      preferably 20 to 40%, and one or more amphoteric surface active agents in
      a quantity of 5 to 20%, preferably 10 to 20%, all % by weight of the
      detergent base. Preferably, particular surface active agents to be used in
      preparing the detergent base are so selected that they are compatible with
      the modifier [1 + 2], whereby no clouding and phase separation will occur
      when alkylene glycol alkyl ether [modifier 1] and alkanol amines [modifier
      2] are incorporated in the detergent base in preparation of the present
      detergent composition for cleaning bathtubs. The compatibility can easily
      be determined by a simple test. In the case where occurrence of clouding
      and phase separation does not matter, no such preliminary test is
      necessary.
PAC  Modifier
PAR  Usually, a mixture of lime soap and fats deposits on the wall of a bathtub
      over a long period of time, and it is ordinarily difficult to remove such
      deposit by using conventional detergents.
PAR  We have now found that a composition comprising 100 parts by weight of the
      detergent base hereinabove described, 9 to 30 parts of an alkylene glycol
      alkyl ether and 2 to 15 parts of an alkanolamine dissolves and removes the
      accumulated and aged grime on the surfaces of a tub and a water heater
      with ease and, moreover, promotes the dissolution and dispersion of newly
      formed and lightly adhering grime. Further, the grime deposited on the
      interior surfaces of the water heater which are difficult to reach may be
      easily washed out with water containing the composition dissolved therein
      in a dilute concentration.
PAR  Alkylene glycol alkyl ethers used in the present invention have, for
      example, the following formula.
      ##EQU7##
      wherein R.sub.12 is a lower alkyl having 1 to 6 carbon atoms such as
      CH.sub.3, C.sub.2 H.sub.5, C.sub.3 H.sub.7 and C.sub.4 H.sub.9, and
      R.sub.13 is a lower alkylene having 2 to 6 carbon atoms such as C.sub.2
      H.sub.4, C.sub.3 H.sub.6 and C.sub.4 H.sub.8, and R.sub.14 is hydrogen or
      a lower alkyl having 1 to 6 carbon atoms such as methyl, ethyl, propyl,
      and butyl. When the above-mentioned alkylene glycol alkyl ether is added
      to the detergent base together with alkanol amine, the grime adhering to
      the bathtub and the water heater are easily separated and drained off.
PAR  The alkanolamines used in the present invention include, for example, lower
      alkanolamines such as those having the following formula;
EQU  (CH.sub.2 CH.sub.2 OH).NH.sub.2
EQU  (CH.sub.2 CH.sub.2 OH(.sub.2.NH
EQU  (CH.sub.2 CH2OH).sub.3.N
EQU  (CH.sub.2 CHOH.CH.sub.2).sub.3.N,
PAL  those having 2 to 9 carbon atoms in total being particularly preferable.
PAR  Another group of alkanolamines consisting of substituted alkanol amines
      such as those having the following formula may be also used.
EQU  (CH.sub.2 CH.sub.2 OH) NH.D
EQU  (CH.sub.2 CH.sub.2 OH).sub.2 N.D
PAL  wherein D is an alkyl radical having 2 to 4 carbon atoms. Those having 3 to
      9 carbon atoms are preferable.
PAR  Thus, alkanolamines which are represented by the following formula are
      preferable.
EQU  (HO--X).sub.n N--D.sub.m,
PAL  where X is a linear or branched alkylene having 2 to 4 carbon atoms; D is
      an alkyl having 1 to 4 carbon atoms; n is 1, 2 or 3; m is 0, 1 or 2, n+m
      being 3; and the total number of carbon atoms is 2 to 9.
PAR  In accordance with the present invention, with less than 9 parts alkylene
      glycol akyl ether added to 100 parts of the detergent base, the results
      are unsatisfactory. On the other hand, with more than 30 parts, hand chap
      is caused due to its strong degreasing function and a painted surface
      which may come to contact with it is adversely affected. In addition, the
      use of more than 30 parts of alkylene glycol alkyl ether would provide no
      particular increase in efficiency.
PAR  With less than 2 parts of an alkanolamine added, its efficiency is poor. On
      the other hand, with more than 15 parts of an alkanol amine, the resulting
      detergent composition feels slimy to the touch which offends the users and
      sometimes results in hand chap, and further increased sudsing is brought
      about during use, which leads to the unfavourable condition that suds
      still remain unremoved after draining.
PAR  Therefore, in accordance with the present invention 9 to 30 parts of an
      alkylene glycol ether and 2 to 15 parts of an organic amine are used with
      respect to 100 parts of the detergent base. Particularly, 15 to 28 parts
      of an alkylene glycol alkyl ether and 3 to 15 parts of an alkanolamine may
      be preferably used.
PAR  The detergent composition according to the present invention will be
      further illustrated in terms of the following performance tests in
      conjunction with the accompanying drawing which is a schematic view of a
      device for determining sudsing ability.
PAC  Test composition
PAR  The compositions of the detergent are indicated in Table 4.
TBL                Table 4.                                                    

     ______________________________________                                    

     Composition                                                               

              Detergent base                                                   

                          Diethanolamine                                       

                                      Diethylene                               

                                      glycolethyl                              

     Sample   (parts)     (parts)     ester (parts)                            

     ______________________________________                                    

     W        100         5           25                                       

     X        100         0            0                                       

     Y        100         0           25                                       

     Z        100         5            0                                       

     ______________________________________                                    

PAC  Permeability test
PAR  In this test, the permeation rates of the Samples W, X, Y and Z were
      determined according to a Canvas Disc Method, ASTM D 2281 - 68. The
      results are shown in Table 5.
TBL                Table 5.                                                    

     ______________________________________                                    

     Sample                                                                    

     Concentration                                                             

               W         X         Y       Z                                   

     ______________________________________                                    

     1.0 %     sec.      sec.      sec.    sec.                                

               7.5       10.5      9.5     9.5                                 

     ______________________________________                                    

PAR  The above results indicate that the detergent composition comprising the
      detergent base to which both an alkylene glycol alkyl ether and an
      alkanolamine have been added is far superior in permeability to that
      containing either alkylene glycol alkyl ether or alkanolamine alone.
PAC  Detergency test
PAR  In this test, the detergency of the Samples W, X, Y and Z were compared to
      each other with respect to reflectance measurements. The results are shown
      in Table 6.
TBL                Table 6.                                                    

     ______________________________________                                    

     Sample                                                                    

     Concentration W        X        Y      Z                                  

     ______________________________________                                    

      5 ml./180 l. water                                                       

                    67%      53%      53%    58%                               

     10    "       72       59       64     58                                 

     15    "       77       59       68     59                                 

     20    "       83       61       72     59                                 

     ______________________________________                                    

PAR  The above results indicate that the SAmples Y and Z containing either an
      alkylene glycol alkyl ether or an alkanol amine alone are little different
      from the Sample X comprising only the detergent base with respect to
      values of reflectance, and, particularly, with a lower concentration of
      these additives, there are provided no distinctive effects. However, the
      Sample W containing both of these additives provides excellent effect due
      to their synergism.
PAC  Specific surface tension test
PAR  In this test, the surface tension of the Samples W and X were compared with
      that of water according to the Drop Weight Method. The results are shown
      in Table 7.
TBL                Table 7.                                                    

     ______________________________________                                    

     Sample                                                                    

     Concentration  W            X                                             

     ______________________________________                                    

      0.1%          0.67         0.79                                          

     0.5            0.54         0.55                                          

     1.0            0.51         0.52                                          

     ______________________________________                                    

PAR  The above results indicate that the detergent composition comprising both
      of an alkylene glycol alkyl ether and an alkanolamine added to the
      detergent base is distinctively effective, particularly at a lower
      concentration of these additives.
PAC  Sudsing test
PAR  In this test the sudsing ability of the samples W, X, Y and Z were compared
      with each other according to the Japanese Industrial Standard JIS
      K-3362-1970 method, corresponding to ASTM D 1173-53.
PAR  This method (JIS, K-3362-1970) is summarized as follows: The device for
      determing sudsing ability as shown in the accompanying drawing is used
      wherein the part B is set up vertically and water at a specific
      temperature is circulated through the outer jacket C by means of a pump,
      not shown, to maintain the temperature around the part B at a constant
      value. After fitting a part A to the part B, 50 ml. of a sample solution
      maintained at the same temperature is gently poured into the part B along
      the wall of the tube B of inner diameter D of 50 mm while wetting
      throughout the side walls. Then, 200 ml. of said sample solution is picked
      up by a pipette of a capacity of 200 ml. and this pipette is secured on
      the top of the tube B as shown in the drawing and as designated as A. Then
      a plug at the upper end thereof is opened to cause the sample solution to
      flow over about 30 seconds so that the liquid drops may be directed to the
      center of the liquid surface in the part B, the distance L being 900 mm.
      As soon as all of the solution completely flows out, an amount of suds
      which is indicated in terms of an average height by eye-measurement in mm.
      is determined and the mean value of several measurements is calculated to
      produce an integer which is defined as the sudsing ability. The results
      are shown in Table 8.
TBL                Table 8.                                                    

     ______________________________________                                    

     (Condition: Temperature: 40.degree.C, Concentration: 100 PPM)             

     Sample                                                                    

     Elapsed   W         X         Y       Z                                   

      time(minute)                                                             

     ______________________________________                                    

      0       46.8.sup.ml.                                                     

                        33.4.sup.ml.                                           

                                  41.8.sup.ml.                                 

                                          43.4.sup.ml.                         

      5       36.8      25.0      23.4    39.1                                 

     15       33.5      21.7      16.7    26.7                                 

     30       20.0      20.0      16.7    25.7                                 

     45       16.7      18.7      15.1    11.7                                 

     60       10.0      13.4      15.1    10.0                                 

     80        8.3      10.0      10.0     8.4                                 

     ______________________________________                                    

PAR  The above results indicate that by the addition of an alkylene glycol alkyl
      ether and an alkanolamine to the detergent base, suds develop heavily at
      the initial stage of the use and the suds rapidly decrease with the lapse
      of time. In view of the above facts, it will be noted that the initial
      sudsing permits the grime to disperse easily and the reduced suds during
      draining makes a rinsing operation easy.
PAR  It will be apparent from the above test results that when an alkylene
      glycol alkyl ether and an alkanol amine are added to the detergent base as
      described hereinabove, both materials function synergistically to dissolve
      insoluble lime soaps characteristic of waxes and scum constituents, and at
      the same time the detergent composition so obtained provides further
      reduction in the surface tension at a lower concentration.
PAR  In addition, it is one of the requirements for a bathtub cleaner to reduce
      the residue of the constituents of the detergent to a minimum. That is,
      when the constituents remain after draining, such remaining constituents,
      even though they are in a diluted state, exert a harmful effect on the
      human body and develop a stable foam on the surface of the bath water when
      the bath is subsequently heated, which makes the users uncomfortable.
PAR  The test results shown above indicate that the detergent composition
      according to the present invention makes it possible to remove the grime
      from a bathtub only by holding water which contains the composition
      dissolved therein in the tub without rubbing the tub vigorously as in the
      case with the conventional detergent composition. In addition, since the
      present detergent composition may be used in this way, it is possible to
      clean even the interior of a bath water heater of recirculation type and
      the connection tube, thereby easily separating the scum adhering to the
      interior of the bath water heater.
PAR  As the detergent composition according to the present invention is a liquid
      containing no abrasives, it may be used without scratching the surface of
      the tub. If desired, dyes, perfumes and the like may be added to the
      detergent composition of the present invention in order to provide it with
      sensation of cleanness. In addition, a bactericide, an antimold such as
      chlorinated bisphenols, chlorinated phenols and p-hydroxybenzoate ester
      may be also added to the present detergent composition. Sequestering
      agents such as disodium ethylenediaminetetraacetate may be also added.
PAR  The use of the detergent composition for a bathtub according to the present
      invention makes it possible to improve the conventional methods of washing
      a bathtub, and, as a consequence, the labor of the persons washing the tub
      may be remarkably reduced.
PAR  Furthermore, in accordance with present invention the grime present in the
      interior of the tub and a bath water heater, which has been hitherto
      difficult to remove, is easily removed so that the tub can be kept clean.
      Accordingly, the present invention is believed advantageous from the stand
      point of sanitation.
PAR  The following examples will illustrate the present invention in more
      detail, but the invention is not limited thereto.
PAC  EXAMPLE
PAC  Preparation of the composition
PAR  An anionic surface active agent, a nonionic surface active agent and an
      amphoteric surface active agent are added successively to water and to the
      mixture thus obtained is added an alkylene glycol alkyl ether and an
      alkanol amine. The mixture is agitated to provide a homogeneous mixture.
      If desired, a perfume, a dye and the like are added.
TBL  Recipe 1                                                                  

     Composition            Parts by weight                                    

     ______________________________________                                    

     Monoethanolamine dodecylbenzenesulfonate                                  

                            75.0                                               

     Polyoxyethyleneoctylphenolether                                           

                            15.0                                               

     Miranol J2M-SF Conc.   10.0                                               

     Diethylene glycol monoethyl ether                                         

                            9.0                                                

     Monoethanolamine       6.0                                                

     Trichlorophenylcarbanilide                                                

                            1.5                                                

     Water                  183.5                                              

     Total                  300.0                                              

     Recipe 2                                                                  

     Composition            Parts by weight                                    

     ______________________________________                                    

     Diethanolamine lauryl sulfate                                             

                            60.0                                               

     Polyoxyethyleneoleylalcohol                                               

                            32.0                                               

     Miranol J2M-SF Conc.   8.0                                                

     Diethylene glycol monoethyl ether                                         

                            30.0                                               

     n-Butyldiethanolamine  2.0                                                

     Hexachlorophene        2.0                                                

     Disodium ethylenediaminetetraacetate                                      

                            2.0                                                

     Water                  164.0                                              

     Total                  300.0                                              

     Recipe 3                                                                  

     Composition            Parts by weight                                    

     ______________________________________                                    

     Monoethanolamine dodecylbenzenesulfonate                                  

                            110.0                                              

     Polyoxyethyleneoctylphenolether                                           

                            20.0                                               

     Miranol C2M-SF Conc.   20.0                                               

     Ethylene glycol dibutyl ether                                             

                            20.0                                               

     Diethanolamine         8.0                                                

     Butyl p-hydroxybenzoate                                                   

                            1.5                                                

     Water                  120.5                                              

     Total                  300.0                                              

     ______________________________________                                    

PAR  In all of the following tests 1, 2 and 3, recipe 1 was used as a sample.
PA1  Test 1:
PA2  Permeability test (according to the Canvas Disc Method)
PAR  With the 1 % aqueous solution, permeability was 9.8 seconds.
PA1  Test 2:
PA2  Detergency test (according to the reflectance measurement as described
      above).
PAR  The results are shown in Table 9.
TBL                Table 9                                                     

     ______________________________________                                    

     Concentration       Detergency                                            

     (ml./180 l. water)  (%)                                                   

     ______________________________________                                    

      5                  72                                                    

     10                  82                                                    

     15                  83                                                    

     20                  91                                                    

     ______________________________________                                    

PA1  Test 3:
PA2  Sudsing ability (according to the JIS K-3362-1970 as described before)
PAR  The results are shown in Table 10.
TBL                Table 10                                                    

     ______________________________________                                    

     (Condition: Temperature: 40.degree.C, Concentration: 100 ppm)             

     Lapse time       Suds amount                                              

     (minute)         (ml.)                                                    

     ______________________________________                                    

      0               50                                                       

      5               37                                                       

     15               32                                                       

     30               27                                                       

     45               17                                                       

     60                8                                                       

     80                0                                                       

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A detergent composition for bathtub cleaning which consists essentially
      of:
PA1  1. 100 parts by weight of a detergent base comprising 40 to 85% by weight
      of an alkylaryl sulfonate of the formula:
      ##SPC3##
PAL  wherein R.sub.o is an alkyl having 8 to 14 carbon atoms, and M is a
      salt-forming cation selected from the group consisting of ammonia,
      monoethanolamine, diethanolamine, and triethanolamine; 10 to 40% by weight
      of a polyoxyethylene alkylaryl ether of the formula:
      ##SPC4##
PAL  wherein R.sub.1 is an alkyl having 8-9 carbon atoms, and n is an integer
      from 7 to 13; and 5 to 20% by weight of a cyclic imidinium compound of the
      formula:
      ##EQU8##
      wherein R.sub.2 is an aliphatic hydrocarbon having 7 to 17 carbon atoms,
      R.sub.3 is selected from the group consisting of hydrogen, alkali metals,
      CH.sub.2 COOH, CH.sub.2 COONa, and CH.sub.2 COOK, R.sub.4 is a member
      selected from the group consisting of CH.sub.2 COOH, CH.sub.2 COONa, and
      ##EQU9##
      and R.sub.5 is a member selected from the group consisting of OH,
      ##EQU10##
      C.sub.12 H.sub.25 OSO.sub.3, and C.sub.13 H.sub.27 (OC.sub.2
      H.sub.4).sub.3 OSO.sub.3 ;
PA1  2.
NUM  2.
PAR  2. 9 to 30 parts by weight of a diethylene glycol monoalkyl ether of the
      formula:
EQU  R.sub.6 O(C.sub.2 H.sub.4 O).sub.2 H
PAL  wherein R.sub.6 is a lower alkyl having 1 to 4 carbon atoms, and
PA1  3. 2 to 15 parts by weight of an ethanolamine of the formula:
EQU  (HOCH.sub.2 CH.sub.2).sub.n NH.sub.m
PAL  wherein n is an integer from 1 to 3 and m is a number satisfying the
      equation n + m = 3;
PA1  4. sufficient amount of water to provide an aqueous solution of the mixture
      of the components (1) through (3), said detergent composition requiring
PAR   little scrubbing in the bathtub cleaning. 2. A detergent composition for
      bathtub cleaning as claimed in claim 1 wherein R.sub.o is C.sub.12.
NUM  3.
PAR  3. A detergent composition for bathtub cleaning as claimed in claim 1
      wherein R.sub.1 is C.sub.9 and n is equal to 10.
NUM  4.
PAR  4. A detergent composition for bathtub cleaning as claimed in claim 1
      wherein is CH.sub.2 COONa, R.sub.4 is CH.sub.2 COONa and R.sub.5 is OH.
NUM  5.
PAR  5. A detergent composition for bathtub cleaning as claimed in claim 1
      wherein R.sub.6 is C.sub.3 or C.sub.1.
NUM  6.
PAR  6. A detergent composition for bathtub cleaning as claimed in claim 1
      wherein n is equal to 3 and m is equal to 0.
PATN
WKU  039351319
SRC  5
APN  3759989
APT  1
ART  223
APD  19730702
TTL  High sudsing phosphate-free detergent composition
ISD  19760127
NCL  6
ECL  1
EXA  Miller; E. A.
EXP  Sebastian; Leland A.
INVT
NAM  Sharman; Samuel H.
CTY  Berkeley
STA  CA
ASSG
NAM  Chevron Research Company
CTY  San Francisco
STA  CA
COD  02
CLAS
OCL  252555
XCL  252554
XCL  252557
EDF  2
ICL  C11D  129
ICL  C11D  128
ICL  C11D  320
FSC  252
FSS  554;557;89;555
UREF
PNO  2956026
ISD  19601000
NAM  Lew
OCL  252557
UREF
PNO  3565809
ISD  19710200
NAM  Sharman
XCL  252555
UREF
PNO  3704228
ISD  19721100
NAM  Eckert et al.
OCL  252117
UREF
PNO  3754561
ISD  19730800
NAM  Sharman et al.
XCL  252555
UREF
PNO  3843707
ISD  19741000
NAM  Danzik et al.
XCL  252551
FREF
PNO  244,835
ISD  19630100
CNT  AU
OCL  252559
OREF
PAL  G. D. Miles et al., "Film Drainage," J. Am. Oil Chemists'Soc., 27, pp.
      268-273, (1950).
LREP
FR2  Magdeburger; G. F.
FR2  Stoner, Jr.; John
FR2  Brooks; J. T.
ABST
PAL  High sudsing phosphate-free heavy duty detergent composition comprises a
      compound of the formula
      ##EQU1##
      in which R.sub.1 and R.sub.2 are substantially linear saturated or
      unsaturated aliphatic groups of 3 to 19 carbon atoms, R.sub.3 is alkylene
      of 2 to 4 carbon atoms, u, v, x and y are 0 or 1, z is an integer 1 to 4,
      M is H or a water-soluble salt-forming cation, the sum of the carbon atoms
      in R.sub.1 and R.sub.2 is 13 to 21, the sum of the unsaturated sites in
      R.sub.1 and R.sub.2 is 0 to 1, the sum of u and v is 1, the sum of x and y
      is 1, and the sum of u  and x is 1, and as a foam enhancing component,
      from 0.05 to 0.30 parts by weight of an essentially straight chain primary
      alcohol of 11 to 14 carbon atoms.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This application is concerned with heavy duty phosphate free detergent
      compositions having enhanced foaming characteristics.
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. patent application Ser. No. 259,924, filed June 5, 1972, now U.S. Pat.
      No. 7,843,707, discloses as detergent active materials certain sulfated
      glycol or polyglycol half esters of alkyl or alkenyl succinic acids
      wherein the alkyl or alkenyl group contains from about 14 to about 22
      carbon atoms and the glycol moiety of the ester contains from 1 to 4 units
      of 2 to 4 carbon atoms and the sulfate group is terminally attached to the
      glycol or polyglycol chain.
PAR  These materials may be compounded into heavy duty detergent formulations
      which do not require the presence of a conventional sequestering type
      builder. The compositions have excellent detergency, are easily
      biodegradable and when certain of the half ester salts are employed have
      surprisingly low fish toxicity values. The heavy duty detergents
      compounded with these actives are low-foaming materials--that is, when
      employed in automatic clothes washing machines produce a very low volume
      of suds. While this characteristic is desirable for side-loading washers,
      it is often considered desirable for top loading washers that a
      substantial volume of foam be produced.
PAC  SUMMARY OF THE INVENTION
PAR  Surprisingly it has now been found that heavy duty detergent compositions
      having excellent foam producing properties comprise 1 part by weight of a
      detergent active and from 0.05 to 0.30 part by weight of a primary,
      essentially straight chain alcohol of 10 to 14, preferably 11 to 13 carbon
      atoms. The detergent active component is preferably a compound of the
      formula:
      ##EQU2##
      in which R.sub.1 and R.sub.2 are substantially linear saturated or
      unsaturated aliphatic groups of 2 to 19 carbon atoms, R.sub.3 is alkylene
      of 2 to 4 carbon atoms, u, v, x and y are 0 or 1, z is an integer 1 to 4,
      M is H or a water-soluble salt-forming cation, the sum of the carbon atoms
      in R.sub.1 and R.sub.2 is from about 13 to 21 carbon atoms, the sum of
      unsaturated sites in R.sub.1 and R.sub.2 is 0 to 1, the sum of u and v is
      1, the sum of x and y is 1, and the sum of u and x is 1.
PAR  Thus the preferred compounds are preferably derived from hydrocarbyl
      succinic anhydrides wherein the attachment of the succinic moiety to the
      hydrocarbyl group is at carbon atoms other than the 1 and 2 carbon atoms
      of the hydrocarbl chain. Such attachment as in this application is defined
      as "central attachment". Bonding at carbon atoms 1 and 2 of the
      hydrocarbyl group is defined as "end attachment".
PAR  In an additional preferred embodiment z is an integer of 1 to 3, preferably
      1 to 2, most preferably 2, and R.sub.3 is ethylene. It is further
      preferred that the sum of carbon atoms in R.sub.1 and R.sub.2 is from 15
      to 17. Thus, the preferred materials are sulfate salts of half esters
      produced by reacting ethylene glycol or diethylene glycol with an alkyl or
      alkenyl succinic anhydride having 16 to 18 carbon atoms in the side chain.
      The diethylene glycol derivative is most preferred as is the alkyl
      derivative.
PAR  The hydrocarbyl radicals illustrated in the formula by R.sub.1 R.sub.2 CH--
      include such groups as tetradecyl, pentadecyl, hexadecyl, heneicosyl,
      docosyl, tetradecenyl, pentadecenyl, hexadecenyl, heneicosenyl and
      docosenyl.
PAR  Typical compounds illustrating R.sub.1, R.sub.2 and R.sub.3 are listed as
      follows:
TBL  R.sub.1 R.sub.2    R.sub.3       Z     M                                  

     ______________________________________                                    

     ethyl   undecyl    ethylene      1     Na                                 

     propyl  undecenyl  1,2-propylene 2     K                                  

     butenyl tridecyl   1,3-propylene 1     NH.sub.4                           

     pentyl  dodecyl    1,4-butylene  1     Na                                 

     hexenyl tetradecyl 1,2-propylene 3     Na                                 

     heptyl  heptyl     ethylene      4     K                                  

     decenyl undecyl    ethylene      1     Na                                 

     propyl  heptadecyl ethylene      2     Na                                 

     nonyl   octyl      ethylene      2     Na                                 

     octyl   otcyl      ethylene      1     Na                                 

     heptyl  octenyl    1,2-butylene  1     K                                  

     ______________________________________                                    

DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The salt-forming cation M may be any of numerous materials such as alkali
      metal, alkaline earth metal, ammonium, or various organic cations.
      Examples of suitable organic cations include nitrogen-containing organic
      cations such as diethanolammonium and triethanolammonium cations. The
      alkali metal cations are preferred, and sodium ions are particularly
      preferred.
PAR  The alkyl and alkenyl groups which are attached to the succinic moiety may
      be branched or linear, although the substantially linear materials are
      preferred. By substantially linear is meant that the presence of a random
      methyl group, for example, somewhere on the chain will not be detrimental
      to their ability to be degraded. The preferred alkyl groups thus include
      the linear alkyl from tetradecyl to docosyl and the alkenyl groups will
      likewise be the linear materials from tetradecenyl to docosenyl.
PAR  The succinic anhydride precursors are preferably derived by the alkylation
      of maleic anhydride with a monoolefin to form alkenyl succinic anhydride
      followed in the case of the alkyl substituted materials by hydrogenation.
      The olefins may be derived from any source, examples being those derived
      from the cracking of waxes (alpha olefins) or those derived by
      dehydrogenation or halogenationdehydrohalogenation of appropriate paraffin
      fractions. From a commercial standpoint olefins derived by various
      dehydrogenation processes are preferred.
PAR  The reaction of olefin with maleic anhydride is performed as conventionally
      described in the art by contacting the anhydride with at least an
      equimolar amount, preferably an excess of olefin, usually at elevated
      temperatures, to form the desired anhydride.
PAR  The alkenyl materials may be converted to alkyl succinic anhydrides by
      conventional hydrogenation techniques. Alternatively and preferably, the
      hydrogenation is carried out with the half ester. Hydrogenation may thus
      be carried out in the presence of conventional catalysts such as platinum,
      platinum on inert supports, palladium, etc.
PAR  The alkenyl or alkyl succinic anhydride is reacted with an appropriate
      quantity of a lower glycol or lower polyglycol to yield the half ester. An
      approximately stoichiometric amount of the glycol or polyglycol will
      cleave the anhydride ring to form the desired compound having a free
      carboxyl group and a hydroxyl group on the glycol or polyglycol portion of
      the molecule. The use of an excess of the glycol is preferred.
PAR  Sulfation of the glycol substituted half ester to produce the acid
      precursor of the compound is accomplished by an appropriate sulfation
      method, such as with oleum, sulfuric acid, or chlorosulfonic acid.
PAR  The mixed carboxylic, sulfuric acid produced is reacted with an appropriate
      base in order to give the detergent-active salt which then may be
      compounded to form the desired detergent composition.
PAR  The preferred detergents contain one or two ethylene glycol units. Fish
      show markedly high tolerance to these materials. In addition, the
      preferred compounds contain a succinic moiety which is centrally attached
      on the hydrocarbyl chain.
PAR  The preparation of specific examples of these materials is described in
      U.S. patent application Ser. No. 259,924, the teachings of which are
      incorporated by reference.
PAR  The foam producing alcohols are represented by decyl, undecyl, dodecyl
      (lauryl), tridecyl and tetradecyl alcohols. Lauryl is preferred.
PAR  In addition to the detergent active half ester salts and foam boosting
      alcohols, detergent formulations will generally contain substantial
      quantities of other substances, particularly when dry or "powdered"
      formulations are used. Thus, while in general builders are not necessary
      for adequate detergency, in particular cases minor amounts of
      tripolyphosphate builders and other conventional builders may be included
      in the compositions.
PAR  Also, in dry formulations materials such as alkali metal salts, usually
      sodium sulfate, will be present as a byproduct of the sulfonation and
      neutralization reactions used to produce the detergent active and are not
      removed since they have no detrimental effect upon the detergent but, to
      the contrary, give a free flowing character to the detergent.
PAR  Other materials that may be optionally included in the formulations include
      but are not limited to anticorrosion and antiredeposition agents, foam
      boosters, etc.
PAR  The following tests illustrate the efficacy of compositions of this
      invention :
PAR  Foam tests were conducted in a Westinghouse side door washing machine.
      Detergent formulations were placed in the washer at 0.1% weight
      concentration. Washing was performed with 50 ppm hardness water at
      125.degree.F with a 3-terry towel load.
PAR  The following detergent active materials and builders were employed:
PAR  1. Sodium linear alkylbenzene sulfonate having 10-13 carbon alkyl chain
      (LAS).
PAR  2. Disodium sulfated diethylene glycol half ester of C.sub.16-18 mono
      alkenyl succinic acid having the following structure:
      ##EQU3##
      in which u, v, x and y are integers 0-1, the sum of u and x is 1, the sum
      of u and v is 1, and the sum of x and y is 1.
PAR  Formulations were prepared by adding the indicated weight percentages of
      detergent active and builder and foaming additive, 7% sodium silicate, 8%
      water, 1% carboxymethyl cellulose and sufficient sodium sulfate to make
      100%.
PAR  The following table shows foam test results obtained including results
      obtained with a commercial low foaming detergent, ALL. The foam level is
      measured at the specified time intervals.
TBL                SIDE DOOR WASHER FOAM TEST                                  

                   0.10% Concentration, 125.degree.F.                          

     Detergent Active             Lauryl                                       

                 Concentration                                                 

                         Builder, Alcohol                                      

                 Wt. % in                                                      

                         STP,* Wt.% in                                         

                                  Wt. % in                                     

                                         Time,                                 

                                              Foam,                            

     Ex. No.                                                                   

           Type  Formulation                                                   

                         Formulation                                           

                                  Formulation                                  

                                         Min. In.                              

     __________________________________________________________________________

     1     Commercial                                                          

                 --      --       --     1    &lt;1                               

           ALL                           5    &lt;1                               

                                         10   1                                

     2     1     20%     35%             1    5                                

                                         1.5  FUll                             

     3     2     25%     --              1    &lt;1                               

                                         5    1                                

                                         10   1                                

     4     2     25%     --       5%     1    &lt;1                               

                                         5    3                                

                                         9    Full                             

     __________________________________________________________________________

      *Sodium tripolyphosphate (STP).                                          

PAR  These results show that the subject half ester salts, which when formulated
      without foam booster function as low foaming detergent actives, function
      as high foaming materials with the addition of an appropriate quantity of
      primary linear alcohol.
PAR  While the character of this invention has been described in detail with
      numerous examples,this has been done by way of illustration only and
      without limitation of the invention. It will be apparent to those skilled
      in the art that modifications and variations of the illustrative examples
      may be made in the practice of the invention within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Detergent composition comprising
PA1  a. as a detergent-active component 1 part by weight of a compound of the
      formula
      ##EQU4##
      in which R.sub.1 and R.sub.2 are substantially linear saturated or
      unsaturated aliphatic groups of 3 to 19 carbon atoms, R.sub.3 is alkylene
      of 2 to 4 carbon atoms, u, v, x, and y are 0 or 1, z is an integer 1 to 4,
      M is H or a water-soluble salt-forming cation, the sum of the carbon atoms
      in R.sub.1 and R.sub.2 is 13 to 21, the sum of the unsaturated sites in
      R.sub.1 and R.sub.2 is 0 to 1, the sum of u, and v is 1, The sum of x and
      y is 1, and the sum of u and x is 1, and
PA1  B. as a foam enhancing component, from 0.05 to 0.03 parts by weight of an
      essentially straight chain primary alcohol of 11 to 14 carbon atoms.
NUM  2.
PAR  2. The composition of claim 1 in which the sum of the carbon atoms in
      R.sub.1 and R.sub.2 is from 15 to 17.
NUM  3.
PAR  3. The composition of claim 2 in which R.sub.3 is ethylene.
NUM  4.
PAR  4. The composition of claim 3 in which z is 2.
NUM  5.
PAR  5. The composition of claim 1 in which the alcohol contains from 11 to 13
      carbon atoms.
NUM  6.
PAR  6. The composition of claim 1 in which the alcohol is lauryl alcohol.
PATN
WKU  039351327
SRC  5
APN  4609336
APT  1
ART  141
APD  19740415
TTL  Thermoplastic urethane polymer filled with cross-linked urethane polymer
ISD  19760127
NCL  12
ECL  1
EXA  Ivy; C. Warren
EXP  Czaja; Donald E.
INVT
NAM  Gerkin; Richard M.
CTY  Charleston
STA  WV
INVT
NAM  Roberts; Rene
CTY  Charleston
STA  WV
INVT
NAM  Hodges; Joy C.
CTY  Chesapeake
STA  WV
ASSG
NAM  Union Carbide Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  260  25BE
XCL  260  23
XCL  260858
EDF  2
ICL  C08L 7506
ICL  C08L 7508
FSC  260
FSS  858;2.3;2.5 BE;2.5 AK
UREF
PNO  2937151
ISD  19600500
NAM  Ten Broeck
OCL  260858
UREF
PNO  3123577
ISD  19640300
NAM  Heiss
OCL  260  2.3
UREF
PNO  3300417
ISD  19670100
NAM  McElroy
OCL  260  2.3
UREF
PNO  3406127
ISD  19681000
NAM  Alexander
OCL  260  2.3
UREF
PNO  3663469
ISD  19720500
NAM  Weissmahr
OCL  260  2.5BE
LREP
FR2  Metz; Charles J.
ABST
PAL  Thermoplastic urethane polymer is filled with cross-linked urethane
      polymer. The presence of the filler has little or no adverse effect on the
      properties of the thermoplastic urethane polymer.
BSUM
PAR  The invention relates to the art of thermoplastic urethane polymers. More
      specifically, the invention relates to the use of cross-linked urethane
      polymer as a filler for thermoplastic urethane polymers.
PAR  Thermoplastic urethane polymers are a commercially valuable class of
      materials having utility, inter alia, as molded articles in the automotive
      industry, wire and cable insulation, as gaskets, small gears, and other
      mechanical goods. Thermoplastic urethane polymers, however, are
      comparatively expensive, and for that reason, there is a widespread desire
      to find means for reducing their cost without adversely affecting
      properties. One prevalent way that the cost of plastics in general is
      reduced is to mix the plastic with a cheap filler/extender. In most cases,
      however, only a limited amount of filler/extender can be employed without
      adversely affecting the physical properties of the plastic.
PAR  The present invention is based upon the unexpected discovery that
      thermoplastic urethane polymers can be mixed with cross-linked urethane
      polymers to produce a filled composite having properties not significantly
      different from the unfilled thermoplastic urethane polymer. The said
      composites can be much less expensive than the unfilled polymer because
      scrap cross-linked urethane polymer, that would otherwise have been
      discarded, can be used as the filler.
PAR  Thermoplastic urethane polymers constitute a known class of compositions.
      They are linear polymers that are the reaction product of one or more
      organic diisocyanates with one or more diols. The organic diisocyanates
      most frequently employed are aromatic diisocyanates such as
      bis(4-isocyanatophenyl)methane ("MDI") and tolylene diisocyanate ("TDI").
      MDI is the preferred diisocyanate.
PAR  The diol employed is often a mixture of a relatively high molecular weight
      diol and a low molecular weight diol, the latter often being called a
      chain extender. The high molecular weight diols most frequently employed
      are polyoxyalkylene glycols such as polyoxypropylene glycol,
      polyoxybutylene glycol, and mixed polyoxyethylene-oxypropylene glycol;
      polylactone diols such as the reaction product of epsilon-caprolactone
      with a difunctional initiator such as diethylene glycol or other diol, or
      diamine, or an aminoalcohol; and conventional polyesters such as the
      reaction product of adipic acid or terephthalic acid with ethylene glycol,
      diethylene glycol, or propylene glycol. The chain extender is illustrated
      by materials such as 1,4-butanediol, ethylene glycol, and neopentylene
      glycol.
PAR  The thermoplastic urethane polymer is produced by reacting equivalent
      proportions of diol with diisocyanate, to produce thereby an essentially
      linear polymer having a molecular weight of at least about 10,000 (number
      average), and up to about 50,000 or more (number average). The nature and
      production of thermoplastic urethane polymers is well known in the art.
PAR  The second major component employed in the invention is a cross-linked
      urethane polymer. Cross-linked urethane polymers are produced by reacting
      an organic polyisocyanate with a polyol, wherein at least one of the
      reactants has a functionality greater than two. The cross-linked urethane
      can be derived from a flexible, semi-rigid, or rigid foam, or from a
      nonfoamed elastomeric material.
PAR  The organic polyisocyanates employed to produce the cross-linked urethane
      polymer can be aromatic polyisocyanates such as TDI, MDI, and the
      polyisocyanate produced by phosgenating an anilineformaldehyde
      condensation product. While the foregoing are the preferred organic
      polyisocyanates, others can be employed, as is well known in the art.
PAR  The polyol used to produce the cross-linked urethane polymer can be, for
      example, a polyether, a polylactone, a conventional polyester, or a
      combination thereof. Specific illustrations include polyethers such as the
      alkylene oxide (ethylene oxide, propylene oxide, butylene oxide, or
      mixtures thereof) adducts of polyfunctional starters such as ethylene
      glycol, propylene glycol, glycerol, pentaerythritol, sorbitol, sucrose,
      phenol-aniline-formaldehyde condensation products, polyphosphoric acids,
      polyamines, and the like. Other polyols include polylactones such as the
      epsilon-caprolactone adducts of polyfunctional initiators such as polyols,
      aminoalcohols, and polyamines, and "conventional" polyesters such as poly
      (ethylene adipate), poly(ethylene phthalate), poly (neopentylene adipate),
      and poly(hexylene adipate). The polyols used in making cross-linked
      urethane polymers are often characterized by their hydroxyl numbers, which
      can vary from about 20 for very soft, flexible foams or elastomers, to as
      high as about 700 for rigid foams.
PAR  As was mentioned above, in producing the cross-linked urethane polymer, at
      least one of the reactants (i.e., polyol or polyisocyanate) has an average
      functionality greater than two. That is, at least some of the polyol will
      have at least three hydroxyl groups per molecule, or at least some of the
      polyisocyanate will have at least three isocyanato groups per molecule.
      Also, in some cases, even though a diol and a diisocyanate were used,
      cross-linking could be obtained by using a significant stoichiometric
      excess of the isocyanate, which can react with amido hydrogen in urethane
      or urea (when a water-blown foam is employed) to form allophanate or
      biuret linkages, respectively. However, this latter method for obtaining
      cross-linked urethane polymers is less preferred.
PAR  The cross-linked urethane polymer can be a flexible, semi-rigid, or rigid
      foam, or it can be a non-foamed elastomer. The techniques for making such
      materials are well known in the art, for instance, see generally Saunders
      & Frisch, "Polyurethanes: Chemistry and Technology", Interscience
      Publishers (New York), Part I, Chemistry 1962 and Part II, Technology
      1964.
PAR  As was mentioned above, the nature and production of thermoplastic urethane
      polymers are also well known in the art. For instance, see Wells "New
      Families Of Polymers: Thermoplastic Elastomers", Vol. 5, J.
      Elastoplastics, pp. 102-108 (April 1973); Scheiner, "The T P Elastomers -
      Part 2: Thermoplastic Urethanes-Now a Swarm of Contenders" Plastics
      Technology, June 1973, pp. 37-42; and Critchfield et al., "Thermoplastic
      Urethane Elastomers" Rubber World, August 1971.
PAR  The cross-linked urethane polymer is added to the thermoplastic urethane
      polymer for the purpose of reducing the cost of the thermoplastic polymer,
      which is inherently more expensive than cross-linked polyurethane because
      both raw material and processing costs are higher. Thus, the cost of the
      thermoplastic urethane will be reduced by mixing it with either virgin or
      scrap cross-linked polyurethane. Surprisingly, very high proportions of
      cross-linked polyurethane can be added without having any significant
      adverse effect (or even any effect at all) on the physical properties of
      the thermoplastic polyurethane. Another unexpected result of the invention
      is that, at least to the naked eye, the blend of cross-linked and
      thermoplastic urethane polymers is apparently homogeneous. The resulting
      blend will have properties that are substantially the same as the
      unadulterated thermoplastic polyurethane.
PAR  An example of a blend that is contemplated by this invention would be a
      mixture of (1) a thermoplastic urethane polymer that is the reaction
      product of MDI and a poly(caprolactone) diol, and (2) a cross-linked
      polyurethane that was the reaction product of TDI and the propylene oxide
      adduct of glycerol. The resulting blend of these polymers will have
      properties not significantly different from the pure thermoplastic
      polymer. If a polymer were produced by reacting a mixture of MDI, TDI, the
      poly(caprolactone) diol, and the propylene oxide adduct of glycerol, the
      properties would be very different from the above-described blend. The
      major difference is that it would not be a thermoplastic material; rather,
      it would be a crosslinked polymer.
PAR  The blend or mixture of the invention is produced by dispersing the
      cross-linked urethane polymer in the thermoplastic urethane polymer. It is
      preferred to comminute the cross-linked urethane polymer prior to
      blending. Comminution can be achieved by high shear mixing, as for
      example, by as few as three or four passes of the cross-linked polymer
      through a chilled (e.g. 20.degree.-25.degree.C.) two-roll mill. Other
      methods of comminution could also be employed.
PAR  The comminuted cross-linked urethane polymer can then be blended with the
      thermoplastic urethane polymer by standard techniques, for instance, by
      milling on a heated mill, by extrusion mixing, by Banbury mixing, or other
      standard mixing technique that is used for thermoplastic polymers.
PAR  The proportion of cross-linked urethane polymer employed in the
      thermoplastic polymer is not a narrowly critical feature of the invention.
      While very low proportions of the order of 1 or 2 weight per cent of
      cross-linked urethane polymer can be used, the primary object of reducing
      the cost of the thermoplastic urethane polymer is not achieved unless
      higher loadings are used. (All percentages are based on the weight of
      cross-linked urethane polymer plus thermoplastic urethane polymer.)
      Therefore, much higher loadings are desired in order to achieve this
      object. As much as 50 per cent of cross-linked urethane polymer has been
      added with no adverse effect on properties of the thermoplastic polymer.
      The upper limit would be the point at which the mixture can no longer be
      processed by thermoplastic polymer processing techniques such as
      extrusion, calendering, injection molding, and compression molding. This
      limit may vary, depending upon the nature of the polymers, or upon what
      type of thermoplastic processing technique is to be used to fabricate the
      blend. In any event, it is readily ascertainable by the worker in the art.
PAR  In some end-use applications, even a large effect on properties can be
      tolerated. Therefore, the upper limit on the proportion of cross-linked
      urethane polymer is the point at which the blend no longer can be
      fabricated, as discussed above, even though the properties of the
      thermoplastic polymer may be changed significantly.
DETD
PAR  The Examples below illustrate the invention. All parts and proportions are
      by weight, unless otherwise stated.
PAR  The thermoplastic urethane polymer employed in the Examples was the
      reaction product of MDI, 1,4-butanediol, and a poly(epsilon-caprolactone)
      diol, having the following properties:
     Tensile Properties (ASTM-D412)                                            

      Modulus-100%, psi      1575                                              

      Modulus-300%, psi      3071                                              

      Strength, ultimate, psi                                                  

                             5425                                              

      Elongation, ultimate, %                                                  

                             500                                               

     Hardness, Shore D (ASTM-D2240)                                            

                             48                                                

     Tear Strength (ASTM-D624)                                                 

      Die C, pounds/linear inch                                                

                             793                                               

PAR  The following isocyanates were employed in producing the cross-linked
      urethane polymers used in the Examples:
PA1  Isocyanate A - Quasi-prepolymer produced by reacting TDI with the propylene
      oxide adduct of glycerol having a hydroxyl number of 650, in such
      proportions that the quasi-prepolymer has a free NCO (i.e., isocyanato)
      content of 30.7 weight per cent.
PA1  Isocyanate B - Quasi-prepolymer produced by reacting TDI with dipropylene
      glycol in such proportions that the quasi-prepolymer has a free NCO
      content of 30.1 weight per cent.
PAR  The following polyols were employed in the Example:
PA1  Polyether A - an ethylene oxide capped propylene oxide adduct of glycerol,
      having a hydroxyl number of 21, and containing 20 weight per cent of in
      situ polymerized polyacrylonitrile;
PA1  Polyether B - Same as polyether A, except hydroxyl number is 28;
PA1  Polyether C - blend of 50 parts of ethylene glycol with 50 parts of the
      ethylene oxide adduct of aniline, wherein 2.4 moles of ethylene oxide per
      mole of aniline are used;
PA1  Polyester A - Diethylene glycol-initiated poly (epsilon-caprolactone),
      having a molecular weight of 2000;
PA1  Polyether D - Same as polyether B, except that the in situ polymerized
      polymer is a styreneacrylonitrile copolymer;
PA1  Polyether E - Same as polyether B, except that it contains no in situ
      polymerized vinyl polymer, and it has a hydroxyl number of 34;
PA1  Polyether F - Glycerol-started polyol prepared by reacting glycerol with a
      mixture of ethylene oxide and propylene oxide, having a hydroxyl number of
      46;
PA1  Polyether G - Propylene oxide adduct of a mixture of sucrose and
      diethylenetriamine, having a hydroxyl number of 400; and
PA1  Polyether H - Propylene oxide adduct of diethylenetriamine, having a
      hydroxyl number of 475.
PAC  EXAMPLE 1
PAR  A cross-linked urethane polymer was produced by reacting 121.8 grams of
      Polyether A, 18.2 grams of Polyether C, and 63.4 grams of Isocyanate B in
      the presence of 0.03 grams of dibutyltin dilaurate catalyst. The polymer
      produced in this manner was calculated to have an average molecular weight
      between cross-links of 14,150.
PAR  Three hundred grams of this cross-linked urethane polymer, in the form of a
      plaque, was powdered by passing between the rolls of a two-roll mill while
      cooling with 23.degree.C. water. The rolls were then heated to
      140.degree.C. and 700 grams of thermoplastic polyurethane in the form of
      chips was milled until a sheet was formed. At that point the powdered
      cross-linked polyurethane was added and milling was continued for another
      five to ten minutes.
PAR  Circular plaques six inches in diameter and 125-mils thick were compression
      molded from the sheet taken off the mill and the following properties were
      measured: 100% modulus 1,453 psi, 300% modulus 3,041 psi; ultimate tensile
      strength 4,220 psi, elongation at break: 262%; Shore Hardness: 48D; die C
      Tear: 710 pli.
PAC  EXAMPLE 2
PAR  A polyester-based cross-linked polyurethane was prepared by reacting (a)
      97.14 grams of Polyester A; (b) 68.53 grams of Isocyanate A; and (c) 19.08
      grams of Polyether C, in the presence of 0.04 grams of dibutyltin
      dilaurate. The calculated average molecular weight between crosslinks is
      3,079.
PAR  Seventy grams of this cross-linked polyurethane in the form of a plaque,
      was powdered by passing between the rolls of a two-roll mill while
      cooling. The rolls were then heated to 140.degree.C and 240 grams of the
      thermoplastic urethane polymer in the form of chips was milled until a
      sheet was formed. The powdered cross-linked polyurethane was then added
      and milling was continued for another five to ten minutes.
PAR  Circular plaques 125 mils in thickness were compression molded from the
      sheet taken off the mill and the following properties were measured: 100%
      modulus 1,468 psi; 300% modulus 4,434 psi; ultimate tensile strength 5,706
      psi; elongation at break; 357%; Shore hardness: 47 D; die C Tear: 633 pli.
PAC  EXAMPLE 3
PAR  A series of blends were made by techniques analagous to those described
      above in Examples 1 and 2. The formulations employed for producing the
      cross-linked urethane polymers are shown below in Table I. In each run,
      0.03 parts of dibutyltin dilaurate catalyst was used per 100 parts of
      polyol:
TBL                TABLE I                                                     

     ______________________________________                                    

     Run No.      Component    Grams                                           

     ______________________________________                                    

     1.           Polyether A  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate B 63.4                                            

     2.           Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate B 31.69                                           

                  Isocyanate A 32.69                                           

     3.           Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 12.67                                           

                  Isocyanate B 52.3                                            

     4.           Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 6.3                                             

                  Isocyanate B 58.8                                            

     5.           Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate B 65.38                                           

     6.           Polyether A  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 6.14                                            

                  Isocyanate B 57.07                                           

     7.           Polyether A  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 12.27                                           

                  Isocyanate B 50.74                                           

     8.           Polyether A  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 30.72                                           

                  Isocyanate B 31.69                                           

     9.           Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate B 19.62                                           

                  Isocyanate A 44.36                                           

     10.          Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate B 6.54                                            

                  Isocyanate A 57.03                                           

     11.          Polyether B  121.8                                           

                  Polyether C  18.2                                            

                  Isocyanate A 63.37                                           

     12.          Polyester A  97.14                                           

                  Polyether C  19.08                                           

                  Isocyanate A 68.53                                           

     13.          Polyester A  97.14                                           

                  Polyether C  17.17                                           

                  Isocyanate A 65.78                                           

     14.          Polyether B  191.4                                           

                  Polyether C  4.77                                            

                  Isocyanate A 28.5                                            

     ______________________________________                                    

PAR  The above-described cross-linked urethane polymers were powdered on a
      chilled two-roll mill, as explained in Example 1, and then blended with
      the thermoplastic urethane polymer as described in Example 1, in the
      proportions displayed below in TABLE II (percentages being based upon
      total weight of blend). TABLE II also displays physical properties of the
      blends.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Blend of                                                                  

     Thermoplastic                                   Die C                     

     Urethane Polymer                                                          

               100% Modulus                                                    

                       300% Modulus                                            

                               Tensile Strength                                

                                         Elongation                            

                                               Hardness                        

                                                     Tear,                     

     Containing:                                                               

               psi     psi     psi       %     Shore D                         

                                                     pli                       

     __________________________________________________________________________

     50% No. 1 1,573   3,824   5,597     403   44    636                       

     33.3% No. 2                                                               

               1,956   3,984   5,216     377   51    692                       

     33.3% No. 3                                                               

               1,807   3,505   4,001     340   48    699                       

     33.3% No. 4                                                               

               1,700   3,222   5,394     473   50    733                       

     33.3% No. 5                                                               

               1,715   3,326   5,633     460   51    732                       

     33.3% No. 6                                                               

               1,898   3,869   5,215     397   50    732                       

     33.3% No. 7                                                               

               1,823   3,621   4,889     400   52    720                       

     33.3% No. 8                                                               

               1,832   1,025   2,973     255   50    686                       

     33.3% No. 9                                                               

               1,813   4,436   5,183     337   51    671                       

      33.3% No. 10                                                             

               1,784   3,460   4,223     353   52    634                       

      33.3% No. 11                                                             

               1,964   --      4,671     293   52    647                       

      22.5% No. 12                                                             

               1,468   4,434   5,706     357   47    633                       

      22.5% No. 13                                                             

               1,406   4,116   6,086     390   44    620                       

      22.5% No. 14                                                             

               1,312   3,615   5,370     395   42    588                       

     None      1,575   3,071   5,425     500   48    793                       

     (control)                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  A high-resilience seating foam was prepared by reacting a mixture composed
      of 60 parts of polyether E, 2.6 parts of water, 0.1 part of a mixture
      containing 70 percent bis(2-dimethylaminoethyl) ether and 30 percent
      dipropylene glycol, 0.3 part of a mixture of 1 part of
      3-N,N-dimethylamino-N',N'-dimethylpropionamide and 2 parts of an ethylene
      oxide adduct of nonyl phenol having an average of 9 moles of ethylene
      oxide per mole, 0.36 part of a mixture of 1 part of DABCO and 2 parts of
      diethylene glycol, 0.015 part of dibutyltin dilaurate, 1.7 part of L-5303
      silicone surfactant, 5.5 parts of trichlorofluoromethane blowing agent,
      and 39.1 parts of a blend of 80 parts tolylene diisocyanate and 20 parts
      of polyphenylmethane isocyanate.
PAR  A 100-gram piece of a foam prepared in this manner was powdered by milling
      it on a two-roll mill while chilling the rolls with cold water. The powder
      was then blended with 250 grams of thermoplastic urethane polymer on the
      same mill, the rolls being steam-heated at 150.degree.C. One-hundred and
      twenty-five mil plaques were then compression molded from the sheet taken
      off the mill and the following properties were measured: 100% modulus
      1,361 psi; 300% modulus 3,618 psi; ultimate tensile strength 4,875 psi,
      elongation at break 383 per cent; Shore hardness 43 D; die C tear 604 pli.
PAC  EXAMPLE 5
PAR  A high-resilience slab stock foam was prepared by reacting a mixture of 40
      parts polyether E, 60 parts polyether B, 2 parts water, 0.8 part
      diethanolamine, 0.1 part of a diethylene glycol solution containing 70 per
      cent bis(2-dimethylaminoethyl)ether, 0.2 part of a mixture made of 1 part
      DABCO and 2 parts diethylene glycol, 0.75 part L-5305 silicone surfactant,
      0.06 part dibutyltin dilaurate, 2 parts 1.3
      dichloropropyl-2-bis[di(chloroethoxy)methylene phosphate] flame retardant,
      and 26 parts tolylene diisocyanate.
PAR  One hundred grams of this foam was then powdered as described above and
      mixed with 250 grams of thermoplastic urethane polymer on a two-roll mill.
      A compression molded plaque had the following properties: 100% modulus:
      1,647 psi; 300% modulus: 3,425 psi; ultimate tensile strength: 5,058 psi;
      elongation at break: 440%; Shore hardness: 44D; die C tear: 688 pli.
PAC  EXAMPLE 6
PAR  A standard slab stock foam was prepared by reacting a mixture of 100 parts
      of polyether F, 4 parts water, 0.125 part of a mixture consisting of 67
      parts dimethylethanolamine, 23.1 parts bis(2-dimethylaminoethyl) ether,
      and 9.9 parts dipropylene glycol, 1 part L-540 silicone surfactant, 0.225
      part stannous octoate, and 49.2 parts tolylene diisocyanate.
PAR  One hundred grams was then powdered as described above and mixed with 250
      grams of thermoplastic urethane polymer on a two-roll mill. A compression
      molded plaque had the following properties: 100% modulus, 1,318 psi; 300%
      modulus: 2,717 psi; ultimate tensile strength: 4,197 psi; elongating at
      break: 443%; Shore hardness: 43 D; die C tear: 623 pli.
PAC  EXAMPLE 7
PAR  A rigid foam was prepared by reacting a mixture of 85 parts polyether G, 15
      parts polyether H, 1.5 parts water, 20 parts trichlorofluoromethane
      blowing agent, 1 part L-5420 silicone surfactant, 0.8 part
      N,N,N',N'-tetramethyl-1,3-butanediamine, and 102 parts tolylene
      diisocyanate residue.
PAR  The sample of rigid foam was then powdered on a two-roll mill and blended
      on the same mill with thermoplastic urethane polymer such that the final
      concentration of rigid foam powder in the thermoplastic was 20.8 per cent.
      The properties of a compression molded plaque were as follows: 100%
      modulus: 4285 psi; ultimate tensile strength: 4,167 psi; elongation at
      break: 127 per cent; Shore hardness: 64 D; die C tear: 610 pli.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mixture, capable of being processed by thermoplastic polymer
      techniques, said mixture comprising an intimate blend of a previously
      produced thermoplastic urethane polymer and a comminuted crosslinked
      urethane polymer, said cross-linked urethane polymer being derived from a
      flexible urethane foam, a semi-rigid urethane foam, a rigid urethane foam,
      or a non-foamed urethane elastomeric polymer.
NUM  2.
PAR  2. The mixture of claim 1 wherein said mixture is an apparently homogeneous
      blend.
NUM  3.
PAR  3. The mixture of claim 1 wherein said thermoplastic urethane polymer
      comprises the reaction product of (a) an aromatic diisocyanate, (b) a
      polyoxyalkylene glycol wherein the individual oxyalkylene units have from
      2 to 4 carbon atoms, a poly(epsilon-caprolactone) diol, or a
      hydroxylterminated polyester of a dicarboxylic acid and a dihydric
      alcohol, and (c) a low molecular weight diol.
NUM  4.
PAR  4. The mixture of claim 3 wherein said aromatic diisocyanate is
      bis(4-isocyanatophenyl) methane.
NUM  5.
PAR  5. The mixture of claim 1 wherein said cross-linked urethane polymer
      comprises the reaction product of (a) an organic polyisocyanate, and (b) a
      polyhydric alcohol, at least one of said reactants (a) and (b) having an
      average functionality greater than two.
NUM  6.
PAR  6. The mixture of claim 5 wherein said organic polyisocyanate is tolylene
      diisocyanate, bis(4-isocyanatophenyl)methane, or a polymethylene
      polyphenyl isocyanate produced by phosgenation of an aniline/formaldehyde
      reaction product.
NUM  7.
PAR  7. The mixture of claim 3 wherein said cross-linked urethane polymer
      comprises the reaction product of (i) an organic polyisocyanate, and (ii)
      a polyhydric alcohol, at least one of said reactants (i) and (ii) having
      an average functionality greater than two.
NUM  8.
PAR  8. The mixture of claim 7 wherein said organic polyisocyanate is tolylene
      diisocyanate, bis(4-isocyanatophenyl)methane, or a polymethylene
      polyphenyl isocyanate that comprises the phosgenated product of an
      aniline/formaldehyde condensation product.
NUM  9.
PAR  9. The mixture of claim 1 wherein said cross-linked urethane polymer is
      derived from a non-foamed elastomer or a flexible foam.
NUM  10.
PAR  10. The mixture of claim 3 wherein said cross-linked urethane polymer is
      derived from a non-foamed elastomer or a flexible foam.
NUM  11.
PAR  11. The mixture of claim 5 wherein said crosslinked urethane polymer is
      derived from a non-foamed elastomer or a flexible foam.
NUM  12.
PAR  12. The mixture of claim 7 wherein said cross-linked urethane polymer is
      derived from a non-foamed elastomer or a flexible foam.
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ABST
PAL  High resilience polyether polyurethane foam is prepared from a reaction
      mixture comprising a silicate-based surfactant composition.
PARN
PAR  This application is a continuation-in-part of copending U.S. application
      Ser. No. 428,489, filed Dec. 26, 1973, now abandoned.
PAR  This invention relates to an improvement in the polyurethane foam art. More
      particularly, the invention relates to the use of a select silicate-based
      surfactant composition in the preparation of high resilience polyurethane
      foam.
PAR  It is known to prepare a polyurethane foam by reacting a polyether polyol,
      or a mixture of such polyols, with an organic polyisocyanate. The reaction
      is carried out in the presence of a foaming agent, a reaction catalyst and
      a silicon-based surfactant which serves the function of stabilizing and
      improving the cellular structure of the resulting foam.
PAR  It is also known, the art of making flexible polyurethane foam, that the
      use of highly reactive foam forming formulations, incorporating a
      high-molecular-weight polyol having a high level of primary hydroxy
      groups, yields a foam with improved resilience. Such a foam has come to be
      referred to in the art as a high resilience foam.
PAR  Due to the highly reactive nature of the reaction system from which a high
      resilience foam is prepared, such a system usually has a different
      exotherm and other reactivity characteristics than conventional
      polyurethane foam recipies. Consequently, in the absence of special
      additives or other selective adjustments in the foaming formulation,
      conventional surfactants are ineffective or unsuitable for use in such a
      system.
PAR  Now it has been found, according to this invention, that high resilience
      polyurethane foam can be successfully prepared from a reaction mixture
      which includes, as a surfactant, a silicate-based composition which is
      prepared by a selective process which comprises:
PA1  A. reacting together silicon tetrahalide, an alcohol and water to form a
      reaction product made up of a volatile portion and a non-volatile portion,
PA1  B. removing the volatile portion, and
PA1  C. catalytically transesterifying the non-volatile portion with a select
      polyether alcohol.
PAR  In the preparation of the polyurethane foams of the invention, either the
      so-called "one-shot method" or the "semi-prepolymer technique" may be
      employed, the one-shot method being preferred. The polyurethane foam is
      prepared from a reaction mixture comprised of any combination of polyether
      polyols, as described hereinbelow, organic isocyanates, foaming agents,
      catalysts, the surfactant composition specified herein, and other
      reactants capable of forming a flexible polyurethane foam.
PAR  The polyether polyol which is utilized according to the method of the
      invention is one that is characterized by (1) a molecular weight of at
      least about 4,000, (2) a polyfunctional alcohol nucleus, (3)
      polyoxyalkylene chain segments attached through one end thereof to the
      nucleus, and (4) a ratio of primary to secondary hydroxyl end groups
      ranging from about 1.5:1 to about 6:1. This polyether can be prepared by
      methods generally well known in the art wherein a polyfunctional alcohol
      initiator is condensed, in the presence of an alkaline catalyst, first
      with an alkylene oxide having 3 or more carbon atoms and then with
      ethylene oxide.
PAR  The alcohol initiator which is used to prepare the polyether polyol can be
      any compound having 2-8 hydroxyl groups. Illustrative are ethylene glycol,
      propylene glycol, the butylene glycols such as 1,3-butylene glycol, the
      pentane diols such as 1,5-pentane diol, the hexane diols such as
      1,6-hexane diol, glycerol, trimethylolpropane, sorbitol, pentaerythritol,
      methyl glucoside, sucrose, mixtures thereof and the like. It is preferred,
      however, to employ an aliphatic polyol having 2-4, and more preferably
      3-4, hydroxyl groups, such as ethylene glycol, propylene glycol, glycerol,
      trimethylolpropane, sorbitol, and the like. The most preferred initiators
      are the aliphatic triols such as glycerol and trimethylolpropane.
PAR  In preparing the polyether polyol, a polyhydric alcohol initiator as
      described above is sequentially condensed, in the presence of an alkaline
      catalyst such as potassium hydroxide, first with an alkylene oxide having
      3-8, and preferably 3-4, carbon atoms and then with ethylene oxide.
      Illustrative of the alkylene oxides which are first condensed with the
      alcohol initiator are propylene oxide, butylene oxide, pentylene oxide,
      mixtures thereof and the like, propylene oxide being most preferred. In
      carrying out the sequential condensation reactions, such amounts of
      ethylene oxide and higher alkylene oxide are employed as to provide a
      polyether having a molecular weight of at least about 4,000, and
      preferably about 5,700-7,000, and in which polyether the ratio of primary
      to secondary hydroxyl groups is from about 1.5:1 to about 6:1, and
      preferably from about 2:1 to about 5:1.
PAR  In accordance with a particularly preferred embodiment of the invention,
      the polyether polyol which is employed in preparing the polyurethane foam
      is an oxypropylated, oxyethylated aliphatic triol having a molecular
      weight of about 5,800-6,600 and a ratio of primary to secondary hydroxyl
      groups from about 3:1 to about 4.5:1.
PAR  In preparing the foams of the invention, any suitable organic
      polyisocyanate, or a mixture of polyisocyanates, may be employed which is
      capable of reacting with a polyether polyol to form a urethane.
      Illustrative are toluene diisocyanate, such as the 80:20 and the 65:35
      mixtures of the 2,4- and 2,6-isomers, ethylene diisocyanate, propylene
      diisocyanate, methylenebis(4-phenylisocyanate),
      3,3'bitoluene-4,4'-diisocyanate, hexamethylene diisocyanate,
      naphthalene-1,5-diisocyanate, the polymeric isocyanates, mixtures thereof
      and the like. It is preferred however to employ toluene diisocyanate or a
      mixture thereof with a polymeric isocyanate. Illustrative of the polymeric
      isocyanates are the polymethylene polyphenylisocyanates such as those
      described in U.S. Pat. No. 2,683,730. In accordance with a particularly
      preferred embodiment of the invention a mixture of (1) toluene
      diisocyanate and (2) polymethylene polyphenylisocyanate is employed in
      which the weight ratio of (1):(2) is from about 75:25 to about 94:6 and
      more preferably from about 80:20 to about 92:8.
PAR  The amount of polyisocyanate, including mixtures thereof, that is employed
      should generally be sufficient to provide at least 0.7 NCO group per
      hydroxyl group in the reaction system, which includes the polyether polyol
      as well as any additional material and/or foaming agent present in the
      system. In actual practice such a proportion of polyisocyanate mixture is
      usually employed as to provide no more than about 1.25, and preferably
      about 0.9-1.15 NCO groups per each hydroxyl group.
PAR  Any suitable foaming agent, or mixture of foaming agents, may be employed
      in preparing the polyurethane foam. These include inorganic foaming
      agents, such as water, and organic foaming agents containing up to seven
      carbon atoms, such as the halogenated hydrocarbons and the low molecular
      weight alkanes, alkenes, and ethers. Illustrative organic foaming agents
      include monofluorotrichloromethane, dichlorofluoromethane,
      dichlorodifluoromethane, 1,1,2-trichloro-1,2,2-trifluoroethane, methylene
      chloride, chloroform, carbon tetrachloride, methane, ethane, ethylene,
      propylene, hexane, ethyl ether and diisopropyl ether. Water and the low
      molecular weight polyhalogenated alkanes, such as
      monofluorotrichloromethane and dichlorodifluoromethane, are preferred. The
      amount of foaming agent may be varied within a reasonably wide range as is
      well known in the art. Usually, however, the halogenated alkanes are
      employed in an amount of about 2-20 parts per 100 parts by weight of the
      polyether polyol; and water is employed in an amount of about 1-6 parts
      per 100 parts by weight of the polyether polyol.
PAR  The catalyst employed in preparing the foams of the invention may be any of
      the catalysts known to be useful for this purpose, including tertiary
      amines, organo-metallic salts, and mixture of an organo-metallic salt with
      one or more tertiary amine, the latter being preferred. Typical tertiary
      amines include for example triethylamine, triethylene diamine,
      trimethylamine, tetramethylene diamine, tetramethylbutane diamine,
      N-methylmorpholine, N-ethylmorpholine, dimethylpiperazine,
      trimethylaminoethylpiperazine, dimethylcyclohexylamine, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol such as the 7:3 weight
      ratio mixture which is available commercially under the trademark Niax
      A-1, methyldicyclohexylamine, N-cyclohexylmorpholine,
      dimethylcyclohexylamine, methyldiethanolamine, mixtures of
      dimethylcyclohexylamine and 2(3-pentyl)-1-dimethylaminocyclohexane such as
      may be purchased commercially under the trademark Polycat,
      bis(dimethylaminoethylpropylether), mixtures of triethylene diamine and
      dipropylene glycol such as the 1:2 and 1:4 weight ratio mixtures which may
      be purchased commercially under the trademarks Dabco 33LV and Dabco 8020,
      respectively, bis(dimethylaminopropylether), and mixtures of these
      catalysts. The preferred tertiary amine catalysts are triethylenediamine,
      mixtures of triethylene diamine with dipropylene glycol, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol,
      dimethylcyclohexylamine alone or as a mixture thereof with
      2-(3-pentyl)-1-dimethylaminocyclohexane. The tertiary amine catalyst is
      used in a proportion of about 0.1-1.5, and preferably about 0.25-0.75,
      parts per 100 parts by weight of polyether polyol which is employed in
      preparing the foam.
PAR  Typical organo-metallic salts include for example the salts of tin,
      titanium, antimony, aluminum, cobalt, zinc, bismuth, lead, and cadmium,
      the tin salts, i.e., stannic and stannous salts, being preferred.
      Illustratively, such salts include the octoates, dilaurates, diacetates,
      dioctoates, oleates, and neodeconates of these metals, the octoates being
      preferred. The organo-metallic salt catalyst is used in a proportion of
      about 0-0.5, and preferably about 0.05-0.2, parts per 100 parts by weight
      of polyether polyol which is employed in the preparation of the foam.
PAR  Pursuant to the invention, the polyurethane foam is prepared in the
      presence of a select silicate-based surfactant composition. This
      composition is described in detail in pending U.S. application Ser. No.
      525,068, which was filed on Nov. 19, 1974, by R. N. Scott, H. F. Lederle,
      F. J. Milnes and M. A. Raymond. Specifically, the silicate-based
      surfactant composition is the product of a selective process which
      comprises the following steps:
PA1  a. reacting together silicon tetrahalide, an alcohol and water to form a
      reaction product made up of a volatile portion and a nonvolatile portion,
PA1  b. removing the volatile portion, and
PA1  c. catalytically transesterifying the non-volatile portion with a select
      polyether alcohol.
PAR  More in detail, the first step which is used in preparing the surfactant
      composition involves three essential reactants. The first of these is
      silicon tetrahalide in which the halogen is preferably chlorine, bromine,
      iodine or a mixture thereof. Illustrative are silicon tetrachloride,
      silicon tetrabromide and silicon tetraiodide, the silicon tetrachloride
      being especially preferred.
PAR  The other two reactants are an alcohol and water. The former may be
      represented by the formula R.sub.1 OH wherein R.sub.1 is alkyl of 2-20,
      and preferably 2-10, carbon atoms or aryl of 6-14, and preferably 6-12,
      carbon atoms. Illustrative such alcohols include:
PA1  ethanol
PA1  propanol
PA1  butanol
PA1  pentanol
PA1  hexanol
PA1  heptanol
PA1  octanol
PA1  nonanol
PA1  decanol
PA1  dodecanol
PA1  octadecanol
PA1  eicosanol
PA1  phenol
PA1  toluol
PA1  xylenol
PA1  naphthol
PA1  ethyl phenol
PA1  benzyl alcohol
PA1  diphenyl carbinol
PAR  It is particularly preferred to employ, as the alcohol reactant, an alkyl
      alcohol (i.e., R.sub.1 = alkyl), the most preferred alkyl alcohols being
      those in which the alkyl group contains 3-8 carbons such as the propyl,
      butyl, pentyl, hexyl, heptyl and octyl alcohols.
PAR  The proportion of alcohol reactant that is used may be varied over a wide
      range. For example a proportion of at least 1 mole may be used per mole of
      silicon tetrahalide, there being no critical upper limit. However, in
      order to prevent gel formation it is preferred to employ a proportion
      which is in excess of the stoichiometric amount that is required to react
      with the silicon tetrahalide and water. Such stoichiometric amount usually
      varies from about 1 to about 2 moles, per each mole of silicon
      tetrahalide, depending on the level of water that is used. It is further
      preferred not to employ too large a stoichiometric excess of alcohol in
      order to minimize the task of excess alcohol recovery and recycle. Thus
      pursuant to the preferred embodiments of the invention, a proportion of
      alcohol is used which ranges from about 2.0 to about 12, and more
      preferably about 3-10 moles per mole of silicon tetrahalide.
PAR  In effecting the reaction of step (a), the level of water is critical. Thus
      this level must not be less than about 0.2 nor more than about 2.0 moles
      per each mole of silicon tetrahalide. For optimum results, it is preferred
      to employ about 0.4-1.7, and still more preferably about 0.6-1.5, moles of
      water per each mole of silicon tetrahalide.
PAR  The reaction of the silicon tetrahalide, water and alcohol may be carried
      out at any suitable temperature which will bring about inter-reaction of
      these materials. Usually, however, elevated temperatures are used such as
      about 40-200.degree.C, preferably about 55-110.degree.C, and more
      preferably about 60-100.degree.C.
PAR  The pressure under which the reaction is effected is not critical. Thus any
      suitable pressure may be employed. Usually, where the reaction is
      conducted in an open vessel, atmospheric pressure is preferred for
      convenience and cost economy. However, lower as well as higher pressures
      may be employed if desired. For example the use of super-atmospheric
      pressure may be desirable, when the reaction is effected at highly
      elevated temperatures, in order to control or prevent boil-up of the
      reactants.
PAR  Any order of mixing the three reactants together may be used provided that
      the water is not brought in contact with the silicon tetrahalide in the
      absence of the alcohol. Thus for example the alcohol may be first mixed
      with the silicon tetrahalide, the water being then added to the mixture;
      or, alternatively and in accordance with the preferred embodiments of the
      invention, the water is first mixed with the alcohol and the mixture is
      then brought together with the silicon tetrahalide. During the time that
      the reactants are first brought together, cooling is preferably employed
      in order to prevent reactants boil-up upon initial contact. For example, a
      temperature below about 25.degree.C, such as about -40.degree.C to about
      20.degree.C, is employed. Thereafter, the mixed reactants are heated,
      preferably under reflux, to the desired temperature within the
      above-indicated range, in order to promote reaction which is usually
      completed in about 3-10 hours. A reaction product is then obtained which
      is made up of a volatile portion and a non-volatile portion. The
      components of the volatile portion, all of which have a boiling point no
      greater than about 125.degree.C at 10 m.m. of mercury pressure, are
      essentially byproduct hydrohalic acid and unreacted or excess alcohol. The
      non-volatile portion, all the components of which have a boiling point
      above about 125.degree.C at 10 m.m. of mercury pressure, is a mixture
      comprised of various silicate-based components. The latter, which usually
      vary in number, molecular weight and molecular structure depending on the
      level of water and the level and identity of the alcohol used in effecting
      the reaction, are believed to include linear and branched silicate-based
      monomers, dimers, trimers, tetramers, and pentamers; cyclic tri-, tetra-,
      penta- and higher silicates; and fused-ring silicate-based systems. The
      non-volatile portion of the reaction product also contains varying
      proportions of unidentified silicon-containing materials including
      distillable and non-distillable fractions.
PAR  The second step in the preparation of the surfactant composition is the
      removal of the volatile portion of the product of step (a). Such removal
      can be achieved by any suitable or conventional method. Illustratively
      removal of the volatile portion may be effected by conventional stripping
      such as at a temperature of about 80-120.degree.C and reduced pressure,
      e.g., about 2-30 millimeters of mercury. Also if desired, further
      distillation of the product of step (a) may be carried out in order to
      remove low-molecular-weight silicates from the non-volatile portion.
PAR  The third step is the transesterification of the remaining non-volatile
      portion of the product of step (a). This is achieved by reaction with a
      select polyether alcohol which is characterized by a molecular weight of
      about 500-5,000 and is represented by the formula R.sub.2 --C.sub.n
      H.sub.2n O--H. In this formula, R.sub.2 is alkyl of 1-10 carbon atoms and
      the moiety --C.sub.n H.sub.2n O-- represents a polyoxyalkylene chain
      having from about 10 to 100% by weight of oxyethylene units and,
      correspondingly, from about 90 to 0% of oxypropylene units, oxybutylene
      units or a mixture of oxypropylene and oxybutylene units. Such a polyether
      alcohol can be prepared by methods well known in the art wherein, for
      example, an alkyl alcohol is condensed, in the presence of a basic
      catalyst such as KOH, with ethylene oxide or with a mixture of ethylene
      oxide and higher alkylene oxides as specified above using random or
      step-wise addition.
PAR  The preferred polyethers for use in the transesterification reaction are
      those having a molecular weight of about 1,000-4,000. Particularly
      preferred polyethers are those represented by the formula above wherein
      R.sub.2 contains 1-6 carbons, e.g., methyl, ethyl, propyl, butyl, heptyl
      or hexyl, and the moiety --C.sub.n H.sub.2n O-- represents a
      polyoxyethylene chain or a polyoxyethylene-oxypropylene chain having a
      weight ratio of oxyethylene to oxypropylene units ranging from about 1:2
      to about 2:1.
PAR  In carrying out the transesterification reaction, the polyether alcohol
      represented by the above formula is employed in a molar proportion which
      is sufficient to bring about replacement of part, but not all, of the
      alkoxy or aryloxy moieties, i.e., R.sub.1 O--, in the silicate-based
      intermediate mixture prepared in step (a) with polyether alkoxy moieties,
      i.e., R.sub.2 --C.sub.n H.sub.2n O--. This proportion ranges from about
      0.006 to about 1.1 moles of polyether alcohol per each mole of silicon
      tetrahalide used in step (a), provided that it does not exceed about 55%
      of the molar proportion of alcohol R.sub.1 OH consumed in the reaction of
      step (a). A preferred molar proportion of polyether alcohol to be used in
      the transesterification reaction ranges from about 0.06 to about 0.8 mole
      per each mole of silicon tetrahalide used in step (a), such a proportion
      further being no less than about 3% nor more than about 49% of the molar
      proportion of alcohol consumed in step (a).
PAR  The reaction is effected in the presence of a transesterification catalyst.
      Any such catalyst may be employed which is effective in promoting the
      reaction. This includes a wide variety of basic and acidic catalysts. The
      basic catalysts are exemplified by the alkylamines, the alkali metals
      (e.g., Na, K, Li, Cs, Ru), the alkaline earth metals (e.g., Ca, Mg, Ba,
      Sr), and the hydrides, alkoxides and hydroxides of the alkali and alkaline
      earth metals. The acidic catalysts include the Lewis acids as described
      for example in Jack Hine, Physical Organic Chemistry, 1962, McGraw-Hill
      Book Co., N.Y., the entire disclosure of which is incorporated herein by
      reference. Exemplificative such acids include boron trifluoride and its
      etherate derivatives, ferric chloride, ferrous chloride, stannic chloride,
      titanium tetrachloride, antimony pentachloride, aluminum chloride,
      hydrogen fluoride, aluminum bromide, triethyl aluminum, zinc chloride,
      zinc bromide, tetrabutyl titanate, and so forth. The preferred
      transesterification catalysts are the Lewis acids, the alkali metals and
      the alkali metal hydrides, the alkali metals and their hydrides (e.g.,
      sodium and potassium hydride) being especially preferred.
PAR  The transesterification is effected at elevated temperatures. For example,
      a temperature ranging from about 65.degree. to about 320.degree.C,
      preferably about 80.degree.-260.degree.C, and more preferably about
      120.degree.-220.degree.C is used. The reaction pressure is not critical,
      but atmospheric pressure is preferred for economy and simplicity of
      operation. It is also preferred to effect the reaction in the substantial
      absence of moisture. To this end for example, a blanket or atmosphere of
      nitrogen or other inert gas may be used. Complete reaction time usually
      varies from about 1 to about 10 hours depending on the reaction
      temperature that is used.
PAR  By virtue of the partial replacement of alkoxy or aryloxy moieties with
      polyether alkoxy moieties which is effected in the transesterification
      reaction, some of the alcohol consumed in step (a) will be liberated
      during transesterification. Thus the product of the transesterification
      reaction will be comprised of a proportion of alcohol R.sub.1 OH, which
      proportion varies depending on the molar proportion of polyether alcohol
      used in transesterification, and a mixture comprised of several
      silicate-based species which make up the essential components of the
      surfactant composition. The entire transesterification product, including
      liberated alcohol, may be used as is in the production of polyurethane
      foam according to the invention. However, it is preferred to remove the
      liberated alcohol before utilizing the transesterification product. Such
      removal may be achieved by any suitable or conventional method such as
      distillation.
PAR  The surfactant composition which is recovered after removal of liberated
      alcohol is a viscous liquid mixture comprised of several structurally
      unidentified, high boiling silicate-based species which are believed to
      have an average molecular weight within the range of about 700-7,000. The
      silicate-based surfactant composition is further characterized by an
      over-all silicon content ranging from about 5 to about 23% by weight, and,
      correspondingly, an over-all carbon content ranging from about 72 to about
      23% and an over-all hydrogen content from about 12 to about 6%, the
      balance being mainly oxygen. The preferred ranges of these components are
      about 6-10% of silicon and correspondingly about 65-40% of carbon and
      about 10-7% of hydrogen.
PAR  The most preferred silicate-based surfactant composition for use according
      to the invention is one which is prepared by a process comprising the
      following steps:
PA1  A. preparation of a mixture of silicon tetrachloride and, per every mole of
      the silicon tetrachloride, about 0.7-1.4 moles of water and about 3-8
      moles of an alcohol selected from isopropyl alcohol and secondary butyl
      alcohol. This step is carried out at a reduced temperature such as from
      about -30.degree.C to about 20.degree.C and it is preferably effected by
      gradually adding a mixture of water and alcohol to the silicon
      tetrachloride.
PA1  B. reaction of the mixture prepared in step A. Such reaction is effected at
      a temperature of about 60.degree.-100.degree.C and under reflux
      conditions, the product of the reaction being made up of hydrochloric
      acid, excess unreacted alcohol and a non-volatile mixture comprised of
      silicate-based materials.
PA1  C. recovery of the non-volatile mixture obtained in step B. Such recovery
      may be achieved by stripping off the hydrochloric acid and excess
      unreacted alcohol preferably using a temperature of about
      80.degree.-120.degree. and a pressure of 2-30 millimeters of mercury.
PA1  D. catalytic transesterification of the non-volatile mixture obtained in
      step C with a polyether alcohol having a molecular weight of about
      1,200-2,500 and represented by the formula C.sub.4 H.sub.9 --C.sub.n
      H.sub.2n O--H in which the moiety --C.sub.n H.sub.2n O-- represents a
      polyoxyethylene-oxypropylene chain having a weight ratio of oxyethylene to
      oxypropylene units ranging from about 4:6 to about 6:4. In carrying out
      this step, a proportion of polyether alcohol is used which ranges from
      about 0.1 to about 0.7 mole per each moles of silicon tetrachloride used
      in step A. Furthermore, the transesterification reaction is effected at a
      temperature of about 140.degree.-220.degree.C and in the substantial
      absence of moisture such as by using a blanket or atmosphere of nitrogen
      gas. The transesterification catalyst is a Lewis acid, an alkali metal or
      an alkali metal hydride, the alkali metals and their hydrides being
      especially preferred such as sodium, sodium hydride, potassium and
      potassium hydride. Along with the silicate-based surfactant composition of
      the invention, the transesterification product will comprise some
      liberated alcohol.
PA1  E. recovery of the silicate-based surfactant composition obtained in step
      D. Such recovery is achieved by removing the liberated alcohol such as by
      distilling it off.
PAR  In preparing the foams of the invention, the above-described surfactant
      composition may be employed in any suitable proportion which is effective
      in stabilizing the foam and providing other desirable foam properties
      without otherwise interfering with the polyurethane forming reaction or
      materially altering the basic properties of the resulting foam.
      Illustratively, such a proportion ranges from about 0.01 to about 5, and
      preferably about 0.25-2.5, parts per every 100 parts by weight of polyol
      which is used in making the foam.
PAR  If desired in the preparation of the foams of the invention, various
      additives may be included in the foam forming reaction mixture, which
      additives serve to provide different properties. For example,
      cross-linking agents may be added to speed the curing of the foam; dyes
      may be added for color; flame retardants may be used to achieve varying
      degrees of resistance to burning; and so forth.
PAR  In the practice of this invention, a polyurethane foam-forming reaction
      mixture comprising the above-described ingredients is fed to a suitable
      reaction zone such as by pouring into a suitable mold or onto a moving
      conveyor belt where reaction proceeds. The foaming reaction is exothermic,
      and auxiliary heat is usually not necessary to effect the reaction,
      although it may be employed. After the reactants have been admixed for a
      period of between about 0.1 and about 20 seconds, an emulsion or "cream"
      forms. As the temperature increases from the reaction, gas bubbles are
      generated bringing about the formation of an uncured cellular gel material
      which usually cures fairly rapidly at room temperature. Once cured, the
      foam will be ready for use in various applications, such as seating,
      bedding, cushioning, etc.
PAR  The high resilience polyurethane foams of the invention are relatively
      stable and do not succumb to substantial shrinkage or collapse before they
      become fully cured. In addition, they are characterized by a fine and
      uniform cell structure and a combination of desirable physical properties
      which are typical of high resilience polyurethane foam. As such the foams
      of the invention are of utility in numerous cushioning applications such
      as the production of padding, seat cushions and automotive bucket seats.
DETD
PAR  The following examples are provided to illustrate the invention. In these
      examples, all parts and percentages are by weight unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  A 5 liter 3-neck flask fitted with a magnetic stirrer, a thermometer and a
      gas outlet was charged with 849.5 grams (5 moles) of silicon tetrachloride
      and cooled to 0.degree.C with an ice-water bath. A solution of 81 mls.
      (4.5 moles) of H.sub.2 O in 2 kgs. (33.3 moles) of isopropanol was then
      added with stirring over a period of 2.5 hours. Rapid HCl evolution during
      the early stages of the aqueous isopropanol addition helped to cool the
      reaction mixture making it relatively easy to maintain a temperature
      between 4.degree. and 10.degree.C. After about half the isopropanol was
      added, HCl evolution slowed considerably resulting in an apparent
      exotherm, and frequent stirring of the ice bath was required to maintain
      the temperature of the reaction mixture below 20.degree.C. During the
      latter stages of the addition, the reaction mixture became cloudy with
      ultimate formation of two phases. After addition of aqueous isopropanol
      was complete, the mixture was heated to 82.degree.C under reflux for 3
      hours, at which point it was homogeneous.
PAR  The product thus formed was then stripped of volatiles up to a bottoms
      temperature of 100.degree.C and 20 m.m. of mercury pressure. The over-head
      fractions, mainly excess unreacted isopropanol and by-product hydrochloric
      acid, were discarded, leaving a viscous liquid residual intermediate
      weighing 662 grams and having a viscosity of 60 c.s. at 100.degree.F.
PAR  The amount of 215 grams of the intermediate prepared above was used to
      prepare a silicate-based surfactant composition following this procedure.
      A 1-liter, 3-neck flask equipped with a mechanical stirrer, a nitrogen
      inlet, a dry ice-cooled Dewar condenser and a Dean-Stark trap was charged
      with 350 g of a butanol initiated, oxyethylated, oxypropylated polyether
      having a molecular weight of 1,800 and a 1:1 weight ratio of ethylene
      oxide:propylene oxide. To this there were added 215 grams of the
      intermediate obtained above and 0.3 gram of tetrabutyl titanate catalyst.
      The flask was then immersed in a 130.degree.C oil bath. With a nitrogen
      sweep of 550 cc/min. and rapid stirring (375 rpm), the oil bath was
      rapidly heated (10-15 min.) to 195.degree.C and maintained at this
      temperature for 4 hours. The product was cooled under nitrogen and the
      volatile distillate (15 g. isopropanol) was discarded leaving a final
      product of 524 grams which was a homogeneous liquid surfactant composition
      having a kinematic viscosity of 407 cs. at 100.degree.F. The components of
      this composition could not be identified by available methods, e.g., gas
      chromatography, mass spectrometry, nuclear magnetic resonance, and
      infrared analysis. However, its over-all content of silicon, carbon,
      hydrogen and oxygen was determined by gravimetric analysis to be as
      follows:
PA1  silicon: 7.25%
PA1  carbon: 50.24%
PA1  hydrogen: 8.8%
PA1  oxygen: 33.7%
PAR  A flexible high resilience polyurethane foam was prepared from a reaction
      mixture comprised of 0.3 parts of the surfactant composition prepared
      above and the following ingredients.
TBL  ______________________________________                                    

     Ingredients             Parts by Weight                                   

     ______________________________________                                    

     Polyether polyol.sup.1  98.0                                              

     Oxypropylated triethanolamine curing agent                                

                             2.0                                               

     Water                   3.0                                               

     Catalyst System                                                           

      a) Triethylene diamine.sup.2                                             

                             0.15                                              

      b) Bis (2-dimethylaminoethyl) ether.sup.3                                

                             0.07                                              

      c) Stannous octoate    0.02                                              

     Polyisocyanate mixture.sup.4 (105 index)                                  

                             36.6                                              

     ______________________________________                                    

      .sup.1 This is a polyether triol having 70% primary hydroxyl groups and a

      approximate molecular weight of 5,900. It was prepared by sequentially   

      oxyalkylating glycerine with 90 moles of propylene oxide and then with 15

      moles of ethylene oxide.                                                 

      .sup.2 This is commercially obtained product, sold under the trademark   

      "Dabco 33LV" and consisting mainly of 1/3 triethylene diamine and 2/3    

      dipropylene glycol.                                                      

      .sup.3 This is a commercially obtained product sold under the trademark  

      "NIAX A-1" and consisting mainly of 70% bis (2-dimethylaminoethyl) ether 

      and 30% dipropylene glycol.                                              

      .sup.4 This is a mixture of 4 parts toluene diisocyanate (80/20 mixture o

      2,4-/2,6-isomers) to 1 part polymethylene polyphenylene isocyanate. The  

      latter is a product of the Upjohn Company, purchased under the trademark 

      "PAPI". It is approximately a trifunctional isocyanate having an NCO     

      content of 31.5% and a specific gravity of 1.2.                          

PAR  The above mixture was hand mixed at room temperature and immediately poured
      into a cake box. Using a stop-watch, the "cream time", "rise time" and
      "gel time" were measured, all being from the moment the mixture is placed
      in the mold. The cream time was 8 seconds and this is the time elapsed, up
      to the point when foaming commences, during which time the mixture is
      transformed from a liquid to a cream or emulsion. The rise time was 120
      seconds and this is the time elapsed for completion of the foaming
      reaction or expansion of the foam. This is usually evidenced by appearance
      of gas bubbles on the surface of the foam. The gel time was 130 seconds
      and this is the time elapsed for the resulting foam to become a
      self-supporting body as evidenced by the foam exhibiting resistance to
      being penetrated by a dull instrument.
PAR  The product produced was a good, open-celled, stable foam.
PAC  EXAMPLE 2
PAR  The exact procedure of Example 1 was followed with one exception. This is
      that the intermediate product obtained by the reaction of carbon
      tetrachloride with water and isopropanol was subjected to further
      purification by distillation. To this end, it was placed in a 1-liter,
      3-neck flask equipped with a magnetic stirrer, a 5 inch vacuum jacketed
      Virgreux column, a vacuum take-off head, a fraction cutter, and an
      immersed pot thermometer. Distillation was carried out up to a bottoms
      temperature of 210.degree.C and 15 m.m. of mercury pressure. The bottoms
      fraction thus obtained weighed 538 grams which represented 75% yield based
      on SiCl.sub.4 charged. This fraction which had a kinematic viscosity at
      100.degree.F of 139.0 cs was then transesterified exactly as described in
      Example 1. After removal of liberated isopropanol, a liquid surfactant
      composition was obtained which had a viscosity of about 390 cs at
      100.degree.F. The overall silicon, carbon, hydrogen and oxygen content in
      this composition was determined by gravimetric analysis to be as follows:
      7.94% silicon, 50.56% carbon, 9.3% hydrogen and 32.47% oxygen.
PAR  The product of this example was found to be effective as a stabilizer, when
      used exactly as described in Example 1, in the preparation of polyurethane
      foam.
PAC  EXAMPLE 3
PAR  The identical procedure of Example 2 was followed with the following
      exceptions. In carrying out the transesterification reaction, 62 grams of
      the butanol-initiated polyether and 38 grams of the bottoms fraction, of
      the product of the reaction of SiCl.sub.4 with water and isopropyl
      alcohol, were used. In addition, the catalyst used to promote
      transesterification was metallic sodium (0.05 gram) instead of the
      tetrabutyl titanate. Finally the transesterification reaction was effected
      at 165.degree.C.
PAR  After transesterification and removal of evolved isopropanol, a
      homogeneous, viscous liquid product was obtained with weighed 96 grams.
      This product was found to be equally effective as a stabilizer when used
      in preparing polyurethane foam as described in Example 1.
PAC  EXAMPLE 4
PAR  The identical procedure of Example 3 was followed except that 0.05 gram of
      sodium hydride was used as the transesterification catalyst instead of the
      metallic sodium. Again the product of transesterification, after removal
      of liberated isopropanol, was found to be an effective stabilizer in the
      production of a high resilience polyurethane foam based on the formulation
      used in Example 1.
PAC  EXAMPLE 5
PAR  The identical procedure of Example 3 was followed with one exception. This
      is that in carrying out the first reaction, instead of 33.3 moles, 20
      moles of isopropanol were used. The final product, after being freed of
      liberated isopropanol, was found to be an effective stabilizer in
      preparing high resilience polyurethane foam per Example 1.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 was followed except that instead of the 20 moles
      of isopropanol used in the first reaction, 33 moles of butanol-2 were
      employed. The final product, after removal of liberated butanol, was a
      viscous liquid. Its over-all content of silicon, carbon, hydrogen and
      oxygen was determined by gravimetric analysis to be as follows:
PA1  silicon : 7.58%
PA1  carbon : 54.14%
PA1  hydrogen: 9.49%
PA1  oxygen : 28.79%
PAR  The product of this example was found to be an effective stabilizer in the
      production of high resilience polyurethane foam based on the formulation
      of Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible polyurethane foam prepared from a reaction mixture which is
      comprised of:
PA1  a. an organic polyisocyanate,
PA1  b. a polyether polyol having in its structure the nucleus of an aliphatic
      alcohol having 2-8 reactive hydrogens and polyoxyalkylene chain segments
      attached through one end thereof to said nucleus at the site of the
      reactive hydrogens, said polyether polyol being further characterized by
      (1) a molecular weight of at least about 4,000 and (2) a ratio of primary
      to secondary hydroxyl end groups ranging from about 1.5:1 to about 6:1,
PA1  c. a foaming agent,
PA1  d. a reaction catalyst, and
PA1  e. a silicate-based surfactant composition which is prepared by a process
      that comprises
PA2  1. reacting together, at a temperature of about 40.degree.-200.degree.C,
      (a) a silicon tetrahalide selected from the group consisting of silicon
      tetrachloride, silicon tetrabromide, and silicon tetraiodide, and, per
      every mole of said silicon tetrahalide (b) about 0.2-2.0 moles of water
      and (c) at least about one mole of an alcohol represented by the formula
      R.sub.1 OH wherein R.sub.1 is alkyl of 2-20 carbon atoms or aromatic
      hydrocarbon of 6-14 carbon atoms, the reaction yielding a product made up
      of a volatile portion, which has a boiling point no greater than about
      125.degree.C at 10 mm of mercury pressure, and a non-volatile portion, and
PA2  2. removing said volatile portion, and
PA2  3. at a temperature of about 65.degree.-320.degree.C in the substantial
      absence of moisture and in the presence of a transesterification catalyst,
      reacting the non-volatile portion of the product of step (1) with a
      polyether alcohol having a molecular weight of about 500-5,000 and
      represented by the formula R.sub.2 --C.sub.n H.sub.2n O--H wherein R.sub.2
      is alkyl of 1-10 carbon atoms and the moiety --C.sub.n H.sub.2n O--
      represents a polyoxyalkylene chain consisting of from about 10 to 100
      percent by weight of oxyethylene units, and, correspondingly, about 90-0
      percent of oxypropylene units, oxybutylene units or a mixture of
      oxypropylene and oxybutylene units, said polyether alcohol being employed
      in a molar proportion ranging from about 0.006 to about 1.1 moles per
      every mole of said silicon tetrahalide which is used in step (1), with the
      proviso that the molar proportion of said polyether alcohol is no more
      than about 55% of the molar proportion of alcohol reacted in thre reaction
      of step (1).
NUM  2.
PAR  2. The polyurethane foam of claim 1 wherein said polyether polyol is an
      oxypropylated, oxyethylated aliphatic triol having a molecular weight of
      about 5,800-6,600 and a ratio of primary to secondary hydroxyl groups
      ranging from about 2.2:1 to about 4.5:1.
NUM  3.
PAR  3. The polyurethane foam of claim 2 wherein said organic polyisocyanate is
      a mixture of (1) toluene diisocyanate and (2) polymethylene
      polyphenylisocyanate in a weight ratio, (1):(2), ranging from about 75:25
      to about 94:6.
NUM  4.
PAR  4. The polyurethane foam of claim 1 wherein the process of preparing said
      surfactant composition includes the added step of removing alcohol of said
      formula R.sub.1 OH which is liberated during the reaction of step (3).
NUM  5.
PAR  5. The polyurethane foam of claim 4 wherein said R.sub.1 is alkyl of 3-8
      carbon atoms, said R.sub.2 contains 1-6 carbon atoms and said
      transesterification catalyst is selected from the group consisting of a
      Lewis acid, an alkali metal and an alkali metal hydride.
NUM  6.
PAR  6. The polyurethane foam of claim 5 wherein said polyether poly-1 is an
      oxypropylated, oxyethylated triol having a molecular weight of about
      5,700-7,000.
NUM  7.
PAR  7. The polyurethane foam of claim 6 wherein said silicon tetrahalide is
      silicon tetrachloride and said polyether alcohol has a molecular weight of
      about 1,500-4,000 and in which said (C.sub.n H.sub.2n O) moiety represents
      a polyoxyethylene chain or a polyoxyethylene-oxypropylene chain having a
      weight ratio of oxyethylene to oxypropylene units ranging from about 2:1
      to about 1:2.
NUM  8.
PAR  8. The polyurethane foam of claim 7 wherein the reaction of step (1) is
      carried out at about 55.degree.-110.degree.C, under reflux, and using, per
      every mole of said silicon tetrachloride, about 2-12 moles of said alcohol
      and about 0.4-1.7 moles of said water.
NUM  9.
PAR  9. The polyurethane foam of claim 8 wherein the reaction of step (3) is
      carried out at about 80.degree.-260.degree.C, and using about 0.06-0.8
      moles of said polyether alcohol per every mole of said silicon
      tetrachloride which is used in step (1).
NUM  10.
PAR  10. The polyurethane foam of claim 9 wherein said polyether triol has a
      ratio, of primary to secondary hydroxy groups, ranging from about 2:1 to
      about 5:1.
NUM  11.
PAR  11. The polyurethane foam of claim 10 wherein organic polyisocyanate is
      toluene diisocyanate or a mixture thereof with polymethylene
      polyphenylisocyanate.
NUM  12.
PAR  12. The polyurethane foam of claim 11 wherein said reaction catalyst is
      selected from the group consisting of a tertiary amine, an organo-tin salt
      and mixture thereof.
NUM  13.
PAR  13. The polyurethane foam of claim 12 wherein said organic polyisocyanate
      is a mixture of (1) toluene diisocyanate and (2) polymethylene
      polyphenylisocyanate in a weight ratio, (1):(2), ranging from about 75:25
      to about 94:6.
NUM  14.
PAR  14. A polyurethane foam as claimed in claim 13 wherein said silicate-based
      surfactant composition is the product of the process which comprises the
      following steps:
PA1  1. at a temperature from about -30.degree.C to about 20.degree.C, mixing
      together silicon tetrachloride and, per every mole of said silicon
      tetrachloride, about 0.7-1.4 moles of water and about 3-8 moles of
      isopropyl alcohol,
PA1  2. allowing said mixture to react at a temperature of about
      60.degree.-100.degree.C and under reflux conditions, thereby forming a
      reaction product made up of hydrochloric acid, unreacted isopropyl alcohol
      and a non-volatile mixture comprised of silicate-based materials,
PA1  3. stripping off said hydrochloric acid and unreacted isopropyl alcohol,
PA1  4. reacting said non-volatile mixture with a polyether alcohol having a
      molecular weight of about 1,200-1,500 and represented by the formula
      C.sub.4 H.sub.9 (C.sub.n H.sub.2n O) H wherein the moiety (C.sub.n
      H.sub.2n O) represents a polyoxyethylene-oxypropylene chain having a
      weight ratio, of oxyethylene to oxypropylene units, ranging from about 6:4
      to about 4:6, the reaction being carried out.
PA2  a. using about 0.1-0.7 mole of said polyether alcohol per each mole of said
      silicon tetrachloride used in step (a),
PA2  b. at a temperature of about 140.degree.-220.degree.C,
PA2  c. in the substantial absence of moisture, and
PA2  d. in the presence of a transesterification catalyst selected from the
      group consisting of a Lewis acid, an alkali metal and an alkali metal
      hydride,
PA1  thereby forming a product comprised of a silicate-based surfactant
      composition and liberated isopropyl alcohol, and
PAR  5. removing said liberated isopropyl alcohol and recovering said
      silicate-based surfactant composition.
NUM  15.
PAR  15. The polyurethane foam of claim 14 wherein said foaming agent is water.
NUM  16.
PAR  16. The polyurethane foam of claim 15 wherein said polyether triol is
      oxypropylated, oxyethylated glycerin.
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ABST
PAL  An adhesive consisting substantially of a modified olefine polymer, a
      chlorinated olefine or diene polymer, an alkylated polyphenyl, an aromatic
      polynitroso compound and an organic solvent or solvent mixture.
BSUM
PAR  This invention relates generally to adhesives, and in particular to
      heat-resistant heat-sealing adhesives obtained from a modified olefine
      polymer, a chlorinated olefine or diene polymer, an aromatic polynitroso
      compound, an alkylated polyphenyl and an organic solvent.
PAR  It is known that adhesives which contain solvents can be prepared from
      ethylene/vinyl ester copolymers. U.S. Patent No. 2,543,229 describes the
      use of ethylene/vinyl acetate copolymers for producing solvent-containing
      adhesives for glueing polyethylene to textiles and paper, and also to less
      flexible materials such as metal, wood or stone. According to German
      Patent Specification No. 1,071,953, solvent-containing adhesives prepared
      from ethylene/vinyl acetate copolymers can also be used for bonding glass
      to safety glass. German Auslegsschrift No. 1,295,123 describes the use of
      solvent-containing adhesives for glueing together wood and polyurethane
      foams.
PAR  One serious disadvantage of bonds produced with these conventional
      adhesives is their low strength, which especially at elevated temperatures
      is often quite insufficient for practical purposes, as for example in the
      case of metal-to-rubber or metal-to-plastics bonds used in the motor
      vehicle industry.
PAR  It is an object of this invention to provide solvent-containing adhesives
      which give rise to heat-resistant bonds having excellent strength and a
      high resistance to organic solvents, oils, fats and other external
      influences.
PAR  The problem was solved by preparing adhesives from a modified olefine
      polymer, a chlorinated olefine or diene polymer, an alkylated polyphenyl,
      an aromatic polynitroso compound and an organic solvent or solvent
      mixture.
PAR  This invention therefore provides an adhesive which consists basically of
      (a) modified olefine polymer, (b) a chlorinated olefine or diene polymer,
      (c) an alkylated polyphenyl, (d) an aromatic polynitroso compound and (e)
      an organic solvent or solvent mixture.
PAR  The modified olefine polymer (a) used for preparing the adhesives according
      to the invention may be, for example, an ethylene/vinyl ester copolymer of
      the kind which can be obtained by known methods of polymerisation from
      ethylene and vinyl esters of organic acids which contain from 2 to 10
      carbon atoms. The following are examples of vinyl esters which may be used
      for this purpose: vinyl esters of acetic acid, propionic acid, butyric
      acid, caproic acid, caprylic acid and capric acid. Vinyl acetate is
      preferred. Particularly advantageous results are obtained when using
      ethylene/vinyl acetate copolymers of the kind described in German
      Offenlegungsschrift No. 1,495,660 = U.S. Pat. No. 2,947,735, particularly
      polymers which have a vinyl acetate content of from 35 to 70 % by weight
      preferably 40 - 50 % by weight, and among these again preferably those
      which have a melt index, determined according to ASTM d 1238, condition E,
      of from 1 - 100, preferably from 2-15.
PAR  The modified olefine polymers used for producing the adhesives according to
      the invention may also be a chlorosulphonation product of polyisobutylene
      which can be obtained by conventional processes, and especially the
      chlorosulphonation products of polyethylene. The chlorosulphonated
      olefines have chlorine contents of from 20 to 60 % by weight, preferably
      from 25 to 50 % by weight, and a sulphur content of from 0.2 to 2.0 % by
      weight, preferably from 0.5 to 1.5 % by weight.
PAR  The modified olefine polymers used are preferably ethylene/vinyl acetate
      copolymers.
PAR  The chlorinated olefine polymers or diene polymers (b) used may be
      chlorination products of polyethylene or polypropylene which have been
      prepared by conventional methods, especially the chlorination products of
      natural rubber and, in particular, of polyisoprene. The aforesaid
      chlorination products have chlorine contents of from 60 to 70 % by weight
      and 20 % solutions of the products in toluene have a viscosity of about 40
      - 250 Poises, determined at 20.degree.C with a Brookfield LVF viscosimeter
      (Spindel 1, 30 revs. per min.). The chlorinated polymer preferably used is
      chlorinated polyisoprene.
PAR  Alkylated polyphenyls (c) used according to the invention are represented
      by the following general formula:
      ##SPC1##
PAL  in which R denotes an alkyl-, with 1 to 10 carbon atoms, alkoxy-, with 1 to
      10 carbon atoms, cycloalkyl-, with 5 to 12 carbon atoms, phenyl-,
      phenylalkyl-, with 7 to 13 carbon atoms, alkylphenyl-, with 7 to 13 carbon
      atoms, phenoxy- or phenyl alkoxy group with 6 to 12 carbon atoms,
PA1  n denotes 0 or an integer of from 1 to 5,
PA1  p denotes 0 or an integer of from 1 to 5,
PA1  r denotes 0 or an integer of from 1 to 4; and
PA1  m denotes 0 or an integer of from 1 to 3.
PAR  In the above general formula, R preferably denotes an alkyl group which
      contains 2 - 4 carbon atoms, in particular isopropyl, or a phenyl alkyl or
      an alkyl phenyl group containing 2 - 4 carbon atoms in the alkyl group, in
      particular phenyl ethyl, and n preferably denotes a number of from 0 - 2,
      p denotes 1 or 2, r denotes a number of from 0 -  2 and m denotes 0 or 1.
PAR  Particularly good results are obtained with terphenyls which contain 1-14
      isopropyl groups and preferably 1-6 isopropyl groups.
PAR  The alkylated polyphenyls can be prepared by conventional processes (see
      DRP 550 494).
PAR  The organic polynitroso compounds (d) used may be compounds of the general
      formula:
      ##SPC2##
PAL  prepared by known methods (see J. Org. Chem. 25, 1071 (1960), in which
      formula R' denotes an alkyl-, with 1 to 10 carbon atoms, an alkoxy-, with
      1 to 10 carbon atoms, an alkanolamine-, with 1 to 10 carbon atoms, a
      cycloalkyl-, with 5 to 12 carbon atoms, a phenyl alkyl-, with 7 to 13
      carbon atoms, a phenyl-, a phenoxy-, a phenylamine-, with 6 to 12 carbon
      atoms, or a phenyl nitrosoamine group with 6 to 12 carbon atoms or a
      halogen, y denotes 0 or an integer of from 1 to 5 and x denotes 1 or 2.
      p-dinotrosobenzene is preferred.
PAR  The following are examples of suitable solvents (e): aromatic hydrocarbons
      such as toluene, xylene or benzene; chlorinated hydrocarbons such as
      methylene chloride, trichloroethylene or perchloroethylene; ketones such
      as acetone, methyl ethylketone or methyl isobutyl ketone; carboxylic acid
      esters such as methyl acetate, ethyl acetate or butyl acetate; alcohols
      such as methanol, ethanol or butanol; or mixtures of the above mentioned
      solvents. Aromatic hydrocarbons such as xylenes, toluene or benzene and/or
      aliphatic hydrocarbons such as trichloroethylene or perchloroethylene are
      preferred.
PAR  Particularly preferred combinations of components (a) to (e) are shown in
      Table 1.
PAR  The adhesive according to the invention preferably have the following
      percentage composition: 0.5 - 30 % by weight, particularly 2 - 10 % by
      weight, of component (a); 0.5 - 30 % by weight, particularly 2 -15 % by
      weight, of component (b); 0.5 - 30 % by weight, particularly 2 - 15 % by
      weight, of component (c); 0.1 - 24 % by weight, particularly 1 - 8 % by
      weight, of component (d); and 30 - 90 % by weight, particularly 60 - 85 %
      by weight, of component (e).
PAR  Other substances may also be added to the adhesive according to the
      invention to achieve special effects, e.g. natural or synthetic resins,
      for example phenol formaldehyde, resins belonging to the class of novolaks
      or resols, fillers such as silicates and/or carbon black or dyes and/or
      pigments.
PAR  According to one special embodiment, by which bonds with optimum strength
      and resistance are obtained, the adhesives according to the invention may
      be used in combination with primer solutions which ensure the greatest
      possible adherence to metal.
PAR  The primer solution used is preferably a solution of a low-molecular weight
      phenol formaldehyde resin (resol type) with a chlorinated olefine or diene
      polymer of the kind mentioned under (b) in a solvent or solvent mixture
      mentioned under (e), in particular a dialkyl ketone such as methyl
      isobutyl ketone.
PAR  The low-molecular weight phenol formaldehyde resin used (resol type) may be
      a resin obtained by alkaline condensation of phenol and formaldehyde used
      in proportions of from 1 : 0.5 to 1 : 1.5 and having a viscosity of from
      1500 to 10,000 cP determined on a 60 % by weight solution in butanol at
      20.degree.C with a Brookfield LVF viscosimeter.
PAR  According to one embodiment of the invention the primer solution consists
      of from 5 to 40 % by weight, preferably from 5 to 15 % by weight, of
      phenol formaldehyde resin (resol type); from 5 to 40 % by weight,
      preferably from 5 to 15 % by weight, of a chlorinated olefine or diene
      polymer mentioned under (b), in particular chlorinated polyisoprene; and
      from 30 to 90 % by weight, preferably from 70 to 90 % by weight, of one of
      the solvents mentioned under (e), in particular methyl isobutyl ketone.
PAR  To prepare the adhesives or primers according to the invention, the
      individual components, used in the proportions indicated above, are
      together dissolved or suspended in one of the solvents or solvent mixtures
      mentioned above at temperatures of from 10.degree. to 40.degree.C,
      preferably at room temperature. The temperature employed may, of course,
      be above or below the range indicated.
PAR  Application of the adhesives according to the invention, and of the primer,
      to the materials which are to be bonded may be carried out by conventional
      methods, for example by dipping, brush-coating or spraying.
PAR  To prepare the bonds, a thin layer of the adhesive according to the
      invention is applied for example to the metal and vulcanisate surfaces
      which are to be bonded.
PAR  Before the adhesives are applied, the surfaces of metals which are to be
      bonded are preferably first sand-blasted and degreased with
      trichloroethylene while the surfaces of the vulcanisates which are to be
      bonded are cleaned with trichloroethylene. The metals and vulcanisates
      coated with the adhesives according to the invention are placed together
      with their adhesive layers in contact after the solvent has evaporated
      off, and they are then heated for up to 1 hour or longer at an elevated
      temperature, preferably in the range of from 100.degree. to 200.degree.C.
      During the heating process, the bond is fixed by pressure to ensure
      intimate contact between the two adhesive layers.
PAR  The composite structures produced in this way, which are distinguished by
      their high strength as well as their high resistance to organic solvents,
      oils and fats, can be used in various fields, for example in the motor car
      industry for manufacturing safety elements in motor cars.
PAR  The adhesives according to the invention may be used for bonding materials
      such as plastics, metals, porcelain or rubber and are preferably used for
      bonding metals to rubber vulcanisates, such as vulcanisates of natural
      rubber, nitrile rubber, butyl rubber or styrene-butadiene rubber,
      particularly natural rubber vulcanisates.
DETD
PAR  The percentages given in the following examples are percentages by weight
      unless otherwise indicated.
PAC  Examples
TBL                Table 1                                                     

     ______________________________________                                    

     Adhesive          A      B                                                

     ______________________________________                                    

     Ethylene/vinyl acetate                                                    

     copolymer(1)      4             parts by weight                           

     Chlorosulphonated poly-  4      parts by weight                           

      ethylene(2)                                                              

     Chlorinated polyisoprene(3)                                               

                       8      8      parts by weight                           

     Isopropylated terphenyl(4)                                                

     containing about 3 isopropyl                                              

     groups            8      8      parts by weight                           

     Carbon black(6)   2      2      parts by weight                           

     p-dinitrosobenzene                                                        

                       4      4      parts by weight                           

     Xylene            55     55     parts by weight                           

     Perchloroethylene 15     15     parts by weight                           

     ______________________________________                                    

      (1)with a vinyl acetate content of 45 % and a melt index of from 2 to 5, 

      determined according to ASTM D 1238, condition E.                        

      (2)with a chlorine content of 42 % and a sulphur content of 1.1 %        

      (3)with a chlorine content of 67 % and a viscosity of 160 cP determined a

      a 20 % solution in toluene at 20.degree.C using a Brookfield LVF         

      viscosimeter (spindle 1, 30 revs. per min.)                              

      (4)with a viscosity of 6000 Poises determined at 20.degree.C with        

      Brookfield RVT viscosimeter (spindle 7, 5 revs. per min.)                

      (6) MT carbon black (thermal carbon black).                              

PAR  These adhesives were used for producing bonds between steel (free cutting
      steel 9 S 20 K) and various rubber materials. The composition of the
      rubbers and conditions of vulcanisation are shown in Table 2.
PAC  Table 2:
PAC  Vulcanisate I
PA1  100.0 parts by weight of natural rubber;
PA1  20.0 parts by weight of zinc oxide;
PA1  2.0 parts by weight of stearic acid;
PA1  1.2 parts by weight of phenyl-.beta.-naphthylamine;
PA1  30.0 parts by weight of ISAF carbon black (furnace black);
PA1  1.0 parts by weight of 2-mercapto benzothiazole;
PA1  3.5 parts by weight of sulphur;
PA1  vulcanisation: 35 minutes at 140.degree.C
PAC  Vulcanisate II
PA1  100.0 parts by weight of nitrile rubber (butadiene/acrylonitrile copolymer
      containing 33 % of acrylonitrile);
PA1  7.5 parts by weight of zinc oxide;
PA1  0.5 parts by weight of stearic acid;
PA1  40.0 parts by weight of SRF carbon black (furnace black);
PA1  1.0 parts by weight of colophony;
PA1  2.0 parts by weight of methylene-bis-thioglycolic acid butyl ester;
PA1  5.0 parts by weight of cumarone resin;
PA1  0.8 parts by weight of benzothiazyl-2-diethyl sulphenamide;
PA1  1.7 parts by weight of sulphur;
PA1  vulcanisation: 35 minutes at 140.degree.C
PAC  Vulcanisate III
PA1  100.0 parts by weight of styrene-butadiene rubber (styrene/butadiene
      copolymer containing 23.5 % of styrene);
PA1  5.0 parts by weight of zinc oxide;
PA1  1.0 parts by weight of stearic acid;
PA1  60.0 parts by weight of HAF carbon black (furnace black);
PA1  15.0 parts by weight of aromatic mineral oil plasticiser;
PA1  1.5 parts by weight of phenyl-.beta.-naphthylamine;
PA1  1.4 parts by weight of benzothiazyl-2-cyclohexyl sulphenamide;
PA1  0.1 parts by weight of tetramethyl thiuramic monosulphide;
PA1  1.8 parts by weight of sulphur;
PA1  vulcanisation: 20 minutes at 150.degree.C.
PAR  Test samples were prepared in accordance with method B of ASTM D 429-68.
      Metal strips which has been sand-blasted and degreased with
      trichloroethylene and strips of the given vulcanisates which had been
      cleaned with trichloroethylene were coated with a thin layer of the
      adhesives shown in Table 1. After 3 hours drying at room temperature, the
      coated metal strips and coated vulcanisate strips were placed together
      with the layers of adhesive in contact, and were then heated to
      140.degree.C under light pressure for 40 minutes. After the test samples
      had been stored at room temperature for 24 hours, the strength of the
      rubber-to-metal bonds was determined by the peeling test according to ASTM
      test method D 429-68, method B, at room temperature and at elevated
      temperatures. The results obtained are summarised in Table 3.
PAR  The strengths of the bonds obtained when using a primer X of the following
      composition are also shown in Table 3:
TBL  Chlorinated polyisoprene.sup.(1)                                          

                            10 parts by weight                                 

     Phenol formaldehyde resin.sup.(2)                                         

                            8 parts by weight                                  

     Carbon black.sup.(3)   2 parts by weight                                  

     Methyl isobutyl ketone 80 parts by weight                                 

      .sup.(1) with a chlorine content of 67 % and a viscosity of 160 cP (20 % 

      solution in toluene) determined at 20.degree.C with a Brookfield LVF     

      viscosimeter (spindle 1, 30 revs. per min.)                              

      .sup.(2) unmodified, hardenable phenol formaldehyde condensation product 

      (resol type) with a molar ratio of phenol to formaldehyde of 1:1.14, 60 %

      solution in butanol with a viscosity of 3200 cP determined at 20.degree.C

      with a Brookfield LVF viscosimeter (spindle 3, 30 revs. per min.)        

      .sup.(3) MT carbon black (thermal carbon black).                         

PAR  Primer X was applied as a thin layer to the sand-blasted and degreased
      metal strips. After a drying time of 30 minutes, the adhesive shown in
      Table 1 was applied to the metal strips and to the rubber vulcanisates
      which had been coated with primer. After a further 3 hours, the test
      samples were prepared in accordance with method B, ASTM D 429-68, as
      already described above.
PAR  Adhesives of the following composition, which had been prepared according
      to German Auslegeschrift No. 1 295 123, were used for comparison Examples
      13 and 14:
TBL  Adhesive C                                                                

     ______________________________________                                    

     Ethylene/vinyl acetate copolymer.sup.(1)                                  

                            11 parts by weight                                 

     Maleate resin.sup.(2)  2 parts by weight                                  

     Terpene-phenol resin.sup.(3)                                              

                            2 parts by weight                                  

     Methylene chloride     35 parts by weight                                 

     Toluene                35 parts by weight                                 

     Petroleum hydrocarbonsBp.sub.760 :60-90.degree.C                          

                            15 parts by weight                                 

     ______________________________________                                    

      .sup.(1) with a vinyl acetate content of 45 % and a melt index of from 2 

      to 5 determined according to ASTM D 1238, condition E                    

      .sup.(2) with an acid number according to DIN 53 183 of 16 and a melting 

      point according to DIN 53 181 of 130.degree.C                            

      .sup.(3) with an acid number according to DIN 53 183 of 65 and a melting 

      point according to DIN 53 181 of 140.degree.C.                           

TBL                                    Table 3                                 

     __________________________________________________________________________

     Example                                                                   

          Vulca-                                                               

              Adhesive Primer                                                  

                        Bonding strength (kp/cm)                               

     nisate             20.degree.C                                            

                              80.degree.C                                      

                                  100.degree.C                                 

                                       120.degree.C                            

     __________________________________________________________________________

     1    I   A       - 17.2*)                                                 

                              5.7 3.2  1.6                                     

     2    I   A       .times.                                                  

                        21.2*)                                                 

                              8.4 5.6  2.8                                     

     3     II A       - 18.6*)                                                 

     4     II A       .times.                                                  

                        23.3*)                                                 

     5    III A       - 14.2*)                                                 

     6    III A       .times.                                                  

                        18.6*)                                                 

     7    I   B       - 15.7*)                                                 

                              5.8 2.8  1.3                                     

     8    I   B       .times.                                                  

                        19.8*)                                                 

                              9.6 5.2  2.1                                     

     9     II B       - 17.4*)                                                 

     10    II B       .times.                                                  

                        22.1*)                                                 

     11   III B       - 16.3*)                                                 

     12   III B       .times.                                                  

                        20.2*)                                                 

     13   I   C       - 1.5                                                    

     14   I   C       .times.                                                  

                        2.5                                                    

     __________________________________________________________________________

      *)vulcanisate torn out                                                   

CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive composition consisting substantially of
PA1  a. 0.5-30% by weight of a copolymer of ethylene and a vinyl ester having
      from 2 to 10 carbon atoms in the ester moiety, said vinyl ester being
      present in an amount of 35-70% by weight, based on the weight of said
      copolymer;
PA1  b. 0.5-30% by weight of a member selected from the group consisting of
      chlorinated polyisoprene, chlorinated polyethylene, chlorinated
      polypropylene and chlorinated natural rubber, each of said members having
      a chlorine content of 60-70% by weight;
PA1  c. 0.5-30% by weight of a compound of the formula
      ##SPC3##
PAL  wherein each R is separately alkyl having 1 to 10 carbon atoms, alkoxy
      having 1 to 10 carbon atoms, cycloalkyl having 5 to 12 carbon atoms,
      phenyl, phenylalkyl having 7 to 13 carbon atoms, alkylphenyl having 7 to
      13 carbon atoms, phenoxy or phenalkoxy having 7 to 12 carbon atoms; n is
      zero or an integer of from 1 to 5; p is an integer of from 1 to 2; r is
      zero or an integer of from 1 to 4 and m is zero or an integer of from 1 to
      3;
PA1  d. 0.1-24% by weight of a compound of the formula
      ##SPC4##
PAL  wherein R' is alkyl having 1 to 10 carbon atoms, alkanolamino having 1 to
      10 carbon atoms, cycloalkyl having 5 to 12 carbon atoms, phenylalkyl
      having 7 to 13 carbon atoms, phenyl, phenoxy, phenylamino having 6 to 12
      carbon atoms, phenylnitrosoamino having 6 to 12 carbon atoms or halogen; y
      is zero or an integer of from 1 to 5 and x is 2 and
PA1  e. 30-90% by weight of at least one organic solvent.
NUM  2.
PAR  2. The adhesive composition of claim 1, wherein (c) is a terphenylene and R
      is isopropyl.
NUM  3.
PAR  3. The adhesive composition of claim 1 wherein (c) is a terphenylene and R
      is phenethyl.
NUM  4.
PAR  4. The adhesive composition of claim 1 wherein (d) is dinitrosobenzene.
NUM  5.
PAR  5. The adhesive composition of claim 1 wherein (e) is at least one solvent
      selected from the group consisting of aromatic hydrocarbons, chlorinated
      hydrocarbons, ketones, carboxylic acid esters and alcohols.
NUM  6.
PAR  6. The adhesive composition of claim 1 wherein (e) is xylene, toluene,
      benzene, trichloroethylene or perchloroethylene.
PATN
WKU  039351351
SRC  5
APN  4623096
APT  1
ART  142
APD  19740419
TTL  Heat-sealing adhesives
ISD  19760127
NCL  5
ECL  1
EXP  Bleutge; John C.
INVT
NAM  Dollhausen; Manfred
CTY  Odenthal
CNT  DT
INVT
NAM  Hohmann; Gerhard
CTY  Leverkusen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19750425
APN  2320804
CLAS
OCL  260  35
XCL  156333
XCL  260 308R
XCL  260 312R
XCL  260 312MR
XCL  260 328A
XCL  260 334PQ
XCL  260 336A
XCL  260 336PQ
XCL  260 338UA
XCL  260845
XCL  260847
XCL  260889
XCL  260890
XCL  260897C
XCL  428463
EDF  2
ICL  C08L 1502
ICL  C08L  700
FSC  260
FSS  3.5;889;890;30.8 R;897 C
FSC  156
FSS  333
UREF
PNO  2490536
ISD  19491200
NAM  Murphy et al.
OCL  260  3.5
UREF
PNO  2776914
ISD  19570100
NAM  Faulwetter
OCL  260  3.5
UREF
PNO  3053712
ISD  19621100
NAM  Grabowski
OCL  156333
UREF
PNO  3258389
ISD  19660600
NAM  Coleman et al.
OCL  156333
UREF
PNO  3351677
ISD  19671100
NAM  Barton et al.
OCL  260889
UREF
PNO  3542704
ISD  19701100
NAM  Radcliffe et al.
OCL  260 30.8R
LREP
FRM  Connolly and Hutz
ABST
PAL  Adhesive consisting substantially of a modified olefine polymer, a
      chlorinated olefine or diene polymer, an alkylated polyphenyl sulphone, an
      aromatic polynitroso compound and an organic solvent or solvent mixture.
BSUM
PAR  This invention relates to heat-sealing adhesives having a high heat
      resistance obtained from a modified olefine polymer, a chlorinated olefine
      or diene polymer, an alkylated polyphenyl sulphone, an aromatic
      polynitroso compound and an organic solvent.
PAR  It is known to produce solvent-containing adhesives from ethylene-vinyl
      ester copolymers. The use of ethylene-vinyl acetate copolymers for
      preparing solvent-containing adhesives for glueing polyethylene to
      textiles and paper, and also to less flexible materials such as metal,
      wood or stone has been described in U.S. Pat. No. 2,543,229. According to
      German Patent Specification No. 1,071,953, solvent-containing adhesives
      obtained from ethylene-vinyl acetate copolymers may also be used for
      bonding glass to safety glass. German Auslegeschrift No. 1,295,123 also
      describes the use of solvent-containing adhesives for bonding together
      wood to polyurethane foams.
PAR  One serious disadvantage of bonds produced with these known adhesives is
      their low strength, which especially at elevated temperatures is quite
      insufficient to satisfy many of the requirements in practice, for example
      in the case of metal/rubber and metal/plastics bonds used in the motorcar
      industry.
PAR  It is an object of this invention to provide solvent-containing adhesives
      with which it is possible to obtain heat-resistant bonds which have
      excellent strength and high resistance to organic solvents, oils, fats and
      other external conditions.
PAR  The problem was solved by preparing adhesives from a modified olefine
      polymer, a chlorinated olefine or diene polymer, an alkylated polyphenyl
      sulphone, an aromatic polynitroso compound and an organic solvent or
      solvent mixture.
PAR  This invention therefore relates to an adhesive consisting substantially of
      (a) a modified olefin polymer, (b) a chlorinated olefine or diene polymer,
      (c) an alkylated polyphenyl sulphone, (d) an aromatic polynitroso compound
      and (e) an organic solvent or solvent mixture.
PAR  The modified olefine polymer (a) used for preparing the adhesives according
      to the invention may be, for example, an ethylene-vinyl ester copolymer of
      the kind which can obtained by known polymerisation methods from ethylene
      and vinyl esters of organic acids which contain 2 to 10 carbon atoms. The
      following vinyl esters may be used: vinyl esters of acetic acid propionic
      acid, butyric acid, caproic acid, caprylic acid and capric acid. Vinyl
      acetate is preferred. Particularly advantageous results are obtained when
      using ethylene-vinyl acetate copolymers of the kind described in German
      Offenlegungsschrift No. 1,495,660 = U.S. Pat. No. 2,947,735, particularly
      polymers which have a vinyl acetate content of 35 to 70 % by weight,
      preferably 40 to 50 % by weight and among these again it is preferred to
      use those with a melt index of 1 to 100, preferably 2 to 15, determined
      according to ASTM d 1238, condition E.
PAR  The modified olefine polymers used for preparing the adhesives according to
      the invention may also be chlorosulphonation products of polyisobutylene
      which can be prepared by known methods, particularly the
      chlorosulphonation product of polyethylene. Chlorosulphonated olefines
      have chlorine contents of 20 to 60 % by weight, preferably 25 to 50 % by
      weight, and sulphur contents of 0.2 to 2.0 % by weight, preferably 0.5 to
      1.5 % by weight.
PAR  The modified olefine polymers used are preferably ethylene vinyl acetate
      copolymers.
PAR  The chlorinated olefine or diene polymers (b) used may be chlorination
      products of polyethylene or polypropylene which can be prepared by known
      methods, particularly the chlorination products of natural rubber and
      especially of polyisoprene. The said chlorination products have chlorine
      contents of 60 to 70 % by weight and a viscosity of about 40 to 250
      Poises, determined on 20 % by weight solutions in toluene at 20.degree.C,
      using a Brookfield-LVF viscosimeter (spindle 1, 30 revs, per min).
      Chlorinated polyisoprene is preferred.
PAR  Alkylated polyphenyl sulphones (c) used according to the invention have the
      general formula
      ##SPC1##
PAL  in which R.sub.1 and R.sub.2 represent each an alkyl-, with 1 to 10 carbon
      atoms, an alkoxy-, with 1 to 10 carbon atoms, a cycloalkyl-, with 5 to 12
      carbon atoms, a phenyl-, a phenylalkyl-, with 7 to 13 carbon atoms, a
      phenoxy- or phenylalkoxy group with 6 to 12 carbon atoms,
PAL  n denotes 0 or an integer of from 1 to 5 and
PAL  p denotes an integer of from 1 to 5.
PAR  In the general formula R.sub.1 and R.sub.2 preferably denote an alkyl group
      containing 1 - 4 carbon atoms, in particular methyl and n is preferably 0
      - 2 and p 1 or 2. 4,4'-Dimethyl-diphenyl sulphone,
      2,4,4'-trimethyl-diphenyl sulphone and their mixtures are particularly
      suitable.
PAR  Alkylated polyphenyl sulphones can be prepared by known methods (U.S.
      Patent 2,224,964).
PAR  The organic polynitroso compounds used may be compounds of the following
      general formula which can be prepared by known methods (see J. Org. Chem.
      25, 1071 (1960)):
      ##SPC2##
PAL  in which formula R denotes an alkyl-, with 1 to 10 carbon atoms, an
      alkoxy-, with 1 to 10 carbon atoms, an alkanolamine-, with 1 to 10 carbon
      atoms, a cycloalkyl-, with 5 to 12 carbon atoms, a phenylalkyl-, with 7 to
      13 carbon atoms, a phenyl-, a phenoxy-, a phenylamine- or phenyl
      nitrosoamine group or halogen, o represents a figure of from 0 to 5 and m
      represents 1 or 2. p-dinitrosobenzene is preferred.
PAR  The following are given as examples of suitable solvents (e): aromatic
      hydrocarbons such as toluene, xylene and benzene; chlorinated hydrocarbons
      such as methylene chloride, trichloroethylene and perchloroethylene;
      ketones such as acetone, methyl ethyl ketone and methyl isobutyl ketone;
      carboxylic acid esters such as methyl acetate, ethyl acetate and butyl
      acetate; alcohols such as methanol, ethanol and butanol; or mixtures of
      the above mentioned solvents. Aromatic hydrocarbons such as xylene,
      toluene and benzene and/or aliphatic hydrocarbons such as
      trichloroethylene or perchloroethylene are preferred.
PAR  Particularly preferred combinations of components (a) to (e) are shown in
      table 1.
PAR  The adhesives according to the invention preferably have the following
      percentage composition: 0.5 - 30 % by weight, particularly 2 - 10 % by
      weight of component a; 0.5 - 30 % by weight, particularly 2 - 15 % by
      weight of component b; 0.5 - 30 % by weight, particularly 2 - 15 % by
      weight of component c; 0.1 - 24 % by weight, particularly 1 - 8 % by
      weight of component d and 30 - 90 % by weight, particularly 60 - 85 % by
      weight of component e.
PAR  Other substances may also be added to the adhesives according to the
      invention to achieve special effects, e.g. natural or synthetic resins,
      for example phenol formaldehyde resins such as novolaks or resols, fillers
      such as silicates and/or carbon black, dyes and/or pigments.
PAR  According to a preferred embodiment by which optimum strength and
      resistance of the bonds is achieved, the adhesives according to the
      invention may be used in combination with primer solutions which ensure
      the strongest possible adherence to metal.
PAR  The primer solution used is preferably a solution of a low-molecular weight
      phenol formaldehyde resin (resol type) with one of the olefine or diene
      polymers mentioned under (b) in one of the solvents or solvent mixtures
      mentioned under (e), in particular dialkyl ketones such as methyl isobutyl
      ketone.
PAR  The low-molecular weight phenol formaldehyde resin (resol type) used may be
      an alkaline-condensed resin with a molar ratio of phenol to formaldehyde
      of between 1:0.5 and 1.5 and a viscosity of 1500 to 10 000 cP, determined
      on a 60 % by weight solution in butanol at 20.degree.C with a Brookfield
      LVF viscosimeter.
PAR  The primer solution consists of 5 to 40 % by weight, preferably 5 to 15 %
      by weight of phenol formaldehyde resin (resol type), 5 to 40 % by weight,
      preferably 5 to 15 % by weight of one of the chlorinated olefine or diene
      polymers mentioned under (b), in particular chlorinated polyisoprene, and
      30 to 90 % by weight, preferably 70 to 90 % by weight of one of the
      solvents mentioned under (e), in particular methyl isobutyl ketone.
PAR  To prepare the adhesives and primers according to the invention, the
      components are dissolved or suspended together in one of the above
      mentioned solvents or solvent mixtures in the proportions indicated above
      at temperatures of 10 to 40.degree.C, preferably room temperature.
      Temperatures above or below this range may, of course, also be employed.
PAR  Application of the adhesive according to the invention and of the primer to
      the materials which are to be bonded may be carried out by the usual
      methods, for example of immersion, brush-coating or spraying.
PAR  To produce the bonds, the adhesives according to the invention are applied
      as thin layers to the metal and vulcanisate surfaces which are to be
      bonded.
PAR  Before the adhesives are applied, the surfaces of the metals are preferably
      sand-blasted and degreased with trichloroethylene and the surfaces of
      vulcanisates are cleaned with trichloroethylene. Metals and vulcanisates
      coated with the adhesives according to the invention are placed together
      with their layers of adhesive in contact after the solvent has evaporated
      off, and they are then heated while in contact to elevated temperatures,
      preferably between 100.degree. and 200.degree.C, for up to one hour or
      more. During the heating process, the bonds are fixed by application of
      pressure which ensures intimate contact between the two layers of
      adhesive.
PAR  The composite materials produced in this way, which are distinguished by
      their high strength and high resistance to organic solvents, oils and
      fats, have a wide range of possible applications, for example in the
      motorcar industry for producing safety elements in motor vehicles.
PAR  The adhesives according to the invention serve to bond materials such as
      plastics, metals, porcelain or rubber and are preferably used for bonding
      metals to rubber vulcanisates such as vulcanisates of natural rubber,
      nitrile rubber, butyl rubber or styrene-butadiene rubber and particularly
      natural rubber.
DETD
PAR  The percentages given in the following examples refer to weight unless
      otherwise indicated.
TBL                Table 1                                                     

     ______________________________________                                    

     Examples                                                                  

     Adhesive      A        B                                                  

     ______________________________________                                    

     Ethylene-vinyl acetate                                                    

     copolymer 1)  4                 parts by weight                           

     chlorosulphonated                                                         

     polyethylene 2)        4        parts by weight                           

     chlorinated polyiso-                                                      

                   8        8        parts by weight                           

     prene 3)                                                                  

     alkylated diphenyl                                                        

                   8        8        parts by weight                           

     sulphone 4)                                                               

     Carbon black 5                                                            

                   2        2        parts by weight                           

     p-dinitrosobenzene                                                        

                   4        4        parts by weight                           

     xylene        55       55       parts by weight                           

     perchloroethylene                                                         

                   15       15       parts by weight                           

     ______________________________________                                    

      1) with a vinyl acetate content of 45% and a melt index of 2 to 5        

      determined according to ASTM D 1238, condition E                         

      2) with a chlorine content of 42% and a sulphur content of 1.1%          

      3) with a chlorine content of 67% and a viscosity of 160 cP, determined o

      a 20% solution in toluene at 20.degree.C using a Brookfield LVF          

      viscosimeter (spindle 1, 30 revs. per min)                               

      4) mixture of 4,4'-dimethyl- and 2,4,4'-trimethyl-diphenyl sulphone with 

      viscosity of 550 Poises, determined at 20.degree.C with a Brookfield RVT 

      viscosimeter (spindle 7, 50 revs. per min)                               

      5) MT carbon black (thermal carbon black)                                

PAR  These adhesives were used to produce bonds between steel (free cutting
      steel 9 S 20 K) and various rubber materials. The compositions and
      conditions of vulcanisation of the various types of rubber used are shown
      in table 2.
PAC  Table 2:
PA0  Vulcanisate I
PA1  100.0 parts by weight of natural rubber
PA1  20.0 parts by weight of zinc oxide
PA1  2.0 parts by weight of stearic acid
PA1  1.2 parts by weight of phenyl-.beta.-naphthylamine
PA1  30.0 parts by weight of ISAF carbon black (furnace black)
PA1  1.0 parts by weight of 2-mercapto-benzothiazole
PA1  3.5 parts by weight of sulphur
PA0  vulcanisation: 35 minutes at 140.degree.C
PA0  Vulcanisate II
PA1  100.0 parts by weight of nitrile rubber (butadieneacrylonitrile compolymer,
      33% acrylonitrile)
PA1  7.5 parts by weight of zinc oxide
PA1  0.5 parts by weight of stearic acid
PA1  40.0 parts by weight of SRF carbon black (furnace black)
PA1  1.0 parts by weight of colophony
PA1  2.0 parts by weight of methylene-bis- thioglycolic acid butyl ester
PA1  5.0 parts by weight of cumarone resin
PA1  0.8 parts by weight of benzothiazyl-2-diethyl sulphenamide
PA1  1.7 parts by weight of sulphur
PA0  vulcanisation: 35 minutes at 140.degree.C
PA0  Vulcanisate III
PA1  100.0 parts by weight of styrene-butadiene rubber (styrene-butadiene
      copolymer containing 23.5 % of styrene)
PA1  5.0 parts by weight of zinc oxide
PA1  1.0 parts by weight of stearic acid
PA1  60.0 parts by weight of HAF furnace black (carbon black)
PA1  15.0 parts by weight of aromatic mineral oil plasticiser
PA1  1.5 parts by weight of phenyl-.beta.-naphthylamine
PA1  1.4 parts by weight of benzothiazyl-2-cyclohexyl sulphenamide
PA1  0.1 parts by weight of tetramethyl-thiuramic monosulphide
PA1  1.8 parts by weight of sulphur
PA0  vulcanisation: 20 minutes at 150.degree.C.
PAR  Test samples were prepared in accordance with ASTM D 429-68, method B.
      Metal strips which had been sand-blasted and degreased with
      trichloroethylene and strips of the vulcanisates which were to be bonded,
      which had been cleaned with trichloroethylene, were coated with a thin
      layer of the adhesives shown in table 1. After 3 hours' drying at room
      temperature, the coated metal strips and vulcanisate strips were placed
      together with the adhesive layers in contact and heated under light
      pressure at 140.degree.C for 40 minutes. After 24 hours' storage at room
      temperature, the test samples were tested to determine the strength of the
      rubber/metal bonds by the peeling test according to ASTM test method D
      429-68, method B, carried out at room temperature and at higher
      temperatures. The results obtained are summarised in table 3.
PAR  Table 3 also shows the strength of the bonds obtained when using a primer X
      of the following composition:
TBL  chlorinated polyisoprene .sup.1)                                          

                          10 parts by weight                                   

     Phenol formaldehyde resin .sup.2)                                         

                           8 parts by weight                                   

     carbon black .sup.3)  2 parts by weight                                   

     methyl isobutyl ketone                                                    

                          80 parts by weight                                   

      .sup.1) with a chlorine content of 67% and a viscosity of 160 cP (20%    

      solution in toluene), determined at 20.degree.C with a Brookfield LVF    

      viscosimeter (spindle 1,30 revs. per min)                                

      .sup.2) unmodified, hardenable phenol formaldehyde condensation product  

      (resol type) with a molar ratio of phenol to formaldehyde of 1:1.14, 60% 

      solution in butanol with a viscosity of 3200 cP determined at 20.degree.C

      with a Brookfield LVF viscosimeter (spindle 3, 30 revs. per min)         

      .sup.3) MT carbon black (thermal black).                                 

PAR  A thin layer of primer X was applied to the sand-blasted and degreased
      metal strips. After a drying time of 30 minutes, the adhesive shown in
      table 1 was applied to the metal strips which had been coated with primer
      and to the rubber vulcanisates. After a further 3 hours, test samples were
      prepared in accordance with ASTM D 429-68, method B, as already described.
PAR  For comparison Examples 13 and 14, adhesives prepared according to German
      Auslegeschrift 1,295,123 and having the following composition were used:
TBL  adhesive C                                                                

     ethylene-vinyl acetate copolymer.sup.1)                                   

                            11 parts by weight                                 

     maleate resin.sup.2)    2 parts by weight                                 

     terpene phenol resin.sup.3)                                               

                             2 parts by weight                                 

     methylene chloride     35 parts by weight                                 

     toluene                35 parts by weight                                 

     petroleum hydrocarbons bp.sub.760mm :60-90.degree.C                       

                            15 parts by weight                                 

      .sup.1) with a vinyl acetate content of 45% and a melt index of 2 to 5   

      determined according to ASTM D 1238, condition E,                        

      .sup.2) with an acid number according to DIN 53 183 of 16 and a melting  

      point according to DIN 53 181 of 130.degree.C,                           

      .sup.3) with an acid number according to DIN 53 183 of 65 and a melting  

      point according to DIN 53 181 of 140.degree.C.                           

TBL                                    Table 3:                                

     __________________________________________________________________________

     Example                                                                   

          Vulca-                                                               

              Adhesive                                                         

                   Primer                                                      

                       Bonding strength (kp/cm)                                

     nisate            20.degree.C                                             

                            80.degree.C                                        

                                 100.degree.C                                  

                                      120.degree.C                             

     __________________________________________________________________________

     1    I   A                                                                

                       15.6*)                                                  

                            4.8  2.6  1.2                                      

                       2    I    A    x   20.4*) 8.7 5.1 1.9                   

                       3    II   A                                             

                            14.8*)                                             

                       4    II   A    x   20.8*)                               

                       5    III  A                                             

                            17.7*)                                             

                       6    III  A    x   22.5*)                               

                       7    I    B                                             

                            16.8*)                                             

                                 6.0  3.5 1.9                                  

                       8    I    B    x   21.5*) 11.2  6.3 3.3                 

                       9    II   B                                             

                            18.7*)                                             

                       10   II   B    x   23.6*)                               

                       11   III  B                                             

                            16.3*)                                             

                       12   III  B    x   20.6*)                               

                       13   I    C                                             

                            1.5                                                

                       14   I    C    x   2.5                                  

     __________________________________________________________________________

      *)vulcanisate is torn out                                                

CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive composition consisting substantially of
PA1  a. 0.5-30% by weight of a copolymer of ethylene and a vinyl ester having
      from 2 to 10 carbon atoms in the ester moiety, said vinyl ester being
      present in an amount of 35-70% by weight, based on the weight of said
      copolymer;
PA1  b. 0.5-30% by weight of a member selected from the group consisting of
      chlorinated polyisoprene, chlorinated polyethylene, chlorinated
      polypropylene and chlorinated natural rubber, each of said members having
      a chlorine content of 60-70% by weight;
PA1  c. 0.5-30% by weight of a compound of the formula
      ##SPC3##
PA1  wherein R.sub.1 and R.sub.2 are each separately alkyl having 1 to 10 carbon
      atoms, alkoxy having 1 to 10 carbon atoms, cycloalkyl having 5 to 12
      carbon atoms, phenyl, phenylalkyl having 7 to 13 carbon atoms, phenoxy or
      phenalkoxy having 7 to 12 carbon atoms; n is zero or an integer of from 1
      to 5 and p is an integer of from 1 to 5;
PA1  d. 0.1-24% by weight of a compound of the formula
      ##SPC4##
PA1  wherein R is alkyl having 1 to 10 carbon atoms, alkoxy having 1 to 10
      carbon atoms, alkanolamino having 1 to 10 carbon atoms, cycloalkyl having
      5 to 12 carbon atoms, phenylalkyl having 7 to 13 carbon atoms, phenyl,
      phenoxy, phenylamino having 6 to 12 carbon atoms, phenylnitrosoamino
      having 6 to 12 carbon atoms or halogen; y is zero or an integer of from 1
      to 5 and m is 2 and
PA1  e. 30-90% by weight of at least one organic solvent.
NUM  2.
PAR  2. The adhesive composition of claim 1 wherein  (c) is 4,4'-dimethyl
      diphenyl sulphone or a mixture thereof.
NUM  3.
PAR  3. The adhesive composition of claim 1 wherein (d) is dinitrosobenzene.
NUM  4.
PAR  4. The adhesive composition of claim 1 wherein (e) is at least one solvent
      selected from the group consisting of aromatic hydrocarbons, chlorinated
      hydrocarbons, ketones, carboxylic acid esters and alcohols.
NUM  5.
PAR  5. The adhesive composition of claim 1 wherein (e) is xylene, toluene,
      benzene, trichloroethylene or perchloroethylene.
PATN
WKU  039351360
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ABST
PAL  High impact plastic compositions are prepared by dissolving an unsaturated
      elastomer in a vinylidene group-containing monomer or monomers,
      polymerizing in a suspension polymerization system, and subsequently
      cross-linking the product in a hot-mixing step employing a peroxide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to high impact plastic compositions.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that high impact strength plastics can be prepared by
      polymerizing vinylidene group-containing monomers in the presence of
      elastomers. This polymerization can be carried out in a latex system; in a
      bulk system; by a combination method in which the vinylidene
      group-containing monomers containing the rubbery polymer dissolved therein
      are polymerized to a low degree of conversion and the partially
      polymerized mixture emulsified to form a latex, or put into a suspension,
      for the remainder of the polymerization. In these prior art processes the
      elastomeric component generally has been crosslinked before or during the
      polymerization of the vinylidene group-containing monomers.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that impact plastics which exhibit a combination of very
      good properties can be made by dissolving an unsaturated elastomer in
      vinylidene group-containing monomers, and then polymerizing the
      rubber-in-monomer solution or cement in a suspension polymerization
      system. The polymeric product is obtained in the form of small beads
      readily recovered from the suspension polymerization system. The polymeric
      product is hot mixed in the presence of a free radical generating
      crosslinking agent so as to crosslink the rubbery component within the
      matrix of the resinous component.
PAR  Our invention utilizes the effective and low-cost of a suspension
      polymerization process to produce products with desirable properties of
      high impact strength, good flow characteristics, and good color quality.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In our invention, an unsaturated elastomer is dissolved in at least one
      vinylidene group-containing monomer to form a solution, preferably in at
      least two such monomers of which one is a nitrile. The rubber-in-monomer
      solution or cement is suspended in water and polymerized using a free
      radical generating initiator such as a peroxy compound or an azo compound,
      preferably under conditions such that the elastomeric component is
      maintained essentially gel-free. The polymeric product is hot mixed in the
      presence of a free radical generating crosslinking agent such as a peroxy
      compound to crosslink the rubbery component to produce a product of
      excellent properties.
PAC  Elastomers
PAR  The unsaturated elastomers can be characterized as those rubbery polymers
      having at least enough unsaturation to be vulcanizable. The unsaturated
      elastomers include both natural rubbers and synthetic polymers. The
      polymers include polymers of conjugated dienes such as those containing 4
      to 12 carbon atoms per molecule, preferably for commercial availability
      those of 4 to 8 carbon atoms per molecule. Examples of these monomers
      include 1,3-butadiene, isoprene, piperylene, 2,4-dimethyl-1,3-butadiene,
      1,3-octadiene, 4,5-diethyl-1,3-octadiene, and the like. These conjugated
      dienes can be polymerized to form homopolymers or copolymerized one with
      another. Conjugated diene polymers as a class also include copolymers
      formed by polymerizing one or more conjugated dienes with one or more
      copolymerizable monovinyl-substituted aromatic compounds, such as those of
      8 to 20, more particularly for commercial availability 8 to 12, carbon
      atoms per molecule, including styrene, various of the alkyl styrenes, such
      as ethyl styrene, halostyrenes such as 2,3-dichloro styrene; and also
      other polymerizable ethylenically unsaturated monomers such as the
      nitriles such as acrylonitrile and methacrylonitrile, and the
      1-monoolefins of 2 to 8 carbon atoms per molecule, such as ethylene,
      propylene, octene, and the like.
PAR  Exemplary of the unsaturated elastomers are cis-polybutadiene, emulsion
      polybutadiene, vinylpolybutadiene, cis-polyisoprene, natural rubber, GRS
      rubbers, butadiene/styrene copolymers of both random and block monomer
      distribution emulsion or solution polymerized, butadiene/acrylonitrile
      copolymers, ethylene/propylene/diene terpolymers (EPDM), partially
      hydrogenated polybutadiene or butadiene/styrene copolymers, and the like.
      Of course, two or more unsaturated vulcanizable rubbers can be used, if
      desired, in forming the rubber-in-monomer cement.
PAC  VINYLIDENE GROUP-CONTAINING MONOMERS
PAR  The vinylidene group-containing monomers include those which are
      polymerizable in the presence of the described elastomers and can be at
      least partially grafted to elastomers dissolved in the monomers. Thus, the
      vinylidene group-containing monomers include vinyl-substituted aromatic
      compounds, alpha,beta-unsaturated nitriles, esters of acrylic acid, esters
      of alkacrylic acid, and vinyl esters such as vinyl acetate, vinyl
      butyrate, and the like. The number of carbon atoms per molecule can range
      from 3 to such as 30 carbon atoms per monomer molecule, presently
      preferably up to 18 carbon atoms per molecule, more preferably up to about
      12 carbon atoms per molecule. The monomers include, for example, the
      presently preferred styrene, acrylonitrile, and methacrylonitrile; as well
      as .alpha.-methylstyrene, methyl methacrylate, 4-vinylbiphenyl,
      2-vinylnaphthalene, and the like. Another group of useful monomers are the
      maleinimides, olefinically unsaturated heterocyclic compounds
      polymerizable through the olefinic unsaturation. Any related monomer such
      as the dialkyl maleates or fumarates also is useful within the context of
      out invention. Mixtures of monomers can be employed.
PAR  In our invention, the unsaturated elastomer is dissolved in the vinylidene
      group-containing monomer or monomers. The amount of elastomer so dissolved
      can be of any broad range suitable or desired depending on the particular
      elastomer and monomer characteristics. For commercial convenience in
      handling in suspension polymerization processed, a range of about 5 to 40
      percent by weight based on the combined weight of elastomer and monomers
      presently is considered most convenient. Presently preferred are the use
      of mixtures of monomers wherein a vinylidene nitrile-containing monomer is
      one component thereof and constitutes in admixture up to about 95 weight
      percent of the monomer mixture. Especially useful products are obtained by
      the use of styrene/acrylonitrile mixtures containing up to about 50,
      preferably about 20 to 40, parts by weight of acrylonitrile per 100 parts
      of monomer mixture.
PAC  SUSPENSION POLYMERIZATION
PAR  The rubber-in-monomer solution is placed in a suspension polymerization
      system with water as the continuous phase. It has been found desirable in
      order to minimize reactor fouling, to make a relatively rich suspension of
      the cement in a small to moderate amount of water by means of a
      centrifugal pump or the like, and then add the rich suspension to the main
      water phase in the reactor. By preforming the suspension in this manner,
      reactor agitation need only be sufficient to maintain suspension and to
      provide suitable heat transfer for control of temperature during
      polymerization. This method also appears to assist in producing a more
      uniform bead size in the polymer product. The level of or intensity of
      agitation used during the premixing provides a degree of control of the
      bead size of the polymeric product. Relatively large bead particles with
      minimum fines are preferable so as to minimize loss of fines during
      subsequent dewatering and separation steps, and to facilitate subsequent
      handling of the bead-like polymer in the later cross-linking step.
PAR  The solution of elastomer in the grafting monomers is stirred in the
      suspension system in the presence of polymerization initiators, water,
      suspending agents, and, where desired, additionally with molecular weight
      regulators.
PAR  Although the polymerization reaction may proceed thermally without added
      catalysts, it is presently preferable to incorporate a catalyst system
      suitable for polymerizing the monomers, particularly the free-radical
      generating initiators. Initiators useful in the context of our invention
      include the monomer-soluble organic peroxides and the azo compounds.
      Exemplary catalysts include monomer soluble di-tert-butyl peroxide,
      benzoyl peroxide, lauroyl peroxide, oleyl peroxide, toluyl peroxide,
      di-tert-butyl diperphthalate, tert-butyl peracetate, tert-butyl
      perbenzoate, dicumyl peroxide, tert-butyl peroxide isopropyl carbonate,
      2,5-dimethyl-2,5-di(tert-butylperoxy)hexane,
      2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne-3, tert-butyl hydroperoxide,
      cumene hydroperoxide, p-menthane hydroperoxide, cyclopentane
      hydroperoxide, diisopropylbenzene by hydroperoxide, p-tert-butylcumene
      hydroperoxide, pinane hydroperoxide,
      2,5-dimethylhexane-2,5-dihydroperoxide, and the like, and mixtures
      thereof, as well as any of the monomer soluble azo initiators useful in
      suspension polymerization systems, such as
      .alpha.-(tert-butylazo)isobutyronitrile, and the like.
PAR  Suspending agents employed include finely divided inorganic solids such as
      titanium dioxide, tricalcium phosphate, and the like, which can be formed
      separately and added to the suspension system, or preferably can be formed
      in situ for most effective and useful results as a most uniformly finely
      divided suspending agent.
PAR  Chain transfer agents may be added, if desired, to the polymerization
      mixture for molecular weight control of the polymer. Chain transfer agents
      include the normal or tertiary alkyl mercaptans having from 4 to 16 carbon
      atoms per molecule such as t-dodecylmercaptan and n-dodecylmercaptan.
      Other useful agents include the lower alkyl xanthogens, such as
      diisopropyl xanthogen; .alpha.-bromoethylbenzene;
      .alpha.-chloroethylbenzene; carbon tetrabromide; .alpha.-methylstyrene
      dimer; and the like. Such modifiers can be added in an amount sufficient
      for effect desired, and typically in about 0.4 to 1.5 weight per cent of
      the monomer-elastomer.
PAR  The amount of water employed in the suspension polymerization can vary
      widely depending on the reactor employed, agitation means, and the like.
      It is presently preferred to employ sufficient water such that the final
      suspension admixture contains from about 20 to 60 percent by weight of
      monomer-elastomer based on the total weight of the entire mixture
      including water. The time employed for polymerization is that sufficient
      for the conversion desired, and can vary over a wide range. Time varies
      depending on other reaction parameters, such as on the temperature chosen,
      and can range from a very few minutes to such as 48 hours or more,
      preferably at present from 2 to 16 hours. The temperature employed in the
      suspension polymerization is at least sufficient to induce decomposition
      of the free radical initiator, and preferably below that which would cause
      gel formation in the elastomeric component. A suitable temperature range
      is from about 50.degree. to 150.degree. C.
PAR  A particular advantage of one aspect of our invention lies in the
      employment of two free radical generating initiators, such as peroxides,
      both present during polymerization. In this aspect, the initiators and
      suspension polymerization temperatures are selected such that one of the
      free radical initiators is activated for monomer polymerization purposes,
      but the polymerization temperature selected is below the activation
      temperature of the second free radical initiator. Thus, polymerization is
      obtained without gel formation in the polymerization step. In a subsequent
      higher temperature blending step, the second initiator is activated to
      crosslink the polymer.
PAR  At the end of desired suspension polymerization reaction, stirring is
      ceased, and the polymeric product in the form of small beads is allowed to
      settle. Water washing or acid washing followed by water washing is not a
      necessity. However, if it is desired to remove the minor amount of calcium
      phosphate or other suspending agent present, the beads can be water washed
      before drying. Except in the cases of transparent polymers, the removal of
      the suspending agent usually is not a necessity. The product finally is
      dried and is ready for the hot mixing step.
PAC  HOT MIXING-CROSSLINKING
PAR  Crosslinking is conducted by hot-mixing of the polymeric product in the
      presence of a free radical generating agent, such as peroxy compound.
PAR  The amount of free radical cross-linking agent employed can range widely
      depending on the elastomers and monomers employed, the extend of
      crosslinking desired, and the cross-linking agent or agents employed. The
      presently preferred range is from about 0.04 to 18.5 milligram equivalents
      of peroxy oxygen (--O--O--) per 100 grams of polymer (mehp). The free
      radical cross-linking agent preferably is added to the mixture of grafting
      monomers prior to the polymerization step for commercial convenience and
      effectiveness, and can be added either before or after dissolving the
      unsaturated elastomer in the monomers. Of course, the particular
      cross-linking agent chosen must have a decomposition temperature above the
      temperature employed in the polymerization step in order for it to be
      added at any point prior to the polymerization itself. Any of the
      cross-linking agents can be conveniently added, if desired, during the hot
      mixing which method also provides essentially uniform dispersal of the
      cross-linking agent throughout the fluxing polymer.
PAR  The peroxy compounds which can be employed as cross-linking agents include
      inorganic and organic peroxides including the hydroperoxides, and
      encompass any peroxy compound effective for the purpose. These peroxy
      compounds can contain from 4 to 40 carbon atoms per molecule. The organic
      peroxides can be substituted with non-peroxy members such as halogen,
      hydroxy radicals, ether and/or ester linkages, and the like. The inorganic
      peroxides include such as calcium peroxide, barium peroxide, zinc
      peroxide, lead peroxide. Mixtures can be employed. Examples of suitable
      peroxides include:
PA1  methyl n-propyl peroxide
PA1  diethyl peroxide
PA1  dieicosyl peroxide
PA1  dicyclohexyl peroxide
PA1  bis(2,4,6-trimethylcyclohexyl)peroxide
PA1  bis(3,5-dichlorocyclohexyl) peroxide
PA1  bis(4-phenylcyclohexyl) peroxide
PA1  bis(4-octenyl) peroxide
PA1  dilauroyl peroxide
PA1  dibenzoyl peroxide
PA1  dicrotonyl peroxide
PA1  dibenzyl peroxide
PA1  methyl 2-n-propyl-3-butenyl peroxide
PA1  bis[diisopropyl-(4-isopropylphenyl)methyl]peroxide
PA1  bis[dimethyl-(4-tert-butylphenyl)methyl]peroxide
PA1  bis[(4-chlorobenzoyl)]peroxide
PA1  bis(2-propoxy-n-hexyl) peroxide
PA1  n-pentyl 5,8-diphenyldodecyl peroxide
PA1  bis(9,10-dihydroxydecyl) peroxide
PA1  bis(2-hydroxyheptyl) peroxide
PA1  eicosyl hydroperoxide
PA1  triacontanyl hydroperoxide
PA1  phenylcyclohexane hydroperoxide
PA1  3-cyclohexenyl hydroperoxide
PA1  4-cyclopentyl-n-butyl hydroperoxide
PA1  diisopropylbenzene
      hydroperoxide[dimethyl-(4-isopropylphenyl)hydroperoxymethane]
PA1  (4-ethoxyphenyl) methyl hydroperoxide
PA1  dimethyl(3-methoxyphenyl)hydroperoxymethane
PA1  peroxybenzoic acid
PA1  peroxybutyric acid
PA1  tert-butyl peroxybenzoate
PA1  di-tert-amyl diperoxyphthalate
PA1  tert-dodecyl peroxyacetate.
PAR  Peroxides formed by the oxidation of terpene hydrocarbons such as pinane,
      alpha-pinene, p-menthane, and turpentine can also be used. Presently
      preferred peroxides include bis(.alpha.,.alpha.-dimethylbenzyl) peroxide,
      i.e., .alpha.-dicumyl peroxide; di-tert-butyl peroxide; cumene
      hydroperoxide; tert-butyl hydroperoxide and
      2,5-dimethyl-2,5-di-tert-butylperoxyhexane.
PAR  The hot mixing step can be carried out in various types of polymer
      processing machines, such as internal mixers of which the Brabender
      Plastograph and Ko-Kneader are illustrative. Extruders employed in
      plastics processing also can be employed in this step, especially at
      temperatures above about 225.degree. C. Lower temperatures can be employed
      with the internal mixer type machines. The temperature employed should be
      at least sufficient to flux the polymer and to decompose the free radical
      generating cross-linking agent and can range up to about 350.degree. C.
      The presently preferred range is from about 150.degree. to 300.degree. C.
      for the hot mixing step.
PAR  Polymer stabilizers, e.g., antioxidants, can be added either before or
      after polymerization, and either before or after the hot mixing step,
      depending upon the type of antioxidant employed. The polymers can be
      compounded with a wide variety of fillers, plasticizers, pigments,
      reinforcing fibers, and the like, for various purposes.
DETD
PAC  EXAMPLES
PAR  The examples presented below are intended to demonstrate our invention for
      the preparation of high impact plastics. Particular elastomers, monomers,
      and other agents, as well as particular conditions employed should be
      considered as illustrative of our invention and not as limitative of the
      reasonable scope thereof.
PAC  EXAMPLE I
PAR  A commercially available butadiene/styrene rubbery block copolymer was
      dissolved in a mixture of a styrene and acrylonitrile and polymerized in a
      suspension polymerization system. Portions of resulting polymer were hot
      mixed with and without a peroxy-oxygen cross-linking compound and the
      properties of the products were measured.
TBL                Preparation of Polymer Solution (A)                         

     ______________________________________                                    

                          Parts by Weight                                      

     ______________________________________                                    

     Butadiene/Styrene 75/25 block                                             

                            35                                                 

     copolymer (a)                                                             

     Styrene/acrylonitrile 75/25 mixture                                       

                            165                                                

     Lecithin solution (b)  2                                                  

     Acetic Acid solution (c)                                                  

                            2                                                  

     Thiol mixture (d)      0.8                                                

     Benzoyl peroxide       1                                                  

     ______________________________________                                    

      (a) A butadiene/styrene (75/25) block copolymer having about 18 per cent 

      block polystyrene and a Mooney viscosity ML-4 at 212.degree.F ASTM       

      D1646-63 of about 47, commercially available as Solprene* 1205 from      

      Phillips Petroleum Company.                                              

      (b) A solution of 0.008 part lecithin in 1 part of the 75/25 styrene     

      acrylonitrile monomer mixture.                                           

      (c) A solution of 0.012 part of glacial acetic acid in 1 part of the 75/2

      styrene/acrylonitrile monomer mixture.                                   

      (d) A mixture of tertiary, primarily C.sub.10 and C.sub.11, thiols having

      an average of 10.5 carbons per molecule, available commercially as       

      Sulfole* 105 from Phillips Petroleum Company.                            

      *Trademark                                                               

PAR  The polymer solution was prepared by adding the solid polymer cut into
      small pieces to the major portion of the styrene/acrylonitrile monomer
      mixture and allowing the mixture to stand at about 76.degree. F. until the
      polymer dissolved. The solution contained 17.5 percent by weight polymer.
      The acetic acid solution, lecithin solution, and thiol mixture then were
      added to the polymer solution followed by the benzoyl peroxide.
PAC  PREPARATION OF SUSPENSION AGENT DISPERSION (B)
PAR  A solution of Na.sub.3 PO.sub.4.sup.. 12H.sub.2 O in water was prepared and
      to it was added a solution of CaCl.sub.2.sup.. 2H.sub.2 O and sodium octyl
      sulfate. This formed the suspending agent Ca.sub.3 (PO.sub.4).sub.2 in a
      very finely divided form designated dispersion (B):
TBL                Suspending Agent Recipe                                     

     ______________________________________                                    

                     Parts by Weight                                           

     ______________________________________                                    

     H.sub.2 O         250                                                     

     Na.sub.3 Po.sub.4.2H.sub.2 O                                              

                       2.8                                                     

     CaCl.sub.2.2H.sub.2 O                                                     

                       2                                                       

     Sodium octyl sulfate                                                      

                       0.28                                                    

     H.sub.2 O         50                                                      

     ______________________________________                                    

PAR  For the polymerization, 200 g of polymer solution (A) and 305 g of
      suspending agent dispersion (B) were admixed and agitated at about
      80.degree. C. for eight hours. The reactor contents were discharged into
      1.5 liters of water, and stirred while 10 ml of 12 N HCl was added to
      solubilize the suspending agent. The liquid phase was discarded, and the
      separated solid polymer beads were washed in 1.5 liters of hot water,
      filtered, and dried under vacuum at 80.degree. C.
PAR  Samples were prepared for testing by mixing 65 grams of the fluxed polymer
      at 185.degree. C. in a Brabender Plastograph at 100 rpm for 3 minutes,
      then adding 1.5 parts by weight per 100 parts of polymer of an antioxidant
      mixture of 0.3 parts of 2,6-di-tert-butyl-4-methylphenol, 0.7 parts of
      trisnonylphenyl phosphite, and 0.5 parts dilaurylthiodipropionate. Mixing
      was continued for 2 minutes, the mixture removed, and samples molded under
      conditions specified for the various ASTM test methods. Monomer conversion
      results and the properties of the polymer from the suspension process are
      shown below in Table I as Run 1.
PAR  Samples of the polymer of Run 1 were cross-linked by mixing the fluxed
      polymer at 185.degree. C. in a Brabender Plastograph with 1.0 part of
      calcium stearate at 100 rpm for 3 minutes after which 0.1 part of
      bis(.alpha.,.alpha.-dimethylbenzyl) peroxide was added. Mixing was
      continued for 3 minutes after which 1.5 parts of the antioxidant mixture
      employed in the control runs of Table I was added. Mixing was continued
      for an additional 2 minutes and the polymer test specimens prepared as
      described before. Calcium stearate, a processing aid, was present in these
      runs so as to reduce sticking of the polymer to mixing chamber surfaces.
TBL                                    TABLE I                                 

     __________________________________________________________________________

            Melt Flow                                                          

                   Modulus                                                     

     Run                                                                       

        Conv.                                                                  

            g/10   psi .times.                                                 

                         Tensile                                               

                              Elong.                                           

                                  Izod Impact                                  

     No.                                                                       

        %   min. (a)                                                           

                   10.sup.-.sup.3 (b)                                          

                         psi (c)                                               

                              % (c)                                            

                                  ft.lbs/in. notch (d)                         

     __________________________________________________________________________

     1  89  2.69   340   4700  4   0.47                                        

     2  --  0.65   295   5030 16  11.50                                        

     __________________________________________________________________________

      (a) ASTM D 1238-65T Condition G                                          

      (b) ASTM D 790-63                                                        

      (c) ASTM D 412-66                                                        

      (d) ASTM D 256-56.                                                       

PAR  The results in Run 2 demonstrate tough high impact plastics can be prepared
      according to our invention.
PAC  EXAMPLE II
PAR  Further runs were carried out employing the recipe and procedures as
      described in Example I, except using a styrene/acrylonitrile weight ratio
      of 70/30. Run 3 is a control run without the step of hot mixing with a
      peroxide.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Run                                                                       

        Conv.                                                                  

            Melt Flow                                                          

                    Modulus                                                    

                           Tensile                                             

                                Elong.                                         

                                    Izod Impact                                

     No.                                                                       

        %   g/10 minutes                                                       

                    psi .times. 10.sup..sup.-3                                 

                           psi  %   ft.lbs/in. notch                           

     __________________________________________________________________________

     3  93  2.35    336    5410  6  1.16                                       

     4  --  0.34    291    4820 20  11.18                                      

     __________________________________________________________________________

PAR  Properties of the polymer of Run 4, after hot mixing with peroxide, again
      demonstrate that very high impact plastics can be prepared according to
      this invention.
PAC  EXAMPLE III
PAR  Runs were conducted employing a polybutadiene prepared in a solution
      polymerization system as the elastomer component in preparing polymers
      according to our invention. The polymer solution (A) recipe for this
      example is as follows:
TBL                Polymer Solution Recipe (A)                                 

     ______________________________________                                    

                            Parts,                                             

                            by weight                                          

     ______________________________________                                    

     Polybutadiene (a)        variable                                         

     Styrene/acrylonitrile 75/25 mixture (SAN)                                 

                              variable                                         

     Lecithin solution        2                                                

     Acetic acid solution     2                                                

     Thiol mixture (b)         0.8                                             

     Benzoyl peroxide         1                                                

     Water                    2                                                

     ______________________________________                                    

      (a) A polybutadiene having a Mooney viscosity ML-4 at 212.degree.F of    

      about 45, cis-1,4 content of about 38 percent, trans-1,4 content of about

      53 percent and an inherent viscosity of about 2.2, available commercially

      as Solprene* 200 from Phillips Petroleum Company.                        

      (b) Sulfole* 105                                                         

PAR  The polymer solutions for these runs were prepared similarly to those of
      Example I except that the water in the above recipe was dispersed in the
      polymer solution by agitation for 1 hour at 50.degree.C. The suspending
      agent recipe for dispersion (B) and the amounts of solution (A) and
      dispersion (B) employed also were the same as in Example I. The mixtures
      were agitated at 80.degree. C. for 7.75 hours during the polymerization
      step. Polymer product separation procedures were the same as those
      employed in Example I. Conversion was 88 to 89 percent in all runs.
PAR  A 65g portion of each polymer was mixed with 0.5 part calcium stearate and
      0.1 part of bis(.alpha.,.alpha.-dimethylbenzyl)peroxide at 185.degree. C.
      at 100 rpm in a Brabender Plastograph for three minutes after the mixture
      fluxed. Next, 1.5 parts of the antioxidant mixture described in Example I
      was added with continued mixing for 2 minutes. Sample specimens were
      prepared as described before.
TBL                                    TABLE III                               

     __________________________________________________________________________

        Poly-                                                                  

     Run                                                                       

        butadiene                                                              

              SAN Melt Flow                                                    

                         Tensile                                               

                              Elongation                                       

                                    Izod Impact                                

     No.                                                                       

        Parts Parts                                                            

                  g/10 min                                                     

                         psi  %     ft.lbs/in. notch                           

     __________________________________________________________________________

     5  22    174 0.88   5520 22    6.24                                       

     6  25    171 0.68   4870 49    8.06                                       

     7  28    168 0.49   4600 25    9.19                                       

     __________________________________________________________________________

PAR  The above results further demonstrate that high impact plastics with good
      balance of properties can be prepared according to our invention by
      employing a polybutadiene as the rubbery component.
PAC  EXAMPLE IV
PAR  Additional runs were carried out employing a high cis-polybutadiene as the
      rubbery component. In all other respects these runs were comparable to the
      runs described in Example III.
TBL                                    TABLE IV                                

     __________________________________________________________________________

         High-cis (a)                                                          

     Run Rubber SAN Conv.                                                      

                        Melt Flow                                              

                               Tensile                                         

                                    Elong.                                     

                                        Izod Impact                            

     No. parts  parts                                                          

                    %   g/10 min                                               

                               psi  %   ft.lbs/in. notch                       

     __________________________________________________________________________

     8   22     174 91  1.60   5510 15  5.36                                   

     9   25     171 93  0.75   5310 16  7.75                                   

     10  28     168 88  1.03   4480 52  7.99                                   

     __________________________________________________________________________

      (a) A polybutadiene prepared in a solution process having a Mooney       

      viscosity ML-4 at 212.degree.F of about 45 and a cis-1,4 content of at   

      least 85 percent, available commercially as Cis-4* 1203 from Phillips    

      Petroleum Company.                                                       

PAL  These results show that the process of our invention produces high impact
      plastics with a good balance of properties when employing a high
      cis-polybutadiene as the rubbery component.
PAC  EXAMPLE V
PAR  Further runs were conducted in which an azo compound was employed as the
      initiator in the polymerization step rather than an organoperoxide. The
      polymer solution (A) recipe for this example is shown below.
TBL                Polymer Solution Recipe (A)                                 

     ______________________________________                                    

                          Parts, by Weight                                     

     ______________________________________                                    

     Butadiene/styrene 75/25 block                                             

                            35                                                 

     copolymer (a)                                                             

     Styrene/acrylonitrile (75/25) mixture                                     

                            165                                                

     Lecithin               0.016                                              

     Acetic Acid solution   0.024                                              

     Thiol mixture (b)      0.6                                                

     .alpha.-(tert-butylazo)isobutyronitrile                                   

                            variable                                           

     (AZO)                                                                     

     ______________________________________                                    

      (a) As described in Example I, Polymer Solution Recipe, Note (a)         

      (b) Sulfole* 105                                                         

PAR  The polymer solution (A) and the suspending agent dispersion (B) were
      prepared and mixed under the conditions described in Example I.
      Polymerizations were conducted for 7.75 hours at 80.degree. C. The polymer
      recovery and sample specimen preparation procedures were as described in
      Example I.
PAR  A 65 g portion of each polymer was mixed with 1 part by weight of calcium
      stearate and 0.1 part bis(.alpha.,.alpha.-dimethylbenzyl)peroxide in a
      Brabender Plastograph at 210.degree.C at 100 rpm for a time of 4.5 minutes
      after the mixture fluxed. Next, 1.5 parts of the antioxidant mixture
      described in Example I were added and mixing continued for 2 minutes.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Run                                                                       

        AZO Conv.                                                              

                Melt Flow                                                      

                       Modulus                                                 

                              Tensile                                          

                                   Elong.                                      

                                       Izod Impact                             

     No.                                                                       

        parts                                                                  

            %   g/10 min                                                       

                       psi .times. 10.sup..sup.-3                              

                              psi  %   ft.lbs/in. notch                        

     __________________________________________________________________________

     11 1.0 94  1.12   303    5070 51  5.30                                    

     12 1.5 95  2.11   288    4710 58  4.25                                    

     __________________________________________________________________________

PAR  These results show that azo initiators also can be employed for the
      polymerization step of our invention and that impact plastics with good
      balance of properties thus can be prepared.
PAC  EXAMPLE VI
PAR  Other runs were conducted in which a crosslinking agent was incorporated
      into the polymer by carrying out the suspension polymerization step in the
      presence of the crosslinking agent.
PAR  The polymer solution (A) recipe employed is shown below.
TBL                Polymer Solution Recipe                                     

     ______________________________________                                    

                            Parts,                                             

                            by weight                                          

     ______________________________________                                    

     Butadiene/Styrene 75/25 block copolymer (a)                               

                              35                                               

     Styrene/acrylonitrile 75/25 mixture (SAN)                                 

                              161                                              

     Lecithin solution        2                                                

     Acetic acid solution     2                                                

     Thiol mixture (b)        0.8                                              

     Benzoyl peroxide         1                                                

     Crosslinking agent (CLA)(c)                                               

                              variable                                         

     Water                    2                                                

     ______________________________________                                    

      (a) As described in Example I, Polymer Solution Recipe, Note (a).        

      (b) Sulfole* 105                                                         

      (c) bis(.alpha.,.alpha.-dimethylbenzyl)peroxide.                         

PAR  After the rubbery polymer was dissolved in the SAN mixture, the water was
      dispersed therein by agitation of the mixture for 2 hours at 50.degree.
      C., the other ingredients were added, and the peroxides added last. The
      suspending agent dispersion (B) and the procedure for mixing the solution
      (A) and dispersion (B) were the same as described in Example I. The
      polymerization step was conducted at 80.degree. C. for 7.75 hours and the
      polymers isolated. Conversion in each run was 90 to 92 percent. Samples
      were prepared in the same manner as described in Example I. 65 G of each
      polymer was mixed at 190.degree. C. in a Brabender Plastograph with 0.5
      part by weight of calcium stearate, and after the mixture fluxed mixing
      continued at 100 rpm for 3 minutes. Next, 1.5 parts of the antioxidant
      mixture described in Example I were added and mixing continued for 2
      minutes.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Run                                                                       

        CLA Conv.                                                              

                Melt Flow                                                      

                       Modulus                                                 

                              Tensile                                          

                                   Elong.                                      

                                       Izod Impact                             

     No.                                                                       

        parts                                                                  

            %   g/10 min                                                       

                       psi .times. 10.sup..sup.-3                              

                              psi  %   ft.lbs/in. notch                        

     __________________________________________________________________________

     13 0.2 92  0.97   290    5180 14  8.64                                    

     14 0.4 90  1.09   277    5010 31  7.58                                    

     __________________________________________________________________________

PAR  The results above for Runs 13 and 14 demonstrate that impact plastics with
      very good balance of properties are obtained by incorporating the free
      radical generating crosslinking agent into the polymer during the
      polymerization step.
PAC  EXAMPLE VII
PAR  Further runs were made employing the recipes shown below.
TBL                Polymer Solution                                            

     ______________________________________                                    

                          Amount                                               

     ______________________________________                                    

     Butadiene/styrene 75/25 block                                             

                            3.9       lb.                                      

     copolymer (a)                                                             

     Styrene                15.5      lb.                                      

     Acrylonitrile          6.6       lb.                                      

     Lecithin solution      0.8       g.                                       

     Acetic acid solution   1.4       g.                                       

     tert-Dodecyl thiol     71        g.                                       

     tert-Butyl 2-ethylperhexanoate                                            

                            35        g.                                       

     bis(.alpha.,.alpha.-dimethylbenzyl)peroxide                               

                            11.8      g.                                       

      (a) As described in Example I, Polymer Solution Recipe, Note (a).        

TBL  Suspending Agent                                                          

     ______________________________________                                    

                          Amount                                               

     ______________________________________                                    

     Part 1                                                                    

      Water                 20.8      lb.                                      

      Na.sub.3 PO.sub.4.12H.sub.2 O                                            

                            106       g.                                       

     Part 2                                                                    

      Water                 4.2       lb.                                      

      CaCl.sub.2.2H.sub.2 O 76        g.                                       

      Sodium octyl sulfate  2.7       g.                                       

     ______________________________________                                    

PAR  In forming the polymer solution, the butadiene/styrene copolymer was
      dissolved in the styrene at room temperature. Acrylonitrile was added
      next, followed by the lecithin solution, the acetic acid solution, and the
      thiol. The aqueous phase containing the suspending agent was formed by
      mixing parts 1 and 2 of the above suspending agent mixture.
PAR  The polymer solution was added to the reactor containing the suspending
      agent dispersion over a period of about 15 minutes, with stirring, at a
      temperature of about 170.degree. F. The polymerization reaction continued
      for about 8 hours at about 175.degree. F. The reaction mixture was allowed
      to cool to room temperature and then stirred with the addition of 235 ml
      of 3N HCl. The reaction mixture was filtered and the polymer beads washed
      twice with about 2.5 gal. of water in each washing step. The polymer beads
      were dried under vacuum. Monomer conversion in this run was about 85
      percent.
PAR  The polymer prepared as described above was employed in runs to demonstrate
      the importance of the hot mixing step in the process of our invention. In
      Run 15 the polymer beads were poured into a mold, preheated without
      pressure for 3 minutes, then for 10 minutes at 40,000 psi and 205.degree.
      C. This sample was molded into 1/8 inch slabs for physical property
      testing. In Run 16 a portion of the same polymer was hot mixed at
      210.degree. C. for 3 minutes under nitrogen in a Brabender Plastograph
      with 1 part by weight of an antioxidant mixture as described in Example I
      and 0.5 part by weight of calcium stearate per 100 parts by weight of
      polymer. The mixture was molded into 1/8 inch slabs for physical property
      testing.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     Run                                                                       

        Melt Flow                                                              

               Modulus                                                         

                      Tensile                                                  

                           Elongation                                          

                                 Izod Impact                                   

     No.                                                                       

        g/10 min.                                                              

               psi .times. 10.sup..sup.-3                                      

                      psi  %     ft.lbs/in. notch                              

     __________________________________________________________________________

     15 0.16    83    1670 18    0.2                                           

     16 2.56   316    5800 18    7.3                                           

     __________________________________________________________________________

PAR  The results in Table VII demonstrate the remarkable improvement in melt
      flow, modulus, tensile, and impact properties achieved by the hot mixing
      procedure according to our invention.
PAC  EXAMPLE VIII
PAR  A run was made in which a high impact strength transparent resin was
      prepared by the method of our invention. The auxiliary suspending agent
      was omitted from this run.
TBL                Polymer Solution Recipe                                     

     ______________________________________                                    

                             Parts,                                            

                             by weight                                         

     ______________________________________                                    

     Butadiene/styrene 75/25 block copolymer (a)                               

                               17                                              

     Styrene                   32.4                                            

     Acrylonitrile             10.8                                            

     Methyl methacrylate       39.7                                            

     tert-Butyl 2-ethylperhexanoate                                            

                               0.4                                             

     tert-Dodecyl thiol        0.6                                             

     bis(.alpha.,.alpha.-dimethylbenzyl)peroxide                               

                               0.1                                             

     Antioxidant (b)           1                                               

     ______________________________________                                    

      (a) As described in Example I, Polymer Solution Recipe, Note (a)         

      (b) A mixture in 3/5/7 weight ratio, respectively, of                    

      2,6-di-tert-butyl-4-methylphenol; dilaurylthiodipropionate; and          

      tris-nonylphenyl phosphite.                                              

TBL                Suspending Agent Recipe                                     

     ______________________________________                                    

                      Parts, by weight                                         

     ______________________________________                                    

     Phosphoric acid solution                                                  

      Water             150                                                    

      H.sub.3 PO.sub.4 85%                                                     

                        0.744                                                  

     Calcium dispersion                                                        

      Water             150                                                    

      Ca(OH).sub.2      0.738                                                  

     ______________________________________                                    

PAR  The polymer solution was prepared by dissolving the rubber in a mixture of
      the monomers at 50.degree. C. The mixture was cooled and the other polymer
      solution ingredients added. The suspending agent dispersion was prepared
      by adding the phosphoric acid solution to the Ca(OH).sub.2 dispersion with
      stirring. 300G of the suspending agent dispersion was added to 100 g of
      the polymer solution and the reactor flushed with nitrogen. The reaction
      mixture was brought to 80.degree. C. and agitated at this temperature for
      15 hours. To the reaction mixture then was added 2.5 ml. of 6N HCl, and
      the polymer beads separated by filtering. The polymer beads were washed
      with water and dried under vacuum at 80.degree. C. Conversion of monomers
      was 88 percent.
PAR  A 65 g sample of the polymer was hot mixed in a Brabender Plastograph at
      210.degree. C. for 30 minutes at 150 rpm under nitrogen. The polymer was
      molded as described before into a test slab for physical property
      measurements.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     Run                                                                       

        Melt Flow                                                              

               Modulus                                                         

                      Tensile                                                  

                           Elongation                                          

                                 Izod Impact                                   

     No.                                                                       

        g/10 min.                                                              

               psi .times. 10.sup..sup.-3                                      

                      psi  %     ft.lb/inch-notch                              

     __________________________________________________________________________

     17 0.77   279    4850 52    8.23                                          

     __________________________________________________________________________

PAR  Along with the outstanding balance of properties as shown in Table VIII,
      this polymer was transparent having only 10.2 per cent haze (ASTM S
      1003-52).
PAC  EXAMPLE IX
PAR  Other runs were made employing the method of preparing the suspending agent
      Ca.sub.3 (PO.sub.4).sub.2 as described in Example VIII and employing a
      somewhat simplified method of polymer recovery. The recipes used in these
      runs are given below and the polymer properties given in Table IX.
TBL                Polymer Solution Recipe                                     

     ______________________________________                                    

                             Parts,                                            

                             by weight                                         

     ______________________________________                                    

     Butadiene/Styrene 75/25 block copolymer (a)                               

                               15                                              

     Styrene/acrylonitrile 70/30 mixture                                       

                               85                                              

     tert-Dodecyl thiol        0.4                                             

     tert-Butyl 2-ethylperhexanoate                                            

                               0.4                                             

     bis(.alpha.,.alpha.-dimethylbenzyl)peroxide                               

                               variable                                        

     Antioxidant (b)           1.25                                            

     ______________________________________                                    

      (a) See Example I, Polymer Solution Recipe, Note (a).                    

      (b) See Example VIII polymer solution recipe.                            

PAR  The polymer solution was prepared by dissolving the rubber in the mixture
      of styrene/acrylonitrile monomers after which the other components of the
      polymer solution recipe were added. The suspending agent was prepared in
      the manner as described in Example VIII. The suspending agent dispersion
      300 g was added to 100 g of the polymer solution, and the mixture allowed
      to polymerize for 8 hours at 80.degree. C. In these runs the polymer beads
      were recovered by filtration of the mixture, washing once, and then drying
      without the acidification step. Conversion of the monomers in each run was
      89 percent.
PAR  Polymers from these runs were hot mixed in a Brabender Plastograph for 3
      minutes at 150 rpm and at 210.degree. C. with 0.5 part by weight of
      calcium stearate per 100 parts by weight of polymer, and sample specimens
      then were prepared. The properties of the polymers are presented in Table
      IX.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     Run                                                                       

        Peroxide                                                               

              Melt Flow                                                        

                     Modulus                                                   

                            Tensile                                            

                                 Elong.                                        

                                     Izod Impact                               

     No.                                                                       

        parts (a)                                                              

              g/10 min.                                                        

                     psi .times. 10.sup..sup.-3                                

                            psi  %   ft.lb/in. notch                           

     __________________________________________________________________________

     18 0     2.58   329    6380  8  0.42                                      

     19 0.1   1.47   306    5990 23  4.64                                      

     __________________________________________________________________________

      (a) Parts by weight of bis(.alpha.,.alpha.-dimethylbenzyl)peroxide per 10

      parts by weight of polymer solution.                                     

PAR  The results in Table IX further demonstrate the effect of the peroxide on
      impact strength when employed according to our invention. The results here
      as well as those from prior examples also demonstrate that the
      peroxy-oxygen containing compounds when added initially survive the
      polymerization conditions and are available for reaction in the hot mixing
      step. The peroxy compounds for cross-linking are activated by the higher
      temperatures of the hot mixing step which are higher than are employed for
      the polymerization step.
PAR  The polymeric products of this invention are high impact strength plastics
      with good flow properties and good color quality. As such, they can be
      employed for the extrusion and injection molding of containers, pipe,
      machine parts, furniture components, automobile dash panels, and the like,
      and can be electroplated, if desired.
PAR  Reasonable variations and modifications are possible within the scope of
      this disclosure without departing from the spirit and scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing high impact polymer compositions which comprises
      dissolving at least one unsaturated rubber in at least one polymerizable
      vinylidene group-containing monomer to form a rubber-in-monomer solution,
      suspension polymerizing said rubber-in-monomer solution in the presence of
      a monomer-soluble organic azo or peroxy free radical generating initiator
      and in the further presence of a peroxy free radical cross-linking agent
      under aqueous suspension polymerization conditions including a
      polymerization temperature sufficient to activate said monomer-soluble
      organic azo or peroxy free radical initiator and wherein said
      polymerization temperature is below the activation temperature of said
      peroxy free radical cross-linking agent, thereby preparing a graft
      polymer, recovering the so-prepared graft polymer from said suspension
      polymerization system, and cross-linking the so-recovered graft polymer
      with said peroxy free radical cross-linking agent under hot-mixing
      conditions sufficient to activate said peroxy free radical cross-linking
      agent, thereby preparing said high impact polymer composition,
PA1  wherein said unsaturated rubber is a natural rubber or synthetic rubber and
      where synthetic is a polymer of at least one conjugated diene of up to 12
      carbon atoms per molecule; copolymer thereof with at least one monovinyl
      substituted aromatic compound, with at least 1-monoolefin of up to 8
      carbon atoms per molecule, or with a nitrile group-containing monomer; and
      is characterized as having at least enough unsaturation to be
      vulcanizable,
PA1  wherein said vinylidene group-containing monomer is characterized as
      polymerizable in the presence of said unsaturated rubber by thermal
      polymerization or in the presence of a monomer soluble free-radical
      generating initiator, and said vinylidene group-containing monomers
      containing 3 to 30 carbon atoms per molecule and comprise
      monovinyl-substituted aromatic compounds, alpha,beta-unsaturated nitriles,
      esters of acrylic acid, esters of alkacrylic acid, and vinyl esters, such
      that at least one said vinylidene group-containing monomer is an alpha,
      beta-unsaturated-nitrile,
PA1  wherein said aqueous suspension polymerization conditions include
      employment of water as the continuous phase therein and said
      rubber-in-monomer solution as the discontinuous phase therein.
NUM  2.
PAR  2. The process according to claim 1 wherein said polymerizable vinylidene
      group-containing monomer further can comprise a maleinimide, dialkyl
      maleate, or dialkyl fumarate.
NUM  3.
PAR  3. The process according to claim 1 employing a mixture of polymerizable
      vinylidine group-containing monomers at least one of which is said
      alpha,beta-unsaturated nitrile monomer which constitutes up to about 95
      percent by weight of said monomers.
NUM  4.
PAR  4. The process according to claim 3 wherein said suspension polymerizing
      step is conducted under conditions substantially avoiding gel-formation.
NUM  5.
PAR  5. The process according to claim 3 wherein said peroxy free radical
      generating crosslinking agent is incorporated in said process with said
      vinylidine group containing monomers.
NUM  6.
PAR  6. The process according to claim 5 wherein said free radical crosslinking
      agent is employed in a range of from about 0.04 to 18.5 milligram
      equivalents of peroxy oxygen per 100 grams of polymer.
NUM  7.
PAR  7. The process according to claim 6 wherein said free radical cross-linking
      agent is calcium peroxide, barium peroxide, zinc peroxide, or lead
      peroxide.
NUM  8.
PAR  8. The process according to claim 6 wherein said free radical cross-linking
      agent is metnyl n-propyl peroxide, diethyl peroxide, dieicosyl peroxide,
      dicyclohexyl peroxide, bis(2,4,6-trimethylcyclohexyl)peroxide,
      bis(3,5-dichlorocyclohexyl) peroxide, bis(4-phenylcyclohexyl) peroxide,
      bis(4-octenyl) peroxide, dilauroyl peroxide, dibenzoyl peroxide,
      dicrotonyl peroxide, dibenzyl peroxide, methyl 2-n-propyl-3-butenyl
      peroxide, bis[diisopropyl(4-isopropylphenyl)methyl]peroxide,
      bis[dimethyl-(4-tert-butylphenyl)methyl]peroxide,
      bis[(4-chlorobenzoyl)]peroxide, bis(2-propoxy-n-hexyl) peroxide, n-pentyl
      5,8-diphenyldodecyl peroxide, bis(9,10-dihydroxydecyl) peroxide,
      bis(2-hydroxyheptyl) peroxide, eicosyl hydroperoxide, triacontanyl
      hydroperoxide, phenylcyclohexane hydroperoxide, 3-cyclohexenyl
      hydroperoxide, 4-cyclopentyl-n-butyl hydroperoxide, diisopropylbenzene
      hydroperoxide[dimethyl-(4-isopropylphenyl)hydroperoxymethane],
      (4-ethoxyphenyl) methyl hydroperoxide,
      dimethyl(3-methoxyphenyl)hydroperoxymethane, peroxybenzoic acid,
      peroxybutyric acid, tert-butyl peroxybenzoate, di-tert-amyl
      diperoxyphthalate, or tert-dodecyl peroxyacetate.
NUM  9.
PAR  9. The process according to claim 6 wherein said free radical cross-linking
      agent is bis(alpha,alpha-dimethylbenzyl) peroxide, di-tert-butyl peroxide,
      cumene hydroperoxide, tert-butyl hydroperoxide, or
      2,5-dimethyl-2,5-di-tert-butylperoxyhexane.
NUM  10.
PAR  10. The process according to claim 6 wherein said mixing at a temperature
      sufficient to activate said free radical cross-linking agent is at a
      temperature sufficient to flux the so-recovered polymer and to decompose
      the free radical generating cross-linking agent.
NUM  11.
PAR  11. The process according to claim 10 wherein said temperature ranges up to
      about 350.degree.C.
NUM  12.
PAR  12. The process according to claim 11 wherein said temperature is in the
      range of about 150.degree. to 300.degree.C.
NUM  13.
PAR  13. The process according to claim 5 wherein said rubber is
      butadiene/styrene copolymer or polybutadiene; said monomers are styrene
      and acrylonitrile, or styrene, acrylonitrile and methyl methacrylate, said
      initiator is benzoyl peroxide, .alpha.-(tert-butylazo)isobutyronitrile, or
      tert-butyl 2-ethyl perhexanote; and said cross-linking agent is
      bis(.alpha.,.alpha.-dimethylbenzyl peroxide.
NUM  14.
PAR  14. The process of claim 3 wherein said alpha,beta-unsaturated nitrile
      monomer constitutes about 20 to 40 parts by weight per 100 parts of
      monomer mixture.
NUM  15.
PAR  15. The process according to claim 1 wherein said rubber-in-monomer
      solution comprises from about 5 to 40 weight per cent of said rubber based
      on combined weight of said rubber and said monomers; said suspension
      polymerization process employs a suspending agent which is titanium
      dioxide or tricalcium phosphate, said suspension polymerization further
      employs a chain transfer agent.
NUM  16.
PAR  16. The process according to claim 15 wherein said chain transfer agent
      comprises normal or tertiary alkyl mercaptan having from about 4 to 16
      carbon atoms per molecule, lower alkyl xanthogens,
      .alpha.-bromoalkylbenzene, carbon polyhalides, and said chain transfer
      agent is employed in an amount sufficient to provide about 0.4 to 1.5
      weight percent based on weight of combined monomer-rubber solution.
NUM  17.
PAR  17. The process according to claim 15 wherein the amount of water in said
      continuous phase of said suspension polymerization system is equivalent to
      about 40 to 80 weight percent relative to the total weight of the
      monomer-elastomer mixture plus water.
NUM  18.
PAR  18. The process according to claim 1 wherein said free-radical generating
      initiator is di-t-butylperoxide, benzoyl peroxide, lauroyl peroxide, oleyl
      peroxide, tolyl peroxide, di-t-butyl diperphthalate, t-butyl peracetate,
      t-butyl perbenzoate, dicumyl peroxide, t-butylperoxy isopropyl carbonate,
      2,5-dimethyl-2,5-di(t-butylperoxy) hexane,
      2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, t-butylhydroperoxide, cumene
      hydroperoxide, p-menthane hydroperoxide, cyclopentane hydroperoxide,
      diisopropylbenzene hydroperoxide, p-t-butylcumene hydroperoxide, pinane
      hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide, or
      alpha-(t-butylazo)isobutyronitrile.
NUM  19.
PAR  19. The method of preparing high impact polymer compositions which
      comprises dissolving an unsaturated rubber in at least one polymerizable
      vinylidene group-containing monomer to form a rubber-in-monomer solution,
      suspension polymerizing said rubber-in-monomer solution in the presence of
      an azo or peroxy monomer soluble organic free-radical generating
      initiator, in the further presence of a peroxy free-radical cross-linking
      agent, under aqueous suspension polymerization conditions of temperature
      and pressure sufficient to activate said monomer soluble organic initiator
      polymerize said rubber-in-monomer solution and wherein said polymerization
      temperature is less than the activation temperature of said free-radical
      generating cross-linking agent,
PA1  recovering the so-prepared polymer product from said suspension
      polymerization system, and cross-linking the so-recovered polymer product
      by activating said peroxy free-radical cross-linking agent under
      hot-mixing conditions sufficient to activate said peroxy free-radical
      cross-linking agent, thereby preparing said high impact polymer
      composition,
PA1  wherein said unsaturated rubber is a natural rubber or conjugated diene
      polymer and is characterized as a rubbery polymer having at least enough
      unsaturation to be vulcanizable,
PA1  said vinylidene group-containing monomer comprises a monovinyl-substituted
      aromatic compound, alpha,beta-unsaturated nitrile, ester of acrylic acid,
      ester of alkacrylic acid, or vinyl ester, such that at least one said
      monomer is an alpha,beta-unsaturated nitrile, and further can comprise a
      maleinimide, dialkyl maleate, or dialkyl fumarate, and
PA1  wherein said aqueous suspension polymerization conditions include
      employment of water as the continuous phase therein and said
      rubber-in-monomer solution as the discontinuous phase therein.
NUM  20.
PAR  20. Process according to claim 19 wherein said unsaturated rubber is
      characterized as a polymer of a conjugated diene of 4 to 12 carbon atoms
      per molecule, copolymer thereof with at least one monovinyl substituted
      aromatic compound, or with at least one 1-monoolefin of up to 8 carbon
      atoms per molecule, or with a nitrile group-containing monomer; or natural
      rubber; and wherein said polymerizable vinylidene group containing monomer
      contains up to 30 carbon atoms per molecule;
NUM  21.
PAR  21. The process according to claim 20 wherein said rubber-in-monomer
      solution comprises about 5 to 40 weight percent of rubber based on
      combined weight of said rubber and polymerizable monomer; said
      polymerizable monomer comprises a mixture of at least two polymerizable
      monomers, at least one of which is a vinylidene nitrile containing monomer
      constituting up to about 95 weight percent of said monomer mixture;
NUM  22.
PAR  22. The process according to claim 21 wherein said free-radical
      cross-linking agent is employed in the range of about 0.04 to 18.5
      milligram equivalents of peroxy oxygen per 100 grams of polymer.
NUM  23.
PAR  23. The process according to claim 22 wherein said suspension
      polymerization temperature is at least sufficient to induce decomposition
      of the free-radical initiator, below that which would cause gel formation
      in the elastomeric component, and said temperature further is below the
      activation temperature of said free-radical cross-linking agent.
NUM  24.
PAR  24. The process according to claim 23 wherein said polymerization
      temperatures in the range of about 50.degree. to 150.degree.C, and said
      hot-mixing step is conducted at temperatures in the range of about
      150.degree. to 300.degree.C.
NUM  25.
PAR  25. The process according to claim 24 wherein said rubber is a
      butadiene/styrene copolymer or a polybutadiene; and said polymerizable
      monomer comprises styrene and acrylonitrile, or styrene, acrylonitrile and
      methyl methacrylate.
NUM  26.
PAR  26. The process according to claim 25 wherein said free-radical initiator
      is benzoyl peroxide, or alpha-(tert-butylazo)isobutyronitrile, or
      tert-butyl 2-ethyl perhexanote, and said cross-linking agent is
      bis(a,a-dimethyl)benzyl peroxide.
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PAL  A coating composition for application to surfaces previously coated with
      lead paint or other poisonous substances comprising a paint containing a
      bitter tasting component such as denatonium benzoate. This coating
      composition has a repulsive taste and an appearance similar to ordinary
      paints so that it will impart an unpleasant taste experience to a child
      who mouths surfaces or chips coated with it and will condition the child
      to avoid mouthing surfaces or chips of similar appearance.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 345,071, filed
      Mar. 26, 1973 and now abandoned, which is a; continuation-in-part of U.S.
      Pat. application Ser. No. 267,623, filed June 29, 1972, now abandoned,
      which in turn is a continuation-in-part of U.S. Pat. application Ser. No.
      115,796 filed Feb. 16, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coating compositions and, in particular, to
      coatings for rendering previously applied toxic coatings less harmful to
      persons, particularly children who might be tempted to suck, chew,
      swallow, or otherwise mouth surfaces, chips, or peelings coated with such
      toxic subtances.
PAR  Many paints used on the interior surfaces of houses and rental apartments
      painted before World War II contained lead compounds and other toxic
      compounds and substances. In older dwelling units, especially the
      inadequately maintained units prevalent in poorer neighborhoods, the
      paints are loose and peeling. The fallen chips often fall into the hands
      of children living in these units, exposing them to lead poisoning.
      Further, many of these children have a history of pica, a disorder
      characterized by a tendency to eat non-food items such as paint chips,
      plaster and dirt. These children commonly chew even on intact paint
      surfaces. The number of children who thus become chronically ill or who
      die is not accurately known but is said by authoritative sources to be
      appreciable.
PAR  A number of proposals have been made for correcting this condition. These
      include:
PAR  1. Tearing down and replacing walls and ceilings coated with lead paints.
PAR  2. Canvassing, panelling or otherwise resurfacing old walls, ceilings and
      woodwork that have been coated with such paints.
PAR  3. Burning, scraping, dissolving or otherwise removing lead paints from
      interior surfaces in swelling units likely to be inhabited by children.
PAR  All of these proposals require considerable expense, time and, in some
      cases, involve significant structural changes in the building itself.
      Accordingly, it is an object of my invention to provide a simple,
      relatively inexpensive and quick method of keeping children who might be
      tempted to injest these poisonous substances away from toxic paint films.
      An additional object is to reduce the occurrence of pica by conditioning
      children, through an unpleasant taste experience, to avoid non-food items
      resembling paint chips or surfaces. My paint, that to the child should be
      indistinguishable from ordinary paints until he tastes it, will condition
      him by the unpleasant taste experience it imparts not to mouth even the
      ordinary paint films he encounters. It should thus correct his pica
      behaviour in regard to paint films and painted objects. The paint is also
      practically identical in properties of application, durability, appearance
      and service to presently used paints so as to make its use economical and
      practical given the high labor costs of application and minimize the
      frequency of application with its attendant cost and inconvenience.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention, I provide a coating composition for
      application to previously coated substrates, such as walls and ceilings,
      which comprises a paint containing an effective amount of an additive such
      as a bitter tasting component which renders the coating composition
      unpleasant to the taste. The previously coated substrate will generally
      have been painted with a compound containing lead or other toxic compound
      and may also be in a condition wherein the paint is loose or peeling or in
      iminent danger of doing so. The bitter tasting component is a substance
      which causes an immediate sharp unpleasant taste, such as denatonium
      benzoate or lignocaine benzyl octanoate. Also, the bitter tasting
      component dissolved in a suitable solvent such as ethylene glycol,
      propylene glycol, water or alcohol may be added to certain suitable paints
      and lacquers.
PAR  More specifically, I have invented a paint which contains a relatively
      large amount of the deterrent bittering agent denatonium benzoate or
      lignocaine benzyl octanoate in combination with a resin emulsion such as
      polyvinyl acetate - acrylic copolymer emulsion. The range of the
      denatonium benzoate and lignocaine benzyl octanoate is from 0.05% to 0.5%
      and of the resin between 9.0 and 99.5% expressed as a percentage by weight
      of the non-volatile portion of the paint; i.e., the portion that remains
      after the paint has dried on the substrate. The resin binder, in addition
      to forming a film which holds the paint together to provide durability,
      adhesion, toughness, washability and continuity controls the amount of
      deterrent composition released on contact with saliva so as to insure the
      retention of the deterrent bittering agent over the life of the coating.
PAR  The paint further comprises a surfactant, such as nonyl phenoxy
      polyoxyethylene ethanol, to stabilize the emulsion and help disperse the
      pigment. A pigment dispersant and stabilizer is also employed to protect
      the paint against the chemical action of the bittering agent.
PAR  The strength and durability of the film formed by the resin binder is
      important is providing a paint which may be applied properly and will
      adhere for long periods of time to previously coated surfaces.
      Accordingly, an anti-foam agent is employed to prevent bubbles from
      forming on application and impair the uniformity and continuity of the
      film. A coalescing agent, such as 2,2,4 trimethylpentane diol
      monoisobutyrate, is also included to insure proper film formation
      throughout the range of normal interior room temperatures. Other suitable
      coalescing agents are hexylene glycol and various commercially available
      ethers.
PAR  In order to provide color to and provide the visual appearance of ordinary
      paints, hiding or opacifying pigments such as titanium dioxide or iron
      oxide are used together with an inert, insoluble pigment such as calcium
      carbonate, talc, clay or silica. These latter ingredients provide
      additional dry opacity and the desired degree of sheen and film thickness.
      A thickener is used to prevent settling of the pigment and impart the
      desired application properties. Examples of suitable thickeners are methyl
      cellulose, ethyl cellulose, hydroxyethyl cellulose, acrylate and
      bentonite.
PAR  Since the paint may be subjected to low temperatures during storage and
      shipment, an antifreeze agent such as ethylene glycol is added. Also, a
      non-toxic can preservative such as 2-[(hydroxymethyl)amino)] ethanol is
      included to prevent deterioration of the paint in the can due to bacterial
      attack. A viscosity stabilizer, lecithin or potassium tripolyphosphate, is
      additionally included.
PAR  A paint additive may also be provided comprising a solution of denatonium
      benzoate or lignocaine benzyl actanoate dissolved in a solution such as
      ethylene glycol, propylene glycol, water or alcohol. This solution may be
      added to a finished coating compound in order to make the compound a
      deterrent to children.
PAR  A paint containing an effective amount of one or more bitter tasting
      components which is applied to an existing coating will render the
      existing coating and any previously applied coating to which my paint will
      adhere repulsive in taste to anyone who may try to chew, suck, lick or eat
      the dried paint film.
DETD
PAR  The aforementioned features and advantages will become more readily
      apparent from the following detailed examples.
PAC  EXAMPLE I
PAR  A deterrent paint was prepared by adding to a suitable container under
      agitation the following ingredients expressed as parts by weight:
PAR  340 parts water.
PAR  45 parts ethylene glycol as an antifreeze agent to keep the paint from
      being damaged during shipment and storage.
PAR  4 parts nonyl phenoxy polyoxyethylene ethanol to stabilize the emulsion and
      help disperse the pigment.
PAR  6 parts Colloids 681 f (manufactured by Colloids, Inc.) to prevent bubbles
      from forming on application of the paint which would impair the uniformity
      and continuity of the film.
PAR  2 parts denatonium benzoate as the bittering agent.
PAR  5 1/4 parts methyl cellulose as a thickener to prevent settling of the
      pigment and provide good application properties.
PAR  2 parts 2-[(hydroxymethyl)amino] ethanol. This material acts as a non-toxic
      can preservative and prevents deterioration of the paint in the can due to
      bacterial attack.
PAR  12 parts of a 25% solution of a sodium salt of polymeric carboxylic acid.
      This salt acts as a pigment dispersant and stabilizer of the paint against
      the chemical action of the denatonium benzoate.
PAR  175 parts titanium dioxide, a hiding or opacifying pigment.
PAR  250 parts calcium carbonate to provide additional opacity and the desired
      degree of sheen and film thickness.
PAR  6 parts lecithin for viscosity stabilization.
PAR  12 parts 2,2,4 trimethylpentane diol monoisobutyrate as a coalescing agent
      to insure proper film formation throughout the range of normal interior
      room temperatures.
PAR  225 parts 55% solids - 45% water polyvinyl acetate - acrylic copolymer
      emulsion. This emulsion supplies the resin binder that forms the film
      holding the paint together and gives it its durability, adhesion,
      toughness, washability and continuity. The emulsion also controls the
      amount of deterrent released in contact with a child's saliva and insures
      the proper retention of the bittering agent over the life of the coating.
PAR  The paint, which has a flat finish common to wall paints, was tested by
      coating, by means of a Bird applicator, a 3 mil film on a sheet of 40 mil
      thick paper to simulate a thin topcoat over many old undercoats. After 24
      hours drying time, a 1/2 .times. 1/2 inch chip of the painted paper was
      cut from the sheet and tasted. The resulting taste was extremely
      unpleasant and objectionable enough to convince the person making the test
      that a child chewing on a similar chip would reject it and learn not to
      repeat the unpleasant experience. These tests were continued over a period
      of several months with chips being cut off the sheet at intervals to
      determine how long the taste remains in the paint film. Over a period of
      twenty three months, a strong bitter taste still remained.
PAR  Taste tests were also run on scrubbed panels of the paint to determine if
      the bitter taste was still evident after the paint had been washed at
      least as much as the ordinary household surface. Tests run for 800 scrubs
      on a 2 lb. weighted Gardner Scrub Machine with a detergent-abrasive
      scrubbing solution showed that the scrubbed paint film still retained a
      bitter, repulsive taste. Aged samples of paint were periodically applied
      and tested similarly to determine if the taste effect is stable. Results
      to date have been positive.
PAC  EXAMPLE II
PAR  A deterrent paint was prepared as in Example I except that only one part by
      weight of denatonium benzoate was used instead of two parts. The test
      described in Example I was conducted with similar results.
PAC  EXAMPLE III
PAR  A deterrent paint was prepared as in Example I except that the two parts of
      denatonium benzoate were dissolved in ten parts of the ethylene glycol and
      the resulting solution was added as the last ingredient in the
      composition. The mixing was continued for five minutes after the last
      addition. Tests were conducted as in Example I with similar results.
PAC  EXAMPLE IV
PAR  A deterrent paint prepared as in Example III has only one part of
      denatonium benzoate dissolved in five parts of the ethylene glycol. Also,
      a deterrent paint prepared as in Example I has only one-half part of
      denatonium benzoate. Test results similar to those of Example I are
      obtained.
PAC  EXAMPLE V
PAR  A deterrent paint was prepared by adding in a suitable container under
      agitation: (All parts are by weight)
PA1  100 parts Water
PA1  6 parts Colloids 681 f
PA1  2 parts Denatonium benzoate
PAR  4 parts Nonyl phenoxy polyoxyethylene ethanol
PA1  1.5 parts Methyl Cellulose
PA1  2 parts 2-[(hydroxymethyl)amino] ethanol
PA1  10 parts A 25% solution of a sodium salt of polymeric carboxylic acid.
PA1  250 parts Titanium Dioxide
PA1  400 parts Acrylic Latex Emulsion (45% non-volatile)
PA1  180 parts Polyvinyl Acetate - Acrylic Latex Emulsion (55% non-volatile)
PA1  130 parts Propylene Glycol
PAL  The same tests were done as in Example I with similar results.
PAC  EXAMPLE VI
PAR  Deterrent paints are prepared as in Example V wherein only one part of
      denatonium benzoate and one-half part denatonium benzoate are used. Test
      results were as in Example I.
PAC  EXAMPLE VII
PAR  Deterrent paints with one-half part and one part denatonium benzoate
      respectively are prepared as in Example V but the denatonium benzoate is
      dissolved in 5 times its own weight of ethylene glycol and the resulting
      solution is added as the last ingredient in the composition. The agitation
      is then continued for five minutes after the last addition. Again, the
      test results were consistent with those of Example I.
PAC  EXAMPLE VIII
PAR  A deterrent paint was prepared as in Example III except that 2 parts of
      lignocaine benzyl octanoate were dissolved in ten parts of the ethylene
      glycol and the resulting solution was added as the last ingredient in the
      composition. The mixing was continued for five minutes after the last
      addition. The tests described in Example I were conducted with similar
      results.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coating composition for application to previously coated substrates
      consisting essentially of a paint containing 0.05% to 0.5% by weight of
      the non-volatile portion of said paint of the bitter tasting deterrent
      denatonium benzoate; 9.0% to 99.5% by weight of a resin binder selected
      from the group consisting of at least one of ppolyvinyl acetate-acrylic
      copolymer latex and a mixture of polyvinyl acetate-acrylic copolymer latex
      and acrylic latex for controlling the amount of said deterrent released on
      contact with saliva; and an effective amount of a surfactant for
      stabilization of said paint, said coating composition having the visual
      appearance, durability, adhesion, toughness, washability and continuity of
      conventional paint and having a repulsive taste which discourages persons
      from licking, sucking, chewing, swallowing or otherwise mouthing said
      substrates.
NUM  2.
PAR  2. A coating composition as defined by claim 1 wherein said surfactant is
      nonyl phenoxy polyoxyethylene ethanol.
NUM  3.
PAR  3. A coating composition as defined by claim 1 which further contains
      effective amounts of an anti-foam agent and a coalescing agent, said
      anti-foam and coalescing agents providing proper film formation.
NUM  4.
PAR  4. A coating composition as defined by claim 3 wherein said coalescing
      agent is 2, 2, 4 trimethylpentane diol monoisobutyrate.
NUM  5.
PAR  5. A coating composition as defined by claim 1 which further contains
      effective amounts of an opacifying pigment to provide the visual
      appearance of ordinary paint and a thickener to prevent settling of said
      pigment.
NUM  6.
PAR  6. A coating composition as defined by claim 5 wherein said thickener is
      methyl cellulose.
NUM  7.
PAR  7. A coating composition as defined by claim 1 which further contains
      effective amounts of an antifreeze agent to protect said paint against
      exposure to low temperatures and a non-toxic preservative to prevent
      deterioration of the paint due to bacterial attack.
NUM  8.
PAR  8. A coating composition as defined by claim 7 wherein said antifreeze
      agent is ethylene glycol and said preservative is 2-[(hydroxymethyl)amino]
      ethanol.
NUM  9.
PAR  9. A coating composition for application to previously coated substrates
      consisting essentially of a paint containing 0.05% to 0.5% by weight of
      the non-volatile portion of said paint of the bitter tasting deterrent
      denatonium benzoate, 9.0% to 99.5% by weight of a resin binder selected
      from the group consisting of at least one of polyvinyl acetate-acrylic
      copolymer latex and a mixture of polyvinyl acetate-acrylic copolymer latex
      and acrylic latex for controlling the amount of said deterrent released on
      contact with saliva; and effective amounts of nonyl phenoxy
      polyoxyethylene ethanol for stabilization of said paint, 2, 2, 4
      trimethylpentane diol monoisobutyrate as a film former, and ethylene
      glycol to protect said paint against exposure to low temperature, said
      coating composition having the visual appearance, durability, adhesion,
      toughness, washability and continuity of conventional paint and having a
      repulsive taste which discourages persons from licking, sucking, chewing,
      swallowing or otherwise mouthing said substrates.
NUM  10.
PAR  10. A paint additive consisting essentially of a solution of an effective
      amount of the bitter tasting deterrent denatonium benzoate and a solvent,
      said paint additive when added to a coating compound providing a product
      having the visual appearance of conventional paint and having a repulsive
      taste which discourages person from licking, sucking, chewing, swallowing
      or otherwise mouthing said substrates.
NUM  11.
PAR  11. A paint additive as defined by claim 10 wherein said solvent is
      selected from the group consisting of ethylene glycol, propylene glycol,
      water and alcohol.
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ABST
PAL  Powdered coating agent for use in the sprayed powder process comprising a
      mixture of
PA1  A. free hydroxyl groups containing copolymers having been reacted with an
      acid anhydride;
PA1  B. a cross-linker such as triglycidyl isocyanurate or bis- or
      tris-oxazolines and optionally
PA1  C. auxiliary agents such as pigments and levelling agents.
PAL  The copolymer contains polymerized units of
PA1  30 to 85% by weight of styrene or derivatives thereof or methylmethacrylate
      or mixtures thereof;
PA1  5 to 60% by weight of acrylic or methacrylic esters excepted
      methylmethacrylate and
PA1  10 to 30% by weight of hydroxyalkylester of acrylic or methacrylic acid,
      said copolymer having been reacted with an aliphatic or cycloaliphatic
      dicarboxylic acid anhydride;
PA1  4 to 20 parts by weight of the cross-linker are employed for 96 to 80 parts
      by weight of the acidified copolymer.
BSUM
PAR  This invention relates to pulverulent binder mixtures which are pourable at
      40.degree. to 50.degree.C. based on reaction products of at least one
      aliphatic and/or cycloaliphatic dicarboxylic acid anhydride with
      hydroxylated acrylic ester copolymers as well as triglycidyl isocyanurate
      or bis- or tris-oxazolines.
PAR  It is known to use pulverisable acrylic resins which are mainly built up of
      styrene and esters of acrylic or methacrylic acid for powder coating
      processes, in particular for the electrostatic powder spray process.
      Resins which contain acrylic or methacrylic acid in a copolymerised form
      as reactive groups are in practice particularly important. The acid resins
      can be cross-linked with bis-oxazolines, bisoxazines or polyepoxides such
      as triglycidyl isocyanurate (see U.S. Pat. No. 3,752,793 and German
      Offenlegungsschriften Nos. 2,127,684 and 2,155,257).
PAR  Coatings obtained using these substances are distinguished by their high
      surface gloss and hardness which are maintained even after many years
      exposure to open air weathering. The stoving conditions of these binders
      are about 30 minutes at 160.degree.-180.degree.C if their acid number is
      between 55 and 120 mg of potassium hydroxide per g of substance (see F.
      Wingler et al., Farbe and Lack, 11 1063 (1972).
PAR  Binders for the electrostatic powder spray process should, in their
      uncrosslinked state, constitute brittle, easily pulverised resins which
      remain pourable as powders at temperatures of up to 50.degree.C, if
      possible, and should not lump together. After they have been applied by
      electrostatic spraying, the powders should spread smoothly over the
      substrate at temperatures of 80.degree. to 120.degree.C and harden to
      insoluble, infusible coatings at temperatures above 120.degree.C. In
      addition, the powders must be capable of being electrostatically charged
      and retaining their electric charge on metal objects for some time until
      the stoving process. Furthermore, the binders must not undergo premature
      crosslinking in the region of their flow temperature because they are
      generally mixed with pigments, catalysts and levelling agents at
      temperatures of about 100.degree.C when they are in the molten state. If
      an external cross-linking agent is used as in the mixture according to the
      invention, the component which acts as cross-linking agent must melt at
      the temperature at which the resin also melts and must be compatible and
      homogeneously miscible with the resin. When the mixture solidifes, the
      cross-linking agent added must not reduce the stability in storage at
      temperatures up to 50.degree.C and the mixture must not separate into its
      components when cold. After spreading and stoving, the compatible mixture
      of cross-linking agent and resin should form a high gloss coating which is
      resistant to chemicals, solvents and weathering.
PAR  Powder lacquers based on polyepoxides and polyesters are already known and
      substantially fulfil the requirements described above but, for many
      purposes, they are still insufficiently weather resistant. The low
      standard of weather resistance of epoxide powder lacquers has stimulated
      industry to develop acrylate based powder lacquers.
PAR  For some purposes, e.g. for lacquer top coats used on motor cars, low
      stoving temperatures and short stoving times are desirable. Car bodies
      have soldered joints at various points, which are liable to dissolve or
      become distorted at elevated temperatures. Short stoving times are also
      desirable on economic grounds.
PAR  It was an object of this invention to develop pulverulent binder mixtures
      based on acid acrylate resins and triglycidyl isocyanurate or bis- or
      tris-oxazolines which, while having equally good lacquer properties such
      as level flow, gloss retention and resistance to weathering, would have a
      lower stoving temperature or a shorter stoving time at higher stoving
      temperatures than the acid acrylate binders known at present.
PAR  The problem was reduced or substantially solved by using pulverulent binder
      mixtures which are still pourable at 40.degree. to 50.degree.C of
      relatively low molecular weight copolymers of styrene, (meth)acrylates,
      hydroxyalkylesters of (meth)acrylic acid in which 50 to 100 mols-% of the
      free hydroxyl groups have been reacted with at least one aliphatic or
      cycloaliphatic dicarboxylic acid anhydride, and triglycidyl isocyanurate
      or bis- or tris-oxazolines.
PAR  This invention thus relates to pulverulent binder mixtures which are still
      pourable at 40.degree. to 50.degree.C and which are based on a copolymer
      of styrene, a (meth)acrylate, a hydroxyalkyl ester of (meth)acrylic acid
      and triglycidyl isocyanurate or bis- or tris-oxazolines, characterized in
      that the binders comprise a mixture of
PAR  A. a random addition copolymer of
PA1  I 30 to 85% by weight of styrene, .alpha.-methylstyrene, o-chlorostyrene,
      p-chlorostyrene, p-tert.-butyl-styrene or methylmethacrylate or mixtures
      thereof,
PA1  Ii 5 to 60% by weight of an acrylic acid ester preferably containing from 1
      to 12 carbon atoms in the alcohol part or methacrylic acid ester
      preferably containing from 2 to 12 carbon atoms in the alcohol part or
      mixtures thereof, and
PA1  Iii 10 to 30% by weight of a hydroxyalkyl ester of acrylic acid or
      methacrylic acid containing 2 to 4 carbon atoms in the hydroxyalkyl group,
      which polymerised units have a hydroxyl number of 50 to 126 mg of
      potassium hydroxide per g of substance, 50 to 100 mols percent of the free
      hydroxyl groups having been reacted with at least one aliphatic or
      cycloaliphatic dicarboxylic acid anhydride, resulting in an acid number of
      22 to 110 mg of potassium hydroxide per g of substance, and the sum of the
      percentage contents I to III is 100% and the average molecular weight is
      3,000 to 20,000,
PAR  B. a cross-linker such as triglycidyl isocyanurate or bis- or
      tris-oxazolines and optionally
PAR  C. auxiliary agents such as pigments and levelling agents and that the
      mixture contains 4 to 20 parts by weight of triglycidyl isocyanurate or
      bis- or tris-oxazolines to 96-80 parts by weight of acrylic resin (A) and
      optionally, in addition, up to 150% by weight, based on (A) and (B), of
      pigments and 0.1 to 40% by weight, based on (A) of a levelling agent.
PA1  The binder mixtures already harden at 140.degree. to 160.degree.C within 10
      to 30 minutes. In other words, the times required for hardening them at
      160.degree.C, which are in the region of 10 to 30 minutes, are shorter
      than those required for the known binders based on a crylic or methacrylic
      acid, which require at least 30 minutes for hardening at 160.degree.C.
PAR  It was surprising to find that more highly reactive binder mixtures are
      obtained when the carboxylic acid group on the macromolecule is produced
      by reacting free hydroxyl groups with at least one aliphatic or
      cycloaliphatic dicarboxylic acid anhydride. The reaction results in
      aliphatic or cycloaliphatic carboxylic acid groups which react more
      rapidly with triglycidyl isocyanurate or bis- or tris-oxazolines than do
      the aliphatic carboxylic acid groups of the known acrylic or methacrylic
      acid copolymers.
PAR  The preparation of the copolymers is carried out by known methods of
      solvent-free, solution or dispersion polymerisation and bead
      polymerisation, solution or solvent-free polymerisation being preferred.
      These methods have been described, for example in "Methoden der
      Organischen Chemie" Houben-Weyl, 4th Edition, Volume 14/1, pages 24-556
      (1961).
PAR  Where the polymerisation is carried out in solution, solvents such as
      methylene chloride, ethanol, isopropanol, n-propanol, n-butanol,
      isobutanol, tert.-butanol, acetic acid methyl up to butyl ester, acetone,
      methyl ethyl ketone, benzene and toluene may be used.
PAR  The polymerisations are preferably carried out at temperatures of from
      40.degree.C to 180.degree.C.
PAR  The initiators used may be, for example, percarbonates, peresters such as
      tert.-butyl perpivalate or tert.-butyl peroctoate, benzoyl peroxide,
      o-methoxy-benzoylperoxide, dichlorobenzoylperoxide or azodiisobutyric acid
      dinitrile. They may be used in quantities of from 0.5 to 3% by weight,
      based on the monomers.
PAR  The usual molecular weight regulators such as thioglycol, thioglycerol,
      tert.-dodecylmercaptan or nitrotoluene may also be used.
PAR  If polymerisation is carried out in solution, the copolymer solution is
      freed from solvent at temperatures of about 90.degree. to 180.degree.C in
      suitable apparatus, preferably in screw evaporators, for example by the
      method described in U.S. Pat. No. 3,741,272, and it is then cooled,
      granulated and ground. On the other hand, the product may also be isolated
      by other methods, for example by spray drying, removal of the solvent with
      steam and simultaneous dispersion of the product in water, or according to
      German Offenlegungsschrift No. 2,008,711 by precipitation with water from
      a water miscible solvent.
PAR  Polymerisation is preferably carried out solvent-free for example by the
      process described in U.S. Pat. No. 3,753,958 in which the hydroxylated
      resins used as starting materials in the present invention are also
      described.
PAR  When polymerisation has been terminated, the residual monomers or low
      boiling decomposition products of the initiator or the molecular weight
      regulators may be removed in a stream of nitrogen or by distillation under
      vacuum. The lacquer melt can be cooled on metal sheets or on rollers to
      form a vitreous resin or it may be processed directly as a melt.
PAR  When polymerised on their own, the monomers of group I result in polymers
      with a high glass transition temperature of 70.degree.C to 110.degree.C.
      The preferred monomers are styrene and/or methyl methacrylate.
PAR  The monomers of group II are film-forming substances which, when
      polymerised on their own, yield theromplasts with glass transition
      temperatures of from 80.degree. to -80.degree.C. The monomers of group II
      also serve to render the resins elastic.
PAR  The copolymerisable monomers of group II used may be aliphatic or
      cycloaliphatic esters of a crylic or methacrylic acid preferably
      containing 1 to 12, more preferably 2 to 8, most preferably 4 to 8 carbon
      atoms in the alcohol component. The following are specific examples:
      Methyl acrylate; ethyl acrylate, n- or isopropyl acrylate, butyl acrylate,
      2-ethylhexylacrylate, dodecylacrylate, cyclohexylacrylate and the
      corresponding methacrylic acid esters. Butyl methacrylate, butyl acrylate
      and/or 2-ethyl-hexylacrylate are particularly suitable.
PAR  The monomers of group III which are used for incorporating chemically
      reactive groups are hydroxyalkyl esters of acrylic or methacrylic acid
      which contain 1 to 4 carbon atoms in the hydroxyalkyl part, e.g.
      hydroxyethyl acrylate, hydroxypropylacrylate,
      butane-1,4-diol-monoacrylate, reaction products of a crylic acid with
      glycidic or glycidyl compounds such as glycid, glycidic ethers or glycidic
      esters or the corresponding derivatives of methacrylic acid. Methacrylic
      acid derivatives such as .beta.-hydroxyethyl methacrylate or
      .beta.-hydroxypropylmethacrylate are preferred.
PAR  The hydroxyl number of the polymer depends on the amount of
      hydroxyalkylester derivative present and can be calculated as follows:
      Hydroxyl number .times. molecular weight of hydroxyalkylester/560 =
      percent by weight of hydroxyalkylester.
PAR  The reaction with aliphatic or cycloaliphatic dicarbxoylic acid anhydride
      is suitably carried out after solvent-free polymerisation, preferably in
      the melt. For this purpose, the resin melt is reacted with the anhydride
      at temperatures of 120.degree.C to 200.degree.C for 30 minutes to 3 hours
      until the required acid number of 22 to 110 mg of potassium hydroxide per
      g of substance has been reached.
PAR  The following anhydrides may be used: Maleic acid anhydride; succinic acid
      anhydride; adipic acid anhydride; polyadipic acid anhydride; polazelaic
      acid anhydride; polysebacic acid anhydride; polydodecanoic diacid
      anhydride and the corresponding chlorinated or brominated anhydrides. The
      following are suitable cycloaliphatic anhydrides. Tetrahydrophthalic acid
      anhydride; hexahydrophthalic acid anhydride; 2-methyl-tetrahydrophthalic
      acid anhydride; 2-methyl-hexahydrophthalic acid anhydride and the
      corresponding endomethylene derivatives obtained by reacting maleic acid
      anhydride with cyclopentadienes. Mixtures of these anhydrides may also be
      used. It is preferred to use succinic acid anhydride or mixtures of
      succinic acid anhydride with at least one of the above mentioned
      anhydrides in which the succinic acid anhydride content is preferably 50
      mols %.
PAR  The pulverisable resins to be used in the process according to the
      invention may be reacted or mixed with a reactive component. The reaction
      may be carried out by simply mixing the components in the pulverulent
      state at room temperature, by gasification in a fluidised bed or by mixing
      the components in a molten state in a kneader, on rollers or in mixing
      screws. The melts are then cooled and granulated or ground. The reactive
      components are used for the subsequent cross-linking reaction in the
      powder lacquering process. Reactive components are components which react
      with carboxylic acid groups of the resins, such as bis- or tris-oxazolines
      or triglycidyl isocyanurate.
PAR  Particularly interesting for the mixtures according to the invention are
      polyoxazolines of the general formula
      ##EQU1##
      in which R and R' which may be the same or different, represent hydrogen,
      alkyl groups, preferably containing from 1 to 8 carbon atoms or aryl
      groups containing from 6 to 12 carbon atoms, in particular hydrogen or
      alkyl groups containing one or two carbon atoms, preferably hydrogen; R"
      represents a polyvalent and in particular a divalent organic group,
      preferably an alkylene chain with 1 to 8 carbon atoms or a divalent or
      trivalent aromatic group containing 6 to 12 carbon atoms, in particular a
      benzene group and n represents 1 or 2.
PAR  The following oxazolines are specific examples:
PA1  1,2-, 1,3- and 1,4-bis-(.DELTA.-2-oxazolinyl-2)benzene; 1,2- 1,3-
      1,4-bis(.DELTA.2-4-methyl-oxazolinyl-2)-benzene; 1,2-, 1,3-,
      1,4-bis(.DELTA.2-3-methyl-oxazolinyl-2)-benzene; 1,2-, 1,3-,
      1,4-bis(.DELTA.2-5-methyl-oxazolinyl-2)-benzene; 1,2- 1,3-,
      1,4-bis(.DELTA.2-5-ethyloxazolinyl-2)-benzene;
      1,2,4-tris-(.DELTA.2-oxazolinyl-2)-benzene;
      1,2-bis-(.DELTA.2-oxazolinyl-2)-ethane;
      1,4-bis-(.DELTA.2-oxazolinyl-2)-butane;
      1,4-bis-(.DELTA.2-5-methyl-oxazolinyl-2)-butane.
      1,4-Bis-(.DELTA.-2-oxazolinyl-2)-benzene is preferred.
PAR  The binders according to the invention, which have melt viscosities of
      50-400 poises at 180.degree.C and 6900 dyn/cm.sup.2 shearing stress can
      easily be converted into particles of about 4 to 300 .mu., preferably 30
      to 120 .mu., without clumping together, and they may then be used for
      coating a wide variety of materials by various immersion or spray coating
      techniques such as whirl sintering or flame spraying or, preferably, by
      the electrostatic coating process.
PAR  When they have been isolated, the copolymers may be mixed with up to 150%
      by weight, preferably to to 100% by weight, of inorganic or organic
      pigments, based on the copolymers, at temperatures of from 80.degree.C to
      120.degree.C. The following are examples of pigments which may be used:
      Titanium dioxide; iron oxides, chromium oxide, phthalocyanine pigments and
      azo pigments.
PAR  Levelling agents such as silicones, polyesters, cellulose derivatives,
      oligomeric acrylates, phosphoric acid esters, phthalic acid esters, adipic
      acid esters and also catalysts such as organic and inorganic acids,
      tertiary amines, imidazoles, dicyandiamide and tin compounds may be added
      to the melts (0.1 to 40% by weight, based on the copolymer).
PAR  Pigments and levelling agents may, of course, also be added to the monomers
      before polymerisation or, in the case of solution polymerisation, they may
      be added to the copolymer solution after polymerisation and before removal
      of the solvent.
PAR  The incorporation of the triglycidyl isocyanurate or bis- or tris-oxazoline
      is preferably carried out in a mixing screw at temperatures of 80.degree.
      to 120.degree.C at the same time that the pigments, levelling agents and
      catalysts are added. The mixing time should be about 0.5 to 10 minutes. If
      mixing is continued for a longer time, the product starts to undergo
      cross-linking. If these conditions are observed a homogeneous mixture is
      obtained which will not separate into its components even on cooling.
PAR  The solvent-free and, optionally, pigmented mixtures which are brittle in
      the uncrosslinked state when cold are preferably ground down to a fine
      grain of about 30 to about 120 .mu. and, if desired, sorted according to
      particle size by sifting.
PAR  The polymer powders according to the invention are still pourable at
      temperatures of at least 40.degree.C, preferably 50.degree.C, and have
      spreading temperatures of 80.degree.C to 120.degree.C. They are stoved
      within 10 to 30 minutes at temperatures from 120.degree.C to 220.degree.C,
      preferably 140.degree.C to 180.degree.C, cross-linking occurring during
      this time.
PAR  The average molecular weights of the polymer powders are between 3000 and
      20,000, determined in an organic solvent by the method of measuring the
      reduction in vapour pressure.
PAR  The application of the pulverulent binders to suitable substrates, in
      particular to metals, is carried out by known methods of immersion or
      spray coating such as whirl sintering or flame spraying or, preferably,
      the electrostatic powder spray process (40 to 90 KV). See D. R. Davis,
      "Coating with electrostatic dry spray" in Plastics Technology, June 1962,
      pages 37-38.
PAR  The stoved films (thickness 40-300 .mu.) of the polymer powders according
      to the invention combine excellent adherence and hardness with elasticity.
      They are also distinguished by their high gloss and resistance to
      weathering.
PAR  The powders may be used for coating domestic utensils and, especially,
      metal parts in motor vehicles or any other metal parts which are exposed
      to severe weathering conditions such as motorcar bodies, metal facings,
      pipes, wire netting and implements used in forestry and agriculture.
PAR  The coatings serve mainly as protection against corrosion and mechanical
      wear for articles made of metal such as steel, cast steel, copper, brass,
      bronze, red brass, aluminium and its alloys and galvanised surfaces and
      articles made of porcelain, ceramics or plastics as well as some types of
      wood. They may also be used as electric insulating coatings in
      electrotechnology, e.g. for lamps, switches, and parts of motors. The
      whirl sintering process may be used, for example, for coating domestic
      articles, refrigerator shelves, coat racks, fancy goods, baskets and
      bottle holders and pipes. The flame spraying process and electrostatic
      powder coating process are preferably used for coating large surfaces of
      the above mentioned materials. These processes are used, for example, for
      coating the internal and external surfaces of pipes and containers. The
      binders are particularly advantageously used as top lacquer coatings for
      motor cars because of their excellent flow.
DETD
PAR  Preparation of the powders and their use as electrostatically sprayable
      powders are described in the following examples. The parts and percentages
      given in the examples are parts and percentages by weight unless otherwise
      indicated.
PAC  COmparison Experiment
PAR  The acrylic resin used was a binder prepared according to Example 1 of U.S.
      Pat. No. 3,753,958 and had the following composition:
PAL  Resin A:
PA1  10% by weight of acrylic acid
PA1  32.5% by weight of butyl acrylate
PA1  12.5% by weight of methyl methacrylate
PA1  45% by weight of styrene.
PAR  Its average molecular weight was about 7000 and it was pourable at
      temperatures of up to 50.degree.C and had an acid number of 77 mg of
      potassium hydroxide per g of substance.
PAR  Resin A was mixed with the following components in an extruder at
      110.degree.C:
PAL  Mixture I:
PA1  Resin A: 100 parts by weight
PA1  Titanium dioxide: 50 parts by weight
PA1  Triglycidylisocyanurate: 7 parts by weight
PA1  Levelling agent
PA1  (Oligo ester acrylate obtained from 30 parts by weight of ethyalcrylate and
      70 parts by weight of ethyl hexyl acrylate with a viscosity of 2200 poises
      at 23.degree.C): 1.0 part by weight.
PAL  Mixture II:
PA1  Resin A: 100 parts by weight
PA1  Titanium dioxide: 50 parts by weight
PA1  1,4-bis(.DELTA.2-oxazolinyl-2)benzene:
PA1  10 parts by weight
PA1  Levelling agent (as for mixture I): 1.0 part by weight
PAR  When cold, the extruded mixtures were ground to particles of 50 to 80 .mu.
      and electrostatically sprayed on degreased sheet iron at 40 KV.
PAR  To obtain an Erichsen cupping value of 6 mm, mixture I had to be stoved for
      30 minutes at 200.degree.C and Mixture II for 30 minutes at 180.degree.C.
PAR  When mixture I was stoved for 15 minutes at 180.degree.C and mixture II for
      20 minutes at 160.degree.C, the Erichsen cupping value was less than 5 mm.
PAC  EXAMPLES 1 AND 2
PAR  The following monomer mixtures were polymerised by the method described in
      Example 1 of U.S. Pat. No. 3,753,958.
TBL  ______________________________________                                    

     Mixture      B        C        D      E                                   

     ______________________________________                                    

     Styrene      350      500      --     350                                 

     Butyl                                                                     

     acrylate     300      160       60    250                                 

     Hydroxypropyl                                                             

     methacrylate --       200      --     --                                  

     Hydroxyethyl                                                              

     methacrylate 180      --       --     180                                 

     Butanediol                                                                

     monoacrylate --       --       200    --                                  

     Methyl                                                                    

     methacrylate  30      --       600     80                                 

     Hydroxyl                                                                  

     number of                                                                 

     the resin     90       90       89     91                                 

     Average mol-                                                              

     ecular weight                                                             

                  5700     5400     7800   6300                                

     ______________________________________                                    

PAR  After solvent-free polymerisation, the resins and equivalent quantity of
      succinic acid anhydride (140g) were stirred together for 30 minutes at
      160.degree.C and then cooled by pouring out on a cold metal sheet.
TBL  ______________________________________                                    

     Resin    B         C         D       E                                    

     ______________________________________                                    

     Acid     77.0      77.0      75      77.6                                 

     number                                                                    

     ______________________________________                                    

PAR  Resins, B, C, D and E were made up into powder lacquers as described above,
      using 10 parts by weight of 1,4-bis-(.DELTA.2-oxazolinyl-2)-benzene (a) or
      7 parts by weight of triglycidyl isocyanurate (b), 50 parts by weight of
      titanium dioxide and 1 part by weight of levelling agent to 100 parts by
      weight of resin.
TBL  __________________________________________________________________________

     Resin     B       C       D       E                                       

               a   b   a   b   a   b   a   b                                   

     __________________________________________________________________________

     Stoving                                                                   

     temperature .degree.C                                                     

               160 180 160 180 140 160 160 180                                 

     Stoving                                                                   

     time (minutes)                                                            

                20  30  20  20  40  40  20  20                                 

     Erichsen cupping                                                          

     DIN 53 156                                                                

                6   8   5   4   9   8   7   6                                  

     Level flow                                                                

               good    very    satisfac-                                       

                                       very                                    

                       good    tory    good                                    

     Gloss                                                                     

     ASTMD 523 (60.degree.C)                                                   

               90      95      83      91                                      

     Softened by                                                               

     solubility in                                                             

     xylene    negative                                                        

                       negative                                                

                               negative                                        

                                       negative                                

     Pencil hardness                                                           

               4H  3H  5H  5H  2H  2H  6H  5H                                  

     Weatherometer                                                             

     no reduction                                                              

     in gloss  300 350 300 450 800 900 350 400                                 

     up to hours                                                               

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A powdered coating agent comprising a mixture of
PA1  A. 96 to 80 parts by weight of a random addition copolymer having free
      hydroxyl groups of which 50 to 100 mol % thereof have been reacted with at
      least one aliphatic or cycloaliphatic dicarboxylic acid anhydride to
      obtain an acid number of 22 to 110 mg. of potassium hydroxide per g. of
      reaction product, said random addition copolymer before reaction with said
      anhydride being a copolymer of
PA2  I. 30 to 85% by weight of styrene, .alpha.-methylstyrene, o-chlorostyrene,
      p-chlorostyrene, p-tert.butylstyrene, methylmethacrylate or a mixture of
      at least two of said monomers,
PA2  Ii. 5 to 60% by weight of acrylic acid ester having 1 to 12 carbon atoms in
      the alcohol moiety, methacrylic acid ester having 2 to 12 carbon atoms in
      the alcohol moiety or a mixture thereof and
PA2  Iii. 10 to 30% by weight of a hydroxyalkyl ester of acrylic acid or
      methacrylic acid having 2 to 4 carbon atoms in the hydroxyalkyl moiety,
PA1  the sum of the percentage contents of I to III being 100 and the molecular
      weight of said copolymer of I to III being 3,000 to 20,000 and its
      hydroxyl number being 50 to 126 mg. of potassium hydroxide per g. of
      copolymer and
PA1  B. 4 to 20 parts by weight of triglycidylisocyanurate, a bisoxazoline or a
      trisoxazoline.
NUM  2.
PAR  2. The powdered coating agent of claim 1 including 150% by weight, based on
      the combined weight of (A) and (B), of at least one pigment.
NUM  3.
PAR  3. The powdered coating agent of claim 1 including 0.1 to 40% by weight,
      based on the weight of (A), of a leveling agent.
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ABST
PAL  A process is disclosed for forming bonded fibre and fibre products by
      utilisation of an improved process for neutralising the catalyst employed
      in forming the A stage phenol-aldehyde resin or condensate. This
      condensate is the actual bonding agent which, when incorporated in a
      diluted form in a binder composition and sprayed onto the fibres and
      subsequently heated in an oven, cures and bonds the fibres to one another.
      The condensate is a phenol-aldehyde condensate which is the result of
      reacting a phenol and an aldehyde in the presence of an alkali metal or
      alkaline earth metal hydroxide as catalyst to form an A stage or resole
      resin. The catalyst, once the reaction has been completed, is then
      neutralised, either before or after dilution, with an acidic
      lignosulphonate, or a liquor containing such material. An organic or
      mineral acid can be utilised in conjunction with the lignosulphonate, or
      lignosulphonate liquor, so as to avoid adding excessive amounts of
      lignosulphonate. The invention is also directed to the novel processes for
      forming the resin and binder composition disclosed.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  This invention relates to improvements in the production of alkaline
      catalysed phenol-aldehyde condensates of the kind used in bonding together
      fibres such as mineral wool or glass fibres, and to binder compositions
      based on such condensates. The invention also relates to bonded fibre
      products and to processes for producing such products in which the binder
      composition used is produced by the novel process of the present
      invention.
PAR  One conventional process for forming fibres of glass or other
      heat-softenable material, called the rotary process, involves delivering
      heat-softened or molten glass into a hollow spinner or centrifuge provided
      with a comparatively large number of orifices in the peripheral wall of
      the spinner. High speed rotation of the spinner delivers the softened or
      molten glass through the orifices by centrifugal force. Bodies, streams or
      primary filaments of glass are produced which are engaged by an
      annularly-shaped gaseous blast and thereby attenuated into fibres which
      are entrained in the blast in the form of a hollow beam or column of
      fibres.
PAR  In the fibre-forming operation it has been a usual practice to deliver or
      apply an uncured binder, such as a phenol-formaldehyde condensate in
      solution or dispersed form, to the newly attenuated fibres at a region
      below the attenuating region so that the fibres are sprayed with the
      uncured binder. Fibres of this character are collected in a mass upon a
      moving conveyor. The thickness of the mass is controlled to provide a
      fibrous mat which is conveyed or passed through an oven or curing zone for
      setting the binder in the mat.
PAR  The descending fibres at the region of application of the binder are at a
      temperature of 500.degree. to 600.degree.F or more even though the zone of
      application of the binder onto the fibres is substantially below the
      attenuating region. The prior art suggests that cooling of the fibres may
      be accomplished by spraying the attenuated fibres with a vaporizable
      medium, such as water, prior to the application of the binder resin.
      Volatilization of the water into steam and subsequent discharge of the
      steam into the atmosphere is either non-objectionable or easily reducible.
      However, even when the binder is applied to fibres at such a lowered
      temperature, there is appreciable vaporization of the volatile organic
      constituent of the binder. These organic vapors when cooled condense into
      a plume (liquid droplets) which is similar to the mechanism of water vapor
      condensation into a steam plume. Although the effluent may be washed and
      filtered, at least some of the volatile material and some binder particles
      or solids are discharged into the atmosphere through a discharge stack
      connected through a suction blower arrangement beneath the region of
      collection of the fibres on the conveyor. As much as 30 percent or more of
      the binder has been lost in the past through volatilization during
      application and curing. Because of environmental considerations, discharge
      of this vapor into the atmosphere is objectionable. Use of the binder of
      the present invention provides a reduction in the free phenol in the
      solids discharge stack and wash water, due to reduction in the quantity of
      phenol used to obtain the same binder efficiency and, we believe, due to
      the presence of the lignosulphonate particularly when added to neutralise
      the catalyst.
PAR  The preparation of a binder composition for application e.g. to glass
      fibres in the manner described above has been a subject of a series of
      developments over the period since about 1945. As disclosed in e.g. U.S.
      Pat. No. 3,704,199 for many years, the alkaline catalyst used in forming
      the A stage or resole resin was a strong alkali such as sodium hydroxide
      or potassium hydroxide. It was necessary to neutralise the alkaline
      catalyst after the resole had been formed to avoid the resole advancing to
      the final resite or infusible stage, and this resulted in the formation of
      water-soluble salts. Such salts were believed to cause a deterioration in
      the final production particularly under humid conditions due to a fall in
      the strength of the binder. The system developed originally to combat this
      problem was to remove the salts of neutralisation, e.g. by an ion-exchange
      treatment. That is described e.g. in U.S. Pat. No. 2,758,101.
PAR  It was then found that one could avoid the use of materials likely to
      produce free sodium or potassium ions in the product by utilising as a
      catalyst barium hydroxide. The process utilising barium hydroxide is
      disclosed e.g. in U.S. Pat. No. 3,704,199. As indicated in that
      specification such a catalyst when neutralised with sulphuric acid forms
      particles of barium sulphate which when left in situ does not have any
      deleterious effect on the weathering properties of the glass fibre
      product.
PAR  As indicated above, the application of the binder is carried out under
      conditions where not all the material leaving the spraying equipment is
      actually utilised on the product. The actual level of binder required on
      the product can in some cases be as low as 3% and can in certain products
      approach 30%. Thus the binder in terms of raw materials cost forms a
      substantial part of the raw materials cost, therefore reduction in raw
      materials cost, along with improved efficiency of application of binder
      are desirable goals. Any change in binder composition must of course be
      made without any fall below a desired standard in the effectiveness of the
      performance of the binder. Our earlier U.K. Patent Specification Nos.
      1,316,911 and 1,293,744 describe how it is possible to utilise
      lignosulphonates as binder extenders, in addition to their function with
      urea in obtaining a controlled setting time for the binder. Utilisation of
      lignosulphonates in the manner described in these specifications has
      enabled considerable cost savings to be made by reduction in the quantity
      of phenol used.
PAR  With increasing shortages of materials and rising costs, and with increased
      demand for insulation materials so as to conserve energy, it is desirable
      that the cost of the binder applied to the fibre should be reduced, or the
      rise in cost kept as low as possible. This is particularly important in
      the case of glass fibre wool mats which are used for domestic and
      industrial insulation. At least two of the raw materials which have been
      almost standard in their use to produce a high grade product, phenol and
      barium hydroxide, have been the subject of major changes in cost and
      availability. One approach to reducing cost is therefore to reduce the use
      of phenol and this has been done as described in U.K. Patent Specification
      Nos. 1,316,911 and 1,293,744. A further approach would be to utilise
      cheaper grades of phenol and/or cheaper and more readily available
      catalysts such as sodium hydroxide and calcium hydroxide.
PAR  The use of cheaper grades of phenol such as those obtained from tar
      distillates means that small quantities of materials such as cresols are
      present in the raw material. Their presence in the condensate when diluted
      to form the binder when such a source of phenol is used in the
      conventional process results in the cresol condensates with formaldehyde
      separating and interfering with the properties of the final binder. As
      indicated above, sodium hydroxide has only been used in conjunction with a
      further process for the removal of the salts formed during the
      neutralisation stage. The precipitation of calcium hydroxide with
      sulphuric acid results in the formation of particles with a size in the
      range up to 20 microns, such particles cannot be allowed to remain in the
      final product at that size and must be separated introducing a further
      expensive stage into the preparation of the resin. U.K. Patent
      Specification No. 1,285,938 suggests that the precipitation of calcium
      ions with sulphuric acid, phosphoric acid or their ammonium salts can only
      be accomplished with dilute solutions of these acids or their salts, and
      that this results in the production of large volumes of dilute resins
      which are uneconomical in industrial practice. That specification suggests
      the utilisation of a buffering effect to solve the problem i.e. the use of
      an alkaline solution of a soluble acidic ammonium salt having an anion
      which forms an insoluble salt with calcium.
PAR  We have now found that we can considerably reduce our binder costs by
      either utilising a cheaper catalyst such as sodium hydroxide or calcium
      hydroxide in conjunction, if desired, with a cheaper source of phenol or,
      if desired, continue to use barium hydroxide with a cheaper source of
      phenol. We have found that we can operate in these ways while avoiding the
      problems of the prior art i.e. weathering in the case of sodium hydroxide,
      particle separation in the case of calcium hydroxide and separation of
      cresol condensates when using cheaper phenol sources by wholly or
      partially replacing the organic or mineral acids used to neutralise the
      resin at the end of the A stage condensation by an acidic lignosulphonate
      or a liquor containing such a material. We have thus discovered how to
      utilise materials previously believed to be impossible to use without
      accepting a considerable deterioration in product quality. We can achieve
      a product quality within a range acceptable in the marketplace using a
      cheaper and more readily available catalyst either with synthetic phenol
      or a phenol source containing impurities. The use of lignosulphonates when
      applied to neutralise the catalyst either at the end of the formation of
      the condensate before dilution to form the binder, or during the dilution,
      also appears to reduce the loss of resin during the subsequent application
      of the binder composition to the fibre giving increased efficiency of
      application. Such efficiency is measured by determining the binder solids
      sprayed and the binder retained on the product, and calculating the
      percentage retained.
PAR  Utilising lignosulphonates in the manner described in this specification,
      we obtain improved efficiencies of the order of 80% compared with around
      62% previously obtained in the conventional process, or around 72% when
      lignosulphonates are simply added at the binder mixing stage to a resin
      neutralised by sulphuric acid.
PAR  The term "lignosulphonate" is used to refer to the material produced as a
      by-product in the digestion of wood pulp. During this digestion with an
      inorganic bisulphite, lignosulphonates are formed, and some of the
      hemi-cellulose is converted to carbohydrates. The liquor formed may be
      spray-dried to give a solid material, or concentrated to a liquor of a
      particular solids concentration. In some cases, a purer material is formed
      by separating the carbohydrate or sugar material from the crude liquor.
      The lignosulphonate in liquor form is also known as "waste sulphite lye".
      Lignosulphonates can be obtained readily in solid or liquid form, and are
      derived from the use of one of the following bisulphites: ammonium,
      calcium, magnesium and sodium. The lignosulphonate when dispersed in water
      will normally give an acid pH, and can therefore be used in the
      neutralisation of the alkaline catalyst in the aqueous solution of a
      phenol-formaldehyde condensate. Some lignosulphonates formed by the use of
      sodium bisulphite are in fact alkaline and cannot be used in the process
      of this invention.
PAR  The assessment as to whether a particular lignosulphonate source can be
      used as a neutralising agent will of course depend on its acidity. This
      can be measured in terms of the acid equivalent, in other words the
      quantity of SO.sub.3 H groups present in the sulphonated molecules e.g.
      the reported acid equivalent value for a commercial source of ammonium
      lignosulphonate sold under the trade name Totanin is 400 to 500. We find
      that we can select suitable materials by measuring the pH value of
      solutions of the lignosulphonate material made up so as to contain 10%
      solids. The values obtained will vary according to the source, and in some
      cases, with changes in the nature of the wood being pulped. It is clearly
      impossible with a natural raw material made under varying conditions to
      define completely all the possible variations but as a general guide, we
      find it preferable to select a source which provides a material which in
      the form of a solution containing 10% solids has a pH in the range 3.5 to
      4.5. This does not mean that materials outside this range cannot be used
      as long as they are acidic, but problems may be encountered in combating
      the effect of either too little or too much lignosulphonate material in
      the final binder composition, with a resultant effect on the binder
      setting time.
PAC  SUMMARY OF THE INVENTION as the
PAR  In its broadest aspect, our invention is directed to a process for forming
      a binder composition (of the kind described above) in which an A stage
      phenol-aldehyde condensate is used as the resin in the binder and is
      produced in the presence of an alkali metal or alkaline earth metal
      hydroxide ad catalyst and t he catalyst is neutralised by an acidic
      material characterised in that the acidic material used to neutralise the
      catalyst is an acidic lignosulphonate, additional acidic material as free
      acid being added when necessary to complete the neutralisation.
PAR  Neutralisation of the catalyst is normally carried out prior to dilution of
      the condensate to form the binder composition, and the neutralisation step
      of this invention can be carried out at that stage. The dilution of the
      condensate with water to form the binder composition, is normally referred
      to as the binder mixing stage. Various additives can be added at this
      stage e.g. silanes as coupling agents, urea as an extender, mineral oils
      as fibre lubricants and ammonium sulphate. We have found that the
      utilisation of a lignosulphonate material wholly or partially as the
      neutralising agent enables the resin to be added at the binder mixing
      stage to the binder mixing vessel in an un-neutralised form and the
      catalyst to be neutralised during such mixing. We find it essential when
      using phenol containing impurities to form the resin to ensure that the
      acidic lignosulphonate is added before the dilution of the resin with
      water.
PAR  Our invention therefore also includes a binder composition for glass fibres
      in which the catalyst present during the formation of the binder resin has
      been neutralised wholly or in part by an acidic lignosulphonate material.
PAR  There is also further provided, in our present invention, in a process for
      forming an aqueous solution of an A stage phenolic condensate, which
      process comprises the steps of first reacting a phenol with formaldehyde
      (the formaldehyde being an aqueous solution) in the presence of an alkali
      metal or alkaline earth metal hydroxide as catalyst, and secondly when
      reaction to the A stage is completed of neutralising the reaction mixture
      to a pH in the range 6.5 to 7.5 with a mineral or organic acid, the
      improvement of wholly or partially replacing the mineral or organic acid
      with an acidic lignosulphonate or liquor containing such material.
PAR  The invention is applicable not only to the neutralisation of the alkaline
      catalyst used during the simple condensation of a phenol with an aldehyde,
      but also to the amino-plasts formed in the presence of one or more
      amino-compounds. The terms "phenol-aldehyde condensate" and
      "phenol-formaldehyde condensate" when used in this specification are
      therefore used to refer also to these other condensates which are also
      sometimes referred to as co-polymer or ter-polymer resins.
PAR  We prefer to utilise an ammonium lignosulphonate in solid of liquor form as
      the acidic lignosulphonate, as using such a material one can dispense, if
      desired, with the normal further addition of ammonium sulphate to the
      binder composition. Ammonium sulphate is added at this stage to assist the
      further curing of the binder.
PAR  According to another aspect of our invention, there is provided a process
      for manufacturing a binder composition for glass wool fibres, which
      contains as a resin in the binder a phenol-formaldehyde condensate, in
      which the resin is added to a vessel in which the binder is mixed, in an
      un-neutralised state, and is neutralised while the binder is being mixed
      wholly or partially by the presence of an acidic lignosulphonate, or a
      liquor containing such a lignosulphonate.
PAR  Our invention also results in an improved method for producing a glass
      fibre product which includes the steps of flowing a plurality of streams
      of molten glass, attenuating the streams to a desired fibre diameter by
      means of a high velocity gaseous blast, projecting the fibres onto a
      conveyor, treating them with a binder composition (before they are
      collected on the conveyor), and conveying the collected fibres and
      associated binder through a curing stage the resultant cured binder
      bonding the fibres to one another at points of contact, an alkaline
      catalyst having been used in forming the binder resin, characterised in
      that an acidic lignosulphonate is utilised in the neutralisation of such
      catalyst.
PAR  The lignosulphonate can either be added as a powder, or in the form of a
      concentrated solution in water (we prefer when using a solution to use a
      concentration of the order of 50% wt solids). The quantity used should be
      such that in the final binder solution the % of the solids content of the
      binder due to lignosulphonate should not fall below 10% nor exceed 20%,
      all percentages being based on the binder solids content equalling 100%.
PAR  Calcium lignosulphonate can be obtained in the form of a liquor containing
      53% solids and is supplied under the description calcium lye by A/S Toten
      Cellulosefabrik, Nygard St., Oslo, Norway. It is also available in powder
      form.
PAR  Magnesium lignosulphonate can be obtained in solid form, or as a liquor.
PAR  In the case of sodium lignosulphonate as well as ensuring that the material
      has an acid pH, it is also essential that the concentration of sodium ions
      in the material should be less than 20% (measured on 100% solids), so as
      to avoid any subsequent effect on the weathering properties of any product
      formed using a binder formulated with a resin treated with the
      lignosulphonate.
PAR  We have measured the pH values of solutions containing 10% solids of
      various available sodium lignosulphonates, and the sodium ion
      concentration of the same materials as % on 100% solids obtaining the
      following results
TBL                  pH   Na ion Concentration                                 

                          % on 100% solids                                     

     ______________________________________                                    

     Source A (53% solids liquor)                                              

                       4.3    9.4                                              

     Source B (15% solids liquor)                                              

                       1.5    12.8                                             

     Source C (8% solids liquor)                                               

                       7.5    27.0                                             

     ______________________________________                                    

PAR  It is clear that a lignosulphonate such as that obtainable from source C is
      not an acidic lignosulphonate for use in the process of the present
      invention as it has a pH of 7.5. The apparent anomaly between sources A
      and B that the material with a lower pH has a higher sodium ion
      concentration is due to the difference in numbers of --SO.sub.3 H groups.
      Even more care is needed in selecting a suitable sodium lignosulphonate if
      sodium hydroxide is to be used as catalyst for the condensation. It is
      essential that the final total of sodium ions as % on 100% binder solids
      does not exceed 20% and is preferably substantially less than 20%. This
      means that source A would be preferred.
PAR  The lignosulphonate as indicated above can be used as a whole or partial
      replacement for mineral or organic acids as can the preferred ammonium
      lignosulphonate.
PAR  We prefer to avoid the use of an acid such as sulphuric acid when using
      calcium hydroxide as a catalyst so as to avoid the formation of large
      particles of calcium sulphate even though with partial replacement with an
      acidic lignosulphonate, the quantity of this material formed will be
      reduced, and the lignosulphonate will act as a dispersing agent. As
      indicated in U.K. Patent Specification No. 1,285,938 phosphoric acid can
      be convenient to use because of its beneficial effect on curing
      characteristics. The strong mineral acids in general should be used with
      care as they can cause degradation of the resin.
PAR  The quantity of lignosulphonate used can be conveniently chosen on the
      basis of its subsequent presence in the binder solution as a binder
      extender and as indicated above we prefer to use sufficient
      lignosulphonate to give in the final binder solution not less than 10% of
      the final binder solids content. As described in our U.K. Patent
      Specification No. 1,316,911 and 1,293,744, the use of a combination of
      urea and a lignosulphonate in the binder solution can enable one to
      control the binder setting or gel time. The choice of how much free acid
      can be replaced by an acidic lignosulphonate can therefore be based on the
      quantity of lignosulphonate desired in the final binder composition. If
      e.g. the binder composition contains 15% solids, and of this 15% solids
      urea is e.g. 5%, the resin is 75% and the lignosulphonate is 20%, then
      sufficient lignosulphonate must be added at the neutralisation stage to
      achieve this in the final product. In the case where this is insufficient
      to bring the pH to a value in the desired pH range e.g. 6.5 to 7.5 then a
      free acid such as phosphoric acid is added to achieve the final adjustment
      of pH.
PAR  On the other hand, if the required amount of lignosulphonate will result in
      a pH below 7.5 there is no need to add free acid to obtain the correct pH.
      We prefer to avoid adding to the binder composition an amount of
      lignosulphonate equivalent to more than 20% of the solids content of the
      binder mixture.
PAR  The A stage condensate can be a partial condensation product of any
      suitable phenol with any suitable aldehyde. A stage condensates or resoles
      are discussed in Martin, The Chemistry of Phenolic Resins, John Wiley &
      Sons, New York 1956. As an A stage condensate or resole curable to an
      infusible material is needed, phenol itself i.e. hydroxy benzene is
      preferably employed. Formaldehyde is preferred as the aldehyde because of
      the greater simplicity of its chemical reactions with a phenol and for
      economic reasons.
PAR  The mol ratio of phenol to formaldehyde is preferably chosen in the range 1
      mol phenol to 2 to 3.7 mols formaldehyde, the upper end of the
      formaldehyde range being used when other reactants such as urea and/or
      dicyandiamide are present in the reaction mixture. We prefer to avoid an
      excess of formaldehyde and to keep as low as possible the quantity of
      phenol present in the final binder composition formed from the resin. The
      quantity of catalyst required is conveniently based on the quantity of
      phenol used, and will vary according to the alkaline catalyst chosen e.g.
      in the case of barium hydroxide, the range can be 4% to 12% and calcium
      hydroxide 1/2% to 4% and sodium hydroxide 1% to 4%. We have found that
      utilising a lignosulphonate material at the binder mixing stage to both
      neutralise and extend the resin, makes it feasible to use on a regular
      commercial scale if desired, sodium hydroxide as a catalyst, despite the
      fact that as indicated above, this material is usually avoided on a
      commercial scale. We believe that the presence of the lignosulphonate
      material, and the relatively smaller quantities of phenol used in forming
      the resin, have substantially removed the problems previously associated
      with the use of sodium hydroxide in forming the resin to be used in making
      binders for glass wool products.
PAR  Our development work using lignosulphonates as extenders and modifying
      materials for sodium catalysed A stage phenol formaldehyde resins has
      shown that these lignosulphonates appear to behave as sequestering agents
      for the sodium ion in the mixed binder solution.
PAR  In order to demonstrate that sodium hydroxide can be used satisfactorily
      two binders have been prepared based on a sodium hydroxide catalysed
      resin. In one case the resin is neutralised with totanin and in the other
      with sulphuric acid. Rod adhesion tests carried out in the manner
      described below gave the following results.
TBL  ______________________________________                                    

                        Initial After                                          

                        Adhesion                                               

                                Humidity                                       

                        Grammes Grammes                                        

     ______________________________________                                    

     Sodium Catalysed A stage phenol                                           

                          246       193                                        

     formaldehyde resin - alone                                                

     Sodium Catalysed A stage                                                  

                          344       232                                        

     resin 60% + Totanin 40%                                                   

     ______________________________________                                    

PAR  It can be seen that the use of Totanin to neutralise the catalyst has
      depressed the effect of the sodium ions, in addition these tests were
      carried out in the absence of silane.
PAR  We have found that the weathering properties of the material tends to
      become unsatisfactory if the pH is approaching neutral or on the alkaline
      side of neutral.
PAR  A single hole alloy crucible containing molten glass is used to draw a
      monofilament by means of a drum rotating at 3000 r.p.m. The temperature of
      the bushing is allowed to rise to such an extent that the diameter of the
      fibre is equal to 0.004 inch (keeping the glass level in the bushing
      constant). The fibre is then drawn over a pad onto the drum so that a
      series of bundles or rods containing 3000 fibres is made. The pad is kept
      moist by spooning the resin mix onto it. For each binder mix 10 rods are
      run. The rods are taken off the drum, dipped in the binder mix and then
      left to drip for an hour. The rods are then cured in an oven at
      220.degree.C for 5 minutes. They are then divided into two, one half is
      reversed and then cut into two halves. One half is tested to find the
      breaking strengths of the rods. 15 readings are taken and the average is
      noted. The other half of the rods are put into a humidity cabinet for 1
      hour. The temperature of the cabinet is 50.degree.C and a tray in the
      bottom of the cabinet contains a saturated solution of potassium sulphate.
      The breaking strength of these rods is then determined, again 15 readings
      are taken and the average is noted. The % difference between the breaking
      strength of the unweathered sample and that of the weathered sample is
      known as the % weathering loss.
PAR  Comparative rod adhesion tests on various forms of sodium lignosulphonate
      waste liquor showed that the more concentrated material was the best
      source, but other sources could provide useable material, but that the
      material containing 27% sodium ion (based on 100% solids) was inferior in
      performance to the other materials.
PAR  The above figures have been obtained at the same binder content without the
      addition of coupling agents (silanes) added to the binder in the normal
      way. Without these materials the bond is more subject to humidity attack.
PAR  As indicated above phenol can be used in the form of a crude material
      containing cresols as impurities. One such material had the following
      analysis.
TBL  ______________________________________                                    

     Phenol             81%                                                    

     O-Cresol           15%                                                    

     m/p Cresol          3%                                                    

     unidentified        1%                                                    

     ______________________________________                                    

PAL  We believe that utilising lignosulphonate material at the neutralisation
      step makes it possible to use similar materials to the above as a phenol
      source. They can of course be used blended with synthetic phenol to reduce
      the amount of impurity. Care should be taken to evaluate each source on
      its merits in case trace materials may interfere with the bonding
      properties of the eventual binder composition e.g. high levels of cresylic
      acid must be avoided.
PAR  The actual conditions chosen for the formation of an A stage condensate of
      a phenol and an aldehyde are well known in the art.
PAR  The condensation reaction is normally carried out by heating the reactants
      together under agitation, the heating being for several hours at a series
      of increasing temperatures e.g. 2 hours at 110.degree.F, 2 hours at
      137.degree.F and finally 1 hour at 147.degree.F. The procedure in U.K.
      Patent Specification No. 932,690 is 3 hours at 110.degree.F, 4 hours at
      125.degree.F, and 6 hours at 140.degree.F. In the case of calcium
      hydroxide due to the exothermic nature of the reaction, as indicated in
      U.K. Patent Specification No. 1,285,938 the reactants without the catalyst
      may be first heated to about 100.degree.F and then allowed to rise to
      125.degree.F over 60 minutes, the CaO being added over 15 minutes. The
      subsequent reaction conditions in U.K. Patent Specification No. 1,285,938
      were then similar to those used with other catalysts.
PAR  In order to illustrate the neutralisation step of the present invention, a
      series of A stage resin condensates were prepared. The condensates
      illustrate the preparation of both simple phenol formaldehyde condensates
      and co-polymer condensates in the presence of urea. Condensates were
      prepared using as catalyst, barium hydroxide, sodium hydroxide, calcium
      hydroxide.
PAC  Condensate I
PAR  The mol ratio of the reactants used was as follows:
TBL  Phenol             1 mol                                                  

     Formaldehyde       2.7 mol                                                

     Polyethylene glycol                                                       

                        0.005 mol                                              

     (as Union Carbide                                                         

     Carbowax 600)                                                             

     Urea               1 mol                                                  

     Barium hydroxide   0.045 mol                                              

PAL  In making up the condensate the following quantities of reactants were
      used:
TBL  Phenol              230       gallons                                     

     Formaldehyde 37% w/w                                                      

                         500       gallons                                     

     Urea                1530      lbs                                         

     Polyethylene glycol 78        lbs                                         

     (Carbowax 600)                                                            

     Barium hydroxide pentahydrate                                             

                         300       lbs                                         

PAR  The phenol and formaldehyde were mixed together in a reaction vessel, and
      the catalyst added. The reaction was allowed to proceed at 115.degree.F
      for 2 hours. The temperature was then raised to 145.degree.F for 2 hours.
      The polyethylene glycol was then added. The temperature was then raised to
      165.degree.F and the reaction mixture held at that temperature for 1 hour.
      The urea was then added over 15 minutes, and the reaction continued at
      165.degree.F for a further 30 minutes. The condensate is then cooled to
      100.degree.F for neutralisation.
PAC  Condensate II
PAR  The mol ratio of reactants used was
PA1  1 mol phenol
PA1  2.05 mols formaldehyde
PA1  0.045 mols barium hydroxide pentahydrate
PAR  In making up a batch of resin the following quantities of reactants were
      used.
TBL  ______________________________________                                    

     Phenol             168 gallons                                            

     Formaldehyde 37% w/w                                                      

                        284 gallons                                            

     Barium hydroxide pentahydrate                                             

                        230 lbs                                                

     ______________________________________                                    

PAR  The catalyst was added to the phenol and formaldehyde mixture in a reaction
      kettle, and the temperature raised to 110.degree.F for 2 hours. The
      temperature of the reaction mixture was then raised to 137.degree.F for 2
      hours and after that time to 147.degree.F for 1 hour. The condensate
      formed is then cooled to 100.degree.F for neutralisation.
PAC  Condensate III
PAR  A condensate was prepared usingn reactants in the following mol ratios:
PA1  1 mol Phenol
PA1  1 mol Urea
PA1  2.7 mols Formaldehyde 37% w/w solution
PA1  0.7 mol Ca (OH).sub.2
PAL  In making up a batch of resin the following quantities of reactants were
      used:
TBL  Phenol        200          gallons                                        

     Formaldehyde  440          gallons                                        

     Urea          1340         lbs                                            

     Ca(OH).sub.2  115          lbs                                            

PAR  The phenol and formaldehyde were mixed in a reaction kettle provided with
      cooling means. The catalyst was added and the heat produced by its
      addition absorbed by cooling. Once all the catalyst had been added the
      temperature was raised to 115.degree.F, and held at that temperature for 2
      hours. The temperature was then increased to 145.degree.F for 2 hours, and
      then to 165.degree.F for 1 hour. At this point the urea was added and the
      temperature held at 165.degree.F for a further 30 minutes. The resin was
      cooled to 100.degree.F for neutralisation.
PAC  Condensate IV
PAR  A condensate was prepared using reactants in the following mol ratios:
PA1  1 mol Phenol
PA1  2.7 mols Formaldehyde
PA1  1 mol Urea
PA1  0.045 mol Sodium hydroxide
PAR  In making up a batch of resin the following quantities of reactants were
      used:
TBL  Phenol           345         gallons                                      

     Formaldehyde     750         gallons                                      

     Urea             2,300       lbs                                          

     NaOH (46% solution)                                                       

                      10          gallons                                      

PAL  Same reaction cycle as condensate III.
PAC  Condensate V
PAR  A condensate was prepared using reactants in the following mol ratios:
PA1  1 mol Phenol
PA1  3.2 mols Formaldehyde
PA1  0.045 mol Sodium hydroxide
PAR  In making up a batch of resin the following quantities of reactants were
      used:
TBL  Phenol             255 gallons                                            

     Formaldehyde       660 gallons                                            

     NaOH (46% solution)                                                       

                        7.5 gallons                                            

PAL  The phenol and formaldehyde were mixed in a reaction kettle provided with
      cooling means. The catalyst was added and the heat produced by its
      addition absorbed by cooling. Once all the catalyst had been added the
      temperature was raised to 110.degree.F and held at that temperature for 2
      hours. The temperature was then increased to 145.degree.F and held for 2
      hours then raised to 167.degree.F and held for 11/2 hours. The resin was
      then cooled for neutralisation.
DETD
PAR  The following examples illustrate but do not limit the invention. The pH
      values for the lignosulphonates are as measured for a 10% solids solution.
PAC  EXAMPLES
PAR  Examples I to V illustrate the neutralisation of the alkaline catalyst at
      the end of the condensation and before dilution to form the binder
      composition. In all cases the condensates after neutralisation utilising
      an acidic lignosulphonate as the sole acidic material or in conjunction
      with a free acid as indicated in the examples were used to make up a
      binder composition for application to glass wool. The performance of the
      final product was in all cases comparable to that obtained when using as a
      binder composition one in which the resin had been prepared in the
      presence of barium hydroxide, and sulphuric acid used as a neutralising
      agent for the catalyst.
PAC  EXAMPLE I
PAR  All three resins as prepared above were treated with an ammonium
      lignosulphonate known under the trade name "Totanin"  with a pH 3.5. The
      neutralisation was carried out so as to achieve a pH of 7.2. The quantity
      used in each case was calculated so as to achieve in a final binder
      composition a solids content made up of 70% resin, 15% lignosulphonate and
      15% urea, the urea being added at the stage of mixing the binder. It was
      found that the quantity of lignosulphonate needed to achieve this solids
      content in the binder composition was of the order of 870 lbs made up as a
      50% solution in water. In each case the ammonium lignosulphonate was added
      to the condensate ready for neutralisation, the pH was then checked and
      found to be of the order of 7.7 and the final adjustment to pH 7.2 was
      made by adding phosphoric acid. The appearance of the neutralised
      condensate solution after being allowed to stand for 120 hours at
      40.degree.F is indicated in the table below:
TBL  Condensate I Stable solution no precipitation                             

     Condensate II                                                             

                  "                                                            

     Condensate III                                                            

                  "                                                            

PAC  EXAMPLE II
PAR  The experiments of Example I were repeated replacing ammonium
      lignosulphonate with calcium lignosulphonate liquor having a pH of 4.6,
      and the results obtained showed no difference in performance. The liquor
      was of 53% solids liquor and the quantity used was of the order of 1640
      lbs of that liquor. Phosphoric acid was again used for the final
      adjustment.
PAC  EXAMPLE III
PAR  The experiments of Example I were repeated using magnesium lignosulphonate
      in place of ammonium lignosulphonate in the form of a liquor having a pH
      of 4.7. The quantity required was 1740 lbs of a 50% solids solution, and
      the results obtained indicated a performance of the same order as that
      obtained with ammonium lignosulphonate in Example I. Phosphoric acid was
      used for the final adjustment.
PAC  EXAMPLE IV
PAR  The experiments of Example I were repeated using a sodium lignosulphonate
      liquor having a pH of 2.7 in place of ammonium lignosulphonate The
      quantity required was of the order of 1740 lbs of a 50% solids solution
      and the results obtained were satisfactory. Phosphoric acid was again used
      for the final pH adjustment.
PAC  EXAMPLE V
PAR  Example I was repeated with one small change, namely the substitution of
      organic acids for phosphoric acid. It was found using both formic and
      acetic acid that each resulted in a slight deposit on standing. The
      deposit however was less than the quantity that would remain in suspension
      during further processing, and application to the product.
PAR  Examples VI to IX illustrate the neutralization of the alkaline catalyst at
      the binder mixing stage. There are two procedures for mixing a binder, one
      illustrated in Example VI and the other in Example VIII. As in the case of
      Examples I to V application of the binder compositions prepared in this
      manner to glass wool to form a bonded product resulted in a product of a
      comparable standard.
PAC  EXAMPLE VI
PAR  In the formation of a binder according to the invention a resin was first
      prepared as in Condensate II. The quantity used in the binder was
      calculated to achieve in the final bonding solids composition a proportion
      of resin 70%, lignosulphonate 15% and urea 15%. The resin can be
      neutralised with lignosulphonate prior to binder manufacture in the
      proportion equivalent to the above ratio found in the final binder
      composition, or alternatively the individual batch quantity of
      un-neutralised resin may be neutralised at binder manufacture as
      illustrated below. The ammonium lignosulphonate is in the form of a
      liquid, either Totanin dissolved in water or a lye of 50% solids content.
PAR  The quantities of materials used in making up one batch of binder are as
      follows:
TBL  45   gallons resin                 540  lbs                               

     9    gallons ammonium lignosulphonate solution                            

                                        112  lbs                               

                  (50% solids)                                                 

     3    gallons ammonium solution SG 0.880                                   

                                        26   lbs                               

     5    oz      A1120 silane (Union Carbide)                                 

                                        0.31 lb                                

     56   lb      urea powder           26   lbs                               

     10   gallons emulsified oil (40% concentrate)                             

                                        90   lbs                               

     240  gallons make-up water         2400 lbs                               

PAL  Such a binder comprises 12% by weight of solids of which 70% is resin, with
      15% ammonium lignosulphonate and 15% urea.
PAR  The binder cmposition was prepared as follows:
PAR  A mixing tank with a propeller-type agitator was charged with 45 gallons
      resin prepared as Condensate III. To this was added 9 gallons ammonium
      lignosulphonate solution (50% solids). To this was further added the
      ammonia solution and the silane solution as set out in the formulation. A
      separate mixing vessel with propeller-type agitator was charged with 240
      gallons of water and to this was added 56 lb urea powder. The contents of
      the first tank containing the resin and additives was then transferred to
      the second tank containing the diluent water. Finally, when the two
      solutions were mixed 10 gallons of emulsified mineral oil was added. The
      binder pH was 9.5 and the binder comprised 12% by weight of solids of
      which 70% was resin with 15% ammonium lignosulphonate and 15% urea. This
      method of mixing must also be used with a resin containing crude phenol as
      illustrated in Example X.
PAC  EXAMPLE VII
PAR  Similar results are obtained using a resin prepared as Condensate I or
      Condensate IV.
PAC  EXAMPLE VIII
PAR  A further binder can be prepared using the Condensate V neutralised with
      lignosulphonate as described in Example I. The binder composition was
      prepared as follows:
PAR  A mixing tank with a propellor-type agitator was charged with 45 gallons
      resin prepared as Condensate V. To this is added ammonia and silane
      solutions. A separate mixing tank with propeller-type agitator was charged
      with 288 gallons of water and to this was added 62 lb urea powder followed
      by 27 gallons of ammonium lignosulphonate solution (50% solids). The
      contents of the first tank containing resin was added to the second tank
      and finally the addition of 10 gallons emulsified oil. The binder pH was
      8.4 and the binder comprised 12% by weight of solids of which 45% is resin
      with 40% ammonium lignosulphonate and 15% urea. The quantities of material
      used for one binder batch are as follows:
TBL  45   gallons resin                 510  lbs                               

     27   gallons ammonium lignosulphonate solution                            

                                        328  lbs                               

                  (50% solids)                                                 

     3    gallons ammonium solution SG 0.880                                   

                                        26   lbs                               

     5    oz      A1120 silane (Union Carbide)                                 

                                        0.31 lb                                

     62   lbs     urea powder           62   lbs                               

     10   gallons emulsified oil (40% concentrate)                             

                                        90   lbs                               

     288  gallons make-up water         2880 lbs                               

PAL  Such a binder comprises 12% by weight of solids of which 45% is resin with
      40% ammonium lignosulphonate and 15% urea.
PAC  EXAMPLE IX
PAR  This example illustrates the use of a source of phenol having the following
      analysis by fractional distillation:
TBL  Fraction                                                                  

     ______________________________________                                    

     Water                9%                                                   

     Phenol              57%                                                   

     Cresols             23%                                                   

     Residual Tars       11%                                                   

     ______________________________________                                    

PAL  Two resins were made using this material replacing part of the synthetic
      phenol used with the crude material.
PAL  In the case of the first resin, the quantities used were as follows:
TBL  Phenol            0.8 moles  10.4 gallons                                 

     Formaldehyde (37% solution)                                               

                       2.7 moles  28.5 gallons                                 

     Crude phenol      0.2 moles   2.6 gallons                                 

     Urea              1 mole     87 lbs                                       

     Calcium hydroxide 0.079 moles                                             

                                   8 lbs                                       

     Ammonium lignosulphonate     56 lbs                                       

PAR  The catalyst was added to the formaldehyde, phenol and crude phenol and the
      following heating cycle used:
PA1  2 hours at 46.degree.C
PA1  2 hours at 63.degree.C
PA1  1 hour at 74.degree.C
PAR  The urea was then added to the reaction mixture over 15 minutes, and the
      reaction mixture then held at 74.degree.C for 30 minutes. The ammonium
      lignosulphonate was then added as the resin cooled. The resin was used to
      form a 12% binder composition and compared in the rod adhesion test with a
      standard binder made solely with synthetic phenol. The results were as
      follows:
TBL              Before                                                        

                       After     Binder                                        

                                      Gel                                      

     Binder      Weathering                                                    

                       Weathering                                              

                             Loss                                              

                                 Content                                       

                                      Time                                     

     __________________________________________________________________________

     Standard Binder as                                                        

                 426 gms                                                       

                       417 gms                                                 

                             2.1%                                              

                                 6.6% 197 secs                                 

     described in Example                                                      

     I of U.K. 1,316,911                                                       

     except the calcium                                                        

     lignosulphonate                                                           

     was replaced by                                                           

     Ammonium ligno-                                                           

     sulphonate.                                                               

     Binder using some                                                         

                 449 gms                                                       

                       445 gms                                                 

                             1.0%                                              

                                 6.6% 172 secs                                 

     crude phenol(A)                                                           

     __________________________________________________________________________

PAL  The second resin was made in a similar manner, except the crude phenol
      content was increased to 0.4 mols 5.6 gals, and the synthetic phenol
      content reduced to 0.6 mols 8.4 gallons. The results of the rod adhesion
      test were
TBL              Before    After           Binder                              

     Binder      Weathering                                                    

                           Weathering                                          

                                     Loss  Content                             

     ______________________________________                                    

     Standard    404 gms   407 gms    0%   5.4%                                

     Binder using some                                                         

                 415 gms   411 gms   1.0%  6.1%                                

     crude phenol (B)                                                          

     ______________________________________                                    

PAL  The first resin when used in a binder applied to glass fibre gave the
      following results for parting strength (compared with a standard binder):
TBL           Parting Strength                                                 

                Before    After     Strength                                   

                                           Binder                              

     Binder     Weathering                                                     

                          Weathering                                           

                                    Loss   Content                             

     ______________________________________                                    

     Standard binder                                                           

                0.57 lb/gm                                                     

                          0.38 lb/gm                                           

                                    31.7%  6.2%                                

     as                                                                        

     described above.                                                          

     Binder using crude                                                        

                0.60 lb/gm                                                     

                          0.31 lb/gm                                           

                                    48.0%  5.2%                                

     phenol (A)                                                                

     ______________________________________                                    

PAL  The binder in which a crude phenol source has been used in forming the
      resin for the binder can be seen to produce when applied to glass fibres a
      product whose strength before and after weathering is at an acceptable
      level since the weathering loss in an acceptable product should always be
      less than 50%.
PAR  It was found impossible to produce a resin using the above source of phenol
      with conventional methods of neutralising the catalyst, as the water
      tolerance of the resin was not satisfactory. By water tolerance is meant
      the amount of resin that can be diluted with water before separation of
      resin occurs, the figure is given in terms of the maximum amount of water
      which can be added to 10 parts of resin e.g. 10 parts of resin to 20 parts
      of water giving a total of 30 parts and is known as a dilution of 10/30.
      It was found that in comparison with the present acceptable level for a
      standard resin of 10/30, a resin incorporating 20% crude phenol of the
      above analysis when neutralised with sulphuric acid had a dilution of
      10/20 i.e. the maximum amount of water which could be added to 10 parts of
      resin was 10 parts of water, but when neutralised at the end of the A
      stage condensation with lignosulphonate, had an infinite dilution i.e. the
      resin was totally mixable with water at any concentration needed.
PAR  The production of glass fibres bonded with the binder compositions of the
      invention may be carried out in apparatus of the kind illustrated in the
      attached drawing. The arrangement used to feed and fiberise the glass is
      now shown, but the fibres are produced by feeding a stream of molten glass
      in a conventional manner to a spinner which is rotated so that the molten
      glass is forced against an orificed peripheral wall of the spinner by
      centrifugal force, so that the molten glass is extruded through the
      orifices in the wall. The spinner is surrounded by an annular combustion
      chamber which is shaped so as to direct hot gases from the combustion
      downwardly across the peripheral wall. The hot gases maintain the extruded
      streams of glass in a softened condition. A high velocity stream blast is
      also directed at the streams of glass so as to attenuate them into fine
      fibres. The attenuated fibres fall below the spinner in the form of a
      hollow or tubular veil and pass down into a fibre distributor 1, which is
      oscillated to and fro by an oscillating mechanism 2. The fibres fall past
      spray guns 3 which spray the binder composition on to the falling fibres.
      The fibres fall between movable walls 4 through a space 4A onto a conveyor
      7 which moves in a direction at right angles to the plane of the drawing.
      A mat 9 of fibres is formed on the conveyor, the oscillation of the fibre
      distributor 1 ensuring that the fibres are distributed uniformly across
      the conveyor. A housing 10 is located below the conveyor forming a suction
      chamber 8. The mat of binder-coated fibres collected on the conveyor is
      usually at a temperature of between 200.degree. to 250.degree.F and before
      coating with the binder composition is perhaps at a temperature of about
      500.degree. to 600.degree.F. At such temperatures some of the binder resin
      tends to decompose on contacting the fibre, and the reduced amount of
      phenol in the resin and the presence of a lignosulphonate assists in
      reducing the amount of steam volatile materials and decomposition products
      which contaminate the exhaust air from the suction chamber.
PAR  The mat of fibres and uncured binder passes on the conveyor through an oven
      at about 400.degree.F so as to achieve the curing of the binder. If
      necessary at this stage the mat on the conveyor can be compressed so that
      a board-like product is produced.
PAR  Each wall 4 is constituted by a number of plates 4C hinged together to form
      an endless band mounted on rollers (not shown) fixed on axles 6 spaced
      apart in the direction of travel of the conveyor 7, the axles 6 being
      driven by mechanisms 5, as shown. The lower part 4B of each wall 4 is in
      contact with an edge of the mat 9 so that the edges of the mat are made
      regular in shape.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for producing a glass fibre product which includes the steps
      of flowing a plurality of streams of molten glass, attenuating the streams
      to a desired fibre diameter by means of a high velocity gaseous blast,
      treating the fibres with a binder composition comprising an A stage
      phenol-aldehyde condensate resin which resin has been polymerised in the
      presence of a catalyst selected from the group consisting of an alkali and
      an alkaline earth metal hydroxide, projecting the fibres onto a conveyor,
      and conveying the binder coated fibres through a curing stage whereby said
      binder is cured and said fibres are bonded to one another at points of
      contact, the improvement comprising utilising an acidic lignosulphonate to
      neutralise at least part of the alkali or alkaline earth metal hydroxide
      catalyst of said resin by adding said acidic lignosulphonate to said resin
      at a pH above 7.5.
NUM  2.
PAR  2. In a method as claimed in claim 1 wherein the alkaline catalyst is
      selected from the group consisting of sodium hydroxide, calcium hydroxide
      and barium hydroxide.
NUM  3.
PAR  3. In a method as claimed in claim 2 wherein the A stage phenol-aldehyde
      condensate is a phenol-formaldehyde condensate.
NUM  4.
PAR  4. In a method as claimed in claim 2 wherein the condensate is a co-polymer
      resin containing at least one amino-compound.
NUM  5.
PAR  5. In a method resin containing at least one amino-compound is at least one
      of urea and dicyandiamide.
NUM  6.
PAR  6. In a method as claimed in claim 1 wherein the acidic lignosulphonate is
      selected from the group consisting of ammonium lignosulphonate, calcium
      lignosulphonate, sodium lignosulphonate and magnesium lignosulphonate,
      being materials which when formed as a 10% solids solution give a solution
      having a pH below 7.
NUM  7.
PAR  7. In a method as claimed in claim 6 wherein the quantity of
      lignosulphonate material used is in the range 10% to 20% of the total
      solids content of the binder applied to the fibre.
NUM  8.
PAR  8. In a method as claimed in claim 1, wherein additional free acid is
      utilised in neutralising the alkaline catalyst.
NUM  9.
PAR  9. In a method as claimed in claim 8 wherein the free acid is selected from
      the group consisting of sulphuric acid, formic acid, acetic acid and
      phosphoric acid.
NUM  10.
PAR  10. In a binder composition formed by diluting an A stage phenol-aldehyde
      condensate resin, wherein the A stage condensate is produced in the
      presence of an alkali metal or alkaline earth metal hydroxide as a
      catalyst and wherein the catalyst is neutralised by an acidic material,
      the improvement that at least part of the acidic material used to
      neutralise the catalyst is an acidic lignosulphonate added to said resin
      at a pH above 7.5.
NUM  11.
PAR  11. In a process for forming an aqueous solution of an A stage
      phenol-aldehyde condensate which process comprises the steps of reacting a
      phenol with an aqueous solution of formaldehyde in the presence of an
      alkali metal or alkaline earth metal hydroxide as a catalyst, and, when
      reaction to the A stage is completed, neutralising the reaction mixture to
      a pH in the range 6.5 to 7.5 with a mineral or organic acid, the
      improvement comprising at least partially replacing the mineral or organic
      acid with an acidic lignosulphonate or liquor containing such material.
NUM  12.
PAR  12. A glass fibre product in which the binder applied to the product
      contains as a resin, a condensate prepared as claimed in claim 11.
NUM  13.
PAR  13. A method as claimed in claim 1 wherein said acidic lignosulphonate is
      added to said A stage phenol-aldehyde condensate at the resin
      neutralisation stage and before the binder mixing stage.
NUM  14.
PAR  14. A method as claimed in claim 1 wherein said acidic lignosulphonate is
      added to said A stage phenol-aldehyde condensate at the binder mixing
      stage.
NUM  15.
PAR  15. A method as claimed in claim 1 wherein said phenol is a crude phenol
      contaminated with orthocresols.
NUM  16.
PAR  16. A method as claimed in claim 1 wherein said catalyst is sodium
      hydroxide.
NUM  17.
PAR  17. A method as claimed in claim 1 wherein said catalyst is calcium
      hydroxide.
NUM  18.
PAR  18. A method as claimed in claim 1 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is selected from the
      group consisting of barium hydroxide, sodium hydroxide and calcium
      hydroxide.
NUM  19.
PAR  19. A method as claimed in claim 1 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is sodium hydroxide.
NUM  20.
PAR  20. A method as claimed in claim 1 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is calcium hydroxide.
NUM  21.
PAR  21. A binder composition as claimed in claim 10 wherein additional mineral
      or organic acid as free acid is added to said A stage phenol-aldehyde
      condensate to complete neutralisation.
NUM  22.
PAR  22. A binder composition as claimed in claim 10 wherein said phenol is a
      crude phenol contaminated with orthocresols.
NUM  23.
PAR  23. A binder composition as claimed in claim 10 wherein said catalyst is
      selected from the group consisting of barium hydroxide, sodium hydroxide
      and calcium hydroxide.
NUM  24.
PAR  24. A binder composition as claimed in claim 10 wherein said catalyst is
      sodium hydroxide.
NUM  25.
PAR  25. A binder composition as claimed in claim 10 wherein said catalyst is
      calcium hydroxide.
NUM  26.
PAR  26. A binder composition as claimed in claim 10 wherein said phenol is
      crude phenol contaminated with orthocresols and said catalyst is selected
      from the group consisting of barium hydroxide, sodium hydroxide, and
      calcium hydroxide.
NUM  27.
PAR  27. A binder composition as claimed in claim 10 wherein said phenol is a
      crude phenol contaminated with orthocresols and said catalyst is sodium
      hydroxide.
NUM  28.
PAR  28. A binder composition as claimed in claim 10 wherein said phenol is a
      crude phenol contaminated with orthocresols and said catalyst is calcium
      hydroxide.
NUM  29.
PAR  29. A process as claimed in claim 11 wherein said acidic lignosulphonate is
      added to said A stage phenol-aldehyde condensate at the binder mixing
      stage.
NUM  30.
PAR  30. A process as claimed in claim 11 wherein said phenol is a crude phenol
      contaminated with orthocresols.
NUM  31.
PAR  31. A process as claimed in claim 11 wherein said catalyst is sodium
      hydroxide.
NUM  32.
PAR  32. A process as claimed in claim 11 wherein said catalyst is calcium
      hydroxide.
NUM  33.
PAR  33. A process as claimed in claim 11 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is selected from the
      group consisting of barium hydroxide, sodium hydroxide, and calcium
      hydroxide.
NUM  34.
PAR  34. A process as claimed in claim 11 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is sodium hydroxide.
NUM  35.
PAR  35. A process as claimed in claim 11 wherein said phenol is a crude phenol
      contaminated with orthocresols and said catalyst is calcium hydroxide.
NUM  36.
PAR  36. A method as claimed in claim 16 wherein the amount of sodium ions in
      said binder composition does not exceed 20 percent as percent on 100
      percent binder solids.
NUM  37.
PAR  37. A binder composition as claimed in claim 24 wherein the amount of
      sodium ions in said binder composition does not exceed 20 percent as
      percent on 100 percent binder solids.
NUM  38.
PAR  38. A process as claimed in claim 31 wherein the amount of sodium ions in
      said binder does not exceed 20 percent as percent based on 100 percent
      binder solids.
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ABST
PAL  Novel aqueous coating compositions comprising a water soluble or
      dispersible material prepared by addition reacting with at least one
      .alpha.,.beta.-unsaturated dicarboxylic compound a mixture of a natural
      drying oil and a specific liquid copolymer containing 1,3-pentadiene and
      1,3-butadiene polymerization units in a specific ratio by weight to form
      an addition product which is then neutralized to make it soluble or
      dispersible in water.
BSUM
PAR  This invention relates to a novel aqueous coating composition and more
      particularly it relates to a novel aqueous coating composition prepared
      from, as the main starting material, a mixture of at least one natural
      drying oil with a liquid copolymer of 1,3-pentadiene and 1,3-butadiene.
PAR  Attention has recently be given to an electrophoretic coating method as a
      preferred coating method and attempts have been made to enable rapidly the
      electrophoretic coating method to be put to industrially practical use. It
      is known that coating materials usable for electrophoretic coating include
      those which are obtained by modifying with maleic anhydride a natural
      drying oil such as linseed oil, safflower oil, dehydrated castor oil, tung
      oil or soyabean oil and then neutralizing the thus-modified oil to make it
      soluble in water. Aqueous coating materials thus obtained have heretofore
      been mainly used in the electrophoretic coating field. However, aqueous
      coating materials containing the vehicle prepared from natural drying oils
      are disadvantageous in that they will be somewhat inferior in throwing
      power when electrophoretically coated, they will be liable to run and sag
      when baked after coated into films and they will give coatings which are
      still soft and insufficiently hard even after baked. Thus, new aqueous
      coating materials without such disadvantages have eagerly been sought.
PAR  Attempts have recently been made to produce a substitute for natural drying
      oils, and various synthetic drying oils have already been developed. Such
      synthetic drying oils are illustrated by liquid 1,2-polybutadiene, liquid
      cis-1,4-polybutadiene, liquid trans-polypentadiene and the like. These
      polymers may be modified to produce aqueous coating materials in the same
      manner as in natural drying oils. However, even the aqueous coating
      materials containing the vehicle prepared from these synthetic drying
      oils, although affording some excellent advantages, and nevertheless
      display a number of disadvantages, and they are thus not necessarily
      considered fully satisfactory.
PAR  In an attempt to eliminate the disadvantages of the aqueous coating
      materials prepared from natural drying oils, the present inventors have
      tried, by blending various synthetic and natural drying oils, to find
      aqueous coating materials containing a vehicle prepared from natural and
      synthetic drying oils, in which coating materials the disadvantages of the
      natural and synthetic drying oils offset each other without losing the
      advantages thereof. However, an aqueous coating material containing the
      vehicle prepared from both liquid 1,2-polybutadiene and a natural drying
      oil is disadvantageous since such polybutadiene and oil are liable to form
      a gel when subjected to an addition reaction with an
      .alpha.,.beta.-unsaturated dicarboxylic acid and subsequent neutralization
      enable their solubilization in water, and the coating material when formed
      as a film is inferior in such film properties as flexibility and corrosion
      resistance. An aqueous coating material using therein a vehicle prepared
      from both a natural drying oil and liquid cis-1,4-polybutadiene, exhibits
      excellent film properties when formed as a film but is inferior in
      throwing power. In addition, an aqueous coating material using therein a
      vehicle prepared from both liquid trans-polypentadiene and a natural
      drying oil has excellent throwing power but is inferior in film properties
      such as flexibility and impact strength when formed as films. It has thus
      been found that these three aqueous coating materials do not necessarily
      exhibit satisfactory results.
PAR  The primary object of this invention is to provide an aqueous coating
      composition which is excellent in throwing power, drainage and water
      washability and is suitable as an electrophoretic coating material.
PAR  Another object of this invention is to provide an aqueous coating
      composition which when formed to films and baked will not cause runs and
      sag thereof.
PAR  Still another object of this invention is to provide an aqueous coating
      composition capable of forming films thereof having improved film
      properties or performance.
PAR  These objects of this invention may be attained by addition reacting with
      at least one .alpha.,.beta.-unsaturated dicarboxylic compound a mixture
      containing (1) 90-50 parts by weight of a natural drying oil and (2) 10-50
      parts by weight of a liquid copolymer having a number average molecular
      weight of from 500 to 5000 and containing 90-50% by weight of
      1,3-pentadiene polymerization units and 10-50% by weight of 1,3-butadiene
      polymerization units, the liquid copolymer being obtained by polymerizing
      a corresponding monomeric mixture of 1,3-pentadiene and 1,3-butadiene in
      the presence of a Friedel-Crafts type catalyst, thereby to form an
      addition product (adduct), neutralizing the adduct to make it soluble or
      dispersible in water and then using the soluble or dispersible material in
      the preparation of an aqueous coating composition.
PAR  The natural drying oils which may be used in this invention include those
      having an iodine value of at least 120 (as determined by the method
      prescribed in JIS (Japanese Industrial Standard) K-5400) such as linseed,
      soyabean, safflower, tung and dehydrated castor oils and further include
      polymerized linseed, soyabean and safflower oils obtained by the
      polymerization of the corresponding natural drying oils. 1,3-pentadiene
      and 1,3-butadiene are hereinafter sometimes referred to as "PD" and "BD",
      respectively. The PD-BD copolymers which may be used in this invention are
      liquid copolymers containing 90-50% by weight of the units derived from
      1,3-pentadiene and 10-50% by weight of the units derived from
      1,3-butadiene and having a number average molecular weight of 500-5000 and
      an iodine value of at least 250; they may, in addition to the units
      derived respectively from 1,3-pentadiene and 1,3-butadiene, contain small
      amounts (up to 20%) by weight of the units derived from other olefins,
      such as butene-1, isobutylene, isoprene, 2-methylbutene-2  and
      cyclopentene which are copolymerizable with 1,3-pentadiene and
      1,3-butadiene. Methods of preparing such copolymers are detailed in U.S.
      patent application Ser. No. 375,105/73, now U.S. Pat. No. 3,889,136,
      issued June 10, 1975. The presence of more than 90% by weight of
      1,3-pentadiene units in the copolymer will result in the production of an
      aqueous coating material which when formed to films will be inferior in
      film properties such as Erichsen value and Du Pont impact strength and, to
      the contrary, the presence of less than 50% by weight of 1,3-pentadiene
      will lead to the formation of gel in the preparation of the copolymer
      since in this case the polymerization units of 1,3-butadiene are
      accordingly increased in the copolymer whereby the copolymer is made
      undesirable as a material for the vehicle used for the preparation of the
      aqueous coating composition according to this invention.
PAR  According to this invention, a mixture of 90-50 parts, preferably 80-60
      parts, by weight of at least one natural drying oil and 10-50 parts,
      preferably 20-40 parts, by weight of the PD-BD copolymer, is provided as a
      material for the vehicle for the aqueous coating composition. In this
      case, the use of more than 90% by weight of the natural drying oil will
      lead to the production of an aqueous coating composition which does not
      fully eliminate the drawbacks of aqueous coating compositions containing a
      vehicle prepared from a natural drying oil, the drawbacks being
      illustrated by a poor throwing power found when the coating composition is
      electrodeposited, a run and sag caused when films formed of the
      composition are baked, and a low hardness of the baked films; on the other
      hand, the use of less than 50 parts of the natural drying oil will lead to
      the production of an aqueous coating composition which eliminates the
      aforesaid drawbacks but is not necessarily satisfactory in film properties
      such as Erichsen value and Du Pont impact strength.
PAR  In the practice of this invention, 100 parts by weight of a mixture
      containing at least one of the natural drying oils and the liquid PD-BD
      copolymer are reacted with 3-100 parts, preferably 3-40 parts, of at least
      one of the .alpha.,.beta.-unsaturated dicarboxylic compounds. When the
      natural drying oil is reacted with the .alpha.,.beta.-unsaturated
      dicarboxylic compound, gel formation sometimes results; according to this
      invention, on the other hand, when a mixture containing the natural drying
      oil and the liquid PD-BD copolymer is reacted with such a dicarboxylic
      compound, the components of the mixture are very easily reacted with each
      other without gel formation and the reaction terminates in a short time.
      Such features of this invention are made particularly apparent when the
      amounts of the .alpha.,.beta.-unsaturated dicarboxylic compound added, by
      the addition reaction, to 100 parts by weight of a mixture containing the
      natural drying oil and the PD-BD copolymer are not more than 40 parts by
      weight, and the features are attributed to the combined use of the natural
      drying oil and the PD-BD copolymer. However, the combined use of the
      natural drying oil and liquid cis-1,4-polybutadiene is liable to cause the
      formation of gel, and the combined use together with liquid
      1,2-polybutadiene is also liable to cause gel formation and the mixed
      material is disadvantageous in that it is less reactive in the addition
      reaction.
PAR  The .alpha.,.beta.-unsaturated dicarboxylic compounds which may be used in
      this invention are represented by the following general formula
      ##EQU1##
      wherein R and R' are each a hydrogen atom, halogen atom or alkyl group,
      and A and B are each a hydroxyl group, alkoxy group or --O-- together
      formed by A and B with the proviso that A and B can not each be an alkoxy
      group at the same time; and the suitable ones include those usually having
      not more than 8 carbon atoms, such as maleic acid, maleic anhydride,
      chloromaleic anhydride, citraconic anhydride, 1,2-diethylmaleic anhydride,
      monomethyl maleate and monoethyl maleate, among which maleic anhydride is
      the most recommendable from the view-point of economy and quality. The
      mixture of the natural drying oil and the liquid PD-BD copolymer is
      reacted with the .alpha.,.beta.-unsaturated dicarboxylic compound at
      50.degree.-300.degree.C, preferably 150.degree.-250.degree.C, for 5
      minutes - 10 hours, preferably 1-5 hours. If necessary, in this case,
      there may be used anti-gelling agents such as tertiary-amylhydroquinone,
      hydroquinone, diphenylamine, 2,6-di-tertiary-butyl-4-methylphenol and
      copper compounds, in amounts of 0.01-5% by weight of said mixture, and
      there may also be used as reaction accelerators, peroxides such as
      di-tertiary-butyl peroxide, benzoyl peroxide and lauroyl peroxide. In
      addition, solvents such as benzene, toluene, xylene and tetralin, which
      are inert to the reaction, may further be used in order to decrease the
      viscosity of the mixed reactants (the PD-BD copolymer, natural drying oil
      and unsaturated dicarboxylic compound) thereby allowing the reaction to
      proceed smoothly.
PAR  The reaction product, obtained by the reaction between the .alpha.,
      .beta.-unsaturated dicarboxylic compound and the mixture of the natural
      drying oil and liquid PD-BD copolymer, has an acid value of usually not
      higher than 150 and it can be neutralized by an inorganic alkali, alkali
      salt or amine in amounts of 0.5-1.5 equivalents per COOH equivalent as
      determined from the acid value thereof to make it soluble or dispersible
      in water. The inorganic alkalies include ammonia water, sodium hydroxide
      and potassium hydroxide; the alkali salts include ammonium carbonate,
      sodium carbonate and potassium carbonate; and the amines include
      ethanolamine, diethanolamine, triethanolamine, dimethylaminoethanol,
      trimethylamine, ethylamine, diethylamine, triethylamine and
      N-methylmorpholine.
PAR  The reaction product thus made water soluble or dispersible is treated so
      as to prepare a 5-60 wt.% aqueous solution or dispersion thereof for use
      as a vehicle for the aqueous coating composition, and it is especially
      preferred that it be prepared in the form of a 5-25 wt.% solution or
      dispersion thereof for use in the production of an aqueous coating
      composition to be used as an electrophoretic coating material and it is
      also preferred that the pH of the liquid (solution or dispersion) be
      adjusted to a range of from 6.5 to 9.0. As desired in this case, the
      liquid of the reaction product may be combined or admixed with normally
      used fillers, pigments and other additives and may further be combined or
      admixed with water soluble or dispersible resins compatible with said
      reaction product in order to form thicker films thereof, improve it in
      film properties such as hardness and Erichsen value and eliminate some
      water spots which are otherwise often found on the films. Suitable resins
      include phenol resins such as the condensate of formaldehyde and a
      phenolic compound and such condensate esterified with a low molecular
      weight alcohol and further include melamine resins such as the condensate
      of formaldehyde and melamine and such condensate esterified with a low
      molecular weight alcohol, and the amount of the resins used is not more
      than 50 parts, preferably 5-50 parts, by weight per 100 parts by weight of
      water soluble or dispersible product prepared from the mixture of the
      natural drying oil and the PD-BD copolymer.
PAR  The thus-obtained aqueous coating compositions of this invention can be
      used in the form of a bath wherein an article to be coated is provided as
      the anode and an electric current is applied, thereby forming a uniform
      coating or film on the article by electrodeposition. In such coating
      operations the coating compositions of this invention will exhibit quite
      excellent electrodeposition properties expressed in terms of washability,
      drainage and throwing power, will cause no runs and sags when baking films
      are formed thereof and will provide films having an excellent hardness.
      The use of the aqueous coating compositions of this invention as
      substitutes for conventional ones prepared from the natural drying oil
      only as material for the vehicle, will eliminate all properties which have
      been considered to be the drawbacks of the conventional aqueous coating
      compositions and will lead to the formation of coatings or films having
      excellent film properties such as gloss, adhesion, Erichsen value and
      impact strength. Moreover, since the aqueous coating compositions of this
      invention have a high dielectric breakage voltage relative to the
      conventional ones, they permit voltages used for the electrodeposition
      thereof to be widely varied thereby making it possible to effect the
      electrodeposition under suitable conditions, this being operationally very
      advantageous.
DETD
PAR  This invention will be better understood by the following examples wherein
      parts and percentages are by weight as in the following Reference examples
      unless otherwise specified.
PAC  Reference example
PAR  To a 130-ml separable flask provided with a pipe for nitrogen blown
      thereinto and a reflux condenser were added 100 parts of each of Samples A
      through I and then 10 parts of xylene to form a uniform solution. The
      uniform solution so formed was combined or admixed with 0.03 parts of
      copper naphthenate as an anti-gelling agent, and the mixture was heated to
      130.degree.C in a nitrogen atmosphere, thereafter combined or admixed with
      20 parts of maleic anhydride and then heated to 190.degree.-220.degree.C
      for about three hours, after which a spot test using dimethylaniline was
      carried out to detect whether or not the unreacted maleic anhydride was
      present in the reaction product obtained. A portion of the reaction
      product thus obtained was tested for acid value in accordance with JIS
      (Japanese Industrial Standard) K-5400 and another portion was tested for
      solubility using Butylcellosolve, toluene and carbon tetrachloride as
      solvents, thereby confirming whether or not gel formation took place. The
      results are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Sample                 A     B   C   D   E   F   G   H   I                

     __________________________________________________________________________

     Polymerized linseed oil (No. 3)                                           

                       (Parts)                                                 

                            100   --  --  30  60  80  70  70  70               

     Linseed oil       (")  --    100 --  --  --  --  --  --  --               

     PD-BD copolymer*.sup.1                                                    

                       (")  --    --  100 70  40  20  --  --  --               

     Liquid polypentadiene*.sup.2                                              

                       (")  --    --  --  --  --  --  30  --  --               

     Liquid cis-polybutadiene*.sup.3                                           

                       (")  --    --  --  --  --  --  --  30  --               

     Liquid 1,2-polybutadiene*.sup.4                                           

                       (")  --    --  --  --  --  --  --  --  30               

     Spot test              Neg   Neg Neg Neg Neg Neg Neg Neg Pos              

                            (Negative)                        (Positive)       

     Acid value (KOH mg/g)  --    92  104 110 107 108 105 96  --               

     Gel formation, Butylcellosolve                                            

                            Gel formed                                         

                                  None                                         

                                      None                                     

                                          None                                 

                                              None                             

                                                  None                         

                                                      None                     

                                                          None                 

                                                              Gel formed       

     Toluene                "     "   "   "   "   "   "   "   "                

     Carbon tetrachloride   "     "   "   "   "   "   "   "   "                

     __________________________________________________________________________

      *.sup.1 Prepared in the presence of boron trifluoride.diethyl etherate   

      catalyst, and containing 80% of PD polymerization units and 20% of BD    

      polymerization units and having a number average molecular weight of 1100

      and iodine value of 280.                                                 

      *.sup.2 Prepared in the presence of boron trifluoride.diethyl etherate   

      catalyst and having a number average molecular weight of 1100 and iodine 

      value of 280.                                                            

      *.sup.3 Poly oil Huls 110, Number average molecular weight of 1400       

      (Produced by Huls Co.).                                                  

      *.sup.4 Nisso-PB B-2000, Number average molecular weight of 2000 (Produce

      by Nippon Soda Co.).                                                     

PAR  Each of the mixtures (Samples D, E and F) of the natural drying oil and the
      PD-BD copolymer was very rapidly reacted with the maleic anhydride; and
      Table 1 shows that the reaction product so obtained did not contain any
      gel. However, the Table also shows that the use of the polymerized linseed
      oil only (Sample A) resulted in the formation of gel, and that even the
      use of the mixture (Sample I) of the polymerized linseed oil and liquid
      1,2-polybutadiene could not avoid such gel formation.
PAC  EXAMPLE 1
PAR  Eighty-five parts of each of Samples (B through H) were combined or admixed
      with 15 parts of Butylcellosolve and then with triethylamine in the amount
      of about 0.8 equivalent to form a mixture which was then throughly mixed.
      The mixtures so formed were combined or admixed respectively with
      deionized water thereby to obtain aqueous coating compositions (Nos. 1 to
      7 in Table 2) containing the resinous solids in adjusted amounts of 10-11%
      by weight. The aqueous compositions so obtained were, respectively,
      allowed to stand overnight, freed from water-insoluble gel by filtration
      with a 80-mesh wire net if necessary, tested for their pH and used as the
      electrodepositing baths for making tests for electrodeposition under the
      following conditions:
TBL  Voltage:            100 V                                                 

     Time of application of current:                                           

                         2 min.                                                

     Distance between electrodes:                                              

                         7 cm                                                  

     Anode plate:                                                              

                Phosphated iron plate having a size of                         

     (Test piece)                                                              

                0.5 mm .times. 50 mm .times. 100 mm                            

     Agitation of bath:  Agitation carried out                                 

     Temperature of bath:                                                      

                         25.degree.C                                           

PAR  After the termination of the current application, the test pieces coated by
      electrodeposition were withdrawn from the bath and subjected to a strong
      water stream ejected the coated surface thereof to wash off the liquid
      carried with the coated pieces from the bath. After the washing with
      water, the coated pieces were air-dried in a chamber at 25.degree.C under
      a relative humidity of 75% for three hours, during which they were tested
      for their drainage. After the air-drying, they were placed in a heated air
      circulating oven at 180.degree.C for 30 minutes to cure the coating or
      film formed thereon. In this manner the aqueous coating compositions were
      tested for properties required in the electrodeposition process, the state
      of the film formed on each of the coated pieces was found and the films
      were also tested for their film properties. The results are shown in Table
      2.
PAR  The Table shows that the aqueous coating composition prepared from linseed
      oil is somewhat inferior in throwing power among the electrodeposition
      properties and creates the runs and sags on the surface of the films
      formed thereof, and that the films so formed have a low hardness and the
      like. The aqueous coating composition 6 in which the liquid polypentadiene
      (Sample G) is used, is improved in throwing power but, when formed as
      films, is inferior in Erichsen, impact strength and the like; and the
      coating composition 7 using the liquid cis-polybutadiene (Sample H),
      exhibits excellent film properties when formed as films but is inferior in
      throwing power.
PAR  On the other hand, the aqueous coating compositions 4 and 5 of this
      invention are excellent in both electrodeposition properties and film
      properties when formed as films, and the films so formed are excellent
      especially in specular reflection as compared with those obtained by the
      aqueous coating compositions 1 and 2 wherein either the linseed oil or the
      PD-BD copolymer is used. These compositions 4 and 5 of this invention have
      a remarkably high dielectric breakage voltage as compared with the
      conventional coating compositions 6 and 7 wherein the liquid
      polypentadiene and liquid cis-polybutadiene are used together with the
      polymerized linseed oil, respectively.
TBL                                    Table 2                                 

     __________________________________________________________________________

                                            Examples    Comparative            

                          Comparative examples                                 

                                            of this invention                  

                                                        examples               

     __________________________________________________________________________

     Aqueous coating composition                                               

                          1     2     3     4     5     6     7                

     Sample               B     C     D     E     F     G     H                

     Resinous solids concentration (%)                                         

                          10.0  11.1  10.0  10.2  10.6  10.2  10.1             

     pH                   7.9   7.5   7.5   7.7   7.7   7.7   7.8              

     Electrodeposition properties                                              

     Washability          Satis-                                               

                                Satis-                                         

                                      Satis-                                   

                                            Satis-                             

                                                  Satis-                       

                                                        Satis-                 

                                                              Satis-           

                          factory                                              

                                factory                                        

                                      factory                                  

                                            factory                            

                                                  factory                      

                                                        factory                

                                                              factory          

     Drainage             Ditto Ditto Ditto Ditto Ditto Ditto Ditto            

     Throwing power        80   100   100   100   100   100    80              

     Dielectric breakage voltage (V)                                           

                          180   &gt;240  &gt;240  &gt;240  &gt;240  180   180              

     Electrodeposited film properties                                          

     State of film        Flow and                                             

                                Uniform                                        

                                      Uniform                                  

                                            Uniform                            

                                                  Uniform                      

                                                        Uniform                

                                                              Uniform          

                          hanging                                              

     Thickness, film (.mu.)                                                    

                           18   6     6      14    16    12    25              

     Specular reflection 60.degree. (%)                                        

                           82    89    84    98   100    84    82              

     Cross-cut value      100   100   100   100   100   100   100              

     Pencil hardness      B     9H    3H    H     H     HB    F                

     Erichsen (mm)        8     5     6     8     8     4     8                

     Du Pont impact strength                                                   

                          1000.times.50                                        

                                500.times.30                                   

                                      500.times.50                             

                                            1000.times.50                      

                                                  1000.times.50                

                                                        500.times.50           

                                                              1000.times.50    

        (1/2" .times. g .times. cm)                                            

     Water resistance*.sup.1                                                   

     Corrosion resistance*.sup.2                                               

       (Saline spray)                                                          

     Solvent resistance*.sup.3                                                 

     __________________________________________________________________________

      *.sup.1 JIS K-5400 Immersed in water at 20.degree.C for 3 days.          

      *.sup.2 JIS Z-2371 Sprayed with a 5% aqueous solution of sodium chloride 

      at 35.degree.C for 50 hours.                                             

      *.sup.3 JIS K-5400 Immersed in a mixture of petroleum benzine and toluene

      in the ratio by volume of 9:1, at 20.degree.C for 48 hours.              

       : Satisfactory                                                          

PAC  EXAMPLE 2
PAR  The aqueous coating compositions 1 and 5 through 7 prepared in Example 1
      were each used as an electrodepositing bath while setting the
      electrodepositing voltage at the levels of 60, 120, 160 and 200 volts to
      find the electrodepositing properties and film properties after formed as
      films. The other conditions used in this Example were the same as those
      used in Example 1. The results are indicated in Table 3.
PAR  From Table 3 it is seen that the aqueous coating compositions allow the
      electrodeposition to be effected even if the voltage is varied over a wide
      range and they exhibit excellent electrodeposition properties regardless
      of the variation in voltage and also exhibit excellent film properties
      when formed as films, and that the conventional aqueous coating
      compositions of Comparative examples do not allow electrodeposition to be
      effected at a voltage of 200 volts.
TBL                                    Table 3                                 

     __________________________________________________________________________

                            Examples                                           

               Comparative examples                                            

                            of this invention                                  

                                         Comparative examples                  

     __________________________________________________________________________

     Aqueous coating                                                           

               1  1  1   1  5  5   5  5  6   6  6  6   7  7  7   7             

     composition                                                               

     Sample    B  B  B   B  F  F   F  F  G   G  G  G   H  H  H   H             

     Resinous solids                                                           

               10.0                                                            

                  10.0                                                         

                     10.0                                                      

                         10.0                                                  

                            10.6                                               

                               10.6                                            

                                   10.6                                        

                                      10.6                                     

                                         10.2                                  

                                             10.2                              

                                                10.2                           

                                                   10.2                        

                                                       10.1                    

                                                          10.1                 

                                                             10.1              

                                                                 10.1          

     concentration (%)                                                         

     pH        7.9                                                             

                  7.9                                                          

                     7.9 7.9                                                   

                            7.7                                                

                               7.7 7.7                                         

                                      7.7                                      

                                         7.7 7.7                               

                                                7.7                            

                                                   7.7 7.8                     

                                                          7.8                  

                                                             7.8 7.8           

     Voltage (V)                                                               

               60 120                                                          

                     160 200                                                   

                            60 120 160                                         

                                      200                                      

                                         60  120                               

                                                160                            

                                                   200 60 120                  

                                                             160 200           

     Electrodeposition                                                         

     properties                                                                

     Washability                                                               

               Sa Sa Sa  -- Sa Sa  Sa Sa Sa  Sa Sa --  Sa Sa Sa  --            

     Drainage  Sa Sa Sa  -- Sa Sa  Sa Sa Sa  Sa Sa --  Sa Sa Sa  --            

     Throwing  80 80 80  -- 100                                                

                               100 100                                         

                                      100                                      

                                         100 100                               

                                                100                            

                                                   --  80 80 80  --            

     power (%)                                                                 

     Electrodeposited                                                          

     film properties                                                           

     Thickness of                                                              

     film (.mu. )                                                              

               14 18 20  -- 9  14  14 24 10  12 14 --  22 26 24  --            

     Specular re-                                                              

               80 82 84  -- 96 100 100                                         

                                      100                                      

                                         98  98 100                            

                                                   --  78 82 84  --            

     flection 60.degree. (%)                                                   

     Cross-cut value                                                           

               100                                                             

                  100                                                          

                     100 -- 100                                                

                               100 100                                         

                                      100                                      

                                         100 100                               

                                                100                            

                                                   --  100                     

                                                          100                  

                                                             100 --            

     Erichsen (mm)                                                             

               8  8  8   -- 8  8   8  8  4   6  6  --  8  8  8   --            

     Du Pont impact                                                            

               1000                                                            

                  1000                                                         

                     1000                                                      

                         -- 1000                                               

                               1000                                            

                                   1000                                        

                                      1000                                     

                                         500 500                               

                                                500                            

                                                   --  1000                    

                                                          1000                 

                                                             1000              

                                                                 --            

     strength  .times. 50                                                      

                  .times. 50                                                   

                     .times. 50                                                

                            .times. 50                                         

                               .times. 50                                      

                                   .times. 50                                  

                                      .times. 50                               

                                         .times. 50                            

                                             .times. 50                        

                                                .times. 50                     

                                                       .times. 50              

                                                          .times. 50           

                                                             .times. 50        

     (1/2" .times. g .times. cm)                                               

     __________________________________________________________________________

      Note: "Sa" stands for "Satisfactory".                                    

PAC  EXAMPLE 3
PAR  The water soluble phenol resin and/or water soluble melamine resin was
      added to the aqueous coating composition 5 which was prepared using Sample
      F produced in Example 1 in order to prepare each of the aqueous coating
      compositions (8 to 10), the amounts of the water soluble phenol or
      melamine resins used being determined per 100 parts of the resinous solids
      contained in the coating composition 5 as shown in Table 4.
PAR  The procedure of Example 1 was followed, except that the coating
      composition was replaced by each of the aforesaid ones (8-10) and the
      electrodeposition was carried out at a voltage of 120 volts, in order to
      make the electrodeposition test on each of the compositions (8-10). The
      results are indicated in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Aqueous coating composition                                               

                      5       8       9     10                                 

     Phenol resin*.sup.1 (Parts)                                               

                      --      14      --    14                                 

     Melamine resin*.sup.2 (Parts)                                             

                      --      --      20    20                                 

     Resinous solids  10.6    10.0    10.0  10.0                               

      concentration (%)                                                        

     pH               7.7     7.6     7.7   7.5                                

     Electrodeposited film                                                     

     properties                                                                

     Water spot       Some    Almost  Almost                                   

                                            None                               

                              none    none                                     

     Thickness of film                                                         

                      14      16      20    26                                 

     Specular reflection 60.degree.                                            

                      100     100     100   100                                

     (%)                                                                       

     Cross-cut value  100     100     100   100                                

     Pencil hardness  H       2H      2H    H                                  

     Erichsen (mm)    8       8       10    10                                 

     Du Pont impact strength                                                   

                      1000    1000    1000  1000                               

     (1/2" .times. g .times. cm)                                               

                      .times. 50                                               

                              .times. 50                                       

                                      .times. 50                               

                                            .times. 50                         

     ______________________________________                                    

      *.sup.1 WP-71 (produced by Gunei Chemical Co.) liquid methylol phenol    

      resin.                                                                   

      *.sup.2 Nicalac MX-40 (produced by Sanwa Chemical Co.) liquid melamine   

      resin for electrodeposition.                                             

PAR  From this Table it can be seen that the incorporation of the aqueous
      coating compositions of this invention with the phenol resin or melamine
      resin can eliminate the water spots which may otherwise be found to form
      on the surface of films formed of the original composition and can provide
      films which are larger in thickness and are improved in film properties
      such as hardness and Erichsen.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, but using as the electrodepositing
      bath the aqueous coating composition 9 prepared in Example 3 and setting
      the voltage at 60, 100, 140 and 180 volts, the films so obtained were
      tested for their film properties. The results are shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

      Voltage         60      100     140  180                                 

     ______________________________________                                    

     Film properties                                                           

     Thickness of film                                                         

                      14      16      30    58                                 

     Specular reflection 60.degree.                                            

                      100     100     100   100                                

     (%)                                                                       

     Cross-cut value  100     100     100   100                                

     Pencil hardness  2H      4H      H     HB                                 

     Erichsen (mm)    10      10      10    10                                 

     Du Pont impact strength                                                   

                      1000    1000    1000  1000                               

      (1/2" .times. g .times. cm)                                              

                      .times. 50                                               

                              .times. 50                                       

                                      .times. 50                               

                                            .times. 50                         

     ______________________________________                                    

PAR  From the results shown in Table 5 it is seen that the addition of the
      melamine resin to the aqueous coating compositions of this invention and
      the selective variation in voltage will permit films from the modified
      coating compositions to be formed in any thickness varying over a wide
      range.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous coating composition comprising a water soluble or dispersible
      material prepared by addition reacting a mixture containing (1) 90-50
      parts by weight of a natural drying oil and (2) 10-50 parts by weight of a
      liquid copolymer having a number average molecular weight of from 500 to
      5000 and containing 90-50% by weight of 1,3-pentadiene polymerization
      units and 10-50% by weight of 1,3-butadiene polymerization units, the
      liquid copolymer being obtained by polymerizing a corresponding monomeric
      mixture of 1,3-pentadiene and 1,3-butadiene in the presence of a
      Friedel-Crafts type catalyst, with at least one .alpha.,.beta.-unsaturated
      dicarboxylic compound represented by the following general formula
      ##EQU2##
      wherein R and R' are each a hydrogen atom, halogen atom or alkyl group,
      and A and B are each a hydroxyl group, alkoxy group or --O-- together
      formed by A and B with the proviso that A and B do not take an alkoxy
      group at the same time, thereby to form an addition product which is then
      neutralized to make it soluble or dispersible in water.
NUM  2.
PAR  2. An aqueous coating composition according to claim 1, wherein the mixture
      contains (1) 80-60 parts by weight of the natural drying oil and (2) 20-40
      parts by weight of the liquid copolymer.
NUM  3.
PAR  3. An aqueous coating composition according to claim 1, further comprising
      a member selected from the group consisting of water soluble phenol and
      melamine resins, in amounts of 5-50 parts by weight per 100 parts by
      weight of said water soluble or dispersible material.
NUM  4.
PAR  4. An aqueous coating composition according to claim 1, wherein the natural
      drying oil is selected from the group consisting of linseed oil, soyabean
      oil, safflower oil, tung oil, dehydrated castor oil and these in
      polymerized form.
NUM  5.
PAR  5. An aqueous coating composition according to claim 1, wherein the
      .alpha.,.beta.-unsaturated dicarboxylic compound represented by said
      general formula is one having not more then 8 carbon atoms.
NUM  6.
PAR  6. An aqueous coating composition according to claim 1, wherein the
      .alpha.,.beta.-unsaturated dicarboxylic compound is used in amounts of
      3-100 parts by weight per 100 parts by weight of the mixture containing
      the natural drying oil (1) and the liquid copolymer (2).
NUM  7.
PAR  7. An aqueous coating composition according to claim 1, wherein the
      copolymer (2) includes up to 20% by weight of the polymerization units of
      at least one other olefin.
NUM  8.
PAR  8. An aqueous coating composition according to claim 7, wherein the other
      olefin is a member selected from the group consisting of butene-1,
      isobutylene, isoprene, 2-methylbutene-2 and cyclopentene.
NUM  9.
PAR  9. An aqueous coating composition comprising a water soluble or dispersible
      material prepared by addition reacting a mixture containing (1) 90-50
      parts by weight of a natural drying oil and (2) 10-50 parts by weight of a
      liquid copolymer having a number average molecular weight of from 500 to
      5000 and containing 90-50% by weight of 1,3-pentadiene polymerization
      units and 10-50% by weight of 1,3-butadiene polymerization units, the
      liquid copolymer being obtained by polymerizing a corresponding monomeric
      mixture of 1,3-pentadiene and 1,3-butadiene in the presence of a
      Friedel-Crafts type catalyst, with at least one .alpha.,.beta.
      -unsaturated dicarboxylic compound with the latter being a member selected
      from the group consisting of maleic acid, maleic anhydride, chloromaleic
      anhydride, citraconic anhydride, 1,2-diethylmaleic anhydride, monomethyl
      maleate and monoethyl maleate, thereby to form an addition product which
      is then neutralized to make it soluble or dispersible in water.
NUM  10.
PAR  10. A process for preparing a water soluble or dispersible material useful
      for an aqueous coating composition comprising addition reacting a mixture
      containing (1) 90-50 parts by weight of a natural drying oil and (2) 10-50
      parts by weight of a liquid copolymer having a number average molecular
      weight of from 500 to 5000 and containing 90-50% by weight of
      1.3-pentadiene polymerization units and 10-50% by weight of 1,3-butadiene
      polymerization units, the liquid copolymer being obtained by the
      polymerization of a corresponding monomeric mixture of 1,3-pentadiene and
      1,3-butadiene in the presence of a Friedel-Crafts type catalyst, with at
      least one .alpha.,.beta.-unsaturated dicarboxylic compound represented by
      the following general formula
      ##EQU3##
      wherein R and R' are each a hydrogen atom, halogen atom or alkyl group,
      and A and B are each a hydroxyl group, alkoxy group or --O-- together
      formed by A and B with the proviso that A and B do not take an alkoxy
      group at the same time, thereby to form an adduct and then neutralizing
      the thus formed adduct thereby to obtain a water soluble or dispersible
      material.
NUM  11.
PAR  11. A process according to claim 10, wherein the water soluble or
      dispersible material is incorporated with a member selected from the group
      consisting of the water soluble or dispersible phenol resins and melamine
      resins, in amounts of 5-50 parts by weight per 100 parts by weight of said
      water soluble or dispersible material.
PATN
WKU  039351416
SRC  5
APN  2672553
APT  1
ART  149
APD  19720628
TTL  Environmentally degradable ethylene polymeric compositions
ISD  19760127
NCL  26
ECL  1
EXP  Rzucidlo; Eugene C.
INVT
NAM  Potts; James Edward
CTY  Bernards Township
STA  NJ
INVT
NAM  Cornell; Stephen Watson
CTY  Dunellen
STA  NJ
INVT
NAM  Sracic; Albert Martin
CTY  Gladstone
STA  NJ
ASSG
NAM  Union Carbide Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  184206
APD  19710927
PSC  03
CLAS
OCL  260 23H
XCL  260 23AR
XCL  260 23S
XCL  260 312R
XCL  260 328A
XCL  260 332R
XCL  260 336PQ
XCL  260 457P
XCL  260 4575
XCL  260 4585
XCL  260 459R
XCL  260 459NC
XCL  260 4595
XCL  260897A
XCL  260897R
XCL  260DIG43
EDF  2
ICL  C08L 9100
FSC  260
FSS  23;41;45.75;DIG. 43;23 AR;897 R;23 S;23 H;DIG. 43;31.2 R;32.8 A;33.2 R
     ;33.6 PQ;897 A;45.7 S;45.7 P;45.9 R;45.9 NC;45.95;45.85
UREF
PNO  2984641
ISD  19610500
NAM  Wolinsky
OCL  260 41R
UREF
PNO  3341357
ISD  19670900
NAM  Field
OCL  260DIG.43
UREF
PNO  3349018
ISD  19671000
NAM  Potts
OCL  260DIG.43
UREF
PNO  3454510
ISD  19690700
NAM  Newland et al.
OCL  260 41R
UREF
PNO  3575904
ISD  19710400
NAM  Clarke
OCL  260 23
UREF
PNO  3592792
ISD  19710700
NAM  Newland et al.
OCL  260 41
UREF
PNO  3676401
ISD  19720700
NAM  Henry
OCL  260 63
UREF
PNO  3825626
ISD  19740700
NAM  McGaugh
OCL  260897A
UREF
PNO  3825627
ISD  19740700
NAM  McGaugh
OCL  260897A
OREF
PAL  Chemical & Engineering News Guillets, May 11, 1970, p. 61.
PAL  "Polyethylene," by Raff et al., p. 99, Interscience Publ., N.Y., 1956.
PAL  "Autoxidation and Antioxidants," by Lundbe rg, Vols. I & 11, Interscience
      Publ., N.Y., 1964.
PAL  Mechanisms of Oxidation of Organic Compounds," by Waters, John Wiley &
      Sons, N.Y., 1964, pp. 13-14.
LREP
FR2  O'Connell; James J.
ABST
PAL  An environmentally degradable polymer composition comprising an ethylene
      polymer base resin, and a synergistic combination of an auto-oxidative
      polymer or low molecular weight organic compound; certain polyvalent
      transition metal salt; and an antioxidant additive for the ethylene
      polymer. A product of this composition when discarded to the environment
      is caused to deteriorate by the action of the elements, thereby hastening
      the deterioration of litter.
PARN
PAR  This application is a continuation-in-part of Ser. No. 184,206, filed Sept.
      27, 1971 now abandoned.
BSUM
PAR  This invention relates to ethylene polymer compositions. Specifically this
      invention relates to an ethylene polymer composition which when exposed to
      the elements of the environment undergoes degradation.
PAR  It has been made dramatically apparent that the huge volume of plastic
      products used by industry and the consumer has resulted in a significant
      disposal problem. All too often many plastic products, after the use by
      the ultimate consumer, become litter.
PAR  Over the course of the past several decades, in an effort to meet consumer
      demands, the plastics industry has made such plastic products more stable
      and as a consequence littered articles have an increased durability. With
      the presence of these stable plastic systems and with the advent of the
      awareness of the ecological needs of society solutions to the litter
      problem are now being sought.
PAR  While it was known and disclosed in U.S. Pat. No. 3,454,510 that certain
      pro-oxidant metal salts in polyolefin films, specifically mulch films,
      would render same environmentally degradable, that disclosure was
      inherently limited to opaque films.
PAR  It was further disclosed in U.S. Pat. No. 3,320,695 and U.S. Pat. No.
      3,341,357 that certain unsaturated hydrocarbons could be added to opaque
      polyolefin films to promote degradation. These opaque films, also used in
      mulching operations, would require relatively large weight percentages of
      certain unsaturated hydrocarbons which resulted in a "soft" product; that
      is one not normally considered suitable for consumer product application.
PAR  There is described herein an ethylene polymer composition, suitable for
      fabrication of translucent to transparent consumer-type plastic products,
      which composition retains its structural stability during its normal
      useful life and when discarded to the environment the ambient
      environmental elements cause the plastic composition to degrade. The
      degradation reaction of the ethylene polymer composition occurs at a
      significently faster rate after exposure thereof to natural or artificial
      actinic light.
PAR  The ethylene polymer composition of this invention, comprising the
      combination of both an auto-oxidative susceptible organic additive and a
      polyvalent transition metal salt in an ethylene polymer, is a product
      which has been found to undergo weathering at a greater rate than a
      similar product containing the equivalent amounts of only the
      auto-oxidative susceptible organic additive or only the polyvalent
      transition metal salt. The compositions can include the conventional
      additives such as fillers, pigments, slip agents, antioxidants, antistats,
      antiblocks, antifogs, or other materials conventionally added to ethylene
      polymers.
PAR  In certain cases it has been found that the combination of moderate amounts
      of both an auto-oxidative susceptible organic additive and a polyvalent
      transition metal salt in an ethylene polymer yields faster weathering
      rates than equivalent or larger amounts of either one of the individual
      components alone added to the same ethylene polymer.
PAR  It has been found that products formed with the ethylene polymer
      compositions of this invention will, when exposed to weathering, undergo
      high levels of multifaceted crazing, followed by cracking and ultimately
      resulting in particulate formation. With further passage of time the
      crazing continues on the particulates formed resulting in more and finer
      particulates. No additional external physical forces are necessary to
      cause the particulate formation although such external physical forces can
      aid in the "sloughing off" of the outer particulate layers to expose a new
      surface to the environment.
PAR  Broadly speaking this invention is an environmentally degradable ethylene
      polymer composition of (i) an ethylene polymer base resin, and as a
      synergistic combination of additives, (ii) an auto-oxidative susceptible
      additive as a polymer or low molecular weight organic compound and (iii) a
      polyvalent transition metal salt; there can also be present (iv) a
      stabilizer or antioxidant for the ethylene polymer. As used in this
      specification the term "ethylene polymer composition" has this broad
      meaning.
PAR  In more specific terms the ethylene polymer composition of this invention
      contains (i) an ethylene polymer base resin, and as a synergistic
      combination of additives, (ii) a polymer wherein the predominance of the
      mer units have, or a low molecular weight organic compound that has, at
      least one hydrogen bonded to a carbon atom having an auto-oxidative
      susceptibility greater than that of a hydrogen bonded to a normal
      secondary carbon atom, (iii) an organic salt of a polyvalent metal wherein
      at least one metal is a transition metal wherein electron transfer occurs
      in the 3d or 4f sub-shell and (iv) an organic antioxidant for the ethylene
      polymer.
PAR  In even more specific terms the ethylene polymer composition of this
      invention contains polyethylene, polyether or polypropylene, an organic
      salt of a polyvalent transition metal wherein the metal can be iron,
      manganese, zinc or cobalt, and an antioxidant such as the sterically
      hindered phenols, aryl amines, thioureas, thiocarbamates, phosphites and
      thioether esters.
PAR  Antioxidants for ethylene polymers have been found useful to stabilize the
      ethylene polymer compositions so as to provide compositions whereby the
      period required before embrittlement occurs may be "built into the
      composition." This aspect of the invention is of course valuable insofar
      as one knowing the normal useful life (period before disposal) of an
      article, could proportion the amounts of antioxidant and additives to give
      a structurally stable product during the useful life period but which will
      undergo embrittlement within a relatively short time after exposure to the
      elements.
PAR  The ethylene polymer compositions can be compounded according to any one of
      several known techniques, such as, direct addition of all constituents,
      master batching wherein any single master batch may contain several
      constituents but will not contain both the polyvalent transition metal
      compound and the auto-oxidative susceptible organic additive, or any other
      compounding procedure.
PAR  The production of the compositions by direct addition of all constituents
      and blending until a single homogeneous mixture is obtained are well known
      techniques. The master batching involves the preparation of two or more
      compositions which are subsequently combined into a single homogeneous
      mixture. In the master batching procedure the polyvalent transition metal
      compound and the auto-oxidative susceptible additive are initially present
      in separate master batch compositions. These separate master batch
      compositions are then combined or blended in proper proportions at a
      future date to produce the ethylene polymer compositions of this
      invention. This enables one to prolong the shelf or storage life since the
      degradation reaction does not progress to any appreciable extent until
      there has been a homogeneous mixing of these two components in the
      ethylene polymer composition.
PAR  For example, one can produce a first master batch of ethylene polymer plus
      the polyvalent transition metal compound plus sufficient antioxidant to
      stabilize the first master batch, and a second master batch of
      auto-oxidative susceptible additive (e.g. propylene polymer, or alkylene
      oxide polymer) with or without ethylene polymer plus sufficient
      antioxidant to stabilize the second master batch. In addition, either or
      both of the master batches can contain the conventional amounts of the
      additives usually known to be useful in ethylene polymers. Further, one
      can have more than two so-called master batches, if desired.
PAR  During the period in which the first master batch and second master batch
      are stored in separate containers the environmental degration discussed
      herein will not occur. Likewise, if one were to blend pellets of the two
      master batches the blended mixture will not show any signs of
      environmental degradation. However, as soon as there has been a
      homogeneous fluxing or melting of the two or more master batches such that
      the auto-oxidative susceptible additive and the polyvalent transition
      metal compound are present together in a single, uniform, homogeneous
      ethylene polymer composition then environmental degradation will commence.
      This ultimate blending of the multiple master batches can be carried by
      any of the known procedures such as solution blending, melt blending,
      milling, Banburying, screw driven mixers, and the like. It can also be
      carried out in the processing equipment used to produce the ultimate
      manufactured product, for example during the film extrusion or spinning
      process.
PAR  It was surprising to note that in certain instances ethylene polymer
      compositions having the same chemical contents produced by the master
      batch procedure had longer storage stability properties than those
      produced by the direct addition procedure.
PAR  The ethylene polymer compositions of this invention can be produced by any
      suitable method normally employed in ethylene polymer processing, for
      example, extruding, such as blown tubular film extrusion, slot-cast die
      sheet extrusion, slot-cast die extrusion coating; molding such as
      injection, blow, rotary, transfer and the like; fiber-forming, such as
      melt spinning, drawing and the like; and so forth.
PAC  BASE RESIN
PAR  The base resin is a normally solid thermoplastic ethylene polymer. The
      resin may be an ethylene homopolymer or copolymer wherein the ethylene
      fraction is predominant or mixtures thereof or with other polymers. Both
      high and low density polyethylenes and mixtures thereof can be used.
PAR  The high density ethylene polymers useful as the base resins in the present
      invention are essentially linear in structure, and are known as "linear
      polyethylenes." It is known that high density linear polyethylenes can
      contain chain transfer agents, and/or chain terminating agents which are
      used to modify the melt viscosity, molecular weight or other properties of
      the resins and it is intended to encompass such modified polymers within
      the scope of this invention. The high density polyethylenes are generally
      characterized by a density that is about equal to or greater than 0.94
      g/cc. and is usually in the range of from 0.94 to about 0.97 g/cc. The
      high density polyethylenes can have a melt index of from 0.005 to 100 and
      preferably from 0.15 to 50 decigrams per minute. (ASTM D-1238). It should
      be noted, however, that mixtures of high density polyethylenes can be used
      as the base resin in producing the ethylene polymer compositions, and such
      mixtures can have a melt index less than 0.005 or greater than 100
      decigrams per minute.
PAR  The low density ethylene homopolymers have densities of less than 0.94
      g/cc. and are usually in the range from 0.91 to 0.93 g/cc. The low density
      ethylene homopolymers have melt indices from about 0.05 to about 100
      decigrams per minute inclusive, and preferably from 0.5 to 20 decigrams
      per minute; mixtures thereof can be used if desired.
PAR  The ethylene copolymers useful as base resins are those obtained by the
      copolymerization of ethylene with any monomer containing the
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      groups which will copolymerize with the ethylene and form thermoplastic
      copolymers. Illustrative of such copolymerizable monomers are the alpha
      olefins (in minor amounts) containing up to 18 carbon atoms such as
      propylene, 1-butene; isobutene, and 1-pentene; halogenated olefins such as
      chloroprene, tetrafluoroethylene, chlorotrifluoroethylene,
      hexafluoropropylene; vinyl aryls such as styrene, o-methoxystyrene,
      p-methoxystyrene, m-methoxystyrene, o-nitrostyrene, p-nitrostyrene,
      o-methylstyrene, p-methylstyrene, m-methylstyrene, p-phenylstyrene,
      o-phenylstyrene, m-phenylstyrene, vinyl naphthalene, and the like; vinyl
      and vinylidene halides, such as vinyl chloride, vinyl fluoride, vinylidene
      chloride, vinylidene fluoride, vinylidene bromide, and the like; vinyl
      esters such as vinyl formate, vinyl acetate, vinyl propionate, vinyl
      butyrate, vinyl chloroacetate, vinyl chloropropionate, vinyl benzoate,
      vinyl chlorobenzoate, and the like; acrylic and alpha-alkyl acrylic acids,
      their alkyl esters, their amides and their nitriles such as acrylic acid,
      chloroacrylic acid, methacrylic acid, ethacrylic acid, methyl acrylate,
      ethyl acrylate, butyl acrylate, n-octyl acrylate, 2-ethylhexyl acrylate,
      n-decyl acrylate, methyl methacrylate, butyl methacrylate, methyl
      ethacrylate, ethyl ethacrylate, acrylamide, N-methyl acrylamide,
      N,N-dimethyl acrylamide, methacrylamide, N-methyl methacrylamide,
      N,N-dimethyl methacrylamide, acrylonitrile, chloroacrylonitrile,
      methacrylonitrile, ethacrylonitrile, and the like; maleic and fumaric acid
      and their anhydrides and alkyl esters such as maleic anhydride, dimethyl
      maleate, diethyl maleate and the like; vinyl alkyl ethers and ketones such
      as vinyl methyl ether, vinyl ethyl ether, vinyl isobutyl ether,
      2-chloroethyl vinyl ether, methyl vinyl ketone, ethyl vinyl ketone,
      isobutyl vinyl ketone, and butadiene, isoprene, cyclopentadiene,
      hexadiene-1,6 norbornadiene, dicyclopentadiene, and the like; also vinyl
      pyridine, N-vinyl carbazole, N-vinyl pyrollidine, acrolein, vinyl alcohol,
      vinyl acetal, vinyl butyral, and the like. Other monomers which may be
      interpolymerized with ethylene include, carbon monoxide and formaldehyde,
      but these are generally not preferred.
PAR  These copolymer resins should contain a major amount of ethylene units
      polymerized in the copolymer. Preferably the copolymer should contain from
      about 50 to about 99 weight percent polymerized ethylene monomer and most
      preferably from about 80 to about 99 weight percent polymerized ethylene
      monomer, depending upon the particular copolymerizable monomer employed
      and the intended end use of the ethylene polymer composition of this
      invention.
PAR  Other suitable polymers include by way of example
      ethylene/ethylidenenorbornene/propene-1 terpolymers and
      ethylene/hexadiene/propane-1 terpolymers. In the terpolymers, the ethylene
      component is dominant and is present in amounts from about 50 to about 99
      percent. The propene-1 component is present in concentrations of from
      about 1 to about 50 percent by weight of the terpolymer; the residual
      weight percent is of course the third component.
PAR  Preferred base resins are the ethylene homopolymers while the preferred
      copolymer base resins are ethylene-vinyl acetate; ethylene-ethyl acrylate
      and the partially hydrolyzed ionic salt forms thereof; ethylene-acrylic
      acid and the ionic salt forms thereof, ethylenepropylene; and
      ethylene-styrene. The preferred terpolymer is
      ethylene/propylene/ethylidene-norbornene.
PAR  The base resin constitutes the major component of the ethylene polymer
      composition and is normally present at a concentration of from about 70 to
      about 99 percent by weight; the remainder of the composition being the
      other additives thereof. Preferably the base resin is present at a
      concentration of from about 90 to about 99 weight percent of the ethylene
      polymer composition.
PAR  The selected weight percentages of each individual additive is of course
      dependent on several parameters, including but not necessarily limited to
      the desired rate of degradation, molecular weight of the additive,
      relative activity of the additive, desired physical properties of the
      ethylene polymer composition of this invention being prepared and so
      forth.
PAC  AUTO-OXIDATIVE SUSCEPTIBLE ADDITIVE
PAR  The auto-oxidative susceptible additive can be either a polymer wherein the
      predominance of the repeating units have, or a low molecular weight
      organic compound that has, at least one hydrogen bonded to a carbon atom
      having an auto-oxidative susceptibility greater than that of a hydrogen
      bonded to a normal secondary carbon atom. For example the polymer used as
      the auto-oxidative susceptible agent has an auto-oxidative susceptibility
      that is greater than that of unbranched polyethylene.
PAR  Thus, polypropylene, which has hydrogen atoms bonded to tertiary carbon
      atoms that are more readily oxidizable than the hydrogen atoms that are
      bonded to the normal secondary carbon atoms of polyethylene is a suitable
      auto-oxidative susceptible additive in polymer form. Illustrative of other
      readily auto-oxidative hydrogen atoms bonded to carbon atoms are the
      hydrogen atoms found, for example, in the allylic, benzylic, tertiary
      aliphatic, aldehydo, alpha-oxyhydrocarbyl or alpha-halohydrocarbyl groups.
PAR  Among the auto-oxidative susceptible polymers one can include the
      alpha-olefin polymers which are normally solid at room temperature and
      contain the unit:
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      wherein R is an alkyl group containing from about 1 to 18 carbon atoms.
      Illustrative of such alpha-olefin polymers are polypropylene,
      poly(butene-1), poly(pentene-1), poly(4-methylpentene-1), poly(hexene-1),
      poly(octene-1), poly(octadecene-1), and the like. It is considered
      preferable in this invention that the repeating unit of the auto-oxidative
      susceptible alpha-olefin polymers employed possess ratios of tertiary
      carbon atoms to secondary carbon atoms in the range of 1:1 to 1:16 and
      most preferably 1:1 to 1:6. Other suitable auto-oxidative susceptible
      additives include the polyalkylene oxides such as polyethylene oxide,
      polypropylene oxide, including the block and random copolymers thereof,
      and the like; polyunsaturated hydrocarbons such as polyterpenes and the
      like.
PAR  The preferred auto-oxidative susceptible additive is polypropylene, atactic
      or isotactic, crystalline or amorphous. Polypropylene when employed in the
      ethylene polymer composition yields a product having the desired physical
      properties for consumer-type applications and furthermore more rapidly
      promotes high levels of crazing to form small particulates. Also included
      as suitable polymers are block polymers containing a predominant amount of
      propylene blocks.
PAR  Among the suitable readily auto-oxidative susceptible low molecular weight
      organic compounds are those having a molecular weight less than about
      5,000, for example, derivatives of aliphatic and cycloaliphatic compounds
      containing one or more allylic hydrogens such as myrcene, ocimene,
      limononene (dipentene), cyclohexadiene, dicyclopentadiene,
      decahydronaphthalene, indene, tetra-hydroindene, ethylidenenorbornene, and
      the like; the unsaturated fatty acids such as eleostearic acid, linolenic
      acid, linoleic acid, oleic acid, crotonic and sorbic acid as well as
      adducts of these and other unsaturated aliphatic and alicyclic compounds
      with such as maleic acid, acrylic acid, acrolein, and the like; compounds
      with highly reactive benzylic hydrogens such as cumene,
      par-isopropylbenzoic acid, and the like.
PAR  Preferably the readily auto-oxidative susceptible polymers and low
      molecular weight compounds are hydrocarbons but they need not be. The
      presence of functional groups is not precluded but neither is it generally
      considered desirable.
PAR  The auto-oxidative susceptible additives are normally present at
      concentrations of from about 0.01 to about 40 weight percent of the
      ethylene polymer composition. Preferably the auto-oxidative susceptible
      additive is present in amounts of from 0.05 to about 20 percent and most
      preferably in amounts of from 0.1 to about 10 percent by weight based on
      the total weight of the ethylene polymer composition. Greater or lesser
      quantities of auto-oxidative additive may be employed depending upon the
      rate of degradation and the physical properties desired in the ethylene
      polymer composition.
PAC  POLYVALENT TRANSITION METAL SALT
PAR  This additive may be any metal, organic or inorganic, wherein at least one
      metal salt is a polyvalent transition metal, and preferably is an organic
      salt of a polyvalent transition metal and most preferably is an organic
      salt of a polyvalent transition metal wherein the metal is one wherein
      electron transfer occurs in the 3d sub-shell or the 4f sub-shell. The
      transition metals referred to are as defined in the Periodic Chart at the
      terminal leaf page of the Handbook of Chemistry and Physics. The Chemical
      Rubber Co., 49th edition, (1968-69). They are those elements in the Fourth
      Period having atomic numbers of 21 to 30, in the Fifth Period having
      atomic numbers of 39 to 48, and in the Sixth Period having atomic numbers
      of 57 to 71. Among the specific transition metals wherein electron
      transfer occurs in the 3d sub-shell one cam mention V, Cr, Mn, Fe, Co, Ni,
      Cu Zn, Zr and Ag of the Fourth and Fifth Periods; among the transition
      metals wherein electron transfer occurs in the 4f sub-shell are Ce or Pr
      in the Sixth Period.
PAR  Suitable polyvalent transition metal inorganic salts pursuant to this
      invention are by way of example, iron chloride, zinc chloride, mercurous
      chloride, chromium trichloride, copper nitrate, copper sulfate, cobalt
      chloride, nickel sulfate, iron sulfate, iron bromide, zinc sulfate,
      mercuric sulfate, and the like.
PAR  Typically the organic salt is the octoate, naphthenate, acetate, stearate
      or acetylacetonoate metal salt, but it need not be so limited and other
      organic groups may be employed if desired.
PAR  Illustrative of suitable organic salts of polyvalent transition metals one
      can mention merely by way of examples, cobalt acetate, cobalt octoate,
      cobalt naphthenate, iron napthenate, iron octoate, lead stearate, lead
      octoate, zirconium stearate, cerium octoate, manganous stearate, manganous
      oleate, manganous dodecyl acetoacetate, cobalt acetyl acetonate, cobaltous
      acetate, cobaltous oleate, cobaltous stearate, cobaltous dodecyl
      acetoacetate, cupric stearate, cupric oleate, ferric acetate, zinc
      octoate, zinc naphthenate, iron distearate, potassium permanganate,
      potassium trioxalatocobaltate (III), trisethylenediaminecobalt (III)
      chloride, sodium hexanitrocobaltate (III), potassium hexacyanocobaltate
      (III) and the like.
PAR  Polyvalent transition metal salts pursuant to the practice of this
      invention may be used individually or in combination. It has been found
      that certain combinations of polyvalent transition metal salts promote
      degradation more so than the equivalent amount of any one salt of the
      combination; this is particularly noticeable with mixtures of iron and
      cobalt salts.
PAR  The polyvalent transition metal salts are normally present in amounts of
      from about 0.002 to about 2.0 weight percent of metal atom, based on the
      weight of the total composition. Preferably the metal is present in
      amounts of from about 0.005 to about 1.0 and most preferably in amounts of
      from about 0.01 to about 0.1 weight percent, based on the weight of the
      total composition. The need for only such small amounts of the polyvalent
      transition metal salt to give suitable weathering characteristics is an
      attractive feature of this invention insofar as the small amounts of salt
      generally do not adversely effect the mechanical properties of the base
      resin.
PAC  ANTIOXIDANT
PAR  Any of the antioxidants used with ethylene polymers can be used in the
      compositions of this invention. These include the sterically hindered
      phenols, the aryl amines, the thioureas, thiocarbamates, thioether esters,
      phosphites or mixtures or adducts thereof.
PAR  By the term sterically hindered phenol is meant a substituted or
      unsubstituted compound containing at least one sterically hindered group
      of the structure
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PAL  wherein X is hydrogen, alkyl of from 1 to about 10 carbon atoms or a
      substituted or unsubstituted phenyl and X.sup.1 is alkyl of from 1 to
      about 10 carbon atoms or a substituted or unsbustituted phenyl, said
      sterically hindered group being susceptible to proton donation. Generally
      the sterically hindered phenol will be one that does not volatilize or
      decompose appreciably below temperatures of about 200.degree.C.
PAR  Illustrative of suitable phenol antioxidants one can mention
      tetrakis[methylene-3-(3', 5'-di-tert-butyl-4'-hydroxyphenyl
      propionate]methane (IRGANOX 1010), stearyl 3-(3',
      5'-di-tert-butyl-4'-hydroxyphenyl)propionate (IRGANOX 1076), distearyl
      3,5-di-tert-butyl-4-hydroxybenzyl phosphite (IRGANOX 1093),
      1,1,3-tris(5'-tert-butyl-4'-hydroxy-2'-methyl-phenyl)butane (TOPANOL CA),
      4-methyl-1,-6-di(2'-hydroxy-3'-tert-butyl-5'-methylbenzyl)phenol
      (PLASTONOX 80), 2,4-di(3'-5'-di-tert-butyl-4'-hydroxyphenoxy)triazine
      (IRGANOX 858), 2,2'-thiobis(4'-methyl-6'-tert-butylphenol)(COA-6),
      4,4'-thiobis(3-methyl-6-tert-butylphenol)(SANTONOX R),
      3,5-di-tert-butyl-4-hydroxyanisole (TOPANOL 354),
      2,6-di-tert-butyl-p-cresol (IONOL).
PAR  Among the suitable amine antioxidants one can mention
      N-phenyl-beta-naphthylamine, N,N'-diphenyl-p-phenylenediamine,
      p-isopropoxy diphenylamine, N,N'-di-beta-naphthyl-p-phenylenediamine,
      N,N'-di-(2-octyl)-p-phenylenediamine,
      N,N'-di-3(5-methylheptyl)-p-phenylenediamine, aldol-alpha-naphthylamine,
      4,4'-dioctyldiphenylamine, 4-octyldiphenylamine, 4-t-butoxydiphenylamine,
      the polymer of 1,2-dihydro-2,2,4-trimethylquinoline, and the like.
PAR  Among the suitable thioureas are the polyalkyl thioureas having up to about
      4 carbon atoms in the alkyl groups such as trimethyl thirouea, 1,3-diethyl
      thiourea or ethylene thiourea, and the like. Thiocarbamates include the
      alkali metals salts thereof such as sodium dibutyl dithiocarbamate, and
      the like. The thioether esters include dilauryl thiodipropionate,
      distearyl thiodipropionate, and the like. Among the known phosphites one
      can mention the mono-, di- and tri-nonylphenyl phosphites, distearyl
      pentaerythritol diphosphite (WESTON 618), the adduct of trinonylphenyl
      phosphite with 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)-butane
      (ARGUS MARK 1409), and the like.
PAR  Other suitable antioxidants include dibutyl-para-cresol,
      p-cresol-formaldehyde resins, para-tertiary-alkylphenol formaldehyde
      resins in admixture with amino dithioformates, aliphatic polyepoxides,
      organic phosphites, thiophosphates, or dithiophosphites, para-tertiary
      alkylphenol formaldehyde resins in admixture with mercapto compounds,
      2-thiono-2-mercaptodioxaphosphorinane compounds,
      tetraphenylsuccinodinitriles or triphenylmethane, or dithiophosphate metal
      salts, and the like, as well as combinations thereof; also, chelating
      agents, such as for example, carboxylic acids, such as malonic acid,
      succinic acid and the like; substituted oxamides such as oxanalide and the
      like; amino acids such as glycine, and the like; amino polycarboxylic
      acids, such as ethylenediamine tetraacetic acid, diethylenetriamine
      pentaacetic acid, hydroxyethyl ethylenediamine triacetic acid,
      nitrilotriacetic acid, hydroxyethylimino diacetic acid, diaminocyclohexane
      tetraacetic acid, diaminoethyl ether tetraacetic acid, ethylenediamine
      di(o-hydroxyphenyl acetic acid); N-phenyl-N'-(p-toluene
      sulfonyl)-p-phenylenediamine, N,N-disalicylidene propylenediamine, and the
      like; pentaerythritol, sorbitol, resorcinol, and other polyfunctional
      alcohols and esters thereof; as well as combinations thereof.
PAR  The antioxidant is normally present in quantities sufficient to stabilize
      the composition against oxidative degradation for the entire useful life
      period desired and is generally from about 0.0025 to about 1 weight
      percent preferably from about 0.025 to 0.1 weight percent, based on the
      weight of total ethylene polymer composition.
PAR  It is of interest to note that almost all ethylene polymers often contain
      minute amounts of antioxidant, but this amount is normally not sufficient
      to stabilize the ethylene polymer composition of this invention and
      additional amounts are often required.
PAR  However, in certain embodiments of this invention the antioxidant need not
      be present or need be present in only minute amounts. In these two cases
      the ethylene polymer composition will of course degrade very rapidly upon
      exposure to the elements. This aspect of rapid degradation is important in
      an application where a product prior to use is sealed in a covering which
      eliminates action by the elements, particularly sunlight, rain and oxygen.
      When sought to be used the particular product is removed from the
      covering, used as required within a pre-specified time, and discarded to
      the environment for rapid degradation. For such embodiments of this
      invention it has been found that concentrations as low as 0.0025 percent
      by weight of antioxidant can be used.
PAR  As other aspects of this invention it is recognized that certain suitable
      antioxidants as aforesaid offer additional benefits which give further
      dimension to this invention. For example certain antioxidants, such as
      thioureas, are water soluble. Products produced from the ethylene polymer
      compositions of this invention containing thioureas may be utilized for
      long periods in a relatively dry environment; then after exposure to
      aqueous environmental elements such as rain or fog leaching of the
      thioureas occurs rendering the product more actively degradable. Another
      example is wherein the antioxidant is biodegradable, such as certain
      thioether esters, as for example dilauryl thiodipropionate and the like.
      In these cases bacteria found in the environment consume the antioxidant
      in the product, rendering the product more actively degradable. Still
      another example is wherein the antioxidant is volatile, such as
      mercaptomalic acid, and certain urea derivatives such as 1,1-diethyl urea.
      Because of its volatility such an anitoxidant would generally be applied
      to the plastic object after fabrication by immersion in a solution of the
      antioxidant or by the use of a roller coater or spray gun or other
      suitable application technique. Such volatile antioxidants may also be
      used in conjunction with less volatile antioxidants present in minor
      concentrations in the ethylene polymer compositions. The volatile
      antioxidants upon discard to the environmental elements volatilize
      rendering the plastic product more actively degradable. A further example
      is wherein the antioxidant is heat stable but light unstable such as
      alpha-phenylindole and diphenyl thiourea. A plastic product employing
      antioxidants of this nature may be stored in a dark environment and when
      exposed to sunlight will readily start to degrade.
PAR  In another aspect of this invention it has been found that a preliminary
      irradiation of the ethylene polymer composition will greatly enhance the
      rate of degradation as compared to non-irradiated ethylene polymer
      composition. As previously pointed out an antioxidant may additionally be
      included to maintain a more stable composition prior to irradiation.
PAR  Normally the requisite level of ionizing radiation to accelerate
      degradation is from about 1 to about 20 megareps (MGRPS). Greater or
      lesser dosages of radiation may be employed depending upon the particular
      desired rate of degradation. Such sources include the van de Graaff
      accelerator, cobalt 60, and the like. Other suitable modes of irradiation
      are, by way of example, ultraviolet lamp, sunlamp, swirl-flow plasma arc,
      mercury lamp, and the like. Any known radiation source can be used.
PAR  This irradiation aspect of this invention is important in large volume
      plastic waste disposal units wherein the waste plastic is irradiated prior
      to exposure to the elements to provide an accelerated rate of degradation.
PAR  In the following examples the processing and analytical methods used for
      sample preparation are as described immediately hereinbelow. Two
      compounding methods were employed. The first and primary method of sample
      compounding is by employing the two roll mill (hereinafter called "roll
      mill method"). The second method employed a Banbury mixer (hereinafter
      called "mixer method").
PAR  A 6 .times. 12 inches two-roll mill with heat supplied by full stream at
      190.degree.C. and heated for at least 15 minutes is used. With the bit as
      close as possible the ethylene base polymer is added and then during a
      period of about 1 minute the bite is opened after the ethylene polymer has
      begun to flux. The polypropylene or other auto-oxidative susceptible agent
      is added. Thereafter antioxidant and other filler (if applicable) are
      added. The polyvalent transition metal salt is then slowly added in about
      30 seconds. The material is worked for 2 minutes until homogeneous, then
      pulled off the rolls and cut into squares about 2 by 2 inches. It is
      recognized that any of the other conventional additives usually present,
      such as pigment, slip agents, anti-block agents; etc. can be present if
      desired. Unless otherwise stated this method was used in the examples.
PAR  In the mixer method a 5 lb. Banbury mixer was employed with full steam on
      the shell and rotors for 5 minutes to achieve 190.degree.C. The ethylene
      base polymer and auto-oxidative susceptible agent, such as polypropylene,
      were added. The ram was moved downward at the full pressure of 80 psi and
      the Banbury operated at maximum forward speed for 3 minutes or until the
      materials are fluxed. The antioxidant, filler (if applicable), and
      polyvalent transition metal salt were added with the ram backed down to 10
      psi and the Banbury at its slowest forward speed for one minute. The ram
      pressure was then readjusted to 80 psi and the Banbury was then operated
      at full forward speed for 2 minutes. Cooling water was then supplied to
      the shell and rotors and the mixer was operated at its slowest forward
      speed for one minute. Thereafter the compounded material was discharged,
      sheeted and diced.
PAR  After compounding by either the mixer or roll mill method the samples were
      compression molded by the following method. A mold lined with Mylar sheet
      was charged with the ethylene polymer composition. It was placed between
      preheated (190.degree.C.) plattens and low pressure (1 ton on 6 in..sup.2
      ram) was applied for four minutes followed by full pressure (32 tons on 6
      in..sup.2 ram) for two minutes. The plattens were then water cooled and
      the sample was recovered.
PAR  Weathering tests were conducted by placing a plurality of identical
      specimens from the same molded sheet in an Atlas XW Weatherometer that
      uses a carbon arc radiation source with Corex D filters to simulate solar
      light spectral distribution. The sample was maintained at a blackbody
      radiation temperature of 140.degree.F. over a four hour period, which
      included an 18 minute period of water spray. Water was permitted to
      accumulate at the bottom of the chamber to provide a humidified condition.
      The exposed samples are removed from the Weatherometer after certain
      periods of time and examined for embrittlement, percent elongation and
      FMIR. The period in hours that has transpired is recorded when the sample
      fails the test. Normally the samples are rated at the end of 20, 60, 100,
      150, 200, 250, 350, 500, 750 and 1,000 hours of exposure. The specimen
      from the previous rating period is removed permanently from the
      Weatherometer at the end of the 60, 150, 250, 500 and 1,000 hours periods
      for complete evaluation. By this is meant that at the 20 hour period the
      first specimen is removed, rated and returned, at the 60 hour period it is
      permanently removed, rated and tested; at the 100 hour period the second
      specimen is removed, rated and returned, at the 150 hour period it is
      permanently removed, rated and tested. This procedure is continued in the
      time pairs until all of the specimens have been consumed and permanently
      removed. On occasion additional specimens were permanently removed, rated
      and tested at the 20 or 100 hour periods.
PAR  The permanently removed weathered samples were examined by surface
      reflectance infrared spectroscopy, known in the art as frustrated multiple
      internal reflection (FMIR), to examine buildup of the surface carbonyl
      layer due to weathering exposure. A Wilks Model-9D FMIR attachment on a
      Perkin-Elmer Model 21 infrared spectrophotometer was used to make the
      ratio measurements, hereinafter referred to also as R. A measureof the
      surface carbonyl buildup relative to methylene is calculated by the
      equation R = A5.8/A7.3; i.e. the absorbance of the carbonyl peak at 5.8
      microns to the absorbance of the methylene peak at 7.3 microns. This is
      usually performed ona specimen that has not been exposed and on specimens
      after 60 and 150 hours exposure; on occasion specimens were analyzed after
      exposures of 20 hours, 40 hours, 80 hours or 100 hours. The ratio R rarely
      exceeds 1.0 for weathered conventional polyethylene (which is still
      flexible). Embrittled polyethylene will have R values exceeding 1.0. An R
      value of 1.7 may be correlated with the onset of embrittlement. R values
      of 1.9 to 2.2 are characteristic of a fully developed surface carbonyl
      layer. R values above 2.5 are due principaaly to diminishing of the
      methylene peak, rather than to an increase in surface carbonyl level. The
      impact of a fully developed surface carbonyl layer is recognized to be
      that (1) oxidation of the bulk of the resin is proceeding and (2) fracture
      prone sites exist on the specimen surface. Cracks initiated in the
      oxidized surface layer propogate through the less oxidized material in the
      interior of the polymer resulting in deterioration thereof.
PAR  The tensile physical properties of the weathered samples, tensile modulus,
      tensile strength, and ultimate elongation were measured by a modified ASTM
      D882-67(Method A) procedure using an Instron Tensile Tester after O, 60,
      150, 250 and 500 hours exposure, and occasionally after 20 hours or 100
      hours of exposure. In this modification a one inch specimen is used and
      stretched at a rate of 0.2 inch per minute to a one percent stretch to
      obtain the modulus; the same specimen is then stretched at a rate of 2
      inches per minute to obtain the stress-strain curve. Elongation
      deterioration correlates with the embrittlement observed in the aforesaid
      Atlas XW Weatherometer ratings. Normally an ultimate elongation value less
      than 50% is slightly brittle and a value below 20% is brittle.
PAR  It was observed that as weathering exposure proceeds, surface cracking
      appeared. The cracks occur in polyethylene compositions generally after
      the onset of embrittlement, usually between 150 to 250 hours of exposure.
      Through the optical microscope, the crack patterns which appeared on the
      surface of severely oxidized samples were clearly visible. The cross
      section fracture surfaces of brittle specimens were observed through the
      optical microscope and at magnifications of 46 X to 300 X it was possible
      to determine which areas of the cross section were brittle. Scanning
      electron micrographs of the weathered specimen at a magnification of 500 X
      show that the cracks were formed by brittle failure resulting in very
      sharp clean cuts. Primary cracks are normal to the surface and are
      believed to be influenced by the internal stress disbtibution in the
      specimen, and will be parallel to the surface if the stress distribution
      in the specimen is uniform. Secondary cracks join the primary cracks, are
      ess-shaped, and slant inward at an angle less than 90.degree. to the
      surface. Tertiary cracks join primary and secondary ones and also are
      ess-shaped and likewise slant inwardly. This produces a network of cracks
      in which the spacing between the cracks progressively becomes smaller and
      results in particles on the order of 350 microns in width which can
      readily peel off or slough off due to the "slant faults" similar to that
      mechanism observed in exfoliating rocks.
PAR  The stability of the samples prior to weathering was determined by
      Differentials Scanning Calorimetry (DSC). A du Pont 900 Thermal Analyzer
      with DSC module attachment and an external strip chart recorder were used
      for the isothermal DSC induction time studies. By measuring the length of
      time at 180.degree.C. or 200.degree.C. required for the heat of oxidation
      to be evolved, the stability of the compound can be determined. At
      200.degree.C. well-stabilized commercial polyethylene has a 3 to 6 minute
      induction time. All induction times are given in minutes unless otherwise
      specified.
PAR  The DSC inductin time measurements were made as follows: Test batches of
      ethylene polymer compositions were prepared on a two roll mill on which
      were blended 100 gram batches of ethylene polymer and additives. Minimum
      fluxing temperatures were used to avoid premature oxidation effects. The
      fluxed mixtures were then pressed into plaques about 10 .times. 10 inches
      with a thickness of 10 mils on a heated hydraulic press. Circular
      specimens 0.20 inches in diameter were cut from the 10 mils plaques and
      then placed in aluminum sample holders of the Differential Scanning
      Calorimeter (DSC) cell. In each case the sample holder plus sample were
      then placed on the raised sample position while an empty aluminum sample
      holder was placed on the raised reference position. Nitrogen was passed
      through the assembled DSC cell at a gas flow rate of 500 ml./min.
      blanketing the sample and reference cells with an inert atmosphere. The
      sample and reference cells were then heated at a programmed rate of
      80.degree.C. per minute to a preselected isothermal temperature. When
      equilibrium temperature was obtained, an accurate millivolt recorder (with
      a 1 inch per minute linear chart speed and a 0 to 25 millivolts chart
      span) began to record the amplified differential thermocouple signal from
      the DSC cell. After one inch of chart travel the nitrogen flow was rapidly
      stopped and air was passed through the DSC cell, also at a flow rate of
      500 ml per minute. The sharp inflection in the exothermic direction of the
      recorded curve indicated the end of the induction period. Since the
      induction time is that period of time during which there is no exotherm or
      thermal oxidative degradation, it is a measure of the effectiveness of
      thermal stabilizing additives which have been compounded with the ethylene
      polymers. A direct comparison between controls and the compositions of
      this invention is therefore provided by this induction time measurement.
DETD
PAC  EXAMPLE I
PAR  Ethylene polymer compositions containing low density polyethylene LDPE
      (0.922 density) polypropylene PP (98% isotactic) as a polymeric
      auto-oxidative susceptible additive in amounts of 0% (Control A), 0.1%,
      0.3%, 2%, 5%, 10%, 20% and 30%, and 0.10% of cobalt metal (Co) as a cobalt
      naphthenate solution in mineral spirits were prepared in the
      aforedescribed manner. A control (Control B) sample consisting of the base
      resin and the same amount of mineral spirits as was added above as
      solution, and a second control (Control C) sample consisting of the base
      resin and 10% polypropylene were also prepared. The aforesaid samples were
      fabricated into 20 mil plaques and weathered according to the
      aforementioned procedure.
PAR  The exposure time required for embrittlement, hereinafter also referred to
      as "Embr.", to occur is listed in Table I, Parts A and B, as well as the
      time required for the surface carbonyl level to exceed 1.7, hereinafter
      also referred to as "FMIR R&gt;1.7" and the ultimate elongation to fall below
      20%, hereinafter also referred to as ".ltoreq. 20% Elong." The effect of
      the added polypropylene in Control C in promoting embrittlement is to
      reduce the exposure time required for embittlement to occur as compared to
      Control B without polypropylene. The effect of the cobalt metal salt in
      Control A is to reduce the exposure time required for embrittlement over
      that necessary in Controls B or C without cobalt. The effect of the
      combined system of this invention is to produce an interaction which
      promotes embrittlement at a much faster rate than is observed for any of
      the controls. This embrittlement effect is also polypropylene
      concentration dependent; that is the exposure time required for
      embrittlement to occur decreases as the polypropylene concentration
      increases and in all instances embrittlement of the ethylene polymer
      compositions of this invention proceeded faster than in Controls A, B or
      C.
PAR  Ethylene polymer compositions identical in every way with the above, but
      irradiated with a 5 megarep dose prior to weathering, demonstrated reduced
      exposure times for embrittlement to occur as the polypropylene
      concentration increased and required less exposure time to embrittle than
      the equivalent unirradiated samples of Part A of Table I at polypropylene
      concentrations of 2% and higher. The exposure times for the irradiated
      compositions are listed in Table I, Part B.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Ethylene Polymer                                                          

                  Exposure Times Required, Hours                               

     Composition, % by weight                                                  

                  PART A               PART B                                  

     __________________________________________________________________________

                        FMIR                 FMIR                              

     LDPE PP  Co  Embr. R&gt;1.7 .ltoreq.20% ELONG.                               

                                       Embr. R&gt;1.7 .ltoreq.20%                 

     __________________________________________________________________________

                                                   ELONG.                      

     70   30  0.10                                                             

                  60    60-150                                                 

                              20       20    60-150                            

                                                   0-20                        

     80   20  0.10                                                             

                  20-60 60-150                                                 

                              20       20    60-150                            

                                                   0-20                        

     90   10  0.10                                                             

                  60    60    60       20    20    0-20                        

     95   5   0.10                                                             

                  100   60    100      60-100                                  

                                             20-60 60                          

     98   2   0.10                                                             

                  150   60    150      100-150                                 

                                             20-60 100                         

     99.6 0.3 0.10                                                             

                  150-250                                                      

                        60    150      150-250                                 

                                             20-60 100                         

     99.8 0.1 0.10                                                             

                  150   60-150                                                 

                              150      60-250                                  

                                             60-100                            

                                                   60                          

     100* 0   0.10                                                             

                  250   60    150      250   20-60 150                         

     100**                                                                     

          0   0   &gt;1000 &gt;150  &gt;500     1000  150   500                         

     90***                                                                     

          10  0   750   750   500      500   500   500                         

     __________________________________________________________________________

       *Control A                                                              

       **Control B, contains an amount of mineral spirits equal to that present

      in all other samples.                                                    

       ***Control C                                                            

PAC  EXAMPLE II
PAR  Example I was repeated using cobalt octoate, in place of the cobalt
      naphthenate, at several varying concentrations. In all instances the
      ethylene polymer compositions contained two weight percent polypropylene.
      The results are reported in Table II, Parts A and B.
TBL                TABLE II                                                    

     ______________________________________                                    

     Ethylene Polymer                                                          

                 Exposure Times Required, Hours                                

     Composition, %                                                            

                 PART A                                                        

     ______________________________________                                    

                               FMIR                                            

     LDPE   Co       Embr.     R&gt;1.7   .ltoreq.20% ELONG.                      

     ______________________________________                                    

     96     2        200-250   150     250                                     

     97     1        200       150     150-250                                 

     98     0.10     100-150   100-150 150                                     

     98     0.075    100-150   100-150 150                                     

     98     0.050    150       100-150 150                                     

     98     0.025    100-150   150     150                                     

     98     0.010    150       150-200 150-250                                 

                     PART B                                                    

                               FMIR                                            

     LDPE   Co       Embr.     R&gt;1.7   .ltoreq.20% ELONG.                      

     ______________________________________                                    

     96     2        200-250   150     150-250                                 

     97     1        150-200   150     150-250                                 

     98     0.10     100-150   60      150                                     

     98     0.075    100-150   60      150                                     

     98     0.050    60-100    60      150                                     

     98     0.025    100-150   150     150                                     

     98     0.010    100       60      60-150                                  

     ______________________________________                                    

PAC  EXAMPLE III
PAR  This example demonstrates the use of polypropylenes of various degrees of
      tacticity and molecular weight.
PAR  Ethylene polymer compositions containing 98% of a 0.922 density DLPE, 2%
      polypropylene and 0.05% cobalt metal as a cobalt naphthenate solution in
      mineral spirits were prepared using a 98% isotactic polypropylene, an
      atactic polypropylene, and an isotactic polypropylene wax (relatively low
      molecular weight) that had been prepared from the isotactic polymer by
      pyrolysis. These compositions were fabricated into 20 mils plaques and
      weathered according to the aforementioned procedure.
PAR  All of the above compositions, which were weathered in a similar manner,
      produced embrittlement by 150 hours, a surface carbonyl level greater than
      1.7 by 150 hours, and an ultimate elongations below 20% by 150 hours
      exposure.
PAC  EXAMPLE IV
PAR  This example demonstrates the use of LDPE of several densities.
PAR  Ethylene polymer compositions containing 98% of LDPE, 2% polypropylene (98%
      isotactic) as the auto-oxidative susceptible polymer additive and 0.025%
      to 0.075% cobalt metal, as either the cobalt octate or cobalt naphthenate
      solution in mineral spirits, were prepared using LDPE having densities of
      0.919, 0.922, 0.924, 0.925 and 0.928 as the base resins. These
      compositions were fabricated into 20 mils plaques or 2 mils films and
      weathered according to the aforementioned procedure.
PAR  All of the above compositions showed accelerated embrittlement and has
      become brittle by 100 to 200 hours of exposure.
PAC  EXAMPLE V
PAR  Ethylene polymer compositions containing 98% of LDPE, 2% polypropylene (98%
      isotactic) as the auto-oxidative susceptible polymer additive, and 0.025%
      cobalt metal as cobalt naphthenate solution in mineral spirits were
      prepared from a 0.924 density LDPE of the type formed by polymerization in
      a tubular reactor and a 0.925 density LDPE of the type formed by
      polymerization in a stirred autoclave as the base resins. These
      compositions were fabricated into 20 mils plaques and weathered according
      to the aforementioned procedure.
PAR  The weathering behavior of these two samples was similar. Both embrittled
      by 150 hours of exposure, achieved surface carbonyl levels above 1.7 by
      150 hours of exposure, and achieved ultimate elongation deterioration
      below 10% by 150 hours of exposure.
PAC  EXAMPLE VI
PAR  Ethylene polymer compositions containing a 0.922 density LDPE as the base
      resin, polypropylene (98% isotactic) in amounts of 0%, 2%, 5% and 10% and
      0.10% cobalt metal as cobalt naphthenate solution in mineral spirits were
      prepared. A control sample consisting of the base resin alone was also
      prepared. All of the above compositions contained the usual slip
      (oleamide), antiblock (silica), and antioxidant
      (2,6-ditert-butyl-4-methylphenol), system in the conventional amounts used
      in commercial LDPE. These compositions were extruded through a 1 inch NRM
      extruder at 400.degree.F and reextruded through the extruder until the
      composition had been reextruded five times. After each pass a 20 mils
      plaque was fabricated, tested for physical properties, and weathered
      according to the aforementioned procedures.
PAR  The ultimate elongation data of each composition, including the control,
      showed that no premature deterioration of elongation had occurred by
      virtue of the reextrusions. The initial ultimate elongation values of all
      compositions prior to weathering was consistent with the behavior of the
      control sample. All of the plaques specimens containing both polypropylene
      and cobalt salt exhibited accelerated embrittlement within 60 to 250 hours
      upon weathering. The control specimen remained flexible after 500 hours of
      exposure.
PAC  EXAMPLE VII
PAR  Ethylene polymer compositions containing of a 0.922 density LDPE as the
      base resin, 1.16% polypropylene as the auto-oxidative susceptible
      additive, (98% isotactic) and 0.05% of cobalt metal as the following
      salts: (1) solid cobalt acetate, (2) cobalt octoate solution in mineral
      spirits, (3) cobalt naphthenate solution in mineral spirits, and (4) the
      cobalt salts of a mixture of branched C.sub.8 and C.sub.9 acids in mineral
      spirits, known as cobalt Nuxtra. These compositions were fabricated into
      20 mils plaques and weathered according to the aforementioned procedures.
      The exposure times required for embrittlement to occur, surface carbonyl
      level to exceed 1.7, and ultimate elongation to drop below 20% are listed
      in Part A of Table III. All of the cobalt salt forms were active and
      promoted accelerated embrittlement in 200 hours exposure or less. The
      salts dispersed in mineral spirits show enhanced activity, with the
      naphthenate being the most active form in the 1.16% polypropylene
      compositions.
PAR  Ethylene polymer compositions identical to the above in every way, but
      containing a 0.922 g/cc density polyethylene base resin, 6.48%
      polypropylene as the auto-oxidative susceptible additive and 0.10% cobalt
      metal from each of the same cobalt salts were prepared. The exposure times
      required for the above phenomena to occur are listed in part B of Table
      III. All of the cobalt salt forms were active and promoted accelerated
      embrittlement in 200 hours exposure or less. The salts dispersed in
      mineral spirits show enhanced activity in the 6.48% polypropylene
      compositions. All of the octoate, naphthenate, or mixed branched C.sub.8
      and C.sub.9 acid salts of cobalt show comparable effectiveness in causing
      accelerated embrittlement in combination with polypropylene in the
      preferred range of 1 to 6.5% in low density polyethylene.
TBL                TABLE III                                                   

     ______________________________________                                    

     PART A                                                                    

            Exposure Times Required, Hours                                     

     ______________________________________                                    

                         FMIR                                                  

     Co Salt  Embr.      R&gt;1.7    .ltoreq.20% ELONG.                           

     ______________________________________                                    

     Acetate  200        &gt;150     &gt;150                                         

     Octoate  150-200    150      100-150                                      

     Naphthenate                                                               

              150        100      100                                          

     Nuxtra   150-200    100      100-150                                      

     PART B                                                                    

            Exposure Times Required, Hours                                     

     ______________________________________                                    

                         FMIR                                                  

     Co Salt  Embr.      R&gt;1.7    .ltoreq.20% ELONG.                           

     ______________________________________                                    

     Acetate  200        &gt;150     &gt;150                                         

     Octoate  100        150      60                                           

     Naphthenate                                                               

              100        100      60-100                                       

     Nuxtra   150        150      60-100                                       

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  Ethylene polymer compositions containing 98% of a 0.922 density LDPE as
      base resin 2% polypropylene as the auto-oxidative susceptible additive
      (98% isotactic) and 0.05% metal of the metal salt solution of cobalt
      octoate, iron octoate, manganese octoate, cerium naphthenate, zinc
      octoate, lead octoate, zirconium octoate, and calcium octoate in mineral
      spirits were prepared. These compositions were pressed into plaques and
      weathered according to the aforementioned procedures.
PAR  The exposure times required for embrittlement to occur, surface carbonyl
      level to exceed 1.7, and ultimate elongation to drop below 20% are listed
      in Part A of Table IV for the above compositions. In Part B of Table IV
      are shown the results obtained on identical compositions which had been
      irradiated with a 5 megarep does prior to weathering.
TBL                TABLE IV                                                    

     ______________________________________                                    

     PART A                                                                    

            Exposure Time Required, Hours                                      

     ______________________________________                                    

                          FMIR                                                 

     Salt       Embr.     R&gt;1.7    .ltoreq.20% ELONG.                          

     ______________________________________                                    

     Co Octoate 150       60-150   60                                          

     Fe Octoate 100       60       60                                          

     Mn Octoate 150       150      150                                         

     Ce Naphthenate                                                            

                150                150-250                                     

     Zn Octoate 250                150                                         

     Pb Octoate 250-500            150.sup.+                                   

     Zr Octoate 500                                                            

     Ca Octoate 500                                                            

     PART B                                                                    

            Exposure Time Required, Hours                                      

     ______________________________________                                    

                          FMIR                                                 

     Salt       Embr.     R&gt;1.7    .ltoreq.20% ELONG.                          

     ______________________________________                                    

     Co Octoate 150       60       60                                          

     Fe Octoate 150       60       150                                         

     Mn Octoate 150       150      150                                         

     Ce Naphthenate                                                            

                150                150-250                                     

     Zn Octoate 250                150                                         

     Pb Octoate 250-500                                                        

     Zr Octoate 500                                                            

     Ca Octoate 500                250.sup.+                                   

     ______________________________________                                    

PAC  EXAMPLE IX
PAR  Ethylene polymer compositions of 0.922 density LDPE as base resin,
      polypropylene (98% isotactic) as auto-oxidative susceptible additive in
      amounts of 2% and 5%, and mixtures of 0.05% cobalt metal as cobalt
      naphthenate solution in mineral spirits and 0.05% iron metal as iron
      octoate solution in mineral spirits were prepared. Both compositions were
      pressed into 20 mils plaques and weathered according to the aforementioned
      procedure. Control samples of the same 0.922 density LDPE were prepared as
      extruded 20 mils sheets. Compositions identical to the above, but
      containing 0.10% cobalt metal as cobalt naphthenate solution in mineral
      spirits, instead of the mixed metal salt system of cobalt naphthenate and
      iron octoate were also prepared, pressed into 20 mils plaques and
      weathered by the aforementioned procedure. The exposure times required for
      embrittlement to occur, surface carbonyl level to exceed 1.7 and ultimate
      elongation to drop below 20% are listed in Table V. At both polypropylene
      concentration levels (2% and 5%) the mixed metal salt system promoted
      accelerated embrittlement in the ethylene polymer compositions. The LDPE
      control was still flexible after 750 hrs exposure and not embrittled.
      Compared to similar compositions containing the same polypropylene content
      and the same total metal content solely as cobalt, the mixed metal salt
      systems show a decrease in the exposure time required to achieve
      embrittlement and for the ultimate elongation to drop below 20%. The
      results show that the use of a mixture of cobalt and iron is more
      efficacious than cobalt alone; they also show that cobalt alone is also
      satisfactory.
TBL                TABLE V                                                     

     ______________________________________                                    

     Run         1        2      3      4    Control                           

     ______________________________________                                    

     LDPE,%      98       98     95     95   100                               

     PP,%        2        2      5      5    0                                 

     Co,%        0.05     0.1    0.05   0.1  0                                 

     Fe,%        0.05     0      0.05   0    0                                 

     Exposure Time Required, Hours                                             

     Embr.       60-100   150    100-150                                       

                                        100  &gt;750                              

     FMIR R&gt;1.7  60       60     60     60   --                                

     .ltoreq.20% ELONG.                                                        

                 60       150    60     100  --                                

     ______________________________________                                    

PAC  EXAMPLE X
PAR  A first ethylene polymer composition containing 95% of a 0.928 density LDPE
      as base resin 5% polypropylene as auto-oxidative susceptible additive (98%
      isotactic) and a mixture in mineral spirits of 0.05% cobalt metal as
      cobalt octoate and 0.05% iron metal as iron octoate and a second ethylene
      polymer composition containing 98% of a 0.928 density LDPE, 2%
      polypropylene (98% isotactic) and a mixture in mineral spirits of 0.025%
      cobalt octoate and 0.025% iron octoate were prepared. Both of these
      compositions contained 0.05% Irganox-1010 antioxidant, 0.15% erucamide
      slip agent, and 0.15% silica anti-block agent. The compositions were
      pressed into 20 mils plaques, extruded into 20 mils sheet, and extruded
      into 2 mils film, all of which were weathered by aforementioned procedure.
      After weathering for 60 hours the surface carbonyl level of both samples
      fabricated as 20 mils plaques rose sharply. At 100 hours a surface
      carbonyl level of 2.1 was achieved in both samples. Embrittlement was
      achieved by 100 hours exposure and the ultimate elongation dropped below
      10% after 60 hours of weathering for the first composition and after 100
      hrs of weathering for the second composition.
PAR  The samples fabricated as extruded sheet were examined after weathering in
      20 hours exposure intervals. The surface carbonyl level of both samples
      rose sharply in the interval between 40 and 60 hours of exposure, rising
      more rapidly for the first sample. The ultimate elongation dropped below
      20% for the first composition after 60 hours exposure and for the second
      composition after 80 hours exposure. Embrittlement occurred after 80 hours
      exposure for the first composition and after 100 hours exposure for the
      second composition, and showed signs of splitting in the first composition
      after 500 hours exposure.
PAR  The samples fabricated as film developed a surface carbonyl level greater
      than 1.7 more slowly than did the other aforementioned specimens. This
      surface carbonyl level was obtained in the first composition after 100
      hours exposure, and in the second composition after 150 hours of exposure.
      Embrittlement occurred in the film after 60 hours for the first
      composition and after 100 hours for the second composition. After 500
      hours exposure both film samples had disintegrated and both sheet samples
      showed signs of failure and splitting along the surface cracks.
PAC  EXAMPLE XI
PAR  The compositions of Example X, as extruded film and sheet, were tested for
      lubricity by the coefficient of friction (COF) test, ASTM D 1894. All film
      and sheet samples had kinetic COF values of 0.16 to 0.03, which is
      classified as high slip. A control film of the same 0.928 density LDPE
      without the slip and antiblock additives had a COF value of 0.60, which is
      classified as very low slip, or no slip.
PAC  EXAMPLE XII
PAR  Samples of LDPE containing polypropylene in amounts of 0.3, 2.5 and 10% and
      containing salts in mineral spirits of cobalt, iron, cerium and zinc or
      combinations thereof in amounts of 0.025, 0.10% 0.05, 0.075 and without
      any antioxidant present were found undergo oxidation at room temperature
      in the absence of sunlight or weatherometer exposure to produce
      embrittlement after one month duration or longer. Irradiation by sunlight,
      UV, or very intense visible light accelerates the rate at which
      embrittlement occurs. Embrittlement in the absence of the irradiation was
      found to occur whether the sample was fabricated as a plaque, extruded
      sheet, or extruded film or whether it was in resin form and then later
      fabricated. Associated with the embrittlement in the absence of
      irradiation is the appearance of odor recognizably associated with
      oxidation and believed indicative of the presences of short chain
      aldehydes and acids.
PAC  EXAMPLE XIII An ethylene polymer composition containing 98% of a 0.922
      density polyethylene (LDPE) as base resin, 2% polypropylene (98%
      isotactic) as auto-oxidative susceptible additive and 0.075% cobalt metal
      as a cobalt octaote solution in mineral spirits was prepared according to
      the procedure aforedescribed. Another composition as above was prepared
      additionally including a stabilizer system consisting of 0.05% Topanol CA,
      and 0.15% dilauryl thiodipropionate. Control specimens (1) containing 2%
      polypropylene in the aforesaid LDPE and (2) neat LDPE, were also prepared.
      All of the aforementioned compositions were pressed into 20 mils plaques
      and weathered by the aforementioned procedures. All of the aforementioned
      samples were pressed into 10 mil plaques for isothermal DSC induction time
      analyses at 180.degree.C. according to the procedure as aforedescribed.
      The stabilized composition had an induction period of 14.1 minute at
      180.degree.C. while the unstabilized composition had a 0.25 minute
      induction time at 180.degree.C. The controls had induction times at
      180.degree.C. of 0.40 and 0.16 minute respectively.
PAR  The above samples and controls were repeated, but irradiated with 5
      megareps prior to testing. The isothermal DSC induction time for the
      irradiated stabilized sample was 4.4 minutes, the induction time for the
      irradiated unstabilized sample was 0.15 minute, and the induction times
      for the irradiated controls were 0.20 and 0.05 minute respectively.
PAR  Addition of the stabilizers in the combination of polyethylene,
      polypropylene, and cobalt salt was observed to provide stabilization
      against embrittlement in the highly active systems, which normally undergo
      oxidative embrittlement in either the presence or absence of weathering
      without the stabilizers. Subsequent irradiation of the samples was
      observed to reduce the effectiveness of the stabilizers. After irradiation
      the compositions embrittled either in the presence of absence of
      weathering by the procedure described.
PAC  EXAMPLE XIV
PAR  Ethylene polymer compositions of (1) 90% of a 0.922 density LDPE as base
      resin, 10% polypropylene (98% isotactic) as auto-oxidative susceptible
      additive and 0.10% cobalt metal as cobalt naphthenate solution in mineral
      spirits, and (2) 98% of the LDPE, 2% polypropylene (98% isotactic) and
      0.025% cobalt metal as above, were prepared both with a stabilization
      system containing (a) 0.05% of a primary hindered phenol anti-oxidant AO
      (i.e. Irganox-1010) having four sterically hindered phenol groups linked
      to a central carbon by fatty acid ester linkages; (b) 0.05% of dilauryl
      thiodipropionate (DLTDP) and (c) 0.05% of distearyl pentaerythritol
      diphosphite (DSPD). Control samples which did not contain the
      stabilization system were also prepared. The compositions were pressed
      into 20 mils plaques and weathered by the aforementioned procedures. They
      were also pressed into 10 mils plaques for isothermal DSC induction time
      analysis at 180.degree.C.
PAR  The exposure times required for embrittlement, surface carbonyl level to
      exceed 1.7 and ultimate elongation to drop below 20% are listed in Part A
      of Table VI. The isothermal DSC induction times obtained at 180.degree.C.
      are also reported in Part A of Table VI. The exposure time for the
      stabilized samples at which ultimate elongation deteriorates below 20%
      when compared with the exposure time required for the unstabilized control
      samples was found to be slightly longer. The presence of stabilizers in
      the second formulation has a more noticeable effect on these properties
      (elongation deterioration and surface carbonyl level build-up); but does
      not retard the embrittlement occurrence significantly. The isothermal DSC
      induction time data indicates that in the absence of weatherometer
      exposure these samples are quite stable and have considerable long
      induction times at 180.degree.C.
PAR  Compositions identical in every way with the above two samples, but
      irridated prior to testing with 5 megareps were also prepared. The
      exposure time required by the various test procedures and the induction
      times are reported in Part B of Table VI. Irradiation acts to reduce the
      exposure time required for the ultimate elongation to drop below 20%.
      After irradiation the irradiated stabilized samples embrittle in either
      the presence or absence of weathering.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     PART A (Unirradiated)                                                     

                            FMIR                                               

     %PP   %Co  %AO %DSPD                                                      

                        Embr.                                                  

                            R&gt;1.7 .ltoreq.20%ELONG.                            

                                          DSC Induction Time,                  

     __________________________________________________________________________

                                          Min.                                 

     10    0.10 0.05                                                           

                    0.05                                                       

                        150 150   150     24.8                                 

     2     0.025                                                               

                0.05                                                           

                    0.05                                                       

                        150 150-250                                            

                                  150-250 26.7                                 

     CONTROLS                                                                  

     10    0.10 0   0   150 150   60      0.10                                 

     2     0.025                                                               

                0   0   150 150   150     0.14                                 

     PART B (5 Megareps irradiation)                                           

     10    0.10 0.05                                                           

                    0.05                                                       

                        150 150   60      0.12                                 

     2     0.025                                                               

                0.05                                                           

                    0.05                                                       

                        150 150   60-100  0.13                                 

     __________________________________________________________________________

PAC  EXAMPLE XV
PAR  This example demonstrates the use of mixtures of organic metal salts with
      and without stabilizers.
PAR  An ethylene polymer composition containing 95% as base resin, 5%
      polypropylene (98% isotactic) as the auto-oxidative susceptible additive
      and a mixture of 0.05% cobalt as cobalt octoate and 0.05% iron as iron
      octoate in mineral spirits solution was prepared that also contained a
      stabilization system consisting of 0.05% of a hindered phenol antioxidant
      (Irganox-1010), 0.15% of a thioester (dilauryl thiodipropionate) and 0.05%
      of distearyl pentaerythritoldiphosphite. A sample as above, but excluding
      the stabilization system, and a control sample containing only the
      aforesaid 5% polypropylene mixture in 95% LDPE were also prepared.
      Specimens were pressed as 20 mils plaques and weathered by the
      aforementioned procedures. Specimens were also pressed into 10 mils
      plaques for isothermal DSC induction time analysis at 180.degree.C. as
      aforedescribed.
PAR  Both the stabilized and the unstabilized plaques embrittled after 60 hrs
      exposure in the weatherometer. The control sample of LDPE and
      polypropylene only embrittled after 500 hours exposure. The stabilized
      sample had a 19.6 minutes DSC induction time at 180.degree.C., while the
      unstabilized sample had a 0.76 minute DSC induction time. The control
      sample had a 0.28 minute DSC induction time.
PAR  Specimens as above were irradiated prior to testing. Both the
      irradiated-stabilized and the irradiated-unstabilized samples embrittled
      after 60 hours of exposure in the weatherometer and the control embrittled
      after 250 hours of exposure. The irradiated-stabilized sample had a 1.4
      minute DSC induction time at 180.degree.C. The irradiated-unstabilized
      sample had a 0.11 minute DSC induction time and the irradiated control had
      a 0.20 minute induction time.
PAC  EXAMPLE XVI
PAR  This example demonstrates the use of several different antioxidants in
      ethylene polymer compositions containing 95% of a 0.928 density LDPE as
      the base resin, 5% polypropylene (98% isotactic) as the auto-oxidative
      susceptible additive and a mixture of 0.05% cobalt as cobalt octoate and
      0.05% iron as iron octoate in mineral spirits. Each composition contained
      0.05% of each of the following sterically hindered phenol antioxidants:
      Irganox 1010, Santox R, Topanol CA, Irganox 1076, and Ionol. Test
      specimens were prepared as 10 mils plaques and the isothermal DSC
      induction time measured at 180.degree.C. The DSC induction times were 9.8,
      12.5, 6.2, and 3.5, respectively, for the compositions containing the
      indicated antioxidants.
PAC  EXAMPLE XVII
PAR  This example demonstrates the effect of secondary stabilizers with primary
      stabilizers in the presence of a mixture of organic metal salts of the
      transition metals.
PAR  An ethylene polymer composition containing 98% of a 0.928 density
      polyethylene as the resin, 2% polypropylene (98% isotactic) as the
      auto-oxidative susceptible additive and a mixture of 0.025% cobalt as
      cobalt octoate and 0.025% iron as iron octoate in mineral spirits was
      prepared using 0.05% of the antioxidant Irganox 1010. A second sample as
      above, but additionally containing 0.05% of distearyl pentaerythritol
      diphosphite was prepared. A third sample identical with the second sample,
      but additionally including 0.15% of dilauryl thiodipropionate was
      prepared. Test specimens were prepared from each as 10 mils plaques and
      the isothermal DSC induction times at 180.degree.C. measured. The DSC
      induction times at 180.degree.C. for the first, second and third samples
      were, respectively, 7.9, 10.0 and 15.0 minutes
PAC  EXAMPLE XVIII
PAR  An ehtylene polymer composition containing 99% of a 0.928 density
      polyethylene as base resin, 1% polypropylene (98% isotactic) as
      auto-oxidative susceptible additive and a mixture of 0.0125% cobalt metal
      as cobalt octoate and 0.0125% iron as iron octoate (0.025% mixture) and
      additionally including 0.05% of the hindered phenol antioxidant,
      Irganox-1010, and 0.05% of distearyl pentaerythritol diphosphite was
      prepared. A second sample as above, but containing 98% polyethylene, 2%
      polypropylene and 0.05% of the above organic metal salts mixture was
      prepared. A third sample as above, but containing 95% polyethylene, 5%
      polypropylene and 0.10% of the above organic metal salts mixture was
      prepared. Test specimens were fabricated as pressed 10 mils plaques and
      the isothermal DSC induction times at 180.degree.C. and 200.degree.C. were
      measured. The samples were aged in a forced air oven at 43.degree.C.
      (100.degree.F) for 1500 hours without showing any significant loss in
      isothermal DSC induction time at 200.degree. C. However when exposed to a
      UV lamp for 8 hours, the isothermal DSC induction times at 180.degree.C.
      decreased by 99.5%, 99.0% and 86.0% respectively, and there was found to
      be no measurable induction time at 200.degree.C., indicating loss of
      stability of the compositions exposed to UV.
PAC  EXAMPLE XIX
PAR  Ethylene polymer compositions similar to those described in Example XVIII
      were prepared containing 0.10% of the hindered phenol antioxidant and
      0.10% of distearyl pentaerythritol disphosphite. The test plaques having
      increased antioxidant content showed the same stability behavior upon oven
      aging at 43.degree.C. (110.degree.) for 1500 hours, and the same
      percentage loss of DSC induction time at 180.degree.C. after 8 hours of
      ultraviolet exposure as reported in Example XVIII.
PAC  EXAMPLE XX
PAR  Test plaques of the compositions of Example XVIII were irradiated by a van
      de Graaff generator to impart a 5 megarep dose. This irradiation resulted
      in an 80% to 55% decrease isothermal DSC induction time at 180.degree.C.
PAR  Plaques of the compositions of Example XVIII were irradiated by exposure to
      the intense light emanating from an argon swirl-flow plasma arc having 30%
      of the light content below 4000 A. for a 6 second exposure; this resulted
      in a 28% to 43% decrease in isothermal DSC induction time at 180.degree.C.
PAR  Plaques of the compositions of Example XVIII were irradiated by ultraviolet
      light from a mercury lamp for 8 hours; this resulted in a 99.5% to 86%
      decrease in isothermal DSC induction time at 180.degree.C.
PAC  EXAMPLE XXI
PAR  An ethylene polymer composition containing 98% of a 0.922 density LDPE as
      base resin, 2% polypropylene (98% isotactic) as the auto-oxidative
      susceptible additive, 0.05% cobalt as cobalt octoate, and 0.05% of the
      hindered phenol antioxidant, Irganox-1010, was prepared. Test samples were
      pressed as 10 mils plaques in the manner aforedescribed and irradiated
      with dosages of 0, 1, 2, 5, 7 and 10 megareps by the van de Graaff
      accelerator. These specimens were examined by isothermal DSC analysis for
      induction times at 180.degree.C. and it was found that a dose of 1, 2, 5
      and 10 megareps is sufficient to reduce the isothermal DSC induction time
      at 180.degree.C. by 55%, 73%, 84% and 99%, respectively, when compared to
      the unirradiated composition.
PAC  EXAMPLE XXII
PAR  The example demonstrates the effect of an opacifier on the embodiment rate
      (Embr.). An ethylene polymer composition containing 98% of a 0.922 density
      LDPE as base resin, 2% polypropylene (98% isotactic) as the auto-oxidative
      susceptible additive, 0.05% cobalt as a cobalt octoate solution in mineral
      spirits, 0.05% of the hindered phenol antioxidant Irganox-1010, was
      prepared. A second composition as above, but additionally including 2%
      titanium dioxide, was prepared. A control containing 98% of the LDPE, 2%
      polypropylene and 2% titanium dioxide was also prepared. Test specimens
      were pressed as 20 mils plaques and weathered by the aforementioned
      procedures. The exposure times required for a brittleness rate, surface
      carbonyl level to exceed 1.7, and elongation to drop below 20% are 100,
      100 and 100 to 150 hours, respectively, for the first composition and 150,
      100 and 150 hours, respectively, for the second composition. The control
      showed none of these signs after 250 hours exposure under the same
      conditions.
PAC  EXAMPLE XXIII
PAR  Three ethylene polymer compositions containing 98% of a 0.922 density LDPE
      as base resin, 2% polypropylene (98% isotactic) as auto-oxidative
      susceptible additive, 0.10% of cobalt as a cobalt octoate solution in
      mineral spirits and 0.05% of a hindered phenol antioxidant, Irganox-1010
      and additionally containing 2% of the opacifiers titanium dioxide, zinc
      oxide and calcium carbonate, respectively, were prepared by direct
      addition. Three control samples of 98% LDPE and 2% polypropylene with 2%
      of each of the opacifiers were prepared similarly. Test specimens were
      pressed into 20 mils plaques and weathered by the aforementioned
      procedures. After 200 hours the first three compositions all showed signs
      of surface cracking and brittleness. The cracking was observed to be more
      prounced in the zinc oxide and titanium dioxide containing specimens.
      Surface carbonyl level exceeded 1.7 and elongation dropped below 20% after
      exposures of 150 and 150-200 hours, respectively, for the compositions
      containing titanium dioxide; 100-150 and 100 hours, respectively, for the
      compositions containing zinc oxide; and 150 and 150-200 hours,
      respectively, for the compositions containing calcium carbonate. The
      control samples showed none of these signs after 350 hours of exposure.
PAC  EXAMPLE XXIV
PAR  Ethylene polymer compositions containing 98% of a 0.922 density LDPE as
      base resin, 2% polypropylene (98% isotactic) as auto-oxidative susceptible
      additive, 0.05% cobalt as a cobalt octoate solution in mineral spirits and
      0.05% of a hindered phenol antioxidant, Irganox-1010, and 0.05% of
      distearyl pentaerythritol diphosphite and also including 0.05% of each the
      following FD & C Aluminum Lake pigments, Blue No. 1, Blue No. 2, Red No.
      3, Violet No. 1, Yellow No. 5, and Yellow No. 6, were prepared. A control
      exactly the same as above, but without the pigment was prepared. Test
      specimens were pressed as 20 mils plaques and weathered by the
      aforementioned procedures. After 150 hours exposure, all samples including
      the control were rated brittle and all had ultimate elongation values
      below 20%. The presence of the colorant degradable polyethylene
      composition of this invention.
PAC  EXAMPLE XXV
PAR  Ethylene polymer compositions containing 98% of a 0.922 density
      polyethylene as base resin, 2% polypropylene (98% isotactic) as the
      auto-oxidative susceptible additive, and 0.05% metal of the solid metal
      salts, cobalt naphthenate, cobalt octoate, cobalt stearate, cobalt
      acetylacetonate, iron distearate, copper stearate, and manganese stearate
      were prepared containing 0.05% of a hindered phenol antioxidant,
      Irganox-1010. Specimens were pressed as 20 mils plaques and weathered by
      the aforementioned procedures. All of the samples had surface carbonyl
      levels greater than 1.7 within 150 hours of exposure and all exhibited
      embrittlement and elongation deterioration between 150-250 hours exposure.
PAC  EXAMPLE XXVI
PAR  Ethylene polymer compositions containing 98% of a 0.922 density LDPE as
      base resin, 2% polypropylene (98% isotactic as auto-oxidative susceptible
      additive, 0.10% metal from each of the following metal salts, and 0.05% of
      the hindered phenol antioxidant, Irganox-1010, were prepared. The metal
      salts used were chromium trichloride, cobalt chloride, cupric acetate,
      cupric chloride, cupric oxalate, ferrous chloride, ferric oxalate, lead
      acetate, manganese acetate, mercuric chloride, potassium permanganate,
      cuprous chloride, and ammonium vanadate. Test specimens were pressed as 20
      mils plaques and weathered by the aforementioned procedures. All of the
      compositions embrittled by 500 hours exposure; with cupric acetate,
      ferrous chloride, manganese acetate and ammonium vanadate showing promoted
      embrittlement between 250-350 hours of exposure.
PAC  EXAMPLE XXVII A
PAR  Ethylene polymer compositions containing a high density (0.962 density)
      polyethylene as base resin, 0, 1, 2 and 5% polypropylene, which is 98%
      isotactic, as auto-oxidative susceptible additive and 0.05% cobalt metal
      as cobalt octaote were prepared. Similar compositions containing a 0.958
      density polyethylene, 0, 1, 2 and 5% polypropylene, as above, and cobalt
      octoate, as above, were also prepared. All of the compositions contained
      0.05% of the hindered phenol antioxidant, Irganox-1010. Test specimens
      were pressed as 20 mils plaques and weathered by the aforementioned
      procedures and after 60 hours exposure all of the compositions were
      embrittled.
PAC  EXAMPLE XXVII B
PAR  Ethylene polymer compositions similar to those described in Example XXVII A
      were prepared but containing iron octoate instead of cobalt octoate. After
      20-60 hours exposure all of these compositions were embrittled.
PAC  EXAMPLE XXVIII
PAR  Ethylene polymer compositions containing a high density (0.962
      density)polyethylene as base resin, 0, 1, 2 and 5% polypropylene, (98%
      isotactic) as auto-oxidative susceptible additive and 0.05% metal of an
      equal mixture of cobalt metal and iron metal as cobalt octoate and iron
      octoate solutions in mineral spirits were prepared Similarly compositions
      of a 0.958 density polyethylene containing 0, 1, 2 and 5% polypropylene,
      as above, and 0.05% metal, as above, were also prepared. All of the above
      samples contained 0.05% of a hindered phenol antioxidant, Irganox-1010.
      Test specimens were pressed as 20 mils plaques and weathered by the
      aforementioned procedures. After 20-60 hours exposure, all the
      compositions containing polypropylene had embrittled. However, those
      compositions that did not contain polypropylene required the full 60 hour
      period for embrittlement.
PAC  EXAMPLE XXIX
PAR  A--Three compositions of 99% of a high density (0.962) density
      polyethylene, 1% polypropylene (98% isotactic), and 0.05% metal of (1)
      manganese octoate, (2) zinc octoate, and (3) an equal mixture thereof were
      prepared.
PAR  B--Similar compositions as the above, but without the polypropylene
      auto-oxidative susceptible additive were prepared.
PAR  C--Three compositions of 99% of a 0.958 density polyethylene, 1%
      polypropylene as above, and 0.05% of each of the above metal salts were
      also prepared.
PAR  D--Similar compositions of the 0.958 density polyethylene of Group C but
      without the polypropylene auto-oxidative susceptible additive were
      prepared.
PAR  E--Three compositions containing 99% of a 0.960 density polyethylene,
      formed by mixing 78% of a 0.962 density polyethylene with 22% of a 0.958
      density polyethylene, 1% polypropylene as above, and 0.05% of each of the
      above metal salts were prepared.
PAR  All of the compositions of Groups (A) to (E) contained 0.05% of the
      hindered phenol antioxidant, Irganox-1010. Test specimens pressed into
      plaques and weathered by the aforementioned procedures embrittled after 60
      hours exposure. The sole exception was the composition containing
      manganese octoate in the 0.962 density polyethylene without the
      polypropylene; this composition embrittled after 100 hours exposure.
PAC  EXAMPLES XXX
PAR  Ethylene polymer compositions containing a 0.922 density LDPE as base
      resin, polyethylene glycol of molecular weight range from 6000 to 7500
      (CARBOWAX 6000) in amounts of 0.5% and 2.0% as auto-oxidative susceptible
      additive (PEO), and 0.05% cobalt metal as cobalt octoate solution is
      mineral spirits were prepared. A first control sample of virgin LDPE, a
      second control of a mixture of 2% PEO in the LDPE, and a third control of
      0.05% cobalt metal as the cobalt octoate solution in mineral spirits in
      the LDPE were also prepared. All of these compositions were pressed into
      20 mils plaques and weathered by the aforementioned procedures.
PAR  The exposure times required for embrittlement to occur, surface carbonyl
      level to exceed 1.7, ultimate elongation to fall below 20%, and the
      appearance of surface cracking are listed in Part A of Table VII. The time
      required for embrittlement by the addition of PEO in the second control
      over the time required for the first control is evident. The addition of
      0.05% cobalt further decreased the time required for all of the above
      degradation phenomena to occur. The level to which accelerated
      embrittlement is accomplished by a mixture of 2% PEO in LDPE plus the
      presence of 0.05% cobalt is not as great as that accomplished by 0.05%
      cobalt in virgin LDPE, the third control. The mixture of 0.5% PEO in LDPE
      in the presence of 0.05% cobalt showed acceleration in all of the signs of
      failure, except brittleness rating, at a faster rate than was observed for
      the 0.05% cobalt in LDPE, the third control. At the 2% PEO concentration
      the LDPE/PEO mixture acts unexpectedly to retard specimen failure in the
      presence of 0.05% cobalt, while at 0.5% PEO concentration the LDPE/PEO
      mixture acts to accelerate specimen failure.
PAR  Compositions and controls identical in all respects with the above, but
      irradiated with a five megareps dose prior to weathering were also tested.
      The exposure times required for the above phenomena to occur are listed in
      Part B of Table VII. Irradiation has a pronounced acceleration effect on
      the mixture of 0.5% PEO in LDPE in the presence of 0.05% cobalt. All of
      the signs of failure occurred at shorter exposure times then either the
      unirradiated specimen or the unirradiated and irradiated third control
      specimens.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     Exposure Times Required, Hours                                            

     PART A                                                                    

                        FMIR        SURFACE                                    

     %PE   %PEO                                                                

               %Co Embr.                                                       

                        R&gt;1.7                                                  

                            .ltoreq.20%ELONG.                                  

                                    CRACKS                                     

     __________________________________________________________________________

     98    2   0.05                                                            

                   500      250     500                                        

     99.5  0.5 0.05                                                            

                   500  60  60-150  150                                        

     CONTROLS                                                                  

     100   0   0   &gt;1000                                                       

     98    2   0   750                                                         

     100   0   0.05                                                            

                   250  150 150     500                                        

     PART B                                                                    

                       FMIR         SURFACE                                    

     %PE   %PEO                                                                

               %Co Embr.                                                       

                       R&gt;1.7                                                   

                            .ltoreq.20%ELONG.                                  

                                    CRACKS                                     

     __________________________________________________________________________

     98    2   0.05                                                            

                   500 150  250     250                                        

     99.5  0.5 0.05                                                            

                   150 60   60      150                                        

     CONTROLS                                                                  

     100   0   0   1000                                                        

                       150  500                                                

     98    2   0   750                                                         

     100   0   0.05                                                            

                   250 60   150     250                                        

     __________________________________________________________________________

PAC  EXAMPLE XXXI
PAR  Ethylene polymer compositions containing ethylene acrylic acid (EAA)
      copolymer have an acrylic acid content of 2% as base resin with 0.05%
      cobalt metal as the following salts: solid cobalt acetate, cobalt octoate
      solution in mineral spirits, cobalt naphthenate solution in mineral
      spirits, and the cobalt salts of a mixture of branched C.sub.8 and C.sub.9
      acids, known as Nuxtra, were prepared. Compositions of an EAA copolymer
      having a 7% acrylic acid content with 0.10% cobalt metal as these same
      metal salts were also prepared. The compositions were pressed into 20 mils
      plaques and weathered by the aforementioned procedures. The exposure times
      required for embrittlement to occur, the ultimate elongation to drop below
      20%, and cracking to occur are listed in Part A of Table VIII. In the 2%
      AA copolymer samples all forms of cobalt salts tested were active in
      promoting accelerated degradation. In the 7% AA copolymer samples
      embrittlement occurs less rapidly, but the appearance of surface cracks
      occurs earlier than for the 2% AA copolymer samples. All forms of cobalt
      as listed above are active in promoting degradation.
PAR  Ethylene polymer compositions of the same EAA copolymers as above, but
      containing only cobalt acetate, having cobalt metal concentrations of
      1.0%, 0.1%, 0.05% and 0% were prepared. The latter is a control in both
      EAA copolymers. The exposure times required in the evaluations are listed
      in Part B of Table VIII, as well as the times required for unexposed
      samples to embrittle.
PAR  The 2% AA copolymers compositions containing cobalt acetate embrittled
      after 150 hours exposure, regardless of the cobalt concentration in the
      range from 0.05% to 1.0%, and embrittled in less than 3 months if
      unexposed to weathering. The 7% AA copolymer compositions containing
      cobalt acetate all embrittled before 500 hours exposure, produced surface
      cracks by 150 hours exposure, and embrittled in less than 6 months if left
      unexposed.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     Exposure Times Required, Hours                                            

     PART A                                                                    

     %AA %Co Co Salt                                                           

                    Embr.                                                      

                         .ltoreq.20%ELONG.                                     

                                 CRACKING                                      

     __________________________________________________________________________

     2   0.05                                                                  

             Acetate                                                           

                    250   150     200                                          

     2   0.05                                                                  

             Octoate                                                           

                    100   100     200                                          

     2   0.05                                                                  

             Naphthenate                                                       

                    100   100     200                                          

     2   0.05                                                                  

             Nuxtra 150   100-150 200                                          

     7   0.10                                                                  

             Acetate                                                           

                    &gt;250          150                                          

     7   0.10                                                                  

             Octoate                                                           

                    &gt;250          100                                          

     7   0.10                                                                  

             Naphthenate                                                       

                    &gt;250          150                                          

     7   0.10                                                                  

             Nuxtra &gt;250          150                                          

     PART B                                                                    

     %AA %Co Co Salt                                                           

                  Embr.                                                        

                      CRACKING                                                 

                            Unexposed Embr.                                    

     __________________________________________________________________________

     2   1.0 Acetate                                                           

                  150 250   .ltoreq.3 mos                                      

     2   0.1 Acetate                                                           

                  150 250   .ltoreq.3 mos                                      

     2   0.05                                                                  

             Acetate                                                           

                  150 200   .ltoreq.3 mos                                      

     2   0        500                                                          

     7   1.0 Acetate                                                           

                  500 100   .ltoreq.3 mos                                      

     7   0.1 Acetate                                                           

                  250 150   4-6 mos                                            

     7   0.05                                                                  

             Acetate                                                           

                  500 150   3-4 mos                                            

     7   0            500                                                      

     __________________________________________________________________________

PAC  EXAMPLE XXXII
PAR  Compositions samples of ethylene vinyl acetate copolymer resin (EVA)
      containing 10%, 18%, 28% and 33% vinyl acetate in combination with 0.10%
      cobalt metal as cobalt octoate solution in mineral spirits were prepared.
      Control samples of the above without the cobalt octoate were prepared. All
      of the compositions were pressed into test plaques and weathered by the
      aforementioned procedures. After 200 hours exposure the 10% VA composition
      developed surface cracks and it embrittled after 350 hours exposure. After
      250 hours exposure the 18% VA specimen developed surface cracks, and it
      underwent nonbrittle failure upon flexing at 350 hours exposure. After 250
      hours exposure the 28% VA specimen underwent non-brittle failure upon
      flexing. Both of these nonbrittle failure specimens exhibited splitting
      rather than cracking behavior. The 33% VA specimen underwent non-brittle
      failure after 500 hours exposure. All of the control specimens were
      flexible and did not exhibit failure upon flexing after 500 hours
      exposure.
PAC  EXAMPLE XXXIII
PAR  Ethylene polymer compositions were produced containing a low density
      polyethylene as the base resin (0.922 g/cc) and the following
      concentrations, in percent by weight of the composition, 2% of isotactic
      polypropylene as the auto-oxidative susceptible additive, and transition
      metal atoms and antioxidants as shown in the table. The homogeneous
      compositions were then compression molded to obtain 10 mils plaques and
      these were tested for thermal stability by the DSC induction time method
      at 200.degree.C. All of the compositions were weathered in an Atlas XW
      Weatherometer and all embrittled and had ultimate elongations of less than
      20% by 150 hours of exposure. The unmodified polyethylene had an original
      ultimate elongation value of about 400% and this showed no visible change
      after 150 hours of exposure. The data and results are set forth in TAble
      IX.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     Run             a   b    c    d   e    f    g    h                        

     __________________________________________________________________________

     Transition metal atom, %                                                  

      cobalt (1)     0.05              0.025                                   

                                            .revreaction.                      

      iron (2)       --  --   --   --  0.025                                   

                                            .revreaction.                      

     Antioxidant, %                                                            

      A              0.05                                                      

                         .revreaction.                                         

      B              --  0.075                                                 

                              --   --  --   0.075                              

                                                 --   --                       

      C              --  --   0.075                                            

                                   --  --   --   0.075                         

                                                      --                       

      D              --  --   --    0.1                                        

                                       --   --   --   0.1                      

     DSC Induction Time at 200.degree.C.                                       

      minutes        5.8 8.2  13.5 19.6                                        

                                       2.5  3    7.5  4.6                      

     __________________________________________________________________________

     Run             i   j   k    l   m    n    o                              

     __________________________________________________________________________

     Transition metal atom, %                                                  

      cobalt (1)     --  --  --   --  0.05 .revreaction.                       

      iron (2)       0.05                                                      

                         .revreaction.                                         

                                      --   --   --                             

     Antioxidant, %                                                            

      A              .revreaction.    --   --   --                             

      B              --  0.1 --   --  0.075                                    

                                           --   --                             

      C              --  --  0.075                                             

                                  --  --   0.075                               

                                                --                             

      D              --  --  --   0.1 --   --   0.1                            

     DSC Induction Time at 200.degree.C.                                       

      minutes        0.05                                                      

                         1.5 1.5  --  0.08 0.8  0.1                            

     __________________________________________________________________________

      (1) 12% cobalt octoate solution in mineral spirits                       

      (2) a 50/50 mixture of 12% cobalt octoate and 9% iron Nuxtra mineral     

      spirits.                                                                 

      A tetrakis [methylene                                                    

      3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane                  

      B distearyl pentaerythritol diphosphite                                  

      C adduct of tri(nonylphenyl)phosphite and                                

      1,1,3-tri(5-t-butyl-4-hydroxyl-2-methylphenyl)butane                     

      D a mixture of pentaerythritol and the thiodipropionate ester of         

      1,1,3-tris-(5'-tert-butyl-4'-hydroxy-2'-methylphenyl)butane.             

PAC  EXAMPLE XXXIV
PAR  In this example two types of masterbatches were prepared using the same
      ingredients employed in Example XXXIII and these were then blended to
      produce degradable ethylene polymer compositions having the identical
      chemical compositions of Runs a to o of Table IX for Example XXXIII.
PAR  The first masterbatch contained the low density polyethylene, 2% of the
      isotactic polypropylene and 0.005% of Antioxidant A.
PAR  The second masterbatch contained the low density polyethylene, 2% of the
      transition metal atoms added in the forms defined in Example XXXIII and
      Anti-oxidants B, C and D in the proper amounts to give the desired
      concentrations thereof in the final blend after mixing the two
      masterbatches.
PAR  The degradable ethylene polymer compositions were produced by compounding
      on a two roll mill 97.5 parts of the first masterbatch and 2.5 parts of
      the second masterbatch. Plaques 10 mils thick were compression molded from
      the homogeneous blends. Upon weathering all embrittled and all had
      ultimate elongations of less than 20% by 150 hours of exposure. The DSC
      induction times at 200.degree.C. in minutes, for each composition tested
      are set forth below:
TBL  Run      minutes     Run         minutes                                  

     ______________________________________                                    

     a         9.6        g           3.0                                      

     b        13.6        h           9.8                                      

     c        13.3        i           0.05                                     

     d        18.9        j           0.15                                     

     e        3.0         k           1.0                                      

     ______________________________________                                    

PAL  All of the second masterbatches per se, before blending, had DSC induction
      times in excess of 60 minutes.
PAC  EXAMPLE XXXV
PAR  In this example the degradable ethylene polymer compositions were produced
      by blending three separate masterbatches. The same ingredients were used
      as in Example XXXIII and the final compositions tested had the identical
      chemical contents as Runs a to o of that example.
PAR  The first masterbatch contained the low density polyethylene, 20% of the
      isotactic polypropylene and 0.05% of Antioxidant A.
PAR  The second masterbatch contained the low density polyethylene, 2% of the
      transitionmetal atoms added in the forms defined in Example XXXIII and
      Antioxidants B, C and D in the proper amounts to give the desired
      concentrations thereof in the final blend after mixing the three
      masterbatches.
PAR  The third masterbatch was the low density polyethylene per se.
PAR  The degradable ethylene polymer compositions were produced by compounding
      on a two roll mill 9.75 parts of the first masterbatch, 2.5 parts of the
      second masterbatch and 87.75 parts of the third masterbatch. Plaques 10
      mils thick were compression molded from the homogeneous blends. Upon
      weathering all embrittled and all had ultimate elongations of less than
      20% by 150 hours of exposure. The DSC induction times at 200.degree.C., in
      minutes, for each composition tested are set forth below:
TBL  Run      minutes     Run         minutes                                  

     ______________________________________                                    

     a        8.5         g           3.8                                      

     b        14          h           8                                        

     c        11.7        i           0.05                                     

     d        19          j           0.1                                      

     e        2.9         k           1.1                                      

     ______________________________________                                    

PAL  All of the second masterbatches per se, before blending, had DSC induction
      times in excess of 60 minutes.
PAC  EXAMPLE XXXVI
PAR  A series of transition metal atom-containing and antioxidant containing
      masterbatches were prepared. The transition metal was cobalt added as a
      cobalt naphthenate solution in mineral spirits. Degradable ethylene
      polymer compositions or blends were then produced by compounding, on a two
      roll mill, 95.5 parts of a low density polyethylene (0.922 g/cc), 2 parts
      of polypropylene and 2.5 parts of the masterbatch. These latter
      compositions were used to prepare 10 mils plaques by compression molding
      and the DSC induction times, in minutes, were determined at various
      temperatures. The data and results are set forth below:
TBL  Masterbatch                                                               

               1          2          3     4                                   

     Polyethylene                                                              

               96.0       96.8       97.0  97.96                               

     Cobalt metal                                                              

                2.0        2.0       2.0   2.0                                 

     Antioxidant A                                                             

                2.0        1.2       1.0   0.04                                

     (Table IX)                                                                

     DSC Induction Time, in minutes, of blends:                                

     at 200.degree.C.                                                          

               11.5       0.1-1.3    0.1   0.1                                 

     at 180.degree.C.                                                          

               --         0.25-3.6   0.2   0.27                                

     at 170.degree.C.                                                          

               --         6.4        0.15  --                                  

     at 160.degree.C.                                                          

               --         --         --    0.2                                 

PAL  The masterbatches per se, before blending with the additional polyethylene
      and polypropylene, showed DSC induction times at 200.degree.C. in excess
      of 60 minutes for 1, 2 and 3 and of 37 minutes for 4. The data shows that
      the masterbatches are far more stable than the degradable compositions
      prepared from them even though they have a higher metal atom content.
PAC  EXAMPLE XXXVII
PAC  Part 1.
PAR  A first masterbatch was prepared containing low density polyethylene (0.922
      g/cc), 2.05% polypropylene and 0.005% Antioxidant A(Table IX).
PAR  A second masterbatch was prepared containing the low density polyethylene,
      2% cobalt added as a cobalt octoate solution in mineral spirits, 2%
      Antioxidant A(Table IX) and 4% Antioxidant D(Table IX).
PAR  An ethylene polymer composition was produced by dry blending 97.5 parts of
      the first masterbatch and 2.5 parts of the second masterbatch. This dry
      blended composition does not degrade on storage.
PAC  Part 2.
PAR  A third masterbatch was prepared containing the low density polyethylene,
      20.5% polypropylene as the auto-oxidative susceptible additive and 0.05%
      of Antioxidant A(Table IX).
PAR  An ethylene polymer composition was produced by dry blending 87.75 parts of
      the low density polyethylene, 9.75 parts of the third masterbatch and 2.5
      parts of the second masterbatch of Part 1. This dry blended composition
      does not degrade on storage.
PAC  Part 3
PAR  A dry blend of 95.5 parts of the low density polyethylene base resin, 2.5
      parts of the second masterbatch and 2 parts of the polypropylene
      auto-oxidative susceptible additive. This composition was stable on
      storage.
PAC  EXAMPLE XXXVIII
PAC  Part 1.
PAR  The dry blended degradable ethylene polymer composition produced in Part 1
      of Example XXXVII was hot extruded on a one inch extruder to form a
      uniform sheet from 20 to 30 mils thick. A portion of the sheet was then
      compression molded to form a 10 mils plaque which had a thermal stability
      by the DSC induction time method at 200.degree.C. of 25.9 minutes. Another
      portion of the sheet was compounded on a hot two roll mill and then
      compression molded to form a 10 mils plaque which had an induction time of
      28.3 minutes.
PAC  Part 2.
PAR  The dry blended degradable ethylene polymer composition of Part 2 of
      Example XXXVII was subjected to the same treatments described in Part 1 of
      this instant example. The DSC induction times measured on the plaques were
      26.9 and 23.0 minutes respectively.
PAC  Part 3
PAR  A degradable ethylene polymer composition was produced by dry blending
      95.5% of the low density polyethylene base resin, 2% of the polypropylene
      autooxidative susceptible additive and 2.5% of the second masterbatch of
      Part 1 of Example XXXVII. The dry blended mixture was then hot extruded on
      a one inch extruder to form a sheet from 20 to 30 mils thick having a
      uniform appearance. Plaques were prepared from this extruded sheet by the
      same procedures described in Part 1 of this instant example; they had DSC
      induction times of 22.0 and 19.6 minutes, respectively.
PAC  EXAMPLE XXXIX
PAC  Part 1
PAR  Mixtures of cobalt octoate in solution in mineral spirits and the proper
      amounts of antioxidant were coated onto finely divided silica to produce
      freeflowing dry powders that were used to prepare degradable ethylene
      polymer compositions. Three degradable compositions were prepared by
      compounding on a two roll mill and then 10 mils thick plaques were
      produced by compression molding. The degradable compositions and their DSC
      induction times at 200.degree.C. are set forth below:
TBL  Composition       1        2        3                                     

     ______________________________________                                    

     Polyethylene (0.922 g/cc),%                                               

                       97.3     97.2     97.2                                  

     Polypropylene, %  2        2        2                                     

     Cobalt metal, %   0.05     0.05     0.05                                  

     Antioxidant (see Table IX)                                                

       A               0.05     0.05     0.05                                  

       B               --       0.075    --                                    

       C               --       --       0.075                                 

     DSC induction time, min.                                                  

                       17.1     13.5     18.1                                  

     ______________________________________                                    

PAC  Part 2
PAR  Three additional degradable compositions were produced in the identical
      manner described above with the exception that in these instances the
      anitoxidants were added directly and the cobalt octoate only was coated
      onto the finely divided silica. The DSC induction times were 5.8, 8.2 and
      14.2 minutes, respectively.
PAR  All of the compositions of Example XXXIX embrittled on weathering and all
      had ultimate elongations of less than 20% after 150 hours of exposure. In
      contrast, the starting polyethylene did not embrittle and had an ultimate
      elongation of over 400 percent before and after exposure under the same
      conditions.
PAC  EXAMPLE XL
PAR  In order to evaluate the degradability of ethylene polymer compositions on
      storage two such compositions were made and stored. The first composition
      was produced by hot compounding all of the components into one homogeneous
      product. The second composition was produced by preparing two separate
      masterbatches, one containing the auto-oxidative additive polypropylene
      and the other containing the metal salt, and then dry blending the two
      masterbatches. The degradable compositions had the identical chemical
      compositions but were prepared by different procedures.
PAC  Part 1
PAR  A first masterbatch was produced containing 78.76 parts of polyethylene,
      0.2 part of erucamide, 1.0 part of silica, 10 parts of polypropylene, 0.02
      part each of Antioxidants A and B (Table IX) and 10 parts of a buff color
      concentrate of colorant in polyethylene by compounding on a roll mill and
      then granulated.
PAR  A second masterbatch was produced containing 97.68 parts of polyethylene,
      0.06 part each of Antioxidants A and B and 2.2 parts of cobalt stearate by
      compounding on a roll mill and then granulated.
PAR  Equal quantities of the two masterbatches were dry blended together in a
      high speed laboratory mixer.
PAC  Part 2
PAR  A degradable composition was produced by hot melt blending on a roll mill
      88.22 parts of the same polyethylene, 0.1 part of erucamide, 0.5 part of
      silica, 0.04 part each of Antioxidants A and B, 5 parts of polypropylene,
      1.1 parts of cobalt stearate and 5 parts of the buff color concentrate and
      then granulating the uniform mixture.
PAR  Since degradation is accompanied by a sharp rise in melt index, this
      property was used to determine whether or not degradation had occurred.
      The granular materials were stored in air at 80.degree.C. and samples were
      withdrawn at intervals for melt index measurement. It was observed that
      the granules of Part 2 showed a sharp rise in melt index and odor
      development between the fourth and sixth week of storage while the
      granules of Part 1 showed no signs of melt index rise or odor development.
      The results are set forth below:
TBL                 Melt index, dgm/min.                                       

                    Part 1    Part 2                                           

     ______________________________________                                    

     Unaged           2.01        1.92                                         

     One week         2.15        2.13                                         

     Two weeks        1.94        2.05                                         

     Three weeks      1.66        1.88                                         

     Four weeks       1.92        2.21                                         

     Six weeks        2.13        7.55                                         

     ______________________________________                                    

PAR  Equally significant was the fact that after removal from the oven and
      continued storage at room temperature the granules of the composition of
      Part 2 continued to degrade while, on the other hand, the granules of the
      composition of Part 1 showed no degradation under the same conditions.
      These results are set forth below:
TBL                 Melt index. dgm/min.                                       

                    Part 1    Part 2                                           

     ______________________________________                                    

     On removal       2.13         7.55                                        

     One week later   1.93        35.7                                         

     Two weeks later  1.99        47.2                                         

     ______________________________________                                    

PAR  Examples XXXIV to XL show that the use of the separate masterbatch
      technique permits one to store the masterbatch components, separately or
      as dry blended mixtures, for prolonged periods of time without danger of
      the degradation reaction starting. The degradation commences and continues
      only after the individual masterbatch components have been hot blended
      with each other to produce a uniform homogeneous mixture or if a hot
      blended uniform composition is produced initially.
PAC  EXAMPLE XLI
PAR  Degradable ethylene polymer compositions were produced by hot blending on a
      roll mill various ethylene ethyl acrylate copolymers of different ethyl
      acrylate content with cobalt octoate (in mineral spirits solution) at
      0.025% cobalt metal content, different concentrations of low molecular
      weight polypropylene wax as the autooxidative susceptible additive and
      0.05% of Antioxidant A(Table IX). For comparative purposes a control blend
      was prepared which did not contain the polypropylene. Ten mils plaques
      were compression molded from each composition and weathered and the times
      for surface cracking to appear and for failure to occur were determined;
      these are set forth in Table X. In all instances the compositions of this
      invention degraded within a shorter period of time. A range is given when
      degradation started during that time interval.
TBL                                    TABLE X                                 

     __________________________________________________________________________

                 Hours required for  Hours required for                        

                 cracking            failure                                   

     __________________________________________________________________________

     Run         a    b    c    d    a     b     c     d                       

     Polypropylene,%                                                           

                 0    1    2    5    0     1     2     5                       

     Ethyl acrylate content                                                    

     of copolymer, %                                                           

     1.7          200      .fwdarw.  750   500   500   250                     

     7.7         &gt;750  500  500 350  350   250-350                             

                                                 .fwdarw.                      

                                                       200                     

     12          &gt;750  350 .fwdarw.  350   250   250-350                       

                                                       .fwdarw.                

     15           350      .fwdarw.  500-750                                   

                                           250   .fwdarw.                      

     18          .rarw.                                                        

                      &gt;750 .fwdarw.                                            

                                350  500   250   .fwdarw.                      

     25          &gt;750 &gt;750 &gt;500 350  250-350                                   

                                           200   250   250                     

     __________________________________________________________________________

PAC  EXAMPLE XLII
PAR  Ethylene polymer compositions containing a low density polyethylene, 0.922
      g/cc, 0.5% polypropylene as the auto-oxidative susceptible additive, and
      the amounts of solid ferrous stearate and antioxidants indicated were
      prepared. The blends were prepared by fluxing on a two roll mill, sheeted
      and then granulated. Twenty mils plaques were compression molded and all
      compositions containing iron atom are degradable as shown by embrittlement
      on weathering. These compositions can be extruded to form shaped articles
      such as pipes. Irrigation pipes produced from the compositions will
      embrittle and need not be removed after a growing season but can be plowed
      into the field and eventually become granular and blend into the soil. The
      compositions are set forth in Table XI.
TBL                                    TABLE XI                                

     __________________________________________________________________________

     Composition                                                               

                a   b   c   d   e   f   g   h   i   j                          

     __________________________________________________________________________

     Ferrous stearate, %                                                       

                0   0.1 0.15                                                   

                            0.25                                               

                                0   0.1 0.15                                   

                                            0.25                               

                                                0.1 0.25                       

     Antioxidant, %                                                            

       A        0.02                                                           

                    0.02                                                       

                        0.03                                                   

                            0.05                                               

                                0.02                                           

                                    0.02                                       

                                        0.03                                   

                                            0.05                               

                                                0.04                           

                                                    0.1                        

       C        .04 .04 .06 .1  .04 .04 .06 .1  .08 .2                         

     UV Stabilizer, %                                                          

       E        0   0   0   0   .1  .1  .15 .25 .4  .1                         

     Titanium dioxide, %                                                       

                0   0   0   0   0   0   0   0   0   0                          

     __________________________________________________________________________

     Composition                                                               

                k   l   m   n   o   p   q   r   s   t                          

     __________________________________________________________________________

     Ferrous stearate, %                                                       

                0   0.1 0.15                                                   

                            0.25                                               

                                0   0.1 0.15                                   

                                            0.25                               

                                                0.1 0.25                       

     Antioxidant, %                                                            

       A        0.02                                                           

                    0.02                                                       

                        0.03                                                   

                            0.05                                               

                                0.02                                           

                                    0.02                                       

                                        0.03                                   

                                            0.05                               

                                                0.04                           

                                                    0.1                        

       C        .04 .04 .06 .1  .04 .04 .06 .1  .08 .2                         

     UV Stabilizer, %                                                          

       E        0   0   0   0   .1  .1  .15 .25 .4  .1                         

     Titanium dioxide, %                                                       

                2   2   2   2   2   2   2   2   2   2                          

     __________________________________________________________________________

      A and C - See Table IX                                                   

      E - 2-(2'hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenzotriazole       

CLMS
STM  We claim:
NUM  1.
PAR  1. An environmentally degradable polymer composition comprising,
PA1  based on the total weight of said composition, a major portion by weight of
      ethylene polymer as the base resin,
PA1  about 0.01 to about 40 percent by weight of at least one auto-oxidative
      susceptible additive having at least one hydrogen atom bonded to a carbon
      atom having an auto-oxidative susceptibility greater than that of a
      hydrogen atom bonded to a normal secondary carbon atom,
PA1  at least one salt of at least one polyvalent metal selected from the group
      consisting of titanium, vanadium, chromium, manganese, iron, cobalt,
      nickel, copper, zinc and cerium, in such amounts as to provide about 0.002
      to about 2.0 percent by weight of the metal atom, and
PA1  about 0.0025 to about 1 percent by weight of antioxidant for said ethylene
      polymer.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein the auto-oxidative
      susceptible additive is an auto-oxidative susceptible polymer wherein the
      predominance of the repeating units have at least one hydrogen atom bonded
      to a carbon atom having an auto-oxidative susceptibility greater than that
      of a hydrogen atom bonded to a normal secondary carbon atom.
NUM  3.
PAR  3. A composition as claimed in claim 1 wherein the auto-oxidative
      susceptible additive is an autooxidative susceptible low molecular organic
      compound having at least one hydrogen atom bonded to a carbon atom having
      an auto-oxidative susceptibility greater than that of a hydrogen atom
      bonded to a normal secondary carbon atom.
NUM  4.
PAR  4. A composition as claimed in claim 1, wherein the auto-oxidative
      susceptible additive is present in an amount from 0.05 to about 20 percent
      by weight and wherein the salt of the polyvalent metal is present in an
      amount to impart from 0.005 to about 1.0 weight percent of metal atom.
NUM  5.
PAR  5. A composition as claimed in claim 1 wherein the polyvalent metal salt is
      an organic salt of said polyvalent metal.
NUM  6.
PAR  6. A composition as claimed in claim 1 wherein said base resin is an
      ethylene homopolymer.
NUM  7.
PAR  7. A composition as claimed in claim 1 wherein said base resin is an
      ethylene copolymer.
NUM  8.
PAR  8. A composition as claimed in claim 3 wherein said hydrogen atom is
      present in an allylic, benzylic, tertiary aliphatic, aldehydo,
      alpha-oxyhydrocarbyl or alpha-halohydrocarbyl group.
NUM  9.
PAR  9. A composition as claimed in claim 3 wherein said auto-oxidative
      susceptible low molecular weight organic compound has a molecular weight
      less than 5,000.
NUM  10.
PAR  10. A composition as claimed in claim 2 wherein said auto-oxidative
      susceptible polymer is a polymer of an alpha-olefin having from 3 to 20
      carbon atoms.
NUM  11.
PAR  11. A composition as claimed in claim 10 wherein said auto-oxidative
      susceptible polymer is polypropylene.
NUM  12.
PAR  12. A composition as claimed in claim 2 wherein said auto-oxidative
      susceptible polymer is a poly(alkylene oxide).
NUM  13.
PAR  13. A composition as claimed in claim 12 wherein said poly(alkylene oxide)
      is poly(ethylene oxide).
NUM  14.
PAR  14. A composition as claimed in claim 3 wherein said auto-oxidative
      susceptible low molecular weight compound is an unsaturated fatty acid.
NUM  15.
PAR  15. A composition as claimed in claim 5 wherein said metal salt is an
      octoate, naphthenate, acetate, stearate or acetylacetonate.
NUM  16.
PAR  16. A composition as claimed in claim 1 wherein the auto-susceptible
      additive is present in an amount of from 0.1 to about 10 weight percent,
      based on the weight of the total composition.
NUM  17.
PAR  17. A composition as claimed in claim 1 wherein the salt of the polyvalent
      metal is present in an amount to impart from 0.01 to about 0.1 percent of
      the metal atom based on the weight of the total composition.
NUM  18.
PAR  18. A composition as claimed in claim 3 wherein the auto-oxidative
      susceptible low molecular weight organic compound is present in an amount
      of from 0.1 to 10 percent by weight and the salt of the polyvalent metal
      is present in an amount to impart from 0.01 to 0.1 weight percent of metal
      atom based on the weight of total composition.
NUM  19.
PAR  19. A composition as claimed in claim 1 wherein the polyvalent metal is
      cobalt or iron.
NUM  20.
PAR  20. A composition as claimed in claim 1 wherein a combination of polyvalent
      metals is present.
NUM  21.
PAR  21. The composition of claim 1 in the form of a shaped article.
NUM  22.
PAR  22. The shaped article of claim 21 in the form of a film.
NUM  23.
PAR  23. A method for producing a degradable polymer composition comprising the
      steps of
PA1  a. dryblending to a uniform homogeneous mass
PA2  i. a masterbatch of ethylene polymer as the base resin, antioxidant for
      said base resin and at least one auto-oxidative susceptible additive
      having at least one hydrogen atom bonded to a carbon atom having an
      auto-oxidative susceptibility greater than that of a hydrogen atom bonded
      to a normal secondary carbon atom with
PA2  ii. a masterbatch of said base resin, and antioxidant for said base resin
      and at least one salt of at least one polyvalent metal selected from the
      group consisting of titanium, vanadium, chromium, manganese, iron, cobalt,
      nickel, copper, zinc and cerium and
PA1  b. then melt blending the dry blend.
NUM  24.
PAR  24. A method as claimed in claim 23 wherein said masterbatches are blended
      with an additional amount of ethylene polymer.
NUM  25.
PAR  25. A method as claimed in claim 23 wherein the metal atom is coated onto
      an inert carrier before blending.
NUM  26.
PAR  26. The shaped article of claim 22 in the form of a translucent to
      transparent film.
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ABST
PAL  Smoke-retardant polymer compositions comprising a resinous polymer of vinyl
      chloride polymer and at least a sufficient amount of ferrous trimellitate
      to reduce smoking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to smoke-retardant polymer
      compositions.
PAR  The growing concern about the fire safety of consumer products has resulted
      in an increased recognition that a large percentage of the fatalities
      resulting from accidental fires can be traced to causes other than burns;
      namely smoke, heat, noxious gases and deficiency of oxygen. It has been
      suggested that at least half of the deaths attributed to fire, except for
      clothing fires, are caused by smoke rather than heat or actual burning.
      The need to formulate plastic materials to provide a minimum of smoke
      hazard in an accidental fire is emphasized by the versatility of plastic
      materials which has led to their use in every conceivable application.
PAR  The aspects of smoke from smoldering or burning materials which render
      smoke hazardous are that smoke is irritating to the eyes and respiratory
      system; if dense, smoke can impede escape; smoke is toxic, either directly
      or because of oxygen reduction; smoke can engender panic; smoke
      constituents can be detrimental to property. Of these hazards, however,
      only density of smoke has been commonly measured.
PAR  During recent years, emphasis has developed upon methods and compositions
      which will reduce the smoke and flame characteristics of plastic
      materials. Smoke is known to be made up of fine particles of carbon in a
      gaseous mixture of the volatilized products of combustion. The common
      noxious compounds in combustion gases are carbon monoxide, the oxides of
      nitrogen, hydrogen cyanide, hydrogen sulfide, acetic acid, acrolein,
      acetaldehyde, formaldehyde, formic acid and ammonia. Other gases are
      released, depending upon the material being burned.
PAR  Polyvinyl chloride (PVC) compositions are inherently self-extinguishing
      because of the high chlorine content. But, because of this poor burning
      characteristic, PVC compositions emit large volumes of dark black smoke
      when burned. The particulate matter of the smoke are carbon particles and
      partially burned polymer fragments. The noxious gases are principally
      hydrogen chloride and carbon monoxide but, in the main, hydrogen chloride.
      It is known that incorporating a smoke-retardant additive into some PVC
      compositions produces a significant decrease in smoke density and volume.
PAR  The flammability of flexible PVC compositions consisting of vinyl chloride
      polymer, plasticizer, stabilizer, filler and antioxidant is determined
      largely by the plasticizers used. Aryl phosphates and chlorinated
      paraffins can be utilized with other plasticizers to give materials flame
      resistance. However, low temperature properties such as low temperature
      flexibility and brittle temperature of the resulting PVC composition are
      affected. If phthalate plasticizers are required to develop necessary
      properties in the final composition, other fire retardants such as
      antimony oxide are often used. However, the presence of a fire retardant
      such as antimony oxide does not necessarily aid in the retardation of
      smoke. The incorporation of flame retardants into a polymer composition
      has been found often to cause the emission of increased quantities of
      smoke by increasing the tendency to smolder.
PAR  The usefulness of a smoke suppressant additive depends upon its ability to
      suppress smoke and also upon whether it will have adverse effects upon the
      physical properties of the polymer composition. Preferably, smoke
      retardant additives for vinyl chloride polymers should be sufficiently
      active in the presence of flame retardants to cause a measurable decrease
      in smoke output. The smoke retardant additive should be effective within
      the range of the combustion temperatures of the PVC polymer composition to
      convert carbonized polymer particles and noxious gases such as carbon
      monoxide to carbon dioxide. Additionally, the smoke retardant additive
      should be sufficiently compatible with all constituents of the PVC polymer
      composition, i.e. resinous polymers, stabilizers, plasticizers -- both
      primary and secondary, antioxidants, flame retardants, and others, to
      remain incorporated under conditions of formulation and use. The additive
      should be sufficiently compatible so that it can be mixed and fused into a
      coherent, homogeneous material with good stability in that it will not
      separate easily from the polyvinyl chloride compound when a stress is
      imposed upon the system such as occurs during extrusion. Chemical
      stability is an important aspect of compatibility of an additive within
      the use environment, including conditions of degradation brought about by
      normal aging. An additive may initially be compatible with a polymer but
      later exude after a period of use due to degradation of either the
      additive or the polymer.
PAR  Ferrous oxide is known as an oxidative catalyst for carbon monoxide, but
      ferrous salts of polycarboxylic acids and acid anhydrides have not been
      known as polymer smoke suppressants. Ferrocene, a coordination compound of
      ferrous iron and two molecules of cyclopentadiene, has been used as a
      smoke suppressant additive for vinyl chloride polymers. Ferrocene,
      however, volatilizes readily at temperatures above 100.degree.C. with a
      vapor pressure of 2.6 mm Hg at 100.degree.C. Optimum smoke suppressant
      effect is found at a ferrocene additive level between 0.25 and 0.5%.
      Unfortunately, various stabilizers are not effective with ferrocene in PVC
      compositions. Barium-cadminum-zinc phosphite stabilizer systems in PVC
      compounds can reduce the smoke suppressant effect of the ferrocene
      additive. Some butyl tin stabilizers when used with ferrocene have been
      reported to increase smoke in PVC formulations. Ferric smoke suppressants
      for other polymers are known. Ferric 8-hydroxy-quinolate, as well as the
      manganese and chromium 8-hydroxyquinolates, has been incorporated into
      styrene polymers, such as polystyrene, styrene/acrylonitrile copolymers,
      styrene/butadiene copolymers, styrene/acrylonitrile/butadiene copolymers
      and other styrene copolymers to reduce smoking.
PAC  SUMMARY OF INVENTION
PAR  Ferrous trimellitates in compositions of resinous polymers of vinyl
      chloride of 0.25 to 2.00 parts per hundred (PHR) by weight of polymer, or
      in sufficient amounts to reduce smoking.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  I have found that the incorporation of ferrous trimellitate into a vinyl
      chloride polymer composition consisting of vinyl chloride polymer
      compositions, which contain plasticizers, stabiliziers, fillers,
      anti-oxidants and/or other substituents results in a polymer composition
      that upon burning substantially reduces smoke generation and significantly
      increases the amount of char produced.
PAR  For the purpose of this invention the term "resinous polymer of vinyl
      chloride" includes homopolymers of vinyl chloride, copolymers of vinyl
      chloride and vinyl acetate, such as the conventional 95-5 vinyl
      chloride/vinyl acetate copolymers, partially hydrolyzed vinyl
      chloride/vinyl acetate copolymers, vinyl acetate/vinyl chloride/alpha,
      beta-ethylenically unsaturated-alpha, beta-dicarboxylic acid copolymers
      (such as the butyl half-ester of maleic acid or dioctyl fumarate ester,
      etc.) etc., wherein at least 50 mole percent of the polymer constitutes
      vinyl chloride units.
PAR  Stabilizers are defined as materials added to a PVC formulation to avoid
      the evolution of hydrogen chloride and prevent discoloration at the
      elevated temperatures required to process PVC compounds. At present, the
      exact mechanism by which stabilizers function is not actually known but
      practical applications of stabilizers have been developed based upon five
      general types; amines, organotin compounds, basic lead compounds, metallic
      salts of phenols and organic (aromatic or aliphatic) acids, and additives
      such as epoxidized oils, chelating agents, ultra-violet radiation
      absorbers and antioxidants. Among the commercial stabilizers of commerce,
      a large class of stabilizers is based on lead compounds but use is limited
      to opaque plastics and non-food applications. Organotin compounds are used
      in rigid formulations or where high clarity is required and include the
      following classes: di-n-alkyl-tin mercaptides, di-n-alkyltin dilaurates,
      and dibutyltin dimaleate. Aliphatic acid salts of cadmium and barium are
      particularly suitable for flexible compositions where clarity or
      translucency and freedom from staining are required. For purposes of this
      invention, a compatible stabilizer is further defined as one wherein the
      smoke-retardant additive retains its properties in the PVC composition
      without substantial impairment of those properties by the stabilizer.
PAR  The principal object of this invention is to provide a new smoke-retardant
      additive which can be used alone or together with other additives in
      polyvinyl chloride compositions to reduce emission of smoke and promote
      increased char upon the burning of the PVC composition. Another object of
      this invention is to provide a smoke-retardant additive for PVC
      compositions which is compatible with the other constituents of the
      polymer composition under conditions of formulation and use. Another
      object of this invention is to provide smoke-retardant properties without
      undue impairment of critical polymer properties. Other and further objects
      of the present invention will be apparent from the following detailed
      description and the given examples.
PAR  I have now found that ferrous salts of trimellitic acid are excellent
      polymer smoke suppressants and can be advantageously employed with a wide
      variety of conventional PVC stabiliziers, i.,e., lead compounds, organotin
      compounds, aliphatic acid salts of barium and cadmium. It is theorized
      that the iron oxides which form upon the combustion of the ferrous
      trimellitate function as oxidative catalysts at the combustion
      temperatures to oxidize the carbon soot particles to carbon monoxide and,
      thence, to carbon dioxide, and to oxidize the carbon monoxide to carbon
      dioxide. However, the mechanism of reaction in the smoke suppressant
      reaction is not fully understood. Thus, it is not known whether formation
      of the iron oxides is a true condition precedent to oxidize the carbon
      soot particles to carbon monoxide and, thence, to carbon dioxide and the
      carbon monoxide to carbon dioxide. I therefore, do not wish to be bound by
      any single theory of reaction mechanism herein.
PAR  The usefulness of a smoke suppressant additive will of course depend upon
      its ability to suppress smoke but also, as with other additives, whether
      it will have adverse effects upon the physical properties of the polymer
      composition. The smoke-retardant additives should impart smoke-retardant
      properties without undue impairment of critical polymer properties such as
      strength and processibility as well as being sufficiently compatible with
      the constituents of polymer compositions. The present invention, the
      ferrous salt of trimellitic acid, demonstrates such required compatibility
      in typical polymer compositions, remaining incorporated during conditions
      of formulation and use. Surprisingly, ferrous trimellitate imparts a
      smoke-retardant effect to vinyl chloride polymers without serious
      impairment of the properties of the polymer compositions. Ferrous
      trimellitate is compatible with the commonly-used plasticizers as dioctyl
      phthalate, the commonly used fillers such as calcium carbonate, with
      antimony oxide which is a well-known flame retardant, with most of the
      commonly-used stabilizer systems, as well as pigments such as titanium
      oxide. For the most part, the compatibility of ferrous trimellitate with
      any additive can be determined by routine tests. The ferrous salt of
      trimellitic acid is effective as a smoke retardant for flexible polyvinyl
      chloride up to 100 parts per hundred (PHR) by weight of incorporated
      plasticizer. It is also effective as a smoke retardant for most rigid
      stabilized PVC compositions.
PAR  Unpredictably, not all stabilizers are effective with ferrous trimellitate
      when ferrous trimellitate is used as a smoke retardant. For reasons which
      are not understood, one proprietary organotin sulfur-containing stabilizer
      (Thermolite 31 made by the M&T Chemicals, Inc.) is not compatible for use
      in rigid PVC, whereas a similar organotin mercaptide stabilizer (TM-181
      made by Cincinnati Milacron Chemicals, Inc.) is compatible. Methods of
      manufacturing stabilizers are known to cause subtle differences in
      resulting characteristics in use. It is apparent that these subtle
      differences extend to smoke-retardant additives and that the differences
      in the resulting smoke-retardant characteristics of ferrous trimellitate
      with differing stabilizers should not operate to diminish the spirit of
      the described invention.
PAR  In the examples that follow, the ferrous trimellitate salt that was used
      was made as follows. 28.8 Grams of trimellitic anhydride (TMA) were
      dissolved in 1500 grams of hot (82.degree. to 88.degree.C.) water in a
      3000 ml. beaker. The solution was buffered with sodium bicarbonate to a pH
      of 4 to 5. 98.4 Grams of hydrated ferrous chloride (FeCl.sub.2.4H.sub.2 0)
      were added after the TMA had dissolved. The mixture was heated and held
      within the range of 82.degree.-88.degree.C. for two hours by which time a
      precipitate had formed. This precipitate was decanted, filtered and
      air-dried. Yield was approximately 23 grams of ferrous trimellitate.
      Following the same procedure, trimellitate salts of several bivalent
      metals as well as trivalent iron were prepared. The bivalent metal salts
      were those of lead, manganese, cobalt and nickel.
PAR  Test samples were made by blending the trimellitate salts with the
      thermoplastic resins upon a weight basis in terms of parts per hundred of
      resin (PHR) in typical formulae well-known in the industry.
PAR  Additives were blended with the thermoplastic resins by milling at a
      temperature of 166.degree.C. (a range of 160.degree. to 170.degree.C.) for
      5 to 10 minutes. The sheet was removed from the mill, allowed to cool, and
      test samples were then cut from the sheet. The sheet was several feet
      long, 14 inches wide and approximately 0.020 inches (0.0508 cm.) in
      thickness. Test samples for smoke determinations were subsequently cut
      from this sheet.
PAR  Smoke measurement tests were made in an Aminco NBS Smoke Density Chamber.
      The standard sample size specified for the smoke optical density
      measurement, per ASTM Special Technical Publication 422 (1969), is 2-15/16
      in. .times. 2-15/16 in. The thickness is dependent upon the material being
      tested and is not specified in the test procedure.
PAR  Triplicate determinations were made. Each sample was exposed to an energy
      flux of 2.5 watts/cm.sup.2 from the radiant heater under flaming
      conditions. Flames from a multidirectional propane burner impinged upon
      the sample and into the trough at the bottom of the sample holder during
      the measurements.
PAR  The sample was exposed until a minimum transmittance value was obtained.
      After the smoke had been flushed from the cabinet, the residual
      attenuation of the light beam, caused by the window deposits, was recorded
      and a correction applied to the maximum absorbance value.
PAR  Specific optical densities, normalized with respect to unit surface area of
      the sample (Dm) were calculated. The rate of smoke evolution can be
      determined from transmittance data, recorded as a function of time.
PAR  The specific optical densities are defined by the following expressions:
      ##EQU1##
      where
     V        =     test chamber volume                                        

     L        =     optical path length                                        

     A'       =     surface area of the sample                                 

     A.sub.max (corr)                                                          

              =     A.sub.max -A.sub.w                                         

     A.sub.max (corr) - maximum corrected absorbance during the test           

     A.sub.max - maximum measured absorbance during the test                   

     A.sub.w - absorbance caused by deposits on the windows                    

PAR  It has been found that smoke generation of polyvinyl chloride compositions
      can be substantially lessened through the incorporation of a ferrous
      trimellitate. In terms of quantities used, it has been found that addition
      of 0.25 to 2.00 PHR upon a weight basis of the resinous polymer of vinyl
      chloride has been found to be preferable in terms of the formulations
      used. It should be understood, however, that higher levels of ferrous
      trimellitate can be desirable with other formulations and the detailed
      exposition of the application of these materials, while indicating
      preferred embodiments, are given by way of illustration only since various
      changes and modifications within the spirit and scope of the invention
      will become apparent to those skilled in the art from this detailed
      description.
DETD
PAR  In order to facilitate a clear understanding of the invention, the
      smoke-retardant polymer compositions comprising a resinous polymer of a
      vinyl chloride polymer and at least a sufficient amount of ferrous
      trimellitate to reduce smoking, the following specific embodiments are
      described in detail.
PAC  EXAMPLE I
PAR  Twelve test samples of flexible polyvinyl chloride were made up in a
      typical formula, well-known in the industry, and which uses lead
      stabilizers.
TBL  ______________________________________                                    

                             PHR                                               

     ______________________________________                                    

     Polyvinyl Chloride Resin (Geon 103EP-F76)                                 

                               100                                             

     Dioctyl Phthalate         55                                              

     Calcium Carbonate         7                                               

     Tribase E (Lead Stabilizer-NLI, Inc.)                                     

                               0.5                                             

     DS207 (Lead Stearate-NLI, Inc.)                                           

                               1.0                                             

     Titanium Oxide            1.0                                             

     Oncor 75RA (Antimony Oxide-NLI, Inc.)                                     

                               1.0                                             

     Smoke Suppressant (Trimellitate Salt)                                     

                               1.0                                             

     Total                     166.5                                           

     ______________________________________                                    

PAR  Trimellitate salts of trivalent iron and bivalent iron and barium were
      added on the smoke suppressants. Flaming tests were conducted in an
      Aminco-NBS Smoke Density Chamber according to the procedures given in ASTM
      Special Technical Publication 422 (1969). The specific optical density,
      normalized with respect to the unit surface area of the sample, DM (corr),
      was calculated, corrected for window deposits.
PAR  The effectiveness of the ferrous salt with lead stabilizers was
      demonstrated. A significant decrease in the specific optical density of
      the ferrous salt composition was shown. The ferric and barium salt
      compositions did not demonstrate decreased specific optical density. The
      data are presented in Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Optical Density Data For Flexible PVC Compositions                        

     Containing TMA Smoke Retardants                                           

     TMA Salt       Dm (Corr)                                                  

                  1      2        3       Avg                                  

     ______________________________________                                    

     Control (No Retardant)                                                    

                    207      234      227   223                                

     Ferrous        110      152      113   125                                

     Ferric         291      315      347   318                                

     Barium         284      235      221   247                                

     ______________________________________                                    

PAC  EXAMPLE II
PAR  Twelve test samples of rigid polyvinyl chloride were made up in a typical
      formulation well-known in the industry, which uses a proprietary tin
      stabilizer made by M & T Corporation.
TBL  ______________________________________                                    

                           PHR                                                 

     ______________________________________                                    

     Polyvinyl Chloride Resin (Ethyl 185)                                      

                             100.0                                             

     T31 (Tin Stabilizer-M & T Corp.)                                          

                             2.0                                               

     90T (Calcium Carbonate) 2.0                                               

     Calcium Stearate        0.6                                               

     Wax XL 165 (American Hoechst)                                             

                             1.0                                               

     Titanium Oxide          2.0                                               

     Smoke Suppressant (Trimellitate Salt)                                     

                             1.0                                               

     Total                   108.6                                             

     ______________________________________                                    

PAR  Trimellitate salts of trivalent iron and bivalent iron and barium were
      added as the smoke suppressants. Flaming tests were conducted as in
      Example I, in an Aminco-NBS Smoke Density Chamber according to the
      procedures given in ASTM Special Technical Publication 422 (1969). The
      specific optical density, normalized with respect to the unit surface area
      of the sample, DM (corr), was calculated, corrected for window deposits.
PAR  The ineffectiveness of the trimellitate salts to reduce smoke in a tin
      stabilizer-PVC formulation using the above proprietary tin stabilizer of M
      & T Corporation was well demonstrated. Addition of the trimellitate salt
      did not result in decreased specific optical density in the Aminco-NBS
      test, as might have been expected, thus demonstrating the unpredictability
      and unobviousness of the invention. The data are presented in Table II. It
      is noted that contrary results with a different proprietary tin stabilizer
      are reported in Example IV.
TBL                TABLE II                                                    

     ______________________________________                                    

     Optical Density Data For Rigid PVC Compositions                           

     Containing TMA Smoke Retardants                                           

     TMA Salt       Dm (corr)                                                  

                  1      2        3       Avg                                  

     ______________________________________                                    

     Control (No Retardant)                                                    

                    386      381      505   424                                

     Ferrous        513      523      480   505                                

     Ferric         528      483      469   493                                

     Barium         442      391      369   401                                

     ______________________________________                                    

PAC  EXAMPLE III
PAR  Twenty-four test samples of flexible polyvinyl chloride were made up in a
      typical formulation, well-known in the industry, which used lead
      stabilizers.
TBL  ______________________________________                                    

                            PHR                                                

     ______________________________________                                    

     Polyvinyl Chloride Resin (Geon 103EP-F76)                                 

                              100                                              

     Dioctyl Phthalate        55                                               

     Calcium Carbonate        7                                                

     Tribase E (Lead Stabilizer-NLI, Inc.)                                     

                              1                                                

     DS207 (Lead Stearate-NLI, Inc.)                                           

                              0.5                                              

     RA41 (Titanium Oxide-NLI, Inc.                                            

                              1                                                

     Oncor 75 RA (Antimony Oxide-NLI, Inc.)                                    

                              3                                                

     Smoke Suppressant                                                         

     (Lead, Manganese, Cobalt, Nickel, Iron                                    

     Salts of TMA)            0.5-1.0                                          

     Total                    168.0-168.5                                      

     ______________________________________                                    

PAR  Trimellitate salts of bivalent lead, manganese, cobalt, nickel and iron
      were added as the smoke suppressants. Flaming tests were conducted in an
      Aminco-NBS Smoke Density Chamber according to the procedures given in ASTM
      Special Technical Publication 422 (1969). The specific optical density
      (corrected), DM (corr), was determined.
PAR  The ineffectiveness of the bivalent metal salts, other than the bivalent
      iron salt, in a lead stabilizer-PVC formulation, was demonstrated, again
      demonstrating the unpredictability and unobviousness of the invention. The
      bivalent iron salt reduced specific optical density (corrected) even at a
      level as low as 0.5 PHR. The data are presented in Table III.
TBL                Table III                                                   

     ______________________________________                                    

     Optical Density Data For Flexible PVC Composition                         

     Containing TMA Smoke Retardants                                           

     TMA Salt       Dm (corr)                                                  

                  1      2        3       Avg                                  

     ______________________________________                                    

     Control (No Retardant)                                                    

                    257      235      214   235                                

     Lead           256      236      251   248                                

     Manganese      300      286      302   296                                

     Cobalt         293      284      243   273                                

     Nickel         296      255      285   279                                

     Ferrous (0.5 PHR)                                                         

                    211      241      204   219                                

     Ferrous (0.1 PHR)                                                         

                    194      202      230   209                                

     Ferrous (1.5 PHR)                                                         

                    210      224      198   211                                

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Nine test samples of rigid polyvinyl chloride were made up in a typical
      formulation well-known in the industry, which uses a proprietary tin
      stabilizer supplied by Cincinnati Milacron Chemicals, Inc.
TBL  ______________________________________                                    

                            PHR                                                

     ______________________________________                                    

     Polyvinyl Chloride Resin (Ethyl 185)                                      

                              100.0                                            

     TM 181 (Tin Stabilizer-Cin. Milacron)                                     

                              2.0                                              

     90 T (Calcium Carbonate) 2.0                                              

     Calcium Stearate         0.6                                              

     Wax XL 165 (American Hoechst)                                             

                              1.0                                              

     Titanium Oxide           2.0                                              

     Smoke Suppressant (Trimellitate Salt)                                     

                              0.5-1.0                                          

     ______________________________________                                    

PAR  The change of one ingredient in the PVC composition, from one proprietary
      tin stabilizer as in Example II to another supplied by a separate
      supplier, influenced the specific optical density (corrected) in tests
      conducted as in the previous examples. Despite the results shown in
      Example II, which indicated trimellitate ferrous salts had little or no
      influence on the Dm (corr) of the rigid PVC, the effectiveness of
      incorporating a TMA salt with the specified tin stabilizer is apparent in
      the data presented in Table IV.
TBL                Table IV                                                    

     ______________________________________                                    

     Optical Density Data For Rigid PVC Composition                            

     Containing TMA Smoke Retardants                                           

     TMA Salt       Dm (corr)                                                  

                  1      2        3       Avg                                  

     ______________________________________                                    

     Control (No Retardant)                                                    

                    --       --       224   224                                

     Ferrous (0.5 PHR)                                                         

                    173      156      162   164                                

     Ferrous (1.0 PHR)                                                         

                    160      150      145   152                                

     ______________________________________                                    

PAC  EXAMPLE V
PAR  Separate tests were made to determine the efficacy of ferrous trimellitate
      salts in PVC compositions containing antimony oxide. Twenty-one test
      samples were made up in a typical formulation well-known in the industry,
      which uses a proprietary antimony oxide coated silica, calculated as 25%
      antimony oxide. Nine test samples of the formulation were evaluated with
      bivalent lead, manganese. and cobalt TMA salts as smoke suppressants. A
      second set of twelve test samples of the same formulation with bivalent
      iron TMA salts (but without the antimony oxide) were made up. The formula
      was
TBL                           PHR                                              

     ______________________________________                                    

     Polyvinyl Chloride Resin (Geon 102)                                       

                                100                                            

     Dioctyl Phthalate           50                                            

     Mark M (Barium-Cadmium Stabilizer-                                        

     Argus Chemical Co.)        3.0                                            

     Mark C (Phosphite Chelator-Argus Chemical Co.)                            

                                0.3                                            

     Stearic Acid               0.5                                            

     Oncor 75RA (Antimony Oxide-NLI, Inc.)                                     

                                0.0-2.0                                        

     Smoke Suppressant                                                         

     (Lead, Manganese, Cobalt, Iron Salts of TMA)                              

                                0.5-2.0                                        

     ______________________________________                                    

PAR  The presence or absence of antimony oxide in the formulation did not affect
      the smoke deterent properties of the bivalent metal TMA salts. The
      incorporation of the ferrous TMA salt assisted in diminishing the specific
      optical density (corrected) with or without antimony oxide being present.
      The incorporation of the other bivalent metal TMA salts did not assist in
      reducing the DM (corr). Table V indicates the Dm (corr.) obtained in the
      presence of antimony oxide. Table VI contains the data on the Aminco-NBS
      tests without the antimony oxide.
TBL                Table V                                                     

     ______________________________________                                    

     Optical Density Data For Flexible PVC Composition                         

     Containing Antimony Oxide and TMA Smoke Retardants                        

     TMA Salt       1        2        3     Avg                                

     ______________________________________                                    

     Control (No Retardant)                                                    

                    262      268      253   261                                

     Ferrous (0.5 PHR)                                                         

                    190      229      211   210                                

     Ferrous (1.0 PHR)                                                         

                    203      220      208   210                                

     Ferrous (2.0 PHR)                                                         

                    228      207      220   218                                

     Lead (2.0 PHR) 228      265      277   257                                

     Manganese (2.0 PHR)                                                       

                    337      328      298   321                                

     Cobalt (2.0 PHR)                                                          

                    269      265      268   267                                

     ______________________________________                                    

TBL                Table VI                                                    

     ______________________________________                                    

     Optical Density Data For Flexible PVC Compositions                        

     Containing TMA Smoke Retardants Without Antimony Oxide                    

     TMA Salt       Dm (corr)                                                  

                  1      2        3       Avg                                  

     ______________________________________                                    

     Control (No Retardant)                                                    

                    247      268      247   254                                

     Ferrous (0.5 PHR)                                                         

                    222      185      197   201                                

     Ferrous (1.0 PHR)                                                         

                    220      199      188   202                                

     Ferrous (2.0 PHR)                                                         

                    204      216      212   211                                

     ______________________________________                                    

PAR  Although the invention has been described in terms of specific embodiments
      which are set forth in considerable detail, it should be understood that
      this is by way of illustration only and that the invention is not
      necessarily limited thereto since alternative embodiments will become
      apparent to those skilled in the art in view of the disclosure. For
      example, other stabilizers than the commonly-used ones, i.e., of lead,
      tin, and barium-cadmium, may be utilized, such as zinc-containing versions
      of the barium-cadmium stabilizers. Other lubricants than calcium stearate
      may be used, as well as fillers other than calcium carbonate. Accordingly,
      modifications are contemplated which can be made without departing from
      the spirit of the described invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition comprising a resinous polymer of vinyl chloride and a
      smoke-retardant concentration of ferrous trimellitate.
NUM  2.
PAR  2. The composition of claim 1 wherein said ferrous trimellitate comprises
      from 0.25 to 2.00 parts by weight per 100 parts by weight resinous polymer
      of vinyl chloride.
NUM  3.
PAR  3. The composition of claim 2 wherein said composition comprises a lead
      stabilizer.
NUM  4.
PAR  4. The composition of claim 2 wherein said composition comprises a
      compatible organotin stabilizer.
NUM  5.
PAR  5. The composition of claim 2 wherein said composition comprises a
      barium-cadmium stabilizer.
NUM  6.
PAR  6. Any composition as herein described with particular reference to the
      examples.
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ABST
PAL  An ABS resin composition is disclosed, adapted for rotational molding
      (rotocasting), which comprises an ABS resin of from minus 10 to plus 100
      mesh size particles having uniformly dispersed and adhered to the surface
      of the particles an organic compound of a particle size of minus 100 mesh
      having a melting point of 100.degree.C to 250.degree.C and a decomposition
      point above 200.degree.C, the weight ratio of resin to organic compound
      being 100 to 0.1 - 5.0.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to an acrylonitrile/butadiene/styrene (ABS) resin
      composition having improved molding properties suitable for use in the
      rotational molding method that is currently receiving much commerical
      attention.
PAR  Recently, rotational molding, also called rotocasting, has attracted
      special interest as a practical molding method for manufacture of
      articles, particularly those made from polyethylene resins. This is in
      keeping with a trend of development of rotocasing as an economical and
      advantageous method of molding large-sized articles.
PAR  Rotocasting is generally applicable to the molding of thermoplastic resins,
      and is applicable to plastic materials in the form of power, grains or
      liquid. Commercial rotocasting devices are recommended by the
      manufacturers as applicable to the molding of ABS resin as well as
      polyethylene, polyvinyl chloride, polystyrene, nylon, cellulose butyrate
      and cellulose acetate.
PAR  However, the rotocasting method has a number of disadvantages, many of
      which apply particularly to the use of ABS resins.
PAR  Thus, resin powders prepared by conventional emulsion polymerization are
      too small in particle size for use in rotocasting. Hence such powders are
      usually heated to melt them, and are then formed into pellets, the size of
      which is regulated to be from about minus 10 to plus 100 mesh size. If
      granules of significantly larger size are used in the rotocasting process
      or if granules of significantly intricate shape are used, a part of the
      granules remain unmolten in the process, and a large mass is formed in the
      machine, resulting in a rough surface or an uneven thickness of the
      finished product. Also, when the process involves pouring the resin into
      small spaces such as the space between double walls, bridges tend to be
      formed making the molded product defective or otherwise unsatisfactory.
      Further, by comparison with products made of the same resin by other known
      resin molding methods such as injection, extrusion or blow molding, the
      products conventionally obtainable by rotocasting have significantly
      inferior mechanical strength.
PAR  ABS resin is known to possess such disadvantages as the foregoing.
      Heretofore the molding properties of this resin, when used in rotocasting,
      have been controlled mainly by regulating the particle size and particle
      shape, and partially by regulating the melt viscosity at the time of
      fusion of the composition per se. As yet these methods have not provided a
      fully satisfactory molding process for ABS resins. Conventionally the
      known shortcomings of the inferior molding properties of ABS resin have
      been partly compensated for by using molding techniques such as the use of
      a foaming agent, a technique which is not affected by the inherently poor
      rotational molding property of ABS resin.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An object of this invention is to provide an ABS resin molding composition
      having remarkably improved molding and mechanical properties suitable for
      rotocasting.
PAR  Because the rotocast products obtained from ABS resin compositions
      according to this invention possess the intrinsic good mechanical
      properties of the ABS resin, the molded articles produced by the process
      of this invention can be used advantageously where rigidity and high
      impact strength are required such as in toys and structural components.
PAR  The present invention is accomplished by uniformly dispersing a
      predetermined quantity of an organic compound additive having a particular
      particle size and a particular melting point range onto the surface of the
      ABS resin particles which in turn have a particular particle size and are
      prepared by bulk-suspension two stage polymerization.
PAR  Particularly, this invention relates to an ABS resin composition adapted
      for rotational molding which comprises ABS resin particles of from 10 to
      100 mesh size having uniformly dispersed on the surface thereof an organic
      compound additive of a particle size of less than 100 mesh, said additive
      having a melting point of 100.degree. to 250.degree.C and a thermal
      decomposition point above 200.degree.C, the weight ratio of said resin to
      said additive being 100 : 0.1 to 5.0.
PAR  More particularly this invention relates to an ABS resin composition
      suitable for rotocasting, consisting essentially of (A) 100 parts by
      weight of ABS resin of from about minus 10 to plus 100 mesh particle size
      (Tyler Standard sieve) prepared by the bulk-suspension two stage
      polymerization method and (B) 0.1 to 5 parts by weight of an organic
      compound of a particle size of minus 100 mesh sieve, having a melting
      point in the range of 100.degree.- 250.degree.C and a decomposition ponit
      above 200.degree.C, the latter (B) being uniformly dispersed and adhered
      onto the surface of the former (A). The composition can include, if
      desired, a dye or a pigment.
PAR  The inventors have found that the foregoing shortcomings can be more fully
      compensated for by uniformly dispersing 0.1 to 5.0 parts by weight of an
      organic additive compound of a particle size of minus 100 mesh Tyler
      Standard sieve, having a melting point in the range of 100.degree. to
      250.degree.C and a decomposition point above 200.degree.C on the surface
      of the ABS resin, whereby the mechanical properties of the molded product
      are improved remarkably. Thus the organic additive compound has a maximum
      dimension of less than about 0.147 mm.
PAR  The ABS resin used in the present invention is limited to
      acrylonitrile/butadiene/styrene copolymer obtained by the bulk-suspension
      two stage polymerization technique, and having 10-100 mesh grain size,
      that is particle sizes in the range of from about 1.6 to about 0.147 mm.
      The preferred particle shape is spherical or nearly spherical. ABS resins
      obtained by other generally known polymerization techniques are not
      comprehended by this invention. A suitable procedure for preparing ABS
      resin particles suitable for use in this invention is disclosed in U.S.
      Ser. No. 212,616 , now U.S. Pat. No. 3,825,625 . It will be understood
      that the ABS resin will normally consist of a mixture of ABS particles of
      different sizes within the range of 10 to 100 mesh.
PAR  As the ABS resin prepared by bulk-suspension polymerization to be used,
      especially preferred are ABS resin beads having such a viscosity that melt
      viscosity at a shear rate in the range of from 10.sup.-.sup.2 to 1 sec.
      .sup.-.sup.1 at 240.degree.C is below 1 .times. 10.sup.5 poises and the
      ratio of melt viscosity at 10.sup.-.sup.2 sec. .sup.-.sup.1 to that at 1
      sec. .sup.-.sup.1 is below 5. Further details concerning this will be
      found in U.S. Ser. No. 262,218 , now abandoned.
PAR  As the organic compound additive of a grain size which passes through 100
      mesh sieve, having a melting point in the range of
      100.degree.-250.degree.C and a decomposition point above 200.degree.C,
      there can be mentioned metal salts of fatty acids generally used as
      lubricating agent in resins such as calcium stearate, barium stearate and
      zinc stearate; mono- and bis-amide compounds such as stearyl amide,
      palmityl amide, methylene bis stearyl amide, ethylene bis stearyl amide
      and alkylaryl bisamides; compounds generally used as antioxidants for
      resins such as 3-methyl-4-isopropylphenol, 2,5-di-tert. butylhydroquinone,
      2',2-methylene-bis-4-methyl-o-tert. butylphenol,
      2,2-bis(4-hydroxyphenyl)propane tris(2-methyl-4-hydroxy-5-tert.
      butylphenol)butane, 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert.
      butyl-4-hydroxybenzyl) benzene, tetrakis [methylene-3-(3,5-di-tert.
      butyl-4-hydroxyphenyl)propionate] methane; phenol compounds such as mono-
      and di-alkylidenebis-high molecular-hindered polyphenols; and
      2-(2'-hydroxy-5'-methylphenyl)-benzotriazole used in resins as ultraviolet
      absorber.
PAR  If an organic compound having a melting point below 100.degree.C is used,
      the purpose of the invention cannot be attained, because the compound per
      se is molten at the initial stage of the rotocasting to make the grain
      surface wet, thereby hindering seriously the uniform fluidity of the
      grains. Further, an organic compound having a melting point above
      250.degree.C cannot be molten even at the fusing temperature necessary for
      the formation of molten film of the resin, thereby reducing remarkably the
      mechanical properties of the resin. An organic compound which does not
      pass through 100 mesh sieve is difficultly dispersible or adherable to the
      surface of the resin grains, so that the purpose of the invention cannot
      be attained.
PAR  The additive organic compounds can be used alone or in the form of a
      mixture of two or more compounds in any ratio to attain the purpose of the
      present invention. Accordingly, there is no particular limitation in the
      selection of the organic compounds.
PAR  The amount of the organic additive compound incorporated for improving the
      rotational molding properties of the ABS resin and the mechanical
      properties of the resulting products is 0.1 to 5.0 parts by weight,
      preferably 0.2 to 3.0 parts by weight, per 100 parts by weight of ABS
      resin. When less than 0.1 part by weight of this additive is used, the
      molding properties cannot be improved and the mechanical strength of the
      resulting product also cannot be improved. Consequently, the purpose of
      the invention cannot be attained. When more than 5 parts by weight of the
      additive is used, the effect is not notable and the molding and physical
      properties tend to be reduced.
PAR  The present invention will be illustrated in more detail by the following
      examples which do not limit the invention. The compositions, physical
      properties of the resulting products and the molding properties in the
      following examples and comparative examples are summarized in Table 1.
PAR  The parts and percentages in the following examples are give by weight.
PAR  In the Table, the tensile impact strength is represented by kg.cm/cm.sup.2
      according to the tensile impact test described in ASTM D-1822.
PAR  The appearance of the product and the smoothness of the internal surface of
      the bridge between double walls were judged macroscopically. The
      evaluation was made on the basis of the following four standards:
PA0  1 : Superior,
PA0  2 : Excellent,
PA0  3 : Inferior,
PA0  4 : Extremely bad.
DETD
PAC  EXAMPLE 1
PAR  75 Parts (by weight, the same shall apply hereinafter) of ethylene monomer,
      25 parts of acrylonitrile monomer, 13 parts of SBR rubber (copolymer of
      styrene/butadiene = 25/75), 0.15 part of benzoyl peroxide, 0.08 part of
      dicumyl peroxide, 0.35 part of t-dodecylmercaptan, 3 parts of butylbenzyl
      phthalate and 0.015 part of calcium stearate were mixed together, and the
      mixture was stirred until the rubber was dissolved completely. 10 Parts of
      deionized water were added to the mixture, and the whole was then heated
      to 72.degree.C with stirring in a polymerization apparatus provided with a
      powerful stirring system for 5 hours to carry out the reaction until about
      25 % of the monomers was converted to the polymer.
PAR  In a separate vessel, an aqueous phase comprising 100 parts of deionized
      water and 3 parts of magnesium hydroxide were prepared. The aqueous phase
      thus obtained was then added to said polymer mixture to obtain a
      suspension. The temperature of the suspension was raised from 65.degree.C
      to 120.degree.C over a period of about 1.5 hours. Stirring was effected at
      that temperature for about 5 hours to complete the polymerization.
PAR  Thereafter, the reaction mixture was cooled and the product was washed with
      hydrochloric acid and water, subjected to centrifugal dehydration and
      dried.
PAR  The resulting polymer was substantially spherical ABS resin particles 95%
      of which passed through a 32 mesh sieve.
PAR  100 Parts of the ABS resin were mixed with 1 parts of an alkylaryl bisamide
      of m.p. 170.degree.-175.degree.C having a grain size which passed through
      a 100 mesh sieve. The mixture was stirred in a spar mixer at 500 r.p.m. at
      ambient temperature for 3 minutes to disperse and coat the
      alkylarylbisamide uniformly on the surface of the ABS resin.
PAR  The thus obtained mixture was charged in a double wall rotary casting mold
      of a size of 500 mm .times. 450 mm .times. 250 mm (width) having 30 mm
      spacing between the two walls by using a McNeil type rotocasting machine.
      The mold was revolved about the equatorial axis of the mold at a rate of
      10 r.p.m. and was simultaneously rotated about the polar axis of the mold
      at a rate of 8 r.p.m. while hot air at 350.degree.C was circulated
      thereabout for about 20 minutes. The product was then cooled by spraying
      water on the external mold surface. After cooling sufficiently, the molded
      product was taken out. An excellent product of very favorable appearance,
      inside surface smoothness and a uniform thickness of about 3 mm was
      obtained as shown in Table 1. Bridging between the two walls was scarcely
      observed. A test piece cut from the product had a high tensile impact
      strength of 29 kg.cm/cm.sup.2.
PAC  COMPARATIVE EXAMPLE 1
PAR  The same composition as in Example 1, but not containing alkylaryl
      bisamide, was subjected to the same molding operation as in Example 1.
      During the molding, the resin moved aside within the mold and a molded
      product of the desired shape was obtained with difficulty. A test piece
      cut from the product had a tensile impact strength of only 20 kg.
      cm/cm.sup.2.
PAC  EXAMPLES 2-4 and Comparative Example 2
PAR  The compositions shown in Table 1 were molded in the same manner as in
      Example 1. With 0.1 to 5 parts of an alkylaryl bisamide added, the molding
      properties were quite excellent. The tensile impact strength of the molded
      product was improved highly by the addition of up to 5 parts of alkylaryl
      bisamide. The maximum tensile impact strength was observed when 10 parts
      of the additive were employed, but the other molding properties, other
      than appearance, became inferior when 10 parts of the additive was
      employed.
PAC  EXAMPLE 5
PAR  Molding was effected in the same manner as in Example 1 except that
      tetrakis[methylene-3-(3,5-di-tert.
      butyl-4-hydroxyphenyl)propionate]methane was used in place of the
      alkylaryl bisamide.
PAR  The product had quite excellent molding properties the same as that of
      Example 1 and a tensile impact strength of 28 kg.cm/cm.sup.2 as shown in
      Table 1.
PAC  EXAMPLE 6
PAR  Molding was effected in the same manner as in Example 1 except that
      2-(2'-hydroxy-5'-methylphenyl)-benzotriazol was used in placed of the
      alkylaryl bisamide to obtain the results as shown in Table 1 which were
      similar to those of Example 1.
PAC  COMPARATIVE EXAMPLE 3
PAR  Molding was effected in the same manner as in Example 1 except that 1 part
      of stearic acid of m.p. 64.degree.-65.degree.C was used, in place of the
      alkylaryl bisamide, and the results shown in Table 1 were obtained. Thus,
      substantially the same product and physical properties as in Comparative
      Example 1 were obtained.
PAC  COMPARATIVE EXAMPLE 4
PAR  Molding was effected in the same manner as in Example 1 except that
      perchloro-pentacyclodecane of m.p. 485.degree.C was used, in place stearic
      acid used in Comparative Example 3. The product had a poor tensile impact
      strength of 15 kg.cm/cm.sup.2, while the molding property thereof was
      relatively good.
PAC  COMPARATIVE EXAMPLE 5
PAR  Molding was effected in the same manner as in Example 1 except that the
      quantity of the alkylaryl bisamide was 0.05 part. The results were
      substantially the same as in Comparative Example 1.
PAR  Alkylaryl bisamides used in the Examples are origomers having molecular
      weights of 500 to 5,000 obtained by the condensation of xylene diamine and
      adipic acid or xylene diamine and sebacic acid.
PAR  As the organic compound additive of a grain size which passes through 100
      mesh sieve, having a melting point in the range of
      100.degree.-250.degree.C and a decomposition point above 200.degree.C,
      compounds generally used as ingredients in the resin composition, such as
      antioxidants and other stabilizers, plastisizers, flame retarders and
      lubricants are preferably used. As examples of such compounds, the
      following compounds can be mentioned in addition to the compounds
      previously described in this specification:
PAC  Monophenols
PA0  2,6-di-tert.butyl-phenol
PA0  2,6-di-tert.butyl-4-methyl-phenol
PA0  2,6-di-tert.butyl-4-hydroxymethyl-phenol
PA0  2,6-di-tert.butyl-(.alpha.-dimethylamino)-p-cresol
PA0  2,4-di-methyl-6-tert.butyl-phenol
PA0  Styrenated phenol
PA0  mixture of .alpha.-methyl benzyl-phenols
PA0  akylated p-cresol
PA0  tri-tert.butyl-p-phenylphenol
PA0  2,4-di-tert.butyl phenyl 3,5-di-tert.butyl-4-hydroxy benzoate
PA1  4,4'-methylenebis(2,6-di-tert.-butyl phenol)
PAC  Lubricants
PA0  Barium laurate
PA0  Barium ricinolate
PA0  Calcium laurate
PAC  Flame retarders
PA0  Tetra-bromo-bisphenol A
PA0  1,2,3,4-tetrabromobutane
PAC  Ultraviolet absorbers
PA0  resorcinol monobenzoate
PA0  2-hydroxy-4-methoxy-4'-methyl benzophenone
PA0  2-hydroxy-4-benzyloxy-benzophenone
PA0  2,4-dihydroxy-benzophenone
PA0  2,2',4,4'-tetra-hydroxy-benzophenone
PAR  The above organic additives are effective in rotocasting only when they are
      dispersed or coated on ABS resin particles. In other words, the additive
      particles should be present in a state of being adhered or free on the
      surface of particles. If these additives are kneaded into the resin
      composition, they are not effective at all as exemplified in the following
      Example.
PAC  COMPARATIVE EXAMPLE 6
PAR  To 100 Parts of the ABS resin particles used in Example 1, 1 part of
      tetrakis [methylene-3-(3,5-di-tert.butyl-4-hydroxyphenyl)propionate]
      methane was added and kneaded into the polymer by extrusion obtain resin
      pellets. They were pulverized to particles of from 10 to 100 mesh size.
      The obtained resin composition was subjected to the same molding operation
      as in Example 1. However, the resin moved aside within the mold during the
      molding and a molded product of the desired shape could not be obtained.
CLMS
STM  The embodiments of the invention in which on exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An acrylonitrile/butadiene/styrene molding composition adapted for
      rotational molding which consists essentially of (A) substantially
      spherical acrylonitrile/butadiene/styrene resin particles of from 10 to
      100 mesh size prepared by the bulk-suspension two stage polymerization
      process (e) said acrylonitrile/butadiene/styrene resin particles having
      uniformly dispersed and coated only on the surfaces thereof (B) particles
      of an organic compound additive having a particle size of less than 100
      mesh, said additive having a melting point of 100.degree. to 250.degree.C
      and a thermal decomposition point above 200.degree.C, the weight ratio of
      (A) to (B) being 100 : 0.1 to 5.0, and said organic compound being
      selected from the group consisting of compatible lubricants,
      anti-oxidants, plasticizers, flame retardants, ultraviolet absorbing
      agents, and mixtures thereof.
NUM  2.
PAR  2. The composition of claim 1, in which the additive compound is selected
      from the group consisting of
PA1  calcium stearate
PA1  barium stearate
PA1  zinc stearate
PA1  stearyl amide
PA1  palmityl amide
PA1  methylene bis stearyl amide
PA1  ethylene bis stearyl amide
PA1  alkylaryl bis amide
PA1  3-methyl-4-isopropylphenol
PA1  2,5-di-tert. butylhydroquinone
PA1  2',2-methylene-bis-4-methyl-o-tert. butylphenol
PA1  2,2-bis(4-hydroxyphenyl)propane
PA1  tris(2-methyl-4-hydroxy-5-tert. butylphenol) butane
PA1  1,3,5-trimethyl-2,4,6-tris(3,5-di-tert. butyl-4-hydroxybenzyl) benzene
PA1  tetrakis [methylene-3-(3,5-di-tert. butyl-4-hydroxyphenyl)propionate]
      methane
PA1  mono-alkylidenebis-high molecular-hindered polyphenols
PA1  2-(2'-hydroxy-5'-methylphenyl)-benzotriazole and mixtures thereof.
NUM  3.
PAR  3. The composition of claim 1, in which the additive is an alkylaryl
      bisamide.
NUM  4.
PAR  4. The composition of claim 1, in which the additive is tetrakis
      [methylene-3-(3,5-di-tert. butyl-4-hydroxyphenyl)propionate] methane.
NUM  5.
PAR  5. The composition of claim 1, in which the additive is
      2-(2'-hydroxy-5'-methylphenyl) benzotriazole.
NUM  6.
PAR  6. A method which comprises; placing in a mold a charge of the composition
      as defined in claim 1; and then effecting rotational molding of said
      charge to form a molded product.
NUM  7.
PAR  7. A method which comprises; placing in a mold a charge of the composition
      as defined in claim 2, and then effecting rotational molding of said
      charge to form a molded product.
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ABST
PAL  Polyurethane contact adhesives are produced without added solvent from
      polyols, amorphous thermoplastic tackifiers and
      3-isocyanatomethyl-3,5,5-trimethyl-cyclohexylisocyanate and which can be
      applied solvent-free to a great variety of substrates.
BSUM
PAR  The invention relates to contact adhesives of polyols, tackifier resins and
      3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate and to a process
      for the manufacture of the products, which does not necessitate the use of
      solvents.
PAR  It is known that adhesives made from rubbers or phenolic resins can be
      applied without solvents. It has also been proposed to produce pressure
      sensitive adhesives from one or more polyols having three or more hydroxyl
      groups per molecule, optionally together with diols and/or monools, and
      polyisocyanates. For this purpose, the starting materials are reacted in
      such amounts that all the hydroxyl groups of the polyols and any diols
      and/or monools used react with the isocyanate groups of the
      polyisocyanates and thus form a completely crosslinked polyurethane. It is
      also essential to the invention that the polyurethanes should have an
      average chain length of from 130 to 285 chain atoms. Such adhesives, which
      do not contain any tackifier resins, harden very slowly. It is a further
      disadvantage that the adhesives, which are hard and rubbery solids at room
      temperature, can only be applied when softened, that is to say at
      relatively high temperatures. Conveying tacky, hot compositions in the
      machine as far as the spreader while keeping the compositions warm
      requires very complicated and expensive machinery. Such processes have not
      attained practical importance.
PAR  According to U.S. Pat. No. 3,437,622, a prepolymer containing isocyanate
      groups is produced by heating polyols, polyisocyanates and up to 10 per
      cent by weight of a tackifier resin, based on the weight of the polyol
      used, to 100.degree.C for one hour; the prepolymer is then dissolved in an
      inert solvent. The adhesive solution is applied to a substrate and the
      solvent then evaporated. This converts the prepolymer to the polyurethane
      polymers which can be used as adhesives. The disadvantage of the process
      is that it is not possible to admix major amounts of resin with such
      systems and that only in the form of solutions can the prepolymers be
      processed or applied to substrates.
PAR  Adhesives obtained from isocyanates and esters of castor oil with
      carboxylic acids, and containing solvent, have been described in U.S. Pat.
      No. 3,246,049. These adhesives are also dissolved in non-polar solvents,
      such as xylene, and applied to the substrate. This procedure again entails
      expensive machinery since, after the spreading process, the solvent must
      be extracted by suction. This requires a drying tunnel which in the case
      of conventional spreader machines, is from about 40 to 60 m long and also
      requires an explosion-proof room. The speed at which the spreading process
      is carried out also depends on the efficiency of the drying tunnel and is
      therefore limited in most cases.
PAR  German Laid-Open Specification No. 2,002,457 discloses a process for the
      production of contact adhesives from polyalkylene ethers containing
      hydroxyl groups, tackifier resins and aliphatic or aromatic
      polyisocyanates. In this case, the starting materials are mixed without
      adding conventional inert solvents, and are applied solvent-free to the
      base. It is a disadvantage of this process that the contact adhesive can
      at most contain 30 percent by weight of a tackifier resin. If the resin
      content is higher, the adhesive loses some of its tack after some days or
      weeks, because it separates and becomes inhomogeneous or the viscosity of
      the adhesive rises so much that the product can no longer be handled by
      conventional metering and conveying equipment. Since the tack depends on
      the content of tackifier resins, it is desirable for some applications to
      incorporate major amounts of tackifier into the product.
PAR  It is an object of the present invention to provide contact adhesives of
      high tack and relatively low viscosities, which can be applied rapidly to
      substrates at room temperature by means of conventional feeding and
      metering devices, without inert solvents.
PAR  We have found, surprisingly, that these advantageous properties are
      exhibited by contact adhesives which are obtained, without addition of
      solvents, by mixing
PA1  a. 28 to 94 per cent by weight of a polyol having a molecular weight from
      300 to 8,000 and a hydroxyl number from 20 to 85 and
PA1  b. 5 to 60 per cent by weight of an amorphous, thermoplastic, tackifier
      resin which has a softening point from 40.degree. to 140.degree.C and a
      molecular weight from 200 to 7,500, and reacting the mixture, without use
      of solvent, with
PA1  c. 1 to 12 per cent by weight of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate,
PAL  the percentages by weight being based on the total weight of the components
      (a), (b) and (c).
PAR  The contact adhesives according to the invention can be produced, and used,
      without the addition of conventional inert solvents, and possess, in
      addition to the advantageous properties already mentioned, high tack
      values, for example from about 0.2 kp to about 3 kp, measured in
      accordance with the Afera Standard Specification.
PAR  As a result of using 3-isocyanatomethyl-3,5,5-trimethylcyclohexyl
      isocyanate, also known by the trivial name isophorone diisocyanate, as the
      isocyanate component, the increase in viscosity of the reaction mixture on
      mixing the starting materials is insignificant, so that substantial
      amounts, that is to say more than 30% by weight, of tackifier resins can
      be incorporated into the contact adhesive. Furthermore, slight deviations
      in the amounts of the starting components used have a less adverse effect
      on the properties than is the case when using conventional aromatic
      diisocyanates and polyisocyanates, such as toluylene diisocyanate,
      diphenylmethane diisocyanate or mixtures of diphenyl- and
      polyphenyl-polymethylene-polyisocyanates. This means that it is simple to
      achieve reproducibility not only of the contact adhesives and of their
      tack values, but also of the properties of adhesive tapes coated with the
      contact adhesives. It is a further advantage that isophorone diisocyanate
      is less moisture-sensitive than aromatic polyisocyanates, so that the
      reaction between the polyol-tackifier mixture and the isophorone
      diisocyanate is not influenced adversely by the natural moisture which is
      always present in the manufacturing areas or on the substrate. Furthermore
      isophorone diisocyanate, because of its low vapor pressure, is less toxic
      than many other aliphatic or aromatic polyisocyanates.
PAR  The starting materials (a) used for the manufacture of the contact
      adhesives are polyols, for example polyester-ols or preferably,
      polyether-ols, which can be linear, partially branched and/or of
      branched-chain structure and which have molecular weights from 300 to
      8,000, especially from 900 to 6,000 and preferably from 1,800 to 5,200.
      For example, it is possible to use polyether-ols which are manufactured by
      polyalkoxylation of dihydric or higher polyhydric, preferably dihydric
      and/or trihydric, alcohols, such as ethylene glycol, propylene glycol,
      1,3-butanediol, 1,4-butanediol, trimethylolpropane and glycerol with
      ethylene oxide and/or propylene oxide. Mixtures of different polyalkylene
      oxides containing hydroxyl groups, for example mixtures produced by
      addition reactions of alcohol mixtures with ethylene oxide and/or
      propylene oxide, can also be used. The polyether-ols have OH-numbers from
      20 to 85, especially from 25 to 70 and preferably from 30 to 50.
PAR  The polyester-ols, which have OH-numbers from 30 to 70, preferably from 35
      to 50, are conventionally produced by condensation from aliphatic and/or
      aromatic dicarboxylic acids, such as phthalic acid and terephthalic acid,
      and preferably from succinic acid, glutaric acid, adipic acid, pimelic
      acid and sebacic acid, and dialcohols and/or trialcohols, such as ethylene
      glycol, 1,4-butanediol, 1,3-butanediol, 1,6-hexanediol, trimethylolpropane
      and glycerol, at elevated temperatures and, if appropriate, in the
      presence of catalysts, such as titanium salts or alkoxides. Polyester-ols
      having an acid number of less than 3 are particularly suitable.
PAR  3.Isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate which -- as has
      already been mentioned -- is known under the trivial name isophorone
      diisocyanate, is used as starting material (c).
PAR  The components (a) and (c) are preferably used in such ratios that from 0.6
      to 1.4, preferably from 0.8 to 1.2, and in particularly from 0.8 to 0.98,
      equivalents of isocyanate groups of the isophorone diisocyanate are
      present per equivalent of hydroxyl groups of the polyols. This gives
      contact adhesives which may still contain free hydroxyl groups, which can
      be of advantage for some applications.
PAR  Even the reaction of the polyols with the isophorone diisocyanate gives
      products of a certain tackiness, but these are not advantageous contact
      adhesives.
PAR  An essential characteristic of the invention is the use of tackifiers as
      the component (b); even major amounts, for example up to 60 per cent by
      weight, of such tackifiers can be present in the contact adhesive without
      causing the products to separate or become inhomogeneous. The tackifiers
      are solid, amorphous, hard to brittle, thermoplastic materials which
      soften at temperatures from 40.degree. to 150.degree.C, preferably from
      75.degree. to 135.degree.C, and in general have a molecular weight or
      average molecular weight from 200 to 7,500, preferably from 500 to 1,500.
      The resin should be compatible with the polyol, that is to say it should
      be possible to mix the resin with the polyol on heating to above the
      softening point of the resin, and the polyol-tackifier mixture should not
      separate into its components at room temperature.
PAR  Examples of suitable natural resins and modified natural resins are terpene
      resins (also referred to as polyterpene resins), balsams, rosin,
      hydrogenated rosin, and esters of rosin or of hydrogenated rosin, such as
      the glycerol ester, the pentaerythritol ester, the ethylene glycol ester,
      the diethylene glycol ester, the methyl ester and the propyl ester of
      (hydrogenated) rosin. Esters of hydroabietyl alcohol, which is produced on
      complete hydrogenation of rosin, are also suitable, examples being the
      benzoic acid ester or phthalic acid ester. Further good tackifier resins
      are the customary terpenephenol resins, alkylphenol resins, ketone resins,
      such as condensation products of cyclohexanone, coumarone resins, indene
      resins, hydrocarbon resins, polyvinyl isobutyl ether, polyvinyl acetate,
      vinyl acetate/vinyl laurate copolymers and polyolefins.
PAR  Preferred resins amongst the suitable tackifier resins are those which
      contain only few acid groups and of which the acid number is below 100,
      and preferably from 0 to 70, such as terpene resins, terpene-phenol resins
      and ester resins. It is particularly advantageous to use mixtures of
      different tackifier resins, for example mixtures of 2 to 4 different
      resins. Where resins of different softening points are used in the
      mixture, for example in the case of a mixture of resins of softening point
      around 70.degree.C and resins of softening point around 120.degree.C, the
      contact adhesives obtained can be used over a larger temperature range
      than contact adhesives based only on one resin.
PAR  The three starting components, namely the polyol (a), the tackifier resin
      (b) and the isophorone diisocyanate (c), are used in the following
      proportions:
TBL  Component a:                                                              

              28 to 94 per cent by weight, preferably                          

              40 to 80 per cent by weight,                                     

     Component b:                                                              

               5 to 60 per cent by weight, in particular                       

              15 to 50 per cent by weight, and preferably                      

              30 to 45 per cent by weight and                                  

     Component c:                                                              

               1 to 12 per cent by weight, preferably 2                        

              to 8 per cent by weight.                                         

PAR  An important factor determining the quality of the contact adhesive is that
      certain process conditions should be observed in the manufacture and use
      of the product. Good products are obtained if, first, the tackifier resin
      and the polyol are mixed at temperatures above the softening point of the
      resins and then the isophorone diisocyanate is added at temperatures below
      50.degree.C, preferably at from 15.degree. to 34.degree.C. These mixtures
      are then shaped, or applied to films or any other substrate, whilst in a
      condition where they are capable of flow. After shaping, the reaction is
      allowed to go to completion and this gives a more or less soft, largely
      solvent-resistant, practically insoluble contact adhesive, that is to say
      pressuresensitive adhesive composition.
PAR  The following is a suitable method of preparation of the contact adhesives:
      The commerically available polyol is expediently dehydrated, for example
      by heating under reduced pressure. It is advantageous to ensure that the
      water content of the product does not significantly exceed 0.1%. The same
      is of course true of the other components but these are usually more or
      less anhydrous anyway. The polyol is mixed with the resin or the resin
      mixture to give a clear, homogeneous polyol/resin mix. For this purpose,
      the components are in general heated, whilst stirring, say to temperatures
      above the softening point of the resin, for example to from 40.degree. to
      160.degree.C, until a clear, homogeneous mixture has formed. Depending on
      the type of polyol and the type and amount of tackifier resin, the
      resulting mixture has viscosities which at room temperature vary from
      about 2,000 to 20,000 centipoise.
PAR  If no tackifier, or less than 5 per cent by weight, is used in preparing
      the contact adhesive, the adhesion is unsatisfactory. Tackifiers
      containing more than 60 per cent by weight of a resin possess very good
      adhesion but, because of the greater viscosity, the products can in such
      cases only be used at elevated temperatures, for example at above
      50.degree.C. Further customary auxiliaries, such as dyes, fillers,
      pigments, plasticizers, aging retardants, antioxidants and light
      stabilizers can also be admixed simultaneously with, or subsequently to,
      the resin, but are advantageously added before the isophorone
      diisocyanate. It is also possible to add conventional catalysts which
      accelerate the subsequent reaction of the hydroxyl groups with isocyanate
      groups. Examples of catalysts which have proved of value are dibutyl-tin
      dilaurate and tin-II octoate.
PAR  The starting components and auxiliaries are mixed by means of conventional
      metering and processing equipment known in polyurethane chemistry. When
      admixing the proposed amount of isophorone diisocyanate, temperatures
      above 50.degree.C should be avoided if possible. It may be expedient to
      mix the isophorone diisocyanate with a part of the polyol/tackifier
      mixture and to incorporate the remainder of the polyol/tackifier mixture
      and the catalyst into this premix. The further processing of the resulting
      mixture should be carried out as rapidly as possible. Mixing and
      processing in this stage are generally carried out at temperatures of from
      5.degree. to 50.degree.C, preferably from 15.degree. to 35.degree.C. The
      shaping is preferably carried out immediately after mixing, longer
      reaction times being allowed at lower temperatures and shorter reaction
      times at higher temperatures. Shaping is suitably carried out by means of
      the conventional methods for the manufacture of self-adhesive products.
PAR  As there is no solvent to be evaporated -- since it is advantageous to
      dispense with the use of any solvent when preparing the mixture--any
      desired thickness of contact adhesive can be used and any desired type and
      size of shaped article can be produced. The main applications are the
      manufacture of adhesive tapes, adhesive films and adhesive labels, for
      which purpose a thin layer of the contact adhesive is applied to a fabric,
      to sheets of paper or to films of, for example, cellulose, cellulose
      acetate, cellophane, polyester, polyamide, polyvinyl chloride,
      polyethylene, polypropylene or the like. In general, the coating thickness
      is greater than 5/.mu. and advantageously 25/.mu., corresponding to
      coating weights of greater than 5, and greater than 25, g per m.sup.2,
      respectively.
PAR  After completion of the processing step, the adhesive mixture is allowed to
      complete its reaction, which requires from a few seconds to a few hours,
      depending on the temperature. The viscosity of the mixture rapidly
      increases and the mixture soon gels and consolidates to form a more or
      less soft, elastic mass exhibiting outstanding contact adhesive
      properties. If, after coating, the composition is briefly heated to
      temperatures from 50.degree. to 200.degree.C. depending on the base used,
      the composition consolidates within 1 to several minutes and the film can
      be wound up, optionally after being covered with a release film.
PAR  The contact adhesive is also an ideal material for the production of
      self-adhesive mastics, insulations and the like. Shaped articles, for
      example sheets, made of the contact adhesive are tacky on their surface,
      whilst the composition as a whole is firm and elastic.
PAR  It is also possible to use conventional blowing agents when manufacturing
      the contact adhesive and to allow the mass to foam up after molding and
      during curing, until the desired density, say from 0.2 to 0.8 g/cm.sup.3
      is reached. This gives foams with contact-adhesive properties.
PAR  In principle, a catalyst is not necessary for curing the contact adhesive
      after application, but the use of a catalyst substantially shortens the
      curing time. A deciding factor is that reaction time can be selected at
      will, according to the type and amount of the catalyst, to accord with the
      time required for application.
PAR  A modified procedure which is employed to incorporate as much resin as
      possible into the contact adhesive, is to use plasticizers, for example
      low molecular weight polystyrene, in amount of 5 to 30  per cent by
      weight, based on the sum of the components (a), (b) and (c). Styrene can
      also be used in place of polystyrene, in which case a conventional
      peroxide catalyst is admixed when mixing the components and the styrene is
      allowed to polymerize simultaneously with the curing of the polyurethanes.
DETD
PAR  The parts specified in the Examples are parts by weight.
PAC  EXAMPLE 1
PAR  A mixture of 100 parts of a trifunctional polyethylene/polypropylene
      ether-ol having a molecular weight of 4,500 and a hydroxyl number of
      approx. 36, 26.31 parts of alkylphenol resin (melting range
      63.degree.-70.degree.C), 13.15 parts of terpene-phenol resin (melting
      range 117.degree.-130.degree.C) and 10.52 parts of the phthalic acid ester
      of hydroabietyl alcohol (melting range 60.degree.-70.degree.C) is heated
      to a temperature of 135.degree.C under reduced pressure and intimately
      mixed and dehydrated. The mixture is then allowed to cool to from
      20.degree. to 25.degree.C and 7.2 parts of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate and 0.72 part of
      tin-II octoate are added.
PAR  A polyester film is immediately coated with 70 g of adhesive per m.sup.2.
      The adhesive is allowed to react for 24 hours at room temperature, giving
      a contact adhesive film having an adhesion of 1,000 p (measured in
      accordance with Afera Standard Specification 4001P8).
PAC  EXAMPLE 2 -- 11
PAR  If the reactions are carried out analogously to the data in Example 1, but
      varying the type and amounts of the reactants, the adhesives listed in the
      table which follows are obtained.
TBL  Examples     2    3    4    5    6    7    8    9    10   11              

     Starting materials                                                        

                  parts                                                        

                       parts                                                   

                            parts                                              

                                 parts                                         

                                      parts                                    

                                           parts                               

                                                parts                          

                                                     parts                     

                                                          parts                

                                                               parts           

                  by   by   by   by   by   by   by   by   by   by              

                  weight                                                       

                       weight                                                  

                            weight                                             

                                 weight                                        

                                      weight                                   

                                           weight                              

                                                weight                         

                                                     weight                    

                                                          weight               

                                                               weight          

     __________________________________________________________________________

     Polypropylene                                                             

     ether-ol                                                                  

     Molecular weight                                                          

     approx. 2,500                                                             

     OH-number 56                     50                                       

     Polypropylene                                                             

     ether-ol                                                                  

     Molecular weight                                                          

     approx. 900                                                               

     OH-number 25           100  100  50        100                            

     Polypropylene                                                             

     ether-ol                                                                  

     Molecular weight                                                          

     approx. 3,000                                                             

     OH-number 56      100                                20   100             

     Polypropylene                                                             

     ether-ol                                                                  

     Molecular weight                                                          

     approx. 4,500                                                             

     OH-number 36 100                      100       100  80                   

     Alkylphenol resin                                                         

     Melting range 64-72.degree.C                                              

                  35   40   50   10   45   29.2 55        55   60              

     Terpene-phenol resin                                                      

     Melting range 120-                                                        

     130.degree.C 17.5 15   10   2    10   14.6 10   30                        

     Phthalic acid                                                             

     ester of hydro-                                                           

     abietyl alcohol                                                           

     Melting range 60-70.degree.C                                              

                  14   10   15   7    15   11.6           10   20              

     Methyl ester of                                                           

     hydrogenated                                                              

     colophony                                            20   10              

     Titanium dioxide            10                                            

     Aerosil                     2                                             

     3-Isocyanatomethyl-                                                       

     3,5,5-trimethyl-                                                          

     cyclohexylisocyanate                                                      

                  7.2  10.5 4.9  5.1  7.6  7.2  4.9  7.2  7.9  10.5            

     Tin-II octoate                                                            

                  0.8  0.7  1    0.8  0.8  0.8  1    0.8  1    1               

     __________________________________________________________________________

     Adhesion:    1.5kg                                                        

                       0.8kg                                                   

                            2kg  0.6kg                                         

                                      1.8kg                                    

                                           1.2kg                               

                                                2.2kg                          

                                                     0.6kg                     

                                                          2.2kg                

                                                               1.9kg           

     measured after 48 hours in accordance with the Afera Standard             

     Specification                                                             

     __________________________________________________________________________

PAC  COMPARATIVE EXAMPLE 1
PAR  100 parts of a trifunctional polyethylene/polypropylene etherol having a
      molecular weight of 4,500 and an OH-number of 36 and 33.3 parts of
      alkylphenol resin having a melting range of 64.degree. to 72.degree.C are
      mixed, and dehydrated, under reduced pressure at a temperature of
      130.degree.C. The mixture is then allowed to cool to from 20.degree. to
      25.degree.C and 5.3 parts of a mixture of 80% by weight of
      2,4-toluylene-diisocyanate and 20% by weight of
      2,6-toluylene-diisocyanate, and 0.6 part of tin-II octoate, are added.
PAR  The contact adhesive mixture very rapidly becomes viscous and
      imhomogeneous.
PAR  A polyester film is immediately coated with 70 g of adhesive per m.sup.2. A
      contact adhesive film having an adhesion of approx. 0.8 kg is obtained.
      After storage for 48 hours or longer the adhesion has fallen by more than
      50%.
PAC  COMPARATIVE EXAMPLE 2
PAR  A contact adhesive of 100 parts of a polyethylene/polypropylene ether-ol
      having a molecular weight of 3,000 and an OH-number of 38, 46.6 parts of
      alkylphenol resin (melting range 64.degree.-70.degree.C), 20 parts of the
      phthalic acid ester of hydroabietyl alcohol (melting range
      109.degree.-119.degree.C), 5.3 parts of toluylene-diisocyante (80:20) and
      0.6 part of tin-II octoate is prepared analogously to the data of
      Comparative Example 1.
PAR  A polyester film coated with 70 g of adhesive per m.sup.2 has an adhesion
      of 1 kg. After 48 hours' storage the adhesion fell by more than 50%. After
      several days, the adhesive film becomes inhomogeneous and unusable.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of contact adhesives which comprises:
PA1  mixing (a) 28 to 94 percent by weight of a polyol having a molecular weight
      from 300 to 8,000 and a hydroxyl number from 20 to 85 and
PA1   (b) 5 to 60 percent by weight of an amorphous, thermoplastic, tackifier
      resin which has a softening point from 40.degree. to 150.degree.C. and a
      molecular weight from 200 to 7,500, without the addition of solvents; and
PA1  reacting the mixture, without the use of solvent, with (c) 1 to 12 percent
      by weight of 3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate,
PAL  the percentages by weight being based on the total weight of the components
      (a), (b) and (c).
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the polyol is a polyether polyol
      having a molecular weight of from 900 to 6,000 and a hydroxyl number of
      from 25 to 70.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein components (a) and (c) are
      employed in amounts sufficient to provide 0.8 to 1.2 equivalents of
      isocyanate groups per equivalent of hydroxy groups.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the tackifier resin is selected
      from the group consisting of terpene resins, balsams, rosin, hydrogenated
      rosin, esters of rosin, esters of hydrogenated rosin, terpenephenol
      resins, alkylphenol resins, ketone resins, coumarone resins, indene
      resins, hydrocarbon resins, polyvinyl isobutyl ether, polyvinyl acetate,
      vinyl acetate/vinyl laurate copolymers and polyolefins.
NUM  5.
PAR  5. A process as claimed in claim 4 wherein a mixture of tackifier resins of
      different softening points is employed.
NUM  6.
PAR  6. A process as claimed in claim 4 wherein the tackifier resin has an acid
      number of not more than 70.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein component (a) is employed in an
      amount of from 40 to 80 percent, component (b) in an amount from 30 to 45
      percent and component (c) in an amount from 2 to 8 percent, all
      percentages being by weight.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the polyol and tackifier resin
      are mixed at a temperature above the softening point of the resin and the
      isocyanate is added at a temperature below 50.degree.C., the mixture being
      shaped or applied to a substrate while still in a flowable condition.
NUM  9.
PAR  9. The solvent-free contact adhesive obtained by the process of claim 1.
NUM  10.
PAR  10. The solvent-free contact adhesive of claim 9 as a thin layer applied to
      a substrate.
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ABST
PAL  A process for the manufacture of a modified natural resin product wherein
      (a) a natural resin is reacted with (b) at least one ethylenically
      unsaturated monomer capable of being added to a natural resin, having from
      2 to 12 carbon atoms and being free from carboxylic groups and anhydride
      groups, and (c) and more than 5%, referred to the weight of the natural
      resin, of an .alpha.,.beta.-olefinically unsaturated carboxylic acid or a
      derivative thereof yielding carboxylic groups under the reaction
      conditions. The invention is also concerned with resinous compositions,
      particularly adhesives and printing inks.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 294,655,
      filled Oct. 3, 1972, now U.S. Pat. No. 3,880,788, issued Apr. 29, 1975.
BSUM
PAR  This invention relates to a process for the preparation of modified natural
      resin products.
PAR  A number of processes are known by means of which synthetic resins for
      various applications can be produced from natural resins by condensation
      or other reactions. For example one may modify natural resin acids by
      reaction with unsaturated mono- or dicarboxylic acids or their anhydrides
      or acrylonitrile or acrylates. These products can be at least partially
      esterified or reacted with suitable metal compounds to form resinates by
      salt formation.
PAR  This modification may, for example, be effected by adding monocarboxylic
      resin acids of colophony whereupon there will be obtained resin acid
      derivatives with several carboxyl groups. The character of the product
      obtained is determined by the type and quantity of the modifying
      component. In general the major proportion of the original natural resin
      acid is a monocarboxylic acid. Thus, for example, if maleic acid or
      fumaric acid are to the natural resin acid a tricarboxylic acid is
      obtained whereas, if acrylic acid is reacted a dicarboxylic acid is
      obtained.
PAR  It is also possible to produce high molecular weight products, in
      particular products having high-melting points a  and high-viscosity, by
      reacting natural resin acids with olefinically unsaturated dicarboxylic
      acids and by subsequent esterification with polyhydric alcohols. However
      such products, when compounded with pigments, generally have reduced
      storage stability and tend to thicken in a relatively short time.
      Furthermore, the ester group content of these products is limited by the
      functionality of the reagents. Thus, when esterifying the di- or
      tricarboxylic acid formed a maximum of two or three ester groups can be
      obtained. Regard must however be had to the nature of the polyhydric
      alcohol since a trihydric alcohol such as glycerol and a tetrahydric
      alcohol such as pentaerythritol form a maximum of three or four ester
      groups. Thus the proportion of unsaturated carboxylic acids must be
      limited relative to colophony to avoid gelation of the resins during the
      esterification.
PAR  It is also known to add unsaturated compounds such as styrene or butadiene
      or the like to natural resin acids under the influence of Friedel-Crafts
      catalysts or mineral acids in the presence of inert solvents. By reacting
      these addition products with suitable metal compounds salt-like
      derivatives (resinates) of the modifying natural resin products are
      obtained which are used for the production of drying-oil containing
      surface coating compositions.
PAR  These known reaction products have the disadvantage that they are not
      suitable for many applications, e.g. for printing ink binders, because
      they have a relatively low molecular weight and are little cross-linked
      and therefore are generally of very low-viscosity and soft. This
      disadvantage is particularly important if the products are used as binders
      in printing inks, e.g. for toluene rotogravure printing since they do not
      release the solvent sufficiently rapidly and thus allow the binder to
      penetrate in an undesirable manner into the pores of the paper to be
      printed. In addition the reaction products do not have a good pigment
      wetting characteristics.
PAR  In order to reduce or even avoid these disadvantages we have proposed, in
      patent application Ser. No. 294,655 the use of modified natural resin
      products.
PAR  In patent application Ser. No. 294,655 there is described and claimed a
      process for the manufacture of a modified natural resin product wherein
      (a) a natural resin is reacted with (b) at least one ethylenically
      unsaturated monomer free from carboxylic groups and anhydride groups, and
      (c) a phenol resin per se or its components.
PAR  The resulting reaction product may if desired be at least partially
      esterified with polyhydric alcohols and may also if desired be reacted
      with minor quantities of carboxylic acids. If desired, the esterified or
      unesterified reaction products may be reacted with metal compounds to form
      metal salts.
PAR  The present invention is concerned with improvement in or modification of
      the invention claimed in patent application Ser. No. 294,655. In
      particular we have been able to dispense with the use of component (c),
      the phenolic resin. We have found that the presence of the phenolic resin
      may be obviated by reacting components (a) and (b) with a minor proportion
      of unsaturated carboxylic acid.
PAR  The invention provides a process for the manufacture of a modified natural
      resin product which comprises reacting (a) a natural resin, (b) an
      ethylenically unsaturated dienophilic monomer free from carboxylic groups
      and anhydride groups and (c) an .alpha. ,.beta.-olefinically unsaturated
      carboxylic acid component in a proportion of at least 5% by weight based
      on the natural resin.
PAR  The .alpha.,.beta.-olefinically unsaturated carboxylic acid component (c)
      is preferably employed in an amount of from 10 to 30% by weight based on
      the natural resin. Components (a), (b) and (c) can be reacted
      simultaneosuly or successively.
PAR  The unsaturated carboxylic acid which according to the invention is added
      to the natural resin in the indicated proportions raises the functionality
      of the reaction components by providing more carboxylic acid residues so
      that the cross-linking level of the resins is, in turn increased. However,
      this effect is compensated for or kept to within limits by incorporating
      unsaturated monomers (b) containing no free carboxyl groups in proportions
      such that the resins produced according to the invention have the
      solubility in organic solvents necessary for their use. Due to the
      simultaneous reaction with unsaturated monomers according to the invention
      much higher proportions of unsaturated carboxylic acid components can be
      incorporated in the resin than with the reaction products of natural resin
      acids with unsaturated carboxylic acids hitherto known. The increased
      proportion of carboxylic groups or anhydride ester or carboxyl groups
      formed therefrom results in particularly good pigment-wetting
      characteristics of the reaction products being obtained concomitant with
      improved storage stability of the binders produced therefrom.
PAR  The natural resin can for example be present in the form of natural resin
      acids such as colophony, wood resin, tall oil, abietic acid, levopimaric
      acid or the like.
PAR  The .alpha. ,.beta.-olefinically unsaturated carboxylic acid is preferably
      dienophilic. Suitable .alpha.,.beta.-olefinically unsaturated carboxylic
      acids include mono- and/or dicarboxylic acids such as maleic acid, fumaric
      acid, acrylic and/or methacrylic acid or their derivatives such as
      anhydrides, in as far as they exist, esters, amides or the like.
      Additionally telomers of dicarboxylic acids may also be reacted.
      Dicarboxylic acid components and, in particular, maleic anhydride are
      preferred. Usually up to 1 mol of the unsaturated carboxylic acid
      component is added to a resin acid molecule. If these acids are used in
      excess, based on the natural resin, at least 10 and appropriately a
      maximum of 30% by weight should be added to the natural resin. The
      proportion of unsaturated acids can in fact rise to such an extent that
      their quantity is above the maximum quantity which can be found by the
      natural resin proportion.
PAR  Suitable unsaturated monomers for use as component (b) are styrene,
      .alpha.-methylstyrene, the various vinyltoluenes, indene, cyclopentadiene
      and other olefins or olefin-containing hydrocarbon fractions, such as for
      example obtained in processing petroleum and coal tar, either singly or in
      mixture. The proportion of monomers is generally 0.2 to 20, preferably 10
      to 16% by weight based on the total reaction product. Appropriately up to
      1 mol of monomer is reacted with 1 mol of natural resin. The proportion of
      monomers is particularly important if there is to be an esterification of
      the unsaturated carboxylic acid in order to prevent undesired gelling.
      Generally the higher the proportion of unsaturated carboxylic acid the
      higher the proportion of monomers (b) used.
PAR  If catalysts are used for the reaction with the monomers peroxides such as
      di-tert.-butylperoxide, dilauroylperoxide; dicumylperoxide;
      2,5-dimethyl-2,5-bis-(tert.-butylperoxy)hexane;
      2,5-dimethyl-2,5-bis-(tert.-butylperoxy)-hexene; dibenzoylperoxide; cumene
      hydroperoxide and/or accelerating metal salts such as cobalt salts, in
      particular cobalt carbonate, are suitable. If these catalysts are employed
      it is possible to work at temperatures of e.g. 120.degree. to
      200.degree.C, preferably 150.degree. to 185.degree.C. A reaction can also
      take place without catalysts at 200.degree. to 280.degree.C, preferably
      250.degree. to 270.degree.C.
PAR  Esterification of the carboxylic acids can take place before or preferably,
      after the addition thereof. Suitable polyhydric alcohols for
      esterification are at least dihydric alcohols such as ethane-, propane-,
      butane- or hexanediols, glycerol, trimethylol-ethane or -propane,
      pentaerythritol, sorbitol, epoxy compounds obtained from polynuclear
      phenols such as diphenylolpropane, novolacs, terpenephenol resins and
      other phenol adduct resins by reaction with an alkylene oxide such as
      ethylene oxide or propylene oxide with ethylenechlorohydrin,
      epichlorohydrin or the like. The esterification not only brings about a
      reduction of the acid number but also a molecule enlargement and therefore
      an increase in the viscosity and the melting point of the product.
PAR  If desired non-polymerisable acids such as aromatic and/or aliphatic or
      cycloaliphatic mono- or polycarboxylic acids can additionally be used. The
      proportion of these additional carboxylic acids is however small and can
      represent for example up to 5% by weight based on the natural resin.
      Suitable acids are for example benzoic acid, succinic acid, adipic acid,
      phthalic acids such as orthophthalic acid, isophthalic acid,
      phenolcarboxylic acid, trimellitic acid, hexahydrophthalic acid,
      endomethylenetetra or -hexahydrophthalic acids or their anhydrides where
      they exist. According to the process of the invention it is possible
      therefore to obtain natural resinates e.g. of polyhydric alcohols
      esterified with various acids. Any acid present in the reaction mixture
      and not reacted with the natural resin can e.g. form with the alcohols
      unsaturated polyesters which can also cross-link with the unsaturated
      monomers.
PAR  The products of the process according to the present invention may be
      reacted with a metal to form a salt or resinate. Suitable components for
      this reaction are metal compounds of the first and/or second Group of the
      Periodic System such as magnesium, calcium and zinc compounds particularly
      oxides and salts thereof such as magnesium oxide, magnesium acetate,
      calcium oxide, calcium acetate, zinc oxide, -acetate, and -carbonate, and
      sodium acetate. One may also use compounds of polyvalent metal e.g. those
      of aluminium and titanium such as aluminium and titanium alkoxides or the
      like. The metal salt groups react substantially neutrally. Like the
      esterification products, the slightly acid or substantially neutral metal
      salts have good compatibility with pigments. In addition provided the
      content of the metal salts is sufficiently small to ensure that they do
      not make the reaction mixture basic during esterification a more rapid
      reaction occurs and products are formed with a higher melting point. As a
      result of the metal salts solvents are given off more rapidly in the case
      of printing ink binders.
PAR  If the reaction products are obtained in the form of their metal resinates
      it is advantageous if the metal content is 1 to 7, preferably 2 to 4.5% by
      weight based on the total reaction product. Often combinations of metals
      e.g. of magnesium salts with calcium or calcium and zinc salts in a weight
      ratio of from 2:1 to 1:2 may be used with advantage.
PAR  The reaction between the natural resin, the unsaturated carboxylic acid
      component and the unsaturated monomer can be performed in any desired
      order. For example, the natural resin can first be reacted with the
      unsaturated carboxylic acid component or the monomer and then the other
      components and optionally further reagents such as polyhydric alcohol and/
      or metal compounds and/or additional carboxylic acids can be reacted. A
      further possibility is that e.g. firstly only the unsaturated carboxylic
      acid component is reacted with the monomer e.g. maleic acid with styrene
      in a known manner such as in the form of a telomerisation process. A
      simple and preferred example of this type is the joint reaction of
      colophony with maleic anhydride and styrene. Colophony or the unsaturated
      natural resin acids C.sub.20 H.sub.30 O.sub.2 such as abietic acid or
      levopimaric acid contained therein give with maleic anhydride by diene
      reaction in known manner the anhydride of a tricarboxylic acid, the
      levopimaric-maleic anhydride adduct. The reaction with the unsaturated
      monomers is completed by addition in the range of the double bonds of the
      natural resinic acid. The reaction product must however always contain a
      minimum quantity of carboxyl groups as brought about by the
      above-indicated minimum proportion of carboxylic acid component (c). As a
      result of this minimum proportion in generally the resins obtained are
      higher melting than when using saturated and/or aromatic dicarboxylic
      acids and unsaturated monomer (b) alone.  Furthermore with the process
      according to the invention if component (b) consists wholly or
      substantially of styrene, styrene derivatives or other unsaturated
      hydrocarbons with a cyclic structure these can be chemically reacted at
      temperatures of from 150.degree. to 250.degree.C with colophony. and
      unsaturated natural resin acids by thermal action.
PAR  However a reaction between maleic anhydride and styrene generally only
      takes place under special conditions particularly under the action of
      radical-forming substances such as peroxides or by energy-rich radiation.
      It then takes place as a copolymerisation process, but can also be
      performed as a telomerisation process in the presence of further
      chain-breaking components.
PAR  However it was not known, and could not be foreseen, that when jointly
      heating natural resin acids, maleic anhydride or styrene or similar
      behaving components there would also be a reaction between maleic
      anhydride and styrene without adding peroxides or other adjuvants whereby
      the maleic anhydride not reacted by adding to the unsaturated natural
      resinic acid reacts with styrene.
PAR  The process proceeds particularly advantageously if the unsaturated
      monomers in the first stage at least partially serve as solvents. These
      monomeric compounds can serve both as solvents or entraining agents for
      removing reaction water and for chemical incorporation into the reaction
      products.
PAR  In place of, or together with, the modifying carboxylic acid it is also
      possible to use other resins for modifying the natural resin serving as
      the starting material or the products obtained according to the invention
      for example coumarone-indene resins, hydrocarbons, ketone resins such as
      cyclohexanone resins, methylethylketone aldehyde resins, benzophenone
      aldehyde resins. These resins which have a relatively low average
      molecular weight usually under 2000 are not themselves particularly well
      suited as printing ink binders, but can serve as non-volatile thinners for
      the products of the invention. It is also possible to use even higher
      molecular weight resins provided that in the reaction according to the
      invention they can be converted by the thermal treatment into low
      molecular weight resins. The proportion of modifying resins can amount up
      to 250% by weight based on the natural resin. The modification can for
      example take place by chemical reaction or by mixing alone.
PAR  The proportion of natural resins in the reaction products can therefore
      vary in general within the range 15 to 85, preferably 20 to 70% by weight
      based on the total reaction product. Surprisingly, products with a
      relatively low natural resin content of for example only 15% by weight or
      even less of colophony have just as good printing characteristics as the
      hitherto known products with a higher colophony content. The colophony
      proportion can therefore be kept relatively low which is of considerable
      advantage and importance with increasing scarcity of natural resin.
PAR  The resins obtained according to the invention which contain a high
      proportion of polar groups and which can e.g. contain acid, ester and/or
      carboxyl or anhydride groups have high melting points and are nevertheless
      readily soluble in many solvents, in particular aromatic substances such
      as toluene, xylene or solvent mixtures containing aromatic substances. In
      addition they are clear and light-resistant. As the resins give off the
      solvents very rapidly they are particularly suitable for producing
      printing ink binders, preferably for toluene rotogravure printing. This
      applies in particular for those reaction products which contain metal
      salts in the form of resinates of magnesium salts or calcium and zinc
      salts in the ratio 2:1 to 1:2, particularly since such products also yield
      inks with improved storage stability.
PAR  Depending on the intended application according to the invention products
      with a higher or lower viscosity can be produced. This can for example be
      controlled by selecting the quantity of monomer. Thus with a higher
      proportion of unsaturated monomers low viscosity resins are obtained
      because the unsaturated monomers present in the reaction products as
      chain-breaking agents to prevent too great a degree of cross-linking. The
      resins obtained according to the invention with free carboxy or anhydride
      groups can be further esterified with polyhydric alcohols without any
      gelling taking place provided that sufficient unsaturated monomer (b) is
      incorporated, e.g. at least 0.2% by weight based on the sum of natural
      resin and carboxylic acid component (c). Those products of the process
      according to the invention wherein the free carboxylic groups are
      converted into salt or ester groups are particularly readily compatible
      with other binders e.g. also with chlorinated rubber and pigments.
PAR  Binders obtained from the resins according to the invention are
      characterised by very good adhesion to the most varied substrates so that
      they are particularly suitable for use as printing foils of the most
      varied type for example those made from polyolefins such as polyethylene
      and polypropylene. In addition the resins are suitable as binders for
      other purposes particularly in combination with other polymers such as
      natural and synthetic rubbers, fatty oils, alkyd resins and other
      film-forming agents so that they can be used, for example, in paints,
      adhesives and sealants. Generally the rapid release of the solvent, the
      good pigment wetting, the high storage stability and the good
      compatibility are also advantageous in these applications. In adhesive
      substances containing chlorobutadiene rubber resins produced according to
      the invention can increase the so-called open assembly time but still
      ensure good strength values.
DETD
PAR  The following examples illustrate the invention. In the Examples
      percentages referred to are % by weight. The melting points are determined
      according to the capillary method. The viscosity figures relate to 50%
      solutions in toluene at 20.degree.C, determined according to Ubbelohde.
PAC  EXAMPLE 1
PAR  1,000 g of Portuguese colophony are melted. At 170.degree.C 250 g of maleic
      anhydride are added and the mixture is held for 30 minutes at
      200.degree.C. 10 g of zinc oxide are then added and, after a further 30
      minutes, 233g of glycerol and 200 g of styrene are added together. The
      mixture is strongly heated under reflux with separation of the water
      formed and return of styrene. After reaching a temperature of
      240.degree.C, a further 200 g of styrene are added dropwise over 1 hour
      and the mixture is then heated until the temperature reaches 260.degree.
      to 270.degree.C. After adding three portions each of 10 ml of xylene the
      mixing temperature is kept constant by vigorous refluxing. The solvent is
      then removed by distilling for 15 minutes at 25 mm Hg and 1,700 g of solid
      resin with a melting point of 131.degree.C, an acid number of 56 and a
      viscosity of 96 cP are obtained.
PAC  Comparative test to EXAMPLE 1
PAR  Example 1 is repeated except that no styrene is used. The mixture gels on
      reaching a temperature of 230.degree.C. Thus no usable resin is obtained
      if no monomer is used.
PAC  EXAMPLE 2
PAR  1,000 g of Portuguese colophony are heated to 170.degree.C and 50 g of
      maleic anhydride are added. The mixture is heated to 250.degree.C over a
      period of 30 minutes. 250 g of pentaerythritol and 100 g of styrene are
      then added and the mixture is heated to 270.degree.C over 70 minutes with
      continual removal of water formed. The mixture is cooled to 230.degree.C
      and 160 g of isophthalic acid are added and the temperature is raised to
      270.degree.C with continual removal of water and continual return of the
      refluxing styrene. Xylene is added and the temperature is maintained at
      270.degree.C with return of the entraining agent until a total of 100 ml
      of water are separated. The mixture is then heated for 5 minutes at
      270.degree.C and at a pressure of 20 mm Hg to yield 1,391 g of solid resin
      with a melting point of 115.degree.C, an acid number of 26.4 and a
      viscosity of 164 cP.
PAR  The resin produced is very suitable for producing toluene rotogravure inks
      for printing paper, particularly polyethylene or polypropylene foils.
      These impressions resist the tearing test with adhesive strips.
PAC  Comparative test to EXAMPLE 2
PAR  Example 2 was repeated except that, in place of 100 g of styrene, 30 g of
      xylene are added. After removing 100 ml of the water formed the
      esterification product gels after heating the mixture for 3 hours at
      270.degree.C. The yield is 1,310 g of gelled resin.
PAC  EXAMPLE 3
PAR  To 1,000 g of molten colophony are added at 160.degree.C 250 g of maleic
      anhydride. The mixture is heated for 1 hour to 200.degree.C and then 10 g
      of zinc oxide, 233 g of glycerol and 200 g of styrene are added. The
      resulting mixture is heated to 240.degree.C with return of the refluxing
      styrene and removal of the liberated water and at this temperature within
      45 minutes 200 g of vinyltoluene are added and after further heating the
      mixture is held for 3 hours at 265.degree.C. Subsequently the non-reacted
      monomer is removed by distillation for 15 minutes under reduced pressure.
      1,770 g of solid resin with a melting point of 132.degree.C, an acid
      number of 53 and a viscosity of 135 cP are obtained.
PAC  EXAMPLE 4
PAR  2,250 g of colophony are reacted with 525 g of styrene for 51/2 hours with
      the removal of 2 ml of water at 270.degree.C. 617 g of the reaction
      product obtained are heated for 30 minutes at 200.degree.C with 91.8 g of
      maleic acid. 5 g of zinc oxide are then added and reaction is continued at
      this temperature for 10 minutes. The mixture is refluxed at 240.degree.C
      with water removal accompanied by the dropwise addition of 101 g of
      glycerol. At this temperature within 2 hours 83 g of styrene are added and
      the temperature of the mixture rises to 260.degree.C within 40 minutes.
      After adding 240 ml of xylene the reaction mixture is held for about 2
      hours at this temperature and the volatile constituents are then removed.
      A total of 46 ml of water is separated. 790 g of resin are obtained.
      Characteristics: melting point 105.degree.C, acid number 36,  viscosity 88
      cP.
PAC  EXAMPLE 5
PAR  400 g of maleic anhydride are added to 1,500 g of molten colophony at
      160.degree.C. When the exothermal reaction has subsided the mixture is
      held for 1 hour at 250.degree.C and then 400 g of styrene are added
      dropwise within 2 hours at 240.degree. to 250.degree.C and the mixture is
      kept for 2 hours at this temperature. Within 20 minutes 100 g of zinc
      oxide and 25 g of calcium acetate are added portionwise as well as a total
      of 70 ml of xylene. The mixture is heated to 260.degree.C accompanied by
      water removal. Subsequently the volatile ingredients are removed by
      distillation at 260.degree.C for 15 minutes. 2,173 g of resin are
      obtained. Characteristics: melting point 117.degree.C, acid number 152,
      viscosity 33 cP.
PAC  EXAMPLE 6
PAR  Example 5 is repeated except that 600 g of maleic anhydride in 400 g of
      styrene are used. In addition, after adding the zinc oxide and calcium
      acetate, 100 g of glycerol are also added. 2,340 g of resin are obtained.
      Characteristics: melting point 133.degree.C, acid number 120, viscosity 68
      cP.
PAC  EXAMPLE 7
PAR  1,500 g of colophony are melted and at 160.degree.C mixed with 800 g of
      maleic anhydride. After exothermal reaction the mixture is heated for 1
      hour to 220.degree.C and then 800 g of styrene are added dropwise at
      210.degree. to 220.degree.C over a period of 51/2 hours. The mixture
      temperature is raised by refluxing to 260.degree.C and the mixture is left
      at this temperature for 2 hours. 2,900 g of resin are obtained.
      Characteristics: melting point 91.degree.C, acid number 320, viscosity 27
      cP.
PAR  1,000 g of the resin obtained are dissolved in a mixture of 500 g of
      isobutyl alcohol and 80 g of 33% caustic soda solution and then water and
      butyl alcohol are distilled off. After heating to 220.degree.C, the
      volatile ingredients are removed under reduced pressure and, after heating
      to 260.degree.C, 1,020 g of resin are obtained. Characteristics: melting
      point 109.degree.C, acid number 135, viscosity 73 cP.
PAR  This resin after processing as a binder for toluene intaglio printing inks
      rapidly releases the solvent and has a high degree of brightness.
PAC  Printing Test
PAR  The binders are dissolved in toluene as a 50% solution and are processed
      with 20% by weight based on the solid content of "Pigmentrot 57" (calcium
      salt varnish of .beta.-hydroxynaphthoic acid) by means of a rapidly
      rotating glass ball mill to a particle size of less than 5 .mu.. The
      printing inks obtained are set to a discharge time of 17 seconds by adding
      toluene to a 4 mm DIN-beaker and are applied to a machine-coated paper or
      a non-absorptive terephthalate foil by means of a 36 .mu. hand coater. The
      drying speeds in seconds are determined by contact with the side of the
      hand. The printing ink coatings obtained on paper are stored overnight and
      the gloss is measured by means of a LANGE glossmeter.
PAR  The residue of the inks was then determined. On a metal sheet 2 g of
      toluene was coated over 2 g of ink and the mass was treated for one-half
      hour at 150.degree.C in a drying cubicle. The residue was then determined.
PAR  The results are given in the following table 1.
TBL                Table 1                                                     

     ______________________________________                                    

                        Examples                                               

                     5      6        7                                         

     ______________________________________                                    

     Residue of inks as a %                                                    

                       53.8     51.4     48.6                                  

     Solvent given off in                                                      

     seconds from:                                                             

     machine coated paper                                                      

                       55       40       55                                    

     Terephthalate foil                                                        

                       65       47       60                                    

     gloss values according                                                    

     to Lange          100      85       90                                    

     Discharge times in sec./                                                  

     23.degree.C (DIN-beaker, 4 mm)                                            

                       16.8     17.7     16.8                                  

     After 30 days storage                                                     

                       19.8     18.7     20.2                                  

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  1,500 g of molten colophony are mixed with 375 g of maleic anhydride and
      the mixture is heated for 1 hour at 200.degree.C. At this temperature 15 g
      of zinc oxide are added and, after a further 15 minutes, 350 g of glycerol
      and 300 g indene are added. After heating to 240.degree.C with water
      removal and return of the refluxing indene a further 225 g of indene are
      added within 5 hours at 240.degree.C. The mixture temperature rises within
      3 hours to 260.degree.C and is maintained for a further hour. The volatile
      ingredients are then removed over 15 minutes at 260.degree.C. 2,304 g of
      resin are obtained with a colophony content of 65.3% by weight.
      Characteristics: melting point 146.degree.C, acid number 50, viscosity 261
      cP.
PAC  EXAMPLE 9
PAR  Example 8 is repeated except that in place of 300 g of indene initially 300
      g of styrene are added and, in the second stage, 300 g of indene added in
      place of 250 g. At 250.degree.C, 5 g of p-tert.-butyl peroxide are added
      dropwise over 15 minutes. The mixture is maintained at 260.degree.C for 1
      hour and the volatile ingredients are removed for 15 minutes. 2,460 g of
      resin with a colophony content of 61.3% by weight are obtained.
      Characteristics: melting point 140.degree.C, acid number 49, viscosity 197
      cP.
PAC  EXAMPLE 10
PAR  1,000 g of colophony and 250 g of maleic anhydride are heated for 30
      minutes to 200.degree.C, and then 10 g of zinc oxide and after 10 minutes
      233 g of glycerol and 200 g of vinyltoluene are added. Heating takes place
      at 240.degree.C with return of the refluxing monomer and with water
      removal and then a further 200 g of vinyl toluene are added over 60
      minutes. The temperature rises over 10 minutes to 260.degree.C and is
      maintained under gradual addition of 50 ml of xylene for 31/2 hours. Then
      the volatile ingredients are removed and 1,700 g of resin with a colophony
      content of 58.8% by weight are obtained. Characteristics: melting point
      134.degree.C, acid number 52, viscosity 131 cP.
PAR  If the first added quantity of vinyltoluene is replaced by the same
      quantity of styrene, a resin with analogous advantageous characteristics
      are obtained.
PAC  EXAMPLE 11
PAR  Example 10 is repeated except that, in place of xylene as the entraining
      agent, 50 ml of a hydrocarbon fraction (olefin content about 35%, styrene
      24.4%, .alpha.-methyl styrene 0.3%, .beta.-methyl styrene 1.4%,
      dihydrodicyclopentadiene 2.7%, vinyltoluene 11%, indene 5.2%) are used.
      1,719 g of resin are obtained with the following characteristics: melting
      point 134.degree.C, acid number 52, viscosity 140 cP.
PAC  EXAMPLE 12
PAR  500 g of colophony and 135 g of maleic anhydride are heated for one-half
      hour to 200.degree.C and 5 g of zinc oxide are added. After 10 minutes 117
      g of glycerol and 100 g of a petroleum fraction as in Example 11 are
      added. The mixture is refluxed for 5 hours at 205.degree.C with water
      removal. The volatile ingredients are then removed by heating to
      225.degree. to 260.degree.C under reduced pressure. 685 g of resin are
      obtained with the following characteristics: melting point 144.degree.C,
      acid number 70, viscosity 295 cP.
PAR  Working without the addition of the petroleum fraction the mixture gels at
      240.degree.C.
PAC  Printing test
PAR  The printing test was performed as described above. The results obtained
      can be gathered from the following Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

                         Examples                                              

                     8    9      10     11   12                                

     ______________________________________                                    

     Residue of inks as a %                                                    

                       41.6   41.8   46.3 45.5 45.6                            

     Solvent given off in                                                      

     seconds:                                                                  

     machine coated paper                                                      

                       55     45     50   50   65                              

     terephthalate foil                                                        

                       63     65     56   55   70                              

     gloss values according                                                    

     to Lange          81     96     90   91   72                              

     Discharge Times in sec./                                                  

     23.degree.C (DIN-beaker, 4mm)                                             

                       16.8   17     17.2 16.7 16.9                            

     After 30 days storage                                                     

                       23     21.4   21   21   20                              

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  1,500 of colophony are melted together with 450 g of a hydrocarbon resin
      and reacted with about 5% by weight of maleic anhydride (melting point
      145.degree.C, acid number 28, viscosity 120 cP) with the addition of 375 g
      of maleic anhydride heated for 30 minutes to 200.degree. to 220.degree.C.
      15 g of zinc oxide are added and, after 15 minutes at 200.degree.C, 350 g
      of glycerol and 300 g of styrene are added. The mixture is heated to
      240.degree.C and within 3 hours a further 300 g of styrene are added with
      return of the refluxing styrene and removal of the liberated water.
      Heating then takes place to 260.degree.C with the addition of a total of
      40 ml of xylene this temperature is maintained for 1 hour and then the
      volatile ingredients are removed. 300 g of resin with a colophony content
      of 50% by weight are obtained. Characteristics: melting point
      132.degree.C, acid number 50, viscosity 192 cP.
PAC  EXAMPLE 14
PAR  1,500 g of colophony are heated for one-half hour at 200.degree.C with 600
      g of a hydrocarbon resin (melting point 133.degree.C, acid number 0,
      viscosity 85 cP) and 375 g of maleic anhydride. Then 40 g of
      pentaerythritol, 315 g of glycerol and 300 g of styrene are added and the
      mixture is heated to 240.degree.C with return of the refluxing styrene and
      removal of the water liberated, followed by the addition of a further 300
      g of styrene and working as in Example 13. 3,177 g of resin with a
      colophony content of 47.3% by weight are obtained. Characteristics:
      melting point 130.degree.C, acid number 46, viscosity 231 cP.
PAC  EXAMPLE 15
PAR  1,500 g of colophony are melted with 750 g of a styrene-maleic anhydride
      telomer (molar ratio 8:1, melting point 108.degree.C, acid number 65,
      viscosity 78 cP) and heated with 250 g of maleic anhydride for 30 minutes
      at 200.degree.C. 310 g of glycerol and 300 g of vinyltoluene are added and
      the mixture is heated to 240.degree.C with return of the refluxing
      vinyltoluene and removal of the liberated water. Then within 3 hours at
      this temperature a mixture of 150 g of vinyltoluene, 100 g of indene and
      50 g of .alpha.-methyl styrene are added dropwise. Working is then
      continued as in Example 14. 3,188 g of a resin with a colophony content of
      47% by weight are obtained. Characteristics: melting point 104.degree.C,
      acid number 45, viscosity 62 cP.
PAC  Printing test
PAR  The results of the printing test are given in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

                        Examples                                               

                     13     14       15                                        

     ______________________________________                                    

     Residue of inks as a %                                                    

                       46.8     44.5     45.5                                  

     Solvent given off in                                                      

     seconds:                                                                  

     machine coated paper                                                      

                       50       46       57                                    

     terephthalate foil                                                        

                       53       46       57                                    

     gloss values according                                                    

     to Lange          89       85       100                                   

     Discharge times in sec./                                                  

     23.degree.C (DIN-beaker, 4 mm)                                            

                       17.2     16.8     16.8                                  

     After 30 days storage: 19.4                                               

                       19.8     18.6                                           

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  150 g of colophony and 600 g of a maleic anhydridestyrene telomer (molar
      ratio 1:1) are heated to 200.degree.C for 1 hour with 15 g of maleic
      anhydride and then 20 g of pentaerythritol 17.5 g of glycerol and 50 g of
      styrene are added. The mixture is heated to 260.degree.C with return of
      the refluxing styrene and removal of the liberated water and held at this
      temperature for 3 hours whereby, as the entraining agent, 30 ml of xylene
      are added. The volatile ingredients are removed subsequently. 837 g of a
      resin with a colophony content of 18% by weight are obtained.
      Characteristics: melting point 99.degree.C, acid number 47, viscosity 188
      cP.
PAC  EXAMPLE 17
PAR  150 g of colophony, 600 g of a telomer according to Example 16 and a
      mixture of in each case 25 g of a neutral hydrocarbon resin as in Example
      14 two further hydrocarbon resins of different viscosity (characteristics
      of resin I: melting point 95.degree.C, acid number 0, viscosity 19 cP,
      characteristics of resin II: melting point 118.degree.C, acid number 0,
      viscosity 36 cP) and finally a high-melting polar hydrocarbon resin as in
      Example 13 are heated with 45 g of maleic anhydride for 1 hour at
      200.degree.C and then 33 g of pentaerythritol and 220 g of a 70% butanol
      solution of a propoxylated novolak (OH number 260 calculated as solid
      resin) are added. The temperature drops to 150.degree.C. To remove the
      butanol the mixture is heated to 200.degree.C under reduced pressure. Then
      refluxing again takes place with water removal and 100 g of styrene are
      added. On reaching 260.degree.C the mixture is held at this temperature
      for a further 3 hours. A total of 30 ml of xylene are added and finally
      the volatile ingredients are removed. 1,128 g of a resin with a colophony
      content of 14.7% by weight are obtained, characteristics: melting point
      106.degree.C, acid number 40, viscosity 540 cP.
PAC  EXAMPLE 18
PAR  500 g of colophony are refluxed for 2 hours to 270.degree.C with 100 g of
      vinyltoluene. Then 500 g of a telomer of 1 mol of maleic anhydride and 2
      mol of styrene (melting point 125.degree.C, acid number 240, viscosity in
      50% ethylene glycol monobutylether solution 15,00 cP) followed by heated
      for 3 hours to 260.degree. to 270.degree.C. 20 g of zinc oxide, 40 g of
      glycerin and 50 g of styrene are then added at a temperature of
      240.degree.C. The mixture is heated to 260.degree.C with return of the
      refluxing solvent and removal of the liberated water. This temperature is
      maintained for 3.5 hours by gradual addition of a total of 30 g of xylene.
      The volatile ingredients are distilled off under reduced pressure. 1069 g
      of resin are obtained having a colophony content is 48.8%.
      Characteristics: melting point 97.degree.C, acid number 36.5, viscosity 32
      cP. The resin is well suited as a binder for rotogravure printing inks.
PAR  It is not intended that the examples given herein should be construed to
      limit the invention thereto, but rather they are submitted to illustrate
      some of the specific embodiments of the invention. Resort may be had to
      various modifications and variations of the present invention without
      departing from the spirit of the discovery or the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of a natural resin product comprising
      reacting (a) a natural resin selected from the group consisting of
      colophony, wood resin, tall oil, abietic acid and levopimaric acid with
      (b) at least one ethylenically unsaturated monomer capable of being added
      to at least one of said natural resins, said monomer containing from 2 to
      12 carbon atoms and being free from carboxylic groups and anhydride
      groups, and (c) an .alpha., .beta.-olefinically unsaturated carboxylic
      acid or a derivative thereof selected from the group consisting of
      anhydrides, esters and amides which provides carboxylic groups under the
      reaction conditions in an amount by weight equalling more than 5% of the
      weight of the natural resin, but less than the weight of (a) + (b); said
      resin product having a melting point of at least 97.degree.C, being
      soluble in organic solvents and containing said natural resin in an amount
      equalling about 15-85% and said monomer in an amount equalling about 0.2
      to 20%, both amounts being based on the total weight of the resin.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein at least one of components (a),
      (b), and (c) is one of the following: (a) colophony, (b) styrene, and (c)
      maleic acid or maleic anhydride.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein up to one mol of the monomer is
      reacted with 1 mol of said natural resin.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the reaction of said natural
      resin (a) and the unsaturated monomer (b) is carried out in the presence
      of a peroxide, a metal salt accelerator or a combination thereof.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein a product selected from the
      group consisting of the reaction product of claim 1 and an esterification
      product thereof with a polyhydric alcohol is reacted with a zinc compound,
      a magnesium compound or a calcium compound to yield a metal salt.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein in addition to component (c) up
      to 5%, calculated on the weight of said natural resin, of a
      non-polymerisable carboxylic acid is reacted.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein at least one further synthetic
      resin selected from the group consisting of coumaroneindene resins,
      hydrocarbons and ketone resins is reacted with the reactants or the
      reaction product.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein in the initial stage of the
      reaction the unsaturated monomer at least in part serves as a solvent.
NUM  9.
PAR  9. A resinous composition selected from the group consisting of adhesives
      and printing inks in which the binding agent comprises a reaction product
      of claim 1.
NUM  10.
PAR  10. An adhesive as claimed in claim 9 wherein the binding agent consists of
      a combination of the reaction product of claim 1 and polychlorobutadiene.
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ABST
PAL  A polyurethaneamide containing ethylene oxide units and adapted to be
      dispersed in water without added emulsifiers and dispersions containing
      them are provided. The novel dispersions produce coatings on leather and
      other substrates having an improved glossy appearance.
BSUM
PAR  This invention relates generally to polyurethanes and more particularly to
      improve aqueous dispersions of polyurethanes and to a method of making
      them.
PAR  Dispersions of polyurethanes and polyureas and methods for making them have
      been disclosed heretofore. In accordance with the disclosure in U.S. Pat.
      No. 3,294,724, polyurethanes can be dispersed in water to form latices by
      the action of high shearing forces in the presence of external emulsifiers
      but these dispersions have two serious disadvantages. The dispersions are
      not completely stable in storage and films produced therefrom have poor
      resistance to water.
PAR  These two disadvantages can be avoided by modifying the polyurethane
      elastomers with ionic groups. Dispersions prepared from such modified
      polyurethanes are stable for unlimited periods of time even when exposed
      to the action of shearing forces. Moreover, films or similar structures
      prepared from the latices have all the advantageous properties of the
      linear polyurethane elastomers including their high elasticity, high
      tensile strength and high resistance to hydrolysis and, if the
      polyurethanes are prepared from suitable starting components, they also
      have high light fastness.
PAR  Furthermore, polyurethane dispersions have recently become known which are
      rendered dispersible not by ionic groups but by centers which make use of
      the hydrophilic characteristic of polyethylene oxide ethers (German
      Offenlegungsschrift Nos. 2,141,805 and 2,141,807).
PAR  These dispersions are prepared by reacting a trifunctional isocyanate
      prepolymer obtained from a trifunctional polypropylene oxide polyether and
      the stoichiometrically required quantity of a diisocyanate with
      monofunctional alcohol mixtures which contain polyethylene oxide ether,
      using 1 mol of isocyanate prepolymer to 1 mol of the mixture of
      monofunctional alcohols. The resulting mixture which contains isocyanate
      groups is dispersed in water under the action of shearing forces and
      undergoes an increase in molecular weight due to the known reactions of
      isocyanate groups with difunctional compounds (e.g. diamines).
PAR  According to the examples given in German Offenlegungsschrift No. 2,141,805
      and Example 4 of German Offenlegunsschrift No. 2,141,807, films and
      similar structures obtained from these dispersions have elastic moduli of
      about 5 kg wt/cm.sup.2, tensile strengths of about 10 kg wt/cm.sup.2 and
      elongations at break of about 200%. Such dispersions are unsuitable for
      the production of self-supporting elastic films or for coating on flexible
      substrates if good physical properties are required of the coating. The
      properties of these dispersions make them much more suitable for use as
      adhesives.
PAR  The polyurethane dispersions which can be obtained in accordance with an
      earlier proposal of the present applicants U.S. application Ser. Nos.
      452,163 and 452,180, both filed on Mar. 18, 1974) differ favorably from
      the above mentioned dispersions of the known art by the fact that, when
      dried on substrates they form films which are substantially superior in
      tensile strength and elasticity. The polyurethane dispersions obtained in
      accordance with these earlier proposals are therefore suitable in
      principle for coating sheetings such as leather, artificial leather or
      paper but, when used in these fields, and particularly as dressings for
      leather, they still have the disadvantage that coatings prepared therefrom
      on small surfaces sometimes do not have the high gloss which is often
      required of leather dressings. Furthermore, these dispersions are
      generally too soft for application as dressings to insure sufficient
      abrasion resistance. Although they can be adjusted to form hard finishes,
      these are too brittle and insufficiently elastic and, moreover, tend to
      crack when bent sharply at low temperatures.
PAR  It is therefore an object of this invention to provide new aqueous polymer
      dispersions which are devoid of the disadvantages described above when
      used as coatings for flexible substrates and, in particular, as leather
      dressings. Another object of the invention is to provide aqueous polymer
      dispersions which can be used to make films or sheets having mechanical
      properties at least equal to those of known coatings or leather dressings
      based on solutions in organic solvents of polyurethanes or of reaction
      mixtures which react to form polyurethanes while avoiding the
      disadvantages inherent in the known systems, particularly their pollution
      of the environment, danger to health and flammability. A further object of
      the invention is to provide a polyaddition reaction product of an organic
      diisocyanate and organic compounds having reactive hydrogen atoms
      determinable by the Zerewitinoff method which is dispersible in water
      without an added emulsifier and when applied to a substrate such as
      leather and dried produces a coating in the substrate having a glossy
      finish.
PAR  The objects of the invention are accomplished in accordance with this
      invention, generally speaking, by providing novel polyurethane amide
      dispersions which are eminently suitable, in particular, for use as the
      final dressing applied to a substrate such as leather from an aqueous
      phase. The polyurethane amide dispersions provided by the invention make
      it possible to use trouble-free methods of treatment of the substrate
      which are harmless to the environment and offer the possibility of
      adjusting or predetermining the handle, gloss, hardness and flexibility of
      the product to adapt it for a particular utility without the properties of
      the leather or other substrate being adversely affected. Furthermore, the
      dispersions according to the invention can be cross-linked to form
      insoluble films with formaldehyde or formaldehyde derivatives with the aid
      of acid catalysts since they are completely insensitive to electrolytes.
      They are also insensitive to frost so that no difficult precautions are
      required for transporting them from place to place.
PAR  This invention therefore relates to a process for the preparation of
      emulsifier-free, non-ionic, aqueous polyurethane amide dispersions wherein
      an organic diisocyanate is reacted with an organic compound having a
      molecular weight of 300 to 6000 which are difunctional for the purpose of
      the isocyanate polyaddition reaction, contain terminal hydrogen atoms
      which are determinable by the Zerewitinoff method and are reactive with
      isocyanate groups and do not contain any side chain polyethylene oxide
      units, to which reaction mixture chain lengthening agents with a molecular
      weight below 300 which are known per se in the chemistry of polyurethanes
      and the usual auxiliary agents and additives used in polyurethane
      chemistry may be added, and with the further addition of
PA0  i. organic compounds which are difunctional for the purpose of the
      isocyanate polyaddition reaction and which contain hydrogen atoms which
      are reactive with isocyanate groups as well as side chain polyethylene
      oxide units and/or
PA0  ii. organic diisocyanates or diisocyanate mixtures which contain about 5
      mol percent to 100 mol percent of diisocyanates which have side chain
      polyethylene oxide units.
PAR  In accordance with the invention from about 5% to 100% by weight of the
      organic compound having a molecular weight of 300 to 6000 which contain
      hydrogen atoms reactive with isocyanate groups must be polyamides or
      polyester amides, the proportion of ester groups to amide groups in the
      case of polyester amides being not more than 15 : 1 and the proportions of
      the reactants being so chosen that the dispersed polyurethane contains
      about 0.5% to about 20% by weight of amide groups (--NH--CO--).
PAR  The invention also provides polyurethane amide dispersions prepared by this
      process.
PAR  The preparation of the polyurethane amides may be carried out either
PA0  a. under substantially anhydrous conditions, the finished polyurethane
      amide being then converted into an aqueous dispersion in known manner, or
PA0  b. in two stages by the prepolymer process, the second stage involving
      chain lengthening of the prepolymers in the presence of water.
PAR  Furthermore, this invention provides thermoplastic polyurethane elastomers
      which are dispersible in water and have a substantially linear molecular
      structure, characterized by
PA0  a. containing about 3 percent to about 30 percent by weight of polyethylene
      oxide side chains in side positions
PA0  b. containing about 0.5 to about 20 percent by weight of amide groups
      --NH--CO-- in the linear main chain.
PAR  Moreover, the invention provides a process for coating leather, artificial
      leather and paper with the polyurethane amide dispersions obtainable
      according to the invention.
PAR  Any suitable organic diisocyanate having the general formula R(NCO).sub.2
      in which R represents an organic group such as may be obtained by removing
      the isocyanate groups from an organic diisocyanate with a molecular weight
      in the range of about 112 to about 1000, preferably about 140 to about 400
      may be used in practicing the invention. Diisocyanates which are
      particularly preferred for the process according to the invention are
      those conforming to the formula R(NCO).sub.2 in which R represents a
      divalent aliphatic hydrocarbon radical containing 4 to 18 carbon atoms, a
      divalent cycloaliphatic hydrocarbon group containing 5 to 15 carbon atoms,
      a divalent aromatic hydrocarbon radical containing 6 to 15 carbon atoms or
      an araliphatic hydrocarbon radical containing 7 to 15 carbon atoms. The
      following are typical examples of those organic diisocyanates which are
      particularly preferred for the process according to the invention:
      tetramethylene diisocyanate, hexamethylene diisocyanate, dodecamethylene
      diisocyanate, cyclohexane-1,3-diisocyanate, cyclohexane 1,4-diisocyanate,
      1-isocyanato-3-isocyanato-methyl-3,5,5-trimethylcyclohexane,
      4,4'-diisocyanatodicyclohexylmethane as well as aromatic diisocyanates
      such as 2,4-idisocyanatotolylene, 2,6-diisocyanatotolyene and mixtures of
      these isomers, 4,4'-diisocyanatodiphenylmethane,
      1,5-diisocyanatonaphthalene, and the like.
PAR  Any suitable organic compound having hydrogen atoms determinable by the
      Zerewitinoff method and a molecular weight within a range of 300 to 6000,
      preferably about 600 to about 3000, are difunctional for the purpose of
      the isocyanate polyaddition reaction and contain groups which are reactive
      with isocyanates may be used. For example, any suitable dihydroxypolyester
      known in polyurethane chemistry which is obtained from a dicarboxylic
      acid, such as succinic acid, adipic acid, suberic acid, azelaic acid,
      sebacic acid, phthalic acid, isophthalic acid, terephthalic acid,
      tetrahydrophthalic acid, and the like and diols such as ethylene glycol,
      propylene-1,2-glycol, propylene-1,3-glycol, diethylene glycol,
      butane-1,4-diol, hexane-1,6-diol, octane-1,8-diol, neopentyl glycol,
      2-methylpropane-1,3-diol or the various isomeric bis-hydroxymethyl
      cyclohexanes and the like may be used. Also, any suitable polylactone
      known in polyurethane chemistry, e.g. the polymers of
      .epsilon.-caprolactone which are initiated on one of the above mentioned
      divalent alcohols may be used.
PAR  Any suitable polycarbonate known in polyurethane chemistry which can be
      obtained, for example, by reacting one of the above mentioned diols with
      diarylcarbonates or phosgene may be used.
PAR  Any suitable polyether known in polyurethane chemistry, for example the
      polymers or copolymers of styrene oxide, propylene oxide, tetrahydrofuran,
      butylene oxide or epichlorohydrin which can be prepared from divalent
      starter molecules such as water, the above mentioned diols or amines which
      contain two N--H groups may be used. Ethylene oxide may also be included,
      provided that the polyether used does not contain more than about 10% by
      weight of ethylene oxide, but the polyethers used are generally those
      which have been prepared without ethylene oxide.
PAR  Any suitable polythioether, polythio mixed ether and polythio ether ester
      known in polyurethane chemistry may be used.
PAR  Any suitable polyacetal known in polyurethane chemistry, for example, those
      obtained from the above mentioned diols and formaldehyde may be used.
      Also, any suitable difunctional polyether ester which contains terminal
      groups which are reactive with isocyanate groups may be used.
PAR  The preferred organic compounds having reactive hydrogens of this type are
      dihydroxypolyesters, dihydroxypolylactones, dihydroxypolycarbonates and
      dihydroxypolyethers.
PAR  Any suitable conventional chain lengthening agent with a molecular weight
      below 300 may be used in the process according to the invention for
      preparing self dispersible polyurethane amides. The low molecular weight
      diols which have been described for the preparation of dihydroxypolyeters,
      diamines such as diaminoethane, 1,6-diaminohexane, piperazine,
      2,5-dimethylpiperazine, 1-amino-3-aminomethyl-3,3,5-trimethylcyclohexane,
      4,4'-diaminodicyclohexylmethane, 1,4-diaminocyclohexane and
      1,2-propylenediamine, hydrazine, aminoacid hydrazides, hydrazides of
      semicarbazidocarboxylic acids, bis-hydrazides and bis-semicarbazides are
      examples thereof.
PAR  Compounds which are difunctional for the purpose of the isocyanate
      polyaddition reaction and contain terminal hydrogen atoms which are
      reactive with isocyanate groups and side chain polyethylene oxide chains
      and/or diisocyanates which contain side chain polyethylene oxide units may
      also be used as chain extenders in the process of the invention.
PAR  Suitable difunctional organic compounds which contain hydrogen atoms that
      are reactive with isocyanate groups and have side chain polyethylene oxide
      units are in particular those of the general formula:
      ##EQU1##
      in which R represents a divalent group which is obtained by the removal of
      the isocyanate groups from a diisocyanate with a molecular weight of from
      about 112 to about 1000,
PA1  X represents oxygen or --NR"--,
PA1  R' and R", which may be the same or different, represent monovalent
      hydrocarbon groups containing from 1 to 12 carbon atoms,
PA1  R'" represents hydrogen or a monovalent hydrocarbon group containing from 1
      to 8 carbon atoms and
PA1  n is an integer of from 4 to 89.
PAL  These compounds may be obtained, for example, by the following methods:
PAR  Monovalent alcohols which contain polyethylene oxide units according to the
      following formula
EQU  HO--CH.sub.2 --CH.sub.2 --O).sub.n CH.sub.2 --CH.sub.2 --X--R'
PAL  are first prepared by ethoxylating monohydric alcohols or monohydric
      phenols of the general formula R'--X--H (X = O) or by ethoxylating
      secondary amines of the general formula R'--X--H (X = NR"), in which
      formula R' and R" which may be the same or different represent hydrocarbon
      groups, in particular C.sub.1 to C.sub.10 alkyl groups, C.sub.4 to C.sub.8
      cycloalkyl groups, C.sub.6 to C.sub.12 aryl groups or C.sub.7 to C.sub.10
      aralkyl groups.
PAR  The following are examples of suitable alcohols or phenols: methanol,
      ethanol, n-propanol, n-hexanol, n-decanol, isopropanol, tertiary butanol,
      phenol, p-cresol and benzyl alcohol. The following are examples of
      suitable secondary amines: dimethylamine, diethylamine, dipropylamine,
      N-methylhexylamine, N-ethyl-decylamine, N-methyl-aniline,
      N-ethylbenzylamine and N-methyl-cyclohexylamine.
PAR  The quantity of ethylene oxide incorporated in the polyurethane amide may
      vary within wide limits, the polyethylene oxide chain generally comprising
      from about 5 to about 90, preferably about 20 to about 70, ethylene oxide
      units.
PAR  Reaction of the resulting monovalent alcohol which contains polyethylene
      oxide units with a large excess of one of the diisocyanates of the general
      formula (R(NCO).sub.2 mentioned by way of example above, followed by
      removal of the excess diisocyanate to obtain the corresponding
      monoisocyanate which contains polyethylene oxide units in accordance with
      the general formula:
EQU  NCO--R--NH--CO--O--CH.sub.2 --CH.sub.2 --O).sub.n CH.sub.2 --CH.sub.2
      --X--R'
PAL  is then carried out in a second reaction step.
PAR  In this second reaction step, the diisocyanate is preferably used in an
      about 2 to about 10 times molar excess to prevent the formation of
      corresponding bis-urethanes which are free from isocyanato groups. This
      second reaction step is preferably carried out by adding the monovalent
      alcohol which contains polyethylene oxide units to the diisocyanate. It is
      carried out at a temperature of from about 70.degree. to about
      130.degree.C. Subsequent removal of the diisocyanate excess is preferably
      carried out by thin layer vacuum distillation at 100.degree. to
      180.degree.C.
PAR  The hydrophilic chain lengthening agent is then obtained in a third
      reaction step by reacting the above described monoisocyanates which
      contain polyethylene oxide units with dialkanolamines of the general
      formula
      ##EQU2##
      in which R'" has the meaning already specified. In this third reaction
      step, the reactants are preferably used in stoichiometric proportions.
      This third reaction step is preferably carried out at a temperature of
      from 0.degree. to 50.degree.C, in particular at 15.degree. to 30.degree.C.
PAR  Suitable dialkanolamines of the above mentioned general formula are, for
      example, diethanolamine, dipropanolamine (R'" = CH.sub.3) and
      bis-(2-hydroxy-2-phenyl-ethyl)-amine.
PAR  Suitable diisocyanates with side chain polyethylene oxide units for the
      process according to the invention are in particular those of the general
      formula
      ##EQU3##
      in which R, R' and X have the meanings specified above, Y represents a
      group which may be the same as or different from X and having one of the
      meanings specified for X and n is an integer of from 9 to 89.
PAR  The preparation of such modified allophanate diisocyanates may be carried
      out, for example, by heating one mol of a monofunctional alcohol of the
      general formula
EQU  R'--Y--CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2).sub.n OH
PAL  with two mols of one of the above mentioned diisocyantes of the general
      formula R(NCO).sub.2, the urethane being first formed which then reacts
      with a second mol of diisocyanate at a higher temperature to form the
      allophanate diisocyanate. R', Y and n have the same meanings in this
      formula as above. If desired, trimerization of the diisocyanate may be
      prevented by the method indicated in U.S. Pat. No. 3,769,318 the
      disclosure of which is incorporated herein by reference, by adding
      catalytic quantities of alkylating agents such as p-toluene sulphonic acid
      esters. Allophanatization may be accelerated if desired by the method
      according to U.S. Pat. No. 3,769,318, the disclosure of which is
      incorporated herein by reference of adding certain metal compounds such as
      zinc acetyl acetonate. Preparation of the allophanate diisocyanates used
      according to the invention may, for example, be carried out as follows:
      1500 g of a polyethylene oxide alcohol which has been initiated on
      n-butanol and has a molecular weight of 2030 are heated with 1305 g of
      tolylene diisocyanate in the presence of 0.1% of methyl
      p-toluenesulphonate and 0.005% of zinc acetyl acetonate at 100.degree.C
      for 5  hours. 2805 g of the solution of the allophanate diisocyanate used
      according to the invention in tolylene diisocyanate is obtained after the
      addition of 0.025% of benzoyl chloride. The isocyanate value of the
      allophanate diisocyanate is 20.6%; the polyethylene oxide content is
      approximately 53%.
PAR  Part of the material is freed from excess tolylene diisocyanate in a thin
      layer evaporator. The pure allophanate diisocyanate which has an
      isocyanate value of 3.6% is thus obtained.
PAR  When allophanate diisocyanates are used in the process according to the
      invention, it is preferred to use diisocyanate mixtures which comprise the
      allophanate diisocyanate used according to the invention and unmodified
      diisocyanates of the above formula R(NCO).sub.2, these diisocyanate
      mixtures containing about 5 mol percent to about 100 mol percent and
      preferably about 10 mol percent to about 50 mol percent of the modified
      diisocyanates according to the invention.
PAR  To prepare the biuret diisocyanates which may be used according to the
      invention instead of allophanate diisocyanates, a monovalent alcohol of
      the formula
EQU  R'-Y-CH.sub.2 -CH.sub.2 --O-CH.sub.2 -CH.sub.2).sub.n OH
PAL  is first converted into a secondary amine of the general formula
EQU  R'-Y-CH.sub.2 -CH.sub.2 --O-CH.sub.2 -CH.sub.2).sub.n N(R')H
PAL  R', y and n in these formulae having the same meanings as above. This
      conversion of alcohols into the corresponding secondary amines may be
      carried out, for example, by the known reaction with N-substituted
      ethylene imines or by a condensation reaction of the alcohols with primary
      amines in a molar ratio of between 1 : 1 and 1 : 10. If an ethylene imine
      derivative is used, the number n is increased to n + 1. Conversion of the
      resulting secondary amines which contain polyethylene oxide units into the
      biuret diisocyanates which are to be used for the process according to the
      invention is carried out by reacting one mol of the secondary amine with
      at least two mols of a diisocyanate of the above general formula
      R(NCO).sub.2. The secondary amine first reacts with one mol of
      diisocyanate to form urea isocyanate which then reacts with a second mol
      of diisocyanate at a higher temperature to form a biuret diisocyanate. In
      this reaction, trimerization of the diisocyanate may again be suppressed
      by means of catalytic quantities of alkylating agents such as p-toluene
      sulphonic acid esters. Preparation of the biuret diisocyanates used
      according to the invention may be carried out, for example, as described
      below.
PAR  A polyethylene oxide monohydric alcohol with a molecular weight of 2000
      which has been started on n-butanol is used as a starting material.
      Reaction of this starting material with an excess of N-phenylethyleneimine
      (pressure vessel, 100.degree. to 120.degree.C, 12 to 15 hours) yields
      .omega.-N-phenylaminopolyethylene oxide with a molecular weight of about
      2100 after removal of the excess N-phenylethyleneimine by distillation
      under vacuum (boiling point at 13 mm, 70.degree. to 70.5.degree.C.
PAR  2100 g of .omega.-N-phenylaminopolyethylene oxide and 1740 g of tolylene
      diisocyanate are heated to 80.degree. to 90.degree.C for 3 hours in the
      presence of 0.1% of methyl p-toluene sulphonate (urea formation). The
      reaction mixture is then heated at 165.degree. to 175.degree.C until the
      calculated isocyanate value of 19.7% is reached. The resulting product is
      a solution in tolylene diisocyanate of the biuret diisocyanate which is to
      be used in the process according to the invention. The ethylene oxide
      content is approximately 51%.
PAR  For the preparation of the self-dispersible polyurethanes according to the
      invention, the biuret diisocyanates are, like the allophanate
      diisocyanates, used in the form of mixtures with unmodified diisocyanates
      of the above formula R(NCO).sub.2, the said diisocyanate mixtures
      containing 5 mol percent to 100 mol percent, preferably 10 mol percent to
      50 mol percent of the modified diisocyanates according to the invention.
      If desired, the process according to the invention may, of course, also be
      carried out with mixtures of allophanate diisocyanates and biuret
      diisocyanates.
PAR  The monovalent alcohols with polyethylene oxide units which are used for
      preparing the modified diisocyanates are obtained in known manner by
      ethoxylating monovalent alcohols or monovalent phenols of the general
      formula R'--Y--H (Y = O) or by ethoxylating secondary amines of the
      general formula R'--Y--H (Y = NR"). In these formulea, R' and R" which may
      be the same or different represent hydrocarbon groups, in particular
      C.sub.1 to C.sub.10 alkyl groups, C.sub.4 to C.sub.8 cycloalkyl groups,
      C.sub.6 to C.sub.12 aryl groups or C.sub.7 to C.sub.10 aralkyl groups.
      Suitable alcohols include methanol, ethanol, n-propanol, n-hexanol,
      n-decanol, isopropanol, tertiary butanol, phenol, p-cresol, benzyl
      alcohol, and the like. Suitable secondary amines are, for example,
      dimethylamine, diethylamine, dipropylamine, N-methylhexylamine,
      N-ethyl-decylamine, N-methylaniline, N-methylbenzylamine,
      N-methyl-cyclohexylamine and the like.
PAR  The quantity of ethylene oxide to be grafted may vary within wide limits,
      the polyethylene oxide chains generally containing from about 10 to about
      90 and preferably about 20 to about 70 ethylene oxide units.
PAR  To convert the polyethylene oxide alcohols into the corresponding secondary
      amines, N-substituted ethyleneimines of the general formula
      ##EQU4##
      or primary amines of the general formula R'--NH.sub.2 in which R' has the
      meaning already indicated may be used in known manner.
PAR  When carrying out the process according to the invention it is essential to
      use polyamides or polyester amides within a molecular weight range of 300
      to 6000, preferably about 500 to about 2000, which are difunctional for
      the purpose of the isocyanate polyaddition reaction and contain terminal
      hydroxyl and/or primary or secondary amide groups. In principle, and
      polyester amide with a molar ratio of ester groups to amide groups not
      greater than 15 to 1 and preferably not greater than 10 to 1 may be used
      along with or instead of the polyamides. These polyamides or polyester
      amides are used in the process according to the invention in quantities of
      5 to 100% by weight, preferably 20 to 100% by weight, based on the total
      quantity of organic compounds within the molecular weight range of 300 to
      6000 which contain groups which are reactive with isocyanate groups. The
      concentration of amide groups in the polyester amides or the concentration
      of polyamides and/or polyester amides in the process according to the
      invention is chosen so that the polyurethane amides finally obtained which
      are dispersible or dispersed in water contain about 0.5% to about 20% by
      weight, preferably about 2% to about 10% by weight of amide groups
      (NH--CO), the polyurethane groups (o--CO--NH) obviously not counting as
      amide groups in the true sense of the word.
PAR  Suitable polyamides for the process according to the invention are, for
      example, those which can be obtained by reacting a dicarboxylic acid
      dialkyl ester with an excess of an difunctional primary diamine. One may
      also obtain suitable polyamides by reacting an excess of dicarboxylic acid
      dialkylesters with a difunctional primary diamine and then reacting the
      resulting polyamide which contains terminal ester groups, for example,
      with a bis-secondary diamine (terminal secondary amino groups) or with an
      amino alcohol or diol (terminal hydroxyl groups). Preparation of the
      polyamides may be carried out, for example, by stirring a mixture of
      bis-esters of dicarboxylic acids and the diamine at 150.degree. to
      200.degree.C until the stoichiometric quantity of alcohol derived from the
      dicarboxylic acid ester has been distilled off.
PAR  The reaction of the polyamides which contain terminal ester groups with
      secondary diamines, amino alcohols or diols may, for example, be carried
      out on the same principle, i.e. preferably by heating the reactants to
      temperatures of 150.degree. to 200.degree.C, using at least 2 mols of the
      diamine amino alcohol or diol per mole of the polyamide which contains
      ester groups. The proportions in which the reactants are used for
      preparing the polyamide depend on the desired molecular weight and can be
      calculated stoichiometrically in known manner.
PAR  Suitable dicarboxylic acid diesters are, for example, the dimethyl or
      diethylester of dicarboxylic acids of the general formula A(COOH).sub.2 in
      which A represents an aliphatic hydrocarbon radical containing from 2 to
      18 carbon atoms, a cycloaliphatic hydrocarbon radical containing 5 to 15
      carbon atoms or an aromatic hydrocarbon radical containing 6 to 15 carbon
      atoms. Preferred dicarboxylic acids are aliphatic dicarboxylic acids such
      as oxalic acid, succinic acid, adipic acid and suberic acid and
      cycloaliphatic dicarboxylic acids, in particular cyclohexane dicarboxylic
      acids in all their stereoisomeric forms. Aromatic dicarboxylic acids such
      as phthalic acid, isophthalic acid, terephthalic acid, etc. may be
      included in amounts of up to 50 mol percent, but it is undesirable to
      include too high a proportion because of the resulting elevation of the
      softening point of the aminoamides.
PAR  Suitable bis-primary diamines are those of the general formula
      B(NH.sub.2).sub.2 in which B has the same meaning as given to A above. The
      polyamides used in the process according to the invention are preferably
      based on aliphatic diprimary diamines and in particular cycloaliphatic
      diprimary diamines, for example ethylene diamine, hexamethylene diamine,
      octamethylene diamine, decamethylene diamine, the various isomeric
      cyclohexane diamines, 4,4'-diamino-dicyclohexylmethane,
      1-methyl-2,4-diaminocyclohexane, 1-methyl-2,6-diaminocyclohexane,
      3,3,5-trimethyl-5-aminomethylcyclohexylamine and the like.
PAR  Suitable aminoalcohols are, for example, ethanolamine, propanolamine and
      the like.
PAR  Suitable diols are e.g. the diols mentioned above as examples of components
      of the dihydroxypolyesters.
PAR  Hydrazine or hydrazine derivatives such as dicarboxylic acid bis-hydrazide
      may also be used in the preparation of the polyamides in amounts of up to
      50 mol percent, based on the amide component.
PAR  For the process according to the invention it is preferred to use
      polyamides within a molecular weight range of about 500 to about 2000
      which contain free amino end groups.
PAR  Oligoamides and polyamides suitable for the process according to the
      invention naturally also include representatives of this class of
      compounds which can be obtained by other methods, for example oligolactams
      or polylactams with molecular weights of about 500 to about 2000 which
      contain terminal amino groups.
PAR  Apart from polyamides, polyester amides which contain terminal hydroxyl
      and/or amino groups and in which the molar ratio of ester groups to amide
      groups is not more than 15:1 and preferably not more than 10:1 are also
      suitable for the process according to the invention. These polyester
      amides may be prepared analogously to the polyamides from the above
      mentioned dicarboxylic acid diesters and the above mentioned aminoalcohols
      or from mixtures of the above mentioned diamines and the above mentioned
      diols. Other suitable compounds are, for example, polylactones which have
      been started on the above mentioned diamine, in particular the
      corresponding oligo- or polycaprolactones.
PAR  The oligo- and polyester amides also preferably have a molecular weight of
      about 500 to about 2000.
PAR  Both the polyamides mentioned above and the polyester amides mentioned
      above should preferably have a softening point below 160.degree.C. This
      requirement restricts the possibility of using aromatic dicarboxylic acids
      and of using hydrazines or hydrazine derivatives because these components
      result in a substantial increase in the softening point of the oligo- or
      polycondensates.
PAR  In the process according to the invention for preparing polyurethane amide
      dispersions, the use of exclusively difunctional components is an
      essential feature. In accordance with the findings of chemistry of high
      polymer latices, however, the addition of very small quantities of
      trifunctional low molecular weight compounds such as trifunctional
      isocyanates or trifunctional chain lengthening agents may in some cases
      cause an improvement in the properties but such trifunctional components
      must not be added in quantities of more than one equivalent percent, based
      on all the starting components which take part in the polyaddition
      reaction.
PAR  The hydrophilic components used in the process according to the invention
      may include not only the diisocyanates with side chain polyethylene oxide
      units and diols with side chain polyethylene oxide units already mentioned
      as examples but also other difunctional polyurethane building components
      with side chain hydrophilic polyether groups, for example the isocyanate
      prepolymers described in German Offenlegungsschrift No. 2,141,807, which
      corresponds to U.S. application Ser. No. 64564 the disclosure of which is
      incorporated herein by reference, which are modified with monoalkyl ethers
      or with monocarboxylic acid esters of polyethylene glycols. The
      diisocyanates and diols mentioned above which contain polyethylene oxide
      units are, however, more suitable on account of their strict
      difunctionality. Those diols mentioned above as examples which contain
      side chain polyethylene oxide units are particularly suitable.
PAR  Preparation of the self-dispersible polyurethane amides is carried out by
      the known methods of polyurethane chemistry, preferably by the two-stage
      process. They may also be prepared by the one-stage process but this is
      less advantageous.
PAR  In the process of preparation of the self-dispersible polyurethane amides,
      the reactants are used in such proportions that the equivalent ratio of
      isocyanate groups to groups which are reactive with isocyanate groups is
      between about 1:1 and about 2.5:1, preferably between 1.05:1 and about
      1.5:1. An excess of diisocyanate leads, of course, to the formation of
      isocyanato terminated compounds which, on conversion into an aqueous
      dispersion, continue to react with water in a chain lengthening reaction
      to form the dispersed end product. The equivalent ratios indicated above
      therefore include all the components which take part in the synthesis of
      the polyurethane amides according to the invention, including the chain
      lengthening agents containing amino groups, which may be in the form of
      aqueous solutions, but not including the proportion of water which is
      required for dispersion and which subsequently reacts with any isocyanato
      terminated compounds present. The extent of this subsequent reaction
      should be kept low compared with the total chain lengthening reaction,
      because chain lengthening carried out exclusively with water is known to
      result in inferior end products.
PAR  The hydrophilic components are used in such quantities in the process
      according to the invention that the finished polyurethane amide contains
      about 3% to about 30% by weight and preferably about 5% to about 20% by
      weight of side chain polyethylene oxide segments.
PAR  The process according to the invention may be carried out with or without
      organic solvents for the reactants and/or product. Solvents which are
      suitable for this purpose especially if, as described below, the
      preparation of the polyurethane amide is intended to be followed by
      conversion of the polyurethane amide into an aqueous dispersion, are
      organic solvents with a boiling point below 100.degree.C which are
      miscible with water and inert towards isocyanato groups, e.g. acetone or
      methyl ethyl ketone.
PAR  The two-stage process may be carried out, for example, by first preparing
      an isocyanate prepolymer in the melt, without solvents or already in the
      presence of solvents, from excess diisocyanate component (diisocyanate +
      optionally diisocyanate containing side chain polyethylene oxide units)
      and the higher molecular weight component (mixture of polyamide and/or
      polyester amide, optionally mixed with one of the other organic compounds
      having a molecular weight of 300 to 6000 given as examples above, and
      optionally a diol containing side chain polyethylene oxide units), the
      reaction being carried out with an NCO/OH ratio of between about 1.1:1 and
      about 3.5:1, preferably between about 1.2:1 and about 2.5:1 and then, if
      the reaction has been carried out without solvents, preferably taking up
      the isocyanate prepolymer in a suitable solvent (e.g acetone). For
      preparing the polyurethane amide dispersions according to the invention,
      it is advisable to use a special variation of the two-stage process in
      which the chain lengthening agent, in this case preferably one of the
      above-mentioned diamines, dissolved in a small quantity of water or in a
      mixture of water and solvent, is added to the solution of isocyanate
      prepolymer described above in such proportions that the NCO/NH ratio is
      between about 2.5  to 1 and 1.05 to 1. The reaction may be carried out at
      room temperatures or preferably at 25.degree. to 60.degree.C. The
      polyurethane amide dispersion is subsequently obtained by adding the
      remainder of the water and then removing the solvent. In this variation of
      the process, however, the chain lengthening agent may, if desired, be
      dissolved in the total quantity of water finally present in the dispersion
      (50 to 200% by weight, based on the solid polyurethane).
PAR  Alternatively, however, the diols with a molecular weight below 300
      mentioned above may be used as chain lengthening agent but they are
      preferably already built into the prepolymer. In that case, the
      preparation of the prepolymers is carried out without the addition of
      polyamides or polyester amides. A polyurethane amide according to the
      invention is finally obtained by reacting the resulting isocyanate
      prepolymer which is free from amide groups with, preferably, the above
      mentioned diaminopolymides. In this case, a special variation of the
      process is to be recommended, in which the solution of diaminopolyamide in
      a mixture of water and solvent is added to the solution of prepolymer in
      such proportions that the NCO/NH ratio is between about 1.05 to 1 and
      about 2.5 to 1. The aminoamides are in this case preferably used in a
      mixture of water and a low boiling ketone or alcohol such as acetone or
      ethanol. The aminoamides may also be put into the reaction in the form of
      a concentrated solution, if necessary dilutable with water, in a high
      boiling solvent, in particular an alcohol such as glycol monomethylether
      or glycol monoethyl ether so that when the polyurethane amide obtained is
      subsequently converted into an aqueous dispersion, the high boiling
      solvent is incorporated in it in minute quantities. All the chain
      lengthening reactions described above may be carried out at room
      temperature or preferably at 25.degree. to 60.degree.C. The
      polyurethaneamide dispersion is finally obtained by adding the remainder
      of the water and removing the low boiling solvent.
PAR  When the one stage process is employed, the isocyanate component is
      preferably reacted with compounds which contain exclusively terminal
      hydroxyl groups. In this process, the diol component (dihydroxyoligoamide
      and/or dihydroxypolyester amide, optionally dihydroxy compound with a
      molecular weight of 300 to 6000 of the kind described above, optionally a
      diol with a molecular weight below 300, optionally a diol containing
      polyethylene oxide), is first prepared by simply mixing the components.
      The diisocyanate component (diisocyanate which is free from polyethylene
      oxide and which may be mixed with diisocyanate which contains polyethylene
      oxide side chains) is then added to the resulting mixture in the absence
      of solvent, whereupon the reaction mixture is reacted at temperatures
      preferably in the region of about 50.degree. to about 150.degree.C,
      optionally after the addition of known catalysts of polyurethane
      chemistry. The quantity of diisocyanate component used is chosen so that
      the NCO/OH ratio is between about 0.8 to 1 and about 1.05 to 1. The
      viscosity of the reaction mixture rises during the reaction, and for this
      reason one of the above mentioned solvents is gradually added to the
      mixture. An organic solution of the completely reacted polyurethane amide
      is finally obtained, the concentration of which is preferably adjusted to
      10 to 50 and preferably 15 to 40 percent by weight of solids content.
PAR  Conversion of the dissolved polyurethane amide elastomers into an aqueous
      dispersion is then advantageously carried out by adding water to the
      stirred solution. In many cases, a water-in-oil emulsion first forms but
      this changes into an oil-in-water emulsion just after the viscosity passes
      through a maximum. After removal of the solvent by distillation, a purely
      aqueous stable dispersion remains behind.
PAR  In principle, the polyurethane amide elastomers according to the invention
      could also be converted into dispersions by other methods, for example, by
      a method of dispersion without solvents, e.g. by mixing the elastomer melt
      with water in apparatus which is capable of producing high shearing
      gradients, or by using very small quantities of solvents as plasticizers
      in the same apparatus, or by using non-mechanical dispersing agents such
      as sound waves of extremely high frequency. Lastly, the polyurethane ureas
      are also capable of undergoing chain lengthening after conversion of the
      prepolymer into an aqueous emulsion.
PAR  Polyurethane amides which have been dispersed in accordance with the
      invention have an average particle size of 0.5 m.mu. to 5.mu., preferably
      about 100 to 500 m.mu., the optical dispersion or Tyndall effect obviously
      making its appearance in dispersions which have particle sizes below 500
      m.mu..
PAR  The flow properties of dispersions, which will not be described in detail
      here, depend on the particle size and concentration. As the particles
      become smaller, the viscosity rises and, below a particle size of about
      100 m.mu., the flow limit progressively rises (Bingham body). Quite apart
      from these relationships, the viscosity also increases with increasing
      concentration, in some cases up to 50 P in this class of dispersion in
      which the concentration may be as high as 70%.
PAR  The dispersions are insensitive to electrolytes. This property allows,
      among other things, the cross-linking of latex particles with formaldehyde
      or formaldehyde derivatives to be catalyzed with acid catalysts. It also
      enables them to be pigmented with electrolytically active pigments or
      dyes. Another property of the dispersions according to the invention is
      their thermal coagulability which makes it possible for them to be made up
      into foils which are permeable to water vapor simply by heating them.
PAR  The dispersions may be blended with other dispersions, e.g. with polyvinyl
      acetate, polyethylene, polystyrene, polybutadiene, polyvinyl chloride and
      copolymer resin dispersions.
PAR  Fillers, plasticizers, pigments, carbon black sols and silicic acid sols,
      aluminium dispersions and dispersions of clay and of asbestos may also be
      incorporated in these dispersions.
PAR  The dispersions of polyurethane amides in water are stable, can be kept in
      storage and are not destroyed by frost. When applied even in very thin
      layers, they give rise after removal of the liquid medium to films which
      are glossy, very firm and generally hard and tough but have an
      astonishingly high elasticity. This makes them particularly suitable for
      use as finishes on leather dressings to make the leather easy to care for.
PAR  When suitably formulated, they may also be used as or included in primers
      for the same type of dressing since, when mixed with suitable pigments and
      applied to leather, they form a firmly adhering, soft and well covering
      thin layer which, when followed by an equally very thin top layer of
      generally unpigmented polyurethane amide dispersion which is adjusted to
      give a harder covering, effectively protects the leather from the
      influences of weathering, increases its mechanical resistance and imparts
      a smooth, brilliant appearance to the leather while leaving the grain of
      the leather practically unchanged.
PAR  The dispersions according to the invention may also be mixed with all types
      of cross-linking agents, especially with aldehydes or formaldehyde
      derivatives and catalytic quantities of strong acids since they are
      completely insensitive to changes in pH. After drying of the dispersions,
      the latex particles can be chemically cross-linked with each other so
      that, even if applied in very thin layers, they have high resistance to
      organic solvents and a high wet abrasion resistance.
PAR  The polyurethane amide dispersions according to the invention may also be
      used to produce thicker layers (above 100.mu.) which completely cover the
      grain of the leather to give a patent leather finish.
PAR  Application of the dispersions to leather may be by spraying, knife coating
      or raster rolling with or without the previous addition of cross-linking
      agents and catalysts. The applications may also be fixed by subsequently
      spraying them with solutions or emulsions of cross-linking agents,
      preferably in water.
DETD
PAR  The examples given below serve to explain the process according to the
      invention and to describe some of the properties of the polyurethane amide
      dispersions according to the invention which are relevant to their
      practical application.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  44.4 parts of 3-isocyanatomethyl-3,5,5-trimethyl cyclohexylisocyanate are
      added to 76 parts of a linear polyester of adipic acid and hexane-1,6-diol
      (hydroxyl number 130) and 22.2 parts of a compound (hereinafter known as
      dispersing agent A) of 1 mol of a polyethylene oxide ether (hydroxyl
      number 49) which was started on n-butanol, 1 mol of hexamethylene
      1,6-diisocyanate and 1 mol of bis-hydroxyethylamine at 60.degree.C and the
      mixture is heated to a temperature of 100.degree.C. Heating is continued
      for 3 hours with stirring and exclusion of atmospheric moisture. The
      isocyanate content of the mixture drops to 5.9% during this time. The
      mixture is cooled to 60.degree.C and diluted with 300 parts of acetone to
      form a first solution.
PAR  A second solution is prepared by dissolving 72 parts of a linear aminoamide
      of adipic acid and 3-aminomethyl-3,5,5-trimethylcyclohexylamine which
      contains 4.4% by weight of free amino groups in 200 parts of acetone and
      100 parts of water. This solution is rapidly added to the first solution
      and stirred to produce a homogeneous mixture. After the initial
      cloudiness, the mixture becomes completely clear. 220 parts of water are
      added rapidly and with vigorous stirring to the resulting solution which
      has a solids content of 26.3%. An acetone-containing dispersion of the
      solid particles in water is thereby formed. This dispersion appears bluish
      white, but in thin layers it appears orange brown in transmitted light.
      After removal of the acetone by distillation at a pressure of 100 mm Hg, a
      purely aqueous dispersion of polyurethane amide particles which has a
      solids content of 40% remains behind.
PAR  The solid particles of this dispersion contains 9.3% of polyethylene oxide
      units and 8% of amide groups (NH--CO).
PAR  When the dispersion is poured out to form a film 100.mu. in thickness and
      the water is completely removed by evaporation, a very hard, glossy film
      is obtained which is very tough and flexible and has an elongation at
      break of about 20% and a tensile strength of 210 kg wt/cm.sup.2.
PAC  EXAMPLE 2
PAR  A mixture of 31.1 parts of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate and 23.5 parts of
      hexamethylene 1,6-diisocyanate is added at 60.degree.C to 71.4 parts of
      the linear polyester used in Example 1 and 33.6 parts of a compound which
      has been built up in a similar manner to the compound known as "Dispersing
      agent A" in Example 1, but containing a polyethylene oxide ether with
      hydroxyl number 57.7 (hereinafter known as "Dispersing agent B"), and the
      mixture is heated to a temperature of 100.degree.C. Heating is continued
      for 3 hours with stirring and exclusion of atmospheric moisture. The
      isocyanate content drops durirng this time to 9.5%. The mixture is then
      cooled to 60.degree.C and 600 parts of acetone are added.
PAR  1.25 parts of hydrazine hydrate are added after the solution has cooled to
      room temperature to form a first reaction solution.
PAR  252 parts of a solution in glycol monoethylether of a linear aminoamide of
      adipic acid and 3-aminomethyl-3,5,5-trimethylolcyclohexylamine which
      contain 3.1% of free amino groups, which solution has a solids content of
      47.5% are mixed with 100 parts of water and rapidly added to the first
      reaction solution and stirred to form a homogeneous mixture.
PAR  320 parts of water are rapidly added with vigorous stirring to the
      resulting mixture which has a solids content of 25%. A bluish white,
      extremely finely divided, acetone-containing dispersion of the solid
      particles in water is formed. After removal of the acetone at a pressure
      of 100 mm Hg, a dispersion of the polyurethaneamide particles in a mixture
      of 75% of water and 25% of glycol monoethyl ether remains behind. The
      dispersion has a solids content of 35%.
PAR  The solid particles of this dispersion contain 12.0% by weight of
      polyethylene oxide units and 11.02% of amide groups (NH--CO).
PAR  The following Examples 3 to 13 show in tabulated form other polyurethane
      amide dispersions and some of their properties which are of interest for
      their commercial applications. These dispersions are prepared by the
      methods described in Examples 1 and 2.
     Example                                                                   

          I        OH  Diisocyanate .sup.4)                                    

                                 Dispersing .sup.5)                            

                                          Chain Oligoamide V   DC/DA           

          polyester .sup.1,3)                                                  

                   Number                                                      

                       Ratio II  Agent III                                     

                                          Lengthen-                            

                                                Dicarboxylic   Molar           

          Component                       ing Agent                            

                                                Acids .sup.1)                  

                                                        Diamine                

                                                               Ratio2)         

                                          IV .sup.2)                           

     __________________________________________________________________________

     3    ADIP     130 D         A        a     ADIP    G      1/2             

          HEX                                                                  

     4    ADIP     50  D/E       A        G             same as                

                                                               2/3             

          BU           1:1                                                     

     5    same         same      A        --    ADIP/   G      2/3             

          as 4         as 4                     OXAL                           

                                                7:3                            

     6    ADIP     56  D/E       A        --    ADIP/   G      1/2             

          ET           5:2                      TERE                           

                                                1:1                            

     7    PHTH     56  D/E       A        --    ADIP/   G      2/3             

          ET           4:1                      TERE                           

                                                1:1                            

     8    PHTH     64  D/E       C        --            same as 6              

          ADIP         1:1                                                     

          ET                                                                   

     9    PC       90  D/E       B        H             same as 4              

          HEX          3:1                                                     

          TEG                                                                  

      10  ADIP     117 D/E       B        G             same as 4              

          BU           1:1                                                     

      11  same         D/E       B        G     ADIP    G      3/4             

          as 10        1:1                                                     

      12  same     1/5 D/E       B        G             same as 4              

          as 9                                                                 

      13  same         D/E       B        I             same as 4              

          as 7         7:3                                                     

     __________________________________________________________________________

     Example                                                                   

           Preparation                                                         

                   Concentration                                               

                            II/I+III                                           

                                    IV/V  NCO/NH EOx       NH--CO              

           as in                                 Content   Content             

           Example                               Based on FK                   

                                                           Based on            

     __________________________________________________________________________

                                                           FK                  

     3     1       40       2.0     --    1.05   10.2      4.61                

     4     1       40       3.0     1:1   1.1    8.9       4.18                

     5     1       40       3.0     --    1.1    7.8       7.46                

     6     1       40       2.5     --    1.05   8.2       4.44                

     7     1       40       2.5     --    1.3    8.8       5.6                 

     8     1       40       2.5     --    1.2    7.5       3.7                 

     9     1       30       4.0     2:1   1.1    12.8      5.11                

      10   1       40       3.0     7:3   1.1    12.3      3.9                 

      11   2       40       3.3     5:2   1.15   11.5      4.25                

      12   1       40       3.3     1:4   1.15   12.0      2.96                

      13   1       50       2.5     4:1   1.5    6.2       1.26                

     __________________________________________________________________________

     .sup.1)              .sup.2)                .sup.3)                       

     Dicarboxylic Acids     Diamine                Diols                       

     ADIP:  Adipic Acid     G = 3-isocyanato-3,5,5-tri-                        

                                                   HEX = hexane-1,6-diol       

                                methyl-cyclohexylamine                         

     TERE:  Terephthalic Acid                      BU  = butane-1,4-diol       

                            H = hydrazine monohydrate                          

     PHTH:  Phthalic Acid                          ET  = ethylene glycol       

                            I = 4,4'-diaminodicyclo-                           

     OXAL:  Oxalic Acid         hexylmethane       TEG = tetraethylene glycol  

     PC:    Carbonic Acid                                                      

            (Polycarbonate)                                                    

     .sup.4)                         .sup.5)                                   

     Diisocyanate                      Dispersing Agents                       

     D =       3-isocyanatomethyl-3,5,5-tri-                                   

                                       A =     Dispersing Agent A (see Example 

                                               1)                              

               methyl-cyclohexylisocyanate                                     

                                       B =     Dispersing Agent B (see Example 

                                               2)                              

     E =       hexamethylene-1,6-diisocyanate                                  

                                       C =     the same as dispersing agent A  

                                               OH number of polyethylene oxide 

                                               ether:                          

                                               29                              

     __________________________________________________________________________

PAC  EXAMPLE 14
PAR  225 parts of the polyester used in Example 7 and 28 parts of dispersing
      agent B (see Example 2) are mixed with 54.4 parts of
      tolylene-2,4-diisocyanate and 100 parts of anhydrous acetone at
      50.degree.C and the mixture is stirred at this temperature for 90 minutes.
      The isocyanate content drops to 3.3% during this time. 500 parts of
      acetone and 100 parts of water are added to form a prepolymer solution.
PAR  Immediately thereafter, a mixture of 4.1 parts of
      3-amino-3,5,5-trimethyl-cyclohexylamine and 145 parts of the solution
      described in Example 2 of a diaminoamide in glycol monoethylether is
      stirred into the prepolymer solution at 15.degree.C. The resulting
      solution has a solids content of 38%. 375 parts of water are then rapidly
      added with vigorous stirring, a bluish, very finely divided,
      acetone-containing dispersion of the solid particles in water being
      formed. After removal of the acetone at a pressure of 100 mm Hg, a
      dispersion of the polyurethane amide solid particles in a mixture of 85%
      of water and 15% of glycol monoethyl ether, which has a solids content of
      40%, remains behind.
PAR  The solid particles of this dispersion contain 7.8% of polyethylene oxide
      units and 4.7% of amide (NH--CO) groups.
PAC  EXAMPLE 15
PAR  180 parts of a linear polypropylene glycol polyether with hydroxyl number
      112 are reacted with 45 parts of dispersing agent B (see Example 2) and
      105 parts of tolylene diisocyanate in 200 parts of acetone as described in
      Example 14. After termination of the reaction, the reaction mixture is
      mixed with 600 parts of acetone, and 200 parts of water are added.
PAR  A mixture of 7 parts of hydrazine monohydrate and 335 parts of the
      aminoamide solution used in Example 14 is then immediately added to this
      solution.
PAR  A dispersion is then prepared and worked up as described in Example 14,
      using 550 parts of water.
PAR  A 35% dispersion in a mixture of 80% water and 20% glycol monoethyl ether
      is obtained.
PAR  The solid particles of the dispersion contain 7.9% of polyethylene oxide
      units and 8.3% of NH-CO groups.
PAC  EXAMPLE 16
PAR  206 g of a polyester from adipic acid and ethylene glycol having a
      molecular weight of 2060 are heated for 30 minutes to 110.degree.C to
      remove any water dissolved therein. Subsequently 74 g of an allophanate
      diisocyanate mixture are added at 70.degree.C. The diisocyanate mixture
      had previously been obtained by reacting ethoxylated n-butanol (molecular
      weight 2030) with toluylene diisocyanate at a molar ratio of 1:5 and has
      an NCO-content of 16,9 % by weight. Subsequent to the addition of the
      diisocyanate mixture the reaction system is heated for 1 hour to
      110.degree.C until the theoretical NCO-value of 1,5 % by weight is
      reached. The prepolymer obtained is dissolved in 800 ml of acetone. A
      solution of 1,15 g of 1,2-propylene diamine in 30 ml of water is added at
      50.degree.C. Thereafter a solution consisting of 16 g of an oligo amide
      obtained from 1-aminomethyl-5-amino-1,3,3-trimethylhexane and adipic acid
      in a molar ratio of  4:3, 16 g of ethyl acetate and 100 ml of acetone is
      added. The reaction mixture is allowed to react for 5 minutes at
      50.degree.C. Thereafter 400 ml of water are added and the acetone is
      distilled off under vacuo. An aqueous dispersion is obtained the solids of
      which contain 14,8 % by weight of ethylene oxide units. A film which is
      obtainable by pouring the dispersion on a glass plate and evaporating the
      water is smooth and elastic.
PAC  EXAMPLE 17
PAR  197 g of water free hexane-diol-1,6-polycarbonate having a molecular weight
      of 1970 are heated to 70.degree.C. A mixture of 40,2 g of an allophanate
      diisocyanate obtained by reacting toluylen diisocyanate with ethoxylated
      n-butanol (molecular weight 2030) at an molecular ratio of 1:10 and 11,8 g
      of hexamethylene diisocyanate are added. The mixture is heated to
      110.degree.C until the theoretical NCO-value of 2,36 % by weight is
      reached. The prepolymer thus obtained is dissolved in 800 ml of acetone.
      1,8 g of 1,2-ethylene diamine dissolved in 50 ml of water are added at
      50.degree.C. Immediately thereafter a solution 25 g of the oligo amide of
      Example 16 in 50 g of ethyl acetate and 100 ml of acetone is added. The
      reaction mixture is allowed to react for 5 minutes at 50.degree.C.
      Thereafter 850 ml of water are added and the acetone is distilled off in
      vacuo. A dispersion is obtained the solids of which contain 8,5 % by
      weight of ethylene oxide units. Films prepared from this dispersion are
      transparent, elastic and tack-free.
PAR  Any of the other organic diisocyanates, organic compounds having reactive
      hydrogen atoms and a molecular weight of 300 to 6000, and any other chain
      extender indicated as suitable herein may be substituted for those used in
      the foregoing examples.
PAR  Although the invention has been described in detail above for the purpose
      of illustration, it is to be understood that such detail is solely for
      that purpose and that variations can be made therein by those skilled in
      the art without departing from the spirit and scope of the invention
      except as it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a polymer which is dispersible in water
      without an emulsifier which comprises reacting an organic diisocyanate
      with organic compounds in the molecular weight range of 300 to 6000 which
      are difunctional for the purpose of the isocyanate polyaddition reaction,
      contain hydrogen atoms which are reactive with isocyanate groups and do
      not contain any side chain polyethylene oxide units wherein (1) an organic
      compound which is difunctional for the purpose of the isocyanate
      polyaddition reaction, contains hydrogen atoms which are reactive with
      isocyanate groups, and contains side chain polyethylene oxide units, or
      (2) an organic diisocyanate or mixture of diisocyanates containing from
      about 5 mol percent to about 100 mol percent of diisocyanate which
      contains side chain polyethylene oxide units is included in the reaction
      mixture, the improvement wherein the said organic compounds having a
      molecular weight of 300 to 6000 contains from about 5% to 100% by weight
      of polyamide or polyester amide, the ratio of ester groups to amide groups
      in the polyester amide being not more than 15:1 and the ratio of the
      reactants being in such proportions that the resulting product contains
      about 0.5% to about 20% by weight of amide groups.
NUM  2.
PAR  2. The process of claim 1 wherein the organic diisocyanate which contains
      polyethylene oxide units has the general formula
      ##EQU5##
      in which R represents an organic radical obtained by removing the
      isocyanate groups from an organic diisocyanate within a a molecular weight
      range of about 112 to about 1000,
PA1  R' represents a monovalent hydrocarbon radical containing 2 to 10 carbon
      atoms,
PA1  X and Y are identical or different and represent oxygen or a group of the
      formula N(R") in which R" represents a monovalent hydrocarbon group
      containing 1 to 12 carbon atoms, and
PA1  n represents an integer of from 9 to 89.
NUM  3.
PAR  3. The process of claim 1 wherein the organic compound which is
      difunctional for the purpose of the isocyanate polyaddition reaction
      contains hydrogen atoms which are reactive with isocyanate groups and
      contains side chain polyethylene oxide units has the general formula
      ##EQU6##
      in which R represents a divalent radical obtained by removing the
      isocyanate groups from a diisocyanate with a molecular weight of about 112
      to about 1000,
PA1  X represents oxygen or NR",
PA1  R' and R" are identical or different and represent monovalent hydrocarbon
      groups containing 1 to 12 carbon atoms,
PA1  R"' represents hydrogen or a monovalent hydrocarbon radical containing 1-8
      carbon atoms,
PA1  n represents an integer from 4 to 89.
NUM  4.
PAR  4. A polyurethane dispersion prepared by dispersing the product of the
      process of claim 1 in water.
NUM  5.
PAR  5. The process of making an aqueous dispersion which comprises mixing an
      organic solvent solution of the product of the process of claim 1 with
      water while subjecting the resulting mixture to a shearing action and
      removing the organic solvent therefrom.
NUM  6.
PAR  6. The process of making an aqueous dispersion which comprises mixing the
      product of the process of claim 1 with water and dispersing said product
      as particles having an average particle size of 0.5 millimicrons to 5
      microns in the water.
NUM  7.
PAR  7. The product of the process of claim 1.
NUM  8.
PAR  8. In the preparation of a water dispersible reaction product of an organic
      diisocyanate and organic compounds having reactive hydrogen atoms
      determinable by the Zerewitinoff method wherein one of the said reactants
      includes a compound having a side chain containing polyethylene oxide
      units, the improvement wherein from about 5% to about 100% by weight of
      the organic compound having reactive hydrogen atoms is a polyamide or
      polyester amide having a molecular weight of 300 to 6000, the ratio of
      ester groups to amide groups in the polyester amide being not more than
      15:1, and the proportions of the reactants being such that the resulting
      reaction product contains about 0.5% to about 20% by weight of amide
      groups.
NUM  9.
PAR  9. In a process for preparing a polymer which is dispersible in water
      without an emulsifier which comprises reacting an organic diisocyanate
      with organic compounds in the molecular weight range of 300 to 6000 which
      are difunctional for the purpose of the isocyanate polyaddition reaction,
      wherein one of the reactants includes a compound having a side chain
      containing polyethylene oxide units, the improvement wherein from about 5%
      to about 100% by weight of the organic compound having reactive hydrogen
      atoms is a polyamide or polyester amide having a molecular weight of 300
      to 6000, the ratio of ester groups to amide groups in the polyester amide
      being not more than 15:1, and the proportions of the reactants being such
      that the resulting reaction product contains about 0.5% to about 20% by
      weight of amide groups.
NUM  10.
PAR  10. The process of claim 9 wherein the reactant containing side chain
      polyethylene oxide units has the general formula
      ##EQU7##
      in which R represents a divalent radical obtained by removing the
      isocyante groups from a diisocyanate with a molecular weight of about 112
      to about 1000,
PA1  X represents oxygen or NR",
PA1  R and R" are identical or different and represent monovalent hydrocarbon
      groups containing 1 to 12 carbon atoms,
PA1  R'" represents hydrogen or a monovalent hydrocarbon radical containing 1-8
      carbon atoms,
PA1  n represents an integer from 4 to 89.
NUM  11.
PAR  11. A polyurethane dispersion prepared by dispersing the product of the
      process of claim 9 in water.
NUM  12.
PAR  12. The process of claim 9 wherein the said organic compound having a
      molecular weight of 300 to 6000 is a polyamide.
NUM  13.
PAR  13. The process of claim 9 wherein a polyamide having amino groups and a
      molecular weight of about 500 to about 2000 is used to provide about 5% to
      about 100% by weight of the said organic compound having a molecular
      weight of 300 to 6000.
NUM  14.
PAR  14. The process of making an aqueous dispersion which comprises mixing an
      organic solvent solution of the product of the process of claim 9 with
      water while subjecting the resulting mixture to a shearing action and
      removing the organic solvent therefrom.
NUM  15.
PAR  15. The process of making an aqueous dispersion which comprises mixing the
      product of the process of claim 9 with water and dispersing said product
      as particles having an average particle size of 0.5 millimicrons to 5
      microns in the water.
PATN
WKU  039351475
SRC  5
APN  4518837
APT  1
ART  142
APD  19740318
TTL  Aqueous pattern paint from carboxylic resin, N-aldehyde resin,
      polysiloxane resin and fluorocarbon surfactant
ISD  19760127
NCL  11
ECL  1
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INVT
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ABST
PAL  A coating composition for providing a pattern or texture finish which is
      formulated of an aqueous dispersion of a resinous vehicle in a
      cross-linking agent for the vehicle, a fluorocarbon surfactant and a high
      molecular weight polysiloxane resin.
BSUM
PAR  This invention relates to coating compositions, and more particularly to
      paint compositions capable of providing a pattern or texture finish.
PAR  One group of industrial baking enamels currently in widespread use for
      application to fabricated metal substrates, such as furniture, tool boxes,
      appliances and the like, is the group of so-called pattern or texture
      finishes. While such paints or finishes can be characterized as novelty
      finishes, their popularity is primarily due to the fact that they have the
      ability to mask or hide defects in the substrate to which they are applied
      and still provide the desired protective and decorative effects. Pattern
      finishes are presently available only in conventional solvent based paints
      and are formulated by incorporating a small amount of a silicone resin in
      the paint composition. Such silicone resins have been used as paint
      additives for quite some time. The low molecular weight silicone resins
      are used to promote smoothness and eliminate defects in the applied paint
      film; they apparently exert their effect primarily through surface
      tension. High molecular weight silicone resins, on the other hand, can
      have the opposite effect and cause unevenness in the film, craters or a
      pattern.
PAR  One of the principal difficulties with existing pattern paint compositions
      is that such compositions are formulated with aromatic solvents, such as
      xylol or toluol. It has been determined that such aromatic solvent systems
      are photochemically reactive in the atmosphere to produce smog. As a
      result, many paint compositions formulated with such aromatic solvents
      fail to meet some of the more stringent anti-pollution measures in effect
      or proposed by various states. Therefore, paint compositions formulated
      with such aromatic solvents are frequently referred to as non-exempt
      solvent paints and can only be used under certain controlled
      circumstances.
PAR  It is an object of the present invention to overcome the foregoing
      disadvantages of existing pattern paint compositions, and it is a more
      specific object of the present invention to provide a pattern paint
      composition formulated without such aromatic solvents which is capable of
      providing the desired pattern or texture finish.
PAR  In particular, the present invention provides a paint composition formed of
      a water base to thereby meet air pollution regulations which is capable of
      providing an attractive, durable pattern or texture finish.
PAR  It is another object of the present invention to provide a pattern paint
      composition which can be formulated with exempt solvent systems to meet
      current air pollution regulations.
PAR  The concepts of the present invention reside in a pattern paint composition
      which is formulated of an aqueous dispersion of a resinous vehicle in
      combination with a cross-linking agent for the vehicle, a fluorocarbon
      surfactant and a high molecular weight polysiloxane resin. It has been
      found that water based pattern paint compositions can be formulated with a
      resinous vehicle and a polysiloxane resin to provide a pattern finish only
      if the paint composition is formulated to include a fluorocarbon
      surfactant. Without limiting the present invention as to theory, it has
      been hypothesized that the high molecular weight silicone resin is
      ineffective in the absence of a fluorocarbon surfactant due to the
      inherent high surface tension of water as compared with aromatic solvents
      of the type previously employed.
PAR  In the practice of the present invention, use can be made of a number of
      conventional resinous vehicles commonly employed in paint compositions.
      For example, one group of preferred resins are polyester resins which can
      be solubilized in water by means of ammonia or secondary and tertiary
      lower alkyl amines. One such resin which has been particularly well suited
      for use in the practice of the present invention is the alkyd resin
      marketed by Ashland Chemical Company under the trademark "AROLON 376".
      This resin is sold as a dispersion of 50% solids in water in combination
      with other volatile components, specifically t-butanol and the monobutyl
      ether of ethylene glycol. Resins of this type can be solubilized with
      ammonia or secondary and tertiary lower alkyl amines, such as
      trimethylamine, triethylamine, tripropylamine, diethylamine,
      dipropylamine, dibutylamine, etc.
PAR  Alternatively, use can also be made of water reducible resins. One such
      resin is "AROLON 465" marketed by Ashland Chemical Company. This
      particular resin system is marketed as a 70% solid dispersion in water and
      the monobutyl ether of ethylene glycol. In addition to alkyd resins and
      polyester resins, the vehicle employed in the practice of this invention
      may also be a polyacrylic acid resin which is similarly water reducible in
      the presence of ammonia or secondary and tertiary amines as described
      above. One suitable resin for this purpose is "AROLON 557" also marketed
      by Ashland Chemical Company.
PAR  The foregoing resinous vehicles all contain free carboxy groups and thus
      can be cross-linked with water soluble amine resin cross-linking agents.
      As the cross-linking agent, use can be made of a number of water-soluble
      amine resin cross-linking agents; preferred are low molecular weight
      melamine formaldehyde and urea formaldehyde resins. For example, use can
      be made as the cross-linking agent, of a methylated melamine formaldehyde
      resin marketed by American Cyanamid under the trademark "CYMEL 371". This
      resin system is marketed in the form of a dispersion of the resin in an
      alkanol solution, such as isobutanol or isopropanol. As is known to those
      skilled in the art, such cross-linking agents are capable of undergoing
      cross-linking with alkyd resins, polyester resins and polyacrylic acid
      resins such as those described above, without the necessity of employing a
      curing catalyst. The cross-linking agent may be alkylated although this is
      not essential to the practice of this invention. The effect of formulating
      the vehicle employed in the practice of this invention with one of the
      foregoing resins in combination with an amine resin cross-linking agent is
      to provide a vehicle capable of undergoing cure to provide a thermosetting
      coating having outstanding gloss and gloss retention.
PAR  The silicone resins employed in the practice of this invention are
      preferably high molecular weight silicone resins containing the disiloxane
      functional group
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each selected from the
      group consisting of alkyl containing 1 to 5 carbon atoms (e.g., methyl,
      ethyl, propyl, etc.), cycloalkyl containing 4 to 7 carbon atoms (e.g.,
      cyclobutyl, cyclopentyl, cyclohexyl, etc.), and phenol and substituted
      phenol groups. In general, the polysiloxane resins employed in the
      practice of this invention should have a molecular weight sufficiently
      hight to assure the formation of a pattern in the paint composition as it
      is applied to the desired substrate. For this purpose, the molecular
      weight of the polysiloxane resin should exceed 2000 and preferably 3000.
      Such silicone paint additives are themselves well known and commercially
      available. Preferred is the silicone resin marketed by Union Carbide as
      "S-70" which is a high molecular weight dimethyl silicone resin. Other
      resins can be employed, including Union Carbide resins S-30 and S-40, both
      of which are high molecular weight resin systems.
PAR  As used herein, the term "fluorocarbon surfactant" is intended to refer to
      and include organic surfactants containing a fluorocarbon chain having the
      formula
EQU  CF.sub.3 -- CF.sub.2 -- CF.sub.2 --
PAL  The fluorocarbon surfactant can be anionic, cationic, nonionic or
      amphoteric. For example, one suitable anionic surfactant is a
      fluoroalkylsodium sulfate surfactant which is anionic. Such fluorocarbon
      surfactants are well known to those skilled in the art and are
      commercially available. Included in such surfactants is the surfactant
      marketed by 3M Company as "FC-430", the fluorocarbon surfactant of DuPont
      marketed as "TLF-3141" and the "ZONYL" fluorocarbon surfactants of DuPont.
      Of the latter group, use can be made of a series of fluorocarbon
      surfactants including ZONYL FSA or ZONYL FSP, both of which are anionic
      surfactants, ZONYL FSN which is a nonionic fluorocarbon surfactant, and
      ZONYL FSB which is an amphoteric fluorocarbon surfactant.
PAR  The relative proportions of the paint composition of the present invention
      are not critical to the practice of this invention and can generally be
      varied within wide limits. When the cross-linking agent is employed in an
      amount within the range of 10 to 70% by weight, and preferably 25 to 50%
      by weight, based upon the weight of the polyester, ammonia or an aliphatic
      amine is employed to solubilize the resin in the aqueous dispersion and
      the amount of the ammonia or amine employed is preferably an amount
      sufficient to adjust the pH of the overall composition to within the range
      of 7.5 to 9.5. Generally, an amount of the ammonia or amine within the
      range of 0.1 to 5.0% by weight based upon the weight of the resinous
      vehicle is sufficient for this purpose.
PAR  The amount of the siloxane resin and the surfactant is generally based upon
      the amount of the resinous vehicle present. Best results are usually
      achieved when the composition of the invention contains 0.01 to 5.0% by
      weight of the silicone resin based upon the total solids of the
      composition, and the amount of the fluorosurfactant is within the range of
      0.05 to 5.0% by weight based upon the total solids of the paint
      composition. Water is employed to disperse the paint composition of this
      invention and the amount of water can be adjusted within wide limits to
      provide the desired solids content and viscosity. In general, it is
      preferred to employ water in an amount within the range of 10 to 90% by
      weight based upon the volume of the resin binder.
PAR  As will be understood by those skilled in the art, the paint composition of
      the present invention is also formulated to include the desired pigments.
      Any of a variety of conventional paint pigments may be used for this
      purpose, depending somewhat upon the intended use for the paint
      composition. Representative of such conventional paint pigment additives
      include aluminum flake pigments, phthalocyanine blue, benzidine yellow,
      and the like. The pigments should be employed in an amount sufficient to
      impart the desired coloration to the coating. Generally, the amount of
      pigment ranges from 5 to 60% by weight based upon the weight of the
      resinous vehicle present in the composition.
PAR  While not equivalent to the water-based paints as described above, it has
      been found that the paint compositions of the present invention can also
      be formulated with the so-called exempt solvent systems which are capable
      of of use free from air pollution regulation restrictions. As used herein,
      the term "exempt solvent systems" is intended to refer to and include
      aliphatic hydrocarbon solvents, such as mineral spirits, naphtha,
      commercially available liquid alkanes and the like aliphatic solvents in
      combination with alkanols containing 2 to 8 carbon atoms or esters
      prepared therefrom with lower aliphatic carboxylic acids, such as acetic
      acid, propionic acid, butyric acid, isobutyric acid, etc. In formulating
      paint compositions of the present invention with the foregoing exempt
      solvent systems, generally the same procedures and proportions as
      described above can be employed to provide a paint composition capable of
      providing a good texture or pattern finish.
DETD
PAR  Having described the basic concepts of the invention, reference is now made
      to the following examples which are provided by way of illustration, and
      not by way of limitation, of the practice of the invention.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of a water base composition
      embodying the features of the present invention.
PAR  A pre-mix of 2.5 g of an aluminum flake pigment (Alcoa 726) in 27 g of
      n-propanol is added to the following composition:
TBL  Butyl ether of ethylene glycol                                            

                            14.0      g                                        

     Alkyd resin - 50% solids                                                  

      (Arolon 376 - Ashland Chemical Co.)                                      

                            214.0     g                                        

     Methylated melamine-formaldehyde cross-                                   

      linking agent                                                            

      (Cymel 371 - American Cyanamid)                                          

                            54.5      g                                        

     Triethyl amine         4.0       g                                        

     Phthalocyanine Blue pigment dispersion                                    

                            21.0      g                                        

      in Arolon 376                                                            

     Water                  50.0      g                                        

PAR  For convenience, the pigment is dispersed in the vehicle. The resulting
      solution is agitated, and there is added 1.25 g (0.7% based on total
      solids) of a dimethylsiloxane resin (S-70 from Union Carbide) and 3.5 g g
      (2% based on total solids) of a fluoroalkyl sodium sulfate surfactant
      (TLF-3141 from DuPont).
PAR  After agitation, the resulting composition was sprayed on a steel panel and
      baked. An excellent hammertone pattern finish was obtained.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, a pre-mix of 7.5 g of aluminum
      flake pigment (Alcoa 726) in 13.5 g of n-propanol is added, with
      agitation, to the following:
TBL  Alkyd resin                                                               

      (Arolon 376 - 50% solids)                                                

                            107.5     g                                        

     Methylated melamine-formaldehyde                                          

      cross-linking agent (Cymel 371)                                          

                            27.0      g                                        

     Butyl ether of ethylene glycol                                            

                            7.0       g                                        

     Triethyl amine         2.0       g                                        

     Phthalocyanine Blue pigment dispersion                                    

                            55.0      g                                        

     Water                  25.0      g                                        

PAR  To the resulting mixture there is added 3.0 g of dimethyl siloxane resin
      (3% based on total solids) and 0.15 g (0.1% based on total solids) of a
      nonionic fluorocarbon surfactant Zonyl FSN by DuPont.
PAC  EXAMPLE 3
PAR  Using the same procedure and components as described in Example 2, a paint
      composition was formulated, except that the amount of Zonyl FSN, the
      nonionic fluorosurfactant, was increased to 1% by weight based upon the
      total solids content of the paint. On application to a metal substrate by
      spraying, an excellent pattern was obtained on the baked substrate.
PAC  EXAMPLE 4
PAR  Using the same procedure as described in Example 2, a paint composition was
      formulated except that the fluorocarbon surfactant was FC-430 marketed by
      3M Company. The fluorocarbon surfactant was employed in an amount of 1% by
      weight based upon the total solids content of the composition. Comparable
      results were obtained.
PAC  EXAMPLE 5
PAR  A pre-mix of 14 g of an aluminum flake pigment (Alcoa 726) dispersed in
      n-propanol (27 g) is added to a mixture of the following components with
      agitation:
TBL  Alkyd resin vehicle                                                       

      (Arolon 376)          214.5     g                                        

     Methylated melamine-formaldehyde resin                                    

      cross-linking agent                                                      

      (Cymel 371)           54.5      g                                        

     Monobutyl ether of ethylene glycol                                        

                            13.5      g                                        

     Triethyl amine         4.0       g                                        

     Magnesium silicate pigment                                                

                            21.0      g                                        

     Phthalocyanine Blue pigment dispersion                                    

                            21.0      g                                        

     Water                  50.0      g                                        

PAR  To the resulting mixture there is added 0.80 g (0.5% by weight based on the
      total solids) of dimethylpolysiloxane and 3.50 g of the fluorocarbon
      surfactant Zonyl FSN.
PAR  On application of the paint composition to a metal substrate and subsequent
      baking, an excellent pattern finish was obtained.
PAR  It is sometimes desirable to formulate the paint composition of the present
      invention such that the cross-linking reaction between the resinous
      vehicle and the amine resin cross-linking agent can take place at ambient
      temperatures. For this purpose, the paint composition can be, if desired,
      formulated with a catalyst capable of promoting the cross-linking
      reaction. Such catalysts are of themselves well known and are generally
      acid catalysts, preferably formed of a heavy metal salt of an organic
      acid, such as lead naphthenate, cobalt naphthenate, nickel naphthenate or
      the like. A composition embodying this concept of the invention is shown
      below.
PAC  EXAMPLE 6
PAR  A pre-mix of 7.50 g of an aluminum flake pigment (Alcoa 726) dispersed in
      13.5 g of n-propanol is added to the following composition:
TBL  Alkyd resin vehicle (Arolon 376)                                          

                            107.0     g                                        

     Triethylamine          1.07      g                                        

     Monobutyl ether of ethylene glycol                                        

                            7.0       g                                        

     Phthalocyanine Blue pigment dispersion                                    

                            55.0      g                                        

PAR  To the resulting mixture there is added 3.0 g of dimethylpolysiloxane, 0.17
      g of a nonionic fluorocarbon surfactant (Zonyl FSN) along with 0.6 g of
      lead naphthenate and 0.4 g of cobalt naphthenate. On application of the
      resulting paint composition to a metal substrate, a good pattern was
      obtained after air drying of the paint film.
PAC  EXAMPLE 7
PAR  This example illustrates the use of a polyester resin as the paint vehicle.
PAR  A premix of 5.0 g of aluminum flake pigment (Alcoa 726) in 15 g of
      n-propanol is blended with the following mixture:
TBL  Water reducible polyester resin                                           

      (Arolon 465)           80.0     g                                        

     Methylated melamine-formaldehyde cross-                                   

      linking agent (Cymel 371)                                                

                             27.0     g                                        

     Triethylamine           2.0                                               

     Monobutyl ether of ethylene glycol                                        

                             7.0                                               

     Phthalocyanine Blue pigment dispersion                                    

                             50.0                                              

     Water                   20.0                                              

PAR  To the resulting mixture there is added 3.0 g of the polysiloxene S-70 from
      Union Carbide and 1.75 g of Zonyl FSN. Comparable results are obtained.
PAC  EXAMPLE 8
PAR  This example illustrates the use of a water-reducible polyacrylic acid
      resin as the resinous vehicle in a composition of the present invention.
      Using the procedure described in Example 1, a paint composition is
      formulated of the following:
TBL  Aluminum flake pigment 7.5       g                                        

     n-Propanol             15.0      g                                        

     Polyacrylic acid resin                                                    

      (Synthemul 90-588 of Reichhold                                           

      Chemicals)            90.0      g                                        

     Methylated melamine-formaldehyde                                          

      cross-linking agent (Cymel 371)                                          

                            30.0      g                                        

     Triethylamine          7.0       g                                        

     Monobutyl ether of ethylene glycol                                        

                            10.0      g                                        

     Phthalocyanine Blue pigment dispersion                                    

                            50.0      g                                        

     Dimethyl siloxane      3.0       g                                        

     Fluorocarbon surfactant (Zonyl FSN)                                       

                            1.5       g                                        

     Water                  100.0     g                                        

PAR  After the mixture is agitated for about 5 minutes, the paint is sprayed on
      a steel panel and baked for 10 minutes at 350.degree.F. A good pattern was
      obtained.
PAC  EXAMPLE 9
PAR  This example illustrates the formulation of a paint composition of the
      present invention in an exempt solvent system.
PAR  A premix of 7.5 g of an aluminum pigment (Aluminum Paste MD 588 from Alcan
      Metals) in 15 g of the monobutyl ether of ethylene glycol is added with
      stirring to a solution of 200 g of an alkyd resin 12-654 of Reichhold
      Chemicals, 40 g of a urea-formaldehyde resin U-963 from Monsanto, 30 g of
      n-butanol and 32 g of monobutyl ether of ethylene glycol. Thereafter, 5 g
      of a 25% solution of dimethyl siloxane (S-70 from Union Carbide) in xylol
      is added, followed by 1 g of fluorocarbon surfactant Zonyl FSN. On
      application to a steel panel, an attractive pattern finish was obtained
      and dried.
PAR  While the foregoing example embodies a small amount of an aromatic solvent
      system in the form of xylol, the amount of the xylol present is
      sufficiently low as to comply with current air pollution standards.
      Generally, if an aromatic solvent is embodied in the composition of this
      invention, it should be employed in an amount of less than 10% in order to
      insure the absence of photochemical reactants.
PAR  It will be understood that various changes and modifications in the details
      of procedure, formulation and use may be made without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A resinous composition for producing a pattern paint consisting
      essentially of an aqueous dispersion of (1) a water reducible resinous
      vehicle in which the resin is selected from the group consisting of a
      polyester resin containing carboxyl groups and a polyacrylic acid resin,
      (2) an amine-aldehyde or amide-aldehyde resin cross-linking agent for the
      resinous vehicle, (3) a fluorocarbon surfactant containing a group of the
      formula CF.sub.3 --CF.sub.2 --CF.sub.2 -- and (4) a polysiloxane resin
      having an average molecular weight of at least 2,000.
NUM  2.
PAR  2. A composition as defined in claim 1 wherein the resinous vehicle is
      dispersable in water with a base added to the composition, said base being
      selected from the group consisting of ammonia and secondary or tertiary
      lower alkyl amines.
NUM  3.
PAR  3. A composition as defined in claim 2 wherein the base is present in an
      amount sufficient to adjust the pH of the composition to within the range
      of 7.5 to 9.5.
NUM  4.
PAR  4. A composition as defined in claim 1 wherein the cross-linking agent is
      selected from the group consisting of a melamine-formaldehyde resin, a
      urea-formaldehyde resin and alkylated derivatives thereof.
NUM  5.
PAR  5. A composition as defined in claim 1 which also includes a catalyst to
      promote the cross-linking of the resinous vehicle by the cross-linking
      agent.
NUM  6.
PAR  6. A composition as defined in claim 1 wherein the cross-linking agent is
      water-soluble methylated melamineformaldehyde resin.
NUM  7.
PAR  7. A composition as defined in claim 1 wherein the cross-linking agent is
      present in an amount within the range of 10 to 70% by weight based upon
      the weight of the resinous vehicle.
NUM  8.
PAR  8. A composition as defined in claim 1 wherein the fluorocarbon surfactant
      is present in an amount within the range of 0.05 to 5.0% by weight based
      upon the total solids content of the composition.
NUM  9.
PAR  9. A composition as defined in claim 1 wherein the polysiloxane resin is
      present in an amount within the range of 0.01 to 5.0% by weight based upon
      the total solids content of the composition.
NUM  10.
PAR  10. A pattern paint composition comprising the resinous composition as
      defined by claim 1 and at least one pigment.
NUM  11.
PAR  11. A pattern paint composition consisting essentially of an aqueous
      dispersion of (1) a water reducible resinous vehicle in which the resin is
      selected from the group consisting of a polyester resin containing
      carboxyl groups and a polyacrylic acid resin, (2) an amine-aldehyde or
      amide-aldehyde resin cross-linking agent for the resinous vehicle, (3) a
      fluorocarbon surfactant containing a group of the formula CF.sub.3
      --CF.sub.2 --CF.sub.2 --, (4) a polysiloxane resin having an average
      molecular weight of at least 2,000 and (5) at least one pigment.
PATN
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TTL  Recovery and recycle of latex produced in used aqueous suspension medium
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ABST
PAL  Unreacted monomer in the water phase resulting from a suspension
      polymerization is polymerized to form a latex, as by the addition of an
      initiator to the water phase, in continued presence of the organic phase,
      thus removing from the organic phase, and therefore from the product,
      unreacted monomer into the water phase and therein also polymerizing the
      so removed monomer. The latex so obtained is recycled to the system as at
      least a portion of the aqueous phase for an ensuing polymerizable
      formulation. The polymer in the recycled latex becomes incorporated in the
      polymer generated in said ensuing polymerization. The invention is
      especially suited to the suspension process for producing ABS type
      products, affording considerably improved and simplified separation of
      unreacted monomer from the polymer product and conversion of said
      unreacted monomer to additional polymer avoiding expensive monomer
      recovery systems.
BSUM
PAR  This invention relates to the production of polymers. In one of its
      aspects, the invention relates to a suspension polymerization operation in
      which organic monomers are polymerized in an aqueous suspension
      polymerization system. In a specific aspect, the invention is concerned
      with the separation of unreacted monomers from polymer formed in a
      suspension polymerization system. In another specific aspect, the
      invention is directed to economical recovery and use of said monomers.
PAR  In one of its concepts, the invention provides a process for the production
      of polymers in an aqueous suspension polymerization system wherein
      unreacted monomer resulting upon self-termination of the principal
      polymerization is polymerized in the aqueous phase in presence of the
      originally formed polymer product forming a latex which is then used in an
      ensuing polymerization step. In another of its concepts, the invention
      provides such a process in which a water-soluble initiator is added to
      promote the formation of the polymer latex.
PAR  In the production of ABS type polymers employing acrylonitrile and styrene
      in aqueous suspension systems, the polymerizations characteristically
      terminate spontaneously with about 5 to 20 percent of the monomer
      remaining unreacted. (The term "ABS" can be defined as that family of
      graft copolymers which is formed by polymerizing acrylonitrile with
      styrene in the presence of a butadiene-containing polymer.) The unreacted
      monomer is found partially in the aqueous phase but mainly is in the
      organic phase. Prior to this invention the unreacted monomer in the
      organic phase has presented a difficult separation problem in product
      purification and also a loss of monomer through incomplete conversion.
      Recovery of the portion of the monomer present in the organic phase
      through recycle is an expensive, multistep process although the portion of
      the monomer in the aqueous phase might be recycled simply by recycling the
      aqueous phase as such.
PAR  We have conceived that converting the monomer in the aqueous phase or
      suspension medium to a latex before removal of the product-containing
      organic phase will cause diffusion from the organic phase to the aqueous
      phase of additional unreacted monomer which is then polymerized to form
      additional latex. This latex-containing suspension medium is then
      separated and recycled or otherwise used as part of an aqueous phase for
      further polymerization wherein the polymer content of the latex will be
      absorbed in a subsequently employed organic phase. This process obviates
      the problem of separating the unreacted monomer from the polymer and
      prevents the loss of this monomer without requiring expensive monomer
      recovery steps.
PAR  It is an object of this invention to provide a process for the production
      of polymers. It is another object of this invention to provide a process
      for the suspension polymerization of monomers. It is a further object of
      this invention to provide a polymerization process in which the
      unconverted monomer is a polymer product is recovered. A still further
      object of the invention is to provide a process in which expensive
      recovery of unreacted monomer present in a polymer product is avoided.
PAR  Other aspects, objects and the several advantages of the invention are
      apparent from a study of this disclosure and the appended claims.
PAR  According to the present invention, unreacted monomer in the aqueous phase
      and in the polymer product resulting from a suspension polymerization is
      converted to a polymer latex with a subsequent recycling of the latex as
      at least a portion of the aqueous phase present in a following
      polymerization formulation, the conversion of polymerization of the
      unreacted monomer being effected in the aqueous phase into which unreacted
      monomer, with polymer in the organic phase, is drawn as polymerization in
      the aqueous phase ensues. The polymer contained in the recycled latex is
      thusly imbibed in the monomer phase of said following polymerization
      formulation and contributes to the polymer produced. Also according to the
      present invention batch-wise operation is now preferred as later described
      because it yields a clear serum on polymerization reducing virtually
      completely all loss of monomer in the serum.
PAR  A water-soluble initiator can be added to the aqueous phase to promote the
      formation of the polymer latex in this process.
PAR  The invention prevents the loss of monomer, obviates complex monomer
      separation and recovery operations and therefore increase yields while
      actually reducing operation costs and yielding a readily obtained,
      improved product polymer.
PAR  The process is especially applicable to the production of ABS type resins.
      The invention is also applicable, broadly, to other monomers that can
      polymerize under suspension conditions, e.g., styrene, vinyl chloride,
      methyl methacrylate, and the like.
PAR  Indeed, the present invention is widely applicable as one skilled in the
      art having possession of this disclosure and having studied the same will
      realize.
PAR  In view of the wide applicability of the invention, it will be undersstood
      that the products made in accordance with the instant invention will have
      a wide range of end uses, e.g., as containers, housewares, pipes,
      appliance cabinets, and the like. The properties of the products of the
      present invention are not significantly or appreciably different from
      those made without its application in the formation of said products.
PAR  The process of the invention will be described primarily by its application
      to ABS systems in which an unsaturated elastomer is dissolved in at least
      one vinylidene group containing monomer to form a solution, preferably in
      at least two such monomers of which one is a nitrile. The
      rubber-in-monomer solution or cement thus obtained is then suspended in
      water and polymerized with a free radical generating initiator such as
      peroxy compound or an azo compound preferably under conditions such that
      the elastomeric content is maintained essentially gel-free. After the
      polymerization reaction has been effected to a desired extent or has
      stopped as herein discussed, the monomer present in the water phase is
      polymerized to form a latex, preferably while all of the polymer product,
      which has just been produced, remains therein. This polymerization to form
      a latex is facilitated through the use of added water-soluble initiators
      with the result that said monomer is better converted to polymer latex. It
      is latex, formed as described, which is used in an ensuing reaction to
      produce additional product, when, according to the invention, the
      suspension medium is used in an ensuing polymerization. This latex
      contains not only the now polymerized, unreacted monomer of the aqueous
      phase, but also that the polymer product in the organic phase.
PAR  The unsaturated elastomers which are applicable can be characterized as
      those rubbery polymers having at least enough unsaturation to be
      vulcanizable. The unsaturated elastomers include both natural rubbers and
      synthetic polymers. The polymers include polymers sof conjugated dienes
      such as those containing 4 to 12 carbon atoms per molecule, preferably
      those of 4 to 8 carbon atoms per molecule. Examples of these monomers are:
      1,3-butadiene, isoprene, piperylene, 2,3-dimethyl-1,3-butadiene,
      1,3-octadiene, 4,5-diethyl-1,3-octadiene, and the like. These conjugated
      dienes can be polymerized to form homopolymers or copolymerized one with
      another. Conjugated diene polymers as a class also include copolymers
      formed by polymerizing one or more conjugated dienes with one or more
      copolymerizable monovinyl-substituted aromatic compounds or monomers, such
      as those of 8 to 20, preferably 8 to 12, carbon atoms per molecule,
      including styrene, various of the alkyl styrenes, such as ethyl styrene,
      halostyrenes such as 2,3-dichlorostryrene; and other such polymerizable
      ethylenically unsaturated monomers such as the nitriles such as
      acrylonitrile and methacrylonitrile. Exemplary of the unsaturated
      elastomers are cis-polybutadiene, emulsion polybutadiene, vinyl
      polybutadiene, cis-polyisoprene, natural rubber, GRS rubber,
      butadiene/styrene copolymers of both random and block monomer distribution
      emulsion or solution polymerized, butadiene/acrylonitrile copolymers,
      ethylene/propylene/diene terpolymers (EPDM), partially hydrogenated
      polybutadiene or butadiene/styrene copolymers, and the like. Two or more
      unsaturated vulcanizable rubbers can be used, if desired, in forming the
      rubber-in-monomer cement.
PAR  The vinylidene group containing monomers where are applicable include those
      which are polymerizable in the presence of the above-described elastomers
      can be at least partially grafted to at least one elastomer dissolved in a
      monomer. Thus, the vinylidene group containing monomers include
      vinyl-substituted aromatic compounds, alpha,beta-unsaturated nitriles,
      esters of acrylic acid, esters of alkacylic acid, and vinyl esters such as
      vinyl acetate, vinyl butyrate, and the like. The number of carbon atoms
      per molecule can range from 3 to about 30 carbon atoms per monomer
      molecule, presently preferred are monomers having up to 18 carbon atoms
      per molecule, more preferably up to about 12 carbon atoms per molecule.
      These monomers include, for example, the presently preferred styrene,
      acrylonitrile, and methacrylonitrile; as well as alpha-methylstyrene,
      methylmethacrylate, 4-vinylbiphenyl, 2-vinylnaphthalene, and the like.
      Another group of useful monomers are the maleninimides, olefinically
      unsaturated heterocyclic compounds polymerizable through the olefinic
      unsaturation. Any related monomer such as the dialkyl maleates or
      fumarates also is useful within the context of our invention. Mixture of
      monomers can be employed. In this invention, the unsaturated elastomer is
      dissolved in the vinylidene group containing monomer or monomers. The
      amount of elastomer so dissolved can be of any broad range suitable or
      desired depending on the particular elastomer or monomer characteristics.
      For commercial convenience in handling in suspension polymerization
      processes, a range of about 5 to 40 percent by weight based on the
      combined weight of elastomer and monomers presently is considered most
      convenient. Presently preferred are the use of mixtures of monomers
      wherein a vinylidene nitrile-containing monomer is one component thereof
      and constitutes in admixture up to about 95 weight percent of the monomer
      mixture. Especially useful products are obtained by the use of
      styrene/acrylonitrile mixtures containing up to about 50, preferably about
      20 to 40, parts by weight of acrylonitrile per 100 parts of monomer
      mixture.
PAR  The rubber-in-monomer solution or cement is placed in a suspension
      polymerization system with water as the continuous phase. The solution of
      elastomer in the grafting monomer is stirred in the suspension system in
      the presence of polymerization initiators, water, suspending agents, and,
      where desired, additionally with molecular weight regulators, all as known
      in the art.
PAR  Although the polymerization reaction may proceed thermally, it is
      preferable to incorporate a free-radical generating initiator. Initiators
      useful in the context of this invention include the monomer-soluble
      organic peroxides and the azo compounds, examples of which include
      monomer-soluble di-t-butylperoxide, benzoyl peroxide, oleyl peroxide,
      toluyl peroxide, t-butyl peracetate, t-butyl perbenzoate, dicumyl
      peroxide, t-butyl peroxide, 2,5-dimethyl-2,5-di(t-butylpheroxy)hexane,
      2,5-dimethyl-2,5-di(t-butylperoxy)-hexyne-3, t-butyl hydroperoxide, cumene
      hydroperoxide, p-menthane hydroperoxide, cyclopentane hydroperoxide,
      diisopropylbenzenne hydroperoxide, p-t-butylcumene hydroperiode, pinene
      hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide, and the like, and
      mixtures thereof, as well as any of the monomer-soluble azo initiators
      useful in suspension polymerization systems, such as
      2,2'-azobis[2-methylpropionitrile], and the like.
PAR  Suspending agents employed include finely divided inorganic solids such as
      titanium dioxide, tricalcium phosphate, and the like, which can be formed
      separately and added to the suspension system, or preferably can be formed
      in situ for most effective and useful results as a most uniformly finely
      divided suspending agent.
PAR  Water-soluble initiators can be employed to facilitate conversion to
      polymer latex of the monomers present in the aqueous phase. Examples of
      such include oxygen, hydrogen peroxide, 2,2'-azobis[2-methylpropioamidine]
      hydrochloride, persulfate/bisulfite or sulfite or thiosulfate couples
      (e.g., potassium persulfate/sodium bisulfite, sodium persulfate/sodium
      sulfite, ammonium persulfate/potassium thiosulfate), metal ion/peroxide
      systems (e.g., ferrous ion/hydrogen peroxide), and the like.
PAR  Chain transfer agents can be added, if desired, to the polymerization
      mixture for molecular weight control of the polymer. Chain transfer agents
      include the normal or tertiary alkyl mercaptans having from 4 to 16 carbon
      atoms per molecule such as t-dodecyl mercaptan and n-dodecyl mercaptan.
      Other useful agents include other mercaptans, the lower alkyl xanthogens,
      such as diisopropyl xanthogen; alpha-bromoethylbenzene;
      alpha-chloroethylbenzene; carbon tetrabromide; alpha-methylstyrene dimer;
      and the like. Such modifiers can be added in an amount sufficient for
      effect desired and typically in about 0.4 to 1.5 weight percent of the
      monomer-elastomer.
PAR  The amount of water employed in the suspenion polmerization can vary widely
      depending on the reactor employed, agitation means, and the like. It is
      presently preferred to employ sufficient water such that the final
      suspension mixture contains from about 20 to 60 percent by weight of
      monomer-elastomer based on the total weight of the entire mixture
      including water. The time employed for polymerization is that sufficient
      for the conversion desired, and can vary over a wide range. Time varies,
      depending on other reaction parameters such as on the temperature chosen,
      and can range from a very few minutes to such as 48 hours or more,
      preferably from 2 to 16 hours. The temperature employed in the suspension
      polymerization is at least sufficient to induce decomposition of the free
      radical initiator, and preferably below that which would cause gel
      formation in the elastomeric component. A suitable temperature range is
      from about 50.degree. to about 150.degree.C.
PAR  Ranges of time and temperature for use of water soluble initiators in
      accordance with out invention are: 30.degree.-150.degree.C and 5
      minutes-48 hours; preferably 50.degree.-120.degree.C and 15 minutes-1
      hour, respectively.
PAR  At the end of the suspension polymerization reaction, stirring is ceased,
      and the polymeric product in the form of small beads is allowed to settle.
      Water washing is normally employed to separate the beads from the polymer
      latex/water phase. Water washing is not a necessity, however, it is
      preferable to remove the minor amounts of calcium phosphate or other
      suspending agent present and any residual amounts of polymer latex by
      water washing the beads before drying.
PAR  Polymer stabilizers, e.g., antioxidants, can be added either before or
      after polymerization. The polymers can be compounded with a wide variety
      of fillers, plasticizers, pigments, reinforcing fibers, and the like for
      various purposes.
DETD
PAC  EXAMPLE I
PAR  A control run was made in which a polymer latex was generated. The latex
      was not recycled. The run was made under simulated adiabatic conditions to
      approximate plant reactor conditions. The latex here discussed is that
      extant after the product resin or polymer has been removed from the
      suspension medium.
PAR  A commercially available butandiene/styrene rubbery block copolymer was
      dissolved in a mixture of styrene and acrylonitrile and polymerization was
      carried out under suspension polymerization conditions.
TBL  PREPARATION OF POLYMER SOLUTION (A):                                      

                               Parts                                           

                               by Weight                                       

     ______________________________________                                    

     Butadiene/styrene 75/25 block copolymer.sup.(a)                           

                               15                                              

     Styrene/acrylonitrile 70/30                                               

                               85                                              

     Sulfole 120*.sup.(b)      0.5                                             

     t-Butyl peroctoate        0.4                                             

     Dicumyl peroxide          0.1                                             

     2,6-Di-t-butyl-4-methylphenol                                             

                               0.2                                             

     Tris(nonylphenyl) phosphite                                               

                               0.46                                            

     Dilaurylthiodipropionate  0.33                                            

      .sup.(a) A butadiene/styrene (75/25) block copolymer having about 18     

      percent block polystyrene and a Mooney viscosity ML-4 at 212.degree.F AST

      D 1646-63 of about 47, commercially available as Solprene* 1205 from     

      Phillips Petroleum Company.                                              

      .sup.(b) t-Dodecyl mercaptan available from Phillips Petroleum Company.  

      *Trademark                                                               

TBL  PREPARATION OF SUSPENSION AGENT DISPERSION (B):                           

                        Parts by Weight                                        

     ______________________________________                                    

     Water              100                                                    

     Phosphoric acid (85%)                                                     

                        0.744                                                  

     Calcium hydroxide  0.738                                                  

     Cascoloid ST-56.sup.(a)                                                   

                        0.01                                                   

     ______________________________________                                    

      .sup.(a) A casein derivative (Borden Chemical Co.)                       

      *Trademark                                                               

PAR  In accordance with the above recipes, polymer solution (A) was made by
      adding the solid polymer cut into small pieces to the
      styrene/acrylonitrile mixture and allowing the combination to stand until
      the polymer dissolved. The other ingredients of the polymer solution were
      then added. In making up the suspension agent dispersion (B), phosphoric
      acid was added at room temperature in dilute solution to a stirred
      suspension of calcium hydroxide and then Cascoloid ST-56 was added.
PAR  For the polymerization, 612 g of the polymer solution (A) and 609 g of the
      suspension agent dispersion (B) were combined and agitated at 80.degree.C
      for 0.5 hours. The polymerization temperature was then progressively
      raised by 10.degree.C increments each 0.5 hour, to simulate adiabatic type
      operation at plant scale, such that the time/temperature relationship was
      0.5 hour/80.degree.C, 0.5 hour/90.degree.C, 0.5 hour/100.degree.C, 0.5
      hour/110.degree./C, and 0.083 hour/120.degree.C. At this point, according
      to the present invention, potassium persulfate (2.16 g) and sodium
      bisulfite (0.06 g) were added and the polymerization was continued at
      120.degree.C for an additional 0.5 hour.
PAR  This additional half-hour polymerized the unreacted monomer in the aqueous
      phase and unreacted monomer coming from the oil or organic phase into the
      aqeuous phase as monomer in the aqueous phase polymerized.
PAR  The polymer beads were separated from the polymer latex and washed
      combining the washings with the latex to result in about 4 liters of an
      approximately one percent solids polymer latex.
PAR  This four liters of latex now contained as said one percent solids, solids
      resulting from the polymerization of the unreacted monomer in the aqueous
      and organic phases in presence of each other, according to the invention.
PAR  The yield of polymer in bead form was 548.5 g. (87.7 percent conversion).
PAC  EXAMPLE II
PAR  Four relates runs, made under isothermal conditions, employed a polymer
      solution (A) made in accordance with the polymer solution recipe of
      Example I. The suspension agent dispersion (B) was made up according to
      the following recipe following the procedure given above in Example I.
TBL  PREPARATION OF SUSPENSION AGENT DISPERSION (B):                           

                      Parts by Weight                                          

     ______________________________________                                    

     Water              300                                                    

     Phosphoric acid (85%)                                                     

                        1.488                                                  

     Calcium hydroxide  1.476                                                  

     Cascoloid ST-56.sup.(a)                                                   

                        0.02                                                   

     ______________________________________                                    

      .sup.(a) A casein derivative (Borden Chemical Co.).                      

PAR  Four comparative runs, 1, 2, 3, and 4, were conducted. In each the reaction
      mass was agitated at about 80.degree.C for 8 hours in a batch reactor. In
      each there was added to the reactor 52 grams of polymer solution (A) of
      Example I, and 75.75 g (75 ml) of suspension agent dispersion (B),
      together with 75 ml of the latex produced in Example I (Run 1) and various
      mixtures of this latex and water (Runs 2 and 3), and no latex but only
      water (Run 4).
TBL                TABLE I                                                     

     ______________________________________                                    

          Latex,   Water,   Polymer Re-                                        

                                       Effective                               

     Run  ml.      ml.      covered, g.                                        

                                       Conversion, %*                          

     ______________________________________                                    

     1    75       0.0      48.6       91.3                                    

     2    37.5     37.5     48.1       91.1                                    

     3    12.5     62.5     47.5       90.4                                    

     4    0.0      75       45.5       86.0                                    

     ______________________________________                                    

      *These values are the sum of the contributions from the polymer solution 

      and from the latex that was charged.                                     

PAR  Run 4 (86.0% conversion) and Example I (87.7% conversion) are control runs
      made without the inventive benefit of recycled polymer latex. Run 1 (91.3%
      conversion) reflects the benefit in improved conversionthat accrues from
      the invention.
PAR  It is readily apparent from the above cited effective conversion values
      that the utilization of monomer is significantly improved by converting
      monomer in the water containing phase to a latex with the recovery of the
      polymer from that latex through recycling it to a subsequent run.
PAR  One skilled in the art can supply the particular elastomer, monomer,
      suspension medium, conditions including time, temperatures proportions and
      other physical conditions, as well as catalyst or other chemical
      conditions for the formation of the primary product as well as the
      formation of the latex which, according to this invention, is used as at
      least a part of an ensuing polymerization suspension medium.
PAR  The process of the invention can be carried out on either a batch or a
      continuous basis. A continuous operation can be conducted wherein flow
      conditions are maintained such that, downstream of the zone in which
      polymerization occurs in the organic phase, a water soluble initiator is
      introduced. The result is the formation of a polymer latex as discussed
      above. Further downstream a separation is made, as by filtration, to
      divide the polymer beads from the polymer latex with subsequent recycle of
      said polymer latex for use as at least a part of the aqueous phase charged
      upstream of the aforementioned zone wherein occurs polymerization in the
      organic phase.
PAR  In the prior art monomer can be recovered from the polymer in two basic
      ways, steam distillation of polymer beads added to water and applying
      reduced pressure to molten polymer. This is a progressive time-consuming
      process since monomer in the beads must migrate therefrom into the water
      phase before it will be steam distilled when steam distilling is employed.
      Depending on the bead sizes and other conditions these procedures can
      require, say, an hour and even much more time, especially if good recovery
      of monomer is desired. Clearly, when vacuum distilling is employed as when
      passing molten polymer through a reduced pressure zone in an extruder,
      essentially the procedure is one of vacuum drying and this, too, is
      time-consuming and quite costly.
PAR  Alternatively, in the prior art, the monomer in the water phase is
      polymerized with the subsequent removal of resulting polymer as by
      filtration and the remaining water is then recycled. In operations in
      which the monomer is removed as such from the water phase, said monomer
      can be recycled but only after expensive purification necessitated by the
      usual event that impurities have become included into said recovered
      monomer.
PAR  The present invention obviates much, if not all, of this expenditure of
      time and money.
PAR  The initiator used to polymerize the unreacted monomer in the aqueous phase
      can be any material or agent which will cause the polymerization to occur.
      Such initiator, if a substance, normally or usually will not be readily
      soluble in the organic phase and will be different from that used in the
      original polymerization.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims to the invention, the essence
      of which is that in a suspension polymerization, as herein described,
      desirable material and/or monomer is recovered by subjecting the aqueous
      suspension medium to polymerization conditions to form in said medium a
      polymer latex, preferably in the presence of the original polymer product,
      whereupon the medium is used at least in part in an ensuing polymerization
      to form additional primary or desired product.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the aqueous suspension graft polymerization in which at least one
      unsaturated elastomer and at least one vinylidene group containing monomer
      are reacted to form a polymerization product mixture comprising a graft
      polymer phase and an aqueous phase, the improvement comprising converting
      the unreacted monomers remaining in either phase after the suspension
      polymerization is complete to a polymer latex by adding to said product
      mixture a water-soluble polymerization initiator, then subjecting said
      product mixture to polymerization conditions which will cause the
      unreacted monomers to polymerize in the aqueous phase in response to said
      initiator to form a latex, separating the polymer latex from the graft
      polymer phase, the reaction conditons employed in both the suspension
      polymerization and the polymerization of the unreacted monomers being
      selected to that substantial amounts of gel are not formed, and using the
      polymer latex as at least a portion of the suspension medium for an
      ensuing aqueous suspension graft polymerization in which at least one
      unsataurated elastomer is grafted with at least one vinylidene group
      containing monomer.
NUM  2.
PAR  2. A process according to claim 1 wherein the resulting polymer latex is
      recycled to the original polymerization zone for said ensuing
      polymerization.
NUM  3.
PAR  3. A process according to claim 1 wherein an ABS type polymer is being
      produced in the original polymerization.
NUM  4.
PAR  4. A process according to claim 1 wherein the ensuing polymerization is
      conducted batchwise.
NUM  5.
PAR  5. The process of claim 1 wherein a monomer soluble initiator is used in
      forming the graft polymer phase.
NUM  6.
PAR  6. The process of claim 1 wherein the water soluble initiator is a
      persulfate bisulfite couple.
NUM  7.
PAR  7. The process according to claim 1 wherein the aqueous suspension is
      butadiene/styrene rubbery block copolymer dissolved in styrene and
      acrylonitrile.
NUM  8.
PAR  8. The process according to claim 1 wherein the monomers used in the
      ensuing aqueous suspension graft polymerization are identical to those
      used in the initial graft polymerization.
NUM  9.
PAR  9. In the aqueous suspension graft polymerization in which at least one
      unsaturated elastomer and at least one vinylidene group containing monomer
      are reacted to form a polymerization product mixture comprising a graft
      polymer phase and an aqueous phase, the method of removing the unreacted
      monomer remaining in the graft polymer after the suspension polymerization
      is complete comprising adding to said product mixture a water-soluble
      polymerization initiator, and then subjecting said product mixture to
      polymerization conditions which will cause the unreacted monomers to
      polymerize in the aqueous phase sin response to said intiator to form a
      latex the reaction conditions employed in both the suspension
      polymerization and the polymerization of the unreacted monomers being
      selected so that substantial amounts of gel are not formed.
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ABST
PAL  Self-extinguishing polymer compositions are prepared by the intimate
      admixture of an ordinarily flammable polymer substrate, which may be in
      the form of an aqueous solution, suspension or most preferably, an
      emulsion, with an aqueous emulsion or latex of a copolymer of a halogen
      containing ethylenically unsaturated monomer, such as a vinyl halide, and
      a phosphorus containing vinyl monomer, particularly a bis (hydrocarbyl)
      vinylphosphonate. The thus modified polymers display a high degree of
      flame retardance and are useful in a variety of applications including,
      for example, as coatings, adhesives, binders, impregnants, laminants and
      paint bases.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of the now abandoned application Ser. No. 160,905
      filed July 8, 1971 and a continuation-in-part of abandoned application
      Ser. No. 49,204, filed June 23, 1970.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Copolymers of halogen containing ethylenically unsaturated monomers, such
      as the vinyl halides, are often prepared as aqueous latices or emulsions
      in which form they may be conveniently used as coatings, adhesives, paint
      bases and in various other types of applications. In many instances,
      particularly where they are being considered for use in building interiors
      or in use requiring their prolonged exposure to high temperatures, it is
      highly desirable and advantageous that these vinyl halide copolymer
      latices should display enhanced fire or flame retardant properties so that
      they may be safely employed in place of more costly materials.
PAR  Prior attempts to provide fire retardant, film forming vinyl halide polymer
      latices have involved the preparation of various polymeric compositions
      including copolymer latices of vinyl halides and the alkyl acrylate
      esters, copolymer latices of vinyl halides and vinylidene chloride and
      polyvinyl halide latices containing an extraneously added phosphate ester
      plasticizer. However, none of the latter approaches has proven to be
      completely satisfactory as the resulting products are found, in many
      cases, to be lacking sufficient fire retardancy, exceedingly soft, lacking
      in mechanical stability, readily degradable by ultra-violet radiation or
      subject to the gradual loss of their extraneously added phosphate
      plasticizers.
PAR  Thus, it is the prime object of this invention to provide novel, fire
      retardant vinyl halide copolymer latices which may be used in a variety of
      coating, binding, and laminating applications and which are characterized
      by their essentially complete freedom from the various disadvantageous
      properties heretofore associated with this type of product. It is a
      further object of this invention to provide a novel class of copolymers in
      the form of aqueous emulsions or latices which are particularly useful, as
      additives, for preparing fire retardant, polymer compositions which are in
      the form of aqueous solutions, suspensions or, most preferably, emulsions.
      Various other objects and advantages of this invention will be apparent
      from the disclosure thereof which follows hereinafter.
PAC  TECHNICAL DISCLOSURE OF THE INVENTION
PAR  It its broadest aspect, this invention resides in the discovery that
      ordinarily flammable polymers, particularly polymers in the form of
      aqueous solutions, suspension or, most preferably, emulsions, may be
      rendered fire retardant by the incorporation, therein, of novel additives
      comprising copolymers of: (1) one or more halogen containing vinyl
      momoners with (2) one or more pnosphorus containing vinyl monomers as
      hereinafter defined, these copolymers being in the form of particles in an
      aqueous emulsion or latex. More particularly, it has now been discovered
      that the use of aqueous emulsion copolymers of one or more halogen
      containing vinyl monomers with one or more bis(hydrocarbyl)
      vinylphosphonates provides the thus modified polymers with a high degree
      of fire retardance without resulting in any serious deleterious effects
      upon any of their significant physical properties. Moreover, it is truly
      surprising and advantageous to find that the polymer blends resulting from
      the process of this invention, particularly those blends which are in the
      form of an aqueous emulsion or latex system, display an outstanding degree
      of compatibility since, as is well known to thse skilled in the art,
      physical blends of two or more polymers are almost always characterized by
      their inherently poor compatibility.
PAR  The novel copolymers suitable for use as fire retardant additives for
      ordinarily flammable polymer substrates in the process of this invention
      comprise aqueous emulsion or latex copolymers of:
PAR  1. One or more halogen containing, alpha, beta-ethylenically unsaturated,
      i.e. vinyl; monomers including vinyl halides such, for example, as vinyl
      chloride, vinyl fluoride and vinyl bromide; halogenated C.sub.1 -C.sub.12
      alkyl acrylates and methacrylates such, for example, as methyl
      alpha-chloroacrylate and methyl alpha-bromoacrylate; vinylidene halides
      such, for example, as vinylidene chloride, vinylidene bromide, vinylidene
      chlorobromide and vinylidene fluoride; halo-substituted nitriles of
      ethylenically unsaturated carboxylic acids such, for example, as
      alpha-chloroacrylonitrile; and the chlorinated styrenes such, for example,
      as alpha-chlorostyrene, o-chlorostyrene, m-chlorostyrene, p-chlorostyrene,
      and 2,4-dichlorostyrene; and
PAR  2. one or more bis(hydrocarbyl) vinylphosphonates having the structure:
      ##EQU1##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl such as phenyl, C.sub.1 -C.sub.18 alkyl and
      ##EQU2##
      wherein R and R' are hydrocarbyl and substituted hydrocarbyl groups
      consisting essentially of hydrogen and carbon and containing up to about
      18 carbon atoms inclusive with the proviso that R and R' may be the same,
      different or conjoint, i.e. R and R' may form one single radical.
PAR  The use, in this disclosure, of the expression "hydrocarbyl" and
      "substituted hydrocarbyl groups" refers to the radicals obtained upon the
      removal of a hydrogen from a hydrocarbon or substituted hydrocarbon group
      which may be either an aliphatic or aromatic group. These hydrocarbyl
      groups may be substituted with any non-interfering groups, i.e. with any
      group which does not interfere with the polymerization of the
      bis-(hydrocarbyl) vinylphosphonate. Such substituent groups include, for
      example, chloro, bromo, fluoro, nitro, hydroxy, sulfone, ethoxy, methoxy,
      nitrile, ether, ester and keto groups and the like.
PAR  Illustrative of such aliphatic groups as are represented by R and R' are
      alkyl groups, such as methyl, ethyl, propyl, butyl, pentyl, hexyl, nonyl,
      pentenyl, and hexenyl groups and all of their respective isomers;
      cycloalkyl groups, such as cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl and cyclohexenyl groups and the like; while typical aryl groups
      represented by R and R' include phenyl, benzyl, phenethyl, tolyl and
      naphthyl groups and the like.
PAR  Representative of the above depicted bis(hydrocarbyl) vinylphosphonates
      are:
PA1  Bis(beta-chloroethyl) vinylphosphonate;
PA1  Bis(beta-chloropropyl) vinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-methylvinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-cyanovinylphosphonate;
PA1  Bis(beta-chloroethyl) 1-chlorovinylphosphonate;
PA1  Bis(beta-chlorethyl) 1-phenylvinylphosphonate;
PA1  Dimethyl vinylphosphonate;
PA1  Diethyl vinylphosphonate;
PA1  Bis(omega-chlorobutyl) vinylphosphonate;
PA1  Di-n-butyl vinylphosphonate;
PA1  Di-isobutyl vinylphosphonate;
PA1  Bis(2-chloroisopropyl) 1-methylvinylphosphonate;
PA1  Diphenyl vinylphosphonate; and
PA1  Bis(2,3-dibromopropyl) vinylphosphonate.
PAR  From the above group of bis(hydrocarbyl) vinylphosphonate monomers, it is
      preferred to employ bis(beta-chloroethyl) vinylphosphonate in preparing
      the novel aqueous emulsion copolymers of this invention since the latter
      monomer is a commercially available material and lower in cost than any of
      the other bis(hydrocarbyl) vinylphosphonates. For the same reasons, it is
      preferred to employ vinyl chloride as the halogen containing ethylenically
      unsaturated monomer in these aqueous emulsion copolymers. It is to be
      noted, at this point, that the use of the term "copolymer" in this
      disclosure is meant to apply to polymers derived from two, three or more
      distinct monomer species.
PAR  In addition to the above described bis(hydrocarbyl) vinylphosphonates, it
      is also possible to prepare aqueous emulsion copolymers useful as flame
      retardant additives for ordinarily flammable polymer substrates by
      employing: (1) mono(alkyl) acid vinylphosphonates such, for example, as
      mono (ethyl) hydrogen vinylphosphonate, mono(butyl) hydrogen
      vinylphosphonate, mono(octyl) hydrogen vinylphosphonate;
      mono(beta-chlrorethyl) hydrogen vinylphosphonate, mono(omega-chlorooctyl)
      hydrogen vinylphosphonate; (2) mono(cycloalkyl) and mono(aryl) hydrogen
      vinylphosphonates such, for example, as mono(cyclohexyl)hydrogen
      vinylphosphonate, mono(phenyl) hydrogen vinylphosphonate, mono(benzyl)
      hydrogen vinylphosphonate; (3) bis(cycloalkyl) and bis(aryl)
      vinylphosphonates, such, for example, as bis(cyclohexyl) vinylphosphonate
      and bis(benzyl) vinylphosphonates; and, (4) bis(alkyl), bis(cycloalkyl),
      and bis(aryl) allylphosphonates such, for example, as
      bis(beta-chloroethyl) allylphosphonate, bis(cyclohexyl) allylphosphonate
      and bis(benzyl) allylphosphonate as well as mixtures of any two or more of
      the above described phosphonate monomers.
PAR  The aqueous emulsion or latex copolymers of this invention may also, if
      desired, contain one or more optional comonomers including alpha-olefins
      such as ethylene, propylene and butylene; vinyl esters of carboxylic acids
      such as vinyl acetate, vinyl butyrate, and vinyl stearate; ethylenically
      unsaturated monocarboxylic-acids such as acrylic and methacrylic acids;
      ethylenically unsaturated dicarboxylic acids, their anhydrides and their
      C.sub.1 -C.sub.20 mono- and dialkyl esters such as aconitic acid, fumaric
      acid, maleic acid, itaconic acid, citraconic acid, maleic anhydride,
      dibutyl fumarate and monoethyl maleate; amides of ethylenically
      unsaturated carboxylic acids such as acrylamide and methacrylamide and
      their N-methylol derivatives such as N-methylol acrylamide and N-methylol
      methacrylamide; vinyl aryl compounds such as styrene and alpha-methyl
      styrene; nitriles of ethylenically unsaturated carboxylic acids such as
      acrylonitrile and methacrylonitrile; C.sub.1 -C.sub.20 alkyl vinyl ethers
      such as methyl vinyl ether, ethyl vinyl ether and stearyl vinyl ether;
      dienes such as isoprene and butadiene; and, glycidyl esters of acrylic and
      methacrylic acid such as glycidyl acrylate and glycidyl methacrylate, etc.
      Preferred for use as optional comonomers are N-methylol acrylamide and
      N-methylol methacrylamide which serve to provide the resulting copolymer
      with cross-linking sites.
PAR  The above described copolymers may be prepared by means of free radical
      initiated emulsion polymerization techniques well known to those skilled
      in the art. In these procedures, the various monomers and catalysts are
      emulsified, in water, by means of one or more surface-active emulsifiers
      whereupon the polymerization reaction is then initiated. Suitable water
      soluble, free radical initiating catalysts for use in preparing the
      copolymer latices of this invention include sodium, potassium and ammonium
      persulfate and hydrogen peroxide or one may use a redox system such, for
      example, as a mixture of a persulfate with an alkali metal bisulfite,
      thiosulfate or hydrosulfite. These catalysts should be present in a
      concentration of from about 0.05 to 5.0%, by weight, of the total monomer
      charge. With respect to the emulsifier or surfactant, it is possible to
      utilize one or more anionic, cationic, or non-ionic emulsifiers such, for
      example, as the alkyl carboxylic acid salts; the alkyl sulfate, phosphate,
      or sulfosuccinate salts; the alkyl aryl ether alcohols, and the alkyl aryl
      polyether sulfate salts. The selected emulsifier or emulsifiers should be
      present in effective concentration of from about 0.03 to 6.0%, by weight,
      of the total monomer charge. In addition, a protective colloid such as
      polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose or gelatin can
      also, if desired be present in the recipe in an effective concentration of
      from about 0.03 to 6.0%, by weight, of the total monomer charge.
      Alternatively, the protective colloid may be introduced into the copolymer
      latex subsequent to its preparation. When post-added in this manner, the
      protective colloid should be present in a concentration of from about 0.03
      to 6.0%, by weight, of the total resin solids. In any event, the presence
      of the protective colloid serves to enhance the stability of the emulsion.
PAR  The actual polymerization reaction will ordinarily be conducted at a
      temperature of from about 0.degree. to 100.degree.C. for a period of from
      about 1 to 24 hours, depending upon such factors as the particular
      monomer, catalysts, surfactants and polymerization apparatus that is being
      utilized. The latices resulting from this polymerization process will
      ordinarily have a resin solids content of from about 5 to 70%, by weight,
      wherein the particles have a diameter which ranges in size from about 0.03
      to 3.0 microns.
PAR  With respect to proportions, these aqueous emulsion  or latex copolymer
      particles may contain from about 1 to 90%, by weight, of one or more of
      the above described bis(hydrocarbyl) vinylphosphonates with the balance of
      the copolymer comprising one or more of the above described halogen
      containing ethylenically unsaturated monomers together with from 0 to
      about 30%, by weight, of one or more of the above described optional
      comonomers. Optimum results, as flame retardant additives for ordinarily
      flammable polymer substrates are obtained by the use of copolymers
      containing from about 40 to 70% of one or more bis(hydrocarbyl)
      vinylphosphonates, preferably bis(beta-chloroethyl) vinylphosphonate.
PAR  It is to be noted, at this point, that the concentration of the
      bis(hydrocarbyl) vinylphosphonate in the copolymers of this invention is
      largely determinative of their subsequent mode of use. Thus, those
      copolymers containing about 40%, or higher, of the vinylphosphonate are
      soft materials readily capable of forming films under room temperature
      conditions. Accordingly, such copolymers can be used per se to prepare
      fire retardant coatings or they can be used as fire retardant additives
      which are readily blended with latices or emulsions of ordinarily
      flammable polymer substrates which are themselves film forming materials.
      On the other hand, when the aqueous emulsion copolymers of this invention
      contain less then about 40%, by weight, of the vinylphosphonate, they will
      ordinarily be har, non-film forming materials which are, therefore,
      particularly suited for being blended with flammable polymer substrates
      which are non-film forming. These non-film forming copolymers may also, if
      desired, be blended with ordinarily flammable, film forming polymer
      substrates especially after they have first been spray dried and thereby
      converted into a dry, particulate form.
PAR  With respect to the above described proportions for the composition of the
      aqueous emulsion or latex copolymers of this invention, it has been found
      that it becomes increasingly more difficult to attain good polymerization
      conversion rates as attempts are made to increase the amount of the
      bis(hydrocarbyl) vinylphosphonate in the resulting copolymer substantially
      above a concentration of about 60%, by weight. On the other hand, the use
      of these copolymer emulsions as flame retardant additives for ordinarily
      flammable polymer substrates becomes progressively more inefficient when
      they contain substantially less than about 5%, by weight, of one or more
      bis(hydrocarbyl) vinylphosphonates since the resulting blend will then
      require the presence of a rather high concentration of the copolymer in
      order to attain flame retardancy. The use of such high concentrations of
      these copolymer additives may, in turn, result in some deterioration in
      the inherent physical properties of the thus modified polymer substrate.
PAR  Specific aqueous emulsion copolymer compositions which have been found to
      provide particularly good results as additives for the preparation of fire
      retardant polymer composition are:
PAR  1. A copolymer of 40%, by weight, of vinyl chloride and 60%, by weight, of
      bis(beta-chloroethyl) vinylphosphonate;
PAR  2. A copolymer containing 60%, by weight, of bis(beta-chloroethyl)
      vinylphosphonate, 37%, by weight, of vinyl chloride and 3%, by weight, of
      N-methylol acrylamide; and,
PAR  3. A copolymer containing 60%, by weight, of bis(beta-chloroethyl)
      vinylphosphonate and 40%, by weight, of vinyl bromide.
PAR  It is important, with respect to this disclosure, to distinguish between
      the processes of suspension and emulsion polymerization. Thus, suspension
      polymerization refers to a method of polymerization whereby one or more
      monomers is dispersed in a suspension medium which is a non-solvent for
      both the monomer and the resulting polymer. Generally water is utilized
      for this purpose and a monomer soluble polymerization initiator is
      thereupon introduced. Polymerization takes place within the monomers phase
      containing the polymerization initiator. The use of the suspending medium
      assists in the dissipation of the heat of reaction and the polymerization
      reaction is therefore easier to control. Suspension polymerization is
      generally accomplished by dispersing the monomer in the suspending medium
      either by constant agitation or by the use of a suspending agent or both.
      Various suspending agents are known in the art. These known suspending
      agents include gelatine, hydroxy methyl cellulose, hydroxy ethyl
      cellulose, hydroxy propyl cellulose, carboxy methyl cellulose, talc, clay
      polyvinyl alcohol and the like.
PAR  By contrast, emulsion polymerization involves a process whereby one or more
      monomers are emulsified in the form of droplets within a continuous phase
      which should be inert with respect to both the emulsified monomers and the
      resulting polymer. Water is generally selected as the continuous phase.
      Emulsification of the monomers is facilitated by the use of one or more
      emulsification agents which tend to reduce the interfacial tension between
      the dispersed and continuous phases. Typical emulsifiers include common
      soaps, salts of long-chain carboxylic and sulfonic acids, alkylated
      aromatic sulfonic acids and salts of long-chain amines.
PAR  A water soluble initiator is employed and it is believed that the polymer
      chains originate in the continuous, aqueous phase and then continue their
      growth in the dispersed monomer-polymer phase yielding the polymer product
      in a finely divided state which remains emulsified within the continuous,
      aqueous medium. Thus, an important distinction between emulsion and
      suspension polymerization is that in the former, the monomer is either
      dispersed into droplets which are stabilized by an adsorbed layer of soap
      molecules or is solubilized in the soap micelle which is present in
      aqueous soap solutions. As a result, stable polymer emulsions are readily
      obtained whereas, in a suspension polymerization, the resulting polymer
      particles are of a relatively larger mass which tend to more readily
      separate out from the suspension.
PAR  In all cases, the novel aqueous emulsion or latex copolymers of this
      invention have been found to provide blends with ordinarily flammable
      polymer substrates which are characterized by their outstanding fire
      retardancy. As used in this disclosure, the term "fire retardant" or
      "flame retardant" is intended to refer to that particular property of a
      material which provides it with a degree of resistance to ignition and
      burning. Thus, a fire or flame retardant composition is one which has a
      low level of flammability and flame spread. This property may be
      conveniently evaluated by means of any of the standard flame retardancy
      tests such, for example, as the ASTM test D-635.
PAR  As has been indicated, hereinabove, the aqueous emulsion or latex
      copolymers of this invention are particularly suitable for blending with
      ordinarily flammable polymers which are in the form of aqueous systems
      such as solutions, suspensions, or, most preferably, emulsions. The
      resulting aqueous blends may then be used in any of the various coating,
      adhesive, laminating and impregnating applications known to those skilled
      in the art. Thus, these aqueous blends may be coated upon and/or absorbed
      by all types of substrates to which it is desired to impart fire retardant
      properties. They may, therefore, be used as coatings, impregnants.
      fillers, laminants, and adhesives for such substrates as wood; paper;
      metals; textiles based on either fibers or blends thereof; synthetic
      polymer films such as those based upon polyolefins, regenerated cellulose,
      i.e. cellophane, polyvinyl chloride, polyesters and the like; leather
      natural and synthetic rubber; fiber-board; and synthetic plastics prepared
      by means of either addition or condensation polymerization techniques. In
      addition, the copolymers of this invention may be employed as fire
      retardant additives in the spinning baths or dopes from which rayon and
      acrylic fibers are spun.
PAR  Any desired polymer substrates may be blended with the above described
      bis(hydrocarbyl) vinylphosphonate copolymer additives in order to prepare
      fire retardant compositions. Such polymer substrates include:
PAR  1. Polymers of vinyl chloride including polyvinyl chloride and the random
      and graft copolymers of vinyl chloride with a minor proportion of one or
      more of the above described group of vinyl monomers which were listed as
      optional comonomers for use in preparing the aqueous emulsion copolymers
      of this invention;
PAR  2. Polymers of the C.sub.1 -C.sub.8 alkyl acrylates and methacrylates
      including their homopolymers and their copolymers with each other and with
      a minor proportion of such comonomers as the alpha-olefins, e.g. ethylene
      and propylene; the vinyl esters of carboxylic acids, e.g. vinyl acetate;
      ethylenically unsaturated monocarboxylic acids, e.g. acrylic and
      methacrylic acids; ethylenically unsaturated dicarboxylic acids their
      anhydrides and their C.sub.1 -C.sub.20 mono- and dialkyl esters, e.g.
      maleic acid, maleic anhydride, diethyl maleate and monobutyl acid maleate;
      vinylidene halides, e.g. vinylidene chloro; C.sub.1 -C.sub.20 alkyl vinyl
      ethers, e.g. methyl vinyl ether; amides of ethylenically unsaturated
      monocarboxylic acids, e.g. acrylamide; vinyl aryl compounds, e.g.
      alpha-methyl styrene and styrene; and, nitriles of alpha,
      beta-ethylenically unsaturated carboxylic acids, e.g. acrylonitrile and
      methacrylonitrile;
PAR  3. Polymers of nitriles of ethylenically unsaturated acids including
      polymethacrylonitrile, polyacrylonitrile and the copolymers of
      methacrylonitrile and acrylonitrile with a minor proportion of one or more
      vinyl monomers such as the lower alkyl acrylates and methacrylates,
      styrene and alpha-methyl styrene;
PAR  4. Acrylonitrile-butadiene-styrene resins, commonly referred to as "ABS"
      resins, which generally comprise either a mixture of a 60 to 80:40 to 20
      styrene:acrylonitrile copolymer with from about 10 to 40%, by weight, of a
      5 to 40:95 to 60 acrylonitrile-butadiene copolymer or a mixture of a 60 to
      80:40 to 20 styrene:acrylonitrile copolymer with from about 10 to 40%, by
      weight, of a graft of the latter copolymer onto polybutadiene;
PAR  5. Poly(alpha-olefins) such as polypropylene and polyethylene and
      copolymers of one or more alpha-olefins, such as ethylene or propylene,
      with a minor proportions of one or more ethylenically unsaturated monomers
      including 4-methyl pentane-1, butene-1, norbornene and its derivatives;
      cyclopentadiene, cyclopentene, cyclobutene, vinyl acetate, the C.sub.1
      -C.sub.12 alkyl acrylate and methacrylate esters, as well as blends of the
      homo- and copolymers of aplha-olefins with other types of thermoplastic
      polymers;
PAR  6. Polymers of styrene including polystyrene, poly(alpha-methyl styrene)
      and poly(tertiary butyl styrene) and copolymers of styrene, alpha-methyl
      styrene or tertiary butyl styrene with a minor proportion of one or more
      ethylenically unsaturated comonomers such, for example, as nitriles of
      ethylenically unsaturated carboxylic acids including acrylonitrile and
      methacrylonitrile; C.sub.1 -C.sub.12 alkyl esters of acrylic and
      methacrylic acids such, for example, as methyl methacrylate and
      2-ethylhexyl acrylate; and, graft copolymers of styrene, tertiary butyl
      styrene or alpha-methyl styrene with polybutadiene and other hydrocarbon
      elastomers;
PAR  7. Cellulosic resins including cellulose esters and mixed esters such, for
      example, as cellulose nitrate, cellulose acetate-butyrate, cellulose
      acetate-propionate and cellulose ethers such, for example, as ethyl
      cellulose;
PAR  8. Polyamide resins, i.e. the resins made by the condensation of di- or
      polyamines with di- or polybasic acids or by polymerization of lactams or
      amino acids. Typical polyamides include nylon 4 which is made from
      pyrrolidone; nylon 6 obtained by polycondensation of caprolactam; nylon 66
      obtained by the condensation of hexamethylene diamine with adipic acid;
      nylon 610 obtained by the condensation of hexamethylenediamine with
      sebacic acid; nylon 7 which is a polymer of ethyl aminoheptanoate; nylon 9
      made from 9-aminononanoic acid; and, nylon 11 made from 11-amino
      undecanoic acid;
PAR  9. Polyester resins, i.e. the resins produced by the condensation of
      saturated or unsaturated dibasic acids, such as terephthalic, maleic,
      fumaric, isophthalic, adipic and azelaic acids with dihydric alcohols such
      as ethylene glycol, propylene glycol, diethylene glycol and dipropylene
      glycol. Where the resin is made with an unsaturated acid, a polymerizable
      monomer such, for example, as styrene, vinyl toluene, diallyl phthalate,
      methyl methacrylate; chlorostyrene, alpha-methyl styrene, divinyl benzene
      or triallyl cyanurate is often included in the composition;
PAR  10. Polyurethane resins, i.e. the resins formed by the reaction between a
      bi- or polyfunctional hydroxyl containing compound, such as a polyether or
      polyester, and a di- or polyisocyanurate such as toluene diisocyanate or
      diphenylmethane-4,4'-diisocyanate;
PAR  11. Polycarbonate resins, i.e. the resins derived from the reaction between
      a difunctional alcohol or phenol, such as bis-phenol A, and phosgene or an
      alkyl or aryl carbonate;
PAR  12. Polyacetal resins, i.e. the resins derived from the anionic
      polymerization of formaldehyde to obtain a linear molecule of the type
      --O--CH.sub.2 --O--CH.sub.2 --O CH.sub.2 --;
PAR  13. Polyphenylene oxide resins made by the oxidative polymerization of
      2,6-dimethylphenol in the presence of a copper-amine-complex catalyst;
PAR  14. Polysulfone resins, i.e. the resins containing an SO.sub.2 linkage as
      derived from the reaction of sulfur dioxide with olefins such as 1-butene
      or, more preferably, the reaction of bis-phenol A with
      4,4'-dichlorodiphenyl sulfone;
PAR  15. The acrylate:styrene:acrylonitrile resins, commonly referred to as
      "ASA" resins, which comprise copolymers containing a major proportion of a
      C.sub.2 -C.sub.8 alkyl acrylate ester elastomer upon which is grafted
      about 65-95%, by weight of the latter copolymer, of a 70-80:30-20
      styrene:acrylonitrile copolymer;
PAR  16. The methacrylate:styrene resins, commonly referred to as the "MBS"
      resins, which comprise a minor proportion of a methyl
      methacrylate:styrene:acrylonitrile terpolymer grafted and/or blended with
      either polybutadiene or a copolymer of butadiene and minor proportions of
      such comonomers as, for example, styrene and acrylonitrile;
PAR  17. Polymers of vinyl acetate including polyvinyl acetate and the random
      and graft copolymers of vinyl chloride with a minor proportion of one or
      more of the vinyl monomers which were listed as optional comonomers for
      use in preparing the aqueous emulsion copolymers of this invention; and,
PAR  18. Aminoplast resins made by the polycondensation of formaldehyde with a
      nitrogen containing compound such as urea or malamine; and
PAR  19. Phenolic resins made by the polycondensation of phenols with aldehydes
      such as formaldehyde, acetaldehyde or furfural aldehyde.
PAR  In effect, one may utilize any ordinarily flammable polymer substrate in
      preparing fire retardant polyblends with the novel aqueous emulsion
      copolymer additives of this invention. These ordinarily flammable polymer
      substrates may be thermoplastic polymers, i.e. polymers which can be
      softened by heat and which then regain their original properties on
      cooling. Also applicable are polymer systems, particularly those in
      aqueous emulsion form, comprising copolymers containing one or more
      crosslinkable comonomers, i.e. monomers containing two ore more functional
      groups, such, for example, as N-methylol acrylamide, N-methylol
      methacrylamide, glycidyl acrylate and glycidyl methacrylate. Thus, the
      copolymers containing one or more of these crosslinkable comonomers can be
      cured or crosslinked, by the use of heat and/or catalysts and are thereby
      converted into a form in which they will no longer be thermoplastic but
      will, rather, be thermosetting, i.e. they will not soften upon being
      heated. Ideally, the novel aqueous emulsion copolymer additives of this
      invention would be blended with such crosslinkable copolymer system prior
      to the time they undergo this curing or crosslinking operation.
PAR  The actual blending of the aqueous emulsion colopymer additives of this
      invention with the selected polymeric substrate, i.e. with any one or more
      of the above described polymers, may be accomplished by means of any
      convenient procedure which will result in an intimate admixture of the
      additive within the mass of the substrate polymer. Thus, for example, an
      aqueous emulsion or latex containing the particles of the copolymer
      additive may simply be blended or otherwise admixed with the substrate
      polymer which should, preferably, be in the form of an aqueous solution,
      latex or suspension. Or, if desired, the copolymer additive and the
      polymer substrate may be admixed while each is in the form of a solid
      powder.
PAR  The blending operation may also be carried out by means of a procedure in
      which the polymer which comprises the substrate is itself polymerized
      while in the presence of one of the previously polymerized aqueous
      emulsion copolymer additives of this invention. Alternatively, the
      bis(hydrocarbyl) vinylphosphonate containing aqueous emulsion copolymer
      additive may be polymerized in a system which contains the previously
      polymerized polymer substrate in an appropriate physical form, e.g. as an
      aqueous solution, suspension or emulsion.
PAR  With respect to proportions, the amount of bis(hydrocarbyl)
      vinylphosphonate containing aqueous emulsion or latex copolymer whic may
      be admixed with an ordinarily flammable polymer substrate will depend,
      primarily, upon such factors as the particular phosphonate copolymer and
      polymer substrate which are to be blended with one another, the degree of
      fire retardancy desired in the resulting blend, the degree of clarity,
      hardness and other specific physical properties which are sought as well
      as other technical and economic considerations known and understood by
      those skilled in the art. However, in order to attain a composition which
      will be self-extinguishing, it is generally desirable to introduce an
      effective concentration of bis(alkyl) vinylphosphonate aqueous emulsion
      copolymer solids which will be sufficient to provide the resulting blend
      with at least about 0.5%, by weight, of phosphorus and with at least about
      10%, by weight, of halogen, i.e. chlorine and/or bromine, derived from the
      halogen containing ethylenically unsaturated monomer and also, if
      possible, from the bis(hydrocarbyl) vinylphosphonate.
PAR  The fire retardant polymer compositions of this invention can be prepared
      so as to contain various optional additives which may include plasticizers
      such as the alkyl esters of phthalic, adipic and sebacic acids such, for
      example, as dioctyl phthalate and ditridecyl phthalate and aryl phosphate,
      esters such, for example, as triphenyl and tricresyl phosphate, etc.;
      lubricants and mold release agents such as stearic acid or its metal
      salts, petroleum based waxes, mineral oils, polyethylene waxes, etc.; and
      heat and light stabilizers such as barium, cadium, calcium, zinc soaps or
      phenates, basic lead compounds, organo-tin compouns, such as dialkyl tin
      mercaptides and dialkyl tin maleates, thiolauric anhydride and n-butyl
      stannoic acid, epoxidized oils, alkyl diphenyl phosphites, triaryl
      phosphites, phenyl salicylates, o-hydroxy benzophenones and
      benzotriazoles, etc. For a more complete listing of plasticizers,
      lubricants, stabilizers and other functional additives, one may consult
      "Polyvinyl Chloride" by H. A. Sarvetnick published by Van Nostrand
      Reinhold Co., New York, N.Y., in 1969.
PAR  The compositions of this invention may also contain fillers, pigments,
      dyes, opacifying agents, decorative additives such as reflective metal
      foils or flakes, and other imbedded solid objects such as fiber glass,
      textile fibers, paper, and the like, provided that they do not detract
      from the flame retardancy of these products. In addition, the compositions
      may contain other flame retardants such as antimony compounds, halogenated
      alkyl phosphates or phosphonates, alkyl acid phosphates, or small
      concentrations of phosphoric acid.
PAR  The novel fire retardant composition of this invention, comprising blends
      of any of the above described polymer substrates with one or more of the
      novel aqueous emulsion, fire retardant additives of this invention, may be
      utilized in any of the coating, adhesive, impregnating, laminating,
      binding and painting applications known to those skilled in the art
      wherein it is desired to provide fire retardancy to the resulting end
      product. For example, these compositions may be used in such applications
      as rug and carpet backing adhesives, as adhesives for fiber glass, as a
      backing coating for fabrics, as heat sealable binders for non-woven
      fabrics, as flooring, coatings, as paper coatings, as paint bases and as
      adhesives for preparing laminated structures.
PAR  In addition to being used as fire retardant additives for the preparation
      of fire retardant polyblends with flammable polymer substrates, the
      aqueous emulsion copolymer additives of this invention may be used, per
      se, in any of the various coating, painting adhesive, laminating,
      impregnating and binding applications known to those skilled in the art.
      Thus, they may be coated upon and/or absorbed by all types of substrates
      to which it is desired to impart fire retardant properties. They may,
      therefore, be used as coatings, impegnants, fillers, laminants, and
      adhesives for such substrates as wood; paper; metals; textiles based on
      either natural or synthetic fibers or blends thereof; synthetic polymer
      films such as those based upon polyolefins, regenerated cellulose, i.e.
      cellophane, polyvinyl chloride, polyesters and the like; leather; natural
      and synthetic rubber; fiberboard; and, synthetic plastics prepared by
      means of either addition or condensation polymerization techniques.
PAR  The following examples will further illustrate the embodiment of this
      invention. In these examples, all parts given are by weight unless
      otherwise noted.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a bis(hydrocarbyl)
      vinylphosphonate aqueous emulsion copolymer as well as its subsequent use
      in preparing a fire retardant polymer composition.
PAR  Into a 32 ounce reaction vessel, there are charged 180 gms of
      bis(beta-chloroethyl) vinylphosphonate, hereinafter referred to as
      "bis-beta," 60 gms of a 10%, by weight, aqueous solution of sodium lauryl
      sulfate, 120 gms of a 5%, by weight, aqueous solution of polyvinyl alcohol
      having a degree of hydrolysis of 80-85% and 80 gms of deionized water. The
      pH of the resulting mixture is adjusted to a value of 9 by the addition of
      3.0 gms of a 58%, by weight, aqueous solution of ammonium hydroxide
      whereupon 40 gms of a 10%, by weight, solution of ammonium persulfate are
      added.
PAR  The vessel is sealed and then chilled for 11/2 hours in a freezer whereupon
      120 gms of vinyl chloride are introduced. The vessel is resealed and the
      mixture is heated for 12 hours at 50.degree.C. while being rotated at 20
      rpm. Upon completing the reaction, the vessel is cooled until it reaches
      ambient temperature. In this manner virtually 100% conversion of the
      monomers into a 60:40 bis-beta:vinyl chloride aqueous emulsion copolymer
      is obtained. This emulsion has a resin solids content of about 50%, by
      weight, with the copolymer particles having an average diameter of about
      0.06-0.19 microns. Analysis of these copolymer particles reveals that they
      contain 8.02% P and 36.5% Cl.
PAR  This emulsion is then blended with an aqueous emulsion containing 46%, by
      weight, of polybutyl acrylate polymer particles whose films are ordinarily
      flammable. A number of such blends are prepared in which the
      concentrations of the bis-beta copolymer solids are, respectively, 5, 10,
      20 and 30%, by weight, as based on the polybutyl acrylate polymer solids.
      Films having a dry thickness of 5- 10 mils are cast from each of these
      polymer mixtures and the flame retardancy of these films is then
      quantitatively evaluated by determining their Limiting Oxygen Index (LOI)
      by means of the procedure of ASTM D-2863 which is also described by
      Fenimore and Martin in the November, 1966, issue of Modern Plastics. In
      brief, this procedure directly relates flame retardancy to a measurement
      of the minimum percentage concentration of oxygen in an oxygen:nitrogen
      mixture which permits the sample to burn; the LOI being calculated as
      follows:
      ##EQU3##
      Thus, a higher LOI is indicative of a higher degree of flame retardancy.
PAR  The following table presents the results of this evaluation:
TBL  Concentration of Bis-Beta Copolymer                                       

     Solids in Film (%)      LOI                                               

     ______________________________________                                    

      0                      17.3                                              

      5                      18.4                                              

     10                      19.7                                              

     20                      21.9                                              

     30                      23.4                                              

     ______________________________________                                    

PAR  The above data reveal how the use of the novel copolymer additives of this
      invention enhances the fire retardance of films derived from a polymer
      which is ordinarily flammable.
PAR  Comparable results are also obtained by the use as flame retardant
      additives of:
PAR  1. a 60:37:3 (by weight) bis-beta:vinyl chloride:N-methylol acrylamide
      copolymer and
PAR  2. a 60:40 (by weight) bis-beta:vinyl bromide copolymer.
PAR  Variations may be made in proportions, procedures and materials without
      departing from the scope of this invention as defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous emulsion copolymer consisting of: (1) from about 1 to 90%, by
      weight, of at least one bis(hydrocarbyl) vinylphosphonate having the
      structure:
      ##EQU4##
      wherein X is selected from the group consisting of hydrogen, halogen,
      cyano, aryl, C.sub.1 -C.sub.18 alkyl and
      ##EQU5##
      wherein R and R' are hydrocarbyl and substituted hydrocarbyl groups having
      non-interfering substitutents, said hydrocarbyl and said substituted
      hydrocarbyl groups containing up to about 18 carbon atoms inclusive with
      the proviso that R and R' can be the same, different, or conjoint and (2)
      the balance being at least one halogen containing, ethylenically
      unsaturated compound selected from the group consisting of the vinyl
      halides and the vinylidene halides.
NUM  2.
PAR  2. A copolymer as claimed in claim 1 wherein the vinyl halide is selected
      from the group consisting of vinyl chloride, vinyl fluoride and vinyl
      bromide.
NUM  3.
PAR  3. A copolymer as claimed in claim 1 wherein the vinyl halide is vinyl
      chloride.
NUM  4.
PAR  4. A copolymer as claimed in claim 1 wherein said copolymer contains about
      40% to 70% of said bis(hydrocarbyl) vinylphosphonate.
NUM  5.
PAR  5. A copolymer as claimed in claim 4 wherein said
      bis(hydrocarbyl)vinylphosphonate is bis(beta-chloroethyl)vinylphosphonate.
NUM  6.
PAR  6. A copolymer as claimed in claim 1 wherein said
      bis(hydrocarbyl)vinylphosphonate is bis(beta-chloroethyl)vinylphosphonate.
NUM  7.
PAR  7. A copolymer as claimed in claim 1 comprising about 40-70% of
      bis(beta-chloroethyl)vinylphosphonate with the remainder being vinyl
      chloride.
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ABST
PAL  Disclosed is an aqueous acid solution or suspension of a preparation as
      well as the production thereof for the permanent finishing of fibre
      materials, especially dyed carpets, to render them antistatic,
      dirt-repellent and, optionally, antimicrobial, which aqueous preparation
      contains:
PA1  A. 10 to 20 per cent by weight of at least one antistatic agent,
PA1  B. 3 to 35 per cent by weight of a stabilised, aqueous non-film-forming
      dispersion of polystyrene,
PA1  C. 1 to 6 percent by weight of at least one acid, especially o-phosphoric
      acid, and
PA1  D. 0 to 5 percent by weight of further components, such as an antimicrobic
      agent and a solubility-promoting agent.
PARN
PAR  This application is a division of U.S. application Ser. No. 226,511, filed
      Feb. 15, 1972, now U.S. Pat. No. 3,835,148, issued on September 10, 1974.
BSUM
PAR  The invention relates to a process for the permanent finishing of fibre
      materials to render them antistatic and dirt-repellent and, optionally,
      antimicrobial; to the finishing preparation; as well as to the fibre
      material, as industrial product, finished by application of the said
      process.
PAR  The method is known of rendering fibre materials solely antistatic or
      solely dirt-repellent. Textile materials possessing a good antistatic
      finish, however, frequently display a greater tendency to become stained,
      or the dyeings produced thereon have an inferior fastness to rubbing; and
      the dyeings on materials of which the finish is effectively dirt-repellent
      exhibit very often a tendency to vary in shade. It is also possible to
      impart to fibre materials simultaneously an antistatic and dirt-repellent
      finish; the treatment of the materials at temperatures of over
      100.degree.C required to obtain these effects, however, leads in many
      cases to an appreciable impairment of the fastness to rubbing, and/or to a
      loss of the acquired finishing effects. The combination of specifically
      favourably acting components does not, contrary to expectation, result in
      optimum multiple finishing effects; and fibre material treated in such a
      manner frequently has, moreover, disadvantages in that, for example, the
      handle of the material is unfavourably affected, and the dyeing thereof
      suffers a dulling effect or displays a variation in shade.
PAR  A single-bath process has now been found which makes possible, in a
      surprising manner, the permanent finishing of fibre materials, preferably
      dyed textile fibres, e.g. dyed textile floor-coverings, so that the
      treated material is rendered simultaneously permanently antistatic and
      dirt-repellent and, optionally, antimicrobial, the material possessing a
      completely soft handle, the said effects being obtained without
      appreciable impairment of the fastness to rubbing of the dyeing. The term
      `permanent` is meant to signify that the material treated according to the
      invention retains its valuable properties even after a prolonged period of
      wear and tear.
PAR  The process according to the invention is characterised in that the fibre
      material is treated with an aqueous solution or dispersion containing:
PA1  a. at least one antistatic agent,
PA1  b. a stabilised, aqueous, preferably 20 to 60 per cent, especially 40 per
      cent, non-film-forming dispersion of polystyrene or of a styrene
      copolymerisate, preferably polystyrene,
PA1  c. at least one acid, and
PA1  d. optionally further constituents,
PAL  the said treatment being performed in the acid pH-range.
PAR  Particularly favourable results with respect to the above-mentioned effects
      are obtained by the use in the process according to the invention of
      compounds, or mixtures of compounds according to a), of the following
      formulae I to III as antistatic agents:
PAR  Compounds of formula I:
      ##EQU1##
      wherein R represents an alkyl radical having 8 to 22, particularly, 14 to
      18, carbon atoms,
PA1  R.sub.1 preferably represents hydrogen, or an optionally substituted alkyl
      group, and
PA1  R.sub.2 represents an optionally substituted alkyl group;
PAL  or wherein R.sub.1 and R.sub.2 form together with the nitrogen atom a 5- or
      6-membered heterocyclic ring, which can contain further hetero atoms, and
      can be optionally further substituted by R; or quaternary compounds
      thereof.
PAR  As a substituted alkyl group, R.sub.1 and R.sub.2 represent, for example, a
      hydroxyalkyl radical; in particular, they each represent the hydroxyethyl
      group, an alkyl radical substituted by water-solubilising groups, such as
      sulphonic acid groups and/or carboxylic acid groups, or an
      aminoalkylalkoxy or aminoalkyl radical, of which the amino group can be
      mono- or disubstituted. Mentioned as substituents of these amino groups
      are, for example, the following: hydroxyalkyl groups such as the
      hydroxyethyl or hydroxy-propyl groups; alkylaminoalkyl groups substituted
      with monovalent groups, e.g. with the cyano group; R--CO-- or
      R--CONH-alkoxyalkyl groups wherein R represents an alkyl radical having 8
      to 22 carbon atoms; also substituents in which the nitrogen atom of the
      amino group is a constituent of a heterocyclic 5- or 6-membered ring,
      particularly one containing further nitrogen atoms, e.g. the
      2-stearyl-1,2-imidazole group.
PAR  Preferred compounds of formula I are, in particular, the following:
      ##EQU2##
      or
      ##EQU3##
      as well as mixtures of compounds of the formulae:
EQU  C.sub.17 H.sub.35 CONHCH.sub.2 CH.sub.2 OH
PAL  and
      ##EQU4##
PAR  Compounds of formula II:
      ##EQU5##
      wherein V represents a lower alkyl radical,
PA1  R represents an alkyl radical having 8 to 22 carbon atoms, and x represents
      an anion;
PAL  especially a compound of the formula:
      ##EQU6##
PAR  Here and in the following, the term "lower" signifies, in connection with
      alkyl groups, radicals having, in general, not more than 4 carbon atoms.
PAR  A polyglycol ether having a molecular weight of about 300 to 6,000,
      preferably 400 to 600, or a polyglycol ether of formula III:
EQU  Z -- (CH.sub.2 CH.sub.2 O).sub.x -- H                      (III)
PAL  wherein Z represents the radical of an aliphatic alcohol or amine, or of an
      aliphatic carboxylic acid having 8 to 22 carbon atoms, or of an
      alkylphenol with an alkyl radical having 8 to 12 carbon atoms, and x
      represents the numbers 5 to 100.
PAR  Preferred polyglycol ethers are, in particular, the following:
EQU  C.sub.17 H.sub.35 --O--(CH.sub.2 CH.sub.2 O).sub.30 --H
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 --H
PAL  and
      ##SPC1##
PAR  For the obtainment of permanent antistatic and dirt-repellent effects, a
      mixture of two or more of the stated compounds has proved particularly
      advantageous, especially a mixture of the compounds:
      ##EQU7##
      wherein R represents an alkyl radical having 14 to 18 carbon atoms, and a
      polyglycol ether of the formula:
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 --H
PAL  or
      ##SPC2##
PAR  Suitable acids usable according to the invention are both inorganic and
      organic, monobasic and polybasic acids, or mixtures thereof. Examples of
      inorganic acids are: hydrochloric acid, hydrobromic acid, nitric acid,
      sulphuric acid, phosphoric acid or boric acid; and examples of organic
      acids are: acetic acid, oxalic acid, malonic acid and citric acid.
      Particularly good permanent effects are obtained with o-phosphoric acid.
PAR  As a further component according to d), the aqueous solution or dispersion
      can contain, e.g. an antimicrobic agent, especially one of the following
      formulae:
      ##SPC3##
      ##SPC4##
      ##EQU8##
      ##SPC5##
      or particularly:
      ##SPC6##
PAR  Finally, it is possible to add to the aqueous preparation, as further
      components, solubility-promoting agents such as, e.g. oleic acid, as well
      as commercial anti-foam agents, which suppress the foam-formation of the
      dissolved combination in water, such as, e.g. silicone compounds.
PAR  Particularly favourable results are obtained by application from an aqueous
      solution or dispersion, in the process according to the invention, of 0.2
      to 2% each of the components a) and b), together with 0.04 to 0.4% of the
      component c), relative to the weight of the material to be treated.
PAR  Exceptionally favourable results are obtained, with regard to permanent
      effects, if the process according to the invention is performed with a
      pH-value of the solution of 2 to 5.
PAR  The aforementioned components a) to d) are known as per se, and can be
      produced by methods known per se.
PAR  Suitable fibre material to be treated according to the invention is, in
      particular, organic natural fibre material, and especially organic
      synthetic fibre material. Examples of natural fibre materials are: wool,
      silk, cotton and jute; and of synthetic fibre materials: regenerated
      cellulose, acetate rayon, polyamide, polyester, polyacrylonitrile,
      polyolefins or mixed fabrics, e.g., made from polyamide/polyester or
      cellulose/Polyamide. With regard to these materials, they can be undyed or
      preferably dyed materials. The materials are advantageously in the form of
      flock, yarn or piece-goods, such as floor-coverings, for example, carpets,
      or in the form of other household textiles, such as furniture coverings,
      curtains, or wall-coverings.
PAR  The finishing according to the invention of the fibre material is performed
      by application of the said components to the fibre material preferably by
      spraying, impregnating, slop-padding, or by means of the exhaust process,
      optionally also by brushing.
PAR  Advantageously, the mixture of components according to the invention is
      evenly sprayed as an aqueous dispersion (sraying liquor), by means of
      spraying equipment, on to the wet or dry material to be treated, the
      amount applied being such that, after the drying of the material at
      100.degree.C to 180.degree.C, sufficient of the component mixture remains
      on the surface of the material to ensure that the desired permanent
      effects are obtained.
PAR  The materials treated according to the invention carry no electrical charge
      for a very long time, i.e. there occur no disturbing discharges on contact
      or when the treated material is being walked on. In the case of dyed
      materials, moreover, the fastness to rubbing is not appreciably affected
      or the fastness to light impaired.
PAR  The fibre material finished according to the invention can be repeatedly
      dry brushed, vacuum cleaned or shampooed without the imparted twofold or
      threefold finishing effect being lost. The permanence of the obtained
      effects can be verified by means of a walking test.
PAR  For the preparation of suitable aqueous solutions or dispersions for the
      finishing process according to the invention, it is also possible to use
      premixed aqueous preparations made up essentially as follows:
PAR  a. 10 to 20, and preferably 14 to 16, per cent by weight of at least one
      antistatic agent,
PAR  b. 3 to 35, and preferably 10 to 20, per cent by weight of a stabilised,
      especially 40%, aqueous, non-film-forming dispersion of polystyrene or of
      a styrene copolymerisate,
PAR  c. 1 to 6 per cent by weight of at least one acid, and
PAR  d. 0 to 5 per cent by weight of further constituents.
PAR  Finishing liquors usable according to the invention are produced from such
      preparations by dilution of 3 to 250 g of these preparations with water,
      and optionally thickener-solution, to give 1 liter, the degree of dilution
      depending on the desired finishing effects.
PAR  The employment of such preparations for the production of finishing liquors
      according to the invention has the important advantage that the
      preparations are easy to handle, and that the finishing agent is generally
      in solution, or in an extremely finely dispersed form and, in particular,
      in a homogeneous form, by virtue of which very uniform finishing effects
      are achieved.
PAR  Finally, the mixture of components a) to d) according to the invention can
      also be mixed together to obtain a powder, which is dusted in this form on
      to the initial mentioned fibre material and fixed by a heat treatment of
      about 100.degree. to 180.degree.C.
DETD
PAR  The following examples serve to further illustrate the invention, but this
      is not limited to the given examples. The temperatures are expressed in
      degrees Centigrade.
PAC  EXAMPLE 1
PAR  A polyamide carpet (pile weight 800 g/m.sup.2) having a width of 4.20 m and
      dyed blue, in a known manner, with the dyestuff of the formula:
      ##SPC7##
PAL  is passed over a roller at a rate of 1.9 m/minute. Horizontally over the
      roller is arranged, at a distance of ca. 10 cm, a spraying-bar provided
      with nozzles spaced about 30 cm apart. Under a pressure of ca. 3 atm., an
      aqueous dispersion containing 41.5 g/l of the subsequently described
      preparation (= 450 ml of aqueous dispersion/minute/nozzle) is sprayed from
      these nozzles on to the moving polyamide carpet. The polyamide carpet is
      afterwards dried at 140.degree. on a stretching-frame. In this manner is
      obtained a polyamide carpet having a permanent antistatic, dirt-repellent
      and antimicrobial finish, these valuable properties being retained by the
      carpet even after extensive wear due to walking, brushing and vacuum
      cleaning.
PAR  A comparison of the thus treated carpet with a polyamide carpet not
      finished according to the invention reveals the following differences:
      ##EQU9##
PAR  The liquid preparation used in this example can be obtained, for example,
      as follows:
PAR  An amount of 160 g of salt-free water is placed in a flask, and additions
      are then made, with stirring, of 1.86 g of a polyglycol ether of the
      formula:
EQU  C.sub.18 H.sub.37 --O(CH.sub.2 CH.sub.2 O).sub.18 H
PAL  and 80 g of a fatty acid amide of the formula:
TBL               Finished   Not finished                                      

     ______________________________________                                    

     Charge carried 100 volts    &gt;3000 volts                                   

     Staining       slight       severe                                        

     Fastness to rubbing                                                       

                    excellent    poor                                          

     Retention of properties                                                   

                    excellent    poor                                          

     after being walked on                                                     

     10,000 times                                                              

     (permanence)                                                              

     ______________________________________                                    

PAL  By slow heating of the mixture to about 60.degree., a homogeneous paste is
      obtained; to this are subsequently added 0.67 g of a polyglycol ether of
      the formula:
      ##SPC8##
PAL  and 7.25 g of 80% acetic acid. Stirring is continued at 60.degree. for a
      further 30 minutes, and the reaction mixture then allowed to cool to a
      temperature of about 30.degree., whereupon 42 g of 80% o-phosphoric acid,
      dissolved in 143.22 ml of water, are stirred in.
PAR  In a separate vessel, 10 g of the antimicrobial compound of the formula:
      ##SPC9##
PAL  15 g of polyglycol ether of the formula:
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 H
PAL  and 6 g of commercial oleic acid are melted together, with stirring, at a
      temperature of 80.degree.; to the clear melt are then added at 30.degree.
      69 g of water free from salt. The obtained solution is thereupon stirred
      into the above described paste, whereby the reaction mixture becomes
      fluid. As soon as a stirrable paste is obtained, additions are carefully
      made to the reaction mixture of 53.5 g of the compound of the formula:
      ##EQU10##
      dissolved in 251.85 g of water free from salt, and 8.65 g of 80% acetic
      acid, 1 g of a 15% aqueous silicone-emulsion and 150 g of a 40% aqueous
      polystyrene emulsion. Stirring is then continued for ca. 60 minutes, and a
      liquid preparation directly ready for use is obtained.
PAR  If, instead of the blue-dyed polyamide carpet mentioned in the example, a
      polyester carpet dyed orange, in a known manner, with the dyestuff of the
      formula:
      ##SPC10##
PAL  or a polyacrylonitrile carpet dyed bright red with the dyestuff mixture of
      the formulae:
      ##SPC11##
PAL  is used, the procedure being otherwise according to the data given in
      Example 1, then equally well finished carpets are obtained.
PAC  EXAMPLE 2
PAR  An aqueous impregnating liquor containing 60 g/l of the liquid preparation
      obtained according to Example 1 is used to impregnate, at a temperature of
      about 20.degree. to 30.degree., a polyamide fabric dyed yellowish-red, in
      a known manner, with the dyestuff of the formula:
      ##SPC12##
PAL  the fabric is subsequently squeezed out to 100% relative to the dry weight
      of the material, and then dried at 140.degree. for 5 minutes. The
      polyamide fabric thus obtained is fast to rubbing and possesses an
      excellent antistatic, dirt-repellent and antimicrobial finish, the said
      fabric being capable of retaining its valuable properties for a very long
      period of time, even after repeated dry brushing and shampooing.
PAR  If, instead of the yellowish-red dyed polyamide fabric, a correspondingly
      dyed Helanca-article is used, or one such article dyed yellow, in a known
      manner, with the dyestuff of the formula:
      ##SPC13##
      or dyed blue with the dyestuff of the formula:
      ##SPC14##
PAL  with otherwise the same procedure as that described in the example, then a
      Helanca-article is obtained possessing similarly good finishing effects.
PAR  If in this example is used, instead of the liquid preparation according to
      Example 1, an impregnating liquor obtained by the dissolving of 6.0 g of a
      compound of the formula:
      ##EQU11##
      6.0 g of polystyrene emulsion (40%), and 1.7 g of 80% o-phosphoric acid in
      one liter of water, the procedure being otherwise the same as that given
      in Example 2, then a Helanca piece-article is obtained possessing a finish
      just as permanently antistatic and dirt-repellent, the dyeings of which
      have excellent fastness to rubbing.
PAR  If, instead of the last-mentioned preparation, an impregnating liquor is
      used obtained by the dissolving in one liter of water of 2.1 g of a
      compound of the formula:
      ##EQU12##
      3.9 g of a compound of the formula:
      ##EQU13##
      6.0 g of polystyrene emulsion (40%) and 1.7 g of 80% o-phosphoric acid,
      with the procedure otherwise as given in the above example, then a dyed
      Helanca piece-article is obtained having fastness to rubbing and
      displaying excellent antistatic and dirt-repellent effects.
PAR  A Helanca piece-article exhibiting similarly good finishing effects is
      obtained using the procedure described in Example 2, but employing,
      instead of the stated impregnating liquor, an impregnating liquor obtained
      by the dissolving of 2.1 g of a compound of the formula:
      ##EQU14##
      3.2 g of a compound of the formula:
      ##EQU15##
      0.8 g of a compound of the formula:
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 --H
PAL  6.0 g of 40% polystyrene emulsion and 1.7 g of 80% o-phosphoric acid in one
      liter of water.
PAR  Finally, if an impregnating liquor is employed which is obtained by the
      dissolving of 15 g of a polyglycol ether having a molecular weight of 300
      to 500, 15 g of 40% polystyrene emulsion and 4.5 g of 80% o-phosphoric
      acid in one liter of water, with the procedure otherwise as described in
      the example, then a yellow, red, or blue dyed Helanca piece-article is
      obtained exhibiting good dirt-repellent and antistatic effects, the
      dyeings thereof having very good fastness to rubbing.
PAC  EXAMPLE 3
PAR  To a trough containing a slop-padding roller is added an aqueous solution
      consisting of 200 kg of the liquid preparation described below dissolved
      in 1000 liters of water.
PAR  A polyamide carpet (pile weight 400 g/m.sup.2) 5 meters in width, dyed
      according to Example 1, passes over this trough at a rate of 5 m/minute.
      By means of the rotating padding-roller, the slop-padding liquid is padded
      on to the moving polyamide carpet. Liquor-pick-up 20% relative to the
      weight of the pile. Drying is subsequently carried out on a
      stretching-frame for 7 minutes at 170.degree.. In this way is obtained a
      polyamide carpet possessing an excellent antistatic and dirt-repellent
      finish, and which retains its valuable finish-properties for a very long
      period of time, even after being repeatedly walked on, brushed and
      shampooed.
PAR  The preparation used in Example 3 is obtained, for example, by the placing
      into a flask of 160 g of water free from salt and the addition to this,
      with stirring, of 1.86 g of polyglycol ether of the formula:
EQU  C.sub.18 H.sub.37 --O(CH.sub.2 CH.sub.2 O).sub.18 H
PAL  and 80 g of fatty acid amide of the formula:
      ##EQU16##
      With slow heating to about 60.degree., a homogeneous paste is obtained, to
      which are then added 0.67 g of polyglycol ether of the formula:
      ##SPC15##
PAL  and 7.25 g of 80% acetic acid. Stirring is carried out at 60.degree. for a
      further 30 minutes; the reaction mixture is subsequently allowed to cool
      to a temperature of about 30.degree., whereupon 42 g of 80% o-phosphoric
      acid dissolved in 143.22 ml of water free from salt are stirred in. An
      addition is then carefully made to this paste of 53.5 g of a compound of
      the formula:
      ##EQU17##
      dissolved in 251.85 g of water free from salt, and 8.65 g of 80% acetic
      acid, 150 g of a 40% polystyrene emulsion, 1 g of a 15% silicone-emulsion
      and 100 g of water free from salt. After one hour's stirring, a liquid
      preparation is obtained directly ready for use.
PAC  EXAMPLE 4
PAR  A polyamide carpet dyed blue according to Example 1 is passed, in a winch
      vat, through an aqueous liquor (1:40) containing 3 g/l of a liquid product
      obtained according to Example 1, but which contains, instead of 42 g of
      80% o-phosphoric acid dissolved in 143.22 ml of water, 109 g of
      hydrochloric acid (36%) dissolved in 76.22 g of water, the liquor
      temperature being 45.degree. and the treatment time 15 minutes. The thus
      treated polyamide carpet is subsequently dried for 7 minutes at
      140.degree.. A blue-dyed polyamide carpet is obtained which possesses an
      excellent antistatic, dirt-repellent and antimicrobial finish, and which
      retains its valuable finish-properties for a very long period of time,
      even after being repeatedly walked on, brushed and shampooed.
PAR  If a preparation produced according to Example 1 is employed, but which
      contains, instead of the total amount of 557.07 g of water free from salt,
      the amount-given in Table I, Column II, and instead of 109 g of 36%
      hydrochloric acid, the amount of acid or acid mixture shown in Column III
      of the table, then liquid preparations are obtained having the pH-values
      given in Column IV, which, when applied, for example, to polyamide fabric
      by application of the process according to Example 4, produce good
      antistatic, dirt-repellent and antimicrobial finish-effects with good
      fastness to rubbing.
TBL                TABLE I                                                     

     ______________________________________                                    

     I    II           III             IV                                      

     Ex.  Water free from                                                      

                       Acid            pH-value of                             

     No.  salt                         the product                             

          g            g                                                       

     ______________________________________                                    

     5    612.07       54.0            2.0                                     

                       sulphuric acid 98%                                      

     6    601.27       22.4            4.2                                     

                       boric acid and                                          

                       42.4                                                    

                       acetic acid 80%                                         

     7    585.47       80.6            4.1                                     

                       acetic acid 80%                                         

     8    597.47       68.6            2.4                                     

                       oxalic acid 2H.sub.2 O                                  

     9    592.67       73.4            3.8                                     

                       citric acid . H.sub.2 O                                 

     ______________________________________                                    

PAR  Materials possessing a similarly permanent antistatic, dirt-repellent and
      anti-microbial finish are obtained if, instead of the preparations used in
      the aforementioned examples, a preparation is employed which is produced
      as follows, with otherwise the same procedure as described in the
      previously described examples:
PAR  An amount of 160 g of water free from salt is placed into a flask and,
      whilst stirring is maintained, 1.86 g of a polyglycol ether (a.sub.1) and
      80 g of a fatty acid amide (a.sub.2) are added. With slow heating of this
      mixture to 60.degree., a homogeneous paste is obtained, and to this are
      subsequently added 0.67 g of a polyglycol ether (a.sub.3) and 7.25 g of
      80% acetic acid. The reaction mixture is stirred at 60.degree. for a
      further 30 minutes, and the temperature subsequently allowed to fall to
      30.degree., whereupon 42 g of o-phosphoric acid (80%) dissolved in 143.22
      ml of water free from salt are stirred in.
PAR  In a separate vessel, 10 g of the antimicrobial compound (d) and 15 g of
      polyglycol ether (a.sub.1) and 6 g of commercial oleic acid are melted
      together, with stirring, at a temperature of about 80.degree.; and to the
      clear melt are then added 69 g of water free from salt at ca. 30.degree..
      The obtained mixture is thereupon stirred into the paste contained in the
      flask. The mixture is further stirred, and to it are carefully added 53.5
      g of a compound (a.sub.4) dissolved in 251.85 ml of water free from salt
      and 8.65 g of 80% acetic acid, 1 g of a 15% silicone-emulsion and 150 g of
      a 40% polystyrene emulsion. Stirring is continued for about 60 minutes,
      and a liquid preparation is obtained directly ready for use.
PAC  EXAMPLE 10
PAC  Polyglycol ether (a.sub.1)
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.30 --H,
PAC  acid amide (a.sub.2)
      ##EQU18##
PAC  polyglycol ether (a.sub.3)
      ##SPC16##
PAC  antimicrobic agent (d)
      ##SPC17##
PAC  antistatic agent (a.sub.4)
      ##EQU19##
PAC  EXAMPLE 11
PAC  Polyglycol ether (a.sub.1)
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 H,
PAC  acid amide (a.sub.2)
      ##EQU20##
PAC  polyglycol ether (a.sub.3)
EQU  C.sub.17 H.sub.35 --O--(CH.sub.2 CH.sub.2 O).sub.30 --H,
PAC  antimicrobic agent (d)
      ##SPC18##
PAC  antistatic agent (a.sub.4)
      ##EQU21##
PAC  EXAMPLE 12
PAC  Polyglycol ether (a.sub.1)
      ##SPC19##
PAC  acid amide (a.sub.2)
PAR  mixture of
EQU  C.sub.17 H.sub.35 CONHCH.sub.2 CH.sub.2 OH
PAL  and
      ##EQU22##
PAC  polyglycol ether (a.sub.3)
EQU  C.sub.18 H.sub.37 --O--(CH.sub.2 CH.sub.2 O).sub.18 H,
PAC  antimicrobic agent (d)
      ##EQU23##
PAC  antistatic agent (a.sub.4)
      ##EQU24##
PAC  EXAMPLE 13
PAC  Polyglycol ether (a.sub.1)
      ##EQU25##
PAC  acid amide (a.sub.2)
      ##EQU26##
PAC  polyglycol ether (a.sub.3)
      ##SPC20##
PAC  antimicrobic agent (d)
      ##EQU27##
PAC  antistatic agent (a.sub.4)
      ##EQU28##
PAC  EXAMPLE 14
PAR  Wool carpet yarn, dyed brown and subsequently dried in the known manner
      with application of the suspension system, is passed in a width of ca. 80
      cm, on a conveyor belt, with a speed of ca. 1.1 m/min under the
      spraying-beam described in Example 1. An aqueous dispersion containing 60
      g/l of the preparation described in Example 1 (= 600 ml of aqueous
      dispersion/nozzle/minute) is sprayed from the aforementioned nozzles under
      a pressure of 4 atm. on to the moving carpet yarn. The yarn is afterwards
      squeezed out on a padding machine to obtain a residual moisture content of
      50%, and dried over a drum at ca. 100.degree.-120.degree.C. After this
      finishing process, there is present on 1 kg of wool carpet yarn an amount
      of 30 g of the preparation described in Example 1.
PAR  Wet, as well as dry, wool carpet yarn can be finished by application of the
      described process; in the case of the wet material, however, 75 g/l of the
      preparation described in Example 1 are to be used.
PAR  It is also possible to treat, in place of wool carpet yarn, a
      wool/polyamide yarn: mixture ratio, e.g., 80% wool : 20% polyamide.
PAR  The described finishing process enables wool carpet yarn to be obtained
      having a permanent anti-electrostatic dirt-repellent and antimicrobial
      finish, these valuable properties being retained by the thus treated
      material even after being repeatedly walked on, brushed and cleaned by
      suction.
PAR  The finished yarn is used for the manufacture of carpets.
PAR  A comparison of a polyamide carpet finished according to the invention with
      a polyamide carpet not finished in that manner shows the following
      differences:
TBL             Finished  Not finished                                         

     ______________________________________                                    

     Charge carried                                                            

                  300 volt    5000 volt                                        

     Staining     slight      severe                                           

     Retention of finish                                                       

     after being walked                                                        

     on 10,000 times                                                           

                  very good   bad                                              

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  A polyamide knitted fabric (with a width of ca. 42 cm and a weight of ca.
      500 g/m.sup.2), printed, steamed and rinsed in the usual manner, is
      squeezed out on a padding machine to effect removal to a great extent of
      the water contained; the material is subsequently passed over a roller at
      a rate of 10 m/min.. A spraying-beam is mounted horizontally over the
      roller at a distance of ca. 10 cm, the nozzles on the beam being ca. 30 cm
      apart. An aqueous dispersion containing 125 g/l of the preparation
      described in Example 1 (= 600 ml of aqueous dispersion/nozzle/minute) is
      sprayed under a pressure of 4 atm. on to the moving polyamide knitted
      fabric. The knitted fabric is subsequently dried, e.g. on a Fleissner
      drum-drier apparatus at ca. 120.degree.C, opened out and rinsed. The
      rinsed knitted yarn is used for the manufacture of carpets. In order to
      achieve a better utilisation of the plant, it is possible in this
      finishing process to have several tracks of polyamide knitted fabric
      running side by side.
PAR  The described finishing operation enables polyamide knitted fabrics to be
      obtained having a permanent anti-electrostatic, dirt-repellent and
      antimicrobial finish, these valuable properties being retained even after
      the thus treated material has been repeatedly walked on, brushed and
      suction cleaned.
PAR  A comparison of the polyamide material finished according to the invention
      with a polyamide carpet not finished in this manner shows the following
      differences in characteristics:
TBL             Finished    Not finished                                       

     ______________________________________                                    

     Charge carried:                                                           

                  0 volt        4500 volts                                     

     Staining:    slight        severe                                         

     Retention of finish                                                       

     after being walked                                                        

     on 10,000 times:                                                          

                  excellent     poor                                           

     Manufacture of                                                            

     carpet (tufting)                                                          

                  better than usual                                            

                                as usual                                       

     Retention of the                                                          

     structure after                                                           

     being walked on                                                           

     10,000 times:                                                             

                  much better than                                             

                                as usual                                       

                  usual                                                        

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A preparation for use in giving fiber materials a permanent antistatic
      and dirt-repellent finish, consisting essentially of an aqueous dispersion
      of
PA1  a. 10 to 20 % by weight of an antistatic agent comprising a compound of the
      formula
      ##EQU29##
       wherein R represent an alkyl radical having 8 to 22 carbon atoms, R.sub.1
      and R.sub.2 are, each independently, alkyl, hydroxyalkyl, alkyl
      substituted by carboxylic and/or sulphonic acid groups, aminoalkoxyalkyl
      or aminoalkyl wherein the amino group is unsubstituted or substituted by
      hydroxyalkyl, cyanoalkylaminoalkyl or by the group R--CO-- or
      --R--CO--NH-alkoxyalkyl wherein R is alkyl having 8 to 22 carbon atoms, or
      one of R.sub.1 and R.sub.2 is hydrogen,
PA1  b. 3 to 35 % by weight of an aqueous non-film-forming dispersion of
      polystyrene,
PA1  c. 1 to 6 % by weight of an inorganic or organic monobasic or polybasic
      acid, and
PA1  d. 0 to 5 % by weight of an antimicrobic agent.
NUM  2.
PAR  2. The preparation of claim 1 wherein the antistatic agent is a compound of
      the formula
      ##EQU30##
      wherein R is alkyl of 8 to 22 carbon atoms.
NUM  3.
PAR  3. The preparation of claim 2 wherein R is heptadecyl.
NUM  4.
PAR  4. The preparation of claim 1 wherein the antistatic agent is a compound of
      the formula
      ##EQU31##
NUM  5.
PAR  5. The preparation of claim 1 wherein the antistatic agent is a compound of
      the formula
      ##EQU32##
NUM  6.
PAR  6. The preparation of claim 1 wherein the antistatic agent is a compound of
      the formula
      ##EQU33##
NUM  7.
PAR  7. The preparation of claim 1 wherein the antistatic agent is a mixture of
      the compounds
EQU  C.sub.17 H.sub.35 CONH CH.sub.2 CH.sub.2 OH
PAL  and
      ##EQU34##
NUM  8.
PAR  8. The preparation of claim 1, wherein the antistatic agent further
      comprises a poly glycol ether of ther formula
EQU  Z--(CH.sub.2 CH.sub.2 O).sub.x H
PAL  wherein Z is the radical of an aliphatic alcohol, aliphatic amine or
      aliphatic carboxylic acid each having 8 to 22 carbon atoms, or of an alkyl
      phenol in which the alkyl part has 8 to 12 carbonatoms and x is the number
      5 to 100.
NUM  9.
PAR  9. The preparation of claim 2, wherein the antistatic agent further
      comprises a poly glycol ether of the formula
EQU  C.sub.18 H.sub.37 O(CH.sub.2 CH.sub.2 O).sub.18 H
PAL  or
      ##SPC21##
PAL  or
EQU  C.sub.17 H.sub.35 --O(CH.sub.2 CH.sub.2 O).sub.30 H
NUM  10.
PAR  10. The preparation of claim 1, wherein acid component c) is selected from
      hydrochloric acid, hydrobromic acid, nitric acid, sulphuric acid,
      phosphoric acid, boric acid, acetic acid, oxalic acid, malonic acid and
      citric acid.
NUM  11.
PAR  11. The preparation of claim 1 wherein the antimicrobic agent is of the
      formula
      ##SPC22##
      ##SPC23##
      ##SPC24##
      ##EQU35##
      ##SPC25##
      or
      ##EQU36##
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PAL  A water-based paint confers wet primed adhesion if its binder is a latex
      whose polymer is a vinyl chloride/acrylic or an all-acrylic containing
      polymerized therein (based on weight of main monomers) not only 0.3-5% of
      (meth) acrylic acid but also a fraction of hydroxymethyl diacetone
      acrylamide (HMDAA) which must be at least 1 % in case of vinyl
      chloride/acrylics and at least 2% in case of all-acrylics. But,
      surprisingly, when such a latex is diluted by blending with a vinyl
      acetate/acrylic latex which by itself does not confer wet primed adhesion,
      superior wet primed adhesion is obtainable even when the overall level of
      HMDAA is only 0.65% when the HMDAA latex is an all-acrylic and only 0.40%
      when the HMDAA latex is a vinyl chloride/acrylic.
PARN
PAR  This is a division, of application Ser. No. 410,129, filed Oct. 10, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is an object of the present invention to provide emulsion-polymerized
      latex products which can be used in formulation with pigmentary materials
      to provide water-based paints which have superior wet primed adhesion,
      i.e. paints which, after being coated over a surface of alkyd primer and
      dried, have a superior adhesion to the alkyd surface when subsequently
      exposed to water.
PAR  It is a further object of this invention to provide such latex products at
      minimum cost by preparing the polymers therein from monomers comprising a
      major amount of monomers selected from the low-cost vinyl acetate and
      vinyl chloride.
PAR  The market for water-based paints, containing emulsion polymerized latexes
      as binders, is constantly growing in preference over oil-based paints
      which contain organic volatile components having undesirable properties
      such as odor and flammability. For some applications, particularly indoor
      applications, it has been found satisfactory to use as the latex binder
      for such water-based paints, an emulsion copolymer comprising a major
      amount of vinyl acetate or vinyl chloride, thus effecting substantial
      economies.
PAR  However, a corresponding use of vinyl acetate or vinyl chloride in outdoor
      water-based paints has not met with equal success. When wood clapboards or
      shingles, for example, are first primed with a conventional exterior alkyd
      undercoat and then painted with a water-based paint, it is not unusual to
      find that the initially attractive coating soon deteriorates during
      repeated exposure to rainy weather. The imbibition of water at the
      primer/topcoat interface results in blistering and peeling.
PAR  In short, previous attempts to use latex copolymers containing polymerized
      therein a major portion of vinyl chloride or vinyl acetate as binders for
      exterior paints have resulted in products which were deficient in wet
      primed adhesion. This deficiency was not overcome by copolymerization with
      up to 5%, based on total main monomers, of a carboxylated monomer or an
      ethylenically unsaturated amide, or both. Thus, for example, a polymer of
      70 parts vinyl chloride, 30 parts 2-ethyl hexyl acrylate plus up to 5
      parts acrylic acid and/or up to 5 parts acrylamide, methacrylamide or
      N-methylolacrylamide does not achieve wet primed adhesion. Likewise
      unsuccessful in the hands of present Applicants, have been polymers
      containing polymerized therein 70 parts vinyl acetate, 30 parts 2-ethyl
      hexyl acrylate, up to 5 parts of acrylic acid and/or up to 5 parts of
      acrylamide or its lower alkyl or hydroxyalkyl derivatives.
PAC  SUMMARY OF THE INVENTION
PAR  A means has now been found whereby a latex vehicle conferring superior wet
      primed adhesion can be formulated using a major amount of monomers
      selected from the group consisting of vinyl acetate and vinyl chloride.
      This is achieved by blending a vinyl acetate/acrylic latex or a vinyl
      chloride/acrylic latex, which by itself does not confer wet primed
      adhesion, with a sufficient amount of a latex of a vinyl chloride/acrylic
      or all-acrylic latex whose polymer contains polymerized therein both
      0.3-5% of a carboxylated monomer and also an effective amount of
      hydroxymethyl diacetone acrylamide (HMDAA).
PAR  In particular, this invention relates to a synergistic mixture of such
      latexes whereby a surprisingly low overall level of HMDAA is found to be
      thus effective. Exemplarily, a vinyl chloride/acrylic containing
      polymerized therein 70 parts vinyl chloride and 30 parts of a mixture of
      lower alkyl acrylates together with about 0.3-5%, based on these main
      monomers, of acrylic acid, by itself confers wet primed adhesion if the
      copolymer contains also polymerized therein at least 1% of hydroxymethyl
      diacetone acrylamide (HMDAA). But surprisingly when such a latex is
      diluted by blending with a vinyl acetate/acrylic latex (or a vinyl
      chloride/acrylic latex) containing polymerized therein about 0.3-5% of
      acrylic acid but no HMDAA, superior wet primed adhesion is obtained even
      when the blending proportions are such that the overall level of HMDAA is
      substantially less that 1.0%, exemplarily 0.40% of the total weight of
      main monomers.
PAR  Similarly, an all-acrylic latex containing polymerized therein a mixture of
      lower alkyl acrylates as main monomers (exemplarily a 50/50 blend of
      n-butyl acrylate and methyl methacrylate) together with 0.3-5%, based on
      these main monomers, of exemplarily acrylic acid and also at least 2.0% of
      HMDAA, confers wet primed adhesion when it is used substantially as the
      sole binder for a water-based paint. But, again surprisingly, when such a
      latex is diluted by blending with vinyl acetate/acrylic latex (or a vinyl
      chloride/acrylic latex) containing polymerized therein 0.3-5% of,
      exemplarily, acrylic acid but no HMDAA, superior wet primed adhesion is
      obtained even when the blending proportions are such that the overall
      level of HMDAA is substantially less than 2.0%, exemplarily 0.65% of the
      total weight of main monomers.
PAR  In accordance with the aforementioned facts, this invention comprises a
      novel latex blend, whose solids comprise
PA1  I. in amount up to 85% of the total solids, an emulsion copolymer
      containing polymerized therein
PA2  a. at least about 50 parts of a monomer selected from the group consisting
      of vinyl acetate and vinyl chloride;
PA2  b. correspondingly to make 100 parts of main monomer, an acrylic monomer
      selected from the group consisting of C.sub.1 -C.sub.10 alkyl esters of
      acrylic and methacrylic acids, and the C.sub.1 -C.sub.10 alkyl diesters of
      maleic acid and fumaric acid; and
PA2  c. about 0.3-5% based on main monomers of a carboxylated monomer selected
      from the group consisting of acrylic acid, methacrylic acid, itaconic
      acid, aconitic acid, methacrylic acid dimer, crotonic acid, isocrotonic
      acid, angelic acid, teglic acid, senecioic acid, hexenic acid and the
      C.sub.1 -C.sub.10 alkyl monoesters of maleic acid and fumaric acid; and
PA1  Ii. correspondingly in amount to make 100% of total solids, at least about
      15% of an emulsion copolymer containing copolymerized therein
PA2  d. a mixture of main monomers having an overall composition selected from
      the group consisting of
PA3  d'. about 50-70 parts of vinyl chloride and correspondingly to make 100
      parts of main monomer, about 30-50 parts of an acrylic monomer selected
      from the group consisting of C.sub.1 -C.sub.10 alkyl esters of acrylic and
      methacrylic acids and the C.sub.1 -C.sub.10 alkyl diesters of maleic acid
      and fumaric acid and
PA3  d". acrylic monomers selected from the group consisting of C.sub.1
      -C.sub.10 alkyl esters of acrylic and methacrylic acids and the C.sub.1
      -C.sub.10 alkyl diesters of maleic acid and fumaric acid; and
PA2  e. 0.3-5% based on main monomers of a carboxylated monomer selected from
      the group consisting of acrylic acid, methacrylic acid, itaconic acid,
      aconitic acid, methacrylic acid dimer, crotonic acid, isocrotonic acid,
      angelic acid, teglic acid, senecioic acid, hexenic acid and the C.sub.1
      -C.sub.10 alkyl monoesters of maleic acid and fumaric acid; and
PA2  f. sufficient hydroxymethyl diacetone acrylamide (HMDAA) to achieve an
      HMDAA level of at least 0.40% with respect to total main monomers in the
      latex blend when the emulsion copolymer II includes vinyl chloride as in
      (d') and 0.65% when said copolymer II main monomers correspond to the
      all-acrylic formulation (d").
PAR  The HMDAA latexes having vinyl chloride as major main monomer, as used in
      this invention, are novel. To the best of the present inventors'
      knowledge, it has not previously been possible to obtain stable latexes of
      such composition. Various methods available to those skilled in the art of
      emulsion polymerization have been tried without success, including
      techniques commonly called "batch polymerization" and various procedures
      involving the gradual addition, together or separately, of the monomers or
      of "pre-emulsions" prepared from the monomers.
PAR  In all such cases, stability difficulties were encountered resulting in
      early coagulation during polmerization or poor storage stability
      thereafter or both. Present inventors have found unexpectedly that
      aforesaid difficulties can be avoided by the use of an innoculant seed
      latex to be defined in more detail below. Although the use of seeds in
      this manner is one of the techniques available to the emulsion polymerizer
      for experimentation, such use is not an obvious panacea that can be
      invoked as an expected solution, before the fact, to any emulsion
      copolymerization problem in particular, and it could not be predicted
      before the present work was accomplished that latexes which are stable
      under storage for at least six months could be obtained, of copolymers
      containing copolymerized therein HMDAA with major amounts of vinyl
      chloride.
PAR  Accordingly, the present invention also comprises a method for making
      stable vinyl chloride/acrylic/HMDAA latexes comprising the step of
      polymerizing the monomers on top of a seed latex prepared by the emulsion
      polymerization of monomers selected singly or in combination from the
      group consisting of C.sub.2 -C.sub.6 alpha-olefins, vinyl halides,
      vinylidene halide, vinyl esters of C.sub.1 -C.sub.4 carboxylic acids and
      C.sub.1 -C.sub.10 alkyl esters of acrylic and methacrylic acids, in the
      presence of from 0.04% to about 5% based on seed latex monomers, of an
      anionic or nonionic surfactant.
PAR  In summary, the present invention is directed to:
PAR  new compositions of storage-stable latexes of VCl/acrylic/HYMDAA polymers
      having copolymerized therein about 50-70 parts vinyl chloride, about 30-50
      parts of an acrylic monomer, about 0.3-5% of a carboxylated monomer and
      about 1-5% of hydroxymethyl diacetone acrylamide;
PAR  novel blends of non-HMDAA-containing vinyl chloride/acrylic or vinyl
      acetate/acrylic latexes, which by themselves do not confer wet primed
      adhesion to paints, with minor amounts of said HMDAA-containing vinyl
      chloride/acrylic latexes, or with minor amounts of HMDAA-containing
      all-acrylic latexes; said blends having the synergistic property of
      conferring wet primed adhesion at surprisingly low overall levels of
      HMDAA;
PAR  new latex paints with wet primed adhesion, comprising a pigmentary material
      and a latex binder selected from said VCl/acrylic/HMDAA latexes;
PAR  new latex paints comprising a pigmentary material and a latex binder
      comprising said novel synergistic blends;
PAR  a method of coating a surface, in particular a surface of a conventional
      exterior alkyd undercoat, which comprises applying said new latex paints,
      thereby conferring superior wet primed adhesion; and
PAR  an object coated by the paint of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The latexes which are used to make the blends of this invention can be
      classified as (1) the "carrier latex" which carries the hydroxymethyl
      diacetone acrylamide (HMDAA) copolymerized in its polymer particles and
      (2) the "diluting latex" whose polymer contains substantially no HMDAA.
PAC  CARRIER LATEXES
PAR  The main monomers of the carrier latex can be "all-acrylic", a term used
      herein to signify that all the main monomers are chosen from the group
      consisting of the C.sub.1 -C.sub.10 alkyl esters of acrylic and
      methacrylic acids and the C.sub.1 -C.sub.10 alkyl diesters of maleic acid
      and fumaric acid. Alternatively, the main monomers of the carrier latex
      can comprise about 50-70 parts by weight of vinyl chloride, the remaining
      amount to make 100 parts of main monomer, being selected from the above
      defined group of acrylic monomers. Latexes of this latter type are
      designated herein as vinyl chloride/acrylic/HMDAA latexes and are
      preferred, particularly for the sake of economy.
PAR  As used in the present disclosure, the term hydroxymethyl diacetone
      acrylamide (HMDAA) designates a reaction product of diacetone acrylamide
      ##EQU1##
      with a plurality of formaldehyde molecules, in particular, a product in
      which on the average between about 2.5 and 3.5 molecules of formaldehyde
      have reacted with each molecule of diacetone acrylamide, forming a
      corresponding number of hydroxymethyl (or methylol) substituent groups
PAR  There are five labile hydrogens on the carbons adjacent to the acetone
      carbonyl of the diacetone acrylamide structure. Whereas it is known that
      some of the benefits of this invention can be obtained when, on the
      average, only one of the labile hydrogens is reacted with formaldehyde and
      likewise that products having up to five hydrogens thus reacted can be
      used, the invention is illustrated herein with HMDAA of the preferred
      molar ratio (formaldehyde/HMDAA) equal to about 3/1.
PAR  A product of this preferred composition can be prepared exemplarily by
      dissolving 3.3 mols of formaldehyde per 1 mol of diacetone acrylamide in
      sufficient water to bring the weight ratio of reactants/water to about
      60/40, using a vessel equipped with stirrer, condenser, thermometer, and
      heat-exchange jacket. About 0.54% of potassium hydroxide based on weight
      of reactants is added in three portions as 10% aqueous solutions for the
      purpose of catalysis. On addition of the first KOH portion, exothermic
      heat is allowed to raise the temperature of the reacting mixture to about
      50.degree.C. The temperature is then held at 50.degree.C for 6 hours,
      adding the second and third portions of KOH at the end of the second and
      fourth hours, respectively. The product is cooled to 25.degree.C,
      filtered, and inhibited against auto-polymerization by addition of about
      0.225% methylether of hydroquinone. The finished solution has about 55%
      HMDAA content. A solution of substantially this composition is available
      commercially from The Lubrizol Corporation under the trademark "HMDAA".
PAR  The amount of HMDAA can be, exemplarily, in the range of about 1-5% based
      on weight of total main monomers. Larger amounts than this can, of course,
      be used but for the sake of maintaining a balance between cost and
      efficiency in conferring wet primed adhesion, it is preferred to use just
      sufficient HMDAA to achieve an HMDAA level of at least about 0.65% with
      respect to total main monomers in the entire latex blend when the carrier
      latex is an all-acrylic carrier latex and at least about 0.40% with
      respect to total main monomers in the entire latex blend when the carrier
      latex is a vinyl chloride/acrylic latex.
PAR  It is also preferred to include in the copolymer of the carrier latex about
      0.3-5%, based on main monomers, of a carboxylated monomer. This functional
      monomer is chiefly for the purpose of aiding in colloidal stability of the
      latex particles and for obtaining certain desirable properties of the
      latex such as resistance to freezing and thawing, and the presence of the
      carboxylated monomer is not absolutely necessary for the obtaining of wet
      primed adhesion. The carboxylated monomer can be selected from the group
      consisting of acrylic acid, methacrylic acid, itaconic acid, aconitic
      acid, methacrylic acid dimer, crotonic acid, isocrotonic acid, angelic
      acid, teglic acid, senecioic acid, hexenic acid and the C.sub.1 -C.sub.10
      alkyl monoesters of maleic acid and fumaric acid. The preferred
      carboxylated monomers are acrylic acid and methacrylic acid.
PAR  The all-acrylic/HMDAA carrier latexes of this invention can be made by any
      conventional emulsion polymerization procedure known to those skilled in
      the art including procedures wherein all of the monomers are added to the
      beginning to an aqueous phase comprising conventional additives such as
      surfactants; and various procedures involving the gradual addition,
      together or separately, of the monomers during the course of
      polymerization. Example 7 illustrates a procedure in which "pre-emulsions"
      of the monomers are gradually added.
PAR  However, in the case of carrier latexes of vinyl chloride/acrylic/HMDAA
      polymers in which about 50-70% of the main monomers is vinyl chloride, the
      remaining amount of about 30-50% being acrylic monomers, the usual
      procedures of emulsion polymerization are fraught with stability
      difficulties manifested in coagulation either during or shortly after
      polymerization. The products of such procedures cannot be used to form
      stable blends with the diluting latexes of this invention. But
      unexpectedly it has been found that the use of a seed latex makes possible
      the obtainment of stable latexes of such vinyl chloride/acrylic/HMDAA
      polymers with up to about 5 parts HMDAA and about 5 parts of a carboxylic
      monomer chosen from the above defined group of carboxylic monomers.
PAR  The seed latex method has also been tested as a means of making the
      all-acrylic/HMDAA carrier latexes of this invention and is preferred. A
      procedure for preparing a latex using a seed is illustrated in Example 1
      below. The kinds of seed latexes which can be used in general are
      described in the following section.
PAC  SEED LATEX
PAR  When a seed latex is used in preparing latexes for blending in this
      invention, such seed latex can have an average particle size between about
      0.005 and 0.10 microns, particle sizes between about 0.01 and 0.05 microns
      being particularly suitable.
PAR  The seed latex can be prepared by the emulsion polymerization of any thus
      polymerizable ethylenically unsaturated compound or compounds, as
      described below. Any free-radical initiating system can be used to effect
      polymerization of the seed monomers. Any of the known methods can be used
      to obtain a stable dispersion and to control the particle size.
PAR  Thus, any emulsion stabilizer can be used which is capable of maintaining a
      latex dispersed in the form of latex particles and preventing said
      particles from coagulating under mechanical stress developed during the
      stirring of the latex. Anionic or nonionic surfactants are the preferred
      emulsion stabilizers and will be used herein to illustrate the invention.
      The emulsion stabilizer can also comprise a polymeric colloid stabilizer
      of the type often identified as a "colloid protective agent".
PAR  The surfactant used in preparation of the seed latex can be selected from
      any of the anionic and nonionic surfactants. For example, any of such
      surfactants customarily used in effecting emulsion polymerization can be
      used, including sodium lauryl sulfate, sodium dodecyl benzene sulfonate,
      sodium alkylsulfosuccinates, alkyl esters of sodium sulfosuccinate, sodium
      or ammonium salts of sulfate esters of alkyl phenoxy poly(ethyleneoxy)
      ethanols such as octyl or nonyl phenoxy poly(ethyleneoxy) ethanols,
      including the full range of ethylene oxide contents available. The aqueous
      composition can also contain condensates of ethylene oxide with
      hydrophobic bases formed by condensing propylene oxide with propylene
      glycol.
PAR  As will be evident to those trained in the art of emulsion polymerization,
      various other types of surface active agents can be applied and also
      certain surfactants can be used in combination to obtain a particular
      balance of properties. Surfactants can be introduced into the aqueous
      composition of the seed latex before, during or after the polymerization
      of the seed latex.
PAR  As to amounts, surfactants used in preparation of the seed latex can be in
      the usual proportions well established in the art of emulsion
      polymerization, as from 0.04% to about 5% based on total weight of seed
      latex monomers. Ordinarily, amounts between about 0.5% and 2.0% based on
      seed latex monomers are preferred.
PAR  The polymer of the seed latex can be a homopolymer or interpolymer whose
      monomer composition can be selected singly or in combination from the
      emulsion polymerizable ethylenically unsaturated aliphatic compounds
      including alpha-olefins, vinyl or vinylidene halides, vinyl esters and
      alkyl esters of acrylic and methacrylic acids, and dialkyl esters of
      maleic acid and fumaric acid, respectively with alcohols having from 1 to
      10 carbon atoms. An alpha-olefin can have from 2 to 6 carbon atoms, thus
      it can be ethylene, propylene, butene-1 or hexene-1. A vinyl halide can be
      vinyl chloride or vinyl bromide. A vinylidene halide can be vinylidene
      chloride. A vinyl ester can be derived from any carboxylic acid with one
      to four carbon atoms, thus it can be vinyl formate, vinyl acetate, vinyl
      propionate or vinyl butyrate. The "acrylic" type esters are defined in
      greater detail below in describing the overall composition of the blending
      latexes of this invention.
PAR  Illustratively, the polymer of the seed latex can be polyethylene,
      polyvinyl chloride, polyvinyl acetate, poly(methyl methacrylate),
      poly(ethyl acrylate), poly(2-ethyl hexyl acrylate), a copolymer of methyl
      acrylate and vinyl acetate, a copolymer of vinyl chloride and minor amount
      of ethylene or a copolymer of vinyl chloride with 99 to 1% of one of the
      other said ethylenically unsaturated compounds. Preferred seed latexes are
      polyvinyl chloride, polyvinyl acetate and poly(2-ethyl hexyl acrylate).
PAR  The seed latex can be prepared beforehand in a separate vessel and desired
      aliquot can then be introduced into the aqueous composition of this
      invention. Alternatively, the seed latex can be made "in situ" in all or
      part of the aqueous composition used to prepare the blending latex itself;
      in such event, the preparation of the seed latex is completed before
      proceeding with the addition of the monomers to be polymerized into the
      particles of the blending latex. Example 1 below illustrates the preferred
      use of a previously prepared polyvinyl chloride seed in the preparation of
      a vinyl chloride/acrylic/HMDAA carrier latex. Additional examples of
      applicable seed latexes are disclosed in U.S. Pat. No. 3,721,636, Examples
      2 and 3.
PAR  As to the amount of the seed latex, sufficient is used so that the weight
      proportion of seed latex solids to total solids of the finished product
      will be in the range between about 0.01% and 10%, preferably in the range
      between about 0.5% and 3%. In general, the amount of seed latex contained
      initially by the aqueous composition used in preparation of the "carrier"
      or "diluting" latex can be such that the seed solids are between about
      0.01% and 10% by weight of said aqueous composition. The preferred range
      of seed solids is between about 0.5% and 3% of the weight of the initial
      aqueous composition before monomer addition.
PAR  In the preferred method of using a seed to prepare a stable latex of 50-70
      vinyl chloride/30-50 acrylic/0.3-5 carboxylic acid/0.1-5 HMDAA copolymer,
      a reactor is charged with water, surfactant, seed latex and initiating
      system and all the monomers are then simultaneously and gradually added to
      this emulsifying composition over a period of at least about 12 hours. The
      monomers other than HMDAA can be added in admixture; the HMDAA is
      preferably added in a separate stream. Surfactant solution is added
      simultaneously at a rate to maintain surface tension in the range about
      33-40 dynes/cm.sup.2. The temperature of the reacting system can be in the
      range of about 50.degree.-65.degree.C, preferably in the range about
      55.degree.-60.degree.C. As will be obvious to those skilled in the art,
      the rate of adding the monomers is adjusted to maintain exothermic
      reaction at the temperature chosen.
PAC  DILUTING LATEXES
PAR  The diluting latex to be used in carrying out the instant invention can be
      an emulsion copolymer containing polymerized therein about 50-70 parts
      vinyl chloride, the remaining monomer to make 100 parts of total main
      monomer being an acrylic monomer as above described. Or the diluting latex
      can be an emulsion copolymer containing polymerized therein about 50-98
      parts of vinyl acetate, the remaining monomer to make 100 parts of total
      main monomer again being an acrylic monomer as above described. Again, it
      is preferred to include in these copolymers about 0.3-5 %, based on main
      monomers of a carboxylated monomer, although this is not absolutely
      required for the purpose of obtaining wet primed adhesion. In general, as
      in all the latexes used for blending in this invention, the preferred
      level of carboxylated monomer is from about 0.2-1.5%, based on main
      monomers.
PAC  POLYMERIZATION CONDITIONS
PAR  As will occur to those skilled in the art of emulsion polymerization, a
      number of reaction parameters can be varied while working within the scope
      of this invention. Thus, the emulsion copolymerization can be initiated by
      any known free-radical donating system including substances which undergo
      scission under the influence of heat and substances which are caused to
      form free-radicals by reaction with reducing agents. Water-soluble
      initiators are usually to be preferred, including potassium, ammonium or
      sodium persulfate or peroxydiphosphate, and others which will be known to
      those skilled in the art. When reducing agents are used, it is again
      preferred to use materials which are water-soluble such as sodium
      formaldehyde sulfoxalate, sodium metabisulfite and ascorbic acid.
PAR  Likewise, a range of temperatures is possible from about room temperature
      or lower when redox systems are used to about 100.degree.C or above.
      Preferably, a temperature about 50.degree.-70.degree.C is used. In the
      case of volatile monomers like vinyl acetate, the temperature can be
      controlled by refluxing the volatile monomer. In the case of vinyl
      chloride, for example, the polymerization vessel can be pressurized.
      Maintaining the reaction under inert atmosphere is desirable. The
      initiator can exemplarily be used in amount about 0.1-5%, especially
      0.2-2%, based on the weight of the aqueous emulsifying composition before
      addition of the monomers. If a reducing agent is used, it also is used in
      amount totaling about 0.1-5%, especially 0.2-2%, of said aqueous
      emulsifying composition.
PAR  As to the surfactant system to be used in the preparation of carrier or
      diluting latexes, this can employ any anionic or nonionic surfactants used
      singly or in combination. In particular, the same surfactants which have
      been enumerated above for use in preparing a seed latex are also
      satisfactory for the preparation of the carrier or diluting latex itself.
      Amounts of surfactants can be used in the usual proportions well
      established in the art of emulsion polymerization, the preferred range
      being from 0.5-5%, based on the weight of the aqueous emulsifying
      composition before addition of monomers. Thus, if a 50% solids latex is
      desired, the surfactant can be in amount from 0.5-5%, based on the total
      monomer. The particular amount and addition schedule can be chosen such as
      to control particle size and eventual stability of the product latex.
      Surfactants can be introduced into the aqueous composition all from the
      start, or gradually during the period of polymerization.
PAR  Polymeric colloid stabilizers can also be used to assist in maintaining
      dispersion of the latex in the form of latex particles and preventing said
      particles from coagulating under mechanical stress such as under stirring.
      Such polymeric stabilizer can, exemplarily, be starch, gelatin, casein,
      hydroxyethyl cellulose, carboxymethyl cellulose, polyvinyl alcohol of both
      fully hydrolyzed and partially hydrolyzed grades, polyvinyl pyrrolidone
      and the like. The colloid stabilizer can be used in amount up to about 10%
      of the total copolymer weight, between about 1% and 5% being particularly
      suitable.
PAR  The solids content of the carrier and diluting latexes of this invention,
      as also the blends thereof, can range from as low as 20% by weight or
      lower, to as high as 70% or higher based on the total weight of latex.
PAC  BLENDING PROPORTIONS
PAR  The synergistic blends of this invention are made in the following manner.
PAR  When the carrier latex is a vinyl chloride/acrylic/HMDAA latex and the
      diluting latex is either a vinyl acetate/acrylic or a vinyl
      chloride/acrylic latex, the following table shows the minimum HMDAA
      content of the carrier latex which can confer a wet primed adhesion
      property respectively to a series of exemplary blends. These blends are
      expressed as the weight ratio of carrier polymer to diluting latex
      polymer.
TBL  ______________________________________                                    

     % HMDAA per                                                               

     main monomer                                                              

     in carrier       Carrier/diluting                                         

     polymer          polymer ratio                                            

     ______________________________________                                    

     1.00             40/60                                                    

     1.33             30/70                                                    

     2.00             20/80                                                    

     2.67             15/85                                                    

     ______________________________________                                    

PAR  Similarly, when the carrier latex is an all-acrylic/HMDAA latex and the
      diluting latex is a vinyl acetate/acrylic or a vinyl chloride/acrylic
      latex, the following table shows the minimum HMDAA content of the carrier
      latex which can confer a wet primed adhesion property, respectively, to a
      series of exemplary blends. The blends are again expressed as the weight
      ratio of carrier polymer to diluting polymer.
TBL  ______________________________________                                    

     % HMDAA per                                                               

     main monomer                                                              

     in carrier       Carrier/diluting                                         

     polymer          polymer ratio                                            

     ______________________________________                                    

     1.63             40/60                                                    

     2.17             30/70                                                    

     3.25             20/80                                                    

     4.34             15/85                                                    

     ______________________________________                                    

PAC  ACRYLIC MONOMERS CONTEMPLATED
PAR  Acrylic monomers are used in copolymerizing the all-acrylic and vinyl
      chloride/acrylic carrier latexes of this invention, and also the vinyl
      chloride/acrylic and vinyl acetate/acrylic diluting latexes of this
      invention. Their selection can be varied within the scope of this
      invention, according to principles well understood by those skilled in
      tailormaking polymers for use in paints and allied arts, so as to obtain
      benefits of coalescence, levelling, abrasion resistance and other
      desirable properties. Present Applicants have studied a wide assortment of
      proportions of different acrylate monomers within the stated ranges as
      summarized above, both among themselves and together with either vinyl
      chloride or vinyl acetate, in the stated ranges, and have found
      consistently that primed wet adhesion is always obtained when the stated
      restrictions concerning the blending properties are met. As above stated,
      the term "acrylic" monomer as used herein designates monomers chosen from
      the group consisting of the C.sub.1 -C.sub.10 alkyl esters of acrylic and
      methacrylic and the C.sub.1 -C.sub.10 alkyl diesters of maleic acid and
      fumaric acid. Thus, the acrylic monomer can be any ester of acrylic or
      methacrylic acid, or any diester of fumaric or maleic acid, respectively
      with any straight-chain, branched or cyclic alcohol having from 1 to 10
      carbon atoms, as, for example, methyl alcohol, ethyl alcohol, n-propyl
      alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, secondary
      butyl alcohol, tertiary butyl alcohol, n-amyl alcohol, isoamyl alcohol,
      tertiary amyl alcohol, n-hexyl alcohol, cyclohexanol, n-octyl alcohol,
      capryl alcohol or n-decyl alcohol. Thus, exemplarily, an alkyl acrylate
      can be methyl acrylate, isopropyl acrylate, ethyl acrylate, 2-ethylhexyl
      acrylate, n-octyl acrylate, butyl acrylate, isobutylacrylate or decyl
      acrylate; an alkyl methacrylate can be methyl methacrylate, ethyl
      methacrylate, propyl methacrylate, isopropyl methacrylate, butyl
      methacrylate, isobutyl methacrylate, 2-ethylhexyl methacrylate, n-octyl
      methacrylate or decyl methacrylate; a dialkyl maleate can be dimethyl
      maleate, diisopropyl maleate, diethyl maleate, di(2-ethylhexyl maleate),
      di(n-octyl)maleate, dibutyl maleate, di(isobutylmaleate) or didecyl
      maleate; and a dialkyl fumarate can be dimethyl fumarate, diethyl
      fumarate, dipropyl fumarate, diisopropyl fumarate, dibutyl fumarate,
      di(isobutyl)fumarate, di(2-ethylhexyl fumarate), di(n-octyl)fumarate or
      didecyyl fumarate. Also the diester can be a mixed ester, as for example
      ethyl decyl fumarate and butyl octyl maleate.
PAC  PAINT FORMULATION
PAR  The latexes and latex blends of this invention can be formulated with
      pigmentary material by any procedure known in the latex water-based paint
      formulation art. The pigmentary material conventionally includes primary
      pigments and extender pigments, both of which are preferably used in the
      comminuted form of common practice. Other adjuvants can also be added as
      dispersants, leveling agents, tinting agents, antifreezing agents,
      thickening agents, coalescing agents and the like. Any suitable method of
      combining the several ingredients can be used. Preferably, an aqueous
      paste of pigments and adjuvants is first ground at high shear and then
      combined with the latex using simple stirring.
PAR  In general, the water-based paints of this invention can have a ratio of
      latex solids to total latex plus pigment solids equal to about 20-50%, the
      preferred ratio being about 25-40%. Total solids content of the paint can
      be about 40-65%.
PAR  Among the pigmentary materials which can exemplarily be used in formulating
      the water-based paints of the present invention are titanium dioxide, zinc
      oxide, iron oxide, chromium oxide, zinc sulfide, carbon black, copper
      phthalocyanine, cadmium sulfide and cadmium selenide. Extender pigments
      can exemplarily be calcium carbonate, anhydrous sodium potassium aluminum
      silicate, clay, mica, silica, talc and barytes.
PAR  The water-based paints of this invention can be applied to the substrate
      surface in any conventional manner including brushing, spraying and
      roller-coating, among others. Paints of this invention can be used both
      indoors and outdoors. Their excellent adhesion to alkyd undercoats makes
      them also excellent paints for coating over old coats of conventional
      alkyd paints without requiring prior removal of such previous paints.
PAR  The latexes and latex blends of this invention generally have a pH in the
      range about 4-7. In formulating these latexes into paints, it is preferred
      to adjust the homogenized paint to a pH in the range about 7.5-10,
      preferably about 8.0-9.5. Any of the conventional alkalizing agents are
      suitable. Because of its high volatility and low cost, the preferred
      alkaline adjustment agent is aqueous ammonia, i.e. ammonium hydroxide. In
      the examples below, the paints were thus adjusted to pH about 8.5.
      Alternatively, as in Example 1, the latex can be adjusted to the alkaline
      side before formulating with pigmentary material.
PAC  TESTING FOR "WET ADHESION"
PAR  For the purpose of measuring "wet adhesion" of latex paints, a surface of
      alkyd undercoat was first prepared by applying a 7.0 mil layer of a
      typical alkyd-based exterior wood undercoater to the entire surface of a
      6.5 .times. 17 inch plastic sheet (Leneta Panel No. 121-10N, obtained from
      Leneta Company, Hohokus, New Jersey), using a Dow film coater and making
      the draw-down in the lengthwise direction of the panel.
PAR  Various alkyd-based exterior commercial undercoats were found to be usable
      interchangeably for the purpose of this test without influencing the test
      results. Thus, the exact formulation of the undercoat is not critical nor
      at the heart of the instant invention. Exemplarily, equivalent results
      have been obtained with both Sherwin-Williams 450 Undercoater and with
      Sherwin-Williams "Exterior Wood 1027-8 White". The representative
      formulation of the latter is stated by the manufacturers to be equal parts
      by weight of (a) pigment consisting of 26% titanium dioxide (having 94%
      TiO.sub.2) and 74% calcium carbonate with (b) vehicle consisting of 47%
      tall oil alkyd resin 6% soya alkyd resin, 1% di(alkylsulfonyl)methylene
      and 46% mineral spirits.
PAR  Preferably the undercoat is tinted with any conventional tint used in
      paints of this type, in order to facilitate visual observation of the test
      results.
PAR  The coated panels were allowed to cure for 4 days at room temperature
      before use and were used only during the period including the subsequent
      seven days.
PAR  Each latex paint sample to be tested was cast on an undercoated panel at 6
      mil wet thickness using a Bird applicator. The paint film was cast in a
      direction at right angles to the direction used in application of the
      undercoating. Each "draq-down"  was 3 inches wide, permitting four or five
      different parallel draw-downs to be made on one panel. The painted panel
      was then allowed to cure for a period of 24 hours at room temperature. At
      the end of the curing period the panels were submerged for 20 minutes in
      water at room temperature. The panels were then removed from the water and
      the excess water was gently removed from the panels by means of a dry
      cloth towel.
PAR  A straightedge was then placed parallel to the lengthwise dimension of the
      test panel at a distance 1/2 inch from the edge at which the paint
      draw-downs were terminated; and a deep cut was made by drawing a razor
      blade against the length of the straightedge. A strip of half-inch wide
      masking tape was then firmly applied on top of and parallel to each test
      paint film and the tape was then pulled from the paint film on one rapid
      stroke, commencing at the edge near the razor cut. A new strip of tape was
      firmly applied immediately thereafter and pulled in the same manner. The
      operation was repeated until paint film was removed from the alkyd
      undercoating. If no wet paint film was removed after five consecutive
      pulls, the wet adhesion was deemed to be excellent. Otherwise, the
      relative degree of wet adhesion was expressed as the number of tape pulls
      required for failure.
PAR  This test was rendered less subjective by repeating draw-downs on different
      panels and in different positions on the panels. In general, very good
      agreement was obtained among such repeat tests. Variations in adhesive
      strength of the masking tape and in the firmness of its application to the
      paint surface were not sufficiently large to be confounding in a
      statistical sense. The use of a heavy roller to assure uniformity in
      application of tape was found unnecessary. Experience has shown that
      paints which pass five pulls in this test have excellent wet primed
      adhesion also in prolonged weathering tests whereas paints which fail this
      pull test develop peeling and blistering on exposure to weather.
PAR  This invention will be further illustrated by description in connection
      with the following specific examples of the practice of it wherein, as
      also elsewhere herein, proportions are in parts by weight unless stated
      otherwise.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of a vinyl chloride/acrylic latex
      whose solids contain 1.5% by weight of HMDAA containing reacted therein 3
      mols of formaldehyde per 1 mol DAA.
PAR  A polyvinyl chloride seed latex was first prepared in a separate reaction
      as follows:
PAR  Using a pressure kettle equipped with stirrer and means for introducing
      reactants, 60.6 grams of sodium lauryl sulfate were dispersed in 11,550
      grams of deionized water. There was then added 6060 grams of vinyl
      chloride monomer and 24.2 grams sodium persulfate. Polymerization was
      carried out at 40.degree.C to 60.degree.C accelerated by the gradual
      addition of 100 ml of 5% aqueous sodium formaldehyde sulfoxylate. The
      resultant seed latex had a solids content of 34.6% and was post-stabilized
      by the addition of 60.6 grams of sodium lauryl sulfate. Average particle
      size of the seed latex was 0.035 microns. The pH was equal to 2.0.
PAR  A reactor was then charged with 40.0 parts by weight of deionized water,
      0.12 parts disodium phosphate, 0.12 parts monosodium phosphate, 0.02 parts
      of sodium dodecyl benzene sulfonate and 0.25 parts of the above described
      seed latex. These contents were heated with stirring to 135.degree.F. The
      reactor was evacuated to 4.5 inches of mercury, returned to zero psig with
      vinyl chloride vapor and re-evacuated to about 15 mercury inches. There
      was then introduced by suction a solution of 0.14 parts of sodium
      persulfate in 1.24 parts of deionized water, again returning to zero psig
      using vinyl chloride vapors. Small increments of more sodium dodecyl
      benzene sulfonate were then added until a surface tension of about 39-40
      dynes/cm.sup.2 was reached.
PAR  Beginning as soon as surface tension was thus adjusted, a monomer mixture
      containing 27.4 parts vinyl chloride, 14.6 parts 2-ethyl hexyl acrylate,
      7.41 parts n-butylacrylate and 0.25 parts glacial acrylic acid was added
      gradually over a period of 14 hours. At a time one-half hour later than
      the time of starting the monomer feed, there was also added gradually and
      simultaneously 1.35 parts of a 55% aqueous solution of hydroxymethyl
      diacetone acrylamide ("HMDAA") and also a "soap feed" solution containing
      0.07 parts tetrasodium pyrophosphate, 1.06 parts octadecyl
      sulfosuccinamate, 0.37 parts sodium dodecyl benzene sulfonate and 0.25
      parts of the above described seed latex in 3.21 parts of deionized water.
      The HMDAA solution was added over a period of 13.5 hours. The "soap feed"
      was added over a period of 14 hours. The incremental additions of the
      "soap feed" were adjusted to maintain a surface tension at 42-45
      dynes/cm.sup.2 during the first hour of such addition, thereafter at 36-40
      dynes/cm.sup.2 up until 3.5 hours of such addition, thereafter at
      33.5-36.5 dynes/cm.sup.2 until such addition was completed.
PAR  Upon simultaneous completion of the additions of the monomer mixture and
      the HMDAA solution, the temperature of the resulting latex was elevated to
      145.degree.F and held there for three additional hours, at which time the
      pressure had dropped to about 11 psig. The latex was then cooled to
      90.degree.F while releasing pressure slowly to avoid foam. The latex was
      then stripped of residual monomer under vacuum conditions with careful
      control of agitation to avoid excess foam. A final heating at 110.degree.F
      was carried out at 15 inch vacuum over a period of a half hour. The latex
      was then cooled to 90.degree.F.
PAR  There were then added 0.59 parts of a 26% aqueous ammonia solution and 0.03
      parts of a 37% aqueous formaldehyde solution. After an additional half
      hour's mixing, the finished latex was poured into drums. The resultant
      latex had a solids content equal to 52.8%, the average particle size was
      0.35 microns, the pH was equal to 8.8. Brookfield viscosity was less than
      75 cps. and mechanical stability (resistance to rapid agitation) was
      excellent. EXAMPLE 2
PAR  A pigment slurry was prepared by mixing the following components in a
      Cowles mixer at high shear:
TBL  Component of Pigment Slurry                                               

                            Parts by                                           

                            Weight                                             

     ______________________________________                                    

     Water                  25.51                                              

     3% Aqueous Solution of                                                    

     Carboxymethyl Cellulose                                                   

     (Methocel 4000)        .07                                                

     Nonyl Phenyl Polyethylene                                                 

     Glycol Ether (Tergitol                                                    

     NP 15)                 .04                                                

     Soya lecithin          .04                                                

     Polyoxyethylated vegetable                                                

     oil (Emulphor EL 719)  .02                                                

     Rutile Titanium Dioxide                                                   

                            21.60                                              

     Anhydrous sodium potassium -aluminum silicate                             

                            14.10                                              

     Water-ground mica      2.40                                               

     Diethylene glycol mono-                                                   

     ethylether             1.40                                               

     Ethylene glycol        1.50                                               

     Phenyl mercuric acetate                                                   

                            .01                                                

     Commercial defoamer                                                       

     (Colloids 581)         .01                                                

     ______________________________________                                    

PAL  Thus, this pigment slurry contains 38.1 parts pigment solids.
PAR  To 66.7 parts of this pigmented slurry there were added 33.3 parts of the
      latex of Example 1 and these components were gently mixed into a
      homogeneous paint.* This paint contained latex solids in an amount
      corresponding to 31.6% of the total latex plus pigment solids. When this
      paint was tested for "wet adhesion" by the above described procedure, it
      was found to pass successfully five pulls of the masking tape.
FNT   *The pH was adjusted to 8.5 by addition of sufficient concentrated
      ammonium hydroxide.
PAC  EXAMPLE 3
PAR  A latex was prepared according to the same procedure as in Example 1 and
      with the same composition except that no hydroxyethyl diacetone acrylamide
      was used, i.e., the addition of HMDAA solution was omitted. The resultant
      stable latex had a solids content equal to 53%, the average particle size
      was 0.32 microns, the pH was equal to 8.7. A paint was made by adding 66.7
      parts of the latex of this example to 33.3 parts of the pigmented slurry
      of Example 2. This paint contained latex solids in an amount corresponding
      to 31.6% of the total latex and pigment solids.
PAR  A similar latex preparation was carried out except that HMDAA was used in
      an amount corresponding to 0.75% based on total main monomers and a
      corresponding paint was made in a similar manner.
PAR  Wet adhesion tests were then carried out on the two paints of this example.
      The tests showed that the paint which contained no HMDAA failed after the
      first pull of adhesive tape, most of the top coat being removed by the
      tape, and that the paint which contained 0.75% HMDAA based on main
      monomers of binder polymer solids passed one pull but failed on the second
      pull with complete removal of the top coat. These paints are not examples
      of the instant invention, but illustrate that desirable wet primed
      adhesion is not conferred by the vinyl chloride/acrylic binder when the
      HMDAA is either absent or at the 0.75% level.
PAC  EXAMPLE 4
PAR  A latex was prepared of a copolymer containing polymerized therein 82 parts
      of vinyl acetate per 18 parts on n-butylacrylate with 0.5 parts of acrylic
      acid but with no HMDAA. The method used to prepare this latex was a
      conventional procedure wherein 10% of all the monomers is added to the
      initial aqueous emulsion composition and the remaining monomer added
      continuously during the course of the polymerization. The initiator was
      potassium persulfate in an amount equal to 0.54% based on total monomer
      and the surfactants were nonylphenyl polyethylene glycol ethers in an
      amount equal to 2.9% based on total monomer. Hydroxy ethyl cellulose was
      also used as a protective colloid at a level corresponding to 1.4% based
      on total monomer. The polymerization temperature was maintained between
      75.degree.-80.degree.C. This latex, identified as latex 4A, has a solids
      content equal to 55%, an average particle size equal to 0.6 microns and
      the pH was 5.8. Brookfield viscosity was 700 cps.
PAR  Using substantially the same polymerization procedure, a latex was prepared
      having polymerized therein 77 parts vinyl acetate, 13 parts dioctylmaleate
      and 10 parts 2-ethylhexyl acrylate with 0.75 parts acrylic acid and no
      HMDAA. This latex, identified as latex 4B, had a solids content equal to
      54.5%, an average particle size equal to 0.55 microns and the pH was 5.4.
      Brookfield viscosity was 1800 cps.
PAR  In a similar manner, a latex was prepared of a polymer containing
      polymerized therein 60 parts vinyl acetate, 20 parts dioctylmaleate and 20
      parts dibutylmaleate. This latex, identified as latex 4C, had a solids
      content equal to 55.3%, an average particle size equal to 0.8 microns and
      the pH was 4.8. Brookfield viscosity was 1650 cps.
PAR  Paints were prepared from these latexes using the procedure of Example 2,
      namely, mixing 66.7 parts of a pigmented slurry of Example 2 with 33.3
      parts of latexes 4A, 4B and 4C, respectively. These paints contained latex
      solids in amounts corresponding to 32.2%, 32.1% and 32.3%, respectively,
      of the total latex and pigment solids. All these paints failed the wet
      adhesion test in the first pull of the masking tape.
PAR  Blends were then made of the latex of Example 1, containing 1.5% level of
      HMDAA with, respectively, latexes 4A, 4B and 4C. The blends were made in
      such proportions that the polymer solids contributed by each "diluting"
      latex were 7/3 times as great as the polymer solids contributed by the
      latex of Example 1. In other words, aliquots of the respective latexes
      were combined in such a manner as to total per 100 parts of total polymer,
      70 parts of the polymer of either latex 4A, latex 4B or latex 4C, together
      with 30 parts of the polymer of the latex of Example 1. The latex blend
      using latex 4A had a solids content equal to 54.3%, a pH of 5.9 and the
      Brookfield viscosity was 320 cps. The latex blend using latex 4B had a
      solids content equal to 54.0%, a pH of 5.5 and the Brookfield viscosity
      was 88 cps. The latex blend using latex 4C had a solids content equal to
      54.5%, a pH of 4.9 and the Brookfield viscosity was 760 cps.
PAR  Paints were then respectively made from the three blends using the
      procedure of Example 2 wherein the ratio of latex solids to total latex
      and pigment solids was, respectively, 32.0%, 31.8% and 32.1%. When these
      paints were tested for wet primed adhesion, they were found surprisingly
      in each case to pass successfully five pulls of the masking tape, even
      though the overall level of HMDAA per total polymer solids was only 0.45%.
PAC  EXAMPLE 5
PAR  A latex blend was prepared by mixing aliquots of the latex of Example 1
      with the latex of Example 3 in such proportions that for every 100 parts
      of total polymer in the blend there were 30 parts of the polymer of the
      latex of Example 1 and 70 parts of the latex of Example 3. The resultant
      stable blend latex had a solids content equal to 52.9%. A paint was then
      made by adding 33.3 parts of this latex to 66.7 parts of the pigmented
      slurry of Example 2. This paint contained latex solids in an amount
      corresponding to 31.5% of the total latex plus pigment solids. When this
      paint was submitted to the wet primed adhesion test, it was found to pass
      successfully five pulls of the masking tape, even though the overall level
      of HMDAA based on total latex polymer solids was 0.40%.
PAC  EXAMPLE 6
PAR  A series of paints is made substantially according to the procedure of
      Example 2 and using as the HMDAA latex binder blends of vinyl acetate
      copolymer latex 4B with vinyl chloride/acrylic/HMDAA latexes made
      according to the procedure of Example 1 and having the same ratio of vinyl
      chloride/2-ethyl hexyl acrylate/n-butylacrylate but containing different
      amounts of HMDAA copolymerized therein. The ratio of the polymer solids
      from latex 4B to the polymer solids of the particular vinyl
      chloride/acrylic/HMDAA latex blended is, respectively, 60/40, 70/30, 80/20
      and 85/15. The amount of HMDAA in each vinyl chloride/acrylic/HMDAA latex
      is sufficient in each case to make the overall level of HMDAA based on
      total polymer in the blend at least 0.4%. Paints are made from these
      blends according to the procedure of Example 2 and in all cases the paints
      have excellent wet primed adhesion.
PAR  A similar series is prepared in which the first latex described in Example
      3, having no HMDAA copolymerized therein, is used in place of latex 4B.
      Again, the corresponding paints all have excellent wet primed adhesion.
PAR  Still another series of paints is similarly prepared using as binder,
      blends made up to contain 75 parts of diluting polymer to 25 parts of
      carrier polymer using throughout as the carrier latex, a latex prepared as
      in Example 1 and having the composition of the latex of Example 1 except
      that the HMDAA content is 2.0% based on main monomers of this diluting
      latex. In successive experiments, there is used as the diluting latex
      polymer, copolymers having the compositions of vinyl chloride/2-ethyl
      hexyl acrylate equal, respectively, to 50/50, 55/45, 60/40, 65/35 and
      70/30. Corresponding experiments are made wherein the diluting latex of
      successive experiments has a composition of vinyl acetate/2-ethyl hexyl
      acrylate equal, respectively, to 50/50, 60/40, 70/30, 80/20, 90/10 and
      98/2. In all cases the paints have excellent wet primed adhesion.
PAC  EXAMPLE 7
PAR  This example illustrates the preparation, for the purpose of carrying out
      this invention, of an all-acrylic latex whose solids contain 3.25% by
      weight of HMDAA containing reacted therein 3 mols of formaldehyde per 1
      mol DAA. A pre-emulsion feed tank adapted with an agitator was charged
      with 41.13 parts by weight of deionized water followed by 2.86 parts of a
      55% aqueous solution of hydroxymethyl diacetone acrylamide (HMDAA), 2.86
      parts of a 70% aqueous solution of octyl phenyl polyethoxy ethanol and
      1.06 parts of nonyl phenoxy (ethyleneoxy) ethanol; followed by 24.16 parts
      of n-butylacrylate, 24.16 parts of methyl methacrylate and 0.509 parts of
      methacrylic acid. After these substances were thoroughly mixed, a nitrogen
      blanket was applied to the feed tank. A reactor, equipped with agitator
      and heatexchange jacket, was charged with 1/3 of the above described
      pre-emulsion, under agitation. A nitrogen purge was maintained for 20
      minutes. The reactor contents were then heated to 50.degree.C.
PAR  Two other feed tanks were charged respectively with 0.225 parts of sodium
      persulfate in 1.40 parts of deionized water and 0.225 parts of sodium
      metabisulfite in 1.40 parts of deionized water.
PAR  When the contents of the reactor had reached 50.degree.C, the nitrogen
      purge was changed to a nitrogen blanket and 1/3 of the sodium persulfate
      solution as well as 1/3 of the sodium metabisulfite solution was added to
      the contents of the reactor. An exothermic polymerization proceeded
      immediately as was evidenced by the rise in temperature which was allowed
      to reach 60.degree.-63.degree.C and held at this level by cooling until
      exotherm stopped. At this point 9% of each of the sodium persulfate and
      sodium metabisulfite solution was added, commencing new exotherm. The
      contents were maintained at 60.degree.-63.degree.C until the absence of
      exotherm was indicated. A second 1/3 portion of the pre-emulsion was then
      added to the reactor and the temperature of the contents was adjusted to
      50.degree.C. Then 22% of each of the sodium persulfate and sodium
      metabisulfite solutions were added. Again, the batch temperature was
      allowed to rise to 60.degree.-63.degree.C and held there by external
      cooling until the exotherm stopped. Again, at this point, 9% of the sodium
      persulfate solution and 9% of the sodium metabisulfite solution were added
      and the batch was kept at 60.degree.-63.degree.C until exotherm stopped.
PAR  The remaining pre-emulsion was then added to the reactor and the batch
      temperature adjusted to 50.degree.C. At this temperature, 17% of the
      sodium persulfate and 17% of the sodium metabisulfite solution were added,
      the batch temperature was allowed to rise to 60.degree.-63.degree.C and
      held there by the application of external cooling until the exotherm
      stopped. At this point, the remaining 9% of the sodium persulfate solution
      and 9% of the sodium metabisulfite solution were added and the final stage
      of reaction continued at 60.degree.-63.degree.C until exotherm stopped.
      The finished latex was vapor stripped, cooled and discharged into drums.
      This latex had a solids content equal to 53.1% and its pH was 4.1. The
      surface tension was 43 dynes/cm.sup.2 ; Brookfield viscosity (No. 1
      spindle; 60 rpm) was 40 cps.
PAC  EXAMPLE 8
PAR  To 66.7 parts of a pigmented slurry prepared as in Example 2 there were
      added 33.3 parts of the latex of Example 7 and these components were
      gently mixed into a homogeneous paint. This paint contained latex solids
      in an amount corresponding to 31.5% of the total latex plus pigment
      solids. When this paint was tested for wet primed adhesion, it was found
      to pass successfully five pulls of the masking tape.
PAR  Using the polymerization procedure of Example 7, an all-acrylic latex was
      prepared having the same overall composition except that the HMDAA level
      was reduced to 2.0% by weight of total solids and the level of methacrylic
      acid was reduced to the level of 0.67% of total solids. When this latex
      was similarly compounded into a paint at the same 31.5% level of latex
      solids to total latex plus pigment solids, the wet primed adhesion test
      was again found to pass successfully five pulls of the masking tape.
PAC  EXAMPLE 9
PAR  When an all-acrylic latex was prepared as in Examples 7 and 8 except that
      the levels of HMDAA and methacrylic acid were 0.65% and 0.21%,
      respectively, a corresponding paint compounded as in the preceding
      examples failed the wet primed adhesion test at the first pull. This is
      not an example of the instant invention.
PAC  EXAMPLE 10
PAR  A latex was prepared using the procedure of Example 7 with the monomer
      composition corresponding to 75 parts by weight vinyl acetate and 25 parts
      n-butylacrylate to make 100 parts of main monomer, plus 0.67 parts acrylic
      acid and 2.0% HMDAA. This latex had a solids content equal to 50.4% and
      its pH was 2.7. The surface tension was 42 dynes/cm.sup.2 and its
      viscosity was 51 cps.
PAR  When formulated into a paint using the previously described procedure as in
      Example 2, this paint was found to have poor wet primed adhesion, passing
      only two pulls of the masking tape.
PAR  When a corresponding latex was prepared of a polymer containing polymerized
      therein 75 parts vinyl acetate, 25 parts n-butylacrylate, 0.33 parts
      acrylic acid and only 1.0% HMDAA, a paint similarly compounded from this
      latex had virtually no wet primed adhesion, failing the first pull of the
      masking tape. The paints of this example are not illustrations of the
      instant invention.
PAC  EXAMPLE 11
PAR  Using the same polymerization procedure as in Example 7, a latex was
      prepared of a 97/3 vinyl acetate/dioctyl maleate copolymer containing no
      functional monomers. A corresponding paint formulated from this latex
      according to the procedure of Example 2 was found to fail the wet primed
      adhesion test after one pull of the masking tape.
PAR  The vinyl acetate/copolymer latex of this example was then blended with the
      latex of Example 7 whose polymer solids contained polymerized therein
      n-butylacrylate/methylmethacrylate/methacrylic acid/HMDAA in the weight
      proportions 50/50/1.1/3.25. The blend was made by carefully mixing 20
      parts of the all-acrylic HMDAA-containing latex of Example 7 with 80 parts
      of the polyvinyl acetate latex of this example, corresponding to a ratio
      of HMDAA-containing polymer to vinyl acetate copolymer in the total
      polymer solids equal to about 1/4 and also corresponding to an overall
      functional monomer content of 0.21% methacrylic acid and 0.65% HMDAA based
      on total weight of polymers in the blend. This blended latex was then
      formulated into a paint using the procedure of Example 2. This paint
      contained latex solids in an amount corresponding to 31.4% of the total
      latex plus pigment solids. When this paint was tested for wet primed
      adhesion, it was found surprisingly to pass successfully five pulls of the
      masking tape, a result completely unexpected in view of the fact that in
      the unblended all-acrylic latex of Example 9, a level of only 0.65% HMDAA
      was insufficient to confer wet primed adhesion.
PAC  EXAMPLE 12
PAR  Aliquots of the carrier latex of Example 7 were combined in separate
      experiments with aliquots of the diluting latexes 4A, 4B and 4C of Example
      4, in such a manner as to make the weight ratio of carrier polymer to
      diluting polymer equal to 20/80. Corresponding paints were formulated
      according to the procedure of Example 2. In all cases the paint passed at
      least five pulls of the masking tape in the primed adhesion test.
PAC  EXAMPLE 13
PAR  A latex was prepared by the procedure of Example 1, with the same
      composition except that acrylic acid was absent. When this latex, not
      containing a carboxylated monomer, was formulated into a paint as
      described in Example 2, this paint was found to pass five pulls of the
      masking tape in the wet primed adhesion test.
PAR  Blends were then made in which the polymer solids contained 30 parts of the
      polymer solids of the non-carboxylated carrier latex of this example per
      70 parts of the polymer solids of, respectively, Latex 4A, Latex 4B and
      Latex 4C. Corresponding paints were formulated from these three blends
      using the procedure of Example 2. In every case the wet primed adhesion
      test successfully passed five pulls of the masking tape.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A latex blend capable of conferring wet primed adhesion to paints
      comprising
PA1  I. up to about 85% of the total solids of an emulsion copolymer containing
      polymerized therein
PA2  a. at least about 50 parts by weight of a monomer selected from the group
      consisting of vinyl acetate and vinyl chloride.
PA2  b. sufficient monomer selected from the group consisting of C.sub.1
      -C.sub.10 alkyl esters of acrylic and methacrylic acids, and the C.sub.1
      -C.sub.10 alkyl diesters of maleic acid and fumaric acid to make 100 parts
      by weight of (a) and (b) monomers, and
PA2  c. about 0.3-5% based on the total of said (a) and (b) monomers of a
      carboxylated monomer selected from the group consisting of acrylic acid,
      methacrylic acid, itaconic acid, aconitic acid, methacrylic acid dimer,
      crotonic acid, isocrotonic acid, angelic acid, teglic acid, senecioic
      acid, hexenic acid and the C.sub.1 -C.sub.10 alkyl monoesters of maleic
      acid and fumaric acid; and
PA1  Ii. to make 100% of the total solids, at least about 15% of an emulsion
      copolymer chosen from the group consisting of
PA1  A. an emulsion copolymer containing copolymerized therein
PA2  d. about 50-70 parts of vinyl chloride,
PA2  e. about 30-50 parts of monomers selected from the group consisting of
      C.sub.1 14 C.sub.10 alkyl diesters of maleic acid and fumaric acid to make
      100 parts by weight of (d) and (e) monomers,
PA2  f. about 0.3-5%, based on said (d) and (e) monomers, of a carboxylated
      monomer selected from the group consisting of acrylic acid, methacrylic
      acid, itaconic acid, aconitic acid, methacrylic acid dimer, crotonic acid,
      isocrotonic acid, angelic acid, teglic acid, senecioic acid, hexenic acid
      and the C.sub.1 -C.sub.10 alkyl monoesters of maleic acid and fumaric
      acid, and
PA2  g. sufficient hydroxymethyl diacetone acrylamide (HMDAA) to achieve an
      HMDAA level of at least about 0.40% with respect to total monomers in the
      entire latex blend; and
PA1  B. an emulsion copolymer containing copolymerized therein
PA2  h. monomers selected from the group of monomers consisting of C.sub.1
      -C.sub.10 alkyl diesters of maleic acid and fumaric acid,
PA2  j. about 0.3-5% based on (h) monomers of a carboxylated monomer selected
      from the group consisting of acrylic acid, methacrylic acid, itaconic
      acid, itaconic acid, aconitic acid, methacrylic acid dimer, crotonic acid,
      hexenic acid and the C.sub.1 -C.sub.10 alkyl monoesters of maleic acid and
      fumaric acid, and
PA2  k, sufficient hydroxymethyl diacetone acrylamide (HMDAA) to achieve an
      HMDAA level of at least about 0.65% with respect to total monomers in the
      entire latex blend.
NUM  2.
PAR  2. The latex blend of claim 1 wherein the emulsion copolymer of (I)
      contains polymerized therein about 50-70 parts of vinyl chloride and
      wherein the emulsion copolymer of (II) is the emulsion copolymer of (A).
NUM  3.
PAR  3. The latex blend of claim 1 wherein the emulsion copolymer of (I)
      contains polymerized therein about 50-70 parts of vinyl chloride and the
      emulsion copolymer of (II) is the emulsion copolymer of (B).
NUM  4.
PAR  4. The latex blend of claim 1 wherein the emulsion copolymmer of (I)
      contains polymerized therein about 50-98 parts of vinyl acetate and the
      emulsion copolymer of (II) is the emulsion copolymer of (A).
NUM  5.
PAR  5. The latex blend of claim 1 wherein the emulsion copolymer of (I)
      contains polymerized therein about 50-98 parts of vinyl acetate and the
      emulsion copolymer of (II) is the emulsion copolymer of (B).
NUM  6.
PAR  6. A latex paint comprising a pigmentary material and the latex blend of
      claim 1.
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ABST
PAL  A styrene-acrylonitrile resin composition having a good parting property
      comprising a styrene-acrylonitrile resin having blended therein, an
      .alpha.-olefin epoxide of the following formula:
      ##EQU1##
      wherein R and R' each is hydrogen or a straight-chain alkyl group, with
      the proviso that the sum of the carbon atoms in R plus R' is from 8 to 13,
      preferably 10 to 12.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a styrene-acrylonitrile resin composition having
      a good parting property.
PAR  More particularly, this invention relates to a resin composition having an
      excellent parting property, which is formed by blending in a
      styrene-acrylonitrile resin, an .alpha.-olefin epoxide of the formula
      ##EQU2##
      wherein R and R' is hydrogen or straight-chain alkyl, with the proviso
      that the sum of the carbon atoms in R plus R' is 8 to 13, preferably 10 to
      12.
PAR  2. Description of the Prior Art
PAR  Improvement of the flowability of plastics during molding and/or prevention
      of sticking or adhesion of plastics on processing machine parts is
      generally accomplished by adding parting agents to the plastics. It is
      known that various parting agents are added to styrene-acrylonitrile
      resins for the above purposes. More specifically, silicone resins, higher
      fatty acids and their metal salts, higher fatty acid amides, montan wax
      and the like are incorporated into styrene-acrylonitrile resins as
      internal release agents during the molding step. However, because of their
      low compatibility with styrene-acrylonitrile resins, these conventional
      parting agents reduce the transparency of styrene-acrylonitrile resins and
      sometimes cause turbidity or whitening of the resin compositions. Further,
      when molding compositions containing these conventional parting agents are
      present in a molding machine for a long time, the thermal stability of the
      resin is degraded. Also, surging is caused to occur in the molding
      machines when such agents are present in relatively large amounts. Thus,
      conventional parting agents for styrene-acrylonitrile resins give rise to
      problems which must be solved. Moreover, as is illustrated in the Example
      given below, when the molded article to be produced has a constricted
      portion of relatively small cross-sectional size, because the pressure
      imposed on this portion is locally increased during the molding step, the
      parting or releasing property of this constricted portion after the
      molding step is extremely bad. Frequently it is necessary to separate the
      molded article from the mold by force. Accordingly, in some extreme cases,
      this portion becomes bent and broken or is made opaque.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered improved parting agents for styrene-acrylonitrile resins
      which can avoid the foregoing defects of conventional parting agents. We
      have found that .alpha.-olefin epoxides of the formula:
      ##EQU3##
      wherein R and R' are hydrogen or straight-chain alkyl, with the proviso
      that the sum of the carbon atoms in R plus R' is 8 to 13, preferably 10 to
      12. provide excellent parting or releasing effects, they have excellent
      thermal stability and they do not damage or reduce the transparency of
      styrene-acrylonitrile resins. Moreover, they can give molded articles of
      good quality even when the molded articles have constricted portions,
      which otherwise generally cause poor mold release properties.
PAR  This invention provides a resin composition comprising a
      styrene-acrylonitrile resin having incorporated therein, such as by
      blending, one or more .alpha.-olefin epoxides of the above structural
      formula. The resin composition of this invention exhibits a very excellent
      parting property even when the molding is performed under a high injection
      pressure and a locally high pressure is imposed on the constricted portion
      or portions of the molded article. The inherent transparency of the
      styrene-acrylonitrile resin is not damaged at all. The parting agent of
      this invention is also advantageous in that the intended purposes can be
      attained by employing an amount thereof which is smaller than the amounts
      of conventional parting agents normally used.
PAR  The .alpha.-olefin epoxide parting agent of this invention has a boiling
      point higher than about 250.degree.C and has a very high vapor pressure at
      180.degree. to 240.degree.C, at which styrene-acrylonitrile resins are
      usually molded. When there is molded a styrene-acrylonitrile resin
      containing other substances, not according to this invention, but having
      the above-described properties of high boiling point and high vapor
      pressure at 180.degree. to 240.degree.C, such other substances are
      generally removed as vapor during the molding step if venting of the resin
      composition is carried out during the molding. If venting is not carried
      out, such other substances adhere to the mold surfaces in the form of oily
      drops, causing various troubles during the molding operation. We have
      discovered, unexpectedly in view of the prior art, that olefin epoxides,
      according to this invention, have very good compatibility with
      styrene-acrylonitrile resins, and that when such resins contain one or
      more .alpha.-olefin epoxides according to our invention, such troubles do
      not occur during molding. This is another unexpected advantage of the
      parting agent of this invention.
PAR  Moreover, when a resin containing a substance having a high vapor pressure
      is molded, blowing or the formation of cells in the molded product
      frequently occurs, thereby degrading the properties of the molded article.
      However, when the .alpha.-olefin epoxides of this invention are employed,
      such disadvantage does not occur.
PAR  The .alpha.-olefin epoxides of this invention are incorporated in the
      styrene-acrylonitrile resin, such as by blending, in an amount of from
      0.05 to 0.5 part by weight of epoxide (total) per 100 parts by weight of
      the styrene-acrylonitrile resin, i.e. in an amount of from 0.05 to 0.5
      percent by weight, based on the weight of said resin. When the amount of
      the .alpha.-olefin epoxide is less than 0.05 part by weight, the parting
      effect is too low. It is not preferred to add the .alpha.-olefin epoxide
      in an amount exceeding 0.5 part by weight, because no particular increase
      of the parting effect is obtained and such undesired phenomena as surging
      and stickiness can occur.
PAR  In this invention, one or a mixture of two or more of the .alpha.-olefin
      epoxides of the above formula are used singly or in combination. More
      specifically, there can be employed, for example 1,2-tridecane epoxide,
      1,2-tetradecane epoxide, 1,2-pentadecane epoxide, 2-ethyl-1,2-octane
      epoxide, 2-ethyl-1,2-nonane epoxide, 2-ethyl-1,2-decane epoxide,
      2-ethyl-1,2-undecane epoxide, 2-ethyl-1,2-dodecane epoxide,
      2-ethyl-1,2-tridecane epoxide, 2-methyl-1,2-nonane epoxide,
      2-methyl-1,2-decane epoxide, 2-methyl-1,2-undecane epoxide,
      2-methyl-1,2-tridecane epoxide, 2-methyl-1,2-tetradecane epoxide, etc.
      These .alpha.-olefin epoxides can be used singly, or mixtures of two or
      more of them can also be employed.
PAR  In this invention, the kind of the styrene-acrylonitrile resin employed in
      the molding composition is not critical. Styrene-acrylonitrile resins that
      can be employed in this invention are those consisting essentially of
      copolymers containing from 10 to 50 weight percent of acrylonitrile and
      the balance is styrene.
PAR  The resin composition of this invention can also contain the conventional
      amounts of additives usually employed in such molding compositions, such
      as plasticizers, stabilizers, antioxidants, colorants, ultraviolet
      absorbers, lubricants and the like.
PAR  Various known methods can be adopted for incorporating the .alpha.-olefin
      epoxide of this invention into the styrene-acrylonitrile resin. The
      .alpha.-olefin epoxide should preferably be uniformly dispersed in the
      resin. The molding composition of the invention can be molded by any
      conventional means such as injection molding, extrusion and the like.
PAR  Styrene-acrylonitrile resin compositions containing the .alpha.-olefin
      epoxide of the above structural formula are very stable to heat, light and
      air, both during and after addition of the parting agent and both during
      and after molding. No degradation of their mechanical characteristics
      caused by decomposition, discoloration or deterioration is observed.
PAR  It is known that compounds of the following structural formula
      ##EQU4##
      wherein R and R' are hydrogen or straight-chain alkyl, with the proviso
      that the sum of the carbon atoms in R plus R' is 14 to 42,  can be used as
      lubricants for thermoplastic resins (see German Offen. No. 2,165,749).
      However, when these compounds are used as parting agents, the transparency
      of the resin is degraded as shown below. Therefore, these compounds cannot
      be applied to the uses contemplated by this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic illustration of the molded test piece employed
      in the Example.
DETD
PAR  This invention will now be further described by reference to the following
      illustrative Example, which by no means limits the scope of this
      invention.
PAC  EXAMPLE
PAR  A parting agent according to this invention (a 1 : 1, parts by weight,
      mixture of 1,2-dodecane epoixde and 1,2-tetradecane epoxide) was
      incorporated in an amount of 0.1 part of said parting agent into 100 parts
      by weight of a commercially available AS resin (Sevian-N 010 manufactured
      by Daicel K.K.), and the composition was pelletized by means of a vented
      extruder having a diameter of 40 mm. The pellets were molded into an
      article having the shape shown in the drawing figure (test piece for
      tensile testing) by means of an in-line screw injection molding machine
      (Model TS-100 manufactured by Nissei Jushi K.K.). For purposes of
      comparison, there were prepared composition (A) the same AS resin but not
      containing a parting agent and composition (B) the same AS resin
      containing 0.1 part of an .alpha.-olefin epoxide having a total of 22
      carbon atoms, and these compositions were similarly pelletized and molded.
      The lubricity and transparency of each of the molded products were
      evaluated and the results shown in the following Table 1 were obtained.
      The parting property was evaluated based on the minimum injection pressure
      that caused whitening of the portion A in the test piece. As is apparent
      from the results shown in the following Table 1, in the composition of
      this invention the parting property is highly improved without degradation
      of the transparency.
TBL                Table 1                                                     

     ______________________________________                                    

     Kind of    Lubricity (minimum                                             

                               Transparency                                    

     Parting    pressure causing                                               

                               (percent                                        

     Agent      turbidity or   transmittance) *3                               

                whitening, Kg/cm.sup.2)                                        

     ______________________________________                                    

     not added   90            95                                              

     parting                                                                   

     agent of   120            96                                              

     this in-                                                                  

     vention                                                                   

     .alpha.-olefin *1                                                         

     epoxide                                                                   

     having 16  120            88                                              

     carbon                                                                    

     atoms                                                                     

     .alpha.-olefin *2                                                         

     epoxide                                                                   

     having 22  125            67                                              

     carbon                                                                    

     atoms                                                                     

     ______________________________________                                    

      *1 1,2-hexadecane epoxide                                                

      *2 1,2-docosane epoxide                                                  

      *3 spectrophotometer (Hitachi EPS-3T type)                               

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A thermoplastic synthetic resin moldable composition, consisting
      essentially of
PA1  A. a copolymer of styrene and acrylonitrile, said copolymer having blended
      therein,
PA1  B. from 0.05 to 0.5 percent by weight, based on the weight of said
      copolymer, of one or a mixture of parting agents of the formula
      ##EQU5##
      wherein R and R' each represent hydrogen or straight-chain alkyl, with the
      proviso that the sum of the carbon atoms in R and R' is from 8 to 13.
NUM  2.
PAR  2. A composition according to claim 1, in which said copolymer consists of
      10 to 50 percent by weight of acrylonitrile and the balance is styrene.
NUM  3.
PAR  3. A composition according to claim 1, in which said lubricant (b) is a
      mixture of 1,2-dodecane epoxide and 1,2-tetradecane epoxide.
NUM  4.
PAR  4. A composition according to claim 1, in which the sum of the carbon atoms
      in R and R' is from 10 to 12.
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PAL  Molding compositions having improved properties for low-pressure, low-shear
      molding techniques are prepared by carrying out a two-stage polymerization
      of an initial mixture comprising a polymerizable monomer selected from the
      group consisting of (1) a polymerizable aromatic monoalkenyl monomer or
      (2) a mixture of such aromatic monoalkenyl monomer with another
      polymerizable monovinyl monomer; in the presence of a butadiene rubber
      elastomer under bulk polymerization conditions, followed by suspension
      polymerization conditions; the process being characterized by the
      incorporation into the initial mixture of 1 to 10 wt. %, based on the
      polymerizable monomers, of a straight chain saturated polyester having an
      average molecular weight of 1,000 to 50,000.
PARN
PAR  This is a continuation of application Ser. No. 378,255, filed July 11, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing a rubber-containing,
      styrene-type resin from which molded products of sufficient strength can
      be obtained, even when the resin is molded by a low-shear molding
      technique.
PAR  2. Description of the Prior Art
PAR  Powder molding techniques are known in the art in which molded products are
      formed under low-pressure and low-shear conditions by melting a resin
      powder composition and forming it by any of a variety of known methods
      such as rotation molding, the rock-and-roll process, the Heisler process,
      the Engel process and the sinter process.
PAR  This powder molding technique is a rapidly developing field and possesses
      numerous economic advantages for molding large-size products. It is
      generally applicable to a large variety of thermoplastic compositions, and
      the plastic materials that can be molded by it are not restricted except
      by their ability to be formed into a powder or a liquid. Examples in
      recommended use include HI (high impact) polystyrene and ABS resin
      compositions as well as such thermoplastics as polyethylene, polyvinyl
      chloride, polystyrene and cellulose acetate.
PAR  Nevertheless, in general whenever HI polystyrene or ABS resin compositions
      are subjected, for example, to rotation molding to form large molded
      products or products of complicated configuration, there are often
      obtained defective products, characterized by the presence of particles
      that failed to become molten, unsatisfactory surface finish, incomplete
      casting into slits and voids of the mold, and the existence of numerous
      unwanted openings or cavities in the molded products. It is also
      disadvantageous that when the molding temperature is increased to improve
      the fluidity and the properties of casting into slits and voids or
      improving the surface finish, the molded products are severely colored,
      resembling the appearance of having been scorched.
PAR  Furthermore, even when molded under the most favorable conditions, for
      example by regulating the particle size of the resin composition and using
      carefully designed molds, the products made from HI polystyrene or ABS
      resin compositions tend to have unacceptably low intrinsic impact
      resistance, and are unacceptably brittle.
PAR  ABS resin compositions and HI polystyrene resin compositions are
      characterized by a complex two-phase structure in which rubber is
      dispersed in a hard, brittle matrix continuous phase. Unlike polyethylene
      and polyvinyl chloride compositions which are characteristically of a
      homogeneous structure, the ABS resin compositions and HI polystyrene resin
      compositions do not lend themselves to powder molding techniques.
PAR  Nearly all of ABS resins and HI polystyrenes are molded by the injection
      molding process or the extrusion molding process. In those processes, the
      resins are rendered molten, blended sufficiently under high shearing
      conditions, and then are charged in a metallic mold through a nozzle under
      a high pressure, or are extruded. The resulting molded products have
      excellent impact resistance characteristic of ABS resins and HI
      polystyrenes containing rubber component which is present for the purpose
      of imparting toughness to the hard, brittle resins. In contrast, according
      to the rotation molding process, the molded products are obtained with
      minimal blending effect and pressure, because the molding is carried out
      by rotating the resin-charged metallic mold at a relatively slow speed
      with heating.
PAR  ABS resin and HI polystyrene which have a characteristic two-phase
      structure containing a considerable amount of a rubber component and which
      have been prepared by a graft polymerization reaction have very
      complicated melt viscosity characteristics. It may be supposed, further,
      that in a powder molding process wherein very little shearing force or
      pressure is applied, control of the molding properties of the resin is
      difficult, and that the mechanical properties of the two-phase structure
      of the resulting product are changed, unlike the molded products obtained
      by the injection molding or extrusion molding process. In fact, in many
      cases, the impact resistance of powder-molded products obtained from
      general ABS resins or HI polystyrenes is far lower than that of
      injection-molded products and the reinforcing effect of the rubber
      component is not realized sufficiently.
PAR  Thus, unlike polyethylene or polyvinyl chloride, ABS resin and HI
      polystyrene are not satisfactory when employed in the powder molding
      process.
PAR  It is known that straight chain, saturated polyesters of relatively low
      molecular weights are used conventionally as modifying agents for plastic
      products such as by blending them with polyvinyl chloride. These
      polyesters, if incorporated in an analogous way, by blending with the
      resin, in ABS molded products, do not improve its mechanical properties,
      particularly the impact resistance, even though the fluidity of the resin
      composition is increased to some extent. Thus, when such a polyester was
      added to ABS resin particles as described in detail below, and the blended
      mixture subjected to the powder molding process, the moldability or impact
      resistance of the molded product was not improved at all, and the product
      was brittle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process for polymerizing a resin which
      exhibits excellent moldability and high impact strength in the powder
      molding process by a bulk-suspension two-stage polymerization technique
      from a solution or mixture prepared by dissolving or mixing a butadiene
      rubber elastomer in or with (1) an aromatic monoalkenyl monomer or (2) a
      mixture of an aromatic monoalkenyl monomer and a polymerizable monovinyl
      monomer, to obtain a polymer, characterized in that 1-10 wt. %, based on
      the weight of the aforementioned polymerizable monomers, of a straight
      chain saturated polyester having an average molecular weight of
      1,000-50,000 is incorporated in the polymerization system prior to the
      polymerization.
PAR  Stated otherwise, the present invention is based on the discovery that, if
      a straight chain saturated polyester having an average molecular weight of
      1,000-50,000 is incorporated in the polymerization system prior to the
      polymerization, the polyester acts as a polymer plasticizer to improve the
      moldability and to increase the impact strength of the molded products
      obtained by the powder molding process. These effects are remarkably
      better than the effects obtained when the polyester is merely blended with
      a previously formed HI polystyrene or ABS resin.
PAR  We have found that, surprisingly, an excellent molded product can be
      obtained by the powder-molding process by employing a powder composition
      comprising rubber-modified, impact-resistant resin particles obtained by
      the bulk-suspension two-stage polymerization of a polymerization reaction
      mixture into which was previously incorporated said polyester, and that
      the impact resistance of the molded product is improved remarkably to a
      value equal to that of an injection molded product.
PAR  It is to be noted particularly that the straight chain saturated polyester
      used in the invention must be incorporated into the polymerization system
      prior to the initiation of the bulk polymerization. If the polyester is
      incorporated into the polymerization system after the completion of the
      bulk polymerization but before the suspension polymerization, the
      beneficial effect is not obtained.
PAR  It is further to be noted that the effect of the straight chain polyesters
      described above is unique among substances ordinarily regarded as
      plasticizers. For example, as polymer plasticizers similar in several
      respects to the straight chain saturated polyesters, there can be
      mentioned polystyrene, styrene-acrylonitrile copolymer,
      poly-.alpha.-methylstyrene and polybutene, all of relatively low molecular
      weights. In tests employing those plasticizers, no improved effect could
      be obtained. Further, conventional low molecular weight plasticizers such
      as dibutyl phthalate, tricresyl phosphate and dioctyl adipate did not
      exhibit an improved effect comparable to that obtained using the straight
      chain, saturated polyesters.
PAR  Although the reasons for this unexpectedly improved effect are not fully
      known yet, probably, by incorporating a straight chain, saturated
      polyester into the polymerization system prior to the bulk-suspension
      two-stage polymerization of a rubber-modified, impact-resistant resin such
      as ABS resin or HI polystyrene, the polyester acts subtly or delicately
      during the formation of the two-phase structure comprising the dispersed
      rubber component and the continuous resin component phase to improve the
      affinity between the rubber phase and the resin phase. It is further
      probable that, if the resulting suspended resin particles are subjected to
      the powder molding treatment, the polyester acts as a polymer plasticizer
      to provide excellent moldability, and that the blending operation by a
      high shearing force improves the adhesive power of the suspended resin
      particles even under powder molding conditions (i.e. when low pressure is
      applied). Further, the fluidity is also improved in this connection to
      yield an excellent compact molded product of two-phase structure and also
      to exhibit a high impact resistance.
PAR  On the other hand, the moldability and particularly the impact resistance
      of the powder molded product are not improved at all by incorporating the
      straight chain saturated polyester into the polymerization system not
      previously, but rather, for example, after the completion of the formation
      of the two-phase structure before the suspension polymerization stage or
      by blending the rubber-modified, impact-resistant resin particles with the
      polyester after polymerization is completed, followed by the powder
      molding operation.
PAR  As previously stated, the reasons for the unexpected beneficial effect of
      the invention are not as yet fully understood.
PAR  The reasons therefor may be that, even if the polyester in the form of a
      solid powder or liquid is incorporated and thereby dispersed in the
      rubber-modified resin particles, it is difficult to distribute the
      polyester throughout the resin particles uniformly and it cannot be
      expected to exert the desired action of the polyester upon the internal
      structure of the resin particles having a two-phase structure. However, by
      incorporating the polyester in the polymerization system before the bulk
      polymerization stage begins, the polyester is present during the step of
      forming the two-phase structure and consequently the polyester is
      contained uniformly in all of the resulting suspended particles to exhibit
      the excellent effect thereof.
PAR  The monomers and elastomers employed in the process of the present
      invention can be selected from known materials in accordance with
      conventional practice.
PAR  As the aromatic monoalkenyl monomer used in the present invention, styrene
      is most preferred. Other various substituted styrene derivatives such as
      .alpha.-methylstyrene and p-methylstyrene and mixtures thereof with
      styrene can also be used. Monovinyl monomers used in the form of a mixture
      with the aromatic monoalkenyl monomers if necessary or desired are, for
      example, acrylonitrile, methacrylonitrile, acrylic acid esters and
      methacrylic acid esters. However, the monovinyl monomers that can be used
      are not limited to those listed above, but one or more of polymerizable
      compounds having &gt;C=C&lt; group can be used. The acrylic acid esters and
      methacrylic acid esters are preferably those of aliphatic alcohols of 1 to
      12 carbon atoms and of polyhalogenated phenols. The aromatic monoalkenyl
      monomers should be present at least 30 percent by weight, preferably more
      than 50 % by wt., in the mixture of polymerizable monomers.
PAR  As the butadiene rubber elastomers, there can be used those employed
      generally for the preparation of impact resistant polymers. Among them,
      rubbers such as polybutadiene and butadiene-styrene copolymer especially
      those of a relatively high stereospecificity prepared by solution
      polymerization process in the presence of lithium or an organometal
      catalyst are particularly preferred.
PAR  No particular limitation is imposed on the proportion of the monomer or
      monomers to the rubber elastomer. In general, 2- 40 parts by weight of
      rubber elestomer is used, per 100  parts by weight of the aromatic
      monoalkenyl monomer or the mixture of aromatic monoalkenyl monomer and
      polymerizable monovinyl monomer.
PAR  As the straight chain saturated polyester of an average molecular weight of
      1,000-50,000 which is a critical ingredient of the invention, there can be
      mentioned a condensate or a dibasic acid and a glycol or a ring-opened
      polymer of a cyclic lactone. More particularly, there can be mentioned
      various polyesters known generally as plasticizers of polyvinyl chloride
      obtained by the condensation reaction of dibasic acids of up to 10 carbon
      atoms such as adipic acid, sebacic acid, azelaic acid and phthalic acid
      with glycols preferably alkylene glycols of 2 to 6 carbon atoms in the
      alkylene chain such as ethylene glycol, propylene glycol and 1,3-butylene
      glycol. Further, there can be used modified polyethylene terephthalate
      mainly comprising terephthalic acid and ethylene glycol and polyesters
      prepared by ring-opening-polymerization of lactones of hydroxyalkanoic
      acids of up to 12 carbon atoms in the alkyl chain such as, for example
      .epsilon.-caprolactone, pivalolactone and lauric lactone.
PAR  In the polymerization according to the present invention, the polyester is
      incorporated in the polymerization system before the bulk polymerization
      begins. Therefore, the polyester should not exert a detrimental influence
      on the polymerization reaction for the preparation of the rubber-modified,
      impactresistant resin. If, for example, an unsaturated polyester is used
      in place of the straight chain saturated polyester characterizing this
      invention, in the process of the present invention, a serious detrimental
      influence is exerted on the polymerization reaction and there is obtained
      a final product of very poor molding property like that of a thermosetting
      resin and of very low impact strength. Thermosetting alkyd resins are also
      not suitable for the process of the invention, because they are insoluble
      in polymerizable vinyl monomers mainly comprising aromatic monoalkenyl
      monomers.
PAR  The straight chain saturated polyester is used preferably in an amount of
      1-10 wt. %, based on the total weight of polymerizable monomers (net
      including the elastomer). If the straight chain saturated polyester is
      used in a larger amount, the deflection temperature under heat of the
      resin product is lowered and, on the other hand, if it is used in a
      smaller amount, the full beneficial effect thereof is not achieved.
      Although low molecular weight plasticizers such as phthalic acid esters,
      phosphoric acid esters and stearic acid esters can be used together with
      the straight chain saturated polyesters, the use of the plasticizers of
      this type in a large amount is not preferred for the reasons described
      above.
PAR  A description will be made of a typical bulk-suspension two-stage
      polymerization technique employed in the present invention. Suitable
      amounts of the elastomer and straight chain saturated polyester are
      dissolved or mixed in or with the polymerizable monomers mainly comprising
      aromatic monoalkenyl monomer to obtain a solution or mixture. To this
      solution or mixture is then added a known organic peroxide catalyst as
      radical initiator, a known mercaptan as a molecular weight-regulating
      agent and other known additives as desired. If necessary, a small quantity
      of water is further added thereto to increase the thermal conductivity.
      Bulk polymerization is performed with vigorous stirring until 10-40% of
      the polymerizable monomers is converted to the polymer, and the rubber
      dispersion phase is formed. The resulting viscous polymer is then added to
      water containing a dispersing agent  suspended therein. The suspension
      polymerization is then effected with stirring and with heating to a
      predetermined temperature as described below.
PAR  The type and amount of the polymerization initiator and molecular weight
      regulating agents used in the reaction are not critical and form no part
      of this invention. Usual or conventional, known initiators and regulating
      agent can be used generally. If necessary or desired, they can be added
      accumulatively in the first bulk polymerization step and then in the
      second suspension polymerization step.
PAR  Similarly the suspension or dispersing agents employed are not critical and
      they form no part of the present invention. For example, protective
      colloids such as polyvinyl alcohol and sodium polyacrylate and fine
      powders of inorganic salts such as calcium phosphate and magnesium
      hydroxide can be used in accordance with conventional practice.
PAR  Further, the polymerization temperature conditions form no part of the
      present invention. Preferably, the bulk polymerization in the first stage
      is effected at 60.degree.-100.degree.C and the suspension polymerization
      in the second stage is effected at 60.degree.-140.degree.C, in accordance
      with conventional practice.
PAR  The bulk-suspension two-stage polymerization of the process of the
      invention is most preferably carried out in a manner described in U.S.
      patent application Ser. No. 262,618, filed June 14, 1972.
PAR  Namely, the conditions are as follows:
PAR  1. Polybutadiene or butadiene/styrene copolymer prepared by solution
      polymerization in the presence of an organometal polymerization catalyst
      is used as the rubber elastomer.
PAR  2. A liquid paraffin, one or more of phthalic acid esters and stearic acid
      esters and a straight chain saturated polyester (an indispensable
      component of the invention) are incorporated in the polymerization system
      prior to the polymerization.
PAR  3. The bulk polymerization in the first stage is carried out at a
      temperature below 100.degree.C, preferably 65.degree.-80.degree.C.
PAR  4. The suspension polymerization in the second stage is carried out at a
      temperature preferably not higher than 120.degree.C.
PAR  The process of the present invention will be further described by reference
      to the following illustrative examples. In the examples, parts are given
      by weight.
PAR  The evaluations of the resin compositions, molding and measurement of
      physical properties were effected in the following manners:
PAR  1. The polymer in the form of beads which passed through a 30 mesh sieve in
      the examples and comparative examples was shaped by a rotation molding
      process into cylinders of 200 mm diameter, 200 mm length and 10 mm wall
      thickness, and into balls of 82 mm diameter and 3 mm thickness by using a
      rotation molding machine of the McNeal type. The molding conditions were
      as shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Rotation molding conditions                                               

     Metallic mold                                                             

               Heating               Cooling                                   

                                     water                                     

     Shape                                                                     

          Material                                                             

               Temp.                                                           

                    Time  Rotation                                             

                               Revolution                                      

                                     spraying                                  

     __________________________________________________________________________

     Cylinder                                                                  

          Iron 320.degree.C                                                    

                    25 mins.                                                   

                          4 rpm                                                

                               8 rpm 8 mins.                                   

     Ball Aluminum                                                             

               320.degree.C                                                    

                    10 mins.                                                   

                          8 rpm                                                

                               2 rpm 4 mins.                                   

     __________________________________________________________________________

PAR  2. The cylindrical molded product obtained in (1) was cut into the
      following test pieces and the physical properties thereof were measured by
      the following tests:
PAR  Tensile strength and elongation: JIS No. 2 dumbbell thickness 3 mm (Tensile
      velocity; 5 mm/min.)
PAR  Izod impact strength: JIS K 6871, thickness 6.4 mm. Deflection temperature
      under heat: JIS K 6871 127 .times. 12.7 .times. 6.4 mm (Fiber stress 18.56
      kg)
PAR  3. In the drop test of the ball obtained in (1), the ball was perforated
      and was filled with water through the perforation (total weight; about 290
      g) and dropped onto a concrete floor. The height at which breaking of the
      ball occurred was measured.
PAR  4. The resin product was shaped into pellets by using an extruder (cylinder
      temperature 230.degree.C) and the following test pieces were prepared from
      the pellets by using an injection molding machine (cylinder temperature
      220.degree.C). The physical properties of the test pieces were measured by
      the following tests:
PAR  Tensile strength and elongation: JIS K 6871, thickness 3 mm; (Tensile
      velocity; 5mm/min.).
PAR  Izod impact strength: JIS K 6871, thickness 12.7 mm.
PAR  Deflection temperature under heat: The same as in (2).
PAR  5. The metl viscosity of the extruded pellets of the resin was measured by
      using a Kohka (Highpolym. Chem. Lab.) -- System flow tester at
      240.degree.C under an extrusion pressure of 40 kg/cm.sup.2. The nozzle
      used had a size of 1 mm (diameter) .times. 10 mm.
DETD
PAC  EXAMPLE 1
PAR  75 Parts of styrene monomer, 25 parts of acrylonitrile, 13 parts of Tufdene
      2000A (styrene/butadiene = 25/75 copolymer obtained by solution
      polymerization; a product of Asahi Kasei K.K.), 0.15 part of benzoyl
      peroxide, 0.08 part of dicumyl peroxide, 0.35 part of t.-dodecylmercaptan,
      3 parts of butylbenzyl phthalate and 3 parts of polycaprolactone (PCL-700;
      a product of Union Carbide Corporation) of an average molecular weight of
      40,000 were mixed together. The mixture was stirred until the rubber was
      completely dissolved. Thereafter, 10 parts of deionized water were added
      thereto. The mixture was heated in a polymerization vessel provided with a
      powerful stirring mechanism at 72.degree. C for 5 hours under stirring.
      The reaction was carried out until about 25% of the monomers were
      converted to the polymer. In another vessel, an aqueous phase comprising
      100 parts of deionized water and 3 parts of magnesium hydroxide was
      prepared. Said polymerization reaction mixture was added to the aqueous
      phase and the temperature of the thus-obtained suspension was elevated
      from 65.degree.C to 120.degree.C over about 1.5 hours. The reaction was
      carried out at this temperature under stirring for 5 hours. After cooling,
      the resulting polymer slurry was washed with hydrochloric acid and water,
      subjected to centrifugal separation and dried.
PAC  COMPARATIVE EXAMPLE 1
PAR  The polymerization was carried out in the same manner as in Example 1
      except that polycaprolactone was not used.
PAC  COMPARATIVE EXAMPLE 2
PAR  113 Parts of the resin particles obtained in Comparative Example 1 were
      dry-blended with 3 parts of the finely pulverized polycaprolactone used in
      Example 1.
PAR  The resins thus obtained in Example 1 and Comparative Examples 1 and 2 were
      molded and the physical properties thereof were measured. The results are
      shown in Table 2.
PAR  The injection molding products of the resins obtained in Example 1 and
      Comparative Examples 1 and 2 had almost the same physical properties.
      However, the rotation molding product of the resin obtained in Example 1
      was superior with respect to uniformity of the thickness and smoothness of
      the internal surface and Izod impact strength and the results of the drop
      test thereof were far superior to those of Comparative Examples 1 and 2.
PAR  The test results are as follows:
TBL                                    Table 2                                 

     __________________________________________________________________________

     Physical properties of injection molding                                  

     products and rotation molding products                                    

                  Physical properties of injection molding products            

                  Tensile strength                                             

                  and elongation                                               

                                     Izod Impact                               

                                            Deflection                         

            Melt  Strength                                                     

                         Strength                                              

                               Elonga-                                         

                                     strength                                  

                                            temperature                        

            viscosity                                                          

                  at yield                                                     

                         at break-                                             

                               tion at                                         

                                     with notch                                

                                            under heat                         

     Resin  .times.10.sup..sup.-3                                              

                  point  ing point                                             

                               breaking                                        

                               point                                           

            poise Kg/cm.sup.2                                                  

                         Kg/cm.sup.2                                           

                               %     Kg.sup.. cm/cm                            

                                            .degree.C                          

     __________________________________________________________________________

     Example 1                                                                 

            3.8   333    324   77    12     71                                 

     Comparative                                                               

            4.1   409    345   64    12     73                                 

     Example 1                                                                 

     Comparative                                                               

            3.9   351    318   70    12     71                                 

     Example 2                                                                 

     __________________________________________________________________________

     Physical properties of rotation molding products                          

     Tensile strength    Izod impact                                           

     and elongation      strength    Deflection                                

                                     temperature                               

     Strength                                                                  

            Strength                                                           

                  Elongation                                                   

                         with  without                                         

                                     under heat                                

                                            Ball drop                          

     at yield                                                                  

            at break-                                                          

                  at breaking                                                  

                         notch notch        test                               

     point  ing point                                                          

                  point                                                        

     Kg/cm.sup.2                                                               

            Kg/cm.sup.2                                                        

                  %      Kg.sup.. cm/cm                                        

                               Kg.sup.. cm/cm                                  

                                     .degree.C                                 

     __________________________________________________________________________

     232    209   47     8     40    69     9m no                              

                                            breakage                           

     --     251   17     3     9     73     2m                                 

                                            breakage                           

     --     231   14     2     6     70     2m                                 

                                            breakage                           

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Polymerization was carried out in the same manner as in Example 1 except
      that in place of polycaprolactone there was used the same amount of a
      polyester of average molecular weight of 3,000 (Adeka-Sizer PN 350; a
      product of Adeka-Argus Corp.) prepared from adipic acid and 1,3-butylene
      glycol.
PAC  COMPARATIVE EXAMPLE 3
PAR  Polymerization was carried out in the same manner under the same conditions
      as in Example 2 except that the polyester was added to the system not
      prior to the initiation of the polymerization but rather immediately
      before the completion of the bulk polymerization in the first stage.
      Namely, the polyester was added to the system after the polymerization had
      been carried out at 72.degree.C for 4-5/6 hours under heating, the bulk
      polymerization was then continued at 72.degree.C for a further period of
      10 minutes and suspension polymerization was carried out thereafter.
PAC  EXAMPLE 3
PAR  Polymerization was carried out in the same manner as in Example 1 except
      that the polycaprolactone was replaced with modified polyethylene
      terephthalate (Vylon 300; a product of Toyo Boseki K.K.) of an average
      molecular weight of about 20,000.
PAR  The resins obtained in Examples 2 and 3 and Comparative Example 3 were
      molded and the physical properties thereof were measured. The results are
      shown in Table 3.
PAR  The resins had excellent moldability in all cases. The rotation-molding
      products of the resins in Examples 2 and 3 had a high impact resistance
      but that of Comparative Example 3 was low.
TBL                                    Table 3                                 

     __________________________________________________________________________

            Tensile strength  Izod impact                                      

            and elongation    strength                                         

                                          Ball Deflection                      

     Resin  Strength                                                           

                 Strength                                                      

                       Elongation                                              

                              with  without                                    

                                          drop temperature                     

            at yield                                                           

                 at break-                                                     

                       at breaking                                             

                              notch notch test under heat                      

            point                                                              

                 ing point                                                     

                       point                                                   

            Kg/cm.sup.2                                                        

                 Kg/cm.sup.2                                                   

                       %      Kg.sup.. cm/cm                                   

                                    Kg.sup.. cm/cm                             

                                               .degree.C                       

     __________________________________________________________________________

     Example 2                                                                 

            271  225   49     9     34    13m no                               

                                               71                              

                                          breakage                             

     Comparative                                                               

            --   243   15     3     10    2m   71                              

     Example 3                            breakage                             

     Example 3                                                                 

            204  185   41     12    43    9m no                                

                                               74                              

                                          breakage                             

     __________________________________________________________________________

CLMS
STM   The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a method for producing a molding composition suitable for use in
      low-pressure low-shear molding techniques, which comprises carrying out a
      bulk-suspension two-stage polymerization of (A) monomer selected from the
      group consisting of (1) an aromatic monoalkenyl monomer and (2) a mixture
      of said aromatic monoalkenyl monomer with another monovinyl monomer, in
      the presence of (B) a butadiene rubber elastomer, the improvement which
      comprises incorporating in the polymerization mixture before the bulk
      polymerization stage, (C) from 1 to 10 wt. %, based on said monomer
      component (A), of a straight chain saturated polyester having an average
      molecular weight of 1000 to 50,000, said straight chain saturated
      polyester being selected from the group consisting of polyesters obtained
      by the condensation reaction of dibasic acids having up to 10 carbon atoms
      with alkylene glycols having 2 to 6 carbon atoms, and polyesters prepared
      by the ring-opening-polymerization of lactones of hydroxyalkanoic acids
      having up to 12 carbon atoms in the alkyl group.
NUM  2.
PAR  2. The process of claim 1, in which the monoalkenyl monomer is a member of
      the group consisting of styrene, .alpha.-methylstyrene, p-methylstyrene,
      and mixtures thereof, and the monovinyl monomer is a member of the group
      consisting of acrylonitrile, methacrylonitrile, acrylic acid esters and
      methacrylic acid esters of aliphatic alcohols of 1 to 12 carbon atoms and
      of polyhalogenated phenols.
NUM  3.
PAR  3. The method of claim 2, in which the bulk polymerization is carried out
      at 60.degree.C to 100.degree.C and the suspension polymerization is
      carried out at 60.degree.C to 140.degree.C.
NUM  4.
PAR  4. The method of claim 3, in which the butadiene rubber elastomer is a
      member of the group consisting of polybutadiene and a butadiene/styrene
      copolymer.
NUM  5.
PAR  5. The method of claim 4, in which the monoalkenyl monomer is styrene, and
      the other monovinyl monomer is acrylonitrile.
NUM  6.
PAR  6. The method of claim 5, in which the straight chain saturated polyester
      is polycaprolactone.
NUM  7.
PAR  7. The method of claim 5, in which the straight chain saturated polyester
      is a polyester of adipic acid and 1,3-butylene glycol.
NUM  8.
PAR  8. The method of claim 5, in which the straight chain saturated polyester
      is modified polyethylene terephthalate.
NUM  9.
PAR  9. The method of claim 1, in which the aromatic monoalkenyl monomers are
      contained in an amount of at least 30 % by weight in the mixture of said
      aromatic monoalkenyl monomers with another monovinyl monomers.
NUM  10.
PAR  10. A novel molding composition suitable for low-pressure low-shear molding
      techniques, the product of the process of claim 1.
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PAL  Solvent soluble block copolyesters consisting essentially of units having
      the formula:
      ##EQU1##
      WHEREIN R is an alkylene radical containing at least 3 carbon atoms;
      R.sup.1 is an alkyl radical and R.sup.2 is an alkyl, alkaryl, aralkyl or
      aryl radical; A is an alkylene or arylene radical; a is an integer of at
      least 10; b is an integer of at least 1; c is an integer of at least 2;
      and d is an integer of at least 2; are formed by first reacting a
      dihalo-polydiorganosiloxane with a dihydric phenol or other diol and
      subsequently reacting the resulting reaction product with a dicarboxylic
      acid halide. These polymers are useful as release agents and leveling
      agents and find particular utility as abhesive materials for waterless
      lithographic printing plates.
PARN
PAR  This is a division of application Ser. No. 346,373, filed Mar. 30, 1973 now
      U.S. Pat. No. 3,861,915 issued Jan. 21, 1975.
BSUM
PAR  This invention relates to a novel class of block copolyesters of
      polyorganosiloxanes and a method of preparing these copolyesters.
PAR  Materials having good release or anti-blocking properties as well as good
      leveling properties, commonly referred to as release agents or leveling
      agents, are desirable for many applications. Common applications include
      adhesive tapes and use in certain non-aqueous resin systems. Release and
      leveling agents are also known to be useful in photographic applications,
      such as in photographic elements, when they are compatible with the
      remaining materials of the photographic elements. For example, these
      materials must not deleteriously affect the physical or sensitometric
      characteristics of the photographic elements. Release and leveling agents
      find particular utility in electrophotographic films and in this
      application are typically chosen to be compatible with the composition of
      the photoconductive layers present. Generally, it is preferred to add
      these release or leveling agents directly to the photo-sensitive
      compositions as addenda rather than to apply the release or leveling agent
      in a separate layer. This avoids the added expense and complexity of
      additional coating steps.
PAR  More specifically, in the photographic field, planographic printing plates
      containing oleophilic image areas and abhesive non-image background areas
      require as either a separate layer of, or as addenda certain leveling and
      release agents for photoconductive elements. These agents reduce the
      friction between the toner and carrier against the film and present an ink
      repellent abhesive surface in the non-image areas.
PAR  In planographic printing, as the term implies, both the image and non-image
      areas lie substantially in the same plane. The non-image areas are
      ink-repellent so that when ink is applied with a roller to the plate
      surface, only the image areas accept the ink for transfer to a copy sheet.
      Conventional lithography works on the principle that water and oil are
      immiscible. The non-image areas are made water-receptive (hydrophilic),
      and when water-wet they repel the oily ink. The image areas are
      ink-receptive (organophilic) and water-repellent (hydrophobic). In use on
      a press, the plate conventionally is first dampened with an aqueous
      fountain solution (which wets the background or non-image areas), after
      which ink is rolled over the plate. The ink coats the image areas, but is
      repelled from the dampened non-image areas.
PAR  Several recent publications, such as Gipe British Pat. No. 1,146,618 and
      Curtin U.S. Pat. No. 3,511,178, relate to lithographic printing plates
      which eliminate the use of aqueous fountain solutions and dampening
      agents. These publications have revived interest in the use of
      lithographic plates which are adapted to planographic printing processes
      without the use of conventional water dampening agents. In these plates,
      the non-image areas are formed of abhesive organopolysiloxane materials
      which are both ink repellent and water repellent. In fact these
      organopolysiloxane materials, for reasons not fully understood, exhibit
      little or no adherence to a large number of materials. Other lithographic
      printing elements adapted for planographic printing without the use of
      conventional water dampening or fountain solutions are described in a
      series of Greubel and Greubel et al patents including U.S. Pat. Nos.
      3,225,419; 3,269,836; 3,241,486; 3,221,650; 3,209,683; and 3,167,005.
      Another similar series of patents which have described such "waterless"
      lithographic printing processes are the following patents:
PAR  U.S. Pat. Nos. 1,886,817; 1,741,758; RE 18,013; 1,893,163; 1,892,875;
      1,949,233; and 1,976,039.
PAR  One process which eliminates fountain solutions uses a diazo sensitized
      aluminum plate overcoated with a silicone rubber layer. On image-wise
      exposure through a negative, the light-struck image areas of the plate
      become soluble in an organic solvent. Developing with this solvent
      produces a plate with bare metal corresponding to the image areas and
      silicone elastomer in the non-image areas. The ink then adheres to the
      image areas only. As noted, this process described in U.S. Pat. No.
      3,511,178, requires a separate overcoat layer. If light-sensitive
      materials such as sensitizing dyes or photoconductors are substituted for
      the light sensitive diazo materials used in this process, it is found that
      such materials tend to migrate into the silicone layer causing loss of
      repellency. Further, the use of these materials produces significant toner
      background densities. The silicone rubber or elastomer used in U.S. Pat.
      No. 3,511,178 also requires cross-linking and is generally unstable. These
      elastomers are not compatible with many photoconductive binder systems.
PAR  It is an object of this invention to provide novel block copolymers which
      have excellent leveling and release properties.
PAR  It is another object of this invention to provide a method for making these
      novel block copolymers.
PAR  Still another object of this invention is to provide novel copolymers
      useful as additives in electrophotographic compositions for single layer
      planographic printing plates which may be utilized directly without the
      necessity of a fountain solution and which eliminate the problem of
      migration of sensitizing dyes and photoconductors.
PAR  A still further object of this invention is to provide novel copolymers
      unique in single layer, reusable electrophotographic films with improved
      surface characteristics including the prevention of excessive wear and
      permanent toner deposition with little effect on film sensitometry.
PAR  These and other objects are accomplished, in one aspect, by novel block
      copolyesters formed by reacting a dihalopolyorganosiloxane comprising from
      about 10 to about 200 chemically combined diorganosiloxy units consisting
      essentially of organosiloxy units wherein each of the silicone atoms has 2
      hydrocarbon radicals attached through a carbon-silicon bond, with an
      aliphatic or aromatic diol and thereafter reacting the polysiloxane-diol
      product with an aliphatic dicarboxylic acid halide containing at least 5
      carbon atoms. The resulting solvent-soluble thermoplastic block copolymers
      have excellent release and leveling properties and are resistant to
      hydrolysis. As a consequence, these polymers have utility as release
      agents and have particular utility in waterless lithography.
PAR  The solvent soluble block copolyester produced has a molecular weight of at
      least 10,000 and an inherent viscosity greater than 0.2 in chloroform, and
      has the formula:
      ##EQU2##
      wherein R is an alkylene radical containing at least 3carbon atoms, A is a
      member of the group consisting of arylene radicals and alkylene radicals,
      R.sup.1 is an alkyl radical and R.sup.2 is selected from the group
      consisting of alkyl, alkaryl, aralkyl, and aryl groups, a is an integer of
      at least 10, b is an integer of at least 1, c is an integer of at least 2,
      and d is an integer of at least 2.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THIS INVENTION
PAR  The thermoplastic solvent soluble block copolyesters of this invention have
      a molecular weight of at least about 10,000 and an inherent viscosity of
      at least 0.2 in chloroform at 25.degree.C and are represented by the
      formula:
      ##EQU3##
      wherein R is an alkylene radical containing at least 3 carbon atoms such
      as propylene, butylene, pentylene, hexylene, octylene, decylene,
      dodecylene, cyclohexylene, cyclopentylene and the like. The alkylene
      radical preferably contains from about 3 to about 20 carbon atoms. It is
      noted that the block copolymers of this invention cannot be formed if R is
      a methylene or ethylene radical.
PAR  As employed herein, the terms "alkylene" and "alkyl" are inclusive of
      cycloalkylene and cycloalkyl groups in each occurence.
PAR  A is selected from the group consisting of alkylene and arylene radicals.
      Exemplary preferred alkylene radicals are those containing from about 2 to
      25 carbon atoms, such as ethylene, propylene, butylene, pentylene,
      hexylene, cyclopentylene, cyclohexylene, octylene, decylene and the like;
      exemplary preferred arylene radicals include phenylene radicals and
      bisphenylene radicals. Preferred bisphenylene radicals are those having
      the formula:
      ##SPC1##
PAL  wherein R.sup.3 and R.sup.4 are independently selected from the group
      consisting of hydrogen atoms; alkyl radicals, preferably containing from 1
      to 12 carbon atoms such as methyl, ethyl, propyl, octyl, cyclohexyl,
      cyclopentyl, and the like; substituted alkyl radicals such as
      fluoromethyl, difluoromethyl, dichlorofluoromethyl and the like; aryl
      radicals such as phenyl, naphthyl, anthracenyl and the like; and
      substituted aryl radicals such as 3,4-dichlorophenyl and
      2,4-dichlorophenyl and the like. R.sup.3 and R.sup.4 taken together with
      the carbon atom to which they are attached can represent a monocyclic,
      dicyclic, or heterocyclic moiety containing 6 to 14 carbon atoms in the
      ring structures thereof such as cyclohexyl, phenyl, naphthyl, norbonyl,
      piperidino and the like. R.sup.5, R.sup.6, R.sup.7 and R.sup.8, which can
      be the same or different are selected from the group consisting of
      hydrogen atoms, alkyl radicals, preferably containing from 1 to 12 carbon
      atoms such as methyl, ethyl, hexyl, cyclohexyl, cyclopentyl; substituted
      alkyl such as chloromethyl, dichlorofluoromethyl and the like; aryl
      radicals such as phenyl, nathphyl, anthracenyl; substituted aryl radicals
      such as 2,4-dichlorophenyl and the like; halogen atoms; dialkylamino
      radicals; cyano radicals; alkoxy radicals and the like.
PAR  R.sup.1 is an alkyl radical preferably containing from about 1 to about 10
      carbon atoms such as ethyl, propyl, isopropyl, butyl, tertiary-butyl,
      pentyl, octyl, nonyl, decyl, cyclopentyl, cyclohexyl, and the like;
      R.sup.2 is selected from the group consisting of R.sup.1 ; aryl radicals
      such as phenyl, naphthyl, anthracenyl and the like; aralkyl radicals
      wherein the alkyl portion preferably contains from 1 to 10 carbon atoms
      such as benzyl, phenethyl, naphthylethyl, and the like; and alkaryl
      racials wherein the alkyl portion preferably contains from 1 to 10 carbon
      atoms such as ethylphenyl and the like. It is pointed out that only one of
      R.sup.1 and R.sup.2 may be aryl, alkaryl or aralkyl, although in the
      preferred embodiment R.sup.1 and R.sup.2 are both alkyl. Thus, at least
      one of R.sup.1 and R.sup.2 must be alkyl to avoid steric hindrance. If
      both radicals were aryl radicals a polymer having an unacceptably low
      molecular weight would result.
PAR  b is at least 1 and preferably from 1 to 25. a is at least 10 and
      preferably from about 10 to about 200. c is at least 2 and preferably from
      about 5 to about 20 and d is at least 2 and preferably from about 2 to
      about 1000.
PAR  The polymers must have a molecular weight as determined by the gel
      permeation method of at least about 10,000 and preferably from about
      10,000 to about 1,000,000 or greater. The inherent viscosity is at least
      0.2 as measured at 25.degree.C in chloroform (CHCl.sub.3) and preferably
      higher such as 0.3 to 1.5. In order to be useful as coating materials,
      these polymers should be solvent soluble. Preferred solvents are
      halohydrocarbons such as chlorohydrocarbons.
PAR  In a particularly preferred embodiment of this invention a is from 10 to
      200, b is 2 to 3, c is 5 to 20 and d is at least 2. A is
      ##SPC2##
PAL  R.sup.1 and R.sup.2 are CH.sub.3, and R is octylene.
PAR  In another particularly preferred embodiment of this invention, a is from
      10 to 200, b is 2 to 3, c is 2, d is at least 2, A is butylene, R.sup.1
      and R.sup.2 are CH.sub.3, and R is octylene.
PAR  Some examples of the block copolyesters of this invention are poly
      [4,4'-isopropylidenediphenylene-co-block-poly-(dimethylsiloxanediyl)sebaca
     te]; poly [1,4-butylene-co-block-poly(dimethylsiloxanediyl)sebacate]; poly
      [4,4'-isopropylidenediphenylene-co-block-poly(dimethylsiloxanediyl)glutara
     te; poly [1,4-butylene-co-block-poly(dimethylsiloxanediyl)adipate] and the
      like.
PAR  The novel block copolyesters of this invention are formed by first reacting
      a dihalo-polydiorganosiloxane comprising from about 10 to about 200
      chemically combined diorganosiloxy units consisting essentially of
      diorganosiloxy units where each of the silicon atoms have 2 organo
      radicals attached to a carbonsilicon bond with a dihydric phenol or other
      diol and subsequently reacting the reaction product with an aliphatic
      dicarboxylic acid halide containing at least 5 carbon atoms.
PAR  The dihalo-polydiorganosiloxane which may be reacted with the diol is
      generally chain stopped with a halogen and generally has the formula:
      ##EQU4##
      wherein R.sup.1 and R.sup.2 are as described above. a Is from about 10 to
      200 and X is a halogen atom such as chlorine or bromine. These
      .alpha.,.OMEGA. halogenated polysiloxanes and the methods of preparing
      them are described in U.S. Pat. No. 3,189,662, issued June 15, 1965.
PAR  The .alpha.,.OMEGA.-dihalo-polydiorganosiloxanes are reacted with an
      aliphatic or aromatic diol. The preferred aromatic diol is a dihydric
      phenol.
PAR  The dihydric phenols which may be reacted with the
      dihalo-polydiorganosiloxanes are preferably of the formula:
      ##SPC3##
PAL  wherein R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, and R.sup.8 are as
      defined above. Examples of preferred dihydric phenols which can be used
      herein are 2,2-bis-(4-hydroxyphenyl)propane(bisphenol A);
      2,2-bis(4-hydroxy-3,5 dichlorophenyl)propane(tetrachlorobisphenol A);
      1-phenyl-1,1-bis(4-hydroxyphenyl)ethane; 1-(3,4-dichlorophenyl)-1,1-bis
      (4-hydroxyphenyl)ethane;
      2,2-bis-(4-hydroxyphenyl)-4-[3-(2,3,4,5-tetrahydro -2,2-dimethyl-4-oxafury
     l)]butane; bis(4-hydroxyphenyl)-methane;
      2,4-dichlorophenylbis-(4-hydroxyphenyl)methane;
      1,1-bis-(4-hydroxyphenyl)cyclohexane;
      1,1,1,3,3,3-hexafluoro-2,2-bis(4-hydroxyphenyl)propane; and diphenyl
      bis-(4-hydroxypheny)-methane.
PAR  Other diols which may be reacted with the
      .alpha.,.OMEGA.-dihalopolydiorganosiloxanes are alkylene diols or other
      aromatic diols, generally having the formula:
EQU  HO--R.sup.9 --OH                                           (5)
PAL  wherein R.sup.9 is alkylene or arylene containing from about 2 to about 25
      carbon atoms such as ethylene, propylene, butylene, octylene,
      cyclohexylene, phenylene and the like. Examples of diols useful herein are
      ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol,
      1,6-hexanediol, 1,8-octanediol, 1,9-nonanediol, 1,12-dodecanediol,
      1,4-cyclohexanedimethanol, hydroquinone, hydroquinone substituted with
      alkyl groups or halogen atoms, and resorcinol.
PAR  The diol may be reacted with the alpha,.OMEGA. -dihalopolydiorganosiloxane
      at room temperature or higher in the presence of inert solvent. A hydrogen
      halide acceptor such as pyridine or triethylamine may also be employed.
      Suitable solvents which may be used are chlorohydrocarbons, such as
      chlorobenzene, methylene chloride, 1,2-dichloroethane and the like. The
      preferred temperature range is from about 25.degree.C to about
      250.degree.C and the most preferred temperatures are from 25.degree.C to
      100.degree.C.
PAR  The proportion of siloxane and diol or dihydric phenol used may be varied
      greatly depending on the final properties desired. Generally, however,
      0.15 part by weight to about 3 parts by weight of the
      .alpha.,.OMEGA.-dihalo-polydiorganosiloxane per part of diol are employed.
PAR  The above reaction product is subsequently reacted with an aliphatic
      dicarboxylic acid halide to form the block copolyesters of this invention.
PAR  The dicarboxylic acid halide must necessarily contain at least 5 carbon
      atoms to form the block-copolyester and must be aliphatic in order to have
      the required solubility in solvents such as chlorohydrocarbons. The acid
      halides generally have the formula:
EQU  XOOC-R-COOX                                                (6)
PAL  wherein R is as described above and X is a halogen atom such as chlorine or
      bromine.
PAR  Examples of dicarboxylic acid halides useful herein are the halides of
      glutaric acid, adipic acid, pimelic acid, azelaic acid, sebacic acid,
      2-methyl adipic acid, cyclohexane-1,3-dicarboxylic acid,
      cyclohexane-1,4-dicarboxylic acid, cyclopentane-1,3-dicarboxylic acid and
      the like such as sebacylchloride, adipyl chloride, glutaryl chloride and
      the like.
PAR  The dicarboxylic acid halide may be merely mixed with the reaction product
      of diol and polydiorganosiloxane to form the block copolyester. It is
      preferred to mix the reactants in a solvent and a hydrogen halide
      acceptor. Preferred solvents are the chlorohydrocarbons described above.
      The reaction may be carried out at room temperature and in the absence of
      catalysts. The preferred temperature range is from about 25.degree.C to
      about 250.degree.C and particularly preferred temperatures are from
      25.degree.C to 100.degree.C.
PAR  The proportions of diol-siloxane reaction product and dicarboxylic acid
      halide may be varied over a wide range. It is preferred however to use as
      many moles of dicarboxylic acid halide as there are moles of diol minus
      the number of moles of polyorganosiloxane.
PAR  The compounds employed in making the copolymers of the invention are
      prepared from readily available inexpensive materials.
PAR  The novel block copolymers are suitable for a wide variety of uses
      requiring good leveling and release properties and are particularly useful
      in the photographic field as release agents for photoconductive materials.
PAR  As discussed previously, the block copolyesters of this invention may be
      added to photoconductive elements to provide waterless lithographic
      printing plates having smooth and uniform surfaces with improved cleaning
      properties, improved liquid and dry toner adhesion, and which are stable
      to humidity. Thus, a waterless printing plate is prepared by coating a
      film support which is electrically conductive or has a conductive
      overlayer with a composition containing a binder and a photoconductor and
      preferably from about 0.05% to about 2% by weight of the novel block
      copolyester of this invention. The element is then exposed imagewise and
      developed, and the ink will adhere only to the image areas.
PAR  The following examples illustrate the preparation and use of the novel
      block copolyesters of this invention:
PAC  PREPARATION OF ALPHA,.OMEGA.-DICHLORO(POLYDIMETHYLSILOXANE)
PAR  A mixture of 800G of dichlorodimethylsilane, 100g of water and 206g of
      dioxane was stirred under a reflux condenser for 2 3/4 hours. After
      stirring at room temperature for 1 1/2 hours the mixture was stirred at
      the boiling point for 1 1/2 hours. Volatiles were removed with an
      aspirator. The residue was distilled at 12mm pressure until the
      temperature of the distilland was 205.degree.C. This product contained
      3.1% chlorine, which corresponds to a molecular weight of 2290 or a value
      for a in formula 3 of 30.0. To 5.9 g of the distilland were added 25 ml of
      hexane containing 2.5 ml of ethanol and 2 ml of pyridine, and the product
      was washed in ether with dilute hydrochloric acid and water, and dried by
      evaporation. The residual alpha,.OMEGA.-dichloropoly(dimethylsiloxane) was
      found to have a molecular weight of 2450 which corresponds to a value of
      32 for a in formula (3). This is in good agreement with the value of a
      calculated from chlorine content.
PAC  EXAMPLE 1
PAC  Preparation of
      Poly[4,4'-isopropylidenediphenyleneco-block-poly(dimethylsiloxanediyl)seba
     cate]
PAR  To 45.6g of bisphenol A in 500 ml chlorobenzene and 50 ml of dry pyridine
      were added, with stirring for 35 minutes, 57.6g of the
      dichloropoly(dimethylsiloxane) prepared above. After stirring at
      60.degree. to 65.degree.C for 3/4 hour the mixture was cooled to room
      temperature and a solution of 47.8g of sebacyl chloride in 48 ml of
      chlorobenzene was added with stirring over 31/2 hours. After stirring for
      an additional 11/2 hours, the mixture was precipitated with methanol in a
      blender, washed with methanol, and dried in a vacuum at 50.degree.C. The
      resultant block copolyester was a soft solid having an inherent viscosity
      of 0.35 as measured in chloroform at 25.degree.C. The infrared spectrum
      showed strong bands at 5.74.mu., 8.0.mu., 9.5.mu., and 12.5.mu.. The value
      of a corresponding to formula (1) is 30, the value of b is 2 to 3, the
      value of  c is about 5 to 6 and d is greater than 2. R is octylene; A is
      the bisphenol residue; and R.sup.1 and R.sup.2 are methyl.
PAC  EXAMPLE 2
PAC  Preparation of a high molecular weight
      poly[4,4'-isopropylidenediphenylene-co-block-poly(dimethylsiloxan ediyl)
      sebacate].
PAR  To 25.1g of bisphenol A in 43.5 ml of dichloroethane and 21.7 g of dry
      pyridine were added, over a 14 minute period, 15.8 g of
      alpha,.OMEGA.-dichloropolydimethylsiloxane having an average degree of
      polymerization of 20.4. The mixture was stirred for 1/2 hour at
      60.degree.C and cooled with rapid stirring. To the mixture were added 23.9
      g of sebacyl chloride in 24 ml of dichloroethane over a 7 minute period.
      After the mixture was stirred for 3 hours, it was blended with methanol
      and the solid filtered, washed with methanol and dried in a vacuum at
      95.degree. to 100.degree.C. The product weighed 55.8 g and had an inherent
      viscosity in chloroform of 0.67. a of formula (1) in this case is 20.4, b
      is about 2, c is about 8 and d is greater than 2.
PAC  EXAMPLE 3
PAC  Preparation of
      Poly[1,4-butylene-co-block-poly(dimethylsiloxanediyl)sebacate]
PAR  To 9.0 g of 1,4-butanediol in 100 ml of dichloromethane and 30.3 g of
      triethylamine were added, with stirring over a 1/2 hour period, 27 g of
      alpha,.OMEGA.-dichloropolydimethylsiloxane having a degree of
      polymerization of 21.9. After stirring for 1/2 hour the mixture was cooled
      in ice and 23.9 g of sebacyl chloride in 24 ml of dichloromethane was
      added over 4 minutes. After one additional hour the mixture was blended
      with methanol and the solid was filtered, washed with methanol and dried
      in a vacuum at 95.degree. to 100.degree.C. The product recovered was 41g
      of block copolyester containing 19.9% Si and having an inherent viscosity
      in chloroform of 0.22. Corresponding to formula (1), A is butylene, R is
      octylene, R.sup.1 and R.sup.2 are methyl and a is 21.9, b is about 3, c is
      about 2 and d is greater than 2.
PAC  EXAMPLE 4
PAC  Preparation of Poly[4,4'
      -isopropylidenediphenylene-co-block-poly(dimethylsiloxanediyl)glutarate]
PAR  To 22.8 g of bisphenol A in 250 ml of chlorobenzene and 25 g of dry
      pyridine were added, over a 13 minute period, 28.8 g of
      alpha,.OMEGA.-dichloropolydimethylsiloxane having an average degree of
      polymerization of 47. After stirring for 1/2 hour at 60.degree. to
      65.degree.C, the mixture was cooled and 16.9 g of glutaryl chloride in 17
      ml of chlorobenzene were added over a 16 minute period. After 2 hours the
      product was isolated by blending with methanols filtering the solid,
      washing with methanol and drying. The yield was 52.8 grams of solid
      polymer having an inherent viscosity in chloroform of 0.30 and containing
      44.5% by weight of dimethylsiloxane. In this case, R is propylene and a is
      47, b is about 2,c is about 9.5, and d is greater than 2.
PAC  EXAMPLE 5
PAC  Preparation of
      Poly[4,4'-isopropylidenediphenylene-co-block-poly(dimethylsiloxanediyl)adi
     pate]
PAR  Adipyl chloride (18.3 g) was substituted for the glutaryl chloride in the
      method of Example 4 and the resulting block copolyester had an inherent
      viscosity in chloroform of 0.27 and contained 46% by weight
      polydimethylsiloxane. R is butylene in this example, and a, b, c, and d
      are as in Example 4.
PAC  EXAMPLE 6
PAC  Preparation of
      Poly[4,4'-isopropylidenediphenylene-co-block-poly(dimethylsiloxanediyl)pim
     elate]
PAR  Pimeloyl chloride (19.7 g) was substituted for the glutaryl chloride in the
      method of Example 4 and the resulting block copolyester had an inherent
      viscosity in chloroform of 0.28 and contained 47.6% by weight
      polydimethylsiloxane. In this case R is pentylene and a, b, c, and d are
      as in Example 4.
PAC  EXAMPLE 7
PAC  Preparation of films using dicarboxylic acids of less than 5 carbon atoms
PAR  An attempt to prepare
      poly[4,4'-isopropylidenediphenylene-co-block-poly(dimethylsiloxanediyl)suc
     cinate]wherein R is ethylene was made by adding to 22.8 g of bisphenol A in
      114 ml of dichloromethane and 30.3 g triethylamine, 28.8 g of
      alpha,.OMEGA.-dichloropolydimethylsiloxane having an average degree of
      polymerization of 21.9 over a 10 minute period with stirring. After one
      half hour, 15.5 g of succinoyl chloride in 16 ml of dichloromethene were
      added and stirred over 41/2 minutes. The mixture became extremely dark and
      when blended with methanol gave 34 g of black solid which was insoluble in
      chloroform, acetone, and tetrahydrofuran.
PAR  A further attempt was made to prepare poly[bisphenol
      A-co-block-poly(dimethylsiloxanediyl)fumarate] wherein R contains only 2
      carbon atoms by adding to 22.8 g of bisphenol A in 250 ml of chlorobenzene
      and 25 g of dry pyridine, over a 17 minute period with stirring, 28.8 g of
      alpha,.OMEGA.-dichloropolydimethylsiloxane having an average degree of
      polymerization of 47. After 1/2 hour 15.3 g of fumaryl chloride and 20 ml
      of chlorobenzene were added and the mixture turned purple and then black.
      Blending with methanol gave 27.2 g of a soft solid which is insoluble in
      chloroform and acetone.
PAR  Substitution of fumaryl chloride by malonyl chloride wherein R contains
      only 1 carbon atom, in the above preparation yielded only a dark brown
      pourable fluid. Substitution of the fumaryl chloride by oxalyl chloride,
      wherein R contains no carbon atoms in the above preparation yielded a soft
      crumbly solid having an inherent viscosity of only 0.10 in chloroform.
PAC  EXAMPLE 8
PAC  Block copolyesters used as leveling agents for photoconductive compositions
PAR  To a 50 g aliquot of a photoconductive composition prepared from 108 g of
      Lexan 145 (a poly(4,4'-isopropylidenediphenylene carbonate), 72g of
      4.4'-diethylamino-2,2'-dimethyltriphenylmethane, 5.4 g of
      4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium fluoroborate in 1020 g
      of dichloromethane was added 0.2 g of a 10% solution in dichloromethane of
      the block copolyester of Example 1.
PAR  The photoconductive element was prepared by coating a poly(ethylene
      terephthalate) film support with a nickel film having a thickness of 0.004
      inch and overcoating with a subbing layer comprising a terpolymer of 83%
      vinylidine chloride, 15% methyl acrylate and 2% itaconic acid, by weight.
PAR  The above photoconductor was compared with the same photoconductor prepared
      without the addition of the block copolyester of Example 1 for surface
      smoothness and electrical H & D speed.
PAR  Surface smoothness was determined by visual comparison and by using a
      Bendix profilometer. The surface of the photoconductoor without the block
      copolyester was very rough and the surface of the photoconductor
      containing the block copolyester as an abdendum was very smooth. The
      profilometer values (measured using a 0.1 gram stylus having a 0.0005 inch
      radius) show a one quarter peak-to-valley distance of 10 to 12.mu. inches
      for the photoconductor without the block copolyester and a distance of
      only 2 to 3.mu. inches for the photoconductor containing the addendum.
      This quantitatively corroborates the visual comparison noted above.
PAR  The electrical H & D speed measurement illustrated that no loss of
      electrical properties was sustained by the addition of the block
      copolyester. The loss of charge after exposure to light is measured as the
      electrical H & D speed. To determine the speed of the element, it is
      electrostatically charged under a corona source until the surface
      potential, as measured by an electrometer probe, reaches some suitable
      initial value D.sub.o, typically about 600 volts. The charged element is
      then exposed to a 3,000 degree K tungsten light source through a stepped
      density grey scale. The exposure causes reduction of the surface potential
      of the element under each step of the grey scale from its initial
      potential V.sub.o to some lower potential V the exact value of which
      depends upon the amount of exposure in meter-candle-seconds received by
      the area. The results of these measurements are then plotted on a graph of
      surface potential V versus log exposure for each step, thereby forming an
      electrical characteristic curve. The electrical or electro-photographic
      speed of the photoconductive composition is then expressed in terms of the
      reciprocal of the exposure required to reduce the surface potential to any
      fixed selected value. The actual positive or negative shoulder speed is
      the numerical expression of 10.sup.4 divided by the exposure in
      meter-candle-seconds required to reduce the initial surface potential
      V.sub.o by 100 volts. This is referred to as the 100 volt shoulder speed.
      Similarly the actual positive or negative toe speed is the numerical
      expression of 10.sup.4 divided by the exposure in meter-candleseconds
      required to reduce the initial potential V.sub.o to an absolute value of
      100 volts. An apparatus useful for determining the electrophotographic
      speeds of photoconductive compositions used herein is described in
      Robinson et al U.S. Pat. No. 3,449,658 issued June 10, 1969.
PAR  The positive and negative shoulder and toe (+SH/+TOE)speed without the
      block copolyester was 27,000/4,000 and the +SH/+TOE speed for the
      photoconductor containing the block copolyester was 28,000/3,800 and the
      -SH/-TOE (negative charge) for the photoconductor without the block
      copolyester was 10,000/3,100 and for the photoconductor containing the
      block co-polyester was 9,500/3,000. This shows that no significant loss in
      electrical properties was sustained by the addition of the block
      copolyester.
PAR  The block copolyester is compatible with a wide range of polymers used as
      binders for photoconductive layers such as polycarbonates, polyesters,
      poly(vinylidene chloride), poly(methyl methacrylate) and
      poly(vinylbutyral) such as those described in U.S. Pat. No. 3,438,773 by
      Hioshi et al. issued Aug. 15, 1969, and U.S. Pat. No. 2,901,348 by
      Dessauer issued Aug. 25, 1959.
PAC  EXAMPLE 9
PAC  Utility of the block copolyester for lithographic purposes.
PAR  Several poly(ethylene terephthalate) supports were coated with 50g each of
      a 16% solid solution containing 75% Vitel 101 (a
      poly[4,4'-isopropylidenebis(phenoxyethyl)-co-ethylene terephthalate], 25%
      4,4'-diethylamino -2,2'-dimethytriphenyl methane, 0.03%
      4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium perchlorate and 0.03%
      2,6-bis(4-ethylphenyl)-4-(4-amyloxyphenyl)thiapyrylium perchlorate in a
      solvent containing 70% dichloromethane and 30% 1,1,2-trichloromethane and
      various amounts of a 10% solution of the block copolyesters of Example 1
      in dichloromethane, each percentage being given on a weight basis, based
      on total weight.
PAR  The elements were inked with a hand roller using GPI Dri-Lith Ink. The ink
      differential between the abhesive photoconductor (desirably ink repelling)
      and the rough film support (ink accepting) was observed subjectively.
      Table 1 shows the results obtained.
TBL                TABLE 1                                                     

     ______________________________________                                    

              Concentration of                                                 

              Block Co-Polyester  Inking                                       

     No.      (Grams of 10% Solution                                           

                                 Differential                                  

     ______________________________________                                    

     1        0                  0                                             

     2        0.6                Fair-Good                                     

     3        1.2                Good                                          

     4        3.0                Excellent                                     

     ______________________________________                                    

PAR  The above shows that by using the block copolyesters as addenda for the
      plate, ink is repelled thereby showing a wide differential in inking from
      the raw support while the photoconductor without the block co-polyester
      showed no differential in inking from the plate to the photoconductor.
PAC  EXAMPLE 10
PAC  Block copolyester as an additive for photoconductive films
PAR  To 50 g aliquots of a photoconductive composition prepared from 108 g of
      Lexan 145, 72g of 4,4'-diethylamino-2,2' dimethyltriphenylmethane, 5.4 g
      of 4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium fluoroborate in a
      60/40 mixture by weight of dichloromethane and 1,1,2-trichloroethane were
      added various amounts of a 10% by weight solution in dichloromethane of
      the block copolyester of Example 1. The films were tested for permanent
      toner deposition by placing the films in close proximity with a magnetic
      brush containing electrostatic toner on an iron carrier and exposing the
      films to this treatment for 10 minutes. The films were then visually
      inspected to determine the amount of toner picked up by each film.
PAR  Table 2 shows the results of the permanent toner deposition test.
TBL                TABLE 2                                                     

     ______________________________________                                    

     No.    Grams of 10% Solutions                                             

                               Permanent Toner                                 

            of Co-Polyesters    Deposition                                     

     ______________________________________                                    

     1      0                  Severe                                          

     2      0.225              None                                            

     3      0.45               Very Slight                                     

     ______________________________________                                    

PAL  Thus it is seen, that there is a significant improvement in permanent toner
      deposition for films containing the block copolyester of this invention.
PAC  EXAMPLE 11
PAC  Poly[1,4-butylene-co-block-poly(dimethylsiloxanediyl)sebacate]as addenda to
      photoconductors
PAR  To a 50g aliquot of a photoconductive formulation comprising 108 g of Lexan
      145, 72 g of 4,4'-diethylamino-2,2'-dimethyltriphenyl-methane, 5.4 g of
      4-(4-dimethylaminophenyl)-2,6-diphenylthiapyrylium fluoroborate in 1020 g
      of dichloromethane was added 0.2 g of a 10% by weight solution in
      dichloromethane of the block copolyester of Example 3.
PAR  The above photoconductor was compared to the same photoconductor formed
      without the addition of the block copolyester and the surface smoothness
      and electrical H&D speeds were measured as in Example 8. The results are
      shown in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

        Grams of Block                                                         

                 Electrical H and D                                            

                                  Surface                                      

                                         Profilometer                          

     No.                                                                       

        Co-Polyester                                                           

                 Speed (SH/100V Toe)                                           

                                 Smoothness                                    

                                         Value (.mu.inches)                    

     __________________________________________________________________________

                 +       -                                                     

     1  0        29,000/3.200                                                  

                         10,000/2,600                                          

                                 Very Rough                                    

                                         11                                    

     2  0.2      25,000/2,200                                                  

                         11,000/2,800                                          

                                 Very Smooth                                   

                                         2.5                                   

     __________________________________________________________________________

PAR  It is noted that while organic photoconductors were used in the above
      examples, photoconductive formulations incorporating inorganic
      photoconductors such as ZnO, CdS, PbO, Se and the like are also enhanced
      by the addition of the leveling agents of this invention.
PAR  The novel block copolyesters of this invention are useful as leveling
      agents and as release agents for many purposes. For example the block
      copolyesters may be used as overcoats for the insulating layer of a
      receiver sheet or receiver for the transfer of an undeveloped or developed
      charge pattern from a reuseable photoconductor. The block copolyesters are
      particularly useful as addenda for photoconductive elements.
PAR  This invention has been described in detail with particular reference to
      certain preferred embodiments thereof but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A solvent-soluble block copolyester having a molecular weight of at
      least 10,000 and an inherent viscosity greater than 0.2 in chloroform, and
      having the formula:
      ##EQU5##
      wherein R is an alkylene radical containing at least 3 carbon atoms, A is
      selected from the group consisting of alkylene radicals containing from
      about 2 to about 25 carbon atoms, and arylene radicals containing from
      about 6 to about 25 carbon atoms derived from aromatic diols, R.sup.1 is
      an alkyl radical containing from about 1 to about 10 carbon atoms, and
      R.sup.2 is selected from the group consisting of R.sup.1, phenyl,
      naphthyl, and anthracenyl and aralkyl wherein the alkyl portion contains
      from 1 to 10 carbon atoms and alkaryl wherein the alkyl portion contains
      from 1 to 10 carbon atoms, b is an integer of at least 1, a is an integer
      of at least 10, c is an integer of at least 2, and d is an integer of at
      least 2.
NUM  2.
PAR  2. The block copolyesters of claim 1 wherein A is an arylene radical having
      the formula:
      ##SPC4##
PAL  wherein R.sup.3 and R.sup.4 are selected from the group consisting of
      hydrogen atoms, substituted and ubsubstituted alkyl radicals, and
      substituted and unsubstituted aryl radicals and R.sup.3 and R.sup.4 taken
      together with the carbon atom to which they are attached may represent a
      monocyclic, bicyclic or heterocyclic moiety, and R.sup.5, R.sup.6, R.sup.7
      and R.sup.8 are independently selected from the group consisting of
      hydrogen atoms, substituted and unsubstituted alkyl radicals, substituted
      and unsubstituted aryl radicals, halogen atoms, cyano radicals,
      dialkylamino radicals, and alkoxy radicals.
NUM  3.
PAR  3. The block copolyester of claim 1 where R.sup.1 and R.sup.2 are each
      methyl.
NUM  4.
PAR  4. The block copolyester of claim 1 wherein A is butylene.
NUM  5.
PAR  5. The block copolyester of claim 1 wherein a is a number from about 10 to
      about 200.
NUM  6.
PAR  6. The block copolyester of claim 1 wherein R is octylene.
NUM  7.
PAR  7. The block copolyester of claim 1 wherein R propylene.
NUM  8.
PAR  8. The block copolyester of claim 1 wherein the molecular weight is from at
      least 10,000 to greater than 1,000,000.
NUM  9.
PAR  9. The block copolyester of claim 1 wherein R contains from about 3 to
      about 20 carbon atoms.
NUM  10.
PAR  10. The block copolyester of claim 1 wherein a is from about 10 to about
      200, b is from about 1 to about 25, c is from about 2 to about 20, and d
      is from about 2 to about 1,000.
NUM  11.
PAR  11. A solvent-soluble block copolyester having a molecular weight of at
      least 10,000, and an inherent viscosity greater than 0.2 in chloroform,
      and having the formula:
      ##EQU6##
      wherein R is an alkylene radical containing 3 to 20 carbon atoms, A is
      selected from the group consisting of alkylene having 2 to 20 carbon atoms
      and bisphenylene radicals, R.sup.1 and R.sup.2 are alkyl radicals
      containing 2 to 10 carbon atoms, a is an integer of 10 to 200, b is an
      integer of 1 to 25, c is an integer of 5 to 20, and d is an integer of 2
      to 1000.
NUM  12.
PAR  12. A solvent-soluble block copolyester having the formula:
      ##SPC5##
PAL  wherein a is from about 10 to about 200, b is from about 1 to about 25, c
      is from about 5 to about 20 and d is from about 2 to about 1000.
NUM  13.
PAR  13. A method of preparing a solventsoluble block copolyester having a
      molecular weight of at least 10,000 and an inherent viscosity of at least
      0.2 in chloroform comprising reacting (1) an alpha,
      omega-dihalo-polydiorganosiloxane comprising from about 10 to about 200
      chemically combined diorganosiloxy units consisting essentially of
      organosiloxy units wherein each of the silicon atoms has two hydrocarbon
      radicals attached through a carbon-silicon bond wherein at least one of
      said hydrocarbon groups is an alkyl group and (2) an aliphatic or aromatic
      diol and subsequently reacting the reaction product of (1) and (2) with an
      aliphatic dicarboxylic acid halide containing at least 5 carbon atoms.
NUM  14.
PAR  14. The method of claim 13 wherein the
      alpha,.OMEGA.-dihalo-polydiorganosiloxane is
      alpha,.OMEGA.-dichloro-polydialkyl siloxane and the diol is an alkylene
      diol containing from about 2 to about 20 carbon atoms or dihydric phenol.
NUM  15.
PAR  15. The method of claim 14 wherein the alkylsiloxy units are dimethylsiloxy
      units.
NUM  16.
PAR  16. The method of claim 14 wherein the diol is a dihydric phenol.
NUM  17.
PAR  17. The method of claim 16 wherein the dihydric phenol is
      2,2-bis(4-hydroxyphenyl)propane.
NUM  18.
PAR  18. The method of claim 14 wherein the diol is butylene glycol.
NUM  19.
PAR  19. The method of claim 13 wherein the aliphatic dicarboxylic acid halide
      is sebacyl chloride.
NUM  20.
PAR  20. The method of claim 13 wherein the aliphatic dicarboxylic acid halide
      is adipyl chloride.
NUM  21.
PAR  21. The method of claim 13 wherein the reaction of the
      alpha,.OMEGA.-dihalo-polydiorganosiloxane with the diol is carried out in
      the presence of a solvent at room temperature.
NUM  22.
PAR  22. The method of claim 21 wherein the solvent is a chlorinated
      hydrocarbon.
NUM  23.
PAR  23. The method of claim 13 wherein the reaction of diol-alpha,.OMEGA.
      dihalo-polydiorganosiloxane product with the dicarboxylic acid halide is
      carried out at room temperature in the presence of a solvent.
NUM  24.
PAR  24. The method of claim 23 wherein the solvent is a chlorinated
      hydrocarbon.
NUM  25.
PAR  25. The method of forming a solvent-soluble block copolyester comprising
      reacting, in a chlorohydrocarbon solvent, an
      alpha,.OMEGA.-dichloropolydimethylsiloxane with
      2,2-bis(4-hydroxyphenyl)propane, and subsequently reacting the reaction
      product with sebacyl chloride in a chlorohydrocarbon solvent.
NUM  26.
PAR  26. The method of forming a solvent-soluble block copolyester comprising
      reacting in a chlorohydrocarbon solvent an
      alpha,.OMEGA.-dichloropolydimethylsiloxane with butylene glycol and
      subsequently reacting the reaction product with sebacyl chloride in a
      chlorohydrocarbon solvent.
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ABST
PAL  A stable dispersion of polymer in a non-solvent organic liquid is made from
      a monomer which is both solid and not completely soluble in the organic
      liquid at the polymerisation temperature, optionally in conjunction with
      other monomers which are appreciably soluble in the liquid medium at that
      temperature. The process comprises dispersing the solid monomer in the
      organic liquid in the presence of a specified monomer-stabilising agent so
      as to produce a stable dispersion of particles of mean diameter not
      greater than 50.mu., and then heating the dispersion of solid monomer
      together with the other monomers, if any, at the polymerisation
      temperature in the presence of a specified polymer-stabilising agent. A
      single stabilising agent combining the functions of monomer-stabiliser and
      polymer-stabiliser may be employed. The process is applicable to the
      production of both addition polymers and condensation polymers.
BSUM
PAR  This invention relates to the manufacture of polymers, more particularly to
      the manufacture of polymers by polymerisation of one or more monomers of
      which one is in a solid stable, microdisperse form.
PAR  There are several well-established procedures for the production of
      polymers in general. One procedure is to react the appropriate monomer or
      monomers in bulk, usually at elevated temperatures; another procedure is
      to make the polymer in solution by carrying out the polymerisation in a
      liquid which dissolves both the monomer or monomers and the resulting
      polymer. Such methods are applicable to both addition polymers and
      condensation polymers, in the latter case the polymerisation frequently
      involving the production of a by-product which is eliminated by
      volatilisation. In certain cases, however, neither bulk nor solution
      polymerisation is satisfactory because of the characteristics of the
      monomer. Thus the monomer may be one which is solid at room temperature
      but which has an excessively high melting point, or which tends to
      polymerise on heating at a temeprature well below its melting point,
      making bulk polymerisation difficult to carry out smoothly. Again, such a
      monomer, and the derived polymer, may be freely soluble only in liquids of
      an inconvenient nature, so that solution polymerisation is not an
      attractive alternative.
PAR  For many purposes, it is desirable to obtain polymers in a particulate or
      granular from rather than in bulk or as a solution; this can readily to
      achieved in the case of most addition polymers by the technique of aqueous
      emulsion polymerisation, but for condensation polymers this technique is
      not generally applicable because of the nature of the chemical reactions
      involved.
PAR  Dispersion polymerisation techniques have also been described, in which the
      monomer or monomers are polymerised in an organic liquid in which they are
      soluble but the resulting polymer is insoluble, the latter being produced
      as a stable dispersion in the liquid of fine particles by the expedient of
      having present a suitable stabilising agent. Such procedures as applied to
      addition polymers are described, for example, in British Pat. Nos.
      941,305, 1,052,241, 1,121,611, 1,143,404 and 1,231,614. Corresponding
      procedures for condensation polymers are described in British Pat. Nos.
      1,095,931 and 1,095,932. The need to operate in a liquid medium which
      dissolves the monomer or monomers places some limitation on the practical
      value of these procedures for condensation polymers, however, and it has
      alternatively been proposed to emulsify the starting material, in a molten
      condition, in an appropriate inert liquid in which it is insoluble, with
      the aid of suitable emulsifiers, and then bring about condensation
      polymerisation by heating the emulsion to an appropriately higher
      temperature, with azeotropic elimination of any by-product. The polymer is
      again obtained in the form of particles dispersed in the liquid medium, as
      described in British Pat. No. 1,211,532 . Here again, the method fails
      when applied to monomeric materials which have a high melting point, or
      which tend to polymerise before the temperature required to emulsify them
      in the molten state is reached, or are thermally unstable in some other
      way.
PAR  The problems above described which are associated with the use of monomers
      which are solid at the polymerisation temperature any be overcome or
      minimised by means of the present invention.
PAR  According to the invention we provide a process for the manufacture of a
      stable dispersion of particles of a polymer in an inert organic liquid
      medium in which the polymer is insoluble by the polymerisation of one or
      more reactive monomers of which one monomer is solid at the temperature at
      which the polymerisation reaction takes place and is not completely
      soluble in the liquid medium at that temperature, and any remaining
      monomer has an appreciable solubility in the liquid medium at the
      polymerisation temperature, the process comprising the steps of (1)
      dispersing the said solid monomer in the inert organic liquid in the
      presence of a monomer-stabilising agent so as to produce a stable
      dispersion of particles of the monomer having a mean diameter not greater
      than 50.mu., the stabilising agent being per se soluble in the inert
      organic liquid and incorporating (i) a polymeric component which is
      solvatable by the liquid and (ii) a grouping which is capable of becoming
      associated with the particles of the solid monomer and (2) heating the
      dispersion of solid monomer together with any remaining monomer or
      monomers at the polymerisation temperature, so as to bring about the
      polymerisation reaction, in the presence of a polymerstabilising agent
      which is per se soluble in the inert organic liquid and incorporates (a) a
      polymeric component which is solvatable by the liquid and (b) a grouping
      which is capable of effecting association between the polymer-stabilishing
      agent and the resulting polymer as the polymer is formed.
PAR  For the purposes of clarity, the solid monomer which is not completely
      soluble in the organic liquid medium at the polymerisation temperature is
      termed herein "the insoluble solid monomer", notwithstanding that it may
      have a finite, though very samll, solubility in the liquid. The expression
      "insoluble solid monomer" is intended to denote not only single solid
      chemical substances which by self-polymerisation can give rise to the
      desired disperse polymer, but also mixtures of two or more solid
      substances which also are incompletely soluble in the organic liquid
      medium and which can mutually react to form the polymer, provided that in
      such mixtures the constituents are intimately admixed on a scale which is
      small in relation to colloidal dimensions. In other words, the insoluble
      solid monomer may consist of a single particle species of the size range
      defined above, but that species need not necessarily be chemically
      homogeneous.
PAR  The process of the invention is suitable for the manufacture of dispersions
      of polymers from a single insoluble solid monomer as previously defined,
      or from an insoluble solid monomer together with one or more other
      monomers which are appreciably soluble in the organic liquid at the
      polymerisation temperature. Such other monomers (hereinafter termed
      "soluble monomers"may be either solid or liquid at the polymerisation
      temperature. It is applicable to both addition polymers and condensation
      polymers. In the case of addition polymers, where more than one monomer is
      employed these will normally contain polymerisable groups of the same type
      (for example, ethylenically unsaturated groups) and the product will be a
      copolymer; in the case of condensation polymers, polymerisable groups of
      two different but complementary types (for example hydroxyl groups and
      carboxyl groups) will normally be involved and, whilst these may both be
      present in a single monomer species it will more frequently occur that one
      type of group is present in one monomer and the other type of group in a
      second monomer. For reasons already outlined, however, the process is of
      greatest value in the production of dispersion of condensation polymers,
      where difficulty processable solid monomers are more frequently
      encountered than with addition polymers.
PAR  Where a soluble monomer which has an appreciable but not high solubility in
      the inert organic liquid and is solid at the polymerisation temperature is
      employed, that monomer may be present in the form of a particulate
      dispersion in the organic liquid; it is not essential that the particles
      to limited in size in the same way as the particles of the insoluble solid
      monomer. When a liquid monomer is employed in addition to the insoluble
      solid monomer, the liquid monomer may have either a limited solubility in
      the inert organic liquid medium or may be miscible therewith in all
      proportions. Where the liquid monomer has a limited solubility in the
      organic liquid, it may be present in the form of an emulsion.
PAR  By "an inert organic liquid" we mean an organic liquid which does not take
      part in the polymerisation reaction; it may be either a pure liquid or a
      mixture. Where the polymerisation reaction is of the condensation type in
      which a by-product, such as water or ethylene glycol, is eliminated, the
      inert organic liquid medium is preferably capable of forming an azetrope
      with the by-product; where the liquid medium is a mixture, it will usually
      suffice if one of the constituents is so capable. Where high molecular
      weight polymer products are required, for example, polymers suitable for
      fibre formation, it may be necessary to "force" the polymerisation
      reaction by deliberately removing the by-product from the azeotrope, e.g.
      by drying, freezing, or chemical methods.
PAR  The process of the invention may be employed for the manufacture of
      dispersions of any of the common groups of addition polymers or copolymers
      where these are derived from at least one insoluble solid monomer, for
      example monomers of the acrylic or vinyl type such as acrylamide and
      methacrylamide, monomers containing quaternary ammonium salt groups such
      as methacrylyl-oxyethyl trimethyl ammonium chloride and
      methacrylyloxymethyl amido ethyl imidazolindone. Such insoluble solid
      monomers may optionally be employed in conjunction with one or more
      soluble monomers if these types, for example acrylic and methacrylic acids
      and their lower esters, nitriles and amides, vinyl esters of monobasic
      acids such as vinyl acetate, and hydrocarbons such as styrene and vinyl
      toluene. The process may likewise be used of manufacturing dispersions of
      any of the wellknown groups of condensation polymers, such as polyesters,
      polyamides, polyurethanes, polyester amides, polycarbonates, polyimides,
      polyimidazoles and polyureas, where either the insoluble solid monomer
      alone, or such a monomer in conjunction with one or more other soluble
      monomers, is involved and where the condensation reaction may occur either
      with or without the elimination of a by-product. Thus the process is of
      value in the manufacture of dispersions of polyesters from a high-melting
      polycarboxylic acid, such as adipic acid or terephthalic acid, by reaction
      with a polyhydroxy compound which may be liquid at the temperature of
      polymerisation, as for example ethylene glycol, propylene glycol, glycerol
      or trimethylolethane or pentaerythritol. In all of these reactions, water
      is eliminated as a by-product. Alternatively the process may be used for
      making dispersions of polyesters from a single high-melting monomer such
      as p-hydroxybenzoic acid, where water is again eliminated, or from a
      monomer such as p-acetoxybenzoic and bis-p-hydroxyphenyl terephthalate,
      high melting lactones or polyethers from trioxane, in which case there is
      no by-product eliminated. Another application to polyester manufacture
      involves a single reactive monomer which cannot readily be brought to the
      molten state without premature onset of polymerisation, as for example
      bis(hydroxyethyl) terephthalate, during the polymerisation of which
      ethylene glycol is eliminated as a by-product. Likewise, the process may
      be employed for making dispersions of polyamides from monomers or
      intermediates at least one of which is high-melting, for example adipic
      acid together with hexamethylene diamine, or the adipic acid salt of
      hexamethylene diamine (Nylon 66 salt), or the azelaic acid salt of
      hexamethylene diamine (Nylon 69 salt) or caprolactam; or from a monomer
      which has too high a polymerisation tendency from emulsification to be
      effected prior to reaction, such as most amino acids including
      11-aminoundecanoic acid, where polymerisation can be carried out
      substantially below the melting point, thereby avoiding decomposition.
PAR  Inert organic liquids which may be used in the process will in general be
      liquids which are free from reactive groups of the type involved in the
      polymerisation reaction. Thus in many cases aliphatic or aromatic
      hydrocarbons will be satisfactory, these being selected for maximum
      convenience to have boiling points at or above the polymerisation
      temperature, although it is of course possible to employ liquids which
      boil under atmospheric pressure at temperatures below that of
      polymerisation, by operating in pressure equipment.
PAR  The basis of the process of the invention is the initial procurement of a
      stable dispersion of the insoluble solid monomer in finely divided,
      particulate form, and the maintaining of this stably dispersed state
      throughout the subsequent polymerisation reaction.
PAR  In the first stage of the process, the solid monomer is dispersed in an
      appropriate inert organic liquid by a grinding or milling procedure, in
      the presence of a suitable stabilising agent, until the mean particle size
      of the monomer is not greater than 50.mu., preferably in the range
      0.1-10.mu.. If the reactive monomers include one or more which are only
      moderately soluble in the liquid medium at the polymerisation temperature,
      it is preferred that such a monomer should be incorporated with the
      insoluble solid monomer during the grinding or milling process, but it may
      if desired be added to the dispersion of the solid monomer in the form of
      a separate dispersion or emulsion. A liquid or solid monomer which is
      freely soluble in the liquid medium may be dissolved directly in the
      dispersion of the solid monomer.
PAR  As already stated, the stabilising agent, wherey the insoluble solid
      monomer is dispersed in an inert organic liquid prior to the
      polymerisation reaction, is per se soluble in the liquid and incorporates
      a polymeric component which is solvatable in the liquid. Such a polymeric
      component will in general be of such a composition that, if it were a
      separate polymeric entity, it would be soluble in the liquid medium. Thus
      where the liquid medium is non-polar, for example an aliphatic
      hydrocarbon, the solvatable component will also require to be non-polar,
      for example a polymer chain of mainly hydrocarbon type such as a polymer
      of a long chain ester of acrylic or methacrylic acid, or of a vinyl ester
      of a long chain acid, or of a vinyl alkyl ether, or of ethylene,
      propylene, butadiene or isoprene, or of a hydroxyl group-containing long
      chain fatty acid, or of poly-t-butyl styrene terminated with amine,
      hydroxyl, carboxyl or unsaturated groups, or polyisobutylene,
      polybutadiene or polyisoprene terminated with amine, hydroxyl or carboxyl
      groups. Where the liquid medium consists mainly of aromatic hydrocarbon,
      somewhat shorter chain analogues of these polymers may be employed, such
      as polymers of methyl or ethoxyethyl methacrylate, ethyl acrylate, styrene
      or vinyl toluene. Where the liquid medium is weakly polar, e.g. a higher
      alcohol, ketone or ester, suitable solvatable components include aliphatic
      polyethers, polyesters from short-chain difunctional acids and alcohols,
      short-chain alcohol esters of acrylic or methacrylic acids, and polymers
      of short-chain hydroxy-acids. If a strongly polar liquid medium is
      employed, such as methyl or ethyl alcohol, the solvatable components may
      consist of polymers of acrylic or methacrylic acids, ethylene oxide or
      vinyl pyrrolidone, polyvinyl alcohol or polymers of glycerol or glycol
      mono-methacrylates.
PAR  The stabilising agent is also required to contain a grouping which is
      capable of becoming associated with the particles of the solid monomer, in
      order that the solvatable polymeric components discussed in the preceding
      paragraph may become effectively "anchored" to, and so stabilise, the
      particles in the liquid medium. Such groupings will in general be polar
      groups which are capable of interacting with polar groupings present in
      the solid monomer. For example, in the case of a monomer which is an acid,
      e.g. methacrylic acid, adipic acid or terephthalic acid, acid, amine,
      epoxide, quaternary ammonium salt, nitrile, p-nitrobenzoate, anhydride,
      amide, isocyanate, methylol, alkoxymethyl or hydroxyl groups may be
      employed to anchoring groups. Where the solid monomer is a hydroxy
      compound, e.g. trimethylolethane or pentaerythritol, epoxide, anhydride,
      amide, isocyanate, ester, methylol, alkoxymethyl or hydroxyl groups may
      similarly be employed as anchoring groups.
PAR  Preferably the monomer-stabilising agent contains a plurality of anchoring
      groups of the type described above, these forming part of, or being
      attached to, a polymeric backbone to which the solvatable components are
      also attached as pendant groups. Such stabilisers are described in British
      Pat. Specifications Nos. 1,123,611 and 1,143,404. It is further preferred
      that the polymeric backbone in such a structure should be flexible, rather
      than rigid, under the conditions of dispersing the solid monomer in the
      inert organic liquid in the presence of the stabilising agent, following
      the principles laid down in British Pat. Specification No. 1,206,398 in
      relation to the dispersion in organic liquids of pre-formed particles of
      polymers. As indicated in the latter specification, flexibility of the
      "anchor backbone" may be achieved by carrying out the step of dispersing
      the solid monomer at a temperature which is above the glass transition
      temperature of the polymeric backbone, or by choosing the composition of
      the backbone so that its glass transition temperature lies below the
      normal ambient temperature.
PAR  In the second stage of the process of the invention, the dispersion in the
      inert organic liquid of the insoluble solid monomer is heated at the
      polymerisation temperature, together with any remaining soluble monomers,
      and any polymerisation catalyst, if required, in the presence of a
      stabilising agent which is capable of stabilising in the organic liquid
      the particles of the resulting polymer as they are formed. The stabilising
      agent is required to comprise a polymeric component which is solvatable by
      the organic liquid and also a grouping which is capable of effecting
      association between the stabilising agent and the polymer formed.
PAR  The solvatable polymeric group may be of a similar type, or may even be
      identical with, the solvatable polymeric group present in the
      monomer-stabilising agent previously described. The grouping whereby the
      polymer-stabilising agent is caused to associate with the polymer will in
      general be a polar group which is capable of interacting with a polar
      grouping present in the polymer. It may therefore be of a similar type to
      the anchoring groups of the monomer-stabilising agent already referred to,
      whereby that agent is caused to associate with the particles of the
      insoluble solid monomer; indeed, where the nature of the polymerisation
      reaction is such that there is no great disparity in polarity between the
      insoluble solid monomer and the polymer formed therefrom, the same species
      of polar group may suffice to perform both functions. It is, however,
      preferred that the grouping whereby association of the polymer-stabilising
      agent with the polymer is effected is a polymeric grouping of similar
      composition to the polymer itself, which will in consequence be
      non-solvated by the organic liquid medium and will associate with the
      chains of the polymer through the usual forces of inter-molecular
      attraction or by actual entanglement with those chains. Such a polymeric
      grouping may be already present in the polymer-stabilising agent as a
      second polymeric component thereof but differing in characteristics from
      the first, or solvatable, polymeric component. Alternatively, such a
      grouping may be produced during the course of the polymerisation reaction
      by providing the polymer-stabilising agent with a reactive grouping which
      can participate in that reaction and so give rise to a polymer chain of
      similar composition to that of the main polymer, grafted on to the
      stabiliser molecule. The reactive grouping must be capable of reacting
      with a polymerisable grouping contained in at least one of the monomers
      from which the polymer is formed. Thus in the case where the final polymer
      is a polyester, the reactive grouping of the stabiliser should be capable
      of reacting either with hydroxyl groups or with carboxylic acid groups; it
      may, therefore, be a carboxyl group or a hydroxyl or amino group; where
      the final polymer is an additional polymer, the reactive grouping of the
      stabiliser may be an ethylenically unsaturated grouping.
PAR  The polymer-stabilising agent may be added to the dispersion in the organic
      liquid of the insoluble, solid monomer after production thereof and before
      heating to the polymerisation temperature is commenced. Alternatively, the
      polymer-stabilising agent may be initially present, along with the
      monomer-stabilising agent, during the formation of the dispersion of the
      insoluble solid monomer. In a preferred embodiment of the invention, the
      monomer-stabilising agent and the polymer-stabilising agent are one and
      the same substance, in which case the stabilising agent which is added in
      the first, dispersion stage of the process comprises (i) a solvatable
      polymeric component, (ii) a grouping capable of anchoring the agent to the
      particles of solid monomer, and (iii) a grouping capable of effecting
      association of the agent with the polymer formed, these three components
      having the characteristics already described. It will be apparent from
      what has been stated above that the groupings (ii) and (iii) may in
      suitable cases be identical; thus, in the production of a dispersion of a
      polyamide, amino groups will serve both to anchor to the monomer particles
      and to give rise to polymer chains capable of associating with the final
      polymer. In the latter case, it is desirable to  ensure that the total
      proportion of such groups provided is adequate to perform both functions,
      but it is also necessary to avoid introducing so many such groups that
      they can bring about an appreciable degree of cross-linking of the
      polymer. It is further desirable to select the anchor groups and/or the
      reactive groups so that they do not tend to associate too strongly with
      themselves, otherwise undissociatable micelles of stabiliser may be
      produced which will considerably reduce the stabilisation efficiency. The
      reactive group is preferably capable of participating in the
      polymerisation in its early stages, so that there is stabilisation of
      oligomer formed as well as of higher polymer. This applies particularly in
      cases where a by-product is formed in a condensation polymerisation
      reaction, owing to the continuous change in polarity within the particles
      of reacting intermediates which occurs as the by-product diffuses out and
      escapes from the system. However, it is also significant in addition
      polymerisations or in condensation polymerisations when no by-product is
      formed, since the change in polarity within the particle in the initial
      stages of polymerisation may be great enough to call for simultaneous
      stabilisation.
PAR  Reactive groups capable of participating in the polymerisation reaction, if
      present in the stabilising agent, are preferably located in a portion of
      the stabiliser molecule which is remote from the solvatable component or
      from a grouping which is responsible for association with the particles of
      the insoluble solid monomer, and it is desirable, though not essential,
      that the reactive groups should be attached to such a portion of the
      stabiliser molecule in such a way as to be sterically readily accessible.
      If potentially reactive groups are present in the solvatable component of
      the stabiliser or in proximity to an anchoring group, they should be
      sterically shielded or hindered.
PAR  Types of stabilising agent useful in the process of the invention include
      copolymers of three different types: (i) block copolymers of the AB or ABA
      type, where A represents the solvatable polymeric component and B
      represents the polymeric grouping whereby the copolymer is associated with
      the particles of the final polymer; (ii) graft copolymers in which a
      plurality of solvatable polymeric chains are attached to a common
      polymeric backbone which can associate with the final polymer; and (iii)
      random copolymers which are as a whole soluble in the liquid medium and
      contain groupings which can associate with the polymer. In each of these
      cases there must be present groups which are capable of association with
      the particles of insoluble solid monomer; these may, as already indicated,
      be the same as the groupings which associate with the final polymer or
      they may be groupings specially incorporated for the purpose.
PAR  When the process of the invention is used for making condensation polymers,
      and more than one reactive monomer is involved in the polymerisation, the
      relative proportions of the monomers taken may be selected according to
      the principles commonly followed in bulk condensation polymerisation. That
      is to say, when it is desired that the final polymer should have chains
      terminated by groups of one of the two reactive species involved in the
      condensation reaction, an excess of the monomer bearing those groups will
      be employed, whilst if a high molecular weight polymer of fibre-forming
      capabilities is required, strict stoichiometry of the initial monomers
      will be observed. Both condensation and addition polymers produced as
      stable dispersions by the process of the invention may be crosslinked if
      desired.
DETD
PAR  In order further to illustrate the invention, some examples will now be
      described. Parts stated are by weight.
PAC  EXAMPLE 1
PAR  This Example illustrates the conversion of Nylon 66 salt (hexamethylene
      diamine adipic acid salt) to Nylon 66.
PAR  A mixture of Nylon 66 salt (130 parts), aliphatic hydrocarbon (boiling
      point 170.degree.-210.degree.C.) (100 parts), and a stabiliser solution as
      described below (23 parts) was charged to a ball mill and milled for 18
      hours to give a fine dispersion of the salt having particle sizes in the
      range 0.5-3.0.mu.. The dispersion was then diluted to 40% solids content
      by adding further aliphatic hydrocarbon, and was thereafter heated under
      reflux at a vessel temperature of 173.degree.C., using a Dean and Stark
      separator. After 2 hours, the quantity of water collected in the separator
      was 12 ml (theory, 14.5 mls.), and the reaction mixture was cooled to give
      a slightly flocculated dispersion of Nylon 66 in the aliphatic
      hydrocarbon. Particle sizes were in the range 2-5.mu..
PAR  The stabiliser solution used in this Example was a 33% W/V solution in
      aliphatic hydrocarbon of a copolymer obtained by condensing
      poly(12-hydroxystearic acid) to a hydroxyl value of approximately 31-34
      mg. KOH/g. with glycidyl methacrylate until the product had substantially
      zero acid value, then copolymerising the product at a ratio of 1:1 by
      weight with a mixture of methyl methacrylate and methacrylic acid in the
      proportions of 98:2.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated, replacing the Nylon 66 salt by a
      similar quantity of Nylon 69 salt (hexamethylene diamine azelaic acid
      salt). A dispersion of Nylon 69 was obtained having similar
      characteristics to those described in Example 1.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated, except that the stabiliser
      solution described therein was replaced by a similar amount of a 33% W/V
      solution in ester of a stabiliser obtained by condensing a
      carboxyl-terminated poly-(tert-butyl styrene) with glycidyl methacrylate
      and then copolymerising the product at a ration of 1:1 by weight with
      methyl methacrylate and methacrylic acid in the proportions of 98:2.
PAC  EXAMPLE 4
PAR  This Example illustrates the production of a dispersion of the polyamide
      derived from 11-aminoundecanoic acid.
PAR  A mixture of 11-aminoundecanoic acid (720 parts), aliphatic hydrocarbon
      (boiling point 170.degree.-210.degree.C.) 545 parts) and the stabiliser
      solution described in Example 1 (73 parts) was charged to a ball mill and
      ground for 21 hours. The thick millbase so obtained was thinned with a
      further 60 parts of the aliphatic hydrocarbon to give a thixotropic
      dispersion of 51.8% solids. This dispersion (210 parts) was diluted to 40%
      solids with aliphatic hydrocarbon and heated under reflux (180.degree.C.)
      using a Dean and Stark separator. When removal of by-product water was
      complete, the product was a slightly flocculated dispersion of Nylon 11.
PAC  COMPARATIVE EXAMPLE A
PAR  This Example illustrates the situation in which the monomer-stabilising
      agent contains a polymeric backbone which is not flexible under the
      conditions of dispersing the solid monomer, so that although a dispersion
      of the monomer in the inert organic liquid is obtained, the dispersion
      tends to have relatively poor stability and to be thixotropic. The Example
      further illustrates the necessity, if stable polymer dispersions are to be
      obtained, of having present during the polymerisation a material which can
      act as a polymerstabilising agent.
PAR  A mixture of Nylon 66 salt (50 parts), aliphatic hydrocarbon of boiling
      range 230.degree.-250.degree.C. (50 parts), aliphatic hydrocarbon of
      boiling range 70.degree.-95.degree.C. (150 parts), and a graft dispersing
      agent solution as described below (7.5 parts) was charged to a ball-mill
      and milled for 50 hours. The dispersion after milling had a particle size
      range of 0.5-3.0.mu. but it was very thixotropic.
PAR  The dispersion was heated to reflux (80.degree.C.) and the reflux
      temperature raised by removing the low boiling aliphatic hydrocarbon by
      means of a Dean and Stark separator, high boiling aliphatic hydrocarbon
      being added in order to keep the solids content of the dispersion
      constant. The dispersion remained quite thick as the temperature
      increased, and at a temperature of 180.degree.C. water was azeotroped out
      with the refluxing aliphatic hydrocarbon. When all the water had been
      removed (6.5 parts) an unstabilised, granular polymer product remained.
PAR  The graft dispersing agent used in the above procedure was a 42.4%
      solution, in aromatic hydrocarbon, of the product obtained by reacting
      poly-(12-hydroxystearic acid) with glycidyl methacrylate and
      copolymerising the resulting ester at a ratio of 1:1 by weight with methyl
      methacrylate.
PAC  COMPARATIVE EXAMPLE B
PAR  This Example illustrates the improvement achieved in the quality of the
      dispersion of the solid monomer, as compared with that shown in
      Comparative Example A, by using a monomer-stabilising agent containing a
      polymeric backbone which is flexible under the conditions of dispersing
      the monomer. In the absence of a suitable polymer-stabilising agent,
      however, an unstabilised product is again obtained.
PAR  A ball-mill was charged with the same ingredients as those described in
      Comparative Example A above, except that the graft dispersing agent
      solution used in that instance was replaced by an equal weight of the
      graft dispersing agent solution described below. After milling for 50
      hours the dispersion had a particle size range of 0.5-3.0.mu. and showed
      no signs of thixotropy.
PAR  The dispersion was heated to reflux and the reflux temperature was raised
      using the same procedure as that described in Comparative Example A. As
      the temperature increased, the dispersion became de-stabilised and after
      the removal of water the final product was of a very similar nature to
      that of Comparative Example A.
PAR  The graft dispersing agent solution used in the above procedure, was
      similar to that used in Comparative Example A, but in this case the methyl
      methacrylate used in the preparation of the copolymer was replaced by an
      equal weight of ethyl acrylate.
PAC  EXAMPLE 5
PAR  In this Example there is illustrated the use of a stabilising agent which
      not only contains a polymeric backbone which is flexible under the
      conditions of dispersing the monomer and so effects stabilisation of the
      monomer dispersion, but which also contains a group which enables it to
      function as a polymer-stabilising agent.
PAR  A mixture of Nylon 66 salt (50 parts), aliphatic hydrocarbon of boiling
      range 230.degree.-250.degree.C.) (50 parts), aliphatic hydrocarbon of
      boiling range 70.degree.-95.degree.C. (150 parts) and a graft
      dispersing/stabilising agent solution as described below (7.5 parts) was
      charged to a ball-mill and milled for 50 hours. The dispersion obtained
      had a particle size range of 0.5-3.0.mu. and showed no signs of
      thixotropy.
PAR  The dispersion was heated to reflux and the reflux temperature raised using
      the same procedure that is described in Comparative Example A above. As
      the temperature increased, slight flocculation was observed but at a
      temperature of 180.degree.C. re-dispersion appeared to take place. At the
      same time water was azeotroped off. When all the water had been removed
      there was some granular polymer product present, but the supernatant
      liquor contained a stable polymer dispersion having a particle size range
      of 1-2.mu..
PAR  The graft dispersing agent solution used in this procedure, was similar to
      that used in Comparative Example A, but the methyl methacrylate used
      therein in the preparation of the copolymer was replaced by a mixture of
      ethyl acrylate and glycidyl methacrylate in the weight proportions 95.5.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 was repeated, except that an equal weight of
      6-amino caproic acid was used in place of nylon 66 salt. The dispersion
      obtained was similar to that of Example 5, with water of reaction being
      rapidly generated at 200.degree.C. and complete after 30 minutes.
PAC  EXAMPLE 7
PAR  This Example illustrates the use of a stabilising agent which, like that
      described in Example 5, is capable of acting both as monomer-stabiliser
      and polymer-stabiliser, but which contains a different polymer-anchoring
      group from that present in the stabilising agent of Example 5.
PAR  The procedure of Example 5 was repeated, using instead of graft
      dispersing/stabilising agent solution there described an equal amount of
      the agent solution described below. The dispersion of Nylon 66 salt
      obtained after milling for 50 hours had a particle size range of
      0.3-2.0.mu. and showed no signs of thixotropy. The dispersion of Nylon 66
      polymer finally obtained contained a few granular particles but the
      greater part of the solids content was stable and had a particle size
      range of 1-2.mu..
PAR  The graft dispersing/stabilising agent solution used in this Example was
      similar to that described in Example 5 but in the copolymer the ethyl
      acrylate-glycidyl methacrylate mixture was replaced by a 95:5 mixture of
      ethyl acrylate and methacrylic acid.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the manufacture of a stable dispersion of particles of a
      polymer selected from the group consisting of polyesters, polyamides and
      polyimides in an inert organic liquid medium in which the polymer is
      insoluble by the polymerisation of one or more reactive monomers of which
      one monomer is solid at the temperature at which the polymerisation
      reaction takes place and is capable of existing as a stable dispersion of
      finely divided particles in the liquid medium at that temperature, and any
      remaining monomer has an appreciable solubility in the liquid medium at
      the polymerisation temperature, the process comprising the steps of (1)
      dispersing the said solid monomer in the inert organic liquid in the
      presence of monomer-stabilising agent so as to produce a stable dispersion
      of particles of the monomer having a mean diameter not greater than
      50.mu., the monomer-stabilizing agent being per se soluble in the inert
      organic liquid and incorporating (i) a polymeric component which is
      solvatable by the liquid and (ii) a grouping which is capable of becoming
      associated with the particles of the solid monomer and (2) heating the
      dispersion of solid monomer together with any remaining monomer or
      monomers at the polymerisation temperature, so as to bring about the
      polymerisation reaction, in the presence of a polymer-stabilising agent
      which is per se soluble in the inert organic liquid and incorporates (a) a
      polymeric component which is solvatable by the liquid and (b) a grouping
      which is capable of effecting association between the polymer-stabilising
      agent and the resulting polymer by reacting with a polymerizable grouping
      contained in at least one of the monomers from which the polymer is
      formed.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein any reactive monomer having an
      appreciable solubility in the liquid medium at the polymerisation
      temperature is present in the said liquid as a particulate dispersion or
      as an emulsion.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein any by-product of the
      polymerisation reaction is capable of forming an azeotrope with the inert
      organic liquid medium or with a constituent thereof.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the particle size of the
      monomer in dispersion is in the range 0.1-10.mu..
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the monomer-stabilising agent
      contains a plurality of groups capable of becoming associated with the
      particles of the solid monomer, the said groups forming part of or being
      attached to a polymeric backbone to which the solvatable polymeric
      component is also attached.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the polymeric backbone of the
      monomer-stabilising agent is flexible under the conditions of dispersing
      the solid monomer in the inert organic liquid.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein the solvatable polymeric group
      of the polymer-stabilising agent is of a similar type to the solvatable
      polymeric group of the monomer-stabilising agent.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein the grouping of the
      polymer-stabilising agent which effects association with the polymer is a
      polymeric grouping of similar composition to the polymer itself.
NUM  9.
PAR  9. A process as claimed in claim 8, wherein the polymer-associating
      grouping of the polymer-stabilising agent is produced during the course of
      the polymerisation reaction by participation in that reaction of a
      reactive grouping present in the polymer-stabilising agent.
NUM  10.
PAR  10. A process as claimed in claim 1, wherein there is used a single
      stabilising agent capable of acting as both monomer-stabilising agent and
      polymer-stabilising agent, the agent comprising (i) a solvatable polymeric
      component, (ii) a grouping capable of anchoring the agent to the particles
      of solid monomer and (iii) a grouping capable of effecting association of
      the agent with the polymer formed.
NUM  11.
PAR  11. A process as claimed in claim 10, wherein reactive groups present in
      the single stabilising agent which are capable of participating in the
      polymerisation reaction are located in a portion of the molecule of the
      stabilising agent remote from the solvatable component thereof or from the
      grouping capable of anchoring the agent to the monomer particles.
NUM  12.
PAR  12. A process as claimed in claim 1, wherein the polymer formed is a
      polyamide.
NUM  13.
PAR  13. A process as claimed in claim 12, wherein there is used a single
      monomer which is the hexamethylene diamine salt of adipic acid.
NUM  14.
PAR  14. A process as claimed in claim 12, wherein there is used a single
      monomer which is 11-aminoundecanoic acid.
NUM  15.
PAR  15. A process as claimed in claim 10, wherein the single stabilising agent
      is a graft copolymer of which one polymeric component is a residue of
      poly-(12-hydroxystearic acid) or of poly-(tert.-butyl styrene) and another
      polymeric component is an ethyl acrylate copolymer containing a minor
      proportion of pendant carboxyl or glycidyl groups.
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ABST
PAL  An open-ended cylindrical tower having an upper outlet end and a lower
      inlet end with a coaxial open center pump intermediate the inlet and
      outlet ends of the tower for imparting relatively high kinetic energy to
      fluid to be passed through the tower with a vortical motion under
      relatively low pressure, and a velocity deflector at the outlet end of the
      tower jointly defining therewith an unobstructed annular discharge opening
      and serving to at least partially deflect the axial velocity of the fluid
      and amplify its angular escape velocity through the discharge opening to
      effect a 360.degree. radiating spray pattern while minimizing pressure
      drop during discharge. The method of spray cooling fluid utilizes the
      effect of centrifugal forces previously imparted during a pumping
      operation and significantly amplifies such centrifugal forces by
      deflection of the axial velocity of the fluid upon its escaping from
      confinement of the tower to further increase the angular velocity of such
      fluid radially of its spin axis upon discharge.
BSUM
PAR  This invention generally relates to an apparatus and process for handling
      fluids and particularly concerns an apparatus and method for cooling
      heated fluids such as water.
PAR  A primary object of this invention is to provide a new and improved fluid
      cooling unit incorporating a fluid propulsion unit of an axial flow type
      capable of slinging fluid to be cooled such as water into the atmosphere
      in the form of droplets which are exposed to atmosphere during a
      relatively prolonged period of time based on the energy expended for
      maximizing the heat transfer efficiency of the unit.
PAR  Another object of this invention is to provide a new and improved cooling
      unit of the type described which is designed to effectively control the
      droplet size and trajectory of the effluence discharged from the unit.
PAR  Still another object of this invention is to provide such a cooling unit
      particularly suited for cooling massive bodies of thermally polluted water
      such as that discharged, e.g., from atomic powered generating plants.
PAR  A further object of this invention is to provide a new and improved fluid
      cooling unit of significantly simplified, compact construction with few
      moving operating components and which is quick and easy to manufacture and
      assemble on an economical basis and may be used in conjunction with other
      such units for increased effectiveness. Included in this object is the aim
      of providing a group of such units constituting a cooling system for
      extensive heat transfer requirements wherein each unit serves as a modular
      cooling station which may be independently positioned and controlled,
      removed, replaced, or shut down, as desired, without requiring total
      system shutdown.
PAR  A still further object of this invention is to provide such a cooling unit
      which is also quick and easy to install and service and which is a stable,
      seaworthy unit particularly suited to meet a variety of different
      performance requirements over a broad range of demanding wind, current and
      tide conditions.
PAR  Another primary object of this invention is to provide a new and improved
      method of cooling a heated body of fluid by spraying the fluid into
      atmosphere in the form of droplets of an optimum size through a
      controllable trajectory for maximizing the cooling efficiency of the unit.
PAR  Still another object of this invention is to provide such a method
      particularly suited to effect a practical, efficient process of heat
      dissipation of a thermally polluted body of water and which is readily
      controlled to ensure that substantially all water discharged into the
      atmosphere is returned to cool the heated body of water with minimum loss
      of the discharged water due to wind drift in a continuous trouble-free
      process.
PAR  A further object of this invention is to provide such a new and improved
      method for continuous high volume heat transfer applications utilizing a
      system which is relatively inexpensive to install, operate and maintain.
PAR  Other objects will be in part obvious and in part pointed out in more
      detail hereinafter.
PAR  This invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others and the
      apparatus possessing the features, properties and the relation of elements
      exemplified in the following detailed disclosure which also sets forth an
      illustrative embodiment of the apparatus employed in this invention
      indicative of the way in which the principle of this invention is employed
     .
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a pictorial representation of a system incorporating the fluid
      cooling unit of this invention;
PAR  FIG. 2 is a side elevational view, partly broken away and partly in
      section, of the unit of FIG. 1 on an enlarged scale;
PAR  FIG. 3 is an enlarged view, partly broken away and partly in section,
      showing a detail of the unit of FIG. 1;
PAR  FIG. 4 is a vector diagram showing the relationship of angular and axial
      velocities of the fluid during its confinement in a tower of the cooling
      unit and during its escape from the tower; and
PAR  FIG. 5 is an enlarged perspective view of a shore mooring for the fluid
      cooling unit of FIG. 1.
DETD
PAR  Referring to the drawings in detail wherein a preferred embodiment of the
      fluid cooling unit of this invention is illustrated, two units such as at
      10 are shown independently moored to a shore 12 of a body of water 14
      which may be assumed to be thermally polluted, such as a discharge canal
      downstream from an atomic powered generating plant. While the apparatus
      and method of this invention are particularly useful in cooling such
      massive bodies of fluid and will be described in connection with the
      cooling of water for the purposes of explanation of this invention, it is
      to be understood that this invention is equally useful in a variety of
      different applications wherein a body of heated fluid is to be cooled by
      discharging that fluid into the atmosphere in such a way as to achieve
      maximum heat transfer for energy expended and, through air contact and
      evaporation, temperature reduction of the discharge fluid which falls back
      into the thermally polluted body of fluid to reduce its temperature in a
      continuous process.
PAR  Unit 10 incorporates an axial flow pump 16 of a general type described in
      my U.S. Pat. No. 3,276,382, entitled "Fluid Flow Device" and issued Oct.
      4, 1966. In the specifically illustrated embodiment of the flow device
      described in that patent, the rotor is shown as being an axially
      unobstructed cylindrical member. While subject to obvious modifications,
      pump 16 is preferably provided with a substantially open center rotor 18
      with an impeller arrangement wherein a plurality of equally spaced blades
      such as at 20 are integrally formed on and extend radially inwardly of the
      inside wall of the rotor 18. If desired, pump 16 may be provided with
      single or plural impeller stages having blades 20 of a selected shape and
      curvature and predetermined pitch such that, upon rotation of the rotor or
      rotors in a selected angular direction, a powerful vortical motion (as
      represented by upwardly spirally lines at 22 and 24) is imparted by the
      pump 16 through the flow passageway 26 of the rotor 18 and downstream
      through a connected discharge line. The axial flow pump 16 thus imparts
      energy to the water to move it with an upwardly swirling or vortical
      motion along an axis X--X to provide both axial and angular momentum to
      the water to rotate it downstream of the rotor 18 as a solid column
      through the confining downstream line.
PAR  In the specifically illustrated embodiment of this invention, rotor 18 is
      disposed for rotation about a vertical axis in line with a cylindrical
      upright tower 28 having a conical inlet end 30 converging into
      continuation with a supply conduit 32 upstream of pump 16 and a discharge
      line 34 downstream of the pump 16 which terminates in an outlet 36 at an
      open upper end of the tower 28. The inlet end 30, supply conduit 32, rotor
      18 and discharge line 34 are coaxially aligned with their inside diameters
      preferably of approximately equal dimension for minimizing any friction
      losses in the flow passage through the tower 28. Obviously, the lower
      inlet end 30 of the tower 28 is suited to be immersed in a body of fluid
      such as water which is to be cooled and which will be drawn into the rotor
      18 as its rotating blades 20 drive the column of water upwardly through
      the tower 28. Motor 38 is suitably mounted in fixed relation to tower 28
      to rotate input shaft 40 drivingly connected through suitable gearing, not
      shown, within gear housing 42 wherein bearing support may be provided for
      rotor 18 as described in my copending United States patent application
      Ser. No. 236,433 filed Mar. 20, 1972, entitled "Improved Mechanical Seal,"
      and assigned to the assignee of this invention.
PAR  Tower 28 is mounted on a portable float structure shown in the form of a
      shell 44 enveloping the pump 16 and its associated gear housing 42 and
      motor 38. The shell 44 includes a generally cylindrical housing 46 having
      a closed bottom wall 48 with a recessed center portion 50 providing an
      opening within which is fitted the conical inlet end 30 of the tower 28.
      An annular platform 52 provides a base for mounting both the pump 16 and a
      motor supporting bracket 54. Shell 44 is in concentric surrounding
      relation to the tower 28, and the tower discharge line 34 is suitably
      secured to pump housing 56 to extend upwardly through an opening in an
      apertured supporting member 58 secured on an apex of a conical roof 60 of
      the shell 44. Ballast compartments are preferably provided within the
      shell housing 46 in surrounding relation to the tower 28 and may be sealed
      by suitable fluid tight covers, as indicated by broken lines at 62, for
      stabilizing unit 10 upon its being installed in the water.
PAR  For further ensuring that fluid cooling unit 10 will be statically stable
      under rugged and demanding conditions which may sometimes be of hurricane
      magnitude in certain installations, unit 10 is made still more seaworthy
      by the disclosed conical shape of its sloping roof 60 which is exposed
      above the water with an upwardly tapered cross-sectional configuration
      providing a relatively streamlined profile which effectively minimizes the
      surface area exposed to wind. Roof 60 is also preferably provided with a
      conventional releasable latch 64 permitting swinging movement of the roof
      60 about a suitable hinge connection 66 to the housing 46, and a
      releasable hatchway 68 is shown provided on the roof 60 for quick and easy
      entry into the interior of the unit 10 for servicing its pump 16 and
      associated motor unit. Both the hatchway 68 and the roof 60 will be
      understood to be provided with conventional fluid tight seals, not shown,
      for preventing entry of water, or other undesired contaminants into the
      interior of the shell 44.
PAR  Quick and easy assembly, disassembly and servicing is further facilitated
      by the disclosed articulated construction of the tower 28. Upon releasing
      the illustrated bolts at 70 and 72, an upper terminal portion of the tower
      28 above the roof 60 may be removed and its intermediate portion 28A
      mounted on the apex of the roof 60, is free to pivot away from pump
      housing 56 upon swinging open the roof 60 of shell 44 about its pivotal
      hinge connection 66.
PAR  In the illustrated design, an 8 inch diameter pump rotor 18 and 40
      horsepower rating of motor 38, e.g., will provide a nominal flow of 4,000
      gallons per minute through the virtually clog-free open center impeller
      passageway 26 to a corresponding 8 inch diameter discharge line 34. The
      pump 16 effects virtually no flow diversion or flow restriction and
      accordingly will operate at a low pressure head under high volume
      conditions with few pressure drops, and any inefficiency in its impeller
      is mainly swirl.
PAR  By virtue of this invention swirl or vortical velocity is utilized as a
      spray velocity. More specifically, the axial velocity of fluid through the
      tower 28 under the above design specifications would be about 35 feet per
      second with an angular spin velocity of about 42 feet per second being
      imparted by the pump 16 to the water around the inside wall of tower 28.
      As water is thrust upwardly through the tower 28, the angular spin
      velocity is amplified upon discharge in accorance with this invention as
      the water breaks out of confinement from the tower 28 to effect a highly
      efficient slinging action over a generally circular spray area which may
      be approximately 110 feet in diameter with a resulting spray density of
      0.4 gallons per minute per square foot.
PAR  To amplify the angular escape velocity of the water at the discharge outlet
      36 of the tower 28 in accordance with this invention, a velocity deflector
      74 is mounted adjacent the tower outlet 36 and is designed to deflect the
      axial velocity of the water radially outwardly relative to its vortical
      axis X--X. In the specifically illustrated embodiment, the velocity
      deflector 74 is shown in the form of a downwardly directed conical member
      76 secured in coaxially fixed relation to the tower 28 at its outlet 36
      and jointly defining with the mouth 78 of tower 28 an unobstructed annular
      opening or annulus 80 which permits slinging of the fluid in a 360.degree.
      radiating spray pattern. The mouth 78 of the tower 28 is shown (FIG. 3)
      having a lip of arcuate cross-section which smoothly extends radially
      outwardly from the inside diameter of the tower discharge line 34 for
      streamlined discharge of water with minimized turbulence and friction
      losses into atmosphere through the annulus 80 formed between the mouth 78
      of the tower 28 and its velocity deflector conical member 76. FIG. 4 shows
      a diagram wherein axial and angular velocities of water confined within
      the tower 28 are represented by velocity vectors V.sub.a and V.sub.w shown
      in broken lines. Upon engagement with the velocity deflector, the
      resultant velocity vector V.sub.R (shown in full lines) of the escaping
      water is not substantially changed in its magnitude from that of resultant
      velocity vector V.sub.r (shown in broken lines) of the confined water and
      is not thereby significantly affected by the deflector 74 although the
      direction of the water is changed upon its breaking out of confinement.
      This change is indicated by a reduction .DELTA. V.sub.a in the axial
      velocity vector and an increase .DELTA.V.sub.w in the angular velocity
      vector of the fluid upon discharge through the relatively wide passage
      area of the circumferentially extending annulus 80 at the top of the tower
      28.
PAR  Accordingly, water pumped through the tower 28 is done so with minimum
      pressure drops in an efficient high volume, low pressure pumping
      operation. The relatively high kinetic energy given to the water by the
      pump 16 is not substantially affected by its discharge from the top of the
      tower. The apparatus and method of this invention accordingly expose more
      water in the air for a longer period of time for the horsepower used. The
      water droplets are also maintained in the air for a prolonged period of
      time by the slinging action of the unit 10 while at the same time being
      particularly suited to provide slinging of water droplets of an optimum
      size over a preselected trajectory.
PAR  To control water droplet size and spray trajectory over a selected area in
      relation to the nominal flow and pressure head of each unit 10 of the
      system, the velocity deflector 74 of each unit 10 is preferably linearly
      adjustable relative to the axis of its tower 28 and therefor, the axis
      X--X of the vortical movement of the water, for varying the discharge area
      of the circumferentially extending annulus 80. More specifically, three
      substantially identical arcuate mounting arms 82 are secured at
      120.degree. spacing on the outside of each tower 28 below its upper open
      discharge outlet 36. Each mounting arm 82 carries a vertically disposed
      plate 84 to be adjustably clamped in a desired selected position on an
      upright stem 86 of the velocity deflector 74. While the adjustable arm
      mounting arrangement may be achieved by any suitable means, the
      illustrated embodiment in FIG. 3 shows one arrangement wherein each
      mounting plate 84 has upper and lower vertically extending slots 88, 90
      for receiving conventional fasteners such as 92 for securing the plate 84
      to the stem 86 of the velocity deflector 74, thereby permitting its being
      selectively positioned in an aligned coaxial position relative to the
      discharge outlet 36 of the tower 28.
PAR  In addition, each floating modular fluid cooling unit may be easily
      tethered near the center of a canal, e.g., to minimize any water loss by
      wind drift. For positioning each unit 10, a rigid telescoping boom 94 of a
      well known conventional type is pivotally mounted to opposite sides of
      unit 10 and to a shore mooring 96 and will be understood to have a
      conventional hinge connection, best seen in FIG. 5, between the fixed end
      of the boom 94 and mooring 96 permitting raising and lowering of the unit
      with varying tide conditions. Boom 94 is selectively extendible and
      retractable to permit selective positioning of unit 10 relative to the
      shoreline. Steel cables 98 are also shown secured to diametrically opposed
      sides of unit 10 and fixed to moorings 100 to further secure the unit 10
      in desired position while permitting its being raised and lowered under
      wave and tidal action. By such construction, it will be seen that each
      unit 10 may be individually positioned as required under variable wind,
      wave and tide conditions in relation to the adjoining shore of the body of
      thermally polluted water to be cooled.
PAR  Most importantly, any undesired spraying of "mist" of undesirably small
      droplet size is eliminated thereby to minimize any loss in trajectory
      control over the discharged fluid upon its escape from the tower 28 and
      undesirably being carried by wind onto adjacent land surfaces which would
      reduce the efficiency of the cooling unit 10. Minimal loss in efficiency
      due to any large pressure drops is also avoided as normally experienced
      with conventional spray units which utilize a so-called nozzle effect with
      relatively large discharge pressure drops and resulting spraying of "mist"
      and loss of control over its trajectory. Maintenance requirements are also
      minimized, particularly since few moving parts are utilized in the system,
      and the power operated pump 16 can be readily lifted by two men. The
      resulting effluent discharged from the cooling tower 28 will have a highly
      dissolved oxygen content providing an additional important advantage of
      economically restoring to normal the biochemical dissolved oxygen count in
      a body of water which is to be cooled. Installation costs for a series of
      floating modules are low, and no extensive piping is required. If desired,
      the modular units 10 may be positioned much more closely together than
      depicted in FIG. 1 with some overlap of spray in a body of water which
      presents an excessively high heat load. Control of each unit 10 or
      combination of units may be achieved with conventional electrical
      controls, preferably at a central terminal, and while one unit may be
      dropped out of the system for any desired reason, shutdown of one unit
      will not require total system shutdown. The open central axial flow pump
      16 not only imparts an exceedingly high angular velocity to the fluid
      being pumped but accordingly encounters little or no problem in pumping up
      muck, mud, shellfish and the like without clogging and without requiring
      any screening whatsoever as normally required in pumps of conventional
      centrifugal design.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A modular fluid cooling unit for cooling a body of water and the like
      and comprising a generally cylindrical stationary tower having a flow
      passage therethrough with a discharge outlet at an open upper end of the
      tower and an inlet at its lower end, a power operated axial flow pump
      between upper and lower ends of the tower, the pump including a
      cylindrical rotor with an axial flow passageway coaxially aligned with the
      tower and forming part of its flow passage, the cylindrical rotor forcing
      fluid through the tower with a vortical motion of relatively high kinetic
      energy and under relatively low pressure, a velocity deflector mounted on
      the tower, the velocity deflector including a downwardly directed conical
      portion in coaxially fixed relation to the tower at its discharge outlet
      and jointly defining with the tower a substantially unobstructed annulus
      permitting slinging of fluid in a 360.degree. radiating spray pattern from
      the discharge outlet, the conical deflector portion amplifying the angular
      escape velocity of the fluid by at least partial deflection of the axial
      velocity of the fluid at the discharge outlet of the tower, a float
      structure for supporting the tower, the pump and the velocity deflector,
      the float structure including a fluid tight shell enveloping the pump, the
      shell extending above the water surface being of an inverted cone shape
      providing a downwardly sloping surface radiating in surrounding
      symmetrical relation to the tower for minimizing surface area exposed to
      wind for improved seaworthiness.
NUM  2.
PAR  2. A modular fluid cooling unit for cooling a body of water and the like
      and comprising a generally cylindrical stationary tower having a flow
      passage therethrough with a discharge outlet at an open upper end of the
      tower and an inlet at its lower end, a power operated axial flow pump
      between upper and lower ends of the tower, the pump including a
      cylindrical rotor with an axial flow passageway coaxially aligned with the
      tower and forming part of its flow passage, the cylindrical rotor forcing
      fluid through the tower with a vortical motion of relatively high kinetic
      energy and under relatively low pressure, a velocity deflector mounted on
      the tower, the velocity deflector including a downwardly directed conical
      portion in coaxially fixed relation to the tower at its discharge outlet
      and jointly defining with the tower a substantially unobstructed annulus
      permitting slinging of fluid in a 360.degree. radiating spray pattern from
      the discharge outlet, the conical deflector portion amplifying the angular
      escape velocity of the fluid by at least partial deflection of the axial
      velocity of the fluid at the discharge outlet of the tower, a float
      structure for supporting the tower, the pump and the velocity deflector,
      the float structure including a fluid tight shell enveloping the pump, a
      rigid adjustable shore anchored arm being secured to the shell, and a pair
      of cables fixed between the shell and shore moorings on opposite sides of
      the rigid adjustable arm.
NUM  3.
PAR  3. The cooling unit of claim 2 wherein a shore mooring is provided with a
      pivotal connection to the rigid adjustable arm, permitting raising and
      lowering of the unit relative to its moorings.
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ABST
PAL  A polycarbonate plastic having improved electrical tracking resistance is
      provided by including in the polycarbonate a substance which is normally
      an oxidation or combustion catalyst such as a transition metal having a
      positive oxidation potential of &gt;+0.2 volt.
BSUM
PAR  This invention relates generally to high-molecular weight thermoplastic
      polycarbonates prepared from aromatic bis-hydroxy compounds and more
      particularly to such polycarbonates having improved electrical tracking
      resistance and to the use of these improved polycarbonates for the
      production of electrical insulating components for electrical engineering
      purposes.
PAR  The resistance of a synthetic polymer to (surface) leakage current is
      becoming more and more important when selecting a polymer for use in the
      electrical field, and particularly for use in the production of kitchen
      appliances and refrigerators, deep-freeze chests, clothes washing machines
      and dishwashing machines. In addition to suitable mechanical and thermal
      properties, the polymer used for these purposes must have good resistance
      to leakage current and particularly to surface leakage current since such
      appliances frequently become wet on the surface and in this way (surface)
      leakage currents may form between the voltage-conducting parts. It is
      therefore important that synthetic substances used for making electrical
      appliances possess as good an electrical tracking resistance as possible
      to (surface) leakage electrical current. The heretofore available
      high-molecular weight thermoplastic polycarbonates based on aromatic
      dihydroxy compounds have good physical and thermal properties but possess
      little resistant to (surface) leakage current.
PAR  It is therefore an object of the invention to improve the resistance of a
      polycarbonate plastic to leakage current. Another object of the invention
      is to provide a process for making a polycarbonate having improved
      electrical properties. Another object of the invention is to provide a
      polycarbonate prepared from an aromatic bis-hydroxyaryl compound and
      having improved resistance to surface current leakage properties. Still
      another object of the invention is to provide a polycarbonate having
      improved electrical insulation properties which is useful for making
      electrical insulating components.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a thermoplastic polycarbonate
      prepared from a bis-hydroxyaryl compound and phosgene or a diester of
      carbonic acid and containing a metal or oxide thereof which is normally an
      oxidation or combustion catalyst. It has now been found that the
      electrical tracking resistance of high-molecular weight thermoplastic
      polycarbonates based on aromatic bis-hydroxyaryl compounds can be improved
      significantly by the addition of an oxidation and/or combustion catalyst
      to the polycarbonate, preferably, in an amount of 0.05% to 10% by weight
      with respect to the weight of the polycarbonate. The resistance to leakage
      current of any of the heretofore available polycarbonates produced by such
      processes can be improved by incorporating therein one or more of the
      metal or metal oxides described herein so the invention does not
      contemplate any particular method of reacting the bis-hydroxyaryl compound
      with phosgene or a diester of carbonic acid to form the polycarbonate,
      but, on the other hand, contemplates a process of improving the resistance
      to leakage current of all such polycarbonates and to the improved
      polycarbonates.
PAR  The invention thus provides high-molecular weight thermoplastic
      polycarbonates based on aromatic bis-hydroxy compounds with a content of a
      substance which is known per se as an oxidation catalyst and/or combustion
      catalyst in amounts of about 0.05% to about 10% by weight, preferably in
      amounts of 0.1% to 3% by weight, with respect to the weight of the
      polycarbonate.
PAR  Polycarbonates containing such oxidation and/or combustion catalysts to
      improve the resistance thereof to (surface) leakage electric current have
      not been described heretofore in the literature.
PAR  Any suitable oxidation or combustion catalyst may be used. Such catalysts
      are metals, chiefly transition metals or their oxides, which are
      especially readily subject to a valency change and which possess a
      positive oxidation potential of &gt;+0.2 volt (for the definition of the
      oxidation potential see: H. Remy, Lehrbuch der anorganischen Chemie, Vol.
      I, p. 899, Leipzig 1960; for the term oxidation catalysts see: Handbuch
      der Katalyse B IV Heterogene Katalyse, I, p. 384, Vienna, Springer-Verlag
      1943 and B. N. Dolgow, die Katalyse in der organischen Chemie, p. 165, VEB
      Deutscher Verlag der Wissenschaften, Berlin 1963, all of which are
      incorporated herein by reference thereto).
PAR  The metals or transition metals and their oxides from the Groups I B, III
      A, V A - VI A and VIII of the Periodic System of the Elements (cf. J.
      Eggert, Lehrbuch der physikalischen Chemie, 8th Edition, S. Hirzel Verlag
      Stuttgart, 1960, page 101, enclosed) are examples of suitable catalysts.
      Especially preferred catalysts are vanadium, molybdenum, copper, silver,
      platinum, palladium, cobalt, nickel, cerium and the oxides thereof. Any of
      these elements having the properties described above may be used in
      accordance with this invention to improve the electrical insulating
      properties of a polycarbonate. They may be used in the form of the pure
      metals or of the oxides, alone or in admixture.
PAR  The oxidation catalysts and/or combustion catalysts to be used may also be
      deposited in known manner on a carrier material and added together with
      the carrier to the polycarbonate.
PAR  Suitable carrier materials for oxidation catalysts are described in the
      literature, for example, in "Handbuch der Katalyse Vol. IV, Heterogene
      Katalyse I, p. 137 ff., Vienna 1943, Springer-Verlag," the disclosure of
      which is incorporated herein by reference.
PAR  Particularly suitable carrier materials are SiO.sub.2, Al.sub.2 O.sub.3
      (highly calcined), ZnO, TiO.sub.2, Cr.sub.2 O.sub.3, BaSO.sub.4,
      BaCO.sub.3 and CdS. The carrier materials may be used in proportions of
      from 1:1 to 1:100 (catalyst:carrier). Preferred combinations of effective
      oxidation and/or combustion catalysts with carrier materials are noble
      metals such as Ag, Pt and Pd and copper or their oxides deposited on
      Al.sub.2 O.sub.3, ZnO, SiO.sub.2 or TiO.sub.2.
PAR  It is to be noted that the addition of these carrier materials, without the
      oxidation catalysts and/or combustion catalysts, in the amounts mentioned
      above are suitable not in every case for the purpose of the instant
      invention; some of these carrier materials, used alone, are even
      unsuitable for the purpose of the invention; some of these carrier
      materials, especially TiO.sub.2 or Cr.sub.2 O.sub.3, are suitable for the
      purpose of the invention, if they are used, without the oxidation
      catalysts and/or combustion catalysts, in amounts between 10 % by weight
      and 50 % by weight, based on the total weight of the polycarbonate
      composition.
PAR  The electrical current leakage resistance of any high-molecular weight
      thermoplastic polycarbonate which is a polycondensate obtained by reaction
      of an aromatic bis-hydroxy compound, particularly a dihydroxydiarylalkane,
      with phosgene or a diester of carbonic acid can be improved in accordance
      with this invention. Suitable polycarbonates may be prepared from
      unsubstituted dihydroxydiarylalkanes or dihydroxydiarylalkanes having aryl
      radicals which carry in the ortho and/or the meta-position to the hydroxyl
      group methyl groups or halogen atoms. Branched polycarbonates are also
      suitable.
PAR  The polycarbonates may have an average molecular weight between about
      10,000 and 100,000, preferably between about 20,000 and about 40,000.
PAR  Any suitable aromatic bis-hydroxy compound may be used in making the
      polycarbonate, e.g. hydroquinone, resorcinol, 4,4'-dihydroxydiphenyl,
      bis-(hydroxy-phenyl)-alkanes such as for example, C.sub.1 -C.sub.8
      -alkylene- or C.sub.2 -C.sub.8 -alkylidene-bisphenols,
      bis(hydroxyphenyl)-cycloalkanes such as for example C.sub.5 -C.sub.15
      -cycloalkylidene-bisphenols, bis-(hydroxyphenyl)-sulphides,
      bis-(hydroxy-phenyl)-ethers, bis-(hydroxy-phenyl)-ketones,
      bis-(hydroxy-phenyl)-sulphoxides, bis-(hydroxy-phenyl)-sulphones and the
      like. Additionally,
      .alpha.,.alpha.'-bis-(hydroxyphenyl)-diisopropylbenzene as well as the
      corresponding nuclearly alkylated or nuclearly halogenated compounds may
      be used. Polycarbonates based on bis-(4-hydroxy-phenyl)-propane-2,2
      (bisphenol A), bis(4-hydroxy-3,5-dichloro-phenyl)-propane-2,2
      (tetrachlorobisphenol A), bis-(4-hydroxy-3,5-dibromo-phenyl)-propane-2,2
      (tetrabromobisphenol A), bis-(4-hydroxy-3,5-dimethylphenyl)-propane-2,2
      (tetramethylbisphenol A), bis-(4-hydroxyphenyl)-cyclohexane-1,1 (bisphenol
      Z) and based on trinuclear bisphenols such as
      .alpha.,.alpha.'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene are preferred.
PAR  Additional bisphenols which are suitable for the preparation of
      polycarbonates to be improved in accordance with this invention are
      disclosed in U.S. Pat. Nos. 3,028,365; 2,999,835; 3,148,172; 3,271,368;
      2,970,137; 2,991,273; 3,271,367; 3,280,078; 3,014,891; 2,999,846; the
      disclosures of which are incorporated herein by reference.
PAR  The oxidation or combustion catalysts may be added to the polycarbonate in
      any suitable manner such as by the following processes:
PAR  1. By addition of the oxidation or combustion catalyst-- optionally as
      master batch -- to the polycarbonate melt.
PAR  2. By incorporation of the oxidation or combustion catalyst in a solution
      of the polycarbonate and subsequent evaporation of the solvent and drying.
PAR  The polycarbonates so prepared are used in the electrical field,
      particularly for the production of voltage-conducting or electrically
      insulating components such as circuit switching elements, electric plugs,
      sockets and the like where good mechanical and, above all, good thermal
      properties are necessary.
PAR  Pigments, ultra-violet stabilizers and internal lubricants may also be
      admixed with the polycarbonates according to the invention.
DETD
PAR  The following Examples shown in tabular form illustrate resistance to
      (surface) leakage current of the polycarbonates according to the
      invention.
PAC  EXAMPLE 1
PAR  A polycarbonate prepared by reacting 2,2-bis-(4-hydroxyphenyl)-propane with
      phosgene by a conventional interface process having a relative viscosity
      of 1.300 (measured in methylene chloride at 25.degree.C with c = 5 g/l) is
      mixed with the desired amount of very finely ground oxidation catalyst
      indicated in Table I and optionally with pigment and injection molded to
      give sheets 5 mm thick. On these test bodies the resistance to (surface)
      leakage current is measured according to the KC process (VDE (Verband
      Deutscher Elektrotechniker, i.e., Association of German Electrical
      Engineers) Instruction Sheet 0303, Part 1, of September, 1964 respectively
      DIN 53 480, section 6 of October 1972). The values found are listed in the
      following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                                Tracking                                       

     Oxidation Catalyst                                                        

                     % by weight                                               

                                Resistance to                                  

                     of addition                                               

                                (surface) leakage                              

                                current according                              

                                to the KC                                      

                                process in volts                               

     ______________________________________                                    

     V.sub.2 O.sub.5 0.2        320                                            

     V.sub.2 O.sub.5 2.0        340                                            

     MoO.sub.3       0.5        300                                            

     MoO.sub.3       2          340                                            

     CeO.sub.2       0.2        280                                            

     CeO.sub.2       0.5        340                                            

     TiO.sub.2 ; V.sub.2 O.sub.5 9:1                                           

     parts by weight 5          340                                            

     TiO.sub.2 ; CeO.sub.2 9:1                                                 

     parts by weight 5          340                                            

     Ag. 3 ZnO       2          380                                            

     Mixed Catalyst                                                            

     V.sub.2 O.sub.5 ; TiO.sub.2 ; Cr.sub.2 O.sub.3                            

     1:3:1 parts by weight                                                     

                     5          380                                            

     Mixed Catalyst                                                            

     Ni, NiO, Cr.sub.2 O.sub.3, Al.sub.2 O.sub.3                               

     1:1:1:5:1       0.5        340                                            

     V.sub.2 O.sub.5 ; P.sub.2 O.sub.5 ; CuO                                   

     2:2:1 parts by weight                                                     

                     2          320                                            

     Polycarbonate without                                                     

     addition                   260                                            

     Polycarbonate with 20% by                                                 

     weight fiberglass without                                                 

     oxidation catalyst           160-180                                      

     Polycarbonate with 20% by                                                 

     weight fiberglass,                                                        

     Al.sub.2 O.sub.3 Pt 19:1                                                  

     parts by weight 1          320                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Using the procedures described in Example 1, the following polycarbonates
      are prepared:
PA1  2a. Copolycarbonate based on 94 mol-%, 2,2-bis-(4-hydroxyphenyl)-propane
      and 6 mol-% 2,2-bis-(4-hydroxy-3,5-dichlorophenyl)-propane,.nu. .sub.rel =
      1.287.
PA1  2b. Copolycarbonate based on 96 mol-% 2,2-bis-(4-hydroxyphenyl)-propane and
      4 mol-% 2,2-bis-(4-hydroxyphenyl)-3,5-dibromophenyl)-propane, .nu..sub.rel
      = 1.268.
PA1  2c. Polycarbonate based on 4,4'-dihydroxydiphenylmethane, .nu..sub.rel =
      1.293,
PAL  and the oxidation catalysts stated in Table II are incorporated therein,
      processed into test bodies and tested for resistance to (surface) leakage
      current (KC process).
TBL                TABLE II                                                    

     ______________________________________                                    

                                    Tracking                                   

     Polycarbonate                                                             

               Oxidation Amount [%  Resistance to                              

     according to                                                              

               Catalyst  by weight] (surface) leakage                          

     Example                        current [volts]                            

     ______________________________________                                    

     2a        --        --           240-260                                  

               V.sub.2 O.sub.5                                                 

                         0.5        340                                        

     2b        --        --         240                                        

               MoO.sub.3 2.0        320                                        

     2c        --        --           220-240                                  

               V.sub.2 O.sub.5                                                 

                         1.0        300                                        

     ______________________________________                                    

PAR  Any of the other oxidation or combustion catalysts disclosed as suitable
      herein may be substituted for those used in the foregoing examples for the
      purpose of illustration.
PAR  Although the invention is described in detail for the purpose of
      illustration it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical insulator having a minimum tracking resistance to leakage
      current of about 280 volts comprising an intimate blend of a high
      molecular weight thermoplastic polycarbonate based on an aromatic
      bis-hydroxy compound and 0.05% to 10% by weight of additives selected from
      the group consisting of oxides of vanadium, molybdenum, cerium, palladium,
      copper, silver, cobalt, nickel, and platinum.
NUM  2.
PAR  2. An electrical insulator having a minimum tracking resistance to leakage
      current of about 300 volts comprising an intimate blend of a high
      molecular weight polycarbonate thermoplastic polycarbonate based on an
      aromatic bis-hydroxy compound and 0.05% to 10% by weight of additives
      selected from the group consisting of oxides of vanadium, molybdenum,
      palladium, copper, silver, cobalt, nickel, and platinum.
NUM  3.
PAR  3. The insulator of claim 2 wherein the polycarbonate contains 0.1 to 3
      percent by weight of additive based on the weight of polycarbonate.
NUM  4.
PAR  4. The insulator of claim 2 wherein the additive is deposited on a carrier
      material which is blended with the polycarbonate.
NUM  5.
PAR  5. The insulator of claim 2 wherein the polycarbonate has a molecular
      weight of between about 20,000 and 40,000.
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ABST
PAL  Hot-melt type road marking paint compositions comprising as essential
      thermoplastic resin components at least one aliphatic hydrocarbon resin
      and at least one ethylene-vinyl ester copolymer in combination.
BSUM
PAR  This invention relates to a novel hot-melt road marking paint composition
      and more particularly to a hot-melt road marking paint composition
      comprising as thermoplastic resin components both at least one aliphatic
      hydrocarbon resin and at least one ethylene-vinyl ester copolymer.
PAR  There have heretofore been known spontaneously drying type, hot-spray type,
      melt bonding type and other type paint compositions as road marking paint
      compositions for painting roads to form thereon road marking or signs for
      lanes, pedestrians' crossings and the like. Among these conventional paint
      compositions, the so-called melt bonding paint composition is a normally
      solid and solvent-free type, one which contains as essential components a
      thermoplastic resin adn a pigment and also contains, for example, a
      plasticizer, stabilizer, antioxidant and filler as well as glass beads as
      required. When the paint composition of this conventional type is to be
      used in the formation of, for example, thick film-type road marking such
      as indicating lines, this is accomplished by melting the paint composition
      at temperatures of as high as 150.degree.-250.degree.C, applying the
      molten composition to a road surface so that it forms the desired shape
      and then allowing the applied composition to cool. When the melt bonding
      type paint composition is used in the formation of road marking or signs
      in such a manner as mentioned above, the composition coated on a road will
      be cooled spontaneously and solidified in only several minutes. Thus the
      use of such paint compositions in the formation of road marking will make
      shorter the period of time for which traffic must be suspended due to the
      formation of the road marking, thereby rendering it very advantageous to
      use the compositions in forming road marking on roads on which traffic is
      heavy.
PAR  The melt bonding type paint compositions to be used as materials for road
      marking are required not only to have such properties as drying property,
      wear resistance and diffusive reflectivity, which satisfy the requirements
      provided in JIS (Japanese Industrial Standard)-K 5665 but also to be
      excellent in properties not provided in JIS, such as workability during
      their use in forming road signs and peel strength after solidification.
      Heretofore, it has been reported that the thermoplastic resins which may
      be used as one of the components of the conventional melt bonding type
      road marking paint compositions include maleic-modified (maleinized)
      rosins, alkyd resins, polyesters and epoxy resins, with maleinized rosins
      being the most preferable.
PAR  However, the maleinized rosins have recently been in short supply, apt to
      be raised in price and increasingly difficult to procure due to the fact
      that the rosin used for the maleinized rosins is a naturally occuring
      material. There have thus been sought hydrocarbon resins, which can be
      obtained more easily at a lower cost, as substitutes for the maleinized
      rosins. However, melt bonding type paint compositions containing a
      hydrocarbon resin as the thermoplastic resin component are remarkably
      inferior in fluidity when melted and are therefore inconvenient to handle
      in making road markings therewith. Moreover, they will not give coatings
      or films having a satisfactorily smooth surface even if they be formed to
      the coatings or films. The coatings are further disadvantageous in that
      they are unsatisfactory in impact strength and flexibility and are
      brittle. Thus, said paint compositions containing the hydrocarbon resin
      have not been put to practical use as a road marking paint composition.
PAR  Attempts have been made by the present inventor to eliminate or reduce such
      disadvantages of the melt bonding type paint composition which contains
      hydrocarbon resin and, as a result, it has been found that melt bonding
      type paint compositions wherein the combined use of at least one
      hydrocarbon resin and at least one ethylene-vinyl ester copolymer is made
      as the thermoplastic resins, exhibit remarkably improved properties as
      compared with those wherein the single use of at least one hydrocarbon
      resin is made, thus accomplishing this invention.
PAR  The primary object of this invention is to provide melt bonding type road
      marking paint compositions which will have a satisfactory fluidity when
      melted and will exhibit an excellent workability when used for making road
      markings therewith.
PAR  Another object of this invention is to provide melt bonding type road
      marking paint compositions wherein a less expensive and easily available
      hydrocarbon resin or resins are used.
PAR  These objects may be accomplished by compounding, by weight, 100 parts of
      an aliphatic hydrocarbon resin, 2.5-40 parts of an ethylene-vinyl ester
      copolymer, 20-100 parts of a pigment and 80-500 parts of a filler to form
      a hot-melt type road marking paint composition.
PAR  The paint compositions of this invention may be produced by using, as the
      thermoplastic resin components, 100 parts by weight of at least one
      aliphatic hydrocarbon resin and 2.5-40, preferably 5-30 parts by weight of
      at least one ethylene-vinyl ester copolymer. If less than 2.5 parts by
      weight of the ethylene-vinyl ester copolymer are used in the melt bonding
      type road marking paint compositions to be produced, the resulting paint
      compositions will not exhibit an improved fluidity when melted nor will
      they give coatings having an improved impact strength and flexibility,
      thereby rendering the paint compositions undesirable as such. If, on the
      other hand, more than 40 parts by weight of the ethylene-vinyl ester
      copolymer are used, the resulting road marking paint compositions will
      exhibit an improved fluidity but give coatings having a reduced hardness
      and a decreased wear resistance as well as tackiness on the surface,
      thereby making the paint compositions unsuitable as such.
PAR  The hot-melt (or melt bonding) type road marking paint compositions
      contain, in addition to said specified thermoplastic resin components, one
      or more conventionally used pigments and fillers.
PAR  The pigments which may be used include white-colored inorganic pigments
      such as titanium dioxide (TiO.sub.2), rutile calcium composite pigment
      (TiO.sub.2 + CaSO.sub.4), zinc oxide (ZnO), leaded zince oxide (ZnO +
      2PbSO.sub.4 .PbO), zinc sulfide (ZnS), lithopone (ZnS + BaSO.sub.4),
      antimony trioxide (Sb.sub.2 O.sub.3), basic carbonate white lead
      (2PbCO.sub.3.Pb(OH).sub.2), basic sulfate white lead (2PbSO.sub.4.sup..
      PbO) and basic silicate white lead (SiO.sub.2 + PbO.sup.. SO.sub.3 +
      PbO.sup.. SiO.sub.2), and also include yellow-colored inorganic and
      organic pigments such as lead chromate (PbCrO.sub.4), cadmium sulfide
      (CdS) and benzidine yellow. The amounts of these pigments used are in the
      range of from 20 to 100, preferably 30 to 80, parts by weight per 100
      parts by weight of the aliphatic hydrocarbon resin used. The use of the
      pigment in amounts less than said lowest one (20 parts by weight) will not
      lead to the production of road marking paint compositions having a clear
      white or yellow color.
PAR  The fillers which may be used in this invention include calcium carbonate,
      barium sulfate, aluminum hydroxide, silica powder, diatomaceous earth,
      kaolinite, talc, mica, asbestos, calcined clay and organophilic bentonite.
      They are used in amounts of 80-500, preferably 100-400, parts by weight
      per 100 parts by weight of the aliphatic hydrocarbon resin.
PAR  The fillers when used in the paint compositions are effective in increasing
      the strength of coatings formed of the paint compositions and in retaining
      the thickness of the coatings; however, the use of the fillers in unduly
      large amounts will result in the production of brittle coatings and,
      therefore, it is necessary to use the fillers in amounts of not more than
      500 parts by weight.
PAR  Now, it is known that a mixture of an aliphatic hydrocarbon resin and a
      polyolefin or an ethylene-vinyl acetate copolymer is useful as a melt
      bonding type adhesive (see Japanese Patent Gazette No. 26639/71). This
      adhesive is being widely used, for example, for coating the surface of
      plastic films and metals therewith; however, it very often contains a
      thermoplastic resin, such as a polyolefin or ethylene-vinyl acetate
      copolymer, in a major proportion and a hydrocarbon resin in a minor
      proportion. In addition, the adhesive need not contain a pigment in large
      amounts, in view of its nature as an adhesive.
PAR  The melt bonding type road marking paint compositions have the primafacie
      same composition as those melt bonding type adhesives heretofore known.
      However, the melt bonding type adhesive of Japanese Patent Gazette No.
      26639/71 wherein polyethylene, polypropylene or polybutene is used as the
      thermoplastic resin employed in combination with the hydrocarbon resin,
      will exhibit an effect or performance equal to that exhibited by the
      adhesive of said Patent Gazette wherein an ethylene-vinyl acetate
      copolymer is used as the thermoplastic resin; while in a melt bonding type
      road marking paint composition containing each of a pigment and filler in
      a large amount and also containing a hydrocarbon resin in a major
      proportion as compared with the other thermoplastic resin contained in the
      same paint composition, the use of polyethylene, polypropylene,
      polybutene, polystyrene, phenol resin or terpene resin as the said other
      thermoplastic resin other than ethylene-vinyl ester copolymers will not
      lead to the production of a paint composition exhibiting an improved
      fluidity when melted as the paint composition of this invention.
PAR  The hydrocarbon resins which may be used in this invention are aliphatic
      ones obtained by cationically polymerizing unsaturated hydrocarbons
      comprising a C.sub.5 fraction as the main ingredients by conventional
      methods. The C.sub.5 fraction used herein is typically a mixture
      comprising monoolefins and conjugated diolefins, the mono- and diolefins
      boiling between 30.degree. and 45.degree.C and including as polymerizable
      monomers 1,3-pentadiene, cyclopentene, 2-methylbutene-2, isoprene,
      pentene-1, pentene-2 and cyclopentadiene. The C.sub.5 fractions include
      those obtained as the by-products from napththa cracking isoprene
      synthesizing using dehydration or propylene dimerization techniques, and
      extracting isoprene from C.sub.5 fractions, and further include
      sub-fractions and isolated individual ingredients obtained from said
      fractions by distillation, extraction, extractive distillation and the
      like. The C.sub.5 fractions still further include mixtures containing at
      least two of said sub-fractions and isolated individual ingredients in
      desired ratios.
PAR  In addition, the aliphatic hydrocarbon resins which are useful in this
      invention may be copolymers obtained by copolymerizing the polymerizable
      monomers contained in the C.sub.5 fraction with other monomers
      copolymerizable therewith. Such other copolymerizable monomers are
      illustrated by butene-1, isobutene, butadiene, diisobutylene, styrene,
      .alpha.-methylstyrene, indene and terpenes and, in the hydrocarbon resins,
      these copolymerizable monomers are required to be present in a minor
      proportion as compared with the polymerizable monomers contained in the
      C.sub.5 fraction. If such requirement is not met in an aromatic
      hydrocarbon resin containing the aromatic monomers as the main
      ingredients, paint compositions containing the aromatic hydrocarbon resin
      will exhibit an inferior fluidity when melted, whereby they will not
      attain the object of this invention.
PAR  The aliphatic hydrocarbon resins which may be used in this invention should
      be those having a softening point of from 70.degree. to 160.degree.C,
      preferably 80.degree.-140.degree.C. If paint compositions contain an
      aliphatic hydrocarbon resin having a softening point of lower than
      70.degree.C, they will exhibit a satisfactory fluidity but will give
      coatings which decrease in hardness after solidified, thereby rendering
      the paint compositions unsuitable as road marking ones. The hydrocarbon
      resins according to this invention are not particularly required to have
      any other specified properties although it is recommended that they should
      have usually a Gardner color of not higher than 8 (ASTM D. 1544-63T) and
      an iodine value of 20-200 (Wijs method).
PAR  On the other hand, the ethylene-vinyl ester copolymers which may be used in
      this invention are those comprising 90-50% by weight of ethylene and
      10-50% by weight of a vinyl ester and having a melt index of 1.5-1000
      (g/10 min.). The vinyl esters used for the formation of the ethylene-vinyl
      ester copolymers include vinyl esters represented by the formula
      ##EQU1##
      wherein R is an alkyl group having one to four carbon atoms, such as vinyl
      acetate, vinyl propionate, vinyl butyrate and vinyl valerianate, with
      vinyl acetate being the most recommendable.
PAR  The melt bonding type road marking paint compositions of this invention may
      be incorporated with plasticizers, stabilizers, antioxidants, glass beads
      to improve the resulting coatings in reflection, and the like. In the case
      where the paint composition contains less than 10 parts by weight of the
      ethylene-vinyl ester copolymer per 100 parts by weight of the hydrocarbon
      resin, it is particularly preferable that the paint composition be
      incorporated with a plasticizer. The plasticizer is usually added in
      amounts of not more than 30 parts by weight per 100 parts by weight of
      hydrocarbon resin and is illustrated by customarily used in animal,
      vegetable and mineral oils and synthetic oils, such as liquid paraffin, a
      phthalic acid ester and castor oil. Even if one or more of these
      plasticizers are incorporated into melt bonding type road marking paint
      compositions containing a hydrocarbon resin as the only thermoplastic
      resin, the paint compositions will not be improved at all in fluidity. In
      contrast, the paint compositions containing the ethylene-vinyl ester
      copolymer in combination with the hydrocarbon resin can be further
      improved in fluidity by incorporating one or more of the aforesaid
      plasticizers in the paint compositions.
PAR  Heretofore, various hot-spray type road marking paint compositions have
      been developed. These compositions are generally combined with wax in such
      amounts that they may be sprayed due to their decrease in viscosity.
      However, if the melt bonding type road marking paint compositions of this
      invention are combined with wax, the resultant wax combined compositions
      will disadvantageously exhibit no improved fluidity when melted and give
      coatings which are brittle and have a decreased bond strength.
PAR  The melt bonding type paint compositions of this invention are used for
      forming road marking by any of the following methods.
PAR  The paint compositions may be prepared by firstly melting the hydrocarbon
      resin and the ethyl-vinyl ester copolymer and then combining the melted
      mixture with the pigment and filler, by firstly mixing the hydrocarbon
      resin with the pigment and filler and then incorporating the resulting
      mixture slowly in the ethylene-vinyl ester copolymer in a molten form, or
      by mixing together the hydrocarbon resin, ethylene-vinyl ester copolymer,
      pigment and filler and then melting the resulting mixture. The
      thus-prepared paint composition in a molten form is coated on roads by the
      use of paint applicators and allowed to cool for forming desired road
      marks or signs. The melt bonding type road marking paint compositions of
      this invention will exhibit, when melted, a fluidity approximately equal
      to that of the conventional ones containing as the thermoplastic resin a
      maleinised (or maleic-modified) rosin which has heretofore been the most
      highly recommendable for this purpose. They are very workable or can
      easily be handled in forming road signs therewith owing to their excellent
      fluidity obtained when melted and they will also give thick-film type
      coatings having an excellent impact strength and flexibility.
DETD
PAR  This invention will be more fully explained by reference to the following
      examples in which all parts and percentages are by weight unless otherwise
      specified.
PAC  EXAMPLES 1 - 4 (and COMPARATIVE EXAMPLES 1 - 3)
PAR  A C.sub.5 fraction containing 80 parts of 1,3-pentadiene, 20 parts of
      cyclopentene and small amounts of incidental other C.sub.5 hydrocarbons
      was subjected to a cationic polymerization in benzene in the presence of
      aluminum chloride thereby to obtain an aliphatic hydrocarbon resin having
      a softening point of 100.degree.C. Portions of the thus-obtained
      hydrocarbon resin were combined, respectively, with other materials, such
      as ethylene-vinyl acetate copolymers, pigments, fillers and, as desired,
      plasticizers, in accordance with the formulations shown in Table 1. The
      resulting mixtures were heated and melted at a temperature of about
      260.degree.C for 30 minutes thereby obtaining the corresponding
      homogeneous paint compositions.
PAR  For comparison, in accordance with the formulations shown in Table 1, there
      were also prepared other mixtures such as a mixture containing no
      ethylene-vinyl acetate copolymer and a mixture containing a conventionally
      recommended maleinised rosin (softening point : 90.degree.C) in place of
      the hydrocarbon resin. The resulting mixtures were heated and melted under
      the same conditions as mentioned above thereby to obtain the corresponding
      homogeneous paint compositions.
PAR  Fifty grams of each of the paint compositions so obtained were put in a
      100-ml beaker and kept at 260.degree.C. The mass, kept at 260.degree.C in
      the beaker held 30 cm above a 2mm thick iron plate, was then dropped to
      the iron plate thereby allowing the mass to spread thereon for testing for
      fluidity from the degree and state of spreading. The mass dropped on the
      iron plate was allowed to cool and rapidly formed thereon a coating shaped
      like a generally circular cake. The coating or cake so formed was bent for
      its flexibility. The other masses were treated and tested in the same
      manner as above. The results are indicated in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Materials for Example         Comparative example                         

     paint composition                                                         

                   1   2   3   4   1   2   3                                   

     __________________________________________________________________________

     Hydrocarbon resin(Parts)                                                  

                   100 100 100 100 100 100 --                                  

     Elvax 210.sup.1                                                           

                    5  10  --  --  --  --  --                                  

     Elvax 260.sup.2                                                           

                   --  --  20  30  --  --  --                                  

     Maleinised rosin                                                          

                   --  --  --  --  --  --  100                                 

     Calcium carbonate                                                         

                   300 300 300 300 300 300 300                                 

     Titanium dioxide                                                          

                   75  75  75  75  75  75  75                                  

     Castor oil    --  --  --  --  --  20  20                                  

     Liquid paraffin                                                           

                   15  15  --  --  30  --  --                                  

     __________________________________________________________________________

      Fluidity                                                                 

     Diameter (cm)                                                             

               4.5  5.0  5.0  5.5  3.5  3.5  5.5                               

     Appearance of the                                                         

     surface of cake                                                           

               Smooth                                                          

                    Smooth                                                     

                         Smooth                                                

                              Smooth                                           

                                   Uneven                                      

                                        Smooth                                 

     Flexibility                                                               

               Flexible                                                        

                    Flexible                                                   

                         Flexible                                              

                              Flexible                                         

                                   Brittle                                     

                                        Brittle                                

                                             Flexible                          

     __________________________________________________________________________

      .sup.1 Ethylene-vinyl acetate copolymer having a vinyl acetate content of

      28% and a melt index of 400                                              

      .sup.2 Ethylene-vinyl acetate copolymer having a vinyl acetate content of

      28% and a melt index of 6                                                

PAR  From the results shown in the Table it is seen that the use of the
      hydrocarbon resin in combination with the castor oil or liquid paraffin in
      the paint composition will very little improve the composition in fluidity
      when melted, while the use thereof in combination with the ethylene-vinyl
      acetate copolymer in the composition will remarkably improve the
      composition in fluidity when melted.
PAC  EXAMPLE 5 (and COMPARATIVE EXAMPLE 4)
PAR  The paint compositions prepared in Example 2 and Comparative example 3 were
      incorporated with glass beads in such an amount that the bead-incorporated
      compositions would contain the beads in the amount of 20%, respectively.
      These bead-incorporated compositions were tested for their properties in
      accordance with the method prescribed in JIS K-5665 with the results being
      shown in Table 2. The same test was attempted to be made on the paint
      composition prepared in Comparative example 2; however, it was found
      impossible to prepare test pieces from the composition due to its
      remarkably inferior fluidity when melted.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Paint composition                                                         

                 Example 5                                                     

                        Comparative                                            

                                 JIS                                           

                        example 4                                              

                               (Japanese Industrial Standard)                  

     __________________________________________________________________________

     Specific gravity                                                          

                 2.0    2.0    1.8 - 2.3                                       

     Softening point(.degree.C)                                                

                 103    95     80 or higher                                    

     Non-adhesive                                                              

                 Satis-        Paint composition should not                    

     drying property                                                           

                 factory                                                       

                        Satisfactory                                           

                               adhere to tires in three minutes.               

     Appearance of                                                             

                 Satis-        Absence of creases, unevenness,                 

     coating     factory                                                       

                        Satisfactory                                           

                               blisters, cracks and peel                       

     45.degree.,0.degree. Diffusive                                            

     reflection  83     84     75 or more                                      

     factor (White)                                                            

     Wear resistance                                                           

                 90     92     200 mg or less/100 times                        

     Compressive                                                               

     strength(kg/cm.sup.2)                                                     

                 399    487    120 or higher                                   

                               None of cracks and discoloration                

                               should not appear after 18 hrs'                 

     Alkalinity resis-                                                         

                 Satis- Satisfactory                                           

                               immersion in saturated solution                 

     tance       factory       of calcium hydroxide.                           

     Solvent-insoluble                                                         

     matter (%)  80     80     70 - 85                                         

     Content of glass                                                          

     beads (%)   20     20     20 - 23                                         

     __________________________________________________________________________

PAR  From the results of Table 2, it is seen that the melt bonding type road
      marking paint compositions of this invention successfully meet the
      requirements prescribed in JIS K-5665 and have properties approximately
      equal to those of the commercial paint compositions containing the
      conventionally recommendable maleinized rosin.
PAC  EXAMPLES 6 - 7 (and COMPARATIVE EXAMPLES 5 and 6)
PAR  The paint compositions used in these Examples were those containing a
      commercially available aliphatic hydrocarbon resin in substitution for the
      hydrocarbon resin used in Examples 1 - 4 and they were those prepared in
      accordance with the formulations indicated in Table 3. They were also
      tested under the same conditions as used in Examples 1 to 4 with the
      results being shown in Table 3.
PAR  From the results of Table 3 it is seen that the paint compositions of this
      invention will be equally effective as road marking paint compositions
      even if these compositions respectively contain different hydrocarbon
      resins as far as they contain such hydrocarbon resin in combination with
      the ethylene-vinyl ester copolymer.
TBL                                    Table 3                                 

     __________________________________________________________________________

                        Examples  Comparative                                  

     Materials for paint composition                                           

                                  examples                                     

                        6    7    5    6                                       

     __________________________________________________________________________

     Hirez - T - 100 .times.*.sup.3 (Parts)                                    

                        100  --   100  --                                      

     Escorez 1102B*.sup.4                                                      

                        --   100  --   100                                     

     Ethylene-vinyl acetate copolymer*.sup.1                                   

                         10   10  --   --                                      

     Calcium carbonate  300  300  300  300                                     

     Titanium (dioxide) 75    75   75   75                                     

     Castor oil         --   --    20   20                                     

     Liquid paraffin     15   15  --   --                                      

      Fluidity                                                                 

     Diameter (cm)      5.0  5.5  3.5  3.0                                     

     Appearance of the surface of cake                                         

                        Smooth                                                 

                             Smooth                                            

                                  Uneven                                       

                                       Uneven                                  

     Flexibility        Flexible                                               

                             Flexible                                          

                                  Brittle                                      

                                       Brittle                                 

     __________________________________________________________________________

      *.sup.3 Aliphatic hydrocarbon resin having a softening point of          

      100.degree.C, produced by Mitsui Petrochemical Co., Ltd.                 

      *.sup.4 Aliphatic hydrocarbon resin having a softening point of          

      100.degree.C, produced by Tonen Petrochemical Co., Ltd.                  

PAC  COMPARATIVE EXAMPLE 7
PAR  Paint compositions prepared in accordance with the formulations indicated
      in Table 4 and consequently containing an aromatic hydrocarbon resin
      (Trade mark, Toho Hiresin No. NX; softening point, 100.degree.C;
      manufacturer, Toho Chemical Industry Co., Ltd.) in substitution for the
      aliphatic hydrocarbon resin, were tested under the same conditions as in
      Examples 1-4.
TBL                Table 4                                                     

     ______________________________________                                    

                            Comparative                                        

     Materials for paint composition                                           

                            example                                            

                          7     12                                             

     ______________________________________                                    

     Aromatic hydrocarbon resin (Parts)                                        

                            100     100                                        

     Ethylene-vinyl acetate copolymer*.sup.1                                   

                            --       10                                        

     Calcium carbonate      300     300                                        

     Titanium (dioxide)      75      75                                        

     Castor oil              20     --                                         

     Liquid paraffin        --       15                                        

      Fluidity                                                                 

     Diameter (cm)          3.5     3.5                                        

     Appearance of the surface of cake                                         

                            Uneven  Uneven                                     

     ______________________________________                                    

PAR  From the results shown in Table 4, it is apparent that the use of the
      aromatic hydrocarbon resin even in combination with the ethylene-vinyl
      acetate copolymer in the paint composition will not improve the
      composition in fluidity.
PAC  COMPARATIVE EXAMPLES 8 - 16
PAR  Comparative paint compositions were prepared in accordance with the
      formulations indicated in Table 5 and consequently they contained the
      hydrocarbon resin as used in Examples 1 - 4 in combination with the
      compounds other than the ethylene-vinyl acetate polymer. They were then
      tested under the same test conditions as used in Examples 1 - 4 with the
      result that each of them exhibited a diameter of as small as about 3.5 -
      4.0 cm as an indicator for its fluidity and frequently formed a cake or
      coating thereof the surface of which is non-smooth and uneven.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Materials for   Comparative example                                       

     paint composition                                                         

                     8   9   10  11  12  13  14  15  16                        

     __________________________________________________________________________

     Hydrocarbon resin                                                         

                     100 100 100 100 100 100 100 100 100                       

     Calcium carbonate                                                         

                     300 300 300 300 300 300 300 300 300                       

     Titanium dioxide                                                          

                     75  75  75  75  75  75  75  75  75                        

     Liquid paraffin 77.2 cst                                                  

      at 100.degree.F                                                          

                     15  --  15  --  15  --  15  15  --                        

     Low molecular weight                                                      

     polyethylene (softening                                                   

                     10  20  --  --  --  --  --  --  --                        

      point: 220.degree.F)                                                     

     Atactic polypropylene                                                     

     (M.W. 12000 - 19000)                                                      

                     --  --  10  20  --  --  --  --  --                        

     Polybutene (M.W. 910)                                                     

                     --  --  --  --  10  20  --  --  --                        

     Polyvinyl chloride                                                        

     (Degree of polymerization:                                                

                     --  --  --  --  --  --  10  --  --                        

      700)                                                                     

     Low molecular polystyrene                                                 

     (Trade Mark: Dicelastyrene                                                

     of Dai Nippon Ink Chemistry)                                              

                     --  --  --  --  --  --  --  10  --                        

     Co., Ltd.)                                                                

     Paraffin wax                                                              

     (m.p. 130.degree.F)                                                       

                     --  --  --  --  --  --  --  --  20                        

     __________________________________________________________________________

PAR  The results in Table 5 show that the use of the hydrocarbon resin together
      with a compound other than the ethylene-vinyl ester copolymers will not
      give satsifactory results.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hot-melt type road marking wax-free paint composition comprising, by
      weight, 100 parts of at least one aliphatic hydrocarbon resin having a
      softening point of 70.degree.-160.degree.C and being a cationically
      polymerized polymer of unsaturated hydrocarbons comprising a C.sub.5
      fraction as the main ingredients, 2.5-40 parts of at least one
      ethylene-vinyl ester copolymer having a melt index of 1.5-1,000 g/10
      minutes and being a copolymer of 90-50% by weight of ethylene and 10-50%
      by weight of at least one vinyl ester, 20- 100 parts of at least one
      pigment, and 80-500 parts of at least one filler.
NUM  2.
PAR  2. A hot-melt type road marking wax-free paint composition according to
      claim 1, wherein the ethylene-vinyl ester copolymer, the pigment and the
      filler are present in amounts by weight of 5-30 parts, 30-80 parts, and
      100-400 parts, respectively.
NUM  3.
PAR  3. A hot-melt type road marking paint composition according to claim 1,
      wherein the vinyl ester is a member selected from the group consisting of
      vinyl acetate, vinyl propionate, vinyl butyrate and vinyl valerianate.
NUM  4.
PAR  4. A hot-melt type road marking paint composition according to claim 1,
      wherein the pigment is a white-colored pigment selected from the group
      consisting of titanium dioxide, zinc oxide, leaded zinc oxide, zinc
      sulfide, lithopone, antimony trioxide, rutile calcium composite pigment,
      basic carbonate white lead, basic carbonate white lead, basic sulfate
      white lead and basic silicate white lead.
NUM  5.
PAR  5. A hot-melt type road marking paint composition according to claim 1,
      wherein the pigment is a yellow-colored pigment selected from the group
      consisting of lead chromate, cadmium sulfide and benzidine yellow.
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PAL  Plastics compositions based on polyvinylidene fluoride which possess
      improved impact strength comprising 0.05 to 6 parts by weight of
      rhombohedral iron sesquioxide per 100 parts of polyvinylidene fluoride.
BSUM
PAR  The present invention relates to plastics compositions based on
      polyvinylidene fluoride which are suitable for manufacturing shaped
      articles and coatings which possess improved impact strength.
PAR  Polyvinylidene fluoride is a thermoplastic polymer which possesses a
      combination of noteworthy physical and chemical properties, especially
      excellent resistance to ageing, to heat and to abrasion and also
      noteworthy chemical inertness and a high dielectric constant.
      Polyvinylidene fluoride is suitable for manufacturing articles shaped by
      any conventional processing techniques such as injection moulding, blow
      moulding, extrusion moulding and compression moulding. It is also a choice
      material for powder-coating very diverse surfaces using conventional
      techniques such as electrostatic spraying and fluidisation.
PAR  It is known to add various fillers to thermoplastic polymers and especially
      to polyvinylidene fluoride for the main purpose of reducing the cost price
      of the articles or coatings produced. This addition which, as a general
      rule, is accompanied by an improvement in the rigidity of the said
      articles or coatings, generally leads to serious disadvantages and
      especially to a marked decrease in the impact strength.
PAR  There has now been found, in accordance with the present invention,
      plastics compositions based on polyvinylidene fluoride and a metal oxide
      which make it possible to manufacture moulded components and coatings, the
      impact strength of which is, very surprisingly, markedly improved.
PAR  The invention relates to plastics compositions based on polyvinylidene
      fluoride which possess improved impact strength, characterised in that
      they comprise 0.05 to 6% by weight of rhombohedral iron sesquioxide
      relative to the polyvinylidene fluoride.
PAR  The effect of the improvement in the impact strength of the moulded
      components and coatings manufactured using compositions according to the
      invention is surprising and specific. In fact, the use of conventional
      fillers such as, for example, talc leads to a very marked decrease in the
      impact strength. Neither do pseudocubic iron sesquioxide, commonly called
      .gamma.-iron sesquioxide, and ferrites which are mixed compounds of an
      iron sesquioxide and another metal oxide, show the surprising properties
      of the compositions of the invention.
PAR  Rhombohedral iron sesquioxide, also called .alpha.-iron oxide, is the final
      product resulting from complete low temperature oxidation of iron as well
      as of iron oxides and iron hydrates. Its preparation is described in
      Volume XVII, first section, pages 636-638 of Nouveau Traite de Chimie
      Minerale (New Treatise on Inorganic Chemistry) by P. Pascal (published by
      Masson & Cie, 1967).
PAR  The concentration limits of rhombohedral iron sesquioxide in the
      polyvinylidene fluoride are critical. It is, in fact, necessary to
      incorporate at least 0.05 part by weight of this oxide into the
      polyvinylidene fluoride in order to produce a marked improvement in the
      impact strength of the articles and coatings produced. Moreover, the
      addition of rhombohedral iron sesquioxide in amounts greater than 6 parts
      by weight is not desirable since the resulting compositions show less
      chemical inertness.
PAR  The polyvinylidene fluoride used in the present invention is a homopolymer
      or a copolymer containing more than 90 mol % of vinylidene fluoride. It
      can be manufactured without differentiation by any conventional processes
      for the polymerisation of vinylidene fluoride. A polyvinylidene fluoride
      manufactured by suspension polymerisation is preferably used, which
      possesses an intrinsic viscosity of 0.4 to 1.5 dl/g, and preferably 0.7 to
      1.2 dl/g, measured at 110.degree.C in dimethylformamide.
PAR  The particle size of the polyvinylidene fluoride is not in any way
      critical. Where appropriate, it will be suited to the method of processing
      considered, by means of grinding and/or granulation techniques well known
      to those skilled in the art.
PAR  The incorporation of rhombohedral iron sesquioxide into polyvinylidene
      fluoride does not pose any special problem; these materials are perfectly
      compatible within the range of concentrations claimed and can be mixed by
      simple mechanical mixing. If it is necessary to change the particle size
      of the polyvinylidene fluoride, the rhombohedral iron sesquioxide will
      advantageously be incorporated at the same time as the polyvinylidene
      fluoride is being ground and/or granulated.
PAR  The compositions according to the invention can contain the usual additives
      for processing thermoplastic polymers, such as lubricants, plasticisers,
      stabilisers or fillers and more particularly fibrous fillers such as
      fibres of glass, asbestos, graphite, boron and silicon.
PAR  The improved compositions according to the invention possess numerous
      possibilities for use. In particular, the use of the compositions
      according to the invention for manufacturing moulded components and
      coatings is a further subject of the present invention.
PAR  The use of compositions containing 0.05 to 1% by weight, and preferably
      0.05 to 0.6% by weight, of rhombohedral iron sesquioxide relative to
      polyvinylidene fluoride makes it possible to manufacture shaped articles
      which possess not only improved impact strength but also greater
      flexibility than that of articles manufactured using virgin polyvinylidene
      fluoride. This improved flexibility enables the compositions according to
      the invention containing 0.05 to 1% by weight or rhombohedral iron
      sesquioxide relative to polyvinylidene fluoride to be used in fields
      wherein thermoplastic polymers which are more flexible than polyvinylidene
      fluoride are usually employed, and especially in cable-making.
PAR  The use of compositions containing 0.3 to 6% by weight, and preferably 0.5
      to 3% by weight, of rhombohedral iron sesquioxide relative to
      polyvinylidene fluoride makes it possible to manufacture coatings on metal
      surfaces which possess simultaneously improved impact strength and
      improved adhesion.
PAR  Finally, the compositions according to the invention containing 1 to 6% by
      weight, and preferably of the order of 5% by weight, of rhombohedral iron
      sesquioxide relative to polyvinylidene fluoride are suitable for
      manufacturing rigid shaped articles possessing good impact strength, by
      any conventional processing techniques, and in particular by injection
      moulding. These compositions are suitable, for example, for producing
      valves, pumps, cogwheels, cams, bearings, sockets, casings and the like.
DETD
PAR  The examples which follow illustrate the invention without, however,
      limiting it.
PAR  Example 1, a reference example, relates to a sample of virgin
      polyvinylidene fluoride which possesses an intrinsic viscosity of 1 dl/g
      at 110.degree.C in dimethylformamide.
PAR  Examples 2 to 6, the composition of which is given in the attached table I,
      relate to samples based on polyvinylidene fluoride identical to that of
      Example 1, containing amounts, increasing from 0.05 to 1% by weight, of
      rhombohedral iron sesquioxide, sold under the trademark MAPICO RED 516
      dark, by the Columbia Carbon Co. division of Messrs. Cities Service.
PAR  Table I also gives the impact strength found by dropping weights on discs
      as well as the apparent torsional rigidity modulus at 20.degree.C of
      samples 1 to 6.
PAR  The impact strength found by dropping weights on discs is measured on a
      series of 70 injection-moulded discs of 50 mm diameter and 2 mm thickness.
      These discs are laid on a carrier which supports them only at their
      circumference. A weight of 1 kg is then allowed to fall on each disc from
      a varying height and the impact energy at which 50% of the discs break is
      determined.
PAR  The apparent torsional rigidity modulus at 20.degree.C is measured at
      35.degree. of arc on injected test pieces in accordance with ASTM Standard
      Specification D 1043/51.
PAR  The impact strength and the apparent rigidity modulus are measured
      respectively on discs and test pieces which have been aged for 120 hours.
PAR  Comparison of the results of examples 2 to 6 with those of the reference
      example 1 shows adequately that the addition of 0.05 to 1 part by weight
      of rhombohedral iron oxide to 100 parts of polyvinylidene fluoride
      substantially improves the impact strength of the latter. It is also
      apparent that samples 2 to 6 are more flexible than polyvinylidene
      fluoride which does not contain any rhombohedral iron sesquioxide.
PAC  EXAMPLES 7 TO 10
PAR  Example 7, a reference example, relates to a sample of polyvinylidene
      fluoride which possesses an intrinsic viscosity of 0.8 dl/g at
      110.degree.C in dimethylformamide.
PAR  Examples 8 to 10 relate to samples based on polyvinylidene fluoride
      identical to that of example 7, containing amounts of rhombohedral iron
      sesquioxide, identical to that used in examples 2 to 6, which increase
      from 1.75 to 5.5 parts by weight per 100 parts by weight of polyvinylidene
      fluoride. The attached table II gives the impact resistance found by
      dropping weights on discs and the apparent rigidity modulus at 20.degree.C
      of samples 7 to 10, determined as described above.
PAR  Comparison of the results of examples 8 to 10 with those of the reference
      example 7 shows that the addition of 1.75 to 5.5 parts by weight of
      rhombohedral iron sesquioxide to polyvinylidene fluoride also
      substantially improves the impact strength of polyvinylidene fluoride
      while increasing its rigidity.
PAC  EXAMPLES 11 to 15
PAR  These examples, which are all reference examples, relate to the
      incorporation of .gamma.-iron sesquioxide, sold under the trademark MAPICO
      BROWN 422, into polyvinylidene fluoride which possesses an intrinsic
      viscosity of 0.8 dl/g at 110.degree.C in dimethylformamide and is
      identical to that used in examples 7 to 10. The attached table III gives
      the composition of the samples and the impact strength found by dropping
      weights on discs measured at -20.degree.C on discs which have been aged
      for 24 hours.
PAC  EXAMPLES 16 to 20
PAR  These examples, which are also all reference examples, relate to the
      incorporation of a ferrite based on iron sesquioxide and zinc oxide, sold
      under the trademark MAPICO TAN 10, into polyvinylidene fluoride which
      possesses an intrinsic viscosity of 0.8 dl/g at 110.degree.C in
      dimethylformamide. The attached table IV gives the composition of the
      samples according to examples 16 to 20 and the impact strength found by
      dropping weights on discs, measured at -20.degree.C on discs which have
      been aged for 24 hours.
PAR  The results of the reference examples 11 to 20 show adequately that
      non-rhombohedral iron oxides do not show the surprising property of
      improving the impact strength of polyvinylidene fluoride.
PAC  EXAMPLES 21 TO 24
PAR  These examples relate to the manufacture of coatings on steel plates using
      virgin polyvinylidene fluoride (example 21, a reference example), and
      using compositions based on polyvinylidene fluoride which possesses an
      intrinsic viscosity of 0.8 dl/g and contains amounts of rhombohedral iron
      sesquioxide, identical to that used in examples 2 to 6, which increase
      from 0.3 to 3 parts by weight per 100 parts by weight of polyvinylidene
      fluoride. The composition of the mixtures used in examples 21 to 24 is
      given in the attached table V.
PAR  The coating by electrostatic spraying is carried out on steel plates of 150
      .times. 100 .times. 1 mm which have undergone, by spraying, degreasing
      with alkali and rinsing with water at ambient temperature, amorphous
      iron-manganese phosphatisation, and finally, after a last rinse with
      water, a rinsing with chromic acid followed by drying with hot air. The
      plates thus treated are preheated to 250.degree.C and are then coated by
      spraying under a negative voltage of 70 kV so as to produce a layer of a
      thickness of 250 microns. The coated plates are then heated at
      250.degree.C for 5 minutes before being quenched in water.
PAR  The adhesion is measured by a 6 mm stamping effected on the coated plate by
      means of an Erichsen apparatus, after the plate has been scared with two
      parallel lines 3mm apart which intersect at right angles with two other
      identical lines. Using a sharp instrument, an attempt is then made to lift
      off the various coating zones at the stamping position and a number from 0
      to 5 is given depending on whether it is possible to lift off all or none
      of the stamped zone.
PAR  The cut test pieces are also subjected to the salt spray test in accordance
      with ASTM Standard Specification B 119 and are removed as soon as
      corrosion begins to extend under the coating.
PAR  The adhesion and the resistance to the salt mist of the test pieces
      according to examples 21 to 24 are given in the attached table V.
PAR  Comparison of examples 22 to 24 with the reference example 21 shows that
      the addition of 0.3 to 3 parts by weight of rhombohedral iron sesquioxide
      has especially the effect of improving substantially the adhesion and the
      resistance to corrosion of polyvinylidene fluoride coatings.
PAR  All the examples described above prove adequately that the compositions
      according to the invention all possess a series of great advantages and in
      particular improved impact strength relative to that of virgin
      polyvinylidene fluoride.
TBL                TABLE I                                                     

     ______________________________________                                    

     No. of .alpha.-Fe.sub.2 O.sub.3,                                          

                        Impact strength                                        

                                    Apparent torsional                         

     the    parts per   on discs    rigidity modulus,                          

     example                                                                   

            100 parts   at 20.degree.C,                                        

                                    35.degree. of arc, 20.degree.C             

            of PVDF (*) kgm         kg/cm.sup.2                                

     ______________________________________                                    

     R 1    0           0.55        5,620                                      

     2      0.05        0.80        5,000                                      

     3      0.075       0.91        4,650                                      

     4      0.10        1.03        4,600                                      

     5      0.50        1.72        4,850                                      

     6      1.00        1.72        4,950                                      

     ______________________________________                                    

      (*) polyvinylidene fluoride                                              

TBL                TABLE II                                                    

     ______________________________________                                    

     No. Of .alpha.-Fe.sub.2 O.sub.3,                                          

                        Impact strength                                        

                                    Apparent torsional                         

     the    parts per   on discs    rigidity modulus,                          

     example                                                                   

            100 parts   at 20.degree.C,                                        

                                    35.degree. of arc, 20.degree.C             

            of PVDF     kgm         kg/cm.sup.2                                

     ______________________________________                                    

     R 7    0           0.55        5,600                                      

     8      1.75        &gt;2          5,850                                      

     9      3.00        &gt;2          5,950                                      

     10     5.50        &gt;2          6,200                                      

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     No. of the                                                                

              .gamma.-Fe.sub.2 O.sub.3,                                        

                               Impact strength                                 

     example  parts per 100 parts                                              

                               on discs at -20.degree.C,                       

              of PVDF          kgm                                             

     ______________________________________                                    

     R 11     0                0.96                                            

     R 12     0.10             0.44                                            

     R 13     0.50             0.36                                            

     R 14     1.00             0.32                                            

     R 15     5.00             0.05                                            

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

     No. of the                                                                

              Ferrite          Impact strength                                 

     example  Fe.sub.2 O.sub.3 and ZnO                                         

                               on discs at -20.degree.C,                       

              parts per 100 parts                                              

                               kgm                                             

              of PVDF                                                          

     ______________________________________                                    

     R 16     0                0.91                                            

     R 17     0.10             0.93                                            

     R 18     0.50             0.67                                            

     R 19     1.00             0.33                                            

     R 20     5.00             0.06                                            

     ______________________________________                                    

TBL                TABLE V                                                     

     ______________________________________                                    

     No. of the                                                                

             .alpha.-Fe.sub.2 O.sub.3,                                         

                             Adhesion  salt mist,                              

     example parts per 100 parts                                               

                             (Erichsen)                                        

                                       hours                                   

             of PVDF                                                           

     ______________________________________                                    

     R 21    0               3          18                                     

      22     0.3             3         215                                     

      23     1.0             5         333                                     

      24     3.0             5         333                                     

     ______________________________________                                    

CLMS
NUM  1.
PAR  1.  A plastic composition based on polyvinylidene fluoride which possesses
      improved impact strength, comprising 0.05 to 6 parts by weight of
      rhombohedral iron sesquioxide per 100 parts of polyvinylidene fluoride.
NUM  2.
PAR  2. The composition according to claim 1 which also possesses increased
      flexibility, comprising 0.05 to 1 part by weight of rhombohedral iron
      sesquioxide per 100 parts of polyvinylidene fluoride.
NUM  3.
PAR  3. The compositions according to claim 1 which also possesses increased
      rigidity, comprising 1 to 6 parts by weight of rhombohedral iron
      sesquioxide per 100 parts of polyvinylidene fluoride.
NUM  4.
PAR  4. The composition according to claim 1 which also shows greater adhesion
      and which can be used for coating metal surfaces, comprising 0.3 to 6
      parts by weight of rhombohedral iron sesquioxide per 100 parts of
      polyvinylidene fluoride.
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ABST
PAL  Dialkylaminomethylphenols such as 2,4,6-tris (dimethylaminomethyl) phenol
      are added, preferably along with another phenolic antioxidant prior to
      exposure to oxidative conditions, to a stereoregular polymer, a major
      portion of said polymer consisting of segmeric units derived from
      conjugated diolefin monomers, said polymer containing transition metal
      catalysts, to help prevent oxidative degradation of the polymer.
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      356,693 filed May 2, 1973, now abandoned.
BSUM
PAR  This invention relates to catalyst deactivators for synthetic elastomers.
      More particularly, it relates to the addition of dialkylaminomethylphenols
      to stereoregular polymers prepared using transition metal containing
      catalysts.
PAR  Stereospecific polymerizations are well known in the art. They often are
      used to produce stereoregular polymers from systems containing conjugated
      diolefins such as 1,3-butadiene and isoprene, alone or with other
      comonomers. Organometallic catalysts of the Ziegler and Natta types are
      typical of the polymerization catalysts used. Some of these metallic
      catalysts, when they remain as residues in the finished polymer, cause
      severe stabilization problems, i.e., tend to accelerate the oxidative
      degradation of the polymer. Those skilled in the art are constantly
      searching for deactivators which will prevent these metallic catalyst
      residues from causing severe oxidative degradation and to do so without
      causing severe discoloration.
PAR  It is an object of the present invention to provide a new class of metallic
      catalyst deactivators. It is also an object of the present invention to
      provide a process for preventing the oxidative degradation of
      stereoregular polymers prepared using transition metal containing
      catalysts and containing a major amount of segmeric units derived from
      conjugated diolefinic monomers. Other objects will become apparent as the
      description proceeds.
PAR  These objects are accomplished by incorporating a dialkylaminomethylphenol
      into a stereoregular polymer prepared from a transition metal containing
      catalyst prior to exposure of the polymer to substantial oxidative
      degradation conditions.
PAR  These dialkylaminomethylphenols (DAAMP) have the following structural
      formula:
      ##SPC1##
PAL  Wherein R.sup.2 and R.sup.3 are selected from the group consisting of alkyl
      radicals having 1 to 4 carbon atoms (preferably methyl), hydroxy alkyl
      radicals having 2 to 4 carbon atoms (preferably 2), or wherein R.sup.2 and
      R.sup.3 can be joined through a member of the group consisting of
      --CH.sub.2 -- and --O-- to constitute with the attached nitrogen atom a
      heterocyclic radical (preferably piperidino or morpholino), wherein R and
      R.sup.1 are selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 8 carbon atoms and even alkyl radicals having 9 to 12
      carbon atoms, wherein n is an integer from 1 to 3 and wherein the total
      number of substituents on the phenolic ring in addition to the hydroxy
      group is from 1 to 5 with the proviso that when the phenolic ring contains
      4 or 5 substituents the radicals --(CH.sub.2 NR.sup.2 R.sup.3)n are in
      ortho or para positions.
PAR  Preferably n is 2 or 3. Preferably the dialkylaminomethyl groups occupy at
      least one position ortho to the hydroxyl group, most preferably both ortho
      positions. The total number of substituents on the ring is preferably
      three.
PAR  This class of phenolic compounds is illustrated by the following list of
      compounds.
PA1  2,4,6-tris(dimethylaminomethyl) phenol
PA1  2,6-bis(dimethylaminomethyl)-p-cresol
PA1  2,4,6-tris(dimethylaminomethyl)-m-cresol
PA1  2,6-bis(dimethylaminomethyl)-4-tert.butylphenol
PA1  2,6-dipiperidinomethyl-p-cresol
PA1  2-piperidinomethyl-6-tert.butyl-p-cresol
PA1  2,6-dimorpholinomethyl-p-cresol
PA1  2,6-bis(dimethylaminomethyl)-4-(1,1,-dimethylbutyl)phenol
PA1  2,6-ditert.butyl-4-dimethylaminomethylphenol
PA1  2,4-bis(dimethylaminomethyl)-6-tert.butylphenol
PA1  2,6-bis(di n butylaminomethyl)-p-cresol
PA1  2,4,6-tris(diethylaminomethyl)-phenol
PA1  2,6-ditert.butyl-4-piperidinomethylphenol
PA1  2-dimethylaminomethyl-6-tert.butyl-p-cresol
PA1  2,4-bis(dimethylaminomethyl)-6-tert.butyl-m-cresol
PA1  2,4,6-tris[bis(2-hydroxyethyl)aminomethyl] phenol
PA1  2,6-bis[bis(2-hydroxyethyl)aminomethyl]-p-cresol
PA1  2,4,6-tris(dimethylaminomethyl)3,5-xylenol
PA1  2,6-bis(diethylaminomethyl)-4-tert.butylphenol
PA1  2,6-bis(dimethylaminomethyl)-4-isopropylphenol
PAR  The phenolic deactivators can be prepared in the following general manner
      which is illustrative, but not limiting.
PAR  A solution of a phenol, a secondary amine and formaldehyde is heated under
      reflux for from 1 to 5 hours. The amine and formaldehyde are used in an
      amount ranging from 1 to 1.5 moles for each free ortho or para position
      per mole of phenol. Formaldehyde is most conveniently used in the form of
      formalin, a 37 percent aqueous solution. If the phenol and/or the amine
      are not water soluble, a water miscible solvent such as ethanol may be
      added in an amount sufficient to make the reaction mixture homogeneous. At
      the end of the heating period, the reaction mixture is allowed to cool and
      the product is separated by the most convenient method, e.g., filtration,
      distillation, extraction, etc.
PAR  Stereoregular polymers prepared from conjugated diolefinic monomers, with
      or without minor amounts of olefinic hydrocarbons, are commonly prepared
      at low pressures and at moderate temperatures employing transition metal
      containing catalysts such as those formed by the interaction of
      organometallic compounds, such as tralkylaluminum compounds and transition
      metal compounds such as titanium tetrahalides (e.g., see U.S. Pat. No.
      3,047,559 and Belgian Pat. No. 551,851). The term "transition metal"
      refers to transition element. The transition elements are those elements
      which have partly filled d and f shells in their normal state or in any of
      their commonly occurring oxidation states. All of the transition elements
      are metals.
PAR  U.S. Pats. Nos. 3,170,907 and 3,471,462 describe methods involving the use
      of a nickel catalyst to prepare stereoregular polymers. U.S. Pat. No.
      3,094,514 describes the preparation of stereoregular polymers using a
      cobalt catalyst system. Cerium catalysts also can be used, as described in
      Kautschuk und Gummi Kunststoffe, 29, 293(1969).
PAR  Stereoregular polymers are produced commercially in large quantities from
      monomers such as butadiene and isoprene, using transition metal containing
      catalysts to produce such representative polymers as exemplified by high
      cis-1,4,-polybutadiene and cis-1,4-polyisoprene. A stereoregular polymer
      normally contains a predominantly large portion of some particular
      structure such as greater than 85 percent cis-1,4-polybutadiene, or at
      least 90 percent cis-1,4-polyisoprene. Stereoregular polymers containing
      approximately equal amounts of two types of structure, such as alternating
      units of cis-1,4- and trans-1,4-polybutadiene or 1,2- and 3,4-polyisoprene
      may be prepared by certain transition metal containing complex catalysts
      [see Journal of Polymer Science, C, 22, 221, (1968) and Journal of Polymer
      Science, B, 6, 299 (1968)]. The transition metal catalyst residues may be
      chelated and deactivated by the addition of one or more of the
      dialkylaminomethyl phenols which are the subject of this invention.
PAR  Cis-1,4-polyisoprene rubber may conveniently be produced in accordance with
      the procedures described in the following references, although these
      procedures are not intended to be limiting.
PAR  1. "Synthetic Natural Rubbers from Isoprene" Rubber and Plastic Age Vol. 39
      No. 11 Page 938 (1958) by Mayor, Saltman and Pierson
PAR  2. "Cis-1,4-Polyisoprene prepared with Alkyl Aluminum and Titanium
      Tetrachloride" Industrial and Engineering Chemistry, Vol. 50, Pages
      1507-1510 (1958) by Adams, Stearns, Smith and Binder
PAR  Cis-1,4-polybutadiene rubbers may conveniently be produced in accordance
      with the procedures described in the following references, although these
      procedures are not intended to be limiting.
PAR  1. "New Controlled-Structure Polymer of Butadiene" Rubber and Plastic Age,
      March 1961 Pages 276-282 by W. W. Crouch
PAR  2. "1,4-Cis-Polybutadiene" Gummi und Asbest Vol. 13, page 1026 (1960)
PAR  Not all stereoregular polymers will benefit by the practice of the present
      invention (e.g., polybutadiene prepared with a lithium catalyst). Only
      those containing the residue of a transition metal catalyst will benefit.
PAR  Preferably a hindered monohydric phenolic antioxidant or hindered
      bisphenolic antioxidant is added along with the DAAMP. Although all of the
      DAAMP compounds are metal deactivators, many are not very effective as
      antioxidants.
PAR  The phenolic stabilizers are well known as effective stabilizers for
      natural and conventional synthetic rubbers. Hindered phenolic antioxidants
      are those that have a bulky secondary or tertiary alkyl group attached to
      the phenolic ring in at least one of the positions ortho to the hydroxy
      group.
PAR  Illustrative phenolic antioxidants are shown in the du Pont bulletin
      entitled, "Antioxidants and Antiozonants" at pages 12-21. The level of
      phenolic antioxidant can vary, but normally is added in the amount of 0.1
      to 10 parts by weight per 100 parts by weight of polymer. A preferred
      range is from 0.5 to 1.5 parts by weight. Typical of the hindered
      monohydric phenolic antioxidants are the 2,6-dialkylated para cresols,
      such as 2,6-ditert.butyl-p-cresol. Typical of the hindered bisphenolic
      antioxidants is 2,2'-methylene bis(4-methyl-6-tert.butyl phenol).
PAR  If either the phenolic antioxidant or DAAMP compound is omitted, the
      resistance of the resulting polymer to oxidative degradation will be
      lowered.
PAR  The DAAMP compound (or mixtures thereof) and the phenolic antioxidant (or
      mixtures thereof) should be added to the polymer solution (stereospecific
      polymerizations normally being carried out in an inert organic solvent
      such as hexane) preferably as soon as the polymerization reaction is
      completed and necessarily before the polymer solution is exposed to air or
      subjected to any heating or drying operations. The DAAMP and the phenolic
      compound may be added to the polymer solution in the form of a previously
      prepared mixture or they may be added to the polymer solution separately.
      A preferred method, from a performance point of view, for incorporating
      these materials into the synthetic polymers is to first introduce the
      metal deactivator to the dilute polymer cement and then after a brief time
      lag to introduce the antioxidant to the dilute polymer cement, both
      additions being accomplished before the polymer is subjected to any
      conditions that will cause it to deteriorate such as exposure to air,
      heating or drying.
PAR  The level of the DAAMP compound will vary depending upon the amount of
      catalyst used in preparing the polymer. The amount of DAAMP is normally
      from one mole to five moles per mole of transition metal in the catalyst.
PAR  The stabilized polymers may be used according to any of their standard
      uses, e.g., the high cis rubbery polybutadiene and polyisoprene polymers
      may be used in the manufacture of automobile tires.
DETD
PAR  The following examples are intended to illustrate but not to limit the
      practice of the present invention as well as to demonstrate the
      superiority of the DAAMP over related compounds. Unless indicated
      otherwise, all parts are parts by weight.
PAR  Examples 1 to 3 reveal the preparation of three representative compounds of
      the present invention.
PAC  EXAMPLE 1
PAC  2,4,6-tris(dimethylaminomethyl)phenol
PAR  A mixture of 94 grams of phenol, 450 grams of 40 percent dimethylamine
      solution and 270 grams of water is cooled to 25.degree. C. and 284 grams
      of 37 percent formaldehyde solution is added in 20 minutes at
      25.degree.-30.degree. C. The mixture is stirred for 11/2 hours at
      25.degree.-30.degree. C. and then heated at 90.degree.-95.degree. C. for 2
      hours. One hundred eighty grams of sodium chloride are added and the
      mixture is stirred for 20 minutes. The layers are then separated. The
      organic (upper) layer is distilled under vacuum to a pot temperature of
      150.degree. C./20 mm. The pale yellow oily residue weighs 208 grams (82.2
      percent yield).
PAC  EXAMPLE 2
PAC  2-piperidinomethyl-6-tert.butyl-p-cresol
PAR  A solution of 164 grams of 2-t.butyl-p-cresol in 200 ml. of ethanol is
      added at 25.degree. C. to a solution containing 84 grams of 37 percent
      formaldehyde, 102 grams of piperidine and 300 ml. of ethanol. The mixture
      is heated at reflux for 5 hours and is then cooled to room temperature.
      The material which precipitates on cooling is filtered off and dried. The
      yield of white crystalline solid (m.p. 82.degree.-84.degree. C.) is 247
      grams (94.5 percent of theory).
PAC  EXAMPLE 3
PAC  2,6-bis(dimethylaminomethyl)-4-t.butylphenol
PAR  A solution of 37.5 grams of p-t.butylphenol in 100 ml. of ethanol is added
      at room temperature to a mixture of 47 grams of 37 percent formalin and 70
      grams of 40 percent dimethylamine solution. The mixture is heated at
      reflux for 3 hours, is then cooled and the layers are separated. The
      organic layer is distilled under vacuum to a pot temperature of
      100.degree. C./15 mm. The residue, which crystallizes on cooling to a
      white solid (m.p. 38.degree.-40.degree. C.), weighs 63 grams (95 percent
      of theory).
PAR  Isoprene was polymerized in 4-ounce bottles in pentane solution using a
      triisobutyl aluminum-titanium tetrachloride catalyst. To each freshly
      prepared solution of cis-1,4-polyisoprene (before exposure to air) were
      added one of the compounds of the present invention and one part of the
      antioxidant, 2,6-ditert.hexyl-p-cresol. Both deactivator and antioxidant
      were added in the form of benzene solutions with the deactivator being
      added first. Each benzene-pentane solution was mixed thoroughly and the
      solvents then evaporated to form a film. The amount of oxygen absorbed by
      the resulting films at 90.degree. C. was measured. The results are listed
      in Table I.
TBL                Table I                                                     

     ______________________________________                                    

                             Hours to 1%                                       

                             Oxygen Absorbed                                   

     Compound                at 90.degree.C.                                   

     ______________________________________                                    

     2,4,6-tris(dimethylaminomethyl) phenol                                    

                             420/0.3%                                          

     mixture of 2,6-bis(dimethylaminomethyl)-                                  

     p-cresol and 2,4,6-tris(dimethyl-                                         

     aminomethyl)-m-cresol   475/0.3%                                          

     2-piperidinomethyl-6-tert-                                                

     butyl-p-cresol          695                                               

     2,6-bis(dimethylaminomethyl)-4-tert-                                      

     butylphenol             648                                               

     2,4,6-tris[bis(2-hydroxyethyl)amino-                                      

     methyl] phenol          420                                               

     2,6-ditert.butyl-4-piperidinomethyl                                       

     phenol                  363                                               

     2,6-ditert.butyl-4-dimethylaminomethyl                                    

     phenol                  350                                               

     2,4,6-trimorpholinomethylphenol                                           

                             272                                               

     ______________________________________                                    

PAR  No control without additive was run because such a sample contains so much
      gel that a satisfactory film can not be formed.
      2-Dimethylaminomethyl-6-tert.butyl-p-cresol and
      2,4-bis(dimethylaminomethyl)-6-tert.butylphenol also were tested in a
      manner similar to that above and acted as deactivators.
PAR  The present invention is not limited to the previously recited examples.
      Any of the deactivators previously described herein could be used in any
      previously recited working examples as well as the one recited below.
      Likewise, different polymers, as described herein, could be prepared using
      different catalysts described herein and effective deactivation would
      result.
PAR  2,6-Bis(dimethylaminomethyl)-4-tert.nonyl phenol was prepared by heating a
      mixture of 675 grams of formalin (37 percent aqueous formaldehyde), 1,050
      grams of a 40 percent aqueous solution of dimethylamine, 825 grams of
      4-tert.nonly phenol and 1,750 milliliters of ethanol at reflux for 7
      hours. The mixture was allowed to cool and the layers were separated.
      Solvent was removed from the organic layer under vacuum leaving 1,233
      grams of product.
PAR  The above compound was evaluated by adding it in the form of a benzene
      solution to samples of a cement of cis-1,4 polyisoprene. The concentration
      of phenolic antioxidant to cis-1,4 polyisoprene was one part by weight per
      100 parts by weight of polyisoprene. 2,6-Ditert.butyl-pcresol was then
      added in the amount of one part per 100  parts by weight of polyisoprene.
      After mixing thoroughly, the cement was poured into aluminum trays and
      allowed to evaporate. The resulting film was tested in an oxygen
      absorption unit at 90.degree. C. The sample absorbed 1 percent oxygen in
      878 hours thus indicating that it was effectively stabilized.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of preventing the oxidative degradation of elastomeric
      stereoregular polymers, a major portion of said polymer consisting of
      segmeric units derived from conjugated diolefinic monomers, said polymers
      containing transition metal catalyst residues, comprising adding a
      dialkylaminomethylphenol to the stereoregular polymer prior to exposure of
      the polymer to substantial oxidative degradation conditions, the
      dialkylaminomethylphenols having the following structural formula
      ##SPC2##
PAL  wherein R and R.sup.1 are selected from the group consisting of hydrogen
      and alkyl radicals having 1 to 12 carbon atoms, wherein n is an integer
      from 1 to 3, wherein, when n is 1, R.sup.2 and R.sup.3 are joined through
      a member of the group consisting of --CH.sub.2 -- and -- O -- to
      constitute with the attached nitrogen atom a heterocyclic radical and
      wherein, when n is 2 or 3, R.sup.2 and R.sup.3 are selected from the group
      consisting of alkyl radicals having 1 to 4 carbon atoms, hydroxy alkyl
      radicals having 2 to 4 carbon atoms or can be joined through a member of
      the group consisting of --CH.sub.2 -- and -- O-- to constitute with the
      attached nitrogen atom a heterocyclic radical and wherein the total number
      of substituents on the phenolic ring in addition to the hydroxy group is
      from 1 to 5, with the proviso that when the phenolic ring contains 4 or 5
      substituents the radicals --(CH.sub.2 NR.sup.2 R.sup.3).sub.n are in ortho
      or para positions.
NUM  2.
PAR  2. The process of claim 1 wherein in addition to the
      dialkylaminomethylphenol another phenolic compound selected from the group
      consisting of hindered monohydric phenolic antioxidants and hindered
      bisphenolic antioxidants is also added to the stereoregular polymer prior
      to exposure of the polymer to substantial oxidative degradation
      conditions.
NUM  3.
PAR  3. The process according to claim 2 wherein R.sup.2 and R.sup.3 are
      selected from the group consisting of methyl radicals and hydroxy alkyl
      radicals having two carbon atoms or are joined to constitute with the
      attached nitrogen atom a piperidino or morpholino ring, wherein R and
      R.sup.1 are selected from the group consisting of hydrogen and alkyl
      radicals having 1 to 4 carbon atoms, wherein n is an integer from 2 to 3,
      wherein the dialkylaminomethyl groups occupy at least one position ortho
      to the hydroxyl group and the total number of substituents on the phenolic
      ring is 3.
NUM  4.
PAR  4. The process according to claim 3 where dialkylaminomethyl groups occupy
      both ortho positions.
NUM  5.
PAR  5. The process according to claim 2 wherein the dialkylaminomethyl phenol
      is selected from the group consisting of 2,4,6-tris(dimethylaminomethyl)
      phenol and 2,6-bis(dimethylaminomethyl)-4-tert.butylphenol.
NUM  6.
PAR  6. The process according to claim 2 wherein the stereoregular polymer is
      selected from the group consisting of cis-1,4-polybutadiene and high
      cis-1,4-polyisoprene.
NUM  7.
PAR  7. The process according to claim 1 wherein R is hydrogen and R.sup.1 is a
      tertiary nonyl radical.
NUM  8.
PAR  8. The process according to claim 1 wherein the dialkylaminomethylphenol is
      2,6-bis(dimethylaminomethyl)-4-tert.nonyl phenol.
NUM  9.
PAR  9. The process according to claim 1 wherein R and R.sup.1 are selected from
      the group consisting of hydrogen and alkyl radicals having 9 carbon atoms.
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PAL  Suitable compounds for stabilizing polyamides against oxidation and thermal
      degradation are bis-ureas and bis(acid amides) based on
      2,6-di-t-butylphenol-butylamine said compounds having the general formula:
      ##SPC1##
PAL  Wherein Y represents the urea or amide radical.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of our copending application Ser. No.
      444,414, filed Feb. 21, 1974.
BSUM
PAR  This invention relates to a process for stabilizing polyamides against
      oxidation and thermal degradation.
PAR  It is known to stabilize polyamides against the action of heat and air by
      adding, say, phosphites, complex copper/alkali metal halide compositions,
      phenolic compounds or aromatic amines.
PAR  None of these stabilizers gives perfectly satisfactory results when
      incorporated in polyamides.
PAR  For example, copper salt/halide system lose their stabilizing activity
      completely in the presence of certain pigments such as cadmium pigments or
      SACHTOLITH (registered trade mark). Other stabilizers, for example the
      p-phenylene diamine derivatives cause discoloration and are
      physiologically unsatisfactory. Stabilizers based on kryptophenol are
      either too volatile for incorporation into the polyamide melt, as in the
      case of 2.6-di-t-butylphenol for example, or they become discolored, as in
      the case of 2,2'-methylene-bis-(4-methyl-6-t-butylphenol) for example, or
      they have an inadequate stabilizing action, as for example 1,3,5
      -trimethyl-2,4,6-tri-(3',5'-di-t-butyl-4'-hydroxybenzyl)-benzene and the
      .beta.-(3,5,-di-t-butyl-4-hydroxyphenyl)-propionate of pentaerythritol.
PAR  We have now found that, surprisingly, an improvement in the stabilizing
      action is achieved, without discoloration of the polyamide matrix,
      particularly in the presence of pigments, if the stabilizers used are
      compounds of the general formula
      ##SPC2##
PAR  In the formula, the symbol Y has the following meanings:
      ##EQU1##
      is a residual radical derived from aliphatic, aromatic or
      aromatic-aliphatic diisocyanates and
      ##EQU2##
      is the acyl radical of an aliphatic or aromatic dicarboxylic acid.
PAR  Depending on the meanings of the radical Y, the compounds to be used in the
      present invention may be divided into the following groups:
      ##SPC3##
PAR  Specific examples of the various compounds suitable for stabilizing
      polyamides according to the present invention are:
      ##SPC4##
      ##SPC5##
PAR  The compounds to be used in the invention are derived from
      2,6-di-t-butylphenyl-butylamine,
PAR  The compounds to be used in the present invention may be prepared by
      methods known in the art to which no claim is made herein, for example
      according to the following scheme:
      ##SPC6##
      ##SPC7##
PAL  Bis(acid amides) VI
PAL  bis-ureas V
PAR  The amount of stabilizer used is usually from 0.01 to 2% and preferably
      from 0.1 to 1%, by weight of solid polymer. The stabilizer may be added to
      the polyamide-forming monomers prior to polymerization or to the mixture
      during polymerization, or they may be incorporated into the finished
      polyamide after polymerization. Suitable processes are those usually
      employed for this purpose, as described for example in
      Kunststoff-Handbuch, Vol. VI, Polyamide, Edited by R. Vieweg and A.
      Muller, published by Karl Hanser Verlag, Munich, 1966. The stabilizing
      action extends over all polyamides and copolyamides and polyamide mixtures
      produced from the well-known polyamide-forming compounds such as lactams,
      diamines and dicarboxylic acids and aminocarboxylic acids. Examples of
      polyamide-forming lactams are pyrrolidone, caprolactam, capryllactam,
      enantholactam, aminoundecanolactam and lauroyllactam, which may be
      polymerized by cationic mechanisms either alone or in admixture with each
      other. Polycondensates of diamines and dicarboxylic acids are for example
      those producible from aliphatic dicarboxylic acids of from 4 to 18 carbon
      atoms and diamines of from 4 to 18 carbon atoms, particularly nylon 6,6
      and nylon 6,10. There are obtained polyamides which are free from
      discoloration and which show greatly improved stability of their
      properties over the use of conventional phenolic stabilizers even when
      subjected to high thermal stresses and strong oxidizing attacks. The
      stabilizing action applies both to polyamides intended for the manufacture
      of shaped articles and to those intended for the preparation of fibers and
      filaments. The stabilizers of the invention are particularly suitable for
      use in colored polyamides, since the color values are not impaired
      thereby. This is particularly applicable to polyamides containing
      pigments. It is of no detriment when the polyamides also contain
      conventional fillers, e.g. glass fibers, other polymers, lubricants,
      crystallization accelerators and other conventional additives and other
      stabilizers.
DETD
PAR  The following Examples illustrate the above method of polyamide
      stabilization and the activity of the stabilizers used. The parts are by
      weight. The percentages are by weight, based on the polymer product
      stabilized. The characteristic mechanical property taken as a measure of
      the aging properties (thermal resistance) was the perforated notched
      impact resistance, which was measured on standard specimens according to
      German Standard DIN 53,453. A hole having a diameter of 3 mm was drilled
      in the center of the said specimens measuring 4 .times. 6 .times. 50 mm
      and the specimens were stored in air for 30 days at 140.degree.C. Tests
      were carried out after 3, 10, 20 and 30 days, each test consisting of the
      determination of the perforated notched impact resistance on ten
      specimens, as described in "Kunststoffe" 57 (1967), pp. 825 to 828.
PAC  EXAMPLE 1
PAR  200 parts of polycaprolactam granules having a K value of 72 (1% in conc.
      sulfuric acid) are mechanically mixed with 1 part of the stabilizer
      compound listed in Table 1, and the mixture is melted in a twin-shaft
      kneader at 270.degree.C and extruded, the residence time of the mixture in
      the kneader being 5 minutes. The extrudate is granulated, dried and
      converted to standard specimens according to DIN 53,453 by injection
      molding. The molecular weight corresponds to that of the starting
      polycaprolactam within the limits of error. The color of the specimens was
      assessed visually and the perforated notched impact resistance was
      determined. The results are listed in Table 1 below.
PAC  EXAMPLE 2
PAR  Example 1 is repeated using 200 parts of polycaprolactam granules having a
      K value of 72 and 1 part each of the stabilizer compound and pigment
      listed in Table 2 below. The results are listed in Table 2.
PAC  EXAMPLE 3
PAR  Example 2 is repeated using 200 parts of polyhexamethylene adipamide
      granules having a K value of 72 (1% w/w in conc. H.sub.2 SO.sub.4) in
      place of polycaprolactam granules. The results are listed in Table 3
      below.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Stabilizer                         Color Impact resistance (notched,      

                                              perforated) (cmkg/cm.sup.2)      

                                              after                            

                                              O   3   10  20  30               

     __________________________________________________________________________

                                                              days             

     none                               colorless                              

                                              60  1.9 1.0 0.9 0.9              

     CH.sub.3                                                                  

     .vertline.                         as starting                            

     CH.sub.2 --CH.sub.2 --CH--NH--C--(CH.sub.2).sub.14 --CH.sub.3             

                                        polyamide                              

                                              61.5                             

                                                  43.7                         

                                                      30.8                     

                                                          8.5 1.8              

     .parallel.                                                                

     C--NH--CH--CH.sub.2 --CH.sub.2     "     73.7                             

                                                  74.0                         

                                                      30.0                     

                                                          2.7 1.8              

     .parallel..vertline.                                                      

     OCH.sub.3                                                                 

     CH.sub.2 --CH.sub.2 --CH--O--C--(CH.sub.2).sub.14 --CH.sub.3              

                                        "     60.1                             

                                                  40.8                         

                                                      28.8                     

                                                          6.0 1.5              

     .vertline..parallel.                                                      

     CH.sub.3 O                                                                

     O                                                                         

     .parallel.                                                                

     CH.sub.2 --CH.sub.2 --CH--NH--C--NH--(CH.sub.2).sub.6 --                  

                                        "     65.0                             

                                                  55.0                         

                                                      45.9                     

                                                          14.3                 

                                                              3.0              

     .vertline.                                                                

     CH.sub.3                                                                  

     2                                                                         

     O                                                                         

      .parallel.                                                               

     CH.sub.2 NH--C--NH--CH--CH.sub.2 --CH.sub.2                               

                                        "     60.3                             

                                                  40.1                         

                                                      20.0                     

                                                          8.5 1.8              

     .vertline.                                                                

     CH.sub.3                                                                  

     OCH.sub.3                                                                 

     .parallel..vertline.                                                      

     NH--C--NH--CH--CH.sub.2 --CH.sub.2                                        

     NH--C--NH--CH--CH.sub.2 --CH.sub.2                                        

     .parallel..vertline.                                                      

     OCH.sub.3                                                                 

                                        as starting                            

                                              86.6                             

                                                  69.0                         

                                                      47.1                     

                                                          13.8                 

                                                              3.0              

                                        polyamide                              

     NH--CO--NH--CH--CH.sub.2 --CH.sub.2                                       

     .vertline.                                                                

     CH.sub.3                                                                  

     OO                                                                        

     .parallel..parallel.                                                      

     CH.sub.2 --CH.sub.2 --CH--NH--CC--NH--CH--CH.sub.2                        

                                        "     60.0                             

                                                  55.0                         

                                                      20.8                     

                                                          6.5 0.8              

     .vertline..vertline.                                                      

     CH.sub.3 CH.sub.3                                                         

     OO                                                                        

     .parallel..parallel.                                                      

     CH.sub.2 --CH.sub.2 --CH--NH--C--(CH.sub.2).sub.8 --C--NH--CH--CH.sub.3   

                                        "     61.6                             

                                                  56.0                         

                                                      43.8                     

                                                          12.0                 

                                                              2.0              

     .vertline..vertline.                                                      

     CH.sub.3 CH.sub.2                                                         

     .vertline.                                                                

     CH.sub.2                                                                  

     __________________________________________________________________________

TBL                                    table 2                                 

     __________________________________________________________________________

     stabilization of pigmented nylon 6 (Example 2)                            

     Stabilizer                    Pigment                                     

                                          Color Impact resistance (notched,    

                                                perforated) (cmkg/cm.sup.2)    

                                                after                          

                                                0  3   10  20  30              

     __________________________________________________________________________

                                                               days            

     .parallel.                                                                

     CH.sub.2 --CH.sub.2 --CH--NH--C--NH--(CH.sub.2).sub.6 --                  

                                   Cadmium                                     

                                          lemon 71.2                           

                                                   64.2                        

                                                       58.8                    

                                                           16.0                

                                                               2.6             

     .vertline.                    yellow 6 GN                                 

                                          yellow                               

     CH.sub.3                                                                  

     2                                                                         

     "                             Cadmium                                     

                                          cherry red                           

                                                68.0                           

                                                   53.5                        

                                                       45.8                    

                                                           10.3                

                                                               1.8             

                                   red BBS                                     

     Cu complex of ethanolamine diacetic                                       

                                   Cadmium                                     

                                          dirty 46.6                           

                                                   1.8 1.1 0.9 0.8             

     acid + KBr                    yellow 6 GN                                 

                                          yellow                               

     "                             Cadmium red                                 

                                          dark red                             

                                                20.2                           

                                                   3.4 1.1 0.9 0.9             

                                   BBS                                         

     __________________________________________________________________________

TBL                                    table 3                                 

     __________________________________________________________________________

     stabilization of nylon 6.6 (Example 3)                                    

     Stabilizer                    Pigment                                     

                                         Color Impact resistance (notched,     

                                               perforated) (cmkg/cm.sup.2)     

                                               after                           

                                               0   3   10  20  30              

     __________________________________________________________________________

                                                               days            

     none                          none  pale  68.0                            

                                                   2.2 1.0 0.8 0.8             

     .angle.                                                                   

     .parallel.                                                                

     CH.sub.2 --CH.sub.2 --CH--NH--C--NH--(CH.sub.2).sub.6 --                  

                                   none  as starting                           

     .vertline.                                                                

     CH.sub.3 2                          polyamide                             

                                               67  55  40  10.3                

                                                               4.5             

     Cu complex of ethanolamine diacetic acid + KBr                            

                                   Sachtolith                                  

                                         pale  67.0                            

                                                   52.3                        

                                                       38.5                    

                                                           9.8 2.0             

                                   HD                                          

                                   none  slithtly                              

                                         darker than                           

                                               62  50  48  30  15              

                                         starting                              

                                         polyamide                             

     "                             Sachtolith                                  

                                         pale gray                             

                                               26.2                            

                                                   1.7 0.9 0.8 0.8             

                                   HD                                          

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for stabilizing polyamides against oxidation and thermal
      degradation, which comprises adding thereto a stabilizing compound of the
      formula:
      ##SPC8##
PA0  in which Y denotes
      ##EQU3##
      where R.sup.2 is a radical derived from aliphatic, aromatic or
      aromatic/aliphatic diisocyanates and
      ##EQU4##
      is the diacyl radical of an aliphatic or aromatic dicarboxylic acid.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the stabilizer compound is used
      in amounts of from 0.01 to 2% by weight of the polyamide.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein said amount is in the range of
      0.1 to 1%.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said stabilizing compound is a
      bis-urea of the formula
      ##SPC9##
PAL  wherein R.sup.2 denotes an alkylene group,
      ##SPC10##
NUM  5.
PAR  5. A process as claimed in claim 1 wherein R.sup.2 denotes an alkylene
      group,
      ##SPC11##
PAL  and in which R.sup.3 denotes an alkylene group or a phenylene group or
      ##EQU5##
NUM  6.
PAR  6. A process as claimed in claim 1 wherein said polyamide is a polylactam
      of pyrrolidone, caprolactam, capryllactam, enantholactam,
      aminoundecanolactam, lauroyllactam or mixtures therof.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein said polyamide is a polyamide
      polycondensate of an aliphatic dicarboxylic acid of 4 to 18 carbon atoms
      and a diamine of 4 to 18 carbon atoms.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein said polyamide is nylon-6,6 or
      nylon-6,10.
NUM  9.
PAR  9. A process for stabilizing polyamides against oxidation and thermal
      degradation, which comprises adding thereto a stabilizing compound of the
      formula:
      ##SPC12##
PAL  in which R.sup.3 denotes an alkylene group or a phenylene group or
      ##EQU6##
NUM  10.
PAR  10. A process as claimed in claim 9, wherein the stabilizer compound is
      used in amounts of from 0.01 to 2% by weight of the polyamide.
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ABST
PAL  New flame retardant materials are disclosed having applied thereto
      compounds of the formula:
      ##SPC1##
PAL  Wherein R is selected from the group consisting of phenyl, lower alkenyl
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms,
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, n is greater than 0.
PARN
PAR  This is a division of application Ser. No. 393,868, filed Sept. 4, l973 now
      U.S. Pat. No. 3,895,161, issued July 15, 1975 which in turn is a division
      of Ser. No. 239,784 filed Mar. 30, l972, now U.S. Pat. No. 3,803,269
      issued Apr. 9, l974.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to novel compounds of the formula
      ##SPC2##
PAL  Wherein R is selected from the group consisting of phenyl, lower alkenyl,
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms,
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, X is greater than 0. The invention includes methods of applying
      the above novel compounds to normally flammable textiles, thermoplastic,
      thermosetting, and elastomeric resin compositions so as to render them
      flame retardant.
PAC  BACKGROUND OF THE INVENTION
PAR  Many flame retarding agents and methods of application have been developed
      in attempts to obtain flame resistant textile materials and thermoplastic,
      thermosetting, and elastomeric resin compositions.
PAR  Flame retardant textiles have been produced by depositing metal oxides,
      within or on the textile fibers, by the successive precipitation of ferric
      oxides and a mixture of tungstic acid and stannic oxide or by successive
      deposition of antimony trioxide and titanium dioxide. Such posprocesses
      require plural treatment baths in which strongly acidic solutions are
      employed thus posing the problem of possible textile degradation.
      Furthermore, metal oxide coatings on textile materials create difficulties
      in subsequent dyeing processes which deleteriously affect the hand of the
      finished product. Another process involves the use of a single processing
      bath wherein a dispersion of a chlorinated hydrocarbon and finely divided
      antimony oxide is padded on the textile material. Near the textile
      combustion temperature antimony oxide will react with hydrogen chloride,
      generated by degradation of the chlorinated hydrocarbon, to form antimony
      oxychloride which acts to suppress flame. This combination of a
      chlorinated hydrocarbon and finely divided antimony oxide are not
      acceptable finishes for closely woven textiles as they deleteriously
      affect the hand of the finished product. A further process for imparting
      flame resistance to cellulosic materials is by the esterification of the
      cellulose with diammonium hydrogen orthophosphate. Textile products so
      treated however are subjected to metathesis reaction with cations during
      washing, and must be regenerated by reacting the wash product with an
      ammonium chloride solution.
PAR  The production of thermoplastic, thermosetting, and elastomeric resin
      compositions which are flame retardant is of considerable commercial
      importance. For example, such articles as castings, moldings, foamed or
      laminated structures and the like are required, or are at least desired,
      to be resistant to fire and flame and to possess the ability to endure
      heat without deterioration. The use of various materials incorporated into
      thermoplastic, thermosetting and elastomeric resins so as to improve the
      flame retardancy thereof has been known. Many compounds have been
      commercially available for such use, among them being chlorostyrene
      copolymers, chlorinated paraffin wax in admixture with triphenyl styrene,
      chlorinated paraffins and aliphatic antimonical compounds, as well as
      antimony oxide-chlorinated hydrocarbon mixtures. A problem associated with
      these compounds has been however, the fact that generally a large amount,
      i.e., upwards of 35% of additive, must be incorporated into the resin in
      order to make it sufficiently flame retardant. Such large amounts of
      additive may deleteriously affect the physical characteristics of the
      thermoplastic resin, as well as substantially complicating and increasing
      the cost of preparation thereof. A further problem is that these prior art
      additives tend to crystallize or oil out of the resin after a relatively
      short time of incorporation. The present invention relates to a group of
      compounds which may be added to thermoplastic resins in relatively small
      amounts and still produce satisfactory flame retardant compositions which
      will not crystallize nor oil out of the resin after incorporation therein.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, a principal object of this invention to provide novel
      compounds of the formula:
      ##SPC3##
PAL  wherein R is selected from the group consisting of phenyl, lower alkenyl
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms.
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, n is greater than 0.
PAR  It is also an object of this invention to provide flame retarding textile
      materials comprising normally flammable cellulosic, proteinaceous or
      analogous man-made materials. Another object is to provide a method for
      treating normally flammable cellulosic, proteinaceous or analogous
      man-made materials to render them flame retardant. Another object is to
      provide flame retarding thermoplastic, thermosetting or elastomeric resin
      compositions comprising normally flammable resin materials. A further
      object is to provide process for heating normally flammable thermoplastic,
      thermosetting or elastomeric resin compositions to render them flame
      retardant. A particular object is to devise a composition comprising
      normally flammable cellulosic, proteinaceous or analogous man-made
      materials and an effective flame retardant amount of the compound
      represent by the formula
      ##SPC4##
PAL  wherein R, X, m and n are as above described.
PAR  A further particular object is to devise a composition comprising normally
      flammable thermoplastic, thermosetting or elastomeric polymers and an
      effective flame retarding amount of the before described novel compound.
PAR  These and other objects of the present invention will be obvious from the
      following description.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there are provided novel compounds, for
      imparting flame retardancy to textiles and resin materials, of the formula
      ##SPC5##
PAL  wherein R is selected from the group consisting of phenyl, lower alkenyl
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms.
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, n is greater than 0.
PAR  More specifically, the preferred compounds of the present invention include
      these compounds wherein R is lower alkyl, allyl, chlorinated alkyl or
      phenyl, and X is chlorine, bromine or methyl.
PAR  Illustrative examples of compounds of the present invention include, for
      instance, compounds of the general formula such as
      ##SPC6##
PAR  The synthesis of the compositions of the present invention is accomplished
      by reacting an N-hydroxymethyl aromatic amides of the formula
      ##SPC7##
PAL  with a trialkyl phosphite of the formula
EQU  (RO).sub.3 P wherein R, m, n and X are as previously described in a
      suitable solvent, excess of the phosphite or neat. Typically, the reaction
      occurs at elevated temperatures and is continued for about 1 to about 12
      hours. Temperatures are generally about 50.degree. C. to about 160.degree.
      C. Preferably reaction is continued from about 3 to about 6 hours at a
      temperature of about 80.degree. C. to about 120.degree. C. The solvent or
      other volatiles is thereafter stripped, or otherwise removed from the
      product. Suitable solvents include benzene, toluene, xylene, glymes,
      dimethylformamide, aliphatic or aromatic hydrocarbons. Typical
      N-hydroxymethyl aromatic amides operable as reactants herein include
      ##SPC8##
PAR  One or more of the novel compounds of this invention may be applied to
      textile materials by conventional finishing techniques such as by thermal
      induced pad curing so as to incorporate into the textile a flame retardant
      amount thereof. The compounds of this invention have advantages over the
      flame retardant agents of the prior art in that they may be used on a
      variety of textile materials of different chemical composition, and they
      may be applied by a variety of methods. They may be applied to materials
      in either the fiber or fabric form to give flame retarding materials with
      minimum detectable physical changes in the quality or hand of the textile
      material.
PAR  Cellulosic textile materials may be made flame retardant by way of a
      variety of methods. Products of this invention may be applied to
      cellulosic materials in several ways to give a durable flame retardant
      treatment. For example, the products of this invention may be reacted with
      formaldehyde to give N-hydroxymethyl derivatives which can react with
      cellulosic materials in a known manner. Alternatively aqueous mixtures of
      the products with formaldehyde, urea, trimethylol melamine or other known
      cellulose crosslinking agents may be applied to a cellulose substrate with
      the aid of an acidic catalyst by a pad dry process.
PAR  More preferably the N-hydroxymethyl derivative of the products of this
      invention prepared by the condensation of the products with formaldehyde,
      are mixed in an aqueous medium with trimethylol melamine and a Lewis acid
      catalyst such as NH.sub.4 Cl or Zn(NO.sub.3).sub.2.6H.sub.2 O. The
      cellulosic material is immersed in an aqueous solution of the methylol
      derivative, trimethylol melamine, and Zn(NO.sub.3).sub.2.6H.sub.2 O and
      squeezed on a two roll padder to 70-90% wet weight pick-up. The material
      is dried at 220.degree.-270.degree. F. for 1-3 minutes and cured at
      300.degree.-370.degree. F. for 1-6 minutes in a circulating air oven. The
      sampler are then washed in hot water and dried. The finished samples have
      a flame retardant add on of about 5 to about 40% and preferably about 10
      to about 25% by weight.
PAR  The flame retardant agents of this invention may be applied to various
      textiles such as cellulosic materials, proteinaceous materials and blends
      of cellulosic or proteinaceous materials and analogous man-made fibers. By
      cellulosic materials, applicant intends to embrace cotton, rayon, paper,
      regenerated cellulose and cellulose derivatives which retain a cellulose
      backbone of at least one hydroxy substituent per repeating glucose unit.
      By proteinaceous material applicant intends to embrace those textile
      materials comprising the functional groups of proteins such as the various
      animal wools, hairs and furs.
PAR  The flame retardant compounds or additives of the invention may be
      incorporated into thermoplastic, thermosetting or elastomeric resin
      compositions by any known method. That is to say, the flame retardant
      additive may be added to the resin by milling the resin and the additive
      on, for example, a two-roll mill, or in a Banbury mixer etc., or it may be
      added by molding or extruding the additive and resin simultaneously, or by
      merely blending it with the resin in powder form and thereafter forming
      the desired article. Additionally, the flame-retardant may be added during
      the resin manufacture, i.e., during the polymerization procedure by which
      the resin is made, provided the catalysts etc. and other ingredients of
      the polymerization system are inert thereto. Generally, the compounds of
      this invention may be incorporated into the thermoplastic resin in
      flame-retarding amounts, i.e. generally amounts ranging from about 5% by
      weight, to about 50% by weight, preferably from about 20% by weight, to
      about 40% by weight, based on the weight of the polymer, have been found
      sufficient.
PAR  Resins embraced within the scope of this invention include the homopolymers
      and copolymers of unsaturated aliphatic, alicyclic, and aromatic
      hydrocarbons. Suitable monomers are ethylene, propylene, butene, pentene,
      hexene, heptene, octene, 2-methylpropene-1,
      3-methylbutene-1,4-methylpentene-1,4-methyl-hexene-1,5-methylhexene-1,
      bicyclo-(2.2.1)-2-heptene, butadiene, pentadiene, hexadiene, isoprene,
      2,3-dimethylbutadiene-1,3, 2-methylpentadiene-1,3, 4-vinylcyclohexene
      vinylcyclohexene, cyclopentadiene, styrene and methylstyrene, and the
      like.
PAR  Other polymers in addition to the above-described olefin polymers that are
      useful in the invention include polyindene, indenecoumarone resins;
      polymers of acrylate esters and polymers of methacrylate esters, acrylate
      and methacrylate resins such as ethyl acrylate, n-butyl methacrylate,
      isobutyl methacrylate, ethyl methacrylate and methyl methacrylate; alkyd
      resins and paint vehicles, such as bodied linseed oil; cellulose
      derivatives such as cellulose acetate, cellulose acetate butyrate,
      cellulose nitrate, ethyl cellulose, hydroxyethyl cellulose, methyl
      cellulose and sodium carboxymethyl cellulose; epoxy resins; furan resins
      (furfuryl alcohol or furfural-ketone); hydrocarbon resins from petroleum;
      isobutylene resins (polyisobutylene)); isocyanate resins (polyurethanes);
      melamine resins such as melamine-formaldlehyde and
      melamine-ureaformaldehyde; oleo-resins phenolic resins such as
      phenolformaldlehyde, phenolic - elastomer, phenolic-epoxy,
      phenolic-polyamide, and phenolic-vinyl acetals; polyamide polymers, such
      as polyamides, polyamide-epoxy and particularly long chain synthetic
      polymeric amides containing recurring carbonamide groups as an integral
      part of the main polymer chain; polyester resins such as unsaturated
      polyesters of dibasic acids and dihydroxy compounds, and polyester
      elastomer and resorcinol resins such as resorcinol-formaldehyde,
      resorcinol - furfural, resorcinol-phenol-formaldehyde,
      resorcinol-polyamide and resorcinol-urea; rubbers such as natural rubber,
      synthetic polyisoprene, reclaimed rubber, chlorinated rubber,
      polybutadiene, cyclized rubber, butadiene-acrylonitrile rubber,
      butadiene-styrene rubber, and butyl rubber; neoprene rubber
      (polychloroprene); polysulfides (Thiokol); terpene resins; urea resins;
      vinyl resins such as polymers of vinyl acetal, vinyl acetate or vinyl
      alcohol-acetate copolymer, vinyl alcohol, vinyl chloride, vinyl butyral,
      vinyl chloride-acetate copolymer, vinyl pyrrolidone and vinylidene
      chloride copolymers; polyformaldehyde; polyphenylene oxide; polymers of
      diallyl phthalates and phthalates; polycarbonates of phosgene or
      thiophosgene and dihydroxy compounds such as bisphenols, phosgene,
      thermoplastic polymers of bisphenols and epichlorohydrin (trade named
      Phenoxy polymers); graft copolymers and polymers of unsaturated
      hydrocarbons and unsaturated monomer, such as graft copolymers of
      polybutadiene, styrene and acrylonitrile, commonly called ABS resins; ABS
      polyvinyl chloride polymers, recently introduced under the trade name of
      Cycovin; and acrylic polyvinyl chloride polymers, known by the trade name
      Kydex 100.
PAR  The polymers of the invention can be in various physical forms, such as
      shaped articles, for example, moldings, sheets, rods, and the like;
      fibers, coatings, films and fabrics, and the like.
PAR  The compounds of this invention have been found to have particular utility
      in ABS resins and in elastomeric materials such as acrylic rubber;
      acrylonitrile-butadiene styrene terpolymers; butadiene-acrylonitrile
      copolymers; butyl rubber; chlorinated rubbers, e.g., polyvinyl chloride
      resins, chloroprene rubber, chlorosulfonated polyethylene; ethylene
      polymers, e.g., ethylene-propylene copolymers, ethylene-propylene
      terpolymers; fluorinated rubbers, butadiene rubbers, e.g.,
      styrene-butadiene rubber, isobutylene polymers, polybutadiene polymers,
      polyisobutylene rubbers, polyisoprene rubbers; polysulfide rubbers;
      silicon rubbers; urethane rubbers; high styrene resins latices, high
      styrene resins, vinyl resins; sponge rubber; and the like.
PAR  It should be noted that it is also within the scope of the present
      invention to incorporate such ingredients as plasticizers, dyes, pigments,
      stabilizers, antioxidants, antistatic agents, and the like to the novel
      composition.
PAR  ASTM Test D2863-70, used in accordance with the following examples,
      generally provides for the comparison of relative flammability of
      self-supporting plastics by meauring the minimum concentration of oxygen
      in a slowly rising mixture of oxygen and nitrogen that will support
      combustion. The procedure encompasses supporting cylindrical test
      specimens 70-150 mm. .times. 8.0 mm. vertically in a glass tube fitted
      with controlled upward oxygen/nitrogen gas flow. The top of the specimen
      is ignited and oxygen flow is adjusted until it reaches that minimum rate
      at which the specimen is extinguished before burning 3 minutes or 50 mm.
      whichever happens first. The oxygen index (n) is then calculated as
      follows:
EQU  n, percent = (100 .times. O.sub.2)/(O.sub.2 + N.sub.2)
PAL  wherein O.sub.2 is the volumetric flow of oxygen, at the minimal rate and
      N.sub.2 is the corresponding volumetric flow rate of nitrogen.
PAR  A modification of ASTM Test D635-68 used in accordance with the following
      examples, generally provides for the comparison of burning rates,
      self-extinguishment and non-burning characteristics of plastics in the
      form of sheets, bars, plates or panels. The procedure encompasses
      preparing plastic samples of 150-200 mm. .times. 8 mm. with and without
      the subject flame retardant additive. Each sample is marked at points 1
      inch and 4 inches from its end and held, marked end in the flame, at a
      45.degree. angle in a controlled burner flame (1 inch flame length) for
      two 30 second attempts. The movement of the flame up the length of the
      sample through the two points is measured for rate of burning, non-burning
      or self-extinguishing characteristics. A sample is rated SE
      (self-extinguishing) if the flame burns through the first point but
      extinguishes before reaching the second point. A sample is rated
      NB(non-burning) if, upon ignition it does not burn to the first point.
PAR  AATCC test method 34-1969, The Vertical Char Test, used in accordance with
      the following examples, generally provides for the comparison of relative
      flammability of 23/4 inch .times. 10 inch fabric test specimens when
      exposed to a controlled burner flame, under controlled conditions, for
      periods of 12.0 and 3.0 seconds. Charred specimens are thereafter
      subjected to controlled tearing tests, using tabulated weights, to
      determine the average tear length as representing the char length of the
      fabric. In addition, samples which are wholly consumed by the flame are
      rated (B) and samples which do not burn are rated (NB). For comparison
      purposes, it should be noted that untreated samples of the fabrics used in
      the examples of this case would be consumed for this test.
PAR  In all the examples of the application, the following general procedure was
      used except when otherwise specifically noted. Padding was done on a
      standard two roll laboratory padder at a gauge pressure of about 60 pounds
      per square inch in all cases. Drying and curing during processing were
      done with a standard laboratory textile circulating air oven. Washing and
      drying was done in a standard, home, top loading, automatic washer and
      dryer.
PAR  The following examples are set forth for purposes of illustration only and
      are not to be construed as limitations of the present invention except as
      set forth in the appended claims. All parts and percentages are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  Preparation of
      ##SPC9##
PAR  A 500 ml. flask was charged with 124 g. (1.0 mole) of trimethyl phosphite
      and was heated to about 100.degree. C. 57.5 g. (0.25 mole) of
      3-bromo-N-hydroxymethyl benzamide was then added to the reaction flask
      over a period of 5 minutes. The reaction mixture was then refluxed at
      about 95.degree. for about 3 hours then stripped at 100.degree. C. under a
      vacuum of 0.5 mm. mercury to give 81 g. of a colorless, viscous oil which
      by elemental analysis was confirmed to be the desired product.
PAC  EXAMPLE II
PAR  Preparation of
      ##SPC10##
PAR  Following the procedure described in Example I 69 g. (0.3 mole) of
      3-bromo-N-hydroxymethyl benzamide was refluxed with 80 g. (0.35 mole) of
      tri-n-butyl phosphite for about 5 hours at about 125.degree. C. n-Butanol
      and excess tri-n-butyl phosphite were removed by stripping the reaction
      mixture at 115.degree. C. under a vacuum of 0.5 mm. mercury. After
      stripping 121 g. of a pale yellow viscous liquid was obtained which was
      confirmed, by elemental analysis to be the desired product.
PAC  EXAMPLE III
PAR  Preparation of
      ##SPC11##
PAR  A 500 ml. flask, fitted with a reflux condenser, mechanical stirrer and
      thermometer, was charged with 124 g. (1.0 mole) of trimethyl phosphite and
      was heated to about 100.degree. C. 61.8 g. (0.3 mole) of
      2,4-dichloro-N-hydroxymethyl benzamide was added to the trimethyl
      phosphite, over a period of about 5 minutes. The homogeneous reaction
      mixture was then refluxed at about 93.degree. C. for 3 hours and
      thereafter stripped, under a reduced pressure of about 0.5 mm. Hg at about
      10.degree. C., to give 93 g. of a tacky solid. Recrystallization of the
      solid from benzene of cyclohexane (1:1) gave 82.8 g. of dimethyl
      2,4-dichlorobenzamidomethyl phosphonate.
PAC  EXAMPLE IV
PAR  Preparation of
      ##SPC12##
PAR  A 250 ml. flask was charged with 62 g. (0.5 mole) of trimethyl phosphite
      and was heated to about 100.degree. C. 29 g. (0.1 mole) of
      bis-N,N-hydroxymethyl tetrachloroterephthalamide was addded to the flask
      and the reaction mixture was refluxed for about 6 hours and then cooled to
      room temperature. Unreacted solids were filtered off and the filtrate was
      stripped, at 70.degree. C. under 2 mm. mercury of reduced pressure, to
      give 12.0 g. of a tacky solid product which was found, by infrared and
      nuclear magnetic resonance spectroscopy to be substantially pure desired
      product.
PAC  EXAMPLE V
PAR  Preparation of
      ##SPC13##
PAR  A 250 ml. flask was charged with 21.9 g. (0.1 mole) of
      2,4-dichloro-N-hydroxymethyl benzamide and 27 g. (0.1 mole) of
      tris-2-chloroethyl phosphite. This reaction mixture was heated at about
      130.degree. C. for about 4 hours then stripped, at 100.degree. C. under a
      vacuum of 1.3 mm. mercury, to give 41 grams of a white solid. The product
      was proven, by elemental and infrared and nuclear magnetic resonance
      spectroscopy, to be substantially pure desired product.
PAC  EXAMPLE VI
PAR  Preparation of
      ##SPC14##
PAR  A 250 ml. flask was charged with 16.5 g. (0.1 mole) of
      N-hydroxymethyl-p-toluamide and 40.2 g. (0.2 mole) of triallyl phosphite
      and this reaction mixture was heated at about 130.degree. C. for about 4
      hours. Excess triallyl phosphite and allyl alcohol were removed by
      stripping, at 100.degree. C. under a vacuum of 2 mm. mercury, to yield a
      thick yellow oil product. The product was confirmed by infrared and
      nuclear magnetic resonance spectroscopy and elemental analyses.
PAC  EXAMPLE VII
PAR  Preparation of
      ##SPC15##
PAR  A 500 ml. flask, equipped with mechanical stirrer, thermometer and reflux
      condenser, was charged with 66 g. (0.4 mole) of N-hydroxymethyl
      p-toluamide and 124 g. (1.0 mole) of trimethyl phosphite. This reaction
      mixture was refluxed for about 4 hours then stripped, at 70.degree. C.
      under 0.2 mm. mercury vacuum, to give 95 g. of a low melting solid.
      Elemental analysis with infrared and nuclear magnetic resonance
      spectroscopy confirmed the structure of the product.
PAC  EXAMPLE VIII
PAR  Preparation of
      ##SPC16##
PAR  Triphenyl phosphite (62 g., 0.2 mole), was mixed with
      N-hydroxymethyl-p-toluamide in a 250 ml. round bottomed three necked flask
      fitted with mechanical stirrer, thermometer, and reflux condenser. The
      mixture was warmed to and maintained at about 130.degree. C. for about 5
      hours. After cooling the mixture was stripped, at 120.degree. C. and 2 mm.
      Hg, to remove phenol and other volatile material. The stripped product was
      identified by elemental analysis as
      N-(diphenylphosphonomethyl)-p-toluamide and was obtained in 85.3% yield.
PAC  EXAMPLE IX
PAR  Preparation of
      ##SPC17##
PAR  A mixture of 44.8 g. (0.2 mole) of N,N'-bis-hydroxymethyl terephthalamide
      and 124 g. (1.0 mole) of trimethyl phosphite was refluxed for about 6
      hours. After the completion of the reaction the mixture was stripped, at
      120.degree. C. and 1 mm. Hg, to remove excess phosphite and other
      volatiles. The product was confrimed by infrared and nuclear magnetic
      resonance spectroscopy.
PAC  EXAMPLE X
PAR  Preparation of
      ##SPC18##
PAR  A mixture of 60.3 g. of triallyl phosphite and 22.4 g. of
      N,N-bis-hydroxymethyl terephthalamide was heated at about 130.degree. C.
      for about 6 hours. The reaction mixture was striped, at 100.degree. C. and
      1 mm. Hg, to remove all volatile materials. A yellow liquid, which weighed
      62.0 g., was isolated and confirmed as the desired product by
      spectroscopic and elemental analyses.
PAC  EXAMPLE XI
PAR  Forty parts of N-dimethylphosphonomethyl-2,4-dichlorobenzamide was mixed
      with 60 parts of polypropylene and dry blended for about 5 minutes. This
      mixture was then heated to a melt and mixed well in the molten state for
      about 15 minutes. The mixture was then allowed to cool to room temperature
      and the plastic composition was cut into small pieces. These pieces were
      placed slowly into a glass tube (9 mm.) immersed in a hot metal bath, the
      temperature of the bath being maintained above the melt temperature of the
      plastic composition. Pieces of the composition were added until the melt
      had a depth of approximately 200 mm. A metal rod was then placed in the
      tube with a weight attached and the tube cooled to solidify the
      composition. The composition was then removed from the tube and tested by
      ASTM tests D2863-70 and D635-68. The results of the testing are contained
      in Table I.
PAC  EXAMPLES XII-XXIX
PAR  Various additive compounds were mixed and treated with various resins
      according to the method of Example XI. Table I tabulates the results of
      testing by ASTM tests D2863-70 and D635-68 for Examples XII-XXIX.
PAC  EXAMPLE XXX
PAR  N-dimethyl phosphonomethyl-p-toluamide (25 g.) was mixed with 40% formalin
      solution (37.5 g.) and stirred overnight at pH 10. The pH was adjusted to
      7.0 with hydrochloric acid and 3.1 g. of ammonium chloride and 14.0 g. of
      a 50% solution of a methylolated melamine added. 5.0 oz. sq. yd. cotton
      sheeting was immersed in the solution and the excess squeezed from the
      cloth by passing through a two roll laboratory padder at 60 lb. gauge
      pressure, to a wet pick-up of about 90%. The sheeting was then dried at
      about 250.degree. F. for about 2 minutes and cured at about 340.degree. F.
      for about 5 minutes in a circulating air oven. The sheeting was then
      washed by hand for about 5 minutes in a detergent (Tide) water mixture and
      tumble dried. A resin pick-up of 23.7% was calculated.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                                      Percent                  

                                                            Flammability       

                                                      additive                 

                                                            tests              

     Example                                                                   

          Polymer                                                              

                 Additive                             (by weight)              

                                                            OI D-635           

     __________________________________________________________________________

     XI   Polypropylene                               40    10.8               

                                                               SE              

     XII  Nylon                                       30    26.6               

                                                               NB              

     XIII Polyethylene                                30    28 NB              

          terephthalate.                                                       

     XIV  ABS                                         30    24 NB              

     XV   Nylon  Same as above                        30    25 NB              

     XVI  Polyethylene                                                         

                 do.                                  30    38 NB              

          terephthalate.                                                       

     XVII ABS                                         40    22.3               

                                                               SE              

     XVIII                                                                     

          Nylon  Same as above                        40    20 NB              

     XIX  Epoxy  do.                                  30    29 NB              

     XX   Polystyrene                                 30    23.3               

                                                               SE              

     XXI  Polyethylene                                40    29.4               

                                                               NB              

          terephthalate.                                                       

     XXII Epoxy                                       30    24.7               

                                                               SE              

     XXIII                                                                     

          do.                                         30    28 SE              

     XXIV Polyethylene                                                         

                 Same as above                        30    27.5               

          terephthalate.                                                       

     XXV  ABS    do.                                  40       SE              

     XXVI Polystyrene                                 40       SE              

     XXVII                                                                     

          ABS    Same as above                        30    24.3               

     XXVIII                                                                    

          Polystyrene                                 40    23.8               

     XXIX SBR    Same as above                        30    24.1               

                                                               SE              

     __________________________________________________________________________

PAR  The then treated sheeting was thereafter subjected to ASTM test D2863-70
      and AATCC test 34-1969 with initial results as indicated in Table II. The
      cotton sheeting was thereafter subjected to four additional hand washes,
      as above described, and tested under AATCC test 34-1969.
PAC  EXAMPLES XXXI-XXXIII
PAR  Using the method of Example 30, 5 oz. per sq. yard cotton sheeting was
      treated with various compounds and subjected to ASTM test D2863-70 and
      AATCC test 34-1969. The results therefore are indicated in Table II.
PAC  EXAMPLE XXXIV
PAR  Rayon staple fiber was immersed in the solution described in Example XXX
      and squeezed on a two roll laboratory padder at about 60 lb. gauge
      pressure to a wet pick-up of about 100%. The fiber was then dried for
      about 3 minutes at about 250.degree. F. and cured for about 10 minutes at
      about 350.degree. F. in a circulating air oven. The fiber was then washed
      by hand for about 5 minutes in a hot detergent (Tide) water mixture and
      dried in the circulating air oven resulting in an add-on of about 13.8%.
      The fiber was then tested for flammability by holding one end of a treated
      sample in a benson flame for about 2 sec. and then removing and observing
      the sample. Treated samples self-extinguish immediately untreated samples
      are completely consumed.
PAR  The fiber was then further tested for durability by subjecting it to a 5
      complete wash cycles in a standard, home type automatic washer using Tide
      detergent. Thereafter the fiber was tested for flammability as previously
      described. The results of testing is tabulated in Table II.
PAC  EXAMPLES XXXV-XXXIV
PAR  Using the method of Example XXXIV, rayon staple fiber was treated with
      various compounds and subjected to ASTM test D2863-70 and AATCC test
      34-1969. The results are shown in Table II.
PAC  EXAMPLE XXXVII
PAR  N-diallyl phosphonomethyl-p-toluamide (19 g.) was mixed with 40% formalin
      solution (28.5 g.) and stirred overnight at pH 10. The pH was brought to
      7.0 with hydrochloric acid and ammonium chloride ((2.4 g.) and a 50%
      solution of a methylolated melamine (10.9 g.) added.
PAR  6.0 oz. sq. yd. wool was immersed in the above solution, squeezed on a 2
      roll laboratory padder to a wet pick-up of about 100% dried for about 2
      minutes at about 250.degree. F. and cured for about 5 minutes at about
      350.degree. F. in a circulating air oven. The wool was then washed for one
      wash cycle using Tide, in a standard, home type, automatic washer and
      tumble dried. The resin add-on was calculated as 25.3%.
PAR  The thus treated wool was thereafter subjected to ASTM test D2863-70 and
      AATCC test 34-1969. The wool was then subjected to four additional one
      cycle washings in a standard home type automatic washer, as above
      described, and thereafter tested by AATCC test 34-1969. Test results are
      tabulated in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                                       Flammability testing    

                                                   Per-                        

                                                   cent                        

                                                       OI      5 home          

     Example                                                                   

          Textile                                                              

                 Compound                          add-on                      

                                                       Initial                 

                                                           Initial             

                                                               washes          

     __________________________________________________________________________

     XXX  Cotton (5 oz.)                           23.7                        

                                                       22.2                    

                                                           4.9 6.0             

     XXXI Cotton (5 oz.)                           54  27  1.0 3.1             

     XXXII                                                                     

          Cotton (5 oz.)                           20.2                        

                                                       21.9                    

                                                           4.1 5.0             

     XXXIII                                                                    

          Cotton (5 oz.)                                                       

                 Same as above                         18.6                    

                                                           H   H               

     XXXIV                                                                     

          Rayon (staple)                           13.8                        

                                                       23  SE  SE              

     XXXV Rayon (staple)                           10.8                        

                                                       22.7                    

                                                           SE  SE              

     XXXVI                                                                     

          Rayon (staple)                                                       

                 Same as above                         18.0                    

                                                           B   B               

     XXXVII                                                                    

          Wool (6 oz.)                             25.3                        

                                                       28  5.0 5.0             

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for rendering resin compositions flame retardant which
      comprises applying to said resin a flame retardant amount of a compound of
      the formula:
      ##SPC19##
PAL  wherein R is selected from the group consisting of phenyl, lower alkenyl
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms,
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, n is greater than 0.
NUM  2.
PAR  2. The process of claim 1 wherein said resin is a thermoplastic
      composition.
NUM  3.
PAR  3. The process of claim 1 wherein said resin is a thermosetting resin
      composition.
NUM  4.
PAR  4. The process of claim 1 wherein said resin is an elastomeric composition.
NUM  5.
PAR  5. An article comprising a resin compound and a fire retardant amount of a
      compound of the formula:
      ##SPC20##
PAL  wherein R is selected from the group consisting of phenyl, lower alkenyl
      and halogen substituted and unsubstituted lower alkyl of 1-6 carbon atoms,
      X is selected from the group consisting of chlorine, bromine and lower
      alkyl of 1-6 carbon atoms, m is an integer from 1-4 and n is an integer
      from 0-5, provided that the sum of m and n is not greater than 6 and when
      m is 1, n is greater than 0.
NUM  6.
PAR  6. The article of claim 5 wherein said compound is:
      ##SPC21##
NUM  7.
PAR  7. The article of claim 5 wherein said compound is:
      ##SPC22##
NUM  8.
PAR  8. The article of claim 5 wherein said compound is:
      ##SPC23##
NUM  9.
PAR  9. The article of claim 5 wherein said compound is:
      ##SPC24##
NUM  10.
PAR  10. The article of claim 5 wherein said compound is:
      ##SPC25##
NUM  11.
PAR  11. The article of claim 5 wherein said compound is:
      ##SPC26##
NUM  12.
PAR  12. The article of claim 5 wherein said compound is:
      ##SPC27##
NUM  13.
PAR  13. The article of claim 5 wherein said compound is:
      ##SPC28##
NUM  14.
PAR  14. The article of claim 5 wherein said compound is:
      ##SPC29##
NUM  15.
PAR  15. The article of claim 5 wherein said compound is:
      ##SPC30##
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ABST
PAL  Organic polymeric materials normally subject to oxidative and ultraviolet
      light deterioration are stabilized by incorporating therein a nickel
      bis-3,5-dialkyl-4-hydroxybenzoate, an ultraviolet light absorber such as a
      benzophenone or a benzotriazole, a light stabilizer such as a
      p-hydroxybenzoate ester and optionally a primary phenolic antioxidant with
      or without a secondary sulfur containing antioxidant.
PARN
PAC  DETAILED DESCRIPTION
PAR  This is a Continuation of application Ser. No. 339,474, filed on Mar. 8,
      1973, now abandoned.
BSUM
PAR  This invention relates to the stabilization of organic materials normally
      subject to deterioration by exposure to heat and light by incorporating
      therein a combination of additives comprising a nickel salt of
      3,5-dialkyl-4-hydroxybenzoic acid, an ultraviolet light absorber, an
      ultraviolet light stabilizer and optionally, a primary phenolic
      antioxidant with or without a secondary sulfur containing antioxidant.
PAR  The stabilization system of the present invention is useful for stabilizing
      organic materials normally subject to oxidative, thermal and ultraviolet
      light deterioration. Materials which are thus stabilized include synthetic
      organic polymeric substances such as styrene, including homopolystyrene
      and copolymers with acrylonitrile and/or butadiene; vinyl resins formed
      from the polymerization of vinyl halides or from copolymerization of vinyl
      halides with unsaturated polymerizable compounds, for example, vinyl
      esters, .alpha.,.beta.-unsaturated acids, .alpha.,.beta.-unsaturated
      esters, and unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as high and low density polyethylene,
      cross-linked polyethylene, polypropylene, poly(4-methylpentene-1),
      polybutene-1, and the like including copolymers of poly-.alpha.-olefins
      such as ethylene-propylene, ethylene-butylene copolymers, and the like;
      polybutadiene; polyisoprene; polyurethanes such as are prepared from
      polyols such as propylene glycol and ethylene glycol and organic
      polyisocyanate; polyamides such as polyhexamethylene adipamide and
      polycaprolactam; polyesters such as polymethyleneterephthalate and
      polyethyleneterephthalate; polycarbonates such as those prepared from
      bisphenol-A and phosgene; polyacetals; polyethylene oxide and
      polypropylene glycol; and polyacrylics such as polyacrylonitrile and
      polymethylmethacrylate; polyphenyleneoxides such as those prepared from
      2,6-dimethylphenol and the like. Particularly preferred polymers for the
      compositions of this invention are those normally solid polymers of
      alpha-olefins having up to 3 carbon atoms, e.g., ethylene, propylene and
      their copolymers.
PAR  The nickel derivatives of 3,5-dialkyl-4-hydroxybenzoic acid of this
      invention are represented by the formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 and R.sup.2 are the same or different and each is a (lower)alkyl
      group containing from 1 to 8 carbon atoms.
PAR  Illustrative of the (lower)alkyl groups as represented by R.sup.1 and
      R.sup.2 include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl,
      hexyl and octyl. The most preferred groups are methyl and t-butyl.
PAR  The nickel salts are prepared according to procedures described in U.S.
      Pat. No. 3,189,630.
PAR  The nickel compounds of formula I are added to the polymer substrate in an
      amount of from about 0.001% to about 5% by weight based on the weight of
      the polymer and preferably from 0.05 to 2%.
PAR  The ultraviolet light absorbers that are employed in this invention are (a)
      benzophenones and (b) benzotriazoles.
PAR  a. The benzophenones have the general formula
      ##SPC2##
PAL  wherein
PA1  R.sup.3 is hydrogen, hydroxy group, halogen, lower alkyl group or alkoxy
      group having from 1 to 12 carbon atoms, and
PA1  R.sup.4 is hydrogen, hydroxy or alkyl from 1 to 12 carbon atoms.
PAR  In a preferred embodiment, R.sup.3 is hydrogen and R.sup.4 is a straight
      chain alkyl group having from 8 to 12 carbon atoms. Illustrative examples
      of the above described benzophenones are listed below.
PA1  2-hydroxy-4-methoxybenzophenone
PA1  2,2'-dihydroxy-4-methoxybenzophenone
PA1  2-hydroxy-4-methoxy-2'-carboxybenzophenone
PA1  2,2-dihydroxy-4-n-octoxybenzophenone
PA1  2-hydroxy-4-n-octoxybenzophenone
PA1  5-chloro-2-hydroxybenzophenone
PA1  2,4-dihydroxybenzophenone
PA1  4-dodecyloxy-2-hydroxybenzophenone
PA1  2-hydroxy-4-decyloxylbenzophenone
PA1  2,2'-dihydroxy-4,4'-dimethoxybenzophenone
PA1  2,2' ,4,4'-tetrahydroxybenzophenone
PAR  b. The benzotriazoles have the general formula
      ##SPC3##
PAL  wherein
PA1  R.sup.5 is hydrogen, or lower alkyl containing from 1 to 6 carbon atoms,
PA1  R.sup.6 is hydrogen, alkyl containing 1 to 12 carbon atoms, phenyl or
      benzyl, and
PA1  R.sup.7 is hydrogen, chlorine or (lower) alkyl containing from 1 to 6
      carbon atoms.
PAR  In a more preferred embodiment, R.sup.7 is hydrogen, chlorine or methyl;
      R.sup.5 is hydrogen, chlorine, t-butyl, t-amyl, and R.sup.6 is alkyl from
      1 to 12 carbon atoms such as methyl, ethyl, hexyl, octyl, dodecyl,
      t-butyl, t-amyl, isopropyl and the like. Illustrative examples of
      benzotriazoles employed in this invention are listed below.
PA1  2-(2'-hydroxy-5'-methylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butylphenyl)5-chlorobenzotriazole
PA1  2-(2'-hydroxy-5'-amylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-benzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-5-methoxybenzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-5-methylbenzotriazole
PA1  2-(2'-hydroxy-5'-tert-octylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butyl-phenyl-5-chlorobenzotriazole
PA1  2-(2'-hydroxy-5'-amylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methoxy-phenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methyl-phenyl)-5,6-dichlorobenzotriazole
PA1  2-(2'-hydroxy-5'-phenyl-phenyl)-5-chlorobenzotriazole
PA1  2-(2'-hydroxy-3',5'-dichlorophenyl)-benzotriazole
PA1  2-(2'-hydroxy-4',5'-dichlorophenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-phenyl-phenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-methoxy-phenyl-5-methylbenzotriazole
PAR  The ultraviolet light absorbors of Formulas II and III are added to the
      polymer substrate in an amount of from about 0.01 to about 5% by weight
      based on the weight of the polymer and more preferably from 0.05 to 2%.
PAR  Ultraviolet light stabilizers that are employed in this invention are
      p-hydroxybenzoates having the general formula
      ##SPC4##
PAL  wherein
PA1  R.sup.8 is (lower)alkyl containing from 1 to 6 carbon atoms,
PA1  R.sup.9 is hydrogen or (lower)alkyl containing from 1 to 6 carbon atoms,
      and
PA1  R.sup.10 is alkyl or alkenyl from 1 to 20 carbon atoms, phenyl, lower alkyl
      substituted phenyl, benzyl or lower alkyl substituted benzyl groups, such
      that no more than two lower alkyl substituents are present on said phenyl
      or benzyl groups.
PAR  In a preferred embodiment, R.sup.8 and R.sup.9 are t-butyl or t-amyl groups
      and R.sup.10 is a di(lower alkyl) phenyl. Illustrative examples of
      hydroxybenzoates are given below.
PA1  (2',4'-di-t-butylphenyl)-3,5-di-t-butyl-4-hydroxybenzoate
PA1  methyl-3-methyl-5-isopropyl-4-hydroxybenzoate
PA1  ethyl-3,5-diisopropyl-4-hydroxybenzoate
PA1  propyl-3,5-di-sec-butyl-4-hydroxybenzoate
PA1  isobutyl-3,5-di-tert-amyl-4-hydroxybenzoate
PA1  decyl-3,5-di-tert-octyl-4-hydroxybenzoate
PA1  cyclohexyl-3,5-di-tert-amyl-4-hydroxybenzoate
PA1  dodecyl-3-methyl-5-isoamyl-4-hydroxybenzoate
PA1  octadecyl-3,5-diisopropyl-4-hydroxybenzoate
PA1  hexadecyl-3,5-di-tert-butyl-4-hydroxybenzoate
PA1  chloromethyl-3,5-di-tert-butyl-4-hydroxybenzoate
PA1  3-fluoropropyl-3,5-di-tert-amyl-4-hydroxybenzoate
PA1  allyl-3,5-di-tert-butyl-4-hydroxybenzoate
PA1  2-butenyl-3,5-diisopropyl-4-hydroxybenzoate
PA1  oleyl-5-methyl-5-tert-amyl-4-hydroxybenzoate
PA1  2-chloropropane-1,3-di-(3,5-di-tert-butyl-4-hydroxybenzoate)
PA1  phenyl-3,5-diisopropyl-4-hydroxybenzoate
PA1  p-octylphenyl-3,5-di-tert-amyl-4-hydroxybenzoate
PA1  (2',4'-dimethylphenyl)-3,5-di-tert-octyl-4-hydroxybenzoate
PA1  p-isopropylphenyl-3-methyl-5-tert-amyl-4-hydroxybenzoate
PA1  naphthyl-3,5-di-tert-butyl-4-hydroxybenzoate
PA1  6-methylnaphthyl-3,5-di-tert-hexyl-4-hydroxybenzoate
PA1  p-chlorophenyl-3,5-di-tert-butyl-4-hydroxybenzoate
PA1  2,4-dibromophenyl-3,5-diisopropyl-4-hydroxybenzoate
PAR  The p-hydroxybenzoate light stabilizers of Formula IV are added to the
      polymer substrate in an amount of from about 0.01 to 5% by weight based on
      the weight of polymer, and more preferably from 0.05 to 2%.
PAR  In addition to the actinic stabilizers described, the plastic compositions
      may contain other additives such as plasticizers, pigments, fillers, dyes,
      glass or other fibers, phosphites, thermal antioxidants, and the like. For
      example in most applications, it is desirable to incorporate into the
      resin composition, sufficient thermal antioxidants to protect the plastic
      against thermal and oxidative degradation. Thus, the amount of antioxidant
      in the compositions of the instant invention may range from 0 to about 5%
      by weight based on the weight of the polymer and when used preferably from
      0.01 to 2% by weight.
PAR  The best results are obtained with the preferred class of thermal
      antioxidants, namely, hindered phenols. These compounds are considered
      primary antioxidants and have been found to provide the best thermal
      stabilization with the least discoloration in the compositions of the
      invention. Examples of these phenolic antioxidants include the following:
PAR  1. Phenolic compounds having the formula:
      ##SPC5##
PAL  wherein
PA1  R.sup.11 and R.sup.12 are the same or different and each is a (lower)alkyl
      group containing from 1 to 6 carbon atoms,
PA1  x is an integer of from 1 to 4,
PA1  n is an integer of from 1 to 4, and
PA1  Z is an aliphatic hydrocarbon of the formula
EQU  C.sub.y H.sub.2y.sub.+2.sub.-n
PAL  in which y has a value of from 2 to 18 when n is 1 or 2 and a value of from
      3 to 6 when n is greater than 2.
PAR  Illustrative examples of such compounds are
PA1  n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  n-octadecyl-2-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate
PA1  n-octadecyl-4-(3,5-di-t-butyl-4-hydroxyphenyl)butyrate
PA1  n-hexyl-3,5-di-t-butyl-4-hydroxyphenylpropionate
PA1  n-dodecyl-3,5-di-t-butyl-4-hydroxyphenylpropionate
PA1  neo-dodecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  dodecyl-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  ethyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-propionate
PA1  1,2-propylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  ethylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  neopentylglycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  ethylene glycol bis-(3,5-di-t-butyl-4-hydroxyphenylacetate)
PA1  glycerine-1-n-octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  pentaethylthritol-tetrakis-{3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate
     }
PA1  1,1,1-trimethylol ethane-tris-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  sorbitol hexa-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  1,2,3-butanetriol tris-{3-(3,5-di-ti-butyl-4-hydroxyphenyl)propionate}
PA1  2-hydroxyethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-stearoyloxyethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  1,6-n-hexanediol-bis{(3',5'-di-t-butyl-4-hydroxyphenyl)propionate}.
PAR  The above phenolic ester stabilizers and more fully described in U.S. Pat.
      No. 3,330,859 and U.S. Pat. No. 3,644,482.
PAR  2. Phenolic compounds having the formula
      ##SPC6##
PAL  wherein
PA1   T is halogen or
      ##SPC7##
PA1  R.sup.13 and R.sup.14 are the same or different and each is a (lower)alkyl
      containing from 1 to 6 carbon atoms
PA1  R.sup.15 is an alkyl group containing from 1 to 18 carbon atoms
PA1  x is an integer of from 1 to 4.
PAR  Illustrative examples of the compounds shown above are
PA1  di-n-octadecyl-.alpha.-(3,5-di-t-butyl-4-hydroxybenzyl)malonate
PA1  di-n-octadecyl-.alpha.-(3-t-butyl-4-hydroxy-5-methyl-benzyl)malonate which
      is disclosed in the Netherlands Pat. No. 6,711,199, Feb. 19, 1968
PA1  di-n-octadecyl-.alpha.,.alpha.'-bis-(3-t-butyl-4-hydroxy-5-methylbenzyl)mal
     onate which is disclosed in the Netherlands Pat. No. 6,803,498, Sept. 19,
      1968,
PAR  3. Phenolic compounds having the formula
      ##SPC8##
PAL  wherein
PA1  R.sup.16 and R.sup.17 are the same or different and each is a (lower)alkyl
      group containing from 1 to 6 carbon atoms,
PA1  x is an integer of from 1 to 4, and
PA1  R.sup.18 is an alkyl group containing from 6 to 18 carbon atoms.
PAR  Illustrative examples of such compounds are
PA1  di-n-octadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-octadecyl-1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PA1  di-n-tetradecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-hexadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-dodecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PAR  The above di-(higher)alkyl phenolic phosphonates are more fully described
      in U.S. Pat. No. 3,281,505.
PAR  4. Phenolic compounds having the formula
      ##SPC9##
PAL  wherein
PA1  R.sup.19 and R.sup.20 are the same or different and each is a lower alkyl
      group containing from 1 to 6 carbon atoms, and
PA1  x is an integer of from 1 to 4.
PAR  Illustrative examples of such compounds are
PA1  tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate
PA1  tris-(3-t-butyl-4-hydroxy-5-methylbenzyl)isocyanurate.
PAR  The above hydroxyphenylalkenyl isocyanurates are more fully described in
      U.S. Pat. No. 3,531,483.
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  In addition to the above mentioned additives the present invention also
      covers the use of a secondary antioxidant which may optionally be employed
      with the primary phenolic antioxidant. Illustrative examples of such
      secondary antioxidants are the organosulfur compounds
      distearylthiodipropionate and dilaurylthiodipropionate. The secondary
      antioxidants may be used in an amount ranging from 0 to about 5% by weight
      based on the weight of polymer and when used preferably from 0.01 to 2% by
      weight.
PAR  The stabilized polymers of the present invention have utility in the normal
      use for which plastics are employed and are particularly useful for film
      and fiber. Compounds of this invention may be incorporated in the
      polymeric substance during the usual processing operations for example, by
      hot milling, the composition then being extruded, pressed, blow molded or
      the like into films, fibers, filaments, hollow spheres and the like. Where
      the polymer is prepared from a liquid monomer as in the case of styrene,
      the stabilizer may be dispersed or dissolved in the monomer prior to
      polymerization or curing.
DETD
PAR  The following examples, presented for illustration and not limitation, will
      further serve to typify the nature of the present invention.
PAC  EXAMPLE 1
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is slow at
      ambient conditions and therefore, testing of the effects of stabilizers
      generally is conducted in an accelerated artificial light exposure device
      in order to yield results in a convenient period of time. The test
      conducted on polymers using an artificial light exposure device is
      described below:
PAL  a. Sample Preparation
PAR  5 mil Film -- The additives are dissolved in distilled methylene chloride
      and blended with unstabilized polypropylene powder (Hercules Profax 6501)
      in a Hobart mixer. The blended material is then milled on a two roll mill
      for 5 minutes at 182.degree.C. The milled sheet is then compression molded
      at 220.degree.C into 5 mil thick film under a pressure of 350 psi and
      water cooled in the press.
PAL  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design which consists of 40 tubes of alternating fluorescent sun lamps and
      black lights (20 of each). The 5 mil sample films are mounted on 3 .times.
      2 inch infrared card holders with 1/4 .times. 1 inch windows and are
      placed on a rotating drum 2 inches from the bulbs in the FS/BL unit. The
      time in hours is noted for the development of 0.5 carbonyl absorbance
      units at 5.85 nanometers as determined on an Infrared Spectophotometer.
      The development of carbonyl functional groups in the polymer is
      proportional to the amount of degradation caused by the ultraviolet light
      exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer.
TBL                TABLE I                                                     

     ______________________________________                                    

                                Time                                           

                                in Hours                                       

                                to .5                                          

                                Carbonyl                                       

                                Absorbance                                     

     Composition                Units                                          

     ______________________________________                                    

     0.167%  nickel bis-3,5-di-tert.                                           

             butyl-4-hydroxybenzoate                                           

     0.167%  2-(2'-hydroxy-3',5'-di-                                           

             tertamylphenyl)benzo-                                             

             triazole                                                          

     0.167%  n-octadecyl-3,5-di-tert.                                          

             butyl-4-hydroxybenzoate                                           

                                    2304                                       

     0.167%  nickel bis-3,5-di-tert.                                           

             butyl-4-hydroxybenzoate                                           

     0.167%  2-(2'-hydroxy-3',5'-di-                                           

             tertamylphenyl)benzo-                                             

             triazole                                                          

     0.167%  2,4-di-t-butylphenyl 3,5-                                         

             di-tert-butyl-4-hydroxy-                                          

                                    2570                                       

             benzoate                                                          

     0.167%  nickel bis-3,5-di-tert.                                           

             butyl-4-hydroxybenzoate                                           

     0.167%  2-hydroxy-4-n-octoxybenzo-                                        

             phenone                                                           

     0.167%  n-octadecyl-3,5-di-tert-                                          

             butyl-4-hydroxybenzoate                                           

                                    2950                                       

     0.167%  nickel bis-3,5-di-tert.                                           

             butyl-4-hydroxybenzoate                                           

     0.167%  2-hydroxy-4-n-octoxybenzo-                                        

             phenone                                                           

     0.167%  2,4-di-t-butylphenyl 3,5-di-                                      

             tert-butyl-4-hydroxybenzoate                                      

                                    2980                                       

     0.1%    octadecyl-3-(3',5'-di-tert-                                       

             butyl-4'-hydroxyphenyl)pro-                                       

             pionate                                                           

     0.167%  nickel bis-3,5-di-tert-butyl-                                     

             4-hydroxybenzoate                                                 

     0.167%  2-(2'-hydroxy-3',5'-di-tert-                                      

             amylphenyl)benzotriazole                                          

     0.167%  n-octadecyl-3,5-di-tert-butyl-                                    

             4-hydroxybenzoate      2400                                       

     0.1%    octadecyl-3-(3',5'-di-tert-butyl-                                 

             4'-hydroxyphenyl)propionate                                       

     0.167%  nickel bis-3,5-di-tert-butyl-                                     

             4-hydroxybenzoate                                                 

     0.167%  2-(2'-hydroxy-3',5'-di-tert-                                      

             amylphenyl)benzotriazole                                          

     0.167%  2,4-di-t-butylphenyl 3,5-di-tert-                                 

             butyl-4-hydroxybenzoate                                           

                                    2625                                       

      0.1%   octadecyl-4-(3',5'-di-                                            

             tert-butyl-4'-hydroxy-                                            

             phenyl)propionate                                                 

     0.167%  nickel-bis-3,5-di-tert-                                           

             butyl-4-hydroxybenzoate                                           

     0.167%  2-hydroxy-4-n-octoxybenzo-                                        

             phenone                                                           

     0.167%  n-octadecyl-3,5-di-tert-                                          

             butyl-4-hydroxybenzoate                                           

                                    2850                                       

     0.1%    octadecyl-3-(3',5'-di-tert-                                       

             butyl-4'-hydroxyphenyl)                                           

             propionate                                                        

     0.167%  nickel-bis-3,5-di-tert-butyl-                                     

             4-hydroxybenzoate                                                 

     0.167%  2-hydroxy-4-n-octoxybenzo-                                        

             phenone                                                           

     0.167%  2,4-di-t-butylphenyl 3,5-di-                                      

             tert-butyl-4-hydroxybenzoate                                      

                                    2900                                       

     0.1%    octadecyl-3-(3',5'-di-tert-                                       

             butyl-4'-hydroxyphenyl)                                           

             propionate                                                        

     0.3%    DSTDP                                                             

     0.167%  nickel-bis-3,5-di-tert-butyl-                                     

             4-hydroxybenzoate                                                 

     0.167%  2-(2'-hydroxy-3',5'-di-tert-                                      

             amylphenyl)benzotriazole                                          

     0.167%  2,4-di-t-butylphenyl 3,5-di-tert-                                 

             butyl-4-hydroxybenzoate                                           

                                    2600                                       

             unstabilized polypropylene                                        

                                     168                                       

     0.5%    nickel-bis-3,5-di-tert-butyl-                                     

             4-hydroxybenzoate      1970                                       

     ______________________________________                                    

      * DSTDP is distearylthiodipropionate                                     

PAR  Other hindered phenolic antioxidants may be used in place of
      octadecyl-4-(3,5-di-t-butyl-4-hydroxyphenyl)propionate in the above
      mentioned compositions utilizing a hindered phenolic, for example,
      di-n-octadecyl-.alpha.(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate,
      dioctadecyl-3-(3',5'-di-t-butyl-4'-hydroxybenzyl)phosphonate,
      pentaethylthritoltetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
      and tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate, respectively.
PAC  EXAMPLE 2
PAR  a. A composition comprising acrylonitrilebutadiene-styrene terpolymer and
      0.5% of nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole and 0.5% of
      n-octadecyl-3,5-di-tert-butyl-4-hydroxybenzoate resists embrittlement due
      to exposure to ultraviolet light longer than one which does not contain
      the stabilizer.
PAR  b. A composition comprising a polyurethane prepared from toluene
      diisocyanate and alkylene polyols (such as polyethylene glycol and
      polpropylene glycol) and 0.5% by weight of
      nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5%
      2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole and 0.5%
      2,4-di-t-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate is more stable to
      sunlight, fluorescent sunlamps, black lights and fluorescent lights than
      the unformulated polyurethane.
PAR  c. a composition comprising a polycarbonate prepared from bisphenol-A and
      phosgene and 0.5% by weight of
      nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-hydroxy-4-n-octoxybenzophenone and 0.5% of n-octadecyl-4-hydroxybenzoate
      resists discoloration due to exposure to ultraviolet light longer than one
      which does not contain the stabilizer.
PAR  d. A composition comprising a polyester (polyethyleneterephthalate) and
      0.5% by weight of nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-hydroxy-4-n-octoxybenzophenone and 0.5% of
      phenyl-3,5-di-tert-butyl-4-hydroxybenzoate resists discoloration due to
      exposure to ultraviolet light longer than one which does not contain the
      stabilizer.
PA1  e. A composition comprising polymethylmethaacrylate and 0.1% by weight of
      octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate, 0.5% of
      nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole and 0.5%
      n-octadecyl-3,5-di-tert-butyl-4-hydroxybenzoate resists discoloration due
      to exposure to ultraviolet light longer than one which does not contain
      the stabilizer.
PAC  EXAMPLE 3
PAR  a. A stabilized linear polyethylene is prepared by incorporating therein
      0.1% by weight of n-octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)
      propionate, 0.5% nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5%
      2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole and 0.5% of
      n-octadecyl-3,5-di-tert-butyl-4-hydroxybenzoate. The stabilized
      compositions resist embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  b. A stabilized polyamide (nylon 6,6) is prepared by incorporating therein
      0.1% by weight of n-octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)
      propionate, 0.5% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-hydroxy-4-n-octoxybenzophenone and 0.5%
      n-octadecyl-3,5-di-tert-butyl-4-hydroxybenzoate. The light stability of
      the stabilized composition is superior so that of an unstabilized
      polyamide.
PAR  c. A stabilized polyphenylene oxide polymer (prepared by polymerizing
      2,6-dimethylphenol) is prepared by incorporating therein 0.1% by weight of
      n-octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl, 0.5%
      nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-hydroxy-4-n-octoxybenzophenone and 0.5% of 2,4-di-t-butylphenyl
      3,5-di-tert-butyl-4-hydroxybenzoate. The stabilized compositions resist
      embrittlement due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer. d. A stabilized crystalline polystyrene
      is prepared by incorporating therein 0.1% by weight of
      n-octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl) propionate, 0.3% of
      DSTDP, 0.5% of nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.5% of
      2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole and 0.5% of
      2,4-di-t-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate. The stabilized
      compositions resist embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAC  EXAMPLE 4
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties due
      to exposure to ultraviolet light by incorporation of 0.167% by weight of
      nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.167%
      2-(2'-hydroxy-3',5'-di-tertamylphenyl) benzotriazole and 0.167%
      n-octadecyl 3,5-di-tert-butyl-4-hydroxybenzoate.
PAR  The unstabilized resin is dissolved in chloroform and the stabilizer then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for percent of
      elongation in the Instron Tensile Testing Apparatus (Instron Engineering
      Corporation, Quincy, Massachusetts). The remaining portion of the strips
      are placed in an FS/BL chamber according to Example 3 (b) except that the
      time to 50% reduction in elongation is measured. The stabilized
      polystyrene resin retains its elongation property longer than the
      unstabilized resin.
PAR  Similar results are obtained when the following stabilizer compositions are
      used in place of the above mentioned stabilizer composition
PA1  (a) 0.167 nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate
PA2  0.167 2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole
PA2  0.167 2,4-di-t-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate
PA1  (b) 0.167 nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate
PA2  0.167 2-hydroxy-4-n-octoxybenzophenone
PA2  0.167 n-octadecyl 3,5-di-tert-butyl-4-hydroxybenzoate
PA1  (c) 0.167 nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate
PA2  0.167 2-hydroxy-4-n-octoxybenzophenone
PA2  0.167 2,4-di-t-butylphenyl 3,5di-tert-butyl-4-hydroxybenzoate
PAR  Antioxidants may also be incorporated in an amount of 0.1% by weight into
      each of the above mentioned compositions for example, di-n-octadecyl
      .alpha.,.alpha.'-bis(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate,
      pentaerythritol tetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate},
      tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate, di-n-octadecyl
      3,5-dibutyl-4-hydroxybenzyl phosphonates and n-octadecyl
      3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate respectively. Together with
      these antioxidants, the secondary antioxidant, dilaurylthiodipropionate,
      may also be used in an amount of 0.3% by weight based on the weight of the
      polymer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter stabilized against oxidative and ultraviolet
      light deterioration which comprises
PA1  a. a synthetic organic polymer normally subject to ultraviolet and
      oxidative deterioration,
PA1  b. from 0.001 to 5% be weight based on the weight of polymer of a nickel
      3,5-di-t-alkyl-4-hydroxybenzoate having up to 8 carbon atoms,
PA1  c. from 0.001 to 5% by weight based on the weight of polymer of an
      ultraviolet light absorber selected from
PA1  1. 2-hydroxy-4-n-octoxybenzophenone; or
PA1  2. a benzotriazole selected from
      2-(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole,
      2-(2'-hydroxy-3,5-di-t-amylphenyl)benzotriazole or
      2-(3'-t-butyl-2'-hydroxy-5'-methylphenyl-5-chlorobenzotriazole,
PA1  d. from 0.01 to 5% by weight based on the weight of polymer of a benzoate
      co-light stabilizer selected from
      n-octadecyl-3,5-di-t-butyl-4-hydroxybenzoate or 2,4-di-t-butyl-phenyl
      3,5-di-t-butyl-4-hydroxybenzoate;
PA1  e. from 0 to 5% by weight based on the weight of polymer of a phenolic
      antioxidant selected from
      n-octadecyl-3,5-di-t-butyl-4-hydroxyphenylpropionate,
      tetrakis-{methylene3-(3',5-di-t-butyl-4'-hydroxyphenyl)propionate}methane,
      di-n-octadecyl-3,5-di-t-butyl-4-hydroxyphosphonate,
      tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate or
      di-octadecyl-2-(3-t-butyl-5-methyl-4-hydroxybenzyl)malonate;
PA1  f. from 0 to 5% by weight based on the weight of polymer of an
      organo-sulfur compound selected from dilaurylthiodipropionate and
      distearylthiodipropionate, provided that said composition is synergistic
      in its activity.
NUM  2.
PAR  2. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl) benzotriazole
PA1  d. n-octadecyl 3,5-di-t-butyl-4-hydroxybenzoate.
NUM  3.
PAR  3. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel-bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl) benzotriazole
PA1  d. 2,4-di-t-butylphenyl 3,5-di-t-butyl-4-hydroxybenzoate.
NUM  4.
PAR  4. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone
PA1  d. n-octadecyl 3,5-di-t-butyl-4-hydroxybenzoate.
NUM  5.
PAR  5. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone
PA1  d. 2,4-di-t-butylphenyl 3,5-di-t-butyl-4-hydroxybenzoate.
NUM  6.
PAR  6. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'--hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. n-octadecyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  e. n-octadecyl 3(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate.
NUM  7.
PAR  7. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel-bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. 2,4-di-t-butylphenyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  e. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  8.
PAR  8. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone
PA1  d. n-octadecyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  e. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  9.
PAR  9. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone
PA1  d. 2,4-di-t-butylphenyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  e. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  10.
PAR  10. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl) benzotriazole
PA1  d. 2,4-di-t-butylphenyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  e. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate
PA1  f. distearylthiodipropionate.
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ABST
PAL  Organic polymeric materials normally subject to oxidative and ultraviolet
      light deterioration are stabilized by incorporating therein a nickel
      3,5-bis-dialkyl-4-hydroxybenzoate, an ultraviolet light absorber such as
      benzophenone or a benzotriazole, and optionally a primary phenolic
      antioxidant with or without a secondary sulfur containing antioxidant.
PARN
PAC  DETAILED DESCRIPTION
PAR  This is a continuation of application Ser. No. 339,458, filed on Mar. 8,
      1973, now abandoned.
BSUM
PAR  This invention relates to the stabilization of organic materials normally
      subject to deterioration by exposure to heat and light by incorporating
      therein a combination of additives comprising a nickel salt of
      3,5-dialkyl-4-hydroxybenzoic acid, an ultraviolet light absorber, and
      optionally, a primary phenolic antioxidant with or without a secondary
      sulfur containing antioxidant.
PAR  The stabilization system of the present invention is useful for stabilizing
      organic materials normally subject to oxidative, thermal and ultraviolet
      light deterioration. Materials which are thus stabilized include synthetic
      organic polymeric substances such as styrene, including homopolystyrene
      and copolymers with acrylonitrile and/or butadiene; vinyl resins formed
      from the polymerization of vinyl halides or from copolymerization of vinyl
      halides with unsaturated polymerizable compounds, for example, vinyl
      esters, .alpha.,.beta.-unsaturated acids, .alpha.,.beta.-unsaturated
      esters, and unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as high, medium and low density polyethylene,
      cross-linked polyethylene, polypropylene, poly(4-methylpentene-1),
      polybutene-1, and the like including copolymers of poly-.alpha.-olefins
      such as ethylene-propylene, ethylene-butylene copolymers, and the like;
      polybutadiene; polyisoprene; polyurethanes such as are prepared from
      polyols such as propylene glycol and ethylene glycol and organic
      polyisocyanate; polyamides such as polyhexamethylene adipamide and
      polycaprolactam; polyesters such as polymethyleneterephthalate and
      polyethyleneterephthalate; polycarbonates such as those prepared from
      bisphenol-A and phosgene; polyacetals; polyethylene oxide and
      polypropylene glycol; and polyacrylics such as polyacrylonitrile and
      polymethylmethacrylate; polyphenyleneoxides such as those prepared from
      2,6-dimethylphenol and the like. Particularly preferred polymers for the
      compositions of this invention are those normally solid polymers of
      alpha-olefins having up to 3 carbon atoms, e.g., ethylene, propylene and
      their copolymers.
PAR  The nickel derivatives of 3,5-dialkyl-4-hydroxybenzoic acid of this
      invention are represented by the formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 and R.sup.2 are the same or different and each is a (lower)alkyl
      group containing from 1 to 8 carbon atoms.
PAR  Illustrative of the (lower)alkyl groups as represented by R.sup.1 and
      R.sup.2 include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl,
      hexyl and octyl. The most preferred groups are methyl and t-butyl.
PAR  The nickel salts are prepared according to procedures described in U.S.
      Pat. No. 3,189,630.
PAR  The nickel compounds of formula I are added to the polymer substrate in an
      amount of from about 0.001% to about 15% by weight based on the weight of
      the polymer and preferably from 0.05 to 2%.
PAR  The ultraviolet light absorbers that are employed in this invention are (a)
      benzophenones and (b) benzotriazoles.
PAR  a. The benzophenones have the general formula
      ##SPC2##
PAL  wherein
PA1  R.sup.3 is hydrogen, hydroxy group, halogen, lower alkyl group or alkoxy
      group having from 1 to 12 carbon atoms, and
PA1  R.sup.4 is hydrogen, hydroxy or alkyl from 1 to 12 carbon atoms.
PAR  In a preferred embodiment, R.sup.3 is hydrogen and R.sup.4 is a straight
      chain alkyl group having from 8 to 12 carbon atoms. Illustrative examples
      of the above described benzophenones are listed below.
PA1  2-hydroxy-4-methoxybenzophenone
PA1  2,2'-dihydroxy-4-methoxybenzophenone
PA1  2-hydroxy-4-methoxy-2'-carboxybenzophenone
PA1  2,2'-dihydroxy-4-n-octoxybenzophenone
PA1  2-hydroxy-4-n-octoxybenzophenone
PA1  5-chloro-2-hydroxybenzophenone
PA1  2,4-dihydroxybenzophenone
PA1  4-dodecyloxy-2-hydroxyphenone
PA1  2-hydroxy-4-decyloxylbenzophenone
PA1  2,2'-dihydroxy-4,4'-dimethoxybenzophenone
PA1  2,2',4,4'-tetrahydroxybenzophenone
PAR  b. The benzotriazoles have the general formula
      ##SPC3##
PAL  wherein
PA1  R.sup.5 is hydrogen, or lower alkyl containing from 1 to 6 carbon atoms,
PA1  R.sup.6 is hydrogen, alkyl containing 1 to 12 carbon atoms, phenyl or
      benzyl, and
PA1  R.sup.7 is hydrogen, chlorine or (lower) alkyl containing from 1 to 6
      carbon atoms.
PAR  In a preferred embodiment, R.sup.7 is hydrogen, chlorine or a methyl group;
      R.sup.5 is hydrogen, chlorine t-butyl, t-amyl; and R.sup.6 is alkyl from 1
      to 12 carbon atoms such as methyl, ethyl, hexyl, octyl, dodecyl, t-butyl,
      t-amyl, isopropyl and the like. Illustrative examples of benzotriazoles
      employed in this invention are listed below.
PA1  2-(2'-hydroxy-5'-methylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butylphenyl)5-chlorobenzotriazole
PA1  2-(2'-hydroxy-5'-amylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-benzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-5-methoxybenzotriazole
PA1  2-(2'-hydroxy-3',5'-dimethyl-phenyl)-5-methylbenzotriazole
PA1  2-(2'-hydroxy-5'-tert-octylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methylphenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butyl-phenyl-5-chlorobenzotriazole
PA1  2-(2'-hydroxy-5'-amylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-tert.butylphenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methoxy-phenyl)benzotriazole
PA1  2-(2'-hydroxy-5'-methyl-phenyl)-5,6-dichlorobenzotriazole
PA1  2-(2'-hydroxy-5'-phenyl-phenyl)-5-chlorobenzotriazole
PA1  2-(2'-hydroxy-3',5' -dichlorophenyl)-benzotriazole
PA1  2-(2'-hydroxy-4',5'-dichlorophenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-phenyl-phenyl)-benzotriazole
PA1  2-(2'-hydroxy-5'-methoxy-phenyl)-5-methylbenzotriazole
PAR  The ultraviolet light absorbers of Formulas II and III are added to the
      polymer substrate in an amount of from about 0.01 to about 5% by weight
      based on the weight of the polymer and more preferably from 0.05 to 2%.
PAR  In addition to the actinic stabilizers described, the plastic compositions
      may contain other additives such as plasticizers, pigments, fillers, dyes,
      glass or other fibers, phosphites, thermal antioxidants, and the like. For
      example, in most applications, it is desirable to incorporate into the
      resin composition, sufficient thermal antioxidants to protect the plastic
      against thermal and oxidative degradation. Thus, the amount of antioxidant
      in the compositions of the instant invention may range from 0 to about 5%
      by weight based on the weight of the polymer and when used preferably from
      0.01 to 2% by weight.
PAR  The best results are obtained with the preferred class of thermal
      antioxidants, normally hindered phenols. These compounds are considered
      primary antioxidants and have been found to provide the best thermal
      stabilization with the least discoloration in the compositions of the
      invention. Examples of these phenolic antioxidants include the following:
PAR  1. Phenolic compounds having the formula:
      ##SPC4##
PAL  wherein
PA1  R.sup.8 and R.sup.9 are the same or different and each is a (lower)alkyl
      group containing from 1 to 6 carbon atoms,
PA1  x is an integer of from 1 to 4,
PA1  n is an integer of from 1 to 4, and
PA1  Z is an aliphatic hydrocarbon of the formula
EQU   C.sub.y H.sub. 2y.sub.+2.sub.-n
PAL  in which y has a value of from 2 to 18 when n is 1 or 2 and a value of from
      3 to 6 when n is greater than 2.
PAR  Illustrative examples of such compounds are
PA1  n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  n-octadecyl-2-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate
PA1  n-octadecyl-4-(3,5-di-t-butyl-4-hydroxyphenyl)butyrate
PA1  n-hexyl-3,5-di-t-butyl-4-hydroxyphenylpropionate
PA1  n-dodecyl-3,5-di-t-butyl-4-hydroxyphenylpropionate
PA1  neo-dodecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  dodecyl-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  ethyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)propionate
PA1  1,2-propylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  ethylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  neopentylglycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  ethylene glycol bis-(3,5-di-t-butyl-4-hydroxyphenylacetate)
PA1  glycerine-1-n-octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  pentaethylthritol-tetrakis-{3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate
     }
PA1  1,1,1-trimethylol ethane-tris-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  sorbitol hexa-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  1,2,3-butanetriol tris-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  2-hydroxyethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-stearoyloxyethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  1,6-n-hexanediol-bis{(3',5'-di-t-butyl-4-hydroxyphenyl)propionate}.
PAR  The above phenolic ester stabilizers are more fully described in U.S. Pat.
      No. 3,330,859 and U.S. Pat. No. 3,644,482.
PAR  2. Phenolic compounds having the formula
      ##SPC5##
PAL  wherein
PA1  T is hydrogen or
      ##SPC6##
PA1  R.sup.10 and R.sup.11 are the same or different and each is a (lower)alkyl
      group containing from 1 to 6 carbon atoms,
PA1  R.sup.12 is an alkyl group containing from 1 to 18 carbon atoms, and
PA1  x is an integer of from 1 to 4.
PAR  Illustrative examples of the compounds shown above are
PA1  di-n-octadecyl-.alpha.-(3,5-di-t-butyl-4-hydroxybenzyl)malonate
PA1  di-n-octadecyl-.alpha.-(3-t-butyl-4-hydroxy-5-methyl-benzyl)malonate which
      is disclosed in the Netherlands Pat. No. 6,711,199, Feb. 19, 1968
PA1  di-n-octadecyl-,.alpha.'-bis-(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate
      which is disclosed in the Netherlands Pat. No. 6,803,498, Sept. 19, 1968,
PAR  3. Phenolic compounds having the formula
      ##SPC7##
PAL  wherein
PA1  R.sup.13 and R.sup.14 are the same or different and each is a (lower)alkyl
      group containing from 1 to 6 carbon atoms,
PA1  x is an integer of from 1 to 4, and
PA1  R.sup.15 is an alkyl group containing from 6 to 18 carbon atoms.
PAR  Illustrative examples of such compounds are
PA1  di-n-octadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-octadecyl-1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PA1  di-n-tetradecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-hexadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-dodecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PAR  The above di-(higher)alkyl phenolic phosphonates are more fully described
      in U.S. Pat. No. 3,281,505.
PAR  4. Phenolic compounds having the formula
      ##SPC8##
PAL  wherein
PA1  R.sup.16 and R.sup.17 are the same or different and each is a lower alkyl
      group containing from 1 to 6 carbon atoms, and
PA1  x is an integer of from 1 to 4.
PAR  Illustrative examples of such compounds are
PA1  tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate
PA1  tris-(3-t-butyl-4-hydroxy-5-methylbenzyl)isocyanurate.
PAR  The above hydroxyphenylalkenyl isocyanurates are more fully described in
      U.S. Pat. No. 3,531,483.
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  In addition to the above mentioned additives the present invention also
      covers the use of a secondary antioxidant which may optionally be employed
      with the primary phenolic antioxidant. Illustrative examples of such
      secondary antioxidants are the organosulfur compounds
      distearylthiodipropionate and dilaurylthiodipropionate. The secondary
      antioxidants may be used in an amount ranging from 0 to about 5% by weight
      based on the weight of polymer and when used preferably from 0.01 to 2% by
      weight.
PAR  The stabilized polymers of the present invention have utility in the normal
      use for which plastics are employed and are particularly useful for film
      and fiber. Compounds of this invention may be incorporated in the
      polymeric substance during the usual processing operations for example, by
      hot milling, the composition then being extruded, pressed, blow molded or
      the like into films, fibers, filaments, hollow spheres and the like. Where
      the polymer is prepared from a liquid monomer as in the case of styrene,
      the stabilizer may be dispersed or dissolved in the monomer prior to
      polymerization or curing.
DETD
PAR  The following examples, presented for illustration and not limitation, will
      further serve to typify the nature of the present invention.
PAC  EXAMPLE 1
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is slow at
      ambient conditions and therefore, testing of the effects of stabilizers
      generally is conducted in an accelerated artificial light exposure device
      in order to yield results in a convenient period of time. The test
      conducted on polymers using an artificial light exposure device is
      described below:
PAL  a. Sample Preparation
PAR  5 mil Film -- The additives are dissolved in distilled methylene chloride
      and blended with unstabilized polypropylene powder (Hercules Profax 6501)
      in a Hobart mixer. The blended material is then milled on a two roll mill
      for 5 minutes at 182.degree.C. The milled sheet is then compression molded
      at 220.degree.C into 5 mil thick film under a pressure of 350 psi and
      water cooled in the press.
PAL  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design which consists of 40 tubes of alternating fluorescent sun lamps and
      black lights (20 of each). The 5 mil sample films are mounted on 3 .times.
      2 inch infrared card holders with 1/4 .times. 1 inch windows and are
      placed on a rotating drum 2 inches from the bulbs in the FS/BL unit. The
      time in hours is noted for the development of 0.5 carbonyl absorbance
      units at 5.85 nanometers as determined on an Infrared Spectophotometer.
      The development of carbonyl functional groups in the polymer is
      proportional to the amount of degradation caused by the ultraviolet light
      exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer.
TBL                TABLE I                                                     

     ______________________________________                                    

                            Time in Hours                                      

                            to 0.5 Carbonyl                                    

     Composition            Absorbance Units                                   

     ______________________________________                                    

     0.5% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                       

     0.25% 2-hydroxy-4-n-octoxybenzo-phenone                                   

                            3825                                               

     0.5% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                       

     0.25% 2-(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole      

                            butylphenyl)-5-chlorobenzotriazole 3824            

     0.5% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                       

                            4-hydroxybenzoate                                  

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole                

                            3850                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.1% octadecyl-3-(3',5'-di-tert-butyl-4' -hydroxyphenyl)propionate        

     0.25% 2-(3'-tert-butyl-2'-hydroxy-5' -methylphenyl)-5-chlorobenzotriazole 

                            2710                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzene                       

     0.1% octadecyl-3-(3',5'-di-tert-butyl-4' -hydroxyphenyl)propionate        

     0.25% 2-(2'-hydroxy-3',5'-di-tert-butyl-phenyl)-5-chlorobenzotriazole     

                            2430                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.1% octadecyl-3-(3',5'-di-tert-butyl-4' -hydroxyphenyl)propionate        

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

                            2400                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.1% octadecyl-3-(3',5'-di-tert-butyl-4' -hydroxyphenyl)propionate        

     0.25% 2-hydroxy-4-n-octoxybenzophenone                                    

                            3210                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

     0.1% tetrakis-{methylene-3-(3',5' -di-tert-butyl-4'-hydroxyphenyl)propiona

     te} methane            2130                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

     0.25% O,O-di-octadecyl-3,5-di-tert-butyl-4-hydroxylbenzyl                 

                            3156phonate                                        

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

     0.1% 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-s-triazine-2,4,6-      

     (1H, 3H, 5H)-trione    2130                                               

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

     0.1% di-octadecyl-2-(3-tert-butyl-5-methyl-4-hydroxybenzyl)malonate       

                            2304                                               

     0.1% octadecyl-3-(3',5'-di-tert-butyl-4' -hydroxyphenyl)propionate        

     0.3% distearylthiodipropionate (DSTDP)                                    

     0.25% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                      

     0.25% 2-(2'-hydroxy-3',5'-di-tert-amyl-phenyl)benzotriazole               

                            2620                                               

     No stabilizers         168                                                

     0.5% nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate                       

                            1970                                               

     ______________________________________                                    

PAR  Other hindered phenolic antioxidants may be used in place of
      octadecyl-4-(3,5-di-t-butyl-4-hydroxyphenyl)propionate in the above
      mentioned compositions utilizing a hindered phenolic, for example,
      di-n-octadecyl .alpha.(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate,
      dioctadecyl 3-(3',5'-di-t-butyl-4'-hydroxybenzyl)phosphonate,
      pentaethylthritoltetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
      and tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate, respectively.
PAC  EXAMPLE 2
PAR  a. A composition comprising acrylonitrilebutadiene-styrene terpolymer and
      0.5% of nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.25% of
      2-(2'-hydroxy-3',5'-di-tertbutylphenyl)-5-chlorobenzotriazole and 0.1% of
      tetrakis{methylene-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate}meth
     ane resists embrittlement due to exposure to ultraviolet light longer than
      one which does not contain the stabilizer.
PAR  b. A composition comprising a polyurethane prepared from toluene
      diisocyanate and alkylene polyols (such as polyethylene glycol and
      polypropylene glycol) and 0.25% by weight of nickel
      bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.1% of octadecyl
      3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate and 0.25% of
      2-hydroxy-4-n-octoxybenzophenone is more stable to sunlight, fluorescent
      sunlamps, black lights and fluorescent lights than the unformulated
      polyurethane.
PAR  c. A composition comprising a polycarbonate prepared from bisphenol-A and
      phosgene and 0.25% by weight of nickel
      bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.1% of octadecyl
      3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate and 0.25% of
      2-(2'-hydroxy-3',5'-di-tertamylphenyl)benzotriazole resists discoloration
      due to exposure to ultraviolet light longer than one which does not
      contain the stabilizer.
PAR  d. A composition comprising a polyester (polyethyleneterephthalate) and
      0.25% by weight of nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.1% of
      octadecyl 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate and 0.25% of
      2-(2'-hydroxy-3',5'di-tert-butyl-phenyl)-5-chlorobenzotriazole resists
      discoloration due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAR  e. A composition comprising polymethylmethaacrylate and 0.25% by weight of
      nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.1% of
      octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate and 0.25% of
      2-(3'-tert-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole resists
      discoloration due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAC  EXAMPLE 3
PAR  a. A stabilized linear polyethylene is prepared by incorporating therein
      0.1% by weight of
      octadecyl-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate, 0.3% of
      distearylthiodipropionate, 0.25% of nickel
      bis-3,5-di-tert-butyl-4-hydroxybenzoate, and 0.25%
      2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole. The stabilized
      compositions resist embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  b. A stabilized polyamide (nylon 6,6) is prepared by incorporating therein
      0.25% by weight of nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.25%
      of 2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole and 0.1% of
      di-octadecyl-2-(3-tert-butyl-5-methyl-4-hydroxybenzyl)malonate. The light
      stability of the stabilized composition is superior to that of an
      unstabilized polyamide.
PAR  c. A stabilized polyphenylene oxide polymer (prepared by polymerizing
      2,6-dimethylphenol) is prepared by incorporating therein 0.25% by weight
      of nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate, 0.25% of
      2-(2'-hydroxy-3',5'-di-tertamylphenyl)benzotriazole and 0.1% of
      tris-(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate. The stabilized
      compositions resist embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  d. A stabilized crystalline polystyrene is prepared by incorporating
      therein 0.25% by weight of nickel-bis-3,5-di-tert-butyl-4-hydroxybenzoate,
      0.25% of 2-(2'-hydroxy-3',5' -di-tert-amylphenyl)benzotriazole and 0.1% of
      0,0'-di-octadecyl-3,5-di-tert-butyl-4-hydroxybenzyl phosphonate. The
      stabilized compositions resist embrittlement due to exposure to
      ultraviolet light longer than one which does not contain the stabilizer.
PAC  EXAMPLE 4
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties due
      to exposure to ultraviolet light by incorporation of 0.5% by weight of
      nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate, and 0.25% of
      2-hydroxy-4-n-octoxybenzophenone.
PAR  The unstabilized resin is dissolved in chloroform and the stabilizer then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for percent of
      elongation in the Instron Tensile Testing Apparatus (Instron Engineering
      Corporation, Quincy, Massachusetts). The remaining portion of the strips
      are placed in an FS/BL chamber according to Example 3 (b) except that the
      time to 50% reduction in elongation is measured. The stabilized
      polystyrene resin retains its elongation property longer than the
      unstabilized resin.
PAR  Similar results are obtained when the following stabilizer compositions are
      used in place of the above mentioned stabilizer composition
PA1  a. 0.5% nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate
PA2  0.25% 2-(2'-hydroxy-3',5'-di-tert-amylphenyl)benzotriazole
PA1  b. 0.5% nickel bis-3,5-di-tert-butyl-4-hydroxybenzoate
PA2  0.25% 2-(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole
PAR  Antioxidants may also be incorporated in an amount of 0.1% by weight into
      each of the above mentioned compositions for example,
      di-n-octadecyl-.alpha.,.alpha.'-bis(3-t-butyl-4-hydroxy-5-methylbenzyl)mal
     onate,
      pentaerythritol-tetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate},
      tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,
      di-n-octadecyl-3,5-di-butyl-4-hydroxybenzyl phosphonates and
      n-octadecyl-3)3',5'-di-t-butyl-4-hydroxyphenyl)propionate respectively.
      Together with these antioxidants, the secondary antioxidant,
      dilaurylthiodipropionate, may also be used in an amount of 0.3% by weight
      based on the weight of the polymer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter stabilized against oxidative and ultraviolet
      light deterioration which comprises
PA1  a. a synthetic organic polymer normally subject to ultraviolet and
      oxidative deterioration,
PA1  b. from 0.001 to 5% by weight based on the weight of polymer of a nickel
      3,5-di-t-alkyl-4-hydroxybenzoate having up to 8 carbon atoms in the
      t-alkyl group,
PA1  c. from 0.001 to 5% by weight based on the weight of polymer of an
      ultraviolet light absorber selected from (1)
      2-hydroxy-4-n-octoxybenzophenone, or (2) a benzotriazole selected from
      2-(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole,
      2-(2'-hydroxy-3,5-di-t-amylphenyl) benzotriazole or
      2-(3'-t-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole,
PA1  d. from 0 to 5% by weight based on the weight of a polymer of a phenolic
      antioxidant selected from n-octadecyl 3',5'-di-t-butyl-4'-hydroxyphenyl)
      propionate, tetrakis-{methylene
      3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate}methane, di-n-octadecyl
      3,5-di-t-butyl-4-hydroxybenzylphosphonate,
      tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,
      di-octadecyl-2-(3-t-bitu;-5-methyl-4-hydroxybenzyl)malonate, and
      1,3,5-tris-(3,5-di-t-butyl-4-hydroxybenzyl)5-triazine-2,4,6-(IH,3H)-trione
PA1  e. from 0 to 5% by weight based on the weight of polymer of an organosulfur
      compound selected from dilaurylthiodiproprionate and
      distearylthiodynapionate, provided that said composition is synergistic in
      its activity.
NUM  2.
PAR  2. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole.
NUM  3.
PAR  3. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole.
NUM  4.
PAR  4. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone.
NUM  5.
PAR  5. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(3'-t-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole.
NUM  6.
PAR  6. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. n-octadecyl 3(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate.
NUM  7.
PAR  7. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-butylphenyl)benzotriazole
PA1  d. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  8.
PAR  8. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-hydroxy-4-n-octoxybenzophenone
PA1  d. n-octadecyl 3(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate.
NUM  9.
PAR  9. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(5'-t-butyl-2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole
PA1  d. n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate.
NUM  10.
PAR  10. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. tetrakis
      {methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate}methane.
NUM  11.
PAR  11. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. di-n-octadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate.
NUM  12.
PAR  12. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. 1,3,5-tris-(3,5-di-t-butyl-4-hydroxybenzyl)-5-triazine-2,4,6-(1H, 3H,
      5H)-trione.
NUM  13.
PAR  13. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. di-n-octadecyl-2-(3-t-butyl-4-methyl-4-hydroxybenzyl)malonate.
NUM  14.
PAR  14. A composition according to claim 1 which comprises
PA1  a. polypropylene
PA1  b. nickel bis-3,5-di-t-butyl-4-hydroxybenzoate
PA1  c. 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole
PA1  d. n-octadecyl 3(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate
PA1  e. distearylthiodipropionate.
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ABST
PAL  A stabilized polyamide composition comprising a random polyester amide
      containing the following moieties:
      ##EQU1##
      where A is an aliphatic, cycloaliphatic or aromatic residue or mixtures
      therof, B is an aliphatic or cycloaliphatic residue or mixtures thereof,
      and Y is an aliphatic or cycloaliphatic residue, the moieties I being
      present in an amount of 20 to 80 mole percent, the structural moieties II,
      III or mixtures thereof being present in an amount of 80 to 20 mole
      percent, and:
PA1  A. phosphorous acid, an alkyl or aryl ester thereof,
PA1  B. triphenylphosphine, and
PA1  C. a sterically impeded phenol;
PAL  A process for the stabilization of a polyester amide obtained by the melt
      condensation of 2,2-dimethylpropanediol,1,3, cycloaliphatic and/or
      aliphatic, diprimary diamines and dicarboxylic acids and/or
      .omega.-aminocarboxylic acids or lactams thereof which contain
      hexamethylene diammonium adipate in the structure which comprises carrying
      out the condensation in the presence of a stabilizer which comprises:
PA1  A. phosphorous acid, or an alkyl or aryl ester thereof,
PA1  B. triphenylphosphine, and
PA1  C. a sterically impeded phenol.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 380,423 of July 18, 1973, now abandoned, the disclosure of which is
      hereby incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the stabilization of polyester amides prepared by
      the melt condensation of 2,2-dimethylpropanediol, cycloaliphatic and/or
      aliphatic, diprimary diamines and dicarboxylic acids and/or
      .omega.-aminocarboxylic acids or lactams. More particularly, the present
      invention relates to the stabilization of such polyester amides against
      the formation of a skin. This invention also relates to the stabilization
      of such polyester amides against discoloration.
PAR  2. Discussion of the Prior Art
PAR  In parent application Ser. No. 380,423 there is described a process for
      preparing polyester amides which are not readily discolored and are of a
      clear or semi-clear nature by heating in the melt an aliphatic or
      cycloaliphatic diamine, 2,2-propanediol and an aliphatic or aromatic
      dicarboxylic acid and/or a cycloaliphatic or aliphatic
      .omega.-aminocarboxylic acid or precursor thereof. The polyester amides so
      obtained have good color stability and are generally clear or semi-clear
      in nature. Unfortunately, it has been found that some polyester amides
      obtained by such polymerization do not have the desired melt stability for
      application as thermoplastic adhesives especially when the polyester amide
      is mainly or exclusively of hexamethylene diammonium adipate ("AH salt").
      This is especially the case when the product is held in the melted state
      in open, heated reservoirs from which it is pumped as required to some
      kind of application apparatus such as injection nozzles, applicator rolls,
      cylinders, spray guns and the like. This seriously impairs the ability of
      the polyester amide to be used as a thermoplastic adhesive. In such cases
      where the polyester amide is maintained in the melted state in an open,
      heated reservoir a skin of infusible and insoluble matter forms to a
      greater or lesser extent on the surface of the melt, depending on the
      length of exposure to the air.
PAR  When fresh polyester amide is added to the reservoir, this skin is easily
      broken up and migrates in the form of solid or slimy particles into the
      interior of the melt and from there into the lines of the applicator
      devices and on to the latter, thereby disturbing the uniform application
      of the melt or even completely interrupting the flow of material. This
      necessitates difficult and expensive cleaning operations. For this reason
      it has become desirable to prevent the formation of skin under the
      above-described conditions or at least to retard such skin formation to
      such an extent that it will cease to be a problem.
PAR  Surprisingly, the undesirable skin formation does not occur in the
      polyesters of Ser. No. 380,423, even in the absence of any stabilizers, if
      the amide groups contained in them originate from an aminocarboxylic acid
      or lactam thereof which does not give rise to formation of AH salt. The
      sole or predominant use of AH salt in the preparation of polyamides,
      however, is often advantageous because the polyester amides thereby
      obtained crystallize substantially faster upon the cooling of the melt
      than those which contain amino acids condensed into their structure
      instead of AH salt, especially epsilon-aminocapronic acid or caprolactam.
      The greater speed of crystallization results in a more rapid setting of
      the adhesive compositions. This more rapid setting in turn permits the
      performance of a greater number of adhesion operations per unit time,
      which is often desirable or necessary for the purpose of increasing
      output. Consequently, the stabilization of polyester amides containing AH
      salt condensed into their structure so as to prevent the formation of skin
      when the polyester is heated and exposed to air is an economically
      important objective.
PAR  Another important consideration in the stabilization of polyester amides
      containing AH salt condensed into their structure is the requirement that
      the products be as light in color as possible and remain so. This
      requirement is established because the adhesive when squeezed out of the
      joint formed when objects are glued together should not be so visible as
      to noticeably and visibly stain the area of the joint.
PAR  It has, therefore, become a desirable to provide a stabilizer composition
      which stabilizes a polyester amide, especially one containing AH salt
      within the structure, against the formation of a film due to the adverse
      effect of air when the polyester is heated. It is also desirable to
      provide such a stabilizer composition which will impart rare light
      stability to the polyester amide.
PAC  SUMMARY OF THE INVENTION
PAR  The long felt desires in the field of polyester amides are satisfied by a
      stabilized polyester amide composition which comprises a random polyester
      amide containing the following moieties:
      ##EQU2##
      where A is an aliphatic, cycloaliphatic or aromatic residue or mixtures
      thereof, B is an aliphatic or cycloaliphatic residue or mixtures thereof,
      and Y is an aliphatic or cycloaliphatic residue, the moieties I being
      present in an amount of 20 to 80 mole percent, the structural moieties II,
      III or mixtures thereof being present in an amount of 80 to 20 mole
      percent, and a stabilizer composition consisting essentially of:
PA1  A. a phosphorous acid, an alkyl or aryl ester thereof,
PA1  B. triphenylphosphine; and
PA1  C. a sterically impeded phenol.
PAR  At the heart of the present invention there is the use of a three component
      stabilizer composition to retard formation of a skin on the surface of the
      melt of polyester amide. While the three components of the stabilizer
      composition are all individually known and have been known to be employed
      in certain combinations with one another it has not heretofore been
      proposed to provide a stabilizer composition of these three classes of
      components together. Moreover, it is not known heretofore to use this
      combination of stabilizers against the thermal-oxidative decomposition of
      polyesters, polyamides or polyester amides.
PAR  While it is known that oxidation of polyamides leads to cross-linking and
      that this cross-linking reaction may be inhibited by the presence of
      antioxidants (V. V. Korshak, T. M. Frunze, "Synthetic Hetero-Chain
      Polyamides," Israel Program for Scientific Translations, Jerusalem 1964,
      p. 279), it has not been heretofore suggested that the three component
      stabilizer composition of the present invention can be used to retard or
      eliminate the formation of skin on a polyester amide which skin might be
      formed due to the effect of oxygen upon the polyamides at such elevated
      temperatures. It is common knowledge that each of the components A to C
      can be considered as an antioxidant. However, it was surprising to find
      that they do not produce the desired stabilizing effect individually or in
      a combination of any two. Thus, to provide stabilization against film
      formation it is necessary that all three components, A to C, be
      simultaneously present. Such factor could not have been predicted from the
      prior art.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The stabilized random polyester amide composition contains generally
      between 0.1 to 0.5 weight percent stabilizer based upon the total weight
      of the polyester amide-forming starting materials. Preferably, the amount
      of stabilizer is between 0.15 and 0.35 weight percent based upon the total
      weight of the polyester amide forming starting materials. The reason that
      the weight of stabilizer is based upon the combined weight of the starting
      materials rather than the final product is that the stabilizer components
      are preferably added to the polyester amide during the formation of the
      polyester amide itself in the condensation reaction. Generally speaking,
      however, the amount of stabilizer on the basis of the weight of the final
      polyester amide is within the broad range of 0.11 to 0.6 weight percent
      and within the preferred range of 0.17 to 0.7 weight percent.
PAR  Each of the components of A to C can be varied independent of the other
      components of the stabilizer composition. Generally speaking, components A
      to C are used in a weight ratio of approximately 1:1:1 to about 0.5:0.5:2.
      Preferably, the components are present in a ratio between 1 : 2 : 2 to 1 :
      1 : 2. The above ratios are weight ratios and are based upon component A
      being in the form of phosphorous acid.
PAR  It is also possible to increase the concentration of components A and C
      individually or together to approximately ten times the values stated
      without incurring disadvantages, although no special advantage is
      obtained.
PAR  The selection of a sterically impeded phenol is conspicuously uncritical.
      The following compounds have been used with virtually equal success:
PA1  2-methyl-6-tert.-butylphenol
PA1  2,6-di-tert-butyl-p-cresol
PA1  2,2'-methylenebis-(4-methyl-6-tert.-butylphenol)
PA1  2,6-diisopropylphenol
PA1  4,4'-methylenebis-(2,6-ditert.-butylphenol)
PA1  .beta.-(3,5-ditert.-butyl-4-hydroxyphenyl)-propionic acid ester of
      pentaerythritol
PA1  2,6-ditert.-butylphenol
PAR  These phenols have the general formula:
      ##SPC1##
PA0  X, y = h or linear or branched alkyl residues having 1 to 4 C-atoms
PA0  Z = h or linear or branched alkyl residues having 1 to 4 C-atoms or an
      alkylidene monocarboxylic acid having 2 to 6 C-atoms, esterified with
      mono-to tetraalkohols having 1 to 5 C-atoms; n = 1 to 3, m = 1 to 4,
      corresponding to the valency of the esterified alcohols, restricted by the
      demand, that the benzene nucleus in the formula given is substituted by no
      more than 3 H-atoms, and that X or Y and Z are interchangeable.
PAR  Additional representatives of this class of substances may be seen in the
      book by J. Voigt: "Die Stabilisierung der Kunststoffe gegen Licht und
      Warme," Springer-Verlag, Berlin-Heidelberg 1966, pp. 595-614, and other
      sources.
PAR  Component A can be phosphorous acid or any desired ester of this acid
      especially those esters which can readily undergo hydrolysis to form the
      phosphorous acid. It is assumed that during polycondensation or use of the
      phosphorous acid ester a hydrolytic cleavage occurs resulting in the
      formation of the free acid and the corresponding hydroxy compounds. This
      is apparent from the fact that, beginning at a certain molecular
      concentration of component A, similar decomposition phenomena occur to the
      same extent than the polyester amide during its preparation, which can
      probably be attributed to a common cause, i.e., the presence of free
      phosphoric acid. Thus, it matters not whether component A consists of the
      acid itself or any desired trialkyl or triaryl phosphite in an amount
      equimolecular to this acid. Preferably, when component A is supplied by an
      alkyl ester thereof the alkyl group contains between 1 and 9 carbon atoms.
      If a triaryl phosphite is employed it is preferred that the aryl groups
      have six carbon atoms in the ring.
PAR  The maximum amount of component A, with reference to its phosphorous acid
      content, amounts to approximately 0.16 weight percent with a total weight
      of the polyester amide-forming starting materials. In the case of higher
      concentrations, undesirable discolorations occur in the final product.
PAR  It is preferred, in carrying out the process of the invention, to add the
      stabilizers A to C to the polyester amide monomer mixture since then the
      stabilizing action is optimum insofar as inherent color and the
      thermal-oxidative stability of the polymer is concerned. However, the
      addition of a portion of the stabilizers at an advanced stage of the
      polyester amide preparation can also be done.
PAR  In order to more fully illustrate the nature of the invention and the
      manner of practicing the same the following examples are presented. In the
      examples the reduced viscosity .eta. red, was determined by the method
      described in W. R. Sorenson and T. W. Campbell, "Preparative Methods of
      Polymer Chemistry,"  Interscience Publishers, Inc., New York, 1961, pp.
      38-40, in m-cresol at 30.degree.C. and at a concentration of 1 g of
      polymer in 100 ml. of solvent.
PAR  The color of the melted polymers was measured with a Lovibond Tintometer of
      Tintometer Ltd., Salisbury (Great Britain) and has been expressed in
      values of the "Lovibond Scale". This scale consists of sets of glass
      filters with linearly graded transmittance for the colors red, yellow and
      blue. By suitably combining these three substractive primary colors any
      desired tint may be matched and can be numerically identified. The method
      used is described in detail in two brochures of Tintometer Ltd. entitled,
      "Colorimetric Chemical Analytical Methods."
PAR  The skin formation was determined by placing 50 g. of polymer in 150 ml.
      beakers and keeping the beakers at 180.degree.C. in a circulating-air
      drying oven. By moving a glass rod horizontally through the surface of the
      melt the time was determined which elapsed before the first signs of the
      formation of a skin became perceptible (Time I) and the time which elapsed
      before the surface was entirely covered with a skin (Time II).
DETD
PAR  In the following examples the procedure was always as follows:
PAR  52.56 G. of adipic acid, 37.56 g. of 2,2-dimethylpropanediol-1,3, 40.0 g.
      of hexamethylenediammoniumadipate (AH salt) and 130 mg. of octyleneglycol
      titanate (reaction product obtained by the reaction of 1 mole of
      tetrabutyl titanate with 4 moles of 2-ethylhexanediol-1,3 with removal by
      distillation of the butanol that formed) were heated continuously within 3
      hours from 150.degree. to 270.degree.C. at normal pressure under nitrogen
      in a 250 mol. round flask with stirrer and descending condenser, in the
      presence of the specified amounts of stabilizers A to C, and the water of
      reaction was driven off. Then at 270.degree.C. a vacuum was applied which
      was increased continuously over a period of 1 hour from 760 to 10 Torr.
      Then the vacuum of 10 Torr was maintained for another 2 hours at
      270.degree.C., and then the product was allowed to solidify in the flask
      under nitrogen. The contents of the flask was isolated by breaking the
      flask. The following results were obtained.
TBL                                      Forming of                            

     Ex. No.                                                                   

           Stabilizer (mg)                                                     

                         Lovibond color  skin                                  

                         .eta. red.                                            

     A          B   C                    (Std.)(hrs)                           

                             red yellow                                        

                                     blue                                      

                                         I    II                               

     __________________________________________________________________________

     1     --   --  --   0.59                                                  

                             2.0 15  0.3 5     8                               

     2     240.sup.1)                                                          

                --  --   0.63                                                  

                             4.0 30  1.0 7    13                               

     3     160.sup.1)                                                          

                --  --   0.56                                                  

                             4.0 10  2.0 6    15                               

     4      80.sup.1)                                                          

                --  --   0.58                                                  

                             2.0 10  0.4 6    14                               

     5     900.sup.2)                                                          

                --  --   0.65                                                  

                             3.8 35  1.0 6    14                               

     6     600.sup.2)                                                          

                --  --   0.60                                                  

                             4.0 10  1.8 6    14                               

     7     300.sup.2)                                                          

                --  --   0.60                                                  

                             1.8 10  0.6 6    15                               

     8     --   500 --   0.58                                                  

                             1.8 10  0.2 --   --                               

     9     --   200 --   0.63                                                  

                             2.0 10  0.3 6    10                               

     10    --   100 --   0.60                                                  

                             2.0  9  0.2 6    14                               

     11    --    50 --   0.57                                                  

                             2.0 20  0.1 --   --                               

     12    --   --  500.sup.3)                                                 

                         0.60                                                  

                             2.1 20  0.3 13   15                               

     13    --   --  200.sup.3)                                                 

                         0.58                                                  

                             2.0 10  0.2 --   --                               

     14    --   --  100.sup.3)                                                 

                         0.63                                                  

                             1.7  9  0.4 10   12                               

     15    --   --   70.sup.3)                                                 

                         0.61                                                  

                             2.0  9  0.1 --   --                               

     16    --   --  100.sup.4)                                                 

                         0.63                                                  

                             1.8 10  0.3 9    12                               

     17    --   --  100.sup.5)                                                 

                         0.57                                                  

                             2.0 10  0.4 10   13                               

     18    160.sup.1)                                                          

                200 --   0.58                                                  

                             3.2 20  2.1 6    10                               

     19     50.sup.1)                                                          

                 80 --   0.60                                                  

                             2.1 10  1.1 6    10                               

     20    --   100 100.sup.4)                                                 

                         0.63                                                  

                             5.4 25  2.1 10   13                               

     21    --   200 130.sup.5)                                                 

                         0.57                                                  

                             3.5 26  2.4 9    12                               

     22    160.sup.1)                                                          

                --  100.sup.4)                                                 

                         0.58                                                  

                             3.2 20  4.2 10   16                               

     23     80.sup.1)                                                          

                --   80.sup.4)                                                 

                         0.62                                                  

                             2.1 10  1.1 9    15                               

     24    160.sup.1)                                                          

                --  500.sup.4)                                                 

                         0.59                                                  

                             5.0 20  4.2 10   14                               

     __________________________________________________________________________

PAR  Examples 1 to 24 contain stabilizers A to C either individually or in
      combinations of two. It can be seen that the time that elapses before skin
      formation begins can at best be doubled, substantially independently of
      their concentration, but in these cases a deterioration of color must be
      tolerated.
TBL  __________________________________________________________________________

     Ex.No.                                                                    

          Stabilizer (mg)                                                      

                         .iota.red.                                            

                             Lovibond color                                    

                                         Forming                               

                                         of skin                               

                                         (hrs)                                 

     __________________________________________________________________________

          A    B   C         red yellow                                        

                                     blue                                      

                                         I   II                                

     __________________________________________________________________________

     25   200.sup.1)                                                           

               200 200.sup.5)                                                  

                         0.69                                                  

                             4.1 20  3.1 &gt;20 &gt;20                               

     26   200.sup.1)                                                           

               200 100.sup.5)                                                  

                         0.58                                                  

                             4.1 15  3.0 &gt;20 &gt;20                               

     27   200.sup.1)                                                           

               200  70.sup.5)                                                  

                         0.60                                                  

                             4.1 15  3.1 &gt;20 &gt;20                               

     28   100.sup.1)                                                           

               200 200.sup.5)                                                  

                         0.59                                                  

                             3.5 12  2.8 &gt;20 &gt;20                               

     29   100.sup.1)                                                           

               100 100.sup.5)                                                  

                         0.63                                                  

                             4.1 10  3.1 &gt;20 &gt;20                               

     30    50.sup.1)                                                           

                50 100.sup.5)                                                  

                         0.65                                                  

                             3.3 10  1.3  15 &gt;20                               

     31   550.sup.6)                                                           

               100 100.sup.5)                                                  

                         0.62                                                  

                             3.8 11  2.5 &gt;20 &gt;20                               

     32   200.sup.1)                                                           

               240 100.sup.7)                                                  

                         0.57                                                  

                             2.1 12  1.0  16 &gt;20                               

     33   100.sup.1)                                                           

               150 200.sup.8)                                                  

                         0.60                                                  

                             0.9 10  0.8 &gt;20 &gt;20                               

     34   200.sup.1)                                                           

               240 1300.sup.8)                                                 

                         0.60                                                  

                             3.6 10  2.3 &gt;20 &gt;20                               

     35   160.sup.1)                                                           

               100 160.sup.4)                                                  

                         0.58                                                  

                             4.0 11  2.2  18 &gt;20                               

     36   200.sup.1)                                                           

               200 250.sup.9)                                                  

                         0.63                                                  

                             0.8 10  0.9 &gt;20 &gt;20                               

     __________________________________________________________________________

      1)Phosphorous acid                                                       

      2)Triphenylphosphite                                                     

      3)2-methyl-t-tert.-butylphenol                                           

      4)2,6-diisopropylphenol                                                  

      5)4,4'-methylenebis-(2,6-ditert.-butylphenol)                            

      6)Trinonylphosphite                                                      

      7)2,2'-methylenebis-(4-methyl-6-tert.-butylphenol)                       

      8).beta.-(3,5-ditert.-butyl-4-hydroxyphenyl)-propionic acid ester of     

      pentaerythritol                                                          

      9)2,6-ditert.-butylphenol                                                

PAR  Examples 25 to 36 show the superiority of the simultaneous use of
      stabilizers A, B and C with regard to retarding skin formation and
      retaining the light color of the product when the melt is exposed to
      oxidation.
PAR  When the 2,2-dimethylpropanediol-1,3 in the polyester amides was replaced,
      contrary to the teaching of Ser. No. 380,423 by an equivalent amount of
      ethylene glycol, and the catalyst octyleneglycoltitanate was
      simultaneously replaced with 60 mg. of GeO.sub.2 in consideration of the
      known fact that polyesters containing ethylene glycol condensed into their
      structure are as a rule discolored yellowish brown by the use of catalysts
      containing titanium, it was not possible by the use of any of the
      stabilizer combinations named in Examples 25 to 36 to achieve Lovibond
      color numbers (red, yellow, blue) better than 5/40/3.
PAR  In like manner, better color numbers were not obtained by replacing the
      2,2-dimethylpropanediol-1,3 in the preparation of the polyester amide,
      with an equivalent amount of 1,4-butanediol and bringing the
      polycondensation temperature back to 245.degree.C; at this temperature the
      speed of the thermal decomposition of titanium-catalyzed polyesters of
      1,4-butanediol is approximately equal to the speed of the thermal
      decomposition of germanium-catalyzed polyesters of ethylene glycol at
      270.degree.C., so that any effects which this choice of temperature might
      produce, and which, though negligible, are undesirable in this connection,
      were unable to obscure the situation under study. It appears from the
      experiments that stabilizer combinations of A, B and C may be applied
      advantageously only to those polyester amides which are described in Ser.
      No. 380,423.
PAR  In the text above there has been set forth a generic formula for the random
      polyester amide which can be stabilized by the three component stabilizer
      composition of the present invention. It will be understood that the
      stabilizer technique is particularly useful for those random polyester
      amides containing an AH salt or AH salt residue. It is also to be
      understood that preferred polyester amides falling within that definition
      can also be stabilized in accordance with the present invention. This
      includes instances where the amount of ester groups based upon the
      combined amount of amide groups is less than 20% as well as instances
      where the amount of ester groups is between 20 and 80%. It is to be
      understood, of course, that while the moiety A can be aliphatic,
      cycloaliphatic or an aromatic residue or mixture thereof it is preferred
      that that residue be an aliphatic residue and especially an alkyl residue
      of between 4 and 10 carbon atoms. Similarly when the residue A is a
      cycloalkane or phenylene it is preferred that it contained 6 or 12 carbon
      atoms in the ring.
PAR  The residue B is desirably a residue of 2,2,4 or
      2,4,4-trimethylhexamethylenediamine or a mixture thereof. It is to be
      understood, however, that this residue can be a straight chain alkane
      having between 4 and 12 carbon atoms in the chain. The polyester amides
      are most desirably ones wherein all alcoholic monomeric residues have the
      formula:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilized polyester amide composition comprising a random polyester
      amide containing the following moieties:
PAL  where A is an aliphatic, cycloaliphatic or aromatic residue or mixtures
      thereof, B is an aliphatic or cycloaliphatic residue or mixtures thereof,
      and Y is an aliphatic or cycloaliphatic residue, the moieties I being
      present in an amount of 20 to 80 mole percent, the structural moieties II,
      III or moieties thereof being present in an amount of 80 to 20 mole
      percent, and a stabilizer composition consisting essentially of:
PA1  A. phosphorous acid, or an alkyl or aryl ester thereof,
PA1  B. triphenylphosphine; and
PA1  C. a sterically impeded phenol,
PAL  wherein the total weight of stabilizer composition is between 0.1 and 0.5
      weight percent, based upon the combined total amount of polyester
      amide-forming starting materials and the weight ratio of the components
NUM  2.
PAR  2. A stabilized composition according to claim 1 wherein the weight ratio
      of the components A to C is within the following range: 1:1:1 to about
      0.5:0.5:2, said ratio based upon the weight ratio calculated as if
NUM  3.
PAR  3. A stabilized polyester amide composition according to claim 2 wherein
      the sterically impeded phenol is selected from the group consisting of:
PA1  2-methyl-6-tert.-butylphenol
PA1  2,6-di-tert-butyl-p-cresol
PA1  2,2'-methylenebis-(4-methyl-6-tert.-butylphenol)
PA1  2,6-diisopropylphenol
PA1  4,4'-methylenebis-(2,6-ditert.-butylphenol)
PA1  .beta.-(3,5-ditert.-butyl-4-hydroxyphenyl)-propionic acid ester of
      pentaerythritol
NUM  4.
PAR  4. A stabilized polyester amide composition according to claim 3 wherein
NUM  5.
PAR  5. A stabilized composition according to claim 3 wherein component A is an
      alkyl ester of phosphorous acid wherein the alkyl portion has 1 to 9
NUM  6.
PAR  6. A stabilized polyester amide composition according to claim 3 wherein
      component A is an aryl ester of phosphorous acid and the aryl radical
      contains 6 carbon atoms in the ring.
PATN
WKU  039351661
SRC  5
APN  4996070
APT  1
ART  143
APD  19740822
TTL  Aromatic polyester of 2,6 and/or 2,7 naphthalene dicarboxylic acid
ISD  19760127
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ABST
PAL  A linear aromatic polyester comprising, in the polymer molecule, at least
      50 mole % of a repeating unit being represented by the formula
      ##SPC1##
PAL  In which
PA1  R.sub.1 and R.sub.2 are the same or different and represent an alkyl group
      of 1-3 carbons, n is an integer of 1-6, X is a halogen atom and m is 0, 1
      or 2,
PAL  With an intrinsic viscosity of 0.3 or more when measured at 35.degree.C. by
      use of orthochlorophenol as a solvent.
PARN
PAR  This is a continuation of application Ser. No. 368,288, filed June 8, 1973,
      now abandoned.
BSUM
PAR  The instant invention is concerned with an aromatic polyester soluble in
      universally used organic solvents consisting predominantly of chlorinated
      hydrocarbons and excellent in heat resistance and a process for its
      manufacture. Particularly, the instant invention relates to a heat
      resistant aromatic polyester adapted for adhesives and paints and a
      process for its manufacture.
PAR  Polyethylene naphthalate obtained from 2,6-naphthalenedicarboxylic acid or
      2,7-naphthalenedicarboxylic acid and ethylene glycol has high mechanical
      strength and excellent heat and chemical resistance and is extremely
      useful as a material for shaped articles such as fibers, films, or
      plastics. Nevertheless, these polyethylene naphthalates cannot be used for
      purposes other than shaped articles, such as adhesives, paints and so on,
      because they are only sparingly soluble in universally used organic
      solvents of the chlorinated hydrocarbon type. Under such circumstances,
      with a view to making them soluble in universally used organic solvents,
      so far it has been attempted to use an aliphatic dicarboxylic acid or long
      chain aliphatic glycol in place of part of the acid component or glycol
      component.
PAR  The polyester obtained by this process becomes soluble in universally used
      organic solvents but it is accompanied by such drawbacks as being markedly
      inferior in heat resistance and having a reduced softening temperature.
PAR  Thus, the objective of the instant invention lies in providing a novel
      aromatic polyester soluble in chlorinated hydrocarbons and excellent in
      heat resistance.
PAR  In particular, the objective of the instant invention is to provide a novel
      aromatic polyester adapted for use as adhesives and paints.
PAR  In consequence of strenuous studies by the instant inventors for the
      achievement of the above objective, it has been discovered that by using a
      certain glycol component different from the conventionally used glycol
      component, it is made possible to obtain aromatic polyesters soluble in
      universally used organic solvents and having good heat resistance.
PAR  The novel aromatic polyester according to the instant invention is a linear
      aromatic polyester comprising, in the polyester molecule, at least 50 mole
      % of a repeating unit being represented by the following formula
      ##SPC2##
PAL  In which
PA1  R.sub.1 and R.sub.2 are the same or different and represent an alkyl group
      of 1-3 carbons, n is an integer of 1-6, X is a halogen atom and m is a
      number of 0, 1 or 2,
PAL  With an intrinsic viscosity of 0.3 or more when measured at 35.degree.C. by
      use of orthochlorophenol as a solvent.
PAR  The acid component as the main unit constituting the polyester of the
      instant invention is the one derived from 2,6-naphthalenedicarboxylic acid
      and/or 2,7-naphthalenedicarboxylic acid. It also includes a mixed
      component in which a part thereof (for instance, less than 50 mole %,
      preferably less than 30 mole %) is replaced with an aromatic dicarboxylic
      acid such as 1,4-naphthalenedicarboxylic acid, 1,5-naphthalenedicarboxylic
      acid, 1,6-naphthalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid,
      terephthalic acid, isophthalic acid, diphenyldicarboxylic acid,
      diphenylmethanedicarboxylic acid, diphenylsulphonedicarboxylic acid,
      diphenyletherdicarboxylic acid, diphenoxyethanedicarboxylic acid and so on
      and an aromatic hydroxycarboxylic acid, such as p-hydroxybenzoic acid,
      p-hydroxyethoxybenzoic acid and so on.
PAR  The acid component may also contain a polycarboxylic acid or
      poly(hydric-carboxylic) second acid component which is more than
      difunctional. As examples thereof there can be mentioned
      butanetetracarboxylic acid, tricarbamic acid, cyclopentanecarboxylic acid
      -2-anhydride, bi-cyclo-(2,2,2)-octene-(7)-2,3,5-tricarboxylic acid
      anhydride, pyromellitic acid-2-anhydride, benzophenonetetracarboxylic
      acid-2-anhydride, trimellitic acid anhydride, hydroxycarboxylic acid (such
      as 2,2-dimethylolpropionic acid, 2,2-dimethylolpropane-1,3-dicarboxylic
      acid) and so on. It is preferred that the ratio at which these are
      contained in the polymer should be 10 mole % or less based on the entire
      acid component.
PAR  The glycol component as the main unit constituting the polyester of the
      instant invention is the one derived from
      4,4'-bis-(hydroxyalkoxyphenyl)-2,2-alkane being represented by the
      following formula
      ##SPC3##
PAL  in which
PA1  R.sub.1 and R.sub.2 are the same or different and represent an alkyl group
      of 1-3 carbons, X is halogen, n is an integer of 1-6 and m is 0, 1 or 2.
PAR  The glycol component also includes a mixed component in which a part
      thereof (for instance, less than 50 mole %, preferably less than 30 mole
      %) is substituted with other glycols and/or polyhydric alcohols. As
      4,4'-bis-(hydroxyalkoxyphenyl)-2,2-alkane being represented by the
      aforesaid formula (I) there can be mentioned, for instance,
      4,4'-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane,
      4,4'-bis-(.beta.-hydroxypropoxyphenyl)-2,2-propane,
      2,2-bis-(3,5-dibromo-4-.beta.-hydroxyethoxyphenyl) propane, etc. As the
      glycol component other than 4,4'-bis-(hydroxyalkoxyphenyl)-2,2-alkane
      there are, for instance, ethylene glycol, propylene glycol, butanediol,
      heptanediol, hexanediol, 2-methyl-1,3-propanediol, neopentyl glycol,
      2-ethyl-2-methyl-1,3-propanediol, diethylene glycol, triethylene glycol,
      2,2,4,4-tetramethylcyclobutanediol and so on.
PAR  Typical examples of the polyhydric alcohol component are glycerin,
      trimethylolpropane, pentaerythritol, tris(2-hydroxyethyl) isocyanurate,
      tris-(2-hydroxypropyl) isocyanurate, 1,2,4-butanetriol and so on. One
      component or more of these can be contained.
PAR  The polyester according to the instant invention is required to have an
      intrinsic viscosity of 0.3 or more when measured at 35.degree.C. by use of
      orthochlorophenol as a solvent. The intrinsic viscosity (.eta.) may be
      obtained by measuring the reduced viscosity (.eta.sp/C) at various
      concentrations (C) and extrapolating backwards to zero concentration. With
      an intrinsic viscosity of less than 0.3, it becomes poor in heat
      resistance, hard and brittle. It is, however, preferred that its intrinsic
      viscosity be 0.35 or more for its high heat resistance. The upper limit is
      not specifically set on the intrinsic viscosity, but in the case of use as
      adhesives, paints, varnish and a variety of binders, it is preferably 1.80
      or less from a view point of workability during its use. This is because
      when the intrinsic viscosity exceeds 1.80, its solubility in universally
      used organic solvents consisting predominantly of carbon halide is lowered
      to render the polymer spinnable.
PAR  For the manufacturing process per se of the polyester of the instant
      invention, there is employed a process in ordinary use for the production
      of polyesters. That is to say, the aforesaid carboxylic acids or
      ester-forming derivatives of these carboxylic acids, such as methyl ester,
      ethyl ester, phenyl ester, acryl chloride, acrylbromide and the like, and
      glycols and/or alcohols or their ester forming derivatives, such as acetic
      acid ester, oxalic acid ester and the like, are heated at
      150.degree.-240.degree. C. Under a nitrogen atmosphere, preferably in the
      presence of an esterification or ester exchange catalyst, to cause the
      esterification or ester exchange reaction, and a bisglycol ester or low
      molecular weight polymer ester is obtained thereby. Preferably, a
      polymerisation catalyst should be subsequently added thereto and with
      heating and stirring continued at 240.degree.-300.degree.C., under a
      nitrogen steam or under reduced pressure a high molecular weight polymer
      is obtained.
PAR  For the ratio at which the acid component and the glycol component are used
      in the process of the instant invention it is preferred that 1-3.8 moles
      of the glycol component be used for every mole of the acid component. When
      the amount of the glycol component remains outside this range, the amount
      of the oligomer, which sublimes at the time of the ester exchange reaction
      and polymerisation reaction, becomes larger, the reaction cannot be
      carried on smoothly, a prolonged period of time is required for the
      reaction and the obtained polymer is colored, all of which are not
      preferred.
PAR  The ratio of the polyhydric alcohol to the acid component is suitably 10
      mole % or less based on the aforesaid acid component (0.1-0.01 mole for
      every mole of the acid component). When the amount of alcohol is increased
      beyond the above quantity, the polymer is rapidly insolubilized by means
      of self-crosslinking to finally lead to its gelation, which is
      unfavorable. As catalysts for the above esterification or ester exchange,
      there are employed compounds of alkali metals, alkaline earth metals,
      zinc, lead, manganese, aluminum, silicon, phosphorus and the like.
PAR  The amount of this ester exchange catalyst varies more or less according to
      the type of the catalyst used, but in general, 0.005-0.2 mole % based on
      the dicarboxylic acid or its derivatives is preferred.
PAR  For the polymerisation catalyst there are used antimony compounds, such as
      antimony trioxide, antimonic acid ester and the like. It is preferred that
      the amount of these catalysts be 0.15 % by weight or less based on the
      entire acid component constituting the polyester.
PAR  In addition to the catalyst, it is also possible to add: pigments, such as
      inorganic pigments of titanium oxide, white lead, lithopone, red lead,
      zinc oxide, barite powder, antimony oxide, silica powder and Prussian
      Blue, and organic pigments, such as Phthalocyanine Blue, Lake Red, Hansa
      Yellow and the like; photostabilizers, such as benzotriazole,
      benzophenone, nickel phenolate copper phenolate, salicylate, sulfite and
      the like; heat stabilizers, as well as antioxidants, such as phenols of
      2,6-di-tert-butyl-p-cresol, 4,4'-thiobis (6-tert-butyl-m-cresol) and the
      like and amines of N-phenyl-.beta.-naphthlamine, N,N'-diphenyl-p-phenylene
      diamine and the like.
PAR  Besides these additives, it is also possible to use resin modifiers
      according to the desired end use. For instance, in order to improve the
      solvent resistance, boiling water resistance, heat resistance and
      adhesiveness inherent to the resins, it is possible to modify them by the
      use of isocyanate compounds, methylolated melamines, phenol resins, epoxy
      resins and so on. As the above isocyanate type compounds there can be
      mentioned, for instance, Desmodur-L (trademark of Bayer AG), Coronate-L
      (trademark of Nippon) in which 3 moles of toluylenediisocyanate were
      reacted for every mole of trimethlolpropane; as the methylolated melamine,
      for instance, Melan 20 (trademark of Hitachi) in which
      tetramethylolmelamine obtained by heating 4 moles of formaldehyde and 1
      mole of melamine at 80.degree.C. in an alkali solution was butyletherified
      with butanol; as the phenol resin, for instance, alcohol-soluble phenol in
      which 1 mole of carbolic acid or phenol was reacted with 1 mole of
      formaldehyde in the presence of an alkali catalyst; as the epoxy resin,
      for instance, those in which epichlorohydrin and bisphenol A were reacted
      at various rates, such as, for instance, Epikote 828 (trademark of Shell).
PAR  It goes without saying that the aromatic polyester according to the instant
      invention is soluble in phenol type solvents, such as meta-cresol,
      o-chlorophenol and so on, but it is also soluble (up to about 30 % by
      weight) in inexpensive universally used organic solvents of the
      chlorinated hydrocarbon type, such as methylene chloride, ethylene
      chloride, chlorobenzene and so on, and mixed solvents of these chlorinated
      hydrocarbons with general organic solvents, such as methyl ethyl ketone,
      ethyl acetate, toluene, xylene and so on. What is more, its softening
      temperature is as extremely high as 150.degree.-180.degree.C. With the
      conventional polyethylene naphthalates, while their softening temperature
      is high, they are only sparingly soluble in the aforesaid phenol type
      solvents (up to 10 % by weight at most), and they are hardly soluble in
      the aforesaid chlorinated hydrocarbon type solvents. With the polyester in
      which the acid component or glycol component is replaced with aliphatic
      dicarboxylic acid or long chain aliphatic glycol and so on, its solubility
      is high with respect to the above universally used organic solvents, but
      it is accompanied by drawbacks such as its softening temperature being
      lowered to 100.degree.- 160.degree.C. In contrast, as described above in
      the instant invention, it is possible to provide aromatic polyesters
      soluble in the universally used organic solvents of the chlorinated
      hydrocarbon type, high in their softening temperature and excellent in
      their heat resistance.
PAR  Thus, since the aromatic polyester of the instant invention is soluble in
      the universally used organic solvents and has excellent heat resistance
      and good adhesive force, it possesses, as paints or adhesives, excellent
      adhesiveness with respect to timbers, papers, films, shaped articles,
      woven cloths, inorganic fibers, fabrics and metals, particularly, iron,
      brass, chromium, aluminum, etc., giving a steadfast bonding and coating.
PAR  In particular, it has excellent adhesiveness with regard to aromatic
      polyester films, such as polyethylene terephthalate film, polyethylene
      naphthalate film and so on, and in addition, it has excellent heat
      resistance that has never been seen with the conventional adhesives and
      paints.
PAR  In addition to its utility as the above binders, varnishes, adhesives and
      paints, it has excellent characteristics when used as films, shaped
      articles and fibers. For instance, the copolymer which is a polyester
      consisting of 2,6-naphthalenedicarboxylic acid,
      4,4'-bis(.beta.-hydroxyethoxyphenyl)-2,2-propane (hereinafter called BEPP
      for short) and ethylene glycol (hereinafter called EG for short) with
      BEPP/EG: 90/10, is excellent in its wear resistance. The number of times
      for wear resistance was more than 70 times (700 gwt) in the JIS C3210 on
      the test piece with the conductor coated. It had a pencil hardness of 6H.
      The copolymerised film with BEPP/EG:50/50 is excellent in its insulating
      character and in spite of being non-crystalline, it had a BDV value of
      180.sup.KV /mm, which indicated a better value than with the polyethylene
      terephthalate (150.sup.KV /mm) or with the polycarbonate (130.sup. KV
      /mm).
PAR  Conventional polyethylene terephthalate, because of its high crystallinity,
      yields an opaque shaped article with fair turbidity. Because of its
      non-crystallinity, the polyester of the instant invention is good in
      transparency and adapted for use in molding members of apparatus that is
      required to the transparent, such as flow meters, various electrical
      appliance housings, retort packages, and medical appliance materials.
      Moreover, because of its excellent heat resistance, the polyester can
      stand use under heat atmospheres of at least about 120.degree.C.
PAR  The instant invention will be explained in more detail by way of the
      following Examples.
PAR  The intrinsic viscosity (.eta.) in the Examples is a value determined when
      measured at 35.degree.C. by the use of orthochlorophenol as a solvent.
PAR  The softening temperature is a value determined by the ring and ball method
      of JISK-2421.
PAR  "Part" is "part by weight.
DETD
PAC  EXAMPLE 1
PAR  88.7 G (40 mole %) of dimethyl 2,6-naphthalenedicarboxylate, 11.1 g (5 mole
      %) of dimethyl 2,7-naphthalenedicarboxylate, 8.5 g (15 mole %) of ethylene
      glycol and 103.2 g (40 mole %) of
      4,4'-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane were charged into a 500
      c.c. four-necked flask, to which a Widmer spiral with a hot jacket,
      thermometer, nitrogen conduit and stirrer were attached, with a water
      content determination receiver and a condenser provided in the upper part
      of the Widmer spiral. 0.1 G of lithium acetate as a catalyst were added
      thereto and subsequent to degasification, its temperature was gradually
      elevated in a nitrogen stream, it was heated and stirred at
      170.degree.-200.degree.C., and methanol distilled out was removed from the
      system. Then the water in the jacket was eliminated to elevate the
      temperature. After that, the remaining methanol was distilled out at
      200.degree.-260.degree.C. Stirring was continued in the reaction system at
      250.degree.C. under reduced pressure of less than 5 mmHg for a period of 1
      hour. After the sublimable low molecular weight substance was distilled
      out, the temperature was lowered to 180.degree. -200.degree.C. 0.1 G of
      antimony trioxide was charged in at this stage and with the temperature
      elevated again to 270.degree.-290.degree.C., stirring was done under a
      high vacuum of less than 1 mmHg to carry on the reaction. After the lapse
      of 5.0 hours, the formed polymer was taken out to determine the intrinsic
      viscosity, which was 0.442 and its softening temperature which was
      171.degree.C. The BEPP component in the polymer so obtained was 88.5 mole
      % based on the entire alcohol component. 400 G of a mixed solvent of
      methylene chloride, ethylene chloride, methyl ethyl ketone, toluene,
      xylene (30:30:15:15:10 at a weight ratio) was added and dissolved with
      regard to 100 g of the polymer concerned, followed by further addition of
      20 g of a 75 % ethyl acetate solution of an isocyanate compound prepared
      by reacting 3 moles of toluylene diisocyanate with 1 mole of trimethylol
      propane, and an adhesive was prepared thereby. The various physical
      properties of this adhesive were measured and the results were tabulated
      in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     intrinsic viscosity (.eta.)                                               

                           0.442                                               

     Resin softening temperature(.degree.C.)                                   

                           171                                                 

     (Note 1)       25.degree.C.                                               

                               more than 100                                   

     Shear adhesive strength                                                   

                    50.degree.C.                                               

                               "                                               

                    75.degree.C.                                               

                               "                                               

     (Kg/1/2 square inch)                                                      

                    90.degree.C.                                               

                               87.2                                            

     Weight loss caused on heating(%)                                          

        (Note 2)           0.156                                               

     ______________________________________                                    

      (Note 1): The shear adhesive strength is determined in the following way.

      An aluminum test piece 1.63 mm thick, 147 mm long and 25.4 mm wide was   

      sufficiently defatted and its end 25.4 mm .times. 25.4 mm was ground into

      a foundation by means of No.400 sand paper. This part was coated with    

      50-60 g per m.sup.2 of the adhesive resin. Two pieces were overlapped wit

      each other at a pressure of 15 Kg/cm.sup.2, 180.degree.C. for 60 seconds,

      and then cooled to room temperature in that condition. Then, the pieces  

      were taken out to be cured again at 200.degree.C. for one hour's time.   

      Both ends of the joined unit, centering on the joint part, were pulled by

      means of a universal autograph under an atmosphere held at the respective

      temperatures at a rate of 10 mm/minute, whereby the strength was         

      determined.                                                              

      (Note 2): This is a weight loss caused on heating at 200.degree.C. for 84

      hours' time.                                                             

PAC  EXAMPLE 2
PAR  90.3 g (37 mole %) of dimethyl 2,6-naphthalenedicarboxylate, 10.6 g (6 mole
      %) of dimethyl isophthalate 12.4 g (mO mole %) of ethylene glycol, 85.2 g
      (30 mole %) of 4,4-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane and 7.3 g
      (7 mole %) of neopentyl glycol were polymerised following quite the same
      procedures as with Example 1, whereby there was obtained a polymer having
      70 mole % based on the entire alcohol component of the BEPP component,
      with an intrinsic viscosity of 0.531 and a softening temperature of
      173.degree.C. 100 g of the polymer were dissolved in 300 g of a mixed
      solvent of ethylene chloride, methyl ethyl ketone, nitroethane and xylene
      (solvent mixing ratio; (60:20:10:10 by weight) to prepare a solution with
      a 25 % concentration. 33.3 G of an ethyl acetate 75 % solution of Coronate
      L (trademark of Nippon Polyurethane Kogyo) used in Example 1 was added
      thereto and fully stirred and mixed. After that, this resin was coated on
      a biaxially oriented film of polyethylene naphthalate by means of a bar
      coater and was subjected to contact drying. Then there was placed thereon
      a polyethylene naphthalate long fiber fabric (100 de. warp count: 84;
      filling count: 42) to be laminated at 110.degree.C., 74 seconds, 17.4
      Kg/cm.sup.2, which was adhered to the film under pressure and at a
      temperature of 197.5.degree.-203.5.degree.C. during a period of 13
      minutes. Compression was then continued in that condition until room
      temperature was reached, and a composite specimen was obtained thereby.
      This specimen was further subjected to curing at 180.degree.C. for 1.2
      hours. Its peel strength was measured and there was obtained results as
      tabulated in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Peel strength (Kg/cm.sup.2)                                               

                         25.degree.C.                                          

                                     0.82                                      

       (Note: 3)                                                               

                         50.degree.C.                                          

                                     0.84                                      

                         90.degree.C.                                          

                                     0.69                                      

     ______________________________________                                    

      Note 3) A specimen 2 cm wide by 10 cm long was used as a compression     

      specimen and its joint part was set as 5.5 cm. Peeling was done by pullin

      the cloth and film in separate directions, that is, turning round at an  

      angle of 180.degree. with the respective ends gripped by means of chucks 

      of a unversal autograph.                                                 

PAC  EXAMPLES 3-7
PAR  The following Table 3 indicates physical properties of the polyester
      obtained following quite the same procedures as with Example 1 except that
      types and compounded ratios of the acid component and the glycol component
      in Example 1 were changed as shown in Table 3.
PAR  Table 3 relates to the performances of adhesives prepared according to
      Example 1 except that the polyester obtained was dissolved in the same
      mixed solvent and then modified by adding 15-23 parts of isocyanate per
      100 parts of the polyester.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Example                3     4     5     6     7                          

     __________________________________________________________________________

           Dimethylterephthalate                                               

                            5     0     0     5     0                          

           Dimethylisophthalate                                                

                            5     0     10    5     0                          

     Acid  Dimethyl 2,6-naphthalene-                                           

     component                                                                 

           dicarboxylate    30    50    35    35    35                         

           Dimethyl 2,7-naphthalene-                                           

           dicarboxylate    0     0     0     0     8                          

           Ethylene glycol  20    10    7     10    10                         

     Glycol                                                                    

           Neopentyl glycol 10    5     10    0     0                          

     component                                                                 

           4,4'-bis-.beta.-hydroxyethoxy-                                      

           phenyl-2,2-propane                                                  

                            30    35    38    45    40                         

           Hexanediol       0     0     0     0     10                         

           4,4'-bis-.beta.-hydroxyethoxy-                                      

     Polymer                                                                   

           phenyl-2,2-propane component*                                       

                            75    70    85    100   93                         

           intrinsic viscosity .eta.                                           

                            0.423 0.542 0.471 0.479 0.50                       

     Resin softening temperature (.degree.C.)                                  

                            154   174   154   178   167                        

     Shear adhesive strength(kg/1/2 square inch)                               

                            more  more  more  more  more                       

                            than  than  than  than  than                       

                            100   100   100   100   100                        

     Peel strength          0.72  0.69  0.48  0.60  0.70                       

     __________________________________________________________________________

      *Mole % based on the entire alcohol component in the polymer             

PAC  EXAMPLE 8
PAR  A polyester was obtained following the same procedure as Example 1 except
      that 4,4'-bis-(.beta.-hydroxyproxyphenyl)-2,2-propane was used in lieu of
      4,4'-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane. It had an .eta.SP/C of
      0.421 and a softening temperature of 157.degree.C. with a
      4,4'-bis-(.beta.-hydroxyproxyphenyl)-2,2-propane component of 88.5 mole %
      based on the entire alcohol component. Measurements using the same
      procedures as Example 1 indicated that its adhesive strength was more than
      100 Kg/1/2  square inch and its peel strength was 0.51 Kg/cm.
PAC  EXAMPLE 9
PAR  The solution prepared in Example 1 was cast on an aluminum plate 300 .mu.
      thick by means of a doctor blade, and measurement was made on varieties of
      physical properties of the coated film 20 .mu. thick, and its results were
      tabulated in Table 4. The plate was prepared before casting by grinding
      with No. 400 sandpaper, washing with a cleanser, and rinsing with
      distilled water. After being air dried, the coated film was printed at
      80.degree.C. for 5 minutes and at 200.degree.C. for 30 minutes.
TBL                Table 4                                                     

     ______________________________________                                    

             Items            Results                                          

     ______________________________________                                    

     Adhesiveness          100/100                                             

     (Checkers test)                                                           

     Flexibility           2 mm.phi. passed                                    

     Erichsen value        5 mm or more                                        

     Pencil hardness       H                                                   

     Surface characteristic                                                    

                           Appearance:                                         

     (5 % H.sub.2 SO.sub.4)                                                    

                            Nothing unusual                                    

     (aqueous solution immersion)                                              

     Surface characteristic                                                    

                           Appearance:                                         

     (120.degree.C. .times. one week later)                                    

                            Nothing unusual                                    

     ______________________________________                                    

      *Examples using halogenated BEPP:                                        

PAC  EXAMPLE 10
PAR  48.8 G (30 mole %) of dimethyl 2,6-naphthalene dicarboxylate, 10.3 g (8
      mole %) of dimethyl isophthalate 9.9 g. (24 mole %) of ethylene glycol,
      151.2 g (36 mole %) of 2,2-bis(3,5-dibromo-4-.beta.-hydroxyethoxyphenyl)
      propane were compounded to carry out the esterification reaction according
      to the same procedures as with Example 1. Then, the condensation
      polymerisation was continued at an about 10.degree.-15.degree.C. lower
      temperature than in Example 1, i.e., under as highly reduced pressure of 1
      mmHg at 255.degree.-270.degree.C. After the lapse of 8 hours' time there
      was obtained a polymer having an intrinsic viscosity of 0.483 and a
      softening temperature of 157.degree.C. The ratio between glycol and BEPP
      of the polymer so obtained, i.e., the glycol/BEPP ratio, was 5/95.
PAR  The same polymerisation was then carried out by using dimethyl
      terephthalate in lieu of 2,6-naphthalenedicarboxylic acid dimethyl ester
      and there was obtained a polymer of the same type with an intrinsic
      viscosity of 0.582 and a softening temperature of 152.degree.C. The ratio
      between glycol and BEPP of the polymer so obtained, i.e., the glycol/BEPP
      ratio, was 5/95.
PAR  The two polymers were each dissolved in a mixed solvent of methylene
      chloride, ethylene chloride and tetrahydrofuran (the weight ratio:
      30:50:20) respectively so as to have a concentration of 20 % by weight,
      and were each flowed on a glass plate to form films 25 .mu. thick.
PAR  It was found that both films were transparent and had excellent
      characteristics in their flame resistance, but the former film having a
      skeleton of the subject invention showed even higher heat resistance.
      Table 5 shows characteristics of the respective films.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Characteristic Table                                                      

             Film of the                                                       

                      Film of the polymer                                      

                                 Unit                                          

             polymer  for subject of                                           

             concerned                                                         

                      comparison                                               

     __________________________________________________________________________

     Thickness                                                                 

             25       25         .mu.                                          

     Appearance                                                                

             transparent                                                       

                      transparent                                              

     Strength                                                                  

             820      740        Kg/cm.sup.2                                   

     Elongation                                                                

             125      141        %                                             

     Modulus of                                                                

     elasticity                                                                

             (20.about.25).times.10.sup.3                                      

                      (19.about.23).times.10.sup.3                             

                                 Kg/cm.sup.2                                   

     Flame                                                                     

     resistance*                                                               

             29(SEI or O)                                                      

                      27 (SEI)   LOI(UL-94)                                    

     85.degree.C. .times. after                                                

     the lapse of 6                                                            

     weeks' time                                                               

             74 %     62 %                                                     

     Strength                                                                  

     retention                                                                 

     __________________________________________________________________________

      *LOI of flame resistance is a method of ASTMD 2863-70 and indications in 

      parentheses () show measurements made according to a USA UL-94 method.   

PAR  As above described, it is easily understandable that in addition to
      adhesives and paints, the polymers of the subject invention can be also
      utilized for molded articles by the general fabrication method. It is
      apparent from the above Examples that the subject polymers are abundant in
      heat resistance.
PAC  EXAMPLE 11
PAR  The solution obtained in Example 10 was incorporated with Coronate L
      (trademark) as the isocyanate type compound so that the weight ratio of
      the polymers became 100:15 and then, this paint was coated on a 25 .mu.
      thick polyethylene terephthalate film so as to become 100  .mu. thick.
      Requirements for drying the paint were 110.degree.C., 10 minutes.
PAR  The composite film was extremely adhesive and it was found that its flame
      resistance was improved without impeding with the substrate film.
PAR  Its results were tabulated in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

     Characteristics of the film coated with                                   

     the paint of the polymer concerned                                        

     Character-                                                                

             Polyethylene                                                      

                        Polyethylene                                           

                                   Coated polyethylene                         

     istics  terephthalate                                                     

                        terephthalate                                          

                                   terephthalate                               

             film 25 .mu.                                                      

                        film 35 .mu.                                           

                                   film 35 .mu.                                

     ______________________________________                                    

     Adhesive-                                                                 

     ness    --         --         100/100*                                    

     Appearance                                                                

             transparent                                                       

                        transparent                                            

                                   transparent                                 

     Flame   LOI 17     LOI 17-18  LOI 26                                      

     resistance                                                                

             UL-94 SB   UL-94 SB   UL-94 SE II                                 

     ______________________________________                                    

      *Measurement of adhesiveness was made in accordance with the method of   

      Gardner/Sward, "Paint Testing Manual", 12th, p.160 (1962). Scores are    

      carved in both longitudinal and lateral directions at intervals of 1 mm  

      and cellophane tape is compressed on the checkers so formed. After that, 

      the tape is rapidly peeled off. When the coated film is kept perfectly   

      adhered to the substrate, the result is set as 100/100 whereas when 50   

      pieces are to be left alone, then it will be set as 50/100. This is the  

      way the test is conducted. Thus, those samples which are greater in this 

      numerical value are better in their adhesive performance.                

PAC  EXAMPLE 12
PAC  (Examples using polyhydric alcohols)
PAR  According to the same procedures as with Example 1, condensation
      polymerisation was caused between 19.4 g (35 mole %) of dimethyl
      2,6-naphthalenedicarboxylate, 4.5 g (34 mole %) of ethylene glycol, 143.0
      g (28 mole %) of  4,4'-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane and
      0.429 g (3 mole %) of glycerin, whereby there was obtained a polymer whose
      intrinsic viscosity was 0.524. Its softening temperature was 165.degree.C.
      and its hydroxyl value was 27.5. The Alc/BEPP ratio other than the BEPP of
      this resin was 20/80. After that, 100 g of the resin so obtained were
      dissolved in 400 g of a mixed solvent of methylene chloride,
      trichloroethane, tetrahydrofuran and toluene (at a respective weight ratio
      of 40:20:30:10) to prepare a 20 % by weight resin solution. Mixed with and
      added to the resultant solution was Coronate AP staple (trademark of
      Nippon Polyurethane Kogyo Co. Ltd.), in which the triisocyanate compound
      used in Example 1 was further blocked with phenols for its stabilization,
      at a ratio of 90 g based on 100 g of the above polymer resin and an
      adhesive composition was prepared thereby. This composition was coated on
      a copper foil (45 .mu.) and its preparation was made so as to yield a
      coated film of 26 .mu.thickness when dried at 130.degree.C. .times. 7
      minutes.
PAR  For comparison's sake, Vitel 20 (trademark of Goodyear Rubber) was
      selected. This is a linear aromatic polyester consisting predominantly of
      dimethyl terephthalate, dimethyl sebacate, ethylene glycol and neopentyl
      glycol and is universally used for the fabrication of adhesives and
      paints, particularly for processing polyester films. The comparison
      polyester was dissolved in a mixed solvent of methyl ethyl ketone-ethyl
      acetate (50:50 weight ratio) to obtain the same concentration as in the
      preceding Example, which was modified with the isocyanate type compound
      Coronate-L so that the characteristic of this resin could exhibit itself
      to the highest possible degree. The ratio at which it was added was 15 g
      based on 100 g of the resin. The adhesive was prepared in this way.
PAR  The above adhesives were coated on a polyethylene terephthalate film (75
      .mu.) respectively so that the coated layer could become 8 .mu. thick
      after the lapse of 3 minutes at 130.degree.C. They were integrated with
      the aforesaid adhesive coated copper films, which were finally compressed
      at 10 Kg/cm.sup.2 pressure at 170.degree.C. Flexible print circuits were
      obtained in this way. The adhesive power between the copper foil and the
      polyethylene naphthalate film was measured and the results were tabulated
      in Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

     Adhesive characteristics of copper                                        

     lined films                                                               

              Adhesive strength                                                

                            Adhesive strength                                  

              of the copper lined                                              

                            of the copper                                      

              film using the                                                   

                            lined film using                                   

                                         Remarks                               

     Atmospheric                                                               

              adhesive of the                                                  

                            Vitel 207                                          

     temperature                                                               

              polymer concerned                                                

     ______________________________________                                    

     Room                                T-peel                                

     temperature                                                               

              1.30 - 1.42 Kg/cm                                                

                            1.20 - 1.30  test                                  

      80.degree.C.                                                             

              0.7 - 0.8 Kg/cm                                                  

                            0.02 - 0.07  method                                

     120.degree.C.                                                             

              0.4 - 0.6 Kg/cm                                                  

                            0.005 - 0.02                                       

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  Condensation polymerisation was caused according to the same procedures as
      Example 1 between 25.9 g (8 mole %) of dimethyl terephthalate, 29.1 g (9
      mole %) of dimethyl isophthalate, 73.2 g (18 mole %) of dimethyl
      2,6-naphthalenedicarboxylate, 31.0 g (29 mole %) of ethylene glycol, 49.2
      g (18 mole %) of neopentyl glycol and 94.8 g (18 mole %) of
      4,4-bis-(.beta.-hydroxyethoxyphenyl)-2,2-propane, whereby there was
      obtained a polymer of an intrinsic viscosity 0.563 with a resin softening
      temperature of 147.degree.C. The ratio between Alc and BEPP other than the
      BEPP of this resin was 47/53 by mol.
PAR  After being dried at 100.degree.C. under reduced pressure for 5 hours, the
      polymer so obtained was discharged by means of a 30 mm extruder at a screw
      speed of 35 r.p.m., a drum speed of 2.9 m/minute, a die temperature of
      230.degree.C. and a cylinder temperature of 210.degree.-260.degree.C. A
      film 50 .mu. was obtained thereby. This film was amorphous and
      crystallization did not take place even when it met an organic solvent of
      the ketone or ester type. This film was melt adhered by means of a heat
      sealer at 170.degree.C., 2 Kg/cm.sup.2 for 5 seconds into a pack (20 cm
      .times. 10 cm). Refrigerated fishes were packed as contents and subjected
      to treatment in boiling water at 100.degree.C. for 5 minutes. It was
      confirmed that the sealed part was intimately adhered and that the film
      was not degraded and served sufficiently as a foodstuff packaging material
     .
CLMS
NUM  1.
PAR  1. A linear aromatic polyester consisting essentially of, in the polymer
      molecule, about 50 to 100 mole % of a first repeating unit being
      represented by the formula
      ##SPC4##
PAL  in which
PA1  R.sub.1 and R.sub.2 are the same or different and represent an alkyl group
      of 1-3 carbons, n is an integer of 1-6, X is a halogen atom and m is 0, 1
      or 2;
PAL  and from 0 to about 50 mole % of a second repeating unit being represented
      by the formula
      ##SPC5##
PAL  in which
PA1  p is an integer of 1-6;
PAL  with an intrinsic viscosity of 0.3 or more when measured at 35.degree.C. by
NUM  2.
PAR  2. A polyester according to claim 1 in which the second repeating unit is
NUM  3.
PAR  3. A polyester according to claim 2 in which the first repeating unit is at
      least 70 mole % and the second repeating unit is not more than 30 mole %.
NUM  4.
PAR  4. A polyester according to claim 1, in which, in the first repeating unit,
NUM  5.
NUM  6.
PAR  6. A process for the production of a linear aromatic polyester which
      comprises: reacting at a temperature of from 150.degree. to 240.degree.C.
      naphthalenedicarboxylic acid of the formula
      ##SPC6##
PAL  or its ester-forming derivative with (1)
      4,4'-bis(hydroxyalkoxyphenyl)-2,2-alkane being represented by the formula
      ##SPC7##
PAL  in which
PA1  R.sub.1 and R.sub.2 are the same or different and an alkyl group of 1-3
      carbons, n is an integer of 1-6, X is a halogen atom and m is 0, 1 or 2,
PAL  or its ester-forming derivative or (2) said
      4,4'-bis(hydroxyalkoxyphenyl)-2,2-alkane or its ester-forming derivative
      and at least one compound selected from the group consisting of (a)
      aromatic carboxylic acids different from said naphthalenedicarboxylic acid
      or their ester-forming derivatives and (b) glycols different from said
      4,4'-bis(hydroxyalkoxyphenyl)-2,2-alkane or their ester-forming
      derivatives, to form an ester; followed by polymerizing the ester so
      obtained at a temperature of 240.degree. to 300.degree.C.; with the
      proviso that the mole amount of the above glycol component be from 1 to
      3.8 moles for every mole of the above acid component.
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ABST
PAL  A polymer having one of the general formulae
      ##EQU1##
      and
      ##EQU2##
      wherein Ar.sub.1, Ar.sub.2, Ar.sub.3, Ar.sub.4, Ar.sub.5, Ar.sub.6,
      Ar.sub.8, Ar.sub.9 and Ar.sub.10 are the same or different bivalent
      aromatic hydrocarbon radicals containing six to ten carbon atoms, Ar.sub.7
      is a trivalent aromatic hydrocarbon radical containing 6 to 10 carbon
      atoms, and n is 30 to 120.
BSUM
PAR  This invention relates to organic polymers containing dangling acetylenic
      groups and to trimers of such acetylenic polymers. The invention also
      relates to methods of producing such polymers.
PAC  BACKGROUND OF THE INVENTION
PAR  Filled resins, e.g., glass fiber and fabric reinforced resins, are well
      known as suitable materials for forming structural units in the aircraft
      and other industries. A wide variety of resins have been proposed in the
      past for formulating such structures and as laminating resins for joining
      various materials. For example, polyester, epoxy and polycarbonate resins
      have been utilized as matrix resins for glass fiber-resin laminates. One
      of the difficulties experienced in the use of these resins, however, is
      that they are difficult to mold and mechanically work. Thus, it is often
      necessary to apply the resin in liquid form to the glass fibers on
      substrate to be laminated and then solidify the composite in order to
      obtain a suitable product. The resins previously used has to be melted or
      dissolved in a suitable solvent in order to achieve the desired liquid
      form. Many of these resins, however, decompose or suffer some deleterious
      chemical change when heated to temperatures sufficiently high to achieve
      melting. The result is a laminate or reinforced resin with reduced
      strength and physical properties.
PAR  Moreover, many of the previously used resins are insoluble in conventional
      volatile solvents. In addition, when forming laminates with solvent
      solutions of resins, it is necessary to employ special means for driving
      off and collecting those solvents which are capable of dissolving the
      resins but are relatively non-volatile.
PAR  In addition, the prior art matrix and laminating resins do not possess a
      sufficiently high degree of thermal stability which is requisite in many
      industrial applications.
PAR  It has been heretofore proposed to provide low melting laminating polymers.
      These polymers may be melted at low temperatures, contacted with the
      filler material or substrate to be laminated and cured or cross-linked to
      the resinous state. A serious disadvantage associated with these
      low-melting polymers, however, is that cross-linking involves a chemical
      reaction which liberates a volatile by-product such as carbon dioxide or
      water. The liberation of these reaction products operates to form voids in
      the resulting product. Obviously, the prior art low-melting laminating
      polymers may not be used in applications requiring close tolerance or
      uniform compositions throughout.
PAR  It is an object of the invention to provide low-melting polymers which may
      easily be admixed with fillers or contacted with substrates to be
      laminated and cross-linked to form a firmly bonded article having a
      uniform composition throughout.
PAR  It is a further object of the invention to provide novel reinforced and
      laminated resin compositions having high degrees of strength and thermal
      stability.
PAR  It is another object to provide low-melting polymers which may be
      crosslinked without the production of volatile materials.
PAR  A further object is to provide infusible crosslinked resins.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects are achieved by providing low-melting polymers
      containing dangling acetylenic groups which are composed of 30 to 120
      polymer units linked substantially linearly, said units being the reaction
      products of mixtures of diphenoxydiphenyl sulfone and
      diphenoxyacetophenone with an isophthaloyl or terephthaloyl halide,
      wherein the acetyl radical of the diphenoxy acetophenone moiety is
      thereafter converted to an ethynyl radical. The polymers so produced are
      relatively low-melting and are suitable for laminations. They are readily
      cured or cross-linked by heating at relatively low temperature to produce
      strong infusible resins. The cross-linking occurs by trimerization of the
      ethynyl radicals to produce stable benzenoid rings with polymeric side
      chains. The cross-linking takes place without the release of void-forming
      volatile materials.
PAR  When the acetylenic polymers of this invention are trimerized
      (cross-linked) while in contact with a filler or substrate to be
      laminated, the result is a product having a high degree of strength and
      thermal stability wherein the crosslinked polymer is firmly adhered to the
      filler or substrate.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The linear polymers of this invention can be represented by one of the
      following general formulae:
      ##EQU3##
      and
      ##EQU4##
      wherein Ar.sub.1, Ar.sub.2, Ar.sub.3, Ar.sub.4, Ar.sub.5, Ar.sub.6,
      Ar.sub.8, Ar.sub.9 and Ar.sub.10 are the same or different bivalent
      aromatic hydrocarbon radicals containing 6 to 10 carbon atoms, Ar.sub.7 is
      a trivalent aromatic hydrocarbon radical containing 6 to 10 carbon atoms,
      and n is 30 to 120. Ar.sub.1 through Ar.sub.6 and Ar.sub.8 through
      Ar.sub.10 are ordinarily phenylene radicals, although they may also be
      tolylene, xylylene and naphthylene radicals. Ar.sub.7 is usually a
      trivalent benzene radical but it can also be a trivalent radical derived
      from toluene, xylene or naphthalene.
PAR  The linear polymers described above can be trimerized to infusible,
      insoluble polymers. In the trimerization reaction, three ethynyl radicals
      are combined to form a benzenoid ring with three polymeric side chains.
PAR  In the foregoing general formulas, it should be understood that the
      sequence of the various aromatic radicals and oxy and sulfonyl linkages
      may vary from those illustrated. In other words, the sequence of the
      various moieties is random. The polymers are composed of various
      combinations of the bivalent radical from diphenoxydiphenyl sulfone
      (DPODPS) and the bivalent radical from diphenoxyacetophenone (DPOA) with
      amounts of the isophthaloyl and/or terephthaloyl radicals approximately
      equivalent to the total PDODPS and DPOA radicals. For example, the
      sequence could also be represented for a polymer produced from equivalent
      amounts of diphenoxydiphenyl sulfone (DPODPS) and diphenoxyacetophenone
      (DPOA) and two equivalents of isophthaloyl or terephthaloyl chloride as
      follows: --DPODPS--PHTH--DPODPS--PHTH--DPOAP--PHTH--DPOAP--PHTH-.sub.n
      where PHTH is a phthaloyl radical and n is 15 to 60.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Reference is made to the attached drawings which illustrate by structural
      formula the starting materials and the polymers of this invention. In the
      drawings I represents diphenoxydiphenyl sulfone and II represents
      diphenoxyacetophenone. In forming the linear polymers, I and II are joined
      by Friedel-Crafts reaction with isophthaloyl or terephthaloyl chloride,
      represented by III. The result is a linear polymer represented by IV
      wherein n can be an integer from 30 to 120. In this drawing the sequence
      of the radicals derived from I and II can be random, rather than regular
      as shown.
PAR  The acetyl radical in IV is then converted by an ethynyl radical as shown
      in V. This is preferably done by the Vilsmeyer reaction described below.
      The acetylenic polymer V can be trimerized by heating with a catalyst to
      produce a cross-linked polymer in which three radicals groups form a
      benzenoid ring, with polymer side chains extending therefrom.
PAR  In another embodiment of the invention, bis[phenoxybenzenesulfonyl]benzene,
      VI, is reacted with II and III to produce a polymer represented by VII.
      The acetyl radical of VII can be converted to an ethynyl radical as in
      VIII. Then VIII can be trimerized to a benzenoid ring with polymer side
      chains.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In one preferred form, this invention comprises polymers with free
      (terminal) or dangling acetylenic (ethynyl) radicals, as well as the
      trimers thereof. These polymers preferably are produced from
      diphenoxydiphenyl sulfone (DPODPS) molecules and diphenoxyacetophenone
      (DPOA) molecules linked together in various combinations by isophthaloyl
      and/or terephthaloyl radicals in Friedel-Crafts polymerization with
      AlCl.sub.3 catalyst. The mole ratio of DPODPS and DPOA molecules in the
      polymers can vary from 1:10 to 10:1. The amount of isophthaloyl and/or
      terephthaloyl radicals is preferably equivalent to the total moles of
      DPODPS and DPOA, and is in the range of 0.8 to 1.2 moles per total mole of
      DPODPS and DPOA. The acetyl radical of the acetophenone moiety is
      converted to an ethynyl radical by the Vilsmeyer reaction which comprises
      treating the acetyl-containing polymers with POCl.sub.3 dissolved in
      dimethylformamide (DMF) which converts the acetyl radical to an
      alpha-chloro-beta-formylvinyl radical in 90% or higher yield. The latter
      is then treated with an alkaline reagent, such as NaOH in aqueous
      dioxane-dimethylformamide, lithium amide in DMF or KOH in DMF-ethanol, the
      latter reagent being preferred; by this treatment the
      alpha-chloro-beta-formylvinyl radical is converted in high yield (at least
      90%) to an ethynyl radical. The polymer thus produced can be represented
      by structure V of the drawing.
PAR  In another preferred form, bis(phenoxybenzenesulfonyl)benzene (BPOBSB)
      replaces the DPODPS, the mole ratios being within the values given above.
      The acetylenic polymer so produced can be represented by structure IX of
      the drawing.
PAR  The polymers described above have average molecular weights from about
      30,000 to 120,000 and can be represented by V and VIII, respectively, in
      the drawing, wherein n is a number between about 30 and 120. Such polymers
      are relatively low melting. At temperatures in the range of 180.degree. to
      225.degree.C. they melt, flow easily and adhere to glass fibers. They are
      all soluble in DMF. They are thus useful as laminating resins. The
      acetylenic polymers represented by V and VIII all give excellent adhesion
      to glass fiber and produce homogeneous laminates with 33 wt % of polymer
      to glass fiber at one hour at 260.degree.C. and 16,000 psi.
PAR  In a further preferred form of this invention, the polymers described above
      can be trimerized to form crosslinked polymers. The crosslinking can be
      catalyzed with 8-10% by weight of palladium chloride, palladium on
      charcoal, aluminum isopropoxide or nickelous cyanide at 230.degree.C. for
      24 hours and 285.degree.C. for 24 hours. Crosslinking can also be induced
      by heat or can be done by cycloaddition a terephthalonitrile oxide or
      9,10-dicyanoanthracene oxide in a suitable solvent such as sulfolane,
      followed by heating for 24 hours at 210.degree.C, 24 hours at 250.degree.C
      and 24 hours at 285.degree.C. The crosslinked polymers are insoluble in
      solvents for the linear polymers.
PAR  Isothermal aging tests of the linear and crosslinked (cured) polymers were
      done in air. The weight losses are given in Table XIII. Most of the
      non-cured polymers show complete stability up to 300.degree.C. Even at
      350.degree.C. the thermal stability of polymers A-III-2 (14 wt % acetylene
      component), A-IV-2 (11 wt % acetylene component) and A-V-2 (14 wt %
      acetylene component, 33% terephthaloyl chloride is very good. The lower
      the concentration of the acetylenic component the higher the thermal
      stability will be in the acetylene dangling polymers of structure V. The
      polymers of structure VIII (non-crosslinked) are less stable at
      350.degree.C. but at 300.degree.C. most of them show complete thermal
      stability.
PAR  The polymers crosslinked with PdCl.sub.2 are not oxidatively stable and
      give a serious loss of weight of 250.degree.C. The acetylene polymers
      crosslinked by TPNO on the other hand are thermally stable at
      250.degree.C. and show fairly high thermal stability at 300.degree.C.
      Above 350.degree.C. they show great weight loss. Polymers cured by heating
      with aluminum isopropoxide are thermally and oxidatively stable to about
      300.degree.C.
PAC  EXAMPLE 1
PAC  Production of 2,4-Diphenoxyacetophenone
PAR  2,4-Diphenoxyacetophenone was prepared from 2,4-dichloroaniline by
      diazotation and Sandmeyer reaction with cuprous cyanide. On the reaction
      product was done a substitution of the chlorine with sodium phenolate and
      then a Grignard reaction with MeMgI which results in the formation of
      2,4-diphenoxyacetophenone.
PAR  a. 2,4-Dichlorobenzonitrile
PAR  2,4-Dichloroaniline (42.5 g, 0.25 mole) was treated with 85 ml concentrated
      HCl and 85 ml H.sub.2 O. Under cooling 0.degree.-5.degree.C and stirring
      was added dropwise a solution of 24 g NaNO.sub.2 in 50 ml H.sub.2 O. The
      diazonium chloride solution was then poured in small quantities to a
      solution of 40 g NaCN and 33 g CuCN in 200 ml H.sub.2 O at 60.degree.C.
      The temperature was kept between 60.degree.-70.degree.C while adding the
      diazonium salt solution. Then the 2,4-dichlorobenzonitrile was steam
      distilled. Recrystallization from MeOH; mp 59.degree.C. Yield 22.5 g.
PAR  b. 2,4-Diphenoxybenzonitrile
PAR  2,4-Dichlorobenzonitrile (12.04 g, 0.07 mole) was treated with 17.8 g
      sodium phenolate (0.155 mole) in 100 ml DMSO at 100.degree.-110.degree.C
      during 48 hours under nitrogen and stirring. Then, the DMSO was evaporated
      and the residue was dissolved in ether. The ether solution was then washed
      with water. After evaporation of the ether, the product was recrystallized
      from MeOH. Yield 11.5 g; mp 85.degree.-86.degree.C.
PAR  c. 2,4-Diphenoxyacetophenone
PAR  To a Grignard solution of CH.sub.3 MgI (0.14 mole) in 50 ml of anhydrous
      ether, was added a solution of 38.5 g, 2,4-diphenoxybenzonitrile in 350 ml
      dry benzene. After 48 hours reflux the complex was hydrolyzed. The
      ether-benzene solution was then washed out with water and dried over
      Na.sub.2 SO.sub.4. After evaporation of the solvent, the product was
      distilled at 170.degree.C under 0.025 mm pressure; yield 20 g.
PAC  EXAMPLE 2
PAC  Production of 4,4'-Diphenoxydiphenyl Sulfone
PAR  Bis-[4-chlorophenyl]sulfone (57.4 g), (0.2 mole) was reacted with 51 g
      sodium phenolate (0.44 mole) in 350 ml DMSO, under stirring and flushing
      with nitrogen for 48 hours at 110.degree.C. The reaction mixture was then
      poured into 2 liters of water. The isolated product was then
      recrystallized from isopropanolchloroform. Yield 33 g, mp
      141.degree.-142.degree.C.
PAC  EXAMPLE 3
PAC  Polymers from 4,4'-diphenoxydiphenyl sulfone and 2,4-diphenoxyacetophenone
PAR  Preparation of polymer A-I-2 (30 wt % acetylene component
PAR  a. Preparation of acetyl polymer A-I-1
PAR  2,4-Diphenoxyacetophenone (0.8362 g, 2.75 mM), 4,4'-diphenoxydiphenyl
      sulfone (1.1055 g, 2.75 mM) and isophthaloyl chloride (1.1165 g, 5.5 mM)
      were dissolved in 40 ml dichloroethane. AlCl.sub.3 (3.29 g) was added and
      the mixture stirred under nitrogen atmosphere at room temperature during
      24 hours. The precipitate was then filtered off, washed several times with
      methanol in a blender and dried. Yield 2.42 g, mp
      205.degree.-225.degree.C, inherent viscosity 0.234 at 30.degree.C in DMF.
      This polymer has general structure IV.
PAR  b. Preparation of beta-chloroaldehyde A-I-C
PAR  A solution of 2.168 g acetyl polymer A-I-1 in 110 ml DMF (dry) was added to
      a freshly prepared solution of Vilsmeyer reagent. The Vilsmeyer reagent
      was made by adding POCl.sub.3 to cold DMF and this solution was stirred
      for a further two hour under cooling. For 1 mM of acetyl component there
      is used three ml Vilsmeyer reagent (1 ml POCl.sub.3 in 2 ml DMF).
PAR  c. Preparation of polymer A-I-2
PAR  To a solution of 0.252 g KOH in 10 ml ethanol and 20 ml of DMF at
      80.degree.C was added a solution of the previous beta-chloroaldehyde
      (1.876 g in 90 ml DMF). After complete addition the reaction mixture was
      stirred for a complete reaction time of 75 minutes at 80.degree.C. The
      polymer was then precipitated in distilled water which contained some
      acetic acid. Yield 1.66 g mp 195.degree.-210.degree.C, inherent viscosity
      0.168 at 30.degree.C in DMF. The polymer has general structure V.
PAC  EXAMPLE 4
PAC  Preparation of polymer A-II-2 (19 wt % acetylene component)
PAR  a. Preparation of polymer A-II-1
PAR  2,4-Diphenoxyacetophenone (0.3954 g, 1.3 mM), 4,4'-diphenoxydiphenyl
      sulfone (1.0452 g, 2.6 mM) and isophthaloyl chloride (0.7917 g, 3.9 mM)
      were dissolved in 30 ml dichloroethane. AlCl.sub.3 (2.26 g) was added and
      the mixture stirred under nitrogen atmosphere at room temperature during
      24 hours. The precipitate was then filtered off and washed several times
      with MeOH in a blender and dried. Yield 1.82 g, mp
      195.degree.-215.degree.C, inherent viscosity 0.179 in DMF at 30.degree.C.
      The polymer has general structure IV.
PAR  b. Preparation of beta-chloroaldehyde A-II-C
PAR  A solution of 1.534 g acetyl polymer A-II-1 in 75 ml DMF was added to three
      ml Vilsmeyer reagent (1 ml POCl.sub.3 in 2 ml DMF). The reaction was then
      continued and worked up as for polymer A-I-C, mp 185.degree.-200.degree.C.
      Yield 1.400 g.
PAR  c. Preparation of polymer A-II-2
PAR  To a solution of 70 mg KOH in 5 ml ethanol and 10 ml of DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (0.769 g in 40 ml
      DMF). The reaction was continued and worked up as for polymer A-I-2. Yield
      0.67 g, mp 185.degree.-200.degree.C, inherent viscosity 0.161 at
      30.degree.C in DMF. The polymer has general structure V.
PAC  EXAMPLE 5
PAC  Preparation of polymer A-III-2 (14 wt % acetylene component)
PAR  a. Preparation of polymer A-III-1
PAR  2,4-diphenoxyacetophenone (0.4729 g, 1.55 mM), 4,4'-diphenoxydiphenyl
      sulfone (1.8693, 4.65 mM) and isophthaloyl chloride (1.2586 g, 6.2 mM)
      were dissolved in 50 ml dichloroethane. AlCl.sub.3 (3.60 g) was added and
      the reaction worked up as for polymer A-I-1. Yield 2.70 g, mp
      200.degree.-220.degree.C, inherent viscosity 0.244 at 30.degree.C in DMF.
      The polymer has general structure IV.
PAR  b. Preparation of beta-chloroaldehyde A-III-C
PAR  A solution of polymer A-III-1 (2.400 g in 120 ml DMF) was added to a
      freshly prepared solution of Vilsmeyer reagent and worked up as for
      polymer A-I-C. Yield 2.250 g, mp 175.degree.-195.degree.C.
PAR  c. Preparation of polymer A-III-2
PAR  To a solution of 0.150 g KOH in 10 ml ethanol and 20 ml DMF at 80.degree.C
      is added a solution of the previous beta-chloroaldehyde (2.212 g in 120 ml
      DMF). The reaction was then worked up as for polymer A-I-2. Yield 1.956 g,
      mp 180.degree.-195.degree.C, inherent viscosity 0.168. The polymer has
      general structure V.
PAC  EXAMPLE 6
PAR  Preparation of polymer A-IV-2 (11 wt % acetylene component)
PAR  a. Preparation of polymer A-IV-1
PAR  2,4-Diphenoxyacetophenone (0.2633 g, 0.866 mM), 4,4'-diphenoxydiphenyl
      sulfone (1.3925 g, 3.46 mM) and isophthaloyl chloride (0.8789 g, 4.33 mM)
      were dissolved in 35 ml dichloroethane. AlCl.sub.3 (2.54 g) was added and
      the reaction worked up as for polymer A-I-1. Yield 2 g, mp
      200.degree.-220.degree.C, inherent viscosity 0.264 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde A-IV-C
PAR  A solution of 1.800 g polymer A-IV-1 in 90 ml DMF was added to the freshly
      prepared Vilsmeyer reagent and worked up as for polymer A-I-C. Yield 1.700
      g, mp 175.degree.-190.degree.C.
PAR  c. Preparation of polymer A-IV-2
PAR  To a solution of 0.090 g KOH in 5 ml ethanol and 10 ml DMF at 80.degree.C
      was added to a solution of the previous beta-chloroaldehyde (1.664 g in 80
      ml DMF). The reaction was then worked up as for polymer A-I-2. Yield 1.449
      g, mp 185.degree.-200.degree.C, inherent viscosity 0.176 at 30.degree.C in
      DMF. The polymer has general structure V.
PAC  EXAMPLE 7
PAC  Preparation of polymer A-V-2 (14 wt % acetylene component)
PAR  a. Preparation of polymer A-V-1
PAR  2,4-Diphenoxyacetophenone (0.3926 g, 1.291 mM), 4,4'-diphenoxydiphenyl
      sulfone (1.5569 g, 3.813 mM), isophthaloyl chloride (0.6906 g, 2.402 mM)
      and terephthaloyl chloride (0.3453 g, 1.701 mM) were dissolved in 80 ml
      dichloroethane. AlCl.sub.3 (3.04 g) was added and worked up as for polymer
      A-I-1. Yield 2.228 g, mp 195.degree.-215.degree.C, inherent viscosity
      0.216 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde A-V-C
PAR  A solution of polymer A-V-1 (2.020 g in 100 ml DMF was added to the freshly
      prepared Vilsmeyer reagent and worked up as for polymer A-I-C. Yield 1.86
      g, mp 185.degree.-205.degree.C.
PAR  c. Preparation of polymer A-V-2
PAR  To a solution of 0.118 g KOH in 5 ml ethanol and 10 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (1.740 g in 85 ml
      DMF). The reaction was then worked up as for polymer A-I-2. Yield 1.418 g,
      mp 185.degree.-205.degree.C, inherent viscosity 0.183 at 30.degree.C in
      DMF. The polymer is type V.
PAC  EXAMPLE 8
PAC  1,3-Bis-[p-phenoxybenzenesulfonyl]benzene
PAR  1,3-m-Benzenedisulfonyl chloride (65 g) was dissolved in 750 ml of dry
      diphenyl ether. A portion of 2.5 g sublimed FeCl.sub.3 was added, and the
      mixture was stirred under nitrogen at 140.degree.C for 15 hours. The
      mixture was washed with water and then dried over Na.sub.2 SO.sub.4. The
      excess of diphenyl ether was distilled off under vacuum and the residue
      was distilled via a short path (bp 400.degree.-420.degree.C/0.06 mm). The
      glassy solid was dissolved in 100 ml of CHCl.sub.3 and precipitated as a
      white powder in 1 liter of diethyl ether; mp 142.degree.-143.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of polymer B-I-2 (26 wt % acetylene component)
PAR  a. Preparation of polymer B-I-1
PAR  2,4-Diphenoxyacetophenone (0.900 g, 2.96 mM),
      1,3-bis-[p-phenoxybenzenesulfonyl]benzene (1.640 g, 2.96 mM) and
      isophthaloyl chloride (1.201 g, 5.92 mM) were dissolved in 50 ml
      dichloroethane. AlCl.sub.3 (3.99 g) was added and the mixture stirred
      under nitrogen atmosphere at room temperature during 24 hours. The
      precipitate was then filtered off, washed several times with methanol in a
      blender and dried. Yield 3.025 g, mp 190.degree.-210.degree.C, inherent
      viscosity 0.165 at 30.degree.C in DMF. The polymer has general structure
      VII.
PAR  b. Preparation of beta-chloroaldehyde B-I-C
PAR  A solution of polymer B-I-1 (1.815 g in 90 ml DMF) was added to a freshly
      prepared solution of Vilsmeyer reagent and worked up as for polymer A-I-C.
      Yield 1.710 g, mp 180.degree.-195.degree.C.
PAR  c. Preparation of polymer B-I-2
PAR  To a solution of 0.210 g KOH in 10 ml ethanol and 20 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (1.612 g in 75 ml
      DMF). The reaction was then worked up as for polymer A-I-2. Yield 1.33 g,
      mp 185.degree.-205.degree.C, inherent viscosity 0.132 at 30.degree.C in
      DMF. The polymer has general structure VIII.
PAC  EXAMPLE 10
PAC  Preparation of polymer B-II-2 (16 wt % acetylene component)
PAR  a. Preparation of polymer B-II-1
PAR  2,4-Diphenoxyacetophenone (0.3945 g, 1.29 mM),
      1,3-bis-[p-phenoxybenzenesulfonyl]benzene (1.398 g, 2.58 mM) and
      isophthaloyl chloride (0.7856 g, 3.87 mM) were dissolved in 35 ml
      dichloroethane. AlCl.sub.3 (2.58 g) was added and the reaction worked up
      as for polymer B-I-1. Yield 1.94 g, mp 195.degree.-215.degree.C, inherent
      viscosity 0.14 at 30.degree.C in DMF. The polymer has general structure
      VII.
PAR  b. Preparation of beta-chloroaldehyde B-II-C
PAR  A solution of polymer B-II-1 (1.600 g in 70 ml DMF) was added to a freshly
      prepared solution of Vilsmeyer reagent and worked up as for polymer A-I-C.
      Yield 1.470 g, mp 170.degree.-190.degree.C.
PAR  c. Preparation of polymer B-II-2
PAR  To a solution of 0.091 g KOH in 5 ml ethanol and 10 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (1.184 g in 60 ml
      DMF). The reaction was worked up as for polymer A-I-2. Yield 1.058 g, mp
      175.degree.-190.degree.C, inherent viscosity 0.124 at 30.degree.C in DMF.
      The polymer has general structure VIII.
PAC  EXAMPLE 11
PAC  Preparation of polymer B-III-2 (11 wt % acetylene component)
PAR  a. Preparation of polymer B-III-1
PAR  2,4-Diphenoxyacetophenone (0.4363 g, 1.4 mM),
      1,3-bis[p-phenoxybenzenesulfonyl]benzene (2.2764 g, 4.2 mM) and
      isophthaloyl chloride (1.1368 g, 5.6 mM) were dissolved in 80 ml
      dichloroethane. AlCl.sub.3 (3.72 g) was added and the reaction worked up
      as for polymer B-I-1. Yield 3,235 g, mp 210.degree.-225.degree.C, inherent
      viscosity 0.182 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde B-III-C
PAR  A solution of polymer B-III-1 (2.800 g in 130 ml DMF) was added to a
      freshly prepared solution of Vilsmeyer reagent and worked up as for
      polymer A-I-C. Yield 2.65 g, mp 185.degree.-205.degree.C.
PAR  c. Preparation of polymer B-III-2
PAR  To a solution of 0.145 g KOH in 10 ml ethanol and 20 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (2.519 g in 120
      ml DMF). The reaction was worked up as for polymer A-I-2. Yield 2.09 g, mp
      195.degree.-210.degree.C, inherent viscosity 0.143 at 30.degree.C in DMF.
      The polymer is type VIII.
PAC  EXAMPLE 12
PAC  Preparation of polymer B-IV-2 (9 wt % acetylene component)
PAR  a. Preparation of polymer B-IV-1
PAR  2,4-Diphenoxyacetophenone (0.2895 g, 0.95 mM),
      1,3-bis-[p-phenoxybenzenesulfonyl]benzene (2.0596 g, 3.8 mM) and
      isophthaloyl chloride (0.9642 g, 4.75 mM) were dissolved in 40 ml
      dichloroethane. AlCl.sub.3 (3.15 g) was added and the reaction worked up
      as for polymer B-I-1. Yield 2.80 g, mp 210.degree.-225.degree.C, inherent
      viscosity 0.171 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde B-IV-C
PAR  A solution of polymer B-IV-1 (2.600 g in 130 ml DMF) was added to a freshly
      prepared solution of Vilsmeyer reagent and worked up as for polymer A-I-C.
      Yield 2.42 g, mp 195.degree.-210.degree.C.
PAR  c. Preparation of polymer B-IV-2
PAR  To a solution of 0.105 g KOH in 5 ml ethanol and 10 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (2.247 g in 120
      ml DMF). The reaction was worked up as for polymer A-I-2. Yield 1.82 g, mp
      195.degree.-210.degree.C, inherent viscosity 0.15 at 30.degree.C in DMF.
      The polymer is type VIII.
PAC  EXAMPLE 13
PAC  Preparation of polymer B-V-2 (26 wt % acetylene component)
PAR  a. Preparation of polymer B-V-1
PAR  2,4-Diphenoxyacetophenone (0.6768 g, 2.22 mM),
      1,3-bis-[p-phenoxybenzenesulfonyl]benzene (1.203 g, 2.22 mM), isophthaloyl
      chloride (0.6008 g, 2.96 mM), and terephthaloyl chloride (0.3004 g, 1.48
      mM) were dissolved in 40 ml dichloroethane. AlCl.sub.3 (2.95 g) was added
      and the reaction worked up as for polymer B-I-1. Yield 2.157 g, mp
      190-210.degree.C, inherent viscosity 0.165 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde B-V-C
PAR  A solution of polymer B-V-1 (1.835 g in 75 ml DMF) was added to a freshly
      prepared solution of Vilsmeyer reagent and worked up as for polymer A-I-C.
      Yield 1.650 g, mp 175.degree.-195.degree.C.
PAR  c. Preparation of polymer B-V-2
PAR  To a solution of 0.057 g KOH in 5 ml ethanol and 5 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (0.780 g in 40 ml
      DMF). The reaction was worked up as for polymer A-I-2. Yield 0.703 g, mp
      180.degree.-195.degree.C, inherent viscosity 0.143 at 30.degree.C in DMF.
      The polymer is type VIII.
PAC  EXAMPLE 14
PAC  Preparation of polymer B-VI-2 (11 wt % acetylene component)
PAR  a. Preparation of polymer B-VI-1
PAR  2,4-Diphenoxyacetophenone (0.3421 g, 1.125 mM),
      1,3-bis-[p-phenoxybenzenesulfonyl]benzene (1.829 g, 3.375 mM),
      isophthaloyl chloride (0.609 g, 3 mM) and terephthaloyl chloride (0.3045
      g, 1.5 mM) were dissolved in 40 ml dichloroethane. AlCl.sub.3 (2.99 g) was
      added and the reaction worked up as for polymer B-I-1. Yield 2.184 g, mp
      200.degree.-220.degree.C, inherent viscosity 0.176 at 30.degree.C in DMF.
PAR  b. Preparation of beta-chloroaldehyde B-VI-C
PAR  A solution of polymer B-VI-1 (2 g in 100 ml DMF) was added to a freshly
      prepared solution of Vilsmeyer reagent and worked up as for polymer A-I-C.
      Yield 1.9 g, mp 185.degree.-200.degree.C.
PAR  c. Preparation of polymer B-VI-2
PAR  To a solution of 0.098 g KOH in 5 ml ethanol and 10 ml DMF at 80.degree.C
      was added a solution of the previous beta-chloroaldehyde (1.758 g in 80 ml
      DMF). The reaction was worked up as for polymer A-I-2. Yield 1.6 g, mp
      185.degree.-205.degree.C, inherent viscosity 0.146 at 30.degree.C in DMF.
      The polymer is type VIII.
PAC  EXAMPLE 15
PAC  Preparation of polymer A-VI-2 (6 wt % acetylene component)
PAR  a. Preparation of polymer A-VI-1
PAR  2,4-Diphenoxyacetophenone (0.2603 g, 0.856 mM), 4,4'-diphenoxydiphenyl
      sulfone (2.7535 g, 6.85 mM) and isophthaloyl chloride (1.5643 g, 7.706 mM)
      were dissolved in 60 ml dichloroethane. AlCl.sub.3 (4.80 g) was added and
      the mixture stirred under nitrogen atmosphere at room temperature during
      24 hours. The precipitate was then filtered off and washed several times
      with MeOH in a blender and dried. Yield 3.86 g, mp
      225.degree.-245.degree.C, inherent viscosity 0.728 in H.sub.2 SO.sub.4 at
      30.degree.C. The polymer has general structure IV.
PAR  b. Preparation of beta-chloroaldehyde A-VI-C
PAR  A solution of 3.225 g acetyl polymer A-VI-1 in 160 ml DMF was added to a
      freshly prepared solution of Vilsmeyer reagent and worked up as for
      polymer A-I-C. Yield 3.160 g, mp 210.degree.-230.degree.C.
PAR  c. Preparation of polymer A-VI-2
PAR  To a solution of 0.085 g KOH in 5 ml ethanol and 20 ml DMF at 80.degree.C
      is added a solution of the previous beta-chloroaldehyde (2.857 g in 140 ml
      DMF). The reaction was then worked up as for polymer A-I-2. Yield 2.48 g,
      mp 205.degree.-225.degree.C, inherent viscosity 0.285 in DMF at
      30.degree.C and 0.429 in HMPA at 30.degree.C.
PAC  EXAMPLE 16
PAR  a. Curing of polymer A-I-2 with terephthalonitrile oxide (TNPO)
PAR  Acetylenic polymer A-I-2 (0.650 g) was dissolved in 25 ml sulfolane (dry)
      by heating at 60.degree.-70.degree.C. Then 0.160 g TPNO was added and the
      reaction mixture stirred for one hour at room temperature. Another 0.160 g
      TPNO was then added and stirring was continued for a further 2 hours at
      60.degree.C. The reaction was then poured into methanol and the
      precipitate was filtered off and washed out with MeOH, then dried. The dry
      product (0.830 g) was then cured in an aluminum foil under nitrogen, 24
      hours at 210.degree.C and 48 hours at 285.degree.C. The residue was then
      taken up in DMF and stirred overnight. After filtration and drying the
      same weight of product was recovered so that the cured product was 100%
      insoluble in DMF.
PAR  b. Curing of polymer A-I-2 with 8 wt % PdCl.sub.2
PAR  A well ground mixture of 0.842 g polymer A-I-2 and 8 wt % PdCl.sub.2 was
      heated 24 hours at 210.degree.C and 48 hours at 285.degree.C, in an
      aluminum foil under nitrogen. The black-brown residue was then treated
      with diluted HCl for 24 hours. After filtration and washing out with water
      it was dried. Then, it was taken up in DMF and stirred overnight; 4.1% was
      soluble and 95.9% insoluble.
PAR  c. Curing of polymer A-III-2 with TPNO
PAR  Acetylenic polymer A-III-2(0.600 g) was dissolved in 25 ml sulfolane (dry)
      by heating at 60.degree.-70.degree.C. Then 30 mg TPNO was added and the
      reaction mixture stirred for one hour at room temperature. Another 30 mg
      TPNO was then added and stirring was continued for a further hour at
      50.degree.C. The reaction was then conducted as for curing polymer A-I-2.
      The isolated product (0.535 g) was then heated under nitrogen, 24 hours at
      210.degree.C, 24 hours at 250.degree.C and 24 hours at 285.degree.C. The
      residue was then treated with DMF overnight, filtered and dried. There
      remained an 88.9% yield of a polymer which was insoluble in DMF.
PAR  d. Curing of polymer B-I-2 with 8 wt % PdCl.sub.2
PAR  A well ground mixture of polymer B-I-2 (0.6935 g) and 8 wt % PdCl.sub.2 was
      heated 24 hours at 210.degree.C and 48 hours at 285.degree.C, in an
      aluminum foil under nitrogen. The residue was then treated with diluted
      HCl for 24 hours, it was then filtered, washed out and dried. 98.2% was
      insoluble in DMF.
PAR  e. Curing of polymer B-III-2 with 8 wt % PdCl.sub.2
PAR  A well ground mixture of polymer B-III-2 (0.6711 g) and 8 wt % PdCl.sub.2
      was heated and treated in the same circumstances as previous sample. There
      was 90.5% insoluble material left after stirring up the residue overnight
      with DMF.
PAR  f. Curing of polymer B-IV-2 with TPNO
PAR  Acetylenic polymer B-IV-2 (0.776 g) was dissolved in 25 ml sulfolane (dry)
      by heating at 60.degree.-70.degree.C. Then 0.180 g TPNO was added and the
      reaction mixture stirred for one hour at room temperature. Another 0.180 g
      TPNO was then added and the reaction continued and worked up as for
      polymer A-I-2. After treating the residue with DMF there remained 97.3%
      insoluble material.
PAR  g. Curing of polymer A-VI-2 with 9 wt % Al(OC.sub.3 H.sub.7).sub.3
PAR  A well ground mixture of polymer A-VI-2 (0.218 g) and 9 wt % Al
      isopropoxide was heated 24 hours at 230.degree.C and 24 hours at
      285.degree.C, in an aluminum foil under nitrogen. The residue was then
      treated with diluted HCl overnight, it was then filtered, washed out and
      dried. 72% was insoluble in DMF.
PAR  h. Curing of polymer A-II-2 with 9 wt % Al(OC.sub.3 H.sub.7).sub.3
PAR  A well ground mixture of polymer A-II-2 (0.304 g) and 9 wt % Al
      isopropoxide was heated and worked up as in previous procedure. 89%
      insoluble in DMF.
PAR  i. Curing of polymer A-VI-2 with 10 wt % Pd/C
PAR  A well ground mixture of polymer A-VI-2 (0.285 g) and 10 wt % Pd/C was
      heated and worked up as in previous procedure. 79% insoluble in DMF.
PAR  j. Curing of polymer B-VI-2 with ATNO
PAR  Acetylenic polymer B-VI-2 (0.486 g) was dissolved in 25 ml sulfolane by
      heating. Then 14 mg ATNO (anthracene-9,10-dinitrileoxide) was added and
      the reaction mixture stirred for 2 hours at 70.degree.C. The reaction was
      then worked up as for curing polymer A-I-2 with TPNO. The isolated product
      was then heated under nitrogen, 24 hours at 210.degree.C, 24 hours at
      250.degree.C and 24 hours at 285.degree.C. The residue was then treated
      with DMF overnight, filtered and dried. There remained 89% insoluble in
      DMF.
PAC  EXAMPLE 17
PAC  Isothermal Aging Experiments
PAR  a. An isothermal aging experiment of CS-I-A-CT, obtained by curing polymer
      A-I-2 (30 wt % acetylenic component) with TPNO gave the following results
      for loss of weight: 7 days at 300.degree.C, 6% loss and no loss of weight
      at 250.degree.C.
PAR  b. An isothermal aging experiment of CS-3-A-CT, obtained by polymer A-III-2
      (14 wt % acetylenic component) with terephthalonitrile-N,N'-oxide under
      nitrogen, gave the following results of loss of weight:
PA1  3 days at 275.degree.C, 3% loss; 7 days at 275.degree.C, 3.7% loss;
PA1  5 days at 300.degree.C, 6.5% loss; 7 days at 300.degree.C, 8.8% loss.
PAR  c. Polymer A-IV-2 was cured by heating under nitrogen 48 hours at
      320.degree.C. This polymer has 11 wt % acetylenic component and the cured
      polymer was 100% insoluble in DMF.
PAR  d. An isothermal aging experiment of the polymer obtained by trimerizing
      B-VI-2 (11 wt % acetylenic component) with anthracene-9,10-bis-nitrile
      oxide under nitrogen, gave the following results for loss of weight:
PA1  3 days at 275.degree.C, 4.7% loss; 7 days at 275.degree.C, 5.7% loss;
PA1  5 days at 300.degree.C, 9.9% loss; 7 days at 300.degree.C, 11.2% loss.
PAR  e. An isothermal aging experiment CS-6-AA obtained by curing polymer A-VI-2
      (6 wt % acetylenic component) with aluminum isopropoxide, gave the
      following results for loss of weight: 7 days at 250.degree.C, 2.1% loss; 4
      days at 275.degree.C, 3.4% loss.
PAR  f. An isothermal aging experiment CS-2-AA obtained by curing polymer A-II-2
      (19 wt % acetylenic component) with aluminum isopropoxide, gave the
      following results for loss of weight: 7 days at 250.degree.C, 0.2% loss; 4
      days at 275.degree.C, 2.5% loss.
PAR  The inherent viscosities in H.sub.2 SO.sub.4 for the acetyl polymers and in
      HMPA for the acetylene polymers were as follows:
     Acetyl polymers: inherent viscosity in H.sub.2 SO.sub.4 at                

     ______________________________________                                    

     30.degree.C                                                               

     A-I-1     0.391       B-I-1       0.251                                   

     A-II-1    0.358       B-II-1      0.229                                   

     A-III-1   0.434       B-III-1     0.331                                   

     A-IV-1    0.479       B-IV-1      0.304                                   

                           B-V-1       0.225                                   

                           B-VI-1      0.280                                   

     Acetylene polymers: inherent viscosity in HMPA at 30.degree.C             

     ______________________________________                                    

     A-I-2     0.22        B-I-2       0.18                                    

     A-II-2    0.206       B-II-2      0.181                                   

     A-III-2   0.219       B-III-2     0.185                                   

     A-IV-2    0.23        B-IV-2      0.222                                   

     A-V-2     0.216       B-V-2       0.183                                   

     A-VI-2    0.429       B-VI-2      0.201                                   

     ______________________________________                                    

TBL                TABLE VIII                                                  

     ______________________________________                                    

     POLYMERS FROM 2,4-DIPHENOXYACETOPHENONE                                   

     AND 4,4'-DIPHENOXYDIPHENYL SULFONE                                        

                                        Inhe-                                  

                                        rent                                   

                                        visc-                                  

     Polymer IPC.sup.a                                                         

                    TPC.sup.b                                                  

                           DPA.sup.c                                           

                                 DPDPS.sup.d                                   

                                        osity.sup.e                            

                                               mp.degree.C                     

     ______________________________________                                    

     A-I-1   5.5    --     2.75  2.75   0.234  205-225                         

     A-II-1  3.43   --     1.44  2.88   0.179  195-215                         

     A-III-1 6.20   --     1.55  4.65   0.244  200-220                         

     A-IV-1  4.33   --      0.866                                              

                                 3.46   0.264  200-220                         

     A-V-1   3.40   1.70   1.29  3.81   0.216  195-215                         

     ______________________________________                                    

      .sup.a Millimoles of isophthaloyl chloride                               

      .sup.b Millimoles of terephthaloyl chloride                              

      .sup.c Millimoles of                                                     

      .sup.d Millimoles of 4,4'-diphenoxydiphenyl                              

      .sup.e In DMF (0.5 g/100 ml) at 30.degree.C                              

TBL                TABLE IX                                                    

     ______________________________________                                    

     POLYMERS FROM 2,4-DIPHENOXYACETOPHENONE AND                               

     1,3-bis-[p-PHENOXYBENZENESULFONYL]BENZENE                                 

                                        Inhe-                                  

                                        rent                                   

                                        visc-                                  

     Polymer IPC.sup.a                                                         

                    TPC.sup.b                                                  

                           DPA.sup.c                                           

                                 BPBSB.sup.d                                   

                                        osity.sup.e                            

                                               mp.degree.C                     

     ______________________________________                                    

     B-I-1   4.22   --     2.11  2.11   0.165  190-210                         

     B-II-1  3.87   --     1.29  2.58   0.14   195-215                         

     B-III-1 5.60   --     1.40  4.20   0.182  210-225                         

     B-IV-1  4.75   --     0.95  3.80   0.171  210-225                         

     B-V-1   2.96   1.48   2.22  2.22   0.165  190-210                         

     B-VI-1  3.0    1.50   1.12  3.37   0.176  200-220                         

     ______________________________________                                    

      .sup.a Millimoles of isophthaloyl chloride                               

      .sup.b Millimoles of terephthaloyl chloride                              

      .sup.c Millimoles of 2,4-diphenoxyacetophenone                           

      .sup.d Millimoles of 1,3-bis-[p-phenoxybenzenesulfonyl]benzene           

      .sup.e In DMF (0.5 g/100 ml) at 30.degree.C                              

TBL                TABLE X                                                     

     ______________________________________                                    

     ACETYLENE POLYMERS FROM DIPHENOXYPHENYL SULFONE                           

                 Inherent                                                      

     Polymer     viscosity.sup.a                                               

                               mp.degree.C                                     

     ______________________________________                                    

     A-I-2       0.168         195-210                                         

     A-II-2      0.161         180-195                                         

     A-III-2     0.168         180-195                                         

     A-IV-2      0.176         185-200                                         

     A-V-2       0.183         185-205                                         

     ______________________________________                                    

      .sup.a In DMF (0.5 g/100 ml) at 30.degree.C                              

TBL                TABLE XI                                                    

     ______________________________________                                    

     ACETYLENE POLYMERS FROM BIS[PHENOXYBENZENE-                               

     SULFONYL]BENZENE                                                          

                 Inherent                                                      

     Polymer     viscosity.sup.a                                               

                               mp.degree.C                                     

     ______________________________________                                    

     B-I-2       0.132         185-205                                         

     B-II-2      0.124         175-190                                         

     B-III-2     0.143         195-210                                         

     B-IV-2      0.150         195-210                                         

     B-V-2       0.143         180-195                                         

     B-VI-2      0.146         185-205                                         

     ______________________________________                                    

      .sup.a In DMF (0.5 g/100 ml) at 30.degree.C                              

TBL                TABLE XII                                                   

     ______________________________________                                    

     CROSSLINKING EXPERIMENTS                                                  

                                       % Cross-                                

                                       linked                                  

               Cross-                  Polymer                                 

               linked                  (insoluble                              

     Polymer   Polymer      Catalyst   product)                                

     ______________________________________                                    

     A-I-2     CS-1-A-CP    PdCl.sub.2 95.9                                    

     A-I-2     CS-1-A-CT    TPNO       100                                     

     A-III-2   CS-3-A-CT    TPNO       88.9                                    

     B-I-2     CS-1-B-CP    PdCl.sub.2 98.2                                    

     B-III-2   CS-3-B-CP    PdCl.sub.2 90.5                                    

     B-IV-2    CS-4-B-CT    TPNO       97.3                                    

     ______________________________________                                    

TBL                TABLE XIII                                                  

     ______________________________________                                    

     ISOTHERMAL AGING OF NON-CURED AND                                         

     CURED ACETYLENE POLYMERS                                                  

              Percent loss of weight                                           

                7 days      7 days     4 days                                  

     Polymer    at 250.degree.C                                                

                            at 300.degree.C                                    

                                       at 350.degree.C                         

     ______________________________________                                    

     A-I-2      no          2          42.7                                    

     A-II-2     no          no         10.3                                    

     A-III-2    no          0.7        4.9                                     

     A-IV-2     no          no         2.1                                     

     A-V-2      no          no         5.8                                     

     B-I-2      no          no         23.3                                    

     B-II-2     no          5.2        46.4                                    

     B-III-2    no          no         8.1                                     

     B-IV-2     no          no         10.4                                    

     B-V-2      no          2.7        19.4                                    

     B-VI-2     no          no         11.6                                    

     CS-1-A-CP  16.4        38.8       85                                      

     CS-1-A-CT  no          7.2        64                                      

     CS-1-B-CP  11.7        40         83                                      

     CS-3-B-CP  24.6        --         88                                      

     CS-4-B-CT  no          6          58                                      

     ______________________________________                                    

PAR  In this specification, the following abbreviations are used:
TBL  DMAc = dimethylacetamide                                                  

     DMF = dimethylformamide                                                   

     DMSO -- dimethyl sulfoxide                                                

     g = gram(s)                                                               

     HMPA = hexamethylphosphoric triamide                                      

     hr = hour(s)                                                              

     IPC = isophthaloyl chloride                                               

     Me = methyl                                                               

     MeOH = methanol                                                           

     ml = milliliter(s)                                                        

     mm = millimeter(s) (of mercury)                                           

     mM = millimole(s)                                                         

     mp = melting point                                                        

     TGA = thermogravimetric analysis                                          

     TPC = terephthaloyl chloride                                              

     TPNO = teraphthalonitrile oxide                                           

     Vilsmeyer reagent = 1 ml of POCl.sub.3 in 2 ml of DMF                     

CLMS
STM  We claim:
NUM  1.
PAR  1. A polymer having one of the general formulae
      ##EQU5##
      and
      ##EQU6##
      wherein Ar.sub.1, Ar.sub.2, Ar.sub.3, Ar.sub.4, Ar.sub.5, Ar.sub.6,
      Ar.sub.8, Ar.sub.9 and Ar.sub.10 are the same or different bivalent
      aromatic hydrocarbon radicals containing 6 to 10 carbon atoms, Ar.sub.7 is
      a trivalent aromatic hydrocarbon radical containing 6 to 10 carbon atoms,
      and n is 30 to 120.
NUM  2.
PAR  2. A polymer of claim 1 wherein Ar.sub.1, Ar.sub.2, Ar.sub.3, Ar.sub.4,
      Ar.sub.5, Ar.sub.6, Ar.sub.7, Ar.sub.8, Ar.sub.9 and Ar.sub.10 each
      contain 6 carbon atoms.
NUM  3.
PAR  3. A polymer produced by Friedel-Crafts polymerization of
      diphenoxyacetophenone and diphenoxydiphenyl sulfone with an acid chloride
      selected from the group consisting of isophthaloyl chloride and
      terephthaloyl chloride.
NUM  4.
PAR  4. A polymer as defined by claim 3 wherein the acetyl radical of the
      diphenoxyacetophenone moiety is converted to an ethynyl radical.
NUM  5.
PAR  5. A polymer produced by Friedel-Crafts polymerization of
      diphenoxyacetophenone and bis(phenoxybenzenesulfonyl)benzene with an acid
      chloride selected from the group consisting of isophthaloyl chloride and
      terephthaloyl chloride.
NUM  6.
PAR  6. A polymer as defined by claim 5 wherein the acetyl radical of the
      diphenoxyacetophenone moiety is converted to an ethynyl radical.
NUM  7.
PAR  7. A crosslinked polymer formed by the trimerization of an ethynyl radical
      of a polymer as defined by claim 1.
NUM  8.
PAR  8. A crosslinked polymer formed by the trimerization of an ethynyl radical
      of a polymer as defined by claim 2.
PATN
WKU  039351688
SRC  5
APN  4240111
APT  1
ART  143
APD  19731212
TTL  Process for preparing polyesters from terephthalic acid in the presence
      of phosphonium compounds
ISD  19760127
NCL  4
ECL  1
EXP  Lee; Lester L.
INVT
NAM  Rashbrook; Robert Benson
CTY  Harrogate
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
RLAP
COD  71
APN  203858
APD  19711201
PSC  03
CLAS
OCL  260 75P
XCL  260 75R
EDF  2
ICL  C08G 6338
FSC  260
FSS  75 P;75 R
UREF
PNO  3427287
ISD  19690200
NAM  Pengilly
OCL  260 75
FREF
PNO  10,622
ISD  19670000
CNT  JA
OCL  260 75P
OREF
PAL  Polyethylene Terephthalate, Shimizu et al., CA. Vol. 67, p. 64871, (a),
      1967.
LREP
FR2  Blanke; Robert J.
ABST
PAL  Preparation of fibre-or film-forming polyester or copolyester wherein
      terephthalic acid or mixture with a second dicarboxylic acid is reacted
      with glycol and polycondensed with a phosphonium compound having at least
      one aryl constituent.
PARN
PAR  This a continuation of application Ser. No. 203,858, filed Dec. 1,1971, and
      now abandoned.
BSUM
PAR  The present invention, which is a continuation-in-part application of
      copending application Ser. No. 706,689, filed Feb. 19,1968, relates to the
      preparation of polyesters by the reaction of dicarboxylic acids with
      glycols and polycondensation of the derived ester to give a high molecular
      weight fibre of film-forming polyester.
PAR  According to our invention we provide a process for the preparation of a
      fibre or film-forming polyester or copolyester wherein terephthalic acid
      or a mixture of terephthalic acid with from 5 to 25 molecules per 100 of a
      second dicarboxylic acid is reacted with at least one glycol at elevated
      temperature and the resultant ester or mixture of esters is polycondensed
      under known conditions until a high molecular weight polyester or
      copolyester is formed, characterised in that during the reaction there is
      present a compound or the carbonate, bicarbonate or 1 to 6 carbon
      aliphatic monocarboxylic acid salt of a compound, of the formula:
      ##EQU1##
      WHERE EACH OF THE GROUPS R.sub.1, R.sub.2 and R.sub.3 is alkyl or aryl, in
      amount not less than 0.001 percent by weight based on the terephthalic
      acid and not greater than about 0.5 percent by weight based on the
      terephthalic acid. While tetra alkyl phosphonium compounds are known to
      increase the softening temperature of poly(ethylene terephthalate)
      (Japanese Patent No. 10622), these compounds are surprisingly not as
      effective as phosphonium compounds containing at least one phenyl group.
PAR  In order that the derived polyesters should have the desired fibre or
      film-forming properties, at least 80 percent of the units making up the
      polyester should be terephthalate units.
PAR  Examples of suitable glycols for use in the process of our invention are
      those of the formula HO(CH.sub.2).sub.n OH, where n is greater than one
      and not greater than 10, and 1:4-hydroxymethyl cyclohexane. The quantity
      of glycol or glycols to be used as related to the quantity of terephthalic
      acid or terephthalic acid plus second dicarboxylic acid is in accordance
      with existing knowledge and should be at least greater than the
      equimilocular amount.
PAR  Examples of suitable second dicarboxylic acids to be used in the
      preparation of copolyesters are isophthalic acid and sebacic acid.
PAR  Examples of suitable phosphonium compounds of the Formula
      ##EQU2##
      ARE (Ph).sub.3 CH.sub.3 P.OH, (Ph).sub.3 C.sub.2 H.sub.5 P.OH, Ph.sub.4
      POH, Ph.sub.3 (isopropyl)POH and Ph.sub.3 (C.sub.4 H.sub.9)POH.
PAR  An advantage of the process of our invention is that by the use of it
      copolyesters may be prepared which have softening points higher than would
      be obtained in the absence of the described phosphorus compound. The
      production of a copolyester of a relatively high softening point is an
      indication of the minimal formation of undesirable byproducts during the
      reaction.
PAR  A further advantage of the process of our invention is that by the use of
      it, copolyesters may be produced in successive batches or continuously
      with minimum variation in the softening point from batch to batch or with
      time respectively.
PAR  The polycondensation stage may be catalysed by known polycondensation
      catalysts. Particularly advantageous for this purpose are soluble antimony
      compounds and germanium compounds; such catalysts may be present during
      the reaction of the dicarboxylic acid with the glycol.
DETD
PAR  In order that the process of our invention may be the more fully
      understood, we give hereinafter some examples of methods in which it may
      be put into practice.
PAC  EXAMPLE 1
PAR  Terephthalic acid (996 parts by weight), ethylene glycol (774 parts by
      weight), antimony trioxide (0.4 parts by weight), titanium dioxide (5
      parts by weight) and methyl triphenyl phosphonium hydroxide (0.35 parts by
      weight) are heated together to a temperature of 232.degree.C and
      maintained thereat for 1 hour and 55 minutes at the end of which time no
      undissolved terephthalic acid is found to remain at the reaction
      temperature. The temperature of the reaction mixture is then raised to
      265.degree.C and reaction continued under a pressure of 0.2 mm. of
      mercury. The degree of polycondensation is interpolated from the power
      required to drive the agitator and is judged to have reached the desired
      stage after 3 hours at 265.degree.C. The Viscosity Ratio of the derived
      polyester, as measured on a 1% solution in orthochlorophenol at
      25.degree.C, is found to be 1.718; and its softening point is found to be
      259.7.degree.C.
PAC  EXAMPLE 2
PAR  The procedure is exactly the same in all particulars as in Example 1 with
      the exception that for 0.35 parts by weight of methyl triphenyl
      phosphonium hydroxide are substituted 0.50 parts by weight of methyl
      triphenyl phosphonium hydroxide. The polycondensation is judged to be
      complete after 2 hours 30 minutes. The Viscosity Ratio of the derived
      polyester measured as described in Example 1, is found to be 1.775; and
      the softening point is found to be 259.1.degree.C.
PAC  EXAMPLE 3
PAR  The procedure is exactly the same in all particulars as in Example 1 with
      the exception that no methyl triphenyl phosphonium hydroxide is present in
      the reaction mixture. The polycondesnation is judged to be complete after
      2 hours 18 minutes. The Viscosity Ratio of the drived polyester, measured
      as described in Example 1, is found to be 1.760; and the softening point
      is found to be 256.9.degree.C.
PAC  EXAMPLE 4
PAR  The process of Example 1 is repeated except that in place of the 996 parts
      of the terephthalic acid, 49.8 parts of isophthalic acid and 946.2 parts
      of terephthalic acid are employed. The softening point of the resultant
      copolymer is found to be increased over that of a similar copolyester
      which does not contain methyl triphenyl phosphonium hydroxide.
PAC  EXAMPLE 5
PAR  The process of Example 1 is repeated except that in place of the 996 parts
      of terephthalic acid, 60.7 parts of sebasic acid and 946.2 parts of
      terephthalic acid are employed. The softening point of the resultant
      copolymer is found to be increased over that of a similar copolyester
      which does not contain methyl triphenyl phosphonium hydroxide.
PAC  EXAMPLES 6-14
PAR  Terephthalic acid (1382 parts by weight) and ethylene glycol (956 parts by
      weight) are reacted employing the conditions as set forth in the following
      table.
PAR  Phosphonium compound as set forth in the table is heated together with the
      terephthalic acid and ethylene glycol to the esterification temperature as
      indicated in the table, and maintained for that time given in column 4 of
      the table. At the end of the esterification reaction time, no undissolved
      terephthalic acid is found to remain at the reaction temperature. 0.07% by
      weight based on the polyester and 0.5% by weight based on the weight of
      the polyester of titanium dioxide is then added. The reaction temperature
      is then raised as indicated in column 6 of the table, and the reaction
      continued at a pressure of 0.2 millimeters of mercury. The degree of
      polycondensation is interpolated from the power required to drive an
      agitator and is judged to have reached the desired stage after the time
      indicated in column 7 of the table.
TBL                                    TABLE                                   

     __________________________________________________________________________

      Column                                                                   

             Column Column Column Column Column Column Column                  

                                                            Column             

       1      2     3      4      5      6      7      8    9                  

            Phosphonium                                                        

                    Quantity of                                                

                           Esterifica-                                         

                                  Esterifica-                                  

                                         Polyconden-                           

                                                Polyconden-                    

                                                       I.V. Softening          

            Compound                                                           

                    Phosphonium                                                

                           tion   tion   sation sation time Point              

                    Compound                                                   

                           Time,  Temperature                                  

                                         Temperature                           

                                                minutes                        

                    %      Number .degree.C                                    

                                         .degree.C                             

     __________________________________________________________________________

     Example 6                                                                 

            (C.sub.2 H.sub.5).sub.4 P.OH                                       

                     .021  140    240    295    75     0.692                   

                                                            250.6              

     Example 7                                                                 

            (C.sub.2 H.sub.5).sub.4 P.OH                                       

                     .060  103    235    295    43     0.677                   

                                                            251.9              

     Example 8                                                                 

            (HO.C.sub.2 H.sub.4).sub.4 P.OH                                    

                     .0285 162    240    290    88     0.688                   

                                                            246.5              

     Example 9                                                                 

            Ph.sub.3 CH.sub.3 P.OH                                             

                     .0335 150    240    295    61     0.688                   

                                                            255.6              

     Example 10                                                                

            Ph.sub.4 P.OH                                                      

                     .0411 165    240    295    50     0.668                   

                                                            255.6              

     Example 11                                                                

            Ph.sub.3 C.sub.2 H.sub.5 P.OH                                      

                     .0385 175    240    290    75     0.703                   

                                                            256.0              

     Example 12                                                                

            Ph.sub.3 (isopro-                                                  

            pyl)P.OH .0403 153    235    290    76     0.658                   

                                                            255.9              

     Example 13                                                                

            Ph.sub.3.Bu.P.OH                                                   

                     .042  145    235    290    59     0.665                   

                                                            256.9              

     Example 14                                                                

            None     0     136    235    295    112    --   248.9              

     __________________________________________________________________________

      I.V.   intrinsic viscosity (1% solution in orthochlorophenol at          

      25.degree.C)                                                             

PAR  As can be seen from the table, the aromatic phosphonium compounds are
      clearly superior to aliphatic phosphonium compounds for purposes of
      raising the softening point of polyester.
CLMS
STM  Having thus disclosed the invention, what is claimed is:
NUM  1.
PAR  1. A process for the preparation of a fiber or film forming polyester or
      copolyester wherein terephthalic acid or a mixture of terephthalic acid
      with up to 25 molecules per 100 molecules of a second dicarboxylic acid is
      reacted with at least one glycol selected from the group consisting of
      HO(CH.sub.2).sub.n OH where n is greater than 1 and not greater than 10
      and 1:4-hydroxymethylcyclohexane at elevated temperature and the resultant
      ester or mixture of esters is polycondensed in the presence of a
      polycondensation catalyst selected from the group consisting of soluble
      antimony compounds and soluble germanium compounds, at temperatures above
      said elevated temperature until a high molecular weight polyester or
      copolyester is formed, characterized in that during the reaction there is
      present a compound of the formula:
      ##EQU3##
      in amount not less than 0.001 percent by weight based on the terephthalic
      acid and not greater than about 0.5 percent by weight based on the
      terephthalic acid.
NUM  2.
PAR  2. A process for the preparation of fiber or film forming polyester from
      terephthalic acid and a glycol selected from the group consisting of
      HO(CH.sub.2).sub.n OH where n is greater than 1 and not greater than 10
      and 1:4-hydroxymethylcyclohexane, comprising conducting the esterification
      and polycondensation reactions in the presence of from 5 to 25 molecules
      per 100 molecules of terephthalic acid of a second dicarboxylic acid
      selected from the group consisting of isophthalic acid and sebacic acid
      and a compound of the formula:
      ##EQU4##
      in amounts not less than 0.001 percent by weight based on the terephthalic
      acid and not greater than about 0.5 percent by weight based on the
      terephthalic acid, said esterification being conducted at elevated
      temperature and said polycondensation being conducted in the presence of a
      polycondensation catalyst selected from the group consisting of soluble
      antimony compounds and soluble germanium compounds at temperatures above
      said elevated temperature.
NUM  3.
PAR  3. A process according to claim 1 wherein said glycol is ethylene glycol.
NUM  4.
PAR  4. A process according to claim 2 wherein said glycol is ethylene glycol.
PATN
WKU  039351696
SRC  5
APN  4841638
APT  1
ART  143
APD  19740628
TTL  Method of preparing polyester powder
ISD  19760127
NCL  6
ECL  1
EXA  Danison, Jr.; W. C.
EXP  Schain; Howard E.
INVT
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CTY  Stamford
STA  CT
ASSG
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CTY  Wilmington
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COD  71
APN  295476
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CLAS
OCL  260 75T
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PNO  2945840
ISD  19600700
NAM  Roberts et al.
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UREF
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CNT  UK
OREF
PAL  Korshak et al, Polyesters, Pergamon Press, N.Y. (1965), pp. 279, 298,
      510-512
ABST
PAL  An improved method of preparing a polyester powder is disclosed wherein a
      polyester resin is dissolved in benzyl alcohol and the powder is
      subsequently precipitated from said solution by the use of a suitable
      diluent.
PARN
     This is a continuation of application Ser. No. 295,476, filed Oct. 2, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an improved method of preparing
      a finely-divided polyester powder. More particularly, the invention
      relates to a method comprising
PA1  A. dissolving a polyester resin in benzyl alcohol and
PA1  B. subsequently precipitating a finely-divided polyester powder from said
      solution by the use of a suitable diluent solvent.
PAR  2. Description of the Prior Art
PAR  Finely-divided polyester powders have been described in the art. See, in
      this regard, British Pat. No. 1,201,523 issued to Imperial Chemical
      Industries Limited. These polyester powders are suitable for a wide
      variety of uses including, for example, dulling or flattening agents in
      coating compositions and components in cosmetic preparations. The use of
      these materials in coating compositions was described in British Pat. No.
      1,131,303 issued to Imperial Chemical Industries Limited and their use in
      cosmetic preparations has been described in British Pat. Nos. 1,093,108
      and 1,202,796, both of which are also issued to Imperial Chemical
      Industries Limited.
PAR  As is described in British Pat. No. 1,201,523 mentioned above it has
      previously been known that polyester powders could be prepared by
      dissolving a synthetic polyester in a solvent at an elevated temperature,
      heating for a period of time, and subsequently mixing the warm solution
      with a diluent to cause precipitation of the polyester in a finely-divided
      form. Solvents which were previously employed to dissolve the synthetic
      polyester resin included propylene carbonate and ethylene carbonate. As
      pointed out in British Pat. No. 1,201,523, the solution of polyester had
      to be heated for a period of time of at least 30 minutes and, to insure
      that the synthetic polyester would be precipitated in a finely-divided
      form rather than as fibers, prolonged heating was necessary. This extended
      heating was required to break down or hydrolyze the polymer to reduce its
      molecular weight.
PAR  It has now been found, in accordance with the present invention, that a
      finely-divided polyester powder may be prepared without the necessity of
      prolonged heating by employing benzyl alcohol as the solvent in a process
      such as that described above.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a finely-divided polyester powder
      is prepared by a method comprising, first, dissolving a synthetic
      polyester resin in benzyl alcohol and, subsequently, precipitating a
      finely-divided polyester powder by the use of a diluent solvent.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of the present invention may be employed to prepare a
      finely-divided polyester powder from any of the synthetic polyester resins
      which are well known in the art. Examples of synthetic polyester resins
      which may be employed in the method of the present invention include, for
      example, ethylene terephthalate, ethylene isophthalate, ethylene
      ortho-phthalate, and copolymers and mixtures thereof. The polyester resin
      to be treated may be especially prepared for reduction to a powder by the
      method of the present invention or, alternatively, polyester scrap such as
      results in the production of polyester film may be treated by this method
      to produce a useful product. To facilitate handling of the material, it is
      preferred, although not necessary, that the polyester first be reduced in
      size such as by coarse shredding or chipping.
PAR  When preparing polyester powders in accordance with the present invention,
      the polyester resin is first dissolved in warm benzyl alcohol. Preferably,
      the resin is dissolved by stirring in benzyl alcohol heated to a
      temperature of about 180.degree.C. although any temperature sufficient to
      dissolve the polyester resin may be employed.
PAR  Once the polyester has been dissolved, it may immediately be precipitated
      from the benzyl alcohol by treatment with a diluent solvent as is
      described in detail below. However, to insure complete solution, it is
      preferred to heat the solution for a short period of time, less than 30
      minutes, prior to the addition of the diluent solvent. In this regard,
      preferred results have been achieved by heating the solution at a
      temperature of from about 160.degree.C., which is sufficient to keep the
      polyester in solution, to about 205.degree.C., the boiling point of the
      benzyl alcohol.
PAR  Although prolonged heating is not required to produce polyester powders in
      accordance with the present invention, it has been found that storage of
      the solution at elevated temperatures for prolonged periods of time does
      not deleteriously affect either the product produced or the benzyl alcohol
      employed.
PAR  The polyester powder is subsequently precipitated from the solution by the
      use of a suitable diluent solvent. In precipitating the powder, it has not
      been found to be critical to employ any given diluent. However, it is
      preferred to employ a diluent which is relatively inexpensive, has low
      flammability and is soluble in the benzyl alcohol. Suitable diluents which
      may be employed include, for example, isopropyl alcohol, toluene and
      xylene.
PAR  When precipitating the polyester resin, the hot solution of the resin may
      be added to the cold, stirred diluent or the diluent may be added to the
      polyester solution. The desired polyester powder can then be removed from
      the solvents by any suitable method such as filtration or centrifugation.
      Another advantage of the process of the present invention is that the
      solvent employed may be recovered, separated and reused in subsequent
      operations.
PAR  Although not wishing to be bound by any specific theory, but, in order to
      assist those skilled in the art in understanding the present invention, it
      is believed that the improved results achieved with the process of the
      present invention are due to the fact that the benzyl alcohol reacts with
      the polyester resin and, by virtue of an ester interchange reaction,
      results in a significant reduction in the molecular weight of the
      polyester. By comparison, the inert solvents employed in the prior art
      require heating over an extended period of time to achieve a comparable
      reduction in molecular weight sufficient to assure that the polyester
      material would precipitate from solution as a powder rather than in a
      fiber form.
PAR  In addition to the uses of these powders which have been suggested in the
      prior art, the powders prepared in accordance with the present invention
      may be employed as filler for paints, lacquers, plaster, roof cements,
      linoleum, asphalt shingles, and as a filtering medium.
DETD
PAR  In order to describe the present invention so that it may be more clearly
      understood, the following example is set forth. This example is given
      primarily for the purpose of illustration of the concept of the present
      invention.
PAC  EXAMPLE 1
PAR  Into a reaction flask, equipped with a mechanical stirrer, thermometer,
      dropping funnel, and reflux condenser, there was added 100 grams of benzyl
      alcohol. While stirring the solvent, there was then added 25 grams of a
      polyethylene terephthalate type polyester resin. The resulting mixture was
      then heated to 180.degree.C. during which time the polyester resin
      dissolved. To insure a complete solution, the batch was stirred at
      180.degree.C. for 15 minutes.
PAR  After cooling to 160.degree.C., 100 grams of xylene were added dropwise,
      while maintaining the reaction temperature in the range of from
      150.degree.C. to 160.degree.C.
PAR  After all of the xylene had been added, the reaction mixture was stirred
      and cooled to below 30.degree.C. The resulting finely-divided polyester
      powder was filtered off, washed with 50 grams of xylene, and sucked dry.
      The product was then dried for a period of about 7 hours in a vacuum oven
      at about 85.degree.c./ 300 mm. Hg.
PAR  The resulting product was a polyester powder which, if desired, could be
      easily ground to a finer particle size.
PAR  If desired, the solvents employed could be recovered and separated by
      distilllation at atmospheric pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  A method of preparing a polyester powder from a synthetic polyester
      resin, selected from the group consisting of polyethylene terephthalate,
      polyethylene isophthalate, polyethylene orthophthalate, copolymers and
      mixtures thereof, said method comprising
PA1  a. dissolving the polyester resin in benzyl alcohol; and
PA1  b. precipitating the polyester powder by combining the solution with a
      diluent.
NUM  2.
PAR  2. A method, as claimed in claim 1, wherein the polyester is dissovled by
      heating the solvent to about 180.degree.C.
NUM  3.
PAR  3. A method, as claimed in claim 1, wherein the polyester resin is a
      polyethylene terephthalate.
NUM  4.
PAR  4. A method, as claimed in claim 1, wherein the diluent is xylene.
NUM  5.
PAR  5. A method, as claimed in claim 1, wherein the solution is maintained at a
      temperature of from about 160.degree.C. to about 205.degree.C. for less
      than 30 minutes before being treated with the diluent.
NUM  6.
PAR  6. A method, as claimed in claim 1, wherein the polyester powder is
      precipitated by adding the diluent to the solution.
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ABST
PAL  A novel antimony catalyst for polyester condensation reactions is described
      comprising trivalent antimony having its valences occupied by dianion
      radicals of 1,2-diols and anion radicals or organic carboxylic acids. The
      molar ratio of antimony to dianion radical of 1,2-diol to anion radical of
      organic carboxylic acid is 1:1:1. The antimony compound is prepared by
      reacting a mixture of a 1,2-diol and a trivalent antimony reactant
      represented by the formula;
      ##EQU1##
      wherein Sb is antimony, R.sub.1 is an anion radical of an organic
      carboxylic acid; and R.sub.2 is selected from the group consisting of
      anions of alcohols, anions of organic carboxylic acids and mixtures
      thereof.
PARN
PAR  This is a division of application Ser. No. 391,121, filed Aug. 24, 1973,
      now U.S. Pat. No. 3,899,522.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with a novel trivalent antimony compound useful
      as a catalyst in the manufacture of polyesters such as polyethylene
      terepthalate from dimethyl terepthalate and ethylene glycol. In addition,
      this invention is also concerned with a novel process for the preparation
      of said trivalent antimony catalyst.
PAR  In the past, many trivalent and pentavalent antimony compounds have been
      used as catalysts in the production of polyesters such as polyethylene
      terepthalate. Among these antimony compounds are antimony trioxide,
      antimony pentoxide, alkyl antimony compounds, aryl antimony compounds and
      the like. In fact, almost any compound containing antimony can be used as
      a catalyst for these polyesters. In choosing an antimony catalyst for the
      commercial production of polyethylene terepthalate however, consideration
      of cost of the catalyst and the amount of soluble antimony present in the
      polymerization medium are important factors.
PAR  In the commercial manufacture of polyethylene terepthalate usually a
      mixture of a diester of terephthalic acid such as dimethyl terepthalate
      and excess ethylene glycol is formed in the presence of a catalyst such as
      Zn (OAc).sub.2 . 2H.sub.2 O. The mixture is heated to remove an alcohol
      from the diester with the formation of an ester-exchange product, diglycol
      terepthalate. An antimony catalyst, such as those mentioned above is then
      added to the reaction mixture, and the temperature is raised to from
      250.degree. to 300.degree.C under reduced pressure to effect
      polycondensation and form the polyethylene terepthalate.
PAR  The amount of soluble antimony provided by the catalyst is an important
      criterion for judging an effective antimony catalyst. It is often
      desirable to utilize an antimony catalyst which provides a high degree of
      soluble antimony in the ethylene glycol reaction medium. This high
      antimony solubility aids in the activity of the catalyst which in turn
      causes the reaction to proceed at a faster rate. For example, antimony
      trioxide which is a frequently used catalyst for the production of
      polyethylene terepthalate is relatively inexpensive but provides very low
      antimony solubility in the ethylene glycol reaction medium. Antimony
      glycoloxide, Sb.sub.2 (OCH.sub.2 CH.sub.2 O).sub.3, another widely used
      catalyst, is relatively expensive and provides from only 1.5% to 1.7%
      soluble antimony at 80.degree.C. The antimony catalyst of this invention,
      however, provides from 5.1% to 5.6% soluble antimony at 80.degree.C which
      is marked improvement over the prior art catalysts mentioned above making
      it particularly desirable for commercial production of polyethylene
      terepthalate. The antimony catalyst of this invention can be produced
      cheaply by virtue of simple processing steps involving short reaction
      times and inexpensive starting materials.
PAR  It is an object of this invention to describe a novel antimony catalyst for
      the production of polyethylene terepthalate which provides a high degree
      of soluble antimony in the polyethylene terepthalate reaction medium.
PAR  A still further object is to describe a novel and inexpensive process for
      the production of said trivalent antimony catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  The trivalent antimony compound of this invention comprises a mixed
      antimony 1,2diolate and carboxylate wherein the valences of antimony are
      occupied by dianion radicals of 1,2-diols and carboxylate anion radicals.
      The molar ratio of antimony to diol dianion radical to carboxylate anion
      radical is 1:1:1. The term 1,2-diol as used herein is meant to describe an
      organic dihydroxy compound wherein the hydroxyl groups are bonded to
      adjacent carbon atoms.
PAR  Although the structural formula is not known accurately, the X-ray
      diffraction pattern, infra-red absorption spectra and elemental analysis
      have been used to supplement the characterization of these compounds.
PAR  Some of the possible chemical structures which may describe the antimony
      catalyst based on spectral data and elemental analysis, are represented by
      the following formulae:
      ##EQU2##
      wherein R.sub.1 is an anion radical of an organic carboxylic acid. The
      1,2-diol dianion portion is represented by the formula -[ --O--CH.sub.2
      --CH.sub.2 --O--]- which is the dianion radical of ethylene glycol. In all
      formulae shown above the ratio of antimony to 1,2-diol dianion radical to
      carboxylate anion radical is 1:1:1.
PAR  An example of a typical antimony compound is a mixed trivalent antimony
      ethylene glycoloxide and acetate; wherein
      ##EQU3##
      and the 1,2-diol portion is ethylene glycol dianion radical, -[O--CH.sub.2
      --CH.sub.2 --O]-.
PAR  This antimony compound exhibits and X-ray diffraction pattern with
      characterizing d-spacings in the vicinity of 11.0l, 5.43, 6.27 and 3.60A
      and has major infra-red absorption peaks as 1720, 1375 and 1570 reciprocal
      centimeters. The compound has the following elemental analysis; about
      16.8.+-. 1 weight percent carbon; about 3.2.+-. .4% weight percent
      hydrogen and about 50.3.+-. weight percent antimony. These percentages
      correspond approximately to an emperical formula of [C.sub.4 H.sub.7
      O.sub.4 Sb].
PAR  The trivalent antimony compound is produced by a novel process comprising
      the steps of;
PAR  a. reacting a mixture of equimolar ratios of a 1,2-diol and a trivalent
      antimony reactant represented by the formula;
      ##EQU4##
      wherein Sb is antimony, R.sub.1 is an anion radical of an organic
      carboxylic acid; and R.sub.2 is selected from the group consisting of
      anions of alcohols, anions of organic carboxylic acids and mixtures
      thereof; and
PAR  b. recovering a trivalent antimony compound from said mixture.
PAR  Among the typical antimony starting materials are antimony triacetate,
      antimony tributyrate, and antimony dibutoxide monoacetate. Typical
      1,2-diols include ethylene glycol, 1,2-propane diol, 3-chloro-1,2-propane
      diol and mixtures thereof.
PAR  The reaction mixture should preferably contain a solvent to aid the
      fluidity of the mixture and the recovery of the formed trivalent antimony
      catalyst. Such solvents must be inert to the antimony reactant and the
      formed trivalent antimony compound and be capable of dissolving the
      1,2-diol and the antimony starting material. Among such solvents include
      alcohols such as methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl
      alcohol and butyl alcohol; ketonic solvents such as acetone, methyl ethyl
      ketone, diethyl ketone, methyl propyl ketone; and ethers such as
      diethylether, dipropyl ether, ethyl propyl, ether, dioxane and the like.
PAR  It the novel trivalent antimony compound, wherein the 1,2-diol dianion
      portion is ethylene glycol dianion is treated with excess ethylene glycol
      at high temperatures, antimony glycoloxide is formed. This constitutes a
      novel process for preparing said antimony glycoloxide and is also part of
      this invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The X-ray diffraction data, infra-red spectral data and elemental analysis
      for a trivalent antimony compound of this invention wherein R.sub.2
      =O.sub.2 C--CH.sub.3 and the 1,2-diol is ethylene glycol are repeated
      again in Table 1 below together with the preferred trivalent antimony
      reactant antimony triacetate, and for antimony glycoloxide which is a
      possible produce in the reaction of antimony triacetate with molar
      excesses of ethylene glycol at elevated temperatures as described in my
      copending U.S. Application Ser. No. 391,122 now U.S. Pat. No. 3,833,630.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                 X-RAY DIFFRACTION                                             

                            INFRA-RED                                          

                                     Elemental Analysis                        

                 (MAJOR d-Spacings)                                            

                            (Major Peaks)                                      

                                     (weight percent)                          

                                     Calculated                                

                                             Theoretical                       

     __________________________________________________________________________

     Antimony Triacetate                                                       

                 Amorphous  1720 cm.sup.-.sup.1                                

                                              C=24.06                          

                            1637 cm.sup.-.sup.1                                

                                              H= 3.01                          

                            1338 cm.sup.-.sup.1                                

                                     Sb=40.5 Sb=40.70                          

     Antimony Glyoloxide                                                       

                 3.22 A.degree.                                                

                            1630 cm.sup.-.sup.1                                

                                      C=17.50                                  

                                              C=17.03                          

                 6.47 A.degree.                                                

                            1450 cm.sup.-.sup.1                                

                                      H= 3.50                                  

                                              H= 2.84                          

                 6.35 A.degree.                                                

                            1200 cm.sup.-.sup.1                                

                                     Sb=58.5 Sb=57.6                           

                 7.50 A.degree.                                                

     Trivalent Antimony                                                        

                 11.01 A.degree.                                               

                            1720 cm.sup.-.sup.1                                

                                      C=16.8.+-. 1                             

     Compound (R.sub.1 =CH.sub.3)                                              

                 5.43 A.degree.                                                

                            1375 cm.sup.-.sup.1                                

                                      H= 3.2.+-. .4                            

                 6.27 A.degree.                                                

                            1570 cm.sup.-.sup.1                                

                                     Sb=50.3.+-.0.5                            

                 3.60 A.degree.                                                

     __________________________________________________________________________

PAR  As Table 1 shows, X-ray diffraction patterns, infra-red spectral data and
      elemental analysis of the trivalent antimony compound of this invention
      compared with antimony triacetate and antimony glycoloxide indicate vast
      differences in structure and composition.
PAR  Considerations of elemental anaylisis of the trivalent antimony compound
      and the relative stiochiometry of the 1,2-diol and trivalent antimony
      reactant affords a basis for postulation of the structure of the trivalent
      antimony compound as represented by Formulae 1-4.
PAR  The above identified antimony compound does not restrict the scope of this
      invention however. Homologous antimony compounds wherein R.sub.1 comprises
      anion radicals of higher organic carboxylic acids such as propionic,
      butyric, hexanoic, octanoic, 2-ethylhexanoic and higher and mixtures
      thereof are within the scope of this invention. In addition, other
      1,2-diols may also be employed in place of ethylene glycol as for example
      1,2- alkane diols substituted with alkyl groups such as 1,2-propane diol,
      1,2-butane diol or 1,2-alkane diols substituted with alkyl halides, such
      as 3-chloro-1, 2-propane diol. The 1,2-diol can be substituted with many
      other radicals including sulfur-containing, nitrogen-containing or
      oxygen-containing radicals and may also be cycloalkane diols such as
      1,2-cyclohexane diol or aromatic diols such as orthohydroxy phenol.
PAR  In preparing the trivalent antimony compound the 1,2-diol and antimony
      reactant are combined with stirring to form a viscous reaction mixture.
      The amount of diol used must be at least one molar with respect to the
      amount of antimony reactant. Preferably, an excess of diol is used to
      insure complete reaction. The reaction mixture is heated to between
      40.degree.C and 120.degree.C and preferably between 60.degree. and
      100.degree.C. Temperatures above 120.degree.C for extended periods of time
      should be avoided since no appreciable gain reaction rate is achieved.
      There is also the added danger of decomposing the antimony compound or
      antimony reactant at elevated temperatures. If alcoholic solvents are
      employed in the reaction at high temperatures, esters may be formed by the
      reaction of the alcohols with the organic carboxylic acid replaced in the
      antimony reactant. The time preferred to complete the reaction varies with
      the temperatures employed. However, at temperatures between 60.degree. and
      100.degree.C the reaction is completed in 15 to 20 minutes. Reaction times
      greater than 1 hour at high temperatures should be avoided.
PAR  A solvent is preferably employed in this process as hereinbefore mentioned.
      These solvents provide a fluid medium for the reaction and aid in the
      recovery of the trivalent antimony compound because the antimony compound
      is insoluble in these solvents and it precipitates therefrom as it is
      formed. The amount of solvent is not critical but should be added in an
      amount to insure efficient mixing of the reactants. Usually from 2 g to 3
      g of solvent is added for each gram of 1,2-diol.
PAR  Antimony glycoloxide, Sb.sub.2 (O--CH.sub.2 CH.sub.2 --O).sub.3 can be
      produced by treating a trivalent antimony compound of this invention
      wherein the 1,2-diol dianion radical is ethylene glycol dianion radical
      with 1/2 molar equivalents or more of ethylene glycol at high temperatures
      (80.degree.C or above) for periods of time in excess of 1 hour.
PAR  The trivalent antimony compound can be recovered as for example by
      filtration or centrifugation of the reaction mixture followed by solvent
      removal and drying of the product. If no solvent is utilized during the
      reaction, it can be added after the reaction is completed to aid in the
      recovery of the product as described below.
PAR  The antimony reactants can be prepared by methods known in the art. For
      example, antimony triacetate is generally prepared by reacting antimony
      trioxide with acetic anhydride at temperatures sufficient to cause
      reaction. Other antimony reactants such as wherein R.sub.2 comprises
      anions of alcoholates having from 1 to 10 carbon atoms can be produced by
      reacting one mole of a carboxylic acid with an antimony trialkoxide
      wherein the alkoxide portion is the same as R.sub.2 desired in the
      antimony starting material. Mixtures of alcoholate anion and anion of
      organic carboxylic acid can be formed by reacting an appropriate antimony
      trialkoxide with mixtures of organic carboxylic acids.
PAR  Alcoholate anion radicals for R.sub.2 having from 1 to about 10 carbon
      atoms are preferred to give optimum results in yield and rate of reaction.
      Alcoholate anion radicals having greater than 10 carbon atoms are less
      desirable to employ in the antimony reactant since they become
      increasingly more difficult to replace by the 1,2-diol as the number of
      carbon atoms increase
PAR  It is preferred to use antimony reactants wherein the organic carboxylic
      acid anion, R.sub.1, contains from 1 to about 10 carbon atoms. Higher
      organic carboxylic acid anions although useful in this invention are
      replaced less easily by the 1,2-diol than the carboxylic acid anion
      radicals containing from 1 to 10 carbon atoms.
DETD
PAR  In order to more fully describe the instant invention the following
      examples are given;
PAC  EXAMPLE 1
PAR  This example illustrates a laboratory preparation of the trivalent antimony
      compound using antimony triacetate as the trivalent antimony reactant and
      ethylene glycol as the 1,2-alkane diol. Methyl ethyl ketone was employed
      as a solvent.
PAR  To a 500 ml. reaction flask equipped with stirrer, thermometer and reflux
      condensor was added 105.8 g. (0.354 m) of antimony triacetate, 28 g.
      (0.452 m) of ethylene glycol and 77 g. of methyl ethyl ketone.
PAR  The mixture was heated to (97.degree.C) under a stream of nitrogen for 15
      minutes. The mixture was cooled and then filtered through a Buchner funnel
      and dried in a vacuum oven at room temperature. The trivalent antimony
      compound after drying weighed 78.6 g. Yield was 92%. The X-ray diffraction
      pattern and infra-red spectra were consistent with those given Table 1.
PAR  Elemental analysis: Observed C; 16.8.+-.1% H; 3.4.+-.0.4 Sb; 50.3.+-.0.5.
      The compound had the following solubilities in ethylene glycol at
      40.degree.C, 60.degree.C and 80.degree.C;
TBL                 Sb           Compound                                      

                    Solubility   Solubility                                    

     Temperature .degree.C                                                     

                    (g/100)      (g/100)                                       

     ______________________________________                                    

     40             1.3 - 1.8    2.5 - 3.7                                     

     60             3.5 - 3.9    6.9 - 7.8                                     

     80             5.1 - 5.6    10 - 11.2*                                    

     ______________________________________                                    

      *After prolonged standing (2 weeks) a small amount of solid precipitated 

      which was antimony glycoloxide, Sb.sub.2 (O--CH.sub.2 --CH.sub.2         

      --O).sub.3.                                                              

PAC  EXAMPLE 2
PAR  This example illustrates a large-scale pilot plant production of the
      trivalent antimony compound employing methanol as a solvent.
PAR  To a 50 gallon Pfaudler reactor was added 185 lbs. of antimony triacetate,
      70 lbs. of ethylene glycol and 151 lbs. of methanol. The mixture was
      stirred and heated at 72.degree.-75.degree.C for 20 minutes under a
      nitrogen blanket. The reaction mixture was cooled to room temperature and
      centrifuged through a Sharples centrifuge and the supernatant liquid
      removed. Analysis of this product was substantially the same as in Example
      1. When this product was treated with 2 molar equivalents of ethylene
      glycol at 80.degree.C for 1 hour, antimony glycoloxide was produced.
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of a trivalent antimony compound
      formed by reacting ethylene glycol with a trivalent antimony reactant
      represented by the formula;
      ##EQU5##
PAR  A 50 ml. reaction flask equipped with stirrer, thermometer and reflux
      condensor was charged with 17 g. (0.05 m) of antimony tributoxide,
      Sb(O(CH.sub.2).sub.3 CH.sub.3. To this was added 3.0 g (0.05 m) of acetic
      acid. Next, 3.1 g (0.05 m) of ethylene glycol was added to the flask
      together with 30.0 g of methyl ethyl ketone. The mixture was heated to
      reflux (90.degree.C) for 15 minutes under a stream of nitrogen. The
      mixture was cooled to room temperature and filtered through a Buchner
      funnel. The recovered product was then dried in a vacuum oven at room
      temperature. The trivalent antimony compound after drying weighed 13.2 g.
      The infra-red spectrum taken of the product was consistent with the
      spectrum given in Table 1. When this product was treated with 2 molar
      equivalents of ethylene glycol at 80.degree.C for 1 hour, antimony
      glycoloxide was produced.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of a trivalent antimony compound
      comprising a mixed antimony ethylene glycolate and butyrate made by
      reacting ethylene glycol with antimony tributyrate.
PAR  To a 250 ml reaction flask was charged 25.6 g (.067 m) of antimony
      tributyrate, Sb(O.sub.2 C(CH.sub.2).sub.2 CH.sub.3).sub.3. To this was
      added 19.24 g (0.31 m) of ethylene glycol followed by 70 ml of methyl
      ethyl ketone. The mixture was heated to 90.degree.C for 15 minutes under a
      stream of nitrogen and then cooled to room temperature. The infra-red
      spectrum of the dried product was similar to the infra-red pattern of
      Examples 1, 2 and 3 except that a more intense peak at 1375 cm -1 was
      present indicating increased --(CH.sub.2)-- groupings.
PAC  EXAMPLE 5
PAR  This example illustrates the preparation of a trivalent antimony compound
      made by reacting ethylene glycol with an antimony reactant represented by
      the formula;
      ##EQU6##
PAR  To a 100 ml reaction flask was charged 17.0 g (0.05 m) of antimony
      tributoxide. To this was added 3.0 g of acetic acid and 7.2 g of 2-ethyl
      hexanoic acid and heated under vacuum to form the antimony reactant. To
      this antimony reactant was added 3.1 g (0.05 m) of ethylene glycol and
      35.0 ml of methyl ethyl ketone. The mixture was refluxed at 94.degree.C
      for 15 minutes after which the slurry was cooled, filtered and dried. The
      infra-red spectrum was similar to those obtained in Examples 1, 2 and 3.
PAC  EXAMPLE 6
PAR  This example illustrates the preparation of a trivalent antimony compound
      containing a substituted 1,2-alkane diol dianion radical and acetate anion
      radical. The 1,2-alkane diol used was 3-chloro-1,2-propane diol.
PAR  The procedure of Example 1 was followed except 300 ml of methyl ethyl
      ketone and 22.0 g (0.2 m) of 3-chloro-1,2-propane diol was added to 0.1
      mole antimony triacetate reactant instead of ethylene glycol. After
      working up the product it was found that the needle like crystals had the
      following analysis:
TBL  Elemental Analysis     (wt. %)                                            

     Sb                     41.04                                              

     C                      12.72                                              

     Major Infra-Red Peaks                                                     

     1708cm.sup.-.sup.1 and 1365cm.sup.-.sup.1                                 

PAC  EXAMPLE 7
PAR  Preparation of polyethylene terephthalate. Exactly 100 g of dimethyl
      terepthalate, 750 g of ethylene glycol and 0.9 g of zinc acetate dihydrate
      were heated to a temperature of 190.degree.C under an atmosphere of
      nitrogen. The reaction was continued for 3 hours collecting 297 g of
      methanol. This intermediate (100 g) was added to a 200 ml stainless steel
      flask containing the trivalent antimony catalyst of Example 1 in an amount
      sufficient to provide 0.025 g atoms of antimony. The temperature was
      raised to 280.degree.-290.degree.C under a pressure of 0.15 mm Hg. The
      material was heated for 3 hours under these conditions and the polymer
      recovered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process for preparing polyethylene terephthalate from
      terephthalic acid derivatives and ethylene glycol in the presence of an
      antimony catalyst, the improvement which comprises using as said catalyst,
      a trivalent antimony compound having the valences of antimony occupied by
      dianion radical of a 1,2-alkane diol and organic carboxylate anion
      radical, said carboxylate anion radical containing from 1 to 10 carbon
      atoms, wherein the mol ratio of antimony to dianion radical of 1,2-diol to
      organic carboxylate anion radical is 1:1:1., and wherein said dianion
      radical of a 1,2-alkane diol is selected from the group consisting of
      ethylene glycol dianion, 1,2-propane diol dianion, 3-chloro-1,2-propane
      diol dianion, 1,2-butane diol dianion, and mixtures thereof.
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ABST
PAL  Pyrrolidone is anionically polymerized in the presence of alkali
      pyrrolidonate as catalyst and of carbamates of metals of Groups I and II
      of the Mendelyeev Periodic System, or of ammonium carbamates, as
      activators.
BSUM
PAR  THE PRIOR ART
PAR  Various substances are suggested in the patent literature for use as
      "activators" in the anionic polymerization of pyrrolidone in the presence
      of alkali pyrrolidonate as catalyst. The suggested activators include, for
      instance, acyl-lactams, esters of mono- and di-carboxylic acids,
      isocyanates, unsubstituted and N-substituted amides, N-cyanolactams, urea
      derivatives, carbon dioxide, trytil derivatives, halosinales, fluorinated
      olefins, and sulfur dioxide.
PAR  One of the disadvantages associated with the use of the prior art
      activators is that the polypyrrolidones obtained have, in general, low
      relative viscosity values. Another disadvantage is a low polymerization
      rate. A still further drawback is that the polypyrrolidones obtained using
      the prior art activators do not have high thermal stability.
PAC  THE PRESENT INVENTION
PAR  An object of this invention is to provide a new and improved process for
      the anionic polymerization of pyrrolidone in the presence of alkali
      pyrrolidonates as catalyst and of new activators which process does not
      have the drawbacks and disadvantages of the processes utilizing the known
      activators.
PAR  That and other objects are achieved by the process of this invention, in
      accordance with which pyrrolidone is polymerized in the presence of the
      alkali pyrrolidonates as catalysts and of activators which are either
      ammonium carbamates or carbamates of metals belonging to Groups I to II of
      the Mendelyeev Periodic System.
PAR  We have found that the ammonium carbamates and carbamates of Groups I or
      Group II metals, when mixed with the alkali pyrrolidonate catalysts
      (prepared according to known techniques by salification of pyrrolidone
      with a quaternary ammonium base or with alkali metal hydroxides) function
      as very effective activators in the polymerisation of pyrrolidone.
PAR  The carbamates used as activators in the practice of this invention are of
      the NH.sub.2 COOMe type, in which Me is a metal of Group I or Group II or
      is the ammonium ion.
PAR  The amount of carbamate used can vary within a wide range, for instance
      from 0.1 to 10 moles per 100 moles of the monomer, but it is preferably
      from 1 to 4%. The amount of metal hydroxide may vary and may be from 0.5
      to 20 moles per mole of the monomer but preferably is from 3 to 10%.
PAR  The present process has the following advantages:
PAR  1. THE POLYMERS OBTAINED HAVE RELATIVE VISCOSITY VALUES (MEASURED IN
      H.sub.2 SO.sub.4 at 20.degree.C and in a concentration of 0.5%) which are,
      in general, higher than those of polypyrrolidones obtained when the
      polymerization is carried out by adding activators of the prior art to the
      alkali pyrrolidonate;
PAR  2. THE POLYMERIZATION RATE IS QUITE HIGH CAN BE FURTHER INCREASED BY ADDING
      SUITABLE CO-ACTIVATORS IN VERY SMALL AMOUNTS, WITHOUT APPRECIABLY
      AFFECTING THE THERMAL STABILITY OF THE POLYMERS OBTAINED OR THE
      SPINNABILITY THEREOF. Useful co-activators are, for instance,
      acetylpyrrolidone, phenyl-isocyanate, toluene-diisocyanate and
      tetrafluoroethylene The co-activators can be used in amounts of from 0.01
      to 0.5% by moles per 100 mols of the monomer; and
PAR  3. THE POLYMERS OBTAINED WITH THE CATALYTIC SYSTEM OF THIS INVENTION ARE
      MUCH MORE THERMALLY STABLE THAN THOSE OBTAINED WITH PRIOR ART CATALYTIC
      SYSTEMS, SO MUCH SO THAT THEY CAN BE SPUN AND FORMED INTO FIBERS HAVING
      GOOD MECHANICAL CHARATERISTICS.
PAR  The pyrrolidone polymerization according to this invention is carried out
      at a temperature of from -10.degree. to + 100.degree.C, preferably from
      20.degree.C to 60.degree.C. It is possible to operate either in bulk or in
      suspension using inert suspending agents such as petroleum ether,
      gasoline, kerosene, pentane, hexane, heptane, cyclohexane, octene and
      other saturated and unsaturated hydrocarbons. The suspension
      polymerization may be carried out in the presence or absence of
      emulsifying agents.
PAR  The thermal stability and spinnability of the polypyrrolidones produced by
      the present process were measured using a plastometer according to ASTM D
      1237 - 65 T standards and suitably equipped for recording the variations
      with time of the viscosity of the molten polymer.
PAR  The test temperature was fixed at 270.degree.C and the pressure at 12
      kg/sq.cm.
PAR  The nozzle had a height of 8 mm, and a diameter of 9.5 mm. The length of
      the capillary tube was 3 mm, its diameter 0.5 mm, and its inlet angle was
      40.degree..
PAR  The time which elasped from the introduction of the polymer into the small
      oven of the plastometer until it attained a viscosity of 500 poises
      (t.sub.500) was chosen as the index of the stability of the polymer in the
      molten state (M.F.I.).
PAR  In order that the temperature may be taken as equal to the value imposed on
      the whole section of the plastometer, the time lapse between introduction
      of polymer sample into the plastometer oven and the attainment of a
      viscosity of 500 poises (t.sub.500) must be from 3.5 to 4 minutes.
PAR  The polymers samples of which are characterized by a t.sub.500 greater than
      5-6 minutes are spinnable into fibers. However, in order to insure that
      the fibers will have good mechanical properties, or that the polymer will
      have a residence time inside the spinning equipment longer than 2 minutes,
      it is preferable for the polymer to have t.sub.500 longer than 8 minutes.
PAR  Samples of some of the polymers produced by the present process were spun
      using a screw extruder having a screw diameter of 17 mm (L/D ratio = 20);
      a Barney (type ZP 139/A) pump; a glass and corundum ball filter; a
      spinneret with 21 holes with a length (L) to diameter (D) ratio of the
      holes equal to 2 (diameter = 0.4 mm).
PAR  The winding - up speed was varied from 600 to 800 m/min. The fibers had a
      total count in deniers of nearly 400. The stretching was carried out at
      180.degree.C with a stretching ratio of 1:4.
PAR  The following examples are given to illustrate the invention and are not
      intended to be limiting.
DETD
PAC  EXAMPLES 1 - 5
PAC  Preparation of sodium carbamate (NH.sub.2 COONa)
PAR  In a dry vessel 17 g of metal sodium (0.74 mol) were reacted with 500 ml of
      methyl alcohol, at a temperature maintained at 0.degree.C. After the
      sodium had dissolved, gaseous anhydrous ammonia was slowly introduced up
      to saturation.
PAR  Thereupon, keeping the temperature at 0.degree.C, 0.8 mol of anhydrous
      CO.sub.2 was bubbled in under stirring. A white precipitate formed, was
      filtered in a dry-box, washed several times with anhydrous ether, dried
      under vacuum at room temperature, and then stored so as to ensure
      protection from moisture.
PAR  The elemental analysis yielded the following results: Calculated C (%) =
      14.5; N = 16.9; H = 2.4. found C (%) = 14.6; N = 16.3; H = 2.3.
PAR  In a vessel suitably fitted with a stirrer, pipe fittings for nitrogen and
      vacuum, pyrrolidone and KOH (titer 85%) were reacted in molar proportions
      (referred to 100 moles of monomer).
PAR  The salification reaction between potassium hydroxide and pyrrolidone
      occurred at 115.degree.- 118.degree.C with release of water and under a
      residual pressure of 3-5 mmHg.
PAR  This reaction was completed within 10 minutes using 400 g of monomer. After
      having restored the atmospheric pressure inside the vessel by pure
      nitrogen (O.sub.2 .ltoreq. 10 ppm), the calculated quantity of sodium
      carbamate prepared as hereinabove described was introduced into the vessel
      at 50.degree.C. The sodium carbamate became active at 100.degree.C and
      under a 3-5 mm Hg vacuum. These conditions were maintained for an
      established period of time (see Table of examples 1-5), depending on the
      quantity of carbamate introduced. At the end of this operation, the
      atmospheric pressure was restored by pure N.sub.2 and the mass was
      polymerized in an oven at 55.degree.C.
PAR  After a few hours the polymerization medium became pasty and finally
      hardened. In order to calculate the polymer yield (C%) and the relative
      viscosity (.eta..sub.r), the polymer was cooled in liquid air, then ground
      in a mill. The powder thus obtained was washed in water until all of the
      catalyst had been removed and was then dried for 8 hours in an oven at
      100.degree.C.
PAR  The following Table I shows how the polymerization rate decreases with
      decreasing amounts of the components of the catalytic system; the relative
      viscosity may remain high even when using reduced amounts of carbamate
      (the amounts of the components of the catalytic system are expressed by
      moles and referred to 100 moles of monomer).
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

          Monomer                                                              

               KOH  Carbamate                                                  

                          Duration                                             

                               C% .eta..sub.r                                  

                                      Reaction time of                         

     n.   g    moles %                                                         

                    moles %                                                    

                          hrs.        carbamate                                

     __________________________________________________________________________

     1    400  7    3     16   22 6.7 60 minutes                               

       1 bis                                                                   

          400  7    3     19   32 7.9 60 minutes                               

     2    400  5    1.5   21   16 6.6 45 minutes                               

     3    400  5.8  2     21   34 7.1 60 minutes                               

     4    200  3    3     21   18 4.6 60 minutes                               

     5    200  2    1     22   19 5.9 30 minutes                               

     __________________________________________________________________________

PAR  An M.F.I test (as described above) was performed on a mixture of polymers
      obtained according to Examples 1, 2 and 3 and having a relative viscosity
      of 7, in order to calculate t.sub.500. The value thus determined was 9
      minutes and 5 seconds.
PAR  In comparison, it was impossible to calculate t.sub.500 on a portion of
      polymer obtained from KOH and acetylpyrrolidone inasmuch as the sample was
      not sufficiently stable under the test conditions.
PAC  EXAMPLES 6-7
PAR  These examples show how to vary the method of preparation of the catalytic
      system by adding potassium hydroxide and sodium carbamate to the
      pyrrolidone at the same time without appreciably changing the quality of
      the results (yield in polymer, relative viscosity, thermal stability as
      previously described).
PAR  Thus, to 200 g of pyrrolidone contained in a 500 ml flask there were added
      4.65 g of potassium hydroxide (titer 85%) and 3.93 g of sodium carbamate.
      The molar concentrations of potassium hydroxide and of sodium carbamate,
      referred to 100 moles of pyrrolidone, were 3 and 1.5 respectively.
PAR  The temperature of the mass was raised to 100.degree.C; the residual
      pressure was 3 - 4 mm Hg. These conditions were maintained for 60 minutes.
      At the end of this time the pressure was restored by N.sub.2. Thereafter
      the colorless and slightly cloudy liquid mass was kept in an oven for 22
      hours thermostatically maintained at 55.degree.C. The purification of the
      polymer was carried out as described in Examples 1-5.
PAR  The polymer yield was 27%. The relative viscosity was 5.6. With the molar
      ratios of KOH and sodium carbamate of 2 and 1 respectively (reaction time
      at 100.degree.C = 40 minutes; residual pressure = 3-5 mm Hg), after 20
      hours the yield was 16%. The relative viscosity was 4.4.
PAC  EXAMPLE 8
PAC  Preparation of the NH.sub.2 COOK potassium carbamate
PAR  The synthesis was carried out in an autoclave in the presence of 110 g of
      finely ground KCl, 4000 g of liquid NH.sub.3 and 85 g of CO.sub.2
      according to the procedures described in German Pat. No. 552,056 of May
      19, 1932.
PAR  The potassium carbamate thus obtained (155 g; yield 95%) contained about 5%
      of unreacted KCl and the elemental analysis gave the following results:
PAR  calculated C% = 12.1; N = 14.1 and H = 2.1. found C% = 11.3; N = 12.5 and H
      = 1.9.
PAR  Using KOH (titer 85%) 3% molar with respect to the monomer and 1.5% mol of
      potassium carbamate with respect to the monomer (according to the
      modalities described in Example 1-5), after 21 hours there was obtained a
      polymer yield of 20% with a relative viscosity of 6.7.
PAC  EXAMPLES 9 - 15
PAR  Table II reports the results obtained by effecting the polymerization at
      55.degree.C in the presence of KOH, sodium or potassium carbamate and of a
      co-activator.
PAR  From said Table it is apparent that the addition of the co-activator to the
      catalytic system considerably increases the polymerization rate, while the
      viscosity remains almost unvaried and the thermal stability is not
      appreciably varied.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example                                                                   

          KOH Carbamate                                                        

                    ( Na, K )                                                  

                           Co-activator                                        

                                      Duration                                 

                                           C% .eta..sub.r                      

                                                  run modali-                  

                                                         M. F. I               

     n.   moles                                                                

              moles        moles      hours       ties   t.sub.500             

          %   %            %                                                   

     __________________________________________________________________________

      9   3   3     (Na)   Acp *                                               

                                0.05  21   65 5.3 ex. 1 - 5                    

                                                         --                    

     10   3   3     (Na)   C.sub.2 F.sub.4                                     

                                0.1   17   38 5.4 ex. 6 - 8                    

                                                         8 min. 44 sec.        

     11   3   1.5   (Na)   Acp  0.025 21   36 4.8 ex. 1 - 5                    

                                                         8 min. 47 sec.        

     12   3   1.5   (Na)   Acp  0.025 22   30 5.1 ex. 6 - 8                    

                                                         9 min. 10 sec.        

     13   3   1.5   (Na)   Acp  0.05  21   45 4.3 ex. 1 - 5                    

                                                         8 min. 16 sec.        

     14   5   1     (K)    SiCl.sub.4                                          

                                0.1    5   37 5.1 ex. 6 - 8                    

     15   5   1     (K)    tdi **                                              

                                0.07   5   55 3.9 ex. 6 - 8                    

     __________________________________________________________________________

       * Acp = Acetylpyrrolidone                                               

      ** tdi = toluene-diisocyanate                                            

PAC  EXAMPLES 16 - 20
PAR  800 g of pyrrolidone were salified with 74.4 g of KOH of titer 85% (12%
      molar with respect to the monomer) described in Examples 1 - 5.
PAR  After the salification reaction at 115.degree.C in a current of pure
      N.sub.2 and under vigorous stirring, there were introduced 22.0 g of
      ammonium carbamate (RP C. Erba) (3% molar). When addition of the carbamate
      was complete, the stirring was carried on in N.sub.2 for 30 minutes.
      Thereafter the mass was left to polymerize for 22 hours at 55.degree.C.
PAR  The following results were obtained:
PA1  C = 35%; relative viscosity = 10.3;
PA1  M.f.i. t.sub.500 = 10 minutes 40 seconds.
PAL  Further examples of runs carried out with ammonium carbamate (CAM) and with
      potassium hydroxide are reported in Table III (the reaction time of CAM at
      115.degree.C was 30 minutes).
TBL                                    TABLE III                               

     __________________________________________________________________________

     Example                                                                   

          KOH CAM Duration                                                     

                       C% .eta..sub.r                                          

                              Monomer                                          

                                   M. F. I.                                    

     n.   moles                                                                

              moles                                                            

                  hrs.        grams                                            

                                   t.sub.500                                   

          %   %                                                                

     __________________________________________________________________________

     17   12  4   22   29 5   200  --                                          

     18   10  2   22   35 6.2 400  9 min. 26 sec.                              

     19    6  2   22   21 6.3 400  --                                          

     20    4  1   22   16 4.6 200  8 min. 10 sec.                              

     __________________________________________________________________________

PAC  EXAMPLES 21 - 25
PAR  Table IV reports the results of the runs carried out at 55.degree.C with
      CAM, KOH and co-activators which in this case also cause an increase in
      the polymerization rate.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Ex.                                                                       

        KOH CAM Co-act-                                                        

                     moles Durat-                                              

                               C% .eta..sub.r                                  

                                      M.F.I                                    

     n. moles                                                                  

            moles                                                              

                ivator     ion        t.sub.500                                

        %   %        %     hrs.                                                

     __________________________________________________________________________

     21 5   1   Acp *                                                          

                     0.05  23  49 5.5 --                                       

     22 4   1   Acp  0.025 18  35 4.8 9 min.                                   

     23 4   1   Acp  0.05  22  44 3.9 --                                       

     24 4   1   C.sub.2 F.sub.4                                                

                     0.1   22  37 5.1 --                                       

     25 5   1   fic **                                                         

                     0.1    5  41 3.1 --                                       

     __________________________________________________________________________

       * Acp = acetylpyrrolidone                                               

      ** fix = phenylisocyanate                                                

PAC  EXAMPLE 26
PAR  Pyrrolidone (255 g), 9.9 g of KOH of titer 85% (5% molar with respect to
      the monomer), 3.8 g of potassium carbamate (titer 90% - 1% molar) and then
      5.1 g of sodium lauryl sulphate were introduced in that order into a 2200
      ml steel autoclave equipped with a stirrer. The catalytic system was
      prepared as in Examples 6 and 7, that is at 100.degree. C and under a
      vacuum of 3-5 mm Hg for 45 minutes.
PAR  After cooling to 55.degree. C, under vigorous stirring, 470 ml of dried
      heptane and 0.344 ml of SiCl.sub.4 (0.1% molar) were added to the reaction
      mass. The suspension was kept at 55.degree.C under stirring at 400
      rev/min. for 5 hours.
PAR  At the end of the operation the polymer pellets were separated from the
      heptane and purified. The polymer had a C content of 6.3% and .eta..sub.r
      = 2.8.
PAC  EXAMPLE 27
PAR  The spinning conditions and the characteristics of the fibers obtained from
      the pyrrolidone polymerized by the catalytic system according to this
      invention are reported in Table V.
PAR  It should be noted that the characteristics of the fibers are similar to
      the characteristics described for Nylon 4, synthesized in the presence of
      potassium hydroxide and carbon dioxide, by A. M. Peters & J. A. Gervasi in
      "Chemtech", January 1972, on page 16 (sample marked A).
PAR  Samples obtained with potassium hydroxide and acetylpyrrolidone did not
      supply any thread because the samples decompose on melting.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Sample                                                                    

         Spinning temperature (.degree.C)                                      

                             .eta..sub.r (0.5% H.sub.2 SO.sub.4, at            

                             20.degree.C)     Tough-                           

                                                  Elongation                   

                                                        Initial                

     from                                                                      

         extruder    pump    on the                                            

                                 granule                                       

                                      fibre   ness                             

                                                  at break                     

                                                        elasticity             

     ex. n.                                                                    

         zone 1                                                                

             zone 2                                                            

                 zone 3                                                        

                     spinneret                                                 

                             molten           (g/d)                            

                                                  (%)   modulus                

                                                        (g/d)                  

     __________________________________________________________________________

     16  285 280 280 270 270 280 10.3 1.8     5   15    25                     

     1   275 280 280 270 265 278 6.7  1.6     5   20    25                     

     22  275 280 280 270 265 278 4.8  1.6     4.5 30    20                     

     A   286 280 268 --  --  --  --    1.7 - 1.9*                              

                                              4.5 36    19                     

     __________________________________________________________________________

      *deduced from .eta..sub.inh measured in hexafluoroisopropanol at         

      25.degree.C in a 0.5% concentration.                                     

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing a fiber-forming polypyrrolidone by the anionic
      polymerization of pyrrolidone, which process comprises polymerizing said
      monomer in contact with a catalytic system composed essentially of an
      alkali pyrrolidonate as catalyst and, as activator of the catalyst, an
      alkali metal carbamate or ammonium carbamate.
NUM  2.
PAR  2. The process of claim 1 in which the amount of carbamate in the catalytic
      system is from 0.1 to 10 moles, based on 100 moles of monomer.
NUM  3.
PAR  3. The process of claim 1 in which the amount of carbamate in the catalytic
      system is from 1 to 4 moles based on 100 moles of monomer.
NUM  4.
PAR  4. The process of claim 1, in which the catalytic system comprises, in
      addition to the activator, a co-activator different therefrom.
NUM  5.
PAR  5. The process of claim 4, in which the amount of co-activator in the
      catalytic system is from 0.01 to 0.5 mole, based on 100 moles of monomer.
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ABST
PAL  Regular copolyamides of the formula
      ##EQU1##
      WHERE X IS 2 TO 10, Y IS 0 TO 8, R is a divalent aliphatic or aromatic
      radical having 1 to 34 carbon atoms, and n is not less than 10, are
      prepared by reacting an aliphatic diester with an excess of an aliphatic
      diamine to form a diamine diamide, and reacting the diamine diamide
      intermediate with an aliphatic or aromatic diacid chloride.
PAL  Permselective membranes prepared from the copolyamides find particular
      utility in desalination of water by reverse osmosis.
BSUM
PAR  Reverse osmosis has attracted considerable interest in the field of
      purification of saline water. In this process, a pressure in excess of the
      osmotic pressure of the saline water feed solution is applied to the
      solution separated from purified water by a semipermeable membrane. Pure
      water is thereby caused to diffuse through the membrane, while the salt
      molecules or other impurities are retained by the membrane.
PAR  Efficiency of the reverse osmosis process depends to a large extent on the
      nature of the membrane and numerous types of membranes, and methods of
      preparing them, have been described in the prior art, e.g., in U.S. Pat.
      Nos. 3,133,132; 3,310,488; 3,344,214; 3,412,184; 3,439,074; 3,472,766;
      3,497,451; 3,551,331; 3,567,632, and 3,585,125. These membranes are
      commonly cast from a solution comprising the membrane material and a
      solvent, with or without additional solution components such as water,
      swelling agents, etc. The membranes may be employed in the reverse osmosis
      process in the form of a free film or, more commonly, as a film deposited
      on a porous support material.
PAR  In particular, U.S. Pat. No. 3,567,632 describes a permselective polymeric
      membrane consisting of an aromatic condensation polymer with amide
      linkages, with all nonterminal
      ##EQU2##
      groups occurring in pairs, i.e., aromatic hydrazides. An additional
      requirement for the polymers is that at least one-half of the diacid
      residues be aromatic and at least two-thirds of the diamine residues be
      aromatic.
PAR  It has now been found that superior desalination membranes may be prepared
      from regular copolyamides having the formula
      ##EQU3##
      WHERE X IS 2 TO 10, AND PREFERABLY 2 TO 4, Y IS 0 TO 8, PREFERABLY 0 TO 2,
      R is a divalent aliphatic or aromatic radical having 1 to 34 carbon atoms,
      and n is not less than 10. A particularly preferred copolyamide is one in
      which x in the above formula is 2.
PAR  It has been known that polyamides can be prepared from diamines and diacid
      chloride derivatives. In the case of aliphatic amines, the free diacids
      and diacid chlorides have most commonly been used for this polymerization.
      In the case of aromatic diamines, the diacid chloride route is the only
      convenient way to prepare polyamides because aromatic diamines are weak
      bases and do not form salts with carboxylic acids, but rather dissociate
      and thereby interfere with polymer formation.
PAR  Regular polyamides of the structure (--A--B--A--D--), where A are diamines
      and B and D different diacid residues, have been described in the aromatic
      series. They could be prepared by reacting an aromatic diacid derivative
      with a nitro-aniline, isolating the dinitro-diamide and reducing the nitro
      groups to amino groups. This diamine-diamide was then reacted with a
      different diacid chloride to form regular aromatic copolyamides. Regular
      aromatic copolyamides show substantially different physical properties
      from either the homo polyamides or the random copolyamid, i.e., different
      melting points and solubilities.
PAR  Regular aliphatic copolyamides have not previously been prepared because
      under the normally employed polymerization conditions at elevated
      temperatures, trans-amidation occurs readily. This leads to randomization
      of the diacid and diamine residues, and a regular arrangement of diacid
      and diamine residues along the polymer chain cannot be maintained.
PAR  It has now been found, according to the present invention, that aliphatic
      regular copolyamides can be prepared by reacting an aliphatic diester with
      an excess of an aliphatic diamine, and subsequently reacting the
      intermediate diamine diamide product with an aliphatic diacid chloride.
      Or, the diamine diamide may be reacted with an aromatic diacid chloride to
      form a product in which R in the above formula is an aromatic radical.
PAR  Reactions involved in preparation of the copolyamides of the invention are
      illustrated by the following equations, in which the reactants are
      ethylene diamine, diethyloxalate and an aliphatic or aromatic diacid
      chloride.
      ##EQU4##
PAR  The aliphatic diester is an ester of an aliphatic dibasic acid containing 2
      to 10 carbon atoms, and an aliphatic alcohol containing 1 to 10 carbon
      atoms. The diacid chloride is a chloride of a dibasic acid having about 3
      to 36 carbon atoms. The acid may be aliphatic, aromatic, or heterocyclic.
      Examples of suitable dibasic acids are isophthalic, 2,6-pyridine
      dicarboxylic, succinic, adipic, sebacic, and C-36 "dimer acid."
PAR  The copolyamides of the invention are prepared by conventional solution
      polymerization or interfacial polymerization techniques. Preferred
      solvents for solution polymerization are dialkyl amides, e.g., dimethyl
      acetamide, dimethyl formamide, or dimethyl sulfoxide. The solvent should
      be as dry as possible; it should not contain more than about 0.1 percent
      water, to prevent hydrolysis of the acid chloride.
PAR  It has also been found that the addition of about 0.1 to 10 percent of
      lithium chloride to the solvent is desirable in order to ensure
      homogeneity of the polymerization mixture. Thus, an admixture of about 2
      to 8 percent LiCl and dimethyl acetamide has been found to be a suitable
      solvent for most polymerizations. In some cases it has also been found
      that the polymerization is enhanced by the addition of about 0.1 to 2
      percent equivalents of a strong base such as triethylamine,
      trimethylamine, or pyridine to the solvent mixture in order to neutralize
      any HCl that is formed during the reaction.
PAR  Optimum molecular weights and viscosities of the copolyamides may vary
      considerably, depending on the specific type of polymer and its specific
      application. However, a viscosity (in sulfuric acid) of about 0.3 to 5.0
      is generally suitable.
PAR  Preparation of the polymers of the invention will be more specifically
      illustrated by the following examples.
DETD
PAC  EXAMPLE 1
PAR  N,N'-Bis(2-aminoethyl) oxamide monomer was prepared by reaction (1), above,
      according to the following procedure:
PAR  In a 5 liter, 3 neck flask fitted with a mechanical stirrer, addition
      funnel and soda, lime tube, was placed a mixture of ethylene-diamine (192
      g, 3.2 mol) and 1400 ml of ligroine. Diethyl oxalate (117 g, 0.8 mol)
      dissolved in 800 ml of ligroine was added dropwise to the vigorously
      stirred mixture over a period of five hours. The temperature was
      maintained at 10.degree.C by use of an ice bath. Precipitation of the
      reaction product occurred immediately. The mixture was stirred 24 hours,
      filtered, rinsed with ethyl ether and recrystallized from 1600 ml of THF
      (tetrahydrofuran) to give 77 g (56%) of the monomer, mp
      108.degree.-109.degree.C.
PAR  A polymer of the formula
      ##EQU5##
      was then prepared by reaction (2), above, according to the procedure:
PAR  N,N'-Bis(2-aminoethyl) oxamide (32.0 g, 0.184 mol) and sodium carbonate
      (39.0 g, 0.368 mol) were dissolved in 1600 ml of water. 600 ml of this
      solution was placed in a one gallon Waring blender. Recrystallized
      isophthaloyl chloride (37.36 g, 0.184 mol) dissolved in 1000 ml of
      chloroform and the remaining aqueous solutions were added at once to the
      blender and the cover placed on top. The mixture was blended at low
      setting for five minutes. The resulting white mass was filtered, rinsed
      with acetone, washed with 2000 ml of warm water, rinsed with acetone
      again, and finally dried at 3 mm at 60.degree.C to give 55 g (99%) of
      polymer.
PAC  EXAMPLE 2
PAR  N,N'-Bis (3-aminopropyl) oxamide monomer was prepared by a procedure
      similar to that employed in preparation of the monomer of Example 1, as
      follows:
PAR  In a 3 liter, 3 neck flask fitted with mechanical stirrer, addition funnel
      and soda lime tube, was placed a mixture of 1,3 propylene diamine (148 g,
      2.0 mol) and 1300 ml of ligroine. Diethyl oxalate (73 g, 0.5 mol)
      dissolved in 600 ml of ligroine was added dropwise to the vigorously
      stirred mixture over a period of 5 hours. The temperature was maintained
      at 20.degree.C. Precipitation of the reaction product occurred
      immediately. The mixture was stirred 24 hours, filtered, rinsed with ethyl
      ether and recrystallized from 1800 ml THF to give 72 g (71%) of the
      monomer, mp 106.degree. - 109.degree.C.
PAR  A polymer of the formula
      ##EQU6##
      was then prepared by a procedure similar to that employed in preparation
      of the polymer of Example 1.
PAC  EXAMPLE 3
PAR  N,N'-Bis (4-aminobutyl) oxamide monomer was prepared by a procedure similar
      to that employed in preparation of the monomer of Example 1. The reaction
      temperature was maintained at 30.degree.C, and the yield was 60%, mp
      106.degree.-108.degree.C.
PAR  A polymer of the formula
      ##EQU7##
      was then prepared by a procedure similar to that employed in preparation
      of the polymer of Example 1.
PAC  EXAMPLE 4
PAR  A polymer of the formula
      ##EQU8##
      was prepared by a procedure similar to that of Example 1, except that
      sebcyl chloride was employed in place of the isophthaloyl chloride of
      Example 1.
PAC  EXAMPLE 5
PAR  A polymer of the formula
      ##EQU9##
      was prepared by a procedure similar to that of Example 3, except that
      pyridyl-2,6-dicarboxoyl chloride was employed in place of the isophthaloyl
      chloride of Example 3. The yield of polymer was near quantitative and it
      had an inherent viscosity of 0.88 in dimethylacetamide containing 3%
      lithium chloride.
PAC  EXAMPLE 6
PAR  A polymer was prepared by a procedure similar to that of Example 1, except
      that a mixture of tetrachloroterephthaloyl chloride (20 mole %) and
      terephthaloyl chloride (80 mole %) was employed in place of the
      isophthaloyl chloride of Example 1. The yield was near quantitative and
      the polymer had an inherent viscosity of 1.30 in sulfuric acid.
PAC  EXAMPLE 7
PAR  A polymer was prepared by a procedure similar to that of Example 2, except
      that a mixture of tetrachloroterephthaloyl chloride (20 mole %) and
      terephthaloyl chloride (80 mole %) was employed in place of the
      isophthaloyl chloride of Example 2. The yield was near quantitative and
      the polymer had an inherent viscosity of 1.90 in sulfuric acid.
PAC  EXAMPLE 8
PAR  A polymer was prepared by a procedure similar to that of Example 3, except
      that a mixture of tetrachloroterephthaloyl chloride (20 mole %) and
      terephthaloyl chloride (80 mole %) was employed in place of the
      isophthaloyl chloride of Example 3. The yield was near quantitative and
      the polymer had an inherent viscosity of 1.60 in sulfuric acid.
PAC  EXAMPLE 9
PAR  A polymer of the formula
      ##EQU10##
      was prepared according to the following procedure:
PAR  To a 1-liter, three neck, round-bottom flask fitted with a mechanical
      stirrer, a gas inlet tube, and a reflux condenser was added 16 g of LiCl,
      9.91 g (1 equivalent excess) of triethylamine, 5.69 g (3.27 .times.
      10.sup..sup.-2 mole) of the monomer of Example 1 and 400 ml of DMAc
      (dimethyl acetamide). The temperature was raised to 45.degree., and 6.67 g
      of 2,6-pyridine dicarboxylic acid chloride was added in proportions. After
      each proportion of the acid chloride was added, the temperature
      spontaneously rose to 50.degree. and a white precipitate formed. After
      final addition (1 hour), the reaction mixture was stirred for an
      additional 18 hours at 55.degree.C. When the mixture was poured into 800
      ml of ice water, all the solid dissolved. After standing for a few minutes
      a precipitate reformed and was filtered. The solid was rinsed with acetone
      and ether and dried in an oven overnight. The resulting 2.33 g (23%) of
      white powder had a broad melting range -300.degree.-350.degree.C (dec).
      The inherent viscosity, measured in H.sub.2 SO.sub.4, was 0.335.
PAC  EXAMPLE 10
PAR  A polymer was prepared by interfacial polymerization according to the
      procedure:
PAR  A solution containing 3.23 g (1.64 .times. 10.sup..sup.-2 mol) of
      isophthaloyl chloride and 3.23 g (1.64 .times. 10.sup..sup.-2 mol) of
      2,6-pyridinedicarboxylic acid chloride in 250 ml of CHCl.sub.3 was rapidly
      added to a one quart blender, maintained at high speed, containing 5.70 g
      (3.28 .times. 10.sup..sup.-2 mol) of the monomer of Example 1 and 6.95 g
      of Na.sub.2 CO.sub.3 in 350 ml of H.sub.2 O. The reaction was continued
      for one-half hour and then the solid was filtered off, washed three times
      with water, acetone, and ether, and placed in a vacuum oven. The white,
      finely-divided powder weighted 7.86 g (78.6%); mp 342.degree.-368.degree.C
      (dec).
PAR  Reverse osmosis membranes may be prepared from the polymers of the
      invention by conventional means such as casting a film of the polymer from
      a solution of the polymer in a suitable solvent, evaporating the solvent
      at a suitable rate and fixing the polymer by gelling with a suitable
      nonsolvent, usually water. Suitable solvents include dimethylacetamide,
      trifluoroacetic acid, and hexafluoroisopropanol. Concentrations of polymer
      in the solvent will generally range from about 2 to 10 percent. Initial
      reduction of the polymer to a fine powder, as by grinding, is usually
      desirable to facilitate dissolution. Heating, e.g., to a temperature of
      about 30.degree. to 80.degree.C may be desirable in effecting dissolution
      of the polymer.
PAR  The polymer solution is then cast on a smooth surface, such as glass,
      polished stainless steel, aluminum, mercury, etc., by conventional means.
      Generally, casting at room temperature by means of a glass rod or a doctor
      blade is effective. Suitable thickness of the cast film is generally about
      500 to a few thousand angstroms.
PAR  Following casting, about five to 20 percent of the solvent is evaporated
      from the film. This may be done at room temperature or at an elevated
      temperature, e.g., about 70.degree. to 100.degree.C, where more rapid
      evaporation is desired. Optimum values for amount of solvent evaporated,
      temperature, and resulting time of evaporation, may vary widely depending
      on the specific polymer and solvent employed and the desired
      characteristics of the product membrane, and are best determined
      empirically.
PAR  The polymer film is then gelled by placing it in a nonsolvent such as
      water, methanol, ethanol, acetone, or other solvents which have some
      miscibility with water, at a temperature of about 10.degree. to
      30.degree.C for a period of one to 300 minutes. Again, optimum conditions
      are best determined experimentally.
PAR  The resulting permselective membranes may be used in conventional reverse
      osmosis processes, either as free films or, more commonly, as films
      mounted or deposited on a porous support material.
PAC  EXAMPLES 11-18
PAR  In these examples, the reverse osmosis properties of the polymers of
      Examples 1-8 were tested in a conventional high-pressure cell. In each
      case, 0.5 gram of the polymer, in powder form, was dissolved in 10 ml of
      dimethylacetamide, and the solution was pressure-filtered through a
      polypropylene filter (10 .mu.m). In a dustfree, nitrogen-filled dry-box,
      the polymer solution was poured onto a clean glass plate and spread to a
      thickness of about 1-2 mil by means of a doctor blade. The solvent was
      allowed to evaporate for ten minutes at room temperature, and the plate
      was then placed in a water bath at 25.degree.C, where the polymer film
      gelled and floated free of the glass plate.
PAR  The polymer film, about 0.1-10 mil. in thickness, was placed on a 5 mil.
      thick, 3-inch diameter cellulose acetate support and trimmed to the size
      of the support. Membrane and support were then mounted on a Whatman filter
      paper, using stainless steel frit as a backing, and placed in the test
      cell. Test conditions were 1000 psig, 10,000 ppm NaCl and 25.degree.C.
      Results are shown in the following table:
TBL                Table 1                                                     

     ______________________________________                                    

     Polymer of  Water Flux     Salt Rejection                                 

     Example     gfd            %                                              

     ______________________________________                                    

     1           0.55           90.0                                           

     2           0.24           93.2                                           

     3           0.05           97.5                                           

     4           0.09           90.5                                           

     5           0.04           99.0                                           

     6           0.24           93.0                                           

     7           0.11           85.2                                           

     8           0.05           77.5                                           

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A film-forming copolyamide consisting essentially of the repeating
      units:
      ##EQU11##
      where R is selected from the group consisting of the isophthaloyl radical,
      the sebacyl radical and the pyridyl radical.
NUM  2.
PAR  2. The copolyamide of claim 1 in which R is the isophthaloyl radical.
NUM  3.
PAR  3. The copolyamide of claim 1 in which R is the sebacyl radical.
NUM  4.
PAR  4. The copolyamide of claim 1 in which R is the 2,6-pyridyl radical.
NUM  5.
PAR  5. A reverse osmosis membrane consisting essentially of a film of the
      copolyamide of claim 1.
NUM  6.
PAR  6. A reverse osmosis membrane consisting essentially of a film of the
      copolyamide of claim 2.
NUM  7.
PAR  7. A reverse osmosis membrane consisting essentially of a film of the
      copolyamide of claim 3.
NUM  8.
PAR  8. A reverse osmosis membrane consisting essentially of a film of the
      copolyamide of claim 4.
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ABST
PAL  A low viscous and solvent-free curable composition comprising a polyester
      type oligo(meth)acrylate having a plurality of (meth)acryloyl groups, and
      a polyol poly(meth)acrylate.
BSUM
PAR  This invention relates to a curable, solvent-free and liquid composition
      and more particularly it relates to a curable, solvent-free and liquid
      composition having a low content of volatile components and comprising
      both a polyester type oligo(meth)acrylate having a plurality of
      (meth)acryloyl groups and a polyol(meth)acrylate.
PAR  In this specification, the polyester type oligo(meth)acrylate and the
      polyol(meth)acrylate are hereinafter sometimes referred to as "component
      A" and "component B", respectively; the term "(meth)acryloyl group" means
      acryloyl and methacryloyl groups; "(meth)acrylate" means acrylate and
      methacrylate; and "(meth)acrylic acid" means acrylic and methacrylic
      acids.
PAR  A primary object of this invention is to provide a low viscous,
      solvent-free, curable and liquid composition which contains little or no
      low boiling volatile components causing environmenal pollution of a type
      of offensive odor, pungency and poisoning against human bodies, the liquid
      composition being rapidly and radically curable in the presence of a
      catalyst generating radicals thereby effecting polymerization thereof or
      by the application thereto of radiation or activating rays such as
      electron beam, .gamma.-rays or ultraviolet rays.
PAR  Another object of this invention is to provide a curable composition which
      is easily curable even in the presence of a molecular oxygen-containing
      gas such as air thereby giving a cured product having a smooth surface.
PAR  The polyester type oligo(meth)acrylate (hereinafter referred to simply as
      "oligo(meth)acrylate") is obtained by the one-step or multi-step
      interesterification of a polyhydric alcohol, polycarboxylic acid and
      (meth)acrylic acid in the presence of a dehydration esterifying catalyst
      such as sulphuric acid. Certain of such oligo(meth)acrylates are, per se,
      known and processes for the synthesis thereof are also known. It is
      further known that these known oligo(meth)acrylates intrinsically are
      hardly volatile and are capable of being crosslinked and cured by the use
      of a radically curing method and, therefore, they can be used as coating
      materials, molding materials or the like (See, for example, A. A. Berlin,
      "Polyester acrylates", Nauka, Moscow; Japanese Patent Gazette No.
      23661/72; A. A. Berlin et al.; Plast Massy (RUSS) 1971 (2), 26-8 (C. A. 74
      (24) 126088f); and A. A. Berlin et al., Vyskomolekulyarnye Soedinonya 1,
      951-6 (1959) (C. A. 54, 16899 d).
PAR  These known oligo(meth)acrylates generally have a high viscosity whereby
      they are made inconvenient to use in many cases. For example, in cases
      where they are used as a coating material or molding material, they will
      be inconvenient to weigh out, transfer from one container to another, to
      compound with pigments, fillers and various additives, to coat on a
      substrate to be coated, and to pour into a mold. In some cases, they will
      be impossible to put to practical use since they are inconvenient to
      handle in such operations as above.
PAR  The known oligo(meth)acrylates, therefore, are diluted with a low boiling
      solvent to decrease the viscosity thereof, subjected to a coating
      operation or the like, thereafter freed from the solvent by evaporation
      and then cured; or they are diluted with a low boiling polymerizable
      monomer such as styrene, acrylonitrile or a (meth)acrylic acid alkyl ester
      to decrease the viscosity thereof thereby rendering them to be easily
      handled in the operations. However, the dilution or incorporation with
      such a low boiling solvent or monomer will generally decrease the
      oligo(meth)acrylates in curability and will consequently devaluate the
      advantages, such as non-volatility, dispensation with solvents, rapid
      cure, air curability and freedom from environmental pollution, which are
      intrinsically owned by the oligo(meth)acrylates.
PAR  Thus there have been sought such compositions as are low viscous, low
      volatile when in use, and rapidly perfectly curable by radical
      polymerization.
PAR  The oligo(meth)acrylate which is one (component A) of the components of the
      curable composition of this invention, is any one of the following
      reaction products (I), (II) and their modifications, which products and
      modifications have a molecular weight such that the average molecular
      wight per (meth)acryloyl group is not exceeding 1000.
PAR  (I) Reaction products
PAR  Prepared by the one-step or multi-step esterification of at least three
      members comprising a member selected from trihydric or higher alcohols and
      dihydric or higher alcohols containing a trihydric or higher alcohol, a
      member selected from dicarboxylic or higher carboxylic acids and a member
      selected from (meth)acrylic acids.
PAR  (II) Reaction products
PAR  Prepared by the one-step or multi-step esterification of at least three
      members comprising a member selected from dihydric or higher alcohols, a
      member selected from tricarboxylic or higher carboxylic acids and
      dicarboxylic or higher carboxylic acids containing tricarboxylic or higher
      carboxylic acids, and a member selected from (meth)acrylic acids. These
      products (I) and (II) may be modified with an isocyanate, epoxy compound,
      acid chloride or the like.
PAR  In fact, the reaction products (I) and (II), that is the component A, may
      be prepared by esterifying a polyhydric alcohol, a polycarboxylic acid or
      the anhydride thereof, said polyhydric alcohol and polycarboxylic acid
      being not a dihydric alcohol and dicarboxylic acid respectively at the
      same time, and a (meth)acrylic acid to produce an oligo(meth)acrylate
      having a (meth)acryloyl group equivalent of not more than 1000 which is,
      if desired, further reacted with a modifying compound such as an
      isocyanate, epoxy or acid chloride compound to produce a modified form of
      said oligo(meth)acrylate.
PAR  The structure of the oligo(meth)acrylates thus prepared are hardly
      clarified as yet. In naming the thus-prepared compounds and representing
      the structure thereof, said literature or publications all indicate such
      compounds as if they were each a single compound and generally indicate
      the compounds as those having an averaged structure inferred from the
      composition of the starting materials charged. According to the
      information obtained by the present inventors, the actually obtained
      products had a much more complicated structure than those inferred from
      the composition of the starting materials fed. This is substantiated by,
      for example, Reference example 1 described later. A product synthesized in
      this Reference example was fractionated by the use of a fractional
      sedimentation method to obtain fractions which were then analyzed to find
      acryloyl groups and the like therein. The results are shown in the
      following Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Fraction                                                                  

            Weight     Average.sup.1)                                          

                                  Average No. of functional groups per         

                                  molecule.sup.2)                              

     No.    distribution                                                       

                       molecular                                               

                       weight                                                  

     (%)           [M.sub.n ] A.sup.3)                                         

                                      T.sup.4)                                 

                                            T.sub.p.sup.5)                     

     ______________________________________                                    

     1      9.0        3300       8.91  5.87  11.2                             

     2      1.5        2740       7.95  4.93  8.79                             

     3      4.8        2850       8.12  5.36  9.32                             

     4      7.5        2280       6.84  4.01  7.46                             

     5      8.4        1890       6.58  3.52  6.69                             

     6      11.1       1780       5.98  3.36  5.20                             

     7      5.9        1420       4.33  2.90  4.73                             

     8      7.4        1230       3.76  2.29  4.38                             

     9      7.8        1030       3.83  1.81  3.33                             

     10     4.6         893       3.66  1.61  2.85                             

     11     4.9         726       3.27  1.06  2.36                             

     12     11.4        450       2.19  0.53  1.65                             

     13     6.8         400       2.20  0.41  1.42                             

     14     5.0         340       2.50  0.20  1.11                             

     Loss   3.9        --         --    --    --                               

     ______________________________________                                    

     Total  100.0      --         --    --    --                               

     ______________________________________                                    

      .sup.1) Measured by Vapor pressure osmometry                             

      .sup.2) Values calculated from average molecular weight and functional   

      group concentrations found by nuclear magnetic resonance and elemental   

      analysis                                                                 

      .sup.3) Acryloyl group: CH.sub.2                                         

      .sup.4) Tetrahydrophthalic acid residue:                                 

      .sup.5) Trimethylolpropane residue: C.sub.2 H.sub.5 --C-- CH.sub.2       

      --O).sub. 5                                                              

PAR  The average number of (meth)acryloyl groups, molecular weight and
      (meth)acryloyl group concentrations in the molecule, can widely be varied
      by selecting the kind of starting materials used, the feed ratio between
      these starting materials, synthesizing process used and the like.
PAR  The number of (meth)acryloyl groups contained in the oligo(meth)acrylate
      molecule (the molecule being deemed to have a structure which is
      stoichiometrically inferable and this applying throughout the
      specification) varies depending upon the kind of starting materials used.
      The oligo(meth)acrylates prepared from a dihydric alcohol, dicarboxylic
      acid and (meth)acrylic acid have up to two (meth)acryloyl groups in the
      molecule. These oligodi(meth)acrylates as compared with
      oligo(meth)acrylates having more than two (meth)acryloyl groups, generally
      have a low viscosity but cannot rapidly be cured. They after cured will
      generally be inferior in hardness because of their low crosslinking
      density. In addition, if they are incorporated with the
      poly(methy)acrylate of a polyhydric alcohol (this poly(meth)acrylate being
      the other component B according to this invention), they will tend to
      decrease in curing rate or velocity. Thus the oligo(meth)acrylates which
      may be used in the invention should contain more than two (meth)acryloyl
      groups in the molecule.
PAR  In order to introduce more than two (meth)acryloyl groups in the molecule,
      it is necessary that part or the whole of polyhydric alcohols used as one
      of the starting materials should be trihydric or higher alcohols and/or
      that part or the whole of polycarboxylic acids should be tricarboxylic or
      higher carboxylic acids.
PAR  Since the use, as the component A, of an oligo(meth)acrylate containing
      (meth)acryloyl groups in unduly low concentrations will not give a desired
      final cruable composition capable of curing satisfactorily rapidly, an
      oligo(meth)acrylate which may be used in this invention should be such
      that its "(meth)acryloyl group equivalent" is not more than 1000,
      preferably 600. The lowest value of the meth)acryloyl group equivalent is
      necessarily determined depending on the kinds of a polyhydric alcohol and
      polycarboxylic acid, and it is desirable that said value is at least 120,
      preferably at least 150 to attain the object of this invention. The
      (meth)acryloyl group equivalent is a mean value obtained by stoichiometric
      calculation based on the composition of starting materials for the
      oligo(meth)acrylate and it can be adjusted by varying the composition
      (kinds and proportions of starting materials fed). The term
      "(meth)acryloyl group equivalent" used in this specification means a
      numeral value obtained by dividing the molecular weight of an
      oligo(meth)acrylate anticipated from the composition of starting materials
      for the oligo(meth)acrylate, by the number of (meth)acryloyl groups
      contained in this oligomer. The aforesaid numeral value, that is
      (meth)acryloyl group equivalent is expediently determined by the following
      formula
      ##EQU1##
      wherein W.sub.G, W.sub.PA and W.sub.MA represent the weights (gram) of
      reacted polyhydric alcohol, polycarboxylic acid (or anhydride) and
      (meth)acrylic acid, respectively, W.sub.H.sbsb.2O is the weight of water
      produced by esterification and determined by stoichiometric calculation,
      and M.sub.A represents the gram mol number of (meth)acrylic acid charged.
PAR  The oligo(meth)acrylate according to this invention is obtained by the
      one-step esterification of a composition containing said three kinds of
      components or starting materials in the presence of a dehydration
      esterifying catalyst such as sulphuric acid and, if necessary, with
      addition of a solvent to the interesterifying system; or it is obtained by
      the multi-step esterification comprising, for example, firstly esterifying
      (meth)acrylic acid with a polyhydric alcohol and secondly esterifying the
      thus-obtained ester with a polybasic acid or comprising firstly
      esterifying a polybasic acid with a polyhydric alcohol and secondly
      esterifying the thus-obtained ester with (meth)acrylic acid.
PAR  In the synthesis of the oligo(meth)acrylate having a (meth)acryloyl group
      equivalent of not more than 1000, the proportions of the three kinds of
      starting materials fed should be such that supposing the polyhydric
      alcohol and polycarboxylic acid used are respectively a NG-hydric alcohol
      and NA-carboxylic acid, the amount of the polycarboxylic acid charged may
      preferably be at least
      ##EQU2##
      of acrylic acid charged. "NG" and "NA" mean di, tri, tetra or the like.
      The proportions should most generally be such that the hydroxyl group
      equivalent in the polyhydric alcohol is equal to the carboxyl group
      equivalent in the polybasic acid and (meth)acrylic acid and, in some
      cases, the synthesis or esterification may also be effected in cases where
      the carboxylic group or the hydroxyl group is used in excess. This excess
      may tolerably be up to 10% and, in some cases, up to about 30%. Such
      esterification under the condition that one of the groups is in excess, is
      very often effected, for example,
PAR  1. in a case where (meth)acrylic acid, a lower polyhydric alcohol and the
      like, which are each a low boiling compound, is incorporated in such
      excess as to correspond with the amount of components which will run out
      of the system during the esterification,
PAR  2. in a case where is produced oligo(meth)acrylate leaving therein some
      carboxyl and hydroxyl groups which will be useful in obtaining an improved
      adhesiveness, chemical resistance and water resistance on the resulting
      final composition in the cured form,
PAR  3. in a case where these functional groups are needed to react with
      isocyanates, epoxy compounds, acid chlorides or other compounds thereby to
      give a final curable composition in the modified form.
PAR  The compounds which may be used for modifying the oligo(meth)acrylates,
      include isocyanate compounds such as butyl isocyanate, phenyl isocyanate,
      tolylene diisocyanate, hexamethylene diisocyanate, lysine diisocyanate,
      naphthalene diisocyanate, diphenylmethane diisocyanate, tolylene
      diisocyanate dimer, and trimethylolpropane adduct of tolylene
      diisocyanate; epoxy compounds or epoxy prepolymers such as ethylene oxide,
      propylene oxide, epichlorohydrin, phenylglycidyl ether, allylglycidyl
      ether, glycidyl(meth)acrylate, bisphenol A-diglycidyl ether, bisphenol
      A-dioxyethyl ether diglycidyl ether, polyethylene glycol diglycidyl ether
      and glycerine diglycidyl ether; and acid chlorides such as acetic acid
      chloride, propionic acid chloride, butyric acid chloride and benzoic acid
      chloride.
PAR  The reaction of these modifying compounds with the hydroxyl or carboxyl
      groups remaining in the oligo(meth)acrylate may be carried out by the use
      of known reaction processes and catalysts.
PAR  The oligo(meth)acrylates with excess carboxyl or hydroxyl groups remaining
      therein, and their modifications as mentioned above, may be used as the
      component A according to this invention.
PAR  The starting materials for synthesizing the oligo(meth)acrylates according
      to this invention are illustrated below.
PAC  ACRYLIC COMPOUNDS
PAR  (Meth)acrylic acids, per se, may of course be used; and (meth)acrylic acid
      derivatives, such as lower alkyl esters of (meth)acrylic acid and halides
      of (meth)acrylic acid, which are capable of causing an esterifying
      reaction through interesterifying and addition reactions, may also be used
      as an equivalent compound to (meth)acrylic acid. Thus in this
      specification, said derivatives are intended to be included in the
      expression "(meth)acrylic acid".
PAC  POLYHYDRIC ALCOHOLS
PAR  Polyhydric alcohols which may be used are aliphatic, alicyclic, aromatic
      and araliphatic ones as well as polyhydric alcohols containing in the
      molecule an ethereal structure such as that obtained by dehydration
      condensing at least one kind of said polyhydric alcohols. They include the
      following.
PAC  [Dihydric alcohols]
PAR  Ethylene glycol, propylene glycol, butanedio(1,3- 1,4- or 2,3-),
      pentamethylene glycol, hexamethylene glycol, heptamethylene glycol,
      octamethylene glycol, nonamethylene glycol, decamethylene glycol,
      neopentyl glycol, hydrogenated bisphenol A, cyclohexane-1,4-dimethanol,
      m-xylidene glycol, diethanolamine, dibromoneopentyl glycol,
      polybutadienediol, 1,4-cyclohexanediol, chloropropylene glycol,
      3-methylpentanediol, 2,2-diethylpropanediol, 2-ethyl-1,4-butanediol,
      2,2-diethylbutanediol-1,3, 4,5-nonandiol, 2-ethylhexanediol (-1,3 or
      -1,6), diethylene glycol, triethylene glycol, polyethylene glycol,
      dipropylene glycol, polypropylene glycol, bisphenol A dioxyethyl ether,
      bisphenol A dioxypropyl ether, diglycol, and 2,2-dihydroxybistrimethylene
      glycol.
PAC  [Trihydric and higher alcohols]
PAR  Glycerine, trimethylolmethane, trimethylolethane, trimethylolpropane,
      1,2,6-hexanetriol, xylitol, trimethanolamine, triethanolamine, dulcitol;
      mannitol, pentaerithritol, sorbitol, erithritol, arabitol; glycerine
      mono-, di- or tri-polyethyleneglycol ether, and glycerine mono-, di- or
      tri-polypropyleneglycol ether. In addition, there may also be used
      polysiloxane polyhydric alcohols such as siloxane
      (3-hydroxy-2,2'-dimethylpropyl) ether and polysiloxane di(2-hydroxyethyl)
      ether (said polysiloxane polyhydric alcohols are disclosed in British Pat.
      No. 1145096 and other reports). For example, polysiloxane type polyhydric
      alcohols produced by the reaction of a polyisocyanate and said polyhydric
      alcohol as shown below, may also be used.
EQU  (n+1)R(OH).sub.2 +nR'(NCO).sub.2
      .fwdarw.HO--[R--O--OC--NH--R'--NH-CO-O--].sub.n R--OH
PAL  The epoxy groups of epoxy compounds are cleavage reacted with carboxyl
      groups to give the corresponding ester compounds similar to those which
      would be produced by reacting with a polyhydric alcohol. Thus the epoxy
      compounds may be used in substitution for polyhydric alcohols and,
      therefore, they are intended to be included in the expression "polyhydric
      alcohols" in this specification. The epoxy compounds which may be
      substituted for dihydric alcohols, include monoepoxides such as ethylene
      oxide, propylene oxide, epichlorohydrin, methylepichlorohydrin,
      allylglycidyl ether, and 3-hydroxypropylene oxide. Diepoxy prepolymers
      which may be used in substitution for tetrahydric alcohols, include
      glycerine di(meta)glycidyl ether, polyethylene glycol di(meta)glycidyl
      ether, polypropylene glycol di(meta)glycidyl ether, and di(meta)glycidyl
      ether of bisphenol A dioxypolyethylene glycol ether. In addition, triepoxy
      prepolymers such as glycerine tri(meta)glycidyl ether, may be used in
      place of hexahydric alcohols.
PAR  Polycarboxylic acids which may be used, are as follows.
PAC  [Dicarboxylic acids]
PAR  Phthalic, isophthalic, terephthalic, tetrahydrophthalic, hexahydrophthalic,
      Himic, Endo, tetrachlorophthalic, tetrabromophthalic, Het,
      methylhexahydrophthalic, polybutadienecarboxylic, oxalic, malonic,
      succinic, glutaric, adipic, sebacic, dodecanedioic, maleic, fumaric,
      itaconic, trimethyladipic, methyleneglutaric, ethylmalonic,
      acetylenedicarboxylic, methylmaleic, methylfumaric, thiodiglycolic,
      thiodivalerianic, sulfonyldiacetic, sulfonyldivalerianic,
      1,4,5,6,7,7-hexabromo-endo-5-norbornene-2,3-dicarboxylic,
      2,4-benzophenonedicarboxylic, bisphenol A diacetic, resorcinolacetic,
      trans-1,4-cyclohexenedicarboxylic, 1,3- (or 1,4-) tetrahydrophthalic, 1,3-
      (or 1,4)-hexahydrophthalic, .alpha.-methylitaconic,
      .alpha.,.alpha.-dimethylitaconic, .alpha.-ketoglutaric, 2,2- (or 2,3-)
      dimethylsuccinic, 2-methylsuccinic, hexylsuccinic, pimelic, suberic,
      azelaic, 3,3- (or 2,2-) dimethylglutaric, 3,3- (or 2,2-) diethylglutaric,
      1,1-cyclobutanedicarboxylic, diglycolic, malic, cyclopentanedicarboxylic,
      dihydrophthalic, cyclohexanedicarboxylic, .alpha.-methylglutaric, and
      halogenated tetrahydrophthalic acids.
PAC  [Tricarboxylic and higher carboxylic acids]
PAR  Trimellitic, methylcyclohexenetricarboxylic, aconitic, butanetricarboxylic,
      tris(2-carboxyethyl) isocyanurate, naphthalenepolycarboxylic,
      bicyclooctenetetracarboxylic, pyromellitic, butanetetracarboxylic and
      benzoltetracarboxylic acids.
PAR  In addition, the anhydrides, acylhalides and the like of the aforesaid
      polycarboxylic acids are capable of reaction in the same manner as the
      polycarboxylic acids and may therefore be used in this invention.
      Accordingly, such derivatives of the polycarboxylic acids are intended to
      be included in the expression "polycarboxylic acids" in this
      specification. Furthermore, for example, polyamide type polycarboxylic
      acids which are produced by the reaction of the aforesaid polycarboxylic
      acid with a polyamine or polyisocyanate as shown in the following reaction
      formula:
EQU  (n+1)R(COOH).sub.2 +nR'(NH.sub.2).sub.2 [or nR'(NCO).sub.2 ] .fwdarw.
      HO--[ OC--R--CO--NH--R'--NH--].sub.n CO--R--CO--OH+2nH.sub.2 O [or
      2nCO.sub.2 ].
PAR  Several examples of oligo(meth)acrylate which may be used in the
      preparation of the curable compositions of this invention are indicated
      below. It is to be understood that since the true structures of the
      oligo(meth)acrylates are very complicated and therefore difficult to
      determine correctly in each case as previously mentioned, the chemical
      names of particular oligo(meth)acrylates are substituted by general
      expressions which are inferred from starting materials used in the
      preparation of said particular oligo(meth)acrylates.
PAR  Poly(meth)acrylate of polyesterpolyol of tetrahydrophthalic acid and
      trimethylolpropane; poly(mesh)acrylate of polyesterpolyol of
      tetrahydrophthalic acid and glycerine; poly(meth)acrylate of
      polyesterpolyol of tetrahydrophthalic acid, pentaerithritol and ethylene
      glycol; poly(meth)acrylate of polyesterpolyol of tetrahydrophthalic acid,
      pentaerithritol and diethylene glycol; poly(meth)acrylate of
      polyesterpolyol of Het acid and trimethylolethane; and poly(meth)acrylate
      of polyesterpolyol of 6-methylcyclohexene-1,2,3-tricarboxylic acid and
      ethylene glycol.
PAR  The polyolpoly(meth)acrylates which are "component B" of the curable
      composition of this invention, when mixed with the oligo(meth)acrylate,
      will be effective in decreasing the oligo(meth)acrylate in viscosity
      thereby rendering it inconvenient to handle during its use, improving the
      resulting curable composition in curing rate or velocity and reforming the
      properties of a cured product to be obtained from the curable composition.
      They are usually synthesized by the esterification of (meth)acrylic acid
      and the polyhydric alcohol, which are previously mentioned to be usable as
      the starting materials for the oligo(meth)acrylate.
PAR  The suitable polyolpoly(meth)acrylates include di(meth)acrylates of
      alkanediol, such as ethylene glycol di(meth)acrylate, propylene glycol
      di(meth)acrylate, 1,3-butanediol di(meth)acrylate and 1,4-butanediol
      di(meth)acrylate; polyalkylene glycol di(meth)acrylates such as diethylene
      glycol di(meth)acrylate, triethylene glycol di(meth)acrylate,
      tetraethylene glycol di(meth)acrylate and dipropylene glycol
      di(meth)acrylate; tri(meth)acrylates of alkanetriols, such as glycerine
      tri(meth)acrylate, trimethylolmethane tri(meth)acrylate, trimethylolethane
      tri(meth)acrylate, trimethylolpropane tri(meth)acrylate and
      1,2,6-hexanetriol tri(meth)acrylate; pentaerithritol tetra(meth)acrylate
      and erithritol tetra(meth)acrylate. In addition to these compounds, there
      may also be used such products that are obtained by reacting
      (meth)acrylate with an epoxy prepolymer such as bisphenol A diglycidyl
      ether or glycerine diglycidyl ether each having a structure of
      polyolpoly(meth)acrylate. Among the polyolpoly(meth)acrylates, said
      alkanetriol tri(meth)acrylates are the most suitable for the object of
      this invention since they can cure at a great rate and have a low
      viscosity as compared with the others.
PAR  The oligo(meth)acrylate and polyolpoly(meth)acrylate from which the curable
      composition of this invention is prepared, are as detailed and illustrated
      above. In the preparation of the curable composition, the
      oligo(meth)acrylate may be used in amounts of preferably 10-99%, more
      preferably 20-99% and most preferably 30-99% by weight of the total of the
      oligo(meth)acrylate and polyolpoly(meth)acrylate.
PAR  The curable composition of this invention, as is described later, may be
      radically crosslinked and cured by various curing means, but it is
      generally subject to a polymerization-inhibiting action of the oxygen
      present in the air in the same manner as in the polymerization of ordinary
      vinyl monomers. The polymerization-inhibiting action of the oxygen varies
      depending on the kind of the oligo(meth)acrylate, curing means,
      atmospheric temperature, composition of catalyst and the like, each used
      in the polymerization, and the curable composition of this invention will
      easily be curved even in the air to form a cured body having a smooth
      surface since the polymerization-inhibiting action of the air is slight if
      it has the following composition and is attempted to be cured in the
      following cases:
PA0  1. A case where the curable composition is attempted to be cured at
      temperatures of as high as 120.degree.C or higher.
PA0  2. A case where the curable composition contains the acryloyl groups in
      amounts of not less than 50 mol% of the total of the acryloyl and
      methacryloyl groups contained therein, and the curing is effected under
      the action of ultraviolet rays.
PA0  3. A case where the curable composition is one which is prepared from, as
      one of the starting materials, an oligo(meth)acrylate obtained from a
      4,5-unsaturated polycarboxylic acid, such as tetrahydrophthalic, Het,
      Himic and 6-methylcyclohexene-1,2,3-tricarboxylic acids, as the
      polycarboxylic acid source for the oligo(meth)acrylate, and the curable
      composition contains acryloyl groups in amounts of not less than 50 mol %
      of the total of the acryloyl and methacryloyl groups contained therein.
      Het acid is "1,4,5,6,7,7-hexachloro-endo-5-norbornene-2,3-dicarboxylic
      acid" or "1,4,5,6,7,7-hexabromo-endo-5-norbornene-2,3-dicarboxylic acid",
      and Himic acid is "endo-5-norbornene-2,3-dicarboxylic acid".
PAR  If the curable composition which is subject to the
      polymerization-inhibiting action of the oxygen in the air is to be cured
      or the curing is to be effected by a curing means which is subject to such
      inhibiting action, the curing should preferably be effected in the
      atmosphere of an inert gas such as nitrogen or carbonic acid gas or after
      covering the surface of a substrate with a thin plastic film or the like
      to prevent the air from contacting the surface.
PAR  The curable compositions of this invention may be cured by any one of known
      radically curing methods. The curing may be effected not only at ambient
      temperatures but also by the application of various energy such as thermal
      energy given by induction heating, microwave heating, infra-red ray
      heating or the like or by radiation energy given by ultraviolet rays,
      visible rays, electron beams, .gamma. rays or the like.
PAR  In effecting the curing at ambient temperatures or by the application of
      mainly heat energy given by a heating furnace, induction heating,
      microwave heating, infra-red ray heating or the like, there may be used as
      a radical polymerization catalyst, alkyl peroxides, peracid esters and
      other organic peroxides as well as inorganic peroxides and azo compounds
      as indicated in, for example, "Practical catalysts for particular
      reactions" p. 764 (1970) published by Kagaku Kogyo Co. In carrying out the
      curing at relatively low temperatures, the use of the radical
      polymerization catalyst in combination with a tertiary amine or metal salt
      as an accelerating agent will advantageously ensure a shorter curing time.
      Examples of such combinations are a combination of an acyl peroxide with a
      tertiary amine, a combination of a peracid ester with a metal salt, a
      combination of a hydroperoxide and a metal salt and a combination of a
      ketone peroxide with a metal salt.
PAR  It is not always necessary to use such polymerization initiator in
      effecting the curing when the energy source used for the curing is an
      ionizing radiation such as electron beams or .gamma. rays since the energy
      permits the curing to proceed to a satisfactory extent without the
      polymerization initiator, while it is preferable to use a polymerization
      initiator which will produce radicals and initiate the polymerization by
      the absorption of radiation when there is used such radiation as
      ultraviolet or visible rays. Photoinitiators may be used.
PAR  The initiators which may be used include those described in, for example,
      G. Oster and N. Yang, "Chemical Reviews", 68-2, 125 (1968), Yasunori
      Nishijima and Masao Yamamoto, "Kogyo Kagaku Zasshi (Journal of Industrial
      Chemistry)" 72, 31 (1969), U.S. Pat. Nos. 3,551,235, 3,551,246 and
      Japanese Patent Gazette No.  19,042/71. Examples of the suitable
      initiators are carbonyl compounds such as benzoin, benzoin methyl ether,
      benzoin ethyl ether, benzoin isopropyl ether, benzoin butyl ether, benzoin
      octyl ether, .alpha.-methylbenzoin, .alpha.-phenyl benzoin, benzil,
      diacetyl, methyl anthraquinone, acetophenone and benzophenone; sulphur
      compounds such as diphenyl sulphide, diphenyl disulphide and
      dithiocarbamate; naphthalene.sup.. anthracene type compounds such as
      .alpha.-chloronaphthalene and anthracene; halides such as dimethyl
      tetrachlorophthalate and hexachlorobutadiene; metal salts such as uranyl
      nitrate, iron chlorides and silver chloride; and pigments such as
      acriflavine and fluorescein. These radical polymerization catalysts,
      accelerating agents or initiators may preferably be used in amounts of
      0.001-10%, more preferably 0.01-5%, by weight of the curable composition.
      It is effective to incorporate the curable composition with small amounts
      of a suitable stabilizing agent in order to prevent the composition from
      gelling during its storage and increase it in storage stability.
PAR  The stabilizers used herein include phenolic compounds such as
      hydroquinone, t.-butyl hydroquinone, catechol and t.-butyl catechol;
      quinones such as benzoquinone and diphenylbenzoquinone; and phenothiazine
      and copper salts.
PAR  These stabilizers may preferably be used in amounts of 0.0001-3% by weight
      of the curable composition. In order to obtain cured products having
      improved properties from the curable composition of this invention or
      depending on the purpose for which the cured products are used, various
      additives may be incorporated in the curable composition in amounts of up
      to 70%, preferably up to 50%, by weight of the curable composition to form
      a uniform solution thereof or to form a non-uniform mixture.
PAR  The various additives used herein include synthetic and natural polymers,
      copolymers and rubber, such as unsaturated polyesters, alkyd resins,
      polyethylene, polypropylene, polystyrene, poly(meth)acrylate, polyvinyl
      chloride, polybutadiene and cellulose; prepolymers and oligomers such as
      diallyl phthalate prepolymer and butadiene oligomers; plasticizers such as
      dioctyl phthalate and soyabean oil; oils and fats; tackifiers; pigments
      and inorganic fillers such as glass, titanium oxide, silica, barite and
      calcium carbonate; coloring matter such as dyestuffs; and stabilizers and
      anticorrosive agents to obtain increased weather and water resistances on
      a cured product to be produced from the curable composition.
PAR  In addition, for the purpose of, for example, adjusting the viscosity of
      the curable composition or obtaining improved properties on a cured
      product to be prepared from the composition, other additives may also be
      added to the curable composition. These other additives include epoxy
      prepolymers such as bisphenol A diglycidyl ether and glycerine diglycidyl
      ether; mono- and polyisocyanates; mono- and poly(meth)acrylamide as
      prepared by reacting said isocyanates with (meth)acrylic acid;
      polymerizable monomers such as alkyl (meth)acrylates, tetrahydrofurfuryl
      (meth)acrylate, 2-hydroxyethyl (meth)acrylate, styrene, acrylonitrile and
      allyl glycidyl ether; and various solvents.
PAR  The curable compositions of this invention hardly have volatile components,
      poisonousness and pungency and they can be cured rapidly and perfectly by
      the application thereto of various energy such as radiation in the
      atmosphere of an inert gas thereby excluding the air or in the air or
      other various atmospheres, and the cured product so obtained is tough and
      excellent in heat resistance since it is of a crosslinked type. The
      curable compositions are further advantageous in that when applied to
      substrates such as various metals, plastics, lumber, paper or the like,
      they will give cured products excellently bonded to the substrates,
      respectively.
PAR  Because of these advantages, the curable compositions of this invention
      have a wide use as coating materials and surface treating agents for
      metals, plastics, glass, lumber, paper, fibers, rubber and the like;
      relief plates for printing, vehicles for printing inks and binders; and
      materials for castings, materials for molds for castings, materials for
      laminates, materials for composites with plastics, molding materials and
      the like.
DETD
PAR  The following Reference examples 1-3 indicate the synthesis of
      oligo(meth)acrylates used in Examples to be described later. In each
      Example, the starting materials charged were substantially perfectly
      reacted together.
PAC  REFERENCE EXAMPLE 1
PAC  (Synthesis of polyacrylate of polyesterpolyol of tetrahydrophthalic acid
      and trimethylolpropane)
PAR  A reactor provided with an agitator, thermometer and water separator was
      charged with 76 g (0.5 mol) of tetrahydrophthalic anhydride, 134 g (1 mol)
      of trimethylolpropane, 144 g (2 mol) of acrylic acid, 1000 cc of toluene,
      98% sulphuric acid in the amount of 2.5% by weight of the total mass
      excluding the toluene, and phenothiazine in the amount of 0.08% by weight
      of the acrylic acid, to form a mixture. The resulting mixture was agitated
      at about 110.degree.C while removing water produced by esterification from
      the system as an azeotropic mixture with the toluene. Eight hours later,
      approximately the theoretical amount of water was found to have been
      removed, the esterifying reaction was terminated and the reaction mixture
      was cooled. The reaction mixture was washed with 600 cc of an aqueous
      solution containing 3% by weight of ammonia and 20% by weight of ammonium
      sulphate and then with an aqueous solution containing 20% by weight of
      ammonium sulphate, after which the toluene layer was incorporated with
      0.05 g of hydroquinone and distilled at about 50.degree.C under a reduced
      pressure of 6 mm Hg to cut the toluene. The oligoacrylate thus obtained as
      the bottoms was a yellow-colored, viscous liquid containing 1.8% by weight
      of toluene and having a viscosity of 54000 centipoise (at 21.degree.C) and
      an acryloyl group equivalent of 155. The prevailing or general structure
      of the oligoacrylate anticipated from the composition of the starting
      materials is as follows:
      ##EQU3##
      wherein A, T.sub.p and T represent CH.sub.2 =CH--CO--,
      ##SPC1##
PAL  respectively.
PAC  REFERENCE EXAMPLE 2
PAC  (Synthesis of polyacrylate of polyesterpolyol of tetrahydrophthalic acid
      and pentaerithritol)
PAR  The procedure of Reference example 1 was followed except that the
      trimethylolpropane and acrylic acid were substituted by 136 g (1 mol) of
      pentaerithritol and 216 g (3 mol) of acrylic acid, to obtain an
      oligoacrylate. The thus-obtained oligoacrylate was a yellow-colored,
      viscous liquid containing 3.8% by weight of toluene and having a viscosity
      of 26250 cps (at 25.degree.C) and an acryloyl group equivalent of 122. The
      prevailing structure of the oligoacrylate is considered as follows:
      ##EQU4##
      wherein Pe represents
      ##EQU5##
      and A and T are as defined as above.
PAC  REFERENCE EXAMPLE 3
PAC  (Synthesis of polyacrylate of polyester polyol of tetrahydrophthalic acid,
      diethylene glycol and pentaerithritol)
PAR  The same reactor as used in Reference example 1 was charged with 53 g (0.5
      mol) of diethylene glycol, 152 g (1 mol) of tetrahydrophthalic anhydride
      and 0.2 g of trimethylbenzylammonium chloride to form a mixture which was
      then heated to about 100.degree.C for three hours. The mixture so heated
      was incorporated with 136 g (1 mol) of pentaerithritol, 216 g (3 mol) of
      acrylic acid, 1500 cc of toluene, 14 g of sulphuric acid and 0.2 g of
      phenothiazine, and the whole mass was subjected to the same reaction as in
      Reference example 1 to produce an oligoacrylate. The oligoacrylate so
      produced was a light brown-colored, viscous liquid which contained 0.9% by
      weight of toluene and had a viscosity of 90000 cps (21.degree.C) and an
      acryloyl group equivalent of 162. The prevailing structure of the
      oligoacrylate is considered as follows:
      ##EQU6##
      wherein A, T and Pe are as defined as above, and D represents --O--
      CH.sub.2 --CH.sub.2 --0).sub.2.
PAC  EXAMPLE 1
PAR  Fifty parts by weight of the oligoacrylate obtained in Reference example 2,
      50 parts by weight of trimethylolpropane triacrylate and one part of
      benzoyl peroxide were together mixed to form a mixture which was then
      coated on a cold rolled steel plate (degreased with trichloroethylene,
      JIS-G-3141, stain-finish, Bt -144 treatment) to a thickness of about 30
      .mu. by the use of a bar coater. The coat thus formed on the steel plate
      was placed 17 cm below a far infra-red panel heater (D type panel heater,
      2 KW, produced by the Kokusai Denki Co., Ltd.) and then thermally cured by
      the application of infra-red rays thereto in the air for 5 minutes.
PAR  For comparison, following the aforesaid procedure, but substituting the
      trimethylolpropane triacrylate by 50 parts by weight of styrene, coating
      and curing were carried out (Comparative example 1).
PAR  The results are shown in the following table.
TBL  ______________________________________                                    

     Volatilization*  Pencil                                                   

     loss             hardness Appearance of coat                              

     ______________________________________                                    

     Example 6.3%         4H       Colorless, trans-                           

     1                             parent and smooth.                          

     Comparison                                                                

             38.3%        3H       Whitened. Large                             

     example 1                     pin holes formed.                           

     ______________________________________                                    

      *Decrease in weight of the coat during the time from the end of coating t

      the end of curing.                                                       

PAC  EXAMPLE 2
PAR  Sixty parts by weight of the oligoacrylate obtained in Reference example 3
      and 40 parts by weight of trimethylolpropane triacrylate were mixed
      together and the resulting mixture was then applied to a cold rolled steel
      plate (the same as used in Example 1) to a thickness of about 25 .mu. by
      the use of a bar coater. The coat thus formed on the plate was then cured
      by the irradiation of electron beams of 5 megarads at a current of 10 mA
      by the use of an electron beam accelerator in the air.
PAR  For comparison, coating and curing were conducted in the same manner as
      above with the exception that the trimethylolpropane triacrylate was
      substituted by 40 parts by weight of styrene (Comparative example).
PAR  The results are indicated in the following table.
TBL  ______________________________________                                    

            Volatilization*                                                    

                       Pencil                                                  

            loss       hardness Appearance of coat                             

     ______________________________________                                    

     Example 2                                                                 

              2.1%         4H       Colorless, trans-                          

                                    parent and smooth.                         

     Comparative                                                               

              23.6%        3H       Ditto                                      

     example 2                                                                 

     ______________________________________                                    

      *The same as in Example 1.                                               

PAC  EXAMPLE 3-10
PAR  One of the oligoacrylates obtained in Reference examples 1 and 3 was mixed,
      in the predetermined ratios as shown in the following table, with a
      polyol(meth)acrylate selected from trimethylolpropane triacrylate
      (abbreviated to "A-TMP") trimethylolpropane trimethacrylate (TMP),
      1,3-butanediol diacrylate (A-3BG), triethylene glycol diacrylate (A-3G)
      and triethylene glycol dimethacrylate (3G). The mixture so obtained was
      further incorporated with benzil and hexamethylenediamine in the amounts
      of 2 parts and 1 part by weight, respectively, per 100 parts by weight
      thereof to form a curable composition. Each of the curable compositions
      thus obtained was coated on a hard glass plate to a thickness of about 30
      .mu. and then cured by the irradiation of ultraviolet rays thereto in the
      air at a distance of 13 cm from a high pressure mercury lamp for the
      ultraviolet rays (H-2000 TQ, double lamp). For comparison, the same
      procedure as above was followed with the exception that the
      polyol(meth)acrylate was replaced by styrene, to form a curable
      composition. Each of the comparative curable compositions thus obtained
      was tested in the same manner as above.
PAR  The results are shown in the following table.
TBL  __________________________________________________________________________

            Composition                Ultraviolet                             

                                              Volati-                          

                                                   Pencil                      

                                                       Appearance              

                                       rays irra-                              

                                              lization                         

                                                   hard-                       

                                                       of coat                 

                                       diation                                 

                                              loss ness                        

                                                       formed                  

            Mixing ratio by weight                                             

                                 Viscosity                                     

                                       time re-    of                          

            Oligoacrylate/             quired to   coat                        

            Polyol(meth)acrylate (cp/25.degree.C)                              

                                       complete                                

                                              (wt.%)                           

                                                   formed                      

                                       curing                                  

                                       (sec.)                                  

     __________________________________________________________________________

     Example                                                                   

          3 Reference example                                                  

                      1/A-TMP                                                  

                            =60/40                                             

                                 5400  10     3.0  3H  Colorless,              

                                                       transparent             

                                                       and smooth              

     "    4 Reference example                                                  

                      3/A-TMP                                                  

                            =70/30                                             

                                 23000  8     2.1  3H  "                       

     "    5 "          / "  =50/50                                             

                                 4800  10     2.3  3H  "                       

     "    6 "          / "  =30/70                                             

                                 1300  10     2.3  3H  "                       

     "    7 "          /A-BD                                                   

                            =50/50                                             

                                  200  15     3.7  2H  "                       

     "8   "  /A-3G    =50/50                                                   

                             320 15    3.5    2H   "                           

     "    9 "          /3G  =50/50                                             

                                  250  25     3.5  2H  "                       

     "    10                                                                   

            "          /TMP =50/50                                             

                                 2300  25     2.4  3H  "                       

     Comparative                  200 or                Colorless              

     example 3                                                                 

            Reference example                                                  

                      1/styrene                                                

                            =50/50                                             

                                 less  40     20.0 2H  with creases            

                                                       on surface              

     Comparative                 200 or                                        

     example 4                                                                 

            Reference example                                                  

                      3/styrene                                                

                            =50/50                                             

                                 less  40     21.6 2H  "                       

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A curable composition comprising (A) an oligo(meth)acrylate having a
      (meth)acroyl group equivalent of not more than 1000 and being prepared by
      esterifying (1) a polyhydric alcohol, (2) a polycarboxylic compound
      selected from the group consisting of a polycarboxylic acid and the
      anhydride thereof, said polyhydric alcohol and polycarboxylic compound not
      being a dihydric alcohol and dicarboxylic compound respectively at the
      same time, and (3) (meth)acrylic acid to produce the oligo(meth)acrylate
      and (B) a polyol poly(meth)acrylate prepared by esterifying a polyhydric
      alcohol and (meth)acrylic acid to produce the polyol poly(meth)acrylate.
NUM  2.
PAR  2. A curable composition according to claim 1, wherein the polycarboxylic
      compound is a member selected from the group consisting of (a) a
      4,5-unsaturated alicyclic polycarboxylic acid, (b) an anhydride thereof,
      and (c) a mixture of said alicyclic polycarboxylic compound with a member
      selected from the group consisting of dicarboxylic and higher
      polycarboxylic acids and anhydrides thereof other than said alicyclic
      polycarboxylic compound.
NUM  3.
PAR  3. A curable composition according to claim 2, wherein said
      oligo(meth)acrylate is reacted with a modifying compound selected from the
      group consisting of isocyanates, epoxy compounds and acid chlorides.
NUM  4.
PAR  4. A curable composition according to claim 2, wherein the acryloyl groups
      are contained in amounts of 50-100 mol% of the total of the acryloyl and
      methacryloyl groups.
NUM  5.
PAR  5. A curable composition according to claim 2, wherein the (meth)acryloyl
      group equivalent of the component A is not more than 600.
NUM  6.
PAR  6. A curable composition according to claim 2, wherein the polyhydric
      alcohol used in the production of the oligo(meth)acrylate is a member
      selected from the group consisting of trihydric and higher polyhydric
      alcohols, and dihydric and higher polyhydric alcohols containing such
      trihydric and higher polyhydric alcohols.
NUM  7.
PAR  7. A curable composition according to claim 6, wherein the trihydric and
      higher polyhydric alcohols are trihydric, tetrahydric and hexahydric
      alcohols.
NUM  8.
PAR  8. A curable composition according to claim 6, wherein the trihydric and
      higher polyhydric alcohols are trimethylolethane, trimethylolpropane,
      glycerine, 1,2,6-hexanetriol, pentaerithritol, erithritol and sorbitol.
NUM  9.
PAR  9. A curable composition according to claim 2, wherein the polycarboxylic
      compound used in the production of the oligo(meth)acrylate is selected
      from the group consisting of 4,5-unsaturated alicyclic tricarboxylic and
      higher polycarboxylic acids, mixtures of these alicyclic polycarboxylic
      acids with dicarboxylic and higher polycarboxylic acids, and mixtures of
      4,5-unsaturated alicyclic dicarboxylic acids with tricarboxylic and higher
      polycarboxylic acids.
NUM  10.
PAR  10. A curable composition according to claim 9, wherein the tricarboxylic
      and higher polycarboxylic acids are tricarboxylic and tetracarboxylic
      acids.
NUM  11.
PAR  11. A curable composition according to claim 2, wherein the 4,5-unsaturated
      alicyclic polycarboxylic acid is selected from the group consisting of
      tetrahydrophthalic acid, Himic acid and Het acid.
NUM  12.
PAR  12. A curable composition according to claim 2, wherein the 4,5-unsaturated
      alicyclic polycarboxylic acid is
      6-methyl-cyclohexene-4-1,2,3-tricarboxylic acid.
NUM  13.
PAR  13. A curable composition according to claim 2, wherein the dicarboxylic
      and higher polycarboxylic acids other than the 4,5-unsaturated alicyclic
      polycarboxylic acid are phthalic, tetrachlorophthalic, tetrabromophthalic,
      hexahydrophthalic, malonic, succinic, maleic, fumaric, itaconic, glutaric,
      adipic, sebacic, 1,12-dodecanedioic, polybutadienedicarboxylic acid,
      trimellitic and pyromellitic acids.
NUM  14.
PAR  14. A curable composition according to claim 2, wherein the polyhydric
      alcohol used in the production of the oligo(meth)acrylate is selected from
      the group consisting of ethylene glycol, diethylene glycol, propylene
      glycol, dipropylene glycol, polypropylene glycol, 1,3-butanediol,
      1,6-hexanediol, neopentyl glycol, hydrogenated bisphenol A, bisphenol
      dioxyethyl ether, bisphenol dioxypropyl ether and polybutadienediol.
NUM  15.
PAR  15. A curable composition according to claim 2, wherein the polyol
      poly(meth)acrylate is a member selected from the group consisting of
      tri(meth)acrylate and di(meth)acrylate of a trihydric alcohol selected
      from the group consisting of trimethylolmethane, trimethylolethane,
      trimethylolpropane and 1,2,6-hexanetriol and glycerine.
NUM  16.
PAR  16. A curable composition according to claim 2, wherein the polyol
      poly(meth)acrylate is a di(meth)acrylate of a dihydric alcohol selected
      from the group consisting of ethanediol, 1,2-propanediol, 1,3-butanediol,
      1,4-butanediol, neopentyl glycol, diethylene glycol, triethylene glycol,
      tetraethylene glycol, dipropylene glycol, polyethylene glycol,
      polypropylene glycol, hydrogenated bisphenol A, bisphenol dioxyethyl
      ether, bisphenol dioxypropyl ether and 1,6-hexanediol.
NUM  17.
PAR  17. A curable composition according to claim 2, wherein the polyol
      poly(meth)acrylate is a member selected from the group consisting of
      tetra(meth)acrylate, tri(meth)acrylate and di(meth)acrylate of a member
      selected from the group consisting of pentaerithritol and erithritol.
NUM  18.
PAR  18. A curable composition according to claim 2, wherein the
      oligo(meth)acrylate is contained in amounts of 10-99% by weight of the
      composition.
NUM  19.
PAR  19. A curable composition according to claim 2, wherein the
      oligo(meth)arcylate is contained in amounts of 30-99% by weight of the
      composition.
NUM  20.
PAR  20. A curable composition according to claim 2, containing a photoinitiator
      in amounts of 0.001-10% by weight thereof.
NUM  21.
PAR  21. A curable composition according to claim 2, containing a photoinitiator
      in amounts of 0.01-5% by weight thereof.
NUM  22.
PAR  22. A curable composition according to claim 2, containing with an organic
      peroxide in amounts of 0.001-10% by weight thereof.
NUM  23.
PAR  23. A curable composition according to claim 2, containing with an organic
      peroxide in amounts of 0.01-5% by weight thereof.
NUM  24.
PAR  24. A curable composition comprising an oligoacrylate having an acryloyl
      group equivalent of about 120-600 and being prepared by the esterification
      of trimethylolpropane, tetrahydrophthalic anhydride and acrylic acid, and
      trimethylolpropane triacrylate.
NUM  25.
PAR  25. A curable composition comprising an oligoacrylate having an acryloyl
      group equivalent of about 120-600 and being prepared by the esterification
      of pentaerithritol, tetrahydrophthalic anhydride and acrylic acid, and
      trimethylolpropane triacrylate.
NUM  26.
PAR  26. A curable composition comprising an oligoacrylate having an acryloyl
      group equivalent of about 120-600 and being prepared by the esterification
      of pentaerithritol, diethylene glycol, tetrahydrophthalic anhydride and
      acrylic acid, and trimethylolpropane triacrylate.
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ABST
PAL  2-METHYLENE PROPANE PHOSPHONIC ACID ESTERS AND THEIR COPOLYMERS WITH
      ACRYLONITRILE ARE THE OBJECTS OF THE INVENTION. The fibers produced from
      the copolymers are flame-resistant and show increased thermal stability,
      improved affinity for dyes and fastness to light. The copolymers of
      acrylonitrile and 2-methylene propane phosphonic acid esters - in addition
      to other comonomers - are produced by polymerizing the monomers in
      solution or - preferably - in an aqueous suspension or emulsion. Formed
      articles, such as fibres from said copolymers can be prepared by spinning
      a solution of the copolymer in an organic solvent p.i. in dimethyl
      formamide.
PARN
PAR  This is a division of application, Ser. No. 311,413, filed Dec. 1, 1972.
BSUM
PAR  This invention relates to 2-methylene propane phosphonic acid esters and to
      acrylnitrile copolymers which contain 2-methylene propane phosphonic acid
      in copolymerized form in addition to other comonomers such as (meth)
      acrylic acid esters, 2-methylene propane-1,3-dichloride, vinyl chloride,
      vinylidene chloride or mixtures of these comonomers.
PAR  The invention also relates to a process for producing the aforementioned
      copolymers and to films, fibers, filaments and moldings obtained
      therefrom.
PAR  The object of the invention are 2-methylene propane phosphonic acid esters
      of the formula
      ##EQU1##
      wherein R.sub.1 represents halogen (Cl, Br, I) or the radical
      ##EQU2##
      and R.sub.2 the radical
      ##EQU3##
      where R.sub.3 is hydrogen, NH.sub.4 an alkalimetal, a C.sub.1 -C.sub.4
      -alkyl, an aryl, halogen aryl or alkylaryl radical and R.sub.4 hydrogen, a
      C.sub.1 -C.sub.4 -alkyl, an aryl, halogenaryl, or an alkylaryl radical.
PAL  1-Halogen-2-methylenepropane-3-phosphonic acid diesters or
      2-methylenepropane-1,3-bis-phosphonic acid tetra-esters are prepared by
      reacting 1,3-dihalogen-2-methylene propane with triesters of phosphorous
      acid at elevated temperature the reaction may be effected in an organic
      solvent. For example, the reaction takes place in accordance with the
      following scheme:
      ##EQU4##
      OR
      ##EQU5##
PAR  The 1,3-dihalogen-2-methylene propane used as starting material can readily
      be prepared from 2-methylene-1,3-propane diol and, for example, thionyl
      chloride (where the halogen is chlorine). This compound can also be
      obtained from the corresponding diol and hydrogen chloride in an organic
      solvent, for example in accordance with the following reaction:
      ##EQU6##
PAR  Preparation of the diol is known in the art. 2-methylene-1,3-propane diol
      can readily be obtained, for example, by reacting together isobutylene,
      oxygen and acetic acid, followed by hydrolysis of the acetyl groups.
PAR  In the case of the monophosphonic acid, the dihalogen compound is initially
      introduced and thereafter the triester of phosphorous acid is added
      dropwise at temperatures of from 110.degree. to 160.degree.C. The reaction
      is preferably carried out in the absence of solvents. The molar ratio of
      the dihalogen compound to the phosphite amounts to between 1:1 and 3:1.
      The reaction is carried out at temperatures in the range of from
      110.degree. to 200.degree.C, the alkyl halide formed during the reaction
      where a trialkyl phosphite is used as reactant being contintuously
      distilled off. In order to complete the reaction, the reaction temperature
      can be maintained for another 3 to 4 hours following the dropwise
      addition.
PAR  To prepare the bis-phosphonic acid, the starting compounds in a molar ratio
      of diahlide to phosphite of from 1:2 to 1:4 are heated together to
      temperatures of from 120.degree. to 220.degree.C. In this case, too, the
      corresponding alkyl halide is removed from the reaction mixture by
      distillation, optionally with the assistance of an inert gas such as
      N.sub.2, where trialkyl esters of phosphorous acid are used as reactant.
PAR  The reaction is completed when no more halide is evolved. If the dihalide
      is reacted with triaryl phosphites, the reaction product is worked up by
      conventional methods. On completion of the reaction, the more readily
      volatile constituents are distilled off in a water-jet vacuum both in the
      case of the monophosphonic acid ester and in the case of the
      bis-phosphonic acid ester. The reaction products can be recovered by
      conventional methods, for example by distillation in a high vacuum. The
      yields amount to between 65 and 80%, based on the phosphite used.
PAR  A further object of the invention are acrylonitrile copolymers which
      comprises 60 to 99.9 % by weight of acrylonitrile, the balance being up to
      39.9 % by weight of ethylenically unsaturated with acrylonitrile
      copolymerizable/comonomers and/or 0.1 to 40 % by weight of a copolymerized
      2-methylene propane phosphonic acid ester of the formula:
      ##EQU7##
      in which R.sub.1 represents halogen Cl, Br, I or the radical
      ##EQU8##
      and R.sub.2 the radical
      ##EQU9##
      where R.sub.3 is hydrogen, NH.sub.4 an alkali metal, a linear or branched,
      substituted or unsubstituted C.sub.1 -C.sub.4 -alkyl, aryl, halogen- or
      alkyl-substituted aryl and R.sub.4 hydrogen a linear or branched,
      substituted or unsubstituted C.sub.1 -C.sub.4 -alkyl, aryl optionally
      substituted by halogen or alkyl, said acrylonitrile copolymers having
      K-value according to Fikentscher in the range of from 60 to 120.
      Acrylonitrile copolymers are prefered comprising 60 to 90 % by weight of
      acrylonitrile, 5 to 35 % by weight of an ethylenically unsaturated, with
      acrylonitrile copolymerizable comonomer and 5 to 35 % by weight of a
      copolymerized 2-methylene propane phosphonic acid ester preferably the
      K-values are in the range of 70 to 105.
PAR  The copolymerisation of ethylenically unsaturated compounds such as
      acrylonitrile, (meth) acrylic acid esters, 2-methylene
      propane-1,3-dichloride, vinyl chloride, vinylidene chloride or mixtures of
      these comonomers and 2-methylene propane-phosphonic acid derivatives can
      be carried out by polymerising the monomers in solution and also in
      dispersion or suspension. 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester and/or 2-methylene propane-1,3-bis-phosphonic acid
      tetraethyl ester are preferably used as starting compounds for
      copolymerization.
PAR  It was surprising that substances of the above general formula should lend
      themselves to polymerization with unsaturated compounds to form polymers
      with such good K-values (Fikentscher, Cellulosechemie 13, 58, 1932) in
      such high yields particularly since homopolymerisation was not possible
      and because substances of this type had been expected to show a negative
      effect as regulators in copolymerization reactions. It was also surprising
      that the copolymerization reaction should lead to products that are highly
      soluble, for example, in dimethylformamide, in other words that
      polymerization should not be accompanied by crosslinking although the
      phosphorus compounds used, corresponding to the above general formula,
      show a substituted methallyl structure which is known to have a general
      tendency towards crosslinking in polymerization reaction. Solution
      polymerization is carried out in the usual solvents such as
      dimethylformamide and nitric acid. Where polymerization is carried out in
      dimethylformamide, radical formers, such as azo-bis-isobutyronitrile, can
      be present as known per se. Where polymerization is carried out in nitric
      acid, it is possible in the usual way to use, for example, acetyl
      acetonates and oxidising agents, such as ammonium peroxy disulphate, as
      polymerization initiators. The total quantity of the initiator and, where
      a redox system is used, the quantitative ratio of the oxidizing agent to
      the reducing agent and the concentration of the monomers in the
      polymerization solution are selected in accordance with the data
      frequently published in the literature.
PAR  Precipitation polymerizations can be carried out in diluents such as, for
      example, water, low aliphatic alcohols and benzenes. Preferably
      polymerization is carried out in an aqueous suspension or emulsion. It is
      advantageous in some cases to add emulsifiers or suspending agents. Where
      polymerization is carried out in water, as is preferably the case,
      conventional redox systems such as, for example, persulphate/bisulphite,
      are used as initiators. The quantitative ratio of the oxidizing agent to
      the reducing agent is from 12:1 to 1:15 and preferably from 8:1 to 1:12.
      The total quantity of initiator amounts to between 0.1 and 15% by weight,
      based on the total monomer content and preferably to between 1 and 10% by
      weight.
PAR  Polymerization is carried out in the acid range, preferably at pH-values of
      from 1.5 to 5, and at temperatures of from 0.degree. to 90.degree.C and
      preferably from 20.degree. to 55.degree.C, over reaction times which can
      vary from 1 hour to several days. The ratio by weight of total monomer to
      diluent amounts to between 1:2 and 1:25, preferably to between 1:5 and
      1:15.
PAR  The copolymers according to the invention contain different quantities of
      each comonomer, copolymerization being carried out with starting mixtures
      containing from 0.1 to 40% by weight of the compounds of the above general
      formula, namely the mono or bis-phosphonates either on their own or mixed
      with one another in any ratio. Accordingly, the proportion of
      ethylenically unsaturated compounds, such as acrylonitrile, (meth) acrylic
      acid esters, 2-methylene propane-1,3-dichloride, vinyl chloride,
      vinylidene chloride or mixtures of these comonomers, amounts to between 60
      and 99.9% by weight at the beginning of polymerization, this figure once
      again applying either to an individual substance or to a mixture of
      unsaturated compounds. In the case of precipitation polymerizations, the
      copolymers are isolated by filtration, which is preceded in the case of
      some polymerization reactions by precipitation of the polymer, for example
      by adding a saturated solution of a strong electrolyte, such as sodium
      chloride, sodium sulphate, zinc sulphate or calcium chloride.
      Alternatively, precipitation is carried out by adding a small quantity of
      an electrolyte to the monomer dispersion before the reaction is initiated.
PAR  In the case of solution polymerizations, the polymer is separated off in
      the conventional way, for example by stirring the polymer solution into a
      precipitant, such as water or of lower aliphatic alcohols, followed by
      filtration. The yields amount to between 60 and 98 % by weight, based on
      the total monomer content, while the K-value amounts to between 60 and
      120.
PAR  A further object of the invention are fibers and films of the
      acrylonitrile/2-methylene propane phosphonic acid copolymers and of
      mixtures thereof with other polymers. Fibers and films can be prepared by
      spinning or casting a solution of the copolymer in an organic solvent p.i.
      dimethyl formamide.
PAR  The articles produced from the copolymers according to the invention are
      flame-resistant, i.e. substantially non-inflammable, they show increased
      thermal stability, improved affinity for dyes and fastness to light and,
      in some cases, they exhibit better pilling behaviour.
PAR  The LOI-values (limited oxygen index) quoted in the following Examples were
      determined by the so-called oxygen burning test. The apparatus used to
      carry out the oxygen burning test consists of a burning tube having a
      laterally attached nozzle through which an oxygen/nitrogen gas mixture
      flows and about one third of which is filled with glass beads in order to
      improve admixture of the gases. Fine-regulating valves accurately regulate
      the oxygen and nitrogen which flow through gas-flow meters. The oxygen and
      nitrogen are taken from the gas cylinders with pressure-reducing valves
      which are provided for this purpose. A needle frame is used as the
      specimen holder.
PAR  After the specimen holder has been set up with the specimen depending into
      the burning tube, the specimen is exposed from above to a gas flame. The
      mixing ratio of oxygen to nitrogen is varied until the specimens burns
      uniformly downwards with a minimum flame. The burning value n is
      calculated as follows:
      ##EQU10##
      Test specimens: Webs produced from fibers obtained by conventional
      spinning methods.
PA1  Dimensions of the test specimens:
PA1  Length 11 cm
PA1  Width 9.5 cm
PAR  Before testing, all the materials to be tested are laid out for 24 hours in
      air at 20.degree.C/65% relative humidity.
PAR  The following Examples illustrate more particularly the invention.
DETD
PAC  EXAMPLE 1
PAR  351 parts by weight of acrylonitrile, 29 parts by weight of methyl acrylate
      and 20 parts by weight of 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester are taken up in 5000 parts by volume of water. The pH-value
      is adjusted to 3.0 with dilute acid and polymerization is initiated at
      50.degree.C. by the addition with stirring of 3 parts by weight of
      potassium persulphate and 5 parts by weight of sodium metabisulphite to
      the reaction mixture while nitrogen is passed through. After 7 hours, the
      polymer is filtered off under suction, washed with water and methanol and
      dried in vacuo at 50.degree.C until constant in weight. Yield: 380 parts
      by weight (95%), K-value: 78.
PAR  The polymer is spun into fibers which are subsequently processed to form a
      web with the dimensions specified above. LOI-value n = 0.212.
PAC  Comparison Example 1
PAR  A copolymer of 93.8% by weight of acrylonitrile, 5.5% by weight of methyl
      acrylate and 0.7% by weight of sodium methallyl sulphonate with a K-value
      of 83.8 is spun into fibers which are subsequently processed into a web.
      LOI-value: n = 0.200.
PAC  EXAMPLE 2
PAR  332 parts by weight of acrylonitrile, 28 parts by weight of methyl acrylate
      and 40 parts by weight of 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester are added while stirring to 5000 parts by volume of water.
      The pH-value is adjusted to 3.0 with dilute sulphuric acid after the
      reaction mixture has been heated to 50.degree.C. Polymerization is
      initiated by the addition of 3 parts by weight of potassium persulphate
      and 5 parts by weight of sodium metabisulphite to the reaction mixture
      while nitrogen is continuously passed through. After 3.5 hours, a further
      1.5 parts by weight of potassium persulphate and 3.5 parts by weight of
      sodium metabisulphite are added. The total polymerization time amounts to
      7 hours. The polymer is then filtered off under suction, washed with water
      and methanol and dried in vacuo at 50.degree.C until constant in weight.
PAR  Yield: 355 parts by weight (88.7%), K-value: 86.5. LOI-value (web): n =
      0.250. LOI-value (comparison example 1): n = 0.200.
PAC  EXAMPLE 3
PAR  The polymerization of 265 parts by weight of acrylonitrile, 20 parts by
      weight of methyl acrylate and 15 parts by weight of 2-methylene
      propane-1,3-bis-phosphonic acid tetra-ethyl ester in 4000 parts by volume
      of water is initiated at 50.degree.C/pH-3.0 (dilute sulphuric acid) by the
      addition of 4 parts by weight of potassium persulphate and 4 parts by
      weight of sodium metabisulphite while nitrogen is continuously passed
      through. After 7 hours, the polymer is filtered off under suction, washed
      with water and methanol and dried in vacuo at 50.degree.C.
PAR  Yield: 250 parts by weight (83.4%).
PAR  K-value: 85.7.
PAR  LOI-value (web): n = 0.212.
PAR  LOI-value (comparison example 1): n = 0.200.
PAC  EXAMPLE 4
PAR  260 parts by weight of acrylonitrile, 20 parts by weight of methyl acrylate
      and 31.1 parts by weight of 2-methylene propane-1,3-bis-phosphonic acid
      tetra-ethyl ester are polymerized in 4000 parts by volume of water as in
      Example 3. Yield: 288 parts by weight (74.4%), K-value: 84.3
PAC  EXAMPLE 5
PAR  260 parts by weight of acrylonitrile, 20 parts by weight of methyl acrylate
      and 70 parts by weight of 2-methylene propane-1,3-bis-phosphonic acid
      tetra-ethyl ester are polymerized in 4000 parts by volume of water as in
      Example 3.
PAR  Yield: 215 parts by weight (61.5%), K-value: 86.4   LOI-value (web): n =
      0.287   LOI-value (comparison example 1): n = 0.200
PAC  EXAMPLE 6
PAR  88 parts by weight of acrylonitrile, 7 parts by weight of methyl acrylate,
      2.5 parts by weight of 1-chloro-3-methylene propane-3-phosphonic acid
      diethyl ester and 2.5 parts by weight of 2-methylene
      propane-1,3-bis-phosphonic acid tetra-ethyl ester are heated to
      50.degree.C with stirring in 1200 parts by volume of water while nitrogen
      is passed through. After the pH-value has been adjusted to 3.0 with dilute
      sulphuric acid, polymerization is initiated by the addition of 1 part by
      weight of potassium persulphate and 1 part by weight of sodium
      metabisulphate. After 6 hours, the polymer is filtered off under suction,
      washed thoroughly with water and methanol and dried in vacuo at
      50.degree.C.
PAR  Yield: 92.5 parts by weight (92.5%).  K-value: 90.
PAC  EXAMPLE 7
PAR  82 parts by weight of acrylonitrile, 7 parts by weight of methyl acrylate,
      5 parts by weight of 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester and 5 parts by weight of 2-methylene
      propane-1,3-bis-phosphonic acid tetra-ethyl ester are polymerized in 1200
      parts by volume of water as described in Example 6.
PAR  Yield: 76 parts by weight (76%).  K-value: 101.8.
PAC  EXAMPLE 8
PAR  73 parts by weight of acrylonitrile, 7 parts by weight of methyl acrylate,
      10 parts by weight of 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester and 10 parts by weight of 2-methylene
      propane-1,3-bis-phosphonic acid tetraethyl ester are polymerized in 1200
      parts by volume of water as described in Example 6, except that a further
      0.5 part by weight of potassium persulphate and 0.5 part by weight of
      sodium metabisulphite are added after polymerization has been in progress
      for 3 hours.
PAR  Yield: 63.5 parts by weight (63.5%).  K-value: 87.8.
PAC  EXAMPLE 9
PAR  A mixture of 60 parts by weight of acrylonitrile, 35 parts by weight of
      vinylidene chloride, 5 parts by weight of 1-chloro-2-methylene
      propane-3-phosphonic acid diethyl ester and 12 parts by volume of a 25%
      aqueous solution of phenyl-(3-methacrylamino)-phenyl disulphimide in 1200
      parts by volume of water is adjusted to a pH value of 3 by addition of
      dilute sulphuric acid at 28.degree.C. After the air has been displaced by
      nitrogen, polymerization is initiated by the addition of 2 parts by weight
      of potassium persulphate and 4 parts by weight of sodium metabisulphite.
      After 5 hours, the polymer is filtered off under suction and the polymer
      is processed as described above.
PAR  Yield: 73 parts by weight (73%).  K-value: 87.1.
PAC  EXAMPLE 10
PAR  The monomer mixture described in Example 9 is polymerized in 800 parts by
      volume of water under the same reaction conditions as in Example 9.
PAR  Yield: 95 parts by weight (95%).  K-value: 80.7.
PAC  EXAMPLE 11
PAR  In a three-necked flask equipped with a stirring mechanism and reflux
      condenser and which has been flushed free from air with nitrogen, 60 parts
      by weight of acrylonitrile, 27 parts by weight of vinylidene chloride, 10
      parts by weight of 1-chloro-2-methylene propane-3-phosphonic acid diethyl
      ester and 12 parts by volume of a 25% aqueous solution of
      phenyl-(3-methacrylamido)-phenyl disulphimide are mixed with 500 parts by
      volume of water and, after heating to 28.degree.C, adjusted to pH 3.0.
      Polymerization is then initiated by the addition of 5.8 parts by weight of
      potassium persulphate and 1.7 parts by weight of sodium metabisulphite.
      The polymer is filtered off under suction after 5 hours and processed as
      described above.
PAR  Yield: 78 parts by weight (78%).  K-value: 76.5.
PAC  EXAMPLE 12
PAR  504 parts by weight of acrylonitrile, 256 parts by weight of vinylidene
      chloride and 40 parts by weight of 2-methylene propane-1,3-bis-phosphonic
      acid tetra-ethyl ester are taken up in 8000 parts by volume of water,
      heated to 28.degree.C and polymerization is initiated under a nitrogen
      atmosphere at pH 3.0 by the addition of 7.2 parts by weight of sodium
      metabisulphite and 0.6 parts by weight of potassium persulphate. The
      resulting polymer is filtered off under suction after 5 hours and worked
      up as described above.
PAR  Yield: 624 parts by weight (78%).  K-value: 82.8.   LOI-value (web): n =
      0.287.   LOI-value (comparison example 1): n = 0.200.
PAC  EXAMPLE 13
PAR  504 parts by weight of acrylonitrile, 176 parts by weight of vinylidene
      chloride and 120 parts by weight of 2-methylene propane-1,3-bis-phosphonic
      acid tetra-ethyl ester are polymerized in 8000 parts by volume of water
      under the conditions described in Example 12. A further 3.6 parts by
      weight of sodium metabisulphite and 0.3 part by weight of potassium
      persulphate are added after the polymerization has been in progress for
      2.5 hours. The total polymerisation time amounts to 5 hours.
PAR  Yield: 510 parts by weight (64%).  K-value: 81.1. LOI-value (web): n =
      0.315. LOI-value (comparison example 1): n = 0.200.
PAR  The web of this Example was also compared with a web consisting of 60% by
      weight of acrylonitrile, 37 % by weight of vinylidene chloride, 3% by
      weight of phenyl-(3-methacrylamino)-phenyl disulphimide (K-value = 80.6).
PAR  LOI-value: n-0.275
PAC  EXAMPLE 14
PAR  85 parts by weight of acrylonitrile, 5 parts by weight of 2-methylene
      propane-1,3-dichloride and 10 parts by weight of 1-chloro-2-methylene
      propane-3-phosphonic acid diethyl ester are polymerized under nitrogen in
      1000 parts by volume of water at a temperature of 50.degree.C and at a
      pH-value of 3.0 by the addition of 1 part by weight of potassium
      persulphate and 1 part by weight of sodium metabisulphite. The total
      polymerization time amounts to 7 hours. After the polymer has been
      filtered off under suction, it is washed thoroughly with water and
      methanol and dried in vacuo at 50.degree.C.
PAR  Yield: 76 parts by weight (76%).  K-value: 78.6.
PAC  EXAMPLE 15
PAR  The polymerization of 80 parts by weight of acrylonitrile, 10 parts by
      weight of 2-methylene propane-1,3-dichloride and 10 parts by weight of
      2-methylene propane-1,3-bis-phosphonic acid tetra-ethyl ester in 1000
      parts by volume of water is initiated under a nitrogen atmosphere at a
      temperature of 50.degree.C and at a pH-value of 3.0 by the addition of 1
      part by weight of potassium persulphate and 1 part by weight of sodium
      metabisulphite. After 7 hours, the resulting polymer is filtered off under
      suction, washed and dried as described above.
PAR  Yield: 70.1 parts by weight (70.1%).  K-value: 86.3.
PAC  Preparation of the phosphonic acid esters
PAC  EXAMPLE A
PAC  1-chloro-2-methylene propane-3-phosphonic acid diethyl ester
PAR  34 parts by weight of 2-methylene propane-1,3-dichloride are heated to
      135.degree.C, after which 30 parts by weight of triethyl phosphite are
      added dropwise with stirring, Ethyl chloride distills off continuously
      during the dropwise addition. On completion of the dropwise addition, the
      reaction temperature is increased slowly to 180.degree.C. After 3 to 4
      hours at 180.degree.C, the evolution of ethyl chloride is at an end and
      the reaction is over. The excess dihalide is distilled off in a water-jet
      vacuum. The resulting 1-chloro-2-methylene propane-3-phosphonic acid
      diethyl ester is distilled off in a high vacuum.
PAR  Yield: 30.7 parts by weight (75% of the theoretical, based on triethyl
      phosphite)  b.p: 83.degree.-90.degree.C/0.05 Torr  N20/D: 1.4599
      Analysis: C.sub.8 H.sub.16 C10.sub.3 P (226.6).
TBL         C      H       Cl       O      P                                   

     ______________________________________                                    

     Calculated:                                                               

              42.3%    7.1%    15.7%  21.2%  13.7%                             

     found:   42.4%    6.3%    15.7%  21.5%  14.1%                             

              42.4%    6.3%    15.7%  21.7%  13.9%                             

     ______________________________________                                    

PAC  EXAMPLE B
PAC  2-methylene propane-1,3-bis-phosphonic acid tetra-ethyl ester
PAR  50 parts by weight of 2-methylene-1,3-propane dichloride and 140 parts by
      weight of triethyl phosphite are heated with stirring to 150.degree.C. The
      reaction temperature is slowly increased to 180.degree.C and the reaction
      mixture is maintained at this temperature until no more ethyl chloride can
      be collected in a following cold trap. Thereafter the more readily
      volatile constituents are distilled off in a water-jet vacuum. The
      reaction product is recovered by distillation in a high vacuum.
PAR  Yield: 105 parts by weight (80% of the theoretical, based on triethyl
      phosphite)  b.p.: 157- 159.degree.C/0.02 Torr  N20/D: 1.4542
PAR  Analysis: C.sub.12 H.sub.26 O.sub.6 P.sub.2 (328.3)
TBL         C       H         O         P                                      

     ______________________________________                                    

     Calculated:                                                               

              43.9%     7.9%      29.3%   18.9%                                

     Found:   43.5%     8.1%      29.3%   19.1%                                

              43.3%     8.0%      29.6%   18.9%                                

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. An acrylonitrile copolymer comprising: 1. 60-99.9% by weight of
      acrylonitrile; 2. 0.1-40% by weight of 2-methylene propane phosphoric acid
      ester of the formula
      ##EQU11##
      wherein R.sub.1 = chloro, bromo, iodo, or
      ##EQU12##
      R.sub.3 = hydrogen, ammonium, alkali metal, C.sub.1 -C.sub.4 -alkyl, or
      aryl;
PA2  H.sub.4 hydrogen, C.sub.1 -C.sub.4 -alkyl, or aryl; and
PAR  3. the remainder being an ethylenically unsaturated comonomer
      copolymerizable with acrylonitrile;
PA2  said copolymer having a K-value of 60-120 as described by Fikentscher in
      Cellulosechemic 13, 58 (1932).
NUM  2.
PAR  2. The acrylonitrile copolymer of claim 1, wherein said 2-methylene propane
      phosphonic acid ester is 1-chloro-2-methylene, propane-3-phosphonic acid
      diethyl ester.
NUM  3.
PAR  3. The acrylonitrile copolymer of claim 1, wherein said 2-methylene propane
      phosphonic acid ester is 2-methylene propane-1,3-bis-phosphonic acid
      tetra-ethyl ester.
NUM  4.
PAR  4. The acrylonitrile copolymer of claim 1, wherein said ethylenically
      unsaturated comonomer is methylacrylate.
NUM  5.
PAR  5. The acrylonitrile copolymer of claim 1, wherein said ethylenically
      unsaturated comonomer is vinylidene chloride.
NUM  6.
PAR  6. The acrylonitrile copolymer of claim 1, wherein said ethylenically
      unsaturated comonomer is 2-methylene propane-1,3-dichloride.
NUM  7.
PAR  7. Fibers or films of the copolymer of claim 1.
NUM  8.
PAR  8. A process for the production of an acrylonitrile copolymer having at
      least 60 % by weight of copolymerized acrylonitrile copolymer which
      comprises polymerizing acrylonitrile together with a 2-methylene propane
      phosphonic acid ester in an aqueous medium at ap.sub.H value of from 2 to
      7 and at a temperature of from 0.degree. to 90.degree.C in the presence of
      a redox initiator system comprising a peroxy compound and a sulphur
      compound of low stage of oxidation.
NUM  9.
PAR  9. The process of claim 8 wherein the polymerizing is effected in the
      presence of an ethylenically unsaturated comonomer copolymerizable with
      acrylonitrile.
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ABST
PAL  An olefin or diolefin is polymerized, and mixtures thereof are
      copolymerized, in the presence of a catalyst system consisting of:
PA1  A. a uranium compound consisting of U(OCH.sub.3).sub.4, U(OCH.sub.3).sub.3
      Cl, U(OC.sub.4 H.sub.9).sub.4, U(OC.sub.8 H.sub.17).sub.4, U [N(C.sub.2
      H.sub.5).sub.2 ].sub.4, U [N(C.sub.2 H.sub.5).sub.2 ].sub.3 Br,
      U(OCH.sub.3).sub.5, U(O-i-C.sub.4 H.sub.9).sub.5 ;
PA1  b. a reducing compound of a metal belonging to the 2nd or 3rd group of the
      periodic system, selected from the hydrides, mixed hydrides and alkyl
      derivatives thereof;
PA1  C. a Lewis acid selected from AlBr.sub.3, AlI.sub.3, AlCl.sub.3,
      AlCl.sub.3.OEt.sub.2, Al R Cl.sub.2, B Cl.sub.3 and TiCl.sub.4, wherein R
      is a hydrocarbon radical.
BSUM
PAR  The present invention relates to a process for the polymerization of
      compounds containing at least one ethylene unsaturation.
PAR  More particularly the present invention relates to a process by which it is
      possible to obtain polymers starting from olefins or diolefins, and
      copolymers starting from olefins abd diolefins or mixtures of different
      diolefins, which is performed by using an uranium compounds base catalyst
      in the presence of reducing compounds of metals belonging to the first
      groups of the periodic system and Lewis acids. The obtained polymers have
      high molecular weight and, in the case of diolefins, highly stereospecific
      polymers or copolymers are obtained wherein the enchainment of the monomer
      units is mainly 1, 4 cis.
PAR  It is known that uranium compounds may be employed in catalyst systems for
      the polymerization of unsaturated compounds.
PAR  For instance the employment of ternary catalyst systems, one of the
      components being constituted by a particular uranium compound, is
      disclosed in the U.S. Pat. No. 3,676,411, according to which it is
      possible to polymerize unsaturated compounds, particularly conjugated
      dienes. However the reaction times are very long and very large amounts of
      catalyst are employed: therefore the process cannot be advantageously
      employed for industrial purposes. Moreover the obtained polymers do not
      present all the characteristics required for the production of very good
      manufactured articles. We have now found that, when use is made of uranium
      compounds different from the aforementioned ones, very high yields of very
      good polymers are obtained in very short times. For instance, in the case
      of polybutadiene, the obtained polymer has a cis content equal to or
      higher than 97-98% and this property gives the product a high
      crystallizability under stretch and very excellent mechanical properties.
PAR  A further advantage of the present invention, with respect to the known
      art, is the very small amount of catalyst which need be employed in
      performing the inventive process; this fact makes it possible to obtain a
      final product containing very low amounts of impurity which, on the other
      hand, can be easily removed as hereinafter described.
PAR  As pointed out above the polymerization process is carried out in the
      presence of a catalyst fundamentally constituted by uranium compounds
      having the following general formula
EQU  U X.sub.n.sub.-m Y.sub.m
PAL  In which X is an alkoxy group, or an amine radical; Y is a halide selected
      from Cl.sup.-, Br.sup.-, I.sup.-, or a pseudohalide such as, for instance,
      CN.sup.-, CNS.sup.-; n is an integer equal to the uranium valence, m is an
      integer in the range between 0 and n, the uranium valence being 4 or 5.
PAR  The uranium compounds may be used as such or when containing coordinated
      molecules of compounds selected from the so called Lewis bases such as
      esters, tertiary amines, alcohols, phosphines and some others.
PAR  Examples of compounds usefully employed according to the aforesaid class
      are:
PA1  U(och.sub.3).sub.4, u(och.sub.3).sub.3 cl, U(OC.sub.4 H.sub.9).sub.4,
      U(OC.sub.8 H.sub.17).sub.4, U[ N(C.sub.2 H.sub.5).sub.2 ].sub.4, 4,
      N(C.sub.2 H.sub.5).sub.2 ].sub.3 Br, U(OCH.sub.3).sub.5, U(O-i-C.sub.4
      H.sub.9).sub.5.
PAL  The catalytic activity of the uranium base compound is enhanced in the
      presence of a reducing derivative of a metal belonging to the 2nd or 3rd
      group of the periodic system selected from hydrides, mixed hydrides or
      alkyl derivatives thereof such as for instance, AlR.sub.3, AlR.sub.2 Cl,
      Al.sub.3, AlH.sub.2 NR.sub.2, etc. and in the presence of a Lewis acid as
      for instance, AlBr.sub.3, AlI.sub.3, AlCl.sub.3 .sup..  OEt.sub.2,
      AlRCl.sub.2, BCl.sub.3, TiCl.sub.4 and some others wherein R is a
      hydrocarbon radical.
PAR  The molar ratio between reducing compound and uranium compound ranges from
      5:1 to 200:1, whereas the ratio between the Lewis acid and the uranium
      compound ranges from 0.01 to 20.
PAR  The total catalyst concentration with respect to the monomer or monomers
      fed to the reaction ranges from 10.sup.-.sup.6 to 10.sup.-.sup.2 gram
      atoms of the uranium compound per mole of monomer.
PAR  A particular feature of the polymerization process of the present invention
      consists in the fact that it is possible to obtain very good reaction
      rates together with a high molecular weight even when the catalyst is in a
      very low amount with respect to the monomer fed to the reaction.
PAR  A further advantage obtainable by employing the catalyst of the present
      invention, is that it makes possible the practically total removal of the
      catalytic residues, because of the high density thereof, from the obtained
      products through a centrifugation of the polymer solution which allows the
      complete removal of the solid residues. The catalyst may be prepared
      either in the presence or the absence of the monomer; however it has been
      advantageous to prepare the same in the presence of very low amounts of
      the monomer itself, when it showed surprising longevity qualities and the
      activity thereof did not decay even after long periods of time;
      particularly, in the case of the diolefins, the employment of an aged
      catalyst was very efficacious for obtaining higher yields and a higher
      stereospecificity.
PAR  The polymerization reaction is carried out in the presence of solvents
      which are inert with respect to the catalyst, generally selected from
      saturated aliphatic, aromatic and cycloaliphatic hydrocarbons.
PAR  The polymerization temperature ranges from - 80.degree.C to + 100.degree.C,
      and all operations must be carried out in the absence of air and moisture,
      i.e. in an inert gas atmosphere, since the employed catalysts are affected
      by oxygen and protonic agents.
PAR  According to the inventive process it is possible to polymerize monomers
      belonging to the class of the conjugated diolefins, particularly those
      selected from 1,3-butadiene; isoprene; 2-3-dimethylbutadiene
      1,3;2-phenylbutadiene 1,3;2-3-diphenylbutadiene 1,3; 1,3-pentadiene. The
      aforesaid monomers may be used also two by two in order to obtain highly
      stereospecific copolymers, for instance butadiene-isoprene and
      butadiene-pentadiene copolymers.
PAR  It is likewise possible to polymerize olefin monomers, such as ethylene,
      and to obtain copolymers constituted by olefins and diolefins.
PAR  At the end of the polymerization reaction the polymer may be recovered
      according to usual methods, or purified as aforesaid through centrifuging,
      by which it is possible to remove almost totally residual uranium,
      remained in the polymer itself.
PAR  All the aforesaid characteristics and further working properties will be
      clearer from consideration of the following examples, with which we
      purpose to illustrate the invention better, without limiting the aims
      thereof.
DETD
PAC  EXAMPLE 1
PAR  Under an inert atmosphere 100 cm.sup.3 of anhydrous n-hexane and then 0.1
      mmole of U(OCH.sub.3).sub.4, 0.10 mmole of AlBr.sub.3 and 1.8 mmoles of
      AlEt.sub.3 were introduced into a drink bottle having 200 cm.sup.3
      capacity, through which an inert gas had been previously passed.
PAR  The bottle was shut by a neoprene plug and by a crown metallic plug
      perforated in such a way that it was possible to introduce a hypodermic
      needle. Then, by means of a hypodermic needle directly bound to a cylinder
      containing butadiene, 10 g of liquid monomer were introduced. The bottle
      was then put in a rotating bath thermostated at the temperature of
      20.degree.C for one hour.
PAR  At the end the bottle was opened and the content thereof was discharged
      into half a liter of methyl alcohol containing 1% of amine antioxidant.
      The coagulated polymer was dried under vacuum at room temperature for one
      night. The yield of solid polymer was, after one hour, 9.5 g equal to 95%
      of fed monomer.
PAR  The infrared analysis, carried out on a sample dissolved in carbon
      disulphide, gave rise to the following results: 1,4 cis = 97.8%; 1,4 trans
      = 1.3%; 1,2 = 0.9%. The intrinsic viscosity of the polymer measured at
      30.degree.C in toluene was 3.1 dl/g.
PAC  EXAMPLE 2
PAL  Preparation of solution A:
PAR  50 cm.sup.3 of hexane, 1.5 mmoles of U(OCH.sub.3).sub.4, 0.75 mmole of
      AlBr.sub.3, 40 mmoles of Al(C.sub.2 H.sub.5).sub.3 and 0.5 g of butadiene
      were introduced into a 100 cm.sup.3 test tube, under Argon. The solution
      was aged under stirring. According to example 1, 100 cm.sup.3 of hexane,
      0.5 cm.sup.3 of solution A (corresponding to 0.015 m atom of uranium) aged
      for 96 hours and then 19 g of butadiene were introduced into a bottle.
PAR  The yield of solid polymer was, after 1 hour, 11.5 g corresponding to 60%
      of fed monomer.
PAR  Infrared analysis: 1,4 cis = 98.4%; 1,4 trans = 1%; 1,2 = 0.6%.
PAR  Intrinsic viscosity: 5.20 dl/g.
PAC  EXAMPLE 3
PAR  By working according to example 2, 100 cm.sup.3 of hexane, 3.3 cm.sup.3 of
      solution A (corresponding to 0.1 m atom of uranium) aged for 48 days and
      then 8 g of liquid butadiene were introduced into a bottle. After one hour
      the monomer conversion was 100% and the obtained polymer showed the
      following characteristics:
PAR  Infrared analysis: 1,4 cis = 98%; 1,4 trans = 1.2%; 1,2 = 0.8%.
PAR  Intrinsic viscisity: 4.32 dl/g.
PAC  EXAMPLE 4-6
PAR  Butadiene was polymerized by means of U(OCH.sub.3).sub.4 and some
      cocatalysts according to the procedure of example 1.
PAR  In every test use was made of 0.1 mmole of uranium salt in 100 cm.sup.3 of
      hexane, 0.05 mmole of Lewis acid and 1.8 mmoles of AlEt.sub.3.
PAR  The reaction times were different and are reported on table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Example                                                                   

          Catalyst                                                             

                  Cocatalyst                                                   

                           Butadiene                                           

                                 Yield   Reaction                              

                                              IR Analysis                      

     N.   mmole    mmole   g     g    %  Time 1,4 cis                          

                                                    1,4 trans                  

     __________________________________________________________________________

     4    U(OCH.sub.3).sub.4                                                   

                AlI.sub.3                                                      

                      AlEt.sub.3                                               

                           15    12   80 1.sup.h                               

                                              97.5  1.5                        

          0.1   0.05  1.8                                                      

     5    U(OCH.sub.3).sub.4                                                   

                AlEtCl.sub.2                                                   

                      AlEt.sub.3                                               

                           8     4.8  60 2.sup.h                               

                                              96.5  2.5                        

          0.1   0.05  1.8                                                      

     6    U(OCH.sub.3).sub.4                                                   

                TiCl.sub.4                                                     

                      AlEt.sub.3                                               

                           10    6    60 17.sup.h                              

                                              94.0  3.1                        

          0.1   0.05  1.8                                                      

     __________________________________________________________________________

PAC  EXAMPLES 7-12
PAR  These examples show the influence of the Lewis acid/catalyst ratio on the
      yield of the butadiene polymerization.
PAR  It is to be noted that, while reference is made of only AlBr.sub.3, similar
      behaviours are presented by other Lewis acids.
PAR  The reported yields were calculated after one hour reaction. The results
      are reported on table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Example                                                                   

          Catalyst                                                             

                  Cocatalyst                                                   

                          Butadiene                                            

                                Yield   IR Analysis                            

     N.   mmole    mmole  g     g    %  1,4 cis%                               

                                              1,4 trans%                       

                                                     1,2%                      

     __________________________________________________________________________

     7    U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          9     0.9  10 97.5  1.3    1.2                       

          0.1    0.1 1.8                                                       

     8    U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          11    6.3  57 97.1  1.6    1.3                       

          0.1   0.25 1.8                                                       

     9    U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          12    11.5 96 97.6  1.5    0.9                       

          0.1   0.04 1.8                                                       

     10   U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          10    9.5  95 97.4  1.5    1.1                       

          0.1   0.06 1.8                                                       

     11   U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          9     7.2  80 97.2  1.8    1.0                       

          0.1   0.08 1.8                                                       

     12   U(OCH.sub.3).sub.4                                                   

                AlBr.sub.3                                                     

                     AlEt.sub.3                                                

                          8     1.2  15 96.9  1.7    1.4                       

          0.1   0.1  1.8                                                       

     __________________________________________________________________________

PAC  EXAMPLES 13-17
PAR  In these examples the uranium compound employed for the butadiene
      polymerization was the reaction product between UCl.sub.4 and LiOCH.sub.3
      at 1:3 ratio in methyl alcohol.
PAR  In the examples reported on Table 3 use was made of 0.1 mmole of uranium
      compound, various AlBr.sub.3 ratios and an AlEt.sub.3 fixed ratio.
PAR  The reported yields were calculated after 1 hour reaction.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Example                                                                   

          Catalyst Cocatalyst                                                  

                           Butadiene                                           

                                 Yield   IR Analysis                           

     N.   mmole      mmole g     g    %  1,4 cis%                              

                                               1,4 trans%                      

                                                      1,2%                     

     __________________________________________________________________________

     13   U(OCH.sub.3).sub.3 Cl                                                

                 AlBr.sub.3                                                    

                      AlEt.sub.3                                               

                           9     3.8  42 97.1  1.8    1.1                      

          0.1    0.01 1.8                                                      

     14   U(OCH.sub.3).sub.3 Cl                                                

                 AlBr.sub.3                                                    

                      AlEt.sub.3                                               

                           11    10   89 96.7  1.9    1.4                      

          0.1    0.03 1.8                                                      

     15   U(OCH.sub.3).sub.3 Cl                                                

                 AlBr.sub.3                                                    

                      AlEt.sub.3                                               

                           12    7    60 96.7  2.1    1.2                      

          0.1    0.05 1.8                                                      

     16   U(OCH.sub.3).sub.3 Cl                                                

                 AlBr.sub.3                                                    

                      AlEt.sub.3                                               

                           10    3.3  33 97.3  1.8    0.9                      

          0.1    0.07 1.8                                                      

     17   U(OCH.sub.3).sub.3 Cl                                                

                 AlBr.sub.3                                                    

                      AlEt.sub.3                                               

                           12    1.4  12 96.9  2.0    1.1                      

          0.1    0.10 1.8                                                      

     __________________________________________________________________________

PAC  EXAMPLE 18
PAR  According to the procedure of example 1, 100 cm.sup.3 of hexane, 0.1 mmole
      of U(NEt.sub.2).sub.4, 0.1 mmole of AlBr.sub.3 and 1.8 mmoles of
      AlEt.sub.3 were introduced into a bottle. Then 12g of liquid butadiene
      were added. After 20 hours 7.7 g of polymer were obtained corresponding to
      64% of the fed monomer. Infrared analysis: 1,4 cis = 97.7%; 1,4 trans =
      1.8%; 1,2 = 0.5%.
PAR  Intrinsic viscosity: 4.82 dl/g.
PAC  EXAMPLE 19
PAR  According to the procedure of example 1, 100 cm.sup.3 of hexane, 0.1 mmole
      of U(OCH.sub.3).sub.4, 0.05 mmole of AlBr.sub.3 and 2 mmoles of
      AlH(i-C.sub.4 H.sub.9).sub.2 were introduced into a bottle.
PAR  Then 10 g of butadiene as a liquid were added.
PAR  After 1 hour 10 g of polymer were obtained corresponding to 100% of the fed
      monomer.
PAR  Infrared analysis: 1,4 cis = 97.2%; 1,4 trans = 1.5%; 1, 2 = 1.3%.
PAC  EXAMPLE 20
PAR  According to the procedure of example 1, 100 cm.sup.3 of hexane, 0.1 mmole
      of U(OCH.sub.3).sub.4, 0.05 mmole of AlBr.sub.3 and 2 mmoles of
      Al(i-C.sub.4 H.sub.9).sub.3 were introduced into a bottle. Then 12 g of
      liquid butadiene were added which, after 1 hour, was completely changed
      into a polymer.
PAR  I.R. analysis: 1,4 cis = 98.1%; 1,4 trans = 1.5%; 1,2 = 0.4%.
PAC  EXAMPLE 21
PAR  This example discloses the polymerization of pentadiene 1-3 at 75% of trans
      isomer.
PAR  According to the procedure of example 2, a bottle was fed by 100 cm.sup.3
      of hexane, 3.3 cm.sup.3 of solution A (corresponding to 0.1 m atom) aged
      for 2 hours and then 20 cm.sup.3 (13.6 g) of monomer.
PAR  After 20 hours 9.8 g of polymer were obtained corresponding to 72% of the
      introduced monomer.
PAR  At infrared and NMR analysis, the polymer was seen as totally consisting of
      1.4 enchaiment unities, it being practically free from 1.2 or 3.4 addition
      types. Particularly the 1.4 enchaiment is constituted by 85% of 1,4 cis
      unities.
PAC  EXAMPLE 22
PAR  20 cc (14.6 g) of 2,3 -dimethylbutadiene were polymerized according to the
      procedure and by using the same catalyst of the example 21. After 17 hours
      2g of crystalline polymer were obtained which, at X rays, showed an 1,4
      cis type anchaiment at 100%.
PAC  EXAMPLE 23
PAR  According to the procedure of example 2 a bottle was introduced by 100
      cm.sup.3 of hexane, 3.3 cm.sup.3 of solution A (corresponding to 0.1 m
      atom of uranium) aged for 2 hours and then 15 cm.sup.3 (10.1 g) of monomer
      (isoprene).
PAR  After 2 hours, 6 g of polymer were obtained corresponding to 60% of fed
      monomer.
PAR  Infrared analysis: 1,4 cis = 94%, 3.4 = 6%
PAR  Intrinsic viscosity = 2.74 dl/g.
PAC  EXAMPLE 24
PAR  The present test relates to a copolymerization, carried out according to
      the procedure of example 2, of a mixture formed by 5.1 g of 1,3 pentadiene
      and 10.2 g of butadiene by means of 3.3 cm.sup.3 of 48 hours old solution
      A. The polymerization was carried out at 20.degree.C for 16 hours and gave
      rise to 9.6 g of polymer which, at IR examen, was analyzed as 90% of
      polybutadiene mainly in the cis form, and 10% of polypentadiene 1,4.
PAC  EXAMPLE 25
PAR  A mixture of 6 g of butadiene and 4 g of isoprene was copolymerized by
      means of 3.3 cm.sup.3 of 48 hours old solution A, according to the
      procedure of example 2.
PAR  After 2 hours reaction of 20.degree.C, 4.2 g of polymer were obtained
      containing 25% of isoprene.
PAC  EXAMPLES 26-28
PAR  The ethylene polymerization is reported by means of catalytic systems based
      on U(OCH.sub.3).sub.4 and U(O-i-C.sub.4 H.sub.9).sub.5, triethyaluminium
      and AlBr.sub.3 as Lewis acid. The operation was carried out in an
      autoclave equipped with an anchor stirrer. The catalyst solution was
      prepared by introducing into a test tube, under Argon, solvent, uranium
      compound, Lewis acid, alkyl aluminium and by ageing under stirring for 30
      minutes. After this time the solution was transferred into an autoclave
      which was then charged by the monomer. The polymerization temperature was
      kept at 30.degree.C during the whole operation and, after 1 hour, the
      autoclave was aired and the content poured into a glass containing methyl
      alcohol and hydrochloric acid. The recovered polymer was dried in a stove,
      under vacuum at 40.degree.C, for 1 night.
PAR  The obtained results are reported on Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Example                                                                   

          Solvent                                                              

               Uranium Moles                                                   

                            Al(Et).sub.3                                       

                                    Lewis acid                                 

                                            Ethylene                           

                                                 T.degree.C                    

                                                     Time                      

                                                        Solid                  

                                                             Conversion        

     N     g   compound                                                        

                       .times. 10.sup..sup.-3                                  

                            Moles .times. 10.sup..sup.-3                       

                                    Moles .times. 10.sup..sup.-3               

                                                 Polym.                        

                                                     h  polymer                

                                                             %                 

                                                        g                      

     __________________________________________________________________________

     26   Toluene                                                              

               U(OCH.sub.3).sub.4                                              

                       0.4  8       0.12    22   30.degree.                    

                                                     1  18   82                

          g 300                                                                

     27   Hexane                                                               

               U(OCH.sub.3).sub.4                                              

                       0.4  4       0.28    21   30.degree.                    

                                                     1  16   76                

          g 250                                                                

     28   Hexane                                                               

               U(O-i-C.sub.4 H.sub.9).sub.5                                    

                       0.3  6       0.15    30   30.degree.                    

                                                     1  21   70                

          g 250                                                                

     __________________________________________________________________________

PAC  EXAMPLES 29-31
PAR  By working according to example 26, a copolymerization was performed
      between ethylene and conjugated diolefins such as butadiene 1,3 and
      isoprene by using catalyst formed by a tetravalent or pentavalent uranium
      alcoholate, a Lewis acid, an aluminium alkyl.
PAR  The infrared analysis, carried out on the obtained solid polymers, always
      showed the presence of copolymerized diolefin mainly having 1-4 structure.
      The obtained results are reported on table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Ex.                                                                       

        Sol-                                                                   

            Uranium Lewis acid Al(Et).sub.3                                    

                               Monomers       T.degree.                        

                                                 Time                          

                                                    Solid                      

                                                         Polymer analysis      

     N. vente                                                                  

            compound                                                           

                    Moles                                                      

                         Moles g                    polymer                    

                                                         (infrared)            

     g      Moles .times. 10.sup..sup.-3                                       

                    10.sup..sup.-3                                             

                         .times. 10.sup..sup.-3                                

                               diolefin                                        

                                      olefin     h  yield                      

                                                         %    %1-4             

                                                    g    diolefin              

                                                              unities          

                                                         in   in               

                                                         polymer               

                                                              diolefins        

     __________________________________________________________________________

     29 Hexane                                                                 

            U(OCH.sub.3).sub.4                                                 

                    AlBr.sub.3                                                 

                         Al(Et).sub.3                                          

                               Isoprene                                        

                                      Ethylene                                 

                                              30.degree.                       

                                                 8  32   17   .gtoreq.90       

        250 0.4     0.24 8     7      40                                       

     30 Hexane                                                                 

            U(O-iC.sub.4 H.sub.9).sub.5                                        

                    AlBr.sub.3                                                 

                         Al(Et).sub.3                                          

                               Butadiene                                       

                                      Ethylene                                 

                                              30.degree.                       

                                                 6  15   20   .gtoreq.95       

        250 0.3     0.21 6     5      30                                       

     31 Hexane                                                                 

            U(O-iC.sub.4 H.sub.9).sub.5                                        

                    AlBr.sub.3                                                 

                         Al(Et).sub.3                                          

                               Isoprene                                        

                                      Ethylene                                 

                                              30.degree.                       

                                                 10 20   20   .gtoreq.90       

        250 0.4     0.2  8     5      34                                       

     __________________________________________________________________________

PAC  EXAMPLES 32-37
PAR  According to the procedure of example 1, butadiene was polymerized by using
      catalysts formed by a pentavalent uranium alcoholate, AlBr.sub.3 and
      AlEt.sub.3.
PAR  The catalytic solution, prepared separately, was either used at once or
      aged in the presence or absence of monomer for some time.
PAR  The conditions of the results of the tests are illustrated in table 6.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Ex.                                                                       

       U(O-iC.sub.4 H.sub.9).sub.5                                             

              AlBr.sub.3                                                       

                   Al(Et).sub.3                                                

                         Ageing    Monomer                                     

                                        T.degree.C                             

                                             Time                              

                                                Solid                          

                                                     Conver-                   

                                                          Infrared analysis    

     N.                                                                        

       moles .times. 10.sup..sup.-3                                            

              moles                                                            

                   moles without                                               

                              with g    of   h  polymer                        

                                                     sion 1-4 1-4              

                                                                 1-2           

              .times. 10.sup..sup.-3                                           

                   .times. 10.sup..sup.-3                                      

                         monomer                                               

                              monomer   polymer.                               

                                                g    %    cis trans            

     __________________________________________________________________________

     32                                                                        

       0.1    0.05 2     --   --   Butadiene                                   

                                        20   6  7    39   98.0                 

                                                              1.5              

                                                                 0.5           

                                   18                                          

     33                                                                        

       0.1    0.10 2     --   --   Butadiene                                   

                                        20   6  5.5  27.5 97.5                 

                                                              1.5              

                                                                 1.0           

                                   15                                          

     34                                                                        

       0.1    0.05 2     20.sup.h                                              

                              --   Butadiene                                   

                                        20   0.5                               

                                                12   92   97.0                 

                                                              1.5              

                                                                 1.5           

                                   13                                          

     35                                                                        

       0.1    0.05 2     --    5.sup.h                                         

                                   Butadiene                                   

                                        20   0.5                               

                                                6    60   97.0                 

                                                              2.0              

                                                                 1.0           

                                   10                                          

     36                                                                        

       0.1    0.05 2     92.sup.h                                              

                              --   Butadiene                                   

                                        20   0.5                               

                                                11.5 96   97.0                 

                                                              1.5              

                                                                 1.5           

                                   12                                          

     37                                                                        

       0.1    0.05 2     --   75.sup.h                                         

                                   Butadiene                                   

                                        20   0.5                               

                                                11.5 88   97.5                 

                                                              1.5              

                                                                 1.0           

                                   13                                          

     __________________________________________________________________________

PAC  EXAMPLES 38-39
PAR  They relate to the polymerization of butadiene and isoprene with catalysts
      formed by a tetravalent uranium alcoholate having a long alkyl chain such
      as U(O-n C.sub.8 H.sub.17).sub.4, AlBr.sub.3 and Al(Et).sub.3.
PAR  The modalities and the results are reported on table 7.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

     Example                                                                   

          Solvent                                                              

               U(OC.sub.8 H.sub.17).sub.4                                      

                      AlBr.sub.3                                               

                           AlEt.sub.3                                          

                                Mono-                                          

                                    T.degree.C                                 

                                        Time                                   

                                           Solid                               

                                               Conver.                         

                                                    Infrared analysis          

     N.        moles .times.                                                   

                      moles .times.                                            

                           moles .times.                                       

                                mer g                                          

                                    of  h  poly-                               

                                               %    1-4 1-4 1-2 3-4            

               10.sup..sup.-3                                                  

                      10.sup..sup.-3                                           

                           10.sup..sup.-3                                      

                                    polym. mer      cis trans                  

     __________________________________________________________________________

                                Buta-                                          

     38   Hexane                diene                                          

          100  0.1    0.05 2    18  20  18 8   66   96.5                       

                                                        3   0.5                

                                Iso-                                           

     39   Hexane                prene                                          

          100  0.1    0.05 2    20  20  18 8   40   94.5        5.5            

     __________________________________________________________________________

PAC  EXAMPLE 40
PAR  3 l of anhydrous n-hexane, 3.5 mmoles of U(OCH.sub.3).sub.4, 1.75 mmoles of
      AlBr.sub.3 and 70 mmoles of Al(C.sub.2 H.sub.5).sub.3 were introduced into
      an autoclave having 5 l capacity, equipped with an anchor stirrer and a
      cooling jacket. Then 250 g of butadiene were introduced under stirring and
      by keeping the temperature inside the reactor at 20.degree.C for the whole
      reaction time.
PAR  The reaction was stopped after two hours and there was added to the
      polymer, after it had been coagulated in methyl alcohol, an amine
      antioxidant (0.2%). 200 g of polymer were obtained corresponding to a
      yield of 80%.
PAR  IR analysis: 1,4 cis = 97.5%; 1, 4 trans = 2%; 1,2 = 0.5%.
PAR  The polymer physical properties were the following ones:
TBL  intrinsic viscosity  2.72                                                 

     Mooney viscosity     36.5                                                 

     mix Mooney viscosity 56                                                   

     Mw = 2.81                                                                 

     Mn                                                                        

PA1  (Mw = weighted average molecular weight)
PA1  (Mn = arithmetical average molecular weight)
PAR  The technological properties were the following ones:
     Polymer workability                                                       

                    very good                                                  

     Mix workability                                                           

                    very good                                                  

     Vulcanization at 145.degree.C for                                         

                    25' 30' 45' 60' 90' 120'                                   

                                            180'                               

     Modulus at 300% kg/cm.sup.2                                               

                    52  60  70  72  80  80  80                                 

     (ASTM D 412)                                                              

     Ultimate tensile stress                                                   

     kg/cm.sup.2 (ASTM D 412)                                                  

                    185 194 218 219 223 210 202                                

     Elongation at break %                                                     

                    630 600 595 590 560 550 520                                

     (ASTM D 412)                                                              

     Tearing charge kg/cm   85  55  50                                         

     (ASTM D 624)                                                              

     .DELTA.T.degree.C HBu  23      21                                         

     (ASTM D 623 method A)                                                     

     Abrasion mm.sup.3      22      20                                         

     (DIN 535 16 (1 kg)                                                        

PAR  The vulcanization recipe was the following one:
TBL  Polymer 100.0                                                             

     NBS St. HAF Black       50.0                                              

     NBS St. S               1.75                                              

     NBS St. Stearic Acid    2.0                                               

     Resin 731 D             5.0                                               

     Aromatic Oil            5.0                                               

     Nobs No. 1              0.9                                               

     AO 2246                 1.0                                               

PAL  Nbs = national Bureau of Standard.
PAC  EXAMPLE 41
PAR  According to the procedure of example 40, 3 l of hexane, 0.5 mmole of
      U(OCH.sub.3).sub.4, 0.25 mmole of AlBr.sub.3, 25 mmoles of AlEt.sub.3 and
      5 g butadiene were introduced into the autoclave. The whole was aged under
      stirring for 24 hours. 260 g of butadiene were then introduced. They were
      polymerized for two hours and, at end, the reaction was stopped by 5
      cm.sup.3 of methyl alcohol in Argon under stirring. Then air was blown for
      2 minutes into the polymer solution. Then 200 g of solution were drawn
      which were dried in a rotating evaporator. 12 g of polymer were recovered
      wherein the ash analysis showed a metallic uranium content equal to 900
      ppm. The residual solution was centrifuged at 5,000 rounds per minute for
      10 minutes.
PAR  The centrifuged solution was evaporated and the recovered polymer showed an
      ash content of 25 ppm of metallic uranium. 130 g of polymer were totally
      recovered corresponding to a 50% conversion.
PAR  IR analysis: 1,4 cis = 98.5%; 1,4 trans = 0.9%; 1,2 = 0.6%.
PAR  The physical properties of the polymer were the following ones:
     intrinsic viscosity 5.36                                                  

     Mooney viscosity    73.5                                                  

     mix Mooney viscosity                                                      

                         88.5                                                  

     MW = 3.82                                                                 

     Mn                                                                        

PAR  semicrystallization time (at-20.degree.C as minute) 10 minute.
PAR  The technological properties were the following ones:
TBL  polymer workability:                                                      

                    good                                                       

     mix workability                                                           

                    good                                                       

     vulcanization at 145.degree.C for                                         

                    20' 30' 45' 90' 180'                                       

     modulus at 300% kg/cm.sup.2                                               

                    64  73  87  99  96                                         

     ultimate tensile stress                                                   

     kg/cm.sup.2    200 220 230 215 210                                        

     elongation at break %                                                     

                    570 530 515 470 460                                        

     tearing charge kg/cm                                                      

                        90  60  50                                             

     .DELTA.T.degree.C HBU                                                     

                    20.5                                                       

                        20                                                     

     abrasion mm.sup.3  20  18                                                 

CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the polymerization and copolymerization of unsaturated
      compounds selected from the group consisting of olefins and diolefins
      wherein the polymerization reaction is carried out in the presence of a
      catalyst consisting of
PA1  a. an uranium compound selected from the group consisting of
      U(OCH.sub.3).sub.4, U(OCH.sub.3).sub.3 Cl, U(OC.sub.4 H.sub.9).sub.4,
      U(OC.sub.8 H.sub.17).sub.4, U[N(C.sub.2 H.sub.5).sub.2 ].sub.4,
      U[N(C.sub.2 H.sub.5).sub.2 ].sub.3 Br, U(OCH.sub.3).sub.5, U(O-i-C.sub.4
      H.sub.9).sub.5 ;
PA1  b. a reducing compound of a metal belonging to the 2nd or 3rd group of the
      periodic system selected from the hydrides, mixed hydrides and
      alkylderivatives thereof; and
PA1  c. a Lewis acid selected from AlBr.sub.3, AlI.sub.3, AlCl.sub.3.OEt.sub.2,
      AlRCl.sub.2, BCl.sub.3, TiCl.sub.4 wherein R is a hydrocarbon radical.
NUM  2.
PAR  2. Process according to claim 1, wherein the polymerization reaction is
      carried out at a molar ratio between reducing compound and uranium
      compound ranging from 5:1 to 200:1.
NUM  3.
PAR  3. Process according to claim 1, wherein the polymerization reaction is
      carried out at a molar ratio between the Lewis acid and the uranium
      compound ranging from 0.01 to 20.
NUM  4.
PAR  4. Process according to claim 1, wherein the polymerization reaction is
      carried out in the presence of a total amount of catalyst with respect to
      monomer fed to the reaction ranging from 10.sup.-.sup.6 to 10.sup.-.sup.2
      gram atom of uranium compound per monomer mole.
NUM  5.
PAR  5. Process according to claim 1, wherein the polymerization reaction is
      carried out in the presence of a solvent inert with respect to the
      catalyst, selected from the saturated aliphatic, aromatic and
      cycloaliphatic hydrocarbons.
NUM  6.
PAR  6. Process according to claim 1, wherein the polymerization reaction is
      carried out at a temperature ranging from -80.degree. to + 100.degree.C.
NUM  7.
PAR  7. Process according to claim 1, wherein the polymerization reaction is
      carried out by starting with a conjugated diolefin, an olefin, a mixture
      of diolefins or a diolefin-olefin mixture.
NUM  8.
PAR  8. Process according to claim 7, wherein the polymerization reaction is
      carried out by starting with a diolefin selected from butadiene,
      1,3-pentadiene, 2,3-dimethyl-butadiene, isoprene.
NUM  9.
PAR  9. Process according to claim 7, wherein the polymerization reaction is
      carried out by starting with ethylene.
NUM  10.
PAR  10. Process according to claim 7, wherein the polymerization reaction is
      carried out by starting with 1,3-pentadiene-butadiene or
      butadiene-isoprene mixtures.
NUM  11.
PAR  11. Process according to claim 7 characterized in that the polymerization
      reaction is carried out by starting with ethylene-butadiene or
      ethylene-isoprene mixtures.
NUM  12.
PAR  12. Process according to claim 1, wherein the catalytic residuals are
      removed from the polymer solution by means of a centrifugation.
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ABST
PAL  A thermoplastic elastomeric material comprising a hydrogenated copolymer of
      a conjugated diene characterised in that the copolymer before
      hydrogenation is a random copolymer of 70 to 99 mole % of at least one
      conjugated diene and 30 to 1 mole % of at least one vinyl aromatic
      compound, is of number average molecular weight of at least 100,000, and
      has a vinyl content of at most 40 mole % based on total monomers, and in
      that the copolymer is hydrogenated to an extent such that the mole
      percentage saturation is in the range 40 to 90%.
BSUM
PAR  This application relates to thermoplastic elastomeric materials and to a
      process for preparing them.
PAR  The present invention provides a thermoplastic elastomeric material
      comprising a hydrogenated copolymer of a conjugated diene characterised in
      that the copolymer before hydrogenation is a random copolymer of 70 to 99
      mole % of at least one conjugated diene and 30 to 1 mole % of at least one
      vinyl aromatic compound, is of number average molecular weight of at least
      100,000, and has a vinyl content of at most 40% based on total monomers,
      and in that the copolymer is hydrogenated to an extent such that the mole
      percentage saturation is in the range 40% to 90%. The term "vinyl content"
      as used in this Specification including the claims means the content of
      pendant groups derived from 1,2 or 3,4 addition of the diene. It thus
      includes vinyl homologues derived from 3,4 addition of e.g. isoprene.
PAR  Such materials are elastomeric at ambient, i.e. normally operating,
      conditions but at higher temperatures they become thermoplastic so that
      they may be processed using for example injection moulding or extrusion
      equipment. On cooling they revert to their elastomeric state.
PAR  The present invention also provides a process for the preparation of such a
      thermoplastic elastomeric material by hydrogenation of the random
      copolymer defined above.
PAR  The unhydrogenated copolymer from which the thermoplastic elastomer of the
      present invention is obtained by hydrogenation is a random copolymer of
      from 70 to 99 mole % of at least one conjugated diene with from 30 to 1
      mole % of at least one vinyl aromatic compound. (The term "random" is used
      to denote that the copolymer has substantially no blocks of polymerised
      vinyl aromatic units present, as determined by the method of I. M.
      Kolthoff, T. S. Lee, C. W. Carr - J. Poly. Sci. 1 5-1946).
PAR  Examples of suitable conjugated dienes are those having 4 to 10 carbon
      atoms e.g. butadiene, isoprene, dimethyl butadiene, and piperylene,
      butadiene being preferred. Examples of suitable vinyl aromatic compounds
      are styrene, vinyl naphthalene and 3-methyl styrene. One or more of the
      ring carbon atoms in the vinyl aromatic compound may be substituted, the
      substituents having e.g. 1 to 8 carbon atoms and being for example methyl,
      ethyl or tolyl groups. Styrene is preferred. The amount of vinyl aromatic
      compound in the unhydrogenated copolymer is in the range 1 to 30 mole %,
      preferably 1.5 mole % to 20 mole %, desirably less than 10 mole %, and
      more preferably 2 to 7 mole %. The molecular weight of the random
      copolymer before hydrogenation is preferably at least 100,000 and may
      readily be up to e.g. 1,000,000. Desirably it is from 100,000 to 500,000.
      The random polymers thus have an intrinsic viscosity measured in toluene
      at 25.degree.C in excess of 1.0, e.g. 1.4 to 4.0. The microstructure of
      the conjugated diene portion of the unhydrogenated copolymer is such that
      the vinyl content (based on total monomer units) is at most 40 mole %,
      preferably 0 to 20 mole %, more preferably 0 to 15 mole %. The
      microstructure is generally controlled by the polymerisation process used
      to prepare the unhydrogenated copolymer. Preferably a solution
      polymerisation is used since this leads to a substantially linear product
      (i.e. of low vinyl content) which is also in an ideal form of
      hydrogenation. Normally in such solution polymerisations an organometallic
      based catalyst is used, for example a lithium alkyl, aryl or aralkyl --
      leading to so called anionic polymerisations -- or a Ziegler co-ordination
      catalyst e.g. an organometallic compound such as aluminium triethyl with a
      transition metal compound, e.g. titanium tetrachloride.
PAR  To promote the formation of a completely random copolymer, i.e. one wherein
      the proportion of block copolymer is at a minimum, using organometallic
      based catalysts, the reaction mechanism may be modified by for example
      including one or more "randomising agents". Such agents are well known in
      the art (see for instance U.K. Pat. Specifications Nos. 1,066,667 and
      1,029,445) and are normally polar compounds, for example ethers,
      polyethers, tert-amines, polytert-amines or alkalil metal alkoxides.
      Particularly useful randomising agents are those which, at certain
      concentrations, promote the formation of a random copolymer whilst not
      affecting to any substantial extent the microstructure of the conjugated
      diene portion of the copolymer, e.g. an alkali metal alkoxide such as
      potassium tert-butoxide. By means of such a preferred randomising agent it
      is possible to obtain a random copolymer and at the same time to control
      the microstructure of the conjugated diene portion by the inclusion of
      another agent, e.g. an ether, polyether, tert-amine or polytert-amine in
      very small quantities. As an alternative to the inclusion of a randomising
      agent, the formation of a random copolymer may be promoted using for
      example the process disclosed in U.K. Pat. Specification No. 1,146,450.
      The invention is not restricted by the method of preparing the
      unhydrogenated copolymer.
PAR  The copolymers described above may be hydrogenated by any means provided
      that the degree of hydrogenation can be easily controlled. Both
      heterogeneous catalysts, such as Raney nickel, and homogeneous catalysts,
      such as those based on triphenyl phosphine-halogeno rhodium and iridium
      complexes, may be used. However heterogeneous catalysts are not as
      advantageous as homogeneous hydrogenation catalysts which are preferred.
      Very useful homogeneous catalyst systems are those derived from a
      transition metal compound such as nickel acetyl acetonate in combination
      with a metal alkyl such as an aluminium or lithium alkyl. Catalyst systems
      based on nickel di-isopropyl salicylate (dips) and a lithium
      organo-metallic compound such as a lithium alkyl, a lithium aluminium
      tetra-alkyl, a lithium trialkoxyaluminium hydride or lithium aluminium
      hydride are particularly effective. By means of these homogeneous
      catalysts, hydrogenation of the copolymer may be carried out at low e.g.
      substantially atmospheric, pressure in hydrocarbon solution. This is
      especially convenient because the hydrocarbon solution may be the same
      solution in which the copolymers themselves are prepared.
PAR  The degree of hydrogenation is such that the mole % saturation of the
      hydrogenated copolymer is in the range 40 to 90%. Degree of hydrogenation
      is defined by: Mole percent saturation =
      ##EQU1##
      Where: A = Iodine number after hydrogenation
PA1  B = molecular weight of iodine [I.sub.2 ]
PA1  C = vinyl aromatic content, weight %
PA1  D = molecular weight of the vinyl aromatic compound
PA1  E = conjugated diene content, weight %
PA1  F = molecular weight of the conjugated diene
PAL  It is thus calculated by determining the iodine number of the polymer after
      hydrogenation using e.g. iodine monochloride (see Lee, Kolthoff and Mairs,
      J. Polymer, Sci 3 66 (1968)) and inserting the appropriate values in the
      formula.
PAR  We have found that the mole % saturation, the mole % vinyl aromatic content
      of the copolymer and the mole % vinyl content of the diene portion have a
      profound effect on the physical properties of the resultant material e.g.
      tensile strength and elongation set. (Elongation set is the ratio of the
      residual lengthening of a test piece, expressed as a percentage of the
      initial length, after holding at 300% of the initial length for 10 mins.
      and releasing, measuring the length after one minute relaxation).
PAR  As the mole % saturation of the copolymer is increased by hydrogenation,
      after a certain value, e.g. 30 to 50 mole percent saturation, this value
      depending on the monomers constituting the copolymer, the tensile strength
      of the copolymer increases approximately linearly. As the proportion of
      vinyl aromatic monomer, e.g. styrene, is increased, there is a steep
      initial increase in tensile strength for any given mole % saturation,
      rising to a maximum (which occurs at about 5 mole % vinyl aromatic based
      on total monomers in the case of styrene). Increasing the vinyl aromatic
      content beyond this point causes a rapid decrease in tensile strength. At
      about 30 mole % a very low tensile strength is generally obtained although
      this tensile strength may be increased somewhat by increasing the degree
      of hydrogenation. Above this value even highly hydrogenated polymers have
      little strength.
PAR  Variations in the vinyl content of the conjugated diene portion of the
      unhydrogenated copolymer also affect the tensile strength, there being a
      steady decrease in tensile strength as vinyl content is increased. It is
      undesirable that the vinyl content of the conjugated diene portion be such
      that the vinyl content of the copolymer is above 40 mole % based on total
      monomers. For maximum tensile strength the vinyl content is in the range 0
      to 12%, the tensile strength being reduced above about 12% vinyl (on total
      monomers). As saturation is increased there is generally a small decrease
      in elongation set initially, to a minimum elongation set, which generally
      occurs at a mole % saturation of approximately 40 to 70%, depending on the
      mole percent vinyl and vinyl aromatic contents, followed by an
      approximately linear increase. Generally beyond a mole % saturation of 60
      to 90%, the exact value again depending on the mole percent vinyl and
      vinyl aromatic contents, the elongation set becomes large e.g. 50% or
      more, and the product is excessively plastic. The mole % vinyl aromatic
      content also affects the elongation set properties generally tending to
      decrease the elongation set as the content of these is increased, for any
      given mole percent saturation. For optimum elongation set and tensile
      strength properties, the vinyl aromatic and vinyl contents are chosen to
      give minimum elongation set at the lowest mole percent saturation possible
      (e.g. 50 to 70 mole %). By adjustment of degree of hydrogenation (i.e.
      varying mole % saturation), the percent vinyl aromatic content and the
      vinyl content of the conjugated diene portion, a wide variety of
      properties in the final material may be obtained. Generally optimum
      thermoplastic elastomeric properties, for example a tensile strength of at
      least 2,000 p.s.i., and an elongation set of 40 or less, are obtained at a
      low, e.g. 0 to 12%, vinyl content, a vinyl aromatic content of 2 to 7%
      molar and a mole percent saturation of 50 to 70%, preferably such that the
      total vinyl + vinyl aromatic content is in the range 10 to 20 mole
      percent, the percentages quoted applying to a product based on a
      butadiene/styrene copolymer. Optimum properties are specifically obtained
      by adjusting the variables within the area BCFG shown in FIG. 1 of the
      accompanying drawings. Within the areas ABGH and CDEF less desirable but
      still generally satisfactory thermoplastic elastomeric properties are
      obtained.
PAR  The thermoplastic elastomers of the present invention do not require the
      presence of the usual vulcanising agents. They may however be compounded
      with fillers, reinforcing agents, plasticisers, antioxidants and other
      ingredients as is known in the art depending on the end use of the final
      product. They may be formed into finished articles using moulding or
      forming techniques e.g. injection moulding.
PAR  The following Examples illustrate the invention:
DETD
PAC  EXAMPLES 1 - 6
PAR  Styrene/butadiene copolymers of varying styrene content were prepared in
      hexane using a lithium butyl/potassium tert-butoxide catalyst. The number
      average molecular weight in each case was approximately 140,000 and the
      mole percentage vinyl 1,2 content addition of the butadiene portion was
      approximately 10% (based on total monomers). Each copolymer was dissolved
      in toluene to give a 3% weight/volume solution and the solution purged
      with hydrogen.
PAR  The hydrogenation catalyst was prepared under hydrogen by dissolving nickel
      dips and butyl lithium in toluene in the molar ratio 1:5. This catalyst
      solution was added to the polymer solution under hydrogen at 75.degree.C
      to give a 2% weight of nickel dips based on the weight of the polymer. The
      mixture was stirred and the temperature maintained at approximately
      75.degree.C at atmospheric pressure whilst hydrogen was bubbled through.
      Hydrogenation was stopped when the desired mole % saturation had been
      achieved. The products were isolated by precipitation with acetone and
      then dried. Each sample was then compression moulded at 150.degree.C and
      the tensile strength and elongation at break determined according to
      British Standard Specification No. 903. The elongation set of each sample
      was found by extending it to 300% of the original length for 10 mins.
      releasing it and remeasuring the length after relaxation of 1min. The
      increase in length is quoted as a percentage of the original length. The
      results obtained are indicated in the following Table.
     STYRENE CONTENT VINYL CONTENT HYDRO-     SATURA-                          

                                                   ELONGA-                     

                                                         ELONGA-               

     EXAMPLE                                                                   

           WEIGHT                                                              

                MOLAR                                                          

                     WEIGHT (%)                                                

                             MOLAR %                                           

                                   GENATION                                    

                                         IODINE                                

                                              TION TION  TION TENSILE          

           %    % OF OF BUTADIENE                                              

                             OF TOTAL                                          

                                   TIME  NUMBER                                

                                              MOLE AT BREAK                    

                                                         SET  STRENGTH         

                TOTAL              (HOURS)    %    %     %    (P.S.I.)         

     __________________________________________________________________________

     1      6    3    9       9    1.3   220  52   820   20   2000             

     2      6    3    9       9    1.7   184  60   670   40   2900             

     3     13    7    9       9    1.75  160  65   690   30   2200             

     4     27   15   12      10    2     120  70   1100  30    800             

     5     27   15   12      10    4      34  90   500   100  3800             

     6     44   29   14      10    2.75  106  70   540   40    170             

     __________________________________________________________________________

PAR  Independently samples of the original copolymer rubbers were hydrogenated
      to different degrees of mole % saturation and their tensile strength
      measured. A graph of tensile strength (psi) v mole % styrene content at
      different mole % saturation was prepared and this is shown in FIG. 2 of
      the accompanying drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermoplastic elastomeric material comprising a hydrogenated copolymer
      of a conjugated diene characterized in that the copolymer before
      hydrogenation is a random copolymer, having a number average molecular
      weight of 100,000 to 500,000, of 93 to 98 mole % of butadiene or isoprene
      and 7 to 2 mole % of styrene and has a vinyl content of 0 to 12 mole %
      based on total monomers, and in that the copolymer is hydrogenated to an
      extent such that the mole percentage saturation is in the range 50% to
      70%.
NUM  2.
PAR  2. A thermoplastic elastomeric material according to claim 1 characterized
      in that it has been prepared by hydrogenating the random copolymer defined
      in said claim 1 in solution using a homogeneous catalyst system.
NUM  3.
PAR  3. A thermoplastic elastomeric material according to claim 2 characterised
      in that the catalyst system is derived from a transition metal compound in
      combination with a metal alkyl.
NUM  4.
PAR  4. A thermoplastic elastomeric material according to claim 2 characterised
      in that the catalyst system is nickel di-isopropyl salicylate and a
      lithium organometallic compound.
NUM  5.
PAR  5. A thermoplastic elastomeric material comprising a hydrogenated copolymer
      of a conjugated diene characterised in that the copolymer before
      hydrogenation is a random copolymer, having a number average molecular
      weight of 100,000 to 500,000, of 93 to 98 mole % of butadiene and 7 to 2
      mole % of styrene and has a vinyl content of 0 to 12 mole % based on total
      monomers, and in that the copolymer is hydrogenated to an extent such that
      the mole percentage saturation is in the range 50% to 70%.
NUM  6.
PAR  6. A thermoplastic elastomeric material according to claim 5 characterised
      in that it has been prepared by hydrogenating the random copolymer in
      solution using a homogeneous catalyst system derived from a transition
      metal compound in combination with a metal alkyl.
NUM  7.
PAR  7. A thermoplastic elastomeric material comprising a hydrogenated random
      copolymer of styrene and butadiene as defined by area BCFG of FIG. 1 of
      the accompanying drawings.
NUM  8.
PAR  8. An article moulded from the elastomeric material of claim 1.
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ABST
PAL  Process for the homopolymerisation and copolymerisation of conjugated
      dienes in inert organic solvents on alkali metal amides as catalysts in
      the presence of a solvating agent for the amide.
BSUM
PAR  This invention relates to a process for the homo- or co-polymerisation of
      dienes in an inert organic solvent using an alkali metal amide as catalyst
      and in the presence of solvating agents for the alkali metal amides.
PAR  It is known to polymerise butadiene on organo-lithium compounds, e.g.
      corresponding to the formula
EQU  RLi (r = alkyl or aryl)
PAL  The structure of the polymers obtained in this way may be influenced by the
      addition of Lewis bases, e.g. ethers (see J. Polym. Sci. 42, 299 (1960);
      and German Offenlegungsschrift No. 1,958,650.
PAR  In this polymerisation, the molecular weight and micro-structure of the
      polymer depend on the quantity of of catalyst used. If the polymer is
      required to have a high molecular weight, only very small quantities of
      catalyst may be used. Furthermore, organo-lithium compounds are
      inactivated by impurities in the monomer and in the solvent. Small
      quantities of such impurities are always present. The amount thereof
      cannot be kept constant. The effective quantity of catalyst therefore
      varies from one polymerisation batch to another and, accordingly, the
      molecular weight and micro-structure of the polymers also vary. Polymers
      with high molecular weights, which require low catalyst concentrations,
      are virtually impossible to prepare reproducibly.
PAR  It is also known to polymerise conjugated dienes on lithium amides, either
      in the absence of solvent or in an inert solvent, (see U.S. Pat. No.
      2,849,432). Lithium amide is only very sparingly soluble in the monomers
      and in the conventional inert organic solvents. Since only the dissolved
      portion of the lithium amide acts as a catalyst, the effective quantity of
      catalyst depends on the solubility of the lithium amide in the
      polymerisation system. It is customary to employ an excess of lithium
      amide so that undissolved lithium amide is available and any dissolved
      lithium amide used up by side-reactions is automatically dissolving a
      corresponding quantity replaced by. The quantity of active catalyst is
      thus kept constant so that the properties of the polymer made are also
      constant. However, the quantity of active catalyst is invariable and the
      properties of the product are therefore also invariable.
PAR  The present invention is based on the discovery that the effective quantity
      of alkali metal amide catalyst used in the polymerisation and
      copolymerisation of conjugated dienes in inert organic solvents can be
      selected as desired within wide limits if a solvating agent for the amide
      is added. The quantity of amide which dissolves in the polymerisation
      mixture is determined by the quantity and nature of the solvating agent
      used. If the amide is present in excess, so that undissolved amide is
      present, any dissolved amide consumed by side-reactions is automatically
      replaced by dissolving the appropriate further quantity of amide. The
      concentration and quantity of active catalyst is therefore constant. The
      concentration of active catalyst is predetermined by the quantity and
      nature of the solvating agent used and hence the molecular weight and
      micro-structure of the polymer may be varied in a reproducible manner by
      varying amount and nature of the solvating agent. Since the solubility of
      the amide also depends on the temperature, the nature of polymer may be
      further influenced by altering the reaction temperature during
      polymerisation.
PAR  This invention therefore relates to a process for the homo- or
      copolymerisation of conjugated dienes in inert organic solvents, wherein
      the catalyst is an alkali metal amide and wherein a solvating agent for
      the alkali metal amide is present.
PAR  Monomers which are particularly suitable for the process are non-cyclic
      conjugated dienes containing from 4 to 8 carbon atoms, such as butadiene.
      These dienes may also be copolymerised with aromatic vinyl compounds, such
      as styrene and its derivatives. The polymer may contain any proportion of
      diene units and aromatic vinyl units, but, as a general rule, not more
      than 40 % of the monomer units in the copolymer should be units of
      aromatic vinyl compounds.
PAR  Particularly suitable alkali metal amides are those corresponding to the
      general formula:
      ##EQU1##
      wherein R and R' independently represent C.sub.3 - C.sub.20 alkyl, C.sub.5
      - C.sub.7 cycloalkyl, or C.sub.6 - C.sub.10 aryl;
PAR  Me represents lithium, sodium or potassium.
PAR  Particularly suitable alkali metal amides are, e.g. lithium dipropylamide,
      lithium dibutylamide, lithium dicyclohexylamide, lithium diphenylamide,
      N-lithium-N-methyl anilide, N-lithium-N-ethyl anilide, sodium
      dipropylamide, potassium dibutylamide and N-sodium-N-methyl anilide. These
      amides may be prepared in conventional manner by reacting alkali metal
      alkyls or alkali metal-naphthalene components with the appropriate
      secondary amides in organic solvents.
PAR  The solvating agents used are preferably selected from diethers, such as
      dimethoxy ethane and tertiary aliphatic diamines such as
      N,N,N',N'-tetramethyl-ethylene diamine.
PAR  The quantity of solvating agent required is -- depending on structure and
      molecular weight of the desired polymer -- from 0.01 to 3 % by weight,
      based on the monomer. The alkali metal amide is generally added in such an
      amount that part of it remains undissolved (e.g. from 0.01 to 1 % by
      weight, based on the monomer). Polymerisation itself is carried out in the
      conventional inert organic solvents, e.g., in aliphatic or aromatic
      hydrocarbons. Particularly suitable solvents are e.g. n-hexane,
      cyclohexane, benzene, toluene, xylene and mixtures thereof. The
      polymerisation temperature employed is generally from 0.degree. to
      60.degree.C, most preferably from 15.degree. to 40.degree.C.
PAR  The polymerisation process is carried out in a way conventional for
      organo-metallic catalysts. Preferably, a solution of the alkali metal
      amide in a mixture of solvent and solvating agent is first prepared and
      the monomer is then added to this solution, in the absence of air and
      moisture. After termination of polymerisation, the catalysts may be
      inactivated in the conventional manner. The solid polymer can be recovered
      by precipitation or by steam distillation.
PAR  The products obtained are vulcanisable rubbers.
DETD
PAC  EXAMPLES
PAR  The following Examples are carried out in anhydrous solvents under a pure
      nitrogen atmosphere. The polymers obtained are isolated from the
      polymerisation solution by precipitation with methanol and stabilised with
      2,2'-methylene-bis-6-t-butyl-4-methyl phenol.
PAC  EXAMPLE 1
PA1  A. preparation of the catalyst:
PA1   4 ml n-butyl-lithium solution and 1.2 ml dipropylamine are added to 400 ml
      toluene and the mixture is stirred for 15 minutes at 20.degree.C with
      exclusion of air and moisture.
PAR  A suspension of lithium dipropylamide is obtained.
PA1  B. polymerisation:
PA1   1 liter toluene, 20 ml triethylamine and 200 ml butadiene are added to the
      solution obtained according to part A above and stirred at a temperature
      of from 20.degree. to 40.degree.C for 20 hours.
PAR  A polybutadiene with an intrinsic viscosity of .eta. = 150 ml/g is obtained
      in a yield of 100% by the working up of the reaction solution. IR
      spectroscopic analysis shows that the product contains 37.6% 1,2 units;
      23.5% cis-1,4 units and 38.9% trans-1,4 units.
PA1  C. comparison experiment:
PA1   4 ml n-butyl-lithium solution, 20 ml triethylamine and 200 ml butadiene
      are added to 1.4 liters toluene and mixture is stirred at a temperature of
      from 20.degree. to 40.degree.C for 20 hours. A polybutadiene with an
      intrinsic viscosity of .eta. = 48 ml/g is obtained in virtually 100% yield
      when the reaction mixture is worked-up. IR spectroscopic analysis of the
      structure shows that the product contains 43.2 % 1,2 units; 22.7 % cis-1,4
      units and 34.1 % trans-1,4 units.
PAC  EXAMPLE 2
PA1  A. preparation of the catalyst:
PA1   40 ml n-butyl lithium and 11.6 ml dipropylamine are added to 20 l toluene
      and the mixture is stirred for 15 minutes at 20.degree.C with the
      exclusion of air and moisture. A suspension of lithium dipropylamide is
      obtained.
PA1  B. polymerisation:
PA1   100 ml triethylamine and 5 l butadiene are added to this solution and
      stirred at room temperature for 24 hours. A polybutadiene with an
      intrinsic viscosity of .eta. = 380 ml/g is obtained when the reaction
      mixture is worked-up. It contains 30 % 1,2 units; 30 % cis-1,4 units; and
      40 % trans-1,4 units.
PAC  EXAMPLE 3
PAR  Example 1 is repeated, but this time 0.1 ml N,N,N'
      ,N'-tetramethyl-ethylene-diamine are added instead of 20 ml triethylamine.
      A polybutadiene with an intrinsic viscosity of .eta. = 134 ml/g is
      obtained in virtually 100 % yield when the reaction mixture is worked-up.
      IR-spectroscopic analysis of the structure shows that the product contains
      57.7 % 1,2 units; 19,2 % cis-1,4 units and 23.1 % trans-1,4 units.
PAC  EXAMPLE 4
PA1  A. preparation of the catalyst:
PA1   1 g naphthalene, 0.62 g potassium and 2.2 ml dipropylamine are added to 20
      ml tetrahydrofuran and stirred until the potassium has undergone complete
      reaction. A complex of potassium dipropylamide and tetrahydrofuran is
      obtained.
PA1  B. polymerisation:
PA1   1.4 l benzene and 200 ml butadiene are added to this complex and stirred
      for 20 hours at 20.degree.C. The polybutadiene obtained has an intrinsic
      visosity of .eta. = 180 ml/g. It contains 56% 1,2 units; 12.2% cis-1,4
      units and 31. 8% trans-1,4 units.
PAC  EXAMPLE 5
PA1  A. preparation of the catalyst:
PA1   2.5 g cyclohexylamine and 12.5 ml n-butyl lithium are added to 200 ml
      toluene and stirred for 15 minutes at 20.degree.C. A suspension of lithium
      dicyclohexylamide is obtained.
PA1  B. polymerisation:
PA1   20 ml tetrahydrofuran, 1 l toluene and 200 ml butadiene are added to this
      solution and stirred at a temperature of from 20.degree. to 60.degree.C
      for 20 hours. The polybutadiene, which is obtained in a yield of almost
      100%, has an intrinsic visocosity of .eta. = 60 ml/g. It contains 66% 1,2
      units; 15.5% cis-1,4 units and 18.5% trans-1,4 units.
PAC  EXAMPLE 6
PAR  Example 5 is repeated, but using 20 ml tri-n-butylamine instead of
      tetrahydrofuran. The polybutadiene obtained has an intrinsic viscosity of
      .eta. = 80 ml/g. It contains 21.5% 1,2 units; 36% cis-1,4 units and 42.5%
      trans-1,4 units.
PAC  EXAMPLE 7
PAR  0.14 g sodium dipropylamide and 20 ml tetrahydrofuran are added to 1.4 l
      toluene. A mixture of 200 ml butadiene and 20 ml styrene is added at
      20.degree.C and the polymerisation mixture is stirred for 20 hours. A
      statistic copolymer of styrene and butadiene having an intrinsic viscosity
      of .eta. =  120 ml/g is obtained in a yield of almost 100 %. The product
      contains 16.4 % styrene units, 39.4 % 1,2-butadiene units and 44.2 %
      trans-1,4-butadiene units.
PAR  The experiment is repeated but the styrene is added only after the
      butadiene had polymerised. The result is a corresponding block copolymer.
PAC  EXAMPLE 8
PA1  A. preparation of the catalyst:
PA1   1.5 ml dipropylamine, 5 ml n-butyl lithium and 10 ml tetrahydrofuran are
      added to 100 ml toluene and stirred for 15 minutes. A tetrahydrofuran
      complex of potassium dipropylamide is obtained.
PA1  B. polymerisation:
PA1   1 l toluene and 200 ml isoprene are added to this solution and stirred for
      20 hours.
PAR  The polyisoprene, which is obtained in a yield of almost 100 % contains 45
      % 3,4-isoprene units.
PAC  EXAMPLE 9
PA1  A. preparation of the catalyst:
PA1   4 ml n-butyl-lithium solution and 1.38 ml di-i-butylamine are added to 1 l
      n-hexane and the mixture is stirred for 15 minutes at 20.degree.C with
      exclusion of air and moisture. A solution of lithium di-i-butylamide is
      obtained.
PA1  B. polymerisation:
PA1   0.12 ml N,N,N',N'-tetramethyl-ethylene-diamine and 400 ml butadiene are
      added to the solution obtained according to part (A) above and stirred at
      a temperature of from 20.degree. to 40.degree.C for 20 hours. A
      polybutadiene with an intrinsic viscosity of .eta. = 84 ml/g is obtained
      in a yield of 100 % by the working up of the reaction solution. IR
      spectroscopic analysis shows that the product contains 64.0 % 1,2 units;
      17.3 % cis-1,4 -units and 18.8 % trans1,4-units.
PAC  EXAMPLE 10
PAR  Example 9 is repeated, but this time 0.1 ml dimethoxy ethane are added
      instead of 0.12 ml N,N,N',N' -tetramethyl-ethylene-diamine. A
      polybutadiene with an intrinsic viscosity of .eta. = 90 ml/g is obtained
      in virtually 100 % yield when the reaction mixture is worked-up. IR
      spectroscopic analysis of the structure shows that the product contains
      62.1 % 1,2 units; 18.5 % cis-1,4 units and 19.4 % trans-1,4 units.
PAC  EXAMPLE 11
PA1  A. preparation of the catalyst:
PA1   20 ml n-butyl-lithium solution and 5.5 ml dipropylamine are added to 20 l
      n-hexane and the mixture is stirred for 15 minutes at 20.degree.C. A
      suspension of lithium dipropylamide is obtained.
PA1  B. polymerisation:
PA1   5 ml N,N,N',N' -tetramethyl-ethylene-diamine and 6 l butadiene are added
      to the mixture obtained according to part A) above and stirred at a
      temperature of from 20.degree. to 40.degree.C for 20 hours. A
      polybutadiene with an intrinsic viscosity of .eta. = 218 ml/g is obtained
      in a yield of 100 % by the working up of the reaction solution. IR
      spectroscopic analysis shows that the product contains 62 % 1,2 units;
      17.3 % cis-1,4 units and 20.7 % trans-1,4 units.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the homo- or copolymerisation of conjugated dienes, which
      comprises contacting at least one conjugated diene in an inert organic
      solvent with a catalytic amount of a catalyst consisting of an alkali
      metal amide of the formula:
      ##EQU2##
      wherein R and R', which may be the same or different, are C.sub.3 -
      C.sub.20 alkyl, C.sub.5 - C.sub.7 cycloalkyl, or C.sub.6 - C.sub.10 aryl
      and Me is lithium, sodium or potassium, in the presence of a solvating
      agent for the catalyst selected from the group consisting of diethers,
      tertiary aliphatic diamines, triethylamine and tetrahydrofuran.
NUM  2.
PAR  2. The process as claimed in claim 1 in which the diene contains from 4 to
      8 carbon atoms.
NUM  3.
PAR  3. The process as claimed in claim 2 in which the diene is butadiene.
NUM  4.
PAR  4. The process as claimed in claim 1 in which the diene is copolymerised
      with an aromatic vinyl compound.
NUM  5.
PAR  5. The process as claimed in claim 4 in which the aromatic vinyl compound
      is styrene.
NUM  6.
PAR  6. The process as claimed in claim 1 in which the alkali metal amide is
      lithium dipropylamide, lithium dibutylamide, lithium dicyclohexylamide,
      lithium diphenylamide, N-lithium-N-methyl anilide,
      N-lithium-N-ethylanilide, sodium dipropylamide, potassium dibutylamide or
      N-sodium-N-methyl anilide.
NUM  7.
PAR  7. The process as claimed in claim 1 in which the solvating agent is
      dimethoxy ethane or N,N,N',N'-tetramethyl-ethylenediamine
NUM  8.
PAR  8. The process as claimed in claim 1, in which the solvating agent is
      present in an amount of from 0.01 to 3 % by weight based on the conjugated
      diene.
NUM  9.
PAR  9. The process as claimed in claim 1 in which the alkali metal amide is
      present in an amount of from 0.01 to 1 % by weight, based on the
      conjugated diene.
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ABST
PAL  A process for the polymerisation of cyclooctadiene-(1,5) wherein
      cyclooctadiene-(1,5) is polymerised on halides of tungsten, molybdenum,
      tantalum, or rhenium as catalyst in the presence of
      bicyclo-[2,2,1]-heptadienes-(1,5) of the general formula (I)
      ##SPC1##
PAL  as activator, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 denoting independently
      of each other, a monovalent hydrocarbon radical or hydrogen.
BSUM
PAR  The ring opening polymerisation of cyclooctadiene-(1,5) to form open chain
      or macrocyclic unsaturated polymers having 1,4-polybutadiene structure is
      already known. Polymerisation catalysts which have been described for this
      purpose are combinations of molybdenum and/or tungsten compounds and of
      organometallic compounds or metal hydrides of Groups I a to IV a of the
      Periodic System of Elements (Handbook of Chemistry and Physics, 47th
      Edition, 1966, page B-3, Chemical Rubber Comp., Cleveland, Ohio, USA).
      Metals of Groups I a to IV a and metal halides of Groups III a can also be
      used instead of organometallic compounds. In Italian Pat. No. 784,307 it
      has also been proposed that WC1.sub.6 be used without cocatalyst for the
      ring opening polymerisation of cyclopentene. However, long reaction times
      are required and only very low yields are obtained.
PAR  It has now been found that ring opening polymerisation of
      cyclooctadiene-(1,5) to produce high molecular weight, unsaturated
      polymers can be effected rapidly and with high yields on halides of
      tungsten, molybdenum, tantalum or rhenium as catalyst if the
      polymerisation system is activated with small quantities of a
      bicyclo-[2,2,1]-heptadiene-(1,5).
PAR  This invention therefore relates to a process for the polymerisation of
      cyclooctadiene-(1,5) wherein cyclooctadiene-(1,5) is polymerised in the
      presence of halides of tungsten, molybdenum, tantalum or rhenium as
      catalyst in the presence of bicyclo-[2,2,1]-heptadienes-(1,5) of the
      formula (I)
      ##SPC2##
PAL  as activator, in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represent,
      independently of each other, a monovalent hydrocarbon group, preferably an
      alkyl group containing 1 to 6 carbon atoms or hydrogen. Norbornadiene is
      particularly preferred. Bicycloheptadienes are easily obtainable on a
      large technical scale and are easy and absolutely safe to handle. High
      polymer yields of up to 70 % are obtained after short reaction times, e.g.
      15 minutes. By virtue of these high volume/time yields production
      facilities are utilised to the best advantage. The polymers obtained are
      distinguished by their very low ash contents.
PAR  The polymerisation according to the invention may be carried out with or
      without an inert solvent. The usual method of solution polymerisation is
      preferred. Aliphatic, cycloaliphatic, aromatic and chlorinated
      hydrocarbons are suitable solvents.
PAR  The catalyst is preferably tungsten hexachloride and this again is
      preferably in dissolved form in order to ensure uniform progress of the
      polymerisation reaction.
PAR  Other tungsten halides may also be used, for example WC1.sub.5 or WF.sub.6
      and also the halides of molybdenum, e.g. MoC1.sub.5, of tantalum, e.g.
      TaC1.sub.5 and of rhenium e.g. ReC1.sub.5.
PAR  The quantity of catalyst used is generally 0.05 to 2 mmol for every 100 g
      of monomer, preferably 0.15 to 1 mmol. The bicycloheptadiene of formula I
      is preferably used in quantities of 0.1 to 10 % by weight, based on the
      monomer, in particular 0.5 to 3 % by weight. It is consumed in the
      polymerisation and incorporated into the polymer.
PAR  Iodine, ether, BF.sub.3, BF.sub.3 O(C.sub.2 H.sub.5).sub.2 may be added as
      a cocatalyst in a further modification of the process.
PAR  Solution polymerisation is preferably carried out in solutions which
      contain 10 to 30 % by weight of monomer.
PAR  Polymerisation proceeds at temperatures of -50 to 60.degree.C. Temperatures
      of .+-. 0 to 30.degree.C are preferred for high polymerisation velocities.
PAR  When the required degree of monomer conversion has been achieved,
      polymerisation may be terminated, e.g. by the addition of alcohols,
      carboxylic acids and/or amines. The stabilizers and age resistors
      conventionally used for rubbers, e.g. phenyl-.beta.-napthylamine or
      2,6-di-tert.-butyl-4-methyl-phenol may be added in quantities of 0.2 to 3
      %.
PAR  The polymers may be isolated by precipitation with an alcohol, e.g.
      methanol or ethanol, or by steam distillation.
PAR  The isolated polymers are then dried, e.g. in a vacuum drying chamber on a
      band drier or in a drying screw extruder.
PAR  High molecular weight, uncross-linked polybutadienes containing small
      quantities of copolymerised norbornadiene which has undergone ring opening
      copolymerisation are obtained. These polybutadienes have a cis double bond
      content of from 70 to 95 % (determined by IR spectroscopy), depending on
      polymerisation temperature and polymerisation time.
PAR  The polymers obtained are rubber-like compounds. They can be vulcanised
      with conventional vulcanisation agents and processed in rubber processing
      gear.
DETD
PAR  Dry apparatus and reagents are used in the following examples and the
      reactions are carried out under an inert gas atmosphere, for example
      nitrogen or argon.
PAC  EXAMPLE 1
PAR  100 ml of toluene, 30 ml of cis-cyclooctadiene-(1,5) and 0.4 ml of
      norbornadiene are introduced into a 250 ml glass flask and the mixture is
      cooled to 0.degree.C. 1.3 ml of a solution of 0.05 mol of WC1.sub.6 in 1
      liter of toluene is added with vigorous stirring. Polymerisation starts up
      immediately. The temperature of the reaction mixture is kept between
      0.degree.C and 5.degree.C by suitable external cooling. Polymerisation is
      terminated after 15 minutes by the addition of 2 ml of a solution
      containing 10 volumes percent of tri-n-butylamine in toluene as solvent.
      The polymer is precipitated with about 1 liter of ethanol, stabilized with
      0.5% by weight of
      2,2'-dihydroxy-3,3'-ditert.-butyl-5,5'-dimethyl-diphenylmethane and dried
      to constant weight in a vacuum drying cupboard at 50.degree.C. 16.6 g of
      polymer with a cis-double bond content of 77.3% are obtained. No vinyl
      double bonds can be detected. The NMR spectra show units of the structure.
      ##SPC3##
PAL  which have been obtained by the ring opening of norbornadiene.
EQU  [.eta.] in toluene at 25.degree.C = 1.5
PAC  EXAMPLE 2
PAR  The procedure is the same as in Example 1 but benzene is used instead of
      toluene and 0.6 ml of norbornadiene is used. After a polymerisation time
      of 45 minutes at .+-.0.degree.C, 12.4 g of a polymer which has a
      cis-double bond content of 76.7% are obtained.
EQU  [.eta.] in toluene at 25.degree.C = 4.5
PAC  EXAMPLE 3
PAR  Example 2 is repeated but using cyclohexane as solvent. After 2 hours
      polymerisation at about 0.degree.C, 5.6 g of a polymer with a cis-double
      bond content of 87.1% are obtained.
EQU  [.eta.] in toluene at 25.degree.C = 2.8
PAC  EXAMPLE 4
PAR  The procedure is the same as in Example 1 but polymerisation is carried out
      for 3 hours at 0.degree.C in chlorobenzene, and 0.4 ml of norbornadiene is
      used. 19.7 g of a polymer with a cis-double bond content of 73.6% are
      obtained.
EQU  [.eta.] in toluene at 25.degree.C = 1.9
PAC  EXAMPLE 5
PAR  Example 1 is repeated but polymerisation is carried out for 2 hours at
      -30.degree.C. 3.4 g of polymer with a cis-double bond content of 91.6% are
      obtained.
EQU  [.eta.] in toluene at 25.degree.C = 2.5
PAC  EXAMPLE 6 (Comparison example)
PAR  To demonstrate the activity of norbornadiene, the experiment described in
      Example 1 is repeated but without the addition of norbornadiene, and
      polymerisation is continued for 4 hours at 0.degree.C. When at the end of
      this time ethanol is added to precipitate the reaction product, only a
      slight cloudiness is obtained and no polymer is isolated.
PAC  EXAMPLE 7 (Comparison example)
PAR  Example 6 is repeated but using twice the quantity of WC1.sub.6. Again, as
      in Example 6, no polymer is obtained.
PAC  EXAMPLE 8
PAR  The same procedure as in Example 1 is adopted but only 0.2 ml of
      norbornadiene is used and 2.6 ml of WC1.sub.6 solution. After 2 hours at
      0.degree.C, 17.8 g of polymer with a cis-double bond content of 78.6% are
      obtained.
EQU  [.eta.] in toluene at 25.degree.C = 1.5
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the ring opening polymerization of cyclooctadiene-(1,5),
      said process comprising polymerizing said diene in the presence of 0.05 to
      2 mmols for every 100 g. of said diene, of at least one halide of at least
      one metal selected from the group consisting of tungsten, molybdenum,
      tantalum and rhenium and in the presence of 0.1 to 10% by weight, based on
      the weight of said diene, of an activator of the formula
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same or different and
      are selected from the group consisting of hydrogen and monovalent
      hydrocarbon.
NUM  2.
PAR  2. The process as claimed in claim 1 in which R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 are hydrogen or alkyl having 1 to 6 carbon atoms.
NUM  3.
PAR  3. The process as claimed in claim 1 in which the catalyst is tungsten
      hexachloride.
NUM  4.
PAR  4. The process as claimed in claim 1 in which the activator is
      norbornadiene.
NUM  5.
PAR  5. The process as claimed in claim 1 in which 0.5 to 3 % by weight of
      activator is used.
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ABST
PAL  There is disclosed a new process for ring-opening polymerization of
      cycloolefins by the use of a catalyst comprising (A) tungsten or
      molybdenum halides, (B) alkyl aluminum halides and (C) an alcohol which
      may optionally contain a halogen substituent and (D) an alcohol which has
      a nitrile substituent. Also the catalyst is disclosed as useful in
      metathesis of olefins.
BSUM
PAR  This invention is directed to a process for the ring-opening polymerization
      of unsaturated alicyclic hydrocarbons. It is also directed to novel
      catalyst systems useful for this ring-opening polymerization process.
      These catalyst systems are further useful for the interconversion of
      acyclic olefins according to the method known as the olefin metathesis
      reaction (also called the olefin dismutation or olefin disproportionation
      reaction).
PAR  The olefin metathesis reaction is a unique bond-reorganization process,
      whereby materials possessing carbon-to-carbon double bonds, undergo a
      redistribution of constituents as depicted in the following equations:
EQU  2R.sub.1 CH = CHR.sub.2 .revreaction. R.sub.1 CH = CHR.sub.1 + R.sub.2 CH =
      CHR.sub.2
PAR  The olefin metathesis reaction, being an equilibrium process, facilitates:
      (1) obtaining the olefins R.sub.1 CH = CHR.sub.1 and R.sub.2 CH =
      CHR.sub.2 starting from R.sub.1 CH = CHR.sub.2 ; or alternatively, (2)
      obtaining the olefin R.sub.1 CH = CHR.sub.2 by starting from a mixture of
      olefins R.sub.1 CH= CHR.sub.1 and R.sub.2 CH = CHR.sub.2.
PAR  Similarly, the ring-opening polymerization reaction of cycloolefins also
      involves the scission of the carbon-to-carbon double bonds in the
      cycloolefin ring. The alkylidene carbons are rejoined to other such
      carbons derived from other monomer units to form the linear unsaturated
      polymer chain. Thus, the ring-opening of cyclopentene, for instance,
      yields a repeat unit:
EQU  [CH -- CH.sub.2 -- CH.sub.2 -- CH.sub.2 -- CH]
PAR  This repeat unit has also been expressed in the following equivalent forms:
EQU  [CH = CH -- CH.sub.2 -- CH.sub.2 -- CH.sub.2 ]
PAL  and
EQU  [CH.sub.2 -- CH = CH -- CH.sub.2 -- CH.sub.2 ]
PAR  More specifically, the novelty of the present invention relates to the use
      of nitrile-substituted hydroxy compounds employed as catalyst modifiers
      for transition-metal/aluminum alkyl halide catalyzed ring-opening
      polymerizations. These modifiers can be used to produce catalyst systems
      which exhibit excellent activity as cycloolefin ring-opening
      polymerization catalysts. As a result, it is possible to use short
      reaction times and mild polymerization temperatures. Furthermore, very low
      catalyst concentrations may be used with excellent results. Thus, good
      yields of product can be obtained when the molar ratio of transition
      metal:monomer is as low as 1:20,000 or less.
PAR  The process of this invention comprises the ring-opening polymerization or
      copolymerization of at least one unsaturated alicyclic compound selected
      from the group consisting of (1) unsaturated alicyclic compounds
      containing four or five carbon atoms and one double bond in the ring, (2)
      non-conjugated, unsaturated alicyclic compounds containing at least seven
      carbon atoms in the ring and at least one double bond in the ring, and (3)
      polycyclic olefins and diolefins by subjecting said alicyclic compounds or
      their mixture to polymerization conditions in the presence of a catalyst
      system comprising (A) a transition metal salt selected from the group
      consisting of tungsten halides and oxyhalide and molybdenum halides and
      oxyhalides, (B) at least one compound selected from the group consisting
      of dialkylaluminum halides, alkylaluminum sesquihalides and alkylaluminum
      dihalides, (C) at least one hydroxy compound of the general formula ROH
      wherein R is selected from the group consisting of alkyl and cycloalkyl
      and wherein R contains a nitrile substituent, and (D) a hydroxy compound
      of the general formula R'OH wherein R' is selected from the group
      consisting of alkyl, cycloalkyl, aralkyl, alkoxyalkyl, haloalkyl and aryl,
      wherein the molar ratio of A:B:C:D lies within the range of
      1:0.5-10:0.5-3:0.5-2.
PAR  The desired polymerization of alicyclic olefins results in linear,
      unsaturated polymers having repeating units derived from the opening the
      ring of the unsaturated alicyclic compounds.
PAR  It is known that the catalysts useful for this process facilitates the
      cleavage of carbon-to-carbon double bonds. The resulting halves of
      molecules, designated alkylidenes fragments, then recombine to give the
      new olefin products.
PAR  The polymerization catalysts of this invention may be employed to prepare a
      wide variety of useful polymers having different properties depending upon
      the particular monomer or combination of monomers chosen to be
      polymerized, the particular catalyst combination employed and the
      particular polymerization condition employed. The linear, unsaturated
      products resulting from the use of the polymerization catalysts of this
      invention can be employed in a variety of applications, for example, they
      may be employed to produce finished rubber articles such as pneumatic
      tires, molded goods and the like or these materials may be useful in
      coatings in adhesives or in the manufacture of articles such as films and
      fibers.
PAR  Representative but not restrictive of the unsaturated alicyclic monomers
      described in (1) above are cyclobutene, 3-methylcyclobutene, cyclopentene
      and 4-methylcyclopentene. Representative of the monomers described in (2)
      above are cyclopentene, cyclooctene, cyclodecene, cyclododecane,
      1,5-cyclooctadiene, 1,9-cyclohexadecadiene, 1,5,9-cyclododecatriene,
      3-methylcyclooctene, 3-phenylcyclooctene, 1-methyl-5-cyclooctadiene,
      1-chloro-1,5-cyclooctadiene, 1,2-dimethyl-1,5-cyclooctadiene, and the
      like.
PAR  Representative of polycyclic olefins and diolefins described in (3) above
      are 3,3'-bicyclopentene,
      ##SPC1##
PAL  3,3'-bicyclooctene,
      ##SPC2##
PAL  bicyclo[4,3,0]nona-3,7-diene,
      ##SPC3##
PAL  dicyclopentadiene, norbornadiene, norbornene, 5-vinylnorbornene,
      5-alkylnorbornene and tricyclo[8,2,1,0.sup.2,9 ]trideca-5,11-diene.
      ##SPC4##
PAR  Representative of the organometallic catalyst components in (B) above are
      diethylaluminum chloride, diisobutyl aluminumchloride, diethylaluminum
      fluoride, dipropylaluminum bromide, ethylaluminum sesquichloride,
      methylaluminum sesquibromide, butylaluminum sesquichloride, ethylaluminum
      dichloride, propylaluminum dichloride, isobutylaluminum dibromide and the
      like. Of these, it is usually preferred to employ organoaluminum
      chlorides.
PAR  Representative of the compounds useful as the (C) catalyst component of the
      present invention include 2-hydroxypropionitrile (also known as
      hydracylonitrile), 2-hydroxy-2-methylpropionitrile,
      2-hydroxycyclopentylnitrile, 2-hydroxycyclohexylnitrile,
      3-chloro-2-hydroxybutyronitrile, 1-chloro-2-hydroxypropionitrile and the
      like.
PAR  Generally, it is preferred to use a nitrile-substituted hydroxy compound
      wherein the nitrile group is situated on the carbon atoms adjacent to the
      carbon atoms bearing the hydroxy group, as in the representative examples
      given above. On the other hand, when the nitrile group is situated on that
      carbon atom which bears the hydroxy group, as in the cyanohydrins of
      aldehydes and ketones, or when the nitrile group is more remote from the
      hydroxy group, as in 3-hydroxybutyronitrile, 4-hydroxyvaleronitrile and
      the like, the resulting catalyst combinations generally exhibit a lesser
      degree of activity for the ring-opening polymerization process, although
      many catalyst combinations involving modifiers such as these, nevertheless
      exhibit a significant level of activity.
PAR  It has been found that the preferred nitrile-substituted hydroxy compounds
      of this invention can be utilized very effectively with a wide variety of
      other types of hydroxy compounds, designated R'OH above. Many of these
      latter hydroxy compounds when used alone as catalyst modifiers, afford
      catalyst systems which exhibit some degree of activity for cycloolefin
      polymerization. However, the activity of these systems can be
      significantly enhanced when they are in combinations with the preferred
      nitrile-substituted modifiers of this invention.
PAR  As stated above, a wide variety of types of hydroxy compounds (R'OH) can be
      utilized as comodifiers in combinations with nitrile-substituted
      modifiers. These R'OH compounds include alkyl and cycloalkyl alcohols
      which may be substituted by halogen, alkoxy or ary substituents, phenols,
      halo-substituted phenols and the like.
PAR  Very active catalyst combinations may also be obtained when
      nitrile-substituted hydroxy compounds of the present invention are
      employed as the sole catalyst modifiers. That is to say, it is not
      essential that hydroxy compounds of the type designated R'OH above be
      employed in the practice of this invention in order to obtain catalysts
      having good activity for the polymerization of cycloolefins.
PAR  Representative of the transition metal salts of (A) are tungsten
      hexachloride, tungsten hexabromide, tungsten oxytetrachloride, tungsten
      oxytetrabromide, tungsten hexafluoride and the like.
PAR  Representative of alcohols described as R'OH in (D) are the simple
      aliphatic alcohols such as ethyl, propyl and butyl alcohols,
      cyclopentanol, cyclohexanol, phenol chloropropyl alcohol, chloroethanol
      glycol, chlorophenol and the like.
PAR  The catalyst system set forth above are prepared by mixing the components
      by known technique. Thus, the catalyst systems may be prepared by
      "preformed" or "in situ" techniques, or by a combination of these
      techniques. By the preformed method, the catalyst components are mixed
      together prior to exposure to any of these components to the alicyclic
      monomers to be polymerized. In the "in situ" method, the catalyst
      components are added individually to the alicyclic monomers. In the
      handling and transfer of the catalyst components, it is often convenient
      to utilize solutions of these components in suitable inert solvents such
      as benzene, toluene, chlorobenzene, hexane, pentane and the like.
PAR  The order of addition of the catalyst components to each other is of
      interest in the practice of this invention.
PAR  When the in stu method is employed, solely, it is much preferred to add the
      B component last, but the particular order of the A, C and D components is
      generally not critical. Combination of in situ and preformed methods can
      also be used effectively. In this case, it is generally preferred to
      employ the B component according to the in situ method, but component A
      may be preformed with component C or D or with both C and D. However, if
      either the C or the D component is to be used according to the in situ
      method, then it is preferred that the B component be the last one to be
      added.
PAR  It has been found that when the preformed technique is employed with the
      catalyst components A, C and D, some aging of the mixture of the
      components is desirable. During this aging period, color changes are
      usually observed. This aging period may require only a few minutes, or it
      may take several hours. The aging process can be carried out at ambient
      temperature in the range of 20.degree.-25.degree.C, or it may be
      accelerated by the use of moderately elevated temperatures in the range of
      30.degree.-100.degree.C. It has also been found to be advantageous to
      remove some of the hydrogen chloride which is formed as a by product when
      the preformed method is used.
PAR  Known techniques may be used for removal of this hydrogen chloride. These
      techniques include the use of a stream of an inert gas which can be
      bubbled through the catalyst solution, or the use of a vacuum, to withdraw
      vapors of hydrogen chloride.
PAR  The amount of catalyst employed in the practice of this invention may range
      over a wide concentration range. Of course, a catalytic amount of the
      catalyst must be employed but the optimum amount depends upon a number of
      factors such as the temperature employed, the particular alicyclic
      monomers employed, the purity of the reaction conditions employed, the
      reaction time desired and the like. Generally, it is preferred to use at
      least about 0.01 parts by weight of the A component per 100 parts by
      weight of the alicyclic monomer or mixture of monomers.
PAR  The operating conditions which are employed in the process of this
      invention may vary. The polymerization may be carried out in solution or
      in bulk. When solvents or diluents are employed, they should be chosen so
      as not to adversely affect the desired polymerization process.
      Representative examples of useful solvents are liquid aromatic
      hydrocarbons such as benzene, toluene and chlorobenzene, aliphatic
      saturated hydrocarbons such as pentane, hexane, petroleum ether and
      decane, and alicyclic saturated hydrocarbons such as cyclopentane,
      cyclohexane, decalin and the like.
PAR  Temperature at which the polymerization can be carried out can be varied
      over a wide range. It is generally preferred to conduct these
      polymerizations under relatively mild reaction conditions over the range
      of about -20.degree.C to about 100.degree.C.
PAR  The polymerization times will vary and can range from less than a minute to
      24 hours or more depending upon the polymerization conditions and the
      extent of polymerization desired. Generally, however, a satisfactory
      polymerization product is obtained in a matter of only a few minutes or
      hours.
PAR  The polymerization reaction may be carried out as a batch or as a
      continuous process. In performing the polymerization of this invention,
      the introduction of the monomer, catalyst and solvent, when a solvent is
      employed, can each be made to the reaction zone intermittently and/or
      continuously.
DETD
PAR  The practice of this invention is further illustrated by reference to the
      following examples, which are intended to be representative rather than
      restrictive of the scope of this invention. All experiments were conducted
      in an atmosphere of dry nitrogen.
PAC  EXAMPLE I
PAR  The preformed technique was employed to prepare solutions of WCl.sub.6
      modified with the various hydroxy compounds designated in Table 1. The
      required amount of the hydroxy compound was added to an 0.05 molar
      solution of WCl.sub.6 in dry benzene and allowed to react for about 24
      hours at about 23.degree.C. These solutions were then flushed with dry
      nitrogen to expel free HCl prior to being used. Ethyl-aluminum dichloride
      (EADC) or diethylaluminum chloride (DEAC) were employed as 0.20 molar
      solutions in benzene. Polymerizations.
PAR  A series of ring-opening polymerizations was carried out using solutions of
      freshly-distilled cyclopentene (CP) in benzene. These premix solutions
      were further purified by being passed through a mixture of silica gel and
      alumina before being charged to reaction bottles. Polymerizations were
      undiluted with 40 ml. of premix in 4-oz. glass bottles kept at 0.degree.C.
      All manipulations of changing premix and catalyst components were
      conducted under a nitrogen atmosphere. The order of catalyst addition to
      the polymerization bottles containing premix was tungsten component,
      followed by the organoaluminum component.
PAR  In each of the experiments shown in Table 1, 0.40 ml of the solution of the
      tungsten component was employed, which corresponded to a molar ratio of
      cyclopentane/w of about 5000/1. Polymerizations were terminated with a
      small amount of isopropanol, and the resulting solutions were dried under
      vacuum. Inherent viscosities were determined by benzene at 30.degree.C.
      The percent trans values were determined by a method described in Journal
      of Polymer Science; Polymer Physics Edition; Vol. 11, page 529 (1973)
      published by John Wiley and Sons, Inc.
PAR  Experiments 10 and 11 are comparison tests which show that
      nitrile-substituted alcohols in which the nitrile is not situated on the
      carbon adjacent to that bearing the hydroxy group are much less effective
      as cocatalysts. Experiments 12 and 13 are comparison tests which show that
      when the nitrile-substitutent is not substituted on the hydroxy compound,
      the effectiveness of the cocatalyst is not significantly increased.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                              Polym                            

     Exp              Molar Ratio,                                             

                             EADC, DEAC, CP conc,                              

                                              Time,                            

                                                  Percent                      

                                                      Inh                      

                                                         Percent               

     No. ROH          ROH/WCl.sub.6                                            

                             Moles.times.10.sup.5                              

                                   Moles.times.10.sup.5                        

                                         wt. %                                 

                                              Min.                             

                                                  Conv.                        

                                                      Visc.                    

                                                         Trans                 

                                                             Appearance        

     __________________________________________________________________________

     1   N.tbd.CCH.sub.2 CH.sub.2 OH                                           

                      1      6     --    18.0 60  63.0                         

                                                      5.47                     

                                                         91  rubbery solid     

     2   N.tbd.CCH.sub.2 CH.sub.2 OH                                           

                      2      3     --    18.0 60  54.1                         

                                                      8.51                     

                                                         --  "                 

     3   N.tbd.CCH.sub.2 CH.sub.2 OH                                           

                      2      4     --    18.0 60  75.6                         

                                                      5.02                     

                                                         92  "                 

     4   N.tbd.CCH.sub.2 CH.sub.2 OH                                           

                      3      8     --    18.0 60  77.0                         

                                                      3.51                     

                                                         --  "                 

     5   ClCH.sub.2 CH(OH)CH.sub.2 C.tbd.N                                     

                      2      8     --    19.9 100 76.0                         

                                                      3.42                     

                                                         --  "                 

     6   .sup.b       1      8     --    19.0 120 70.3                         

                                                      -- 86  "                 

     7                2      12    --    19.0 70  53.5                         

                                                      -- 86  "                 

     8   N.tbd.CCH.sub.2 CH.sub.2 OH                                           

                      2      --    6     19.8 60  17.3                         

                                                      7.60                     

                                                         --  "                 

     9   --           0      6     --    18.0 60   1.3                         

                                                      -- --  --                

     10  (CH.sub.3).sub.2 C(OH)C.tbd.N                                         

                      1      6     --    21.6 90   8.9                         

                                                      -- --  --                

     11  N.tbd.C(CH.sub.2).sub.6 OH                                            

                      2      8     --    19.0 70  13.4                         

                                                      -- 76  --                

     12  CH.sub.3 CH.sub.2 OH                                                  

                      2      8     --    21.1 120 19.9                         

                                                      -- --  --                

     13.sup.a                                                                  

         CH.sub.3 CH.sub.2 OH                                                  

                      2      6     --    17.7 60  17.7                         

                                                      -- --  --                

     __________________________________________________________________________

      .sup.a CH.sub.3 C.tbd.N was added to the WCl.sub.6 solution with the     

      CH.sub.3 CH.sub.2 OH during the preforming step; molar ratio CH.sub.3    

      C.tbd.N/WCl.sub.6 = 2/1.                                                 

      .sup.b 2-hydroxycyclopentanenitrile used in 6 and 7.                     

PAC  EXAMPLE II
PAR  A series of polymerizations was carried out similar to those in Example I,
      except that nitrile-substituted hydroxy compounds (ROH) were employed in
      combinations with other hydroxy compounds R'OH which did not bear a
      nitrile substituent. The preformed technique was employed to prepare
      solutions of WCl.sub.6 and the hydroxy compounds. For these experiments,
      the ROH component was first added to an 0.05 molar solution of WCl.sub.6
      in benzene and allowed to react for about 1 hour at 23.degree.C. The
      resulting solution was flushed with dry N.sub.2 to expel HCl, and the R'OH
      component was then added and allowed to react for about 24 hours at about
      24.degree.C and the solution was again flushed with dry N.sub.2. All other
      details of the experimental procedure were similar to those given in
      Example I.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                                                  CP  Polym                    

                                                          Per-                 

     Exp           Molar ratio        Molar ratio                              

                                            EADC, conc,                        

                                                      Time,                    

                                                          cent                 

                                                             Inh               

                                                                Percent        

     No.                                                                       

        R'OH       R'OH/WCl.sub.6                                              

                         ROH          ROH/WCl.sub.6                            

                                            Moles.times.10.sup.5               

                                                  Wt %                         

                                                      Min.                     

                                                          Conv                 

                                                             Visc              

                                                                Trans          

     __________________________________________________________________________

     14 CH.sub.3 CH.sub.2 OH                                                   

                   1     N.tbd.CCH.sub.2 CH.sub.2 OH                           

                                      1     4     18.0                         

                                                      60  75.8                 

                                                             3.34              

                                                                86             

     15 ClCH.sub.2 CH.sub.2 OH                                                 

                   1     N.tbd.CCH.sub.2 CH.sub.2 OH                           

                                      1     6     19.3                         

                                                      90  76.4                 

                                                             3.19              

                                                                85             

     16 ClCH.sub.2 CH.sub.2 OH                                                 

                   1     ClCH.sub.2 CH(OH)CH.sub.2 C.tbd.N                     

                                      1     6     19.0                         

                                                      70  77.6                 

                                                             -- --             

     17 CH.sub.3 CH.sub.2 OCH.sub.2 CH.sub.2 OH                                

                   1     N.tbd.CCH.sub.2 CH.sub.2 OH                           

                                      1     6     18.4                         

                                                      150 77.0                 

                                                             -- --             

     18 CH.sub.3 CH.sub.2 OCH.sub.2 CH.sub.2 OH                                

                   2     --           --    6     18.4                         

                                                      150  6.0                 

                                                             -- --             

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  A series of experiments was carried out similar to Example II, except that
      hexane was used in place of benzene for the preparation of the premix
      solution. The CP concentration was 22.0 percent by weight,
      6.times.10.sup.-5 moles of EADC was employed as the cocatalyst and the
      polymerization time was 90 minutes.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Exp       Molar ratio        Molar ratio                                  

                                         Perc                                  

     No.                                                                       

        R'OH   R'OH/WCl.sub.6                                                  

                      ROH         ROH/WCl.sub.6                                

                                         Conv                                  

                                             Appearance                        

     __________________________________________________________________________

     19 ClCH.sub.2 CH.sub.2 OH                                                 

               1      N.tbd.CCH.sub.2 CH.sub.2 OH                              

                                  1      60.4                                  

                                             Rubbery                           

                                             solid                             

     20 ClCH.sub.2 CH.sub.2 OH                                                 

               1      (CH.sub.3).sub.2 C(OH)CH.sub.2 C.tbd.N                   

                                  1      23.8                                  

                                             "                                 

     __________________________________________________________________________

PAC  EXAMPLE IV
PAR  Two polymerizations were carried out in order to illustrate the
      effectiveness of nitrile-substituted modifiers when very low amounts of
      catalyst are employed.
PAR  A polymerization was carried out similar to Experiment 2 in Example I,
      except that 0.20 ml of the tungsten catalyst solution was employed instead
      of 0.40 ml. The molar ratio of CP/W was about 9/200/1. A yield of 73.0
      percent was obtained of a strong rubbery solid having an inherent
      viscosity of 4.69.
PAR  A polymerization was carried out similar to Experiment 14 in Example II,
      except the initial concentration of CP was 19.5 percent by weight, the
      polymerization time was 90 minutes and 0.10 ml of the tungsten catalyst
      solution was employed instead of 0.40 ml. The molar ratio of CP/W was
      about 19,800/1. A yield of 79.2 percent was obtained of a strong, rubbery
      solid having an inherent viscosity of 5.04.
PAC  EXAMPLE V
PAR  A polymerization of CP was conducted similar to Experiment 3 of Example I
      except that the in situ technique was employed to modify the WCl.sub.6.
      Thus, 0.40 ml of an 0.05 molar solution of WXl.sub.6 in benzene was
      introduced into 40 ml of a 20.4 wt-% solution of CP in benzene containing
      4.times.10.sup.-.sup.5 moles of 2-hydroxypropanenitrile, followed by 0.40
      ml of a 0.20 molar solution of EADC. The yield was 81.2 percent of a
      rubbery polymer having an inherent viscosity of 2.30.
PAC  EXAMPLE VI
PAR  Two polymerizations of CP were conducted similar to those of Example II
      except that the WCl.sub.6 was modified by a combination of the preformed
      and in situ techniques. An 0.05 molar preformed solution of WCl.sub.6 and
      2hydroxypropanenitrile (molar ratio 1/1) was prepared according to the
      procedure given in Example I, and 0.40 ml of this solution was introduced
      into 40 ml of a 21.4 weight percent solution of CP in benzene containing
      2.times.10.sup.+.sup.5 moles of 2,4,6-trichlorophenol followed by 0.30 ml
      of an 0.20 molar solution of EADC. The polymerization was terminated after
      120 minutes to give a yield of 80.6 percent of rubbery polymer having an
      inherent viscosity of 2.87.
PAR  To 40 ml of a 19.2 wt percent solution of CP in benzene containing
      2.times.10.sup.-.sup.5 moles of 3-hydroxypropanenitrile was added 0.40 ml
      of a 0.05 molar preformed solution of WCl.sub.6 and 2-chloroethanol
      followed by 0.30 ml of an 0.20 molar solution of EADC. Polymerization was
      terminated after 90 minutes to give a 74.2 percent yield of a rubbery
      polymer having an inherent viscosity of 2.85.
PAC  EXAMPLE VII
PAR  To 40 ml of a 16 percent by weight solution of cyclooctene in benzene at
      23.degree.C was added 0.40 ml of a preformed solution of WCl.sub.6,
      monochloroethanol and .beta.-hydroxypropanenitrile, prepared as described
      for Experiment 15 in Example II, followed by 0.30 ml of an 0.20 molar
      solution of EADC. After 2 minutes, the polymerization was terminated with
      isopropanol. The yield was 69.7 percent of a solid rubbery polymer having
      a trans content of 31.5 percent.
PAC  EXAMPLE VIII
PAR  In the absence of solvent, 25 ml of purified cyclopentene was polymerized
      at 23.degree.C by the addition of 1.0 ml of a preformed solution of
      WCl.sub.6 and .beta.-hydroxypropanenitrile prepared as described for
      Experiment 1 in Example I, followed by the addition of 0.60 ml of an 0.20
      molar solution of EADC. The reaction was terminated after 120 minutes. A
      yield of 91.5 percent was obtained of a rubbery solid having an inherent
      viscosity of 3.24.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cycloolefin metathesis process comprising polymerizing at least one
      unsaturated alicyclic compound selected from the group consisting of (1)
      unsaturated alicyclic compounds containing five carbon atoms in the ring
      and containing one double bond in the ring, (2) nonconjugated unsaturated
      alicyclic compounds containing at least seven carbon atoms in the ring and
      at least one double bond in the ring, and (3) polycyclic olefins and
      diolefins, by subjecting said alicyclic compounds or mixture thereof to
      polymerizations conditions in the presence of a catalyst system comprising
      (A) at least one transition metal salt selected from the group consisting
      of tungsten halides and tungsten oxyhalides, (B) at least one compound
      selected from the group consisting of dialkylaluminum halides,
      alkylaluminum sesquihalides and alkylaluminum dihalides, (C) at least one
      hydroxy compound of the general formula ROH wherein R is selected from the
      group consisting of alkyl and cycloalkyl and wherein R contains a nitrile
      substituted and (D) a hydroxy compound of the general formula R'OH wherein
      R' is selected from the group consisting of alkyl, cycloalkyl,
      alkoxyalkyl, haloalkyl and aryl, wherein the molar ratio of A:B:C:D lies
      within the range of 1:0.5-10:0.5- 3:0.5-2.
NUM  2.
PAR  2. A process according to claim 1 wherein R contains a nitrile substituent
      situated on the carbon atom adjacent to that bearing the hydroxy group.
NUM  3.
PAR  3. A process according to claim 1 wherein (A) is selected from the group
      consisting of WCl.sub.6, WBr.sub.6 and WOCl.sub.6.
NUM  4.
PAR  4. A process according to claim 1 wherein (C) is 2-hydroxypropionitrile or
      2-hydroxy-1-methylpropionitrile.
NUM  5.
PAR  5. A process according to claim 2 wherein (A) is selected from the group
      consisting of WCl.sub.6, WBr.sub.6 and WOCl.sub.4 and (C) is
      2-hydroxypropionitrile or 2-hydroxy-10-methylpropionitrile.
NUM  6.
PAR  6. A process according to the previous claims wherein cyclopentene is
      polymerized or copolymerized.
NUM  7.
PAR  7. A process according to claim 5 in which cyclopentene is polymerized.
PATN
WKU  039351807
SRC  5
APN  3932907
APT  1
ART  144
APD  19730831
TTL  Polybutadiene and process for producing same
ISD  19760127
NCL  16
ECL  1
EXP  Hamrock; William F.
INVT
NAM  Sugiura; Shotaro
CTY  Ichihara
CNT  JA
INVT
NAM  Matsuura; Tetsuro
CTY  Ichihara
CNT  JA
INVT
NAM  Ueno; Haruo
CTY  Ichihara
CNT  JA
INVT
NAM  Kono; Minoru
CTY  Ichihara
CNT  JA
INVT
NAM  Ishikawa; Hideo
CTY  Ichihara
CNT  JA
INVT
NAM  Tokutomi; Thunehiko
CTY  Ichihara
CNT  JA
ASSG
NAM  UBE Industries, Ltd.
CNT  JA
COD  03
RLAP
COD  72
APN  210597
APD  19711221
PSC  03
CLAS
OCL  260 942R
XCL  260 943
XCL  260879
ICL  C08d  308
ICL  C08d  114
FSC  260
FSS  94.3;94.4;94.2 R;94.7 R;879
UREF
PNO  3300466
ISD  19670100
NAM  Marullo et al.
OCL  260 94.3
UREF
PNO  3301840
ISD  19670100
NAM  Zelinski
OCL  260 94.2
UREF
PNO  3595850
ISD  19710700
NAM  Takayanagi et al.
OCL  260 94.3
UREF
PNO  3778424
ISD  19731200
NAM  Sugiura et al.
OCL  260 94.3
LREP
FRM  Burgess, Ryan & Wayne
ABST
PAL  A process for producing a polybutadiene is provided wherein, first,
      1,3-butadiene is polymerized in the presence of a particular
      cis-1,4-polymerization catalyst and subsequently, the polymerization is
      continued in the presence of a particular 1,2-polymerization catalyst. The
      resulting polybutadiene is characterized as containing 2 to 40% of the
      1,2-structure, the melting point of the 1,2-structure portion being
      110.degree. to 215.degree.C, and containing 60 to 98% of the
      cis-1,4-structure and having an intrinsic viscosity [.eta.] of 0.9 to 8 in
      tetraline at 135.degree.C. A vulcanized product of the polybutadiene is
      characterized as possessing improved tear strength, flex-crack resistance
      and tensile strength.
PARN
PAR  This is a continuation-in-part application of Ser. No. 210,597 filed on
      Dec. 21, 1971 now abandoned.
PAR  This invention relates to the production of a polybutadiene and more
      particularly, to a process for the production of a novel polybutadiene
      having a 1,2-structure content of 2 to 40% and a cis-1,4-structure content
      of 60 to 98%, which results in a vulcanized rubber product exhibiting
      greatly improved tear strength, flex-crack resistance and tensile
      strength.
PAR  Polybutadiene having a high cis-1,4-structure content has been produced on
      a large scale as a substitute for natural rubber for the production of
      tires and other rubber products, and many research reports have been
      published regarding the procedures for increasing the cis-1,4-structure
      content in polybutadiene. Rubber products obtained from high
      cis-1,4-polybutadiene, so called, are superior in some physical
      properties, particularly impact resistance, heat generation and abrasion
      resistance to products obtained from natural rubber. However, high
      cis-1,4-polybutadiene has some serious shortcomings in that it exhibits a
      high cold flow and rubber products obtained therefrom are considerably
      inferior in tear strength and flex-crack resistance. Many proposals have
      been made to reduce the cold flow but no practical proposal has yet been
      made to increase the tear strength and the flex-crack resistance of rubber
      products obtained from cis-1,4-polybutadiene.
PAR  However, a low tear strength and flex-crack resistance causes serious
      problems such as, for example, chipping of tires and other similar rubber
      products. Therefore, it is very desirable in the rubber and related
      industries to increase both the tear strength and the flex-crack
      resistance of rubber products obtained from polybutadiene.
PAR  An object of the present invention is to provide a polybutadiene capable of
      being made into a rubber product exhibiting improved tear strength and
      flex-crack resistance as well as the desirable properties associated with
      a conventional high cis-1,4-polybutadiene.
PAR  Another object is to provide a process for producing polybutadiene which is
      particularly useful for the manufacture of a rubber product having the
      advantageous properties mentioned above.
PAR  Other objects and advantages of the present invention will be apparent from
      the following description.
PAR  In accordance with the present invention, there is provided a process for
      the production of a polybutadiene which comprises the two successive steps
      of: first, polymerizing 1,3-butadiene in an inert organic solvent in the
      presence of a cis-1,4-polymerization catalyst consisting essentially of
PAR  a. a cobalt component selected from the group consisting of (a.sub.1) a
      cobalt compound and (a.sub.2) a material formed by electrochemically
      depositing metallic cobalt on metallic zinc, and
PAR  b. a halogen-containing organoaluminum compound represented by the formula
EQU  AlR.sub.n X.sub.3.sub.-n                                   (1)
PAL  wherein R is an alkyl or cycloalkyl group having 1 to 6 carbon atoms such
      as a methyl, ethyl, propyl, butyl, amyl, hexyl, cyclopropyl, or cyclohexyl
      group, or a phenyl group, X is a halogen atom and illustratively,
      chlorine, bromine and the like, and n is a positive number in the range of
      1.5 to 2.0, thereby forming a cis-1,4-polybutadiene, and; secondly,
      without deactivating the remaining cis-1,4-polymerization catalyst and
      with addition or no addition of 1,3-butadiene and/or an inert organic
      solvent to the polymerization system, effecting the 1,2-polymerization of
      1,3-butadiene by adding thereto a 1,2-polymerization catalyst comprising
PAR  a'. a cobalt component selected from the group consisting of (a'.sub.1) a
      cobalt compound and (a'.sub.2) a material formed by electrochemically
      depositing metallic cobalt on metallic zinc,
PAR  b'. an organoaluminum compound represented by the formula
EQU  AlR.sub.3                                                  ( 2)
PAL  wherein R represents the group defined hereinbefore, and
PAR  c'. carbon disulfide when the component (a') is not the same as the
      component (a) of the cis-1,4-polymerization catalyst employed,
PAR  or by adding to the polymerization system either all the components of said
      1,2-polymerization catalyst or the components of said 1,2-polymerization
      catalyst except component (a') when the component (a') is the same as the
      component (a) of said cis-1,4-polymerization catalyst employed, thereby
      forming a polybutadiene containing 2 to 40% of the 1,2-structure and 60 to
      98% of the cis-1,4-structure.
PAR  The 1,2-polymerization catalyst may contain, in addition to the cobalt
      component (a'), the organoaluminum compound (b') and carbon disulfide
      (c'), a nitrile compound (d') represented by the formula
EQU  R'(CN).sub.m                                               ( 5)
PAL  wherein R' is an alkyl group having 1 to 10 carbon atoms, an aralkyl group
      having 7 to 10 carbon atoms or an aryl group having 6 to 12 carbon atoms
      and m is 1 or 2, in an amount such that the molar ratio [R'(CN).sub.m
      /AlR.sub.3 ] of the nitrile compound (d') to the organoaluminum compound
      (b') is 0.1 to 30.
PAR  Cobalt compounds (a.sub.1) to be used as component (a) of the
      cis-1,4-polymerization catalyst are those which are soluble in an inert
      organic solvent or liquid butadiene. Such soluble cobalt compounds
      preferably include, for example, cobalt complexes of .beta.-diketones such
      as those represented by the formula
      ##EQU1##
      wherein each of R.sub.1 and R.sub.4 is an alkyl group having 1 to 3 carbon
      atoms and each of R.sub.2 and R.sub.3 is a hydrogen atom or an alkyl group
      having 1 to 3 carbon atoms, and .beta.-keto acid esters such as those
      represented by the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same as defined with
      regard to the preceding formula (3). The most suitable cobalt complexes
      are coablt (II) acetylacetonate, cobalt (III) acetylacetonate and the
      cobalt complex of acetoacetic acid ethyl ester.
PAR  The soluble cobalt compounds further include cobalt halide complexes such
      as those obtained from (A) a cobalt halide represented by the formula CoXn
      wherein X is a halogen atom, particularly chlorine, and n is 2 or 3, and
      (B) a ligand which is capable of forming a complex in coordination with
      the cobalt halide. The ligand includes, for example, tertiary amines such
      as pyridine, triethylamine, tributylamine and dimethylaniline; alcohols
      such as methyl alcohol and ethyl alcohol; tertiary phosphines such as
      triphenylphosphine and tributyl phosphine; ketones such as acetone; and
      N,N-dialkylamides such as N,N-dimethylformamide, N,N-dimethylacetamide and
      N,N-diethylacetamide. The most suitable cobalt halide complexes are a
      cobalt chloride-pyridine complex and a cobalt chloride-ethyl alcohol
      complex.
PAR  The soluble cobalt compounds further include, for example, cobalt salts of
      carboxylic acids having 6 to 10 carbon atoms such as cobalt octoate,
      cobalt naphthenate, cobalt benzoate, and the like.
PAR  Another cobalt component suitably used as component (a) of the
      cis-1,4-polymerization catalyst is a material (a.sub.2) formed by
      electrochemically depositing metallic cobalt on metallic zinc; the
      characteristic of such materials and a process for the preparation thereof
      are described in detail in U.S. Pat. No. 3,423,387.
PAR  A halogen-containing organoaluminum compound represented by the formula
      AlR.sub.n X.sub.3.sub.-n used as component (b) of the
      cis-1,4-polymerization catalyst preferably includes, for example,
      diethylaluminum monochloride, diethylaluminum monobromide,
      diisobutylaluminum monochloride, ethylaluminum sesquichloride and the
      like.
PAR  The amount of the components of the cis-1,4-polymerization catalyst used
      varies depending upon the particular catalyst component and the
      combination of same and the polymerization conditions. When the cobalt
      compound (a.sub.1) is used as component (a), it is preferable to employ
      0.002 to 50 millimoles, more preferably 0.01 to 5 millimoles, of the
      cobalt compound (a.sub.1) together with 0.2 to 200 millimoles, preferably
      0.5 to 20 millimoles, of a halogen-containing organoaluminum compound (b),
      both per mole of 1,3-butadiene. The molar ratio (Al/Co) of the
      halogen-containing organoaluminum compound (b) to the cobalt compound
      (a.sub.1) is 5 to 500, and more suitably 15 to 100.
PAR  When the material (a.sub.2) formed by electrochemically depositing metallic
      cobalt on metallic zinc is used as component (a) of the
      cis-1,4-polymerization catalyst, it is preferred to employ 0.025 to 5 g of
      the material (a.sub.2) per 100 g of 1,3-butadiene together with the
      halogen-containing organoaluminum compound (b) in the amount of 0.1 to 5
      times the weight of the aforesaid material.
PAR  The cis-1,4-polymerization catalyst obtained by mixing both the cobalt
      component (a) and the halogen-containing organoaluminum compound (b) may
      be preferably used after being aged to enhance the catalyst activity.
PAR  An inert organic solvent used in the process of the present invention is
      not particularly critical but should be capable of dissolving
      cis-1,4-polybutadiene produced in the first polymerization stage of the
      present invention. Suitable inert organic solvents include, for example,
      aromatic hydrocarbons such as benzene, toluene and xylene; aliphatic
      hydrocarbons such as n-heptane and n-hexane; alicyclic hydrocarbons such
      as cyclohexane; and a halogenated compound of hydrocarbons such as
      chlorobenzene.
PAR  The cis-1,4-polymerization may be suitably carried out at a temperature of
      -20.degree. to 80.degree.C, particularly 5.degree. to 50.degree.C under
      atmospheric pressure or a high pressure over a period of 10 minutes to 10
      hours. The concentration of 1,3-butadiene to be polymerized is suitably 3
      to 40% by weight based on the weight of the polymerization mixture at the
      beginning of the cis-1,4-polymerization.
PAR  The cis-1,4-polymerization should preferably be such as to give a
      cis-1,4-polybutadiene having 90% to 100%, more preferably 95% to 100% of
      the cis-1,4-structure and an intrinsic viscosity [.eta.] (in toluene at a
      temperature of 30.degree.C) of 1.5 to 8, more preferably 1.8 to 5.0. The
      desired intrinsic viscosity may easily be obtained by using a conventional
      molecular weight-controlling agent, e.g., non-conjugated dienes such as
      cyclooctadiene and allene or .alpha.-olefins.
PAR  In the second stage of the process of the present invention, without
      deactivating the remaining cis-1,4-polymerization catalyst and with
      addition or no addition of 1,3-butadiene and/or an inert organic solvent
      to the polymerization mixture comprising cis-1,4-polybutadiene, the
      remaining cis-1,4-polymerization catalyst, 1,3-butadiene, and an inert
      organic solvent, the 1,2-polymerization of 1,3-butadiene is effected by
      adding thereto the 1,2-polymerization catalyst comprising components (a'),
      (b'), (c') and, if desired, (d'), when the component (a') is not the same
      as the component (a) of the cis-1,4-polymerization catalyst employed; or
      by adding to the polymerization system either all the components of the
      1,2-polymerization catalyst or the components of the 1,2-polymerization
      catalyst except component (a') when the component (a') is the same as the
      component (a) of said cis-1,4-polymerization catalyst employed.
PAR  The 1,2-polymerization catalyst is obtained from a cobalt component (a'),
      an organoaluminum compound (b'), carbon disulfide (c') and, if desired, a
      nitrile compound (d'). The cobalt component (a') is a cobalt compound
      (a'.sub.1) or a material (a'.sub.2) formed by electrochemically depositing
      metallic cobalt on metallic zinc, each of which is such as described
      hereinbefore for (a.sub.1) or (a.sub.2) of the cobalt component (a) of the
      cis-1,4-polymerization catalyst.
PAR  The organoaluminum compound of component (b') which is represented by the
      formula AlR.sub.3 suitably includes, for example, trimethylaluminum,
      triethylaluminum, tributylaluminum, triphenylaluminum and the like. The
      carbon disulfide of component (c') is not particularly critical, but those
      which do not contain moisture are suitable.
PAR  The nitrile compound (d'), the use of which is optional, is one represented
      by the formula R'(CN).sub.m as specified hereinbefore. The nitrile
      compound preferably includes for example acetonitrile, adiponitrile,
      sebaconitrile, benzonitrile and phenylacetonitrile.
PAR  The amount of the components of the 1,2-polymerization catalyst used varies
      depending upon the particular catalyst component, the combination and the
      polymerization conditions, as is also true in the aforesaid
      cis-1,4-polymerization. When the cobalt compound (a'.sub.1) is used as the
      cobalt component (a'), it is preferred to employ 0.001 to 10 millimoles
      particularly 0.005 to 5 millimoles of the cobalt compound (a'.sub.1)
      together with 0.1 to 100 millimoles, particularly 0.5 to 50 millimoles of
      the organoaluminum compound (b') and 0.001 to 20 millimoles, more suitably
      0.005 to 10 millimoles of carbon disulfide (c'), each per mole of
      1,3-butadiene, and, if desired, the nitrile compound (d') is used in an
      amount such that the molar ratio [R'(CN).sub.m /Al] of the nitrile
      compound (d') to the organoaluminum compound (b') is 0.1 to 30, more
      suitably 0.2 to 15. The molar ratio (Al/Co) of the organoaluminum compound
      (b') to the cobalt compound (a'.sub.1) is 5 to 500 and more suitably 15 to
      100. When the material (a'.sub.2) formed by electrochemically depositing
      metallic cobalt on metallic zinc is used as component (a'), it is
      preferred to employ 0.05 to 10 g of the material (a'.sub.2) per 100 g of
      1,3-butadiene together with the other components (b' ), (c') and, if
      desired, (d'), the amounts of these components are the same as those
      mentioned above. The amount of the organoaluminum compound (b') is
      suitably 0.1 to 5.0 times the material (a'.sub.2) by weight.
PAR  In case the cobalt component (a') of the 1,2-polymerization catalyst is
      identical with the cobalt component (a) of the cis-1,4-polymerization
      catalyst, the total amounts of these required for the two polymerizations,
      may be added at the same time in the first step and further, the other
      components of the 1,2-polymerization catalyst are only added in the second
      step.
PAR  The order of the addition of the 1,2-polymerization catalyst components is
      not particularly critical, but, in the case where the nitrile compound
      (d') is used, the nitrile compound (d') should preferably be added before
      the addition of carbon disulfide (c'). It is preferred, for example, in
      the case where the nitrile compound (d') is used in the second step, to
      first add the organoaluminum compound (b') and, if desired, the cobalt
      component (a') to the polymerization mixture, and then the nitrile
      compound (d') and finally the carbon disulfide (c').
PAR  By changing the amount of the nitrile compound (d') added, the melting
      point of the 1,2-structure portion of the resulting polybutadiene may be
      suitably varied within the range of 110.degree. to 215.degree.C. It is
      preferred, in view of the physical property of the final rubber product to
      control the melting point to the range of 110.degree. to 215.degree.C,
      most suitably 160.degree. to 215.degree.C.
PAR  The 1,2-polymerization may be suitably carried out at a temperature of
      -20.degree. to 80.degree.C, particularly 5.degree. to 50.degree.C, under
      atmospheric pressure or a high pressure, over a period of 10 minutes to 10
      hours. The concentration of 1,3-butadiene is suitably 3 to 40% by weight,
      based on the weight of the polymerization mixture. An inert organic
      solvent used in the 1,2-polymerization is also not particularly critical
      and may be selected from those listed above and particularly that portion
      of the description referring to the cis-1,4-polymerization solvent.
PAR  The 1,2-polymerization catalyst used in the process of the present
      invention is the same as those disclosed in U.S. Pat. application No.
      94019. When the catalyst consisting essentially of the cobalt component
      (a'), the organoaluminum compound (b') and carbon disulfide (c') is solely
      used for the polymerization of 1,3-butadiene, syndiotactic
      1,2-polybutadiene having a very high melting point ranging from
      200.degree. to 215.degree.C and high 1,2-structure content is obtainable.
      When a catalyst consisting essentially of the above three components (a'),
      (b') and (c') and the nitrile compound (d') is used, syndiotactic
      1,2-polybutadiene having a melting point ranging from 100.degree. to
      210.degree.C and a high 1,2-structure content is obtainable.
PAR  In carrying out the process of the present invention, all the amounts of
      1,3-butadiene and the solvent required may be added at the
      cis-polymerization stage, or a part of the 1,3-butadiene and/or the
      solvent may be added at the cis-polymerization stage, the remainder being
      added at the 1,2-polymerization stage. The concentration of 1,3-butadiene
      in the 1,2-polymerization system is suitably within the range of 3 to 40%
      by weight, as mentioned above. Both the cis-1,4-polymerization and
      1,2-polymerization can be carried out either batchwise in one reactor or
      continuously in separate zones, i.e. cis-1,4-polymerization zone and
      successive 1,2-polymerization zone.
PAR  After the completion of the 1,2-polymerization, polybutadiene can be
      recovered in a conventional manner. For example, at the end of the
      1,2-polymerization, a short stopper may be put into the polymerization
      mixture to terminate the polymerization and then, the polymer is
      precipitated by adding a precipitating agent such as methanol, acetone,
      and the like, or recovered by flashing the polymer solution, i.e.,
      evaporating the polymerization solvent with or without blowing steam
      thereinto and then, the separated polymer is dried.
PAR  The polybutadiene so obtained is characterized as having a microstructure
      consisting essentially of 2 to 40%, preferably, 5 to 25%, and most
      preferably, 7 to 20%, of a 1,2-structure and 60 to 98%, preferably 75 to
      95%, and most preferably, 80 to 93% of a cis-1,4-structure and an
      intrinsic viscosity [.eta.] in tetraline at 135.degree.C of 0.9 to 8,
      preferably 1.2 to 5. The 1,2-structure portion of the resulting
      polybutadiene is characterized as having a melting point of 110.degree. to
      215.degree.C, preferably 160.degree. to 215.degree.C.
PAR  The distinct feature of the present invention is, as mentioned above, that
      1,3-butadiene is first cis-1,4-polymerized in the presence of the
      specified cis-1,4-polymerization catalyst, the amount thereof being such
      that the final polybutadiene contains 60 to 98% of the cis-1,4-structure,
      until the intrinsic viscosity [.eta.].sub.toluene.sup.30.sup..degree.C of
      the polymer reaches the range of 1.5 to 8, and successively,
      1,2-polymerized in the presence of the novel 1,2-polymerization catalyst
      until the polymer having a 1,2-structure content of 2 to 40% and a
      cis-1,4-structure content of 60 to 98% and an intrinsic viscosity
      [.eta.].sub.tetraline.sup.135.sup..degree.C of 0.9 to 8 is obtained. The
      polybutadiene so obtained has the above-mentioned microstructure resulting
      in rubber products which have a remarkably improved tear strength and
      flex-crack resistance while substantially retaining the excellent
      properties of high cis-1,4-polybutadiene such as abrasion resistance.
PAR  It is difficult to characterize exactly the structure of the polybutadiene
      prepared by the process of the present invention, but it seems that the
      polybutadiene contains a bonded polymer of cis-1,4-polybutadiene and
      1,2-polybutadiene as well as cis-1,4-polybutadiene and syndiotactic
      1,2-polybutadiene from the results of the fractionation test set forth in
      Reference Example 1, and the comparison between the physical properties of
      polybutadienes in Comparative Examples 1 to 3 and the Examples. That is,
      as shown in Reference Example 1, although a blend of cis-1,4-polybutadiene
      and syndiotactic 1,2-polybutadiene can be separated by fractionation into
      cis-1,4-polybutadiene and syndiotactic 1,2-polybutadiene, the
      polybutadiene obtained by the process of the present invention cannot be
      clearly separated by the same fractionation method into
      cis-1,4-polybutadiene and 1,2-polybutadiene. Furthermore, a comparison
      between the physical properties of rubber products made from a blend of
      cis-1,4-polybutadiene and syndiotactic 1,2-polybutadiene and from the
      polybutadiene obtained by the process of the present invention clearly
      indicates that both the rubber products greatly differ in their properties
      from each other. In particular, the rubber product from the polybutadiene
      of the present invention has a far greater improved tear strength,
      flex-crack resistance and tensile strength, although the contents of the
      cis-1,4-structure and 1,2-structure are nearly the same for both products.
PAR  Polybutadiene which is capable of being made by vulcanization to a rubber
      product exhibiting such excellent properties could not have been
      heretofore produced by any known methods, i.e., the process of the present
      invention is the first one to enable the production of such improved
      products.
PAR  The polybutadiene obtained by the process of the present invention may be
      compounded with known ingredients conventionally used for natural rubber
      or cis-1,4-polybutadiene, such as a vulcanizing agent, a vulcanizing
      accelerator, a reinforcing agent, a filler, an antioxidant, a pigment, a
      process oil, and the like. The compound may be kneaded, shaped and
      vulcanized, in a manner known per se, for making the desired products. It
      also may be kneaded with an extender oil to make an oil extended rubber
      product.
PAR  The polybutadiene rubber products obtained from the polybutadiene produced
      by the process of the present invention particularly exhibit improved tear
      strength and flexcrack resistance and, consequently, can be made into a
      tires and other similar rubber products which do not readily chip. The
      polybutadiene obtained by the process according to the present invention
      may be blended with a natural rubber or synthetic rubbers.
PAR  The invention will be further illustrated in the following Examples and
      Comparative Examples in which all "parts" and "%" are parts and %, both by
      weight. In these Examples, the microstructure of polybutadiene is
      determined by an infrared absorption spectrum analysis in accordance with
      R. Humpton; Analytical Chemistry, 21, 923 (1949).
PAR  The intrinsic viscosity [.eta.] of the cis-1,4-polymerized polymer and
      1,2-polymerized polymer was determined in toluene at 30.degree.C and in
      tetraline at 135.degree.C, respectively, unless otherwise specified.
PAR  Physical properties of the vulcanized product of the final polymer were
      determined in accordance with Japanese Industrial Standard K-6301. Tear
      strength was measured on a B-type test specimen defined in Japanese
      Industrial Standard K-6301. The flex-crack resistance means the resistance
      to crack growth when subjected to repeated bend flexing and was designated
      as the number of cycles required for the crack length increasing from 2 mm
      to 15 mm.
PAC  EXAMPLE 1
PAR  A 30 l stainless steel reactor equipped with a stirrer, into which nitrogen
      gas had been blown to replace the air, was charged with a solution of 1.6
      kg of 1,3-butadiene in 18 kg of dehydrated benzene, followed by the
      addition of 4 m-mole of cobalt octoate, 84 m-mole of diethylaluminum
      monochloride and 70 m-mole of 1,5-cyclooctadiene (referred to hereinafter
      as "COD" for brevity). The mixture was stirred for 30 minutes with the
      temperature being maintained at 25.degree. C to effect the
      cis-1,4-polymerization. The resultant polymer exhibited an intrinsic
      viscosity [.eta.] of 2.1. Analysis of its microstructure indicated that it
      contained 98.2% of the cis-1,4-structure, 1.0% of the trans-1,4-structure
      and 0.8% of the 1,2-structure. Then, 90 m-mole of triethylaluminum and 50
      m-mole of carbon disulfide were added to the polymerization system,
      followed by agitation over a period of 60 minutes with the temperature
      being maintained at 25.degree.C to effect the 1,2-polymerization. The
      reaction mixture was poured into 18 l of methanol containing 1% of
      phenyl-.beta.-naphthylamine to precipitate a rubbery polymer. The rubbery
      polymer was separated, washed with methanol, and dried at room temperature
      and in vacuo.
PAR  Conversion to the polybutadiene so produced was 80%. The polybutadiene had
      an intrinsic viscosity [.eta.] of 1.55 and a Mooney viscosity of
      53ML.sub.1.sub.+4. Analysis of its microstructure indicated that it
      contained 8.1% of the 1,2-structure having a melting point of
      207.degree.C, 1.1% of the trans-1,4-structure and 90.8% of the
      cis-1,4-structure.
PAR  The polybutadiene was compounded by rolls in accordance with the following
      composition and vulcanized at 140.degree.C for 40 minutes.
TBL  ______________________________________                                    

     Composition                                                               

     Polybutadiene              100 parts                                      

     Oil ("Esso Bl" naphthenic process oil)                                    

                                8 parts                                        

     Zinc oxide                 5 parts                                        

     Stearic acid               3 parts                                        

     Antioxidant (phenyl-.beta.-naphthylamine)                                 

                                1 part                                         

     HAF carbon                 50 parts                                       

     Vulcanization accelerator CZ                                              

     (cyclohexyl-benzothiazyl sulfenamide)                                     

                                1 part                                         

     Sulfur                     1.5 parts                                      

     ______________________________________                                    

PAR  The physical properties of the vulcanized rubber product are shown in Table
      2.
PAC  EXAMPLE 2
PAR  The procedure of the cis-1,4-polymerization set forth in Example 1 was
      repeated with all the conditions remaining the same. Immediately after the
      cis-1,4-polymerization, 100 m-mole of triethylaluminum and 350 m-mole of
      acetonitrile, and then 50 m-mole of carbon disulfide were added to the
      polymerization system, followed by agitation over a period of 120 minutes
      with the temperature being maintained at 25.degree.C to effect the
      1,2-polymerization. The resultant polymer was recovered by the same
      procedure as that described in Example 1.
PAR  Conversion to the polybutadiene was 82%. The polybutadiene had an intrinsic
      viscosity [.eta.] of 1.5 and a Mooney viscosity of 56ML.sub.1.sub.+4.
      Analysis of its microstructure indicated that it contained 10.3% of the
      1,2-structure having a melting point of 183.degree.C, 1.1% of the
      trans-1,4-structure and 88.6% of the cis-1,4-structure.
PAR  The polybutadiene was compounded and vulcanized in accordance with the same
      procedure and conditions as set forth in Example 1. The physical
      properties of the vulcanized rubber product are shown in Table 2.
PAC  COMPARATIVE EXAMPLES 1 - 4
PAR  For the sake of comparison, the following four polybutadienes were
      separately compounded in accordance with the composition mentioned in
      Example 1 and vulcanized at 140.degree.C for 40 minutes.
PAR  1. A blend of 91 parts of a commercially available high
      cis-1,4-polybutadiene and 9 parts of 1,2-polybutadiene produced by the
      process described in U.S. Pat. application No. 94019 having a melting
      point of 207.degree.C (Comparative Example 1).
PAR  2. A blend of 90 parts of the same high cis-1,4-polybutadiene as that of
      Comparative Example 1 and 10 parts of 1,2-polybutadiene produced by the
      process described in U.S. Pat. application No. 94019 having a melting
      point of 183.degree.C (Comparative Example 2).
PAR  3. A commercially available high cis-1,4-polybutadiene (Comparative Example
      3).
PAR  4. Polybutadiene (A) produced by the process described in Example 1 of U.S.
      Pat. No. 3,595,850, the process involving the two steps of: first,
      polymerizing 1,3-butadiene in the presence of a trans-1,4-polymerization
      catalyst and secondly, continuing the polymerization of same in the
      presence of a cis-1,4-polymerization catalyst (Comparative Example 4).
PAR  The microstructure and intrinsic viscosity [.eta.] of the above
      polybutadienes are shown in Table 1. Physical properties of the vulcanized
      rubber products are shown collectively with those of Examples 1 and 2 in
      Table 2.
TBL                Table 1                                                     

     ______________________________________                                    

     Com-                                                                      

     para-                Intrin-  Microstructure                              

     tive                 sic                                                  

     Exam-                viscos-  Cis-  Trans-                                

     ple                  ity      1,4   1,4   1,2                             

     No.   Polymer        [.eta.]                                              

     ______________________________________                                    

                   cis-1,4-                                                    

                   poly-      2.2    97.8   1.2   1.0                          

     1     Blend   butadiene                                                   

                   1,2-poly-  1.5*    0.7   0.5  98.8                          

                   butadiene                                                   

                   cis-1,4-   2.2    97.8   1.2   1.0                          

                   poly-                                                       

     2     Blend   butadiene                                                   

                   1,2-poly-  1.5*    3.5   0.7  95.8                          

                   butadiene                                                   

     3     High cis-1,4-  2.2      98.0   0.9   1.1                            

           polybutadiene                                                       

     4     Polybutadiene  2.4      79.7  19.3   1.0                            

           (A)                                                                 

     ______________________________________                                    

      *determined in tetraline at 135.degree.C                                 

TBL                                    table 2                                 

     __________________________________________________________________________

     Modulus                      Flex-                                        

     at 300%                 Impact                                            

                                  crack                                        

     elonga-   Elon-                                                           

                   Tensile                                                     

                        Tear resili-                                           

                                  resist-                                      

     tion      gation                                                          

                   strength                                                    

                        strength                                               

                             ence ance                                         

     (kg/cm.sup.2)                                                             

               (%) (kg/cm.sup.2)                                               

                        (kg/cm)                                                

                             (%)  (cycles)                                     

     __________________________________________________________________________

     Exam-                                                                     

         161   400 220  64   56   30,000                                       

     ple 1                                                                     

     Com-                                                                      

     para-                                                                     

     tive                                                                      

         110   410 190  36   54    6,000                                       

     Exam-                                                                     

     ple 1                                                                     

     Exam-                                                                     

         158   430 220  66   56   37,000                                       

     ple1                                                                      

     Com-                                                                      

     para-                                                                     

     tive                                                                      

         120   400 190  38   53    6,000                                       

     Exam-                                                                     

     ple 2                                                                     

     Com-                                                                      

     para-                                                                     

     tive                                                                      

         100   430 180  31   65    4,000                                       

     Exam-                                                                     

     ple 3                                                                     

     Com-                                                                      

     para-                                                                     

     tive                                                                      

         110   440 200  43   63    6,000                                       

     Exam-                                                                     

     ple 4                                                                     

     __________________________________________________________________________

PAR  As is evident from Table 2, a rubber product from the polybutadiene
      produced by the process of the present invention is far superior in tear
      strength, tensile strength and flex-crack resistance as compared with
      other synthetic polybutadienes.
PAC  REFERENCE EXAMPLE 1
PAR  In order to clarify the structure of the polybutadiene produced by the
      process of the present invention, a fractionation test was conducted on
      the polybutadienes obtained in Examples 1 and 2 and the blends of
      Comparative Examples 1 and 2. The test was conducted in accordance with
      the following procedure.
PAR  Five grams of the sample polybutadiene was dissolved in 200 cc of a mixture
      of n-heptane and xylene (1 : 1) at a temperature of 60.degree. to
      70.degree.C and the solution was cooled to a temperature of approximately
      -20.degree.C to precipitate part of the polybutadiene. The slurry so
      obtained was subjected to a centrifugal separation at a temperature of
      0.degree. to 10.degree.C to effect separation of a precipitate from the
      solution. The precipitate was dried. The solution was poured into a large
      quantity of methanol to precipitate polybutadiene, followed by drying. The
      microstructure of polybutadienes from the precipitate and solution was
      determined. The results are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

            Microstructure                                                     

            Cis-1,4-  Trans-1,4- 1,2-                                          

            structure (%)                                                      

                      structure  structure (%)                                 

              Pre-    Solu-   Pre-  Solu-                                      

                                         Pre-   Solu-                          

     Specimen cipi-   tion    cipi- tion cipitate                              

                                                tion                           

     poly-    tate    por-    tate  por- portion                               

                                                por-                           

     butadiene                                                                 

              por-    tion    por-  tion        tion                           

              tion            tion                                             

     ______________________________________                                    

     Example 1                                                                 

              30.4    93.1    0.9   1.0  68.7   5.9                            

     Comparative                                                               

              1.0     96.9    0.5   1.3  98.5   1.8                            

     Example 1                                                                 

     Example 2                                                                 

              32.5    91.0    1.0   1.0  66.5   7.9                            

     Comparative                                                               

              5.2     96.8    0.7   1.4  94.1   1.8                            

     Example 2                                                                 

     ______________________________________                                    

PAR  As is evident from Table 3, both the blends of high cis-1,4-polybutadiene
      and the 1,2-polybutadiene can be clearly separated into the respective
      components. However, the polybutadiene produced by the process of the
      present invention cannot be clearly separated into high
      cis-1,4-polybutadiene and 1,2-polybutadiene, i.e., there are only 68.7%
      and 66.5% of the 1,2-structure in the precipitate portion of the invention
      polybutadienes, and these are far less than the contents of the
      1,2-structure, "98.5%" and "95.8%", respectively, in the polybutadienes
      obtained by the processes involving the use of (1) the catalyst system
      consisting of cobalt octoate, triethylaluminum and carbon disulfide and
      (2) the catalyst system consisting of the three compounds plus
      acetonitrile, respectively. This result shows that the polybutadiene
      produced by the process of the present invention, at least partially
      contains a bonded polymer between the cis-1,4-polybutadiene and the
      1,2-polybutadiene.
PAC  EXAMPLES 3 - 14
PAR  The procedures of Examples 1 and 2 were repeated wherein the catalyst
      components for the cis-1,4-polymerization as enumerated below were used
      instead of cobalt octoate and diethylaluminum monochloride was all other
      conditions remaining the same.
     ______________________________________                                    

     Cis-1,4-polymerization catalyst components                                

     Example                 Halogen-containing                                

     No.     Cobalt compound organoaluminium compound                          

     ______________________________________                                    

     3,4     Cobalt naphthenate                                                

                             Diethylaluminium                                  

                             monochloride                                      

     5,6     Cobalt octoate  Dibutylaluminium                                  

                             monochloride                                      

     7,8     Cobalt octoate  Diethylaluminium                                  

                             monobromide                                       

     9,10    Cobalt          Diethylaluminium                                  

             triacetylacetonate                                                

                             monochloride                                      

     11,12   Cobalt          Ethylaluminium                                    

             triacetylacetonate                                                

                             sesquichloride                                    

     13,14   Cobalt chloride-                                                  

                             Diethylaluminium                                  

             pyridine complex                                                  

                             monochloride                                      

     ______________________________________                                    

      Note: The 1,2-polymerization catalysts in Examples 3, 5, 7, 9, 11 and 13 

      were the same as the catalyst used in Example 1, and the catalysts       

      employed in Examples 4, 6, 8, 10, 12 and 14 were the same as that employe

      in Example 2.                                                            

PAR  Conversion to polybutadiene, the intrinsic viscosity [.eta.], the
      microstructure, the Mooney viscosity (ML.sub.1.sub.+4) and the melting
      point of the 1,2-structure portion are shown in Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Amount  Intrinsic viscosity [.eta.]    Microstructure (%)                 

     of COD                                 after cis-1,4-                     

                                                        after 1,2-             

     added   After cis-                                                        

                    After        Mooney                                        

                                       Melting                                 

                                            polymerization                     

                                                        polymerization         

     Ex.                                                                       

        (m-  1,4-poly-                                                         

                    1,2-poly-                                                  

                           Conver-                                             

                                 viscosity                                     

                                       point                                   

                                            Cis-                               

                                                Trans-  Cis-                   

                                                            Trans-             

     No.                                                                       

        mole)                                                                  

             merization                                                        

                    merization                                                 

                           sion (%)                                            

                                 ML.sub.1 .sub.+ 4                             

                                       (.degree.C)                             

                                            1,4 1,4 1,2 1,4 1,4 1,2            

     __________________________________________________________________________

      3 70   2.2    1.6    75    56    205  98.0                               

                                                1.0 1.0 90.8                   

                                                            1.0 8.2            

      4 70   2.2    1.6    77    58    181  98.0                               

                                                1.0 1.0 88.5                   

                                                            1.0 10.5           

      5 70   1.9    1.3    72    50    205  97.4                               

                                                1.5 1.1 91.3                   

                                                            0.9 7.8            

      6 70   1.9    1.3    75    54    182  97.4                               

                                                1.5 1.1 88.2                   

                                                            0.9 9.9            

      7 60   2.0    1.4    68    52    204  97.0                               

                                                1.7 1.3 90.5                   

                                                            1.0 8.5            

      8 60   2.0    1.4    71    53    180  97.0                               

                                                1.7 1.3 88.2                   

                                                            1.0 10.8           

      9 70   2.2    1.65   81    60    205  98.0                               

                                                1.0 1.0 89.1                   

                                                            1.0 9.9            

     10 70   2.2    1.6    84    65    185  98.0                               

                                                1.0 1.0 86.6                   

                                                            1.0 12.4           

     11 41   1.8    1.3    77    53    203  97.0                               

                                                1.5 1.5 89.5                   

                                                            1.0 9.5            

     12 41   1.8    1.3    80    57    178  97.0                               

                                                1.5 1.5 86.9                   

                                                            1.0 12.1           

     13 22   1.9    1.4    62    50    201  97.8                               

                                                1.2 1.0 91.5                   

                                                            0.9 7.6            

     14 22   1.9    1.4    66    53    177  97.8                               

                                                1.2 1.0 88.6                   

                                                            0.9 10.5           

     __________________________________________________________________________

PAR  These polybutadienes were compounded and vulcanized in the same manner as
      that described in Example 1. The physical properties of the vulcanized
      rubber products are shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

          Modulus   E-                         Flex-                           

          at 300%   lon-                 Impact                                

                                               crack-                          

          elonga-   ga-    Tensile                                             

                                  Tear   resil-                                

                                               resist-                         

     Ex.  tion      tion   strength                                            

                                  strength                                     

                                         ience ance                            

     No.  (kg/cm.sup.2)                                                        

                    (%)    (kg/cm.sup.2)                                       

                                  (kg/cm)                                      

                                         (%)   (cycles)                        

     ______________________________________                                    

      3   158       420    210    62     56    32,000                          

      4   166       420    220    66     55    37,000                          

      5   153       420    200    60     57    28,000                          

      6   149       440    230    63     56    36,000                          

      7   154       410    210    63     55    35,000                          

      8   165       430    220    66     54    37,000                          

      9   164       400    220    65     54    40,000                          

     10   179       420    240    69     53    40,000                          

     11   160       400    230    64     54    40,000                          

     12   164       420    230    68     53    38,000                          

     13   150       430    200    58     58    28,000                          

     14   158       430    220    63     55    37,000                          

     ______________________________________                                    

PAC  EXAMPLES 15 and 16
PAR  The procedures of Example 1 and 2 were repeated in Examples designated
      herein as Examples 15 and 16, respectively wherein 15 g of the material
      prepared by electrochemically depositing metallic cobalt on metallic zinc
      was used instead of cobalt octoate and the amount of diethylaluminum
      monochloride used was 150 m-mole instead of 84 m-mole and further, 2
      m-mole of cobalt naphthenate was added when the 1,2-polymerization of
      butadiene was commenced, with all other conditions remaining same. In
      Example 15, the amount of COD was 60 m-mole instead of 70 m-mole. The
      material used herein as a cobalt component of the cis-1,4-polymerization
      catalyst was prepared as follows; 51 g of cobalt chloride
      (CoCl.sub.2.sup.. 6H.sub.2 O) was dissolved in 600 cc of water, followed
      by the addition of 150 g of metallic zinc powder. After the mixture was
      stirred at 25.degree.C for 2 hours, the solid material was filtered off
      and dried to obtain the material, which contained 18% of metallic cobalt.
PAR  The polybutadiene after the cis-1,4-polymerization had a microstructure
      consisting of 98.0% of the cis-1,4-structure, 1.1% of the
      trans-1,4-structure and 0.9% of the 1,2-structure.
PAR  The characteristics of the final polybutadienes and physical properties of
      the vulcanized rubber products made therefrom employing the same procedure
      described in Example 1 are shown in Tables 6 and 7, respectively.
PAC  EXAMPLES 17 and 18
PAR  The procedures employed in Examples 15 and 16 were repeated wherein cobalt
      naphthenate used as a cobalt component of the 1,2-polymerization catalyst
      was not used at all with all other conditions remaining the same, such
      procedures being used in Examples 17 and 18, respectively.
PAR  The characteristics of the resultant polybutadienes and physical properties
      of the vulcanized rubber products made therefrom employing the same
      procedures described in Example 1 are shown in Tables 6 and 7,
      respectively.
PAC  EXAMPLES 19 and 20
PAR  The procedures of Examples 9 and 10 were repeated wherein
      triisobutylaluminum was used as one component of the 1,2-polymerization
      catalyst instead of triethylaluminum with all other conditions remaining
      the same, such procedure being used in Examples 19 and 20, respectively.
PAR  The characteristics of the resultant polybutadienes and physical properties
      of the vulcanized rubber products made therefrom using the same procedure
      as described in Example 1 are shown in Tables 6 and 7, respectively.
PAC  EXAMPLES 21 and 22
PAR  The procedures of Examples 1 and 2 were repeated wherein 2 m-mole of cobalt
      octoate was added when 1,3-butadiene was cis-1,4-polymerized and a further
      2 m-mole of cobalt octoate, was added when 1,3-butadiene was
      1,2-polymerized with all other conditions remaining the same, the last
      mentioned Examples being herein designated as Examples 21 and 22,
      respectively. This is in contrast to Examples 1 and 2 where 4 m-mole of
      cobalt octoate were added at the time when 1,3-butadiene was
      cis-1,4-polymerized.
PAR  The characteristics of the resultant polybutadienes and physical properties
      of the vulcanized rubber products made therefrom in the same manner as
      that of Example 1 are shown in Tables 6 and 7, respectively.
PAC  EXAMPLES 23 - 28
PAR  The procedures of Examples 1 and 2 were repeated wherein the temperature of
      the 1,2-polymerization and the amount of COD added were varied as shown in
      Table 6 with all other conditions remaining the same. The other conditions
      of the 1,2-polymerization set forth in Examples 23, 25 and 27 are the same
      as Example 1 and the conditions and procedure employed in Examples 24, 26
      and 28 are the same as those set forth in Example 2.
PAR  The characteristics of the resultant polybutadienes in the above Examples
      23 - 28 and physical properties of the vulcanized rubber products made
      therefrom using the same procedure as that employed in Example 1 are
      collectively shown in Tables 6 and 7, respectively.
TBL                                    Table 6                                 

     __________________________________________________________________________

                      Intrinsic                                                

              1,2-poly-                                                        

                      viscosity [.eta.]                                        

     Amount   merization                                                       

     of COD    conditions                                                      

                      After After                Microstructure (%)            

     added            cis-1,4-                                                 

                            1,2- Conver-                                       

                                      Mooney                                   

                                            Melting                            

     Ex. (m-  Temp.                                                            

                  Time                                                         

                      polymer-                                                 

                            polymer-                                           

                                 sion viscosity                                

                                            point                              

                                                 Cis-                          

                                                     Trans-                    

     No. mole)                                                                 

              (.degree.C)                                                      

                  (min)                                                        

                      ization                                                  

                            ization                                            

                                 (%)  ML.sub.1 .sub.+ 4                        

                                            (.degree.C)                        

                                                 1,4 1,4 1,2                   

     __________________________________________________________________________

     15  60   25   60 2.0   1.4  66   53    203  90.0                          

                                                     1.2 8.8                   

     16  70   25  120 2.0   1.4  69   55    180  87.8                          

                                                     1.2 11.0                  

     17  60   25   60 2.0   1.45 65   49    200  90.7                          

                                                     1.2 8.1                   

     18  70   25  120 2.0   1.4  67   51    176  88.6                          

                                                     1.2 10.2                  

     19  70   25   60 2.2   1.6  75   58    205  89.8                          

                                                     1.0 9.2                   

     20  70   25  120 2.2   1.6  79   64    181  86.6                          

                                                     1.0 12.4                  

     21  70   25   60 2.3   1.7  73   63    205  87.5                          

                                                     1.1 11.4                  

     22  70   25  120 2.3   1.7  77   69    182  83.8                          

                                                     1.1 15.1                  

     23  70   45   60 2.1   1.4  82   48    185  87.8                          

                                                     1.4 10.8                  

     24  70   25  120 2.1   1.4  84   51    167  85.3                          

                                                     1.4 13.3                  

     25   0   25   60 4.7   3.8  79   84    206  90.7                          

                                                     1.1 8.2                   

     26   0   25  120 4.7   3.6  83   91    177  88.0                          

                                                     1.1 10.9                  

     27* 70   25   90 2.1   1.4  53   64    205  83.1                          

                                                     1.5 15.4                  

     28* 70   25  150 2.1   1.4  55   69    69   174 80.5                      

                                                         1.5                   

                                                            18.0               

     __________________________________________________________________________

      *Note: 0.8 kg of 1,3-butadiene was added in addition when 1,2-polymerized

                                                                               

TBL                                    Table 7                                 

     __________________________________________________________________________

         Modulus                  Flex-                                        

         at 300%             Impact                                            

                                  crack                                        

         elon- Elon-                                                           

                   Tensile                                                     

                        Tear resili-                                           

                                  resist-                                      

     Ex. gation                                                                

               gation                                                          

                   strength                                                    

                        strength                                               

                             ence ance                                         

     No. (kg/cm.sup.2)                                                         

               (%) (kg/cm.sup.2)                                               

                        (kg/cm)                                                

                             (%)  (cycles)                                     

     __________________________________________________________________________

     15  156   400 210  63   55   36,000                                       

     16  170   430 240  68   54   40,000                                       

     17  145   410 210  62   56   30,000                                       

     18  154   440 220  62   56   34,000                                       

     19  166   390 210  64   55   40,000                                       

     20  169   400 230  67   53   40,000                                       

     21  185   370 220  64   54   40,000                                       

     22  171   400 230  65   52   40,000                                       

     23  178   390 230  66   54   36,000                                       

     24  166   420 210  61   54   29,000                                       

     25* 141   450 200  58   52   34,000                                       

     26* 155   440 210  64   57   34,000                                       

     27  182   350 200  64   51   38,000                                       

     28  179   360 210  65   51   34,000                                       

     __________________________________________________________________________

      *Note: The rubber products were extended with 37.5 PHR of aromatic oil   

      (No. 3 made by Fuji Kosan K. K., Japan).                                 

PAC  EXAMPLES 29 - 35
PAR  The procedure of Example 2 was repeated wherein the nitrile compounds as
      shown in Table 8 were used as one component of the 1,2-polymerization
      catalyst instead of 350 m-mole of acetonitrile with all other conditions
      remaining the same. The amounts of the nitrile compounds were also
      indicated in Table 8.
PAR  Characteristics of the resultant polybutadienes and physical properties of
      the vulcanized rubber products made therefrom in the same manner as that
      of Example 2 are shown in Tables 8 and 9, respectively.
TBL                                    Table 8                                 

     __________________________________________________________________________

                   Intrinsic                                                   

     Nitrile compound                                                          

                   viscosity [.eta.]                                           

                   After After                Microstructure (%)               

                   cis-1,4-                                                    

                         1,2- Conver-                                          

                                   Mooney                                      

                                         Melting                               

     Ex. Nitrile                                                               

              Amount                                                           

                   polymer-                                                    

                         polymer-                                              

                              sion viscosity                                   

                                         point                                 

                                              Cis-                             

                                                  Trans-                       

     No. compound                                                              

              (m-mole)                                                         

                   ization                                                     

                         ization                                               

                              (%)  ML.sub.1 .sub.+ 4                           

                                         (.degree.C)                           

                                              1,4 1,4 1,2                      

     __________________________________________________________________________

     29  Benzo-                                                                

               350 2.1   1.5  82   54    185  88.9                             

                                                  1.0 10.1                     

         nitrile                                                               

     30  Sebaco-                                                               

               350 2.1   1.5  83   55    178  88.4                             

                                                  1.1 10.5                     

         nitrile                                                               

     31  Adipo-                                                                

               350 2.1   1.5  82   52    183  88.7                             

                                                  1.1 10.2                     

         nitrile                                                               

     32  Phenyl-                                                               

               350 2.1   1.5  81   51    180  88.8                             

                                                  1.1 10.1                     

         aceto-                                                                

         nitrile                                                               

     33  Aceto-                                                                

               100 2.1   1.5  82   54    198  88.0                             

                                                  1.1 10.9                     

         nitrile                                                               

     34  Aceto-                                                                

              1000 2.1   1.4  77   48    148  91.8                             

                                                  1.1 7.1                      

         nitrile                                                               

     35* Aceto-                                                                

               800 2.1   1.4  89   78    175  76.3                             

                                                  1.4 22.3                     

         nitrile                                                               

     __________________________________________________________________________

      *Note: 200 m-mole of triethylaluminum was used in Example 35.            

TBL                Table 9                                                     

     ______________________________________                                    

          Modulus                         Im-                                  

          qt 300%                         pact  Flex-                          

          elon-     Elon-   Tensile                                            

                                   Tear   resil-                               

                                                crack                          

     Ex.  gation    gation  strength                                           

                                   strength                                    

                                          ience re-                            

                                                sist-                          

     No.  (kg/cm.sup.2)                                                        

                    (%)     (kg/cm.sup.2)                                      

                                   (kg/cm)                                     

                                          (%)   ance                           

     ______________________________________                                    

     29   146        430    220    65     55    36,000                         

     30   152       420     220    64     56    34,000                         

     31   156       420     230    65     56    36,000                         

     32   155       430     220    66     56    34,000                         

     33   163       410     230    65     55    38,000                         

     34   124       450     200    44     61     9,000                         

     35   180       310     190    57     48    25,000                         

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of polybutadiene consisting of 2-40% of the
      1,2-cis structure, 60-98% of the cis-1,4-structure and not more than 1.5%
      of the trans-1,4-structure which comprises the two successive steps of:
PA1  first, polymerizing for a period of time ranging between a period of ten
      minutes and 10 hours, 1,3-butadiene in an inert organic solvent in the
      presence of a cis-1,4-polymerization catalyst consisting essentially of
PA2  a. a cobalt component selected from the group consisting of (a.sub.1) a
      cobalt compound and (a.sub.2) a material formed by electrochemically
      depositing metallic cobalt on metallic zinc, and
PA2  b. a halogen-containing organoaluminum compound represented by the formula
PAL  wherein R is an alkyl or cycloalkyl group having 1 to 6 carbon atoms or a
      phenyl group, X is a halogen atom and n is a positive number in the range
      of 1.5 to 2.0 thereby forming cis-1,4-polybutadiene, and
PA1  secondly, without deactivating the remaining cis-1,4-polymerization
      catalyst and with the addition or no addition of 1,3-butadiene and/or an
      inert organic solvent to the polymerization system, effecting the
      1,2-polymerization of 1,3-butadiene, (A) in the case where the following
      component (a') is not the same as component (a) of the
      cis-1,4-polymerization catalyst employed, by adding thereto, without
      deactivating the remaining cis-1,4-polymerization catalyst, a
      1,2-polymerization catalyst comprising
PA2  a'. a cobalt component selected from the group consisting of (a'.sub.1) a
      cobalt compound and (a'.sub.2) a material formed by electrochemically
      depositing metallic cobalt on metallic zinc,
PA2  b'. an organoaluminum compound represented by the formula
EQU  AlR.sub.3                                                  ( 2)
PAL  wherein R represents the group defined hereinbefore, and
PA2  c'. carbon disulfide, when the component (a') is not the same as the
      component (a) of the cis-1,4-polymerization catalyst employed, or,
PA2  B. in the case where the component (a') is the same as the component (a) of
      the cis-1,4-polymerization catalyst employed, by adding to the
      polymerization system, without deactivating the remaining
      cis-1,4-polymerization catalyst, either
PA2  (B1) all the components of said 1,2-polymerization catalyst or
PA2  (B2)  the components of said 1,2-polymerization catalyst except component
      (a') when the component (a') is the same as the component (a) of said
      cis-1,4-polymerization catalyst employed, the aforesaid 1,2-polymerization
      being conducted for a period of time varying between ten minutes and ten
      hours,
PA1  thereby forming the desired polybutadiene product, in which said cobalt
      compound of (a.sub.1) and (a'.sub.1) is a member selected from the group
      consisting of
PA2  i. a cobalt salt of a carboxylic acid having 6 to 10 carbon atoms,
PA2  ii. a cobalt complex of a .beta.-diketone represented by the formula:
      ##EQU3##
      wherein each of R.sub.1 and R.sub.4 is an alkyl group having 1 to 3 carbon
      atoms and each of R.sub.2 and R.sub.3 is a hydrogen atom or an alkyl group
      having 1 to 3 atoms,
PA2  iii. a cobalt complex of a .beta.-keto acid ester represented by the
      formula
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined in preceding
      formula (3), and
PA2  (iv) a cobalt halide complex prepared from a cobalt halide represented by
      the formula CoXn wherein X is a halogen atom and n is 2 or 3 and a ligand
      capable of forming a complex in coordination with the cobalt halide,
      selected from the group consisting of tertiary amines, alcohols, tertiary
      phosphines, ketones and N,N-dialkylamides,
PA1  said cis-1,4-polymerization catalyst containing 0.002 to 50 millimoles of
      the cobalt compound (a.sub.1) and 0.2 to 200 millimoles of the
      halogen-containing organoaluminum compound (b), per each mole of
      1,3-butadiene, and the molar ratio (Al/Co) of the halogen-containing
      organoaluminum compound (b) to the cobalt compound (a.sub.1) being 5 to
      500, or containing 0.025 to 5 g of the material (a.sub.2) formed by
      electrochemically depositing metallic cobalt on metallic zinc per 100 g of
      1,3-butadiene and 0.1 to 5 times the weight of the material (a.sub.2), of
      the halogen-containing organoaluminum compound (b), and
PA1  said 1,2-polymerization catalyst containing 0.001 to 10 millimoles of the
      cobalt compound (a'.sub.1), 0.1 to 100 millimoles of the organoaluminum
      compound (b') and 0.001 to 20 millimoles of carbon disulfide (c'), per
      each mole of 1,3-butadiene, and the molar ratio (Al/Co) of the
      organoaluminum compound (b') to the cobalt compound (a'.sub.1) being 5 to
      500, or containing 0.05 to 10 g of the material (a'.sub.2) formed by
      electrochemically depositing metallic cobalt on metallic zinc per 100 g of
      1,3-butadiene, 0.1 to 5 times the weight of the material (a'.sub.2), of
      the organoaluminum compound (b') and 0.001 to 20 millimoles of carbon
      disulfide (c') per mole of 1,3-butadiene.
NUM  2.
PAR  2. A process according to claim 1, wherein said 1,2-polymerization catalyst
      comprises, in addition to the cobalt component (a'), the organoaluminum
      compound (b') and carbon disulfide (c'), a nitrile compound (d')
      represented by the formula
EQU  R'(CH).sub.m                                               ( 5)
PAL  wherein R' is an alkyl group having 1 to 10 carbon atoms, an aralkyl group
      having 7 to 10 carbon atoms or an aryl group having 6 to 12 carbon atoms
      and m is 1 or 2, in an amount such that the molar ratio [R'(CN).sub.m
      /AlR.sub.3 ] of the nirile compound (d') to the organoaluminum compound
      (b') is 0.1 to 30.
NUM  3.
PAR  3. A process according to claim 1, wherein both the cis-1,4-polymerization
      and the 1,2-polymerization are performed at a temperature of -20.degree.
      to 80.degree.C under atmospheric pressure or a high pressure for 10
      minutes to 10 hours.
NUM  4.
PAR  4. A process according to claim 1, wherein said cis-1,4-polybutadiene
      formed by the cis-1,4-polymerization contains 90 to 100% of
      cis-1,4-structure and has an intrinsic viscosity [.eta.] of 1.5 to 8 in
      toluene at 30.degree.C.
NUM  5.
PAR  5. A process according to claim 1, wherein the final polybutadiene has an
      intrinsic viscosity [.eta.] of 0.9 to 8 in tetraline at 135.degree.C.
NUM  6.
PAR  6. A polybutadiene characterized by containing 2 to 40% of the
      1,2-structure, a melting point of which structure portion is 110.degree.
      to 215.degree.C and 60 to 98% of the cis-1,4-structure and having an
      intrinsic viscosity [.eta.] of 0.9 to 8 in tetraline at 135.degree.C, and
      being prepared by the process of claim 1.
NUM  7.
PAR  7. A polybutadiene characterized by containing 5 to 25% of the
      1,2-structure, a melting point of which structure portion is 160.degree.
      to 215.degree.C and 75 to 95% of the cis-1,4-structure and having an
      intrinsic viscosity [.eta.] of 1.2 to 5 in tetraline at 135.degree.C, and
      being prepared by the process of claim 1.
NUM  8.
PAR  8. A rubber product prepared by reacting said polybutadiene defined in
      claim 6, with a vulcanizing agent.
NUM  9.
PAR  9. A rubber product prepared by reacting said polybutadiene defined in
      claim 7, with a vulcanizing agent.
NUM  10.
PAR  10. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt octoate and diethylaluminum monochloride.
NUM  11.
PAR  11. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt naphthenate and diethyl aluminium
      monochloride.
NUM  12.
PAR  12. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt octoate and dibutylaluminium monochloride.
NUM  13.
PAR  13. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt octoate and diethylaluminium monobromide.
NUM  14.
PAR  14. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt triacetyl acetonate and diethyl aluminium
      monochloride.
NUM  15.
PAR  15. A process according to claim 1 wherein the cis-1,4-polymerization
      catalyst components are cobalt triacetyl acetonate and ethylaluminium
      sesquichloride.
NUM  16.
PAR  16. A process according to claim 11 wherein the cis-1,4-polymerization
      catalyst components are cobalt chloride-pyridine complex and diethyl
      aluminium monochloride.
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ABST
PAL  A process for chlorinating solid, finely-divided ethylene polymers is
      disclosed, wherein the resulting chloropolyethylene has a statistical or
      hybridical distribution of chlorine in the polymer. The polymer is mixed
      with 10 - 100% by weight of water, based on the weight of the ethylene
      polymer, and the polymer is chlorinated with chlorine at a temperature
      which is above the crystalline melting point of the ethylene polymer
      during at least 70% of the chlorination period. The chlorination pressure
      is such that the boiling point of water at that pressure is at least equal
      to the chlorination temperature. The amount of water in the ethylene
      polymer is maintained at a level of at least 10% by weight based on
      starting ethylene polymer until the chlorination has proceeded at least to
      the point where the chlorine content of the polymer is 15% by weight.
PAL  The resulting chloropolyethylenes are useful in applications wherein
      previous chloropolyethylenes have been used, such as for mixing with
      synthetic polymers to improve the properties thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for chlorinating ethylene
      polymers. By the term ethylene polymers`, the present application refers
      to both homopolymers of ethylene and copolymers containing at least 50 mol
      percent of ethylene units, and at least one other ethylinically
      unsaturated comonomer of 3 - 8 carbon atoms, such as, for instance,
      propylene, butylene, pentene-1, hexene-1, 4-methylpentene-1, heptene-1and
      octene-1.
PAR  The halogenation of polyolefins, and especially the chlorination of
      polyethylene, has been known for a considerable period of time, especially
      for low-density polyethylenes. Note, for instance, U.S. Pat. No.
      2,183,556, indicating that this process was known in 1939.
PAR  Chlorinated polyethylene has been commercially available since the eary
      '40s. However, the initial product was expensive and involved difficult
      methods of preparation, with the resulting polymers exhibiting physical
      properties which were not as high as desired.
PAR  Shortly after the low-pressure polyethylene processes were developed, there
      was a revival of interest in chlorinated polyethylene, especially the
      chlorinated polyethylene prepared from so-called high-density
      polyethylene. Since then, development has continued in the field of
      chlorination methods for polyethylene, both of the high density and low
      density types. The methods previously utilized can be catagorized as of
      three types, the chlorination of polyethylene in solution, in suspension
      or in bulk.
PAR  The chlorination of polyethylene by the solution method is disclosed in,
      for instance, U.S. Pat. Nos. 2,398,803, 2,748,105, 2,920,064 and
      3,060,164. U.S. Pat. No. 2,592,763 discloses the chlorination of
      polyethylene in an aqueous suspension. The chlorination of polyethylene in
      a fluidized bed is disclosed in U.S. Pat. No. 2,890,283, and the
      chlorination of free-flowing polyethylene is disclosed in British Pat. No.
      834,905. These two latter processes involve the absence of a liquid
      dispersing agent or solvent.
PAR  The chlorinated polyethylenes which are obtained by the various prior art
      chlorination methods differ in properties, even if the same starting
      polyethylene is utilized, and even if the chlorination is effected to the
      same polymer chlorine content. This difference in properties appears to
      depend upon whether or not statistical distribution of the chlorine occurs
      in the chlorinated polyethylene, as explained in French Pat. No. 1,316,044
      and British Pat. No. 843,209.
PAR  Each of the three prior art chlorination mentioned above, that is,
      suspension chlorination, solution chlorination and bulk chlorination,
      involves a number of disadvantages. For instance, solution chlorination is
      expensive. The solubility of polyethylene in the organic solvents which
      are inert to chlorine is quite low, so that relatively large quantities of
      solvent are required. As a rule, expensive halogenated hydrocarbons are
      used as the chlorination solvent. The chlorinated polyethylene must be
      freed from the solvent, and freeing the polymer from the last traces of
      solvent is difficult. The separation is generally cumbersome and
      expensive. An advantage of the solution chlorination process, however, is
      that the chlorination reaction proceeds statistically.
PAR  At temperatures below the crystalline melting point of the polymer, the
      chlorination of polyethylene in suspension or in bulk proceeds on a
      non-statistical basis. A type of block polymer, having chlorinated and
      unchlorinated segments in the molecule, is obtained unless chlorination is
      continued until high chlorine contents are achieved. Block copolymers of
      this type are hard and brittle, whereas in general it is desired to obtain
      soft and flexible chloropolyethylene, generally having a crystallinity of
      less than 2% --  that is, the chloropolyethylene should be amorphous or
      substantially amorphous. In some applications, however,
      chloropolyethylenes having a higher crystallinity, such as a crystallinity
      of less than 10%, preferably between 5 and 10%, are desired. A two-stage
      process for obtaining a more statistical chlorination is described in
      French Pat. No. 1,216,044.  In the process of that patent, the second
      stage is conducted at a rather high temperature, above the crystalline
      melting point of the polyethylene (the crystalline melting point, as used
      herein, is the temperature at which the crystallinity disappears. This
      temperature differs from the softening temperature, and is generally lower
      by 15.degree. - 25.degree.C. For instance, the crystalline melting point
      of high-density polyethylenes is generally between 110.degree. and
      120.degree.C, whereas the softening temperature is generally between
      130.degree. and 140.degree.C. In the case of low density polyethylenes,
      these values are generally within the range of 90.degree. - 100.degree.C
      and 110.degree. - 115.degree.C, respectively). A disadvantage of
      suspension chlorination at elevated temperatures is that at these high
      temperatures, even when the reaction is conducted under pressure, the
      chlorine dissolves in the dispersing agent (which is generally water) only
      to a very small degree. As a result, the chlorination proceeds quite
      slowly and very long chlorination times are required.
PAR  In British Pat. No. 843,209, the difference between chlorinated polyolefins
      having a statistical and a non-statistical chlorine distribution are
      discussed. An intermediate type of chlorine distribution is sometimes
      obtained on the so-called hybridical polymers. These polymers, in contrast
      to the process of French Pat. No. 1,316,044, are prepared, as taught by
      British Pat. No. 843,209, by a chlorination process which is partially
      effected in suspension and partially effected in solution. This two-stage
      process, however, is very cumbersome, as the polyethylene chlorinated in
      suspension must be separated from the suspension and subsequently
      dissolved, before the second stage can be conducted.
PAR  Bulk chlorination, for instance, by the process described in the
      above-mentioned U.S. Pat. No. 2,890,213 and British Pat. No. 834,905, can
      be conducted at rather high temperatures, at which the chlorination
      proceeds rapidly. However, a disadvantage of this chlorination process
      resides in the fact that during the initial phase of chlorination the
      reaction proceeds too fast, even if the initial phase is conducted at
      relatively low temperatures. Halogenation reactions in general and
      chlorination reactions specifically are exothermic reactions. In the
      chlorination of finely divided polyethylene, without a solvent or
      dispersing agent, heat is locally developed, causing the reaction speed to
      increase in the hot spots so developed, with increased heat development,
      and generally it is impossible for the heat to be discharged at a
      sufficient rate. This causes melting, and consequentially lump formation
      of the chlorinated polymer, as well as decomposition or even combustion to
      occur. If combustion occurs, generally a highly undesirable discoloration
      will result. Because of the fact that melting occurs locally, lumps may be
      formed whose subsequent chlorination proceeds in an extremely poor and
      irregular manner.
PAR  With bulk chlorination it is almost impossible to avoid polymer
      discoloration, unless the chlorination is conducted at such low
      temperatures that the reaction speed is quite slow, even in the presence
      of an initiator. In addition, at temperatures below the crystalline
      melting point of the polymer, no statistical chloropolyethylene will be
      obtained. Often the discoloration of the polymer is so serious that the
      resulting chlorinated polyethylene is of a brown color.
PAR  In order to improve the properties of the resulting chloropolyethylene, to
      increase the degree of chlorination, and for other purposes, a numer of
      two-stage processes have been proposed, as mentioned in the abovecited
      French Pat. No. 1,316,044 and British Pat. No. 843,209. In addition, U.S.
      Pat. Nos. 2,398,803 and 2,920,064, German Auslegeschrift No. 1,420,451,
      British Pat. Nos. 1,073,504 and 1,036,360 describe the chlorination of
      polyolefins in two stages.
PAR  None of the prior art processes for chlorinating polyethylene to
      chloropolyethylene have been quite satisfactory. In particular, these
      prior art processes for the preparation of chloropolyethylene having a
      statistical chlorine distribution, or the preparation of hybridical
      chloropolyethylene, leave much to be desired.
PAC  DESCRIPTION OF THE INVENTION
PAR  The process of the present invention involves the chlorination of a solid,
      finely divided ethylene polymer to produce statistical or hybridical
      chloropolyethylene. The polymer is mixed with from 10 to 100% by weight of
      water, based on the weight of the ethylene polymer. The polymer is then
      chlorinated at a temperature which is above the crystalline melting point
      of the ethylene polymer during a major part, i.e. at least 70%, of the
      chlorination period. The chlorination is conducted at a pressure such that
      the boiling point of water at the pressure is at least equal to the
      aforesaid chlorination temperature. The amount of water is maintained in
      the ethylene polymer within the aforesaid range, at a level of at least
      10% by weight, based on the weight of starting ethylene polymer, until the
      chlorination has proceeded to a polymer chlorine content of at least 15%
      by weight, preferably 20% by weight. The polymerization may, if necessary,
      be conducted in the presence of an initiator or with the use of radiation
      which initiates the chlorination reaction. Statistical or hybridical
      chloropolyethylene can be obtained while avoiding the disadvantages of the
      prior art processes discussed hereinabove. Specifically, the disadvantages
      of high temperature suspension chlorination are eliminated, in that the
      chlorine need not dissolve in the dispersing agent, but can directly
      chlorinate the polyethylene.
PAR  The drawbacks of prior art processes for bulk chlorination, that is, the
      fusion and combustion of the polymer resulting from hot spots in such
      polymerization, do not occur with the process of the present invention
      because the temperature cannot rise in local areas above the boiling point
      of the water present at the pressure under which the chlorination is
      conducted.
PAR  As mentioned hereinabove, the chlorination reaction is at a pressure such
      that the boiling point of water at the pressure is at least equal to the
      chlorination temperature. Lower pressures may be used, if desired, toward
      the end of the chlorination reaction, especially after the polymer has
      been chlorinated to a polymer chlorine content of 20% by weight or
      greater. The chlorination pressure should not be so high that the
      resulting boiling point of water at that pressure is above the starting
      ethylene polymer decomposition temperature.
PAR  It is greatly preferred, at least during the first phase of chlorination to
      a polymer having a chlorine content of 15 - 20% by weight, for the boiling
      point of the water to lie below the softening point of the ethylene
      polymer. This means that in the case of high density polyethylene the
      chlorination temperature is preferably below 130.degree.C, and for low
      density polyethylene, the chlorination temperature is preferably below
      110.degree.C. In the case of low density polyethylene, it may be desirable
      to operate at a slightly reduced pressure, so that the boiling point of
      water at that pressure will be between 90.degree. and 100.degree.C.
PAR  The excess chlorine in the hydrogen chloride formed during the chlorination
      may be passed through a condenser along with any water evaporated by the
      heat of reaction, and the condensed water can be returned to the
      chlorination zone. Following this procedure, the moisture content of the
      polyethylene during the chlorination reaction will not, or will hardly
      decrease. Of course, drying will then be necessary after the chlorination
      reaction is finished. Alternatively, the gradually evaporating water can
      be discharged from the reaction system, together with the excess chlorine
      and the hydrogen chloride formed during the chlorination. Once
      chlorination has been conducted to a certain extent, subsequent
      chlorination proceeds more smoothly, and the partially chlorinated
      polyethylene can be further chlorinated, even in the dry condition,
      without the hampering of local superheating occurring. At least 15% by
      weight of chlorine, and preferably at least 20% by weight of chlorine,
      based on the weight of the polymer should have been introduced into the
      polymer prior to the time the amount of water in the polymer is allowed to
      drop below 10% by weight, based on the starting ethylene polymer.
PAR  The process of the present invention proceeds appreciably faster, generally
      3 - 5 or more times faster, than the suspension chlorination of
      polyethylene. The process of the present invention is substantially
      cheaper than solution chlorination of polyethylene, and, in distinct
      contrast to bulk chlorination, yields a white, uncolored product.
PAR  There is no real minimum on the amount of chlorine which can be
      incorporated into the ethylene polymer. The process of the present
      invention can be used to produce chloropolyethylenes having chlorine
      contents of 10% by weight of chlorine, or even less, to 50% by weight of
      chlorine or even more. The chlorine content of the chloropolyethylene
      which is considered most desirable generally is about 30 - 48% by weight.
PAR  The chlorination may be conducted in the presence of radical-forming
      agents. For instance, the chlorination may be conducted in the presence of
      light, having a wavelength such that radical formation is promoted. In
      general, such light will have a wavelength of about 3000  to about 5000 A.
      In addition to or in place of light, radical-forming initiators may be
      used. At chlorination temperatures below 100.degree.C, it may be desirable
      to initiate the radical formation. At chlorination temperatures below
      80.degree.C, the chlorination rate is so low that radical initiation may
      be considered absolutely necessary.
PAR  Suitable radical-forming initiators include the per compounds, such as
      organic peroxides such as dihydrocarbyl peroxydes, hydrocarbyl peroxides
      of 2 to 20 carbon atoms per hydrocarbyl group, dihydrocarbyl peroxy
      carbonates of 2 - 20 carbon atoms per hydrocarbyl group. The hydrocarbyl
      groups in the dihydrocarbyl per compounds may be the same or different.
      Suitable examples of these compounds include benzoyl peroxide, diisopropyl
      benzene hydroperoxide, cumene hydroperoxide, lauroyl peroxide and
      diisopropylperoxy dicarbonate. Also, azo compounds may be used, such as
      dihydrocarbylazodinitriles with 1 - 12 carbon atoms per hydrocarbyl group,
      preferably an alkyl or cycloalkyl group and wherein a cyanogen group is
      present at a carbon atom of a carbon chain with 1 - 10 carbon atoms which
      is in the .alpha.-position in relation to the azo group, such as dimethyl
      and diethyl-.alpha., .alpha.'-azodiisobutyronitrile and .alpha.
      ,60'-azobis (.alpha. ,.gamma.-dimethyl valeronitrile). Also initiators
      like acetylcyclohexylsulfonylperoxyde and related compounds may be used.
PAR  Generally any conventional radical-forming initiator known to the art may
      be used in the process of the present invention. For instance, any of the
      radical-forming initiators disclosed in the prior art patent cited
      hereinabove, the disclosures of which are hereby incorporated by
      reference, may be used if desired.
PAR  The process of the present invention is applicable for the chlorination of
      both low density polyethylene and high density polyethylene.
PAR  In order for the chlorination to proceed at a rapid rate, it is highly
      desirable that the reactive surface area of the polyethylene be as large
      as possible. For this reason, generally a finely divided polyethylene, and
      preferably a porous polyethylene will be used. Low density polyethylene
      obtained by the process described in U.S. Pat. No. 3,719,648 can be
      chlorinated according to the present invention in a particularly
      advantageous manner. Low density or high density polyethylene prepared by
      conventional processes may be given an increased reactive surface area, if
      necessary, by grinding or other particle size reduction treatments, and
      can in this way be rendered more suitable for the chlorination according
      to the present invention.
PAR  The particle size of the polyethylene will generally be no greater than 1
      mm, and preferably is under 500 .mu..
PAR  The water should be as uniformly dispersed in the polyethylene as possible.
      Homogeneous distribution can be promoted by the addition of minor amounts
      of anionic, cationic or nonionic surface active agents. Any of the
      conventional surface action or wetting agents may be used such as
      polyvinylalcohol, polyethylene gylcol, polypropylene glycol,
      methylcellulose, etc. Less than 1% by weight of the wetting agent, based
      on the weight of the water, will suffice, and it is preferred that the
      amount of wetting agent be from 0.005 -- about about 0.1% by weight. If
      chlorination is conducted in a rotary drum, for instance, the uniform
      distribution of the water over the polyethylene will prevent the
      undesirable effects of dry prior art chlorination processes described
      hereinabove.
PAR  If desired, or necessary, small amounts of electrolytes, such as inorganic
      acids and their alkali metal salts, including, for instance, HCl, NaCl,
      Na.sub.2 SO.sub. 4 LiCl etc., may be dissolved in the water to produce a
      more finely divided chlorinated chloropolyethylene. If electrolytes are
      used, they will normally be in an amount of from 1 - 50% by weight, based
      on the amount of water added to the polyethylene. The addition of the
      electrolyte also results in the boiling point of the water being raised.
      At a decreasing water content, a gradual rise of the boiling point will
      occur, which in some cases promotes a rapid chlorination.
PAR  Chlorinated polyethylenes having a chlorine content of 25 - 50% by weight,
      and a crystallinity of less than 2%, are of special importance, and are
      particularly preferred materials to be produced by the process of the
      present invention. Chloropolyethylenes of this nature have already found
      valuable application in various fields. They are compatible with most
      synthetic polymeric materials, and can be advantageously mixed with, for
      instance, PVC, polyethylene, ABS, EPDM rubbers, polystyrene, SAN and the
      like, to improve the impact resistance, the flexibility, the
      processability, to impart or to increase flame-resisting properties of
      various plastics, to improve oil resistance, etc.
PAR  To prepare chloropolyethylenes having a chlorine content of 25 - 50% by
      weight, and a crystallinity of less than 2%, by the process of the present
      invention, chlorination should be conducted such that the chlorine atoms
      are statistically distributed on the ethylene polymer, or that the
      so-called hybridical chloropolyethylenes are obtained, as explained above.
      To produce these chlorinated polymers, the chlorination must be wholly or
      largely conducted at a chlorination temperature above the crystalline
      melting point of the ethylene polymer, i.e. above 110.degree.-
      120.degree.C in the case of high density polyethylene, and above
      90.degree.- 100.degree.C in the case of low density polyethylene.
PAR  For some applications, it is desired to produce a chloropolyethylene having
      a crystallinity of 5 - 10%, and in this instance the process of the
      present invention should be conducted such that a larger proportion of the
      polyethylene will be chlorinated below the crystalline melting point of
      the ethylene polymer. One having average skill in the art can easily
      determine by simple experiments that percentage of chlorine which is to be
      introduced below the crystalline melting temperature, and that percentage
      of chlorine which is to be introduced above the crystalline melting
      temperature, to achieve a certain desired crystallinity within the range
      of 5 - 10% by weight.
PAR  Particularly in the case of chlorination above the crystalline melting
      point of the ethylene polymer, it is of great importance that local
      superheating does not occur, and the present invention offers a method of
      preventing such local superheating.
PAR  Once 15 - 20% or more by weight of chlorine has been introduced into the
      ethylene polymer, the subsequent chlorination proceeds in a substantially
      better, controlled way, and the heat of reaction can be more uniformly
      discharged, so that in bulk chlorination the occurrence of local
      superheating can be opposed, or that such superheating just does not
      occur. This is also true if the chlorination is conducted at an elevated
      temperature above the crystalline melting point of the polyethylene. Up to
      a chlorine content of 15 - 20% by weight of chlorine, the chlorination
      process proceeds so critically that during this phase it is absolutely
      necessary, and critical, that from 10 - 100% by weight of water, based on
      the weight of the polymer, must be present.
PAR  By chlorinating the ethylene polymer in the presence of from 10 - 100% by
      weight of water, based on the weight of the polymer, the chlorination may
      be conducted rapidly while passing through the phase during which local
      heating, as well as consequential fusion and decomposition with
      decoloration, would be virtually unavoidable for the prior art bulk
      chlorination processes.
PAR  The required minimum amouont of water within a given chlorination phase can
      be easily established experimentally. This minimum quantity of water also
      depends upon the chlorination temperature and pressure, and the mode of
      realization. In any event, the water should not have fully evaporated
      before that chlorination phase is reached during which the chlorination
      proceeds more uniformly, without formation of hot spots. If evaporated
      water from the chlorination reaction is condensed and returned to the
      chlorination zone, smaller starting amounts of water in the ethylene
      polymer will, of course, suffice than will be the case if all of the
      evaporated water is discharged. It is also possible to first condense and
      return the evaporated water, and thereafter, after a certain degree of
      chlorination has been achieved, to discharge all of the water vapor in
      order to obtain a dry product at the end of the chlorination process. This
      embodiment, as well as others, will be quite clear to those skilled in the
      art. The most favorable chlorination conditions can easily be determined
      by experimental methods. There is no objection to a chlorination process
      wherein the water is not fully evaporated during the chlorination. Minor
      amounts of water are not disturbing during subsequent chlorination phases,
      and the small amounts of water still present in the chlorination
      polyethylene can be easily expelled therefrom. It is preferred and more
      advantageous, however, to so choose the chlorination conditions such that
      water is no longer present at the end of the chlorination process. In this
      instance, it will be sufficient to free the chloropolyethylene from
      chlorine and hydrogen chloride by blowing an inert gas therethrough.
PAR  Surprisingly, in the chlorination of ethylene polymers in the presence of
      water, the chlorination speed depends upon the quantity of water present.
      The degree of suspensions may be defined as the value of the formula:
      ##EQU1##
      At a degree of suspension of at most 50, the chlorination speed is
      practically independent of the degree of suspension. If the degree of
      suspension rises above 50, a more or less sudden increase to much higher
      chlorination speeds occurs. Above a degree of suspension of 60, the
      increase becomes smaller, and from a degree of suspension of about 70, the
      chlorination speed increases practically linearly, at a slow rate, as the
      degree of suspension increases. In general, a degree of suspension of 65 -
      95% results in a chlorination speed which differs only little from that
      occurring in conventional bulk chlorination, other conditions remaining
      the same. It will be clear to those in the art that the absolute
      chlorination speed also depends upon the chlorination temperature,
      irradiation conditions, the initiators, the partical size and porosity of
      the polyethylene polymer and the like. Once these parameters have been
      fixed, however, the great influence of the degree of suspension upon the
      chlorination speed becomes apparent, as is set forth in greater detail for
      certain reaction conditions in Example 2 hereinbelow. It is most
      surprising and unanticipated that within the degree of suspension range of
      from 50 - 65 a sudden, abrupt change occurs in the chlorination speed.
PAR  At a degree of suspension of 9.1 (which means that the amount of water by
      weight is 10 times that of the polyethylene) a suspension is obtained
      which can be easily stirred. At a degree of suspension of 16.7 (.i.e. the
      weight of water : weight of polyethylene is 5:1), the suspension exhibits
      only moderate ease of handling. At equal quantities of water and
      polyethylene (i.e. a degree of suspension of 50), a wet system, somewhat
      like wet sand, is obtained which is no longer a suspension. In the
      chlorination of wet systems of this type, proper stirring must be
      provided. The chlorination may take place in rotary drums, for instance,
      but also in stationary reactors, provided that the wet polyethylene is
      vigorously stirred during the chlorination. A ribbon stirrer, for
      instance, is suitable for stirring during the reaction. The chlorination
      may be effected in a batchwise, continuous or semi-continuous method, and
      in addition a multi-stage process may be used if desired. The chlorination
      may be advantageously conducted in two reactors, for instance, in two
      rotary drums connected in series, wherein the chlorination is conducted
      below the crystalline melting point of polyethylene in the first reactor
      and above this point in the second reactor.
PAR  The usual additives may be incorporated into the chloropolyethylenes
      produced by the process of the present invention. As mentioned above,
      these chlorinated polyethylenes may be mixed with various types of plastic
      materials in order to improve the properties thereof.
DETD
PAC  EXAMPLES OF THE INVENTION
PAC  Example I (Comparative example)
PAR  For comparative purposes, polyethylene was chlorinated in suspension, with
      return of the evaporated and subsequently condensed water to the reactor,
      so that the degree of suspension was practically constant during the
      duration of the chlorination process.
PAR  25 g of finely divided linear polyethylene and 250 g of water were added to
      a glass reaction vessel having the volume of 1 liter and equipped with a
      stirrer, a thermometer and a reflux cooler with a gas outlet at the top
      thereof, and an inlet tube for chlorine gas. The polyethylene had been
      prepared by the conventional Ziegler low-pressure process, and had a melt
      index of 0.3 measured according to ASTM-D 1238, a specific gravity of
      0.958, a DSC* crystallinity of 68%, and a particle size of &lt; 500 .mu. .
      Air was expelled from this system by passing nitrogen through the
      suspension for half an hour.
FNT  *Differential Scanning Calorimeter
PAR  Then the suspension was heated to a temperature of 95.degree. -
      100.degree.C, with vigorous stirring, with return of evaporated water to
      the suspension through the reflux cooler. 0.125 g of the radical initiator
      listed in Table 1 hereinbelow (0.5% by weight, based on the polyethylene)
      was added and then 25 liters of chlorine gas per hour were passed through
      the stirred suspension for two hours, with the chlorination temperature
      being maintained at 95.degree. - 100.degree.C. Atmospheric pressure was
      utilized and under these conditions no statistical chlorination was
      obtained. This example is presented, however, only to demonstrate the low
      chlorination speed which occurs with suspension chlorination. The
      off-gases from the system were led through a cold trap and through a cool
      solution of NaOH in water, in order to bind hydrochloric acid and
      unconverted chlorine. At the end of the chlorination, nitrogen was passed
      through the suspension to expel chlorine gas and hydrochloric acid
      therefrom.
PAR  The cooled suspension was then filtered, and the polymer particles were
      successively washed with deionized water, with a dilute solution of
      Na.sub.2 Cl.sub. 3 and water, and again with deionized water. The polymer
      particles were then dried at 50.degree.C and 10 mm Hg until a constant
      weight was reached, whereupon the chlorine content was determined by
      elementary analysis, with the results set forth in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

                           % by weight of Cl                                   

     radical initiators applied                                                

                           in reaction product                                 

     ______________________________________                                    

     .alpha., .alpha.'-azo-di-isobutyronitril                                  

                           5.6                                                 

     lauroyl peroxide      3.1                                                 

     dicumyl peroxide      1.9                                                 

     ______________________________________                                    

PAR  The results obtained hereinabove indicate that chlorination in suspension
      at 95.degree. - 100.degree.C at atomospheric pressure proceeds very
      slowly.
PAC  Example II
PAR  Using the procedure of Example 1, a number of experiments were conducted in
      which the same linear polyethylene was chlorinated in the presence of
      0.125 g of .alpha.,.alpha.'  azo-di-isobutyronitrile (AIBN) as the radical
      initiator, and in which the degree of suspension was varied. The degree of
      suspension has been defined hereinabove, and is calculated by the formula:
      ##EQU2##
PAR  For comparative use, two experiments were conducted with the degree of
      suspension being appreciably less than 50, and one experiment was
      conducted with the degree of suspension being just below this value, and
      it will be appreciated that these experiments, test runs No. 1 - 3 in
      Table 2 hereinbelow, are outside of the scope of the present invention. In
      addition, test run No. 5 in Table 2 relates to a bulk chlorination which
      is also outside of the scope of the present invention. The chlorinations
      were conducted below the crystalline melting temperature of the
      polyethylene for the sake of simplicity, so no statistical chlorination
      was obtained. The results of these experiments are set forth in Table 2
      below.
TBL                                    Table 2                                 

     __________________________________________________________________________

     test                                                                      

        degree of                                                              

              description of                                                   

                            % b.w. of                                          

                                  description of                               

     no.                                                                       

        suspension                                                             

              the reaction  Cl in end-                                         

                                  the end-product                              

              system        product                                            

                            (after 2 h                                         

                            of chlori-                                         

                            nation)                                            

     __________________________________________________________________________

     1  9.1   well-stirrable suspension                                        

                            5.7   white, finely divided                        

                                  polymer                                      

     2  16.7  moderate suspension                                              

                            4.7   white, finely divided                        

                                  polymer                                      

     3  45    wet system, no longer a                                          

                            4.9   white, finely divided                        

              suspension          polymer                                      

     4  66.7  moist bulk system                                                

                            28.0  white, finely divided                        

                                  polymer                                      

     5  100   dry bulk system                                                  

                            33.5  finely divided polymer                       

                                  with a few lumps                             

                                  showing internal                             

                                  carbonization ranging                        

                                  in coulour from brown                        

                                  to black                                     

     __________________________________________________________________________

PAC  EXAMPLE Example Example III
PAR  25 g of linear polyethylene (having a melt index of 0.3, a density of
      0.958, a DSC crystallinity of 68%, and a particle size of &lt; 500.mu.), a
      given amount of water, as set forth in Table 3, and 0.125 g of
      .alpha.,.alpha.'azo-di-isobutyronitrile (AIBN) dissolved in a small amount
      of methanol were added to a rotary glass drum equipped with a chlorine gas
      inlet, an off-gas outlet, and a thermocouple with an automatic temperature
      recorder. The drum was rotated at about 60 rpm with nitrogen being passed
      through the drum contents to remove air. The drum was then rotated at the
      same speed through an oil bath maintained at 100.degree.C while chlorine
      gas was passed at a rate of 26 liters per hour through the drum contents.
      In a short while, a constant temperature of about 95.degree.C was reached
      in the drum. The evaporating water was discharged together with the off
      gases. After a reaction time of 2 hours, the chlorine feed was stopped,
      and excess chlorine gas and HC1 were removed from the reactor by blowing
      with nitrogen. The white polymer particles were flushed out of the reactor
      with deionized water and washed, subsequently rewashed with a dilute
      aqueous caustic solution, and then washed again with deionized water. The
      polymer particles were dried at 50.degree.C and 10 Hg until a constant
      weight was reached. The chlorine content and the crystallinity were
      determined, with the results set forth in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     test degree of final condition                                            

                                % b.w. of Cl                                   

                                        % crystallinity in                     

     no.  suspension                                                           

                    of the reactor                                             

                                in end- end-product                            

                    system      product                                        

     ______________________________________                                    

     6    9.1       wet to moist                                               

                                13.5    35.4                                   

                    system                                                     

     7    25        dry system  26.4    24.9                                   

     8    50        dry system  31.9    17.7                                   

     9    66.7      dry system  33.4    18.4                                   

      10  80        dry system  38.4    14.6                                   

     ______________________________________                                    

PAR  The results obtained hereinabove indicate that the chlorination reaction
      proceeds substantially more rapidly at a degree of suspension of 50 or
      higher. When a degree of suspension of 25 is used for the starting
      materials, a degree of suspension of 50 or higher will be reached after
      the chlorination reaction has proceeded for some time, with evaporation of
      water, and at this time the chlorination speed will increase markedly. As
      a result of this occurring, the chlorination of 26.4% was reached at the
      conclusion of test run No. 7 of Table 3.
PAC  Example IV
PAR  Example II was repeated, except the chlorinations were conducted with an
      oil bath temperature of 125.degree.C, with the polymerization results set
      forth in Table 4 below.
TBL                                    Table 4                                 

     __________________________________________________________________________

     test                                                                      

        degree of                                                              

              final condition                                                  

                       % b.w. of Cl                                            

                              description of the end-product                   

     no.                                                                       

        suspension                                                             

              of the reactor                                                   

                       in end-                                                 

        %     system   product                                                 

     __________________________________________________________________________

     11 50    dry system                                                       

                       44.6   white polymer particles                          

     12 66.7  dry system                                                       

                       42.0   white polymer particles                          

     13 80    dry system                                                       

                       44.4   contains a small number of                       

                              yellow particles                                 

     14 100   dry system                                                       

                       43.8   contains brown to black                          

                              particles                                        

     __________________________________________________________________________

PAR  In test 13 of Table 4, at the chlorination temperatures used the water
      evaporated so rapidly that the polymer became dry before a chlorination of
      15 - 20% had occurred, as a result of which some polymer discoloration was
      noted.
PAC  Example V
PAR  The procedure of Example II was repeated for a series of linear
      polyethylene chlorinations, with a degree of suspension of 66.7% used for
      all runs. However, the chlorinations were conducted for different periods
      of time, and at oil bath temperatures of 100.degree.C and 130.degree.C
      (chlorination temperatures of 95.degree.C and 125.degree.C, respectively),
      with the results indicated in Table 5 below.
TBL                                    Table 5                                 

     __________________________________________________________________________

     test                                                                      

        chlorination time at a                                                 

                    % b.w. of Cl in                                            

                             % of crystallinity                                

     no.                                                                       

        reaction temperature                                                   

                    end-product                                                

        in the reactor of                                                      

     95 .degree.C                                                              

              125 .degree.C                                                    

     __________________________________________________________________________

        0 min.                                                                 

              0 min.                                                           

                    0        68.0 starting product                             

     15 15 min.                                                                

              --    17.9     27.3                                              

     16 30 min.                                                                

              --    22.0     21.4                                              

     17 45 min.                                                                

              --    26.7     19.0                                              

     18 60 min.                                                                

              --    31.5     14.0                                              

     19 15 min.                                                                

              15 min.                                                          

                    30.4     13.6                                              

     20 15 min.                                                                

              30 min.                                                          

                    37.4     &lt;1                                                

     21 15 min.                                                                

              45 min.                                                          

                    41.9     &lt;1                                                

     22 15 min.                                                                

              60 min.                                                          

                    43.3     &lt;1                                                

     23 45 min.                                                                

              15 min.                                                          

                    35.9     &lt;1                                                

     24 45 min.                                                                

              30 min.                                                          

                    39.8     &lt;1                                                

     25 45 min.                                                                

              45 min.                                                          

                    40.5     &lt;1                                                

     26 45 min.                                                                

              60 min.                                                          

                    42.5     &lt;1                                                

     27 60 min.                                                                

              60 min.                                                          

                    43.7     &lt;1                                                

     28 90 min.                                                                

              30 min.                                                          

                    40.5     &lt;1                                                

     __________________________________________________________________________

PAC  Example VI
PAR  A series of polyethylene chlorinations were conducted in a manner analogous
      to that of Example V. In this case, however, different polyethylenes were
      used as the starting polymer, with 0.125 g of
      .alpha.,60'-axo-di-isobutronitrile, 7.5 g of NaCl, and 12.5 g of deionized
      water (degree of suspension of 66.7) added to 25 g of the ethylene
      polymer. In all cases, the ethylene polymer particle size was &lt; 500 .mu. .
      The chlorination results are summarized in Table 6 below.
TBL                                    Table 6                                 

     __________________________________________________________________________

                                chlorination                                   

                                            % b.w.                             

                                                 crystal-                      

     test data of the starting polyethylene                                    

                                time at     of Cl                              

                                                 linity                        

     kind of poly-                                                             

                density                                                        

                     melt Vicat 95 .degree.C                                   

                                      125 .degree.C                            

                                            in end-                            

     ethylene        index                                                     

                          softening         product                            

                          point                                                

                          .degree.C                                            

     __________________________________________________________________________

     30 low-density                                                            

                0.917                                                          

                     22   88    60 min.                                        

                                      --    31.0 5.4                           

     31 low-density                                                            

                0.918                                                          

                     1.7  88    15 min.                                        

                                      45 min.                                  

                                            43.7 &lt; 1                           

     32 low-density                                                            

                0.920                                                          

                     0.3  90    60 min.                                        

                                      --    39.5 5.4                           

     33 low-density                                                            

                0.923                                                          

                     4.4  95    60 min.                                        

                                      --    36.0 5.2                           

     34 high-density                                                           

                0.953                                                          

                     19    124  15 min.                                        

                                      45 min.                                  

                                            44.3 &lt; 1                           

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for chlorinating a solid, finely divided ethylene polymer to
      produce statistical or hybridical chloropolyethylene, said process
      comprising
PA1  a. mixing said polymer with 10 to 100% by weight of water, based on the
      weight of ethylene polymer, and
PA1  b. chlorinating the polymer with gaseous chlorine
PA2  at a temperature which is below the ethylene polymer decomposition
      temperature and above the crystalline melting point of the ethylene
      polymer during at least about 70% of the chlorination period and at a
      pressure such that the boiling point of water at said pressure is at least
      equal to the said chlorination temperature while maintaining the amount of
      water in the ethylene polymer at a level of at least 10% by weight, based
      on the weight of starting ethylene polymer, until the chlorination has
      proceeded to a polymer chlorine content of at least 15% by weight and
      maintaining the water substantially uniformly distributed in the polymer.
NUM  2.
PAR  2. Process according to claim 1, wherein the chlorination is conducted in
      the presence of a chlorination reaction initiator or radiation which
      initiates the chlorination reaction.
NUM  3.
PAR  3. Process according to claim 1, wherein the chlorination temperature is
      below the softening point of the starting ethylene polymer at least during
      the chlorination to a polymer chlorine content of 15% by weight.
NUM  4.
PAR  4. Process according to claim 1, wherein at least 10% by weight of water is
      present, based on the weight of starting ethylene polymer, until the
      chlorination has proceeded to a polymer chlorine content of at least 20%
      by weight.
NUM  5.
PAR  5. Process according to claim 1, wherein from 0.05 - 1% by weight of a
      wetting agent, based on the weight of water, is incorporated in the
      ethylene polymer/water system.
NUM  6.
PAR  6. Process according to claim 5, wherein no more than 0.1% by weight of the
      wetting agent, based on the weight of the water, is used.
NUM  7.
PAR  7. Process according to claim 1, wherein at least 1 strong acid or strong
      acid salt electrolyte is incorporated in the ethylene/polymer water system
      in an amount of at most 50% by weight of electrolyte, based on the weight
      of the water.
NUM  8.
PAR  8. Process according to claim 7, wherein at least 1% by weight of the
      electrolyte is used.
NUM  9.
PAR  9. Process according to claim 1, wherein water which is evaporated during
      the chlorination is condensed and returned to the chlorination zone during
      at least a portion of the chlorination reaction.
NUM  10.
PAR  10. Process according to claim 1, wherein the water which is evaporated in
      the chlorination zone during the chlorination reaction is discharged from
      said zone.
NUM  11.
PAR  11. Process according to claim 1, wherein the chlorination is continued
      until the resulting chlorinated ethylene polymers have a chlorine content
      of from 10 to about 50% by weight.
NUM  12.
PAR  12. Process according to claim 11, wherein said chlorine content is 30 -
      48% by weight.
NUM  13.
PAR  13. Process according to claim 10, wherein at least during the latter
      portion of the chlorination reaction, water is removed so that the final
      chlorinated ethylene polymer is obtained in a dry state.
NUM  14.
PAR  14. Process according to claim 1, wherein the degree of suspension of the
      ethylene/polymer water mixture is from 50 - 65 during at least a portion
      of the chlorination reaction.
NUM  15.
PAR  15. Process according to claim 1, wherein the chlorination temperature is
      above the crystalline melting point of the ethylene polymer during
      substantially all of the chlorination period.
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ABST
PAL  Water-soluble cationic dyestuffs of the formulae
      ##SPC1##
PAL  Wherein
PA1  R.sup.0 is hydrogen, lower-alkyl or hydroxy-lower-alkyl;
PA1  R.sup.1 is lower-alkyl, lower-alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.2 is lower-alkyl, lower-alkenyl, hydroxy-lower-alkyl or
      -(lower-alkylene)-NRO Y or R.sup.1 and R.sup.2 together with the nitrogen
      atom, are pyrrolidino, piperidino or 4-lower-alkanoyl piperazino;
PA1  Y is hydrogen or
      ##EQU1##
      wherein R is hydrogen, lower-alkyl, lower-alkenyl, phenyl or
      phenyl-lower-alkyl;
PA1  A is a member selected from the group consisting of an aromatic azo
      dyestuff residue attached to the quaternary ammonium nitrogen atom through
      a lower-alkylene bridge.
PA1  k is a small integer whose value is dependent on the nature or A such that
      it has a range from one to two;
PA1  R.sup.8 is lower-alkyl, lower-alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.9 is lower-alkyl, hydroxy-lower-alkyl or NH.sub.2 ;
PA1  R.sup.10 is lower-alkyl or lower-alkenyl;
PA1  A.sup.1 is an aromatic azo dyestuff residue attached to the quaternary
      ammonium nitrogen atom through a lower-alkylene bridge;
PA1  g is a small integer whose value is dependent on the nature of A.sup.1 such
      that it has a range from one to two;
PA1  R.sup.8.sup.' is lower-alkyl;
PA1  R.sup.9.sup.'  is lower-alkyl, lower alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.10.sup.'  is lower-alkyl, lower -alkenyl or hydroxy-lower-alkyl or
      R.sup.9.sup.' and R.sup.10.sup.'  together with the nitrogen atom are
      morpholino;
PA1  A.sup.2 is an aromatic azo dyestuff residue attached to the quaternary
      ammonium nitrogen atom through a lower-alkylene bridge;
PA1  h is a small integer whose value is dependent on the nature of A.sup.2 such
      that it has a range from one to two; and
PAL  An is an anion
PAL  Are particularly useful for coloring natural fibers, synthetic
      fiber-forming materials and cellulosic materials.
PARN
PAR  This application is a continuation-in-part of our prior copending
      application Ser. No. 201,153, filed Nov. 22, 1971, and now U.S. Pat. No.
      3,784,599, which in turn is a continuation-in-part of our application Ser.
      No. 51,676, filed July 1, 1970 (now U.S. Pat. No. 3,709,903 issued Jan. 9,
      1973), which in turn is a continuation-in-part of our now-abandoned
      application Ser. No. 777,884, filed Nov. 21, 1968, which in turn is a
      continuation-in-part of our now-abandoned application Ser. No. 551,868,
      filed May 23, 1966.
PAR  This invention relates to cationic dyestuffs. More particularly, the
      present invention relates to novel water-soluble quaternary ammonium
      dyestuffs useful in the dyeing art, particularly for coloring natural
      fibers, synthetic fiber-forming material and cellulosic materials such as
      threads, sheets, fibers, filaments, textile fabrics and the like, as well
      as in the manufacture of paper, varnishes, inks, coatings, and plastics.
PAR  In the first of its composition of matter aspects, the invention sought to
      be patented resides in the novel water-soluble quaternary ammonium azo
      compounds having the formula
      ##SPC2##
PAL  wherein c is an integer from one or two; R.sup.o is hydrogen, lower-alkyl
      or hydroxy-lower-alkyl; R.sup.1 is lower-alkyl, lower-alkenyl, or
      hydroxy-lower-alkyl; R.sup.2 is lower-alkyl, lower-alkenyl,
      hydroxy-lower-alkyl or -(lower-alkylene)-NR.sup.o Y or R.sup.1 and R.sup.2
      together with the nitrogen atom, are pyrrolidino, piperidino or
      4-lower-alkanoyl piperazino; Y is hydrogen or
      ##EQU2##
      wherein R is hydrogen, lower-alkyl, lower-alkenyl, phenyl or
      phenyl-lower-alkyl; An is an anion; Y.sup.1 is a divalent moiety of the
      formula
      ##SPC3##
PAL  in which Q.sup.1, Q.sup.1.sup.' and Q.sup.1.sub." are each hydrogen,
      lower-alkyl, lower-alkoxy or halogen and R.sup.7 is hydrogen, lower-alkyl
      or cyano-lower-alkyl; and Z is an azoic coupling radical which when c is
      one, is selected from the class having the formulas
      ##SPC4##
PAL  and when c is 2 is selected from the class having the formulas
      ##SPC5##
PAL  in which Q.sup.2, Q.sup.3 and Q.sup.4 are each hydrogen, lower-alkyl,
      lower-alkoxy, hydroxy, nitro, amino, carbo-lower-alkoxy, carboxamido,
      sulphamyl or halogen; Q.sup.5 and Q.sup.6 are each hydrogen, lower-alkyl,
      lower-alkoxy or halogen; Q.sup.7 is hydrogen, lower-alkyl, lower-alkoxy,
      nitro or halogen; R.sup.4 is lower-alkyl, lower-alkoxy, carboxamido or
      carbo-lower-alkoxy; R.sup.5 is hydrogen, lower-alkyl, halogen,
      benzoxazol-2-yl or benzimidazol-2-yl; R.sup.6 is hydrogen, lower-alkyl or
      halogen; and Y.sup.4 is 1,4-phenylene or (lower-alkylene).sup.1.
PAR  In a second composition of matter aspect, the invention sought to be
      patented resides in the novel water-soluble quaternary ammonium azo
      compounds having the formula
      ##SPC6##
PAL  wherein c is an integer from one to two; R.sup.o is hydrogen, lower-alkyl
      or hydroxy-lower-alkyl; R.sup.1 is lower-alkyl, lower-alkenyl or
      hydroxy-lower-alkyl; R.sup.2 is lower-alkyl, lower-alkenyl,
      hydroxy-lower-alkyl or -(lower-alkylene)-NR.sup.o Y or R.sup.1 and R.sup.2
      together with the nitrogen atom are pyrrolidino, piperidino or
      4-lower-alkanoyl piperazino; Y is hydrogen or
      ##EQU3##
      wherein R is hydrogen, lower-alkyl, lower-alkenyl, phenyl or
      phenyl-lower-alkyl; An is an anion; Y.sup.2 is a divalent moiety of the
      formula
      ##SPC7##
PAL  in which the free valence attached to the ring system is bonded to the azo
      group, and R.sup.7 is hydrogen, lower-alkyl or cyano-lower alkyl; and T is
      either a monovalent residue selected from the group consisting of
      ##SPC8##
PAL  when c is one or a divalent residue when c is two from the group consisting
      of
      ##SPC9##
PAL  in which Q.sup.5, Q.sup.5.sup.' and Q.sup.6 are each hydrogen, lower-alkyl,
      lower-alkoxy or halogen, Q.sup.8 and Q.sup.10 are each hydrogen,
      lower-alkyl, nitro or halogen, Q.sup.9 is hydrogen, lower-alkyl,
      acetamido, nitro or halogen and Y.sup.o is azo, imino, methylene, --O--,
      thio, dithio, sulfonyl, carbamoyl, ureylene, 1,3,4-oxadiazol-2,5-ylene,
      benzylidene, lower-alkylmethylene, terephthalamido, isophthalamido
      ##EQU4##
      --O---(lower-alkylene)--O--, --O--CH.sub.2 --CH(OH)--CH.sub.2 --O-- or
      ##SPC10##
PAR  In a third composition of matter aspect, the invention sought to be
      patented resides in the novel water-soluble quaternary ammonium azo
      compounds having the formula
      ##SPC11##
PAL  wherein c is an integer from one to two; R.sup.8 is lower-alkyl,
      lower-alkenyl or hydroxy-lower-alkyl; R.sup.9 is lower-alkyl,
      hydroxy-lower alkyl or NH.sub.2 ; R.sup.10 is lower-alkyl or
      lower-alkenyl; An is an anion; Y.sup.3 is a divalent moiety of the formula
      ##SPC12##
PAL  in which Q.sup.1 is hydrogen, lower-alkyl, lower-alkoxy or halogen; and
      Z.sup.1 is an azoic coupling radical which when c is one is selected from
      the class having the formulas
      ##SPC13##
PAL  and, when c is two, is selected from the class having the formulas
      ##SPC14##
PAL  in which Q.sup.2, Q.sup.3 and Q.sup.4 are each hydrogen, lower-alkyl,
      lower-alkoxy, hydroxy, nitro, amino, carbo-lower-alkoxy, carboxamido,
      sulphamyl or halogen; Q.sup.5 and Q.sup.6 are each hydrogen, lower-alkyl,
      lower-alkoxy or halogen; Q.sup.7 is hydrogen, lower-alkyl, lower-alkoxy,
      nitro or halogen; R.sup.4 is lower-alkyl, lower-alkoxy, carboxamido or
      carbo-lower-alkoxy; R.sup.5 is hydrogen, lower-alkyl, halogen;
      benzoxazol-2-yl or benzimidazol-2-yl; and R.sup.6 is hydrogen, lower-alkyl
      or halogen.
PAR  In a fourth composition of matter aspect, the invention sought to be
      patented resides in the novel water-soluble quaternary ammonium azo
      compounds having the formula
      ##SPC15##
PAL  wherein R.sup.8.sup.' is lower-alkyl; R.sup.9.sup.' and R.sup.10.sup.' are
      the same or different and are lower-alkyl, lower-alkenyl, or
      hydroxy-lower-alkyl or R.sup.9.sup.'  and R.sup.10.sup.' together with the
      nitrogen atom are morpholino; An is an anion; Y.sup.5 is a divalent moiety
      of the formula
      ##SPC16##
PAL  in which the free valence attached to the ring system is bonded to one of
      the azo groups, and R.sup.7 is hydrogen, lower-alkyl or cyano-lower-alkyl;
      and T.sup.1 is a divalent residue from the group consisting of
      ##SPC17##
PAL  in which Q.sup.5 and Q.sup.6 are each hydrogen, lower-alkyl, lower-alkoxy
      or halogen and Y.sup.o is azo, imino, methylene, --O--, thio, dithio,
      sulfonyl, carbamoyl, ureylene, 1,3,4-oxadiazol-2,5-ylene, benzylidene,
      lower-alkylmethylene, terephthalamido, isophthalamido,
      ##EQU5##
      --O--(lower-alkylene)--O--, --O--CH.sub.2 --CH(OH)--CH.sub.2 --O-- or
      ##SPC18##
PAR  In the first of its process aspects, the invention sought to be patented
      resides in the process for the preparation of the novel dyestuffs of
      Formula I which comprises diazotizing an amine of the formula
      ##EQU6##
      wherein An, R.sup.o, R.sup.1, R.sup.2, Y and Y.sup.1 are as defined above
      in relation to Formula I, and coupling approximately c molecular
      proportion of the diazonium salt with one molecular proportion of a
      coupling component, Z, which has the same meanings given hereinabove in
      relation to Formula I.
PAR  In a second process aspect, the invention sought to be patented resides in
      the process for preparing the novel dyestuffs of Formula II which
      comprises coupling approximately c molecular proportions of a compound of
      the formula
      ##EQU7##
      wherein An, R.sup.o, R.sup.1, R.sup.2, Y and Y.sup.2 are as defined above
      in relation to Formula II, with one molecular proportion of the diazonium
      salt obtained by diazotization of an amine having the formula
EQU  T-NH.sub.2).sub.c
PAL  wherein c and T have the same meanings given hereinbefore in relation to
      Formula II.
PAR  In a third process aspect, the invention sought to be patented resides in
      the process for preparing the novel dyestuffs of Formula III which
      comprises diazotizing an amine of the formula
      ##EQU8##
      wherein Y.sup.3, R.sup.8, R.sup.9, R.sup.10 and An are as defined above in
      relation to Formula III, and coupling approximately c molecular proportion
      of the diazonium salt with one molecular proportion of a coupling
      component, Z.sup.1, which has the same meanings given hereinabove in
      relation to Formula III.
PAR  In a fourth process aspect, the invention sought to be patented resides in
      the process for preparing the novel dyestuffs of Formula IV which
      comprises coupling approximately two molecular proportions of a compound
      of the formula
      ##EQU9##
      wherein An, R.sup.8.sup.', R.sup.9.sup.', R.sup.10.sup.' and Y.sup.5 are
      as defined above in relation to Formula IV, with one molecular proportion
      of the tetrazonium salt obtained by diazotization of a diamine having the
      formula
EQU  T.sup.1 -NH.sub.2).sub.2
PAL  wherein T.sup.1 has the same meanings given hereinbefore in relation to
      Formula IV.
PAR  As used throughout, the term "lower-alkyl" is a saturated straight- or
      branched-chain aliphatic radical of from one to six carbon atoms.
      Lower-alkyl radicals are represented by, for example, methyl, ethyl,
      propyl, isopropyl, butyl, tert.-butyl, isobutyl, amyl, isoamyl, hexyl and
      the like.
PAR  As used herein, the term "AN" represents Anion. By Anion is meant any
      monovalent ion derived from an organic or inorganic acid, H Anion, by the
      removal of an acidic hydrogen ion. Exemplary anions are, halide, hydroxy,
      alkanoate, nitrate, phosphate, alkylsulfonate and arylsulfonate. Other
      monovalent anions are found in the literature for example, Hackh's
      Chemical Dictionary, 3rd Edition (1946), at pages 12-13, and Chemical
      Abstracts, vol. 56, Nomenclature, at pages 72n-80n, both incorporated
      herein by specific reference thereto. As is known, one anion can be
      changed to another anion by use of conventional ion exchange methods. The
      halides, i.e., chloride, bromide, fluoride and iodide and in particular
      chloride and bromide are particularly preferred as the anion for the
      dyestuffs of this invention because of the generally ready availability of
      the quaternizing agents containing them. However, the scope of the
      compounds herein described and claimed is in no way to be thereto
      restricted.
PAR  As used throughout, the term "lower-alkoxy" means an alkoxy radical in
      which the aliphatic portion is a saturated straight- or branched-chain of
      from one to four carbon atoms. Lower-alkoxy radicals are represented by,
      for example, methoxy, ethoxy, propoxy, butoxy, isopropoxy, tert.-butoxy
      and the like.
PAR  As used throughout, the term "lower-alkenyl" is a straight- or
      branched-chain aliphatic radical of from two to six carbon atoms
      containing at least one carbon-to-carbon double bond. Lower-alkenyl
      radicals are represented by, for example, vinyl, allyl, methallyl,
      2-butenyl, 2,4-pentadienyl, 3-hexenyl, and the like.
PAR  As used throughout, the term "(lower-alkylene)" means a divalent, saturated
      straight- or branched-chain aliphatic radical of from two to six carbon
      atoms having valence bonds attached to different carbon atoms. Thus,
      radicals represented by the term (lower-alkylene) are, for example,
      --CH.sub.2 --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --,
      --(CH.sub.2).sub.4 --, --(CH.sub.2).sub.5 --, --(CH.sub.2).sub.6 --,
      --CH(CH.sub.3)CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --, --CH.sub.2 --CH.sub.2 --CH(C.sub.2 H.sub.5)--CH.sub.2 --, and the
      like.
PAR  The benzene ring of phenyl can bear substituents of the kind commonly
      employed in the dyestuffs art. The presence of such substituents does not
      ordinarily affect adversely the properties of the resulting dyestuffs, and
      such substituted compositions are the full equivalents of the compositions
      claimed herein.
PAR  As used throughout, the term "carboxylic-acyl" is a radical derived by the
      removal of the hydroxy radical from a carboxylic acid. The carboxylic-acyl
      groups
      ##EQU10##
      (shown alternatively herein as -COR) are represented by lower-alkanoyl,
      wherein R is lower-alkyl; lower-alkenoyl, wherein R is lower-alkenyl;
      benzoyl, wherein R is phenyl, which may be substituted on the benzene ring
      thereof without deleterious effects; and phenyl-lower alkanoyl, wherein R
      is phenyl-lower-alkyl. Examples of carboxylic-acyl groups include, for
      example, formyl, acetyl, propionyl, isobutyryl, acrylyl, methacrylyl,
      benzoyl, p-toluoyl, p-nitrobenzoyl, o-chlorobenzoyl, phthaloyl,
      phenylacetyl, p-methoxyphenylacetyl, and the like.
PAR  As used throughout, the term (lower-alkylene).sup.1 means a divalent,
      saturated straight- or branched-chain aliphatic radical of from one to six
      carbon atoms. Thus, radicals represented by the term
      (lower-alkylene).sup.1 have from one to six carbon atoms and are, for
      example, --CH.sub.2 --, --CH.sub.2 CH.sub.2 --, --CH(CH.sub.3)--,
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --, --(CH.sub.2).sub.4 --,
      --(CH.sub.2).sub.5 --, --(CH.sub.2).sub.6 --, --CH(CH.sub.3)CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(C.sub.2 H.sub.5)--CH.sub.2 --, and the like.
PAR  As used throughout, the term "halogen" includes bromine, chlorine, iodine
      and fluorine.
PAR  In the preparation of the compounds of Formula I, and of Formula III the
      ratio of the quantity of diazonium compound to coupling component is, of
      course, dependent on the number of coupling sites available in the
      coupling component. Thus when a single coupling site is present, for
      example in a 1-phenyl-2-pyrazolin-5-one, there is employed approximately
      one molecular proportion of the diazonium compound and when two coupling
      sites are available as, for example, in 4,4'-bi-o-acetoacetotoluidide
      (Naphthol AS-G), there are employed approximately two molecular
      proportions of the diazonium compound. In the preparation of those
      compounds of Formula II and Formula IV wherein two azo linkages are
      present, there is employed approximately one-half molecular proportion of
      the tetrazonium compound for reaction with approximately one molecular
      proportion of the quaternary ammonium coupling component. Since the
      reaction temperature has some effect on the shade of the resulting
      water-soluble quaternary ammonium dyestuffs, it is ordinarily desirable to
      maintain adequate control of the temperature of the reaction mixture in
      some predetermined manner. It is generally satisfactory to stir the
      reactants together at a temperature in the approximate range
      0.degree.-35.degree.C. to effect only an incomplete coupling reaction, and
      then heat the mixture at a higher temperature, for instance in the
      approximate range 40.degree.-60.degree.C., preferably at
      50.degree.-55.degree.C., to complete the coupling reaction and develop the
      dyestuff. The reaction is begun in an alkaline aqueous medium but the pH
      of the reaction mixture drops during the process to a final value of about
      5.0.
PAR  In a fifth process aspect, the invention sought to be patented in relation
      to the preparation of water-soluble quaternary ammonium azo compounds of
      Formula I and of Formula II wherein Y is hydrogen, resides in the process
      which comprises hydrolyzing a compound of Formula I or of Formula II
      wherein Y is --COR in which R is as defined above. The removal of the
      carboxylic acyl groups is conveniently accomplished through hydrolysis by
      heating the acylamino-substituted dyestuffs in admixture with dilute
      aqueous acid. Although the hydrolysis is effectively accomplished by the
      use of any of the common dilute mineral acids as well as by aqueous strong
      organic acids such as benzenesulfonic acid, we here also prefer to
      hydrolyze the acylamine groups with a dilute aqueous acid whose anion is
      the same as the quaternary anion in order to prevent introduction of
      extraneous anion constituents. Moreover, the carboxylic-acylamides of
      Formula I and of Formula II may also be hydrolyzed by aqueous alkali, but
      of course, with concomitant introduction of the hydroxide ion as an anion
      constituent.
PAR  Alternatively, the compounds of Formula I in which Y is hydrogen, can be
      prepared by coupling in approximately stoichiometric proportions a
      coupling component, Z, as defined in relation to Formula I, with a
      diazotized amino compound of Formula V in which Y is hydrogen. Similarly,
      an alternate method for preparing the compounds of Formula II in which Y
      is hydrogen comprises coupling in approximately stoichiometric proportions
      a compound of Formula VI in which Y is hydrogen with a diazonium compound
      of the formula T--(N.sup.+-NAn.sup.-).sub.c wherein c, T and An have the
      same meanings as hereinbefore indicated. Although the intermediates of
      Formula V and VI in which Y is hydrogen can be separately prepared and
      isolated for use in preparing the compounds of Formula I and Formula II in
      which Y is hydrogen, it is not necessary to do so. It is particularly
      convenient to first hydrolyze the acylated intermediates of Formula V or
      of Formula VI and to then proceed directly with the diazotization and
      coupling in the same reaction vessel.
PAR  When preparing the compounds of Formula I and Formula II in which Y is
      hydrogen and which contain amide groups, by hydrolysis of the
      corresponding compound of Formula I or Formula II in which Y is --COR, it
      is preferred to hydrolyze those compounds in which R is hydrogen or
      equivalently in which Y is formyl. The formyl group is preferred because
      it is readily hydrolyzed with minimal concomitant hydrolysis of the
      remaining amide group. In the same sense and for the same reason, it is
      preferred to employ those compounds of Formula V and Formula VI in which Y
      is formyl, and which contain other amide groups, for the preparation of
      the corresponding intermediates of Formula V and Formula VI in which Y is
      hydrogen.
PAR  The water-soluble quaternary ammonium azo dyestuffs prepared according to
      this aspect of our invention contain one or more primary amino groups in
      addition to the quaternary ammonium group which characterizes all of the
      dyestuffs of our invention. The said amino-basic dyestuffs can, of course,
      exist either in free base form or in acid-addition salt form. For the
      purpose of our invention, the two forms are full equivalents, because the
      dyestuffs are water-soluble in either form, and salt formation is believed
      not to affect the physical properties of the dyestuffs either adversely or
      beneficially.
PAR  In a fifth composition of matter aspect, the invention sought to be
      patented resides in the concept of the novel N-R.sup.1
      -N-[(lower-alkylene).sup.1 -Y.sup.1 -NH.sub.2 ]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.o Y] ammonium halides, the N-R.sup.1
      -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.o Y] ammonium halides, the N-R.sup.8
      -N-[(lower-alkylene-NH.sub. 2 ]-N-R.sup.9 -N-R.sup.10 ammonium halides,
      and the N-R.sup.8.sup.' -N-[(lower-alkylene)-Y.sup.5 -H]-N-R.sup.9.sup.'
      -N-R.sup.10.sup.' ammonium halides represented and defined by Formulas V,
      VI, VII, VIII respectively which are useful intermediates in the
      preparation of the quaternary ammonium azo dyestuffs of the invention.
PAR  The manner and process of making and using the quaternary ammonium azo
      dyestuffs of the invention, and the best mode contemplated by the
      inventors of carrying out this invention, will now be described so as to
      enable any person skilled in the art to which it pertains to make and use
      the same.
PAR  The intermediate N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.1 -NH.sub.2
      ]-N-R.sup.2 -N-[(lower-alkylene)-NR.sup.o Y] ammonium halides of Formula V
      in which Y is --COR, are conveniently prepared in two steps, firstly by
      heating the appropriate compound of the formula O.sub.2 N-Y.sup.1
      -(lower-alkylene).sup.1 -X with the appropriate compound of the formula
      ##EQU11##
      wherein X is halogen and R, R.sup.o, R.sup.1, R.sup.2, R.sup.7 and Y.sup.1
      each have the same respective meanings given hereinbefore, in a suitable
      medium, for example a polar solvent, to obtain the corresponding
      nitro-substituted precursor of the amino-substituted intermediates of
      Formula V, said precursors being of the formula
      ##EQU12##
      The quaternization is usually complete in from two to forty-eight hours,
      depending upon the nature of the reactants, the nature of the reaction
      medium, and the reaction temperature. The reaction generally proceeds
      readily at temperatures in the range 50.degree.-110.degree.C. It is
      convenient to employ a reaction medium which boils within the specified
      range in order that the reaction temperature is maintained by merely
      refluxing the medium. Convenient media for carrying out the process
      according to this aspect of the invention include water; the
      lower-alcohols, for example methanol, ethanol, isopropyl alcohol, and the
      like; the lower-alkylene glycols, for example, ethylene glycol and
      propylene glycol; acetonitrile; and dimethylformamide. We generally prefer
      to use isopropyl alcohol or water as the reaction media because they have
      suitable boiling points and they are inexpensive. The N-R.sup.1
      -N-[(lower-alkylene).sup.1 -Y.sup.1 -NO.sub.2 ]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.o COR]ammonium halide thus obtained is then in
      the second step subjected to reduction of the nitro group to obtain the
      corresponding amino-substituted intermediates of Formula V in which Y is
      --COR. Reduction is carried out with powdered iron under essentially
      neutral conditions. The reduction generally proceeds readily in aqueous
      media at a temperature in the range 50.degree.-75.degree.C. Alternatively,
      high-pressure, catalytic reduction is employed. We have found that when
      the latter method is used, reduction is conveniently and efficiently
      effected in aqueous media at approximately 600 pounds per square inch
      hydrogen pressure at a temperature between 60.degree.-80.degree.C.
      Although any of the known poisoned reduction catalysts may be used, we
      prefer to use a platinum sulfide on charcoal catalyst.
PAR  The intermediates of Formula V in which Y is hydrogen are obtained by the
      hydrolysis of the corresponding compound of Formula V wherein Y is --COR.
      The hydrolysis is effectively accomplished by heating the acylamino
      intermediate in admixture with dilute aqueous acid as hereinbefore
      described.
PAR  The intermediate N-R.sup.8 -N-[(lower-alkylene).sup.1 -Y.sup.3 -NH.sub.2
      ]-N-R.sup.9 -N-R.sup.10 ammonium halides of Formula VII are also
      conveniently prepared in two steps, firstly by heating the appropriate
      compound of the formula O.sub.2 N-Y.sup.3 -(lower-alkylene).sup.1 -X with
      the appropriate compound of the formula
      ##EQU13##
      wherein X is halogen and R.sup.8, R.sup.9, R.sup.10 and Y.sup.3 each have
      the same respective meanings given hereinbefore, without other media or in
      a suitable medium, for example a polar solvent, to obtain the
      nitro-substituted precursors of the intermediates of Formula VII, said
      precursors being of the formula
      ##EQU14##
      Quaternization is usually complete in from two to forty-eight hours and
      proceeds readily at temperatures in the range of 50.degree.-110.degree.C.
      Convenient media for carrying out the process according to this aspect of
      the invention include water; the lower-alcohols, for example, methanol,
      ethanol, isopropyl alcohol, and the like; the lower-alkylene glycols, for
      example, ethylene glycol; acetonitrile and dimethyl formamide. We
      generally prefer to use water as the reaction medium because it has a
      suitable boiling point and is inexpensive. The N-R.sup.8
      -N-[(lower-alkylene).sup.1 -Y.sup.3 -NO.sub.2 ]-N-R.sup.9 -N-R.sup.10
      ammonium halide thus obtained is in the second step subjected to reduction
      of the nitro group to obtain the corresponding amino-substituted
      intermediates of Formula VII. Reduction is carried out with powdered iron
      under essentially neutral conditions. The reduction generally proceeds
      readily in aqueous media at a temperature in the range
      50.degree.-75.degree.C. Alternatively, high-pressure, catalytic reduction
      of the nitro group is employed in aqueous media at approximately 600
      pounds per square inch hydrogen pressure at temperature between
      60.degree.-80.degree.C in the presence of any of the known poisoned
      reduction catalysts.
PAR  The halide quaternizing agents used as starting materials for preparing the
      intermediate compounds of Formula V and of Formula VII, that is, the
      starting materials having the formula O.sub.2 N-Y.sup.1
      -(lower-alkylene).sup.1 -X, and the formula O.sub.2 N-Y.sup.3
      -(lower-alkylene).sup.1 -X respectively, are a generally known class of
      compounds, and are readily prepared by methods well-known in the art. A
      typical preparative procedure for these compounds which may be mentioned
      by way of example, is the following procedure. The
      halogeno-lower-alkylene-substituted nitro-benzenes are prepared by
      nitration of the appropriate halogeno-lower-alkylene-substituted benzenes
      which in turn are prepared by the interaction of the corresponding
      hydroxy-lower-alkylene-substituted benzene with an hydrogen halide or an
      hydrogen halide-producing reactant, for example phosphorous oxychloride.
      Said hydroxy-lower-alkylene-substituted benzenes are likewise a generally
      known class of compounds and are prepared by methods well-known in the
      art. For example, the Grignard reagent formed from the appropriate aryl
      halide or the appropriate aralkyl halide is interacted with formaldehyde
      or an appropriate alkylene oxide for introduction of a hydroxy-alkyl group
      into the aromatic ring or addition thereof to the alkyl chain. The desired
      halogeno-lower-alkylene substituted nitrobenzene isomer is separated by
      conventional techniques from the resultant mixture of nitrated products or
      alternatively, said mixture can be used per se for quaternization with
      subsequent separation of the desired quaternary ammonium intermediate. The
      halogeno-lower-alkylene carboxylic acid N-R.sup.7 nitroanilides are
      prepared, for example, by interaction of a halogen-substituted alkanoyl
      halide with an N-R.sub.7 substituted nitroaniline. Additional specific
      examples are to be found hereinafter under the section entitled
      "Preparation of Intermediates". The carboxylic-acylamino-lower-alkylamines
      are prepared as described in our U.S. Pat. No. 3,709,903 by acylating
      alkylenediamines in which one of the nitrogen atoms is disubstituted and
      the other is either unsubstituted or monosubstituted.
PAR  The N-R.sup.8 -N-R.sup.9 -N-R.sup.10 amines required for preparing the
      compounds of Formula VII are, of course, a known class of compounds, the
      methods of preparation of which are described in the prior art. For
      example, the direct alkylation of primary and secondary amines with a
      lower alkyl halide, a lower alkenyl halide or a hydroxy-lower-alkyl halide
      provides a convenient method for preparing the requisite tertiary amines.
PAR  The N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.o Y] ammonium halides of Formula VI in which Y
      is --COR, are conveniently prepared by heating the appropriate compound of
      the formula H-Y.sup.2 -(lower-alkylene).sup.1 -X with the appropriate
      compound of
      ##EQU15##
      wherein X is halogen and R, R.sup.o, R.sup.1, R.sup.2, R.sup.7 and Y.sup.2
      have the same respective meanings given hereinbefore, to obtain the
      corresponding intermediate of Formula VI. The reaction can be carried out
      without other media or in a suitable medium for example, a polar solvent.
      Quaternization is usually complete in from two to forty-eight hours and
      proceeds readily at temperatures in the range of 50.degree.-110.degree.C.
      Convenient media for carrying out the process according to this aspect of
      the invention include water; the lower-alkanols, for example, methanol,
      ethanol, isopropyl aocohol, and the like; the lower-alkylene glycols, for
      example, ethylene glycol and propylene glycol; acetonitrile and
      dimethylformamide.
PAR  Those intermediates represented by Formula VI in which Y is hydrogen are
      conveniently obtained by the hydrolysis of the corresponding acylamino
      compound of Formula VI wherein Y is --COR. The hydrolysis is accomplished
      by heating the acylamino intermediate in admixture with dilute aqueous
      acid as hereinbefore described.
PAR  The intermediate N-R.sup.8.sup.' -N-[(lower-alkylene).sup.1 -Y.sup.5
      -H]-N-R.sup.9.sup.' -N-R.sup.10.sup.'  ammonium halides of Formula VIII
      are similarly prepared by the quaternization of the appropriate tertiary
      amine of the formula
      ##EQU16##
      with the appropriate halogeno compound of the formula
EQU  H-Y.sup.5 -(lower-alkylene).sup.1 -X
PAL  wherein X is halogen and R.sup.8.sup.', R.sup.9.sup.', R.sup.10.sup.'  and
      Y.sup.5 each have the same respective meanings given hereinbefore, to
      obtain the corresponding intermediate of Formula VIII. The reaction
      conditions and media, if used, are the same as those employed for the
      quaternizations to obtain the intermediates of Formulas V, VI and VII
      above.
PAR  The halide quaternizing agents required for preparing the intermediate
      compounds of Formula VI and Formula VIII are generally-known classes of
      compounds and are conveniently prepared by methods well-known in the art.
      For example, the N-R.sup.7 -N-(halo-lower-alkylene)-substituted anilines
      are prepared by causing an N-R.sup.7
      -N-(hydroxy-lower-alkylene)-substituted aniline to react with an hydrogen
      halide. The carboxylic-acylamino-lower-alkylamines are prepared as
      hereinbefore described.
PAR  The new water-soluble quaternary ammonium-substituted dyestuffs of Formulas
      I, II, III and IV disclosed herein are useful dyestuffs which can be
      applied to natural fibers, to fiber-forming synthetic materials and to
      cellulosic materials by methods conventional in the dyeing art since it
      has been found that the dyestuffs of this invention are substantive to
      wool, silk, nylon, rayon, polyacrylonitrile, cotton and paper. The dyed
      products thus obtained are stable to ultra-violet light and to washing.
      The novel dyes are especially valuable for imparting various shades of a
      stable red, orange or yellow color to cotton and to paper, both sized and
      unsized. For use in the paper trade, our dyes have several outstanding
      advantages over quaternary ammonium dyes in the prior art. First, our dyes
      are less prone to "bleed" when paper impregnated with the dyes is wet and
      placed in contact with moist white paper. This is a particularly desirable
      property for dyes designed for coloring paper to be used in facial
      tissues, napkins and the like, wherein it can be foreseen that the colored
      paper, while wet, may come in contact with other surfaces, such as
      textiles, paper and the like, which should be protected from stain.
      Another advantageous property of our new dyes for use in the paper trade
      is found in their high degree of color discharge when bleached with
      hypochlorite or "chlorine" bleach. This property of dyes is particularly
      desired by papermakers in order that dyed paper may be completely bleached
      prior to reprocessing. Still another advantageous property of our
      dyestuffs is found in their high resistance to a change of shade when used
      to color cellulosic materials, which have either previously been treated
      with or are treated subsequent to dyeing, with wet-strength resin.
PAR  The carboxylic-acylamino compounds and the free amino compounds of the
      instant invention are substantially equal with respect to their
      bleachability. With respect to shade, in general, the free amino compounds
      have slightly deeper shades than the carboxylic acylamino compounds.
      Presumably because of the availability of the free amine group to bond
      with the fiber and wet-strength resin or similar paper additives, the free
      amino compounds are, in general, less prone to bleed than are the
      carboxylic acylamino compounds both when wet with water alone and in the
      presence of soap.
PAR  Yet another advantage of the dyes of this invention is their property of
      being absorbed by cellulosic fibers from aqueous solution to a very high
      degree and at a very rapid rate. This property is advantageous to the
      paper industry, because it allows the dye to be added to the pulp just
      prior to formation of the sheet.
PAR  The structures of the novel compounds herein disclosed were established by
      their mode of synthesis and analysis of their infra-red absorption
      spectra, and were corroborated by the correspondence of calculated and
      found values of elemental analyses of representative samples.
PAR  Our invention is further illustrated by the following procedures and
      Examples, which are given for the purpose of illustration only, and not to
      limit the invention thereto. All parts are parts by weight.
PAC  PREPARATION OF INTERMEDIATES
PAC  A. Carboxylic-acylamino lower-alkylamines
PAR  The following N-R.sup.1 -N-R.sup.2 -N-[(lower-alkylene)-NR.sup.o COR]amines
      were prepared by interaction of the indicated unsymmetrically
      disubstituted alkylene diamine and acylating agent using procedures
      well-known in the art for acylation.
PAR  1. N-(3-Dimethylaminopropyl)formamide from 327 parts of
      N,N-dimethyl-1,3-propanediamine and 180 parts of 90 per cent formic acid;
PAR  2. N,N-Bis(3-formamidopropyl)methylamine from 218 parts of
      N,N-bis(3-aminopropyl)methylamine and 203 parts of 90 per cent formic
      acid;
PAR  3. N-(3-Diethylaminopropyl)formamide from N,N-diethyl-1,3-propanediamine
      and 90 per cent formic acid;
PAR  4. N-(3-Dimethylaminopropyl)benzamide from 107 parts of
      N,N-dimethyl-1,3-propanediamine and 141 parts of benzoyl chloride;
PAR  5. N-(3-Dimethylaminopropyl)acetamide from N,N-dimethyl-1,3-propanediamine
      and acetyl chloride;
PAR  6. N-(4-Diethylamino-1-methylbutyl)formamide from
      N,N-diethyl-4methyl-1,4-diaminobutane and 90 per cent formic acid;
PAR  7. N-(3-Dimethylaminopropyl)phthalamic acid from 102 parts of
      N,N-dimethyl-1,3-propane diamine and 141 parts of phthalic anhydride;
PAR  8. N-(3-Diethanolaminopropyl)formamide from N-(3-aminopropyl)diethanolamine
      and 90 per cent formic acid;
PAR  9. N-[2-(4-Formylpiperazino)ethyl]formamide from
      2-(4-formylpiperazine)ethylamine and 90 per cent formic acid; and
PAR  10. N-(2-Dimethylaminoethyl)formamide from 2-dimethyl-aminoethylamine and
      90 per cent formic acid.
PAR  The following carboxylic-acylamino lower-alkylamines which are within the
      purview of this invention, are prepared using art-known procedures by
      acylation of the indicated unsymmetrically substituted diamine with the
      indicated acylating reagent:
PAR  N-[2-(N-Ethyl-N-1-methylbutyl)aminoethyl]propionamide from
      2-(N-ethyl-N-1-methylbutylamino)ethylamine and propionic anhydride;
PAR  N-(6-Dimethylaminohexyl)iso-butyramide from 6-(dimethylamino)hexylamine and
      iso-butyryl chloride;
PAR  N-[2-(N-Allyl-N-ethyl)aminoethyl]p-chlorobenzamide from
      2-(N-allyl-N-ethylamino)ethylamine and p-chlorobenzoyl chloride;
PAR  N-[2-(N-Ethyl-N-methyl)aminoethyl]propionamide from
      2-(N-methyl-N-ethylamino)ethylamine and propionyl chloride;
PAR  N-(2-Piperidinoethyl)acrylamide from 2-piperidinoethylamine and ethyl
      acrylate;
PAR  N-[2-(N-n-Butyl-N-isopropyl)aminoethyl]phenylacetamide from
      2-(N-butyl-N-isopropylamino)ethylamine and ethyl phenylacetate;
PAR  N-(3-Pyrrolidinylpropyl)valeramide from 3-pyrrolidinopropylamine and
      valeryl chloride;
PAR  N-(2-Diallylaminoethyl)phenylpropionamide from 2-(diallylamino)ethylamine
      and ethyl phenylpropionate;
PAR  N-(2-Diethylaminopentyl)-2-methylacrylamide from
      5-(diethylamino)pentylamine and methyl methacrylate;
PAR  N-(2-Diisopropylaminoethyl)p-methoxybenzamide from
      2-(diisopropylamino)ethylamine and p-methoxybenzoylchloride;
PAR  N-(2-Diisopentylaminoethyl)butyramide from 2-(diisopentylamino)ethylamine
      and butyryl chloride;
PAR  N-(2-Dihexylaminoethyl)n-caproamide from 2-dihexyl-aminoethylamine and
      caproyl chloride;
PAR  N-(6-Diisobutylaminohexyl)acetamide from 6-(diisobutylamino)hexylamine and
      acetic anhydride;
PAR  N-(1-Methyl-3-diethylaminopropyl)acrylamide from
      3-amino-N,N-diethylaminobutylamine and ethyl acrylate;
PAR  N-(2-Di-n-propylamino-2-methylethyl)-p-nitrobenzamide from
      2-methyl-2-di-n-propylaminoethylamine and ethyl p-nitrobenzoate;
PAR  N-(2-Hydroxyethyl)-N-(3-dimethylaminopropyl)formamide from
      N'-(2-hydroxyethyl)-N,N-dimethyl-1,2-ethylenediamine and 90 per cent
      formic acid;
PAR  N-[3-(N-Methyl-N-2-acetamidoethyl)aminopropyl]acetamide from
      N-methyl-N-2-aminoethyl-1,3-propanediamine and acetyl chloride;
PAR  N-Methyl-N-[2-(N-ethyl-N-methyl)aminoethyl]propionamide from
      N-methyl-2-(N-methyl-N-ethylamino)ethylamine and propionyl chloride;
PAR  N-(3-Hydroxypropyl)-N-(3-dimethylaminopropyl)formamide from
      N'-(3-hydroxypropyl)-N,N-dimethyl-1,3-propanediamine and 90 per cent
      formic acid;
PAR  N,N-Bis[3-(N-methylformamido)propyl]methylamine from
      N,N-bis[3-(N-methylamino)propyl]methylamine and 90 per cent formic acid;
PAR  N-Isopropyl-N-(2-piperidinoethyl)acrylamide from
      N-isopropyl-2-piperidinoethylamine and ethyl acrylate;
PAR  N-n-Hexyl-N-[2-(N-ethyl-N-methyl)aminoethyl]propionamide from
      N-n-hexyl-2-(N-methyl-N-ethylamino)ethylamine and propionic anhydride;
PAR  N-Ethyl-N-(2-di-n-propylamino-2-methylethyl)-p-nitrobenzamide from
      N-ethyl-2-methyl-2-di-n-propylaminoethylamine and ethyl p-nitrobenzoate;
PAR  N-(2-Hydroxyethyl)-N-(4-diethylamino-1-methylbutyl)-formamide from
      N'-(2-hydroxyethyl)-N,N-diethyl-4-methyl-1,4-diaminobutane and 90 per cent
      formic acid;
PAR  N-n-Butyl-N-[2-(4-formylpiperazino)ethyl]acetamide from
      N-n-butyl-2-(4-formylpiperazino)ethylamine and acetic anhydride;
PAR  N-[3-(N-Methylacetamido)propyl]-N-[2-(N-methylacetamido)ethyl]methylamine
      from N-[3-(N-methylamino)propyl]-N-[2-(N-methylamino)ethyl]methylamine and
      acetyl chloride;
PAR  N-Methyl-N-(3-pyrrolidinylpropyl)valeramide from
      N-methyl-3-pyrrolidinylpropylamine and valeryl chloride;
PAR  N-(2-Diethanolamino-1,1-dimethylethyl)phenylacetamide from
      2-diethanolamino-1,1-dimethylethylamine and ethyl phenyl-acetate;
PAR  N-[3-(N-Isopropyl-N-methyl)aminopropyl]salicylamide from
      3-(N-isopropyl-N-methylamino)propylamine and methyl salicylate.
PAC  B. N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.1 NH.sub.2 ]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.o Y] quaternary ammonium intermediates
      (Formula V)
PAR  1. N,N-Dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride.
PAR   a. To a refluxing solution of 35.4 parts of
      N-(3-dimethylaminopropyl)formamide in 40 parts of isopropyl alcohol there
      was added over a two hour period 50.4 parts of 4-methoxy-3-nitrobenzyl
      chloride. Refluxing was continued for four hours after which the reaction
      mixture was diluted with 100 parts of isopropyl alcohol and cooled to
      20.degree.C. The solid that separated was collected and washed with a
      small amount of fresh isopropyl alcohol and then dried in a vacuum oven to
      yield 71.1 parts of
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-3-formamidopropyl-ammonium
      chloride, as a cream colored solid which melted at
      180.degree.-183.degree.C.
PAR  b. A mixture of 30.0 parts of iron powder, 6.0 parts of sodium acetate, and
      120 parts of water was heated to 50.degree.C. Heating was stopped and 33.1
      parts of
      N,N-dimethyl-N-3-(nitro-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride was added over a period of two and a half hours at a rate such as
      to maintain the temperature at 50.degree.-55.degree.C. At the end of the
      addition, heating was resumed at 50.degree.-55.degree.C. for two hours.
      The reaction mixture was cooled to 25.degree.C. and filtered with the aid
      of diatomaceous earth to obtain a pale yellow solution. A sample of the
      solution was analyzed for free amine content by diazotization using a
      standardized sodium nitrite solution. The analytical results indicated
      that N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride was obtained in nearly quantitative yield. The product was used
      directly in the form of its aqueous solution without isolation.
PAR  c. A mixture of 166 parts of
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride, 200 parts of water, and 3 parts of a 5 per cent platinum sulfide
      on charcoal mixture was subjected to 600 pounds per square inch of
      hydrogen at 70.degree.-75.degree.C. After two and one-third hours, when
      the total up take of hydrogen was approximately 92% of theory, absorption
      of hydrogen ceased. The reaction mixture was cooled and filtered with the
      aid of diatomaceous earth. A sample of the filtrate was analyzed for free
      amine content by diazotization using a standardized sodium nitrite
      solution. The results indicated that
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride was obtained in nearly quantitative yield. The product was used
      directly in the form of an aqueous solution without isolation.
PAR  2. N,N-Dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-benzamidopropylammonium
      chloride.
PAR  a. Proceeding in a manner similar to that described above in 1a, and using
      N-(3-dimethylaminopropyl)benzamide, and 3-nitro-4-methoxybenzyl chloride,
      there was obtained
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-3-benzamidopropylammonium
      chloride, as an off white solid which melted at 133.degree.-136.degree.C.
PAR  b. When the
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-3-benzamidopropylammonium
      chloride thus obtained was subjected to reduction by either of the methods
      of 1b or 1c above, there was obtained
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-benzamidopropylammonium
      chloride
PAR  3. N-Methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis (3-formamidopropyl)ammonium
      chloride.
PAR  a. A mixture of 54.0 parts of N,N-bis(3-formamidopropyl)methylamine, 50.4
      parts of 4-methoxy-3-nitrobenzylchloride, and 78 parts of acetonitrile was
      stirred at reflux for seven and a half hours. An additional 78 parts of
      acetonitrile was added to the reaction mixture causing an oil to separate.
      Heating at reflux was continued for an additional two hours and the 140
      parts of acetonitrile was distilled away and 200 parts of water was added.
      The remaining acetonitrile was removed by distillation and the cooled
      reaction mixture was filtered with the aid of diatomaceous earth to obtain
      an aqueous solution of
      N-methyl-N-(3-nitro-4-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride. The solution was used directly for reduction of the nitro group.
PAR  b. Proceeding in a manner similar to that described above in 1b, and using
      75 parts of iron powder and 15.0 parts of sodium acetate, the
      N-methyl-N-(3-nitro-4-Methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride obtained in the form of its aqueous solution from 3a above was
      reduced to obtain 61 parts of
      N-methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis(3-formamidopropyl)-ammonium
      chloride in the form of an aqueous solution.
PAR  4. N-Methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis(3-aminopropyl)ammonium
      chloride trihydrochloride.
PAR  N-Methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride obtained in 3b above was hydrolyzed by heating in a refluxing
      solution of 63 parts of water containing 24 parts of concentrated
      hydrochloric acid during two hours to obtain
      N-methyl-N-3-(amino-4-methoxybenzyl)-N,N-bis(3-aminopropyl)-ammonium
      chloride trihydrochloride.
PAR  5. N,N-Dimethyl-N-(4-aminophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride.
PAR  a. In a manner similar to that described above in 1a, and using 14.2 parts
      of N-(3-dimethylaminopropyl)formamide, 20.0 parts of
      2-chloro-4'-nitroacetanilide, and 78 parts of isopropyl alcohol there was
      obtained 27.4 parts of
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride as a white solid which melted at 195.degree.-196.degree.C.
PAR  b. Proceeding in a manner similar to that described above in 1b, and using
      68.8 parts of
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride obtained above in 3a, 60.0 parts of iron powder, 12.0 parts of
      sodium acetate, and 250 parts of water there was obtained 33.0  parts of
      N,N-dimethyl-N-(4-aminophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride.
PAR  c. Following the procedure described in 1c above,
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride was catalytically hydrogenated in aqueous solution at
      70.degree.-75.degree.C. and at 600 pounds per square inch in the presence
      of a 5 per cent platinum sulfide on charcoal mixture to obtain
      N,N-dimethyl-N-(4-aminophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride.
PAR  6. N,N-Dimethyl-N-(4-aminophenyl)carbamylmethyl-N-3-aminopropylammonium
      chloride hydrochloride.
PAR  A solution of 10.0 parts of
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-formamidopropylammonium
      chloride in 100 parts of water containing 6.0 parts of concentrated
      hydrochloric acid was heated for about two hours. The reaction mixture was
      rendered slightly alkaline by the addition of 50 per cent aqueous sodium
      hydroxide and stored in the refrigerator for two days. The reaction
      mixture was then filtered to remove a small amount of solid and the
      filtrate was acidified with 48 parts of concentrated hydrochloric acid.
      Acetone was slowly added to the acidified filtrate until precipitation
      started. When precipitation of the product was complete, the solid was
      collected on a filter, washed with acetone, and dried at 75.degree.C. to
      obtain 8.2 parts of
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-aminopropylammonium
      chloride as the mono-hydrochloride salt, a white solid which melted at
      244.degree.-245.degree.C.
PAR  When the
      N,N-dimethyl-N-(4-nitrophenyl)carbamylmethyl-N-3-aminopropylammonium
      chloride hydrochloride thus obtained is neutralized with dilute alkali and
      then subjected to reduction according to the procedure of 1b above, there
      is obtained
      N,N-dimethyl-N-(4-aminophenyl)carbamylmethyl-N-3-aminopropylammonium
      chloride.
PAR  7. N,N-Dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-aminopropylammonium
      chloride.
PAR  When N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride obtained in 1b or 1c above is hydrolyzed by heating in a dilute
      aqueous solution of hydrochloric acid according to the procedure of 4
      above, there is obtained
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-aminopropylammonium chloride
      as the dihydrochloride salt.
PAR  8.
      N,N-Dimethyl-N-(3-amino-4-amino-4-methoxybenzyl)-N-2-formamidoethylammoniu
     m chloride.
PAR  a. A stirred solution of 24.6 parts of N-(2-dimethylaminoethyl)formamide
      and 30 parts of water was heated to 60.degree. and over a period of one
      hour there was added 40.3 parts of 4-methoxy-3-nitrobenzylchloride.
      Heating between 60.degree. and 65.degree.C. was continued for three and
      one-half hours at which time the pH of the mixture stabilized above 7.0.
      To the cooled mixture was added 20 parts of water and the resulting
      mixture was clarified by filtration. An aqueous solution of
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-2-formamidoethylammonium
      chloride was obtained. This solution was used directly for reduction of
      the nitro group.
PAR  b. The aqueous solution of
      N,N-dimethyl-N-(3-nitro-4-methoxybenzyl)-N-2-formamidoethylammonium
      chloride obtained in 8a above was made slightly acidic to a pH of 4.5 with
      acetic acid. The solution was heated to approximately 85.degree.C. Then
      66.8 parts of iron powder was added at a rate sufficient to maintain a
      temperature in the range of 85.degree.-95.degree. without further external
      heating. At the end of the addition, heating was resumed at
      85.degree.-90.degree. for two hours. Without cooling the pH was adjusted
      to above 8.0 by the addition of aqueous sodium hydroxide. The mixture was
      filtered with the aid of diatomaceous earth. A sample of the clear
      solution was analyzed for free amine content by diazotization using a
      standardized sodium nitrite solution. the analytical results showed that
      the solution contained 45 parts of the product,
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-2-formamidoethylammonium
      chloride. The product was used directly in the form of its aqueous
      solution without isolation.
PAR  9.
      N,N-Diethyl-N-(3-amino-4-methoxybenzyl)-N-4-formamido-4-methylbutylammoniu
     m chloride.
PAR  a. Proceeding in a manner similar to that described above in B-8a, 41.5
      parts of N-(4-diethylamino-1-methylbutyl) formamide and 40.3 parts of
      4-methoxy-3-nitrobenzyl chloride were interacted in 35 parts of water to
      obtain
      N,N-diethyl-N-(3-nitro-4-methoxybenzyl)-N-4-formamido-4-methylbutylammoniu
     m chloride. The product was not isolated but was used directly in solution
      for reduction of the nitro group.
PAR  b. Following a procedure similar to that described above in B-8b, and using
      acetic acid and 66.8 parts of iron powder the
      N,N-diethyl-N-(3-nitro-4-methoxybenzyl)-N-4-formamido-4-methylbutylammoniu
     m chloride obtained in the form of its aqueous solution from 9a above was
      reduced to obtain 65.5 parts of
      N,N-diethyl-N-(3-amino-4-methoxybenzyl)-N-4-formamido-4-methylbutylammoniu
     m  chloride in the form of an aqueous solution.
PAR  10. N-Methyl-N-(5-amino-2-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride.
PAR  a. Proceeding in a manner similar to that described above in B-8a, 142
      parts of N,N-bis(3-formamidopropyl)methylamine and 141 parts of
      5-nitro-2-methoxybenzyl chloride were interacted in 115 parts of water to
      obtain
      N-methyl-N-(5-nitro-2-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride. The product was not isolated but was used directly in solution
      for reduction of the nitro group.
PAR  b. Following a procedure similar to that described above in B-8b, and using
      acetic acid and 233.8 parts of iron powder the,
      N-methyl-N-(5-nitro-2-methoxybenzyl)-N,N-bis(3-formamidopropyl)-ammonium
      chloride obtained in the form of its aqueous solution from 10a above was
      reduced to obtain 164.5 parts of
      N-methyl-N-(5-amino-2-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride.
PAR  11.
      N,N-Dimethyl-N-(5-amino-2-methoxyphenyl)carbamylmethyl-N-3-formamidopropyl
     ammonium chloride.
PAR  a. In a manner similar to that described above in B-1a, and using 27.3
      parts of N-(3-dimethylaminopropyl)formamide, 48 parts of
      2-chloro-2'-methoxy-5'-nitroacetanilide, and 157 parts of isopropyl
      alcohol there was obtained 52.6 parts of
      N,N-dimethyl-N-(5-nitro-2-methoxyphenyl)carbamylmethyl-N-3-formamidopropyl
     ammonium chloride as a white solid, m.p. 86.degree.-88.degree.C.
PAR  b. Proceeding in a manner similar to that described in B-8b, and using 44.4
      parts of
      N,N-dimethyl-N-(5-nitro-2-methoxyphenyl)carbamylmethyl-N-3-formamidopropyl
     ammonium chloride obtained in 11a, 125 parts of water, enough acetic acid
      to give a pH of 4.5, 22.8  parts of iron powder there was obtained 34.5
      parts of
      N,N-dimethyl-N-(5-amino-2-methoxyphenyl)carbamylmethyl-N-3-formamidopropyl
     ammonium chloride.
PAR  12.
      N-Methyl-N-3-(p-aminophenoxy)-2-hydroxy-1-propyl-N,N-bis(3-formamidopropyl
     )ammonium chloride.
PAR  a. A stirred mixture of 141 parts of N,N-bis(3-formamidopropyl)methylamine,
      105 parts xylene, 106 parts of water and 59.2 parts of concentrated
      hydrochloric acid (37%) was heated to between 55.degree. and 60.degree.C.
      Over a period of one hour there was added 113.1 parts of
      1-(p-nitrophenoxy)-2,3-epoxypropane. Heating at 60.degree.C. was continued
      for four and one-half hours after which, the mixture was cooled. The
      two-phase mixture was allowed to stand and then the water layer was
      separated. An aqueous solution of
      N-methyl-N-3-(p-nitrophenoxy)-2-hydroxy-1-propyl-N,N-bis(3-formamidopropyl
     )ammonium chloride was obtained. This solution was used directly for
      reduction of the nitro group.
PAR  b. Following a procedure similar to that described above in B-8b, and using
      acetic acid and 200.4 parts of iron powder the
      N-methyl-N-3-(p-nitrophenoxy)-2-hydroxy-1-propyl-N,N-bis(3-formamidopropyl
     )ammonium chloride obtained in the form of its aqueous solution from 12a
      above was reduced to obtain 116 parts of
      N-methyl-N-3-(p-aminophenoxy)-2-hydroxy-1-propyl-N,N-bis(3-formamidopropyl
     )ammonium chloride in the form of an aqueous solution.
PAR  13. N,N-Dimethyl-N-(p-aminophenacyl)-N-3-aminopropylammonium chloride.
PAR  To a stirred solution of 143.5 parts of N-(3-dimethylaminopropyl)formamide
      and 700 parts of water is added 249 parts of p-acetamidophenacyl chloride.
      The mixture is stirred at room temperature for 16 hours and then at
      60.degree.-65.degree.C. for two hours. Insoluble material is removed by
      filtration. The filtrate is combined with one-half its volume of
      concentrated hydrochloric acid (36% by weight) and the resulting solution
      is heated at the boil for two hours. The aqueous solution of
      N,N-dimethyl-N-(p-aminophenacyl)-N-3-aminopropylammonium chloride is used
      as such in the preparation of dyes.
PAR  Proceeding in a manner similar to that described above in B-13, the
      following aminophenacyl-substituted intermediates are produced:
PAR  N-methyl-N-(p-aminophenacyl)-N,N-bis(3-aminopropyl)-ammonium chloride from
      N,N-bis(3-formamidopropyl)methylamine and p-acetamidophenacyl chloride.
PAR  N,N-dimethyl-N-(3-amino-4-methoxyphenacyl)-N-3-amino-propylammonium
      chloride from N-(3-dimethylaminopropyl)formamide and
      3-acetamido-4-methoxyphenacyl chloride.
PAR  N,N-diethyl-N-(4-amino-2-chlorophenacyl)-N-4-amino-4-methylbutylammonium
      chloride from N-(4-diethylamino-1-methylbutyl)-formamide and
      4-acetamido-2-chlorophenacyl chloride.
PAR  N,N-dimethyl-N-(4-amino-3-bromophenacyl)-N-2-aminoethyl-ammonium chloride
      from N-(2-dimethylaminoethyl)formamide and 4-acetamido-3-bromophenacyl
      chloride.
PAR  1-[2-(3-Amino-4-methylbenzoyl)ethyl]-1-[2-(N-n-butylamino)ethyl]piperaziniu
     m chloride from N-n-butyl-N-[2-(4-formylpiperazino)ethyl]acetamide and
      2-(3-acetamido-4-methylbenzoyl)ethyl chloride.
PAR  14. N,N-Dimethyl-N-(5-amino-1-naphthylmethyl)-N-3-formamidopropylammonium
      chloride.
PAR  a. Proceeding in a manner similar to that described above in B-8a, 29.9
      parts of N-(3-dimethylaminopropyl)formamide and 44.3 parts of
      5-nitro-1-chloromethylnaphthalene were interacted in 30 parts of water to
      obtain
      N,N-dimethyl-N-(5-nitro-1-naphthylmethyl)-N-3-formamidopropylammonium
      chloride. The product was not isolated but was used directly in solution
      for reduction of the nitro group.
PAR  b. Following a procedure similar to that described above in B-1b, and using
      60 parts of iron powder and 14 parts sodium acetate, the
      N,N-dimethyl-N-(5-nitro-1-naphthylmethyl)-N-3-formamidopropylammonium
      chloride obtained in the form of its aqueous solution from 15a above was
      reduced to obtain 56.1 parts of
      N,N-dimethyl-N-(5-amino-1-naphthylmethyl)-N-3-formamidopropylammonium
      chloride.
PAR  In addition to those for which detailed preparations are given above, the
      following N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.1 NH.sub.2
      ]-N-R.sup.2 -N-[(lower-alkylene)-NR.sup.0 Y] quaternary ammonium
      intermediates are obtained when the indicated nitrophenyl-substituted
      quaternizing agent is interacted with the indicated tertiary amino
      compound according to a procedure similar to those given under section B,
      1a, 2, 3a, 5a, 8a, 12a and 13 and the resulting nitro-substituted compound
      is reduced by a procedure similar to those given under section B, 1b, 1c
      and 8b.
PAR  N,N-Dimethyl-N-2-(3-amino-4-methylphenyl)ethyl-N-3-formamidopropylammonium
      chloride starting with N-(3-dimethylaminopropyl)formamide and
      2-(4-methyl-3-nitrophenyl)ethyl chloride;
PAR  N-Methyl-N-3-(4-aminophenyl)propyl-N,N-bis(3-formamidopropyl)ammonium
      chloride starting with N,N-bis(3-formamidopropyl)methylamine and
      3-(4-nitrophenyl)propyl chloride;
PAR  N,N-Diethyl-N-6-(3-amino-4-methoxyphenyl)hexyl-N-3-formamidopropylammonium
      chloride starting with N-(3-diethylaminopropyl)formamide and
      6-(4-methoxy-3-nitrophenyl)hexyl chloride;
PAR  N,N-Dimethyl-N-2-ethyl-4-(3-amino-5-chlorophenyl)-butyl-N-3-benzamidopropyl
     ammonium chloride starting with N-(3-dimethylaminopropyl)benzamide and
      2-ethyl-4-(3-chloro-5-nitrophenyl)butyl chloride;
PAR  N,N-Dimethyl-N-1-methyl-3-(4-amino-3-bromophenyl)-propyl-N-3-acetamidopropy
     lammonium chloride starting with N-(3-dimethylaminopropyl)acetamide and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl chloride;
PAR  N,N-Diethyl-N-3-(4-amino-2-chlorophenylcarbamyl)propyl-N-4-methyl-4-formami
     dobutylammonium chloride starting with
      N-(4-diethylamino-1-methylbutyl)formamide and
      2',4-dichloro-4'-nitrobutyranilide;
PAR  N,N-Dimethyl-N-(N-methyl-4-amino-2-chlorophenylcarbamyl)-methyl-N-3-phthala
     midopropylammonium chloride starting with
      N-(3-dimethylaminopropyl)phthalamic acid and
      2,2'-dichloro-N-methyl-4'-nitroacetanilide;
PAR  N,N-Bis(2-hydroxyethyl)-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammo
     nium chloride starting with N-(3-diethanolaminopropyl)formamide and
      4-methoxy-3-nitrobenzyl chloride;
PAR  1-[2-(3-Amino-4-methylphenyl)ethyl]-1-(2-formamidoethyl)-4-formylpiperazini
     um chloride starting with N-[2-(4-formylpiperazinoethyl]formamide and
      2-(4-methyl-3-nitrophenyl)ethyl chloride;
PAR  N-Ethyl-N-1-methylbutyl-N-[2-(2-ethyl-4-aminophenylcarbamyl)ethyl]-N-2-prop
     ionamidoethylammonium chloride starting with
      N-[2-(N-ethyl-N-1-methylbutyl)aminoethyl]propionamide and
      3-chloro-2'-ethyl-4'-nitropropionoanilide;
PAR  N,N-Dimethyl-N-3-(4-aminophenyl)propyl-N-6-iso-butyramidohexylammonium
      chloride starting with N-(6-dimethylaminohexyl)iso-butyramide and
      3-(4-nitrophenyl)propyl chloride;
PAR  N-Methyl-N-ethyl-N-3-(4-aminophenyl)propyl-N-2-(N-methylpropionamido)ethyla
     mmonium bromide starting with
      N-methyl-N-[2-(N-ethyl-N-methyl)aminoethyl]propionamide and
      3-(4-nitrophenyl)propyl bromide;
PAR  N,N-Dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-[N-(3-hydroxypropyl)formamido]
     propylammonium iodide starting with
      N-(3-hydroxypropyl)-N-(3-dimethylaminopropyl)formamide and
      3-nitro-4-methoxybenzyl iodide;
PAR  N-Methyl-N-2-(4-methyl-3-aminophenyl)ethyl-N,N-bis[3-(N-methylformamido)pro
     pyl]ammonium bromide starting with
      N,N-bis[3-(N-methylformamido)propyl]methylamine and
      2-(4-methyl-3-nitrophenyl)ethyl bromide;
PAR  N-(3-Amino-4-methoxybenzyl)-N-2-(N-isopropylacrylamido)ethylpiperidinium
      chloride starting with N-isopropyl-N-(2-piperidinoethyl)acrylamide and
      4-methoxy-3-nitrobenzyl chloride;
PAR  N,N-Di-n-propyl-N-(4-amino-N-methyl-2-chlorophenyl-carbamyl)methyl-N-1-meth
     yl-2-(N-ethyl-p-nitrobenzamido)ethyl-ammonium chloride starting with
      2,2'-dichloro-N-methyl-4'-nitro-acetanilide and
      N-ethyl-N-(2-di-n-propylamino-2-methylethyl)p-nitrobenzamide;
PAR  N-Methyl-N-2-(N-methylacetamido)ethyl-N-2-ethyl-4-(3-chloro-4-aminophenyl)b
     utyl-N-3-(N-methylacetamido)propylammonium chloride starting with
      N-[3-(N-methylacetamido)propyl]-N-[2-(N-methylacetamido)ethyl]methylamine
      and 2-ethyl-4-(3-chloro-5-nitrophenyl)butyl chloride;
PAR  N-(4-Amino-N-methyl-2-chlorophenylcarbamyl)methyl-N-3-(N-methyl-n-valeramid
     o)propylpyrrolidinium chloride starting with
      N-methyl-N-(3-pyrrolidinylpropyl)valeramide and
      2,2'-dichloro-N-methyl-4'-nitroacetanilide;
PAR  N-Allyl-N-ethyl-N-6-(N-ethyl-4-aminophenylcarbamyl)-hexyl-N-2-(4-chlorobenz
     amido)ethylammonium chloride starting with
      N-[2-(N-allyl-N-ethyl)aminoethyl]p-chlorobenzamide and
      7-chloro-N-ethyl-4'-nitroheptanoanilide;
PAR  N-Methyl-N-2-(N-n-propyl-4-aminophenylcarbamyl)-2-n-propylethyl-N-2-acetami
     doethyl-N-3-acetamidopropylammonium chloride starting with
      N-[3-(N-methyl-N-2-acetamidoethyl)aminopropyl]acetamide and 3-chloro-,
      2-di(n-propyl)-4'-nitropropionanilide;
PAR  N-(3-Amino-4-methoxybenzyl)-N-2-acrylamidoethylpiperidinium chloride
      starting with N-(2-piperidinoethyl)acrylamide and 4-methoxy-3-nitrobenzyl
      chloride;
PAR  N-n-Butyl-N-isopropyl-N-[4-(3-amino-4-isobutylphenylcarbamyl)]-n-butyl-N-ph
     enylacetamidoethylammonium chloride starting with
      N-[2-(N-n-butyl-N-iospropyl)aminoethyl]phenylacetamide and
      5-chloro-4'-iso-butyl-3'-nitrovalerylanilide;
PAR  N-(4-Amino-N-methyl-2-chlorophenylcarbamyl)methyl-N-3-n-valeramidopropylpyr
     rolidinium chloride starting with N-(3-pyrrolidinylpropyl)valeramide and
      2,2'-dichloro-N-methyl-4'-nitroacetanilide;
PAR  N,N-Diallyl-N-1-methyl-3-(4-amino-3-bromophenyl)propyl-N-2-phenylpropionami
     doethyl ammonium chloride starting with
      N-(2-diallylaminoethyl)phenylpropionamide and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl chloride;
PAR  N,N-Diethyl-N-2,2-dimethyl-2-(4-amino-2-n-butoxyphenylcarbamyl)ethyl-N-5-(2
     -methylacrylamidopentyl)ammonium chloride starting with
      N-(2-diethylaminopentyl)-2-methylacrylamide and
      3-chloro-2,2-dimethyl-2'-n-butoxy-4'-nitropropionanilide;
PAR  N,N-Diisopropyl-N-2-ethyl-4-(5-amino-3-chlorophenyl)-butyl-N-2-(4-methoxybe
     nzamido)ethylammonium chloride starting with
      N-(2-diisopropylaminoethyl)-p-methoxybenzamide and
      2-ethyl-4-(3-chloro-5-nitrophenyl)butyl chloride;
PAR  N,N-Diisopentyl-N-5-(5-amino-2-propoxyphenylcarbamyl)-pentyl-N-2-butyramido
     ethylammonium chloride starting with N-(2-diisopentylaminoethyl)butyramide
      and 6-chloro-2'-n-propoxy-5'-nitrohexanoanilide;
PAR  N,N-Dihexylamido-N-6-(3-amino-4-methoxyphenyl)hexyl-N-2-n-caproamidoethylam
     monium chloride starting with N-(2-dihexylaminoethyl)-n-caproamide and
      6-(4-methoxy-3-nitrophenyl)-hexyl chloride;
PAR  N,N-Diisobutyl-N-2-(3-amino-4-methylphenyl)ethyl-N-6-acetamidohexylammonium
      chloride starting with N-(6-diisobutylaminohexyl)acetamide and
      2-(4-methyl-3-nitrophenyl)ethyl chloride;
PAR  N,N-Diethyl-N-1-methyl-3-(3-bromo-4-aminophenyl)propyl-N-3-methyl-3-acrylam
     idopropylammonium chloride starting with
      N-(1-methyl-3-diethylaminopropyl)acrylamide and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl chloride;
PAR  N,N-Di-n-propyl-N-(3-amino-4-methoxybenzyl)-N-1-methyl-2-(p-nitrobenzamido)
     ethylammonium chloride starting with
      N-(2-di-n-propylamino-2-methylethyl)-p-nitrobenzamide and
      4-methoxy-3-nitrobenzyl chloride;
PAR  N-Methyl-N-(4-amino-2-iodobenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride starting with N,N-bis(3-formamidopropyl)methylamine and
      4-nitro-2-iodobenzyl bromide;
PAR  N,N-Diethyl-N-6-(3-amino-4-butoxyphenyl)hexyl-N-3-formamidopropylammonium
      chloride starting with N-(3-diethylaminopropyl)formamide and
      6-(4-butoxy-3-nitrophenyl)hexyl chloride;
PAR  N-Ethyl-N-1-methylbutyl-N-1-methyl-3-(4-amino-3-bromophenyl)propyl-N-2-prop
     ionamidoethylammonium chloride starting with
      N-[2-(N-ethyl-N-1-methylbutyl)aminoethyl]propionamide and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl chloride;
PAR  N-2-(4-amino-3-n-butylphenyl)ethyl-N-2-(N-isopropylacrylamido)ethylpiperidi
     nium bromide starting with N-isopropyl-N-(2-piperidinoethyl)acrylamide and
      2-(3-n-butyl-4-nitrophenyl) ethyl bromide;
PAR  N,N-Diallyl-N-4-amino-3-fluorobenzyl-N-2-phenylpropionamidoethylammonium
      chloride starting with N-(2-diallylaminoethyl) phenylpropionamide and
      3-fluoro-4-nitrobenzyl chloride;
PAR  N-Methyl-N-ethyl-N-3-amino-5-ethylbenzyl-N-2-(N-methylpropionamido)ethylamm
     onium chloride starting with
      N-methyl-N-[2-(N-ethyl-N-methyl)aminoethyl]propionamide and
      2-ethyl-5-nitrobenzyl chloride;
PAR  N,N-Bis(2-hydroxyethyl)-N-2-(N-n-propyl-4-aminophenylcarbamyl)-2-n-propylet
     hyl-N-2,2-dimethyl-2-benzamidoethylammonium chloride starting with
      N-(2-diethanolamino-1,1-dimethylethyl)-phenylacetamide and
      3-chloro-N,2-di(n-propyl)-4'-nitropropionanilide;
PAR  N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-[N-(2-hydroxyethyl)formamido]p
     ropylammonium chloride starting with
      N-(2-hydroxyethyl)-N-(3-dimethylaminopropyl)formamide and
      4-methoxy-3-nitrobenzyl chloride;
PAR  N-Methyl-N-isopropyl-N-2-ethyl-4-(3-chloro-4-aminophenyl)butyl-N-3-salicyla
     midopropylammonium chloride starting with
      N-[3-(N-isopropyl-N-methyl)aminopropyl]salicylamide and
      2-ethyl-4-(3-chloro-5-nitrophenyl)butyl chloride; and
PAR  N,N-Dimethyl-N-2-(p-aminophenoxy)ethyl-N-3-formamidopropylammonium chloride
      starting with N-(3-dimethylaminopropyl)-formamide and
      2-(p-nitrophenoxy)ethyl chloride.
PAR  N-Methyl-N-2-(4-methyl-3-aminophenoxy)ethyl-N,N-bis-(3-formamidopropyl)ammo
     nium chloride starting with N,N-bis(3-formamidopropyl)methylamine and
      2-(4-methyl-3-nitrophenoxy)ethyl chloride.
PAR  N,N-Diethyl-N-2-(N'-methyl-p-aminobenzamido)ethyl-N-3-formamidopropylammoni
     um chloride starting with N-(3-diethylaminopropyl)formamide and
      N-methyl-N-(2-chloroethyl)-p-nitrobenzamide.
PAR  N,N-Dimethyl-N-2-(N'-ethyl-4-chloro-3-aminobenzamido)-ethyl-N-2-acetamidoet
     hylammonium chloride starting with N-(2-dimethylaminoethyl)acetamide and
      N-ethyl-N-(2-chloroethyl)-4-chloro-3-nitrobenzamide.
PAR  N-Methyl-N-2-(p-aminobenzenesulfamido)ethyl-N,N-bis-(3-formamidopropyl)ammo
     nium chloride starting with N,N-bis(3-formamidopropyl)methylamine and
      N-(2-chloroethyl)-p-nitrobenzenesulfonamide.
PAR  N,N-Diethyl-N-2-(N'-methyl-3-amino-p-toluenesulfonamido)-ethyl-N-4-formamid
     o-4-methylbutylammonium chloride starting with
      N-(4-diethylamino-1-methylbutyl)formamide and
      N-methyl-N-(2-chloroethyl)-3-nitro-p-toluenesulfonamide.
PAR  N,N-Dimethyl-N-2-(p-aminobenzenesulfonyl)ethyl-N-3-formamidopropylammonium
      chloride starting with N-(3-dimethylaminopropyl)formamide and
      2-(p-nitrobenzenesulfonyl)ethyl chloride.
PAR  N,N-Diethyl-N-2-(3-amino-4-methoxybenzenesulfonyl)ethyl-N-2-acetamidoethyla
     mmonium chloride starting with N-(2-diethylaminoethyl)formamide and
      2-(3-nitro-4-methoxybenzenesulfonyl)ethyl chloride.
PAR  The foregoing N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.1 NH.sub.2
      ]-N-R.sup.2 -N-[(lower-alkylene)-NR.sup.0 COR] ammonium halide
      intermediates are of course, useful for preparing the compounds of Formula
      I in which Y is --COR. In addition, they may be hydrolyzed by a procedure
      similar to that in C-4 hereinabove to obtain the corresponding N-R.sup.1
      -N-[(lower-alkylene).sup.1 -Y.sup.1 NH.sub.2 ]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.0 H]ammonium halide intermediates which are
      useful for and afford an alternate method for preparing the final products
      of Formula I in which Y is hydrogen.
PAR  C. N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)-NR.sup.0 Y]quaternary ammonium intermediates (Formula
      VI).
PAR  1. N,N-Dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-formamidopropylammonium
      chloride.
PAR  A stirred mixture of 157 parts of N-(3-dimethylaminopropyl)formamide in
      20.0 parts of water was heated to 80.degree.C. and over a period of one
      and one half hours there was added 171 parts of
      N-ethyl-N-(2-chloroethyl)aniline. The reaction mixture was heated at
      95.degree.-100.degree.C. until a small sample when diluted with water gave
      a clear solution. After about seven hours of heating at
      95.degree.-100.degree.C. there was obtained
      N,N-dimethyl-N-2-(N'-ethylanilino)-ethyl-N-3-formamidopropylammonium
      chloride in the form of an aqueous solution.
PAR  2. N,N-Dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-aminopropylammonium
      chloride.
PAR  Dilute hydrochloric acid hydrolysis of
      N,N-dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-formamidopropylammonium
      chloride following a procedure similar to that of B-4 above gives
      N,N-dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-aminopropylammonium chloride.
PAR  3. N-Methyl-N-2-(N'-ethylanilino)ethyl-N,N-bis(3-formamidopropylammonium
      chloride.
PAR  Proceeding in a manner similar to that described in C-1, 185.5 parts of
      N,N-bis(3-formamidopropyl)methylamine and 171 parts of
      N-ethyl-N-(2-chloroethyl)aniline were interacted in 140 parts of water to
      obtain a nearly quantitative yield of
      N-methyl-N-2-(N'-ethylanilino)ethyl-N,N-bis(3-formamidopropyl)-ammonium
      chloride in the form of an aqueous solution.
PAR  4. N-Methyl-N-2-(N'-ethylanilino)ethyl-N,N-bis(3-amino-propyl)ammonium
      chloride.
PAR  Dilute hydrochloric acid hydrolysis of
      N-methyl-N-2-(N'-ethylanilino)ethyl-N,N-bis(3-formamidopropyl)ammonium
      chloride following a procedure similar to that of B-4 above gave
      N-methyl-N-2-(N'-ethylanilino)ethyl-N,N-bis(3-aminopropyl)ammonium
      chloride.
PAR  5.
      N,N-Dimethyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N-3-formamidopropyla
     mmonium chloride.
PAR  Proceeding in a manner similar to that described in 1,
      N-(dimethylaminopropyl)formamide and
      N-ethyl-N-(3-chloro-2-hydroxy-1-propyl)aniline are interacted in water to
      obtain
      N,N-dimethyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N-3-formamidopropyla
     mmonium chloride.
PAR  6.
      N,N-Dimethyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N-3-aminopropylammon
     ium chloride.
PAR  Dilute hydrochloric acid hydrolysis of
      N,N-dimethyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N-3-formamidopropyla
     mmonium chloride following a procedure similar to that of C-4 above gives
      N,N-dimethyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N-3-aminopropylammon
     ium chloride.
PAR  7.
      N-Methyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N,N-bis(3-forma
     midopropyl)ammonium chloride.
PAR  Proceeding in a manner similar to that described in 1,
      N,N-bis(3-formamidopropyl)methylamine and
      N-ethyl-N-(3-chloro-2-hydroxy-1-propyl)-1-naphthylamine are interacted in
      water to obtain
      N-methyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N,N-bis(3-forma
     midopropyl)ammonium chloride.
PAR  8.
      N-Methyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N,N-bis(3-amino
     propyl)ammonium chloride.
PAR  Dilute hydrochloric acid hydrolysis of
      N-methyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N,N-bis(3-forma
     midopropyl)-ammonium chloride following a procedure similar to that of C-4
      above gives
      N-methyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N,N-bis(3-amino
     propyl)ammonium chloride.
PAR  When the indicated tert. amino compound is quaternized with the indicated
      N-R.sup.7 -N-(halo-lower-alkylene)-substituted aniline or aminonaphthalene
      according to a procedure similar to that of C-1 above, the following
      N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)NR.sup.0 COR-]ammonium halide intermediates are
      obtained:
PAR  N-Ethyl-N-1-methylbutyl-N-4-(N-ethylanilino)butyl-N-2-(N-propylpropionamido
     )ethylammonium chloride from
      N-[2-N-ethyl-N-1-methylbutyl)aminoethyl]propionamide and
      N-ethyl-N-(4-chlorobutyl)-aniline;
PAR  N,N-Dimethyl-N-3-ethyl-4-(N-methylanilino)butyl-N-6-iso-butyramidohexylammo
     nium chloride from N-(6-dimethylaminohexyl)-iso-butyramide and
      N-methyl-N-(2-ethyl-4-chlorobutyl)aniline;
PAR  N-6-(N-Propylanilino)hexyl -N-2-acrylamidoethylpiperidinium chloride from
      N-(2-piperidinoethyl)acrylamide and N-n-propyl-N-(6-chlorohexyl)aniline;
PAR  N-2-(N-Ethylanilino)ethyl-N-3-valeramidopropylpyrrolidinium chloride from
      N-(3-pyrrolidinylpropyl)valeramide and N-ethyl-N-(2-chloroethyl)aniline;
PAR  N,N-Diallyl-N-2,2-dimethyl-3-anilinopropyl-N-2-phenylpropionamidoethylammon
     ium chloride from N-(2-diallylaminoethyl)-phenylpropionamide and
      N-(2,2-dimethyl-3-chloropropyl)aniline;
PAR  N,N-Diethyl-N-3-(2-naphthylamino)propyl-N-3-methyl-3-acrylamidopropylammoni
     um chloride from N-(1-methyl-3-diethyl-aminopropyl)acrylamide and
      N-(3-chloropropyl)-2-naphthylamide;
PAR  N,N-Bis(2-hydroxyethyl)-N-5-(N-isopentylanilino)pentyl-N-2,2-dimethyl-2-phe
     nylacetamidoethylammonium chloride from
      N-(2-diethanolamino-1,1-dimethylethyl)phenylacetamide and
      N-isopentyl-N-(5-chloropentyl)aniline;
PAR  N-Methyl-N-isopropyl-N-5-(N-methyl-1-naphthylamino)-pentyl-N-3-salicylamido
     propylammonium chloride from
      N-[3-(N-isopropyl-N-methyl)aminopropyl]salicylamide and
      N-methyl-N-(5-chloropentyl)-1-naphthylamine;
PAR  N-Methyl-N-3-formamidopropyl-N-2-(N-tert.-butyl-2-naphthylamino)ethyl-N-3-f
     ormamidopropylammonium chloride from N,N-bis(3-formamidopropyl)methylamine
      and N-tert.-butyl-N-(2-chloroethyl)-2-naphthylamine;
PAR  N-Methyl-N-4-(N-ethylanilino)butyl-N-2-acetamidoethyl-N-3-acetamidopropylam
     monium chloride from
      N-[3-(N-methyl-N-2-acetamidoethyl)aminopropyl]acetamide and
      N-ethyl-N-(4-chlorobutyl)-aniline;
PAR  N,N-Dimethyl-N-4-(N-ethylanilino)butyl-N-3-[N-(3-hydroxypropyl)formamido]pr
     opylammonium chloride from
      N-(3-hydroxypropyl)-N-(3-dimethylaminopropyl)formamide and
      N-ethyl-N-(4-chlorobutyl)aniline;
PAR  N-Methyl-N-3-ethyl-4-(N-methylanilino)butyl-N,N-bis-[3-(N-methylformamido)p
     ropyl]ammonium chloride from
      N,N-bis[3-(N-methylformamido)propyl]methylamine and
      N-methyl-N-(2-ethyl-4chlorobutyl)aniline; and
PAR  N,N-Di-n-propylamino-N-2,2-dimethyl-3-anilinopropyl-N-1-methyl-2-(N-ethyl-p
     -nitrobenzamido)ethylammonium bromide from
      N-ethyl-N-(2-di-n-propylamino-2-methylethyl)p-nitrobenzamide and
      N-(2,2-dimethyl-3-chloropropyl)aniline.
PAR  N,N-dimethyl-N-2-(N'-ethyl-m-toluidino)ethyl-N-2-formamidoethylammonium
      chloride from N-(2-dimethylaminoethyl)formamide and
      N-ethyl-N-(2-chloroethyl-m-toluidine.
PAR  N,N-Diethyl-N-2-(N'-2-cyanoethylanilino)ethyl-N-3-formamidopropylammonium
      chloride from N-(3-diethylaminopropyl)formamide and
      N-(2-cyanoethyl)-N-(2-chloroethyl)aniline.
PAR  N-Methyl-N-2-(N'-methyl-m-chloroanilino)ethyl-N,N-bis-(3-acetamidopropyl)am
     monium chloride from N,N-bis(3-acetamidopropyl)-methylamine and
      N-methyl-N-(2-chloroethyl)-m-chloroaniline.
PAR  N-Methyl-N-(2-hydroxyethyl)-N-2-(N'-ethyl-o-anisidino)-ethyl-N-3-formamidop
     ropylammonium chloride from
      N-(2-hydroxyethyl)-N-(3-formamidopropyl)methylamine and
      N-ethyl-N-(2-chloroethyl)-o-anisidine.
PAR  N,N-Diethyl-N-3-(N'-ethyl-m-toluidino)-2-hydroxy-1-propyl-N-(3-formamidopro
     pyl)ammonium chloride from N-(3-diethylaminopropyl)formamide and
      N-ethyl-N-(3-chloro-2-hydroxy-1-propyl)-m-toluidine.
PAR  N-Methyl-N-(2-hydroxyethyl)-N-3-(N'-methyl-o-anisidino)-2-hydroxy-1-propyl-
     N-3-formamidopropylammonium chloride from
      N-(2-hydroxyethyl-N-(3-formamidopropyl)methylamine and
      N-methyl-N-(3-chloro-2-hydroxy-1-propyl)-o-anisidine.
PAR  The foregoing N-R.sup.1 -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)NR.sup.0 COR]ammonium halide intermediates can of
      course, be used directly to produce the compounds of Formula II in which Y
      is --COR. Additionally, they may be hydrolyzed by a procedure similar to
      that described in B-4 hereinabove to obtain the corresponding N-R.sup.1
      -N-[(lower-alkylene).sup.1 -Y.sup.2 -H]-N-R.sup.2
      -N-[(lower-alkylene)NR.sup.0 H]ammonium halide intermediates which are
      useful for and afford an alternate method for preparing the final products
      of Formula II in which Y is hydrogen.
PAR  D. N-R.sup.8 -N-[(lower-alkylene)-Y.sup.3 -NH.sub.2 ]-N-R.sup.9 -N-R.sup.10
      quaternary ammonium intermediates (Formula VII).
PAR  1. N-(3-amino-4-methoxybenzyl)-N,N,N-trimethylammonium chloride.
PAR  a. To a stirred solution of 35.0 parts of trimethylamine in 105 parts of
      water there was added over a one and one-half hour period 100.8 parts of
      4-methoxy-3-nitrobenzyl chloride. The reaction mixture was heated at
      approximately 50.degree. C. for three and a half hours and was then
      diluted with an additional 50 parts of water. The solution was allowed to
      cool to about 25.degree. C. and the pH was adjusted to 4.9 by the addition
      of dilute acetic acid. The solution was clarified by filtration and was
      used directly for reduction of the thus obtained
      N-(3-nitro-4-methoxybenzyl)-N,N,N-trimethylammonium chloride dissolved
      therein.
PAR  b. The aqueous solution of
      N-(3-nitro-4-methoxybenzyl)-N,N,N-trimethylammonium chloride obtained in
      a.) was heated to approximately 85.degree. C. Then 110 parts of iron
      powder was added at a rate sufficient to maintain a temperature in the
      range 85.degree.-90.degree. C. without further external heating. At the
      end of the addition, heating was resumed at 85.degree.-90.degree. C. for
      one hour and then the reaction was set aside at room temperature
      overnight. The reaction mixture was heated to 80.degree. C. and the pH
      adjusted to approximately 8.0 by the addition of a dilute aqueous solution
      of sodium carbonate. The mixture was allowed to cool to approximately
      45.degree. C. and was then filtered with the aid of 3 parts of
      decolorizing charcoal. A sample of the clear solution was analyzed for
      free amine content by diazotization using a standardized sodium nitrite
      solution. The analytical results showed that
      N-(3-amino-4-methoxybenzyl)-N,N,N-trimethylammonium chloride was obtained
      in nearly quantitative yield. The product was used directly in the form of
      its aqueous solution without isolation.
PAR  2. N-(3-amino-4-methoxybenzyl)-N-(2-hydroxyethyl)-N,N-dimethylammonium
      chloride.
PAR  a. A stirred solution of 46.4 parts of dimethylaminoethanol in 50 parts of
      water was heated to 50.degree. C. and over a period of two hours there was
      added 100.8 parts of 4-methoxy-3-nitrobenzyl chloride. The reaction
      mixture was heated at 50.degree.-55.degree. C. for three hours longer and
      then set aside at room temperature overnight. The mixture was filtered and
      the clear filtrate containing the product,
      N-(3-nitro-4-methoxybenzyl)-N-(2-hydroxyethyl)-N,N-dimethylammonium
      chloride, was used directly for reduction of the nitro group.
PAR  b. A mixture of 150 parts of iron powder, 80 parts of water and 10 parts of
      concentrated hydrochloric acid was stirred vigorously and heated to
      90.degree. C. Heating was stopped and 259.1 parts of the aqueous solution
      of N-(3-nitro-4-methoxybenzyl)-N-(2-hydroxyethyl)-N,N-dimethylammonium
      chloride obtained in a.) above was added at a rate sufficient to maintain
      the temperature at 85.degree.-90.degree. C. After the addition was
      complete, heating at 85.degree.-90.degree. C. was continued for one hour.
      Then 6.0 parts of sodium carbonate was added and the mixture was cooled to
      40.degree. C. and filtered. A sample of the solution was analyzed for free
      amine content by diazotization using a standardized sodium nitrite
      solution. The analytical results showed that the solution contained 113.6
      parts of the product,
      N-(3-amino-4-methoxybenzyl)-N-(2-hydroxyethyl)-N,N-dimethylammonium
      chloride. The product was used directly in the form of its aqueous
      solution without isolation.
PAR  3. N-(3-amino-4-methoxybenzyl)-N,N-bis(2-hydroxyethyl)-N-methylammonium
      chloride.
PAR  a. A stirred solution of 61.9 parts of N-methyl diethanolamine in 100 parts
      of water was heated to 50.degree. C. and over a period of one and a half
      hours there was added 201.6 parts of 4-methoxy-3-nitrobenzyl chloride. The
      reaction mixture was heated at 55.degree.-60.degree. C. for approximately
      six hours while adding in small amounts a total of 23.1 parts of N-methyl
      diethanolamine as needed in order to keep the reaction slightly alkaline.
      At the end of the heating period, the reaction mixture was diluted with
      100 parts of water and was set aside at room temperature overnight. The
      next day the resulting slurry was filtered. The solid removed by
      filtration was dried to recover 61.2 parts of unreacted
      4-methoxy-3-nitrobenzyl chloride. The clear filtrate containing the
      product,
      N-(3-nitro-4-methoxybenzyl)-N,N-bis(2-hydroxyethyl)-N-methylammonium
      chloride, was used directly for reduction of the nitro group.
PAR  b. The aqueous solution of
      N-(3-nitro-4-methoxybenzyl)-N,N-bis(2-hydroxyethyl)-N-methylammonium
      chloride obtained in D-3a above was made slightly alkaline by the addition
      of a small amount of 5 percent aqueous sodium hydroxide. Then 42 parts of
      sodium acetate were added to the solution and the mixture was heated to
      65.degree. C. Heating was stopped and 210 parts of iron powder were added
      to the stirred reaction mixture at a rate such as to maintain the
      temperature at 65.degree.-70.degree. C. without external heating. At the
      end of the addition, heating was resumed at 65.degree.-70.degree. C. for
      four hours. The reaction mixture was then treated with 7 parts of
      decolorizing charcoal and filtered to obtain an amber solution. A sample
      of the solution was analyzed for free amine content by diazotization using
      a standardized sodium nitrite solution. The analytical results showed that
      the solution contained 165 parts of
      N-(3-amino-4-methoxybenzyl)-N,N-bis(2-hydroxyethyl)-N-methylammonium
      chloride. The product was used directly in the form of its aqueous
      solution without isolation.
PAR  4. N-(3-amino-4-methoxybenzyl)-N-(2-hydroxypropyl)-N,N-dimethylammonium
      chloride.
PAR  a. Proceeding in a manner similar to that described above in D -1a, 16
      parts of 1-dimethylamino-2-propanol and 32 parts of
      4-methoxy-3-nitrobenzyl chloride were interacted in 14 parts of water to
      obtain N-(3-nitro-4-methoxybenzyl)-N-(2-hyroxypropyl)-N,N-dimethylammonium
      chloride. The product was not isolated but was used directly in solution
      for reduction of the nitro group.
PAR  b. Following a procedure similar to that described above in D-1b, and using
      33 parts of iron powder and 6 parts of acetic acid, the
      N-(3-nitro-4-methoxybenzyl)-N-(2-hydroxypropyl)-N,N-dimethylammonium
      chloride obtained in the form of its aqueous solution from D-4a above was
      reduced to obtain 39.6 parts of
      N-(3-amino-4-methoxybenzyl)-N-(2-hydroxypropyl)-N,N-dimethylammonium
      chloride in the form of an aqueous solution.
PAR  In addition to those for which detailed preparations are given above, the
      following N-R.sup.8 -N-[(lower-alkylene)-Y.sup.3 -NH.sub.2 ]-N-R.sup.9
      -N-R.sup.10 quaternary ammonium intermediates are obtained when the
      indicated nitrophenyl-substituted quaternizing agent is interacted with
      the indicated tertiary amino compound according to a procedure similar to
      those given under section D, 1a, 2a, and 3a and the resulting
      nitro-substituted compound is reduced by a procedure similar to those
      given under section D, 1b, 2b and 3b:
PAR  N-(4-amino-2-iodobenzyl)-N,N,N-tri-n-hexylammonium bromide starting with
      trihexylamine and 4-nitro-2-iodobenzyl bromide;
PAR  N-Methyl-N-n-propyl-N-6-(3-amino-4-butoxyphenyl)hexyl-N-n-hexylammonium
      chloride starting with N-methyl-N-propylhexylamine and
      6-(4-butoxy-3-nitrophenyl)hexyl chloride;
PAR  N,N-Diethyl-N-allyl-N-1-methyl-3-(4-amino-3-bromophenyl) propylammonium
      chloride starting with N,N-diethylallylamine and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl chloride;
PAR  N,N-Di-n-butyl-N-3-hydroxypropyl-N-2-(4-amino-3-n-butyl-phenyl)ethylammoniu
     m bromide starting with 3-di-n-butylamino-1-propanol and
      2-(3-n-butyl-4-nitrophenyl)ethyl bromide;
PAR  N-Methyl-N-allyl-N-6-n-hydroxyhexyl-N-4-amino-3-fluorobenzylammonium
      chloride starting with 6-methylallylamino-1-hexanol and
      3-fluoro-4-nitrobenzyl chloride;
PAR  N,N-Di(3-hexenyl)-N-2-hydroxyethyl-N-3-amino-5-ethylbenzylammonium chloride
      starting with 2-[N,N-di(3-hexenyl)aminoethanol and 3-ethyl-5-nitrobenzyl
      chloride;
PAR  N-(2-Butenyl)-N-n-pentyl-N-vinyl-N-1-methyl-3-(4-amino-3-bromophenyl)propyl
     ammonium bromide starting with N-2-butenyl-N-vinyl-n-pentylamine and
      1-methyl-3-(3-bromo-4-nitrophenyl)propyl bromide;
PAR  N-n-Propyl-N-2-hydroxyethyl-N-3-hydroxypropyl-N-4-(4-aminophenyl)butylammon
     ium chloride starting with 3-(N-n-propyl-N-2-hydroxyethyl)amino-1-propanol
      and 4-(4-nitrophenyl)butyl chloride;
PAR  N,N-Di(2-hydroxyethyl)-N-allyl-N-2-ethyl-4-(3-amino-5-chlorophenyl)butylamm
     onium chloride starting with N-allyl diethanolamine and
      2-ethyl-4-(3-chloro-5-nitrophenyl)butyl chloride;
PAR  N,N-Di-n-butyl-N-2-hydroxypropyl-N-2-(3-amino-4-methylphenyl)ethylammonium
      chloride starting with 3-dibutylamino-2-propanol and
      2-(4-methyl-3-nitrophenyl)ethyl chloride;
PAR  N-Methyl-N-isobutyl-N-3-hydroxybutyl-N-4-aminobenzylammonium iodide
      starting with N-3-hydroxybutyl-N-isobutylmethylamine and 4-nitrobenzyl
      iodide;
PAR  N-Methyl-N-tert.-butyl-N-methallyl-N-3-amino-4-methoxybenzylammonium
      chloride starting with N-methallyl-N-methyl-tert.-butylamine and
      4-methoxy-3-nitrobenzyl chloride;
PAR  N-(3-Amino-4-methoxybenzyl)-N,N-bis(2-hydroxypropyl)-N-methylammonium
      chloride starting with N-methyl-diisopropanolamine and
      4-methoxy-3-nitrobenzyl chloride;
PAR  N-(3-Amino-4-methoxybenzyl)-N,N-dimethylhydrazinium chloride starting with
      1,1-dimethylhydrazine and 4-methoxy-3-nitrobenzyl chloride.
PAR  E. N-R.sup.8 .sup.'-N-[(lower-alkylene).sup.1 -Y.sup.5 -H]-N-R.sup.9
      .sup.'-N.sup.10 .sup.'quaternary ammonium intermediates (Formula VIII).
PAR  1. N,N-Dimethyl-N-2-(N'-ethylanilino)ethyl-N-2-hydroxyethylammonium
      chloride.
PAR  A stirred mixture of 35.6 parts of dimethylaminoethanol in 60 parts of
      water was heated to 90.degree. and 73.6 parts of
      N-ethyl-N-(2-chloroethyl)aniline was gradually added. The mixture was
      heated at 90.degree.-95.degree.. After two and one-half hours there was
      obtained N,N-dimethyl-N-2-(N'-ethylanilino)ethyl-N-2-hydroxyethylammonium
      chloride in the form of an aqueous solution.
PAR  When the indicated tert. amino compound is quaternized with the indicated
      halide according to a procedure similar to that of E-1 above, the
      following N-R.sup.8 .sup.'-N-[(lower-alkylene)'-y.sup.5 -H]-N-R.sup.9
      .sup.'-N-R.sup.10 .sup.' ammonium halide intermediates are obtained.
PAR  N,N,N-Trimethyl-N-2-(N'-ethyl-m-toluidino)ethylammonium chloride from
      trimethylamine and N-ethyl-N-(2-chloroethyl)-m-toluidine.
PAR  N-Methyl-N-2-(N'-2-cyanoethylanilino)ethyl-N,N-bis(2-hydroxyethyl)ammonium
      chloride from N-methyldiethanolamine and
      N-(2-cyanoethyl)-N-(2-chloroethyl)aniline.
PAR  N,N-Dimethyl-N-2-(N'-ethyl-1-naphthylamino)ethyl-N-2-hydroxypropylammonium
      chloride from 1-dimethylamino-2-propanol and
      N-ethyl-N-(2-chloroethyl)-1-naphthylamine.
PAR  N,N-Dimethyl-N-2-(N'-methyl-m-chloroanilino)ethyl-N-hexylammonium chloride
      from 6-dimethylaminohexane and N-methyl-N-(2-chloroethyl)-m-chloroaniline.
PAR  N,N-Diethyl-N-2-(N'-ethyl-o-anisidino)ethyl-N-allylammonium chloride from
      N,N-diethylallylamine and N-ethyl-N-(2-chloroethyl)-o-anisidine.
PAR  N-Methyl-N-3-(N'-ethylanilino)-2-hydroxy-1-propyl-N,N-bis(2-hydroxypropyl)a
     mmonium chloride from N-methyldiisopropanolamine and
      N-ethyl-N-(3-chloro-2-hydroxy-1-propyl)aniline.
PAR  N-Methyl-N-isobutyl-N-3-(N'-ethyl-1-naphthylamino)-2-hydroxy-1-propyl-N-3-h
     ydroxybutylammonium chloride from N-3-hydroxybutyl-N-isobutylmethylamine
      and N-ethyl-N-(3-chloro-2-hydroxy-1-propyl)-1-naphthylamine.
PAC  PREPARATION OF THE AROMATIC AZO DYESTUFFS
DETD
PAC  EXAMPLE 1
PAR  A. To a solution of 30.8 parts of
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride in 130 parts of water at 0.degree.C., there was added with
      stirring, 30 parts of concentrated hydrochloric acid. The amine was then
      diazotized at a temperature between 0.degree.-5.degree.C. by adding 7.0
      parts of solid sodium nitrite in small portions. The reaction mixture was
      stirred at less then 5.degree.C. for ten minutes. The excess nitrite was
      then removed by the addition of an aqueous solution of sulfamic acid until
      nitrite ion could no longer be detected by testing with starch-iodide
      paper, and the mixture was made slightly alkaline to Congo red test paper
      by the addition of 20.0 parts of sodium acetate.
PAR  In a separate container, 13.4 parts of N,N'-diacetoacet-p-phenylenediamine,
      was mixed with sufficient 2-ethoxy ethanol to form a paste. The paste was
      slurried in 300 parts of water at 70.degree.C. and to the slurry there was
      added with stirring 6.0 parts of a 50 percent aqueous solution of sodium
      hydroxide. A solution resulted which was then added in a thin stream to
      the cold diazonium solution. The reaction mixture was stirred for four
      hours at 20.degree.C. and then the resulting clear yellow solution was
      evaporated to dryness to obtain chiefly a highly water-soluble yellow
      dyestuff having the formula
      ##SPC19##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.10 g. of dye per liter of solution, showed a maximum at 399
      millimicrons, A = 1.275.
PAR  In the bleach test described below, paper dyed with this dyestuff was found
      to be highly bleachable. The dye was found to bleed slightly in the
      water-bleed test and in the soap bleed test when tested in accord with the
      procedures described below.
PAR  B. A mixture of 6.0 parts of concentrated hydrochloric acid, 250 parts of
      water and 35 parts of the above product from A was heated at reflux for
      three hours. The mixture was cooled to 25.degree.C. and the pH adjusted to
      7.0 with aqueous alkali. Thus there was obtained in the form of an aqueous
      solution a yellow, highly water-soluble dyestuff of the formula
      ##SPC20##
PAL  An aqueous solution of this dyestuff, containing 0.06 g. of dye per liter
      of solution, showed a maximum at 393.5 millimicrons, A = 1.01.
PAR  The bleachability properties of this dye were found to be essentially the
      same as for the formyl-substituted dyestuff of A. However, compared to
      said formyl-substituted dyestuff, this dyestuff exhibited significantly
      superior resistance to bleed in both the water bleed and the soap bleed
      tests.
PAC  TESTING PROCEDURES
PAR  The following test procedures were employed to determine the resistance of
      the dyestuffs to bleed in moist paper, bleed from paper in the presence of
      soap, and to bleaching with hypochlorite bleach.
PAC  WATER "BLEED" TEST
PAR  This procedure is a modification of the AATCC Standard Test Method 15-1962,
      "Colorfastness to Perspiration".
PAR  Test pieces 1-1/8 inch in diameter (approximately one square inch area) are
      cut from the dyed paper to be tested and marked, with lead pencil, to
      indicate sample and wire (or felt) side. One or more dyed papers of known
      dye migration quality are included in the test series as standards.
PAR  The absorbent material consists of filter paper having at least one side
      with smooth finish (Eaton-Dikeman No. 613, or equivalent) cut to 2 inch by
      3 inch rectangles. In addition, smooth, flat, glass or clear plastic
      plates of adequate stiffness, measuring 2-1/2 inches wide and 3 to 4-1/2
      inches long, are required as separating plates. A 500 gram weight serves
      as a dead weight loading.
PAR  Two filter paper absorbent pieces are used for each dyed paper test circle,
      one for each side. These are marked on the smoother surface (with lead
      pencil) prior to beginning the test to indicate the sample and the sample
      surface (wire or felt) which it will contact.
PAR  The migration test "sandwich" is constructed as follows. A separating plate
      is placed on a horizontal support and one piece of the filter paper placed
      centrally on this place with the smoother side up. The circular dyed paper
      test piece, held by tweezers, is immersed in water at room temperature for
      3 seconds, drained for 3 seconds, and immediately centered on the filter
      paper, making sure that side (wire or felt) identifications are correct.
      Immediately, the second piece of filter paper, smoother side downward, is
      centered on the test circle and followed at once by another separating
      plate. This sandwich is pressed for a moment with the fingers, after
      which, without delay, a piece of filter paper is positioned on the top
      separating plate as before to receive a second test circle of wetted dyed
      paper. The above procedure is then repeated as rapidly as possible and
      without interruption, stacking one sandwich on the other, until all dyed
      paper test pieces have been put under test.
PAR  As soon as a stack is completed a 500 gram weight is centered on the top
      separating plate, and the assembly shrouded with moisture vapor resistant
      film to avoid undue drying. The stack is allowed to stand at room
      temperature for 4 hours, during which time ambient temperatures are
      occasionally recorded.
PAR  At the end of the migration period the stack is disassembled, and each dyed
      paper test circle and its two filter paper absorbents clipped to a
      supporting card. A separate card is used for each test circle. The dyed
      paper test circles and filter papers are air dried at room temperature for
      at least two hours before ranking. Relative degrees of dye migration, as
      compared to that from standard samples, are determined by visual ratings,
      under Macbeth Northlight, of the intensity of dye stain on the filter
      paper surface which had been in contact with the test circle. Migration
      from the wire and felt sides are ranked separately.
PAC  SOAP BLEED TEST
PAR  This test compares the degree to which dyed papers will discolor a soap
      solution in which the paper is immersed.
PAR  A stock supply of soap solution containing 0.5% soap by weight is prepared
      by adding neutral white soap flakes (a mixture of 80 percent sodium soap
      and 20 percent potassium soap produced from 70 percent tallow and 30
      percent coconut oil glyceride blend; "Ivory" brand, Proctor and Gamble
      Co.) slowly with stirring to hot tap water and then heated further with
      occasional stirring to 70.degree.-75.degree.C.
PAR  Portions of 400 ml. of this solution are measured into 1,000 ml. beakers
      (one beaker for each test), covered with a watch glass, and allowed to
      cool to 60.degree.-65.degree.C. At this point approximately 1.5 grams of
      the dyed paper (one half of a 3.0 gram, 8 inch square handsheet) is
      crumpled and immersed in its soap test solution.
PAR  Soaking is allowed to continue for 20 to 24 hours, with gradual cooling to
      room temperature. During this period the paper is squeezed by hand while
      submerged (or stirred vigorously with a glass rod) on at least three
      occasions during the first five hours, and again about one hour before
      ending the test period.
PAR  At the end of the immersion period the beaker contents are stirred and
      enough immediately screened through a double screen of 100 mesh stainless
      steel screening to nearly fill a two ounce, square clear glass bottle,
      which is then capped. These filtrates are then visually rated for color
      intensity under laboratory ceiling fluorescent tube lights.
PAC  BLEACH TEST
PAR  This procedure compares the degree to which the color of dyed or shaded
      papers would be discharged in a waste paper recovery operation employing
      hypochlorite bleach.
PAR  Test pieces measuring 3/4 inch by 1-1/2 inch are die cut from the papers to
      be compared and identified, using lead pencil markings.
PAR  A stock supply of hypochlorite bleach is prepared by diluting commercial
      hypochlorite bleach (nominal available chlorine content, 5.0%) with
      distilled water to a concentration of 0.09 grams available chlorine per
      100 ml. solution. Before diluting this solution to final volume the pH is
      adjusted with dilute sulfuric acid to pH 4.0 to 4.5.
PAR  Portions of 20 ml. each of the hypochlorite stock solution, at room
      temperature, are measured into test tubes 1 inch in diameter and 7 to 8
      inches long, one tube for each test specimen. An extra such tube is
      prepared, fitted with a thermometer extending into the bleach solution, to
      follow the rise in bleach temperature.
PAR  One paper test piece is then dropped into each tube and submerged in the
      bleach liquor, adding all pieces as quickly as possible. The tubes are
      immediately stoppered and all simultaneously placed in a water bath
      previously heated to 54.degree. to 56.degree.C. (129.degree. to
      133.degree.F.).
PAR  The test pieces are observed, especially during the very early minutes of
      bleaching, for obvious differences in the rate of color discharge. The
      temperature of the bleach liquors rises rapidly during the first 5
      minutes.
PAR  While maintaining the water bath temperature in the 54.degree. to
      56.degree.C. range, the bleach tubes remain, without agitation of the test
      pieces, in the water bath for 30 minutes. Occasional readings of the
      temperature of the blank bleach tube during this period are recorded.
PAR  At the end of this time all tubes are removed from the water bath,
      immediately filled with cold tap water, and the test pieces rinsed as
      quickly as possible, with cold tap water, into a large Buchner funnel
      (with no filter paper disk) where they are thoroughly washed with running
      cold tap water. The washed test pieces are finally placed on a blotter and
      air dried at room temperature.
PAR  The relative degree of bleaching is judged by visually ranking, under
      Macbeth Northlight, the intensity of residual color in the dry test
      pieces.
PAC  EXAMPLE 2
PAR  Following the procedure described above in Example 1, 16.7 parts of
      N-methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride in a solution of 135 parts of water and 19 parts of concentrated
      hydrochloric acid was diazotized with 3.5 parts of sodium nitrite at
      0.degree.C. In a separate container, 9.1 parts
      of4,4'-bi-o-acetoacetotoluidide (Naphthol AS-G) was mixed with sufficient
      2-ethoxyethanol to form a paste. The paste was slurried in 150 parts of
      water at 70.degree.C. and to the slurry there was added with stirring 6
      parts of a 50 per cent aqueous solution of sodium hydroxide. A solution
      resulted which was then added in a thin stream to the cold diazonium
      solution. The reaction mixture was allowed to warm to 30.degree.C. and was
      then stirred for one hour which it was heated at 60.degree.C. for one
      hour. The reaction mixture, now a solution, was used directly for
      hydrolysis which was accomplished by the addition of 11.9 parts of
      concentrated hydrochloric acid followed by heating at reflux for three
      hours. The reaction mixture was then cooled and neutralized with 50 per
      cent aqueous sodium hydroxide. There was thus obtained an aqueous solution
      of a bright yellow, water-soluble dyestuff having the formula
      ##SPC21##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff
      containing 0.375 g. of dye per liter of solution had a maximum at 390
      millimicrons, A = 1.236.
PAR  Paper dyed with this dyestuff in the bleach test hereinbefore described,
      was found to be readily bleachable. The dye was found to bleed slightly in
      the soap bleed and to about the same extent in the water bleed test.
PAC  EXAMPLE 3
PAR  A solution of 7.5 parts of
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride in 40 parts of water containing 10 parts of concentrated
      hydrochloric acid was heated at reflux for two hours. To the solution
      which was chilled in an ice bath, there was then added an additional 1.2
      parts of concentrated hydrochloric acid followed by the gradual addition
      of 1.75 parts of sodium nitrite. After stirring for ten minutes, excess
      nitrite was removed by the addition of an aqueous solution of sulfamic
      acid, and the solution was made neutral to Congo Red by the addition of
      sodium acetate. In a separate container there was prepared a coupler
      solution consisting of 6.4 parts of 2'-chloro-4'-nitroacetoacetanilide
      dissolved in a mixture of 6.3 parts of isopropyl alcohol, 0.8 parts of
      sodium hydroxide and 81 parts of hot water. The coupler solution was added
      in a thin stream to the cold, stirred diazonium solution. Stirring was
      continued for two hours while allowing the mixture to warm to 25.degree.C.
      The mixture was then heated at 50.degree.C. for thirty minutes and then
      stirred for fifteen hours at 25.degree.C. The pH was adjusted to 6.0 by
      the addition of 50 per cent aqueous solution of sodium hydroxide and the
      reaction mixture then poured into 785 parts of stirred isopropyl alcohol.
      After stirring the mixture for two hours, the separated yellow solid was
      collected, washed with fresh isopropyl alcohol, and dried in vacuo to
      obtain the yellow, water-soluble dyestuff of the formula
      ##SPC22##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.02 g. of dye per liter of solution, showed a maximum at 400
      millimicrons, A = 0.975.
PAC  EXAMPLE 4
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, for diazotizing
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride and coupling with 3-carbamyl-1-phenyl-2-pyrazolin-5-one, there
      was obtained the orange-red dyestuff having the formula
      ##SPC23##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.03 g. of dye per liter of solution, showed a maximum at 450
      millimicrons, A = 1.05.
PAR  Hydrolysis of the formamido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 5
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, for diazotizing
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride and coupling with 3-methyl-1-(p-tolyl)-2-pyrazolin-5-one, there
      was obtained the orange dyestuff having the formula
      ##SPC24##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.03 g. of dye per liter of solution, showed a maximum at 412
      millimicrons, A = 1.223.
PAR  Hydrolysis of the formamido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yielded the corresponding
      --NH.sub.2 substituted compound, an orange, water-soluble dyestuff. An
      aqueous solution of this dyestuff, containing 0.03 g. of dye per liter of
      solution, showed a maximum at 414 millimicrons, A = 1.097.
PAC  EXAMPLE 6
PAR  When a procedure similar to that described above in Example 1, part A, is
      followed for diazotization of
      N-methyl-N-2-(N-n-propyl-4-aminophenylcarbamyl)-2-n-propylethyl-N-2-acetam
     idoethyl-N-3-acetamidopropylammonium chloride and coupling with
      3-methyl-1-(2-ethoxy-5-nitrophenyl)-2-pyrazolin-5-one, there is obtained
      the dyestuff having the formula
      ##SPC25##
PAR  Hydrolysis of the two acetamido moieties in the above-shown product
      according to the procedure described in Example 1, part B, yields the
      corresponding di(--NH.sub.2) substituted compound.
PAC  EXAMPLE 7
PAR  When a procedure similar to that described above in Example 1, part A, is
      followed for diazotization of
      N-(4-amino-N-methyl-2-chlorophenylcarbamyl)methyl-N-3-n-valeramidopropylpy
     rrolidinium chloride and coupling with
      3-methyl-1-(4-amino-phenyl)-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC26##
PAR  Hydrolysis of the valeramido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 8
PAR  When a procedure similar to that described above in Example 1, part A, is
      followed for diazotization of
      N-methyl-N-isopropyl-N-2-ethyl-4-(3-chloro-4-aminophenyl)butyl-N-3-salicyl
     amidopropylammonium chloride and coupling with
      3-methyl-1-(4-carbethoxyphenyl)-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC27##
PAR  Hydrolysis of the salicylamido moiety in the above-shown product according
      to the procedure described in Example 25, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 9
PAR  When a procedure similar to that described above in Example 1, part B, is
      followed for diazotization of
      N,N-dimethyl-N-3-(4-aminophenyl)propyl-N-6-iso-butyramidohexylammonium
      chloride and coupling with
      3-carbethoxy-1-(2-hydroxyphenyl)-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC28##
PAR  Hydrolysis of the iso-butyramido moiety in the above-shown product
      according to the procedure described in Example 1, part B, yields the
      corresponding --NH.sub.2 substituted compound.
PAC  EXAMPLE 10
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, for diazotizing
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride and coupling with
      3-methyl-1-(p-carbamylphenyl)-2-pyrazolin-5-one, there was obtained the
      orange dyestuff having the formula
      ##SPC29##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.03 g. of dye per liter of solution, showed a maximum at 412
      millimicrons, A = 0.986.
PAR  This dye was found to have a moderate tendency to bleed each in the water
      bleed and the soap bleed test.
PAR  Hydrolysis of the formamido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 11
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, for diazotizing
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride and coupling with
      3-methyl-1-(p-sulfamylphenyl)-2-pyrazolin-5-one, there was obtained the
      yellow dyestuff having the formula
      ##SPC30##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.03 g. of dye per liter of solution, showed a maximum at 415
      millimicrons, A = 1.12.
PAR  Hydrolysis of the formamido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 12
PAR  Proceeding in a manner similar to that described above in Example 2,
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride was diazotized and coupled with
      3-methyl-1-(2,5-dichlorophenyl)-2-pyrazolin-5-one, and the product
      hydrolyzed to obtain the orange, water-soluble dyestuff having the formula
      ##SPC31##
PAC  EXAMPLE 13
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, for diazotizing
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride and coupling with 2,4-dihydroxyquinoline, there were obtained the
      yellow, water-soluble dyestuff having the formula
      ##SPC32##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.03 g. of dye per liter of solution, showed a maximum at 442
      millimicrons, A = 1.28.
PAR  Hydrolysis of the formamido moiety in the above-shown product according to
      the procedure described in Example 1, part B, yields the corresponding
      --NH.sub.2 substituted compound.
PAC  EXAMPLE 14
PAR  Proceeding in a manner similar to that described above in Example 2,
      N-methyl-N-(3-amino-4-methoxybenzyl)-N,N-bis(3-formamidopropyl)ammonium
      chloride was diazotized and coupled with
      3-methyl-1-(p-tolyl)-2-pyrazolin-5-one, and the product hydrolyzed to
      obtain the yellow, water-soluble dyestuff having the formula
      ##SPC33##
PAR  An aqueous solution of this dyestuff, containing 0.5 g. of dye per liter of
      solution, showed a maximum at 415 millimicrons, A = 1.21.
PAC  EXAMPLE 15
PAR  When a procedure similar to that described in Example 3, is followed for
      diazotization of
      N-methyl-N-tert.-butyl-N-methallyl-N-3-amino-4-methoxybenzylammonium
      chloride and coupling with
      3-methyl-1-(2,4-diiodophenyl)-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC34##
PAC  EXAMPLE 16
PAR  When a procedure similar to that described in Example 3, is followed for
      diazotization of
      N-methyl-N-isobutyl-N-3-hydroxybutyl-N-4-aminobenzylammonium iodide and
      coupling with 3-butoxy-1-phenyl-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC35##
PAC  EXAMPLE 17
PAR  When a procedure similar to that described in Example 3, is followed for
      diazotization of
      N,N-di-n-butyl-N-2-hydroxypropyl-N-2-(3-amino-4-methylphenyl)ethylammonium
      chloride and coupling with 3-n-hexyl-1-phenyl-2-pyrazolin-5-one, there is
      obtained the dyestuff having the formula
      ##SPC36##
PAC  EXAMPLE 18
PAR  When a procedure similar to that described in Example 3, is followed for
      diazotization of
      N-n-propyl-N-2-hydroxyethyl-N-3-hydroxypropyl-N-4-(4-aminophenyl)butyl
      ammonium chloride and coupling with
      3-methyl-1-(4-propoxyphenyl)-2-pyrazolin-5-one, there is obtained the
      dyestuff having the formula
      ##SPC37##
PAC  EXAMPLE 19
PAR  When a procedure similar to that described in Example 3, is followed for
      diazotization of
      N,N-diethyl-N-allyl-N-1-methyl-3-(4-amino-3-bromophenyl)propylammonium
      chloride and coupling with 3-methyl-1-(3-bromophenyl)-2-pyrazolin-5-one,
      there is obtained the dyestuff having the formula
      ##SPC38##
PAC  EXAMPLE 20
PAR  Proceeding in a manner similar to that described above in Example 1, part
      A, N-(3-amino-4-methoxybenzyl)-N-(2-hydroxyethyl)-N,N-dimethylammonium
      chloride was diazotized and coupled with
      3-methyl-1-(p-tolyl)-2-pyrazolin-5-one to obtain the orange water-soluble
      dyestuff having the formula
      ##SPC39##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.02 g. of dye per liter of solution, showed a maximum at 413.5
      millimicrons, A = 0.780.
PAC  EXAMPLE 21
PAR  Proceeding in a manner similar to that described above in Example 3,
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-formamidopropylammonium
      chloride was hydrolyzed and the resulting
      N,N-dimethyl-N-(3-amino-4-methoxybenzyl)-N-3-aminopropylammonium chloride
      was diazotized and coupled with 3-methyl-1-(p-tolyl)-2-pyrazolin-5-one to
      obtain the orange, water-soluble dyestuff having the formula
      ##SPC40##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.024 g. of dye per liter of solution, showed a maximum at 414
      millimicrons, A = 0.996.
PAC  EXAMPLE 22
PAR  Proceeding in a manner similar to that described above in Example
      3,N-[3(p-aminophenoxy)-2-hydroxy-1-propyl]-N,N-bis(3-formamidopropyl)-N-me
     thylammonium chloride was hydrolyzed and the resulting
      N-[3(p-aminophenoxy)-2-hydroxy-1-propyl]-N,N-bis(3-aminopropyl)-N-methylam
     monium chloride was diazotized and coupled with
      3-methyl-1-(p-tolyl)-2-pyrazolin-5-one to obtain the red-yellow,
      water-soluble dyestuff having the formula
      ##SPC41##
PAR  An aqueous solution of the dyestuff, containing 0.1 g. of dye per liter of
      solution, showed a maximum at 418 millimicrons, A = 1.82.
PAC  EXAMPLE 23
PAR  Proceeding in a manner similar to that described above in Example 3,
      N,N-dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-formamido-propylammonium
      chloride was hydrolyzed and the resulting
      N,N-dimethyl-N-2-(N'-ethylanilino)ethyl-N-3-aminopropylammonium chloride
      was coupled with diazotized 2,5-bis(p-aminophenyl)-1,3,4-oxadiazole to
      obtain the orange water-soluble dyestuff having the formula
      ##SPC42##
PAR  The visible absorption spectrum of an aqueous solution of this dyestuff,
      containing 0.2 g. of dye per liter of solution, showed a maximum at 470
      millimicrons, A = 1.16.
PAC  EXAMPLE 24
PAR  When a procedure similar to that described above in Example 1, part A, is
      followed for diazotization of
      N,N-dimethyl-N-(3-amino-4-methoxyphenacyl)-N-3-aminopropylammonium
      chloride and coupling with 3-methyl-1-(p-tolyl)-2-pyrazolin-5-one, there
      is obtained the dyestuff having the formula
      ##SPC43##
PAC  Example 25
      ##SPC44##
PAC  EXAMPLE 26
      ##SPC45##
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC46##
PAL  wherein:
PA1  R.sup.0 is hydrogen, lower-alkyl or hydroxy-lower-alkyl;
PA1  R.sup.1 is lower-alkyl, lower-alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.2 is lower-alkyl, lower-alkenyl, hydroxy-lower-alkyl or
      -(lower-alkylene)-NR.sup.o Y; or R.sup.1 and R.sup.2 together with the
      nitrogen atom are pyrrolidino, piperidino or 4-lower-alkanoyl piperazino;
PA1  Y is hydrogen or
      ##EQU17##
      wherein R is hydrogen, lower-alkyl, lower-alkenyl, phenyl or
      phenyl-lower-alkyl;
PA1  An is an anion;
PA1  Y.sup.1 is a divalent radical of the formula
      ##SPC47##
PAL  in which
PA1  Q.sup.1 is hydrogen, lower-alkyl, lower-alkoxy or halogen; and
PAL  Z is an azoic coupling radical of the formula
      ##SPC48##
PAL  in which
PA1  Q.sup.2, q.sup.3 and Q.sup.4 are each hydrogen, lower-alkyl, lower-alkoxy,
      hydroxy, nitro, amino, carbo-lower-alkoxy, carboxamido, sulphamyl or
      halogen; and R.sup.4 is lower-alkyl, lower-alkoxy, carboxamido or
      carbo-lower-alkoxy.
NUM  2.
PAR  2. A compound according to claim 1 wherein, (lower-alkylene).sup.1 is
      methylene, said dyestuff having the formula
      ##SPC49##
PAL  in which Q.sup.1, Q.sup.2, Q.sup.3, Q.sup.4, R.sup.0, R.sup.1, R.sup.2,
      R.sup.4, Y and An have the same respective meanings indicated in claim 1.
NUM  3.
PAR  3. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1, R.sup.2 and R.sup.4 are each methyl; Q.sup.1 is
      methoxy, Q.sup.3 is 4-methyl, and Q.sup.2, Q.sup.4 and R.sup.0 are each
      hydrogen.
NUM  4.
PAR  4. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1 and R.sup.2 are each methyl; R.sup.4 is carbamyl;
      Q.sup.1 is methoxy; Y is formyl; and Q.sup.2, Q.sup.3, Q.sup.4 and R.sup.0
      are each hydrogen.
NUM  5.
PAR  5. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1, R.sup.2 and R.sup.4 are each methyl; Q.sup.1 is
      methoxy; Q.sup.3 is 4-sulfamyl; Y is formyl; and Q.sup.2, Q.sup.4, and
      R.sup.0 are each hydrogen.
NUM  6.
PAR  6. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1, R.sup.2 and R.sup.4 are each methyl; Q.sup.1 is
      methoxy; Q.sup.3 is 4-carbamyl; Y is formyl; and Q.sup.2, Q.sup.4 and
      R.sup.0 are each hydrogen.
NUM  7.
PAR  7. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1, R.sup.2 and R.sup.4 are each methyl; Q.sup.1 is
      methoxy; Q.sup.2 and Q.sup.4 are 2,5-dichloro; and Q.sup.3, R.sup.0 and Y
      are each hydrogen.
NUM  8.
PAR  8. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1 and R.sup.4 are each methyl; R.sup.2 is 3-(YR.sup.0
      N-)propyl; Q.sup.3 is 4-methyl; Q.sup.1 is methoxy; and Q.sup.3, Q.sup.4
      R.sup.0 and Y are each hydrogen.
NUM  9.
PAR  9. The compound according to claim 2 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1, R.sup.2 and R.sup.4 are each methyl; Q.sup.1 is
      methoxy, Q.sup.3 is 4-methyl, and Q.sup.2, Q.sup.4, R.sup.0 and Y are each
      hydrogen.
NUM  10.
PAR  10. A compound according to claim 196 wherein c is one,
      (lower-alkylene).sup.1 is methylene, said dyestuff having the formula
      ##SPC50##
PAL  in which Q.sup.1 ; Q.sup.2, Q.sup.3, Q.sup.4, R.sup.0, R.sup.1, R.sup.2,
      R.sup.4, Y and An have the same respective meanings indicated in claim
      196.
NUM  11.
PAR  11. The compound according to claim 10 wherein (lower-alkylene) is
      1,3-propylene; R.sup.1 and R.sup.4 are each methyl; R.sup.2 is 3-(YR.sup.0
      N-)propyl; Q.sup.3 is 4-methyl; Q.sup.1, Q.sup.2, Q.sup.4, R.sup.0 and Y
      are each hydrogen.
NUM  12.
PAR  12. A compound according to claim 1 wherein c is one,
      (lower-alkylene).sup.1 is methylene, said dyestuff having the formula
      ##SPC51##
PAL  in which Q.sup.1, R.sup.0, R.sup.1, R.sup.2, Y and An have the same
      respective meanings indicated in claim 1.
NUM  13.
PAR  13. The compound according to claim 12 wherein (lower-alkylene) is
      1,3-propylene; R.sup.0 is hydrogen; R.sup.1 and R.sup.2 are each methyl; Y
      is formyl; and Q.sup.1 is methoxy.
NUM  14.
PAR  14. A compound of the formula
      ##SPC52##
PAL  wherein:
PA1  Q.sup.5, q.sup.5.sup.' and Q.sup.6 are each hydrogen, lower-alkyl,
      lower-alkoxy or halogen;
PA1  R.sup.0 is hydrogen, lower-alkyl or hydroxy-lower-alkyl;
PA1  R.sup.1 is lower-alkyl, lower-alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.2 is lower-alkyl, lower-alkenyl, hydroxy-lower-alkyl or
      -(lower-alkylene)-NR.sup.0 Y; or R.sup.1 and R.sup.2 together with the
      nitrogen atom are pyrrolidino, piperidino or 4-lower-alkanoyl piperazino;
PA1  R.sup.7 is hydrogen, lower-alkyl or cyano-lower-alkyl;
PA1  Y is hydrogen or
      ##EQU18##
      wherein R is hydrogen, lower-alkyl, lower-alkenyl, phenyl or
      phenyl-lower-alkyl; and
PAL  An is an anion.
NUM  15.
PAR  15. A compound according to claim 14 wherein (lower-alkylene) is
      1,3-propylene; Q.sup.5, Q.sup.5.sup.', Q.sub.6, R.sup.0 and Y are each
      hydrogen; R.sup.1 and R.sup.2 are each methyl; and R.sup.7 is ethyl.
NUM  16.
PAR  16. A compound of the formula
      ##SPC53##
PAL  wherein:
PA1  Q.sup.1 is hydrogen, lower-alkyl, lower-alkoxy or halogen;
PA1  Q.sup.2, q.sup.3 and Q.sup.4 are each hydrogen, lower-alkyl, lower-alkoxy,
      hydroxy, nitro, amino, carbo-lower-alkoxy, carboxamido, sulphamyl or
      halogen;
PA1  R.sup.4 is lower-alkyl, lower-alkoxy, carboxamido or carbo-lower-alkoxy;
PA1  R.sup.8 is lower-alkyl, lower-alkenyl or hydroxy-lower-alkyl;
PA1  R.sup.9 is lower-alkyl, hydroxy-lower-alkyl or NH.sub.2 ;
PA1  R.sup.10 is lower-alkyl or lower-alkenyl; and
PAL  An is an anion.
NUM  17.
PAR  17. The compound according to claim 16 wherein Q.sup.1 is lower-alkoxy;
      R.sup.9 is hydroxy-lower-alkyl; and R.sup.8 and R.sup.10 are each
      lower-alkyl.
NUM  18.
PAR  18. The compound according to claim 17 wherein Q.sup.1 is methoxy; Q.sup.2
      and Q.sup.4 are each hydrogen; Q.sup.3 is 4-methyl; R.sup.4, R.sup.8 and
      R.sup.10 are each methyl; and R.sup.9 is 2-hydroxyethyl.
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ABST
PAL  A water-insoluble azo dyestuff of the formula:-
      ##SPC1##
PAL  Wherein R is lower alkyl; the ring A is unsubstituted or is substituted by
      chlorine, bromine or nitro; Y is hydrogen, lower alkyl or lower alkoxy; Z
      is hydrogen, lower alkyl, lower alkoxy, chlorine or a group of the formula
      --NHCOR.sup.1 wherein R.sup.1 is lower alkyl; and X.sup.1 and X.sup.2 are
      independently selected from hydrogen, lower alkyl, hydroxy lower alkyl,
      lower alkylcarbonyl lower alkyl, cyano lower alkyl, lower alkoxycarbonyl
      lower alkyl, lower alkoxy lower alkyl, lower alkylcarbonyloxy lower alkyl,
      lower alkoxy lower alkoxycarbonyl lower alkyl, cyano lower alkoxy lower
      alkyl, chloro lower alkyl, phenoxy lower alkyl, phenyl, lower
      alkylcarbonylamino lower alkyl, cyano lower alkoxycarbonyl lower alkyl and
      lower alkylcarbonyloxy lower alkoxy carbonyl lower alkyl, a process for
      the manufacture of the said dyestuff and its use for colouring synthetic
      textile materials.
PARN
PAR  This application is a continuation-in-part application of application Ser.
      No. 105,100 which was filed in the U.S. Patent Office on 8th Jan. 1971 and
      which is now abandoned.
BSUM
PAR  This invention relates to water-insoluble azo dyestuffs which are valuable
      for colouring synthetic textile materials.
PAR  According to the invention there is provided a water-insoluble azo dyestuff
      of the formula:
      ##SPC2##
PAL  Wherein R is lower alkyl; the ring A is unsubstituted or is substituted by
      chlorine, bromine and nitro; Y is hydrogen, lower alkyl or lower alkoxy; Z
      is hydrogen, lower alkyl, lower alkoxy, chlorine or a group of the formula
      -- NHCOR.sup.1 wherein R.sup.1 is lower alkyl; and X.sup.1 and X.sup.2 are
      independently selected from hydrogen, lower alkyl, hydroxy lower alkyl,
      lower alkylcarbonyl lower alkyl, cyano lower alkyl, lower alkoxycarbonyl
      lower alkyl, lower alkoxy lower alkyl, lower alkylcarbonyloxy lower alkyl,
      lower alkoxy lower alkoxycarbonyl lower alkyl, cyano lower alkoxy lower
      alkyl, chloro lower alkyl, phenoxy lower alkyl, phenyl, lower
      alkylcarbonylamino lower alkyl, cyano lower alkoxycarbonyl lower alkyl and
      lower alkylcarbonyloxy lower alkoxycarbonyl lower alkyl.
PAR  Throughout this Specification the terms "lower alkyl" and "lower alkoxy"
      are used to denote alkyl and alkoxy radicals respectively containing from
      1 to 4 carbon atoms.
PAR  As examples of the lower alkoxy radicals represented by Y and Z there may
      be mentioned methoxy and ethoxy. As examples of the lower alkyl radicals
      represented by R, Y, Z, R.sup.1, X.sup.1 and X.sup.2 there may be
      mentioned methyl, ethyl, n-propyl and n-butyl. As examples of the
      substituted lower alkyl radicals represented by X.sup.1 and X.sup.2 there
      may be mentioned hydroxy lower alkyl such as .beta.-hydroxyethyl and
      .beta. or .gamma.-hydroxypropyl, lower alkylcarbonyl lower alkyl such as
      .beta.-acetylethyl, cyano lower alkyl such as cyanomethyl and
      .beta.-cyanoethyl, lower alkoxycarbonyl lower alkyl such as
      .beta.-(methoxycarbonyl or ethoxycarbonyl)ethyl and
      .omega.-ethoxycarbonylbutyl, lower alkoxy lower alkyl such as
      .beta.-(methoxy or ethoxy)ethyl and .gamma.-methoxypropyl, lower
      alkylcarbonyloxy lower alkyl such as .beta.-acetoxyethyl, lower alkoxy
      lower alkoxycarbonyl lower alkyl such as
      .beta.-(.beta.'-ethoxyethoxycarbonyl)ethyl, cyano lower alkoxy lower alkyl
      such as .beta.-(.beta.'-cyanoethoxy)ethyl, chloro lower alkyl such as
      .beta.-chloroethyl and .gamma.-chloropropyl, phenoxy lower alkyl such as
      .beta.-phenoxyethyl, lower alkylcarbonylamino lower alkyl such as
      .beta.-acetylaminoethyl and .alpha.-acetylaminopropyl, cyano lower
      alkoxycarbonyl lower alkyl such as .beta.-(.beta.'-cyanoethoxycarbonyl)
      lower alkyl, and lower alkylcarbonyloxy lower alkoxycarbonyl lower alkyl
      such as .beta.-(.beta.'-acetoxyethoxycarbonyl) ethyl.
PAR  The azo dyestuffs of the invention can be obtained by diazotising an amine
      of the formula:
      ##SPC3##
PAL  and coupling with a coupling component of the formula:
      ##SPC4##
PAL  wherein A, R, Y, Z, X.sup.1 and X.sup.2 have the meanings stated above.
PAR  This reaction can be conveniently brought about by adding sodium nitrite to
      a solution or suspension of the said amine in an inorganic acid optionally
      containing water, or by adding the amine to nitrosylsulphuric acid, and
      thereafter adding the resulting solution or suspension of the diazo
      component to a solution of the coupling component, the pH of the resulting
      mixture being adjusted as necessary to facilitate the coupling reaction.
      The resulting dyestuff is then isolated by conventional methods.
PAR  The said amines can themselves be obtained by treating the corresponding
      amine of the formula:
      ##SPC5##
PAL  with a reagent which is capable of converting the NH group in the
      heterocyclic ring to the NR group, for example by treatment with a
      dialkylsulphate in nitrobenzene at elevated temperatures. The amines of
      Formula I can themselves be obtained by reacting the corresponding
      benzonitrile of the formula:
      ##SPC6##
PAL  wherein W is methoxy, chlorine or bromine, with a hydrazine to give the
      corresponding 2-cyanophenyl-hydrazine of the formula:
      ##SPC7##
PAL  which is then cyclised by heating it in an aqueous solution of hydrochloric
      acid.
PAR  As specific examples of the said amines used to obtain the azo dyestuffs of
      the invention there may be mentioned 2-methyl-3-amino-5-nitroindazole,
      2-methyl-3-amino-5:7-dinitroindazole, 2-methyl-3-aminoindazole,
      2-ethyl-3-aminoindazole, 2-methyl-3-amino-5-nitro-7-chloroindazole,
      2-methyl-3-amino-5-nitro-7-bromoindazole,
      2-methyl-3-amino-4:6-dichlorindazole,
      2-methyl-3-amino-5-chloro-7-nitroindazole, and
      2-methyl-3-amino-5:7-dibromo-6-methyl-indazole.
PAR  As specific examples of the coupling components there may be mentioned
      N:N-dimethylaniline, N:N-di(.beta.-carbomethoxyethyl)-m-toluidine,
      N-(.gamma.-methoxypropyl)-3-acetylaminoaniline, N:N-di(.beta.
      -hydroxyethyl)-2:5-dimethoxyaniline, diphenylamine,
      N-ethyl-N-(.beta.-cyanoethyl) aniline,
      N:N-di(.beta.-acetoxyethyl)-m-toluidine and
      2-methoxy-5-acetylamino-N-[.beta.-(.beta.'-methoxyethoxycarbonyl)ethyl]ani
     line.
PAR  The azo dyestuffs of the invention are valuable for colouring synthetic
      textile materials, for example cellulose acetate and cellulose triacetate
      textile materials, polyamide textile materials such as
      polyhexamethyleneadipamide textile materials polyacrylonitrile textile
      materials, and preferably aromatic polyester textile materials such as
      polyethylene terephthalate textile materials. Such textile materials can
      be in the form of threads, yarn, or woven or knitted fabric. If desired
      the said synthetic textile materials can be in the form of blends with
      other textile materials, for example blends of polyester textile materials
      with cellulose or woollen textile materials.
PAR  Such textile materials can conveniently be coloured with the azo dystuffs,
      as hereinbefore defined, by immersing the textile material in a dyebath
      comprising an aqueous dispersion of one or more of the said dyestuffs,
      which dyebath preferably contains a non-ionic, cationic and/or anionic
      surface-active agent, and thereafter heating the dyebath for a period at a
      suitable temperature. In the case of secondary cellulose acetate textile
      materials it is preferred to carry out the dyeing process at a temperature
      between 60.degree. and 85.degree.C; in the case of cellulose triacetate or
      polyamide textile materials it is preferred to carry out the dyeing
      process at 95.degree. to 100.degree.C; in the case of aromatic polyester
      textile materials the dyeing process can either be carried out at a
      temperature between 90.degree. and 100.degree.C., preferably in the
      presence of a carrier such as diphenyl or o-hydroxydiphenyl, or at a
      temperature above 100.degree.C., preferably at a temperature between
      120.degree. and 140.degree.C., under superatmospheric pressure.
PAR  Alternatively, the aqueous dispersion of the said azo dyestuff can be
      applied to the textile material by a padding or printing process, followed
      by heating at temperatures up to 230.degree.C depending on the textile
      material, or by steaming of the textile material. In such processes it is
      preferred to incorporate a thickening agent, such as gum tragacanth, gum
      arabic or sodium alginate, into the aqueous dispersion of the said azo
      dyestuff.
PAR  At the conclusion of the colouring process it is preferred to give the
      coloured textile material a rinse in water or a brief soaping treatment
      before finally drying the coloured textile material. In the case of
      aromatic polyester textile materials it is also preferred to subject the
      coloured textile material to a treatment in an alkaline aqueous solution
      of sodium hydrosulphite before the soaping treatment in order to remove
      loosely attached dyestuff from the surface of the textile material.
PAR  The azo dyestuffs have excellent affinity and building up properties on
      synthetic textile materials, and in particular on aromatic polyester
      textile materials, so enabling deep shades to be obtained. The resulting
      colouration have excellent fastness to light, to wet treatments, and in
      particular, to dry heat treatments, and in particular to dry heat
      treatments such as those carried out at high temperatures during pleating
      operations.
PAR  If desired the azo dyestuffs of the invention can be applied to synthetic
      textile materials in conjunction with other disperse dyes.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which the parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  1.92 Parts of 2-methyl-3-amino-5-nitroindazole (obtained as described in
      the Journal of the Chemical Society for 1959 at pages 2363-5) are
      dissolved in 50 parts of 80% phosphoric acid at 0.degree.C., 0.7 part of
      sodium nitrite is added gradually over 1 hour, and the mixture is stirred
      for a further 2 hours at 0.degree.C. The resulting mixture is then added
      to a solution of 3.10 parts of
      2-methoxy-5-acetylamino-N-[.beta.-(.beta.'-methoxy-ethoxycarbonyl)
      ethyl]aniline dissolved in a mixture of 60 parts of 0.2N aqueous solution
      of hydrochloric acid and 60 parts of acetone, the temperature of the
      resulting mixture being maintained at 5.degree.C. by addition of ice as
      required. The mixture is stirred for 1 hour at 5.degree.C., and the
      precipitated dyestuff is then filtered off, washed with water and dried.
PAR  A solution of the dyestuff in chloroform has a .lambda. max of 577. When
      dispersed in aqueous media the dyestuff dyes aromatic polyester textile
      materials in reddish-blue shades of excellent fastness properties.
PAC  EXAMPLE 2
PAR  In place of the 1.92 parts of the 2-methyl-3-amino-5-nitroindazole used in
      Example 1 there are used 2.37 parts of
      2-methyl-3-amino-5:7-dinitroindazole.
PAR  The resulting dyestuff has a .lambda. max of 625 when dissolved in
      chloroform. When dispersed in aqueous media it dyes aromatic polyester
      textile materials in bluish-green shades of excellent fastness.
PAC  EXAMPLE 3
PAR  In place of the 1.92 parts of the 2-methyl-3-amino-5-nitroindazole used in
      Example 1 there are used 2.37 parts of
      2-methyl-3-amino-5:7-dinitroindazole, and in place of the 3.10 parts of
      the coupling component used in Example 1 there are used 2.06 parts of
      3-acetylamino-N:N-diethylaniline or 2.72 parts of
      2-methoxy-5-acetylamino-N:N-di(n-propyl)aniline.
PAR  The resulting dyestuffs when dissolved in chloroform have .lambda. max at
      610 and 662 respectively. When applied to aromatic polyester textile
      materials from aqueous dyebaths greenish-blue and green shades
      respectively are obtained.
PAR  The 2-methyl-3-amino-5:7-dinitroindazole used in the above examples was
      itself obtained as follows:
PAR  7.0 Parts of a 60% aqueous solution of hydrazine hydrate were added over 30
      minutes to a solution of 15.0 parts of 2-methoxy-3:5-dinitrobenzonitrile
      in 250 parts of ethanol which was stirred at the boil under a reflux
      condenser. The mixture was then stirred for a further 15 minutes at the
      boil, cooled to 20.degree.C., and the precipitated
      2-cyano-4:6-dinitrophenylhydrazine was filtered off. This solid was
      stirred at the boil for 30 minutes with 115 parts of a 2N aqueous solution
      of hydrochloric acid, a solution of 36 parts of sodium acetate cyrstals in
      150 parts of water was added, the mixture refluxed for 10 minutes and then
      cooled to 20.degree.C. when 3-amino-5:7-dinitroindazole separated out and
      was filtered off.
PAR  7.0 Parts of dimethyl sulphate were added over 30 minutes to a stirred
      mixture of 10 parts of 3-amino-5:7-dinitroindazole and 150 parts of
      nitrobenzene at 180.degree.C. The mixture was stirred for a further hour
      at 180.degree.C., and then cooled to 30.degree.C. 200 Parts of
      diethylether were added and the solid residue separated from the liquid.
      Crystallisation of the residue from acetone afforded
      2-methyl-3-amino-5:7-dinitroindazole of melting point 325.degree.C.
PAR  The following Table gives further Examples of disperse azo dyestuffs of the
      invention which are obtained by diazotising the amines listed in the
      second column of the Table and coupling the resulting diazo compounds with
      the coupling components listed in the third column of the Table using
      methods similar to those described in the previous Examples. The fourth
      column of the Table lists the shades obtained when the dyestuffs are
      applied to polyester textile materials.
TBL  __________________________________________________________________________

     Example  Amine            Coupling Component     Shade                    

     __________________________________________________________________________

     4    2-methyl-3-amino-5:7-dinitro-                                        

                            N:N-di-(.beta.-hydroxyethyl)-m-aminoacetanilide    

                                                      Blue                     

          indazole                                                             

     5    do.               N:N-di[.beta.-(.beta.'-cyanoethoxy)ethyl]-m-toluidi

                            ne                        do.                      

     6    do.               N:N-diethyl-m-toluidine   do.                      

     7    do.               N:N-di(.beta.-acetoxyethyl)-m-toluidine            

                                                      Reddish-blue             

     8    do.               N:N-diethyl-m-aminoacetanilide                     

                                                      Greenish-blue            

     9    do.               N:N-di(.beta.-carbomethoxyethyl)-m-aminoacetanilide

                            8                         Blue                     

     10   do.               N-ethyl-N-(.beta.-carbomethoxyethyl)aniline        

                                                      do.                      

     11   do.               N:N-diethylaniline        do.                      

     12   do.               N-ethyl-N-(.beta.-acetoxyethyl)-m-toluidine        

                                                      do.                      

     13   do.               N:N-dimethylaniline       do.                      

     14   2-ethyl-3-amino-5:7-dinitro-                                         

                            2-methoxy-5-acetylamino-N-[.beta.-(.beta.'-methoxye

                            thoxy-                    Bluish-green             

          indazole          carbonyl)ethyl]aniline                             

     15   2-n-butyl-3-amino-5:7-dinitro-                                       

                            do.                       do.                      

          indazole                                                             

     16   2-methyl-3-amino-5-nitroindazole                                     

                            N-ethyl-N-(.beta.-cyanoethyl)aniline               

                                                      Scarlet                  

     17   do.               N-(.beta.-cyanoethyl)-N-(.beta.-methoxyethyl)-m-tol

                            uidine                    Red                      

     18   do.               N-ethyl-N-(.beta.-acetylethyl)aniline              

                                                      do.                      

     19   do.               N-ethyl-N-(.alpha.-acetylaminopropyl)aniline       

                                                      Bluish-red               

     20   do.               N-n-butyl-N-(.beta.-cyanoethyl)-m-toluidine        

                                                      do.                      

     21   do.               N-ethyl-N-(.beta.-chloroethyl)aniline              

                                                      Red                      

     22   do.               N-(.beta.-cyanoethyl)-N-(.beta.-phenoxyethyl)anilin

                            e                         Scarlet                  

     23   do.               N-(.beta.-cyanomethyl)-N-[.beta.-(.beta.'-acetoxyet

                            hoxy-                                              

                            carbonyl)ethyl]aniline    do.                      

     24   do.               N-ethyl-N-[.beta.-(cyanomethoxycarbonyl)ethyl]anili

                            ne                        Red                      

     25   do.               N-(.beta.-cyanoethyl)-N-(.beta. -acetoxyethyl)anili

                            ne                        do.                      

     26   do.               diphenylamine             do.                      

     27   do.               N:N-di-(.beta.-hydroxyethyl)-m-chloroaniline       

                                                      do.                      

     28   do.               2-methyl-5-methoxyaniline Rubine                   

     29   do.               2:5-dimethoxyaniline      Reddish violet           

     30   do.               2:5-dimethylaniline       Bluish red               

     31   do.               2-methoxy-5-acetylamino-N:N-di(.beta.-acetoxy-     

                                                      Navy blue                

                            ethyl)aniline                                      

     32   2-methyl-3-aminoindazole                                             

                            N:N-diethylaniline        Reddish orange           

     33   2-methyl-3-amino-5-nitro-7-                                          

                            2-methoxy-5-acetylamino-N:N-di(.beta.-acetoxy-     

                                                      Greenish blue            

          chloroindazole    ethyl)aniline                                      

     34   2-methyl-3-amino-5-nitro-7-                                          

                            do.                       do.                      

          bromoindazole                                                        

     __________________________________________________________________________

PAR  The 2-methyl-3-aminoindazole was obtained by reacting 3-aminoindazole with
      dimethylsulphate in nitrobenzene.
PAR  The 2-methyl-3-amino-5-nitro-7-(chloro- or bromo-) indazoles were obtained
      from 2:3-di(chloro- or bromo-) 5-nitrobenzonitrile by reaction with
      hydrazine hydrate in ethanol, followed by cyclisation and subsequent
      treatment with dimethylsulphate in nitrobenzene.
PAR  The 2-(ethyl and n-butyl) -3-amino-5:7-dinitroindazoles were obtained by
      treating 3-amino-5:7-dinitroindazole with diethylsulphate or
      di-n-butylsulphate respectively in nitrobenzene.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A water-insoluble azo dyestuff of the formula:
      ##SPC8##
PAL  wherein R is lower alkyl; the ring A is unsubstituted or is substituted by
      chlorine, bromine or nitro; Y is hydrogen, lower alkyl or lower alkoxy; Z
      is hydrogen, lower alkyl, lower alkoxy, chlorine or a group of the formula
      --NHCOR.sup.1 wherein R.sup.1 is lower alkyl; and X.sup.1 and X.sup.2 are
      independently selected from hydrogen, lower alkyl, hydroxy lower alkyl,
      lower alkylcarbonyl lower alkyl, cyano lower alkyl, lower alkoxycarbonyl
      lower alkyl, lower alkoxy lower alkyl, lower alkylcarbonyloxy lower alkyl,
      lower alkoxy lower alkoxycarbonyl lower alkyl, cyano lower alkoxy lower
      alkyl, chloro lower alkyl, phenoxy lower alkyl, phenyl, lower
      alkylcarbonylamino lower alkyl, cyano lower alkoxycarbonyl lower alkyl and
      lower alkylcarbonyloxy lower alkoxy carbonyl lower alkyl.
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ABST
PAL  A novel class of intermediates from which a variety of uronic acid
      nucleosides can be produced, said class being represented by the following
      formula:
      ##SPC1##
PAL  Where
PA1  R.sub.1 and R.sub.2 are lower alkyl radicals having one to six carbon
      atoms, or phenyl radicals;
PA1  R.sub.3 is a lower alkyl radical having one to four carbon atoms; and the
      wavy line at the 5' position indicates both the 5'-D-allo and 5'-L-talo
      epimers.
PAL  A process for producing these intermediates is described. A process for
      converting these intermediates to uronic acid nucleosides having the
      following formula:
      ##SPC2##
PAL  Where
PA1  B is a pyrimidine or purine base, is also described.
PAL  Novel uronic acid nucleosides, having structures falling within the general
      formula given above, are identified.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to uronic acid nucleosides. Additionally, this
      application relates to methods for preparing such compounds, including the
      preparation of a class of general intermediates from which, by process
      steps described herein, a variety of uronic acid nucleosides can be
      readily produced. Novel uronic acid nucleosides are described.
PAR  In copending application Ser. No. 119,019, filed Feb. 25, 1971, now U.S.
      Pat. No. 3,809,689, and assigned to the assignee of the present invention,
      there is disclosed, inter alia, a class of nucleosides having the general
      formulae:
      ##SPC3##
PAL  Where B is selected from various pyrimidine or purine bases identified
      therein.
PAR  The designations Ic and Id represent the .beta.-D-allo and the
      .alpha.-L-talo epimers in which the 5'-amino groups have the opposite
      configurations. These designations are as given in the aforementioned
      copending application and will be followed in this application to enable
      easier review, comparison and understanding of these two related
      applications.
PAR  On pages 20-26 of the specification of the aforementioned copending
      application there is described, in detail, a process for preparing the
      compounds of formulae Ic and Id. A schematic flow chart of that process is
      given on pages 20-21 thereof. This process, though quite capable of being
      used, as indicated, to produce the compounds of formulae Ic and Id, is not
      totally satisfactory since the process requires careful tailoring of the
      starting compound (Z) in view of the particular nucleoside desired, and
      because the strongly acidic conditions necessary to effect hydrolysis of
      the amide function to a carboxylic acid would result in almost complete
      hydrolysis of the intermediate nucleoside to the corresponding sugar when
      applied to purine derivatives. Since the process is limited by the
      exclusion of steps which include highly acidic conditions, it is
      correspondingly limited in the nucleosides which can be produced
      therewith. Accordingly, it would be desirable to have a more general
      process for producing the nucleosides of formulae Ic and Id, such process
      including the preparation of a class of general intermediates from which
      many nucleosides (having a structure represented by either formula Ic or
      Id) can be readily prepared in only a few steps.
PAC  SUMMARY OF THE INVENTION
PAR  A process satisfying the aforementioned general requirements has been
      developed. This process includes the steps of converting a general
      intermediate having the formula:
      ##SPC4##
PAL  where
PA1  R.sub.1 is a lower alkyl radical having one to six carbon atoms, or phenyl
      or a substituted phenyl radical;
PA1  R.sub.2 is as defined above with regard to R.sub.1 ;
PA1  R.sub.3 is a lower alkyl radical having one to four carbon atoms; and the
      wavy line at the 5' position indicates the 5'-D-allo and 5'-L-talo
      epimers;
PAL  to the corresponding purine or pyrimidine glycosides, converting the
      5'azido group in the purine or pyrimidine glycoside to the corresponding
      5'-amino derivative, and hydrolysis of the 2', 3' and 6' protecting groups
      to thereby convert the 5'-amino-purine or 5'-amino-pyrimidine nucleoside
      to the corresponding uronic acid nucleoside. As the general intermediates
      identified above (i.e., compounds I or I' below) can be either in the
      D-allo or L-talo form, the finally derived uronic acid nucleoside will be
      in either the .beta.-D-allo or .alpha.-L-talo form, depending upon the
      initial general intermediate selected for use in the process of this
      invention and not upon the particular process steps employed, such steps,
      and the alternate steps, being described in greater detail below.
PAR  A process for preparing the above-identified general intermediate from a
      commercially available compound (i.e., compound A below) is also
      described.
PAR  The purine uronic acid nucleosides and the pyrimidine uronic acid
      nucleosides which can be produced according to the process of this
      invention have the following general formulae:
      ##SPC5##
PAL  where
PA1  B is a pyrimidine base radical selected from the group of radicals having
      the following formulae:
      ##SPC6##
PAL  wherein
PA1  R' or R'" is H, fluoro, chloro, bromo, iodo, lower alkyl, trifluoromethyl,
      hydroxymethyl, nitro, amino, methylamino, dimethylamino, and hydroxy;
PA1  R" is H or methyl; wherein the compound of Ic, R'" is fluoro, chloro,
      bromo, iodo, lower alkyl having from two through seven carbon atoms,
      amino, trifluoromethyl, nitro, methylamino, dimethylamino, and hydroxy;
      and Y is either oxo or thio, but when a base radical has two Y groups, one
      is oxo and the other is thio:
PAL  or a purine base radical selected from the group of adenin-9-yl,
      2-fluoroadenin-9-yl, 2-azaadenin-9-yl, 6-chloropurin-9-yl,
      2,6-dichloropurin-9-yl, 6-methylaminopurin--yl, yl,
      6-dimethylaminopurin-9-yl, 2,6-diaminopurin-9-yl,
      2,6-di(methylamino)purin-9-yl, 6-hydroxylaminopurin-9-yl,
      7-deazaadenin-9-yl, 8-azaadenin-9-yl, 2-amino-6-chloropurin-9-yl,
      guanin-9-yl, 8-azaguanin-9-yl, 7-deazaguanin-9-yl, 6-thioguanin-9-yl,
      6-methylthioguanin-9-yl, hypoxanthin-9-yl, 6-thiopurin-9-yl, and
      6-methylthiopurin-9-yl; and the pharmaceutically acceptable salts of such
      compounds.
PAR  The process of the present invention for preparing the compounds of
      formulae Ic and Id is conveniently represented by the following schematic
      overall reaction equations:
      ##SPC7##
PAL  where R.sub.1 and R.sub.2 are lower alkyl radicals having one to six carbon
      atoms, phenyl radicals or substituted phenyl radicals; R.sub.3 and R.sub.4
      are lower alkyl radicals having one to six carbon atoms; R.sub.5 and
      R.sub.6 are lower aklyl radicals having one to six carbon atoms or
      together with the carbon atom to which they are joined form a saturated
      cycloalkyl having from five to seven carbon ring atoms; B.sub.1 is a
      pyrimidine radical; B.sub.2 is a purine radical; and B.sub.3 is either a
      pyrimidine or a purine radical.
PAR  In this schematic process flow chart, the a series of steps corresponds to
      those individual steps wherein a .beta.-D-allo compound is produced, the t
      series of steps corresponds to those individual steps wherein an
      .alpha.-L-talo compound is produced, and compounds P and P' correspond to
      compounds Ic and Id, respectively, of the aforementioned co-pending
      application.
PAR  Considering the above process in greater detail, compound B can be
      prepared, as in Step 1, by any suitable procedure such as, for example, by
      the oxidation of a 1',2',3'-protected sugar 5'-alcohol (i.e., compound A)
      according to the procedure of Moffatt et al. U.S. Pat. No. 3,248,380.
PAR  Step 2 of the above process, the preparation of the
      .alpha.-L-talofuranosyluronamide and .beta.-D-allofuranosyluronamide
      intermediates of Formulae C' and C, respectively, can be conveniently
      effected by treating the sugar-5'-aldehydes of Formula B with a suitable
      cyanide salt followed by treatment with hydrogen peroxide. This treatment
      is typically, and preferably, conducted in a mixture of water and a
      suitable inert organic solvent such as methanol and preferably in the
      presence of a suitable base such as, for example, potassium or sodium
      carbonate. The reaction with cyanide is typically conducted at
      temperatures in the range of about from -10.degree. to 20.degree.C and
      preferably from 0.degree. to 5.degree.C, using mole ratios in the range of
      about from 2 to 5 moles of cyanide salt per mole of compound B. However,
      temperature and mole ratios both above and below these ranges can also be
      used. Subsequent addition of an oxidizing agent such as, for example,
      hydrogen peroxide, leads to the formation of compounds C and C'.
      Typically, the oxidizing agent is added in the neighborhood of about from
      5 to 30 minutes after the initial reactants are mixed. The total reaction
      time is typically in the range of about from 15 to 60 minutes. After the
      desired reaction has taken place, the reaction solution is neutralized to
      a pH of about 7 by the addition of a suitable acid, for example, acetic
      acid. The resulting product, an epimeric mixture of the respective
      intermediates of Formulae C and C', can be recovered by any suitable
      procedure such as, for example, fractional crystallization or
      chromatography on silicic acid. Suitable cyanide salts which can be used
      include, for example, sodium cyanide, potassium cyanide, ammonium cyanide,
      tetraethylammonium cyanide and the like. Suitable inert organic solvents
      which can be used include, for example, methanol, ethanol, dioxane,
      tetrahydrofuran and the like.
PAR  Suitable bases which can be used include, for example, potassium carbonate,
      sodium carbonate and the like. Suitable acids which can be used to
      neutralize the reaction mixture include, for example, acetic acid, Dowex
      50 (H+) resin, Amberlite IRC-50 (H+) resin, phosphoric acid and the like.
PAR  The resulting epimeric mixture can be utilized in the next process step,
      but preferably the epimeric mixture is first resolved into its respective
      .alpha.-L-talo and .beta.-D-allo isomers, which can then be individually
      subjected to the remaining steps of the above process. It has been found
      that by treating the respective isomers individually rather than as an
      epimeric mixture, cleaner products are ultimately obtained with less
      purification difficulties. Resolution of the respective L-talo and D-allo
      isomers can be effected by any suitable resolution procedure such as, for
      example, fractional crystallization, or chromatography or silicic acid.
PAR  The following discussion will be on the basis that at this point in the
      process the epimeric mixture is resolved into its two isomeric components.
PAR  Step 3 of the above process (i.e., steps 3a or 3t) can be conveniently
      effected by treating the corresponding intermediates of Formulae C and/or
      C' with a suitable alkylsulfonyl halide or arylsulfonyl halide in the
      presence of a suitable organic reaction media, e.g., pyridine, thereby
      affording the corresponding 5'-alkylsulfonyl or 5-arylsulfonyl derivatives
      of Formulae D or D', respectively. This treatment is typically conducted
      at temperatures in the range of about from -10.degree. to 20.degree.C and
      preferably in the range of about from 0.degree. to 5.degree.C for from
      about 5 to 24 hours, using mole ratios in the range of from about 0.5 to
      1.0 moles of compound C or C' per mole of alkylsulfonyl halide or
      arylsulfonyl halide. However, temperatures, reaction times, and mole
      ratios both above and below these ranges can also be used. The resulting
      product of Formula D or D' can be isolated by any suitable procedure, such
      as crystallization or chromatography on silicic acid. Suitable
      alkylsulfonyl halides which can be used include, for example,
      methanesulfonyl chloride, ethanesulfonyl chloride and the like, and
      suitable arysulfonyl halides include benzenesulfonyl chloride,
      p-toluenesulfonyl chloride and p-bromobenzenesulfonyl chloride and the
      like. Suitable organic reaction media which can be used include, for
      example, dimethylformamide/triethylamine, and the like.
PAR  Step 4 of the above process (i.e., steps 4a or 4t) can be conveniently
      effected by treating the intermediates of Formulae D or D' with a suitable
      azide salt in a suitable inert organic media. This treatment effects an
      inversion of the 5'-substituent, thus the L-talo isomer of Formula D'
      affords the corresponding 5'-azido D-allo isomer of Formula E and
      correspondingly the D-allo isomer of Formula D affords the corresponding
      5'-azido-L-talo isomer of Formula E'. This treatment is typically
      conducted at temperatures in the range of about from 50.degree. to
      90.degree.C, for about from 4 to 16 hours, using mole ratios in the range
      of about from 2 to 5 moles of azide salt per mole of compound D or D'.
      However, temperatures, reaction times, and mole ratios both above and
      below these ranges can be used. Suitable azide salts which can be used
      include, for example, sodium axide, lithium azide, potassium azide,
      tetraethylammonium azide and the like. Suitable inert organic solvents
      which can be used include, for example, dimethylsulfoxide,
      dimethylformamide, dimethylacetamide, and the like. It has been found that
      good results are typically obtained by using sodium azide as the azide
      salt and dimethylformamide as the organic media. The resulting product of
      Formula E or E' can be separated from the reaction mass and further
      purified according to any suitable procedure, for example, crystallization
      or chromatography on silicic acid or alumina.
PAR  Step 5 of the above process (i.e., either step 5a or step 5t) can be
      conveniently effected by treating either compound E or E' with an
      aliphatic alcohol having one to six carbon atoms, such as methanol, in the
      presence of an acidic material, such as Dowex 50 (H+) resin. This
      treatment is typically conducted at elevated temperatures and conveniently
      under reflux, with stirring, for 4 to 16 hours. The lower aliphatic
      alcohol is also used as the solvent and is therefore usually in vast
      excess. However, reaction times, and temperatures both above and below
      these ranges can also be used. After removal of the resinous material by
      filtration, compound F or F', respectively, is isolated from the combined
      filtrates. Other lower aliphatic alcohols include ethanol, propanol,
      isopropanol, and the like.
PAR  Step 6 of the above process (i.e., step 6a or step 6t) can be conveniently
      effected by treating either compound F or F' with an acyl halide, such as
      acetyl chloride or benzoyl chloride, in an organic reaction media, such as
      dry pyridine. This treatment is typically conducted for about 4 hours to
      24 hours using mole ratios in the range of from about 5 to 50 moles of
      acyl halide per mole of compound F or F'. This reaction is typically
      conducted at 0.degree.C to 20.degree.C. However, temperatures, reaction
      times, and mole ratios both above and below these can also be used. The
      reaction mixture is then treated with a lower aliphatic alcohol and the
      resulting ester removed. The resulting product of Formula G or G'
      respectively, can be isolated by any suitable procedure, such as, for
      example, crystallization or chromatography on silicic acid. Other liquid
      inert organic reaction media include, for example, dimethylformamide,
      dimethylacetamide in the presence of a base such as triethylamine or
      2,6-lutidine.
PAR  Step 7 of the above process (i.e., step 7a or step 7t) can be conveniently
      effected by treating either compound G or compound G' with a strong
      aqueous acid, such as trifluoroacetic acid, for about 12 to 36 hours at
      15.degree.C to 25.degree.C. However, temperatures and reaction times, both
      above and below these can also be used. Upon purification and
      concentration, the resulting product is either compound H or H',
      respectively. Other strong acids include sulfuric acid, Dowex 50 (H+)
      resin, trichloroacetic acid, hydrochloric acid, and the like.
PAR  Step 8 of the above process (i.e., step 8a or step 8t) can be conveniently
      effected by treating either compound H or H' with the anhydride of a
      carboxylic acid, such as the anhydride of acetic acid or the anhydride of
      another lower aliphatic acid having one to six carbon atoms, in an organic
      reaction media, such as pyridine. This treatment is typically conducted at
      temperatures in the range of from about 10.degree.C to about 25.degree.C
      using mole ratios in the range of about 5 to 50 moles of anhydride per
      mole of compound H or H'. However, temperatures, reaction times, and mole
      ratios both above and below these can also be used. Other organic reaction
      media include, for example, dimethylformamide in the presence of
      triethylamine. After purification and isolation, including, for example,
      chromatography on silicic acid, there is attained the novel intermediate I
      or I'  of the present invention.
PAR  Step 9 of the above process (i.e., step 9a or step 9t) can be conveniently
      effected by treating either compound F or F' with a strong aqueous acid,
      such as trifluoroacetic acid, at temperatures from about 15.degree.C to
      about 25.degree.C for about 12 to 36 hours. However, temperatures and
      reaction times both above and below these can also be used. After
      purification and isolation, including removal of the strong acid, the
      resultant product is compound J or J'.
PAR  Step 10 of the above process (i.e., step 10a or step 10t) can be
      conveniently effected by treatment of either compound J or J' with an
      anhydride or acid chloride of a lower aliphatic or acomatic carboxylic
      acid, such as acetic anhydride, in the presence of an organic reaction
      media, such as pyridine, at temperatures in the range of from about
      10.degree.C to about 25.degree.C for about 6 to 24 hours, using mole
      ratios in the range of about 5 to 50 moles of the anhydride per mole of
      compound J or J'. However, temperatures, reaction times, and mole ratios
      both above and below these can also be used. Other anhydrides include, for
      example, propionic anhydride, butyric anhydride, and the like. Other inert
      organic reaction media include, for example, dimethylformamide in the
      presence of triethylamine. After purification and isolation, including,
      for example, chromatography on silicic acid, there is obtained either
      compound I or I'.
PAR  Step 11 of the above process (i.e., step 11a or step 11t) can be
      conveniently effected by bubbling hydrogen clhoride through a suspension
      of compound I or I' in an inert organic reaction media, such as anhydrous
      ether, until a clear solution is attained, followed by holding the
      solution for 12 to 72 hours at 0.degree.C to 10.degree.C. Isolation by
      evaporation results in compound K or K'. Other inert organic reaction
      media include, for example, methylene chloride, dioxane, and the like.
PAR  Step 12 of the above process (i.e., step 12a or step 12t) can be
      conveniently effected by reacting compound I or I' with a pyrimidine base
      material in an inert organic reaction media, such as 1,2-dichloroethane,
      in the presence of an appropriate catalyst, such as tin tetrachloride,
      titanium tetrachloride, BF.sub.3 -etherate, and the like, for 1 to 16
      hours at 10.degree.C to 25.degree.C using 1 to 2 moles of the pyrimidine
      base material per mole of compound I or I'. After purification and
      isolation, including chromatography using silicic acid plates, there is
      obtained either compound L or L'. Other inert organic reaction media
      include, for example, benzene, acetonitrile, carbon disulfide,
      dimethylformamide, and the like. Pyrimidine base materials suitable for
      use in the present invention include the corresponding trimethylsilyl
      derivatives of:
PA1  uracil
PA1  5-fluorouracil
PA1  5-chlorouracil
PA1  5-bromouracil
PA1  5-iodouracil
PA1  5-methyluracil
PA1  5-isopropyluracil
PA1  5-n-butyluracil
PA1  5-trifluoromethyluracil
PA1  5-hydroxymethyluracil
PA1  5-nitrouracil
PA1  5-methylaminouracil
PA1  5-dimethylaminouracil
PA1  6-azauracil
PA1  6-aza-5-methyluracil
PA1  5-aminouracil
PA1  5-azauracil
PA1  5-hydroxyuracil
PA1  cytosine
PA1  5-fluorocytosine
PA1  5-chlorocytosine
PA1  5-bromocytosine
PA1  5-iodocytosine
PA1  5-methylcytosine
PA1  5-isopropylcytosine
PA1  5-n-butylcytosine
PA1  5-trifluoromethylcytosine
PA1  5-hydroxymethylcytosine
PA1  5-nitrocytosine
PA1  5-methylaminocytosine
PA1  5-dimethylaminocytosine
PA1  6-azacytosine
PA1  6-aza-5-methylcytosine
PA1  5-aminocytosine
PA1  5-azacytosine
PA1  5-hydroxycytosine
PA1  2-thiouracil
PA1  2-thiocytosine
PA1  4-thiouracil
PAL  Optionally, trimethylsilyl derivatives of N-acyl derivatives of the
      aforementioned cytosine and substituted cytosine compounds may also be
      used.
PAR  Compound L or L' can also be prepared from compound K or K', as by step 15a
      or 15t described below.
PAR  Step 13 of the above process (i.e., step 13a or step 13t) can be
      conveniently effected by reacting compound I or I' with a suitable purine
      base material in the presence of a strongly acidic catalyst such as
      di-p-nitrophenyl phosphroic acid, dichloroacetic acid, and the like at
      about 130.degree. to 180.degree.C for 5 to 30 minutes. Mole ratios in the
      range of from 1 to 2 moles of purine base material per mole of compound I
      or I' are used. However, temperatures, reaction times, and mole ratios
      both above and below these ranges can be used. After isolation and
      purification, including chromatography on silicic acid, the resultant
      product is compound M or M'.
PAR  Purine base materials suitable for use in the present invention include:
PA1  adenine
PA1  2-fluoroadenine
PA1  2-azaadenine
PA1  6-chloropurine
PA1  2,6-dichloropurine
PA1  6-methylaminopurine
PA1  6-dimethylaminopurine
PA1  2,6-diaminopurine
PA1  2,6-di(methylamino)purine
PA1  7-deazaadenine
PA1  8-azaadenine
PA1  8-azaguanine
PA1  guanine
PA1  7-deazaguanine
PA1  6-hydroxypurine
PA1  2-amino-6-chloropurine
PAL  Optionally, the N-acylated derivatives of amino-substituted purines may
      also be used.
PAR  Compound M or M' can also be produced from compound K or K', as by step 14
      as described below
PAR  Step 14 of the above process (i.e., step 14a or step 14t) can be
      conveniently effected by treating either compound K or K' with a suitable
      substituted purine base material in an inert organic reaction media, such
      as benzene, in the presence of a suitable catalyst, such as mercuric
      cyanide. This treatment is typically conducted at elevated temperatures
      under reflux for 2 to 6 hours, using mole ratios in the range of from
      about 1 to 2 moles of the substituted purine base material per mole of
      compound K or K', after which the reaction mixture is cooled to room
      temperature. However, temperatures, reaction times, and mole ratios both
      above and below these ranges can be used. After purification and
      isolation, as by well-known procedures and techniques, there is obtained
      compound M or M'. Other inert organic reaction media include, for example,
      benzene, toluene, xylene, and the like. Suitable purine materials for use
      in this step 14 include, for example, the trimethylsilyl derivatives of
      the purine compounds listed above with respect to step 13.
PAR  Step 15 of the above process (i.e., step 15a or step 15t) can be
      conveniently effected by reacting compound K or K' with a suitable
      pyrimidine base material in an inert organic reaction media, such as
      benzene, in the presence of an approcatalyst, such as a suspension of
      mercuric oxide and mercuric chloride. This treatment is typically
      conducted at elevated temperatures under reflux for 2 to 6 hours, using
      mole ratios in the range of from about 1 to 2 moles of the substituted
      pyrimidine base material per mole of compound K or K', after which the
      reaction mixture is cooled to room temperature. However, temperatures,
      reaction times, and mole ratios both above and below these can be used.
      After purification and isolation, as by well-known procedures and
      techniques, there is obtained compound L or L'. Other inert organic
      reaction media include, for example, toluene, xylene, and the like.
      Suitable pyimidine materials for use in this step 15 include, for example,
      those listed above with respect to step 12.
PAR  Steps 16 and 17 of the above process (i.e., step 16a or 16t; 17a or 17t)
      can be conveniently effected by hydrogenating a solution of compound M or
      M', or L or L', respectively, in the presence of a suitable catalyst, for
      example, a 5% palladium on barium sulfate mixture. This treatment is
      typically conducted at room temperature for 15 to 120 minutes. After
      purification and isolation, there is obtained compound N or N'.
      Alternatively, reduction can be done using reducing agents such as
      ammonium sulfide or sodium dithionite, if so desired.
PAR  Step 18 of the above process (i.e., step 18a or step 18t) can be
      conveniently effected by treating compound N or N' with a suitable base,
      such as barium hydroxide, in an inert organic reaction media, such as
      dioxane. This treatment is typically conducted at room temperature for 1
      to 4 hours, using mole ratios in the range of from about 5 to 25 moles of
      the base per mole of compound N or N'. Temperatures, reaction times, and
      mole ratios both above and below these ranges can be used. After
      purification and isolation, there is obtained the uronic acid nucleoside P
      or P'.
PAR  In each of the process steps, described herein above and below, the
      respective intermediate products are preferably separated from the
      reaction mixture and purified prior to their use as starting materials for
      the next step in the process. Such separation and purification can be
      effected by any suitable procedure. For example, typical separation
      procedures include filtration, extraction, evaporation, and typical
      purification procedures include crystallization, and both thin-layer and
      column chromatography. Optimum separation and isolation procedures can be
      obtained for any given step by routine experimentation.
PAR  From the schematic flow chart diagrammed above and the more detailed
      explanation thereof also given above it can be seen that the intermediates
      I or I' can be converted in a minimum of three steps to the uronic acid
      nucleosides previously described in application Ser. No. 119,019, filed
      Feb, 25, 1971, or to the uronic acid nucleosides as described herein.
      Intermediates I or I' are, accordingly, valuable as a starting point from
      which a large variety of uronic acid nucleosides can be readily produced.
PAR  The compounds of this invention (i.e., compounds P or P') possess
      antibiotic, and in particular antifungal activity, as well as general
      antimetabolite activities, and thus are useful both as antifungal agents
      (e.g., agricultural fungicides) and also as sterilization agents where the
      conventional, more economical sterilization procedures are either
      ineffective or deleterious to organisms desired to be retained. The
      compounds of our invention are useful in containing or destroying
      undesired organisms in mammals.
PAR  The term pharmaceutically acceptable salts as used herein refers to those
      salts which do not adversely affect the pharamaceutical properties of the
      compounds of this invention, such as those salts conventionally used in
      the pharmaceutical art. Pharmaceutically acceptable salts include, for
      example, salts of inorganic acids such as, for example, sulfuric,
      sulfonic, sulfamic, nitric, phosphoric, hydrochloric acids and the like,
      and salts or organic acids such as, for example, acetic, citric, lactic,
      palmitic, tartaric, succinic, maleic, benzoic acids and the like; and also
      cation salts, such as, for example, sodium, potassium, ammonium, and the
      like.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following specific description is given to enable those skilled in this
      art to more clearly understand and practice the present invention. It
      should not be considered as a limitation upon the scope of the invention
      but merely as being illustrative and representative thereof.
PAR  The following steps have been numbered to correspond to the steps
      identified in the schematic process flow chart above. The a series of
      steps are those individual steps wherein a D-allo compound is produced,
      and the t series of steps are those individual steps wherein an L-talo
      compound is produced.
PAC  Step 1
PAR  A solution of 0.98 g (0.01 mole) of anhydrous crystalline orthophosphoric
      acid in about 4 ml. of anhydrous dimethyl sulfoxide is added to a solution
      containing 4.08 g. (0.02 mole) of methyl
      2',3'-0-isopropylidene-.beta.-D-ribofuranoside (A; where R.sub.4, R.sub.5
      and R.sub.6 are methyl), 0.8 ml. (0.01 mole) of pyridine and 12.4 g (0.06
      mole) of dicyclohexylcarbodiimide in 50 ml. of dimethyl sulfoxide. The
      exothermic reaction is maintained at 20.degree.-25.degree.C for 3 hours by
      occasional ice-cooling. After 3 hours, when the reaction is complete, the
      reaction mixture is diluted with 100 ml. of ethyl acetate, and a solution
      of 5.04 g (0.04 mole) of oxalic acid dihydrate in 10 ml. of methanol is
      added. The reaction mixture is poured into 200 ml. of a saturated aqueous
      sodium chloride solution, and the precipitated N,N'-dicyclohexylurea
      removed by filtration. The aqueous phase is separated and extracted with
      ethyl acetate. The organic phases are combined and washed with an aqueous
      sodium bicarbonate solution, a saturated aqueous sodium chloride solution,
      and ice water, dried over magnesium sulfate, concentrated to a syrup which
      is redissolved in 25 ml. of ethyl acetate, and filtered to remove any
      residual N,N'-dicyclohexylurea. Removal of the solvent yields 4.9 g. of a
      pale yellow syrup which is purified by sublimation at
      60.degree.-70.degree.C (bath temperature) and 0.1 torr to give 2.3 g. of
      white crystalline methyl
      2',3'-0-isopropylidene-.beta.-D-ribo-pentodialdo-1',4'-furanoside (B).
PAC  Step 2
PAR  A solution of 6 g. (0.03 mole) of methyl
      2',3'-0-isopropylidene-.beta.-D-ribo-pentodialdo-1',4'-furanoside (B) in
      60 ml. methanol is cooled to 0.degree.C and added to a solution of 12 g.
      (0.024 mole) of sodium cyanide in 100 ml. of 5% aqueous sodium carbonate
      at 0.degree.C. The mixture is stirred at 0.degree.C for 60 minutes
      followed by the dropwise addition of 30 ml. of a 30% hydrogen perioxide
      solution over a 30-minute period during which time the reaction mixture is
      ice-cooled and vigorously stirred. After standing at 0.degree.C for 60
      minutes, the reaction mixture is treated successively with 300 ml. of
      ice-water and sufficient acetic acid to attain a pH of about 7. Sodium
      chloride is added to saturate the aqueous solution which is then extracted
      four times with 250 ml. portions of chloroform. The combined extracts are
      washed with aqueous sodium bicarbonate solution and brine, and then dried
      over magnesium sulfate. When evaporated to dryness, there is obtained 5.57
      g. of a white crystalline residue which is a mixture of methyl 2',
      3'-0-isopropylidene-.beta.-D-allofuranosiduronamide (C) and methyl
      2',3'-0-isopropylidene-.alpha.-L-talofuranosiduronamide (C').
PAR  The crystalline mixture is dissolved in 20 ml. chloroform and applied to a
      500 g. of column containing silica gel (deactivated with 6% water)
      prepared in chloroform. Elution with 2 liters of CHCl.sub.3, 1 liter of 1%
      i-PrOH/CHCl.sub.3, 1 liter of 2% i-PrOH/CHCl.sub.3, 1 liter of 3%
      i-PrOH/CHCl.sub.3, 1 liter of 4% i-PrOH/CHCl.sub.3, 1 liter of 5%
      i-PrOH/CHCl.sub.3, and 2 liters of 10% i-PrOH/CHCl.sub.3, followed by
      pooling and concentration of the appropriate fractions, and
      crystallization from CHCl.sub.3 /hexane gave 2.28 g. of compound C and
      2.23 g. of compound C', as defined above in this step 2.
PAC  Step 3a
PAR  2.46 ml of methanesulfonyl chloride is added dropwise to a solution of 5.95
      g. (0.024 mole) of compound C in 100 ml. of pyridine while the solution is
      being cooled in an ice-salt bath. The solution is held at 4.degree.C for
      20 hours, then 20 ml. of water is added and, after standing at room
      temperature for 3 hours, the solution is evaporated to dryness. The
      residue is partitioned between 300 ml. of ethyl acetate and 100 ml. of a
      saturated aqueous sodium chloride solution. The ethyl acetate layer is
      washed with 100 ml. of brine and 50 ml. of water, dried over magnesium
      sulfate, and concentrated. Crystallization from chloroform/hexane gives
      7.4 g. of methyl
      2',3'-0-isopropylidene-5'-0-methanesulfonyl-.beta.-D-allofuranosiduronamid
     e (D).
PAC  Step 3t
PAR  The procedure of step 3a is repeated except compound C' is used in place of
      compound C. There is obtained 7.4 g. of methyl
      2',3'-0-isopropylidene-5'-0-methanesulfonyl-.alpha.-L-talofuranosiduronami
     de (D').
PAC  Step 4a
PAR  A mixture of 7.48 g. (0.023 mole) of compound D' and 3.0 g. (0.046 mole) of
      sodium azide in 115 ml. of dry dimethylformamide is heated at 85.degree.C,
      with stirring, for 20 hours. The reaction mixture is evaporated to
      dryness, water added, and the evaporation repeated. The residue is
      partitioned between 300 ml. of ethyl acetate and 100 ml. of saturated
      brine. The organic phase is further extracted twice with 100-ml. portions
      of brine, dride over magnesium sulfate, and concentrated to give 6.4 g. of
      a crude product. Crystallization from chloroform/hexane gives 5.1 g. of
      methyl
      5'-azido-5'-deoxy-2',3'-0-isopropylidene-.beta.-D-allofuranosiduronamide
      (E).
PAC  Step 4t
PAR  The procedure of step 4a is repeated except compound D is used in place of
      compound D'. There is obtained methyl
      5'-azido-5'-deoxy-2',3'-0-isopropylidene-.alpha.-L-talofuranosiduronamide
      (E').
PAC  Step 5a
PAR  A solution of 1.36 g. (0.005 mole) of compound E in 60 ml. of dry methanol
      is heated under reflux, with magnetic stirring, for 5.5 hours in the
      presence of 7.5 g. of anhydrous Dowex 50 (H+) resin (a proprietary product
      of Dow Chemical Company, Midland, Mich., and being a sulfonic acid
      modified styrene polymer, 8% cross-linked with divinyl benzene). The resin
      is removed by filtration and washed well with methanol. The combined
      filtrates are concentrated to give methyl (methyl
      5'-azido-5'-deoxy-D-allofuranosiduronate) (F; where R.sub.3 is methyl).
PAC  Step 5t
PAR  The procedure of step 5a is repeated except compound E' is used in place of
      compound E. There is obtained methyl (methyl
      5'-azido-5'-deoxy-L-talofuranosiduronate) (F'; where R.sub.3 is methyl).
PAC  Step 6a
PAR  Compound F is dried by repeated (three times) evaporation of solutions
      thereof in 5 ml. of dry pyridine. The residue from the drying operation is
      dissolved in 10 ml. of pyridine, cooled to 0.degree.C, and 3 ml. benzoyl
      chloride is added dropwise thereto, and the mixture held at 22.degree.C
      for 18 hours. Methanol is then added to the cooled solution which is then
      evaporated to dryness. The residue is evaporated several times with water
      to remove methyl benzoate and partitioned between 50 ml. chloroform and
      200 ml. of a saturated aqueous sodium bicarbonate solution. The aqueous
      layer is extracted three times with 50-ml. portions of chloroform. The
      combined extracts are dried over magnesium sulfate, concentrated and
      heated at 40.degree.C under vacuum. The residue is dissolved in benzene
      and applied to a column containing 300 g. of silica gel (deactivated with
      6% water) prepared in hexane. Elution with ether:hexane (1:3) gives 1.84
      g. of methyl (methyl 5'-azido-2',3'-di-0-benzoyl-D-allofuranosiduronate
      (G; where R.sub. 2 is phenyl and R.sub.3 is methyl) as an anomeric
      mixture.
PAC  Step 6t
PAR  The procedure of step 6a is repeated except compound F' is used in place of
      compound F. There is obtained methyl (methyl
      5'-azido-2',3'-di-0-benzoyl-5'-deoxy-L-talofuransiduronate) (G'; where
      R.sub.2 is phenyl and R.sub.3 is methyl), also as an anomeric mixture.
PAC  Step 7a
PAR  A solution of 1.57 g. (0.00346 mole) of compound G in 20 ml. of 90%
      trifluoroacetic acid is held at 22.degree.C for 24 hours. The mixture is
      diluted with water, evaporated to dryness, and reevaporated twice more
      with water. The residue is dissolved in 100 ml. of chloroform,
      successively washed with a solution of sodium bicarbonate and water, dried
      over magnesium sulfate, and concentrated to give crude methyl
      (5'-azido-2',3'-di-0-benzoyl-5'-deoxy-D-allofuranosuronate) (H; where
      R.sub.2 is phenyl and R.sub.3 is methyl).
PAC  Step 7t
PAR  The procedure of step 7a is repeated except compound G' is used in place of
      compound G. There is obtained methyl (5'-azido-2',3'-di-0-benzoyl-
      5'-deoxy-L-talofuranosuronate) (H'; where R.sub.2 is phenyl and R.sub.3 is
      methyl).
PAC  Step 8a
PAR  1.3 g of compound H is dried by evaporation (three times) of solutions
      thereof in 20 ml. of dry pyridine, dissolved in 10 ml. of dry pyridine to
      which 4 ml. of acetic anhydride is added dropwise at 0.degree.C, and held
      at 22.degree.C for 18 hours. Methanol is then added with ice-cooling and
      the solution held for 2 hours at 22.degree.C before it is evaporated to
      dryness, and then reevaporated twice more with water. The residue is
      dissolved in 75 ml. of ethyl acetate and the solution washed successively
      with a saturated solution of sodium bicarbonate and then water, dried over
      magnesium sulfate, and concentrated to give methyl
      (1'-O-acetyl-5'-azido-2',3'-di-O-benzoyl-5'-deoxy-D-allofuranosuronate)
      (I.sub.b ; where R.sub.1 and R.sub.3 are methyl and R.sub.2 is phenyl).
      This is dissolved in benzene and applied to a column containing 150 g. of
      silica gel prepared in benzene. Elution with hexane, followed by elution
      with ether:hexane (1:3) and ether:hexane (1:1) gives 710 mg. of compound
      I.sub.b above, as an anomeric mixture.
PAC  Step 8t
PAR  The procedure of step 8a is repeated except compound H' is used in place of
      compound H. There is obtained methyl
      (1'-O-acetyl-5'-azido-2',3'-di-O-benzoyl-5'-deoxy-L-talofuranosuronate)
      (I'.sub.b ; where R.sub.1 and R.sub.3 are methyl and R.sub.2 is phenyl).
PAC  Step 9a
PAR  A solution of 0.249 g. (0.001 mole) of compound F in 5 ml. of 90%
      trifluoroacetic acid is held at 22.degree.C for 24 hours. 10 ml. of water
      is added and the solution evaporated to dryness. Trifluoroacetic acid is
      removed by a co-evaporation (twice) with water, and the residue is
      triturated with ether to give methyl
      (5'-azido-5'-deoxy-D-allofuranosuronate) (J; where R.sub.3 is methyl).
PAC  Step 9t
PAR  The procedure of step 9a is repeated except compound F' is used in place of
      compound F. There is obtained methyl
      (5'-azido-5'-deoxy-L-talofuranosuronate) (J'; where R.sub.3 is methyl).
PAC  Step 10a
PAR  1g. of compound J is dried by several evaporations of its solutions in 5
      ml. portions of dry pyridine, dissolved in 5 ml. of pyridine to which 1.0
      ml. of acetic anhydride is added. The resulting solution is held at
      22.degree.C for 16 hours. 5 ml. of methanol is added and the solution,
      after standing for 1 hour at 22.degree.C, is evaporated to dryness. The
      residue is partitioned between 75 ml. of chloroform and 50 ml. of water,
      the organic phase being washed successively with 1N hydrochloric acid, a
      solution of sodium bicarbonate, and water, dried over magnesium sulfate,
      and concentrated to a pale yellow syrup. Chromatographic purification, as
      described in step 6a, gives methyl
      (1',2',3'-tri-O-acetyl-5'-azido-5'-deoxy-D-allofuranosuronate) (I.sub.a ;
      where R.sub.1, R.sub.2 and R.sub.3 are methyl), as an anomeric mixture.
PAC  Step 10t
PAR  The procedure of step 10a is repeated except compound J' is used in place
      of compound J. There is obtained methyl
      (1',2',3'-tri-O-acetyl-5'-azido-5'-deoxy-L-talofuranosuronate) (I'.sub.a ;
      where R.sub.1, R.sub.2 and R.sub.3 are methyl), as an anomeric mixture.
PAC  Step 11a
PAR  Dry hydrogen chloride is bubbled into a suspension of 2 g. of compounds
      I.sub.b in 15 ml. of dry ether until a clear solution is obtained. The
      solution is kept at 4.degree.C for 18 hours and then evaporated to
      dryness. Repeated evaporation of benzene from the residue gives
      methyl(5'-azido-2',3'-di-O-benzoyl-1'-chloro-1',5'-dideoxy-D-allofuranosur
     onate) (K.sub.b ; where R.sub.2 is phenyl and R.sub.3 is methyl.
PAR  The procedure of this step 11a is repeated except compound I.sub.a is used
      in place of compound I.sub.b. There is obtained
      methyl(2',3'-di-O-acetyl-5'-azido-1'-chloro-1',5'-dideoxy-D-allofuranosuro
     nate) (K.sub.a ; where R.sub.2 and R.sub.3 are methyl).
PAC  Step 11t
PAR  The procedure of step 11a is repeated except 2g. of compound I'.sub.b and 2
      g. of compound I'.sub.a are used in place of the corresponding amounts of
      compounds I.sub.b and compound I.sub.a, respectively. There is obtained
      methyl(5'-azido-2',3'-di-O-benzoyl-1'-chloro-1',5'-dideoxy-L-talofuranosur
     onate) (K'.sub.b ; where R.sub.2 is phenyl and R.sub.3 is methyl) or methyl
      (2',3'-di-O-acetyl-5'-azido-1'-chloro-1',5'-dideoxy-L-talofuranosuronate)
      (K'.sub.a ; where R.sub.2 and R.sub.3 are methyl), respectively.
PAC  Step 12a
PAR  A solution of 650 mg. (0.00135 mole) of compound I.sub.b and 380 mg.
      (0.00149 mole) of bis-trimethylsilyluracil in 20 ml. of 1,2-dichloroethane
      is treated with 0.23 ml. (0.00202 mole) of tin tetrachloride and the
      resulting solution held at 22.degree.C for 22 hours. 20 ml. of a saturated
      sodium bicarbonate solution is then added followed by 50 ml. of
      chloroform. The organic phase is separated, filtered through Celite, dried
      over magnesium sulfate and concentrated. The residue is purified on two 1
      meter .times. 20 cm. .times. 1.3 mm. silica-gel plates, which are
      developed with 10% methanol in chloroform. The major ultra-violet
      absorbing band is extracted with acetone to give 415 mg. of 1-(methyl
      5'-azido-2',3'-di-O-benzoyl-5'-deoxy-.beta.-D-allofuranosyluronate)uracil
      (L.sub.b ; where R.sub.2 is phenyl, R.sub.3 is methyl and B.sub.1 is
      uracil-1-yl).
PAR  By replacing compound L.sub.b in this procedure with compound I.sub.a,
      there is obtained 1-(methyl
      2',3'-di-O-acetyl-5'-azido-5'-deoxy-.beta.-D-allofuranosyluronate)uracil)
      (L.sub.a ; where R.sub.2 and R.sub.3 are methyl and B.sub.1 is
      uracil-1-yl).
PAC  Step 12t
PAR  By following the procedure of step 12a but replacing compound I.sub.b with
      either compound I'.sub.b or compound I'.sub.a there is obtained 1-(methyl
      5'-azido-2',3'-di-O-benzoyl-5'-deoxy-.alpha.-L-talofuranosyluronate)uracil
      (L'.sub.b ; where R.sub.2 is phenyl, R.sub.3 is methyl, and B.sub.1 is
      uracil), and 1-(methyl
      2',3'-di-O-acetyl-5'-azido'5'-deoxy-.alpha.-L-talofuranosyluronate)-uracil
      (L'.sub.a ; where R.sub.2 and R.sub.3 are methyl and B.sub.1 is
      uracil-1-yl) respectively.
PAC  Step 13a
PAR  A mixture of 100 mg. of compounds I.sub.b, 50 mg. of 6-chloropurine and 5
      mg. of di-p-nitrophenylphosphoric acid is melted together at about
      170.degree.C for 15 minutes under vacuum at a pressure of 1 torr. The
      black melt is allowed to cool to room temperature, dissolved in chloroform
      and applied to a 1.3-mm. thick silica-gel plate which is eluted with 5%
      methanol/chloroform. The major ultra-violet absorbing band is extracted
      with acetone giving, after concentration, 9-(methyl
      5'-azido-2',3'-di-O-benzoyl-5'-deoxy-.beta.-D-allofuranosyluronate)-6-chlo
     ropurine (M.sub.b ; where R.sub.2 is phenyl, R.sub.3 is methyl, and B.sub.2
      is 6-chloropurin-9-yl) as a colorless foam.
PAR  By replacing compound I.sub.b in this procedure with compound I.sub.a there
      is obtained 9-(methyl
      2',3'-di-O-acetyl-5'-azido-5'-deoxy-.beta.-D-allofuranosyluronate)-6-chlor
     opurine (M.sub.a ; where R.sub.2 and R.sub.3 are methyl, and B.sub.2 is
      6-chloropurin-9-yl).
PAC  Step 13t
PAR  By following the procedure of step 13a but replacing compound I.sub.b with
      either compound I'.sub.b or compound I'.sub.a, there is obtained 9-(methyl
      5'-azido-2',3'-di-O-benzoyl-5'-deoxy-.alpha.-L-talofuranosyluronate)-6-chl
     oropurine (M'.sub.b ; where R.sub.2 is phenyl, R.sub.3 is methyl and
      B.sub.2 is 6-chloropurin-9-yl) and 9-(methyl
      2',3'-di-O-acetyl-5'-azidi'-5'-deoxy-a-L-talofuranosyluronate)-6-chloropur
     ine (M'.sub.a ; where R.sub.2 and R.sub.3 are methyl and B.sub.2 is
      6-chloropurin-9-yl), respectively.
PAC  Step 14a
PAR  A stirred solution of 0.001 mole of compound K.sub.b and 250 mg. (0.0011
      mole) of trimethylsilyl-6-chloropurine in 40 ml. of benzene is heated
      under reflux in the presence of 252 mg. (0.001 mole) of mercuric cyanide
      for 3 hours. The mixture is cooled to room temperature, 2 ml. of water and
      10 ml. of methanol are added and the resulting solution concentrated. The
      residue is dissolved in chloroform, filtered through a bed of Celite,
      extracted with 20 ml. of a 30% potassium iodide solution and then
      extracted with 40 ml. of water. The aqueous extracts are extracted with 10
      ml. of chloroform and the combined organic phases dried over magnesium
      sulfate and evaporated to dryness. The residue is purified on a 1 meter
      .times. 20 cm. .times. 1.3 mm. silica-gel plate which is eluted with 2%
      methanol in chloroform. The major band is eluted with acetone to give 390
      mg. of compound M.sub.b as a non-crystalline foam.
PAR  By replacing compound K.sub.b in this procedure with compound K.sub.a,
      there is obtained compound M.sub.a.
PAC  Step 14t
PAR  By following the procedure of step 14a but replacing compound K.sub.b with
      either compound K'.sub.b or compound K'.sub.a, there is obtained compound
      M'.sub.b or compound M'.sub.a, respectively.
PAC  Step 15a
PAR  A solution of 0.001 mole of compound K.sub.b in 5 ml. benzene is added to a
      solution of 0.28 g. (0.0011 mole) bis-trimethylsilyluracil in 5 ml.
      benzene containing a suspension of 0.12 g. mercuric oxide and 0.12 g.
      mercuric chloride. The mixture is heated under reflux for 3 hours with
      magnetic stirring and then allowed to cool to room temperture. 5 ml. water
      and 5 ml. methanol are added and the mixture evaporated to dryness. The
      residue is treated with 25 ml. chloroform, and filtered through a bed of
      diatomaceous earth material (Celite). The filtrate is extracted with 10
      ml. of 30% aqueous potassium iodide, 20 ml. saturated brine, two 30-ml.
      portions of water, and dried over magnesium sulfate. The drying agent is
      removed by filtration, the filtrate evaporated to dryness and the residue
      purified by preparative thick layer chromatography on a 1 meter .times. 20
      cm. .times. 1.3 mm. silica-gel plate developed with 10% methanol in
      chloroform. The major ultra-violet absorbing band is extracted with
      acetone to give, after evaporation, compound L.sub.b.
PAR  By replacing compound K.sub.b in this procedure with compound K.sub.a,
      there is obtained compound L.sub.a.
PAC  Step 15t
PAR  By following the procedure of step 15a but replacing compound K.sub.b with
      either K'.sub.b or K'.sub.a, there is obtained compound L'.sub.b or
      L'.sub.a, respectively.
PAC  Step 16a
PAR  A solution of 578 mg. (0.001 mole) of compound M.sub.b in methanol
      containing 2 ml. 1N hydrochloric acid is hydrogenated for 30 minutes at
      STP in the presence of 60 mg. of 5% palladium/barium sulfate. The mixture
      is filtered through a bed of Celite and the combined filtrates and
      washings evaporated to dryness. The residue is purified by chromatography
      on a 1 meter .times. 20 cm. .times. 1.3 mm. silica-gel plate developed
      with 12% methanol in chloroform. The product is eluted with acetone to
      give 9-(methyl
      5'-amino-2',3'-di-O-benzoyl-5'-deoxy-.beta.-D-allofuranosyluronate)-6-chlo
     ropurine (N.sub.b.sbsb.1 ; where R.sub.2 is phenyl, R.sub.3 is methyl, and
      B.sub.3 is 6-chloropurin-9-yl).
PAR  By replacing compound M.sub.b in this procedure with compound M.sub.a,
      there is obtained 9-(methyl 2',3'-di-O-acetyl-5'-amino-5'-deoxy-.beta.
      -D-allofuranoxyluronate)-6-chloropurine (N.sub.a.sbsb.1 ; where R.sub.2
      and R.sub.3 are methyl and B.sub.3 is 6-chloropurin-9-yl).
PAC  Step 16t
PAR  By following the procedure of step 16a but replacing compound M.sub.b with
      either compound M'.sub.b or compound M'.sub.a, there is obtained 9-(methyl
      5'-amino-2',3'-di-O-benzoyl-5'-deoxy-.alpha.-L-talofuranosyluronate)-6-chl
     oropurine (N'.sub.b.sbsb.1 ; where R.sub.2 is phenyl, R.sub.3 is methyl and
      B.sub.3 is 6-chloropurine) or 9-(methyl
      5'-amino-2',3'-di-O-acetyl-5'-deoxy-.alpha.-L-talofuranosyluronate)-6-chlo
     ropurine (N'.sub.a.sbsb.1 ; where R.sub.2 and R.sub.3 are methyl and
      B.sub.3 is 6-chloropurin-9-yl), respectively.
PAC  Step 17a
PAR  A solution of 340 mg. (0.00635 mole) of compound L.sub.b in methanol
      containing 2 ml. of 1N hydrochloric acid is hydrogenated for 30 minutes at
      STP in the presence of 60 mg. of 5% palladium/barium sulfate. The mixture
      is filtered through a bed of Celite and the combined filtrate and washings
      evaporated to dryness. The residue is purified by chromatography on a 1
      meter .times. 20 cm .times. 1.3 mm. silica-gel plate developed with 12%
      methanol in chloroform. The major product is eluted with acetone to give
      1-(methyl
      5'-amino-2',3'-di-O-benzoyl-5'-deoxy-.beta.-D-allofuranosyluronate)uracil
      (N.sub.b.sbsb.2 ; where R.sub.2 is phenyl, R.sub.3 is methyl and B.sub.3
      is uracil-1-yl) as an amorphous solid.
PAR  By replacing compound L.sub.b in this procedure with compound L.sub.a,
      there is obtained 1-(methyl 5'-amino-2',3'-di-O-acetyl-5'-deoxy-.beta.
      -D-allofuranosyluronate)uracil (N.sub.a.sbsb.2 ; where R.sub.2 and R.sub.3
      are methyl and B.sub.3 is uracil-1-yl).
PAC  Step 17t
PAR  By following the procedure of step 17a but replacing compound L.sub.b with
      either compound L'.sub.b or compound L'.sub.a, there is obtained 1-(methyl
      5'-amino-2',3'-di-O-benzoyl-5'-deoxy-.alpha.-L-talofuranosyluronate)uracil
      (N'.sub.b.sbsb.2 ; where R.sub.2 is phenyl, R.sub.3 is methyl and B.sub.3
      is uracil-1-yl) and 1-(methyl
      5'-amino-2',3'-di-O-acetyl-5'-deoxy-.alpha.-L-talofuranosyluronate)-uracil
      (N'.sub.a.sbsb.2 ; where R.sub.2 and R.sub.3 are methyl and B.sub.3 is
      uracil-1-yl), respectively.
PAC  Step 18a
PAR  A solution of 75 mg. (0.14 mmole) of compound N.sub.b.sbsb.2  in 0.5 ml. of
      dioxane is added dropwise, with stirring, to 4 ml. of a saturated barium
      hydroxide solution. After standing for 3 hours at 22.degree.C, the mixture
      is acidified with 1 ml. of concentrated hydrochloric acid and the clear
      solution is extracted three times with 5-ml. portions of ether. The
      aqueous phase is passed through a 30 cm .times. 1 cm column of Dowex 50
      (H+) resin which is then washed with water until the eluate is low in
      ultraviolet absorbing material. The product is eluted with a 10% ammonium
      hydroxide solution giving, after concentration, 36 mg. of
      1-(5'-amino-5'deoxy-.beta.-D-allofuranosyluronic acid) uracil (P.sub.2 ;
      where B.sub.3 is uracil-1-yl).
PAR  By replacing compound N.sub.b.sbsb.2  in this procedure with compound
      N.sub.a.sbsb.2, there is also obtained compound P.sub.2.
PAR  By replacing compound N.sub.b.sbsb.2  in this procedure with either
      compound N.sub.b.sbsb.1  or compound N.sub.a.sbsb.1, there is obtained
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-chloropurine
      (P.sub.1 ; where B.sub.3 is 6-chloropurin-9-yl).
PAC  Step 18t
PAR  By following the procedure of step 18a but replacing compound
      N.sub.b.sbsb.2  with either compound N'.sub.b.sbsb.2  or compounds
      N'.sub.a.sbsb.2, there is obtained
      1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid) uracil (P'.sub.2
      ; where B.sub.3 is uracil-1-yl).
PAR  By following the procedure of step 18a but replacing compound
      N.sub.b.sbsb.2  with either compound N'.sub.b.sbsb.1  or compound
      N'.sub.a.sbsb.1, there is obtained
      9-(5'amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-6-chloropurine
      (P'.sub.1 ; where B.sub.3 is 6-chloropurin-9-yl).
PAR  The compounds referred to by letter in this specific example of the total
      process for producing the uronic acid nucleosides should be understood to
      mean the specific compounds produced, recited and identified therein, and
      not the more general compounds given the same identifying letters in the
      schematic process flow chart above.
PAR  In steps 16a and 16t, there is also produced 9-(methyl
      5'-amino-2'-3'-di-O-benzoyl-5'-deoxy-.beta.-D-allofuranosyluronate)-purine
      and 9-(methyl
      5'-amino-2'-3'-di-O-benzoyl-5'-deoxy-.alpha.-L-talofuranosyluronate)-purin
     e, respectively which can also be treated, in accordance with steps 17a and
      18a, and steps 17t and 18t, respectively, to give
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid) purine (P.sub.1 ;
      where B.sub.3 is purin-9-yl) and
      9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid) purine (P'.sub.1
      ; where B.sub.3 is purine-9-yl).
PAR  Starting with intermediate I, and by following the appropriate procedure of
      either steps 11a, 15a, 17a and 18a, or steps 12, 17a and 18a, utilizing,
      as will be apparent to one skilled in this art, an appropriately protected
      pyrimidine base material, the following 5'-amino-5'-deoxy-.beta.
      -D-allofuranosyluronic acid nucleosides are prepared:
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-fluorouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-chlorouracil,
PA1  1-(5'-amino-5'-deoxy-.beta. -D-allofuranosyluronic acid)-5-bromouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-iodouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-methyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta. -D-allofuranosyluronic acid)-5-isopropyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-n-butyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-trifluoromethyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-hydroxymethyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-nitrouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-methylaminouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-dimethylaminouracil,
PA1  1(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-azauracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-aza-5-methyluracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-cytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-fluorocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-chlorocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-bromocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-iodocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-methylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-isopropylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-n-butylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-trifluoromethylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-hydroxymethylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-nitrocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-methylaminocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-5-dimethylaminocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-azacytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-aza-5-methylcytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-aminouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-aminocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-azauracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-azacytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-5-hydroxyuracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-hydroxycytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2-thiouracil,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2-thiocytosine,
PA1  1-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-4-thiouracil.
PAR  Starting with intermediate I, and by following the appropriate procedure of
      either steps 11a, 14a, 16a and 18a, or steps 13a, 16a and 18a, utilizing,
      as will be apparent to one skilled in this art, an appropriately protected
      purine base material, the following
      5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid nucleosides are
      prepared:
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-adenine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2-fluoroadenine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2-azaadenine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-methylaminopurine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-dimethylaminopurine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-7-deazaadenine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-8-azaadenine
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-hypoxanthine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-guanine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-8-azaguanine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-7-deazaguanine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2,6-dichloropurine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-2,6-diaminopurine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-2-amino-6-chloropurine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-2,6-di(methylamino)purine,
PA1  9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-chloropurine.
PAR  Starting with intermediate I', and by following the appropriate procedure
      of either steps 11t, 15t, 17t and 18t, or steps 12t, 17t and 18t,
      utilizing, as will be apparent to one skilled in this art, an
      appropriately protected pyrimidine base material, the following
      5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid nucleosides are
      prepared:
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-fluorouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-tolfuranosyluronic acid)-5-chlorouracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-bromouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-iodouracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-isopropyluracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-n-butyluracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-trifluoromethyluracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-hydroxymethyluracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-nitrouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-methylaminouracil,
PA1  1-(5'amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-dimethylaminouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-6-azauracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-6-aza-5-methyluracil,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-cytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-fluorocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-chlorocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-hydroxymethylcytosine,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-bromocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-iodocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-methylcytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-isopropylcytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-n-butylcytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-trifluoromethylcytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-nitrocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha. -L-talofuranosyluronic
      acid)-5-methylaminocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-5-dimethylaminocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-6-azacytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-6-aza-5-methylcytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-aminouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-aminocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-azauracil,
PA1  1(5'amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-azacytosine,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-hydroxyuracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-hydroxycytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-2-thiocuracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-2-thiocytosine,
PA1  1-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-4-thiouracil,
PA1  1(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-5-methyluracil.
PAR  Starting with intermediate I', and by following the appropriate procedure
      of either steps 11t, 14t, 16t, and 18t, or steps 13t, 16t and 18t,
      utilizing, as will be apparent to one skilled in this art, an
      appropriately protected purine base material, the following
      5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid nucleosides are
      prepared:
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-adenine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-2-fluoroadenine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-2-azaadenine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-6-methylaminopurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-6-dimethylaminopurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-7-deazaadenine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-8-azaadenine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-6-chloropurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-hypoxanthine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-guanine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-8-azaguanine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-7-deazaguanine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-2,6-dichloropurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-2,6-diaminopurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-2-amino-6-chloropurine,
PA1  9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic
      acid)-2,6-di(methylamino)purine.
PAR  With respect to a specific uronic acid nucleoside, it is expected that the
      appropriate, or most appropriate, of the above-described procedures to be
      followed to produce the particular uronic acid nucleoside desired will be
      apparent to one skilled in this art, or can readily be determined by
      routine experimentation. Additionally, certain modifications may be
      necessary or desirable to achieve certain procedural or chemical
      objectives, and it is expected that such modifications will also be
      apparent to one skilled in this art.
PAR  As an example of an appropriately protected base material, in step 13 it
      may be desirable, or necessary, to use an N-acylated purine to produce the
      desired compound M or M'. Where such a protected base material is
      utilized, it may also be necessary to treat compound P or P' with an
      agent, such as aqueous ammonium hydroxide, to remove the N-acyl groups.
PAR  Step 14a or step 14t may alternatively be conducted by using a heavy metal
      salt, such as a chloro-mercuri salt, of the purine base material, instead
      of the trimethylsilyl derivative as specifically shown above.
PAR  In certain instances it may be necessary, or desirable, to produce a
      desired uronic acid nucleoside by producing compound P or P' as above and
      then reacting either of those compounds with further reactants in one or
      more steps to produce the desired nucleoside. The final nucleoside will
      also have the general formula P or P' as given above, but one or more
      substituents in the purine or pyrimidine moiety will be modified by the
      additional reaction or reactions undertaken. Examples of such modification
      reactions are given in steps 19-21 below.
PAC  Step 19a
PAR  A mixture of 0.33 g. 9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-chloropurine (P.sub.1 ; where B.sub.3 is 6-chloropurin-9-yl) and
      0.10 g. thiourea in 15 ml. dimethylformide is heated at 100.degree.C for 2
      hours. The solvent is evaporated in vacuo and the residue crystallized
      from aqueous ethanol giving
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-mercaptopurine.
      By repeating this process but replacing the above compound with
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-2-amino-6-chloropurine (P.sub.1 ; where B.sub.3 is
      2-amino-6-chloropurine-9-yl) there is obtained
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-2-amino-6-mercaptopurine.
PAC  Step 19t
PAR  By following the procedure of step 19a, but replacing compound P.sub.1
      where B.sub.3 is 6-chloropurin-9-yl with either
      9-(5'-amino-5'-deoxy-.alpha.-L-talofuranosyluronic acid)-6-chloropurine or
      9-(5'-amino-5-deoxy-.alpha.-L-talofuranosyluronic
      acid)-2-amino-6-chloropurine, there is obtained the corresponding
      .alpha.-L-talo-6-mercaptopurine or .alpha.-L-talo-2-amino-6-mercaptopurine
      compound, respectively.
PAC  Step 20a
PAR  A stirred solution of 0.33 g.
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic acid)-6-mercaptopurine
      in 10 ml. of 0.1N sodium hydroxide is treated, dropwise, with 0.15 g.
      methyl iodide. After the addition is completed, the reaction is stirred at
      room temperature for 3 hours, chilled to about 5.degree.C and neutralized
      with glacial acetic acid. Ethanol is then added and crystallization is
      induced by scratching with a glass rod giving
      9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-methylthiopurine.
PAR  By repeating this procedure but replacing the above 6-mercaptopurine
      compound with the corresponding 2-amino-6-mercaptopurine compound there is
      obtained the corresponding 2-amino-6-methylthiopurine compound.
PAC  Step 20t
PAR  By repeating the procedure of step 20a but replacing the above
      .beta.-D-allo-6-mercaptopurine compound with either the corresponding
      .alpha.-L-talo-6-mercaptopurine or 2-amino-6-mercaptopurine compound there
      is obtained, respectively, either the corresponding
      .alpha.-L-talo-6-methylthiopurine or
      .alpha.-L-talo-2-amino-6-methylthiopurine derivative.
PAC  Step 21a
PAR  A solution of 0.33 g. 9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-chloropurine in 15 ml. dimethylformamide containing an excess of
      anhydrous hydroxylamine is heated at 100.degree.C for 12 hours. The
      solvent is evaporated in vacuo and the solid residue is crystallized from
      aqueous ethanol giving 9-(5'-amino-5'-deoxy-.beta.-D-allofuranosyluronic
      acid)-6-hydroxylaminopurine (P.sub.1 ; where B.sub.3 is
      6-hydroxylaminopurin-9-yl).
PAC  Step 21t
PAR  By repeating the procedure of step 21a but replacing the above
      .beta.-D-allo compound with the corresponding .alpha.-L-talo compound
      there is obtained the corresponding .alpha.-L-talo compound where B.sub.3
      is 6-hydroxylaminopurin-9-yl.
PAR  Substituted phenyl radicals include, for example, a phenyl radical having
      one or more lower alkyl (1 to 6 carbon atoms), halo, nitro, alkoxy or
      dialkylamino substitutents on the aromatic ring, and include, for example,
      o-tolyl, m-tolyl, p-tolyl, 3,5-xylyl, pentamethylphenyl, p-chlorophenyl,
      p-bromophenyl, 2,4,6-trichlorophenyl, p-nitrophenyl,
      p-dimethylaminophenyl, p-methoxyphenyl, and the like.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adopt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC8##
PAL  wherein the wavy line indicates either the 5'-D-allo or the 5'-L-talo
      epimer and B is a purine or pyrimidine radical selected from the group
      consisting of 5-hydroxyuracil-1-yl, 5-hydroxycytosin-1-yl,
      5-azauracil-1-yl, 5-aza-cytosin-1-yl, 2-thiouracil-1-yl,
      2-thiocytosin-1-yl, 4-thiouracil-1-yl, 2-amino-6-chloropurin-9-yl,
      2-amino-6-mercaptopurin-9-yl, 6-methylthioguanin-9-yl, 6-chloropurin-9-yl,
      2,6-dichloropurin-9-yl, 6-mercaptopurin-9-yl, 6-methylthiopurin-9-yl, and
      6-hydroxylaminopurin-9-yl; and pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. A compound having the formula:
      ##SPC9##
PAL  wherein the wavy line indicates either the 5'-D-allo or the 5'L-talo epimer
      and B is a purine radical selected from the group consisting of
      6-chloropurin-9-yl, 2,6-dichloropurin-9-yl, 2-amino-6-chloropurin-9-yl,
      2-amino-6-mercaptopurin-9-yl, 6-methylthioguanin-9-yl,
      6-mercaptopurin-9-yl, 6-methylthiopurin-9-yl, and
      6-hydroxylaminopurin-9-yl; and the pharmaceutically acceptable salts
      thereof.
NUM  3.
PAR  3. A compound having the formula:
      ##SPC10##
PAL  wherein the wavy line indicates either the 5'-D-allo or the 5'-L-talo
      epimer and B is a pyrimidine radical selected from the group consisting of
      5-hydroxyuracil-1-yl, 5-hydroxycytosin-1-yl, 5-azauracil-1-yl,
      5-aza-cytosin-1-yl, 2-thiouracil-1-yl, 2-thiocytosin-1-yl, and
      4-thiouracil-1-yl; and the pharmaceutically acceptable salts thereof.
NUM  4.
PAR  4. A compound having the formula:
      ##SPC11##
PAL  wherein the wavy line indicates either the 5'-D-allo or 5'-L-talo epimer;
      R.sub.1 and R.sub.2 are selected from the group consisting of lower alkyl
      radicals having one to six carbon atoms, phenyl and substituted phenyl
      radicals; and R.sub.3 is a lower alkyl radical having one to four carbon
      atoms.
NUM  5.
PAR  5. The compound of claim 4 wherein R.sub.1 is a lower alkyl radical having
      one to six carbon atoms.
NUM  6.
PAR  6. The compound of claim 5 wherein R.sub.2 is a lower alkyl radical having
      one to six carbon atoms.
NUM  7.
PAR  7. The compound of claim 5 wherein R.sub.2 is a phenyl radical.
NUM  8.
PAR  8. The compound of claim 4 wherein R.sub.1 is a phenyl radical.
NUM  9.
PAR  9. The compound of claim 8 wherein R.sub.2 is a lower alkyl radical having
      one to six carbon atoms.
NUM  10.
PAR  10. The compound of claim 8 wherein R.sub.2 is a phenyl radical.
NUM  11.
PAR  11. The 5'-D-allo epimer of the compound of claim 4.
NUM  12.
PAR  12. The 5'-L-talo epimer of the compound of claim 4.
NUM  13.
PAR  13. The 5'-D-allo epimer of the compound of claim 2.
NUM  14.
PAR  14. The 5'-L-talo epimer of the compound of claim 2.
NUM  15.
PAR  15. The 5'-L-talo epimer of the compound of claim 3.
NUM  16.
PAR  16. The 5'-D-allo epimer of the compound of claim 3.
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PAL  Poly(5-hydroxycytidylic acids), produced by the enzymatic polymerization of
      5-hydroxycytidylic acid, possess the ability to induce the production of
      interferon and, furthermore, exhibit anti-viral properties.
BSUM
PAR  The present invention relates to novel polynucleotides, more particularly
      to poly(5-hydroxycytidylic acid), and to novel means for its synthesis.
PAR  The synthesis of polynucleotides has become important since they have been
      shown to be capable of interfering with virus growth in animal cells.
      However it has been difficult to obtain a polynucleotide which can be
      prepared in a satisfactory yield, which is active in virus interference
      and which is not toxic to a mammalian recipient.
PAR  The purpose of the present invention is to provide a novel polynucleotide
      which combines all these properties. There are also provided novel methods
      for the synthesis of such polynucleotides.
PAR  According to the present invention there is provided a polynucleotide
      comprising poly 5-hydroxycytidylic acid of lengths greater than ten
      residues of 5-hydroxycytidine. Those polynucleotides containing greater
      than ten but not more than 200 residues are particularly preferred. The
      starting material for the preparation of poly(5-hydroxycytidylic acid) is
      cytidine diphosphate as the trisodium salt. Conventionally, this is
      treated with bromine and pyridine, and then with an anion exchange resin.
      However this method affords a very low yield. It has now been found that
      treatment of cytidine diphosphate with bromine followed by 2,4,6-collidine
      results in a greatly improved yield of the 5-hydroxy derivative. It is
      further found that addition of an agent which catalyses
      dehydrobromination, in conjunction with the bromine, greatly enhances the
      yield of 5-hydroxycytidine diphosphate. For example, excess mercuric oxide
      or silver oxide may be added in suspension with the bromine.
PAR  Accordingly, the present invention provides a process for the production of
      poly(5-hydroxycytidylic acid) which comprises reacting together bromine,
      cytidine diphosphate and 2,4,6-collidine and subsequent polymerization of
      the 5-hydroxycytidine diphosphate obtained. The 5-hydroxycytidine
      diphosphate is prepared by the direct addition of bromine liquid to an
      aqueous solution of cytidine diphosphate trisodium salt at 0.degree..
      Excess bromine may be removed by extraction with a suitable solvent, for
      example, cyclohexene. Reaction of the aqueous residue with a base such as
      pyridine, although the preferred reagent is 2,4,6-collidine, leads to
      5-hydroxycytidine diphosphate. The reaction is allowed to proceed for
      between 1 and 2 hours at 37.degree.C.
PAR  The 5-bromo and 5-hydroxy derivatives of cytidine diphosphate may be
      separated by chromatography according to conventional techniques. In a
      preferred method, the derivatives are separated on a column of
      triethylaminoethyl cellulose. Conventionally, the pH of such a column
      eluant is about 7.0, but it has been found that a greatly improved
      separation may be achieved if the pH of the column eluant is about 9.5.
      The 5-bromocytidine diphosphate is eluted first and then the
      5-hydroxycytidine diphosphate in a pure form, and the fractions containing
      the 5-hydroxycytidine diphosphate are collected and pooled.
PAR  The 5-hydroxycytidine diphosphate of the invention is polymerized by the
      action of polynucleotide phosphorylase, according to conventional
      principles. However, for the purpose of the present invention, the rate of
      polymerization is found to be dependent on the concentration of magnesium
      ions in the medium, and high concentrations are therefore preferred. Thus,
      equimolar concentrations of 5-hydroxycytidine diphosphate and magnesium
      ions are incubated in a trischloride buffer, in the presence of the
      enzyme.
PAR  The resulting polynucleotide is deproteinized, for example by treatment
      with a mixture of chloroform and isopentanol or other suitable solvent
      mixtures. The solution of polynucleotide is then dialyzed to remove salts
      in the solution and the final solution is lyophilized to provide
      hygroscopic poly(5-hydroxycytidylic acid).
PAR  The absence of residues other than 5-hydroxycytidine diphosphate in the
      polynucleotide may be established by various means. The polynucleotide may
      be degraded enzymatically and the residual monomer units may be separated
      and analyzed by chromatography. Additionally, the use of a pure
      preparation of 5-hydroxycytidine diphosphate in the polymerization to the
      polynucleotide ensures the preparation of the homopolymer
      poly(5-hydroxycytidylic) acid. It is the essence of the present invention
      that the polynucleotide should contain substantially only residues of
      5-hydroxycytidine diphosphate and not consist of a heteropolymer
      containing other nucleotide residues.
PAR  The polynucleotides of the present invention consist of molecules of
      different molecular weights containing different numbers of nucleotide
      residues. It is not intended that the invention should be limited to
      polynucleotides of a particular molecular weight, and the term
      "polynucleotide" is understood to apply to all oligoand polynucleotides
      containing more than ten nucleotide residues. The molecular weight of the
      present polynucleotides will be different for different conditions of
      polymerization. For example, polymerization carried out using
      polynucleotide phosphorylase bound to an insoluble support, results in a
      polymer with an average molecular weight greater than that obtained using
      soluble enzyme. The approximate molecular weight may be estimated from the
      sedimentation rate of the polynucleotides by centrifugation in a salt
      gradient and it is found that a typical molecular weight for material
      polymerized using soluble enzyme is in the range of 40,000 to 80,000, and
      using insolubilized enzyme, is in the range of 100,000 to 150,000.
PAR  The polynucleotides according to the present invention possess the ability
      to induce the production of interferon and are further useful as
      anti-viral agents. The present compounds may therefore be used to prevent
      infection upon exposure to virus or to alleviate an established virus
      infection. For this purpose, the compound may be administered to a mammal,
      in any suitable carrier material, such as a buffered aqueous solution. The
      route of administration will depend upon the formulation used and an
      intravenous route is considered most effective for the delivery of the
      material to the mammal.
PAR  The preferred novel methods for the synthesis of the present compounds and
      the properties of these compounds are described in the following examples.
      However, these examples are not intended to limit or define in any way the
      scope of the invention.
DETD
PAC  EXAMPLE 1
PAR  Bromine is slowly added to a 10% W/V solution of cytidine diphosphate
      trisodium salt in water at 0.degree.C. until a yellow color persists. The
      solution is then shaken with cyclohexene to remove excess bromine. 2, 4,
      6-Collidine is then added and the emulsion incubated for 2 hours at
      37.degree.C. After cooling, the mixture is extracted 4 times with 2 parts
      of ether. The aqueous layer is applied to a triethylaminoethyl cellulose
      column, in the bicarbonate form, and is eluted with a linear gradient made
      by adding triethylammonium bicarbonate (0.14 M adjusted to pH 9.5 by the
      addition of triethylamine) to water (1 l.). 5-Bromocytidine diphosphate is
      eluted first, followed by 5-hydroxycytidine diphosphate at about 0.1 M
      bicarbonate, as shown in peak II in FIG. 1.
PAR  The fractions containing 5-hydroxycytidine diphosphate are pooled,
      evaporated to dryness and excess triethylammonium bicarbonate is removed
      by repeated addition and evaporation of methanol. The residue is converted
      by means of a Dowex 50 (sulfonated styrene-divinylbenzene polymer cation
      exchange resin, potassium form) column into the pale yellow, hygroscopic
      tripotassium 5-hydroxycytidine 5'-diphosphate.
PAR  The 5-hydroxycytidine diphosphate prepared as described above is
      polymerized by polynucleotide phosphorylase in a trischloride buffer (0.15
      M. pH 9.0) containing 2.5 mM ethylenediamine tetraacetic acid and 0.02%
      sodium azide. 3000 Units phosphorylase per g. 5-hydroxycytidine
      diphosphate are required for a reasonable rate of reaction and equimolar
      concentration of substrate and  magnesium ions are required.
PAR  The incubation medium is deproteinized by repeated extraction with
      chloroform/isoamyl alcohol (5:2, v/v) and the aqueous phase desalted by
      sequential dialysis against 0.2 M potassium chloride, 0.02 M potassium
      ethylenediamine tetraacetic acid (pH 8.0), 0.02 M potassium
      ethylenediamine tetraacetic acid (pH 7.0) and twice against water. The
      resulting solution is lyophilized at 0.degree.C. to give a hygroscopic
      poly(5-hydroxycytidylic acid) in approximately 25% yield.
PAR  The poly(5-hydroxycytidylic acid) prepared above has an S.sub.20,W, of
      2.0-5.0 as determined by ultracentrifugation in an isokinetic sucrose
      gradient containing sodium acetate, at pH 7.0, indicating a molecular
      weight of 40,000-80,000. It showed a single peak when subjected to
      polyacrylamide gel electrophoresis. The ultraviolet maximum of
      poly(5-hydroxycytidylic acid) at 20.degree.C. in 0.3 M NaCl, 0.01 M sodium
      cacodylate at pH 6.5 was 292 nm. and at pH 11.0 was 320 nm.
PAC  EXAMPLE 2
PAR  An important property of poly(5-hydroxycytidylic acid) according to the
      present invention is its inability to form hybrids with other
      polynucleotides. This property is illustrated by the following
      observations. (a) Upon mixing equimolar proportions of
      poly(5-hydroxycytidylic acid) with polyinosinic acid, polyguanylic acid or
      polyadenylic acid, in a NaCl/0.1 M sodium cacodylate mixture at pH 6.5 at
      37.degree.C. for 12 hours, the ultraviolet spectra were purely additive,
      showing only mixing but no hybridization of the polynucleotides. (b) Under
      the conditions above no Tm (abrupt change in ultraviolet absorption) could
      be recorded at temperatures between 5.degree.C. and 95.degree.C.,
      indicating a complete failure of the polynucleotides to hybridize. (c) The
      rate of hydrolysis of polyinosinic acid in 0.1 M Tris-HCl, 0.3 M NaCl by
      T-ribonuclease at 20.degree.C. was the same in the presence or absence of
      poly(5-hydroxycytidylic acid) indicating once again that there was no
      hybridization between the polynucleotides. (d) When an equimolar mixture
      of polyinosinic acid and poly(5-hydroxycytidylic acid) in 0.3 M NaCl-0.01
      M sodium cacodylate was applied to a "Sephadex" G-200 (dextran polymer
      having water regain value of 20 g. water/g. polymer) column, only
      polyinosinic acid and poly(5-hydroxycytidylic acid) were eluted, there
      being no formation of a complex between them.
PAC  EXAMPLE 3
PAR  The antiviral activity of poly(5-hydroxycytidylic acid) is illustrated by
      its ability in protecting cells in tissue culture against infection with
      Sindbis virus (100 .times. TCD.sub.50). This dose of virus conventionally
      kills the cells within two days, but treatment of the cells for one hour
      with 0.03 .mu.g./ml. poly(5-hydroxycytidylic acid), twelve hours before
      addition of virus, fully protects the cells against infection.
PAC  EXAMPLE 4
PAR  Poly(5-hydroxycytidylic acid) is active in protecting mice against
      infection with encephalomyocarditis virus (EMC) infection. Mice are
      injected intraperitoneally with 10.sup.5 plaque forming units (PFU) of EMC
      virus, either alone or in conjunction with 100 .mu.g.
      poly(5-hydroxycytidylic acid) or other polynucleotides. The average
      survival time of the mice is shown below.
TBL  ______________________________________                                    

     Polynucleotide   Average Survival (Hours)                                 

     ______________________________________                                    

     None             84.4                                                     

     Polyadenylic acid                                                         

                      94.4                                                     

     Polyuridylic acid                                                         

                      98.6                                                     

     Poly(5-hydroxycytidylic                                                   

     acid)            120.6                                                    

     ______________________________________                                    

PAL  The other polynucleotides provided no significant protection against
      infection with EMC virus. In contrast, poly(5-hydroxycytidylic acid)
      provided a significant prolongation of the life of the animals.
PAC  EXAMPLE 5
PAR  Poly(5-hydroxycytidylic acid) is also shown to provide protection of mice
      against infection with Semliki Forest Virus (SFV). Five day suckling mice
      are injected with 32 .times. LD.sub.50 dose of SFV (measured at 2 days)
      and, 2 hours prior to this injection, are also injected with doses of
      poly(5-hydroxycytidylic acid), poly I/poly C or no polynucleotide. The
      protection offered by these agents is expressed as the percentage of the
      animals surviving at 20 days after injection.
TBL  ______________________________________                                    

     Polynucleotide  Dose        % Survival                                    

     ______________________________________                                    

     None            --           0%                                           

     Polyinosinic/                                                             

     polycytidylic acid                                                        

                     100 .mu.g   50%                                           

     Poly(5-hydroxycyti=                                                       

     dylic acid)     100 .mu.g   75%                                           

     Poly(5-hydroxycyti=                                                       

     dylic acid)      20 .mu.g   67%                                           

     ______________________________________                                    

PAL  Poly(5-hydroxycytidylic acid) is therefore shown to be more active than the
      conventional interferon inducer polyinosinic/polycytidylic acid in
      protecting mice against infection with SFV, even when the
      poly(5-hydroxycytidylic acid) is administered at a lower dose.
PAR  It is further shown that high doses of poly(5-hydroxycytidylic acid)
      administered alone to mice do not exhibit toxicity resulting in death.
      Thus doses of up to 400 mg polynucleotide per kilogram of mouse result in
      no deaths at 14 days. Clearly the present compounds exhibit strong
      antiviral activity at doses which have no acute toxicity to the animal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Poly(5-hydroxycytidylic acids) containing greater than ten and up to 200
      5-hydroxycytidine residues, inclusive.
NUM  2.
PAR  2. A poly(5-hydroxycytidylic acid) according to claim 1, containing 100-200
      5-hydroxycytidine residues and characterized by a sedimentation constant
      (S.sub.20,W) of 2.0-5.0, a molecular weight of 40,000-80,000, a single
      peak when subjected to polyacrylamide gel electrophoresis and an
      ultraviolet maximum, measured at 20.degree.C. in 0.3 M sodium chloride and
      0.01 M sodium cacodylate, of 292 nm. at pH 6.5 and of 320 nm. at pH 11.0.
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ABST
PAL  Novel 6-APA, 7-ACA, and 7-ADCA derivatives are described which comprise
      phosphorylated derivatives of 6-APA, 7-ACA, or 7-ADCA and the
      corresponding acylated derivatives thereof. The novel compounds are
      prepared by the reaction of 6-APA, 7-ACA, 7-ADCA or a salt thereof with a
      phosphorus halide in the presence of an acid acceptor and subsequently
      acylating the thus formed phosphorylated compound, to form a
      phosphorylated acylated derivative which upon hydrolysis with water splits
      off the protective group(s) to provide the corresponding semi-synthetic
      penicillin or cephalosporin having useful antibacterial activity.
PARN
PAR  This application is a division of application Ser. No. 197,142 filed Nov.
      9, 1971 now U.S. Pat. No. 3,859,289.
BSUM
PAR  This invention relates to novel phosphorylated 6-APA, 7-ACA, and 7-ADCA
      derivatives, acylated derivatives thereof and the process for their
      production.
PAR  One aspect of the present invention relates to the production of
      semi-synthetic penicillins and cephalosporins in high yields from
      compounds such as 6-amino penicillanic acid, 7-amino cephalosporanic acid,
      and 7-amino-3-desacetoxy cephalosporanic acid.
PAR  Another aspect of the present invention relates to the acylation of novel
      phosphorylated 6-amino penicillanic acids, 7-amino cephalosporanic acids,
      and 7-amino-3-desacetoxy cephalosporanic acids in the absence of an acid
      acceptor.
PAR  Yet another aspect of the present invention relates to novel acylated and
      phosphorylated derivatives of 6-amino penicillanic acid 7-amino
      cephalosporanic acid, 7-amino-3-desacetoxy cephalosporanic acid and
      related compounds.
PAR  These and other aspects of the present invention will become apparent from
      the following description.
PAR  In its broadest aspects the present invention covers compounds having the
      following structure:
      ##SPC1##
PAL  Wherein:
PA1  R is a member selected from the class consisting of hydrogen and an organic
      acyl radical;
PA1  R.sup.1 is selected from the class consisting of hydrogen and a radical of
      the formula
      ##EQU1##
      with the proviso that R and R.sup.1 are not both hydrogen; R.sup.2 is a
      member selected from the class consisting of R.sup.1, alkali metal (e.g.
      Na, K) and a tertiary amine;
PA1  R.sup.4 is a member selected from the class consisting of hydrogen,
      (lower)alkanoyloxy containing 2 to 8 carbon atoms, and a quaternary
      ammonium radical;
PA1  R.sup.5 and R.sup.6 are each selected from the class consisting of (lower)
      alkyl, aryl, halo(lower)alkyl, aryl(lower)alkyl; and R.sup.5 and R.sup.6
      may be joined together to form with phosphorus, the ring
      ##SPC2##
PAL  Wherein X is selected from the class consisting of oxygen, CH.sub.2 and
      sulfur; m is an integer from 1 to 6; R.sup.7 is hydrogen or (lower)alkyl.
PAR  The preferred novel compounds of the present invention are those having the
      following formulae:
      ##SPC3##
PAL  Wherein:
PA1  R is selected from the class consisting of hydrogen and organic acyl;
PA1  R.sup.1 is selected from the class consisting of hydrogen and
      ##SPC4##
PAL  With the proviso that R and R.sup.1 are not both hydrogen; R.sup.4 is
      selected from the class consisting of hydrogen and acetoxy.
PAR  The term "(lower)alkyl" as employed herein alone or in conjunction with
      other designated groups is intended to encompass straight chain or branch
      chain alkyl groups consisting of from one through six carbon atoms (e.g.
      methyl, ethyl, propyl, butyl, isobutyl, hexyl, 2-ethylpropyl, etc.)
PAR  The term "halogen" as used herein is intended to encompass chlorine,
      bromine, iodine and fluorine. The term "aryl" encompasses monocyclic and
      bicyclic rings having six to ten ring carbon atoms such as phenyl,
      naphthyl, etc. The term "aryl(lower)alkyl"  is illustrated by benzyl,
      phenethyl, etc.
PAR  The term "(lower)alkanoyloxy" is illustrated by acetoxy, propionoyloxy and
      butanolyloxy. The term "quaternary ammonium" is illustrated by pyridinium,
      quinolinium, picolinum, etc. The term "tertiary amine" is illustrated by
      any of the well-known radicals such as triethylamine, tribenzylamine,
      N-ethylpiperidine which are described in the penicillin and cephalosporin
      art as capable of forming an amine salt with the carboxyl group.
PAR  The acyl group defined by R is derived from an organic carboxylic acid or a
      suitable functional reactive derivative thereof.
PAR  When R is acyl, the preferred acyl radicals are selected from groups having
      the following formulae:
      ##SPC5##
PAL  wherein:
PA1  R.sup.3 is selected from the class consisting of hydrogen, (lower)alkyl and
      phenyl; R.sup.8 and R.sup.9 are selected from the group consisting of
      hydrogen and (lower)alkoxy;
PA1  R.sup.10 is selected from the class consisting of hydrogen, (lower)alkyl
      and phenyl;
PA1  R.sup.11 and R.sup.12 are selected from the class consisting of hydrogen
      and halogen;
PA1  R.sup.13 and R.sup.14 are selected from the class consisting of hydrogen,
      halogen, (lower)alkyl, (lower)alkoxy, phenyl and phenoxy;
PA1  a is an interger from 0 to 1; b is an integer from 0 through 5; c is an
      interger from 0 through 2; d is an interger from 1 through 3, with the
      proviso that when a is 0, d is greater than 1, and when a is 1, d is less
      than 3.
PAR  Semi-synthetic penicillins and cephalosporins may be prepared according to
      the following flow diagrams, using 6-APA and 7-ACA respectively, as
      illustrative starting materials.
      ##SPC6##
PAR  In the foregoing process the starting material (e.g. 6-APA, 7-ACA or
      7-ADCA) which may be obtained by any number of procedures described in the
      art (e.g. See U.S. Pat. Nos. 3,499,909 and 2,941,995) is reacted with a
      phosphorus halide of formula II in the presence of inert organic solvent
      and an acid acceptor to form a compound of formula III or VII
      respectively. This reaction is preferably carried out at a temperature
      above -10.degree. C. and not higher than about -25.degree. C. The molar
      ratio of an acid binding agent to a starting material such as 6-APA is
      about 0.75:2 and the molar ratio of acid binding agent to a compound of
      formula II is 1:1.
PAR  Suitable acid binding agents are tertiary amines such as triethyl amine,
      dimethylaniline, quinoline, pyridine, lutidine, alkali metal carbonates;
      alkaline earth carbonates or other acid binding agents known in the art.
      The preferred acid binding agent is a strong tertiary amine. As used
      herein "strong amines" are those characterized by having dissociation
      constants in the range of from 10.sup.-.sup.3 to 10.sup.-.sup.6 or having
      comparable basicity, as distinguished from "weak amines" which are
      characterized by having dissociation constants in the range of from
      10.sup.-.sup.8 to 10.sup.-.sup.11.
PAR  A wide range of anhydrous non-hydroxylic organic solvents are useful in the
      reaction of 6-APA or 7-ACA with a phosphorylating agent including
      hydrocarbons such as benzene and toluene; chlorinated solvents such as
      methylene chloride, chloroform and chlorobenzene; ethers such as diethyl
      ether, dioxane, tetrahydrofuran; and other conventional solvents such as
      methylisobutylketone, dimethylformamide, ethyl acetate, acetonitrile, etc.
PAR  The reaction between 6-APA, 7-ACA, or 7-ADCA and a phosphorus halide is
      carried out preferably at a temperature at which the reaction proceeds to
      completion in a reasonably short time period, i.e. between -10.degree. C.
      and +10.degree. C.
PAR  A compound of formula III and VII prepared according to this invention can
      be isolated by removing the hydrohalide base by filtration and
      distillation of the solvent, or if the intermediate is to be converted at
      once to a penicillin or cephalosporin, the reaction mixture can be
      acylated directly without filtration or concentration.
PAR  The product or products obtained from the reaction of a compound of formula
      I or VI with a phosphorylating agent is dependent on the molar ratio of
      the reactants as to whether an anhydride of the penicillanic acid is
      formed. Thus, if the molar ratio of a compound of formula II to formula I
      is greater than 1:1, the predominant material obtained is a compound of
      formula III, particularly as the molar ratio increases to about 2:1 and
      higher. On the other hand where the molar ratio is 1:1 or less (e.g.
      0.5:1), the predominant compound is
      ##SPC7##
PAL  with the amount of a compound of formula III becoming smaller as the molar
      ratio of a compound of formula II is decreased in relation to the amount
      of 6-APA.
PAR  The preferred molar ratio of phosphorylating agent to the starting material
      such as a compound of formula I or VI is greater than 1:1, preferably at
      least 2:1.
PAR  The fact that mixtures of phosphorylated compounds can be produced under
      certain reaction conditions does not interfere with the process of
      acylation and subsequent formation of the desired semi-synthetic
      penicillin or cephalosporin.
PAR  Novel phosphorylated acylated compounds within the scope of formula A and B
      may be prepared by the acylation of a compound of formula III or VII in
      accordance with the reaction sequence shown above in diagrams A and B,
      respectively.
PAR  Suitable acylating agents include carboxylic acid halides, carboxylic acid
      anhydrides, mixed anhydrides with other carboxylic or inorganic acids;
      esters such as thiol esters and phenol esters; lactones; and carboxylic
      acids with carbodiimides or N,N.sup.1 -carboxyldiimidazoles.
PAR  Illustrative of some specific preferred acylating agents are phenoxyacetyl
      chloride, 2,6-dimethoxybenzoyl chloride, benzene sulfonyl chloride,
      2-phenoxypropionyl chloride, 2-phenoxy-butyl chloride, D(--)phenylglycyl
      chloride HCl, 1-aminocyclopentane-carboxylic acid chloride HCl,
      1-aminocyclohexanecarboxylic acid chloride HCl, 2-amino-2-carboxyindane
      acid chloride HCl, 2-ethoxy naphthoyl bromide and
      3-(2,6-dichlorophenyl)-5-methyl-isoxazole carbonyl chloride, etc.
PAR  In carrying out the acylation step, it has been suprisingly found that an
      acid acceptor need not be present during the reaction. Heretofore such a
      reagent was deemed essential for successfully carrying out the acylation
      procedure as illustrated by U.S. Pat. Nos. 3,595,855; 3,249,622. In
      addition, where a strong amine is used in reacting a compound of formula I
      with a compound of formula II, it is desirable to avoid the presence of
      any excess strong amine because the strong amine has a deleterious effect
      on the yield of semi-synthetic penicillin produced. The acylation process
      is carried out in the presence of an inert anhydrous organic solvent.
      Suitable solvents may be the same as earlier exemplified for the reaction
      producing the phosphorylated derivatives of 6-APA, 7-ACA, 7-ADCA, etc.
PAR  The acylated penicillins and cephalosporins of formulae IV and IX are
      readily hydrolyzed by treating with water, to split off the protective
      group from the amino group and the carboxyl group to form a semi-synthetic
      penicillin or cephalosporin embraced by formulae V and X, respectively.
PAR  The acylation of a compound of formula III or VII first results in the
      formation of an intermediate of formula IV(a) or VIII, respectively. These
      intermediates rapidly convert to a compound of formula IV and IX,
      respectively as a result of expulsion of
      ##EQU2##
      from the nitrogen atom. This expulsion is due to the presence of an anion
      (e.g. Cl.sup.-) upon formation of the intermediate of formula IV(a) or
      VIII, respectively, which attacks the phosphorus atom linked to the
      nitrogen. It is possible that the presence of a weak base during the
      acylation would bind the anion and thereby avoid the expulsion of
      ##EQU3##
      In the latter case hydrolysis of a compound of formula IV(a) or VIII,
      respectively, would result in direct formation of a compound of formula V
      or X, rather than intermediate IV or IX.
PAR  The hydrolysis is carried out at a pH between 0.5 and 2 at a temperature
      below about 15.degree., preferably between 0.degree. and 5.degree. C. The
      hydrolysis is carried out by treatment with water.
PAR  Where the acylating agent used is in the form of an acid addition salt, the
      penicillin or cephalosporin of formula V or X is recovered upon hydrolysis
      as an acid addition salt (e.g. chloride) which may then be converted to
      the free base by methods well known in the art. In the event the ultimate
      penicillin to be obtained is .alpha.-aminobenzyl penicillin (ampicillin),
      it has been found advantageous to change the chloride to an aryl sulfonic
      acid salt of the aminopenicillin either by adding an appropriate sulfonic
      acid to the reaction mixture comprising the selected organic solvent and
      water, or to the aqueous extracts separated as described immediately
      above. In this connection, a 25% excess of the sulfonic acid has been used
      to advantage in preparing the corresponding salt of ampicillin.
PAR  The aryl sulfonic salt of the .alpha.-aminobenzyl penicillin may then be
      converted to the penicillin per se by reaction with a base such as
      triethylamine or diethylamine in approximately 85% isopropanol. In the
      case of ampicillin specifically, the sulfonic acid salt, wet with water
      and ethyl acetate, may be added to isopropanol containing a molar
      equivalent of triethylamine at 75.degree.-80.degree.C., whereby the
      anhydrous form of ampicillin described and claimed in U.S. Pat. No.
      3,144,445 is formed and collected by filtration from the hot mixture.
PAR  Alternatively, the corresponding penicillin may be obtained, but in
      hydrated form, by raising the pH of the aqueous reaction mixture
      containing the hydrochloride salt of said penicillin to the iso-electric
      point.
PAR  The starting materials defined by formula II may be prepared by procedures
      described in the literature. For example, the preparation of
      2-chloro-1,3,2-dioxaphospholane is described by Lucas et al., J. Am. Chem.
      Soc. 72, 5491-5497 (1950). Other compounds within the scope of formula II
      may be prepared by the procedures described by Brown et al., J. Chem. Soc.
      878-881 (1970).
PAR  The following examples are given by way of illustration and are not to be
      construed as limitations of this invention.
DETD
PAC  EXAMPLE 1
PAC  D(-).alpha. -aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (10.81 g, 0.05 mole) is stirred for 1/2 hr. in 100
      ml of dichloromethane at 0.degree.-5.degree. C. containing 13.85 ml. of
      triethylamine. At 0.degree.-5.degree. C., a solution of 12.65 g. (0.1
      mole) of 2-chloro-1,3,2-dioxaphospholane in 50 ml. of dichloromethane is
      added over 1 hr., and the mixture is stirred an additional 1/2 hr. at
      0.degree.-5.degree. C. The resulting product is
      6-(1,3,2-dioxaphospholan-2-yl amino)penicillanic acid,
      1,3,2-dioxaphospholan-2-yl ester. D-(-)phenylglycyl chloride hydrochloride
      (10.63 g., 0.05 mole) is added to the stirred mixture over 2 min., and
      stirring is continued for 1/2 hr. at 0.degree.-5.degree. C. under
      nitrogen. The cooling bath is removed and the temperature is allowed to go
      to 17.degree. C. and held at this temperature for a total acylation time
      of 3 hr. The resulting acylated product is 6-(2-amino-
      2-phenylacetamido)penicillanic acid, 1,3,2-dioxaphosphalan-2-yl ester. The
      mixture is poured into 300 ml. of water at 0.degree.-5.degree. C. and
      stirred for 15 min., with the pH going to 0.7. Celite is added, the
      mixture is filtered, and the filtrate is separated and the water layer
      (340 ml.) is bioassayed vs. S. Lutea. The addition of 5 ml. of this
      solution to 245 ml. of 1% pH 6 buffer gives an assay value of 700
      .gamma./ml. of ampicillin.
PAR  The .beta.-naphthalene sulfonic acid salt is prepared from the 340 ml. of
      solution by adding ethyl acetate (40 ml.) and cooling to
      0.degree.-10.degree. C. followed by addition of 29.4 g. of a 37,68%
      solution of .beta.-naphthalene sulfonic acid over 10 min. and holding the
      pH at 1.5 to 1.7 with the addition of 5N sodium hydroxide. This mixture is
      stirred overnight at 5.degree.C., filtered, stirred in 60 ml. of ethyl
      acetate for 5 min., filtered and sucked dry, giving 27.3 g. the
      .beta.-naphthalene sulfonic acid salt of D(-).alpha.
      -aminobenzylpenicillin. It was bioassayed vs. S. Lutea indicating the
      presence of 560 .gamma./mg. of ampicillin.
PAC  EXAMPLE 2
PAC  1-aminocyclohexane penicillin
PAR  6-Aminopenicillanic acid (43.25 g., 0.7 mole) is stirred in dichloromethane
      (400 ml.) containing triethylamine (55.6 ml., 0.4 mole) at room
      temperature until solution is complete. The temperature is lowered to
      0.degree.-5.degree. C., and 50.6 g. (0.4 mole) 2-chloro-1,3,2
      -dioxophospholane in 200 ml. of dichloromethane is added over 1 hr., and
      stirring is continued at 0.degree.-5.degree. C. for 1/2 hr.
      1-aminocyclohexanecarboxylic acid chloride hydrochloride (40 g., 0.2 mole)
      is added, and the mixture is stirred while the internal temperature is
      allowed to slowly go to 10.degree. C. over 1/2 hr., and the reaction is
      continued for an additional 2 1/2 hr. at 10.degree. C. The mixture is
      poured into 200 ml. of cold (0.degree.-5.degree. C.) water and the mixture
      is stirred in an ice bath for 15 min. Isopropanol (160 ml.) and celite (15
       g.) are added, the mixture is filtered by suction, and the cake is washed
      with 40 ml. of isopropanol. The two-phase filtrate is poured into a 2
      liter round bottom 3-neck flask, and while stirring at
      15.degree.-20.degree. C., the pH is raised to 5.4-5.5 with 5N NaOH, giving
      white crystals of dihydrate of the above titled compound.
PAC  EXAMPLE 3
PAC  D(-)-.alpha.-aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (43.25 g., 0.2 mole) is stirred in dichloromethane
      (400 ml.) containing triethylamine (55.6 ml., 0.4 mole) at room
      temperature until solution is complete. The temperature is lowered to
      0.degree.-5.degree. C., and 50.6 g. (0.4 mole) 2-chloro-
      1,3,2-dioxophospholane in 200 ml. of dichloromethane is added over 1 hr.,
      and continue to stir at 0.degree.-5.degree. C. for 1/2 hr.
      D(-)Phenylglycyl chloride hydrochloride (43.6 g., 0.2 mole) is added over
      about 1 min., and the mixture is stirred at 0.degree.-5.degree. C. for 3/4
      hr. The ice bath is lowered so that only the lower 1-2 cm. of the flask is
      in the ice water, and the internal temperature is allowed to slowly (about
      25 min.) go to 10.degree. C., and then held at this point for a total
      temperature raising time and reaction time of 2 hr. The mixture is poured
      into 800 ml. of room temperature water, and the flask is rinsed with 200
      ml. of water. The mixture is stirred with the vessel in an ice-bath for 15
      min., Super Cel is added, the mixture is filtered by suction, and the cake
      is washed with 200 ml. water. The layers are separated, and the aqueous
      phase is placed in a 2 liter round bottom flask containing 200 ml. ethyl
      acetate. The internal temperature is lowered to 0.degree.-10.degree. C.
      and the pH is adjusted to 2 by the addition of 5N sodium hydroxide. Then
      100 ml. of a 37.7% .beta.-naphthalene sulfonic acid solution is added in
      about 10 minutes while keeping the pH at 1.5 to 1.7 with 5N NaOH. After
      stirring 6 hr. at 0.degree.-5.degree. C., and no stirring for 12 hr., the
      mixture is filtered, and the cake is washed with about 100 ml. of cold pH
      2 water. After sucking as dry as possible the cake is stirred in 250 ml.
      of ethyl acetate for 5 minutes, the mixture is filtered, and the cake is
      washed with 2 .times. 50 ml. ethyl acetate, giving 137 g. of the above
      titled product. A portion of the sample is dried indicating 53.5% NVM with
      a corresponding yeild of 66%, but bioassay vs. S. Lutea indicates 380
      .gamma./mg. with a corresponding yield of 75%. This material is converted
      to anhydrous ampicillin in 80% yield by the standard
      isopropanol/triethylamine procedure as described in U.S. Pat. No.
      3,487,073.
PAC  EXAMPLE 4
PAC  D(-)-.alpha.-aminobenzylcephalosporin
PAR  In a manner similar to the process for preparation of ampicillin in Example
      1, but using 7-amino-cephalosporanic acid (54.6 g., 0.2 mole) instead of
      6-aminopenicillanic acid, D(-)-.alpha.-aminobenzylcephalosporin is
      isolated by adjusting the pH of the aqueous phase, obtained after
      filtration, to about 5.75.
PAC  EXAMPLE 5
PAC  naphthalene sulfonic acid salt of D(-)-.alpha.-aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (21.7 g., 0.1 mole) is stirred in dichloromethane
      (200 ml.) at 0.degree.-5.degree. C., and 14.0 ml. (0.1 mole) of
      triethylamine is added, and the mixture is stirred for 1/2 hr. At
      0.degree.-5.degree. C., a solution is dripped in of
      2-chloro-1,3,2-dioxophopholane (12.7 g., 0.1 mole) in dichloromethane (100
      ml.) over a 1 hr, period and stirring is continued at 0.degree.-5.degree.
      C. for 1/2 hr. D-(-)-phenylglycyl chloride hydrochloride (21.3 g., 0.1
      mole) is added all at once and the mixture is stirred at
      0.degree.-5.degree. C. for 30 min. The ice bath is lowered so that only
      the lower 1-2 cm. of the flask is in the ice water, and the internal
      temperature is allowed to slowly go to 10.degree. C. over about 2 hr., and
      the mixture is poured into 450 ml. of room temperature water, and the
      flask is rinsed with 60 ml. of water. The mixture is stirred with the
      vessel in an ice bath for 15 min., Super Cell is added, the mixture is
      filtered by suction, and the cake is washed with 100 ml. of water. The
      layers are separated, and the aqueous phase is placed in a 1 liter round
      bottom flask containing 100 ml. of ethylacetate. The internal temperature
      is lowered to 0.degree.-10.degree. C. and the pH is raised to 2 by the
      addition of 5N NaOH. Then 60 g. of a 37% .beta.-naphthalene sulfonic acid
      solution is added within 5 to 10 min. While keeping the pH at 1.5 to 1.7
      with 5N NaOH. After stirring overnight at 0.degree.-5.degree. C., the
      mixture is filtered, and the cake is washed with cold pH2 water (30 ml.).
      After sucking as dry as possible the cake is stirred in 125 ml. of ethyl
      acetate for 5 min., the mixture is filtered, and the cake washed twice
      with ethyl acetate, giving 38.2g. of the .beta.-naphthalene sulfonic acid
      salt of D(-)-.alpha.-aminobenzylpenicillin. A portion of the sample is
      dried indicating the presence of 6.36 g. of NVM, with a corresponding 44%
      yield of the above titled product.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 1, a series of phosphorylated penicillin
      compounds are prepared by reacting 2 moles of a phosphorylating agent of
      formula C with one mole of 6-APA to produce a compound of formula D.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C                  D                                                      

     __________________________________________________________________________

        R.sup.5,                                                               

              R.sup.6,                                                         

                    X       R.sup.5,                                           

                                    R.sup.6,                                   

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

              CH.sub.3                                                         

                    Cl      CH.sub.3                                           

                                    CH.sub.3                                   

     (b)                                                                       

        .phi. .phi. Cl      .phi.   .phi.                                      

     (c)                                                                       

        CH.sub.2 .phi.                                                         

              CH.sub.2 .phi.                                                   

                    Br      CH.sub.2 .phi.                                     

                                    CH.sub.2 .phi.                             

     (d)            Cl                                                         

     (e)                                                                       

        C.sub.2 H.sub.5                                                        

              C.sub.2 H.sub.5                                                  

                    Cl      C.sub.2 H.sub.5                                    

                                    C.sub.2 H.sub.5                            

     (f)            Cl                                                         

     (g)            Cl                                                         

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Following the procedure of Example 4, a series of phosphorylated penicillin
      compounds are prepared by reacting 2 moles of a phosphorylating agent of
      formula C with one mole of 7-ACA or 7-ADCA to produce a compound of
      formula E.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C              E                                                          

     __________________________________________________________________________

        R.sup.5,                                                               

            R.sup.6,                                                           

                X    R.sup.2,                                                  

                          R.sup.5,                                             

                               R.sup.6,                                        

                                    X                                          

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

            CH.sub.3                                                           

                Cl   H    CH.sub.3                                             

                               CH.sub.3                                        

                                    Cl                                         

     (b)        Br   H              Br                                         

     (c)                                                                       

        .phi.                                                                  

            .phi.                                                              

                F    H    .phi.                                                

                               .phi.                                           

                                    F                                          

                     O                                                         

                     .parallel.                                                

     (d)                                                                       

        CH.sub.2 .phi.                                                         

            CH.sub.2 .phi.                                                     

                Cl   OCCH.sub.3                                                

                          CH.sub.2 .phi.                                       

                               CH.sub.2 .phi.                                  

                                    Cl                                         

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  Following the procedure of Example 1, a series of phosphorylated penicillin
      compounds are prepared by reacting 0.5 mole of a phosphorylating agent of
      formula C with one mole of 6-APA to produce a compound of formula F.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C                  F                                                      

     __________________________________________________________________________

        R.sup.5,                                                               

              R.sup.6,                                                         

                    X       R.sup.5,                                           

                                    R.sup.6,                                   

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

              CH.sub.3                                                         

                    Cl      CH.sub.3                                           

                                    CH.sub.3                                   

     (b)                                                                       

        .phi. .phi. Cl      .phi.   .phi.                                      

     (c)                                                                       

        CH.sub.2 .phi.                                                         

              CH.sub.2 .phi.                                                   

                    Br      CH.sub.2 .phi.                                     

                                    CH.sub.2 .phi.                             

     (d)            Cl                                                         

     (e)                                                                       

        C.sub.2 H.sub.5                                                        

              C.sub.2 H.sub.5                                                  

                    Cl      C.sub.2 H.sub.5                                    

                                    C.sub.2 H.sub.5                            

     (f)            Cl                                                         

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  Following the procedure of Example 4 a series of phosphorylated
      cephalosporin compounds are prepared by reacting 0.5 mole of a
      phosphorylating agent of formula C with one mole of 7-ACA or 7-ADCA to
      produce a compound of formula G.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C                G                                                        

     __________________________________________________________________________

          R.sup.5,                                                             

              R.sup.6,                                                         

                  X   R.sup.2,                                                 

                              R.sup.5,                                         

                                     R.sup.6,                                  

     __________________________________________________________________________

     (a)  CH.sub.3                                                             

              CH.sub.3                                                         

                  Cl  H       CH.sub.3                                         

                                     CH.sub.3                                  

     (b)          Br  H                                                        

     (c)  .phi.                                                                

              .phi.                                                            

                  F   H       .phi.  .phi.                                     

                      O                                                        

                      .parallel.                                               

     (d)  CH.sub.2 .phi.                                                       

              CH.sub.2 .phi.                                                   

                  Cl  OCCH.sub.3                                               

                              CH.sub.2 .phi.                                   

                                     CH.sub.2 .phi.                            

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR   Following the procedure of Example 1, the following acylating agents are
      used in place of D(-)phenyl glycine chloride hydrochloride to obtain the
      following acylated phosphorylated penicillin derivatives. Those having an
      amine group are obtained as the hydrochloride salt.
TBL  __________________________________________________________________________

     acylating agent       R                                                   

     __________________________________________________________________________

     hydrochloride salt of 1-aminocyclo-                                       

     pentane carboxylic acid chloride                                          

     hydrochloride salt of 1-aminocyclo-2-                                     

     hexene-1-carboxylic acid chloride                                         

     hydrochloride salt of 1-amino-1-                                          

     indane carboxylic acid chloride                                           

     hydrochloride salt of 1-amino-1,2,3,4-                                    

     tetrahydronaphthoic acid chloride                                         

     hydrochloride salt of 1-amino-7-ethoxy-                                   

     1,2,3,4-tetrahydro-1-napthoic acid                                        

     chloride                                                                  

     hydrochloride salt of 2-amino-2-indane-                                   

     carboxylic acid chloride                                                  

     hydrochloride salt of 2-amino-1-                                          

     phenoxy-2-indane carboxylic acid                                          

     chloride                                                                  

     hydrochloride salt of 1-amino-1,2,3,4-                                    

     tetrahydro-3,6-dimethyl-1-naphthoic acid                                  

     chloride                                                                  

     hydrochloride salt of 1-amino-3-cyclo-                                    

     pentene-1-carboxylic acid                                                 

     3-(phenyl)-5-methyl-4-isoxazole-                                          

     carbonyl chloride                                                         

     3-(2',6'-dichlorophenyl)-5-methyl-                                        

     4-isoxazole-carbonyl chloride                                             

     2,6-dimethoxy-benzoic acid chloride                                       

     2-ethoxy-1-naphthoyl chloride                                             

     .alpha.-phenoxy butyric acid chloride                                     

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  Following the procedure of Example 4, the acylating agents identified below
      are used to obtain the following acylated phosphorylated cephalosporins.
      Those having the amino group are obtained as the hydrochloride salt.
TBL  __________________________________________________________________________

     acylating agent                                                           

                    R                       R.sup.2                            

     __________________________________________________________________________

     D(-)phenyl glycine chloride,                                              

     hydrochloride                          H                                  

     2-thienylacetic acid                                                      

     D(-)phenyl glycine chloride,           O                                  

     hydrochloride                          .parallel.                         

                                            O--C--CH.sub.3                     

     phenoxyacetic acid chloride            O                                  

                                            .parallel.                         

                                            O--C--CH.sub.3                     

     __________________________________________________________________________

PAR  It is to be understood that the only limitation on the acyl radical of the
      synthetic penicillins and cephalosporins is that they be essentially
      non-toxic upon in vitro or in vivo application.
PAR  The synthetic penicillins and cephalosporins prepared from the
      intermediates of the present invention have activity against gram positive
      and/or gram negative bacteria and may be utilized in pharmacological
      compositions in association with pharmacologically acceptable carrier,
      e.g. in suitable injectable forms, including solutions and suspensions; or
      orally as tablets, capsules, and the like, utilizing conventional
      solvents, suspensoids, excipients, and the like. These compounds may be
      administered orally of parenterally. Naturally, the dosage of these
      compounds will vary somewhat with the form of administration and the
      particular compound chosen. Further, it will vary with the particular
      subject under treatment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of those having the
      following formula and the acid addition salts thereof:
      ##SPC8##
PAL  wherein:
PA1  R is an organic acyl radical derived from an organic carboxylic acid or a
      reactive derivative thereof;
PA1  R.sup.7 is selected from the class consisting of hydrogen and lower alkyl
      and
PA1  m is a whole number from 1 to 6;
PAL  and wherein said organic acyl defined by R is selected from the group
      consisting of
      ##SPC9##
PAL  wherein:
PA1  R.sup.3 is selected from the class consisting of hydrogen, (lower)alkyl and
      phenyl;
PA1  R.sup.8 and R.sup.9 are selected from the group consisting of hydrogen and
      (lower)alkoxy;
PA1  R.sup.10 is selected from the class consisting of hydrogen, (lower)alkyl
      and phenyl;
PA1  R.sup.11 and R.sup.12 are selected from the class consisting of hydrogen
      and halogen; R.sup.13 and R.sup.14 are selected from the class consisting
      of hydrogen, halogen, (lower)alkyl, (lower)alkoxy, phenyl and phenoxy; a
      is an interger from 0 to 1; b is an interger from 0 through 5; c is an
      interger from 0 through 2; d is an interger from 1 through 3, with the
      proviso that when a is 0, d is greater than 1, and when a is 1, d is less
      than 3.
NUM  2.
PAR  2. A compound selected from the group consisting of those having the
      following formula and the acid addition salts thereof:
      ##SPC10##
PAL  wherein:
PA1  R is an organic acyl radical derived from an organic carboxylic acid or a
      reactive derivative thereof;
PA1  R.sup.5 and R.sup.6 are each selected from the class consisting of
      (lower)alkyl, phenyl, naphthyl, phenyl(lower)alkyl and
      naphthyl(lower)alkyl;
PA1  R.sup.7 is selected from the class consisting of hydrogen and (lower)alkyl;
PA1  R.sup.5 and R.sup.6 when joined together with phosphorus form the ring
      ##SPC11##
PAL  wherein
PA1  X is selected from the class consisting of oxygen, CH.sub.2 and sulfur;
PA1  m is an integer from 1 to 6; and wherein said organic acyl defined by R is
      selected from the group consisting of:
      ##SPC12##
PAL  wherein:
PA1  R.sup.3 is selected from the class consisting of hydrogen, (lower)alkyl and
      phenyl;
PA1  R.sup.8 and R.sup.9 are selected from the group consisting of hydrogen and
      (lower)alkoxy;
PA1  R.sup.10 is selected from the class consisting of hydrogen, (lower)alkyl
      and phenyl;
PA1  R.sup.11 and R.sup.12 are selected from the class consisting of hydrogen
      and halogen;
PA1  R.sup.13 and R.sup.14 are selected from the class consisting of hydrogen,
      halogen, (lower)alkyl, (lower)alkoxy, phenyl and phenoxy;
PA1  a is an integer from 0 to 1;
PA1  b is an integer from 0 through 5;
PA1  c is an integer from 0 through 2; d is an integer from 1 through 3,
PAL  with the proviso that when a is 0, d is greater than 1, and when a is 1, d
      is less than 3.
NUM  3.
PAR  3. A compound according to claim 1 wherein m is 1.
NUM  4.
PAR  4. A compound according to claim 1 which is:
      ##SPC13##
NUM  5.
PAR  5. A compound according to claim 1 which is:
      ##SPC14##
NUM  6.
PAR  6. A compound according to claim 2 wherein R.sup.5 and R.sup.6 are joined
      together with phosphorus to form the ring
      ##SPC15##
PAL  wherein
PA1  X is oxygen and
PA1  m is 1.
NUM  7.
PAR  7. A process for preparing a compound which is useful as an intermediate
      for obtaining a non-toxic penicillin having antibacterial activity against
      gram positive and/or gram negative microorganism, which comprises: (a)
      reacting a compound having the formula
      ##SPC16##
PAL  wherein
PA1  R.sup.2 is selected from the class consisting of hydrogen, alkali metal and
      tertiary amine, with a phosphorylating agent of the formula:
      ##EQU4##
      in the presence of an acid binding agent and in a molar ratio of at least
      0.5: to 1 of said phosphorylating agent to said compound of formula A,
      wherein:
PA1  R.sup.5 and R.sup.6 are each selected from the class consisting of
      (lower)alkyl, phenyl, naphthyl, phenyl(lower)alkyl and
      naphthyl(lower)alkyl;
PAL  R.sup.5 and R.sup.6 when joined together with phosphorus form the ring:
      ##SPC17##
PAL  X is selected from the class consisting of oxygen, methylene and sulfur; m
      is an interger from 1 to 6; and R.sup.7 is selected from the class
      consisting of hydrogen and (lower)alkyl, to form a phosphorylated
      derivative of a compound of formula A, and (b) acylating said
      phosphorylated compound with an organic carboxylic acid or a reactive
      functional derivative thereof to form a compound having the formula:
      ##SPC18##
NUM  8.
PAR  8. A process according to claim 16 wherein said phosphorylating agent is a
      compound of the formula:
      ##SPC19##
NUM  9.
PAR  9. A process according to claim 7 which comprises reacting
      6-aminopenicillanic acid under anhydrous conditions in the presence of an
      acid binding agent with a 2-halo-1,3,2-dioxaphospholane at a temperature
      no greater than +25.degree.C, the molar ratio of said
      2-halo-1,3,2-dioxaphospholane to said 6-aminopenicillanic acid being at
      least 1:1 and reacting the resulting product with an acylating agent which
      is a reactive derivative of a compound selected from the class consisting
      of D(-)phenylglycine and 1-amino-1-cyclohexanecarboxylic acid.
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ABST
PAL  Granular starch is partially depolymerized by reaction with hydrogen
      peroxide in the presence of a salt selected from the group consisting of
      alkali metal chlorides, ammonium chlorides and mixtures thereof, and
      cupric ions while maintaining the pH of the reaction mixture in the range
      of from about 5.5 to about 7 by the addition of alkali thereto.
PARN
PAR  This application is a continuation-in-part of patent application Ser. No.
      408,030 filed Oct. 19, 1973, now abandoned.
BSUM
PAC  THE INVENTION
PAR  This invention relates to a process for partially depolymerizing granular
      starch. More particularly, this invention relates to a process for
      partially depolymerizing granular starch by the use of hydrogen peroxide.
PAR  The use of peroxides for the treatment or modification of starch has been
      disclosed in the art. U.S. Pat. No. 1,020,656 to Perkins discloses the
      treatment of starch with sodium peroxide under highly alkaline conditions
      to produce a glue base. U.S. Pat. No. 2,204,615 to Nivling discloses the
      oxidation of dry starch with peroxides in a fluidized system to obtain a
      soluble starch product. U.S. Pat. No. 2,268,215 to Kerr discloses treating
      starch under highly alkaline conditions with calcium peroxide to produce a
      thin boiling starch product. U.S. Pat. No. 2,276,984 to Kauffman et al.
      discloses treating starch with peroxides in the presence of salts such as
      a copper sulfate and U.S. Pat. Nos. 2,291,041 and 2,307,684 also to
      Kauffman et al. teach treating starch with peroxide while cooking the
      starch. U.S. Pat. No. 3,264,283 to Jarowenko discloses the conversion of
      cyanoethyl groups in starch to amidoethyl groups by a hydrogen peroxide
      treatment. U.S. Pat. No. 3,539,366 to Ewing discloses a process for
      pasting starch whereby the starch is contacted with hydrogen peroxide for
      a period of less than 30 seconds before the starch is subjected to pasting
      conditions. U.S. Pat. No. 3,655,644 to Durand discloses thinning of
      derivatized starch under highly alkaline conditions in the presence of
      copper ions which act as a catalyst for the hydrogen peroxide.
PAR  Although, from the above, it is apparent that a relatively large amount of
      experimentation has been conducted in regard to peroxide treatment of
      starches, such treatments have not found widespread commercial acceptance.
PAR  Two methods, principally, are being used on a commercial scale for
      depolymerizing starch. These are the acid modification method and the
      hypochlorite oxidation method. In the former method, an aqueous starch
      preparation is treated with an acid, e.g., HCl, at temperatures generally
      below 130.degree.F. and at pH levels of from 0.6 to 1.8 for prolonged
      periods, e.g., 24 hours. The second method generally involves treating an
      aqueous slurry of starch with an alkali metal or alkaline earth metal
      hypochlorite such as NaOCl or Ca (OCl).sub.2.
PAR  There are a number of problems associated with these methods of
      depolymerizing granular starch. For example, in the acid process, the
      conditions of relatively low pH and high temperature have a deleterious
      effect on the equipment used in the process. Additionally, when acid
      depolymerized starch is pasted or gelatinized there is a tendency for the
      pasted starch to retrograde in a relatively short period. In the
      hypochlorite oxidation method, relatively large amounts or carboxylic
      groups are present in the depolymerized starch. These carboxylic groups
      have the tendency to repel pigments, such as clay, when such oxidized
      starches are used in paper making, thus causing excessive losses of the
      pigment. In preparing depolymerized starch products by both of these
      methods, large amounts of salts are formed which must be removed. The
      removal of these salts involves washing and, in some instance,
      resuspending and again washing the depolymerized products. The resulting
      wash water contains relatively large amounts of salts which present
      potential disposal problems.
PAR  It is the principal object of the present invention to provide a method for
      partially depolymerizing granular starch whereby the resulting product
      when pasted or gelatinized does not retrograde as rapidly as acid modified
      starch.
PAR  It is another object of the present invention to provide a method for
      partially depolymerizing granular starch whereby the resulting product
      contains a minimal amount of carboxylic groups.
PAR  It is still a further object of the present invention to provide a method
      for partially depolymerizing granular starch wherein a minimal amount of
      salt is formed.
PAR  It is still a further object of the present invention to provide a method
      for partially depolymerizing granular starch wherein the method is
      performed at substantially neutral pH.
PAR  It is still a further object of the present invention to provide a method
      for partially depolymerizing granular starch in very short reaction times
      under readily controllable conditions.
PAR  These objects and other objects of the present invention which will be
      apparent from the following description are attained in accordance with
      the present invention by reacting an aqueous mixture of granular starch
      with hydrogen peroxide in the presence of a salt selected from the group
      consisting of alkali metal chlorides, ammonium chlorides and mixtures
      thereof, and cupric ions while maintaining the pH of the aqueous mixture
      in the range of from about 5.5 to about 7 by the addition of an alkali,
      the reaction conditions being such that the granular structure of the
      starch is maintained.
PAR  Although I do not wish to be bound by a theory, it is believed that the
      hydrogen peroxide exerts a hydrolytic action on the starch polymer whereby
      the oxygen linkages between the anhydroglucose units are randomly broken
      to form polymer fragments having reducing end groups. The reducing end
      groups are then oxidized to the carboxylic acid form. The formation of the
      carboxylic acid groups results in a decrease of the pH of the reaction
      mixture. Maintaining the pH of the reaction mixture in the range of from
      about 5.5 to about 7 by continuous or periodic addition of an alkali
      results in the conversion of the carboxylic acid groups to salt form.
      Performing the depolymerization in this manner results in more efficient
      utilization of the hydrogen peroxide as opposed to performing the
      depolymerization under alkaline conditions. Additionally, the resulting
      product is readily susceptible to gelatinization or pasting and films
      thereof have good clarity. The exact reason for these beneficial results
      being imparted to starch depolymerized by the present process is unknown
      but it is believed to be due to the formation of ionizable salt groups on
      the depolymerized starch. Since the present process is performed under
      essentially neutral conditions of pH, excessive alkali is not present. The
      presence of excessive alkali requires neutralization of the same with the
      concommitant formation of salts which must be removed by repeated washing.
PAR  Suitable alkalis for reaction pH control include ammonium and alkali metal
      hydroxides, calcium hydroxide, sodium carbonate, sodium oxide, calcium
      oxide, trisodium phosphate and sodium biphosphate. Sodium hydroxide is
      preferred for reasons of economy.
PAR  The concentration of the starch in the present process is not critical but,
      for handling efficiency and other practical reasons, the typical starch
      concentration will be in the range of from about 35 to about 43 percent by
      weight.
PAR  The amount of hydrogen peroxide used in the present process depends upon
      the degree to which it is desired to depolymerize the starch. Because the
      utilization of hydrogen peroxide is extremely efficient in the present
      process, it is contemplated that only small amounts of hydrogen peroxide
      will be necessary to obtain the desired depolymerized starch product, for
      instance, from about 0.5 to about 2 percent. Larger amounts of hydrogen
      peroxide may be used if it is desired to obtain a relatively high degree
      of depolymerization but excessive losses of starch may result because of
      greatly increased solubility of highly depolymerized starch.
PAR  While hydrogen peroxide is the preferred peroxidic reagent for the present
      process, other peroxidic compounds which decompose in water to form
      hydrogen peroxide may be used as well, so long as their decomposition
      products do not inhibit the process reaction. Suitable other peroxidic
      reagents include calcium peroxide, urea peroxide and potassium
      peroxydisulfate.
PAR  The presence of cupric ions in the reaction mixture catalyzes the
      hydrolytic action of the hydrogen peroxide. Typically, the concentration
      of cupric ion will be from about 0.0005 to about 0.025 percent by weight
      and preferably will be in the range of from about 0.0025 to about 0.01
      percent on the same weight basis. Excessive amounts of cupric ions cause
      exceedingly rapid decomposition of the hydrogen peroxide which results in
      loss of efficiency of the hydrogen peroxide. Suitable sources of cupric
      ions are the chloride, nitrate and sulfate salts of copper. Copper
      chloride is preferred for reasons of economy.
PAR  The presence of alkali metal and ammonium chlorides in the reaction mixture
      activates of accelerates the catalytic effect of copper ion on the action
      of hydrogen peroxide so that the peroxide reacts more efficiently with the
      starch. The presence of these salts at levels as low as 0.1 percent by
      weight results in some activation but it is preferred to use these salts
      at concentrations of from about 1 to about 5 percent by weight. At higher
      levels of these salts, the hydrogen peroxide decomposes exceedingly
      rapidly resulting in loss of efficiency of the hydrogen peroxide.
PAR  The reaction temperature is not critical but must be below the temperature
      at which damage to the starch granules occurs, i.e., about 150.degree.F.
      Typically, the present process will be performed at temperatures in the
      range of from about 100.degree. to about 140.degree.F. and preferably from
      about 110.degree. to about 130.degree.F. Lower temperatures may be used
      but exceedingly long reaction periods may be necessary to obtain the
      desired degree of depolymerization.
PAR  The reaction time required by the present process is dependent upon the
      degree to which it is desired to depolymerize the starch and upon the
      temperature, amount of hydrogen peroxide, pH, amount of alkali metal and
      ammonium chlorides and the amount of cupric ions present in the reaction
      mixture. It is contemplated, however, under the preferred conditions of
      the present invention, that the desired degree of depolymerization will be
      achieved in a period of from about 3 to about 30 minutes.
PAR  In the above description of the present invention and in the following
      examples and claims, the amount of hydrogen peroxide referred to is based
      on hydrogen peroxide at a theoretical concentration of 100 percent. This
      is done only for the purpose of describing and claiming the invention
      since it is contemplated that in practicing the present invention an
      aqueous solution of hydrogen peroxide will be used.
PAR  In order to more clearly describe the nature of the present invention,
      specific examples will hereinafter be described. It should be understood,
      however, that this is done solely by way of example and is intended
      neither to delineate the scope of the invention nor limit the ambit of the
      appended claims. In the examples and throughout the specification,
      percentages refer to percent by weight based on the dry substance weight
      of the starch, unless otherwise specified.
DETD
PAR  In the following examples, various test procedures are referred to. These
      tests were performed by the following methods:
PAC  Alkaline Paste Fluidity
PAR  All fluidity measurements in the following examples, unless otherwise
      indicated, are alkaline Paste Fluidities (APF) measured in accordance with
      the procedure described by Fetzer and Kirst in Cereal Chemistry, Vol. 36,
      pp. 108-127 (1959). Fluidities were run on an 18 gram, 10% wt. moisture
      basis unless otherwise indicated.
PAC  Carboxyl Content
PAR  A sample of starch (5.00 g. dry basis) was mixed into 25 ml of 0.1 normal
      hydrochloric acid solution. The suspension was stirred periodically for 30
      minutes at room temperature and the starch then filtered off on a medium
      porosity sintered glass filter. The starch on the filter was washed with
      distilled water until the filtrate was found to be free of chloride ions.
      The starch was then washed from the filter into a beaker and the
      suspension made up to 400 ml with distilled water. The suspension was
      quickly heated with stirring to and held at a gently rolling boil for 5-7
      minutes. After the addition of 8-10 drops of phenolphthalein indicator
      solution, the paste was titrated hot with 0.1 normal sodium hydroxide
      solution to the first permanent (15 second duration) light pink color. The
      percent carboxyl content was calculated from the titer.
PAC  Inherent Viscosity (IV)
PAR  1.000 g. dry basis starch was suspended in 100.0 ml of distilled water at
      95.degree.F, mixed with 100.0 ml of 2.00 molar sodium hydroxide solution
      at 95.degree.F, stirred for 30 minutes, filtered through 6.0-cm coarse
      porosity fritted glass funnel and flow time (t) determined at 95.degree.F
      using a No. 75 Ubbelohde viscometer. The flow time (t.sub.o) of 1.00 molar
      sodium hydroxide solution at 95.degree.F was determined. The inherent
      viscosity (IV) was calculated as
      ##EQU1##
      where C is the starch concentration in g/100 ml.
PAC  Hot Fluidity
PAR  An 18 g. sample at 10 percent moisture basis (16.2 g. dry basis) was placed
      in a Monel metal beaker with 307 ml of tap water, the mixture heated in a
      steam chest with 5 psi steam and held at a gently rolling boil for 1
      minute. The paste was cooled immediately in a cold water bath to
      75.degree.F, poured into a glass fluidity funnel and the milliliters of
      paste delivered from the funnel and the water value time was determined.
      Water value is the time required for 200 ml of 300 ml of water in the
      funnel to flow through the orifice. The volume of delivered paste divided
      by 2 is the hot fluidity value. The funnel is described by Willard L.
      Morgan and Normal L. Vaughn, "Starch Viscosity or Strength", Industrial
      and Engineering Chemistry, Vol. 35, pp. 233-238, (Feb. 1943).
PAC  Setback Fluidity
PAR  The remaining paste in the fluidity funnel used in the Hot Fluidity
      determination was combined with that through the funnel, mixed with about
      one half milliliter of toluene, placed in a jar and capped and stored in a
      75.degree.F water bath for 24 hours. After that period, the sample was
      poured back into the funnel and fluidity determined as before.
      Retrogradation of the starch during the 24 hour hold period causes the
      paste to thicken and results in a lower fluidity value compared to the
      original value. Where there is no retrogradation, the original and the 24
      hour fluidities are the same. The greater the difference in the two
      fluidities, the greater the degree of retrogradation of the stored starch.
PAC  Brabender Cook
PAR  A 50 g. dry basis starch sample was mixed with deionized water to about 490
      ml volume, pH adjusted to 6.5 with dilute sodium hydroxide or hydrochloric
      acid solution as needed and the mixture volume made up to 500 ml. The
      mixture was poured into the bowl of a Brabender AMYLO/visco/GRAPH and
      preheated to 122.degree.F; heated to 203.degree.F in 30 minutes; held at
      203.degree.F for 30 minutes; cooled to 122.degree.F in 30 minutes; and
      held at 122.degree.F for 30 minutes. Heating and cooling were done
      automatically at 2.3.degree.F per minute. The viscosity was recorded as
      Brabender Units taken from the instrument chart, with due allowance for
      the sensitivity of the cartridge used in the instrument. Retrogradation is
      indicated by the magnitude of the change in viscosity during holding at
      122.degree.F. The more this viscosity increases, the greater is the
      setback or retrogradation.
PAC  Gel Strength
PAR  A Brabender cook was made as described above to the end of the hold period
      at 203.degree.F, the hot paste was poured into Gaertner jars with discs
      previously positioned in place, the surface of the paste in the jars was
      covered with light mineral oil and the jars stored 24 hours in a
      75.degree.F water bath. Gel strength was then determined using a Corn
      Industries Gelometer manufactured by Gaertner Scientific Corp., Chicago,
      Illinois. The procedure for this test is given by E. T. Hjermstad, "A
      Recording Gel Tester", Cereal Chemistry, Vol. 32, pp. 200-207, (May 1955).
PAC  Unreacted Hydrogen Peroxide After Reaction is Complete:
PAR  Determined by filtering a sample of the reaction slurry and analyzing the
      filtrate for hydrogen peroxide by combining 50 ml of filtrate with 40 ml
      of water containing 4 g of KI and 10 ml of a 1 to 10 dilution of
      concentrated HCl solution. After 20 minutes, sufficient 0.1 N sodium
      thiosulfate solution was added to discharge the blue color of the
      starch-iodine complex. Based upon the amount of thiosulfate used and the
      starch content of the sample, the percent unreacted hydrogen peroxide
      present in the mixture was determined.
PAC  EXAMPLE I
PAR  This example illustrates the effect of cupric ions and a chloride salt
      activator on the utilization of hydrogen peroxide for depolymerizing
      granular starch.
PAR  Granular corn starch was mixed with sufficient deionized water to obtain a
      number of 300 ml slurries each containing 39.1 percent starch. The
      slurries were placed in containers each equipped with a stirrer and then
      heated to 120.degree.F. Sodium chloride and copper salts were added in the
      amounts set forth in Table I and the pH of each slurry was adjusted to 6.5
      with 2 percent sodium hydroxide solution. Then, 0.36 percent hydrogen
      peroxide was added. The pH was maintained in the range of 6.2 to 6.5 by
      periodic addition of 1 percent sodium hydroxide solution. At the end of 30
      minutes following addition of the hydrogen peroxide, 0.36 percent sodium
      bisulfite was added to each of the slurries and the pH of the slurries was
      adjusted to 6.5. The slurries were filtered and washed on the filter with
      1 cake volume of water. The cakes were puddled and dried in a laboratory
      model Proctor & Schwartz drier at an air temperature of 200.degree.F.
PAR  Various characteristics of the products were determined and are set forth
      below in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Comparison of Depolymerization Reaction Variables-                        

     Interactions of Catalyst, Activator and Peroxide                          

     __________________________________________________________________________

     Reactants Added (percent)                                                 

                         Reaction System                 Finished              

     __________________________________________________________________________

                                                         Product               

     CuCl.sub.2                                                                

           CuSO.sub.4                                                          

                H.sub.2 O.sub.2                                                

                     NaCl                                                      

                         NaOH Required to Maintain pH 6.2-6.8                  

                                                  pH After                     

                                                         Fluidity              

                                                              Carboxyl         

                         During Reaction Period   Bisulfite                    

                                                         (APF)                 

                                                              Content          

                         (ml 1% soln., cumulative)                             

                                                  Addition    %                

     __________________________________________________________________________

                                                              wt.              

                         5 min.                                                

                               10 min.                                         

                                     20 min.                                   

                                            30 min.                            

     __________________________________________________________________________

     none                0.1   0.1   0.1    0.1   5.85   204  0.10             

           0.0178        0.1   0.2   0.2    0.2   5.85   208  0.10             

     0.0150              0.5   0.5   0.6    0.6   5.85   209  0.10             

                     7.79                                                      

                         0.4   0.5   0.5    0.5   5.75   207  0.10             

                0.36     None  None  None   None  2.40   206  0.10             

           0.0178    7.79                                                      

                         0.3   0.3   0.3    0.3   5.75   207  0.10             

     0.0150          7.79                                                      

                         0.3   0.5   0.5    0.5   5.80   207  0.10             

                0.36 7.79                                                      

                         0.5   0.7   0.7    0.7   2.25   207  0.09             

           0.0178                                                              

                0.36     0.7   1.0   1.7    2.2   2.45   222  0.10             

     0.0150     0.36     0.3   0.5   1.2    1.7   2.50   214  0.10             

           0.0178                                                              

                0.36 7.79                                                      

                         3.7   6.1   7.7    8.0   5.85   243  0.11             

     0.0150     0.36 7.79                                                      

                         3.5   5.7   7.5    7.8   5.80   244  0.11             

     __________________________________________________________________________

PAR  From the above table, it can be seen that when no reactants were added
      substantially no alkali was required to maintain the reaction pH and the
      addition of bisulfite lowered the pH only slightly. Substantially the same
      pattern of little to no effect was obtained when the catalyst or an
      activator were added singly or in various combinations. The small
      increases in fluidity were caused by retained salts in the products.
PAR  The above table also shows that the addition of hydrogen peroxide alone or
      in combination with an activator resulted in no action on the starch, no
      alkali consumption after the initial amount, but a large decrease in pH
      when bisulfite was added. This pH decrease was caused by peroxide
      oxidation of bisulfite to bisulfate and thus was a useful indicator of the
      amount of peroxide present. It is apparent that an activator, e.g., sodium
      chloride, had no effect on the peroxide.
PAR  The addition of hydrogen peroxide together with a catalyst resulted in
      definite changes as shown by the increase in fluidity and slow consumption
      of alkali. The low pH after bisulfite addition showed that a large
      proportion of the added peroxide was still present. A much longer reaction
      time would have been necessary to permit the peroxide to act more
      thoroughly on the starch than was possible in the short reaction time of
      the example.
PAR  The above table shows the unexpected results that were obtained when an
      activator was added in combination with hydrogen peroxide and catalyst.
      Even in the short reaction time used, the fluidity was markedly increased
      and the peroxide was entirely consumed as shown by the high pH after
      bisulfite addition. The increase in carboxyl content of the product was
      surprisingly small in view of the amount of alkali needed to maintain
      reaction pH.
PAC  EXAMPLE II
PAR  This example illustrates the effect of varying the concentration of cupric
      ions in the process of the present invention.
PAR  Granular corn starch was mixed with sufficient deionized water to obtain
      two 300 ml slurries each containing 39.1 percent starch. The slurries were
      placed in containers each equipped with a stirrer and then heated to
      120.degree.F. To each of the slurries was added 6.6 percent NaCl and
      either 0.0075 or 0.030 percent copper chloride. Then 0.36 percent hydrogen
      peroxide was added to each of the slurries and the pH thereof maintained
      at about 6.5 by periodically adding 1 percent sodium hydroxide solution.
      At the end of 30 minutes following the addition of the hydrogen peroxide,
      0.5 g of sodium bisulfite was added to each of the slurries and pH
      adjusted to 6.5.
PAR  It was observed that foaming occurred in the slurry which contained the
      higher level of copper chloride indicating that the hydrogen peroxide was
      being decomposed at a rate faster than it could reach with the starch.
      Thus, there was a loss of efficiency of the hydrogen peroxide at the
      higher copper chloride level.
PAC  EXAMPLE III
PAR  This example illustrates the effect of varying the concentration of sodium
      chloride in the process of the present invention.
PAR  Granular corn starch was mixed with sufficient deionized water to obtain
      five 300 ml slurries each containing 39.1 percent starch. The slurries
      were placed in containers each equipped with a stirrer and heated to
      120.degree.F while being constantly agitated. Then, 0.015 percent cupric
      chloride and amounts of NaCl set forth in Table 2 below were added to each
      of the slurries. The slurries were then treated with hydrogen peroxide and
      handled in accordance with the procedure set forth in Example II. Various
      characteristics of the products were determined and are set forth in Table
      2 below.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Effects of NaCl Concentration                                             

     __________________________________________________________________________

     Reaction System                  Finished Product                         

     __________________________________________________________________________

     NaCl  Degree of                                                           

                 NaOH Required to                                              

                                pH After                                       

                                      Fluidity,                                

                                            Carboxyl                           

     Added Foaming                                                             

                 maintain pH 6.5                                               

                                Bisulfite                                      

                                      APF   Content                            

     (% wt.)     (ml. 1% soln.,cumulative)                                     

                                Addition    (% wt.)                            

     __________________________________________________________________________

     None  None  1.7            2.5   214   0.10                               

     0.8   None  3.5            2.5   229   0.10                               

     1.6   None  6.0            3.1   238   0.10                               

     3.2   None  9.0            5.2   243   0.10                               

     6.6   Slight                                                              

                 7.8            5.4   240   0.10                               

     40.7  Vigorous                                                            

                 7.5            5.2   231   0.10                               

     __________________________________________________________________________

PAR  From the above table it is seen that when excessive amounts of NaCl are
      present, the efficiency of the hydrogen peroxide utilization is decreased
      as indicated by the degree of foaming observed in the reaction mixture.
      Additionally, it is seen that at optimum levels of NaCl the effect of the
      hydrogen peroxide on the fluidity of the finished starch product is
      greater.
PAC  EXAMPLE IV
PAR  This example illustrates the effect of varying the pH of the reaction
      mixture during the depolymerization reaction.
PAR  Granular corn starch was mixed with sufficient deionized water to obtain
      seven 1500 ml slurries each containing 33.8 percent starch. The slurries
      were placed in containers each equipped with a stirrer and heated to
      120.degree.F with constant stirring. The pH of the slurries was adjusted
      to the values set forth in Table 3 with 2 percent sodium hydroxide
      solution or 20.degree. Be muriatic acid. Then, 0.015 percent anhydrous
      cupric chloride and 0.48 percent hydrogen peroxide were added to each of
      the slurries. The pH was maintained at the levels set forth in Table 3 by
      the periodic addition of a 2 percent sodium hydroxide solution. The
      reactions were terminated after 4 hours by adjusting the pH of the
      slurries to 6.0 with 20.degree. Be muriatic acid or 2 percent sodium
      hydroxide solution as required. The slurries were filtered, the filter
      cakes washed with one cake volume of water and then puddled and dried at
      180.degree. F in a laboratory model Proctor & Schwartz forced air drier.
      The amounts of unreacted hydrogen peroxide in the reaction mixtures and
      various characteristics of the resulting starch products were determined
      and are set forth in Table 3 below.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Effects of pH Level of Reaction System                                    

     __________________________________________________________________________

     Reaction System               Finished Product                            

     __________________________________________________________________________

          NaOH Required to                                                     

                         Residual H.sub.2 O.sub.2 in                           

                                         Carboxyl                              

     Reaction                                                                  

          Maintain Constant pH                                                 

                         Reaction Slurry                                       

                                   Fluidity,                                   

                                         Content                               

                                               pH                              

     pH   (ml. 2% soln.,cumulative)                                            

                         % of DS Starch                                        

                                   APF   (% wt.)                               

     __________________________________________________________________________

     10.0 126.0          0.002     255   0.156 7.8                             

     7.0  85.0           0.002     280   0.174 7.7                             

     6.5  85.7           0.016     282   0.202 7.3                             

     6.0  55.6           0.103     281   0.193 6.8                             

     5.5  42.2           0.182     280   0.174 6.6                             

     5.0  29.2           0.221     280   0.173 6.5                             

     3.0  24.4           0.449     255   0.129 6.2                             

     __________________________________________________________________________

PAR  From the above table it is seen that the APF fluidities of the
      depolymerized starch products prepared at reaction pH's in the range of 7
      to 5 were significantly greater than the fluidities of depolymerized
      starch products prepared outside this pH range. Also, it is seen that when
      the products were prepared at the lower pH levels, significantly lesser
      amounts of alkali are required to maintain the reaction pH at the desired
      level. There was no hydrogen peroxide activator present during the
      reactions which accounts for the relatively high levels of unreacted
      hydrogen peroxide present.
PAC  EXAMPLE V
PAR  This example illustrates the effect of varying the amount of hydrogen
      peroxide and the reaction period.
PAR  Granular corn starch was mixed with sufficient deionized water to obtain
      three 6000 ml slurries each containing 33.8 percent starch. The slurries
      were placed in containers each equipped with a stirrer and then heated to
      120.degree.F with constant stirring. The pH of the slurries was adjusted
      to 6.5 and then 0.015 percent cupric chloride and the amounts of hydrogen
      peroxide set forth in Table 4 were added. At various periods, 500 ml
      portions of the slurries were removed from the containers, filtered and
      washed. A portion of the filter cake was dried in a laboratory model
      Proctor & Schwartz drier at an air temperature of 180.degree.F. The APF
      fluidities of the starch on the filter and of the finished starch were
      determined as were other characteristics of the finished starch. The
      results are set forth in Table 4, below.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Effects of Peroxide Concentration and Reaction Time                       

     __________________________________________________________________________

     Reaction System         Finished Product                                  

     __________________________________________________________________________

             Reaction                                                          

                   Fluidity, APF                                               

                             Fluidity, APF                                     

                                       Carboxyl                                

     H.sub.2 O.sub.2 Conc.                                                     

             Time  of starch prior                                             

                             of starch after                                   

                                       Content                                 

     (% wt.) (Hrs.)                                                            

                   to drying drying    % wt.                                   

     __________________________________________________________________________

     0.24    0.5   218       218       0.106                                   

             1.0   231       233       0.119                                   

             1.5   244       246       0.115                                   

             2.0   253       255       0.129                                   

             3.0   262       263       0.129                                   

             4.0   269       269       0.147                                   

     0.48    1.0   253       256       0.138                                   

             1.5   269       271       0.147                                   

             2.0   276       277       0.165                                   

             2.5   279       280       0.165                                   

             3.0   281       282       0.184                                   

             3.5   282       283       0.202                                   

             4.0   283       283       0.202                                   

     0.96    0.5   269       271       0.156                                   

             1.0   281       282       0.207                                   

             1.5   284       285       0.211                                   

             2.0   286       287       0.239                                   

             3.0   288       289       0.243                                   

             4.0   288       289       0.262                                   

     __________________________________________________________________________

PAR  From the above table, it is seen that at the levels of hydrogen peroxide
      used, a 4 hour reaction period is sufficient to obtain maximum changes in
      APF fluidity. Moreover, it is seen that the rate at which a given APF
      fluidity is achieved is proportional to the amount of hydrogen peroxide
      present.
PAC  EXAMPLE VI
PAR  This example illustrates the effect of various salts on the hydrogen
      peroxide depolymerization reaction.
PAR  Depolymerization reactions were performed in accordance with the procedure
      set forth in Example II using 0.015 percent cupric chloride and 6.6
      percent of the salts set forth in Table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Effects of Particular Salts                                               

     __________________________________________________________________________

     Reaction System                Finished Product                           

     __________________________________________________________________________

                             pH after      Carboxyl                            

            ml 1% NaOH to                                                      

                       Foaming                                                 

                             Bisulfite                                         

                                    Fluidity,                                  

                                           Content                             

     Salt   maintain pH 6.5                                                    

                       Tendency                                                

                             Addition                                          

                                    APF    % wt.                               

     __________________________________________________________________________

     NaCl   7.8        Slight                                                  

                             5.4    240    0.10                                

     NH.sub.4 Cl                                                               

            6.5        Slight                                                  

                             6.0    233    0.10                                

     FeCl.sub.3                                                                

            Precipitate formed and reaction discontinued                       

                                    --     --                                  

     KCL    9.8        None  5.8    245    0.12                                

     Na.sub.2 CrO.sub.4                                                        

            9.0        Slight                                                  

                             6.5    214    0.11                                

     NaNO.sub.3                                                                

            3.0        None  2.5    221    0.11                                

     Na.sub.3 PO.sub.4                                                         

            None       None  6.3    208    0.10                                

     Na.sub.2 SO.sub.4                                                         

            3.0        None  3.2    220    0.11                                

     __________________________________________________________________________

PAR  From the above table, it is apparent that only the salts selected from the
      group consisting of alkali metal and ammonium chlorides had any
      significant effect on the hydrogen peroxide depolymerization reaction.
PAC  EXAMPLE VII
PAR  This example illustrates various properties of depolymerized starch
      products prepared by the method of the present invention and compares such
      properties with the properties of depolymerized starch products prepared
      by hypochlorite oxidation of starch.
PAR  Depolymerized starch products were prepared with the procedure set forth in
      Example V using 0.96 percent H.sub.2 O.sub.2. Samples were taken at
      various intervals and 0.35 percent sodium bisulfite added to each sample
      to terminate the reaction.
PAR  The hypochlorite depolymerized starch products were prepared by heating
      slurries of starch containing 35 to 39 percent starch to 100.degree.F and
      incorporating therein various amounts of a sodium hypochlorite solution
      (9.3 chlorine per 100 ml of solution). The slurries were filtered, the
      filter cakes washed and then puddled and dried at 180.degree.F in a
      laboratory model Proctor & Schwartz forced air drier.
PAR  The inherent viscosities and the carboxyl contents of the depolymerized
      starch products were determined and are set forth in Table 6 below.
TBL                TABLE 6                                                     

     ______________________________________                                    

     Comparison of Peroxide Depolymerization                                   

     With Hypochlorite Depolymerization                                        

     ______________________________________                                    

     Peroxide          Hypochlorite                                            

     Depolymerization  Depolymerization                                        

     ______________________________________                                    

     Inherent   Carboxyl   Inherent    Carboxyl                                

     Viscosity  Content    Viscosity   Content                                 

     dl/g       % wt.      dl/g        % wt.                                   

     ______________________________________                                    

     1.892      0.106      1.000       0.26                                    

     1.487      0.119      0.900       0.28                                    

     1.342      0.115      0.800       0.31                                    

     1.016      0.138      0.700       0.36                                    

     0.838      0.138      0.600       0.42                                    

     0.654      0.151      0.500       0.51                                    

     0.587      0.184      0.400       0.66                                    

     0.459      0.193      0.300       0.97                                    

     0.384      0.240      0.270       1.10                                    

     ______________________________________                                    

PAR  It is readily apparent from the above data that depolymerization to any
      given inherent viscosity by means of hydrogen peroxide introduced less
      carboxyl groups into the starch than when hypochlorite was used.
PAC  EXAMPLE VIII
PAR  This example compares the characteristics of a hydrogen peroxide
      depolymerized starch product with the characteristics of an acid modified
      starch.
PAR  Granular corn starch was mixed with sufficient water to obtain 5000 ml of
      slurry containing 35.5 percent starch. The slurry was placed in a
      container equipped with a stirrer and then heated to 129.degree.F with
      constant stirring. The pH of the slurry was adjusted to 6.5 with 2 percent
      NaOh and 0.015 percent cupric chloride and 0.36 percent hydrogen peroxide
      added. During the reaction, the pH of the mixture was maintained at 6.5 by
      the periodic addition of a 2 percent NaOH solution. After 3 hours, the
      reaction was terminated by adding 0.32 percent sodium bisulfite. The pH of
      the mixture at this stage was 3.6 which was adjusted to 6 by the addition
      of a 2 percent NaOH solution. The mixture was filtered and the filter cake
      washed with 1 filter cake volume of water. The cake was puddled and dried
      in a laboratory model Proctor & Schwartz drier at an air temperature of
      190.degree.F. Various properties of the starch product were determined and
      compared with the properties of an acid modified starch having
      substantially the same APF fluidity. These properties are set forth in
      Table 7 below.
TBL                TABLE 7                                                     

     ______________________________________                                    

     Comparison of Peroxide Depolymerized Starch                               

     With Acid Modified Starch                                                 

     ______________________________________                                    

                      Peroxide                                                 

                      Depoly-    Acid-                                         

     Properties Tested                                                         

                      merized    Modified(1)                                   

     ______________________________________                                    

     Fluidity, APF, 18 g                                                       

                      271        270.5                                         

     10% Ms.                                                                   

     Hot Fluidity, 18 g                                                        

                      71         68                                            

     10% Ms.                                                                   

     Setback Fluidity,                                                         

                      38         10                                            

     24 hours                                                                  

     Carboxyl, % db   0.14       0.10                                          

     Brabender Cook, pH                                                        

     6.5, 10% wt., dry basis                                                   

     Temp.,.degree. F,                                                         

              Start gelati-                                                    

              nize        153        157                                       

     ",       at Vis. Peak                                                     

                          176        176                                       

     Vis.,B.U.,                                                                

              Peak        343        143                                       

     ",       End 30 min.                                                      

              Heat to 203.degree.F.                                            

                          98         49                                        

     ",       End 30 min.                                                      

              Hold 203.degree.F.                                               

                          28         28                                        

     ",       End 30 min.                                                      

              Cool to 122.degree.F.                                            

                          98         87                                        

     ",       End 30 min.                                                      

              Hold 122.degree.F.                                               

                          154        172                                       

     Gaertner Aged Gel Strength                                                

     G-Cm             264        440                                           

     ______________________________________                                    

      (1)Clinton 260 B, Clinton Corn Processing Co., Clinton, Iowa.            

PAR  Comparing the setback fluidity, Brabender viscosity, change on holding at
      122.degree.F and aged gel strength, it is apparent that the hydrogen
      peroxide depolymerized starch product had substantially less tendency to
      retrograde than did the acid modified starch.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and it is not intended in the use of
      such terms and expressions to exclude any equivalents of the features
      shown and described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for partially depolymerizing granular starch comprising
      reacting granular starch with hydrogen peroxide in an aqueous mixture in
      the presence of a salt selected from the group consisting of alkali metal
      chlorides, ammonium chlorides and mixtures thereof, and cupric ions while
      maintaining the pH of the aqueous mixture in the range of from about 5.5
      to about 7 by the addition of alkali thereto, the reaction conditions
      being such as to maintain the granular structure of the starch.
NUM  2.
PAR  2. A process for partially depolymerizing granular starch as defined in
      claim 1, wherein the amount of hydrogen peroxide reacted with the granular
      starch is from about 0.5 to about 2 percent by weight based upon the dry
      substance weight of the starch.
NUM  3.
PAR  3. A process for partially depolymerizing granular starch as defined in
      claim 2, wherein the amount of the salt present is from about 1 to about 5
      percent by weight based upon the dry substance weight of the starch.
NUM  4.
PAR  4. A process for partially depolymerizing granular starch as defined in
      claim 3, wherein the amount of cupric ions present is from about 0.0005 to
      about 0.025 percent by weight based upon the dry substance weight of the
      starch.
NUM  5.
PAR  5. A process for partially depolymerizing granular starch as defined in
      claim 3, wherein the amount of cupric ions present is from about 0.0025 to
      about 0.01 percent by weight based upon the dry substance weight of the
      starch.
NUM  6.
PAR  6. A process for partially depolymerizing granular starch as defined in
      claim 5, wherein the reaction is performed at a temperature of from about
      100.degree. to about 140.degree.F.
NUM  7.
PAR  7. A process for partially depolymerizing granular starch as defined in
      claim 6, wherein the reaction is performed at a temperature of from about
      110.degree. to about 130.degree.F.
NUM  8.
PAR  8. A process for partially depolymerizing granular starch as defined in
      claim 7, wherein the reaction is performed for a period of from about 3 to
      about 30 minutes.
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ABST
PAL  In a process for the removal of hydrogen cyanide from raw gases containing
      at least one other acidic component selected from the group consisting of
      hydrogen sulfide, carbonyl sulfide and mixtures thereof comprising
      scrubbing said other components from the gases with a scrubbing agent,
      regenerating resultant loaded scrubbing agent, and recycling resultant
      regenerated scrubbing agent to the scrubbing step,
PA1  The improvement wherein the hydrogen cyanide is scrubbed out simultaneously
      with the other acidic components, resultant loaded scrubbing agent is
      mixed with an aqueous alkali metal or alkaline earth hydroxide solution,
      and the thus-formed cyanide salt solution is thermally converted into
      ammonia and formate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and apparatus for the removal of
      hydrogen cyanide from gases containing other acidic components, such as
      carbon dioxide, hydrogen sulfide, and carbonyl sulfide, wherein the other
      acidic components are removed from the gases by a solvent scrubbing
      process with a regenerable solvent.
PAR  It is common for a wide variety of gases to contain acidic gaseous
      impurities. For example, gaseous fuels, e.g., coke oven gas, gases from
      coal gasification processes, gases from distillation operations, gases
      from partial oxidation operations and even natural gas contain, in
      addition to hydrocarbons, hydrogen sulfide, carbon dioxide, carbonyl
      sulfide (carbon oxysulfide), and frequently other components which are
      particularly troublesome during further processing, such as hydrogen
      cyanide in particular.
PAR  To remove these acidic components, it is known (DAS [German Published
      Application] 1,014,278) that the gas can be subjected to a solvent
      scrubbing step with a scrubbing agent which dissolves such components as
      hydrogen sulfide from the gas and is subsequently recycled into the
      process after regeneration. A special problem in this procedure is caused
      by hydrogen cyanide, on the one hand because it is readily soluble in
      numerous solvents and correspondingly strongly retained in the solvents
      and, on the other hand, because of its corrosive action and extraordinary
      toxicity. Therefore, the cited process provides, prior to the actual main
      scrubbing step which removes the hydrogen sulfide, a preliminary scrubbing
      process with alkaline-adjusted water in a separate preliminary scrubbing
      tower which serves to remove the hydrogen cyanide before all other gas
      components are scrubbed out. This is done, however, at a considerable
      expense, since the preliminary scrubbing column must be designed to
      accommodate the entire quantity of gas irrespective of the relatively
      minor amount of hydrogen cyanide contained in the gas. Furthermore, a
      scrubbing step with alkaline-adjusted water is ineffective with exhaust
      gases having high CO.sub.2 and H.sub.2 S partial pressures, since carbonic
      acid displaces hydrocyanic acid from KCN solutions.
PAR  For this reason, preliminary scrubbing steps with untreated water are more
      often utilized in practice. However, in these processes, the hydrocyanic
      acid is obtained as a highly dilute aqueous stream giving rise to either a
      serious water pollution problem or --when the scrubbing water is
      subsequently stripped with air or the like --a serious air pollution
      problem.
PAC  SUMMARY
PAR  An object of the present invention is to provide an improved process and
      apparatus for the removal of hydrogen cyanide from gases, and particularly
      in those systems where the gas is subjected to a solvent scrubbing step.
PAR  Upon further study of the specification and appended claims, further
      objects and advantages of this invention will become apparent to those
      skilled in the art.
PAR  Bearing in mind the above deficiencies of the state-of-the-art, the above
      objects are attained.
PAR  These objects are attained according to this invention by scrubbing out the
      hydrogen cyanide simultaneously with the other acidic components; mixing
      the loaded scrubbing medium with an aqueous alkali metal or alkaline earth
      hydroxide solution; and then thermally decomposing the resultant cyanide
      salt into ammonia and formate.
PAR  In the process of the present invention, the gas containing acidic
      components, such as HCN, CO.sub.2, H.sub.2 S, COS, and similar compounds,
      is first scrubbed in a tower with a physical scrubbing agent, e.g.
      methanol, under such pressure and temperature conditions that the gas is
      substantially freed of all acidic components.
PAR  By physical scrubbing agent is meant a solvent that makes use of the
      different physical solubilities of gases in this solvent. In contrast to
      the chemical scrubbing agents, e.g. sodium or potassium carbonate or
      amines, the physical scrubbing agent is inert and does not enter into any
      chemical reaction.
PAR  Besides the before mentioned methanol the process of the present invention
      may be carried out by making use of solvents which are liquids under the
      conditions of the process, such as hydrocarbons, alcohols, ethers, esters,
      halogen-carbon and halogen-hydrocarbon compounds, propylene carbonate,
      ethylene carbonate and tetramethylsulfone.
PAR  The loaded scrubbing agent is then partially regenerated by partial
      expansion and/or stripping, thus driving off a large portion, e.g. about
      50 to 99.99%, preferably 99 to 99.9% of the CO.sub.2 and the H.sub.2 S
      from the scrubbing agent.
PAR  It is especially advantageous to subdivide the scrubbing tower into two
      sections so that the HCN, which is very readily soluble in methanol for
      example, is scrubbed out completely in the first, lower section and does
      not for all practical purposes pass into the second, upper section. It is
      also sufficient to effect the scrubbing process in the lower section with
      CO.sub.2 and H.sub.2 S-containing scrubbing medium from the upper section
      or with partially regenerated, formate-containing scrubbing agent which is
      supplemented by CO.sub.2 and H.sub.2 S-containing scrubbing agent from the
      upper section. Consequently, complete regeneration need only be conducted
      with respect to the scrubbing agent entering into the upper section.
PAR  After a portion of the CO.sub.2 and H.sub.2 S is removed from the loaded
      scrubbing agent, the partially regenerated scrubbing agent is mixed with
      sufficient alkaline solution to neutralize all the acidic components; so
      before adding the alkaline solution, the amount of other acidic components
      contained in the partially regenerated scrubbing agent is reduced as far
      as practical in view of the consumption of alkaline agent.
PAR  With respect to the quantity of water to be added to the alkaline solution,
      it is usually unnecessary to add more than about 30 % by weight of water
      based on the partially regenerated scrubbing agent, in order to inititate
      the following reaction:
EQU  Me(CN).sub.x + 2x H.sub.2 O = Me(HCOO).sub.x + xNH.sub.3
PAL  wherein
PA1  Me is an alkali or alkaline earth metal,
PA1  x is the valence of Me.
PAR  Accordingly, it is preferred that the water be added in a range, based on
      the weight of the above scrubbing solution of about 10 to 80 %, preferably
      20 to 40 % by weight.
PAR  According to one embodiment of the present invention, the scrubbing agent,
      e.g. methanol, mixed with alkaline solution and a sufficient amount of
      water, and containing sodium salts of hydrocyanic acid, residual carbonic
      acid, and hydrogen sulfide is introduced directly into a heated reaction
      vessel and the reaction indicated above is conducted therein at a
      temperature of about 130.degree. to 200.degree.C, preferably 140.degree.
      to 160.degree.C, especially at 150.degree.C, to decompose the cyanide salt
      in accordance with the above equation. Other cyanide salts are decomposed
      at the same temperature. After the decomposition reaction, the ammonia is
      driven out of the methanol-water-formate mixture by rectification. The
      formate formed during the reaction and the water are separated from the
      methanol in a second rectification column, the formate being discharged
      with the water through the sump of the column.
PAR  A further embodiment resides in feeding only a portion, e.g. about 5 to 50
      %, preferably 10 to 25 % of the methanol-water-formate mixture freed of
      the ammonia to the methanol-water-rectification column, whereas the other
      portion is recycled as the scrubbing agent directly into the lower section
      of the scrubbing column. Surprisingly, it has been found that at a
      scrubbing temperature of about -30.degree.C, approximately 1 gram-mole of
      sodium formate per 1 kilogram of methanol can be dissolved in a methanol
      solvent without the danger of solid deposits during the cooling of the
      scrubbing agent or during the scrubbing of CO.sub.2 -containing gases. In
      this embodiment, a further advantage resides in that it is unnecessary to
      feed the scrubbing agent from the upper section of the column to the lower
      section of the column. Accordingly, it is preferred, when working with
      methanol in the solvent to conduct the scrubbing in the lower section of
      the column at about 0.degree. to -40.degree.C, preferably -15.degree. to
      -25.degree.C.
PAR  In a still further embodiment of the invention, a rectification step for
      separating a methanol fraction and a water fraction is conducted after
      adding the alkaline solution. This rectification is conducted under such
      pressure and temperature conditions that there is substantially no
      decomposition of the salt of hydrocyanic acid into ammonia and formate.
      For it has been discovered that, although the reaction conditions become
      increasingly favorable for the decomposition reaction of the cyanide with
      increasing water content and consequently increasing temperature in the
      methanol-water separation column, it is possible by the use of
      corresponding pressure conditions, to remove the cyanides practically
      completely and undecomposed at the foot of the rectification column,
      together with the aqueous fraction. The mixture which is discharged at the
      foot of the column is then pumped into a dwell tank and therein decomposed
      into ammonia and formate. Consequently, the thus-detoxified waste water
      can be eliminated without danger. This avoids the disadvantage that the
      NH.sub.3 formed during the decomposition of the cyanides enters the
      methanol cycle, from which it could be eliminated only at great expense.
PAR  It has been found to be especially advantageous that it is sufficient to
      lower the operating pressure in the rectification column only to such an
      extent as it is still possible to condense the methanol vapor rising in
      the column against normal cooling water. As a guide, the following table
      exemplifies preferred pressures and the temperature conditions of the
      rectification tower depending thereon:
TBL  OPERATING                                                                 

              Temperature,                                                     

                         Temperature, Percentage of                            

     PRESSURE Top of Co- Foot of Column                                        

                                      Cyanide decom-                           

              lumn                    posed per hour                           

     Atmospheres                                                               

              .degree.C  .degree.C                                             

     Absolute                                                                  

     ______________________________________                                    

     0.7      55         88           2                                        

     0.6      52         85           .                                        

     0.5      48         81           .                                        

     0.4      42         74           less than 1                              

     ______________________________________                                    

PAR  This invention is particularly advantageous in the treatment of gases of
      the following composition ranges:
TBL  COMPONENT    GENERAL       PREFERRED                                      

                  MOL-%         MOL-%                                          

     ______________________________________                                    

     HCN          (10      to    1000)                                         

                                      (50    to  200)                          

                                 .10.sup..sup.-4 .10.sup..sup.-4               

     ______________________________________                                    

                                                 8                             

     CO.sub.2      5       to    50    5     to  20                            

     H.sub.2 S     0,01    to    10    0,01  to   2                            

     COS           0,001   to     1    0,001 to   0,2                          

     Gases substantially                                                       

                  95       to    39   95     to  78                            

     non-dissolvable in                                                        

     the scrubbing                                                             

     solvent, e.g. hydrocarbons, N.sub.2,                                      

     H.sub.2, Ar, CO                                                           

     ______________________________________                                    

DRWD
PAC  DESCRIPTION OF PREFERRED ILLUSTRATED EMBODIMENTS
PAR  FIG. 1 is a schematic of a plant for the removal of hydrogen cyanide
      wherein the decomposition of the cyanide solution is effected in the
      methanolic solution, and
PAR  FIG. 2 is a schematic of a plant for the removal of hydrogen cyanide
      wherein the cyanide solution is decomposed after separating a methanol
      fraction.
DETD
PAR  In FIG. 1, 20,000 Nm.sup.3 /h. of a gas having the following composition:
TBL  H.sub.2 + CO        86.0 vol. %                                           

     N.sub.2 + Ar        1.5 vol. %                                            

        CO.sub.2         12.0 vol. %                                           

        H.sub.2 S        0.5 vol. %                                            

        HCN              120 mg./Nm.sup.3                                      

PAL  is fed via conduit 1 to a scrubbing column 2. This column is subdivided by
      a vapor flue in a collecting plate into an upper section and a lower
      section. In the lower section, the gas is first freed of HCN and of
      smaller amounts of H.sub.2 S and CO.sub.2 by a scrubbing agent fed through
      conduit 3, which is in detail below. The gas then passes through the vapor
      flue into the upper section, where it flows countercurrently to completely
      regenerated scrubbing agent, e.g. methanol, fed via conduit 4 at a
      temperature of -45.degree.C and in an amount of about 50 t./h.
PAR  A pressure of 30 atmospheres absolute is present in column 2. Gas
      substantially completely freed of acidic components leaves the scrubbing
      column 2 at the top via conduit 5. The scrubbing agent from the upper
      section of the scrubbing column 2, loaded primarily with CO.sub.2 and
      H.sub.2 S, is withdrawn via conduit 6 and fed to a regenerating plant 7,
      shown in block diagram form, where H.sub.2 S and CO.sub.2 are completely
      removed via conduit 107 from the scrubbing agent, and the regenerated
      solvent is again cooled to the scrubbing temperature. The loaded scrubbing
      agent from the lower section of the scrubbing column 2 having a
      temperature of about -25.degree.C., is discharged via conduit 8, expanded
      in vlave 9 to a pressure of about 1 atm. abs., warmed in heat exchanger
      10, and fed into a smalal stripping column 11. Via conduit 12, about 20
      Nm.sup.3 h. of nitrogen as the stripping gas is introduced under pressure
      into the foot of the stripping column 11. At the head of the stripping
      column, there is withdrawn via conduit 13, hydrogen, carbon monoxide, and
      a considerable portion of the carbon dioxide and hydrogen sulfide
      dissolved in the scrubbing agent, as well as the stripping nitrogen.
PAR  The thus partially regenerated scrubbing agent is brought to a pressure of
      about 15 atm. abs. by means of a pump 14, further warmed in heat exchanger
      15, and then fed into a reactor 16. Previously, sodium hydroxide solution
      from a storage tank 18 was admixed to the scrubbing agent at 17 with the
      aid of a metering pump 19. By means of a steam heater 20, a temperature of
      150.degree.C is maintained in the reactor 16. The reaction of the sodium
      cyanide (formed by adding the alkaline solution) with water takes place in
      this reactor 16, with the formation of sodium formate and ammonia. The
      sodium formate-ammonia-solvent mixture is withdrawn at the bottom of the
      reactor, expanded in valve 21 to a pressure of about 2 atm. abs., and
      introduced into an ammonia stripping column 22.
PAR  The ammonia stripper is provided at its head with a cooling coil provided
      with cooling water and at its sump with a steam-operated forced
      circulation heater. In this stripper, the ammonia which was formed during
      the reaction in the reactor 16 is stripped out. The solution, free of
      ammonia, leaves the stripper via conduit 23 and is pumped, with the aid of
      pump 24, largely via conduit 31 to a methanol-water separation column 25.
PAR  The methanol-water separation column is equipped with a head cooler and a
      sump heater. In this column 25, the methanol-water mixture is separated
      into pure methanol which is withdrawn at the head via conduit 26, conveyed
      into the plant 7, and combined therein with the scrubbing agent stemming
      from the upper section of the scrubbing column 2. Some pure methanol is of
      course refluxed to the column as reflux via conduit 27. The waste water,
      containing sodium formate, is discharged from the bottom of the column 25
      via conduit 28.
PAR  Another portion of the mixture withdrawn from the ammonia stripper 22 is
      branched off via conduit 29, cooled in heat exchangers 15 and 10, further
      cooled in aftercooler 30 to a temperature of -30.degree.C, and then
      reintroduced via conduit 3 to the head of the lower scrubbing section.
PAR  In FIG. 2, 20,000 Nm.sup.3 h. of a gas having the following composition:
TBL  H.sub.2 + CO        86.0 vol. %                                           

     N.sub.2 + Ar        1.5 vol. %                                            

        CO.sub.2         12.0 vol. %                                           

        H.sub.2 S        0.5 vol. %                                            

        HCN              120 mg./Nm.sup.3                                      

PAL  is fed via conduit 40 into a scrubbing column 41. The scrubbing column 41
      is subdivided into an upper section and a lower section by a vapor flue
      and a collecting plate. About 50 t./h. of pure scrubbing agent, e.g.
      methanol, is introduced via conduit 42 into the scrubbing column 41 at a
      temperature of -45.degree.C. The pressure in the scrubbing column 41 is 30
      atm. abs. The methanol, loaded primarily with CO.sub.2 and H.sub.2 S, is
      withdrawn from the upper section via conduit 43 and fed largely to a
      scrubbing agent processing plant 44 which removes CO.sub.2 and H.sub.2 S
      via conduit 144, and, via conduit 42, yields pure, cold scrubbing agent.
      Gas freed of acidic components leaves column 41 via conduit 71. A small
      portion of the loaded scrubbing agent from the upper section is branched
      off via conduit 45 and fed into the lower section of the scrubbing column
      41, where this portion of the scrubbing agent serves primarily for the
      purpose of scrubbing out HCN.
PAR  The scrubbing agent, loaded with CO.sub.2, H.sub.2 S, and HCN, exits from
      the scrubbing column 41 via conduit 46 at a temperature of -25.degree.C
      and is expanded in valve 57 to a pressure of about 1 atm. abs. At this
      pressure, the scrubbing agent enters a small stripping column 48, where it
      flows countercurrently to stripping gas, e.g. nitrogen, in an amount of 20
      Nm.sup.3 h., fed from the bottom via conduit 49. Via conduit 50, a mixture
      of CO.sub.2, H.sub.2 S, some H.sub.2 + CO, and stripping gas is discharged
      at the head of the stripping column. The scrubbing agent, which still
      contains HCN, is withdrawn via conduit 51, warmed in heat exchanger 52,
      expanded in valve 53 to a pressure of about 0.8 atm. abs., and introduced
      via conduit 54 to a water-methanol separation column 55, but only after a
      sufficient amount of aqueous sodium hydroxide solution from the storage
      tank 57 has been added at 56 to the scrubbing agent by means of pump 58.
PAR  The water-methanol separating column 55 is equipped at the head with a
      cooling unit operated with cooling water and at the sump with a
      stream-operated forced-circulation heater 59. Furthermore, the column 55
      is provided at the head with a conduit 60 and a suction blower 61 which
      maintains a pressuer of 0.5 atm. abs. in the column. Under these pressure
      conditions, the scrubbing agent in the column 55 is separated into an
      aqueous fraction (about 80.degree.C) which collects in the sump, and into
      a methanol fraction which is largely withdrawn via conduit 62 and
      introduced into the plant 44 where it is combined with the remaining
      scrubbing agent, while a certain portion is reintroduced through conduit
      63 into column 55 as reflux having a temperature of about 48.degree.C.
PAR  The aqueous fraction in the sump, which contains sodium cyanide, is
      withdrawn via conduit 64, brought to a pressure of about 15 atm. abs. by a
      pump 65, and is then heated in heat exchanger 66 and in the steam heated
      unit 67 to a temperature of 150.degree.C and introduced into a dwell tank
      68, where the scrubbing agent remains for about 15-30 minutes, during
      which time the sodium cyanide is decomposed into sodium formate and
      ammonia. The water, containing ammonia and sodium formate is removed via
      conduit 69, cooled in heat exchanger 66 against undecomposed solution, and
      is then discharged via conduit 70 into the sewage system.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the removal of hydrogen cyanide from gases containing
      at least one other acidic component selected from the group consisting of
      hydrogen sulfide, carbonyl sulfide and mixtures thereof comprising
      scrubbing said hydrogen cyanide and said at least one other acidic
      component from the gases with a physical scrubbing agent, regenerating
      resultant loaded scrubbing agent, and recycling resultant regenerated
      scrubbing agent to the scrubbing step,
PA1  the improvement wherein as part of said regenerating, the resultant loaded
      physical scrubbing agent containing said hydrogen cyanide is mixed with an
      aqueous alkali metal or alkaline earth hydroxide solution, and the
      thus-formed cyanide salt solution is thermally decomposed into ammonia and
      formate according to the following reaction:
EQU  Me(CN).sub.x + 2x H.sub.2 O = Me(HCOO).sub.x + xNH.sub.3
PAL  wherein
PA1  Me is an alkali or alkaline earth metal,
PA1  x is the valence of Me.
NUM  2.
PAR  2. A process according to claim 1 wherein the loaded scrubbing agent is
      mixed, prior to the decomposition step, with sufficient water for the
      reaction but not more than about 30% by weight based on the weight of the
      scrubbing solution.
NUM  3.
PAR  3. A process according to claim 1, wherein prior to the thermal
      decomposition step, the scrubbing agent mixed with the aqueous hydroxide
      solution is separated by distillation into a scrubbing agent fraction and
      into a water fraction without decompositiion of the cyanide, and
      thereafter the cyanide present in the water fraction is thermally
      decomposed into ammonia and formate.
NUM  4.
PAR  4. A process according to claim 3, wherein the distillation is effected
      under vacuum.
NUM  5.
PAR  5. A process according to claim 1 wherein the thermal decomposition occurs
      at about 150.degree.C.
NUM  6.
PAR  6. A process according to claim 1 comprising removing a portion of said
      other acidic components dissolved in the loaded scrubbing agent prior to
      adding the aqueous alkali metal or alkaline earth hydroxide solution
      thereto.
NUM  7.
PAR  7. A process according to claim 1, comprising liberating ammonia from the
      solution containing ammonia and formate, and employing at least a portion
      of resultant formate-containing solution as the physical scrubbing agent
      to scrub out hydrogen cyanide from the gas.
NUM  8.
PAR  8. A process according to claim 1, wherein the water content of the
      scrubbing solution which is subjected to decomposition is about 10 to 80%
      by weight.
NUM  9.
PAR  9. A process according to claim 1, wherein the water content of the
      scrubbing solution which is subjected to decomposition is about 20 to 40%
      by weight.
NUM  10.
PAR  10. A process according to claim 1, wherein the thermal decomposition
      occurs at 130.degree.-200.degree.C.
NUM  11.
PAR  11. A process according to claim 1, wherein the thermal decomposition
      occurs at 140.degree.-160.degree.C.
NUM  12.
PAR  12. A process according to claim 7, wherein said scrubbing of hydrogen
      cyanide is conducted at about 0.degree. to -40.degree.C.
NUM  13.
PAR  13. A process according to claim 7, wherein said scrubbing of hydrogen
      cyanide is conducted at about -15.degree. to -25.degree.C.
NUM  14.
PAR  14. A process according to claim 1, comprising rectifying resultant
      solution of physical scrubbing agent containing water, formate and ammonia
      in two distillation stages to liberate ammonia in a first stage and to
      separate water plus formate from the physical scrubbing agent in a second
      stage.
NUM  15.
PAR  15. A process according to claim 7, comprising rectifying another portion
      of resultant formate-containing solution to separate the physical
      scrubbing agent therefrom.
NUM  16.
PAR  16. A process accordin to claim 15, wherein the scrubbing of the gas is
      conducted in two serially connected stages, in a first stage employing
      said formate-containing solution to scrub out only hydrogen cyanide
      substantially completely, and in a second stage employing said rectified
      physical scrubbing agent to scrub out remaining other acidic components
      substantially completely.
NUM  17.
PAR  17. A process according to claim 16, comprising removing a portion of said
      other acidic components dissolved in the loaded scrubbing agent prior to
      adding the aqueous alkali metal or alkaline earth hydroxide solution
      thereto.
NUM  18.
PAR  18. A process according to claim 3, comprising removing a portion of said
      other acidic components dissolved in the loaded scrubbing agent prior to
      adding the aqueous alkali metal or alkaline earth hydroxide solution
      thereto.
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ABST
PAL  New penicillins and their salts and esters particularly active against
      Gram-negative organisms such as Pseudomonas spp., and their preparation
      and administration. The penicillins are active against clinically
      important organisms against which well-known broad spectrum penicillins
      are inactive and may generally be designated as aminoacyldipeptide
      penicillins of unusual structure and properties.
PARN
PAR  This is a division of Ser. No. 466,814 filed May 3, 1974.
BSUM
PAR  This invention relates to penicillins which have, in general, a broad
      spectrum of antibacterial activity, being active against many species of
      Gram-positive and Gram-negative bacteria. They are thus useful as
      therapeutic (and, to a lesser extent, prophylactic) agents in animals,
      including man and poultry. The invention further relates to methods for
      the preparation of these penicillins and to their use in therapy.
PAR  Although there are now available a number of semi-synthetic penicillins
      having what is known as broad-spectrum activity, no single penicillin is
      yet available which has a clinically useful level of antibacterial
      activity against all the pathogenic organisms encountered in clinical
      practice. The search thus continues for broad-spectrum penicillins which
      have advantages, either in improved antibacterial effectiveness or wider
      spectrum of activity, over the available penicillins.
PAR  According to the present invention there is provided a penicillin of
      formula (I) or a pharmaceutically acceptable salt or ester thereof:
      ##SPC1##
PAL  Wherein
PA1  R is phenyl, phenyl substituted by one or more functional groups selected
      from hydroxy, halogen, nitro, alkoxy containing from 1 to 3 carbon atoms,
      and amino groups, 2- or 3- thienyl, cycloalkyl having from 3 to 7 carbon
      atoms, cycloalkenyl having from 5 to 7 carbon atoms or alkyl having from 1
      to 4 carbon atoms;
PA1  R.sup.3 is hydrogen or an alkyl group having from 1 to 3 carbon atoms;
      R.sup.1 is hydrogen or an organic radical containing up to 20 carbon
      atoms;
PA1  R.sup.2 is a group of formula (II) or (III):
      ##EQU1##
      wherein R.sup.5 is amino, mono- or di-alkylamino wherein the alkyl groups
      contain from 1 to 4 carbon atoms, cyclohexylamino, hydrogen, alkyl having
      from 1 to 4 carbon atoms, or phenyl and
PA1  R.sup.6 is amino or monoor di- alkylamino wherein the alkyl groups contain
      from 1 to 4 carbon atoms, or cyclohexylamino.
PAR  The group R may be, for example, phenyl, 4-hydroxyphenyl,
      3-chloro-4-hydroxyphenyl, 4-nitrophenyl, 4-chlorophenyl, 4-fluorophenyl,
      4-methoxy-phenyl, 4-aminophenyl, 2-thienyl, 3-thienyl, cyclopropyl,
      cyclohexyl, cyclohexa-1,4-dienyl, iso-propyl or methyl.
PAR  The group R.sup.1 may, for example, be hydrogen, phenyl, 4-hydroxyphenyl,
      4-nitrophenyl, 4-chlorophenyl, 4-fluorophenyl, 4-methoxyphenyl,
      4-aminophenyl, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      tertbutyl, methoxy, ethoxy, n-propoxy, isopropoxy, methylene, ethylene,
      ethylthio, n-propoxy-methyl, carbamyl, carbamylmethyl, acetoxy, phenoxy,
      benzyloxy, 2-thienyl, 3-thienyl, indol-3-yl, 1H-imidazol-5-yl,
      cyclohexa-1,4-dienyl, cyclopropyl or cyclohexyl.
PAR  The group R.sup.5 may, for example, be amino, methylamino, n-butylamino,
      tert-butylamino, cyclohexylamino, hydrogen, methyl, ethyl, n- or
      iso-propyl, n-, sec, or tert-butyl, or phenyl.
PAR  The group R.sup.6 may for example, be amino, methyl amino, dimethylamino,
      ethylamino, diethylamino, n-propylamino, isopropylamino, tert-butylamino,
      n-butylamino or cyclohexylamino.
PAR  Preferably R is phenyl, 4-hydroxyphenyl, or 3-thienyl.
PAR  Preferably R.sup.1 is phenyl, 4-hydroxyphenyl, 4-chlorophenyl,
      4-fluorophenyl, 4-nitrophenyl, 3-indolyl, or methylthiomethyl.
PAR  Preferably R.sup.3 is hydrogen.
PAR  Preferably R.sup.5 is amino or hydrogen.
PAR  Preferably R.sup.6 is amino.
PAR  Preferably the carbon atom to which the group R in formula (I) is attached
      is in the D configuration.
PAR  Preferably the carbon atom to which the group R.sup.2 in formula (I) is
      attached is in the D configuration.
PAR  Examples of suitable salts of compounds (I) include the sodium, potassium,
      calcium, magnesium or aluminium salts, and ammonium or substituted
      ammonium salts, for example those with trialkylamines such as
      triethylamine, procaine, dibenzylamine, triethanolamine, 1-ephenamine,
      ethylpiperidine, and other amines which have been used to form salts with
      benzylpenicillins. In the case of compounds (I) which contain a basic
      nitrogen site in the side chain, acid addition salts may also be formed.
      Such salts include, for example, inorganic salts such as the sulphate,
      nitrate, phosphate, borate, thiocyanate, and hydrohalides, e.g.
      hydrochloride, hydrobromide and hydroiodide, and organic salts such as the
      acetate, oxalate, tartrate, malate, citrate, succinate, benzoate,
      ascorbate and methanesulphonate.
PAR  Examples of suitable pharmaceutically acceptable esters include those which
      break down readily in the human body to leave the parent acid, e.g.
      acyloxyalkyl esters such as acetoxymethyl, pivaloyloxymethyl,
      .alpha.-acetoxyethyl, .alpha.-acetoxybenzyl and .alpha.-pivaloyloxymethyl
      esters, and alkoxycarbenylalkyl esters such as methoxy carbonyloxymethyl
      esters. Other suitable esters of this readily hydrolysable type include
      lactone, thiolactone, and dithiolactone ester (i.e. compounds of formula
      (I) wherein the 3-carboxy group is esterified to produce a grouping of
      formula:
      ##EQU2##
      wherein X.sup.1 and Y.sup.1 are oxygen or sulphur Z.sup.1 is a divalent
      hydrocarbon group), especially the phthalidyl and substituted phthalidyl
      esters e.g. 5,6-dimethoxyphthalidyl ester.
PAR  The compounds of this invention may be prepared by reacting
      6-aminopenicillanic acid or a salt, ester or silyl derivative thereof with
      an N-acylating derivative of an acid of formula (IV)
      ##EQU3##
      in which any reactive substituents may be blocked, wherein R, R.sup.1,
      R.sup.2 and R.sup.3, are as defined in formula (I) and then, if necessary,
      carrying out one or more of the following steps (i) removing any silyl
      groups by hydrolysis or alcoholysis, (ii) converting an ester compound to
      a free acid or salt (iii) converting a salt to a free acid or a free acid
      to a salt (iv) removing any blocking groups to release the desired
      functional substituent (v) converting a free acid compound to an ester
      compound.
PAR  By the term "silyl derivative" used in connection with 6-aminopenicillanic
      acid (6-APA) we mean the product of the reaction between 6-APA and a
      silylating agent such as a halotrialkylsilane, halodialkylsilane, a
      halotrialkoxysilane, a dihalodialkoxysilane or a corresponding aryl or
      aralkyl silane and compounds such as hexamethyldisilazane. In general,
      halotrialkylsilanes are preferred, especially trimethylchlorosilane.
PAR  A reactive N-acylating derivative of the acid (IV) is employed in the above
      process. The choice of reactive derivative will of course be influenced by
      the chemical nature of the substituents in the acid. Thus, when the acid
      contains only acid stable groups, an acid halide is a suitable N-acylating
      derivative, preferably the acid chloride.
PAR  Such reagents would, however, be avoided when an acid labile group was
      present in the acid (IV). In such cases a suitable N-acylating derivative
      is a mixed anhydride. For this purpose particularly convenient mixed
      anhydrides are the alkoxyformic anhydrides.
PAR  However, with both the acid chloride and mixed anhydride N-acylating agents
      we have found that some racemisation may take place. To minimise such
      unwanted racemisation, we prefer to use an activated ester as the
      N-acylating agent. Such activated esters, for example the ester formed
      with 1-hydroxybenzotriazole or, preferably, N-hydroxysuccinimide, may be
      prepared in situ by the reaction of the acid with the appropriate hydroxy
      compound in the presence of a carbodiimide, preferably
      dicyclohexylcarbodiimide.
PAR  Other reactive N-acylating derivatives of the acid (II) include the
      reactive intermediate formed by reaction in situ with a carbodiimide or
      carbonyldiimidazole, but the literature on the preparation of
      semisynthetic penicillins contains examples of other reactive N-acylating
      derivatives of acids suitable for coupling to 6-APA.
PAR  It will be understood, of course, that where a free acid of type (I) or a
      salt thereof is desired, it may be convenient to carry out the acylation
      reaction using an ester of 6APA, and then to remove the ester group. Vice
      versa, if an ester is required, it may be convenient to carry out the
      acylation reaction using 6-APA or a salt thereof and thereafter to
      esterify the free acid.
PAR  In the above process, if it is necessary to block any reactive substituents
      in the acid (IV), conventional chemical blocking groups are known. Thus,
      if desired, any free amino groups may be blocked by conversion to
      benzyloxycarbonylamino groups, or the amino group may be blocked as the
      nitro group which is later converted to the amino group.
PAR  The compounds of this invention may also be prepared by a process which
      comprises reacting a compound of formula (V) or a salt, ester or silyl
      derivative thereof.
      ##SPC2##
PAL  wherein R is as defined in formula (I) and in which any reactive
      substituents may be blocked, with an N-acylating derivative of an acid of
      formula (VI)
      ##EQU4##
      wherein R.sup.1, R.sup.2 and R.sup.3 are as defined in formula (I), and if
      necessary, carrying out one or more of the following steps (i) removing
      any silyl groups by hydrolysis or alcoholysis, (ii) converting an ester
      compound to a free acid or salt thereof (iii) converting a salt to a free
      acid or a free acid to a salt (iv) removing any blocking groups to release
      the desired functional substituents (v) converting a free acid compound to
      an ester compound.
PAR  The remarks made earlier with respect to silyl derivatives, N-acylating
      derivatives, and blocking groups, also apply to this process.
PAR  The compounds of this invention wherein R.sup.1 is a group of formula (II)
      may also be prepared by reacting a compound of formula (VII) or a salt,
      ester or silyl derivative thereof:
      ##SPC3##
PAL  wherein R, R.sup.1, R.sup.3 and R.sup.4 are as defined in formula (I) and
      wherein any reactive substituents may be blocked, with cyanate ion, a
      C.sub.1-4 alkyl isocyanate, cyclohexyl isocyanate, a formylating agent or
      an N-acylating derivative of an acid R.sup.6 COOH wherein R.sup.6 is
      phenyl or an alkyl group having from 1 to 4 carbon atoms, followed, if
      necessary, by one or more of the following steps (i) removing any silyl
      groups by alcoholysis or hydrolysis, (ii) converting an ester compound to
      a free acid or salt thereof, (iii) converting a salt to a free acid or a
      free acid to a salt (iv) removing any blocking groups to release the
      desired functional substituent, (v) converting a free acid compound to an
      ester compound.
PAR  It will be noted that the above process essentially consists in generating
      the desired group R.sup.2 from the free amino group in compound (VII). The
      reaction of amino compounds with cyanate ion and isocyanates to produce
      ureas and substituted ureas is well known. Likewise the formylation of
      amino compounds (e.g. using formic acid and acetic anhydride) is well
      known. Similarly, the acylation of amino compounds is extremely well
      known, and suitable N-acylating derivatives of acids have been discussed
      hereinbefore.
PAR  The compounds of this invention are broad spectrum penicillins, i.e.
      penicillins which not only have activity against Gram-positive bacteria,
      but also against a number of clinically important Gram-negative organisms.
      The preferred compounds of this invention are active against such
      important organisms as Pseudomonas spp. against which the most well known
      broad-spectrum penicillin (6[(D).alpha.-aminophenylacetamido]penicillanic
      acid . . . ampicillin) is normally inactive. Moreover the preferred
      compounds of this invention are about as active as
      6[(D).alpha.-carboxy-3-thienylacetamido] penicillanic acid against
      Pseudomonas spp., this latter compound being the most active of the known
      penicillins against those organisms. Several of the preferred compounds of
      this invention have minimum inhibitory concentrations of from 5 - 12.5
      .mu.g/ml against some .beta.-lactamase producing strains of staphylococci,
      against which the majority of known broad spectrum penicillins are only
      marginally effective. The preferred compounds of this invention are not
      greatly serum-bound, and are not markedly inactivated by serum.
PAR  The penicillins of this invention show the characteristic lack of toxicity
      of penicillins generally. They may be administered by parenteral
      injection. The daily dose will depend on the identity of the penicillin
      and severity of infection. With the preferred compounds of this invention,
      a suitable average daily dose for an adult would be in the range of 100mg
      to 5000mg. An average single dose for an adult would be from 20 mg to 500
      mg.
DETD
PAR  The following examples illustrate the preparation of some of the compounds
      of this invention:
      ##SPC4##
PAR  In the following Examples amoxycillin is the approved name for
      6[D-.alpha.-amino-p-hydroxyphenylacetamido]penicillanic acid and
      ampicillin is the approved name for 6[D-.alpha.-aminophenylacetamido]
      penicillanic acid. Epicillin is the approved name for
      [D-.alpha.-amino-cyclohexa-1,4,-dienylacetamido]penicillanic acid. All
      temperatures are in .degree.C. All biochromatograms were run in
      butanol/ethanol/water. All compounds were made by one of the following
      generally applicable methods.
PAR  The majority of the starting materials used in the following Examples are
      known. However, the following literature references describe generally
      applicable methods which may be used to prepare the starting materials:
     UREIDO-ACIDS                                                              

     DAKIN           : Amer.Chem. J. 44 54                                     

     ANDREASCH       : Monats. 23. 805                                         

     NEVILLE, McGEE  : Can.J.Chem. 41, 2123-9 (1963)                           

     WIELAND         : Bio.Z. 38, 389, Ann.3.                                  

     DAVIS, BLANCHARD                                                          

                     : J.Amer.Chem.Soc. 51, 1797                               

     LEUTHARDT,BRUNNER                                                         

                     : Helv.Chim.Acta. 30, 964-5 (1947)                        

     SUBSTITUTED UREIDO-ACIDS                                                  

     BALL, SKINNER, SHIVE                                                      

                     : Texas Rept. Biol.Med. 21(2)                             

                       188-75 (1963)                                           

     BRITISH PATENTS 1301961/2.                                                

     GUANIDINO-ACIDS                                                           

     KAPFHAMMER, MILLER                                                        

                     : Z. Physiol,Chem. 225, 1-12, (1934)                      

     RADKA PANT      : Ibid 335, 272-4 (1964)                                  

     FRAMM, KAPELLER : Ann. (1925) 442, 144                                    

     HABEL           : Can.J.Biochem. Physiol. 38, 493 (1960)                  

     RAMSAY          : Ber. 41, 4390                                           

     FORMAMIDO-ACIDS                                                           

     SHEEHAN, YOUNG  : J.Amer.Chem.Soc. (1958), 80, 1154                       

PAC  Method A
PAR  A solution of the guanidino-acid, hydrochloride (5m. mole) in dry
      dimethylformamide (5 ml) was added over 10 mins. to a stirred solution of
      phthalid-3-yl D-.alpha.-aminophenyl-acetamidopenicillanate (5 m. mole) and
      N,N.sup.1 -dicyclohexylcarbodi-imide (5.8 m. mole) at 0.degree.C in dry
      methylene dichloride.
PAR  After stirring at 0.degree.C for 30 mins. and 11/2 hours at ambient
      temperatures, the mixture was cooled to -10.degree.C and the
      dicyclohexylurea removed by filtration.
PAR  The solution was washed with dilute hydrochloric acid (pH 1.5), water, and
      brine and the dried solution concentrated to low volume in vacuo to induce
      crystallisation. The filtered solid was dried under vacuum over phosphorus
      pentoxide.
PAC  Method B
PAR  Ureido- (or substituted-ureido-) acid (0.01 mole) in dry acetone (60 ml) at
      -10.degree.C was treated with triethylamine (ca. 0.015 mole) and
      iso-butylchloroformate (0.01 mole) and stirred at -10.degree.C for not
      more than 30 mins. D-.alpha.-aminophenylacetamidopenicillanic acid,
      trihydrate (0.01 mole) in water (60 ml) was treated with triethylamine to
      give a clear solution (pH 8.4). Acetone (60 ml) was added and the solution
      cooled to 0.degree.C.
PAR  The mixed anhydride solution cooled to -40.degree.C was filtered through
      Celite into the stirred penicillin solution and the mixture allowed to
      warm slowly to room temperature over 20 mins.
PAR  The acetone was evaporated in vacuo and the aqueous residue washed well
      with ether and then acidified to pH2 under a layer of ethyl acetate with
      5N hydrochloric acid
PAR  The product was obtained either as the free acid by filtration of the
      aqueous/ethyl acetate mixture or by precipitation from the ethyl acetate
      solution with potassium or sodium 2-ethylhexoate to give the corresponding
      alkali-metal salt.
PAR  Method Bi.
PAR  As B, but using N-methylmorpholine instead of triethylamine in the
      preparation of the mixed anhydride.
PAR  Method Bii.
PAR  As B, but using D-.alpha.-amino-(p-hydroxyphenyl)-acetamidopenicillanic
      acid, trihydrate instead of D-.alpha.-aminophenylacetamidopenicillanic
      acid, trihydrate.
PAR  Method Biii.
PAR  As (Bii) but using N-methylmorpholine instead of triethylamine in the
      preparation of the mixed anhydride.
PAR  Method Biv.
PAR  As (Bi), but using D-.alpha.-amino-(3-thienyl)-acetamidopenicillanic acid
      instead of D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PAR  Method Bv.
PAR  As (Bi), but using
      D-.alpha.-amino-(1,4-cyclohexadienyl)-acetamidopenicillanic acid instead
      of D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PAR  Method Bvi.
PAR  As (Bi), but using ethylchloroformate instead of iso-butyl chloroformate
      and D-.alpha.-aminocyclopropylacetamidopenicillanic acid, trihydrate.
PAR  Method Bvii.
PAR  As (Bi), but using D-.alpha.-aminovaleramidopenicillanic acid instead of
      D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PAR  Method Bviii.
PAR  As (Bi), but using ethylchloroformate instead of isobutyl chloroformate,
      and D-.alpha.-amino-(2-thienyl)-acetamidopenicillanic acid instead of
      D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PAR  Method Bix.
PAR  As (Bi), but using D-.alpha.-amino-.beta.-phenylpropionamidopenicillanic
      acid instead of D-.alpha.-aminophenylacetamidopenicillanic acid.
PAR  (No Method C)
PAC  Method D
PAR  Amino-penicillin (5 m.moles) in dry dimethylformamide (100ml) was treated
      with triethylamine (12 m.moles) and stirred to give a clear solution.
      Sulphur trioxide-triethylamine complex (6 m.moles) was added portionwise
      over 5 mins. at room temperature and stirred for 1 hour. A solution of
      potassium 2-ethyl hexoate (ca 15 m.moles) in dry acetone (150ml) was added
      and a white solid separated.
PAR  After further dilution with acetone (200ml) the solid was filtered, washed
      with acetone and then stirred in dry ether for 20 mins. to remove any
      residual dimethylformamide. The solid was filtered and dried in vacuo.
PAC  Method E
PAR  Anhydrous D-.alpha.-aminophenylacetamidopenicillanic acid (5m. mole) in dry
      methylene dichloride (50 ml) was treated with triethylamine (.about.10 m.
      mole) to give a clear solution. Trimethylsilyl chloride (10 m. mole) was
      added and the mixture refluxed under nitrogen for 1 hour, then cooled to
      0.degree.C.
PAR  .alpha.-Guanidino-acid (5 m. mole) was dissolved in dry dimethylformamide
      (5 ml) and dry dimethylformamide (5ml.) and dry methylene dichloride (50
      ml) added, cooled to 0.degree.C and stirred for 5 mins. with
      dicyclohexyl-carbodi-imide (5.5 m. mole). The bis-trimethylsilylated
      penicillin was added and stirred at 0.degree.C for 1 hour. The mixture was
      then cooled to -20.degree.C and the dicyclohexylurea removed by
      filtration. The filtrate was evaporated to dryness in vacuo and the
      residue dissolved in acetone (20ml)/water (20ml) and the pH adjusted to
      2.5 with 5N hydrochloric acid. After stirring at pH 2.5 for 25 mins. the
      acetone was removed in vacuo and any solid filtered off. The residual
      aqueous solution was freeze dried and the resultant solid treated with
      water at pH 2. The product was filtered and dried.
PAC  Method F
PAR  Dicylohexylcarbodi-imide (5.5 m. mole) was added to a stirred solution of
      N-substituted-amino acid (5 m. mole) in dry acetone (20 ml) at 0.degree.C.
      The mixture was stirred for 15 mins. at 0.degree.-5.degree.C and then left
      in the refrigerator overnight.
PAR  D-.alpha.-Aminophenylacetamidopenicillanic acid, trihydrate (5m. mole) was
      dissolved in acetone (10 ml)/water (10 ml) with triethylamine (0.7 ml) and
      the hydroxysuccinimide ester filtered in, through Celite. After stirring
      for 45 mins. the acetone was removed in vacuo. leaving a gelatinous mass.
      Acidification with 5N hydrochloric acid in aqueous ethyl acetate gave the
      product as the free acid (sometimes only after concentration of the ethyl
      acetate layer and treatment with ether) or as the salt by treatment of the
      washed and dried ethyl acetate layer with sodium or potassium 2-ethyl
      hexoate.
PAR  Method Fi.
PAR  As F, but the hydroxysuccinimide ester formed in dry dimethylformamide (or
      dimethylformamide diluted with acetone).
PAR  Method Fii.
PAR  As F, but the hydroxysuccinimide ester formed in dry 1,2-dimethoxyethane.
PAR  Method Fiii.
PAR  As (Fi), but the pencillin dissolved in acetone/chloroform, the product
      coming out of solution as the amine salt.
PAC  EXAMPLE 1
PAR  D-.alpha.-[D-.beta.-(p-Hydroxyphenyl)-.alpha.-ureidopropionamido]phenylacet
     amido  penicillanic acid (R = Ph; R.sup.1 = --p--HO--PhCH.sub.2 ; R.sup.3 =
      H; R.sup.2 = NHCONH.sub.2 ; M = H; .alpha..sup.1 = D). Prepared by method
      Bi), from D-.beta.-(-p-Hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 68%
PAR  .nu.max (KBr): 3350, 1770, 1650, 1515, 1230 and 700cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H. s.gem methyl); 1.57 (3H. s. gem
      methyl); .about.2.8 (2H. m. --CH.sub.2 CH&lt;); 4.29 (1H. s. C-3 proton);
      .about.4.5 (1H. m. --CH.sub.2 CH&lt;); 5.35 - 5.87 (5H. m. .beta.-lactams, Ph
      CH&lt;; NHCONH.sub.2 ) 6.27 (1H. d. NHCONH.sub.2 *); 6.67
      ##SPC5##
PAL  7.30 (5h. broad s. Ph CH&lt;); 8.47 (1H. m. --CONH*); 9.12 (1H. m. --CONH*--).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH Assay: 101%
PAR  Biochromatography: 1 zone at R.sub.f 0.32
PAC  EXAMPLE 2
PAR  D-.alpha.-[D-.beta.-(-p-Hydroxyphenyl)-.alpha.-ureidopropionamido]-(-p-hydr
     oxyphenyl) acetamidopenicillanic acid. (R = --p--HO--Ph; R.sup.1 =
      --p--HO--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M=H;
      .alpha..sup.1 =D). Prepared by method (Bi), from
      D-.beta.-(-p-hydroxyphenyl).beta.-ureidopropionic acid and amoxycillin.
PAR  Yield: 74%
PAR  .sup..fwdarw.max (KBr): 3350 (broad), 1770, 1650, 1515, 1230 and 840
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s gem methyl); 1.57 (3H. s. gem
      methyl); .about.2.8 (2H. m. -- CH.sub.2 CH&lt;); 4.3 (1H. s. C-3 proton);
      .about.4.4 (1H. m. CH.sub.2 CH &lt;); 5.3  - 5.85 (5H. m. .beta.-lactams, Ph
      CH--; NHCONH.sub.2 *); 6.25 - 7.30 (8H. m. aromatics protons); 8.47 (1H.
      m. CONH*-); 9.12 (1H. m. --CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 94%
PAR  Biochromatography: 1 zone at R.sub.f = 0.18.
PAC  EXAMPLE 3
PAR  D-.alpha.-[D-.beta.-(p-Hydroxyphenyl)-.alpha.-ureidopropionamido](3-thienyl
     )acetamido penicillanic acid
      ##SPC6##
PAL  R.sup.1 = p--HO--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M= H;
      .alpha..sup.1 =D). prepared by method (Bii), from
      D-.beta.-(p-hydroxyphenyl)-.alpha.-ureidopropionic acid and
      .alpha.-amino-(3-thienyl) acetamido penicillanic acid.
PAR  Yield: 72%
PAR  .nu.max (KBr): 3350 (broad); 1770, 1650, 1515, 1230, 845 and
      780cm.sup.-.sup.1. .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H. s. gem methyl);
      1.58 (3H. s. gem methyl); .about.2.8 (2H. m. --CH.sub.2 CH&lt;); 4.3 (1H. s.
      C-3 proton), .about.4.4 (1H. m. --CH.sub.2 CH&lt;); 5.35 - 5.90 (5H. m.
      .beta.-lactams, Ph --CH -- ; NHCONH.sub.2 *); 6.25 (2H. m. NH CONH.sub.2);
      6.5 - 7.6 (7H. m. aromatics); 8.5 (1H. d. COHN*); 9.1 (1H. d. CONH*).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: = 96%
PAR  Biochromatography: 1 zone at R.sub.f = 0.31
PAC  EXAMPLE 4
PAR  D-.alpha.-[DL-.beta.-(-p-Nitrophenyl)-.alpha.-ureidopropionamido]-(-p-hydro
     xyphenyl)-acetamidopenicillanic acid (R = p--HO--Ph; R.sup.1 = p--NO.sub.2
      --PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M=H; .alpha..sup.1 =
      DL). Prepared by method (Bii), from
      DL-.beta.-(-p-Nitrophenyl)-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 60%
PAR  .nu.max (KBr): 3350, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem methyl); 1.55 (3H. s. gem
      methyl); 3.0 (2H. m. CH.sub.2 CH&lt;); 4.05 (1H. s. C-3 proton); .about.4.60
      (1H. m. --CH.sub.2 CH&lt;); 5.25 - 5.80 (5H. m. .beta.-lactams,
      ##SPC7##
PAL  6.2 (1H. m. NH
FNT  CONH.sub.2); 6.5 - 8.2 (8H. m. aromatics); 8.50, 9.00 (2 .times.
      1H.m.CONH*).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 86.5%
PAR  Biochromatography: 1 zone at R.sub.f = 0.44
PAC  EXAMPLE 5
PAR  Sodium
      D-.alpha.-[DL-.gamma.-Methylthio-.alpha.-ureidobutyramido]phenylacetamidop
     enicillanate
PAR  (R = Ph; R.sup.1 = CH.sub.3 S (CH.sub.2).sub.2 --; R.sup.3 =H; R.sup.2 =
      NHCONH.sub.2 ; M=Na; .alpha..sup.1 = DL).
PAR  Prepared by Method B, from N-Carbamoyl-DL-methionine and ampicillin,
      isolated as the sodium salt after treatment with sodium 2-ethylhexoate.
PAR  Yield: 51%.
PAR  .nu.max (KBr): 3320 (broad), 1775, 1650, 1530, 1310, 1230, and
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.48 (34.s. gem methyl); 1.58 (3H.s. gem
      methyl); 1.4 - 2.2 (2H. m. -SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d. MeS--);
      2.3 - 2.7 (2H. m. SCH.sub.2 --); 4.24 (1H. s. C-3 proton); 4.1 - 4.6 (1H.
      m. SCH.sub.2 CH.sub.2 CH&lt;); 5.2 - 5.9 (5H. m. .beta.-lactams, PhCH&lt; and
      --CONH.sub.2 *); 6.4 (1H. m. CONH*--); 7.40 (5H. m. aromatics); 8.60 and
      9.00 (2 .times. 1H. d. CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 93.8%
PAR  Biochromatography: 1 zone at R.sub.4 = 0.36.
PAC  EXAMPLE 6
PAR  Sodium
      D-.alpha.-[DL-.gamma.-Methylthio-.alpha.-ureidobutyramido](p-hydroxyphenyl
     -acetamido penicillanate. (R = p--HQ--Ph; R.sup.1 = CH.sub.3 S
      (CH.sub.2).sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M=Na;
      .alpha..sup.1 =DL).
PAR  Prepared by method (Bii), from N-Carbamoyl-DL-methionine and amoxycillin,
      isolated as the sodium salt after treatment with sodium 2-ethylhexoate.
PAR  Yield: 43%.
PAR  .nu.max (KBr): 3350 (broad), 1770, 1650, 1510, 1235cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H. s. gem methyl); 1.57 (3H. s. gem
      methyl); 1.4 - 2.2 (2H. m. --SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d. MeS--
      ); 2.3 - 2.7 (2H. m. SCH.sub.2 --); 4.24 (1H. s. C-3 proton); 4.1 - 4.6
      (1H. m. SCH.sub.2 CH.sub.2 CH&lt;); 5.2 - 5.9 (5H.m..beta.-lactams, Ph CH&lt;
      and CONH.sub.2 *); 6.4 (1H. m. CONH*--); 6.3 - 7.34 (4H. m. aromatics);
      8.60 and 8.90 (2 .times. 1H.d.CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 85.5%
PAR  Biochromatography: 1 zone at R.sub.f = 0.29.
PAC  EXAMPLE 7
PAR  Sodium
      D-.alpha.-[DL-.alpha.-formamido-.gamma.-methylthiobutyramido]phenylacetami
     do penicillanate (R = Ph; R.sup.1 = CH.sub.3 S (CH.sub.2).sub.2 ; R.sup.3 =
      H; R.sup.2 = NHCHO; M=Na; .alpha..sup.1 = DL).
PAR  Prepared by Method B, using N-Formyl-DL-methionine and ampicillin, isolated
      as the sodium salt after treatment with sodium 2-ethyl hexoate.
PAR  Yield: 63%
PAR  .nu.max (KBr): 3300 (broad), 1780, 1732, 1645, 1525, 1302, 1225 and 700
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H. s.gem methyl); 1.55 (3H. s.gem
      methyl); 1.7 - 2.2 (2H. m. CH.sub.3 SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d.
      CB.sub.3 S--); 2.3 - 2.7 (2H. m. CH.sub.3 S CH.sub.2 CH.sub.2); 4.23 (1H.
      s. C-3 proton); 4.70 (1H. m.
      ##EQU5##
      NHCHO); 5.3 - 5.9 (3H. m. .beta.-lactams and PhCH&lt;); 7.37 (5H. m.
      aromatics); 8.08 (1H. s. NHCHO); 8.31, 8.60 and 9.00 (3 .times. 1H. d.
      --CONH--* ).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 100%
PAR  Biochromatogram: Single zone at R.sub.f = 0.40.
PAC  EXAMPLE 8
PAR  D-.alpha.-[DL-.beta.-(p-Chlorophenyl)-.alpha.-ureidopropionamido]-(p-hydrox
     yphenyl)-acetamidopenicillanic acid. (R = p--HO--Ph; R.sup.1 =
      p--Cl--PhCH.sub.2 --; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M=H;
      .alpha..sup.1 = DL).
PAR  Prepared by Method (Bii) from
      DL-.beta.-(P-Chlorophenyl-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 45%
PAR  .nu.max (KBr) 3360, 1770, 1650, 1514, and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem dimethyl); 1.58 (3H. s. gem
      dimethyl); 2.86 (2H. m. --CH.sub.2 CH&lt;); 4.26 (1H. s. C-3 proton); 4.55
      (1H. m. --CH.sub.2 CH&lt;); 5.58 (5H. m. .beta.-lactams,
      ##SPC8##
PAL  6.24 (1H. m. NHCONH.sub.2 *); 6.78 and 7.27
      ##SPC9##
PAL  8.53 (1H. m. CONH*); 9.04 (1H. m. CONH).
FNT  * Removable in D.sub.2 O.
PAR  Biochromatography: R.sub.f = 0.42
PAR  Analysis: C.sub.26 H.sub.28 N.sub.5 O.sub.7 SCl required: C, 52.93; H,
      4.75; N, 11.87; S, 5.43; Cl, 6.02. Found: C, (50.23); H, 4.79; N, 11.13;
      S, 5.32; Cl, 5.97.
PAC  EXAMPLE 9
PAR  D-.alpha.-[DL-.beta.-(p-Fluorophenyl)-.alpha.-ureidopropionamido]phenylacet
     amido penicillanic acid (R = Ph; R.sup.1 = p--F--PhCH.sub.2 ; R.sup.3 = H;
      R.sup.2 = NHCONH.sub.2 ; M =H; .alpha..sup.1 =DL)
PAR  Prepared by method B from
      DL-.beta.-(p-fluorophenyl)-.alpha.-ureidopropionic acid and ampicillin.
PAR  Yield: 42%.
PAR  .nu.max (KBr): 3360, 1773, 1651, 1510, 1226 and 720 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem methyl); 1.57 (3H. s. gem
      methyl); 1.57 (3H. s. gem methyl); 2.87 (2H. m. CH.sub.2 CH&lt;); 4.24 (1H.
      s. C-3 proton); 4.56 (1H. m. CH.sub.2 CH&lt;); 5.65 (5H. m. .beta.-lactams,
      .alpha.-proton, --NHCONH.sub.2 *), 6.27 (1H. d. NHCONH.sub.2 *); 7.24 (9H.
      m. Ph CH&lt;);
      ##SPC10##
PAL  8.62 (1h. m. --CONH--*); 9.17 (1H. m. CONH*).
FNT  * Removable in D.sub.2 O.
PAR  Biochromatography: 1 Spot at R.sub.f = 0.42.
PAC  EXAMPLE 10
PAR  D-.alpha.-[DL-.beta.-(p-Chlorophenyl)-.alpha.-ureidopropionamido]phenylacet
     amido penicillanic acid (R = Ph; R.sup.1 = p--Cl--PhCH.sub.2 ; R.sup.3 = H;
      R.sup.2 = NHCONH.sub.2 ; M=H; .alpha..sup.1 = DL).
PAR  Prepared by Method B, from
      DL-.beta.-(p-chlorophenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 38%
PAR  .nu.max (KBr): 3360, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.40 (3H. s. gem methyl); 1.56 (3H. s. gem
      methyl); 2.85 (2H. m. --CH.sub.2 CH&lt;); 4.25 (1H. s. C-3 proton); 4.55 (1H.
      m. --CH.sub.2 CH&lt;); 5.58 (5H. m. .beta.-lactams,
      ##SPC11##
PAL  6.25 (1H. m. NHCONH.sub.2); 7.30 (9H.m. aromatic protons) 8.53 (1H. m.
      CONH); 9.00 (1H. m. CONH).
PAR  NH.sub.2 OH Assay: 94%
PAR  Biochromatography: 1 zone at R.sub.f = 0.59.
PAC  EXAMPLE 11
PAR  Sodium
      D-.alpha.-[DL-.beta.-(p-Nitrophenyl)-.alpha.-ureidopropionamido]phenylacet
     amidopenicillanate. (R = Ph; R.sup.1 = p--NO.sub.2 --PhCH.sub.2 ; R.sup.3 =
      H; R.sup.2 = NHCONH.sub.2 ; M=Na; .alpha..sup.1 = DL).
PAR  Prepared by method B, from
      DL-.beta.-(p-Nitrophenyl)-.alpha.-ureidopropionic acid and ampicillin;
      isolated as the sodium salt by treatment with sodium 2-ethylhexoate.
PAR  Yield: 55%
PAR  .nu.max (KBr); 3350, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem methyl); 1.60 (3H. s. gem
      methyl); 3.0 (2H. m. --CH.sub.2 CH&lt;); 4.20 (1H. s. C-3 proton); 4.7 (1H.
      m. --CH.sub.2 CH&lt;); 5.3 - 5.85 (5H. m. .beta.-lactams,
      ##SPC12##
PAL  6.2 (1H. m. NHCONH.sub.2); 7.18 - 8.25 (9H. m. aromatics); 8.50, 9.05 (2
      .times. 1H. m. CONH*).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 93.9%
PAR  Biochromatography: 1 zone at R.sub.f = 0.5.
PAC  EXAMPLE 12
PAR  D-.alpha.-(D-p-Phenyl-.alpha.-ureidopropionamido)-(p-hydroxyphenyl)acetamid
     openicillanic acid (R = --p--HO--Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H;
      R.sup.2 = NHCONH.sub.2 ; M=H; .alpha..sup.1 = D).
PAR  Prepared by method (Biii), using D-.beta.-phenyl-.alpha.-ureidopropionic
      acid and amoxycillin.
PAR  Yield: 63% M.P. 235.degree.-238.degree.C.
PAR  .nu.max (KBr): 3360 (broad), 1740, 1650, 1520 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.47 (3H. s. gem methyl); 1.60 (3H. s. gem
      methyl); 2.95 (2H. m. Ph. CH.sub.2.CH&lt;); 4.27 (1H. s. C-3 proton); 4.60
      (1H. m. PhCH.sub.2 CH&lt;); 5.30 - 5.80 (5H. m. .beta.-lactams,
      ureido-NH.sub.2 *,
      ##SPC13##
PAL  6.20 (1h. d. ureido-NH--* ); 6.70 - 7.35
      ##SPC14##
PAL  7.25 (5h. s. benzyl aromatics), 8.50 (1H. d. --CONH--* ); 9.00 (1H. d.
      --CONH--* ).
FNT  * Removable in D.sub.2 O.
PAR  Hydroxylamine Assay: 107.7%
PAR  Biochromatography: One zone at R.sub.f = 0.35
PAR  Analysis for C.sub.26 H.sub.29 N.sub.5 O.sub.7 S; Required (%) C, 56.22; H,
      5.23; N, 12.61; S,5.77. Found (%) C, (55.33); H, 5.44; N, 11.99; S, 5.44.
PAC  EXAMPLE 13
PAR  D-.alpha.-(DL-.alpha.-ACETAMIDO-.beta.-PHENYLPROPIONAMIDO)-PHENYL-ACETAMIDO
     -PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H ; R.sup.2 =
      NHCOCH.sub.3 ; M = H ; .alpha..sup.1 = DL)
PAR  Prepared by method (Bi), from DL-.alpha.-acetamido-.beta.-phenylpropionic
      acid and ampicillin.
PAR  YIELD: 94%.
PAR  .nu.max (KBr): 33.60 (broad) 1774, 1648, 1511, 1215 and 701cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.43 (3H. s. gem - methyl); 1.56 (3H.s. gem -
      methyl); 1.77 (3H.s. NHCOCH.sub.3); 2.7-3.2 (2H.m. PhCH.sub.2 CH&lt;) 4.24
      (1H.s. C-3 proton); 4.6-4.9 (1H.m. PhCH.sub.2 CH&lt;); 5.62 (3H.m.
      .beta.-lactams, PhCH&lt;); 7.38 (10H.m. PhCH&lt;; Ph CH.sub.2 CH&lt;); 8.0-9.3
      (3H.m. removable in D.sub.2 O, --CONH--)
PAR  HYDROXYLAMINE ASSAY: 62.1%
PAR  BIOCHROMATOGRAPHY: 1 zone at R.sub.f = 0.26
PAR  ANALYSIS: C.sub.27 H.sub.30 N.sub.4 O.sub.6 S required: C, 60.22 ; H, 5.58
      ; N, 10.41 ; S, 5.95. Found: C, (57.45) ; H, 5.69 ; N, 9.98 ; S, 6.03.
PAC  EXAMPLE 14
PAR  D-.alpha.-[DL-.alpha.-(3-METHYLUREIDO)-.beta.-PHENYL-PROPIONAMIDO]-PHENYLAC
     ETAMIDO PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 =
      NHCONHCH.sub.3 ; M = H ; .alpha..sup.1 =DL)
PAR  Prepared by method (Bi), starting from DL-.alpha.-(3 methylureido)-.beta.
      -phenylpropionic acid and ampicillin.
PAR  YIELD: 75%
PAR  .nu.max (KBr): 1775, 1637, 1560, 1490, 1297, 1219, and 702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem-methyl) ; 1.57 (3H.s. gem -
      methyl) ; 2.52 (3H.s. NHCONHCH.sub.3 ); 2.90 (2H.m. PhCH.sub.2 CH&lt;); 4.27
      (1H.s. C-3 proton), 4.63 (1H.m. PhCH.sub.2 CH&lt;); 5.64 (3H.m.
      .beta.-lactams, PhCH&lt;); 7.32 (10H.m. PhCH.sub.2 CH&lt;; Ph CH&lt;); 8.63 (1H.m.
      removable in D.sub.2 O --CONH --); 9.18 (1H.m. removable in D.sub.2 O
      --CONH -- ); ca 6.25 (broad signal due to --NH CONH--).
PAR  BIOCHROMATOGRAPHY: 1 zone at R.sub.f = 0.47
PAR  ANALYSIS: C.sub.27 H.sub.31 N.sub.5 O.sub.6 S required: C, 58.48, H, 5.60;
      N, 12.64; S, 5.78 Found: C, (56.78); H, 5.59; N, 12.73; S, 5.05.
PAC  EXAMPLE 15
PAR  D-.alpha.-[DL-.beta.-(-p-FLUOROPHENYL)-.alpha.-UREIDO-PROPIONAMIDO]-(-p-HYD
     ROXYPHENYL)-ACETAMIDO-PENCILLANIC ACID (R = --p--HO--Ph; R.sup.1 =
      --p--F--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M = H,
      .alpha..sup.1 = DL)
PAR  Prepared by method (Bii), from
      DL-.beta.-(-p-fluorophenyl)-.alpha.-ureidopropionic acid and amoxycillin.
PAR  YIELD: 48%
PAR  .nu..sub.max (KBr): 3360, 1764, 1650, 1510, 1224, and 838cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.43 (3H.s gem-methyl; 1.54 (3H.s.
      gem-methyl; 2.88 (2H.m. --CH.sub.2 CH&lt;); 4.14 (1H.s. C-3proton); 4.2-4.8
      (1H.m. CH.sub.2 CH&lt;); 5.3-7.5 (extremely strong signals containing
      .beta.-lactams,
      ##SPC15##
PAL  .delta.= 8.3 -9.2 (2H.m. --CONH--*)
FNT  * removable in D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 84.7%
PAR  BIOCHROMATOGRAPHY: 1 zone at R.sub.f = 0.41
PAC  EXAMPLE 16
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-(n-VALERAMIDO)-PROPIONAMIDO]PHENYLACETAM
     IDO PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2
      = NHCO (CH.sub.2).sub.3 CH.sub.3 ; M = H; .alpha..sup.1 = D)
PAR  Prepared by method (Bi), from N -valeroyl-D-.beta.-phenylalanine
PAR  YIELD: 19%
PAR  .nu..sub. max (KBr): 3290 (br), 1773, 1635, 1525, 1300, 1224, 733,
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3)SO] : 0.82 (3H.m. (CH.sub.2).sub.3 CH.sub.3), 1.0-1.7
      (4H.m. CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3) 1.45 (3H.s. gem-methyl), 1.58
      (3H.s. gem-methyl), 2.09 (2H.m. CH.sub.2 (CH.sub.2).sub.2 CH.sub.3), 3.00
      (2H.m. PhCH.sub.2), 4.28 (1H.s. C-3 proton), 4.78 (1H.m. PhCH.sub.2 CH &lt;)
      5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.2-7.5 (10H.m. aromatic
      protons), 8.05 (1H.d. --CONH--), 8.47 (1H.m. CONH), 9.13 (1H.m. --CONH--).
PAR  NH.sub.2 OH ASSAY: 90%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.70
PAR  ANALYSIS: Found: C, 60.96, H, 6.05; N, 9.46; S, 5.65% C.sub.30 H.sub.36
      N.sub.4 O.sub.6 S requires C, 62.10; H, 6.21; N, 9.66; S, 5.52
PAC  EXAMPLE 17
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-PIVALOYLAMINOPROPIONAMIDO]-PHENYLACETAMI
     DO PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      --NHCOC(CH.sub.3).sub.3 ; M = H; .alpha..sup.1 = D)
PAR  Prepared by method (Bi), from .alpha.-t-Butyramido-D-.beta.-phenyl
      propionic acid.
PAR  YIELD: 6%
PAR  .nu..sub.max (KBr): 3350(br), 1772, 1639, 1517, 1300, 1212,
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.97 (9H.s. (CH.sub.3).sub.3), 1.39 (3H.s.
      gem-methyl), 1.52 (3H.s. gem-methyl), 2.97 (2H.m. PhCH.sub.2), 4.20 (1H.s.
      C-3 proton), 5.35-5.85 (4H.m. .beta.-lactams and PhCH&lt;), 4.65 (1H.m.
      PhCH.sub.2 CH&lt;), 7.25 (5H.s. phenyl protons), 7.39 (5H.m. phenyl protons),
      7.2-7.6 (1H.m. --NHCO--*), 8.50 (1H.d. --NHCO--*), 9.27 (1H.d.
      --NH--CO--).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 102%
PAR  BIOCHROMATOGRAPHY: 0.71
PAC  EXAMPLE 18
      D-.alpha.-[D,L-.alpha.-BENZAMIDO-.beta.-PHENYLPROPIONAMIDO]-PHENYLACETAMID
     O PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCOPh; M = H; .alpha..sup.1 = D,L)
PAR  Prepared by method (Bi), from .alpha.-Benzamido-D,L-.beta.-phenylpropionic
      acid.
PAR  YIELD: 22%
PAR  .nu..sub.max (KBr): 3300, 1775, 1635, 1522, 1302, 122, 702cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.42 (3H.s. gem-methyl), 1.57 (3H.s.
      gem-methyl) 3.11 (2H.m. PhCH.sub.2), 4.24 (1H.s. C-3 proton), 5.00 (1H.m.
      PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.2-8.0 (10H.m.
      aromatic protons), 8.65, 8.80 and 9.20 (3 .times. 1H.d --NHCO--*).
FNT  * removed in D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 88%
PAR  BIOCHROMATOGRAPHY: Single zone 0.70
PAC  EXAMPLE 19
PAR  D-.alpha.-[D,L-.gamma.-PHENYL-.alpha.-UREIDOBUTYRAMIDO]-p-HYDROXYPHENYLACET
     AMIDO PENICILLANIC ACID (R = p HO--Ph; R.sup.1 = PhCH.sub.2 CH.sub.2 --;
      R.sup.3 =H; R.sup.2 =--NHCONH.sub.2 M = H; .alpha..sup.1 = D,L)
PAR  Prepared by method (Biii), from .alpha.-ureido-D,L-.alpha.-phenylbutyric
      acid.
PAR  YIELD: 35%
PAR  .nu..sub.max (KBr): 3315(br), 1770, 1650, 1510, 1454, 1227, 842,
      703cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.42 (3H.s. gem-methyl), 1.52 (3H.s.
      gem-methyl), 2.00 (2H.m. PhCH.sub.2 CH.sub.2 ), 2.52 (2H.m. PhCH.sub.2
      CH.sub.2), 4.1-4.4 (1H.m. PhCH.sub.2 CH.sub.2 CH&lt;), 4.25 (1H.s. C-3
      proton), 5.3-5.8 (3H.m. .beta.-lactams and PhCH&lt;), 7.25 (9H.m. aromatic
      protons), 6.34, 6.73 (2 .times. 1H.d. NHCO*), 8.32-9.10 (3H.m. --CONH--*
      and --CONH.sub.2 *)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 80%
PAR  BIOCHROMATOGRAPHY: R.sub.f 0.5
PAC  EXAMPLE 20
PAR  D-.alpha.-[D,L-.alpha.-FORMAMIDO-.beta.-PHENYLPROPIONAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      --NHCHO; M = H; .alpha..sup.1 = D,L)
PAR  Prepared by method (Bi) from N-Formyl-D,L-phenylalanine.
PAR  YIELD: 55%
PAR  .nu..sub.max (KBr): 3242(br), 1771, 1638, 1522, 1379, 1300, 1226, 731,
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.46 (3H.s. gem-methyl), 1.59 (3H.s.
      gem-methyl); 2.88 (2H.m. PhCH.sub.2 CH&lt;), 4.21 (1H.s. C-3 proton), 4.83
      (1H.m. PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.2-7.6
      (10H.m. aromatic protons), 7.97 (1H.s. CHO), 2.27, 2.70 and 9.11 (3
      .times. 1H.d. --NHCO--*).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OHASSAY: 79%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.52
PAC  EXAMPLE 21
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-PROPIONAMIDO
      PROPIONAMIDO]-PHENYLACETAMIDO PENICILLANIC ACID (R = Ph; R.sup.1 =
      PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCOCH.sub.2 CH.sub.3 ; M = H;
      .alpha..sup.1 = D)
PAR  Prepared by method (Bi) from .alpha.-Propionamido-D-.beta.-phenylpropionic
      acid.
PAR  YIELD: 13%
PAR  .nu..sub.max  (KBr): 3229(br), 1770, 1637, 1524, 1226, 702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 0.89 (3H.t. COCH.sub.2 CH.sub.3), 1.42
      (3H.s. gem-methyl), 1.60 (3H.s. gem-methyl), 1.98 (2H.m. --NHCH.sub.2
      CH.sub.3), 2.90 (2H.m. PhCH.sub.2 CH&lt;), 4.21 (1H.s. C-3 proton), 4.70
      (1.H.m. PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt; ),
      7.2-7.6 (10H.m. aromatic protons), 8.01, 8.42 and 9.10 (3 .times. 1H.d.
      --CONH--*).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 75%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.58
PAC  EXAMPLE 22
PAR  D-.alpha.-[D-.alpha.-ISOBUTYRAMIDO-.beta.-PHENYLPROPIONAMIDO]-PHENYLACETAMI
     DO PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 --; R.sup.3 = H; R.sup.2
      = NHCOCH(CH.sub.3).sub.2 ; M = H; .alpha..sup.1 = D).
PAR  Prepared by method (Bi), from .alpha.-isobutyramido-D-.beta.-phenyl
      propionic acid
PAR  YIELD: 18%
PAR  .nu..sub.max (KBr): 3300(br), 1771, 1638, 1526, 1300, 1222,
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.85 (6H.t. CH(CH.sub.3).sub.2, 1.41 (3H.s.
      gem-methyl), 1.56 (3H.s. gem-methyl), 2.97 (2H.m. PhCH.sub.2 CH&lt;), 4.25
      (1H.s. C-3 proton), 4.70 (2H.m. CH (CH.sub.3).sub.2 and PhCH.sub.2 CH&lt;),
      5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt; ), 7.1-7.6 (10H.m. aromatic
      protons), 7.97, 8.47 and 9.13 (3 .times.1H.d. --NH CO--*).
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 103%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.66
PAC  EXAMPLE 23
PAR  D-.alpha.-[D-.alpha. -METHYLTHIO-.alpha.-UREIDOBUTYRAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = CH.sub.3 S(CH.sub.2).sub.2 --;
      R.sup.3 = H; R.sup.2 = --NHCONH.sub.2 ; M = H; .alpha..sup.1 = D)
PAR  Prepared by method (Fi), from N-Carbamoyl-D-methionine.
PAR  YIELD: 43%
PAR  .nu..sub. max (KBr): 3320(br), 1775, 1650, 1530, 1310, 1230, and
      702cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.48 (3H.s. gem-methyl), 1.61 (3H.s.
      gem-methyl), 1.4-2.2 (2H.m. --SCH.sub.2 CH.sub.2 CH&lt;), 2.1 (3H.s.CH.sub.3
      S--), 2.3-2.7 (2H.m. --SCH.sub.2 CH.sub.2 CH) 5.2-5.9 (5H.m.
      .beta.-lactams, PhCH and --CONH.sub.2 *) 6.4 (1H.m. --CONH--*)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 98%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.34
PAR  ANALYSIS: Found: C, 49.33; H, 5.64; N, 12.94; S, 11.59% C.sub.22 H.sub.29
      N.sub.5 O.sub.6 S.sub.2 requires C, 50.48; H, 5.54; N, 13.38; S, 12.24%
PAC  EXAMPLE 24
PAR  D-.alpha.-[D.L-.alpha.-METHYL-.alpha.-UREIDOVALERAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = (CH.sub.3).sub.2 CHCH.sub.2 --;
      R.sup.3 = H; R.sup.2 = --NHCONH.sub.2 ; M = A;.alpha. .sup.1 =D,L)
PAR  Prepared by method B from .alpha.-methyl-D,L-.alpha.-ureido valeric acid.
PAR  YIELD: 36%
PAR  .nu..sub.max (KBr): 3325(br), 1775, 1723, 1650, 1530, 1310, 1222,
      702cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO] : 0.84 and 0.95 (2 .times. 3H.s.
      CH(CH.sub.3).sub.2), 1.45 (3H.s. gem-methyl), 1.61 (3H.s. gem-methyl),
      0.78-2.0 (3H.m. CH.sub.2 CH(CH.sub.3).sub.2), 4.25 (1H.s. C-3 proton),
      4.0-4.6 (1H.m. &lt;CHNHCONH.sub.2), 5.3-5.9 (5H.m. .beta.-lactams, PhCH&lt; and
      CONH.sub.2 *), 6.2 (1H.d. --CONH--), 7.2-7.6 (5H.m. aromatic protons),
      8.48 and 9.04 (2 .times. 1H.d. --CO--NH--*)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY : 79%
PAR  BIOCHROMATOGRAPHY : Single zone R.sub.f 0.44
PAC  EXAMPLE NO. 25
PAR  D-.alpha.[D,L-.alpha.-Formamido-.beta.-(p-hydroxyphenyl)
      propionamido]phenylacetamido penicillanic acid. (R=Ph: R'=pHO--PhCH.sub.2
      --; R.sup.3 = H; R.sup.2 =NHCHO; M=H; .alpha.'=D,L)
PAR  Prepared by method B from N-Formyl-D,L-Tyrosine
PAR  Yield: 23%
PAR  .nu.max (KBr): 3290 (br.), 1773, 1735, 1650, 1518, 1378, 1230 and 701
      cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO] 1.45 (3H.s. gem.methyl), 1.62
      (3H.s.gem.methyl), 2.7-3.2 (2H.m. PhCH.sub.2 --), 4.24 (1H.s C3 proton),
      4.8 (1H.m. &lt;CHNHCH), 5-35-5.96 (3H.m. .beta. Lactams and Ph CH&lt;), 6.7 and
      7.0 (2 .times. 2H.m. pHO--C.sub.6 H.sub.4 --), 7.36 (5H.m. Aromatic
      protons), 7.92 (1H.s.--NHCHO), 8.2 (1H.d -- CONH--*) 8.7 and 9.12 (2
      .times. 1H.m.--CONH --*).
FNT  *removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 105%
PAR  Biochromatogram:  Single zone R.sub.f 0.39.
PAC  EXAMPLE NO.  26
PAR  D-.alpha.-[D-.alpha.Formamido -.gamma.-
      methylthiobutyramido]-phenylacetamido penicillanic acid
PAR  (R=Ph; R'=CH.sub.3 S (CH.sub.2).sub.2 --;R.sup.3 =H; R.sup.2 =--NHCHO; M=H;
      .alpha.'=D)
PAR  Prepared by method (Fii) from N - Formyl-D-methionine.
PAR  Yield: 5.8%
PAR  .nu.max (KBr): 3300 (br), 1780, 1732, 1645, 1525, 1302, 1225, 700
      cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H.s gem. methyl), 1.55 (3H.S. gem
      methyl), 1.7-22 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2 CH=), 2.0 (s.15-17% of
      L-CH.sub.3 SCH.sub.2 CH.sub.2 CH&lt;) 2.1 (S.83-5% of D-CH.sub.3 SCH.sub.2
      CH.sub.2 CH&lt;), 2.3-2.7 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2 CH.sub.2), 4.23
      (1H.S. C.sub.3 proton), 4.70 (1H.m. &lt;CHNHCHO), 5.3-5.9 (3H.m. .beta.
      lactams, and PhCH&lt;), 7.37 (5H.m. aromatic protons), 8.08 (1H.s.-NH-CHO),
      8.31, 8.59 and 9.02 (3 .times. 1H.d.--CONH--)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 102%
PAR  Biochromatogram: Single zone RfO.41
PAC  EXAMPLE NO.  27
PAR  D - .alpha.-[D-.gamma.-Methyl-.alpha.-ureidovaleramido]-phenylacetamido
      penicillanic acid (R=Ph; R'= (CH.sub.3).sub.2 CHCH.sub.2 ; R.sup.3 =H;
      R.sup.2 =NHCONH.sub.2 ; M=H; .alpha.'=D)
PAR  Prepared by method (Fi) from .gamma.-methyl-D-.alpha.-ureido valeric acid.
PAR  Yield: 28% M.p: 168.degree.-170.degree.C (Decomp.)
PAR  .nu.max (KBr): 3315 (br.), 1775, 1730, 1650, 1530, 1310, 1220, 700
      cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.85 and 0.92 (6H.d. CH(CH.sub.3).sub.2),
      1.50 (3H.S gem.methyl) 1.66 (3H.S gem.methyl), 0.8-2.0 (3H.m. CH.sub.2 CH
      (CH.sub.3).sub.2), 4.28 (1H.s. C3 proton), 4.1-4.5 (1H.m. CH
      NHCONH.sub.2), 5.3-5.9 (5H.m..beta. lactams PhCH&lt;and CONH.sub.2), 6.22
      (1H.d.--CONH*--), 7.36 (5H.m. aromatic protons), 9.07 and 9.40 (2 .times.
      1H.d. -- CO NH--*)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 95%
PAR  Biochromatogram: Single zone RfO. 45
PAR  Analysis: Found: C, 54.71; H, 6.15; N, 13.78; S, 6.49%. C.sub.23 H.sub.31
      N.sub.5 O.sub.6 S requires C, 54.65, H, 6.14; N, 13.86; S,6.34%.
PAC  EXAMPLE NO.  28
PAR  D-.alpha.-[L-.gamma.-Methylthio-.alpha.-ureidobutyramido] phenylacetamido
      penicillanic acid (R=Ph; R'= (CH.sub.3) S (CH.sub.2).sub.2 --; R.sup.2 =H;
      R.sup.2 = NHCONH.sub.2 ; M=H, .alpha.'=L).
PAR  Prepared by method (Fi) from N-Carbamoyl-L-methionine.
PAR  Yield: 19% M.p.: 163.degree.-6.degree.C (Decomp.)
PAR  .nu.max (KBr): 3350 (br), 1775, 1650, 1522, 1305, 1220, 702 cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H.s gem.methyl), 1.60
      (3H.s.gem.methyl) 1.5-2.2 (2H.m. CH.sub.3 CH.sub.2 CH.sub.2 CH &lt;), 2.00
      (3H.s.CH.sub.3 S) 2.2-2.6 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2 CH), 4.27
      (1H.S. C3 proton), 4.38 (1H.m. CH.sub.3 CH.sub.2 CH.sub.2 CH &lt;), 5.60
      (5H.m .beta. lactate, PhCH&lt;, -- CONH*.sub.2), 7.39 (5H.m. aromatic
      protons), 6.34 (1H.m. -- CHCONH*.sub.2), 9.12 and 9.48 (2 .times. 1H.d --
      CONH*--)
FNT  *removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 100%
PAR  Biochromatogram: Single zone RfO38
PAR  Analysis: Found: C,49.64; H, 5.98; N,13.08; S,11.72%. C.sub.22 H.sub.29
      N.sub.5 O.sub.6 S.sub.2 requires C 50.48; H,5.54; N,13.38; S,12.24%
PAC  EXAMPLE 29
PAR  Triethylammonium
      D-.alpha.-[D-.beta.-(3-Indolyl)-.alpha.-ureido-propionamido]phenylacetamid
     o penicillanate.
      ##SPC16##
PAL  R.sup.3 =h; r.sup.2 =nhconh.sub.2 ; m=hn (ch.sub.2 ch.sub.3).sub.3 ;
PAR  prepared by method (Fiii) from N - Carbamoyl-D-Tryptophan
PAR  Yield: 52% M.p.: 200.degree.-3.degree.C (Decomp).
PAR  .nu.max (KBr): 3350 (br), 1767, 1660, 1640, 1610, 1530, 1458, 1392, 749
      cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.11 (3H.t.OCH.sub. 2 CH.sub.3), 1.42 (3H.s.
      gem.methyl), 1.53 (3H. s.gem methyl), 2.7-3.2 (4H.m.--CH.sub.2 CH&lt; and
      OCH.sub.2 CH.sub.3), 4.00 (1H.s C.sub.3 proton), 4.59 (1H.m. CH.sub.2 CH&lt;)
      5.3-5.9 (5H.m. .beta. lactams, RhCH &lt; and CONH* .sub.2), 6.9-7.7 (10H.m.
      aromatic protons), 6.29, 8.53 and 8.97 (3 .times. 1H.d. --NHCO*), 10.84
      (1H.s indolyl NH*).
FNT  *removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 94%
PAR  Biochromatogram: Single zone RfO.30
PAR  Analysis: Found: C, 59.38; H, 6.65; N, 14.35; S,4.60% C.sub.34 H.sub.45
      N.sub.7 O.sub.6 S requires C, 60.07; H,6.67; N, 14.42, S,4.72%
PAC  EXAMPLE 30
PAR  Triethylammonium
      D-.alpha.-[D,L-.alpha.-formamido-.beta.-(3-inaolyl)-propionamido]
      phenylacetamido penicillinate, (R= Ph;
      ##SPC17##
PAL  R.sup.3 =h; r.sup.2 = --nhcho;m=hn (ch.sub.2 ch.sub.3).sub.3 ;
      .alpha.'=d,l.
PAR  prepared by method Fi) from N - Formyl-D,L-tryptophan, the product
      crystallising on dilution with ether.
PAR  Yield: 50%
PAR  .nu.max (KBr): 3310 (br), 1772, 1770, 1665, 1530, 1458, 1388, 1218, 748
      cm.sup..sup.-1.
PAR  .delta. [(CD.sub.3) SO]: 1.17 (3H.t.OCH.sub.2 CH.sub.3), 1.44 (3H.s
      gem.methyl), 1.58 (3H.s. gem methyl, 2.8-3.3 (4H.m. OCH.sub.2 CH.sub.3 and
      CH.sub.2 CH&lt;), 4.12 (1H.s. C.sub.3 proton), 4.90 (1H.m. CH.sub.2 CH&lt;), 5.3
      - 5.9 (3H.m. .beta.-lactams and Ph CH&lt;), 7.0-7.8 (11H.m. 10 aromatic
      protons and NHCONH.sub.2) 8.00 (1H.S. CHO), 8.0-9.0 (4H.m. 2 .times.-NHCO*
      and --CONH.sub.2 *), 10.80 (1H.s indolyl NH*)
FNT  *removed by D.sub.2 O.
PAR  NN.sub.2 OH Assay: 183%
PAR  Biochromatogram: Single zone RfO.36.
PAC  EXAMPLE 31:
PAR  Triethylammonium-.alpha.-[D-.gamma.carbamoyl-.alpha.-Ureido butyrylamido]
      phenylacetamido penicillanate. (R=Ph; R'=H.sub.2 NCO (CH.sub.2).sub.2 --;
      R.sup.3 =H; R.sup.2 =--NHCONH.sub.2 ; M=HN (CH.sub.2 CH.sub.3).sub.3 ;
      .alpha.'=D.
PAR  Prepared by method (Fi) from N-Carbamoyl-D-glutamine, the product
      crystallising on dilution with ether.
PAR  Yield: 77%
PAR  .nu.max (KBr): 3400 (br.), 1773, 1698, 1660, 1603, 1532, 1458, 1397, 1314,
      1220, 703 cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.16 (3H.t.OCH.sub.2 CH.sub.3), 1.43 (3H.s.
      gem. methyl), 1.54 (3H.s. gem methyl), 1.5-2.2 (4H.m. -- CH.sub.2 CH.sub.2
      --), 4.1(1H.s.C3 proton), 4.88 (1H.m. CH CH.sub.2 CH.sub.2), 5.3-5.8 (3H.m
      .beta. -lactams and PhCH &lt;), 6.3 (1H.m.--NHCO* --), 7.3-7.7 (6H.m.
      aromatic protons and --NHCO--*), 8.2-9.0 (5H.m. 2 .times. --CONH*.sub.2)
      and --CONH*
FNT  *removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 100%
PAR  Biochromatogram: Single zone RfO.34
PAC  Example 32
PAR  D-.alpha.-[D,L-.beta.-Phenyl-.alpha.-ureidopropionamido]-1,4-cyclohexadieny
     lacetamidopenicillanic acid
      ##SPC18##
PAL  R.sup.3 =h, r.sup.2 =--nhconh.sub.2 ; m=h; .alpha..sup.1 =d,l)
PAR  prepared by method (Bv) from D,L-.beta.-phenyl-.alpha.-ureidopropionic
      acid.
PAR  Yield: 65%
PAR  .gamma.max (KBr): 3340, 1762, 1720, 1650, 1530, 1230 and 703cm.sup..sup.-1
PAR  .delta. [(CD.sub.3).sub.2 SO]: 1.5(6H.d. gem-dimethyls); 2.6(4H.s.
      cyclohexadiene methylenes); 2.6-3.2(2H.m. PhCH.sub.2 CH&lt;);
      4.3(1H.s.C-3proton); 4.3-4.8(1H.m. PhCH.sub.2 CH&lt;); 4.9-5.9
      (5H.m..beta.-lactams,
      ##SPC19##
PAL  5.67(3H.s. cyclohexadiene methines); 6.3-6.7(1H.m. --NHCONH.sub.2 *);
      7.25(5H.s.PhCH.sub.2 CH&lt;); 8.0-8.3(1H.m.--CONH--*);
      8.6-9.0(1H.m.-CONH--*);
FNT  * Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 59%.
PAR  Biochromatography: Rf 0.56.
PAC  EXAMPLE 33
PAR  Sodium
      D-.beta.-[D-.beta.-Phenyl-.beta.-ureidopropionamido]-1,4-cyclohexadienylac
     etamido penicillanate.
      ##SPC20##
PAL  R.sup.3 =h; r.sup.2 =--nhconh.sub.2 ; m=na; .alpha..sup.1 =D)
PAR  Prepared by method (Bvi) from D-.beta.-phenyl-.alpha.-ureidopropionic acid
      and epicillin.
PAR  Yield: 45%.
PAR  .gamma.max(KBr): 3350, 1760, 1630, 1530, 1230 and 703cm.sup..sup.-1
PAR  [(CD.sub.3).sub.2 SO]: 1.53(6H.d.gem-dimethyls); 2.65(4H.s.cyclohexadienyl
      methylenes); 2.8-3.0(2H.m.PhCH.sub.2 --); 4.0(1H.s.C-3 proton);
      4.2-4.7(1H.m.)CH.sub.2 CH--); 5.0-5.6(5H.m..beta.-lactam protons HNCHCO
      and HNCONH.sub.2):5.7(3H.s.cyclohexadienyl vinylic protons);
      6.4-6.7(1H.m.-NHCONH.sub.2); 7.25(5H.s.Ph); 8.0-9.0(2H.m.NH)
PAR  Hydroxylamine Assay: 76%.
PAR  Biochromatography: 1 zoneat Rf 0.47
PAC  EXAMPLE 34
PAR  D-.alpha.-[DL-.beta.-Benzyloxy-.alpha.-ureidopropionamido]-phenylacetamidop
     enicillanic acid (R=Ph; R.sup.1 =PhCH.sub.2 OCH.sub.2 ; R.sup.3 =H; R.sup.2
      =NHCONH.sub.2 ; M=H; .alpha..sup.1 =DL)
PAR  Prepared by method (Bi) from .beta.-benzyloxy-.alpha.-ureido-DL-propionic
      acid and ampicillin.
PAR  Yield: 56%.
PAR  .gamma.max (KBr): 3350, 1770, 1650, 1520, 1220 and 700cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.5(6H.d.gem dimethyls); 3.65(2H.m.
      --OCH.sub.2 CHC&lt;) 4.25(1H.s.C-3 proton); 4.5(3H.m. --OCH.sub.2 CH&lt; and
      PhCH.sub.2 O--); 5.4-7.0(6H.m. .beta.-lactam protons,
      ##EQU6##
      7.2-7.5(10H.m. 2xphenyl aromatics); 8.5-9.2(2H.m. amide NH's)
PAR  Analysis: C.sub.22 H.sub.31 N.sub.5 O.sub.7 S.H.sub.2 O required: C,55.3;
      H,5.63: N,11.9. Found: C,56.03; H,5,72: N,11.46.
PAR  Hydroxylamine Assay: 95%.
PAR  Biochromatography: 1 zone at Rf 0.42.
PAC  EXAMPLE 35
PAR  D-.alpha.-[DL-.beta.-Benzyloxy-.alpha.-ureidopropionamido]-p-hydroxyphenyla
     cetamido penicillanic acid (R= p--HO--Ph; R.sup.1 =PhCH.sub.2 OCH.sub.2 ;
      R.sup.3 =H; R.sup.2 =--NHCONH.sub.2 ; M=H; .alpha..sup.1 =DL)
PAR  Prepared by method (Biii) from DL-.beta.-benzyloxy-.alpha.-ureidopropionic
      acid and amoxycillin.
PAR  Yield: 59%.
PAR  .gamma.max (KBr): 3350, 1775, 1725, 1650, 1515, 1230, and 703
      cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.5(6H.d. gem dimethyls); 3.5-3.9(2H.m.
      --OCH.sub.2 CH&lt;); 4.23 (1H.s. C-3 proton); 4.3-4.7(3H.m. PhCH.sub.2 O and
      OCH.sub.2 CH&lt;); 5.2-5.9(5H.m. .beta.-lactams,
      ##EQU7##
      6.2-6.5 (1H.m. --NHCONH.sub.2); 6.5-7.5(9H.m. aromatic protons) 8.3-9.0
      (2H.m. amide NH's)
PAR  Hydroxylamine Assay: 84%.
PAR  Biochromatography: 1 zone at Rf 0.3
PAC  EXAMPLE 36
PAR  D-.alpha.-[D-.beta.-Phenyl-.alpha.-ureidopropionamido]-3-thienylacetamido
      penicillanic acid
      ##SPC21##
PAL  R.sup.1 =phch.sub.2 --; r.sup.3 =h; r.sup.2 =--nhconh.sub.2 ; m=h,
      .alpha..sup.1 =d)
PAR  prepared by method (Biv) from D-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 59%. M.p. 175.degree.-7.degree.C (decomp.)
PAR  .gamma.max (KBr): 3360, 1750, 1650, 1525 and 704 cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.53(6H.m. gem dimethyls); 2.92(2H.m.
      PhCH.sub.2 CH&lt;) 4.28(1H.s. C-3 proton); 4.61(1H.m. PhCH.sub.2 CH&lt;);
      5.31-6.05 (5H.m. .beta.-lactams, CONH.sub.2 * and ThCH &lt;); 6.26(1H.d.
      CONH--*) 7.37(8H.m. Ph and Th ); 8.58 and 9.07 (2.times.1H.d. --CONH--*)
FNT  * removed by D.sub.2 O
PAR  Hydroxylamine Assay: 100%.
PAR  Biochromatogram : 1 zone at Rf 0.40
PAC  EXAMPLE 37
PAR  D-.beta.-[D-.alpha.-Ureidopropionamido]-phenylacetamido penicillanic acid
      (R=Ph; R.sup.1 =CH.sub.3 ; R.sup.3 =H; R.sup.2 =NHCONH.sub.2 ; M=H;
      .alpha..sup.1 =D)
PAR  Prepared by method (Bi) from D-.alpha.-ureidopropionic acid.
PAR  Yield: 28%. M.p. 176.degree.-8.degree.C (decomp.)
PAR  .gamma.max(KBr): 3350 (br), 1773, 1720, 1635, 1530, 1234, and 700
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.21 (3H.d. CH.sub.3 CHNH-); 1.43 (3H.s. gem
      dimethyls); 1.57 (3H.s. gem dimethyls); 4.26 (1H.s. C-3 proton);
      4.33(1H.m. CH.sub.3 CHNH-); 5.33-5.91(5H.m. .beta.-lactams, PhCH&lt; and
      CONH.sub.2 *); 5.91-6.54 (1H.m. --NHCONH.sub.2); 7.38(5H.m. aromatic
      protons); 8.47 and 9.05 (2.times.1H.d. --CONH--*)
FNT  *removed by D.sub.2 O
PAR  Hydroxylamine Assay: 106%.
PAR  Biochromatogram: 1 zone at Rf 0.21
PAC  EXAMPLE 38
PAR  D-.alpha.-[D,L-.beta.-PHENYL-.alpha.-UREIDO-PROPIONAMIDO]-PHENYLACTAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 R.sup.3 = H; M = H;
      .alpha..sup.1 = D,L)
PAR  Prepared by method B from D,L-.beta.-Phenyl-.alpha.-ureido propionic acid.
PAR  YIELD: 37%
PAR  .gamma.max (KBr): 3350 (br.), 1775, 1650, 1525, 1225, 702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl), 2.88 (2H.m. PhCH.sub.2 --), 4.26 (1H.s. C3 proton), 4.60 (1H.m.
      PhCH.sub.2 CH&lt;), 5.33-5.94(5H.m. .beta.-lactams, PhCH,--CONH.sub.2 *),
      6.24 (1H.d.--CONH*--), 7.27 (10H.m. aromatic protons), 8.54
      (1H.d.--CONH*--), 9.11 (1H.d.--CONH*--)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 87%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.42.
PAC  EXAMPLE 39
PAR  D-.alpha.-[-.alpha.-METHYL-.alpha.-UREIDOPROPIONAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = R.sup.3 = CH.sub.3 --; R.sup.2 =
      NH.sub.2 CONH--; M = H)
PAR  Prepared by method B from .alpha.-Ureido-isobutyric acid
PAR  YIELD: 6%
PAR  .gamma.max (KBr): 3400 (br.), 1785, 1715, 1650, 1535, 1225 and
      700Cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.38 (6H.s. (CH.sub.3).sub.2 C&lt;), 1.46 (3H.s.
      gem methyl) 1.57 (3H.s. gem methyl), 4.27 (1H.s. C3 proton), 5.37-5.88
      (5H.m. .beta.-lactams, CONH.sub.2 *, Ph CH&lt;), 6.37 (1H.s. --NHCO*--), 7.40
      (5H.m. aromatic protons), 8.13 and 9.08 (2 .times. 1H.d.--CONH*--)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY:
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.27
PAR  ANALYSIS: Found: C,52.60; H,5.89; N, 14.34; S,6.88%; C.sub.21 H.sub.27
      N.sub.5 O.sub.6 S required C,52.82; H,5.70; N,14.67; S,6.71%.
PAC  EXAMPLE 40
PAR  D-.alpha.-[D,L-.alpha.-METHYL-.beta.-PHENYL-.alpha.-UREIDOPROPIONAMIDO]-PHE
     NYLACETAMIDO PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 --; R.sup.3 =
      CH.sub.3, R.sup.2 = NHCONH.sub.2, .alpha. = D,L)
PAR  Prepared by method B from
      D,L-.alpha.-Methyl-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  YIELD: 43%
PAR  .gamma.max (KBr): 3370 (br.), 1775, 1720, 1655, 1525, 1220 and 704
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.24 (3H.s.
      ##EQU8##
      1.43 (3H.s. gem. methyl), 1.57 (3H.s. gem methyl),
      2.80-3.70(2H.m.PhCH.sub.2 --), 4.30 (1H.m. C3 proton), 5.38-6.12 (5H.m.
      .beta.-lactams, PhCH and CONH.sub.2 *), 6.23 (1H.s.--CONH--), 7.39 (10H.m.
      aromatic protons), 8.34(1H.d.--CONH--*), 9.28(1H.d.--CONH--*)
FNT  * removed by D.sub.2 O
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.54.
PAR  ANALYSIS: Found: C,56.49; H,5.66; N,12.16%; C.sub.27 H.sub.31 N.sub.5
      O.sub.6 S requires C,58.58; H,5.64; N,12.65%.
PAC  EXAMPLE 41
PAR  D-.alpha.-[D,L-.alpha.-ACETAMIDO-.beta.-PHENYLPROPIONAMIDO]-p-HYDROXYPHENYL
     ACETAMIDO PENICILLANIC ACID (R = p HO--Ph; R.sup.1 = PhCH.sub.2 ; R.sub.3 =
      H; R.sup.2 = --NHCOCH.sub.3 ; M = H; .alpha..sup.1 = D,L)
PAR  Prepared by method (Bii) from N-Acetyl-D,L-.beta.-phenylalanine.
PAR  YIELD: 40%
PAR  .gamma.max (Nujol): 3250 (br.), 1760, 1630, 1515, 1380, 1220,
      710cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.43 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl) 1.75 (3H.s.--NHCOCH.sub.3), 3.0 (2H.m. PhCH.sub.2), 4.24 (1H.s. C3
      proton), 6.72 (1H.m. PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and
      PhCH&lt;), 6.58-7.50 (9H.m. aromatic protons), 8.10,8.47 and 8.95 (3 .times.
      1H.m. --CONH--*).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 105%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.51
PAC  EXAMPLE 42
PAR  D-.alpha.-[L-.beta.-(p-METHOXYPHENYL)-.alpha.-UREIDOPROPIONAMIDE]PHENYLACET
     AMIDO PENICILLANIC ACID (R = Ph; R.sup.1 = pMeO--PhCH.sub.2 --; R.sup.3 =H;
      R.sup.2 = --NHCONH.sub.2 ; M = H; .alpha..sup.1 = L)
PAR  Prepared by method B from .alpha. Ureido-L-.beta.-(p Methoxyphenyl)
      propionic acid.
PAR  YIELD: 19%
PAR  .gamma.max (KBr): 3300 (br.), 1775, 1640, 1515, 1250 and 700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.58 (3H.s. gem
      methyl), 2.83 (2H.m. PhCH.sub.2), 3.72 (3H.s. CH.sub.3 O), 4.28 (1H.s. C3
      proton), 4.61 (1H.m. PhCH.sub.2 CH), 5.35-5.93 (5H.m. .beta.-lactams,
      PhCH,--NHCONH.sub.2 *), 6.27 (1H.d. --NHCO--), 6.67-7.50 (9H.m. aromatic
      protons), 8.70 and 9.32 (2 .times. 1H.d.--NHCO--*)
FNT  * Removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 81%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.43.
PAC  EXAMPLE 43
PAR  D-.alpha.-[D-.alpha.-GUANIDINO-.beta.-PHENYLPROPIONAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID HYDROCHLORIDE (R = Ph; R.sup.1 =PhCH.sub.2 --; R.sup.3 =
      H;
      ##EQU9##
      M = H .alpha..sup.1 = D)
PAR  Prepared by method E from D-.alpha.-Guanidino-.beta.-phenyl propionic acid.
PAR  YIELD: 21%
PAR  .gamma.max (KBr): 3330 (br.), 1768, 1663, 1602, 1525, 1458 1394, 1320,
      703cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl), 2.96-3.23 (2H.m. PhCH.sub.2 --), 4.17(1H.m. C3 proton), 4.61
      (1H.m. PhCH.sub.2 CH&lt;), 5.30-5.94 (3H.m. .beta.-lactams and PhCH&lt;),
      7.11-7.71 (14H.m. aromatic protons and
      ##EQU10##
      8.14-8.47
      ##EQU11##
      8.82 and 9.12 (2 .times. 1H.m. -- CONH--*)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 90%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.52
PAC  EXAMPLE 44
PAR  D-.alpha.-[D,L-.beta.-METHOXY-.alpha.-UREIDOPROPIONAMIDO]-PHENYL-ACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = CH.sub.3 OCH.sub.2 ; R.sup.3 = H;
      R.sup.2 = --NHCONH.sub.2 ; M = H; .alpha. = D,L)
PAR  Prepared by method B from D-.alpha.-Ureido-.beta.-methoxy propionic acid.
PAR  YIELD: 23%
PAR  .gamma.max (KBr): 3350 (br.), 1775, 1650, 1520, 1310, 1225, 1115 and
      700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.58 (3H.s. gem
      methyl), 3.27 (3H.d. CH.sub.3 OCH.sub.2 --), 3.57 (2H.m. CH.sub.3
      OCH.sub.2 --), 4.18-4.75 (1H.m. --CH.sub.2 CH&lt;), 4.27 (1H.s. C3proton),
      5.23-5.98(5H.m. .beta.-lactams, --NHCONH.sub.2 *, PhCH&lt;), 6.37
      (1H.d.--NHCO--*), 7.38 (5H.m. aromatic protons) 8.42 (1H.d.--CONH--*),
      9.14 (1H.m.--CONH--*).
FNT  * Removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 98%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f = 0.24
PAC  EXAMPLE 45
PAR  PHTHALID-3-yl D-.alpha.-[D-.alpha.-GUANIDINO-.beta.-PHENYLPROPIONAMIDO]
      PHENYLACETAMIDO PENICILLINATE, HYDROCHLORIDE (R = pH; R.sup.1 = PhCH.sub.2
      -; R.sup.3 = H;
      ##EQU12##
      ##SPC22##
PAR  Prepared by method A from D-.alpha.-Guanidino-.beta.-phenyl propionic acid.
PAR  YIELD: 23%
PAR  .nu.max (KBr): 3340 (br.), 1785, 1660, 1510, 1285, 980 755 and
      705cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.53 (6H.m. gemdimethyls), 3.03 (2H.m.
      PhCH.sub.2 CH), 4.56 (1H.s. C3 proton), 4.37-5.08 (1H.m. PhCH.sub.2 CHC),
      5.33-6.01 (3H.m. .beta.-lactams and PhCH), 7.52 (1H.s. Phthalide 3
      proton), 6.95-8.05 (19H.m. aromatic protons and
      ##EQU13##
      8.05-9.49 (2 .times. 1H.m. --CONH--*)
FNT  * Removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 91%
PAR  BIOCHROMATOGRAM: Single zone R.sub.f 0.87 EXAMPLE 46
PAR  D-.alpha.-[L-.beta.-PHENYL-.alpha.-UREIDOPROPIONAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      --NHCONH.sub.2 ; M = H; .alpha..sup.1 = L)
PAR  Prepared by method Bi) from D-.alpha.-Ureido-.beta.-phenyl propionic acid.
PAR  YIELD: 15%
PAR  .nu.max (KBr): 3360 (Br.), 1775, 1650, 1525, 1315, 1230 and
      705cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H.s. gem methyl), 1.59 (3H.s. gem
      methyl), 2.89 (2H.m. PhCH.sub.2 --), 4.25 (1H.s. C3 proton), 4.68 (1H.m.
      PhCH.sub.2 CH), 5.64 (5H.m. .beta.-lactams NHCONH.sub.2 *, PhCH), 6.27
      (1H.d. --NHCO--), 7.28 (10H.m. aromatic protons), 8.62 and 9.17 (2 .times.
      1H.d. --CONH--*)
FNT  * Removed by D.sub.2 O.
PAR  BIOCHROMATOGRAM: Single zone
PAC  EXAMPLE 47
PAR  D-.alpha.-[D,L-.alpha.-(3-ETHYLUREIDO)-.beta.-PHENYLPROPIONAMIDO]-PHENYLACE
     TAMIDOPENICILLANIC ACID
      ##SPC23##
PAL  R.sup.3 = h, r.sup.2 =nhconhch.sub.2 ch.sub.3, m = h, .alpha..sup.1 = d,l)
PAR  prepared by method (Bi) from D,L-(3-ethylureido)-.beta.-phenylpropionic
      acid.
PAR  YIELD: 16% m.p. 174.degree.-6.degree.C (dec.)
PAR  .nu.max(KBr): 3380 (broad), 1774, 1637, 1540, 1299, 1218 and
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.96 (3H.t.--NHCH.sub.2 CH.sub.2), 1.44
      (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.96 (4H.m. PhCH.sub.2 CH&lt;,
      13 NHCH.sub.2 CH.sub.3), 4.27 (1H.s. C3 proton), 4.59 (1H.m. PhCH.sub.2
      CH&lt;), 5.38-6.17 (5H.m. .beta.-lactams, PhCH&lt;, --NHCONH--*), 7.32 (10H.m.
      PhCH&lt;, PhCH.sub.2 CH&lt;), 8.58 (1H.m. --CONH--*), 9.12 (1H.m.--CONH--*).
FNT  * Removable with D.sub.2 O.
PAR  HYDROXYLAMIME ASSAY: 92.9%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.71
PAC  EXAMPLE 48
PAR  D-.alpha.-[D,L-.beta.-(2-THIENYL)-.alpha.-UREIDOPROPIONAMIDO]-PHENYLACETAMI
     DOPENICILLANIC ACID
      ##SPC24##
PAL  R.sup.3 = h--, r.sup.2 = --nhconh.sub.2, m = h, .alpha..sup.1 = d,l)
PAR  prepared by method (Bi) from D,L-.beta.-(2-thienyl)-.alpha.-ureidopropionic
      acid.
PAR  YIELD: 25.9%
PAR  .nu.max(KBr): 3355 (br.), 1773, 1648, 1537, 1307, 1226 and
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H.s. gem methyl), 1.56 (3H.s. gem
      methyl), 3.10 (2H.m. --CH.sub.2 CH&lt;), 4.21 (1H.s. C3 proton), 4.50 (1H.m.
      --CH.sub.2 CH&lt;), 5.58 (5H.m. .beta.-lactams, --NHCONH.sub.2 *, PhCH), 6.28
      (1H.m. --NHCONH.sub.2 *), 6.89 (2H.m. thienyl 3- and 4- protons), 7.35
      (6H.s. phenyl aromatics and thienyl 5- proton), 8.67 (1H.m. --CONH--*),
      9.15 (1H.m. --CONH--*).
FNT  * Removable with D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 70.6%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.41
PAC  EXAMPLE 49
PAR  POTASSIUM
      D-.alpha.-[D-.alpha.-(3-ETHYLUREIDO)-p-PHENYL-PROPIONAMIDO]-PHENYLACETAMID
     OPENICILLIANATE (R = Ph--, R.sup.1 = PhCH.sub.2 --, R.sup.3 = H--, R.sup.2
      =  --NHCONHCH.sub.2 CH.sub.3, N = K, .alpha..sup.1 =D)
PAR  Prepared by method (Bi) from
      D-.alpha.-(3-ethylureido)-.beta.-phenylpropionic acid.
PAR  YIELD: 65.3%
PAR  .nu.max.sup.(KBr): 3350(br), 1774, 1630, 1540, 1225, 732 and
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.95 (3H.t. J = 7Hz --NHCH.sub.2 CH.sub.3),
      1.45 (3H.s. gem methyl), 1.58 (3H.s. gem-methyl), 2.75-3.35 (4H.m.
      PhCH.sub.2 CH, --NHCH.sub.2 CH.sub.3 (J = 7Hz)), 4.28 (1H.s. C-3 proton),
      4.61 (1H.m. PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH,
      --NHCONH--*), 7.37 (10H.m. PhCH, PhCH.sub.2 CH&lt;), 8.53 (1H.d. --CONH--*),
      9.12 (1H.m. --CONH--*),
FNT  * removable in D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 85.4%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.65
PAC  EXAMPLE 50
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-(3-n-PROPYLUREIDO)-PROPIONAMIDO]PHENYLAC
     ETAMIDOPENICILLANIC ACID
      ##SPC25##
PAL  R.sup.3 = h, r.sup.2 = nhconhch.sub.2 ch.sub.2 ch.sub.3, m = h,
      .alpha..sup.1 = d)
PAR  prepared by method (Bi) from D-.alpha.-(3-n-propylureido)-propionic acid.
PAR  YIELD: 70.3%
PAR  .nu.max(KBr): 3320 (br.), 1772, 1633, 1540, 1222, 731 and
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.81 (3H.t. --NHCH.sub.2 CH.sub.2 CH.sub.3),
      1.45 (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.7-3.3 (6H.m.
      PhCH.sub.2 CH&lt;, --NHCH.sub.2 CH.sub.2 CH.sub.3), 4.27 (1H.s. C-3 proton),
      4.6 (1H.m. PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH&lt;,
      --NHCONH--*), 7.31 (10H.m. PhCH&lt;, PhCH.sub.2 CH&lt;), 8.53 (1H.m. --CONH--*),
      9.10 (1H.m. --CONH--*).
FNT  * Removable with D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 94.7%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.73
PAC  EXAMPLE 51
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-(3-ISO-PROPYLUREIDO)-PROPIONAMIDO]-PHENY
     LACETAMIDOPENICILLANIC ACID
      ##SPC26##
PAL  R.sup.3 = h--, r.sup.2 = --nhconhch(ch.sub.3).sub.2 m = h, .alpha..sup.1 =
      d)
PAR  prepared by method (Bi) from
      D-.alpha.-phenyl-.alpha.-(3-iso-propylureido)-propionic acid.
PAR  YIELD: 60%
PAR  .nu.max (KBr): 3363 (br), 1772, 1626, 1533, 1230, 1128, 729 and 701
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.99 (6H.d. NHCH(CH.sub.3).sub.2), 1.45
      (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.92 (2H.m. PhCH.sub.2 CH&lt;),
      3.3 (1H.m. --NHCH(CH.sub.3).sub.2), 4.28 (1H.s. C-3 proton), 4.6 (1H.m.
      PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH&lt;, --NHCONH--*), 7.23
      (5H.s. PhCH.sub.2 CH&lt;), 7.39 (5H.m. PhCH&lt;), 8.4-9.5 (2H.m. 2 .times.
      --CONH--*).
FNT  * Removable with D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 89.7%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.72
PAC  EXAMPLE 52
PAR  POTASSIUM
      D-.alpha.-[D-.alpha.-(3-CYCLOHEXYLUREIDO)-.beta.-PHENYLPROPIONAMIDO]-PHENY
     LACETAMIDOPENICILLANATE
      ##SPC27##
PAR  Prepared by method (Bi) from
      D-.alpha.-(3-cyclohexylureido)-.beta.-phenylpropionic acid.
PAR  YIELD: 57%
PAR  .nu.max (KBr): 3330 (br.), 1762, 1628, 1546, 1392, 1320 and
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.6-1.7 (10H.m. cyclohexyl methylenes) 1.44
      (3H.s. gem methyl), 1.54 (3H.s. gem methyl), 2.75 - 3.4 (3H.m. PhCH.sub.2
      CH&lt;, --NH-CH), 3.92 (1H.d. C-3 proton), 4.3-4.7 (1H.m. PhCH.sub.2 CH&lt;),
      5.2-5.6 (2H.m. .beta.-lactams), 5.65-5.94 (1H.m. PhCH&lt;), 6.1-6.5 (2H.m.
      --NHCONH--*), 7.23 (5H.s. PhCH.sub.2 CH&lt;), 7.37 (5H.m. PhCH&lt;), 8.4-9.0
      (2H.m. 2 .times. --CONH--*)
FNT  * Removable with D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 85.9%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.73
PAC  EXAMPLE 53
PAR  Potassium
      D-.alpha.-[DL-.alpha.-(3-tert-butylureido-.beta.-phenylpropionamido]phenyl
     acetamidopenicillanate. (R=Ph; R.sup.1 =PhCH.sub.2 --; R.sup.3 =H; R.sup.2
      = --NHCONHC(CH.sub.3).sub.3 ; M=K; .alpha..sup.1 =D,L)
PAR  Prepared by method (Bi) from
      D,L-.alpha.-(3-tert-butylureido)-.beta.-phenylpropionic acid.
PAR  Yield: 40.2%
PAR  .gamma.max (KBr): 3360(br), 1774, 1645(br), 1540(br), 1456, 1214, 733 and
      702 cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.22 (9H.s. --NHC(CH.sub.3).sub.3);
      1.45(3H.s. gem dimethyl); 1.58(3H.s. gem dimethyl); 2.89(2H.m. PhCH.sub.2
      CH&lt;) 4.23(1H.s. C-3 proton); 4.53(1H.m. PhCH.sub.2 CH&lt;) 5.35-6.15(5H.m.
      .beta.-lactams, PhCH&lt; and --NHCONH--*); 7.30 (10H.m.PhCH&lt; and PhCH.sub.2
      CH&lt;); 8.51(1H.d. --CONH--*); 9.12(1H d. --CONH--*).
FNT  * removable in D.sub.2 O.
PAR  Hydroxylamine Assay: 99.8%.
PAR  Biochromatography: 1 zone at Rf 0.72
PAC  EXAMPLE 54
PAR  D-.beta.-[DL-.beta.-(p-Hydroxyphenyl)-.alpha.-ureidopropionamido]
      phenylacetamidopenicillanic acid R=Ph: R.sup.1 =p--HO--PhCH.sub.2 ;
      R.sup.3 =H; R.sup.2 = --NHCONH.sub.2 ; M=h; .alpha..sup.1 =D,L
PAR  Prepared by method B from
      D,L-.beta.-(p-hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 80%
PAR  .gamma.max (KBr): 3350(br), 1772, 1650, 1517, 1230, and 703 cm.sup.-.sup.1
      .delta.[(CD.sub.3).sub.2 SO]: 1.44(3H.s. gem methyl); 1.57 (3H.s. gem
      methyl) .about.2.8 (2H.m. --CH.sub.2 CH&lt;); 4.29 (1H.s. C-3 proton)
      .about.4.5 (1H.m. --CH.sub.2 CH&lt;); 5.35-5.87 (5H.m. .beta.-lactams, PhCH&lt;
      and NHCONH.sub.2 *); 6.27 (1H.d. --NHCONH.sub.2 *); 6.67 (2h.d. o-protons
      in p-HO-Ph ring); 6.99 (2H.d. m-protons in p-HO-Ph ring); 7.30(5H. broad
      s. PhCH); 8.47 (1H.m. --CONH--*) 9.12 (1H.m. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 79.4%
PAR  Biochromatography: 1Zone at Rf 0.27.
PAC  EXAMPLE 55
PAR  D-.alpha.-[D,L-.beta.-(m-Hydroxyphenyl)-.alpha.-ureidopropionamido]-phenyla
     cetamido penicillanic acid. (R=Ph, R.sup.1 = m--HO--PhCH.sub.2 --, R.sup.3
      =H, R.sup.2 = --NHCONH.sub.2, M=H, .alpha..sup.1 =D,L)
PAR  Prepared by method B from
      D,L-.beta.-(m-hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 46%.
PAR  .gamma.max (KBr): 3360(br), 1775, 1625, 1531, 1236, 1164, and 703
      cm.sup.-.sup.1
PAR  .delta.](CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl); 1.58 (3H.s. gem
      methyl); .about.2.8 (2H.m. --CH.sub.2 CH&lt;); 4.32 (1H.s. C-3 proton) 4.55
      (1H.m. --CH.sub.2 CH&lt;); 5.40-5.90 (5H.m. .beta.-lactams, PhCH&lt; and
      --NHCONH.sub.2 *); 6.35 (1H.d. --NHCONH.sub.2 *) 6.55-7.15 (4H.m.
      m--HO--Ph-- aromatics); 7.32 (5H. broad s. PhCH&lt;); 8.52 (1H. d.
      --CONH--*); 9.16 (1H.m. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 93.7%.
PAR  Biochromatography: 1Zone at Rf 0.39
PAC  EXAMPLE 56
PAR  D-.alpha.-[D-.beta.-Phenyl-.alpha.-ureidopropionamido]-(2-thienyl)-acetamid
     openicillanic acid.
      ##SPC28##
PAL  R.sup.1 =phCH.sub.2 --, R.sup.3 =H, R.sup.2 = --NHCONH.sub.2, M=H,
      .alpha..sup.1 =D)
PAR  Prepared by method (Bviii) with D-.beta.-phenyl-.alpha.-ureidopropionic
      acid.
PAR  Yield: 44.8%.
PAR  .gamma.max (Nujol): 3310(br), 1785, 1668, 1539, 1233 and 701 cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.47(3H.s. gem methyl); 1.60(3H.s. gem
      methyl; .about.3(2H.m. PhCH.sub.2 CH&lt;); 3.9-4.4(1H.s. PhCH.sub.2 CH&lt;)
      4.26(1H.s. C-3 proton); 5.3-6.6 (6H.m. .beta.-lactams, ThCH&lt;, and
      --NHCONH.sub.2 *); 7.28(8H.m. PhCH.sub.2 CH&lt; and ThCh&lt;); 7.7-9.5 (2H.m.
      2.times. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamino Assay: 78.2%.
PAR  Biochromatography: One zone at Rf 0.62 (plus faint zone at Rf 0.27 due to
      starting amino penicillin.)
PAC  EXAMPLE 57
PAR  D-.alpha.-[D-.beta.-Phenyl-.alpha.-ureidopropionamido]-valeramidopenicillan
     ic acid (R= CH.sub.3 (CH.sub.2).sub.2 --, R.sup.1 = PhCH.sub.2 --, R.sup.3
      =H, R.sup.2 =)NHCONH.sub.2, M=H, .alpha..sup.1 =D)
PAR  Prepared by method (Bvii) from D-.beta.-phenyl-.alpha.-ureidopropionic
      acid.
PAR  Yield: 30%.
PAR  .gamma.max (KBr): 3340(br), 1774, 1650, 1530, 1231, and 703cm.sup.-.sup.1
      .delta.[(CD.sub.3).sub.2 SO]: 0.92 (3H.m.CH.sub.3 (CH.sub.2).sub.2 --);
      1.1-1.7 (10H.m. gemdimethyls, CH.sub.3 (CH.sub.2).sub.2 --); 2.85-3.0
      (2H.m. PhCH.sub.2 CH&lt;); 4.3-4.7 (2H.m. CH.sub.3 (CH.sub.2).sub.2 CH&lt;,
      PhCH.sub.2 CH&lt;); 4.34 (1H.s. C-3 proton); 5.47-5.8 (4H.m. .beta.-lactams,
      --NHCONH.sub.2 *); 6.30 (1H.d. --NHCONH.sub.2 *); 7.27 (5H.s. aromatics);
      8.12 (1H.d. --CONH--*); 8.81 (1H.m. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 78%.
PAR  Biochromatography: 1 zone at Rf 0.59.
PAC  EXAMPLE 58
PAR  D-.alpha.-[D-.beta.)Phenyl-.alpha.-ureidopropionamido]-cyclopropylacetamido
     penicillanic acid.
      ##SPC29##
PAL  R.sup.1 =phCH.sub.2 --, R.sup.3 =H, R.sup.2 = --NHCONH.sub.2, M=H,
      .alpha..sup.1 =D)
PAR  Prepared by method (Bvi) from D-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 50%.
PAR  .gamma.max (KBr): 3345(br), 1772, 1645, (br), 1527, 1230 and 703
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.25-1.25H.m.cyclopropyl ring protons) 1.51
      (3H.s. gem methyl); 1.63 (3H.s. gem methyl); 2.92 (2H.m. PhCH.sub.2 --);
      4.05
      ##SPC30##
PAL  4.3 (1h.s. PhCH.sub.2 CH&lt;) 5.5-5.8 (4H.m. .beta.-lactams and --CONH.sub.2
      *); 6.18 (1H.d. --CONH--*) 7.2-7.4 (5H.m. aromatic protons); 8.18 and 8.93
      (2.times.1H.d. --CONH--*)
FNT  * removed by D.sub.2 O.
PAR  Hydroxylamine Assay: 95.6%.
PAR  Biochromatography: 1 zone at Rf 0.37
PAC  EXAMPLE 59
PAR  D-.alpha.-[D-.beta.-PHENYL-.alpha.-UREIDOPROPIONAMIDO]-.beta.-PHENYLPROPION
     AMIDOPENCILLANIC ACID (R = R.sup.1 = PhCH.sub.2 --, R.sup.3 = H, R.sup.2 --
      --NHCONH.sub.2, M=H, .alpha..sup.1 = D)
PAR  Prepared by method (Bix) from D-p-pehnyl-.alpha.-ureidopropionic acid.
PAR  YIELD: 40%
PAR  .nu..sub.max (KBr): 3322(br), 1725, 1638, 1534, 1302, 1231,
      702cm.sup.-.sup.1
PAR  .delta.[(CD).sub.3 SO]: 1.51 (3H.s. gem-methyl), 1.65 (3H.s. gem-methyl),
      3.0 (4H.m. PhCH.sub.2, PhCH.sub.2), 4.32 (1H.s. C-3 proton), 4.4 and 4.8
      (2 .times. 1H.m. PhCH.sub.2 CH&lt;), 5.52 (2H.m. .beta.-lactams), 6.1 (1H.m.
      -- CONH--), 7.1-7.4 (10H.m. aromatic protons), 8.20 and 8.78 (2 .times.
      1H.m. --CONH*--)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH ASSAY: 87%
PAR  BIOCHROMATOGRAPHY: Single zone R.sub.f 0.40
PAC  EXAMPLE 60
PAR  D-.alpha.-[D-.alpha.-UREIDO-n-HEPTANAMIDO]-PHENYLACETAMIDO PENICILLANIC
      ACID (R = Ph; R.sup.1 = CH.sub.3 (CH.sub.2).sub.5 ; R.sup.3 = H; R.sup.2 =
      --NHCONH.sub.2 ; M = H; .alpha..sup.1 = D)
PAR  Prepared by method (Bi), from D-Ureidoheptanoic acid. YIELD: 45%
PAR  .nu..sub.max (KB): 3380(br), 1763, 1650, 1600, 1538, 1401, 1323, 1234,
      669cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.87 (3H.m. CH.sub.3 (CH.sub.3
      (CH.sub.2).sub.5), 1.0-2.0 (10H.m. CH.sub.3 (CH.sub.2).sub.5), 1.47 (3H.s.
      gem-methyl), 1.56 (3H.s. gem-methyl), 3.97 (1.H.s. C-3 proton), 3.4-3.8
      (1H.m. (CH.sub.2).sub.5 CH&lt;), 5.3-5.9 (5H.m. .beta.-lactams, PhCH &lt;,
      --CONH.sub.2 *), 7.2-7.6 (5H.m. aromaticprotons), 6.6, 8.7 and 8.9 (3
      .times. 1H.m. --CONH* --)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH ASSAY: 37%
PAR  BICHROMATOGRAPHY: Single zone R.sub.f 0.67
PAC  EXAMPLE 61
PAR  D-.alpha.-[D-.alpha.-UREIDO-n-HEXANAMIDO]-PHENYLACETAMIDO PENICILLANIC ACID
      (R = Ph, R.sup.1 = CH.sub.3 (CH.sub.2).sub.3, R.sup.3 = H, R.sup.2 =
      --NHCONH.sub.2, M = H, .alpha..sup.1 = D
PAR  Prepared by method (Bi) using D-.alpha.-ureidohexanoic acid.
PAR  YIELD: 60%
PAR  .nu..sub.max (KBr): 3340, 1772, 1640, 1312, 1234, 700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.84 (3H.m. CH.sub.3 (CH.sub.2).sub.3 ,
      1.0-1.8 (6H.m. CH.sub.3 (CH.sub.2).sub.3, 1.42 (3H.s. gem-methyl), 1.54
      (3H.s. gem-methyl), 4.23 (1H.s. C-3 proton), 4.23 (1H.m. CH.sub.3
      (CH.sub.2).sub.3 CH &lt;), 5.4-5.9 (5H.m. .beta.-lactams,  PhCH&lt; and
      CONH.sub.2 *), 6.25 (1H.m. --CONH*--), 7.40 (5H.m. aromatic protons), 8.49
      and 9.08 (2 .times. 1H.d. --CONH*)
FNT  * removed by D.sub.2 O.
PAR  HYDROXYAMINE ASSAY: 73%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.59
PAC  EXAMPLE 62
PAR  D-.alpha.-[D-.beta.-(1,4-CYCLOHEXADIENYL)-.alpha.-UREIDOPROPIONAMIDO]-(p-HY
     DROXYPHENYL)ACETAMIDOPENICILLANIC ACID (R = p --HO-PH),
      ##SPC31##
PAL  R.sup.2 = --nhconh.sub.2, m = h, .alpha..sup.1 = d)
PAR  prepared by method (Bii) using
      D-.beta.-(1,4-cyclohexadienyl)-.alpha.ureidopropionic acid
PAR  YIELD: 50%
PAR  .nu..sub.max (KBr): 3330(br), 1770, 1640, 1510, 1223, 961, and
      840cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem-methyl); 1.58 (3H.s.
      gem-methyl); 2.1-2.4 (2H.m.
      ##SPC32##
PAL  2.61 (4H. broad s. cyclohexadiene methylenes); 4.24 (1H.s. C-3 proton);
      4.2-4.5
      ##SPC33##
PAL  5.35-5.8 (8H.m. .beta.-lactams,
      ##SPC34##
PAL  cyclohexadiene methines, --NHCONH.sub.2 *); 5.9-6.2 (1H.m. --NHCONH.sub.2
      *); 6.72
      ##SPC35##
PAL  8.3 (1h.m. --CONH--*); 8.9 (1H.m. --CONH--*).
FNT  * removable with D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 98.2%
PAR  BIOCHROMATOGRAPHY R.sub.f = 0.41
PAC  EXAMPLE 63
PAR  D-.alpha.-[D-.beta.-(1,4-CYCLOHEXADIENYL)-.alpha.-(3-ETHYLUREIDO)-PROPIONAM
     IDO]-(p-HYDROXYPHENYL)-ACETAMIDO-PENICILLANIC ACID
      ##SPC36##
PAL  R.sup.3 = h--, r.sup.2 = --nhconhch.sub.2 ch.sub.3, m = h, .alpha..sup.1 =
      d)
PAR  prepared by method Bii) from
      D-.beta.-(1,4-cyclohexadienyl)-.alpha.-(3-ethylureido)propionic acid.
PAR  YIELD: 20%
PAR  .nu..sub.max (KBr): 3350 (br), 1760, 1510, 1371, 1258, 1220 and
      781cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.1-1.7 (9H.m. gem dimethyls, --NHCH.sub.2
      CH.sub.3) 1.9-2.2
      ##SPC37##
PAL  2.45-2.75 (4h.m. cyclohexadiene methylenes), 3.9-4.5 (44.m. NHCH.sub.2
      CH.sub.3, C-3 proton and
      ##SPC38##
     5.0-5.8 (8H.m. .beta.-lactams,
      ##SPC39##
PAL  cyclohexadiene methines, --NHCONH*--), 6.6-7.6 (4H.m. aromatics), 8.3-9.2
      (2H.m. 2 .times. --CONH*--).
FNT  * Removable in D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 88%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.44 (plus 2 minor zones)
PAC  EXAMPLE 64
PAR  D-.alpha.-[D-.alpha.-ACETAMIDO-n-HEXANAMIDO]-(p-HYDROXYPHENYL)ACETAMIDOPENI
     CILLANIC ACID
      ##SPC40##
PAL  R.sup.1 = ch.sub.3 (ch.sub.2).sub.3 --, r.sup.3, = h--, r.sup.2 =
      --nhcoch.sub.3, m = h, .alpha..sup.1 = d)
PAR  prepared by method (Bii) from D-.alpha.-acetamido-n-hexanoic acid.
PAR  YIELD: 30%
PAR  .nu..sub.max (KBr): 3310(br.), 1770, 1645, 1510, 1374, 1210,
      1173cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.8-1.8 (9H.m. CH.sub.3 (CH.sub.2).sub.3 --),
      1.43 (3H.s. gem methyl), 1.54 (3H.s. gem methyl), 1.92 (3H.d. COCH.sub.3)
      4.28 (1H.s. C3 proton), 4.38 (1H.m. CH.sub.2 CH&lt;), 5.4-5.8 (3H.m.
      .beta.-lactams and PhCH&lt;), 6.22 (1H.d. --CONH*--), 7.0-7.6(4H.m. aromatic
      protons), 8.25 and 9.3 (2 .times. 1H.m. --CONH--* )
FNT  Removed by D.sub.2 O
PAR  HYDROXYLAMINE ASSAY: 124.6%
PAR  BIOCHROMATOGRAPHY: R.sub.f = 0.35 (plus small zone due to amino-penicillin)
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A penicillin of formula (I):
      ##SPC41##
PAL  wherein
PA1  R is phenyl, hydroxyphenyl, halophenyl, nitrophenyl, alkoxyphenyl having
      1-3 carbon atoms in the alkoxy part, aminophenyl, 2- or 3-thienyl,
      cycloalkyl having 3-7 carbon atoms in the cyclo part, or alkyl having 1-4
      carbon atoms;
PA1  R.sup.1 is phenyl, benzyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 4-nitrophenyl,
      4-chlorophenyl, 4-fluorophenyl, 4-methoxyphenyl, 4-aminophenyl, phenoxy or
      benzyloxy;
PA1  R.sup.2 is
      ##EQU14##
      in which R.sup.5 is amino, mono- or di-alkylamino having 1-4 carbon atoms
      in the alkyl part, cyclohexylamino, hydrogen, alkyl of 1-4 carbon atoms or
      phenyl, and R.sup.6 is amino, mono- or di-alkylamino having 1-4 carbon
      atoms in the alkyl part or cyclohexylamino;
PA1  R.sup.3 is hydrogen or alkyl or 1-3 carbon atoms; or a pharmaceutically
      acceptable salt or a pharmaceutically acceptable hydroylzable ester which
      converts to the free acid form in vivo.
NUM  2.
PAR  2. A penicillin of claim 1 wherein the carbon atom attached to R is in the
      D-configuration.
NUM  3.
PAR  3. A penicillin of claim 1 wherein the carbon atom attached to R.sup.2 is
      in the D-configuration.
NUM  4.
PAR  4. A penicillin of claim 1 wherein R is phenyl, 4-hydroxyphenyl or
      3-thienyl.
NUM  5.
PAR  5. A penicillin of claim 1 wherein R.sup.3 is hydrogen.
NUM  6.
PAR  6. A penicillin of claim 1 wherein, when R.sup.2 is (II), R.sup.5 is amino
      or hydrogen or, when R.sup.2 is (III), R.sup.6 is amino.
NUM  7.
PAR  7. A penicillin of claim 1 which is
      6(D,.alpha.-[D,.alpha.-ureido-.beta.-phenylpropionamido]-phenylacetamido)
      penicillanic acid;
PA1  6(D,.alpha.-[D,.alpha.-ureido-.beta.-phenylpropionamido]-p-hydroxyphenylace
     tamido) penicillanic acid;
PA1  6(D,.alpha.-[D,.alpha.-ureido-.beta.-phenylpropionamido]-thien-3-yl-acetami
     do) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-formamido-.beta.-phenylpropionamido]-phenylacetami
     do) penicillanic acid;
PA1  6(D,.alpha.-[D,.alpha.-guanidino-.beta.-phenylpropionamido]-phenylacetamido
     ) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-.beta.-p-fluorophenylpropionamido]-phenylac
     etamido-penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-.beta.-p-fluorophenylpropionamido]-p-hydrox
     yphenylacetamido) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-.beta.-p-chlorophenylpropionamido]-phenylac
     etamido) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-p-chlorophenylpropionamido]-p-hydroxyphenyl
     acetamido) penicillanic acid;
PA1  6(D,.alpha.-[[D,L,.alpha.-ureido-p-nitrophenylpropionamido]-phenylacetamido
     ) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-p-nitrophenylpropionamido]-p-hydroxyphenyla
     cetamido) penicillanic acid;
PA1  6(D,.alpha.-[D,L,.alpha.-ureido-p-hydroxyphenylpropionamido]-p-hydroxypheny
     lpropionamido]-p-hydroxyphenylacetamido) penicillanic acid.
NUM  8.
PAR  8. A penicillin of claim 1 wherein the ester is phthalidyl,
      5,6-dimethoxyphthalidyl, pivaloyloxymethyl or acetoxymethyl.
NUM  9.
PAR  9. A penicillin of claim 1 wherein the salt is a base addition or acid
      addition salt.
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PAL  New and valuable sulfites of aliphatic glycolic amides having a good
      herbicidal action, herbicides containing these compounds, and a process
      for controlling the growth of unwanted plants with these compounds.
BSUM
PAR  The present invention relates to new and valuable sulfites of aliphatic
      glycolic amides and herbicides containing them, and their use for
      controlling unwanted plant growth.
PAR  It is known (German Pat. No. 1,014,380) to use
      N-isopropyl-.alpha.-chloroacetanilide for controlling unwanted plants in
      crops such as Indian corn, soybeans and vegetables. However, its action is
      not satisfactory.
PAR  We have now found that sulfites of aliphatic glycolic amides of the formula
      ##EQU1##
      WHERE R.sup.1 denotes alkyl, e.g., methyl and ethyl, m denotes one of the
      integers 0, 1, 2 and 3, R.sup.2 denotes an aliphatic radical of from 1 to
      6 carbon atoms, e.g., methyl, ethyl, propyl, isopropyl, butyl, sec-butyl
      and tert-butyl, which may be mono- or polysubstituted by halogen or
      alkoxy, R.sup.2 further denotes cyclopropyl, cyclohexyl, alkenyl or
      alkynyl, e.g., allyl, methallyl, propargyl and butyn-1-yl-3, and n denotes
      one of the integers 3, 4, 5 and 6, have a good herbicidal action. They
      have better crop plant compatibility and a better herbicidal action than
      N-isopropyl-.alpha.-chloroacetanilide.
PAR  The active ingredients may be prepared by reacting, at 10.degree. to
      15.degree.C, an alkyl chlorosulfinate with a glycolic amide in an inert
      solvent in the presence of a compound which binds hydrogen chloride.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1H-azepineacetamido-.alpha.-ethyl sulfite
PAR  15.7 PARTS (BY WEIGHT) OF 1H-azepine glycolic amide is dissolved together
      with 8.0 parts of pyridine in 50 parts of dry benzene. At 10.degree. to
      15.degree.C, 12.9 parts of ethyl chlorosulfinate dissolved in 50 parts of
      benzene is dripped in.
PAR  After 30 minutes the precipitated pyridinium hydrochloride is suction
      filtered and the organic phase is washed with water. After drying, the
      benzene is distilled off. There is obtained 20.4 parts of the desired
      product having the following structure:
      ##EQU2##
      The following compounds may be prepared in the same manner:
TBL  1H-azepine acetamido-.alpha.-methyl sulfite                               

                                    n.sub.25 :                                 

                                        1.4955                                 

     1H-azepine acetamido-.alpha.-isopropyl sulfite                            

                                    n.sub.25 :                                 

                                        1.4695                                 

     1H-azepine acetamido-.alpha.-butyl sulfite                                

                                    n.sub.25 :                                 

                                        1.4875                                 

     pyrrolidine acetamido-.alpha.-propyl sulfite                              

                                    n.sub.25 :                                 

                                        1.4828                                 

     pyrrolidine acetamido-.alpha.-isopropyl sulfite                           

                                    m.p.:                                      

                                        58.degree. to 59.degree.C              

     2-methyl-1H-azepine acetamido-.alpha.-ethyl sulfite                       

                                    n.sub.25 :                                 

                                        1.4882                                 

     2-methyl-1H-azepine acetamido-.alpha.-isopropyl sulfite                   

                                    n.sub.25 :                                 

                                        1.4740                                 

     2,3-dimethyl-1H-azepine acetamido-.alpha.-methyl sulfite                  

                                    n.sub.25 :                                 

                                        1.4952                                 

     2,3-dimethyl-1H-azepine acetamido-.alpha.-ethyl sulfite                   

                                    n.sub.25 :                                 

                                        1.4860                                 

     2,3-dimethyl-1H-azepine acetamido-.alpha.-propyl sulfite                  

                                    n.sub.25 :                                 

                                        1.4849                                 

     2,3-dimethyl-1H-azepine acetamido-.alpha.-isopropyl                       

      sulfite                       n.sub.25 :                                 

                                        1.4749                                 

     3,5,5-trimethyl-(3,3,5-trimethyl)-1H-azepine                              

      acetamido-.alpha.-ethyl sulfite                                          

                                    n.sub.25 :                                 

                                        1.4850                                 

      (1 : 1 isomer mixture of the 3,3,5- and                                  

      3,5,5-trimethyl derivative)                                              

     3-methyl-(2-methyl)-1H-azepine acetamido-.alpha.-iso-                     

      propyl sulfite                n.sub.25 :                                 

                                        1.4735                                 

      (isomer mixture consisting to the extent of 55%                          

      of the 3-methyl- and 45% of the 2-methyl                                 

      derivative)                                                              

     2-methyl-(3-methyl)-1H-azepine acetamido-.alpha.-iso-                     

      propyl sulfite                n.sub.25 :                                 

                                        1.4698                                 

      (isomer mixture consisting to the extent of 75%                          

      of the 2-methyl- and 25% of the 3-methyl                                 

      derivative)                                                              

     2,3-dimethyl-1H-azepine acetamido-.alpha.-allyl sulfite                   

                                    n.sub.25 :                                 

                                        1.4970                                 

     1H-azepine acetamido-.alpha.-allyl sulfite                                

                                    n.sub.25 :                                 

                                        1.5026                                 

     2,3-dimethyl-1H-azepine acetamido-.alpha.-(butyn-1-yl-3)-                 

      sulfite                       n.sub.25 :                                 

                                        1.4929                                 

     3-methyl-1H-azepine acetamido-.alpha.-(butyn-1-yl-3-)-                    

      sulfite                       n.sub.25 :                                 

                                        1.4965                                 

     piperidine acetamido-.alpha.-ethyl sulfite                                

     piperidine acetamido-.alpha.-isopropyl sulfite                            

     2-methylpiperidine acetamido-.alpha.-methyl sulfite                       

     2-methylpiperidine acetamido-.alpha.-allyl sulfite                        

     2-methylpiperidine acetamido-.alpha.-isopropyl sulfite                    

     3-methylpiperidine acetamido-.alpha.-isopropyl sulfite                    

     3-methylpiperidine acetamido-.alpha.-(.beta.-chloroethyl sulfite)         

     4-methylpiperidine acetamido-.alpha.-ethyl sulfite                        

     4-methylpiperidine acetamido-.alpha.-allyl sulfite                        

     4-methylpiperidine acetamido-.alpha.-(.beta.-chloroethyl sulfite)         

     3,3-dimethylpiperidine acetamido-.alpha.-methyl sulfite                   

     3,3-dimethylpiperidine acetamido-.alpha.-isopropyl sulfite                

     3,5,5-trimethyl-(3,5,5-trimethyl)-1H-azepine acetamido-.alpha.-           

      (.beta.-chloroethyl sulfite)                                             

      (1 : 1 isomer mixture of the 3,5,5- and the 3,3,5-                       

      trimethyl derivative).                                                   

PAR  The new compositions have a strong herbicidal action and may therefore be
      used as weedkillers or for controlling the growth of unwanted plants.
      Whether the new active ingredients are used as total or selective agents
      depends in essence on the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance
TBL  Gramineae, such as                                                        

     Cynodon spp.        Dactylis spp.                                         

     Digitaria spp.      Avena spp.                                            

     Echinochloa spp.    Bromus spp.                                           

     Setaria spp.        Uniola spp.                                           

     Panicum spp.        Poa spp.                                              

     Alopecurus spp.     Leptochloa spp.                                       

     Lolium spp.         Brachiaria spp.                                       

     Sorghum spp.        Eleusine spp.                                         

     Agropyron spp.      Cenchrus spp.                                         

     Phalaris spp.       Eragrostis spp.                                       

     Apera spp.          Phragmitres communis                                  

     etc.;                                                                     

     Cyperaceae, such as                                                       

     Carex spp.          Eleocharis spp.                                       

     Cyperus spp.        Scirpus spp.                                          

     etc.;                                                                     

     dicotyledonous weeds, such as                                             

     Malvaceae, e.g.,                                                          

     Abutilon theoprasti Hibiscus spp.                                         

     Sida spp.           Malva spp.                                            

     etc.;                                                                     

     Compositae, such as                                                       

     Ambrosia spp.       Centaurea spp.                                        

     Lactuca spp.        Tussilago spp.                                        

     Senecio spp.        Lapsana communis                                      

     Sonchus spp.        Tagetes spp.                                          

     Xanthium spp.       Erigeron spp.                                         

     Iva spp.            Anthemis spp.                                         

     Galinsoga spp.      Matricaria spp.                                       

     Taraxacum spp.      Artemisia spp.                                        

     Chrysanthemum spp.  Bidens spp.                                           

     Cirsium spp.        etc.;                                                 

     Convolvulaceae, such as                                                   

     Convolvulus spp.    Cuscuta spp.                                          

     Ipomoea spp.        Jaquemontia tamnifolia                                

     etc.;                                                                     

     Cruciferae, such as                                                       

     Barbarea vulgaris   Arabidopsis thaliana                                  

     Brassica spp.       Descurainia spp.                                      

     Capsella spp.       Draba spp.                                            

     Sisymbrium spp.     Coronopus didymus                                     

     Thlaspi spp.        Lepidium spp.                                         

     Sinapis arvensis    Raphanus spp.                                         

     etc.;                                                                     

     Geraniaceae, such as                                                      

     Erodium spp.        Geranium spp.                                         

     etc.;                                                                     

     Portulacaceae, such as                                                    

     Portulaca spp.      etc.;                                                 

     Primulaceae, such as                                                      

     Anagallis arvensis  Lysimachia spp.                                       

     etc.;                                                                     

     Rubiaceae, such as                                                        

     Richardia spp.      Diodia spp.                                           

     Galium spp.         etc.;                                                 

     Scrophulariaceae, such as                                                 

     Linaria spp.        Digitalis spp.                                        

     Veronica spp.       etc.;                                                 

     Solanaceae, such as                                                       

     Physalis spp.       Nicandra spp.                                         

     Solanum spp.        Datura spp.                                           

     etc.;                                                                     

     Urticaceae, such as                                                       

     Urtica spp.                                                               

     Violaceae, such as                                                        

     Viola spp.          etc.;                                                 

     Zygophyllaceae, such as                                                   

     Tribulus terrestis  etc.;                                                 

     Euphorbiaceae, such as                                                    

     Mercurialis annua   Euphorbia spp.                                        

     Umbelliferae, such as                                                     

     Daucus carota       Ammi majus                                            

     Aethusa cynapium    etc.;                                                 

     Commelinaeae, such as                                                     

     Commelina spp.      etc.;                                                 

     Labiatae, such as                                                         

     Lamium spp.         Galeopsis spp.                                        

     etc.;                                                                     

     Leguminosae, such as                                                      

     Medicago spp.       Sesbania exaltata                                     

     Trifolium spp.      Cassia spp.                                           

     Vicia spp.          Lathyrus spp.                                         

     etc.;                                                                     

     Plantaginaceae, such as                                                   

     Plantago spp.       etc.;                                                 

     Polygonaceae, such as                                                     

     Polygonum spp.      Fagopyrum spp.                                        

     Rumex spp.          etc.;                                                 

     Aizoaceae, such as                                                        

     Mollugo verticillata                                                      

                         etc.;                                                 

     Amaranthaceae, such as                                                    

     Amaranthus spp.     etc.;                                                 

     Boraginaceae, such as                                                     

     Amsinckia spp.      Anchusa spp.                                          

     Myostis spp.        Lithospermum spp.                                     

     etc.;                                                                     

     Caryophyllaceae, such as                                                  

     Stellaria spp.      Silene spp.                                           

     Spergula spp.       Cerastium spp.                                        

     Saponaria spp.      Agrostemma githago                                    

     Scleranthus annuus  etc.;                                                 

     Chenopodiaceae, such as                                                   

     Chenopodium spp.    Atriplex spp.                                         

     Kochia spp.         Monolepsis nuttalliana                                

     Salsola Kali        etc.;                                                 

     Lythraceae, such as                                                       

     Cuphea spp.         etc.;                                                 

     Oxalidaceae, such as                                                      

     Oxalis spp.                                                               

     Ranunculaceae, such as                                                    

     Ranunculus spp.     Adonis spp.                                           

     Delphinium spp.     etc.;                                                 

     Papaveraceae, such as                                                     

     Papaver spp.        Fumaria officinalis                                   

     etc.;                                                                     

     Onagraceae, such as                                                       

     Jussiaea spp.       etc.;                                                 

     Rosaceae, such as                                                         

     Alchemillia spp.    Potentilla spp.                                       

     etc.;                                                                     

     Potamogetonaceae, such as                                                 

     Potamogeton spp.    etc.;                                                 

     Najadaceae, such as                                                       

     Najas spp.          etc.;                                                 

     Marsileaceae, such as                                                     

     Marsilea quadrifolia                                                      

                         etc.                                                  

PAR  The new agents may be employed in cereal crops such as
TBL  Avena spp.         Sorghum                                                

     Triticum spp.      Zea mays                                               

     Hordeum spp.       Panicum miliaceum                                      

     Secale spp.        Oryza spp.                                             

PAL  and in dicotyledon crops such as
TBL  Cruciferae, e.g.,                                                         

     Brassica spp.       Raphanus spp.                                         

     Sinapis spp.        Lepicium spp.                                         

     Compositae, e.g.,                                                         

     Lactuca spp.        Carthamus spp.                                        

     Helianthus spp.     Scorzonera spp.                                       

     Malvaceae, e.g.,                                                          

     Gossypium hirsutum                                                        

     Leguminosae, e.g.,                                                        

     Medicago spp.       Phaseolus spp.                                        

     Trifolium spp.      Arachis spp.                                          

     Pisum spp.          Glycine max.                                          

     Chenopodiaceae, e.g.,                                                     

     Beta vulgaris       Spinacia spp.                                         

     Solanaceae, e.g.,                                                         

     Solanum spp.        Capsicum annuum                                       

     Nicotiania spp.                                                           

     Linaceae, e.g.,                                                           

     Linum spp.                                                                

     Umbelliferae, e.g.,                                                       

     Petroselinum spp.   Apium graveolens                                      

     Daucus carota                                                             

     Rosaceae, e.g.,                                                           

     Fragaria                                                                  

     Cucurbitaceae, e.g.,                                                      

     Cucumis spp.        Cucurbita spp.                                        

     Liliaceae, e.g.,                                                          

     Allium spp.                                                               

     Vitaceae, e.g.,                                                           

     Vitis vinifera                                                            

     Bromeliaceae, e.g.,                                                       

     Ananas sativus                                                            

PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, broadcasting agents, or granules by spraying, atomizing,
      dusting, broadcasting or watering. The forms of application depend
      entirely on the purpose for which the agents are being used; in any case
      they should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-tar oils, etc. and oils of
      vegetable or mineral origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronaphthalene,
      alkylated naphthalenes and their derivatives such as methanol, ethanol,
      propanol, butanol, chloroform, carbon tetrachloride, cyclohexanol,
      cyclohexanone, chlorobenzene, isophorone, etc., and strongly polar
      solvents such as dimethylformamide, dimethyl sulfoxide,
      N-methylpyrrolidone, water, etc. are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenolsulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin sulfite waste liquors and methyl cellulose.
PAR  Powders, dusts and broadcasting agents may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid, silica
      gels, silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole,
      loess, clay, dolomite, diatomaceous earth, calcium sulfate, magnesium
      sulfate, magnesium oxide, ground plastics, fertilizers such as ammonium
      sulfate, ammonium phosphate, ammonium nitrate, and ureas, and vegetable
      products such as grain flours, bark meal, wood meal, and nutshell meal,
      cellulosic powders, etc.
PAR  The formulations contain from 0.1 to 95, and preferably 0.5 to 90, % by
      weight of active ingredient.
PAR  There may be added to the compositions or individual active ingredients (if
      desired, immediately before use (tankmix)) oils of various types,
      herbicides, fungicides, nematocides, insecticides, bactericides, trace
      elements, fertilizers, antifoams (e.g., silicones), growth regulators,
      antidotes and other herbicidally effective compounds such as
PA0  substituted anilines
PA0  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA0  substituted ethers
PA0  substituted arsonic acids and their salts, esters and amides
PA0  substituted benzimidazoles
PA0  substituted benzisothiazoles
PA0  substituted benzothiadiazinone dioxides
PA0  substituted benzoxazines
PA0  substituted benzoxazinones
PA0  substituted benzothiadiazoles
PA0  substituted biurets
PA0  substituted quinolines
PA0  substituted carbamates
PA0  substituted aliphatic carboxylic acids and their salts, esters and amides
PA0  substituted aromatic carboxylic acids and their salts, esters and amides
PA0  substituted carbamoylalkylthiol- or -dithiophosphates
PA0  substituted quinazolines
PA0  substituted cycloalkylamidocarbothiolic acids and their salts, esters and
      amides
PA0  substituted cycloalkylcarbonamidothiazoles
PA0  substituted dicarboxylic acids and their salts, esters and amides
PA0  substituted dihydrobenzofuranyl sulfonates
PA0  substituted disulfides
PA0  substituted dipyridylium salts
PA0  substituted dithiocarbamates
PA0  substituted dithiophosphoric acids and their salts, esters and amides.
PA0  substituted ureas
PA0  substituted hexahydro-1H-carbothioates
PA0  substituted hydantoins
PA0  substituted hydrazides
PA0  substituted hydrazonium salts
PA0  substituted isoxazole pyrimidones
PA0  substituted imidazoles
PA0  substituted isothiazole pyrimidones
PA0  substituted ketones
PA0  substituted naphthoquinones
PA0  substituted aliphatic nitriles
PA0  substituted aromatic nitriles
PA0  substituted oxadiazoles
PA0  substituted oxadiazinones
PA0  substituted oxadiazolidine diones
PA0  substituted oxadiazine diones
PA0  substituted phenols and their salts and esters
PA0  substituted phosphonic acids and their salts, esters and amides
PA0  substituted phosphonium chlorides
PA0  substituted phosphonalkyl glycines
PA0  substituted phosphites
PA0  substituted phosphoric acids and their salts, esters and amides
PA0  substituted piperidines
PA0  substituted pyrazoles
PA0  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides
PA0  substituted pyrazolium salts
PA0  substituted pyrazolium alkyl sulfates
PA0  substituted pyridazines
PA0  substituted pyridine carboxylic acids and their salts, esters and amides
PA0  substituted pyridines
PA0  substituted pyridine carboxylates
PA0  substituted pyridinones
PA0  substituted pyrimidines
PA0  substituted pyrimidones
PA0  substituted pyrrolidine carboxylic acid and its salts, esters and amides
PA0  substituted pyrrolidines
PA0  substituted pyrrolidones
PA0  substituted arylsulfonic acids and their salts, esters and amides
PA0  substituted styrenes
PA0  substituted tetrahydrooxadiazine diones
PA0  substituted tetrahydroxadiazole diones
PA0  substituted tetrahydromethanoindenes
PA0  substituted tetrahydroxadiazole thiones
PA0  substituted tetrahydrothiadiazine thiones
PA0  substituted tetrahydrothiadiazole diones
PA0  substituted aromatic thiocarbonylamides
PA0  substituted thiocarboxylic acids and their salts, esters and amides
PA0  substituted thiol carbamates
PA0  substituted thioureas
PA0  substituted thiophosphoric acids and their salts, esters and amides
PA0  substituted triazines
PA0  substituted triazoles
PA0  substituted uracils, and
PA0  substituted uretidine diones.
PAL  The last-mentioned herbicidal compounds may also be applied before or after
      the active ingredients or compositions thereof according to the invention.
PAR  These agents may be added to the herbicides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, antidotes and growth
      regulators.
PAR  The amount used of the agents according to the invention may vary and
      depends in essence on the type of effect to be achieved; it is generally
      from 0.1 to 15 (and more) kg per hectare, preferably from 0.2 to 6 kg per
      hectare, of active ingredient. The agents according to the invention may
      be used before or after planting, before sowing, pre- and postemergence,
      or during emergence of the crop or unwanted plants.
PAC  EXAMPLE 2
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with
      various seeds. The soil prepared in this manner was then immediately
      treated with 3 kg per hectare of each of active ingredients I, II, IV, V
      and VI, and, for comparison, with 3 kg per hectare of III, each compound
      being emulsified or dispersed in 500 liters of water per hectare.
      ##EQU3##
PAR  After 3 to 4 weeks it was ascertained that active ingredients I, II, IV, V
      and VI have better crop plant compatibility and a better herbicidal action
      than compound III.
PAR  The results are given below:
TBL  Active ingredient                                                         

                 I   II  III IV  V   VI                                        

     kg/ha       3   3   3   3   3   3                                         

     __________________________________________________________________________

     Crop plants:                                                              

     Brassica napus                                                            

                 0   0   0   0   0   0                                         

     Glycine hispida                                                           

                 0   0   0   0   0   0                                         

     Zea mays    0   0   0   0   0   0                                         

     Gossypium hirsutum                                                        

                 0   0   0   0   0   0                                         

     Beta vulgaris                                                             

                 0   0   0   0   0   0                                         

     Unwanted plants:                                                          

     Lolium multiflorum                                                        

                 100 100 90  100 100 100                                       

     Lolium perenne                                                            

                 100 100 80  100 100 100                                       

     Echinochloa crus-galli                                                    

                  80 100 80  100  95 100                                       

     Digitaria sanguinalis                                                     

                  80 100 70  100  95 100                                       

     Setaria viridis                                                           

                  80 100 70  100  95 100                                       

     Poa trivialis                                                             

                 100 100 80  100 100 100                                       

     Poa annua   100 100 75  100 100 100                                       

     __________________________________________________________________________

       O = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 3
PAR  In the greenhouse, various plants were treated with 3 kg per hectare of
      each of I, II, IV, V and VI and, for comparison, 3 kg per hectare of III,
      each compound being emulsified or dispersed in 500 liters of water per
      hectare. After 3 to 4 weeks it was ascertained that active ingredients I,
      II, IV, V and VI had a better herbicidal action than III, combined with
      the same good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 I   II  III IV  V   VI                                        

     kg/ha       3   3   3   3   3   3                                         

     __________________________________________________________________________

     Crop plants:                                                              

     Brassica napus                                                            

                 0   0   0   0   0   0                                         

     Glycine hispida                                                           

                 0   0   0   0   0   0                                         

     Zea mays    0   0   0   0   0   0                                         

     Gossypium hirsutum                                                        

                 0   0   0   0   0   0                                         

     Beta vulgaris                                                             

                 0   0   0   0   0   0                                         

     Unwanted plants:                                                          

     Lolium multiflorum                                                        

                 100 100 40  40  100 95                                        

     Lolium perenne                                                            

                 100 100 40  100 100 95                                        

     Echinochloa crus-galli                                                    

                 100 100 30  95  100 95                                        

     Digitaria sanguinalis                                                     

                 100 100 35  95  100 95                                        

     Setaria viridis                                                           

                 100 100 40  95  100 100                                       

     Poa trivialis                                                             

                 100 100 45  100 100 100                                       

     Poa annua   100 100 45  100 100 100                                       

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAL  The action of the following compounds corresponds to that of I, II, IV, V
      and VI in the foregoing examples:
      ##EQU4##
PAC  EXAMPLE 4
PAR  90 parts by weight of compound I is mixed with 10 parts by weight of
      N-methyl-.alpha.-pyrrolidone. A mixture is obtained which is suitable for
      application in the form of very fine drops.
PAC  EXAMPLE 5
PAR  20 parts by weight of compound II is dissolved in a mixture consisting of
      80 parts by weight of xylene, 10 parts by weight of the adduct of 8 to 10
      moles of ethylene oxide to 1 mole of oleic acid-N-monoethanolamide, 5
      parts by weight of the calcium salt of dodecylbenzenesulfonic acid, and 5
      parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole of
      castor oil. By pouring the solution into 100,000 parts by weight of water
      and uniformly distributing it therein, an aqueous dispersion is obtained
      containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 6
PAR  20 parts by weight of compound V is dissolved in a mixture consisting of 40
      parts by weight of cyclohexanone, 30 parts by weight of isobutanol, 20
      parts by weight of the adduct of 7 moles of ethylene oxide to 1 mole of
      isooctylphenol, and 10 parts by weight of the adduct of 40 moles of
      ethylene oxide to 1 mole of castor oil. By pouring the solution into
      100,000 parts by weight of water and uniformly distributing it therein, an
      aqueous dispersion is obtained containing 0.02% by weight of the active
      ingredient.
PAC  EXAMPLE 7
PAR  20 parts by weight of compound I is dissolved in a mixture consisting of 25
      parts by weight of cyclohexanol, 65 parts by weight of a mineral oil
      fraction having a boiling point between 210.degree. and 280.degree.C, and
      10 parts by weight of the adduct of 40 moles of ethylene oxide to 1 mole
      of castor oil. By pouring the solution into 100,000 parts by weight of
      water and uniformly distributing it therein, an aqueous dispersion is
      obtained containing 0.02% by weight of the active ingredient.
PAC  EXAMPLE 8
PAR  20 parts by weight of compound II is well mixed with 3 parts by weight of
      the sodium salt of diisobutylnaphthalene-.alpha.-sulfonic acid, 17 parts
      by weight of the sodium salt of a lignin-sulfonic acid obtained from a
      sulfite waste liquor, and 60 parts by weight of powdered silica gel, and
      triturated in a hammer mill. By uniformly distributing the mixture in
      20,000 parts by weight of water, a spray liquid is obtained containing
      0.1% by weight of the active ingredient.
PAC  EXAMPLE 9
PAR  3 parts by weight of compound V is intimately mixed with 97 parts by weight
      of particulate kaolin. A dust is obtained containing 3% by weight of the
      active ingredient.
PAC  EXAMPLE 10
PAR  30 parts by weight of compound I is intimately mixed with a mixture
      consisting of 92 parts by weight of powdered silica gel and 8 parts by
      weight of paraffin oil which has been sprayed onto the surface of this
      silica gel. A formulation of the active ingredient is obtained having good
      adherence.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sulfite of an aliphatic glycolic amide of the formula
      ##EQU5##
      where R.sup.1 is methyl or ethyl, m denotes one of the integers 0, 1, 2
      and 3, R.sup.2 is selected from the group consisting of alkyl of 1 to 6
      carbons, alkyl of 1 to 6 carbon atoms none-substituted by halogen;
      cyclopropyl; cyclohexyl; allyl; methallyl; propargyl; and butyn-1-yl-3,
      and n denotes one of the integers 3, 4, 5 and 6.
NUM  2.
PAR  2. 1H-azepine acetamido-.alpha.-ethyl sulfite.
NUM  3.
PAR  3. 1H-azepine acetamido-.alpha.-isopropyl sulfite.
NUM  4.
PAR  4. 2-methyl-1H-azepine acetamido-.alpha.-isopropyl sulfite.
NUM  5.
PAR  5. A sulfite as set forth in claim 1 wherein said halogen is chlorine.
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PAL  Dialkylaminoalkyl ethers of 2,2'- and 3,3'-dihydroxybenzil are prepared by
      reacting the dithallium salt of 2,2'- or 3,3'-dihydroxybenzil with a
      dialkylaminoalkylchlorde. The products have antiarrhythmic activity.
BSUM
PAR  This invention relates to chemical compounds classified in the art of
      organic chemistry as aminoalkylethers of 2,2'- and 3,3'-dihydroxybenzil
      having useful pharmacological activity. The compound
      5,5'-dichloro-2,2'-bis(2-diethylaminoethoxy)benzil is described by J.
      Finkelstein and S. M. Linder, J. Amer. Chem. Soc., 71, 1010 (1949).
PAR  The invention sought to be patented comprises compounds having the
      molecular formula:
      ##SPC1##
PAL  Wherein A is a divalent aliphatic hydrocarbon radical of the formula
EQU  --CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU1##
      and R is a substituted amino group of the formula
      ##EQU2##
      wherein R.sup.1 is methyl, ethyl, propyl, or isopropyl, and n is the
      number 4, 5, or 6; and the non-toxic, pharmaceutically acceptable acid
      addition salts thereof.
PAR  The compounds of Formula I and II in standard pharmacolgical test
      procedures elevate the electrical fibrillatory threshold of anesthetized
      dogs evidencing usefulness as antiarrhythmic agents. In addition, the
      compounds inhibit ADP-induced blood platelet aggregation indicating
      usefulness as antithrombitic agents.
PAR  The compounds of Formula I and II are prepared by condensing a dithallium
      salt of 2,2'-dihydroxybenzil or 3,3'-dihydroxybenzil with an appropriate
      di(substituted)aminoalkylchloride in refluxing toluene or
      toluene-dimethylformamide. The compounds obtained in the free base form
      can be conveniently isolated and purified in the form of an acid addition
      salt. Such salts are made by conventional methods such as by combining the
      base and a suitable acid in a reaction-inert organic solvent.
PAR  The dithallium salts are prepared by reaction of 2,2'- or
      3,3'-dihydroxybenzil with thallium (I) ethoxide in an inert organic
      solvent, for example, benzene, toluene, or ethanol-benzene. The salt
      precipitates from the reaction medium and can be isolated by filtration.
      [See Taylor et al., J. Am. Chem. Soc., 90, 245 (1968) and Paquet et al.,
      Can. J. Chem., 51, 3855 (1973)].
PAR  For pharmacological purposes the compounds can be employed in the form of
      acid addition salts with non-toxic and pharmaceutically acceptable acids.
      Such acids will be apparent to one skilled in the art. Appropriate salts
      are those formed from either inorganic or organic acids, for example,
      hydrochloric, hydrobromic, sulfuric, phosphoric, nitric, maleic, fumaric,
      benzoic, ascorbic, pamoic, succinic, methanesulfonic, acetic, propionic,
      tartaric, citric, lactic, malic, mandelic, cinnamic, palmitic, itaconic,
      benzenesulfonic, p-toluenesulfonic, and 2-naphthalenesulfonic.
DETD
PAR  The methods of making and using the compounds of the invention are
      illustrated in the following examples:
PAC  EXAMPLE 1
PAC  2,2'-Bis-(2-Diethylaminoethoxy)Benzil
PAR  A suspension of 30 g. (0.046M) of 2,2'-dihydroxybenzil dithallium salt in
      648 ml. of dry toluene was stirred vigorously and heated (oil bath) to
      reflux while adding a solution of 15 g. (0.11M) of previously distilled
      diethylamino ethyl chloride in 130 ml. of dry toluene. Stirring and
      refluxing were continued for 81/2  hours. After cooling the mixture, the
      pale yellow solid was filtered off and washed with ether. The filtrate was
      evaporated to dryness to obtain 23 g. of oily material which began to
      crystallize on standing at 25.degree..
PAR  The material was dissolved in 250 ml. of ether and acidified to pH 1 with
      4N isopropanolic HCl. The resulting white precipitate was diluted to 400
      ml. with ether and stored at +5.degree. for a few hours. The solid
      material was then collected by filtration, washed with ether and sucked
      dry. Recrystallization from 100 ml. of methanol and 200 ml. of ether
      afforded 21.3 g. of the title compound as the dihydrochloride salt; m.p.
      243.degree.-244.degree.; .lambda..sub.max.sup.KBr 2.96, 3.45, 3.85, 4.10,
      5.99, 6.25, 6.75, 6.88 .mu..
PAR  Analysis for: C.sub.26 H.sub.38 O.sub.4 N.sub.2 Cl.sub.2.  Calculated: C,
      60.81; H, 7.46; N, 5.46; Cl, 13.81 %.  Found: C, 60.37; H, 7.48; N, 5.76;
      Cl, 14.04.
PAC  EXAMPLE 2
PAC  2,2'-Bis(3-dimethylaminopropoxy)Benzil
PAR  A suspension of 15 g. (0.023 M) of 2,2'-dihydroxybenzil dithallium salt in
      500 ml. of dry toluene was stirred vigorously at 25.degree. and a solution
      of 6.1 g. (0.05 M) of 3-dimethylaminopropyl chloride in 61 ml. of toluene
      was added dropwise as the mixture was gradually heated to reflux (maximum
      oil bath heat was 150.degree.). After stirring and refluxing for 12 hours,
      the reaction mixture was cooled to 25.degree. and the still yellow
      suspension was gradually heated to reflux again while adding an additional
      6.1 g. (0.05 M) of 3-dimethylaminopropyl chloride. After stirring and
      refluxing for 4-5 more hours, the suspension was practically colorless.
      The mixture was cooled to 25.degree., and the suspended material, filtered
      off and washed with toluene. The filtrate from the above filtration was
      washed with 10% sodium hydroxide, saturated brine solution, and finally
      dried over MgSO.sub.4.
PAR  Evaporation of the dry toluene extract resulted in an oily residue which
      was dissolved in 100 ml. of ether and acidified with 4N isopropanolic HCl.
      The resulting gum obtained was crystallized from methanol-ether. After
      recrystallization from 50 ml. of methanol and 100 ml. of ether, 7.0 g. of
      crystalline material was obtained and identified to be the title compound
      as the dihydrochloride salt; m.p. 211.degree.-214.degree.;
      .lambda..sub.max.sup.KBr 4.10, 5.95, 6.05, 6.22 .mu.; NMR 2.05 (s),
      7.1-8.2 (m) ppm.
PAR  Analysis for: C.sub.24 H.sub.32 N.sub.2 O.sub.4.2HCl.  Calculated: C,
      59,38; H, 7.06; N, 5.77; Cl, 14.61 %.  Found: C, 59.60; H, 7.16; N, 5.76;
      Cl, 14.92.
PAC  EXAMPLE 3
PAC  2,2'-Bis(3-Dimethylamino-2-Methylpropoxy)Benzil
PAR  A suspension of 15 g. (0.023 M) of 2,2'-dihydroxybenzil dithallium salt in
      500 ml. of dry toluene was stirred vigorously while adding dropwise a
      solution of 8.8 g. (0.05 M) of 3-dimethylamino-2-methyl propyl chloride in
      91.5 ml. of toluene. The mixture was gradually heated to reflux during the
      addition, and the resulting mixture was stirred and refluxed for 12 hours
      before a color change was observed. After cooling to 25.degree., the pale
      yellow solid was filtered off and washed with toluene. The material was
      resuspended in toluene and filtered off again. The combined filtrates were
      washed with 10% sodium hydroxide solution, saturated brine solution, and
      finally dried over MgSO.sub.4. Evaporation of the dry toluene extract with
      heating up to 70.degree. at 11 mm resulted in an oily residue. Various
      salts were prepared but failed to solidify. The free base was regenerated
      and the crude material began to crystallize. The product was
      recrystallized from hexane. After cooling to +5.degree. overnight, the
      material was filtered off and dried in vacuo over P.sub.2 O.sub.5 and
      paraffin wax to obtain 3.8 g. of the title compound; m.p.
      69.degree.-70.degree.; .lambda..sub.max.sup.KBr 3.55, 5.88, 6.10, 6.55,
      6.72 .mu..
PAR  Analysis for: C.sub.26 H.sub.36 N.sub.2 O.sub.4.  Calculated: C, 70.88; H,
      8.24; N, 6.36 %.  Found: C, 70.99; H, 8.42; N, 6.31.
PAC  EXAMPLE 4
PAC  2,2'-Bis(2-Diisopropylaminoethoxy)Benzil
PAR  A solution of diisopropylaminoethyl chloride (166 ml. of 24 g./250 ml.) in
      toluene was added to a stirred dry suspension of 2,2'-dihydroxybenzil
      dithallium salt (26 g.) in toluene (900 ml.) and the mixture was stirred
      and heated under reflux for 31/2  hrs. The mixture was cooled and
      filtered. The filter pad was washed with toluene and the filtrate and
      washings were evaporated to dryness under oil pump vacuum. The resulting
      solid was dissolved in ether and the solution was filtered through Celite.
      The solution was evaporated and the resulting solid was triturated with
      ether to give 17.66 g.; m.p. 83.degree.-87.degree..
PAR  A portion (15.0 g.) of the above amine was dissolved in ether and the
      solution was cooled in ice. Dry hydrogen chloride was blown into the
      solution. The solid was collected and recrystallized from methanol-ether
      to give 16.84 g.; m.p. 243.degree.-245.degree. dec. of title product as
      the dihydrochloride salt. Recrystallization from methanol-ether gave
      material; m.p. 246.degree.-248.degree. dec.
PAR  Analysis for: C.sub.30 H.sub.46 Cl.sub.2 N.sub.2 O.sub.4   Calculated: C,
      63.25; H, 8.14; Cl, 12.45; N, 4.92 %.  Found: C, 63.34; H, 8.16; Cl,
      12.75; N, 5.26.
PAC  EXAMPLE 5
PAC  3,3'-Bis(2-Diethylaminoethoxy)Benzil
PAR  A dry suspension of 3.0 g. (4.6 mM) of dry 3,3'-dihydroxybenzil dithallium
      salt in 70 ml. of dry toluene was stirred and heated to reflux while
      treating with a solution 1.5 g. (11 mM) of freshly distilled diethylamino
      ethyl chloride in 10 ml. of dry toluene. The suspension was stirred and
      refluxed for 4 hours. After cooling, the insoluble material was removed by
      filtration and the filtrate was distilled to obtain 2.0 g. of oil (99% of
      theory).
PAR  A solution of 1.0 g. (2.3 mM) of the oil in 5 ml. of absolute alcohol was
      added to a solution of 1.1 g. (6 mM) of p-toluenesulfonic acid in 10 ml.
      of absolute alcohol. The alcoholic solution was diluted to 175 ml. with
      ether, and the resulting precipitate collected by filtration.
      Recrystallization from 5 ml. of methanol plus 5 ml. of ether afforded 1.2
      g. (67.5%) of material identified to be the title compound as the
      bis(p-toluenesulfonate) salt; m.p. 134.degree.-137.degree.;
      .lambda..sub.max.sup.KBr 3.40, 3.76, 5.95, 6.01, 6.25 .mu..
PAR  Analysis for: C.sub.40 H.sub.52 N.sub.2 O.sub.10 S.sub.2.  Calculated: C,
      61.30; H, 6.68; N, 3.56; S, 8.17 %.  Found: C, 61.03; H, 6.43; N, 3.78; S,
      7.96.
PAC  EXAMPLE 6
PAC  3,3'-Bis(3-dimethylaminopropoxy)Benzil
PAR  A suspension of 20 g. (0.031 M) of 3,3'-dihydroxybenzil dithallium salt, in
      500 ml. of dry toluene was stirred at 25.degree. while adding 9 g. (0.074
      M) of 3-dimethylamino propyl chloride in 90 ml. of toluene. The mixture
      was gradually heated to boiling and refluxed for 5 hours. After cooling to
      25.degree., the brown suspension was removed by filtration and the
      filtrate was evaporated to dryness to obtain a gummy residue which was
      dissolved in 50 ml. of alcohol and added to a solution of 7.25 g. (0.038
      M) of p-toluenesulfonic acid in 35 ml. of alcohol. The resulting solution
      was diluted to 100 ml. with ether resulting in a solid mass of
      precipitate. The material was collected by filtration, washed with ether,
      and air dried. After recrystallizing once from 50 ml. of methanol and 25
      ml. of ether and finally from 50 ml. of alcohol, 8.1 g. of product was
      obtained and identified to be the title compound as the
      bis(p-toluenesulfonate) salt; m.p. 168.degree.-170.degree.;
      .lambda..sub.max.sup.KBr 3.05, 5.98, 6.25, 6.73, 6.93 .mu..
PAR  Analysis for: for: C.sub.38 H.sub.48 N.sub.2 O.sub.10 S.sub.2.  Calculated:
      C, 60.30; H, 6.39; N, 3.70; S, 8.47 %.  Found: C, 60.20; H, 6.41; N, 3.34;
      S, 8.42.
PAC  EXAMPLE 7
PAC  3,3'-Bis(3-Dimethylamino-2-methylpropoxy)Benzil
PAR  To a dry, stirred suspension of 3,3'-dihydroxybenzil dithallium salt (20
      g.) in toluene (250 ml.) and N,N-dimethylformamide (250 ml.) was added
      dropwise 104 ml. of a solution containing 48 g. of
      3-dimethylamino-2-methylpropyl chloride in 500 ml. of toluene. The mixture
      was stirred and heated under reflux overnight. The resulting heavy white
      precipitate was removed and washed with toluene. The toluene solution and
      washings were evaporated to a syrup which was subjected to further
      evaporation using an oil pump vacuum. The syrup was dissolved in
      chloroform and applied to a column (48 .times. 5.2 cm) of a "dry column
      grade" alumina (Woelm) prepacked in chloroform. Elution was with
      chloroform and 500 ml. fractions (1 and 2) and 250 ml. (3-6) fractions
      were collected. Fractions 3-6 were pooled and evaporated to give 10.00 g.
      of syrup. To 7.55 g. of this material in ethanol (150 ml.) was added
      naphthalene-2-sulfonic acid (7.72 g.). The solution was warmed and
      decolorized. Evaporation and addition of seeds and ether gave the title
      product (9.88 g.) as the bis(2-naphthalenesulfonate) salt; m.p.
      162-164.degree.. Recrystallization with decolorization gave pure product;
      m.p. 164-166.degree..
PAR  Analysis for: C.sub.46 H.sub.52 N.sub.2 O.sub.10 S.sub.2   Calculated: C,
      64.46; H, 6.12; N, 3.27; S, 7.48 %.  Found: C, 64.89; H, 6.21; N, 3.16; S,
      7.54.
PAC  EXAMPLE 8
PAC  3,3'-Bis(2-Diisopropylaminoethoxy)Benzil
PAR  To a dried stirred suspension of 3,3'-dihydroxybenzil dithallium salt (10
      g.) in toluene (250 ml.) was added dropwise 65 ml. of a solution
      containing 25 g. of diisopropylaminoethyl chloride in 250 ml. of toluene.
      The mixture was stirred and heated under reflux for 11/2 hours. The white
      precipitate was removed and washed with benzene. The solution and washings
      were evaporated to dryness. The syrup was dissolved in chloroform and
      added to a column (45 .times. 5.3 cm) of "Dry-Column Grade" alumina
      (Woelm) prepacked in chloroform. The column was eluted with chloroform and
      200 ml. fractions were collected. Fractions 5-9, which contained a single
      component as judged by tlc on Alox-25 UV 254 (Brinkmann) plates with
      chloroform as developer, were pooled and evaporated to give 6.09 g. of a
      syrup.
PAR  This material was dissolved in ethanol (50 ml.) and p-toluenesulfonic acid
      (4.59 g.) was added. Warming followed by cooling and seeding gave 8.22 g.
      of the title compound as the bis(p-toluenesulfonate)salt; m.p.
      157.degree.-159.degree.. Recrystallization with decolorization from
      ethanol-ether gave pure product; m.p. 158.degree.-160.degree..
PAR  Analysis for: C.sub.44 H.sub.60 N.sub.2 O.sub.10 S.sub.2.  Calculated: C,
      62.83; H, 7.17; N, 3.33; S, 7.62 %.  Found: C, 63.11; H, 7.22; N, 3.32; S,
      7.66.
PAC  EXAMPLE 9
PAC  2,2'-Bis(2-Piperidinoethoxy)Benzil
PAR  To a stirred dry suspension of 2,2'-dihydroxybenzil dithallium salt (20 g.)
      in toluene (500 ml.) was added dropwise 65 ml. of a solution of
      N-(2-chloroethyl)piperidine (79.6 g.) in toluene (500 ml.). The mixture
      was heated and stirred under reflux for 5 hours. After cooling the
      precipitate was collected by filtration and washed with toluene. The
      filtrate and washings were evaporated to a syrup, which was further
      evaporated under oil pump vacuum. The residual syrup was dissolved in
      ether and gaseous hydrogen chloride was blown into the cooled solution.
      The precipitate was crystallized from methanol-ether to give 16.00 g. of
      title product as the dihydrochloride salt; m.p. 256.degree.-258.degree..
PAR  Analysis For: C.sub.28 H.sub.38 Cl.sub.2 N.sub.2 O.sub.4.  Calculated: C,
      62.57; H, 7.13; Cl, 13.19; N, 5.21 %.  Found: C, 62.39; H, 7.43; Cl,
      13.16; N, 5.24.
PAC  EXAMPLE 10
PAC  2,2'-Bis(2-Hexamethyleniminoethoxy)Benzil
PAR  To a stirred dry suspension of 2,2'-dihydroxybenzil dithallium salt (30 g.)
      in toluene (1 liter) was added dropwise 107 ml. of a solution of
      N-(2-chloroethyl)-hexamethyleneimine (77 g.) in toluene (500 ml.). The
      mixture was heated and stirred under reflux for 5 hours. After cooling,
      the precipitate was collected by filtration and washed with toluene. The
      filtrate and washings were evaporated to a syrup which was further
      evaporated under oil pump vacuum. The residue was dissolved in chloroform
      and the solution was added to the top of a column (5.0 .times. 56 cm) of
      alumina (Woelm dry-column grade) prepacked in chloroform. The column was
      eluted with chloroform and 400 ml. fractions were collected. Fractions
      4-10, which were homogeneous by tlc on "ALOX-25 UV 254" plates with ethyl
      acetate as developer, were evaporated to give a syrup (21 g.). To a
      portion (20.4 g.) dissolved in a minimum volume of ethanol was added
      2-naphthalenesulfonic acid hydrate (18.82 g.). The solution was evaporated
      to smaller volume and seeded. Ether was added to produce crude product.
      Two recrystallizations from ethanol-ether gave 25.44 g. of the title
      product as the bis(2-naphthalenesulfonate)salt; m.p.
      182.degree.-184.degree..
PAR  Analysis For: C.sub.50 H.sub.56 N.sub.2 O.sub.10 S.sub.2.  Calculated: C,
      66.06; H, 6.21; N, 3.08; S, 7.05 %.  Found: C, 66.25; H, 6.51; N, 2.99; S,
      7.32.
PAC  EXAMPLE 11
PAC  2,2'-Bis(3-piperidinopropoxy)Benzil
PAR  To a stirred dry suspension of 2,2'-dihydroxybenzil dithallium salt (15 g.)
      in toluene (300 ml.) was added dropwise 51 ml. of a solution of
      N-(3-chloropropyl)piperidine (79.5 g.) in toluene (500 ml.). The mixture
      was heated and stirred under reflux for 5 hours. After cooling the
      precipitate was collected by filtration and washed with toluene. The
      filtrate and washings were evaporated to a syrup, which was further
      evaporated under oil pump vacuum. The residual syrup was dissolved in
      ether and gaseous hydrogen chloride was blown into the cooled solution.
      The precipitate was collected and crystallized from methanol-ether to give
      13.29 g. of title product as the dihydrochloride salt; m.p.
      256.degree.-257.degree. dec.
PAR  Analysis For: C.sub.30 H.sub.42 Cl.sub.2 N.sub.2 O.sub.4   Calculated: C,
      63.71; H, 7.49; Cl, 12.54; N, 4.95.   Found: C, 63.43; H, 7.44; Cl, 12.48;
      N, 4.96.
PAC  EXAMPLE 12
PAC  2,2'-Bis[2-(3-Azabicyclo[3.2.2]Nonan-3-yl)Ethoxy]Benzil
PAR  To a stirred dry suspension of 2,2'-dihydroxybenzil dithallium salt (20 g.)
      in toluene (1 liter) was added dropwise 71 ml. of a solution of
      N-(2-chloroethyl)-3-azabicyclo[3.2.2]nonane (85 g.) in toluene (500 ml.).
      After the mixture had been stirred and heated under reflux for 21/2 hours
      a further 20 ml. of the reagent was added and stirring and heating were
      then continued for a further 1/2 hour. After cooling the precipitate was
      collected by filtration and washed with toluene. The filtrate and washings
      were evaporated to syrup which was evaporated further under oil pump
      vacuum. The residual syrup was dissolved in ether and gaseous hydrogen
      chloride was blown into the cooled solution to give 23.67 g. of crude
      product, m.p. 200.degree.-220.degree.. Recrystallization did not give an
      improved m.p. and, therefore, the base was regenerated by dissolving the
      crude hydrochloride in a mixture of shaking ice cold 2N sodium hydroxide
      solution and ether. The ether layer was dried over magnesium sulfate and
      evaporated to give a solid. Trituration with heptane give 14.67 g. of
      crude base, m.p. 129.degree.-132.degree.. This product was dissolved in
      chloroformether and gaseous hydrogen chloride was blown into the cooled
      solution; yield of title compound 19.31 g.; m.p. 203-207.degree..
      Recrystallization from methanol-ethanol-ether gave pure product; m.p.
      205.degree.-208.degree..
PAR  Analysis for: C.sub.34 H.sub.46 Cl.sub.2 N.sub.2 O.sub.4 0.5 H.sub.2 O
      Calculated: C, 65.17; H, 7.56; Cl, 11.32; N, 4.47 %.  Found: C, 65.43; H,
      7.57; Cl, 11.62; N, 4.47.
PAC  EXAMPLE 13
PAC  2,2'-Bis-(2-Pyrrolidinoethoxy)Benzil
PAR  To a stirred dry suspension of 2,2'-dihydroxybenzil dithallium salt (26 g.)
      in toluene (1 liter) was added dropwise 40 ml. of a solution of
      N-(2-chloroethyl)pyrrolidine (155 g.) in toluene (500 ml.). After the
      mixture had been stirred and heated under reflux for 1 hour, 20 ml. of
      reagent solution was added, and after 8 hours, N,N-dimethylformamide (350
      ml.) and a further 20 ml. of reagent solution was added. Stirring and
      heating under reflux were continued for a total of 9 hours. After cooling
      the precipitate was collected and washed with toluene. The filtrate and
      washings were evaporated to a syrup which was subjected to an oil pump
      vacuum. The syrup crystallized on standing. Trituration with hexane gave
      crystals (16.55 g., m.p. 93.degree.-96.degree.). This material was
      dissolved in ethanol and p-toluenesulfonic acid hydrate (15.5 g.) was
      added to the solution. Addition of ether yielded 27.76 g. of title product
      as the bis(p-toluenesulfonate) salt; m.p. 195.degree.-197.degree..
      Recrystallization from methanol-ethanol-ether gave pure product; m.p.
      197.degree.-199.degree..
PAR  Analysis for: C.sub.40 H.sub.48 N.sub.2 S.sub.2 O.sub.10   Calculated: C,
      61.52; H, 6.20; N, 3.59; S, 8.21 %.  Found: C, 61.67; H, 6.21; N, 3.18; S,
      8.29.
PAC  EXAMPLE 14
PAC  3,3'-Bis(2-Piperidinoethoxy)Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (25 g.)
      in toluene (500 ml.) was added 81 ml. of a solution of
      N-(2-chloroethyl)piperidine (79.6 g.) in toluene (500 ml.). The mixture
      was stirred and heated under reflux for 5 hours. After cooling the
      precipitate was collected and washed with toluene. The filtrate and
      washings were evaporated to a syrup which was subjected to an oil pump
      vacuum; yield 18.1 g.
PAR  To 17.7 g. of this syrup in ethanol (200 ml.) was added 2-naphthalene
      sulfonic acid hydrate (17.7 g.). Ether was added and the crystalline
      product was collected; Yield 26.63 g. of title product as the
      bis(2-naphthalenesulfonate) salt; m.p. 209.degree.-211.degree.. The
      product was recrystallized from methanol-ether to give pure products; m.p.
      213.degree.-214.degree..
PAR  Analysis for: C.sub.48 H.sub.52 N.sub.2 O.sub.10 S.sub.2.  Calculated: C,
      65.43; H, 5.95; N, 3.18; S, 7.28 %.  Found: C, 65.17; H, 5.95; N, 2.88; S,
      7.37.
PAC  EXAMPLE 15
PAC  3,3'-Bis(3-Piperidinopropoxy)Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (20 g.)
      in toluene (500 ml.) was added 68 ml. of a solution of
      N-(3-chloropropyl)piperidine (79.5 g.) in toluene (500 ml.). The mixture
      was heated and stirred under reflux overnight. After cooling, the
      precipitate was removed by filtration and washed with toluene. The
      filtrate and washings were evaporated to a syrup which was further
      evaporated under oil pump vacuum. The residual syrup was dissolved in
      ether and gaseous hydrogen chloride was blown into the cooled solution.
      Recrystallization of the resulting precipitate from methanol-ether gave
      17.28 g. of crude product; m.p. 139.degree.-144.degree.. This crude
      product was shaken with 2N sodium hydroxide and ether and the ether layer
      was dried (MgSO.sub.4) and evaporated to a syrup. The syrup was dissolved
      in chloroform and the solution was applied to a column (57 .times. 5.0 cm)
      of alumina (Woelm, dry-column grade) prepacked in chloroform. The column
      was eluted with chloroform and 500 ml. fractions were collected. The
      fractionation was monitored visually. Appropriate fractions were pooled
      and evaporated to a syrup which was subjected to an oil pump vacuum. The
      residue was extracted with ether and gaseous hydrogen chloride was blow
      into the cooled solution. The resulting precipitate was crystallized from
      methanol-ether to give the title product as the dihydrochloride,hydrate,
      salt; m.p. 152.degree.-154.degree..
PAR  Analysis for: C.sub.30 H.sub.40 Cl.sub.2 N.sub.2 O.sub.4.H.sub.2 O.
      Calculated: C, 61.74; H, 7.60; Cl, 12.15; N, 4.80 %.  Found: C, 62.06; H,
      7.58; Cl, 12.31; N, 4.76.
PAC  EXAMPLE 16
PAC  3,3'-Bis(2-Hexamethyleniminoethoxy)Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (30 g.)
      in toluene (1 liter) was added 107 ml. of a solution of
      N-(2-chloroethyl)hexamethylenimine(77 g.) in toluene (500 ml.). The
      mixture was heated and stirred under reflux for 6 hours. After cooling the
      precipitate was removed by filtration hand washed with toluene. The
      filtrate and washings were evaporated to a syrup which was subjected to an
      oil pump vacuum. This material (23.0 g.) was dissolved in ethanol (300
      ml.) and 2-naphthalenesulfonic acid hydrate (21.2 g.) was added. The
      resulting crude crystalline salt (32.09 g.; m.p. 208.degree.-211.degree.)
      was crystallized twice from N,N-dimethylformamide-ether to give pure title
      product as the bis(p-naphthalenesulfonate,hemihydrate) salt; m.p.
      216.degree.-218.degree..
PAR  Analysis for: C.sub.50 H.sub.56 N.sub.2 O.sub.10 S.sub.2 0.5 H.sub.2 O.
      Calculated: C, 65.41; H, 6.26; N, 3.05; S, 6.98; H.sub.2 O, 0.98 %.
      Found: C, 65.06; H, 6.45; N, 3.33; S, 6.84; H.sub.2 O, 0.71.
PAC  EXAMPLE 17
PAC  3,3'-Bis[3-(3-Azabicyclo[3.2.2]Nonan-3-yl)-Propoxy]Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (20 g.)
      in toluene (1 liter) was added 65 ml. of a solution of
      N-(2-chloropropyl)-3-azabicyclo[3.2.2]nonane (102 g.) in toluene (500
      ml.). After the mixture had been stirred and heated under reflux for 3/4
      hour, N,N-dimethylformamide (200 ml.) was added, and after 11/4 hours, an
      additional 30 ml. of reagent solution was added. Stirring and heating
      under reflux were continued for a total of 5 hours. After cooling the
      precipitate was collected and washed with toluene. The filtrate and
      washings were evaporated to an oil. The oil was dissolved in benzene and
      applied to a column (51 .times. 5.0 cm) of alumina (Woelm, dry-column
      grade) prepacked in benzene. The column was eluted with benzene and 100
      ml. fractions were collected. At fraction 32 the eluting solvent was
      changed to chloroform. Fractions 18-48 were pooled and evaporated to a
      syrup. This syrup was dissolved in ether and hydrogen chloride saturated
      ether solution was added. The resulting yellow solid (8.47 g.; m.p.
      245.degree.-255.degree.) was crystallized twice from methanol-ether to
      give pure title product as the dihydrochloride salt; m.p.
      256.degree.-259.degree..
PAR  Analysis for: C.sub.36 H.sub.50 Cl.sub.2 N.sub.2 O.sub.4.  Calculated: C,
      66.96; H, 7.81; Cl, 10.98; N, 4.34 %.  Found: C, 66.81; H, 7.91; Cl,
      10.61; N, 4.09.
PAC  EXAMPLE 18
PAC  3,3'-Bis(3-Pyrrolidinopropoxy)Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (25 g.,
      0.0385 mole) in toluene (500 ml.) was added 3-chloropropylpyrrolidine in
      toluene (115 ml., 0.09 mole) (30 g. in 250 ml. solution). After three
      hours of refluxing, dimethylformamide (100 ml.) was added, then the
      reaction solution was refluxed for another hour. By the end of the
      reaction, the yellow suspension had turned to off-white color. The
      filtrate of the reaction suspension was evaporated to dryness (DMF b.p.
      150.degree.C) under oil pump vacuum (3-chloropropylpyrrolidine, b.p.
      40.degree. C/0.4 mm). The residue was dissolved in chloroform and applied
      to a column (35.5 .times. 3.8 cm) of "Dry-Column Grade" alumina (Woelm)
      prepacked in chloroform. The product was eluted with ethyl acetate.
      Appropriate fractions were collected and evaporated to smaller volume. A
      solution of hydrogen chloride in ether was added to the ethyl acetate
      solution to precipitate the crude dihydrochloride salt. Three
      crystallizations from methanol-ether gave 9.0 g. (41%) of the title
      product as the dihydrochloride salt; m.p. 136.degree.-139.degree..
PAR  Analysis for: C.sub.28 H.sub.38 Cl.sub.2 N.sub.2 O.sub.4.  Calculated: C,
      62.58; H, 7.12; N, 5.21; Cl, 13.19 %.  Found: C, 62.88; H, 7.41; N, 5.16;
      Cl, 13.11.
PAC  EXAMPLE 19
PAC  3,3'-Bis(3-Hexamethyleniminopropoxy)Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (25 g.,
      0.0385 mole) in toluene (500 ml.) was added
      3-chloropropylhexamethylenimine in toluene (70 ml., 0.1 mole) (66 g. in
      250 ml. solution). After three hours of refluxing, dimethylformamide (100
      ml.) was added then the reaction solution was refluxed for another hour.
      By the end of the reaction, the yellow suspension had turned to off-white.
      The filtrate of the reaction suspension was evaporated to dryness (DMF
      b.p. 150.degree.C) under oil pump vacuum (3-chloropropylhexamethylenimine,
      b.p. 75.degree.C/3.12 mm). The residue was dissolved in chloroform and
      applied to a column (35.5 .times. 3.8 cm) of "Dry-Column Grade" alumina
      (Woelm) prepacked in chloroform. The product was eluted with chloroform.
      Appropriate fractions were collected and evaporated to a syrup. To a
      solution of this syrup in methanol was added a solution of hydrogen
      chloride in ether. The resulting crystalline precipitate was crystallized
      three times from methanol-ether to give 9.5 g. (42%) of the title product;
      m.p. 170.degree.-173.degree..
PAR  Analysis for: C.sub.32 H.sub.46 Cl.sub.2 N.sub.2 O.sub.4   Calculated: C,
      64.74; H, 7.81; Cl, 11.95; N, 4.72 %.  Found: C, 64.50; H, 8.07; Cl,
      12.13; N, 4.73.
PAC  EXAMPLE 20
PAC  3,3'-Bis[2-(1-Pyrrolidinyl)Ethoxy]Benzil
PAR  To a stirred dry suspension of 3,3'-dihydroxybenzil dithallium salt (26 g.)
      in toluene (1 liter) was added dropwise 40 ml. of a solution of
      N-(2-chloroethyl)pyrrolidine (155 g.) in toluene (500 ml.). After the
      mixture had been stirred and heated under reflux for 3/4 hour a further 20
      ml. of reagent solution and N,N-dimethylformamide (200 ml.) were added.
      Stirring and heating under reflux was continued for a total of 3 hours.
      After cooling the precipitate was collected and washed with toluene. The
      filtrate and washings were evaporated to a syrup which was subjected to an
      oil pump vacuum. The residue was extracted with chloroform and the extract
      was added to the top of a column (57 .times. 5.0 cm) of alumina (Woelm,
      dry-column grade) prepared in chloroform. The column was eluted with
      chloroform and appropriate sized fractions were collected. The
      fractionation was followed visually and by tlc on "ALOX-25 UV 254" plates
      with ethyl acetate as developer. Evaporation of the pooled fractions gave
      an oil which was subjected to an oil pump vacuum; yield 8.0 g. To this
      material dissolved in ethanol (100 ml.) was added p-toluenesulfonic acid
      hydrate (7.50 g.) and the solution warmed and seeded. Upon cooling 13.75
      g. of crystals;(m.p. 149.degree.-151.degree.) was collected. Three
      crystallizations from methanol-ether gave pure title product as the
      bis(p-toluenesulfonate), hemihydrate, salt; m.p. 152-153.degree..
PAR  Analysis for: C.sub.40 H.sub.48 N.sub.2 S.sub.2 O.sub.10 0.5 H.sub.2 O.
      Calculated: C, 60.83; H, 6.25; N, 3.55; S, 8.12; H.sub.2 O, 1.14 %.
      Found: C, 60.87; H, 6.21; N, 3.55; S, 8.49; H.sub.2 O, 1.71.
PAC  EXAMPLE 21
PAR  The antiarrhythmic activity of the compounds of the invention is
      demonstrated and ellicited by the following test method:
PAR  The heart of an anesthetized dog is exposed by a left thoractomy. Bipolar
      electrodes are sutured to the epicardial surface of the left ventricle.
      The heart is stimulated with square wave pulses of 3 msec duration and
      frequency of 60 Hz for periods of 5 sec. Voltage is increased until
      fibrillation ensues. The heart is then defibrillated by DC countershock
      and the procedure repeated at 10 min. intervals. Drugs are administered
      i.v. over periods of 3 min. and fibrillatory threshold examined 10 min.
      after start of injection of each dose. Effective antiarrhythmic agents
      elevate the fibrillatory threshold.
PAR  When tested as set forth above the compounds described in the preceding
      examples elevate the electrical fibrillatory threshold at a dose of 5-20
      mg/kg. body weight.
PAC  EXAMPLE 22
PAR  Platelet aggregation is an initial step in thrombus formation, and it is
      considered that compounds which prevent aggregation or reduce platelet
      adhesiveness inhibit one of the initiation steps of the arteriosclerotic
      process. The effect of drugs on aggregation is measured in platelet rich
      plasma (PRP) to which adenosine diphosphate (ADP), which markedly
      increases aggregation in vitro, is added.
PAR  Human blood is collected from fasted normal blood donors in siliconized 50
      ml. Vacutainers that contain 3.8% sodium citrate. Centrifugation at 500 g.
      for 3 minutes at 5.degree.C separates the red blood cells from the PRP.
      The supernatant PRP is pipetted off and the remainder is centrifuged at
      1,000 g. for 10 minutes at 25.degree.C to obtain platelet poor plasma for
      standardization of the automated Payton aggregometer. In the running of
      the platelet aggregation test a cell containing 1.0 ml. of PRP is stirred
      at 1,100 rpm and the test compound is added in 0.2 ml. of buffered saline
      to give an initial concentration of 5 .times. 10.sup.-.sup.4 M. After 3
      minutes, a concentration of ADP predetermined to yield marked platelet
      aggregation (2 to 4 .mu.M) is added in 0.1 ml. of buffered saline. The
      curve of light transmission at 610 m.mu. is followed for 6 minutes.
      Compounds found to be active at the initial concentration are run at lower
      concentrations.
PAR  When tested as set forth above the compounds described in the preceding
      examples give 50% inhibition of platelet adhesiveness at a concentration
      of 1 .times. 10.sup.-.sup.4 M or less.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A symmetrical compound of the formula:
      ##SPC2##
PAL  wherein A is a divalent aliphatic hydrocarbon radical of the formula
EQU  --CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU3##
      and R is an amino group of the formula
      ##EQU4##
      wherein n is the number 4, 5, or 6; and the non-toxic, pharmaceutically
      acceptable acid addition salts thereof.
NUM  2.
PAR  2. A compound as defined in claim 1 which is
      2,2'-bis-(2-piperidinoethoxy)benzil.
NUM  3.
PAR  3. A compound as defined in claim 1 which is
      2,2'-bis-(2-hexamethyleniminoethoxy)benzil.
NUM  4.
PAR  4. A compound as defined in claim 1 which is
      2,2'-bis-(3-piperidinopropoxy)benzil.
NUM  5.
PAR  5. 2,2'-bis-[2-(3-azabicyclo[3.2.2]nonan-3-yl)ethoxy]benzil.
NUM  6.
PAR  6. A compound as defined in claim 1 which is
      2,2'-bis-(2-pyrrolidinoethoxy)benzil.
NUM  7.
PAR  7. A compound as defined in claim 1 which is
      3,3'-bis-(2-piperidinoethoxy)benzil.
NUM  8.
PAR  8. A compound as defined in claim 1 which is
      3,3'-bis-(3-piperidinopropoxy)benzil.
NUM  9.
PAR  9. A compound as defined in claim 1 which is
      3,3'-bis-(2-hexamethyleniminoethoxy)benzil.
NUM  10.
PAR  10. 3,3'-bis-[3-(3-azabicyclo[3.2.2]nonan-3-yl)propoxy]benzil.
NUM  11.
PAR  11. A compound as defined in claim 1 which is
      3,3'-bis-(3-pyrrolidinopropoxy)benzil.
NUM  12.
PAR  12. A compound as defined in claim 1 which is
      3,3'-bis-(3-hexamethyleniminopropoxy)benzil.
NUM  13.
PAR  13. A compound as defined in claim 1 which is
      3,3'-bis-[2-(1-pyrrolidinyl)ethoxy]benzil.
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ABST
PAL  New penicillins and their salts and esters particularly active against
      Gram-negative organisms such as Pseudomonas spp., and their preparation
      and administration. The penicillins are active against clinically
      important organisms against which well-known broad spectrum penicillins
      are inactive and may generally be designated as aminoacyldipeptide
      penicillins of unusual structure and properties.
PARN
PAC  CROSS-REFERENCE
PAR  This is a division of Ser. No. 466,814 filed May 3, 1974.
BSUM
PAR  This invention relates to penicillins which have, in general, a broad
      spectrum of antibacterial activity, being active against many species of
      Gram-positive and Gram-negative bacteria. They are thus useful as
      therapeutic (and, to a lesser extent, prophylactic) agents in animals,
      including man and poultry. The invention further relates to methods for
      the preparation of these penicillins and to their use in therapy.
PAR  Although there are now available a number of semi-synthetic penicillins
      having what is known as broad-spectrum activity, no single penicillin is
      yet available which has a clinically useful level of antibacterial
      activity against all the pathogenic organisms encountered in clinical
      practice. The search thus continues for broad-spectrum penicillins which
      have advantages, either in improved antibacterial effectiveness or wider
      spectrum of activity, over the available penicillins.
PAR  According to the present invention there is provided a penicillin of
      formula (I) or a pharmaceutically acceptable salt or ester thereof:
      ##SPC1##
PAL  Wherein
PA1  R is phenyl, phenyl substituted by one or more functional groups selected
      from hydroxy, halogen, nitro, alkoxy containing from 1 to 3 carbon atoms,
      and amino groups, 2- or 3- thienyl, cycloalkyl having from 3 to 7 carbon
      atoms, cycloalkenyl having from 5 to 7 carbon atoms or alkyl having from 1
      to 4 carbon atoms;
PA1  R.sup.3 is hydrogen or an alkyl group having from 1 to 3 carbon atoms;
PA1  R.sup.1 is hydrogen or an organic radical containing up to 20 carbon atoms;
PA1  R.sup.2 is a group of formula (II) or (III):
      ##EQU1##
      wherein R.sup.5 is amino, mono- or di-alkylamino wherein the alkyl groups
      contain from 1 to 4 carbon atoms, cyclohexylamino, hydrogen, alkyl having
      from 1 to 4 carbon atoms, or phenyl and R.sup.6 is amino or mono- or di-
      alkylamino wherein the alkyl groups contain from 1 to 4 carbon atoms, or
      cyclohexylamino.
PAR  The group R may be, for example, phenyl, 4-hydroxyphenyl,
      3-chloro-4-hydroxyphenyl, 4-nitrophenyl, 4-chlorophenyl, 4-fluorophenyl,
      4-methoxy-phenyl, 4-aminophenyl, 2-thienyl, 3-thienyl, cyclopropyl,
      cyclohexyl, cyclohexa-1,4-dienyl, iso-propyl or methyl.
PAR  The group R.sup.1 may, for example, be hydrogen, phenyl, 4-hydroxyphenyl,
      4-nitrophenyl, 4-chlorophenyl, 4-fluorophenyl, 4-methoxyphenyl,
      4-aminophenyl, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      tertbutyl, methoxy, ethoxy, n-propoxy, isopropoxy, methylene, ethylene,
      ethylthio, n-propoxy-methyl, carbamyl, carbamylmethyl, acetoxy, phenoxy,
      benzyloxy, 2-thienyl, 3-thienyl, indol-3-yl, 1H-imidazol-5-yl,
      cyclohexa-1,4-dienyl, cyclopropyl or cyclohexyl.
PAR  The group R.sup.5 may, for example, be amino, methylamino, n-butylamino,
      tert-butylamino, cyclohexylamino, hydrogen, methyl, ethyl, n- or
      isopropyl, n-, sec, or tert-butyl, or phenyl.
PAR  The group R.sup.6 may, for example, be amino, methylamino, dimethylamino,
      ethylamino, diethylamino, n-propylamino, isopropylamino, tert-butylamino,
      n-butylamino or cyclohexylamino.
PAR  Preferably R is phenyl, 4-hydroxyphenyl, or 3-thienyl.
PAR  Preferably R.sup.1 is phenyl, 4-hydroxyphenyl, 4-chlorophenyl,
      4-fluorophenyl, 4-nitrophenyl, 3-indolyl, or methylthiomethyl.
PAR  Preferably R.sup.3 is hydrogen.
PAR  Preferably R.sup.5 is amino or hydrogen.
PAR  Preferably R.sup.6 is amino.
PAR  Preferably the carbon atom to which the group R in formula (I) is attached
      is in the D configuration.
PAR  Preferably the carbon atom to which the group R.sup.2 in formula (I) is
      attached is in the D configuration.
PAR  Examples of suitable salts of compounds (I) include the sodium, potassium,
      calcium, magnesium or aluminium salts, and ammonium or substituted
      ammonium salts, for example those with trialkylamines such as
      triethylamine, procaine, dibenzylamine, triethanolamine, 1-ephenamine,
      ethylpiperidine, and other amines which have been used to form salts with
      benzylpenicillins. In the case of compounds (I) which contain a basic
      nitrogen site in the side chain, acid addition salts may also be formed.
      Such salts include, for example, inorganic salts such as the sulphate,
      nitrate, phosphate, borate, thiocyanate, and hydrohalides, e.g.
      hydrochloride, hydrobromide and hydroiodide, and organic salts such as the
      acetate, oxalate, tartrate, malate, citrate, succinate, benzoate,
      ascorbate and methanesulphonate.
PAR  Examples of suitable pharmaceutically acceptable esters include those which
      break down readily in the human body to leave the parent acid, e.g.,
      acyloxyalkyl esters such as acetoxymethyl, pivaloyloxymethyl,
      .alpha.-acetoxyethyl, .alpha.-acetoxybenzyl and .alpha.-pivaloyloxymethyl
      esters, and alkoxycarbonylalkyl esters such as methoxy carbonyloxymethyl
      esters. Other suitable esters of this readily hydrolysable type include
      lactone, thiolactone, and dithiolactone esters (i.e. compounds of formula
      (I) wherein the 3-carboxy group is esterified to produce a grouping of
      formula:
      ##EQU2##
      wherein X.sup.1 and Y.sup.1 are oxygen or sulphur and Z.sup.1 is a
      divalent hydrocarbon group), especially the phthalidyl and substituted
      phthalidyl esters e.g. 5,6-dimethoxyphthalidyl ester.
PAR  The compounds of this invention may be prepared by reacting
      6-aminopenicillanic acid or a salt, ester or silyl derivative thereof with
      an N-acylating derivative of an acid of formula (IV)
      ##EQU3##
      in which any reactive substituents may be blocked, wherein R, R.sup.1,
      R.sup.2 and R.sup.3, are as defined in formula (I) and then, if necessary,
      carrying out one or more of the following steps (i) removing any silyl
      groups by hydrolysis or alcoholysis, (ii) converting an ester compound to
      a free acid or salt (iii) converting a salt to a free acid or a free acid
      to a salt (iv) removing any blocking groups to release the desired
      functional substituent (v) converting a free acid compound to an ester
      compound.
PAR  By the term "silyl derivative" used in connection with 6-aminopenicillanic
      acid (6-APA) we mean the product of the reaction between 6-APA and a
      silylating agent such as a halotrialkylsilane, halodialkylsilane, a
      halotrialkoxysilane, a dihalodialkoxysilane or a corresponding aryl or
      aralkyl silane and compounds such as hexamethyldisilazane. In general,
      halotrialkylsilanes are preferred, especially trimethylchorosilane.
PAR  A reactive N-acylating derivative of the acid (IV) is employed in the above
      process. The choice of reactive derivative will of course of influenced by
      the chemical nature of the substituents in the acid. Thus, when the acid
      contains only acid stable groups, an acid halide is a suitable N-acylating
      derivative, preferably the acid chloride.
PAR  Such reagents would, however, be avoided when an acid labile group was
      present in the acid (IV). In such cases a suitable N-acylating derivative
      is a mixed anhydride. For this purpose particularly convenient mixed
      anhydrides are the alkoxyformic anhydrides.
PAR  However, with both the acid chloride and mixed anhydride N-acylating agents
      we have found that some racemisation may take place. To minimise such
      unwanted racemisation, we prefer to use an activated ester as the
      N-acylating agent. Such activated esters, for example the ester formed
      with 1-hydroxybenzotriazole or, preferably, N-hydroxysuccinimide, may be
      prepared in situ by the reaction of the acid with the appropriate hydroxy
      compound in the presence of a carbodiimide, preferably
      dicyclohexylcarbodiimide.
PAR  Other reactive N-acylating derivatives of the acid (II) include the
      reactive intermediate formed by reaction in situ with a carbodiimide or
      carbonyldiimidazole, but the literature on the preparation of
      semisynthetic penicillins contains examples of other reactive N-acylating
      derivatives of acids suitable for coupling to 6-APA.
PAR  It will be understood, of course, that where a free acid of type (I) or a
      salt thereof is desired, it may be convenient to carry out the acylation
      reaction using an ester of 6-APA, and then to remove the ester group. Vice
      versa, if an ester is required, it may be convenient to carry out the
      acylation reaction using 6-APA or a salt thereof and thereafter to
      esterify the free acid.
PAR  In the above process, if it is necessary to block any reactive substituents
      in the acid (IV), conventional chemical blocking groups are known. Thus,
      if desired, any free amino groups may be blocked by conversion to
      benzyloxycarbonylamino groups, or the amino group may be blocked as the
      nitro group which is later converted to the amino group.
PAR  The compounds of this invention may also be prepared by a process which
      comprises reacting a compound of formula (V) or a salt, ester or silyl
      derivative thereof.
      ##SPC2##
PAL  wherein R is as defined in formula (I) and in which any reactive
      substituents may be blocked, with an N-acylating derivative of an acid of
      formula (VI)
      ##EQU4##
      wherein R.sup.1, R.sup.2 and R.sup.3 are as defined in formula (I), and if
      necessary, carrying out one or more of the following steps (i) removing
      any silyl groups by hydrolysis or alcoholysis, (ii) converting an ester
      compound to a free acid or salt thereof (iii) converting a salt to a free
      acid or a free acid to a salt (iv) removing any blocking groups to release
      the desired functional substituents (v) converting a free acid compound to
      an ester compound.
PAR  The remarks made earlier with respect to silyl derivatives, N-acylating
      derivatives, and blocking groups, also apply to this process.
PAR  The compounds of this invention wherein R.sup.1 is a group of formula (II)
      may also be prepared by reacting a compound of formula (VII) or a salt,
      ester or silyl derivative thereof:
      ##SPC3##
PAL  wherein R, R.sup.1, R.sup.3 and R.sup.4 are as defined in formula (I) and
      wherein any reactive substituents may be blocked, with cyanate ion, a
      C.sub.1.sub.-4 alkyl isocyanate, cyclohexyl isocyanate, a formylating
      agent or an N-acylating derivative of an acid R.sup.6 COOH wherein R.sup.6
      is phenyl or an alkyl group having from 1 to 4 carbon atoms, followed, if
      necessary, by one or more of the following steps (i) removing any silyl
      groups by alcoholysis or hydrolysis, (ii) converting an ester compound to
      a free acid or salt thereof, (iii) converting a salt to a free acid or a
      free acid to a salt (iv) removing any blocking groups to release the
      desired functional substituent, (v) converting a free acid compound to an
      ester compound.
PAR  It will be noted that the above process essentially consists in generating
      the desired group R.sup.2 from the free amino group in compound (VII). The
      reaction of amino compounds with cyanate ion and isocyanates to produce
      ureas and substituted ureas is well known. Likewise the formylation of
      amino compounds (e.g., using formic acid and acetic anhydride) is well
      known. Similarly, the acylation of amino compounds is extremely well
      known, and suitable N-acylating derivatives of acids have been discussed
      hereinbefore.
PAR  The compounds of this invention are broad spectrum penicillins, i.e.
      penicillins which not only have activity against Gram-positive bacteria,
      but also against a number of clinically important Gram-negative organisms.
      The preferred compounds of this invention are active against such
      important organisms as Pseudomonas spp. against which the most well known
      broad-spectrum penicillin (6[(D).alpha.-aminophenylacetamido]penicillanic
      acid . . . ampicillin) is normally inactive. Moreover the preferred
      compounds of this invention are about as active as
      6[(D).alpha.-carboxy-3-thienylacetamido] penicillanic acid against
      Pseudomonas spp., this latter compound being the most active of the known
      penicillins against those organisms. Several of the preferred compounds of
      this invention have minimum inhibitory concentrations of from 5 - 12.5
      .mu.g/ml against some .beta.-lactamase producing strains of staphylococci,
      against which the majority of known broad spectrum penicillins are only
      marginally effective. The preferred compounds of this invention are not
      greatly serum-bound, and are not markedly inactivated by serum.
PAR  The penicillins of this invention show the characteristic lack of toxicity
      of penicillins generally. They may be administered by parenteral
      injection. The daily dose will depend on the identity of the pencillin and
      severity of infection. With the preferred compounds of this invention, a
      suitable average daily dose for an adult would be in the range of 100mg to
      5000mg. An average single dose for an adult would be from 20 mg to 500 mg.
PAR  The following Examples illustrate the preparation of some of the compounds
      of this invention:
      ##SPC4##
PAR  In the following Examples amoxycillin is the approved name for
      6[D-.alpha.-amino-p-hydroxyphenylacetamido]penicillanic acid and
      ampicillin is the approved name for 6[D-.alpha.-aminophenylacetamido]
      penicillanic acid. Epicillin is the approved name for [D-.alpha.-amino
      -cyclohexa-1,4,-dienylacetamido]penicillanic acid. All temperatures are in
      .degree.C. All biochromatograms were run in butanol/ethanol/water. All
      compounds were made by one of the following generally applicable methods.
PAR  The majority of the starting materials used in the following Examples are
      known. However, the following literature references describe generally
      applicable methods which may be used to prepare the starting materials:
PAC  UREIDO-ACIDS
PAR  DAKIN: Amer.Chem. J. 44 54
PAR  ANDREASCH: Monats. 23. 805
PAR  NEVILLE, M.sup.c GEE: Can.J.Chem. 41, 2123-9 (1963)
PAR  WIELAND: Bio.Z. 38, 389, Ann.3.
PAR  DAVIS, BLANCHARD: J.Amer.Chem.Soc. 51, 1797
PAR  LEUTHARDT,BRUNNER: Helv.Chim.Acta. 30, 964-5 (1947)
PAC  SUBSTITUTED UREIDO-ACIDS
PAR  BALL, SKINNER, SHIVE: Texas Rept. Biol.Med. 21(2) 188-75 (1963)
PAR  BRITISH PATENTS 1301961/2.
PAC  GUANIDINO-ACIDS
PAR  KAPFHAMMER, MILLER: Z. Physiol,Chem. 225, 1-12, (1934)
PAR  RADKA PANT: Ibid 335, 272-4 (1964)
PAR  FRAMM, KAPELLER: Ann. (1925) 442, 144
PAR  HABEL: Can.J.Biochem. Physiol. 38, 493 (1960)
PAR  RAMSAY: Ber. 41, 4390
PAC  FORMAMIDO-ACIDS
PAR  SHEEHAN, YOUNG: J.Amer.Chem.Soc. (1958), 80, 1154
PAC  METHOD A
PAR  A solution of the guanidino-acid, hydrochloride (5m. mole) in dry
      dimethylformamide (5 ml) was added over 10 mins. to a stirred solution of
      phthalid-3-yl D-.alpha.-aminophenyl-acetamidopenicillanate (5 m. mole) and
      N,N.sup.1 -dicyclohexylcarbodi-imide (5.8 m. mole) at 0.degree.C in dry
      methylene dichloride.
PAR  After stirring at 0.degree.C for 30 mins. and 11/2 hours at ambient
      temperatures, the mixture was cooled to -10.degree.C and the
      dicyclohexylurea removed by filtration.
PAR  The solution was washed with dilute hydrochloric acid (pH 1.5), water, and
      brine and the dried solution concentrated to low volume in vacuo to induce
      crystallisation. The filtered solid was dried under vacuum over phosphorus
      pentoxide.
PAC  METHOD B
PAR  Ureido- (or substituted-ureido-) acid (0.01 mole) in dry acetone (60 ml) at
      -10.degree.C was treated with triethylamine (ca. 0.015 mole) and
      iso-butylchloroformate (0.01 mole) and stirred at -10.degree.C for not
      more than 30 mins. D-.alpha.-aminophenylacetamidopenicillanic acid,
      trihydrate (0.01 mole) in water (60 ml) was treated with triethylamine to
      give a clear solution (pH 8.4). Acetone (60 ml) was added and the solution
      cooled to 0.degree.C.
PAR  The mixed anhydride solution cooled to -40.degree.C was filtered through
      Celite into the stirred penicillin solution and the mixture allowed to
      warm slowly to room temperature over 20 mins.
PAR  The acetone was evaporated in vacuo and the aqueous residue washed well
      with ether and then acidified to pH2 under a layer of ethyl acetate with
      5N hydrochloric acid.
PAR  The product was obtained either as the free acid by filtration of the
      aqueous/ethyl acetate mixture or by precipitation from the ethyl acetate
      solution with potassium or sodium 2-ethylhexoate to give the corresponding
      alkali-metal salt.
PA0  Method Bi. As B, but using N-methylmorpholine instead of triethylamine in
      the preparation of the mixed anhydride.
PA0  Method Bii. As B, but using
      D-.alpha.-amino(p-hydroxyphenyl)acetamidopenicillanic acid, trihydrate
      instead of D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PA0  Method Biii. As (Bii) but using N-methylmorpholine instead of triethylamine
      in the preparation of the mixed anhydride.
PA0  Method Biv. As (Bi), but using
      D-.alpha.-amino-(3-thienyl)-acetamidopenicillanic acid instead of
      D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PA0  Method Bv. As (Bi), but using
      D-.alpha.-amino-(1,4-cyclohexadienyl)acetamidopenicillanic acid instead of
      D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PA0  Method Bvi. As (Bi), but using ethylchloroformate instead of iso-butyl
      chloroformate and D-.alpha.-aminocyclopropylacetamidopenicillanic acid,
      trihydrate.
PA0  Method Bvii. As (Bi), but using D-.alpha.-aminovaleramidopenicillanic acid
      instead of D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PA0  Method Bviii. As (Bi), but using ethylchloroformate instead of isobutyl
      chloroformate, and D-.alpha.-amino-(2-thienyl)-acetamidopenicillanic acid
      instead of D-.alpha.-aminophenylacetamidopenicillanic acid, trihydrate.
PA0  Method Bix. As (Bi), but using
      D-.alpha.-amino-.beta.-phenylpropionamidopenicillanic acid instead of
      D-.alpha.-aminophenylacetamidopenicillanic acid.
PA0  (No Method C)
PAC  Method D
PAR  Amino-penicillin (5 m.moles) in dry dimethylformamide (100ml) was treated
      with triethylamine (12 m.moles) and stirred to give a clear solution.
      Sulphur trioxide-triethylamine complex (6 m.moles) was added portionwise
      over 5 mins. at room temperature and stirred for 1 hour. A solution of
      potassium 2-ethyl hexoate (ca 15 m.moles) in dry acetone (150ml) was added
      and a white solid separated.
PAR  After further dilution with acetone (200ml) the solid was filtered, washed
      with acetone and then stirred in dry ether for 20 mins. to remove any
      residual dimethylformamide. The solid was filtered and dried in vacuo.
PAC  METHOD E
PAR  Anhydrous D-.alpha.-aminophenylacetamidopenicillanic acid (5m. mole) in dry
      methylene dichloride (50 ml) was treated with triethylamine (.about.10 m.
      mole) to give a clear solution. Trimethylsilyl chloride (10 m. mole) was
      added and the mixture refluxed under nitrogen for 1 hour, then cooled to
      0.degree.C.
PAR  .alpha.-Guanidino-acid (5 m. mole) was dissolved in dry dimethylformamide
      (5 ml) and dry dimethylformamide (5 ml.) and dry methylene dichloride (50
      ml) added, cooled to 0.degree.C and stirred for 5 mins. with
      dicyclohexyl-carbodi-imide (5.5 m. mole). The bis-trimethylsilylated
      penicillin was added and stirred at 0.degree.C for 1 hour. The mixture was
      then cooled to -20.degree.C and the dicyclohexylurea removed by
      filtration. The filtrate was evaporated to dryness in vacuo and the
      residue dissolved in acetone (20 ml)/water (20 ml) and the pH adjusted to
      2.5 with 5N hydrochloric acid. After stirring at pH 2.5 for 25 mins. the
      acetone was removed in vacuo and any solid filtered off. The residual
      aqueous solution was freeze dried and the resultant solid treated with
      water at pH 2. The product was filtered and dried.
PAC  METHOD F
PAR  Dicyclohexylcarbodi-imide (5.5 m. mole) was added to a stirred solution of
      N-substituted-amino acid (5 m. mole) in dry acetone (20 ml) at 0.degree.C.
      The mixture was stirred for 15 mins. at 0.degree.-5.degree.C and then left
      in the refrigerator overnight.
PAR  D-.alpha.-Aminophenylacetamidopenicillanic acid, trihydrate (5m. mole) was
      dissolved in acetone (10 ml)/water (10 ml) with triethylamine (0.7 ml) and
      the hydroxysuccinimide ester filtered in, through Celite. After stirring
      for 45 mins. the acetone was removed in vacuo, leaving a gelatinous mass.
      Acidification with 5N hydrochloric acid in aqueous ethyl acetate gave the
      product as the free acid (sometimes only after concentration of the ethyl
      acetate layer and treatment with ether) or as the salt by treatment of the
      washed and dried ethyl acetate layer with sodium or potassium 2-ethyl
      hexoate.
PA0  Method Fi. As F, but the hydroxysuccinimide ester formed in dry
      dimethylformamide (or dimethylformamide diluted with acetone).
PA0  Method Fii. As F, but the hydroxysuccinimide ester formed in dry
      1,2-dimethoxyethane.
PA0  Method Fiii. As (Fi), but the penicillin dissolved in acetone/chloroform,
      the product coming out of solution as the amine salt.
DETD
PAC  EXAMPLE 1
PAC  D-.alpha.-[D-.beta.-(p-Hydroxyphenyl)-.alpha.-ureidopropionamido]phenylacet
     amido penicillanic acid
PAR  (R = Ph; R.sup.1 = --p--HO--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M = H; .alpha..sup.1 = D). Prepared by method (Bi), from
      D-.beta.-(-p-Hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 68%
PAR  .nu.max (KBr): 3550, 1770, 1650, 1515, 1230 and 700cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H. s.gem methyl); 1.57 (3H. s. gem
      methyl); .about.2.8 (2H. m. -CH.sub.2 CH&lt;); 4.29 (1H. s. C-3 proton);
      .about.4.5 (1H. m. -CH.sub.2 CH&lt;); 5.35 - 5.87 (5H. m. .beta.-lactams, Ph
      CH-; NHCONH.sub.2 *) 6.27 (1H. d. NHCONH.sub.2 *);
      ##SPC5##
PAL  7.30 (5h. broad s. Ph CH&lt;); 8.47 (1H. m. --CONH*); 9.12 (1H. m. --CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH Assay: 101%
PAR  Biochromatography: 1 zone at R.sub.f 0.32
PAC  EXAMPLE 2
PAC  D-.alpha.-[D-.beta.-(-p-Hydroxyphenyl)-.alpha.-ureidopropionamido]-(-p-hydr
     oxyphenyl) acetamidopenicillanic acid.
PAR  (R = -p-HO-Ph; R.sup.1 = -p-HO-PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M=H; .alpha..sup.1 =D). Prepared by method (Bi), from
      D-.beta.-(-p-hydroxyphenyl).beta.-ureidopropionic acid and amoxycillin.
PAR  Yield: 74%
PAR  .nu.max (KBr); 3350 (broad), 1770, 1650, 1515, 1230 and 840 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s gem methyl); 1.57 (3H. s. gem
      methyl); .about.2.8 (2H. m. --CH.sub.2 CH&lt;); 4.3 (1H.s. C-3 proton);
      .about.4.4 (1H. m. CH.sub.2 CH&lt;); 5.3 - 5.85 (5H. m. .beta.-lactams, Ph
      CH-- ; NHCONH.sub.2 *); 6.25 - 7.30 (8H. m. aromatics protons); 8.47 (1H.
      m. CONH*--); 9.12 (1H. m. --CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 94%
PAR  Biochromatography: 1 zone at R.sub.f = 0.18.
PAC  EXAMPLE 3
PAC  D-.alpha.-[D-.beta.-(p-Hydroxylphenyl)-.alpha.-ureidopropionamido]
      (3-thienyl)acetamido penicillanic acid.
      ##SPC6##
PAL  R.sup.1 = p--HO--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M=H;
      .alpha..sup.1 =D). Prepared by method (Bii), from
      D-.beta.-(p-hydroxyphenyl)-.alpha.-ureidopropionic acid and
      .alpha.-amino-(3-thienyl) acetamido penicillanic acid.
PAR  Yield: 72%
PAR  .nu.max (KBr): 3350 (broad); 1770, 1650, 1515, 1230, 845 and
      780cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H. s. gem methyl); 1.58 (3H s. gem
      methyl); .about.2.8 (2H. m. --CH.sub.2 CH&lt;); 4.3 (1H.s . C-3 proton),
      .about.4.4 (1H. m. --CH.sub.2 CH&lt;); 5.35 - 5.90 (5H. m. .beta.-lactams, Ph
      --CH -- ; NHCONH.sub.2 *); 6.25 (1H. m. NH CONH.sub.2); 6.5 - 7.6 (7H. m.
      aromatics); 8.5 (1H. d. CONH*); 9.1 (1H. d.CONH*).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: = 96%
PAR  Biochromatography: 1 zone at R.sub.f = 0.31
PAC  EXAMPLE 4
PAC  D-.alpha.-[DL-.beta.-(-p-Nitrophenyl)-.alpha.-ureidopropionamido]-(-p-hydro
     xyphenyl)acetamidopenicillanic acid.
PAR  (R = p-HO--Ph; R.sup.1 = p-NO.sub.2 --PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M=H; .alpha..sup.1 = DL). Prepared by method (Bii), from
      DL-.beta.-(-p-Nitrophenyl)-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 60%
PAR  .nu.max (KBr): 3350, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem methyl); 1.55 (3H. s. gem
      methyl); 3.0 (2H. m. CH.sub.2 CH&lt;); 4.05 (1H. s. C-3 proton); .about.4.60
      (1H. m --CH.sub.2 CH&lt;); 5.25 - 5.80 (5H. m. .beta.-lactams,
      ##SPC7##
     NHCONH.sub.2 * ); 6.2 (1H. m. NH*CONH.sub.2); 6.5 - 8.2 (8H. m. aromatics);
      8.50, 9.00 (2 x 1H.m. CONH*).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 86.5%
PAR  Biochromatography: 1 zone at R.sub.f = 0.44
PAC  EXAMPLE 5
PAC  Sodium
      D-.alpha.-[DL-.gamma.-Methylthio-.alpha.-ureidobutyramido]phenylacetamidop
     enicillanate.
PAR  (R = Ph; R.sup.1 = CH.sub.3 S (CH.sub.2).sub.2 --; R.sup.3 =H; R.sup.2 =
      NHCONH.sub.2 ; M=Na; .alpha..sup.1 =DL). Prepared by Method B, from
      N-Carbamoyl-DL-methionine and ampicillin, isolated as the sodium salt
      after treatment with sodium 2-ethylhexoate.
PAR  Yield: 51%.
PAR  .nu.max (KBr): 3320 (broad), 1775, 1650, 1530, 1310, 1230 and
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.48 (34.s. gem methyl); 1.58 (3H.s. gem
      methyl); 1.4 - 2.2 (2H. m. --SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d. MeS-);
      2.3 - 2.7 (2H. m. SCH.sub.2 --); 4.24 (1H. s. C-3 proton); 4.1 - 4.6 (1H.
      m.SCH.sub.2 CH.sub.2 CH&lt;); 5.2 - 5.9 (5H. m. .beta.-lactams, PhCH&lt;and
      -CONH.sub.2 * ); 6.4 (1H. m. CONH*--); 7.40 (5H. m. aromatics); 8.60 and
      9.00 (2 x 1H. d. CONH*--).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 93.8%
PAR  Biochromatography: 1 zone at R.sub.f = 0.36.
PAC  EXAMPLE 6
PAC  Sodium
      D-.alpha.-[DL-.gamma.-Methylthio-.alpha.-ureidobutyramido](p-hydroxyphenyl
     )acetamido penicillanate.
PAR  (R = p--HQ--Ph; R.sup.1 = CH.sub.3 S (CH.sub.2).sub.2 ; R.sup.3 = H;
      R.sup.2 = NHCONH.sub.2 ; M=Na; .alpha..sup.1 =DL). Prepared by method
      (Bii), from N-Carbomoyl-DL-methionine and amoxycillin, isolated as the
      sodium salt after treatment with sodium 2-ethylhexoate.
PAR  Yield: 43%.
PAR  .nu.max (KBr): 3350 (broad), 1770, 1650, 1510, 1235cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl); 1.57 (3H.s. gem
      methyl); 1.4 - 2.2 (2H. m. --SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d. MeS--
      ); 2.3 - 2.7 (2H. m. SCH.sub.2 --); 4.24 (1H.s. C-3 proton); 4.1 - 4.6
      (1H. m. SCH.sub.2 CH.sub.2 CH&lt;); 5.2 - 5.9 (5H.m..beta.-lactams, Ph CH&lt;
      and CONH.sub.2 *); 6.4 (1H. m. CONH*--); 6.3 - 7.34 (4H. m. aromatics);
      8.60 and 8.90 (2 .times. 1H.d.CONH*--).
FNT  *Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 85.5%
PAR  Biochromatography: 1 zone at R.sub.f = 0.29.
PAC  EXAMPLE 7
PAC  Sodium
      D-.alpha.-[DL-.alpha.-formamide-.gamma.-methylthiobutyramido]phenylacetami
     do penicillanate
PAR  (R = Ph; R.sup.1 = CH.sub.3 S (CH.sub.2).sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCHO; M=Na; .alpha..sup.1 = DL). Prepared by Method B, using
      N-Formyl-DL-methionine and ampicillin, isolated as the sodium salt after
      treatment with sodium 2-ethyl hexoate.
PAR  Yield: 63%.
PAR  .nu.max (KBr): 3300 (broad), 1780, 1732, 1645, 1525, 1302, 1225 and 700
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H. s.gem methyl); 1.55 (3H. s.gem
      methyl); 1.7 - 2.2 (2H. m. CH.sub.3 SCH.sub.2 CH.sub.2 CH&lt;); 2.05 (3H. d.
      CB.sub.3 S--); 2.3 - 2.7 (2H. m. CH.sub.3 S CH.sub.2 CH.sub.2); 4.23 (1H.
      s . C-3 proton); 4.70 (1H. m. --CH NHCHO); 5.3 - 5.9 (3H. m.
      .beta.-lactams and PhCH&lt;); 7.37 (5H. m. aromatics); 8.08 (1H. s .NHCHO);
      8.31, 8.60 and 9.00 (3 .times. 1H. d. -CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 100%
PAR  Biochromatogram: Single zone at R.sub.f = 0.40.
PAC  EXAMPLE 8
PAC  D-.alpha.-[DL-.beta.-(p-Chlorophenyl)-.alpha.-ureidopropionamido]-(p-hydrox
     yphenyl)acetamidopenicillanic acid.
PAR  (R = p-HO-Ph; R.sup.1 = p-Cl--PhCH.sub.2 --; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M=H; .alpha..sup.1 = DL). Prepared by Method (Bii) from
      DL-.beta.-(P-Chlorophenyl-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 45%.
PAR  .nu.max (KBr): 3360, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1 .
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s . gem dimethyl); 1.58 (3H. s .gem
      dimethyl); 2.86 (2H. m. --CH.sub.2 CH&lt;); 4.26 (1H. s . C-3 proton); 4.55
      (1H. m. --CH.sub.2 CH&lt;); 5.58 (5H. m. .beta.-lactams,
      ##SPC8##
PAL  Nhconh.sub.2 *); 6.24 (1h. m. NHCONH.sub.2 *); 6.78 and
      ##SPC9##
PAL  8.53 (1H. m. CONH*); 9.04 (1H. m. CONH).
FNT  * Removable in D.sub.2 O.
PAR  Biochromatography: R.sub.f = 0.42
PAR  Analysis: C.sub.26 H.sub.28 N.sub.5 O.sub.7 SCl required: C, 52.93; H,
      4.75; N, 11.87; S, 5.43; Cl, 6.02. Found: C, (50.23); H, 4.79; N, 11.13;
      S, 5.32; Cl, 5.97.
PAC  EXAMPLE 9
PAC  D-.alpha.-[DL-.beta.-(p-Fluorophenyl)-.alpha.-ureidopropionamido]phenylacet
     amido penicillanic acid
PAR  (R = Ph; R.sup.1 = p-F-PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ; M
      =H; .alpha..sup.1 =DL) Prepared by method B from
      DL-.beta.-(p-fluorophenyl)-.alpha.-ureidopropionic acid and ampicillin.
PAR  Yield: 42%.
PAR  .nu.max (KBr): 3360, 1773, 1651, 1510, 1226 and 720 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H.s . gem methyl); 1.57 (3H.s .gem
      methyl); 1.57 (3H. s. gem methyl); 2.87 (2H. m. CH.sup.2 CH&lt;); 4.24
      (1H..sup.s . C-3 proton); 4.56 (1H. m. CH.sub.2 CH&lt;); 5.65 (5H. m.
      .beta.-lactams, .alpha.-proton, --NHCONH.sub.2 *), 6.27 (1H. d.
      NHCONH.sub.2 *); 7.24 (9H. m. Ph CH&lt;);
      ##SPC10##
PAL  8.62 (1h. m. --CONH--*); 9.17 (1H. m. CONH*).
FNT  * Removable in D.sub.2 O.
PAR  Biochromatography: 1 Spot at R.sub.f = 0.42.
PAC  EXAMPLE 10
PAC  D-.alpha.-[DL-.beta.-(p-Chlorophenyl)-.alpha.-ureidopropionamido]phenylacet
     amido penicillanic acid
PAR  (R = Ph; R.sup.1 = p-Cl--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2 ;
      M=H; .alpha..sup.1 = DL). Prepared by Method B, from
      DL-.beta.-(p-chlorophenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 38%
PAR  .nu. max (KBr): 3360, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.40 (3H.s .gem methyl); 1.56 (3H.s .gem
      methyl); 2.85 (2H. m. --CH.sub.2 CH&lt;); 4.25 (1H.s . C-3 proton); 4.55 (1H.
      m. --CH.sub.2 CH&lt;); 5.58 (5H. m. .beta.-lactams,
      ##SPC11##
PAL  Nhconh.sub.2); 6.25 (1h. m. NHCONH.sub.2); 7.30 (9H.m. aromatic protons)
      8.53 (1H. m. CONH); 9.00 (1H. m. CONH).
PAR  NH.sub.2 OH Assay: 94%.
PAR  Biochromatography: 1 zone at R.sub.f = 0.59.
PAC  EXAMPLE 11
PAC  Sodium
      D-.alpha.-[DL-.beta.-(p-Nitrophenyl)-.alpha.-ureidopropionamido]phenylacet
     amidopenicillanate.
PAR  (R = Ph; R.sup.1 = p-NO.sub.2 --PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M=Na; .alpha..sup.1 = DL). Prepared by method B, from
      DL-.beta.-(p-Nitrophenyl)-.alpha.-ureidopropionic acid and ampicillin;
      isolated as the sodium salt by treatment with sodium 2-ethylhexoate.
PAR  Yield: 55%
PAR  .nu. max (KBr); 3350, 1770, 1650, 1514 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H. s. gem methyl); 1.60 (3H. s. gem
      methyl); 3.0 (2H. m. -CH.sub.2 CH&lt;); 4.20 (1H.s. C-3 proton); 4.7 (1H. m.
      -CH.sub.2 CH&lt;); 5.3 - 5.85 (5H.m. .beta.-lactams,
      ##SPC12##
PAL  Nhconh.sub.2 *); 6.2 (1h. m. NH*CONH.sub.2); 7.18 - 8.25 (9H. m.
      aromatics); 8.50, 9.05 (2 .times. 1H. m. CONH*).
FNT  * Removable in D.sub.2 O.
PAR  NH.sub.2 OH assay: 93.9%
PAR  Biochromatography: 1 zone at R.sub.f = 0.5.
PAC  EXAMPLE 12
PAC  D-.alpha.-(D-p-Phenyl-.alpha.-ureidopropionamido)-(p-hydroxyphenyl)acetamid
     openicillanic acid
PAR  (R = -p--HO--Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCONH.sub.2
      ; M=H; .alpha..sup.1 = D). Prepared by method (Biii), using
      D-.beta.-phenyl-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 63% M.P. 235.degree.-238.degree.C.
PAR  .nu. max (KBr): 3360 (broad), 1740, 1650, 1520 and 1230 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.47 (3H. s. gem methyl); 1.60 (3H. s. gem
      methyl); 2.95 (2H. m. Ph.CH.sub.2.CH&lt;); 4.27 (1H. s. C-3 proton); 4.60
      (1H. m. PhCH.sub.2 CH&lt;); 5.30 - 5.80 (5H. m. .beta.-lactams,
      ureido-NH.sub.2 *,
      ##SPC13##
PAL  6.20 (1h. d. ureido-NH*--);
      ##SPC14##
PAL  7.25 (5h.s. benzyl aromatics), 8.50 (1H. d. --CONH--*); 9.00 (1H. d.
      --CONH*--).
FNT  * Removable in D.sub.2 O.
PAR  Hydroxylamine Assay: 107.7%
PAR  Biochromatography: One zone at R.sub.f = 0.35
PAR  Analysis for C.sub.26 H.sub.29 N.sub.5 O.sub.7 S; Required (%) C, 56.22; H,
      5.23; N, 12.61; S, 5.77. Found (%) C, (55.33); H, 5.44; N, 11.99; S, 5.44.
PAC  EXAMPLE 13
PAC  D-.alpha.-Acetamido-.beta.-Phenylpropionamido)-Phenyl-Acetamido-Penicillani
     c Acid
PAR  (R = Ph: R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCOCH.sub.3 ; M =
      H; .alpha..sup.1 = DL).
PAR  Prepared by method (Bi), from DL-.alpha.-acetamido-.beta.-phenylpropionic
      acid and ampicillin.
PAR  Yield: 94%
PAR  .nu..sub.max (KBr ): 33.60 (broad) 1774, 1648, 1511, 1215 and
      701cm.sup..sup.-1
PAR  .delta.[(CH.sub.3).sub.2 SO]: 1.43 (3H.s. gem - methyl); 1.56 (3H.s. gem -
      methyl); 1.77 (3H.s. NHCOCH.sub.3); 2.7-3.2 (2H.m. PhCH.sub.2 CH &lt;) 4.24
      (1H.s. C-3 proton); 4.6-4.9 (1H.m PhCH.sub.2 CH &lt;); 5.62 (3H.m.
      .beta.-lactams, PhCH &lt;); 7.38 (10H.m. PhCH&lt;; Ph CH.sub.2 CH &lt;); 8.0-9.3
      (3H.m. removable in D.sub.2 O, --CONH--)
PAR  Hydroxylamine Assay: 62.1%
PAR  Biochromatagraphy: 1 zone at R.sub.f = 0.26
PAR  Analysis: C.sub.27 H.sub.30 N.sub.4 O.sub.6 S required: C, 60.22; H, 5.58;
      N, 10.41; S, 5.95. Found: C,(57.45); H, 5.69; N, 9.98; S, 6.03.
PAC  EXAMPLE 14
PAC  D-.alpha.-[DL-.alpha.-
      (3-Methylureido)-.beta.-Phenyl-Propionamido]-Phenylacetamido Penicillanic
      Acid
PAR  (R = Ph: R.sup.1 = PhCH.sub.2 ; R.sup.3 = NHCONHCH.sub.3 ; M = H;
      .alpha..sup.1 =DL).
PAR  Prepared by method (Bi), starting from DL-.alpha.-
      (3methylureido)-.beta.-phenylpropionic acid and ampicillin.
PAR  Yield: 75% .nu..sub.max (KBr); 1775, 1637, 1560, 1490, 1297, 1219 and
      702cm.sup..sup.-1. .delta.[(CD.sub.3 ).sub.2 SO]: 1.45 (3H.s. gem-methyl);
      1.57 (3H.s. gem-methyl); 2.52 (3H.s. NHCONHCH.sub.3 ); 2.90 (2H.m.
      PhCh.sub.2 CH&lt;); 4.27 (1H.s. C-3 proton); 4.63 (1H.m. PhCH.sub.2 CH&lt;);
      5.64 (3H.m. .beta.-lactams, PhCH.sub.2 &lt;); 7.32 (10H.m. PhCH.sub.2 CH&lt;; Ph
      CH&lt;); 8.63 (1H.m. removable in D.sub.2 O,--CONH --); 9.18 (1H.m. removable
      in D.sub.2 O --CONH --); ca 6.25 (broad signal due to --NH CONH--).
PAR  Biochromatography: 1 zone at R.sub.f = 0.47
PAR  Analysis: C.sub.27 H.sub.31 N.sub.5 O.sub.6 S required: C, 58.48, H, 5.60;
      N, 12.64; S, 5.78 Found: C, (56.78); H, 5.59; N, 12.73; S, 5.05
PAC  EXAMPLE 15
PAC  D-.alpha.-[DL-.beta.-(-p-Fluorophenyl)-.alpha.-Ureido-Propionamido]-(-p-Hyd
     roxyphenyl)-Acetamido-Pencillanic Acid
PAR  (R = -p-HO--Ph; R.sup.1 = --p-F--PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      NHCONH.sub.2 ; M = H, .alpha..sup.1  = DL)
PAR  Prepared by method (Bii), from
      DL-.beta.-(-p-fluorophenyl)-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 48%
PAR  .nu..sub.max (KBr): 3360, 1764, 1650, 1510, 1224, and 838cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.43 (3H.s. gem-methyl); 1.54 (3H.s.
      gem-methyl); 2.88 (2H.m. -CH.sub.2 CH&lt;); 4.14 (1H.s. C-3 proton); 4.2-4.8
      (1H.M. CH.sub.2 CH&lt;); 5.3-7.5 (extremely strong signals containing
      .beta.-lactams,
      ##SPC15##
PAL  --NHCONH.sub.2 *,
      ##SPC16##
PAL  .delta. = 8.3-9.2 (2h.m. --CONH-- *)
FNT   removable in D.sub.2 O
PAR  Hydroxylamine Assay: 84.7%
PAR  Biochromatography: 1 zone at R.sub.f = 0.41
PAC  EXAMPLE 16
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha.-(n-Valeramido)-Propionamido]
      Phenylacetamido Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCO
      (CH.sub.2).sub.3 CH.sub.3 ; M = H; .alpha..sup.1 = D).
PAR  Prepared by method (Bi), from N -valeroyl-D-.beta.-phenylalanine
PAR  Yield: 19% .nu..sub.max (KBr): 3290 (br), 1772, 1635, 1525, 1300, 1224,
      733, 702.sup.cm.sup.-1. .delta.[(CD.sub.3)SO]; 0.82 (3H.m.
      (CH.sub.2).sub.3 CH.sub.3), 1.0-1.7 (4H.m. CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.3) 1.45 (3H.s. gem-methyl), 1.58 (3H.s. gem-methyl), 2.09 (2H.m.
      CH.sub.2 (CH.sub.2).sub.2 CH.sub.3), 3.00 (2H.m. PhCH.sub.2), 4.28 (1H.s.
      C-3 proton), 4.78 (1H.m. PhCH.sub.2 CH&lt;) 5.4-5.9 (3H.m. .beta.-lactams and
      PhCH&lt;), 7.2-7.5 (10H.m. aromatic protons), 8.05 (1H.d. --CONH--), 8.47
      (1H.m. CONH), 9.13 (1H.m. --CONH--).
PAR  NH.sub.2 OH Assay: 90%
PAR  Biochromatography: Single zone R.sub.f 0.70
PAR  Analysis: Found: C, 60.96, H, 6.05; N, 9.46; S, 5.65% C.sub.30 H.sub.36
      N.sub.4 O.sub.6 S requires C, 62.10; H, 6.21; N, 9.66; S, 5.52
PAC  EXAMPLE 17
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha.-Pivaloylaminopropionamido]-Phenylacetami
     do Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 =
      --NHCOC(CH.sub.3).sub.3 ; M = H; .alpha..sup.1 = D).
PAR  Prepared by method (Bi), from .alpha.-t-Butyramido-D-.beta.-phenyl
      propionic acid.
PAR  Yield: 6%
PAR  .nu..sub.max (KBr): 3350(br), 1772, 1639, 1517, 1300, 1212,
      702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 0.97 (9H.s. (CH.sub.3).sub.3), 1.39 (3H.s.
      gem-methyl), 1.52 (3H.s. gem-methyl), 2.97 (2H.m. PhCH.sub.2), 4.20 (1H.s.
      C-3 proton), 5.35-5.85 (4H.m. .beta.-lactams and PhCH&lt;), 4.65 (1H.m.
      PhCH.sub.2 CH&lt;), 7.25 (5H.s. phenyl protons), 7.39 (5H.m. phenyl protons),
      7.2-7.6 (1H.m. --NHCO--*), 8.50 (1H.d. --NHCO--*), 9.27 (1H.d.
      --NH--CO--).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 102%
PAR  Biochromatography: 0.71
PAC  EXAMPLE 18
PAC  D-.alpha.-[D,L-.alpha.-Benzamido-.beta.-Phenylpropionamido]-Phenylacetamido
      Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCOPh; M = H;
      .alpha..sup.1 = D,L). Prepared by method (Bi), from
      .alpha.-Benzamido-D,L-.beta.-phenylpropionic acid.
PAR  Yield: 22%
PAR  .nu..sub.max (KBr): 3300, 1775, 1635, 1522, 1302, 122, 702cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.42 (3H.s. gem-methyl), 1.57 (3H.s.
      gem-methyl) 3.11 (2H.m. PhCH.sub.2), 4.24 (1H.s. C-3 proton), 5.00 (1H.m.
      PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.2-8.0 (10H.m.
      aromatic protons), 8.65, 8.80 and 9.20 (3 .times. 1H.d. --NHCO--*).
FNT  * removed in D.sub.2 O.
PAR  NH.sub.2 OH Assay: 88%
PAR  Biochromatography: Single zone 0.70
PAC  EXAMPLE 19
PAC  D-.alpha.-[D,L-.gamma.-Phenyl-.alpha.-Ureidobutyramido]-p-Hydroxyphenylacet
     amido Penicillanic Acid
PAR  (R = p HO--Ph; R.sup.1 = PhCH.sub.2 CH.sub.2 --; R.sup.3 =H; R.sup.2 =
      --NHCONH.sub.2 M = H; .alpha..sup.1 = D,L). Prepared by method (Biii),
      from .alpha.-ureido-D,L-.alpha.-phenylbutyric acid.
PAR  Yield: 35%
PAR  .nu..sub.max (KBr): 3315(br), 1770, 1650, 1510, 1454, 1227, 842,
      703cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H.s. gem-methyl), 1.52 (3H.s.
      gem-methyl), 2.00 (2H.m. PHCH.sub.2 CH.sub.2 ), 2.52 (2H.m. PhCH.sub.2
      CH.sub.2), 4.1-4.4 (1H.m. PhCH.sub.2 CH.sub.2 CH&lt;), 4.25 (1H.s. C-3
      proton), 5.3-5.8 (3H.m. .beta.-lactams and PhCH&lt;), 7.25 (9H.m. aromatic
      protons), 6.34, 6.73 (2 .times. 1H.d. NHCO*), 8.32-9.10 (3H.m. --CONH--*
      and --CONH.sub.2 *)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 80%
PAR  Biochromatography: R.sub.f 0.5
PAC  EXAMPLE 20
PAC  D-.alpha.-[D,L-.alpha.-
      Formamido-.beta.-Phenylpropionamido]-Phenylacetamido Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = --NHCHO; M = H;
      .alpha..sup.1 = D,L). Prepared by method (Bi) from
      N-Formyl-D,L-phenylalanine.
PAR  Yield: 55%
PAR  .nu..sub.max (KBr): 3242(br), 1771,,1638, 1522, 1379, 1300, 1226, 731,
      701cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H.s. gem-methyl), 1.59 (3H.s.
      gem-methyl); 2.88 (2H.m. PhCH.sub.2 CH&lt;), 4.21 (1H.s. C-3 proton), 4.83
      (1H.m. PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.2-7.6
      (10H.m. aromatic protons), 7.97 (1H.s. CHO), 2.27, 2.70 and 9.11 (3
      .times. 1H.d. --NHCO*--).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 79%
PAR  Biochromatography: Single zone R.sub.f 0.52
PAC  EXAMPLE 21
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha.-Propionamido
      Propionamido]-Phenylacetamido Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H; R.sup.2 = NHCOCH.sub.2
      CH.sub.3 ; M = H; .alpha..sup.1 = D). Prepared by method (Bi) from
      .alpha.-Propionamido-D-.beta.-phenylpropionic acid.
PAR  Yield: 13%
PAR  .nu..sub.max  (KBr): 3229(br), 1770, 1637, 1524, 1226, 702cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.89 (3H.t. COCH.sub.2 CH.sub.3), 1.42 (3H.s.
      gem-methyl), 1.60 (3H.s. gem-methyl), 1.98 (2H.m. --NHCH.sub.2 CH.sub.3),
      2.90 (2H.m. PhCH.sub.2 CH&lt;), 4.21 (1H.s. C-3 proton), 4.70 (1.H.m.
      PhCH.sub. 2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and PhCH &lt;), 7.2-7.6
      (10H.m. aromatic protons), 8.01, 8.42 and 9.10 (3 .times. 1H.d.
      --CONH*--).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 75%
PAR  Biochromatography: Single zone R.sub.f 0.58
PAC  EXAMPLE 22
PAC  D-.alpha.-[D-.alpha.-Isobutyramido-.beta.-Phenylropionamido]-Phenylacetamid
     o Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 --; R.sup.3 = H; R.sup.2 =
      NHCOCH(CH.sub.3).sub.2 ; M = H; .alpha..sup.1 = D. Prepared by method
      (Bi), from .alpha.-isobutyramido-D-.beta.-phenyl propionic acid
PAR  Yield: 18%
PAR  .nu..sub.max  (KBr): 3300 (br,) 1771, 1638, 1526, 1300, 1222,
      702cm.sup.-.sup.1.
PAR  .delta.[(CD).sub.2 SO]: 0.85 (6H.t. CH(CH.sub.3).sub.2, 1.41 (3H.s.
      gem-methyl), 1.56 (3H.s. gem-methyl), 2.97 (2H.m. PhCH.sub.2 CH&lt;), 4.25
      (1H.s. C-3 proton), 4.70 (2H.m. CH (CH.sub.3).sub.2 and PhCH.sub.2 CH&lt;),
      5.4-5.9 (3H.m. .beta.-lactams and PhCH&lt;), 7.1-7.6 (10H.m. aromatic
      protons), 7.97, 8.47 and 9.13 (3 .times. 1H.d. --NH CO--*).
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 103%
PAR  Biochromatography: Single zone R.sub.f 0.66
PAC  EXAMPLE 23
PAC  D-.alpha.-[D-.alpha.-Methylthio-.gamma.-Ureidobutyramido]-Phenylacetamido
      Penicillanic Acid
PAR  (R = Ph; R.sup.1 = CH.sub.3 S(CH.sub.2).sub.2 --; R.sup.3 = H; R.sup.2 =
      --NHCONH.sub.2 ; M = H; .alpha..sup.1 = D). Prepared by method (Fi), from
      N-Carbamoyl-D-methionine.
PAR  Yield: 43%
PAR  .nu..sub.max (KBr): 3320(br), 1775, 1650, 1530, 1310, 1230, and
      702cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.48 (3H.s. gem-methyl), 1.61 (3H.s.
      gem-methyl), 1.4-2.2 (2H.m. -SCH.sub.2 CH.sub.2 CH&lt;), 2.1 (3H.s.CH.sub.3
      S--), 2.3-2.7 (2H.m. --SCH.sub.2 CH.sub.2 CH) 5.2-5.9
      (5H.m..beta.-lactams, PhCh and --CONH.sub.2 *) 6.4 (1H.m. --CONH --*)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 98%
PAR  Biochromatography: Single zone R.sub.f 0.34
PAR  Analysis: Found: C, 49.33; H, 5.64; N, 12.94; S, 11.59%. C.sub.22 H.sub.29
      N.sub.5 O.sub.6 S.sub.2 requires C, 50.48; H, 5.54; N, 13.38; S, 12.24%.
PAC  EXAMPLE 24
PAC  D-.alpha.-[D,L-.alpha.-Methyl-.alpha.-Ureidovaleramido]-Phenylacetamido
      Penicillanic Acid
PAR  (R = Ph; R.sup.1 = (CH.sub.3).sub.2 CHCH.sub.2 --; R.sup.3 = H; R.sup.2 =
      --NHCONH.sub.2 ; M = H; .alpha..sup.1 =D,L)
PAR  Prepared by method B from .alpha.-methyl-D,L-.alpha.-ureido valeric acid.
PAR  Yield: 36%
PAR  .nu..sub.max (KBr): 3325(br), 1775, 1723, 1650, 1530, 1310, 1222,
      702cm.sup.-.sup.1 .delta.[(CD.sub.3).sub.2 SO]: 0.84 and 0.95 (2 .times.
      3H.s. CH(CH.sub.3).sub.2), 1.45 (3H.s. gem-methyl), 1.61 (3H.s.
      gem-methyl), 0.78-2.0 (3H.m. CH.sub.2 CH(CH.sub.3).sub.2), 4.25 (1H.s. C-3
      proton), 4.0- 4.6 (1H.m. &gt;CHNHCONH.sub.2), 5.3- 5.9 (5H.m. .beta.-lactams,
      PhCH&lt; and CONH.sub.2 *), 6.2 (1H.d. --CONH--), 7.2- 7.6 (5H.m. aromatic
      protons), 8.48 and 9.04 (2 .times. 1H.d. --CO--NH--*)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 79%
PAR  Biochromatography: Single zone R.sub.f 0.44
PAC  EXAMPLE 25
PAC  D-.alpha.[ D,L-.alpha.-Formamido-.beta.-(p-hydroxyphenyl)
      propionamido]phenylacetamido penicillanic acid
PAR  (R=Ph; R'=pHO--PhCH.sub.2 --; R.sup.3 = H; R.sup.2 =NHCHO; M=H;
      .alpha.'=D,L). Prepared by method B from N-Formyl-D,L-Tyrosine.
PAR  Yield: 23%
PAR  .nu..sub.max (KBr): 3290 (br.), 1773, 1735, 1650, 1518, 1378, 1230 and 701
      cm.sup.-.sup.1
PAR  .delta.[ (CD.sub.3).sub.2 SO] 1.45 (3H.s gem. methyl), 1.62
      (3H.s.gem.methyl), 2.7-3.2 (2H.m. PhCH.sub.2 --), 4.24 (1H.s C3 proton),
      4.8 (1H.m. &gt;CHNHCHO), 5.35-5.96 (3H.m .beta.Lactams and ph CH&lt;), 6.7 and
      7.0 (2 .times. 2H.m. pHO--C.sub.6 H.sub.4 --), 7.36 (5H.m. Aromatic
      protons), 7.92 (1H.s. --NHCHO), 8.2 (1H.d --CONH--*) 8.7 and 9.12 (2
      .times. 1H.m.--CONH--*).
FNT  *removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 105%
PAR  Biochromatogram: Single zone R.sub.f 0.39.
PAC  EXAMPLE 26
PAC  D-.alpha.-[D-.alpha.-Formamido-.gamma.-methylthiobutyramido]-phenylacetamid
     o penicillanic acid.
PAR  (R=Ph; R'=CH.sub.3 S (CH.sub.2).sub.2 --;R.sup.3 =H; R.sup.2 =--NHCHO; M=H;
      .alpha.'=D). Prepared by method (Fii) from N - Formyl-D-methionine.
PAR  Yield: 5.8%
PAR  .nu..sub.max (KBr): 3300 (br), 1780, 1732, 1645, 1525, 1302, 1225, 700
      cm.sup.-.sup.1.
PAR  .delta. [ (CD.sub.3).sub.2 SO]: 1.46 (3H.s gem. methyl), 1.55 (3H.S. gem
      methyl), 1.7- 22 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2 CH&lt;), 2.0 (s. 15- 17%
      of L-CH.sub.3 SCH.sub.2 CH.sub.2 C*H&lt;) 2.1 (S.83- 5% of D-CH.sub.3
      SCH.sub.2 CH.sub.2 C*H&lt;), 2.3-2.7 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2
      CH.sub.2), 4.23 (1H.S. C.sub.3 proton), 4.70 (1H.m. &gt;CHNHCHO), 5.3-5.9
      (3H.m. .beta.-lactams, and PhCH&lt;), 7.37 (5H.m. aromatic protons), 8.08
      (1H.s-NH-CHO), 8.31, 8.59 and 9.02 (3 .times. 1H.d.--CONH-- removed by
      D.sub.2 O).
PAR  NH.sub.2 OH Assay: 102%
PAR  Biochromatogram: Single zone Rf 0.41
PAC  EXAMPLE 27
PAC  D - .alpha.-[D-.gamma.-Methyl-.alpha.-ureidovaleramido]-phenylacetamido
      penicillanic acid.
PAR  (R=Ph; R'= (CH.sub.3).sub.2 CHCH.sub.2 ; R.sup. 3 =H; R.sup.2 =NHCONH.sub.2
      ; M=H; .alpha.'=D) Prepared by method (Fi) from
      .gamma.-methyl-D-.alpha.-ureido valeric acid.
PAR  Yield: 28% M.p: 168-170.degree.C (Decomp.)
PAR  .nu..sub.max (KBr): 3315 (br.), 1775, 1730, 1650, 1530, 1310, 1220, 700
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.85 and 0.92 (6H.d. CH(CH.sub.3).sub.2),
      1.50 (3H.S gem. methyl) 1.66 (3H.S gem.methyl), 0.8-2.0 (3H.m. CH.sub.2 CH
      (CH.sub.3).sub.2), 4.28 (1H.s. C3 proton), 4.1-4.5 (1H.m. CH
      NHCONH.sub.2), 5.3-5.9 (5H.m. .beta.-lactams PhCH&lt; and CONH*.sub.2), 6.22
      (1H.d.--CONH*--), 7.36 (5H.m. aromatic protons), 9.07 and 9.40 (2 .times.
      1H.d. -- CO NH*-- )
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 95%
PAR  Biochromatogram: Single zone Rf0.45
PAR  Analysis: Found: C,54.71; H, 6.15; N,13.78; S,6.49%. C.sub.23 H.sub.31
      N.sub.5 O.sub.6 S requires C, 54.65, H, 6.14; N, 13.86; S,6.34%.
PAC  EXAMPLE 28
PAC  D-.alpha.-[L-.gamma.-Methylthio-.alpha.-ureidobutyramido] phenylacetamido
      penicillanic acid
PAR  (R=Ph; R'= (CH.sub.3) S (CH.sub.2).sub.2 --; R.sup.2 =H; R.sup.2 =
      NHCONH.sub.2 ; M=H, .alpha.'=L). Prepared by method (Fi) from
      N-Carbamoyl-L-methionine.
PAR  Yield: 19% M.p.: 163.degree.-6.degree.C (Decomp.)
PAR  .nu..sub.max (KBr): 3350 (br), 1775, 1650, 1522, 1305, 1220, 702
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.46 (3H.s gem.methyl), 1.60
      (3H.s.gem.methyl) 1.5-2.2 (2H.m. CH.sub.3 CH.sub.2 CH.sub.2 CH&lt;), 2.00
      (3H.s.CH.sub.3 S) 2.2-2.6 (2H.m. CH.sub.3 SCH.sub.2 CH.sub.2 CH), 4.27
      (1H.S. C3 proton), 4.38 (1H.m. CH.sub.3 CH.sub.2 CH.sub.2 CH&lt;), 5.60 (5H.m
      .beta. lactams, PhCH&lt; --CONH*.sub.2), 7.39 (5H.m. aromatic protons), 6.34
      (1H.m. --CHCONH*.sub.2), 9.12 and 9.48 (2 .times. 1H.d --CONH*--)
FNT  *removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 100%
PAR  Biochromatogram: Single zone Rf0.38
PAR  Analysis: Found: C,49.64; H, 5.98; N,13.08; S,11.72%. C.sub.22 H.sub.29
      N.sub.5 O.sub.6 S.sub.2 requires C 50.48; H,5.54; N,13.38; S,12.24%
PAC  EXAMPLE 29
PAC  Triethylammonium D-.alpha.-[D-.beta.-(3-Indolyl)-.alpha.-ureido-
      propionamido]phenylacetamido penicillanate
PAR  (R=Ph;
      ##SPC17##
PAL  R.sup.3 =h; r.sup.2 =nhconh.sub.2 ; m=hn (ch.sub.2 ch.sub.3).sub.3 ;
      .alpha.'=d. prepared by method (Fiii) from N - Carbamoyl-D-Tryptophan
PAR  Yield: 52% M.p.: 200.degree.-3.degree.C (Decomp).
PAR  .nu..sub.max (KBr): 3350 (br), 1767, 1660, 1640, 1610, 1530, 1458, 1392,
      749 cm.sup.-.sup.1.
PAR  .delta.[(CH.sub.3).sub.2 SO]: 1.11 (3H.t.OCH.sub.2 CH.sub.3), 1.42 (3H.s.
      gem. methyl), 1.53 (3H. s.gem methyl), 2.7-3.2 (4H.m.-CH.sub.2 CH&lt; and
      OCH.sub.2 CH.sub.3), 4.00 (1H.s. C.sub.3 proton), 4.59 (1H.m. CH.sub.2
      CH&lt;) 5.3-5.9 (5H.m. .beta. lactams, RhCh&lt; and CONH*.sub.2), 6.9-7.7
      (10H.m. aromatic protons), 6.29, 8.53 and 8.97 (3 .times. 1H.d. --NHCO*),
      10.84 (1H.s. indolyl NH* ).
FNT  *removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 94%
PAR  Biochromatogram:  Single zone Rf0.30
PAR  Analysis: Found: C,59.38; H,6.65; N, 14.35; S,4.60% C.sub.34 H.sub.45
      N.sub.7 O.sub.6 S requires C,60.07; H,6.67; N,14.42, S,4.72%
PAC  EXAMPLE 30
PAC  Triethylammonium
      D-.alpha.-[D,L-.alpha.-formamido-.beta.-(3-indolyl)-propionamido]phenylace
     tamido penicillinate
PAR  (R= Ph:
      ##SPC18##
PAL  R.sup.3 =h; r.sup.2 =--nhcho;m=hn (ch.sub.2 ch.sub.3).sub.3 ; .alpha.'=d,l.
      prepared by method (Fi) from N - Formyl-D,L-tryptophan, the product
      crystallising on dilution with ether.
PAR  Yield: 50%
PAR  .nu..sub.max (KBr): 3310 (br), 1772, 1770, 1665, 1530, 1458, 1388, 1218,
      748 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3) SO]: 1.17 (3H.t.OCH.sub.2 CH.sub.3), 1.44 (3H.s.
      gem.methyl), 1.58 (3H.s. gem methyl), 2.8-3.3 (4H.m. OCH.sub.2 CH.sub.3
      and Ch.sub.2 CH&lt;), 4.12 (1H.s. C.sub.3 proton), 4.90 (1H.m. CH.sub.2 CH&lt;),
      5.3 - 5.9 (3H.m. .beta.-lactams and Ph CH&lt;), 7.0-7.8 (11H.m. 10 aromatic
      protons and NHCONH.sub.2 ) 8.00 (1H.S. CHO), 8.0-9.0 (4H.m. 2
      .times.-NHCO* and --CONH.sub.2 *), 10.80 (1H.s indolyl NH*)
FNT  *removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 183%
PAR  Biochromatogram: Single zone Rf0.36.
PAC  EXAMPLE 31
PAC  Triethylammonium -.alpha.-[D-.gamma.-carbamoyl-.alpha.-Ureido butyrylamido]
      phenylacetamido penicillanate
PAR  (R=Ph; R'=H.sub.2 NCO (CH.sub.2).sub.2 --; R.sup.3 =H; R.sup.2
      =--NHCONH.sub.2 ; M=HN (CH.sub.2 CH.sub.3).sub.3 ; .alpha.'=D. Prepared by
      method (Fi) from N-carbamoyl-D-glutamine, the product crystallising on
      dilution with ether.
PAR  Yield: 77%
PAR  .nu..sub.max (KBr): 3400 (br.), 1773, 1698, 1660, 1603, 1532, 1458, 1397,
      1314, 1220, 703 cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.16 (3H.t.OCH.sub.2 CH.sub.3), 1.43 (3H.s.
      gem. methyl), 1.54 (3H.s. gem methyl), 1.5-2.2 (4H.m. -- CH.sub.2 CH.sub.2
      --), 4.1(1H.s.C3proton), 4.88 (1H.m. CH Ch.sub.2 CH.sub.2), 5.3-5.8 (3H.m
      .beta.-lactams and PhCH&lt;), 6.3 (1H.m.--NHCO*--), 7.3-7.7 (6H.m. aromatic
      protons and --NHCO*--), 8.2-9.0 (5H.m. 2 .times. --CONH*.sub.2 ) and
      --CONH*
FNT  *removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 100%
PAR  Biochromatogram: Single zone Rf0.34
PAC  EXAMPLE 32
PAC  D-.alpha.-[D,L-.beta.-Phenyl-.alpha.-ureidopropionamido]-1,4-cyclohexadieny
     lacetamidopenicillanic acid.
      ##SPC19##
PAL  R.sup.3 =h; r.sup.2 =--nhconh.sub.2 : m=h; .alpha..sup.1 =d,l). prepared by
      method (Bv) from D,L-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 65%
PAR  .nu..sub.max (KBr): 3340, 1762, 1720, 1650, 1530, 1230 and
      703cm.sup.-.sup.1
PAR  .delta. [(CD.sub.3).sub.2 SO]: 1.5(6H.d. gem-dimethyls); 2.6(4H.s.
      cyclohexadiene methylenes); 2.6-3.2(2H.m. PhCH.sub.2 CH&lt;); );
      4.3(1H.s.C-3proton); 4.3-4.8(1H.m. PhCH.sub.2 CH&lt;); 4.9-5.9
      (5H.m..beta.-lactams,
      ##SPC20##
PAL  --NHCONH.sub.2 *); 5.67(3H.s. cyclohexadiene methines); 6.3-6.7(1H.m.
      -NHCONH.sub.2 *);7.25(5H.s.PhCH.sub.2 CH&lt;); 8.0-8.3(1H.m.--CONH--*);
      8.6-9.0(1H.m.--CONH--*);
FNT  *Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 59%.
PAR  Biochromatography: Rf 0.56.
PAC  EXAMPLE 33
PAC  Sodium
      D-.beta.-[D-.beta.-Phenyl-.beta.-ureidopropionamido]-1,4-cyclohexadienylac
     etamido penicillanate
      ##SPC21##
PAL  R.sup.1 =phCH.sub.2 ; R.sup.3 =H; R.sup.2 =--NHCONH.sub.2 ; M=Na;
      .alpha..sup.1 =D) Prepared by method (Bvi) from
      D-.beta.-phenyl-.alpha.-ureidopropionic acid and epicillin.
PAR  Yield: 45%.
PAR  .nu..sub.max (KBr): 3350, 1760, 1630, 1530, 1230 and 703cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.53(6H.d.gem-dimethyls);
      2.65(4H.s.cyclohexadienyl methylenes); 2.8-3.0(2H.m.PhCH.sub.2
      --);4.0(1H.s.C-3 proton); 4.2-4.7(1H.m.)CH.sub.2
      CH--);5.0-5.6(5H.m..beta.-lactam protons HNCHCO and
      HNCONH.sub.2):5.7(3H.s. cyclohexadienyl vinylic protons); 6.4-6.7(1H.m.
      -NHCONH.sub.2); 7.25(5H.s.Ph); 8.0-9.0(2H.m.NH)
PAR  Hydroxylamine Assay: 76%.
PAR  Biochromatography: 1 zoneat Rf 0.47
PAC  EXAMPLE 34
PAC  D-.alpha.-[DL-.beta.-Benzyloxy-.alpha.-ureidopropionamido]-phenylacetamidop
     enicillanic acid.
PAR  (R=Ph; R.sup.1 =PhCH.sub.2 OCH.sub.2 ; R.sup.3 =H; R.sup.2 =NHCONH.sub.2 ;
      M=H; .alpha..sup.1 =DL). Prepared by method (Bi) from
      .beta.-benzyloxy-.alpha.-ureido-DL-propionic acid and ampicillin.
PAR  Yield: 56%.
PAR  .nu..sub.max (KBr): 3350, 1770, 1650, 1520, 1220 and 700cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.5(6H.d.gem dimethyls); 3.65(2H.m.
      --OCH.sub.2 CHC&lt;) 4.25(1H.s.C-3 proton); 4.5(3H.m. --OCH.sub.2 CH&lt;and
      PhCH.sub.2 O--); 5.4-7.0(6H.m. .beta.-lactam protons, HN--CHCO and
      --NHCONH.sub.2); 7.2-7.5(10H.m. 2xphenyl aromatics); 8.5-9.2(2H.m. amide
      NH's)
PAR  Analysis: C.sub.22 H.sub.31 N.sub.5 O.sub.7 S.H.sub.2 O required: C,55.3;
      H,5.63: N, 11.9. Found: C,56.03;H,5,72: N,11.46.
PAR  Hydroxylamine Assay: 95%.
PAR  Biochromatography: 1 zone at Rf 0.42.
PAC  EXAMPLE 35
      D-.alpha.-[DL-.beta.-Benzyloxy-.alpha.-ureidopropionamido]-p-hydroxyphenyl
     acetamido penicillanic acid.
PAR  (R=  p-HO--Ph; R.sup.1 =PhCH.sub.2 OCH.sub.2 ; R.sup.3 =H; R.sup.2
      =--NHCONH.sub.2 ; M=H; .alpha..sup.1 =DL). Prepared by method (Biii) from
      DL-.beta.-benzyloxy-.alpha.-ureidopropionic acid and amoxycillin.
PAR  Yield: 59%.
PAR  .nu..sub.max (KBr): 3350, 1775, 1725, 1650, 1515, 1230, and 703
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.5(6H.d. gem dimethyls); 3.5-3.9(2H.m.
      --OCH.sub.2 CH&lt;); 4.23 (1H.s. C-3 proton); 4.3-4.7(3H.m. PhCH.sub.2 O and
      OCH.sub.2 CH&lt;); 5.2-5.9(5H.m. .beta.-lactams, HNCHCO and CONH.sub.2)
      6.2-6.5 (1H.m. -NHCONH.sub.2); 6.5-7.5(9H.m. aromatic protons) 8.3-9.0
      (2H.m. amide NH's)
PAR  Hydroxylamine Assay: 84%.
PAR  Biochromatography: 1 zone at Rf 0.3
PAC  EXAMPLE 36
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha. -ureidopropionamido]-3-thienyl acetamido
      penicillanic acid
      ##SPC22##
PAL  R.sup.1 =phch.sub.2 -; r.sup.3 =h; r.sup.2 =-nhconh.sub.2 ; m=h,
      .alpha..sup.1 =d). prepared by method (Biv) from D-.beta.-phenyl
      -.alpha.-ureidopropionic acid.
PAR  Yield: 59%. M.p. 175.degree.-7.degree.C (decomp.)
PAR  .nu..sub.max (KBr): 3360, 1750, 1650, 1525 and 704 cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.53(6H.m. gem dimethyls); 2.92(2H.m.
      PhCH.sub.2 CH&lt;) 4.28(1H.s. C-3proton); 4.61(1H.m. PhCH.sub.2 CH&lt;);
      5.31-6.05 (5H.m. .beta.-lactams, CONH.sub.2 * and ThCH &lt;); 6.26(1H.d.
      CONH--*); 7.37(8H.m. Ph and Th); 8.58 and 9.07 (2.times.1H.d. --CONH--*)
FNT  * removed by D.sub.2 O
PAR  Hydroxylamine Assay: 100%.
PAR  Biochromatogram : 1 zone at Rf 0.40
PAC  EXAMPLE 37
PAC  D-.beta.-[D-.alpha.-Ureidopropionamido]-phenylacetamido penicillanic acid.
PAR  (R=Ph; R.sup.1 =CH.sub.3 ; R.sup.3 =H; R.sup.2 =NHCONH.sub.2 ; M=H;
      .alpha..sup.1 =D). Prepared by method (Bi) from D-.alpha.-ureidopropionic
      acid.
PAR  Yield: 28%. M.p. 176.degree.-8.degree.C (decomp.)
PAR  .nu..sub.max (KBr): 3350 (br), 1773, 1720, 1635, 1530, 1234, and 700
      cm.sup.-.sup.1
PAR  .delta. [(CD.sub.3).sub.2 SO]: 1.21 (3H.d. CH.sub.3 CHNH--); 1.43 (3H.s.
      gem dimethyls); 1.57 (3H.s. gem dimethyls); 4.26 (1H.s. C-3 proton);
      4.33(1H.m. CH.sub.3 CHNH--); 5.35-5.91(5H.m. .beta.-lactams, PhCH&lt; and
      CONH.sub.2 *); 5.91-6.54 (1H.m. --NHCONH.sub.2); 7.38(5H.m. aromatic
      protons); 8.47 and 9.05 (2x1H.d. --CONH--*)
FNT  *removed by D.sub.2 O
PAR  Hydroxylamine Assay: 106%.
PAR  Biochromatogram: 1 zone at Rf 0.21
PAC  EXAMPLE 38
PAC  D-.alpha.-[D,L-.beta.-PHENYL-.alpha.-UREIDO-PROPIONAMIDO]-PHENYLACETAMIDO
      PENICILLANIC ACID
PAR  (R = Ph ; R.sup.1 = PhCH.sub.2 R.sup.3 = H ; M = H ; .alpha..sup.1 = D,L).
PAR  Prepared by method B from D,L-.beta.-Phenyl-.alpha.-ureido propionic acid.
PAR  Yield: 37%
PAR  .nu..sub.max  (KBr): 3350 (br.), 1775, 1650, 1525, 1225, 702cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl), 2.88 (2H.m. PhCH.sub.2 --), 4.26 (1H.s. C3proton), 4.60 (1H.m.
      PhCH.sub.2 CH&lt;), 5.33-5.94(5H.m. .beta.-lactams, PhCH,--CONH.sub.2 *),
      6.24 (1H.d.--CONH*--), 7.27 (10H.m. aromatic protons), 8.54
      (1H.d.--CONH*--), 9.11 (1H.d.--CONH*--)
FNT  *removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 87%
PAR  Biochromatogram: Single zone R.sub.f 0.42.
PAC  EXAMPLE 39
PAC  D-.alpha.-[-.alpha.-Methyl-.alpha.-Ureidopropionamido]-Phenylacetamido
      Penicillanic Acid
PAR  (R = Ph ; R.sup.1 = R.sup.3 = CH.sub.3 --; R.sup.2 = NH.sub.2 CONH-- ; M =
      H). Prepared by method B from .alpha.-Ureido-isobutyric acid
PAR  Yield: 6%
PAR  .nu..sub.max (KBr): 3400 (br.), 1785, 1715, 1650, 1535, 1225 and
      700Cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.38 (6H.s. (CH.sub.3).sub.2 C&lt;), 1.46 (3H.s.
      gem methyl) 1.57 (3H.s. gem methyl), 4.27 (1H.s. C3 proton), 5.37-5.88
      (5H.m. .beta.-lactams, CONH.sub.2 *, Ph CH&lt;), 6.37 (1H.s. --NHCO*--), 7.40
      (5H.m. aromatic protons), 8.13 and 9.08 (2 .times. 1H.d.--CONH*--)
FNT   removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: --
PAR  Biochromatogram: Single zone R.sub.f 0.27
PAR  Analysis: Found; C,52.60; H,5.89; N,14.34; S,6.88% C.sub.21 H.sub.27
      N.sub.5 O.sub.6 S required C,52.82; H,5.70; N,14.67; S,6.71%
PAC  EXAMPLE 40
PAC  D-.alpha.-[D,L-.alpha.-Methyl-.beta.-Phenyl-.alpha.-Ureidopropionamido]-Phe
     nylacetamido Penicillanic Acid
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 --; R.sup.3 = CH.sub.3, R.sup.2 =
      NHCONH.sub.2, .alpha.' = D,L)
PAR  Prepared by method B from
      D,L-.alpha.-Methyl-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 43%
PA1  .nu..sub.max (KBr): 3370 (br.), 1775, 1720, 1655, 1525, 1220 and 704
      cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]:
      ##EQU5##
      1.43 (3H.s. gem. methyl), 1.57 (3H.s. gem methyl),
      2.80-3.70(2H.m.PhCH.sub.2--), 4.30 (1H.m. C3 proton), 5.38-6.12 (5H.m.
      .beta.-lactams, PhCH and CONH.sub.2 * ), 6.23 (1H.s.--CONH--), 7.39
      (10H.m. aromatic protons), 8.34(1H.d.--CONH--*), 9.28(1H.d.-CONH--*) *
      removed by D.sub.2 O
PAR  Biochromatogram: Single zone R.sub.f 0.54.
PAR  Analysis: Found; C56.49; H,5.66; N,12.16%. C.sub.27 H.sub.31 N.sub.5
      O.sub.6 S requires C,58.58; H,5.64; N,12.65%
PAC  EXAMPLE 41
PAC  D-.alpha.-[D,L-.alpha.-Acetamido-.beta.Phenylpropionamido]-p-Hydroxyphenyla
     cetamido PENICILLANIC ACID
PAR  (R = p HO-Ph; R.sup.1 = PhCH.sub.2 ; R.sup.3 = H ; R.sup.2 = --NHCOCH.sub.3
       ; M = H; .alpha..sup.1 = D,L).
PAR  Prepared by method (Bii) from N-Acetyl-D,L-.beta.-phenylalanine.
PAR  YIELD: 40%
PAR  .nu..sub.max (Nujol): 3250 (br.), 1760, 1630, 1515, 1380, 1220,
      710cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.43 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl) 1.75 (3H.s. --NHCOCH.sub.3), 3.0 (2H.m. PhCH.sub.2), 4.24 (1H.s.
      C3 proton), 6.72 (1H.m. PhCH.sub.2 CH&lt;), 5.4-5.9 (3H.m. .beta.-lactams and
      PhCH&lt;), 6.58-7.50 (9H.m. aromatic protons), 8.10, 8.47 and 8.95 (3 .times.
      1H.m. --CONH--*).
FNT   removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 105%
PAR  Biochromatogram; Single zone R.sub.f 0.51
PAC  EXAMPLE 42
PAC  D-.alpha.-[L-.beta.-(p-Methoxyphenyl)-.alpha.-Ureidopropionamide]Phenylacet
     amido Penicillanic Acid
PAR  (R = Ph ; R.sub.1 = pMeO--PhCH.sub.2 -- ; R.sup.3 = H; R.sup.2 =
      --NHCONH.sub.2  ; M = H; .alpha..sup.1 = L).
PAR  Prepared by method B from .alpha. Ureido-L-.beta.-(p Methoxyphenyl)
      propionic acid.
PAR  Yield: 19%
PAR  .nu..sub.max (KBr): 3300 (br.), 1775, 1640, 1515, 1250 and
      700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.58 (3H.s. gem
      methyl), 2.83 (2H.m. PhCH.sub.2), 3.72(3H.s. CH.sub.3 O), 4.28 (1H.s. C3
      proton), 4.61 (1H.m. PhCh.sub.2 CH), 5.35-5.93 (5H.m. .beta.-lactams,
      PhCH, --NHCONH.sub.2 *), 6.27 (1H.d. --NHCO--), 6.67-7.50 (9H.m. aromatic
      protons), 8.70 and 9.32 (2 .times. 1H.d. --NHCO--*)
FNT   Removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 81%
PAR  Biochromatogram: Single zone R.sub.f 0.43.
PAC  EXAMPLE 43
PAC  D-.alpha.-[D-.alpha.-Guanidino-.beta.-Phenylpropionamido]-Phenylacetamido
      Penicillanic Acid Hydrochloride
PAR  (R = Ph ; R.sup.1 =PhCH.sub.2 --;
      ##EQU6##
      M = H .alpha..sup.1 = D).
PAR  Prepared by method E from D-.alpha.-Guanidino-.beta.-phenyl propionic acid.
PAR  Yield: 21%
PAR  .nu..sub.max (KBr): 3330 (br.), 1768, 1663, 1602, 1525, 1458 1394, 1320,
      703cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H.s. gem methyl), 1.57 (3H.s. gem
      methyl), 2.96-3.23 (2H.m. PhCH.sub.2 --), 4.17(1H.m. C3 proton), 4.61
      (1H.m. PhCH.sub.2 CH&lt;), 5.30-5.94 (3H.m. .beta.-lactams and PhCH&lt;),
      7.11-7.71 (14H.m. aromatic protons and
      ##EQU7##
      8.14-8.47   8.82 and 9.12 (2 .times. 1H.m. --CONH--*)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 90%
PAR  Biochromatogram: Single zone R.sub.f 0.52
PAC  EXAMPLE 44
PAC  D-.alpha.-[D,L-.beta.-Methoxy-.alpha.-Ureidopropionamido]-Phenyl-Acetamido
      Penicillanic Acid
PAR  (R = Ph ; R.sup.1 = CH.sub.3 OCH.sub.2  ; R.sup.3 = H ; R.sup.2 =
      --NHCONH.sub.2  ; M = H ; .alpha. = D,L).
PAR  Prepared by method B from D-.alpha.-Ureido-.beta.-methoxy propionic acid.
PAR  Yield; 23%
PAR  .nu..sub.max (KBr): 3350 (br.), 1775, 1650, 1520, 1310, 1225, 1115 and
      700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl), 1.58 (3H.s. gem
      methyl), 3.27 (3H.d. CH.sub.3 OCH.sub.2 --), 3.57 (2H.m. CH.sub.3
      OCH.sub.2 --), 4.18-4.75 (1H.m. --CH.sub.2 CH&lt;), 4.27 (1H.s. C3proton),
      5.23-5.98(5H.m. .beta.-lactams, --NHCONH.sub.2 *, PhCH&lt;), ), 6.37
      (1H.d.--NHCO--*), 7.38 (5H.m. aromatic protons) 8.42 (1H.d. --CONH--*),
      9.14 (1H.m.--CONH--*).
FNT  * Removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 98%
PAR  Biochromatogram: Single zone R.sub.f = 0.24
PAC  EXAMPLE 45
PAC  PHTHALID-3-yl D-.alpha.-[D-.alpha.-GUANIDINO -.beta.-PHENYLPROPIONAMIDO]
      PHENYLACETAMIDO PENICILLINATE, HYDROCHLORIDE
PAR  (R = Ph; R.sup.1 = PhCH.sub.2 - ; R.sup.3 = H ;
      ##EQU8##
      ##SPC23##
      .alpha..sup.1 = D).
PAR  Prepared by method A from D-.alpha.-Guanidino-.beta.-phenyl propionic acid.
PAR  Yield: 23%
PAR  .nu.max (KBr): 3340 (br.), 1785, 1660, 1510, 1285, 980 755 and
      705cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.53 (6H.m. gemdimethyls), 3.03 (2.H.m.
      PhCH.sub.2 CH), 4.56 (1H.s. C3 proton), 4.37-5.08 (1H.m. PhCH.sub.2 CHC),
      5.33-6.01 (3H.m. .beta.-lactams and PhCH), 7.52 (1H.s. Phthalide 3
      proton), 6.95-8.05 (19H.m. aromatic protons and
      ##EQU9##
      8.05-9.49 (2 .times. 1H.m. --CONH--*)
FNT  * Removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 91%
PAR  Biochromatogram; Single zone R.sub.f 0.87
PAC  EXAMPLE 46
PAC  D-.alpha.-[L-.beta.-Phenyl-.alpha.-Ureidopropionamido]-Phenylacetamido
      Penicillanic Acid
PAR  (R = Ph ; R.sup.1 =  PhCH.sub.2  ; R.sup.3 = H ; R.sup.2 = --NHCONH.sub.2
      ; M = H ; .alpha..sup.1 = L).
PAR  Prepared by method (Bi) from D-.alpha.-Ureido-.beta.-phenyl propionic acid.
PAR  Yield: 15%
PAR  .nu..sub.max (KBr): 3360 (Br.), 1775, 1650, 1525, 1315, 1230 and
      705cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44 (3H.s. gem methyl), 1.59 (3H.s. gem
      methyl), 2.89 (2H.m. PhCH.sub.2--), 4.25 (1H.s. C3 proton), 4.68 (1H.m.
      PhCH.sub.2 CH), 5.64 (5H.m. .beta.-lactams NHCONH.sub.2 *, PhCH), 6.27
      (1H.d. --NHCO--), 7.28 (10H.m. aromatic protons), 8.62 and 9.17 (2 .times.
      1H.d. --CONH--*)
FNT  * Removed by D.sub.2 O.
PAR  Biochromatogram: Single zone
PAC  EXAMPLE 47
PAC  D-.alpha.-[D,L-.alpha.-(3-ETHYLUREIDO)-.beta.-PHENYLPROPIONAMIDO]-PHENYLACE
     TAMIDOPENICILLANIC ACID
      ##SPC24##
PAL  R.sup.3 =  h, r.sup.2 = nhconhch.sub.2 ch.sub.3, m = h, .alpha..sup.1 =
      d,l).
PAR  prepared by method (Bi) from D,L-(3-ethylureido).beta.-phenylpropionic
      acid.
PAR  Yield: 16% m.p. 174-6.degree.C (dec.)
PAR  .nu..sub.max (KBr): 3380 (broad), 1774, 1637, 1540, 1299, 1218 and
      701cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]; 0.96 (3H.t.--NHCH.sub.2 CH.sub.2), 1.44
      (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.96 (4H.m. PhCH.sub.2 CH&lt;,
      --NHCH.sub.2 CH.sub.3), 4.27 (1H.s. C3 proton), 4.59 (1H.m. PhCH.sub.2
      CH&lt;), 5.38-6.17 (5H.m. .beta.-lactams, PhCH&lt;, --NHCONH--*), 7.32 (10H.m.
      PhCH&lt;, PhCH.sub.2 CH&lt;), 8.58 (1H.m. --CONH--*), 9.12 (1H.m.--CONH--*).
FNT  * Removable with D.sub.2 O.
PAR  Hydroxylaminl Assay: 92.9%
PAR  Biochromatography: R.sub.f =  0.71
PAC  EXAMPLE 48
PAC  D-.alpha.-[D,L-.beta.-(2-THIENYL)-.alpha.-UREIDOPROPIONAMIDO]PHENYLACETAMID
     OPENICILLANIC ACID
      ##SPC25##
PAL  R.sup.3 =  h--, r.sup.2 = --nhconh.sub.2, m = h, .alpha..sup.1 =  d,l).
PAR  prepared by method (Bi) from D,L-.beta.-(2-thienyl).alpha.-ureidopropionic
      acid.
PAR  Yield: 25.9%
PAR  .nu..sub. max (KBr): 3355 (br.), 1773, 1648, 1537, 1307, 1226 and
      701cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.42 (3H.s. gem methyl), 1.56 (3H.s. gem
      methyl), 3.10 (2H.m. --CH.sub.2 CH&lt;), 4.21 (1H.s. C3proton), 4.50 (1H.m.
      -CH.sub.2 CH&lt;), 5.58 (5H.m. .beta.-lactams, -NHCONH.sub.2 *, PhCH&lt;), 6.28
      (1H.m. --NHCONH.sub.2 *), 6.89 (2H.m. thienyl 3- and 4- protons), 7.35
      (6H.s. phenyl aromatics and thienyl 5- proton), 8.67 (1H.m. --CONH--*),
      9.15 (1H.m. --CONH--*).
FNT  * Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 70.6%
PAR  Biochromatography: R.sub.f =  0.41
PAC  EXAMPLE 49
PAC  POTASSIUM
      D-.alpha.-[D-.alpha.-(3-ETHYLUREIDO)-p-PHENYL-PROPIONAMIDO]-PHENYLACETAMID
     OPENICILIANATE
PAR  (R = Ph--, R.sup.1 = PhCH.sub.2 --, R.sup.3 = H--, R.sup.2 =
      --NHCONHCH.sub.2 CH.sub.3, N = K, .alpha..sup.1 = D).
PAR  Prepared by method (Bi) from
      D-.alpha.-(3-ethylureido)-.beta.-phenylpropionic acid.
PAR  Yield: 65.3%
PAR  .nu. .sub.max (KBr): 3350(br), 1774, 1630, 1540, 1225, 732 and
      702cm.sup..sup.-1.
PAR  .delta. [(CD.sub.3).sub.2 SO]: 0.95 (3H.t.J = 7Hz --NHCH.sub.2 CH.sub.3),
      1.45 (3H.s. gem-methyl), 1.58 (3H.s. gem-methyl), 2.75-3.35 (4H.m.
      PhCH.sub.2 CH, --NHCH.sub.2 CH.sub.3 (J = 7Hz)), 4.28 (1H.s. C-3 proton),
      4.61 (1H.m. PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH:
      --NHCONH--*); 7.37 (10H.m. PhCH . PhCH.sub.2 CH&lt;), 8.53 (1H.d. --CONH--*),
      9.12 (1H.m. --CONH--*),
FNT  * removable in D.sub.2 O
PAR  Hydroxylamine Assay: 85.4%
PAR  Biochromatography: R.sub.f =  0.65
PAC  EXAMPLE 50
PAC  D-.alpha.-[D-.beta.-PHENYL-.alpha.-(3-n-PROPYLUREIDO)-PROPIONAMIDO]PHENYLAC
     ETAMIDOPENICILLANIC ACID
      ##SPC26##
PAR  R.sup.3 =  H, R.sup.2 =  NHCONHCH.sub.2 CH.sub.2 CH.sub.3, M = H,
      .alpha..sup.1 =  D)
PAR  Prepared by method (Bi) from D-.alpha.-(3-n-propylureido)-propionic acid.
PAR  Yield: 70.3%
PAR  .nu..sub. max (KBr); 3320 (br.), 1772, 1633, 1540, 1222, 731 and
      701cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.81 (3H.t. --NHCH.sub.2 CH.sub.2 CH.sub.3),
      1.45 (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.7-3.3 (6H.m.
      PhCH.sub.2 CH&lt;, --NHCH.sub.2 CH.sub.2 CH.sub.3), 4.27 (1H.s. C-3 proton),
      4.6 (1H.m. PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH&lt;,
      --NHCONH--*), 7.31 (10H.m. PhCH&lt;, PhCH.sub.2 CH&lt;), 8.53 (1H.m. --CONH--*),
      9.10 (1H.m. --CONH--*).
FNT  * Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 94.7%
PAR  Biochromatography; R.sub.f =  0.73
PAC  EXAMPLE 51
PAC  D-.alpha.-[D-.beta.-PHENYL-.alpha.-(3-ISO-PROPYLUREIDO)-PROPIONAMIDO]-PHENY
     LACETAMIDOPENICILLANIC ACID
      ##SPC27##
PAL  R.sup.3 =  h--, r.sup.2 = --nhconhch(ch.sub.3).sub.2 m = h, .alpha..sup.1 =
      d).
PAR  prepared by method (Bi) from
      D-.alpha.-phenyl-.alpha.-(3-iso-propylureido)-propionic acid.
PAR  Yield: 60%
PAR  .nu..sub. max (KBr); 3363 (br), 1772, 1626, 1533, 1230, 1128, 729 and 701
      cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.99 (6H.d. NHCH(CH.sub.3).sub.2), 1.45
      (3H.s. gem methyl), 1.58 (3H.s. gem methyl), 2.92 (2H.m. PhCH.sub.2 CH&lt;),
      3.3. (1H.m. --NHCH(CH.sub.3).sub.2), 4.28 (1H.s. C-3 proton), 4.6 (1H.m.
      PhCH.sub.2 CH&lt;), 5.4-6.3 (5H.m. .beta.-lactams, PhCH&lt;, --NHCONH--*), 7.23
      (5H.s. PhCH.sub.2 CH&lt;), 7.39 (5H.m. PhCH&lt;), 8.4-9.5 (2H.m. 2 .times.
      --CONH--*).
PAR  * Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 89.7%
PAR  Biochromatography: R.sub.f =  0.72
PAC  EXAMPLE 52
PAC  POTASSIUM
      D-.alpha.-[D-.alpha.-(3-CYCLOHEXYLUREIDO)-.beta.-PHENYLPROPIONAMIDO]-PHENY
     LACETAMIDOPENICILLANATE
      ##SPC28##
PAL  M = k, .alpha..sup.1 = d.
PAR  prepared by method (Bi) from
      D-.alpha.-(3-cyclohexylureido)-.beta.-phenylpropionic acid.
PAR  Yield: 57%
PAR  .nu..sub. max (KBr): 3330 (br.), 1762, 1628, 1546, 1392, 1320 and
      701cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.6-1.7 (10H.m. cyclohexyl methylenes) 1.44
      (3H.s gem methyl), 1.54 (3H.s. gem methyl), 2.75 - 3.4 (3H.m. PhCH.sub.2
      CH&lt;, -NH-CH), 3.92 (1H.d. C-3 proton), 4.3-4.7 (1H.m. PhCH.sub.2 CH&lt;),
      5.2-5.6 (2H.m. .beta.-lactams), 5.65-5.94 (1H.m. PhCH&lt;), 6.1-6.5 (2H.m.
      ---NHCONH--*), 7.23 (5H.s. PhCH.sub.2 CH&lt;), 7.37 (5H.m. PhCH&lt;), 8.4-9.0
      (2H.m. 2 x --CONH--*)
FNT  * Removable with D.sub.2 O
PAR  Hydroxylamine Assay: 85.9%
PAR  Biochromatography: R.sub.f =  0.73
PAC  EXAMPLE 53
PAC  Potassium
      D-.alpha.-[DL.alpha.-(3-tert-butylureido)-.beta.-phenylpropionamido]
      phenylacetamidopenicillanate
PAR  (R= Ph; R.sup.1 =PhCH.sub.2 --; R.sup.3 =H; R.sup.2 =
      --NHCONHC(CH.sub.3).sub.3 ; M=K; .alpha..sup.1 =D,L). Prepared by method
      (Bi) from D,L-.alpha.-(3-tert-butylureido)-.beta. -phenylpropionic acid.
PAR  Yield: 40.2%.
PAR  .nu..sub. max (KBr): 3360(br), 1774, 1645(br), 1540(br), 1456, 1214, 733
      and 702 cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.22 (9H.s. -NHC(CH.sub.3).sub.3); 1.45(3H.s.
      gem dimethyl); 1.58(3H.s. gem dimethyl); 2.89(2H.m. PhCH.sub.2 CH&lt;) 4.23
      (1H.s. C-3 proton); 4.53(1H.m. PhCH.sub.2 CH&lt;) 5.35-6.15(5H.m.
      .beta.-lactams, PhCH &lt; and --NHCONH--*); 7.30 (10H.m.PhCH &lt; and PhCH.sub.2
      CH &lt;); 8.51(1H.d. --CONH--*); 9.12(1H d. --CONH--*).
FNT  * removable in D.sub.2 O.
PAR  Hydroxylamine Assay: 99.8%.
PAR  Biochromatography: 1 zone at Rf 0.72
PAC  EXAMPLE 54
PAC  D-.beta.-[DL-.beta.-(p-Hydroxyphenyl)-.alpha.-ureidopropionamido]
      phenylacetamidopenicillanic acid
PAR  R=Ph; R.sup.1 =p-HO--PhCH.sub.2 ; R.sup.3 =H; R.sup.2 -- --NHCONH.sub.2 ;
      M=H; .alpha..sup.1 =D,L. Prepared by method B from
      D,L-.beta.-(p-hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 80%.
PAR  .nu..sub. max (KBr): 3350(br), 1772, 1650, 1517, 1230, and 703
      cm.sup..sup.-1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.44(3H.s. gem methyl); 1.57 (3H.s. gem
      methyl) .about.2.8 (2H.m. --CH.sub.2 CH&lt;); 4.29 (1H.s. C-3 proton)
      .about.4.5 (1H.m -CH.sub.2 CH&lt;); 5.35-5.87 (5H.m. .beta.-lactams, PhCH&lt;
      and &gt;NHCONH.sub.2 *); 6.27 (1H.d. -NHCONH.sub.2 *); 6.67 (2H.d. o-protons
      in p-HO-Ph ring); 6.99 (2H.d. m-protons in p-HO--Ph ring); 7.30(5H. broad
      s. PhCH ); 8.47 (1H.m. --CONH--*) 9.12 (1H.m. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 79.4%.
PAR  Biochromatography: 1Zone at Rf 0.27.
PAC  EXAMPLE 55
PAR  D-.alpha.-[D,L,.beta.-(m-Hydroxyphenyl)-.alpha.-ureidopropionamido]-phenyla
     cetamido penicillanic acid.
PAR  (R=Ph, R.sup.1 = m-HO--PhCH.sub.2 --, R.sup.3 =H, R.sup.2 = --NHCONH.sub.2,
      M=H, .alpha..sup.1 =D,L ). Prepared by method B from
      D,L-.beta.-(m-hydroxyphenyl)-.alpha.-ureidopropionic acid.
PAR  Yield: 46%.
PAR  .nu..sub.max (KBr): 3360(br), 1775, 1625, 1531, 1236, 1164, and 703
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.45 (3H.s. gem methyl); 1.58 (3H.s. gem
      methyl);.about.2.8 (2H.m. --CH.sub.2 CH&lt;); 4.32 (1H.s. C-3 proton) 4.55
      (1H.m. --CH.sub.2 CH&lt;); 5.40-5.90 (5H.m. .beta.-lactams, PhCH&lt; and
      --NHCONH.sub.2 *); 6.35 (1H.d. --NHCONH.sub.2 *) 6.55-7.15 (4H.m.
      m-HO--Ph-- aromatics); 7.32 (5H. broad s. PhCH&lt;); 8.52 (1H. d. --CONH--*);
      9.16 (1H.m. --CONH--*)
FNT  *removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 93.7%.
PAR  Biochromatography: 1Zone at Rf 0.39
PAC  EXAMPLE 56
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha.-ureidopropionamido]-(2-thienyl)-acetamid
     openicillanic acid.
      ##SPC29##
PAL  R.sup.1 =phCH.sub.2 --, R.sup.3 =H, R.sup.2 = --NHCONH.sub.2, M=H,
      .alpha..sup.1 =D). Prepared by method (Bviii) with
      D-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 44.8%.
PAR  .nu..sub.max (Nujol); 3310(br), 1785, 1668, 1539, 1233 and 701
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.47(3H.s. gem methyl); 1.60(3H.s. gem
      methyl;.about. 3(2H.m. PhCH.sub.2 CH&lt;); 3.9-4.4(1H.s. PhCH.sub.2 CH&lt;)
      4.26(1H.s. C-3 proton); 5.3-6.6 (6H.m. .beta.-lactams, ThCH&lt;, and
      -NHCONH.sub.2 *); 7.28(8H. m. PhCH.sub.2 CH&lt; and ThCH&lt;); 7.7-9.5 (2H.m. 2x
      --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 78.2%.
PAR  Biochromatography: One zone at Rf 0.62 (plus faint zone at Rf 0.27 due to
      starting amino penicillin.)
PAC  EXAMPLE 57
PAC  D-.alpha.-[D-.beta.-Phenyl-.alpha.-ureidopropionamido]-valeramidopenicillan
     ic acid.
PAR  (R= CH.sub.3 (CH.sub.2).sub.2 --, R.sup.1 = PhCH.sub.2 --, R.sup.3 =H,
      R.sup.2 =)NHCONH.sub.2, M=H, .alpha..sup.1 =D). Prepared by method (Bvii)
      from D-.beta. -phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 30%. .nu..sub.max (KBr): 3340(br), 1774, 1650, 1530, 1231, and
      703cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.92 (3 H.m.CH.sub.3 (CH.sub.2).sub.2 --);
      1.1-1.7 (1OH. m. gemdimethyls, CH.sub.3 (CH.sub.2).sub.2 --); 2.85-3.0
      (2H.m. PhCH.sub.2 CH&lt;); 4.3-4.7 (2H.m. CH.sub.3 (CH.sub.2).sub.2 CH&lt;,
      PhCH.sub.2 CH&lt;); 4.34 (1H.s. C-3 proton); 5.47-5.8 (4H.m. .beta.-lactams,
      --NHCONH.sub.2 *); 6.30 (1H.d. --NHCONH.sub.2 *); 7.27 (5H.s. aromatics);
      8.12 (1H.d. --CONH--*); 8.81 (1H.m. --CONH--*)
FNT  * removable with D.sub.2 O.
PAR  Hydroxylamine Assay: 78%.
PAR  Biochromatography: 1 zone at Rf 0.59.
PAC  EXAMPLE 58
PAC  D-.alpha.-[D-.beta.)Phenyl-.alpha.-ureidopropionamido]-cyclopropylacetamido
     penicillanic acid.
      ##SPC30##
PAR  R.sup.1 =PhCH.sub.2 -, R.sup.3 =H, R.sup.2 = -NHCONH.sub.2, M=H,
      .alpha..sup.1 =D), Prepared by method (Bvi) from
      D-.beta.-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 50%.
PAR  .nu..sub.max (KBr): 3345(br), 1772, 1645,(br), 1527, 1230 and 703
      cm.sup.-.sup.1
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.25-1.25H.m.cyclopropyl ring protons) 1.51
      (3H.s. gem methyl); 1.63 (3H.s. gem methyl); 2.92 (2H.m. PhCH.sub.2 --);
      ##SPC31##
PAL  4.3 (1h.s. PhCH.sub.2 CH&lt;) 5.5-5.8 (4H.m. .beta.-lactams and --COHN.sub.2
      *); 6.18 (1H.d. --CONH--*) 7.2-7.4 (5H.m. aromatic protons); 8.18 and 8.93
      (2x1H.d. --CONH--*)
FNT  * removed by D.sub.2 O.
PAR  Hydroxylamine Assay: 95.6%.
PAR  Biochromatography: 1 zone at Rf 0.37
PAC  EXAMPLE 59
PAC  D-.alpha.-[D-.beta.-PHENYL-.alpha.-UREIDOPROPIONAMIDO]-.beta.-PHENYLPROPION
     AMIDOPENICILLANIC ACID
PAR  (R = R.sup.1 = PhCH.sub.2 -, R.sup.3 = H, R.sup.2 = -NHCONH.sub.2, M=H,
      .alpha..sup.1 = D).
PAR  Prepared by method (Bix) from D-p-phenyl-.alpha.-ureidopropionic acid.
PAR  Yield: 40%
PAR  .nu..sub.max (KBr): 3322(br), 1725, 1638, 1534, 1302, 1231,
      702cm.sup.-.sup.1
PAR  .delta.[(CD).sub.3 SO]: 1.51 (3H.s. gem-methyl), 1.65 (3H.s. gem-methyl),
      3.0 (4H.m. PhCH.sub.2, PhCH.sub.2), 4.32 (1H.s. C-3 proton), 4.4 and 4.8
      (2 .times. 1H.m. PhCH.sub.2 CH&lt; ), 5.52 (2H.m. .beta.-lactams), 6.1 (1H.m.
      --CONH--), 7.1-7.4 (10H.m. aromatic protons), 8.20 and 8.78 (2 .times.
      1H.m. --CONH*--)
FNT  * removed by D.sub.2 O.
PAR  NH.sub.2 OH Assay: 87%
PAR  Biochromatography: Single zone R.sub.f 0.40
PAC  EXAMPLE 60
PAC  D-.alpha.-[D-.alpha.-UREIDO-n-HEPTANAMIDO]-PHENYLACETAMIDO PENICILLANIC
      ACID (R = Ph; R.sup.1 = CH.sub.3 (CH.sub.2).sub.5 ; R.sup.3 = H; R.sup.2 =
      -NHCONH.sub.2 ; M = H; .alpha..sup.1 = D).
PAR  Prepared by method (Bi), from D-Ureidoheptanoic acid.
PAR  Yield: 45%
PAR  .nu..sub.max (KB ): 3380(br), 1763, 1650, 1600, 1538, 1401, 1323, 1234,
      699cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 0.87 (3H.m. CH.sub.3 (CH.sub.2).sub.5),
      1.0-2.0 (10H.m. CH.sub.3 (CH.sub.2).sub.5), 1.47 (3H.s. gem-methyl), 1.56
      (3H.s. gem-methyl), 3.97 (1.H.s. C-3 proton), 3.4-3.8 (1H.m.
      (CH.sub.2).sub.5 CH&lt;), 5.3-5.9 (5H.m. .beta.-lactams, PhCH&lt;, --CONH.sub.2
      *), 7.2-7.6 (5H.m. aromaticprotons), 6.6, 8.7 and 8.9 (3 .times. 1H.m.
      --CONH*--)
FNT  * removed by D.sub.2 O
PAR  NH.sub.2 OH Assay: 37%
PAR  Biochromatography: Single zone R.sub.f 0.67
PAC  EXAMPLE 61
PAC  D-.alpha.-[D-.alpha.-UREIDO-n-HEXANAMIDO]-PHENYLACETAMIDO PENICILLANIC ACID
PAR  (R = Ph, R.sup.1 = CH.sub.3 (CH.sub.2).sub.3, R.sup.3 = H, R.sup.2 =
      -NHCONH.sub.2, M = H, .alpha..sup.1 = D.)
PAR  Prepared by method Bi) using D-.alpha.-ureidohexanoic acid.
PAR  Yield: 60%
PAR  .nu..sub.max (KB.nu.): 3340, 1772, 1640, 1312, 1234, 700cm.sup.-.sup.1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 0.84 (3H.m. CH.sub.3 (CH.sub.2).sub.3,
      1.0-1.8 (6H.m. CH.sub.3 (CH.sub.2).sub.3, 1.42 (3H.s. gem-methyl), 1.54
      (3H.s. gem-methyl), 4.23 (1H.s. C-3 proton), 4.23 (1H.m. CH.sub.3
      (CH.sub.2).sub.3 CH&lt;), 5.4-5.9 (5H.M. .beta.-lactams, Ph.CH&lt;and CONH.sub.2
      *), 6.25 (1H.m. --CONH*--), 7.40 (5H.m. aromatic protons), 8.49 and 9.08
      (2 .times. 1H.d. --CONH* --)
FNT  * removed by D.sub.2 O.
PAR  Hydroxylamine Assay: 73%
PAR  Biochromatography: R.sub.f = 0.59
PAC  EXAMPLE 62
PAC  D-.alpha.-[D-.beta.-(1,4-Cyclohexadienyl)-.alpha.-Ureidopropionamido]-(p-Hy
     droxyphenyl)Acetamidopenicillanic Acid
PAR  (R =.sub.p --HO--Ph),
      ##SPC32##
PAL  R.sup.3 = h, r.sup.2 = --nhconh.sub.2, m = h, .alpha..sup.1 = d)
PAR  prepared by method (Bii) using
      D-.beta.-(1,4-cyclohexadienyl)-.alpha.-ureidopropionic acid
PAR  Yield: 50%
PAR  .nu..sub.max (KB.nu.): 3330(br), 1770, 1640, 1510, 1223, 961, and
      840cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO] : 1.45 (3H.s. gem-methyl); 1.58 (3H.s.
      gem-methyl);
      ##SPC33##
PAL  2.61 (4H. broad s. cyclohexadiene methylenes)); 4.24 (1H.s. C-3 proton);
      ##SPC34##
PAL  5.35-5.8 (8H.m. .beta.-lactams,
      ##SPC35##
PAL  cyclohexadiene methines, --NHCONH.sub.2 *); 5.9-6.2 (1H.m. --NHCONH.sub.2
      *);
      ##SPC36##
      ##SPC37##
PAL  8.3 (1h.m. --CONH--*); 8.9 (1H.m. --CONH--*).
FNT  * removable with D.sub.2 O
PAR  Hydroxylamine Assay: 98.2%
PAR  Biochromatography: R.sub.f =0.41
PAC  EXAMPLE 63
PAC  D-.alpha.-[D-.beta.-(1,4-Cyclohexadienyl)-.alpha.-(3-Ethylureido)-Propionam
     ido]-(p-Hydroxyphenyl)-Acetamido-Penicillanic Acid
      ##SPC38##
PAL  R.sup.3 = h--, r.sup.2 = --nhconhch.sub.2 ch.sub.3, m = h, .alpha..sup.1 =
      d).
PAR  prepared by method (Bii) from
      D-.beta.-(1,4-cyclohexadienyl)-.alpha.-(3-ethylureido)-propionic acid.
PAR  Yield: 20%
PAR  .nu..sub.max (KBr): 3350 (br), 1760, 1510, 1371, 1258, 1220 and
      781cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 1.1-1.7 (9H.m. gem dimethyls, --NHCH.sub.2
      CH.sub.3)
      ##SPC39##
PAL  2.45-2.75 (4h.m. cyclohexadiene methylenes), 3.9-4.5(44.m. NHCH.sub.2
      CH.sub.3, C-3 proton and
      ##SPC40##
PAL  5.0-5.8 (8H.m. .beta.-lactams,
      ##SPC41##
PAL  cyclohexadiene methines, --NH*CONH--*), 6.6-7.6 (4H.m. aromatics), 8.3-9.2
      (2H.m. 2 x --CONH--*).
FNT  * Removable in D.sub.2 O
PAR  Hydroxylamine Assay: 88%
PAR  Biochromatography: R.sub.f = 0.44 (plus 2 minor zones)
PAC  EXAMPLE 64
PAC  D-.alpha.-[D-.alpha.-Acetamido-n-Hexanamido]-(p-Hydroxyphenyl)-Acetamidopen
     icillanic Acid
      ##SPC42##
PAL  R.sup.1 = ch.sub.3 (ch.sub.2).sub.3 --, r.sup.3 = h--, r.sup.2 =
      --nhcoch.sub.3, m = h, .alpha..sup.1 = d).
PAR  prepared by method (Bii) from D-.alpha.-acetamido-n-hexanoic acid.
PAR  Yield: 30%
PAR  .nu..sub.max (KBr): 3310(br.), 1770, 1645, 1510, 1374, 1210,
      1173cm.sup..sup.-1.
PAR  .delta.[(CD.sub.3).sub.2 SO]: 0.8-1.8 (9H.m. CH.sub.3 (CH.sub.2).sub.3 --),
      1.43 (3H.s. gem methyl), 1.54 (3H.s. gem methyl), 1.92 (3H.d. COCH.sub.3)
      4.28 (1H.s. C3 proton), 4.38 (1H.m. CH.sub.2 CH&lt;), 5.4-5.8 (3H.m.
      .beta.-lactams and PhCh&lt;), 6.22 (1H.d. --CONH--*), 7.0-7.6(4H.m. aromatic
      protons), 8.25 and 9.3 (2 .times. 1H.m. --CONH--*)
FNT  * Removed by D.sub.2 O
PAR  Hydroxylamine Assay: 124.6%
PAR  Biochromatography: R.sub.f = 0.35 (plus small zone due to amino-penicillin)
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A penicillin of formula (I):
      ##SPC43##
PAL  wherein
PA1  R is phenyl, hydroxyphenyl, halophenyl, nitrophenyl, alkoxyphenyl having
      1-3 carbon atoms in the alkoxy part, aminophenyl, 2- or 3-thienyl,
      cycloalkyl having 3-7 carbon atoms in the cyclo part, cycloalkenyl having
      5-7 carbon atoms in the cyclo part, or alkyl having 1-4 carbon atoms;
PA1  R.sup.1 is acetoxy;
PA1  R.sup.2 is
      ##SPC44##
PA1   in which R.sup.5 is amino, mono- or di-alkylamino having 1-4 carbon atoms
      in the alkyl part, cyclohexylamino, hydrogen, alkyl of 1-4 carbon atoms or
      phenyl, and R.sup.6 is amino, mono- or di-alkylamino having 1-4 carbon
      atoms in the alkyl part or cyclohexylamino;
PA1  R.sup.3 is hydrogen or alkyl of 1-3 carbon atoms; or a pharmaceutically
      acceptable salt or a pharmaceutically acceptable hydrolyzable ester which
      converts to the free acid form in vivo.
NUM  2.
PAR  2. A penicillin of claim 1 wherein the carbon atom attached to R is in the
      D-configuration.
NUM  3.
PAR  3. A penicillin of claim 1 wherein the carbon atom attached to R.sup.2 is
      in the D-configuration.
NUM  4.
PAR  4. A penicillin of claim 1 wherein R is phenyl, 4-hydroxyphenyl or
      3-thienyl.
NUM  5.
PAR  5. A penicillin of claim 1 wherein R.sup.3 is hydrogen.
NUM  6.
PAR  6. A penicillin of claim 1 wherein, when R.sup.2 is (II), R.sup.5 is amino
      or hydrogen or, when R.sup.2 is (III), R.sup.6 is amino.
NUM  7.
PAR  7. A penicillin of claim 1 wherein the ester is phthalidyl,
      5,6-dimethoxyphthalidyl, pivaloyloxymethyl or acetoxymethyl.
NUM  8.
PAR  8. A penicillin of claim 1 wherein the salt is a base addition or acid
      addition salt.
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PAL  Novel diacyl penicillins of the formula
      ##EQU1##
      wherein R is alkyl, cycloalkyl, aryl, aralkyl, phenoxyalkyl, heterocyclic
      carboxyl excepting isoxazole carboxyl derivatives, or
      ##SPC1##
PAL  In which benzene ring A may optionally be substituted and
PAL  B represents a protective group for the amino group, and X is a protective
      group for the carboxyl group, are produced by reacting a benzyl penicillin
      ester of the formula
      ##EQU2##
      wherein X is as defined above, with a chlorinating agent in the presence
      of tertiary organic base to obtain an imide chloride group-incorporated
      compound of the formula
      ##EQU3##
      and then reacting the compound of the last-named formula with carboxylate
      of the formula
EQU  R-COOM                                                     (IV)
PAL  wherein M is a metal atom, and R is as defined above.
BSUM
PAR  This invention relates to novel diacyl penicillins of the formula
      ##EQU4##
      wherein X is a protective group for the carboxyl group, and R is alkyl,
      cycloalkyl, aryl, aralkyl, phenoxyalkyl, heterocyclic carboxyl excepting
      isoxazole carboxyl derivatives, or
      ##SPC2##
PAL  In which benzene ring A may optionally be substituted and B represents a
      protective group for the amino group, and methods for their production.
PAR  More particularly, the invention pertains to novel diacyl penicillins of
      Formula I and methods for their production, characterized in that a benzyl
      penicillin ester of the formula
      ##EQU5##
      wherein X is as defined above is reacted with a chlorinating agent in the
      presence of a tertiary organic base to obtain an imide chloride
      group-incorporated compound of the formula
      ##EQU6##
      wherein X is as defined above; the compound of Formula III is reacted with
      carboxylate of the formula
EQU  R--COOM                                                    (IV)
PAL  wherein M is a metal atom, and R is as defined previously, to obtain a
      diacyl penicillin ester of Formula I.
      ##EQU7##
PAR  Heretofore, acyl derivatives of 6-aminopenicillanic acid, so called
      synthetic penicillins, have been prepared in such a manner that
      6-aminopenicillanic acid is acylated according to such acylation process
      as acid halide process, acid anhydride process, mixed acid anhydride
      process, active ester process or process using a condensing agent.
      6-aminopenicillanic acid used in the above processes, however, has to be
      prepared from fermentation broth in such a manner that benzylpenicillin or
      phenoxymethylpenicillin obtained by fermentation is deacylated with an
      enzyme produced by microorganisms, or 6-aminopenicillanic acid obtained by
      direct fermentation. According to these processes, however, the
      6-aminopenicillanic acid should be isolated from the fermentation liquor;
      but the isolation step is troublesome because of the instability of the
      amphoteric water soluble compound. As a result, synthetic penicillins are
      expensive.
PAR  The present invention is characterized by the fact that penicillin
      derivatives are prepared chemically without using 6-aminopenicillanic acid
      but using as a starting material inexpensive benzylpenicillin obtainable
      by fermentation.
PAR  An object of the present invention is to provide novel diacyl penicillins
      and processes for preparing the same which are entirely different in
      inventive concept from the conventional processes for preparing penicillin
      derivatives by acylating 6-aminopenicillanic acid.
PAR  In the present invention, benzylpenicillin (hereinafter designated as PcG)
      obtained by fermentation is used as a starting material. However, the PcG
      is not used as it is but is used in the form of an ester such as
      benzylpenicillin ester of Formula II (hereinafter referred to as "PcG
      ester II") which is formed by introducing a protective group into the
      carboxyl group of PcG.
PAR  The carboxyl group of PcG is protected so that no side reaction will be
      brought about in the subsequent reaction, i.e. the reaction with a
      chlorinating agent.
PAR  The above-mentioned introduction of a protective group is carried out by
      introducing into a potassium or sodium salt of PcG obtained by
      fermentation a protective group such as is used ordinarily in the
      synthesis of peptides. Examples of protective groups which may be
      introduced are methyl, ethyl, t-butyl, p-methoxybenzyl, benzyl,
      p-nitrobenzyl, benzhydril, phenacyl, p-bromophenacyl and trimethylsilyl
      groups. Generally, however, the protective group introduced should be
      eliminated in the final step and therefore it is desirable to select a
      group capable of being easily eliminated without having any detrimental
      effect on the structure of penicillin. Favorable results are obtained by
      the use of such protective groups as, for example, benzyl, p-nitrobenzyl
      and benzhydril groups which can be easily eliminated by catalytic
      reduction, or phenacyl and p-bromophenacyl groups which can be eliminated
      with sodium thiophenoxide.
PAR  Generally, penicillins are unstable to acids and alkalis. Accordingly, when
      such a protective group which is eliminated by strong acid or alkali
      hydrolysis, e.g. a methyl, ethyl, t-butyl or p-methoxybenzyl group, has
      been introduced, the elimination thereof is difficult because a
      destruction in the structure of penicillin is brought about at the time of
      the elimination reaction. In the present invention, however, even when the
      final products, i.e. penicillin derivatives of Formula I (hereinafter
      designated as DA-Pc ester I) are in the form of esters having protective
      groups, the object of the invention can be accomplished without
      eliminating the protective groups so far as the protective groups are
      those of the kind which do not have pharmacologically detrimental effects.
      Examples of such protective groups are lower alkyl groups such as methyl,
      ethyl and the like groups.
PAR  In accordance with the present invention, the PcG ester II is reacted with
      a chlorinating agent to obtain an imide chloride group-incorporated
      compound of Formula III (hereinafter referred to as "the imide chloride
      III"). The above reaction is an application of a process in which an
      N-mono-substituted carboxylic acid amide is treated with a chlorinating
      agent to produce a corresponding imide chloride group-incorporated
      compound, and it is most preferable to adopt a process in which the
      reaction is effected, in the presence of a tertiary organic base, using
      PCl.sub.5 or another such chlorinating agent as PCl.sub.3, POCl.sub.3,
      COCl.sub.2, SOCl.sub.2, etc. (South African patent 67/2927).
PAR  In the above reaction, it is preferable to use a suitable dry organic
      solvent. This solvent is desirably selected with a view to such factors as
      that it should not substantially detrimentally affect the reaction; that
      it should be able to solubilize the PcG ester II; and that it should be an
      organic solvent immiscible with water because, after the reaction,
      by-products formed are removed by washing. For example, benzene, toluene,
      chloroform, dichloromethane, dichloroethane, ethyl ether, or isopropyl
      ether are advantageously used.
PAR  If PCl.sub.5, for example, is used in the above reaction as the
      chlorinating agent, POCl.sub.3 and HCl are necessarily formed. In case a
      hydrochloride of the tertiary organic base has precipitated in the
      reaction liquid, it is previously removed by filtration and, since the
      imide chloride III obtained is relatively stable to water, POCl.sub.3 can
      be removed from the reaction liquid by washing with an aqueous weakly
      alkali solution, e.g. an aqueous sodium or potassium bicarbonate solution.
      It is desirable that the above washing operation be carried out as quickly
      as possible and, after the washing, the reaction mother liquor be
      immediately dried by addition of anhydrous sodium sulfate or magnesium
      sulfate.
PAR  In view of the fact that compounds having imide chloride groups are
      generally unstable to water, it is an entirely surprising fact that the
      imide chloride III obtained by the aforesaid reaction is relatively stable
      to water. Further, it brings about extremely favorable results for the
      present invention that, by the above-mentioned operation, a reaction
      mother liquor containing the imide chloride III can be obtained in a
      stable state.
PAR  In the above-mentioned reaction mother liquor, the unreacted tertiary
      organic base remains as it is. This base can be easily removed from the
      reaction mother liquor as a water-soluble acid addition salt by washing
      the liquor with a dilute acid. However, the imide chloride III is unstable
      to acids and therefore it is desirable that said base not be removed. As
      the tertiary organic base employed in the present invention, therefore,
      the use of such a weakly basic base as pyridine, quinoline,
      dimethylaniline or the like, for example, gives favorable results. This is
      because in the subsequent reaction, i.e. in the step where the imide
      chloride III is reacted with a carboxylate of Formula IV (hereinafter
      referred to as "the carboxylate IV") to form a DA-Pc ester of Formula I,
      if a tertiary organic amine high in basicity, e.g. triethylamine or the
      like, is present, there is grave danger that a stereochemical
      rearrangement (epimerization) will take place in the hydrogen atom at the
      6-position of the penicillin nucleus; but in the presence of such a weakly
      basic base as pyridine, there is little danger of epimerization.
PAR  The imide chloride III contained in the above-mentioned reaction mother
      liquor may be reacted as it is, without any further purification, with the
      carboxylate IV. Alternatively, it may be reacted with the carboxylate IV
      after concentrating the reaction mother liquor and dispersing the
      concentrate in another suitable solvent, e.g. benzene, toluene,
      chloroform, dichloromethane, dichloroethane, ethyl ether, isopropyl ether,
      tetrahydrofuran or dioxane. However, an aqueous solution treatment is
      effected after the reaction and therefore it is advantageous to use a
      water-immiscible solvent.
PAR  Examples of the carboxylate IV to be reacted with the imide chloride III
      are metal salts, such as potassium, sodium, lithium and silver salts, of
      fatty acid, alicyclic carboxylic acid, aromatic acid, aromatic fatty acid,
      phenoxy fatty acid, carboxylic acid containing heterocyclic group such as
      heterocyclic carboxylic acid excepting isoxazole derivatives, heterocyclic
      fatty acid, heterocyclic fatty acid intersepted by oxygen or sulfur atom
      and amino group protected phenylglycine. These compounds may optionally be
      substituted as far as non-detrimental effect is revealed in the reaction
      with imide chloride III. Examples of the said substitution groups are
      alkyl, alkoxy, nitro, haloalkyl, alkylthio or arylthio group, or halogen
      atom. The substituent such as amino or carboxyl group in carboxylic acid
      which is in danger of reaction with imidechloride III, however, may be
      protected by protective group to prevent such the danger.
PAR  Examples of the carboxylate IV hereinbefore are metal salts, such as
      potassium, sodium, lithium and silver salts, of acetic acid, propionic
      acid, butylic acid, iso-butylic acid, valeric acid, iso-valeric acid,
      pivalic acid, caproic acid, heptanoic acid, caprylic acid, pelargonic
      acid, capric acid, undecylenic acid, lauric acid, stearic acid,
      2-ethylhexanoic acid, alpha-chloro iso-butylic acid, alpha-chloro valeric
      acid, alpha-chlorohexanoic acid, acrylic acid, crotonic acid, vinyl acetic
      acid, pentenoic acid, such as allylacetic acid, angelic acid and tiglic
      acid, hydrosorbic acid, pyroterebic acid, heptenoic acid, octenoic acid,
      cyclohexanecarboxylic acid, cyclopentanecarboxylic acid, cyclopropylacetic
      acid, cyclobutylacetic acid, cyclopentylacetic acid, cyclohexylacetic
      acid, benzoic acid, toluic acid, alpha-naphthoic acid, beta-naphthoic
      acid, 2-methoxynaphthoic acid, 2,8-dimethoxy-1-naphthoic acid,
      p-chlorobenzoic acid, p-chloro-o-toluic acid, 3,4-dichlorobenzoic acid,
      p-methoxybenzoic acid, phenylacetic acid, betaphenylpropionic acid,
      triphenylacetic acid, alpha-methoxyphenyacetic acid,
      alpha-methoxy-3,4-dichlorophenylacetic acid, 2,4-dichloroacetic acid,
      3,4-dichloroacetic acid, alpha-N-carbobenzoxy-amino-phenyacetic acid,
      alpha-p-nitrobenzenesulfonyl amino phenylacetic acid,
      alpha-trityl-amino-phenylacetic acid, phenylmalonic acid monobenzyl ester,
      phenylmalonic acid mono-p-nitrobenzyl ester, alpha-acetoxyphenylacetic
      acid, alpha-(2,4-dichlorophenoxy)-phenylacetic acid,
      alpha-chlorophenylacetic acid, phenoxyacetic acid, alpha-phenoxypropionic
      acid, alpha-phenoxy-iso-valeric acid, alphaphenoxy-iso-butylic acid,
      alpha-(2,4-dichlorophenoxy)-propionic acid, alphaphenoxyphenylacetic acid,
      alpha-(p-t-butylphenoxy)-propionic acid, 2,4,-dichlorophenoxy-n-butylic
      acid, alpha-(3,4-dimethoxyphenoxy)-propionic acid,
      alpha-(3-methylphenoxy)-propionic acid, alpha-(2-
      trifluoromethylphenoxy)-propionic acid, alpha-(4-chlorophenoxy)-propionic
      acid, alpha(p-methoxyphenoxy)-propionic acid,
      alpha-iso-propylthio-iso-valeric acid, alpha-ethylthiopropionic acid,
      alpha-phenylthiopropionic acid, alpha-o-trylthiopropionic acid or the
      like.
PAR  Further examples of the aforesaid carboxylic acid IV are metal salts, such
      as potassium, sodium, lithium and silver salts, of
      1-methyl-3-phenylindole-2-carboxylic acid, 1,3-diphenylindole-2-carboxylic
      acid, 1.3-dimethylindole-2-carboxylic acid,
      2,4-dichloro-6-methylpyridine-3-carboxylic acid,
      3-ethoxy-2-methylquinoline-4-carboxylic acid,
      3,7-dimethoxycoumarine4-carboxylic acid, 3-methoxypicolinic acid,
      2-phenylpyrazine-3-carboxylic acid,
      1-phenyl-3-methyl-4-bromopyrazole-5-carboxylic acid,
      1-phenyl-4-methyl-pyrazole-5-carboxylic acid,
      1-(p-chlorophenyl)-3-methyl-4-bromopyrazole-5-carboxylic acid,
      1-(p-chlorophenyl)-3-methyl-4-chloropyrazole-5-carboxylic acid,
      1-(p-bromophenyl)-3-methyl-4-bromopyrazole-5-carboxylic acid,
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylic acid,
      1-(2',4',6'-trichlorophenyl)-4-methylpyrazole-5-carboxylic acid,
      1-cyclohexyl-3-methyl-4-chloropyrazole-5-carboxylic acid,
      1-cyclohexyl-4-methylpyrazole-5-carboxylic acid,
      1,2,3-thiadiazole-4-carboxylic acid,
      2-methyl-5-phenylthiazole-4-carboxylic acid,
      5-(o-chlorophenyl)-2-methylthiazole4-carboxylic acid,
      5-phenylthiazole-4-carboxylic acid,
      3-(o-chlorophenyl)5-methoxyisothiazole-4-carboxylic acid,
      5-methoxy-3-phenylisothiazole-4-carboxylic acid,
      3-phenyl-5-methylisothiazole-4-carboxylic acid,
      3-(2',6'dichlorophenyl)-5-methylisothiazole-4-carboxylic acid,
      3-(o-chlorophenyl)5-methylisothiazole-4-carboxylic acid,
      thiophene-2-acetic acid, thiophene3-acetic acid, 3-pyridyl acetic acid,
      6-methyl-3-pyridyl acetic acid, alpha-methoxy-5-chloro-2-thienyl acetic
      acid, furan-2-acetic acid, alphamethoxy-2-furyl acetic acid,
      alpha-N-carbobenzoxyamino-2-thienyl acetic acid,
      alpha-N-carbobenzoxyamino-3-thienyl acetic acid, 2-thienylmalonic acid
      monobenzyl ester, 3-thienylmalonic acid monobenzyl ester,
      isothiazole-3-acetic acid, isothiazole-4-acetic acid, isothiazole-5-acetic
      acid, 4-chloroisothiazole-3-acetic acid, 4-methyl isothiazole-3-acetic
      acid, 1,2,5,-thiadiazole-3-acetic acid, isatin-1-acetic acid, 5-methyl
      isatin-1-acetic acid, 5-chloroisatin-1-acetic acid, 6-methyl
      isatin-1-acetic acid, 5-methoxyisatin-1-acetic acid, 5,7-dimethyl
      isatin-1-acetic acid, 3-methyl furazan-4-acetic acid, 3-methoxy
      furazan-4-acetic acid, tetrazole-4-carboxylic acid, 2-thienyloxy acetic
      acid, 3-thienyloxy acetic acid, 5-methyl-2-thienyloxy acetic acid,
      2,3-dimethyl-4-thienyloxy acetic acid, 3-thienyloxy propionic acid or the
      like.
PAR  Still further examples of the carboxylic acid IV hereinbefore are metal
      salts, such as potassium, sodium, lithium and silver salts, of substituted
      or non-substituted phenylglycine in which amino group is protected. A
      phenyl group of phenylglycine may be substituted by substituent, having
      non detrimental effect at reaction with imide chloride, such as alkyl,
      alkoxy, nitro, halogen, haloalkyl, alkylthio and arylthio. In case of a
      group such as amino or hydroxy substituted in benzene ring which fears to
      react with imide chloride, phenyl group may be substituted if the said
      substituent is protected by protective group which do not react with imide
      chloride. When, in that case, eliminating the said protective group, the
      eliminating condition should be selected without having any destructive
      effect to the structure of penicillin.
PAR  The above-mentioned introduction of a protective group to amino group in
      the carboxylate is carried out by introducing a protective group such as
      is used ordinarily in the synthesis of peptides. Examples of protective
      groups which may be introduced are carbobenzoxy, p-nitrocarbobenzoxy,
      carboaryloxy, p-toluenesulfonyl, phthalyl, trityl, benzyl,dibenzyl,
      benzylsulfonyl, o-nitrophenylsulfenyl, trifuluoroacetyl, chloroacetyl,
      formyl and o-nitrophenoxyacetyl. Generally, however, the protective group
      introduced should be eliminated in the final step and therefore it is
      desirable to select a group capable of being easily eliminated without
      having any detrimental effect on the structure of penicillin. The
      carboxylate IV may be added directly to the reaction mother liquor
      containing the imide chloride III or may be used in the form of a
      suspension in the same solvent as in the reaction mother liquor. In this
      case, if a tertiary organic base of high basicity such as triethylamine or
      the like is used in place of the carboxylate IV, there is grave danger
      that the resulting DA-Pc ester I will cause epimerization at the hydrogen
      atom in the 6-position of the penicillin nucleus, as mentioned above.
      However, when a metal salt such as a potassium, sodium, lithium or silver
      salt is used, said epimerization can be prevented or the degree of
      epimerization can be greatly reduced.
PAR  Theoretically, the quantitative proportion of the carboxylate IV is
      equimolar to the imide chloride III. After the reaction, however, the
      removal of unreacted carboxylate IV is easier than the removal of
      unreacted imide chloride III. Ordinarily, therefore, the carboxylate IV id
      used somewhat in excess.
PAR  The above-mentioned reaction easily progresses at room temperature; however
      in case of low reaction rate, it is acceptable to heat to at most about
      40.degree.-50.degree. C., being careful not to decompose the imide
      chloride III or produced DA-Pc ester I by sudden heating or overheating.
PAR  According to the above reaction, there is obtained the DA-Pc ester I. In
      separating this reaction product, the reaction liquid is washed with an
      aqueous dilute acid solution, an aqueous dilute alkali solution, and
      water, in this order, to remove remaining tertiary organic base, e.g.
      pyridine or the like, and unreacted carboxylate IV, and then the reaction
      mother liquor is concentrated and is subjected to alumina or silica
      gel-column chromatography using a solvent of benzene-ethyl acetate or the
      like system, whereby only the desired DA-Pc ester I is first eluted. When
      the eluted fraction is subjected to freeze-drying or the like, the product
      can be easily isolated.
PAR  The thus-obtained DA-Pc ester I is a novel compound, and further, by
      dephenylacetylation and de-esterification reactions, and elimination of
      protective group for amino group, if necessary, there can be prepared the
      important antibacterial agents comprising the phenoxyethyl penicillin,
      phenoxypropyl penicillin, ampicillin and the like of the formula
      ##EQU8##
      wherein R is defined previously. Thus the synthetic penicillins are
      prepared by chemical reactions only, without using 6-aminopenicillanic
      acid but using PcG obtained by fermentation; and DA-Pc ester I prepared by
      the present invention is, therefore, a very important intermediate of a
      process for the production of synthetic penicillins. Also, novel
      penicillins can be prepared by dedesterification of DA-Pc ester I (i,e.
      removal of X in DA-Pc ester I).
PAR  The present invention will be illustrated in detail below with reference to
      various examples, it being understood that the various reaction operations
      and compounds which may be employed in the present invention are not
      limited to those shown in these examples.
DETD
PAC  Example 1
PAR  Preparation of N-(alpha-phenoxypropionyl)-benzylpenicillin-p-nitrobenzyl
      eater:
PAR  46.9 g. (0.1 mole) of the PcG-p-nitrobenzyl ester was dissolved in 200 ml.
      of dry benzene. To this solution was added 32.4 ml. (0.4 mole) of dry
      pyridine while cooling to 0.degree.C. with stirring. Thereafter, a
      solution of 21.8 g. (0.105 mole) of PCl.sub.5 in 200 ml. of dry benzene
      was added dropwise over a period of about 30 minutes. Subsequently, the
      liquid was reacted for 1 hour while maintaining the temperature thereof at
      0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated sodium bicarbonate
      solution, and with saturated sodium chloride solution, in this order, to
      remove unreacted PCl.sub.5 and by-product POCl.sub.3. The washed benzene
      solution was dried with anhydrous silica gel, and then 20.3 g. (0.1 mole)
      of potassium alpha-phenoxypropionate was added, and was reacted at
      30.degree.C. for over night.
PAR  The reaction liquid was washed with 0.5 N hydrochloric acid, with a 1 N
      aqueous sodium bicarbonate solution and with an aqueous saturated sodium
      chloride solution, in this order, to remove pyridine and unreacted
      alpha-phenoxypropionic acid, and the reaction mother liquor was dried with
      anhydrous silica gel and was then concentrated under reduced pressure.
      Subsequently, the concentrate was charged on a column comprising 500 g. of
      silica gel (60-80 mesh) and was eluted with anhydrous benzene-ethyl
      acetate (10 : 1), whereby the first eluted fraction contained a desired
      N-(alpha-phenoxypropionyl)-benzylpenicillin-p-nitrobenzyl ester. This
      fraction was collected and was freeze-dried to obtain 30.95 g. of a
      freeze-dried product, yield 50.1%.
PAR  Elementary analysis for C.sub.32 H.sub.31 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      61.98      5.15       6.84                                    

     Calculated: 62.23      5.06       6.80                                    

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Preparation of N-(alpha-phenoxy iso-butylyl)-benzylpenicillin-p-nitrobenzyl
      ester:
PAR  Example 1 was repeated, except that the potassium alpha-phenoxy isobutylate
      was used in place of the potassium alpha-phenoxypropionate, to obtain 29.3
      g. of N-(alpha-phenoxy iso-butylyl)-benzylpenicillin-p-nitrobenzyl ester,
      yield 46.4%.
PAR  Elementary analysis for C.sub.33 H.sub.33 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      62.51      5.36       6.80                                    

     Calculated: 62.75      5.27       6.65                                    

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Preparation of N-(phenylacetyl)-benzylpenicillin-p-nitrobenzyl ester:
PAR  Example 1 was repeated, except that sodium phenylacetate was used in place
      of the potassium alpha-phenoxypropionate, to obtain 20.4 g. of lyophilized
      N-(phenylacetyl)-benzylpenicillin-p-nitrobenzyl ester, yield 34.8%.
PAR  Elementary analysis for C.sub.31 H.sub.29 O.sub.7 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      63.18      5.08       7.09                                    

     Calculated: 63.37      4.97       7.15                                    

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Preparation of N-phenoxyacetyl benzylpenicillin-p-nitrobenzyl ester:
PAR  Example 1 was repeated, except that potassium phenoxyacetate was used in
      place of the potassium alpha-phenoxypropionate, to obtain 26.1 g. of
      lyophilized N-phenoxyacetyl benzylpenicillin-p-nitrobenzyl ester, yield
      43.2%.
PAR  Elementary analysis for C.sub.31 H.sub.29 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      61.93      4.80       7.08                                    

     Calculated: 61.69      4.84       6.96                                    

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Preparation of N-(2-ethylhexanoyl)-benzylpenicillin phenacyl ester:
PAR  22.62 g. (0.05 mole) of PcG phenacyl ester was dissolved in 75 ml. of dry
      benzene. To this solution was added 16.2 ml. (0.2 mole) of dry pyridine
      while cooling to 0.degree.C. with stirrig. Thereafter, a solution of 10.8
      g. (0.05 mole) of PCl.sub.5 in 75 ml. of dry benzene was added dropwise
      over a period of about 30 minutes. Subsequently, the liquid was reacted
      for 1 hour while maintaining the temperature thereof at 0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated aqueous sodium
      bicarbonate solution and with saturated sodium chloride solution, in this
      order, to remove unreacted PCl.sub.5 and by-product POCl.sub.3. The washed
      benzene solution was dried with anhydrous silica gel, and then 8.3 g.
      (0.05 mole) of sodium 2-ethylhexanoate was immediately added. The reaction
      mixture was reacted for over night at 30.degree.C.
PAR  The reaction mixture was washed with 0.5 N hydrochloric acid, with 1 N
      aqueous sodium bicarbonate solution, and with saturated sodium chloride
      solution, in this order, and the reaction mother liquor was dried with
      anhydrous silica gel, and was then concentrated in vacuo.
PAR  Subsequently, the concentrate was charged on 250 g. of silica gel column
      (60-80 mesh) and was eluted with anhydrous benzene-ethyl acetate (10 : 1),
      whereby the first eluted fraction contained a desired
      N-(2-ethylhexanoyl)-benzylpenicillin phenacyl ester. This fraction was
      collected and freeze-dried to obtain 20.0 g. of freeze-dried product,
      yield 69.2%.
PAR  The product was assayed by silica gel thin-layer chromatography with
      developing a mixture of benzene-ethyl acetate (3:1) to shown one spot of
      R.sub.f value 0.75.
PAR  Elementary analysis for C.sub.32 H.sub.38 O.sub.6 N.sub.2 S Br:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      66.81      6.58       4.79                                    

     Calculated: 66.42      6.62       4.84                                    

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Preparation of N-pivaloyl benzylpenicillin phenacyl ester:
PAR  Example 5 was repeated, except that the potassium pivalate was used in
      place of the sodium 2-ethylhexanoate, to obtain 13.1 g. of lyophilized
      N-pivaloyl benzylpenicillin phenacyl ester, yield 48.8%.
PAR  The Rf value of the product on silica gel thin-layer chromatogram is 0.778.
PAC  EXAMPLE 7
PAR  Preparation of N-caproyl benzylpenicillin phenacyl ester:
PAR  Example 5 was repeated, except that potassium n-caprylate was used in place
      of the sodium 2-ethyl hexanoate, to obtain 12.7 g. of lyophilized
      N-n-caproyl benzylpenicillin phenacyl ester, yield 43.9%.
PAR  The Rf value of the product on silica gel thin-layer chromatogram is 0.77.
PAC  EXAMPLE 8
PAR  Preparation of N-cyclohexane carbonyl benzylpenicillin phenacyl ester:
PAR  Example 5 was repeated, except that sodium cyclohexane carboxylate was used
      in place of the sodium 2-ethyl hexanoate, to obtain 10.65 g. of
      lyophilized N-cyclohexane carbonyl benzylpenicillin phenacyl ester, yield
      37.8%.
PAR  Elementary analysis for C.sub.31 H.sub.34 O.sub.6 N.sub.2 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      65.94      6.16       4.90                                    

     Calculated: 66.18      6.10       4.98                                    

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Preparation of N-benzoyl benzylpenicillin phenacyl ester:
PAR  Example 5 was repeated, except that sodium benzoate was used in place of
      sodium 2-ethyl hexanoate, to obtain 12.4 g. of lyophilized N-benzoyl
      benzylpenicillin phenacyl ester, yield 44.5%
PAR  The Rf value of the product on silica gel thin-layer chromatogram is 0.696.
PAC  EXAMPLE 10
PAR  Preparation of N-(alpha-N'-carbobenzoxy-amino-phenylacetyl)benzylpenicillin
      phenacyl ester:
PAR  Example 5 was repeated, except that the potassium
      alpha-N-carbobenzoxyamino-phenylacetate was used in place of sodium
      2-ethyl hexanoate, to obtain
      N-(alpha-carbobenzoxy-amino-phenylacetyl)-benzylpenicillin phenacyl ester.
      The dried product is recrystalyzed from the mixture of
      ethylacetate-petroleum ether to obtain 21.3 g. of crystaline product
      having m.p. 187.degree. - 188.degree.C., yield 59.2%.
PAR  Elementary analysis for C.sub.40 H.sub.37 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      66.74      5.02       5.81                                    

     Calculated: 66.75      5.18       5.84                                    

     ______________________________________                                    

PAR  Peaks of NMR (Nuclear Magnetic Resonance) spectra of the product in
      CDCl.sub.3 are as follows; 1.50 (S,3H), 1.60 (S, 3H), 4.03 (S, 2H), 4.60
      (S, 1 H), 4.94 (S,3H), 5.08 (d, J=4.0 cps, 1 H), 5.18 (d, J= 16.0 cps, 1
      H), 5.30 (S, 1 H), 5.53 (d, J=4.0 cps, 1 H), 5.54 (d, J=16.0 cps, 1 H),
      7.20 - 7.95 (20 H).
PAC  EXAMPLE 11
PAR  Preparation of N-(alpha-benzyloxy carbonyl-phenylacetyl)-benzylpenicillin
      phenacyl ester:
PAR  Example 5 was repeated, except that potassium phenylmalonate monobenzyl
      ester was used in place of the sodium 2-ethylhexanoate, to obtain 10.8 g.
      of lyophilized N-alpha-benzyloxy carbonyl-phenylacetyl)-benzylpenicillin
      phenacyl ester, yield 30.3%.
PAR  Elementary analysis for C.sub.41 H.sub.38 O.sub.8 N.sub.2 S;
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      68.67      5.44       3.83                                    

     Calculated: 68.51      5.33       3.90                                    

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  Preparation of
      N-[1-(2',6'-dichlorophenyl)-4-methylpyrazole-5'-carbonyl]benzylpenicillin
      phenacyl ester:
PAR  22.62 g. (0.05 mole) of PcG phenacyl ester was dissolved in 75 ml. of dry
      benzene. To this solution was added 16.2 ml. (0.2 mole) of dry pyridine
      while cooling to 0.degree.C. with stirring. Thereafter, a solution of 10.8
      g. (0.05 mole) of PCl.sub.5 in 75 ml. of dry benzene was added dropwise
      over a period of about 30 minutes. Subsequently, the liquid was reacted
      for 1 hour while maintaining the temperature thereof at 0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated aqueous sodium
      bicarbonate solution and with saturated sodium chloride solution, in this
      order, to remove unreacted PCl.sub.5 and by-product POCl.sub.3. The washed
      benzene solution was dried with anhydrous silica gel while ice-cooling,
      and then 15.5 g. (0.05 mole) of potassium
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate was immediately
      added. The reaction mixture was reacted for over night at 30.degree.C.
PAR  The reaction mixture was washed with 0.5 N hydrochloric acid, with 1 N
      aqueous sodium bicarbonate solution, with saturated sodium chloride
      solution, and with water, in this order, and the reaction mother liquor
      was dried with anhydrous silica gel, and was then concentrated in vacuo.
PAR  Subsequently, the concentrate was charged on 250 g. of silica gel column
      (60 - 80 mesh) and was eluted with anhydrous benzene-ethyl acetate (10 :
      1), whereby the first eluted fraction contained a desired N-
      [1(2',6'-dichlorophenyl)-4-methylpyrazole-5-carbonyl]-benzylpenicillin
      phenacyl ester. This fraction was collected and freeze-dried to obtain
      15.7 g. of freeze-dried product, yield 44.5%.
PAR  Elementary analysis for C.sub.35 H.sub.30 O.sub.6 N.sub.4 SCl.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      60.00      4.23       7.98                                    

     Calculated: 59.58      4.29       7.94                                    

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  Preparation of
      N-[1-(p-chlorophenyl)-3-methylpyrazole-5-carbonyl]-benzylpenicillin
      phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      1-(p-chlorophenyl)-3-methylpyrazol-5-carboxylate was used in place of
      potassium 1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to
      obtain 16.31 g. of lyophilized
      N-[1-(p-chlorophenyl)-3-methylpyrazole-5-carbonyl]-benzylpenicillin
      phenacyl ester, yield 48.6%.
PAR  Elementary analysis for C.sub.35 H.sub.31 O.sub.6 N.sub.4 SCl:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      62.51      4.73       8.26                                    

     Calculated: 62.64      4.66       8.35                                    

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  Preparation of N-(1-phenyl-4-methylpyrazole-5-carbonyl)-benzylpenicillin
      phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      1-phenyl-4-methylpyrazole-5-carboxylate was used in place of potassium
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to obtain 15.98
      g. of lyophilized
      N-(1-phenyl-4-methylpyrazole-5-carbonyl)-benzylpenicillin phenacyl ester,
      yield 50.2%.
PAR  Elementary analysis for C.sub.35 H.sub.32 O.sub.6 N.sub.4 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      65.81      5.13       8.78                                    

     Calculated: 66.03      5.07       8.80                                    

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  Preparation of N-(1,3-dimethylindole-2-carbonyl)- benzylpenicillin phenacyl
      ester:
PAR  Example 12 was repeated, except that potassium
      1,3-dimethylindole2-carboxylate was used in place of potassium
      1-(2',6'-dichlorophenyl)4-methylpyrazole-5-carboxylate, to obtain 12.0 g.
      of lyophilized N-(1,3,-dimethylindole-2-carbonyl)-benzylpenicillin
      phenacyl ester, yield 62.0%.
PAR  Elementary analysis for C.sub.35 H.sub.33 O.sub.6 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      67.43      5.26       6.82                                    

     Calculated: 67.41      5.33       6.74                                    

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  Preparation of N-(2-methyl-5-phenylthiazole-4-carbonyl)-benzylpenicillin
      phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      2-methyl-5-phenylthiazole-4-carboxylate was used in place of
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to obtain 22.26
      g. of lyophilized
      N-(2-methyl-5-phenylthiazole-4-carbonyl)-benzylpenicillin phenacyl ester,
      yield 69.8%.
PAR  Elementary analysis for C.sub.35 H.sub.31 O.sub.7 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      66.20      4.81       6.49                                    

     Calculated: 65,93      4.90       6.59                                    

     ______________________________________                                    

PAC  EXAMPLE 17
PAR  Preparation of
      N-[5-(o-chlorophenyl)-2-methylthiazole-4-carbonyl]-benzylpenicillin
      phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      5-(o-chlorophenyl)-2-methylthiazole-4-carboxylate was used in place of
      potassium 1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to
      obtain 20.26 g. of lyophilized
      N-[5-(o-chlorophenyl)-2-methylthiazole-4-carbonyl]-benzylpenicillin
      phenacyl ester, yield 60.3%.
PAR  Elementary analysis for C.sub.35 H.sub.30 O.sub.7 N.sub.3 SCl:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      62.42      4.53       6.33                                    

     Calculated: 62.55      4.50       6.25                                    

     ______________________________________                                    

PAC  EXAMPLE 18
PAR  Preparation of
      N-[5-(2',6'-dichlorophenyl)-3-methylisothiazole-4-carbonyl]-benzylpenicill
     in phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      5-(2',6'-dichlorophenyl)-3-methylisothiazole-4-carboxylate was used in
      place of potassium
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to obtain 17.9 g.
      of lyophilized
      N-[5-(2',6'-dichlorophenyl)-3-methylisothiazole-4-carbonyl]-benzylpenicill
     in phenacyl ester; yield 50.4%.
PAR  Elementary analysis for C.sub.34 H.sub.29 O.sub.6 N.sub.3 S.sub.2 Cl.sub.2
      :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      57.77      4.04       5.99                                    

     Calculated: 57.47      4.11       5.91                                    

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  Preparation of
      N-[5-(o-chlorophenyl)-3-methylisothiazole-4-carbonyl]-benzylpenicillin
      phenacyl ester:
PAR  Example 12 was repeated, except that potassium
      5-(o-chlorophenyl)-3-methylisothiazole-4-carboxylate was used in place of
      potassium 1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to
      obtain 21.5 g. of lyophilized
      N-[5-(o-chlorophenyl)-3-methylisothiazole-4-carbonyl]-benzylpenicillin
      phenacyl ester, yield 63.6%.
PAR  Elementary analysis for C.sub.34 H.sub.30 O.sub.6 N.sub.3 S.sub.2 Cl:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      60.15      4.39       6.30                                    

     Calculated: 60.40      4.47       6.22                                    

     ______________________________________                                    

PAC  EXAMPLE 20
PAR  Preparation of
      N-(3-methyl-5-phenyl-isothiazole-4-carbonyl)-benzylpenicillin phenacyl
      ester:
PAR  Example 12 was repeated, except that potassium
      3-methyl-5-phenylisothiazole-4-carboxylate was used in place of potassium
      1-(2',6'-dichlorophenyl)-4-methylpyrazole-5-carboxylate, to obtain 22.4 g.
      of lyophilized
      N-(3-methyl-5-phenylisothiazole-4-carbonyl)-benzylpenicillin phenacyl
      ester, yield 70.0%.
PAR  Elementary analysis for C.sub.34 H.sub.30 O.sub.6 N.sub.3 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      64.02      4.63       6.54                                    

     Calculated: 63.75      4.72       6.56                                    

     ______________________________________                                    

PAC  EXAMPLE 21
PAR  Preparation of N-(thiophene-2-acetyl)-benzylpenicillin phenacyl ester:
PAR  22.62 g. (0.05 mole) of PcG phenacyl ester was dissolved in 75 ml. of dry
      benzene. To this solution was added 16.2 ml. (0.2 mole) of dry pyridine
      while cooling to 0.degree.C. with stirring. Thereafter, a solution of 10.8
      g. (0.05 mole) of PCl.sub.5 in 75 ml. of dry benzene was added dropwise
      over a period of about 30 minutes. Subsequently, the liquid was reacted
      for 1 hour while maintaining the temperature thereof at 0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated aqueous sodium
      bicarbonate solution and with saturated sodium chloride solution, in this
      order, to remove unreacted PCl.sub.5 and by-product POCl.sub.3. The washed
      benzene solution was dried with anhydrous silica gel, and then 9.0 g.
      (0.05 mole) of potassium thiophene-2-acetate was immediately added. The
      reaction mixture was reacted for over night at 30.degree.C.
PAR  The reaction mixture was washed with 0.5 N hydrochloric acid, with 1 N
      aqueous sodium bicarbonate solution, and with saturated sodium chloride
      solution, in this order, and the reaction mother liquor was dried with
      anhydrous silica gel, and was then concentrated in vacuo.
PAR  Subsequently, the concentrate was charged on 250 g. of silica gel column
      (60 - 80 mesh) and was eluted with anhydrous benzene-ethyl acetate (10 :
      1), whereby the first eluted fraction contained a desired
      N-(thiophene-2-acetyl)-benzylpenicillin phenacyl ester. This fraction was
      collected and freeze-dried to obtain 14.07 g. of freeze-dried product,
      yield 48.8%.
PAR  Elementary analysis for C.sub.30 H.sub.28 O.sub.6 N.sub.2 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      62.22      4.96       4.80                                    

     Calculated: 62.50      4.90       4.86                                    

     ______________________________________                                    

PAC  EXAMPLE 22
PAR  Preparation of N-(thiophene-3-acetyl)-benzylpenicillin phenacyl ester:
PAR  Example 21 was repeated, except that potassium thiophene-3-acetate was used
      in place of potassium thiophene-2-acetate, to obtain 16.46 g. of
      freeze-dried N-(thiophene-3-acetyl)-benzylpenicillin phenacyl ester, yield
      57.1%.
PAR  Elementary analysis for C.sub.38 H.sub.28 O.sub.6 N.sub.2 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      62.59      4.88       4.80                                    

     Calculated: 62.50      4.90       4.86                                    

     ______________________________________                                    

PAC  EXAMPLE 23
PAR  Preparation of
      N-(alpha-N'-carbobenzoxy-amino-3-thienylacetyl)-benzylpenicillin phenacyl
      ester:
PAR  Example 21 was repeated, except that potassium
      alpha-N-carbobenzoxy-amino-3-thienyl acetate was used in place of
      potassium thiophene-2-acetate, to obtain 13.8 g. of freeze-dried product
      of N-(alpha-N'-carbobenzolxy-amino-3-thienylacetyl)-benzylpenicillin
      phenacyl ester, yield 38.1%.
PAR  Elementary analysis for C.sub.38 H.sub.35 O.sub.8 N.sub.3 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      63.03      4.79       5.77                                    

     Calculated: 62.81      4.86       5.78                                    

     ______________________________________                                    

PAC  EXAMPLE 24
PAR  Preparation of N-(isothiazole-3-acetyl)-benzylpenicillin phenacyl ester:
PAR  Example 21 was repeated, except that potassium isothiazole-3-acetate was
      used in place of potassium thiophene-2-acetate, to obtain 14.0 g. of
      freeze-Dried N-(isothiazole-3-acetyl)-benzylpenicillin phenacyl ester,
      yield 48.5%.
PAR  Elementary analysis for C.sub.29 H.sub.27 O.sub.6 N.sub.3 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      60.08      4.74       7.34                                    

     Calculated: 60.31      4.71       7.28                                    

     ______________________________________                                    

PAC  EXAMPLE 25
PAR  Preparation of N-(4-methylisothiazole-3-acetyl)-benzylpenicillin phenacyl
      ester:
PAR  Example 21 was repeated, except that potassium
      4-methylisothiazole-3-acetate was used in place of potassium
      thiophene-2-acetate, to obtain 14.6 g. of freeze-dried
      N-(4-methylisothiazole-3-acetyl)-benzylpenicillin phenacyl ester, yield
      49.4%.
PAR  Elementary analysis for C.sub.30 H.sub.29 O.sub.6 N.sub.3 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      61.14      4.83       7.09                                    

     Calculated: 60.91      4.94       7.10                                    

     ______________________________________                                    

PAC  EXAMPLE 26
PAR  Preparation of N-(1,2,5-thiadiazole-3-acetyl)-benzylpenicillin phenacyl
      ester:
PAR  Example 21 was repeated, except that potassium 1,2,5-thiadiazole-3-acetate
      was used in place of potassium thiophene-2-acetate, to obtain 9.13 g. of
      freeze-dried N-(1,2,5-thiadiazole-3-acetyl)-benzylpenicillin phenacyl
      ester, yield 33.3%.
PAR  Elementary analysis for C.sub.28 H.sub.36 O.sub.6 N.sub.4 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      57.98      4.45       9.53                                    

     Calculated: 58.13      4.53       9.68                                    

     ______________________________________                                    

PAC  EXAMPLE 27
PAR  Preparation of N-(isatin-1-acetyl)-benzylpenicillin phenacyl ester:
PAR  Example 21 was repeated except that potassium isatin-1-acetate was used in
      place of potassium thiophene-2-acetate, to obtain 13.08 g. of freeze-dried
      N-(isatin-1-acetyl)-benzylpenicillin phenacyl ester, yield 40.9%.
PAR  Elementary analysis for C.sub.34 H.sub.29 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      63.62      4.49       6.59                                    

     Calculated: 63.85      4.57       6.57                                    

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  Preparation of N-(3-methylfurazan-4-acetyl)-benzylpenicillin phenacyl
      ester:
PAR  Example 21 was repeated, except that potassium 3-methylfurazan-4-acetate
      was used in place of potassium thiophene-2-acetate, to obtain 10.5 g. of
      freeze-dried N-(3-methylfurazan-4-acetyl)-benzylpenicillin phenacyl ester,
      yield 36.4%.
PAR  Elementary analysis for C.sub.29 H.sub.28 O.sub.7 N.sub.4 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      60.80      4.84       9.64                                    

     Calculated: 60.41      4.90       9.72                                    

     ______________________________________                                    

PAC  EXAMPLE 29
PAR  Preparation of N-(2-thienyloxyacetyl)-benzylpenicillin phenacyl ester:
PAR  Example 21 was repeated, except that potassium 2-thienyloxy acetate was
      used in place of potassium thiophene-2-acetate, to obtain 14.84 g. of
      freeze-dried N-(2-thienyloxyacetyl)-benzylpenicillin phenacyl ester, yield
      50.1%.
PAR  Elementary analysis for C.sub.30 H.sub.28 O.sub.7 N.sub.2 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      61.10      4.71       4.71                                    

     Calculated: 60.81      4.76       4.73                                    

     ______________________________________                                    

PAC  EXAMPLE 30
PAR  Preparation of N-(3-thienyloxyacetyl)-benzylpenicillin phenacyl ester:
PAR  Example 21 was repeated, except that potassium 3-thienyloxy acetate was
      used in place of potassium thiophene-2-acetate, to obtain 17.42 g. of
      freeze-dried N-(3-thienyloxyacetyl)-benzylpenicillin phenacyl ester, yield
      58.8%.
PAR  Elementary analysis for C.sub.30 H.sub.28 O.sub.7 N.sub.2 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      60.70      4.69       4.79                                    

     Calculated: 60.81      4.76       4.73                                    

     ______________________________________                                    

PAC  EXAMPLE 31
PAR  Preparation of N-tritylphenylglycyl-benzylpenicillin phenacyl ester:
PAR  45.2 g. (0.1 mole) of PcG phenacyl ester was dissolved in 150 ml. of dry
      benzene. To this solution was added 32.4 ml. (0.4 mole) of dry pyridine
      while cooling to 0.degree.C. with stirring. Thereafter, a solution of 21.9
      g. (0.105 mole) of PCl.sub.5 in 150 ml. of dry benzene was added dropwise
      over a period of about 30 minutes. Subsequently, the liquid was reacted
      for 1 hour while manintaining the temperature thereof at 0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated sodium bicarbonate
      solution, and with saturated sodium chloride solution to remove unreacted
      PCl.sub.5 and by-product POCl.sub.3. The washed benzene solution was dried
      with anhydrous silica gel, and then 40.8 g. (0.1 mole) of potassium
      tritylphenylglycine was added. The reaction mixture was reacted for 2
      hours at 40.degree.C.
PAR  The reaction mixture was washed with 0.5 N hydrochloric acid, with 1 N
      aqueous sodium bicarbonate solution, and with saturated sodium chloride
      solution, in this order, to remove unreacted pyridine and
      tritylphenylglycine, and the reaction mother liquor was dried with
      ahnydrous silica gel, and was then concentrated in vacuo.
PAR  Subsequently, the concentrate was charged on 500 g. of silica gel column
      (60 - 80 mesh) and was eluted with anhydrous benzene-ethyl acetate (10:
      1), whereby the first eluted fraction contained a desired
      N-tritylphenyglycylbenzylpenicillin phenacyl ester. This fraction was
      collected and freezedried to obtain 50.6 g. of freeze-dried product, yield
      61.1%.
PAR  Elementary analysis for C.sub.51 H.sub.45 O.sub.6 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      75.33      5.65       4.78                                    

     Calculated: 73.98      5.48       5.07                                    

     ______________________________________                                    

PAC  EXAMPLE 32
PAR  Preparation of N-(o-nitrophenylsulfenyl phenylglycyl)benzylpenicillin
      phenacyl ester:
PAR  45.2 g. (0.1 mole) of the PcG phenacyl ester was dissolved in 150 ml. of
      dry benzene. To this solution was added 32.4 ml. (0.4 mole) of dry
      pyridine while cooling to 0.degree.C. with stirring. Thereafter, a
      solution of 21.9 g. (0.105 mole) of PCl.sub.5 in 150 ml. of dry benzene
      was added dropwise over a period of about 30 minutes. Subsequently, the
      liquid was reacted for 1 hour while maintaining the temperature thereof at
      0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated sodium bicarbonate
      solution and with saturasted sodium chloride solution, in this order. The
      washed benzene solution was dried with anhydrous silica gel, and then 34.2
      g. (0.1 mole) of potassium o-nitrophenylsulfenyl phenylglycine was added,
      and was stirred at 55.degree. - 60.degree.C. for 5.5 hours.
PAR  The reaction liquid was washed with 0.5 N hydrochloric acid, with a 1 N
      aqueous sodium bicarbonate solution, and with an aqueous saturated sodium
      chloride solution, in this order, and the reaction mother liquor was dried
      with anhydrous silica gel and was then concentrated under reduced
      pressure. Subsequently, the concentrate was charged on a column comprising
      500 g. of silica gel (60 - 80 mesh) and was eluted with anhydrous
      benzene-ethyl acetate (3: 1), whereby the eluted fraction contained a
      desired N-(o-nitrophenylsulfenyl phenylglycyl)-benzylpenicillin phenacyl
      ester. This fraction was collected and was freezedried to obtain 30.1 g.
      of a freeze-dried product, yield 40.8%.
PAR  Elementary analysis for C.sub.38 H.sub.34 O.sub.8 N.sub.4 S.sub.2 :
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      61.40      4.66       7.10                                    

     Calculated: 61.78      4.64       7.58                                    

     ______________________________________                                    

PAC  EXAMPLE 33
PAR  Preparation of N-carbobenzoxyphenylglycyl benzylpenicillin phenacyl ester:
PAR  45.2 g. (0.1 mole) of PcG phenacyl ester was dissolved in 150 ml. of dry
      benzene. To this solution was added 32.4 ml. (0.4 mole) of dry pyridine
      while cooling to 0.degree.C. with stirring. Thereafter, a solution of 21.8
      g. (0.105 mole) of PCl.sub.5 to 150 ml. of dry benzene was added dropwise
      over a period of about 30 minutes. Subsequently, the liquid was reacted
      for 1 hour while maintaining the temperature thereof at 0.degree.C.
PAR  After the reaction, precipitated pyridine hydrochloride was removed by
      filtration, and the reaction mother liquor was quickly washed with
      saturated sodium chloride solution, with saturated sodium bicarbonate
      solution and with saturated sodium chloride solution, in this order. The
      washed benzene solution was dried with anhydrous silica gel, and then 32.3
      g. (0.1 mole) of potassium carbobenzoxyphenylglycine was added. The
      reaction mixture was reacted for over night at 30.degree.C.
PAR  The reaction mixture was washed with 0.5 N hydrochloric acid, with 1 N
      aqueous sodium bicarbonate solution, and with saturated sodium chloride
      solution, in this order, and the reaction mother liquer was dried with
      anhydrous silica gel, and was then concentrated in vacuo.
PAR  Subsequently, the concentrate was charged on 500 g. of silica gel column
      (60 - 80 mesh) and was eluted with anhydrous benzeneethyl acetate (10: 1),
      whereby the first eluted fraction contained a desired N-carbobenzoxy
      phenylglycyl penicillin phenacyl ester. This fraction was collected and
      freeze-dried to obtain 42.5 g. of freeze-dried product, yield 59.0 %.
PAR  Elementary analysis for C.sub.40 H.sub.37 O.sub.8 N.sub.3 S:
TBL            C%       H%         N%                                          

     ______________________________________                                    

     Found:      66.70      5.04       5.86                                    

     Calculated: 66.75      5.18       5.84                                    

     ______________________________________                                    

CLMS
STM  Having described our invention we claim:
NUM  1.
PAR  1. A process for the production of a diacyl penicillin, comprising admixing
      1 mole of a benzyl penicillin ester of the formula
      ##EQU9##
      wherein X is phenacyl, with 1-2 moles of a chlorinating agent selected
      from the group consisting of PCl.sub.5, POCl.sub.3, COCl.sub.2 and
      SOCl.sub.2, and 1-5 moles of a tertiary organic amine selected from the
      group consisting of pyridine, quinoline and dimethylaniline, at a
      temperature of -20.degree. to 25.degree.C., to obtain an imide chloride
      group-incorporated compound of the formula
      ##EQU10##
      wherein X is phenacyl; and then admixing one mole of the compound of the
      last-named formula with 1-2 moles of a carboxylate of the formula
      ##EQU11##
      wherein M is a metal atom selected from the group consisting of potassium,
      sodium, lithium and silver, and R is a member selected from the group
      consisting of 1-(2',6'-dichlorophenyl)4-methylpyrazole-5-carbonyl,
      1-(p-chlorophenyl)-3-methylpyrazole5-carbonyl, and
      1-phenyl-4-methylpyrazole-5-carbonyl, at a temperature of 20.degree. to
      60.degree.C.
NUM  2.
PAR  2. N-[1-(2',6
     '-dichlorophenyl)-4-methylpyrazole-5-carbonyl]-benzylpenicillin phenacyl
      ester.
NUM  3.
PAR  3. N-[1-(p-chlorophenyl)-3-methylpyrazole-5-carbonyl]benzylpenicillin
      phenacyl ester.
NUM  4.
PAR  4. N-(1-phenyl-4-methylpyrazole-5-carbonyl)-benzylpenicillin phenacyl
      ester.
PATN
WKU  039351947
SRC  5
APN  4354656
APT  1
ART  124
APD  19740122
TTL  Separation of hecogenin-tigogenin mixtures
ISD  19760127
NCL  5
ECL  1
EXP  Roberts; Elbert L.
INVT
NAM  Loken; Bjarte
CTY  Milan
CNT  IT
ASSG
NAM  Omni Research Incorporated
CTY  San German
STA  PR
COD  02
CLAS
OCL  26023955A
EDF  2
ICL  C07J 1700
FSC  260
FSS  239.55 A
UREF
PNO  2991282
ISD  19610700
NAM  Rubin
OCL  260239.55A
UREF
PNO  3172884
ISD  19650300
NAM  Lewin et al.
OCL  260239.55A
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PNO  3303187
ISD  19670200
NAM  Rubin
OCL  260239.55A
LREP
FRM  Fidelman, Wolffe & Leitner
ABST
PAL  A process for separating hecogenin-tigogenin mixtures which involves
      acetylating the mixed genins, then solvent recrystallization separation of
      the mixed genin acetates, crystallizing out hecogenin acetate from a
      non-polar solvent, tigogenin acetate from a polar solvent. A sequential
      sequence is contemplated to first recover the predominant genin, then the
      less-predominant genin.
PAL  Preferred source materials are crude 5-25% sapogenin content acid
      hydrolyzates of Agave leaf juice. Specifically preferred is the acid
      hydrolyzate from fresh Agave leaf juice obtained prior to decortication.
BSUM
PAR  This invention relates to separating crude mixed hecogenin-tigogenin into
      the constituent genins. In a preferred embodiment, this invention relates
      specifically to the recovery of pure hecogenin and/or tigogenin from a
      crude genin product obtained by hydrolysis of concentrated in saponin
      agave leaf juices.
PAR  As is well known, the leaf juices of sisal, henequen, cabuya and the like
      (Agave sisalana, A. furcroides, A. lentonaceum, A. Mexicana) contain
      saponins in a dilute solution therein. The saponins are convertable to
      (the water insoluble) sapogenins by hydrolysis reactions. Since agave
      plants are widely cultivated for the fiber content of their leaf, workers
      in the steroid arts have explored the concept of securing sapogenins as a
      fiber by-product, having met with some success. For further discussion of
      sisal leaf juices as a steroid source material and for a preferred
      procedure to obtain a crude sapogenin product which looks like coffee
      grounds reference is made to co-pending application Ser. No. 435464 now
      U.S. Pat. No. 3,895,999, filed concurrently herewith. The "coffee grounds"
      form a preferred source material for practice of this invention.
PAR  Hecogenin-tigogenin mixtures also result from what is known as a total
      juice treatment of certain agave leaves and, indeed, may occur within
      other contexts. Accordingly, the practice of the present invention is
      applicable to separation of hecogenin-tigogenin mixtures, however such
      mixture is derived. Even so, the detailed practice of this invention may
      be best appreciated by further explanation thereof within the rationale of
      an agave leaf source for the hecogenin-tigogenin mixture.
PAR  Many species of agave are cultivated for their fiber content. Recoverable
      quantities of one sapogenin or another, sometimes in admixture, are
      available in saponin form in the leaf juices of commonly cultivated agave
      species. In particular, a hecogenin-tigogenin mixture will result from
      acid hydrolysis of many, but not all, agave plants leaf juice. An
      exception is Agave sisalana which, in Africa, gives rise to a sapogenin
      product consisting almost exclusively of hecogenin. However, the same
      species, when grown in Haiti, produces a hecogenin-tigogenin mixture with
      from 14-35% tigogenin. From the Mexican henequen (Agave furcroides), a
      mixed product is obtained with 60-75% hecogenin, balance mostly tigogenin.
      The cabuya in Colombia produces a mixture of four sapogenins, including
      hecogenin and tigogenin. Sources of tigogenin include the local henequen
      in Honduras, essentially Agave lentonaceum and, in a mixture with
      hecogenin, the henequen from the state of Tamaulipas in Mexico. Both
      hecogenin and tigogenin have commercial potential as sources for medically
      useful steroids. However, absent an effective, commercially feasible
      technique for separation of hecogenin-tigogenin mixtures, efforts to
      obtain individual sapogenins from Agave leaf sources must be seriously
      hampered. Some of the most promising sites for steriod recovery purposes,
      as for example the highly efficient sisal plantations in Mexico, may well
      be ruled out because treatment of the juices from the sisal leaf grown
      there produces a hecogenin-tigogenin mixture.
PAR  The object of the present invention is to provide an efficient procedure
      for separating hecogenin-tigogenin mixtures.
PAR  A further object of the present invention is to provide an efficient
      procedure for separating hecogenin and tigogenin from the mixed genin
      product resulting from hydrolysis of agave leaf juices.
PAR  Hecogenin (3.beta.-hydroxy-5.alpha.,22.alpha.-spirostan-12-one) differs
      from tigogenin (3.beta.-hydroxy-5.alpha.,22.alpha.-spirostane) only by the
      presence of the 12 keto group, as can be seen in the following formula:
      ##SPC1##
PAR  Separation of hecogenin-tigogenin mixtures is made difficult by the
      exceedingly close relationship of the two compounds. Basically, they are
      soluble or insoluble in the same solvents. If one genin is predominant,
      some crystallization separation can be effected. Nonetheless, a
      substantial loss results if the mother liquor mixture of the two genins
      cannot be separated. However, when the 3-hydroxy group is acetylated, the
      differences in solubility of the acetates in polar (e.g. alkanol, ketones,
      etc.) and non-polar solvents (e.g. alkyl, cycloalkyl hydrocarbons) is
      enhanced likely because the 12 keto group of hecogenin will then
      contribute a large incremental precentage to the polarity and, of
      consequence, to solubility in polar solvents, to less solubility in
      non-polar solvents. Preferred polar solvents for the separation are
      methanol, ethanol, isopropanol, acetone, methyl ethyl ketone. Preferred
      non-polar solvents for the separation are hexane, heptane, cyclohexane,
      methylcyclohexane.
PAR  Accordingly, practice of the present invention contemplates conversion of a
      hecogenin-tigogenin mixture into the mixed acetates thereof and
      crystallization recovery from an appropriate solvent. Thus for isolation
      of an acceptable tigogenin product from Agave lentonaceum, the mixed
      acetates are crystallized from a polar solvent (such an methanol), which
      crystallization results in a crystalline, relatively pure tigogenin
      acetate product leaving the hecogenin acetate behind in the solution in
      the concentrated mother liquor.
PAR  In the instance where the original source material of the mixed genin is
      Agave sisalana and Agave furcroides, wherein the sapogenin is a mixture
      containing from about 60-85% hecogenin, balance tigogenin, the mixed genin
      acetates may be recrystallized from heptane, in which solvent the
      tigogenin acetate is the more soluble constituent and remains in solution
      in the mother liquor.
PAR  The separation can be conducted sequentially, wherein first the one
      component is recovered (for example, relatively pure crystalline hecogenin
      acetate from heptane solution), then the mother liquor is evaporated to
      dryness. Afterward, the dried residue is redissolved in the counterpart
      solvent and the component is recovered (for example, relatively pure
      tigogenin acetate from methanol solution).
PAR  In any event, the now separated genin acetate can be hydrolyzed to provide
      the relatively pure genin, i.e. hecogenin and/or tigogenin.
PAR  The above description of the process of this invention has been posed
      within the context of separating already purified hecogenin-tigogenin
      mixtures. However, when Agave leaf constitutes the original source of the
      genin mixture, a relatively crude material may constitute the available
      source material. That is because sapogenin recovery at any one
      decorticator site will frequently involve limited treatment facilities and
      daily recovery of relatively small quantities of sapogenins in the form,
      for example, of an acid hydrolyzate containing 5-25% sapogenins, i.e. the
      water insoluble product material obtained by acid hydrolyzing Agave leaf
      juice saponins and hemisaponins.
PAR  A central purification and genin separation facility can readily handle the
      crude sapogenin produced from several Agave leaf (e.g. sisal) decorticator
      sites. Accordingly, practice of this invention includes also a preliminary
      solvent extraction purification of the hecogenin-tigogenin mixture being
      separated.
PAR  The crude sapogenin mixture obtained from treatment of Agave leaf juices
      remaining after decortication of the fiber contain substantial interfering
      impurities. Mixtures obtained from work-up of the secondary juices
      expressed from the residual leaf pulp will often contain even more
      interfering impurities. Such crude sapogenin mixtures require selective
      solvents such as the straight chain paraffin solvents to recover the
      hecogenin and tigogenin content from the crude mixture. However, when the
      crude mixture is obtained from virgin juice according to practice of the
      invention described in copending application Ser. No. 435,464 now U.S.
      Pat. No. 3,895,999, filed concurrently herewith, only traces of
      contaminating lipoids and other interfering plant material is present.
      This "coffee grounds" product is a preferred source material for practice
      of this invention. Briefly stated, the "coffee grounds" constitute the
      acid hydrolyzate product from fresh leaf juice obtained prior to
      decortication of the leaves.
PAR  In general the acid hydrolyzate (5-25% sapogenins) can be purified by
      extraction with hydrocarbon solvents. The straight chain paraffins have
      relatively low solubility for hecogenin, but are more selective. The
      aromatics, like toluene, benzene, xylene, and the isocyclics, have greater
      solubility properties so less solvent is needed, but these solvents are
      less selective. When the "coffee grounds" acid hydrolzate from virgin
      juice constitutes the starting material, only traces of lipoid are
      present. Toluene is the preferred solvent. Usually the sapogenin extract
      recovered from the toluene does not require recrystallization; may be
      employed directly in the hecogenin-tigogenin separation procedure.
DETD
PAR  For further understanding of the invention, the following specific examples
      thereof are presented:
PAC  EXAMPLE I
PAR  At a Mexican sisal estate decorticator, virgin sisal juice was obtained by
      squeezing feshly cut leaves at the rate of 30,000 leaves per hour (300,000
      leaves per 10 hour working day) past smooth rollers set so that 15,000
      liters of clear virgin juice was obtained over the 10 hour day, expressing
      about 10% of the leaf weight as juice. The freshly expressed juice was
      screened to remove plant debris and any other solid matter.
PAR  The clear juice was pumped into a 1500 gal. jacketed open
      reactor-evaporator tank (6,000 liters). The tank was heated by low
      pressure steam to boil away juice at a rate lower than the juice feed
      rate. When the 1500 gal. tank was about full, the flow of virgin juice was
      diverted to a 1,000 gal. purge tank, which also was an open jacketed steam
      heated vessel. As soon as the evaporator-reactor tank was filled with
      juice, 54 kg. techn. conc. sulfuric acid diluted to 100 l with ice water,
      was added. The boiling was continued so as to hydrolyze simultaneously
      with further evaporation. The incoming juice diverted to the purge tank
      was kept boiling and, at intervals, the juice level in the 1,500 gal.
      (hydrolysis) reactor-evaporator tank was made up by pumping in hot,
      partially evaporated juice from the purge tank. An exact record was kept
      on the total amount of juice handled through flow meter control. (The
      combined evaporation/hydrolysis reactor could be run with relatively high
      steam pressure heating because no foaming occurred.)
PAR  About one hour after shutting down the rollers and the decorticator for the
      night, the whole 15,000 l of fresh juice had been added to the
      evaporator-reactor tank and the purge tank was empty. At this point, the
      pH was found to be 0.9 and 25kg more sulfuric acid (conc. tech.) was
      added, which brought the pH to 0.5. Four more hours of boiling was
      sufficient to complete hydrolysis. The reaction product slurry was
      filtered immediately after cooling (by passing water through the jacket),
      so as to complete the processing sequence before start of the morning
      shift. Obtained was 160 kg of "coffee grounds"; 7% sapogenin content.
PAR  The "coffee grounds" product was exhaustively extracted with toluene,
      followed by evaporation of the toluene extract to concentrate the mother
      liquor, and crystallize out the mixed genins.
PAR  2.5g of the first crop of sapogenin mixture, obtained from the processing,
      which by thin layer chromatography showed a ratio of hecogenin to
      tigogenin of 7:3, was heated in 5ml pyridine and 3.5ml acetic anhydride at
      100.degree.C. for 1.5 hours. A few drops of water was then added and the
      temperature maintained for 20 minutes more to react away the excess
      anhydride. 4ml water was added, and the mixture left standing at room
      temperature. The crystals were filtered, washed with water, methanol and
      hexane in succession, collected and dried. 2.7g genin acetate was obtained
      with about the same H/T ratio as the starting 3-hydroxy mixture (by TLC).
PAR  This material was recrystallized by dissolving in 300ml of heptane at
      reflux temperature. The clear solution was concentrated to 65ml, cooled to
      ambient temperature, and the crystallization product filtered. Washing
      with a little heptane, collection and drying gave 1.9g of material in well
      developed prismatic crystals of slightly green color (chlorophyll), and
      which on TLC (80% benzene, 20% ethyl acetate) analyzed as essentially
      hecogenin acetate with only a shade of the tigogenin acetate
      (corresponding to 0.95H and 0.05% approximately). M.p:
      243.degree.-244.degree.C., Saponification gave hecogenin m.p.
      262.degree.-263.degree..
PAC  EXAMPLE II
PAR  The heptane filtrate mother liquor from Example I above was concentrated to
      dryness under reduced pressure. The residue in the flask was refluxed with
      25ml methanol, and allowed to cool slowly to room temperature. 400mg of
      crystals was obtained which, on TLC, was assayed as 93% tigogenin acetate
      m.p. 199.degree..
PAC  EXAMPLE III
PAR  2.5g sapogenin obtained from Agave lentonaceum from the Republic of
      Honduras was found to be about 80% tigogenin by TLC. The remainder was
      hecogenin and 9(11)-dehydrohecogenin. This material was acetylated as
      described in Example I. The crude acetate was dissolved by refluxing with
      liberal quantities of methanol. The clear solution was evaporated to a
      final volume of 70ml and allowed to cool slowly to ambient temperature.
      The resulting crystals were filtered, washed with a little methanol,
      collected and dried. 1.8g of tigogenin acetate was obtained, m.p.
      202.degree.-206.degree., (.alpha.).sub.D, -75.degree.(Chlf). TLC showed
      this material to be better than 95% pure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for separating a hecogenin-tigogenin mixture predominant in
      hecogenin which comprises acetylating the mixed genins, then dissolving
      the resulting mixed acetates in a non-polar solvent, and thereafter
      crystallizing out a relatively pure hecogenin acetate, the tigogenin
      acetate remaining in solution in the mother liquor.
NUM  2.
PAR  2. A method for separating a hecogenin-tigogenin mixture predominant in
      tigogenin which comprises acetylating the mixed genins, then dissolving
      the resulting mixed acetates in a polar solvent, and thereafter
      crystallizing out relatively pure tigogenin acetate, the hecogenin acetate
      remaining in solution in the mother liquor.
NUM  3.
PAR  3. A method for separating a hecogenin-tigogenin mixture which comprises:
PA1  acetylating the mixed genins;
PA1  dissolving the resulting mixed acetates in a solvent selected from the
      group consisting of polar and non-polar solvents, the selection being made
      according to which genin predominates in the mixture, a polar solvent when
      tigogenin predominates, a non-polar solvent when hecogenin predominates;
PA1  crystallizing out the predominant acetate in relatively pure crystalline
      form, the non-predominant acetate remaining in solution in the mother
      liquor; and
PA1  optionally thereafter evaporating away the mother liquor, redissolving the
      residue in the previously unselected solvent and crystallizing out
      therefrom the non-predominant acetate in relatively pure crystalline form.
NUM  4.
PAR  4. The process of claim 3 wherein a crude sapogenin containing material
      derived from agave leaf juice constitutes the source material, and wherein
      said source material is solvent extracted to provide an extract product
      which constitutes the mixed hecogenin-tigogenin separated by the process
      of claim 3.
NUM  5.
PAR  5. The process of claim 5 wherein the solvent employed to extract the crude
      sapogenin containing material is toluene.
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ABST
PAL  4,4'-Stilbenebis-2-oxazolopyridines, -2-thiazolopyridines, and
      2-imidazopyridines are optical brightening agents useful for whitening and
      brightening natural and synthetic fibers, papers, resins and the like. The
      compounds are conveniently prepared by interacting
      4,4'-stilbenedicarboxylic acid or its acid chloride with a vicinal
      disubstituted pyridine compound consisting of vic-aminohydroxypyridine,
      vic-aminomercaptopyridine or vic-diaminopyridine, respectively.
PARN
PAR  This application is a division of my prior copending application Ser. No.
      820,005, filed Apr. 28, 1969.
BSUM
PAR  This invention relates to novel compositions of matter classified in the
      art of chemistry as heterocyclic-substituted stilbenes and to methods for
      preparing them. More particularly the invention relates to novel
      oxazolopyridinyl, thiazolopyridinyl and imidazolopyridinyl derivatives of
      stilbene useful as optical whitening and brightening agents for natural
      and synthetic fibers, papers, resins, and the like.
PAR  In its composition aspect the present invention resides in the concept of
      novel chemical compounds having the general structural formula
      ##SPC1##
PAL  Wherein Py.sub.1 and Py.sub.2 are each a bivalent heterocyclic nucleus of
      the pyridine class in which the open bonds are on vicinal ring carbon
      atoms of said nucleus and X.sub.1 and X.sub.2 are each a member of the
      class consisting of O, S and NR, wherein R is a member of the group
      consisting of H, lower alkyl, hydroxy-lower alkyl, hydromyonaalkyl,
      phenyl-lower alkyl, cyano-lower alkyl, carboxy-lower alkyl, carbo-lower
      alkoxy-lower alkyl, phenyl-hydroxy-lower alkyl and lower alkenyl, and A is
      a bivalent 4,4'-stilbene radical. In accordance with this aspect of the
      invention, attached at the 4 and 4'-positions of a stilbene radical, my
      new compounds have the same or different heterocyclic radical selected
      from the following class: 2-oxazolo[5,4-b]pyridyl,
      2-oxazolo[5,4-c]pyridyl, 2-oxazolo]4,5-b]pyridyl, 2-oxazolo[4,5-c]pyridyl,
      2-thiazolo-[5,4-b]pyridyl, 2-thiazolo[5,4-c]pyridyl,
      2-thiazolo[4,5-b]-pyridyl, 2-thiazolo[4,5-c]pyridyl,
      2-imidazo[4,5-b]pyridyl, and 2-imidazo[ 4,5-c]pyridyl. Compounds of this
      class have been found to have unexpectedly superior fluorescent properties
      when used as whitening and brightening agents and, in addition, have high
      stability to heat, light, chlorine-type bleaches, and resin-finish
      catalysts, which make them particularly useful for whitening and
      brightening textile materials.
PAR  In Formula I above Py.sub.1 and Py.sub.2 are each a heterocyclic nucleus of
      the pyridine class. Thus, Py.sub.1 and Py.sub.2 can be the same or
      different and are selected from the class consisting of pyridine and
      pyridine substituted by one or more monovalent substituents which tend to
      increase the solubility of the resulting compound in synthetic resins and
      fibers. Such substituents include H, lower alkyl and halogen; that is,
      chlorine, bromine, iodine and fluorine. The aforementioned substituents
      have the advantage of increasing solubility in synthetic resins without,
      however, tending to impart color to the resulting compound; that is, they
      are not auxochromic substituents. The compounds of my invention are
      strongly fluorescent and are used as optical whitening and brightening
      agents in high dilution. Therefore they may have slight color without
      impairing the overall whitening effect. However, auxochromic substituents
      tend to impart too much color to the compound and thus lessen its value as
      a whitening agent.
PAR  In Formula I above X.sub.1 and X.sub.2 are members of the class consisting
      of O, S, and NR. When X.sub.1 or X.sub.2 is NR, R is H; lower alkyl,
      preferably containing from 1 to 6 carbon atoms; hydroxy-lower alkyl,
      preferably containing from 2 to 6 carbon atoms; hydroxyoxaalkyl,
      preferably containing from 3 to 15 carbon atoms; phenyl-lower alkyl,
      preferably containing from 7 to 11 carbon atoms; cyano-lower alkyl,
      preferably containing from 3 to 6 carbon atoms; carboxy-lower alkyl,
      preferably containing from 2 to 6 carbon atoms; carbo-lower alkoxy-lower
      alkyl, preferably containing a total of from 3 to 12 carbon atoms;
      phenylhydroxy-lower alkyl, preferably containing from 8 to 11 carbon
      atoms; or lower alkenyl, preferably containing from 3 to 6 carbon atoms.
PAR  When R is lower alkyl there are included, for example, methyl, ethyl,
      n-propyl, isopropyl, n-butyl, isoamyl, n-hexyl, and the like. When R is
      hydroxy-lower alkyl, there are included, for example 2-hydroxyethyl,
      2-hydroxypropyl, 2,3-dihydroxypropyl, and the like. When R is
      hydroxyoxaalkyl there are included, for example,
      2-hydroxy-3-(2,3-dihydroxypropoxy)propyl, 2-hydroxy-3-(2
      -hydroxyethoxy)propyl, 2-hydroxy-3-[2-(2-hydroxyethoxy)ethoxy]propyl, and
      the like. When R is phenyl-lower alkyl there are included, for example,
      benzyl, phenethyl, 3-phenylpropyl, 3-phenylpentyl, and the like. When R is
      cyano-lower alkyl there are included, for example, 2-cyanoethyl,
      3-cyanopropyl, 4-cyanopentyl, and the like. When R is carboxy-lower alkyl
      there are included, for example, carboxymethyl, 2-carboxyethyl,
      3-carboxypropyl, 5-carboxypentyl, and the like. When R is carbo-lower
      alkoxy-lower alkyl there are included, for example, carbomethoxymethyl,
      2-carbomethoxyethyl, 2-carbobutoxyethyl, 3-carbohexyloxypropyl,
      5-carbomethoxypentyl, and the like. When R is phenylhydroxy-lower alkyl
      there are included, for example, .beta.-phenyl-.beta.-hydroxyethyl,
      .alpha.-phenyl-.beta.-hydroxyethyl, .beta.-phenyl-.beta.-hydroxypropyl,
      and the like. When R is lower alkenyl there are included, for example,
      allyl, methallyl, 3,3-dimethylallyl, and the like.
PAR  In Formula I above, A is a bivalent 4,4'-stilbene radical of the formula
      ##SPC2##
PAL  wherein the substituents represented by the term Z are the same or
      different monovalent substituents bound to the benzene ring by a covalent
      bond. Z can be any such substituent which does not destroy the desirable
      fluorescent properties of the compound as a whole. Typical examples of
      such substituents represented by Z are H; halogen, i.e., chlorine,
      bromine, iodine and fluorine; lower alkyl, as defined above, for example,
      methyl, ethyl, propyl, n-butyl, tert.-butyl, amyl, sec.amyl and hexyl;
      lower alkoxy, for example, methoxy, ethoxy, propoxy, isopropoxy, hexyloxy
      and the like; aryloxy, wherein the aryl moiety is a one- or two-ring
      carbocyclic aromatic radical, for example, phenoxy, naphthyloxy,
      p-chlorophenoxy, and the like; lower alkanesulfonyl wherein the lower
      alkane moiety contains from one to about six carbon atoms, for example,
      methanesulfonyl, ethanesulfonyl, butanesulfonyl, and hexanesulfonyl;
      arenesulfonyl wherein the arene moiety is a one- or two-ring carbocyclic
      aromatic radical, for example, benzenesulfonyl, p-toluenesulfonyl,
      .beta.-naphthalenesulfonyl, and the like; sulfamyl; N-substituted
      sulfamyl, for example, N,N-dimethylsulfamyl, N-ethylsulfamyl,
      N-phenylsulfamyl and the like; cyano; carbamyl, and N-substituted
      carbamyl, for example, N,N-dimethylcarbamyl, N,N-dibutylcarbamyl,
      N-phenyl-N-methylcarbamyl, N-(2-naphthylcarbamyl) and the like.
PAR  The substituents represented by the term Y are the same or different
      monovalent substituents selected from the group consisting of H; alkyl of
      from 1 to 18  carbon atoms, for example methyl, ethyl, n-butyl, isobutyl,
      2-ethylhexyl, n-pentyl, n-decyl, n-dodecyl, and cetyl; and cyano.
PAR  Normally no more than one or two of the substituents Y and Z above are
      other than H, because the simpler 4,4'-stilbene-disubstituted compounds
      are cheaper and more easily prepared and are as good or better fluorescent
      brightening agents than the more highly substituted compounds.
PAR  In another of its aspects, the present invention resides in the concept of
      a process for preparing the compounds depicted in Formula I which
      comprises interacting a 4,4'-stilbenedicarboxylic acid compound with a
      vicinal-disubstituted pyridine compound consisting of a
      vic-aminohydroxypyridine (vic-aminopyridinol), a vic-aminomercaptopyridine
      (vic-aminopyridinethiol) or a vic-diaminopyridine compound. The reaction
      takes place by heating said reactants under conditions conducive to the
      elimination of four molecular equivalents of water. Two reactions are
      involved in this process, the first being the formation of a
      4,4'-stilbenebiscarboxamide intermediate, and the second being a
      cyclization of the intermediate to the final heterocyclic compound. The
      process can be carried out in such a manner that the intermediate
      carboxamide is isolated, or, if desired, the cyclization reaction can be
      carried out directly without isolation of the intermediate.
PAR  In still another of its aspects, the present invention resides in the
      concept of a process for preparing the compounds depicted in Formula I
      which comprises interacting a 4,4'-stilbenedicarbonyl chloride compound
      with a vicinal-disubstituted pyridine compound consisting of a
      vic-aminohydroxypyridine, a vic-aminomercaptopyridine or a
      vic-diaminopyridine compound. The reaction takes place by heating the
      reactants under conditions conducive to the elimination first of two
      molecular equivalents of hydrogen chloride and then of two molecular
      equivalents of water. The first reaction involves the formation of the
      above-mentioned 4,4'-stilbenebiscarboxamide which is subsequently cyclized
      to the desired heterocyclic product. This reaction can be carried out with
      isolation of the 4,4'-stilbenebiscarboxamide or, if desired, the
      cyclization can be carried out directly without isolation of the
      intermediate.
PAR  In general, the compounds of the above structure are high melting yellow to
      yellow-green solids which have the following solubility characteristics.
      They are insoluble in water, hydrocarbons, halogenated aliphatic
      hydrocarbons, ketones, ethers and the lower aliphatic alcohols. They are
      generally slightly soluble in hot dimethylformamide, benzyl alcohol and
      the higher boiling halogenated hydrocarbons such as trichlorobenzene and
      chlorinated biphenyl. They are moderately soluble in some mineral acids,
      for example cold sulfuric acid and hot polyphosphoric acid, but they are
      usually precipitated in their acid addition salt form when the acid
      solution is diluted with water. The compounds wherein X.sub.1 or X.sub.2,
      or both, are NH are generally soluble in alcoholic alkali metal
      hydroxides, amides, and alkoxides, presumably due to teh formation of the
      soluble alkali metal salt form.
PAR  A preferred class of compounds of this invention comprise compounds of the
      structure of Formula II
      ##SPC3##
PAL  wherein each of R.sub.1, R.sub.2, and R.sub.3 is a member of the class
      consisting of H, halogen, lower alkoxy and lower alkyl, and X.sub.1 and
      X.sub.2 are as defined above in Formula I.
PAR  A particularly preferred class of compounds of the invention are the
      oxazolopyridines of Formula I wherein X.sub.1 and X.sub.2 are each 0.
      These compounds are preferred because of their superior fluorescence and
      stability and the relative easy of production of members of this class. A
      particularly preferred compound within this class is
      4,4'-stilbenebis(2-oxazolo[5,4-b]pyridine) of the formula
      ##SPC4##
PAL  which possesses an unusually high degree of fluorescence under ultraviolet
      light at a wavelength of maximum emission of 440 nm when dispersed in
      polyethylene terephthalate. Moreover this compound is unusually stable to
      the effects of heat and light, and is thus well adapted for incorporation
      into textile fiber spinning melts.
PAR  Characteristic of compounds containing a pyridine ring, the compounds of
      this invention react with mild oxidizing agents and with alkylating agents
      with the formation, respectively, of N-oxides and quaternary ammonium
      salts. These compounds tend to be somewhat more soluble in polar solvents
      than their respective parent compounds. Although the fluorescence of these
      compounds is somewhat weaker than that of the parent amines, the N-oxides
      and quaternary ammonium salts are useful brightening agents which are
      effective for the purposes described above.
PAR  The manner and process of making and using my invention will now be
      described so as to enable any person skilled in the art to which it
      pertains to make and use the same, as follows:
PAR  The novel fluorescent compounds of my invention can be prepared by any of
      several methods. One such process comprises heating
      4,4'-stilbenedicarboxylic acid chloride (4,4'-stilbenedicarbonyl chloride)
      with an aminopyridine compound which has in a position vicinal to the
      amino group an hydroxyl, mercapto or amino group, whereupon there is
      formed, respectively,
      N,N'-bis(orthohydroxypyridyl)-4,4'-stilbenedicarboxamide,
      N,N'-bis(orthomercaptopyridyl)-4,4'-stilbenedicarboxamide or
      N,N'-bis(orthoaminopyridyl)-4,4'-stilbenedicarboxamide. The reaction is
      carried out by heating the reactants in a suitable inert solvent, for
      example, toluene, chlorobenzene, dioxane, benzene, xylene and the like. As
      will be obvious to one skilled in the art, this type of reaction proceeds
      under a wide variety of conditions. We prefer to reflux the reactants in a
      solvent such as that described above with or without the addition of an
      acid acceptor. Of course, the reactant itself can serve as an acid
      acceptor inasmuch as the pyridine compound is basic. The reaction is
      usually complete in four to eight hours. The resulting
      pyridylstilbenedicarboxamide compound is cyclized with or without
      isolation by heating it to a temperature of 175.degree.-250.degree. C. in
      a high boiling solvent, for example, trichlorobenzene, mineral oil,
      quinoline, or a eutectic mixture of diphenyl ether and biphenyl, in the
      presence of a strong acid, for example, p-toluene sulfonic acid.
      Alternatively, the pyridylstilbenedicarboxamide compound can be cyclized
      by heating the compound in polyphosphoric acid at about 200.degree. C. It
      is convenient to follow the progress of the cyclization reaction by means
      of the ultraviolet absorption spectra of small samples of the reaction
      mixture taken during the course of the reaction. Because the cyclization
      results in the formation of a new heteroaromatic ring, the ultraviolet
      absorption changes perceptibly as the reaction proceeds. The reaction is
      deemed complete when the spectra of two consecutive samples are the same.
PAR  In accordance with this invention, the compounds of Formula I can also be
      prepared in one step by heating stilbenedicarboxylic acid with a vicinal
      substituted aminopyridine compound mentioned above in polyphosphoric acid,
      whereupon condensation and cyclization occur simultaneously. The reaction
      is carried out by rapidly stirring the reactants while they are heated to
      a temperature of 125.degree. to 225.degree. C. for approximately 4 to 8
      hours. The product is isolated by pouring the reaction mixture into a
      large excess of ice and water, neutralizing the excess acid, and
      collecting the precipitate in conventional fashion.
PAR  In accordance with another process for preparing the compounds of my
      invention, o-aminohydroxypyridine, o-aminomercaptopyridine, or
      o-diaminopyridine is heated with p-toluic acid in polyphosphoric acid at
      approximately 225.degree.-275.degree. C. for 48 hours to provide,
      respectively, a 2-p-tolyloxazolopyridine, 2-p-tolythiazolopyridine or
      2-p-tolylimidazopyridine. These latter compounds are conveniently
      converted into corresponding stilbene compounds by the conventional
      "sulfur melt" method described in the prior art, which comprises heating
      the tolylsubstituted reactant in molten sulfur at about 250.degree. C. for
      approximately 6-8 hours.
PAR  The preferred compound of Formula III can be prepared in accordance with
      still another process, as follows. By condensing 3-amino-2-chloropyridine
      instead of 3-amino-2-pyridinol with 4,4'-stilbenedicarbonyl chloride under
      the conditions described above, there is obtained the intermediate
      N,N'-bis(2-chloro-3-pyridyl)-4,4'-stilbenedicarboxamide. This compound is
      conveniently cyclized to 4,4'-stilbenebis(2-oxazolo-[5,4b]pyridine) by
      heating it at approximately 150.degree.-200.degree. C. with two molecular
      equivalents of a copper (II) salt and an amine in an inert solvent.
      Depending upon the temperature the reaction is usually complete in
      approximately four to eight hours. The nature of the copper (II) salt is
      not critical; for example, cupric chloride, cupric sulfate, or cupric
      acetate may be used, but I have found cupric acetate to be convenient for
      economical reasons. Pyridine is the most convenient amine, but ammonia or
      alkyl-substituted amine can also be used. Suitable inert solvents include
      nitrobenzene, o-dichlorobenzene, trichlorobenzene, naphthalene, and
      dimethylformamide.
PAR  The 4,4'-stilbenebis(2-imidazo[4,5-b]pyridine) and
      4,4'-stilbenebis(2-imidazo[4,5-c]pyridine) prepared in accordance with the
      general procedures described above react readily with alkylating agents to
      yield N-mono and N,N'-di (alkyl or substituted alkyl) derivatives which
      are useful whitening or brightening agents of Formula I wherein X.sub.1
      and X.sub.2 are N-R and R is alkyl or substituted alkyl radical of the
      type hereinabove described. The alkylation reaction is readily carried out
      by heating 4,4'-stilbenebis(2-imidazo[4.5-b]pyridine) or
      4,4'-stilbenebis(2-imidazo[4,5-c]pyridine)(Formula I wherein X.sub.1 and
      X.sub.2 are each NH) with the appropriate alkylating agent. Usually a
      heating period of about two to six hours at 50.degree.-150.degree. C. is
      sufficient to produce a satisfactory yield of the desired product.
      Alkylating agents useful for this reaction include, for example, esters of
      strong organic and inorganic acids having the formula R-An wherein R is a
      member of the class consisting of lower alkyl, hydroxy-lower alkyl,
      hydroxyoxaalkyl, phenyl-lower alkyl, cyano-lower alkyl, carboxy-lower
      alkyl, carbo-lower alkoxy-lower alkyl, phenyl-hydroxy-lower alkyl and
      lower alkenyl radicals and An is the anion of the strong acid.
      Illustrative of these esters are methyl sulfate, ethyl sulfate, methyl
      p-toluenesulfonate; lower alkyl halides, for example, methyl iodide, ethyl
      bromide, butyl bromide, and hexyl chloride; phenyl-lower alkyl halides,
      for example benzyl chloride, p-chlorobenzyl chloride,
      2-chloro-4-methoxybenzyl chloride, and benzyl bromide; allyl and methallyl
      halides, for example, allyl bromide and methallyl chloride; carboxy-lower
      alkyl halides, for example chloroacetic acid, 3-chloro propionic acid,
      2-bromopropionic acid, cyano-lower alkyl halides, for exmaple,
      chloroacetonitrile and 3-bromopropionitrile; hydroxy-lower alkyl halides,
      for example 2,3-dihydroxypropyl chloride, ethylene chlorohydrin, ethylene
      bromohydrin, and isobutylene chlorohydrin; hydroxyoxaalkyl halides, for
      example, 2-hydroxy-3-(2,3-dihydroxypropoxy)propyl chloride and
      2-hydroxy-2-[3-(2-hydroxyethoxy)ethoxy]propyl chloride; carbo-lower
      alkoxy-lower allyl halides, for example, methyl bromoacetate, ethyl
      3-chloropropionate and butyl chloroacetate. Also useful as alkylating
      agents are lower alkylene oxides, for example, ethylene oxide, propylene
      oxide and epichlorohydrin; styrene oxide; p-chlorostyrene oxide;
      acrylonitrile; methacrylonitrile; and ethyl acrylate.
PAR  The N-monoalkylated compounds (Formula I where only one of X.sub.1 and
      X.sub.2 is NH) are obtained by heating preferably one or advantageously
      slightly more than one molecular equivalent of the appropriate alkylating
      agent with one molecular equivalent of the
      4,4'-stilbenebis(2-imidazopyridine). Minor proportions of the
      corresponding N,N'-dialkylated compound (Formula I, where neither of
      X.sub.1 and X.sub.2 is NH) and of unreacted N,N'-unsubstituted starting
      material varying in amounts depending in part on the relative proportions
      of the reactants and in part on the reaction conditions, will be found
      associated with the N-monoalkylated compound obtained as the chief product
      of the alkylation reaction. If desired, the N-mono-alkylated product can
      be purified, for example by use of suitable solvents, but ordinarily it is
      unnecessary and uneconomical for practical purposes to effect such
      purification since the mixture is directly useful as a whitening and
      brightening agent.
PAR  As will be understood, the use of larger proportions of the alkylating
      agent favors higher yields of the N,N'-dialkylated compound. When this is
      the desired product, there are, of course, required by theory at least two
      molecular equivalents of the alkylating agent per equivalent of the
      4,4'-stilbenebis(2-imidazopyridine); as a matter of fact, for best
      conversion to the dialkylated product an excess of the alkylating agent
      should be employed, for example an excess of 1-4 equivalents of the
      alkylating agent. The N,N'-dialkylated compounds obtained in this manner
      are symmetrical. When an unsymmetrical product is desired, an
      N-monoalkylated compound or, alternatively, a reaction mixture containing
      it is treated with a different alkylating agent, thereby producing a
      compound of Formula I wherein X.sub.1 and X.sub.2 contain different alkyl
      or substituted alkyl radicals.
PAR  When the alkylating agent has a hydroxyl group in its structure, for
      example, a hydroxy-lower alkyl or hydroxyoxaalkyl compound, the hydroxyl
      function in the resulting N-monoalkylated product (e.g., Formula I,
      X.sub.1 = NH, X.sub.2 = hydroxy-lower alkyl or hydroxy-oxaalkyl) interacts
      with a second equivalent of the same or a different alkylating agent to
      yield preferentially O-alkylated products rather than the expected
      N,N'-dialkylated derivative, the latter being produced only in relatively
      small amount. The use of a large excess of the alkylating agent leads to
      substantially complete production of N,N'-disubstituted products.
PAR  The compounds of my invention have been found to have high stability to
      heat and light and thus are well adapted for use as optical brightening
      agents by incorporation into melts of normally solid, fiber and
      film-forming polymeric material, for spinning synthetic fibers, or for
      casting or molding plastics in a concentration of from 0.005 to 0.5
      percent by weight of the polymeric material. A further method utilizing
      the compounds of my invention is to impregnate textile fabrics comprising
      synthetic fibers, for example, polyester (poly[terephthalic acid
      ethyleneglycol ester]), poly-(1,4-cyclohexylenedimethylene terephthalate),
      or nylon, with an aqueous dispersion compound at temperatures below about
      75.degree.-100.degree. C., for example, at room temperature, and then to
      subject the treated fabric to a dry heat treatment at a temperature above
      100.degree. C. The fabric may advantageously be dried at temperatures in
      the range 25.degree.-100.degree. C. prior to the heat treatment which is
      preferably carried out at temperatures in the range
      125.degree.-250.degree. C. Said heat treatment may be accomplished by any
      of several known methods, for example, by heating in a dry chamber, by
      ironing the fabric, or by treating it with dry, super-heated steam.
PAR  The structures of the new compounds of my invention were determined by
      their mode of synthesis and by the correspondence of calculated and found
      values of elemental analyses of representative samples, and were
      corroborated by ultraviolet and infrared spectroanalyses.
DETD
PAR  The best mode contemplated for carrying out my invention will now be set
      forth in the following examples, which are given for the purpose of
      illustration without limiting the invention thereto:
PAC  EXAMPLE 1
PAC  4,4'-Stilbenebis(2-oxazolo[4,5-c]pyridine)
PAR  To 75 g. of polyphosphoric acid preheated to 100.degree. C. was added 5.5
      g. (0.02 mole) of 4,4'-stilbenedicarboxylic acid. The mixture was then
      further heated to 125.degree. C. and 5.9 g. (0.04 mole) of
      3-amino-4-pyridinol hydrochloride was added in small portions over a
      period of fifteen minutes. When the addition was complete, the mixture was
      heated with stirring at about 200.degree. C. for 31/2 hours. The resulting
      brown solution was poured into 375 ml. of water, and the mixture was
      stirred until the product congealed; the latter was collected on a filter,
      washed with water, and dried at 70.degree. C. in vacuo.
PAR  The impure 4,4'-stilbenebis(2-oxazolo[4,5-c]pyridine) thus prepared was
      purified as follows: The product was stirred with aqueous sodium hydroxide
      at pH 10 and at 90.degree.-95.degree. C. for 1/2 hour. The remaining solid
      product was collected on a filter and was washed free of alkali with
      water. The dried product was then recrystallized from trichlorobenzene to
      give 4,4'-stilbenebis(2-oxazolo[4,5-c]pyridine) which melted at
      345.degree.-360.degree. C. with decomposition. The gram extinction
      coefficient at the wavelength of maximum absorption of a solution of this
      compound in dimethylformamide was 122.8 at 370 nm. This compound has the
      structural formula
      ##SPC5##
PAC  EXAMPLE 2A
PAR  Following a procedure similar to that described above in Example 1 but
      using 3-amino-2-pyridinol instead of 3-amino-4-pyridinol there is obtained
      4,4'-stilbenebis-(2-oxazolo[5,4-b]pyridine), melting at
      340.degree.-360.degree. C. with decomposition. The gram extinction
      coefficient for a solution of this product in dimethylformamide at the
      wavelength of maximum absorption was 178.0 at 376 nm. The structural
      formula of this compound is
      ##SPC6##
PAC  EXAMPLE 2B
PAR  In accordance with another procedure for preparing
      4,4'-stilbenebis(2-oxazolo[5,4-b]pyridine) 8.5 ml. (0.163 mole) of thionyl
      chloride dissolved in 25 ml. of chloroform was added dropwise to 11.5 g.
      (0.03 mole) of dipotassium 4,4'-stilbenedicarboxylate suspended in 150 ml.
      of dry chlorobenzene. The mixture was refluxed for 3 hours, and the excess
      thionyl chloride was removed by distillation. To the resulting solution of
      4,4'-stilbenedicarbonyl chloride in chlorobenzene was added 8.57 g. (0.06
      mole) of 3-amino-2-chloropyridine in 50 ml. of dry chlorobenzene and 11.0
      ml. of dry pyridine. The mixture was refluxed for 8.5 hours, and the solid
      product was collected on a filter and washed with chlorobenzene and with
      methanol. This intermediate,
      N,N'-bis(2-chloro-3-pyridyl)-4,4'-stilbenedicarboxamide, was purified by
      washing it chloride ion-free with water, drying, and recrystallizing from
      hot trichlorobenzene. The melting point of this product was
      291.degree.-293.degree. C.
PAR  The above intermediate,
      N,N'-bis(2-chloro-3-pyridyl)-4,4'-stilbenedicarboxamide was cyclized to
      the desired 4,4'-stilbenebis(2-oxazolo[5,4,b]pyridine) as follows. To a
      solution containing 20 ml. of pyridine and 4.4 g. of cupric acetate
      monohydrate in 56 ml. of dimethylformamide was added 4.89 g. (0.01 mole)
      of N,N'-bis(2-chloro-3-pyridyl)-4,4'-stilbenedicarboxamide, prepared as
      above. The mixture was refluxed under nitrogen for about 6 hours, and then
      about 35 ml. of the solvent was removed by distillation. The residue was
      allowed to cool and the solid product was collected on a filter. It was
      triturated with concentrated hydrochloric acid to decompose and dissolve
      any copper complex, and it was then collected on a filter, washed free of
      acid with water, and dried under vacuum. The gram extinction coefficient
      of a dimethylformamide solution of
      4,4'-stilbenebis(2-oxazolo[5,4-b]pyridine) thus prepared was 200.4 at 375
      nm, its wavelength of maximum absorption.
PAR  When 4.16 g. (0.01 mole) of this product was refluxed in excess benzyl
      chloride in the presence of 2.12 g. of sodium carbonate there was obtained
      a quaternary ammonium salt having, in dimethylformamide solution, a gram
      extinction coefficient of 71.6 at 354 nm, the wavelength of maximum
      absorption.
PAC  EXAMPLE 3
PAR  To a suspension of 18.5 g. (0.05 mole) of dipotassium
      4,4'-stilbenedicarboxylate in 250 ml. of dry chlorobenzene was added
      dropwise 13 ml. of thionyl chloride dissolved in 35 ml. of chlorobenzene.
      The mixture was refluxed for about three hours, and then 86 ml. of solvent
      was removed by distillation to remove all excess thionyl chloride. To the
      resulting solution of 4,4'-stilbenedicarbonyl chloride in chlorobenzene at
      about 80.degree. C. was added 11.5 g. (0.1 mole) of 2-amino-3-pyridinol in
      75 ml. of dry chlorobenzene and 9 ml. of pyridine. This mixture was
      refluxed for 10 hours and was allowed to cool to room temperature. The
      intermediate N,N'-bis(3-hydroxy-2-pyridyl)-4,4'-stilbenedicarboxamide
      hydrochloride was collected on a filter and was washed with chlorobenzene,
      methanol and water. The cake was then suspended in aqueous methanol and
      made alkaline with 10 percent aqueous sodium carbonate solution. The
      resulting N,N'-bis(3-hydroxy-2-pyridyl)-4,4'-stilbenedicarboxamide
      remained unmelted at 360.degree.  C. This intermediate product was
      ring-closed to 4,4'-stilbenebis(2-oxazolo[4,5-b]pyridine) by heating 9.0
      g. of the dry product in 100 ml. of trichlorobenzene containing 9.6 g. of
      p-toluenesulfonic acid at 200.degree.-210.degree. C. for about 19 hours.
      The mixture was poured into water, neutralized, and collected on a filter.
      The product was purified by recrystallization from methanolic phenol. It
      was then poured into dilute aqueous sodium hydroxide, collected on a
      filter, and washed alkali-free with water. The
      4,4'-stilbenebis(2-oxazolo[4,5-b]pyridine) thus obtained remained unmelted
      at 300.degree. C. The gram extinction coefficient of this compound in
      dimethylformamide solution was 180.6 at 377 nm, the wavelength of maximum
      absorption. The compound has the structural formula
      ##SPC7##
PAC  EXAMPLE 4
PAR  When 3-amino-4-pyridinethiol is substituted for 3-amino-4-pyridinol in
      Example 1 hereinabove there is obtained
      4,4'-stilbenebis(2-thiazolo[4,5-c]pyridine). This compound has the
      structural formula
      ##SPC8##
PAC  EXAMPLE 5
PAR  Following a procedure similar to that described above in Example 1, but
      using 4-amino-3-pyridinethiol instead of 3-amino-4-pyridinol there is
      obtained 4,4'-stilbenebis(2-thiazolo[5,4-c]pyridine). This compound has
      the structural formula
      ##SPC9##
PAC  EXAMPLE 6
PAR  Following a procedure similar to that described above in Example 1 except
      that 2-amino-6-methyl pyridinethiol is used in place of
      3-amino-4-pyridinol there is obtained
      4,4'-stilbenebis(5-methyl-2-thiazolo[4,5-b]pyridine), having the
      structural formula
      ##SPC10##
PAL  The intermediate 2-amino-6-methylpyridine is prepared as follows: To a
      solution of 68 g. (0.63 mole) of 2-amino-6-methylpyridine in about 500 ml.
      of glacial acetic acid, cooled to 10.degree.-15.degree. C., is added a
      mixture of 170.2 g. (2.1 moles) of sodium thiocyanate suspended in about
      570 ml. of glacial acetic acid. A solution containing 30.5 ml. of bromine
      in about 60 ml. of glacial acetic acid is then added, and the mixture is
      stirred at 10.degree.-15.degree. C. for 1 hour and then at
      75.degree.-80.degree. C. for 1/2 hour. The solution is filtered, and the
      solvent is removed from the filtrate under reduced pressure. The residue
      is recrystallized from isopropyl alcohol containing activated charcoal.
      The 2-amino-5-methylthiazolo[4,5-b]pyridine thus obtained melts at
      150.degree.-160.degree. C. The product is hydrolyzed by refluxing 8 g. of
      the material in 120 ml. of 20 percent aqueous sodium hydroxide solution
      for 6 hours. The resulting cloudy solution is filtered, and the filtrate
      is acidified and reduced to dryness. The residue is extracted with hot
      ligroin to yield 2-amino-6-methyl-3-pyridinethiol, melting at
      133.degree.-138.degree. C.
PAC  EXAMPLE 7
PAR  When 3-amino-2-pyridinethiol is substituted for 3-amino-4-pyridinol in
      Example 1 hereinabove there is obtained
      4,4'-stilbenebis(2-thiazolo[5,4-b]pyridine), having the structural formula
      ##SPC11##
PAC  EXAMPLE 8
PAR  Following a procedure similar to that described above in Example 3 but
      using 3-amino-6-chloro-2-pyridinethiol instead of 2-amino-3-pyridinol
      there is obtained 4,4'-stilbenebis(5-chloro-2-thiazolo[5,4-b]pyridine),
      having the structural formula
      ##SPC12##
PAC  EXAMPLE 9
PAR  Following a procedure similar to that described above in Example 1 except
      that 3-amino-5-ethoxy-2-pyridinethiol is used in place of
      3-amino-4-pyridinol there is obtained
      4,4'-stilbenebis(6-ethoxy-2-thiazolo[5,4-b]pyridine), having the
      structural formula
      ##SPC13##
PAC  EXAMPLE 10
PAR  When 3-amino-6-methoxy-2-pyridinethiol is substituted for
      2-amino-3-pyridinol in Example 3 hereinabove there is obtained
      4,4'-stilbenebis(5-methoxy-2-thiazolo[5,4-b]pyridine), having the
      structural formula
      ##SPC14##
PAC  EXAMPLE 11
PAR  Following a procedure similar to that described above in Example 1 but
      using 3-amino-5-chloro-2-pyridinethiol instead of 3-amino-4-pyridinol
      there is obtained 4,4'-stilbenebis(6-chloro-2-thiazolo[5,4-b]pyridine),
      having the structural formula
      ##SPC15##
PAC  EXAMPLE 12
PAR  Following a procedure similar to that described above in Example 3 except
      that 3-amino-6-ethoxy-2-pyridinethiol is used in place of
      2-amino-3-pyridinol there is obtained
      4,4'-stilbenebis(5-ethoxy-2-thiazolo[5,4-b]pyridine), having the
      structural formula
      ##SPC16##
PAC  EXAMPLE 13
PAR  When 3-amino-5 -bromo-4-pyridinethiol is substituted for
      3-amino-4-pyridinol in Example 1 hereinabove there is obtained
      4,4'-stilbenebis(7-bromo-2-thiazolo[4,5-c]pyridine), having the structural
      formula
      ##SPC17##
PAC  EXAMPLE 14
PAR  Following a procedure similar to that described above in Example 1, but
      using 4-amino-3-pyridinol instead of 3-amino-4-pyridinol there is obtained
      4,4'-stilbenebis-(2-oxazolo[5,4-c]pyridine), having the structural formula
      ##SPC18##
PAC  EXAMPLE 15
PAR  Following a procedure similar to that described above in Example 1 except
      that 3-amino-5-bromo-2-pyridinol is used in place of 3-amino-4-pyridinol
      there is obtained 4,4'-stilbenebis(6-bromo-2-oxazolo[5,4-b]pyridine),
      having the structural formula
      ##SPC19##
PAC  EXAMPLE 16
PAR  When 3-amino-5-chloro-2-pyridinol is substituted for 3-amino-4-pyridinol in
      Example 1 hereinabove there is obtained
      4,4'-stilbenebis(6-chloro-2-oxazolo[5,4-b]pyridine), having the structural
      formula
      ##SPC20##
PAC  EXAMPLE 17
PAR  Following a procedure similar to that described above in Example 1 except
      that 3-amino-5-methyl-2-pyridinol is used in place of 3-amino-4-pyridinol
      there is obtained 4,4'-stilbenebis(6-methyl-2-oxazolo[5,4-b]pyridine),
      having the structural formula
      ##SPC21##
PAC  EXAMPLE 18
PAR  When 3-amino-6-propyl-2-pyridinol is substituted for 3-amino-4-pyridinol in
      Example 1 hereinabove there is obtained
      4,4'-stilbenebis(5-propyl-2-oxazolo[5,4-b]pyridine), having the structural
      formula
      ##SPC22##
PAC  EXAMPLE 19
PAR  Following a procedure similar to that described above in Example 1 but
      using 3-amino-6-methyl-2-pyridinol instead of 3-amino-4-pyridinol there is
      obtained 4,4'-stilbenebis(5-methyl-2-oxazolo[5,4-b]pyridine), having the
      structural formula
      ##SPC23##
PAC  EXAMPLE 20
PAR  Following a procedure similar to that described above in Example 1 except
      that 3-amino-5-bromo-4-pyridinol is used in place of 3-amino-4-pyridinol
      there is obtained 4,4'-stilbenebis(7-bromo-2-oxazolo[4,5-c]pyridine),
      having the structural formula
      ##SPC24##
PAC  EXAMPLE 21
PAR  To 17.3 g. (0.05 mole) of dipotassium 4,4'-stilbenedicarboxylate in 250 ml.
      of chlorobenzene was added dropwise and with stirring 21.3 g. (0.18 mole)
      of thionyl chloride in 35 ml. of chlorobenzene. The mixture was refluxed
      for 3 hours and about half of the solvent was removed by distillation to
      remove all traces of excess thionyl chloride. The resulting solution of
      4,4'-stilbenedicarbonyl chloride in chlorobenzene was cooled to 65.degree.
      C., and 11.4 g. (0.105 mole) of 2,3-diaminopyridine was added portionwise,
      followed by 9 ml. (0.1 mole) of pyridine in 75 ml. of dry chlorobenzene.
      The mixture was heated to reflux whereupon an exothermic reaction started;
      reflux was continued for 10 hours. After cooling the mixture, the product
      was collected on a filter and washed thoroughly with chlorobenzene and
      methanol. The product was then triturated with sodium carbonate solution,
      washed free of chloride ion with distilled water, and dried. The resulting
      N,N' -bis(3-amino-2-pyridyl)-4,4'-stilbenedicarboxamide remained unmelted
      at 310.degree. C. Infrared spectral analysis of the product showed a
      strong band at 1645 cm.sub.-.sup.1, indicative of the presence of an amide
      carbonyl. The ultraviolet absorption spectrum showed maxima at 361 and 377
      nm.
PAR  The above-described bis(aminocarboxamide) was cyclized as follows: To 9.0
      g. of the above product in 100 ml. of dry trichlorobenzene was added 7.6
      g. (0.04 mole) of p-toluenesulfonic acid, and the mixture was refluxed
      under an atmosphere of nitrogen for about 27 hours, whereupon the maximum
      absorption peak at 361 nm. essentially disappeared. The mixture was
      allowed to cool, and the product which separated was collected on a filter
      and was washed with trichlorobenzene and then methanol. The
      4,4'-stilbenebis(2-imidazo[4,5-b]pyridine) thus obtained, purified by
      reprecipitation from aqueous alkaline methanol, remained unmelted at
      300.degree. C. and had the structural formula
      ##SPC25##
PAC  EXAMPLE 22
PAR  Following a procedure similar to that described above in Example 21, but
      using 3-diamino-6-chloropyridine instead of 2,3-diaminopyridine there is
      obtained 4,4'-stilbenebis(5-chloro-2-imidazo[4,5-b]pyridine), having the
      structural formula
      ##SPC26##
PAC  EXAMPLE 23
PAR  Following a procedure similar to that described above in Example 21 except
      that 2,3-diamino-5-bromopyridine is used in place of 2,3-diaminopyridine
      there is obtained 4,4'-stilbenebis(6-bromo-2-imidazo[4,5-b]pyridine,
      having the structural formula
      ##SPC27##
PAC  EXAMPLE 24
PAR  When 2,3-diamino-5-chloropyridine is substituted for 2,3-diaminopyridine in
      Example 21 hereinabove there is obtained
      4,4'-stilbenebis(6-chloro-2-imidazo[4,5-b]pyridine), having the structural
      formula
      ##SPC28##
PAC  EXAMPLE 25
PAR  Following a procedure similar to that described above in Example 21 but
      using 2,3-diamino-5,6-dichloropyridine instead of 2,3-diaminopyridine
      there is obtained 4,4'-stilbenebis(5,6-dichloro-2-imidazo[4,5-b]pyridine),
      having the structural formula
      ##SPC29##
PAC  EXAMPLE 26
PAR  Following a procedure similar to that described above in Example 21 except
      that 2,3-diamino-4,5,6-trimethylpyridine is used in place of
      2,3-diaminopyridine there is obtained
      4,4'-stilbenebis(5,6,7-trimethyl-2-imidazo[4,5-b]pyridine), having the
      structural formula
      ##SPC30##
PAC  EXAMPLE 27
PAR  When 2,3-diamino-6-propylpyridine is substituted for 2,3-diaminopyridine in
      Example 21 hereinabove there is obtained
      4,4'-stilbenebis[5-propyl-2-imidazo[4,5-b]pyridine), having the structural
      formula
      ##SPC31##
PAC  EXAMPLE 28
PAR  Following a procedure similar to that described above in Example 21 but
      using 3,4-diaminopyridine instead of 2,3-diaminopyridine there is obtained
      4,4'-stilbenebis-(2-imidazo[4,5-c]pyridine), having the structural formula
      ##SPC32##
PAC  EXAMPLE 29
PAR  Following a procedure similar to that described above in Example 21 except
      that 3,4-diamino-2-chloropyridine is used in place of 2,3-diaminopyridine
      there is obtained 4,4'-stilbenebis(4-chloro-2-imidazo[4,5-c]pyridine),
      having the structural formula
      ##SPC33##
PAC  EXAMPLE 30
PAR  When 3,4-diamino-5-bromopyridine is substituted for 2,3-diaminopyridine in
      Example 21 hereinabove there is obtained
      4,4'-stilbenebis(7-bromo-2-imidazo[4,5-c]pyridine), having the structural
      formula
      ##SPC34##
PAC  EXAMPLE 31
PAR  Following a procedure similar to that described above in Example 21 but
      using 3,4-diamino-2,5,6-trifluoropyridine instead of 2,3-diaminopyridine
      there is obtained
      4,4'-stilbenebis(4,6,7-trifluoro-2-imidazo[4,5-c]pyridine), having the
      structural formula
      ##SPC35##
PAC  EXAMPLE 32
PAR  Following a procedure similar to that described above in Example 21 except
      that 3,4-diamino-2,6-dichloropyridine is used in place of
      2,3-diaminopyridine there is obtained
      4,4'-stilbenebis(4,6-dichloro-2-imidazo[4,5-c]pyridine), having the
      structural formula
      ##SPC36##
PAC  EXAMPLE 33
PAR  When 3-amino-5-methyl-2-pyridinethiol is substituted for
      3-amino-4-pyridinol in Example 1 hereinabove there is obtained
      4,4'-stilbenebis(6-methyl-2-thiazolo[5,4-b]-pyridine), having the
      structural formula
      ##SPC37##
PAC  EXAMPLE 34
PAR  Following a procedure similar to that described above in Example 2B but
      using 2-methyl-4,4'-stilbenedicarboxylic acid instead of
      4,4'-stilbenedicarboxylic acid there is obtained
      2-methyl-4,4'-stilbenebis(2-oxazolo[5,4-b]pyridine), having the structural
      formula
      ##SPC38##
PAC  EXAMPLE 35
PAR  Following a procedure similar to that described above in Example 2B except
      that 2,2'-dimethyl-4,4'-stilbenedicarboxylic acid is used in place of
      4,4'-stilbenedicarboxylic acid there is obtained
      2,2'-dimethyl-4,4'-stilbenebis-(2-oxazolo[5,4-b]pyridine), having the
      structural formula
      ##SPC39##
PAC  EXAMPLE 36
PAR  To 4.1 g. (0.01 moles) of 4,4'-stilbenebis(2-imidazo[4,5-b]pyridine)
      (Example 21) dissolved in 25 ml. of 2-methoxyethanol containing 1.6 g. of
      50 percent aqueous sodium hydroxide solution is added 1.1 g. (0.02 mole)
      of acrylonitrile. The mixture is heated at approximately 50.degree. for 2
      hours, whereupon there is obtained
      4,4'-stilbenebis-[1-(2-cyanoethyl)-2-imidazo[4,5-b]pyridine], having the
      formula
      ##SPC40##
PAC  EXAMPLE 37
PAR  Following the procedure of Example 36, using
      4,4'-stilbenebis(2-imidazo[4,5-c]pyridine) (Example 28) in place of
      4,4'-stilbenebis(2-imidazo[4,5-b]pyridine), there is obtained
      4,4'-stilbenebis[1-2-cyanoethyl)-2-imidazo[4,5-c]-pyridine], having the
      formula
      ##SPC41##
PAC  EXAMPLE 38
PAR  When 4,4'-stilbenebis[1-(2-cyanoethyl)-2-imidazo-[4,5-b]pyridine) (Example
      36) is refluxed in excess dilute sodium hydroxide for two hours, acidified
      and filtered, there is obtained the hydrolysis product,
      4,4'-stilbenebis[1-(2-carboxyethyl)-2-imidazo[4,5-b]pyridine] of the
      formula
      ##SPC42##
PAC  EXAMPLE 39
PAR  Following the procedure given in Example 38, using
      4,4'-stilbenebis[3-(2-cyanoethyl)-2-imidazo[4,5-c]pyridine] (Example 37)
      in place of 4,4'-stilbenebis[3-(2-cyanoethyl)-2-imidazo[4,5-b]pyridine]
      there is obtained
      4,4'-stilbenebis[1-(2-carboxyethyl)-2-imidazo[4,5-c]pyridine] of the
      formula
      ##SPC43##
PAC  EXAMPLE 40
PAR  Following the procedure of Example 36, using one molecular proportion of
      acrylonitrile for each molecular proportion of
      4,4'-stilbenebis(2-imidazo[4,5-b]pyridine) there is obtained
      4-[3-(2-cyanoethyl)-2-imidazo[4,5-b]-pyridino]-4'-(2-imidazo[4,5-b]pyridin
     o)stilbene of the formula
      ##SPC44##
PAC  EXAMPLE 41
PAR  Following the procedure of Example 36, using two molecular equivalents of
      dimethylsulfate instead of acrylonitrile, there is obtained
      4,4'-stilbenebis(3-methyl-2-imidazo[4,5-b]pyridine) of the formula
      ##SPC45##
PAC  EXAMPLE 42
PAR  Following a procedure similar to that described above in Example 36, but
      using two molecular equivalents of allyl chloride instead of acrylonitrile
      there is obtained 4,4'-stilbenebis(3-allyl-2-imidazo[4,5-b]pyridine) of
      the formula
      ##SPC46##
PAC  EXAMPLE 43
PAR  Following a procedure similar to that described above in Example 41 except
      that one molecular equivalent of dimethyl sulfate is used in place of two
      molecular equivalents, there is obtained
      4-(2-imidazo[4,5-b]pyridino)-4'-(3-methyl-2-imidazo[4,5-b]pyridino)stilben
     e having the formula
      ##SPC47##
PAC  EXAMPLE 44
PAR  When benzyl chloride is substituted for acrylonitrile in Example 36
      hereinabove there is obtained
      4,4'-stilbenebis(3-benzyl-2-imidazo[4,5-b]pyridine) of the formula
      ##SPC48##
PAC  EXAMPLE 45
PAR  Following a procedure similar to that described above in Example 36, but
      using three molecular equivalents of 2,3-dihydroxypropyl chloride instead
      of acrylonitrile there is obtained
      4-[3-(2,3-dihydroxypropyl)-2-imidazo[4,5-b]-pyridino]-4'-[3-(3-[2,3-dihydr
     oxypropoxy]-2-hydroxypropyl)-2-imidazo[4,5-b]pyridine]stilbene of the
      formula
      ##SPC49##
PAC  EXAMPLE 46
PAR  When the reaction mixture containing the above compound (Example 45) is
      refluxed with another one molecular equivalent of 2,3-dihydroxypropyl
      chloride, there is obtained a product consisting chiefly of
      4,4'-stilbenebis(3-[2-hydroxy-3-(2,3-dihydroxypropoxy)propyl]-2-imidazo[4,
     5-b]pyridine) of the formula
      ##SPC50##
PAC  EXAMPLE 47
PAR  Following a procedure similar to that described above in Example 36, but
      using two molecular equivalents of ethyl acrylate instead of acrylonitrile
      there is obtained
      4,4'-stilbenebis(3-[2-carbethoxyethyl]-2-imidazo[4,5-b]pyridine) of the
      formula
      ##SPC51##
PAC  EXAMPLE 48
PAR  Following a procedure similar to that described above in Example 36 except
      that 2 molecular equivalents of ethylene oxide are used in place of
      acrylonitrile there is obtained
      4,4'-stilbenebis(3-[2-hydroxyethyl]-2-imidazo[4,5-b]-pyridine) of the
      formula
      ##SPC52##
PAC  EXAMPLE 49
PAR  When two molecular equivalents of styrene oxide are substituted for
      ethylene oxide in Example 48 hereinabove there is obtained
      4,4'-stilbenebis(3-[2-hydroxy-2-phenylethyl]-2-imidazo[4,5-b]pyridine) of
      the formula
      ##SPC53##
PAC  EXAMPLE 50
PAR  Following a procedure similar to that described above in Example 36, but
      using two molecular equivalents of o-chlorobenzyl chloride instead of
      acrylonitrile there is obtained
      4,4'-stilbenebis(3-[o-chlorobenzyl]-2-imidazo[4,5-b]-pyridine) of the
      formula
      ##SPC54##
PAC  EXAMPLE 51
PAR  Following a procedure similar to that described above in Example 36 except
      that one molecular equivalent of p-chlorostyrene oxide is used in place of
      acrylonitrile there is obtained
      4-(2-imidazo[4,5-b]pyridino)-4'-(3-[2-(2-hydroxy-2-p-chlorophenyl)ethyl]-2
     -imidazo[4,5-b]pyridine) of the formula
      ##SPC55##
PAR  The effectiveness of the optical brightening agents, prepared as above,
      when incorporated into polyethylene terephthalate melts, was tested as
      follows:
PAR  A solution of 4,4'-stilbenebis(2-oxazolo[5,4-b]-pyridine) (Example 14A) in
      dimethyl terephthalate was prepared by intermixing 0.04 gr. of the
      brightener with 10.00 gr. of dimethyl terephthalate and then melting the
      two solids together, with continual stirring and under a carbon dioxide
      atmosphere, by immersing the container in a bath of diethyl phthalate
      maintained at 200.degree. C. After about 15-20 minutes the fluid mixture
      was poured into a mortar and ground to a fine powder. The solid solution
      of brightener in dimethyl phthalate was incorporated into polyethylene
      terephthalate by blending 1.0 g. of the brightener-dimethyl terephthalate
      powder with 19.0 g. of predried polyethylene terephthalate chips. The
      mixture was melted under a carbon dioxide atmosphere by immersing the
      container in a bath of diethyl phthalate which was heated to boiling
      (295.degree.-7.degree. C.). The melt was stirred for 5 minutes, and it
      then was removed from the bath and allowed to cool to room temperature,
      continually under carbon dioxide. The polyethylene terephthalate casting
      was then broken up and ball milled with stoneware pellets in distilled
      water. The particles were dried and screened, and those passing through a
      40 mesh screen were packed into a 5 cm. Petri dish. The color of the
      sample was then measured on a color difference meter (Hunterlab Model
      D-25, Hunter Associates Laboratory, McLean, Va.) in comparison with a
      standard magnesium oxide plate. These values were then compared with a
      blank sample prepared in the identical way except that the optical
      brightener was omitted. Following are the readings obtained in comparison
      with the standard magnesium oxide plate:
TBL  Hunterlab D-25 Readings                                                   

                         L     a       b                                       

     ______________________________________                                    

     Blank polyethylene terephthalate                                          

                           98.6    +0.4    +0.9                                

     (PET)                                                                     

     PET containing 0.02 per cent                                              

     4,4'-stilbenebis(2-oxazolo[5,4-b]                                         

                           99.0    +2.9    -6.0                                

     pyridine)                                                                 

     ______________________________________                                    

PAR  These results show that the shade of whiteness imparted to the polyethylene
      terephthalate was in the pink and blue range considered most desirable in
      the textile art. For the significance of the values recorded above, see R.
      S. Hunter, Photoelectric Color Difference Meter, J. Opt. Soc. Am., 48, 985
      (1958).
CLMS
NUM  1.
PAR  1.  A fluorescent compound of the formula
      ##EQU1##
      wherein Py.sub.1 and Py.sub.2 are each a bivalent heterocyclic nucleus of
      the pyridine class in which the open bonds are on vicinal ring carbon
      atoms of said nucleus wherein each of the pyrido rings is otherwise
      unsubstituted or further substituted by a member of the class consisting
      of halogen, lower alkoxy and lower alkyl; X.sub.1 and X.sub.2 are each a
      member of the class consisting of O, S and NR, wherein R is H, lower
      alkyl, hydroxy-lower alkyl, hydroxyoxaalkyl of 3 to 15 carbon atoms,
      phenyl-lower alkyl, cyano-lower alkyl, carboxy-lower alkyl, carbo-lower
      alkoxy-lower alkyl, phenyl-hydroxy-lower alkyl or lower alkenyl; and A is
      a bivalent 4,4'-stilbene radical of the formula
      ##SPC56##
NUM  2.
PAR  2. A fluorescent compound according to claim 1 of the formula
      ##SPC57##
PAL  wherein each of R.sub.1, R.sub.2 and R.sub.3 is H, halogen, lower alkoxy or
      lower alkyl and X.sub.1 and X.sub.2 are as defined in Claim 1.
NUM  3.
PAR  3. A fluorescent compound according to claim 1 of the formula
      ##SPC58##
PAL  wherein Py.sub.1 and Py.sub.2 are as defined in claim 1.
NUM  4.
PAR  4. The fluorescent compound according to claim 3 of the formula
      ##SPC59##
NUM  5.
PAR  5. The fluorescent compound according to claim 3 of the formula
      ##SPC60##
NUM  6.
PAR  6. The fluorescent compound according to claim 3 of the formula
      ##SPC61##
NUM  7.
PAR  7. The fluorescent compound according to claim 2 of the formula
      ##SPC62##
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ABST
PAL  There is provided novel and useful pro-drug forms of theophylline having
      the formula:
      ##SPC1##
PAL  Wherein R represents a member selected from the group consisting of a
      straight or branched C.sub.4 -C.sub.20 alkyl group, a straight or branched
      C.sub.4 -C.sub.20 alkenyl group, a substituted phenyl group of a
      substituted or unsubstituted naphthyl group whose substituents are
      selected from the group consisting of a hydroxy group, a C.sub.1 -C.sub.4
      alkyl group, a C.sub.1 -C.sub.4 alkoxy group, a C.sub.1 -C.sub.4 acyloxy
      group, and a halogen atom (Cl, Br, I), and a substituted or unsubstituted
      heteroaromatic group whose substituents are selected from the group
      consisting of a hydroxy group, a C.sub.1 -C.sub.4 alkyl group, a C.sub.1
      -C.sub.4 alkoxy group, a C.sub.1 -C.sub.4 acyloxy group, and a halogen
      atom (Cl, Br, I), and wherein A represents a member selected from the
      group consisting of a --CO-- group, a --CO--(CH.sub.2).sub.n --CO-- group,
      wherein n represents an integer of from 1 to 16, a --CO--CH=CH--CO-- group
      (cis or trans), a
      ##SPC2##
PAL  Group, and a
      ##SPC3##
PAL  Group.
PAL  The compounds of this invention are useful in the treatment of asthma in
      warm-blooded animals. Upon administration, the compounds of this invention
      slowly go into solution and subsequently cleave prior to and/or during the
      absorption process, releasing theophylline in a sustained manner at a
      non-toxic, therapeutic level; that is, without the large blood level
      variations normally observed when theophylline per se is administered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention is directed to novel and useful derivatives of
      theophylline, a known drug useful in the treatment of asthma. More
      particularly, the present invention is directed to certain "pro-drug"
      forms of theophylline useful in the treatment of asthma in warm-blooded
      animals, e.g. humans.
PAR  For the purposes of this application, the term pro-drug denotes a
      derivative of a known and proven prior art compound (i.e., theophylline)
      which derivative, when administered to a warm-blooded animal, "cleaves" in
      such a manner as to release the proven drug form and permit the same to
      attain a sustained therapeutic level for a longer period of time than that
      which could be attained if the proven drug form per se was administered.
      More specifically, because of the very low water solubility and low
      dissolution rate of the pro-drug forms of this invention, such forms
      enable theophylline to be released quite slowly thus permitting
      therapeutic blood levels of the same to be maintained over an extended
      period of time, while at the same time, avoiding non-toxic blood levels of
      theophylline to be reached. The pro-drug forms of this invention are
      cleaved so rapidly in aqueous solution that the pro-drug form per se does
      not reach the bloodstream, but rather, cleavage of the pro-drug occurs
      before and/or during the absorption process. As such, substantial and
      sustained bioavailability is assured.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Theophylline, normally administered as the ethylenediamine salt
      (Aminophylline) or choline salt, is a useful and potent bronchodilator
      commonly prescribed for the treatment of bronchial asthma. Because it is
      readily soluble, Aminophylline has for many years been accepted as an
      effective bronchodilator when given orally. However, Aminophylline in
      solution becomes highly alkaline and is hydrolized by the gastric juice
      with resultant gastric irritation from the free theophylline liberated.
PAR  5 to 12 mcg./ml of whole blood or 10 to 25 mcg./ml of plasma are the
      relative blood levels of theophylline generally accepted as necessary to
      achieve effective bronchodilation. See, E. G. Truitt, V. A. McKusick, J.
      C. Krantz, Jr; Pharm. Exp. Ther., 100, 309 (1950) and M. Warwick Turner;
      Brit. Med. Jr., 2, 67 (1957), respectively. These theophylline blood
      levels are, however, difficult to attain, since as a result of the
      gastrointestinal upset experienced, patients cannot tolerate an adequate
      therapeutic dose of the drug. Reports in the literature with a variety of
      theophylline derivatives have often shown not only that theophylline blood
      levels achieved are below the values required for the relief of a
      bronchospasm, but also that even when these therapeutic levels are
      obtained, they fall off extremely rapidly in the first few hours following
      administration of the drug. Thus, repeated dosing of the patient abot
      every 3 to 4 hours is necessary. See, E. G. Truitt, V. A. McKusick, J. C.
      Krantz, Jr., and M. Turner-Warwick, and R. H. Jackson, J. I. McHenry, S.
      B. Moreland, W. J. Raymer, and R. L. Etter; Dis. Chest., 45, 75 (1964),
      and J. Schluger, J. T. McGuinn, and D. J. Hennesey; Amer. J. Med. Sci.:
      233, 296 (1957), respectively.
PAR  In addition, even when therapeutic blood levels of theophylline are
      achieved, the amount of theophylline administered to a patient is so
      excessive that the therapeutic blood level achieved approaches and often
      reaches toxicity.
PAR  In one attempt to overcome the above disadvantages associated with
      administering theophylline, certain individuals have prepared a
      continuous-release formulation, such that the release rate of theophylline
      is dependent upon the formulation medium into which it is incorporated.
      That is, sustained therapeutic blood levels of theophylline are achieved
      through the use of a particular pharmaceutical formulation rather than
      chemical modification of the theophylline molecule. See, C. Boroda, R. B.
      Miller, S. T. Leslie, E. G. Nicol and I. Thompson; Clin. Pharm., 383
      (1973) and D. McIntosh, Brit. J. Clin. Pharm., 12, 233 (1971)
      respectively.
PAR  Some theophylline derivatives, analogous to the compounds of formula (I)
      described hereinabove, have been prepared and described in the literature
      for the purpose of studying their chemistry per se, without any indication
      of any pharmaceutical utility. For instance, 7-acetyltheophylline was
      reported in three different articles. See, for instance, T. Higuchi, H. K.
      Lee and Ian H. Pittman; Farm. Aikak., 80, 55 (1971) and Y. Ishido, A.
      Hosono, S. Isome, A. Maruyama, and T. Sato; Bull. Chem. Soc. Japan, 37,
      1389 (1964), respectively.
PAR  7-acetyltheophylline and 7-benzoyltheophylline were reported in H. Biltz,
      and K. Struffe, Ann., 404, 170 (1914) as well.
PAR  7-propionyltheophylline and 7-butyryltheophylline have also been reported
      in the literature. See, Y. Ishido, A. Hosono, S. Isome, A. Maruyama, and
      T. Sato, supra.
PAR  Finally, U.S. Pat. No. 2,729,643 discloses certain
      7-carboxamidotheophylline derivatives useful as diuretics.
PAR  As for the compounds of formula (II) described herein above, no prior art
      of structural chemical or pharmacological significance is known.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide novel and useful
      pro-drug forms of theophylline, useful in the treatment of bronchial
      asthma in warm-blooded animals, e.g. humans.
PAR  It is another object of the present invention to provide novel and useful
      pro-drug forms of theophylline which cleave in such a manner as to enable
      the original proven drug form (theophylline) to be released when
      administered to a warm-blooded animal at a slow, but continual, non-toxic
      therapeutic level and to further permit the cleaved moiety (ies)
      unassociated with the proven drug form to be excreted without absorption
      or metabolized in a non-toxic fashion.
PAR  Still, it is another object of the present invention to provide novel and
      useful pro-drug forms of theophylline which because of their ability to
      cleave before and/or during the absorption process insure that substantial
      and sustained theophylline bioavailability as set forth above is attained.
PAR  Accordingly, all of the above objects are satisfied when employing a
      pro-drug of theophylline, having the formulae I and II set out below:
      ##SPC4##
PAL  wherein R represents a member selected from the group consisting of a
      straight or branched C.sub.4 -C.sub.20 alkyl group, a straight or branched
      C.sub.4 -C.sub.20 alkenyl group, a substituted phenyl group or a
      substituted or unsubstituted naphthyl group whose substituents are
      selected from the group consisting of a hydroxy group, a C.sub.1 -C.sub.4
      alkyl group, a C.sub.1 -C.sub.4 alkoxy group, a C.sub.1 -C.sub.4 acyloxy
      group, and a halogen atom (Cl, Br, I), and a substituted or unsubstituted
      heteroaromatic group whose substituents are selected from the group
      consisting of a hydroxy group, a C.sub.1 -C.sub.4 alkyl group, a C.sub.1
      -C.sub.4 alkoxy group, a C.sub.1 -C.sub.4 acyloxy group, and a halogen
      atom (Cl, Br, I), and wherein A represents a member selected from the
      group consisting of a --CO--group, a --CO--(CH.sub.2).sub.n --CO-- group,
      wherein n represents an integer of from 1 to 16, a --CO--CH=CH--CO-- group
      (cis or trans), a
      ##SPC5##
PAL  group, and a
      ##SPC6##
PAL  group.
PAR  In regard to the above generic formulae, the following remarks are
      pertinent from the standpoint of certain preferred embodiments relative to
      the substituents "R" and "A." When R represents an alkyl group (straight
      or branched) of from 4 to 20 carbon atoms, the odd numbered alkyl groups
      beginning with C.sub.7 are preferred; when R represents an alkenyl group
      (straight or branched) of from 4 to 20 carbon atoms, the oleyl group is
      preferred; when R represents a substituted phenyl group, substitutents in
      the 4-position with an alkoxy group of from 1 to 4 carbon atoms, or a
      2-hydroxyphenyl group, or a 2-acyloxyphenyl of from 1 to 4 carbon atoms
      are preferred; and when R represents a heteroaromatic group, a 2-, 3-, or
      4-pyridyl group or any equivalent analog thereof, such as a quinoline
      group is preferred.
PAR  With respect to substituent A, when this substituent represents a
      --CO--(CH.sub.2).sub.n --CO-- group, wherein n represents an integer of
      from 1 to 16, the integer of from 1 to 4 is preferred; and when A
      represents a --CO--CH=CH--CO-- group (cis or trans), the trans form is
      preferred.
PAR  As indicated earlier, all the compounds within the present invention
      satisfy the objectives noted above; however, certain compounds are
      preferred as set forth below;
PA1  1. 7-hexanoyltheophylline
PA1  2. 7-octanoyltheophylline
PA1  3. 7-decanoyltheophylline
PA1  4. 7-dodecanoyltheophylline
PA1  5. 7-myristyltheophylline
PA1  6. 7-palmityltheophylline
PA1  7. 7-stearyltheophylline
PA1  8. 7-[2-hydroxy]-benzoyltheophylline
PA1  9. 7-[2-acetyloxy]-benzoyltheophylline
PA1  10. 7,7'-carbonylditheophylline
PA1  11. 7,7'-succinylditheophylline
PA1  12. 7,7'-terephthaloylditheophylline
PA1  13. 7,7'-fumaroylditheophylline
PA1  14. 7,7'-glutarylditheophylline
PA1  15. 7,7'-adipylditheophylline
PAC  DETAILED DESCRIPTION OF THE INVENTION
PA0  Preparation of the compounds of formula (i):
PAR  using stoichiometric amounts of each reactant, the compounds encompassed
      within Formula (I) can be prepared by any one of methods "A" through "C"
      described below
PAR  A. Theophylline can be reacted with the appropriate corresponding acid
      anhydride wherein R is defined as above. The reaction is carried out in
      the presence of an inert organic solvent, such as benzene, toluene, a
      chlorinated hydrocarbon, e.g., 1,2-dichloroethane, dichloromethane,
      chloroform, or the like. The reaction is carried out at a temperature
      ranging from room temperature to 120.degree. C (preferably, however, at
      the boiling point of a solvent employed), standard pressure and over a
      period of time ranging from 2 to 6 hours.
PAR  B. In one alternative procedure, theophylline can be reacted with the
      appropriate corresponding acyl halide (Cl, Br, I), wherein R is defined as
      above, in the presence of a suitable organic or inorganic base and in the
      presence of a suitable inert organic solvent. Illustrative organic or
      inorganic bases suitable for this reaction are pyridine, triethylamine,
      K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, etc. Illustrative inert organic
      solvents suitable for this reaction are benzene, toluene, xylene, and
      chlorinated hydrocarbons as illustrated in procedure (A) above. The
      reaction is advantageously carried out at a temperature range of from room
      temperature to 100.degree. C (preferably at the boiling point of the
      solvent employed), standard pressure and over a reaction period of from 2
      to 6 hours.
PAR  C. Alkali or alkaline earth metal salts of theophylline (Na, K, Li, Ca, Mg,
      etc.) or the thallous [Tl(1)]salt of theophylline can be reacted with the
      appropriate corresponding acyl halide as defined in procedure (B) above.
      The reaction is carried out in the presence of an inert organic solvent,
      such as ether, dioxane, tetrahydrofuran, 1,2-dimethoxyethane, etc. The
      reaction is advantageously carried out at room temperature, standard
      pressure, and for a period of time ranging from 2 to 6 hours.
PAR  Employing any one of the above procedures (A) through (C) above, the crude
      material obtained therefrom can be purified by way of recrystallization
      from an inert anhydrous organic solvent or mixtures of same, e.g.,
      hydrocarbon solvent such as hexane, heptane, petroleum ether, ligroin,
      etc., or an admixture of any of the above solvents with a chlorinated
      hydrocarbon solvent such as 1,2-dichloroethane, dichloromethane, etc.
PA0  Preparation of the compounds of formula (ii):
PAR  these compounds are prepared using procedures (A) or (B) listed above, with
      the exception that the appropriate acyl halide is substituted with the
      dihalide of the appropriate corresponding dicarboxylic acid.
PAR  Advantageously, in dealing with those dihalides which undergo side
      reactions, such as succinyl dihalide, fumaryl dihalide and the like, the
      temperature of the reaction will range from -78.degree. C to room
      temperature. The pressure remains standard and the reaction time will be
      approximately 12 hours.
PAR  With respect to those dihalides which do not undergo side reactions, the
      reaction temperature will range from room temeprature to 120.degree. C,
      the pressure will remain standard and the reaction time will vary from 2
      to 6 hours.
PAR  It should be emphasized that because of the nature of the reactions
      required to prepare compounds falling within formulae (I) and (II), it
      will be necessary to maintain strict anhydrous conditions throughout the
      synthesis. In addition, because of the stability problems incurred in
      storing such compounds following preparation, anhydrous storage conditions
      are also required.
DETD
     Without further elaboration, it is believed that one of ordinary skill in
      the art can, using the proceeding description, utilize the present
      invention to its fullest extent. The following specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the specification and claims in any way whatsoever.
PAC  EXAMPLE I
PAC  SYNTHESIS OF ILLUSTRATIVE THEOPHYLLINE DERIVATIVES
PAR  1. 7-octanoyltheophylline - 4.5 g (0.025 M) of theophylline was added to
      200 ml of anhydrous 1,2-dichloroethane containing 5 ml (0.062 M) of
      pyridine. 4.86 g (0.013 M) of octanoyl chloride, diluted with 50 ml of
      1,2-dichloroethane was then added to the solution. The mixture was heated
      under reflux for 2 hours and then cooled to 0.degree. C. The precipitate
      formed was filtered and the filtrate was evaporated to dryness under a
      rotoevaporator. The crystals were recrystallized from heptane to give an
      essentially quantitative yield of the final compound, MP
      62.degree.-63.degree. C. Anal. Calcd. for C.sub.15 H.sub.22 N.sub.4
      O.sub.3 : C, 58.81; H, 7.28; N, 18.28. Found: C, 58.68; H, 7.24, N, 18.48.
PAR  2. Essentially quantitative yields of all the remaining theophylline
      derivatives of Formula (I) can be prepared by following the reaction
      scheme described in paragraph (1) above by simply substituting the
      appropriate acyl chloride
      ##EQU1##
      wherein R is as defined above. The following specific derivatives have
      been prepared in this manner:
PA1  A. 7-pivaloyltheophylline
PA1  B. 7-hexanoyltheophylline
PA1  C. 7-decanoyltheophylline
PA1  D. 7-oleoyltheophylline
PA1  E. 7-palmitoyltheophylline
PA1  F. 7-myristyltheophylline
PA1  G. 7-stearyltheophylline
PA1  H. 7-[2-hydroxy]-benzoyltheophylline
PA1  I. 7-[2-acetyloxy]-benzoyltheophylline
PAR  3. 7,7'-succinylditheophylline - 9 g (0.05 M) of grounded theophylline was
      suspended in about 1 liter of anhydrous CHCl.sub.3. The mixture was cooled
      to -20.degree. to 40.degree. C (dry ice - 1,2-dichloroethane bath). 3.8 g
      (0.0247 M) of succinyl chloride was diluted with 50 ml of anhydrous
      CHCl.sub.3 and this solution was then added to the initial solution. 5 ml
      (0.062 M) of pyridine, diluted in 50 ml of CHCl.sub.3 was then added
      dropwise to the resulting solution. The solution was then stirred and
      maintained at a temperature of -20.degree. to 40.degree. C for a period of
      from 4 to 6 hours to give a white crystalline final product in essentially
      quantitative yield. The final product was then filtered and washed with
      anydrous CHCl.sub.3 (3 .times. 300 ml) to give an essentially quantitative
      yield of the final product, MP 266.degree. C. Anal. Calcd for C.sub.18
      H.sub.18 N.sub.8 O.sub.6 : C, 48.87; H, 4.10; N, 25.33. Found: C, 48.44;
      H, 4.19; N, 25.77.
PAR  4. By substituting the appropriate acyl chloride
      ##EQU2##
      in the reaction scheme described in paragraph (3) above, wherein A is
      defined as above, the remaining 7,7'-ditheophylline derivatives of Formula
      (II) can be prepared in essentially quantitative yield. Illustrative
      compounds prepared in an analogous manner are:
PA1  A. 7,7'-glutarylditheophylline
PA1  B. 7,7'-terephthaloylditheophylline
PA1  C. 7,7'-carbonylditheophylline
PA1  D. 7,7'-fumaroylditheophylline
PAR  In each of the above Examples I(1) - I(4), reference to "essentially
      quantitative" with respect to the yield of each final product denotes at
      least a 90-95% yield.
PAC  EXAMPLE II
PAC  DISSOLUTION RATE - THEOPHYLLINE v. THEOPHYLLINE DERIVATIVES OF THIS
      INVENTION
PAR  In FIG. 1 attached hereto, there is provided a plot of the dissolution
      rates for theophylline versus selected theophylline derivatives of the
      present application. As compared to theophylline, the theophylline
      derivatives of the present application are much less soluble, thus
      permitting theophylline to be released in a controlled, non-toxic
      therapeutic amount over an extended period of time. On the other hand,
      with theophylline, the dissolution rate is so rapid that a non-toxic
      sustained therapeutic release cannot be achieved.
PAR  The dissolution studies were conducted directly in accordance with the
      guidelines set forth in the U.S. Pharmacopeia XVIII (U.S.P.) at pages
      934-935. The apparatus and materials employed were within U.S.P.
      requirements.
PAR  The dissolution rate of the drugs were run in 500 ml of distilled water
      containing two drops of Tween 80 in a standard dissolution pot at a
      temperature of 25.degree. C (+ or - 0.5.degree. C) via a constant
      temperature water bath. Samples of 100 to 200 mesh powder of each compound
      tested were transferred directly into the dissolution medium and stirred
      with a standard U.S.P. stainless steel paddle. The paddle was placed at
      the center of the 500 ml dissolution medium and rotated at a rate of 100
      rpm. After a constant reading was obtained, the solution was sonicated for
      15 minutes to obtain the infinite reading. All samples were run at least
      twice. The concentration of each sample in the dissolution medium never
      exceeded 5% of the solubility of theophylline.
PAC  EXAMPLE III
PAC  IN VIVO COMPARISON OF THEOPHYLLINE v. 7,7'-SUCCINYLDITHEOPHYLLINE
PAR  In order to determine the superiority of the theophylline derivatives of
      this invention over theophylline per se, the following in vivo study was
      carried out.
PAR  Beagle dogs of both sexes, weighing 10 to 15 Kg. were fasted for 12 hours
      prior to use. Theophylline (30 mg./kg.) and 7,7'-succinylditheophylline
      (equivalent to 30 mg./Kg. of theophylline) were suspended in 5%
      methylcellulose and administered orally via a conventional gastric
      delivery tube. Each suspended drug solution was pepared immediately prior
      to administration. 10 ml of blood was withdrawn from each dog immediately
      prior to drug administration. Then, blood samples consisting of 10 ml of
      blood were obtained at 15, 30, 60, 120, 240, 360, 480 and 720 minutes
      after drug administration. The plasma was separated conventionally and
      stored in a freezer pending assay. Theophylline concentrations in plasma
      were determined by the spectraphotometric method of Shack and Waxler*. 2
      ml of plasma was acidified with 1 N HCl to a pH of 5.5-6 and then was
      extracted with 20 ml of organic phase, 5% isopropanol in chloroform. The
      organic phase was re-extracted with 3 ml of 1 N sodium hydroxide. The
      absorbance was determined with a 1 cm pathlength cell in a UV
      spectrophotometer (Carey 14).
FNT  *Shack, J.A. and Waxler, S. H., "An Ultraviolet Spectrophotometric Method
      for the Determination of Theophylline and Theobromine in Blood and
      Tissues," J. Pharmacol. Exp. Ther. 97, 283-291 (1949).
PAR  A plot of the results of this study is set forth in FIG. 2 attached. The
      results clearly establish the superiority of the pro-drug forms of this
      invention over theophylline from a non-toxic, sustained and controlled
      therapeutic release standpoint.
PAR  The results of the above study further demonstrate that the
      pro-theophylline derivatives of this invention can be tolerated even in
      higher doses other than that administered (30 mg/Kg.) in comparison to
      theophylline per se without compromising the recited objectives of the
      invention.
PAR  When the remaining compounds of the present invention are subjected to in
      vivo testing as above, suitable sustained therapeutic levels of
      theophylline, within the intent and purpose of this invention will be
      obtained.
PAR  The pro-drug forms of this invention are suitably administered in oral
      dosage form, such as tablet or capsule, by combining the same in a
      therapeutic amount with any oral pharmaceutically acceptable inert
      carrier, such as lactose, starch (pharmaceutical grade), dicalcium
      phosphate, calcium sulfate, Kaolin, Mannitol, and powdered sugar. In
      addition, when required, suitable binders, lubricants, disintegrating
      agents, and coloring agents can also be added. Typical binders include
      starch, gelatin, sugars, such as sucrose, molasses, and lactose, natural
      and synthetic gums such as acacia, sodium alginate, extract of Irish moss,
      carboxymethylcellulose, methycellulose, and polyvinylpyrrolidone,
      polyethylene glycol, ethylcellulose and waxes. Typical lubricants for use
      in these dosage forms can include, without limitation, boric acid, sodium
      benzoate, sodium acetate, sodium chloride, leucine, and polyethylene
      glycol. Suitable disintegrators can include, without limitation, starch,
      methylcellulose, agar, bentonite, cellulose and wood products, alginic
      acid, guar gum, citris pulp, carboxymethylcellulose, and sodium lauryl
      sulfate. If desired, a conventionally pharmaceutically acceptable dye can
      be incorporated into the dosage unit form, i.e., any of the standard FD&C
      dyes.
PAR  Any skilled artisan can prepare these oral dosage forms by simply referring
      to the oral dosage form preparatory procedure outlined in REMINGTON'S
      PHARMACEUTICAL SCIENCES, Fourteenth Edition (1970), pages 1659 through
      1698 inclusive.
PAR  While the therapeutic dosage range for the compounds of this invention will
      vary with the size and needs of the patient, generally speaking,
      therapeusis on a daily basis is achieved by administering 10 mg. per Kg.
      of body weight, about every 8 to 12 hours.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and/or
      modifications to the invention for adapting it to various usages and
      conditions. As such, such changes and modifications are properly,
      equitably and intended to be, within the full range of equivalence of the
      following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pro-drug of theophylline having the formula
      ##SPC7##
PAL  wherein R represents a member selected from the group consisting of
      straight or branched C.sub.4 -C.sub.20 alkyl, straight or branched C.sub.4
      -C.sub.20 alkenyl, substituted phenyl or substituted or unsubstituted
      naphthyl whose substituents are selected from the group consisting of
      hydroxy, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 alkoxy, acyloxy derived
      from an alkanoic acid of up to 4 carbon atoms chlorine, bromine, and
      iodine, and 2-,3-,4-pyridyl or quinoline and wherein A represents a member
      selected from the group consisting of --CO--, --CO--(CH.sub.2).sub.n
      --CO-- wherein n represents an integer of from 1 to 16, --CO--CH=CH--
      CO-(cis or trans),
      ##SPC8##
PAL  and
      ##SPC9##
NUM  2.
PAR  2. The compound of claim 1 wherein R represents an odd numbered alkyl of
      from C-7 to C-20.
NUM  3.
PAR  3. The compound of claim 1 wherein R represents oleyl.
NUM  4.
PAR  4. The compound of claim 1 wherein R represents phenyl substituted in the
      4-position with hydroxy or C.sub.1 -C.sub.4 alkoxy, 2-hydroxyphenyl, or
      2-acyloxyphenyl wherein the acyloxy is derived from an alkanoic acid of up
      to 4 carbon atoms.
NUM  5.
PAR  5. The compound of claim 1 wherein A represents --CO--(CH.sub.2).sub.n
      --CO-- in which n is an integer of from 1-4.
NUM  6.
PAR  6. The compound of claim 1 wherein A represents trans --CO--CH=CH--CO--.
NUM  7.
PAR  7. The compound of claim 1: 7-hexanoyltheophylline.
NUM  8.
PAR  8. The compound of claim 1: 7-octanoyltheophylline.
NUM  9.
PAR  9. The compound of claim 1: 7-decanoyltheophylline.
NUM  10.
PAR  10. The compound of claim 1: 7-dodecanoyltheophylline.
NUM  11.
PAR  11. The compound of claim 1: 7-myristyltheophylline.
NUM  12.
PAR  12. The compound of claim 1: 7-palmityltheophylline.
NUM  13.
PAR  13. The compound of claim 1: 7-stearyltheophylline.
NUM  14.
PAR  14. The compound of claim 1: 7-[2-hydroxy]-benzoyltheophylline.
NUM  15.
PAR  15. The compound of claim 1: 7-[2-acetyloxy]-benzoyltheophylline.
NUM  16.
PAR  16. The compound of claim 1: 7,7'-carbonylditheophylline.
NUM  17.
PAR  17. The compound of claim 1: 7,7'-succinylditheophylline.
NUM  18.
PAR  18. . The compound of claim 1: 7,7'-terephthaloylditheophylline.
NUM  19.
PAR  19. The compound of claim 1: 7,7'-fumaroylditheophylline.
NUM  20.
PAR  20. The compound of claim 1: 7,7'-glutarylditheophylline.
NUM  21.
PAR  21. The compound of claim 1: 7,7'-adipyldilheophylline.
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ABST
PAL  2-Styryl-4H-pyrido[1,2-a]pyrimidin-4-ones having the formula
      ##SPC1##
PAL  Wherein R.sub.1 is aryl; R.sub.2 and R.sub.3 are the same or different and
      are hydrogen or alkyl; and R.sub.4, R.sub.5 and R.sub.6 are the same or
      different and are hydrogen or methyl, have useful hypotensive activity.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Styryl-4H-pyrido[1,2-a]pyrimidin-4-ones have been found to be useful
      hypotensive agents. The compounds of this invention have the formula
      ##SPC2##
PAL  10 In formula I and throughout the specification the symbols are as defined
      below.
PAR  R.sub.1 is phenyl, phenyl substituted with 1, 2 or 3 of the same or
      different alkyl, alkoxy or halogen groups, phenyl substituted with 1 or 2
      trifluoromethyl groups (two dialkylamidosulfonyl or two trifluoromethyl
      groups cannot be ortho to each other);
PA1  R.sub.2 is hydrogen or alkyl;
PA1  R.sub.3 is hydrogen or alkyl;
PA1  R.sub.4 is hydrogen or methyl;
PA1  R.sub.5 is hydrogen or methyl; and
PA1  R.sub.6 is hydrogen or methyl.
PAR  The term alkyl as used throughout the specification refers to alkyl groups
      having 1 to 4 carbon atoms, other than tertiary butyl.
PAR  The term alkoxy as used throughout the specification refers to groups
      having the formula Y--O-- wherein Y is alkyl as defined above.
PAR  The term halogen as used throughout the specification refers to chlorine,
      bromine, fluorine and iodine (chlorine and bromine are preferred).
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The 2-styryl-4H-pyrido[1,2-a]pyrimidin-4-ones of formula I are useful as
      hypotensive agents in mammalian species such as dogs, cats, etc., and can
      be administered in a daily dose of from about 5 to 50 milligrams/kilogram
      of animal body weight, preferably about 5 to 25 milligrams/kilogram of
      animal body weight, in single or divided doses.
PAR  The active compounds of the present invention are administered orally, for
      example, with an inert diluent or with an assimilable edible carrier, or
      they may be enclosed in hard or soft gelatin capsules, or they may be
      compressed into tablets, or they may be incorporated directly with the
      food of the diet. For oral therapeutic administration, the active
      compounds of this invention may be incorporated with excipients and used
      in the form of tablets, troches, capsules, elixirs, suspensions, syrups,
      wafers, chewing gum, and the like. Such compositions and preparations
      should contain at least 0.1% of active compound. The percentage in the
      compositions and preparations may, of course, be varied and may
      conveniently be between about 5% and about 75% or more of the weight of
      the unit. The amount of active compound in such therapeutically useful
      compositions or preparations is such that a suitable dosage will be
      obtained. Preferred compositions or preparations according to the present
      invention are prepared so that an oral dosage unit form contains between
      about 5 and 250 milligrams of active compound.
PAR  The compounds of formula I can be prepared from
      pyrido[1,2-a]pyrimidin-4-ones having the formula
      ##SPC3##
PAL  And aldehydes and ketones having the formula III
      ##EQU1##
      The precursors of formulas II and III are reacted in a protic solvent,
      e.g., a lower alkanol such as methanol, in the presence of about one
      equivalent of a strong base, e.g., sodium methoxide. While reaction
      conditions are not critical, the reaction is a difficult one and will
      preferably be run at the reflux temperature of the solvent for extended
      periods of time.
PAR  The pyrido[1,2-a]pyrimidin-4-ones of formula II are known in the art; see,
      for example, U.S. Pat. No. 3,585,198 issued June 15, 1971.
PAR  Those compounds of formula I wherein R.sub.2 is hydrogen or methyl are
      preferred, and those wherein R.sub.2 is hydrogen are particularly
      preferred.
PAR  Those compounds of formula I wherein R.sub.3 is hydrogen or methyl are
      preferred, and those wherein R.sub.3 is hydrogen are particularly
      preferred.
DETD
PAR  The following examples are specific embodiments of this invention.
PAC  EXAMPLE 1
PAC  trans-9-Methyl-2-styryl-4H-pyrido[1,2-a]pyrimidin-4-one
PAR  To a solution of 1.1g of sodium methoxide and 25ml of absolute methanol is
      added 1.1g of 2,9-dimethyl-4H-pyrido-[1,2-a]pyrimidin-4-one, followed by
      2.2g of benzaldehyde. The mixture is heated and stirred under reflux for
      15 hours and concentrated on a rotary evaporator in vacuo at 45.degree.C.
      The residual material is distributed between 100ml of chloroform and 50ml
      of water. The two solutions are separated and the chloroform solution is
      washed with saturated aqueous sodium chloride, dried, filtered, and the
      filtrate concentrated. The residual material is recrystallized from 100ml
      of cyclohexane to yield 0.44g of the title compound, melting point
      150.degree.-152.degree.C.
PAC  EXAMPLE 2
PAC  9-Methyl-2-[2-(3,4,5-trimethoxyphenyl)ethenyl]-4H-pyrido-[1,2-a]pyrimidin-4
     -one.
PAR  To a solution of 2.2g of sodium methoxide in 100ml of absolute methanol is
      added 3.5g of 2,9-dimethyl-4H-pyrido-[1,2-a]pyrimidin-4-one, followed by
      4.0g of 3,4,5-trimethoxybenzaldehyde. The mixture is stirred and heated
      under reflux for 28 hours. A crystalline solid separates and this is
      colled and filtered. The solid consists of a mixture of colorless and
      yellow crystals that are separated manually to give 1.52g of a pale yellow
      solid, melting point 208.degree. - 210.degree.C. The yellow solid is
      recrystallized from 35ml of methoxyethanol to yield 1.22g of the title
      compound, melting point 212.degree.-214.degree.C.
PAC  EXAMPLE 3
PAC  3,9-Dimethyl-2-[trans-2-(3,4,5-trimethoxyphenyl)ethenyl]-4H-pyrido[1,2-a]py
     rimidin-4-one.
PAR  To a solution of 1.3g of sodium methoxide in 75ml of absolute ethanol is
      added 2.0g of 2,3,9-trimethyl-4H-pyrido-[1,2-a]pyrimidin-4-one, followed
      by 4.0g of 3,4,5-trimethoxybenzaldehyde. The mixture is stirred and heated
      under reflux for 89 hours. The reaction mixture is cooled, the solid is
      filtered, washed with 20ml of ether and 25ml of water, dried, and
      recrystallized from 75ml of acetonitrile to yield the title compound,
      melting point 218.degree.-219.degree.C dec.
PAC  EXAMPLE 4
PAC  2-[trans-2-(3,4,5-Trimethoxyphenyl)ethenyl]-4H-pyrido[1,2-a]-pyrimidin-4-on
     e.
PAR  To a solution of 1.3g of sodium methoxide in 75ml of absolute ethanol is
      added 3.2g of 2-methyl-4H-pyrido[1,2-a]-pyrimidin-4-one, followed by 4.0g
      of 3,4,5-trimethoxyphenyl-benzaldehyde. The mixture is stirred and heated
      under reflux for 24 hours. The mixture is worked up as described in
      Example 3 to yield the title compound, melting point
      212.degree.-214.degree.C, dec.
PAC  EXAMPLE 5
PAC  3,9-Dimethyl-2-[2-methyl-2-(3,4,5-trimethoxyphenyl)ethenyl]-4H-pyrido[1,2-a
     ]pyrimidin-4-one
PAR  To a solution of 1.3g of sodium methoxide in 75 ml of absolute methanol is
      added 2.0g of 2,3,9-trimethyl-4H-pyrido[1,2-a]pyrimidin-4-one, followed by
      4.2g of 3,4,5-trimethoxyacetophenone. The mixture is stirred and heated
      under reflux for 97 hours to yield the title compound.
PAC  EXAMPLE 6
PAC  2-[(2-Ethyl-1-phenyl)ethenyl]-9-methyl-4H-pyrido[1,2-a]-pyrimidin-4-one
PAC  A. 9-Methyl-2-n-propyl-4H-pyrido[1,2-a]pyrimidin-4-one
PAR  A solution of 54.0g of 2-amino-3-methylpyridine, 144.0g of methyl
      butyrylacetate, 5.0g of p-toluenesulfonic acid, and 750ml of ethylene
      glycol monomethyl ether is heated in a nitrogen atmosphere, under reflux,
      for 60 hours. The solution is concentrated to dryness in vacuo, and the
      residual oil extracted with two 250ml portions of pentane. The pentane
      solution is concentrated to a volume of 250ml and cooled at -30.degree.C
      to yield the title compound, melting point 59.degree.-60.degree.C.
PAC  B. 2-[(2-Ethyl-1-phenyl)ethenyl]-9-methyl-4H-pyrido-[1,2-a]pyrimidin-4-one
PAR  To a solution of 1.3g of sodium methoxide in 75ml of absolute ethanol is
      added 2.02g of 9-methyl-2-n-propyl-4H-pyrido[1.2-a)pyrimidin-4-one,
      followed by 2.12g of benzaldehyde. The mixture is stirred and heated under
      reflux for 75 hours to yield the title compound.
PAC  EXAMPLES 7-18
PAR  Following the procedure of Example 1, but substituting the compound shown
      in column I for 2,9-dimethyl-4H-pyrido-[1,2-a]pyrimidin-4-one and the
      compound shown in column II for benzaldehyde, yields the compound shown in
      column III.
      ##SPC4##
      ##SPC5##
      ##SPC6##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##SPC7##
PAL  wherein R.sub.1 is phenyl, phenyl substituted with 1,2 or 3 of the same or
      different alkyl, alkoxy or halogen groups, phenyl substituted with 1 or 2
      dialkylamidosulfonyl groups, or phenyl substituted with 1 or 2
      trifluoromethyl groups; R.sub.2 and R.sub.3 are the same or different and
      are hydrogen or alkyl; and R.sub.4, R.sub.5 and R.sub.6 are the same or
      different and are hydrogen or methyl; and wherein the terms alkyl and
      alkoxy refer to non-tertiary groups having 1 to 4 carbon atoms.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R.sub.2 and R.sub.3 are
      hydrogen.
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein R.sub.6 is methyl.
NUM  4.
PAR  4. A compound in accordance with claim 3 wherein R.sub.4 and R.sub.5 are
      hydrogen.
NUM  5.
PAR  5. A compound in accordance with claim 1 wherein R.sub.1 is phenyl.
NUM  6.
PAR  6. A compound in accordance with claim 1 wherein R.sub.1 is
      3,4,5-trimethoxyphenyl.
NUM  7.
PAR  7. The compound in accordance with claim 1 having the name
      trans-9-methyl-2-styryl-4H-pyrido[1,2-a]pyrimidin-4-one.
NUM  8.
PAR  8. The compound in accordance with claim 1 having the name
      9-methyl-2-[2-(3,4,5-trimethoxyphenyl)ethenyl]-4H-pyrido[1,2-a]pyrimidin-4
     -one.
NUM  9.
PAR  9. The compound in accordance with claim 1 having the name
      3,9-dimethyl-2-[trans-2-(3,4,5-trimethoxyphenyl)-ethenyl]-4H-pyrido[1,2-a]
     pyrimidin-4-one.
NUM  10.
PAR  10. The compound in accordance with claim 1 having the name
      2-[trans-2-(3,4,5-trimethoxyphenyl)ethenyl]-4H-pyrido[1,2-a]pyrimidin-4-on
     e.
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PAL  A process for the preparation of cephalosporanic acid derivatives
      represented by the formula
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2, which may be the same or different, each
      represents a univalent group other than a hydrogen atom, said R.sub.1 and
      R.sub.2 may be combined to form a divalent group and A represents a
      divalent group represented by the formulae
      ##SPC2##
PAL  Wherein R.sub.3 represents a hydrogen atom or a group which does not
      contribute to the reaction, which comprises heating a penicillin sulfoxide
      derivative represented by the formula
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as defined above.
PAL  The cephalosporanic acid derivatives prepared by the process of this
      invention are useful as a starting material for the preparation of
      antibacterials.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a process for the preparation of
      cephalosporanic acid derivative represented by the formula (II)
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2, which may be the same or different, each
      represents a univalent group other than a hydrogen atom, said R.sub.1 and
      R.sub.2 may be combined to form a divalent group and A represents a
      divalent group represented by the formulae
      ##SPC5##
PAL  Wherein R.sub.3 represents a hydrogen atom or a group which does not
      contribute to the reaction, which comprises heating the penicillin
      sulfoxide derivatives represented by the formula (I)
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined above.
PAR  The cephalosporanic acid derivative of the formula (II) prepared by the
      process of this invention are useful as a starting material for the
      preparation of antibacterials and also are antibacterials.
PAR  There have, hitherto, been known many processes for the preparation of
      cephalosporin derivatives by enlarging the rings of penicillin sulfoxide
      derivatives as disclosed in, e.g., the specifications of U.S. Pat. No.
      3,275,626; Dutch Pat. Nos. 6,806,533 and 6,806,532; and Belgian Pat. Nos.
      745,845; 747,382; 747,118; 747,119, and 747,120.
PAR  However, each of the known processes requires the use of acid catalyst.
      Furthermore, it has hitherto been believed that the enlargement of the
      ring of a penicillin sulfoxide derivative in the absence of acid catalyst
      is impossible.
PAR  As the results of further various investigations under such technical
      levels as mentioned above, the inventors have discovered that the ring of
      a penicillin sulfoxide derivative can be enlarged with a high yield
      without using an acid catalyst. That is, the inventors have discovered
      that when the penicillin sulfoxide derivative wherein two hydrogen atoms
      of the amino group at the 6-position have been substituted by other groups
      as shown in formula (I), the ring of the derivative can be enlarged with a
      high yield by only heating without using any acid catalyst.
PAR  As substituents, R.sub.1 and R.sub.2 of the amino group at the 6-position
      of the formula (I), various kinds of groups other than a hydrogen atom can
      be employed. Specific examples of R.sub.1 and R.sub.2 are the univalent
      groups represented by the formula
      ##EQU1##
      wherein M represents a carbon atom, a nitrogen atom, an oxygen atom, a
      sulfur atom, a phosphorus atom, or a silicon atom and R.sub.4, R.sub.5,
      R.sub.6, R.sub.7, and R.sub.8, which may be the same or different, each
      represents a hydrogen atom, an alkyl group, an aralkyl group, an aryl
      group, an alkoxy group, an alkylthio grop, an aralkyloxy group, an
      aralkylthio group, an aryloxy group, an arylthio group, a heterocyclic
      ring group, or a halogen atom; optionally, two groups of R.sub.4, R.sub.5,
      R.sub.6, and R.sub.7 may be combined to form an oxo group (=O) or a thioxo
      group (=S) or they can form any other divalent group and further,
      optionally, two or three groups of R.sub.4, R.sub.5, R.sub.6, R.sub.7, and
      R.sub.8 may not be present.
PAR  Specific examples of the divalent groups formed by the combination of
      groups R.sub.1 and R.sub.2 are those represented by the groups
      ##EQU2##
      wherein M, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, and
      R.sub.7 are as defined above and R.sub.9 represents an alkylene group or
      an arylene group and each may have interposed therein an oxygen atom, a
      sulfur atom, or a nitrogen atom.
PAR  Typical examples of the univalent group include a methyl group, an ethyl
      group, an isobutyl group, a cyclohexyl group, a benzyl group, a phenethyl
      group, a 2-furylethyl group, a 2-pyridylmethyl group, a trifluoromethyl
      group, a methoxymethyl group, a phenoxyethyl group, a benzylthioethyl
      group, a trichloromethyl group, a phenyl group, a naphthyl group, a
      quinolyl group, a pyridyl group, a piperidyl group, a furyl group, a tolyl
      group, a p-nitrophenyl group, a phenylacetyl group, a cyclohexylacetyl
      group, a 2-thienylacetyl group, a 2-furylacetyl group, a
      cyclopentylcarbonyl group, an .alpha.-phenoxyacetyl group, a benzoyl
      group, a thiobenzoyl group, a nitroso group, a nitro group, an acetylamino
      group, a benzoylamino group, an N-benzoyl-N-methylamino group, a
      phenylsulfonyl group, a methylthio group, a naphthylthio group, a
      dimethoxyphosphinyl group
      ##EQU3##
      a diphenoxyphosphinyl group
      ##EQU4##
      a bis(benzyloxy)phosphinyl group
      ##EQU5##
      a trimethylsilyl group, a triphenylsilyl group, a dimethylchlorosilyl
      group, etc. Also, specific examples of the divalent groups are a
      salycilidene group, a benzylidene group, an oxomethylidene group (O=C=),
      an .alpha.-chlorophenetylidene group, an ethylidene group, an
      .alpha.-imino-phenetyl group, a piperidinomethylidene group, a
      1-phenyl-1-dimethylaminomethylidene group, an azo group (--N=N--), a
      1-propenylidene group (CH.sub.3 --CH=C=), a pentamethylene group
      (--CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --), a 1-oxopentamethylene
      group
      ##EQU6##
      a tetramethylene group (--CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --), an
      ethylenedicarbonyl group
      ##EQU7##
      a phthaloyl group
      ##SPC7##
PAL  a 3-phenyl-1,1,2-trimethy-4-oxo-2-azatetramethylene group
      ##EQU8##
      a 1,1-dimethyl-3-phenyl-2-nitroso-4-oxo-2-azatetramethylene group
      ##EQU9##
      a 1,4-dioxo-2-butene-1,4-diyl group
      ##EQU10##
      an o-phenylenedithiocarbonyl group
      ##SPC8##
PAL  etc.
PAR  Any groups which do not contribute to the reaction may be employed as group
      R.sub.3 of the compound represented by formula (I) and examples of such
      groups are a hydrogen atom, a methyl group, an ethyl group, a tert-butyl
      group, a 2,2,2-trichloroethyl group, a triphenylmethyl group, a
      bis(p-methoxyphenyl)methyl group, a methoxybenzyl group, a benzhydryl
      group, a phenacyl group, a p-bromophenacyl group, a
      3,5-di-tert-butyl-4-hydroxybenzyl group, a phthalimidomethyl group, a
      p-toluenesulfonylethyl group, a nitro group, and a halogen-substituted
      benzyl group.
PAR  In accordance with the process of this invention, a compound of formula (I)
      is usually suspended or dissolved in a solvent which does not contribute
      to the reaction i.e., an inert solvent, such as pyridine, dioxane,
      dimethylformamide, xylene, toluene, methyl isobutyl ketone, hexamethapol,
      etc., and the suspension or the solution thus prepared may be heated to
      temperatures lower than 180.degree.C., preferably at
      80.degree.-120.degree.C. The products of this invention represented by the
      formula (II) thus obtained are isolated and purified by an ordinary
      chemical operation such as chromatography, recrystallization, etc., after
      removing the solvent.
PAR  The compounds of this invention represented by formula (II) are
      antibacterials and also, in particular are useful as starting materials
      for preparing various cephasporin derivatives useful as antibiotics. For
      example, when the compound represented by the formula (II')
      ##SPC9##
PAL  that is the compound of formula (II) in which A is the divalent group
      represented by the formula
      ##SPC10##
PAL  and the divalent group formed by the combination of R.sub.1 and R.sub.2 is
      a 1,1-dimethyl-3-phenyl-2-nitroso-4-oxo-2-azatetramethylene group is
      treated with an acid and then water, a useful antibiotic
      7-D-[.alpha.-aminophenylacetamido]-3-hydroxy-3-methylcepham-4-carboxylic
      acid can be obtained. Or, by oxidizing the above compound (II') to provide
      the sulfoxide, reacting the product with the halogen compound shown by the
      formula SOX.sub.2 or POX.sub.3 (wherein X represents a halogen atom), and
      then treating the resultant product with an acid and then water, a useful
      antibiotic cephalexin can be obtained.
DETD
PAR  The invention will now be illustrated in the following examples.
PAC  EXAMPLE 1
PAR  In 20 ml. of dioxane was dissolved 500 mg. of methyl
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillinate
      sulfoxide and the solution was refluxed under heating for 10 hours. The
      reaction mixture was concentrated under reduced pressure, the residue
      obtained was dissolved in dichloromethane, and then the solution was
      washed with a dilute aqueous sodium bicarbonate solution and then water.
      Thereafter, by drying the solution over anhydrous magnesium sulfate and
      distilling off the solvent under reduced pressure, a white crystal was
      precipitated, which was recovered by filtration and washed with ether to
      provide 440 mg. of methyl
      3-hydroxy-3-methyl-7-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidin
     yl)cepham-4-carboxylate in a yield of 88 percent.
PAR  Melting point 257.degree.C. (decomp.).
PAR  Nuclear magnetic resonance spectra (in D.sub.6 -DMSO):
PAR  .delta.: 1.19 (3H, s), 2.0 (6H, s), AB type 2,43, 2.66, 3.08, 3.31 (2H),
      3.71 (3H, s), 4.28 (1H, s), 4.85 (broad s, 1H), 5.2-5.5 AB type (2H), 5.72
      (1H, s), 7.3 (5H, s).
TBL  ______________________________________                                    

     Elemental analysis for C.sub.20 H.sub.24 N.sub.4 O.sub.6 S:               

              C(%)     H(%)      N(%)      S(%)                                

     ______________________________________                                    

     Calculated:                                                               

                53.56      5.39      12.49   7.15                              

     Found:     53.53      5.38      12.22   7.23                              

     ______________________________________                                    

PAR  Preparation of the Starting Material
PAR  a. In 30 ml. of ethyl acetate was dissolved 5 g. of
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanic
      acid and while stirring the solution at room temperature, an ether
      solution of 0.05 g. of diazomethane was added to the solution. After the
      reaction was over, the reaction mixture was washed with a dilute aqueous
      sodium bicarbonate solution, dried over anhydrous magnesium sulfate, and
      then the solvent was distilled off. Then, ether was added to the residue
      and the precipitates formed were recovered by filtration to provide 5.1 g.
      of methyl
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanate in
      a yield of 99 percent.
PAR  Melting point 188.degree.C.
PAR  Infrared absorption spectra:
PAR  .nu..sub.max..sup.KBr cm..sup.-.sup.1 : 1790 (.beta.-lactam), 1750, 1730
      (C=O).
PAR  Nuclear magnetic resonance spectra (in CDCl.sub.3):
PAR  .delta.: 1.47 (3H, s), 1.62 (3H, s), 2.10 (6H, s), 3.75 (3H, s), 4.54 (1H,
      s), 4.95 (1H, d, J=4), 5.45 (1H, s), 5.64 (1H, d, J=4), 7.28 (5H, s).
PAR  b. In 20 ml. of chloroform was dissolved 3 g. of methyl
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanate
      and while stirring the solution under ice-cooling, a chloroform solution
      of 960 mg. of perbenzoic acid was added to the solution. After the
      reaction was over, the reaction mixture was washed with an aqueous sodium
      bicarbonate solution and then water, dried over anhydrous magnesium
      sulate, and then the solvent was distilled off under reduced pressure to
      provide 3.0 g. of methyl
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanate
      sulfoxide in a yield of 96 percent.
PAR  Infrared absorption spectrum:
PAR  .nu..sub.max..sup.KBr cm..sup.-.sup.1 : 1045 (S .fwdarw. O).
PAC  EXAMPLE 2
PAR  In 20 ml. of dioxane was dissolved 500 mg. of
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanic
      acid sulfoxide and the solution prepared was refluxed under heating for 15
      hours. Then, by distilling off the solvent from the reaction mixture under
      reduced pressure, a light brown powder of
      3-hydroxy-3-methyl-7-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidin
     yl)cepham-4-carboxylic acid was obtained.
PAR  The powder obtained was suspended in ethyl acetate, an ether solution of
      diazomethane was added to the suspension, and after the reaction was over,
      the solvent was distilled off from the reaction mixture. Then, the residue
      thus formed was dissolved in 40 ml. of dichloromethane and after washing
      the solution with a dilute aqueous sodium bicarbonate solution and drying
      it over anhydrous magnesium sulfate, the solvent was distilled off under
      reduced pressure from the mixture and ether was added to the residue,
      whereby a white crystal was formed. The amount of the crystal was 460 mg.
      The infrared absorption spectra and the nuclear magnetic resonance spectra
      of the product were the same as those of methyl
      3-hydroxy-3-methyl-7-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidin
     yl)cepham-4-carboxylate and when the product was melted together with the
      abovementioned carboxylate, no melting point reduction was observed.
PAR  Preparation of the Starting Material
PAR  In 20 ml. of chloroform was dissolved 2 g. of
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanic
      acid and then the chloroform solution of 662 mg. of perbenzoic acid was
      added to the solution with stirring under cooling. The solvent was
      distilled off from the reaction mixture under reduced pressure and then
      ether was added to the residue formed, whereby a white crystal was formed.
      The crystal was recovered by filtration and washed with ether to provide
      1.9 g. of the white crystal of
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl)penicillanic
      acid sulfoxide with a yield of 92 percent.
PAR  Melting point 159.degree.C. (decomp.)
PAC  EXAMPLE 3
PAR  In 20 ml. of dioxane was dissolved 500 mg. of benzhydryl
      6-phthalimidopenicillanate sulfoxide and the solvent was refluxed under
      heating for 18 hours. The solvent was, then, distilled off under reduced
      pressure from the reaction mixture and then ether was added to the residue
      formed, whereby a white crystal was formed. The crystal was recovered by
      filtration to provide 480 mg. of benzhydryl
      7-phthalimido-3-hydroxy-3-methylcepham-4-carboxylate with a yield of 96
      percent.
PAR  Melting point 223.degree.C.
PAR  Nuclear magnetic resonance spectra (in CDCl.sub.3):
PAR  .delta.: 1.20 (3H, s), AB type, 2.32, 2.55, 3.31, 3.54 (2H), 4.69 (1H, s),
      5.06 (1H), AB type, 5.36, 5.43, 5.52, 5.59 (2H), 6.92 (1H, s), 7.35 (10H,
      s), 7.7-7.95 (4H).
PAC  EXAMPLE 4
PAR  In 20 ml. of dioxane was dissolved 500 mg. of 6-phthalimidopenicillanic
      acid sulfoxide and the solution was refluxed under heating for 15 hours.
      By distilling off the solvent from the reaction mixture under reduced
      pressure, a light brown powder of
      7-phthalimido-3-hydroxy-3-methylcepham-4-carboxylic acid was obtained. The
      powder was suspended in ethyl acetate, an ether solution of diazomethane
      was added to the suspension, and after washing the mixture with a dilute
      aqueous sodium bicarbonate solution and water and drying it over anhydrous
      magnesium sulfate, the solvent was distilled off under reduced pressure.
      Then, the residue formed was subjected to a silica gel column
      chromatography.
PAR  The product was recovered from the column using a 9 : 1 by volume
      benzene-ethyl acetate mixture as an eluant. Then, the solvent was
      distilled off from the eluate under a reduced pressure and ether was added
      to the residue formed, whereby 350 mg. of a white crystal of methyl
      7-phthalimido-3-hydroxy-3-methylcepham-4-carboxylate was formed.
PAR  Melting point 203.degree.C.
PAR  Nuclear magnetic resonance spectra (in CDCl.sub.3):
PAR  .delta.: 1.36 (3H, s), AB type, 2.42, 2.65, 3.40, 3.63 (2H), 4.58 (1H, s),
      5.03 (1H, broad s), AB type, 5.41, 5.48, 5.57, 5.64 (2H), 7.6-8.1 (4H).
TBL  ______________________________________                                    

     Elemental analysis for C.sub.17 H.sub.16 N.sub.2 O.sub.6 S:               

                C(%)       H(%)        N(%)                                    

     ______________________________________                                    

     Calculated:  54.25        4.28        7.44                                

     Found:       54.19        4.41        7.35                                

     ______________________________________                                    

PAR  Preparation of the Starting Material
PAR  In 150 ml. of chloroform was dissolved 2 g. of 6-phthalimidopenicillanic
      acid and a chloroform solution of 800 mg. of perbenzoic acid was added to
      the solution with stirring under ice-cooling. After the reaction was over,
      the solvent was distilled off from the reaction mixture under reduced
      pressure and then ether was added to the residue thus formed, whereby a
      white powder was formed. The powder was recovered by filtration and washed
      with ether to provide 1.95 g. of 6-phthalimidopenicillanic acid sulfoxide
      with a yield of 96 percent.
PAR  Infrared absorption spectra:
PAR  .nu..sub.max..sup.KBr cm..sup.-.sup.1 : 1015 (S.fwdarw.O), 1720 (COOH).
PAR  Nuclear magnetic resonance spectra (in D.sub.6 -DMSO):
PAR  .delta.: 1.23 (3H, s), 1.66 (3H, s), 4.42 (1H, s), 4.88 (1H, d, J = 4.5),
      6.05 (1H,d, J=4.5), 7.90 (4H, broad, s).
PAC  EXAMPLE 5
PAR  In 33 ml. of dioxane was suspended 835 mg. of methyl
      6-salycilideneaminopenicillanate sulfoxide and the suspension was refluxed
      under heating for 17 hours. The reaction product thus obtained was
      concentrated and the concentrate was diluted with 30 ml. of ethyl acetate.
      The solution prepared was washed with water, dried over anhydrous
      magnesium sulfate, and then the solvent was distilled off under reduced
      pressure.
PAR  The oily matter thus obtained was purified by means of a silica gel column
      chromatography using benzene as an eluant to provide 633 mg. of a
      colorless acicular crystal of methyl
      3-methyl-7-salycilidene-amino-.DELTA..sup.3 -cephem-4-carboxylate in a
      yield of 82 percent.
PAR  Melting point 179.degree.C.
PAR  Infrared absorption spectra:
PAR  .nu..sub.max..sup.KBr Cm..sup.-.sup.1 : 3440 (OH), 1760 (lactam), 1730
      (ester), 1620 (CH=N).
PAR  Nuclear magnetic resonance spectra (in CDCl.sub.3):
PAR  .delta.: 2.14 (3H, s), AB type, 3.00, 3.31, 3.41, 3.72 (2H), 3.84 (3H, s),
      AB type, 5.07, 5.14, 5.27, 5.34 (2H), 6.74-7.5 (4H), 8.59 (1H, s), 12.2
      (1H, broad s).
TBL  ______________________________________                                    

     Elemental analysis for C.sub.16 N.sub.16 N.sub.2 O.sub.4 S:               

              C(%)     H(%)      N(%)      S(%)                                

     ______________________________________                                    

     Calculated:                                                               

                57.82      4.85      8.43    9.65                              

     Found:     57.50      4.71      8.00    9.71                              

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  In 40 ml. of dioxane was dissolved 1 g. of benzhydryl
      6-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-(imidazolydinyl)penicillanate
      sulfoxide and the solution was refluxed under heating for 1 hour and 15
      minutes. The solvent was distilled off under reduced pressure from the
      reaction mixture thus obtained, the residue formed was subjected to a
      silica gel column chromatography, and the product was eluted from the
      column using a 6 : 1 (by volume) benzene-ethyl acetate mixture as an
      eluant. The solvent was distilled off under reduced pressure from the
      eluate to provide 948 mg. of a white crystal of benzhydryl
      3-hydroxy-3-methyl-7-(2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolydin
     yl)cepham-4-carboxylate.
PAR  Nuclear magnetic resonance spectra (in CDCl.sub.3):
PAR  .delta.: 1.09 (3H, s), 1.96 (6H, s), AB type, 2.15, 2.39, 3.19, 3.43 (2H),
      4.57 (1H, s), 4.58 (1H, d, J = 4.0), 4.93 (1H, broad s), 5.35 (1H, d, J =
      4.0), 5.49 (1H, s), 6.89 (1H, s), 7.3 (15H).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a cephalosporanic acid derivative
      represented by the formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2, which may be the same or different, each
      represents a univalent group, selected from the group consisting of lower
      alkyl, cyclohexyl, benzyl, phenethyl, 2-furylethyl, 2-pyridylmethyl,
      trifluoromethyl, methoxymethyl, phenoxyethyl, benzylthioethyl,
      trichloromethyl, phenyl, naphthyl, quinolyl, pyridyl, piperidyl, furyl,
      tolyl, p-nitrophenyl, phenylacetyl, cyclohexylacetyl, 2-thienylacetyl,
      2-furylacetyl, cyclopentylcarbonyl, .alpha.-phenoxyacetyl, benzoyl,
      thiobenzoyl, said R.sub.1 and R.sub.2 may be combined to form a divalent
      group selected from the group consisting of salicylidene, benzylidene,
      oxomethylidene, .alpha.-chloro-phenethylidene, ethylidene,
      .alpha.-imino-phenethyl, piperidinomethyl-idene, 1-phenyl-1-dimethylamino
      methylidene, 1-propenylidene,pentamethylene, 1-oxopentamethylene,
      tetramethylene, ethylene-dicarbonyl, phthaloyl,
      3-phenyl-1,1,2-trimethyl-4-oxo-2-azatetramethylene,
      1,1-dimethyl-3-phenyl-2-nitroso-4-oxo-2-azatetramethylene,
      1,4-dioxo-2-butene-1,4-diyl, and o-phenylenedithiocarbonyl, and A
      represents a divalent group represented by the formulae
      ##SPC12##
PAL  wherein R.sub.3 represents a hydrogen atom, a methyl group, an ethyl group,
      a tert-butyl group, a 2,2,2-trichloroethyl group, a triphenylmethyl group,
      a bis(p-methoxyphenyl)methyl group, a methoxybenzyl group, a benzhydryl
      group, a 3,5-di-tert-butyl-4-hydroxybenzyl group, a phthalimidomethyl
      group, a p-toluenesulfonylethyl group, or a halogen-substituted benzyl
      group which consists essentially of heating the penicillin sulfoxide
      derivative represented by the formula
      ##SPC13##
PAL  wherein R.sub.1 and R.sub.2 are as defined above at a temperature up to
      about 180.degree.C in an inert organic solvent.
NUM  2.
PAR  2. The process of claim 1 wherein
      ##EQU11##
      is 2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl and R.sub.3 is
      methyl.
NUM  3.
PAR  3. The process of claim 1 wherein
      ##EQU12##
      is 2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl and R.sub.3 is
      hydrogen.
NUM  4.
PAR  4. The process of claim 1 wherein
      ##EQU13##
      is phthalimido and R.sub.3 is benzhydryl.
NUM  5.
PAR  5. The process of claim 1 wherein
      ##EQU14##
      is phthalimido and R.sub.3 is hydrogen.
NUM  6.
PAR  6. The process of claim 1 wherein
      ##EQU15##
      is salicylideneamino and R.sub.3 is methyl.
NUM  7.
PAR  7. The process of claim 1 wherein
      ##EQU16##
      is 2,2-dimethyl-3-nitroso-4-phenyl-5-oxo-1-imidazolidinyl and R.sub.3 is
      benzhydryl.
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ABST
PAL  This invention relates to a series of 1-iminomethylindolines which are
      analeptic agents capable of counteracting central nervous system
      depressant effects of pentobarbital and chloral hydrate. They also exhibit
      analgesic effects. This invention also relates to a process for the
      preparation of 1-iminomethylindolines which comprises reaction of an
      indoline with carboxamides selected from the group consisting of amides,
      lactams, symmetrical or unsymmetrical ureas and hydrazides. Typical
      examples of 1-iminomethylindoline derivatives are
      5-acetyl-1-[2-(1-pyrrolinyl)]indoline and
      1-[2-(5,5-dimethyl-1-pyrrolinyl)]indoline.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 253,672 filed
      May 8, 1972 and now U.S. Pat. No. 3,823,136 patented July 9, 1974, which
      in turn is a division of U.S. application Ser. No. 862,915 filed Oct. 1,
      1969, now U.S. Pat. 3,679,692 patented July 25, 1972.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of the present invention relate to 1-iminomethyl derivatives
      of indolines of Formula I and the pharmaceutically acceptable acid
      addition salts thereof.
      ##SPC1##
PAL  These compounds which are new compositions of matter are characterized by
      Formula I and are useful as analeptic and analgesic agents in mammals.
PAR  In Formula I, the indoline ring positions are numbered to serve as an
      illustration of the numbering system employed herein for nomenclature
      purposes. The aromatic portion of the indoline ring in Formula I may be
      substituted in any of the 4, 5, 6, or 7 positions with an X grouping
      selected from the group consisting of hydrogen, nitro, amino, R.sup.1 CO,
      R.sup.1 CONH, and R.sup.1 SO.sub.2 NH. R.sup.1 substituents represent a
      lower alkyl group of from 1 to 4 carbon atoms inclusive. The 3 position of
      the indoline ring may have R.sup.2 and R.sup.3 substituents independently
      selected from the group consisting of hydrogen and lower alkyl of from 1
      to 3 carbon atoms inclusive. By independently selected it is meant that
      the R.sup.2 and R.sup.3 substituents may or may not be identical. An
      iminomethyl grouping represented by the symbol
      ##EQU1##
      is attached to the 1 position of the indoline ring in Formula I. As
      employed herein the iminomethyl grouping is synonymous with the
      formimidoyl nomenclature used for this group by Chemical Abstracts. In the
      iminomethyl grouping, R.sup.4 is selected from the group consisting of
      hydrogen, lower alkyl of from 1 to 4 carbon atoms inclusive, and R.sup.1
      NH. In the case of R.sup.1 NH, the R.sup.1 substituent of the
      1-iminomethyl grouping is selected from the group consisting of lower
      alkyl of from 1 to 4  carbon atoms inclusive, cycloalkyl of from 4 through
      7 carbon atoms such as cyclobutyl, cyclopentyl, cyclohexyl and
      cycloheptyl. The R.sup.5 substituent is a lower alkyl having one to four
      carbon atoms inclusive. Also, R.sup.5 can be pyrrolidinyl, piperdinyl as
      well as
      ##EQU2##
      wherein R.sup.6 and R.sup.7 are lower alkyl groups of 1 to 4 carbon atoms
      inclusive. In addition, R.sup.4 and R.sup.5 may be joined together to
      form, in combination with the atoms to which they are each attached a
      nitrogen containing cyclic compound selected from the group consisting of
      a heteromonocycle and heterobicycle being substituted with zero to two
      alkyl groups inclusvie having 1 through 4 carbon atoms inclusive and
      having from zero to one additional heteroatom selected from the group
      consisting of oxygen, nitrogen, and sulfur.
PAR  The term "lower alkyl" as employed herein includes both straight and
      branched chain radicals of the designated number of carbon atoms. For
      example, R.sup.1 in the acyl grouping represented by R.sup.1 CO and in the
      amido grouping R.sup.1 CONH may be methyl, ethyl, propyl, isopropyl,
      1-butyl, 1-methylpropyl, 2-methylpropyl, tert.-butyl. In the case where
      the X substituent is R.sup.1 SO.sub.2 NH, representative alkanesulfonamido
      groupings are 1-butanesulfonamido, 1-methylpropanesulfonamido,
      tert.-butanesulfonamido, methanesulfonamido, ethanesulfonamido,
      1-propanesulfonamido, 2-propanesulfonamido. Alkyl groups which exemplify
      R.sup.2 and R.sup.3 substituents are methyl, ethyl, propyl, isopropyl.
      Inasmuch as the R.sup.2 and R.sup.3 groupings are independently selected
      from the group consisting of hydrogen and lower alkyl groupings, they may
      be identical or may be any combination thereof.
PAR  A particularly preferred embodiment of the present invention comprises
      compounds of Formula I, wherein X is located at the 5 position of the
      indoline ring and is selected from the group consisting of hydrogen,
      nitro, and R.sup.1 CO wherein R.sup.1 is a lower alkyl group of from 1 to
      4 carbon atoms inclusive; R.sup.2 and R.sup.3 represent hydrogen; R.sup.4
      and R.sup.5 are joined together to form in combination with the atoms to
      which they are each attached, a nitrogen containing heteromonocycle having
      5 to 7 ring atoms; said heteromonocycle being substituted with zero to two
      alky groups having 1 to 4 carbon atoms inclusive; and the non-toxic,
      pharmaceutically acceptable acid addition salts thereof.
PAR  A more limiting and preferred embodiment of the present invention comprises
      the individual compounds 5-acetyl-1-[2-(1-pyrrolinyl)]indoline and
      1-[2-(5,5-dimethyl-1-pyrrolinyl)] indoline.
PAR  The term pharmaceutically acceptable acid addition salts is construed to
      mean a combination of compounds of the present invention with relatively
      non-toxic inorganic and organic acids. In this respect, a variety of acids
      may be used and include sulfuric, phosphoric, hydrochloric, hydrobromic,
      hydroiodic, sulfamic, benzenesulfonic, methanesulfonic,
      para-toluenesulfonic, acetic, lactic, succinic, maleic, tartaric, citric,
      gluconic, ascorbic, benzoic, cinnamic, and related acids.
PAR  Conversion of the compounds of the present invention to corresponding
      pharmaceutically acceptable acid addition salts is accomplished by
      admixture of these compounds with substantially one chemical equivalent of
      any of the various acids hereinbefore defined in an inert organic solvent
      such as ethanol, benzene, ethyl acetate, ether, halogenated hydrocarbon
      and the like.
PAR  For pharmaceutical purposes, the compounds of this invention may be
      administered to mammals in the form of the free bases or in the form of
      one of their non-toxic acid addition salts. In either form the compounds
      of Formula I may be compounded and formulated into pharmaceutical
      compositions of unit dosage form suitable for systemic administration with
      organic or inorganic solid materials or liquids which are pharmaceutically
      acceptable carriers. By systemic administration it is meant such form of
      administration as oral, parenteral and rectal. Pharmaceutical compositions
      considered within the scope of this invention may take the form of
      tablets, powder, granulas, capsules, suspensions, solutions,
      suppositories, elixirs, ointments and the like. Unit dosage ranging from
      about 1 to 250 milligrams per kilogram of body weight of the mammalian
      recipient are employed. Appropriate pharmaceutical carriers comprise both
      solids and liquids such as corn starch, lactose, calcium phosphate,
      stearic acid, polyethylene glycol, water, sesame seed oil, peanut oil,
      propylene glycol, and so on.
PAR  Effective analeptic and analgesic responses are induced in mammals when the
      compounds of the present invention are administered systemically in an
      effective dosage ranging from about 1 to 250 milligrams per kilogram body
      weight of the mammal. Particularly preferred forms of systemic
      administration are oral, parenteral, and rectal. Examples of parenteral
      administration are intramuscular, intravenous, and subcutaneous
      administration. It will be recognized by those skilled in the art that the
      dosage of the compounds of the present invention will vary with the form
      and mode of administration and to some degree with the particular compound
      chosen. It will generally be found that when a compound of the present
      invention is administered orally, a larger quantity of the active agent is
      required to produce the same effect as a smaller quantity thereof given
      parenterally. In general, the compounds of this invention are most
      desirably administered at a concentration level that will generally afford
      effective results without causing any harmful or deleterious side effects.
      A dosage level that is in the range of from about 2.5 to 150 mg./kg. of
      body weight of the mammalian species treated per day is most preferred in
      order to achieve effective results.
PAR  The compounds of the present invention which are represented by Formula IV
      are prepared by reaction of a substituted indoline of Formula II with a
      carboxamide of Formula III in the presence of phosphorus oxychloride as
      illustrated in the following equation.
      ##SPC2##
PAR  In Formulas II, III, and IV, R.sup.2, R.sup.3, R.sup.4, and R.sup.5 have
      the meanings hereinabove given for Formula I. The Y substituent is
      selected from the group consisting of hydrogen, nitro and R.sup.1 CO
      wherein R.sup.1 represents a lower alkyl group of from 1 to 4 carbon atoms
      inclusive. Carboxamides of Formula III are comprised of amides, lactams,
      symmetrical and unsymmetrical ureas, or hydrazides.
PAR  In carrying out the process of this invention for the preparation of
      Formula IV compounds approximately equivalent molar quantities of the
      reactants (indoline and the appropriate carboxamide) and phosphorus
      oxychloride are dissolved or suspended in an inert solvent. A preferred
      solvent for carrying out the process is 1,2-dichloroethane, although it
      may be carried out with other inert solvents such as chloroform, carbon
      tetrachloride, 1,1-dichloroethane, benzene, toluene, hexane, and the like.
      The mode of addition of the reactants is not critical in carrying out the
      hereinabove described process. For example, a solution or suspension of an
      indoline and a carboxamide can be added to a solution of phosphorus
      oxychloride or the sequence of addition may be reversed and a solution of
      phosphorus oxychloride can be added to a solution or suspension of the
      carboxamide and amine. Alternatively, phosphorus oxychloride can be first
      added to the amine and the carboxamide then added or the phosphorus
      oxychloride can be added to the carboxamide and this mixture then combined
      with the amine. Combination of the reactants provides an exothermic
      reaction and accordingly external cooling is employed in some instance to
      moderate the reaction. The reaction takes place in a facile manner when
      the reactants are combined and generally does not require prolonged
      reaction periods for completion and formation of an indoline 1-iminomethyl
      derivative of Formula IV. Generally it is preferred to carry out the
      reaction with efficient stirring and for periods ranging from about 1 to
      18 hours. Reaction may be carried out at temperatures of about
      -35.degree.C. to 100.degree.C. However, for ease of laboratory operation,
      it is preferred to carry out the combination of the reactants at room
      temperature and to then stir the reaction mixture overnight before
      isolating the product. In some instances, where the carboxamide has only
      limited solubility in the reaction solvent, the reaction is carried out at
      refluxing temperature of the inert solvent. For example,
      1-[2-(5,5-dimethyl-1-pyrrolinyl)]indoline is obtained by refluxing a
      mixture of 5,5-dimethyl-2-pyrrolidinone suspended in 1,2-dichloroethane
      containing phosphorus oxychloride and indoline.
PAR  The compounds of Formula I wherein the X substituent is amino, R.sup.1 CONH
      or R.sup.1 SO.sub.2 NH are synthesized by an alternate process. This
      process comprises reduction of compounds of Formula IV wherein the Y
      substituent is nitro to the corresponding amino derivatives by standard
      catalytic or chemical procedures well known to the art. The amino
      derivatives of Formula I, wherein X is NH.sub.2, may then be reacted with
      lower alkylsulfonyl chlorides or lower alkyoyl halides or their respective
      anhydrides to provide compounds of Formula I wherein X is R.sup.1 CONH and
      R.sup.1 SO.sub.2 NH.
PAC  Pharmacology
PAR  The compounds of the present invention effectively stimulate the central
      nervous system of mammals. Compounds having biological activity of this
      type are generally referred to as being analeptic agents. Analeptic
      activity can be demonstrated by the ability of an analeptic agent to
      antagonize central nervous system depression produced by administration of
      pentobarbital to cats or chloral hydrate to mice.
PAR  The pentobarbital antagonism test for the compounds of the present
      invention in the cat is carried out in the following fashion. A cat of
      either sex wherein a chronically indwelling intravenous cannula has been
      previously surgically inserted, is placed in an observation cubicle
      measuring 2 ft. .times. 2ft. .times. 2ft. The cat is allowed to move about
      freely at the end of a leash. A dose of 12 milligrams per kilogram of body
      weight of pentobarbital sodium in aqueous solution is infused at the rate
      of approximately 2 milligrams per kilogram per minute via tubing contained
      in the leash. One-half hour after the start of this infusion the cat is in
      a state of light anesthesia characterized by unconsciousness, immobility,
      relaxed nictating membrane, and is not responsive to handling but has
      active pinneal, palpebral and paw-pinch withdrawal reflexes. At this time
      the 1-iminomethylindoline compound is infused in concentration of 10
      milligrams per milliter at a rate of 0.2 milliters per minute until (a)
      consciousness is restored, (b) a total of 25 milligrams per kilogram of
      body weight of test compound is administered or (c) mounting toxicity
      interferes. Consciousness is recognized by the presence of alertness to
      surroundings as indicated by the ability of the cat's eyes to follow a
      movement of a nearby object and in its attempts to assume an upright
      position.
PAR  Representative compounds of the present invention wherein a dose of up to
      25 milligrams per kilogram of body weight restored consciousness to
      pentobarbital treated cats are Examples 1-4, 7-10, 12, 15, 17-20, (Table
      III).
PAR  According to the chloral hydrate antagonism test, groups of 20 fasted male
      albino mice are administered an oral dose of 20 milligrams per kilogram of
      the 1-iminomethylindoline test compound. This is followed immediately by
      an intraperitoneal dose of 300 milligrams per kilogram of chloral hydrate.
      The average reduction in sleeping time compared to a saline-treated
      control group is a measure of the central nervous system stimulant action
      of the test compound and is as follows for representative
      1-iminomethylindolines of this invention.
TBL                TABLE 1                                                     

     ______________________________________                                    

     CHLORAL HYDRATE ANTAGONISM IN THE MOUSE                                   

     ______________________________________                                    

     Example         Percent Reduction                                         

     Number          in Sleeping Time at                                       

     (Table III)     20 mg/kg Body Weight                                      

     ______________________________________                                    

     2               38                                                        

     3               24                                                        

     4               24                                                        

     7               10                                                        

     8               36                                                        

     9               65                                                        

     17              62                                                        

     18              17                                                        

     21              50                                                        

     ______________________________________                                    

PAR  In a number of instances, analeptic activity as shown by antagonism to
      pentobarbital hypnosis in the cat and chloral hydrate antagonism in the
      mouse of the present compounds of this invention are equal to or
      comparative with known central nervous system stimulant agents. For
      example, 4-ethyl-4-methyl-2,6-piperidinedione (The Merck Index, 8th
      Edition, page 124), a well known analeptic agent, reduces by 50 percent
      the sleeping time caused by the administration of a 300 milligram per
      kilogram of body weight of chloral hydrate to the mouse at a dose of 14.4
      milligrams per kilogram body weight. In a comparative test two of the
      preferred compounds of the present invention,
      1-[2-(5,5-dimethyl-1-pyrrolinyl)] indoline hydrochloride and
      5-acetyl-1-[2-(1-pyrrolinyl)] indoline, produce a 50 percent reduction of
      the sleeping time at doses of 15 and 10 milligrams per kilogram of body
      weight respectively. Comparison of pentobarbital antagonism in cats
      indicates that 4-ethyl-4-methyl-2,6-piperidinedione and the aforementioned
      preferred compounds are substantially equiactive in restoring
      consciousness to a pentobarbital treated cat.
PAR  The activity cage technique described by J. W. Kissel, Science, 139, 1224
      (1963), was used to measure motor stimulation in rats. In this test,
      compounds of the present invention such as the analeptic agents
      1-[2-(5,5-dimethyl-1-pyrrolinyl)] indoline hydrochloride and
      5-acetyl-1-[2-(1-pyrrolinyl)]indoline, did not produce an increase in
      motor activity. The absence of motor stimulation exhibited by these
      compounds demonstrates that analeptic action may be present without
      concomitant motor stimulation. Since motor stimulation is generally
      associated with analeptic action, the instant compounds of this invention
      are unique in the respect that while they are analeptic agents they are
      not motor stimulants.
PAR  In addition to having analeptic activity, compounds of Formula I are active
      agents in preventing the phenylquinone writhing syndrome in mice. The
      prevention of this syndrome is employed as a measure of analgesic activity
      -- Hendershot and Forsaith, J. Pharmacol. Exp. Therap. 125, 237 (1959). In
      this test, groups of 10 to 20 mice are injected subcutaneously with
      graduated doses of the test compound. At the time of a predetermined peak
      effect, the animals are administered a dose of 2.5 milligrams per kilogram
      of body weight of phenylquinone intraperitoneally. The latter injection
      induces writhing episodes in the mice. The number of such episodes
      exhibited by each mouse during the 10 minute period following injection is
      counted and the average percent of decrease in the number of episodes as
      compared to a control group of mice is recorded for each dose of test
      compounds. A log dose-response curve is prepared and the dose of the test
      compound required to decrease the number of writhing episodes of 50
      percent is estimated by interpolation. Results relating to a number of
      compounds of the present invention compared to aspirin are listed in Table
      II.
TBL                TABLE II                                                    

     ______________________________________                                    

     PREVENTION OF PHENYLQUINONE WRITHING                                      

     ______________________________________                                    

     Example          ED.sub.50                                                

     Number                                                                    

     (Table III)      mg/kg body weight                                        

     ______________________________________                                    

     Aspirin          20.0                                                     

      1               21.8                                                     

      3               15.8                                                     

      7               3.85                                                     

      8               13.0                                                     

     10               5.7                                                      

     11               17.1                                                     

     12               11.3                                                     

     13               33.2                                                     

     17               7.7                                                      

     18               16.2                                                     

     19               10.3                                                     

     ______________________________________                                    

DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples are intended to illustrate the present invention
      without limiting it thereto.
PAC  EXAMPLES 1-21
PAC  General procedure for the preparation of 1-iminomethylindolines
PAR  A mixture of equimolar amounts of an indoline and the appropriate
      carboxamide in 1,2-dichloroethane (250 ml. per 0.1 mole of reactant) is
      treated dropwise with an equimolar solution of phosphorus oxychloride in a
      1,2-dichloroethane (50 ml. per 0.1 mole of reactant ) over a period of 30
      minutes to 1 hour at 20.degree.-30.degree.C. The mixture is stirred
      overnight and then poured into crushed ice.
PAR  The dichloroethane layer is separated from the aqueous layer and extracted
      with dilute hydrochloric acid. A 20% sodium hydroxide solution is added to
      the dilute acid solution providing an oil or a precipitate which is taken
      up in ether. Concentration of the ethereal extract provides the crude
      product which is purified by standard organic procedures well known to
      those skilled in the art such as by crystallization, distillation, or
      preparation of a suitable acid addition salt.
PAR  The following tabulation is illustrative of a number of
      1-iminomethylindolines of the present invention prepared by following the
      hereinabove described procedure. Purification solvents, melting points,
      analytical data and infrared absorption spectrum are also provided in
      Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     1-Iminomethylindolines                                                    

                                  Starting Materials                           

     Example                                                                   

     Number       Product         Amine    Carboxamide                         

     __________________________________________________________________________

     1    1-[(Methylimino)methyl]indoline                                      

                                  Indoline N-Methylformamide                   

          hydrochloride                                                        

     2    1-[(Isopropylimino)methyl]indoline                                   

                                  Indoline N-Isopropylfor-                     

          hydrochloride hemihydrate        mamide                              

     3    1-[1-(Methylimino)ethyl]indoline                                     

                                  Indoline N-Methylacetamide                   

          hydrochloride                                                        

     4    1-(N,N'-Dimethylamidino)indoline                                     

                                  Indoline N,N'-Dimethylurea                   

                                           -5 1-[(Dimethylhydrazono)methyl]indo

                                           line Indoline 1-Formyl-2,2-         

          hydrochloride                    dimethyl hydra-                     

                                           zine                                

     6    1-[(Cyclohexylimino)methyl]indoline                                  

                                  Indoline N-Cyclohexyl-                       

          hydrochloride                    formamide                           

     7    1-[2-(1-Pyrrolinyl)]indoline                                         

                                  Indoline 2-Pyrrolidinone                     

          hydrochloride                                                        

     8    1-[2-(5-Methyl-1-pyrrolinyl)]indoline                                

                                  Indoline 5-Methyl-2-                         

          hydrochloride                    pyrrolidinone                       

     9    1-[2-(5,5-Dimethyl-1-pyrrolinyl)]-                                   

                                  Indoline 5,5-Dimethyl-2-                     

          indoline hydrochloride           pyrrolidinone                       

     10   1-(3,4,5,6-Tetrahydro-2-pyridyl)-                                    

                                  Indoline 2-Piperidone                        

          indoline hydrochloride                                               

                           Analysis                                            

     Example                                                                   

          M.P. (.degree.C.)                                                    

                   Crystallization       Infrared Absorption                   

     Number                                                                    

          (Corr.)  Solvent Calcd. Found  (0.5% KBr) Microns                    

     __________________________________________________________________________

     1    282-283  Ethanol C 61.06                                             

                                  C 61.10                                      

                                         2.97, 3.35, 3.43, 5.96, 6.30,         

                           H 6.66 H 6.57 6.63, 6.79, 6.83, 7.00, 7.29,         

                           N 14.25                                             

                                  N 14.06                                      

                                         7.84, 8.19, 8.79, 9.20, 9.51,         

                           Cl                                                  

                             18.03                                             

                                  Cl                                           

                                    18.11                                      

                                         13.15.                                

     2    213.5-215                                                            

                   Ethanol-ether                                               

                           C 61.66                                             

                                  C 62.21                                      

                                         2.90, 3.30, 3.42, 5.80, 6.30,         

                           H 7.76 H 7.57 6.65, 6.90, 7.25, 7.87, 8.20,         

                           N 11.99                                             

                                  N 12.13                                      

                                         8.79, 9.75, 9.85, 13.50,              

                           Cl                                                  

                             15.17                                             

                                  Cl                                           

                                    15.29                                      

                                         19.80                                 

     3    228.5-230.5                                                          

                   Ethanol-ether                                               

                           C 62.70                                             

                                  C 62.97                                      

                                         2.90, 3.32, 6.17, 6.30, 6.60,         

                           H 7.17 H 7.15 6.85, 7.15, 7.30, 7.40, 7.50,         

                           N 13.30                                             

                                  N 13.22                                      

                                         7.95, 8.50, 8.80, 9.15, 9.55,         

                           Cl                                                  

                             16.83                                             

                                  Cl                                           

                                    16.58                                      

                                         13.00.                                

     4    142-143  n-Neptane                                                   

                           C 69.81                                             

                                  C 69.94                                      

                                         2.92, 3.15, 3.40, 3.50, 6.15,         

                           H 7.99 H 8.01 6.71, 6.95, 7.14, 7.29, 7.95,         

                           N 22.20                                             

                                  N 22.49                                      

                                         8.48, 8.66, 9.50, 9.65, 11.45,        

                                         13.32, 15.00.                         

     5    179-182.5                                                            

                   Ethanol C 58.53                                             

                                  C 58.42                                      

                                         2.93, 3.35, 3.42, 3.98, 4.15,         

                           H 7.15 H 7.22 6.20, 6.35, 6.75, 6.92, 7.18,         

                           N 18.62                                             

                                  N 18.56                                      

                                         7.59, 7.95, 8.21, 8.50, 8.65,         

                           Cl                                                  

                             15.70                                             

                                  Cl                                           

                                    15.66                                      

                                         9.75, 10.20, 10.75, 11.40,            

                                         12.00, 13.40.                         

     6    221-222  Ethanol-ether                                               

                           C 68.03                                             

                                  C 68.30                                      

                                         2.93, 3.14, 3.30, 3.44, 3.52,         

                           H 8.00 H 8.01 5.85, 6.30, 6.66, 6.84, 7.22,         

                           N 10.58                                             

                                  N 10.56                                      

                                         7.89, 8.06, 8.75, 9.25, 9.75,         

                           Cl                                                  

                             13.39                                             

                                  Cl                                           

                                    13.67                                      

                                         11.25, 13.20.                         

     7    265-266.5                                                            

                   Ethanol-ether                                               

                           C 64.71                                             

                                  C 64.60                                      

                                         2.95, 3.40, 3.60, 6.10, 6.30,         

                           H 6.79 H 6.56 6.67, 6.89, 7.09, 7.30, 7.69,         

                           N 12.58                                             

                                  N 12.34                                      

                                         7.92, 8.55, 9.39, 9.50, 9.75,         

                           Cl                                                  

                             15.92                                             

                                  Cl                                           

                                    15.78                                      

                                         10.84, 13.10.                         

     8    212-214  Ethanol-ether                                               

                           C 65.95                                             

                                  C 65.75                                      

                                         3.40, 3.58, 6.10, 6.68, 6.80,         

                           H 7.24 H 7.22 7.08, 7.29, 7.80, 7.92, 8.15,         

                           N 11.83                                             

                                  N 12.00                                      

                                         8.52, 9.10, 9.40, 13.20.              

                           Cl                                                  

                             14.98                                             

                                  Cl                                           

                                    14.76                                      

     9    250-251  Ethanol-ether                                               

                           C 67.05                                             

                                  C 67.08                                      

                                         2.95, 3.40, 6.10, 6.30, 6.68,         

                           H 7.64 H 7.62 6.80, 6.89, 7.05, 7.30, 7.68,         

                           N 11.17                                             

                                  N 11.12                                      

                                         7.95, 8.15, 8.54, 8.80, 9.52,         

                           Cl                                                  

                             14.14                                             

                                  Cl                                           

                                    14.30                                      

                                         9.90, 10.70, 11.92, 13.10,            

                                         13.45, 14.30.                         

     10   233.5-235.5                                                          

                   Ethanol-ether                                               

                           C 65.95                                             

                                  C 65.66                                      

                                         2.92, 3.35, 3.40, 6.18, 6.30,         

                           H 7.24 H 6.95 6.68, 6.88, 7.40, 7.52, 7.90,         

                           N 11.83                                             

                                  N 11.65                                      

                                         8.20, 8.50, 8.95, 9.29, 9.58,         

                           Cl                                                  

                             14.98                                             

                                  Cl                                           

                                    15.03                                      

                                         13.18.                                

                                  Starting Materials                           

     Example                                                                   

     Number       Product         Amine    Carboxamide                         

     __________________________________________________________________________

     11   1-[7-(3,4,5,6-Tetrahydro-2H-azepinyl)]-                              

                                  Indoline 2-Oxohexamethyl-                    

          indoline hydrochloride           enimine                             

     12   1-[5,6-Dihydro-3-(2H-thiazinyl)]indo-                                

                                  Indoline 3-Thiomorpholin-                    

          line hydrochloride               one                                 

     13   1-(2-Imidazolin-2-yl)indoline                                        

                                  Indoline 2-Imidozolinone                     

          hydrochloride                                                        

     14   1-[(Piperidinoimino)methyl]indoline                                  

                                  Indoline N-(1-Piperidinyl)-                  

          hydrochloride                    formamide                           

     15   1-(3H-Indol-2-yl)indoline hydrochlor-                                

                                  Indoline 2-Oxindole                          

          ide                                                                  

     16   5-Acetyl-1-(methyliminomethyl)-                                      

                                  5-Acetylindoline                             

                                           N-Methylformam-                     

          indoline                         ide                                 

     17   5-Acetyl-1-[2-(1-pyrrolinyl)]indoline                                

                                  5-Acetylindoline                             

                                           2-Pyrrolidinone                     

     18   5-Acetyl-1-[7-(3,4,5,6-tetrahydro-                                   

                                  5-Acetylindoline                             

                                           2-Oxohexamethyl-                    

          2H-azepinyl)]indoline hydrochloride                                  

                                           enimine                             

     19   1-[(Methylimino)methyl]-5-nitro-                                     

                                  5-Nitroindoline                              

                                           N-Methylformam-                     

          indoline hydrochloride           ide                                 

     20   5-Nitro-1-[2-(1-pyrrolinyl)]indoline                                 

                                  5-Nitroindoline                              

                                           2-Pyrrolidinone                     

          hydrochloride                                                        

     21   1-[7-(3,4,5,6-Tetrahydro-2H-azepinyl)]-                              

                                  5-Nitroindoline                              

                                           2-Oxohexamethyl-                    

          5-nitroindoline hydrochloride    enimine                             

                           Analysis                                            

     Example                                                                   

          M.P. (.degree.C.)                                                    

                   Crystallization       Infrared Absorption                   

     Number                                                                    

          (Corr.)  Solvent Calcd. Found  (0.5% KBr) Microns                    

     __________________________________________________________________________

     11   224-226 (dec.)                                                       

                   Ethanol-ether                                               

                           C 67.05                                             

                                  C 66.77                                      

                                         2.95, 3.38, 3.48, 6.19, 6.30,         

                           H 7.64 H 7.52 6.65, 6.85, 7.30, 7.48, 7.90,         

                           N 11.17                                             

                                  N 10.89                                      

                                         8.22, 8.60, 8.95, 10.15,              

                           Cl                                                  

                             14.14                                             

                                  Cl                                           

                                    14.23                                      

                                         11.50, 11.85, 13.15.                  

     12   199-201.5                                                            

                   Ethanol-ether                                               

                           C 56.57                                             

                                  C 56.59                                      

                                         2.90, 3.40, 3.52, 6.15, 6.30,         

                           H 5.93 H 6.17 6.70, 6.90, 7.44, 7.94, 8.50,         

                           N 11.00                                             

                                  N 11.15                                      

                                         9.15, 13.09.                          

                           Cl                                                  

                             13.91                                             

                                  Cl                                           

                                    14.02                                      

     13   325-327.5 (dec.)                                                     

                   Ethanol C 59.06                                             

                                  C 59.26                                      

                                         3.21, 6.10, 6.30, 6.49, 6.70,         

                           N 6.31 H 6.24 6.81, 7.05, 7.29, 7.79, 7.91,         

                           N 18.78                                             

                                  N 18.99                                      

                                         8.38, 9.22, 9.40, 9.67, 10.60,        

                           Cl                                                  

                             15.85                                             

                                  Cl                                           

                                    15.93                                      

                                         11.56, 13.15.                         

     14   200-201  Ethanol C 63.27                                             

                                  C 63.31                                      

                                         2.90, 3.44, 3.86, 6.20, 6.35,         

                           H 7.58 H 7.63 6.70, 6.90, 7.15, 7.35, 7.50,         

                           N 15.81                                             

                                  N 15.69                                      

                                         7.96, 8.40, 9.00, 9.80, 10.65,        

                           Cl                                                  

                             13.34                                             

                                  Cl                                           

                                    13.57                                      

                                         11.75, 13.20.                         

     15   268.5-271 (dec.)                                                     

                   Ethanol-ether                                               

                           C 70.97                                             

                                  C 71.09                                      

                                         2.95, 3.30, 3.45, 6.10, 6.32,         

                           H 5.58 H 5.52 6.85, 7.10, 7.30, 7.60, 8.35,         

                           N 10.35                                             

                                  N 10.21                                      

                                         9.25, 9.75, 11.80, 13.40.             

                           Cl                                                  

                             13.10                                             

                                  Cl                                           

                                    12.63                                      

     16   118-120  Ethanol C 71.26                                             

                                  C 71.15                                      

                                         3.45, 3.60, 6.05, 6.25, 6.62,         

                           H 6.98 H 7.02 6.90, 7.10, 7.36, 7.49, 7.62,         

                           N 13.85                                             

                                  N 13.81                                      

                                         7.80, 8.28, 8.92, 9.50, 10.02,        

                                         10.35, 11.05, 12.38, 13.85,           

                                         14.05.                                

     17   124.5-126                                                            

                   Isopropyl ether                                             

                           C 73.65                                             

                                  C 73.37                                      

                                         2.95, 3.55, 6.00, 6.19, 6.31,         

                           H 7.07 H 6.93 6.70, 6.95, 7.10, 7.20, 7.36,         

                           N 12.27                                             

                                  H 12.35                                      

                                         7.50, 7.90, 8.63, 9.15, 10.50,        

                                         11.29, 11.82.                         

     18   250.5-252.5                                                          

                   Ether   C 65.63                                             

                                  C 65.47                                      

                                         2.99, 3.40, 3.49, 6.00, 6.20,         

                           H 7.23 H 7.33 6.39, 6.70, 6.80, 6.95, 7.40,         

                           N 9.57 N 9.43 7.75, 7.94, 8.42, 8.54, 9.10,         

                           Cl                                                  

                             12.10                                             

                                  Cl                                           

                                    11.80                                      

                                         9.50, 10.20, 10.54, 11.95,            

                                         13.20, 14.20.                         

     19   244-246.5 (dec.)                                                     

                   Ether   C 49.70                                             

                                  C 49.41                                      

                                         2.96, 3.45, 5.95, 6.30, 6.56,         

                           H 5.00 H 5.12 6.82, 7.33, 7.50, 7.83, 8.49,         

                           N 17.39                                             

                                  N 17.12                                      

                                         8.78, 9.16, 9.50, 10.90,              

                           Cl                                                  

                             14.67                                             

                                  Cl                                           

                                    14.37                                      

                                         12.27, 13.50.                         

     20   281-282 (dec.)                                                       

                   Ether   C 53.84                                             

                                  C 54.06                                      

                                         2.96, 3.40, 6.09, 6.30, 6.70,         

                           H 5.27 H 5.24 7.00, 7.45, 7.69, 7.92, 8.60,         

                           N 15.70                                             

                                  N 15.83                                      

                                         9.29, 9.42, 10.95, 11.95,             

                           Cl                                                  

                             13.25                                             

                                  Cl                                           

                                    13.28                                      

                                         12.28, 13.00.                         

     21   268.5-270.5                                                          

                   Ether   C 56.85                                             

                                  C 56.94                                      

                                         2.95, 3.40, 3.52, 6.15, 6.30,         

                           H 6.13 H 6.32 6.75, 6.95, 7.45, 7.87, 8.40,         

                           N 14.21                                             

                                  N 14.15                                      

                                         8.65, 9.50, 10.20, 10.90,             

                           Cl                                                  

                             11.99                                             

                                  Cl                                           

                                    11.91                                      

                                         11.20, 13.40.                         

     __________________________________________________________________________

PAC  EXAMPLE 22
PAC  5-Amino-1-[2-(1-pyrrolinyl)]indoline
PAR  A solution of 1-[2-(1-pyrrolinyl)]-5-nitroindoline (8 g. 0.03 mole) in 200
      ml. of 0.15 N hydrochloric acid is reduced on a Parr hydrogenator
      employing 1 teaspoon of W-60 Raney Nickel catalyst. When the hydrogen
      uptake ceases the catalyst is collected and the filtrate is made basic
      with 20% potassium hydroxide solution which provides a precipitate of the
      free amine. The precipitate is taken up in 50 ml. of acetone, treated with
      decolorizing charcoal and concentrated to about 20 ml. On standing, the
      acetone solution deposits 1.6 g. (27%) of
      1-[2-(1-pyrrolinyl)]-5-aminoindoline, m.p. 174.degree.-176.5.degree.C.
PAR  Analysis. Calcd. for C.sub.12 H.sub.15 N.sub.3 : C, 71.61; H, 7.51; N,
      20.88. Found: C, 71.46; H, 7.76; N, 20.59.
PAC  EXAMPLE 23
PAC  5-Methanesulfonamido-1-[2-(1-pyrrolinyl)]-indoline
PAR  An equimolar portion of methanesulfonyl chloride is added to
      5-amino-1-[2-(1-pyrrolinyl)]indoline in pyridine. After stirring the
      mixture overnight the product is isolated by quenching the pyridine
      solution in water and collecting the precipitated
      5-methanesulfonamido-1-[2-(1-pyrrolinyl)]indoline. Alternatively, the
      product may be recovered by extraction with a water immiscible organic
      solvent such as ether, benzene, ethyl acetate and the like.
PAC  EXAMPLE 24
PAC  5-Butyramido-1-[2-(1-pyrrolinyl)]indoline
PAR  Following the procedure of Example 23, an equimolar portion of butuyryl
      chloride is added to 5-amino-1-[2-(1-pyrrolinyl)]indoline in pyridine to
      provide the butuyramido derivative.
PAC  EXAMPLES 25 - 48
PAR  The procedures described for Examples 1 through 24 are followed to obtain
      additional products of the present invention as listed in Table IV. For
      each example the starting reactants are given.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     ADDITIONAL 1-IMINOMETHYLINDOLINES                                         

     Example                                                                   

          Product                                                              

     Number                                                                    

          X          R.sup.2                                                   

                          R.sup.3                                              

                                Y         Starting Materials                   

     __________________________________________________________________________

     25   H          H    CH.sub.3        3-Methylindoline and                 

                                          2-pyrrolidinone                      

     26   H          H    C.sub.2 H.sub.5                                      

                                --C--CH.sub.3                                  

                                          3-Ethylindoline and                  

                                          N-methylacetamide                    

                                .parallel.                                     

                                N--CH.sub.3                                    

     27   H          H    CH(CH.sub.3).sub.2                                   

                                          3-Isopropylindoline and              

                                          5,5-dimethyl-2-pyrrolidinone         

     28   H          CH.sub.3                                                  

                          CH.sub.3        3,3-Dimethylindoline and             

                                          5,5-dimethyl-2-pyrrolidinone         

     29   H          n--C.sub.3 H.sub.7                                        

                          n--C.sub.3 H.sub.7                                   

                                          3,3-Dipropylindoline and             

                                          2-pyrrolidinone                      

     30   5--NO.sub.2                                                          

                     H    H               5-Nitroindoline and 2-azabicyclo[    

                                          2.2.2]octan-3-one                    

     31   6--NO.sub.2                                                          

                     H    H               6-Nitroindoline and                  

                                          5,5-dimethyl-2-pyrrolidinone         

     32   5--NO.sub.2                                                          

                     CH.sub.3                                                  

                          CH.sub.3        3,3-Dimethyl-5-nitroindoline and     

                                          5,5-dimethyl-2-                      

                                          pyrrolidinone                        

     33   6--NH.sub.2                                                          

                     H    H               6-Nitroindoline and                  

                                          3-ketomorpholine                     

     34   5--n--C.sub.4 H.sub.9 SO.sub.2 NH                                    

                     CH.sub.3                                                  

                          CH.sub.3        3,3-Dimethyl-5-nitroindole and       

                                          2-pyrrolidinone                      

          O                                                                    

          .parallel.                                                           

     35   5--CH.sub.3 C                                                        

                     CH.sub.3                                                  

                          CH.sub.3        3,3-Dimethyl-5-acetylindoline and    

                                          2-pyrrolidinone                      

     36   H          H    H               Indoline and N-cyclobutylformamide   

     37   H          H    H               Indoline and N-cycloheptylbutyramide 

                                          7                                    

     38   H          H    H     --C--NHCH(CH.sub.3).sub.2                      

                                          Indoline and N,N'-diisopropylurea    

                                .parallel.                                     

                                N--CH(CH.sub.3).sub.2                          

     39   H          H    H     --C--NHCH.sub.3                                

                                          Indoline and N-isopropyl-N'-methylure

                                          a                                    

                                .parallel.                                     

                                N--CH(CH.sub.3).sub.2                          

     40   H          H    H     C--CH.sub.3                                    

                                          Indoline and 1-acetyl-2-methyl-2-prop

                                          ylhydrazine                          

                                .parallel.CH.sub.3                             

                                N,N.angle.                                     

                                --C.sub.3 H.sub.7                              

     41   H          H    H               Indoline and 4-methyl-2-pyrrolidinone

                                          4                                    

     42   H          H    H               Indoline and 3-methyl-2-pyrrolidinone

                                          N                                    

          O                                                                    

          .parallel.                                                           

     43   5--n--C.sub.3 H.sub.7 C                                              

                     H    H               5-Butyrylindoline and                

                                          5,5-dimethyl-2-pyrrolidinone         

          O                                                                    

     44   5--(CH.sub.3).sub.2 CHC                                              

                     H    H               5-Isobutyrylindoline and             

                                          2-pyrrolidinone                      

          O                                                                    

          .parallel.                                                           

     45   6--CH.sub.3 C                                                        

                     H    H               6-Acetylindoline and                 

                                          2-pyrrolidinone                      

          O                                                                    

          .parallel.                                                           

     46   5--CH.sub.3 CNH                                                      

                     H    H               5-Nitroindoline and                  

                                          5,5-dimethyl-2-pyrrolidinone         

          .parallel.                                                           

     47   6--CH.sub.3 CNH                                                      

                     H    H               6-Nitroindoline and 2-pyrrolidinone  

          O                                                                    

          .parallel.                                                           

     48   5--(CH.sub.3).sub.2 CHCH.sub.2 CNH                                   

                     H    H               5-Nitroindoline and 2-pyrrolidinone  

     __________________________________________________________________________

PAC  EXAMPLE 49
PAC  Tablets
PAR  The iminomethylindolines compounds of the present invention are compounded
      into tablets according to the following example.
TBL  ______________________________________                                    

     Material                  Amount                                          

     ______________________________________                                    

     1-[2-(5,5-dimethyl-1-pyrrolinyl)]indoline                                 

     hydrochloride             58.0     g.                                     

     Magnesium stearate        1.3      g.                                     

     Corn starch               12.4     g.                                     

     Corn starch pregelatinized                                                

                               1.3      g.                                     

     Lactose                   185.0    g.                                     

     ______________________________________                                    

PAR  The foregoing materials are blended in a twin-shell blender and then
      granulated and pressed into tablets weighing 258 mg. each. Each tablet
      contains 50 mg. of active ingredient.
PAC  EXAMPLE 50
PAC  Solution for Parenteral Injection
PAR  The 1-iminomethylindoline compounds of the present invention are formulated
      for parenteral administration according to the following example. A
      sterile solution suitable for intravenous injection is prepared by
      dissolving 20 g. of 1-[2-(5,5-dimethyl-1-pyrrolinyl)]indoline
      hydrochloride in 2 liters of water for injection, USP. The solution is
      adjusted to pH 4.2 with 0.1 N sodium hydroxide. The solution is sterilized
      by passage through a bacteriological filter and aseptically filled into 10
      ml. glass ampoules, each ampoule contains 50 mg. of active ingredient.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of indoline bases having
      the formula
      ##SPC3##
PAL  and the pharmaceutically acceptable acid addition salts thereof wherein
PA1  X is located in any of the 4, 5, 6, or 7 positions of the indoline ring and
      is selected from the group consisting of hydrogen, nitro, amino, R.sup.1
      CO, R.sup.1 CONH, and R.sub.1 SO.sub.2 NH wherein
PA1  R.sup.1 is lower alkyl group of from 1 to 4 carbon atoms inclusive,
PA1  R.sup.2 and R.sup.3 are independently selected from the group consisting of
      hydrogen and lower alkyl of from 1 to 3 carbon atoms inclusive, and
PA1  R.sup.4 and R.sup.5 are joined to form in combination with the atoms to
      which they are attached a 5,6-dihydro-3-(2H-thiazinyl), 2-imidazolin-2-yl,
      or 3H-indol-2-yl group.
NUM  2.
PAR  2. The compound of claim 1, 1-[5,6-dihydro-3-(2H-thiazinyl)]indoline, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  3.
PAR  3. The compound of claim 1, 1-(2-imidazolin-2-yl)indoline, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  4.
PAR  4. The compound of claim 1, 1-(3H-indol-2-yl)indoline, or a
      pharmaceutically acceptable acid addition salt thereof.
PATN
WKU  039352005
SRC  5
APN  5160723
APT  1
ART  121
APD  19741018
TTL  N,N-disubstituted 2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
ISD  19760127
NCL  9
ECL  1
EXP  Ford; John M.
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
INVT
NAM  Hamprecht; Gerhard
CTY  Mannheim
CNT  DT
INVT
NAM  Huber; Rolf
CTY  Ludwigshafen
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731103
APN  2355113
CLAS
OCL  260243R
XCL   71 91
EDF  2
ICL  C07D28516
FSC  260
FSS  243 R
UREF
PNO  3287362
ISD  19661100
NAM  Hurmen et al.
OCL  260243
LREP
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ABST
PAL  New and Valuable substituted 2,1,3-benzothiadiazin-(4)-one-2,2-dioxides
      having a good herbicidal action and a process for controlling the growth
      of unwanted plants with these compounds.
BSUM
PAR  The present invention relates to new and valuable substituted
      2,1,3-benzothiadiazin-(4)-one-2,2-dioxides having a herbicidal action,
      herbicides containing these active ingredients, a process for controlling
      the growth of unwanted plants with these compounds, and a process for
      preparing these compounds.
PAR  It is known (German No. 1,542,836) to use N-monosubstituted
      2,1,3-benzothiadiazin-(4)-one-2,2-dioxides as herbicidal active
      ingredients. However, their action is not always satisfactory on mono- and
      dicotyledonous weeds.
PAR  We have now found that compounds of the formula
      ##EQU1##
      where R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are hydrogen or halogen,
      R.sup.1, R.sup.2 and R.sup.4 may also be a lower unsubstituted or
      halogen-substituted or halogen-substituted alkyl of 1 to 10 carbon atoms
      or an aromatic radical, R.sup.5 is an unsubstituted or halogen-substituted
      aliphatic radical of 1 to 20 carbon atoms or an aromatic radical, R.sup.1
      and R.sup.5 may also be portions of an aliphatic ring, and R.sup.6 is an
      unsubstituted or halogen-substituted aliphatic radical of 1 to 10 carbon
      atoms, have a better herbicidal action than prior art compounds, combined
      with the same crop plant compatibility.
PAR  Compounds of the formula I may be prepared for instance by alkylating
      substituted 3-alkyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxides with
      reactive vinyl ethers. The same compounds are aslo obtained by reacting
      the alkali metal salts with .alpha.-halo ethers.
      ##EQU2##
      where R.sup.1 to R.sup.6 have the above meanings, Me is alkali and Hal is
      halogen.
PAR  The 3-alkyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxides may be prepared by
      known methods (German No. 1,542,836).
PAR  In an embodiment of the invention, a vinyl alkyl or aryl ether of the
      formula III, where R.sup.1 to R.sup.5 have the above meanings, if desired
      diluted with solvent, is poured into a solution of the abovementioned
      3-alkyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxides, and the mixture is
      stirred for from 30 minutes to 8 hours at 10.degree. to 70.degree.C. If
      R.sup.1 to R.sup.4 are hydrogen and R.sup.5 is lower alkyl, 30 minutes
      will be sufficient. If radicals R.sup.1 to R.sup.5 are larger and
      sterically bulky, longer heating is necessary. If desired, the reaction
      may be accelerated by adding acid catalysts and by heating at up to
      100.degree.C.
PAR  In another, particularly preferred, embodiment, for instance an
      .alpha.-halo ether of the formula V, where R.sup.1 to R.sup.5 have the
      above meanings, is poured into a solution of a 1-alkali (or alkaline
      earth) metal salt of a 3-alkyl-2,1,3-benzothiodiazin-(4)-one-2,2-dioxide
      of the formula IV, R.sup.6 having the above meanings, and the precipitated
      metal halide is removed. The solution is worked up in conventional manner
      by concentration to dryness or by suction filtration of the precipitated
      crystalline end products. To remove impurities it may at times be
      necessary to wash the solution of the end products in a water-immiscible
      solvent with dilute alkali and water, followed by drying and
      concentration. The same end products I are also obtained by reacting
      .alpha.-halo ethers V with starting materials II when an organic tertiary
      base is used as acid acceptor.
PAR  Examples of suitable starting materials of the formula II are:
PA1  3-methyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-ethyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-n-propyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-n-butyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-isobutyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-sec-butyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-cyclopentyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(3'-pentyl)-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-methylbutyl-3')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-methylbutyl-1')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(3'-methylpentyl-2')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-methylpentyl-4')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(heptyl-3')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(3'-methylheptyl-2')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-cyclohexylethyl-1')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-chloroethyl-2')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-chloropropyl-1')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-chloropropyl-3')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-chloropropyl-2')- and
PA1  3-(2'-chloropropyl-1')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-chlorobutyl-2')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-chloro-2'-methylpropyl-3')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(1'-fluoropropyl-2')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-fluoropropyl-1')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  3-(2'-fluoro-2'-methylpropyl-3')-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
PAR  As vinyl ethers, the following starting materials of the formula III are
      preferred:
PA1  methyl vinyl ether
PA1  ethyl vinyl ether
PA1  n-propyl vinyl ether
PA1  isopropyl vinyl ether
PA1  n-butyl vinyl ether
PA1  isobutyl vinyl ether
PA1  sec-butyl vinyl ether
PA1  tert-butyl vinyl ether
PA1  n-amyl vinyl ether
PA1  isoamyl vinyl ether
PA1  sec-amyl vinyl ether
PA1  tert-amyl vinyl ether
PA1  neopentyl vinyl ether
PA1  hexyl vinyl ether
PA1  heptyl vinyl ether
PA1  octyl vinyl ether
PA1  nonyl vinyl ether
PA1  decyl vinyl ether
PA1  undecyl vinyl ether
PA1  dodecyl vinyl ether
PA1  tridecyl vinyl ether
PA1  tetradecyl vinyl ether
PA1  pentadecyl vinyl ether
PA1  hexadecyl vinyl ether
PA1  heptadecyl vinyl ether
PA1  octadecyl vinyl ether
PA1  nonadecyl vinyl ether
PA1  n-eicosanyl vinyl ether
PA1  3-chloropropyl vinyl ether
PA1  1,1-dichloroethyl vinyl ether
PA1  phenyl vinyl ether
PA1  methyl isopropenyl ether
PA1  methyl-(propen-(1)-ether
PA1  ethyl-(propen-(1)-yl)-ether
PA1  methyl-(buten-(1)-yl)-ether
PA1  methyl-(1-methylpropen-(1)-yl)-ether
PA1  methyl-(2-methypropen-(1)-yl)-ether
PA1  methyl-(1,2-dimethylpropen-(1)-yl)-ether
PA1  ethyl-(buten-(1)-yl)-ether
PA1  ethyl-(penten-(1)-yl)-ether
PA1  ethyl-(hexen-(1)-yl-ether
PA1  ethyl-(hepten-(1)-yl)-ether
PA1  ethyl-(octen-(1)-yl)-ether
PA1  ethyl-(nonen-(1)-ether
PA1  ethyl-(decen-(1)-yl)-ether
PA1  phenyl-(2-phenylvinyl)-ether
PA1  methyl-(buten-(1)-3-onyl)-ether
PA1  ethyl-(1-phenyl-2-methylpropen-(1)-yl)-ether
PA1  2,3-dihydrofuran
PA1  3,4-dihydropyran (2H)
PA1  ethyl-(1-phenyl-2-benzoylvinyl)-ether
PA1  .beta.-chloro-.beta.-ethoxystyrene
PA1  ethyl-(2,2-dichlorovinyl)-ether
PA1  propyl-(trifluorovinyl)-ether
PA1  pentachloro-1-ethoxybutadiene
PA1  ethyl-(1,3,3,3,-tetrafluoro-2-trifluoromethylpropen-(1)-yl)-ether.
PAR  Preferred .alpha.-halo ethers of the formula V are those obtained by adding
      hydrogen chloride to the vinyl ethers of the formula III. Also suitable
      are the following compounds:
PA1  1,2-dichloroethylmethyl ether
PA1  1,2-dichloroethyl ether
PA1  .alpha.-chloroisopropylethyl ether
PA1  1-chloro-2,2-dimethylpropylmethyl ether
PA1  1-chloro-1,2,2-trimethylpropylethyl ether
DETD
PAC  EXAMPLE 1
PAR  23.7 parts (by weight) of vinyl isobutyl ether is introduced at 40.degree.C
      into a solution of 40 parts of 3-sec-butyl-2,1,3-benzothiadiazin-(4)-one
      in 200 parts of ethyl acetate. One drop if thionyl chloride is added as
      catalyst, and the reaction solution is then stirred for 2 hours at
      70.degree.C. After having been allowed to cool, the solution is washed
      twice with 0.5 N caustic solution and twice with water. After drying over
      magnesium sulfate and concentration in vacuo there is obtained 52 parts
      (93% of theory) of
      1-(.alpha.-isobutyloxy)-ethyl-3-sec-butyl-2,1,3-benzothiadiazin-(4)-one-2,
     2-dioxide as a colorless oil; n.sub.D .sup.25 : 1.5097.
PAC  EXAMPLE 2
PAR  At 20.degree.C and over a period of 10 minutes, 11 parts of
      .alpha.-chlorodiethyl ether is run into a solution of 24 parts of the
      1-sodium salt of 3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide in
      270 prts of acetone. The solution is stirred for 30 minutes at room
      temperature, the precipitated sodium chloride is filtered off, and the
      solution is concentrated in vacuo.
PAR  The oil which remains is taken up in methylene chloride and washed twice
      with 0.5 N caustic solution and with water. After drying and concentration
      in vacuo there is obtained 27.5 parts (96% of theory) of
      1-(.alpha.-ethoxy)-ethyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dio
     xide as a colorless oil; n.sub.D .sup.25 : 1.5235.
PAC  EXAMPLE 3
PAR  10.9 parts of .alpha.-chlrodiethyl ether and 10.9 parts of triethylamine
      are run, over a period of 10 minutes and through 2 supply lines, into a
      solution of 24 parts of
      3-ispropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide in 300 parts of
      methylene chloride at 20.degree. to 30.degree.C. The mixture is stirred
      for 1 hour at room temperature and then extracted first with water, then
      with 0.3 N caustic solution, and again with water. After drying and
      concentration the same end product is obtained as in Example 2, in the
      same yield and with the same purity.
PAR  The following compounds corresponding to the formula I may be prepared
      analogously:
TBL  R.sup.1                                                                   

        R.sup.2                                                                

           R.sup.3                                                             

                R.sup.4                                                        

                   R.sup.5                                                     

                          R.sup.6      n.sub.D.sup.25                          

     __________________________________________________________________________

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH.sub.3     1.5273                                  

     H  H  H    H  C.sub.2 H.sub.5                                             

                          C.sub.2 H.sub.5                                      

                                       1.5274                                  

     H  H  H    H  C.sub.2 H.sub.5                                             

                          n-C.sub.3 H.sub.7                                    

                                       1.5277                                  

     H  H  H    H  C.sub.2 H.sub.5                                             

                          n-C.sub.4 H.sub.9                                    

     H  H  H    H  C.sub.2 H.sub.5                                             

                          i-C.sub.4 H.sub.9                                    

     H  H  H    H  C.sub.2 H.sub.5                                             

                          sec-C.sub.4 H.sub.9                                  

                                       1.5212                                  

                                       m.p. 50-54.degree.C                     

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH--(C.sub.2 H.sub.5).sub.2                          

                                       m.p. 102-104.degree.C                   

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.                                          

                          CH(CH.sub.3).sub.2                                   

                          C.sub.2 H.sub.5                                      

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.sub.2 --CH.angle.                               

                                       1.5069                                  

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.                                          

                          CH--C.sub.2 H.sub.5                                  

                          .vertline.                                           

                          CH.sub.3                                             

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.  1.4779                                  

                          CH.sub.2 CH(CH.sub.3).sub.2                          

                          C.sub.2 H.sub.5                                      

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.                                          

                          (CH.sub.2).sub.3 CH.sub.3                            

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.                                          

                          CH(CH.sub.2).sub.3 CH.sub.3                          

                          .vertline.                                           

                          CH.sub.3                                             

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH                                                 

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH.sub.2 --CH.sub.2 Cl                               

                                       1.5478                                  

                                       m.p. 165.degree.C                       

                                       (decomposes)                            

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.sub.2 --CH.angle.                               

                          Cl                                                   

     H  H  H    H  C.sub.2 H.sub.5                                             

                          (CH.sub.2).sub.3 Cl                                  

                          CH.sub.3                                             

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.angle.  m.p. 74-78.degree.C                     

                          CH.sub.2 Cl                                          

                          (86:14)                                              

                          CH.sub.2 --CH--Cl                                    

                          .vertline.                                           

                          CH.sub.3                                             

                          C.sub.2 H.sub.5                                      

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH.angle.    m.p. 95-98.degree.C                     

                          CH.sub.2 Cl                                          

                          CH.sub.3                                             

                          .vertline.                                           

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.sub.2 --C--Cl                                   

                          .vertline.                                           

                          CH.sub.3                                             

                          CH.sub.3                                             

                          CH.angle.                                            

     H  H  H    H  C.sub.2 H.sub.5                                             

                          CH.sub.2 F(33:67)                                    

                          CH.sub.3                                             

                          CH.sub.2 --CH.angle.                                 

                          F                                                    

                          CH.sub.3                                             

                          .vertline.                                           

     H  H  H    H  C.sub.2 H.sub.5                                             

                          --CH.sub.2 --CF                                      

                          .vertline.                                           

                          CH.sub.3                                             

     H  H  H    H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

                                       1.5240                                  

     H  H  H    CH.sub.3                                                       

                   CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     H  H  CH.sub.3                                                            

                CH.sub.3                                                       

                   CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     CH.sub.3                                                                  

        CH.sub.3                                                               

           CH.sub.3                                                            

                CH.sub.3                                                       

                   CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

           O                                                                   

           .parallel.                                                          

     H  H  C--CH.sub.3                                                         

                H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     H  CH.sub.3                                                               

           CH.sub.3                                                            

                H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

                                       1.5045                                  

     H  H  C.sub.2 H.sub.5                                                     

                H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     H  H  H    H  n-C.sub.3 H.sub.7                                           

                          i-C.sub.3 H.sub.7                                    

     H  H  H    H  i-C.sub.4 H.sub.9                                           

                          i-C.sub.3 H.sub.7                                    

                                       1.5101                                  

     H  H  H    H  n-C.sub.6 H.sub.13                                          

                          i-C.sub.3 H.sub.7                                    

     H  H  H    H  n-C.sub.9 H.sub.19                                          

                          i-C.sub.3 H.sub.7                                    

     H  H  H    H  n-C.sub.12 H.sub.25                                         

                          i-C.sub.3 H.sub.7                                    

     H  H  H    H  n-C.sub.18 H.sub.37                                         

                          i-C.sub.3 H.sub.7                                    

                                       m.p. 48.degree.C                        

     -- H  H    H  --(CH.sub.2).sub.3 --                                       

                          i-C.sub.3 H.sub.7                                    

                                       m.p. 104-108.degree.C                   

     H  H  H    H  CH.sub.3                                                    

                          sec-C.sub.4 H.sub.9                                  

     H  H  H    H  C.sub.6 H.sub.5                                             

                          i-C.sub.3 H.sub.7                                    

     Cl H  H    H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     Cl H  H    Cl CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     Cl CH.sub.3                                                               

           H    H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     CH.sub.3                                                                  

        CH.sub.3                                                               

           CH.sub.3                                                            

                H  CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     Cl CH.sub.3                                                               

           CH.sub.3                                                            

                CH.sub.3                                                       

                   CH.sub.3                                                    

                          i-C.sub.3 H.sub.7                                    

     __________________________________________________________________________

PA1  1(2'-methyltetrahydrofuranyl-5')-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-
     2,2-dioxide, m.p. 116.degree.-118.degree.c
PA1  1-(4'-methyltetrahydropyranyl-6')-3-isopropyl-2,1,3-benzothiadiazin-(4)-one
     -2,2-dioxide, m.p. 108.degree.-114.degree.C
PA1  1-(2',2'-dimethyltetrahydrofuranyl-5')-3-isopropyl-2,1,3-benzothiadiazin-(4
     )-one-2,2-dioxide, m.p. 119.degree.-124.degree.C
PA1  1-(.alpha.-methoxy-.beta.-chloroethyl)-3-isopropyl-2,1,3-benzothiadiazin-(4
     )-one-2,2-dioxide, m.p. 109.degree.-111.degree.C.
PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, broadcasting agents, or granules by spraying, atomizing,
      dusting, broadcasting or watering. The forms of application depend
      entirely on the purpose for which the agents are being used; in any case
      they should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-oils, etc. and oils of
      vegetable or animal origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronaphthalene,
      alkylated napthalenes and their derivatives such as methanol, ethanol,
      propanol, butanol, chloroform, carbon tetrachloride, cyclohexanol,
      cyclohexanone, chlorobenzene, isophorone, etc., and strongly polar
      solvents such as dimethylformamide, dimethylsulfoxide,
      N-methylpyrrolidone, water, etc. are suitable.
PAR  Aqueous formulations may be prepared from emulsions concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenolsulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders, dusts and broadcasting agents may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid, silica
      gels, silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole,
      loess, clay, dolomite, diatomaceous earth, calcium sulfate, magnesium
      sulfate, magnesium oxide, ground plastics, fertilizers such as ammonium
      sulfate, ammonium phosphate, ammonium nitrate, and ureas, and vegetable
      products such as grain flours, bark meal, wood meal, and nutshell meal,
      cellulosic powders, etc.
PAR  The formulations contain from 0.1 to 95, and preferably 0.5 to 90% by
      weight of active ingredient.
PAR  There may be added to the compositions or individual active ingredients (if
      desired, immediately before use (tank-mix)) oils of various types,
      herbicides, fungicides, nematocides, insecticides, bactericides, trace
      elements, fertilizers, antifoams (e.g., silicones), growth regulators,
      antidotes and other herbicidally effective compounds such as
PA1  substituted anilines
PA1  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA1  substituted ethers
PA1  substituted arsonic acids and their salts, esters and amides
PA1  substituted benzimidazoles
PA1  substituted benzisothiazoles
PA1  substituted benzothiadiazinone dioxides
PA1  substituted benzoxazines
PA1  substituted benzoxazinones
PA1  substituted benzothiadiazoles
PA1  substituted biurets
PA1  substituted quinolines
PA1  substituted carbamates
PA1  substituted aliphatic carboxylic acids and their salts, esters and amides
PA1  substituted aromatic carboxylic acids and their salts, esters and amides
PA1  substituted carbamoylalkylthiol- or -dithiophosphates
PA1  substituted quinazolines
PA1  substituted cycloalkylamidocarbothiolic acids and their salts, esters and
      amides
PA1  substituted cycloalkylcarbonamidothiazoles
PA1  substituted dicarboxylic acids and their salts, esters and amides
PA1  substituted dihydrobenzofuranyl sulfonates
PA1  substituted disulfides
PA1  substituted dipyridylium salts
PA1  substituted dithiocarbamates
PA1  substituted dithiophosphoric acids and their salts, esters and amides
PA1  substituted ureas
PA1  substituted hexahydro-1H-carbothioates
PA1  substituted hydantoins
PA1  substituted hydrazides
PA1  substituted hydrazonium salts
PA1  substituted isoxazole pyrimidones
PA1  substituted imidazoles
PA1  substituted isothiazole pyrimidones
PA1  substituted ketones
PA1  substituted naphthoquinones
PA1  substituted aliphatic nitriles
PA1  substituted aromatic nitriles
PA1  substituted oxadiazoles
PA1  substituted oxadiazinones
PA1  substituted oxadiazolidine diones
PA1  substituted oxadiazine diones
PA1  substituted phenols and their salts and esters
PA1  substituted phosphonic acids and their salts, esters and amides
PA1  substituted phosphonium chlorides
PA1  substituted phosphonalkyl glycines
PA1  substituted phosphites
PA1  substituted phosphoric acids and their salts, esters and amides
PA1  substituted piperidines
PA1  substituted pyrazoles
PA1  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides
PA1  substituted pyrazolium salts
PA1  substituted pyrazolium alkyl sulfates
PA1  substituted pyridazines
PA1  substituted pyridazones
PA1  substituted pyridine carboxylic acids and their salts, esters and amides
PA1  substituted pyridines
PA1  substituted pyridine carboxylates
PA1  substituted pyridinones
PA1  substituted pyrimidines
PA1  substituted pyrimidones
PA1  substituted pyrrolidine carboxylic acid and its salts, esters and amides
PA1  substituted pyrrolidines
PA1  substituted pyrrolidones
PA1  substituted arylsulfonic acids and their salts, esters and amides
PA1  substituted styrenes
PA1  substituted tetrahydrooxadiazine diones
PA1  substituted tetrahydroxadiazole diones
PA1  substituted tetrahydromethanoindenes
PA1  substituted tetrahydroxadiazole thiones
PA1  substituted tetrahydrothiadiadiazine thiones
PA1  substituted tetrahydrothiadiazole diones
PA1  substituted aromatic thiocarbonylamides
PA1  substituted thiocarboxylic acids and their salts, esters and amides
PA1  substituted thiol carbamates
PA1  substituted thioureas
PA1  substituted thiophosphoric acids and their salts, esters and amides
PA1  substituted triazines
PA1  substituted triazoles
PA1  substituted uracils, and
PA1  substituted uretidine diones.
PAR  The last-mentioned herbicidal compounds may also be applied before or after
      the active ingredients or compositions thereof according to the invention.
PAR  These agents may be added to the herbicides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, antidotes and growth
      regulators.
PAR  The amount used of the agents according to the invention may vary and
      depends in essence on the type of effect to be achieved; it is generally
      from 0.1 to 15 (and more), preferably from 0.2 to 6, kg per hectare of
      active ingredient. The agents according to the invention may be used once
      or several times before or after planting, before sowing, and before,
      during or after emergence of the crop plants and unwanted plants.
PAR  The new compositions have a strong herbicidal action and may therefore be
      used as weedkillers or for controlling the growth of unwanted plants.
      Whether the new active ingredients are used as total or selective agents
      depends in essence of the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance
TBL  Gramineae, such as                                                        

     Cynodon spp.       Dactylis spp.                                          

     Digitaria spp.     Avena spp.                                             

     Echinochloa spp.   Bromus spp.                                            

     Setaria spp.       Uniola spp.                                            

     Panicum spp.       Poa spp.                                               

     Alopecurus spp.    Leptochloa spp.                                        

     Lolium spp.        Brachiaria spp.                                        

     Sorghum spp.       Eleusine spp.                                          

     Agropyron spp.     Cenchrus spp.                                          

     Phalaris spp.      Eragrostis spp.                                        

     Apera spp.         Phragmites communis                                    

     etc.;                                                                     

     Cyperaceae, such as                                                       

     Carex spp.         Eleocharis spp.                                        

     Cyperus spp.       Scirpus spp.                                           

     etc.;                                                                     

     dicotyledonous weeds, such as                                             

     Malvaceae, e.g.,                                                          

     Abutilon theoprasti                                                       

                        Hibiscus spp.                                          

     Sida spp.          Malva spp.                                             

     etc.;                                                                     

     Compositae, such as                                                       

     Ambrosia spp.      Centaurea spp.                                         

     Lactuca spp.       Tussilago spp.                                         

     Senecio spp.       Lapsana communis                                       

     Sonchus spp.       Tagetes spp.                                           

     Xanthium spp.      Erigeron spp.                                          

     Iva spp.           Anthemis spp.                                          

     Galinsoga spp.     Matricaria spp.                                        

     Taraxacum spp.     Artemisia spp.                                         

     Chrysanthemum spp. Bidens spp.                                            

     Cirsium spp.       etc.;                                                  

     Convolvulaceae, such as                                                   

     Convolvulus spp.   Cuscuta spp.                                           

     Ipomoea spp.       Jaquemontia tamnifolia                                 

     etc.;                                                                     

     Cruciferae, such as                                                       

     Barbarea vulgaris  Arabidopsis thaliana                                   

     Brassica spp.      Descurainia spp.                                       

     Capsella spp.      Draba spp.                                             

     Sisymbrium spp.    Coronopus didymus                                      

     Thlaspi spp.       Lepidium spp.                                          

     Sinapis arvensis   Raphanus spp.                                          

     etc.;                                                                     

     Geraniaceae, such as                                                      

     Erodium spp.       Geranium spp.                                          

     etc.;                                                                     

     Portulaceceae, such as                                                    

     Portulaca spp.     etc.;                                                  

     Primulaceae, such as                                                      

     Anagallis arvensis Lysimachia spp.                                        

     etc.                                                                      

     Rubiaceae, such as                                                        

     Richardia spp.     Diodia spp.                                            

     Galium spp.        etc.;                                                  

     Scrophulariaceae, such as                                                 

     Linaria spp.       Digitalis spp.                                         

     Veronica spp.      etc.;                                                  

     Solanaceae, such as                                                       

     Physalis spp.      Nicandra spp.                                          

     Solanum spp.       Datura spp.                                            

     etc.;                                                                     

     Urticaceae, such as                                                       

     Urtica spp.                                                               

     Violaceae, such as                                                        

     Viola spp.         etc.;                                                  

     Zygophyllaceae, such as                                                   

     Tribulus terrestris                                                       

                        etc.;                                                  

     Euphorbiaceae, such as                                                    

     Mercurialis annua  Euhporbia spp.                                         

     Umbelliferae, such as                                                     

     Daucus carota      Ammi majus                                             

     Aethusa cynapium   etc.;                                                  

     Commelinaceae, such as                                                    

     Commelina spp.     etc.;                                                  

     Labiatae, such as                                                         

     Lamium spp.        Galeopsis spp.                                         

     etc.;                                                                     

     Leguminosae, such as                                                      

     Medicago spp.      Sesbania exaltata                                      

     Trifolium spp.     Cassia spp.                                            

     Vicia spp.         Lathyrus spp.                                          

     etc.;                                                                     

     Plantaginaceae, such as                                                   

     Plantago spp.      etc.;                                                  

     Polygonaceae, such as                                                     

     Polygonum spp.     Fagopyrum spp.                                         

     Rumex spp.         etc.;                                                  

     Alizoaceae, such as                                                       

     Mollugo verticillata                                                      

                        etc.;                                                  

     Amaranthaceae, such as                                                    

     Amaranthus spp.    etc.;                                                  

     Boraginaceae, such as                                                     

     Amsinckia spp.     Anchusa spp.                                           

     Myostis spp.       Lithospermum spp.                                      

     etc.;                                                                     

     Caryophyllaceae, such as                                                  

     Stellaria spp.     Silene spp.                                            

     Spergula spp.      Cerastium spp.                                         

     Saponaria spp.     Agrostemma githago                                     

     Scleranthus annuus etc.;                                                  

     Chenopodiaceae, such as                                                   

     Chenopodium spp.   Atriples spp.                                          

     Kochia spp.        Monolepsis nuttalliana                                 

     Salsola Kali       etc.;                                                  

     Lythraceae, such as                                                       

     Cuphea spp.        etc.;                                                  

     Oxalidaceae, such as                                                      

     Oxalis spp.                                                               

     Ranunculaceae, such as                                                    

     Ranunculus spp.    Adonis spp.                                            

     Delphinium spp.    etc.;                                                  

     Papaveraceae, such as                                                     

     Papaver spp.       Fumaris officinalis                                    

     etc.;                                                                     

     Onagraceae, such as                                                       

     Jussiaea spp.      etc.;                                                  

     Rosaceae, such as                                                         

     Alchemillia spp.   Potentilla spp.                                        

     etc.;                                                                     

     Potamogetonaceae, such as                                                 

     Potamogeton spp.   etc.;                                                  

     Najadaceae, such as                                                       

     Najas spp.         etc.;                                                  

     Equisetaceae                                                              

     Equisetum spp.     etc.;                                                  

     Marsileaceae, such as                                                     

     Marsilea quadrifolia                                                      

                        etc.;                                                  

     Polypodiaceae                                                             

     Pteridium quilinum                                                        

     Alismataceae, such as                                                     

     Alisma spp.        Sagittaria sagittifolia                                

     etc.                                                                      

PAR  The agents according to the invention may be used in cereal crops such as
TBL  Avena spp.          Sorghum                                               

     Triticum spp.       Zea mays                                              

     Hordeum spp.        Panicum miliaceum                                     

     Secale spp.         Oryza spp.                                            

     Saccharum officinarum                                                     

     and in dicotyledonous crops such as                                       

     Cruciferae, e.g.                                                          

     Brassica spp.       Raphanus spp.                                         

     Sinapis spp.        Lepidium spp                                          

     Compositae, e.g.                                                          

     Lactuca spp.        Carthamus spp.                                        

     Helianthus spp.     Scorzonera spp.                                       

     Malvaceae, e.g.                                                           

     Gossypium hirsutum                                                        

     Leguminosae, e.g.                                                         

     Medicago spp.       Phaseolus spp.                                        

     Trifolium spp.      Arachis spp.                                          

     Pisum spp.          Glycine max.                                          

     Chenopodiaceae, e.g.                                                      

     Beta vulgaris                                                             

     Spinacia spp.                                                             

     Solanaceae, e.g.                                                          

     Solanum spp.        Capsicum annuum                                       

     Nicotiania spp.                                                           

     Linaceae, e.g.                                                            

     Linum spp.                                                                

     Umbelliferae, e.g.                                                        

     Petroselinum spp.   Apium graveolens                                      

     Daucus carota                                                             

     Rosaceae, e.g.      Fragaria                                              

     Cucurbitaceae, e.g.                                                       

     Cucumis spp.        Cucurbita spp.                                        

     Liliaceae, e.g.                                                           

     Allium spp.                                                               

     Vitaceae, e.g.                                                            

     Vitis vinifera                                                            

     Bromeliaceae, e.g.                                                        

     Ananas sativus                                                            

PAC  EXAMPLE 4
PAR  In the greenhouse, the plants rice (Oryza sativa), soybeans (Glycine max.),
      Indian corn (Zea mays), wheat (Triticum spp.), yellow nutsedge (Cyperus
      esculentus), purple nutsedge (Cyperus rotundus), barnyardgrass
      (Echinochloa crusgalli), wild mustard (Sinapis arvensis), wild radish
      (Raphainus raphanistrum), chamomile (Matricaria chamomilla) and common
      lambsquarters (Chenopodium album) were treated at a growth height of from
      2 to 17 cm with 1.5 kg per hectare of each of the following active
      ingredients, each being dispersed or emulsified in 500 liters of water per
      hectare:
PA1  1-(.alpha.-ethoxy)-ethyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-diox
     ide
PA1  Ii.
      i-(.alpha.-methoxy)-ethyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-di
     oxide
PA1  Iii.
      1-(.alpha.-methoxy)-isobutyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2
     -dioxide
PA1  Iv.
      1-(.alpha.-isobutyloxy)-ethyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,
     2-dioxide
PA1  V.
      1-(.alpha.-octadecyloxy)-ethyl-3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2
     ,2-dioxide
PAL  and, for comparison,
PA1  Vi. 3-methyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide
PA1  Vii. 3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
PAR  After 3 to 4 weeks it was ascertained that compounds I to V had a better
      herbicidal action than VI, combined with the same crop plant
      compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

                 I   II  III IV  V   VI  VII                                   

     kg/ha       1.5 1.5 1.5 1.5 1.5 1.5 1.5                                   

     __________________________________________________________________________

     Crop plants:                                                              

     Oryza sativa                                                              

                 0   0   0   0   0   0   0                                     

     Glycine max 0   0   0   0   0   0   5                                     

     Zea mays    0   0   0   0   0   0   0                                     

     Tricticum spp.                                                            

                 0   0   0   0   0   0   0                                     

     Unwanted plants:                                                          

     Cyperus esculentus                                                        

                 80  50  30  30  30  0   80                                    

     Cyperus rotundus                                                          

                 80  50  30  30  30  0   80                                    

     Echinochloa crus-galli                                                    

                 50  30  30  30  30  0   10                                    

     Sinapis arvensis                                                          

                 100 100 100 100 100 80  95                                    

     Raphanus raphanistrum                                                     

                 100 100 100 100 100 80  80                                    

     Matricaria chamomilla                                                     

                 100 100 90  90  90  85  85                                    

     Chenopodium album                                                         

                 100 100 95  90  90  85  85                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 5
PAR  In the greenhouse the plants cotton (Gossypium hirsutum) and wild mustard
      (Sinapis arvensis) were treated at a growth height of from 2 to 10 cm with
      1 kg per hectare of each of the following active ingredients, each being
      emulsified or dispersed in 500 liters of water per hectare:
PA1  I.
      1-(2'-methyltetrahydrofuranyl-5')-3-isopropyl-2,1,3-benzothiadiazin-(4)-on
     e-2,2-dioxide
PA1  Ii.
      1-(4'-methyltetrahydropyranyl-6')-3-isopropyl-2,1,3-benzothiadiazin-(4)-on
     e-2,2-dioxide
PA1  Iii.
      1-(2,2'-dimethyltetrahydrofuranyl-5')-3-isopropyl-2,1,3-benzothiadiazin-(4
     )-one-2,2-dioxide
PAL  and, for comparison,
PA1  Iv. 3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
PAR  After 2 to 3 weeks it was ascertained that compounds I to III had better
      crop plant compatibility than IV, combined with the same herbicidal
      action.
PAR  The results are given below:
     Active ingredient                                                         

                  I        II       III    IV                                  

     kg/ha        1        1        1      1                                   

     ______________________________________                                    

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                  0        10       0      30                                  

     Unwanted plant:                                                           

     Sinapis arvensis                                                          

                  100      100      100    100                                 

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 6
PAR  In the greenhouse, the plants rice (Oryza sativa), Indian corn (Zea mays)
      soybeans (Glycine max.), wheat (Triticum aestivum), barley (Hordeum
      vulgare), rye (Secale cereale), wild mustard (Sinapis arvensis) and yellow
      nutsedge (Cyperus esculentus) were treated at a growth height of from 3 to
      23 cm with 4 kg per hectare of each of compounds I to III (designations as
      in Example 5), each being dispersed or emulsified in 500 liters of water
      per hectare.
PAR  After 2 to 3 weeks it was ascertained that active ingredients I to II had
      excellent crop plant compatibility and a good herbicidal action.
PAR  The results are given below:
TBL  Active ingredient                                                         

                    I         II        III                                    

     kg/ha          4         4         4                                      

     ______________________________________                                    

     Crop plants:                                                              

     Oryza sativa   0         0         0                                      

     Zea mays       0         0         0                                      

     Glycine max.   0         0         0                                      

     Triticum aestivum                                                         

                    0         0         0                                      

     Hordeum cereale                                                           

                    0         0         0                                      

     Unwanted plants:                                                          

     Sinapis arvensis                                                          

                    100       100       100                                    

     Cyperus esculentus                                                        

                    80        100       100                                    

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

CLMS
STM  We claim:
NUM  1.
PAR  1. A substituted 2,1,3-benzothiadiazin-(4)-one-2,2-dioxide of the formula
      ##EQU3##
      where R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are hydrogen or lower alkyl,
      R.sup.5 is an alkyl radical of 1 to 20 carbon atoms, R.sup.1 and R.sup.5
      may also be combined to form a chain containing 2 or 3 methylene radicals,
      and R.sup.6 is an alkyl radical of 1 to 10 carbon atoms or a lower alkyl
      substituted by fluoro, chloro or cyclohexyl.
NUM  2.
PAR  2. 1-(.alpha.-ethoxy)-ethyl-3-isopropyl-2,1,3
     -benzothiadiazin-(4)-one-2,2-dioxide.
NUM  3.
PAR  3. 1-(.alpha.-methoxy)-ethyl-3-isopro
     pyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  4.
PAR  4. 1-(.alpha.-methoxy)-isobutyl-3-isopropyl-2,
     1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  5.
PAR  5. 1-(.alpha.-isobutyloxy)-ethyl-3-isopr
     opyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  6.
PAR  6. 1-(.alpha.-octadecyloxy)-ethyl-3-isopropyl-2
     ,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  7.
PAR  7. 1-(2'-methyltetrahydrofuranyl-5')-3-is
     opropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  8.
PAR  8. 1-(4'-methyltetrahydropyranyl-6')-3-isopropyl-2
     ,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
NUM  9.
PAR  9. 1-(2',2'-dimethyltetrahydrofuranyl-5')
     -3-isopropyl-2,1,3-benzothiadiazin-(4)-one-2,2-dioxide.
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ABST
PAL  2,1,3-Benzothiadiazin-4-one-2,2-dioxides are produced by the reaction of
      esters of anthranilic acid with a sulfamic acid halide in the presence of
      a solvent and a base at a temperature of from 20.degree. to 100.degree.C.
      The products are starting materials for the production of dyes and plant
      protection agents.
BSUM
PAR  The invention relates to a process for the production of
      2,1,3-benzothiadiazin-4-one-2,2-dioxides by the reaction of an ester of
      anthranilic acid with a sulfamyl halide in the presence of a solvent and a
      base at a temperature of from 20.degree. to 100.degree.C.
PAR  German Pat. No. 1,542,836 discloses and illustrates by an Example the
      cyclization of o-sulfamidobenzoic acid esters into
      2,1,3-benzothiadiazin-4-one-2,2-dioxides. Phosphorus oxychloride, thionyl
      chloride and alkaline solutions are disclosed as cyclizing agents. It is
      emphasized that the solution of the o-sulfamidobenzoic acid ester in
      methanol should only be heated for a short time after the alkali has been
      added and should then immediately be acidified with concentrated
      hydrochloric acid to pH 1; the reaction mixture has to be cooled rapidly
      by adding ice prior to the acidification if necessary. The only starting
      material illustrated by the Example, namely the methyl ester of
      N-propyl-o-sulfamidobenzoic acid, has to be prepared in a troublesome
      multistage reaction, involving for example condensation of anthranilic
      acid with methanol by a conventional method, distillation of the mixture
      and reaction with an N-acylated sulfamyl chloride.
PAR  Cyclization of o-sulfamidobenzoic acid derivatives under the influence of
      chlorinating and water-eliminating condensing agents is disclosed in
      German Pat. No. 1,120,456 (column 3, line 43 to column 4, line 2). It is
      expressly stressed and illustrated in Example 3  that the production of an
      o-sulfamidobenzoic acid ester serving as starting material and its
      cyclization into 4-oxo-2,1,3-benzothiadiazine-2,2-dioxide is only
      successful in one operation when the starting sulfamyl chloride has no
      substituent on the nitrogen atom. Only end products which are
      unsubstituted in the 3-position can be prepared in this way. When an
      o-sulfamidobenzoic acid ester is used as the starting material, ring
      closure takes place at from 15.degree. to 50.degree.C only in the
      production of the abovementioned 2,1,3-benzothiadiazin-4-one-2,2-dioxides
      which are not substituted in the 3-position. It is true that there is
      mention of the fact that in the case of 3-phenyl and 3-benzyl derivatives
      it is necessary to use more drastic conditions but no reaction is
      disclosed. As shown in Examples 4 and 5 and mentioned in the description
      in column 4, lines 26 to 31 the procedure for the preparation of 3-alkyl
      derivatives is as follows: an N-formyl-N-alkylsulfamyl chloride is reacted
      in the absence of bases with an o-aminobenzoic acid ester to form the
      corresponding N-alkyl-N-formyl-o-sulfamidobenzoic acid ester and the
      formyl group protecting the nitrogen atom is then eliminated by prolonged
      heating (five hours) of the reaction mixture, cooling with ice-water and
      extraction of the mixture with caustic soda solution. The extract is
      washed with ether and acidified while cooling so that the
      3-alkyl-2,1,3-benzothiadiazin-4-one-2,2-dioxide is precipitated. Only
      Example 4 specifies a yield of end product in the production of
      3-alkyl-2,1,3-benzothiadiazin-4-one-2,2-dioxides; this at 27% is
      inadequate; the process is therefore uneconomical on an industrial scale
      and is unsatisfactory as regards simplicity and easy control.
PAR  An article in J. Amer. Chem. Soc. (1962), volume 84, pages 1994 et seq.
      describes the reaction of methyl anthranilate and sulfamyl chloride not
      bearing a substituent on the nitrogen atom in the presence of an organic
      solvent and of caustic soda solution to form
      2,3,1-benzothiadiazin-4-one-2,2-dioxide. The end product is isolated by
      extraction with caustic soda solution. Cyclization of this starting
      material under the said conditions gives a multi-component reaction
      mixture and an end product in an unsatisfactory yield and purity. In order
      to prepare 3-methyl-2,1,3-benzothiadiazin-4-one-2,2-dioxide it is
      necessary first to prepare the end product which is not substituted in the
      3-position and then to alkylate this with methyl sulfate (page 1994). The
      process is troublesome and uneconomical.
PAR  A process involving cyclization of an o-sulfamidobenzoic acid in the
      presence of phosgene and a carboxamide bearing two substituents on the
      nitrogen atom or a tertiary amine at a temperature of not more than
      50.degree.C is disclosed in German Laid-Open Specification (DOS) No.
      2,105,687. The acid condensing agent necessitates highly
      corrosion-resistant apparatus and the toxic properties of phosgene make
      necessary heavy investment for the processing and disposal of offgas. The
      process is therefore unsatisfactory as regards simplicity, reliability in
      operation and economy of the plant, control, supervision and ecology.
PAR  It is an object of this invention to provide a new process of producing
      2,1,3-benzothiadiazin-4-one-2,2-dioxides bearing an aliphatic or
      cycloaliphatic radical as substituent in the 3-position in a simple and
      more economical manner and in a better yield and purity.
PAR  We have found that a 2,1,3-benzothiadiazin-4-one-2,2-dioxide of the formula
      (I):
      ##SPC1##
PAL  in which R.sub.1 is an aliphatic or cycloaliphatic radical is
      advantageously obtained when an ester of anthranilic acid of the formaul
      (II):
      ##SPC2##
PAL  in which R.sup.2 is an aliphatic, araliphatic, cycloaliphatic or aromatic
      radical is reacted with a sulfamyl halide of the formula (III):
EQU  R.sup.1 --NH--SO.sub.2 X                                   (III)
PAL  in which R.sup.1 has the meaning given above and X is a halogen atom in the
      presence of an inert organic solvent and a basic compound at a temperature
      of from 20.degree. to 100.degree.C.
PAR  When N-isopropylsulfamyl chloride and methyl anthranilate are used, the
      reaction may be represented by the following equation:
      ##SPC3##
PAR  As compared with the prior art methods the process according to the
      invention gives 2,1,3-benzothiadiazin-4-one-2,2-dioxides more simply and
      more economically in better yields and higher purity. Single-step
      operation and the use of the starting materials according to the invention
      offer advantages in industrial operation. Hydrolysis of the end product
      and formation of byproducts do not take place to any appreciable extent.
      These advantageous results are surprising having regard to the prior art.
      In view of the prior art methods it would have been expected that there
      would be a much lower yield of end product and also secondary reactions
      such as elimination of the ester alcohol or the alkyl substituents on the
      nitrogen atom and/or decomposition of the intermediately formed
      o-sulfamidobenzoic ester and secondary reactions of eliminated groups on
      the carboxyl group or amino groups of the starting materials (II) and
      (III), for example by interchange of amido radicals and consequently
      prevention of cyclization.
PAR  The starting materials (II) and (III) may be reacted with one another in
      stoichiometric amounts or in excess, preferably at a ratio of from 1.1 to
      1.5 moles of starting material (III) per mole of starting material (II).
      Preferred starting material (II) and (III) and accordingly preferred end
      products (I) are those in whose formulae R.sup.1 is alkyl of one to eight
      and particularly one to four carbon atoms, or cycloalkyl of five to eight
      carbon atoms, R.sup.2 is alkyl of one to eight and particularly one to
      four carbon atoms, cycloalkyl of five to eight carbon atoms, aralkyl of
      seven to twelve carbon atoms or phenyl, and X is bromine or preferably
      chlorine. If desired substances forming the starting materials may be used
      in the form of the appropriate reaction mixture instead of the starting
      materials themselves, for example a reaction mixture of isatoic anhydride,
      methanol and a base may be used instead of methyl anthranilate. The said
      radicals may bear groups which are inert under the reaction conditions,
      for example alkyl or alkoxy of one to four carbon atoms, or carbalkoxy of
      two to four carbon atoms as substituents.
PAR  Examples of suitable o-sulfamyl halides for use as starting materials (III)
      are: N-methylsulfamyl chloride, N-ethylsulfamyl chloride,
      N-n-propylsulfamyl chloride, N-n-butylsulfamyl chloride,
      N-isobutylsulfamyl chloride, N-isopropylsulfamyl chloride,
      N-tert.-butylsulfamyl chloride, N-cyclohexylsulfamyl chloride,
      N-cyclopentylsulfamyl chloride, N-cyclooctylsulfamyl chloride and the
      corresponding sulfamyl bromides.
PAR  Examples of anthranilic acid esters which are suitable as starting
      materials (II) are: the methyl, ethyl, n-propyl, n-butyl, isobutyl,
      isopropyl, tert.-butyl, cyclohexyl, cyclopentyl, cyclooctyl, benzyl,
      phenyl, tolyl, p-carbomethoxyphenyl and p-ethoxyphenyl esters of
      anthranilic acid.
PAR  The reaction is carried out at a temperature of from 20.degree. to
      100.degree.C and preferably from 25.degree. to 85.degree.C, at atmospheric
      or superatmospheric pressure, continuously or batchwise and in the
      presence of a solvent. Solvents having a dipole moment of more than 1.2
      are preferred. Houben-Weyl, "Methoden der organischen Chemie", volume 3/2,
      pages 361 et seq. may be referred to for a definition of and method of
      determining the dipole moment. Examples of suitable solvents thus include
      halohydrocarbons such as methylene chloride, 1,1-dichloroethane,
      1,2-dichloroethane, 1,2-cis-dichloroethylene, n-butyl chloride, 2-butyl
      chloride, 3-butyl chloride, isobutyl chloride, chlorobenzene,
      bromobenzene, iodobenzene, o-dichlorobenzene, m-dichlorobenzene,
      o-dibromobenzene, m-dibromobenzene, o-chlorotoluene, m-chlorotoluene,
      p-chlorotoluene, 1,2,4-trichlorobenzene, chloro-1,3,5-trimethylbenzene,
      1,10-dibromodecane, and 1,4-dibromobutane; ketones such as acetone,
      acetophenone, cyclopentanone, methyl isobutyl ketone and cyclohexanone;
      aromatic, aliphatic and cycloaliphatic hydrocarbons such as benzene,
      toluene, xylene, ligroin, pentane, octane, hexane, heptane, gasoline
      fractions, for example from 70.degree. to 140.degree.C, cyclohexane and
      cyclooctane; ethers such as diethyl ether, dipropyl ether, tetrahydrofuran
      and dioxane; alcohols such as methanol, ethanol, isobutanol, isopropanol,
      tert.-butanol, ethylhexanol and cyclohexanol; esters such as ethyl
      acetate, n-butyl acetate, methyl acetate, isobutyl acetate, methyl
      benzoate and phenyl acetate; nitrohydrocarbons such as nitromethane,
      nitroethane, nitrobenzene, o-chloronitrobenzene, m-chloronitrobenzene,
      p-chloronitrobenzene and o-nitrotoluene; nitriles such as acetonitrile,
      benzonitrile and m-chlorobenzonitrile; tertiary amines such as pyridine,
      N-dimethylcyclohexylamine, N-dimethylaniline, .alpha.-picoline,
      .beta.-picoline, .alpha.-picoline, quinoline, isoquinoline and pyrimidine;
      or mixtures of the same. The solvent is conveniently present in an amount
      of from 250 to 400% by weight based on starting material (II).
PAR  The starting materials (II) and (III) are reacted in the presence of an
      organic or inorganic basic compound, conveniently in an amount of from one
      to three times and particularly from 1.1 to 1.5 times the equivalent
      weight based on starting material (III). Tertiary amines, alkaline earth
      metal compounds and particularly alkali metal compounds and appropriate
      mixtures of the same are the preferred basic compounds. Advantageous
      alkali metal compounds and alkaline earth metal compounds are the
      hydroxides, oxides, carbonates and bicarbonates, salts of weak or
      polybasic acids, and alcoholates of calcium, barium, lithium and
      particularly of sodium and potassium. The following compounds are examples
      of suitable basic compounds: potassium hydroxide, potassium carbonate,
      sodium carbonate, lithium carbonate, sodium bicarbonate, potassium
      bicarbonate, calcium hydroxide, magnesium oxide, ammonia, barium oxide,
      calcium carbonate, sodium acetate, sodium propionate, sodium ethylene
      glycolate, sodium methylate, sodium ethylate, sodium tripropylene
      glycolate, trimethylamine, triethylamine, quinoline, pyridine,
      diethylaniline, dimethylaminoethanol, N-ethylpiperidine,
      N-methylpyrrolidine, diethylamine, aniline, N-dimethylaniline,
      dimethylcyclohexylamine, ditert.-butylamine, tri-n-butylamine and
      trimethylbenzylammonium hydroxide. Mixtures of the said basic compounds
      are also often advantageous.
PAR  The reaction may be carried out as follows: A mixture of the starting
      materials, catalyst and solvent is kept at the reaction temperature for
      fifteen minutes to two hours. The starting materials are advantageously
      reacted in two steps in a single bath. A mixture of the starting materials
      and the solvent and one of the said tertiary amines is kept for from
      fifteen minutes to two hours at the reaction temperature, advantageously
      from 40.degree. to 70.degree.C. Then an inorganic basic compound,
      preferably one of the abovementioned alkali metal compounds, is added and
      the reaction mixture is kept at the reaction temperature for from fifteen
      minutes to three hours, preferably at from 40.degree. to 80.degree.C. The
      abovementioned hydroxides and alcoholates, particularly alkanolates, and
      mixtures of the same are preferred. When the reaction is over, the
      benzo-2,1,3-diazin-4-one-2,2-dioxide substituted in the 3-position is
      present in the reaction mixture in the form of a salt of the base used. It
      may be isolated particularly easily by taking it up into an aqueous phase.
      The organic phase which contains solvent and possibly base may be recycled
      immediately or after purification by distillation. In most cases the end
      product may be further processed in the form of its salt. It may however
      be isolated by a conventional method, for example by acidification of the
      aqueous phase, in the form of 2,1,3-benzothiadiazin-4-one-2,2-dioxide.
PAR  The compounds which can be prepared according to the process of the
      invention are valuable starting materials for the manufacture of dyes and
      plant protection agents. The said publications are referred to as regards
      the use of the compounds. Appropriate salts, particularly alkali metal
      salts, may be prepared from the end products (I) by a conventional method,
      for example by reaction with a base by the method described in German
      Patent No. 1,120,456. These salts are plant protection agents and also
      starting materials for the production of the same.
PAR  The following Examples illustrate the invention. The parts specified are
      parts by weight.
DETD
PAC  EXAMPLE 1
PAR  3.95 parts of isopropylamidosulfonyl chloride is added in a stirred
      apparatus to a mixture of 8.25 parts of toluene, 3.8 parts of methyl
      anthranilate and 4.8 parts of tri-n-butylamine at from 20.degree. to
      40.degree.C. The mixture is then stirred for another hour at 60.degree.C
      and then 10 parts of a 30% by weight solution of sodium methylate in
      methanol is slowly added in portions. The mixture is kept for another hour
      at from 60.degree. to 80.degree.C so that the methanol added is distilled
      off. After the whole has been cooled to ambient temperature 12 parts of
      water is added while stirring and the phases are separated.
PAR  The aqueous phase contains the sodium salt of
      3-isopropylbenzo-3-thia-1,3-diazin-4-one-2,2-dioxide and this may if
      desired be further processed in this form.
PAR  The aqueous phase is acidified to pH = 1 by adding sulfuric acid. The
      product is suction filtered and dried. 5.7 parts of
      3-isopropylbenzo-2-thia-1,3-diazin-4-one-2,2-dioxide having a melting
      point of 130.degree. to 132.degree.C is obtained, equivalent to a yield of
      93%.
PAR  After the organic phase has been dried it is returned to the reaction and
      distilled. 97% by weight of the amine used is recovered.
PAC  EXAMPLE 2
PAR  3.18 parts of dimethylcyclohexylamine is used instead of tri-n-butylamine
      in the procedure described in Example 1. 5.5 parts of
      3-isopropylbenzo-2-thia-1,3-diazin-4-one-2,2-dioxide is obtained having a
      melting point of from 130.degree. to 132.degree.C (91% of theory). 94% by
      weight of the dimethylcyclohexylamine used is recovered.
PAC  EXAMPLE 3
PAR  1.9 parts of methyl anthranilate, 1.93 parts of isopropylamidosulfonyl
      chloride and 1.25 parts of triethylamine are reacted in 5 parts of toluene
      in the manner described in Example 1. The reaction is completed by adding
      1.1 parts of sodium hydroxide in 2.5 parts of methanol and then heating
      the whole for 1 hour at 60.degree. to 80.degree.C. 2.66 parts of
      3-isopropylbenzo-2-thia-1,3-diazinone-(4)-2,2-dioxide (88% of theory)
      having a melting point of 129.degree. to 132.degree.C.
PAC  EXAMPLE 4
PAR  2.3 parts of isatoic anhydride, 0.45 part of methanol and 2.6 parts of
      tri-n-butylamine are reacted for 3 hours at 70.degree.C in a stirred
      apparatus. Then 7 parts of toluene is added and at 70.degree.C 2.06 parts
      of isopropylamidosulfonyl chloride is introduced into the solution of the
      intermediately formed methyl anthranilate. After an hour 4.8 parts (30% by
      weight) solution of sodium methylate in methanol is introduced and the
      mixture is stirred for another hour at 60.degree.C. 2.82 parts of
      3-isopropylbenzo-2-thia-1,3-diazin-4-one-2,2-dioxide having a melting
      point of 128.degree. to 133.degree.C (83% of theory) is obtained in the
      manner described in Example 1.
PAC  EXAMPLE 5
PAR  As described in Example 1 3 parts of methyl anthranilate, 3.2 parts of
      isopropylamidosulfonyl chloride and 3.7 parts of tri-n-butylamine in 8.25
      parts of toluene are reacted. Then first 3.6 parts of 30% by weight
      solution of sodium methylate in methanol is introduced and then 1.2 parts
      of caustic soda. After the mixture has been heated for 1 hour at
      60.degree.C it is processed as described in Example 1. 4.2 parts of
      3-isopropylbenzo-2-thia-1,3-diazin-4-one-2,2-dioxide having a melting
      point of 131.degree. to 133.degree.C (88% of theory) is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a
      2,1,3-benzothiadiazin-4-one-2,2-dioxide of the formula (I):
      ##SPC4##
PAL  in which R.sup.1 is an alkyl of one to eight carbon atoms, or cycloalkyl of
      five to eight carbon atoms, wherein the said radicals may bear alkyl or
      alkoxy of one to four carbon atoms, carbalkoxy of two to four carbon atoms
      as substituents, which process comprises: reacting an anthranilinic acid
      ester of the formula (II):
      ##SPC5##
PAL  in which R.sup.2 is an alkyl of one to eight carbon atoms, cycloalkyl of
      five to eight carbon atoms, aralkyl of seven to twelve carbon atoms or
      phenyl, wherein said radicals may bear alkyl or alkoxy of one to four
      carbon atoms, or carbalkoxy of two to four carbon atoms as substituents,
      with a sulfamyl halide of the formula (III):
      ##EQU1##
       n which R.sup.1 has the above meaning and X is bromine or chlorine in the
      presence of an inert organic solvent and a basic compound selected from
      the group comprising tertiary amines, alkaline earth metal compounds and
      alkali metal compounds at a temperature of from 20.degree. to
      100.degree.C.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the reaction is carried out with
      from 1.1 to 1.5 moles of starting material (II).
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the reaction is carried out at a
      temperature of from 25.degree. to 85.degree.C.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the reaction is carried out with
      a solvent having a dipole moment of more than 1.2.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the reaction is carried out with
      a solvent having a dipole moment of more than 1.2 in an amount of from 250
      to 400% by weight based on starting material (II).
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the reaction is carried out in
      the presence of from one to three times the equivalent weight of said
      basic compound based on starting material (III).
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the reaction is carried out in
      the presence of a hydroxide, oxide, carbonate, bicarbonate, salt of a weak
      or polybasic acid, an alcoholate of calcium, barium, lithium, sodium or
      potassium or mixtures thereof.
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ABST
PAL  The antibacterial agents of this invention present the following structural
      formula:
      ##SPC1##
PAL  In which
PA1  A is a member selected from the group consisting of
      ##EQU1##
      M is a member selected from the group consisting of --H, an alkali metal
      and --NH.sub.4 ; and
PA1  Y is a member selected from the group consisting of
      ##EQU2##
      wherein R is --H, alkanoyloxy of 2 to 6 carbon atoms,
      ##SPC2##
PAL  Or,
PAL  When taken with the 3-carboxy group,
      ##SPC3##
     .
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there is provided antibacterial agents of
      the formula:
      ##SPC4##
PAL  In which
PA1  A is a member selected from the group
PAL  Consisting of
      ##EQU3##
      M is a member selected from the group consisting of --H, an alkali metal
      and --NH.sub.4 ; and
PA1  Y is a member selected from the group consisting of
      ##EQU4##
      R is -H, alkanoyloxy of 2 to 6 carbon atoms,
      ##SPC5##
PAL  Or, when taken with the 3-carboxy group,
      ##SPC6##
PAR  The compounds of this invention are prepared by coupling techniques well
      known to the chemical arts. Thus, dehydrative coupling or mixed anhydride
      coupling as applied in the area of peptide synthesis are especially useful
      methods for the coupling reactions involved in the formation of the amides
      of 7-aminocephalosporanic acid derivatives and 6-amino penicillanic acid
      derivatives. In addition, the carboxylic acid intial reactants may, if
      desired, be converted to the corresponding acid halide by conventional
      means for use as the desired acylating agent.
PAR  The preferred cephalosporin derivatives from the standpoint of availability
      of reactants, ease of reaction and production economics are
      7-amino-cephalosporanic acid and its desacetoxy analogue. However, those
      cephalosporin derivatives containing the
      ##SPC7##
PAL  Groups are recognized antibacterially equivalent derivations of the
      cephalosporanic acid moiety, as are the alkali metal and ammonium salts of
      the 3-carboxylic acid group.
PAR  3(4-Biphenylylcarbonyl)propionic acid is a known compound. The
      3-(4-biphenylylcarbonyl)propionic acid O-methyloxime is prepared by
      refluxing equimolar amounts of 3-(4-biphenylylcarbonyl)propionic acid
      dissolved in dimethoxyethane and methoxyamine hydrochloride dissolved in
      an aqueous solution containing a molar equivalent of sodium acetate.
PAR  The compounds of this invention have been found to be active antibacterials
      effective against gram-positive and gram-negative test organisms as well
      as penicillin resistant staphlococcus, by using the well known and
      scientifically accepted agar serial dilution testing technique. Thus, the
      compounds of this invention are useful in the fields of comparative
      pharmacology and in microbiology and may be used for the treatment of
      bacterial infections amenable to treatment with penicillin and
      cephalosporin antibiotics.
PAR  The following examples illustrate the preparation of representative
      pencillin and cephalosporin derivatives. The activity of each product of
      the examples is presented for those specific bacterial strains against
      which the compound exemplified was active at or below 250 micrograms per
      milliliter. The representative nature of the bacterial strains employed to
      demonstrate antibacterial activity are indicative of the broader
      applicability of the compounds of this invention in the control of
      bacterial infestations other than those specifically referred to in each
      of the following examples. The bacterium are named followed by the
      specific strain and the concentration in micrograms per milliliter at
      which 100 percent inhibition occurred. The abbreviations for each
      bacterium are:
TBL  BA   SU             Bacillus subtilis                                     

     HE   SP             Herellea species                                      

     KL   PN             Klebsiella pneumoniae                                 

     NE   CA             Neisseria catarrhalis                                 

     PR   VU             Proteus vulgaris                                      

     ST   AU             Staphylococcus aureus                                 

DETD
PAC  EXAMPLE I
PAC  7-[3-(4-Biphenylylcarbonyl)propionamido]cephalosporanic acid.
PAR  To a tetrahydrofuran solution of 1.27 grams (5 millimole) of
      3-(4-biphenylylcarbonyl)propionic acid in a salt-ice bath is added
      successively 0.50 gram of triethylamine and 0.70 gram (5 millimoles) of
      isobutyl chloroformate. After the solution is stirred for 15 minutes a
      cold solution of 1.36 grams (5 millimoles) of 7-aminocephalosporanic acid
      in a mixture of 20 milliliters tetrahydrofuran 0.5 g. of triethylamme and
      10 milliliters H.sub.2 O is added. The mixture is stirred in the ice-bath
      for 1 hour and at room temperature for 1 hour. After some solid is
      filtered off, the filtrate is evaporated under reduced pressure at
      approximately 30.degree.C. The residue is dissolved in 50 milliliters
      H.sub.2 O and some gelatinous solid is filtered off. The aqueous solution
      is acidified with a 6 N HCl solution to pH 2 in an ice-bath. The solid is
      collected and washed well with H.sub.2 O and then dissolved in ethyl
      acetate. The ethyl acetate solution is dried over anhydrous MgSo.sub.4.
      The residue that results after removal of the solvent is treated with
      diethyl ether and collected. The product (1.3 grams) is obtained as a
      polymorphous solid.
PAR  Elemental Analysis for C.sub.26 H.sub.24 N.sub.2 O.sub.7 S.1/2H.sub.2 O:
      Calc'd: C, 60.33; H, 4.87; N, 5.41. Found: C, 60.77; H, 4.99; N, 5.25.
TBL  ______________________________________                                    

     BA   SU          6633          .488                                       

     KL   PN          10031         31.3                                       

     NE   CA          8193          31.3                                       

     ST   AU          6538P         .244                                       

     ST   AU          SMITH         .244                                       

     ST   AU          CHP           1.95                                       

     ST   AU          53-180        .976                                       

     ______________________________________                                    

PAC  EXAMPLE II
PAC  6-[3-(4-Biphenylylcarbonyl)propionamido]penicillanic acid.
PAR  The title compound is prepared by the procedure described in Example I,
      except that 6-aminopenicillanic acid is substituted for the
      7-aminocephalosporanic acid.
PAR  Elemental Analysis for C.sub.24 H.sub.24 N.sub.2 O.sub.5 S.1/2H.sub.2 O:
      Calc'd: C, 62.46; H, 5.46; N, 6.07. Found: C, 62-49; H, 5.74; N, 5.81.
TBL  ______________________________________                                    

     BA   SU          6633          3.90                                       

     HE   SP          9955          31.3                                       

     KL   PN          10031         125                                        

     NE   CA          8193          3.90                                       

     ST   AU          6538P         .122                                       

     ST   AU          SMITH         .122                                       

     ST   AU          CHP           7.81                                       

     ______________________________________                                    

PAC  EXAMPLE III
PAC  7-[3-(4-Biphenylylcarbonyl)propionamido]-3-methyl-8-oxo-5-thia-1-azabicyclo
     [4.2.0]oct-2-ene-2-carboxylic acid.
PAR  The title compound is prepared by the procedure described in Example I
      except that 7-aminodesacetoxycephalosporanic acid is substituted for
      7-aminocephalosporanic acid.
PAR  Elemental Analysis for C.sub.24 H.sub.22 N.sub.2 O.sub.5 S: Calc'd: C,
      63.71; H, 5.35; N, 6.19. Found C, 63.62; H, 5.04; N, 5.86.
TBL  ______________________________________                                    

     BA   SU          6633          3.90                                       

     ST   AU          6538P         1.95                                       

     ST   AU          SMITH         1.95                                       

     ST   AU          CHP           3.90                                       

     ST   AU          53-180        3.90                                       

     ______________________________________                                    

PAC  EXAMPLE IV
PAC  6-[3-(4-Biphenylylcarbonyl)propionamido]penicillanic acid O-methyloxime.
PAR  3-(4-Biphenylylcarbonyl)propionic acid (22.2 grams, 0.05 mole) is dissolved
      in 300 milliliters of dimethoxyethane. To the above solution an aqueous
      solution of methoxyamine hydrochloride (4.18 grams, 0.05 mole) and sodium
      acetate (4.10 grams, 0.05 mole) in 100 milliliter H.sub.2 O is added. The
      mixture is heated to reflux for 18 hours. After a small amount of
      insoluble material is filtered off the solvent is removed under reduced
      pressure. The residual solid is dissolved in chloroform. The chloroform
      solution is washed with water and then dried over anhydrous magnesium
      sulfate. After the solvent is removed the crude material weighs 12.4
      grams. The crude material is recrystallized from benzene. The
      recrystallized 3-(4-biphenylylcarbonyl)propionic acid o-methyl-oxamic
      melts at 152.degree.-4.degree.C.
PAR  Elemental Analysis for C.sub.17 H.sub.17 NO.sub.3 : Calc'd: C, 72.06; H,
      6.05; N, 4.94. Found: C, 72.72; H, 6.12; N, 4.03.
PAR  The title compound is prepared by the procedure described in Example 1,
      except that 3-(4-biphenylylcarbonyl)propionic acid O-methyloxime and
      6-aminopenicillanic acid are used.
PAR  Elemental Analysis for C.sub.25 H.sub.27 N.sub.3 O.sub.5 S: Calc'd: C,
      62.36; H, 5.65; N, 8.73. Found: C, 61.95; H, 5.88; N, 8.20.
TBL  ______________________________________                                    

     BA   SU          6633          15.6                                       

     HE   SP          9955          125                                        

     NE   CA          8193          7.81                                       

     ST   AU          6538P         .244                                       

     ST   AU          SMITH         .244                                       

     ST   AU          CHP           62.5                                       

     ______________________________________                                    

PAC  EXAMPLE V
PAC  7-[3-(4-Biphenylylcarbonyl)propionamido]cephalosporanic acid O-methyloxime.
PAR  The title compound is prepared by the procedure described in Example I
      except that 3-(4-biphenylylcarbonyl)propionic acid O-methyloxime, as
      produced in the preceding Example, is used.
PAR  Elemental Analysis for C.sub.27 H.sub.27 N.sub.3 O.sub.7 S: Calc'd: C,
      60.32; H, 5.06; N, 7.82. Found: C, 60.58; H, 5.26; N, 7.40.
TBL  ______________________________________                                    

     BA        SU     6633          .488                                       

     KL        PN     10031         250                                        

     NE        CA     8193          31.3                                       

     ST        AU     6538P         .488                                       

     ST        AU     SMITH         .488                                       

     ST        AU     CHP           .976                                       

     ST        AU     53-180        1.95                                       

     ______________________________________                                    

CLMS
STM  What we claim is
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  in which
PA1  R is hydrogen or alkanoyloxy of 2 to 6 carbon atoms, and
PA1  M is hydrogen, an alkali metal or the ammonium cation.
NUM  2.
PAR  2. The compound of claim 1 which is
      7-[3-(4-biphenylylcarbonyl)propionamido]cephalosporanic acid.
NUM  3.
PAR  3. The compound of claim 1 which is
      7-[3-(4-biphenylylcarbonyl)propionamido]-3-methyl-8-oxo-5-thia-1-azabicycl
     o[4.2.0]-oct-2-ene-2-carboxylic acid.
PATN
WKU  039352030
SRC  5
APN  3849244
APT  1
ART  121
APD  19730802
TTL  Derivatives of 3-oxo-2,3-dihydro-1,4-benzoxazine
ISD  19760127
NCL  17
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Thuillier; Germaine
CTY  Paris
CNT  FR
INVT
NAM  Laforest; Jacqueline
CTY  Vincennes
CNT  FR
ASSG
NAM  CERPHA
CTY  Arceuil
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720803
APN  72.28095
CLAS
OCL  260244R
XCL  424248
XCL  260573
EDF  2
ICL  C07D26528
FSC  260
FSS  244
UREF
PNO  3354209
ISD  19671100
NAM  Brack
OCL  260573
UREF
PNO  3453270
ISD  19690700
NAM  Weaver et al.
OCL  260244
UREF
PNO  3557103
ISD  19710100
NAM  Nordin
OCL  260244
UREF
PNO  3644350
ISD  19720200
NAM  Helsley
OCL  260244
UREF
PNO  3715353
ISD  19730200
NAM  Krapcho
OCL  260244
ABST
PAL  The invention relates to new derivatives of
      3-oxo-2,3-dihydro-1,4-benzoxazine corresponding to the general formula
      ##SPC1##
PAL  In which
PA1  R.sub.1 is selected from the group consisting of the hydrogen atom and a
      lower alkyl group;
PA1  R.sub.2, r.sub.3 and R.sub.4 which are identical or different, are selected
      from the group consisting of the hydrogen atom, a halogen atom, a nitro
      group, a lower alkyl group, a lower alkoxy group and R.sub.4 may be an
      allyl group;
PA1  R.sub.5 is selected from the group consisting of the hydrogen atom and an
      acyl group, preferably acetyl. These derivatives can be used for
      therapeutic purposes, more especially as analgesics and anti-oedematous
      agents.
BSUM
PAR  This invention relates to new derivatives of
      3-oxo-2,3-dihydro-1,4-benzoxazine, to methods for their preparation and to
      their therapeutic applications, more particularly as anti-oedematous and
      analgesic agents.
PAR  The 3-oxo-2,3-dihydro-1,4-benzoxazine derivatives obtained in accordance
      with the invention correspond to the following general formula:
      ##SPC2##
PAL  In which:
PA1  R.sub.1 represents the hydrogen atom or a lower alkyl group;
PA1  R.sub.2, r.sub.3 and R.sub.4, which are identical or different, each
      represent the hydrogen atom, a halogen atom, a nitro group, a lower alkyl
      group, a lower alkoxy group or a lower alkylidene group; R.sub.5
      represents the hydrogen atom or an acyl group, preferably acetyl.
PAR  In the context of the invention, lower alkyl, alkoxy and alkylidene groups
      are groups containing at most 5 carbon atoms. Halogen atoms are the atoms
      of fluorine, chlorine, bromine or iodine.
PAR  The new derivatives according to the invention can be prepared by an
      entirely general process in which the alkali salt of a
      3-oxo-2,3-dihydro-benzoxazine of the formula
      ##SPC3##
PAL  In which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined above, is
      reacted with a propanol derivative of the formula
      ##EQU1##
      in which R.sub.5 is as defined above; X represents a halogen atom and Y
      represents OR.sub.5, X and Y together can represent the oxygen atom and
      can form an epoxy group with the carbon atoms to which they are attached,
      the alkali salt can be obtained by the action of a base, such as an alkali
      alcoholate or hydroxide, sodium amide or hydride, depending upon the
      nature of the reaction medium; solvents such as aqueous or non-aqueous
      alcohols, benzene hydrocarbons or polar aprotic solvents can be used, and
      the reaction can be carried out at a temperature between 20.degree.C and
      the reflux temperature of the aforementioned solvent.
PAR  Instead of substituting the nitrogen of the lactam, it is also possible to
      prepare the derivatives according to the invention from an
      N-alkylaminophenol of the formula
      ##SPC4##
PAL  In which R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are as defined
      above, by the action of an .alpha.-halogenated acid derivative and, in
      particular, by the action of a compound of the formula
      ##EQU2##
      where X and R.sub.1 are as defined above, followed by the action of a base
      or even by the action, in the presence of a base, of a compound
      corresponding to the formula
      ##EQU3##
      in an apolar solvent under reflux with elimination of the alcohol formed,
      or in a polar aprotic solvent. Those compounds in which R.sub.5 represents
      an acyl group can also be obtained by the action of an acid derivative,
      such as a chloride or anhydride, on the corresponding dihydroxylated
      derivatives.
PAR  More particularly, the new derivatives of formula I can be prepared by
      various methods, applications of known principles and in particular,
PAR  in the case of compounds where R.sub.5 represents the hydrogen atom
PAR  A. by the action of the alkali salt of a 3-oxo-2,3-dihydro-1,4-benzoxazine
      corresponding to the formula
      ##SPC5##
PAL  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4 are as defined above, of a
      halogenated derivative of the formula
      ##EQU4##
      where X represents a halogen atom.
PAR  The salt can be obtained by the action of a base such as an alkali
      alcoholate or hydroxide, sodium amide or sodium hydride, and the reaction
      can be carried out in various solvents such as aqueous or non-aqueous
      alcohols, benzene hydrocarbons or polar aprotic solvents.
PAR  B. by the action on the alkali salt of a 3-oxo-2,3-dihydro-1,4-benzoxazine
      defined as above, of 2,3-epoxy propanol in an alcoholic solvent such as
      ethanol.
PAR  C. by the action on a N-alkylaminophenol corresponding to the formula
      ##SPC6##
PAL  of an .alpha.-halogenated acid chloride corresponding to the formula
      ##EQU5##
      where X, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined above, the
      intermediate amidophenol being cyclised in the presence of a base in
      various solvents such as alcohols, ketones and the like.
PAR  D. by the action on the alkali salt of an N-alkylaminophenol defined as
      above of an .alpha.-halogenated ester of the formula
      ##EQU6##
      in an apolar solvent under reflux with elimination of the ethanol formed,
      or in a polar aprotic solvent; cyclisation of the intermediate
      aminophenoxy ether is carried out at the same time as condensation.
PAR  In the case of compounds where R.sub.5 represents an acyl group
PAR  E. by the action of the corresponding dihydroxylated derivatives of an acid
      derivative such as, in particular, an acid anhydride and acid chloride.
PAR  F. by the action on the alkali salt of a 3-oxo-2,3-dihydro-1,4-benzoxazine
      of a halogenated derivative corresponding to the formula
      ##EQU7##
      where X represents a halogen atom and R.sub.5 represents an acyl group.
PAR  The invention is illustrated by but by no means limited to the following
      Examples of preparation. All the products of formula I can be worked up by
      any of the methods referred to earlier on.
PAR  In these Examples, the melting points were measured in capillary with a
      Gellenkamp apparatus. Each of the compounds described was subjected to
      elemental analysis, and the results correspond to the normally accepted
      standards. The structure of the products prepared was confirmed by
      studying the infrared and nuclear magnetic resonance spectra.
DETD
PAC  EXAMPLE 1
PAR  2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC7##
PAC  a. Method A
PAR  80 ml of a solution of sodium ethylate prepared with 1.15 g of sodium, are
      added to a suspension of 9.85 g of
      2-methyl-3-oxo-6-chloro-2,3-dihydro-1,4-benzoxazine in 120 ml of absolute
      ethanol which is then heated slowly to and kept for 30 minutes at reflux
      temperature. 50 mg of potassium iodide and 5.7 g of 3-chloro-1,2-propane
      diol are then added to the solution after cooling, and the medium again
      heated slowly to reflux and kept under reflux for several hours until it
      is neutral.
PAR  After cooling, the sodium chloride precipitated is isolated, and the
      solvent and volatile products removed under reduced pressure.
PAR  In order to eliminate most of the unreacted starting products, the residue
      can be dissolved at 85.degree.C in a minimal quantity of toluene and the
      organic phase washed first with hot aqueous solutions of soda (0.5 N) and
      then with water. After cooling and drying of the organic solution, the
      solvent is evaporated under reduced pressure and the solid residue
      recrystallised from isopropyloxide.
PAR  Purification can also be carried out by chromatography in a silica column
      with methylene chloride as the eluent. Pure
      2-methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazin
     e is obtained in a yield of 60 % by this method in the form of a white
      solid with a melting point of 88.degree.C.
PAR  The reaction can also be carried out in 95% ethanol under reflux, the
      alkali salt of the lactam being prepared by the action of potash. 17 g of
      the required products are obtained from 15 g of benzoxazine and 11 g of
      chloropropane diol.
PAR  If the reaction is carried out in dimethyl formamide, ambient temperature
      (20.degree.C) is applied and the salt of the lactam is prepared by the
      action of one equivalent either of sodium ethylate or of sodium hydride,
      the chloropropane diol being introduced into the medium in a
      stoichiometric proportion after formation of the salt.
PAR  In toluene, the reaction is carried out at the reflux temperature of the
      solvent and the salt of the lactam is prepared by the action of sodium
      amide or a sodium alcoholate; in the second case, the alcohol liberated is
      eliminated before introduction of the halogenated derivative. Irrespective
      of the procedure adopted, the end product is obtained in substantially
      equivalent yields.
PAC  b. Method B
PAR  4 g of soda in pellet form are added to a lukewarm solution of 19.6 g of
      2-methyl-3-oxo-6-chloro-2,3-dihydro-1,4-benzoxazine in 140 ml of ethanol,
      and the resulting mixture heated for 1 hour to the reflux temperature of
      the solvent. 11.1 g of 2,3-epoxy propanol are poured into the
      orange-coloured solution obtained after cooling, and the resulting
      solution slowly heated to the reflux temperature of the reaction medium
      which is maintained for a few hours. After cooling, the medium is
      neutralised by the addition of mineral acid and the solvents are
      evaporated under reduced pressure. The residue is dissolved in a
      water-imiscible solvent (ethyl ether, chloroform . . . ), and the organic
      phase washed first with an aqueous solution of soda (2 N), and then with
      water. The pure product, obtained after several recrystallisations from
      methylene chloride or benzene, melts at 88.degree.C. Yield 65 %.
PAC  EXAMPLE 2
PAC  2-ethyl-3-oxo-4-(2,3-dihydroxy propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC8##
PAC  Method A (solvent toluene)
PAR  73.5 g of 2-ethyl-3-oxo-6-chloro-2,3-dihydro-1,4-benzoxazine are dissolved
      under heat in 650 ml of toluene followed by the gradual addition with
      stirring of 19.7 g of sodium methylate, the methanol formed being
      continuously distilled off. One hour after the end of the addition, 43 g
      of 3-chloro-1,2-propane diol are introduced, and the reflux maintained for
      4 hours. The precipitate formed is filtered and washed with water. The
      solvent is evaporated in vacuo and the solid obtained, to which the
      precipitate previously isolated is added, is recrystallised from methylene
      chloride. After this first recrystallisation, the product still contains
      some of the starting lactam. It can be eliminated either by several
      recrystallisations from toluene or by treatment with soda.
PAR  The mixture is dissolved in methylene chloride at ambient temperature and
      the organic phase treated with an aqueous solution of soda (5 N). The
      white precipitate formed is isolated, washed with methylene chloride and
      taken up in 1 part of water and 2 parts of methylene chloride. If
      necessary, the mixture is neutralised by the action of a dilute acid.
PAR  The organic phase is decanted, bleached on animal black and the solvent
      eliminated under reduced pressure. The pure product melts at 80.degree.C.
      Yield: 50 %.
PAR  14.5 g of sodium amide can be used instead of sodium methylate in this
      operation. In this case, the medium is heated for 1.5 hours to the reflux
      temperature before addition of the chlorinated derivative.
PAC  EXAMPLE 3
PAC  3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC9##
PAR  Method A (solvent dimethyl formamide)
PAR  28 g of 3-oxo-6-chloro-2,3-dihydro-1,4-benzoxazine are added to a solution
      of sodium ethylate in 500 ml of ethanol prepared with 3.7 g of sodium, and
      the mixture heated for 1 hour to the reflux temperature. 300 ml of dry
      dimethyl formamide are poured into the resulting solution and the ethanol
      eliminated under reduced pressure.
PAR  12.5 ml of 3-chloro-1,2-propane diol are then added, followed by heating
      for 2 hours to a temperature of 80.degree.C which is maintained until the
      solution is neutral, i.e. for about 1 hour.
PAR  After cooling, the sodium chloride formed is filtered and the solvent
      eliminated under reduced pressure whilst avoiding any overheating of the
      medium. After recrystallisation from toluene, pure 3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine, m.p. 115.degree.C, is
      obtained in a yield of 50 %.
PAC  EXAMPLE 4
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-7-bromo-2,3-dihydro-1,4-benzoxazine
      ##SPC10##
PAL  This compound is synthesised in a yield of 75 % by applying Method A
      (solvent ethanol), followed by recrystallisation from aqueous ethanol (95
      %) m.p. 158.degree.C.
PAC  EXAMPLE 5
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy propyl)-6-methyl-2,3-dihydro-1,4-benzoxaine
      ##SPC11##
PAR  This product is obtained in a yield of 55 % by Method A using dimethyl
      formamide as solvent (recrystallisation from petroleum ether), m.p.
      76.degree.C.
PAC  EXAMPLE 6
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-n-propyl-8-methoxy-2,3-dihydro-1,4-benzoxazine
      ##SPC12##
PAR  This compound was obtained in a yield of 55 % by Method A using dimethyl
      formamide as solvent (recrystallisation from isopropyloxide), m.p.
      93.degree.C.
PAC  EXAMPLE 7
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy propyl)-6-nitro-2,3-dihydro-1,4-benzoxazine
      ##SPC13##
PAR  This compound is prepared in a yield of 50 % by Method A using dimethyl
      formamide as solvent (recrystallisation from benzene), m.p. 96.degree.C,
      or by Method C described below.
PAC  Method C
PAR  A mixture of 35 g of 2-amino-4-nitrophenol, 38.7 g of 3-bromo-1,2-propane
      diol and 34.5g of potassium carbonate in 300 ml of toluene is heated with
      stirring to reflux over a period of 16 hours. After filtration of the hot
      solution, the phenol is extracted from the organic phase in an aqueous
      soda solution (2 N). This is followed by acidification with 5 N
      hydrochloric acid and washing with ether. After neutralisation by the
      addition of a 10 % sodium bicarbonate solution, the end product is
      extracted with chloroform.
PAR  The organic phase is washed with water and dried over sodium sulphate,
      after which the solvent is evaporated under reduced pressure. 12.7 g of
      2-chloropropionyl chloride in solution in 50 ml of chloroform are then
      added dropwise to a solution of 11 g of the product previously obtained in
      200 ml of chloroform kept at a temperature below 0.degree.C. On completion
      of the addition, the mixture is allowed to return slowly to ambient
      temperature. The solution is then poured into one volume of water. The
      organic phase is decanted, washed with water until neutral, dried over
      magnesium sulphate and the chloroform evaporated. The solid obtained is
      added to 300 ml of a solution of sodium ethylate, prepared with 2.3 g of
      sodium, and the mixture heated for 4 hours to reflux. After cooling and
      separation of the precipitate, the solution is washed with soda and then
      with water, dried over magnesium sulphate and the solvent evaporated under
      reduced pressure. The product obtained is purified by successive
      recrystallisations from benzene (yield: 30 %), m.p. 96.degree.C.
PAC  EXAMPLE 8
PAC  2-ethyl-3-oxo-4-(2,3-dihydroxy propyl)-2,3-dihydro-1,4-benzoxazine
      ##SPC14##
PAR  This compound is prepared in a yield of 35 % by Method A using ethanol as
      solvent (recrystallisation from cyclohexane), m.p. 63.degree.C.
PAR  This same compound is prepared in a yield of 55 % by the action of
      ethyl-2-bromobutyrate on 2-(2,3-dihydroxypropylamino) -phenol (Method D):
      4.8 g of a suspension of sodium hydride in oil are slowly added to a
      solution of 18 g of 2-(2,3-dihydroxypropylamino)-phenol in
      dimethylformamide, followed by the addition 30 minutes afterwards of 20 g
      of ethyl-2-bromobutyrate. The mixture is then heated for 2 hours to
      60.degree.C and then kept for a few hours at the reflux temperature of the
      solvent. The solvent is then eliminated under reduced pressure, the
      residue dissolved in chloroform and the organic phase washed with a normal
      aqueous solution of soda and then with water. After drying over magnesium
      sulphate, the chloroform is eliminated under reduced pressure and the
      crude product obtained is purified by recrystallisation from cyclohexane.
PAC  EXAMPLE 9
PAC  2-n-propyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC15##
PAR  This compound is obtained in a yield of 50 % by Method A using dimethyl
      formamide as solvent (recrystallisation from isopropyl ether), m.p.
      86.degree.C.
PAC  EXAMPLE 10
PAC  2-ethyl-3-oxo-4-(2,3-dihydroxy propyl)-6-bromo-2,3-dihydro-1,4-benzoxazine
      ##SPC16##
PAR  This compound is obtained in a yield of 50 % by Method A using ethanol as
      solvent (recystallisation from a mixture of benzene and petroleum ether
      (50 : 50), m.p. 91.degree.C.
PAC  EXAMPLE 11
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-methoxy-2,3-dihydro-1,4-benzoxazine
      ##SPC17##
PAR  This compound is obtained in a yield of 40 % by Method A using ethanol as
      solvent (recrystallisation from 1,2 dichloroethane), m.p. 70.degree.C.
PAC  EXAMPLE 12
PAC  2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-allyl-8-methoxy-2,3-dihydro-1,4-benzoxazine
      ##SPC18##
PAR  This compound is obtained in a yield of 65 % by Method A using ethanol as
      solvent (recrystallisation from ethylacetate), m.p. 114-116.degree.C.
PAC  EXAMPLE 13
PAC  2-n-butyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC19##
PAR  This compound is obtained in a yield of 50 % by Method A (recrystallisation
      from 1,2-dichloroethane), m.p. 69.5.degree.C
PAC  EXAMPLE 14
PAC  2-methyl-3-oxo-4-(2,3-diacetoxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC20##
PAC  METHOD E
PAR  27.15 g of 2-methyl-3-oxo-4-(2,3-dihydroxy
      propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine and 15 g of pyridine are
      introduced into 250 ml of anhydrous benzene, followed by the dropwise
      addition of 21 ml of acetic anhydride. After stirring for 5 hours at
      ambient temperature and for 1 hour at the reflux temperature of the
      solvent, the solution is poured into the same volume of ice water. The
      organic phase is decanted, washed with a solution of dilute hydrochloric
      acid and then liberally with water. After drying over sodium sulphate, the
      solvent is evaporated. The diester is obtained in a yield of 70 %
      (recrystallisation from a 50 : 50 ethanol : water mixture), m.p.
      90.degree.C.
PAC  EXAMPLE 15
PAC  2-ethyl-3-oxo-4-(2,3-diacetoxy propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC21##
PAC  Method F
PAR  15.85 g of 2-ethyl-3-oxo-6-chloro-2,3-dihydro-1,4-benzoxazine are added to
      a solution of sodium ethylate in 100 ml of ethanol prepared with 1.8 g of
      sodium, and the mixture heated to its reflux temperature for 1 hour. 200
      ml of dimethyl formamide are then added, and the ethanol evaporated under
      reduced pressure. 14.6 g of 1,2-diacetoxy-3-chloropropane are introduced
      into the medium and, after stirring for 2 hours at ambient temperature,
      the medium is heated slowly to a temperature of 80.degree.C which is
      maintained for 2 hours until the medium is neutral. After filtration of
      the sodium chloride formed, the solvent is evaporated under reduced
      pressure. The diester which is unstable to distillation can be purified by
      chromatography in a silica column (eluent mixtures of chloroform and ether
      in variable proportions). Yield 40 %, the compound does not crystallise.
EQU  n.sub.D.sup.25 = 1.528
PAC  EXAMPLE 16
PAC  3-oxo-4-(2,3-diacetoxy propyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      ##SPC22##
PAR  This product is obtained in a yield of 90 % by Method E. An oil is
      obtained, being purified by chromatography in a silica column (eluent: a
      mixture of chloroform and ether in variable proportions).
EQU  n.sub.D.sup.25 = 1.533
PAR  The results of pharmacological tests carried out with the compounds
      according to the invention are summarised in the following. The test
      procedures adaopted were as follows:
PAC  1. Acute toxicity
PAR  The lethality of the products in a gummy suspension was determined
      following the oral administration of doses of 20 .+-. 2 g to random
      batches of 10 to 20 male mice. The calculations were made in accordance
      with Bliss's method (Quart. J. Pharm. Pharmacol., 2, 192-216).
PAC  2. Analgesic activity
PAR  Eddy's test in mice
PAR  Pain is induced by heat contact stimulation (mice placed on a heating plate
      kept at 56.5.degree.C) and the time taken to react to the stimulus
      (licking of the front paws) is measured.
PAR  Batches of 10 animals selected at random are examined 30 minutes after the
      oral administration of the product to be tested in a gummy suspension.
PAR  The percentage of analgesic activity is established by taking as 100%
      activity the average response time of the control animals increased by 10
      seconds.
PAR  Koster's test on mice
PAR  The pain is induced by the intraperitoneal injection of 0.10 ml/10 g of a
      3% acetic acid solution.
PAR  The painful crises thus obtained (writhing of the trunk, stretching of the
      hind legs) are counted for 20 minutes following the injection.
PAR  The product to be tested was administered 30 minutes before the pain had
      been induced in batches of 10 male mice distributed at random. The
      percentage of analgesic activity is represented by the percentage decrease
      in the number of reactions established in relation to the controls.
PAC  3. ANTI-OEDEMATOUS ACTIVITY
PAR  Kaolin oedema in rats in accordance with WILHELMI AND DOMENJOZ
PAR  The product to be tested was orally administered to batches of 8 male rats
      distributed at random 30 minutes before the intraplantar injection of 0.15
      ml. of a 10% kaolin suspension.
PAR  The volume of the paw is measured by plethysmography 5 hours after
      injection of the irritant. For each rat, the percentage oedema is
      evaluated in relation to the initial volume.
PAR  The percentage activity corresponds to the percentage decrease in oedema
      (average oedema of the treated animals in comparison with the average
      oedema of the control animals).
PAR  The results are set out in Tables I, II and III. Tables I and II relate to
      the toxicity and analgesic activity of the various products tested.
PAR  It can be seen in Table I that, in the two tests relating to analgesic
      activity, the compounds according to the invention which were studied have
      ED.sub.50 -values (per os) of less than or equal to 300 mg/kg. Table II
      also relates to the toxicity and analgesic activity of the products
      according to the invention. It is distinguished from Table I in that
      analgesic activity is expressed in percent, the animals having been given
      oral doses of 200 and 400 mg/kg.
PAR  The derivatives according to the invention show considerable antalgic power
      which is at least equivalent to that of amidopyrine and which can reach as
      much as five times the activity of this reference product. This is the
      case in particular with
      2-methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazin
     e and with
      2-ethyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine
      which have ED.sub.50 -values of 60 mg/kg (per os) both with respect to the
      heat stimulus and with respect to the chemical stimulus.
PAR  The results relating to anti-oedematous activity are set out in Table III
      in which they are compared with the results obtained with a reference
      anti-inflammatory, namely phenylbutazone. In order to complete the
      comparison data, the DL.sub.50 -values (per os) in mice are also quoted.
PAR  The product of Example 3, namely
      3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine is
      particularly interesting it proved to be antalgic both in Eddy's test
      (ED.sub.50 = 200 mg/kg per os) and in Koster's test (ED.sub.50 = 100 mg/kg
      per os) and anti-oedematous in Wilhelmi and Domenjoz's test (ED.sub.50 =
      200 mg/kg per os) in which its activity is comparable with that of
      phenylbutazone.
TBL                TABLE I:                                                    

     ______________________________________                                    

     Example                                                                   

            DL.sub.50 per os                                                   

                        ED.sub.50   ED.sub.50                                  

     No.    (mg/kg/ in  Eddy's test Koster's test                              

            mice        (mg/kg)     (mg/kg)                                    

     ______________________________________                                    

     1       850         63          57                                        

     2      1660         61          60                                        

     3      1700        200         100                                        

     7      &gt;1000       300         300                                        

     9      &gt;1500       100         80                                         

     10     &gt;1500       200         300                                        

     12     &gt;1500       300         300                                        

     13     1500        100         100                                        

     Amido- 1850        300         120                                        

     pyrine                                                                    

     ______________________________________                                    

TBL                TABLE II:                                                   

     ______________________________________                                    

     Ex-                                                                       

     ample DL.sub.50 mg/kg per                                                 

                        Eddy's test  Koster's test                             

     No.   os in mice                                                          

                  % activity at 400 mg/kg per os                               

     ______________________________________                                    

     4     &gt;1500        42%          68%                                       

     5     &gt;1500        60%          66%                                       

     6     &gt;1500        52%          46%                                       

     14    &gt;1500        43%          35%                                       

     16    &gt;1500        28%          51%                                       

                  % activity at 200 mg/kg per os*                              

     ______________________________________                                    

     8      1200         5%          21%                                       

     11    &gt;1000        16%          10%                                       

     15    &gt;1500        14%          20%                                       

     ______________________________________                                    

      *Dose administered when the 400 mg/kg dose produces signs of toxicity    

TBL                TABLE III:                                                  

     ______________________________________                                    

     Example No.                                                               

                DL.sub.50 mg/kg per os                                         

                               Kaolin oedema test                              

                in mice        ED.sub.50 mg/kg per os                          

     ______________________________________                                    

     3            1700         200                                             

     7          &gt;1000          400                                             

     11         &gt;1000          200                                             

     14         &gt;1500          400                                             

     15         &gt;1500          400                                             

     16         &gt;1500          400                                             

     Phenyl-      540          200                                             

     butazone                                                                  

     ______________________________________                                    

PAR  The new 3-oxo-1,4-benzoxazine derivatives are suitable for use as
      medicaments. They can be administered in combination with a
      physiologically acceptable vehicle, for example orally, rectally or
      parenterally.
PAR  The daily dose for adults can amount to between 3 and 6 tablets each
      containing 300 mg of active substance, or to between 2 and 4 suppositories
      each containing 500 mg.
PAR  Ampoules can contain from 25 to 150 mg of active substance.
CLMS
STM  We claim
NUM  1.
PAR  1. Derivative of 3-oxo-2,3-dihydro-1,4-benzoxazine corresponding to the
      formula (I)
      ##SPC23##
PAL  in which:
PA1  R.sub.1 is selected from the group consisting of the hydrogen atom and a
      lower alkyl group; R.sub.2, R.sub.3 and R.sub.4, which are identical or
      different, are selected from the group consisting of the hydrogen atom, a
      halogen atom, a nitro group, a lower alkyl group, a lower alkoxy group and
      R.sub.4 may be an allyl group; and R.sub.5 is selected from the group
      consisting of the hydrogen atom and an acetyl group.
NUM  2.
PAR  2. 2-Methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,
     3-dihydro-1,4-benzoxazine.
NUM  3.
PAR  3. 2-Ethyl-3-oxo-4-(2,3-di
     hydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine.
NUM  4.
PAR  4. 3-Oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine.
NUM  5.
PAR  5. 2-Methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-7-bromo-2,3-dihydro
     -1,4-benzoxazine.
NUM  6.
PAR  6. 2-Methyl-3-oxo
     -4-(2,3-dihydroxypropyl)-6-methyl-2,3-dihydro-1,4-benzoxazine.
NUM  7.
PAR  7. 2-Methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-n-propyl-8-methoxy
     -2,3-dihydro-1,4-benzoxazine.
NUM  8.
PAR  8. 2-Methyl-3-oxo-4-(2,3-dihy
     droxypropyl)-6-nitro-2,3-dihydro-1,4-benzoxazine.
NUM  9.
PAR  9. 2-Ethyl-3-oxo-4-(2,3-dihydroxypropyl)-2,3-dihydro-1,4-benzoxazine.
NUM  10.
PAR  10. 2-n-Propyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4
     -benzoxazine.
NUM  11.
PAR  11. 2-Ethyl-3
     -oxo-4-(2,3-dihydroxypropyl)-6-bromo-2,3-dihydro-1,4-benzoxazine.
NUM  12.
PAR  12. 2-Methyl-3-oxo-4-(2,3-dihydroxypropyl)-6-methoxy-2,3-dihydro-
     1,4-benzoxazine.
NUM  13.
PAR  13. 2-Methyl-3-o
     xo-4-(2,3-dihydroxypropyl)-6-allyl-8-methoxy-2,3-dihydro-1,4-benzoxazine.
NUM  14.
PAR  14. 2-n-Butyl-3-oxo-4-(2,3-dihydroxypropyl)-6-chloro-2,3-dihydro-1,4-benzox
     azine.
NUM  15.
PAR  15. 2-
     Methyl-3-oxo-4-(2,3-diacetoxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine.
NUM  16.
PAR  16. 2-Ethyl-3-oxo-4-(2,3-diacetoxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxaz
     ine.
NUM  17.
PAR  17. 3-Oxo-4-(2,3-diacetoxypropyl)-6-chloro-2,3-dihydro-1,4-benzoxazine.
PATN
WKU  039352048
SRC  5
APN  3406733
APT  1
ART  125
APD  19730313
TTL  Cephalosporin and pharmaceutical preparations containing the same
ISD  19760127
NCL  2
ECL  1
EXP  Goldberg; Jerome D.
INVT
NAM  Dahlen; Sven Erik
CTY  Sodertalje
CNT  SW
INVT
NAM  Ekstrom; Bertil Ake
CTY  Sodertalje
CNT  SW
INVT
NAM  Kovacs; Odon Kalman Jozsef
CTY  Sodertalje
CNT  SW
INVT
NAM  Sjoberg; Berndt Olof Harald
CTY  Sodertalje
CNT  SW
ASSG
NAM  Astra Lakemedel Aktiebolag
CTY  Sodertalje
CNT  SW
COD  03
PRIR
CNT  UK
APD  19720313
APN  11690/72
CLAS
OCL  424246
EDF  2
ICL  A61K 3151
FSC  424
FSS  246
FSC  260
FSS  243 C
UREF
PNO  3692779
ISD  19720900
NAM  Holdrege
OCL  424246
LREP
FRM  Brumbaugh, Graves, Donohue & Raymond
ABST
PAL  New esters of cephalosporins of the formula
      ##EQU1##
      wherein R.sup.1 is a substituted or unsubstituted alkyl, cycloalkyl, aryl
      or heterocyclic group, R.sup.2 is S--R.sup.4 wherein R.sup.4 is a methyl,
      ethyl, benzyl or heterocyclic group, a xanthate, dithiocarbamate,
      thiouronium, azido, alkoxy, hydrogen, substituted or unsubstituted
      alkanoyloxy, carbonyloxy or 1-pyridinium group, R.sup.3 is
      ##EQU2##
      wherein R.sup.5 is hydrogen, methyl or ethyl, X.sup.2 is O or NH, R.sup.6
      is a basic group, R.sup.7 is a substituted or unsubstituted alkyl,
      cycloalkyl, aryl, aralkyl or heterocyclic group, X.sup.1 is O or S,
      Y.sup.1 is hydrogen, a hydroxy, alkyloxycarbonyl, halogen, azido, a
      substituted or unsubstituted amino group, a carboxyl group, the group
      --COOR.sup.3, or a nitrite group, n is 0 or 1 and m is 0 or 1, useful as
      active ingredients of pharmaceutical preparations; processes for their
      preparation; and methods for the treatment of infectious diseases.
BSUM
PAR  The present invention relates to new cephalosporins and methods for their
      preparation. The invention also relates to the preparation of
      pharmaceutical preparations containing the cephalosporine and to methods
      for the pharmacological use of the cephalosporins.
PAR  In particular this invention relates to new esters of cephalosporins of the
      general formula
      ##EQU3##
      and pharmaceutically acceptable salts thereof, in which formula R.sup.1 is
      selected from the group consisting of an alkyl group with 1-8 carbon
      atoms; a cycloalkyl group with 3-10 carbon atoms; an aryl group such as
      phenyl and naphthyl; a heterocyclic group such as thienyl, furyl,
      pyrazolyl, pyridinyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
      thiadiazolyl, sydnonyl and tetrazolyl, wherein the alkyl, cycloalkyl, aryl
      and heterocyclic groups may be substituted with one or more groups
      selected from
PA2  Alkyl groups with 1-3 carbon atoms such as methyl, ethyl, propyl and
      isopropyl,
PA2  Halogen atoms such as chlorine, bromine, iodine and fluorine,
PA2  Hydroxy groups,
PA2  Nitro groups,
PA2  Nitrile groups,
PA2  Azido groups,
PA2  Alkoxy groups with 1-3 carbon atoms such as methoxy, ethoxy, propoxy and
      isopropoxy,
PA2  Carboxyl groups,
PA2  Carboxymethyl groups and
PA2  Carboxamidomethyl groups,
PA1  R.sup.2 is selected from the group consisting of a groups S--R.sup.4 where
      R.sup.4 is a methyl group, an ethyl group,
PA2  A benzyl group or a heterocyclic group such as an imidazolyl,
      benzoimidazolyl, benzothidazolyl, benzoaximidmazlyl, benzoimidazolyl,
      benzothiazolyl, benzoxazolyl or thiadiazolyl group;
PA1  a xanthate group;
PA1  a dithiocarbamate group such as a dimethyl, piperidyl, 4-akylpiperazido or
      4-dialkylpiperazonium dithiocarbamate group;
PA1  a thiouronium group;
PA1  an azido group;
PA1  an alkoxy group with 1-4 carbon atoms such as a methyl, ethyl, propyl,
      isopropyl, butyl, sec.butyl or tertiary butyl group;
PA1  a hydrogen atom;
PA1  an alkanoyloxy group such as acetoxy and propionyloxy;
PA1  a crabonyloxy group such as methylaminocarbonyloxy;
PA1  1-pyridinium;
PAL  and wherein the alkanoyloxy, carbonyloxy and 1-pyridinium groups may be
      substituted with one or more groups selected from
PA1  alkyl groups with 1-3 carbon atoms such as methyl, ethyl, propyl and
      isopropyl,
PA2  halogen atoms such as chlorine, bromine, iodine and fluorine,
PA2  hydroxy groups,
PA2  nitrile groups,
PA2  hydroxymethyl groups,
PA2  alkoxycarbonyl groups,
PA2  aminocarbonyl groups;
PA1  R.sup.3 is selected from the group consisting of
      ##EQU4##
      wherein R.sup.5 is a hydrogen atom, a methyl or an ethyl group;
PA2  X.sup.2 is O, NH;
PA2  R.sup.6 is a basic group such as alkyl or aralkyl substituted with
      substituted or unsubstituted NH.sub.2, such as alkyl-NHCH.sub.3,
      aralkyl-NHCH.sub.3,
      ##EQU5##
      R.sup.7 is an alkyl group such as a methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, pentyl or 2-ethyl-hexyl group;
PA2  a cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
      or cycloheptyl;
PA2  an aryl group such as phenyl or naphtyl;
PA2  an aralkyl group such as benzyl or naphthylmethyl;
PA2  a heterocyclic group and wherein the alkyl, cycloalkyl, aryl, aralkyl and
      heterocyclic groups may be substituted with one or more groups
PA2  selected from the class consisting of aminio groups, substituted amino
      groups such as methylamino, diethylamino or acetamido groups,
PA2  the halogen groups such as fluorine, chlorine or bromine, nitro groups,
PA2  alkoxy groups such as methoxy, ethoxy, propyloxy, isopropyloxy, butoxy or
      isobutoxy; and
PA1  X.sup.1 is selected from the group consisting of 0 and S;
PA1  Y.sup.1 is selected from the group consisting of
PA2  a hydrogen atom;
PA2  a hydroxy group;
PA2  an alkyloxycarbonyl group such as methoxycarbonyl;
PA2  a halogen group such as bromine, chlorine, fluorine or iodine;
PA2  and azido group;
PA2  an amino group;
PA2  a substituted amino group such as methylamino, diethylamino, benzyl
      sulphenylamino, methoxy-(hydroxy)phosphinylamino and acetamido;
PA2  a carboxyl group or the group --COOR.sup.3, wherein R.sup.3 is as defined
      above, and a nitrile group;
PA1  n is 0 or 1,
PA1  m is 0 or 1.
PAR  Illustrative examples of radicals included in the above definitions and in
      the definitions throughout the application are:
PA1  alkyl: methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl,
      heptyl, octyl, 2-ethyl-hexyl
PA1  cycloalkyl: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
PA1  alkoxy: methoxy, ethoxy, propyloxy, isopropyloxy, butoxy, isobutoxy
PA1  halogen: F, Cl, Br
PA1  aryl: phenyl, naphthyl naphthylmethyl, indanyl
PA1  aralkyl: benzyl, naphthylmethyl
PA1  heterocyclic groups:
      ##SPC1##
PAR  The above illustrative examples illustrate, where applicable, all the
      radicals so far mentioned and other radicals appearing hereafter  in the
      application of the extent of the definition given to each radical and
      within the boundaries with regard to number of carbon atoms which may be
      prescribed for ech radical.
PAR  The invention relates in a further aspect to such chemical intermediates
      which are new and useful in the preparation of the compounds of the
      formula I.
PAR  The compounds of the invention are of value in the treatment of infectious
      diseases in man or animal caused by bacterial organisms. They may be
      isolated and used as such but also, depending on the presence of basic or
      acidic groups in the molecule, in the form of salts with pharmaceutically
      acceptable organic or inorganic acids or bases. Examples of suitable acids
      are hydrochloric acid, citric acid, and fumaric acid. Examples of suitable
      bases are sodium hydroxide, potassium hydroxide, calcuim hydroxide,
      aluminium hydroxide, ammonium hydroxide, non-toxic amines as
      trialkylamines, including triethylamine, procaine, dibenzylamine,
      N-benzyl-.beta.-phenethylamine, 1-ephenamine, N,N.sup.1
      -dibenzylethylenediamine, dehydroabiethylamine, N,N.sup.1
      -bis-dehydroabiethylethylenediamine, N-(lower)alkylpiperidine (e.g.
      N-ethyl-piperidine) and other bases which have been used for the
      preparation of salts with cephalosporins.
PAR  The side chain of the cephalosporin structure in formula I may contain an
      asymmetric carbon atom in the .alpha.-position. Depending on the
      configuration around this carbon atom the compound will occur in two
      different diastereoisomeric forms which are both biologically active.
      Likewise the ester groups may contain asymmetric atoms, e.g. when R.sup.3
      is
      ##EQU6##
      giving rise to different diastereoisomeric forms which also all are
      biologically active. It is to be understood that the invention comprises
      the pure diastereoisomers as well as mixtures of them.
PAR  It is known that cephalosporins of the general structure (II):
      ##EQU7##
      or salt thereof, where R.sup.1, R.sup.2, X.sup.1, Y.sup.1, m and n are as
      defined above, have good antibacterial activity against grampositive and
      gramnegative bacteria, including penicillinase producing staphylococci.
PAR  compounds of the general formula II are, however, poorly absorbed when
      administered orally and the compounds have in general to be given by
      injection. It is one purpose of the present invention to provide esters of
      these compounds, which are well absorbed orally and then hydrolyzed within
      the body to give blood and organ levels of the compounds of the general
      formula II that are adequate for the treatment of infectious diseases,
      caused by bacteria sensitive to cephalosporins of the general formula II.
      To achieve the full antibacterial activity of the cephalosporins with
      general formula II it is necessary to choose such ester groups that are
      rapidly hydrolysed in vivo with release of the cephalosporins of the
      general formula II. It is an essential feature of the present invention to
      provide such ester groups that are rapidly hydrolysed in the body after
      oral absorption.
PAR  Said compounds having the formula I are well tolerated, give a low
      frequency of side-effects and may readily be used in pharmaceutical
      preparations, either as such or in the form of their salts, and they can
      be intermxied with solid carriers or adjuvants or both. In such
      preparations the ratio between the therapeutic substance and the carirers
      and adjuvants may vary between 1 and 95 %. The preparation may either be
      processed to for instance tablets, pills or dragees or can be supplied to
      medical containers, such as capsules or as regards mixtures they can be
      filled on bottles. Pharmaceutically acceptable, organic or inorganic,
      solid or liquid carriers may be used, suitably for oral or enteral
      administration or for topical application, in manufacturing the
      preparations. Gelatine, lactose, starch, magnesium stearate, talc,
      vegetabilic and animalic fats and oils, vegetabilic rubber and
      polyalkylene glycol and other known carriers for pharmaceuticals are all
      suitable for manufacturing preparations of said compounds. Moreover, the
      preparation may contain other pharmaceutical active components, being
      suitably admimistratable together with the compounds of the invention when
      treating infectious diseases. For instance other suitable antibiotical
      substances, e.g. gentamycin and polymycin.
PAR  In the treatment of bacterial infections in man, the compounds of invention
      are for example administered in amounts corresponding to 5 to 200
      mg/kg/day, preferably in the range of 10 to 100 mg/kg/day in divided
      dosages, e.g. two, three or four times a day. They are adminstered in
      dosage units containing e.g. 175, 350, 500 and 1000 mg of the compounds.
PAR  Preferred classes of compounds of the invention are such compounds of
      formula I, where R.sup.3 is selected from the group consisting of lower
      alkoxycarbonyloxymethyl, 1'-lower alkoxycarbonyloxyethyl, 1'-lower
      alkoxycarbonyloxypropyl, lower alkoxycarbonylaminomethyl, 1'-lower
      alkoxycarbonylaminoethyl, 1'-lower alkoxycarbonylaminopropyl,
      amino-substituted 1'-lower acyloxyethyl, amino-substituted 1'-lower
      acyloxypropyl, phenoxycarbonyl oxymethyl, 5-indanyloxymethyl,
      1'-phenoxycarbonyloxyethyl, 1'-(5-indanyloxy)carbonyloxyethyl.
PAR  Further classes of preferred compounds are obtained by substituting the
      acyloxy moieties or the alkoxycarbonyloxy, the acyloxycarbonyloxy, the
      alkyloxycarbonylamino or the acyloxycarbonylamino groups in R.sup.3 with
      amino, methylamino or di (lower) alkylamino groups.
PAR  Examples of suitable and preferred compounds of the invention are given in
      the table below.
TBL                                    Table                                   

     __________________________________________________________________________

                  S                                                            

                  R.sup.1 --(X.sup.1).sub.n --CH--CO--NH--CH--CH               

                  .vertline..vertline..vertline..angle..angle..vertline.       

                  Y.sup.1 CO--N.vertline.CH.sub.2 --R.sup.2                    

                  .vertline.                                                   

                  COOR.sub.3                                                   

     R.sup.1                                                                   

           X.sup.1                                                             

             n Y.sup.1                                                         

                     R.sup.2      R.sup.3                                      

     __________________________________________________________________________

     C.sub.6 H.sub.13                                                          

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

     C.sub.6 H.sub.5                                                           

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

                                CH.sub.3                                       

                               .vertline.                                      

     C.sub.6 H.sub.5                                                           

             O H    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.2 H.sub.5                       

                                C.sub.2 H.sub.5                                

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O H    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.3 H.sub.7                       

     C.sub.6 H.sub.5                                                           

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 NH--COOC.sub.2 H.sub.5               

     C.sub.6 H.sub.5                                                           

             O H    OCOCH.sub.3                                                

                               --CH.sub. 2 --OCOOCH.sub.2 CH.sub.2 NH.sub.2    

     m-Br--C.sub.6 H.sub.4                                                     

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.10 H.sub.8                                                          

             O H    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.2 H.sub.5                       

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

             O H    OCOCH.sub.3                                                

                                CH.sub.3                                       

                                .vertline.                                     

                               --CH--OCOOC.sub.2 H.sub.5                       

             O H    OCOCH.sub.3                                                

                                CH.sub.3                                       

                                .vertline.                                     

                               --CH--OCOOCH.sub.2 CH.sub.2 NH--CH.sub.3        

             O H    OCOC.sub.6 H.sub.5                                         

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

     Cl(CH.sub.2).sub.4                                                        

             O H    OCOCH.sub.3                                                

                               --CH.sub.2 OCOOC.sub.6 H.sub.5                  

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

           O 1 H    OCOCH.sub.3                                                

                               CH--OCOOC.sub.2 H.sub.5                         

     C.sub.6 H.sub.5                                                           

           S 1 H    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

           S 1 H    OCOCH.sub.3                                                

                               --CH--OCOOCH.sub.2 CH.sub.2 --NH--CH.sub.3      

           S 1 H    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

           S 1 H    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOCH.sub.2 CH.sub.2 NH.sub.2     

     C.sub.6 H.sub.5                                                           

             O N.sub.3                                                         

                    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O N.sub.3                                                         

                    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.2 H.sub.5                       

     C.sub.6 H.sub.5                                                           

             O NH.sub.2                                                        

                    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                                 CH.sub.3                                      

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O NH.sub.2                                                        

                    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.2 H.sub.5                       

                                C.sub.2 H.sub.5                                

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O NH.sub.2                                                        

                    OCOCH.sub.3                                                

                               --CH--OCOOC.sub.3 H.sub.7                       

     C.sub.6 H.sub.5                                                           

             O NH.sub.2                                                        

                    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.6 H.sub.5                

     C.sub.6 H.sub.5                                                           

             O NH.sub.2                                                        

                    OCOCH.sub.3                                                

     C.sub.6 H.sub.5                                                           

             O --COOH                                                          

                    OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

     C.sub.6 H.sub.5                                                           

             O OH   OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O OH   OCOCH.sub.3                                                

                               --CH--OCOOC.sub.2 H.sub.5                       

                                CH.sub.3                                       

                                .vertline.                                     

     C.sub.6 H.sub.5                                                           

             O OH   OCOCH.sub.3                                                

                               --CH--OCOCH.sub.3                               

     C.sub.6 H.sub.5                                                           

             O OH   OCOCH.sub. 3                                               

                               --CH.sub.2 --OCOOCH.sub.2 CH.sub.2 NH.sub.2     

     C.sub.6 H.sub.5                                                           

             O OH   OCOCH.sub.3                                                

                               --CH.sub.2 --OCOOC.sub.6 H.sub.5                

             O H               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                               CH.sub.3                                        

                               .vertline.                                      

             O H               CH--OCOOC.sub.2 H.sub.5                         

                               CH.sub.3                                        

                               .vertline.                                      

             O H               CH--OCOCH.sub.3                                 

             O H               CH.sub.2 --NHCOOC.sub.2 H.sub.5                 

             O H               CH.sub.2 --OCOOCH.sub.2 CH.sub.2 NH.sub.2       

             O H    SCH.sub.2 C.sub.6 H.sub.5                                  

                               --CH.sub.2 OCOOC.sub.2 H.sub.5                  

                               CH.sub.3                                        

                               .vertline.                                      

             O H               CH--OCOOC.sub.2 H.sub.5                         

             O H    --S--CS--N(CH.sub.3).sub.2                                 

                               -- CH.sub.2 --OCOOCH.sub.2 CH.sub.2 NHCH.sub.3  

                    (+)                                                        

                    NH.sub.2                                                   

             O H    --S--C.angle.                                              

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                    NH.sub.2                                                   

             O H    --N.sub.3  --CH.sub.2 --OCOOC.sub.2 H.sub.5                

     N.dbd.N        N------N                                                   

     .vertline..angle.N--                                                      

             O H    .parallel..parallel.                                       

     N.dbd.CH       --S.angle.S.angle.CH.sub.3                                 

                               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

     N.dbd.N        N------N                                                   

     .vertline..angle.N--                                                      

             O H    .parallel..parallel.                                       

                               --CH.sub.2 --OCOOCH.sub.2 CH.sub.2 NH.sub.2     

     N.dbd.CH       --S.angle.S.angle.CH.sub.3                                 

             O H               --CH.sub.2 --OCOOC.sub.2 H.sub.5                

             O NH.sub.2                                                        

                    H          --CH.sub.2 --OCOOC.sub.2 H.sub.5                

                                CH.sub.3                                       

                                .vertline.                                     

             O NH.sub.2                                                        

                    H          --CH--OCOOC.sub.2 H.sub.5                       

             O NH.sub.2                                                        

                    H          --CH.sub.2 --NH--COOC.sub.2 H.sub.5             

     __________________________________________________________________________

PAR  The compounds of the invention are prepared by different methods.
PAC  METHOD A
      ##EQU8##
PAR  In the formulas above R.sup.1, R.sup.2, R.sup.3, X.sup.2, m, n and Y.sup.1
      have the meaning given above and R.sup.1, R.sup.2, R.sup.3 and Y.sup.1 are
      R.sup.1, R.sup.2, R.sup.3 and Y.sup.1 respectively or in case these latter
      groups contain amino or carboxy groups protected derivatives of these.
      Y.sup.2 is a halogen group, preferably chlorine, bromine or iodine group
      or a functionally equivalent group such as an organic sulphonic acid
      residue.
PAR  According to this method a cephalosporin of the general formula III,
      preferably in the form of its salt, e.g. the sodium, potassium, calcium,
      triethylammonium or tetraalkylammonium salt, is brought to react with a
      compound R.sup.3 Y.sup.2 to give a compound of the formula V.
PAR  The reaction is preferably performed in an organic solvent like acetone,
      tetrahydrofurane, chloroform, methylene chloride, dimethylformamide,
      dimethylsulphoxide or hexamethylphosphoramide or in a mixture of water and
      an organic solvent, e.g. aqueous dioxane or acetone.
PAR  When R.sup.1, R.sup.2, R.sup.3 and Y.sup.1 are R.sub.1, R.sub.2, R.sub.3
      and Y.sub.1 respectively the compounds of formula V belong to the
      compounds of the invention of the general formula I. When they contain
      amino or carboxyl groups that are protected the protecting groups can be
      removed in manners known to the art in at least one additional step to
      give compounds of the general formula I. As protecting groups such can be
      used that can be removed without destruction of the cephalosporin ring
      system.
PAR  Such protecting groups are known to the art and may be represented e.g. by
      the benzyloxycarbonyl, the o-nitrophenylsulphenyl, the
      2-p-tolysulphonyl-ethoxycarbonyl, the .beta.-trichloroethoxycarbonyl and
      1-methoxycarbonylpropen-2-yl group as protecting groups for amino groups
      and e.g. by the benzyl, the .beta.-trichloroethyl or the
      2,6-dichlorobenzyl groups for the protection of carboxy groups. To obtain
      amino cephalosporin esters of the general formula I may further the
      corresponding azido or nitro compounds which also belong to the compounds
      of the general formula I be reduced e.g. by catalytic hydrogenation.
PAC  METHOD B
      ##EQU9##
PAR  According to this method an activated carboxylic acid derivative VI where
      X.sup.1, R.sup.2, m and Y.sup.1 are as defined in method A and --CO--Z is
      a reactive group capable of reacting with an amino group under formation
      of an amide moiety, e.g. an acid chloride or its functional equivalent is
      brought to react with a compound of formula VII, where R.sup.2 and R.sup.3
      are as defined previously to give the cephalosporin ester V. As outlined
      in method A this compound is either a compound of the invention of the
      general formula I or may be converted into such a compound by removal of
      the protecting groups.
PAR  The reaction between VI and VII constitutes an acylation and can be
      performed in the manner described for acylation of esters of
      7-aminocephalosporanic acids. The acylating group CO--Z in VI may be an
      acid chloride group, or a group functioning in the same way, e.g. an acid
      bromide, an acid azide, an anhydride, a mixed anhydride formed with an
      inorganic acid or an organic acid such as an alkyl carbonic acid, for
      instance isobutyl carbonic acid, a carbonic acid, a sulphonic acid and
      especially an alkoxyformic acid or may be a radical obtained by reacting
      the .alpha.-substituted phenylacetic acid and a carbodiimide or N,N.sup.1
      -carbonyldiimidazol or an other compound reacting in a similar way. The
      reaction can be performed in organic solvents like diethylether,
      tetrahydrofurane, acetone, ethyl acetate, chloroform, methylene chloride,
      dimethylformamide, dimethylsulphoxide or hexamethylphosphoramide, in water
      or in aqueous organic solvents in presence of organic or inorganic bases
      like triethylamine, quinoline, pyridine, N-methyl-morpholine, sodium
      hydroxide, sodium bicarbonate or potassium carbonate.
PAR  The esters of the general structure VII may be prepared by treatment of
      salts of the corresponding acids (R.sup.3 =H) with compounds R.sup.3
      --Y.sup.2, where R.sup.3 and Y.sup.2 have the same meaning as above. The
      reaction is preferably performed in organic solvents like
      dimethylformamide, dimethylsulphoxide or hexamethylphosphoramide.
PAR  Alternatively 7-acylated derivatives of the compounds of the formula
      ##EQU10##
      wherein R.sup.2 has the meaning given above, with acyl groups that can be
      removed without destruction of the cephem ring system are treated with
      R.sup.3 --Y.sup.2 to give esters of the cephem structure from which the
      acyl groups then are removed to give the esters of the formula VII. One
      method consists of reacting a salt, e.g. the sodium, potassium or
      tetraalkylammonium salt of the compound of the formula
      ##EQU11##
      wherein R.sup.2 has the meaning given above, with R.sup.3 --Y.sup.2 in an
      organic solvent like acetone, methylethylketon, chloroform, methylene
      chloride, dimethylformamide, dimethylsulphoxide or hexamethylphosphoramide
      or in a mixture of an organic solvent and water, e.g. aqueous acetone or
      dioxane to give the corresponding ester. The phenylacetyl side chain is
      then removed according to the method described in Neth. Pat. specification
      No. 6,401,421 or South African Pat. specification No. 67/2927 by treatment
      with phosphorous pentachloride in presence of a tertiary organic base to
      give an imino chloride which is reacted with an alcohol like propanol to
      give the corresponding imino ether which is hydrolyzed by addition of
      water or alcoholized by addition of alcohol to give the ester VII.
      Alternatively the phenylacetyl side chain may be removed by enzymatic
      hydrolysis using an E.coli acylase in analogy to method described in
      French Pat. specification No. 1,576,027.
PAR  In still another method N-protected derivatives of the compounds of the
      formula
      ##EQU12##
      wherein R.sup.2 has the meaning given above, are reacted with R.sup.3
      --Y.sup.2 to give the corresponding ester from which the protecting groups
      are removed to give the compounds of the general formula VII. Examples of
      protecting groups which can be used are the benzyloxycarbonyl group which
      is removed by catalytic hydrogenation, the o-nitrophenylsulphenyl group
      which can be removed by treatment with nucleophilic agents at acid pH
      (Japanese patent specification 505, 176) and the trityl group which can be
      removed by mild acid hydrolysis.
PAC  METHOD C
      ##EQU13##
      In the formulas above R.sup.1, R.sup.3, X.sup.1, m, n and Y.sup.2 have the
      meaning given above.
PAR  When R.sup.2 of the formula I is hydrogen the compounds of the invention
      may be prepared from the corresponding penicillin esters (VIII).
PAR  By known methods, e.g. by oxidation with hydrogen peroxide or by a peracid,
      the penicillin esters are converted into the corresponding sulphoxides
      (IX), which by treatment e.g. with acid catalysts, e.g. p-toluenesulphonic
      acid in xylene or with an acid, an anhydride e.g. acetic anhydride or with
      an organic phosphoric acid in presence of an organic base or a phosphonate
      salt, e.g. pyridinium phosphate are converted into the cephalosporin
      esters X, which either are compounds of the invention within the formula I
      or may be converted into such as described in Method A and B.
PAC  METHOD D
PAR  According to this method the carboxylic group in the 4-position of a
      natural cephalosporin or a functional derivative thereof is esterified by
      reaction with a compound of the formula R.sup.3 .sup.'-Y.sup.2, wherein
      R.sup.3 .sup.' and Y.sup.2 have the meanings specified above, whereafter
      the compound thus formed is transformed, according to the method described
      in the Belgian Pat. specification No. 628,494, to an imino ether by
      reaction with for instance a trialkyl-oxonium-fluoborate, whereafter the
      thus obtained imino ether is reacted with a compound of the formula
      ##EQU14##
      wherein R.sup.1 .sup.', X.sup.1, Y.sup.1 .sup.'; m, n and Z have the
      meanings given above and whereafter the reaction product is hydrolyzed in
      a conventional manner to the compound of the formula
      ##EQU15##
      which compound is converted into a compound of the formula I as described
      under Method A above.
PAR  In this method the acylation step may take place without isolation of the
      intermediate imino ether. Alternatively the imino-ether may be obtained by
      reacting the cephalosporins with a halogenating agent like phosphorous
      pentachloride followed by an alcohol like metanol.
PAR  The preferred natural cephalosporin is cephalosporin C and its derivatives.
      Alternatively a semisynthetic cephalosporin may be used as starting
      material.
PAR  As described above the starting material may be in the form of a salt, for
      instance a sodium, potassium, calcium or trialkylammonium salt, in some of
      the ways for the preparation of the compounds of the invention.
PAR  In addition, tetraalkylammonium salts and other analogous salts such as
      salts where the cation has the formula
EQU  A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+
PAL  in which formula A.sup.1 is selected from the group consisting of straight
      and branched alkyl groups containing from 3 to 6 carbon atoms, substituted
      and unsubstituted aryl, and substituted and unsubstituted aralkyl, and
      wherein A.sup.2, A.sup.3 and A.sup.4, which are the same or different, are
      selected from the group consisting of straight and branched alkyl groups
      containing from 1 to 6 carbon atoms, provided that A.sup.2, A.sup.3 and
      A.sup.4 are alkyl with 3-6 carbon atoms when A.sup.1 is alkyl, may be
      used.
PAR  Illustrative examples of suitable combinations of A.sup.1, A.sup.2, A.sup.3
      and A.sup.4 in the quaternary ammonium ion A.sup.1 A.sup.2 A.sup.3 A.sup.4
      N.sup.+ are given below:
PAC  TABLE I.
PAR  Examples of suitable combinations of the radicals A.sup.1 -A.sup.4 in the
      A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+ ion
     A.sup.1   A.sup.2    A.sup.3     A.sup.4                                  

     ______________________________________                                    

     n-propyl  n-propyl   n-propyl    n-propyl                                 

     i-propyl  i-propyl   i-propyl    i-propyl                                 

     n-butyl   n-butyl    n-butyl     n-butyl                                  

     i-butyl   i-butyl    i-butyl     i-butyl                                  

     n-pentyl  n-pentyl   n-pentyl    n-pentyl                                 

     n-hexyl   n-hexyl    n-hexyl     n-hexyl                                  

     phenyl    methyl     methyl      methyl                                   

     phenyl    ethyl      ethyl       ethyl                                    

     p-tolyl   ethyl      ethyl       ethyl                                    

     p-chlorophenyl                                                            

               ethyl      ethyl       ethyl                                    

     ______________________________________                                    

PAR  When the radicals A.sup.1 -A.sup.4 all are different the resulting ion
      contains an asymmetric centre and may occur in two enantiomeric forms.
      Epimeric forms can occur if A.sup.1, A.sup.2, A.sup.3 and/or A.sup.4
      contain one or more asymmetric carbon atoms.
PAR  Examples of quaternary ammonium ions containing an asymmetric centre are
      given in Table II below:
PAC  TABLE II.
PAR  Examples of quaternary ammonium ion A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+
      containing an asymmetric centre
TBL  A.sup.1  A.sup.2     A.sup.3     A.sup.4                                  

     ______________________________________                                    

     benzyl   n-propyl    i-propyl    n-butyl                                  

     benzyl   n-propyl    i-propyl    sec.butyl                                

     benzyl   n-propyl    n-butyl     sec.butyl                                

     n-propyl n-propyl    n-butyl     sec.butyl                                

     n-propyl n-propyl    n-propyl    sec.butyl                                

     n-propyl n-propyl    n-propyl    sec.pentyl                               

     n-propyl n-propyl    n-propyl    sec.hexyl                                

     n-propyl n-propyl    n-butyl     sec.hexyl                                

     ______________________________________                                    

PAR  The use as described above of a quaternary salt form of the starting
      material for the preparation of the compounds of this invention is not
      previously described in the literature pertaining to this technical field.
      In this method the preferred cation is the tetraalkylammonium ion,
      particularly the tetrabutylammonium ion. The preferred solvents are
      chloroform, methylenechloride and acetone.
PAR  The quaternary ammonium salt form of the above described starting material
      may be prepared by reacting the starting material in question with a
      quaternary ammonium salt of the formula
EQU  A.sup.1 A.sup.2 A.sup.3 A.sup.4 N.sup.+ B.sup.-
PAL  wherein A.sup.1, A.sup.2, A.sup.3 and A.sup.4 have the meanings specified
      above and B is a suitable anion such as HSO.sub.4 .sup.-, C1 .sup.- or
      CH.sub.3 COO.sup.- to the formation of a quaternary salt of the starting
      material.
PAR  The salts of the formula above which contain B as the anion may be prepared
      in known manner analogously as described in for instance Belgian patent
      751,791. The anion B.sup.- is in the preferred embodiment HSO.sub.4
      .sup.-.
PAR  7-acylamino-.DELTA..sup.3 -cephem-4-carboxylic acid esters may partly
      rearrange into the corresponding ester of .DELTA..sup.2
      -cephem-4-carboxylic acids which have less antibacterial activity than the
      corresponding .DELTA..sup.3 compounds. The presence of such esters may be
      detected with the aid of UV, IR and NMR spectroscopy. In cases where such
      .DELTA..sup.2 -ester occur they may be converted into the desired
      .DELTA..sup.3 -esters by methods known to the art, e.g. by oxidising the
      .DELTA..sup.2 -ester to a sulphoxide, treating this with acetyl chloride
      and reducing it, e.g. with sodium dithionite to give the .DELTA..sup.3
      -ester. Alternatively the .DELTA..sup.2 and .DELTA..sup.3 -esters may be
      separated from each other, e.g. by chromatography.
PAR  The following examples will further illustrate the invention.
PAC  Example 1
PAC  Ethoxycarbonyloxymethyl 7(2-thienylacetamido)-cephalosporanate
PAR  To a stirred suspension of sodium 7(2-thienylacetamido)-cephalosporanate
      (2.5 g, 6.0 mmole) in dimethylformamide (25 ml) was added
      chloromethylethylcarbonate (1.66 g, 12.0 mmole). After stirring at room
      temperature for 23 hours the mixture was poured into a mixture of
      ethylacetate and water. The organic phase was washed with saturated sodium
      bicarbonate and brine, dried and evaporated in vacuo to give a solid which
      was washed repeatedly with petroleum ether to remove excess of
      chloromethylethylcarbonate. The residue was dried to give 1.2 g of a gray
      solid, m.p. 107.degree.-111.degree.C. The product showed strong
      IR-absorption at 1785-1750 cm.sup..sup.-1 indicating the presence of
      .beta.-lactam and ester carbonyls.
PAR  The product was dissolved in methylenechloride (75 ml). The stirred
      solution was cooled in ice while 90% m-chloroperbenzoic acid (1.1 g. 5.75
      mmole) in methylene chloride (50 ml) was added during 10 minutes. After
      stirring at room temperature for 3 hours the mixture was washed with
      saturated sodium bicarbonate and brine, dried and evaporated in vacuo to
      give an oil (0.7 g) which crystallized on standing, m.p.
      120.degree.-130.degree.C.
PAR  Sodium dithionite (0.4 g, 2.3 mmole) was added to a stirred solution of
      ethoxycarbonyloxymethyl 7-(2-thienylacetamido)-cephalosporanate sulphoxide
      (0.7 g, 1.4 mmole) in dimethylformamide (10 ml). The mixture was cooled on
      ice while acetylchloride (4.5 g, 58 mmole) was added during 10 minutes and
      for a further 30 minutes. The suspension was poured into saturated sodium
      bicarbonate and extracted with ethylacetate. The organic phase was washed
      with water and brine, dried and evaporated in vacuo to give the
      ethoxycarbonyloxymethyl 7-(2-thienylacetamido)-cephalosporanate as 0.3 g
      of an oil which crystallized on standing. The product showed strong
      IR-absorption at 1780-1750 cm.sup..sup.-1 indicating the presence of
      .beta.-lactam and ester carbonyls. It was found to be rapidly hydrolysed
      by human serum.
PAR  In the same way ethoxycarbonylaminomethyl
      7-(3-thienylacetamido-cephalosporanate,
      (2-methyl-1,3-dioxen-5-yl)oxycarbonyloxymethyl
      7-(m-chlorophenylacetamido-cephalosporanate,
      1'-(2"-N-benzyloxycarbonyl-methylamino)-ethoxycarbonyloxy-ethyl
      7-(2-thienylacetamido)-cephalosporanate could be prepared.
PAC  EXAMPLE 2
PAC  Ethoxycarbonyloxymethyl 7-(D-.alpha.-azidophenylacetamido)-cephalosporanate
PAR  Chloromethylethylcarbonate (1.77 g, 12.8 mmole) was added to a stirred
      suspension of potassium
      7-(D-.alpha.-azidophenylacetamido)-cephalosporanate (3.0 g, 6.4 mmole) in
      dimethylformamide (25 ml) at room temperature. The reaction mixture was
      stirred for 23 hours and then diluted with ethylacetate. The solution was
      washed successively with water, aqueous sodium bicarbonate and brine,
      dried and evaporated in vacuo at 30.degree.C. The residue was washed
      repeatedly by decantation with petroleum ether to remove excess or
      chloromethylethylcarbonate. The resulting yellowish gum (0.4 g) was
      dissolved in chloroform (75 ml) and chilled to 0.degree.C. To the cold,
      stirred solution 90% m-chlorobenzoic acid (1.1 g, 5.75 mmole) in
      chloroform (50 ml) was added during 10 minutes. After stirring at room
      temperature for 3 hours the mixture was washed with saturated sodium
      bicarbonate and brine, dried and evaporated in vacuo to give a yellow
      solid (0.5 g).
PAR  Sodium dithionite (0.4 g, 2.3 mmole) was added to a stirred solution of
      ethoxycarbonyloxymethyl
      7-(D-.alpha.-azidophenylacetamido)-cephalosporanate sulphoxide (0.4 g,
      0.73 mmole) in dimethylformamide (10 ml). The mixture was cooled on ice
      while acetylchloride (2.67 g, 34 mmole) was added during 10 minutes and
      for a further 30 minutes. The suspension was poured into saturated sodium
      bicarbonate and extracted with ethylacetate. The organic phase was washed
      with water and brine, dried and evaporated in vacuo to give 0.1 g of a
      yellowish oil. The product showed strong IR-absorption at 2120 and
      1785-1750 cm.sup..sup.+1 indicating the presence of an azido group, a
      .beta.-lactam ring and ester carbonyls respectively, and was found to be
      rapidly hydrolysed to the corresponding cephalosporanic acid in presence
      of human serum.
PAR  In the same way phenoxycarbonyloxymethyl
      7-(azidoacetamido)-cephalosporanate, phenoxycarbonyloxymethyl
      7-(cyclohexylacetamido)-cephalosporanate and 7
      -(2-thienylacetamido)-3-azidomethyl-cephem, ethoxycarbonyloxymethyl ester,
      ethoxycarbonyloxyethyl 7-(sydnonyl-3-acetamido)-cephalosporanate and
      ethoxycarbonyloxethyl
      7-(sydnonyl-3-acetamido)-3-(5'-methyl-thiodiazolyl-thiomethyl)-cephem-4-ca
     rboxylate could be prepared.
PAC  Example 3
PAC  Ethoxycarbonyloxymethyl 7-(D-.alpha. -aminophenylacetamido-cephalosporanate
      hydrochloride
PAR  Ethoxycarbonyloxymethyl 7-(D-.alpha.-azidophenylacetamido)-cephalosporanate
      (0.1 g, 0.19 mmole) in ethylacetate (25 ml) was hydrogenated for 4 hours
      over 5% palladium on carbon catalyst (1 g). The catalyst was filtered off
      and washed with ethylacetate. The filtrate was extracted with water by
      addition of dilute hydrochloric acid until the pH reached 3.0. The aqueous
      phase was separated and freeze-dried to give the hydrochloride of
      1'-ethoxycarbonyloxymethyl
      7-(D-.alpha.-aminophenylacetamido)-cephalosporanate. The product showed
      strong IR-absorption at 1780-1750 cm.sup..sup.-1 indicating the presence
      of .beta.-lactam ring and ester groups. The product was hydrolysed by
      human serum to the corresponding cephalosporanic acid.
PAC  EXAMPLE 4
PAC  7-(2-thienylacetamidoceph-3-em-3-ylmethyl)-N,N-dimethyldithio
      carbamate-ethoxycarbonyloxymethyl ester
PAR  To a stirred cooled suspension of
      7-(2-thienylacetamidoceph-3-em-3-ylmethyl)-NN-dimethyldithiocarbamate
      sodium salt (0.5 g, 1 mmole) in 5 ml of dimethyl sulphoxide was added
      ethylchloromethylcarbonate (1.4 g, 10 mmole) during 15 minutes. After
      stirring at room temperature over night the mixture was poured into 50 ml
      of ice-cooled sodiumbicarbonate solution and extracted with 3 .times. 50
      ml of ethylacetate. The combined organic extracts were washed with
      sodiumbicarbonate solution, water and brine, dried and evaporated in vacuo
      to give a dark oil, which was washed repeatedly with petrol ether to
      remove excess of ethylchloromethylcarbonate.
PAR  The product was dissolved in 25 ml of chloroform, cooled and stirred while
      m-chloroperbenzoic acid (0.6 g, 3 mmole) in 15 ml of chloroform was added
      during 10 minutes. The stirring was continued for 3 hours at room
      temperature. The mixture was washed with sodiumbicarbonate solution, water
      and brine, dried and evaporated to give a brownish oil. The product was
      dissolved in 10 ml of dimethylformamide. Sodium dithionite (0.7 g, 4
      mmole) was added and the suspension was cooled while acetylchloride (0.4
      g, 5.5 mmole) was added during 10 minutes. The stirring was continued for
      30 minutes at room temperature. The mixture was poured into 15 ml of
      sodium bicarbonate solution, and was extracted with 3 .times. 15 ml of
      ethylacetate. The combined organic extracts were washed with sodium
      bicarbonate solution, water and brine, dried and evaporated in vacuo to
      give 0.4 g of a dark brownish oil. The product showed strong IR-absorption
      at 1780-1750 cm.sup..sup.-1 due to .beta.-lactam and ester carbonyls.
PAC  EXAMPLE 5
PAC  Ethoxycarbonyloxymethyl 7-(D-.alpha.-azidophenylacetamido)-cephalosporanate
PAR  Tetrabutylammoniumhydrogensulphate (3.4 g, 10 mmole) was dissolved in 10 ml
      of 1N sodium hydroxide ice-cooled solution. Potassium
      7-(D-.alpha.-azidophenylacetamido-cephalosporanate (3.7 g, 10 mmole) and
      10 ml of methylenechloride were added. The mixture was shaken and the
      methylenechloride layer was separated, ethylchloromethylcarbonate (1.4 g,
      10 mmole) was added and the mixture was stirred over night at 40.degree.C.
      The solution was poured into 50 ml of ice-cooled sodium bicarbonate
      solution and was extracted with 3 .times. 50 ml of ethylacetate. The
      combined organic extracts were washed with sodium bicarbonate solution,
      water and brine, dried and evaporated to give an oil that was repeatedly
      washed with petroleum ether to give 3.8 g of a brownish gum.
PAR  3.0 g of the product was oxidized with m-chloroperbenzoic acid (1.5 g, 8
      mmole) in 50 + 25 ml of chloroform in the same way as in example 4. The
      product came out as 3.3 g of a dark brown oil.
PAR  All product was reduced in the same way as in example 4 with sodium
      dithionite (3.3 g, 13 mmole) in 30 ml of dimethylformamide and
      acetylchloride (1.2 ml, 17 mmole) to give title product as 2.0 g of a dark
      brown oil.
PAR  1.0 g of the product was dissolved in a minimum amount of benzene and was
      chromatographed with gradient elution technique on a silica gel column
      (100 g) using isopropylether-aceton 1:1 mixture as the second solvent. The
      desired compound was isolated as a brownish foam (0.1 g) from the middle
      fraction. The product was identical (IR, rate of hydrolyses) with that of
      example 2.
PAR  In the same way
      cyclopropyloxycarbonyloxyethyl-7-(m-fluoro-azidophenylacetamido)-cephalosp
     oranate could be prepared.
PAC  EXAMPLE 6
PAC  Methoxycarbonyloxymethyl 7-(enanthamido)-cephalosporanate
PAR  In the same way as in example 5 title product was synthesized from
      potassium 7-(enanthamido)-cephalosporanate (4.2 g, 10 mmole) and
      methylchloromethyl carbonate (1.2 g, 10 mmole). After oxidation and
      reduction as in example 5 title product came out as 2.6 g of a brown solid
      foam. The product showed strong IR-absorption at 1780-1730 cm.sup..sup.-1
      due to .beta.-lactam and ester carbonyls.
PAC  EXAMPLE 7
PAC  .alpha.-azidoethoxycarbonyloxymethyl 7-(phenylacetamido)cephalosporanate
PAR  To an ice-cooled suspension of potassium 7-(phenylacetamido)
      cephalosporanate (4.2 g, 10 mmole) in 10 ml of dimethyl sulphoxide was
      added .alpha.-azidoethyl chloromethylcarbonate (1.8 g, 10 mmole) during 15
      minutes. The stirring was continued over night at room temperature. The
      suspension was poured into 50 ml of ice-cooled sodium bicarbonate solution
      and was extracted with 3 .times. 50 ml of ethylacetate. The combined
      organic extracts were washed with sodium bicarbonate solution, water and
      brine, dried and evaporated in vacuo to give 3.8 g of a brown oil, that
      was repeatedly treated with petroleum ether to remove unreacted
      .alpha.-azidoethylchloromethyl carbonate. The resulting gum was dissolved
      in 75 ml of chloroform. To the cooled solution was added 90%
      m-chloroperbenzoic acid (1.7 g, 10 mmole) in 50 ml of chloroform during 10
      minutes. The stirring was continued for 3 hours at room temperature. The
      solution was washed with sodium bicarbonate solution and brine, dried and
      evaporated to give 2.7 g of a yellow oil. The oil was dissolved in 25 ml
      of dimethylformamide. Sodium dithionite (2.4 g, 10 mmole) was added. The
      suspension was cooled, stirred while (1.1 g, 15 mmole) of acetylchloride
      was added during 10 minutes. The stirring was continued for 30 minutes at
      room temperature. The solution was poured into 50 ml of ice-cooled
      sodiumbicarbonate solution and extracted with 3 .times. 50 ml of
      ethylacetate. The combined organic extracts were washed with sodium
      bicarbonate solution, water and brine, dried and evaporated to give title
      product as 2.9 g of a yellow oil that partly crystallized on standing. The
      product showed strong IR-absorption at 2100 cm.sup..sup.-1 due to azido
      groups and at 1780-1740 cm.sup..sup.-1 due to .beta.-lactam and ester
      carbonyls.
PAR  The product could be hydrogenated to
      .alpha.-aminoethoxycarbonyloxymethyl-7(phenylacetamido)cephalosporanate
      with 5% palladium on carbon catalyst in the same way as in example 3.
PAC  EXAMPLE 8
PAC  7(.alpha.-hydroxy-phenylacetamido)-3-(5-methylthiodiazolyl)thiomethyl)cephe
     m, ethoxycarbonyloxymethylester
PAR  In the same way as in example 1 title product was synthesized in 10 ml of
      dimethylformamide from 7-(.alpha.-hydroxyphenylacetamide)
      3-(2'-methylthiodiazoly-thiomethyl)-3-cephem (0.7 g, 2 mmole) and
      ethylchloromethylcarbonate (1.4 g, 10 mmole). The oil was oxidized and
      reduced as in example 1 to give title produce as 0.4 g of a solid brownish
      foam. The product showed strong IR-absorption at 1780-1740 cm.sup..sup.-1
      due to .beta.-lactam and ester carbonyls.
PAC  EXAMPLE 9
PAR  1'-ethoxycarbonyloxyethyl-7-(2-thienylactamido)-cephalosporanate
PAR  a. In the same way as in example 1 title product was synthesized in 25 ml
      of dimethylformamide from sodium 7-(2-thienylacetamido)cephalosporanate
      (2.5 g, 6 mmole) and .alpha.-chlorodiethylcarbonate (1.8 g, 12 mmole). The
      oil was oxidized and reduced as in example 1 to give title product as 0.6
      of a brown oil that partly crystallized. The product showed strong
      IR-absorpiton at 1800-1740 cm.sup..sup.-1 due to .beta.-lactam and ester
      carbonyls.
PAR  The product was found to be rapidly hydrolysed in presence of human serum.
PAR  b. To a stirred and ice-cooled suspension of sodium
      7-(2-thienylacetamido)-cephalosporanate (4.18 g, 10 mmole) and sodium
      bicarbonate (1.68 g, 20 mmole) in 50% dioxane (15 ml) was added
      .alpha.-chlorodiethylcarbonate (3.0 g, 20 mmole) in one portion. Stirring
      was continued at room temperature for 48 hours. The precipitate was
      filtered off, washed with dioxane (2 .times. 10 ml) and the filtrate was
      evaporated in vacuo. The residue dissolved in ethylacetate to (50 ml), the
      mixture was washed successively with saturated sodium bicarbonate and
      sodium chloride solution, dried and evaporated. The residue (2.58 g) was
      dissolved in a minimum amount of benzene and was chromatographed with
      gradient elution technique on a short silica gel column (30 g) using
      isopropylether-acetone (7:3) mixture as the second solvent. From the
      second part of the eluate the ester (1.12 g, 21.9%) was isolated. The
      infrared (IR) spectrum of the substance (KBr disc) showed strong
      absorption maximum (cm.sup..sup.-1) at 1785-1750 (.beta.-lactam and ester)
      and 1675 (amide).
PAR  The product was oxidized and reduced as in example 1 to give
      1'-ethoxycarbonyloxyethyl 7-(2-thienylacetamido)-cephalosporanate as an
      oil (0.3 g). The identity of the product with that of the product obtained
      under a) above was ascertained by IR.
PAC  EXAMPLE 10
PAC  7-(tetrazolylacetamido)-3-[(5-methylthiodiazolyl)-thiomethyl] cephem,
      ethoxycarbonyloxymethyl ester
PAR  In the same way as in example 1 title product was synthesized in 25 ml of
      dimethylformamide from
      7-(tetrazolylacetamido)-3-[(5-methylthiodiazolyl)-thiomethyl]-cephem,
      sodium salt (2.0 g, 4.2 mmole) and ethylchloromethylcarbonate (1.7 g, 12
      mmole). The oil was oxidized and reduced as in example 1 to give title
      product as 0.2 g of a brown-gray solid.
PAR  The product showed strong IR-absorption at 1795-1770 cm.sup..sup.-1 due to
      .beta.-lactam and ester carbonyls.
PAR  The product was found to be rapidly hydrolysed in presence of human serum.
PAC  EXAMPLE 11
PAC  Ethoxycarbonyloxymethyl 7-(phenylacetamido)-cephalosporanate
PAR  In the same way as in example 5 title product was synthesized in 10 ml of
      methylenechloride from potassium 7-(phenylacetamido)cephalosporanate (3.7
      g, 10 mmole) and .alpha.-chlorodiethylcarbonate (1.5 g, 10 mmole) to give
      2.3 g of a brown oil, that was oxidized and reduced as in example 1 to
      give title product as 1.4 g of a brown oil, that partly crystallized. The
      product showed strong IR-absorption at 1790-1740 cm.sup..sup.-1 due to
      .beta.-lactam and ester carbonyls.
PAR  The product was found to be rapidly hydrolysed in presence of human serum.
PAR  In the same way 1'-phenoxycarbonyloxyethyl
      7-(2-thienylacetamido)-cephalosporanate,
      1'-(2"-azidoethoxy)carbonyloxyethyl
      7-(2-thienylacetamido)-cephalosporanate and
      1'-cyclopentyloxycarbonyloxyethyl
      7-(D-.alpha.-azidophenylacetamido)-cephalosporanate could be prepared.
PAC  EXAMPLE 12
PAC  7-(2-thienylacetamido)-3-(4'-methyl-4'-methylpiperazinium-1'-thiocarbonylth
     iomethyl)-3-cephem-4-carboxylic acid 4-(cyclopentyloxycarbonyloxymethyl
      ester
PAR  a. From chloromethylcyclopentylcarbonate (360 mg, 2 mmole) and
      7-(2-thienylacetamido)-3-(4'-methylpiperazino-1'-thiocarbonylthiomethyl)-3
     -cephem-4-carbonylic acid sodium salt (1.1 g, 2 mmole) in dry
      dimethylformamide (7 ml) according to the description given in example 1,
      the corresponding piperazino-ester derivate was prepared. The raw product
      (1.05 g) was carefully chromatographed on a desactivated (IV) silica gel
      column (45 g) prepared in benzene with gradient elution technique using
      isopropylether:ethylacetate (6:4) as the second and
      ethylacetate:isopropanol (8:2) as the third solvent. The required
      7-(2-thienylacetamido)-3-(4'-methylpiperazino-1'-thiocarboxylthiomethyl)-3
     -cephem-4-carboxylic acid 4-(cyclopentyloxycarbonyloxymethyl) ester was
      collected by a repeated chromatography and was transferred into dry
      chloroform (3 ml) without evaporation to dryness. An evaporated aliquot
      was used for the substance quantity determination (38 mg/ml) and for IR:
      1805-1760 (.beta.-lactam and ester) and 1695 (amide).
PAR  b. To the above prepared solution methyliodide (28 mg) was added and after
      standing 7 days at room temperature the solution was evaporated and the
      residue (137 mg) without purification was used in the hydrolytic
      experiment.
PAC  EXAMPLE 13
PAC  Ethoxycarbonyloxyethyl 7-(phenylthioacetamido)-cephalosporanate
PAR  A.a. To a stirred solution of phosphorous pentachloride (3.35 g, 16 mmole)
      in dry methylene chloride (50 ml) were added quinoline (4.0 g, 31 mmole)
      and, after cooling to -40.degree.C, ethoxycarbonyloxyethyl
      7-(2-thienylactamido)-cephalosporanate (7.2 g, 14 mmole). After stirring
      at -40.degree.C for 60 minutes methanol (450 mg, 14 mmole) was added
      during 5-10 minutes. After a further 60 minutes at -30.degree.C sodium
      chloride solution (5 g NaCl in 25 ml H.sub.2 O) was added. The reaction
      mixture was stirred at 0.degree.C for 15 minutes. After separating, the
      organic phase was dried and evaporated to dryness. The residue was washed
      several times with petroleumether and used directly for acylation (5.9 g).
PAR  b. To a stirred and ice-cooled mixture of raw ethoxycarbonyloxyethyl
      7-aminocephalosporanate (1.1 g, 2.8 mmole) and dry triethylamine (300 mg,
      3 mmole) in dry methylene chloride (10 ml) was added dropwise
      phenylthioacetylchloride (560 mg, 3 mmole) in dry methylene chloride (2
      ml). Stirring was continued for 1 hour. The organic phase was washed with
      0.05 N hydrochloric acid and sodium chloride solution. After drying the
      organic phase was evaporated and the brown oil residue (940 mg) was
      chromatographed on silica gel (35 g) column with isopropylether-acetone
      (7:3) mixture. The desired compound was isolated as a white foam (315 mg,
      20.8%) from one of the middle fractions and showed only one spot on TLC.
PAR  IR (KBr): 1780-1755(CDCl.sub.3); 7.35(d, C.sub.6 H.sub.5); 6.75(q,
      OCH(CH.sub.3)O); 5.6-5.15(2d, 6--H--7--H); 4.86(d, CCH.sub.2 O); 4.15(q,
      OCH.sub.2 CH.sub.3); 3.75(s, SCH.sub.2 CO); 3.35(d, SCH.sub.2 C); 2.10(s,
      COCH.sub.3); 1.45-1.15(m, OCH(CH.sub.3)O) and OCH.sub.2 CH.sub.3).
PAR  The product was hydrolysed by human serum to the corresponding
      cephalosporanic acid.
PAR  In the same way the 7-(.alpha.-propargyloxyphenylacetamido), the
      7-(3-phenyl-propenamido) and the
      7-(5-chlorobutyracetamido)-cephalosporanic acid
      4-(1'-ethoxycarbonyloxyethyl)esters could be prepared.
PAR  B. To a stirred mixture of ethoxycarbonyloxyethyl
      7-(2-thienylacetamido)-cephalosporanate (2.05 g, 4 mmole) in methylene
      chloride (20 ml) dimethylaniline (1.58 g, 13 mmole) and phosphorous
      pentachloride (0.92 g, 4.4 mmole) were added at -10.degree.C. The stirring
      was continued for 5 hours at about -20.degree.C. Then dry methanol (16 ml)
      was added at -30.degree.C and stirring was further continued for 3 hours
      at the same temperature.
PAR  To the mixture dimethylaniline (3.0 g, 25 mmole) and
      phenylthioacetylchloride (0.9 g, 4.8 mmole) were added and stirring was
      continued further 4 hours at -25.degree.C. Then the mixture was poured
      into a cold, saturated sodium bicarbonate solution, the organic phase was
      diluted with methylene chloride, washed successively with water, 0.05 N
      hydrochloric acid, water and dried. After evaporation the residue (1.7 g)
      was chromatographed similarly as in A and one of the middle fractions, one
      substance, a white foam was isolated, which on the basis of spectral data
      was in all respects identical with the compound prepared in this
      experiment under A.
PAC  EXAMPLE 14
PAC  Preparation of 7-(phenylacetamido)-3-methyl-3-cephem-4-carboxylic acid
      4-(1'-ethoxycarbonyloxyethyl) ester
PAR  a) To a stirred and ice-cooled solution of 6-(phenylacetamido) penicillanic
      acid 3-(1'-ethoxycarbonyloxyethyl) ester (13.5 g, 30 mmole; m.p.
      108.5.degree.-109.5.degree.C; [.alpha.].sub.D.sup. 20 +109.degree., c 1%
      in CHCl.sub.3) in dry chloroform (150 ml) was added dropwise 90%
      m-chloroperbenzoic acid (6.30 g, 33 mmole) in dry chloroform (75 ml) over
      20 minutes. Stirring was continued for 3 hours, then the mixture was
      poured into a cold saturated sodium bicarbonate solution (150 ml),
      separated, the organic layer was washed with saturated sodium bicarbonate
      and sodium chloride solution and dried. After evaporation in vacuo the
      residue (12.7 g) was solved in minimum amount of benzene and was
      chromatographed on a desactivated (III) silica gel column (250 g, prepared
      in benzene) with isopropylether-ethylacetate (8:2 and 1:1 respectively)
      mixture. The required sulphoxide was isolated as an oil (10.5 g, 67.5%)
      from the middle fraction of the eluate, which crystallized on standing.
      Recrystallization from methylene chloride -isopropylether afforded an
      analytical sample, m.p. 124.5.degree.-125.5.degree.C.
PAR  IR (KBr): 1790-1770 (.beta.-lactam and ester); 1685 (amide).
PAR  NMR (CDCl.sub.3): 7.30(s, C.sub.6 H.sub.5); 6.80(q, OCH(CH.sub.3)O);
      6.15(d, CONH); 5.95(d, C-6); 5.00(d, C-5); 4.60(s, C-3); 4.25 (q,
      OCH.sub.2 CH.sub.3); 3.60(s, C.sub.6 H.sub.5 CH.sub.2 CO); 1.65 and 1.25(2
      s, gem. CH.sub.3); 1.55(d, OCH(CH.sub.3)O); 1.30(t, OCH.sub.2 CH.sub.3).
PAR  b. 6-(phenylacetamido) penicillanic acid 3-(1'-ethoxycarbonyloxyethyl)
      ester 1-oxide (1.9 g, 4 mmole) was dissolved in dry dimethylformamide (100
      ml) containing acetic acid anhydride (2.0 g, 20 mmole). The solution was
      let through a glass-coil inmersed in a heated oil-bath kept at a constant
      temperature of 115.degree. at such a rate, that the solution had 7 minutes
      contact with the heat-transfer system. The cold mixture was poured into 1N
      potassium bicarbonate solution (900 ml), extracted with ethylacetate (4
      .times. 400 ml), the combined organic phase was washed several times with
      saturated sodium chloride solution and dried.
PAR  After evaporation the residue (1.55 g) was solved in minimum amount of
      benzene and was chromatographed on desactivated (III-IV) silica gel (75
      g), prepared in benzene, with isopropyletherethylacetate (8:2) mixture as
      the second solvent. Five substances were separated and one of them was
      identical with the title compound according to the spectral data.
PAR  IR(KBr): 1785-1760 (.beta.-lactam and ester); 1680 (amide).
PAR  NMR (CDCl.sub.3): 7.32(s, C.sub.6 H.sub.5); 6.80(q, OCH(CH.sub.3)O);
      5.75(d, 7-H); 4.85(d, 6-H); 4.80(s, 3-H); 4.15(q, CH.sub.2 CH.sub.3);
      3.55(s, C.sub.6 H.sub.5 CH.sub.2); 3.50 and 3.22(2 d, SCH.sub.2 O);
      2.10(s, CCH.sub.3); 1.50(d, OCH(CH.sub.3)O); 1.25(t, OCH.sub.2 CH.sub.3).
PAC  EXAMPLE 15
PAC  Pharmaceutical formulations
TBL  For preparation of tablets the following compositions were                

     made:                                                                     

     a) 1'-Ethoxycarbonyloxyethyl-7-(D-.alpha.-aminophenyl-                    

        acetamido)-cephalosporanate 360 mg                                     

        Starch                      100 mg                                     

        Magnesium stearate          10 mg                                      

     b) Ethoxycarbonyloxymethyl 7-(D-.alpha.-azidophenyl-                      

        acetamido)-cephalosporanate 350 mg                                     

        Calcium carbonate           100 mg                                     

        Magnesium stearate          10 mg                                      

     c) Ethoxycarbonyloxymethyl 7-(D-.alpha.-aminophenyl-                      

        acetamido)-cephalosporanate 375 mg                                     

        Lactose                     100 mg                                     

        Magnesium stearate          10 mg                                      

     d) Ethoxycarbonyloxymethyl 7-(2-thienylacetamido)-                        

        cephalosporanate            400 mg                                     

        Microcrystalline cellulose (Avicel)                                    

                                    100 mg                                     

        Magnesium stearate          10 mg                                      

     e) 1'-Ethoxycarbonyloxyethyl 7-(2-thienylacet-                            

        amido)-cephalosporanate     400 mg                                     

        Calcium carbonate           100 mg                                     

        Lactose                     100 mg                                     

        Magnesium stearate          10 mg                                      

     For filling in capsules the following formulations were made:             

     f) Ethoxycarbonyloxymethyl 7-(.alpha.-hydroxyphenyl-                      

        acetamido)3-(2-methyl-thiadiazolyl-thiomethyl)-                        

     .DELTA..sup.3 -cephem-4-carboxylate                                       

        350 mg                                                                 

        Magnesium stearate          5 mg                                       

     g) 1'-Ethoxycarbonyloxyethyl 7-(D-.alpha.-aminophenyl-                    

        acetamido)-cephalosporanate 350 mg                                     

        Lactose                     40 mg                                      

        Magnesium stearate          5 mg                                       

     For oral suspensions the following formulations were prepared:            

     h) 1'-Ethoxycarbonyloxyethyl 7-phenylacetamido-                           

        cephalosporanate          35    g                                      

        Sodium benzoate           0.48  g                                      

        Sodium chloride           0.75  g                                      

        Flavouring agents         4.7   g                                      

        Aerosil                   0.3   g                                      

        Antifoam                  0.0375                                       

                                        g                                      

        Alkali salts of polysaccharide sulphates                               

                                  4.0   g                                      

        Sodium saccharinate       0.4   g                                      

        Sorbitol                  ad 100                                       

                                        g                                      

CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical composition for the treatment of bacterial infection
      which comprises, as an active ingredient, an anti-bacterially effective
      amount of the compount
      7-(tetrazolyl-acetamido)-3-[(5-methylthiodiazolyl)-thiomethyl] cephem,
      ethoxycarbonyloxymethyl ester, or a therapeutically acceptable salt
      thereof, in a pharmaceutically acceptable carrier;
NUM  2.
PAR  2. A method for the treatment of infectious diseases caused by bacterial
      organisms in animal or man comprising administering to a host an
      anit-bacterially effective amount of a composition containing, as an
      active ingredient, the compound
      7-(tetrazolyl-acetamido)-3[(5-methylthiodiazolyl)-thiomethyl] cephem,
      ethoxycarbonyloxymethyl ester, or a therapeutically acceptable salt
      thereof.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Are prepared by hydrating novel compounds of the formula
      ##SPC2##
PAL  And cleaving off the dimorpholino group.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the field of fragrances (I) and to novel
      intermediates therefor (II).
PAC  SUMMARY OF THE INVENTION
PAR  The invention concerns a novel process for the manufacture of aldehydes,
      namely, compounds of the formula
      ##SPC3##
PA1  Wherein the formyl residue is present in the 4- or 5- position,
PAL  Or mixtures of the 4- and 5-position isomers of the formula I.
PAR  The process is characterised in that an aminal of the formula
      ##SPC4##
PA1  Wherein the dimorpholinomethyl residue is present in 4- or 5-position,
PAL  Or mixtures of the 4- and 5-position isomers of the formula II is/are
      hydrated to the corresponding 4'-hydroxy compound and the dimorpholino
      protecting group sebsequently cleaved off.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The hydration of an aminal of formula II or an aforementioned isomer
      mixture thereof can be carried out according to methods known per se; for
      example, by treatment with a non-oxidising mineral acid such as sulphuric
      acid, phosphoric acid or hydrochloric acid. In order to obtain high yields
      of the desired product, these mineral acids are expediently used in a
      relatively concentrated form (e.g. ca 50-70% sulphuric acid, ca 60-70%
      phosphoric acid or ca 28-33% hydrochloric acid).
PAR  The hydration can be carried out at temperature of from approximately
      -20.degree.C to +30.degree.C, preferably at approximately 0.degree.C to
      approximately +20.degree.C.
PAR  The cleavage of the dimorpholino protecting group can be carried out
      according to methods known per se, expediently by adjusting the pH-value
      of the hydration mixture to approximately 7. An aqueous alkali hydroxide
      solution (e.g. sodium hydroxide) can be used for this purpose. The
      cleavage of the dimorpholino protecting group is expediently carried out
      at a slightly elevated temperature (e.g. between approximately 30.degree.C
      and 35.degree.C). The presence of a water-immiscible organic solvent (e.g.
      methylene chloride, ethylene chloride, benzene, toluene, etc) is
      expedient.
PAR  The aminals of formula II or mixtures of the 4- and 5-position isomers
      thereof can be prepared by reacting a compound of the formula
      ##SPC5##
PAL   wherein the formyl group is present in the 4- or 5-position,
PAL  Or a mixture of the 4- and 5-position isomers of formula III, with an
      excess of morpholine.
PAR  In the foregoing reaction, the morpholine is expediently used in at least a
      10% excess, preferably in at least a 50% excess.
PAR  The reaction is preferably carried out at a temperature between
      approximately +20.degree.C and +30.degree.C.
PAR  The aldehydes of formula I and mixtures of the 4- and 5-position isomers of
      formula I are known and useful odorants. Accordingly they have diverse
      applications in the perfume industry; see, for example, S. Arctander,
      Perfume and Flavor Chemicals I, 1754 (Montclair, N.J. 1969).
PAR  The pure isomers can be obtained from the isomer mixture by distillation,
      e.g. on a spinning band column. Separation is, however, not necessary.
PAR  The aminals of formula II and their isomer mixtures aforesaid are novel and
      also form part of the present invention.
DETD
PAR  In the following Example the temperatures are given in degrees Celsius.
PAC  EXAMPLE
PAR  261 g (3 mol) of morpholine are added to a 3-necked flask provided with a
      stirrer, thermometer and dropping funnel. During 45 minutes there are
      added dropwise to this mixture at a temperature of 25-30.degree. 127 192 g
      (1 mol) of a mixture of 65 parts by weight of
      4-(4-methyl-3-pentenyl)-.DELTA..sup.3 -cyclohexene-carbaldehyde and 35
      parts by weight of 3-(4-methyl-3-pentenyl)-.DELTA..sup.3
      -cyclohexene-carbaldehyde. After the addition, the mixture is further
      stirred for one hour at 25.degree.-30.degree.. The water formed and the
      excess morpholine are distilled off at 25.degree.-30.degree. /1 mm Hg from
      the aminals formed, which was a mixture of 65 parts by weight of
      1-dimorpholinomethyl-4-(4-methyl-3-pentenyl)-.DELTA..sup.3 -cyclohexene
      and 35 parts by weight of
      1-dimorpholinomethyl-3-(4-methyl-3-pentenyl)-.DELTA..sup.3 -cyclohexene.
      The yield of the aminals mixture amounted to 352 grams.
PAR  Physical data of aminals mixture: n.sub.D .sup.20 = 1,5129; d.sup.20 =
      1,0241; IR (n.degree. 25748) 1670 % .sup.-.sup.1 (weak) trisubstituted
      double bonds; 1120 cm.sup.-.sup.1 (strong) C-O-C; 1735 cm.sup.-.sup.1 no
      absorption = no carbonyl; NMR (n.degree. 29900) determined in CDCl.sub.3
      with Si(CH.sub.3).sub.4 as internal standard on a Varian EM-360 60 MHz NMR
      spectrometer; [.delta., ppm]: 1,63 (3 H, s, CH.sub.3 -C); 1,72 (3 H, s,
      CH.sub.3 -C); 2,02 (8 H, broad s, -CH.sub.2 -CH=); 2,82 (9 H, m, -CH.sub.2
      -N,
      ##EQU1##
       3,70 (8 H, m, -CH.sub.2 -O); 5,17 (1 H, t, -CH.sub.2 -CH=C&lt;); 5,47 (1 H,
      broad s, CH.sub.2 -CH=C&lt; in cyclohexene).
PAR  The resulting aminals mixture and 445 g of 60% sulphuric acid are added
      simultaneously within one hour at -10.degree. to 345 g of 50% sulphuric
      acid which has been cooled to -10.degree. in a 4 liter flask. The
      temperature is held first for 17 hours at 0.degree., finally for 2 more
      hours at +10.degree.. 200 ml of toluene are added to the reaction mixture
      and this is precisely neutralised at a temperature of -10.degree. with 2.4
      liter of 10% aqueous sodium hydroxide. After the addition of a further 200
      ml of toluene, the reaction mixture is warmed to 30.degree.-35.degree. and
      stirred at this temperature for 6 hours. The organic layer is then
      separated and the aqueous phase extracted twice with 200 ml of toluene
      each time. The toluene extracts are first washed twice with 200 ml of 5%
      sulphuric acid each time, then to neutrality with water. After distilling
      off the toluene, there are obtained 193 g of crude product from which
      there are obtained by double distillation 107 g (51%) of a mixture of 65
      parts by weight of 4-(4-methyl-4-hydroxypentyl)-.DELTA..sup.3
      -cyclohexene-carbaldehyde and 35 parts by weight of
      3-(4-methyl-4-hydroxypentyl)-.DELTA..sup.3 -cyclohexene-carbaldehyde.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PA1  wherein the dimorpholinomethyl residue is present in the 4- or 5-position,
PAL  or mixtures of the 4- and 5-position isomers of the formula II.
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ABST
PAL  Novel salts of .alpha.-substituted-.beta.-sulfosuccinic acids having the
      general formula:
      ##EQU1##
      wherein R is hydrogen or an organic moiety, Z is selected from the group
      consisting of O, S, SO, So.sub.2, N and NO and M is an alkali metal,
      ammonium or substituted ammonium cations, useful as detergents and/or
      detergent builders and detergent compositions containing same.
PARN
PAR  This is a division of application Ser. No. 394,613, filed Sept. 5, 1973,
      which in turn is a division of Ser. No. 156,933, filed June 25, 1971, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Eutrophication is the process of excessive fertilization of aquatic plants
      through enrichment of waters with nutrients, such as carbon, nitrogen,
      phosphorus, potassium, iron, trace metals and vitamins.
PAR  Although there is no present adequate proof, it has been postulated that
      the phosphorus-containing builders present in detergent compositions can
      be a factor in eutrophication. Therefore any substitutes which do not
      contain phosphorus may decrease to some extent the eutrophication.
PAR  It is therefore an object of the present invention to provide novel
      compounds which are useful as detergent builders. It is another object of
      the present invention to provide novel compounds which function as surface
      active agents and as detergent builders. It is still another object of the
      present invention to provide detergent compositions which are free of
      phosphorus-containing builders such as the alkali metal condensed
      phosphates.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that the alkali metal ammonium and substituted
      ammonium salts of certain sulfoaliphatic dicarboxylic acids can serve as
      effective detergent builders in detergent compositions. The detergent
      builders and their acid forms employed in accordance with one embodiment
      of the present invention can be generally described as
      .alpha.-substituted-.beta.-sulfosuccinic acids and salts thereof having
      the general formula:
      ##EQU2##
      wherein Z is selected from the group consisting of O, S, SO and SO.sub.2 ;
      R is selected from the group consisting of hydrogen, alkyl containing 1-30
      carbon atoms, phenyl, carboxyl substituted and mono- di- or tri-alkyl
      substituted phenyl, wherein the alkyl group or groups contain 1-4 carbon
      atoms; sulfo- and carboxy-alkyl, wherein the alkyl moiety contains 1-4
      carbon atoms; and R'Z(CH.sub.2 CH.sub.2 O)n--CH.sub.2 CH-- , wherein R' is
      H or alkyl containing 1-24 carbon atoms; Z is as above; and n is 0 or an
      integer of from 1-15 and the alkali metal, ammonium and substituted
      ammonium salts thereof.
PAR  Thus, specific compounds and classes of compounds embraced by the generic
      formula above include:
PA1  .alpha.-hydroxy-.beta.-sulfosuccinic acids
PA1  .alpha.-alkoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-phenoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-carboxyphenoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-alkylphenoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-carboxyalkoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-sulfoalkoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-alkoxyethoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-alkoxypolyethyleneoxyethoxy-.beta.-sulfosuccinic acids
PA1  .alpha.-hydroxyalkoxy-.beta.-sulfosuccinic acids;
PAL  the alkali metal, ammonium and substituted ammonium salts thereof; and the
      thio, sulfinyl ans sulfonyl analogs of all the foregoing compounds wherein
      the oxygen group attached to the .alpha.-carbon of the succinic acid or
      succinate moiety is replaced by --S--, --SO-- or --SO.sub.2 --,
      respectively, and/or wherein the cases of the .alpha.-alkoxyethoxy
      compounds and the .alpha.-alkoxypolyethyleneoxyethoxy compounds the oxygen
      attached to the alkyl group (R') is replaced by --S--, --SO-- or
      --SO.sub.2 --.
PAR  In accordance with another embodiment of the present invention are the
      nitrogen containing .alpha.-substituted-.beta.-sulfosuccinic acids and
      salts thereof having the following general formula:
      ##EQU3##
      wherein at least one of R.sub.1 and R.sub.2 is hydrogen, C.sub.1 to
      C.sub.20 alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, carboxymethyl,
      carboxyethyl, sulfomethyl and sulfoethyl, or R.sub.1 and R.sub.2 may be
      joined to form a morpholinyl moiety; with the proviso that both R.sub.1
      and R.sub.2 may not at the same time be hydrogen.
PAR  Thus, broadly the compounds of Formula I differ from the compounds of
      Formula II only in the atom represented by Z.
PAR  Representative compounds and classes of compounds embraced by generic
      Formula II above include:
PAR  .alpha.-alkylamino-.beta.-sulfosuccinic acids such as .alpha.-methylamino,
      .alpha.-propylamino, .alpha.-octylamino and
      .alpha.-laurylamino-.beta.-sulfosuccinic acid;
PAR  .alpha.-dialkylamino-.beta.-sulfosuccinic acids such as
      .alpha.-dimethylamino, .alpha.-ethylmethylamino, .alpha.-methylhexylamino
      and .alpha.-dioctylamino-.beta.-sulfosuccinic acid;
PAR  .alpha.-hydroxyalkyl-.beta.-sulfosuccinic acids such as
      .alpha.-hydroxyethylamino, .alpha.-hydroxybutylamino and
      .alpha.-bis(hydroxyethyl)amino-.beta.-sulfosuccinic acid;
PAR  .alpha.-carboxyalkylamino-.beta.-sulfosuccinic acids such as
      .alpha.-carboxymethylamino, .alpha.-carboxyethylamino-.beta.-sulfosuccinic
      acid and the corresponding sulfo analogs;
PAR  .alpha.-morpholinyl-.beta.-sulfosuccinic acid; and the mono or poly salts
      thereof.
PAR  In accordance with still another embodiment of the present invention are
      the amino oxide derivatives of Formula II, wherein the nitrogen is a
      tertiary atom, corresponding to the following general formula:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 are as is designated in Formula II with the
      proviso that neither R.sub.1 nor R.sub.2 can be hydrogen.
PAR  As will be appreciated by those skilled in the art, the compounds of the
      invention contain at least two asymmetric carbon atoms and therefore can
      exist in several optically active forms as well as optically inactive
      mixtures (racemates). For purposes of this invention, the compounds as
      defined are intended to include all of the stereoisomeric forms and
      mixtures thereof.
PAR  In addition to the detergent building properties exhibited by the entire
      class of compounds described above, certain select members also exhibit
      properties which make them useful as wetting and foaming agents and thus
      constitute a class of novel surface active agents. For example, the
      .alpha.-alkoxy-.beta.-sulfosuccinic acids and the thio analogs, containing
      from about 1-8 carbons, preferably from about 1 to about 4 carbon atoms,
      exhibit excellent detergent building properties whereas the higher
      homologs containing from about 9-30 and more preferably 9-24 carbon atoms
      in the alkyl chain, additionally exhibit wetting, foaming and detergency
      properties.
PAR  Similarly, the .alpha.-alkoxyethoxy and
      .alpha.-alkoxypolyethyleneoxyethoxy-.beta.-sulfosuccinic acid compounds
      containing from about 9-30 and preferably about 9-24 carbon atoms in the
      alkoxy moiety are also useful as wetting agents, foaming agents and
      detergents as well as detergent builders.
PAR  Although the builders of the present invention may be utilized as the free
      acid provided sufficient alkaline additives are included in the detergent
      composition to convert the acid forms in situ to the normal salt forms,
      the alkali metal, ammonium and substituted ammonium salts of the
      .alpha.-substituted-.beta.-sulfosuccinic acids are preferred. Included in
      the substituted ammonium salts that can be employed are the
      monoethanolammonium, diethanolammonium, triethanolammonium,
      methylammonium, dimethylammonium, trimethylammonium, tetramethylammonium,
      morpholinium, N-methylmonoethanolammonium and N-ethylmonoethanolammonium
      salts and mixtures thereof.
PAR  The utility of the compounds of the present invention is not only reflected
      in terms of excellent building and biodegradability properties but also in
      low cost of preparation, since they are prepared from readily available
      and inexpensive materials. For example, the compounds contemplated in this
      invention are derived from sulfomaleic anhydride and readily available
      alcohols, thiols, hydroxy acids and amines.
PAR  More specifically, the compounds contemplated in this invention are
      reaction products derived at least in part from sulfomaleic acid or
      sulfomaleic acid with compounds having an active hydrogen atom.
PAR  Compounds having an active hydrogen and suitable for use in preparing the
      builders of the present invention are mono- di- or polyhydric alcohols and
      mono- di- or polyhydroxy acids and their sulfur-containing analogs.
      Suitable examples of the aforementioned monohydric alcohols include
      alkoxyalkanols such as methoxyethanol and the linear primary and secondary
      alcohols containing up to 30 carbon atoms and their thio analogs; aromatic
      alcohols particularly the carbocyclic mono- and bicyclic aromatic
      alcohols, such as naphthols and phenols and the mono- di- or tri- C.sub.1
      -C.sub.4 alkyl ring substituted derivatives thereof. Suitable examples of
      dihydric alcohols include the glycols such as ethylene glycol, propylene
      glycol, butylene glycol, trimethylene glycol, tetramethylene glycol,
      pentamethylene glycol, hexamethylene glycol, heptamethylene glycol, long
      chain 1,2-diols containing from 8-30 carbon atoms and aromatic carbocyclic
      glycols such as phenylethylene glycol. Similarly, suitable polyhydric
      alcohols include glycerol, pentaerythritol, hexanetriol, sugars and their
      thio analogs.
PAR  In addition to the alcohols, the hydroxy carboxylic and sulfonic acids (in
      their ester and acid/salt forms, respectively) may also react with
      sulfomaleic anhydride and sulfomaleic acid. These include glycollic,
      lactic, glyceric, hydroxypropionic, salicyclic and mercapto acetic acid,
      hydroxymethanesulfonic acid and hydroxyethanesulfonic acid.
PAR  Still another important class of compounds containing active hydrogens are
      ethylene oxide adducts of C.sub.1 to C.sub.30 primary and secondary
      alcohols with 1-15 moles of ethylene oxide.
PAR  In general, the .alpha.-substituted-.beta.-sulfosuccinate salts, wherein
      the .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an O or S linkage, may be prepared by heating at
      a temperature of from about 25.degree. to 120.degree.C, and preferably
      60.degree. to 100.degree.C, sulfomaleic anhydride with a compound having
      an active hydrogen followed by further treatment with an alkali metal
      hydroxide. The desired .alpha.-oxy or .alpha.-thio-.beta.-sulfosuccinate
      may then be recovered and purified usng conventional techniques.
PAR  The .alpha.-substituted-.beta.-sulfosuccinate salts wherein the
      .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an SO or SO.sub.2 linkage may be prepared by
      treating the appropriate .alpha.-substituted thio-.beta.-sulfosuccinate
      with hydrogen peroxide according to the methods described on pages 471-472
      in the text, "Reagents for Organic Synthesis" by Fieser and Fieser,
      published by John Wiley & Sons, Inc., 1967, incorporated by reference
      herein.
PAR  The .alpha.-substituted-.beta.-sulfosuccinate salts wherein the
      .alpha.-substituent is joined to the .alpha.-carbon atom of the
      sulfosuccinate moiety by an amino function (Formula II) may be prepared by
      reacting an appropriately substituted or unsubstituted primary or
      secondary amine with alkali metal salts of sulfomaleic acid. Typical
      amines suitable for reaction to form the .alpha.-substituted
      amino-.beta.-sulfosuccinates include:
PA1  ethanolamine
PA1  diethanolamine
PA1  propanolamine
PA1  morpholine
PA1  N-methylethanolamine
PA1  glycine
PA1  alanine
PA1  N-methyl taurine
PA1  alkylamines containing 1-20 carbons in the alkyl chain, as well as other
      amines having a replaceable or active hydrogen and a basicity comparable
      to the aforementioned amines.
PAR  In particular the .alpha.-amino substituted-.beta.-sulfosuccinates derived
      from water-soluble amines may be prepared by reacting in aqueous solution
      without the aid of heat and those derived from water-insoluble amines
      (i.e., higher alkylamines) are reacted in a mixed solvent system such as
      ethanol/water or dioxane/water at temperatures ranging from about
      25.degree.C to about 80.degree.C; isolation from the reaction medium, and
      purification if desired, being effected by conventional methods.
PAR  The compounds of Formula III may be prepared by reacting the tertiary amine
      compounds of Formula II with oxidizing agents such as hydrogen peroxide,
      peroxyacetic and peroxyformic acid in the manner described for oxidizing
      tertiary amines by Hoh et al., J. Am. Oil Chemists' Soc., 40, 268 (1963).
PAR  In preparing the sulfosuccinate salts from the free acid, the amount of
      base utilized will determine whether the mono- di- or tri-salt is
      obtained. For example, the use of one mole of baase (i.e., sodium
      hydroxide) per mole of .alpha.-hydroxy-.beta.-sulfosuccinic acid yields
      the monosodium salt; the use of two moles of sodium hydroxide, the
      disodium salt and the use of three moles of sodium hydroxide, the
      trisodium salt. When R is carboxymethyl, carboxyethyl, sulfomethyl or
      sulfoethyl, a tetrasalt can also be obtained. Similarly, other bases, such
      as ammonium hydroxide and organic amines, may be utilized in the same
      manner to afford the type of salt desired.
PAR  According to the present invention, excellent cleaning results can be
      obtained by using the builders described above with a wide range of
      detergent surface active materials and mixtures thereof in any of the
      usual physical forms for such compositions such as powders, beads, flakes,
      bars, tablets, noddles, liquids and the like. The builders can be used
      singularly, in combination with each other as the sole builder in the
      detergent composition or in combination with other well-known detergent
      builders such as sodium nitrilotriacetate, sodium
      ethylenediaminetetraacetate, sodium tripolyphosphate, trisodium
      orthophosphate, sodium and potassium pyrophosphate, sodium polyacrylate,
      disodium oxydiacetate, trisodium citrate, trisodium
      carboxymethyloxysuccinate, salts of oxidized starches and sodium or
      potassium carbonate, as well as other conventional organic and inorganic
      builders.
PAR  When using the detergent compositions of the invention to wash clothes, the
      wash solutions should have a pH from about 7 to 12 and preferably from
      about 9 to 11 throughout the washing cycle. Therefore, the presence of an
      alkaline buffer in the detergent composition is usually desirable
      particularly when the soil to be removed from the clothes has a high
      content of acidic components. Suitable buffers include any of the common
      organic and/or inorganic buffers such as monoethanolamine, diethanolamine,
      triethanolamine, sodium and potassium silicates, sodium and potassium
      carbonates and bicarbonates and the like.
PAR  In the detergent compositions of the present invention, the only essential
      ingredients are the detergent surface active material and the builder. The
      weight percent of the builder present in the detergent composition will
      range from about 5 to about 90% and preferably from about 20 to about 60%
      and more preferably 35-50% by weight of the total weight of the
      composition. When expressed as a weight ratio of builder to surfactant,,
      the builders used in the instant invention will generally be present in a
      ratio of about 1:10 to about 10:1, and preferably 2:1 to 5:1 depending on
      the end use or whether a heavy-duty or light-duty detergent is desired.
      When the builders are used in mechanical dishwashing compositions, the
      ratio of builder to surfactant is from about 10:1 to about 50:1.
PAR  The detergent surface active compounds which can be used within the
      compositions of this invention include anionic, nonionic, zwitterionic,
      ampholytic detergent compounds and mixtures thereof. These suitable
      substances are outlined at length below.
PAR  a. Anionic detergent compositions which can be used in the compositions of
      this invention include both soap and non-soap detergent compounds.
      Examples of suitable soaps are the sodium, potassium, ammonium and
      alkylolammonium salts of higher fatty acids (C.sub.10 -C.sub.20).
      Particularly useful are the sodium or potassium salts of the mixtures of
      fatty acids derived from coconut oil and tallow, i.e., sodium or potassium
      tallow and coconut soap and tall oil. Examples of anionic organic non-soap
      detergent compounds are the water soluble salts, alkali metal salts of
      organic sulfuric reaction products having in their molecular structure an
      alkyl radical containing from about 8 to about 22 carbon atoms and a
      radical selected from the group consisting of sulfonic acid and sulfuric
      acid ester radicals. Important examples of the synthetic detergents which
      form a part of the compositions of the present invention are the sodium or
      potassium alkyl sulfates especially those obtained by sulfating the higher
      alcohols (C.sub.8 -C.sub.18 carbon atoms) produced by reducing the
      glycerides of tallow or coconut oil; sodium or potassium alkyl
      benzensulfonates in which the alkyl group contains from about 9 to about
      20 carbon atoms and in which the alkyl group is attached to the benzene
      ring in either the one position or at the secondary positions such as in
      LAS,* sodium p-(2-dodecyl-)benzenesulfonate, sodium
      p-(2-octadecyl)benzenesulfonates and sodium p-(3-dodecyl)benzenesulfonate;
      sodium alkyl glyceryl ether sulfonates, especially those ethers of the
      higher alcohols derived from tallow coconut oil and synthetic alcohols
      derived from petroleum; sodium coconut oil fatty acid monoglyceride
      sulfates and sulfonates; sodium or potassium salts of sulfuric acid esters
      and carboxymethylated derivatives of the reaction product of one mole of a
      higher fatty alcohol (e.g., tallow or coconut oil alcohols) and about 1 to
      6 moles of ethylene oxide per molecule and in which the alkyl radicals
      contain about 9 to about 18 carbon atoms; the reaction product of fatty
      acids esterified with isethionic acid and neutralized with sodium
      hydroxide where, for example, the fatty acids are derived from coconut
      oil; sodium or potassium salts of fatty acid amides of methyl taurine in
      which the fatty acids, for example, are derived from coconut; alkane
      sulfonates such as those derived by reacting alpha-olefins containing 8 to
      20 carbon atoms with sodium bisulfite and those derived by reacting
      paraffins with SO.sub.2 and Cl.sub.2 and then hydrolyzing with a base to
      produce a random sulfonate; alpha-olefin sulfonates such as those derived
      by reacting alpha-olefins with SO.sub.3 and then neutralizing the reaction
      product; and others known in the art.
FNT  *Sodium linear secondary alkyl (C.sub.10 -C.sub.15) benzene sulfonate.
PAR  b. Nonionic synthetic detergents may be broadly defined as compounds which
      do not ionize in water solution. For example, a well-known class of
      nonionic synthetic detergents is made available on the market under the
      trade name of "Pluronic." These compounds are formed by condensing
      ethylene oxide with an hydrophobic base formed by the condensation of
      propylene oxide with propylene glycol. The hydrophobic portion of the
      molecule which, of course, exhibits water insolubility has a molecular
      weight of from about 1,500 to 1,800. The addition of polyoxyethylene
      radicals to this hydrophobic portion tends to increase the water
      solubility of the molecule as a whole and the liquid character of the
      product is retained up to the point where polyoxyethylene content is about
      50% of the total weight of the condensation product.
PAR  Other suitable nonionic synthetic detergents include:
PAR  1. The polyethylene oxide condensates of alkylphenols, e.g., the
      condensation products of alkylphenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration, with ethylene oxide, the said ethylene oxide being
      present in amounts equal to 5 to 25 moles of ethylene oxide per mole of
      alkylphenols. The alkyl substituent in such compounds may be derived from
      polymerized propylene, disobutylene, octene, dodecene, or nonene, for
      example.
PAR  2. Those derived from the condensation of ethylene oxide with the product
      resulting from the reaction of propylene oxide and ethylenediamine. For
      example, compounds containing from about 40% to about 80% polyoxyethylene
      by weight and having a molecular weight of from about 5,000 to about
      11,000 resulting from the reaction of ethylene oxide groups with a
      hydrophobic base constituted of the reaction product of ethylene diamine
      and excess propylene oxide, said hydrophobic base having a molecular
      weight of the order of 2,500 to 3,000 are satisfactory.
PAR  3. The condensation product of aliphatic alcohols, primary or secondary,
      having from 8 to 18 carbon atoms, in either straight chain or branched
      configuration, with ethylene oxide, e.g., a coconut alcohol-ethylene oxide
      condensate having from 6 to 30 moles of ethylene oxide per mole of coconut
      alcohol, the coconut alcohol fraction having from 10 to 14 carbon atoms; a
      C.sub.11 -C.sub.15 random secondary alcohol derived from n-paraffins and
      condensed with 7 moles of ethylene oxide per mole of secondary alcohol.
PAR  4. Long chain tertiary amine oxides corresponding to the following general
      formula, R.sub.1 R.sub.2 R.sub.3 N.fwdarw.O, wherein R.sub.1 is an alkyl
      radical of from about 8 to 18 carbon atoms and R.sub.2 and R.sub.3 are
      each methyl, ethyl or hydroxy ethyl radicals. The arrow in the formula is
      a conventional representation of a semi-polar bond. Examples of amine
      oxides suitable for use in this invention include dimethyloctylamine
      oxide, dimethyldecylamine oxide, dimethyldodecylamine oxide,
      dimethyltetradecylamine oxide and dimethylhexadecylamime oxide,
      N-bis(hydroxyethyl)dodecylamine oxide.
PAR  5. Long chain tertiary phosphine oxides corresponding to the following
      formula RR'R"P.fwdarw.O, wherein R is an alkyl, alkenyl or
      monohydroxyalkyl radical ranging from 10 to 18 carbon atoms in chain
      length and R' and R" are each alkyl or monohydroxyalkyl groups containing
      from 1 to 3 carbon atoms. The arrow in the formula is a conventional
      representation of a semi-polar bond. Examples of suitable phosphine oxides
      are:
PA1  dimethyldodecylphosphine oxide,
PA1  dimethyltetradecylphosphine oxide,
PA1  ethylmethyltetradecylphosphine oxide,
PA1  cetyldimethylphosphine oxide,
PA1  dimethylstearylphosphine oxide,
PA1  cetylethylpropylphosphine oxide,
PA1  diethyldodecylphosphine oxide,
PA1  diethyltetradecylphosphine oxide,
PA1  bis(hydroxymethyl)dodecylphosphine oxide,
PA1  bis(2-hydroxyethyl)dodecylphosphine oxide,
PA1  2-hydroxypropylmethyltetradecylphosphine oxide,
PA1  dimethyloleylphosphine oxide, and
PA1  dimethyl-2-hydroxydodecylphosphine oxide.
PAR  6. Dialkyl sulfoxides corresponding to the following formula,
      RR'S.fwdarw.O, wherein R is an alkyl, alkenyl, beta- or
      gamma-monohydroxyalkyl radical or an alkyl or beta- or
      gamma-monohydroxyalkyl radical containing one or two other oxygen atoms in
      the chain, the R groups ranging from 10 to 18 carbon atoms in chain
      length, and wherein R' is methyl, ethyl or alkylol. Examples of suitable
      sulfoxide compounds are:
PA1  dodecyl methyl sulfoxide
PA1  tetradecyl methyl sulfoxide
PA1  3-hydroxytridecyl methyl sulfoxide
PA1  2-hydroxydodecyl methyl sulfoxide
PA1  3-hydroxy-4-decyloxybutyl methyl sulfoxide
PA1  3-hydroxy-4-dodecylcoxybutyl methyl sulfoxide
PA1  2-hydroxy-3-decyloxypropyl methyl sulfoxide
PA1  2-hydroxy-3-dodecyloxypropyl methyl sulfoxide
PA1  dodecyl ethyl sulfoxide
PA1  2-hydroxydodecyl ethyl sulfoxide
PA1  dodecyl-2-hydroxy ethyl sulfoxide
PAR  c. Ampholytic synthetic detergents can be broadly described as derivatives
      of aliphatic secondary and tertiary amines, in which the aliphatic radical
      may be straight chain or branched and wherein one of the aliphatic
      substituents contains from about 8 to 18 carbon atoms and one contains an
      anionic water solubilizing group. Examples of compounds falling within
      this definition are sodium-3-dodecylaminopropionate and
      sodium-3-dodecylaminopropanesulfonate and sodium
      N-2-hydroxydodecyl-N-methyl-taurate.
PAR  d. Zwitterionic synthetic detergents can be broadly described as
      derivatives of aliphatic quaternary ammonium compounds, sulfonium
      compounds and phosphonium compounds in which the aliphatic radical may be
      straight chain or branched and wherein one of the aliphatic substituents
      contains from about 8 to 18 carbon atoms and one contains an anionic water
      solubilizing group. Examples of compounds falling within this definition
      are 3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate,
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate,
      3-(dodecylmethylsulfonium) propane sulfonate, and
      3-(cetylmethylphosphonium)ethane sulfonate.
PAR  Other materials which may be present in the detergent compositions of the
      invention in generally minor amounts are those conventionally present
      therein. Typical examples thereof include the well-known soli-suspending
      agents hydrotropes, corrosion inhibitors, dyes, perfumes, fillers such as
      sodium sulfate, optical brighteners, perborates, bleaches, bleach
      activators, enzymes, suds boosters, suds depressants, germicides,
      fungicides, anti-tarnishing agents, cationic detergents, fabric softening
      agents and in the case of liquid compositions, opacifiers and organic
      solvents. The balance of the detergent compositions may be water or inert
      filler.
PAR  It has been discovered that when higher than normal levels of anionic,
      nonionic, ampholytic or zwitterionic surfactants are used with the
      sulfosuccinate derivative salts of this invention, the detergency of the
      formulation is significantly enhanced particularly at low formulation
      concentration (.about.0.1%) which are typically used by the U.S.
      housewife. For enhanced results the detergent formulation should contain
      surfactant levels of about 25% to about 45% by weight and the
      sulfosuccinate derivative salt levels of about 25% to about 75% by weight
      in the cases where the surfactants are anionic, ampholytic or
      zwitterionic. When the surfactant is a nonionic, enhanced detergency
      results are obtained when the level of said nonionic in the formulation is
      from about 15% to 30% by weight and the level of sulfosuccinate derivative
      salt is from about 25% to about 85% by weight.
PAR  In addition to their use in general household detergent compositions, the
      builders of the present invention find utility as boiler scale removers,
      stain removers and general chelating agents. When used at pH's of about 2
      to about 5 as partially neutralized alkali metal, ammonium or substituted
      ammonium salts, especially in combination with wetting agents and
      surfactants, the compounds of the invention are excellent metal cleaning
      compounds.
PAR  Table 1 further illustrates the present invention. The detergent
      formulations set forth in the Table represent detergent compositions
      containing the builders of the present invention in combination with
      representative classes of surface active agents compared with control or
      standard phosphate built detergent compositions. The compositions were
      prepared by blending together the recited components in the proportions
      indicated, including an anticorrosive agent and buffer agent (sodium
      silicate). The compositions were then tested on vacuum cleaner dust soiled
      cloth for detergency or cleaning ability in the Terg-O-Tometer test;
      wherein washing conditions are as indicated and the results reported as
      detergency units. The average detergency units (DU) of the formulation is
      the final reflectance value of the washed cloth (average of 2 runs) minus
      the initial reflectance of the soiled cloth, the reflectances being
      obtained by measurement with a Gardner automatic color difference meter,
      Model AC-3.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Component           % Composition         Controls (% Composition)        

     __________________________________________________________________________

     .alpha.-hydroxy.sup.a                                                     

                 5050505050                                                    

     .alpha.-(2-hydroxy-                                                       

                 5050                                                          

     ethoxy).sup.a                                                             

     .alpha.-dodecyloxy.sup.a                                                  

                 50                                                            

     .alpha.-methoxy.sup.a                                                     

                 50                                                            

     .alpha.-carboxymethoxy.sup.a                                              

                 50                                                            

     .alpha.-dodecyloxyethoxy.sup.a                                            

                 50                                                            

     .alpha.-dodecylthio.sup.a                                                 

                 50                                                            

     Na.sub.5 P.sub.3 O.sub.10                                                 

                 505050                                                        

     Sodium silicate                                                           

                 101010 101010101010101010101010101010101010                   

     (SiO.sub.2 :Na.sub.2 O =                                                  

     2.4:1)                                                                    

     Anionic.sup.b                                                             

                 18183618181818181818                                          

     Anionic.sup.c                                                             

                 181818                                                        

     Nonionic.sup.d                                                            

                 202020                                                        

     Ampholytic.sup.e                                                          

                 181818                                                        

     Zwitterionic.sup.f                                                        

                 1818                                                          

     Water       bal                                                           

     Formulation 0.20.20.20.20.20.20.10.20.20.20.20.20.10.20.20.20.20.20.20.20.

                 2                                                             

     Concentration, %                                                          

     Detergency (DU's)                                                         

                 24.6 24.4 26.5 23.1 25.6 26.1 24.7 27.1 23.0 24.2 15.4 22.3   

                 4.86.416.1 19.9 18.8 20.1 28.7 29.4 28.5                      

     __________________________________________________________________________

      .sup.a Sodium salts of .alpha.-substituted-.beta.-sulfosuccinate?        

      .sup.b Sodium linear secondary alkyl (C.sub. 10 -C.sub.15) benzene       

      sulfonate                                                                

      .sup.c Sodium C.sub.15 -C.sub.18 .alpha.-olefin sulfonate                

      .sup.d C.sub.11 -C.sub.15 linear secondary alcohols ethoxylated with 7   

      moles ethylene oxide/mole alcohol                                        

      .sup.e C.sub.14 -C.sub.16 HAMT (sodium hydroxyalkyl N-methyl taurate)    

      .sup.f Sulfobetaine DCH (cododimethylsulfopropyl betaine)                

      Washing conditions -- 180 ppm (2:1 Ca.sup.+.sup.+/Mg.sup.+.sup.+);       

      120.degree.F: pH 10                                                      

DETD
PAC  EXAMPLE 1
PAC  Preparation of Trisodium .alpha.-hydroxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride was prepared by heating a mixture of 1 mole of sulfur
      trioxide with 1 mol of maleic anhydride first at 60.degree.C until the
      exothermic reaction subsided and then at 100.degree.-110.degree.C for 3
      hours. Forty-five gm of sulfomaleic anhydride product was then mixed with
      45 gm of ice and the resulting solution extracted 25 times with 50 ml
      portions of ether to remove maleic acid. A 20 ml portion of the resulting
      aqueous phase was collected, adjusted to pH = 11 with calcium hydroxide
      and relfuxed for 4 hours. NMR analysis indicated that all of the
      sulfomaleic acid had hydrated within the first hour of reflux. The
      reaction mixture was then passed through a column of cation exchange
      resin. A portion of the effluent was then neutralized to pH = 8.5 and
      evaporated to a white crystalline residue (19.2 gm), which contained 80.9%
      of trisodium .alpha.-hydroxy-.beta.-sulfosuccinate as determined by NMR
      analysis (using D.sub.2 O solvent and K biphthalate as an internal
      standard) and 10.4% water by Karl Fischer analysis.
PAC  EXAMPLE 2
PAC  .alpha.-Thiosubstituted-.beta.-Sulfosuccinates
PAR  The procedure of Example 1 is repeated except that in place of Ca(OH).sub.2
      the pH is adjusted to 8.6 with NaOH. Then, an aqueous solution containing
      excess sodium hydrosulfide, sodium methyl mercaptide or sodium ethyl
      mercaptide is added and the resulting solution allowed to stand overnight.
      The reaction mixture is than passed through a column of cation exchange
      resin and the effluent evaporated to low volume. The pH is the adjusted to
      8.5 with sodium hydroxide and the solution evaporated to dryness. In this
      way, there is affored respectively:
PA1  trisodium .alpha.-mercapto-.beta.-sulfosuccinate
PA1  trisodium .alpha.-methylthio-.beta.-sulfosuccinate
PA1  trisodium-.alpha.-ethylthio-.beta.-sulfosuccinate
PAC  EXAMPLE 3
PAC  Preparation of Trisodium .alpha.-Methoxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride, 3.9 gm, was dissolved in 25 ml of methanol and
      refluxed for 5 hours. Then, 24 gm of 25% sodium methoxide in methanol was
      added and the solution was refluxed for 2 hours. The metanol was then
      evaporated and the residue was dissolved in 100 ml of water and heated for
      1 hour at 80.degree.C. The solution was then decolorized with 5 gm of
      charcoal, filtered and evaporated. The crude residue of trisodium
      .alpha.-methoxy-.beta.-sulfosuccinate was purified by trituration with
      acetic acid and then filtered, washed with acetone and dried.
PAR  .alpha.-ethoxy-.beta.-sulfosuccinate may be prepared by substituting
      ethanol and sodium ethoxide in the procedure decribed above.
PAC  EXAMPLE 4
PAC  Preparation of Trisodium .alpha.-Dodecyloxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride (10 gm) are mixed with 80 gm (0.45 mole) of
      n-dodecanol and heated at 100.degree.C for 14 hours. A solution of 7.04 gm
      of sodium hydroxide in 50 ml water is then added and the mixture heated at
      60.degree.C for 2 hours. The heated mixture is then extracted three times
      with 300 cc portions of acetone (at reflux) and the acetone insoluble
      fraction is then filtered, washed with additional acetone and dried to
      give 16.2 gm of the title compound (structure confirmed by NMR and ion
      exchange of a sample followed by titration with standard sodium hydroxide:
      neutralization equivalent: found 147.0, theory 149.3).
PAC  EXAMPLE 5
PAC  Preparation of Trisodium .alpha.-Dodecyloxyethoxy-.beta.Sulfosuccinate
PAR  Using the procedure of Example 4 and substituting 37 gm (0.32 mole) of
      2-dodecyloxyethanol in place of the n-dodecanol there is obtained
      trisodium .alpha.-dodecyloxyethoxy-.beta.-sulfosuccinate.
PAC  EXAMPLES 6-8
PAR  Using n-tetradecanol in place of n-dodecanol in the procedure of Example 4
      and carrying out the hydrolysis step with 10% excess aqueous sodium
      hydroxide at 80.degree.C for 4 hours instead of 60.degree.C at 2 hours,
      there is obtained trisodium .alpha.-tetradecyloxy-.beta.-sulfosuccinate
      (Example 6). Similarly, using n-hexadecanol in place of n-dodecanol, there
      is obtained trisodium .alpha.-hexadecyloxy-.beta.-sulfosuccinate (Example
      7); using n-octadecanol, there is obtained trisodium
      .alpha.-octadecyloxy-.beta.-sulfosuccinate (Example 8).
PAC  EXAMPLE 9
PAC  Preparation of Trisodium .alpha.-Hydroxyethoxy-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride (20 gm) is mixed with 37.2 gm (0.6 mole) of ethylene
      glycol and heated at 80.degree.C for 4 hours. A solution of 16 gm (0.4
      mol) of sodium hydroxide in 75 ml of water is then added and the mixture
      heated at 80.degree.C for 4 hours. The mixture is then mixed with acetone
      to precipitate trisodium .alpha.-hydroxyethoxy-.beta.-sulfosuccinate,
      which is purified by repeated extractions with hot acetone to remove all
      ethylene glycol and water followed by filtration and drying in an oven.
PAC  EXAMPLE 10
PAC  Preparation of the Tetrasodium Salt of
      .alpha.-Carboxymethyloxy-.beta.-Sulfosuccinic Acid
PAR  Sulfomaleic anhydride (19.4 gm) is heated to 60.degree.C and combined with
      76 gm of ethyl glycolate. After heating the mixture at 80.degree.C for 5
      1/2 hours, there is added a solution of 45 gm of sodium hydroxide
      dissolved in 135 gm of water and heating is continued at 80.degree. for an
      additional three hours. The mixture is then diluted with water and passed
      through a column of a cation exchange resin. The resulting eluent is then
      evaporated in vacuo to a low and the concentrate extracted repeatedly with
      acetone to remove glycolic acid and other impurities. The resulting
      extracted residue is then dissolved in water and the pH of the solution
      adjusted to 8.6 with dilute sodium hydroxide. Evaporation of the solution
      in vacuo and drying over P.sub.2 O.sub.5 gives a residue of the
      tetrasodium salt of .alpha.-carboxymethyloxy-.beta.-sulfosuccinic acid.
PAC  EXAMPLE 11
PAC  Preparation of Trisodium
      .alpha.-(2-Hydroxyethylamino)-.beta.-Sulfosuccinate
PAR  Sulfomaleic anhydride (prepared from a 1/1 mole ratio of SO.sub.3 /maleic
      anhydride by heating the mixture at 100.degree.-110.degree.C for 3 hours;
      active content, 86%), 20.7 gm (0.1 mole), was added to 100 gm of ice. The
      resulting solution was kept at 10.degree.-15.degree.C and neutralized to
      pH = 8.6 by slowly adding 28.4 gm of 50% sodium hydroxide.
      Monoethanolamine, 6.1 gm (0.1 mole), was next added slowly and the
      temperature allowed to rise to room temperature. After standing overnight,
      the reaction mixture was poured into 800 ml of acetone. The solvent was
      then decanted from the resulting syrupy lower layer and the latter
      reprecipitated three times from water with fresh acetone. The residue was
      then dried in a dessicator over P.sub.2 O.sub.5 to give 38.8 gm of an
      off-white, granular product containing approximately 88% trisodium
      .alpha.-(2-hydroxyethylamino)-.beta.-sulfosuccinate by titration with
      perchloric acid. The structure was confirmed by NMR analysis.
PAR  The above method is satisfactory for reacting water-soluble amino compounds
      with sulfomaleic anhydride. For water insoluble amino compounds such as
      the higher alkyl amines, a mixed solvent system such as ethanol/water and
      dioxane/water is used together with temperatures in the range of
      25.degree.-80.degree.C.
PAR  Table 2 indicates the reactants and procedure required to obtain other
      .alpha.-substituted-.beta.-sulfosuccinate salts having the R and Z
      moieties set forth in Formula I.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     R                  Z   Example                                            

                                   Reactants (Sulfomaleic Anhydride            

     __________________________________________________________________________

                                   +)                                          

     H                  0   1      Water                                       

     Alkyl (C.sub.1 --C.sub.2)                                                 

                        0   3      C.sub.1 or C.sub.2 alcohol                  

     Alkyl (C.sub.3 --C.sub.30)                                                

                        0   4-8    C.sub.3 --C.sub.30 primary, secondary or    

                                   tertiary                                    

                                   alcohol                                     

     Phenyl             0   4-8    Phenol                                      

     Carboxyphenyl      0   10     Methyl salicylate                           

     Alkylphenyl        0   4-8    Alkylphenol                                 

     o, m, p methylphenyl                                                      

                        0   4-8    o, m, p cresol, carvacrol, thymol           

     HOOC--CH.sub.2 --  0   10     Ethyl glycolate                             

     HOOC--CH.sub.2 CH.sub.2 --                                                

                        0   10     Methyl-.beta.-hydroxypropionate             

     HO.sub.3 S--CH.sub.2 CH.sub.2 --                                          

                        0   4      Isothionic acid                             

     R'O(CH.sub.2 CH.sub.2 O).sub.n --CH.sub.2 CH.sub.2 --                     

                        0   4      R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2     

                                   CH.sub.2 OH                                 

     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --                                 

                        0   4      HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OH   

     HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --                        

                        0   4      HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2      

                                   CH.sub.2 OH                                 

     HO(CH.sub. 2 CH.sub.2 O).sub.10 CH.sub.2 CH.sub.2 --                      

                        0   4      HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2     

                                   CH.sub.2 OH                                 

     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2 CH.sub.2 --                       

                        0   4      HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2     

                                   CH.sub.2 OH                                 

     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       

                        0   4      CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2       

                                   O).sub.3 CH.sub.2 CH.sub.2 OH               

     CH.sub.3 (CH.sub.2).sub.10 O(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 

     --                 0   4      CH.sub.3 (CH.sub.2).sub.10 O(CH.sub.2       

                                   CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 OH      

     CH.sub.3 (CH.sub.2).sub.20 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 

     --                 0   4      CH.sub.3 (CH.sub.2).sub.20 O(CH.sub.2       

                                   CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 OH      

     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       

                        0   4      CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2       

                                   O).sub.3 CH.sub.2 CH.sub.2 OH               

     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9 CH.sub. 2 CH.sub.2         

                        0-  4      CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2       

                                   O).sub.9 CH.sub.2 CH.sub.2 OH               

     HOCH.sub.2 CH.sub.2 --                                                    

                        0   9      Ethylene glycol                             

     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           

                        0   9      Trimethylene glycol                         

     HOCH.sub.2 (CH).sub.4 CH.sub.2 --                                         

                        0   9      Hexamethylene glycol                        

     H                  S   2      Sodium hydrosulfide                         

     Alkyl (C.sub.1 --C.sub.2)                                                 

                        S   2      Sodium (C.sub.1 --C.sub.2) alkyl            

                                   mercaptide                                  

     Alkyl (C.sub.3 --C.sub.30)                                                

                        S   4-8    C.sub.3 --C.sub.30 alkylmercaptan           

     Phenyl             S   4-8    Thiophenol                                  

     Carboxyphenyl      S   10     Methyl 2-mercaptobenzoate                   

     Alkylphenyl        S   4-8    Alkylthiophenol                             

     HOOC--CH.sub.2 --  S   10     Ethyl mercaptoacetate                       

     HOOC--CH.sub.2 --CH.sub.2 --                                              

                        S   10     Methyl .beta.-mercaptopropionate            

     HO.sub.3 SCH.sub.2 CH.sub.2 --                                            

                        S   4      Mercaptoethanesulfonic acid                 

     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 CH.sub.2 --                       

                        S   4      RO(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2      

                                   CH.sub.2 SH                                 

     HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --                                 

                        S   2      HOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 SNa  

     HO(CH.sub.2 CH.sub.2 O).sub.3 CH CH--                                     

                        S   2      HO(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2      

                                   CH.sub.2 SNa                                

     HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2 CH.sub.2 --                       

                        S   2      HO(CH.sub.2 CH.sub.2 O).sub.10 CH.sub.2     

                                   CH.sub.2 SNa                                

     HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2 CH.sub.2 --                       

                        S   2      HO(CH.sub.2 CH.sub.2 O).sub.15 CH.sub.2     

                                   CH.sub.2 SNa                                

     CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       

                        S   4      CH.sub.3 CH.sub.2 O(CH.sub.2 CH.sub.2       

                                   O).sub.3 CH.sub.2 CH.sub.2 SH               

     CH.sub.3 (CH.sub.2).sub.11 O(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 

     --                 S   4      CH.sub.3 (CH.sub.2).sub.11 ((CH.sub.2       

                                   CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 SH      

     CH.sub.3 (CH.sub.2).sub.21 O(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 

     --                 S   4      CH.sub.3 (CH.sub.2).sub.21 O(CH.sub.2       

                                   CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 SH      

     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.3 CH.sub.2 CH.sub.2 --       

                        S   4      CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2       

                                   O).sub.3 CH.sub.2 CH.sub.2 SH               

     CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2 O).sub.9 CH.sub.2 CH.sub.2 --       

                        S   4      CH.sub.3 CH.sub.2 S(CH.sub.2 CH.sub.2       

                                   O).sub.9 CH.sub.2 CH.sub.2 SH               

     HOCH.sub.2 CH.sub.2 2--                                                   

                        S   2      Sodium 2-hydroxyethylmercaptide             

     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           

                        S   2      Sodium 3-hydroxypropylmercaptide            

     HOCH.sub.2 (CH.sub.2).sub.4 CH.sub.2 --                                   

                        S   2      Sodium 6-hydroxyhexylmercaptide             

     Alkyl (C.sub.1 --C.sub.2)                                                 

                        SO  2      C.sub.1 --C.sub.2 alkylmercaptan.sup.a      

     Alkyl (C.sub.3 --C.sub.30)                                                

                        SO  4-8    C.sub.3 --C.sub.30 alkylmercaptan.sup.a     

     Phenyl             SO  4-8    Thiophenol.sup.a                            

     Carboxyphenol      SO  10     Methyl 2-mercaptobenzoate.sup.a             

     C.sub.1 --C.sub.4 alkylphenyl                                             

                        SO  4-8    Alkylthiophenol.sup.a                       

     HOOC--CH.sub.2 --  SO  10     Ethylmercaptoacetate.sup.a                  

     HOOC--CH.sub.2 CH.sub.2--                                                 

                        SO  10     Methyl .beta.-mercaptopropionate.sup.a      

     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 --                                

                        SO  5      R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2     

                                   CH.sub.2 SH.sup.a                           

     HOCH.sub.2 CH.sub.2 --                                                    

                        SO  2      Sodium 2-hydroxyethylmercaptide             

     HOCH.sub.2 CH.sub.2 CH.sub.2 --                                           

                        SO  2      Sodium 3-hydroxypropylmercaptide            

     HO(CH.sub.2 CH.sub.2).sub.4 CH.sub.2 13                                   

                        SO  2      Sodium 6-hydroxyhexylmercaptide             

     C.sub.1 --C.sub.2 alkyl                                                   

                        SO.sub.2                                               

                            2      C.sub.1 --C.sub.2 alkylmercaptan.sup.b      

     C.sub.3 --C.sub.30 alkyl                                                  

                        SO.sub.2                                               

                            4-8    C.sub.3 --C.sub.30 alkylmercaptan.sup.b     

     Phenyl             SO.sub.2                                               

                            4-8    Thiophenol.sup.b                            

     Carboxyphenyl      SO.sub.2                                               

                            4-8    Methyl 2-mercaptobenzoate.sup.b             

     HOOC--CH.sub.2 --  SO.sub.2                                               

                            10     Ethyl mercaptoacetate.sup.b                 

     HOOC--CH.sub.2 CH.sub.2 CH.sub.2 --                                       

                        SO.sub.2                                               

                            10     Methyl 2-mercaptobutyrate.sup.b             

     R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2 CH.sub.2 --                       

                        SO.sub.2                                               

                            5      R'O(CH.sub.2 CH.sub.2 O).sub.n CH.sub.2     

                                   CH.sub.2 SH.sup.b                           

     __________________________________________________________________________

      .sup.a Followed by oxidation to sulfoxide according to Fieser reference. 

      .sup.b Followed by oxidation to sulfone according to Fieser reference.   

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An .alpha.-alkylsulfonyl-.beta.-sulfosuccinic acid having the general
      formula:
      ##EQU5##
      or the alkali metal, ammonium, monoethanolammonium, diethanolammonium,
      trimethylammonium, tetramethylammonium, morpholinium,
      N-methylmonoethanolammonium and N-ethylmonoethanolammonium salt thereof
      wherein R is an alkyl containing 1-30 carbon atoms.
PATN
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ISD  19760127
NCL  11
ECL  1
EXA  Killos; P. J.
EXP  Weinberger; Lorraine A.
INVT
NAM  Gittos; Maurice W.
CTY  Slough
CNT  EN
INVT
NAM  Amey; David Anthony
CTY  Luton
CNT  EN
ASSG
NAM  Aspro-Nicholas Limited
CTY  Slough
CNT  EN
COD  03
PRIR
CNT  UK
APD  19721228
APN  59762/72
CLAS
OCL  2602475R
XCL  260268R
XCL  26029369
XCL  26029371
XCL  26029375
XCL  26029378
XCL  260295R
XCL  260307F
XCL  2603262
XCL  26032662
XCL  2603268
XCL  260465E
XCL  260468J
XCL  260482R
XCL  424248
XCL  424250
XCL  424267
EDF  2
ICL  C07D29500
FSC  260
FSS  247.5 R;465 E;293.69;293.71;293.75;326.2
OREF
PAL  adams et al., Organic Reactions, Vol. 10, pp. 182-183, (1959).
PAL  Dimroth et al., Chem. Ber. 90, 2207 (1957).
LREP
FR2  York; Foster
ABST
PAL  Organic compounds are prepared by a novel method of conjugate addition in
      which a donor compound including a carbanion derived from an activated
      methylidyne group is treated with an acceptor compound including a
      carbon-carbon unsaturated bond conjugated with an onium ion derived from a
      polar functional group. The method has particular application as a step in
      the production of novel intermediates and novel pharmacologically active
      compounds as disclosed in the Applicants' co-pending application of even
      date.
BSUM
PAR  The present invention relates to the preparation of organic compounds by
      conjugate addition and provides a process for effecting such addition
      where a normal Michael reaction cannot be performed. In particular, but
      not exclusively, the invention provides a process for effecting conjugate
      addition where one of the carbon atoms of the acceptor across which the
      donor is to be added carries a substituent such as an alkyl or aryl group.
PAR  It is well known that a donor molecule including an activated methylidyne
      group (i.e. a carbon atom having at least one hydrogen atom attached
      thereto) will add across a pair of adjacent carbon atoms joined by an
      ethylenically or acetylenically unsaturated bond of an acceptor molecule
      in which said bond is conjugated with an electron attracting group. In a
      "normal" Michael reaction the addition takes place in the presence of
      alkaline reagents to yield a compound in which the donor carbanion derived
      from the donor molecule by removal of a proton from the methylidyne group
      is attached to the activated (i.e. less electron dense) carbon atom of the
      unsaturated moiety of the acceptor. Conjugate additions which result in
      the preparation of a compound in the aforementioned manner are referred to
      hereinafter as "normal" additions whether they are conventional Michael
      additions or other conjugated additions. However, in numerous cases the
      reaction between a molecule and an acceptor molecule under Michael
      reaction conditions fails to yield the "normal" product. For example, an
      "abnormal" Michael reaction may occur (see The Michael Reaction, Bergmann
      et al, organic Reactions, Vol 10, 1059, pp. 179-555.
PAR  The Inventors sought to prepare certain pharmacologically active
      3-phenyl-3-aminoalkyl-2,6-dioxohydrogenated pyridines (see copending U.K.
      patent application No. 59761/72 and foreign counterparts thereof) from
      corresponding 2-phenyl-2-aminoalkylpentane or pent-3-ene-1,5-diacids or
      functional derivatives thereof such as nitrile esters by methods taught in
      U.S. Pat. Nos. 2,664,424 and 2,749,346. However, they found that, whereas
      the pentane or pentene reactants which were unsubstituted in the 3 and 4
      positions could be prepared by normal Michael additions of the
      corresponding aminoalkyl benzyl cyanides across the unsaturated bond of
      acrylic or propiolic esters as taught in said Specifications, pentane or
      pentene reactants having a substituent, in particular an alkyl group, in
      the 3 and/or 4 positions could not be obtained by the corresponding
      Micheal additions. Thus, for example, the desired pentane and pentene
      reactants were obtained by a benzyl trimethyl ammonium hydroxide or
      alkoxide catalysed Michael addition of
      .alpha.(.beta.-dimethylaminoethyl)benzyl cyanide to methyl acrylate and
      propiolate respectively but not when the acceptor molecule was methyl
      methacrylate, ethyl crotonate or ethyl tetrolate. In the case of the
      attempted "normal" additions using methyl methacrylate and ethyl crotonate
      a work-up designed to isolate basic organic materials yielded only the
      benzyl cyanide reactant. The attempted "normal" addition using ethyl
      tetrolate produced a basic product but which was not the desired pentene
      compound. Similar results were obtained when dimsyl sodium, i.e.
      ##EQU1##
      was used as catalyst instead of the weaker hydroxide or alkoxide base in
      said attempted "normal" Micheal additions. In all of the unsucessful
      attempts, it is believed that an "abnormal" Michael reaction occurred.
PAR  The Inventors have found that a "normal" addition occurred when the
      aforementioned benzyl cyanide donor was used in the form of a salt of an
      carbanion derived from its methylidyne group, in particular an alkali
      metal salt, and the ester moiety of the acceptor was replaced by an onium
      salt, in particular the iminium salt of a corresponding amide. Thus, for
      example, when sodium .alpha.(.beta.-dimethylaminoethyl)benzyl cyanide was
      treated with 1-(1-ethoxy-2-methylprop-2-enylidine)morpholinium
      tetrafluoroborate, normal conjugate addition occurred to yield
      4-(.beta.-dimethylaminoethyl)-4-cyano-4-phenyl)-2-methyl-1-ethoxy-1-morpho
     linobut-1-ene. The said product may readily be converted into a pentane
      reactant (e.g.
      4-(.beta.-dimethylamino-ethyl)-4-cyano-4-phenyl-2-methyl-butanoic acid
      ethyl ester) and thence to
      3-phenyl-3-(.beta.-dimethylamino-ethyl)-5-methyl-2,6 -dioxo-piperidine.
      Alternatively, the said product may be cyclised directly to said
      piperidine compound.
PAR  The Inventors believe that their process is of general application to
      conjugate addition and provides a method of "normal" addition where such
      addition is not obtained using donors and acceptors in the non-ionic form
      used in conventional Micheal additions.
PAR  According to the present invention, therefore, there is provided a method
      of conjugate addition which comprises treating a donor compound including
      a carbanion derived from an activated methylidyne group with an acceptor
      compound including a carbon- carbon ethylenically or acetylenically
      unsaturated bond conjugated with an onium ion derived from a polar
      functional group. The invention may be alternatively defined as a modified
      Michael addition in which the donor compound is in the form of a cation
      salt of the carbanion of its methylidyne group and the acceptor compound
      is in the form of an anion salt of an onium ion derived from its
      conjugated polar functional group.
PAR  In the special case where the acceptor has a methylidyne group on the
      .alpha. carbon atom, the said cation and anion can be the onium ion of the
      acceptor and the carbanion of the donor respectively. The donor and the
      acceptor reactants used in the process of the present invention may be
      obtained from any of those classes of methylidyne and unsaturated
      compounds respectively known or expected to react together in normal or
      abnormal Michael additions.
PAR  The methylidyne group of the donor molecule usually will be activated, i.e.
      made less electron dense, by the presence in the molecule of a polar
      functional group (i.e. electron withdrawing group), for example, nitrile,
      alkoxycarbonyl or nitro. Such activation is well known in the art in
      connection with conventional Michael reactions.
PAR  The donor molecule is in the form of a salt with a sufficiently strong base
      to convert the methylidyne group into a carbanion. Suitable bases will
      vary according to the acidity of the donor but alkali metal salts are
      expected to be of general use. Other salts which may be used in certain
      cases are alkaline earth metal, ammonium, quaternary ammonium, immonium
      and tertiary amine salts.
PAR  Having regard to the inventors' original desire to prepare certain
      2-phenyl-2-aminoalkyl pentane and pentene derivatives, a presently
      preferred class of donor compound are alkali metal.alpha.-aminoalkyl
      benzyl cyanides, especially those of the formula 1:
      ##SPC1##
PAL  wherein Y represents C.sub.1 -C.sub.4 alkyl optionally substituted by
      hydroxy or by C.sub.1 -C.sub.4 alkoxy, hydroxy, C.sub.1 -C.sub.4 alkoxy,
      halogen or trifluoromethyl;
PA1  m represents zero or an integer up to 5;
PA1  A represents C.sub.1 -C.sub.6 alkylene;
PA1  R.sub.5 represents C.sub.1 -C.sub.4 alkyl optionally substituted by C.sub.3
      -C.sub.6 cycloalkyl or C.sub.3 to C.sub.6 cycloalkyl, and R.sub.6
      represents hydrogen or C.sub.1 -C.sub.4 alkyl optionally substituted by
      phenyl (including substituted phenyl, especially dialkoxy phenyl) or
PA1  R.sub.5 together with R.sub.6 represents an alkylene radical optionally
      interrupted by oxygen or nitrogen and which together with the amino
      nitrogen atom constitutes a saturated five or six-membered heterocyclic
      ring; and
PA1  M represents a cation, especially an alkali metal, particularly sodium.
PAR  Specially preferred donor compounds are those of the formula 1 above in
      which
PA1  Y represents C.sub.1 -C.sub.4 alkoxy, especially methoxy, halogen,
      especially chlorine, or trifluoromethyl;
PA1  m represents zero or 1;
PA1  A represents C.sub.1 -C.sub.6 alkylene especially of the
      formula--(CH.sub.2).sub.n -- where n represents 2, 3 or 4;
PA1  R.sub.5 represents C.sub.1 -C.sub.4 alkyl, especially methyl or ethyl;
PA1  R.sub.6 represents hydrogen or, preferably C.sub.1 -C.sub.4 alkyl
      especially methyl or ethyl; and
PA1  M represents an alkali metal.
PAR  Particularly preferred donor compounds are those of the formula 1 in which
PA1  Y represents methoxy;
PA1  m represents 1;
PA1  A represents ethylene or n-propylene;
PA1  R.sub.5 and R.sub.6 independently represent methyl or ethyl and
PA1  M represents sodium.
PAR  The said preferred donors may be prepared in situ by treating the
      corresponding benzyl cyanide with a molar equivalent amount of a very
      strong alkali metal base such as dimsyl sodium (obtained by dissolving
      sodium hydride in dimethylsulphoxide) in a polar aprotic solvent. The
      temperature of this reaction may be up to about 50.degree.C but should be
      below the boiling point of the solvent.
PAR  The onium ion of the acceptor molecule is derived from an electron
      withdrawing group (i.e. polar functional group) which is conjugated with
      the unsaturated bond of the molecule. Said group may be any of those used
      in conventional Michael additions and which readily form an onium ion, for
      example cyano, tertiary amide, alkoxy-thiocarbonyl, alkylthio-carbonyl,
      carbonyl, thiocarbonyl and substituted imine. Usually, the onium ions will
      be prepared by alkylation of the said electron withdrawing groups as
      follows:
EQU  -- C .ident. N .fwdarw. -- C .ident. N -- alkyl
      ##EQU2##
      (where D represents a Group VIa element of Mendeleef's Periodic
      Classification, especially oxygen or sulphur).
      ##EQU3##
EQU  -- C = N -- .fwdarw. -- C = N &lt; alkyl
PAR  The said alkylation can be performed by treating the corresponding acceptor
      compound including the non-ionised electron withdrawing group from which
      the onium ion is to be derived with a compound including an incipient
      alkyl carbonium ion. Usually the reaction will be carried out in a polar
      solvent such as dichlormethane at a temperature in the range 20.degree. to
      80.degree.C, preferably under reflux.
PAR  Alkyl carbonium ions are positively charged intermediates formed by the
      removal of a pair of electrons from a carbon atom of a monovalent
      hydrocarbon radical. They have only a transient existence as such but do
      exist in solvated form such as in trialkyloxonium (e.g. alkyl.sub.3
      o.sup.+) and dialkyloxycarbonium (e.g. HC.sup.+(Oalkyl).sub.2) ions.
      Conveniently such solvated ions are supplied to the reaction mixture in
      combination with such non-nucleophilic anions such as
      ##SPC2##
     PtO.sub.6.sup.-.sup.- and, preferably BF.sub.4.sup.-. Another suitable
      source of incipient alkyl carbonium ions are the alkyl esters of very
      strong acids such as fluorosulphonic acid (FSO.sub.3 H) and perfluorinated
      alkyl sulphonic acids such as CF.sub.3 SO.sub.3 H and C.sub.4 F.sub.9
      SO.sub.3 H. In the present case a preferred class of compounds containing
      an incipient carbonium ion are the trialkyloxonium tetrafluoroborates.
      Another preferred class are the methyl and ethyl esters of fluorosulphonic
      acid. In a typical process a solution of triethyloxonium tetrafluoroborate
      (1 equivalent) in dichloromethane is added to an acryloyl or propioloyl
      amide (1 equivalent) in the same solvent. The mixture is refluxed for 30
      minutes and then the solvent removed under reduced pressure. The product
      is dissolved in dimethylsulphoxide for immediate use or is triturated with
      ethylacetate and the solid filtered off and dried.
PAR  The anion associated with the onium ion usually will be a non-nucleophilic
      anion, for example that present in the alkylating agent selected to react
      with the non-ionic acceptor compound. Thus, suitable anions are those of
      the aforementioned compounds including an incipient carbonium ion and
      especially BF.sub.4.sup.- and FSO.sub.3.sup.-.
PAR  The invention has particular application to those acceptor compounds which
      have a substituent on one or more of the carbon atoms joined by the
      conjugated unsaturated bond. Such acceptor compounds appear to be
      particularly susceptible to "abnormal" Michael reactions. Examples of said
      substituents are alkyl, such as methyl and ethyl; aralkyl, such as benzyl;
      hydroxyalkyl; alkoxyalkyl; alkoxycarbonyl; and aryl such as phenyl,
      thienyl, furyl, pyrrolyl and tetrazolyl.
PAR  Having regard to the Inventor's original desire to prepare certain pentane
      or pentene-1,5-diacids and derivatives thereof, in particular the nitrile
      alkylesters, a presently preferred class of acceptor compound are those of
      the formula 2:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 independently represent hydrogen or C.sub.1
      -C.sub.4 alkyl and R.sub.4 represents hydrogen, C.sub.1 -C.sub.4 alkyl or
      C.sub.2 -C.sub.5 alkoxycarbonyl provided that at least one of R.sub.1,
      R.sub.2 and R.sub.4 represents alkyl or
PA1  R.sub.1 together with R.sub.2 or R.sub.4 represents an alkylene radical
      which together with their adjacent carbon atom(s) forms a carbocyclic ring
      of 3 to 8 carbon atoms and R.sub.4 or R.sub.2 respectively is as defined
      above, or
PA1  R.sub.1 together with R.sub.4 represents a third valency bond joining their
      adjacent ring carbon atoms and R.sub.2 represents C.sub.1 -C.sub.4 alkyl;
PA1  R.sub.7 and R.sub.8 represent the same or different alkyl radicals or
      together represent a saturated alkylene radical optionally substituted by
      oxygen or nitrogen which with the adjacent nitrogen atom forms a
      heterocyclic ring, especially piperidine, pyrrolidine, piperazine and,
      preferably, morpholine;
PA1  D represents a Group VIa element especially sulphur and preferably oxygen;
      and
PA1  B.sup.- represents a non-nucleophilic anion, especially tetrafluoroborate
      or fluorosulphonate.
PAR  Specially preferred compounds of the formula 2 are those in which
PA1  R.sub.1, r.sub.2 and R.sub.4 independently represent hydrogen or C.sub.1
      -C.sub.4 alkyl, especially methyl, provided that at least one of R.sub.1,
      R.sub.2 and R.sub.4 represents alkyl or
PA1  R.sub.1 together with R.sub.4 represents a third valency bond joining their
      adjacent carbon atoms and R.sub.2 represents C.sub.1 to C.sub.4 alkyl;
PA1  R.sub.7 and R.sub.8 represent the same or different C.sub.1 -C.sub.4 alkyl,
      especially methyl or ethyl, or together represent a saturated alkylene
      radical which with the adjacent nitrogen atom forms a piperidine,
      pyrrolidine, piperazine or morpholine ring,
PA1  D represents sulphur or, especially oxygen, and
PA1  B.sup.- represents a non-nucleophilic anion, especially tetrafluoroborate
      or fluorosulphonate.
PAR  The iminium salts of formula 2 are believed to be new compounds and as such
      are comprised in the present invention. They can be prepared by treating
      the corresponding alkyl or alkylene substituted acryloyl or propioloyl
      amide or its Group VIa element analogue with an alkylating agent,
      preferably with a compound including an incipient carbonium ion as
      described above.
PAR  The substituted acryloylamides and their Group VIa analogues can be
      prepared by treatment in an inert organic solvent of the corresponding
      acryloyl anhydride, chloride or bromide or analogue thereof with the
      corresponding dialkylamine or saturated heterocyclic amine at a
      temperature in the range -10.degree. to +15.degree.C. In a typical
      process, an acryloyl chloride (1 equivalent) is dissolved in dry ether or
      benzene and then ice-cooled. The amine (2 equivalents) is added to the
      solution whilst stirring well and when the addition is complete the
      mixture is warmed for a few minutes, cooled and amine hydrochloride
      filtered off and the solvent removed. The amide product thus obtained is
      recrystallised from petrol or dissolved in dichloromethane for immediate
      use.
PAR  The substituted propioloyl amides and their Group VIa analogues can be
      prepared from alkali metal salts of the corresponding terminal acetylene
      by reaction with a carbamoyl chloride or bromide. Usually, the reaction
      will be carried out at a temperature in the range -20.degree. to
      +40.degree.C in a polar aprotic solvent under an inert gas atmosphere. The
      alkali metal salt reactant can be obtained by treating a terminal
      acetylene with a strong alkali metal base in an aprotic solvent at a
      temperature in the range -50.degree. to -20.degree.C under an inert gas
      atmosphere. In a typical process, a terminal acetylene in approximately
      50% excess is bubbled through a solution of butyl lithium in hexane at
      -40.degree.C and under a nitrogen atmosphere. The mixture is stirred and
      allowed to warm up to about -20.degree.C, whence dry tetrahydrofuran is
      added to dissolve the lithium salt of the acetylene and then a solution of
      carbamoyl chloride also in dry tetrahydrofuran is added. The mixture is
      allowed to increase to room temperature and is then heated to 50.degree.C
      for 15 minutes. Lithium chloride is filtered off and the propioloyl amide
      isolated by removal of the solvent. In exceptional cases, it may be
      necessary to dissolve the lithium chloride in a minimum of water and then
      extract the amide into chloroform.
PAR  When a donor compound of formula 1 reacts with an acceptor compound of
      formula 2, the product will be a but-1-ene or but-1,2-diene of formula 3:
      ##SPC3##
PAL  wherein the symbols are as defined in connection with formulae 1 and 2.
      These compounds may readily be converted into pharmacologically active
      2,6-dioxohydrogenated pyridines by methods disclosed in our co-pending
      U.K. patent application No. 59761/72, the disclosure of which application
      is incorporated herein by reference,  pertinent portions of which are as
      follows:
PAL  The present invention relates to compounds having pharmacological, in
      particular central nervous system, especially anti-depressant, activity
      and provides pharmacologically active
      3-phenyl-3-aminoalkyl-2,6-dioxo-hydrogenated pyridines and methods for
      their preparation. The invention provides also pharmaceutical compositions
      containing one or more of said pyridine derivatives and methods of
      treatment which comprise administering to an animal a pharmacologically
      effective dose of one or more of said derivatives.
PAR  It is known that 3-phenyl-3-aminoalkyl-2,6-dioxotetra- and
      hexa-hydropyridines optionally substituted in the 1-position by an alkyl
      group but otherwise unsubstituted in the hydrogenated pyridine ring have
      pronounced parasympatholytic activity (see U.S. Pat. Nos. 2,644,424 and
      2,749,346). A well known example of such parasympatholytic compounds is
      Aturbane, i.e. 3-phenyl-3-(.beta.-diethylaminoethyl)-2,6-dioxo-piperidine
      (see The Extra Pharmacopoeia, Martindale, 26th Edition at page 304).
PAR  The inventors have now unexpectedly found that the parasympatholytic
      activity of 3-phenyl-3-aminoalkyl-2,6-dioxo-tetra- and hexa-hydropyridines
      can be significantly reduced and a useful central nervous system,
      especially antidepressant, activity developed by introducing into the
      hydrogenated pyridine ring certain substituents in the 4 and/or 5
      positions.
PAR  According to the present invention, therefore, there are provided
      3-phenyl-3-aminoalkyl-2,6-dioxo-tetra and hexahydropyridines which are
      substituted in at least one of the 4 and 5 positions of the hydrogenated
      pyridine ring by a C.sub.1 -C.sub.4 alkyl radical or an alkylene radical
      which together with at least one of the carbon atoms at said 4 and 5
      positions forms a carbocyclic ring of 3 to 8 carbon atoms, and acid
      addition salts and quaternary ammonium derivatives thereof.
PAR  A preferred class of compounds of the present invention are those of
      formula 1;
      ##SPC4##
PAL  wherein
PA1  R represents hydrogen or C.sub.1 -C.sub.4 alkyl;
PA1  R.sub.1, r.sub.2 and R.sub.3 independently represent hydrogen or C.sub.1
      -C.sub.4 alkyl and R.sub.4 represents hydrogen, C.sub.1 -C.sub.4 alkyl or
      C.sub.2 -C.sub.5 alkoxycarbonyl, provided that at least one of R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 represents alkyl, or
PA1  R.sub.1 together with R.sub.2 or with R.sub.3 represents an alkylene
      radical which together with their adjacent carbon atom(s) of the
      hydrogenated pyridine ring forms a carbocyclic ring of 3 to 8 carbon atoms
      and R.sub.3 or R.sub.2 respectively and R.sub.4 are as defined above (not
      subject to the proviso), or R.sub.2 and R.sub.4  together represent a
      second valency bond joining their adjacent carbon atoms, or
PA1  R.sub.1 together with R.sub.3 represents a second valency bond joining
      their adjacent ring carbon atoms and R.sub.2 and R.sub.4 are as defined
      above provided that at least one of them represents alkyl;
PA1  Y represents C.sub.1 -C.sub.4 alkyl optionally substituted by hydroxy or
      C.sub.1 -C.sub.4 alkoxy, hydroxy, C.sub.1 -C.sub.4 alkoxy, halogen or
      trifluoromethyl;
PA1  m represents zero or an integer up to 5;
PA1  A represents C.sub.1 -C.sub.6 alkylene; and
PA1  R.sub.5 represents C.sub.1 -C.sub.4 alkyl optionally substituted by C.sub.3
      -C.sub.6 cycloalkyl, or C.sub.3 -C.sub.6 cycloalkyl and R.sub.6 represents
      hydrogen or C.sub.1 -C.sub.4 alkyl optionally substituted by phenyl, or
PA1  R.sub.5 together with R.sub.6 represents an alkylene radical optionally
      interrupted by oxygen or nitrogen and which together with the amino
      nitrogen atom constitutes a saturated six-membered heterocyclic ring,
PAL  and acid addition salts and quaternary ammonium derivatives thereof.
PAR  U.S. Pat. No. 2,664,424 teaches that
      3-phenyl-3-aminoalkyl-2,6-dioxo-piperidines can be prepared (1) by
      reacting the corresponding 2-phenyl-2-aminoalkylpentane-1,5-diacids or
      functional derivatives thereof, such as their anhydrides or halides, with
      ammonia or amines, or (2) by heating the diamides or diammonium salts of
      said pentane diacids, or (3) by intramolecular acylation of the
      corresponding pentane-1,5-diacid monoamides or their functional
      derivatives. In the latter reaction, the monoamide or its functional
      derivative is not usually used as a reactant but is formed during the
      course of the treatment of the corresponding
      pentane-1,5-diacid-dinitriles, nitrile esters or, more usually,
      mononitriles with condensing agents to yield the desired dioxopiperidines.
      Analogous methods of preparing
      3-phenyl-3-aminoalkyl-2,6-dioxotetrahydropyridines from
      2-phenyl-2-aminoalkyl-pent-3-ene-1,5-diacids and derivatives thereof are
      described in U.S. Pat. No. 2,749,346.
PAR  All of the aforementioned prior art processes can be used to prepare
      compound of the present invention from the corresponding
      2-phenyl-2-aminoalkyl-3 and/or 4-substituted-pentane or
      pent-3-ene-1,5-diacids and derivatives thereof.
PAR  In terms of preparing compounds of formula 1, the said butene or butadiene
      starting material will be of the formula 3:
      ##SPC5##
PAL  wherein D represents a Group VIa element, especially oxygen or sulphur;
PA1  R.sub.7 and R.sub.8 represent the same or different alkyl groups or
      together represent a saturated alkylene radical optionally substituted by
      oxygen or nitrogen which with the adjacent nitrogen atom forms a
      heterocyclic ring, and
PA1  the remaining symbols are as defined in connection with formula 1.
PAR  The process for converting the butene or butadiene starting materials into
      the desired nitrile ester comprises a first step in which the
      corresponding 4-aminoalkyl-4-cyano-4-phenyl-3 and/or 2 alkyl or
      alkylene-1-dialkoxy-1-alkoxy or Group VIa element analogue-butane or
      but-2-ene is formed by treating the starting material with, for example, a
      strong non-nucleophilic acid, such as methane sulphonic acid, in the
      presence of a mixture of a C.sub.1 -C.sub.6 primary alcohol, such as
      ethanol, and an orthoester, such as ethyl orthoformate. The reaction
      usually will be carried out at an elevated temperature, advantageously in
      the range 60.degree. to 120.degree.C and preferably under reflux
      conditions. When the intermediate compound is required for the preparation
      of a compound of formula 1, it will have the formula 4:
      ##SPC6##
PAL  wherein the symbols are as defined in connection with formulae 1 and 3.
PAR  The butane or butene intermediate prepared as above is then hydrolysed,
      usually in situ, by treatment with, for example, water at an elevated
      temperature, especially 60.degree. to 90.degree.C, to the desired nitrile
      ester. This ester may then be treated with a condensing agent to form a
      compound of the invention in the manner described above. However, since
      the ester is liable to a competitive reaction with the original amine
      starting material, it is preferred to subject the reaction product of the
      hydrolysis step to a Schotten-Baumann reaction with, for example,
      p-toluene sulphonyl chloride.
PAR  In a typical process for preparing compounds of the invention from the
      aforementioned butene and butadiene starting materials, the starting
      material (1 equivalent) is dissolved in ethanol and ethyl orthoformate (5
      equivalents) and methane sulphonic acid (3equivalents) added to the
      resultant solution. Said solution is refluxed overnight and then poured
      into water. The aqueous mixture is maintained at 70.degree.C for 30
      minutes and then cooled, washed with ether, adjusted to pH7 and added to a
      suspension of p-tolulene sulphonyl chloride in 5N sodium hydroxide. The
      mixture is shaken vigorously for 15 minutes with cooling, if necessary.
      The product is extracted into ether, the ethereal solution washed with
      dilute hydrochloric acid and the aqueous solution added to saturated
      potassium carbonate solution. The basic organic materials are then
      extracted into ether and recovered by drying over mangesium sulphate and
      evaporating off the solvent. The nitrile ester product thus obtained will
      be contaminated with some corresponding amide which may be separated by
      column chromatography. This nitrile ester, after separation or still in
      admisture with the contaminant amide, is dissolved in acetic acid (1 ml
      per gm of ester) and sulphuric acid (equal volume with acetic acid) and
      the resultant solution held at 100.degree.C for at least 1 hour before
      pouring onto an ice and ammonium hydroxide mixture. The amount of ammonium
      hydroxide in the mixture should be in excess of that required to exactly
      neutralise the acid and sufficient to bring the pH of the final solution
      into the range 7.5 to 9.5. The desired compound of the invention is then
      extracted into a suitable solvent such as chloroform and subsequently
      recrystallised from a suitable solvent, e.g. ethanol.
PAR  In the composition aspect of the invention, there are provided
      pharmaceutical formulations in which form the active compounds of the
      invention will normally be utilised. Such formulations are prepared in a
      manner known per se in the pharmaceutical art and usually comprise at
      least one active compound of the invention in admixture or otherwise in
      association with a pharmaceutically acceptable carrier therefor.
PAR  The formulations of the invention may be adapted for enteral or parenteral
      use and may be administered to a subject requiring treatment in the form
      of tablets, capsules, suppositories, solutions, suspensions or the like.
      The dosage required for the treatment of any animal will depend upon the
      route of administration and will usually fall within the range 0.01 to 250
      mg/kg daily. In the case of humans much further work remains to be done
      before a safe and effective dosage can be recommended but it is expected
      that said dosage will be within the range 0.1 to 100 mg/kg daily.
      Accordingly, formulations of the invention are likely to be provided in
      dosage unit forms containing from 1 to 1000 mg, more likely 5 to 500 mg
      and most likely 10 to 250 mg.
DETD
PAR  The following Examples will further illustrate the preparation of the novel
      compounds of this invention. All temperatures are given in degrees
      Centigrade.
PAC  EXAMPLE 1
PAC  Preparation of
      3-(m-methoxyphenyl)-3-(.gamma.-N.N-dimethylaminopropyl)-4,4-dimethyl-2,6-d
     ioxo-piperidine.
PAR  Sodium hydride (3.36 g of a 50% suspension in oil, 0.07 mole) is placed in
      a 3-necked round-bottomed flask and the mineral oil removed by washing
      (twice) with 40-60 petrol. The flask is then fitted with a stirrer,
      condenser and nitrogen bleed and dry dimethylsulphoxide (75 ml) added. The
      mixture is stirred in a nitrogen atmosphere at temperatures of up to
      80.degree. until the sodium hydride has completely dissolved and evolution
      of phdrogen has ceased. The resultant solution of dimsyl sodium is then
      cooled and .alpha.(3-N,N-dimethylaminopropyl)-m-methoxy benzyl cyanide
      (16.2 gm, 0.07 mole) added followed by dropwise addition of a solution in
      dry dimethylsulphoxide of 3,3-dimethyl-1-ethoxy-prop-2-enylidine
      morpholinium tetrafluoroborate (20 gm, 0.07 mole). When addition is
      complete, the mixture is held at 50.degree. for 30 minutes, cooled,
      transferred to a single-necked round-bottomed flask and the solvent
      removed under reduced pressure (1 mm Hg). The residue is triturated with
      dry ether and sodium tetrafluoroborate filtered off. The solid is further
      washed with dry ether and the washings added to the filtrate. The ether is
      then evaporated off to leave
      4-(m-methoxyphenyl)-4-(.gamma.-N,N-dimethylaminopropyl)-4-cyano-3,3-dimeth
     yl-1-ethoxy-1-morpholino-but-1-ene (28.5 gm, 95%).
PAR  The but-1-ene product above is dissolved in acetic acid (45 ml) and
      sulphuric acid (30 ml) added. The resultant mixture is maintained at
      100.degree. until cyclisation is complete, as determined by working-up an
      aliquot and studying the infrared spectrum of the product. The solution is
      cooled and poured into excess ammonia/ice, the pH adjusted to about 8 with
      aqueous ammonia and the solution extracted with chloroform (three times).
      The organic solutions are combined, dried, filtered and the solvent
      removed. The residual dione is crystallised and recrystallised from
      ethanol to give white crystals of
      3-(m-methoxyphenyl)-3-(.gamma.-N,N-dimethylaminopropyl)-4,4-dimethyl-2,6-d
     ioxo-piperidine, m.pt. 167.degree.-9.degree..
PAR  The alkyl or alkylene radicals (including moieties) referred to in this
      Specification may be straight or branched chain, saturated or unsaturated
      hydrocarbon radicals. Unless otherwise stated, it is preferred that each
      hydrocarbon radical is saturated and contains 6, more especially 4, carbon
      atoms or less. Any reference in this Specification to a specific alkyl or
      alkylene radical having structural isomers includes all of those isomers
      and mixtures thereof unless a particular isomer is specified. Examples of
      alkyl radicals are methyl, ethyl, propyl, butyl, amyl, hexyl, ethenyl,
      ethynyl, propenyl (especially allyl), propynyl (especially propargyl),
      butenyl and butynyl. In the compounds of formulae 1,2 and 3 herein
      preferred alkyl radicals are methyl and ethyl and preferred alkylene
      radicals are 1,2-ethylene and 1,3-propylene for the alkylene moiety of the
      aminoalkyl group and 1,4-butylene and 1,5-hexylene for R.sub.1 and R.sub.2
      or R.sub.3.
PAR  The conjugate addition of the present invention can be carried out in an
      inert organic solvent, preferably a polar aprotic solvent such as
      dimethylsulphoxide or 1,4-dioxan. Generally, the reaction conditions are
      those conventionally used for Michael condensations other than the
      presence of an alkaline catalyst which is superfluous having regard to the
      salt form of the donor compound. Usually a solution of one of the
      reactants will be added dropwise to a solution of the other reactant
      whilst, if necessary, cooling the reaction mixture to dissipate the heat
      of reaction and then the reaction mixture heated to a temperature of up to
      about 75.degree.C for a period of up to about 3 hours.
PAR  In a typical process, an iminium salt of the acceptor compound in
      dimethylsulphoxide is added dropwise with stirring to an equivalent amount
      of the donor salt in the same solvent. When the addition is complete, the
      mixture is maintained at 60.degree.C for 2 hours, allowed to cool and
      transferred to a suitable vessel where the solvent is removed under
      pressure. The residue is triturated with ether and the mixture filtered.
      The filtrate is then evaporated down to a residue of the desired butene or
      butadiene.
PAR  As stated previously, it is believed that the process of the present
      invention is of general application to donors and acceptors of the
      specified type but, as with most if not all chemical reactions of general
      application, there will be reactants which will not undergo the desired
      addition. In particular, if a reactant has a site, for example a
      substituent group, which is more active with respect to the other reactant
      under the reaction conditions than the site required for the desired
      reaction, reaction will occur at said more active site in preference to,
      and possibly to the exclusion of, the addition reaction. Further, the
      presence of substituent groups may sterically hinder the desired reaction.
      These and other factors may prevent the use of certain reactants and/or
      combinations of reactants in the process of the present invention and as
      far as possible account should be taken of this when selecting the
      reactants. However, the presence of both reactants in salt form is
      believed to prevent an "abnormal" addition from occurring in preference to
      the "normal" addition.
PAR  In addition to the preparation of novel intermediates of formula 3, the
      process of the present invention can be used to prepare numerous known
      compounds having various uses, but principally as intermediates in the
      synthesis of directly useful chemical compounds.
PAR  The following Examples will further illustrate the novel preparation and
      novel intermediate iminium salts of this invention. All temperatures are
      given in degrees Centigrade.
PAC  EXAMPLE 1
PAC  Preparation of
      4-(m-methoxyphenyl)-4-(.gamma.-N,N-dimethylaminopropyl)-4-cyano-3,3-dimeth
     yl-1-ethoxy-1-morpholino-but-1-ene
PAR  Sodium hydride (3.36 g of a 50% suspension in oil, 0.07 mole) is placed in
      a 3-necked round bottomed flask and the mineral oil removed by washing
      (twice) with 40-60 petrol. The flask is then fitted with a stirrer,
      condenser and nitrogen bleed and dry dimethylsulphoxide (75 ml) added. The
      mixture is stirred in a nitrogen atmosphere at temperatures of up to
      80.degree. until the sodium hydride has completely dissolved and evolution
      of hydrogen has ceased. The resultant solution of dimsyl sodium is then
      cooled and .alpha.(3-N,N-dimethylaminopropyl)-m-methoxy benzyl cyanide
      (16.2 gm, 0.07 mole) added followed by dropwise addition of a solution in
      dry dimethylsulphoxide of 3,3-dimethyl-1-ethoxy-prop-2-enylidine
      morpholinium tetrafluoroborate (20 gm, 0.07 mole). When addition is
      complete, the mixture is held at 50.degree. for 30 minutes, cooled,
      transferred to a single-necked round-bottomed flask and the solvent
      removed under reduced pressure (1mm Hg). The residue is triturated with
      dry ether and sodium tetrafluoroborate filtered off. The solid is further
      washed with dry ether and the washings added to the filtrate. The ether is
      then evaporated off to leave
      4-(m-methoxyphenyl)-4-(.gamma.-N,N-dimethylaminopropyl)-4-cyano-3,3-dimeth
     yl-1-ethoxy-1-morpholino-but-1-ene (28.5 gm, 95%).
PAR  The 3,3-dimethyl-1-ethoxy-prop-2-enylidine morpholinium tetrafluoroborate
      reactant was obtained as follows:
PAR  Morpholine (2 equivalents) is added to a well-stirred ice-cooled solution
      in dry ether of 3,3-dimethylacryloyl chloride (1 equivalent) and when
      addition is complete, the mixture is warmed for a few minutes. the mixture
      is then cooled, filtered, the solvent removed and the residue
      recrystallized from 60-80 petrol to give 3,3-dimethylacryloyl morpholine
      m.pt. 52.degree.-4.degree..
PAR  The 3,3-dimethylacryloyl morpholine (1 equivalent) obtained as above was
      dissolved in dichloromethane and triethyl oxonium-tetrafluoroborate (1
      equivalent) in dichloromethane added to the resultant solution. The
      mixture was refluxed for 30 minutes, the solvent removed under reduced
      pressure, and the residue triturated with ethyl acetate and the solid
      filtered off and dried to yield the desired iminium tetrafluoroborate.
PAC  EXAMPLE 2
PAR  The following compounds of the invention have also been prepared by methods
      similar to those of Example 1:
PA1  a.
      4-cyano-4-(.beta.-dimethylaminoethyl)-1-ethoxy-2-methyl-1-morpholino-4-phe
     nyl but-1-ene;
PA1  b.
      4-cyano-4-(.beta.-dimethylaminoethyl)-1ethoxy-3-methyl-1-morpholino-4-phen
     yl but-1-ene;
PA1  c.
      4-cyano2,3-dimethyl-4-(.beta.dimethylaminoethyl)-1-ethoxy-1-morpholino-4-p
     henyl but-1-ene;
PA1  d.
      4-cyano-3,3-dimethyl-4-(.beta.-dimethylaminoethyl)-1-ethoxy-1-morpholino-4
     -phenyl but-1-ene;
PA1  e.
      4-cyano-4-(.beta.-dimethylaminoethyl)-1-ethoxy-2-methyl-4-(3'-methoxypheny
     l)-1-morpholino but-1-ene;
PA1  f.
      4-cyano-4-(.beta.-dimethylaminoethyl)-1-ethoxy-3-methyl-4-(3'-methoxypheny
     l)-1-morpholino but-1-ene;
PA1  g.
      4-cyano-3,3-dimethyl-4-(.beta.-dimethylaminoethyl)-1-ethoxy-4-(3'-methoxyp
     henyl)-1-morpholino but-1-ene;
PA1  h.
      4-cyano-3,3-dimethyl-4-(.gamma.-dimethylaminopropyl)-1-ethoxy-4-phenyl-1-m
     orpholino but- 1-ene;
PA1  i.
      4-cyano-4-(4'-chlorophenyl)-3,3-dimethyl-4-(.gamma.-dimethylaminopropyl)-1
     -ethoxy-1-morpholino but-1-ene;
PA1  j.
      4-cyano-2,3-dimethyl-4-(.beta.-dimethylaminoethyl)-1-ethoxy-4-(3'-methoxyp
     henyl)-1-morpholino but-1-ene;
PA1  k.
      4-cyano-4-(.beta.(N-benzyl-N-methylamino)ethyl)-3,3-dimethyl-1-ethoxy-1-(4
     -morpholino)-4-phenyl but-1-ene;
PA1  l. 4-cyano-4-(.beta.-dimethylaminoethyl)-1
      -dimethylamino-1-ethoxy-3-methyl-4 -phenyl but-1,2-diene; and
PA1  m.
      4-cyano-4-(.beta.dimethylaminoethyl)-1-ethoxy-3-methyl-4-phenyl-1-pyrrolid
     ino but-1-ene.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of conjugate covalent addition which comprises treating a donor
      compound with an acceptor compound, said donor having the formula
      ##SPC7##
PAL  wherein y represents C.sub.1 -C.sub.4 alkyl optionally substituted by
      hydroxy or by C.sub.1 -C.sub.4 alkoxy, hydroxy, C.sub.1 -C.sub.4 alkoxy,
      halogen or trifluoromethyl;
PA1  m represents zero or an integer up to 5;
PA1  A represents C.sub.1 -C.sub.6 alkylene;
PA1  R.sub.5 represents C.sub.1 -C.sub.4 alkyl optionally substituted by C.sub.3
      -C.sub.6 cycloalkyl or C.sub.3 -C.sub.6 cycloalkyl; and
PA1  R.sub.6 represents hydrogen or C.sub.1 -C.sub.4 alkyl optionally
      substituted by phenyl; or
PA1  R.sub.5 and R.sub.6 together represent an alkylene radical optionally
      interrupted by oxygen or nitrogen and which together with the amino
      nitrogen atom constitutes a saturated five or six-membered heterocyclic
      ring; and
PA1  M represents a cation;
PA1  and said acceptor having the formula
      ##EQU5##
      wherein R.sub.1 and R.sub.2 independently represent hydrogen or C.sub.1
      -C.sub.4 alkyl and R.sub.4 represents hydrogen, C.sub.1 -C.sub.4 alkyl or
      C.sub.2 -C.sub.5 alkoxycarbonyl provided that at least one of R.sub.1,
      R.sub.2 and R.sub.4 represents alkyl or
PA1  R.sub.1 together with R.sub.2 or R.sub.4 represents an alkylene radical
      which together with their adjacent carbon atom(s) forms a carbocyclic ring
      of 3 to 8 carbon atoms and R.sub.4 or R.sub.2 respectively is as defined
      above, or
PA1  R.sub.1 together with R.sub.4 represents a third valency bond joining their
      immediately adjacent carbon atoms and R.sub.2 represents C.sub.1 -C.sub.4
      alkyl;
PA1  R.sub.7 and R.sub.8 represent the same or different alkyl radicals or
      together represent a saturated alkylene radical optionally substituted by
      oxygen or nitrogen which with the adjacent nitrogen atom forms a
      heterocyclic ring;
PA1  D represents Q or S and
PA1  B.sup.- represents a non-nucleophilic anion.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the acceptor compound has a
      methylidyne group on the .alpha. carbon atoms and the cation of said
      carbanion and the anion of said onium ion are constituted by said onium
      ion and cation respectively.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the donor is an alkali metal,
      alkaline earth metal, ammonium, immonium, quaternary ammonium or tertiary
      amine salt.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the cation M is an alkali metal.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein B.sup.- represents
      tetrafluoroborate or fluorosulphonate.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein the heterocyclic ring of the
      acceptor compound is piperidine, pyrrolidine, piperazine or morpholine.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the conjugate addition reaction
      is carried out in an inert organic solvent.
NUM  8.
PAR  8. A method as claimed in claim 16 wherein the inert organic solvent is a
      polar aprotic solvent.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein R.sub.7 and R.sub.8 together
      represent a saturated alkylene radical substituted by oxygen which with
      the adjacent nitrogen atom forms a morpholine ring.
NUM  10.
PAR  10. The method of claim 1 wherein D is O.
NUM  11.
PAR  11. The method of claim 1 wherein D is S.
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ABST
PAL  Vat dyestuffs of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 each represent a hydrogen atom or a low
      molecular alkyl radical and A.sub.1 and A.sub.2 represent a different or
      similar vattable radical with 3 to 6 condensed rings, are suitable for
      dyeing and printing the most varied materials, in particular for dyeing
      and printing fibres made from natural or regenerated cellulose in the
      presence of a reducing agent.
BSUM
PAR  The present invention provides new vat dyestuffs of the general formula
      ##EQU2##
      wherein R.sub.1 and R.sub.2 each represent a hydrogen atom or a low
      molecular alkyl radical, and A.sub.1 and A.sub.2 represent a different or
      similar vattable radical with 3 to 6 condensed rings. Possible radicals
      R.sub.1 and R.sub.2 are alkyl groups with 1 to 4 carbon atoms, e.g.
      methyl, ethyl, propyl or isopropyl groups, as well as preferably hydrogen
      atoms.
PAR  Possible vattable radicals A.sub.1 and A.sub.2 are radicals of polycyclic
      compounds such as anthrapyramidines, anthrapyridones, anthrapyrimidones,
      azabenzanthrones, benzanthrones, anthranthrones, anthrimides,
      isothiazole-anthrones, pyrazole-anthrones, pyrimidanthrones, anthraquinone
      compounds which are derived from 9,10-dioxoanthracene and optionally
      contain further fused carbocyclic and heterocyclic rings, such as
      quinazolineanthraquinones, oxazoleanthraquinones, thiazole-anthraquinones,
      oxadiazole-anthraquinones, pyrazole-anthraquinones,
      pyrazino-anthraquinones, and, preferably, 3,4-phthaloylacridones bonded in
      2- or 8-position as well as radicals of anthraquinones bonded in 1- or
      2-position. All these radicals can carry the customary substitutents for
      vat dyestuffs. Examples of such substituents are: halogen atoms, in
      particular chlorine, fluorine, or bromine, alkyl, alkoxy, aryl, aryloxy,
      aralkyl, aralkoxy, arylamino, alkylmercapto, arylmercapto, cyano and
      thiocyano groups. Throughout this specification, the term "alkyl" refers
      in particular to radicals with 1 to 4 carbon atoms, and "aryl" denotes in
      particular radicals such as phenyl, tolyl, chlorophenyl, methoxyphenyl, or
      naphthyl radicals, and "aralkyl" means in particular the benzyl radical.
      Particularly important substituents are moreover the acyl and acylamino
      group. The term "acyl" comprises above all radicals of aromatic carboxylic
      or sulphonic acids, in particular those of the benzene series, or low
      molecular alkanoyl or alkylsulphonyl radicals (i.e. which contain from 1
      to 4 carbon atoms), e.g. the acetyl, benzoyl, p-chlorobenzoyl,
      p-phenylbenzoyl, benzenesulphonyl or p-toluenesulphonyl radical, also low
      molecular carbalkoxy radicals and sulphonamide or carboxy amide groups the
      nitrogen atom of which can be substituted by alkyl or aryl radicals, e.g.
      the carboethoxy, carbamoyl or sulphamoyl radical.
PAR  Preferred dyestuffs are those of the general formula
      ##EQU3##
      wherein A.sub.1 and A.sub.2 represent an anthraquinone radical bonded in
      1- or 2-position or a 3,4-phthaloylacridone radical bonded in 2- or
      8-position, and A.sub.1 and A.sub.2 can carry the indicated substituents.
PAR  The dyestuffs are manufactured by reaction of 2 moles of a compound of the
      formula
EQU  A.sub.1 -- Z.sub.1
PAL  or
EQU  A.sub.2 -- Z.sub.2
PAL  or of a mixture of both, with a triazine of the formula
      ##EQU4##
      wherein either Z.sub.1 and Z.sub.2 represent a halogen atom and Y.sub.1
      and Y.sub.2 represent radicals of the formula --NHR.sub.1 and --NHR.sub.2,
      or Z.sub.1 and Z.sub.2 represent radicals of the formula --NHR.sub.1 and
      --NHR.sub.2 and Y.sub.1 and Y.sub.2 represent halogen atoms. Bromine and,
      preferably, chlorine are suitable halogen atoms. Consequently, 2 moles of
      a compound of the formulae A.sub.1 -halogen or A.sub.2 -halogen, or any
      mixture of the two, are condensed with a compound of the general formula
      ##EQU5##
      or 2 moles of a compound of the formula A.sub.1 --NHR.sub.1 or A.sub.2
      --NHR.sub.2, or any mixture of the two, with 1 mole of the compound of the
      general formula
      ##EQU6##
      The mixture of the vattable compounds can be used simultaneously or
      stepwise. By means of such combinations it is possible to obtain mixed
      shades.
PAR  These methods of manufacture are widely known. If the first method is
      followed A.sub.1 -halogen, A.sub.2 -halogen and diaminotriazine, it is
      advantageous to use a CuI-pyridine catalyst as described in French Pat.
      No. 1 603 058 (Case 1-6247/E). In this case, examples of suitable
      materials A.sub.1 -halogen and A.sub.2 -halogen are haloanthraquinones,
      i.e. both .alpha.- and .beta.-haloanthraquinones, for example:
PA1  1-chloroanthraquinone,
PA1  1,3-dichloroanthraquinone,
PA1  1,5-dichloroanthraquinone,
PA1  1,6-dichloroanthraquinone,
PA1  1,8-dichloroanthraquinone,
PA1  1-bromoanthraquinone,
PA1  1,5-dibromoanthraquinone,
PA1  1,8-dibromoanthraquinone,
PA1  2-chloroanthraquinone,
PA1  2,6-dichloroanthraquinone,
PA1  2,7-dichloroanthraquinone,
PA1  2-bromoanthraquinone,
PA1  2,6-dibromoanthraquinone,
PA1  2,7-dibromoanthraquinone,
PA1  1-chloro-5-acetylaminoanthraquinone,
PA1  1-chloro-4-benzoylaminoanthraquinone,
PA1  1-chloro-4-(p-chlorobenzoylamino)-anthraquinone,
PA1  1-bromo-4-benzoylaminoanthraquinone,
PA1  1-bromo-4-(4'-phenylbenzoylamino)-anthraquinone,
PA1  1-chloro-5-benzoylaminoanthraquinone,
PA1  1-chloro-5 -(p-chlorobenzoylamino)-anthraquinone,
PA1  1-bromo-5-benzoylaminoanthraquinone,
PA1  1-chloro-2-methylanthraquinone,
PA1  1-chloro-4-methylanthraquinone,
PA1  1-chloro-4-methoxyanthraquinone,
PA1  1-bromo-2-methoxyanthraquinone,
PA1  1-bromo-4-methoxyanthraquinone,
PA1  1-chloro-3-acetyl-4-amino-anthraquinone,
PA1  1-chloro-4-anilido-anthraquinone,
PA1  1-chloro-4-phenylmercaptoanthraquinone,
PA1  1-chloro-5-phenylmercaptoanthraquinone,
PA1  2-chloro-3,4-phthaloylacridone,
PA1  2,5,7-trichloro-3,4,-phthaloylacridone,
PA1  bz-1-chlorobenzanthrone,
PA1  bz-1-bromobenzanthrone,
PA1  6-bz-1-dichlorobenzanthrone,
PA1  6-bz-1-dibromobenzanthrone,
PA1  dichloroanthanthrone,
PA1  dibromoanthanthrone
PA1  dibromobenzpyrenquinone,
PA1  tribromopyranthrone.
PAL  If dihalotriazines and compounds of the formula A.sub.1 --NHR.sub.1 or
      A.sub.2 --NHR.sub.2 are used as starting materials, then instead of the
      haloanthraquinones there are used by analogy the corresponding a.alpha.-or
      .beta.-aminoanthraquinones, for example:
PA1  1-aminoanthraquinone,
PA1  1-amino-4-methoxyanthraquinone,
PA1  1-amino-4-acetylaminoanthraquinone,
PA1  1-4-benzoylamino-anthraquinone,
PA1  1-amino-4-(p-toluolsulphonylamino)-anthraquinone,
PA1  1-amino-4-(p-chlorobenzoylamino)-anthraquinone,
PA1  1-amino-4 -anilido-anthraquinone,
PA1  1-amino-4-[p-(N,N-dimethylsulphamido)-benzoylamino]anthraquinone,
PA1  1-amino-4-phenylmercapto-anthraquinone,
PA1  1-amino-4-(4'-phenyl-benzoylamino)-anthraquinone,
PA1  1-amino-4-chloroanthraquinone
PAL  as well as the corresponding 1-aminoanthraquinones which are substituted in
      5- or 8-position instead of in 4-position.
PA1  2-amino-anthraquinone,
PA1  1-amino-2-methyl-anthraquinone,
PA1  1-amino-3-chloro-anthraquinone,
PA1  1-amino-6,7-dichloro-anthraquinone,
PA1  1-amino-6-phenylmercapto-anthraquinone,
PA1  1-amino-7-phenylmercapto-anthraquinone,
PA1  1-amino-6-chloro-7-phenylmercapto-anthraquinone,
PA1  1-amino-7-chloro-6-phenylmercapto-anthraquinone,
PA1  1,4-diamino-2-acetyl-anthraquinone,
PA1  2-amino-3-chloro-anthraquinone,
PA1  2-amino-4-chloro-anthraquinone,
PA1  1-amino-2-chloro-anthraquinone,
PA1  1-amino-6-chloro-anthraquinone,
PA1  1-amino-3-chloro-6-methyl-anthraquinone,
PA1  1-amino-2-methyl-3-chloro-anthraquinone,
PA1  1-amino-7-chloro-anthraquinone,
PA1  2-amino-3,4-phthaloylacridone,
PA1  2-amino-6- or 7-chloro-3,4-phthaloylacridone,
PA1  2-amino-6-trifluoromethyl,3,4-phthaloylacridone,
PA1  2-amino-5,7-dichloro-3,4-phthaloylacridone,
PA1  2-amino-1,7-dichloro-3,4-phthaloylacridone,
PA1  8-amino-5-chloro-3,4-phthaloylacridone,
PA1  7-amino-1,2-benzo-5,6-phthaloylacridone,
PA1  aminoanthanthrone,
PA1  aminoisothiazolanthrone.
PAL  The products according to the invention are suitable for dyeing and
      printing the most varied materials, in particular for dyeing and printing
      fibres made from natural or regenerated cellulose in the presence of a
      reducing agent e.g. dithionite.
PAR  The dyeings which are obtained are characterised by outstanding levelling
      properties. The fastness properties are in general very good, in particul
      the fastness to light, water, chlorine, and to boiling soda. The new
      dyestuffs reserve polyester fibres well or stain them tone in tone, which
      makes them suitable for dyeing fibre blends in admixture with disperse
      dyestuffs.
PAR  The new dyestuffs can also be used as pigments. On account of their
      favourable properties, they can be used for the most diverse forms of
      pigment application, e.g. in finely divided form for colouring rayon and
      viscose, or cellulose ethers or esters, or polyamides or polyurethanes or
      polyesters in the spinning melt, as well as for the production of coloured
      lacquers or lake formers, solutions or products from acetyl cellulose,
      nitrocellulose, natural resins or artificial resins, such as
      polymerisation resins or condensation resins, e.g. aminoplasts, alkyl
      resins, phenolic plastics, polyolefins, such as polystyrene, polyvinyl
      chloride, polyethylene, polypropylen, polyacrylonitrile, rubber, casein,
      silicone and silicone resins. Furthermore, it is also possible to use them
      with advantage in the manufacture of coloured pencils, cosmetic
      preparations, or laminated sheets.
DETD
PAR  The following Examples illustrate the invention, the parts being parts by
      weight unless otherwise stated.
PAC  EXAMPLE 1
PAR  A solution of 1 part of copper (I) iodide in 2 parts of pyridine is added
      to a suspension consisting of 10 parts of 1-chloroanthraquinone, 2.22
      parts of 2,4-diamino-s-triazine and 5.3 parts of sodium carbonate in 70
      parts of nitrobenzene and the whole is stirred for 1 hour at
      180.degree.-185.degree.C.  After 4 hours, the mixture is cooled to
      100.degree.C and the yellow precipitate is filtered off. The residue is
      washed first with a small amount of nitrobenzene, then thoroughly with
      methanol and water. The filter cake is stirred for 1/2 hour at 90.degree.C
      in 500 parts of 6% nitric acid. The yellow dyestuff is filtered off,
      washed neutral, and dried. The dyestuff, which is obtained in a yield of
      over 90%, has the formula
      ##SPC1##
PAL  and dyes cotton from a hydrosulphite vat in yellow shades having good
      fastness properties.
PAC  EXAMPLE 2
PAR  By substituting for 10 parts of 1-chloroanthraquinone in Example 1 amount
      given in colum I of the following Table of the haloanthraquinones listed
      in column II, dyestuffs are obtained which dye cotton from the vat in the
      shades listed in column III.
TBL                TABLE II                                                    

     ______________________________________                                    

      I         II                   III                                       

     ______________________________________                                    

     11,2  1-bromoanthraquinone      yellow                                    

     10,0  2-chloroanthraquinone     yellow                                    

     15,1  1-chloro-4-benzoylamino-anthraquinone                               

                                     red                                       

     15,35 1-chloro-4-(p-chlorobenzoylamino)- "                                

                                     red                                       

     15,1  1-chloro-5-benzoylamino-anthraquinone                               

                                     golden-                                   

                                     yellow                                    

     15,35 1-chloro-5-(p-chlorobenzoylamino)- "                                

                                     golden-                                   

                                     yellow                                    

     10,6  1-chloro-4-methyl-anthraquinone                                     

                                     yellow                                    

     11,2  1-chloro-4-methoxy-anthraquinone                                    

                                     orange                                    

     12,4  1-bromo-4-methoxy-anthraquinone                                     

                                     orange                                    

     12,4  1-chloro-3-acetyl-4-amino-anthraquinone                             

                                     blue                                      

     13,8  1-chloro-4-anilido-anthraquinone                                    

                                     blue                                      

     14,5  1-chloro-5-phenylmercapto-anthraquinone                             

                                     yellow                                    

     14,8  2-chloro-3,4-phthaloylacridone                                      

                                     blue                                      

     16,25 1-bromo-4-benzoylamino-anthraquinone                                

                                     red                                       

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  2.22 g of 2,4-diamino-s-triazine and 11.4 parts of
      1,3-dichloroanthraquinone are stirred in the presence of 5.3 parts of
      pulverised sodium carbonate, 1 part of copper (I) iodide and 3 parts of
      pyridine in 70 parts of nitrobenzene for 4 hours at 180.degree.C-
      185.degree.C. After the mixture has been colled to 80.degree.C, the
      precipitated yellow dyestuff is filtered off and processed as described in
      Example 1. Yield: 12.2 parts of dyestuff of the formula
      ##SPC2##
PAL  It dyes cotton from the vat in fast, brilliant greenish yellow shades. A
      dyestuff which dyes cotton from the vat in neutral yellow shades is
      obtained by substituting 11.4 parts of 1,6- or 1,7-dichloroanthraquinone
      for the 11.4 parts of 1,3-dichloroanthraquinone.
PAC  EXAMPLE 4
PAR  3 parts of 2,4-dichloro-s-triazine and 14.1 parts of
      1-amino-4-benzoylaminoanthraquinone are stirred in 70 parts of
      o-dichlorobenzene in the presence of 2.5 parts of sodium carbonate for 2
      hours at 145.degree.-150.degree.C and then for 2 hours under reflux. After
      the mixture has cooled, the precipitated dyestuff is filtered off, washed
      first with a small amount of o-dichlorobenzene, then thoroughly with
      methanol and water. The resulting dyestuff dyes cotton from a
      hydrosulphite vat in red shades which have excellent fastness to wet
      treatments and light.
PAR  In place of the 3 parts of 2,4-dichloro-s-triazine, it is possible with
      equal success to use 4.8 parts of 2,4-dibromo-s-triazine or 6.4 parts of
      2,4-dibromo-s-triazine-hydrobromide. If the hydrobromide is used, it is
      expedient to increase the amount of sodium carbonate.
PAL  Dyeing Instruction I
PAR  1 part of dyestuff is vatted at 50.degree.-70.degree.C with 10 parts by
      volume of sodium hydroxide having a specific gravity of 36.degree. Be and
      5 parts of sodium hydrosulphite in 200 parts of water. The above stock vat
      is added to a dyebath which contains in 2000 parts of water 5 parts by
      volume of sodium hydroxide solution with a specific gravity of 36.degree.
      Be and 3.7 parts of sodium hydrosulphite. 100 parts of cotton are put into
      this dyebath at 40.degree.C. After 10 minutes, 15 parts of sodium chloride
      are added and after 20 minutes, a further 15 parts and dyeing is carried
      out for 45 minutes at 40.degree.C. The cotton is then squeezed out,
      oxidised, and finished in the conventional manner.
PAL  Dyeing Instruction II
PAR  1 part of the dyestuff obtained according to Example 1 and 0.5 part of CI
      Disperse Yellow 84 are ground wet with 2.5 parts of a 50% aqueous solution
      of the sodium salt of dinaphthylmethane-disulphonic acid. A dyebath is
      prepared with this dyestuff preparation, 2 parts of ammonium sulphate, and
      1000 parts of water, and the pH is adjusted to 6.0-6.9 with monosodium
      phosphate.
PAR  100 parts of a blended fabric of cotton/polyester (67% polyester) are put
      into this bath, which is heated to 120.degree.-125.degree.C over the
      course of 45 minutes. Dyeing is carried out at this temperature for 60
      minutes in a sealed vessel. The dyebath is then cooled to
      60.degree.-70.degree.C and 20 parts by volume of sodium hydroxide solution
      of Be 36.degree. and 5 parts of sodium hydrosulphite are added. After 45
      minutes, the fabric is squeezed out, oxidised, and finished in the usual
      manner. A blended fabric dyed yellow is obtained.
PAL  Pigment coloration
PAR  5 parts of the dyestuff mentioned in Example 1 are mixed with 95 parts of
      dioctyl phthalate and ground in a ball mill until the dyestuff particles
      are smaller than 3.
PAR  0.8 part of this dioctyl phthalate paste is mixed with 13 parts of
      polyvinyl chloride, 7 parts of dioctyl phthalate and 0.1 part of cadmium
      stearate, and this mixture is then rolled to and fro for 5 minutes in a
      twin roller mill at 140.degree.C.
PAR  A yellow coloured material having good migration properties and good
      fastness to light is obtained.
PAL  Coloration of Lacquers
PAR  a. Nitrocellulose lacquer 40 parts of a nitrocellulose lacquer, 2.375 parts
      of titanium dioxide and 0.125 part of the dyestuff of Example 1 were
      ground in a rod mill for 16 hours. The resulting lacquer is applied in a
      thin layer to aluminium foil. It gives a golden yellow coloration having
      excellent fastness to light.
PAR  b. 10 g of titanium dioxide and 2 g of the pigment manufactured according
      to Example 2 (No. 3 of the Table) are ground for 48 hours in a ball mill
      with a mixture consisting of 26.4 g of coconut alkyd resin, 24.0 g of
      melamineformaldehyde resin (50% solids content), 8.8 g of ethylene glycol
      monomethyl ether, 28.8 g of xylene.
PAR  By spraying this varnish on an aluminium sheet, drying it for 30 minutes at
      room temperature and then stoving it for 30 minutes at 120.degree.C, there
      is obtained a clear red finish of good tinctorial strength which is
      characterised by good fastness to crosslacquering, outstanding fastness to
      light, and good resistance to weathering.
CLMS
NUM  1.
PAR  1.  A vat dyestuff of the formula
      ##EQU7##
      wherein each of R.sub.1 and R.sub.2 is independently hydrogen or lower
      alkyl, and each of A.sub.1 and A.sub.2 is independently anthraquinone
      unsubstituted or substituted by benzoylamino, halobenzoylamino, halogen,
      lower alkyl, lower alkoxy, lower alkanoyl, amino, phenylmercapto, or is
      phthaloylacridone.
NUM  2.
PAR  2. A vat dyestuff according to claim 1, of the formula
      ##EQU8##
      wherein each of A.sub.1 and A.sub.2 is independently anthraquinone bonded
      in the 1- or 2-position, unsubstituted or substituted by benzoylamino,
      chlorobenzoylamino, chloro, methyl, methoxy, acetyl, amino, phenylamino,
      phenylmercapto, or is 3,4-phthaloylacridone bonded in the 2- or
      8-position.
NUM  3.
PAR  3. A vat dyestuff according to claim 2, of the formula
      ##SPC3##
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PAL  Benzene ring substituted benzimidazole-2-carbamate derivatives represented
      by the formula:
      ##SPC1##
PA1  Where R is a lower alkyl group having 1 to 4 carbon atoms; R.sup.1 is a
      heterocyclic ring having 1-4 hetero atoms; and M is O, S, or
      ##EQU1##
      The R.sup.1 M-substitution is at the 5(6)-position. The compounds are
      useful as pesticides, particularly as anthelmintic and antifungal agents.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to novel chemical compounds. More particularly, this
      invention relates to novel anthelmintically active
      benzimidazole-2-carbamate derivatives wherein the benzene ring is
      substituted at the 5(6)-position.
PAC  BACKGROUND OF THE INVENTION
PAR  Anthelmintically active benzimidazole-2-carbamate derivatives either
      unsubstituted at the 5(6)-position or substituted with different
      substituents than those described and claimed herein are known in this art
      (for example, see U.S. Letters Patent Nos. 3,480,642; 3,573,321;
      3,574,845; 3,578,676; and 3,595,870). Related fungicidal compounds are
      also shown in U.S. Letters Patent Nos. 2,933,504 and 3,010,968.
PAC  SUMMARY OF THE INVENTION
PAR  The novel benzene ring substituted benzimidazole-2-carbamate derivatives of
      the present invention can be represented by the following formula:
      ##SPC2##
PAL  Where R is a lower alkyl group having 1 to 4 carbon atoms; R.sup.1 is a
      heterocyclic ring having 1-4 hetero atoms; and M is O, S, or
      ##EQU2##
      The R.sup.1 M-substitution is at the 5(6)-position.
PAR  The hydrogen on the nitrogen at the 1-position can be replaced with
      substituents which do not adversely affect the anthelmintic and/or
      antifungal properties of the basic compound, including N-alkylcarbamoyl,
      N,N-dialkylcarbamoyl, N-alkoxycarbonylcarbamoyl, cyano,
      trichloromethylthio, alkylthio, phenylthio, nitrophenylthio,
      alkylsulfinyl, phenylsulfinyl, acyl, alkoxycarbonyl, benzoyl,
      alkoxycarbonylalkylcarbonyl, alkyl, alkenyl, benzyl, alkoxyalkyl,
      alkoxycarbonylalkyl, carboxyalkyl, hydroxy, and conventional esters and
      ethers thereof, etc.
PAR  As used in this specification and claims, the term "lower alkyl" refers to
      both straight and branched chain alkyl groups having a total of from 1
      through 4 carbon atoms, and thus includes methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, and t-butyl. The term "heterocyclic ring"
      refers to both unsubstituted and substituted heterocyclic rings containing
      1-4 hetero atoms and includes both saturated and unsaturated heterocyclic
      rings. Typical heterocyclic rings expressed in radical form include, for
      example, thiazolyl; pyridyl; imidazolyl; pyrimidyl; thienyl; pyridazinyl;
      pyrazinyl; pyrrolyl; pyrazolyl; oxazolyl; furyl; isothiazolyl; isoxazolyl;
      thiadiazolyl; triazolyl; and the like.
PAR  The compounds of the present invention, and non-toxic salts thereof formed
      with pharmaceutically acceptable inorganic or organic acids, possess broad
      spectrum activity against parasites of mammals, including both mature and
      immature parasitic forms, as represented for example, by the genera
      Trichostronglylus, Haemonchus, Ostertagia, Cooperia, Nematodirus, and
      Stronglyoides, and specifically, for example, against Nematospiroides
      dubius, Hymenolepis Nana, Syphacia obvelata, and/or Aspiculuris
      tetraptera. In particular, these compounds are found to exhibit high
      activity against various helminthic infections of the intestinal tract of
      economically important animals, coupled with lower systemic toxicity to
      the host animal.
PAR  The compounds of the present invention are also useful as antifungal
      agents, particularly as systemic fungicides for controlling fungal
      diseases of plants of economic importance.
PAR  In addition to the stated anthelminthic and anti-fungal properties, certain
      compounds of the present invention are also useful as intermediates in the
      preparation of further compounds of this invention. For example, the
      5(6)-thio compounds can be prepared and then utilized as starting
      materials for the preparation of the corresponding 5(6)-sulfinyl
      compounds.
PAR  Where the compound has a basic moiety, the term non-toxic salts as used
      herein refers to those pharmaceutically acceptable salts of the compounds
      of this invention which do not adversely affect the antifungal or
      anthelmintic properties of the basic compound, such as those salts
      conventionally used in the art. Such non-toxic salts include, for example,
      salts of inorganic acids such as, for example, sulfuric, sulfonic,
      sulfamic, nitric, phosphoric, hydrochloric acids and the like, and salts
      of organic acids such as, for example, acetic, citric, lactic, palmitic,
      tartaric, succinic, maleic, benzoic acids and the like.
PAR  The amount of the compound to be administered will depend upon the actual
      compound utilized, and upon the weight of the animal being treated. In
      general, however, the daily dosage level will usually be between about 5
      mg/kg and 100 mg/kg of body weight of the animal being treated. The active
      ingredient is adapted to be administered to the animal by mixing it with
      the diet of the animal, as with a feed mix, or formulating it with a
      non-toxic carrier to give anthelminthic compositions. The carrier may be
      an orally ingestible container for the active ingredient such as, for
      example, a gelatin capsule, or it may be an excipient of the kind normally
      used in medicaments of this character, including maize starch, terra alba,
      lactose, sucrose, calcium phosphate, gelatin, stearic acid, agar, pectin
      or the like. Examples of suitable liquid carriers are peanut oil, sesame
      oil and water.
PAR  A wide variety of pharmaceutical forms can be employed in those cases
      wherein the medicament is not admixed with the feed. Thus, if a solid
      carrier is used, the compound can be administered in tablet or capsule
      form. If a liquid carrier is used, the medicament may be in the form of a
      soft gelatin capsule or in a liquid suspension.
PAR  In general, the 5(6)-thio, and -sulfinyl compounds of the present invention
      can be prepared from benzene starting compounds having nitro and amino or
      acylamino (for example, acetamido) substituents at adjacent positions on
      the benzene nucleus (eg, the 1- and 2-positions), and the desired R.sup.1
      M- moiety (or a moiety which can be reacted to give the desired R.sup.1 M
      moiety) at the 4- or 5-position of the benzene nucleus (i.e., at what will
      be the 5- or 6-position of the benzimidazole compound to be prepared). If
      the starting material has the desired R.sup.1 M moiety, the nitro group is
      reduced to an amino group to afford a benzene derivative having amino
      groups at the 1- and 2-positions. The diamino compound is then reacted
      with a 1,3-bis(alkoxy-carbonyl)-S-alkyl-isothiourea to give the
      corresponding 5(6)-substituted benzimidazole 2-carbamate derivative.
PAR  The functional moiety at the 4- or 5-position of the benzene starting
      material can be, for example, the thiocyanato group which can be converted
      to a heterocyclicthio group, which, in turn, can be converted, by known
      reactions, to the heterocyclicsulfinyl group. The functional moiety at the
      4- or 5-position can also be chloro which can be reacted with a
      substituted or unsubstituted heterocyclic mercaptan to afford the
      corresponding heterocyclicthio compound. As above, the
      heterocyclicsulfinyl compounds can be prepared from the corresponding
      heterocyclicthio compound.
PAR  The heterocyclicoxy compounds are prepared by reacting a suitable starting
      material having a hydroxy group at the 4- or 5-position with a
      heterocyclic halide, then converting the resultant compound to the
      corresponding 1,2-diamino-4(5)-heterocyclicoxybenzene compound, and
      reacting the latter compound with a
      1,3-bis(alkoxy-carbonyl)-S-alkyl-isothiourea to give the corresponding
      5(6)-heterocyclicoxy-benzimidazole 2-carbamate derivative.
PAR  A suitable starting material is 1-acetamido-2-nitro-4-thiocyanatobenzene
      which can be prepared according to the method of F. Challenger and A. T.
      Peters, J. Chem. Soc., 1364 (1928). Other suitable starting materials
      include, for example, 1-amino-2-nitro-4-thiocyanatobenzene,
      2-amino-4-chloro-1-nitrobenzene, 2-acetamido-4-chloro-1-nitrobenzene,
      1-acetamido-4-hydroxy-2-nitrobenzene, 1-amino-4-hydroxy-2-nitrobenzene,
      and 2-amino-4-mercapto-1-nitrobenzene.
PAR  Conversion of the thiocyanato group of the
      1-acetamido-2-nitro-4-thiocyanatobenzene starting material to a
      heterocyclicthio substituent can be effected by treatment of the
      aforementioned 4-thiocyanatobenzene starting material, at room
      temperature, with sodium borohydride in dimethylformamide for about 1/4
      hour to about 2 hours, followed by treatment with an activated
      heterocyclichalide such as, 2-bromothiazole, 2-bromopyridine,
      4-bromopyridine, 2-chloropyrazine, and the like, in dimethylformamide,
      dimethylacetamide, quinoline, pyridine, or an alcoholic medium, such as
      methanol or ethanol, in the presence of base, such as potassium hydroxide,
      sodium hydroxide, potassium carbonate, or sodium carbonate. This latter
      reaction is conducted at a temperatuare from about 10.degree. to about
      150.degree.C, generally at about room temperature if feasible, for about
      1/2 to 12 hours using an excess of the halide reactant. The reaction is
      preferably conducted in dimethylformamide.
PAR  Conversion of an acylamino group, for example, an acetamido group, to an
      amido group can be effected by treating the acylamino group-containing
      compound with a strong acid, such as hydrochloric acid, or strong base,
      such as sodium hydroxide, potassium hydroxide, potassium carbonate, or
      sodium carbonate in aqueous methanol at about 20.degree.C to about
      100.degree.C for about 1/4 hour to about 24 hours. The selection of either
      the strong acid or the strong base will depend upon the substituent at the
      4- or 5-position of the benzene nucleus. Generally, for substituents
      disclosed a strong base is utilized; however, the necessary material for a
      particular substituent or compound can be determined by routine
      experimentation or will be apparent from the nature and chemical stability
      of the particular compound involved.
PAR  Reduction of the nitro group to an amino group can be effected by a variety
      of techniques. For example, a nitro-containing compound can be treated
      with iron powder and a ferrous salt, such as ferrous sulfate or ferrous
      chloride, in aqueous methanol at reflux under neutral conditions for about
      1 to about 6 hours. Other suitable reaction media include acetic acid or
      concentrated hydrochloric acid, and the other suitable metals, such as
      zinc. It is desirable to add the iron powder in distinct portions (as
      opposed to all at one time), and to carefully monitor the reactants and
      reaction conditions to insure, for example, that sulfinyl compounds are
      not reduced to the corresponding thio compounds. This technique is
      suitable for starting materials which contain a heterocyclicthio, a
      heterocyclicsulfonyl, or a heterocyclicoxy substituent.
PAR  A reduction technique which is frequently suitable for use with
      heterocyclicthio or heterocyclicoxy substituted compounds is to treat such
      compounds with stannous chloride in concentrated hydrochloric acid at a
      temperature in a range from about -20.degree.C to about 100.degree.C,
      generally about room temperature, for about 1/2 to about 6 hours. An
      excess of the stannous chloride reactant should be utilized, generally
      about 5 parts (by weight) per unit weight of the starting compound.
PAR  Reduction of the nitro group to an amino group can also be effected
      catalytically utilizing hydrogen over a palladium/charcoal catalyst. This
      reaction is conducted in an inert solvent, such as methanol, at a
      temperature from about 0.degree. to 35.degree.C, generally about room
      temperature, for about 1/2 to about 2 hours. Other suitable inert solvents
      include ethyl acetate, acetic acid, and ethanol. This technique is
      particularly suitable for compounds which contain a heterocyclicoxy
      substituent at the 4- or 5-position of the benzene nucleus.
PAR  The reduction can also be conducted using sodium dithionite (sodium
      hydrosulfite) in basic aqueous methanol at reflux for 10 minutes - 6
      hours.
PAR  The diamino compounds resulting from reduction of the nitro group in the
      starting compound to an amino group, and, if necessary, conversion of the
      acylamino group to an amino group, are converted to the corresponding
      benzimidazole 2-carbamate compounds by reacting the diamino compound with
      a 1,3-bis(alkoxy-carbonyl)-S-alkyl-isothiourea, for example,
      1,3-bis(methoxycarbonyl)-S-methylisothiourea or
      1,3-bis(ethoxycarbonyl)-S-methyl-isothiourea, in an aqueous alcoholic
      medium, for example, aqueous methanol or aqueous ethanol, at from about
      room temperature to the reflux temperature of the reaction medium for
      about 1/2 to about 6 hours. The reaction medium is preferably made acidic
      to a pH of about 4-6 with, for example, a sufficient amount (e.g., 1-2
      moles) of acetic acid. About 1-2 moles, generally about 1.1 moles, of the
      isothiourea reactant are utilized per mole of the diamino compound.
PAR  At this point there generally will be prepared a
      5(6)-heterocyclicthio-benzimidazole-2-carbamate compound of the present
      invention. Or, as to be described below, a
      5(6)-heterocyclicoxy-benzimidazole-2-carbamate will be prepared. The
      5(6)-heterocyclicthio compounds can be converted, by reactions described
      in the next paragraph, to the corresponding 5(6)-heterocyclicsulfinyl
      derivatives.
PAR  Conversion of the heterocyclicthio group to the corresponding
      heterocyclicsulfinyl group is conveniently effected by treatment with a
      peracid, such as peracetic acid, perbenzoic acid, metachloroperbenzoic
      acid, or perphthalic acid, in an inert solvent for the compound being
      treated. Suitable solvent materials include, for example, methylene
      chloride or chloroform. If the compound being treated is not soluble in
      the particular reaction media desired to be utilized, then a co-solvent
      material, such as acetic acid or methanol, should be utilized in an amount
      sufficient to dissolve the compound being treated. Typically, the reaction
      is conducted at a temperature from about -30.degree.C. to about room
      temperature for about 1/2 hour to about 6 hours. When it is desired to
      convert the heterocyclicthio group to the corresponding
      heterocyclicsulfinyl group, molar quantities are utilized, and reaction
      conditions are carefully monitored to insure that the reaction does not
      proceed further than desired. Optionally, such conversions can also be
      effected by treatment with periodate in aqueous methanol or aqueous
      acetonitrile at a temperature in the range of about -20.degree.C. to about
      50.degree.C., for about 1/2 to about 12 hours.
PAR  When 2-amino-4-chloro-1-nitrobenzene or 2-acetamido-4-chloro-1-nitrobenzene
      is utilized as a starting material, it can be converted to the
      corresponding heterocyclicthio compound, by the reaction thereof with an
      appropriate heterocyclic mercaptan, such as 2-mercaptopyrimidine,
      2-mercaptothiophene, 2-mercaptoimidazole, 3-mercapto-1,2,4-triazole,
      2-mercapto-1-methylimidazole, and the like, in an inert solvent, such as
      dimethylformamide, ethanol, or methanol, in the presence of a suitable
      inorganic base, such as potassium hydroxide, potassium carbonate, sodium
      carbonate, sodium hydroxide or sodium hydride. Typically, this reaction is
      conducted at a temperature from about 20.degree. to about 150.degree.C.
      (i.e., to about the reflux temperature of the solvent material) for about
      1/2 to about 6 hours, using a slight excess (1.5-2 moles) of the mercaptan
      reactant. If 2-acetamido-4-chloro-1-nitrobenzene is utilized as the
      starting material, the acetamido group can be converted to an amino group
      as described above. With either case, the nitro group is reduced to an
      amino group. The resultant 1,2-diamino compound is treated, as described
      above, to give the corresponding 5(6)-heterocyclicthio-, and/or
      5(6)-heterocyclicsulfinyl-benzimidazole-2-carbamate compounds of this
      invention.
PAR  When 1-acetamido-4-hydroxy-2-nitrobenzene or
      1-amino-4-hydroxy-2-nitrobenzene is utilized as the starting material, it
      can be reacted with a heterocyclic halide, under the conditions as set
      forth above, to afford the corresponding 1-acetamido (or
      1-amino)-4-heterocyclicoxy-2-nitrobenzene derivative. When the 1-amino
      starting material is utilized, the nitro group thereon is reduced to an
      amino group to give the corresponding 1,2-diamino compound. When the
      1-acetamido starting material is utilized, the acetamido group is
      converted to an amino group and the nitro group is reduced to amino group
      to give the corresponding 1,2-diamino compound. The 1,2-diamino compound
      is then reacted with a 1,3-bis(alkoxycarbonyl)-S-alkyl isothiourea, as
      described above, to give the corresponding
      5(6)-heterocyclicoxy-benzimidazole-2-carbamate compound of the present
      invention.
PAR  In each of the process steps, described herein above and below, unless
      otherwise indicated, the respective intermediate products are preferably
      separated from the reaction mixture and purified prior to their use as
      starting materials for the next step in the process. Such separation and
      purification can be effected by any suitable procedure. For example,
      typical separation procedures include filtration, extraction, evaporation,
      and typical purification procedures include crystallization, and both
      thin-layer and column chromatography. Optimum separation and isolation
      procedures can be obtained for any given step by routine experimentation
      as will be apparent to those skilled in this art.
PAR  Particular compounds falling within the scope of the present invention can
      be prepared by selecting an appropriate starting material, for example,
      from those referred to above, and then selecting particular reaction step
      or steps, as for example described above, to give the compound desired.
      Particular reaction step or steps may be conducted in a different order
      from that specified above since, in many instances, the particular
      sequence of steps is not critical. For example, the acetamido group on a
      1-acetamido-4-heterocyclicoxy-2-nitrobenzene compound can be first
      converted to an amino group before the nitro group is reduced. Or, the
      nitro group can be reduced and then the acetamido group converted to the
      amino group to give the corresponding 1,2-diamino compound. The
      heterocyclicthio substituent of a
      1-acetamido-4-heterocyclicthio-2-nitrobenzene compound can be converted to
      a heterocyclisulfinyl group prior to conversion of the acetamido and nitro
      groups to the corresponding amino groups. Additionally, the acetamido
      group of a 1-acetamido-2-nitro-4-thiocyanatobenzene can be converted to an
      amino group before the reaction of such compound with a heterocyclic
      halide or the starting material can be reacted with the heterocyclic
      halide and then the acetamido group converted to the corresponding amino
      group. In view of this disclosure, the preparation of particular
      compounds, including compounds falling within the scope of the present
      invention but not particularly described in the specification, and the
      various sequences of reaction steps which can be utilized to prepare such
      compounds, will be apparent to those skilled in this art.
PAR  Exemplary of the compounds of the present invention, as represented by the
      structural formula above, are the following illustrative compounds:
PA1  5(6)-(thiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(imidazol-2-ylthio)-carbomethoxyaminobenzimidazole;
PA1  5(6)-(imidazol-2-ylsulfinyl)-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-methyl-imidazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole
PA1  5(6)-(pyrid-4-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-ylthio)-2-carbomethoxyaminobenaimidazole;
PA1  5(6)-(1,2,4-triazol-3-ylthio)-2-carbomethoxyaminobenzimidazole; and
PA1  5(6)-(1,2,4-triazol-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAR  Of these compounds, the following are presently preferred since they have
      shown substantial activity against the helminths specifically referred to
      above:
PA1  5(6)-(thiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-pyrid-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-pyrimidin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylthio)-2-carbomethoxyaminobenzimidazole; and
PA1  5(6)-(pyrid-4-ylthio)-2-carbomethoxyaminobenzimidazole.
PAR  Other illustrative compounds falling within the scope of the present
      invention include, for example:
PA1  5(6)-pyrimidin-2-yloxy)-2-carbomethyoxyaminobenzimindazole:
PA1  5(6)-(thien-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-oxiranylthio-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-oxiranylsulfinyl-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(tetrahydrothien-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-oxo-tetrahydrothien-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(tetrahydropyran-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(tetrahydropyran-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(benzothiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-tetrahydrothien-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-thien-3-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-thien-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(4-methoxy-tetrahydropyran-2-ylsulfinyl)-2-carbomethoxyaminobenzimidaz
     ole;
PA1  5(6)-(4-methoxy-tetrahydropyran-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,5-trithian-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,5-trithian-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,5-trithian-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3-dithiolan-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3-dithiolan-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3-dithiolan-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,4-dithian-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,4-dithian-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,4-dioxan-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,4-dioxan-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,4-dioxan-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(fur-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(fur-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(4-methoxy-tetrahydropyran-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,2,4-triazol-3-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-yloxy)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-yloxy)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6-(pyrid-4-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylsulfinyl)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-ylthio)-2-carboethoxyaminobenzimidazole;
PA1  5(6)-(1,2,4-triazol-3-ylthio)-2-carboethoxyaminobenzimidazole; and
PA1  5(6)-(1,2,4-triazol-3-ylsulfinyl)-2-carboethoxyaminobenzimidazole.
PA1  5(6)-(thiazol-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-yloxy)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-yloxy)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(1,2,4,-triazol-3-ylthio)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(1,2,4-triazol-3-ylsulfinyl)-2-carbopropoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-ylsulfinyl)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(thiazol-2-yloxy)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-ylsulfinyl)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrid-2-yloxy)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrimidin-2-ylsulfinyl)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(thien-2-ylsulfinyl)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(1-methylimidazol-2-ylsulfinyl)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylsulfinyl)-2-carbobutoxyaminobenzimidezole;
PA1  5(6)-(pyrazin-2-ylthio)-2-carbobutoxyaminobenzimidazole;
PA1  5(6)-(1,2,4-triazol-3-ylthio)-2-carbobutoxyaminobenzimidazole; and
PA1  5(6)-(1,2,4-triazol-3-ylsulfinyl)-2-carbobutoxyaminobenzimidazole.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following specific description is given to enable those skilled in this
      art to more clearly understand and practice the present invention. It
      should not be considered as a limitation upon the scope of the invention
      but merely as being illustrative and representative thereof.
PAC  PREPARATION 1
PAR  175 G. of S-methyl isothiouronium sulfate in one liter of water is cooled
      to 0.degree.C and 162.5 g. of methylchloroformate added, followed by the
      addition of a solution of 250 g. potassium hydroxide in 750 ml. water at
      0.degree. to 5.degree.C. The crude product is extracted into benzene, the
      benzene dried and evaporated, and the residue recrystallized from
      methanol. 1,3-bis(methoxycarbonyl)-S-methyl isothiourea is thus obtained.
PAR  In a similar manner, substituting ethylchloroformate, propylchloroformate
      and butylchloroformate for the methylchloroformate,
      1,3-bis(ethoxycarbonyl)-S-methyl isothiourea,
      1,3-bis(propoxycarbonyl)-S-methyl isothiourea, and
      1,3-bis(butoxycarbonyl)-S-methyl isothiourea are, respectively, prepared.
DETD
PAC  EXAMPLE I
PAR  3 G. of 1-acetamido-4-hydroxy-2-nitrobenzene is added to a solution of 0.62
      g. of sodium hydroxide in 125 ml. of methanol under nitrogen. The mixture
      is stirred for 1/2 hour and the solvent evaporated. 2.5 G. of
      2-bromothiazole and 100 ml. of dimethylformamide are added to the residue
      and the mixture heated at 135.degree.C. for 16 hours. The solvent is
      evaporated, the residue is extracted with dichloromethane and the organic
      layers dried over anhydrous sodium sulfate. The solvent is evaporated and
      the residue recrystallized from aqueous methanol to yield
      1-acetamido-2-nitro-4-(thiazol-2-yloxy)benzene.
PAR  2 G. of 1-acetamido-2-nitro-4-(thiazol-2-yloxy)benzene is added to a
      solution of 0.5 g. potassium hydroxide in 50 ml. methanol and the solution
      stirred for 1 hour. The solution is evaporated to a low volume and water
      is added to precipitate 1-amino-2-nitro-4-(thiazol-2-yloxy)benzene.
PAR  1.7 G. of the latter compound is dissolved in 100 ml. methanol and 0.5 g.
      of 5% palladium on charcoal is added. The mixture is hydrogenated under
      ambient conditions. After cessation of hydrogen uptake the mixture is
      filtered and the solvent evaporated from the filtrate to yield
      1,2-diamino-4-(thiazol-2-yloxy)benzene as a brown oil.
PAR  1.5 G. of 1,2-diamino-4-(thiazol-2-yloxy)benzene 1.6 g. of
      1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 0.5 g. acetic acid are
      added to a mixture of 75 ml. ethanol and 75 ml. water. The mixture is
      heated to reflux for three hours, then cooled. The precipitated solid is
      collected and recrystallized from methanol to yield
      5(6)-(thiazol-2-yloxy)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE II
PAR  4 G. of 1-acetamido-4-hydroxy-2-nitrobenzene is added to a solution of 0.82
      g. of sodium hydroxide in 100 ml. of methanol under nitrogen. The mixture
      is stirred for one-half hour and the solvent evaporated. 3.5 G. of
      2-bromopyridine and 100 ml. of dimethylformamide are added to the residue
      and the mixture heated at 135.degree.C. for 16 hours. The solvent is
      evaporated, the residue remaining is extracted with dichloromethane and
      the organic layers dried over anhydrous sodium sulfate. The solvent is
      evaporated and the residue recrystallized from aqueous methanol to yield
      1-acetamido-2-nitro-4-(pyrid-2-yloxy)benzene.
PAR  2 G. of this latter compound is added to a mixture of 10 ml. of 5 N sodium
      hydroxide solution and 60 ml. methanol. The mixture is heated for 15
      minutes, then diluted to 500 ml. with water. The mixture is extracted with
      dichloromethane and the organic layers are dried over anhydrous sodium
      sulfate. Evaporation of the organic layers affords
      1-amino-2-nitro-4-(pyrid-2-yloxy)benzene.
PAR  1.4 G. of this latter compound is dissolved in 30 ml. methanol, and 0.4 g.
      of 5% palladium on charcoal is added. The mixture is hydrogenated under
      ambient conditions. After cessation of hydrogen uptake, the mixture is
      filtered and the solvent is evaporated from the filtrate to afford
      1,2-diamino-4-(pyrid-2-yloxy)benzene.
PAR  1 G. of this latter compound and 0.65 g. of
      1,3-bis-(methoxycarbonyl)-S-methyl isothiourea are added to a mixture of 5
      ml. ethanol and 5 ml. water. The mixture is heated to reflux for 3 hours,
      then cooled. The precipitated solid is collected and recrystallized from
      methanol to yield 5(6)-(pyrid-2-yloxy)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE III
PAR  To a solution of 2.37 g. of 1-acetamido-2-nitro-4-thiocyanatobenzene in 10
      ml. dimethylformamide, there is added under nitrogen at less than
      30.degree.C., 0.38 g. of sodium borohydrode. The mixture is stirred at
      20.degree.-30.degree.C. for 1 hour, then 3.2 ml. of 2-bromothiazole is
      added. The mixture is heated to 130.degree.-135.degree.C. for 1 hour, then
      cooled and diluted with water. The crude product is filtered off and
      recrystallized from methanol yielding
      1-acetamido-2-nitro-4-(thiazol-2-ylthio)benzene.
PAR  2.2 G. of this latter compound is treated on the steam bath for 15 minutes
      with 5 ml. 5N sodium hydroxide solution and 15 ml. methanol. The mixture
      is diluted with water and cooled, yielding
      1-amino-2-nitro-4-(thiazol-2-ylthio)-benzene.
PAR  1.8 G. of 1-amino-2-nitro-4-(thiazol-2 -ylthio)benzene in 5 ml.
      concentrated hydrochloric acid is treated with a solution of 3 g. stannous
      chloride in 5 ml. concentrated hydrochloric acid. The mixture is heated on
      the steam bath for 15 minutes and the resulting colorless solution cooled
      well. The white precipitate is filtered off and washed with 10 ml. 6N
      hydrochloric acid, then treated with potassium bicarbonate solution. The
      mixture is extracted with chloroform and the extract dried and evaporated.
      This affords 1,2-diamino-4-(thiazol-2-ylthio)benzene.
PAR  A mixture of 0.8 g. of 1,2-diamino-4-(thiazol-2-ylthio)-benzene, 0.8 g.
      1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 0.24 ml. acetic acid in
      10 ml. ethanol and 10 ml. water, is refluxed for 4 hours. The cooled
      mixture is filtered and the product recrystallized from
      methanol-chloroform yielding
      5(6)-(thiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole.
PAR  A solution of 0.92 g. of
      5(6)-(thiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole in 30 ml. acetic
      acid and 30 ml. chloroform is cooled to -20.degree.C. and treated at
      -20.degree.C. to -15.degree.C. with a solution of 0.61 g. 85%
      m-chloroperbenzoic acid in 10 ml. chloroform. The mixture is allowed to
      warm slowly to room temperature, dried for five hours then stripped under
      vacuum at room temperature. The residue is treated with sodium bicarbonate
      solution, filtered, and The product recrystallized from
      methanol-chloroform affording
      5(6)-(thiazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE IV
PAR  A solution of 5.85 g. of 1-acetamido-2-nitro-4-thiocyanatobenzene in 20 ml.
      dimethylformamide is cooled, under nitrogen, to about 0.degree.C. and 1.14
      g. of sodium borohydride is added. The exothermic reaction is controlled
      to less than about 30.degree.C., then the mixture is stirred for 1 hour at
      20.degree.-30.degree.C. 6 Ml. of 2-bromopyridine is added and the mixture
      warmed slowly to about 110.degree.C. and kept at that temperature for 1
      hour. The mixture is cooled, diluted with water, and filtered. The crude
      product is recrystallized from aqueous methanol, yielding
      1-amino-2-nitro-4-(pyrid-2-ylthio)benzene.
PAR  2.3 G. of 1-amino-2-nitro-4-(pyrid-2-ylthio)benzene in 12 ml. concentrated
      hydrochloric acid is treated with 12 g. of stannous chloride on the steam
      bath for 15 minutes. The cooled solution is treated with an excess of
      potassium bicarbonate and extracted with chlorofrom and filtered. The
      chloroform layer is separated, dried and evaporated to yield
      1,2-diamino-4-(pyrid-2-ylthio)benzene.
PAR  A mixture of 1.75 g. of 1,2-diamino-4-(pyrid-2-ylthio)-benzene, 1.75 g. 1,3
      -bis(methoxycarbonyl)-S-methylisothiourea and 0.6 ml. acetic acid in 20
      ml. ethanol and 20 ml. water is refluxed for 2 hours, cooled and filtered.
      5(6)-(pyrid-2-ylthio)-2-carbomethoxyaminobenzimidazole is thus obtained
      and may be recrystallized from methanolchloroform.
PAR  The 5(6)-(pyrid-2-ylthio)-2-carbomethoxyaminobenzimidazole is treated in
      accordance with the last paragraph of Example III to afford
      5(6)-(pyrid-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE V
PAR  A solution of 9.6 g. of 1-acetamido-2-nitro-4-thiocyanatobenzene in 60 ml.
      dimethylformamide is treated, under nitrogen, with 1.52 g. sodium
      borohydride at less than 25.degree.C. The mixture is stirred for 1 hour at
      20.degree.-25.degree.C., then 15 ml. of acetone is added and stirring
      continued for 2 hours. 2.5 G. of 57% sodium hydride in oil suspension is
      added at 20.degree.-30.degree.C., followed by 11.7 g. of 4-bromopyridine
      hydrochloride. The mixture is warmed slowly and kept at
      120.degree.-130.degree.C. for several hours, then cooled and diluted with
      water, and extracted with chloroform. The chloroform solution is treated
      with charcoal, stripped and the residue recrystallized from methanol and
      washed with pentene affording
      1-acetamido-2-nitro-4-(pyrid-4-ylthio)benzene.
PAR  3.15 G. of the latter compound is treated on the steam bath with 6 ml. 5N
      sodium hydroxide solution and 12 ml. methanol for 15 minutes. The mixture
      is diluted with water, cooled and filtered, yielding
      1-amino-2-nitro-4-(pyrid-4-ylthio)benzene.
PAR  2.5 G. of the latter compound treated with 13 ml. concentrated hydrochloric
      acid and 13 g. stannous chloride on the steam bath for 15 minutes. The
      mixture is cooled, treated with potassium bicarbonate and extracted with
      chloroform. The dried chloroform extract, separated after filtration, is
      stripped yielding 1,2-diamino-4-(pyrid-4-ylthio)benzene.
PAR  A mixture of 2.1 g. of the latter compound, 2.2 g.
      1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 1 ml. acetic acid in 35
      ml. ethanol and 35 ml. water is refluxed for 3 hours. The mixture is
      cooled and filtered yielding
      5(6)-(pyrid-4-ylthio)-2-carbomethoxyaminobenzimidazole which may be
      recrystallized from methanol-chloroform.
PAR  A solution of 1.2 g. of the latter compound in 75 ml. acetic acid and 75
      ml. chloroform is cooled to -20.degree.C. and a solution of 0.81 g.
      m-chloroperbenzoic acid in 15 ml. chloroform is added at -20.degree. to
      -15.degree.C. The mixture is allowed to warm slowly to 20.degree.C, then
      stirred at 20.degree.-25.degree.C. for 5 hours, and stripped under vacuum.
      The residue is treated with sodium bicarbonate solution and filtered
      affording 5(6)-(pyrid-4-ylsulfinyl)-2-carbomethoxyaminobenzimidazole which
      may be recrystallized from methanol-chloroform.
PAC  EXAMPLE VI
PAR  A solution of 9.6 g. 1-acetamido-2-nitro-4-thiocyanatobenzene in 60 ml.
      dimethylformamide is treated under nitrogen with 1.52 g. of sodium
      borohydride, the exothermic reaction being controlled so that the
      temperature does not exceed 30.degree.C. After stirring the mixture at
      20.degree.-25.degree.C. for 1 hour, 15 ml. of acetone is added, then,
      after 2 hours, 9.1 g. of 2-chloropyrazine is added. The mixture is warmed
      slowly and kept at 100.degree.-110.degree.C. for 3 hours, cooled and
      diluted with water. The product is filtered off and washed with water,
      pentane and recrystallized from methanol affording
      1-acetamido-2-nitro-4-(pyrazin-2-ylthio)benzene.
PAR  7.9 G. of the latter compound is treated on the steam bath for 15 minutes
      with a mixture of 16 ml. 5N sodium hydroxide and 16 ml. methanol. The
      mixture is diluted with water, cooled and filtered, yielding
      1-amino-2-nitro-4-(pyrazin-2-ylthio)benzene.
PAR  A mixture of 6.4 g. of the latter compound, 6.4 g. iron powder, 3.2 g.
      ferrous sulfate in 480 ml. methanol and 120 ml. water is refluxed for 4
      hours, filtered and the filtrate concentrated to dryness under vacuum. The
      residual 1,2-diamino-4-(pyrazin-2-ylthio)benzene is treated with 2.8 g.
      1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 1 ml. acetic acid in 50
      ml. ethanol and 50 ml. water at reflux for 5 hours. The mixture is cooled
      and filtered yielding
      5(6)-(pyrazin-2-ylthio)-2-carbomethoxyaminobenzimidazole which may be
      recrystallized from methanol-chloroform.
PAR  A solution of 1.2 g. of the latter compound in 75 ml. chloroform and 75 ml.
      acetic acid is treated at -20.degree. to -15.degree.C. with a solution of
      0.82 g. m-chloroperbenzoic acid. The mixture is allowed to warm slowly to
      room temperature, left for about 5 hours at 20.degree. - 25.degree.C, then
      stripped under vacuum. The residue is treated with sodium bicarbonate
      solution yielding
      -5(6)-(pyrazin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidzole which may be
      filtered off and recrystallized from methanol-chloroform.
PAC  EXAMPLE VII
PAR  A mixture of 3.5 g. of 2-amino-4-chloro-1-nitrobenzene, 5.5 g. of potassium
      carbonate, and 4.5 g. of 2-mercaptopyrimidine in 25 ml. dimethylformamide
      is heated overnight under nitrogen at 105.degree.-110.degree.C. The
      mixture is cooled, diluted with water and the product filtered off.
      Recrystallization from methanol yields
      2-amino-1-nitro-4-)pyrimidin-2-ylthio)benzene.
PAR  3.5 G. of 2-amino-1-nitro-4-(pyrimidin-2-ylthio)benzene is treated with 16
      g. stannous chloride in 16 ml. concentrated hydrochloric acid on the steam
      bath for 30 minutes. The mixture is cooled, treated with an excess of
      potassium bicarbonate, chloroform, and filtered. The chloroform layer is
      dried and stripped yielding 1,2-diamino-4-(pyrimidin-2-ylthio)benzene
      which may be recrystallized from benzene.
PAR  A mixture of 0.7 g. of 1,2-diamino-4-(pyrimidin-2-ylthio)benzene, 0.7 g.
      1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 0.25 ml. acetic acid in
      10 ml. ethanol and 10 ml. water is refluxed for 2 hours. The cooled
      mixture is filtered and the product recrystallized from aqueous acetic
      acid affording 5(6)-(pyrimidin-2-ylthio)-2-carbomethoxyaminobenzimidazole.
PAR  0.28 G. of 5(6)-(pyrimidin-2-ylthio)-2-carbomethoxyaminobenzimidazole in 50
      ml. acetic acid and 50 ml. chloroform is treated with 0.195 g.
      m-chloroperbenzoic acid according to the procedure in the last paragraph
      of Example III to yield, after recrystallization from methanol-chloroform,
      5(6)-(pyrimidin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE VIII
PAR  14 G. of 2-(2,4-dinitrophenylthio)thiophene is treated, under nitrogen,
      with a refluxing solution of 5.6 g. potassium hydroxide in 275 ml.
      methanol for 15 minutes. The solution is then stripped under vacuum, 200
      ml. of ice water is added, and filtered. The filtrate is concentrated
      under vacuum at less than 40.degree.C. to dryness. 3.5 G. of
      2-amino-4-chloro-1-nitrobenzene and 25 ml. dimethylformamide are added.
      The mixture is kept at 120.degree.-130.degree.C., under nitrogen, for 2
      hours, cooled, diluted with water and extracted with chloroform. The
      chloroform extract is stripped and the residue recrystallized from
      methanol, with a charcoal treatment, to yield 2-amino-1-nitro-4-(thien-
      2-ylthio)benzene.
PAR  3.3 G. of 2-amino-1-nitro-4-(thien-2-ylthio)benzene is treated with 16 g.
      stannous chloride in 16 ml. concentrated hydrochloric acid on the steam
      bath for 5 minutes. The mixture is cooled, decanted and the gummy residue
      washed with 16 ml. 6N hydrochloric acid. The residue is dissolved in
      water, and treated with potassium bicarbonate solution and chloroform. The
      chloroform is dried and stripped yielding
      1,2-diamino-4-(thien-2-ylthio)benzene.
PAR  2.0 G. of the latter compound, 2.0 g.
      1,3-bis(carbomethoxy)-S-methyl-isothiourea and 0.7 ml. acetic acid in 25
      ml. ethanol and 25 ml. water are refluxed for 3 hours. The mixture is
      cooled, filtered and the resulting
      5(6)-(thien-2-ylthio)-2-carbomethoxyaminobenzimidazole recrystallized from
      methanol-chloroform.
PAR  0.91 G. of the latter compound is treated with 0.61 g. m-chloroperbenzoic
      acid in accordance with the procedure of the last paragraph of Example III
      to afford 5(6)-(thien-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE IX
PAR  A mixture of 2.5 G. of 2-amino-4-chloro-1-nitrobenzene, 3.4 g. of
      1-methyl-2-mercapto-imidazole and 4.2 g. potassium carbonate in 20 ml.
      dimethylformamide is heated overnight at 110.degree.-120.degree.C., then
      cooled, and poured into water. The product is filtered off and
      recrytallized from aqueous methanol to give
      2-amino-4-(1-methylimidazol-2-ylthio)-1-nitrobenzene.
PAR  2.8 G. of the latter compound is treated with 13 g. stannous chloride in 13
      ml. concentrated hydrochloric acid on the steam bath for 10 minutes. The
      cooled mixture is treated with potassium bicarbonate and chloroform, then
      filtered and the chloroform layer reheated and evaporated to yield
      1,2-diamino-4-(1-methylimidazol-2-ylthio)benzene.
PAR  A mixture of 2.5 g. of the latter compound and 2.5 g. of
      1,3-bis(methoxycarbonyl)-S-methyl isothiourea and 0.8 ml. acetic acid in
      25 ml. ethanol and 25 ml. water is refluxed for 3 hours. The cooled
      mixture is filtered and the product recrystallized from methanol yielding
      5(6)-(1-methylimidazol-2-ylthio)-2-carbomethoxyaminobenzimidazole.
PAR  0.91 G. of the latter compound in 75 ml. acetic acid and 75 ml. chloroform
      is treated with 0.61 g. m-chloroperbenzoic acid in accordance with the
      procedure of the last paragraph of Example III. The product is
      recrystallized from methanol-chloroform to yield
      5(6)-(1-methylimidazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE X
PAR  A mixture of 3.5 g. 2-amino-4-chloro-1-nitrobenzene, 5.5 g. of potassium
      carbonate, 4.0 g. of 3-mercapto-1,2,4-triazole in 30 ml. dimethylformamide
      is heated under nitrogen for 4 hours at 130.degree.-140.degree.C. The
      mixture is cooled, diluted with water and the pH adjusted to about 6. The
      crude product is filtered off and recrystallized from methanol, yielding
      2-amino-1-nitro-4-(1,2,4-triazol-3-ylthio)benzene.
PAR  A mixture of 3.2 g. 2-amino-1-nitro-4-(1,2,4-triazol-3-ylthio)benzene, 3.2
      g. of iron powder, 1.6 g. ferrous sulfate in 240 ml. methanol and 60 ml.
      water is refluxed for 6 hours (with one additional portion of iron being
      added after 3 hours. The mixture is cooled, filtered and the filtrate
      stripped under vacuum to yield
      1,2-diamino-4-(1,2,4-triazol-3-ylthio)benzene.
PAR  A mixture of 2.6 g. of 1,2-diamino-4-(1,2,4-triazol-3-ylthio)benzene, 2.75
      g. of 1,3-bis(methoxycarbonyl)-S-methyl-isothiourea and 1 ml. of acetic
      acid in 50 ml. ethanol and 50 ml. water is refluxed for 4 hours. The
      cooled mixture is filtered and the solid product is dissolved in 15 ml. of
      2 N hydrochloric acid. The solution is filtered then the pH adjusted to
      about 7 and the
      5(6)-(1,2,4-triazol-3-ylthio)-2-carbomethoxyaminobenzimidazole filtered
      off and washed with water, then methanol.
PAR  1.16 g. of the latter compound is treated in 75 ml. acetic acid and 75 ml.
      chloroform at -20.degree.C. with 0.81 g. m-chloroperbenzoic acid in
      accordance with the last paragraph of Example III to yield
      5(6)-(1,2,4-triazol-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole. This
      is purified by precipitation with ammonia from a solution thereof in 40
      ml. 1N hydrochloric acid, filtered off and washed with water and methanol.
PAC  EXAMPLE XI
PAR  A solution of 2.0 g. 2-mercaptoimidazole in 25 ml. dimethylformamide is
      treated with 0.85 g. of 57% sodium hydride (in oil suspension). 3.0 G. of
      2-amino-4-chloro-1-nitrobenzene is added and the mixture heated overnight
      at 150.degree.-155.degree.C. The mixture is diluted with water, filtered
      and the crude product washed with chloroform, recrystallized from aqueous
      methanol to yield 2-amino-4-(imidazol-2-ylthio)-1-nitrobenzene.
PAR  A mixture of 2.6 g. of 2-amino-4-(imidazol-2-ylthio)-1-nitrobenzene, 2.6 g.
      of iron powder and 1.3 g. ferrous sulfate in 200 ml. methanol and 50 ml.
      water is refluxed for 2 hours. An additional 2.6 g. of iron is added and
      refluxing continued for 2 hours. The mixture is filtered and the filtrate
      stripped to yield 1,2-diamino-4-(imidazol-2-ylthio)benzene.
PAR  A mixture of 2.7 g. of 1,2-diamino-4-(imidazol-2-ylthio)benzene, 2.3 g.
      1,3-bis(methoxycarbonyl)-S-methylisothiourea and 0.8 ml. acetic acid in 25
      ml. ethanol and 25 ml. water is refluxed for 4 hours. The cooled mixture
      is filtered and the product recrystallized from methanol-chloroform
      yielding 5(6)-(imidazol-2-ylthio)-2-carbomethoxyaminobenzimidazole.
PAR  0.58 G. of the latter compound is treated in 100 ml. chloroform and 20 ml.
      acetic acid with 0.41 g. m-chloroperbenzoic acid at -20.degree.C. in
      accordance with the last paragraph of Example III to yield
      5(6)-(imidazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole, which can
      be recrystallized from methanol-chloroform.
PAC  EXAMPLE XII
PAR  The procedure of Example I is repeated except 2-bromopyrimidine,
      2-bromopyridazine, 4-bromopyridine, 2-chloropyrazine,
      5-bromo-1-methyl-1,2,3-triazole, 5-chloro-3-methyl-1,2,4-thiadiazole,
      2-bromo-1,3,4-thiadiazole, and 2-bromo-4-methyltetrazole are substituted
      for the 2-bromothiazole of Example I to afford, respectively:
PA1  5(6)-(pyrimidin-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyridazin-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-methyl-1,2,3-triazol-5-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(3-methyl-1,2,4-thiadiazol-5-yloxy)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,4-thiadiazol-2-yloxy)-2-carbomethoxyaminobenzimidazole; and
PA1  5(6)-(4-methyltetrazol-2-yloxy)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE XIII
PAR  The procedures of Examples I, II and XII are repeated except
      1,3-bis(ethoxycarbonyl)-S-methyl isothiourea,
      1,3-bis(propoxycarbonyl)-S-methyl isothiourea, or
      1,3-bis-(butyoxycarbonyl)-S-methyl isothiourea is substituted for the
      1,3-bis(methoxycarbonyl)-S-methyl isothiourea to afford the corresponding
      5(6)-(heterocyclicoxy)-2-carbethoxyaminobenzimidazole,
      5(6)-(heterocyclicoxy)-2-carbopropoxyaminobenzimidazole, and
      5(6)-(heterocyclicoxy)-2-carbobutoxyaminobenzimidazole compounds.
PAC  EXAMPLE XIV
PAR  The procedures of Examples III-XI are repeated except
      1,3-bis(ethoxycarbonyl)-S-methyl isothiourea,
      1,3-bis(propoxycarbonyl)-S-methyl isothiourea, or
      1,3-bis(butoxycarbonyl)-S-methyl isothiourea is substituted for the
      1,3-bis(methoxycarbonyl)-S-methyl isothiourea to afford the corresponding
      5(6)-heterocyclicthio-2-carbalkoxyaminobenzimidazole and
      5(6)-heterocyclicsulfinyl-2-carbalkoxyaminobenzimidazole compounds where R
      (of the alkoxy portion of the 2-substituent) is either ethyl, propyl or
      butyl.
PAC  EXAMPLE XV
PAR  The halides listed in Example XII are substituted for the halide compounds
      of Examples III, IV, V and/or VI above to afford the following
      heterocyclicthio compounds:
PA1  5(6)-(pyrimidin-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyridazin-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrid-4-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(pyrazin-2-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1-methyl-1,2,3-triazol-5-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(3-methyl-1,2,4-thiadiazol-5-ylthio)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,4-thiadiazol-5-ylthio)-2-carbomethoxyaminobenzimidazole; and
PA1  5(6)-(4-methyltetrazol-2-ylthio)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE XVI
PAR  The heterocyclicthio compounds of Example XV are treated with a peracid in
      accordance with the techniques described herein to afford the
      corresponding heterocyclicsulfinyl-2-carbomethoxyaminobenzimidazoles.
PAC  EXAMPLE XVII
PAR  Example I is repeated except 3-iodofuran, 2-iodothiophene,
      3-bromothiophene, 5-bromoisothiazole, 3-chloro-5-phenyl-isoxazole and
      2-chloro-1,3-4-thiadiazole are substituted for the 2-bromothiazole, and
      the reaction thereof with 1-acetamido-2-nitro-4-hydroxybenzene is
      conducted in the presence of copper oxide, to afford, respectively,
      5(6)-(fur-3-yloxy)-2-carbomethoxyaminobenzimidazole,
      5(6)-(thien-2-yloxy)-2-carbomethoxyaminobenzimidazole,
      5(6)-(thien-3-yloxy)-2-carbomethoxyaminobenzimidazole,
      5(6)-(isothiazol-5-yloxy)-2-carbomethoxyaminobenzimidazole,
      5(6)-(5-phenyl-isoxazol-2-yloxy)-2-carbomethoxyaminobenzimidazole, and
      5(6)-(1,3,4-thiadiazol-2-yloxy)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE XVIII
PAR  Example XI is repeated except 2-hydroxythiophene, 3-hydroxyisothiazole,
      2-hydroxy-3, 4-dimethylpyrrole, 3-hydroxy-1,2,5-thiadiazole,
      2-mercaptooxazole are substituted for the 2-mercaptoimidazole to afford,
      respectively 5(6)-(thien-2yloxy)-2-carbomethoxyaminobenzimidazole;
      5(6)-(isothiazol-3-yloxy)-2-carbomethoxyaminobenzimidazole;
      5(6)-(3,4-dimethylpyrrol-2-yloxy)-2-carbomethoxyaminobenzimidazole;
      5(6)-(1,2,5-thiadiazol-3-yloxy)-2-carbomethoxyaminobenzimidazole; and
      5(6)-(oxazol-2-yloxy)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE XIX
PAR  A mixture of 5 g. of 2-nitro-5-chloroaniline, 7.5 g. of sodium sulfide
      monohydrate in 25 ml. of ethanol and 25 ml. of water is refluxed for 1
      hour, diluted with water to about 150 ml. and filtered. The filtrate is
      treated with 2.5 ml. of acetic acid and 2-nitro-5-mercaptoaniline filtered
      off.
PAR  3.4 G. of 2-amino-4-mercapto-1-nitrobenzene is dissolved in 40 ml. of
      dimethylformamide under nitrogen and treated at 20.degree.-25.degree.C
      with 0.5 g. of 100% sodium hydride. After 1 hour, 2.8 g. of cuprous oxide
      and 4.0 g. of 3-bromothiophene are added. The mixture is heated in an oil
      bath for 5 hours at 140.degree.-150.degree.C, cooled, diluted with water,
      and extracted with chloroform. The chloroform solution is passed through a
      silica gel column and the eluate evaporated to yield
      2-amino-4-(3-thienylthio)-1-nitrobenzene.
PAR  1.6 G. of 2-amino-4-(3-thienylthio)-1-nitrobenzene is treated with 1.6 g.
      of iron powder in a refluxing mixture of 1.6 ml. of water, 0.16 ml. of
      conc. hydrochloric acid and 100 ml. of toluene. After 3 hours when the
      reaction is complete, the iron residue is filtered off and the filtrate
      stripped under vacuum to afford 1,2-diamino-4-(3-thienylthio)-benzene.
PAR  1.5 G. of 1,2-diamino-4-(3-thienylthio)benzene is treated with 1.5 g. of
      1,3-bis(methoxycarbonyl)-S-methyl isothiourea and 0.5 ml. of acetic acid
      in a refluxing mixture of 30 ml. of water and 30 ml. of ethanol. After 4
      hours, the mixture is cooled and
      5(6)-(3-thienylthio)-2-carbomethoxyaminobenzimidazole obtained by
      filtration. It may be recrystallized from methanol-chloroform.
PAR  0.61 G. of 5(6)-(3-thienylthio)-2-carbomethoxyaminobenzimidazole is treated
      in a mixture of 20 ml. of acetic acid and 100 ml. of chloroform at
      -20.degree.C with a solution of 0.42 g. of metachloroperbenzoic acid. The
      mixture is allowed to warm slowly to room temperature, kept at room
      temperature for 1 hour, then evaporated under vacuum and the residue
      treated with dilute sodium bicarbonate solution. The crude product is
      filtered off and recrystallized from methanol-chloroform to afford
      5(6)-(3-thienylsulfinyl)-2-carboxymethoxyaminobenzimidazole.
PAR  The above reaction sequence through 2-amino-4-mercapto-1-nitrobenzene
      provides an additional route by which certain of the compounds of this
      invention can be prepared.
PAR  In a similar manner, substituting 3-idofuran, 2-bromofuran,
      3-chloro-5-phenyl-isoxazole, 5-bromoisothiazole and
      2-chloro-1,3,4-thiadiazole for the 3-bromothiophene above, the following
      compounds, respectively, are prepared:
PA1  5(6)-(fur-3-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(fur-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(fur-2-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(fur-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(5-phenyl-isoxazol-3-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(5-phenyl-isoxazol-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(isothiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(isothiazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole;
PA1  5(6)-(1,3,4-thiadiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(1,3,4-thiadiazol-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAC  EXAMPLE XX
PAR  Example III is repeated except 1-amino-2-nitro-5-chlorobenzene is
      substituted for the 1-acetamido-2-nitro-4-thiocyanatobenzene, and
      3-thiocyanatopyrrole is substituted for the 2-bromothiazole to afford
      5(6)-(pyrrol-3-ylthio)-2-carbomethoxyaminobenzimidazole and
      5(6)-(pyrrol-3-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
PAR  In certain of the Examples above, specific reaction sequences have been
      extended, in a general sense, to the preparation of other similar and
      related compounds. It should be understood, however, that with respect to
      any compound which has been prepared by the extension of a specific
      reaction sequence, it may be necessary or desirable to utilize solvents,
      reaction media, recrystallization media, reaction times or temperatures,
      etc., other than the ones given in the specific reaction sequence upon
      which such extension is based. Additionally, the specific reaction
      sequence or manner in which particular compounds are to be prepared will
      depend, inter alia, upon the availability of the necessary starting
      materials, or the ease in which the desired starting materials can be
      prepared, and the reactivity thereof. Reactivity can be enhanced, for
      example, by using materials, such as, for example, the copper oxide of
      Example XIX. These variations are deemed to be within the skill of those
      working in this art and will be apparent from a consideration of the
      particular reactants utilized and/or particular compound desired to be
      produced.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group of compounds represented by the
      formula:
      ##SPC3##
PAL  where R is a lower alkyl group having 1 to 4 carbon atoms; R.sup.1 is
      selected from the group consisting of thiazolyl, pyridyl, imidazolyl,
      pyrimidinyl, thienyl, pyridazinyl, pyrazinyl, pyrrolyl, pyrazolyl,
      oxazolyl, furyl, isothiazolyl, isoxazolyl, thiadiazolyl, and triazolyl,
      and M is O, S, or
      ##EQU3##
      the R.sup.1 M-substitution being at the 5(6)-position; or a
      pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein R is methyl.
NUM  3.
PAR  3. The compound of claim 1 wherein M is O.
NUM  4.
PAR  4. The compound of claim 1 wherein M is S.
NUM  5.
PAR  5. The compound of claim 1 wherein M is
      ##EQU4##
NUM  6.
PAR  6. The compound of claim 1 where R.sup.1 is thiazol-2-yl.
NUM  7.
PAR  7. The compound of claim 1 where R.sup.1 is pyrid-2-yl.
NUM  8.
PAR  8. The compound of claim 1 where R.sup.1 is pyrimidin-2-yl.
NUM  9.
PAR  9. The compound of claim 1 where R.sup.1 is thien-2-yl.
NUM  10.
PAR  10. The compound of claim 1 wherein said compound is
      5(6)-(thiazol-2-ylthio)-2-carbomethoxyaminobenzimidazole.
NUM  11.
PAR  11. The compound of claim 1 wherein said compound is
      5(6)-(pyrid-2-ylthio)-2-carbomethoxyaminobenzimidazole.
NUM  12.
PAR  12. The compound of claim 1 wherein said compound is
      5(6)-(pyrid-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
NUM  13.
PAR  13. The compound of claim 1 wherein said compound is
      5(6)-(pyrid-2-yloxy)-2-carbomethoxyaminobenzimidazole.
NUM  14.
PAR  14. The compound of claim 1 wherein said compound is
      5(6)-(pyrimidin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
NUM  15.
PAR  15. The compound of claim 1 wherein said compound is
      5(6)-(thien-2-ylthio)-2-carbomethoxyaminobenzimidazole.
NUM  16.
PAR  16. The compound of claim 1 wherein said compound is
      5(6)-(pyrid-4-ylthio)-2-carbomethoxyaminobenzimidazole.
NUM  17.
PAR  17. The compound of claim 1 wherein said compound is
      5(6)-(fur-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
NUM  18.
PAR  18. The compound of claim 1 where R.sup.1 is pyrid-4-yl.
NUM  19.
PAR  19. The compound of claim 1 where R.sup.1 is fur-2-yl.
NUM  20.
PAR  20. The compound of claim 1 where R.sup.1 is pyrazin-2-yl.
NUM  21.
PAR  21. The compound of claim 1 wherein said compound is
      5(6)-(pyrazin-2-ylsulfinyl)-2-carbomethoxyaminobenzimidazole.
NUM  22.
PAR  22. The compound of claim 1 wherein said compound is
      5(6)-(fur-2-ylthio)-2-carbomethoxyaminobenzimidazole.
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ABST
PAL  Disclosed is single phase multi-stage process for preparation of
      1-aryl-4,5-dihalo-pyridazones-6 involving the diazotization of an amino
      aryl compound, e.g. aniline, followed by reduction with sulfurous acid to
      obtain the corresponding aryl hydrazine which is then reacted at elevated
      temperatures with a mucohalic acid to obtain the
      1-aryl-4,5-dihalo-pyridazone-6.
PARN
PAR  This is a continuation of application Ser. No. 167,481 filed July 29, 1971,
      now abandoned.
BSUM
PAR  This invention relates to the preparation of
      1-aryl-4,5-dihalo-pyridazones-6, and more particularly to a new and
      improved single phase multi-stage process for preparation of such
      compounds.
PAR  Compounds which are 1-aryl-4,5-dihalo-pyridazones-6 are well known and have
      a variety of uses including use per se as fungicides and use as
      intermediates in the preparation of other biologically active compounds,
      e.g. herbicides. Various procedures for preparation of such compounds are
      also disclosed in the literature as represented by U.S. Pat. Nos.
      2,628,181 and 3,045,014. In general, the prior art procedures involve what
      we defined as at least two reaction phases, i.e. at least one step in
      which an intermediary product is separated from the liquid reaction medium
      in which it was formed. In the prior art procedures, the separation may
      occur at various points in the overall synthesis. In one such procedure an
      aryl hydrazine is obtained; for example, an amino aryl compound, e.g.
      aniline, is diazotized and the diazotized product reduced with stannous
      chloride to obtain the corresponding hydrazine, e.g. phenyl hydrazine,
      which is separated from the reaction medium in which it is formed prior to
      being redissolved and reacted with mucohalic acid to form the
      pyridazone-6. In another procedure the aryl hydrazine may be similarly
      prepared and retained in solution where it is reacted with a mucohalic
      acid at about room temperature to obtain an aryl hydrazone which is then
      separated from the reaction medium prior to being cyclized to obtain the
      pyridazone-6.
PAR  In our own investigations of such prior art procedures involving
      diazotization and reduction with stannous chloride, we have found that the
      attempt to convert such procedures to a single phase process resulted, at
      least, in unattractive yields and complicated purification procedures
      rendering such trial procedures clearly impractical.
PAR  An object of the present invention is to provide a new and improved process
      for preparation of 1-aryl-4,5-dihalo-pyridazon-6.
PAR  Another object is to provide a single phase process for producing
      1-aryl-4,5-dihalo-pyridazone-6 starting with a corresponding amino aryl
      compound.
PAR  A further object is to provide a continuous single phase multistage process
      by which 1-aryl-4,5-dihalo-pyridazones-6 may be efficiently produced in
      high yield and purity starting with a corresponding amino aryl compound.
PAR  These and other objects will be evident from the following description of
      the invention.
PAR  In accordance with the present invention a 1-aryl-4,5-dihalo-pyridazone-6
      of the formula I:
      ##SPC1##
PAL  in which R is hydrogen or trifluoromethyl, and X is chloro or bromo, are
      prepared by reacting an aniline of the formula II:
      ##SPC2##
PAL  in which R is as above defined, with a diazotization reagent in dilute
      aqueous mineral acid solution to obtain a dilute aqueous solution of a
      diazonium salt of the formula III:
      ##SPC3##
PAL  wherein R is as defined and X' is the anionic residue of the mineral acid,
      said diazonium salt in said dilute aqueous solution then being reacted
      with sulfurous acid in the presence of a mineral acid to obtain a dilute
      aqueous solution of a hydrazine acid addition salt of the formula IV:
      ##SPC4##
PAL  wherein R is as defined and X" is the mineral acid forming the acid
      addition salt, and reacting said dilute aqueous hydrazine acid addition
      salt solution with a mucohalic acid at elevated temperatures to obtain a
      1-aryl-4,5-dihalopyridazone-6 of the formula I:
      ##SPC5##
PAL  in which R is as defined and X is chloro or bromo.
PAR  The reaction of the compound of the formula II with the diazotization
      reagent to obtain the diazonium salt of the formula III may be considered
      the first stage of the process of the present invention and is effected in
      a conventional manner in an aqueous medium at temperatures in the range of
      from minus 10.degree. to plus 30.degree.C., preferably from minus
      5.degree.C. to plus 10.degree.C. The diazotization reagent which is
      nitrous acid may be formed in situ in a conventional manner from an alkali
      metal nitrite, preferably sodium nitrite, and the mineral acid used to
      form the salt of the aromatic amine which is subjected to diazotization.
      The mineral acid employed may be sulfuric acid or hydrochloric acid,
      desirably hydrochloric acid. Accordingly, the preferred compounds of the
      formula III are the aromatic diazonium chlorides. If desired, the aqueous
      solution containing the resulting aromatic diazonium salt of the formula
      III may be treated with a scavenger such as urea to take up excess nitrous
      acid following the diazotization. The resulting aromatic diazonium salt of
      the formula III is maintained in the aqueous solution in which it is
      formed for use in the next stage in which the diazonium salt is reduced to
      the hydrazine.
PAR  The resulting aromatic diazonium salt of the formula III in the aqueous
      solution in which it is formed is then subjected to reduction with
      sulfurous acid to obtain the aromatic hydrazine acid addition salt of the
      formula IV. Prior to or at the time of commencing such reduction the
      aqueous solution of the diazonium salt may be further dilute with water to
      further protect against rapid decomposition of the type to which diazonium
      salts are known to be subject. The sulfurous acid is conveniently prepared
      in situ by bubbling sulfur dioxide into the acidic aqueous solution or by
      the addition of an alkali metal sulfite or hydrosulfite such as sodium
      sulfite to such acidic solution. Preferably, the sulfurous acid is
      provided by in situ preparation by the addition of sodium sulfite. In
      general, sufficient material is added to provide a substantial excess of
      the sulfurous acid, desirably at least a 10% excess, preferably an excess
      of 20% to 100%. Excess amounts greater than 200% provide no additional
      advantages and only undesirably increase the excess amounts which must be
      later removed. The reduction reaction is initiated and may be completed at
      temperatures in the range of from minus 10.degree. to plus 35.degree.C.,
      preferably 0.degree. to 10.degree.C. in the presence of the sulfurous acid
      and may be largely completed in a relatively short time at such
      temperatures, for example, over a period of from 15 minutes to 2 hours
      during the controlled addition of sodium sulfite. In general, the
      reduction is initiated in a dilute acidic aqueous medium having a pH of
      from about pH 1.0 to 5.0, more usually pH 1.0 to 4.0. The hydrazine
      produced by the reduction is a basic material so that the pH of the
      reaction mixture increases during its formation and, depending upon pH at
      the time of initiation, may achieve a pH of almost pH 7 at or near the
      completion of the reduction, provided, however, that the pH is controlled
      or regulated to maintain the hydrazine product in the form of its acid
      addition salt and thereby avoid separation of the water insoluble free
      base from the aqueous reaction mixture. If desired, the reduction
      temperature may be increased to an intermediary temperature as high as
      about 60.degree.-70.degree.C. for a short time in order to insure
      completion of the conversion of the compound III to the aromatic hydrazine
      of the formula IV, provided, however, that any such heating is desirably
      effected when the pH of the reaction mixture is above about pH 5.0 to
      avoid the substantial loss of the sulfurous acid reducing agent in the
      form of liberated sulfur dioxide. The resulting product is the aromatic
      hydrazine acid addition salt of the formula IV in aqueous solution and
      such solution of said product is employed without separation of the
      product therefrom in the formation of the pyridazone-6 in the final stage
      of the multi-stage process of the present invention.
PAR  The preparation of the pyridazone-6 of the formula V is effected at
      elevated temperatures by reaction of the aromatic hydrazine acid addition
      salt of the formula IV with a mucohalic acid in an acidic aqueous medium.
      It has been postulated that the ability of the process of the invention to
      operate in a single phase to efficiently produce the pyridazone-6 of the
      formula V in high yield is dependent upon the substantial removal of the
      reducing agent from the reaction medium before the formation of the
      pyridazone-6 has progressed to near completion, desirably before such
      formation has progressed to the point about 50% of the hydrazine has been
      converted to the pyridazone-6. As the sulfurous acid reducing agent
      contains a readily volatilizable component, i.e. sulfur dioxide, it will
      be evident that such reducing agent may be readily removed from the system
      by increasing the temperature of an acidic aqueous medium which contains
      such sulfurous acid.
PAR  The final reaction stage involving the preparation of the pyridazone-6 may
      be carried out in one or more steps defined by the addition of necessary
      or desired reactants. Both the preparation of the pyridazone-6 and the
      liberation of sulfur dioxide are effected in an acidic aqueous solution
      which is more acidic than that preferably remaining after the preparation
      of the hydrazine. In general, the preparation of the pyridazone-6 is
      effected in the acidic aqueous solution at a temperature in the range of
      at least 70.degree. up to 120.degree.C., preferably 90.degree. to
      110.degree.C. While the preparation of the pyridazone-6 may be carried out
      under subatmospheric or superatmospheric pressure conditions, it is most
      preferably carried out at the reflux temperature of the aqueous reaction
      mixture at about atmospheric pressure.
PAR  The heating to effect the removal of the reducing agent by the liberation
      of the sulfur dioxide may be effected either before, during or after the
      addition of the mucohalic acid. In general, the rate of removal of the
      reducing agent by its liberation in the form of sulfur dioxide is largely
      a function of time, temperature and acidity of the aqueous mixture
      containing the reducing agent, the lower temperatures and less acidic
      systems requiring the longer times. As a practical matter, effective
      liberation requires a temperature of at least 40.degree.C. and a pH not
      exceeding pH 5.0. In the more preferred embodiments the sulfur dioxide is
      rapidly eliminated by heating at a temperature in the range of from
      60.degree. to 120.degree.C. with the aqueous system at a pH of pH 2.5 or
      below, usually in the range of from pH 0.1 to pH 2.5, for a minimum period
      of time of at least about 10 to 80 minutes, the minimum time within such
      range for effective removal of the sulfurous acid varying approximately
      inversely with the temperature and acidity of the solution. The rapid
      liberation of the sulfur dioxide from the aqueous system tends to result
      in foaming which may be undesirably excessive and for this reason it is
      preferred to first heat the aqueous solution at the desired pH in the
      range of pH 0.1 to pH 2.5 to an intermediary temperature of from
      60.degree. to 85.degree.C. in order to effect a more controlled liberation
      of the sulfur dioxide. While excess sulfurous acid may be effectively
      removed by heating for the relatively short periods indicated at such
      intermediary temperatures, it is generally desirable to further heat the
      aqueous system at the desired pH range of pH 0.1 to pH 2.5 at a
      temperature of 90.degree. to 120.degree.C. for an additional short period
      of about 10 minutes to insure the effective removal of the sulfurous acid.
PAR  Hence, in a particular embodiment, the removal of the sulfurous acid is
      effected by heating of the aqueous solution containing the hydrazine acid
      addition salt prior to the addition of the mucohalic acid. In carrying out
      such embodiment, the pH of the aqueous solution is regulated or adjusted
      to the desired level by the use of a mineral acid, i.e. sulfuric acid or
      hydrochloric acid, and is preferably adjusted to from pH 0.1 to pH 2.5,
      more preferably between pH 0.2 and pH 1.5, by the addition of hydrochloric
      acid. The resulting aqueous solution at the pH between pH 0.1 and pH 2.5
      is then heated at 60.degree. to 85.degree.C. for a minimum time of at
      least 15 to 80 minutes to evolve the sulfur dioxide component of the
      sulfurous acid. In a more typical embodiment, the solution at pH 0.2 to pH
      1.5 is heated at 60.degree. to 85.degree.C. for a minimum time of from
      about 15 minutes to 40 minutes, the actual heating time being preferably
      from about 30 to 90 minutes. The temperature of the aqueous system is then
      desirably elevated to within the range of from 90.degree. to 120.degree.C.
      for an additional period of about 10 minutes to insure effective removal
      of the sulfur dioxide, although it will be evident that such last
      indicated heating may be carried out for extended time periods or may be
      effected after addition of the mucohalic acid when the preparation of the
      pyridazone-6 is to be carried out within the higher temperature range of
      from 90.degree. to 120.degree.C.
PAR  In another particular embodiment the removal of the sulfurous acid is
      effected by heating of the aqueous solution containing the hydrazine acid
      addition salt after the addition thereto of the mucohalic acid. In
      carrying out the invention in this manner it is important that the aqueous
      solution have a pH in the range of from pH 0.1 to pH 2.5 before any
      substantial period of heating at the temperatures at which the reaction of
      the hydrazine with the mucohalic acid takes place, i.e. 70.degree. to
      120.degree.C., in order to insure that effective removal of the sulfur
      dioxide is achieved well before completion of the reaction forming the
      pyridazone-6. While the addition of the mucohalic acid effects an increase
      in the acidity of the solution containing the hydrazine acid addition salt
      it is usually necessary when carrying out the process under preferred
      conditions to add additional acid in order to obtain a pH within the
      necessary range. Such addition as required is effected by adding sulfuric
      or hydrochloric acid in concentrated form, preferably hydrochloric acid,
      e.g. 35% hydrochloric acid, until the pH is within the sought for range.
      In a more specific embodiment the mucohalic acid and mineral acid as
      required to obtain a pH of from pH 0.1 to pH 2.5 are added to the aqueous
      solution containing the hydrazine acid addition salt and the resulting
      solution heated to an intermediary temperature of from 60.degree. to
      85.degree.C. for a minimum of 15 to 80 minutes, more preferably at pH 0.2
      to pH 1.5 for a minimum of from 15 to 40 minutes, the actual heating time
      being preferably from about 30 to 90 minutes. The preparation of the
      pyridazone-6 is then preferably completed by heating within the preferred
      temperature range of from 90.degree. to 110.degree.C., more preferably the
      reflux temperature, for an additional period of time of usually 30 minutes
      to 5 hours, more typically 1 to 3 hours.
PAR  As stated, the preparation of the pyridazone-6 is effected in acidic
      aqueous solution at a temperature in the range of at least 70.degree.C. up
      to 120.degree.C., the reaction proceeding with desirably efficiency at
      temperature of at least 90.degree.C. such that the reaction is preferably
      conducted in the range of 90.degree. to 110.degree.C., more preferably
      100.degree. to 110.degree.C. The mol ratio of the mucohalic acid to the
      hydrazine acid addition salt as a practical matter is within the range of
      from 0.8:1 to 1.5:1, preferably about 1:1 to 1.3:1. The reaction has been
      observed to proceed through the hydrazone intermediate and for this reason
      the reaction is carried out with agitation, e.g. vigorous stirring, in
      order to maintain the water insoluble hydrazone in the aqueous reaction
      medium.
PAR  The reaction of the hydrazine acid addition salt with the mucohalic acid in
      the process of the invention produces the pyridazone-6 in high yields of
      the order of at least about 85%, more usually of the order at least about
      90%. Overall yields for the process commencing with the aniline of the
      formula II are generally of the order of at least about 80%, more usually
      at least about 85%. In addition to high yields the process operates
      without substantial formation of undesired by-products and the
      pyridazone-6 final product may be readily obtained with a purity of at
      least about 90%, more usually at least 95%, the only substantial factor
      bearing on purity being the purity of the starting aniline of the formula
      II itself to the extent that the desired starting aniline contains another
      aniline which is subject to reaction in the process.
PAR  The following examples illustrate the process of the invention and
      advantages thereof and are for purposes of illustration only.
DETD
PAC  EXAMPLE 1
PAR  To a mixture consisting of 270 g. ice and 161 ml. of concentrated
      hydrochloric acid is added 86.6 g. trifluoromethyl-m-toluidine while
      maintaining the reaction temperature at 0.degree.-10.degree.C. To the
      resulting mixture is added a solution consisting of 39 g. sodium nitrite
      in 376 ml. water at 0.degree.C. The reaction mixture is then stirred for
      15 minutes at 0.degree.C. and there is then added 26.8 g. urea followed by
      stirring for 30 minutes at 0.degree.C. The resulting product solution is
      added to a solution consisting of 204 g. sodium sulfite in 900 ml. of
      water and the resulting solution stirred at a temperature of
      5.degree.-10.degree.C. for thirty minutes and then heated at 60.degree.C.
      for 1 hour. There is then added 175 ml. of concentrated (35%) hydrochloric
      acid and the reaction mixture heated to 60.degree.-70.degree.C. for 30
      minutes during which sulfur dioxide is evolved. The reaction mixture is
      then refluxed for 3 hours (temperature about 100.degree.-110.degree.C),
      and then 98 g. of mucohalic acid is added and the resulting mixture
      refluxed (100.degree.-110.degree.C.) with stirring for 3 hours. The
      reaction mixture is cooled to room temperature and filtered to obtain 161
      g. 1-(3-trifluoromethylphenyl)-4,5-dichloropyridazone-6, m.p.
      90.degree.-93.degree.C.
PAC  EXAMPLE 2
PAR  To a mixture consisting of 270 g. of ice and 116 ml. of concentrated
      hydrochloric acid is added 50 g. of aniline while maintaining the reaction
      temperature at 0.degree.-10.degree.C. To the resulting mixture is added a
      solution consisting of 39 g. sodium nitrite in 376 ml. of water at
      0.degree.C. The reaction mixture is then stirred for 15 minutes at
      0.degree.C. and there is added 13.4 g. urea and stirring continued for 30
      minutes at 0.degree.C. This product solution is added to a solution
      consisting of 204 g. sodium sulfite in 900 ml. of water and the resulting
      solution is stirred at a temperature of 5.degree.-10.degree.C. for thirty
      minutes, and then heated at 60.degree.C. for one hour. To the resulting
      mixture is added 175 ml. of concentrated (35%) hydrochloric acid and the
      reaction mixture heated to 60.degree.-70.degree.C. for 30 minutes during
      which sulfur dioxide is evolved. The reaction mixture is then refluxed for
      3 hours (temperature about 100.degree.-110.degree.C.), and then 98 g. of
      mucochloric acid is added and the mixture refluxed
      (100.degree.-110.degree.C.) for 3 hours. The reaction mixture is then
      cooled to room temperature and filtered to obtain 117 g. of
      1-phenyl-4,5-dichloro-pyridazone-6, m.p. 159.degree.-161.degree.C.
PAC  EXAMPLE 3
PAR  To a mixture consisting of 160 g. of ice and 70 ml. of concentrated (35%)
      hydrochloric acid is added 53.2 g. of trifluoromethyl-m-toluidine while
      maintaining the temperature at 0.degree.-5.degree.C. To the resulting
      mixture is added a solution consisting of 24 g. of sodium nitrate in 100
      ml. water at 0.degree.C. The reaction mixture is then stirred for 15
      minutes at 0.degree.C. and is then added over a period of one hour to a
      solution consisting of 130 g. of sodium sulfite in 250 ml. of water and
      having a temperature of 30.degree.C. The resulting solution is stirred for
      20 minutes at 30.degree.C. and there is then added over the course of 1
      hour 100 ml. of concentrated (35%) hydrochloric acid and 51.0 g. of
      mucochloric acid. The resulting solution is heated with stirring at
      80.degree.C. for 1 hour and then refluxed (100.degree.-110.degree.C.) with
      stirring for  2 hours. The reaction mixture is cooled to room temperature
      and filtered to obtain
      1-(3-trifluoromethylphenyl)-4,5-dichloro-pyridazone-6, m.p.
      90.degree.-93.5.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single aqueous phase process for preparation of a
      1-aryl-4,5-dihalopyridazone-6 comprising the steps of: a) reacting a
      compound of the formula:
      ##SPC6##
PAL  in which R is hydrogen or trifluoromethyl with nitrous acid in a dilute
      aqueous solution in the presence of a mineral acid selected from the group
      consisting of hydrochloric acid and sulfuric acid to obtain a dilute
      aqueous solution of a diazonium salt of the formula:
      ##SPC7##
PAL  in which R is as defined above and X' is the anionic residue of the mineral
      acid; b) maintaining said diazonium salt in the aqueous solution in which
      it is formed and reacting said diazonium salt with excess sulfurous acid
      in the presence of a mineral acid selected from the group consisting of
      hydrochloric acid and sulfuric acid at a temperature in the range of from
      minus 10.degree. to plus 35.degree.C. to obtain a dilute aqueous solution
      of a hydrazine acid addition salt of the formula:
      ##SPC8##
PAL  in which R is as above defined and X" is the mineral acid forming the acid
      addition salt; and c) maintaining said hydrazine acid addition in the
      aqueous solution in which it is formed, regulating the acidity of said
      aqueous solution at a pH not exceeding pH 5.0, heating said aqueous
      solution at a pH not exceeding pH 5.0 to a temperature of at least
      40.degree.C. to remove excess sulfurous acid in the form of sulfur dioxide
      and reacting said hydrazine acid addition salt with mucochloric or
      mucobromic acid in the aqueous solution in which the hydrazine is formed
      at a temperature of from 70.degree. to 120.degree.C. to obtain a
      1-aryl-4,5-dihalopyridazone-6 of the formula:
      ##SPC9##
PAL  in which R is as above defined and X is chloro or bromo.
NUM  2.
PAR  2. The process of claim 1 in which the hydrazine is reacted with
      mucochloric acid.
NUM  3.
PAR  3. The process of claim 2 in which the hydrazine acid addition salt
      solution is heated to remove sulfurous acid at a temperature of from
      60.degree. to 85.degree.C. at a pH of from pH 0.1 to pH 2.5.
NUM  4.
PAR  4. The process of claim 3 in which the hydrazine acid addition salt
      solution is heated to remove sulfurous acid at a temperature of from
      60.degree. to 85.degree.C. for at least 15 minutes in the absence of
      mucochloric acid and in which said solution is subsequently further heated
      at a temperature of from 90.degree. to 120.degree.C. for at least 10
      minutes.
NUM  5.
PAR  5. The process of claim 4 in which said subsequent heating in the range of
      from 90.degree. to 120.degree.C. is effected in the absence of mucochloric
      acid.
NUM  6.
PAR  6. The process of claim 3 in which the hydrazine acid addition salt
      solution is heated to remove sulfurous acid at a temperature of from
      60.degree. to 85.degree.C. for at least 15 minutes in the presence of
      mucochloric.
NUM  7.
PAR  7. The process of claim 6 in which the solution is heated to a temperature
      of from 90.degree. to 120.degree.C. subsequent to said heating at from
      60.degree. to 85.degree.C. to obtain said 1-aryl-4,5-dihalopyridazone-6.
NUM  8.
PAR  8. The process of claim 4 in which the pH is regulated by the addition of
      hydrochloric acid and in which R is trifluoromethyl.
NUM  9.
PAR  9. The process of claim 7 in which the pH is regulated by the addition of
      hydrochloric acid and in which R is trifluoromethyl.
NUM  10.
PAR  10. The process of claim 4 in which the pH is regulated by the addition of
      hydrochloric acid and in which R is hydrogen.
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ABST
PAL  Preparation of 1,2,4-oxadiazolyldiazines by the reaction of
      cyclopropylcarboxylic acid anhydride and a diazinecarboxamidoxime at an
      elevated temperature. Other methods are also described. The compounds are
      useful for their central nervous system depressant activity.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to new 1,2,4-oxadiazolyldiazines which may be
      illustrated by the following formula:
      ##EQU1##
      wherein R is a pyridazinyl radical; Z is a trivalent radical selected from
      the group consisting of
      ##EQU2##
      and
      ##EQU3##
      and the dotted line represents one double bond, the position of which is
      dependent upon the definition of Z. When Z is
      ##EQU4##
      the double bond is between N and carbon containing the R substituent and
      when Z has the other meaning, the double bond is in the other position.
PAR  Pharmaceutically acceptable acid addition salts are considered to be within
      the purview of the present invention and can be prepared by direct
      neutralization of the free base with the appropriate acid. These salts are
      those in which the anion does not contribute significant toxicity to the
      salt in the dosages thereof employed in accordance with the present
      invention. Examples of suitable salts are the acetate, propionate,
      butyrate, pamoate, mucate, citrate, malate, tosylate, phosphate, nitrate,
      sulfate, hydrobromide, hydroiodide, hydrochloride, etc.
PAR  The present compounds are somewhat soluble in hydrocarbon solvents. The
      salts of the compounds are slightly soluble in water.
PAR  The compounds of the present invention can be prepared by reaction of
      cyclopropylcarboxylic acid anhydride and a diazinecarboxamidoxime at
      elevated temperature in the presence or absence of a solvent. The
      compounds are also prepared by the reaction of a diazinecarboxylic acid
      chloride or of an ester of a diazinecarboxylic acid with
      cyclopropylcarboxamidoxime in the presence of solvent at an elevated
      temperature.
PAR  These reactions are illustrated schematically below:
      ##EQU5##
      wherein R is as defined above and R.sub.1 is methyl or ethyl.
PAR  Among the compounds considered to be within the scope of the present
      invention are:
PA1  3-5-cyclopropyl-1,2,4-oxadiazol-3-yl pyridazine
PA1  3-3-cyclopropyl-1,2,4-oxadiazol-5-yl pyridazine
PA1  4-5-cyclopropyl-1,2,4-oxadiazol-3-yl pyridazine
PA1  4-3-cyclopropyl-1,2,4-oxadiazol-5-yl pyridazine
PAR  The compounds of this invention show central nervous system depressant
      activity by their ability to protect warmblooded animals, e.g., mice, from
      convulsions and lethality resulting from the administration of strychnine
      sulfate [H. M. Hanson and C. A. Stone, "Animal and Clinical
      Pharmacological Techniques in Drug Evaluation," Vol. I, J. H. Nodine and
      P. E. Siegler, Eds. Yearbook Medical Publishers, Inc., Chicago, Ill.,
      1964, p. 317]. Graded dose levels of the compounds are administered
      intraperitoneally in a 2% aqueous starch medium to groups of ten mice at
      each dose. Strychnine sulfate, dissolved in aqueous saline is administered
      subcutaneously 30 minutes after drug treatment at a dose estimated to
      cause death in 95% of the mice; namely, 1.25 mg. per kilogram of body
      weight. The medium effective dose is calculated by the method of J. T.
      Litchfield and F. Wilcoxon [J. Pharmacol. Exp. Ther., 96, 99 (1949)].
      These data on representative compounds of this invention are summarized in
      Table I. It has been reported [M. I. Gluckman, Pharmacology of oxazepam
      (Serax) an antianxiety agent, Curr. Therap. Res.,  1, 721 (1965)] that
      there is a high degree of correlation between anticonvulsant effects in
      mice and antianxiety effects in higher warm-blooded animals.
TBL                TABLE I                                                     

     ______________________________________                                    

     Protection Against Death Caused by Strychnine                             

     Sulfate in Mice                                                           

                      Median Effective                                         

                      Dose (mg./kg.                                            

     Compound         intraperitoneally)                                       

                      for protection                                           

                      versus death                                             

                      caused by strychnine                                     

     ______________________________________                                    

     2-(5-cyclopropyl-                                                         

                      3.5                                                      

     1,2,4-oxadiazol-                                                          

     3-yl)pyrazine                                                             

     4-(5-cyclo-      6.0                                                      

     propyl-1,2,4-                                                             

     oxadiazol-3-yl)-                                                          

     pyridazine                                                                

     4-(5-cyclopropyl-                                                         

                      27                                                       

     1,2,4-oxadiazol-                                                          

     3-yl)pyrimidine                                                           

     2-(3-cyclopropyl-                                                         

                      39                                                       

     1,2,4-oxadiazol-                                                          

     5-yl)pyrazine                                                             

     ______________________________________                                    

PAR  The present compounds may be dispensed in the form of capsules, tablets,
      pills, powders, dispersible granules and cachets. One or more of the
      following may act as solid pharmaceutical carrier flavoring agents,
      binders, tablet disintegrating agents, encapsulating material and the
      like. Other solid carriers can be, for example, magnesium carbonate or
      stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,
      tragacanth, methyl cellulose, sodium carboxymethyl cellulose, etc.
      Preferably, the active component may represent a major portion of the
      dosage unit. The present compounds may be used in dosages which range from
      about 0.1 to 100 mg./kg./per day in warmblooded animals. The warm-blooded
      animals may include mice, rats, guinea pigs, dogs, rabbits, sheep, etc. A
      dosage unit may range from 10 to 150 mg. given one or more times per day.
      It is usually preferable to give more than one dosage unit per day at
      predetermined intervals.
DETD
PAC  DETAILED DESCRIPTION
PAR  The examples which follow describe the preparation of representative novel
      compounds of the present invention.
PAC  EXAMPLE 1
PAC  Preparation of 2-(5-cyclopropyl-1,2,4-oxadiazol-3-yl)pyrazine
PAR  A mixture of 6.9 g. of pyrazinecarboxamidoxime and 7.7 g. of
      cyclopropanecarboxylic acid anhydride in 100 ml. of xylene is heated under
      reflux for 3 hours. The xylene is evaporated under reduced pressure and
      the residue is suspended in aqueous sodium carbonate. The mixture is
      filtered to collect tan crystals which are recrystallized from isopropyl
      alcohol to give straw-colored crystals, melting point
      95.degree.-98.degree.C. The compound forms a slightly water soluble
      hydrochloride salt.
PAC  EXAMPLE 2
PAC  Preparation of 2-(5-methyl-1,2,4-oxadiazol-3-yl)pyrazine
PAR  A stirred mixture of 2.8 g. of pyrazinecarboxamidoxime and 2.0 g. of acetic
      anhydride in 50 ml. of xylene is heated under reflux for 3 hours. The
      xylene is evaporated under reduced pressure and the residue is
      recrystallized twice from isopropyl alcohol to give white crystals,
      melting point 100.degree.-104.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 2-(5-ethyl-1,2,4-oxadiazol-3-yl)pyrazine
PAR  A stirred mixture of 2.8 g. of pyrazinecarboxamidoxime and 2.6 g. of
      propionic anhydride in 50 ml. of xylene is heated under reflux for 3 hours
      and concentrated to a viscous liquid. The liquid is suspended in aqueous
      sodium carbonate and the mixture is extracted with chloroform. The
      chloroform solution is dried over anhydrous mangesium sulfate and
      concentrated to a solid. Recrystallization from hexane gives white
      crystals, melting point 52.degree.-57.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of 4-(5-Cyclopropyl-1,2,4-oxadiazol-3-yl)pyridazine
PAR  A mixture of 2.8 g. of 4-pyridazinecarboxamidoxime and 3.1 g. of
      cyclopropanecarboxylic acid anhydride in 50 ml. of xylene is heated under
      reflux for 3 hours. The mixture is filtered and the collected solid is
      suspended in aqueous sodium carbonate. The mixture is filtered and the
      collected solid partially dissolved in hot ethanol and filtered. The
      filtrate is concentrated to tan crystals which are recrystallized from
      ethanol to give cream-colored crystals, melting point
      115.degree.-117.degree.C. The compound forms a slightly water soluble
      suflate salt, when treated with sulfuric acid.
PAC  EXAMPLE 5
PAC  Preparation of 4-(5-ethyl-1,2,4-oxadiazol-3-yl)pyridazine
PAR  A mixture of 0.92 g. of 4-pyridazinecarboxamidoxime, 1.05 g. of propionic
      anhydride and 20 ml. of xylene is heated under reflux for 2 hours. The
      mixture is washed with 1 N sodium hydroxide, the xylene solution dried
      over mangesium sulfate and concentrated to give a tan solid. This solid is
      recrystallized from cyclohexane to give colorless needles, melting point
      73.degree.-74.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of 4-(5-cyclopropyl-1,2,4-oxadiazol-3-yl)pyrimidine
PAR  A mixture of 1.4 g. of 4-pyrimidinecarboxamidoxime and 1.5 g. of
      cyclopropanecarboxylic acid anhydride in 20 ml. of xylene is heated under
      reflux for 3 hours. The mixture is concentrated to give a viscous, orange
      liquid which is suspended in aqueous sodium carbonate and then filtered to
      collect an orange solid. This solid is recrystallized from cyclohexane to
      give pale yellow crystals, melting point 89.degree.-94.degree.C. The
      compound forms a sparingly water soluble citrate salt.
PAC  EXAMPLE 7
PAC  Preparation of 2-(3-Cyclopropyl-1,2,4-oxadiazol-5-yl)pyrazine
PAR  To a mixture of 28.7 g. of pyrazinoyl chloride in 100 ml. of xylene is
      added slowly a solution of 20 g. of cyclopropanecarboxamidoxime in 100 ml.
      of xylene. This mixture is heated under reflux for 3 hours, concentrated
      under reduced pressure and the residue mixed with aqueous sodium
      hydroxide. The mixture is filtered and the filtrate is extracted with
      chloroform. The chloroform solution is dried over magnesium sulfate and
      concentrated under reduced pressure to give crude crystals, which are
      recrystallized from cyclohexane to give light yellow crystals, melting
      point 61.degree.-64.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of 2-(3-Cyclopropyl-1,2,4-oxadiazol-5-yl)pyrazine
PAR  To a mixture of 2.8 g. of cyclopropanecarboxamidoxime hydrochloride and 2.8
      g. of methyl pyrazinoate in 50 ml. of toluene is added 2.2 g. of sodium
      methoxide. The mixture is heated under reflux for 30 minutes and then
      poured into 100 ml. of water. The toluene phase is separated and the
      aqueous phase is extracted with chloroform. The combined organic solutions
      are dried over magnesium sulfate and concentrated under reduced pressure
      to give a solid. This solid is recrystallized from cyclohexane to give
      cream-colored crystals, melting point 66.degree.-68.degree.C. The compound
      forms a slightly water soluble phosphate salt, when treated with
      phsophoric acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclopropyl-1,2,4-oxadiazolyldiazine of the formula:
      ##EQU6##
      wherein Z is a trivalent radical selected from the group consisting of
      ##EQU7##
      and
      ##EQU8##
      the dotted line represents one double bond, the position being dependent
      upon the definition of Z; R is pyridazinyl and a pharmaceutically
      acceptable salt thereof.
NUM  2.
PAR  2. The cyclopropyl-1,2,4-oxadiazolylpyridazine according to claim 1:
      4-(5-cyclopropyl-1,2,4-oxadiazol-3-yl)-pyridazine.
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ABST
PAL  Compounds such as o,o-diethyl
      O(4-methyl-2-[N-methyl-N-methoxyamino]pyrimidin-6-yl) phosphorothioate are
      prepared and tested against a variety of insect and other invertebrate
      pests.
BSUM
PAR  This invention relates to hydroxylamine derivatives, their preparation,
      compositions comprising them, and methods of using them to combat pests.
PAR  Accordingly the present invention provides new compounds having the
      formula:
      ##SPC1##
PAL  Or an acid-addition salt thereof, wherein X is oxygen or sulphur; Y and Z
      which may be the same or different are alkyl, alkoxy, amino, alkylamino,
      dialkylamino or phenyl; R.sup.1 and R.sup.2 which may be the same or
      different are hydrogen, halogen, alkyl or alkoxy; R.sup.3 is hydrogen,
      alkyl or acyl; and R.sup.4 is alkyl.
PAR  Preferably X is oxygen or sulphur; Y and Z which may be the same or
      different are lower alkoxy or lower alkylamino; R.sup.1 is hydrogen;
      R.sup.2 is lower alkyl; R.sup.4 is alkyl of 1 to 10 carbon atoms; and
      R.sup.3 is hydrogen, lower alkyl, or lower carboxylic acyl.
PAR  Especially preferred compounds are those in which X is oxygen or sulphur; Y
      and Z which may be the same or different are methoxy, ethoxy, or
      methylamino; R.sup.1 is hydrogen; R.sup.2 is methyl; R.sup.3 is hydrogen,
      methyl, ethyl or acetyl; and R.sup.4 is methyl, ethyl or n-decyl.
PAR  Particular compounds include those listed in Table I below, wherein the
      meanings of X, Y, Z, R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are given
      together with a physical characteristic for each compound.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Compound                             Physical                             

     No    X  Y    Z   R.sup.1                                                 

                          R.sup.2                                              

                              R.sup.3                                          

                                    R.sup.4                                    

                                          Characteristic                       

     __________________________________________________________________________

     1     S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              CH.sub.3                                         

                                   CH.sub.3                                    

                                          n.sub.D.sup.25 1.5161                

     2     S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              H    CH.sub.3                                    

                                          m.p. 69-70.degree.C                  

     3     S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                       H  CH.sub.3                                             

                              CH.sub.3                                         

                                   CH.sub.3                                    

                                          n.sub.D.sup.23 1.5257                

     4     S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              H    C.sub.2 H.sub.5                             

                                          m.p. 67-69.degree.C                  

     5     S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                       H  CH.sub.3                                             

                              H    C.sub.2 H.sub.5                             

                                          m.p. 58-61.degree.C                  

     6     O NHCH.sub.3                                                        

                  OCH.sub.3                                                    

                       H  CH.sub.3                                             

                              H    C.sub.2 H.sub.5                             

                                          n.sub.D.sup.20 1.5175                

     7     S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              CH.sub.3 CO                                      

                                   C.sub.2 H.sub.5                             

                                          m.p. 61-62.degree.C                  

     8     S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                       H  CH.sub.3                                             

                              CH.sub.3 CO                                      

                                   C.sub. 2 H.sub.5                            

                                          m.p. 40.degree.C                     

     9     S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              C.sub.2 H.sub.5                                  

                                   C.sub.2 H.sub.5                             

                                          viscous oil                          

     10    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                       H  CH.sub.3                                             

                              H    C.sub.10 H.sub.21 (n)                       

                                          n.sub.D.sup.24 1.5042                

     __________________________________________________________________________

PAR  Also included within the scope of the present invention are the
      acid-addition salts of compounds defined hereinabove. Of particular
      interest are the salts formed with the hydrohalic acids, for example
      hydrochloric acid, with sulphuric acid, and with certain organic acids,
      for example oxalic acid, and paratoluenesulphonic acid.
PAR  The invention compounds as defined hereinabove (except the salts thereof)
      may be prepared by the process of treating a compound of formula:
      ##SPC2##
PAL  Or an alkali metal salt thereof, with a compound of formula:
      ##EQU1##
      wherein Q is halogen, and X, Y, Z, R.sup.1, R.sup.2, R.sup.3 and R.sup.4
      have any of the meanings given hereinabove, the process optionally taking
      place in the presence of a non-reacting diluent or solvent and/or a base.
      Preferred alkali metal salts are sodium and potassium salts, and a
      preferred meaning of Q is chlorine.
PAR  The process may take place at a temperature within the range
      15.degree.-150.degree.C but preferably within the range
      50.degree.-100.degree.C.
PAR  In another aspect the invention also provides, as intermediates in the
      preparation of the phosphorylated invention compounds hereinabove defined,
      new compounds of formula:
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 which may be the same or different are
      hydrogen, halogen, alkyl or alkoxy; R.sup.3 is hydrogen, alkyl or acyl and
      R.sup.4 is alkyl.
PAR  Particular intermediates include those listed in Table 2 below, wherein the
      meanings of R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are given together with
      a melting point for each compound.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Intermediate                                                              

     No.      R.sup.1  R.sup.2 R.sup.3                                         

                                     R.sup.4 m.p. .degree.C                    

     ______________________________________                                    

     A        H        CH.sub.3                                                

                               H     CH.sub.3                                  

                                             173-174                           

     B        H        CH.sub.3                                                

                               CH.sub.3                                        

                                     CH.sub.3                                  

                                             128-129                           

     C        n-C.sub.4 H.sub.9                                                

                       CH.sub.3                                                

                               H     CH.sub.3                                  

                                             158-160                           

     D        H        CH.sub.3                                                

                               H     C.sub.2 H.sub.5                           

                                             174-176                           

     E        CH.sub.3 CH.sub.3                                                

                               CH.sub.3                                        

                                     CH.sub.3                                  

                                             169-171                           

     F        H        Me      H     n-C.sub.10 H.sub.21                       

                                             114-116                           

     G        n-C.sub.4 H.sub.9                                                

                       Me      H     n-C.sub.10 H.sub.21                       

                                             73-74                             

     ______________________________________                                    

PAR  The intermediates are prepared by treatment of a compound of formula:
      ##SPC4##
PAL  with a hydroxylamine derivative of formula:
      ##EQU2##
      or an acid addition salt thereof, wherein R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 have any of the meanings given hereinabove, optionally in the
      presence of a non-reacting solvent or diluent, and optionally under a
      pressure greater than atmospheric pressure. A suitable solvent or diluent
      for this process is water or one containing a major proportion of water.
PAR  The invention compounds of formula:
      ##SPC5##
PAL  or acid salts thereof may be used to combat pests on their own, but are
      preferably used in the form of compositions which comprise in additin to
      the compound or salt thereof, a diluent material.
PAR  In a further aspect therefore the invention provides a pesticidal
      composition comprising as an active ingredient a compound having the
      formula:
      ##SPC6##
PAL  or an acid addition salt thereof, wherein X, Y, Z, R.sup.1, R.sup.2,
      R.sup.3 and R.sup.4 have any of the meanings as hereinabove defined,
      together with a diluent.
PAR  The compositions may be in the form of dusting powders wherein the active
      ingredient is mixed with a solid diluent or carrier, for example, kaolin,
      bentonite, kieselguhr, or talc, or they may be in the form of granules,
      wherein the active ingredient is absorbed on a porous granular material,
      for example pumice.
PAR  Alternatively the compositions may be in the form of liquid preparations to
      be used as dips or sprays, which are generally aqueous dispersions or
      emulsions of the active ingredients in the presence of one or more known
      wetting agents, dispersing agents or emulsifying agents. These
      compositions are prepared by dissolving the active ingredient in a
      suitable solvent, for example, a ketonic solvent such as diacetone
      alcohol, and adding the mixture so obtained to water which may contain one
      or more known wetting, dispersing or emulsifying agents.
PAR  The compositions which are to be used in the form of aqueous dispersions or
      emulsions are generally supplied in the form of a concentrate containing a
      high proportion of the active ingredient or ingredients, the said
      concentrate to be diluted with water before use. These concentrates are
      often required to withstand storage for prolonged periods and after such
      storage, to be capable of dilution with water in order to form aqueous
      preparations which remain homogeneous for a sufficient time to enable them
      to be applied by conventional spray equipment. The concentrates may
      contain 10-85% by weight of the active ingredient or ingredients. When
      diluted to form aqueous preparations, such preparations may contain
      varying amounts of the active ingredient depending upon the purpose for
      which they are to be used.
PAR  For agricultural or horticultural purposes, an aqueous preparation
      containing between 0.0001% and 0.1% by weight of the active ingredient or
      ingredients may be used.
PAR  The compositions of the present invention may, if desired, also comprise in
      addition to a compound of the present invention, at least one other
      biologically-active ingredient, for example an insecticide, or a
      fungicide.
PAR  In use the compositions are applied to the pests, to the locus of the
      pests, to the habitat of the pests, or to growing plants liable to
      infestation by the pests, by any of the known means of applying pesticidal
      compositions, for example, by dusting or spraying.
PAR  The phosphorylated compounds of the invention and compositions comprising
      them are very toxic to wide varieties of insect and other invertebrate
      pests, including, for example, the following:
PA1  Tetranychus telarius (red spider mites)
PA1  Aphis fabae, (aphids)
PA1  Megoura viceae (aphids)
PA1  Aedes aegypti (mosquitos)
PA1  Dysdercus fasciatus (capsids)
PA1  Musca domestica (houseflies
PA1  Blatella germanica (cockroaches)
PA1  Pieris brassicae (white butterfly, larvae)
PA1  Plutella maculipennis (diamond back moth, larvae)
PA1  Phaedon cochleariae (mustard beetle)
PA1  Calandra granaria (grain beetle)
PA1  Tribolium confusum (flour beetle)
PAR  The invention is illustrated but not limited by the following examples.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of
      4-hydroxy-6-methyl-2-(N-methyl-N-methoxyamino)pyrimidine (Compound B of
      Table 2).
PAR  To a solution of N,O-dimethylhydroxylamine hydrochloride (7.7g) in water
      (40 ml) was added, firstly, sodium bicarbonate (6.5 g) and, secondly,
      4-hydroxy-6-methyl-2-nitraminopyrimidine (10.8 g) and the resultant
      mixture was heated at 100.degree.C for 2 hours. After filtering hot to
      remove traces of insoluble material the filtrate was cooled and extracted
      with chloroform (12 .times. 25 ml). The extracts were dried over anhydrous
      sodium sulphate and the solvent evaporated. The residual solid was
      recrystallised twice from benzene to yield
      4-hydroxy-6-methyl-2(N-methyl-N-methoxyamino) pyrimidine having a melting
      point of 128.degree.-129.degree.C.
PAC  EXAMPLE 2
PAR  By a similar procedure to that illustrated in Example 1, but using the
      appropriate hydroxylamine derivative and the appropriate
      2-nitraminopyrimidine, Compounds A, C, D, E, F and G of Table 2 were also
      prepared.
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of 0,0-diethyl
      O(4-methyl-2-[N-methyl-N-methoxyamino]pyrimidin-6-yl) phosphorothioate,
      (Compound No.1 Table I).
PAR  To a mixture of anhydrous potassium carbonate (8.8 g) and
      4-hydroxy-6-methyl-2-(N-methyl-N-methoxyamino) pyrimidine (5.8 g) in dry
      acetone (65 ml) was added diethylphosphorothionochloridate (6.2 g). The
      mixture was stirred for 72 hours at the ambient temperature (ca
      18.degree.-20.degree.C) after which the insoluble portion was removed by
      filtration and the filtrate evaporated under reduced pressure at the
      ambient temperature. The residual oil was dissolved in dichloromethane and
      washed with 2% w/v aqueous sodium hydroxide solution and with water. After
      drying the dichloromethane fraction over anhydrous sodium sulphate the
      solvent was removed by evaporation under reduced pressure to yield
      O,O-diethyl  O-(4-methyl-2[-N-methyl-N-methoxyamino]pyrimidin-6-yl
      phosphorothionate, as an oil, n.sub.D.sup.20 1.5161.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of O,O-diethyl
      O(4-methyl-2-N-ethoxyaminopryimidin-6-yl) phosphorothionate (Compound No.
      4, Table I).
PAR  To a mixture of anhydrous potassium carbonate (9.35 g) and
      2-N-ethoxyamino-4-hydroxy-6-methylpyrimidine (5.7 g) in dry acetone (40
      ml) was added diethylphosphorothionochloridate (7.0 g) and the mixture was
      stirred for 60 hours at the ambient temperature, after which the insoluble
      material was removed by filtration. The filtrate was evaporated at the
      ambient temperature and the residue dissolved in dichloromethane. After
      washing the dichloromethane solution with 2% w/v aqueous sodium hydroxide
      solution and with water, and drying over anhydrous sodium sulphate, the
      solvent was evaporated under reduced pressure to yield a residual oil,
      which crystallised on trituration with petroleum ether. The solid was
      collected by filtration, washed with petroleum ether, and dried to yield
      O,O-diethyl O(4-methyl-2-N-ethoxyaminopyrimidin-6-yl phosphorothionate,
      having a melting point of 67.degree.-69.degree.C.
PAC  EXAMPLE 5
PAR  By a procedure similar to those illustrated in Examples 3 and 4, but using
      the appropriate phosphorus halide and the appropriate hydroxy pyrimidine,
      the compounds numbered 2, 3, 5 and 7 to 10 of Table I were also prepared.
PAC  EXAMPE 6
PAR  This compound illustrates the preparation of O,N-dimethyl
      O(4-methyl-2-[N-methyl-N-methoxyamino]pyrimidin-6-yl) phosphoramidate
      (Compound No. 6 of Table I).
PAR  Sodium (0.56 g) was dissolved in ethanol (25 ml) and to the solution of
      sodium ethoxide thus formed was added
      4-hydroxy-6-methyl-2-[N-methyl-N-methoxyamino]pyrimidine (4.2 g).
PAR  The solution was stirred for 1 hour, after which the ethanol was removed
      under reduced pressure to yield a residue of the sodium salt of the
      hydroxypyrimidine, which was freed from the final traces of ethanol by
      azeotropic disstillation using toluene under reduced pressure. The dry
      salt was suspended in toluene (50 ml) and the suspension treated over a
      period of 10 minutes with a solution of
      O,N-dimethylphosphoramido-chloridate (2.57 g) in toluene (35 ml). The
      resultant mixture was stirred at the ambient temperature for 1 hour and
      thereafter at 60.degree.C for 3 hours. On cooling the mixture was
      extracted with water, and the toluene portion dried over anhydrous sodium
      sulphate. The solvent was evaporated under reduced pressure to yield
      O,N-dimethyl-O(4-methyl-2[N-methyl-N-methoxyamino]pyrimidin-6-yl)
      phosphoramidate as a viscous oil, n.sub.D.sup.23 1.5175.
PAC  EXAMPLE 7
PAR  5 Parts by weight of Compound No. 1 of Table I were thoroughly mixed in a
      suitable mixer with 95 parts by weight of talc. There was thus obtained a
      dusting powder.
PAC  EXAMPLE 8
PAR  10 Parts by weight of Compound No. 2 Table I, 10 parts of an ethylene
      oxide-octylphenol condensate ("Lissapol" NX: "Lissapol" is a Trade Mark)
      and 80 parts by weight of diacetone alcohol were thoroughly mixed. There
      was thus obtained a concentrate which, in mixing with water, gave an
      aqueous dispersion suitable for application as a spray in the control of
      insect pests.
PAC  EXAMPLE 9
PAR  A granular composition was prepared by dissolving the active ingredient in
      a solvent, spraying the solution obtained on to the granules of pumice and
      allowing the solvent to evaporate.
TBL  ______________________________________                                    

                              % wt.                                            

     Compound No.3 of Table I  5                                               

     Pumice Granules          95                                               

                              100%                                             

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  An aqueous dispersion formulation was prepared by mixing and grinding the
      ingredients recited below in the proportions stated.
TBL  ______________________________________                                    

                              % wt.                                            

     Compound No.4 of Table I 40                                               

     Calcium lignosulphonate  10                                               

     Water                    50                                               

                              100%                                             

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  The activity of a number of the compounds was tested against a variety of
      insect and other invertebrate pests. The compounds were used in the form
      of a liquid preparation containing 0.1% by weight of the compound except
      in the tests with Aedes aeqypti where the preparations contained 0.01% by
      weight of the compound. The preparations were made by dissolving each of
      the compounds in a mixture of solvents consisting of 4 parts of volume of
      acetone and 1 part by volume of diacetone alcohol. The solutions were then
      diluted with water containing 0.01% by weight of a wetting agent sold
      under the trade name LISSAPOL NX until the liquid preparations contained
      the required concentration of the compound. Lissapol is a Trade Mark.
PAR  The test procedure adopted with regard to each pests was basically the same
      and comprised supporting a number of the pests on a medium which was
      usually a host plant or a foodstuff on which the pests feed, and treating
      either or both the pests and the medium with the preparations.
PAR  The mortality of the pests was then assessed at periods usually varying
      from one to three days after the treatment.
PAR  The results of the tests are given below in Table 3. In this table the
      first column indicates the name of the pest species. Each of the
      subsequent columns indicates the host plant or medium on which it was
      supported, the number of days which were allowed to elapse after the
      treatment before assessing the mortality of the pests, and the results
      obtained for each of the compounds, numbered as in Table I above. The
      assessment is expressed in integers which range from 0-3.
PA1  0 represents less than 30% kill
PA1  1 represents 30-49  % kill
PA1  2 represents 50-90% kill
PA1  3 represents over 90% kill
PAR  A dash in Table 3 indicates that no test was carried out.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Pest Species       Support                                                

                             No.                                               

                                Compound No. (Table 1)                         

                        Medium                                                 

                             days                                              

                                1 2 3 4 5 6 7 8 9 10                           

     __________________________________________________________________________

     Tetranychus telarius                                                      

                        French                                                 

                             3  3 3 3 3 3 3 3 3 --                             

                                                  3                            

     (red spider mites, adults)                                                

                        Bean                                                   

     Tetranychus telarius                                                      

                        French                                                 

                             3  2 0 0 2 3 0 3 3 --                             

                                                  0                            

     (red spider mites, eggs)                                                  

                        Bean                                                   

     Aphis fabae        Broad                                                  

                             2  3 3 3 3 3 3 3 3 --                             

                                                  3                            

     (green aphids)     Bean                                                   

     Megoura viceae     Broad                                                  

                             2  3 3 3 3 3 3 3 3 --                             

                                                  3                            

     (black aphids)     Bean                                                   

     Aedes aegypti      Plywood                                                

                             1  3 2 3 0 0 3 3 0 3 3                            

     (mosquito adults)                                                         

     Musca domestica    Milk/                                                  

                             2  3 3 3 3 3 3 3 3 3 3                            

     (houseflies-contact test)                                                 

                        sugar                                                  

     Musca domestica    Plywood                                                

                             2  3 0 3 3 0 2 3 2 0 0                            

     (houseflies-residual test)                                                

     Pieris brassicae   Cabbage                                                

                             2  3 0 0 0 0 0 0 0 0 0                            

     (cabbage white cater-                                                     

     pillars systemic test)                                                    

     (Pieris brassicae  Cabbage                                                

                             2  3 3 3 3 3 3 3 3 3 2                            

     (cabbage white cater-                                                     

     pillars contact test)                                                     

     Dysdercus fasciatus                                                       

                        Grain                                                  

                             2  3 0 3 0 3 3 3 0 0 3                            

     (cotton stainer capsid)                                                   

     Plutella maculipennis                                                     

                        Mustard                                                

                             2  3 0 3 0 0 0 0 1 2 0                            

     (diamond back moth, larvae -                                              

     systemic test)                                                            

     Plutella maculipennis                                                     

                        Mustard                                                

                             2  0 1 2 3 3 2 0 2 0 0                            

     (diamond back moth, larvae -                                              

     contact test)                                                             

     Phaedon cochleariae                                                       

                        Mustard                                                

                             2  3 3 3 3 3 3 3 3 0 1                            

     (mustard beetles -                                                        

     residual test)                                                            

     Phaedon cochleariae                                                       

                        Mustard                                                

                             2  1 3 3 0 3 3 3 2 0 0                            

     (mustard beetles -                                                        

     systemic test)                                                            

     Calandra granaria  Grain                                                  

                             2  3 3 3 3 3 3 3 3 3 3                            

     (grain beetles)                                                           

     Tribolium confusum Grain                                                  

                             2  3 3 3 3 3 3 3 3 3 3                            

     (flour beetles)                                                           

     Plattella germanica                                                       

                        --   1  3 3 3 3 3 3 3 3 3 2                            

     (cochroaches)                                                             

     Meloidogyne incognita                                                     

                        Water                                                  

                             1  0 3 0 0 0 0 0 0 0 --                           

     (nematodes)                                                               

     Aedes aegypti (mosquito                                                   

                        Water                                                  

                             1  3 3 3 3 3 3 3 3 3 3                            

     larvae)                                                                   

     __________________________________________________________________________

PAR  In the foregoing Table "contact test" indicates that both the pests and the
      medium were treated, "residual test" indicates that the medium was treated
      before infestation with the pests, and "systemic test" indicates that the
      leaves of the host plant were infested after the roots of the plant had
      been treated with the composition of the compound under test.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC7##
PAL  or acid-addition salt thereof, wherein X is oxygen or sulphur; Y and Z are
      lower alkoxy or lower alkylamino; R.sup.1 is hydrogen; R.sup.2 is lower
      alkyl; R.sup.4 is alkyl of 1 to 10 carbon atoms, and R.sup.3 is hydrogen,
      lower alkyl or acetyl.
NUM  2.
PAR  2. A compound according to claim 1 wherein X is oxygen or sulphur; Y and Z
      which may be the same or different are methoxy, ethoxy or methylamino;
      R.sup.1 is hydrogen; R.sup.2 is methyl; R.sup.3 is hydrogen, methyl, ethyl
      or acetyl and R.sup.4 is methyl, ethyl or n-decyl.
NUM  3.
PAR  3. A compound as claimed in claim 1 selected from the group of compounds
      consisting of:
PA1   O,O-diethyl O(4-methyl-2-[N-methyl-N-methoxyamino] pyrimidin-6-yl)
      phosphorothionate,
PA1   O,O-diethyl O(4-methyl-2-methoxyaminopyrimidin-6-yl) phosphorothionate
PA1   O,O-dimethyl O(4-methyl-2-[N-methyl-N-methoxyamino] pyrimidin-6-yl)
      phosphorothionate,
PA1   O,O-diethyl O(4-methyl-2-ethoxyaminopyrimidin-6-yl) phosphorothionate,
PA1   O,O-dimethyl O(4-methyl-2-ethoxyaminopyrimidin-6-yl) phosphorothionate,
      and
PA1   O,O-diethyl O(4-methyl-2[N-ethyl-N-ethoxyamino] pyrimidin-6-yl)
      phosphorothionate.
NUM  4.
PAR  4. A compound as claimed in claim 1 selected from the group of compounds
      consisting of:
PA1   O,O-diethyl
      O(4-methyl-2-N-ethoxyacetamidopyrimidin-6-yl)phosphorothionate, and
PA1   O,O-dimethyl O(4-methyl-2-N-ethhoxyacetamidopyrimidin-6-yl)
      phosphorothionate.
NUM  5.
PAR  5. O,O-diethyl O(4-methyl-2-n-decyloxyaminopyrimidin-6-yl)
      phosphorothionate.
NUM  6.
PAR  6. O,N-dimethyl O(4-methyl-2[N-methyl-N-methoxyamino]-pyrimidin-6-yl)
      phosphoramidate.
PATN
WKU  039352137
SRC  5
APN  4219929
APT  1
ART  122
APD  19731205
TTL  Process for hypotensive 4-amino-2-(piperazin-1-yl) quinazoline
      derivatives
ISD  19760127
NCL  17
ECL  1
EXA  Wheeler; David E.
EXP  Rizzo; Nicholas S.
INVT
NAM  Hess; Hans-Jurgen E.
CTY  Old Lyme
STA  CT
ASSG
NAM  Pfizer Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  2602564Q
XCL  260268R
XCL  260268CN
XCL  260268C
XCL  260268FT
XCL  260564R
XCL  260568
EDF  2
ICL  C07D23908
FSC  260
FSS  256.4 Q
UREF
PNO  3511836
ISD  19700500
NAM  Hess
OCL  260251Q
LREP
FRM  Connolly and Hutz
ABST
PAL  6,7-Dimethoxy-4-amino-2-(4-substituted piperazin-1-yl)-quinazolines and
      6,7,8-trimethoxy-4-amino-2-(4-substituted piperazin-1-yl)quinazolines are
      produced by either: (1) reaction of the appropriate 4,5-dimethoxy
      substituted or 3,4,5-trimethoxy substituted 2-aminobenzonitrile with
      certain 1,4-disubstituted piperazines; or (2) reaction of the appropriate
      4,5-dimethoxy substituted or 3,4,5-trimethoxy substituted
      2-aminobenzamidine with the same 1,4-disubstituted piperazines. The
      products are known hypotensive agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new chemical process for the production of
      certain known chemical compounds, valuable in the art by virtue of their
      ability to lower blood pressure in hypertensive mammals. More
      specifically, these hypotensive agents are
      6,7-dimethoxy-4-amino-2-(4-substituted piperazin- 1-yl)quinazolines and
      6,7,8-trimethoxy-4-amino-2-(4 -substituted piperazin-1-yl)quinazolines,
      use of which is taught in U.S. Pat. Nos. 3,511,836 and 3,669,968.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,511,836 discloses several processes for the preparation of
      6,7-dimethoxy-4-amino-2-(4-substituted piperazin-1-yl)-quinazolines. For
      example, according to the said patent, they can be prepared by reaction of
      6,7-dimethoxy-4-amino-2-chloroquinazoline with the appropriate
      1-monosubstituted piperazine, or, alternatively, by reaction of either
      4,5-dimethoxy-2-aminobenzonitrile or 4,5-dimethoxy-2-aminobenzamidine with
      the appropriate 1-amidino-4-substituted piperazine. U.S. Pat. No.
      3,669,968 teaches the preparation of
      6,7,8-trimethoxy-4-amino-2-(4-substituted piperazin-1-yl)quinazolines via
      reaction of 6,7,8-trimethoxy-4-amino-2-chloroquinazoline with the
      appropriate 1-monosubstituted piperazine. In Netherlands Pat. No. 7206067,
      there is disclosed a process which comprises reacting certain
      o-aminobenzonitriles with cyanamides to produce 2,4-diaminoquinazoline
      derivatives.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new process for the
      preparation of quinazoline compounds of formula
      ##SPC1##
PAL  Which comprises reacting a compound of formula
      ##SPC2##
PAL  Or a salt thereof, with a compound of formula
      ##EQU1##
      or a salt thereof, in a reaction-inert, organic solvent; wherein R.sup.1
      is selected from the group consisting of hydrogen and methoxy;
PAR  R.sup.2 is selected from the group consisting of alkenyl having from 3 to 5
      carbon atoms, benzoyl, furoyl, thienylcarbonyl, alkoxycarbonyl having from
      2 to 5 carbon atoms, alkenyloxycarbonyl having from 4 to 5 carbon atoms
      and (2-hydroxyalkoxy)carbonyl having from 4 to 5 carbon atoms;
PAR  Q is selected from the group consisting of cyano and --C(=NH)--NH.sub.2 ;
PAR  and A is selected from the group consisting of cyano and
      --C(=NH)--X--R.sup.3, wherein X is selected from the group consisting of O
      and S, and R.sup.3 is alkyl having from 1 to 6 carbon atoms;
PAR  PROVIDED THAT WHEN Q is cyano, A is --C(=NH)--X--R.sup.3.
PAR  A particularly desirable variation of the instant process, as regards the
      availability of starting materials, and ease of operation, is that
      embodiment wherein Q is cyano and A is --C(=NH)--X--R.sup.3. Preferred
      examples of R.sup.3 are alkyl groups which correspond to the alkyl moiety
      of readily-available alkanols, such as, for example, methanol, ethanol and
      isopropanol. Whereas the instant process is useful for the preparation of
      the said, unknown, hypotensive agents of formula I, it is especially
      useful in the preparation of two particularly valuable members of this
      group of congeners; namely,
      6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]quinazoline and
      6,7,8-trimethoxy-4-amino-2-[4-(2-hydroxy-2-methylprop-1-yloxycarbonyl)pipe
     razin-1-yl]quinazoline, known in the art as prazosin and trimazosin.
      6,7,8-Trimethoxy-4-amino-2-[2-methylprop-2-enyloxy-carbonyl)piperazin-1-yl
     ]quinazoline is a valuable starting material for production of trimazosin
      (U.S. Pat. No. 3,669,968). Prazosin and trimazosin have recently been
      reported to have therapeutic utility in man (Cohen, Journal of Clinical
      Pharmacology, 10, 408 [ 1970]; De Guia, et al., Current Therapeutic
      Research, 15, 339 [ 1973]).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As indicated before, the object of the instant invention is to provide a
      process for the preparation of compounds of formula I, by reaction of a
      compound of formula II, or a salt thereof, with a compound of formula III,
      or a salt thereof. The reaction is carried out by heating together the
      starting reagents in an appropriate, reaction-inert, organic solvent,
      optionally in the presence of a basic catalyst. An appropriate solvent is
      one which will serve to dissolve at least one of the reactants, and will
      not adversely interact with either of the starting reagents, or the
      product. Examples of such solvents are lower alkanols, such as methanol,
      ethanol, isopropanol and butanol; ethers, such as diethyl ether,
      tetrahydrofuran, dioxan and 1,2-dimethoxyethane; aromatic hydrocarbons,
      such as benzene, toluene and xylene; tertiary amides such as
      N,N-dimethylformamide, N,N-dimethylacetamide and N-methylpyrrolidone;
      dimethylsulfoxide; and pyridine. The reaction can be carried out over a
      wide range of temperature, but temperatures in the range from about
      50.degree. to about 180.degree. C. are commonly used, and a particularly
      convenient temperature range is from about 80.degree. to about 130.degree.
      C. The reaction time needed for the instant process varies according to
      several factors, such as, for example, the reaction temperature, the
      reactivity of the starting reagents and the concentrations of the
      reactants. As will be appreciated by the skilled artist, at lower
      temperatures longer periods are needed, while at higher temperatures the
      reaction is complete in a shorter time. In any event, reaction times of
      several hours, for example, from about 2 hours to about 24 hours, are
      commonly used.
PAR  Although the starting reagents are normally contacted in equimolar
      proportions, this is not essential to the success of the reaction, and an
      excess of either reagent can be present.
PAR  The quinazoline derivatives of formula I produced in the instant process
      are recovered from the reaction medium by methods well known in the art.
      For example, if the product precipitates during the course of the
      reaction, it can be recovered simply by filtration. Alternatively, when
      the product does not precipitate spontaneously, it can often be induced to
      precipitate at the end of the reaction by dilution of the reaction medium
      with a nonsolvent, such as hexane or water. A further method of product
      recovery involves removal of the solvents by evaporation, followed by
      partitioning of the crude product thus obtained between water and a
      water-immiscible organic solvent. After separation of the two phases, the
      product-containing phase is evaporated, to yield the product.
PAR  As will be realized by the skilled artist, the compounds of formula III,
      wherein A is --C(=NH)--X--R.sup.3, have basic properties, and they will
      form acidaddition salts. For example, they will form acid-addition salts
      with such acids as hydrohalic acids, for example, hydrogen chloride and
      hydrogen bromide, sulfonic acids, for example, methanesulfonic acid,
      benzenesulfonic acid and p-toluenesulfonic acid, and certain alkanoic
      acids, for example, trifluoroacetic acid and trichloroacetic acid.
      Moreover, the acid-addition salts of the said compounds of formulae II and
      III can successfully serve as starting reagents in the process for the
      production of the quinazoline compounds of formula I. Thus, in the
      reaction of a compound of formula I with a compound of formula II, either
      or both of the starting reagents can be used in the form of its free base,
      or its acid-addition salt, and this successfully leads to the formation of
      the corresponding compound of formula I.
PAR  However, from a standpoint of speeding up the rate of reaction between a
      compound of formula II and a compound of formula III, and also of
      obtaining a good yield of product, it is desirable to carry out the
      reaction in the presence of a basic catalyst. In this case, it is usual to
      carry out the reaction in the presence of from 0.5 molar equivalents to
      about five molar equivalents of a basic catalyst, and preferably in the
      presence of about one molar equivalent of a basic catalyst. However, even
      larger amounts of catalyst, for example, up to about 10 molar equivalents,
      are sometimes used. As will be appreciated by one skilled in the art, if
      one of the starting reagents is used in the form of its acid-addition
      salt, one molar equivalent of added basic catalyst is consumed in
      neutralizing the said acid-addition salt. Consequently, in this case, it
      is necessary to add to the reaction medium at least two molar equivalents
      of basic catalyst in order to have 1 molar equivalent of basic agent
      available to catalyze the reaction. Analogously, when both of the starting
      reagents are used in the form of their acid-addition salts, it is
      desirable to add to the reaction medium at least 3 molar equivalents of
      basic catalyst.
PAR  A wide variety of basic catalysts can be used in the present process, such
      as organic tertiary amines, for example, triethylamine, tributylamine,
      N,N-dimethylaniline, N-methylmorpholine, pyridine and quinoline; metal
      hydrides, for example, sodium hydride, potassium hydride and calcium
      hydride; metal alkoxides, such as sodium methoxide, potassium methoxide
      and sodium ethoxide; metal alkyls, for example, methyllithium and
      phenyllithium; and metal salts of amines, for example, lithium
      isopropylamide.
PAR  It will be realized that not all the conditions given above are equally
      effective or convenient in all cases for the reaction of a compound of
      formula II with a compound of formula III. Thus the skilled artist will
      make a selection of appropriate reaction conditions in each case, based on
      such factors as the stability and reactivity of the starting reagents and
      the product, the scale of the reaction contemplated, the availability of
      starting reagents and the ease of isolating the particular product. In
      particular, the skilled artist will ensure the compatibility of the
      solvent and basic catalyst chosen, and also ensure that starting reagents
      and products are not exposed to conditions which would lead to their
      decompostion.
PAR  A variation which is used in some instances for the operation of the
      process of the instant invention is a method which comprises the steps of:
      (1) contacting the starting reagents, or acid-addition salts thereof, in a
      solvent such as those delineated hereinbefore, for a few hours; and then
      (2) adding to the on-going reaction an appropriate quantity of a basic
      catalyst, to complete the conversion to quinazoline.
PAR  The starting reagent of formula II, wherein R.sup.1 is hydrogen and Q is
      cyano, namely, 2-amino-4,5-dimethoxybenzonitrile, is prepared from
      3,4-dimethoxybenzonitrile by nitration followed by reduction with stannous
      chloride, as taught by McKee, McKee and Bost, Journal of the American
      Chemical Society, 68, 1902 (1946), and references cited therein. The
      starting reagent of formula II, wherein R.sup.1 is methoxy and Q is cyano,
      namely, 2-amino-3,4,5-trimethoxybenzonitrile, is prepared in analogous
      fashion from 3,4,5-trimethoxybenzonitrile, by nitration followed by
      stannous chloride reduction. Preparation of the starting reagents of
      formula II, wherein Q is --C(=NH)--NH.sub.2, namely
      4,5-dimethoxy-2-aminobenzamidine and 3,4,5-trimethoxy-2-aminobenzamidine,
      is achieved by treating the corresponding compound of formula II, wherein
      Q is cyano, with hydroxylamine, followed by catalytic hydrogenation, using
      the method and conditions described by Carrington (Journal of the Chemical
      Society, London, 2527 [ 1955]) for the conversion of anthranilonitrile
      into 2-aminobenzamidine.
PAR  The starting reagents of formula III, wherein A is cyano, are prepared by
      reaction of the appropriate 1-monosubstituted piperazine (IV) with
      cyanogen bromide;
      ##EQU2##
      The reaction is carried out by contacting equimolar amounts of the
      piperazine and cyanogen bromide, according to the method described in
      Netherlands Pat. No. 7206067 for the reaction of cyanogen bromide with
      1-(2-furoyl)piperazine.
PAR  The starting reagents of formula III, wherein A is --C(=NH)--O--R.sup.3,
      are prepared from the corresponding compound of formula III, wherein A is
      cyano, by reaction with an alkanol of formula R.sup.3 OH, in the presence
      of an acid catalyst. The reaction is usually carried out by dissolving
      equimolar amounts of the starting cyano compound and alkanol in an
      appropriate aprotic solvent, such as, for example, diethyl ether,
      tetrahydrofuran, chloroform or methylene chloride, and then saturating the
      solution with hydrogen chloride at about 0.degree.C. The reaction mixture
      is then stored at a temperature from about 0.degree. C. to about ambient
      temperature, for a few hours, for example overnight, and then the product
      is recovered. In some instances the hydrochloride salt of the product
      precipitates, in which case it is simply filtered off. In cases where the
      product does not precipitate, the solvent is removed by evaporation,
      leaving the hydrochloride salt of the product. The hydrochloride salt can
      be converted into the free base by conventional means. Other techniques
      known in the art for the conversion of cyano compounds into imino esters,
      can also be used for the preparation of the compounds of formula III,
      wherein A is --C(=NH)--O--R.sup.3 (e.g., Shriner and Neuman, Chemical
      Reviews, 35, 354-358 [1944]).
PAR  Preparation of the starting reagents of formula III, wherein A is
      --C(=NH)--S--R.sup.3 can be achieved using the method described above for
      the preparation of the corresponding compounds of formula III, wherein A
      is --C(=NH)--O--R.sup.3, by replacing the alkanol used therein by the
      appropriate alkyl mercaptan of formula R.sup.3 SH. Alternatively, the
      compounds of formula III, wherein A is --C(=NH)--S--R.sup.3 can be
      prepared from the appropriate 1-monosubstituted piperazine of formula IV,
      by a two-step procedure which comprises: (1) reaction of the said
      piperazine derivative with ammonium thiocyanate, and (2) alkylation of the
      thiocarbamoyl piperazine thus formed with an alkyl halide or alkyl
      sulfonate of formula R.sup.3 Y, wherein Y is selected from the group
      consisting of chloro, bromo, iodo, methanesulfonyloxy, benzenesulfonyloxy
      and p-toluenesulfonyloxy. The two steps are each carried out in
      conventional fashion. Techniques for the reaction of amines with ammonium
      thiocyanate, and for the alkylation of thioureas, are discussed in
      Houben-Weyl's "Methoden der Organischen Chemie," Volume 9, 1955, pp
      887-889 and 900-903.
      ##EQU3##
PAR  The following Examples are provided solely for the purpose of illustrating
      the instant invention, and they are not to be construed as imposing any
      limitations thereon, since many variations are possible without deviating
      from the spirit or scope thereof.
PAC  EXAMPLE I
PAC  [Q is CN; A is --C(=NH)--O--C.sub.2 H.sub.5 ]
PAR  To a stirred solution of 1.78 g. (0.01 mole) of
      4,5-dimethoxy-2-aminobenzonitrile in 30 ml. of N,N-dimethylformamide is
      added 2.88 g. (0.01 mole) of ethyl 4-(2-furoyl)piperazin-1-ylformimidate
      hydrochloride, followed by 855 mg. (0.02 mole) of a 56.1% dispersion of
      sodium hydride in mineral oil. The reaction mixture is stirred at ambient
      temperature for 30 minutes, and then it is heated to ca. 100.degree. C.
      and maintained at that temperature for 12 hours. The reaction mixture is
      cooled to ambient temperature, diluted with an excess of water, and then
      extracted with chloroform. The chloroform extract is washed several times
      with water, dried using anhydrous magnesium sulfate, and then evaporated
      to dryness in vacuo. This affords crude
      6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]quinazoline, which is
      purified further by recrystallization from aqueous ethanol.
PAC  EXAMPLE II
PAR  When the procedure of Example I is repeated, and the ethyl
      4-(2-furoyl)piperazin-1-ylformimidate hydrochloride used therein is
      replaced by an equimolar amount of:
PAR  methyl 4-(2-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  n-propyl 4-(2-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  isobutyl 4-(2-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  isopentyl 4-(2-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  n-hexyl 4-(2-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  methyl 4-(2-furoyl)piperazin-1-ylthioformimidate hydroiodide,
PAR  ethyl 4-(2-furoyl)piperazin-1-ylthioformimidate hydrobromide and
PAR  isopropyl 4-(2-furyl)piperazin-1-ylthioformamidate hydrobromide,
PAL  respectively, the product in each case is
      6,7-dimethoxy-4-amino-2-(4-[2-furoyl]-piperazin-1-yl)quinazoline.
PAC  EXAMPLE III
PAR  The procedure of Example I is repeated, except that the ethyl
      4-(2-furoyl)piperazin-1-ylformimidate hydrochloride used therein is
      replaced by an equimolar amount of:
PAR  ethyl 4-allylpiperazin-1-ylformimidate methanesulfonate,
PAR  methyl 4-benzoylpiperazin-1-ylformimidate hydrochloride,
PAR  isopropyl 4-(3-furoyl)piperazin-1-ylformimidate hydrochloride,
PAR  methyl 4-(allyloxycarbonyl)piperazin-1-ylthioformimidate hydroiodide,
PAR  ethyl 4-(2-methylprop-2-enyloxycarbonyl)piperazin-1-ylthioformimidate
      hydrobromide and
PAR  ethyl
      4-(2-hydroxy-2-methylprop-1-yloxycarbonyl)piperazin-1-ylthioformimidate
      hydrobromide,
PAL  respectively. This affords:
PAR  6,7-dimethoxy-4-amino-2-(4-allylpiperazin-1-yl)-quinazoline,
PAR  6,7-dimethoxy-4-amino-2-(4-benzoylpiperazin-1-yl)-quinazoline,
PAR  6,7-dimethoxy-4-amino-2-[4-(3-furoyl)piperazin-1-yl]-quinazoline,
PAR  6,7-dimethoxy-4-amino-2-[4-(allyloxycarbonyl)piperazin-1-yl]quinazoline,
PAR  6,7-dimethoxy-4-amino-2-[4-(2-methylprop-2-enyloxycarbonyl)piperazin-1-yl]q
     uinazoline and
PAR  6,7-dimethoxy-4-amino-2-[4-(2-hydroxy-2-methylprop-1-yloxycarbonyl)piperazi
     n-1-yl]quinazoline,
PAL  respectively.
PAC  EXAMPLE IV
PAR  Following the procedure of Example I, and reacting ethyl
      4-(2-hydroxy-2-methylprop-1-yloxycarbonyl)piperazin-1-ylformimidate with
      3,4,5-trimethoxy-2-aminobenzonitrile or with
      3,4,5-trimethoxy-2-aminobenzamidine, there is produced, in each case,
      6,7,8-trimethoxy-4-amino-2-[4-(2-hydroxy-2-methylprop-1-yloxycarbonyl)pipe
     razin-1-yl]quinazoline.
PAC  EXAMPLE V
PAR  When 4,5-dimethoxy-2-aminobenzamidine hydrochloride reacts with
      1-cyano-4-(2-furoyl)piperazine, according to the procedure of Example I,
      the product is
      6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]quinazoline; and when
      3,4,5-trimethoxy-2-aminobenzamidine hydrochloride reacts with
      1-cyano-4-(2-methylprop-2-enyloxycarbonyl)piperazine, also according to
      the procedure of Example I, the product is
      6,7,8-trimethoxy-4-amino-2-[4-(2-methylprop-2-enyloxycarbonyl)piperazin-1-
     yl]quinazoline.
PAC  EXAMPLE VI
PAC  [Q is CN; A is --C(=NH)--O--C.sub.2 H.sub.5 ]
PAR  To a stirred solution of 3.56 g. (0.02 mole) of
      4,5-dimethoxy-2-aminobenzonitrile in 100 ml. of anhydrous benzene is added
      20 ml. (0.04 mole) of a 2-molar solution of phenyllithium in 70:30
      benzene:ether. The solution is stirred at ambient temperature for 15
      minutes and then 5.76 g. (0.02 mole) of ethyl
      4-(2-furoyl)piperazin-1-ylformimidate hydrochloride is added.
      Approximately 20 ml. of solvent is distilled off, and then the remaining
      reaction mixture is heated under reflux for 24 hours. The bulk of the
      solvent is removed by evaporation in vacuo, and then the residue is
      treated cautiously with 200 ml. of water followed by 200 ml. of
      chloroform. The chloroform is separated off, and the aqueous phase is
      re-extracted with chloroform. The combined organic phases are washed with
      water, dried using anhydrous magnesium sulfate, and then evaporated to
      dryness in vacuo. This affords crude
      6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]quinazoline.
PAC  EXAMPLE VII
PAC  [Q is CN; A is --C(=NH)--O--C.sub.2 H.sub.5 ]
PAR  A solution of sodium ethoxide in ethanol is prepared, by dissolving 4.6 g.
      (0.2 mole) of metallic sodium in 400 ml. of anhydrous ethanol. To this
      solution is then added 17.8 g. (0.1 mole) of
      4,5-dimethoxy-2-aminobenzonitrile, followed by 29.7 g. (0.1 mole) of ethyl
      4-furoylpiperazin-1-ylformimidate hydrochloride, at ambient temperature.
      The mixture is stirred for 15 minutes, and then it is heated under reflux
      for 16 hours. At the end of that period, the mixture is cooled to
      25.degree. C. and the ethanol is almost completely removed in vacuo.
      Ice-cold water is added to the residue, and the pH is adjusted to ca 6.0
      by the addition of dilute hydrochloric acid. The product is filtered off
      and dried, giving crude
      6,7-dimethoxy-4-amino-2-(4-furoylpiperazin-1-yl)-quinazoline.
PAC  EXAMPLE VIII
PAR  Following the procedure of Example VII, 4,5-dimethoxy-2-aminobenzamidine
      hydrochloride reacts with 1-cyano-4-allylpiperazine to produce
      6,7-dimethoxy-4-amino-2-(4-allylpiperazin-1-yl)quinazoline, and
      3,4,5-trimethoxy-2-aminobenzonitrile reacts with methyl
      4-(ethoxycarbonyl)piperazin-1-ylthioformimidate hydroiodide to produce
      6,7,8-trimethoxy-4-amino-2-[4-(ethoxycarbonyl)piperazin-1-yl]quinazoline.
PAC  EXAMPLE IX
PAC  [Q is CN; A is --C(=NH)--O--C.sub.2 H.sub.5 ]
PAR  To a stirred suspension of 3.04 g. of ethyl
      4-(2-thienylcarbonyl)-piperazin-1-ylformimidate hydrochloride in 100 ml.
      of ethyl acetate is added 20 ml. of 40% aqueous potassium carbonate at
      0.degree. C. After stirring for a further 15 minutes, the ethyl acetate is
      removed, dried using anhydrous sodium sulfate, and then concentrated to
      dryness in vacuo. The residue is redissolved in 40 ml. of
      N,N-dimethylformamide, and 1.78 g. of 4,5-dimethoxy-2-aminobenzonitrile is
      added. The solution is maintained at ca 100.degree. C. for 20 hours, and
      then cooled to around 30.degree. C. The solvent is removed in vacuo at
      this temperature to yield crude
      6,7-dimethoxy-4-amino-2-[4-(2-thienylcarbonyl)piperazin-1-yl]quinazoline.
PAC  EXAMPLE X
PAC  [Q is CN; A is --C(=NH)--S--CH.sub.3 ]
PAR  A solution of 3.56 g. (0.02 mole) of 4,5-dimethoxy-2-aminobenzonitrile and
      7.82 g. (0.02 mole) of methyl 4-benzoylpiperazin-1-ylthioformimidate
      hydroiodide in 100 ml. of n-butanol is heated under reflux for 20 hours.
      It is then cooled to ambient temperature. The solvent is removed by
      evaporation in vacuo, leaving crude
      6,7-dimethoxy-4-amino-2-(4-benzoylpiperazin-1-yl)quinazoline as its
      hydroiodide salt.
PAC  EXAMPLE XI
PAR  When 4,5-dimethoxy-2-aminobenzonitrile and
      3,4,5-trimethoxy-2-aminobenzonitrile, respectively, react with
      4-(2-furoyl)piperazin-1-ylthioformimidate hydroiodide and
      4-(2-methylprop-2-enyloxycarbonyl)piperazin-1-ylthioformimidate
      hydroiodide, respectively, there is produced:
PAR  6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]-quinazoline and
PAR  6,7,8-trimethoxy-4-amino-2-[4-(2-methylprop-2-enyloxy-carbonyl)piperazin-1-
     yl]quinazoline,
PAL  respectively.
PAC  EXAMPLE XII
PAC  [Q is CN; A is --C(=NH)--O--C.sub.2 H.sub.5 ]
PAR  To a stirred solution of 1.78 g. (0.01 mole) of
      4,5-dimethoxy-2-aminobenzonitrile in 50 ml. of anhydrous ethanol is added
      10 ml. of triethylamine, followed by 2.88 g. (0.01 mole) of ethyl
      4-(2-furoyl)piperazin-1-ylformimidate hydrochloride. The reaction mixture
      is stirred at ambient temperature for 5 hours, and then it is heated under
      reflux for 12 hours. At this point, all the solvents are removed by
      evaporation in vacuo, and the residue is triturated under water. The solid
      is filtered off and dried, yielding crude
      6,7-dimethoxy-4-amino-2-[4-(2-furoyl)piperazin-1-yl]quinazoline.
PAC  EXAMPLE XIII
PAC  [Q is --C(=NH)--NH.sub.2 ; A is CN]
PAR  A solution containing 2.62 g. (0.01 mole) of
      3,4,5-trimethoxy-2-aminobenzamidine hydrochloride and 1.83 g. (0.01 mole)
      of 1-cyano-4-ethoxycarbonylpiperazine in 50 ml. of anhydrous ethanol is
      stirred at ambient temperature overnight. A 5-ml. aliquot of triethylamine
      is then added and the reaction mixture is heated under reflux for 12
      hours. It is then worked up as described in Example XI, giving
      6,7,8-trimethoxy-4-amino-2-[4-ethoxycarbonylpiperazin-1-yl]quinazoline.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a compound of the formula
      ##SPC3##
PAL  which comprises the steps of reacting a compound of the formula
      ##SPC4##
PAL  or a salt thereof, with a compound of the formula
      ##EQU4##
      or a salt thereof, in a reaction-inert, organic solvent; wherein R.sup.1
      is selected from the group consisting of hydrogen and methoxy;
PA1  R.sup.2 is selected from the group consisting of alkenyl having from 3 to 5
      carbon atoms, benzoyl, furoyl, thienylcarbonyl, alkoxycarbonyl having from
      two to five carbon atoms, alkenyloxycarbonyl having from 4 to 5 carbon
      atoms and (2-hydroxyalkoxy)carbonyl having from 4 to 5 carbon atoms;
PA1  Q is selected from the group consisting of cyano and --C(=NH)--NH.sub.2 ;
PA1  and A is --C(=NH)--X--R.sup.3, wherein X is selected from the group
      consisting of O and S, and R.sup.3 is alkyl having from 1 to 6 carbon
      atoms.
NUM  2.
PAR  2. The process according to claim 1 wherein Q is cyano.
NUM  3.
PAR  3. The process according to claim 2 wherein the reaction is carried out at
      a temperature in the range from about 50.degree.to about 180.degree.C.
NUM  4.
PAR  4. The process according to claim 3 wherein the reaction is carried out at
      a temperature in the range from about 80.degree. to about 130.degree.C.
NUM  5.
PAR  5. The process according to claim 3 wherein the reaction is carried out in
      the presence of from about 0.5 to about 5 molar equivalents of a basic
      catalyst.
NUM  6.
PAR  6. The process according to claim 5 wherein the reaction is carried out in
      the presence of about 1 molar equivalent of a basic catalyst.
NUM  7.
PAR  7. The process according to claim 3 wherein R.sup.1 is hydrogen and R.sup.2
      is 2-furoyl.
NUM  8.
PAR  8. The process according to claim 3 wherein R.sup.1 is methoxy and R.sup.2
      is 2-methyl-2-hydroxyprop-1-yloxycarbonyl.
NUM  9.
PAR  9. The process according to claim 3 wherein R.sup.1 is methoxy and R.sup.2
      is 2-methylprop-2-enyloxycarbonyl.
NUM  10.
PAR  10. The process according to claim 1 wherein Q is --C(=NH)--NH.sub.2.
NUM  11.
PAR  11. The process according to claim 10 wherein the reaction is carried out
      at a temperature in the range from about 50.degree. to about 180.degree.C.
NUM  12.
PAR  12. The process according to claim 11 wherein the reaction is carried out
      at a temperature in the range from about 80.degree. to about 130.degree.C.
NUM  13.
PAR  13. The process according to claim 11 wherein the reaction is carried out
      in the presence of from about 0.5 to about 5 molar equivalents of a basic
      catalyst.
NUM  14.
PAR  14. The process according to claim 13 wherein the reaction is carried out
      in the presence of about one molar equivalent of a basic catalyst.
NUM  15.
PAR  15. The process according to claim 11 wherein R.sup.1 is hydrogen and
      R.sup.2 is 2-furoyl.
NUM  16.
PAR  16. The process according to claim 11 wherein R.sup.1 is methoxy and
      R.sup.2 is 2-methyl-2-hydroxyprop-1-yloxycarbonyl.
NUM  17.
PAR  17. The process according to claim 11 wherein R.sup.1 is methoxy and
      R.sup.2 is 2-methylprop-2-enyloxycarbonyl.
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ABST
PAL  Novel 1,4-substituted phenyl piperazine compounds have a pronounced effect
      upon blood coagulation and are useful in the treatment of thrombotic
      diseases, especially of the arterial system. They are particularly used to
      inhibit thrombosis of the coronary or cerebral arteries. Examples of such
      compounds are 1-phenyl (lower)
      alkyl-2-phenyl-3-keto-4-di-(lower)alkylamino (lower)alkyl piperazines,
      1-phenyl (lower)alkyl-2-keto-3-phenyl-4-di-(lower)alkylamino (lower)alkyl
      piperazines, 1-phenyl (lower) alkyl-2-phenyl-4-di-alkylamino (lower)alkyl
      piperazines, 1-phenyl (lower)alkyl-3-phenyl-4-di-(lower)-alkylamino
      (lower)alkyl piperazines and their pharmaceutically acceptable acid
      addition salts. The phenyl ring in 1-position may be substituted by
      halogen, trifluoro (lower)alkyl, lower alkoxy, or phenyl lower alkoxy; the
      di-(lower)alkylamino (lower)alkyl group in 4-position may be replaced by
      piperidino (lower)alkyl, morpholino (lower)alkyl, pyrrolidino (lower
      alkyl, piperazino (lower)alkyl, or the like mononuclear
      nitrogen-containing heterocyclically substituted (lower)alkyl.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part application of copending
      application Ser. No. 848,395, filed July 23, 1969, now abandoned, and
      entitled 1,4-DISUBSTITUTED PHENYL PIPERAZINE COMPOUNDS, COMPOSITIONS
      CONTAINING SAME, AND PROCESS OF MAKING AND USING SAME.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to new and valuable phenyl piperazine
      compounds and more particularly to 1,4-substituted phenyl piperazine
      compounds of noteworthy therapeutic utility and to a process of making and
      using same.
PAR  2. Description of the Prior Art
PAR  ARCHER in U.S. Pat. No. 3,062,821 discloses
      1,4-disubstituted-2-piperazinones of Formula I
      ##SPC1##
PAL  in said formula
PA1  R represents lower alkyl;
PA1  X and X' represent hydrogen, lower alkoxy, or hydroxyl; and
PA1  Y hydrogen or lower alkyl.
PAL  Said 1-[2-(phenyl lower alkyl)]-4-lower alkyl-2-piperazinone compounds are
      useful intermediates in the preparation of compounds of Formula II
      ##SPC2##
PAL  in which R, X, X', and Y represent the same substituents as given
      hereinabove. These 1-[2-(phenyl lower alkyl)]4-lower alkyl piperazine
      compounds are useful hypotensive agents.
PAR  DE BENNEVILLE in U.S. Pat. No. 3,390,139 discloses N-vinyl-2-piperazinones
      of Formula III
      ##SPC3##
PAL  in which
PA1  R.sub.1 is hydrogen, alkyl, cycloalkyl, aralkyl, alkyl substituted aralkyl,
      diaminoalkyl, or furfuryl;
PA1  R.sub.2 is hydrogen or methyl;
PA1  R.sub.3 is hydrogen, alkyl, cycloalkyl, phenyl, naphthyl, alkyl, chloro, or
      alkoxy substituted phenyl or naphthyl, aralkyl, alkyl sustituted aralkyl,
      or 2-furyl;
PA1  R.sub.4 is hydrogen or alkyl; and
PA1  R.sub.5 is hydrogen or alkyl.
PAL  These compounds are polymerizable or copolymerizable compounds, the
      resulting polymers or copolymers are useful for many purposes. Higher
      members of the monomeric N-vinyl-2-piperazinones of Formula III show
      fungistatic and bacteriostatic activity and are useful for other purposes.
PAR  DE BENNEVILLE in U.S. Patent No. 2,653,153 describes
      4-N-substituted-2-ketopiperazines of Formula IV
      ##SPC4##
PAL  in which
PA1  R is alkyl, tertiary aminoalkyl, or aralkyl; and
PA1  R' and R" are hydrogen or lower alkyl.
PAL  These 4-N-substituted-2-ketopiperazines are valuable activators and
      synergists for insecticidal agents.
PAR  None of these compounds has found any noteworthy application in veterinary
      and human therapy.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide valuable
      1,4-substituted phenyl piperazine compounds which have a surprising and
      pronounced effect upon blood coagulation and are useful, for instance, in
      the treatment of thrombotic diseases, especially those of the arterial
      system.
PAR  Another object of the present invention is to provide a simple and
      effective process of producing such valuable novel 1,4-substituted phenyl
      piperazine compounds.
PAR  A further object of the present invention is to provide pharmaceutical
      compositions containing, as active pharmaceutical agent, said novel
      1,4-substituted phenyl piperazine compounds
PAR  Still another object of the present invention is to provide a method of
      therapeutically affecting blood coagulation by administering the novel
      1,4-substituted phenyl piperazine compounds.
PAR  Other objects of the present invention and advantageous features thereof
      will become apparent as the description proceeds.
PAR  In principle, the new 1,4-substituted phenyl piperazine compounds according
      to the present invention correspond to the following Formula V
      ##SPC5##
PAL  In said formula
PA1  X, y, and Z are the same or different substituents and may be either
      hydrogen, halogen, trifluoro lower alkyl, preferably trifluoro methyl,
      hydroxyl, lower alkoxy, preferably methoxy or ethoxy, or phenyl
      substituted lower alkoxy, such as benzyloxy;
PA1  R is di-(lower)alkylamino (lower)alkyl, and preferably dimethylamino ethyl,
      diethylamino ethyl, dipropylamino ethyl, dimethylamino propyl,
      diethylamino propyl, di-n-propylamino propyl, or lower alkyl substituted
      by one or two saturated monocyclic heterocyclic rings such as piperidino,
      pyrrolidino, piperazino, N-lower alkyl piperazino, 3-ketopiperazino,
      morpholino, or the like, preferably piperidino ethyl, morpholino ethyl, or
      dimorpholino propyl;
PA1  R.sub.1 is lower alkyl with 1 to 3 carbon atoms; and
      ##EQU1##
      is the group
      ##SPC6##
PAR  The term "lower alkyl" in said substituents indicates alkyl with 1 to 5
      carbon atoms. Thus the substituent in N.sub.1 -position of the piperazine
      ring may be benzyl, phenyl ethyl, or phenyl propyl, or substituted benzyl,
      phenyl ethyl, phenyl propyl. Preferred substituents in the N.sub.1
      -aralkyl group are
PA1  One halogen atom in 2-; 3-; or 4-position.
PA1  Two halogen atoms in 2,3-; 2,4-; 2,5-; or 3,4-position and, if desired,
      also in 2,6-position.
PAR  Such halogen substituted compounds may also carry hydroxyl or lower alkoxy,
      preferably methoxy groups.
PAR  One lower alkoxy group, preferably one methoxy or ethoxy group in
      4-position.
PAR  Three lower alkoxy groups, preferably in 3,4,5-position.
PAR  One phenyl lower alkoxy group, preferably the benzyloxy group in 2- or
      4-position.
PAR  Two phenyl lower alkoxy groups, preferably the benzyloxy groups in
      3,4-position.
PAR  Two hydroxyl groups, preferably in 2,3, and/or 4-position.
PAR  One trifluoro lower alkyl group, preferably the trifluoromethyl group in
      3-position.
PAR  The phenyl radical in position 2 or 3 of the piperazine ring is always
      unsubstituted.
PAR  The basic lower alkylamino group in N.sub.4 -position is preferably a group
      of the Formula VI
      ##EQU2##
      in which R.sub.2 is lower alkyl;
PA1  R.sub.3 is hydrogen or a saturated five- or six-membered heterocyclic ring,
      preferably the morpholino ring attached by its heterocyclic nitrogen atom
      to the lower alkyl R.sub.2 ; and
PA1  R.sub.4 and R.sub.5 are lower alkyl or, together with the nitrogen atom to
      which they are attached, form a saturated five- or six-membered
      heterocyclic ring, such as the pyrrolidino, piperidino, piperazino, or
      morpholino ring. The piperazino ring may be substituted at its other
      nitrogen atom by lower alkyl or by hydroxy lower alkyl to represent the
      N.sub.4 -lower alkyl or N.sub.4 -hydroxy lower alkyl piperazino ring or it
      may be substituted by a keto group to represent the 3-keto piperazino
      ring.
PAR  It is evident that the compounds according to the present invention
      represent two groups of compounds, namely
PAR  a. the N.sub.1 -phenyl lower alkyl substituted 2- or 3-phenyl substituted
      N.sub.4 -basically substituted 3- or 2-piperazone compounds of Formulas
      VII or VIII:
      ##SPC7##
PAL  and
PAR  b. the N.sub.1 -phenyl lower alkyl substituted 2- or 3-phenyl substituted
      N.sub.4 -basically substituted piperazine compounds of Formulas IX and X:
      ##SPC8##
PAR  In said Formulas VII to X the symbols R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, X, Y, and Z represent the same substituents as indicated
      hereinabove.
PAR  Especially valuable compounds according to the present invention are
      compounds of the following Formula XI and XII:
      ##SPC9##
PAL  In said Formulas
PA1  X.sub.1 is hydrogen or lower alkoxy.
PA1  Y.sub.1 and Z.sub.1 are hydrogen, halogen, trifluoromethyl; hydroxyl, lower
      alkoxy, and phenyl lower alkoxy, whereby X.sub.1 is lower alkoxy only if
      Y.sub.1 and Z.sub.1 are lower alkoxy;
PA1  R.sub.1 is lower alkyl with 1 to 3 carbon atoms;
PA1  R.sub.2 is lower alkyl;
PA1  R.sub.3 is hydrogen or a saturated five- or six-membered heterocyclic ring,
      said heterocyclic ring being attached by its heterocyclic nitrogen atom to
      the lower alkyl R.sub.2 ;
PA1  R.sub.4 and R.sub.5 are lower alkyl or, together with the nitrogen atom to
      which they are attached, form a saturated five- or six-membered
      heterocyclic ring.
PAR  According to the present invention the 1,4-substituted phenyl piperazine
      compounds of the above given Formulas have a pronounced effect upon the
      blood coagulation system. They act upon all processes which play an
      essential role in the formation of thromboses, such as their coagulation
      promoting effect due to their power of releasing the thrombocyte factor 3,
      their coagulation inhibiting effect, and their thrombocytes aggregation
      and adhesion inhibiting effect. Thus the novel compounds of the present
      invention or their pharmaceutically acceptable acid addition salts are
      highly effective anticoagulants. They prolong the clotting time of blood
      on oral or parenteral administration of the required dose and have been
      found to inhibit platelet aggregation, such as induced by the addition of
      adenosine diphosphate, when added to platelet-rich plasma.
PAR  The compounds according to the present invention can be administered for
      their anticoagulant effect over a wide dosage range. For instance, a
      dosage of about 0.5 mg./kg. to 100 mg./kg. of body weight orally
      administered daily or on parenteral administration has proved to be highly
      effective.
PAR  The new compounds according to the present invention may find particular
      application in the treatment of thrombotic disease, especially of the
      arterial system, for instance, to inhibit thrombosis of the coronary or
      cerebral arteries.
PAR  The following new piperazine compounds according to the present invention
      have been found to be useful in therapy:
PA1  1-(4-Chloro benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl) piperazine;
PA1  1-(4-chloro benzyl)-2-phenyl-4-(diethylamino ethyl)piperazine;
PA1  1-(3,4-dichloro benzyl)-2-phenyl-4-(diethylamino ethyl)piperazine;
PA1  1-[(4-methoxy phenyl)-ethyl]-2-phenyl-4-(diethylamino ethyl)-piperazine;
PA1  1-[3-phenyl propyl-(1)]-2-phenyl-4-(diethylamino ethyl)-piperazine;
PA1  1-(4-chloro benzyl)-2-phenyl-4-(piperidino ethyl) piperazine;
PA1  1-(4-chloro benzyl)-2-phenyl-4-[1,3-dimorpholino propyl-(2)] piperazine;
PA1  1-(4-chloro benzyl)-3-phenyl-4-(diethylamino ethyl) piperazine.
PAR  The new piperazine compounds of the above given Formulas are obtained
      according to the present invention, for instance, by reacting a
      1-R-substituted phenyl piperazine of Formula XIII
      ##EQU3##
      wherein
      ##EQU4##
      and R represent the above given groups and substituents, with an aralkyl
      halogenide of Formula XIV
      ##SPC10##
PAL  wherein
PA1  X, y, z, and R.sub.1 represent the same substituents and numerals as given
      hereinabove, while
PA1  Hal is halogen.
PAR  Another method of producing the 1,4-substituted phenyl piperazine compounds
      according to the present invention comprises reacting a 1-aralkyl phenyl
      piperazine of Formula XV
      ##SPC11##
PAL  wherein
      ##EQU5##
       X, Y, Z, and R.sub.1 represent the above given substituents, with a
      basically substituted alkyl halogenide of Formula
EQU  Hal - R                                                    XVI
PAL  wherein
PA1  Hal is halogen and R represents the above given substituent.
PAR  A further method of producing the 1,4-substituted phenyl piperazine
      compounds according to the present invention comprises reacting a
      1-aralkyl phenyl piperazine, substituted in the .omega.-position by a
      reactive group Q, preferably by a halogen atom, and having the general
      Formula XVII
      ##SPC12##
PAL  wherein
      ##EQU6##
       X, Y, Z, and R.sub.1 have the above given meaning, and R.sub.6 is lower
      alkyl, with a corresponding secondary amine of the group consisting of a
      di-lower alkyl amine, such as dimethylamine, diethylamine, dipropylamine,
      or with piperidine, morpholine, pyrrolidine, piperazine, 3-ketopiperazine,
      or a lower N-alkyl piperazine.
PAR  If desired, the keto group in the resulting reaction product of Formula V,
      wherein
      ##EQU7##
      is either
      ##SPC13##
PAL  is reduced to the methylene group, so as to yield compounds of Formula V
      wherein
      ##EQU8##
       represents either
      ##SPC14##
PAR  The resulting basically substituted phenyl piperazine compounds of Formula
      V may be converted, if desired, into their substantially non-toxic,
      pharmaceutically acceptable acid addition salts by methods well known to
      the art. Not only physiologically tolerable salt-forming inorganic acids,
      such hydrochloric acid, sulfuric acid, phosphoric acid, hydrobromic acid,
      and others, but also organic acids, such as acetic acid, propionic acid,
      benzoic acid, salicylic acid, succinic acid, malonic acid, citric acid,
      tartaric acid, fumaric acid, and others can be used in the preparation of
      therapeutically valuable salts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples serve to illustrate the present invention without,
      however, limiting the same thereto.
PAC  EXAMPLE 1
PAR  1-(4'-Chloro benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl) piperazine
      ##SPC15##
PAR  Method A:
PAC  a. 1-(4'-Chloro benzyl)-2-phenyl-3-keto piperazine
PAR  175 g. of 2-phenyl-3-keto piperazine (prepared according to W. R. Roderick,
      H. J. Platte, C. B. Pollard "Journ. Med.Chem." vol. 9 (1961), page 181,
      are boiled under reflux with 177 g. of p-chloro benzylchloride, 420 cc. of
      triethylamine, and 2 l. of acetone for 7 hours. The triethylammonium
      chloride formed thereby is filtered off and boiling under reflux of the
      resulting solution is continued for 7 more hours. The solution is then
      filtered while still hot. The filtrate is slightly concentrated by
      evaporation so that crystals precipitate which are recrystallized from a
      mixture of alcohol and water (2 : 1). White crystals are obtained in a
      yield of 195 g. corresponding to 65 % of the theoretical yield. Melting
      point: 175.degree. C.
PAC  b. 1-(4'-Chloro benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl) piperazine.
PAR  60 g. of 1-(4'-chloro benzyl)-2-phenyl-3-keto piperazine, 40 g. of
      diethylamino ethylchloride, and 40 g. of finely pulverized, dried,
      anhydrous potassium carbonate are boiled under reflux in 400 cc. of
      toluene for 10 hours. The reaction mixture is mixed with water and the
      toluene layer is separated. The base is extracted from the toluene
      solution by shaking with hydrochloric acid 1 : 4. The aqueous hydrochloric
      acid extract is neutralized by the addition of ammonia to set free the
      base which is extracted with benzene. After distilling off the benzene,
      excess diethylamino ethylchloride is removed by distillation in a vacuum.
      The solidified residue is dissolved in 1.5 l. of petroleum ether and is
      separated by filtration from unreacted starting keto piperazine.
PAR  After distilling off the petroleum ether, 1-(4'-chloro
      benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl)piperazine is obtained in
      the form of viscous yellow oil of the boiling point 212.degree. C./0.03
      Torr. On repeating vacuum distillation of the oil, the base is obtained in
      chromatographically homogeneous form. Yield: 72 g. corresponding to 90 %
      of the theoretical yield.
PAR  The above described alkylation reaction may also be effected, for instance,
      by reaction in the presence of sodium amide in toluene.
PAR  Method B:
PAC  a. 1-(Diethylamino ethyl)-2-keto-3-phenyl piperazine
PAR  400 g. of .alpha.-chloro phenyl acetic acid ethyl ester are boiled under
      reflux with 320 g. of N.sub.1 -(diethylamino ethyl) ethylene diamine in 3
      l. of absolute ethanol for 12 hours. A sodium ethanolate solution prepared
      by dissolving 46 g. of sodium metal in 1 l. of absolute ethanol, is added
      to the reaction solution while still warm. The precipitated sodium
      chloride is filtered off by suction and the ethanol is distilled off. The
      residue is extracted with benzene, the base is removed from the benzene
      solution by extraction with acetic acid and is set free from its acetic
      acid extract by the addition of sodium hydroxide solution. The base is
      extracted with benzene and the benzene is distilled off whereafter the
      base is distilled in a vacuum.
PAR  On twice distilling the base with the use of a column filled with Raschig
      rings, 307 g. of a viscous, yellow oil of the boiling point
      186.degree.-190.degree. C./0.1-0.3 Torr. are obtained. The 1-(diethylamino
      ethyl)-2-keto-3-phenyl piperazine produced in this manner contains also
      1-(diethylamino ethyl)-2-phenyl-3-keto piperazine as can be shown
      chromatographically.
PAC  b. 1-(4'-Chloro benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl) piperazine
PAR  80 g. of 1-(diethylamino ethyl)-2-keto-3-phenyl piperazine containing the
      above mentioned isomer are boiled under reflux with 54 g. of p-chloro
      benzylchloride, 101 g. of triethylamine, and 300 cc. of toluene for 5
      hours. The precipitated triethyl ammonium chloride is removed from the
      reaction solution by extraction with water while still warm. The separated
      toluene layer is freed of the solvent, the residue is dissolved in
      benzene, and insoluble matter is filtered off.
PAR  In this manner most of the non-alkylated 1-(diethylamino
      ethyl)-2-phenyl-3-keto piperazine is removed from the reaction mixture.
PAR  The resulting benzene solution is extracted with 30 % acetic acid to
      separate the basic components therefrom. The acetic acid extract is
      neutralized and the base set free thereby is again dissolved in benzene
      and, after distilling off the benzene, is distilled in a vacuum.
PAR  The fraction which distills between 178.degree. C./0.03 Torr. and
      215.degree. C./0.03 Torr. is dissolved in petroleum ether and is again
      purified by extraction with acetic acid and neutralization with ammonia as
      described hereinabove. On fractional distillation 45 g. of a very viscous,
      yellow oil of the boiling point 212.degree.-214.degree. C./0.03 mm. Hg are
      obtained.
PAR  The resulting compound is free of isomers and is identical with the
      compound obtained according to the above described method A as is proven
      chromatographically and by infrared analysis.
PAR  No alkylation of 1-(diethylamino ethyl)-2-phenyl-3-keto piperazine with
      4-chloro benzylchloride takes place under the above described reaction
      conditions.
PAR  Alkylation may also be effected with the addition of triethylamine in
      acetone as solvent. However, thereby alkylation proceeds very slowly.
      Mixtures of acetone and dimethylaniline or of acetone and pyridine may
      also be used as solvent. Dimethylformamide may also be employed, but it
      causes, even at room temperature, some lactam alkylation. In addition
      thereto N-formylation takes place at increased temperature.
PAC  EXAMPLE 2
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-(diethylamino ethyl) piperazine
      ##SPC16##
PAR  Method A:
PAC  1-(4'-Chloro benzyl)-2-phenyl piperazine
PAR  44 g. of 1-(4'-chloro benzyl)-2-phenyl-3-keto piperazine obtained according
      to Example 1, Method A (a), are dissolved in 350 cc. of dioxane. The
      solution is added drop by drop to a suspension of 15 g. of lithium
      aluminum hydride LiAlH.sub.4 in 800 cc. of ether while stirring
      thoroughly. After addition is completed, the reaction mixture is boiled
      under reflux for 12 hours. Thereafter, the lithium complex compound is
      decomposed and excess lithium aluminum hydride is destroyed by
      successively treating the reaction mixture with 15 cc. of a 15 % sodium
      hydroxide solution, with 15 cc. of water, with 45 cc. of a 15 % sodium
      hydroxide solution, and with 30 cc. of water. The inorganic precipitate is
      removed by filtration and the filtered solution is evaporated to dryness.
      The residue is recrystallized from isopropanol. 37 g. of pure white
      crystals of the melting point 103.degree.-104.degree. C. are obtained.
PAR  Method B:
PAC  1-(4'-Chloro benzyl)-2-phenyl piperazine.
PAR  142.4 g. of 1-(4'-chloro benzyl)-2-phenyl-3-keto piperazine prepared
      according to Example 1, Method A (a), are suspended in 400 cc. of benzene
      while stirring vigorously. 800 cc. of a 1.5 molar solution of dibutyl
      aluminum hydride are then allowed to run slowly to said suspension.
      Thereby the reaction mixture is caused to boil under reflux. Half an hour
      after the addition is completed, the mixture is cooled to 5.degree. C.
      Excess dibutyl aluminum hydride is decomposed by careful addition of
      water. The precipitated aluminum hydroxide is dissolved in 40 % sodium
      hydroxide solution. The separated organic layer is washed with 40 % sodium
      hydroxide solution and then with water and is freed of its organic solvent
      by evaporation. The residue is recrystallized from 1.5 l. of isopropanol.
PAR  Pure white crystals of the melting point 103.degree.-104.degree.C. are
      obtained in a yield corresponding to the theoretical yield. The resulting
      compound is identical with the compound obtained according to Method A
      given hereinabove as is proved by chromatography and infrared
      spectroscopy.
PAC  b. 1-(4'-Chloro benzyl)-2-phenyl-4-(diethylamino ethyl) piperazine
PAR  30 g. of the base prepared according to Methods A or B as described
      hereinabove are dissolved in 100 cc. of toluene. The solution is boiled
      under reflux with 20 g. of diethylamino ethylchloride and 20 g. of finely
      pulverized anhydrous potassium carbonate for 8 hours. By treating the
      reaction mixture with water, separating the toluene layer, extracting the
      base with hydrochloric acid, setting the base free from its hydrochloride
      solution by addition of ammonia, and dissolving it in benzene, the base is
      purified. After distilling off the solvent and repeated distillation in a
      vacuum, 34 g. of a yellow oil of the boiling point 188.degree.-199.degree.
      C./0.09 mm. Hg are obtained. Yield: 81% of the theoretical yield.
PAC  EXAMPLE 3
PAC  1-(3',4'-Dichloro benzyl)-2-phenyl- 4-(diethylamino ethyl) piperazine
      ##SPC17##
PAC  a. 1-(3',4'-Dichloro benzyl)-2-phenyl-3-keto piperazine
PAR  140 g. of 2-phenyl-3-keto piperazine are boiled under reflux with 163 g. of
      3,4-dichloro benzylchloride in 1600 cc. of acetone for 6 hours while 330
      cc. of triethylamine are added. The hot reaction mixture is filtered to
      remove precipitated triethyl ammonium chloride and is concentrated by
      fractional distillation. The resulting crystal fractions are twice
      recrystallized from 4 l. of 96 % ethanol.
PAR  162 g. of the above given reaction product of the melting point
      195.degree.-208.degree. C. (with decomposition) are obtained. Yield: 52 %
      of the theoretical yield.
PAC  b. 1-(3',4'-Dichloro benzyl)-2-phenyl piperazine
PAR  132 g. of the keto piperazine prepared as described hereinabove under (a)
      are dissolved in 200 cc. of dioxane. Said solution is added drop by drop
      to a suspension of 21 g. of lithium aluminum hydride LiAlM.sub.4 in 900
      cc. of absolute ether while the suspension is exposed to vibration. After
      the addition is completed, the mixture is boiled under reflux for 12
      hours. Successively 20 cc. of 15 % sodium hydroxide solution, 20 cc. of
      water, 60 cc. of 15 % sodium hydroxide solution, and 40 cc. of water are
      added to the reaction mixture to cause decomposition of the complex
      compound formed. The filtrate is freed of solvent, the residue is
      distilled, and a viscous oil, boiling between 170.degree. C./0.02 Torr.
      and 178.degree. C./0.02 Torr., is obtained. The oil crystallizes on
      trituration with heptane. It is twice recrystallized from heptane. Yield:
      110 g. corresponding to 87 % of the theoratical yield.
PAC  c. 1-(3', 4'-Dichloro benzyl)-2-phenyl-4-(diethylamino ethyl) piperazine
PAR  40 g. of the piperazine compound prepared according to the method described
      hereinabove under (b), are boiled under reflux with 18.5 g. of
      diethylamino ethylchloride in 250 cc. of acetone with the addition of 52
      cc. of triethylamine for 12 hours. The triethyl ammoniumchloride formed
      thereby is filtered off. The resulting solution is concentrated by
      evaporation. Absolute ethanolic hydrochloric acid is added to the residue.
      The precipitated hydrochloride is washed with ethanol and is dissolved in
      water. The base is set free from its aqueous solution by the addition of
      ammonia and is extracted by means of benzene. After drying over anhydrous
      potassium carbonate and removing the solvent, 34 g. of a light yellow oil
      of the boiling point 192.degree. C./0.03 mm. Hg are obtained. The yield is
      65 % of the theoretical yield.
PAC  EXAMPLE 4
PAC  1-[(4'-Methoxy phenyl) ethyl]-2-phenyl-4-(diethylamino ethyl) piperazine
      ##SPC18##
PAC  d. 1-[(4'-Methoxy phenyl) ethyl]-2-phenyl-3-keto piperazine
PAR  140 g. of 2-phenyl-3-keto piperazine, 148.5 g. of 4-methoxy phenyl
      ethylchloride, and 330 cc. of triethylamine in 1.6 l. of acetone are
      boiled under reflux for 12 hours. The acetone is distilled off. 300 cc. of
      dimethylformamide are added to the residue and the mixture is heated on
      the water bath for 36 hours. The major part of the dimethylformamide is
      distilled off in a vacuum. About 500 cc. of acetone and 150 cc. of
      triethylamine are added to the residue. The mixture is freed of
      triethylammoniumchloride by filtration while still boiling, and is cooled.
      After again distilling off the solvent, the remaining crystals are washed
      with petroleum ether and are triturated with water. The resulting solution
      is again filtered. On rendering the solution alkaline, the reaction
      product is precipitated initially in oily form. It crystallizes very
      rapidly. After recrystallizing the crystals three times from isopropanol
      pure white crystals of the melting point 142.degree.-147.degree. C. (with
      decomposition) are obtained. The yield is 110 g. corresponding to 44.7 %
      of the theoretical yield.
PAR  When carrying out the reaction from the beginning on in a mixture of
      dimethylformamide and triethylamine, the yield is lower than when
      proceeding as described hereinabove. This is due to formylation reaction
      taking place thereby.
PAC  b. 1-[(4'-Methoxyphenyl)-ethyl]-2-phenyl piperazine
PAR  29 g. of the keto piperazine prepared as described hereinabove under (a),
      are dissolved in 200 cc. of absolute dioxane. A suspension of 8 g. of
      lithium aluminum hydride LiAlH.sub.4 in 700 cc. of absolute ether is added
      drop by drop to said solution while stirring vigorously. Thereafter, the
      mixture is boiled under reflux for 12 hours. After decomposing the
      reaction mixture by successive addition of 10 cc. of 15 % sodium hydroxide
      solution, 10 cc. of water, 30 cc. of 15 % sodium hydroxide solution, and
      finally of 20 cc. of water in the order given, the mixture is freed from
      the precipitated inorganic salts by filtration and the filtrate is
      concentrated by evaporation. Ethanolic hydrochloric acid is added to the
      residue and the hydrochloride precipitated thereby is filtered off by
      suction. The base is set free from the hydrochloride by the addition of
      sodium hydroxide solution. 23 g. of a viscous oil are obtained. The oil
      crystallizes after standing for some time. It has a boiling point of
      180.degree.-185.degree. C./0.01 mm. Hg. The yield is 83 % of the
      theoretical yield.
PAC  c. 1-[(4'-Methoxy phenyl)-ethyl]-2-phenyl-4-(diethylamino ethyl) piperazine
PAR  18 g. of the base obtained as described hereinabove under (b) are boiled
      under reflux with 30 g. of triethylamine and 12 g. of diethylamino
      ethylchloride in 120 cc. of acetone for 15 hours. The reaction solution is
      cooled, filtered, and freed of the solvent by concentration by
      evaporation. The residue is dissolved in dilute hydrochloric acid. The
      base is set free from its hydrochloride solution by the addition of
      ammonia, is extracted with benzene, and the benzene extract is again freed
      of its solvent. A mixture of acetone in ethanolic hydrochloric acid is
      added to the residue. The precipitated hydrochloride is filtered off by
      suction. The base is again set free from its hydrochloride by the addition
      of ammonia and is distilled in a vacuum. 17 g. of a viscous oil of the
      boiling point 215.degree. C./0.02 mm. Hg are obtained. The yield is 70 %
      of the theoretical yield.
PAC  EXAMPLE 5
PAC  1-[3'-Phenyl propyl-(1)-]-2-phenyl-4-(diethylaminoethyl) piperazine
      ##SPC19##
PAC  a. 1-[3'-Phenyl propyl-(1)]-2-phenyl-3-keto piperazine
PAR  140 g. of 2-phenyl-3-keto-piperazine and 135 g. of 3-phenyl
      propylchloride(1) are heated on the water bath in 350 cc. of
      dimethylformamide with the addition of 330 cc. of triethylamine for 48
      hours. The major portion of the dimethylformamide and the triethylamine
      are distilled off in a vacuum. The residue is dissolved in 2 l. of
      acetone. 150 cc. of triethylamine are added to said acetone solution. The
      mixture is boiled under reflux for 10 minutes. The solution is then cooled
      to 30.degree. C. and is freed from triethyl ammoniumchloride by
      filtration. The keto-piperazine crystallizes from the resulting filtrate
      on cooling in a mixture of ice and sodium chloride. The crystals are
      purified by recrystallization from isopropanol and 50 % ethanol. 110 g. of
      white crystals of the melting point 114.degree.-116.degree. C. are
      obtained. The yield is 47 % of the theoretical yield.
PAC  b. 1-[3'-Phenyl propyl-(1)]-2-phenyl piperazine
PAR  43 g. of the keto-piperazine obtained as described hereinabove under (a)
      are dissolved in 200 cc. of dioxane and are reduced by the addition of 10
      g. of lithium aluminum hydride LiAlH.sub.4 suspended in 800 cc. of ether
      as described in the preceding examples. After decomposing the reaction
      mixture and recovering the base by purification via its hydrochloride, 30
      g. of a viscous oil of the boiling point 155.degree.-160.degree. C./0.01
      mm. Hg are obtained. The yield is 73 % of the theoretical yield.
PAC  c. 1-[3'Phenyl propyl-(1)]-2-phenyl-4-(diethylamino ethyl) piperazine
PAR  23 g. of the base prepared as described hereinabove under (b) are boiled
      under reflux with 13.5 g. of diethylamino ethylchloride, 35 cc. of
      triethylamine, and 150 cc. of acetone for 10 hours. After recovering the
      base as described in the preceding examples and purifying it via its
      hydrochloride, 22 g. of a colorless oil of the boiling point
      187.degree.-189.degree. C./0.01 mm. Hg are obtained. The yield is 70.5 %
      of the theoretical yield.
PAC  EXAMPLE 6
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-(piperidino ethyl) piperazine
      ##SPC20##
PAR  31 g. of 1-(4'-chloro benzyl)-2-phenyl piperazine prepared according to
      Example 2 B), 25 g. of piperidino ethylchloride, 20 g. of triethylamine,
      and 250 cc. of acetone are boiled under reflux for 18 hours. The filtered
      reaction solution is freed of its solvent by concentration by evaporation.
      The residue is dissolved in benzene. The benzene solution is washed with
      water. After drying and distilling off the solvent, the base is obtained
      in the form of a viscous, yellow oil on distillation at 210.degree.
      C./0.06 Torr. The oil crystallizes on trituration with isopropanol. After
      twice recrystallizing the crystals from n-heptane (41 g. of yellow
      crystals of the melting point 85.degree.-87.degree. C.) are obtained. The
      yield is 95 % of the theoretical yield.
PAR  In place of acetone there may also be used other solvents, for instance,
      benzene, toluene, or xylene and, in place of triethylamine, for instance,
      pyridine, dimethylaniline, potassium carbonate, sodium amide or sodium
      hydride.
PAR  In a similar manner as described in Example 6 are obtained:
PA1  1-(4'-Chloro benzyl)-2-phenyl-4-(pyrrolidino ethyl) piperazine, boiling
      point 200.degree.-205.degree. C./0.05 mm. Hg; melting point of the
      hydrochloride 254.degree.-258.degree. C. (decomposition), by reaction of
      1-(4'-chloro benzyl)-2-phenyl piperazine and pyrrolidino ethyl chloride.
PA1  1-(4'-Chloro benzyl)-2-phenyl-4-[4'"-methyl piperazino ethyl-(1")]
      piperazine, boiling point 215.degree.-217.degree. C./0.005 mm. Hg; melting
      point of the hydrochloride 252.degree.-270.degree. C. (decomposition), by
      reaction of 1-(4'-chloro benzyl)-2-phenyl piperazine and 1-(.beta.-chloro
      ethyl)-4-methyl piperazine.
PAC  EXAMPLE 7
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-[1",3"-dimorpholino propyl(2")]-piperazine
      ##SPC21##
PAR  31 g. of 1-(4'-chloro benzyl)-2-phenyl piperazine prepared according to
      Example 2 B, 52 g. of 1,3-dimorpholino propylchloride-(2), prepared by
      chlorinating 1,3-dimorpholino propanol-(2), 25 g. of triethylamine, and
      250 cc. of acetone are boiled under reflux for 48 hours. The base
      remaining after filtration and evaporation of the solvent is purified by
      dissolving it in hydrochloric acid and setting it free from its
      hydrochloride solution by the addition of ammonia. The base is dissolved
      in benzene, and the benzene solution is dried over anhydrous potassium
      carbonate. After distilling off the solvent, the residue is distilled in a
      vacuum of 0.1 Torr. The first fraction distilling over at a temperature up
      to 110.degree. C. consists mainly of unreacted dimorpholino
      propylchloride. The remaining residue is dissolved in petroleum ether and
      is separated from undissolved matter by filtration after cooling. The
      solvent is distilled off and the remaining compound is purified by
      distillation in a vacuum. 34 g. of an oil of the boiling point 230.degree.
      C./0.001 mm. Hg are obtained. The oil solidifies on standing.
PAC  EXAMPLE 8
PAC  1-(4'-Chloro benzyl)-3-phenyl-4-(diethylamino ethyl) piperazine
      ##SPC22##
PAC  a. 1-(Diethylamino ethyl)-2-phenyl piperazine
PAR  1-(Diethylamino ethyl)-2-phenyl-3-keto piperazine is prepared by reacting
      N.sub.1 -(diethylamino ethyl) ethylenediamine with .alpha.-chloro phenyl
      acetylchloride and isolating the above mentioned reaction product from the
      resulting mixture of isomers.
PAR  89 g. of said keto piperazine dissolved in 200 cc. of dioxane are added
      drop by drop to a suspension of 20 g. of lithium aluminum hydride
      LiAlH.sub.4 in 800 cc. of ether. After addition of the keto piperazine,
      the reaction mixture is boiled under reflux for 6 hours. It is then
      decomposed by successively adding 20 cc. of 15% sodium hydroxide, 20 cc.
      of water, 60 cc. of 15% sodium hydroxide solution, and finally 40 cc. of
      water. The filtered solution is concentrated by evaporation and the
      residue is distilled in a vacuum. The resulting oil which distills at a
      temperature between 102.degree. C. and 115.degree. C./0.05 mm. Hg, is
      dissolved in benzene and is extracted therefrom by shaking in 10 %
      hydrochloric acid. The base is set free from its hydrochloride solution by
      the addition of 10 % sodium hydroxide solution and is repeatedly distilled
      in a vacuum. An almost colorless oil of the boiling point
      114.degree.-117.degree.  C./0.07 mm. Hg is obtained. The yield corresponds
      to the theoretical yield. The compound contains a small amount of
      3-phenyl-1-(diethylamino ethyl) piperazine.
PAC  b. 1-(4'-Chloro benzyl)-3-phenyl-4-diethylamino ethyl) piperazine
PAR  26 g. of the base prepared as described hereinabove under (a) are boiled
      under reflux with 17.7 g. of 4-chloro benzylchloride and  42 cc. of
      triethylamine in 200 cc. of acetone for 10 hours. After filtration and
      distilling off the solvent, the base is purified in the manner described
      hereinabove via its hydrochloride and is set free from said hydrochloride
      by the addition of ammonia. The residue is freed of the solvent and is
      dissolved in acetic acid ethyl ester. The hydrochloride is precipitated
      from said solution by the addition of absolute ethanolic hydrochloride
      acid. The hydrochloride is recrystallized from acetic acid ethyl ester.
      The base is set free from said hydrochloride by means of ammonia and is
      distilled in a vacuum. An almost colorless oil of the boiling point
      180.degree. C/0.01 mm. Hg is obtained. The yield is 30 g. corresponding to
      78 % of the theoretical yield.
PAR  This compound can be distinguished by means of its infrared spectrum from
      the isomeric 1-(4'-chloro benzyl)-2-phenyl-4-(diethylamino ethyl)
      piperazine by directly comparing both compounds.
PAC  EXAMPLE 9
PAC  1-(Diethylamino ethyl)-2-phenyl-4-(p-ethoxy benzyl) piperazine
      ##SPC23##
PAC  a. 1-Diethylamino ethyl-2-phenyl-3-keto piperazine
PAR  144 g. of 2-phenyl-3-keto piperazine are boiled under reflux with 121 g. of
      diethylamino ethylchloride, 340 cc. of triethylamine, and 1600 cc. of
      acetone for 24 hours. The cooled solution is filtered to remove
      triethylamine hydrochloride and the filtrate is evaporated to dryness. The
      residue is dissolved in water, 40 % sodium hydroxide solution is added
      thereto, and the oil which forms an upper layer, is extracted with
      benzene. The benzene solution is dried over anhydrous potassium carbonate,
      the benzene is removed by distillation, and the residue is distilled in a
      vacuum. A light yellow, viscous oil of the boiling point 175.degree.
      C./0.05 mm. Hg is obtained. The oil is twice recrystallized from
      n-heptane. 145 g. of the above mentioned compound melting at
      53.degree.-56.degree. C. are obtained.. The yield is 64 % of the
      theoretical yield.
PAC  b. 1-Diethylamino ethyl-2-phenyl piperazine
PAR  89 g. of the keto piperazine prepared as described hereinabove under (a),
      are dissolved in 200 cc. of absolute dioxane. The solution is added to a
      suspension of 20 g. of lithium aluminum hydride LiAlH.sub.4 in 800 cc. of
      absolute ether while exposing the mixture to vibration. After addition of
      the keto piperazine solution is completed, the reaction mixture is boiled
      under reflux for 6 hours. Thereafter it is decomposed by successive
      treatment with 21 cc. of 15 % sodium hydroxide solution, 21 cc. of water,
      63 cc. of 15 % sodium hydroxide solution, and 42 cc. of water. The
      decomposed reaction mixture is filtered, the solvent is removed by
      distillation, and the residue is distilled in a vacuum. 65 g. of a light
      yellow oil of the boiling point 114.degree.-117.degree. C./0.05 mm. Hg are
      obtained. This oil corresponds to the above given compound. The yield is
      77 % of the theoretical yield.
PAC  c. 1-Diethylamino ethyl-2-phenyl-4-(p-ethoxy benzyl) piperazine
PAR  40 g. of the piperazine derivative prepared as described hereinabove under
      (b) are boiled under reflux with 27 g. of p-ethoxy benzylchloride in 400
      cc. of acetone with the addition of 50 cc. of triethylamine for 12 hours.
      The triethyl ammonium hydrochloride formed thereby is filtered off. The
      acetone is removed by distillation. The residue is dissolved in benzene
      and the base is dissolved therefrom in the form of its hydrochloride by
      extraction with dilute hydrochloric acid. The base is set free from its
      hydrochloride solution by the addition of ammonia and is extracted with
      benzene. The benzene solution is dried over anhydrous potassium carbonate.
      The solvent is distilled off and the residue is distilled in a vacuum. 39
      g. of a light yellow viscous oil of the boiling point 200.degree. C./0.05
      mm. Hg are obtained. The yield is 64 % of the theoretical yield.
PAC  EXAMPLE 10
PAC  1-(4'-Chloro benzyl)-2-keto-3-phenyl-4-(diethylamino ethyl) piperazine
PAR  The starting material, 1-(diethylamino ethyl)-2-phenyl-3-keto piperazine is
      prepared as described in Example 8(a) by reaction of N.sub.1
      -(diethylamino ethyl) ethylene diamine with .alpha.-chloro phenyl
      acetylchloride and isolation from the resulting mixture of isomers. Its
      boiling point is 175.degree. C./0.03 mm. Hg. On standing white crystals
      melting at 53.degree.-56.degree. C. are obtained.
PAR  On reaction with 4-chloro benzylchloride as described hereinabove, the
      1-(4'-chloro benzyl)-2-keto-3-phenyl-4-(diethylamino ethyl) piperazine is
      obtained as a light yellow oil of the boiling point
      187.degree.-190.degree.C./0.03 mm. Hg.
PAC  EXAMPLE 11
PAC  1-(4'-Ethoxy benzyl)-2-phenyl-3-keto piperazine
PAR  The procedure is the same as described in Example 4 (a) whereby, in place
      of 4-methoxy phenyl ethylchloride, the equimolecular amount of 4-ethoxy
      benzylchloride is used. The resulting keto piperazine compound is obtained
      in the form of white crystals melting at 161.degree.-162.degree. C.
PAC  EXAMPLE 12
PAC  1-(4'-Benzyloxy benzyl)-2-phenyl-3-keto piperazine
PAR  The procedure is the same as described in Example 4 (a) whereby, in place
      of 4-methoxy phenyl ethylchloride, the equimolecular amount of 4-benzyloxy
      benzylchloride is used. The resulting keto piperazine compound is obtained
      in the form of white crystals melting at 207.degree.-211.degree. C.
PAC  EXAMPLE 13
PAC  1-(3',4',5'-trimethoxy benzyl)-2-phenyl-3-keto piperazine
PAR  The procedure is the same as described in Example 4 (a) whereby, in place
      of 4-methoxy phenyl ethylchloride, the equimolecular amount of
      3,4,5-trimethoxy benzylchloride is used. The resulting keto piperazine
      compound is obtained in the form of white crystals melting at
      156.degree.-157.degree. C.
PAC  EXAMPLE 14
PAC  1-[3'-(4-Methoxy phenyl) propyl(1)]-2-phenyl-3-keto piperazine
PAR  The procedure is the same as described in Example 4 (a) whereby, in place
      of 4-methoxy phenyl ethylchloride, the equimolecular amount of
      3-(4'-methoxy phenyl) propylchloride(1) is used. The resulting keto
      piperazine compound is obtained in the form of white crystals melting at
      109.degree.-110.degree. C.
PAC  EXAMPLE 15
PAC  1-Diethylamino ethyl-3-phenyl piperazine
PAR  1-Diethylamino ethyl-2-keto-3-phenyl piperazine prepared according to
      Example 1 B (a), is reduced by following the procedure described
      hereinabove in Example 8a whereby, in place of 1-diethylamino
      ethyl-3-keto-2-phenyl piperazine, the equimolecular amount of said
      1-diethylamino ethyl-2-keto-3-phenyl piperazine is used. The resulting
      3-phenyl piperazine compound is obtained in the form of a light yellow oil
      boiling at 102.degree. C./0.02 mm. Hg.
PAC  EXAMPLE 16
PAC  1-Benzyloxy benzyl-2-phenyl piperazine
PAR  1-Benzyloxy benzyl-2-phenyl-3-keto piperazine prepared according to Example
      12, is reduced by following the procedure described hereinabove in Example
      8a whereby, in place of 1-diethylamino ethyl-3-keto-2-phenyl piperazine,
      the equimolecular amount of said 1-benzyloxy benzyl-2-phenyl-3-keto
      piperazine is used. The resulting 2-phenyl piperazine compound is obtained
      in the form of white crystals melting at 140.degree.-141.degree. C.
PAC  EXAMPLE 17
PAC  1-(3',4',5'-Trimethoxy benzyl)-2-phenyl piperazine
PAR  1-(3',4',5'-Trimethoxy benzyl)-2-phenyl-3-keto piperazine prepared
      according to Example 13, is reduced by following the procedure described
      hereinabove in Example 8a whereby, in place of 1-diethylamino
      ethyl-3-keto-2-phenyl piperazine, the equimolecular amount of said
      1-(3',4',5'-trimethoxy benzyl-2-phenyl-3-keto piperazine is used. The
      resulting 2-phenyl piperazine compound is obtained in the form of a yellow
      oil boiling at 185.degree.-195.degree.C./0.08 mm. Hg.
PAC  EXAMPLE 18
PAC  1-[3'-(4"-Methoxy phenyl) propyl(1)]-2-phenyl piperazine
PAR  1-[3'-(4"-Methoxy phenyl) propyl(1)]-2-phenyl-3-keto piperazine prepared
      according to Example 14, is reduced by following the procedure described
      hereinabove in Example 8a whereby, in place of 1-diethylamino
      ethyl-3-keto-2-phenyl piperazine, the equimolecular amount of said
      1-[3'-(4"-methoxy phenyl) propyl(1)]-2-phenyl-3-keto piperazine is used.
      The resulting 2-phenyl piperazine is obtained in the form of a light
      yellow oil boiling at 176.degree. C./0.05 mm. Hg.
PAC  EXAMPLE 19
PAC  1-(4'-Chloro benzyl)-3-phenyl-4-diethylamino ethyl piperazine
PAR  1-(4'-Chloro benzyl)-2-keto-3-phenyl-4-diethylamino ethyl piperazine
      prepared according to Example 10, is reduced by following the procedure
      described hereinabove in Example 8a whereby, in place of 1-diethylamino
      ethyl-3-keto-2-phenyl piperazine, the equimolecular amount of said
      1-(4'-Chloro benzyl)-2-keto-3-phenyl-4-diethylamino ethyl piperazine is
      used. The resulting 3-phenyl piperazine compound is obtained in the form
      of a light yellow oil boiling at 180.degree. C./0.01 mm. Hg.
PAC  EXAMPLE 20
PAC  1-(3',4'-Dichloro benzyl)-2-phenyl-4-dimethylamino ethyl piperazine
PAR  1-(3',4'-Dichloro benzyl)-2-phenyl piperazine prepared according to Example
      3b, is alkylated by following the procedure described in Example 3c,
      whereby, in place of diethylamino ethylchloride, the equimolecular amount
      of dimethylamino ethylchloride is used. The resulting reaction product is
      obtained in the form of a light yellow oil boiling at 190.degree. C./0.01
      mm. Hg.
PAC  EXAMPLE 21
PAC  1-(3',4'-Dichloro benzyl)-2-phenyl-4-morpholino ethyl piperazine
PAR  1-(3',4'-Dichloro benzyl)-2-phenyl piperazine prepared according to Example
      3b, is alkylated by following the procedure described in Example 3c
      whereby, in place of diethylamino ethylchloride, the equimolecular amount
      of morpholino ethylchloride is used. The resulting reaction product is
      obtained in the form of a light yellow oil boiling at 230.degree. C./0.04
      mm. Hg.
PAC  EXAMPLE 22
PAC  1-(3',4'-Dichloro benzyl)-2-phenyl-4-diethylamino propyl piperazine
PAR  1-(3',4'-Dichloro benzyl)-2-phenyl piperazine prepared according to Example
      3b, is alkylated by following the procedure described in Example 3c
      whereby, in place of diethylamino ethylchloride, the equimolecular amount
      of diethylamino propylchloride is used. The resulting reaction product is
      obtained in the form of a light yellow oil boiling at 210.degree. C./0.04
      mm. Hg.
PAC  EXAMPLE 23
PAC  1-(4'-Benzyloxy benzyl)-2-phenyl-4-diethylamino ethyl piperazine
PAR  1-(4'-Benzyloxy benzyl)-2-phenyl piperazine prepared according to Example
      16, is alkylated by means of diethylamino ethylchloride by following the
      procedure described in Example 3c. The resulting reaction product is
      obtained in the form of a light yellow oil boiling at 235.degree. C./0.01
      mm. Hg.
PAC  EXAMPLE 24
PAC  1-(3',4',5'-Trimethoxy benzyl)-2-phenyl-4-diethylamino ethyl piperazine
PAR  1-(3',4',5'-Trimethoxy benzyl)-2-phenyl piperazine prepared according to
      Example 17, is alkylated by means of diethylamine ethylchloride by
      following the procedure described in Example 3c. The resulting reaction
      product is obtained in the form of yellow oil boiling at 200.degree.
      C./0.03 mm. Hg.
PAC  EXAMPLE 25
PAC  1-[3'-(4"-Methoxy phenyl) propyl(1)]-2-phenyl-4-diethylamino ethyl
      piperazine
PAR  1-[3'-(4"-Methoxy phenyl) propyl(1)]-2-phenyl piperazine prepared according
      to Example 18, is alkylated by means of diethylamino ethylchloride by
      following the procedure described in Example 3c. The resulting reaction
      product is obtained in the form of a yellow oil boiling at
      180.degree.-190.degree. C./0.01 mm. Hg.
PAC  EXAMPLE 26
PAC  1-(4'-Ethoxy benzyl)-3-phenyl-4-diethylamino ethyl piperazine
PAR  1-Diethylamino ethyl-2-phenyl piperazine prepared according to Example 8a,
      is reacted with 4-ethoxy benzylchloride by following the procedure
      described in Example 8b and using, in place of 4-chloro benzylchloride,
      the equimolecular amount of 4-ethoxy benzylchloride. The resulting
      reaction product is obtained in the form of a yellow oil boiling at
      200.degree. C./0.05 mm. Hg.
PAC  EXAMPLE 27
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-(diethylamino ethyl) piperazine
      ##SPC24##
PAC  A. 1-(4-Chloro benzyl)-2-phenyl-4-(.beta.-hydroxy ethyl) piperazine
      ##SPC25##
PAR  a. 30 g. of 1-(4'-chloro benzyl)-2-phenyl piperazine, prepared according to
      Example 2 A), 20 g. of ethylene chlorohydrin, 20 g. of triethylamine and
      250 cc. of methyl ethyl ketone are boiled under reflux for 24 hours. After
      cooling, the triethylamine hydrochloride formed thereby is removed by
      filtration, the filtrate is evaporated in a vacuum, the residue is
      dissolved in benzene, the benzene solution is washed with water and dried
      over anhydrous potassium carbonate. The benzene is removed by distillation
      and the residue is distilled in a vacuum. A yellow, viscous oil of the
      boiling point 195.degree. C./0.01 mm. Hg is obtained. The oil is twice
      recrystallized from isopropanol and then from n-heptane. Melting point
      91.degree.-94.degree. C.; yield 22 g.
PAR  b. A mixture of 28.6 g. of 1-(4'-chloro benzyl)-2-phenyl piperazine, 6.0 g.
      of ethylene oxide and 200 cc. of methanol is let standing for 4 days in a
      closed flask at room temperature. Then the methanol is distilled off and
      the residue is distilled at 193.degree. C./0.01 mm. Hg. The base is twice
      recrystallized from n-heptane, whereby a product having a melting point of
      91.degree.-94.degree. C. is obtained. Yield 19 g.
PAR  c. 50 g. of 1-(4'-chloro benzyl)-2-phenyl piperazine are dissolved in 100
      cc. of dioxane. To this solution are added 31 g. of acetylglycolic acid
      chloride, dissolved in 50 cc. of dioxane. The mixture boiled for 2 hours
      under reflux. The dioxane is distilled off in a vacuum and the residue is
      dissolved in benzene; the benzene solution is washed with an aqueous 10 %
      sodium hydroxide solution and is dried over anhydrous potassium carbonate.
      The solvent is distilled off and the residue is recrystallized three times
      from isopropanol. Melting point 136.degree.-137.degree. C.; yield 46 g.
PAR  44 g. of the piperazine derivative obtained as above are dissolved in 120
      cc. of absolute dioxane and added slowly drop to drop to a suspension of
      10 g. of LiAlH.sub.4 in 700 cc. of absolute ether. The mixture is boiled
      under reflux for 2.5 hours. It is then decomposed by adding 10 cc. of 15 %
      sodium hydroxide solution, 10 cc. of water, 30 cc. of 15 % sodium
      hydroxide solution and 20 cc. of water. The precipitated inorganic
      material is separated by filtration and the solvent is distilled in a
      vacuum. The residue is recrystallized three timed from n-heptane. The
      obtained compound has a melting point of 91.degree.-94.degree. C. Yield 17
      g.
PAC  B. 1-(4'-Chloro benzyl)-2-phenyl-4-(.beta.-chloro ethyl) piperazine
      hydrochloride.
      ##SPC26##
PAR  24 g. of 1-(4'-chloro benzyl)-2-phenyl-4-(.beta.-hydroxy ethyl) piperazine
      are dissolved in 150 cc. of chloroform and added drop by drop to a
      solution of 15 g. of thionyl chloride in 150 cc. of chloroform. The
      mixture is boiled under reflux for 5 hours and the solvent is removed in a
      vacuum by heating the mixture in a water bath. Excess of absolute
      ethanolic hydrochloric acid is added and the remaining acid is distilled
      off. The crystalline residue obtained is recrystallized from absolute
      ethanol. Melting point 178.degree.-195.degree. C. (dec.); yield 30 g.
PAC  C. 1-(4'-Chloro benzyl)-2-phenyl-4-(diethylaminoethyl) piperazine.
PAR  20 g. of 1-(4'-chloro benzyl)-2-phenyl-4-(.beta.-chloro ethyl) piperazine
      hydrochloride, 14 g. of diethylamine and 200 cc. of acetone are boiled
      under reflux for 12 hours. After cooling, the precipitated diethylamine
      hydrochloride is filtered off with suction and the solvent of the filtrate
      is evaporated in a vacuum. The residue is distilled in a vacuum. 15 g. of
      a light yellow oil having a boiling point of 190.degree. C./0.06 mm. Hg
      are obtained. This product is identical with the product as obtained
      according to Example 2 B).
PAC  EXAMPLE 28
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-[(4'"-methyl)piperazino
      ethyl-(1")]piperazine.
      ##SPC27##
PAR  47 g. of 1-(4'-chloro benzyl)-2-phenyl-4-(.beta.-chloro ethyl) piperazine
      hydrochloride, 16.5 g. of N-methyl piperazine, 75 cc. of triethylamine and
      300 cc. of methyl ethyl ketone are boiled under reflux for 12 hours. After
      cooling the precipitated triethylamine hydrochloride is filtered off with
      suction and the solvent is distilled off in a vacuum. The residue is
      dissolved in benzene, the benzene solution is washed with water and dried
      over anhydrous potassium carbonate. The solvent is distilled off and the
      residue is dissolved in absolute ethanol. Absolute ethanolic hydrochloric
      acid is added to precipitate the hydrochloride salt. After cooling the
      precipitation is separated by filtration, washed with absolute ethanol and
      dried. Melting point 250.degree.-269.degree. C. (decomposition). To obtain
      the free base the hydrochloride is dissolved in water and the base is set
      free from its hydrochloride solution by the addition of ammonia and
      extracted with benzene. The benzene solution is dried over anhydrous
      potassium carbonate, the solvent is distilled off and the residue is
      distilled in a vacuum. Boiling point 220.degree.-223.degree. C./ 0.01 mm.
      Hg. Yield 30 g.
PAC  EXAMPLE 29
PAC  1-(4'-Chloro benzyl)-2-phenyl-4-[(3'"-keto)piperazino ethyl-(1")]
      piperazine.
PAR  25 g. of 1-(4'-chloro benzyl)-2-phenyl-4-(.beta.-chloro ethyl) piperazine
      hydrochloride, 7.3 g. of mono keto piperazine, 200 cc. of methyl ethyl
      ketone and 200 cc. of triethylamine are boiled for 24 hours under reflux.
      The precipitated triethylamine hydrochloride is filtered off with suction.
      Then, the solvent is evaporated, the residue is dissolved in benzene and
      the benzene solution is washed with water and dried over anhydrous
      potassium carbonate. The solvent is distilled off and the residue is
      distilled at 230.degree.-250.degree. C./0.06 mm. Hg (minor decomposition).
      The distilled product is dissolved in ether, washed with 0.5N hydrochloric
      acid. The extract obtained with the diluted hydrochloric acid is treated
      with carbon and after filtration, the base is set free from said solution
      by use of ammonia. The base is dissolved in benzene, dried over anhydrous
      potassium carbonate and after evaporation of the solvent, the residue is
      distilled at 220.degree.-230.degree. C. (air bath temperature)/0.005 mm.
      Hg. A very viscous, brownish oil is obtained.
PAR  The acid addition salts of the bases according to the present invention are
      prepared in a manner known per se. For instance, anhydrous ethanolic
      hydrochloric acid is added to the base whereby the hydrochloride
      precipitates and is isolated by filtration. Or the base is triturated with
      the equimolecular amount of the respective acid either as such or in
      aqueous solution or in solution in an organic solvent and, if required,
      evaporating the solvent.
PAR  Specific procedures to prepare the acid addition salts are the following:
PAR  To prepare the hydrochlorides, the bases are dissolved in absolute ethanol
      and an equimolecular amount of absolute ethanolic hydrochloric acid is
      added. After cooling, the precipitated hydrochloride is separated by
      filtration and recrystallized from absolute ethanol or isopropanol.
PAR  The succinates or fumarates, respectively, may be obtained using an
      equimolar amount succinic acid or fumaric acid, respectively, which is
      added and to the base dissolved in acetone. After boiling under reflux,
      e.g. for 2 hours, the mixture is cooled and the precipitated salts are
      separated. The so obtained salts are pure for analysis. In case that the
      fumarates or succinates, respectively, are not separated from the mixture
      in crystalline form, the solvent is evaporated and the remaining syrup is
      triturated to induced crystallization. Recrystallization may be effected
      by use of ethyl acetate.
PAR  To prepare the sulfates, the base is dissolved in absolute ethanol and an
      equimolecular amount of dilute sulfuric acid is added. The obtained
      sulfates may be recrystallized from ethanol.
PAR  The preparation of the phosphates may be effected by dissolution of the
      base in absolute ethanol, and addition of an equimolecular amount of
      dilute phosphoric acid. The phosphate may be precipitated by use of acetic
      acid ethyl ester and may be recrystallized by use of isopropanol.
PAR  The following acid addition salts have been prepared and isolated:
     Ex-        Base       Acid addi-                                          

                                   Melting point                               

     ample                 tion salt                                           

     __________________________________________________________________________

     30  1-(4'-Chloro benzyl)-2-phenyl-                                        

                           Dihydro-                                            

                                   255-270.degree.C. with                      

         4-diethylamino ethyl piperazine                                       

                           chloride                                            

                                   decomposition                               

     31  1-(3',4'-Dichloro benzyl)-2-                                          

                           Dihydro-                                            

                                   220-222.degree.C.                           

         phenyl-4-diethylamino ethyl                                           

                           chloride                                            

         piperazine                                                            

     32  1-(3',4'-Dichloro benzyl)-2-                                          

                           o-Phos- 220-226.degree.C.                           

         phenyl-4-diethylamino ethyl                                           

                           phate                                               

         piperazine                                                            

     33  1-(3',4'-Dichloro benzyl)-2-                                          

                           Sulfate 210-214.degree.C.                           

         phenyl-4-diethylamino ethyl                                           

         piperazine                                                            

     34  1-(4'-Chloro benzyl)-2-phenyl-                                        

                           Succinate                                           

                                   156-158.degree.C.                           

         4-piperidino ethyl piperazine                                         

     35  1-(4'-Chloro benzyl)-2-phenyl-4-                                      

                           Fumar-  190.degree.C.sublimates                     

         piperidino ethyl piperazine                                           

                           ate     250-251.degree.C.with de-                   

                                   composition                                 

     36  1-[(4'-Methoxy phenyl)ethyl]-                                         

                           Hydro-  190-201.degree.C.                           

         2-phenyl-4-diethylamino ethyl                                         

                           chloride                                            

         piperazine                                                            

     37  1-[3"-Phenyl propyl(1)]-2-                                            

                           Hydrochloride                                       

                                   185-192.degree.C.                           

         phenyl-4-diethylamino ethyl                                           

         piperazine                                                            

     38  1-(4'-Chloro benzyl)-3-phenyl-                                        

                           Hydrochloride                                       

                                   241-255.degree.C.                           
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PAC  EXAMPLE 40
PAC  4-Diethylaminoethyl-3-phenyl-1-(o-hydroxy benzyl) piperazine
      ##SPC28##
PAR  a. 4-Diethylaminoethyl-3-phenyl-1-(o-acetoxy benzoyl)piperazine piperazine
      is prepared by boiling under reflux 15 g. of
      1-diethylaminoethyl-2-phenyl-piperazine dissolved in 100 ml. of methyl
      ethyl ketone with 11 g. of acetyl salicylic acid chloride dissolved in 50
      ml. methyl ethyl ketone, for 6 hours. The solvent is removed by
      distillation. The residue is dissolved in water. The aqueous solution is
      extracted with benzene. Ammonia is added to the aqueous layer until its
      reaction is alkaline and the thus precipitated oil is extracted with
      benzene. The benzene extract is dried by means of potassium carbonate and
      the benzene is distilled off. The residue is distilled in a vacuum.
      Boiling point: 190.degree. C./0.01 mm. (bath temperature). Light yellow,
      viscous oil.
PAR  b. 4-Diethylaminoethyl-3-phenyl-1-(o-hydroxy benzoyl) piperazine is
      obtained by dissolving the reaction product prepared as described
      hereinabove under (a) in 100 ml. of dilute hydrochloric acid (2 : 100).
      The solution is heated to 50.degree. C. for 1 hour and is then rendered
      alkaline by the addition of ammonia. The precipitated viscous product is
      extracted with benzene, the benzene solution is dried by means of
      potassium carbonate. The benzene is removed by distillation and the
      residue is distilled in a vacuum.
PAR  Boiling point: 180.degree.C./0.001 mm. (bath temperature). Light yellow,
      vitreous product.
PAR  c. 4-Diethylaminoethyl-3-phenyl-1-(o-hydroxy benzyl) piperazine is obtained
      by dissolving 40 g. of 4-diethylaminoethyl-3-phenyl-1-(o-hydroxy benzoyl)
      piperazine in 150 ml. of dioxane and slowly adding said solution to a
      suspension of 6 g. of lithium aluminum hydride in 800 ml. of absolute
      ether. The reaction mixture is boiled under reflux for two hours. The
      resulting complex compound is decomposed by a treatment with 5 ml. of 15%
      sodium hydroxide solution followed by 5 ml. of water, 15 ml. of 15% sodium
      hydroxide solution, and finally 10 ml. of water. The resulting precipitate
      is filtered off and the solvent is distilled off from the filtrate. The
      residue is distilled in a vacuum.
PAR  Boiling point: 180.degree.C./0.001 mm. (bath temperature). Yellow oil.
PAC  EXAMPLE 41
PAC  1-(p-Hydroxy benzyl)-2-phenyl-4-diethylaminoethyl piperazine
      ##SPC29##
PAR  a. 1-(4-Benzyloxy benzyl)-2-phenyl-3-keto piperazine is obtained by boiling
      under reflux 48 g. of 4-benzyloxybenzyl chloride, 35 g. of 2-phenyl-3-keto
      piperazine, 500 ml. of acetone, and 50 ml. of triethylamine for 14 hours.
      Thereafter, the acetone is distilled off and the residue is treated with
      water. The precipitated crystals are filtered off and are recrystallized
      from dioxane and thereafter from a mixture of dimethylformamide and water
      (1 : 1). Melting point: 207.degree.-211.degree.C. White crystals.
PAR  b. 1-(4-Benzyloxybenzyl)-2-phenyl piperazine is obtained by suspending 39
      g. of the compound prepared according to (a) hereinabove in 150 ml. of
      dioxane. The suspension is added to a suspension of 10 g. of lithium
      aluminum hydride (LiAlH.sub.4) in 900 ml. of ether. The resulting mixture
      is boiled under reflux for two hours. The complex compound formed thereby
      is decomposed by treatment with 10 ml. of 15% sodium hydroxide solution,
      followed by a treatment with 10 ml. of water, 30 ml. of 15% sodium
      hydroxide solution, and finally with 20 ml. of water. The decomposed
      mixture is filtered. The filter residue is discarded. The filtrate is
      evaporated to dryness and the evaposation residue is recrystallized from
      dioxane. Melding point: 140-141.degree. C., white crystals.
PAR  c. 1-(4-Benzyloxybenzyl)-2-phenyl-4-diethylaminoethyl piperazine is
      obtained by boiling under reflux 25 g. of the compound prepared according
      to (b) hereinabove with 10.5 g. of diethylaminoethyl chloride, 30 ml. of
      triethylamine, and 200 ml. of acetone for six hours. The precipitated
      triethylamine hydrochloride is filtered off. The acetone is distilled off
      and the residue is dissolved in benzene. The benzene solution is extracted
      with dilute hydrochloric acid (1 : 10). The acid solution is made alkaline
      by the addition of ammonia and the precipitated oil is extracted with
      benzene. After distilling off the benzene, the residue is distilled in a
      vacuum. Boiling point: 235.degree. C./0.01 mm. Yellow oil.
PAR  d. 1-(p-Hydroxybenzyl)-2-phenyl-4-diethylamino ethyl piperazine is obtained
      by dissolving 15 g. of the compound prepared as described hereinabove
      under (c) in 500 ml. of toluene. 5 g. of palladium deposited on asbestos
      are added thereto. Hydrogen is passed into the solution under a positive
      pressure of 15 mm. mercury. Progress of the hydrogenating debenzylation is
      ascertained by thin-layer chromatography. Introduction of hydrogen is
      discontinued after 20 hours. The catalyst is filtered off. The toluene is
      distilled off and the residue is triturated with petroleum ether. The
      precipitated crystals are filtered off by suction. THe filter residue is
      dissolved in warm acetone and is precipitated by the addition of petroleum
      ether. After filtering off by suction the precipitate and drying it, white
      crystals of the melting point 108.degree.-112.degree. C. are obtained.
PAC  EXAMPLE 42
PAC  1-(3,4-Dihydroxy benzyl)-2-phenyl-4-diethylaminoethyl piperazine
      ##SPC30##
PAR  The compound is prepared in an analogous manner as described in Example 41
      by using as starting material 1(3,4-dibenyloxybenzyl)-2-phenyl-3-keto
      piperazine. Light yellow, very viscous oil. Boiling point: 245.degree.
      C./0.001 mm.
PAC  EXAMPLE 43
PAC  4-Diethylaminoethyl-3-phenyl-1-(3,4-dibenzyloxy benzyl) piperazine
      hydrochloride.
      ##SPC31##
PAR  30 g. of 3,4-dibenzyloxy benzylchloride, 23 g. of 1-diethylamino
      ethyl-2-phenyl piperazine, 20 ml. of triethylamine, and 200 ml. of
      methylethylketone are boiled under reflux for 12 hours. The precipitated
      triethylamine hydrochloride is filtered off by suction. The solvent is
      distilled off and the residue is dissolved in benzene. The benzene
      solution is extracted with dilute hydrochloric acid (1 : 8). The
      hydrochloric acid extract is rendered alkaline by the addition of ammonia
      and is extracted with benzene. The benzene is removed from the benzene
      extract by distillation. Water-free alcoholic hydrochloric acid is added
      to the residue, and the hydrochloride of the resulting base is
      precipitated by the addition of a mixture of petroleum ether and acetone
      (1 : 1). The hydrochloride is redissolved in alcohol and is again
      precipitated by the addition of petroleum ether and acetone. Melting point
      of the hydrochloride: It starts to sublimate at 203.degree. C. and melts
      at 235.degree.-239.degree. C. with decomposition. White crystals.
PAC  EXAMPLE 44
PAC  1-(3-Chlorobenzyl)-2-phenyl-4-diethylaminoethyl-3-keto piperazine
      ##SPC32##
PAR  a.
PA1  76.5 g. of 2-phenyl-3-keto piperazine,
PA1  63.5 g. of 3-chloro benzylchloride,
PA1  80.0 g. of triethylamine, and
PA1  765 ml. of acetone
PAL  are boiled under reflux for 20 hours. After cooling, the precipitated
      triethylaminohydrochloride is filtered off by suction. The acetone is
      removed by distillation. The residue is poured into one liter of water and
      the precipitated crystals are filtered off by suction. They are washed on
      the filter three times with cold water and twice with petroleum ether. The
      washed crystals are recrystallized from 1 liter of 96% ethanol. Melting
      point: 172.degree.-175.degree.C. Yield: 72 g..
PAR  b.
PA1  45 g. of the compound obtained as described hereinabove under (a)
PA1  40.5 g. of diethylaminoethyl chloride,
PA1  40.5 g. of potassium carbonate, and
PA1  400 ml. of toluene
PAL  are boiled under reflux for 20 hours. After cooling the reaction mixture,
      300 ml. of water are added thereto. The precipitate which for the most
      part consists of starting keto piperazine is filtered off by suction. The
      aqueous filtrate is separated from the toluene layer and is discarded. The
      toluene layer is extracted by shaking with 350 ml. of N hydrochloric acid.
      The hydrochloric acid extract is rendered alkaline by the addition of
      concentrated ammonia. The precipitated base is extracted with benzene and
      dried by means of potassium carbonate. The benzene is removed by
      distillation. The oil residue is dissolved in 60 ml. of isopropanol. The
      precipitated crystals which are unreacted starting material are separated
      and the isopropanol filtrate is evaporated to dryness in a vacuum. The
      remaining oil is dissolved in N acetic acid. Small amounts of undissolved
      impurities are separated and the filtrate is rendered alkaline by the
      addition of ammonia. The resulting base is extracted with benzene. The
      benzene solution is dried by means of potassium carbonate and the solvent
      is distilled off. The remaining oily product is distilled in a vacuum.
      Boiling point: 210.degree.-212.degree. C./0.2 mm. Yield: 10.5 g. The
      compound has proved to be chromatographically uniform.
PAC  EXAMPLE 45
PAC  1-(p-Ethoxy benzyl)-2-phenyl-4-pyrrolidino ethyl- 3-keto piperazine
      ##SPC33##
PA1  25 g. of 1-(4-ethoxy benzyl)-2-phenyl-3-keto piperazine obtained as
      described in Example 11,
PA1  12.5 g. of pyrrolidino ethylchloride,
PA1  15.0 g. of potassium carbonate, and
PA1  150 ml. of toluene
PAL  are boiled under reflux for 6 hours. The reaction mixture is mixed with 500
      ml. of water. Undissolved components are separated by filtration and the
      clear toluene layer is separated from the aqueous layer. The toluene layer
      is extracted by shaking with about 150 ml. of N hydrochloric acid. The
      resulting hydrochloric acid extract is rendered alkaline by the addition
      of ammonia. The precipitated oil is extracted with benzene. After drying
      the benzene extract by means of potassium carbonate, the solvent is
      distilled off and the remaining residue is distilled in a vacuum. Boiling
      point: 222.degree.-240.degree. C./0.005 mm.
PAR  The distillate is dissolved in n-heptane and undissolved components are
      removed from the solution by filtration. The heptane solution is
      evaporated to dryness and the remaining residue is again distilled in a
      vacuum. Boiling point: 200.degree.-205.degree. C./0.005 mm. Yellow oil.
PAC  EXAMPLE 46
PAC  1-(2-Chloro benzyl)-2-phenyl-4-diethylamino ethyl-3-keto piperazine
      ##SPC34##
PAR  a.
PA1  141 g. of 2-Phenyl-3-keto piperazine,
PA1  100 ml., corresponding to 127 g., of 2-chlorobenzylchloride,
PA1  160 g. of triethylamine, and
PA1  1500 ml. of acetone
PAL  are boiled under reflux for 20 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction, the filtrate is
      concentrated by evaporation, and the residue is poured into one liter of
      water. The compound precipitated thereby in crystalline form is filtered
      off by suction, washed three times with water and two times with petroleum
      ether, and recrystallized from 1 liter of 96% ethanol. Melting point:
      149.degree.-151.degree.C. Yield: 146 g.
PAR  b.
PA1  40 g. of the compound prepared as described hereinabove under (a)
PA1  40.5 g. of diethylaminoethylchloride,
PA1  40.5 g. of potassium carbonate, and
PA1  400 ml. of toluene
PAL  are boiled under reflux for 20 hours. 300 ml. of water are added to the
      reaction product. The aqueous phase is separated and is discarded. The
      toluene layer is extracted with 350 ml. of N hydrochloric acid. The
      extracted toluene is discarded. The base is set free by the addition of
      ammonia to the hydrochloric acid extract and is extracted therefrom with
      benzene. After distilling off the benzene, n-heptane is added to the
      residue. Thereby non-reacted starting material separates and is filtered
      off. The n-heptane is distilled off from the filtrate and the remaining
      oil is distilled in a vacuum. Boiling point: 210.degree.-212.degree.
      C./0.1 mm. Viscous yellow oil. Yield: 18 g.
PAC  EXAMPLE 47
PAC  1-(p-Chloro benzyl)-2-phenyl-4-piperidino ethyl-3-keto piperazine
      ##SPC35##
PA1  55 g. of 1-(4-chloro benzyl)-2-phenyl-3-keto piperazine,
PA1  54 g. of piperidino ethylchloride,
PA1  50 g. of potassium carbonate, and
PA1  500 ml. of toluene
PAL  are boiled under reflux for 20 hours. The reaction mixture is dissolved in
      water. Insoluble crystals are removed by filtration. The clear toluene
      layer is separated and dried. The toluene is distilled off therefrom. The
      oily residue is dissolved in about one liter of N acetic acid and
      insoluble matter is removed therefrom. The acetic acid solution is
      rendered alkaline by the addition of ammonia. The precipitated base is
      extracted with benzene. After drying, the benzene is distilled off. The
      oily residue is recrystallized from petroleum ether and again
      recrystallized from acetic acid ethyl ester. Melting point:
      98.degree.-100.degree. C. Yield: 22 g.
PAC  EXAMPLE 48
PAC  1-(2-Chloro benzyl)-2-phenyl-4-piperidino ethyl-3-keto piperazine
      ##SPC36##
PA1  45 g. of 1-(2-chloro benzyl)-2-phenyl-3-keto piperazine prepared as
      described in Example 46 under (a),
PA1  44 g. of piperidino ethyl chloride,
PA1  40 g. of potassium carbonate, and
PA1  400 ml. of toluene
PAL  are boiled under reflux for 20 hours. Water is added to the reaction
      mixture and the insoluble precipitate is filtered off. The toluene layer
      is separated from the aqueous layer and the solvent is distilled off
      therefrom. The remaining residue is dissolvled in one liter of n-heptane
      and insoluble matter is filtered off. The heptane solution is evaporated
      to dryness. The residue is dissolved in 40 ml. of N acetic acid. The
      solution is filtered until clear and is rendered alkaline by the addition
      of ammonia. The precipitated base is extracted with benzene. After
      distilling off the solvent the residue is recrystallized from 40 ml. of
      isopropanol. Melting point 86.degree.-88.degree. C. Yield: 9 g.
PAC  EXAMPLE 49
PAC  1-(p-Chloro benzyl)-2-phenyl-4-morpholino ethyl-3-keto piperazine
      ##SPC37##
PA1  45 g. of 1-(4-chloro benzyl)-2-phenyl-3-keto piperazine,
PA1  56 g. of morpholino ethylchloride,
PA1  50 g. of potassium carbonate, and
PA1  500 ml. of toluene
PAL  are boiled under reflux for 20 hours. Water is added to the reaction
      mixture and undissolved matter is filtered off therefrom. The clear
      toluene solution is extracted with 250 ml. of N hydrochloric acid. The
      extract is rendered strongly alkaline by the addition of ammonia and the
      precipitated base is extracted with benzene. After drying the benzene
      extract, the solvent is distilled off and the residue is recrystallized
      from isopropanol, yielding a first crystal fraction. The mother lye is
      concentrated by evaporation to a small volume and is cooled. Precipitated
      crystals are filtered off by suction. They represent the second crystal
      fraction. Since both fractions still contain unreacted starting material,
      they are triturated with 60 ml. of N acetic acid and undissolved matter is
      filtered off. The clear acetic acid solution is rendered strongly alkaline
      by the addition of ammonia and is extracted with benzene. The benzene is
      distilled off after drying the extract. The remaining residue is
      recrystallized from isopropanol. Melting point: 117.degree.-119.degree. C.
      Yield: 10 g.
PAC  EXAMPLE 50
PAC  1-(2-Chloro benzyl)-2-phenyl-4-morpholino ethyl-3-keto piperazine
      ##SPC38##
PA1  45 g. of 1-(2-chloro benzyl)-2-phenyl-3-keto piperazine obtained as
      described in Example 46 (a),
PA1  56 g. of morpholino ethyl chloride,
PA1  50 g. of potassium carbonate, and
PA1  500 ml. of toluene
PAL  are boiled under reflux for 20 hours. The reaction mixture is poured into
      water. Undissolved matter is separated. The toluene solution is extracted
      with 250 ml. of N hydrochloric acid. The hydrochloric acid extract is
      rendered strongly alkaline by the addition of ammonia and the precipitated
      base is extracted with benzene. After drying, the solvent is distilled off
      from the extract. The residue is dissolved in 100 ml. of N acetic acid.
      The crystals formed after allowing the solution to stand for a short
      period of time, are separated. The acetic acid filtrate is rendered
      strongly alkaline by the addition of ammonia and the precipitated base is
      extracted with benzene. After drying the benzene extract and distilling
      off the solvent, the residue is recrystallized from isopropanol. Melting
      point: 104.degree.-106.degree. C. Yield: 8.5 g.
PAC  EXAMPLE 51
PAC  1-(3-Trifluoromethyl benzyl)-2-phenyl-4-diethylamino ethyl-3-keto
      piperazine
      ##SPC39##
PAR  a.
PA1  100 g. of 2-phenyl-3-keto piperazine,
PA1  111 g. of 3-trifluoromethyl benzyl chloride,
PA1  115 g. of triethylamine, and
PA1  1000 ml. of acetone
PAL  are boiled under reflux for 20 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The benzene is
      distilled off from the filtrate. The residue is poured into water. The
      precipitated crystals are filtered off by suction and are recrystallized
      from 96% ethanol. Melting point: 124.degree.-127.degree. C. Yield: 99 g.
PAR  b.
PA1  50 g. of the compound obtained as described hereinabove under (a),
PA1  45.5 g. of diethylamino ethylchloride,
PA1  45.5 g. of potassium carbonate, and
PA1  400 ml. of toluene
PAL  are boiled under reflux for 20 hours. The reaction product is poured into
      water. The toluene solution is separated therefrom and is extracted with
      300 ml. of N-hydrochloric acid. The hydrochloric acid extract is rendered
      strongly alkaline by the addition of ammonia. The precipitated base is
      extracted with benzene. The benzene extract is dried and the solvent is
      distilled off therefrom. The residue is dissolved in 100 ml. of N acetic
      acid. The precipitated crystals are filtered off after allowing the
      mixture to stand for a short period of time. The acetic acid filtrate is
      rendered alkaline by the addition of ammonia. The benzene extract is dried
      and the benzene is distilled off. The oily residue is distilled in a
      vacuum. Boiling point: 192.degree. C/0.1 mm. Yield: 14.5 g.
PAC  EXAMPLE 52
PAC  4-Diethylamino ethyl-3-phenyl-2-keto-1-(p-benzyloxy benzyl) piperazine
      ##SPC40##
PA1  20 g. of 4-diethylamino ethyl-3-phenyl-2-keto piperazine prepared as
      described hereinabove in Example 9a,
PA1  20 g. of p-benzyloxy benzylchloride,
PA1  20 g. of potassium carbonate, and
PA1  200 ml. of toluene
PAL  are boiled under reflux for 8 hours. After cooling, water is added to the
      reaction mixture. The toluene solution is separated from the aqueous
      solution and is extracted with 200 ml. of N hydrochloric acid. The
      hydrochloric acid extract is rendered alkaline by the addition of ammonia.
      The precipitated base is extracted wtih benzene. The benzene extract is
      dried and the benzene is distilled off therefrom. The residue is distilled
      in a vacuum. Boiling point: 230.degree. C./0.01 mm. Very viscous yellow
      oil. Yield: 6 g.
PAC  EXAMPLE 53
PAC  1-(p-Chloro benzyl)-2-phenyl-4-dimethylamino propyl piperazine
      ##SPC41##
PA1  28.6 g. of 1-(p-chloro benzyl)-2-phenyl piperazine,
PA1  15.0 g. of dimethylaminopropylchloride,
PA1  50 ml. of triethylamine, and
PA1  100 ml. of methyl ethyl ketone
PAL  are boiled under reflux for 20 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The solvent is
      distilled off. The residue is dissolved in 100 cc. of N hydrochloric acid.
      The hydrochloric acid extract is twice washed with benzene and is then
      rendered alkaline by the addition of ammonia. The oily base is separated
      in a separating funnel and is dissolved in 100ml. of isopropanol. Solid
      potassium hydroxide is added to the isopropanol solution in order to
      remove the water present therein. The isopropanol solution is then
      filtered through a layer of potassium carbonate. After distilling off the
      solvent, a yellow viscous oil is obtained. The oil is dissolved in 1.5
      liters of petroleum ether. Small amounts of impurities are filtered off
      and the petroluem ether is distilled off. The crude base is dissolved in
      benzene and is extracted with 25% acetic acid. The base is set free from
      said extract by the addition of ammonia. The base is again dissolved in
      benzene and dried by means of potassium carbonate. The solvent is
      distilled off and the residue is distilled in a vacuum. Boiling point:
      180.degree.-184.degree. C./0.08 mm. Yield: 14 g.
PAC  EXAMPLE 54
PAC  1-(3,4-Dibenzyloxy benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      fumarate
      ##SPC42##
PAR  a.
PA1  23.2 g. of 2-phenyl-3-keto piperazine,
PA1  50.0 g. of 3,4-dibenzyloxy benzylchloride,
PA1  30 ml. of triethylamine, and
PA1  300 ml. of methyl ethyl ketone
PAL  are boiled under reflux for 3 hours. After cooling, precipitated
      triethylamine hydrochloride is filtered off by suction. The solvent is
      then distilled off. The residue is dissolved in 50 ml. of acetone. The
      acetone solution is poured into 500 ml. of water. The precipitated
      crystallized product is filtered off and is twice recrystallized from
      isopropanol. Melting point: 108.degree.-110.degree. C. Yield 46 g.
PAR  b.
PA1  44 g. of the compound as described hereinabove under (a) are suspended into
PA1  250 ml. of dioxane.
PAL  The suspension is added drop by drop to a suspension of
PA1  7 g. of lithium aluminum hydride in
PA1  500 ml. of ether.
PAL  Thereafter the reaction mixture is boiled under reflux for one hour. After
      decomposing the lithium aluminum hydride complex compound, the ethereal
      solution is separated, the ether is distilled off, and the residue is
      recrystallized from isopropanol. Melting point: 54.degree.-58.degree. C.
      Yield: 25 g.
PAR  c.
PA1  25 g. of the compound obtained as described hereinabove under (b),
PA1  9 g. of diethylamino ethylchloride,
PA1  15 ml. of triethylamine, and
PA1  150 ml. of methyl ethyl ketone
PAL  are boiled under reflux for 10 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The filtrate is
      evaporated by distillation to dryness and the residue is dissolved in
      benzene. The benzene solution is washed with 20% sodium hydroxide
      solution. The washed benzene layer is separated and extracted with 150 ml.
      of N hydrochloric acid. The base is set free from said hydrochloric acid
      extract by the addition of ammonia. It is extracted therefrom with
      benzene. The benzene solution is dried and the solvent is distilled off.
      The residue is dissolved in 100 ml. of acetone. 5 g. of fumaric acid are
      added to said solution which is heated to boiling on the water bath. Small
      amounts of insoluble matter are filtered off and the solution is cooled.
      The precipitated fumarate is recrystallized from 96% ethanol. Melting
      point: 152.degree.-154.degree. C. Yield: 22 g.
PAC  EXAMPLE 55
PAC  1- (o-Benzyloxy benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      ##SPC43##
PAR  a.
PA1  38 g. of 2-phenyl-3-keto piperazine,
PA1  52 g. of o-benzyloxy benzylchloride,
PA1  50 ml. of triethylamine, and
PA1  400 ml. of methyl ethyl ketone
PAL  are boiled under reflux for four hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The methyl ethyl
      ketone is distilled off. The residue is dissolved in isopropanol and water
      is added thereto, while heating, until crystallization sets in. Melting
      point: 159.degree.-160.degree. C. Yield: 50 g.
PAR  b.
PA1  39 g. of the compound prepared as described hereinabove under (a) are
      dissolved in
PA1  100 ml. of anhydrous dioxane.
PAL  The solution is added drop by drop to a suspension of 10 g. of lithium
      aluminum hydride in 900 ml. of absolute ether. Thereafter the mixture is
      boiled under reflux for one and a half hours. The resulting lithium
      aluminum hydride complex compound is decomposed by a treatment with 10 ml.
      of 15% sodium hydroxide solution followed by a treatment with 10 ml. of
      water, 30 ml. of 15% sodium hydroxide solution, and finally 20 ml. of
      water. The solution is filtered. The solvent is distilled off. The residue
      is dissolved in benzene and the benzene solution is extracted with 300 ml.
      of N/2 hydrochloric acid. The hydrochloric acid extract is rendered
      strongly alkaline by the addition of ammonia. The precipitated base is
      extracted with benzene. The benzene solution is dried and the benzene is
      distilled off. The remaining base is distilled in a vacuum. Boiling point:
      205.degree.C./0.03 mm. The base is then recrystallized twice fron
      n-heptane. Melting point: 82.degree.-85.degree. C. Yield: 35 g.
PAR  c.
PA1  30 g. of the compound prepared as described hereinabove under (b),
PA1  12.5 g. of diethylamino ethylchloride,
PA1  30 ml. of triethylamine, and
PA1  150 ml. of methyl ethyl ketone
PAL  are boiled under reflux for 12 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The solvent is
      distilled off from the filtrate. The residue is dissolved in benzene. The
      benzene solution is extracted with 300 ml. of N hydrochloric acid. The
      base is precipitated from the hydrochloric acid extract by the addition of
      ammonia. The precipitated base is then extracted with benzene. The benzene
      solution is dried by means of potassium carbonate and the solvent is
      distilled off. The residue is distilled in a vacuum. Boiling point:
      230.degree.-235.degree. C./0.03 mm. Yield: 25 g.
PAC  EXAMPLE 56
PAC  1-(p-Methoxy benzyl-2-phenyl-4-diethylamino propyl piperazine
      ##SPC44##
PA1  28 g. of 1-(p-methoxy benzyl)-2-phenyl piperazine obtained as described
      hereinabove in Example 4 (b),
PA1  20 g. of diethylamino propylchloride,
PA1  50 ml. of triethylamine, and
PA1  200 ml. of methyl ethyl ketone
PAL  are boiled under reflux for 12 hours. Precipitated triethylamine
      hydrochloride is filtered off. The solvent is removed by distillation. The
      residue is dissolved in benzene. The benzene solution is extracted with an
      acetic acid-water mixture (1 : 7). The acetic acid solution is separated
      from the benzene solution and is rendered alkaline by the addition of
      ammonia. The precipitated oily base is extracted in benzene, dried by
      means of potassium carbonate, and the benzene is distilled off. The
      remaining base is distilled in a vacuum. Boiling point: 200.degree.
      C./0.01 mm.
PAR  The crude base is dissolved in 100 ml. of absolute ethanol and the solution
      is acidified by the addition of absolute alcoholic hydrochloric acid to a
      pH of 1.0.  The precipitated hydrochloride is filtered off by suction and
      dried. The salt starts to sublimate at 200.degree. C. and melts at
      228.degree.-231.degree. C. with decomposition. The hydrochloride is
      dissolved in water. The base is set free by the addition of ammonia and is
      extracted with benzene. The benzene is distilled off from the benzene
      solution. The remaining base is again distilled in a vacuum. Boiling
      point: 210.degree. C./0.02 mm. Colorless oil. Yield: 21 g.
PAC  EXAMPLE 57
PAC  1-(3-Chloro benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      ##SPC45##
PAR  a.
PA1  17.5 g. of 1-(3-chloro benzyl)-2-phenyl-3-keto piperazine obtained as
      described hereinabove in Example 44 (a)
PAL  are suspended in 50 ml. of absolute dioxane. The suspension is added drop
      by drop, while stirring, to a suspension of
PA1  4.5 g. of lithium aluminum hydride in
PA1  400 ml. of absolute ether.
PAL  Thereafter, the reaction mixture is boiled under reflux for 11/2 hours. The
      resulting complex compound is decomposed by a treatment first with
PA1  4.5 ml. of 15% sodium hydroxide followed by a treatment with 4.5 ml. of
      water,
PA1  14.5 ml. of 15% sodium hydroxide solution, and finally
PA1  9.0 ml. of water.
PAL  The hydroxide precipitate is filtered off and the solvent is distilled off
      from the filtrate. The residue is dissolved in 20 ml. of N acetic acid.
      After allowing the solution to stand for 24 hours, the solid precipitate
      is filtered off. The filtrate is rendered alkaline by the addition of
      ammonia and the precipitated base is extracted with benzene. After drying
      the benzene solution, the solvent is distilled off. The residue is
      dissolved in 30 ml. of absolute ethanol and is adjusted to a pH of 1.0 by
      the addition of absolute alcoholic hydrochloric acid. The precipitated
      hydrochloride is filtered off by suction and dried. Melting point:
      239.degree.-242.degree. C. The hydrochloride is dissolved in water. The
      base is set free by the addition of ammonia and is extracted with benzene.
      After drying the benzene solution and distilling off the benzene, the oily
      residue is distilled in a vacuum. Boiling point: 145.degree. C./0.05 mm.
      Colorless oil.
PAR  b.
PA1  10 g. of the base obtained as described hereinabove under (a),
PA1  150 ml. of acetone,
PA1  9.0 g. of diethylamino ethylchloride, and
PA1  10 ml. of triethylamine
PAL  are boiled under reflux for 14 hours. The reaction mixture is cooled and
      the precipitated triethylamine hydrochloride is filtered off by suction.
      The filtrate is evaporated to dryness. The residue is dissolved in
      benzene. The benzene solution is extracted with 100 ml. of N hydrochloric
      acid. The hydrochloric acid extract is rendered alkaline. The precipitated
      base is extracted with benzene. The benzene solution is then dried by
      means of potassium carbonate and the benzene is distilled off. The
      remaining residue is distilled in a vacuum. Boiling point: 170.degree.
      C./0.07 mm. Yellowish, mobile oil. Yield: 12 g.
PAC  EXAMPLE 58
PAC  1-(2-Chloro benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      ##SPC46##
PAR  a.
PA1  51 g. of 1-(2-chloro benzyl)-2-phenyl-3-keto piperazine prepared as
      described hereinabove in Example 46 (a)
PAL  are suspended in
PA1  100 ml. of dioxane.
PAL  The suspension is added to a suspension of
PA1  11 g. of lithium aluminum hydride in
PA1  700 ml. of absolute ether and
PA1  50 ml. of dioxane,
PAL  while stirring. Thereafter, the reaction mixture is boiled under reflux for
      11/2 hours. The resulting complex compound is decomposed first by a
      treatment with
PA1  11 ml. of 15% sodium hydroxide solution
PAL  followed by a treatment with
PA1  11 ml. of water,
PA1  33 ml. of 15% sodium hydroxide solution, and finally with
PA1  22 ml. of water.
PAR  After filtering off by suction the hydroxide precipitate, the solvent is
      distilled off from the fitrate. The residue is dissolved in 100 ml. of
      absolute ethanol and 35 ml. alcoholic hydrochloric acid (about 8 N) are
      added thereto. The precipitated hydrochloride is filtered off by suction,
      washed, and dried. Melting point: 276.degree.-277.degree. C. The
      hydrochloride is dissolved in water. The base is set free therefrom by the
      addition of ammonia and is extracted with benzene. The benzene solution is
      dried and the solvent is distilled off. The remaining base is distilled in
      a vacuum. Boiling point: 136.degree. C./0.08 mm. Yield: 38 g.
PAR  b.
PA1  10 g. of the base obtained as described hereinabove under (a),
PA1  150 ml. of acetone,
PA1  9 g. of diethylamino ethylchloride, and
PA1  10 ml. of triethylamine
PAL  are boiled under reflux for 14 hours. The reaction mixture is cooled and
      the precipitated triethylamine hydrochloride is filtered off by suction.
      The filtrate is then evaporated to dryness. The residue is dissolved in
      water and is extracted with benzene. The benzene solution is separated
      from the aqueous phase and is extracted with 50 ml. of N hydrochloric
      acid. The hydrochloric acid extract is rendered alkaline by the addition
      of ammonia and the base set free thereby is extracted with benzene. The
      benzene solution is dried by means of potassium carbonate and the solvent
      is distilled off. The residue is distilled in a vacuum. Boiling point:
      160.degree. C./0.05 mm. Yield: 11.5 g.
PAC  EXAMPLE 59
PAC  1-(3-Trifluoromethyl benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      ##SPC47##
PAR  a.
PA1  60 g. of 1-(3-trifluoromethyl benzyl)-2-phenyl-3-keto piperazine prepared
      as described hereinabove in Example 51 (a) are dissolved in
PA1  120 ml. of dioxane.
PAL  The solution is added drop by drop to a suspension of
PA1  14 g. of lithium aluminum hydride in
PA1  700 ml. of absolute ether and
PA1  50 ml. of dioxane,
PAL  while stirring. Thereafter, the reaction mixture is boiled under reflux for
      2 hours. The resulting complex compound is decomposed first by a treatment
      with
PA1  14 ml. of 15% sodium hydroxide solution followed by a treatment with
PA1  14 ml. of water,
PA1  42 ml. of 15% sodium hydroxide solution, and finally
PA1  28 ml. of water.
PAL  The hydroxide precipitate is filtered off and the solvent is distilled off
      from the filtrate. The residue is dissolved in 200 ml. of absolute ethanol
      and 35 ml. of an absolute alcoholic solution of hydrochloric acid (8 N)
      added thereto. The precipitated hydrochloride is filtered off by suction.
      It is washed with a mixture of acetic acid ethyl ester and alcohol (1 : 1)
      and is dried. The resulting hydrochloride is dissolved in a small amount
      of water. The base is set free from said solution by the addition of
      ammonia and is extracted with benzene. The benzene solution is dried and
      the solvent is distilled off. The remaining base is distilled in a vacuum.
      Boiling point: 120.degree. C./0.05 mm. Yield: 40 g.
PAR  b.
PA1  10 g. of the base obtained as described hereinabove under (a),
PA1  150 ml. of acetone,
PA1  9 g. of diethylamino ethylchloride, and
PA1  10 ml. of triethylamine
PAL  are boiled under reflux for 14 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The solvent is
      distilled off from the filtrate. The residue is dissolved in benzene. The
      benzene solution is washed once with water and is then extracted with 50
      ml. of N hydrochloric acid. The hydrochloric acid extract is rendered
      alkaline by the addition of ammonia. The base set free thereby which forms
      the upper layer is extracted with benzene. The benzene solution is dried
      and the solvent is distilled off. The remaining base is distilled in a
      vacuum. Boiling point: 147.degree. C./0.05 mm. Yellowish, mobile oil.
      Yield: 12.5 g.
PAC  EXAMPLE 60
PAC  1-(p-Chloro benzyl)-2-phenyl-4-piperazino ethyl piperazine
      ##SPC48##
PA1  5 g. of 1-(p-chloro benzyl)-2-phenyl-4-[(3-keto)piperazino ethyl]
      piperazine obtained as described hereinabove in Example 29 are
PAL  dissolved in
PA1  100 ml. of absolute dioxane.
PAL  The solution is added drop by drop to a suspension of 5 g. of lithium
      aluminum hydride in 500 ml. of absolute ether. After addition is
      completed, the reaction mixture is boiled under reflux for 2 hours. The
      resulting complex compound is then decomposed first by the addition of
PA1  5 ml. of 15% sodium hydroxide solution followed by the addition of
PA1  5 ml. of water,
PA1  5 ml. of 15% sodium hydroxide solution, and finally
PA1  10 ml. of water.
PAL  The inorganic hydroxides are filtered off from the reaction mixture and the
      solvent is distilled off. The residue is dissolved in benzene. The benzene
      solution is extracted with dilute acetic acid (1 : 10). Ammonia is added
      to the acetic acid solution. The precipitated base is extracted with
      benzene. The benzene solution is dried and the benzene is distilled off.
      The remaining base is distilled in a vacuum. Boiling point: 190.degree.
      C./0.05 mm. Very viscous yellow oil. Yield: 3 g.
PAC  EXAMPLE 61
PAC  1-(p-Methoxy benzyl)-2-phenyl-4-piperidino ethyl piperazine
      ##SPC49##
PA1  13 g. of 1-(p-methoxy benzyl)-2-phenyl piperazine obtained as described
      hereinabove in Example 4 (b),
PA1  10 g. of piperidino ethylchloride,
PA1  40 cc. of triethylamine, and
PA1  100 cc. of methyl ethyl ketone
PAL  are boiled under reflux for 18 hours. Without separating the precipitated
      triethylamine hydrochloride the solvent is distilled off. The residue is
      dissolved in benzene and water. The aqueous phase is separated and the
      benzene solution is extracted with dilute acetic acid (1 : 6). The acetic
      acid solution is then precipitated by the addition of ammonia. The
      precipitated base is extracted with benzene, dried by means of potassium
      carbonte, and the benzene is distilled off. The base is distilled in a
      vacuum. Boiling point: 210.degree. C./0.001 mm. Light yellow, viscous oil.
      Yield: 15 g.
PAC  EXAMPLE 62
PAC  4-Diethylamino ethyl-3-phenyl-(3,4,5-trimethoxy benzyl) piperazine
      ##SPC50##
PA1  20 g. of 1-diethylamino ethyl-2-phenyl piperazine prepared as described
      hereinabove in Example 9 (b),
PA1  17 g. of 3,4,5-trimethoxy benzylchloride,
PA1  250 ml. of acetone, and
PA1  20 ml. of triethylamine
PAL  are boiled under reflux for 8 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The acetone is
      distilled off in a vacuum. The residue is dissolved in benzene, and the
      benzene solution is extracted with 50 ml. of N hydrochloric acid. The
      hydrochloric acid extract is rendered alkaline by the addition of ammonia.
      The precipitated base is extracted with benzene. After drying by means of
      potassium carbonate, the solvent is distilled off. The remaining base is
      distilled in a vacuum. Boiling point: 210.degree. C./0.05 mm. Yellowish,
      viscous oil. Yield: 19 g.
PAC  EXAMPLE 63
PAC  4-Diethylamino ethyl-3-phenyl-1-(p-chloro phenyl ethyl) piperazine
      ##SPC51##
PA1  20 g. of 1-diethylamino ethyl-2-phenyl piperazine obtained as described
      hereinabove in Example 9 (b),
PA1  17 g. of p-chloro phenyl ethylchloride,
PA1  20 ml. of triethylamine, and
PA1  100 ml. of dimethylformamide
PAL  are heated on the water bath for 12 hours. The dimethylformamide is then
      distilled off in a vacuum. The residue is dissolved in acetone. The
      precipitated triethylamine hydrochloride is filtered off by suction and
      the acetone is distilled off from the filtrate. The resulting base is
      dissolved in benzene and extracted with 50 ml. of N hydrochloric acid. The
      hydrochloric acid extract is precipitated by the addition of ammonia. The
      precipitated base is extracted with benzene. The benzene solution is dried
      by means of potassium carbonate and the benzene is distilled off
      therefrom. The remaining base is distilled in a vacuum. Boiling point:
      190.degree. C./0.02 mm. Yield: 13 g.
PAC  EXAMPLE 64
PAC  4-Diethylamino ethyl-3-phenyl-1-(o-benzyloxy benzyl) piperazine
      ##SPC52##
PA1  27 g. of 1-diethylamino ethyl-2-phenyl piperazine prepared as described
      hereinabove in Example 9(b),
PA1  27 g. of 2-benzyloxy benzyl chloride,
PA1  25 ml. of triethylamine, and
PA1  250 ml. of acetone
PAL  are boiled under reflux for 4 hours. The precipitated triethylamine
      hydrochloride is filtered off by suction. The acetone is removed by
      distillation. The residue is dissolved in benzene and water. The benzene
      solution is separated from the aqueous phase and is extracted with 100 ml.
      of 0.5 N hydrochloric acid. The hydrochloric acid extract is rendered
      alkaline by the addition of ammonia and the precipitated base is extracted
      with benzene. After drying the benzene extract, the solvent is distilled
      off. Boiling point: 232.degree. C./0.03 mm. Yellowish oil. Yield: 26 g.
PAC  EXAMPLE 65
PAC  4-Diethylamino ethyl-3-phenyl-1-(p-benzyloxy benzyl) piperazine
      ##SPC53##
PA1  30 g. of 1-diethylamino ethyl-2-phenyl piperazine obtained as described
      hereinabove in Example 9(b),
PA1  100 ml. of methyl ethyl ketone,
PA1  50 ml. of triethylamine, and
PA1  24 g. of p-benzyloxy benzylchloride
PAL  are boiled under reflux for 12 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The methyl ethyl
      ketone is distilled off from the filtrate. The residue is dissolved in
      benzene and water. The benzene solution is separated from the aqueous
      phase and is extracted with 250 ml. of 0.1 N hydrochloric acid. The
      hydrochloric acid extract is rendered alkaline by the addition of ammonia.
      The precipitated base is extracted with benzene. The benzene solution is
      dried and the solvent is distilled off. Boiling point of the remaining
      base: 245.degree. C./0.005 mm. Yellow, very viscous oil. The base is
      dissolved in a small amount of ethanol and its hydrochloride is
      precipitated from the solution by the addition of absolute alcoholic
      hydrochloric acid. The hydrochloride is filtered off by suction and is
      dried. The hydrochloride is dissolved in water. The base is set free by
      the addition of ammonia, extracted with benzene, dried, and the solvent is
      distilled off. The residue is recrystallized from petroleum ether. Melting
      point: 58.degree. C. Yield: 33 g.
PAC  EXAMPLE 66:
PAC  4 -Diethylamino ethyl-3-phenyl-1-(p-hydroxy benzyl) piperazine
      ##SPC54##
PAR  25 g. of 1-diethylamino ethyl-3-phenyl-4-(p-benzyloxy benzyl) piperazine
      obtained as described hereinabove in Example 65 are dissolved in 500 ml.
      of toluene. 4 g. of palladium asbestos are added thereto and hydrogen is
      introduced into the solution at room temperature under a positive pressure
      of 50 mm. Hg. A white, crystalline compound starts to precipitate on the
      catalyst after 15 hours. Introduction of hydrogen is discontinued. The
      catalyst is filtered off by suction and is washed with 500 ml. of
      60.degree.C. toluene. The toluene is distilled off and the remaining
      residue is recrystallized first from n-heptane and subsequently from
      isopropanol. Melting point: 144.degree. C. Yield: 11 g.
PAC  EXAMPLE 67
PAC  4-Diethylamino ethyl-3-phenyl-1-benzyl piperazine
      ##SPC55##
PA1  15 g. of 1-diethylamino ethyl-2-phenyl piperazine obtained as described
      hereinabove in Example 9 (b),
PA1  8 g. of benzylchloride,
PA1  150 ml. of methyl ethyl ketone, and
PA1  20 ml. of triethylamine
PAL  are boiled under reflux for 8 hours. After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The acetone is
      distilled off and the residue is dissolved in benzene. The benzene
      solution is extracted with 100 ml. of N hydrochloric acid. The
      hydrochloric acid extract is rendered alkaline by the addition of ammonia.
      The precipitated base is extracted with benzene. The benzene solution is
      dried and the solvent is distilled off therefrom. The residue is distilled
      in a vacuum. Boiling point: 160.degree. C./0.01 mm. Yellowish oil. Yield:
      10 g.
PAC  EXAMPLE 68:
PAC  4-Diethylamino ethyl-3-phenyl-1-(3,4-dibenzyloxy benzyl) piperazine
      hydrochloride
      ##SPC56##
PA1  23 g. of 1-diethylamino ethyl-2-phenyl piperazine obtained as described
      hereinabove in Example 9 (b),
PA1  30 g. of 3,4-dibenzyloxy benzylchloride,
PA1  20 ml. of triethylamine, and
PA1  200 ml. of methyl ethyl ketone
PAL  are boiled for 12 hours under reflux. The precipitated triethylamine
      hydrochloride is filtered off by suction. The solvent is distilled off.
      The residue is dissolved in benzene. The benzene solution is extracted
      with 100 ml. of N hydrochloric acid. The hydrochloric acid extract is
      precipitated by the addition of ammonia. The precipitated base is
      dissolved in benzene, the benzene solution is dried and the solvent is
      distilled off. Absolute alcoholic hydrochloric acid is added to the
      residue in an amount to yield a pH of 1.0 and a mixture of petroleum ether
      and acetone (1 : 1) is slowly added thereto. The hydrochloride
      precipitates and is filtered off by suction. It is dissolved in alcohol
      and is again precipitated by careful addition of a mixture of petroleum
      ether and acetone (1 : 1).
PAR  The compound obtained after filtering and drying starts to sublimate at
      203.degree. C. and has a melting point of 235.degree.-239.degree. C. with
      decomposition. Yield: 39 g.
PAC  EXAMPLE 69
PAC  4-Diethylamino ethyl-3-phenyl-1-(p-methoxy benzyl) piperazine
      ##SPC57##
PA1  64 g. of 1-diethylamino ethyl-2-phenyl piperazine obtained as described
      hereinabove in Example 9 (b),
PA1  39 g. of p-methoxy benzylchloride,
PA1  75 g. of triethylamine, and
PA1  500 ml. of acetone
PAL  are boiled under reflux for 7 hours, After cooling, the precipitated
      triethylamine hydrochloride is filtered off by suction. The filtrate is
      evaporated to dryness. The residue is dissolved in benzene and is
      extracted with 200 ml. of N hydrochloric acid. Ammonia is added to the
      hydrochloric acid extract and the precipitated base is extracted with
      benzene. The benzene solution is dried by means of potassium carbonate and
      the solvent is distilled off. The residue is distilled in a vacuum.
      Boiling point: 180.degree.-182.degree.C./0.005 mm. Yellowish oil. Yield:
      24 g.
PAR  The new 1,4-substituted phenyl piperazine compounds according to the
      present invention and their pharmaceutically acceptable acid addition
      salts can be administered orally, parenterally, or rectally. Compositions
      containing said compounds as used in therapy, comprise, for instance,
      tablets, pills, dragees, lozenges, and the like shaped preparations to be
      administered orally. Said compounds may also be administered in powder
      form, preferably enclosed in gelatin or the like capsules. Oral
      administration in liquid form, such as in the form of solutions,
      emulsions, suspensions, sirups, and the like is also possible. Such solid
      or liquid preparations are produced in a manner known to the art of
      compounding and processing pharmaceutical compositions whereby the
      conventional diluting, binding, and/or expanding agents, lubricants,
      and/or other excipients, such as lactose, cane sugar, dextrins, starch,
      talc, kaolin, magnesium hydroxide, magnesium carbonate, pectin, gelatin,
      agar, bentonite, stearic acid, magnesium stearate, and others may be
      employed.
PAR  The following examples serve to illustrate the preparation of
      pharmaceutical compositions as they are used in therapy without, however,
      limiting the same thereto.
PAC  EXAMPLE 70
PAL  Tablets:
PAR  20 g. of the dihydrochloride of 1-(4'-chlorobenzyl)-2-phenyl-4-diethylamino
      ethyl piperazine, 128 g. of lactose, and 2 g. of magnesium stearate are
      intimately mixed with each other and are compressed without preceding
      granulation to tablets weighing 150 mg. Each tablet contains 20 mg. of the
      anticoagulant agent according to the present invention.
PAC  EXAMPLE 71
PAR  The mixture of ingredients as given in Example 70 is compressed to biconvex
      dragee cores of 150 mg. each. These cores are repeatedly sugar-coated by
      rotating in a coating pan with sugar sirup. Each dragee contains 20 mg.
PAC  EXAMPLE 72
PAL  Capsules:
PAR  500 g. of 1-(3',4'-dichloro benzyl)-2-phenyl-4-diethylamino ethyl
      piperazine dihydrochloride are intimately mixed with 200 g. of starch and
      the mixture is sieved. Portions of 700 mg. each of said mixture are filled
      in gelatin capsules. Each capsule contains 500 mg. of the anticoagulant
      agent.
PAC  EXAMPLE 73
PAL  Suppositories:
PAR  400 g. of the molten suppository base Adeps solidus and 10 g. of the
      succinate of 1-(4'-chloro benzyl)2-phenyl-4-piperidino ethyl piperazine
      are thoroughly triturated while maintaining in the molten state. The
      molten mixture is cast into suppository molds, each of which contains 2.05
      g. of the mixture. The molds are then cooled to cause solidification. Each
      suppository contains 50 mg. of the anticoagulant agent.
PAC  EXAMPLE 74
PAR  25 mg. of 1-(4'-chloro benzyl)-2-phenyl-4-diethylamino ethyl piperazine
      dihydrochloride are dissolved in 2.2 cc. of bidistilled water. This
      solution is filled in ampoules which are sterilized in an autoclave at
      120.degree.C.
PAR  Ampoules containing 5 mg. to 250 mg. of base may be prepared as follows:
      The base is dissolved in water by the addition of a stoichiometrically
      equivalent amount of the desired acid. As an acid, there may be used e.g.
      hydrochloric acid, phosphoric acid, nitric acid, sulfuric acid, succinic
      acid, fumaric acid, lactic acid, and the like.
PAR  The effect which 1,4-disubstituted phenyl piperazine compounds according to
      the present invention have on blood coagulation, was determined according
      to standard test methods in vitro with human blood. The results of such
      tests are given in the following Table. The test mixture was prepared by
      adding one part of the aqueous solution of the compound to be tested to 9
      parts of plasma. The compound to be tested was used in the form of its
      hydrochloride. Thus 0.1 millimole (mM) as given in the Table indicates 9
      ml. of plasma plus 1 ml. of a millimolar (mM) aqueous solution of the
      compound to be tested.
PAR  The effect of the compounds according to the present invention was
      determined by measuring the recalcification time as well as the stypven
      time.
PAR  The determination of the recalcification time is based on the fact that
      free calcium.sup.+.sup.+ions are required to cause coagulation. Because
      the calcium ions are bound in the blood which has been rendered
      non-coagulable by the addition of citrate or oxalate, excess calcium
      chloride solution is added in this test and the period of time calculated
      from the addition of the calcium chloride to the onset of coagulation is
      measured. This period of time is the recalcification time.
PAR  For determining the stypven time, there is added, in addition to the
      calcium ions, the viper poison stypven to the citrate or oxalate blood.
      The stypven test is an especially sensitive test for detecting lipides set
      free from the thrombocytes.
PAR  In order to determine the effect of the compounds according to the present
      invention upon thrombocytes which are principal features with respect to
      coagulation of blood, the recalcification time and the stypven time were
      determined in blood rich in thrombocytes as well as in blood poor in
      thrombocytes.
PAR  It is assumed that the formation of blood clots is initiated by thrombocyte
      aggregation. Therefore, the compounds according to this invention were
      also tested for their thrombocyte aggregation inhibiting effect by the
      method described by Klaus Breddin in "Schweizerische Medizinische
      Wochenschrift" vol. 20, p. 655 (1965).
PAR  The following Table shows those concentrations of the tested compounds,
      determined by means of their recalcification time and their stypven time,
      which indicate a pronounced blood coagulation promoting effect as well as
      a pronounced blood coagulation inhibiting effect. These concentrations are
      given in millimoles of the respective compound. The concentrations at
      which inhibition of the thrombocyte aggregation sets in, are also given
      for some of the compounds. That one and the same compound can have a blood
      coagulation promoting as well as a blood coagulation inhibiting effect, is
      due to the fact that it acts upon various coagulation factors at the same
      time. Thus a compound is able to set free from the thrombocytes
      coagulation activating material at a low concentration while at a higher
      concentration certain coagulation factors have an inhibiting effect.
PAR  o in said Table indicates that no effect has been found within the tested
      concentration range.
PAR  The recalcification time was determined according to the method of E.
      DEUTSCH ET AL. in "Thrombosis et Diathesis Haemorrhagica" vol. XXVI, page
      145(1971) and the stypven time according to the method of McKENZIE ET AL.
      in "Amer. Journ. Clin. Path." vol. 55, pages 551-554.
PAR  It has also been found that a number of the compounds according to the
      present invention possess fibrinolytic activity, i.e. they are capable of
      dissolving thrombi which have been formed.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Ex-                                                                       

           Compound    Molecular                                               

                             Coagulation promoting                             

                                           Coagulation inhibiting              

                                                         Inhibition of throm-  

     am-                weight                                                 

                             effect        effect        bocytes aggregation   

     ple                     Plasma rich                                       

                                    Plasma poor                                

                                           Plasma rich                         

                                                  Plasma poor                  

                                                          according to         

     No.                     in     in     in     in       Breddin             

                             thrombocytes  thrombocytes                        

     __________________________________________________________________________

                             mM     mM     mM     mM     mM                    

      1 1-(4-Chloro benzyl)-2-                                                 

        phenyl-4-diethylamino-                                                 

        ethyl-3-keto-piperazine                                                

                       399.9 1      1      5      5      0.1                   

      2 4-Diethylaminoethyl-2-                                                 

        phenyl-1-(4-chloro benzyl)                                             

        piperazine     386.0 1      1      5      5      1                     

      3 1-(3,4-Dichloro benzyl)-2-                                             

        phenyl-4-diethylaminoethyl-                                            

        piperazine     420.4 0.1-1  1      2.5    2.5    0.1                   

      4 1-(p-Methoxyphenyl-ethyl)-                                             

        2-phenyl-4-diethylamino                                                

        ethyl piperazine                                                       

                       395.5 1      1      10     5      0.1-0.5               

      5 1-(3-Phenylpropyl)-2-                                                  

        phenyl-4-diethylamino-                                                 

        ethyl piperazine                                                       

                       379.5 0.1-1  1      5      2.5    0.1-0.5               

      6 1-(4-Chloro benzyl)-2-                                                 

        phenyl-4-(2-piperidino                                                 

        ethyl) piperazine                                                      

                       397.9 1      1      5      2.5-5  0.1                   

      6 1-(p-Chloro benzyl)-2-                                                 

        phenyl-4-[(4-methyl)-pip-                                              

        erazino ethyl-(1)]piper-                                               

        azine          413.01                                                  

                             0.1    0.1    2.5    2.5    0.1                   

      6 1-(p-Chloro benzyl)-2-phenyl-                                          

        4-pyrrolidino ethyl pipera-                                            

        zine           383.97                                                  

                             0.1    1      5      2.5    0.5                   

      7 1-(4-Chloro benzyl)-2-phenyl-                                          

        4-(1,3-bis-(morpholino propyl)                                         

        piperazine     499.08                                                  

                             1      1      5      2.5    0.1-1                 

      8 1-(p-Chloro benzyl)-3-phenyl-                                          

        4-diethylamino ethyl piper-                                            

        azine          386.1 0.1    1      5      2.5    0.01-0.1              

      9 4-Diethylaminoethyl-3-phenyl-                                          

        1-(p-ethoxy benzyl)piperazine                                          

                       395.6 0.1-1  1      5      1-2.5  0.01-0.1              

     10 4-Diethylaminoethyl-3-phenyl-                                          

        2-keto-1-(p-chloro benzyl)                                             

        piperazine     399.95                                                  

                             1      1      5      2.5-5  0.1                   

     20 4-Dimethylaminoethyl-2-phenyl-                                         

        1-(3,4-dichloro benzyl)-pip-                                           

        erazine        392,38                                                  

                             0.1    1      2.5    2.5    0.1-0.5               

     21 4-.beta.-Morpholinoethyl-2-phenyl-                                     

        (3,4-dichloro benzyl) pipera-                                          

        zine           434.42                                                  

                             1      1      --     --     0.1                   

     22 4-Diethylaminopropyl-2-phen-                                           

        yl-1-(3,4-dichloro benzyl)                                             

        piperazine     434,462                                                 

                             0.1    1      2.5    2,5    0.01                  

     23 1-(4-Benzyloxy benzyl)-2-                                              

        phenyl-4-diethylaminoethyl                                             

        piperazine     457,66                                                  

                             0.1    0.1    2.5    2.5                          

     24 4-Diethylaminoethyl-2-phen-                                            

        yl-1-(3,4,5-trimethoxy ben-                                            

        zyl) piperazine                                                        

                       441.596                                                 

                             1      --     --     5      0.1                   

     25 1-[(p-Methoxy phenyl propyl)]-                                         

        2-phenyl-4-diethylaminoethyl                                           

        piperazine     409,626                                                 

                             0.1    1      5      5      0.1-0.5               

     26 4-Diethylaminoethyl-3-phenyl-                                          

        1-(p-ethoxy benzyl)pipera-                                             

        zine           395,6 0.1-1  1      5      1-2.5  0.1-0.5               

     28 1-(p-Chloro benzyl-2-phen-                                             

        yl-4-[(4-methyl)piperazino                                             

        ethyl-(1)]piperazine                                                   

                       413.01                                                  

                             0.1    0.1    5      2.5                          

     29 1-(p-Chlorobenzyl)-2-phenyl-                                           

        4-[(3-keto)-piperazinoethyl-                                           

        (1)]piperazine 466.99                                                  

                             0.1    0.5    o      o                            

     29a                                                                       

        1-(p-Chloro benzyl)-2-                                                 

        phenyl-4-pyrrolidino                                                   

        ethyl piperazine                                                       

                       383,97                                                  

                             1      o      5      2.5                          

     40 4-Diethylaminoethyl-3-                                                 

        phenyl-1-(o-hydroxy benzyl)                                            

        piperazine     367.5 1      1      5      5      --                    

     42 4-Diethylaminoethyl-3-phen-                                            

        yl-1-(3,4,5-trimethoxybenz-                                            

        yl) piperazine 441.5 1      o      o      2.5    --                    

     43 1-(p-Hydroxy benzyl)-2-                                                

        phenyl-4-diethylaminoethyl                                             

        piperazine     367.6 1      1      o      o      --                    

     45 1-(p-Ethoxy benzyl)-2-phen-                                            

        yl-4-pyrrolidinoethyl-3-                                               

        keto piperazine                                                        

                       407,53                                                  

                             1      1      o      5                            

     60 1-(p-Chloro benzyl)-2-phen-                                            

        yl-4-piperazino ethyl                                                  

        piperazine     399.0 0.1    0.1    2.5    5                            

     61 1-(p-Methoxy benzyl)-2-                                                

        phenyl-4-piperidinoethyl                                               

        piperazine     393.55                                                  

                             1      o      5      2.5                          

     62 4-Diethylaminoethyl-3-phen-                                            

        yl-1-(3,4,5-trimethoxy)-                                               

        benzyl piperazine                                                      

                       441,5 1      o      o      2.5                          

     63 4-Diethylaminoethyl-3-                                                 

        phenyl-1-(p-chloro phen-                                               

        yl)ethyl piperazine                                                    

                       400.00                                                  

                             0.1    o      5      2.5    0.05                  

     64 4-Diethylamino ethyl-3-                                                

        phenyl-1-(o-benzyloxy                                                  

        benzyl) piperazine                                                     

                       457.66                                                  

                             0.1    o      5      0.1                          

     65 4-Diethylaminoethyl-3-                                                 

        phenyl-1-(p-benzyloxy                                                  

        benzyl) piperazine                                                     

                       457.66                                                  

                             0.1    1      2.5    2.5    1                     

     66 4-Diethylaminoethyl-3-                                                 

        phenyl-1-(p-hydroxy                                                    

        benzyl) piperazine                                                     

                       367.5 0.1    o      10     5      --                    

     67 4-Diethylamino ethyl-3-                                                

        phenyl-1-benzyl piper-                                                 

        azine          351.54                                                  

                             0.1    0.1    o      o                            

     68 4-Diethylaminoethyl-3-                                                 

        phenyl-1-(3,4-dibenzyl-                                                

        oxy benzyl)piperazine .HC1                                             

                       563.79                                                  

                             1      0.1    2.5    o                            

     52 4-Diethylaminoethyl-3-                                                 

        phenyl-2-keto-1-(p-ben-                                                

        zyloxy benzyl) pipera-                                                 

        zine           471.65                                                  

                             1      1      10     2.5                          

     53 1-(p-Chloro benzyl)-2-                                                 

        phenyl-4-dimethylamino                                                 

        propyl piperazine                                                      

                       371,94                                                  

                             0.01   0.1    2.5    2.5                          

     54 1-(3,4-Dibenzyloxy benzyl)-                                            

        2-phenyl-diethylaminoethyl                                             

        piperazine fumarate                                                    

                       563.79                                                  

                             1      1      2.5    2.5                          

     55 1-(o-Benzyloxy benzyl)-2-                                              

        phenyl-4-diethylaminoethyl                                             

        piperazine     457.66                                                  

                             0.1    1      5      2.5                          

     56 1-(p-Methoxybenzyl)-2-                                                 

        phenyl-4-diethylamino                                                  

        propyl piperazine                                                      

                       395,57                                                  

                             0.1    o      5      5                            

     __________________________________________________________________________

PAR  The starting materials are either commercially available or can be
      synthesized from commercially available compounds by known methods.
PAR  For instance, .alpha.-chloro phenyl acetic acid ethyl ester used as the one
      reactant in Example 1 B (a), is prepared from commercially available
      .alpha.-chloro phenyl acetic acid chloride by esterifying with ethanol.
      Its boiling point is 123-125.degree. C./8-10 mm.
PAR  N.sub.1 -(diethylamino ethyl) ethylene diamine, the other reactant of
      Example 1 B (a) is obtained according to the method of H. F. McKay "Canad.
      J. Chem." vol. 34, pp. 1567-1573 (1956).
PAR  1-(.beta.-Chloro ethyl)-4-methyl piperazine used as reactant in Example 6,
      is prepared by reacting 1-(.beta.-hydroxy ethyl)-4-methyl piperazine and
      thionylchloride.
PAR  1,3-Dimorpholino propylchloride (Example 7) is obtained by reacting
      1,3-dimorpholino propanol with thionylchloride.
PAR  p-Ethoxy benzylchloride (Example 9 c) is produced according to Bergmann and
      Sulzbacher "J. org. Chem." vol. 16, p. 85 (1951).
PAR  3,4,5-Trimethoxy benzylchloride (Example 13) is prepared by reacting
      3,4,5-trimethoxy benzyl alcohol with thionylchloride and
PAR  3-(4'-Methoxy phenyl) propylchloride (1) by reacting 3-(4'-methoxy phenyl)
      propanol (1) with thionylchloride.
PAR  Acetyl glycolic acid chloride (Example 27 A c) is obtained according to
      Ghosh "J. Indian Chem. Soc." vol. 24, p. 325 (1947) from acetyl glycolic
      acid synthesized according to Anschuetz et al. "Ber." vol. 36, p. 467.
PAR  1-(3,4-Dibenzyloxy benzyl)-2-phenyl-3-keto piperazine (Example 42) is
      obtained by reacting 2-phenyl-3-keto piperazine with 3,4-dibenzyloxy
      benzylchloride. Its melting point is 108.degree.-110.degree. C.
PAR  3,4-Dibenzyloxy benzylchloride (Example 43) is synthesized by first
      producing 3,4-dibenzyloxy benzaldehyde according to the method described
      by Bergmann et al. "J. org. Chem." vol. 16, p. 85 (1951), reducing said
      aldehyde with sodium boron hydride to the corresponding alcohol, and
      chlorinating the resulting alcohol with thionylchloride in chloroform.
      Melting point of the chloride: 42.degree.-44.degree. C.
PAR  o-Benzyloxy benzylchloride (Example 55) is obtained in an analogous manner.
      Boiling point: 118.degree.C./0.05 mm.
PAR  Diethylamino propylchloride (Example 56) is prepared by reacting
      diethylamino propanol with thionylchloride.
PAR  p-chloro phenyl ethylchloride (Example 63) is synthesized according to
      Depuy et al. "J. Am. Chem. Soc."vol. 79, pp. 3710-11 (1957) and Baddeley
      et al. "J. Am. Chem. Soc." 1935, p. 1820.
PAR  p-Methoxy benzylchloride (Example 69) is prepared as described in "Org.
      Synth." vol. 36, p. 50.
PAR  The following example describes the preparation of a compound in which
      R.sub.4 and R.sub.5 of Formulas VII to XII form an N.sub.4 -hydroxy lower
      alkyl piperazino group.
PAC  EXAMPLE 75
PAC  1-(p-Chloro benzyl)-2-phenyl-4-[ .beta.-(4'-hydroxy ethyl piperazino)
      ethyl]  piperazine
      ##SPC58##
PAR  The compound is obtained by reacting 1-(4'-chloro
      benzyl)-2-phenyl-4-(.beta.-chloro ethyl) piperzine hydrochloride as
      described hereinabove in Example 27 B and C, with N.sub.1 -(2-hydroxy
      ethyl) piperazine. The resulting reaction product is a yellow oil of the
      boiling point: 245.degree. C./0.02 mm.
PAR  Analogous compounds in which the phenyl ring of the benzyl or phenyl lower
      alkyl substitutent in 1-position is substituted by other substituents than
      chloro, as well as compounds of the 3-phenyl piperazine type or the 2-or
      3-phenyl-3- or -2-keto piperazine type and which have in 4-position a
      hydroxy lower alkyl piperazino lower alkyl group can, of course, also be
      produced in a similar manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A 1,4-disubstituted phenyl piperazine compound of the formula
      ##SPC59##
PAL  in which
PA1  X, y, and Z are members selected from the group consisting of hydrogen,
      halogen, trifluoro lower alkyl, hydroxyl, lower alkoxy, and phenyl
      substituted lower alkoxy;
PA1  R is a member selected from the group consisting of di-lower alkylamino
      lower alkyl, piperidino lower alkyl and lower alkyl pyrrolidino;
PA1  R.sub.1 is lower alkyl with 1 to 3 carbon atoms; and one of the groups A
      and B is a keto group of the formula
      ##EQU9##
       while the other one of the groups A and B is the phenyl substituted
      methylene group of the formula
      ##SPC60##
PAL  or their pharmaceutically acceptable acid addition salts.
NUM  2.
PAR  2. The 1-(4'-chloro benzyl)-2-phenyl-3-keto-4-(diethylamino ethyl)
      piperazine or its pharmaceutically acceptable acid addition salts.
NUM  3.
PAR  3. The 1,4-disubstituted phenyl piperazine compound of claim 1, said
      compound being 1-(4'-chloro benzyl)-2-keto-3-phenyl-4-(diethylamino ethyl)
      piperazine.
NUM  4.
PAR  4. The 1,4-disubstituted phenyl piperazine compound of claim 1, said
      compound being 1-(3'-chlorobenzyl)-2-phenyl-3-keto-4-(diethylamino
      ethyl)piperazine.
NUM  5.
PAR  5. The 1,4-disubstituted phenyl piperazine compound of claim 1, said
      compound being 1-(4'-ethoxy benzyl)-2-phenyl-3-keto-4-pyrrolidino ethyl
      piperazine.
NUM  6.
PAR  6. The 1,4-disubstituted phenyl piperazine compound of claim 1, said
      compound being 1-(2'-chloro benzyl)-2-phenyl-3-keto-4-diethylamino ethyl
      piperazine.
NUM  7.
PAR  7. The 1,4-disubstituted phenyl piperazine compound of claim 1, said
      compound being 1-(4'-chloro benzyl)-2-phenyl-3-keto-4-piperidino ethyl
      piperazine.
NUM  8.
PAR  8. The 1,4-disubstituted phenyl piperazine compound of claim 1, in which
PA1  X, y, z, r.sub.1, a, and B are substituents indicated in claim 1 while
PA1  R is di-lower alkylamino lower alkyl,
PAL  or their pharmaceutically acceptable acid addition salts.
NUM  9.
PAR  9. The 1,4-disubstituted phenyl piperazine compound of claim 1, in which
PA1  X, y, z, r.sub.1, a, and B are the substituents indicated in claim 1, while
PA1  R is lower alkyl substituted by the piperidine ring, said lower alkyl being
      attached to the nitrogen atom of the piperidine ring,
PAL  or their pharmaceutically acceptable acid addition salts.
NUM  10.
PAR  10. The 1,4-disubstituted phenyl piperazine compound of claim 1, in which
PA1  X, y, z, r.sub.1, a, and B are the substitutents indicated in claim 1,
      while
PA1  R is lower alkyl substituted by the pyrrolidine ring, said lower alkyl
      being attached to the nitrogen atom of the pyrrolidine ring,
PAL  or their pharmaceutically acceptable acid addition salts.
NUM  11.
PAR  11. The 1,4-disubstituted phenyl piperazine compound of claim 1, in which
PA1  X, y, z, r.sub.1, and R are the substituents indicated in claim 1, while A
      is the phenyl substituted methylene group of the formula
      ##SPC61##
PAL  and
PA1  B is the keto group of the formula
      ##EQU10##
      or their pharmaceutically acceptable acid addition salts.
NUM  12.
PAR  12. The 1,4-disubstituted phenyl piperazine compound of claim 1, in which
PA1  X, y, z, r.sub.1, and R are the substituents indicated in claim 1, while
PA1  A is the keto group of the formula
      ##EQU11##
      and B is the phenyl substituted methylene group of the formula
      ##SPC62##
PAL  or their pharmaceutically acceptable acid addition salts.
PATN
WKU  039352153
SRC  5
APN  3749924
APT  1
ART  121
APD  19730629
TTL  Process of reverting thiophosphates
ISD  19760127
NCL  7
ECL  1
EXA  Jaisle; C. M. S.
EXP  Jiles; Henry R.
INVT
NAM  Oude Alink; Bernardus A.
CTY  St. Louis
STA  MO
ASSG
NAM  Petrolite Corporation
CTY  St. Louis
STA  MO
COD  02
RLAP
COD  74
APN  165336
APD  19710722
PSC  04
CLAS
OCL  260327C
XCL  260240R
XCL  260240D
XCL  2602948D
XCL  260947
XCL  252  855E
XCL  134  3
EDF  2
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FSC  260
FSS  327 C
OREF
PAL  breslow, et al., The Chemistry of Heterocyclic Compounds, pp. 352-366,
      (Interscience, 1966).
LREP
FR2  Ring; Sidney B.
FR2  Glass; Hyman F.
ABST
PAL  Thiophosphates of the formula
      ##EQU1##
      where X is 0 or S, R is a hydrocarbon or a substituted hydrocarbon group
      such as alkyl, aryl, cycloalkyl, alkaryl, aralkyl, etc., and R' is a
      3-thione-propene-1 or a substituted 3-thione-propene-1 group; the
      preparation thereof by reacting a 1,2-dithiolium compound with a phosphite
      ester; the reversion to the original dithionium compound is effected by
      reacting the thiophosphate under acid conditions; and the uses of such
      thiophosphates as corrosion inhibitors in acid systems.
PARN
PAR  This application is a division of Ser. No. 165,336 filed July 22, 1971.
BSUM
PAR  This invention relates to S-(3-thione-propene-1) thiophosphates, the
      preparation thereof, and uses therefor.
PAR  1,2-DITHIOLE-3-THIONES ARE KNOWN COMPOUNDS PREPARED BY A VARIETY OF
      METHODS. Examples of such compounds, and methods for their preparation,
      are disclosed in THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS, "Multi-Sulfur
      and Sulfur and Oxygen Five-and Six-Membered Heterocycles," PART 1, pages
      352-366, by David S. Breslow et al., Interscience Publishers, 1966.
PAR  1,2-DITHIOLE-3-THIONES MAY BE EXPRESSED BY THE FORMULA:
      ##EQU2##
      where R and R' are substituted groups, for example, alkyl, aryl,
      cycloalkyl, alkenyl, alkynyl, alkaryl, aralkyl, heterocyclic, etc. In
      addition, one of the above R's may be hydrogen. Examples of a wide variety
      of 1,2-dithiole-3-thiones are presented in the above text by Breslow et
      al. in Table 4, pages 352-366, which is incorporated into this application
      as if part hereof.
PAR  1,2-DITHIOLE-3-THIONES ARE CONVENIENTLY PREPARED BY THE CLASSIC METHOD OF
      REACTING AN OLEFIN WITH SULFUR, FOR EXAMPLE, ACCORDING TO THE FOLLOWING
      EQUATION:
      ##EQU3##
      The olefin employed in the reaction contains 1. A REACTIVE DOUBLE BOND
PA1  2. a primary carbon atom
PA1  3. at least four hydrogen atoms on the 3 terminal carbons with at least one
      hydrogen on the carbon beta to primary carbon atom
PAR  This reaction is carried out at any suitable temperature and time, for
      example, at about 100.degree. to 300.degree.C., such as from about
      140.degree. to 240.degree.C. but preferably from about 160.degree. to
      220.degree.C. for a period of about 2 to 160 hours, and about 10 to 50
      hours, but preferably about 15 to 40 hours.
DETD
PAR  The following examples are presented by way of illustration and not of
      limitation to show the preparation of 1,2-dithiole-3-thiones which may be
      employed as starting materials to prepare the dithiolium compounds of this
      invention.
PAC  EXAMPLE 1A
PAC  The Preparation of 4-phenyl-1,2-dithiole-3-thione
PAR  In a suitable reactor equipped with a stirrer, thermometer and a reflux
      condenser, was placed 118 g of methyl-styrene and 48 g of sulfur. The
      mixture was heated for 37 hours at 200.degree.-210.degree.C. After the
      reaction was completed, the mixture was slowly cooled to room temperature.
      The product was collected and crystallized from benzene, red crystals, (32
      grams, 50 percent yield), m.p. 122.degree.-124.degree.C.
PAC  EXAMPLE 2A
PAC  Preparation of 4-(3-methoxy-4-hydroxy)phenyl-1,2-dithiole-3-thione
PAR  In a suitable reactor equipped with a stirrer, thermometer, addition funnel
      and reflux condenser was placed 32 g of sulfur, 1.0 g of
      di-o-tolylguanidine as catalyst and 150 cc of mesitylene as solvent. The
      mixture was brought to a reflux (170.degree.C.) and over a 1 hour period
      66 g of isoeugenol
      ##SPC1##
PAL  was added dropwise. Reflux was continued for 48 more hours. The mesitylene
      was decanted from the solid. The solid was treated twice with 500 cc
      portion of a 5% aqueous potassium hydroxide solution. Upon acidification
      the product precipitated as a brown solid.
PAC  EXAMPLE 3A
PAC  Preparation of 4-neopentyl-5-t-butyl-1,2-dithiole-3-thione
PAR  To a mixture of 320 g of sulfur and 6.0 g of di-o-tolylguanidine was added
      over a 9 hour period, at a reaction temperature of
      210.degree.-215.degree.C., 226 g of triisobutylene,
      ##EQU4##
      Heating at 210.degree.-215.degree.C. was continued for an additional 14
      hours. The product was distilled and there was collected 220 g of
      4-neopentyl-5-t-butyl-1,2-dithiole-3-thione, b.p.
      155.degree.-185.degree.C. (3-4 mm Hg).
      ##EQU5##
PAC  EXAMPLE 4A
PAC  Preparation of 4,5-tetramethylene-1,2-dithiole-3-thione
PAR  In a suitable reactor equipped with a stirrer, reflux condenser,
      thermometer and addition funnel was placed 24 g of sulfur, 171 g of carbon
      disulfide and 150 cc of dimethyl formamide. The mixture was cooled to
      0.degree.C. and under continuous stirring and cooling 132 g of
      1-morpholino-1-cyclohexene was introduced over a 1/2 hour period. After
      the addition was completed, stirring was continued for an additional 16
      hours. The resulting slurry was poured into water and the resulting orange
      solid crystallized from acetone, m.p. 95.degree.-97.degree.C. Yield 37
      percent.
PAR  The following table presents illustrative 1,2-dithiole-3-thiones of the
      formula
      ##EQU6##
      The radical indicated replaces the H's in the 4th and/or 5th positions as
      indicated.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     1)     4-CH.sub.3                                                         

     2)     5-CH.sub.3 --                                                      

     3)     4-C.sub.2 H.sub.5 --                                               

     4)     5-C.sub.2 H.sub.5 --                                               

     5)     4-(CH.sub.3).sub.3 CCH.sub.2 --                                    

     6)     5-.sub.n -C.sub.17 H.sub.35 --                                     

     7)     4-C.sub.6 H.sub.5 --                                               

     8)     5-C.sub.6 H.sub.5 --                                               

     9)     4-(p-CH.sub.3 C.sub.6 H.sub.4 --)                                  

     10)    5-(p-CH.sub.3 C.sub.6 H.sub.4 --)                                  

     11)    4-(p-C.sub.2 H.sub.5 C.sub.6 H.sub.4 --)                           

     12)    4-(p-t-C.sub.4 H.sub.9 C.sub.6 H.sub.4 --)                         

     13)    4-(p-t-C.sub.5 H.sub.11 C.sub.6 H.sub.4 --)                        

     14)    5-(p-C.sub.6 H.sub.5 --C.sub.6 H.sub.4 --)                         

     15)    5-(p-ClC.sub.6 H.sub.4 --)                                         

     16)    5-(p-BrC.sub.6 H.sub.4 --)                                         

     17)    5-(p-IC.sub.6 H.sub.4 --)                                          

     18)    4-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                                 

     19)    5-(o-CH.sub.3 OC.sub.6 H.sub.4 --)                                 

     20)    5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                                 

     21)    5-(p-HOC.sub.6 H.sub.4 --)                                         

     22)    5-(p-CH.sub.3 CO.sub.2 C.sub.6 H.sub.4 --)                         

     23)    5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4 --]                         

     24)    5-[2,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 --]                        

     25)    5-(2-CH.sub.3 O-5-CH.sub.3 C.sub.6 H.sub.3 --)                     

     26)    5-[2,3-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 --]                      

     27)    5-[2,5-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 --]                      

     28)    5-[3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 --]                      

     29)    5-(3-CH.sub.3 O-4-HOC.sub.6 H.sub.3)                               

     30)    5-(2-HO-3-CH.sub. 3 OC.sub.6 H.sub.3 --)                           

     31)    5-(3-CH.sub.3 O-4-CH.sub.3 O.sub.2 CCH.sub.2 OC.sub.6 H.sub.3 --)  

     32)    5-[3,4-(HO).sub.2 C.sub.6 H.sub.3 --]                              

     33)    5-[3,4-(CH.sub.3 CO.sub.2).sub.2 O.sub.6 H.sub.3 --]               

     34)    5-(3,4-Methylenedioxyphenyl-)                                      

     35)    5-(3,4,5-I.sub.3 C.sub.6 H.sub.2 --)                               

     36)    4-(1-Naphthyl-)                                                    

     37)    4-(1-Naphthyl-)                                                    

     38)                                                                       

     39)                                                                       

     40)    5-(2-Furyl-)                                                       

     41)    4-(2-Thienyl-)                                                     

     42)    5-(2-Thienyl-)                                                     

     43)    4-(4-CH.sub.3 -2-thienyl-)                                         

     44)    5-(5-CH.sub.3 -2-thienyl-)                                         

     45)    5-(5-C.sub.2 H.sub.5 -2-thienyl-)                                  

     46)    4-[ 3,4-(CH.sub.3).sub.2 -2-thienyl-]                              

     47)    5-(2-Pyridyl-)                                                     

     48)    5-(3-Pyridyl-)                                                     

     49)    5-(4-Pyridyl-)                                                     

     50)    5-(C.sub.6 H.sub.5 CH=CH--)                                        

     51)    5-(p-CH.sub.3 OC.sub.6 H.sub.4 CH=CH--)                            

     52)    5-(2-Furyl-CH=CH--)                                                

     53)    5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4 N=CH--]                     

     54)    5-C.sub.2 H.sub.5 OOC                                              

     55)    5-HOOC--                                                           

     56)    4,5-(CH.sub.3 --).sub.2                                            

     57)    4-CH.sub.3 -5-C.sub.2 H.sub.5 --                                   

     58)    4-C.sub.2 H.sub.5 -5-CH.sub.3 --                                   

     59)    4,5-(C.sub.2 H.sub.5 --).sub.2                                     

     60)    4-(n-C.sub.3 H.sub.7 --)-5-CH.sub.3 --                             

     61)    4-(n-C.sub.4 H.sub.9 --)-5-CH.sub. 3 --                            

     62)    4-CH.sub.3 -5-(t-C.sub.4 H.sub.9 --)                               

     63)    4-(CH.sub.3).sub.3 CCH.sub.2 -5-(t-C.sub. 4 H.sub.9 --)            

     64)    4-[(C.sub.2 H.sub.5).sub.2 NCH.sub.2 CH.sub.2 --]-5-CH.sub.3.HC10.s

            ub.4                                                               

     65)    4-[(C.sub.2 H.sub.5).sub.2 NCH.sub.2 CH.sub.2 --]-5-CH.sub.3.HCl   

     66)    4-C.sub.6 H.sub.4 CH.sub.2 -5-CH.sub.3 --                          

     67)    4-CH.sub.3 -5-C.sub.6 H.sub.5 --                                   

     68)    4-C.sub.6 H.sub.5 -5-CH.sub.3 --                                   

     69)    4-C.sub.2 H.sub.5 -5-C.sub.6 H.sub.5 --                            

     70)    4-CH.sub.3 -5-(p-CH.sub.3 C.sub.6 H.sub.4 --)                      

     71)    4-CH.sub.3 -5-(p-ClC.sub.6 H.sub.4 --)                             

     72)    4-CH.sub.3 -5-(p-BrC.sub.6 H.sub.4 --)                             

     73)    4-CH.sub.3 -5-(p-IC.sub.6 H.sub.4 --)                              

     74)    4-CH.sub.3 -5-(o-CH.sub.3 OC.sub.6 H.sub.4 --)                     

     75)    4-CH.sub.3 -5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                     

     76)    4-(p-CH.sub.3 OC.sub.6 H.sub.4 --)-5-CH.sub.3 --                   

     77)    4-CH.sub.3 -5-[2,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 --]            

     78)    4-CH.sub.3 -5-[2,5-(CH.sub.3).sub.2 C.sub.6 H.sub.3 --]            

     79)    4-CH.sub.3 -5-[3,4-(CH.sub.3).sub.2 C.sub.6 H.sub.3 --]            

     80)    4-CH.sub.3 -5-(4-CH.sub.3 O-3-(CH.sub.3 C.sub.6 H.sub.3 --)        

     81)    4-CH.sub.3 -5-(2CH.sub.3 O-4-CH.sub.3 C.sub.6 H.sub.3 --)          

     82)    4-CH.sub.3 -5-(2-CH.sub.3 O-5-CH.sub.3 C.sub.6 H.sub.3 --)         

     83)    4-CH.sub.3 -5-(2-CH.sub.3 S-5-CH.sub.3 C.sub.6 H.sub.3 --)         

     84)    4-CH.sub.3 -5-(2-HO-3-CH.sub.3 OC.sub.6 H.sub.3 --)                

     85)    4-CH.sub.3 -5-[2,4-(CH.sub. 3 O).sub.2 C.sub.6 H.sub.3 --]         

     86)    4-CH.sub.3 -5-[2,5-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 --]          

     87)    4-CH.sub.3 -5-[3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 --]          

     88)    4-CH.sub.3 -5-[2,4,6-(CH.sub.3).sub.3 C.sub.6 H.sub.2 --]          

     89)    4-(1-Naphthyl-)-5-CH.sub.3 --                                      

     90)    4-(1-Naphthyl-)-5-C.sub.2 H.sub.5 --                               

     91)    4-CH.sub.3 -5-(2-CH.sub.3 O-1-naphthyl-)                           

     92)    4-CH.sub.3 -5-(2-thienyl-)                                         

     93)    4-(2-Thienyl-)-5-CH.sub.3 --                                       

     94)    4-(5-CH.sub.3 -2-thienyl-)-5-CH.sub.3 --                           

     95)    4-CH.sub.3 -5-(5-CH.sub.3 -2-thienyl-)                             

     96)    4-C.sub.2 H.sub.5 -5-(5-CH.sub.3 -2-thienyl-)                      

     97)    4-(5-C.sub.2 H.sub.5 -2-thienyl-)-5-CH.sub.3 --                    

     98)    4-CH.sub.3 -5-(5-C.sub.2 H.sub.5 -2-thienyl-)                      

     99)    4-C.sub.2 H.sub.5 -5-(5-C.sub.2 H.sub.5 -2-thienyl-)               

     100)   4-CH.sub.3 -5-[4,5-(CH.sub.3).sub.2 -2-thienyl-]                   

     101)   4-CH.sub.3 -5-(3-pyridyl-)                                         

     102)   4-C.sub.2 H.sub.5 -5-(3-pyridyl-)                                  

     103)   4-n-C.sub.4 H.sub.9 -5-(3-pyridyl-)                                

     104)   4-CH.sub.3 -3-(4-pyridyl-)                                         

     105)   4-C.sub.2 H.sub.5 -5-(4-pyridyl-)                                  

     106)   4-C.sub.2 H.sub.5 -5-(C.sub.6 H.sub.5 CH=CH--)                     

     107)   4-CH.sub.3 -5-(p-CH.sub.3 OC.sub.6 H.sub.4 CH=CH--)                

     108)   4-C.sub.2 H.sub.5 -5-(p-CH.sub.3 OC.sub.6 H.sub.4 CH=CH--)         

     109)   4-(-n-C.sub.3 H.sub.7 --)-5-(p-CH.sub.3 OC.sub.6 H.sub.4 CH=CH--)  

     110)   4-C.sub.2 H.sub.5 -5-(2-furyl-CH=CH--)                             

     111)   4-(n-C.sub.3 H.sub.7 --)-5-(2-furyl-CH=CH--)                       

     112)   4-C.sub.6 H.sub.5 -5-C.sub.6 H.sub.5 CH.sub.2 --                   

     113)   4-(C.sub.6 H.sub.5 CO--)-5-C.sub.6 H.sub.5 --                      

     114)   4-(C.sub.6 H.sub.5 CS--)-5-C.sub.6 H.sub.5 --                      

     115)   4,5-(C.sub.6 H.sub.5 --).sub.2                                     

     116)   4-(p-CH.sub.3 OC.sub.6 H.sub.4 --)-5-C.sub.6 H.sub.5 --            

     117)   4-(p-HOC.sub.6 H.sub.4 --)-5-C.sub.6 H.sub.5 --                    

     118)   4-(p-CH.sub.3 CO.sub.2 C.sub.6 H.sub.4 --)-5-C.sub.6 H.sub.5 --    

     119)   4-C.sub.6 H.sub.5 -5-(2-CH.sub.3 O-5-CH.sub.3 C.sub.6 H.sub.3 --)  

     120)   4,5-(p-CH.sub.3 OC.sub.6 H.sub.4 --).sub.2                         

     5-C.sub.6 H.sub.5 --].3 O).sub.2 C.sub.6 H.sub.3 --                       

     122)   4-(3-HO.sub.3 S-4-CH.sub.3 OC.sub.6 H.sub.3 --)-5-C.sub.6 H.sub.5  

            --                                                                 

     123)   4-(3-C10.sub.2 S-4-CH.sub.3 OC.sub.6 H.sub.3 --)-5-C.sub.6 H.sub.5 

            --                                                                 

     124)   4-(3-C.sub.2 H.sub.5 O.sub.3 S-4-CH.sub.3 OC.sub.6 H.sub.3         

            --)-5-C.sub.6 H.sub.5 --                                           

     125)   4-(3-C.sub.6 H.sub.5 NHO.sub.2 S-4-CH.sub.3 OC.sub.6 H.sub.3       

            --)-5-C.sub.6 H.sub.5 --                                           

     126)   4-(3-CH.sub.3 CO-4-CH.sub.3 OC.sub.6 H.sub.3 --)-5-C.sub.6 H.sub.5 

            --                                                                 

     127)   4-(3-C.sub.2 H.sub.5 CO-4-CH.sub.3 OC.sub.6 H.sub.3 --)-5-C.sub.6  

            H.sub.5 --                                                         

     128)   4-C.sub.6 H.sub.5 -5-(3-pyridyl-)                                  

     129)   4-C.sub.6 H.sub.5 -5-(4-pyridyl-)                                  

     130)   4-C.sub.6 H.sub.5 -5-(2-furyl-CH=CH--)                             

     131)   4-CH.sub.3 -5-CH.sub.3 O.sub.2 C--                                 

     132)   4-CH.sub.3 O.sub.2 C-5-C.sub.6 H.sub.5 --                          

     133)   4-C.sub.2 H.sub.5 O.sub.2 C-5-C.sub.6 H.sub.5 --                   

     134)   4-C.sub.6 H.sub.5 -5-CH.sub.3 O.sub.2 C--                          

     135)   4-CH.sub.3 -5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4 N=CH--]         

     136)   4-C.sub.2 H.sub.5 -5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4 N=CH--]  

     137)   4-(n-C.sub.3 H.sub.7 --)-5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4    

            N=CH--]                                                            

     138)   4-C.sub.6 H.sub.5 -5-[p-(CH.sub.3).sub.2 NC.sub.6 H.sub.4 N=CH--]  

     139)   4-HS-5-C.sub.6 H.sub.5 --                                          

     140)   4-HS-5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                            

     141)   4-CH.sub.3 S-5-C.sub.6 H.sub.5 --                                  

     142)   4-CH.sub.3 S-5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                    

     143)   4-CH.sub.2 COS-5-C.sub.6 H.sub.5 --                                

     144)   4-CH.sub.3 COS-5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)                  

     145)   4-C.sub.6 H.sub.5 COS-5-C.sub.6 H.sub.5 --                         

     146)   4-C.sub.6 H.sub.5 COS-5-(p-CH.sub.3 OC.sub.6 H.sub.4 --)           

     147)   4-CH.sub.3 O-5-C.sub.6 H.sub.5 --                                  

     __________________________________________________________________________

PAR  1,2-dithiole-3-thiones can be converted to 1,2-dithiolium compounds by
      oxidizing 1,2-dithiole-3-thiones. Any convenient method oxidation can be
      employed.
PAR  The preferred method of preparation depends on the particular thione to be
      oxidized. For example, where the thione yields an unstable dithiolium
      compound, it is desirable to precipitate the dithiolium salt from solution
      so that it does not decompose. This is done by precipitating the thiolium
      as an insoluble salt so it will not be decomposed by further oxidation.
      For example, aryl thiones when converted to the corresponding dithiolium
      compounds are unstable to further oxidation but their decomposition can be
      prevented by precipitation from solution during oxidation as insoluble
      salts.
PAR  My application Ser. No. 79,709, filed Oct. 9, 1970, discloses that non-aryl
      substituted such as aliphatic dithiolethiones when converted to the
      corresponding dithiolium compounds yield stable compounds which are not
      subject to further oxidative decomposition. Therefore, it is not as
      important to precipitate such dithiolium compounds from solution as
      insoluble salts.
PAR  Application Ser. No. 79,709 further discloses that, in general, the
      aliphatic dithiolium compounds are also more water soluble than the aryl
      dithiolium compounds. For example, certain aliphatic dithiolium compounds
      are at least 75% water soluble in contracts to the less than 10%
      solubility of the aryl dithiolium compounds. Thus aliphatic dithiolium
      compounds are not only more soluble but are also more stable than the aryl
      compounds.
PAR  Application Ser. No. 79,709 further discloses that because of their high
      aqueous solubility and stability the aliphatic dithiolium compounds are
      particularly useful as corrosion inhibitors in aqueous and/or aerated
      and/or acidic systems.
PAR  A wide variety of oxidizing agents can be employed, as illustrated by the
      following:
PA1  1. aqueous solution of hydrogen peroxide
PA1  2. hydrogen peroxide and an organic or inorganic acid
PA1  3. barium permanganate
PA1  4. t-butyl-hydroperoxide
PA1  5. m-chloroperbenzoic acid
PA1  6. Caro's acid
PA1  7. Peracetic acid
PA1  8. Potassium persulfate
PA1  9. chromic anhydride
PA1  10. perchloric acid, etc.
PA1  11. other oxidation agents can also be employed.
PAR  The choice of oxidizing agent will depend on the particular thione to be
      oxidized, economics, etc.
PAR  In general, the thione is oxidized in a suitable solvent at as low a
      temperature consistent with a reasonable reaction time so as to minimize
      side reactions. The particular reaction time will depend on the particular
      thione, the particular oxidizing agent, etc.
PAR  In practice reaction times of from 0.5 hours to 24 or more hours are
      employed; with hydrogen peroxides shorter time can be employed such as
      from about 1-2 hours. With milder oxidizing agents such as organic
      peroxides longer times may be employed such as 24 hours with
      chloroperbenzoic acid.
PAR  Any solvent that does not interfere with the reactants and products can be
      employed for example; water, methanol, ethanol, 1-propanol, butanol,
      acetone, dimethyl sulfamide, dimethyl formamide, ether tetrahydrofuran,
      chloroform, carbon tetrachloride, etc.
PAR  In general, room temperature or lower is preferably employed to reduce side
      reactions. Higher temperatures may be employed in oxidizing certain
      thiones such as about 50.degree.C. or higher in certain instances.
PAR  Although S.N. 79,709 discloses the oxidation of thiones, dithiolium
      compounds can be prepared by other methods such as for example by those
      described in "Advances in Heterocyclic Chemistry," Katritzby, et al., Vol.
      7, 1966, published by Academic Press, pp 39-151, which is incorporated
      herein as if part thereof.
PAR  The following Examples are presented by way of illustration and not of
      limitation.
PAC  EXAMPLE 1B
PAC  3-t-Butyl-4-neopentyl-1,2-dithiolium hydrogen sulfate
PAR  In a 2 liter four necked round-bottom flask equipped with a mechanical
      stirrer, a thermometer, a reflux condenser and an addition funnel was
      placed a mixture of 260 grams of
      4-neopentyl-5-t-butyl-1,2-dithiole-3-thione and 500 cc of glacial acetic
      acid. The mixture was cooled to 15.degree.C. and 258 grams of 305 hydrogen
      peroxide was added at such a rate that a reaction temperature of
      15.degree.-25.degree.C. was maintained (two hours). After the addition was
      completed, the mixture was stirred for an additional two hours at room
      temperature. The solvents were distilled off under diminished pressure.
      The remaining solid was washed with acetone and filtered to yield 258
      grams (80% of theory) of 3-t-butyl-4-neopentyl-1,2-dithiolium hydrogen
      sulfate as a light yellow solid, m.p. 189.degree.-190.degree.C; u.v.
      .lambda. .sup.H.sbsp.2 O.sub.max. (E) 254 m.mu. (5,000) and 306 m.mu.
      (6,800); nmr (solvent D.sub.2 O) .tau. in ppm, internal standard t.m.s.,
      -0.03 (s., 1H), 6.74 (s., 2H), 8.22 (s., 9H) and 8.88 (s., 9H).
PAR  Anal. Calced. for C.sub.12 Hhd 22O.sub.4 S.sub.3 : C, 44.14; H, 6.74; S,
      29.43. Found: C, 43.98; H, 6.82; S, 29.8.
PAC  EXAMPLE 2B
PAC  3-t-Butyl-4-neopentyl-1,2-dithiolium perchlorate HSO.sub.4 .sup.- .fwdarw.
      ClO.sub.4.sup..sup.-).
PAR  To a solution of 5 grams of 3-t-butyl-4-neopentyl-1,2-dithiolium hydrogen
      sulfate in 5 grams of distilled water was added 4 cc of 70% perchloric
      acid. The white solid which precipitated was filtered and dried to yield 5
      grams (100%) of material, m.p. 157.degree.-158.degree.C; u.v. .lambda.
      .sup.EtOH.sub.max (E) 254 m.mu. (4,780) and 307 m.mu. (5,010).
PAR  Anal. Calced. for C.sub.12 H.sub.21 S.sub.2 ClO.sub.4 : S, 19.5. Found: S,
      19.4.
PAC  EXAMPLE 3B
PAC  3-t-Butyl-4-neopentyl-1,2-dithiolium hydrogen sulfate
PAR  The product was prepared in 80 percent of the theoretical yield according
      to a procedure identical as in Example 1B, with the exception that instead
      of acetic acid as the solvent, a mixture of 50 g of acetic acid and 450 g
      of isopropanol as the solvent was employed.
PAC  EXAMPLE 4B
PAC  3-t-Butyl-4-neopentyl-1,2-dithiolium hydrogen sulfate
PAR  To a sample of 5.2 grams of 4-neopentyl-5-t-butyl-1,2-dithiole-3-thione
      dissolved in 100 grams of chloroform was added a solution of 12.2 grams of
      m-chloroperbenzoic acid (85%) in 200 grams of chloroform. The mixture was
      allowed to stand for 24 hours at room temperature. The chloroform solution
      was evaporated under diminished pressure and the remaining solid extracted
      with 100 cc of distilled water. The aqueous solution was distilled under
      diminished pressure to yield 4.8 grams (73 percent of theory) of Example
      1B.
PAC  EXAMPLE 5B
PAC  4-phenyl-1,2-dithiolium hydrogen sulfate
PAR  This product was prepared in 80 percent yield from
      4-phenyl-1,2-dithiole-3-thione according to the procedure described in
      Example 4B. Bright yellow solid m.p. 230.degree.-232.degree.C. (dec.);
      u.v. .lambda. .sup.H.sbsp.20.sub.max. (E) 242 m.mu. (15,400) and 345 m.mu.
      (1,700),nmr (solvent D.sub.2 O) in ppm, internal standard t.m.s., -0.06
      (s., 2H) and 2.05-2.51 (m., 5H).
PAR  Anal. Calced. for C.sub.9 H.sub.8 O.sub.4 S.sub.3 : C, 39.1; H, 2.9; S,
      34.8. Found: C, 38.8; H, 3.1; S, 34.9. cl EXAMPLE 6B
PAC  3-(p-methoxy phenyl) - 1,2 thiolium hydrogen sulfate
PAR  The desired product was obtained in a 40% yield, according to the procedure
      described in Example 1B, as an orange solid, m.p.
      195.degree.-196.degree.C. (dec.), after crystallization from ethanol; u.v.
      .lambda. .sup.H.sbsp.2O.sub.max. (E) 244 m.mu. (7,100) and 411 m.mu.
      (23,300).
PAR  Anal. Calced. for C.sub.10 H.sub.10 O.sub.5 S.sub.3 : C, 39.2; H, 3.3; S,
      31.4. Found: C, 39.1; H, 3.1; S, 31.2.
PAR  The formulae of the above dithiolium compounds are presented in the
      following Table.
TBL                TABLE II                                                    

     ______________________________________                                    

     Ex.  R (3)            R' (4)      X                                       

     ______________________________________                                    

          CH.sub.3         CH.sub.3                                            

          .vertline.       .vertline.                                          

     1B   CH.sub.3 --C--   CH.sub.3 --C--CH.sub.2 --                           

                                       H SO.sub.4                              

          .vertline.       .vertline.                                          

          CH.sub.3         CH.sub.3                                            

          CH.sub.3         CH.sub.3                                            

          .vertline.       .vertline.                                          

     2B   CH.sub.3 --C--   CH.sub.3 --C--CH.sub.2 --                           

                                       Cl O.sub.4                              

          .vertline.       .vertline.                                          

          CH.sub.3         CH.sub.3                                            

     3B   Same as Example 1                                                    

     4B   Same as Example 1                                                    

     5B   H                            H SO.sub.4                              

     6B                    H           H SO.sub.4                              

     ______________________________________                                    

PAR  The reaction may be summarized as follows:
      ##SPC2##
PAR  The anion employed will depend on the properties desired for example
      solubility, insolubility, partial solubility. Example of anions include
      sulfates, bisulfates, sulfites, bisulfites, halides, i.e., Cl, Br, I, F,
      etc., phosphates, phosphites, etc., chlorates, etc. In addition to
      employing the salts, quaternaries can be employed so that the hydrogen in
      the 5 position R'' is for example alkyl, aryl, etc.
      ##SPC3##
PAR  Any suitable quaternizing agent may be employed, for example,
PA1  1. alkyl halides such as methyl iodide, butyl iodide, butyl bromide, etc.
PA1  2. Sulfuric acid and derivatives H.sub.2 SO.sub.4, R.sub.2 SO.sub.4 where R
      is alkyl, etc., methyl, ethyl, etc. for example (Me).sub.2 SO.sub.4
PA1  3. alkyl thioureas such as methyl thiourea, etc.
PA1  4. Sulfonate esters, for example
      ##SPC4##
PA2  where R is alkyl such as methyl, etc., and R is hydrogen, alkyl, etc., for
      example, methyl p-toluene sulfonates.
PA1  5. Alkyl phosphates, e.g. (MeoO).sub.3 PO, (EtO).sub.3 PO, etc.
PAR  It is to be noted that where the anion is polyfunctional, such as
      difunctional, 2 moles of the dithiolium would be coupled with one mole of
      the anion, for example
      ##SPC5##
PAL  such as where X is sulfate, a dicarboxylic acid such as phthalic acid,
      etc., for example
      ##SPC6##
PAL  etc.
PAR  Polyfunctional quaternaries may also be formed, for example
      ##SPC7##
PAL  such as where A is alkylene,
      ##SPC8##
PAL  --(CH.sub.2 CH.sub.2).sub.2 O, --CH.sub.2 --CH=CH--CH.sub.2 --, etc.
PAR  I have now discovered a process of reacting the dithiolium compounds
      described herein with phosphite esters under basic conditions to form
      thiophosphates of the formula
      ##EQU7##
      where X is O or S, R is a hydrocarbon or a substituted hydrocarbon group
      such as alkyl, aryl, cycloalkyl, aralkyl, alkaryl, etc., and R' is a
      3-thione-propene-1 or a substituted 3-thione-propene-1 group. I have also
      discovered that the process can be reversed to the original dithionium
      compound by reacting the thiophosphate product under acid conditions.
PAR  The overall reaction can be summarized by the following equations where B
      is a base. In the following equations the phosphite ester can also be a
      thiophosphite, or a mixed oxygenthiophosphite, i.e.,
      ##EQU8##
      where X is O or S. Thus all X's may be oxygen or sulfur or both oxygen and
      sulfur. Corresponding thiophosphates will be formed.
      ##SPC9##
PAR  The reversed reaction is given by the equation:
      ##SPC10##
      ##SPC11##
PAR  The products obtained are IV and/or V and/or VI and/or VII.
PAR  Since the starting material can be represented by the two extreme resonance
      structures.
      ##SPC12##
PAL  two different phosphor-sulfur bonds can be formed if R.sub.1 .noteq.
      R.sub.3 and since each product formed can exist as two isomers a total of
      four products is possible.
PAR  The formation of IV, V, VI and VII will depend upon the nature of R.sub.1,
      R.sub.2, and R.sub.3 groups and of the phosphite used.
PAR  The dithiolium compounds described herein as well as others can be reacted
      under basic conditions with phosphites to form the monothiophosphates.
PAR  In general the reaction is carried out by reacting one mole of the
      dithiolium compound wiht at least 1 mole of phosphite at ambient
      temperature, such as from about -10.degree. to 60.degree.C, but preferably
      at about room temperature, i.e., from 0.degree. to about 30.degree.C.
PAR  The phosphites employed in this invention are of the formula
      ##EQU9##
      where R is an alcohol moiety, for example, alkyl, aryl, cycloalkyl,
      aralkyl, alkaryl, and substituted derivatives thereof, but preferably
      where R is alkyl, for example, C.sub.1 to C.sub.18 or higher, and most
      preferably lower alkyl, i.e., C.sub.1 to C.sub.8.
PAR  In addition, the oxygen phosphites, corresponding thiophosphite or mixed
      oxygen thiophosphites can be employed, for example, of the general formula
      ##EQU10##
      where X is oxygen or sulfur, for example,
      ##EQU11##
      etc.
PAR  Any basic material capable of promoting the reaction can be employed. These
      include alkali metal and alkaline earth metal hydroxides, oxides,
      alkoxides, and also salts of these metals with weak, inorganic and organic
      acids, for example, those derived from Group IA and IIA of the periodic
      table.
PAR  As examples of the alkali metal and alkaline earth metal hydroxides, there
      may be mentioned sodium hydroxide, potassium hydroxide, lithium hydroxide,
      calcium hydroxide, barium hydroxide, strontium hydroxide, and magnesium
      hydroxide. The alkoxides are represented by sodium n-butoxide, and the
      corresponding potassium lithium, calcium, strontium, barium and magnesium
      alcoholates.
PAR  The preferred basic material comprises amines. Although a wide variety of
      amines can be employed such as primary, secondary, tertiary, mono and
      polyamines, in order to reduce side reactions tertiary amines are
      employed, preferably volatile tertiary monoamines that can be easily
      removed on completion of the reaction, for example tertiary amines of the
      formula
      ##EQU12##
      where the R's, which may be the same or different, are hydrocarbon,
      preferably alkyl and most preferably lower alkyl, for example, where the
      R's are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, etc., where
      the alkyls are straight chained, branched, etc.
PAR  Ammonia can also be employed, i.e., where the R's are hydrogen.
PAR  In general, sufficient base is employed to remove the anion so as to render
      the system basic, i.e., at least one equivalent of base per mole of
      dithiolium compound.
PAR  The anion X.sup.- may be stated herein in relation to the dithiolium
      compound, for example halides (Cl, Br, I, F) chlorates, carboxylates, such
      as derived from aliphatic acids, for example acetates, propionates, etc.,
      aromatic acids, for example benzoates, salicylates, phthalates, etc.,
      phosphates, sulfates, sulfonates, etc.
PAR  The thiophosphate can be reconverted to the dithiolium compound by adding a
      sufficient amount of an acidic material to render it acidic, thus
      reverting it to the cationic form. To achieve this at least one equivalent
      of acid is added per mole of dithiole. The acidic material can be organic
      or inorganic, for example, hydrohalic acids such as HCl, HBr, etc.,
      sulfuric, phosphoric, sulfonic acids, etc; organic acids such as the
      alkyl, aryl, cycloalkyl, alkaryl, aralkyl, heterocyclic, etc., carboxylic
      acids, for example acetic, propionic, butyric, etc., fatty acids such as
      stearic, oleic, palmitic, etc., acids, benzoic, phthalic, etc., acids.
PAR  The following examples are presented for purposes of illustration and not
      limitation.
PAC  EXAMPLE 1C
PAC  O,O'-Dimethyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  To a mixture of 16.4 grams of 3-tertiary-butyl-4-neopentyl-1,2 dithiolium
      perchlorate (Ex. 2B) and 19.0 grams of the dimethylphosphite was added 7.3
      grams of triethylamine. After the addition of triethylamine was completed,
      there was added 100cc of ether and 50 cc of water. The etheral layer wa
      separated and washed several times with water. After the ether solution
      was dried over anhydrous magnesium sulfate, the ether was distilled off
      under diminished pressure. There was isolated 16.5 grams (97% of theory)
      of O,O'-dimethyl-S-(2-neopentyl-4, 4-dimethyl-3-thione-pentene-1)
      monothiophosphate as a red-purple solid, melting point
      69.degree.-71.degree.C; n.m.r. (solvent CCl.sub.4), .tau. in ppm, 4.13, 1
      H doublet (J = 9 cps, vinyl); 6.31, 6 H doublet (J = 13 cps, methoxy);
      7.66, 2 H singlet (CH.sub.2 neopentyl); 8.63, 9 H singlet (t-butyl), and
      9.08, 9 H singlet (t-butyl).
PAR  Anal. Calculated for C.sub.14 H.sub.27 O.sub.3 PS.sub.2 : P, 9.17; S, 19.0.
      Found: P, 9.05, S, 20.1.
PAC  EXAMPLE 2C
PAC  O,O'-Dimethyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  A mixture of 15 grams of 3-tertiary-butyl-4-neopentyl-1,2 dithiolium
      hydrogen sulfate (Ex. 1B) and 15 grams of dimethyl phosphite dissolved in
      50 grams of water was treated slowly with 10 grams of 29% ammonium
      hydroxide solution. The product which precipitated was filtered off and
      washed with water. After drying in vacuo, there was isolated 13.5 grams of
      O,O'-dimethyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate (86 percent of theory) in all respects identical to the
      product isolated as described in Example 1C.
PAC  EXAMPLE 3C
PAC  O,O'Diethyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  A mixture of 6.0 grams of 3-tertiarybutyl-4-neopentyl-1,2 dithiolium
      perchlorate (Ex. 2B) and 3.73 grams of diethylphosphite in 30 cc of ether
      was treated with 2.73 grams of triethylamine. The ethereal solution was
      extracted several times with water. After the ethereal solution was dried
      over anhydrous magnesium sulfate, the ether was distilled off under
      diminished pressure. There was isolated 6.36 grams of
      0,0'-diethyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate (96 percent of theory) as a purple liquid; n.m.r.
      (solvent CCl.sub.4), .tau. in ppm, 4.03, 1 H doublet (J = 9 cps, vinyl);
      5.88, 4 H multiplet (ethoxy); 7.61, 2 H singlet (neopentyl): 8.59 9 H
      singlet (tertiaryutyl); 86.67 6 H triplet (J = 7.5 cps, ethoxyl); and
      9.04, 9 H singlet (tertiarybutyl).
PAR  Anal. Calculated for C.sub.16 H.sub.31 O.sub.3 PS.sub.2 P P, 8.45; S, 17.5.
PAR  Found : P, 8.19, S, 18.3.
PAC  EXAMPLE 4C
PAC  O,O'Diisopropyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  In a fashion as described in Example 3C, there was reacted 6.0 grams of
      3-tertiary butyl-4-neopentyl-1,2 dithiolium perchlorate (Ex. 2B), 4.49
      grams of diisopropyl phosphite and 2.73 grams of triethylamine. The
      reaction mixture was worked up in a manner as described in Example 3C to
      yield 7.1 grams (100 percent of theory) of
      O,O'-diisopropyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate as a purple liquid; n.m.r. (solvent CCl.sub.4), .tau. in
      ppm, 4.00, 1 H doublet (J = 10 cps, vinyl); 5.30, 2 H multiplet
      (isopropoxy); 7.60, 2 H singlet (neopentyl); 8.59, 9 H singlet
      (tertiarybutyl); 8.67, 12 H doublet (isopropoxy); and 9.03, 9 H singlet
      (tertiarybutyl).
PAR  Anal. Calculated for C.sub.13 H.sub.35 O.sub.3 Ps.sub.2 : P, 7.90 Found: P,
      8.10
PAC  EXAMPLE 5C
PAC  O, O'-Di-n-butyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  As described in Example 3C, there as reacted 6.0 grams of
      3-tertiarybutyl-4-neopentyl-1,2-dithiolium perchlorate (Ex. 2B), 5.24
      grams of di-n-butyl phosphite and 2.73 grams of triethylamine. There was
      isolated 7.6 grams (100% of theory) of
      O,O'-di-n-butyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate as a purple liquid; n.m.r. (solvent CCl.sub.4), .tau. in
      ppm, 4.03, 1 H doublet (J = 10 cps, vinyl); 5.92, 4 H multiplet (n-butyl);
      7.62, 2 H singlet (neopentyl); 8.12-9.30, 14 H multiplet (n-butyl); 8.59 9
      H singlet (tertiarybutyl); and 9.05, 9 H singlet (t-butyl).
PAC  EXAMPLE 6C
PAC  O,O'-Diphenyl-S-(2-Neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate
PAR  To a mixture of 10.0 grams of 3-tertiarybutyl-4-neopentyl-1,2-dithiolium
      hydrogen sulfate (Ex. 1A) and 4.7 grams of diphenyl phosphite in 30 cc of
      ether was added 2.0 grams of triethylamine. The mixture was stirred for 10
      minutes and filtered The ether was distilled off under diminished pressure
      to yield 7.2 grams (78 percent of theory) of the substituted
      monothiophosphate as a viscous purple liquid. Upon standing for one day
      the product changed into a pink solid, melting point
      75.degree.-80.degree.C. Crystallization from methanol yielded
      O,O'-diphenyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate as yellow needles; melting point 97.degree.-98.degree.C;
      n.m.r. (solvent CCl.sub.4), .tau. in ppm, 2.52-2.83, 10 H multiplet
      (phenyl); 5.27, 1 H doublet (J 32  13.5 cps., vinyl); 7.30, 2 H multiplet
      (neopentyl); 8.81, 9 H singlet (tertiarybutyl); and 8.96, 9 H singlet
      (tertiarybutyl).
PAR  Anal. Calculated for C.sub.24 H.sub.31 O.sub.3 PS.sub.2 : P, 6.75; S,
      13.85. Found : P, 6.54; S, 13.80.
PAC  EXAMPLE 7C
PAC  3-tertiarybutyl-4-Neopentyl-1,2-Dithiolium Perchlorate
PAR  A sample of 1.5 grams of O,O'-dimethyl-S-(2-neopentyl-4,
      4-dimethyl-3-thione-pentene-1) monothiophosphate was dissolved in 15 grams
      of methanol. To the solution was added 2.3 grams of 70% perchloric acid
      and 45 grams of water. The precipitate was filtered off and dried. The
      product was in all respects identical to 3-tertiarybutyl-4-neopentyl-1,2
      dithiolium perchlorate as described in Ex. 2B.
PAR  The corresponding product was obtained by treating O,O'
      -diethyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1) monothiophosphate
      with 70% perchloric acid.
PAC  EXAMPLE 8C
PAR  A sample of 0.6 grams of O,O' -diphenyl-S-(2-neopentyl-4,
      4-dimethyl-3-thione-pentene-1) monothiophosphate dissolved in 19 grams of
      methanol was treated with 0.9 grams of 70% perchloric acid. To the mixture
      was added 18 grams of water. The precipitate was filtered off and dried.
      There was isolated 0.6 grams of the corresponding dithiolium compound of
      Ex. 2B.
PAR  The formulae of the monothiophosphates formed in the above examples are in
      the following Table.
TBL                Table III                                                   

     ______________________________________                                    

     Ex.  R.sub.1     R.sub.2     R.sub.3                                      

                                        R.sub.4                                

     ______________________________________                                    

     1C   tert-Butyl  Neopentyl   H     CH.sub.3                               

     2C   tert-Butyl  Neopentyl   H     CH.sub.3                               

     3C   tert-Butyl  Neopentyl   H     C.sub.2 H.sub.5                        

     4C   tert-Butyl  Neopentyl   H     iso-C.sub.3 H.sub.7                    

     5C   tert-Butyl  Neopentyl   H     n-C.sub.4 H.sub.9                      

     6C   tert-Butyl  Neopentyl   H     Phenyl                                 

     ______________________________________                                    

PAR  Other monothiophosphates similarly prepared are presented in the following
      Table.
TBL                                    Table IV                                

     __________________________________________________________________________

     Ex. dithiolium starting                                                   

     No. material   phosphite                                                  

                          Product                                              

     __________________________________________________________________________

     9C  3,5 Diphenyl 1,2-                                                     

                    dimethyl                                                   

                          O,O'-Dimethyl-S-                                     

         dithiolium per-                                                       

                    phosphite                                                  

                          (1,3 diphenyl-3-thione-                              

         chlorate         propene-1) monothio-                                 

                          phosphate                                            

     10C 3,5 Diphenyl 1,2                                                      

                    diphenyl                                                   

                          O,O'-Diphenyl-S-(1,3                                 

         dithiolium per-                                                       

                    phosphite                                                  

                          diphenyl-3-thione-                                   

         chlorate         propene-1) monothio-                                 

                          phosphate                                            

     11C 3-Phenyl-4-methyl                                                     

                    dimethyl                                                   

                          O,O'-Dimethyl-S-(2-                                  

         1,2-dithiolium                                                        

                    phosphite                                                  

                          methyl-3-phenyl-3-                                   

         perchlorate      thione-propene-1)                                    

                          monothiophosphate                                    

     __________________________________________________________________________

PAR  Since the thiophosphates of this invention are more soluble in organic
      systems than the corresponding dithiolium compounds, they can be added to
      the organic phase of the systems in greater concentrations than the
      dithiolium compounds. When the organic phase is brought into contact with
      the acidic aqueous phase, the thiophosphate is converted to the dithiolium
      compound at the interphase and extracted into the aqueous phase in which
      it is more soluble. In this way there is a gradual and continuous transfer
      from one phase to another as it is converted to its anti-corrosive form.
      Thus, the oil solubility of the thiophosphate facilitates handling in oil
      systems and acid convertibility with subsequent enhanced water solubility
      of the product transports the corrosion inhibitor to the aqueous phase. In
      this way the corrosion inhibitor is stored in the organic phase until
      ready for use where it gradually migrates to the aqueous acidic corrosive
      system as required.
PAR  In addition, an organic solution or suspension of the thiophosphate can be
      placed in contact with the metal, as a liquid, grease, etc., and as acid
      fumes or aqueous acid vapors contact the system, the thiophosphate
      converts to the dithiolium compound which acts as a corrosion inhibitor as
      required.
PAC  USE IN FLUIDS FOR DRILLING WELLS
PAR  This phase of the invention relates to the use of the compounds of this
      invention as corrosion inhibitors in producing an improved drilling fluid
      useful in drilling oil and gas wells.
PAR  Fluids commonly used for the drilling of oil and gas wells are of two
      general types: water-base drilling fluids comprising, for example, a clay
      suspended in water, and oilbase drilling fluids comprising, for example, a
      clay or calcium carbonate suspended in mineral oil.
PAR  A third type of drilling fluid which has recently been developed is one of
      oil-in-water or water-in-oil emulsion, for example, emulsions of mineral
      oil in water or water in mineral oil formed by means of emulsifiers such
      as sulfuric acid; Turkey-red oil; soaps of fatty acids, for example,
      sodium oleate; emulsoid colloids, for example, starch, sodium alginate,
      etc. Varying amounts of finely divided clay, silica, calcium carbonate,
      blown asphalt and other materials may be added to these emulsions to
      improve their properties and control their weight.
PAR  I have now discovered that the compositions of this invention can be
      employed as a corrosion inhibitor in drilling fluids.
PAC  USE IN AIR DRILLING
PAR  It has long been conventional practice in drilling deep bore holes to
      circulate a drilling mud down through the drill stem and up through the
      bore hole between the wall of the bore hole and the drill stem for the
      removal of chips or cuttings from the bore hole and to provide support for
      the wall of the bore hole. More recently, in the filling of holes in which
      wall support provided by drilling mud is not employed, drilling has been
      carried out with the use of air for chip removal. Such drilling is not
      only normally faster than mud drilling, but is indispensable in areas
      where the supply of water is limited or when drilling through cavernous
      formations into which the drilling mud flows and becomes lost.
PAR  The increasing popularity of air or gas drilling has come about not only
      because this method of drilling is frequently faster, as noted above, but
      for the additional reasons that the drill bits last longer, the provision
      and handling of water under wide ranges of temperature conditions is
      avoided, boring samples are easily observed when they are not mixed with
      mud, and there is no loss involved as in the case of mud drilling when
      drilling through cavernous formations. Furthermore, prompt removal of
      water entering the hole maintains a dry hole and the likelihood of wall
      collapse is thereby reduced.
PAR  In a typical air drilling operation there may be provided, for example, an
      up-flow of air in the bore hole having a velocity of the order of 3,000
      feet per minute. This flow of air upwardly through the bore hole, which is
      produced by air pumped downwardly through the drill stem, provides
      adequate removal of cuttings. The air is delivered to the drill stem at
      pressures of 20 to 60 lbs. per square inch and for dewatering or for
      breaking obstructions, as will be hereinafter described, the pressures may
      be increased to 180 to 200 lbs. or more per square inch.
PAR  Air drilling operations are frequently hampered by the inflow of water into
      the bore hole when the drill bit is penetrating a water bearing stratum or
      when the bore hole has passed through a water bearing stratum that has not
      been cased. Normally, if drilling proceeds uninterruptedly both before and
      during penetration into a water bearing stratum, the flow of air is
      sufficient to blow the water out of the bore hole along with the cuttings
      and drilling dirt. There are, however, two major problems encountered in
      air drilling when water is entering the bore hole. The first problem
      occurs when there is a small inflow of water sufficient to cause a
      dampening of the cuttings which, under certain conditions, will then
      ball-up, clogging and sometimes jamming the drill bit. The second problem
      is encountered when there is a substantial amount of water remaining in
      the bottom of the bore hole during drilling causing a sloughing of the
      side wall of the bore hole. This latter condition may arise even though
      the water entering the bore hole is being blown out of the hole as fast as
      it enters. If there is a substantial inflow of water or if there is a
      substantial flow of water past a region of the bore hole susceptible to
      this condition, the water passing that region of the bore hole may cause a
      sloughing of the side wall.
PAR  The addition of foam forming materials to the air flow when air drilling is
      employed in conjunction with sufficient water to provide foaming gives
      rise to numerous advantages in drilling operations. The water may be
      introduced either through a water bearing stratum being penetrated by the
      drill bit or, alternatively, if the hole is dry, water may be introduced
      from the surface of the earth through the drill stem in conjunction with
      the delivery of compressed air and foam forming material through the drill
      stem to the drill bit. In either case the water may be said to be existing
      in the bore hole, and drilling operations are described in U.S. Pat. No.
      3,130,798.
PAR  The amount of the compositions of the invention to be employed as a
      corrosion inhibitor can vary widely depending upon particular compounds,
      the particular system, the amounts of oxygen present, etc. I may employ
      concentrations of from about 0.5 to 5,000 p.p.m., such as from about 4 to
      4,000 p.p.m., for example from about 20 to  2,000 p.p.m., but preferably
      from about 100 to 1,000 p.p.m. The optimum amount, to be determined in
      each instance, which will depend on function and economics, can be lesser
      or greater than the above amounts under proper conditions.
PAC  USE IN BRINES
PAR  This phase of the invention relates to the prevention of corrosion in
      systems containing a corrosive aqueous medium, and most particularly in
      systems containing brines.
PAR  More particularly, this invention relates to the prevention of corrosion in
      the secondary recovery of petroleum by water flooding and in the disposal
      of waste water and brine from oil and gas wells. Still more particularly,
      this invention relates to a process of preventing corrosion in water
      flooding and in the disposal of waste water and brine from oil and gas
      wells which is characterized by injecting into an underground formation an
      aqueous solution containing minor amounts of compositions of this
      invention, in sufficient amounts to prevent the corrosion of metals
      employed in such operation. This invention also relates to corrosion
      inhibited brine solutions of these compounds.
PAR  When an oil well ceases to flow by the natural pressure in the formation
      and/or substantial quantitites of oil can no longer be obtained by the
      usual pumping methods, various processes are sometimes used for the
      treatment of the oil-bearing formation in order to increase the flow of
      the oil. These processes are usually described as secondary recovery
      processes. One such process which is used quite frequently is the water
      flooding process wherein water is pumped under pressure into what is
      called an "injection well" and oil, along with quantities of water, that
      have been displaced from the formation, are pumped out of an adjacent well
      usually referred to as a "producing well." The oil which is pumped from
      the producing well is then separated from the water that has been pumped
      from the producing well and the water is pumped to a storage reservoir
      from which it can again be pumped into the injection well. Supplementary
      water from other sources may also be used in conjunction with the produced
      water. When the storage reservoir is open to the atmosphere and the oil is
      subject to aeration this type of water flooding system is referred to
      herein as an "open water flooding system."
PAR  Because of the corrosive nature of oil field brines, to economically
      produce oil by water flooding, it is necessary to prevent or reduce
      corrosion since corrosion increases the cost thereof by making it
      necessary to repair and replace such equipment at frequent intervals.
PAR  I have now discovered a method of preventing corrosion in systems
      containing a corrosive aqueous media, and most particularly in systems
      containing brines, which is characterized by employing the compositions of
      this invention.
PAR  I have also discovered an improved process of protecting from corrosion
      metallic equipment employed in secondary oil recovery by water flooding
      such as injection wells, transmission lines, filters, meters, storage
      tanks, and other metallic implements employed therein and particularly
      those containing iron, steel, and ferrous alloys, such process being
      characterized by employing in water flood operation the compositions of
      this invention.
PAR  This phase of the invention then is particularly concerned with preventing
      corrosion in a water flooding process characterized by the flooding medium
      containing an aqueous or an oil field brine solution of these compounds.
PAR  In many oil fields large volumes of water are produced and must be disposed
      of where water flooding operations are not in use or where water flooding
      operations cannot handle the amount of produced water. Most states have
      laws restricting pollution of streams and land with produced waters, and
      oil producers must then find some method of disposing of the waste
      produced salt water. In many instances, therefore, the salt water is
      disposed of by injecting the water into permeable low pressure strata
      below the fresh water level. The formation into which the water is
      injected is not the oil producing formation and this type of disposal is
      defined as salt water disposal or waste water disposal. The problems of
      corrosion of equipment are analogous to those encountered in the secondary
      recovery operation by water flooding.
PAR  The compositions of this invention can also be used in such water disposal
      wells thus providing a simple and economical method of solving the
      corrosion problems encountered in disposing of unwanted water.
PAR  Water flood and waste disposal operations are too well known to require
      further elaboration. In essence, in the present process, the flooding
      operation is effected in the conventional manner except that the flooding
      medium contains a minor amount of the compound of this invention,
      sufficient to prevent corrosion, in concentrations of about 10 p.p.m. to
      10,000 p.p.m., or more, for example, about 50 to 5,000 p.p.m., but
      preferably about 15 to 1,500 p.p.m. The upper limiting amount of the
      compounds is determined by economic considerations. Since the success of a
      water flooding operation manifestly depends upon its total cost being less
      than the value of the additional oil recovered from the oil reservoir, it
      is quite important to use as little as possible of these compounds
      consistent with optimum corrosion inhibition. Optimum performance is
      generally obtained employing about 1,000 p.p.m. Since these compounds are
      themselves inexpensive and are used in low concentrations, they enhance
      the success of a flood operation by lowering the cost thereof.
PAR  In addition, these compounds are not sensitive to oxygen content of the
      water and these are effective corrosion inhibitors in both open water
      flooding systems and closed water flooding systems.
PAR  While the flooding medium employed in accordance with the present invention
      contains water or oil field brine and the compounds, the medium may also
      contain other materials. For example, the flooding medium may also contain
      other agents such as surface active agents or detergents which aid in
      wetting throughout the system and also promote the desorption of residual
      oil from the formation, sequestering agents which prevent the deposition
      of calcium and/or magnesium compounds in the interstices of the formation,
      bactericides which prevent the formation from becoming plugged through
      bacterial growth, tracers, etc. Similarly, they may be employed in
      conjunction with any of the operating techniques commonly employed in
      water flooding and water disposal processes, for example five spot
      flooding, peripheral flooding, etc., and in conjunction with other
      secondary recovery methods.
PAC  Use in Acid Systems
PAR  The compounds of this invention can also be employed as corrosion
      inhibitors for acid systems, for example as illustrated by the pickling of
      ferrous methods, the treatment of calcareous earth formations, etc., as
      described in the following sections.
PAC  Use As Pickling Inhibitors
PAR  This phase of the invention relates to pickling. More particularly, the
      invention is directed to a pickling composition and to a method of
      pickling ferrous metal. The term "ferrous metal" as used herein refers to
      iron, iron alloys and steel.
PAR  To prepare ferrous metal sheet, strip, etc., for subsequent processing, it
      is frequently desirable to remove oxide coating, formed during
      manufacturing, from the surface. The presence of oxide coating, referred
      to as "scale" is objectionable when the material is to undergo subsequent
      processing. Thus, for example, oxide scale must be removed and a clean
      surface provided if satisfactory results are to be obtained from hot
      rolled sheet and strip in any operation involving deformation of the
      product. Similarly, steel prepared for drawing must possess a clean
      surface and removal of the oxide scale therefrom is essential since the
      scale tends to shorten drawing-die life as well as destroy the surface
      smoothness of the finished product. Oxide removal from sheet or strip is
      also necessary prior to coating operations to permit proper alloying or
      adherence of the coating to the ferrous metal strip or sheet. Prior to
      cold reduction, it is necessary that the oxide formed during hot rolling
      be completely removed to preclude surface irregularities and enable
      uniform reduction of the work.
PAR  The chemical process used to remove oxide from metal surfaces, is referred
      to as "pickling." Typical pickling processes involve the use of aqueous
      acid solutions, usually inorganic acids, into which the metal article is
      immersed. The acid solution reacts with the oxides to form water and a
      salt of the acid. A common problem in this process is "overpickling" which
      is a condition resulting when the ferrous metal remains in the pickling
      solution after the oxide scale is removed from the surface and the
      pickling solution reacts with the ferrous base metal. An additional
      difficulty in pickling results from the liberated hydrogen being absorbed
      by the base metal and causing hydrogen embrittlement. To overcome the
      aforementioned problems in pickling, it has been customary to add
      corrosion inhibitors to the pickling solution.
PAR  The present invention avoids the above-described problems in pickling
      ferrous metal articles and provides a pickling composition which minimizes
      corrosion, overpickling and hydrogen embrittlement. Thus the pickling
      inhibitors described herein not only prevent excessive dissolution of the
      ferrous base metal but effectively limit the amount of hydrogen absorption
      thereby during pickling. According to the invention, a pickling
      composition for ferrous metal is provided which comprises a pickling acid
      such as sulfuric or hydrochloric acid and a small but effective amount of
      the dithiol thione compound of this invention, for example at least about
      5 p.p.m., such as from about 100 to 5,000 p.p.m., but preferably from
      about 500 to 1,500 p.p.m.
PAR  Ferrous metal articles are pickled by contacting the surface (usually by
      immersion in the pickling solution) with a pickling composition as
      described to remove oxide from their surface with minimum dissolution and
      hydrogen embrittlement thereof and then washing the ferrous metal to
      remove the pickling composition therefrom.
PAC  Use in Acidizing Earth Formations
PAR  The compositions of this invention can also be used as corrosion inhibitors
      in acidizing media employed in the treatment of deep wells to reverse the
      production of petroleum or gas therefrom and more particularly to an
      improved method of acidizing a calcareous or magnesium oil-bearing
      formation.
PAR  It is well known that production of petroleum or gas from a limestone,
      dolomite, or other calcareous-magnesian formation can be stimulated by
      introducing an acid into the producing well and forcing it into the oil or
      gas bearing formation. The treating acid, commonly a mineral acid such as
      HC1, is capable of forming water soluble salts upon contact with the
      formation and is effective to increase the permeability thereof and
      augment the flow of petroleum to the producing well.
PAR  The corrosion inhibitors were evaluated using sand blasted 1020 mild steel
      coupons monitored by a polarization resistance meter, a Pair instrument
      described in U.S. Pat. No. 3,406,101.
PAR  The acid was placed in a beaker and the coupons placed in the acid.
      Corrosion rates were measured at various time intervals and percent
      protection calculated in the usual manner as follows:
      ##EQU13##
      where R.sub.1 is corrosion rate without inhibitor
PA1  R.sub.2 is corrosion in presence of inhibitor.
PAR  The utility of the compositions of this invention is illustrated in the
      following Table.
PAC  Use as Corrosion Inhibitors In Highly Acid Systems
TBL                Table V                                                     

     ______________________________________                                    

     H.sub.2 SO.sub.4 180 g per liter                                          

     Fe.sup.+.sup.+ as FeSO.sub.4 10 g per liter                               

     Fe.sup.+.sup.+ as Fe(SO.sub.4).sub.3 10 g per liter                       

     Inhibitor concentration 1,000 p.p.m.                                      

     Product of Time     Temp. .degree.F                                       

                                     % protection                              

     Example No.                                                               

     ______________________________________                                    

     1C         24       200         98                                        

     1C         48       200         98                                        

     1C         72       200         98                                        

     1C         96       200         98                                        

     3C          1        74         97                                        

     5C          1        74         99                                        

     5C         17        74         99                                        

     ______________________________________                                    

TBL                Table VI                                                    

     ______________________________________                                    

     HCl 100 g per liter                                                       

     Fe.sup.+.sup.+.sup.+ as FeCl.sub.2 100 g per liter                        

     Inhibitor concentration 1,000 p.p.m.                                      

     Product of Time     Temp. .degree.F                                       

                                     % Protection                              

     Example No.                                                               

     ______________________________________                                    

     1C         24       175         96                                        

     1C         48       175         95                                        

     4C          1        74         97                                        

     4C         18        74         98                                        

     ______________________________________                                    

PAR  An important aspect of pickling inhibitors is that they should remain
      effective in presence of dissolved ferrous ions (from dissolution of the
      oxide scale). The continued effectiveness of the present compositions is
      illustrated in the above table.
PAR  The compositions of this invention may also be added to other aqueous
      and/or oxygenated systems such as steam generating systems, water
      circulating systems such as in cooling towers, in automobile radiators, in
      diesel locomotive engines, in boiler water, sea-water ship ballast, etc.
PAR  The term "dithiolium compounds" includes 1,2-dithiolium compounds and
      derivatives thereof such as salts, quaternaries, etc.
PAR  The amount of thiophosphate employed in treating the corrosive systems of
      this invention will vary with the particular compound employed, the
      particular system, the solids present in the system, the degree of
      corrosivity of the system, etc. A minor amount of the compound is
      generally employed sufficient to impart corrosion protection to the
      system. In general one employs concentration of trace amounts such as from
      about 1.0 p.p.m. to 10,000 p.p.m., for example from 5 to 5,000 p.p.m.,
      such as from 100 to 2,500 p.p.m., but preferably from 500 to 2,000 p.p.m.
      In practice, concentrations of 1,000 .+-. 2000 p.p.m., are employed.
PAR  As is quite evident, new thiophosphates of this invention will be
      constantly developed which could be useful in this invention. It is,
      therefore, not only impossible to attempt a comprehensive catalogue of
      such compositions, but to attempt to describe the invention in its broader
      aspects in terms of specific chemical names used would be too voluminous
      and unnecessary since one skilled in the art could be following the
      description of the invention herein select a useful dithiolethione
      compound. This invention lies in the use of suitable thiophosphates as
      corrosion inhibitors in aqueous and/or oxygenated and/or acid systems and
      their individual compositions are important only in the sense that their
      properties can affect this function. To precisely define each specific
      useful thiophosphate and aqueous system in light of the present disclosure
      would merely call for knowledge within the skill of the art in a manner
      analogous to a mechanical engineer who prescribes in the construction of a
      machine the proper materials and the proper dimensions thereof. From the
      description in this specification and with the knowledge of a chemist, one
      will know or deduce with confidence the applicability of specific
      thiophosphates suitable for this invention by applying them in the process
      set forth herein. In analogy to the case of a machine, wherein the use of
      certain materials of construction or dimensions of part would lead to no
      practical useful result, various materials will be rejected as
      inapplicable where others would be operative. I can obviously assume that
      no one will wish to use a useless thiophosphate nor will be misled because
      it is possible to misapply the teachings of the present disclosure to do
      so. Thus, any thiophosphate or mixtures containing them that can perform
      the function stated herein can be amployed.
PAR  Although the term monothiophosphate relates to the reaction product of
      phosphite esters, it is understood that the present invention also
      includes the use of thiophosphites as well as mixed oxygen-thiophosphites
      which react to yield polythiophosphates.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of reverting thiophosphates of the formula
      ##EQU14##
      where X is O or S, R is a hydrocarbon radical from the group consisting of
      alkyl, aryl, cycloalkyl, aralkyl and alkaryl and R' is a
      3-thione-propene-1 group of the formula
      ##SPC13##
      ##SPC14##
PAL  or
PAL  where R.sub.1, R.sub.2 R.sub.3 are hydrogen, alkyl, aryl, cycloalkyl,
      alkenyl, alkynyl, alkaryl, aralkyl or heterocyclic groups to the
      corresponding dithiolium compounds which comprises reacting said
      thiophosphates with an organic or inorganic acid.
NUM  2.
PAR  2. The process of claim 1 where the thiophosphate is a monothiophosphate
      wherein R is an alkyl or aryl and the substituted 3-thionepentene-1 group
      is a 2-neopentyl-4,4-dimethyl-3-thione-pentene-1.
NUM  3.
PAR  3. The process of claim 2 where the R substituent on the monothiophosphate
      is lower alkyl or phenyl.
NUM  4.
PAR  4. The process of claim 1 where the acid used is an inorganic acid.
NUM  5.
PAR  5. The process of claim 4 where the acid used is perchloric acid.
NUM  6.
PAR  6. The process of claim 1 where the acid used is an organic acid.
NUM  7.
PAR  7. A process which comprises dissolving O,O'
      -dimethyl-S-(2-neopentyl-4,4-dimethyl-3-thione-pentene-1)
      monothiophosphate in a solvent, adding to the solution perchloric acid and
      water, filtering off and drying the precipitate formed and recovering from
      said process the corresponding dithiolium compound.
PATN
WKU  039352161
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APN  4518179
APT  1
ART  122
APD  19740318
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PAL  Noller, Chemistry of Organic Compounds, 1965, p. 192.
PAL  Theilheimer, Synthetic Methods of Organic Chemistry, Vol. 20. p. 505, No.
      637, (1966).
LREP
FR2  Johnson; Donald L.
FR2  Sieberth; John F.
FR2  Pelton; James M.
ABST
PAL  A process for preparing a mixed anhydride acylating agent and a process for
      acylating pyrrole derivatives, such as 1-methylpyrrole-2-acetonitrile
      using the mixed anhydride acylating agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous derivatives of aroyl-substituted pyrroles have been prepared by
      Friedel-Crafts' reaction between an appropriate aroyl halide and a
      pyrrole-2-acetic acid derivative in the presence of a Lewis acid,
      preferably using a metallic halide catalyst such as aluminum chloride, see
      U.S. Pat. No. 3,752,826. Such compounds are useful as anti-inflammatory
      agents and as synthetic intermediates. However, the use of a metallic
      halide catalyst requires considerable efforts to purify the product and
      remove the metallic constituent from the reaction product, especially for
      therapeutic use of the product as an anti-inflammatory agent. According to
      the present invention, a process which does not employ metallic halides as
      a catalyst has now been discovered.
PAR  The present invention relates to the acylation of a pyrrole derivative, for
      example, a pyrrole-2-acetic acid derivative using a mixed anhydride.
      Classically, acid anhydrides have been prepared by reaction of an acid
      halide and a salt or by driving the equilibrium existing between a
      carboxylic acid and an acid anhydride to prepare the desired acid
      anhydride. Mixed anhydrides have been prepared by Karger and Mazur, J.
      Org. Chem., Vol. 36, No. 4, p. 528-540 (1971), which describes the
      synthesis of mixed sulfonic-carboxylic anhydrides, utilizing sulfonic acid
      and either acyl chloride or anhydride.
PAR  According to Karger and Mazur, supra, p. 529, it is possible to prepare
      mixed anhydrides by heating an excess of carboxylic anhydride with
      sulfonic acid for 20-30 minutes at 120.degree.C followed by removal under
      high vacuum of the excess anhydride together with the free acid formed
      according to the following equation:
EQU  (CH.sub.3 CO).sub.2 O + CH.sub.3 C.sub.6 H.sub.4 SO.sub.2 OH .fwdarw.
      CH.sub.3 COOSO.sub.2 C.sub.6 H.sub.4 CH.sub.3 + CH.sub.3 COOH
PAL  Accordingly, acetyl para-toluenesulfonate and trichloroacetyl
      para-toluenesulfonate were prepared. However, mixed anhydride preparation
      from higher molecular weight anhydrides and acids is complicated by
      involatility of both anhydride and acid. This, according to the authors
      necessitates higher temperatures causing decomposition of product. As a
      further aspect of the present invention, there is provided a process for
      preparation of mixed anhydrides from higher molecular weight anhydrides
      without the necessity for higher temperatures or distilling off the acid
      formed on reaction.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, I have now discovered a process for preparing a mixed
      anhydride of an aromatic acid and an organo-substituted inorganic acid,
      said process comprising reacting the anhydride of said aromatic acid with
      said organo-substituted inorganic acid in the presence of a solvent in
      which said aromatic acid is substantially insoluble. In another aspect of
      this invention, there is provided a process for acylating pyrrole
      derivatives, such as 1-methylpyrrole-2-acetonitrile, which comprises
      reacting a mixed anhydride of an aromatic acid and an organo-substituted
      inorganic acid in the presence of a solvent, whereby the substituted
      pyrrole is acylated with the aroyl radical, for example, the para-toluoyl
      radical.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The process for acylating pyrrole derivatives according to this invention
      comprises reacting a mixed anhydride of an aromatic acid and an
      organo-substituted inorganic acid with a pyrrole derivative in the
      presence of a solvent. Accordingly, the mixed anhydride must first be
      prepared. For preparation of the mixed anhydride, there is required an
      aromatic acid and an organo-substituted inorganic acid. Typical of the
      aromatic acids which may be employed in the preparation of the mixed
      anhydride are benzoic acid, monosubstituted benzoic acid and
      polysubstituted benzoic acid, in which each substituent of said
      substituted benzoic acid is a member selected from the group consisting of
      halo, lower alkyl, trifluoromethyl, lower alkoxy, nitro, amino, cyano and
      methylthio groups. Particularly preferred are benzoic acid and para-toluic
      acid, and most preferred is toluic acid. As used in this invention "lower
      alkyl" and "lower alkoxy" may be straight or branched chain saturated
      hydrocarbons having from 1-6 carbon atoms such as, for example, methyl,
      ethyl, propyl, isopropyl, butyl, pentyl, hexyl and the like alkyls and,
      respectively, the corresponding alkoxy groups such as methoxy, ethoxy,
      propoxy, isopropoxy and the like. Therefore, a particularly preferred
      aromatic acid for producing the mixed anhydride is para-toluic acid.
PAR  The organo-substituted inorganic acid from which the other portion of the
      mixed anhydride is prepared is selected from trifluoroacetic acid,
      trichloroacetic acid, methane sulfonic acid, toluene sulfonic acid,
      trichloromethane sulfonic acid and trifluoromethane sulfonic acid. In many
      cases, such organo-substituted inorganic acids are expensive, such as
      trifluoroacetic acid and trichloroacetic acid. Therefore, a preferred
      inorganic acid is methane sulfonic acid or toluene sulfonic acid, and a
      most preferred organo-substituted inorganic acid is methane sulfonic acid.
      The preparation of the mixed anhydride is preferably carried out in a
      solvent in which the reactants are soluble and the product is also soluble
      but in which the product can be separated from unreacted reactants.
      Preferably, the solvent is selected from halogenated hydrocarbons and
      nitroalkanes. Most preferably, the solvent is a nitroalkane. Typical of
      the halogenated hydrocarbons are methylene chloride, methyl choride,
      1,2-dichloroethane, carbon tetrachloride and the like. Typical of the
      nitroalkanes are nitromethane, nitroethane, nitropropane and similar
      nitro-substituted alkanes in which the alkane may be a straight or
      branched chain saturated hydrocarbon having from 1-6 carbon atoms, such
      as, for example, methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl
      and similar saturated hydrocarbons. Most preferred among the various
      solvents which may be employed in the preparation of the mixed anhydride
      is nitromethane.
PAR  Mixed anhydrides useful in the process for acylating pyrrole derivatives
      according to this invention can be prepared according to classical
      techniques described in the literature and as indicated in the Background
      of the Invention employing the aromatic acid and organo-substituted
      inorganic acid described hereinabove. More preferably, the mixed anhydride
      may be prepared by first preparing an acid anhydride of the aromatic acid
      by simply dehydrating the aromatic acid at elevated temperatures in the
      presence of a dehydration agent, such as, for example, thionyl chloride.
      Then, according to this invention, the aromatic acid anhydride reacts with
      the organo-substituted inorganic acid in the presence of a solvent forming
      the mixed anhydride and producing one equivalent of free aromatic acid. By
      employing a solvent in which the starting aromatic acid is substantially
      insoluble the free aromatic acid is precipitated out of the reaction
      mixture. Thus, the problem of separating the mixed anhydride from the
      starting reactants and reaction products at higher temperatures causing
      decomposition of the product mixed anhydride is obviated.
PAR  As a typical illustration, the mixed anhydride of paratoluic acid and
      methane sulfonic acid can conveniently be prepared by reacting para-toluic
      anhydride with methane sulfonic acid in nitromethane at room temperature
      for about 20 minutes. One equivalent of para-toluic acid precipitates from
      the reaction mixture and can be filtered therefrom while the para-toluic
      methane sulfonic acid anhydride remains in the nitromethane solvent and
      can easily be separated from it under conditions which do not decompose
      the mixed anhydride. Such a process is illustrated by the following
      example.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Para-Toluic Methane Sulfonic Anhydride
PAR  25.4 g (0.1 mole) of para-toluic anhydride was dissolved in 100 ml of warm
      nitromethane and then 9.6 g (0.1 mole) of methane sulfonic acid was added.
      The reaction mixture was stirred for 20 minutes and then filtered, giving
      13.72 g (0.1 mole) of para-toluic acid precipitant. The reaction was
      quantitative, resulting in the para-toluic methane sulfonic anhydride
      dissolved in nitromethane.
PAR  Following the procedure of Example 1, similar results can be obtained when
      the solvent employed is a halogenated hydrocarbon, such as,
      dichloroethane, carbon tetrachloride, methylene chloride or the like, or
      another nitroalkane, such as, nitroethane, nitropropane, nitroisopropane,
      nitrobutane, or the like. Also, similar results are obtained when methane
      sulfonic acid is replaced with toluene sulfonic acid.
PAR  The mixed anhydride prepared above may be used in a variety of
      preparations, for example, in the acylation of xylenes and other
      nonactivated arenes such as benzene, in the cleavage of ethers and in
      reaction with amines. One specific example is the acylation of pyrrole
      derivatives to produce aroyl-substituted pyrroles. More particularly, the
      mixed anhydride prepared above may be used in the preparation of
      5-aroyl-1-methylpyrrole-2-acetonitrile by reaction of
      1-methylpyrrole-2-acetonitrile with a mixed anhydride of an aromatic acid
      and organo-substituted organic acid, preferably para-toluic methane
      sulfonic anhydride.
PAR  For such reactions, the 1-methylpyrrole-2-acetonitrile can be prepared by
      the method of Orth et al, U.S. Pat. No. 3,523,952, or according to Herz et
      al, Journal of the Am. Chem. Soc., Vol. 73, p. 4921-4923 (1951), or Herz,
      Journal of the Am. Chem. Soc., Vol. 75, p. 483 (1953).
PAR  The aroyl substituent which is substituted on the pyrrole ring and can be
      any suitable aroyl group described hereinabove relating to preparation of
      the mixed anhydride, for example, the aromatic portion of the aroyl
      substituent can be phenyl, thienyl, 5-methylthienyl, mono-substituted
      phenyl and poly-substituted phenyl in which each substitutent of the
      substituted phenyl group is a member selected from the group consisting of
      halo, lower alkyl, trifluoromethyl, lower alkoxy, nitroamino, cyano and
      methylthio groups. As used herein "lower alkyl" and "lower alkoxy" have
      the same meaning as given hereinabove.
PAR  The solvent in which the reaction of the mixed anhydride and pyrrole
      derivative are reacted can be a halogenated hydrocarbon or nitroalkane as
      indicated above for preparation of the mixed anhydride. Preferred solvents
      for the reaction of the mixed anhydride and pyrrole derivative are
      nitromethane, 1,2-dichloroethane and methylene chloride or mixtures of
      these, A most preferred solvent is nitromethane.
PAR  The reaction can be carried out at temperatures which are suitable for
      efficient reaction rate and which are not detrimental to the reactants or
      products. Preferably, the reaction is carried out at a temperature from
      about 20.degree.-100.degree.C and more preferably from about 60.degree. to
      about 85.degree.C. The reactants are employed in about stoichiometric
      quantities and the reaction proceeds for a period from about 0.25 to about
      3 hours and preferably about 2 hours.
PAR  In accordance with the above, the following examples were run illustrating
      the general nature of the reaction.
PAC  EXAMPLE 2
PAR  To the crude mixture of nitromethane solvent and paratoluic methane
      sulfonic anhydride, prepared in Example 1, was mixed 12.1 g (0.1 mole) of
      N-methylpyrrole-2-acetonitrile. The mixture was heated for 2 hours at
      80.degree.C. The reactor contents were then cooled to 0.degree.C and 3.2 g
      of para-toluic acid (0.023 mole) were filtered off. The solution was
      washed with sodium bicarbonate solution, water and dried over sodium
      sulfate. The solvent was distilled off giving 18.5 g of crude
      5-p-toluoyl-N-methylpyrrole-2-acetonitrile with the yield of crude product
      being 77 percent.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that the precipitated
      p-toluic acid was not removed from the solution. Then to the resulting
      slurry was added an equimolar amount of N-methylpyrrole-2-acetonitrile
      followed by heating at 80.degree.C. The conversion was followed by NMR
      spectroscopic examination of protons in the pyrrole region. The reaction
      appeared complete after 1/2 hour and the reaction mixture was cooled,
      washed with aqueous sodium bicarbonate and analyzed by both VPC and high
      pressure liquid chromatography indicating a yield of 41-42 percent of
      5-p-toluoyl-N-methylpyrrole-2-acetonitrile.
PAR  Similar results can be obtained when the mixed anhydride employed is
      para-toluic para-toluene sulfonic anhydride, parachlorobenzoic methane
      sulfonic anhydride, meta-chlorobenzoic methane sulfonic anhydride,
      para-bromobenzoic methane sulfonic anhydride, para-nitrobenzoic
      para-toluene sulfonic anhydride, benzoic methane sulfonic anhydride,
      thiophene-2-carboxylic methane sulfonic anhydride, ortho-toluic methane
      sulfonic anhydride, para-chlorobenzoic para-toluene sulfonic anhydride and
      the like. Also similar results are obtained when the solvent employed in
      the above reactions is methylene chloride, 1,2-dichloroethane, carbon
      tetrachloride and similar solvents, including nitrobenzene, nitrotoluene,
      nitroethane, nitropropane and similar nitro-substituted aromatic and
      aliphatic solvents.
PAR  Accordingly, it is a preferred embodiment of this invention to acylate
      1-methylpyrrole-2-acetonitrile by reacting a mixed anhydride of
      para-toluic methane sulfonic anhydride in nitromethane at a temperature
      from about 60.degree. to about 85.degree.C.
PAR  One skilled in the art can readily envision variations in the above
      processes of this invention which are within the scope hereof. Thus, the
      invention should be limited only by the lawful scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing 5-benzoyl or
      p-toluoyl-1-methylpyrrole-2-acetonitrile comprising reacting a mixed
      anhydride of an aromatic acid selected from benzoic acid and p-toluic acid
      and an organosubstituted inorganic acid selected from methane sulfonic
      acid and toluene sulfonic acid with 1-methylpyrrole-2-acetonitrile in the
      presence of a solvent selected from nitromethane, 1,2-dichloroethane,
      methylene chloride and mixtures thereof.
NUM  2.
PAR  2. A process of claim 1 wherein said aromatic acid is p-toluic acid.
NUM  3.
PAR  3. A process of claim 1 wherein said organo-substituted acid is methane
      sulfonic acid.
NUM  4.
PAR  4. A process of claim 1 wherein said mixed anhydride of an aromatic acid
      and an organo-substituted acid is p-toluic methane sulfonic anhydride.
NUM  5.
PAR  5. A process of claim 1 wherein said process is carried out at a
      temperature of from about 20.degree. to about 100.degree.C.
NUM  6.
PAR  6. A process of claim 1 wherein said mixed anhydride is p-toluic methane
      sulfonic anhydride, said solvent is nitromethane, said
      1-methylpyrrole-2-acetonitrile and said p-toluic methane sulfonic
      anhydride being present in about stoichiometric amounts.
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ABST
PAL  Substituted pyrrolidinemethanols of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are each H or C.sub.1.sub.-4 alkyl; R.sup.3,
      R.sup.4 and R.sup.5 are each H, halogen, C.sub.1.sub.-4 alkyl or
      C.sub.1.sub.-4 alkoxy, or R.sup.3 and R.sup.4 combinedly form
      methylenedioxy; and R is C.sub.1.sub.-10 alkyl or a group of the formula:
      ##SPC2##
PAL  Where R.sup.6, R.sup.7 and R.sup.8 are each H, halogen, C.sub.1.sub.-4
      alkyl or C.sub.1.sub.-4 alkoxy, or R.sup.6 and R.sup.7 combinedly form
      methylenedioxy; and pharmaceutically acceptable acid addition salts
      thereof are disclosed. They are useful as drugs for the treatment of
      diseases of the heart and circulation.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to substituted pyrrolidinemethanols of the
      formula:
      ##SPC3##
PAL  And pharmaceutically acceptable acid addition salts thereof, pharmaceutical
      compositions containing the said compounds and the use thereof.
PAR  In the above formula, R.sup.1 and R.sup.2 are each a hydrogen atom or an
      alkyl group of 1 to 4 carbon atoms; R.sup.3, R.sup.4 and R.sup.5 are each
      a hydrogen atom, a halogen atom, an alkyl group of 1 to 4 carbon atoms or
      an alkoxy group of 1 to 4 carbon atoms, or R.sup.3 and R.sup.4 combinedly
      form a methylenedioxy group; and R is an alkyl group of 1 to 10 carbon
      atoms or a group of the formula:
      ##SPC4##
PAL  Wherein R.sup.6, R.sup.7 and R.sup.8 are each a hydrogen atom, a halogen
      atom, an alkyl group of 1 to 4 carbon atoms or an alkoxy group of 1 to 4
      carbon atoms, or R.sup.6 and R.sup.7 combinedly form a methylenedioxy
      group.
PAR  The alkyl group represented by R includes methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, pentyl, hexyl, heptyl, 1-ethylpentyl, octyl, nonyl and
      decyl. The halogen atom represented by R.sup.3 to R.sup.8 includes F, Cl,
      Br and I. The alkyl group represented by R.sup.1 to R.sup.8 includes
      methyl, ethyl, propyl, isopropyl, butyl, isobutyl and tert-butyl. The
      alkoxy group represented by R.sup.3 to R.sup.8 includes methoxy, ethoxy,
      propoxy, isopropoxy and butoxy.
PAR  The novel compounds of formula (I) can be produced by subjecting a compound
      of the formula:
      ##SPC5##
PAL  To reduction, wherein R, R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are
      as defined above, R.sup.9 is a hydrogen atom or an alkyl group of 1 to 4
      carbon atoms, and X is an oxygen atom or a sulfur atom.
PAR  The reduction is advantageously carried out with a metal hydride such as
      lithium aluminium hydride, sodium borohydride, sodium
      dihydrobis(2-methoxyethoxy)aluminate or diisobutyl aluminium hydride, in
      an inert solvent such as ethyl ether, butyl ether, tetrahydrofuran,
      benzene, toluene, xylene, pyridine or triethylamine, at a temperature of
      from room temperature to a refluxing temperature, for several minutes to
      ten-odd hours. Other conventional reductions can also be employed
      according to circumstances, such as reduction with nascent hydrogen (e.g.
      sodium plus ethanol), catalytic reduction over copper chromium oxide, zinc
      chromium oxide, Raney nickel or reduced copper, and electrolytic
      reduction.
PAR  The compounds of formula (I) wherein R.sup.1 is an alkyl group can also be
      produced by reacting a compound of formula (I) wherein R.sup.1 is a
      hydrogen atom with an alkylating agent such as alkyl halide, dialkyl
      sulfate, diazomethane, or formaldehyde and formic acid.
PAR  The compounds of formula (I) are obtained in the form of a cis- or
      trans-isomer, or a mixture thereof. The cis-trans mixture, if desired, can
      be separated in a conventional manner such as fractional crystallization
      or column chromatography, and further, each component can be resolved into
      dextro- and levo-isomers.
PAR  The compounds of formula (I) thus produced can be converted into the
      corresponding acid addition salts in a conventional manner by treating the
      compound with various inorganic and organic acids, for example,
      hydrochloric, hydrobromic, sulfuric, phosphoric, formic, acetic, oxalic,
      maleic, fumaric, tartaric, lactic, malic, mandelic, di-o-toluoyltartaric,
      benzoic and methanesulfonic acids.
PAR  The present invention provides such novel substituted pyrrolidine-methanols
      of formula (I) as described in the following:
PA0  1. 3-(3,4-Dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  2.
      3-(3,4-Dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol
PA0  3. 3-(3,4,5-Trimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  4. 4-Ethyl-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol
PA0  5.
      4-(3,4-Dimethoxyphenyl)-3-(3,4-methylenedioxybenzyl)-3-pyrrolidinemethanol
PA0  6. 4-(4-Chlorophenyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol
PA0  7. 3-(3,4-Dimethoxybenzyl)-4-(2-methoxyphenyl)-3-pyrrolidinemethanol
PA0  8. 3-(3,4-Dimethoxybenzyl)-4-(4-methoxyphenyl)-3-pyrrolidinemethanol
PA0  9. 3-(3,4-Dimethoxybenzyl)-4-phenyl-3-pyrrolidinemethanol
PA0  10. 3-(4-Chlorobenzyl)-4-ethyl-3-pyrrolidinemethanol
PA0  11. 3-(4-Chlorobenzyl)-4-(4-chlorophenyl)-3-pyrrolidinemethanol
PA0  12.
      3-(3,4-Dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-1-methyl-3-pyrrolidinemeth
     anol
PA0  13. 3-(2-Methoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  14. 4-(3,4-Dimethoxyphenyl)-3-(4-methylbenzyl)-3-pyrrolidinemethanol
PA0  15. 3-(4-Chlorobenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  16. 3-Benzyl-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  17. 3-Benzyl-4-phenyl-3-pyrrolidinemethanol
PA0  18. 3-(3,4-Dimethoxybenzyl)-4-(4-methylphenyl)-3-pyrrolidinemethanol
PA0  19. 3-(4-Methoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol
PA0  20.
      3-(3,4-Dimethoxybenzyl)-4-(3,4,5-trimethoxyphenyl)-3-pyrrolidinemethanol
PA0  21.
      3-(3,4-Dimethoxy-.alpha.-methylbenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidi
     nemethanol
PA0  22. 4-(1-Ethylpentyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol
PA0  23. 3-(3,4-Dimethoxybenzyl)-4-(3-methoxyphenyl)-3-pyrrolidinemethanol
PA0  24. 3-(3-Methoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
PA0  25. 4-(2-Chlorophenyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol
PAR  The compounds of formula (I) and pharmaceutically acceptable acid addition
      salts thereof exhibit valuable pharmacological actions on the
      cardiovascular system such as protective action on various experimental
      arrhythmia, .beta.-adrenergic blocking actions, and protective action on
      experimental angina pectoris as well as protective action on thrombus. For
      example, the protective activity against ouabain induced arrhythmia of the
      compounds of the invention is illustratively demonstrated according to the
      following method:
PAR  The experimental procedure employed was essentially identical to that
      described by E. M. Vaughan Williams et al. in "The Lancet", vol. 1, pp.
      420-421 (1963). Male guinea pigs each weighing 250-350 g were anesthetized
      with urethane (1.6 g/kg) intraperitoneally. Common carotide artery blood
      pressure and electrocardiogram (Lead II) were monitored during 30 minutes.
      Ouabain (10 .mu.g/kg) was infused during 30 seconds in every 2 minutes and
      electrocardiogram was recorded for 5 seconds in every 2 minutes. Note was
      made of the dose required to produce cardiac arrest. The dose of ouabain
      required to produce cardiac arrest after intravenous administration of
      test compound at a dose of 3 mg/kg was established in the same manner, and
      compared with that dose found in the control group.
PAR  The results are summarized in the following table:
TBL                Amount of Quabain (.mu.g/kg)                                

     ______________________________________                                    

     Treatment         Cardiac Arrest                                          

     ______________________________________                                    

     Control           about 160                                               

     Test Compound A   &gt; 300                                                   

     Test Compound B   &gt; 300                                                   

     ______________________________________                                    

      Test Compound A:                                                         

      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol    

      sulfate.                                                                 

      Test Compound B:                                                         

      3-(3,4-dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethano

      sulfate                                                                  

PAR  In view of various tests, including that mentioned above, the compounds of
      the invention and pharmaceutically acceptable acid addition salts thereof
      can be safely administered for the treatment of diseases of the heart and
      circulation such as various arrhythmia, angina pectoris, cardiac
      infarction, thrombosis and the like, in the form of a pharmaceutical
      preparation with a suitable and conventional pharmaceutically acceptable
      carrier, without adversely affecting the patients.
PAR  The pharmaceutical preparations can take any conventional form such as
      tablets, capsules, powders or injections.
PAC  Formulation Examples
PAR  a. 10 mg tablets are prepared from the following compositions:
TBL  Compound (I) or its salt                                                  

                          10 mg                                                

     Lactose              60                                                   

     Starch               29                                                   

     Methyl Cellulose     0.3                                                  

     Magnesium Stearate   0.7                                                  

                          100 mg                                               

PAR  b. 10 mg injections are prepared from the following compositions:
TBL  Compound (I) or its salt                                                  

                        10 mg                                                  

     Glucose           100 mg                                                  

     Water for Injection                                                       

                       A sufficient quantity - to make 2 ml                    

PAR  The daily dose of compound (I) or a salt thereof for human adults usually
      ranges from 30 to 60 mg for oral administration and from 5 to 10 mg for
      intravenous or intramuscular administration, in single or multiple dose,
      but it may vary depending upon the age, body weight, and/or severity of
      the conditions to be treated as well as the response to the medication.
DETD
PAR  The present invention will be better understood from the following
      examples, but they are not to be construed as limiting the present
      invention.
PAC  EXAMPLE 1
PAR  8.8 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-oxo-3-pyrrolidinecarboxy
     late is added to a mixture of a 70% solution of 20 g of sodium
      dihydrobis(2-methoxyethoxy)aluminate in benzene and 20 ml of anhydrous
      benzene at 0.degree.-5.degree.C with stirring. Upon completion of the
      addition, the mixture is held at 0.degree.-5.degree.C with stirring for
      one hour and then refluxed for an additional two hours. Sufficient acetone
      is then added to the reaction mixture under ice cooling to decompose
      excess hydride, and sufficient 25% aqueous potassium hydroxide solution to
      dissolve the precipitated alumina. The resulting solution is saturated
      with potassium carbonate. The organic layer is separated and extracted
      with 15% hydrochloric acid. The acid extract is made alkaline with an
      aqueous potassium hydroxide solution, and the separated oil is extracted
      with chloroform. The chloroform extract is washed with water, dried over
      anhydrous magnesium sulfate and concentrated under reduced pressure. The
      residual oil (crude product) is converted into the sulfate in ethanol with
      sulfuric acid, and the crude sulfate is recrystallized from aqueous
      ethanol to give 5.6 g of
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
      sulfate as white crystals, melting at 226.degree.-229.degree.C with
      decomposition.
PAR  The same product can also be produced by reducing 9.1 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-thioxo-3-pyrrolidinecarb
     oxylate with 20 g of sodium dihydrobis(2-methoxyethoxy)aluminate, in the
      same manner mentioned above.
PAC  EXAMPLE 2
PAR  8.5 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-2-oxo-3-pyrrolidineca
     rboxylate is added to a solution of 3.5 g of lithium aluminium hydride in
      150 ml of anhydrous tetrahydrofuran with stirring, and the resulting
      mixture is refluxed for 8 hours. Then 30 ml of water is added to the
      reaction mixture under ice cooling, and the aqueous mixture is allowed to
      stand overnight. The insoluble matter is filtered off, the filtrate is
      evaporated to dryness. To the residue is added ethanol, and the insoluble
      matter is filtered off. Sulfuric acid is added to the filtrate, and
      precipitated solid is recrystallized from aqueous ethanol to give 4.9 g of
      3-(3,4-dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol
      sulfate, melting at 231.degree.-234.degree.C with decomposition.
PAC  EXAMPLE 3
PAR  Ethyl
      3-(3,4,5-trimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-oxo-3-pyrrolidinecarb
     oxylate (9.4 g), a 70% solution of sodium
      dihydrobis(2-methoxyethoxy)aluminate in benzene (20 g) and anhydrous
      benzene (20 ml) are treated in accordance with the procedure of Example 1
      to give 6 g of
      3-(3,4,5-trimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
      sulfate, melting at 220.degree.-223.degree.C with decomposition.
PAC  EXAMPLE 4
PAR  4-Ethyl-3-(3,4-dimethoxybenzyl)-2-oxo-3-pyrrolidinecarboxylic acid (6.1 g),
      a 70% solution of sodium dihydrobis(2-methoxyethoxy)aluminate in benzene
      (35 g) and anhydrous benzene (35 ml) are treated in accordance with the
      procedure of Example 1 to give 2.6 g of
      4-ethyl-3-(3,4-dimethoxybenzyl)3-pyrrolidinemethanol sulfate, melting at
      182.degree.-185.degree.C.
PAR  Using the procedure set forth in the above examples, but substituting
      equivalent amount of the appropriate starting material, the following
      substituted pyrrolidinemethanols are also produced:
PA0  1.
      4-(3,4-Dimethoxyphenyl)-3-(3,4-methylenedioxybenzyl)-3-pyrrolidinemethanol
      sulfate, M.p. 224.degree.-230.degree.C (decomposition)
PA0  2. 4-(4-Chlorophenyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol
      sulfate, M.p. 250.degree.-252.degree.C (decomposition)
PA0  3. 3-(3,4-Dimethoxybenzyl)-4-(2-methoxyphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 160.degree.-165.degree.C
PA0  4. 3-(3,4-dimethoxybenzyl)-4-(4-methoxyphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 249.degree.-252.degree.C (decomposition)
PA0  5. 3-(3,4-Dimethoxybenzyl)-4-phenyl-3-pyrrolidinemethanol, M.p.
      152.degree.-154.degree.C; its sulfate, M.p. 244.degree.-247.degree.C
      (decomposition)
PA0  6. 3-(4-Chlorobenzyl)-4-ethyl-3-pyrrolidinemethanol hydrochloride, M.p.
      160.degree.-161.degree.C
PA0  7. 3-(4-chlorobenzyl)-4-(4-chlorophenyl)-3- pyrrolidinemethanol, M.p.
      157.degree.-158.degree.C
PA0  8.
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-1-methyl-3-pyrrolidinemeth
     anol hydrochloride, M.p. 209.degree.-210.degree.C
PA0  9. 3-(2-methoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 251.degree.-255.degree.C (decomposition)
PA0  10. 4-(3,4-Dimethoxyphenyl)-3-(4-methylbenzyl)-3-pyrrolidinemethanol
      sulfate, M.p. 238.degree.-241.degree.C (decomposition)
PA0  11. 3-(4-Chlorobenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 239.degree.-241.degree.C (decomposition)
PA0  12. 3-Benzyl-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol sulfate, M.p.
      243.degree.-247.degree.C (decomposition)
PA0  13. 3-Benzyl-4-phenyl-3-pyrrolidinemethanol hydrochloride, M.p.
      206.degree.-207.degree.C
PA0  14. 3-(3,4-dimethoxybenzyl)-4-(4-methylphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 260.degree.-263.degree.C (decomposition)
PA0  15. 3-(4-Methoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol
      sulfate, M.p. 233.degree.-235.degree.C (decomposition)
PA0  16.
      3-(3,4-Dimethoxybenzyl)-4-(3,4,5-trimethoxyphenyl)-3-pyrrolidinemethanol s
     ulfate, M.p. 228.degree.-230.degree.C (decomposition)
PA0  17.
      3-(4-Methoxy-.alpha.-methylbenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidineme
     thanol, its oxalate, M.p. 256.degree.-259.degree.C (decomposition); its
      sulfate, M.p. 254.degree.-258.degree.C (decomposition)
PA0  18. 4-(1-Ethylpentyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol.
PAC  STARTING MATERIALS
PAR  The starting materials, namely compounds of formula (II) to be used in the
      production of the compounds of the present invention, can be prepared by
      reacting a compound of the formula:
      ##SPC6##
PAL  wherein R, R.sup.1, R.sup.9 and X are as defined above, with a compound of
      the formula:
      ##SPC7##
PAL  wherein R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are as defined above, and Y
      is a halogen atom or a reactive group such as p-tolylsulfonyloxy.
PAR  The reaction is carried out in an inert solvent such as benzene, toluene,
      methanol, ethanol, dioxane, tetrahydrofuran or dimethylformamide, in the
      presence of an acid acceptor such as sodium, sodium alkoxide or sodium
      hydride, at a temperature of from room temperature to a refluxing
      temperature, for 0.5 to several hours.
PAR  The compounds of formula (II) wherein X is a sulfur atom can also be
      prepared by reacting a compound of formula (II) wherein X is an oxygen
      atom with diphosphorus pentasulfide, in an inert solvent such as benzene,
      toluene or pyridine, at a temperature of from room temperature to a
      refluxing temperature, for 0.5 to several hours.
PAR  The above compounds of formula (III) can be prepared, for example, by the
      method described in "J. Am. Chem. Soc.", vol. 66, pp. 1883-1884 (1944),
      "Chem. Abstr.", vol. 54, p. 12107g or "Bull. Soc. Chim. France", 1962, pp.
      598-603.
PAR  Specific examples of the preparation of the starting materials of formula
      (II) are as follows.
PAC  Preparation 1
PAR  5.3 g of a 50% suspension of sodium hydride in mineral oil is added to a
      solution of 29.3 g of ethyl
      4-(3,4-dimethoxyphenyl)-2-oxo-3-pyrrolidinecarboxylate in 180 ml of
      anhydrous dimethylformamide at 0.degree.-5.degree.C with stirring. The
      resulting mixture is held at 0.degree.-5.degree.C with stirring for 30
      minutes and then at room temperature for an additional one hour. To the
      mixture is added 20.5 g of 3,4-dimethoxybenzyl chloride at
      0.degree.-5.degree.C, and the whole mixture is stirred at room temperature
      for one hour. The reaction mixture is then concentrated under reduced
      pressure. Water is added to the residue, and the aqueous mixture is
      extracted with ethyl acetate. The extract is washed with water, dried over
      anhydrous magnesium sulfate and concentrated under reduced pressure. The
      residual oil is crystallized with ethanol to give 34.1 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-oxo-3-pyrrolidinecarboxy
     late as white crystals, melting at 146.degree.-149.degree.C.
PAC  Preparation 2
PAR  A solution of 9.9 g of ethyl
      4-(3,4-methylenedioxyphenyl)-2-oxo-3-pyrrolidinecarboxylate in 40 ml of
      absolute ethanol is added to a solution of 0.9 g of sodium in 50 ml of
      absolute ethanol at room temperature with stirring. The stirring is
      continued for one hour. To the mixture is added 8 g of 3,4-dimethoxybenzyl
      chloride. The resulting mixture is held at room temperature with stirring
      for one hour and then refluxed for an additional two hours. The ethanol is
      then removed under reduced pressure, water is added to the residue, and
      the aqueous mixture is extracted with ethyl acetate. The extract is washed
      with water, dried over sodium sulfate and concentrated under reduced
      pressure. The residue is recrystallized from ethanol to give 11.5 g of
      ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-2-oxo-3-pyrrolidineca
     rboxylate, melting at 167.degree.-168.degree.C.
PAC  Preparation 3
PAR  A mixture of 6 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-oxo-3-pyrrolidinecarboxy
     late, 4 g of diphosphorus pentasulfide and 120 ml of anhydrous benzene is
      refluxed with stirring for one hour. While it is hot, the insoluble matter
      is filtered off, and the filtrate is concentrated under reduced pressure.
      The residue is washed with water and recrystallized from ethanol to give
      5.4 g of ethyl
      3-(3,4-dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-2-thioxo-3-pyrrolidinecarb
     oxylate as white crystalline powder, melting at 166.degree.-169.degree.C.
PAR  Although the present invention has been adequately discussed in the
      foregoing specification and examples included therein, one readily
      recognizes that various changes and modifications may be made without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substituted pyrrolidinemethanol of the formula:
      ##SPC8##
PAL  wherein R.sup.1 and R.sup.2 are each a hydrogen atom or an alkyl group of 1
      to 4 carbon atoms; R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8
      are each a hydrogen atom, a halogen atom, an alkyl group of 1 to 4 carbon
      atoms or an alkoxy group of 1 to 4 carbon atoms, or R.sup.3 and R.sup.4,
      or R.sup.6 and R.sup.7 combinedly form a methylenedioxy group; and
      pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. A substituted pyrrolidinemethanol of the formula:
      ##SPC9##
PAL  wherein each symbol is as recited in claim 1; and pharmaceutically
      acceptable acid addition salts thereof.
NUM  3.
PAR  3. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  4.
PAR  4. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol.
NUM  5.
PAR  5. The compound of claim 1:
PA1  3-(3,4,5-Trimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  6.
PAR  6. The compound of claim 1:
PA1  4-(3,4-Dimethoxyphenyl)-3-(3,4-methylenedioxybenzyl)-3-pyrrolidinemethanol.
NUM  7.
PAR  7. The compound of claim 1:
PA1  4-(4-Chlorophenyl)-3-(3,4-dimethoxybenzyl)-3-pyrrolidinemethanol.
NUM  8.
PAR  8. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(2-methoxyphenyl)-3-pyrrolidinemethanol.
NUM  9.
PAR  9. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(4-methoxyphenyl)-3-pyrrolidinemethanol.
NUM  10.
PAR  10. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-phenyl-3-pyrrolidinemethanol.
NUM  11.
PAR  11. The compound of claim 1:
PA1  3-(4-Chlorobenzyl)-4-(4-chlorophenyl)-3-pyrrolidinemethanol.
NUM  12.
PAR  12. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(3,4-dimethoxyphenyl)-1-methyl-3-pyrrolidinemetha
     nol.
NUM  13.
PAR  13. The compound of claim 1:
PA1  3-(2-Methoxybenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  14.
PAR  14. The compound of claim 1:
PA1  4-(3,4-Dimethoxyphenyl)-3-(4-methylbenzyl)-3-pyrrolidinemethanol.
NUM  15.
PAR  15. The compound of claim 1:
PA1  3-(4-Chlorobenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  16.
PAR  16. The compound of claim 1:
PA1  3-Benzyl-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  17.
PAR  17. The compound of claim 1:
PA1  3-Benzyl-4-phenyl-3-pyrrolidinemethanol.
NUM  18.
PAR  18. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(4-methylphenyl)-3-pyrrolidinemethanol.
NUM  19.
PAR  19. The compound of claim 1:
PA1  3-(4-Methoxybenzyl)-4-(3,4-methylenedioxyphenyl)-3-pyrrolidinemethanol.
NUM  20.
PAR  20. The compound of claim 1:
PA1  3-(3,4-Dimethoxybenzyl)-4-(3,4,5-trimethoxyphenyl)-3-pyrrolidinemethanol.
NUM  21.
PAR  21. The compound of claim 1:
PA1  3-(4-Methoxy-.alpha.-methylbenzyl)-4-(3,4-dimethoxyphenyl)-3-pyrrolidinemet
     hanol.
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ABST
PAL  This invention is concerned with tetrahydropyrimidinyl phenyl carbonyl acid
      addition salts, imidazolinyl phenyl carbonyl acid addition salts,
      dihydroimidazoisoindolols, tetrahydropyrimidoisoindolols, and
      tetrahydropyrimidoisoindolol acid addition salts which are all
      pharmacologically efficacious as anti-depressants. The
      tetrahydropyrimidinyl phenyl carbonyl acid addition salts, the
      tetrahydropyrimidoisoindolols and the tetrahydropyrimidoisoindolol acid
      addition salts are also efficacious as diuretics while the imidazolinyl
      phenyl carbonyl acid addition salts and the dihydroimidazoisoindolols are
      efficacious as anorexiants. This invention is also concerned with several
      processes for the preparation of these compounds.
PARN
PAR  This is a division, of application Ser. No. 757,792, filed Sept. 5, 1968,
      now U.S. Pat. No. 3,763,178, which in turn is a continuation-in-part of
      U.S. Pat. applications, Ser. No. 622,918, entitled "Tetrahydropyrimidinyl
      Phenyl Carbonyl and Imidazolinyl Phenyl Carbonyl Compounds", filed Mar.
      14, 1967; Ser. No. 622,931, entitled "Process For the Preparation of
      Imidazolinyl Phenyl Carbonyl compounds", filed March 14, 1967; Ser. No.
      576,833, entitled "2-(3-Aminopropyl) Isoindoles and Related Compounds",
      filed Sept. 2, 1966; and Ser. No. 487,587, entitled
      "1,2,3,4,6,10b-Hexahydropyrimido[2,1-a]Isoindol-6-Ones and Related
      Compounds", filed Sept. 15, 1965, all now abandoned.
BSUM
PAR  This invention relates to bicyclic and tricyclic nitrogen containing
      compounds as well as to novel methods for their preparation. In
      particular, the present invention is concerned with tetrahydropyrimidinyl
      phenyl carbonyl acid addition salts, tetrahydropyrimidoisoindolols and
      tetrahydropyrimidoisoindolol acid addition salts which in standard and
      accepted pharmacological tests have demonstrated both anti-depressant and
      diuretic activities. Further, it is concerned with imidazolinyl phenyl
      carbonyl acid addition salts and dihydroimidazoisoindolols which in
      standard and accepted pharmacological tests have demonstrated both
      anti-depressant and anorexiant activities.
PAR  The new and novel compounds which are included within the scope of this
      invention are represented by the following formulae:
      ##SPC1##
PAL   wherein R.sub.1 and R.sub.4 are selected from the group consisting of
      hydrogen, lower alkyl, phen(lower)alkyl, phenyl, monohalophenyl,
      dihalophenyl, mono(lower)alkylphenyl, di(lower)alkylphenyl,
      trifluoromethylphenyl, mono(lower)alkoxyphenyl, di(lower)alkoxyphenyl,
      thienyl, pyridyl, furyl and tetrahydro-2-naphthyl, with the provision that
      R.sub.1 is hydrogen, lower alkyl and phen(lower)alkyl when n is 2; R.sub.2
      is selected from the group consisting of hydrogen, halogen, amino, lower
      alkylamino, lower alkyl and lower alkoxy; R.sub.3 is hydrogen when R.sub.2
      and R.sub.3 are dissimilar and when R.sub.2 and R.sub.3 are the same they
      are both selected from the group consisting of hydrogen, halogen, lower
      alkyl and lower alkoxy; R.sub.5 is selected from the group consisting of
      phenyl, monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)alkylphenyl, trifluoromethylphenyl, mono(lower)alkoxyphenyl,
      di(lower)alkoxyphenyl, thienyl, pyridyl, furyl and tetrahydro-2-naphthyl;
      n is an integer from 1 to 2; and HX is a phramacologically acceptable acid
      addition salt. As employed herein the terms "lower alkyl","lower alkoxy"
      and the like are meant to include both branched and straight chain
      moieties containing from one to about six carbon atoms.
PAR  The new and novel compounds of this invention which are represented by
      structural formula (I) wherein n is 1 are called "Imidazolinyl Phenyl
      Carbonyl Acid Addition Salts". Typical examples thereof are:
      2(2-imidazolin-2-yl) benzophenone hydrochloride and
      4'-chloro-2-(imidazolin-2-yl)benzophenone hydrochloride. Alternatively,
      those compounds of structural formula (I) wherein n is 2 are named:
      "Tetrahydropyrimidinyl Phenyl Carbonyl Acid Addition Salts", such as,
      2-(3,4,5,6-tetrahydro-2-pyrimidinyl)-4-methylbutyrophenone hydrochloride
      and 2'-phenyl-2-(3,4,5,6-tetrahydro-2-pyrimidinylacetophenone
      hydrochloride.
PAR  The new and novel compounds of this invention which are depicted by
      structural formula (II) wherein n is 1 are designated
      "Dihydroimidazoisoindolols," for example,
      2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindol-5-ol and
      5-(4-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
      Alternatively, those compounds of structural formula (II) wherein n is 2
      are called "Tetrahydropyrimidoisoindolos", such as,
      6-(4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a] isoindol-6-ol and
      2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a] isoindol-6-ol.
PAR  The new and novel compounds of this invention which are represented by
      structural formula (III) are named "Tetrahydropyrimidoisoindolol Acid
      Addition salts". Typical examples thereof are:
      6-(4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride and 2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride.
PAR  In accord with the new and novel first process of this invention, the
      tetrahydropyrimidoisoindolols of this invention may be produced by the
      oxidation of 2-(3-aminopropyl)isoindoles, as exemplified by the following
      reaction scheme:
      ##SPC2##
PAL  wherein R.sub.2, R.sub.3 and R.sub.4 are defined as above. Various
      oxidation processes will readily suggest themselves to those skilled in
      the art. For example, the particular 2-(3-aminopropyl)isoindole (A) may be
      dissolved in a reaction-inert solvent, e.g. an alkanol, and purged with
      oxygen or air until the oxidation is complete. Alternatively, the
      oxidation may be accomplished by contacting the 2-(3-aminopropyl)
      isoindole solution with an oxidzing agent, such as potassium dichromate,
      potassium chlorate, or potassim permanganate. The oxidation reaction may
      be conducted in any suitable reaction-inert solvent. Many such solvents
      will readily suggest themselves to one skilled in the art or organic
      chemistry.
PAR  When the aforesaid oxidation is complete, the product is separated by
      standard recovery methods, such as, concentration, filtration and
      crystallization. The tetrahydropyrimidoisoindolols (B) may then be
      recrystallized from an appropriate solvent, such as dimethylformamide and
      dimethylacetamide.
PAR  In accord with the new and novel second process of the present invention,
      the dihydroimidazoisoindolols of this invention may be synthesized by the
      following schematic sequence of reactions:
      ##SPC3##
PAL  wherein R.sub.2, R.sub.3 and R.sub.4 are defined as above, R.sub.6 is aryl
      and alkyl, for example: lower alkyl, phenyl, monohalophenyl, dihalophenyl,
      mono(lower)alkylphenyl, di(lower)alkylphenyl and alkoxyphenyl, and X is
      the anion portion of a mineral acid. The rearrangement of a
      tetrahydroimidazoisoindolone of formula (1) is effected by contacting the
      particular compound (1) with a mineral acid. This reaction may be
      accelerated by heating and stirring the reaction mixture until the
      precipitation of the 2-(aminoethyl)-3-hydroxyphthalimidine mineral acid
      addition salt, as designated in formula (2), is complete. The
      phthalimidine (2) is separated by filtration or decantation and either
      recrystallized from a suitable solvent, such as water, a lower alkanol and
      dioxan, or admixed directly with a substantially equimolar quantity of an
      aryl or alkyl sulfonyl halide in pyridine. The reaction mixture is then
      heated to a temperature from about 80.degree.C. to about 115.degree.C. for
      a period from about two hours to about ten hours. Preferably, this
      reaction is conducted at the reflux temperature of the reaction mixture
      for a period of about two hours. After the above reaction is complete, the
      product of sulfonyltetrahydroimidazoisoindolone (3) is recovered by
      customary isolation procedures.
PAR  The above prepared sulfonyltetrahydroimidazoisoindolone (3) may be
      hydrolyzed and rearranged by admixture with from about 80 to about 100
      percent sulfuric acid. The product of this hydrolysis, the sulfate salt of
      an imidazolinyl phenyl carbonyl compound, as shown in formula (4) which
      may be recovered as such by conventional means. Alternatively, the
      reaction mixture is neutralized by the addition of a base and the
      resulting precipitate recrystallized from an appropriate organic solvent
      such as lower alkanol, dioxan, dimethylformamide and dimethylacetamide to
      afford an appropriate dihydroimidazoisoindolol (5).
PAR  As a new and novel alternative to the second process of the present
      invention, it has been found that the dihydroimidazoisoindolols of this
      invention may also be prepared by directly reacting a
      tetrahydroimidazoisoindolone (1) with an aryl or alkyl sulfonyl halide
      under the above-described reaction conditions to afford an appropriate
      sulfonyltetrahydroimidazoisoindolone (3). Thereafter, this compound (3) is
      further reacted as hereinbefore described to yield an imidazolinyl phenyl
      carbonyl sulfate salt (4) which may then be neutralized to afford a
      dihydroimidazoisoindolol (5).
PAR  As a further alternative to the second process of the present invention, it
      should be noted that the 2-(aminoethyl)-3-hydroxyphthalimidine (2)
      intermediates can also be prepared by the condensation of an acid chloride
      of an o-carbonyl benzoic acid with ethylene diamine as described by
      Sulkowski et al. in J. Org. Chem. 32, 2180 (1967).
PAR  In accord with the new and novel third process of the present invention,
      some of the dihydroimidazoisoindolols of this invention may be prepared by
      the procedure which is exemplified by the following reaction scheme:
      ##SPC4##
PAL  wherein R.sub.7 is selected from the group consisting of lower alkyl,
      phenyl, lower alkylphenyl, lower alkoxyphenyl, di(lower)alkylphenyl,
      di(lower)alkoxyphenyl, aminophenyl, trifluoromethylphenyl, monohalophenyl,
      dihalophenyl, furyl, thienyl and naphthyl; R.sub.8 is selected from the
      group consisting of hydrogen, halogen, lower alkyl and lower alkoxy;
      R.sub.9 is hydrogen when R.sub.8 and R.sub.9 are dissimilar and when
      R.sub.8 and R.sub.9 are the same they are both selected from the group
      consisting of hydrogen, halogen, lower alkyl and lower alkoxy.
PAR  The oxidation reaction is effected by contacting an appropriate
      hexahydrobenzodiazocine (a) with an oxidizing agent in a reaction-inert
      solvent at a temperature from about 20.degree.C. to about 60.degree.C. for
      a period of about one-half  to about four hours. Preferably, this reaction
      is conducted by contacting an aqueous solution of a
      hexahydrobenzodiazocine salt with a potassium permanganate solution at
      room temperature for about one hour. Many other oxidizing agents and
      reaction-inert solvents which may be employed in this reaction will
      readily suggest themselves to those skilled in the art. In this regard,
      excellent results can be obtained when potassium dichromate and potassium
      chlorate are employed as the oxidizing agents. By reaction-inert solvent
      as employed herein is meant a solvent which will dissolve the
      hexahydrobenzodiazocine and not interfere with the oxidation reaction,
      such as, water while acetone and methyl ethyl ketone may be employed as
      solvents when potassium permanganate is employed as the oxidizing agent.
PAR  When the oxidation reaction is complete, the corresponding
      dihydroimidazoisoindolol (b) may be separated and recovered by routine
      means, for example, precipitating the product by the addition of a base
      and then separating it by decantation or filtration. The time and
      temperature ranges employed in the aforesaid reactions are not critical
      but simply represent the most convenient range consistent with carrying
      out these reactions in a minimum of time without undue difficulty. Thus
      reaction temperatures appreciably below these can be used, but their use
      considerably extends the reaction time. Similarly, reaction temperatures
      higher than those mentioned can be employed with a concomitant decrease in
      reaction time. The 2-(3-aminopropyl)isoindoles (A) employed as starting
      materials in the first above described process for the preparation of the
      tetrahydropyrimidoisoindolol compounds (B) of this invention are known
      compounds which are described in co-pending United States patent
      application, Ser. No. 622,917, entitled "Isoindoles, Isoindolines and
      Related Compounds", filed on Mar. 14, 1967, by Theodore S. Sulkowski which
      is a continuation-in-part of United States patent applications, Ser. No.
      576,833, entitled "2-(3-Aminopropyl)Isoindoles and Related Compounds",
      filed Sept. 2, 1966 and Ser. No. 487,587, entitled
      "1,2,3,4,6,10b-Hexahydropyrimido[2,1-a]Isoindol-6-Ones", filed Sept. 15,
      1965 and now abandoned. The tetrahydroimidazoisoindolones (1) and the
      hexahydrobenzodiazocines (a) which are respectively employed as starting
      materials in the second and third above described process for the
      preparation of the dihydroimidazoisoindolols (5) of this invention are
      known compounds which are described in co-pending United States patent
      application, Ser. No. 609,779, entitled "Benzodiazocines", filed on Jan.
      17, 1967,  by Theodore S. Sulkowski, which is a continuation-in-part of
      United States patent applications, Ser. No. 554,672, entitled
      "Benzodiazocines", filed on June 2, 1966; Ser. No. 444,050, entitled
      "Substituted 3,4-Dihydro-6-Aryl-2,5-Benzodiazocin-1(2H)-Ones and Related
      Compounds", filed on Mar. 30, 1965 and now abandoned; and Ser. No.
      272,216,  entitled "Substituted
      3,4-Dihydro-6-Aryl-2,5-Benzodiazocin-1(2H)-Ones and Related Compounds",
      filed on Apr. 11, 1963 and now abandoned. The aryl or alkyl sulfonyl
      chlorides used in this latter process are well known chemicals which are
      commercially available or may easily be prepared by well known chemical
      procedures.
PAR  The tetrahydropyrimidoisoindolols (B) of the present invention were at
      first thought to be "Hexahydropyrimidoisoindolones" and were so described
      in the first prior filed parent application (United States Ser. No.
      487,587). Subsequently, these compounds were re-examined and then thought
      to be "Tetrahydropyrimidinyl Phenyl Carbonyl Compounds" and were so
      defined in the following two subsequently filed parent applications (U.S.
      Ser. Nos. 576,833 and 622,918). It has now been concluded, based on the
      nature of the starting materials; the mode of synthesis; the elemental
      analysis; and the ultra violet and infra red spectrographic analyses, that
      all the solid bases prepared by the first process of this invention are
      "Tetrahydropyrimidoisoindolols" (B). Further, since these nitrogen
      containing tetrahydropyrimidoisoindolols are basic in nature they will
      react with pharmacologically acceptable acids to form acid addition salts.
      Such acids are well known in the art, for example, hydrochloric,
      hydrobromic, hydroiodic, sulfuric, nitric, phosphoric, acetic, lactic,
      citric, tartaric, maleic, gluconic, benzenesulfonic, toluenesulfonic,
      methylsulfonic, ethylsulfonic acids and the like. These salts may be
      prepared by procedures commonly employed in the art, for example, reacting
      the compound with an equivalent of the selected acid in aqueous solution
      and concentration of the solution. Other known procedures may also be
      employed, e.g., the procedure of Example VIII.
PAR  The ultra violet spectrographic analyses of the
      tetrahydropyrimidoisoindolols (B) of this invention and their acid
      addition salts which are substituted in the 6-position with an aromatic
      group, e.g. phenyl, monohalophenyl, dihalophenyl, mono(lower)alkylphenyl,
      di(lower)alkylphenyl, trifluoromethylphenyl, mono(lower)alkoxyphenyl,
      di(lower)alkoxyphenyl, thienyl, pyridyl, furyl and tetrahydro-2-naphthyl,
      demonstrate an absence of absorption in the 250 m.mu. region indicating
      that both the bases and salts possess these tetrahydropyrimidoisoindol
      structures in solution. Alternatively, ultra violet analyses of neutral
      and acidic solutions of these tetrahydropyrimidoisoindolols (B) and their
      acid addition salts which are unsubstitured, e.g. hydrogen or substituted
      in the 6-position with an aliphatic or aralkyl group, e.g. lower alkyl and
      phen(lower)alkyl demonstrate absorption in the 235-240 m.mu. region
      indicating that their structures in solution are predominately the
      tetrahydropyrimidinyl phenyl carbonyl compounds of the structure:
      ##SPC5##
PAL  wherein R.sub.2 and R.sub.3 are defined as above and R is hydrogen, lower
      alkyl and phen(lower)alkyl. Further, the infra red spectrographic analyses
      of these latter compounds determined by the procedure of Hofmann et al.,
      Analyt. Chem., Vol. 39, pg. 406 (1967) also indicates that the solid acid
      addition salts thereof also exist in the above shown tetrahydropyrimidinyl
      phenyl carbonyl forms.
PAR  The dihydroimidazoisoindolols (5) of the present invention were first
      thought to be "Tetrahydroimidazoindolones" and were so described in the
      first prior filed parent application. Subsequently, these compounds were
      re-examined and then thought to be "Imidazolinyl Phenyl Carbonyl
      Compounds" and were so defined in the following three subsequently filed
      parent applications (U.S. Ser. Nos. 576,833, 622,931 and 622,918). It has
      now been concluded, based on the nature of the starting materials; mode of
      synthesis; the elemental analysis; and ultra violet and infra red
      analyses, that all the solid bases prepared by the second and third
      process of this invention are "Dihydroimidazoisoindolols" (5). Further,
      since these nitrogen containing dihydroimidazoisoindolols are basic in
      nature they also will react with pharmacologically acceptable acids as
      described above to form acid addition salts.
PAR  The ultra violet spectrographic analyses of the dihydroimidazoisoindolols
      (5) of this invention in neutral solution demonstrate an absence of
      absorption in the 250 m.mu. region indicating that these bases also
      possess these dihydroimidazoisoindolol structures when they are dissolved
      in a non-acidic solution. Alternatively, the ultra violet analyses of acid
      solution of these bases and the neutral solutions of their acid addition
      salts demonstrate absorption in 250 m.mu. region indicating that they are
      imidazolinyl phenyl carbonyl compounds in solution of the structure:
      ##SPC6##
PAL  where R.sub.2, R.sub.3 and R.sub.4 are defined as above. The infra red
      spectrographic analyses of these compounds also indicates that the solid
      bases are dihydroimidazoisoindolols while their corresponding solid acid
      addition salts exist in the above shown imidazolinyl phenyl carbonyl
      forms.
PAR  The tetrahydropyrimidinyl phenyl carbonyl acid addition salts (formula I
      where n is 2); the tetrahydropyrimidoisoindolols (formula II where n is
      2); and the tetrahydropyrimidoisoindolol acid addition salts (formula III)
      of the present invention have been found to possess valuable
      pharmacological activity. More particularly, these compounds have
      exhibited utility, in standard pharmacological tests, as anti-depressant
      and diuretic agents.
PAR  In the pharmacological evaluation of the anti-depressent property of these
      compounds (I, n=2; II, n=2; and III), the in vivo anti-depressant activity
      is evaluated by the procedure described by Rubin et al., in J.P.E.T. 120,
      125 (1957). When tested by this procedure, these compounds demonstrate
      useful anti-depressant activity, e.g. having mood elevating properties as
      psychic energizers, when they are administered orally to mice in a dosage
      range from about 1 to about 100 mg./kilo of animal body weight. Further,
      the in vivo diuretic activity of these compounds (I, n=2; II, n=2; and
      III) is evaluated by the procedure described by Lipschitz et al., in J.
      Pharacol. 79, 97 (1943). When tested by this procedure these compounds
      demonstrate useful diuretic activity when they are administered orally to
      rats in a dosage range from about 0.25 to about 25 mg./kilo of animal body
      weight.
PAR  The imidazolinyl phenyl carbonyl acid addition salts (formula I where n is
      1) and the dihydroimidazoisoindolols (formula II where n is 1) of the
      present invention have also been found to possess valuable pharmacological
      activity. In particular, these compounds have exhibited utility, in
      standard pharmacological tests, as anti-depressant and anorexiant agents.
PAR  In the pharmacological evaluation of the anti-depressant property of these
      compounds (I, n=1 and II, n=1), the in vivo anti-depressant activity is
      also evaluated by the procedure described by Rubin et al., in J.P.E.T.
      120, 125 (1957). When tested by this procedure, these compounds
      demonstrate useful anti-depressant activity e.g. having mood elevating
      properties as psychic energizers, when they are administered orally to
      mice in a dosage range from about 1 to about 5 mg./kilo of animal body
      weight. Further, the in vivo anorexiant activity of these compounds (I,
      n=1 and II, n=1), e.g. appetite suppressant effects is evaluated by the
      following procedure:
PAR  Male Charles River rats between 120 and 140 grams are trained to drink
      sweetened condensed milk from a graduated drinking tube. After a short
      learning period the animals are placed on a routine of water ad lib for 24
      hours, standard laboratory chow for twenty-two hours and sweetened
      condensed milk for two hours. The volume of milk consumed is measured at
      one-half hour as well as two hours and the animals are weighed daily. This
      schedule is maintained five days a week over a period of several months.
      Trials are run on the same day each week and changes in milk consumed and
      twenty-four hour weight changes are compared to the average of the two
      days before the test compound is administered. Animals are tested as
      groups of six and one group is given saline each week to serve as
      controls. The test compounds are usually administered intraperitoneally in
      saline and/or orally in water.
PAR  The imidazolinyl phenyl carbonyl acid addition salts and the
      dihydroimidazoisoindolols of this invention in the above test procedure
      when administered orally to rats at a dose of 10 mg./kg. induce a decrease
      in food consumption of about 40 percent in the first half hour and about
      20 percent in two hours with a concurrent total average weight loss of
      about one-half a gram/animal in 24 hours. When administered
      intraperitoneally at a dose of 10 mg./kg., these compounds (I, n=1 and II,
      n=1) induce a decrease in food consumption of about 80 percent in the
      first half hour and about 65 percent in two hours with a concurrent total
      24 hour average weight loss of about seven and a half grams/animal.
PAR  When the tetrahydropyrimidinyl phenyl carbonyl acid addition salts; the
      tetrahydropyrimidoisoindolols and the tetrahydropyrimidoisoindolol acid
      addition salts of this invention are employed as anti-depressant and
      diuretic agents and when the imidazolinyl phenyl carbonyl acid addition
      salts and the dihydroimidazoisoindolols of this invention are employed as
      anti-depressant and anorexiant agents, they may be administered to
      mammals, e.g. mice, rats, rabbits, dogs, cats, monkeys, etc. alone or in
      combination with pharmacologically acceptable carriers, the proportion of
      which is determined by the solubility and chemical nature of the compound,
      chosen route of administration and standard biological practice. For
      example, they may be administered orally in the solid form containing such
      excipients as starch, milk sugar, certain types of clay and so forth. They
      may also be administered orally in the form of solutions or they may be
      injected parenterally. For parenteral administration they may be used in
      the form of a sterile solution containing other solutes, for example,
      enough saline or glucose to make the solution isotonic.
PAR  The dosage of the compounds of this invention will vary with the form of
      administration and the particular compound chosen. Furthermore, it will
      vary with the particular subject under treatment. Generally, treatment is
      initiated with small dosages substantially less than the optimum dose of
      the compound. Thereafter, the dosage is increased by small increments
      until the optimum effect under the circumstances is reached. In general,
      the compounds of this invention are most desirably administered at a
      concentration level that will generally afford effective results without
      causing any harmful or deleterious side effects.
DETD
PAR  The following examples are given by way of illustration and are not to be
      construed as limitations of this invention, many variations of which are
      possible without departing from the scope and spirit thereof.
PAC  EXAMPLE I
PAR  The 2-(3-aminopropyl)-1-(4-chlorophenyl)isoindole, hydrochloride (2 gms.)
      is dissolved in water and neutralized with a sodium carbonate solution.
      The regenerated base is extracted with ethyl acetate, dried over magnesium
      sulfate and evaporated to dryness. The residue is dissolved in 250 ml. of
      ethanol and air is bubbled through the solution for 48 hours. The
      precipitated white crystalline solid is separated by filtration and upon
      recrystallization from dimethylformamide there is obtained
      6-(4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol, m.p.
      274.degree.-6.degree.C. dec., which is insoluble in water and soluble in
      dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 224 m.mu.
      (.epsilon.=23,000), infl. 243 m.mu. (.epsilon.=12,000), max. 267 m.mu.
      (.epsilon.=3,800); Ultra Violet Absorption (pH1) max. 223 m.mu.
      (.epsilon.=21,100), infl. 243 m.mu. (.epsilon.=14,200), max. 267 m.mu.
      (.epsilon.=3,800); Infra Red Absorption (KBr) 1652 cm.sup..sup.-1,
      2400-3000cm .sup..sup.-1.
PAR  Calc'd for C.sub.17 H.sub.15 ClN.sub.2 O: C, 68.33; H, 5.06; N, 9.33; Cl,
      11.87. Found: C, 68.12; H, 5.39; N, 9.22; Cl, 11.85.
PAR  The above prepared tetrahydropyrimidoisoindolol is dissolved in ethanol and
      admixed with an aqueous solution containing an equivalent amount of
      hydrochloric acid. The mixture is stirred for ten minutes and the solvent
      removed by evaporation. In this manner, is obtained
      6-(4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride, m.p. 232.degree.-4.degree.C., as a white crystalline solid,
      which is soluble in hot water.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 224 m.mu.
      (.epsilon.=23,000), infl. 243 m.mu. (.epsilon.=14,000), infl. 268 m.mu.
      (.epsilon.=3,800); Infra Red Absorption (KBr) 1675 cm.sup..sup.-1,
      2600-3300 cm.sup..sup.-1.
PAR  Calc'd for C.sub.17 H.sub.15 ClN.sub.2 O. HCl: C, 60.91; H, 4.81; N, 8.36;
      Cl, 21.16. Found: C, 60.91; H, 5.06; N, 8.31; Cl, 21.1.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated reacting an appropriate
      2-(3-aminopropyl)isoindole with an oxidizing agent, e.g. potassium
      dichromate, potassium chlorate and hydrogen peroxide to afford the
      hereinafter listed products:
TBL  2-(3-AMINOPROPYL)ISOINDOLES                                               

                          PRODUCTS                                             

     ______________________________________                                    

     2-(3-aminopropyl)-6-bromo-1-                                              

                      8-bromo-2,3,4,6-tetrahydro-                              

     (4-tolyl)isoindole                                                        

                      6-(4-tolyl)pyrimido[2,1-a]                               

                      isoindol-6-ol                                            

     2-(3-aminopropyl)-5-methyl-1-                                             

                      2,3,4,6-tetrahydro-9-                                    

     propylisoindole  methyl-6-propylpyrimido                                  

                      [2,1-a]isoindol-6-ol                                     

     2-(3-aminopropyl)-4-iodoiso-                                              

                      2,3,4,6-tetrahydro-10-                                   

     indole           iodopyrimido[2,1-a]isoindol                              

     6-ol                                                                      

     2-(3-aminopropyl)-1-(4-bromo-                                             

                      8,9-dibromo-6-(4-bromo-                                  

     phenyl)-5,6-dibromoisoindole                                              

                      phenyl)-2,3,4,6-tetrahydro-                              

                      pyrimido[2,1-a]isoindol-                                 

                      6-ol                                                     

     2-(3-aminopropyl)-1-(2,4-                                                 

                      2,3,4,6-tetrahydro-6-(2,4-                               

     dimethoxyphenyl)isoindole                                                 

                      dimethoxyphenyl)pyrimido                                 

                      [2,1-a]isoindol-6-ol                                     

     ______________________________________                                    

PAC  EXAMPLE III
PAR  Ten grams of
      10B-phenyl-1,2,3,4,6,10b-hexahydropyrimido[2,1-a]isoindol-6-one are added
      in portions to a stirred suspension of 2.5 grams of lithium aluminum
      hydride in 250 ml. of anhydrous ether. The mixture is stirred and refluxed
      for one hour, then the excess hydride is decomposed by careful addition of
      water. The ether layer is separated, dried over magnesium sulfate and
      evaporated to dryness. Without isolation or further purification, the
      2-(3-aminopropyl)-1-phenylisoindole is dissolved in 200 ml. of ethanol and
      oxygen is bubbled through the solution for 48 hours. The precipitated
      solid is separated by filtration and on recrystallization from
      dimethylformamide there is obtained
      2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol, m.p.
      255.degree.-7.degree.C. dec., as white prisms which is insoluble in water
      and slightly soluble in hot dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 233 m.mu.
      (.epsilon.=14,000), max. 268 m.mu. (.epsilon.=4,000), infl. 271 m.mu.
      (.epsilon.=3,000); Ultra Violet Absorption (pH1) max. 239 m.mu.
      (.epsilon.=14,900), infl. 271 m.mu. (.epsilon.=3,000); Infra Red
      Absorption (KBr) 1650 cm.sup.-.sup.1, 2300-3000 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.17 H.sub.16 N.sub.2 O: C, 77.25; H, 6.10; N, 10.60. Found:
      C, 77.36; H, 6.05; N, 10.51.
PAR  The above reaction is repeated in anhydrous diisopropyl ether at
      60.degree.C. for two hours with similar results.
PAR  In a similar manner, starting with
      10b-(3',4'-dichlorophenyl)-1,2,3,4,6,10b-hexahydropyrimido[2,1-a]isoindol-
     6-one there is obtained
      6-(3,4-dichlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol,
      m.p. 267.degree.-9.degree.C., as a white crystalline solid which is
      insoluble in water and slightly soluble in hot dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) infl. 230 m.mu.
      (.epsilon.=22,600), max. 268 m.mu. (.epsilon.=4,500); infl. 282 m.mu.
      (.epsilon.=2,000); Ultra Violet Absorption (pH1) max. 228 m.mu.
      (.epsilon.=22,000), max. 268 m.mu. (.epsilon.=4,700); infl. 282 m.mu.
      (.epsilon.=1,600); Infra Red Absorption (KBr) 1650 cm.sup.-.sup.1, 2300-
      3000 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.17 H.sub.14 Cl.sub.2 N.sub.2 O: C, 61.27; H, 4.24; N,
      8.41; Cl, 21.29. Found: C, 61.41; H, 4.28; N, 8.46; Cl, 21.2.
PAC  EXAMPLE IV
PAR  2-(3-Aminopropyl)-1-(4-bromophenyl)isoindole (4.0 gms.) is dissolved in 100
      ml. of ethanol and oxidized by bubbling oxygen through the solution for 36
      hours. The precipitated solid is separated by decantation and
      recrystallized from dimethylformamide. In this manner, is obtained
      6-(4-bromophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol, m.p.
      278.degree.-9.degree.C. dec., as a white crystalline solid which is
      insoluble in water and slightly soluble in dimethylacetamide
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 228 m.mu.
      (.epsilon.=22,500), max. 267 m.mu. (.epsilon.=4,300); Ultra Violet
      Absorption (pH1) max. 229 m.mu. (.epsilon.=21,500), max. 267 m.mu.
      (.epsilon.=4,300); Infra Red Absorption (KBr) 1645 cm.sup.-.sup.1,
      2300-2900 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.17 H.sub.15 BrN.sub.2 O: C, 59.48; H, 4.41; N, 8.16.
      Found: C, 59.51; H, 4.36; N, 8.26.
PAR  Similarly, utilizing anhydrous ethylene glycol dimethyl ether as the
      solvent,
      6-(2,4-dibromophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol is
      synthesized.
PAC  EXAMPLE V
PAR  2-(3-Aminopropyl)-1-(5',6',7',8'-tetrahydro-2' -naphthyl)isoindole (3.0
      gms.) is dissolved in 250 ml. of benzene and oxidized by bubbling oxygen
      through the solution for 60 hours. The precipitate is separated by
      filtration and recrystallized from dimethylacetamide. In this manner, is
      obtained 6-(5,6,7,8-tetrahydro-2-naphthyl)-2,3,4,6-tetrahydropyrimido[
      2,1-a]isoindol-6-ol, m.p. 253-5.degree.dec., as a white crystalline solid
      which is insoluble in water and soluble in hot dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) infl. 230
      m.mu.(.epsilon.=10,000), infl. 245 m.mu.(.epsilon.=9,200), max. 270
      m.mu.(.epsilon.=3,200); Ultra Violet Absorption (pH1) infl. 230 m.mu. (68
      =10,900), infl. 245 m.mu. (.epsilon.=10,000), max. 270 m.mu.
      (.epsilon.=3,200); Infra Red Absorption (KBr) 1655 cm.sup.-.sup.1,
      2300-3000 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.21 H.sub.22 N.sub.2 O: C, 79.21; H, 6.96; N, 8.80. Found:
      C, 78.96; H, 7.15; N, 8.95.
PAR  In a similar manner,
      6-(4-trifluoromethylphenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
     ; 6-(2-trifluoromethylphenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-o
     l; and 6-furyl-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol are produced.
PAC  EXAMPLE VI
PAR  Repeating the procedure of Example V but starting with
      2-(3-aminopropyl)-1-methylisoindole, there is obtained
      2,3,4,6-tetrahydro-6-methylpyrimido[2,1-a]isoindol-6- -ol, m.p.
      199.degree.-201.degree.C., as a white crystalline solid which is insoluble
      in water and soluble in dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 236 m.mu.
      (.epsilon.=12,600), infl. 265 m.mu. (.epsilon.=4,100); Ultra Violet
      Absorption (pH1) max. 239.5 m.mu. (.epsilon.=14,200), infl. 265 m.mu.
      (.epsilon.=4,100); Infra Red Absorption (KBr), 1640 cm.sup.-.sup.1,
      2300-3000 cm.sup.-.sup.1 ; Infra Red Absorption of the in situ
      hydrochloride salt by the procedure of Hofmann et al., Analyt. Chem. Vol.
      39, pg. 406 (1967) (KBr) 1670 cm.sup.-.sup.1, 1647 cm.sup.-.sup.1,
      2600-3100 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.12 H.sub.14 N.sub.2 O: C, 71.26; H, 6.98; N, 13.87. Found:
      C, 71.30; H, 6.90; N, 13.63
PAR  In a similar manner, the following compounds are prepared:
PAR  2,3,4,6-Tetrahydropyrimido[2,1-a]isoindol-6-ol, m.p.
      205.degree.-7.degree.C., as a white crystalline sold which is insoluble in
      water and slightly soluble in dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 235 m.mu.
      (.epsilon.=12,400), infl. 266.5 m.mu. (.epsilon.=3,650); Ultra Violet
      Absorption (pH1) max. 240 m.mu. (.epsilon.=10,800), infl. 266.5 m.mu.
      (.epsilon.=3,650); Infra Red Absorption (KBr) 1640 cm.sup.-.sup.1,
      2300-3000 cm.sup.-.sup.1 ; Infra Red Absorption of the in situ
      hydrochloride by the above-identified procedure (KBr) 1670 cm.sup.-.sup.1,
      2600-3100 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.11 H.sub.12 N.sub.2 O: C, 70.18; H, 6.42; N, 14.88. Found:
      C, 69.92; H, 6.47; N, 14.71.
PAR  6-Benzyl-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol, m.p.
      233.degree.-5.degree.C. dec., as a white cyrstalline solid which is
      insoluble in water.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 235 m.mu.
      (.epsilon.=11,700), infl. 269 m.mu. (.epsilon.=3,900); Ultra Violet
      Absorption (pH1) max. 240 m.mu. (.epsilon.=12,900), infl. 269 m.mu.
      (.epsilon.=3,900); Infra Red Absorption (KBr) 1645 cm.sup.-.sup.1,
      2300-3000 cm.sup.-.sup.1 ; Infra Red Absorption of the in situ
      hydrochloride by the above-identified procedure (KBr) 1665 cm.sup.-.sup.1,
      2600-3100 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.18 H.sub.18 N.sub.2 O: C, 77.66; H, 6.52; N, 10.07. Found:
      C, 77.67; H, 6.41; N, 9.77.
PAR  6-Butyl-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol, m.p.
      181.degree.-3.degree.C., as a white crystalline solid which is insoluble
      in water and soluble in ethanol and dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 234.5 m.mu.
      (.epsilon.=12,100), infl. 266 m.mu. (.epsilon.=4,000); Ultra Violet
      Absorption (pH1) max. 240 m.mu. (.epsilon.=14,000), infl. 266 m.mu.
      (.epsilon.=4,000); Infra Red Absorption (KBr) 1640 cm.sup.-.sup.1,
      2300-3000 cm.sup.-.sup.1 ; Infra Red Absorption of the in situ
      hydrochloride by the above-identified procedure (KBr) 1670 cm.sup.-.sup.1,
      1640 cm.sup.-.sup.1, 2600-3100 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.15 H.sub.20 N.sub.2 O: C, 73.73; H, 8.25; N, 11.47. Found:
      C, 74.03; H, 7.99; N, 11.63.
PAR  6-(3-Amino-4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol,
      m.p. 227.degree.-8.degree.C. dec., as a white crystalline solid which is
      insoluble in water and soluble in hot dimethylacetamide.
PAR  Analysis: Calc'd for C.sub.17 H.sub.16 ClN.sub.3 O: C, 65.05; H, 5.14; N,
      13.39. Found: C, 65.09; H, 5.49; N, 13.61.
PAR  2,3,4,6-Tetrahydro-6-(4-tolyl)-pyrimido[2,1-a]isoindol-6-ol, m.p.
      237.degree.-9.degree.C., dec., as a white crystalline solid which is
      insoluble in water and soluble in dimethylacetamide.
PAR  Analysis: Calc'd for C.sub.18 H.sub.18 N.sub.2 O: C, 77.67; H, 6.52; N,
      10.07. Found: C, 77.62; H, 6.48; N, 9.94.
PAC  EXAMPLE VII
PAR  When the procedure of the aforementioned Examples is employed, the
      hereinafter listed 2-(3-aminopropyl)phenylisoindoles are oxidized to
      afford the following products:
TBL  2-(3-AMINOPROPYL) TETRAHYDROPYRIMIDO-                                     

     PHENYLISOINDOLES    ISOINDOLOLS                                           

     __________________________________________________________________________

     2-(3-aminopropyl)-6-chloro-1-                                             

                       8-chloro-2,3,4,6-tetrahydro-                            

     phenylisoindole   6-phenylpyrimido[2,1-a]- isoindol-6-ol                  

     2-(3-aminopropyl-5-methyl-                                                

                       2,3,4,6-tetrahydro-9-methyl-                            

     1-phenylisoindole 6-phenylpyrimdio[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-6-ethyl-                                                

                       8-ethylamino-2,3,4,6-tetra-                             

     amino-1-phenylisoindole                                                   

                       hydro-6-phenylpyrimido[2,1-a]                           

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-5,6-dichloro-                                           

                       8,9-dichloro-2,3,4,6-tetra-                             

     1-phenylisoindole hydro-6-phenylpyrimido[2,1-a]                           

                       isoindol-6-ol                                           

     2-(3-aminopropyl-5,6-dimethoxy-                                           

                       2,3,4,6-tetrahydro-8,9-                                 

     1-phenylisoindole dimethoxy-6-phenylpyrimido                              

                       [2,1-a]isoindol-6-ol                                    

     2-(3-aminopropyl)-1-(3,4-                                                 

                       2,3,4,6-tetrahydro-6-(3,4-                              

     diiodophenyl)isoindole                                                    

                       diiodophenyl)pyrimido[2,1-a]                            

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-isopropyl)                                            

                       2,3,4,6-tetrahydro-6-isopropyl                          

     5,6-dipropoxyisoindole                                                    

     8,9-dipropoxypyrimido[2,1-a]                                              

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-(3,4-                                                 

                       6-(3,4-diethoxyphenyl-2,3,4,6                           

     diethoxyphenyl)isoindole                                                  

     tetrahydropyrimido[2,1-a]                                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-(4-hexyl-                                             

                       6-(4-hexylphenyl)-2,3,4,6-                              

     phenyl)isoindole  tetrahydropyrimido[2,1-a]                               

                       isoindol-6-ol                                           

     5-amino-2-(3-aminopropyl)                                                 

                       9-amino-2,3,4,6-tetrahydro-                             

     isoindole         pyrimido[2,1-a]isoindol-                                

                       6-ol                                                    

     5-chloro-1-(4-ethylphenyl)                                                

                       9-chloro-6-(4-ethylphenyl)- -isoindole 2,3,4,6-tetrahydr

                       opyrimido                                               

                       [2,1-a]isoindol-6-ol                                    

     2-(3-aminopropyl)-1-(2-                                                   

                       2,3,4,6-tetrahydro-6-                                   

     thienyl)isoindole (2-thienyl)pyrimido[2,1-a]                              

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-5- -methyl-                                             

                       2,3,4,6-tetrahydro-9-methyl-                            

     1-phenylisoindole 6-phenylpyrimido[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-phenyl-                                               

                       2,3,4,6-tetrahydro-6-phenyl-                            

     7-propylisoindole 7-propylpyrimido[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-(4-fluoro-                                            

                       6-(4-fluorophenyl)-2,3,4,6-                             

     phenyl(isoindole  tetrahydropyrimido[2,1-a]                               

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-(3-bromo-                                             

                       6-(3-bromo-4-methylphenyl)-                             

     4-methylphenyl)isoindole                                                  

                       2,3,4,6-tetrahydropyrimido                              

                       [2,1-a]isoindol-6-ol                                    

     2-(3-aminopropyl)-1-(3-iodo-                                              

                       2,3,4,6-tetrahydro-6-(3-                                

     phenyl)isoindole  iodophenyl)pyrimido[2,1-a]- isoindol-6-ol               

     2-(3-aminopropyl)-5-amyl-1-                                               

                       9-amyl-2,3,4,6-tetrahydro-                              

     phenylisoindole   6-phenylpyrimido[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-phenyl-                                               

                       2,3,4,6-tetrahydro-6-phenyl-                            

     6-propylaminoisoindole                                                    

                       8-propylaminopyrimido[2,1-a]                            

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-5-butoxy-                                               

                       9-butoxy-2,3,4,6-tetrahydro-                            

     1-phenylisoindole 6-phenylpyrimido[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-(3,4-                                                 

                       2,3,4,6-tetrahydro-6-(3,4-                              

     dimethylphenyl)isoindole                                                  

                       dimethylphenyl)pyrimido                                 

                       [2,1-a]isoindol-6-ol                                    

     2-(3-aminopropyl)-1-(4-propoxy-                                           

                       2,3,4,6-tetrahydro-6-(4-                                

     phenyl)isoindole  propoxyphenyl)pyrimido                                  

                       [2,1-a]isoindol-6-ol                                    

     2-(3-aminopropyl)-5,6-                                                    

                       2,3,4,6-tetrahydro-8,9-                                 

     dimethylisoindole dimethylpyrimido[2,1-a]                                 

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-pyridiyl-                                             

                       2,3,4,6-tetrahydro-6-                                   

     isoindole         pyridylpyrimido[2,1-a]                                  

                       isoindol-6-ol                                           

     2-(3-aminopropyl)-1-butyl-5                                               

                       6-butyl-2,3,4,6-tetrahydro-                             

     methoxyisoindole  9-methoxypyrimido[2,1-a]                                

                       isoindol-6-ol                                           

     __________________________________________________________________________

PAC  EXAMPLE VIII
PAR  Ten grams of 2,3,4,6-tetrahydro-6-(2-thienyl) pyrimido[
      2,1-a]isoindol-6-ol, as described in Example VII, are suspended in 75 ml.
      of absolute ethanol and then saturated with a continuous flow of
      hydrochloric acid gas. The resulting solution is evaporated to dryness and
      ethanol-ethylacetate to yield
      2,3,4,6-tetrahydro-6-(2-thienyl)pyrimido[2,1,-a]isoindol-6-ol
      hydrochloride, m.p. 238.degree.C. dec., as a white crystalline solid which
      is soluble in water.
PAR  Analysis: Calc'd for C.sub.15 H.sub.14 N.sub.2 OS.HCl: C, 58.71; H, 4.93;
      N, 9.14; Cl, 11.56; S, 10.45 Found: C, 58.77; H, 4.74; N, 9.20; Cl, 11.75;
      S, 10.8.
PAC  EXAMPLE IX
PAR  When the procedure of Example VIII is repeated with the
      tetrahydropyrimidoisoindolols of Examples II - VII, the following
      respective hydrochloride salts are obtained:
PA1  8-bromo-2,3,4,6-tetrahydro-6-(4-tolyl)pyrimido [2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2(3,4,5,6-tetrahydro-2-pyrimidinyl)-4-methylbutyrophenone hydrochloride;
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)-3-iodobenzaldehyde hydrochloride;
PA1  8,9-dibromo-6-(4-bromophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-o
     l hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(2,4-dimethoxyphenyl)pyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol hydrochloride;
PA1  6-(3,4-dichlorophenyl)-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(4-bromophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(2,4-dibromophenyl)-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(5,6,7,8-tetrahydro-2-naphthyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol
     -6-ol hydrochloride;
PA1  6-(4-trifluoromethylphenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(2-trifluoromethylphenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-furyl-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol hydrochloride;
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)acetophenone hydrochloride;
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)benzaldehyde hydrochloride;
PA1  2'-phenyl-2-(3,4,5,6-tetrahydro-2-pyrimidinyl) acetophenone hydrochloride;
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)valerophenone hydrochloride
PA1  6-(3-amino-4-chlorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(4-tolyl)pyrimido[2,1-a]isoindol-6-ol hydrochloride;
PA1  8-chloro-2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-9-methyl-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  8-ethylamino-2,3,4,6-tetrahydro-6-phenylpyrimido[ 2,1-a]isoindol-6-ol
      dihydrochoride;
PA1  8,9 -dichloro-2,3,4,6-tetrahydro-6-phenylpyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-8,9-dimethoxy-6-phenylpyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(3,4-diiodophenyl)pyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2-(3,4,5,6-tetrahydro12-pyrimidinyl)-2'-methyl-4,5-dipropoxypropiophenone
      hydrochloride;
PA1  6-(3,4-diethoxyphenyl)-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(4-hexylphenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  4-amino-2-(3,4,5,6-tetrahydro-2-pyrimidinyl)benzaldehyde dihydrochloride;
PA1  9-chloro-6-(4-ethylphenyl)-2,3,4,6-tetrahydropyrimido]2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(2-thienyl)pyrimido[2,1-a]isoindol-6-ol hydrochloride;
PA1  2,3,4,6-tetrahydro-9-methyl-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-phenyl-7-propylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(4-fluorophenyl)-2,3,4,6-tetrahydropyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  6-(3-bromo-4-methylphenyl)-2,3,4,6-tetrahydropyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(3-iodophenyl)pyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  9-amyl-2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-phenyl-8-propylaminopyrimido[[2,1-a]isoindol-6-ol
      dihydrochloride;
PA1  9-butoxy-2,3,4,6-tetrahydro-6-phenylpyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(3,4-dimethylphenyl)pyrimido[ 2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-(4-propoxyphenyl)pyrimido[2,1-a]isoindol-6-ol
      hydrochloride;
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)-4,5-dimethylbenzaldehyde
      hydrochloride;
PA1  2,3,4,6-tetrahydro-6-pyridylpyrimido[2,1-a]isoindol-6-ol hydrochloride; and
PA1  2-(3,4,5,6-tetrahydro-2-pyrimidinyl)-4-methoxyvalerophenone hydrochloride.
PAC  EXAMPLE X
PAR  Thirty-five grams of
      9b-(p-chlorophenyl)-1,2,3,9b-tetrahydro-1H-imidazo[2,1-a]isoindol-5-one
      and 150 ml. of 60 percent hydrochloric acid are stirred and heated to a
      clear solution. Stirring is continued for 20 minutes after solid begins to
      precipitate. The mixture is cooled and the solid is separated by
      filtration. On recrystallization from ethanol there is obtained
      2-(2-aminoethyl)-3-(p-chlorophenyl)-3-hydroxyphthalimidine hydrochloride,
      m.p. 243.degree.-5.degree.C.
PAR  Analysis: Calc'd for C.sub.16 H.sub.15 N.sub.2 OCl.HCl: C, 56.63; H, 4.76;
      N, 8.26; Cl, 20.91. Found: C, 56.38; H, 4.57; N, 8.01; Cl, 20.9.
PAR  Seventeen grams of the phthalimidine hydrochloride from above, 20 g. of
      p-toluenesulfonyl chloride and 200 ml. of pyridine are refluxed for two
      hours and then the mixture is evaporated to dryness. On recrystallization
      of the residue from ethanol there is obtained 9b-(p-chlorophenyl)-
      1,2,3,9b-tetrahydro-1-(p-tolylsulfonyl)-1H-imidazo[2,1-a]isoindol-5-one,
      m.p. 170.degree.-2.degree.C.
PAR  Analysis: Calc'd for C.sub.23 H.sub.19 ClN.sub.2 O.sub.3 S: C, 62.93; H,
      4.34; N, 6.38; Cl, 8.08; S, 7.30. Found: C, 63.24; H, 4.61; N, 6.15; Cl,
      7.91; S, 7.3.
PAR  Ten grams of
      9b-(p-chlorophenyl)-1,2,3,9b-tetrahydro-1-(p-tolylsulfonyl)-1H-imidazo[2,1
     -a]isoindol-5-one are dissolved in 25 ml. of 90 percent sulfuric acid and
      stirred at room temperature for one-half hour. The solution is quenched
      with ice water, then filtered to separate some precipitated solid. The
      filtrate which contains the sulfate salt of
      4'-chloro-2-(2-imidazolin-2-yl)benzophenone is cooled and made basic with
      a saturated sodium bicarbonate solution. The precipitated solid is
      separated by filtration and washed throughly with water. On
      recrystallization from ethanol there is obtained
      5-(4-chlorophenyl)-2,3-dihydro-5H-imidazo[ 2,1-a]isoindol-5-ol, m.p.
      215.degree.-7.degree.C., dec., as a white crystalline solid which is
      insoluble in water and soluble in ethanol.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 223 m.mu.
      (.epsilon.=19,000), infl. 242.5 m.mu. (.epsilon.=8,300), max. 268.5 m.mu.
      (.epsilon.=4,400), max. 272 m.mu. (.epsilon.=4,400); Ultra Violet
      Absorption (pH1) infl. 223 m.mu. (.epsilon.=18,000), max. 251 m.mu.
      (.epsilon.=11,000), max. 253 m.mu. (.epsilon.=10,800); Infra Red
      Absorption (KBr) 1647 cm.sup.-.sup.1, 2300-3200 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.16 H.sub.13 N.sub.2 OCl: C, 67.49; H, 4.60N, 9.40; Cl,
      12.45. Found: C, 67.18; H, 4.32; N, 9.68; Cl, 12.7.
PAR  In a similar manner, the sulfate salts of
      2-(2-imidazolin-2-yl)-3',4'-diiodobenzophenone;
      2'-(2-imidazolin-2-yl)-2-methyl-4',5'-dipropoxypropiophenone and
      3',4'-diethoxy-2-(2-imidazolin-2-yl)benzophenone are produced which are
      then contacted with a saturated sodium bicarbonate solution to
      respectively afford the following compounds:
      2,3-dihydro-5-(3,4-diiodophenyl)-5H-imidazo[2,1-a]isoindol-5-ol;
      2,3-dihydro-5-isopropyl-7,8-dipropoxy-5H-imidazo[2,1-a]isoindol-5-ol; and
      5-(3,4-diethoxyphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XI
PAR  Seventy grams of
      9b-(p-tolyl)-1,2,3,9b-tetrahydro-1H-imidazo[2,1-a]isoindol-5-one and 300
      ml. of 48 percent hydrobromic acid are stirred and heated to a clear
      solution. Stirring is continued for fifteen minutes after precipitation.
      Thereafter, the reaction mixture is cooled and the precipitated solid,
      2-(2-aminoethyl)-3-(p-tolyl)-3-hydroxyphthalimidine hydrobromide, is
      separated by decantation, admixed with 40 g. of p-toluenesulfonyl chloride
      and 400 ml. of pyridine, heated to 100.degree.C. for four hours and
      evaporated to dryness.
PAR  Twenty grams of the residue
      9b-(p-tolyl)-1,2,3,9b-tetrahydro-1-(p-tolylsulfonyl)-1H-imidazo[2,1-a]isoi
     ndol-5-one are dissolved in 50 ml. of 80 percent sulfuric acid and stirred
      at room temperature for one hour. The reaction mixture which contains the
      sulfate salt of 2-(2-imidazolin-2-yl)-4'-methylbenzophenone is then cooled
      by the addition of ice water and made alkaline by the addition of a 10N
      sodium hydroxide solution. The precipitated solid is separated by
      decantation and recrystallized from dioxan to obtain crystalline
      2,3-dihydro-5-(4-tolyl(-5H-imidazo[2,1-a]isoindol-5-ol, m.p.
      208.degree.-210.degree.C.
PAR  In a similar manner, the following sulfates are synthesized:
      4'-hexyl-2-(2-imidazolin-2-yl)benzophenone;
      4-amino-2-(2-imidazolin-2-yl)benzaldehyde;
      4'-chloro-2'-(2-imidazolin-2-yl)-2-phenylacetophenone; and
      2-(2-imidazolin-2-yl)phenyl-2-thienyl ketone which are then contacted with
      a base to respectively afford the following:
      5-(4-hexylphenyl)2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol;
      8-amino-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol;
      8-chloro-5-(4-ethylphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol; and
      2,3-dihydro-5-(2-thienyl)-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XII
PAR  Thirty-five grams of
      9b-phenyl-1,2,3,9b-tetrahydro-1H-imidazo[2,1-a]isoindol-5-one and 150 ml.
      of 50 percent hydrochloric acid are stirred and heated to a clear
      solution. Stirring is continued for 30 minutes after solid begins to
      precipitate. The mixture is cooled and the solid is separated by
      filtration. On recrystallization from ethanol there is obtained
      2-(2-aminoethyl)-3-phenyl-3-hydroxyphthalimidine hydrochloride.
PAR  Seventeen grams of the phthalimidine hydrochloride from above, 20 g. of
      p-butoxyphenylsulfonyl chloride and 200 ml. of pyridine are refluxed for
      two hours and then the mixture is evaporated to dryness. On
      recrystallization of the residue from ethanol there is obtained
      9b-phenyl-1,2,3,9b-tetrahydro-1-(p-butoxyphenylsulfonyl)-1H-imidazo
      [2,1-a]isoindol-5-one which is admixed with 25 ml. of 95 percent sulfuric
      acid for one hour. The reaction mixture which contains the sulfate salt of
      2-(2-imidazolin-2-yl) benzophenone is then cooled by the addition of ice
      water and made alkaline by the addition of a 5N potassium hydroxide
      solution. The product is then separated by filtration and recrystallized
      from dioxan to afford 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindol-5-ol,
      m.p. 207 C., as a white crystalline solid which is insoluble in water and
      soluble in dimethylacetamide and ethanol.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) infl. 225 m.mu.
      (.epsilon.=14,900), max. 268 m.mu. (.epsilon.=4,200); Ultra Violet
      Absorption (pH1) max. 250 m.mu. (.epsilon.=13,500); Infra Red Absorption
      (KBr) 1660 cm.sup.-.sup.1, 2300-3000 cm.sup.-.sup.1.
PAR  Calc'd for C.sub.16 H.sub.14 N.sub.2 O: C, 76.77; H, 5.63; N, 11.20Found:
      C, 76.63; H, 5.66; N, 11.0.
PAR  Similarly, the sulfate salts of 2-(2-imidazolin-2-yl)-4-methylbenzophenone
      and 2-(2-imidazolin-2-yl)-6-propylbenzophenone are produced which are then
      converted to 2,3-dihydro-8-methyl-5-phenyl-5H-imidazo[2,1-a]isoindol-5-ol
      and 2,3-dihydro-5-phenyl-6-propyl-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XIII
PAR  Forty grams of
      9b-(p-bromophenyl)-1,2,3,9b-tetrahydro-1H-imidazo[2,1-a]isoindol-5-one and
      200 ml. of 50 percent hydrochloric acid are stirred and heated to a clear
      solution. Stirring is continued for 20 minutes after solid begins to
      precipitate. The mixture is cooled and the solid is separated by
      filtration. On recrystallization from ethanol there is obtained
      2-(2-aminoethyl)-3-(p-bromophenyl)-3-hydroxyphthalimidine hydrochloride.
PAR  Twenty grams of the phthalimidine hydrochloride from above, 24 g. of
      p-bromophenylsulfonyl chloride and 250 ml. of pyridine are refluxed for
      three hours and then the mixture is evaporated to dryness. On
      recrystallization of the residue from methanol there is obtained
      9b-(p-bromophenyl)-1,2,3,9b-tetrahydro-1-(p-bromophenylsulfonyl)-1H-imidaz
     o[2,1-a]isoindol-5-one which is hydrolyzed with sulfuric acid to afford the
      sulfate salt of 4'-bromo-2-(2-imidazolin-2-yl)benzophenone which is
      contacted with an aqueous sodium hydroxide solution. The product is then
      separated by filtration to afford
      5-(4-bromophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol, m.p.
      194.degree.-6.degree.C., as a white crystalline solid which is soluble in
      dimethylacetamide and hot ethanol.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 228 m.mu.
      (.epsilon.=15,300), max. 268 m.mu. (.epsilon.=4,800), max. 274 m.mu.
      (.epsilon.=4,800); Ultra Violet Absorption (pH1) max. 250 m.mu.
      (68=11,000), max. 270 m.mu. (.epsilon.=10,500); Infra Red Absorption (KBr)
      1660 c.sup.-.sup.1, 2300-3000 c.sup.-.sup.1.
PAR  Calc'd for C.sub.16 H.sub.13 N.sub.2 OBr: C, 58.38; H, 3.98; N, 8.50; Br,
      24.28.
PAR  Found: C, 58.25; H, 4.02; N, 8.46; Br, 24.00.
PAR  In a similar manner, the following compounds are prepared:
PAR  3',4'-dichloro-2'-(2imidazolin-2-yl)benzophenone sulfate which is
      neutralized to afford
      5-(3,4-dichlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol, m.p.
      203-5.degree.C., as a white crystalline solid which is soluble in hot
      dimethylacetamide and hot ethanol.
PAR  Analysis: Ultra Violet Absorption (95 /o ETOH), infl. 228 m.mu.
      (.epsilon.=21,200), max. 274 m.mu. (.epsilon.=4,500), max. 281 m.mu.
      (.epsilon.=3,500); Ultra Violet Absorption (pH1) max. 243 m.mu.
      (.epsilon.=12,200), max. 251 m.mu. (.epsilon.=11,750), infl. 265
      m.mu.(.epsilon.=9,000), infl. 278 m.mu. (.epsilon.=6,750); Infra Red
      Absorption (KBr) 1655 cm.sup..sup.-1, 2300-3000 cm.sup..sup.-1.
PAR  Calc'd for C.sub.16 H.sub.12 Cl.sub.2 N.sub.2 O: C, 60.21; H, 3.79; N,
      8.78; Cl, 22.22. Found: C, 59.91; H, 3.66; N, 8.66; Cl, 22.30.
PAR  4'-fluoro-2 -(2-imidazolin-2-ylbenzophenone sulfate which is neutralized to
      afford 5-(4-fluorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol, m.p.
      214.degree.-216.degree.C., dec., as a white crystalline solid which is
      insoluble in water and soluble in dimethylacetamide.
PAR  Analysis: Ultra Violet Absorption (95% ETOH), infl. 235 m.mu.
      (.epsilon.=12,000), infl. 242 m.mu. (.epsilon.=10,200), max. 263 m.mu.
      (.epsilon.=6,100), max. 268 m.mu. (.epsilon.=5,600); Ultra Violet
      Absorption (pH1) max. 251 (.epsilon.=13,000); Infra Red Absorption (KBr)
      1640 cm.sup..sup.-1, 2300-3000cm.sup..sup.-1.
PAR  Calc'd for C.sub.16 H.sub.13 N.sub.2 OF: C, 71.62; H, 4.88; N, 10.44 Found:
      C, 71.73; H, 5.00; N, 10.68.
PAR  3'-bromo-4'-methyl-2 -(2-imidazolin-2-yl)benzophenone sulfate which is
      neutralized to afford
      5-(3-bromo-4-methylphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
      m.p. 233.degree.-5.degree.C., dec., as a white crystalline solid which is
      insoluble in water and soluble in dimethylacetamide.
PAR  Analysis: Calcd for C.sub.17 H.sub.15 BrN.sub.2 O: C, 59.47; H, 4.41; N,
      8.16; Br, 23.28. Found: C, 59.75; H, 4.60; N, 8.32; Br. 23.23.
PAC  EXAMPLE XIV
PAR  Ninety grams of
      1,2,3,9b-tetrahydro-9b-phenyl-5H-imidazo[2,1-a]isoindol-5-one, 75 g. of
      p-toluenesulfonyl chloride and one liter of pyridine are heated at reflux
      for fourteen to eighteen hours. The solution is evaporated in vacuo to
      dryness, the residue slurried with water and then separated by filtration.
      On recrystallization from ethanol there is obtained 90 g. of
      9b-phenyl-1,2,3,9b-tetrahydro-1-(p-tolysulfonl-5H-imidazo[2,1-a]isoindol-5
     -one, m.p. 158.degree.-160.degree.C.
PAR  Ninety grams of the above prepared sulfonamide compound is dissolved in 200
      ml. of 80% sulfuric acid and is left at room temperature for two hours.
      The solution is diluted with two volumes of water and extracted with
      ether. The aqueous portion which contains the sulfate salt of
      2-(2-imidazolin-2-yl)benzophenone is then neutralized with 50% sodium
      hydroxide solution while keeping the temperature below 25.degree.C. The
      solid is separated and washed with water. On recrystallization from
      dimethylformamide there is obtained 27 g. of
      2,3-dihydro-5-phenyl-5H-imidazo [2,1-a]isoindol-5-ol which has the same
      analytical characteristics as the product of Example XII.
PAC  EXAMPLE XV
PAR  Sixty grams of
      9b-(4-chlorophenyl)-1,2,3,9b-tetrahydro-5H-imidazo[2,1-a]isoindol-5-one,
      60 g. of p-toluenesulfonyl chloride and 750 ml. of pyridine are heated at
      reflux for fourteen hours. The reaction mixture is worked-up as described
      in Example XIV to obtain 70 g. of
      9b-(p-chlorophenyl)-1,2,3,9b-tetrahydro-1-(p-tolylsulfonyl)-5H-imidazo
      [2,1-a]isoindol-5-one, m.p. 169.degree.-171.degree.C. which can be
      recrystallized from ethanol (m.p. 170.degree.-2.degree.C.).
PAR  Forth-five grams of the above prepared sulfonamide compound is dissolved in
      100 ml. of 80% sulfuric acid and is left at room temperature for two
      hours. The solution is diluted with two volumes of water and extracted
      with ether. The aqueous portion which contains
      4'-chloro-2-(2-imidazolin-2-yl)benzophenone is neutralized with 50% sodium
      hydroxide solution while keeping the temperature below 25.degree.C. The
      solid is separated, washed with water and recrystallized from
      dimethylformamide to afford 23 g. of
      5-(4-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol which has
      the same analytical characteristics as the product of Example X.
PAR  The above procedure is repeated to react a
      1,2,3,9b-tetrahydro-1H-imidazo[2,1-a]isoindol-5-one of VIII-XII with an
      appropriate sulfonyl halide, in pyridine, at a temperature within the
      range of about 80.degree.C. to above 115 C. for a period of about two to
      about ten hours to afford the corresponding sulfonamide which is treated
      with about 80 to about 100 percent sulfuric acid to yield an appropriate
      2-(2-imidazolin-2-yl)benzophenone sulfate which is neutralized to produce
      a 2,3-dihydro-5H-imidazo[2,1-a] isoindol-5-ol.
PAC  EXAMPLE XVI
PAR  Ten grams of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a] isoindol-5-ol, as
      described in Example XII, are suspended in 75 ml. of absolute ethanol and
      then saturated with a continuous flow of hydrochloric acid gas. The
      resulting solution is filtered to remove impurities and on standing
      2-(2-imidazolin-2-yl)benzophenone hydrochloride precipitates as a white
      crystalline sold, m.p. 197.degree.-9.degree.C., dec.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) max. 250 m.mu.
      (.epsilon.=12,800); Infra Red Absorption (KBr) 1647 cm.sup..sup.-1,
      2400-3200 cm.sup..sup.-1.
PAR  Calc'd for C.sub.16 H.sub.14 N.sub.2 O.sup.. HCl: C, 67.03; H, 5.27; N,
      9.77; Cl, 12.36. Found: C, 66.88; H, 5.33; N, 9.83; Cl, 12.50.
PAC  EXAMPLE XVII
PAR  Ten grams of 5-(4-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
      as described in Example X, are suspended in 75 ml. of absolute ethanol and
      then saturated with a continuous flow of hydrochloric acid gas. The
      resulting solution is filtered, evaporated to dryness and the residue
      recrystallized from ethanol-ethyl acetate to afford
      4'-chloro-2-(2-imidazolin-2-yl)benzophenone hydrochloride, m.p.
      170.degree.-2.degree.C., dec., as a white crystalline solid which is
      soluble in water.
PAR  Analysis: Ultra Violet Absorption (95% ETOH) infl. 223 m.mu.
      (.epsilon.=19,100), max. 252 m.mu. (.epsilon.=12,100), max. 265 m.mu.
      (.epsilon.=12,300); Infra Red Absorption (KBr) 1647 cm.sup..sup.-1,
      2300-3200 cm.sup..sup.-1.
PAR  Calc'd for C.sub.16 H.sub.13 N.sub.2 OCl.sup.. HCl: C, 59.80; H, 4.40; N,
      8.72; Cl, 22.08. Found: C, 59.63; H, 4.50; N, 8.72; Cl, 21.79.
PAR  Similarly, the following hydrochlorides are prepared:
PAR  2-(2-imidazolin-2-yl)-3',4'-diiodobenzophenone hydrochloride;
PAR  2'-(2-imidazolin-2-yl)-2-methyl-4',5'-dipropoxypropiophenone hydrochloride;
PAR  3',4'-diethoxy-2-(2-imidazolin-2-yl)benzophenone hydrochloride;
PAR  2-(2-imidazolin-2-yl)-4'-methylbenzophenone hydrochloride;
PAR  4'-hexyl-2-(2-imidazolin-2-yl)benzophenone hydrochloride;
PAR  4-amino-2-(2-imidazolin-2-yl)benzaldehyde dihydrochloride;
PAR  4-chloro-2-(2-imidazolin-2-yl)-2'-phenylacetophenone hydrochloride;
PAR  2-(2-imidazolin-2-yl)phenyl-2-thienyl ketone hydrochloride;
PAR  2-(2-imidazolin-2-yl)-4-methylbenzophenone hydrochloride;
PAR  2-(2-imidazolin-2-yl)-61propylbenzophenone hydrochloride;
PAR  4'-bromo-2-(2-imidazolin-2-yl)benzophenone hydrochloride;
PAR  3',4'-dichloro-2-(2-imidazolin-2-yl)benzophenone hydrochloride;
PAR  4'-fluoro-2-(2-imidazolin-2-yl)benzophenone hydrochloride; and
PAR  3'-bromo-2-(2-imidazolin-2-yl)-4'-methylbenzophenone hydrochloride.
PAC  EXAMPLE XVIII
PAR  When the procedure of Examples X - XV are repeated with appropriate
      starting material, the following dihydroimidazoisoindolols are prepared
      which by the procedure described in Examples XVI - XVII are then converted
      to their corresponding imidazolinyl phenyl carbonyl hydrochlorides.
TBL  __________________________________________________________________________

                        IMIDAZOLINYL PHENYL                                    

     DIHYDROIMIDAZOISOINDOLOLS                                                 

                        CARBONYL HYDROCHLORIDE                                 

     __________________________________________________________________________

     7-bromo-2,3-dihydro-5-(4-tolyl)                                           

                        5-bromo-2-(2-imidazolin-                               

     5H-imidazo[2,1-a]isoindol-5-ol                                            

                        2-yl)-4-methylbenzophenone                             

                        hydrochloride                                          

     2,3-dihydro-8-methyl-5-propyl-                                            

                        2-(2-imidazolin-2-yl)-4-                               

     5H-imidazo[2,1-A]isoindol-5-ol                                            

                        methylbutyrophenone                                    

                        hydrochloride                                          

     2,3-dihydro-9-iodo-5H-imidazo                                             

                        2-(2-imidazolin-2-yl)-3-                               

     [2,1-a]isoindol-5-ol                                                      

                        iodobenzaldehyde hydro-                                

                        chloride                                               

     7,8-dibromo-5-(4-bromophenyl)-                                            

                        4,4',5-tribromo-2-(2-                                  

     2,3-dihydro-5H-imidazo[2,1-a]                                             

                        imidazolin-2 yl)benzo-                                 

     isoindol-5-ol      phenone hydrochloride                                  

     2,3-dihydro-5-(2,4-dimethoxy-                                             

                        2-(2-imidazolin-2-yl)-2',4'                            

     phenyl)-5H-imidazo[2,1-a]                                                 

                        dimethoxybenzophenone                                  

     isoindol-5-ol      hydrochloride                                          

     5-(2,4-dibromophenyl)-2,3-                                                

                        2',4'-dibromo-2-(2-imidazo-                            

     dihydro-5H-imidazole[2,1-a]                                               

                        lin-2-yl)benzophenone                                  

     isoindol-5-ol      hydrochloride                                          

     2,3-dihydro-5-(5,6,7,8-tetrahydro                                         

                        2-(2-imidazolin-2-yl)                                  

     2-naphthyl)-5H-imidazo[2,1-a]                                             

                        phenyl-(5,6,7,8-tetrahydro                             

     isoindol-5-ol                                                             

     2-naphthyl)ketone hydro-                                                  

                        chloride                                               

     5-(4-trifluoromethylphenyl)-                                              

                        4'-trifluoromethyl-2-                                  

     2,3-dihydro-5H-imidazo[2,1-a]                                             

                        (2-imidazolin-2-yl)benzo-                              

     isoindol-5-ol      phenone hydrochloride                                  

     5-(2-trifluoromethylphenyl)-                                              

                        2'-trifluoromethyl-2-(2-                               

     2,3-dihydro-5H-imidazo[2,1-a]                                             

                        imidazolin-2-yl)benzophenone                           

     isoindol-5-ol      hydrochloride                                          

     5-furyl-2,3-dihydro-5H-imidazo                                            

                        furyl-2-(2-imidazolin-2-yl)                            

     [2,1-a]isoindol-5-ol                                                      

                        phenyl ketone hydrochloride                            

     2,3-dihydro-5-methyl-5H-imidazo                                           

                        2-(2-imidazolin-2-yl)aceto-                            

     [2,1-a]isoindol-5-ol                                                      

                        phenone hydrochloride                                  

     2,3-dihydro-5H-imidazo[2,1-a]                                             

                        2-(2-imidazolin-2-yl)benz-                             

     isoindol-5-ol      aldehyde hydrochloride                                 

     5-benzyl-2,3-dihydro-5H-imidazo                                           

                        2'-(2-imidazolin-2-yl)-2-                              

     [2,1-a]isoindol-5-ol                                                      

                        phenylacetophenone hydro-                              

                        chloride                                               

     5-butyl-2,3-dihydro-5H-imidazo                                            

                        2-(2-imidazolin-2-yl)valero-                           

     [2,1-a]isoindol-5-ol                                                      

                        phenone hydrochloride                                  

     5-(3-amino-4-chlorophenyl)-2,3-                                           

                        3'-amino-4'-chloro-2-(2-                               

     dihydro-5H-imidazo[2,1-a]iso-                                             

                        imidazolin-2-yl)benzophenone                           

     indol-5-ol         dihydrochloride                                        

     7-chloro-2,3-dihydro-5-phenyl-                                            

                        5-chloro-2-(2-imidazolin-                              

     5H-imidazo[2,1-a]isoindol-5-ol                                            

                        2-yl)benzophenone hydro-                               

                        chloride                                               

     2,3-dihydro-8-methyl-5-phenyl-                                            

                        2-(2-imidazolin-2-yl)-4-                               

     5H-imidazo[2,1-a]isoindol-5-ol                                            

                        methylbenzophenone hydro-                              

                        chloride                                               

     7-ethylamino-2,3-dihydro-5-                                               

                        5-ethylamino-2-(2-imidazolin                           

     phenyl-5H-imidazo[2,1-a]                                                  

     2-yl)benzophenone dihydro-                                                

     isoindol-5-ol      chloride                                               

     7,8-dichloro-2,3-dihydro-5-                                               

                        4,5-dichloro-2-(2-imidazolin                           

     phenyl-5H-imidazo[2,1-a]                                                  

     2-yl)benzophenone hydro-                                                  

     isoindol-5-ol      chloride                                               

     2,3-dihydro-7,8-dimethoxy-5-                                              

                        2-(2-imidazolin-2-yl)-4,5-                             

     phenyl-5H-imidazo[2,1-a]                                                  

                        dimethoxybenzophenone                                  

     isoindol-5-ol      hydrochloride                                          

     2,3-dihydro-5-(3-iodophenyl)-                                             

                        2-(2-imidazolin-2-yl)-3'-                              

     5H-imidazo[2,1-a]isoindol-5-                                              

                        iodobenzophenone hydro-                                

     ol                 chloride                                               

     8-amyl-2,3-dihydro-5-phenyl-                                              

                        4-amyl-2-(2-imidazolin-2-yl)                           

     5H-imidazo[2,1-a]isoindol-5-                                              

                        benzophenone hydrochloride                             

     ol                                                                        

     2,3-dihydro-5-phenyl-7-propyl-                                            

                        2-(2-imidazolin-2-yl)-5-                               

     5H-imidazo[2,1-a]isoindol-5-ol                                            

                        propylbenzophenone hydro-                              

                        chloride                                               

     8-butoxy-2,3-dihydro-5-phenyl-                                            

                        4-butoxy-2-(2-imidazolin-2-yl)                         

     5H-imidazo[2,1-a]isoindol-5-ol                                            

                        benzophenone hydrochloride                             

     2,3-dihydro-5-(3,4-dimethyl-                                              

                        2-(2-imidazolin-2-yl)-3',4'-                           

     phenyl)-5H-imidazo[2,1-A]                                                 

                        dimethylbenzophenone hydro-                            

     isoindol-5-ol      chloride                                               

     2,3-dihydro-5-(4-propoxy-                                                 

                        2-(2-imidazolin-2-yl)-4'-                              

     phenyl)-5H-imidazo[2,1-a]                                                 

                        propoxybenzophenone hydro-                             

     isoindol-5-ol      chloride                                               

     2,3-dihydro-7,8-dimethyl-5H-                                              

                        2-(2-imidazolin-2-yl)-4,5-                             

     imidazo[2,1-a]isoindol-5-ol                                               

                        dimethylbenzaldehyde hydro-                            

                        chloride                                               

     __________________________________________________________________________

PAC  EXAMPLE XIX
PAR  2-(2-Imidazolin-2-yl)benzophenone hydrobromide is prepared by admixing an
      ethanolic solution of 2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindol-5-ol
      with an ethanol solution containing an equivalent amount of hydrobromic
      acid and, thereafter, evaporating the solvent under vacuum.
PAR  Other new tetrahydropyrimidinyl phenyl carbonyl imidazolinyl carbonyl
      carbonly and tetrahydropyrimidoisoindolol acid addition salts of the
      present invention are prepared by the same procedure employing hydrobromic
      acid, hydroiodic acid, nitric acid, sulfuric acid, phosphoric acid, acetic
      acid, lactic acid, citric acid, tartaric acid, maleic acid and gluconic
      acid.
PAC  EXAMPLE XX
PAR  Two grams of 1-(p-chlorophenyl)-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine
      dihydrochloride are dissolved in 50 ml. of water. A solution of 1 g. of
      potassium permanganate in 50 ml. of water is added dropwise over a period
      of one-half hour. The mixture is filtered to remove inorganic salts and
      the filtrate is made basic with sodium carbonate solution. The
      precipitated solid is separated and washed with water. On
      recrystallization from ethanol there is obtained
      5-(4-chlorophenyl)-2,3-dihydro-5H-imidazo [2,1-a]isoindol-5-ol which has
      the same physical characteristics as the identical compound of Example X.
PAR  Similarly, 2,3-dihydro-5-(2-phenethyl-5H-imidazo [2,1-a]isoindol-5-ol is
      obtained by the oxidation of
      1-phenethyl-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine dihydrobromide with
      potassium dichromate.
PAC  EXAMPLE XXI
PAR  Repeating the procedure of Example XX to oxidize a hereinafter listed
      hexahydrobenzodiazocine, the following dihydroimidazoisoindolol compounds
      are prepared:
TBL  HEXAHYDROBENZODIAZOCINE                                                   

                      DIHYDROIMIDAZOISOINDOLOLS                                

     ______________________________________                                    

     1,2,3,4,5,6-hexahydro-1-(p-bromophenyl)-2,5-benzodiazocine                

     dihydrochloride  5-(4-bromophenyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-

                      ol                                                       

     1,2,3,4,5,6-hexahydro-1-(p-methoxyphenyl)-2,5-benzodiazocine              

     dihydrochloride  2,3-dihydro-5-(4-methoxyphenyl)-5H-imidazo[2,1-a]isoindol

                      -5-ol                                                    

     1-benzyl-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine dihydrobromide          

                      5-benzyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol      

     1,2,3,4,5,6-hexahydro-1-(2-thienyl)-2,5-benzodiazocine dihydrochloride    

                      2,3-dihydro-5-(2-thienyl)-5H-imidazo[2,1-a]isoindol-5-ol 

                      .                                                        

     1-(3-furyl)-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine dihydrochloride      

                      5-(3-furyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol   

     1,2,3,4,5,6-hexahydro-8-methyl-1-phenyl-2,5-benzodiazocine                

     dihydrochloride  2,3-dihydro-7-methyl-5-phenyl-5H-imidazo[2,1-a]isoindol-5

                      -ol                                                      

     1,2,3,4,5,6-hexahydro-1-(2-pyridyl)-2,5-benzodiazocine dihydrochloride    

                      2,3-dihydro-5-(2-pyridyl)-5H-imidazo[2,1-a]isoindol-5-ol 

                      0                                                        

     1,2,3,4,5,6-hexahydro-8,9dimethoxy-1-(p-tolyl)-2,5-benzodiazocine         

     dihydrochloride  2,3-dihydro-7,8-dimethoxy-5-(4-tolyl)-5H-imidazo[2,1-a]is

                      oindol-5-ol                                              

     ______________________________________                                    

PAC  EXAMPLE XXII
PAR  Four grams of 1,2,3,4,5,6-hexahydro-8,9-dimethyl1-phenyl-2,5-benzodiazocine
      is dissolved in 100 ml. of acetone. A solution of 2 g. of potassium
      chlorate in 100 ml. of water is added dropwise over a period of an hour.
      Thereafter, the mixture is filtered and evaporated to dryness to afford
      2,3-dihydro-7,8-dimethyl-5H-imidazo[2,1-a]isoindol-5-ol which is
      recrystallized from methanol.
PAR  Simiarly, 1-ethyl-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine is oxidized to
      afford 5-ethyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XXIII
PAR  One gram of 1,2,3,4,5,6-hexahydro-1-phenyl-2,5-benzodiazocine
      dihydrochloride is dissolved in 25 ml. of water. A solution of 0.5 g. of
      potassium permanganate in 25 ml. of water is added over a period of one
      hour. The mixture is filtered to remove precipitated inorganic salts and
      the filtrate is made alkaline with a potassium bicarbonate solution. The
      precipitated product is separated and recrystallized from ethanol. The
      product obtained in this manner is
      2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindol-5-ol which has the same
      physical characteristics as the identical compound of Example XII.
PAR  In the same manner,
      1,2,3,4,5,6-hexahydro-1-(2,4-dimethoxyphenyl)-2,5-benzodiazocine is
      converted to
      2,3-dihydro-5-(2,4-dimethoxyphenyl)-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XXIV
PAR  When the oxidation procedures of the previous Examples are repeated at
      temperature ranges from 20.degree.C. to 60.degree.C. for periods of up to
      about four hours on the following hexahydrobenzodiazocines the hereinafter
      listed dihydroimidazoisoindolol compounds are obtained:
TBL  HEXAHYDROBENZODIAZOCINES                                                  

                       DIHYDROIMIDAZOISOINDOLOLS                               

     ______________________________________                                    

     1,2,3,4,5,6-hexahydro-1-(5,6-7,8-tetrahydro-2-naphthyl)-2,5-benzodiazocine

     O                 2,3-dihydro-5-(5,6,7,8-tetrahydro-2-naphthyl)-5H-imidazo

                       [2,1-a]isoindol-5-ol                                    

     1,2,3,4,5,6-hexahydro-1-(p-trifluoromethylphenyl)-2,5-benzodiazocine      

                       5-(4-trifluoromethylphenyl)-2,3-dihydro-5H-imidazo[2,1-a

                       ]isoindol-5-ol                                          

     1,2,3,4,5,6-hexahydro-8,9-dichloro-1-phenyl-2,5-benzodiazocine            

                       7,8-dichloro-2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoin

                       dol-5-ol                                                

     1-(p-ethylphenyl)-1,2,3,4-5,6-hexahydro-2,5-benzodiazocine                

                       5-(4-ethylphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-

                       5-ol                                                    

     8,9-dibromo-1,2,3,4,5,6-hexahydro-1-phenyl-2,5-benzodiazocine             

                       7,8-dibromo-2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoind

                       ol-5-ol                                                 

     1,2,3,4,5,6-hexahydro-9-methylamino-1-(p-tolyl)-2,5-benzodiazocine        

                       2,3-dihydro-8-methylamino-5-(4-tolyl)-5H-imidazo[2,1-a]i

                       soindol-5-ol                                            

     ______________________________________                                    

PAC  EXAMPLE XXV
PAR  Ten grams of
      1-(3,4-dichlorophenyl)-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine dihydrochl
     oride are dissolved in 250 ml. of water. A solution of 5.0 g. of potassium
      permanganate in 250 ml. of water is added over a period of two hours. The
      mixture is filtered to remove precipitated inorganic salts and the
      filtrate is made alkaline with a sodium bicarbonate solution. The
      precipitated product is separated and recrystallized from methanol. The
      product obtained in this manner is
      5-(3,4-dichlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol which
      has the same physical characteristics as the identical compound of Example
      XIII.
PAR  Similarly,
      1-(3,4-dibromophenyl)-1,2,3,4,5,6-hexahydro-9-methyl-2,5-benzodiazocine
      dihydrobromide is oxidized to afford
      5-(3,4-dibromophenyl)-2,3-dihydro-8-methyl-5H-imidazo[2,1-a]isoindol-5-ol.
PAC  EXAMPLE XXVI
PAR  When the oxidation procedure of Examples XX to XXV is repeated employing
      the following hexahydrobenzodiazocines as starting materials, the
      hereinafter listed dihydroimidazoisoindolol compounds are produced.
TBL  ______________________________________                                    

     HEXAHYDROBENZODIAZOCINES                                                  

                       DIHYDROIMIDAZOISOINDOLOLS                               

     ______________________________________                                    

     1-(p-ethoxyphenyl)-1,2,3,4,5,6-hexahydro-2,5-benzodiazocine               

                       5-(4-ethoxyphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol

                       -5-ol                                                   

     1,2,3,4,5,6-hexahydro-1,9-dimethyl-2,5-benzodiazocine                     

                       2,3-dihydro-5,8-dimethyl-5H-imidazo[2,1-a]isoindol-5-ol 

     8-ethyl-1,2,3,4,5,6-hexahydro-1-phenyl-2,5-benzodiazocine                 

                       7-ethyl-2,3-dihydro-5-phenyl-5H-imidazo[2,1-a]isoindol-5

                       -ol                                                     

     1,2,3,4,5,6-hexahydro-8,9-dimethyl-1-phenethyl-2,5-benzodiazocine         

                       2,3-dihydro-7,8-dimethyl-5-(2-phenethyl)-5H-imidazo[2,1-

                       a]isoindol-5-ol                                         

     8-fluoro-1,2,3,4,5,6-hexahydro-1-(p-tolyl)-2,5-benzodiazocine             

                       7-fluoro-2,3-dihydro-5-(4-tolyl)-5H-imidazo[2,1-a]isoind

                       ol-5-ol                                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of acid addition salts having the formula:
      ##SPC7##
PAL  wherein R.sub.1 is selected from the group consisting of hydrogen, lower
      alkyl, phen(lower)alkyl, phenyl, monohalophenyl, dihalophenyl,
      mono(lower)alkylphenyl, di(lower)alkylphenyl, trifluoromethylphenyl,
      mono(lower)alkoxyphenyl, di(lower)alkoxyphenyl, thienyl, pyridyl, furyl
      and tetrahydro-2-naphthyl; R.sub.2 is selected from the group consisting
      of hydrogen, halogen, amino, lower alkylamino, lower alkyl and lower
      alkoxy; R.sub.3 is hydroxy when R.sub.2 and R.sub.3 are dissimilar and
      when R.sub.2 and R.sub.3 are the same they are both selected from the
      group consisting of phenyl, monohalophenyl, dihalophenyl,
      mono(lower)alkylphenyl, di(lower)alkylphenyl, trifluoromethylphenyl,
      mono(lower)alkoxyphenyl, di(lower)alkoxyphenyl, thienyl, pyridyl, furyl
      and tetrahydro-2-naphthyl; n is 1; and HX is a pharmacologically
      acceptable acid, which comprises reacting a compound having the formula:
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and n are defined as above, with a
      pharmacologically acceptable acid in ethanolic solution.
NUM  2.
PAR  2. A process according to claim 1 wherein the reaction occurs in an aqueous
      solution.
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ABST
PAL  Dihalonitromethylisoxazoles have been prepared from the corresponding
      nitronate salts. The compounds are useful as broad spectrum
      antibacterials, antifungals, antiprotozoals and aquatic biocides.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described was made in the course of or under a
      contract with the Office of Naval Research, Department of the Navy.
BSUM
PAR  This invention concerns novel dihalonitromethyl heterocyclic ring compounds
      which are useful in the control of a variety of harmful microorganisms.
PAR  The nitration of active methylene compounds containing an activating group
      such as an ester, ketone or cyano group has been previously described. See
      Feuer et al., J. Am. Chem. Soc., 78, 4364 (1956), Ibid., 81, 5826 (1959),
      J. Org. Chem., 29, 939 (1964), Ibid., 31, 3152 (1966), Ibid., 34, 991
      (1969); and Klager, Ibid., 20, 646 (1955).
PAR  In addition, p-anisylnitromethane and its ring nitro derivatives have been
      prepared by Zalukajevs et al., Latvijas P.S.R. Zinatnu Akad. Vestis, 109
      (1956). The same auther also prepared .alpha.-naphthylnitromethane, J.
      Gen. Chem. U.S.S.R., 26, 657 (1956).
PAR  Primary or secondary nitro compounds form nitronate salts which react with
      bromine to form bromonitro compounds. In the case of .alpha.-nitrocyclic
      ketones, cleavage can occur upon bromination. See Feuer et al., J. Org.
      Chem., 29, 939 (1964), Ibid., 33, 3622 (1968), Ibid., 34, 991 (1969). The
      preparation of halo derivatives of various nitromethyl heterocycles was
      recently disclosed by Feuer et al., J. Org. Chem., 37, 3662 (1972).
      Zalukajevs et al. prepared the halo derivatives of 2-nitromethylquinoline,
      Zhur. Obshchei Khim., 28, 483 (1958).
PAR  There is no suggestion in any of the above-described publications that any
      of the compounds possess antimicrobial activity.
PAR  Belgian Patent No. 702,570 discloses 1-aryl-2-nitrohaloethanes useful in
      the control of bacteria, fungi and algae in water and aqueous
      compositions. Gum et al., U.S. Pats. Nos. 3,703,515 and 3,754,042,
      disclose dihalonitromethylsutstituted quinoxalines and cycloalkanes,
      respectively, which are said to have antimicrobial activity.
PAC  SUMMARY
PAR  This invention provides to the art a class of novel dihalonitromethyl
      heterocyclic ring compounds which possess strong activity against
      bacteria, fungi, and protozoa. Such compounds are those having the formula
EQU  R -- CX.sub.2 NO.sub.2
PAL  wherein X represents chloro or bromo;
PAL  R represents
      ##SPC1##
PAL  E represents oxygen or sulfur;
PAL  Ar combined with the two carbon atoms to which it is attached forms phenyl
      or naphthyl;
PAL  Each of the R.sup.1 groups independently represents C.sub.1 -C.sub.3 alkyl
      or phenyl;
PAL  n represents 0-2 when R.sup.1 represents C.sub.1 -C.sub.3 alkyl;
PAL  n represents 0 or 1 when R.sup.1 represents phenyl;
PAL  R.sup.2 represents hydrogen, C.sub.1 -C.sub.3 alkyl, or phenyl;
PAL  R.sup.3 represents hydrogen or C.sub.1 -C.sub.3 alkyl;
PAL  R.sup.4 represents C.sub.1 -C.sub.3 alkyl.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The compounds of this invention are characterized by a dihalonitromethyl
      group attached to a heterocyclic ring, which may be substituted with lower
      alkyl or phenyl groups.
PAR  The term C.sub.1 -C.sub.3 alkyl is used in the formula above to refer to
      alkyl groups such as methyl, ethyl, n-propyl and isopropyl.
PAR  The term Ar is used in the structures above to indicate that the scope of
      this invention includes fused-ring compounds wherein a thiazole or oxazole
      ring is fused to a phenyl or naphthyl ring to form compounds wherein the
      dihalonitromethyl group is 2-substituted on rings such as benzoxazole and
      naphthothiazole.
PAR  While the generic formula above describes the compounds unambiguously, the
      following compounds are named to assure that those skilled in the art
      understand the invention.
PA0  2-dichloronitromethyl-1,3,4-oxadiazole
PA0  2-dibromonitromethyl-5-isopropyl-1,3,4-oxadiazole
PA0  2-dibromonitromethyl-5-phenyl-1,3,4-oxadiazole
PA0  2-dichloronitromethyl-1,3,4-thiadiazole
PA0  2-dichloronitromethyl-5-phenyl-1,3,4-thiadiazole
PA0  2-dichloronitromethyl-5-methyl-1,3,4-thiadiazole
PA0  2-dibromonitromethyl-2-oxazoline
PA0  2-dibromonitromethyl-4,5-diethyl-2-oxazoline
PA0  2-dibromonitromethyl-5-isopropyl-2-oxazoline
PA0  2-dichloronitromethyl-4-phenyl-2-oxazoline
PA0  2-dichloronitromethyl-5-ethyl-2-thiazoline
PA0  2-dichloronitromethyl-2-thiazoline
      2-dibromonitromethyl-4,5-dimethyl-2-thiazoline
PA0  2-dichloronitromethyl-4-phenyl-2-thiazoline
PA0  2-dibromonitromethylthiazole
PA0  2-dibromonitromethyl-4,5-dimethylthiazole
PA0  2-dichloronitromethyl-4-ethylthiazole
PA0  2-dibromonitromethyl-5-phenylthiazole
PA0  2-dichloronitromethyloxazole
PA0  2-dichloronitromethyl-4-phenyloxazole
PA0  2-dichloronitromethyl-4-propyloxazole
PA0  2-dibromonitromethyl-4,5-diethyloxazole
      3-dichloronitromethyl-5-phenylisoxazole
PA0  5-dichloronitromethyl-3,4-dimethylisoxazole
PA0  5-dibromonitromethyl-3-isopropylisoxazole
PA0  2-dibromonitromethylbenzothiazole
PA0  2-dibromonitromethyl-5-ethylbenzothiazole
PA0  2-dichloronitromethyl-4,6-dimethylbenzothiazole
PA0  2-dibromonitromethyl-6-phenylbenzothiazole
PA0  2-dibromonitromethyl-4-phenylbenzoxazole
PA0  2-dichloronitromethyl-7-ethylbenzoxazole
PA0  2-dibromonitromethylbenzoxazole
PA0  2-dibromonitromethyl-5,7-diethylbenzoxazole
PA0  2-dibromonitromethylnaphtho[1,2-d]thiazole
PA0  2-dichloronitromethyl-5-phenylnaphtho[2,1-d]thiazole
PA0  2-dichloronitromethyl-4,6-diethylnaphtho[2,1-d]thiazole
PA0  2-dichloronitromethyl-8-ethylnaphtho[1,2-d]thiazole
PA0  2-dichloronitromethyl18-methylnaphtho[1,2-d]oxazole
PA0  2-dichloronitromethyl-6,9-dipropylnaphtho[2,1d]oxazole
PA0  2-dichloronitromethylnaphtho[1,2-d]oxazole
PA0  2-dibromonitromethyl-5-phenylnaphtho[2,1-d]oxazole
PAR  A preferred subgenus of this invention comprises compounds wherein the R
      group contains a ring oxygen atom. The preferred individual compounds of
      the invention are 3-dibromonitromethyl-5-phenylisoxazole,
      2-dibromonitromethylbenzoxazole, 3-dichloronitromethyl-5-phenylisoxazole,
      5-dichloronitromethyl-3-methylisoxazole, and
      2-dichloronitromethyl-2-oxazoline.
PAR  The compounds of this invention are easily prepared in a two-step synthesis
      from methyl-substituted heterocyclic ring compounds having the desired
      R.sup.1, R.sup.2, R.sup.3, or R.sup.4 substituents. Such compounds are
      commercially available or can be prepared using known procedures in the
      chemical literature.
PAR  The first step of the synthesis is the formation of a nitronate salt,
      having the structure
EQU  R - CH = NO.sub.2 .sup.-M.sup.+
PAL  In the formula, R represents the heterocyclic ring described above, and M
      represents alkali metal, preferably potassium.
PAR  Nitronate salts are formed by the procedure described by Feuer et al., J.
      Am. Chem Soc., 91, 1856 (1969). A methyl heterocycle is treated with an
      alkali metal amide in liquid ammonia, followed by n-propyl nitrate as the
      nitrating agent. The reaction is conducted at a temperature from
      -75.degree. to -30.degree.C. and is generally complete in less than
      one-half hour. For a discussion of possible variations in the formation of
      nitronate salts, including solvent effects and the different bases that
      may be employed, see Feuer et al., J. Am. Chem. Soc., 78, 4364 (1956). One
      skilled in the art will also recognize that other nitrating agents, such
      as amyl nitrate, can be used in the formation of nitronate salts.
PAR  The nitronate salt is converted to the dihalonitromethyl compounds of the
      present invention by treatment with a halogenating reagent. The dichloro
      compounds can be prepared from the nitronate salts by treating with an
      agent such as potassium hypochlorite at temperatures between -10.degree.C.
      and 20.degree.C. The corresponding dibromo compounds are best prepared by
      treatment with bromine in potassium hydroxide solution under similar
      conditions. The use of a two-fold excess of the aqueous halogenating
      reagent forms the dihalonitro compound, usually in less than one hour.
PAR  The preparative examples below illustrate the methods by which the
      compounds are made, and are not intended to limit the scope of the
      invention in any way. The first example shows the synthesis of a typical
      nitronate salt.
DETD
PAC  EXAMPLE 1
PAR  potassium 3-methyl-5-phenylisoxazolenitronate
PAR  Liquid ammonia, 250 ml., was placed in a flask equipped with a mechanical
      stirrer, thermometer, and Dry Ice condenser. With the temperature kept
      below -33.degree.C. by external cooling using a Dry ice-acetone bath, a
      catalytic amount of ferric nitrate monohydrate was added, followed by 5.9
      g. of metallic potassium. The mixture was stirred at temperatures below
      -33.degree.C. until the mixture formed a gray suspension. To the ammonia
      solution was then added 15.8 g. of 3-methyl-5-phenylisoxazole in 30 ml. of
      anhydrous ethyl ether, and the mixture was stirred at reflux
      (approximately -33.degree.C.) for 15 minutes more. the mixture was then
      cooled to -40.degree.C. to -50.degree.C., and 20.9 g. of n-propyl nitrate
      was added at such a rate as to control the temperature below -35.degree.C.
      After stirring for 30 minutes at -33.degree.C., the ammonia was allowed to
      evaporate and was replaced with 200 ml. of ethyl ether. The solid which
      formed was filtered, washed with ethyl ether, and dried under vacuum. The
      product, potassium 3-methyl-5-phenylisoxazolenitronate, was obtained in a
      sufficiently pure form to use in the following step without further
      purification. The yield was 20.9 g.
PAR  The intermediate nitronate salts are converted to the new dihalonitromethyl
      compounds by processes typified by the following example.
PAC  EXAMPLE 2
PAR  3-dibromonitromethyl-5-phenylisoxazole
PAR  A 5.9 g. portion of the nitronate salt made in Example 1 was dissolved in
      45 ml. of water, and the solution was filtered. The solution was then
      added to a solution of 15.1 g. of KOH and 15.1 g. of bromine in 60 ml. of
      water at 0.degree.-5.degree.C. The reaction mixture was stirred for 1 hour
      at about 5.degree.-10.degree.C. during which time a precipitate formed.
      The solids were collected by filtration, washed with water and dried. The
      product was recrystallized from hexane, and identified by nuclear magnetic
      resonance analysis. The yield was 0.50 g. of
      3-dibromonitromethyl-5-phenylisoxazole (I), m.p. 72.degree.-74.degree.C.
PAR  The following exemplary compounds were made by the processes of Examples 1
      and 2 with small modifications which can readily be supplied by one
      skilled in the art.
PA0  2-dichloronitromethylnaphtho[2,1-d]thiazole (II), m.p.
      114.degree.-116.degree.C.
PA0  2-dibromonitromethylbenzoxazole (III), m.p. 76.degree.-80.degree.C.
PA0  2-dibromonitromethylnaphtho[1,2-d]thiazole (IV), m.p.
      116.degree.-117.degree.C.
PA0  2-dichloronitromethyl-5-methyl-1,3,4-thiadiazole (V), oil
PA0  2-dichloronitromethyl-4-methylthiazole (VI), oil
PA0  4-dibromonitromethyl-2-methylthiazole (VII), 95-95-98.degree.c.
PA0  5-dibromonitromethyl-3-methylisoxazole (VIII), m.p. 59.degree.-62.degree.C.
PA0  5-dichloronitromethyl-3-methylisoxazole (IX), oil
PA0  3-dichloronitromethyl-5-phenylisoxazole (X), m.p. 65.degree.-67.degree.C.
PA0  2-dichloronitromethyl-2-oxazoline (XI), oil
PA0  2-dichloronitromethylnaphtho[1,2-d]thiazole (XII), m.p.
      108.degree.-112.degree.C.
PA0  2-dichloronitromethylbenzothiazole (XIII), m.p.
      38.degree.38.degree.43.degree.C.
PA0  2-dichloronitromethylbenzoxazole (XIV), m.p. 41.degree.-45.degree.C.
PA0  2-dibromonitromethylbenzothiazole (XV), m.p. 71.degree.-73.degree.C.
PA0  2-dibromonitromethyl-5-methyl-1,3,4-thiadiazole (XVI), m.p.
      76.degree.-72.degree.C.
PA0  2-dibromonitromethylnaphtho[2,1-d]thiazole (XVII), m.p.
      129.degree.-130.degree.C.
PA0  2-dichloronitromethyl-2-thiazoline (XVIII), m.p. 58.degree.-62.degree.C.
PA0  2-dibromonitromethyl-2-oxazoline (XIX), m.p. 60.degree.-62.degree.C.
PAR  The compounds of the present invention are biocides in a broad sense. As
      the examples below indicate, the compounds kill or control microorganisms
      such as bacteria, fungi, protozoa, and algae, as well as some aquatic
      weeds. Those skilled in the art will appreciate that the biocidal
      properties of the compounds make them useful in many ways.
PAR  For example, the compounds can be added to bodies of water such as cooling
      towers and ponds, lagoons, lakes and the like for the control of aquatic
      weeds, algae, and slime-forming microorganisms. The control is brought
      about by adding an effective, economical amount such as from about 0.1 to
      about 100 ppm. of the compound to the water to be protected from aquatic
      organisms. It is often convenient to formulate the compound in an easily
      water-dispersible mixture before addition. Such formulations are known to
      the art, and comprise a finely divided powder, or a solution or suspension
      of the compound in a liquid such as water or an organic solvent, to which
      surfactants such as ethylene oxide adducts of nonylphenol and
      alkylbenzenesulfonates are often added to increase the dispersibiility of
      the mixture.
PAR  The compounds can also be added to such compositions as adhesives, inks,
      plasticizers, latices, polymers, resins, fuels, lubricants, soaps and
      detergents, cutting oils, and paints to prevent the growth of mold and the
      degradation of the products which results from attack by microorganisms.
PAR  The compounds can also be coated on or distributed through products such as
      textiles, paper and other cellulose products and may be impregnated into
      wood, wall paneling and plaster to protect such products from mold and
      decay caused by microbial infestation. The compounds are especially useful
      for the preservation of such products as cosmetic formulations.
PAR  The compounds are valuable disinfectants and sterilizing agents for
      surfaces such as floors, walls, hospital equipment, kitchen equipment and
      the like.
PAR  The compounds of this invention can be used to control microorganisms,
      especially fungi, growing on the skin and outer tissues of animals. The
      examples below show, for example, that the compounds are especially
      effective in the control of Candida tropicalis and Trichomonas vaginalis,
      both of which are important causes of vaginal infections. The compounds
      are used for the control of such infections by formulating them into
      ointments, creams and the like according to the usual pharmaceutical
      methods and applying them topically to the site of the infection.
PAR  The outstanding efficacy of the compounds against representative
      microorganisms is illustrated by the examples below.
PAC  EXAMPLE 3
PAR  in vitro agar dilution test
PAR  Bacteria and fungi in an agar medium were stamped on a plate to which one
      drop of a 100 .mu.g./ml. or a 10 .mu.g./ml. solution of the compound was
      surface applied. The agar plates were then incubated at 35.degree.C. for
      12 hours, at which time the antibacterial activities were evaluated. The
      fungi were incubated at 25.degree.C. for an additional 60 hours before
      evaluation. The procedure was essentially that recommended in Acta Pathol.
      Microbiol. Scand. B., Suppl. 217, 11 (1971). A rating of 100 indicates
      that the compound prevented growth of the microbe at 100 .mu.g./ml. and 10
      indicates prevention at the 10 .mu.g./ml. level. NT indicates the compound
      was not tested for activity against an organism, while a blank space
      indicates the compound was not active at the highest level tested (100
      .mu.g./ml.).
TBL  __________________________________________________________________________

     Com-                                                                      

         Staphylo-                                                             

               Streptocc-                                                      

                      Proteus                                                  

                           Salmonella                                          

                                 Klebsiella-                                   

                                         Klebsiella-                           

                                                 Escherichia                   

                                                        Pseudomonas            

                                                               C-476           

     pound                                                                     

         coccus                                                                

               us          typhosa                                             

                                 aerobacter sp.                                

                                         aerobacter sp.                        

                                                 coli   aeruginosa             

         aureus                                                                

               faecalis          KA14    KA17                                  

     __________________________________________________________________________

     I   10    100    100  100   10      10      10     100    100             

     II  10    10      10                                                      

     III 10    10     100   10   10      10      10      10     10             

     VII                                                                       

     X   10    10      10   10   10      10      10      10    100             

     XII 100   100                                                             

     XIII                                                                      

         100   100    100  100           100                   100             

     XIV 10    100    100  100   100     100     10     100    100             

     XVIII                                                                     

         100   100    100  100   100     100     100           100             

     __________________________________________________________________________

     Com-                                                                      

         Salmon-                                                               

              Pseudomonas                                                      

                     Erwinia                                                   

                           Xanthomo-                                           

                                 Candida                                       

                                      Trichophyton                             

                                             Botrytis                          

                                                  Cerato-                      

                                                       Fusarium                

                                                              Verticill-       

     pound                                                                     

         ella solanacearum                                                     

                     amylovora                                                 

                           nas   tropic-                                       

                                      mentagrophy-                             

                                             cinerea                           

                                                  cystis                       

                                                       oxysporum               

                                                              ium              

         typhi-            phaseoli                                            

                                 alis tes         ulmi lycopersici             

                                                              albo-atrum       

         murium                                                                

     __________________________________________________________________________

     I   10   10     100    10   100  10     10    10  100    10               

     II              100                     100  100         100              

     III 10   10      10    10        10     10   100  100    10               

     VII                                     100                               

     X   10   10     100    10    10  10     10    10  10     10               

     XII                                                                       

     XIII                                                                      

         100         100   100        100    100  100  100    100              

     XIV 100  100    100   100        10     10                                

     XVIII                                                                     

         100  100    100   100   100  10     100  100  100    100              

     __________________________________________________________________________

TBL       Staphyloccus                                                         

                  Staphyloccus                                                 

                          Streptoccus                                          

                                  Proteus Salmonella                           

                                                  Klebsiella                   

                                                           Enterobacter        

     Compound                                                                  

          aureus 3055                                                          

                  aureus 3074                                                  

                          faecalis X66                                         

                                  Morganii Pris                                

                                          typhosa SA12                         

                                                  pneumoniae                   

                                                           Aerogenes           

     __________________________________________________________________________

                                                           EB17                

     IV   100     100     100     100     100     100      100                 

     V                                            100                          

     VI   100     100     100             100                                  

     VIII 100     100     100     100     100     100      100                 

     IX   100     100     100     100     100     100      100                 

     XI    10      10     100      10      10     100      100                 

     XV   100     100     100     100     100     100      100                 

     XVI  100     100     100     100     100     100      100                 

     XVII 100     100     100     100     100     100      100                 

     XIX  100     100     100     100     100     100      100                 

     __________________________________________________________________________

               Serratia Escherichia                                            

                               Citrobacter                                     

                                        Pseudomonas                            

                                                  Bordetella Salmonella        

     Compound  marcescens SE3                                                  

                        coli EC14                                              

                               freundii CF17                                   

                                        aeruginosa X239                        

                                                  bronchiseptica               

                                                             typhimurium       

     __________________________________________________________________________

     IV        100      100    100      100       100        100               

     V                                            100                          

     VI                                           100                          

     VIII      100      100    100      100       100        100               

     IX        100      100    100                100        100               

     XI        100       10    100      100        10         10               

     XV        100      100    100      100       100        100               

     XVI       100      100    100      100       100        100               

     XVII      100      100    100      100       100        100               

     XIX       100      100    100      100       100        100               

     __________________________________________________________________________

                 Psuedomonas                                                   

                            Erwinia                                            

                                  Candida  Trichophyton                        

                                                      Aspergillis              

                                                             Ceratocystis      

            Compound                                                           

                 solanacearum X185                                             

                            amylorora                                          

                                  tropicalis A17                               

                                           mentagrophyles 27                   

                                                      flavis                   

                                                             ulmi              

     __________________________________________________________________________

            IV   100        100   100      100        100    100               

            V                     100                        100               

            VI              100   100       10         10     10               

            VIII 100        100   100      100        100    100               

            IX   100        100   100       10         10     10               

            XI   100         10    10      100        100     10               

            XV   100        100   100      100        100    100               

            XVI             100   100      100        100    100               

            XVII            100   100      100        100    100               

            XIX  100        100   100      100        100    100               

     __________________________________________________________________________

PAR  The example below reports representative results of testing the compounds
      in a slightly different in vitro test against a different group of
      microorganisms.
PAC  EXAMPLE 4
PAR  in vitro tube dilution test
PAR  The organisms against which the compounds were to be tested were grown in
      nutrient broth in test tubes under sterile conditions. One hundred
      .mu.g./ml. of the compound to be tested was added to a tube of broth, and
      the treated broth was serially diluted with untreated broth in which the
      culture had been inoculated. The tubes were observed, and the results for
      each compound were recorded as the lowest concentration, in micrograms per
      milliliter, in which the compound prevented the growth of the
      microorganism.
TBL  __________________________________________________________________________

          Staphylococcus                                                       

                  Streptococcus  Mycoplasma                                    

                                         Escherichia                           

                                                Salmonella                     

                                                      Pseudomonas              

     Compound                                                                  

          sp. 1130                                                             

                  sp. 80  Vibrio coli                                          

                                 gallisepticum                                 

                                         coli   dublin                         

                                                      sp.                      

     __________________________________________________________________________

     I    50      50      50     25      &gt;50    &gt;50   &gt;50                      

     III  50      50      25     25      &gt;50    &gt;50    50                      

     IV   &gt;50     &gt;50     &gt;50    50      &gt;50    &gt;50   &gt;50                      

     V    &gt;50     50      50     25      &gt;50    &gt;50   &gt;50                      

     VI   12.5    12.5    25     6.25     50     25   &gt;50                      

     VII  &gt;50     &gt;50     50     &gt;50     &gt;50    &gt;50   &gt;50                      

     VIII &gt;50     &gt;50     &gt;50    50      &gt;50    &gt;50   &gt;50                      

     IX   25      25      &lt;.78   25       50     50   &gt;50                      

     X    12.5    6.25    25     12.5     25     25    50                      

     XI   12.5    25      6.25   6.25     25     25   &gt;50                      

     XII  25      12.5    3.12   25      &gt;50    &gt;50   &gt;50                      

     XIII 50      25      25     12.5     50     50    50                      

     XIV  25      25      12.5   50       50     50   &gt;50                      

     XV   &gt;50     &gt;50     &gt;50    &gt;50     &gt;50    &gt;50   &gt;50                      

     XVI  &gt;50     &gt;50     50     50      &gt;50    &gt;50   &gt;50                      

     XVII &gt;50     &gt;50     50     50      &gt;50    &gt;50   &gt;50                      

     XVIII                                                                     

          12.5    6.25    6.25   6.25     12.5   12.5  50                      

     XIX  &gt;50     &gt;50     50     25      &gt;50    &gt;50    50                      

     __________________________________________________________________________

                   Pasteurella                                                 

                          P.  multocida Mycoplasma                             

              Compound                                                         

                   multocida                                                   

                          turkey isolate                                       

                                  Bordetella                                   

                                        syroviae                               

                                              M.  hyorhinis                    

                                                     M.  granularum            

     __________________________________________________________________________

              I    25     25      50    50    50     25                        

              III  50     50      50    25    50     &gt;50                       

              IV   50     &gt;50     50    25    25     50                        

              V    50     50      50    25    &gt;50    50                        

              VI   12.5   6.25    50    12.5  25     12.5                      

              VII  &gt;50    50      &gt;50   50    50     50                        

              VIII &gt;50    &gt;50     &gt;50   50    50     &gt;50                       

              IX   12.5   3.12    50          50     25                        

              X    3.12   3.12     12.5 12.5  50     6.25                      

              XI   6.25   12.5     12.5 12.5  50     50                        

              XII  12.5   25      25    12.5  25     12.5                      

              XIII 25     25      50    25    50     25                        

              XIV  12.5   12.5    25    12.5  50     25                        

              XV   &gt;50    &gt;50     &gt;50   &gt;50   &gt;50    &gt;50                       

              XVI  50     50      &gt;50   50    50     &gt;50                       

              XVII 50     &gt;50     &gt;50   50    50     &gt;50                       

              XVIII                                                            

                   3.12   6.25     12.5  12.5 25     6.25                      

              XIX  &gt;50    &gt;50     &gt;50   50    50     50                        

     __________________________________________________________________________

PAR  A generally similar test was performed to evaluate the compounds against
      additional species of fungi.
PAC  EXAMPLE 5
PAR  in vitro antifungal test
TBL  Compound   Trichophyton    Candida                                        

     No.        mentagrophytes  albicans                                       

     ______________________________________                                    

     VI         0.2          .mu.g./ml.                                        

                                    2.0   .mu.g./ml.                           

     VIII       &gt;2.0                20                                         

     XI         0.2                 20                                         

     XIII       0.02                0.2                                        

     XIV        0.02                2.0                                        

     XV         0.002               20                                         

     XVI        &gt;2.0                20                                         

     XVIII      0.2                 2.0                                        

     XIX        2.0                 20                                         

     ______________________________________                                    

PAR  In a different antifungal test, the compounds to be tested were absorbed on
      paper discs, and the discs were laid on plates of fungus-infected agar
      medium. The results were reported as the last amount of compound per disc
      which produced a measurable inhibition of the fungus.
TBL  ______________________________________                                    

     Compound  Trichophyton    Candida                                         

     No.       mentagrophytes  albicans                                        

     ______________________________________                                    

     X         0.625 .mu.g./ml.                                                

                               0.078 .mu.g./ml.                                

     ______________________________________                                    

PAR  Compounds of this invention were tested in vitro to determine their ability
      to control protozoa and algae. The examples below report representative
      results of such tests.
PAC  EXAMPLE 6
PAR  in vitro protozoa inhibition tests
PAR  The tests were run against four representative protozoa, Tetrahymena
      pyriformis (T), Ochromonas malhamensis (O), Euglena gracilis (E), and
      Trichomonas vaginalis (TV). The protozoa were grown in the laboratory in
      nutritive media. When a test was to be run, nutritive medium containing
      the test protozoa was mixed with sterile agar medium, and the mixed medium
      poured into plates.
PAR  Absorbent discs were treated with 0.02 ml. of a solution containing a known
      concentration of the compound to be tested. The concentrations used are
      indicated in the table below. The discs were placed on the surfaces of the
      protozoa-containing agar plates.
PAR  The plates were incubated for a time, and were then inspected to determine
      if the test compounds absorbed on the discs had inhibited the growth of
      the protozoa. Inhibition, if present, was measured as the diameter in
      millimeters of the zones of inhibition surrounding the discs.
PAR  The table below reports the zones of inhibition produced by representative
      compounds of this invention. The notation TR indicates that the compound
      gives a trace of inhibition. NT indicates that the compound was not tested
      against a given organism, and a blank space indicates that the compound
      was inactive.
TBL  ______________________________________                                    

     Compound                                                                  

     No.     Conc.     T        O      E      TV                               

     ______________________________________                                    

     I       2000               17     28     11                               

             500                12     17     TR                               

             125                TR     10                                      

     III     2000      46       25     50     15                               

             500       25       15     20     10                               

             125       14       10     11                                      

     IV      2000      25       25     23     11                               

             500       12       14     10                                      

             125       TR                                                      

     V       2000      26       30     38                                      

             500       16       17     16                                      

             125       11       11     11                                      

     VI      2000      17       19     22                                      

             500       TR       12     11                                      

     X       2000      16       18     13     36                               

             500       13       12     12     23                               

             125       TR       TR     TR     15                               

     XI      2000                             14                               

     XII     2000               10     17                                      

             500                       TR                                      

     XIII    2000      17       25     24                                      

             500       15       18     17                                      

             125       13       14     15                                      

     XIV     2000      24       18     20     12                               

             500       18       17     17                                      

             125       14       TR     TR                                      

     XV      2000      20       24     25     TR                               

             500       12       11     10                                      

     XVI     2000      16       18     28     11                               

             500       12       TR     12     TR                               

     XVII    2000               26     38     14                               

             500                12     18     TR                               

             125                TR                                             

     XVIII   2000      20       17     20     10                               

             500       13       12     10     TR                               

             125       12       10     TR                                      

     XIX     2000      25       17     24     15                               

             500       13       14     12     TR                               

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  in vitro algae inhibition test
PAR  The activity of the compounds against a typical alga was determined by
      conducting a test, substantially identical to the test described above,
      against Chlorella vulgaris. Representative results are reported below.
TBL  ______________________________________                                    

     Compound                                                                  

     No.            Conc.           Chlorella                                  

     ______________________________________                                    

     I              2000            72                                         

                    500             32                                         

                    125             10                                         

     III            2000            77                                         

                    500             40                                         

                    125             12                                         

     IV             2000            39                                         

                    500             19                                         

                    125                                                        

     V              2000            26                                         

                    500             13                                         

                    125                                                        

     VI             2000            10                                         

                    500                                                        

     X              2000            16                                         

                    500             13                                         

                    125             11                                         

     XI             2000                                                       

     XII            2000            TR                                         

                    500                                                        

     XIII           2000            21                                         

                    500             15                                         

                    125             TR                                         

     XIV            2000            30                                         

                    500             17                                         

                    125             TR                                         

     XV             2000            38                                         

                    500             16                                         

     XVI            2000            42                                         

                    500             13                                         

     XVII           2000            58                                         

                    500             20                                         

                    125                                                        

     XVIII          2000            42                                         

                    500             23                                         

                    125             10                                         

     XIX            2000            18                                         

                    500             11                                         

     ______________________________________                                    

PAR  The tests reported below show the ability of the compounds of the invention
      to eradicate microorganisms established in a culture.
PAC  EXAMPLE 8
PAR  in vitro eradication test
PAR  Aqueous dispersions of 3-dibromonitromethyl-5-phenylisoxazole were
      inoculated to contain known concentrations of the organisms shown below.
      Viable organism counts, in organisms per milliliter, were made initially
      and after times of 25.degree.C. incubation shown in the table below. A
      count of less than 100 organisms per milliliter is regarded as equivalent
      to complete kill of the organism.
TBL  ______________________________________                                    

     0.5% of Compound                                                          

                 Pseudomonas      Aspergillus                                  

     Days        aeruginosa       niger                                        

     ______________________________________                                    

      0          3.4 .times. 10.sup.6                                          

                                  6 .times. 10.sup.3                           

      1           &lt;100             &lt;100                                        

      7           &lt;100             &lt;100                                        

     28           &lt;100             &lt;100                                        

     ______________________________________                                    

TBL  0.1% of Compound                                                          

                 Pseudomonas      Aspergillus                                  

     Days        aeruginosa       niger                                        

     ______________________________________                                    

      0          6.4 .times. 10.sup.6                                          

                                  5 .times. 10.sup.3                           

      1           &lt;100            4 .times. 10.sup.3                           

      7           &lt;100             &lt;100                                        

     14            NT              &lt;100                                        

     28           &lt;100             &lt;100                                        

     ______________________________________                                    

PAR  Similar tests were performed with 3-dichloronitromethyl5-phenylisoxazole.
TBL  ______________________________________                                    

     0.5% of Compound                                                          

                 Pseudomonas      Aspergillus                                  

     Days        aeruginosa       niger                                        

     ______________________________________                                    

      0          5.9 .times. 10.sup.6                                          

                                  1 .times. 10.sup.4                           

      1          1.9 .times. 10.sup.5                                          

                                  2.7 .times. 10.sup.3                         

      7          &lt;100             &lt;100                                         

     14          &lt;100             &lt;100                                         

     28          &lt;100             &lt;100                                         

     ______________________________________                                    

PAR  A similar test, against a broader range of microorganisms, was performed
      with 3-dibromonitromethyl-5-phenylisoxazole as the test compound. In this
      test, the fungi were inoculated in Sabouraud dextrose agar, and the
      bacteria in soybean-casein medium. The test was otherwise similar to the
      test described immediately above.
TBL  __________________________________________________________________________

     0.05% of Compound                                                         

        Staphylococcus                                                         

                Escherichia                                                    

                       Pseudomonas                                             

                              Candida                                          

                                     Aspergillus                               

                                            Streptococcus                      

     Days                                                                      

        aureus  coli   aeruginosa                                              

                              albicans                                         

                                     niger  faecalis                           

     __________________________________________________________________________

      0 4.3 .times. 10.sup.6                                                   

                6.9 .times. 10.sup.6                                           

                       4.5 .times. 10.sup.6                                    

                              3.2 .times. 10.sup.6                             

                                     3.2 .times. 10.sup.5                      

                                            2.5 .times. 10.sup.6               

      1 &lt;100    &lt;100   &lt;100   3.6 .times. 10.sup.5                             

                                     3.9 .times. 10.sup.5                      

                                            &lt;100                               

      7 &lt;100    &lt;100   &lt;100   3.7 .times. 10.sup.4                             

                                     4.4 .times. 10.sup.5                      

                                            &lt;100                               

     14 NT      NT     NT     &lt;100   1.7 .times. 10.sup.5                      

                                            NT                                 

     21 NT      NT     NT     &lt;100   7.5 .times. 10.sup.2                      

                                            NT                                 

     28 &lt;100    &lt;100   &lt;100   &lt;100   &lt;100   &lt;100                               

     __________________________________________________________________________

PAR  The compounds also kill or control many aquatic weeds. For example,
      hydrilla, coontail, and duckweed were controlled by adding 10 ppm. of
      2-dibromonitromethyl-2-oxazoline to the water in which the weeds were
      growing. Similar weed control was produced by, for example,
      3-dichloronitromethyl-5-phenylisoxazole and
      2-dibromonitromethylbenzothiazole.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
EQU  R -- CX.sub.2 NO.sub.2
PAL  wherein X represents chloro or bromo;
PAL  R represents
      ##SPC2##
PAL  R.sup.3 represents hydrogen or C.sub.1 -C.sub.3 alkyl; R.sup.4 represents
      C.sub.1 -C.sub.3 alkyl.
NUM  2.
PAR  2. The compound of claim 1 which is
      3-dibromonitro-methyl-5-phenylisoxazole.
NUM  3.
PAR  3. The compound of claim 1 which is
      3-dichloronitromethyl-5-phenylisoxazole.
NUM  4.
PAR  4. The compound of claim 1 which is 5-dichloronitromethyl-3methylisoxazole.
PATN
WKU  039352200
SRC  5
APN  4687418
APT  1
ART  121
APD  19740510
TTL  Tetrahydroimidazolo[1,2-a]pyridine derivatives
ISD  19760127
NCL  23
ECL  1
EXP  Rotman; Alan L.
INVT
NAM  Meyer; Horst
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Bossert; Friedrich
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Vater; Wulf
CTY  Opladen
CNT  DT
INVT
NAM  Stoepel; Kurt
CTY  Wuppertal-Vohwinkel
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720306
APN  2210633
RLAP
COD  74
APN  337477
APD  19730228
PSC  01
PNO  3856798
CLAS
OCL  2602948C
XCL  2602564R
XCL  2602565R
XCL  260287R
XCL  2602949
XCL  2602955B
XCL  260296H
XCL  260297B
XCL  424251
XCL  424258
XCL  424266
EDF  2
ICL  C07D21346
FSC  260
FSS  294.9;295.5 B;294.8 C
UREF
PNO  3784600
ISD  19740100
NAM  Strandtmann et al.
OCL  260294.8C
ABST
PAL  1,4-Dihydropyridines bearing carbonyl functions in the 3- and 5-positions,
      being optionally substituted by lower alkyl in the 6-position, being
      substituted in the 4-position by lower alkyl, phenyl, substituted phenyl
      or a heterocyclic group, and being fused through the 1- and 2-positions to
      a five, six or seven membered cycloalkyl ring, one methylene group of
      which can be replaced by sulfur, oxygen imino or alkylimino, are
      antihypertensive agents and coronary vessel dilators. The compounds, of
      which
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid 3,5-diethyl ester is a representative embodiment, are
      prepared through condensation of an ylideneacetoacetic acid ester and a
      cyclic enamino carbonyl derivative.
PARN
PAC  DETAILED DESCRIPTION
PAR  This is a division of application Ser. No. 337,477 filed Feb. 28, 1973, now
      U.S. Pat. No. 3,856,798.
BSUM
PAR  The present invention pertains to bicyclic derivatives of
      1,4-dihydropyridine, to processes for their production and use and to
      pharmaceutical compositions containing such compounds and useful as
      antihypertensive agents and coronary vessel dilators.
PAR  In particular, the present invention pertains to compounds of the formula:
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 is hydrogen or lower alkyl;
PA1  Each of R.sup.2 and R.sup.4, independent of the other, is lower alkyl of
      the group --OR', in which R' is a straight-chain, branched or cyclic,
      saturated or unsaturated, aliphatic hydrocarbyl or oxyhydrocarbyl, the
      carbon chain of which is optionally interrupted by one or two oxygen
      atoms;
PAR  R.sup.3 is a saturated or unsaturated, straight-chain, branched or cyclic
      hydrocarbyl; aryl optionally carrying 1, 2 or 3 substituents selected from
      the group consisting of lower alkyl, lower alkoxy, azido, halogen, nitro,
      nitrile, trifluoromethyl, carbo(lower alkoxy), lower alkylsulfonyl, lower
      alkylsulfinyl or lower alkylthio; or a member selected from the group
      consisting of naphthyl, quinolyl, isoquinolyl, pyridyl, pyrimidyl,
      thienyl, furyl and pyrryl, said member optionally carrying a lower alkyl,
      lower alkoxy or halogeno substituent;
PA1  X is --CH.sub.2 --, --NR.sup.5 --in which R.sup.5 is hydrogen or lower
      alkyl, --S--, or --O--; and
PA1  m is 2, 3 or 4.
PAR  A preferred class of the foregoing compounds are those of the formula:
      ##SPC2##
PAL  Wherein
PA1  X is --O--, --S--, --CH.sub.2 -- or --NR.sup.5 --;
PA1  m has a value of 2, 3 or 4;
PA1  R.sup.1 is hydrogen or lower alkyl;
PA1  Each of R.sup.2 and R.sup.4, independent of the other, is lower alkyl,
      lower alkoxy, lower alkoxy(lower alkoxy) or lower alkynyloxy preferably
      having 2 to 4 carbon atoms;
PA1  R.sup.3 is lower alkyl, phenyl, phenyl substituted with from one to three
      substituents selected from the group consisting of lower alkyl,
      trifluoromethyl, cyano, halo, nitro and carbo(lower alkoxy); pyridyl;
      furyl; thienyl; or naphthyl; and
PA1  R.sup.5 is hydrogen or lower alkyl.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexenyl, 4-hexenyl, and the
      like.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like.
PAR  The term lower alkoxy denotes a straight or branched hydrocarbon chain
      bound to the remainder of the molecule through an ethereal oxygen atom as,
      for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
      pentoxy and hexoxy.
PAR  The term lower alkylthio denotes a branched or straight hydrocarbon chain
      bound to the remainder of the molecule through a divalent sulfur as, for
      example, methylthio, ethylthio, propylthio, isopropylthio, butylthio, and
      the like.
PAR  The term halogen denotes the substituents fluoro, chloro, bromo and iodo.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  According to the present invention, the foregoing compounds are prepared by
      reacting a dicarbonyl compound of the formula:
      ##EQU1##
      wherein R.sup.1, R.sup.2 and R.sup.3 are as herein defined, with a cyclic
      enamino carbonyl compound of the formula:
      ##EQU2##
      in which R.sup.4, X and m are as herein defined. The condensation proceeds
      smoothly in good yields simply by heating the two components, generally in
      the presence of an inert organic solvent such as methanol, ethanol,
      propanol and similar alkanols, ethers such as dioxane and diethyl ether,
      glacial acetic acid, pyridine, dimethylformamide, dimethylsulfoxide,
      acetonitrile and the like. The reaction is conducted at temperatures of
      from 20.degree. to 250.degree.C, conveniently at the boiling point of the
      solvent, and while elevated pressure may be utilized, normal atmospheric
      pressure is generally satisfactory. The reactants are employed in
      substantially equimolar amounts. The dicarbonyl reagent can be utilized as
      such or generated in situ by the reaction of an aldehyde of the formula
      R.sup.3 CHO and a .beta.-dicarbonyl compound of the formula R.sup.1
      COCH.sub.2 COR.sup.2.
PAR  Many of the dicarbonyl compounds utilized as one of the reactants are known
      to the art and the others can either be generated in situ as herein
      described or prepared according to methods well known to the art, see for
      example Org. Reaction XV, 204 et seq. (1967). Typical of this reactant are
      the following compounds:
PA1  benzylideneacetoacetic acid methyl ester,
PA1  ethylideneacetoacetic acid methyl ester,
PA1  isopropylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetylacetone,
PA1  benzylideneacetylacetone,
PA1  3-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  3-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  4-nitrobenzylideneacetoacetic acid n-propyl ester,
PA1  3-nitro-6-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2-cyanobenzylidenepropionylacetic acid ethyl ester,
PA1  3-cyanobenzylideneacetoacetic acid methyl ester,
PA1  3-nitro-4-chlorobenzylideneacetylacetone,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-nitro-4-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2-cyano-4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-azidobenzylideneacetoacetic acid ethyl ester,
PA1  3-azidobenzylideneacetylacetone,
PA1  2-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA1  2-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  2-sulphonylbenzylidenemethylacetoacetic acid allyl ester,
PA1  4-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  naphth-1-ylideneacetoacetic acid methyl ester,
PA1  naphth-1-ylideneacetoacetic acid ethyl ester,
PA1  naphth-2-ylideneacetoacetic acid ethyl ester,
PA1  2-ethoxynaphth-1-ylideneacetoacetic acid methyl ester,
PA1  2-methoxynaphth-1-ylideneacetoacetic acid ethyl ester,
PA1  5-bromonaphth-1-ylideneacetoacetic acid methyl ester,
PA1  quinol-2-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-4-ylmethylideneacetoacetic acid ethyl ester,
PA1  quinol-8-ylmethylideneacetoacetic acid ethyl ester,
PA1  isoquinol-1-ylmethylideneacetoacetic acid methyl ester,
PA1  isoquinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4,6-dimethoxypyrimid-5-ylmethylideneacetoacetic acid ethyl ester,
PA1  thien-2-ylmethylideneacetoacetic acid ethyl ester,
PA1  fur-2-ylmethylideneacetoacetic acid allyl ester,
PA1  pyrr-2-ylthylideneacetoacetic acid methyl ester,
PA1  nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneproionylacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetylacetone,
PA1  2-, 3- or 4-methoxybenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-methoxybenzylideneacetylacetone,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid propargyl ester,
PA1  2-methoxybenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-butoxybenzylideneacetoacetic acid methyl ester,
PA1  3,4,5-trimethoxybenzylidenacetoacetic acid allyl ester,
PA1  2-methylbenzylidenepropionylacetic acid methyl ester,
PA1  2-, 3- or 4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  2-methylbenzylideneacetylacetone,
PA1  3,4-dimethoxy-5-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-fluorobenzylideneactoacetic acid ethyl ester,
PA1  2-fluorobenzylideneacetoacetic acid methyl ester,
PA1  3-chlorobenzylideneacetylacetone,
PA1  3-chlorobenzylideneproionylacetic acid ethyl ester,
PA1  3-chlorobenzylideneactoacetic acid ethyl ester,
PA1  2-chlorobenzylideneacetoacetic acid allyl ester,
PA1  2-, 3- -or 4-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA1  3-trifluoromethylbenzylideneactoacetic acid methyl ester,
PA1  2-carbethoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-carbomethoxybenzylideneacetoacetic acid methyl ester,
PA1  4-carboisopropoxybenzylideneacetoacetic acid isopropyl ester, and
PA1  4-carbomethoxybenzylideneacetoacetic acid allyl ester.
PAR  The cyclic enamino carbonyl reactants are similarly known or can be readily
      produced according to known methods, see for example Barnikow et al.,
      Chem. Ber. 100, 1661 (1967). Typical of these reactants are the following:
PA1  2-carbethoxymethylidenepyrrolidine,
PA1  2-carbomethoxymethylidenepyrrolidine,
PA1  2-carbisopropoxymethylidenepyrrolidine,
PA1  2-carballyloxymethylidenepyrrolidine,
PA1  2-acetylmethylidenepyrrolidine,
PA1  2-carbethoxymethylidenepiperidine,
PA1  2-carbomethoxymethylidenepiperidine,
PA1  2-acetylmethylidenepiperidine,
PA1  2-acetylmethylidenehexahydroazepine,
PA1  2-carbethoxymethylidenehexahydrozepine,
PA1  2-carbomethoxymethylidenehexahydroazepine,
PA1  2-acetylmethylideneimidazolidine,
PA1  2-carbethoxymethylideneimidazolidine,
PA1  2-carbomethoxymethylideneimidazolidine,
PA1  2-carbethoxymethylidene-1-methylimidazolidine,
PA1  2-carbisopropoxymethylideneimidazolidine,
PA1  2-carballyloxymethylideneimidazolidine,
PA1  2-acetylmethylideneoxazolidine,
PA1  2-carbomethoxyideneoxazolidine,
PA1  2-carbethoxymethylideneoxyzolidine,
PA1  2-acetylmethylideneperhydro-1,3-oxazine,
PA1  2-carbethoxymethylideneperhydro-1,3-oxazine,
PA1  2-acetylmethylidenethiazolidine,
PA1  2-carbethoxymethylidenethiazolidine, and
PA1  2-carbethoxymethylideneperhydro11,3-thiazine.
PAR  In addition to these mentioned in the examples, the following are also
      important new compounds:
PA1  5-methyl-7-(2-nitrophenyl)-2,3,7-trihydrothiazolo-[1,2-a]pyridine-6,8-dicar
     boxylic acid dimethyl ester,
PA1  6-methyl-4-(2-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dicar
     boxylic acid dimethyl ester, and
PA1  5-methyl-7-(2-nitrophenyl)-1,2,3,7-tetrahydroindolizine-6,8-dicarboxylic
      acid 6-methyl ester 8-ethyl ester.
PAR  As noted above, the compounds of the present invention demonstrate the
      ability to reduce blood pressure and to effect a dilation of the coronary
      vessels. They can accordingly be used where either or both of these
      effects are desired. Thus upon parenteral, oral or sublingual
      administration, the compounds produce a distinct and long lasting dilation
      of the coronary vessels which is intensified by a simultaneous
      nitrite-like effect of reducing the load on the heart. The effect on heart
      metabolism is thus one of energy saving. In addition, the compounds lower
      the blood pressure of normotonic and hypertonic animals and can thus be
      used as antihypertensive agents. These properties can be conveniently
      observed in well known laboratory models. Thus for example the coronary
      vessel dilation effect can be observed by measuring the increase in oxygen
      saturation in the coronary sinus in the narcotized, heart catherterized
      dog, as shown in the following table:
TBL                  I.V. Dose                                                 

                            .DELTA. O.sub.2 %                                  

                                  Return to normal                             

     Compounds       (mg/kg)                                                   

                            saturation                                         

                                  O.sub.2 values (hours)                       

     __________________________________________________________________________

     5-methyl-7-(2-methyl-                                                     

                     2.0    22    10                                           

     phenyl)-2,3,7-trihydro-                                                   

     thiazolo[1,2-a]-                                                          

     pyridine-6,8-dicarboxylic                                                 

     acid diethyl ester                                                        

     5-methyl-7-(2-cyano-                                                      

                     1.0    34    20                                           

     phenyl)-2,3,7-trihydro-                                                   

     thiazolo[1,2-a]-                                                          

     pyridine-6,8-dicarboxy-                                                   

     lic acid diethyl ester                                                    

     5-methyl-7-(3-chloro-                                                     

                     2.0    27    20                                           

     phenyl-2,3,7-trihydro-                                                    

     thiazolo[1,2-a]-                                                          

     pyridine-6,8-dicarboxy-                                                   

     lic acid diethyl ester                                                    

     5-methyl-7-(3-nitro-                                                      

                     5.0    30    90                                           

     phenyl)-2,3,7-trihydro-                                                   

     thiazolo[1,2-a]-                                                          

     pyridine-6,8-dicarboxy-                                                   

     lic acid diethyl ester                                                    

     5-methyl-7-(2-cyano-                                                      

                     0.5    29    30                                           

     phenyl)-2,3,7-trihydro-                                                   

     oxazolo[1,2-a]-                                                           

     pyridine-6,8-dicarboxy-                                                   

     lic acid diethyl ester                                                    

     5-methyl-7-(3-nitro-                                                      

                     2.0    21    &gt;30                                          

     phenyl)-2,3,7-trihydro-                                                   

     oxazolo[1,2-a] pyridine-                                                  

     6,8-dicarboxylic acid                                                     

     diethyl ester                                                             

     5-methyl-7-(2-methyl-                                                     

                     5.0    20    60                                           

     phenyl)-2,3,7-trihydro-                                                   

     oxazolo[1,2-a]-                                                           

     pyridine-6,8-dicarboxy-                                                   

     lic acid diethyl ester                                                    

     5-methyl-7-(3-chloro-                                                     

                     2.0    31    20                                           

     phenyl)-2,3,7-trihydro-                                                   

     oxazolo[1,2-a]pyridine-                                                   

     6,8-dicarboxylic acid                                                     

     diethyl ester                                                             

     5-methyl-7-(3-nitro-                                                      

                     5.0    47    45                                           

     phenyl)-1,2,3,7-tetra-                                                    

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxylic                                                 

     acid 6-(.beta.-methoxyethyl)-                                             

     ester 8-ethyl ester                                                       

     5-methyl-7-phenyl-1,2,3,7-                                                

                     3.0    11    3                                            

     tetrahydroimidazolo[1,2-a]-                                               

     pyridine-6,8-dicarboxylic                                                 

     acid diethyl ester                                                        

     5-methyl-7-(3-nitro-                                                      

                     3.0    20    45                                           

     phenyl)-1,2,3,7-tetra-                                                    

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxylic                                                 

     acid diethyl ester                                                        

     5-methyl-7-(2-trifluoro-                                                  

                     2.0    13    &gt;180                                         

     methylphenyl)-1,2,3,7-tetra-                                              

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxylic                                                 

     acid diethyl ester                                                        

     5-methyl-7-(.alpha.-pyridyl)-                                             

                     5.0    34    20                                           

     1,2,3,7-tetrahydro-                                                       

     imidazolo[1,2-a]pyridine-                                                 

     6,8-dicarboxylic acid                                                     

     diethyl ester                                                             

     5-methyl-7-(2-nitro-                                                      

                     2.0    18    30                                           

     phenyl)-1,2,3,7-tetra-                                                    

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxylic                                                 

     acid 6-methyl ester 8-                                                    

     ethyl ester                                                               

     4,6-dimethyl-1,2-penta-                                                   

                     5.0    15    &gt;60                                          

     methylene-1,4-dihydro-                                                    

     pyridine-3,5-dicarboxylic                                                 

     acid 3-methyl ester 5-                                                    

     ethyl ester                                                               

     6-methyl-4-(3-nitrophenyl)-                                               

                     2.0    28    &gt;180                                         

     1,2-pentamethylene-1,4-                                                   

     dihydropyridine-3,5-dicar-                                                

     boxylic acid dimethyl ester                                               

     6-methyl-4-(3-nitro-                                                      

                     0.5    22    150                                          

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid 3-                                                  

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(3-nitro-                                                      

                     2.0    30    &gt;180                                         

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid 3-                                                  

     ethyl ester 5-methyl ester                                                

     6-methyl-5-acetyl-4-                                                      

                     3.0    30    90                                           

     (3-nitrophenyl)-1,2-                                                      

     pentamethylene-1,4-dihydro-                                               

     pyridine-3-carboxylic acid                                                

     ethyl ester                                                               

     6-methyl-4-(2-cyano-                                                      

                     1.0    17    90                                           

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid 3-                                                  

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(2-cyano-                                                      

                     1.0    21    &gt;120                                         

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid                                                     

     diethyl ester                                                             

     6-methyl-4-(2-chloro-                                                     

                     5.0    34    120                                          

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid 3-                                                  

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(2-methyl-                                                     

                     5.0    13    &gt;90                                          

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid                                                     

     3-methyl ester 5-ethyl ester                                              

     6-methyl-4-(3-chloro-                                                     

                     3.0    30    150                                          

     phenyl)-1,2-pentamethyl-                                                  

     ene-1,4-dihydropyridine-                                                  

     3,5-dicarboxylic acid                                                     

     diethyl ester                                                             

     6-methyl-4-(2-trifluoro-                                                  

                     0.3    26    90                                           

     methylphenyl)-1,2-penta-                                                  

     methylene-1,4-dihydro-                                                    

     pyridine-3,5-dicarboxylic                                                 

     acid 3-methyl ester 5-                                                    

     ethyl ester                                                               

     6-methyl-4-(2-trifluoro-                                                  

                     0.2    26    90                                           

     methylphenyl)-1,2-penta-                                                  

     methylene-1,4-dihydro-                                                    

     pyridine-3,5-dicarboxylic                                                 

     acid diethyl ester                                                        

     5-methyl-7-(3-nitro-                                                      

                     3.0    20    3                                            

     phenyl)-8-acetyl-1,2,3,7-                                                 

     tetrahydroindolizine-6-                                                   

     carboxylic acid ethyl                                                     

     ester                                                                     

     5-methyl-7-(3-nitro-                                                      

                     2.0    16    90                                           

     phenyl)-1,2,3,7-tetra-                                                    

     hydroindolizine-6,8-                                                      

     dicarboxylic acid 6-                                                      

     methyl ester 8-ethyl                                                      

     ester                                                                     

     5-methyl-7-(2-methyl-                                                     

                     5.0    21    90                                           

     phenyl)-1,2,3,7-tetra-                                                    

     hydroindolizine-6,8-                                                      

     dicarboxylic acid                                                         

     diethyl ester                                                             

     6-methyl-8-(2-cyano-                                                      

                     0.5    23    &gt;60                                          

     phenyl)-1,2,3,4,8-penta-                                                  

     hydroquinolizine-7,9-                                                     

     dicarboxylic acid                                                         

     diethyl ester                                                             

     5-methyl-6-acetyl-7-                                                      

                     2.0    30    20                                           

     (3-nitrophenyl)-2,3,7-                                                    

     trihydrothiazolo[1,2-a]-                                                  

     pyridine-8-carboxylic                                                     

     acid ethyl ester                                                          

     5-methyl-7-(3-nitro-                                                      

                     5.0    35    &gt;90                                          

     phenyl)-1,2,3,7-tetra-                                                    

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxy-                                                   

     lic acid 6-isopropyl                                                      

     ester 8-ethyl ester                                                       

     5-methyl-7-(3-nitro-                                                      

                     5.0    34    &gt;30                                          

     phenyl)-1,2,3,7-tetra-                                                    

     hydroimidazolo[1,2-a]-                                                    

     pyridine-6,8-dicarboxy-                                                   

     lic acid 6-propargyl                                                      

     ester 8-ethyl ester                                                       

     __________________________________________________________________________

PAR  The foregoing values do not necessarily correspond to the lowest dose at
      which a clearly detectable rise is observed in the oxygen saturation in
      the coronary sinus. Thus
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid,
      6-methyl-4-(2-trifluoromethylphenyl)-1,2-pentamethylene-1,4-dihydropyridin
     e-3,5-dicarboxylic acid 3-methyl ester-5-ethyl ester, and
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropridine-3,5-dicar
     boxylic acid 3-ethyl ester-5-methyl ester produce such a rise at I.V. doses
      as low as 0.2, 0.3 and 0.5 mg/kg, respectively.
PAR  The hypotensive activity of the present compounds can be observed by
      measuring the blood pressure of hypertensive rats following peoral
      administration of the compounds. The following table demonstrates the dose
      which results in at least a 15 mm Hg reduction in blood pressure of such
      animals:
TBL                              Dose                                          

               Compound          (mg/kg)                                       

     ______________________________________                                    

     5-methyl-7-(2-cyanophenyl)-2,3,7-trihydrooxazolo-                         

                                 1.0                                           

     [1,2-a]pyridine-6,8-dicarboxylic acid diethyl                             

     ester                                                                     

     5-methyl-7-(2-trifluoromethylphenyl)-1,2,3,7-                             

                                 3.1                                           

     tetrahydroimidazolo[1,2-a]pyridine-6,8-                                   

     dicarboxylic acid diethyl ester                                           

     6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-                            

                                 3.1                                           

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-                            

                                 1.0                                           

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     ethyl ester 5-methyl ester                                                

     6-methyl-4-(2-cyanophenyl)-1,2-pentamethylene-                            

                                 3.0                                           

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(2-trifluoromethylphenyl)-1,2-penta-                           

                                 3.1                                           

     methylene-1,4-dihydropyridine-3,5-dicarboxylic                            

     acid diethyl ester                                                        

     5-methyl-8-acetyl-7-(2-cyanophenyl)-1,2,3,7-                              

                                 3.1                                           

     tetrahydroindolizine-6-carboxylic acid ethyl                              

     ester                                                                     

     6-methyl-8-(2-cyanophenyl)-1,2,3,4,8-pentahydro-                          

                                 0.3                                           

     quinolizine-7,9-dicarboxylic acid diethyl ester                           

     ______________________________________                                    

PAR  The toxicity of the compounds is remarkably low, as can be seen from the
      following toxicities measured in the mouse upon oral administration.
TBL  ______________________________________                                    

                                 Dose                                          

               Compound          (mg/kg)                                       

     ______________________________________                                    

     5-methyl-7-(2-trifluoromethylphenyl)-1,2,3,7-                             

                                 &lt;3,000                                        

     tetrahydroimidazolo[1,2-a]pyridine-6,8-                                   

     dicarboxylic acid diethyl ester                                           

     6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-                            

                                 &lt;3,000                                        

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-                            

                                 &lt;3,000                                        

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     ethyl ester 5-methyl ester                                                

     6-methyl-4-(2-cyanophenyl)-1,2-pentamethylene-                            

                                 &lt;3,000                                        

     1,4-dihydropyridine-3,5-dicarboxylic acid 3-                              

     methyl ester 5-ethyl ester                                                

     6-methyl-4-(2-trifluoromethylphenyl)-1,2-penta-                           

                                 &lt;3,000                                        

     methylene-1,4-dihydropyridine-3,5-dicarboxylic                            

     acid diethyl ester                                                        

     5-methyl-8-acetyl-7-(2-cyanophenyl)-1,2,3,7-                              

                                 &lt;3,000                                        

     tetrahydroindolizine-6-carboxylic acid ethyl                              

     ester                                                                     

     ______________________________________                                    

PAR  In addition to the effect on blood pressure and coronary vessels, the
      compounds also lower the excitability of the stimulus formation and
      excitation conduction system within the heart so that an antifibrillation
      action is observed at therapeutic doses. The tone of the smooth muscle of
      the vessels is also greatly reduced. This vascular-spasmolytic action can
      be observed in the entire vascular system as well as in more or less
      isolated and circumscribed vascular regions such as the central nervous
      system. In addition, a strong muscular-spasmolytic action is manifested in
      the smooth muscle of the stomach, the intestinal tract, the urogenital
      tract and the respiratory system. Finally, there is some evidence that the
      compounds influence the cholesterol level and lipid level of the blood.
      These effects complement one another and the compounds are thus highly
      desirable as pharmaceutical agents to be used in the treatment of
      hypertension and conditions characterized by a constriction of the
      coronary blood vessels.
PAR  Pharmaceutical compositions for effecting such treatment will contain a
      major or minor amount, e.g. from 95 to 0.5%, of at least one
      1,4-dihydropyridine as herein defined in combination with a pharmaceutical
      carrier, the carrier comprising one or more solid, semi-solid or liquid
      diluent, filler and formulation adjuvant which is non-toxic, inert and
      pharmaceutically acceptable. Such pharmaceutical compositions are
      preferably in dosage unit form; i.e. physically discrete units containing
      a predetermined amount of the drug corresponding to a fraction or multiple
      of the dose which is calculated to produce the desired therapeutic
      response. The dosage units can contain one, two, three, four or more
      single doses or, alternatively, one-half, third or fourth of a single
      dose. A single dose preferably contains an amount sufficient to produce
      the desired therapeutic effect upon administration of one application of
      one or more dosage units according to a predetermined dosage regimen,
      usually a whole, half, third or quarter of the daily dosage administred
      once, twice, three or four times a day. Other therapeutic agents can also
      be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgement and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the daily dose will be from
      about 0.05 to about 10 mg/kg, preferably 0.1 to 5.0 mg/kg, when
      administered parenterally and from about 1 to about 100 mg/kg, preferably
      5 to 50 mg/kg, when administered orally. In some instances a sufficient
      therapeutic effect can be obtained at lower doses while in others, larger
      doses will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to imprve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The midicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. There are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively a measured amount of
      the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
DETD
PAR  The following examples will serve to further typify the nature of the
      present invention through the presentation of specific embodiments. These
      examples should not be construed as a limitation on the scope of the
      invention since the subject matter regarded as the invention is set forth
      in the appended claims.
PAC  EXAMPLE 1
      ##SPC3##
PAR  Upon boiling a solution of 9.5 g of 2
      -trifluoromethylbenzylideneacetoacetic acid ethyl ester and 6.2 g of
      2-carbethoxymethylidenethiazolidine in 60 ml of ethanol for 8 hours,
      5-methyl-7-(2-trifluoromethylphenyl)-2,3,7-trihydrothiazolo[1,2-a]-pyridin
     e-6,8-dicarboxylic acid diethyl ester of melting point 107.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 57% of theory.
PAC  EXAMPLE 2
      ##SPC4##
PAR  Upon heating a solution of 7.8 of 2-methylbenzylideneacetoacetic acid ethyl
      ester and 5,8 g. of 2-carbethoxymethylidenethiazolidine in 50 ml of
      isopropanol for 10 hours,
      5-methyl-7-(2-methylphenyl)-2,3,7-trihydrothiazolo[1,2-a]pyridine-6,8-dica
     rboxylic acid diethyl ester of melting point 158.degree. (alcohol) is
      obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 3
      ##SPC5##
PAR  Heating a solution of 8.1 g. of 2-cyanobenzylideneacetoacetic acid ethyl
      ester and 5.7 g of 2-carbethoxymethylidenethiazolidine in 60 ml of ethanol
      for 6 hours yields
      5-methyl-7-(2-cyanophenyl)-2,3,7-trihydrothiazolo[1,2-a]pyridine-6,8-dicar
     boxylic acid diethyl ester of melting point 206.degree. (ethanol).
PAR  Yield: 84% of theory.
PAC  EXAMPLE 4
      ##SPC6##
PAR  Upon heating a solution of 8.4 g of 3-chlorobenzylideneacetic acid ethyl
      ester and 5.7 g of 2-carbethoxymethylidenethiazolidine in 50 ml of ethanol
      for 6 hours,
      5-methyl-7-(3-chlorophenyl)-2,3,7-trihydrothiazolo[1,2-a]pyridine-6,8-dica
     rboxylic acid diethyl ester of melting point 109.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 71% of theory.
PAC  EXAMPLE 5
      ##SPC7##
PAR  Boiling a solution of 8.8 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.7 g of 2-carbethoxymethylidenethiazolidine in 50 ml of ethanol
      for 6 hours yields
      5-methyl-7-(3-nitrophenyl)-2,3,7-trihydrothiazolo[1,2-a]pyridine-6,8-dicar
     boxylic acid diethyl ester of melting point 143.degree. (ethanol).
PAR  Yield: 68% of theory.
PAC  EXAMPLE 6
      ##SPC8##
PAR  Heating a solution of 8.1 g of 2-cyanobenzylidineacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneoxazolidine in 50 ml of ethanol
      for 8 hours yields
      5-methyl-7-(2-cyanophenyl)-2,3,7-trihydrooxazolo[1,2-a]pyridine-6,8-dicarb
     oxylic acid diethyl ester of melting point 199.degree.(alcohol).
PAR  Yield: 51% of theory.
PAC  EXAMPLE 7
      ##SPC9##
PAR  Upon boiling a solution of 8.8 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 5.2 g of 2-carbethoxymethylideneoxazolidine in 60 ml of
      glacial acetic acid for 6 hours,
      5-methyl-7-(3-nitrophenyl)-2,3,7-trihydrooxazolo[1,2-a]pyridine-6,8-dicarb
     oxylic acid diethyl ester of melting point 179.degree. (ethanol) is
      obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 8
      ##SPC10##
PAR  Upon heating a solution of 7.7 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 5.2 g of 2-carbethoxymethylideneoxazolidine in 50 ml of
      ethanol for 8 hours,
      5-methyl-7-(2-methylphenyl)-2,3,7-trihydrooxazolo[1,2-a]pyridine-6,8-dicar
     boxylic acid diethyl ester of melting point 145.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 9
      ##SPC11##
PAR  Boiling a solution of 8.4 g of 3-chlorobenzylideneacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneoxazolidine in 50 ml of glacial
      acetic acid for 8 hours yields
      5-methyl-7-(3-chlorophenyl)-2,3,7-trihydrooxazolo[1,2-a]pyridine-6,8-dicar
     boxylic acid diethyl ester of melting point 110.degree. (ethyl
      acetate/petroleum ether).
PAR  Yield: 66% of theory.
PAC  EXAMPLE 10
      ##SPC12##
PAR  Upon heating a solution of 6 g of ethylideneacetoacetic acid ethyl ester
      and 6 g of 2-carbethoxymethylideneimidazolidine in 50 ml of ethanol for 10
      hours,
      5,7-dimethyl-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-dicarboxylic
      acid diethyl ester of melting point 138.degree. (ethanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 11
      ##SPC13##
PAR  Upon heating a solution of 9.8 g of 3-nitrobenzylideneacetoacetic acid
      .beta.-methoxyethyl ester and 5.2 g of 2
      -carbethoxymethylideneimidazolidine in 60 ml of alcohol for 6 hours,
      5-methyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-
     dicarboxylic acid 6-(.beta.-methoxyethyl) ester 8-ethyl ester of melting
      point 126.degree.-127.degree. (alcohol) is obtained.
PAR  Yield: 63% of theory.
PAC  EXAMPLE 12
      ##SPC14##
PAR  Upon heating a solution of 5.3 g of benzaldehyde, 6.5 g of acetoacetic acid
      ethyl ester and 7.8 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      ethanol for 6 hours,
      5-methyl-7-phenyl-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-dicarboxy
     lic acid diethyl ester of melting point 165.degree. (alcohol) is obtained.
PAR  Yield: 81% of theory.
PAC  EXAMPLE 13
      ##SPC15##
PAR  Heating a solution of 8.8 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      alcohol for 6 hours yields
      5-methyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine6,8-d
     icarboxylic acid diethyl ester of melting point 159.degree.-60.degree.
      (alcohol/dimethylformamide).
PAR  Yield: 68% of theory.
PAC  EXAMPLE 14
      ##SPC16##
PAR  Boiling a solution of 7.8 g of 3-nitrobenzylideneacetylacetone and 5.2 g of
      2-carbethoxymethylideneimidazolidine in 50 ml of glacial acetic acid for 6
      hours yields
      5-methyl-6-acetyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyri
     dine-8-carboxylic acid ethyl ester of melting point 155.degree. (ethanol).
PAR  Yield: 54% of theory.
PAC  EXAMPLE 15
      ##SPC17##
PAR  Upon heating a solution of 9.5 g of 2-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50
      ml of ethanol for 6 hours,
      5-methyl7-(2-trifluoromethylphenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyri
     dine-6,8-dicarboxylic acid diethyl ester of melting point 137.degree.
      (alcohol) is obtained.
PAR  Yield: 63% of theory.
PAC  EXAMPLE 16
      ##SPC18##
PAR  Boiling a solution of 7.7 g of 2-methylbenzylideneacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      ethanol for 10 hours yields
      5-methyl-7-(2-methylphenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8
     -dicarboxylic acid diethyl ester of melting point 202.degree. (alcohol).
PAR  Yield: 69% of theory.
PAC  EXAMPLE 17
      ##SPC19##
PAR  Boiling a solution of 8.4 g of 2-chlorobenzylideneacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      ethanol for 8 hours yields
      5-methyl-7-(2-chlorophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8
     -dicarboxylic acid diethyl ester of melting point 198% (alcohol).
PAR  Yield: 59% of theory.
PAC  EXAMPLE 18
      ##SPC20##
PAR  Upon heating a solution of 8.4 g of 3-chlorobenzylideneacetoacetic acid
      ethyl ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      ethanol for 8 hours,
      5-methyl-7-(3-chlorophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8
     dicarboxylic acid diethyl ester of melting point 137.degree. (alcohol) is
      obtained.
PAR  Yield: 60% of theory.
PAC  EXAMPLE 19
      ##SPC21##
PAR  Boiling a solution of 6.9 g of 2-furfurylideneacetoacetic acid ethyl ester
      and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of ethanol for
      8 hours yields
      5-methyl-7-(2-furyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-dicarb
     oxylic acid diethyl ester of melting point 164.degree. (ethanol).
PAR  Yield: 65% of theory.
PAC  EXAMPLE 20
      ##SPC22##
PAR  Upon heating a solution of 5.4 g of pyridin-2-aldehyde, 6.5 g of
      acetoacetic acid ethyl ester and 5.2 g of
      2-carbethoxymethylideneimidazolidine in 50 ml of ethanol for 6 hours,
      5-methyl-7-(.alpha.-pyridyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,
     8-dicarboxylic acid diethyl ester of melting point 191.degree.
      (isopropanol) is obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 21
      ##SPC23##
PAR  Boiling a solution of 8.7 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylidene-1-methylimidazolidine in 50 ml
      of alcohol for 6 hours yields
      1,5-dimethyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-
     6,8-dicarboxylic acid diethyl ester (oil).
PAR  Yield: 69% of theory.
PAC  EXAMPLE 22
      ##SPC24##
PAR  Upon heating a solution of 7.1 g of 3-nitro-6-chlorobenzylideneacetoacetic
      acid methyl ester and 3.9 g of 2-carbethoxymethylideneimidazolidine in 50
      ml of ethanol for 8 hours,
      5-methyl-7-(3-nitro-6-chlorophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyri
     dine-6,8-dicarboxylic acid 6-methyl ester 8-ethyl ester of melting point
      182.degree. (alcohol) is obtained.
PAR  Yield: 75% of theory.
PAC  EXAMPLE 23
      ##SPC25##
PAR  Upon boiling a solution of 8.3 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 50 ml of
      ethanol for 6 hours,
      5-methyl-7-(2-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-
     dicarboxylic acid 6-methyl ester 8-ethyl ester of melting point 185.degree.
      is obtained.
PAC  EXAMPLE 24
      ##SPC26##
PAR  Upon boiling a solution of 7.8 g of ethylideneacetoacetic acid ethyl ester
      and 8.5 g of 2-carbomethoxymethylidenehexahydroazepine in 50 ml of alcohol
      for 6 hours,
      4,6-dimethyl-1,2-pentamethylene-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester 5-ethyl ester of melting point 70.degree. (ethyl
      acetate/petroleum) is obtained.
PAR  Yield: 57% of theory.
PAC  EXAMPLE 25
      ##SPC27##
PAR  Upon boiling a solution of 8.3 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 5.7 g of 2-carbomethoxymethylidenehexahydroazepine in 50
      ml of glacial acetic acid for 8 hours,
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid dimethyl ester of melting point 98.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 68% of theory.
PAC  EXAMPLE 26
      ##SPC28##
PAR  Heating a solution of 8.8 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.6 g of 2-carbomethoxymethylidenehexahydroazepine in 50 ml of
      ethanol for 6 hours yields
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid 3-methyl ester 5-ethyl ester of melting point 75.degree.
      (ethyl acetate/petroleum ether).
PAR  Yield: 56% of theory.
PAC  EXAMPLE 27
      ##SPC29##
PAR  After boiling a solution of 8.3 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 6.1 g of 2-carbethoxymethylidenehexahydroazepine in 50 ml
      of alcohol for 8 hours,
      6-methyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid 3-ethyl ester 5-methyl ester of melting point 85.degree.C
      (ethyl acetate/petroleum ether) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 28
      ##SPC30##
PAR  Upon heating a solution of 7.6 g of 3-nitrobenzaldehyde, 5.0 g of
      acetylacetone and 9.1 g of 2-carbethoxymethylidenehexahydroazepine in 50
      ml of ethanol for 8 hours,
      6-methyl-5-acetyl-4-(3-nitrophenyl)-1,2-pentamethylene-1,4-dihydropyridine
     -3-carboxylic acid ethyl ester of melting point 91.degree. (alcohol/water)
      is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 29
      ##SPC31##
PAR  Upon boiling a solution of 8.1 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 5.6 g of 2-carbomethoxymethylidenehexahydroazepine in 50
      ml of ethanol for 8 hours,
      6-methyl-4-(2-cyanophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid 3-methyl ester 5-ethyl ester of melting point 154.degree.
      (alcohol) is obtained.
PAR  Yield: 61% of theory.
PAC  EXAMPLE 30
      ##SPC32##
PAR  Boiling a solution of 8.1 g of 2-cyanobenzylideneacetoacetic acid ethyl
      ester and 6.1 g of 2-carbethoxymethylidenehexahydroazepine in 50 ml of
      ethanol for 6 hours yields
      6-methyl-4-(2-cyanophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dica
     rboxylic acid diethyl ester of melting point 134.degree. (ethyl
      acetate/petroleum ether).
PAR  Yield: 54% of theory.
PAC  EXAMPLE 31
      ##SPC33##
PAR  Upon boiling a solution of 8.4 g of 2-chlorobenzylideneacetoacetic acid
      ethyl ester and 5.6 g of 2-carbomethoxymethylidenehexahydroazepine in 50
      ml of ethanol for 6 hours,
      6-methyl-4-(2-chlorophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dic
     arboxylic acid 3-methyl ester 5-ethyl ester of melting point 123.degree.
      (ethanol) is obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 32
      ##SPC34##
PAR  Upon heating a solution of 7.7 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 5.6 g of 2-carbomethoxymethylidenehexahydroazepine in 50
      ml of ethanol for 8 hours,
      6-methyl-4-(2-methylphenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dic
     arboxylic acid 3-methyl ester 5-ethyl ester of melting point 130.degree.
      (alcohol) is obtained.
PAR  Yield: 74% of theory.
PAC  EXAMPLE 33
      ##SPC35##
PAR  Boiling a solution of 8.4 g of 3-chlorobenzylideneacetoacetic acid ethyl
      ester and 6.1 g of 2-carbethoxymethylidenehexahydroazepine in 50 ml of
      glacial acetic acid for 6 hours yields
      6-methyl-4-(3-chlorophenyl)-1,2-pentamethylene-1,4-dihydropyridine-3,5-dic
     arboxylic acid diethyl ester of melting point 100.degree. (ethyl
      acetate/petroleum ether).
PAR  Yield: 65% of theory.
PAC  EXAMPLE 34
      ##SPC36##
PAR  After boiling a solution of 9.1 g of
      2-trifluoromethylbenzylideneacetoacetic acid ethyl ester and 5.6 g of
      2-carbomethoxymethylidenehexahydroazepine in 50 ml of ethanol for 8 hours,
      6-methyl-4-(2-trifluoromethylphenyl)-1,2-pentamethylene-1,4-dihydropyridin
     e-3,5-dicarboxylic acid 3-methyl ester 5-ethyl ester of melting point
      111.degree. (ethyl acetate/petroleum ether) is obtained.
PAR  Yield: 76% of theory.
PAC  EXAMPLE 35
      ##SPC37##
PAR  Heating a solution of 9.1 g of 2-trifluoromethylbenzylideneacetoacetic acid
      ethyl ester and 6.1 g of 2-carbethoxymethylidenehexahydroazepine in 50 ml
      of ethanol for 10 hours yields
      6-methyl-4-(2-trifluoromethylphenyl)-1,2-pentamethylene-1,4-dihydropyridin
     e-3,5-dicarboxylic acid diethyl ester of melting point 104.degree.
      (alcohol/water).
PAR  Yield: 71% of theory.
PAC  EXAMPLE 36
      ##SPC38##
PAR  Boiling a solution of 8.8 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 4.6 g of 2 -acetylmethylidenepyrrolidine in 50 ml of ethanol for
      6 hours yields
      5-methyl-7-(3-nitrophenyl)-8-acetyl-1,2,3,7-tetrahydroindolizine-6-carboxy
     lic acid ethyl ester of melting point 161.degree. (isopropanol).
PAR  Yield: 72% of theory.
PAC  EXAMPLE 37
      ##SPC39##
PAR  Upon heating a solution of 9.4 g of 2-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 4.6 g of 2-acetylmethylidenepyrrolidine in 50 ml of
      glacial acetic acid for 8 hours,
      5-methyl-8-acetyl-7-(2-trifluoromethylphenyl)-1,2,3,7-tetrahydroindolizine
     -6-carboxylic acid ethyl ester of melting point 126.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 38
      ##SPC40##
PAR  Upon boiling a solution of 8.1 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 4.6 g of acetylmethylidenepyrrolidine in 50 ml of ethanol
      for 6 hours,
      5-methyl-8-acetyl-7-(2-cyanophenyl)-1,2,3,7-tetrahydroindolizine-6-carboxy
     lic acid ethyl ester of melting point 167.degree. (ethanol) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 39
      ##SPC41##
PAR  Upon boiling a solution of 8.3 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 5.6 g of 2-carbethoxymethylidenepyrrolidine in 50 ml of
      glacial acetic acid for 8 hours,
      5-methyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroindolizine-6,8-dicarboxylic
      acid 6-methyl ester 8-ethyl ester of melting point 120.degree. (ethanol)
      is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 40
      ##SPC42##
PAR  Upon boiling a solution of 7.7 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 5.6 g of carbethoxymethylidenepyrrolidine in 50 ml of
      ethanol for 8 hours,
      5-methyl-7-(2-methylphenyl)-1,2,3,7-tetrahydroindolizine-6,8-dicarboxylic
      acid diethyl ester of melting point 148.degree. (alcohol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 41
      ##SPC43##
PAR  Upon heating a solution of 8.1 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 5.6 g of 2-carbethoxymethylidenepiperidine in 50 ml of
      ethanol for 6 hours,
      6-methyl-8-(2-cyanophenyl)-1,2,3,4,8-pentahydroquinolizine-7,9-dicarboxyli
     c acid diethyl ester of melting point 142.degree. (ethyl acetate/petroleum
      ether) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 42
      ##SPC44##
PAR  Boiling a solution of 7.7 g of 2-methylbenzylideneacetoacetic acid ethyl
      ester and 5.6 g of 2-carbethoxymethylidenepiperidine in 50 ml of ethanol
      for 12 hours yields
      6-methyl-8-(2-methylphenyl)-1,2,3,4,8-pentahydroquinolizine-7,9-dicarboxyl
     ic acid diethyl ester of melting point 106.degree. (ethyl acetate/petroleum
      ether).
PAR  Yield: 75% of theory.
PAC  EXAMPLE 43
      ##SPC45##
PAR  Upon boiling a solution of 7.8 g of 3-nitrobenzylideneacetylacetone and 5.7
      g of 2-carbethoxymethylidenethiazolidine in 60 ml of ethanol for 7 hours,
      5-methyl-6-acetyl-7-(3-nitrophenyl)-2,3,7-trihydrothiazolo[1,2-a]pyridine-
     8-carboxylic acid ethyl ester of melting point 152.degree. (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 44
      ##SPC46##
PAR  Boiling a solution of 9.2 g of 3-nitrobenzylideneacetoacetic acid isopropyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 60 ml of
      ethanol for 2 hours yields
      5-methyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-
     dicarboxylic acid 6-isopropyl ester 8-ethyl ester of melting point
      136.degree. (ethanol).
PAR  Yield: 65% of theory.
PAC  EXAMPLE 45
      ##SPC47##
PAR  Heating a solution of 9.1 g of 3-nitrobenzylideneacetoacetic acid propargyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 60 ml of
      ethanol for 6 hours yields
      5-methyl-7-(3-nitrophenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-
     dicarboxylic acid 6-propargyl ester 8-ethyl ester of melting point
      153.degree. (ethanol).
PAR  Yield: 54% of theory.
PAC  EXAMPLE 46
      ##SPC48##
PAR  Heating a solution of 9.7 g of 3-carbethoxybenzylideneacetoacetic acid
      ethyl ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 60 ml of
      ethanol for 6 hours yields
      5-methyl-7-(3-carbethoxyphenyl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine
     -6,8-dicarboxylic acid diethyl ester of melting point 149.degree.C
      (ethanol).
PAR  Yield: 69% of theory.
PAC  EXAMPLE 47
      ##SPC49##
PAR  Boiling a solution of 7.4 g of then-2-ylideneacetoacetic acid ethyl ester
      and 5.2 g of 2-carbethoxymethylideneimidazolidine in 60 ml of ethanol for
      6 hours yields
      5-methyl-7-(then-2-yl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-dica
     rboxylic acid diethyl ester of melting point 134.degree.C (ethanol).
PAR  Yield: 72% of theory.
PAC  EXAMPLE 48
      ##SPC50##
PAR  Heating a solution of 9.0 g of (naphth-1-ylidene)acetoacetic acid ethyl
      ester and 5.2 g of 2-carbethoxymethylideneimidazolidine in 60 ml of
      ethanol for 6 hours yields
      5-methyl-7-(naphth-1-yl)-1,2,3,7-tetrahydroimidazolo[1,2-a]pyridine-6,8-di
     carboxylic acid diethyl ester of melting point 169.degree.-170.degree.C
      (ethanol).
PAR  Yield: 52% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC51##
PAL  wherein
PA1  X is --NR.sup.5 --;
PA1  m is 2;
PA1  R.sup.1 is hydrogen or lower alkyl;
PA1  R.sup.2 is lower alkoxy, lower alkoxy(lower alkoxy) or alkynyloxy of 2 to 4
      carbon atoms;
PA1  R.sup.4 is lower alkoxy or alkynyloxy of 2 to 4 carbon atoms;
PA1  R.sup.3 is lower alkyl; phenyl; phenyl substituted by one or two
      substituents selected from the group consisting of lower alkyl,
      trifluoromethyl, cyano, halo, nitro and carbo(lower alkoxy); pyridyl;
      furyl; thienyl; or naphthyl; and
PA1  R.sup.5 is hydrogen or lower alkyl.
NUM  2.
PAR  2. A compound according to claim 1 of the formula:
      ##SPC52##
PAL  wherein
PA1  m is 2;
PA1  each of R.sup.2 and R.sup.4, independent of the other, is methoxy or
      ethoxy; and
PA1  R.sup.6 is nitro, cyano or trifluoromethyl in the 2- or 3- position of the
      depicted phenyl ring.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R.sup.2 is lower alkoxy or lower alkoxy(lower alkoxy),
PA1  R.sup.3 is lower alkyl; phenyl; phenyl substituted by lower alkyl,
      trifluoromethyl, cyano, halogeno, nitro, carbo(lower alkoxy) or nitro and
      chloro; naphthyl; pyridyl, furyl or thienyl;
PA1  R.sup.4 is lower alkoxy or lower alkynyloxy; and
PA1  R.sup.5 is hydrogen.
NUM  4.
PAR  4. A compound according to claim 3 wherein m is 2.
NUM  5.
PAR  5. A compound according to claim 1 wherein
PA1  R.sup.1 is methyl;
PA1  R.sup.2 is lower alkoxy or lower alkoxy(lower alkoxy);
PA1  R.sup.3 is methyl; phenyl; phenyl substituted by methyl, trifluoromethyl,
      cyano, chloro, nitro, carbethoxy or nitro and chloro; naphthyl; or
      thienyl;
PA1  R.sup.4 is methoxy, ethoxy, propoxy or propargyloxy;
PA1  R.sup.5 is hydrogen; and
PA1  m is 2.
NUM  6.
PAR  6. The compound according to claim 1 which is
      ##SPC53##
NUM  7.
PAR  7. The compound according to claim 1 which is
      ##SPC54##
NUM  8.
PAR  8. The compound according to claim 1 which is
      ##SPC55##
NUM  9.
PAR  9. The compound according to claim 1 which is
      ##SPC56##
NUM  10.
PAR  10. The compound according to claim 1 which is
      ##SPC57##
NUM  11.
PAR  11. The compound according to claim 1 which is
      ##SPC58##
NUM  12.
PAR  12. The compound according to claim 1 which is
      ##SPC59##
NUM  13.
PAR  13. The compound according to claim 1 which is
      ##SPC60##
NUM  14.
PAR  14. The compound according to claim 1 which is
      ##SPC61##
NUM  15.
PAR  15. The compound according to claim 1 which is
      ##SPC62##
NUM  16.
PAR  16. The compound according to claim 1 which is
      ##SPC63##
NUM  17.
PAR  17. The compound according to claim 1 which is
      ##SPC64##
NUM  18.
PAR  18. The compound according to claim 1 which is
      ##SPC65##
NUM  19.
PAR  19. The compound according to cliam 1 which is
      ##SPC66##
NUM  20.
PAR  20. The compound according to claim 1 which is
      ##SPC67##
NUM  21.
PAR  21. The compound according to claim 1 which is
      ##SPC68##
NUM  22.
PAR  22. The compound according to claim 1 which is
      ##SPC69##
NUM  23.
PAR  23. The compound according to claim 1 which is
      ##SPC70##
PATN
WKU  039352218
SRC  5
APN  4615956
APT  1
ART  125
APD  19740417
TTL  Substituted fusaric acid derivatives
ISD  19760127
NCL  2
ECL  1
EXP  Drezin; Norman A.
INVT
NAM  Miyano; Tetsuji
CTY  Nagoya
CNT  JA
INVT
NAM  Suzuki; Kunio
CTY  Nagoya
CNT  JA
INVT
NAM  Fukatsu; Hiroshi
CTY  Nagoya
CNT  JA
ASSG
NAM  Banyu Pharmaceutical Co., Ltd.
CTY  Nagoya
CNT  JA
COD  03
PRIR
CNT  JA
APD  19710528
APN  46-36220
PRIR
CNT  JA
APD  19711001
APN  46-76237
RLAP
COD  72
APN  257834
APD  19720530
PSC  01
PNO  3835146
CLAS
OCL  260295AM
XCL  260270R
XCL  260295R
XCL  260295S
XCL  424266
EDF  2
ICL  C07D21356
FSC  260
FSS  295 AM;295 R
UREF
PNO  3519717
ISD  19700700
NAM  Symchowicz et al.
OCL  424266
FREF
PNO  1,219,176
ISD  19710100
CNT  UK
OCL  260295AM
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  Halo-fusaric acid amides having the formula
      ##SPC1##
PAL  Wherein X represents halogen or hydrogen, Y represents halogen and R.sub.1
      and R.sub.2 are same or different and represent hydrogen or a lower alkyl
      group (C.sub.1-4) which are characterized by significant activity in the
      treatment of hypertension.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a Continuation-In-Part of application Ser. No. 257,834,
      filed May 30, 1972 now U.S. Pat. No. 3,835,146.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to novel halo-fusaric acid amides and to a method of
      preparing said compounds. This invention also relates to a method of using
      said novel halo-fusaric acid amides for the treatment of hypertension.
PAR  2. Description of the Prior Art:
PAR  Fusaric acid is known to be a metabolism product produced by
      microorganisms, particularly vegetable germs. It has recently been
      discovered that fusaric acid will inhibit the production of
      dopamine-.beta.-hydroxylase, and hence might be useful in pharmacological
      preparations, except that it is quite high in toxicity. It would be quite
      desirable, therefore, to provide related derivatives of fusaric acid which
      are likewise characterized by dopamine-.beta.-hydroxylase inhibiting
      activity, but which have a reduced toxicity level.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide halo-fusaric
      acid amides. It is still another object of this invention to provide a
      process of using said fusaric acid to reduce the levels of
      dopamine-.beta.-hydroxylase and for the treatment of hypertension. These
      and other objects, as will hereinafter become more readily apparent, have
      been attained by the provision of halo-fusaric acid amides of the formula:
      ##SPC2##
PAL  Wherein X represents halogen or hydrogen, Y represents halogen, and R.sub.1
      and R.sub.2 are same or different and represent hydrogen or a lower alkyl
      group (C.sub.1-4).
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The halo-fusaric acid amides of this invention have the formula:
      ##SPC3##
PAL  Wherein X represents hydrogen or halogen atom; and Y represents a halogen
      atom; R.sub.1 and R.sub.2 are same or different and represent hydrogen or
      a lower alkyl group (C.sub.1-4). Representative of X and Y are hydrogen,
      chlorine, bromine, and iodine atom. Representative of R.sub.1 and R.sub.2
      are hydrogen, methyl, ethyl, propyl and butyl. Accordingly, --NR.sub.1
      R.sub.2 groups are amino, monomethylamino, dimethylamino, monoethylamino,
      diethylamino, monopropylamino, dipropylamino, methylethylamino,
      methylpropylamino and ethylpropylamino group, etc.. The typical compounds
      of this invention are
PA0  10,11-dibromofusaric acid amide,
PA0  10,11-dichlorofusaric acid amide,
PA0  10-monobromofusaric acid amide,
PA0  10,11-dibromofusaric acid monomethylamide,
PA0  10,11-dichlorofusaric acid monomethylamide,
PA0  10,11-dibromofusaric acid dimethylamide,
PA0  10,11-dichlorofusaric acid dimethylamide.
PA0  10,11-Dihalo-fusaric acid can be prepared by dissolving dehydrofusaric acid
      in an inert organic solvent, e.g., chloroform, and ether, cooling and
      admixing with a halogen to provide an addition reaction. The
      10,11-dihalo-fusaric acid product can then be purified by conventional
      purification procedures, such as recrystallization or silica
      chromatography to yield purified crystals. Typical of the
      10,11-dihalo-fusaric acid produced herein is 10,11-dibromo-fusaric acid,
      which is characterized as colorless needle-like crystals having a melting
      point of 105.degree. - 106.degree.C, and is soluble in alcohol,
      chloroform, benzene, ethylacetate, and hot water. It is insoluble in cold
      water and petroleum ether, and yields a positive test result to Beilstein
      reagent. Elementary Analysis shows that the compound is: C : 35.6%, H:
      3.33%, N: 4.30%, and Br: 46.92%(calculated value of C.sub.10 H.sub.11
      O.sub.2 N.Br.sub.2 C: 35.64%, H: 3.29%, N: 4.16%, Br: 47.42%). The
      ultraviolet absorption spectrum of the compound is .lambda.max in methanol
      269 m.mu. and E.sub.1cm.sup.1% 159 (the ultraviolet absorption spectrum of
      fusaric acid is .lambda.max in methanol 269 m.mu. E.sub.1cm.sup.1% 310.)
PAR  The nuclear magnetic resonance spectrum (CDCl.sub.3) of this compound is as
      follows:
     .delta. 2.0 - 2.7, 2H, multiplet,                                         

                            (-CHBr-CH.sub.2 -CH.sub.2.sub.-);                  

     .delta. 2.7 - 3.2, 2H, multiplet,                                         

                            (-CH.sub.2 -CH.sub.2.sub.-);                       

     .delta. 3.4 - 4.3, 3H, multiplet,                                         

                            (CH.sub.2 Br-CHBr-CH.sub.2.sub.-);                 

     .delta. 7.7 - 7.9, 1H, doublet,                                           

                            (aromatic H);                                      

     .delta. 8.05 - 8.25, 1H, doublet,                                         

                            (aromatic H);                                      

     .delta. 8.65, 1H, singlet (broad),                                        

                            (aromatic H);                                      

     .delta. 10.0, 1H, singlet                                                 

                            (Carboxylic H).                                    

PAR  In this invention, 10-monohalo-fusaric acid can be prepared by dissolving
      dehydrofusaric acid in water or other suitable organic solvent, if
      necessary, together with a suitable reagent for generating hydrogen
      halide. Hydrogen halide is then introduced or generated to effect the
      addition reaction. 10-bromo-fusaric acid prepared in accordance with the
      process of this invention is characterized as colorless needle-like
      crystals having a melting point of 112.degree. - 113.degree.C, and is
      soluble in alcohol, chloroform, acetone, benzene, ethylacetate, and is
      soluble in hot water but difficulty soluble in cold water. It is insoluble
      in n-hexane, petroleum ether, and proves positive with Beilstein reagent.
      The halo-fusaric halide can be prepared by reacting halogenating agent
      such as thionylchloride, hydrochloride with halo-fusaric acid in a
      solvent. The solvent can be inert solvent or halogenating agent such as
      thionyl chloride. The ahlo-fusaric acid amides of the invention can be
      prepared from the halo-fusaric halide in a solvent by introducing ammonia
      gas or adding methylamine, dimethylamine, ethylamine, diethylamine, etc..
      The halogenating agents used for preparing halo-fusaric halide can be
      thionylchloride, hydrochloride, phosphorus pentachloride and phosphorus
      oxychloride. The thionylchloride can be used without a solvent, however,
      it is usual to carry out the halogenation of halo-fusaric acid in a
      solvent such as chloroform, benzene, etc.. The halo-fusaric halide reacts
      with ammonia or a lower alkylamine in a solvent such as chloroform,
      benzene, etc.. The ahlo-fusaric acid amide can be prepared from
      halo-fusaric acid ester by reacting it with an alkylamine. The
      halo-fusaric acid ester can be prepared by reacting halo-fusaric acid with
      an alcohol in the presence of chlorine gas. The details of the preparation
      of the halo-fusaric acid can be understood from the description of the
      examples. The halo-fusaric acid amides of the invention are characterized
      by a significant anti-hypertensive effects and low toxicity. The
      followings are test results of anti-hypertensive effects and toxicities of
      the typical halo-fusaric acid amides of the invention. The
      anti-hypertensive effects of dibromo, monobromo, dichloro and monochloro
      fusaric acid amide, monomethylamide, dimethylamide were compared with
      those of dibromofusaric acid and fusaric acid. Blood pressure of
      spontaneously hypertensive rats (SHR) derived from the colony of SHR
      produced by selective inbreeding of a strain of Wistar rats (Okamoto and
      Aoki, Jap. Circul. J. 27:282-293, 1963) was measured indirectly in
      unanaesthesized rats plethysmographically (Williams et al, J. Clin.
      Invest. 18:373-376, 1939). Thirty percent depression of systolic blood
      pressure was defined to be significant and effective change. Table 1
      showed LD.sub.50 and ED.sub.50 for antihypertensive action of the drugs.
      LD.sub.50 of each drug was obtained using male mice (DBA). It is clear
      that dibromofusaric acid amide is the least toxic and the most effective
      drug for hypertension.
TBL                                    Table 1                                 

     __________________________________________________________________________

       Compound                                                                

     HHHH                                                                      

     HC--C--C--C                            LD.sub.50 (mg/kg)                  

                                                    ED.sub.50 (mg/kg)          

     .vertline..vertline.HH                 Intraperitaneally                  

                                                    Orally                     

                                                        Intra-                 

                                                              Orally           

     XY                                                 peritoneally           

     XY                 Z                                                      

     __________________________________________________________________________

     1 BrBr             NH.sub.2                                               

                             Dibromofusaric acid amine                         

                                            1167    1860                       

                                                        1.0   1.6              

     2 Br               NH.sub.2                                               

                             Monobromofusaric acid                             

                                            633     1050                       

                                                        2.0   4.0              

                             amide                                             

     3 BrBr             N(CH.sub.3).sub.2                                      

                             Dibromofusaric acid                               

                             dimethylamide  304     500 3.0   4.0              

     4 ClCl             NH.sub.2                                               

                             Dichlorofusaric acid amide                        

                                            374     620 2.0   4.0              

     5 ClCl             N(CH.sub.3).sub.2                                      

                             Dichlorofusaric acid dimethyl-                    

                             amide          188     300 5.0   1.6              

     6 BrBr             OH   Dibromofusaric acid                               

                                            132     180 3.2   4.0              

     7 -- --            OH   Fusaric acid   110     130 3.5   4.0              

     __________________________________________________________________________

DETD
     Having generally described the invention, a more complete understanding can
      be attained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      construed as limiting unless otherwise so specified. In Examples,
      10,11-dihalofusaric acid amide is referred to as 5-(3,4-dihalobutyl)
      picolinamide and 10,11-dihalofusaric acid dialkylamide is referred to as
      N,N-dialkyl-5-(3,4-dihalobutyl) picolinamide.
PAC  [EXAMPLE 1]
PAC  5-(3,4-Dibromobutyl)picolinamide .fwdarw. 10,11-dibromofusaric acid amide
PAR  20 g of 5-(3,4-dibromobutyl)picolinic acid was added to 15 ml of thionyl
      chloride and resulting solution was kept to warm at 50.degree.C for
      one-half hour. Reaction mixture was evaporated in reduced pressure and
      resulting oily residue was dissolved in chloroform 100 ml. Through the
      solution dry ammonia gas was passed for five minutes with cooling. White
      precipitate was removed by filtration and washed with chloroform. Filtrate
      and washings are combined and evaporated in reduced pressure. Resulting
      solid was crystallized from benzene to give 10.2 g of the pure product as
      platelets.
TBL  ______________________________________                                    

     m.p.    138.5 - 140.5.degree.C                                            

     Anal.;  C.sub.10 H.sub.12 ON.sub.2 Br.sub.2                               

             calc.; C 35.74, H 3.60, N 8.34, Br 47.56                          

             found; C 35.98, H 3.88, N 8.51, Br 47.15                          

     IR(KBr);                                                                  

             1680, 1660 cm.sup..sup.-1                                         

     UV;     .lambda..sub.max..sup.MeOH 269 nm (.epsilon. 5400)                

     TLC;    Rf 0.72 (Silicagel; chloroform-                                   

             methanol - acetic acid = 45:4:1)                                  

     Solubility;                                                               

             Soluble in alcohol, acetone, benzene, chloroform                  

             Insoluble in water, ether.                                        

     ______________________________________                                    

PAC  [EXAMPLE 2]
PAC  5-(3,4-Dibromobutyl)picolinamide .fwdarw.
PAR  10 g of 5-(3,4-dibromobutyl)picolinic acid was dissolved in 200 ml of
      ethanol saturated with dry hydrochloride gas and resulting solution was
      refluxed for six hours. Reaction mixture was evaporated in reduced
      pressure and resulting pale yellow oil was dissolved in 300 ml of ethanol
      saturated with dry ammonia gas. The solution was kept to stand at room
      temperature for three days, and then evaporated in reduced pressure.
      Resulting solid was crystallized from benzene to give 6.5 g of the pure
      product as platelets.
TBL  ______________________________________                                    

     m.p.        138 - 140.degree.C                                            

     IR(KBr);    1680, 1660 cm.sup..sup.-1                                     

     UV;         .lambda..sub.max.sup.MeOH 269 nm (.epsilon. 5350)             

     TLC;        Rf 0.72 (Silicagel; chloroform-methanol-                      

                 acetic acid = 45:4:1)                                         

     ______________________________________                                    

PAC  [EXAMPLE 3]
PAC  5-(3,4-Dichlorobutyl)picolinamide .fwdarw. 10,11-dichlorofusaric acid amide
PAR  10 g of 5-(3,4-dichlorobutyl)picolinic acid was added to the solution of
      thionyl chloride (30 ml) and chloroform (100 ml), and resulting solution
      was refluxed for fifteen minutes. The reaction mixture was evaporated in
      reduced pressure to obtain oily residue. This was dissolved in 100 ml of
      benzene and treated with 28% aqueous ammonia (50 ml) at 4.degree. -
      10.degree.C with vigorous stirring for an hour. Benzene extract was
      evaporated in reduced pressure to give crude product as solid.
PAR  By recrystallization from benzene- n hexane, 6.5 g of the pure product as
      needles was yielded
TBL  ______________________________________                                    

     m.p.    115 - 117.degree.C                                                

     Anal.;  C.sub.10 H.sub.12 ON.sub.2 Cl.sub.2                               

             calc.; C 48.60, H 4.89, N 11.34, Cl 28.69                         

             found; C 48.82, H 4.83, N 11.54, Cl 28.25                         

     IR(KBr);                                                                  

             1680, 1650 cm.sup..sup.-1                                         

     UV;     .lambda..sub.max.sup.MeOH 268 nm (.epsilon. 5370)                 

     TLC;    Rf 0.78 (Silicagel; benzene-pyridine-                             

             acetic acid = 30:5:1)                                             

     Solubility;                                                               

             Soluble in methanol, acetone, benzene, chloroform;                

             Insoluble in water, ether.                                        

     ______________________________________                                    

PAC  [EXAMPLE 4]
PAC  5-(3-Bromobutyl)picolinamide .fwdarw. 10- mon-bromofusaric acid amide
PAR  According to the same method as Example 1 dry ammonia was reacted with acid
      chloride prepared from 2 g of 5-(3-bromobutyl)picolinic acid and 1.5 ml of
      thionyl chloride to give crude product as oil. Crude product was
      recrystallized from benzene-n hexane to give 1.1 g of the pure product as
      needles.
TBL  ______________________________________                                    

     m.p.        130 - 131.degree.C                                            

     Anal.;      C.sub.10 H.sub.13 ON.sub.2 Br                                 

                 calc.; C 46.71, H 5.10, N 10.89, Br 31.08                     

                 found; C 46.34, H 5.32, N 10.97, Br 30.63                     

     IR(Kbr);    1680 cm.sup..sup.-1                                           

     UV;         .lambda..sub.max.sup.MeOH 268 nm (.epsilon. 5450)             

     TLC;        Rf 0.69 (Silicagel; chloroform-methanol-                      

                 acetic acid = 45:4:1)                                         

     ______________________________________                                    

PAC  [EXAMPLE 5]
PAC  N-Methyl-5-(3,4-dibromobutyl)picolinamide .fwdarw. 10,11-dibromofusaric
      acid monomethylamide
PAR  According to the same method as Example 1 with cooling 30% aqueous
      methylamine solution (100 ml) was added to the chloroform solution (200
      ml) of acid chloride prepared from 10 g of 5-(3,4-dibromobutyl)picolinic
      acid and 10 ml of thionyl chloride, and stirred at 8.degree.C for an hour.
      Chloroform layer which was separated, was washed with 0.3% aqueous
      hydrochloride solution, 5% aqueous sodium bicarbonate solution, and then
      water. Chloroform was evaporated in reduced pressure to yield 8.7 g of
      crude product as oil. To purify the product, above crude product was
      chromatographed on silicagel using ethylacetate as developing solvent. The
      pure product was viscous oil and showed only one spot (Rf 0.60) on TLC
      (silicagel; ethylacetate, IR (liquid film) 1670 cm.sup..sup.-1, UV
      .lambda..sub.max.sup.MeOH 268 nm.
PAC  [EXAMPLE 6]
PAC  N-Methyl-5-(3,4-dichloro butyl) picolinamide .fwdarw. 10,11-dichlorofusaric
      acid monomethylamide
PAR  According to the same method as Example 5, from
      5-(3,4-dichlorobutyl)picolinic acid (10 g), crude product (8.2 g) as oil
      was obtained The pure product which was purified by silicagel
      chromatography using ethylacetate as developing solvent, was viscous oil
      and showed only one spot (Rf 0.58) on TLC (silicagel, ethylacetate), IR
      (liquid film) 1670 cm.sup..sup.-1, UV .lambda..sub.max.sup.MeOH 268 nm.
PAC  [EXAMPLE 7]
PAC  N.N-Dimethyl-5-(3,4-dibromobutyl)picolinamide .fwdarw. 10,11-dibromofusaric
      acid dimethylamide
PAR  According to the same method as Example 5 using 40% aqueous dimethylamine
      solution in place of 30% aqueous methylamine solution, 8.6 g of crude
      product as oil was obtained. The pure product which was purified by the
      same method as Example 5, was viscous oil and showed only one spot (Rf
      0.33) on TLC (silicagel, ethylacetate), IR (liquid film) 1630
      cm.sup..sup.-1, UV .lambda..sub.max..sup.MeOH 268 nm.
PAC  [EXAMPLE 8]
PAC  N.N-Dimethyl-5-(3,4-dichlorobutyl)picolinamide .fwdarw.
      10,11-dichlorofusaric acid dimethylamide
PAR  According to the same method as Example 6 using 40% aqueous dimethylamine
      solution in place of 30% aqueous methylamine solution, 8.5 g of crude
      product as oil was obtained. The pure product which was purified by the
      same method as Example 6, was viscous oil and showed only one spot (Rf
      0.79) on TLC (silicagel; benzene-pyridine-acetic acid = 30 : 50 : 1), IR
      (liquid film) 1630 cm.sup..sup.-1, UV .lambda..sub.max.sup.MeOH 268 nm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A halo-fusaric acid amide of the formula:
      ##SPC4##
PAL  wherein X represents hydrogen or halogen; Y represents halogen; and R.sub.1
      and R.sub.2 are same or different and represent hydrogen or a lower alkyl
      group.
NUM  2.
PAR  2. A halo-fusaric acid amide according to claim 1, which is
PA1  10,11-dibromofusaric acid amide,
PA1  10,11-dichlorofusaric acid amide,
PA1  10-monobromofusaric acid amide,
PA1  10,11-dibromofusaric acid monomethylamide,
PA1  10,11-dichlorofusaric acid monomethylamide,
PA1  10,11-dibromofusaric acid dimethylamide or
PA1  10,11-dichlorofusaric acid dimethylamide.
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ABST
PAL  The new derivatives of tetrahydropyrazolo[3,4-b]-pyridin-6-ones and their
      acid addition salts which have the general formula:
      ##SPC1##
PAL  And salts thereof are useful as central nervous system depressants and
      anti-inflammatory agents.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to new 1,4,5,7-tetrahydropyrazolo
      [3,4-b]pyridin-6-ones and salts thereof having the general formula
      ##SPC2##
PAR  The symbols have the following meanings in formula I and throughout this
      specification:
PA1  R.sub.1 represents hydrogen, lower alkyl, phenyl, phenyllower alkyl or
      furfuryl.
PA1  R.sub.2 represents hydrogen, lower alkyl or phenyl.
PA1  R.sub.3 represents hydrogen, lower alkyl, tri(halo)lower alkyl or phenyl.
PA1  R.sub.4 represents hydrogen, carboxy or carbo-lower alkoxy.
PAR  The lower alkyl groups in any of the foregoing radicals include straight or
      branched chain hydrocarbon groups containing 1 to 7 carbon atoms. Examples
      of the groups contemplated are methyl, ethyl, propyl, isopropyl, etc.
      Lower alkyl groups of 1 to 4 carbon atoms are preferred, especially the 1,
      2 and 3 carbon members of this group. The phenyl-lower alkyl and lower
      alkoxy groups contain lower alkyl group of such description. The four
      common halogens are contemplated with fluorine preferred.
PAR  Preferred embodiments of this invention are as follows:
PA1  R.sub.1 is hydrogen or lower alkyl of 1 to 4 carbon atoms, especially
      methyl and ethyl.
PA1  R.sub.2 is hydrogen or lower alkyl, especially hydrogen and methyl.
PA1  R.sub.3 is hydrogen, lower alkyl, tri(halo)lower alkyl or phenyl,
      especially methyl, trifluoromethyl, ethyl, propyl and phenyl.
PA1  R.sub.4 is hydrogen, carboxy and carboethoxy.
DETD
PAC  DETAILED DESCRIPTION
PAR  The new compounds of formula I can be produced by several methods. The
      symbols in the structural formulas have the same meaning as previously
      described.
PAR  According to one procedure a product of formula I is obtained by reacting a
      5-aminopyrazole of the formula
      ##SPC3##
PAL  [prepared according to the procedure described in Z.f. Chemie 10, 386-388
      (1970)] with an alkylidene or arylidene malonic ester of the formula (III)
EQU  R--CH=C(COOC.sub. 2 H.sub.5).sub.2
PAL  wherein R is lower alkyl or aryl, in the presence of a solvent, e.g.,
      dimethylformamide at reflux temperature. The addition of an equivalent
      amount of water causes decarboxylation.
PAR  Since the foregoing reaction of 5-aminopyrazole and the unsaturated ethyl
      malonate proceeds stepwise via the ester of the formula
      ##SPC4##
PAL  And the acid of the formula
      ##SPC5##
PAL  The respective compounds of formulas IV and V can be isolated for the
      purpose of biological use or for employment as intermediates, e.g., for
      producing esters with branched alcohols, acid chlorides, amides or for
      converting into alcohols, etc. For this purpose, the heating time is
      shortened.
PAR  The free acid is obtained from the ester of formula IV by hydrolysis, for
      example, by treatment with aqueous sodium hydroxide solution.
      Decarboxylation of the free acid of formula V, e.g., by heating at reflux,
      provides compounds of formula I in which R.sub.4 is hydrogen.
PAR  According to another procedure, a product of formula I is produced from a
      compound of the formula
      ##SPC6##
PAR  The compounds of formula VI are formed by the following sequence. A
      5-aminopyrazole of formula II is made to react with a .beta.-keto ester of
      the formula
      ##EQU1##
      to give the hydroxy ester of the formula
      ##SPC7##
PAL  which, in the presence of a solvent like glacial acetic acid at reflux
      temperature, undergoes ring closure to give a compound of formula VI. The
      product of formula I is then prepared by catalytic hydrogenation of the
      compound of formula VI in the presence of a catalyst, e.g., rhodium on
      charcoal, carried out in an autoclave.
PAR  The compounds of formula I form salts which are also part of this
      invention. The salts include acid-addition salts, particularly the
      non-toxic, physiologically acceptable members. The basic members of
      formula I form salts by reaction with a variety of inorganic and organic
      acids providing acid addition salts including, for example, hydrohalides
      (especially hydrochloride and hydrobromide), sulfate, nitrate, borate,
      phosphate, oxalate, tartrate, malate, citrate, acetate, ascorbate,
      succinate, benzenesulfonate, methanesulfonate, cyclohexanesulfamate and
      toluenesulfonate. The acid addition salts frequently provide a convenient
      means for isolating the product, especially in crystalline form, e.g., by
      forming and precipitating the salt in an appropriate medium in which the
      salt is insoluble, then after separation of the salt, neutralizing with a
      base such as barium hydroxide or sodium hydroxide, to obtain the free base
      of formula I. Other salts can be formed from the free base by reaction
      with an equivalent of acid.
PAR  The new compounds of this invention are central nervous system depressants
      and may be used as tranquilizers or ataractic agents for the relief of
      anxiety and tension states, for example, in mice, cats, rats, dogs and
      other mammalian species, in the same manner as chlordiazepoxide. For this
      purpose a compound or mixture of compounds of formula I, or non-toxic,
      physiologically acceptable acid addition salt thereof, is administered
      orally or parenterally in a conventional dosage form such as tablet,
      capsule, injectable or the like. A single dose, or preferably 2 to 4
      divided daily doses, provided on a basis of about 1 to 50 mg. per kilogram
      per day, preferably about 2 to 15 mg. per kilogram per day, is
      appropriate. These compounds are conventionally formulated in a oral or
      parenteral dosage form by compounding about 10 to 250 mg. per unit of
      dosage with conventional vehicle, excipient, binder, preservative,
      stabilizer, flavor or the like as called for by accepted pharmaceutical
      practice.
PAR  The new compounds of this invention also have anti-inflammatory properties
      and are useful as antiinflammatory agents, for example, to reduce local
      inflammatory conditions such as those of an edematous nature or resulting
      from proliferation of connective tissue in various mammalian species such
      as rats, dogs and the like when given orally in dosages of about 5 to 50
      mg/kg/day, preferably 5 to 25 mg/kg/day, in single or 2 to 4 divided
      doses, as indicated by the carageenan edema assay in rats. The active
      substance can be utilized in compositions such as tablets, capsules,
      solutions or suspensions containing up to about 300 mg. per unit of dosage
      of a compound or mixture of compounds of formula I or physiologically
      acceptable acid addition salt thereof. They are compounded in conventional
      manner as described above. Topical preparations containing about 0.01 to 3
      percent by weight of active substance in a lotion or cream can also be
      used.
PAR  The following examples are illustrative and serve as models for additional
      compounds within the scope of this invention. All temperatures are in
      degrees celsius.
PAC  EXAMPLE 1
PAC  1-Ethyl-1,4,5,7-tetrahydro-3,4-dimethyl-6H-pyrazolo[3,4-b]-pyridin-6-one
PAR  104 g. of ethylidenemalonic acid diethyl ester (0.56 mol.), 70 g. of
      1-ethyl-5-amino-3-methylpyrazole (0.56 mol.), 480 ml. of dimethylformamide
      and 20.2 ml. of water (1.12 mol.) are heated at reflux temperature for 94
      hours. After removing the solvent in vacuo, the oily product begins to
      crystallize slowly. Recrystallization from a mixture of ethyl acetate and
      petroleum ether (1:1) yields 57 g. (53%) of
      1-ethyl-1,4,5,7-tetrahydro-3,4-dimethyl-6H-pyrazolo[3,4-b]pyridin-6-one,
      m.p. 141.degree.-142.degree..
PAC  EXAMPLE 2
PAC  1-Ethyl-1,4,5,7-tetrahydro-3,4-dimethyl-6H-pyrazolo[3,4-b]-pyridin-6-one,
      hydrochloride
PAR  23.4 G. of
      1-ethyl-1,4,5,7-tetrahydro-3,4-dimethyl6H-pyrazolo[3,4-b]pyridin-6-one
      (0.12 mol.) are dissolved in 70 ml. of absolute ethanol while warming.
      After cooling, 32 ml. of ethereal hydrochloric acid (0.2 mol.HCl/l) are
      added to the solution. Two hours later, 100 ml. of absolute ether are
      added and the mixture is let stand overnight. The crystallized
      1-ethyl-1,4,5,7-tetrahydro-3,4-dimethyl-6H-pyrazolo[3,4-b]pyridin-6-one,
      hydrochloride is filtered off and dried at 50.degree., yield 25.3 g.
      (92%), m.p. 192.degree.-195.degree. (dec.).
PAC  EXAMPLE 3
PAC  1-Ethyl-1,4,5,7-tetrahydro-4-Phenyl-6H-pyrazolo[3,4-b]pyridin-6-one
PAR  a.
      1-Ethyl-1,4,5,7-tetrahydro-6-oxo-4-phenyl-1H-pyrazolo-[3,4-b]pyridin-6-one
     -5-carboxylic acid and ethyl ester
PAR  49.6 G. of benzylidenemalonic acid diethyl ester (0.2 mol.), 22.2 g. of
      1-ethyl-5-aminopyrazole (0.2 mol.) and 200 ml. of absolute
      dimethylformamide are heated together at reflux temperature for 7 days.
      After 5 days the ethanol formed by the reaction is distilled off until the
      boiling point of the dimethylformamide is reached. Then the solution is
      evaporated as much as possible at 90.degree. in vacuo. The residue is
      treated four times each with 500 ml. of ether giving 28.5 g. (50%) of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-phenyl-1H-pyrazolo[3,4-b]pyridine-5-car
     boxylic acid.
PAR  The ethereal extracts are combined and evaporated in vacuo. Filtering off
      the crystals gives 5.7 g. (9%) of
      1-ethyl-1,4,5,7tetrahydro-6-oxo-4-phenyl-1H-pyrazolo[3,4-b]-pyridine-5-car
     boxylic acid, ethyl ester which is recrystallized from a mixture of
      hexane/benzene (2:1) and melts at 143.degree.-144.degree..
PAR  b. 1-Ethyl-1,4,5,7-tetrahydro-4-phenyl-6H-pyrazolo[3,4-b]-pyridin-6-one,
      hydrochloride
PAR  6 g. of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-phenyl-1H-pyrazolo[3,4-b]pyridine-5-car
     boxylic acid (0.0167 mol.) and 30 ml. of dimethylformamide are heated at
      reflux for 33 hours. Then the solvent is removed in vacuo and the residue
      dissolved in benzene. After removing a little amorphous product, ethereal
      hydrochloric acid and a few drops of alcohol are added to the clear
      benzene solution. The precipitated
      1-ethyl-1,4,5,7-tetrahydro-4-phenyl-6H-pyrazolo[3,4-b]pyridin-6-one,
      hydrochloride is recrystallized from ethanol, yield 3.32 g. (56%), m.p.
      246.degree.-247.degree. (dec.).
PAC  EXAMPLE 4
PAC  1-Ethyl-1,4,5,7-tetrahydro-4-propyl-6H-pyrazolo[3,4-b]pyridine-6-one
PAR  a.
      1-Ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo[3,4-b]-pyridine-5-ca
     rboxylic acid, ethyl ester, hydrochloride
PAR  A mixture of 172 g. of butylidenemalonic acid diethyl ester (0.8 mol.), 89
      g. of 1-ethyl-5-aminopyrazole (0.8 mol.), 670 ml. of dimethylformamide and
      28.8 ml. of water (1.6 mol.) are heated at reflux temperature for 90
      hours, after which the dimethylformamide and water are distilled off in
      vacuo. The oily crude product is then dissolved in 500 ml. of benzol, 100
      ml. of alcoholic hydrochloric acid (330 g/l) are added and the mixture is
      left overnight in the refrigerator. The precipitated hydrochloride is
      filtered off, washed with 90 ml. of benzol/absolute alcohol (2:1) and
      dried at 70.degree. to give 95.6 g. (38%) of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo[3,4,-b]pyridine-5-ca
     rboxylic acid, ethyl ester, hydrochloride, m.p. 175.degree.-176.degree.
      (dec.). Recrystallization from acetonitrile yields the pure product, m.p.
      180.degree.-181.degree. (dec.).
PAR  b. 1-Ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo
      [3,4-b]pyridine-5-carboxylic acid
PAR  13.6 G. of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo[3,4-b]pyridine-5-car
     boxylic acid, ethyl ester, hydrochloride in 160 ml. of 2.5N aqueous sodium
      hydroxide are stirred at room temperature for 3 hours. The clear solution
      is allowed to stand overnight. The solution is then acidified with
      concentrated hydrochloric acid and the crude precipitate, after decanting
      off the water, is treated with acetonitrile and filtered off. Drying at
      60.degree. yields 9 g. (83%) of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo[3,4-b
      pyridine-5-carboxylic acid, m.p. 126.degree.-127.degree..
      Recrystallization from methanol (90%) raises the melting point to
      128.degree.-129.degree. (dec.).
PAR  c. 1-Ethyl-1,4,5,7-tetrahydro-4-propyl-6H-pyrazolo[3,4-b]-pyridin-6-one
PAR  20 G. of
      1-ethyl-1,4,5,7-tetrahydro-6-oxo-4-propyl-1H-pyrazolo[3,4-b]pyridine-5-car
     boxylic acid (0.08 mol.) in 80 ml. of dimethylformamide are heated at
      reflux temperature for 20 hours. After this time, the dimethylformamide is
      removed in vacuo and the residual
      1-ethyl-1,4,5,7-tetrahydro-4-propyl-6H-pyrazolo[3,4,-b]pyridin-6-one is
      recrystallized from a mixture of petroleum ether and ethyl acetate (1:1),
      yield 10.7 g.; (65%), m.p. 108.degree.-110.degree..
PAC  EXAMPLE 5
PAC  1-Ethyl-1,4,5,7-tetrahydro-4-methyl-6H-pyrazolo[3,4,-b]pyridin-6-one
      hydrochloride
PAR  By replacing benzylidenemalonic acid diethyl ester with ethylenemalonic
      acid diethyl ester in Example 3,
      1-ethyl-1,4,5,7-tetrahydro-4-methyl-6H-pyrazolo[3,4,-b]pyridin-6-one is
      formed which, in turn, is converted to its hydrochloride by the procedure
      of Example 2, m.p. 236.degree.-237.degree. (abs. ethanol).
PAC  EXAMPLE 6
PAC  1-Ethyl-1,4,5,7-tetrahydro-4-ethyl-6H-pyrazolo[3,4-b]pyridin-6-one,
      hydrochloride
PAR  By replacing ethylidenemalonic acid, diethyl ester with propylidenemalonic
      acid diethyl ester in Example 1,
      1-ethyl-1,4,5,7-tetrahydro-4-ethyl-6H-pyrazolo[3,4-b]pyridin-6-one is
      formed which, in turn, is converted to its hydrochloride according to the
      procedure of Example 2, m.p. 203.degree.-204.degree. (acetonitrile).
PAR  The following additional products are made by the procedure of Example 1.
TBL  Example                                                                   

          R.sub.1    R.sub.2 R.sub.3       m.p.                                

     __________________________________________________________________________

      7   C.sub.2 H.sub.5                                                      

                     CH.sub.3                                                  

                             CH.sub.3 --CH.sub.2 --CH.sub.2 --                 

                                           113-115.degree. (ethyl acetate/     

                                           petroleum ether)                    

      8   C.sub.2 H.sub.5                                                      

                     CH.sub.3                                                  

                             CH.sub.3 --CH.sub.2 --                            

                                           141-142.degree. (ethyl acetate/     

                                           petroleum ether)                    

      9   CH.sub.3   CH.sub.3                                                  

                             CH.sub.3 --CH.sub.2 --CH.sub.2 --                 

                                           150-152.degree.  (ethyl acetate/    

                                           -    petroleum ether)               

     10              CH.sub.3                                                  

                             CH.sub.3      136-138.degree. (ethyl acetate)     

     11   CH.sub.3   CH.sub.3                                                  

                             CH.sub.3      189-191.degree. (ethyl acetate)     

     12   H          CH.sub.3--CH.sub.2 --CH.sub.2 --                          

                             CH.sub.3 --CH.sub.2 --                            

     13              CH.sub.3                                                  

                             CH.sub.3 (R.sub.4 = COOCH.sub.3)                  

     14   CH.sub.3   CH.sub.3 --CH.sub.2 --CH.sub.2 --                         

     15   H          CH.sub.3                                                  

                             CH.sub.3 --CH.sub.2 --CH.sub.2 --CH.sub. 2 --     

     16              H       CH.sub.3                                          

     17              H       H                                                 

     18   C.sub.2 H.sub.5                                                      

                     H                                                         

     19   C.sub.2 H.sub.5    CH.sub.3                                          

     __________________________________________________________________________

PAC  EXAMPLE 20
PAC  1-Ethyl-1,4,5,7-tetrahydro-4-(trifluoromethyl)-6H-pyrazolo-[3,4-b]pyridine-
     6-one
PAR  a. 5-Amino-1-ethylpyrazole-4-(3-hydroxy-3-trifluoromethyl) propionic acid,
      ethyl ester
PAR  3.3 G. of 1-ethyl-5-aminopyrazole (0.03 mol.) and 5.4 g. of .alpha.,
      .alpha., .alpha.trifluoroacetoacetic acid ethyl ester (0.03 mol.) are
      dissolved in 30 ml. of benzene at room temperature with stirring. The
      solution is let stand for about 20 hours, during which time
      5-amino-1-ethylpyrazole-4-(3-hydroxy-3-trifluoromethyl)propionic acid,
      ethyl ester crystallizes, 8.2 g. (92.5%), m.p. 135.degree.-137.degree..
PAR  b. 1-Ethyl-1,7-dihydro-4-(trifluoromethyl)-6H-pyrazolo[3,4-b]-pyridin-6-one
PAR  5.9 G. of 5-amino-1-ethylpyrazole-4-(3-hydroxy-3-trifluoromethyl)propionic
      acid, ethyl ester (0.02 mol.) in 60 ml. of glacial acetic acid are heated
      at reflux for five hours. After cooling, the clear solution is evaporated
      in vacuo and the residue treated with water. The
      1-ethyl-1,7-dihydro-4-(trifluoromethyl)-6H-pyrazolo[3,4-b]pyridine-6-one
      is filtered off and dried in a dessicator over phosphorus pentoxide, yield
      4.48 g. (97%); m.p. 178.degree.-179.degree.. A sample recrystallized from
      cyclohexane melts at 179.degree.-180.degree..
PAR  c.
      1-Ethyl-1,4,5,7-tetrahydro-4-(trifluoromethyl)-6H-pyrazolo[3,4-b]pyridin-6
     -one
PAR  16.2 G. of
      1-ethyl-1,7-dihydro-4-(trifluoromethyl)-6H-pyrazolo[3,4-b]pyridin-6-one,
      dissolved in 250 ml. of absolute ethanol, are catalytically hydrogenated
      by means of rhodium on charcoal catalyst (5%) at a temperature of
      90.degree.-100.degree.. The reaction is performed in an autoclave at a
      hydrogen pressure of 10 atm. for 14 hours. After cooling, the catalyst is
      filtered off and the solution evaporated to dryness. The residual
      1-ethyl-1,4,5,7-tetrahydro-4-(trifluoromethyl)-6H-pyrazolo[3,4-b]pyridin-6
     -one is treated with hot hexane providing 13.3 g. (81.5%) of the compound,
      m.p. 129.degree.-130.degree.. Recrystallization from a mixture of
      benzene/petroleum ether (1:2) raises the melting point at
      130.degree.-132.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  wherein R.sub.1 is hydrogen, lower alkyl, phenyl, phenyl-lower alkyl or
      furfuryl; R.sub.2 is hydrogen, lower alkyl or phenyl; R.sub.3 is hydrogen,
      lower alkyl, tri(halo)lower alkyl or phenyl, and R.sub.4 is hydrogen,
      carboxy or carbo-lower alkoxy, and acid addition salts thereof.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub.1 is hydrogen or C.sub.1 to
      C.sub.4 alkyl; R.sub.2 is hydrogen or lower alkyl; R.sub.3 is hydrogen,
      lower alkyl, tri(halo)lower alkyl or phenyl; and R.sub.4 is hydrogen,
      carboxy or carboethoxy.
NUM  3.
PAR  3. A compound as in claim 1 wherein R.sub.1 is hydrogen, methyl or ethyl;
      R.sub.2 is hydrogen or methyl; R.sub.3 is methyl, trifluoromethyl, ethyl,
      propyl or phenyl; and R.sub.4 is hydrogen, carboxy or carboethoxy.
NUM  4.
PAR  4. A compound as in claim 1 wherein R.sub.1 is ethyl and R.sub.4 is
      hydrogen.
NUM  5.
PAR  5. A compound as in claim 1 wherein R.sub.1, R.sub.2 and R.sub.3 each is
      lower alkyl and R.sub.4 is hydrogen.
NUM  6.
PAR  6. A compound as in claim 1 wherein R.sub.1 and R.sub.3 each is lower
      alkyl, and R.sub.2 and R.sub.4 each is hydrogen.
NUM  7.
PAR  7. A compound as in claim 1 wherein R.sub.1 is lower alkyl, R.sub.2 and
      R.sub.4 each is hydrogen and R.sub.3 is tri(halo)lower alkyl.
NUM  8.
PAR  8. A compound as in claim 1 wherein R.sub.1 is lower alkyl, R.sub.2 and
      R.sub.4 each is hydrogen and R.sub.3 is phenyl.
NUM  9.
PAR  9. A compound as in claim 1 wherein R.sub.1 and R.sub.3 each is lower
      alkyl, R.sub.2 is hydrogen and R.sub.4 is carboxy.
NUM  10.
PAR  10. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 and R.sub.3
      each is methyl and R.sub.4 is hydrogen.
NUM  11.
PAR  11. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 and R.sub.4
      each is hydrogen and R.sub.3 is methyl.
NUM  12.
PAR  12. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 and R.sub.4
      each is hydrogen and R.sub.3 is trifluoromethyl.
NUM  13.
PAR  13. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 and R.sub.4
      each is hydrogen and R.sub.3 is phenyl.
NUM  14.
PAR  14. A compound as in claim 1 wherein R.sub.1 and R.sub.3 each is ethyl and
      R.sub.2 and R.sub.4 each is hydrogen.
NUM  15.
PAR  15. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 is hydrogen,
      R.sub.3 is n-propyl and R.sub.4 is carboethoxy.
NUM  16.
PAR  16. A compound as in claim 1 wherein R.sub.1 is ethyl, R.sub.2 and R.sub.3
      each is methyl and R.sub.4 is hydrogen.
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ABST
PAL  2-Amino-1,4-dihydropyridines bearing a carbonyl function in the 5-position
      and being optionally substituted by lower alkyl or phenyl in the
      6-position, and the corresponding
      2-amino-1,4,5,6,7,8-hexahydro-5-oxoquinolines, which derivatives are
      further substituted by a carbonyl group in the 3-position and optionally
      substituted in the 4-position by lower alkyl, phenyl, substituted phenyl
      or a heterocyclic group are anti-hypertensive agents and coronary vessel
      dilators. The compounds, of which
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3,5-diethyl ester is a representative embodiment, are prepared
      through condensation of an ylideneacetoacetic acid ester and an amidine.
PARN
PAR  This is a division of application Ser. No. 336,639 filed Feb. 28, 1973, now
      U.S. Pat. No. 3,867,393.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention pertains to 2-amino-1,4-dihydropyridine derivatives,
      to processes for their production and use and to pharmaceutical
      compositions containing such compounds and useful as antihypertensive
      agents and coronary vessel dilators.
PAR  In particular, the present invention pertains to compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen; lower alkyl; lower alkenyl; lower alkynyl; phenyl;
      substituted phenyl in which the substituents are one to three members
      selected from the group consisting of lower alkyl, lower alkoxy, halogeno,
      nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkylsulfonyl, lower alkylsulfinyl, lower alkylthio or phenyl; naphthyl;
      or a heterocyclic ring selected from the group consisting of quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl and pyrryl, said
      heterocyclic ring being unsubstituted or substituted by one or two members
      selected from the group consisting of lower alkyl, lower alkoxy and
      halogeno;
PA1  R.sup.1, when taken independently, is hydrogen, lower alkyl, phenyl or
      pyridyl;
PA1  R.sup.2, when taken independently, is lower alkyl, lower alkoxy lower
      alkoxy(lower alkoxy), lower alkenyloxy, lower alkynyloxy, amino, lower
      alkylamino or di(lower alkyl)amino,
PA1  R.sup.1 and R.sup.2 when taken together are alkylene of 2 to 4 carbon
      atoms; and
PA1  R.sup.3 is lower alkyl, lower alkoxy, lower alkoxy(lower alkoxy), lower
      alkenyloxy, lower alkynyloxy, amino, lower alkylamino or di(lower
      alkyl)amino.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexenyl, 4-hexenyl, and the
      like, preferably of 2 to 4 carbon atoms.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like, preferably of 2 to 4 carbon atoms.
PAR  The term lower alkoxy denotes a straight or branched hydrocarbon chain
      bound to the remainder of the molecule through an ethereal oxygen atom as,
      for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
      pentoxy and hexoxy.
PAR  The term lower alkylthio denotes a branched or straight hydrocarbon chain
      bound to the remainder of the molecule through a divalent sulfur as, for
      example, methylthio, ethylthio, propylthio, isopropylthio, butylthio, and
      the like.
PAR  The term halogen denotes the substituents fluoro, chloro, bromo and iodo.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  According to the present invention, the foregoing compounds are prepared by
      reacting a dicarbonyl compound of the formula:
      ##EQU1##
      wherein R, R.sup.1 and R.sup.2 are as herein defined, with an amidine of
      the formula:
      ##EQU2##
      in which R.sup.3 is as herein defined. The condensation proceeds smoothyl
      in good yields simply by heating the two components, generally in the
      presence of an inert organic solvent such as methanol, ethanol, propanol
      and similar alkanols, ethers such as dioxane and diethyl ether, glacial
      acetic acid, pyridine, dimethylformamide, dimethylsulfoxide, acetonitrile
      and the like. The reaction is conducted at temperatures of from 20.degree.
      to 250.degree.C, conveniently at the boiling point of the solvent, and
      while elevated pressure may be utilized, normal atmospheric pressure is
      generally satisfactory. The reactants are employed in substantially
      equimolar amounts. The amidine reactant can be employed as the free base
      or in the form of a salt such as the hydrohalide salts with the amidine
      being liberated from the salt through treatment with a basic agent such as
      an alkali metal alkoxide. The dicarbonyl reagent can be utilized as such
      or generated in situ by the reaction of an aldehyde of the formula RCHO
      and a .beta.-dicarbonyl compound of the formula R.sup.1 COCH.sub.2
      COR.sup.2.
PAR  It is rather surprising that the above described condensation produces the
      desired compounds in such good yields and with such high purity for while
      it is known that a benzylideneacetoacetic acid ester can be condensed with
      an amino crotonic acid ester to yield a 1,4-dihydropyridine (Knoevenagel,
      Ber. 31, 743, 1898), it would be expected from, for example, Silversmith,
      J. Org. Chem. 27, 4090 (1952) that the addition of an amidine to an
      .alpha.,.beta.-unsaturated keto compound would yield the dihydropyrimidine
      derivative rather than the dihydropyridine derivative.
PAR  Many of the dicarbonyl compounds utilized as one of the reactants are known
      to the art and the others can either be generated in situ as herein
      described or prepared according to methods well known to the art, see for
      example Org. Reaction XV, 204 et seq. (1967). Typical of this reactant are
      the following compounds:
PA1  benzylideneacetoacetic acid methyl ester,
PA1  ethylideneacetoacetic acid methyl ester,
PA1  isopropylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetylacetone,
PA1  benzylideneacetylacetone,
PA1  3-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  3-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  4-nitrobenzylideneacetoacetic acid n-propyl ester,
PA1  3-nitro-6-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2-cyanobenzylidenepropionylacetic acid ethyl ester,
PA1  3-cyanobenzylideneacetoacetic acid methyl ester,
PA1  3-nitro-4-chlorobenzylideneacetylacetone,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-nitro-4-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2-cyano-4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-azidobenzylideneacetoacetic acid ethyl ester,
PA1  3-azidobenzylideneacetylacetone,
PA1  2-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA1  2-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  2-sulphonylbenzylidenemethylacetoacetic acid allyl ester,
PA1  4-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  naphth-1-ylideneacetoacetic acid methyl ester,
PA1  naphth-1-ylideneacetoacetic acid ethyl ester,
PA1  naphth-2-ylideneacetoacetic acid ethyl ester,
PA1  2-ethoxynaphth-1-ylideneacetoacetic acid methyl ester,
PA1  2-methoxynaphth-1-ylideneacetoacetic acid ethyl ester,
PA1  5-bromonaphth-1-ylideneacetoacetic acid methyl ester,
PA1  quinol-2-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-4-ylmethylideneacetoacetic acid ethyl ester,
PA1  quinol-8-ylmethylideneacetoacetic acid ethyl ester,
PA1  isoquinol-1-ylmethylideneacetoacetic acid methyl ester,
PA1  isoquinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4,6-dimethoxypyrimid-5-ylmethylideneacetoacetic acid ethyl ester,
PA1  then-2-ylmethylideneacetoacetic acid ethyl ester,
PA1  fur-2-ylmethylideneacetoacetic acid allyl ester,
PA1  pyrr-2-ylthylideneacetoacetic acid methyl ester,
PA1  nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetylacetone,
PA1  2-, 3- or 4-methoxybenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-methoxybenzylideneacetylacetone,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid propargyl ester,
PA1  2-methoxybenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-butoxybenzylideneacetoacetic acid methyl ester,
PA1  3,4,5-trimethoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methylbenzylidenepropionylacetic acid methyl ester,
PA1  2-, 3- or 4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  2-methylbenzylideneacetylacetone,
PA1  3,4-dimethoxy-5-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-fluorobenzylideneacetoacetic acid ethyl ester,
PA1  2-fluorobenzylideneacetoacetic acid methyl ester,
PA1  3-chlorobenzylideneacetylacetone,
PA1  3-chlorobenzylidenepropionylacetic acid ethyl ester,
PA1  3-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-chlorobenzylideneacetoacetic acid allyl ester,
PA1  2-, 3- or 4-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA1  3-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PA1  2-carbethoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-carbomethoxybenzylideneacetoacetic acid methyl ester,
PA1  4-carboisopropoxybenzylideneacetoacetic acid isopropyl ester,
PA1  4-carbomethoxybenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylidenecyclohexane-1,3-dione, and
PA1  3-nitrobenzylidenecycloheptane-1,3-dione.
PAR  The amidine reactants are similarly known or can be readily produced
      according to known methods, see for example McElvain et al., J.A.C.S., 73,
      2760 (1951). Typical of these reactants are the following:
PA1  amidinoacetic acid methyl ester,
PA1  amidinoacetic acid ethyl ester,
PA1  amidinoacetic acid n-propyl ester,
PA1  amidinoacetic acid isopropyl ester,
PA1  amidinoacetic acid cyclohexyl ester,
PA1  amidinoacetic acid .beta.-methoxyethyl ester,
PA1  amidinoacetic acid .alpha.-ethoxyethyl ester,
PA1  amidinoacetic acid .beta.-ethoxyethyl ester,
PA1  amidinoacetic acid propargyl ester, and
PA1  amidinoacetamide.
PAR  As noted above, the compounds of the present invention demonstrate the
      ability to reduce blood pressure and to effect a dilation of the coronary
      vessels. They can accordingly be used where either or both of these
      effects are desired. Thus upon parenteral, oral or sublingual
      administration, the compounds produce a distinct and long lasting dilation
      of the coronary vessels which is intensified by a simultaneous
      nitrite-like effect of reducing the load on the heart. The effect on heart
      metabolism is thus one of energy saving. In addition, the compounds lower
      the blood pressure of normotonic and hypertonic animals and can thus be
      used as antihypertensive agents. These properties can be conveniently
      observed in well known laboratory models. Thus for example the coronary
      vessel dilation effect can be observed by measuring the increase in oxygen
      saturation in the coronary sinus in the narcotized, heart catheterized
      dog, as shown in the following table:
TBL            I.V. Dose  .DELTA.O.sub.2 %                                     

                                    Return to normal                           

     Compound  (mg/kg)    saturation                                           

                                    O.sub.2 values (hours)                     

     ______________________________________                                    

     2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic   

     acid 3-ethyl-5-methyl ester                                               

               0.02       33        2.5                                        

     2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic   

     acid diethyl ester                                                        

               0.03       32        3                                          

     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic   

     acid diethyl ester                                                        

               0.01       23        2                                          

     ______________________________________                                    

PAR  The hypotensive activity of the present compounds can be observed by
      measuring the blood pressure of hypertensive rats following administration
      of the compounds. The following table demonstrates the dose which results
      in at least a 15 mm Hg reduction in blood pressure of such animals:
TBL  Compound                  Dose (mg/kg)                                    

     ______________________________________                                    

     2-amino-6-methyl-4-phenyl-1,4-                                            

                               1.0                                             

     dihydropyridine-3,5-dicarboxylic                                          

     acid diethyl ester                                                        

     2-amino-6-methyl-4-(2-nitrophenyl)-                                       

                               0.1                                             

     1,4-dihydropyridine-3,5-dicarboxylic                                      

     acid 3-ethyl ester 5-methyl ester                                         

     2-amino-6-methyl-4-(2-methoxyphenyl)-                                     

                               1.0                                             

     1,4-dihydropyridine-3,5-dicarboxylic                                      

     acid diethyl ester                                                        

     2-amino-6-methyl-4-(2-cyanophenyl)-1,4-                                   

                               1.0                                             

     dihydropyridine-3,5-dicarboxylic acid                                     

     diethyl ester                                                             

     2-amino-6-methyl-4-(2-trifluoromethyl-                                    

                               1.0                                             

     phenyl)-1,4-dihydropyridine-3,5-dicar-                                    

     boxylic acid diethyl ester                                                

     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   

                               1.0                                             

     dihydropyridine-3,5-dicarboxylic acid                                     

     diethyl ester                                                             

     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   

                               1.0                                             

     dihydropyridine-3,5-dicarboxylic acid                                     

     3-ethyl ester 5-methyl ester                                              

     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   

                               1.0                                             

     dihydropyridine-3,5-dicarboxylic acid                                     

     3-ethyl ester 5-.beta.-methoxyethyl ester                                 

     2-amino-5-acetyl-6-methyl-4-(3-nitro-                                     

                               3.1                                             

     phenyl)-1,4-dihydropyridine-3-carbox-                                     

     ylic acid ethyl ester                                                     

     2-amino-6-methyl-4-(3-nitro-6-chloro-                                     

                               1.0                                             

     phenyl)-1,4-dihydropyridine-3,5-dicarb-                                   

     oxylic acid 3-ethyl ester 5-methyl ester                                  

     ______________________________________                                    

PAR  The toxicity of the compounds is remarkably low. Thus for example the toxic
      dose of
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester in mice upon oral administration is greater than
      1000 mg/kg.
PAR  In addition to the effect on blood pressure and coronary vessels, the
      compounds also lower the excitability of the stimulus formation and
      excitation conduction system within the heart so that an antifibrillation
      action is observed at therapeutic doses. The tone of the smooth muscle of
      the vessels is also greatly reduced. This vascular-spasmolytic action can
      be observed in the entire vascular system as well as in more or less
      isolated and circumscribed vascular regions such as the central nervous
      system. In addition, a strong muscular-spasmolytic action is manifested in
      the smooth muscle of the stomach, the intestinal tract, the urogenital
      tract and the respiratory system. Finally, there is some evidence that the
      compounds influence the cholesterol level and lipid level of the blood.
      These effects complement one another and the compounds are thus highly
      desirable as pharmaceutical agents to be used in the treatment of
      hypertension and conditions characterized by a constriction of the
      coronary blood vessels.
PAR  Pharmaceutical compositions for effecting such treatment will contain a
      major or minor amount, e.g. from 95 to 0.5%, of at least one
      2-amino-1,4-dihydropyridine as herein defined in combination with a
      pharmaceutical carrier, the carrier comprising one or more solid,
      semi-solid or liquid diluent, filler and formulation adjuvant which is
      nontoxic, inert and pharmaceutically acceptable. Such pharmaceutical
      compositions are preferably in dosage unit form; i.e. physically discrete
      units containing a predetermined amount of the drug corresponding to a
      fraction or multiple of the dose which is calculated to produce the
      desired therapeutic response. The dosage units can contain one, two, three
      four or more single doses or, alternatively, one-half, third or fourth of
      a single dose. A single dose preferably contains an amount sufficient to
      produce the desired therapeutic effect upon administration at one
      application of one or more dosage units according to a predetermined
      dosage regimen, usually a whole, half, third or quarter of the daily
      dosage administered once, twice, three of four times a day. Other
      therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the daily dose will be from
      about 0.001 to about 2 mg/kg, preferably 0.005 to 1.0 mg/kg, when
      administered parenterally and from about 0.1 to about 20 mg/kg, preferably
      0.5 to 10 mg/kg, when administered orally. In some instances a sufficient
      therapeutic effect can be obtained at lower doses while in others, larger
      doses will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The midicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively a measured amount of
      the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
DETD
PAR  The following examples will serve to further typify the nature of the
      present invention through the presentation of specific embodiments. These
      examples should not be construed as a limitation on the scope of
      Applicant' invention since the subject matter regarded as the invention is
      set forth in the appended claims.
PAC  EXAMPLE 1
PAR  Upon boiling a solution of 21.8 g of benzylideneacetoacetic acid ethyl
      ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of ethanol
      for 2 hours,
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 164.degree.C (alcohol) is obtained.
PAR  Yield: 67% of theory.
PAC  EXAMPLE 2
PAR  Upon boiling a solution of 24.9 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 168.degree.C (alcohol)
      is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 3
PAR  Upon boiling a solution of 24.8 g of 2-methoxybenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 4
PAR  Upon boiling a solution of 23.2 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 130.degree.C (ethanol) is obtained.
PAR  Yield: 71% of theory.
PAC  EXAMPLE 5
PAR  Upon boiling a solution of 24.3 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 208.degree.C (ethanol) is obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 6
PAR  Upon boiling a solution of 14.2 g of
      2-trifluoromethylbenzylideneacetoacetic acid ethyl ester and 6.5 g of
      amidinoacetic acid ethyl ester in 100 ml of ethanol for 1 hour,
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester of melting point 156.degree.C (ethanol) is
      obtained.
PAR  Yield: 76% of theory.
PAC  EXAMPLE 7
PAR  Upon boiling a solution of 12.6 g of 3-chlorobenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 157.degree. - 159.degree.C (ethanol)
      is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 8
PAR  Upon boiling a solution of 13.2 g of 4-methylmercaptobenzylideneacetoacetic
      acid ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(4-methylmercaptophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid diethyl ester of melting point 165.degree.C (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield 49% of theory.
PAC  EXAMPLE 9
PAR  Upon boiling a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 200 ml of
      ethanol for 1 hour, 2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid diethyl ester of melting point 169.degree.C
      (ethanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 10
PAR  Upon boiling a solution of 24.9 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 180 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C is
      obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 11
PAR  Upon heating a solution of 13.8 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl 5-isopropyl ester of melting point 206.degree. - 207.degree.C
      (alcohol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 12
PAR  Boiling a solution of 10.9 g of 3-nitrobenzylideneacetoacetic acid
      propargyl ester and 5.2 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-propargyl ester of melting point 181.degree.C
      (ethanol).
PAR  Yield: 59% of theory.
PAC  EXAMPLE 13
PAR  Heating a solution of 14.6 g of 3-nitrobenzylideneacetoacetic acid
      .beta.-methoxyethyl ester and 6.5 g of amidinoacetic acid ethyl ester in
      150 ml of ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-.beta.-methoxyethyl ester of melting point
      179.degree.C (ethyl acetate/petroleum ether).
PAR  Yield: 58% of theory.
PAC  EXAMPLE 14
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.0 g of
      acetylacetone and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-5-acetyl-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxyl
     ic acid ethyl ester of melting point 217.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 15
PAR  Upon boiling a solution of 14.2 g of 3-nitro-6-chlorobenzylideneacetoacetic
      acid methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitro-6-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C
      (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 16
PAR  Upon boiling a solution of 10.4 g of 2-furfurylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      2 hours,
      2-amino-6-methyl-4-(fur-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 183.degree.C (isopropanol) is obtained.
PAR  Yield: 78% of theory.
PAC  EXAMPLE 17
PAR  Upon boiling a solution of 14.0 g of benzylidenebenzoylacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of ethanol for
      2 hours, 2-amino-4,6-diphenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      ethyl ester of melting point 183.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 18
PAR  Upon heating a solution of 15.6 g of ethylideneacetoacetic acid ethyl ester
      and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for 2
      hours, 2-amino-4,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 140.degree.C (isopropanol) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 19
PAR  Upon boiling a solution of 2.8 g of acetaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-methyl-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxylic acid
      ethyl ester of melting point 236.degree.C (ethanol) is obtained.
PAR  Yield: 53% of theory.
PAC  EXAMPLE 20
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester for 1
      hour, 2-amino-4-(3-nitrophenyl)-1,4,5,6,
      7,8-hexahydro-5-oxoquinoline-3-carboxylic acid ethyl ester of melting
      point &gt;260.degree.C is obtained (alcohol/DMF).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 21
PAR  Upon boiling a solution of 7.1 g of 3-chlorobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(3-chlorophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyl
     ic acid ethyl ester of melting point 266.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 22
PAR  Upon boiling a solution of 5.3 g of pyridin-2-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of alcohol for 3 hours,
      2-amino-4-(.alpha.-pyridyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxy
     lic acid ethyl ester of melting point 260.degree.C is obtained (alcohol).
PAR  Yield: 46% of theory.
PAC  EXAMPLE 23
PAR  Upon heating a solution of 7.6 g of 2-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(2-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 212.degree.C (alcohol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 24
PAR  Upon heating a solution of 7.9 g of quinolin-4-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 3 hours,
      2-amino-4-(quinol-4-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinolinecarboxylic
      acid 3-ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 81% of theory.
PAC  EXAMPLE 25
PAR  Upon boiling a solution of 5.7 g of 4,6-dimethoxypyrimidin-5-aldehyde, 3.8
      g of cyclohexane-1,3-dione and 4.4 g of amidinoacetic acid ethyl ester in
      80 ml of ethanol for 8 hours,
      2-amino-4-(4,6-dimethoxypyrimid-5-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline
     -3-carboxylic acid ethyl ester of melting point 273.degree.C (alcohol) is
      obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 26
PAR  Upon boiling a solution of 6.3 g of 1-naphthaldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(naphth-1-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxylic
      acid ethyl ester of melting point 279.degree.C (ethanol/DMF) is obtained.
PAR  Yield: 64% of theory.
PAC  EXAMPLE 27
PAR  Upon heating a solution of 6.3 g of isoquinolin-1-aldehye, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(isoquinol-1-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyl
     ic acid ethyl ester of melting point 272.degree.C (ethanol) is obtained.
PAC  EXAMPLE 28
PAR  Upon heating a solution of 4.8 g of 6-methylpyridin-2-aldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 120
      ml of ethanol for 8 hours,
      2-amino-4-(6-methylpyrid-2-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carb
     oxylic acid ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 29
PAR  Upon boiling a solution of 13.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 5.1 g of amidinoacetamide in 150 ml of ethanol for 2
      hours, 2-amino-6-methyl-5-carbethoxy-4-(3-nitrophenyl)-1,4-dihydropyridine
     -3-carboxylic acid amide of melting point &gt;260.degree.C (alcohol) is
      obtained.
PAR  Yield: 52% of theory.
PAC  EXAMPLE 30
PAR  Upon heating a solution of 6.5 g of 2-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 5 hours,
      2-amino-4-(2-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 165.degree.C (ethanol) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 31
PAR  Upon heating a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 14.4 g of amidinoacetic acid isopropyl ester in 250 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point
      175.degree.-6.degree.C (ethanol) is obtained.
PAR  Yield: 77% of theory.
PAC  EXAMPLE 32
PAR  Heating a solution of 14.3 g of 2-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml
      of ethanol for 1 hour yields
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-isopropyl ester 5-ethyl ester of melting point 106.degree.C.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 33
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 180 ml
      of ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diisopropyl ester of melting point 122.degree.C (ether) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 34
PAR  Upon boiling a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 200 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point 200.degree.C
      (isopropanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 35
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 167.degree.C
      (ethanol) is obtained.
PAR  Yield: 82% of theory.
PAC  EXAMPLE 36
PAR  Upon heating a solution of 11.0 g of 2-trifluoromethyl-4-nitrobenzaldehyde,
      5.6 g of cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester
      in 250 ml of ethanol of 2 hours,
      2-amino-4-(2-trifluoromethyl-4-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoqui
     noline-3-carboxylic acid ethyl ester of melting point 264.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 37
PAR  Heating a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid n-propyl ester in 200 ml of ethanol
      for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 168.degree.C
      (ethanol).
PAR  Yield: 79% of theory.
PAC  EXAMPLE 38
PAR  Boiling a solution of 8.5 g of 6-nitroveratraldehyde, 4.0 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 1 hour yields
      2-amino-4-(2-nitro-4,5-dimethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoli
     ne-3-carboxylic acid ethyl ester of melting point 261.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 39
PAR  Boiling a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 8.0 g of amidinoacetic acid .beta.-methoxyethyl ester in 200 ml
      of ethanol for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-(.beta.-methoxyethyl) ester 5-ethyl ester of melting point
      174.degree.C.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 40
PAR  Upon heating a solution of 6.1 g of biphenyl-2-aldehyde, 3.8 g of
      cyclohexane-1,3-dione and 5.1 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 1 hour,
      2-amino-4-(biphenyl-2-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 248.degree.C (ethanol) is obtained.
PAR  Yield: 45% of theory.
PAC  EXAMPLE 41
PAR  Boiling a solution of 13.4 g of (1-naphthylidene)-acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      8 hours yields
      2-amino-6-methyl-4-(1-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 174.degree.C (ethanol).
PAR  Yield: 62% of theory.
PAC  EXAMPLE 42
PAR  Upon heating a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 211.degree.C
      (ethanol) is obtained.
PAR  Yield: 72% of theory.
PAC  EXAMPLE 43
PAR  Upon boiling a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 224.degree.C (ethanol)
      is obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 44
PAR  Upon boiling a solution of 14.8 g of 2-phenylbenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(biphenyl-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid ethyl ester of melting point 182.degree.C (ethanol) is obtained.
PAR  Yield: 41% of theory.
PAC  EXAMPLE 45
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-methyl ester of melting point 155.degree.C
      (ethanol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 46
PAR  Upon heating a solution of 12.2 g of (2-thenylidene)-acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      4 hours,
      2-amino-6-methyl-4-(2-thenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 47
PAR  Upon heating a solution of 10.9 g of benzylideneacetoacetic acid
      dimethylamide and 5.0 g of amidinoacetamide in 100 ml of ethanol for 8
      hours,
      2-amino-6-methyl-4-phenyl-5-(N,N-dimethylaminocarbonyl)-1,4-dihydropyridin
     e-3-carboxylic acid amide of melting point 236.degree.C (ethanol) is
      obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 48
PAR  Heating a solution of 10.9 g of benzylideneacetoacetic acid dimethylamide
      and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of methanol for 6
      hours yields
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester 5-(N,N-dimethylamide) of melting point 230.degree.C
      (alcohol).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 49
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of ethanol
      for 6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting pont 139.degree.C
      (isopropanol).
PAR  Yield: 39% of theory.
PAC  EXAMPLE 50
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 159.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 51
PAR  Upon heating a solution of 12.5 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 8 hours,
      2-amidino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 203.degree.C
      (isopropanol) is obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 52
PAR  Upon heating a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 182.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 53
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml
      of ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-isopropyl ester of melting point 199.degree.C
      (isopropanol) is obtained.
PAR  Yield: 75% of theory.
PAC  EXAMPLE 54
PAR  Heating a solution of 6.5 g of 3-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours yields
      2-amino-4-(3-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 262.degree.C
      (ethanol/dimethylformamide).
PAR  Yield: 56% of theory.
PAC  EXAMPLE 55
PAR  Upon heating a solution of 9.3 g of 3-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 8 hours,
      2-amino-4-(3-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 255.degree.C (ethanol) is obtained.
PAR  Yield: 44% of theory.
PAC  EXAMPLE 56
PAR  Upon boiling a solution of 9.3 g of 2-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours,
      2-amino-4-(2-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 245.degree.C (ethanol) is obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 57
PAR  Upon heating a solution of 8.9 g of 3-carbethoxybenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4 hours,
      2-amino-4-(3-carbethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carb
     oxylic acid ethyl ester of melting point 234.degree.C (ethanol) is
      obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 58
PAR  Upon heating a solution of 7.4 g of 2-azidobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4hours,
      2-amino-4-(2-azidophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 209.degree.C (ethanol) is obtained.
PAR  Yield: 58% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  wherein
PA1  R is hydrogen; lower alkyl; alkenyl of 2 to 4 carbon atoms; alkynyl of 2 to
      4 carbon atoms; phenyl; phenyl substituted by one, two or three
      substituents, one of said substituents being selected from the group
      consisting of lower alkyl, lower alkoxy, halogeno, nitro, cyano,
      trifluoromethyl, azido, carbo, lower alkylsulfonyl, lower alkylsulfonyl.
      lower alkylthio and phenyl and the remainder being selected from the group
      consisting of lower alkyl, lower alkoxy, halogeno, and nitro; or naphthyl;
PA1  R.sup.1 is hydrogen, lower alkyl, phenyl or pyridyl; and one of R.sup.2 and
      R.sup.3 is lower alkyl and the other of R.sup.2 and R.sup.3 is lower
      alkoxy, lower alkoxy, lower alkenyloxy or lower alkynyloxy.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is lower alkyl or
      phenyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein R is lower alkyl; naphthyl;
      phenyl; phenyl substituted with a substituent selected from the group
      consisting of lower alkyl, lower alkoxy, halogeno, nitro, cyano,
      trifluoromethyl, azido, carbo, lower alkylsulfonyl, lower alkylsulfinyl
      and lower alkylthio; or biphenyl.
NUM  4.
PAR  4. A process according to claim 1 for the production of
      2-amino-5-acetyl-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxyl
     ic acid ethyl ester which comprises reacting 3-nitrobenzaldehyde,
      acetylacetone and amidinoacetic acid ethyl ester and recovering the
      compound produced.
PATN
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TTL  4H-Pyrido[3,2a]-1,3,2-dioxophosphorane derivatives
ISD  19760127
NCL  4
ECL  1
EXP  Rotman; Alan L.
INVT
NAM  Rufenacht; Kurt
CTY  Basel
CNT  CH
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
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CNT  CH
APD  19711210
APN  18066/71
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CNT  CH
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CLAS
OCL  2602948C
XCL  2602948K
XCL  260296B
XCL  260297B
XCL  424263
EDF  2
ICL  C07D21371
FSC  260
FSS  294.8 C;297 B
UREF
PNO  3094458
ISD  19630600
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OCL  260936
OREF
PAL  Houben-Weyl, Methoden Der Organischen Chemie, Band XII/2, Verlag Pub., pp.
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LREP
FR2  Falber; Harry
FR2  Rabin; Frederick H.
ABST
PAL  4H-pyrido[3,2-a]-1,3,2-dioxaphosphorin compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents C.sub.1 -C.sub.5 alkyl, C.sub.1 -C.sub.5 alkoxy,
      C.sub.3 -C.sub.4 alkenyloxy, C.sub.3 -C.sub.4 alkinyloxy, C.sub.1 -C.sub.5
      alkylthio, phenoxy, phenyl, amino, C.sub.1 -C.sub.5 alkylamino, (C.sub.1
      -C.sub.5 alkyl).sub.2 amino or halogen, R.sub.2 represents hydrogen or
      C.sub.1 -C.sub.5 alkyl and X represents oxygen or sulphur.
BSUM
PAR  The present invention relates to 4H-pyrido[3,2-a]-1,3,2-dioxaphosphorin
      compounds, a process for their manufacture, and to their use in pest
      control.
PAR  The active substances according to the invention have the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents C.sub.1 -C.sub.5 alkyl, C.sub.1 -C.sub.5 alkoxy,
      C.sub.3 -C.sub.4 alkenyloxy, C.sub.3 -C.sub.4 alkinyloxy, C.sub.1 -C.sub.5
      alkylthio, phenoxy, phenyl, amino, C.sub.1 -C.sub.5 alkylamino, (C.sub.1
      -C.sub.5 alkyl).sub.2 amino or halogen, R.sub.2 represents hydrogen or
      C.sub.1 -C.sub.5 alkyl and X represents oxygen or sulphur.
PAR  By halogen is menat in this connection fluorine, chlorine, bromine or
      iodine, in particular chlorine.
PAR  The phenyl or phenoxy radical represented by R.sub.1 may be unsubstituted
      or mono- or polysubstituted by e.g. fluorine, chlorine, bromine, iodine,
      C.sub.1 -C.sub.5 alkyl, --CF.sub.3 or --NO.sub.2.
PAR  The alkyl, alkoxy, alkylthio, alkylamino, dialkylamino, alkenyloxy and
      alkinyloxy groups which are eligible for R.sub.1 and R.sub.2 may be
      straight-chain or branched, substituted or unsubstituted. Suitable
      substituents at these groups are, for example, halogen and alkoxy.
PAR  Examples of such groups include: methyl, methoxy, methylthio, methylamino,
      dimethylamino, ethyl, ethoxy, ethylthio, ethylamino, diethylamino, propyl,
      propoxy, propylthio, isoptopyl, isopropxy, isopropylthio, n-, i-, sec. and
      tert.butyl, n-butoxy, n-butylthio, n-pentyl and the isomers thereof,
      allyloxy, methallyloxy, propargyloxy.
PAR  On account of their action, preferred compounds are those of the formula I,
      wherein R.sub.1 represents methyl, ethyl, C.sub.1 -C.sub.4 alkoxy, C.sub.1
      -C.sub.4 alkylthio, C.sub.3 -C.sub.4 alkenyloxy, C.sub.3 -C.sub.4
      alkinyloxy, phenoxy, phenyl, amino, C.sub.1 -C.sub.5 alkylamino, (C.sub.1
      -C.sub.3 alkyl).sub.2 amino or halogen, R.sub.2 represents methyl and X
      represents oxygen or sulphur.
PAR  The compounds of the formula I can be manufactured by the following methods
      which are known per se: a) directly, for all means of R.sub.1
      ##EQU1##
PAR  In the formulae II to VI, the symbols R.sub.1, R.sub.2 and X have the
      meaning indicated for the formula I.
PAR  Suitable salts of the compound VI for the process b.sub.2 are, for example,
      salts of monovalent metals, in particular alkali metal salts.
PAR  The following bases, for example, are suitable as acid binding agents:
      tertiary amines, such as triethylamine, dimethylaniline, pyridine,
      inorganic bases, such as hydroxides and carbonates of alkali and alkaline
      earth metals, preferably sodium and potassium hydroxide.
PAR  The reaction is carried out preferably in solvents or diluents which are
      inert towards the reactants or in an excess of a tertiary amine, e.g.
      pyridine. Suitable inert solvents or diluents are, for example, the
      following: aromatic hydrocarbons, such as benzene, toluene, benzines,
      halogenated hydrocarbons, chlorobenzene, polychlorobenzenes, bromobenzene,
      chlorinated alkanes with 1 to 3 carbon atoms, ethers, such as dioxan,
      tetrahydrofuran; esters, such as ethyl acetate; ketones, such as methyl
      ethyl ketone, diethyl ketone, nitriles etc.
PAR  Some of the starting materials of the formula I are known compounds which
      can be manufactured by methods which are known per se (cf. Kato et al.,
      Chem. Abstr. 59, 559e (1963) ).
PAR  The compounds of the formulae III and IV are known or they may be
      manufactured by methods which are known per se in analogous manner. The
      compounds of the formula I display a broad biocidal activity and are
      therefore suitable for combating various plant and animal pests.
PAR  In particular, the compounds of the formula I possess insecticidal and
      acaricidal properties and may be used against all development stages, e.g.
      eggs, larvae, pupae, nymphs and adults, of insects and representatives of
      the order Acarina, for example against insects of the families:
PA1  Tettigonidae
PA1  Tenebrionidae
PA1  Gryllidae
PA1  Chrysomelidae
PA1  Gryllotalpidae
PA1  Bruchidae
PA1  Blattidae
PA1  Tineidae
PA1  Reduviidae
PA1  Noctindae
PA1  Phyrrhocoriae
PA1  Lymatriidae
PA1  Cimicidae
PA1  Pyralidae
PA1  Delphacidae
PA1  Culicidae
PA1  Aphididae
PA1  Tipulidae
PA1  Diaspididae
PA1  Stomoxydae
PA1  Pseudococcidae
PA1  Trypetidae
PA1  Scarabaeidae
PA1  Muscidae
PA1  Dermestidae
PA1  Calliphoridae and
PA1  Coccinellidae
PA1  Pulicidae
PAL  Acarida of the families:
PA1  Ixodidae
PA1  Argasidae
PA1  Tetranychidae and
PA1  Dermanyssidae.
PAR  The insecticidal and/or acaricidal action can be substantially broadened
      and adapted to suit the particular circumstances by the addition of other
      insecticides and/or acaricides.
PAR  Suitable additives include, for example, the following active substances:
PA0  Bis-0,0-diethylphosphoric acid anhydride (TEPP)
PA0  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate (TRICHLORFON)
PA0  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA0  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA0  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA0  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MONOCROTOPHOS)
PA0  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA0  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA0  0,0-diethyl-0(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA0  S-ethylthioethyl-0,0-dimethyl-dithiophosphate (THIOMETON)
PA0  0,0-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA0  0,0-diethyl-S-2-ethylthio)ethyldithiophosphate (DISLUFOTON)
PA0  0,0-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA0  0,0-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA0  0,0,0,0-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA0  0-ethyl-S,S-dipropyldithiophosphate
PA0  0,0-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA0  0,0-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA0  0,0-dimethyl-0-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA0  0,0-diethyl-0-p-nitrophenylthiophosphate (PARATHION)
PA0  0-ethyl-0-p-nitrophenylphenylthiophosphate (EPN)
PA0  0,0-dimethyl-0-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA0  0,0-dimethyl-0-2,4-5-trichlorophenylthiophosphate (RONNEL)
PA0  0-ethyl-0,2,4,5-trichlorophenylethylthiophosphate (TRICHLORONATE)
PA0  0,0-dimethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA0  0,0-dimethyl-0-(2,5-dichloro-4-jodphenyl)-thiophosphate (JODOFENPHOS)
PA0  4-tert. butyl-2-chlorophenyl-N-methyl-0-methylamidophosphate (CRUFOMATE)
PA0  0,0-dimethyl-0-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA0  Isopropylamino-0-ethyl-0-(4-methylmercapto-3-methylphenyl)phosphate
PA0  0,0-diethyl-0-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA0  0-p-(dimethylsulphamido)phenyl-0,0-dimethylthiophosphate (FAMPHUR)
PA0  0,0,0',0'-tetramethyl-0,0'-thiodi-p-phenylenethiophosphate
PA0  0-ethyl-S-phenyl-ethyldithiophosphate
PA0  0,0-dimethyl-0-(.alpha.-methylbenzyl-3-hydroxycrotonyl)phosphate
PA0  2-chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate (CHLORFENVINPHOS)
PA0  1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA0  0-[2-chloro-1-(2,5-dichlorophenyl)]vinyl-0,0-diethylthiophosphate
PA0  Phenylglyoxylonitriloxim-0,0-diethylthiophosphate (PHOXIM)
PA0  0,0-diethyl-0-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran- 7-yl)thiophosphate
      (COUMAPHOS)
PA0  2,3-p-dioxandithiol-S,S-bis(0,0-diethyldithiophosphate) (DIOXATHION)
PA0  5-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]0,0-diethyldithiophosphate
      (PHOSALONE)
PA0  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA0  0,0-dimethyl-S-[2-methoxy-1,3,4-thiadiazol
      -5-(4H)-onyl-(4)-methyl]dithiophosphate
PA0  0,0-dimethyl-S-phthalimidomethyl-dithiophosphate (IMIDAN)
PA0  0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA0  0,0-diethyl-0-2-pyrazinylthiophosphate (THIONAZIN)
PA0  0,0-diethyl-0-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA0  0,0-diethyl-0-(2-chinoxalyl)thiophosphate
PA0  0,0-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)dithiophosphate
      (AZINPHOSMETHYL)
PA0  0,0-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)dithiophosphate
      (AZINPHOSETHYL)
PA0  S-[(4,6-diamino-s-triazin-2-yl)methyl]-0,0-dimethyldithiophosphate
      (MENAZON)
PA0  0,0-dimethyl-0-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA0  0,0-dimethyl-0(or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA0  2-(0,0-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyron-4-3,4-dichlorobenzyl
     -triphenylphosphoniumchloride
PA0  0,0-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENKAPTON)
PA0  0,0-diethyl-0-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA0  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA0  N-methyl-5-(0,0-dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION)
PA0  0,0-diethyl-0-[2-diemthylamino-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA0  0,0-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA0  0-ethyl-0-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA0  0-methyl-S-methyl-amidothiophosphate (MONITOR)
PA0  0-methyl-0-(2,5-dichloro-4-bromophenyl)-benzothiophosphate (PHOSVEL)
PA0  0,0,0,0-tetrapropyldithiophosphate
PA0  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA0  0,0-diemthyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATE-METHYL)
PA0  0,0-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA0  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHOATE)
PA0  S-(2-acetamidoethyl)-0,0-dimethyldithiophosphate
PA0  Hexamethylphosphoric acid triamide (HEMPA)
PA0  0,0-dimethyl-0-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA0  0,0-dimethyl-0-p-cyanophenyl thiophosphate (CYANOX)
PA0  0-ethyl-0-p-cyanophenylthiophosphonate
PA0  0,0-diethyl-0-2,4-dichlorophenylthiophosphate (DICHLORFENTHION)
PA0  0,2,4-dichlorophenyl-0-methylisopropylamidothiophosphate
PA0  0,0-diethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA0  Dimethyl-p-(methylthio)phenylphosphate
PA0  0,0-dimethyl-0-p-sulfamidophenylthiophosphate
PA0  0-[p-(p-chlorophenyl)azophenyl]0,0-dimethylthiophosphate (AZOTHOATE)
PA0  0-ethyl-S-4-chlorophenyl-ethyldithiophosphate
PA0  0-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA0  0,0-dimethyl-S-p-chlorophenylthiophosphate
PA0  0,0-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA0  0,0-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA0  0,0-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA0  0,0-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHOATE)
PA0  0,0-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophoshphate
PA0  0,0-dimethyl-S-carboisopropoxy-phenylmethyl)-dithiophosphate
PA0  0,0-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)
PA0  2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA0  0,0-diethyl-0-(5-phenyl-3-isooxazolyl)thiophosphate
PA0  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA0  Tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA0  S-(2-chloro-1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA0  N-hydroxynaphthalimido-diethylphosphate
PA0  Dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA0  O,o-dimethyl-O-( 3,5,6-trichloro-2-pyridyl)thiophosphate
PA0  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA0  Diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULFOTON)
PA0  Bis-O,O-diethylthiophosphoric acid anhydride (SULFOTEP)
PA0  Dimethyl-1,3-di(carbomethoxy)-1-propen-2-yl-phosphate
PA0  Dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA0  O,o-dimethyl-O-( 2,2-dichloro-1-methoxy-vinyl)phosphate
PA0  Bis-(dimethylamido)fluorphosphate (DIMEFOX)
PA0  3,4-dichlorobenzyl-triphenylphosphoniumchloride
PA0  Dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA0  O,o-diethyl-O-( 2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA0  O,o-dimethyl-O-( 2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA0  O-ethyl-S,S-diphenyldithiolphosphate
PA0   O-ethyl-S-benzyl-phenyldithiophosphonate
PA0   O,O-diethyl-S-benzyl-thiolphosphate
PA0  O,o-dimethyl-S-( 4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA0   o,o-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA0  Diisopropylaminofluorophosphate (MIPAFOX)
PA0   o,o-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA0  Bismethylamido-phenylphosphate
PA0   O,O-dimethyl-S-(benzene sulphonyl)dithiophosphate
PA0  O,o-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA0  O,o-diethyl-O- 4-nitrophenylphosphate
PA0  Triethoxy-isopropoxy-bis(thiophosphinyl)disulphide
PA0  2-methoxy-4H-1,3,2,benzodioxaphosphorin-2-oxide
PA0  Octamethylpyrophosphoramide (SCHRADAN)
PA0  Bis (dimethoxythiophospphinylsulphido)-phenylmethane
PA0  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PA0  O-phenyl-O-p-nitrophenyl-methanthiophosphonate (COLEP)
PA0  O-methyl-O-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (NARLENE)
PA0  O-ethyl-O-(2,4-dichlorophenyl)-phenylthiophosphonate
PA0  O,o-diethyl-O-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA0  4,4'-bis-(O,O-dimethylthiophosphoryloxy)-diphenyl disulphide
PA0  O,o-di-(.beta.-chloroethyl)-O-(3-chloro-4-methyl-coumarinyl-7)-phosphate
PA0  S-(1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA0  O,o-dimethyl-O-(3-chloro-4-diethylsulphamylphenyl)-thiophosphate
PA0  O-methyl-O-(2-carbisopropoxyphenyl)-amidothiophosphate
PA0  5-(O,O-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene (1,5)
PA0  O-methyl-O-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamidothiophosphate.
PAC  Nitrophenols and derivatives
PA0  4,6-dinitro-6-methylphenol, Na-salt [Dinitrocresol]
PA0  dinitrobutylphenol-(2,2',2"-triethanolamine salt
PA0  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA0  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA0  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA0  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA0  2-sec.-butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PAC  Miscellaneous
PA0  pyrethin I
PA0  pyrethin II
PA0  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA0  6-chloriperonyl-chrysanthemumate (Barthrin)
PA0  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA0  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA0  4-chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA0  6-methyl-2-oxol, 3-dithiolo-[4,5-b]-quinoxaline [Quinomethionate]
PA0  (I)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-cis+trans)chrysanthemu
     m-monocarboxylate [Furethrin]
PA0  2-pivaloyl-indane-1,3-dione [Pindon]
PA0  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin]
PA0  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA0  5,6-dichloro-1-phenoxycarbanyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA0  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA0  p-chlorophenyl-benzenesulphonate [Fenson]
PA0  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA0  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA0  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
PA0  2-thio-1,3-dithiolo-(,5-6)-quinoxaline [Thiochinox]
PA0  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite [Propargil].
PAC  Formamidines
PA0  1-dimethyl-2-(2'-methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA0  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA0  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA0  1-methyl-2-(2',4'-dimethylphenyl)-formamidine
PA0  1-n-butyl-1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA0  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA0  2-(2"-methyl-4"-chlorophenyl)-formamidine
PA0  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imino)-pyrolidine.
PAC  Urea
PA0  N-2-methyl-4-chlorophenyl-N',N'-dimethyl-thiourea.
PAC  Carbamate
PA0  1-naphthyl-N-methylcarbamate (CARBARYL)
PA0  2-butinyl-4-chlorophenylcarbamate
PA0  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA0  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA0  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA0  3,4,5-trimethylphenyl-N-methylcarbamate
PA0  2-chlorophenyl-N-methylcarbamate (CPMC)
PA0  5-chloro-6-oxo-2-norborane-carbonitrile-O-)methylcarbamoyl)oxime
PA0  1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA0  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA0  2-methyl-2-methylthio-propionaldehyde-O-(methylcarbamoyl)oxime (ALDICARB)
PA0  8-chinaldyl-N-methylcarbamate and their salts
PA0  methyl 2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA0  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA0  3,5-di-tert.butyl-N-methylcarbamate
PA0  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA0  2-isopropylphenyl-N-methylcarbamate
PA0  2-sec.butylphenyl-N-methylcarbamate
PA0  m-tolyl-N-methylcarbamate
PA0  2,3-xylyl-N-methylcarbamate
PA0  3-isopropylphenyl-N-methylcarbamate
PA0  3-tert.butylphenyl-N-methylcarbamate
PA0  3-sec.butylphenyl-N-methylcarbamate
PA0  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA0  3,5-diisopropylphenyl-N-methylcarbamate
PA0  2-chloro-5-isopropylphenyl-N-methylcarbamate
PA0  2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA0  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA0  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA0  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA0  2-(1,3-dithiolan-2-yl)-N,N-dimethylcarbamate
PA0  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA0  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA0  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA0  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA0  2-dimethylaminophenyl-N-methylcarbamate
PA0  2-diallylaminophenyl-N-methylcarbamate
PA0  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA0  4-benzothienyl-N-methylcarbamate
PA0  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA0  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA0  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA0  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA0  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA0  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate (FORMETANATE) and
      their salts
PA0  1-methylthio-ethylimino-N-methylcarbamate (METHOMYL)
PA0  2-methylcarbamoyloximino-1,3-dithiolane
PA0  5-methyl-2-methylcarbamoyloximino-1,3-oxythiolane
PA0  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA0  2-(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA0  1-dimethylcarbamyl-1-methylthio-O-methylcarbamyl-formoxime
PA0  1-(2'-cyanoethylthio)-O-methylcarbamyl-acetaldoxime
PA0  1-methylthio-O-carbamyl-acetaldoxime
PA0   O-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA0  2,5-dimethyl-1,3-dithioland-2-(O-methylcarbamyl)-aldoxime)
PA0  O-2-diphenyl-N-methylcarbamate
PA0  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA0  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA0  3-isopropylphenyl-N-methyl-N-chloroacetyl-carbamate
PA0  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA0  O-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA0  O-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA0  O-naphthyl-N-methyl-N-acetyl-carbamate
PA0  O-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA0  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA0  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA0  3-methoxymethoxy-phenyl-N-methylcarbamate
PA0  3-allyloxyphenyl-N-methylcarbamate
PA0  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA0  2-allyloxyphenyl-N-methyl-carbamate
PA0  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA0  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA0  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA0  3-(.alpha.-methoxymethyl-2-propenyl)-phenyl-N-methyl-carbamate
PA0  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA0  4-(methyl-propargylamino)-3,5-xylyl-N-methyl-carbamate
PA0  4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA0  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA0  1-(.beta.-ethoxycarbonalethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA0  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA0  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA0  5,5-dimethylhydroresorcinoldimethylcarbamate
PA0  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA0  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA0  2-[dipropargylamino]-phenyl-N-methylcarbamate
PA0  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA0  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA0  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA0  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PAC  Chlorinated Hydrocarbons
PA0  .gamma.-hexachlorocyclohexane [GAMMEXANE; LINDAN; .gamma. HCH]
PA0  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylenind
     ane [CHLORDAN]
PA0  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methyleninda
     ne [HEPTACHLOR]
PA0  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA0  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-oxtahydro-
     exo-1,4-endo-5,8-dimethanonaphthalene [DIFLORIN]
PA0  1,2,3,4,10,10-hexachloro-5,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-
     endo-endo-5,8-dimethanonaphthalene [ENDRIN]
PAR  The active substances of the formula I are also suitable for combating
      representatives of the division Thallophyta, e.g. viruses, bacteria and
      fungi. They thus possess fungicidal properties against phytophathogenic
      fungi on various cultivated plants, such as cereals, maize, rice,
      vegetables, ornamental plants, fruit trees, vines, farm products, etc.
PAR  With the new active substances it is possible to control or destroy fungi
      occurring on fruit, blossom, leaves, stems, tubers and roots, and from
      which parts of plants which grow later then also remain free. The active
      substances of the formula I are active in particular against
      phytopahtogenic fungi belonging to the following classes: Oomycetes,
      Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes.
PAR  In addition, the new active substances can also be used for treating seeds,
      fruit, tubers etc., and the protecting them from fungus infections, for
      example from smut fungi of all kinds, such as Ustilaginales, e.g.
      Ustilago, Tilletia, Urocystis, Turbicinia and Phoma types.
PAR  In addition to the above cited acaricides and insecticides, it is also
      possible to admix the active substances of the formula I with, for
      example, bactericides, fungistatic agents, baceteriostatic agents,
      nematocides and/or e.g. the following fungicides, in order to broaden the
      activity spectrum:
PA0  dodecylquanidine acetate (DODINE)
PA0  pentachloronitrobenzene (QUINTOZENE)
PA0  pentachlorophenol (PCP)
PA0  2-(1-methyl-n-propyl)-4,6-dinitrophenyl-2-methyl-crotonate (BINAPACRYL)
PA0  2-(1-methyl-n-heptyl)-4,6-dinitrophenylcrotonate (DINOCAP)
PA0  2,6-dichloro-4-nitroaniline (DICHLORAN)
PA0  2,3,5,6-tetrachloro-benzoquinone (1,4) (CHLORANIL)
PA0  2,3-dichloro-naphthoquinone (1,4) (DICHLONE)
PA0  N-(trichloromethylthio) phthalimide (FOLPAT)
PA0   n-(trichloromethylthio) cyclohex-4-en-1,2-dicarboximide (CAPTAN)
PA0  N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-en-1,2-dicarboximide (CAPTAFOL)
PA0  N-methansulfonal-N-trichloromethylthio-chloroaniline
PA0  N'-dichlorofluoromethylthio-N,N-dimethyl-N'-phenylsulfamide (DICHLOFLUANID)
PA0  O-ethyl-S-benzyl-phenyldithiophosphate
PA0  O,o-diethyl-S-benzyl-thiolphosphate
PA0  disodium-ethylene-1,2-bis-dithiocarbamate (NABAM)
PA0  zinc-ethylene-1,2-bis-dithiocarbamate (ZINEB)
PA0  manganese-ethylene-1,2-bis-dithiocarbamate (polymeric) (MANEB)
PA0  tetramethylthiuramdisulfide (THIRAM)
PA0  1-oxy-3-acetyl-6-methyl-cyclohexene-(5)dione-(2,4) (DEHYDROACETIC ACID)
PA0  8-hydroxyquinoline (8-QUINOLINOL)
PA0  2-dimethylamino-6-methyl-5-n-butyl-4-hydroxy-pyrimidine
PA0  methyl-N-benzimidazole-2-yl-N-(butylcarbamoyl)carbamate (BENOMYL)
PA0  2-ethylamino-6-methyl-5n-butyl-4-hydroxypyrimidine
PA0  2,3-dicyano-1,4-dithia-anthraquinone (DITHIANON)
PA0  2-(4-thiazolyl)-benzimidazole
PA0  3,5-dimethyltetrahydro-1,3,5-thiadiazine-2-thione (DAZOMET)
PA0  2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxathine
PA0  pentachlorobenzyl alcohol.
PAR  Furthermore, the compounds of the formula I are suitable for combating
      plant pathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique such, for example, as
      solvents dispersants, wetting agents, adhesives, thickeners, binders
      and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions in the conventional formulation which is commonly employed in
      application technology. Mention may also be made of "cattle dips" and
      "spray races", in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take and be used in the following forms:
PA0  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PA0  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      alone or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SIO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form of
      microgranules having a bulk density of 300 g/litre to 600 g/litre can also
      be manufactured with the aid of atomisers. The dusting can be carried out
      from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carriers and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which, for example, improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivates (methyl cellulose, carboxymethyl
      cellulose), hydroxyethyl glycol ethers of monoalkyl and dialkyl phenols
      having 5 to 15 ethylene oxide radicals per molecule and 8 to 9 carbon
      atoms in the alkyl radical, lignin sulphonic acids, their alkali metal and
      alkaline earth metal salts, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyethylene glycol ethers having 5 to 20 ethylene oxide radicals
      per molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide/propylene oxide, polyvinyl
      pyrrolidones, polyvinyl alcohols, condensation products of urea and
      formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substance and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Suitable carriers are, for
      example, those mentioned for the solid forms of application. In some cases
      it is advantageous to use mixtures of different carriers. As dispersing
      agents there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulfonic acids with
      phenol and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfated hexadecanols,
      heptadecanols, octadecanols, and salts of sulfated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are mixed, ground, sieved and strained with the
      additives cited hereinabove in such a manner that, in wettable powders,
      the solid particle size of from 0.02 to 0.04 and in pastes, of 0.03 is not
      exceeded. To produce emulsifiable concentrates and pastes, dispersing
      agents such as those cited above, organic solvents and water are used.
      Examples of suitable solvents are: alcohols, benzene, xylene, toluene,
      dimethyl sulfoxide, and mineral oil fractions boiling between 120.degree.
      and 350.degree.C. The solvents must be practically odourless, not
      phytotoxic, inert to the active substances.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of the general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils singly or in admixture with each other, can be used as
      organic solvents.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PA0  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance
PA2  95 parts of talcum
PA1  b. 2 parts of active substance
PA2  1 part of highly disperse silica
PA2  97 parts of talcum.
PAL  The active substances are mixed with the carriers and ground.
PA0  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on to kaolin, and the
      acetone subsequently evaporated in vacuo.
PA0  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25 %, and (d) a 10% wettable powder:
PA1  a. 40 parts of active substance,
PA2  5 parts of sodium lignin sulphonate,
PA2  1 part of sodium dibutyl-naphthalene sulphonate,
PA2  54 parts of silica acid.
PA1  b. 25 parts of active substance,
PA2  4.5 parts of calcium lignin sulphonate
PA2  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA2  19.5 parts of silica acid,
PA2  19.5 parts of Champagne chalk,
PA2  28.1 parts of kaolin.
PA1  c. 25 parts of active substance,
PA2  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA2  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  8.3 parts of sodium aluminium silicate,
PA2  16.5 parts of kieselguhr,
PA2  46 parts of kaolin.
PA1  d. 10 parts of active substance,
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA2  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA2  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powder are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PA0  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance,
PA2  3.4 parts of epoxidised vegetable oil,
PA2  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,
PA2  40 parts of dimethylformamide,
PA2  43.2 parts of xylene.
PA1  b. 25 parts of active substance,
PA2  2.5 parts of epoxidised vegetable oil,
PA2  10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture
PA2  5 parts of dimethylformamide,
PA2  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PA0  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzine (boiling limits 160.degree. - 190.degree.C).
DETD
PAC  EXAMPLE 1
PAR  While cooling gently, 45 g of tiethylamine are added dropwise at
      20.degree.-30.degree.C to a suspension of 28 g of
      2-hydroxymethyl-6-methyl-3-pyridinol (Kato et al.Chem. Abstr. 59, 559e
      (1963) ) in 150 ml of chloroform. Then 34 g of O-methyl-thiophosphoric
      ester dichloride are added dropwise so rapidly that the reaction
      temperature remains between 30.degree. and 35.degree.C. The reaction
      mixture is stirred for 2 hours at room temperature and the solvent is then
      distilled off in a roatry evaporator. The oily residue is treated with 200
      ml of water. Extraction with ether yields 3 g of
      2-methoxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide.
PAR  Melting point after recrystallisation from methanol/water:
      74.degree.-75.degree.C.
PAR  Calc.: C 41.55; H 4.36; N 6.06; P 13.42; S 13.87 %; Found: C 41.41; H 4.30;
      N 6.12; P 13.32; S 13.78 %
PAC  EXAMPLE 2
PAR  To a suspension of 2-H-hydroxymethyl-6-methyl-3-pyridinol in 200 ml of
      chloroform are added dropwise firstly 34 g of phosphorus sulphochloride,
      and then slowly 42 g of triethylamine in 100 ml of chloroform. After being
      stirred for 1 hour at room temperature, the clear solution is treated with
      400 ml of water and the mixture is concentrated in a rotary evaporator at
      room temperature. The crystalline precipitate of
      2-chloro-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide which
      forms in the process is filtered off and has a melting point of
      90.degree.-91.degree.C.
PAC  EXAMPLE 3
PAR  The 2-chloro-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide
      attained according to Example 2 is suspended moist in 75 ml of methanol.
PAR  While cooling, a solution of 13 g of potassium hydroxide in 75 ml of
      methanol is added to this suspension so rapidly that the reaction
      temperature remains between 10.degree. and 15.degree.C. Upon completion of
      the dropwise addition, the reaction mixture is heated briefly to
      35.degree.C and the methanol is then evaporated in a rotary evaporator at
      a bath temperature of 30.degree.C. The residue is treated with water and
      stirred until granular crystals form. Recrystallisation from
      methanol/water yields 18 g of
      2-methoxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide (m.p.
      74.degree.-75.degree.C).
PAC  EXAMPLE 4
PAR  28 g of 2-hydroxymethyl-6-methyl-3-pyridinol are suspended in 150 ml of
      chloroform; then while cooling, 45 g of tiethylamine are added. Then 56 g
      of 2-methyl-thiophosphoric ester chloride are added so rapidly that the
      reaction temperature remains between 30.degree. and 35.degree.C. The
      reaction mixture is stirred for 2 hours at room temperature and then
      evaporated to dryness in a rotary evaporator at room temperature. The
      residue is stirred with 100 ml of water, the precipitated crystals are
      filtered off and recrystallised from methanol/water to give 30 g of
      2-ethoxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide with a
      melting point of 54.degree.-55.degree.C.
PAR  Calc.: C 44.07; H 4.93; N 5.71; P 12.66; S 13.07 %; Found: C 43.96; H 5.10;
      N 5.78; P 12.65; S 13.02%
PAC  EXAMPLE 5
PAR  Analogous to Example 4, 35 g of 2-hydroxymethyl-6-methyl-3-pyridinol in 180
      ml of chloroform are reacted with 56 g of triethylamine and 49 g of
      O-isopropyl-thiophosphoric ester dichloride to give 44 g of
      2-isopropoxy-6-methyl-4H-pyrido[3,2-e]-1,3,2-dioxaphosphorin-2-sulphide
      with a melting point of 96.degree.-98.degree.C.
PAR  Calc.: C 46.31; H 5.45; N 5.41; P 11.97; S 12.36 %; Found: C 46.30; H 5.46;
      N 5.31; P 11.84; S 12.39 %
PAC  EXAMPLE 6
PAR  28 g of 2-hydroxymethyl-6-methyl-3-pyridinol are particularly dissolved in
      100 ml of pyridine. While cooling, 30 g of methane-thiophosphonic
      dichloride are slowly added dropwise at 12.degree.-25.degree.C. The
      reaction mixture is stirred for 2 hours, then treated with 150 ml of
      water. The initially oily precipitate soon solidifies in crystalline form
      and is recrystallised from methanol/water to give 26 g of
      2,6-dimethyl-4H-pyrido[3,2-e]-1,3,2-dioxaphosphorin-3-sulphide with a
      melting point at 81.degree.-83.degree.C.
PAR  Calc.: C 44.65; H 4.69; N 6.51; P 14.12; S 14.89 %; Found: C 44.66; H 4.75;
      N 6.64; P 14.64; S 14.95 %
PAC  EXAMPLE 7
PAR  Analogous to the above Example, 35 g of
      2-hydroxymethyl-6-methyl-3-pyridinol in 100 ml of pyridine are reacted
      with 53 g of benzene-thiophosphonic dichloride to give 45 g of
      2-phenyl-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide with a
      melting point of 97.degree.-98.degree.C.
PAR  Calc.: C 56.30; H 4.37; N 5.06; P 11.19; S 11.56 %; Found: C 56.56; H 4.43;
      N 5.11; P 10.90; S 11.74 %
PAC  EXAMPLE 8
PAR  In analogous manner 42 g of 2-hydroxymethyl-6-methyl-3-pyridinol in 100 ml
      of pyridine are reacted with 54 g of thiophosphoric dimethylamide
      dichloride to give 29 g of
      2-dimethylamino-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide
      with a melting point of 101.degree.-102.degree.C.
PAR  Calc.: C 44.25; H 5.37; N 11.47; P 12.70; S 13.13 %; Found: C 44.12; H
      5.37; N 11.62; P 12.68; S 13.11 %
PAC  EXAMPLE 9
PAR  35 g of 2-hydroxymethyl-6-methyl-3-pyridinol are suspended in 180 ml of
      chloroform. Then 56 g of triethylamine are added while cooling. While
      cooling, 42 g of phosphoric dimethylamide dichloride are added dropwise at
      30.degree.-35.degree.C and the reaction mixture is stirred for 2 hours at
      room temperature. The solvent is subsequently distilled off in a rotary
      evaporator and the residue dissolves to a clear solution in 60 ml of
      water. Exhaustive extraction with ether is performed, the ether solution
      dried and the ether evaporated. The oily residue crystallises on standing.
      Recrystallisation from ethyl acetate/petroleum ether yields 25 g of
      2-dimethylamino-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-oxide
      with a melting point of 71.degree.-72.degree.C. The compound contains 1/2
      water of crystallisation.
PAR  Calc.: C 45.56; H 5.95; N 11,81; P 13.06; H.sub.2 O 3.79 %, Found: C 44.92;
      H 5.84; N 11.72; P12.99; H.sub.2 O 3.38 %
PAC  EXAMPLE 10
PAR  Analogous to Example 9, 35 g of 2-hydroxymethyl-6- methyl-3-pyridinol in
      180 ml of chloroform are reacted with 56 g of triethylamine and 42 g of
      ethane-thiophosphonic dichloride. After evaporating the solvent and
      additng water, an oil precipitates which is then extracted with ether and
      crystallises on standing. Recrystallisation from methanol/water yields 39
      g of 2- ethyl-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide
      with a melting point of 79.degree.-80.5.degree.C.
PAR  Calc.: C 47.15; H 5.27; N 6.11; P 13.54; S 13.99 %; Found: C 46.85; H 5.28;
      N 6.09; P 13.48; S 13.92 %
PAC  EXAMPLE 11
PAR  28 g of 2-hydroxymethyl-6-methyl-3-pyridinol are suspended in 200 ml of
      chloroform. To this suspension are added dropwise firstly 34 g of
      phosphorus sulphochloride and then, slowly, 42 g of triethylamine in 100
      ml of chloroform. The clear solution is stirred for 2 hours at room
      temperature, then heated to 35.degree.C and a mixture of 14 g of allyl
      alcohol and 20 g of triethylamine is added dropwise so rapidly that the
      temperature remains at 35.degree.-37.degree.C. The reaction mixture is
      stirred for 2 hours at room temperature, then the chloroform is distilled
      off in a rotary evaporator at 30.degree.C. The residue is treated with 150
      ml of water, in the course of which a crystalline precipitate forms. This
      precipitate is filtered off and recrystallised from methanol/water to give
      3 g of
      2-allyloxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide with
      a melting point of 79.degree.-80.degree.C.
PAR  Calc.: C 46,69%; H 4,71%; N 5,45%; P 12,07%; S 12,47%;
PAR  Found: C 46,38%; H 4,86%; N 5,43%; P 12,06%; S 12,43%
PAR  The following compounds are also manufactured in analogous manner to
      Examples 1 to 11:
PA0  2-(n)-propoxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide
      m.p.: 55.degree.-56.degree.C.
PAR  Calc.: C 46,31; H 5,45; N 5,41; P 11,97; S 12,36 %; Found: C 46,72; H 5,37;
      N 5,61; P 12,12; S 12,54 %
PA0  2-isobutoxy-6-methoxy-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide m.p.
      65.degree.-66.degree.C.
PAR  Calc.: C 48,33; H 5,90; N 5,12; P 11,36; S 11,73 %; Found: C 48,38; H 5,87;
      N 4,98; P 11,48; S 11,92 %
PA0  2-propargyloxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulphide
      m.p. 92.degree.-93.degree.C.
PAR  Calc.: C 47,05; H 3,95; N 5,48; P 12,16; S 12,56 %; Found: C 47,14; H 3,95;
      N 5,61; P 12,25; S 12,72 %
PA0  2-(2'-methoxy-ethoxy)-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-sulp
     hide m.p. 64.degree.-65.degree.C.
PAR  Calc.: C 43,62; H 5,13; N 5,09; P 11,27; S 11,65 %; Found: C 43,66; H 5,05;
      N 5,09; P 11,38; S 11,89 %
PA0  2-phenoxy-6-methyl-4H-pyrido[3,2-e]1,3,2-dioxaphosphorin-2-oxide m.p.:
      148.degree.-158,5.degree.C.
PAR  Calc.: C 56,31; H 4,36; N 5,06; P 11,19 %; Found: C 56,24: H 4,38; N 5,06;
      P 11,45 %
PAC  EXAMPLE 12
PA0  A. insecticidal ingest poison action
PAR  Tobacco and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate).
PAR  After the coating had dried, the tobacco plants were populated with
      Egyptian cotton leaf worms (Spodoptera literalis) and the potato plants
      with Colorado potato beetle larvae (Leptinotarsa decemlineata). The test
      was carried out at 24.degree.C. and 60 % relative humidity.
PA0  B. systemic insecticidal action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) were put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphids (Aphis fabae) were
      placed on the parts of the plant above the soil. The aphids were protected
      from contact and gas action by means of a special device. The test was
      carried out at 24.degree.C and 70% relative humidity. In the above tests
      the compounds according to Example I to II displayed good insecticidal
      ingest poison action and systemic insecticidal action.
PAC  EXAMPLE 13
PAC  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example I to II were active in the above test
      against Chilo suppressalis.
PAC  EXAMPLE 14
PAC  Action against Aulacophera femoralis, Pachmoda and Chortophila larvae
PAR  Sterilised compost earth was homogeneously mixed with a wettable powder
      containing 25% of active substance so that there resulted a rate of
      application of 8 kg of active substance per hectare.
PAR  Young zucchetti plants (Cucumis pepo) were put into plastic pots with the
      treated soil (3plants per pot; diameter of pot = 7 cm). Each pot was
      infected immediately afterwards with 5 Aulacophora femoralis and Pachmoda
      or Chortophila larvae. The control was carried out 4, 8, 16 and 32 days
      after depositing the larvae.
PAR  At 80-100% kill after the first control, a fresh infestation with 5 larvae
      each was carried out in the same soil sample with 3 new zucchetti plants.
      If the activity was less than 80%, the remaining larvae remained in the
      soil sample until the control immediately following. If an active
      substance at a rate of application of 8 kg/ha still effected a 100% kill,
      a further control with 4 and 2 kg of active substance per hectare was
      carried out.
PAR  In the above test, the compounds according to Example I to II displayed
      action against Aulacophora fermoralis, Pachmoda and Chortophila larvae.
PAC  EXAMPLE 15
PAC  Action against ticks
PA0  A. rhicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be adsorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAR  The compounds according to Example 1 acted in the above test against adults
      and larvae of Rhicephalus bursa.
PA0  B. boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using an
      analogous dilution series as in the case of test A. (The resistence refers
      to the tolerability of Diazinon).
PAR  The compounds according to Examples I to II act in the above test against
      sensitive and OP-resistent larvae of Boophilus microplus.
PAC  EXAMPLE 16
PAC  Acaracidal action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have migrated are sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth does not run off. The number of living and dead
      larvae, adults and eggs are evaluated after 2 to 7 days under a
      stereoscopic microscope and the result expressed in percentages. During
      the "interim", the treated plants are kept in greenhouse compartments at
      25.degree.C.
PAR  The compounds according to Examples I and II are active in the above test
      against eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 17
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substance in the
      concentration indicated in each case is applied to and intimately mixed
      with soil infected with root gall nematodes (Meloidgyne Avenaria).
      Immediately afterwards, tomato cuttings are planted in the thus prepared
      soil in a series of tests and after a waiting time of 8 days tomato seeds
      are sown in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      are counted 28 days after planting and sowing respectively. The compounds
      according to Example I to 4 display good action against Meloidgyne
      Avenaria.
PAC  EXAMPLE 18
PAC  Fungicidal Action
PA0  a. Action against Botrytis cinerea on Vicia faba
PAR  Fully developed, uniformly large leaves of Vicia faba, which have been
      sprayed dripping wet from a spraying device with a broth (0.1% content of
      active substance) prepared from an active substance formulated as a 10%
      wettable powder, were placed three at a time in Petri dishes lined with
      filter paper. When the leaves were dry again, they were infected with a
      freshly prepared, standardised spore suspension of the fungus
      (concentration: 100,000 spores/ml) and kept for 48 hours in a humid
      atmosphere at 20.degree.C. After this time, the leaves displayed black,
      initially dot-shaped specks which rapidly spread. The number and size of
      the infected areas served as a yardstick for determining the effectiveness
      of the test substance.
PA0  b. Action afainst Erysiphe cichoracearum on Cucumis sativus
PAR  Young Cucumis sativus plants were sprayed with a spore suspension of the
      fungus after they had been sprayed with a 0.01% suspension of the active
      substance formulated as wettable powder and after the spray coating had
      dried. The degree of attack (extent of the leaf surface coated with the
      mycel coating) on the infected, treated leaves was assessed after 8 days
      in a greenhouse at approx. 23.degree.C in comparison with untreated,
      infected controls.
PA0  c. Action against Uromyces appendiculatus on Phaseolus vulgaris
PAR  Phaseolus vulgaris plants in the 2-leaf stage were sprayed dripping wet
      with a suspension of the substance formulated as wettable powder
      (concentration: 0.1% of active substance). After the coating layer had
      dried, the plants were infected with a fresh spore suspension of bean rust
      and then kept for 1 day day in a humid chamber, then for 12 days in a
      greenhouse at 22.degree.-22.degree.C.
PAR  The number and size of the rust pustules served as a yardstick for
      evaluating the effectiveness of the test substances.
PA0  d. Action against Phytophthora infestans on Solanum-Lycpersicum
PAR  S. Lycopersicum plants of the same variety and in the same stage of
      development were sprayed with a broth of 0.1% active substance (prepared
      from the active substance formulated as a wettable powder). When dry, the
      plants were sprayed dripping wet with a zoospore suspension of Ph.
      infestans. They were then kept for 6 days in a greenhouse at
      18.degree.-20.degree.C and high humidity (95-100%), after which time they
      displayed typical leaf specks. The evaluation of the tested substance was
      based on their number and size.
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ABST
PAL  A device for performing catalytic endothermic reactions which comprises a
      vessel having a heat exchanger provided with cooling tubes which extend
      through an outer tubesheet of the heat exchanger. These tubes are sealed
      against the outer tubesheet of the heat exchanger, and are connected
      rigidly to the inner tubesheet. Reaction tubes are provided with catalyst
      support grids, and the sections of these tubes below the grids are of a
      length that is at least equal to the diameter of the respective tubes.
      Downstream of the support grids, the process gas discharge tubes extend
      centrally through the catalyst-free portions of the reaction tubes and are
      spaced from the inner walls of the cooling tubes. The spaces between the
      process gas discharge tubes and the reaction tubes are filled with
      insulating material. The process gas discharge tubes, which are disposed
      within the cooling tubes, may extend to or beyond the outer tubesheets of
      the heat exchanger. The wall thickness of the process gas tubes below the
      catalyst support grids may be decreased in cross section, thereby
      decreasing the heat flux to the inner tubesheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A device for performing catalytic endothermic reactions is known from U.S.
      patent application, Ser. No. 386,942, filed Aug. 9, 1973, now U.S. Pat.
      No. 3,870,476, issued Mar. 11, 1975, FIGS. 4 through 8. This device
      comprises catalyst-filled tubes in which hydrocarbons are reformed in the
      presence of steam at elevated pressure. The heating gas side is also
      operated at elevated pressure to relieve mechanical stresses to which the
      tubes are exposed. The final temperature of the process gas generally
      exceeds 700.degree.C and is preferably higher than 800.degree.C. This hot
      process gas must be channelled through a multitude of tubes across the
      reaction vessel bottom head. The particular problem consists in providing
      for each reaction tube a separate feed and discharge line passing into and
      leaving the vessel that is pressurized by the heating gas while avoiding
      any undue enlargement of the vessel or any unjustifiable weakening of the
      head by a multitude of tube passage apertures. Separate feed and discharge
      lines are necessary to enable any reaction tube to be sealed off from
      outside in the event of damage.
PAR  The above patent application provides for feeding the hydrocarbons to be
      processed through individual flexible small size tubes that are capable of
      compensating thermal expansions. Because of the low feed stream
      temperature of approximately 500.degree.C the mechanical design at this
      point involves no problem. Conditions are totally different for the
      outlet. The high temperature prevailing on both the process gas and
      heating gas sides precludes for the reaction tubes a normal passage
      through the head with welding of the tubes into the head. Referring to the
      above patent application, the design provides for a passage through the
      head in that the hot gas from the reaction tube is transferred into a
      small size tube that is seal welded to the head through a cooling cap; the
      head is cooled by a cooling agent that circulates in a heat exchanger
      which is attached to the head direct, the cooling agent, for example
      water, being preferably held at a favorable pressure. In this way, the
      head separates three fluids in the area of the tube passage, viz. process
      gas, heating gas, and cooling agent.
PAR  This design is not entirely satisfactory in view of the presence of the
      small size outlet tube requiring additional critical welds and extending
      to both the heating gas side and water side. Owing to prevailing thermal
      conditions, this tube must be of a high alloy austenitic steel, while the
      risk of stress corrosion cracking exists for any austenitic steel on the
      water side.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide for an optimum passage of
      the hot process gas through the pressure vessel head without abandoning
      the advantages offered by the device according to the above mentioned
      patent application, said pressure vessel head being at the same time the
      inner tubesheet of the attached heat exchanger and being hereinafter
      referred to as inner tubesheet as compared to the heat exchanger bottom
      head which is hereinafter referred to as the outer tubesheet.
PAR  According to this invention, the problem is solved in that the cooling
      tubes of the heat exchanger penetrate through the outer tubesheet of the
      heat exchanger, the tubes being sealed against the outer tubesheet and
      being connected rigidly to the inner tubesheet, the lower part of the
      catalyst filled reaction tubes being provided with catalyst support grids,
      a catalyst-free tube section being left and having a length that is at
      least equal to the tube diameter, a heat-insulated process gas discharge
      tube being arranged downstream of the support grid, the process gas
      discharge tube being located centrally in the catalyst-free reaction tube
      section and extending without physical contact into the cooling tubes, and
      the space between process gas discharge tube and reaction tube being
      filled with insulating material.
PAR  It is another feature of the invention that the process gas discharge tube
      may extend within the cooling tube to or beyond the outer tubesheet of the
      heat exchanger.
PAR  The invention incorporates the particular advantage that austenitic
      material can be used for the high thermal load on the gas side while
      avoiding any contact of this austenitic material with the cooling fluid.
      The head of the pressure vessel (inner tubesheet) containing the heating
      gas has no physical contact with the reaction tubes carrying the process
      gas. The catalyst free section of the reaction tube provides for a
      sufficient lowering of the temperature so that the inner tubesheet between
      heat exchanger and pressure vessel is exposed to a reduced operating
      temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary vertical sectional elevation of a portion of a
      pressure vessel showing one of the catalyst-filled reaction tubes and
      associated structure.
PAR  FIG. 2 is a fragmentary sectional view similar to FIG. 1, but showing an
      alternate structure; and
PAR  FIG. 3 is a vertical sectional view of a reaction tube showing a modified
      form in which the tube is of decreased wall thickness.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the form of the invention shown in FIG. 1, a pressure vessel is
      constructed so that the interior 1 of the reaction tube 2 is filled with a
      catalyst C and rests on a support grid 3. Below the catalyst support grid
      3, a conical tube section 4 fits closely into tube 2. The conical tube
      section 4 terminates in a process gas discharge tube 5 that extends beyond
      the bottom head (inner tubesheet) 6 of the internally heat insulated
      pressure vessel and terminates within a cooling tube 7 to permit the hot
      process gas to pass through the conical tube section 4 and gas discharge
      tube 5 into cooling tube 7 without transferring heat by convection to the
      lower part of tube 2 and to the inner tubesheet 6 at the point of passage.
PAR  The heat exchanger compartment 14 between the tubesheets 6 and 13 and
      around the cooling tubes 7 is filled with a cooling agent, preferably
      water. To reduce any possible heat transfer by radiation, the space
      between the gas discharge tube 5 and the tube 2 is filled with a heat
      insulating material 9, and a separate thin insulating lining 10 encloses
      the gas discharge tube 5. The bottom head (inner tubesheet) 6 of the
      pressure vessel must also be provided with heat insulation 11 on the
      heating gas side. Depending on operating conditions, the part of tube 2
      extending beyond the insulation 11 is also provided with an external
      insulation 12.
PAR  Cooling tube 7 is connected by a weld 18 to a depending annular flange 17
      on the inner tubesheet 6 and by a weld 19 to the outer tubesheet 13 of the
      heat exchanger. After cooling, the process gas leaves the cooling tube 7
      and can then be allowed to pass in any known way to an accumulator (not
      shown). The accumulator receives the process gas streams from a plurality
      of tubes 2, only one tube being shown on the drawing. The lowering of the
      process gas temperature can be influenced in two principal ways, viz.
      through the length of the cooling tube 7 and through the length of the
      insulated process gas discharge tube 5. The design provided for by this
      invention ensures that the hot process gas can be allowed without risk to
      pass through the inner tubesheet 6 while the weakening of inner tubesheet
      6 through the plurality of necessary tube passage apertures is held within
      justifiable limits.
PAR  Rising from the inner tubesheet 6 is a short annular flange 16 which is
      rigidly secured to the lower end of the reaction tube 2 by a weld 15. The
      weld 15 is located in an area where cooling, insulation, and process gas
      routing combine to reduce the temperature of the tube 2 to a point
      permitting a change in material of construction from heat-resisting CrNi
      steel of the tube 2 to normal boiler structural steel for the inner
      tubesheet 6.
PAR  FIG. 2 shows another feature of the invention, the same reference numerals
      being used as in FIG. 1 but with the exponent a. The insulated process gas
      discharge tube 5a extends through the entire length of the cooling tube 7a
      so that the process gas leaves the heat exchanger virtually without any
      previous cooling. The quantity of cooling water admitted to compartment
      14a is limited to the flow rate necessary to lower the temperature of the
      inner tubesheet 6a to the permissible value.
PAR  FIG. 3 illustrates a modified form of reaction tube in which the high wall
      temperature of tube 2b is reduced in the area between the heated zone and
      the pressure vessel bottom head (inner tubesheet) 6b, the heat flux to
      inner tubesheet 6b being decreased by reducing the wall thickness of the
      tube 2b starting below the catalyst support grid 3b. The transition from
      the end of the tube 2b to the inner tubesheet 6b may be increased again to
      the original wall thickness.
PAR  In each of the above forms of the invention, it will be understood that a
      pressure vessel is involved which is provided with an annular row of
      catalyst-filled reaction tubes such as 2, 2a, and 2b, which are for the
      purpose of reforming gaseous hydrocarbons mixed with steam. Such mixture
      is introduced at pressures above 5 atm.g. in the pressure vessel as well
      as in the reaction tubes, the temperature being in excess of 700.degree.C.
      The reaction tubes, it will be manifest, are heated by heating gas, there
      being at least one heating gas inlet nozzle and one heating gas outlet
      nozzle associated with each tube. Below the inner tubesheet 6, 6a, or 6b
      it will be understood that there is an integral heat exchanger and the
      surfaces of such tubesheets are contacted by the heating gas on the upper
      side and by a cooling fluid on the under side in the heat exchanger
      compartment 14 or 14a. It will be further understood that the above
      description and illustration are in respect of one of the units of the
      pressure vessel, there being a plurality thereof arranged in an annular
      row, as will be readily understood by those skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a device for performing catalytic reactions on a process gas,
      comprising in combination
PA1  a vertically disposed vessel,
PA1  an upright reaction tube in said vessel for receiving the process gas at
      the upper end portion and discharging the process gas at the lower end
      portion,
PA1  a grid in the upper portion of said reaction tube for supporting catalyst
      above the grid,
PA1  a process gas discharge tube of less diameter than said reaction tube and
      arranged concentrically therewith,
PA1  a connection between the top of said process gas discharge tube and said
      reaction tube adjacent said grid, and
PA1  thermal insulation between said process gas discharge tube and the inner
      wall of said reaction tube, the improvement comprising:
PA1  an inner tubesheet through which said process gas discharge tube freely
      extends,
PA1  an outer tubesheet spaced downstream from said inner tubesheet to provide
      an heat exchanger space therebetween for reception of a cooling fluid,
PA1  a cooling tube in liquid tight engagement with said inner tubesheet and
      extending through and rigidly connected to said outer tubesheet,
PA1  said process gas discharge tube extending without physical contact into
      said cooling tube, and
PA1  a rigid connection between said reaction tube and said upper tubesheet
      where cooling, insulation and process gas routing combine to reduce the
      temperature of said reaction tube, said reaction tube comprising
      heat-resisting steel, and said inner tubesheet comprising normal boiler
      structural steel.
NUM  2.
PAR  2. A device as claimed in claim 1, in which said process gas discharge tube
      beyond said grid is of a length at least equal to the diameter of said
      reaction tube.
NUM  3.
PAR  3. A device as claimed in claim 1, further comprising means for heat
      insulating the process gas discharge tube which extends at least to said
      outer tubesheet.
NUM  4.
PAR  4. A device as claimed in claim 1, in which said cooling tube is also of
      normal boiler structural steel and is welded to said inner tubesheet.
NUM  5.
PAR  5. A device as claimed in claim 1, in which said reaction tube downstream
      of said grid is substantially reduced in thickness to a point in close
      juxtaposition to said inner tubesheet.
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ABST
PAL  Substituted phenanthroline pigments having the formula
      ##SPC1##
PAL  Wherein X is hydrogen or methyl.
BSUM
PAR  This invention relates to novel pigment compositions. More particularly
      this invention relates to pigments comprising novel substituted
      phenanthroline compounds.
PAR  Pigments which are employed in automotive finishes desirably possess
      certain properties that render them particularly useful for this purpose.
      Ordinarily, they should be relatively, if not entirely, insoluble in
      organic solvents, heat-stable, give a strong shade and exhibit fastness to
      light. While there are numerous pigments in use today for automotive
      finishes, many of which possess all of these characteristics, much effort
      is constantly being expended to develop new pigments which qualify for
      this use. Lightfastness being probably the most important single
      characteristic in automotive finishes, it is this feature that is the most
      sought after as new pigment compositions are developed.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly, in accordance with this invention there is provided novel
      compounds, useful as pigments, having the formula:
      ##SPC2##
PAL  Wherein X is hydrogen or methyl and R is phenylene, naphthylene or
      anthraquinonylene substituted with one to three substituents selected from
      chloro, bromo, carboxy, nitro, methyl, ethyl, methoxy, ethoxy or hydroxy.
      These compounds give a strong bright yellow to red shade, are insoluble in
      organic solvents, stable to heat and exhibit excellent light fastness.
      Particularly preferred are those compounds wherein X is hydrogen and R is
      disubstituted phenylene, i.e., 9,10-substituted benzimidazo
      [2,1-b]-2-hydrobenzo [1mn]-3,8-phenantholine-1,3,6-trione.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention may be prepared by condensing acenaphthene
      with dimethyl carbamoyl chloride followed by hydrolysis according to the
      reaction
      ##SPC3##
PAL  Reaction of (I) with ammonium hydroxide or methylamine results in
      ##SPC4##
      and oxidation of II with sodium dichromate yields
      ##SPC5##
PAR  Thereafter, a substituted diamine which may be either a substituted
      phenylene diamine, a substituted naphthylene diamine or a substituted
      anthraquinonylene diamine is reacted with III by heating the two
      components, preferably above 80.degree.C in an inert solvent such as
      glacial acetic acid or pyridine, to give
      ##SPC6##
PAL  Wherein X and R are as previously defined.
PAR  Exemplary of substituted diamines which may be reacted with (III) are:
PA1  4-nitro-o-phenylenediamine
PAR  4-METHYL-O-PHENYLENEDIAMINE
PA1  4-carboxy-o-phenylenediamine
PA1  4-chloro-o-phenylenediamine
PA1  4,5-dichloro-o-phenylenediamine
PA1  4-bromo-m-phenylenediamine
PA1  4,5-dimethyl-o-phenylenediamine
PA1  5-chloro-m-phenylenediamine
PA1  5-nitro-m-phenylenediamine
PA1  4-methoxy-o-phenylenediamine
PA1  4-ethyl-5-chloro-o-phenylenediamine
PA1  4-ethoxy-m-phenylenediamine
PA1  4-hydroxy-o-phenylenediamine
PA1  4-nitro-1,8-naphthalenediamine
PA1  4,5-dichloro-1,8-naphthalenediamine
PA1  4-methoxy-1,8-naphthalenediamine
PA1  4,5-dimethyl-1,8-naphthalenediamine
PA1  4-nitro-1,2-diaminoanthraquinone
PA1  4,5-dichloro-1,2-diaminoanthraquinone,
PAL  And the like.
PAR  Compounds similar to those of the present invention have been reported by
      Arient, et al, Coll. Czech. Chem. Commum., 30(11), 3718-29 (1965).
      However, the compounds disclosed by Arient, et al are not suitable as
      pigments for automotive finishes. Unexpectedly the presence of
      substituents on the diamines employed to produce the compounds of this
      invention results in a pigment which has greatly superior lightfastness
      vis-a-vis the unsubstituted compounds of Arient, et al. For example,
      9-nitro benzimidazo [2, 1-b]-2-hydrobenzo
      [1mn]-3,8-phenanthroline-1,3,6-trione exhibits a lightfastness 50% greater
      than unsubstituted benzimidazo [2, 1-b]-2-hydrobenzo
      [1mn]-3,8-phenantholine-1,3,6-trione. The other substituents mentioned
      herein likewise produce pigments having superior lightfastness compared to
      the unsubstituted compounds.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples are given by way of illustration only.
PAC  EXAMPLE I
PAR  A mixture of 1 mole of acenaphthene, 2.5 moles of dimethylcarbamoylchloride
      and 2.6 moles of anhydrous aluminum chloride in chlorobenzene is heated
      for 3 hours at 130.degree.C. The product is refluxed for 20 minutes in 60
      percent H.sub.2 SO.sub.4 to yield acenaphthene-5,6-dicarboxylic anhydride.
      This product is refluxed with ammonium hydroxide for several hours, dried
      and oxidized with sodium dichromate in glacial acetic acid for 3 hours
      yielding a product identified as 2-hydrobenzo [de]
      isoquinoline-1,3-dione-6,7-dicarboxylic anhydride.
PAR  26.7 grams of the product obtained and 15.3 grams of
      4-nitro-o-phenylenediamine in 500 grams of glacial acetic acid are brought
      to reflux within 15 minutes with stirring. A thick yellow precipitate
      forms quickly. Refluxing is continued for 3 hours and the precipitate is
      filtered, washed with glacial acetic acid and then water to yield 36 grams
      of a strongly colored yellow pigment exhibiting excellent lightfastness,
      temperature stability and resistance to solvents. The product is
      identified as 9-nitrobenzimidazo [2, 1-b]-2-hydrobenzo
      [1mn]-3,8-phenantholine-1,3,6-trione.
PAC  EXAMPLES II - VII
PAR  26.7 g. of 2-hydrobenzo [de] isoquinoline-1,3-dione-6,7-dicarboxylic
      anhydride are added to 500 g. of glacial acetic acid and the temperature
      is raised to 80.degree.. While stirring well, 12.2 g. of
      4-methyl-o-phenylenediamine are added and the whole is brought to reflux
      within 30 minutes. A thick orange precipitate quickly forms. It is
      refluxed for 3 hours, filtered hot, washed with glacial acetic acid then
      with water and dried to yield 34 g. of a strongly colored orange pigment
      which is distinguished by excellent fastness to light, temperature
      stability, and resistance to solvents.
PAR  If the 12.2 g. of 4-methyl-o-phenylenediamine are replaced by equimolar
      amounts of one of the following diamines given below, then with the same
      procedure, similar fast pigments are obtained.
TBL  ______________________________________                                    

     Example No.     Amine           Shade                                     

     ______________________________________                                    

     III.      4-carboxy-o-phenylenediamine                                    

                                     orange                                    

     IV.       4-chloro-o-phenylenediamine                                     

                                     orange                                    

     V.        4,5-dichloro-o-phenylenediamine                                 

                                     orange                                    

     VI.       4,5-dimethyl-o-phenylenediamine                                 

                                     red                                       

     VII.      4-methoxy-o-phenylenediamine                                    

                                     red                                       

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  28.1 g. of 2-methyl-2H-benzo [de] isoquinoline-1,3-dione-6,7-dicarboxylic
      anhydride and 15.3 g. of 4-nitro-o-phenylenediamine in 500 g. of glacial
      acetic acid are brought to reflux within 1 hour while stirring well. A
      thick yellow precipitate quickly forms. It is refluxed for 3 hours,
      filtered hot, washed with glacial acetic acid then with alcohol and dried
      to yield 38 g. of a strongly colored yellow pigment which is distinguished
      by excellent fastness to light, temperature stability, and resistance to
      solvents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC7##
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PAL  Compounds of the following formula and their acid addition salts
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are independently selected from hydrogen,
      halogen, lower alkyl, lower alkoxy, lower alkylthio, nitro, cyano, amino
      and trifluoromethyl; A is a straight or branched chain alkylene of 1 to 8
      carbons; and Z is selected from
      ##SPC2##
PAL  Wherein R.sup.3 is selected from phenyl, phenyl-lower alkyl, and
      substituted phenyl and phenyl-lower alkyl are disclosed. These compounds
      exhibit antidepressant and anti-anxiety activity. In addition these
      compounds are useful as anti-inflammatory agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various naphthalimide compounds have been developed for use as dyes and
      optical brightening agents. Kimura et al., for example, at Chem. Abst.,
      Vol. 62, 11950c, disclose
      N-[2-piperidinoethyl]-4-methoxy-1,8-naphthalimide (i.e.
      6-methoxy-2-[2-(1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
      under the current Chem. Abst. nomenclature) as an optical brightening
      agent. Noguchi et al. in U.S. Pat. No. 3,625,947 disclose 2-[2-(2 or
      4-pyridyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-diones as fluorescent
      whitening agents.
PAR  Schenker et al. in U.S. Pat. No. 3,247,208 disclose that
      1H-benz[de]isoquinoline-1,3(2H)-diones having a
      (1-substituted-4-piperidinyl) group in the 2-position possess anesthetic
      properties. Carron et al. in French Pat. No. 2,167,355 disclose that
      (4-phenyl)piperidine-2,6-diones having an alkylheteroalkyl substituent at
      the 1-position possess antidepressant activity. Imides having a
      nitroimidazolyethyl group as an N-substituent and possessing
      anti-bacterial and anti-protozoal activity are disclosed in U.S. Pat. Nos.
      3,642,836 and 3,770,763 to Cusic et al. Certain imido dicarboxylic acid
      imides possessing various pharmacological properties are disclosed in U.S.
      Pat. No. 3,560,495 to Frankus et al.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new 2-[(substituted-piperidinyl or
      tetrahydropyridinyl)alkyl]-1H-benz[de]isoquinoline-1,3(2H)-diones and
      their acid addition salts of the formula
      ##SPC3##
PAR  The symbols have the following meaning in formula I and throughout this
      specification.
PAR  R.sup.1 and R.sup.2 are each independently selected from hydrogen, halogen
      (preferably Br, Cl, or F), CF.sub.3, lower alkyl, lower alkoxy, lower
      alkylthio, nitro, amino and cyano.
PAR  A is straight or branched chain alkylene of 1 to 8 carbons.
PA1  Z is selected from
      ##SPC4##
      ##SPC5##
PAL  wherein
PA1  R.sup.3 is selected from phenyl, phenyl-lower alkyl, and substituted phenyl
      and phenyl-lower alkyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups referred to throughout this specification include
      straight or branched chain hydrocarbon groups containing 1 to 4 carbons.
      Examples of the type of groups contemplated are methyl, ethyl, propyl,
      isopropyl, butyl, etc. The lower alkoxy groups include such lower alkyl
      groups attached to an oxygen, e.g., methoxy, ethoxy, propoxy, etc. The
      phenyl-lower alkyl groups include such lower alkyl groups attached to a
      phenyl, e.g., benzyl, phenethyl, etc. The lower alkylthio group include
      such lower alkyl groups attached to a sulfur, e.g., methylthio, ethylthio,
      etc.
PAR  Straight or branched chain alkylene of 1 to 8 carbons is intended to
      include group such as --(CH.sub.2).sub.n -- wherein n is 1 to 8,
      ##EQU1##
PAR  The substituted phenyl and phenyl-lower alkyl groups include one or more
      substituents such as lower alkyl, lower alkoxy, halogen (preferably F, Cl,
      or Br), CF.sub.3, amino, nitro and the like. Examples of the type of
      groups contemplated are o-, m- or p-chlorophenyl, o-, m-, or p-tolyl,
      2,5-dibromophenyl, 3,5-dimethylphenyl, o-, m-, or p-methoxyphenyl, o-, m-,
      or p-chlorobenzyl, o-, m-, or p-methoxybenzyl, o-, m-, or
      p-bromophenethyl, etc.
PAR  Preferred embodiments of this invention are as follows:
PAR  At least one of R.sup.1 or R.sup.2 is hydrogen and the other is hydrogen,
      Cl, F, Br, CH.sub.3 or OCH.sub.3.
PAR  A is straight or branched chain alkylene of 1 to 6 carbon atoms.
PAR  The most preferred compounds are:
PA1  R.sup.1 and R.sup.2 are both hydrogen.
PA1  A is --(CH.sub.2).sub.n -- wherein n is an integer from 2 to 6, especially
      --(CH.sub.2).sub.4 --.
PAR  The R.sup.3 substituent or R.sup.3 and OH substituents are located at the
      4-position of the piperidinyl or tetrahydropyridinyl radical.
PAR  The new compounds of this invention are prepared by the following reactions
      where A is straight or branched chain alkylene of 2 to 8 carbons.
PAR  The substituted naphthalic anhydride of formula II
      ##SPC6##
PAL  is reacted with an alkanolamine of formula III
PAL  (iii)
EQU  h.sub.2 n--a--oh
PAL  to yield the alcohol of formula IV
      ##SPC7##
PAR  The alcohol of formula IV is converted to the intermediate of formula V
      ##SPC8##
PAL  where Y is a leaving group such as tosylate, methane sulfonate or halogen
      by treating the alcohol with p-toluenesulfonyl chloride, methane sulfonyl
      chloride, thionyl chloride, thionyl bromide or hydrogen iodide.
PAR  The intermediate of formula V is then converted to the final products of
      formula I by reactions with compounds of the formula HZ.
PAR  The substituted naphthalic anhydride of formula II can be converted
      directly to the final products of formula I by reacting the anhydride with
      compounds of formula VI.
PAL  (vi)
EQU  h.sub.2 n--a--z
PAR  the following schematic summarizes the reactions described above.
      ##EQU2##
PAR  Also, the intermediate of formula V can be prepared by combining a
      substituted naphthalimide of formula VII
      ##SPC9##
PAL  in an organic solvent with a polar organic solvent solution of a base, as
      for example an alcohol solution of potassium hydroxide, followed by the
      addition of a solution of the compound of formula VIII,
PAL  (viii)
EQU  y'--a--y
PAL  wherein Y' and Y are the same or different and are leaving groups selected
      from tosylate, methane sulfonate, or halogen and A is a straight or
      branched chain alkylene of 2 to 8 carbons.
PAR  Alternatively, the compounds of formula I wherein A is straight or branched
      alkylene of 2 to 8 carbons can be prepared by combining the anion of the
      substituted naphthalimide of formula VII, described above, with a solution
      of the compound of formula IX,
PAL  (ix)
EQU  y--a--z
PAL  wherein Y is a leaving group as previously defined.
PAR  Compounds of formula I where A is --CH.sub.2 -- are prepared by reacting
      the substituted naphthalimide of formula VII suspended in a polar organic
      solvent such as dimethylformamide (DMF) with compounds of the formula HZ
      and a source of formaldehyde such as aqueous formaldehyde or
      paraformaldehyde.
PAR  The various starting materials such as the substituted anhydrides of
      formula II and the alcohols of formula IV and the substituted
      naphthalimides of formula VII are known in the art or are readily
      obtainable by known procedures. Further process details are also provided
      in the illustrative examples.
PAR  The compounds of formula I wherein either or both R.sup.1 and R.sup.2 are
      amine or R.sup.3 is an amino substituted phenyl or phenyl-lower alkyl are
      prepared by reducing the corresponding nitro substituted compound with a
      reducing agent such as hydrogen over a palladium catalyst or a suitable
      chemical reducing agent. This is preferably done as the last stage in the
      reaction procedures described above.
PAR  Depending on the reaction conditions and the starting materials used, the
      new compounds are obtained in the free form or in the form of their acid
      addition salts. The salts thereof can be converted into the free compounds
      in a known manner such as by reaction with a basic agent. Free bases which
      may be obtained can be converted into pharmaceutically acceptable acid
      addition salts by reaction with a variety of acids. Acids useful for
      preparing these acid-addition salts include, inter alia, inorganic acids,
      such as the hydrohalic acids (e.g. hydrochloric and hydrobromic acid),
      sulfuric acid, nitric acid, and phosphoric acid, and organic acids such as
      maleic, fumaric, tartaric, citric, acetic, benzoic, 2-acetoxybenzoic,
      salicyclic, succinic, nicotinic, methanesulfonic or cyclohexanesulfamic.
PAR  The new compounds of the present invention including the acid addition
      salts are capable of modifying the central nervous system. When
      administered to mice, cats, rats, dogs, and other mammalian species in
      amounts ranging from about 0.5 mg. to about 100 mg. per kg. of body weight
      per day, these compounds in particular exhibit anti-depressant and
      anti-anxiety activity. A preferred dosage regimen for optimum results
      would be from about 1 mg. to about 5 mg. per kg. of body weight per day,
      and such dosage units are employed so that a total of from about 35 mg. to
      about 3 g. of active ingredient in single or divided doses are
      administered in a 24 hour period.
PAR  Compounds of formula I when administered to rats within the above stated
      preferred dosage range produced a significant anti-anxiety effect as
      demonstrated by increases in behavior which were formerly suppressed by
      punishment in a conflict test procedure [cf. J. R. Vogel, B. Beer, D.
      Clody, Psychopharmacologist, 21, 1 (1970)].
PAR  The compounds of formula I are also useful as anti-inflammatory agents and
      may be used, for example, in a manner similar to phenylbutazone or
      indomethacin. They may be used to decrease joint swelling, tenderness,
      pain and stiffness in mammalian species, e.g., in conditions such as
      rheumatoid arthritis. The quantity administered ranges from about 1 mg. to
      about 15 mg. per kg. of body weight per day.
PAR  For any of these pharmaceutical purposes a compoud or mixture of compounds
      of formula I or their pharmaceutically acceptable acid addition salts may
      be administered orally or parenterally in a conventional dosage form such
      as tablet, capsule, injectable or the like. These may be conventionally
      formulated in an oral or parenteral dosage form by compounding with a
      conventional vehicle, excipient, binder, preservative, stabilizer, flavor
      or the like as called for by accepted pharmaceutical practice.
PAR  The following examples are illustrative of the invention and represent
      preferred embodiments. Other modifications may be readily produced by
      suitable variations of the reactions. All temperatures are on the
      centigrade scale.
DETD
PAC  EXAMPLE 1
PAC  2-[2-(4-Phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAC  a. 2-(2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  50 g. (0.252 mole) of naphthalic anhydride and 16 g. (0.262 mole) of
      ethanolamine are refluxed for three hours in 200 ml. of water (the
      solution is never complete). After cooling to 25.degree. the water is
      decanted off and the residue recrystallized from 95% ethanol to yield 47.8
      g. of 2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      172.degree.-173.degree..
PAC  b. 2(-2-Hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  52 g. (0.216 mole) of the
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione and 100 g. (0.525
      mole) of p-toluenesulfonyl chloride are added to 600 ml. of pyridine
      previously cooled to 5.degree.. The mixture is shaken briefly then allowed
      to stand overnight at 5.degree.. The mixture is then poured into 3000 ml.
      of ice and water, stirred for 15 minutes and filtered. The insoluble
      material is stirred with fresh water, filtered off again and dried
      overnight at 25.degree. (0.1 mm.) yielding 83 g. of
      2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAC  c.
      2-[2-(4-Phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAR  10 g. (0.025 mole) of the ester, from part (b), and 8.2 g. (0.051 mole) of
      4-phenylpiperidine are refluxed in 300 ml. of toluene for 1 hour. The
      mixture is then cooled to 25.degree. for 3 hours and the resulting
      precipitate filtered off. The filtrate is shaken with excess 10% HCl
      (aqueous) producing a gum that is insoluble in both layers. After several
      minutes the gum crystallizes and is filtered from the two liquid phases.
      Recrystallization of the filter cake from 50% aq. ethanol and drying at
      25.degree. (200 mm.) for three days produces 8.8 g. of
      2-[2-(4-phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3-(2H)-dione
     , hydrochloride (1:1); m.p. 272.degree.-274.degree..
PAC  EXAMPLE 2
PAC  2-[2-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1)
PAR  10 g. (0.025 mole) of the ester from Example 1(b) and 8.1 g. (0.051 mole)
      of 4-phenyl-1,2,3,6-tetrahydropyridine (freed from the hydrochloride salt
      with aqueous NaOH, extracted into toluene and dried over 4A.degree.
      molecular sieves) are refluxed in 300 ml. of toluene for 1 hour. The
      mixture is then cooled to 25.degree. for 3 hours and the resulting
      precipitate filtered off. The filtrate is shaken with excess 10% HCl
      (aqueous) producing a gum that is insoluble in both layers. After several
      minutes the gum crystallizes and is filtered from the two liquid phases.
      Recrystallization of the filter cake from 600 ml. of 95% ethanol and
      drying at 80.degree. (0.1 mm.) for 2 hours produces 3.5 g. of
      2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1); preliminary melting at 279.degree. and
      final melting with decomposition at 283.degree. -285.degree..
PAC  EXAMPLE 3
PAC  2-[2-[(4-Chlorophenyl)-3,6-dihydro-1(2H)-pyridinyl]ethyl]1H-benz[de]isoquin
     oline-1,3(2H)-dione, hydrochloride (1:1)
PAR  8.7 g. (0.022 mole) of the ester from Example 1(b) and 7.8 g. (0.040 mole)
      of 4-(p-chlorophenyl)-1,2,3,6-tetrahydropyridine (freed from the
      hydrochloride salt with aqueous NaOH and extracted into toluene) are
      refluxed in 250 ml. of toluene for 1 hour. The mixture is then cooled to
      25.degree. for 3 hours and the resulting precipitate filtered off. The
      filtrate is shaken with excess 10% HCl (aqueous) producing a precipitate
      that is insoluble in both layers. After several minutes the precipitate is
      filtered from the two liquid phases. Recrystallization of the filter cake
      by dissolving in 1 liter of hot 8:2 CHCl.sub.3 :EtOH, concentrating to 200
      ml. and cooling, followed by drying at 80.degree. (0.1 mm.) for 2 hours
      produces 5.6 g. of
      2-[2-[(4-chlorophenyl)-3,6-dihydro-1(2H)-pyridinyl]ethyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1); m.p. 287.degree.-288.degree.
      (dec.).
PAC   EXAMPLE 4
PAC  2-[2-[4-(Phenylmethyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H)
     -dione, hydrochloride (1:1)
PAR  10 g. (0.025 mole) of the ester from Example 1(b) and 9 g. (0.051 mole) of
      (4-phenylmethyl)piperidine are refluxed in 300 ml. of toluene for 1 hour,
      the solution becoming homogeneous at the reflux temperature. The mixture
      is then cooled to 25.degree. for 3 hours and the resulting precipitate
      filtered off. The filtrate is washed with 10% NaOH then shaken with excess
      10% HCl (aqueous) to produce a gum that is insoluble in both layers. After
      several minutes the gum crystallizes and is filtered from the two liquid
      phases. Recrystallization of the filter cake from 50% aqueous ethanol and
      drying at 85.degree. (0.1 mm.) for 2 hours produces 7.2 g. of
      2-[2-[4-(phenylmethyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3-(2
     H)-dione, hydrochloride (1:1); m.p. 242.degree.-244.degree..
PAC  EXAMPLE 5
PAC  2-[2-[4-(3-Phenylpropyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PAR  10 g. (0.025 mole) of the ester from Example 1(b), 5.35 g. (0.026 mole) of
      4-(3-phenylpropyl)piperidine and 3.26 g. (0.024 mole) of
      diisopropylethylamine are refluxed in 500 ml. of toluene for three hours.
      The reaction mixture is cooled, shaken with 10% KOH, washed with water
      (two washings, the aqueous layers are backwashed), and filtered. Shaking
      the toluene layer with the 10% HCl precipitates crude product which is
      then filtered from the two phases and washed with toluene and water.
      Recrystallization of the filter cake twice from absolute ethanol yields
      7.0 g. of pure
      2-[2-[4-(3-phenylpropyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1); m.p. 212.degree.-213.degree. (dec.).
PAC  EXAMPLE 6
PAC  2-[(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)methyl]-1H-benz[de]isoquinoline-1,
     3(2H)-dione
PAR  5 g. (0.025 mole) of 4-phenyl-1,2,3,6-tetrahydropyridine hydrochloride is
      dissolved in water, neutralized with 10% NaOH, and extracted into
      chloroform. The solvent is evaporated and the resulting free base added to
      5 g. (0.025 mole) of 1,8-naphthalimide suspended in 20 ml. of DMF. 2.7 ml.
      of 37% aqueous formaldehyde (1 g., 0.03 mole) is added and the mixture
      heated at 100.degree. until dissolution is complete. (ca. 5 min.). Then
      the solution is allowed to stand overnight at 25.degree.. The resulting
      precipitate is filtered off, stirred in 100 ml. of acetonitrile, filtered
      off and dried at 60.degree. (70 mm.) for 3 hours to yield 3.5 g. of
      2-[(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)methyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione; m.p. at 149.degree.-152.degree. (dec.).
PAC  EXAMPLE 7
PAC  2-[(4-Phenyl-1-piperidinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of Example 6 but substituting 4-phenylpiperidine
      for the 4-phenyl-1,2,3,6-tetrahydropyridine one obtains the
      2-[(4-phenyl-1-piperidinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)-dione.
PAC  EXAMPLE 8
PAC  2-[3-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)propyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1)
PAC  a. 2-(3-Hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of Example 1(a) and (b) but substituting
      3-aminopropanol for the ethanolamine in part (a) one obtains
      2-(3-hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAC  b.
      2-[3-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)propyl]-1H-benz[de]isoquinoline
     -1,3(2H)-dione, hydrochloride (1:1)
PAR  10.3 g. (0.025 mole) of the ester from part (a) and 8.1 g. (0.051 mole) of
      4-phenyl-1,2,3,6-tetrahydropyridine (freed from the hydrochloride salt
      with aqueous NaOH, extracted into toluene and dried over 4A.degree.
      molecular sieves) are refluxed in 300 ml. of toluene for 1 hour. The
      mixture is then cooled to 25.degree. for 3 hours and the resulting
      precipitate filtered off. The filtrate is shaken with excess 10% HCl
      (aqueous) producing a gum that is insoluble in both layers. After several
      minutes the gum crystallizes and is filtered from the two liquid phases.
      Recrystallizations of the filter cake from 95% ethanol and drying at
      80.degree. (0.1 mm.) for 2 hours produces 3.5 g. of
      2-[3-(3,6-dihydro-4-phenyl-1-(2H)-pyridinyl)propyl]-1H-benz[de]isoquinolin
     e-1,3(2H)-dione, hydrochloride (1:1); which darkens at 242.degree. and
      melts at 244.degree.-245.5.degree..
PAC  EXAMPLE 9
PAC  2-[3-(4-phenyl-1-piperidinyl)propyl]-1H-benz[de]isoquinoline-1,3-(2H)-dione
     , hydrochloride (1:1)
PAR  Following the procedure of Example 8 but substituting an equivalent amount
      of 4-phenylpiperidine for the 4-phenyl-1,2,3,6-tetrahydropyridine in part
      (b), one obtains
      2-[3-(4-phenyl-1-piperidinyl)propyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride.
PAC  EXAMPLE 10
PAC  2-[4-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1)
PAC  a. 2-(4-Hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of Example 1(a) and (b) but substituting
      4-aminobutanol for the ethanolamine in part (a) one obtains
      2-(4-hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAC  b.
      2-[4-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1)
PAR  10.6 g. (0.025 mole) of the ester from part (a) and 8.1 g. (0.051 mole) of
      4-phenyl-1,2,3,6-tetrahydropyridine (freed from the hydrochloride salt
      with aqueous NaOH, extracted into chloroform and stripped of solvent) are
      refluxed in 300 ml. of toluene for 1 hour. The mixture is then cooled to
      25.degree. for 3 hours and the resulting precipitate filtered off. The
      filtrate is shaken with excess 10% HCl (aqueous), producing a gum that is
      insoluble in both layers. After several minutes, the gum crystallizes and
      is filtered from the two liquid phases. Recrystallization of the filter
      cake from ethanol-chloroform (2:1) and drying at 80.degree. (0.1 mm.) for
      ten hours produces 9.8 g. of
      2-[4-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1); m.p. 250.degree.-252.degree..
PAC  EXAMPLES 11-32
PAR  Following the procedure of Example 10 but substituting for the
      4-phenyl-1,2,3,6-tetrahydropyridine an equivalent amount of one of the
      following:
PA1  4-phenylpiperidine
PA1  2-phenylpiperidine
PA1  3-phenylpiperidine
PA1  4-(2-phenylethyl)piperidine
PA1  4-(3-phenylpropyl)piperidine
PA1  4-(4-phenylbutyl)piperidine
PA1  3-(phenylmethyl)piperidine
PA1  2-(2-phenylethyl)piperidine
PA1  4-(4-chlorophenyl)piperidine
PA1  4-(4-fluorophenyl)piperidine
PA1  4-(3-trifluoromethylphenyl)piperidine
PA1  4-(3,4-dichlorophenyl)piperidine
PA1  4-(2-bromophenyl)piperidine
PA1  4-(3-methylphenyl)piperidine
PA1  4-(2-ethoxyphenyl)piperidine
PA1  4-(4-nitrophenyl)piperidine
PA1  3-(4-chlorophenyl)piperidine
PA1  2-(4-nitrophenyl)piperidine
PA1  4-[(4-chlorophenyl)methyl]piperidine
PA1  4-[2-(4-fluorophenyl)ethyl]piperidine
PA1  4-[3-(3-ethylphenyl)propyl]piperidine
PA1  3-[(2-bromophenyl)methyl]piperidine
PAL  one obtains:
PA1  2-[4-(4-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1);
PA1  2-[4-(2-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1);
PA1  2-[4-(3-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1);
PA1  2-[4-[4-(2-phenylethyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1);
PA1  2-[4-[4-(3-phenylpropyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1)
PA1  2-[4-[4-(4-phenylbutyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1);
PA1  2-[4-(3-phenylmethyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-d
     ione, hydrochloride (1:1);
PA1  2-[4-[2-(2-phenylethyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1);
PA1  2-[4-[4-(4-chlorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(4-fluorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(3-trifluoromethylphenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(3,4-dichlorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(2-bromophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1);
PA1  2-[4-[4-(3-methylphenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(2-ethoxyphenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-(4-nitrophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochloride (1:1);
PA1  2-[4-[3-(4-chlorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione, hydrochloride (1:1);
PA1  2-[4-[2-(4-nitrophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione; hydrochloride (1:1);
PA1  2-[4-[4-[(4-chlorophenyl)methyl]-1-piperidinyl]butyl]-1H-benz[de]isoquinoli
     ne-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-[2-(4-fluorophenyl)ethyl]-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[4-[3-(3-ethylphenyl)propyl]-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione, hydrochloride (1:1); and
PA1  2-[4-[3-[(2-bromophenyl)methyl]-1-piperidinyl]butyl]-1H-benz[de]isoquinolin
     e-1,3(2H)-dione, hydrochloride (1:1); respectively.
PAR  Similarly, by employing the piperidine reactants of Examples 11 to 32 in
      the procedures of Examples 1, 7, or 9, other compounds within the scope of
      this invention are prepared.
PAC  EXAMPLES 33-55
PAR  Following the procedure of Example 10 but substituting for the
      4-phenyl-1,2,3,6-tetrahydropyridine an equivalent amount of one of the
      following:
PA1  2-phenyl-1,2,3,6-tetrahydropyridine
PA1  3-phenyl-1,2,3,6-tetrahydropyridine
PA1  5-phenyl-1,2,3,6-tetrahydropyridine
PA1  6-phenyl-1,2,3,6-tetrahydropyridine
PA1  4-(phenylmethyl)-1,2,3,6-tetrahydropyridine
PA1  4-(2-phenylethyl)-1,2,3,6-tetrahydropyridine
PA1  4-(3-phenylpropyl)-1,2,3,6-tetrahydropyridine
PA1  4-(4-phenylbutyl)-1,2,3,6-tetrahydropyridine
PA1  3-(phenylmethyl)-1,2,3,6-tetrahydropyridine
PA1  4-(4-chlorophenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(3-trifluoromethylphenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(3,4-dichlorophenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(2-bromophenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(3-methylphenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(2-ethoxyphenyl)-1,2,3,6-tetrahydropyridine
PA1  4-(4-nitrophenyl)-1,2,3,6-tetrahydropyridine
PA1  3-(4-chlorophenyl)-1,2,3,6-tetrahydropyridine
PA1  2-(4-nitrophenyl)-1,2,3,6-tetrahydropyridine
PA1  4-[(4-chlorophenyl)methyl]-1,2,3,6-tetrahydropyridine
PA1  4-[2-(4-fluorophenyl)ethyl]-1,2,3,6-tetrahydropyridine
PA1  4-[3-(3-ethylphenyl)propyl]-1,2,3,6-tetrahydropyridine
PA1  3-(2-bromophenyl)methyl-1,2,3,6-tetrahydropyridine one obtains
PA1  2-[4-(3,6-dihydro-2-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-(3,6-dihydro-3-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-(3,6-dihydro-5-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-(3,6-dihydro-6-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(phenylmethyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqui
     noline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(2-phenylethyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(3-phenylpropyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(4-phenylbutyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-3-(phenylmethyl)-1(2
      H)-pyridinyl]butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione, hydrochloride
      (1:1);
PA1  2-[4-[3,6-dihydro-4-(4-chlorophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(4-fluorophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(3-trifluoromethylphenyl)-1(2H)-pyridinyl]butyl]-1H-ben
     z[de]isoquinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(3,4-dichlorophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]
     isoquinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(2-bromophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(3-methylphenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(2-ethoxyphenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-(4-nitrophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-3-(4-chlorophenyl)1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-2-(4-nitrophenyl)-1(2H)-pyridinyl]butyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-[(4-chlorophenyl)methyl]-1(2H)-pyridinyl]butyl]-1H-benz
     [de]isoquinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-[2-(4-fluorophenyl)ethyl]-1(2H)-pyridinyl]butyl]-1H-ben
     z[de]isoquinoline-1,3(2H)-dione, hydrochloride (1:1);
PA1  2-[4-[3,6-dihydro-4-[3-(3-ethylphenyl)propyl]-1(2H)-pyridinyl]butyl]-1H-ben
     z[de]isoquinoline-1,3(2H)-dione, hydrochloride (1:1); and
PA1  2-[4-[3,6-dihydro-3-[(2-bromophenyl)methyl]-1(2H)-pyridinyl]butyl]-1H-benz[
     de]isoquinoline-1,3(2H)-dione, hydrochloride (1:1);
PAL  respectively.
PAR  Similarly, by employing the tetrahydropyridine reactants of Examples 33 to
      55 in the procedures of Examples 2, 6, or 8, other compounds within the
      scope of this invention are prepared.
PAC  EXAMPLE 56
PAC  2-[6-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)hexyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione, hydrochloride (1:1)
PAC  a. 2-(6-Bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  100 g. (0.5 mole) of 1,8-naphthalimide are suspended in 2100 ml. of
      dimethylformamide and the mixture is heated to 90.degree. to form a
      complete solution. A solution of 36.3 g. (0.55 mole) of potassium
      hydroxide (85%) in 100 ml. of methanol is added resulting in the immediate
      formation of a yellow precipitate. The resulting mixture is stirred for
      one hour at 90.degree. and cooled to 25.degree.. 245 g. (1.0 mole) of
      1,6-dibromohexane are added and the mixture is again heated to 90.degree.
      and stirred for an additional hour. A precipitate remains in the mixture
      but is more granular than the initial material. The reaction mixture is
      cooled and the precipitate filtered off. The solvent is removed under
      vacuum and the residue is diluted with 500 ml. of hexane immediately
      precipitating crude
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. The precipitate is
      filtered off, washed with fresh hexane and dried for 2 hours at 50.degree.
      (0.1 mm.) to yield 148 g. of
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione. An analytically
      pure sample is prepared by dissolving the above product in hot 95% ethanol
      and recrystallizing by allowing the solution to cool to 25.degree.. The
      resulting precipitate is dried for two hours at 50.degree. (0.1 mm.) to
      yield pure 2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, m.p.
      95.degree.-96.degree..
PAC  b.
      2-[6-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)hexyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1)
PAR  18 g. (0.05 mole) of
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, from part (a), 8.8
      g. (0.055 mole) of 4-phenyl-1,2,3,6-tetrahydropyridine (obtained from
      hydrochloride salt), and 6.5 g. (0.05 mole) of diisopropylethylamine are
      refluxed in 500 ml. of toluene for 4 hours. The reaction mixture is washed
      with 10% potassium hydroxide and the toluene solution is then filtered
      through sintered glass. The filtrate is shaken with excess 10% HCl forming
      a precipitate. The precipitate is filtered from the two liquid phases and
      recrystallized from hot 95% ethanol which contains sufficient CHCl.sub.3
      to get all of the material into the hot solution. The resulting
      precipitate is dried for 2 hours at 50.degree. (0.1 mm.) to yield 9.0 g.
      of 2-[6-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)hexyl]-1H-benz[de]isoquinoli
     ne-1,3(2H)-dione, hydrochloride (1:1); m.p. 259.degree.-261.degree..
PAR  The free base when isolated from the above salt has a m.p. of
      107.degree.-109.degree..
PAC  EXAMPLE 57
PAC  2-[6-(4-Phenyl-1-piperidinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAR  Following the procedure of Example 56 but substituting 4-phenylpiperidine
      for the 4-phenyl-1,2,3,6-tetrahydropyridine in part (b), one obtains
      2-[6-(4-phenyl-1-piperidinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1).
PAC  EXAMPLE 58
PAC  2-[5-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)pentyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1)
PAC  a. 2-(5-Bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione
PAR  Following the procedure of part (a) of Example 56 but substituting
      1,5-dibromopentane for the 1,6-dibromohexane, one obtains
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione; m.p.
      113.degree.-115.degree..
PAC  b.
      2-[5-(3,6-Dihydro-4-phenyl-1(2H)-pyridinyl)pentyl]-1H-benz[de]isoquinoline
     -1,3(2H)-dione, hydrochloride (1:1)
PAR  Following the procedure of part (b) of Example 56 but substituting
      2-(5-bromopentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione for the
      2-(6-bromohexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione, one obtains
      2-[5-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)pentyl]-1H-benz[de]isoquinoline
     -1,3(2H)-dione, hydrochloride (1:1). The product is purified by
      recrystallization from n-butanol; m.p. 207.degree.-210.degree..
PAR  Similarly, by employing the tetrahydropyridine reactants of Examples 33 to
      55 in the procedures of Example 56 or 58, other compounds within the scope
      of this invention are prepared.
PAC  EXAMPLE 59
PAC  2-[5-(4-Phenyl-1-piperidinyl)pentyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1)
PAR  Following the procedure of Example 58 but substituting 4-phenylpiperidine
      for the 4-phenyl-1,2,3,6-tetrahydropyridine in part (b), one obtains
      2-[5-(4-phenyl)-1-piperidinyl)pentyl]-1H-benz[de]isoquinoline-1,3(2H)-dion
     e, hydrochloride (1:1).
PAR  Similarly, by employing the piperidine reactants of Examples 11 to 32 in
      the procedures of Examples 57 or 59, other compounds within the scope of
      this invention are prepared.
PAC  EXAMPLES 60-68
PAR  Following the procedure of Example 2 but substituting the alkanolamine
      shown in Col. I for the ethanolamine the following products are obtained
      wherein A is the radical shown in Col. II.
      ##SPC10##
TBL  Ex.  Col. I             Col. II                                           

     ______________________________________                                    

     60   H.sub.2 N--(CH.sub.2).sub.5 --OH                                     

                             --(CH.sub.2).sub.5 --                             

     61   H.sub.2 N--(CH.sub.2).sub.6 --OH                                     

                             --(CH.sub.2).sub.6 --                             

     62   H.sub.2 N--(CH.sub.2).sub.7 --OH                                     

                             --(CH.sub.2).sub.7 --                             

     63   H.sub.2 N--(CH.sub.2).sub.8 --OH                                     

                             --(CH.sub.2).sub.8 --                             

     64   H.sub.2 N--CH.sub.2 --CH--CH.sub.2 --OH                              

                             --CH.sub.2 --CH--CH.sub.2 --                      

          .vertline.         .vertline.                                        

          CH.sub.3           CH.sub.3                                          

     65   H.sub.2 N--CH--(CH.sub.2).sub.3 --OH                                 

                             --CH--(CH.sub.2).sub.3 --                         

          .vertline.         .vertline.                                        

          CH.sub.3           CH.sub.3                                          

     66   H.sub.2 N--(CH.sub.2).sub.3 --CH--OH                                 

                             --(CH.sub.2).sub.3 --CH--                         

          .vertline.         .vertline.                                        

          CH.sub.3           CH.sub.3                                          

     67   H.sub.2 N--CH.sub.2 --CH--(CH.sub.2).sub.2 --OH                      

                             --CH.sub.2 --CH--(CH.sub.2).sub.2 --              

          .vertline.         .vertline.                                        

          C.sub.3 H.sub.7    C.sub.3 H.sub.7                                   

     68   H.sub.2 N--CH--CH.sub.2 --CH--OH                                     

                             --CH--CH.sub.2 --CH--                             

          .vertline..vertline.                                                 

                             .vertline..vertline.                              

          CH.sub.3 CH.sub.3  CH.sub.3 CH.sub.3                                 

     ______________________________________                                    

PAR  Similarly, by employing the alkanolamines of Examples 60 to 68 in the
      procedures of Examples 1, 3 to 5 or 8 to 55, other compounds within the
      scope of this invention are prepared.
PAR  Alternatively, the procedures of Examples 56 to 59 can be employed to
      prepare the products of Examples 1 to 5, 8 to 55, and 62 to 68.
PAC  EXAMPLE 69
PAC  5-Chloro-2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1)
PAC  a. 5-Chloro-2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester
PAR  Following the procedure of Example 1(a) and (b) but substituting
      3-chloronaphthalic anhydride for the naphthalic anhydride one obtains
      5-chloro-2-(2-hydroxyethyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester.
PAC  b.
      5-Chloro-2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1)
PAR  10 g. (0.0234 mole) of the ester from part (a) and 7.5 g. (0.047 mole) of
      4-phenyl-1,2,3,6-tetrahydropyridine (freed from the salt with aqueous
      NaOH, extracted into toluene and dried over 4A.degree. molecular sieves)
      are refluxed in 300 ml. of toluene for 3 hours. The mixture is then cooled
      to 25.degree. for 1 hour and the resulting precipitate filtered off. The
      filtrate is shaken with excess 10% HCl (aqueous) producing a gum that is
      insoluble in both layers. After several minutes the gum crystallizes and
      is filtered from the two liquid phases. Recrystallization of the filter
      cake is accomplished by dissolving the salt in 1000 ml. of hot chloroform,
      evaporating down to 300 ml., adding 300 ml. of hot abs. ethanol cooling
      and filtering off the resulting precipitate. Drying at 90.degree. (0.1
      mm.) for 3 hours yields 2.8 g. of
      5-chloro-2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1); m.p. 273.degree.-275.degree.
      (dec.).
PAC  EXAMPLES 70-95
PAR  Following the procedure of Example 10 but substituting for the
      2-(4-hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester the ester shown in Col. I one obtains the
      product shown in Col. II.
      ##SPC11##
TBL  Ex.  X.sup.1 X.sup.2   X.sup.3 X.sup.4                                    

                                           X.sup.5                             

                                                 X.sup.6                       

     ______________________________________                                    

     70   H       H         Cl      H      H     H                             

     71   H       Cl        H       H      H     H                             

     72   H       Br        H       H      H     H                             

     73   H       F         H       H      H     H                             

     74   H       I         H       H      H     H                             

     75   H       Cl        H       H      Cl    H                             

     76   Br      H         H       H      H     H                             

     77   H       H         Cl      Cl     H     H                             

     78   H       H         CH.sub.3                                           

                                    H      H     H                             

     79   H       H         C.sub.2 H.sub.5                                    

                                    H      H     H                             

     80   H       H         i-C.sub.3 H.sub.7                                  

                                    H      H     H                             

     81   H       H         CH.sub.3                                           

                                    CH.sub.3                                   

                                           H     H                             

     82   H       H         OCH.sub.3                                          

                                    H      H     H                             

     83   H       H         OC.sub.2 H.sub.5                                   

                                    H      H     H                             

     84   H       H         OC.sub.3 H.sub.7                                   

                                    H      H     H                             

     85   H       H         OCH.sub.3                                          

                                    OCH.sub.3                                  

                                           H     H                             

     86   H       NO.sub.2  H       H      H     H                             

     87   H       H         NO.sub.2                                           

                                    H      H     H                             

     88   H       CF.sub.3  H       H      H     H                             

     89   H       H         CF.sub.3                                           

                                    H      H     H                             

     90   H       CN        H       H      H     H                             

     91   H       H         CN      H      H     H                             

     92   H       H         NH.sub.2                                           

                                    H      H     H                             

     93   H       NH.sub.2  H       H      H     H                             

     94   H       SC.sub.2 H.sub.5                                             

                            H       H      H     H                             

     95   H       H         SCH.sub.3                                          

                                    H      H     H                             

     ______________________________________                                    

PAR  Similarly, by employing the ester of Col. I of Examples 70-95 in the
      procedures of Examples 1-5, 8, 9, 11-55 and 60-69, other compounds within
      the scope of this invention are prepared. Similarly, by following the
      procedures of Examples 6 and 7 but employing a substituted
      1,8-naphthalimide of formula VII wherein the substituents are those listed
      under the headings X.sup.1, X.sup.2, X.sup.3, X.sup.4, X.sup.5, and
      X.sup.6 in Examples 70 to 95, other compounds within the scope of this
      invention are prepared.
PAC  EXAMPLE 96
PAC  2-[2-(4-Hydroxy-4-phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione
PAR  10 g. (0.025 mole) of the ester from Example 1(b), 4.9 g. (0.028 mole) of
      (4-hydroxy-4-phenyl)piperidine, and 3.26 g. (0.025 mole) of
      diisopropylethylamine in 200 ml. of toluene are refluxed for 3.5 hours.
      The toluene is evaporated and the residue is taken up in chloroform,
      washed with 10% KOH, filtered, and washed with water (all aqueous layers
      are backwashed). The chloroform layers are combined and warmed with
      activated carbon, filtered, and evaporated. The residue is recrystallized
      from ethanol and toluene to yield 2.2 g. of
      2-[2-(4-hydroxy-4-phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione; m.p. 177.degree.-179.degree..
PAC  EXAMPLES 97-100
PAR  Following the procedure of Example 96 but substituting for the
      2-(2-hydroxyethyl-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester one of the following:
PA1  2-(3-hydroxypropyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester;
PA1  2-(4-hydroxybutyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester;
PA1  2-(5-hydroxypentyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester;
PA1  2-(6-hydroxyhexyl)-1H-benz[de]isoquinoline-1,3(2H)-dione,
      4-methylbenzenesulfonate ester;
PAL  one obtains:
PA1  2-[3-(4-hydroxy-4-phenyl-1-piperidinyl)propyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione;
PA1  2-[4-(4-hydroxy-4-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione;
PA1  2-[5-(4-hydroxy-4-phenyl-1-piperidinyl)pentyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione; and
PA1  2-[6-(4-hydroxy-4-phenyl-1-piperidinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione; respectively.
PAR  Similarly, by employing the alkanolamines of Examples 62 to 68 or the
      substituted esters of Examples 70 to 95, other compounds within the scope
      of the invention are obtained.
PAC  EXAMPLES 101-117
PAR  Following the procedure of Example 98 but substituting for the
      (4-hydroxy-4-phenyl)piperidine one of the following:
PA1  (3-hydroxy-3-phenyl)piperidine
PA1  [4-hydroxy-4-(4-chlorophenyl)]piperidine
PA1  [4-hydroxy-4-(3-trifluoromethylphenyl)]piperidine
PA1  [4-hydroxy-4-(3-ethylphenyl)]piperidine
PA1  [4-hydroxy-4-(2-methoxyphenyl)]piperidine
PA1  [3-hydroxy-3-(4-bromophenyl)]piperidine
PA1  [4-hydroxy-4-(3,4-dichlorophenyl)]piperidine
PA1  [4-hydroxy-4-(4-nitrophenyl)]piperidine
PA1  [4-hydroxy-4-(phenylmethyl)]piperidine
PA1  [4-hydroxy-4-(2-phenylethyl)]piperidine
PA1  [4-hydroxy-4-(3-phenylpropyl)]piperidine
PA1  [3-hydroxy-3-[(4-chlorophenyl)methyl]]piperidine
PA1  [4-hydroxy-4-[(3-methoxyphenyl)methyl]]piperidine
PA1  [4-hydroxy-4-[(4-nitrophenyl)methyl]]piperidine
PA1  [4-hydroxy-4-[(3,4-dichlorophenyl)methyl]]piperidine
PA1  [4-hydroxy-4-[2-(4-fluorophenyl)ethyl]]piperidine
PA1  [4-hydroxy-4-[3-(4-methylphenyl)propyl]]piperidine
PAL  one obtains
PA1  2-[4-(3-hydroxy-3-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2
     H)-dione;
PA1  2-[4-[4-hydroxy-4-(4-chlorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquino
     line-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(3-trifluoromethylphenyl)-1-piperidinyl]butyl]-1H-benz[de
     ]isoquinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(3-ethylphenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(2-methoxyphenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquin
     oline-1,3(2H)-dione;
PA1  2-[4-[3-hydroxy-3-(4-bromophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(3,4-dichlorophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(4-nitrophenyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(phenylmethyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinoli
     ne-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(2-phenylethyl)-1-piperidinyl]butyl]-1H-benz[de]isoquinol
     ine-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-(3-phenylpropyl)-1-piperidinyl]butyl]-1H-benz[de]isoquino
     line-1,3(2H)-dione;
PA1  2-[4-[3-hydroxy13-[(4-chlorophenyl)methyl]-1-piperidinyl]butyl]-1H-benz[de]
     isoquinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-[(3-methoxyphenyl)methyl]-1-piperidinyl]butyl]-1H-benz[de
     ]isoquinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-[(4-nitrophenyl)methyl]-1-piperidinyl]butyl]-1H-benz[de]i
     soquinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-[(3,4-dichlorophenyl)methyl]-1-piperidinyl]butyl]-1H-benz
     [de]isoquinoline-1,3(2H)-dione;
PA1  2-[4-[4-hydroxy-4-[2-(4-fluorophenyl)ethyl]-1-piperidinyl]butyl]-1H-benz[de
     ]isoquinoline-1,3(2H)-dione; and
PA1  2-[4-[4-hydroxy-4-[3-(4-methylphenyl)propyl]-1-piperidinyl]butyl]-1H-benz[d
     e]isoquinoline-1,3(2H)-dione
PAL  respectively.
PAR  Similarly, by employing these disubstituted piperidines in the procedures
      of Examples 96, 97 and 99-100, other compounds within the scope of the
      invention are prepared.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC12##
PAL  wherein R.sup.1 and R.sup.2 are each independently selected from the group
      consisting of hydrogen, chlorine, bromine, fluorine, straight or branched
      chain alkyl of 1 to 4 carbons, straight or branched chain alkoxy of 1 to 4
      carbons, straight or branched chain alkylthio of 1 to 4 carbons, nitro,
      amino, cyano and trifluoromethyl; A is a straight or branched chain
      alkylene of 1 to 8 carbons; and Z is selected from the group consisting of
      ##SPC13##
PAL  wherein R.sup.3 is selected from the group consisting of phenyl,
      phenyl-alkyl, substituted phenyl and phenyl-alkyl wherein said alkyl is
      straight or branched chain of 1 to 4 carbons and said phenyl substituent
      is selected from the group consisting of chlorine, bromine, fluorine,
      di(chloro), di(bromo), straight or branched chain alkyl of 1 to 4 carbons,
      di(methyl), straight or branched chain alkoxy of 1 to 4 carbons, nitro,
      amino, and trifluoromethyl; and the pharmaceutically acceptable acid
      addition salts thereof.
NUM  2.
PAR  2. The compound of claim 1 wherein at least one of R.sup.1 and R.sup.2 is
      hydrogen and the other is selected from the group consisting of hydrogen,
      Cl, Br, F, methyl and methoxy; and A is a straight or branched chain
      alkylene of 1 to 6 carbons.
NUM  3.
PAR  3. The compound of claim 2 wherein R.sup.1 and R.sup.2 are both hydrogen; A
      is a straight chain alkylene of 2 to 6 carbons; and Z is selected from the
      group consisting of
      ##SPC14##
NUM  4.
PAR  4. The compound of claim 3 wherein Z is
      ##SPC15##
NUM  5.
PAR  5. The compound of claim 4 having the name
      2-[2-(4-phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1).
NUM  6.
PAR  6. The compound of claim 4 having the name
      2-[2-[4-(phenylmethyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3(2H
     )-dione, hydrochoride (1:1).
NUM  7.
PAR  7. The compound of claim 4 having the name
      2-[2-[4-(3-phenylpropyl)-1-piperidinyl]ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione, hydrochloride (1:1).
NUM  8.
PAR  8. The compound of claim 4 having the name
      2-[3-(4-phenyl-1-piperidinyl)propyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride (1:1).
NUM  9.
PAR  9. The compound of claim 4 having the name
      2-[4-(4-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1).
NUM  10.
PAR  10. The compound of claim 4 having the name
      2-[5-(4-phenyl-1-piperidinyl)pentyl]-1H-benz[de]isoquinoline-1,3(2H)-dione
     , hydrochloride (1:1).
NUM  11.
PAR  11. The compound of claim 4 having the name
      2-[6-(4-phenyl-1-piperidinyl)hexyl]-1H-benz[de]isoquinoline-1,3(2H)-dione,
      hydrochloride (1:1).
NUM  12.
PAR  12. The compound of claim 3 wherein Z is
      ##SPC16##
NUM  13.
PAR  13. The compound of claim 12 having the name
      2-[2-(4-hydroxy-4-phenyl-1-piperidinyl)ethyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione.
NUM  14.
PAR  14. The compound of claim 12 having the name
      2-[3-(4-hydroxy-4-phenyl-1-piperidinyl)propyl]-1H-benz[de]isoquinoline-1,3
     (2H)-dione.
NUM  15.
PAR  15. The compound of claim 12 having the name
      2-[4-(4-hydroxy-4-phenyl-1-piperidinyl)butyl]-1H-benz[de]isoquinoline-1,3(
     2H)-dione.
NUM  16.
PAR  16. The compound of claim 3 where Z is
      ##SPC17##
NUM  17.
PAR  17. The compound of claim 16 having the name
      2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1).
NUM  18.
PAR  18. The compound of claim 16 having the name
      2-[2-[(4-chlorophenyl)-3,6-dihydro-1(2H)-pyridinyl]ethyl]-1H-benz[de]isoqu
     inoline-1,3(2H)-dione, hydrochloride (1:1).
NUM  19.
PAR  19. The compound of claim 16 having the name
      2-[3-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)propyl]-1H-benz[de]isoquinoline
     -1,3(2H)-dione, hydrochloride (1:1).
NUM  20.
PAR  20. The compound of claim 16 having the name
      2-[4-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)butyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1).
NUM  21.
PAR  21. The compound of claim 16 having the name
      2-[5-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)pentyl]-1H-benz[de]isoquinoline
     -1,3(2H)-dione, hydrochloride (1:1).
NUM  22.
PAR  22. The compound of claim 16 having the name
      2-[6-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)hexyl]-1H-benz[de]isoquinoline-
     1,3(2H)-dione, hydrochloride (1:1).
NUM  23.
PAR  23. The compound of claim 2 having the name
      2-[(4-phenyl-1-piperidinyl)methyl]-1H-benz[de]isoquinoline-1,3(2H)-dione.
NUM  24.
PAR  24. The compound of claim 2 having the name
      2-[(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)methyl]-1H-benz[de]isoquinoline-1
     ,3(2H)-dione.
NUM  25.
PAR  25. The compound of claim 2 having the name
      5-chloro-2-[2-(3,6-dihydro-4-phenyl-1(2H)-pyridinyl)ethyl]-1H-benz[de]isoq
     uinoline-1,3(2H)-dione, hydrochloride (1:1).
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ABST
PAL  A process for preparing cobalt complexes and their use as
      hydroesterification catalysts are disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of copending application Ser. No.
      141,993, filed May 10, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to preparation of cobalt containing
      complexes and their use to improve hydroesterification reactions.
PAR  Hydroesterification involves the reaction of an olefinic compound, CO and
      an alcohol in the presence of a suitable catalyst, to produce ester
      generally at elevated temperatures and pressures. Cobalt carbonyl and
      cobalt compounds, such as organic and inorganic salts of cobalt, are most
      commonly used catalysts. Representative hydroesterification processes are
      disclosed in U.S. Pat. Nos. 2,542,767; 2,689,261; and 2,768,968. Use of
      pyridine promoters and/or hydrogen to improve the rate of such cobalt
      catalyzed hydroesterification reactions is also known; see U.S. Pat. No.
      3,507,891; A. Matsuda and H. Uchida, Bull. Chem. Soc. Japan, 38, 710,
      (1965); V. Gankin, N. Gordina, M. Katsnelson, D. Rudkovskii, Zh. Pr. K.,
      40, 1862, (1967).
PAR  When cobalt carbonyl is used as the catalyst component, no induction period
      is required for the hydroesterification reaction to begin after the
      reactants and catalyst component have been charged and the reaction
      temperature is reached. Cobalt carbonyl, however, is expensive and
      requires special handling procedures. When other less expensive cobalt
      compounds, such as cobalt salts, are used as catalyst components, an
      induction period is required before the hydroesterification reaction
      begins. This induction period can be substantial, especially where high
      molecular weight olefinic reactants are used. Addition of hydrogen to
      cobalt salt catalyzed hydroesterification is known to reduce the induction
      period; however, the addition of hydrogen results in the formation of
      undesirable aldehyde-type by-products.
PAR  It has been discovered that cobalt complexes can be prepared by reacting
      cobalt compounds with carbon monoxide, hydrogen, a pyridine, and an
      alkanol; and that these complexes can be used to catalyze the
      hydroesterification reaction without requiring any induction period and
      without causing undesirable by-product aldehyde formation.
PAC  SUMMARY OF THE INVENTION
PAR  A process for preparing cobalt complexes which comprises reacting a
      suitable cobalt salt, carbon monoxide, hydrogen and a pyridine in the
      presence of an alkanol. The complex catalyzes hydroesterification without
      requiring an induction period and without causing production of
      undesirable aldehyde-type by-products.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of this invention is a process for preparing cobalt complexes
      which comprises reacting (1) cobalt compound, (2) carbon monoxide, (3)
      hydrogen, (4) a pyridine, and (5) C.sub.1 -C.sub.10 alkanol. Preferred
      processes use cobalt salts C.sub.2 -C.sub.20 carboxylic acids, or cobalt
      salts of inorganic acids. Pyridine is used in more preferred processes;
      and methanol is the alkanol used in a most preferred process.
PAR  A wide variety of cobalt compounds can be used in the above process. This
      includes binary inorganic cobalt compounds, cobalt salts of inorganic
      acids as well as cobalt salts of organic acids. Illustrative examples of
      useful inorganic cobalt compounds are cobalt oxides, sulfides, cyanides,
      cobalt salts of inorganic acids such as H.sub.2 SO.sub.4, H.sub.2
      SO.sub.3, HNO.sub.3, halogen acids, the phosphorous acids, the boric
      acids, carbonic acids and the like. Cobalt carbonate is an especially
      useful inorganic cobalt compound.
PAR  Useful organic cobalt compounds include cobalt salts of sulfonic acids,
      phosphorous containing acids, carboxylic acids, especially the C.sub.2
      -C.sub.20 carboxylic acids and the like. Illustrative examples of such
      cobalt compounds are cobalt acetate, cobalt naphthenate, cobalt
      eicosanoate, cobalt 2ethylhexanoate, cobalt oxalate, cobalt
      benzenesulfonate, cobalt methylphosphonate, and the like.
PAR  Pyridines which are useful in the above process include pyridine itself as
      well as substituted pyridines. These substituted pyridines may have one or
      more substituents selected from hydrocarbyl, halogen, hydroxy, carbonyl,
      cyano, and the like. Illustrative examples of such substituted pyridines
      are 2-hydroxypyridine, 3-iodopyridine, 4-cyanopyridine, 4-acetylpyridine,
      4(diphenyldimethyl)pyridine, 4,4'-trimethylenepyridine, isoquinoline,
      2-ethyl-4-chloropyridine, 2,6dimethyl-4-phenylpyridine and the like. The
      C.sub.1 -C.sub.8 alkyl substituted pyridines are more preferred. Examples
      of these preferred pyridines are 2-methylpyridine, 3,5-dimethylpyridine,
      4-ethyl-3,3-dimethylpyridine, 4-butylpyridine, 3,4-diethylpyridine,
      2-cyclohexylpyridine, 3-tert-butylpyridine, and the like. The alkyl
      substituted pyridines which have no substituent in the position ortho to
      the nitrogen atom in the pyridine ring are more preferred. Pyridine is
      most preferred.
PAR  The process requires an alkanol. Especially useful alkanols are C.sub.1
      -C.sub.10 alkanols. Examples of such alkanols are ethanol, methanol,
      n-decanol, 2-ethylhexanol, tert-butanol, 2-heptanol, cyclohexanol, and the
      like. The C.sub.1 -C.sub.4 monohydroxy alkanols are more preferred.
      Methanol is a most preferred alkanol.
PAR  Hydrogen and carbon monoxide are also required reactants. The molar ratio
      of H.sub.2 :CO used can be varied. Molar ratios of 1:10 to 10:1 can be
      used; ratios of 1.5:1 to 1:3 are preferred; more preferred molar ratios
      are 1:1 to 1:3.
PAR  The process for preparing the complex is carried out under pressure. The
      pressure is for the most part that exerted by the CO and H.sub.2
      reactants. Reaction pressures ranging from 1,000 to 10,000 p.s.i.g. can be
      used. Pressures ranging from 1,500 to 3,000 p.s.i.g. are preferred.
PAR  Preparation of the complex is carried out at elevated temperatures ranging
      from about 100.degree. to about 250.degree.. Preferred reaction
      temperatures are from 130.degree. to 180.degree..
PAR  The amount of the pyridine used can be varied. Ordinarily, two or more
      moles of pyridine per atom of cobalt is provided in the process. The
      amount of alkanol used is also varied. Ordinarily, the amount of alkanol
      is based on the amount of the pyridine. Volume ratios of alkanol:pyridine
      ranging from 3:1 to 1:3 can be used. Alkanol:pyridine volume ratio of
      about 1:1 is more preferred.
PAR  This invention also embodies the use of the novel cobalt complexes as
      hydroesterification catalysts. Hydroesterification comprises the reaction
      of an olefinic compound with an alcohol and CO at elevated temperatures
      and pressures.
PAR  This reaction is illustrated by the following equation:
      ##EQU1##
PAR  The ester products obtained are mixtures of branched and linear esters. The
      hydroesterification is ordinarily carried out at elevated temperatures
      (75.degree.C.-200.degree.C.) and under pressure, primarily due to CO,
      ranging from about 500 to about 5,000 p.s.i.g. Olefins which are used in
      the hydroesterification process are unsaturated organic compounds having
      at least one non-aromatic carbon to carbon double bond, and having from 2
      to about 40 carbon atoms. They include compounds having other functional
      groups such as carboxy, carbonyl, halide, aryl groups and the like,
      provided that these functional groups do not adversely affect the
      hydroesterification reaction of the present extraction process. Branched
      as well as straight chain, cyclic and alicyclic are included. Useful
      olefins are ethyl acrylate, oleic acid, 2-chlorododecene-1,
      6-phenylundecene-1, ricinoleic acid, 3-hydroxyheptadecene, and the like.
PAR  More preferred olefins are hydrocarbon monoolefins including the alpha as
      well as internal olefins. Examples of useful hydrocarbon monoolefins are
      ethylene, butene-1, pentene-2, cyclooctene, eicosene-1, hexadecene-2,
      octacosene-4, 4-butyldecene-1, tetracontene-1, 5,7,11-trimethyldodecene-1,
      and the like. Mixtures of alpha and internal olefins are also useful. In
      addition, commercial mixtures of olefins obtained for example from Ziegler
      catalyzed low molecular weight olefins such as ethylene or propylene and
      those obtained by dehydrogenation of suitable paraffins and the like are
      also useful. These commercial mixtures are generally mixtures of various
      homologous olefins such as C.sub.4, C.sub.6, C.sub.8 olefins; C.sub.12,
      C.sub.13, C.sub.14, C.sub.15, C.sub.16 olefins; C.sub.8, C.sub.10,
      C.sub.12, C.sub.14, C.sub.16 olefins; C.sub.30 -C.sub.36 olefins;
      C.sub.22, C.sub.24, C.sub.26 olefins and the like.
PAR  The alkanol reactants in the hydroesterification process are normally
      liquid alkanols having up to 12 carbon atoms. They include primary,
      secondary, and tertiary alkanols. They are exemplified by 2-dodecanol,
      tert-butanol, 2-ethylhexanol, cyclohexanol, 2,2-dimethylpropanol and the
      like. Monohydroxy alkanols having from 1-5 carbon atoms are more
      preferred. Examples of such alkanols are ethanol n-pentanol,
      2-methylpropanol and isopropanol, sec-butanol and the like. The primary
      monohydroxy C.sub.1 -C.sub.5 alkanols are more preferred. Methanol is a
      most preferred alkanol.
PAR  Although not required in the hydroesterification reaction, use of a
      pyridine promoter is preferred. Suitable pyridine promoters include
      pyridine and substituted pyridines such as the halopyridines,
      alkylpyridines, quinolines, cyanopyridines, acylpyridines, nitropyridines,
      and the like. Preferred pyridines are those which have no substituent in
      the alpha position. They are exemplified by C.sub.1 -C.sub.6
      alkylpyridines (.beta.-picoline, 4-ethyl-3,5-dimethylpyridine,
      4,4'-trimethylenedipyridine, 3-hexylpyridine, 3,5-dimethylpyridine,
      3,5-diethylpyridine, 4-cyclohexylpyridine); acylpyridines
      (3-butyrylpyridine, 4-propionylpyridine, 4-acetyl-3-methylpyridine), and
      the like. Other useful pyridine promoters are described in U.S. Pat. No.
      3,507,891, issued Apr. 21, 1970. Pyridine is a most preferred promoter.
PAR  When used, the amount of pyridine promoter can be varied over a wide range.
      A practical upper limit is about 250 moles of pyridine promoter per mole
      of cobalt in the catalyst although greater amounts can be used. A
      preferred range is 6-50 moles of pyridine promoter per mole of cobalt.
PAR  The pyridine promoter effects improvement in the reaction rate and/or the
      ratio of linear to branched ester product obtained in the
      hydroesterification reaction. An improved hydroesterification process
      featuring the use of a pyridine promoter is set forth below.
PAC  GENERAL HYDROESTERIFICATION PROCEDURE
PAR  The olefin, catalyst, alcohol and promoter (where added) were charged to a
      suitably sized autoclave. The autoclave was then sealed and flushed twice
      with carbon monoxide (CO) and then brought to the desired reaction
      pressure. Where hydrogen was also added to the autoclave, the CO was
      charged first, followed by the H.sub.2. Then, the autoclave was heated to
      the desired reaction temperature in a heated shaker. The reaction was
      continued at this temperature in the shaker for the desired length of
      time. The autoclave was then cooled to room temperature with compressed
      air and vented. The yield of product ester was then obtained; and it was
      analyzed via gas liquid chromatography(glc).
PAR  Table 1 contains data from first series of examples which illustrates the
      promoter effect of pyridines on octene-1 hydroesterification. The
      following reactants and reaction parameters were used for Examples 1-8.
TBL  ______________________________________                                    

     Examples 1-8                                                              

               Compound    Quantity                                            

     ______________________________________                                    

     Olefin      octene-1      0.4 moles                                       

     Catalyst    Co.sub.2 (CO).sub.8                                           

                               3 grams                                         

     Alcohol     methanol      79 grams                                        

     ______________________________________                                    

PAL  Reaction time was 3 hours, reaction temperature was 175.degree.C, CO
      pressure at 25.degree.C. was 200 atmosphere.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Promoter Effect Of Pyridines                                              

                             Product Composition                               

                        Product                                                

                             Acetal +                                          

                                   C.sub.8 Methyl                              

                                          Ester % Isomers                      

     Example.sup.(1)                                                           

            Promoter                                                           

                   Moles                                                       

                        Yield                                                  

                             Aldehyde                                          

                                   Esters -1 -2 -3   -4                        

     __________________________________________________________________________

     1      None        39%  15%   85%    58 21 11   10                        

     2      Pyridine                                                           

                   0.3  90%  3%    97%    78 14 4.5  3.5                       

     3      .beta.-Picoline                                                    

                   0.3  81%  1%    99%    81 13 3.5  3.5                       

     4      .gamma.-Picoline                                                   

                   0.3  77%  1%    99%    81 14 3    2                         

     5      4-Acetyl-                                                          

            pyridine                                                           

                   0.3  64%  --    100%   74 16 5.5  4.5                       

     6      .alpha.-Picoline                                                   

                   0.3  58%  10%   90%    56 22 12   10                        

     7      2,6-Di-                                                            

            methyl                                                             

            pyridine                                                           

                   0.3  46%  9%    91%    58 21 12   9                         

     8      Quinoline                                                          

                   0.24 74%  --    100%   54 23 14   9                         

     __________________________________________________________________________

      .sup.(1) The carbon monoxide used in Example 1 also contained 4% H.sub.2 

      in Examples 2-8, the CO contained 3-5% H.sub.2.                          

PAR  Analogous results are obtained using the general procedure of Examples 2-5
      when C.sub.7 ethyl esters are prepared from hexene and ethanol; C.sub.31
      methyl esters are prepared from triacontene and methanol; C.sub.21 ethyl
      esters are prepared from eicosene and ethanol; C.sub.18 isopropyl esters
      are prepared from heptadecene and isopropanol; C.sub.13 pentyl esters are
      prepared from triisobutylene and pentanol; C.sub.13 butyl esters are
      prepared from cyclododecene and butanol; mixtures of methyl esters are
      prepared from a commercial olefin mixture comprising even numbered,
      predominately .alpha.-monoolefins in the C.sub.12 -C.sub.32 carbon chain
      range, and the like.
PAR  Sufficient cobalt complex is used to provide from about 0.005 to 0.10 moles
      of cobalt per mole of olefinic reactant.
PAR  An advantage of using the present cobalt complex as the hydroesterification
      catalyst is that is it permits the use of a relatively inexpensive cobalt
      compound without addition of hydrogen to the system to provide a catalyst
      which requires essentially no induction or activation period. This is
      especially advantageous where a catalyst is fed to a continuous
      hydroesterification system such as might be utilized in a commercial
      consideration. In such an operation any induction period which might be
      required after charging a catalyst, and particularly make-up catalyst,
      (that is, catalyst added to replace catalyst lost during the course of the
      process), would have an adverse effect on the efficiency of the operation.
      Thus, e.g. if the cobalt compound added as the catalyst required a
      30-minute activation or induction period (1) this would then increase the
      reaction sequence by 30 minutes, and/or (2) might require an extra
      reaction vessel to hold the reactants and catalyst during this induction
      period. By first preparing the cobalt complex as described above, it is
      clear that the overall hydroesterification would be more economical and
      more efficient.
DETD
PAR  The following examples will illustrate the process for preparing the novel
      cobalt complexes and their use in hydroesterification reactions. The
      carbon monoxide used in all the examples was C. P. or commercial grade,
      which is substantially free from hydrogen.
PAC  EXAMPLE 1
PAC  A. Preparation of Cobalt Complex
PAR  An autoclave was charged with 4.1 grams (g) cobalt carbonate, 96
      milliliters (mls) methanol and 60 mls pyridine. The autoclave was sealed
      and pressured with 500 p.s.i.g. of hydrogen and 1,000 p.s.i.g. of carbon
      monoxide. The mixture was then heated at 150.degree.C. for 3.5 hours with
      stirring. Total pressure drop during this period was 350 p.s.i.g.
PAR  The autoclave was then cooled and vented. The reaction mixture was
      filtered. The filtrate was red-orange in color and contained soluble
      cobalt complex. On analysis, this filtrate was shown to contain 9.0
      milligrams (mg) cobalt/ml. which indicated  69% conversion of cobalt
      carbonate to the cobalt complex.
PAC  B. Hydroesterification Using the Above Cobalt Complex
PAR  An autoclave was charged with 80 g of 1-dodecene (91% .alpha.-isomer and 4%
      vinylidene isomer) and 62 mls of the red-orange cobalt complex solution
      prepared in A.) above. The red-orange filtrate already contained
      sufficient methanol and pyridine promoter so that no further addition of
      either of these components was required for the hydroesterification. The
      autoclave was then sealed and pressured to 1,600 p.s.i.g. with CO and
      heated with stirring for 1 hour at 150.degree.C. Analysis of the product
      of this hydroesterification showed that 69% of the 1-dodecene charge was
      converted to methyl tridecanoates, 82.6% of which were the linear methyl
      tridecanoate isomer.
PAR  Analogous cobalt complex is prepared when using a substituted pyridine such
      as 3-methylpyridine, 3,5-diethylpyridine, 2-cyanopyridine, or
      4-hexylpyridine in place of pyridine in the Example 1A. preparation.
PAC  EXAMPLE 2
PAC  A. Preparation of Cobalt Complex
PAR  An autoclave was charged with 46.1 g cobalt carbonate, 140 mls pyridine and
      40 mls methanol. The autoclave was sealed and pressured to 1,620 p.s.i.g.
      with 2:1 carbon monoxide: hydrogen. This mixture was stirred for 22 hours
      at 150.degree.C. During the course of the reaction period, the autoclave
      was repressured five times with carbon monoxide (to 3,100 p.s.i.g. each
      time) and twice with hydrogen (to 2,000-2,500 p.s.i.g.). The total
      pressure drop during this reaction period was 6,900 p.s.i.g. at
      150.degree.C.
PAR  At the end of this time, the autoclave was cooled and vented. The reaction
      mixture was filtered, yielding 199 mls of cobalt complex containing dark
      red filtrate. Analysis of the filtrate showed it to contain 1.36
      millimoles (mmoles) cobalt/ml.
PAC  B. Hydroesterification Using the Cobalt Complex Prepared in 2A.
PAR  An autoclave was charged with 12 mls of cobalt containing filtrate from 2A.
      (this contained 16.3 mmoles cobalt, 2.4 mls methanol and 8.4 mls of
      pyridine), 78 mls 1-dodecene, 26.3 mls methanol and 8.3 mls pyridine. The
      autoclave was then flushed with CO, sealed and pressured to 1,980 p.s.i.g.
      with carbon monoxide. The autoclave was then heated to 150.degree.C. and
      stirred at this temperature for 1 hour. The pressure drop was 465 p.s.i.g.
PAR  At the end of this time, the autoclave was cooled and vented. Vapor Phase
      Chromatographic (VPC) analysis of this reaction mixture showed that  65.2%
      of the dodecene was converted to methyl tridecanoate esters, of which
      84.3% were the linear methyl tridecanoate isomer.
PAR  At most, only traces of undesirable by-products, e.g. aldehydes, aldols,
      are present in the hydroesterification products of Examples 1 and 2.
PAR  Analogous cobalt complex is prepared when other alkanols such as ethanol,
      n-decanol, 2-methyl butanol, or isoamyl alcohol are used in place of
      methanol in Examples 1A. or 2A. Similar complexes are obtained when cobalt
      carbonate in Examples 1A. or 2A. is replaced with equivalent amounts of
      cobalt as cobalt naphthenate, cobalt bromide, cobalt orthophosphite,
      cobalt propionate, cobalt cyanide, cobalt oxalate, cobalt dodeconoate, or
      cobalt hexanoate. Pyridine: methanol volume ratios of 3:1, 1:3, 2.5:1 or
      1:2.5 give comparable results in Examples 1A. or 2A.
PAR  The preparation of cobalt complexes of Examples 1A. and 2A., can also be
      carried out at 100.degree.C., 250.degree.C., 200.degree.C., 130.degree.C.,
      170.degree.C., or 180.degree.C.; reaction pressures of 1,000 p.s.i.g.,
      10,000 p.s.i.g., 5,000 p.s.i.g., 1,500 p.s.i.g., or 3,000 p.s.i.g. are
      also used with analogous effectiveness. Similar results are obtained in
      Examples 1A. and 2A. when molar ratios of H.sub.2 :CO of 1:10, 1.5:1, 1:3,
      10:1 or 5:1 are used.
PAC  EXAMPLE 3
PAR  An autoclave was charged with 17.5 g of cobalt carbonate, 35 ml pyridine,
      and 35 ml methanol. The autoclave was sealed and pressured to 1,800
      p.s.i.g. with 2:1 carbon monoxide:hydrogen. The autoclave was heated to
      150.degree.C. and stirred at this temperature for 2.5 hours. The autoclave
      was repressured once with carbon monoxide to 2,300 p.s.i.g. after one hour
      and 45 minutes.
PAR  At the end of the 2.5 hours, the autoclave was cooled and vented. The
      reaction mixture was filtered, yielding 84 mls of dark red filtrate.
      Analysis showed the filtrate to contain 0.10 g cobalt/ml, corresponding to
      99.5 % yield of soluble cobalt complex based on cobalt carbonate charged.
      This cobalt complex effectively catalyzes hydroesterification without
      requiring an induction period.
PAR  Comparable cobalt solutions are prepared when cobalt compounds described
      herein are used in place of cobalt carbonate in processes such as those
      illustrated by the above examples. Thus, useful cobalt complexes can be
      prepared from compounds such as cobalt nitrate, cobalt chloride, cobalt
      oxide, cobalt sulfate, cobalt phosphate and other inorganic cobalt
      compounds; or cobalt acetate, cobalt sulfonate, cobalt oxalate, cobalt
      naphthenate, and other similar organic cobalt compounds.
PAR  Although the above examples illustrate effectiveness of the cobalt
      complexes as hydroesterification catalysts where a pyridine promoter is
      utilized and an alpha olefin is the reactant, the cobalt complexes of this
      invention are analogously effective in hydroesterification reactions where
      no pyridine promoter other than that in the complex is utilized and/or
      when other olefinic reactants are used. In addition, where a pyridine
      promoter is used in the hydroesterification, the cobalt complex need not
      be prepared using the same pyridine which is used as the
      hydroesterification promoter. Following is a table of representative
      hydroesterification reactant systems which are effectively catalyzed by
      cobalt complexes of the present invention:
TBL  Monoolefin Alcohol                                                        

                       Promoter   Product                                      

     __________________________________________________________________________

     Ethylene   n-propanol                                                     

                       none    .fwdarw.                                        

                                  propyl C.sub.3 esters                        

     Mixture of C.sub.4, C.sub.8                                               

                ethanol                                                        

                       4-methyl-  ethyl C.sub.5, C.sub.7                       

                       pyridine                                                

                               .fwdarw.                                        

                                  esters                                       

     Mixed (*) C.sub.12,                                                       

                       3,5-dibutyl-                                            

                                  methyl C.sub.13, C.sub.15,                   

     C.sub.14, C.sub.18                                                        

                methanol                                                       

                       pyridine                                                

                               .fwdarw.                                        

                                  C.sub.17 esters                              

     2-Tetradecene                                                             

                methanol                                                       

                       3-butyl-   methyl C.sub.15                              

                       pyridine                                                

                               .fwdarw.                                        

                                  esters                                       

     Mixture of C.sub.10,         butyl C.sub.11, C.sub.12,                    

     C.sub.11, C.sub.12                                                        

                2-butanol                                                      

                       none    .fwdarw.                                        

                                  C.sub.13 esters                              

     (60% C.sub.17 .alpha.        pentyl C.sub.18                              

     (40% C.sub.17 internal                                                    

                1-pentanol                                                     

                       isoquinoline                                            

                               .fwdarw.                                        

                                  esters                                       

     __________________________________________________________________________

      (*)includes terminal olefins (.alpha. and vinylidene) and internal, with 

      .alpha. over 40%.                                                        

PAR  As pointed out previously, one of the advantages of using the novel cobalt
      complexes of this invention as catalysts is that no induction period is
      required when such a complex is used as a catalyst. When, for example, the
      cobalt complex of Example 3 is used to catalyze the reaction of a C.sub.2
      -C.sub.40 olefin, a C.sub.1 -C.sub.5 alkanol and CO, pressure up-take on
      reaching the reaction temperature is immediate, indicating that the
      reaction is proceeding with no induction period; but if the same
      hydroesterification reaction is carried out by utilizing an equal amount
      (*) of cobalt carbonate as the catalyst, on reaching reaction temperature,
      a substantial amount of time is required before any pressure drop is
      observed, indicating that this system requires a substantial induction
      period.
FNT  (*) Based on moles of cobalt
PAR  The following example illustrates that an alkanol is essential in order to
      prepare the cobalt complex of the present invention.
PAC  EXAMPLE 4
PAR  An autoclave was charged with 37.4 g cobalt carbonate and 150 mls pyridine.
      The autoclave was then sealed and pressured with 50 p.s.i.g. of hydrogen
      and 1,050 p.s.i.g. of carbon monoxide; it was stirred for 3 hours at
      150.degree.C. Substantially no gas up-take was observed during this entire
      period, indicating that no reaction was occurring.
PAR  The autoclave was cooled and vented; 30 mls of methanol was added thereto
      and the autoclave was sealed and repressured with 570 p.s.i.g. of hydrogen
      and 1,040 p.s.i.g. carbon monoxide. Gas up-take began as soon as the
      autoclave was heated to 150.degree.C. The reaction was continued at this
      temperature for 18 hours, during which time the autoclave was repressured
      several times with carbon monoxide. Total gas up-take during the 18-hour
      period was 3,655 p.s.i.g.
PAR  The autoclave was then cooled and vented and the reaction mixture was
      filtered, yielding an orange-red cobalt containing filtrate. Analysis
      showed the filtrate to contain 0.963 mmoles of cobalt/ml.
PAR  Example 4 clearly shows that an alkanol is essential in order to prepare
      the present cobalt complex. When the preparation was attempted with cobalt
      carbonate, pyridine, H.sub.2, CO and no alkanol, there was no evidence of
      reaction after 3 hours at 150.degree.C. On adding methanol to the reaction
      mixture, reaction began immediately on heating the reactants to
      150.degree.C.
PAR  The effectiveness of the cobalt complex obtained in Example 4, as a
      hydroesterification catalyst, is demonstrated in the following example.
PAC  EXAMPLE 5
PAR  i. An autoclave was charged with 17.0 ml of Example 4 cobalt containing
      filtrate (this filtrate charge contained 163 mmoles of cobalt, 14.1 ml of
      pyridine and 2.7 ml methanol), 78.0 ml 1-dodecene, 26.0 ml methanol, and
      2.6 ml pyridine. The autoclave was sealed and pressured to 2,100 p.s.i.g.
      with commercial CO (98 %, containing less than 0.1 % H.sub.2). The mixture
      was then heated to 150.degree.C., with stirring, and the reaction was
      continued at this temperature for 1 hour. Total pressure drop during this
      period was 625 p.s.i.g.
PAR  The autoclave was then cooled and vented. Analysis of the product by VPC
      showed 78.1 % conversion of dodecene to methyl tridecanoate esters, 83.0 %
      of which was the linear methyl tridecanoate ester.
PAR  ii. An autoclave was charged with 17 mls of the Example 4 cobalt complex
      containing filtrate (this filtrate charge contained 16.3 mmoles cobalt,
      14.1 mls pyridine, 2.7 mls methanol), 78 mls 1-dodecene, 26 mls methanol
      and 2.6 mls pyridine. The autoclave was then sealed and pressured to 690
      p.s.i.g. with CO and was heated with stirring to 150.degree.C. The
      pressure at this temperature rose to 1,000 p.s.i.g. and was maintained
      between 950 and 1,050 p.s.i.g. by repressuring the autoclave with CO as
      needed during the reaction period. The reaction was continued for 1 hour
      at 150.degree.C.
PAR  The autoclave was then cooled and vented. Analysis showed a 45.1 %
      conversion of dodecene to methyl tridecanoate esters, 87.5 % of which were
      the linear tridecanoate isomer.
PAR  iii. When the hydroesterification reaction of (ii) was carried out at a
      pressure maintained at about 800 p.s.i.g. at 150.degree.C., it resulted in
      a 29.4 % dodecene conversion to methyl tridecanoate esters, of which 87.5
      % were the linear methyl tridecanoate isomer.
PAR  The cobalt complexes of the present invention are shown to be useful as
      hydroesterification catalysts. In addition, these complexes also find use
      as catalysts in other carbonylation reactions such as hydroformylation,
      hydrocarboxylation and the like.
PAR  The ester products from the improved hydroesterification process described
      herein can be used as plasticizers and solvents; or they can be hydrolyzed
      to yield the corresponding acids which may find use as soap intermediates.
PAR  The present invention as described herein embodies novel cobalt complexes,
      a process for preparing the complexes and use of the complexes to catalyze
      hydroesterification.
PAR  Claims to the invention follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing solutions in pyridine/methanol of cobalt
      complexes which consists essentially of reacting (1) cobalt compound
      selected from cobalt oxides, cobalt sulfides, cobalt cyanides, cobalt
      salts of H.sub.2 SO.sub.4, H.sub.2 SO.sub.3, HNO.sub.3, halogen acids,
      phosphorus acids, boric acids and carbonic acids, organic cobalt salts of
      sulfonic acids, phosphorus containing acids, and C.sub.2 -C.sub.20
      carboxylic acids, (2) carbon monoxide, (3) hydrogen, (4) a pyridine
      selected from pyridine and substituted pyridines wherein the substituents
      are selected from C.sub.1 -C.sub.6 hydrocarbon alkyl, and (5) C.sub.1
      -C.sub.10 alkanol such that (i) the molar ratio of H.sub.2 :CO is from
      1:10 to 10:1, (ii) the molar ratio of said pyridine:cobalt is greater than
      about 2:1, and (iii) the volume ratio of pyridine:alkanol is from 3:1 to
      1:3, at pressures ranging from about 1,000 to about 10,000 p.s.i.g., and
      temperatures ranging from 100.degree.C. to 250.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein said H.sub.2 :CO molar ratio is 1.5:1 to
      1:3 and said pyridine:alkanol volume ratio is about 1:1.
NUM  3.
PAR  3. The process of claim 1 wherein said pyridine is pyridine.
NUM  4.
PAR  4. The process of claim 1 wherein said alkanol is methanol.
NUM  5.
PAR  5. The process of claim 4 wherein said cobalt compound is a cobalt salt of
      a C.sub.2 -C.sub.20 carboxylic acid and said pyridine is pyridine.
NUM  6.
PAR  6. The process of claim 4 wherein said alkanol is methanol.
NUM  7.
PAR  7. The process of claim 6 wherein said cobalt compound is cobalt carbonate.
NUM  8.
PAR  8. The process of claim 7 wherein said H.sub.2 :CO ratio is 1:1 to 1:3.
NUM  9.
PAR  9. The process of claim 8 wherein said pyridine methanol volume ratio is
      about 1:1.
NUM  10.
PAR  10. The process of claim 9 wherein said H.sub.2 :CO ratio is about 1:2.
NUM  11.
PAR  11. The cobalt complex prepared by the process of claim 1 wherein said
      cobalt compound is cobalt salt of a C.sub.2 -C.sub.20 carboxylic acid,
      said alkanol is methanol and said pyridine is pyridine.
NUM  12.
PAR  12. The cobalt complex prepared by the process of claim 1 wherein said
      pyridine is pyridine, said alkanol is methanol and said cobalt compound is
      cobalt carbonate.
NUM  13.
PAR  13. The cobalt complex prepared by the process of claim 1 wherein said
      pyridine is pyridine, said alkanol is methanol, said cobalt compound is
      cobalt carbonate and said pyridine:methanol volume ratio is about 1:1.
NUM  14.
PAR  14. A process for preparing solutions in pyridine/methanol of cobalt
      complexes which consists essentially of reacting (1) cobalt compound
      selected from cobalt oxides, cobalt sulfides, cobalt cyanides, cobalt
      salts of H.sub.2 SO.sub.4, H.sub.2 SO.sub.3, HNO.sub.3, halogen acids,
      phosphorus acids, boric acids and carbonic acids, organic cobalt salts of
      sulfonic acids, phosphorus containing acids, and C.sub.2 -C.sub.20
      carboxylic acids, (2) carbon monoxide, (3) hydrogen, (4) and pyridine
      selected from isoquinoline, pyridine and mono- and di-alkyl substituted
      pyridine wherein the alkyls are C.sub.1 -C.sub.6, and (5) C.sub.1
      -C.sub.10 alkanol such that (i) the molar ratio of H.sub.2 :CO is from
      1:10 to 10:1, (ii) the molar ratio of said pyridine:cobalt is greater than
      about 2:1, and (iii) the volume ratio of pyridine:alkanol is from 3:1 to
      1:3, at pressures ranging from about 1,000 to about 10,000 p.s.i.g., and
      temperatures ranging from 100.degree.C. to 250.degree.C.
NUM  15.
PAR  15. The process of claim 14 wherein said H.sub.2 :CO molar ratio is 1.5:1
      to 1:3 and said pyridine:alkanol volume ratio is about 1:1.
NUM  16.
PAR  16. The process of claim 14 wherein said pyridine is pyridine.
NUM  17.
PAR  17. The process of claim 14 wherein said alkanol is methanol.
NUM  18.
PAR  18. The process of claim 17 wherein said cobalt compound is a cobalt salt
      of a C.sub.2 -C.sub.20 carboxylic acid and said pyridine is pyridine.
NUM  19.
PAR  19. The process of claim 17 wherein said alkanol is methanol.
NUM  20.
PAR  20. The process of claim 19 wherein said cobalt compound is cobalt
      carbonate.
NUM  21.
PAR  21. The process of claim 20 wherein said H.sub.2 :CO ratio is 1:1 to 1:3.
NUM  22.
PAR  22. The process of claim 21 wherein said pyridine:methanol volume ratio is
      about 1:1.
NUM  23.
PAR  23. The process of claim 22 wherein said H.sub.2 :CO ratio is about 1:2.
NUM  24.
PAR  24. The solutions in pyridine/methanol of cobalt complex prepared by the
      process of claim 14 wherein said cobalt compound is a cobalt salt of a
      C.sub.2 -C.sub.20 carboxylic acid, said alkanol is methanol and said
      pyridine is pyridine.
NUM  25.
PAR  25. The solutions in pyridine/methanol of cobalt complex prepared by the
      process of claim 14 wherein said pyridine is pyridine, said alkanol is
      methanol and said cobalt compound is cobalt carbonate.
NUM  26.
PAR  26. The solutions in pyridine/methanol of cobalt complex prepared by the
      process of claim 14 wherein said pyridine is pyridine, said alkanol is
      methanol, said cobalt compound is cobalt carbonate and said
      pyridine:methanol volume ratio is about 1:1.
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ABST
PAL  The compounds of the formula:
      ##SPC1##
PAL  In which R.sub.1 is chlorine, CF.sub.3, or --SCF.sub.3 and R.sub.2 is
      phenyl or phenyl substituted by one or two Cl, CH.sub.3, CF.sub.3,
      OCF.sub.3 or SCF.sub.3 radicals, the phenyl being substituted when R.sub.1
      is chlorine, and their salts, have interesting analgesic and
      anti-inflammatory properties.
BSUM
PAR  The present invention relates to esters of 2-[(4-quinolyl)amino]-benzoic
      acids and their addition salts with pharmaceutically tolerated acids,
      their preparation, and medicines containing them.
PAR  Such compounds are described in French application Ser. No. 72/02,035 filed
      by Synthelabo on Jan. 21, 1972. They can be used as analgesic and
      anti-inflammatory medicines.
PAR  The present invention provides new 2-[(4-quinolyl)-amino]-benzoic acid
      essters which have markedly improved therapeutic properties. These
      compounds have the formula
      ##SPC2##
PAL  In which R.sub.1 represents a chlorine atom or a CF.sub.3 or SCF.sub.3
      group, and R.sub.2 represents a phenyl radical which is unsubstituted or
      substituted by one or two substituents chosen from Cl, CH.sub.3, CF.sub.3,
      OCF.sub.3 and SCF.sub.3, provided that the phenyl radical is substituted
      when R.sub.1 represents a chlorine atom. The invention also provides the
      addition salts of the compounds of formula (I) with pharmaceutically
      tolerated acids.
PAR  The compounds of the invention are prepared by a transesterification
      reaction, which may be represented by the following equation:
      ##SPC3##
PAL  In these formulae R.sub.1 and R.sub.2 have the meanings given above and R
      represents an allyl radical or, when R.sub.1 represents SCF.sub.3, a
      methyl radical. The transesterification is advantageously carried out at
      the boiling point of an apolar solvent, for example, an aromatic
      hydrocarbon such as benzene, toluene, or xylene, in the presence of an
      alkali metal alcoholate and/or an alkali metal which reacts with the
      alcohol of the formula (III).
PAR  The compounds of the invention can also be prepared by a condensation in
      accordance with the following equation:
      ##SPC4##
PAL  In these formulae, R.sub.1 and R.sub.2 have the meanings given above and X
      represents a halogen atom, and preferably chlorine. This condensation is
      advantageously carried out at the reflux temperature of a polar solvent,
      and in particular in an optionally acidified aqueous medium.
PAR  The following Examples illustrate the invention. The compounds of Examples
      1 to 20 were prepared by the transesterification process and those of
      Examples 21 to 26 by the condensation process.
PAC  EXAMPLE 1
PAC  2-(4'-Phenyl-piperazino)-ethyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate and its
      dihydro-chloride
PAR  [(I), R.sub.1 = SCF.sub.3 in the 7-position; R.sub.2 = C.sub.6 H.sub.5 Code
      number: SL 72- 244]
PAR  A mixture of 18.9 g (0.05 mol) of methyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate, 15.95 g (0.075 mol)
      of 2-(4'-phenyl-piperazino)-ethanol, 0.025 g of sodium and 100 ml of
      anhydrous toluene is heated at the reflux temperature for 5 hours, while
      the methanol formed during the reaction is slowly distilled. A slight
      amount of insoluble matter is removed by hot filtration, and the toluene
      is evaporated. The residual product is dissolved in methylene chloride,
      the soluion obtained is washed several times with water, dried over
      anhydrous magnesium sulphate and filtered, and the solvent is evaporated
      from the filtrate. The oily product obtained is dissolved in boiling
      isopropanol, the solution is cooled, and the precipitate is filtered off,
      washed with isopropyl alcohol and dried in vacuo. 20.2 g (yield = 73.1%)
      of 2-(4'-phenyl-piperazino)- ethyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate are collected; m.p.
      120.degree.C.
PAR  Analysis: C.sub.29 H.sub.27 F.sub.3 N.sub.4 O.sub.2 S (M.W. = 552.62)
PAR  Base determination: Equivalent, calculated : 276.3 found: 281.9.
PAR  Its dihydrochloride is prepared by adding 40 ml. (0.04 mol) of N
      hydrochloric acid to a solution of 11.05 g. (0.02 mol) of base in 70 ml.
      of methylene chloride. The salt which has separated out is filtered off,
      washed with water, dried and recrystallised from 250 ml. of ethanol.  9.5
      g. (yield = 76%) of light yellow 2-(4'-phenylpiperazino)-ethyl
      2-(7'-trifluoromethylthio-4'-quinolylamino)-benzoate dihydrochloride, m.p.
      230.degree.-232.degree.C., are collected.
PAR  Analysis: C.sub.29 H.sub.29 Cl.sub.2 F.sub.3 N.sub.4 O.sub.2 S (M.W. =
      625.54) Calculated %: C 55.68, H 4.67, N 8.96, F 9.11; Ionised Cl 11.33
      Found %: C 55.50, H 4.47, N 8.85, F 9.15, Cl 11.32; C 55.40, H 4.50, N
      8.80, F 9.13.
PAC  EXAMPLE 2
PAC  2-(4'-m-Trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position;
      ##SPC5##
PAL  Code number: SL 72- 391].
PAR  A mixture of 17.3 g. (0.051 mol) of allyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, 13.7 g. (0.05 mol) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethanol, 100 ml. of anhydrous
      toluene and 0.03 g. of sodium is heated at the reflux temperture, while
      the alcohol formed during the reaction is slowly distilled off. Heating is
      continued until the starting ester has disappeared completely (as verified
      by thin layer chromatography), if necessary adding a little toluene to
      compensate for that which is entrained during the distillation. After the
      end of the reaction, the solvent is evaporated and the residue is taken up
      in isopropyl alcohol. The solution crystallises on cooling. The crystals
      are filtered off and dried, and 22.5 g. (yield = 80%) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolylamino)-benzoate are finally collected, m.p.
      100.degree.-102.degree.C.
PAR  Analysis: C.sub.29 H.sub.26 ClF.sub.3 N.sub.4 O.sub.2 (M.W. = 555);
      Calculated %: Cl 6.39;  Found %: 6.10;
PAR  The dihydrochloride is prepared by adding 16 ml. of a 5N solution of
      hydrochloric acid in ethanol to a solution of 22.20 g. (0.04 mol) of the
      base in 200 ml. of methylene chloride. After the solvents have been
      evaporated, the residue is crystallised from 250 ml. of isopropanol in
      21.95 g. (yield = 87.4%) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl 2-(7'-chloro-4'-quinolyl-a
     mino)-benzoate dihydrochloride, m.p. 217.degree.C., are collected.
PAR  Analysis: C.sub.29 H.sub.28 Cl.sub.3 F.sub.3 N.sub.4 O.sub.2 (M.W. =
      627.93); Calculated % (anhydrous): C 55.47, H 4.49, N 8.92, F 9.08;
      (Taking into account the 1.1% water content measured by a Karl Fischer
      determination):
PAL  Found:
PA1  54.48 4.56 8.82 8.99;
PA1  54.76 4.68 8.47 9.20;
PA1  54.99 4.63 8.68 9.05.
PAC  EXAMPLE 3
PAC  2-[4'-(2",3"-Dimethyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position;
      ##SPC6##
PAL  Code number: SL 72- 248]. -quinolyl-amino)-benzoate
PAR  Following the procedure of Example 2, but starting from 16.9 g. (0.05 mol)
      of allyl 2-(7'-chloro-4'-quinolyl-amino)-benzoate and 14 g. (0.06 mol) of
      2-[4'-(2",3"-dimethylphenyl)-piperazino]-ethanol, 22.6 g. (yield = 87.9%)
      of 2-[4'-(2",3"-dimethyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate are obtained, m.p. 126.degree.C.
PAR  Analysis: C.sub.30 H.sub.31 ClN.sub.4 O.sub.2 (M.W. = 515.06). Calculated
      %: Cl 6.89. Found %: 6.87.
PAR  2-[4'-(2",3"-Dimethyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride, prepared like
      the dihydrochloride of Example 2, melts at 220.degree.C.
PAR  Analysis: C.sub.30 H.sub.33 Cl.sub.3 N.sub.4 O.sub.2 (M.W. = 587.98).
      Calculated %: C 61.28, H 5.66, N 9.53, Ionised Cl 12.06. Found %: C 61.15,
      H 5.75, N 9.46, Ionised Cl 12.03; C 61.18, H 5.73, N 9.40, Ionised Cl --.
PAC  EXAMPLE 4
PAC  2-(4'-p-Chlorophenyl-piperazino)-ethyl 2-(7'-chloro-4'
      quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position;
      ##SPC7##
PAL  Code number: RC 72- 165].
PAR  By following the procedure of Example 2 and reacting 16.9 g. (0.05 mol) of
      allyl 2-(7'-chloro-4'-quinolyl-amino)-benzoate and 24 g. (0.1 mol) of
      2-(4'-p-chlorophenyl-piperazino)-ethanol,
      2-(4'-p-chloropnenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolylamino)-benzoate is prepared in a 60% yield, m.p.
      145.degree.C.
PAR  Analysis: C.sub.28 H.sub.26 Cl.sub.2 N.sub.2 O.sub.4 (M.W. = 521.45).
      Calculated %: Cl 13.61. Found %: 13.55.
PAR  2-(4'-p-Chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride, prepared in an
      identical manner to the dihydrochloride of Example 2, melts at
      240.degree.C.
PAR  Analysis: C.sub.28 H.sub.28 Cl.sub.4 N.sub.4 O.sub.2 (M.W. = 594.37).
      Calculated %: C 56.48, H 4.75, N 9.42, Cl 23.85. Found %: C 56.45, H 4.60,
      N 9.39, Cl 23.60.
PAC  EXAMPLE 5
PAC  2-(4'-Phenyl-piperazino)-ethyl
      2-(7'-trifluoro-methyl-4'quinolyl-amino)-benzoate and its dihydrochloride.
PAR  [(I): R.sub.1 = CF.sub.3 in the 7-position; R.sub.2 = C.sub.6 H.sub.5 Code
      number: SL 72- 242].
PAR  A mixture of 18.6 g. (0.05 mol) of allyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 14.4 g. (0.07 mol) of
      2-(4'-phenyl-piperazino)-ethanol, 100 ml. of anhydrous toluene and 0.02 g.
      of sodium is heated for five hours at the reflux temperature, while the
      alcohol formed during the reaction is distilled off. The solution is
      allowed to cool, a slight amount of insoluble matter is filtered off, the
      toluene is evaporated from the filtrate, and the residue is dissolved in
      diethyl ether. The ether solution is washed several times with water,
      dried over magnesium sulphate and filtered, the solvent is evaporated from
      the filtrate, and the remaining oily product is dissolved in 200 ml. of
      boiling isopropyl alcohol. The solution is chilled, the precipitate is
      filtered off, and 20.1 g. (yield = 79%) of 2-(4'-phenylpiperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 130.degree.C., are
      finally collected.
PAR  Analysis: C.sub.29 H.sub.27 F.sub.3 N.sub.4 O.sub.2 (M.W. = 520.56) Base
      determination: Equivalent, calculated 260.2. Found 257.
PAR  The dihydrochloride is prepared by adding 40 ml. of an N solution of
      hydrochloric acid (0.04 mol) to 10.4 g. (0.02 mol) of base dissolved in 50
      ml. of methylene chloride. The precipitate is filtered off, dried and
      recrystallised from 120 ml. of ethanol. 9.2 g. (yield = 78%) of
      2-(4'-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride are
      obtained, m.p. 210.degree.C.
PAR  Analysis: C.sub.29 H.sub.29 Cl.sub.2 F.sub.3 N.sub.4 O.sub.2 (M.W. =
      593.48) Calculated % (anhydrous) C 58.69, H 4.93, N 9.44, F 9.60. (Taking
      into account the 0.7% water content measured by a Karl Fischer
      determination):
PAL  Found %:
PA1  58.27 4.97 9.37 9.53.
PA1   58.17 5.01 9.36 9.50.
PAC  EXAMPLE 6
PAC  2-(4'-m-Trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position,
      ##SPC8##
PAL  Code number: SL 73.017].
PAR  A mixture of 18.65 g. (0.05 mol) of allyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 16.2 g. (0.059 mol) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethanol, 150 ml. of anhydrous
      toluene and 0.03 g. of sodium is heated under reflux for 21/2 hours, while
      the allyl alcohol formed during the reaction is slowly removed by
      distillation. A slight amount of insoluble matter is filtered off and the
      toluene is evaporated from the filtrate. The residue is dissolved in a
      mixture of methylene chloride and acetone (8:2) and this solution is
      passed through a silica column. Elution is carried out with the same
      mixture of solvents and the eluate is collected in 50 ml. fractions. These
      fractions are examined by thin layer chromatography. Those which contain
      the desired almost pure ester are combined and the solvent is driven off
      from them. The residual product is triturated in a mixture of ether and
      petroleum ether, filtered off and dried. 16.8 g. (yield = 57%) of
      2-(4'-m-trifluoromethylphenyl)-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p.
      88.degree.-90.degree.C., are thus isolated.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.2 (M.W. = 588.557)
PAR  Base determination: Equivalent calculated 294.2.  Found 298.
PAR  (Code number of the base: SL 73.033).
PAR  The dihydrochloride is prepared by dissolving 15.3 g. (0.026 mol) of the
      above base in 75 ml. of methylene chloride and adding 13 ml. of a 4N
      aqueous solution of hydrochloric acid. The salt which has precipitated is
      filtered off and recrystallised from isopropyl alcohol. 16.15 g. (yield =
      94%) of 2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride, m.p.
      230.degree.C., are thus collected.
PAR  Analysis: C.sub.30 H.sub.28 Cl.sub.2 F.sub.6 N.sub.4 O.sub.2 (M.W. = 661.5)
       Calculated %: C 54.47, H 4.27, N 8.47, Cl 10.72.  Found %: C 54.58, H
      4.21, N 8.44, Cl 10.75.
PAC  EXAMPLE 7
PAC  2-(4'-m-Chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position,
      ##SPC9##
PAL  Code number: SL 73-018].
PAR  16.9 G. (0.05 mol) of allyl 2-(7'-chloro-4'-quinolyl-amino)-benzoate and
      12.7 g. (0.0527 mol) of 2-(4'-m-chloro-phenyl-piperazino)-ethanol and 150
      ml. of anhydrous toluene are introduced into a 250 ml. distillation flask
      equipped with a magnetic stirrer. A few drops of toluene are distilled off
      to entrain any traces of moisture, and 0.03 g. of sodium are added. A slow
      distillation is then effected for three hours to remove the allyl alcohol
      as it is formed. Insoluble matter is removed by hot filtration, the
      toluene is evaporated from the filtrate, and the residue is recrystallised
      from isopropyl alcohol.
PAR  22.85 G. (yield = 83%) of 2-(4'-m-chlorophenylpiperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, m.p. 122.degree.C., are
      collected.
PAR  Analysis: C.sub.28 H.sub.26 Cl.sub.2 N.sub.4 O.sub.2 (M.W. = 521.4)
PAR  Base determination: Equivalent, calculated 521.4.  Found 522.
PAR  The dihydrochloride is prepared by dissolving 13.035 g. (0.025 mol) of base
      in 60 ml. of methylene chloride and adding 12.5 ml. of 4N hydrochloric
      acid thereto. The dihydrochloride which has precipitated is filtered off,
      washed with methylene chloride, dried in vacuo at 60.degree.C., and
      recrystallised from alcohol. It melts at 216.degree.C.
PAR  Analysis: C.sub.28 H.sub.28 Cl.sub.4 N.sub.4 O.sub.2 (M.W. = 594.37)
PAR  Calculated %: C 56.58, H 4.75, O 5.38, N 9.43. total Cl 23.86, ionised Cl
      11.93
PAL  Found %: C 56.68, H 4.89, O 5.50, N 9.47. total Cl 23.75, ionised Cl 11.95
PAC  EXAMPLE 8
PAC  2-(4'-m-Trifluoromethoxyphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I);. R.sub.1 = Cl in the 7-position,
      ##SPC10##
PAL  Code number: SL 73,030].
PAR  A mixture of 16.9 g. (0.05 mol) of allyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, 15.5 g. (0.0535 mol) of
      2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethanol, 0.03 g. of sodium and
      100 ml. of anhydrous toluene is heated at the reflux temperature for 21/2
      hours, following the procedure of the preceding Examples. After cooling, a
      slight amount of insoluble matter is filtered off and the toluene is
      evaporated from the filtrate. The residue is taken up in an 8:2 mixture of
      methylene chloride and acetone and this solution is chromatographed on a
      silica column. The fractions containing the desired ester are combined and
      the solvents are driven off. 26.6 g. of oily aminoester are thus obtained.
PAR  The dihydrochloride is prepared therefrom by dissolving the aminoester base
      in methylene chloride and adding the calculated amount of 4N hydrochloric
      acid solution in ethanol. Since the salt remains in solution, the solution
      is evaporated to dryness and the residue is crystallised from isopropyl
      alcohol. 24 g. (yield: 74.5%) of
      2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride, m.p.
      approximately 228.degree.C., are obtained.
PAR  Analysis: C.sub.29 H.sub.28 Cl.sub.3 F.sub.3 N.sub.4 O.sub.3 (M.W. =
      643.93).  Calculated %: C 54.09, H 4.38, N 8.70, Cl 11.01.  Found %: C
      53.99, H 4.41, N 8.75, Cl 10.92.
PAC  EXAMPLE 9
PAC  2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position;
      ##SPC11##
PAL  Code number: SL 73- 031].
PAR  By following the procedure of the preceding Examples but using 22.36 g.
      (0.066 mol) of allyl 2-(7'-chloro-4'-quinolyl-amino)-benzoate, 21 g.
      (0.0685 mol) of 2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethanol, 34
      g. of basic aminoester are obtained after chromatography on a silia column
      and evaporation to dryness of the fractions containing the desired ester.
      The base is converted into its dihydrochloride by adding the calculated
      amount of hydrochloric acid in ethanol to a solution of the base in
      methylene chloride. After evaporation of the solvents and
      recrystallisation of the product from isopropyl alcohol, 32 g. (yield =
      73.6%) of 2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride, m.p.
      230.degree.C., are collected.
PAR  Analysis: C.sub.29 H.sub.28 Cl.sub.3 N.sub.4 O.sub.2 S (M.W. = 659.99)
      Calculated %: C 52.77, H 4.27, N 8.48, Cl.sup.- 10.74.  Found %: C 52.70,
      H 4.27, N 8.39, Cl.sup.- 10.66.
PAC  EXAMPLE 10
PAC  2-(4'-m-Chlorophenyl-piperazino)-ethyl
      2-(7'-trifluromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride.
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position,
      ##SPC12##
PAL  Code number: SL 73- 045]. -quinolyl-amino)-benzoate
PAR  By reacting a mixture of 11.2 g. (0.0465 mol) of
      2-(4'-m-chlorophenyl-piperazino)-ethanol and 15.58 g. (0.0419 mol) of
      allyl 2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate in toluene, and by
      following the procedure of the preceding Examples, a solid is obtained
      after removing the solvent, and this solid is recrystallised from
      isopropyl alcohol. 13.2 g. (yield = 65%) of
      2-(4'-m-chlorophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinoloyl-amino)-benzoate, m.p. 125.degree.C.,
      are thus collected.
PAR  Analysis: C.sub.29 H.sub.26 ClF.sub.3 N.sub.4 O.sub.2 (M.W. = 555).
      Calculated %: C 62.76, H 4.72, N 10.09.  Found %: C 62.84, H 4.67, N 9.88.
PAR  The dihydrochloride is prepared by dissolving the above base in methylene
      chloride, and adding the calculated amount of a 4N solution of
      hydrochloric acid in ethanol. The solvents are evaporated and the
      dihydrochloride is recrystallised from isopropanol.
      2-(4'-m-Chlorophenylpiperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride melts
      with decomposition at 240.degree.C.
PAR  Analysis: C.sub.29 H.sub.28 Cl.sub.3 F.sub.3 N.sub.4 O.sub.2 (M.W. =
      627.9).  Calculated %: C 55.47, H 4.49, N 8.92. ionised Cl 11.31, total Cl
      16.94 F 9.08
PAL  Found %: C 55.54, H 4.72 N 8.79. ionised Cl 11.35, total Cl 17.07 F 9.04.
PAC  EXAMPLE 11
PAC  2-[4'-(3"-Chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = Cl in the 7-position,
      ##SPC13##
PAL  Code number: SL 73- 046].
PAR  Using the procedure of the preceding Examples, 9.5 g. (0.0373 mol) of
      2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethanol and 11.8 g. (0.035
      mol) of allyl 2-(7'-chloro-4'-quinolyl-amino)-benzoate are reacted in
      toluene. The solvent is evaporated and the oily residue is triturated in
      petroleum ether until solidification takes place. The product is filtered
      off, dried in air and recrystallised from isopropyl alcohol. 15.15 g.
      (yield = 81%) of 2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, m.p. 122.degree.C., are thus
      collected.
PAR  Analysis: C.sub.29 H.sub.28 Cl.sub.2 N.sub.4 O.sub.2 (M.W. = 535.38).
      Calculated %: C 65.06, H 5.27, N 10.46.  Found %: C 65.00, H 5.29, N
      10.44.
PAR  The dihydrochloride is prepared by dissolving the above base in methylene
      chloride and adding a calculated amount of 4N hydrochloric acid in
      ethanol. The solvents are evaporated and the dihydrochloride is
      recrystallised from isopropyl alcohol. The
      2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride obtained melts
      with decomposition at 210.degree.C.
PAR  Analysis: C.sub.29 H.sub.30 Cl.sub.4 N.sub.4 O.sub.2 (M.W. = 608.3). total
PAR  (*) Calculated %: C 56.34, H 5.07, O 6.58, N 9.06 Cl 22.95.  Found %: C
      56.50, H 4.96, O 6.49, N 9.18, Cl 22.79.
PAR  (*) Calculated by taking into account a 1.5% water content measured by the
      Karl Fischer method.
PAC  EXAMPLE 12
PAC  2-[4'-(3"-Chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position;
      ##SPC14##
PAL  Code number: SL 73- 047].
PAR  A mixture of 5.4 g. (0.021 mol) of
      2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethanol and 7.5 g. (0.02
      mol) of allyl 2-(7'-trifluoromethyl-4'quinolylamino)-benzoate is reacted
      in toluene, following the procedure of the preceding Examples. The toluene
      is evaporated and the residue is crystallised from petroleum ether. The
      crystals are filtered off, dried in air and recrystallised from isopropyl
      alcohol. 10.5 g. (yield = 92%) of
      2-[4'-(3"chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 130.degree.C., are
      thus obtained.
PAR  Analysis: C.sub.30 H.sub.28 ClF.sub.3 N.sub.4 O.sub.2 (M.W. = 569.03).
      Calculated %: C 62.32, H 4.96, N 9.85.  Found %: C 63.36, H 5.14, N 9.84.
PAR  The dihydrochloride is prepared by dissolving the base in methylene
      chloride and adding a calculated amount of a 4N solution of hydrochloric
      acid in ethanol. The dihydrochloride is filtered off and recrystallised
      from isopropyl alcohol.
      2-[4'-(3"-Chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride, m.p.
      230.degree.C., with decomposition is thus obtained.
PAR  Analysis: C.sub.30 H.sub.30 Cl.sub.3 F.sub.3 N.sub.4 O.sub.2 (M.W. =
      641.95).
PAR  (*) Calculated %: C 56.04, H 4.88, N 8.72.  Found %: C 55.36, H 4.73, N
      8.50.
PAR  (*) Calculated taking into account a 0.15% water content measured by the
      Karl Fischer method.
PAC  EXAMPLE 13
PAC  2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position;
      ##SPC15##
PAL  Code number: SL 73- 048].
PAR  By reacting 12 g. (0.039 mol) of
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethanol and 13.9 g. (0.037
      mol) of allyl 2-(7'-trifluoromethyl-4'-quinolylamino)-benzoate in toluene,
      following the technique of the preceding Examples, an oil is obtained
      after evaporation of the solvent, and this oil is chromoatographed on a
      silica column and eluted with a 4:1 mixture of chloroform and acetone. 20
      g. (yield = 86%) of 2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate are thus obtained as a
      pale yellow oil.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.2 S (M.W. = 620.62).
      Calculated %: C 58.06, H 4.22, N 9.03.  Found %: C 57.98, H 4.27, N 8.95.
PAR  The dihydrochloride is prepared by dissolving the oily base in methylene
      chloride and adding a calculated amount of a 4N solution of hydrochloric
      acid in ethanol. The solvents are evaporated and the residue is
      recrystallised from isopropyl alcohol.
      2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolylamino)-benzoate dihydrochloride, m.p.
      220.degree.C., with decomposition is thus obtained.
PAR  Analysis: C.sub.30 H.sub.28 Cl.sub.2 F.sub.6 N.sub.4 O.sub.2 S (M.W. =
      693.54).  Calculated %: C 51.95, H 4.07, Cl 10.22.  Found %: C 51.94, H
      4.00, Cl 10.14.
PAC  EXAMPLE 14
PAC  2-(4'-,-Trifluoromethoxyphenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position;
      ##SPC16##
PAL  Code number: SL 73- 051].
PAR  10.12 G. (0.035 mol) of 2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethanol
      and 12.4 g. (0.0333 mol) of allyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate are reacted in toluene,
      following the procedure of the preceding Examples. The toluene is
      evaporated and the oil obtained is purified by chromatography on a silica
      column, eluting with a 9:1 mixture of chloroform and acetone. The solvent
      is evaporated and 16.5 g. (yield = 95%) of
      2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate are obtained as an oil
      which cannot be crystallised.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.3 (M.W. = 604.56)
      Calculated %: C 59.60, H 4.33, N 9.27  Found %: C 59.35, H 4.26, N 9.10
PAR  The dihydrochloride is prepared by dissolving the above base in methylene
      chloride and adding a calculated amount of a 4N solution of hydrochloric
      acid in ethanol. The solvents are evaporated, the residue is triturated in
      diethyl ether and the 2-(4'-m-trifluoromethoxyphenylpiperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride obtained
      is recrystallised from isopropyl alcohol. It then melts at
      270.degree.-272.degree.C., with decomposition.
PAR  Analysis: C.sub.30 H.sub.28 Cl.sub.2 F.sub.6 N.sub.4 O.sub.3 (M.W. =
      677.48). Calculated %: C 53.19, H 4.17, N 8.27, F 16.82, Cl 10.47. Found
      %: C 53.17, H 4.11, N 8.13, F 16.69, Cl 10.52.
PAC  EXAMPLE 15 2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate and its
      dihydrochloride
PAR  [(I); R.sub.1 = SCF.sub.3 in the 7-position;
      ##SPC17##
PAL  Code number: SL 73- 069] .
PAR  Using the procedure of the preceding Examples, a mixture of 11.35 g. (0.03
      mol) of methyl 2-(7'-trifluoromethyl-thio-4'-quinolyl-amino)-benzoate, 9.8
      g. (0.032 mol) of 2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethanol,
      150 ml. of toluene and 0.03 g. of sodium is heated for three hours. The
      oil is purified by chromatography on a silica column and the pure oily
      base obtained is crystallised by trituration in petroleum ether. 15.9 g.
      (yield = 81%) of 2-(4'-m-trifluoromethylthio-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethylthio-4' -quinolyl-amino)-benzoate are thus obtained.
      After recrystallisation from isopropyl alcohol, it melts at 90.degree.C.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.2 S.sub.2 (M.W. =
      652.69). Calculated %: C 55.20, H 4.01, N 8.58. Found %: C 54.62, H 4.00,
      N 8.46.
PAR  2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate dihydrochloride,
      prepared as in the preceding Examples, melts at 220.degree.C., after
      recrystallisation from ethyl alcohol.
PAR  Analysis: C.sub.30 H.sub.28 Cl.sub.2 F.sub.6 N.sub.4 O.sub.2 S.sub.2 (M.W.
      = 725.61). Calculated %: C 49.60, H 3.89, N 7.72, Cl 9.77. Found %: C
      49.58, H 3.85, N 7.59, Cl 9.81.
PAC  EXAMPLE 16
PAC  2-[4'-(3",5"-Di-trifluoromethyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate and its dihydrochloride
PAR  [(I); R.sub.1 = CF.sub.3 in the 7-position;
      ##SPC18##
PAL  Code number: SL 73- 070] .
PAR  By heating 11.17 g. (0.03 mol) of allyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 11.3 g. (0.33 mol) of
      2-[4'-(3",5"-di-trifluoromethyl-phenyl)-piperazino]-ethanol, 150 ml. of
      toluene and 0.03 g. of sodium for 2 hours 30 minutes, 16.7 g. (yield =
      85%) of 2-[4'-(3",5"-di-trifluoromethyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate are obtained after the
      usual treatment, and this product, after rescrystallisation from isopropyl
      alcohol, melts at 114.degree.C.
PAR  Analysis: C.sub.31 H.sub.25 F.sub.9 N.sub.4 O.sub.2 (M.W. = 656.58).
      Calculated %: C 56.71, H 3.83, N 8.53. Found %: C 56.76, H 3.93, N 8.67.
PAR  2-[4'-(3", 5"-Di-trifluoromethyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride,
      prepared as in the preceding Examples, melts at 238.degree.C., after
      recrystallisation from ethyl alcohol.
PAR  Analysis: C.sub.31 H.sub.27 Cl.sub.2 F.sub.9 N.sub.4 O.sub.2 (M.W. =
      729.48). Calculated %: C 51.04, H 3.73, N 7.68. Found %: C 51.08, H 3.70,
      N 7.64.
PAC  EXAMPLE 17
PAC  2-(4'-m-Trifluoromethylphenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate.
PAR  (R.sub.1 = CF.sub.3 in the 8-position;
      ##SPC19##
PAL  Code number: SL B 179).
PAR  10.76 g. (0.0289 mol) of allyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 8.23 g. (0.03 mol) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethanol and 150 ml. of anhydrous
      toluene are introduced into a distillation apparatus. The mixture is
      heated at the reflux temperature, and approximately 10 ml. of toluene are
      slowly distilled in order to entrain traces of water present in the
      reaction mixture. 0.06 G. of sodium is then added and the whole is heated
      for 3 hours with continuous slow distillation to remove the allyl alcohol
      formed during the trans-esterification reaction. The disappearance of the
      starting ester is checked by thin layer chromatography. The boiling
      reaction mixture is filtered to remove a slight amount of insoluble matter
      and toluene is evaporated from the filtrate. A gummy residue is obtained
      and is triturated in petroleum ether. The precipitate which separates out
      is filtered off, washed with petroleum ether, dried in vacuo and
      recrystallised from isopropyl alcohol. 13.8 g. (yield = 81%) of
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 114.degree.C., are
      obtained.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.2 (M.W. = 588.557).
      Calculated %: C 61.22, H 4.45, M 9.52. Found %: 61.01, H 4.72, N 9.40.
PAC  EXAMPLE 18
PAC  2-(4'-m-Chlorophenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAR  (R.sub.1 = CF.sub.3 in the 8-position:
      ##SPC20##
PAL  Code number: SL B 180).
PAR  A mixture of 10.76 g. (0.0289 mol) of allyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 7.21 g. (0.03 mol) of
      2-(4'-m-chlorophenyl-piperazino)-ethanol, 0.07 g. of sodium and 150 ml. of
      anhydrous toluene is heated at the reflux temperature for 3 hours,
      following the procedure described in Example 17. The reaction mixture is
      filtered hot, and the toluene is evaporated from the filtrate. The
      residual paste-like product is triturated in petroleum ether and the
      precipitate which separates out is filtered off, washed, dried in vacuo
      and recrystallised from ethanol. 13 g. (yield = 81%) of
      2-(4'-m-chlorophenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 140.degree.C., are
      obtained.
PAR  Analysis C.sub.29 H.sub.26 ClF.sub.3 N.sub.4 O.sub.2 (M.W. = 555.04).
      Calculated %: C 62.76, H 4.72, N 10.09, Cl 6.39. Found %: C 62.68, H 4.75,
      N 9.96, Cl 6.46, 6.30.
PAC  EXAMPLE 19
PAC  2-(4'-Phenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAR  (R.sub.1 = CF.sub.3 in the 8-position; R.sub.2 = C.sub.6 H.sub.5.
PAL  Code number: SL B 181).
PAR  Following the technique of Example 17, a mixture of 10.76 g. (0.0289 mol)
      of allyl 2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, 7.426 g.
      (0.036 mol) of 2-(4'-phenyl-piperazino)-ethanol, 0.07 g. of sodium and 150
      ml. of toluene is heated at the reflux temperature for approximately 3
      hours. The reaction mixture is filtered and the toluene is evaporated from
      the filtrate. A solid residue is obtained which is washed with water,
      dried in vacuo and recrystallised from 2-propanol. 13 G. (yield = 86%) of
      2-(4'-phenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 147.degree.C., are
      thus obtained.
PAR  Analysis: C.sub.29 H.sub.27 F.sub.3 N.sub.4 O.sub.2 (M.W. 520.559).
      Calculated %: C 66.91, H 5.61, N 10.76. Found %: C 66.84, H 5.44, N 10.76;
      C 66.89, H 5.50.
PAC  EXAMPLE 20
PAC  2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAR  (R.sub.1 = CF.sub.3 in the 8-position;
      ##SPC21##
PAL  Code number: SLB 182).
PAR  Following the procedure of Example 17, a mixture of 10.76 g. (0.0289 mol)
      of allyl 2-(8-trifluoromethyl-4-quinolyl-amino)-benzoate, 10.11 g. (0.033
      mol) of 2-(4-m-trifluoromethylthiophenyl-piperazino)-ethanol, 0.05 g. of
      sodium and 150 ml. of toluene is heated at the reflux temperature for 2
      hours 30 minutes. The hot mixture is filtered, the toluene is evaporated
      from the filtrate and the gummy residue is triturated in petroleum ether.
      The precipitate which separates out is filtered off, dried in vacuo and
      recrystallised from 2-propanol. 15.6 g. (yield = 86%) of
      2-(4'-m-trifluoromethylthiophenylpiperazino)-ethyl
      2-(8'-trifluoromethyl-4'-quinolylamino)-benzoate, m.p. 128.degree.C., are
      obtained.
PAR  Analysis: C.sub.30 H.sub.26 F.sub.6 N.sub.4 O.sub.2 S (M.W. = 610.621).
      Calculated %: C 58.06, H 4.22, N 9.03. Found %: C 57.97, H 4.35, N 8.96.
PAC  EXAMPLE 21
PAC  2-(4'-m-Trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAR  [(I), R.sub.1 = --CF.sub.3 in the 7-position,
      ##SPC22##
PAR  9.23 G. (0.0235 mol) of 2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl
      2-amino-benzoate, 7 g. (0.03 mol) of 4-chloro-7-trifluoromethyl-quinoline,
      100 ml. of water and 20 ml. of 2N hydrochloric acid are introduced into a
      250 ml. flask. This mixture is heated at the reflux temperature for 2
      hours. The reaction mixture is allowed to cool, neutralised with a
      saturated solution of sodium bicarbonate, and extracted with methylene
      chloride. The organic phase is decanted, washed with water, dried over
      magnesium sulphate and filtered. The solvent is driven off from the
      filtrate and the residual solid is triturated in petroleum ether. The
      precipitate is filtered off and recrystallised from isopropyl alcohol.
PAR  10.95 G. (yield = 79.1%) of 2-(4-m-trifluoromethyl-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p.
      88.degree.-90.degree.C., are thus obtained.
PAC  EXAMPLE 22
PAC  2-(4'-m-Trifluoromethylphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate
PAR  [(I) R.sub.1 = Cl in the 7-position,
      ##SPC23##
PAR  11.65 G. (0.025 mol) of 2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl
      2-amino-benzoate dihydrochloride are added to a suspension of 4.95 g.
      (0.025 mol) of 4,7-dichloro-quinoline in 100 ml. of water, and this
      mixture is heated at the reflux temperature for two hours. A further 4.95
      g. (0.025 mol) of 4,7-dichloro-quinoline are added, and heating is
      continued until the reaction is complete. The mixture is cooled, and the
      precipitate which has formed is filtered off, washed with water, dried and
      recrystallised from isopropyl alcohol. 10.5 g. (yield = 66.8%) of
      2-(4'-m-trifluoromethyl-phenylpiperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate dihydrochloride are thus
      obtained.
PAR  The base is liberated by adding a saturated solution of sodium bicarbonate
      to a suspension of this dihydrochloride in water, and extraction with
      methylene chloride. The organic layer is isolated, washed several times
      with water, dried over magnesium sulphate and filtered. The solvent is
      evaporated from the filtrate and the solid residue is recrystallised from
      isopropyl alcohol. 6.75 g. (yield = 72.6%) of
      2-(4'-m-trifluoromethyl-phenylpiperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, m.p. 100.degree.-102.degree.C.,
      are obtained.
PAC  EXAMPLE 23
PAC  2-(4'-m-Chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate
PAR  [(I), R.sub.1 = Cl in the 7-position,
      ##SPC24##
PAR  12.5 Ml. of 2N hydrochloric acid are added to a suspension of 6.44 g.
      (0.0325 mol) of 4,7-dichloro-quinoline and 9 g. (0.025 mol) of
      2-(4'-m-chlorophenyl-piperazino)-ethyl anthranilate in 75 ml. of water.
      This mixture is heated at the reflux temperature for three hours, and then
      allowed to cool. The base is liberated by adding a saturated solution of
      sodium bicarbonate, and extracted with methylene chloride. The organic
      solution is decanted, washed several times with water, dried over sodium
      sulphate and filtered. The solvent is driven off from the filtrate and the
      residue is recrystallised from isopropyl alcohol. 9.95 G. (yield = 76.4%)
      of 2-(4'-m-chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate, m.p. 122.degree.C., are
      collected.
PAC  EXAMPLE 24
PAC  2-(4'-m-Trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAC  [(I), R.sub.1 = --CF.sub.3 in the 7-position,
      ##SPC25##
PAR  A suspension of 5.80 g. (0.025 mol) of 4-chloro-7-trifluoromethyl-quinoline
      and 9.96 g. (0.02 mol) of
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl 2-amino-benzoate
      dihydrochloride in 100 ml. of water is heated at the reflux temperature
      for four hours. The reaction mixture is cooled, and the precipitate is
      filtered off, washed with water, dried in vacuo in the presence of
      phosphorus pentoxide and recrystallised from isopropyl alcohol.
PAR  10.7 G. (yield = 77.4%) of
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate dihydrochloride, m.p.
      220.degree.C., are obtained.
PAR  To obtain the base, a solution of sodium bicarbonate is added to the
      suspension of the dihydrochloride in water and the mixture is extracted
      with methylene chloride. The organic layer is washed with water, dried
      over sodium sulphate and filtered. The solvent is evaporated from the
      filtrate, and the base is obtained as an oil, which is purified by passage
      through a silica column (eluant, chloroform-acetone: 80-20). After
      evaporation of the solvents, 7.85 g. (yield = 82%) of
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate are obtained as a pale
      yellow oil.
PAC  EXAMPLE 25
PAC  2-(4'-Phenyl-piperazino)-ethyl 2-(8'-chloro-4'-quinolylamino)-benzoate
PA1  [(I), R.sub.1 = Cl in the 8-position, R.sub.2 = C.sub.6 H.sub.5 ]
PAR  4.95 G. (0.025 mol) of 4,8-dichloro-quinoline, 6.5 g. (0.02 mol) of
      2-(4'-phenyl-piperazino)-ethyl 2-amino-benzoate, 75 ml. of water and 10
      ml. of 2N hydrochloric acid are heated at the reflux temperature for three
      hours. The base is liberated by adding a saturated solution of sodium
      bicarbonate to the reaction mixture. The precipitate obtained is filtered
      off, drained, washed several times with water, dried in vacuo in the
      presence of phosphorus pentoxide, and recrystallised from ethanol. 6.70 g.
      (yield = 68.7%) of 2-(4'-phenylpiperazino)-ethyl
      2-(8'-chloro-4'-quinolyl-amino)-benzoate, m.p. 164.degree.C., are thus
      obtained.
PAC  EXAMPLE 26
PAC  2-(4'-Phenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate
PAR  [(I), R.sub.1 = CF.sub.3 in the 7-position, R.sub.2 = C.sub.6 H.sub.5 ].
PAR  23.1 G. (0.1 mol) of 4-chloro-7-trifluoromethylquinoline are added to a
      solution of 19.85 g. (0.05 mol) of 2-(4'-phenyl-piperazino)-ethyl
      2-amino-benzoate dihydrochloride in 500 ml. of methanol. The pH of the
      mixture is adjusted to 2 by adding hydrochloric acid. The mixture is
      heated at the reflux temperature for eight hours. The mixture is filtered,
      the methanol is evaporated and the residue is taken up in a saturated
      solution of sodium bicarbonate to liberate the base which is extracted
      with methylene chloride. The organic solution is washed with water, dried
      over sodium sulphate and filtered. The solvent is evaporrated from the
      filtrate, and the residue is recrystallised from isopropyl alcohol. 13.5
      g. (yield = 52%) of 2-(4'-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate, m.p. 130.degree.C., are
      obtained.
PAR  The compounds of the invention possess valuable pharmacological properties
      which make them useful for human and/or veterinary therapy.
PAC  ACUTE TOXICITY
PAR  Tests were carried out on mice of both sexes, of the Swiss strain, of
      average weight 20 g. (.+-. 2g.). The 50% lethal doses were calculated
      according to Miller and Tainter (Proc. Soc. Exp. Biol. Med. 1944, 57,
      261). The results are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     COMPOUND         ACUTE TOXICITY, MICE,                                    

     CODE NO.         ORAL ADMINISTRATION                                      

                      LD50* mg/kg                                              

     ______________________________________                                    

     72-165           &gt;2,000                                                   

     72-242           &gt;3,000                                                   

     72-244           1,200                                                    

     72-248           1,900                                                    

     72-391           2,500                                                    

     73-017           1,500                                                    

     73-018           4,000                                                    

     73-030           &gt;4,000                                                   

     73-031           3,000                                                    

     73-033           4,000                                                    

     73-045           &gt;4,000                                                   

     73-046           &gt;2,000                                                   

     73-047           3,000                                                    

     73-048           4,000                                                    

     73-051           &gt;4,000                                                   

     73-069           2,200                                                    

     73-070           &gt;4,000                                                   

     SLB 179          &gt;3,000                                                   

     SLB 180          &gt;3,000                                                   

     SLB 181          2,000                                                    

     SLB 182          &gt;3,000                                                   

     Amidopyrine      850                                                      

     Phenylbutazone   600                                                      

     Glafenine        3,500                                                    

     ______________________________________                                    

      *LD50 = 50% lethal dose.                                                 

PAC  ANALGESIC ACTIVITY
PAR  This activity was investigated by two different methods:
PA1  1. Effect against pain induced, in Swiss mice, by the intraperitoneal
      injection of phenylquinone, in accordance with the experimental procedure
      of Siegmund (Proc. Soc. Exp. Biol. Med., 1957, 95, 729), modified by
      Cheymol (C.R. Soc. Biol., 1963, 157, 521) and Brittain (Nature, London,
      1963, 20, 895). The results are given in Table II below.
PA1  2. Test using a plate heated by acetone vapours, carried out on Swiss mice,
      in accordance with the description by Woolfe (J. Pharmacol. Exp. Therap.,
      1944, 80, 300) with the modifications by Chen (Science 1951, 113, 631),
      Eddy (J. Pharmacol. Exp. Therap., 1953, 107, 385) and Boissier (Anesth.
      Analog., 1956, 13, 569).
PAR  Table III below gives the results obtained.
TBL                TABLE II                                                    

     ______________________________________                                    

     COMPOUND         SIEGMUND TEST, MICE,                                     

                      ORAL ADMINISTRATION                                      

                      AD50* mg/kg                                              

     ______________________________________                                    

     72-165           50                                                       

     72-242           25                                                       

     72-244           10                                                       

     72-248           20                                                       

     72-391           20                                                       

     73-017           4                                                        

     73-018           6                                                        

     73-030           100                                                      

     73-031           100                                                      

     73-033           5                                                        

     73-045           8                                                        

     73-046           13                                                       

     73-047           16                                                       

     73-048           6                                                        

     73-051           16                                                       

     73-069           50                                                       

     73-070           16                                                       

     SLB 179          25                                                       

     SLB 180          12                                                       

     SLB 181          12                                                       

     SLB 182          5                                                        

     Amidopyrine      50                                                       

     Phenylbutazone   90                                                       

     Glafenine        50                                                       

     ______________________________________                                    

      *AD50 = 50% active dose.                                                 

TBL                TABLE III                                                   

     ______________________________________                                    

     COMPOUND         HEATED PLATE TEST,                                       

                      MICE, ORAL ADMINI-                                       

                      STRATION MAD* mg/kg                                      

     ______________________________________                                    

     72-165           &gt;300                                                     

     72-242           300                                                      

     72-244           300                                                      

     72-248           300                                                      

     72-391           150                                                      

     73-017           30                                                       

     73-018           60                                                       

     73-030           300                                                      

     73-031           200                                                      

     73-033           30                                                       

     73-045           150                                                      

     73-046           300                                                      

     73-047           300                                                      

     73-048           &gt;200                                                     

     73-051           &gt;200                                                     

     SLB 179          100                                                      

     SLB 180          300                                                      

     SLB 181          &gt;300                                                     

     SLB 182          200                                                      

     Amidopyrine      200                                                      

     Phenylbutazone   &gt;200                                                     

     Glafenine        &gt;600                                                     

     ______________________________________                                    

      *MAD = mean active dose.                                                 

PAR  The results obtained in the Siegmund test, which demonstrates analgesic
      effects of the peripheral type, show that the compounds of the invention
      (72- 242, 72- 244, 72- 248, 72-391, 73- 017, 73- 018, 73- 033, 73- 045,
      73- 046, 73-047, 73- 048, 73- 051, SLB 179, 180, 181 and 182) are
      generally much more active than the well-known analgesic agents used for
      comparison purposes (amidopyrine and glafenine).
PAR  In the heated plate test, which demonstrates analgesic effects of the
      central type, the compounds (72- 391, 73- 017, 73- 018, 73- 033, 73- 045
      and SLB 179) show an activity which is greater than that of amidopyrine.
      This greater activity is considerable in the case of the compounds 73-
      017, 73- 018 and 73- 033. In the case of the other compounds of the
      invention, the central component is, as in the case of glafenine, much
      less strong.
PAC  ANTI-INFLAMMATORY ACTIVITY
PAR  This activity was determined by the test involving oedema of the paw,
      induced in Sherman rats by the method of Winter and colleagues (Proc. Soc.
      Exp. Biol. Med., 1962, 111, 544). The results are summarised in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     COMPOUND        CARRAGENINE-INDUCED                                       

                     OEDEMA TEST, RATS, ORAL                                   

                     ADMINISTRATION                                            

                     AD* mg/kg                                                 

     ______________________________________                                    

     72-242          40                                                        

     72-248          120                                                       

     72-391          40                                                        

     73-017          60                                                        

     73-018          120                                                       

     73-030          50                                                        

     73-031          30                                                        

     73-033          60                                                        

     73-045          30                                                        

     73-046          30                                                        

     73-047          65                                                        

     73-048          30                                                        

     73-051          50                                                        

     73-069          55                                                        

     73-070          &gt;80                                                       

     SLB 179         120                                                       

     SLB 180         &gt;100                                                      

     SLB 181         45                                                        

     SLB 182         150                                                       

     Amidopyrine      80                                                       

     Phenylbutazone   30                                                       

     Glafenine        30                                                       

     ______________________________________                                    

      *AD40 = 40% active dose.                                                 

PAR  These results show that the compounds of the invention have
      anti-inflammatory effects. These effects, which never exceed those of
      phenylbutazone administered at the same dosage, must be considered by
      taking into account the analgesic activity of the compounds of the
      invention which manifests itself at doses very much lower than the
      anti-inflammatory doses.
PAR  These experimental data show that the invention provides compounds having a
      very marked dissociation between analgesic and anti-inflammatory
      properties, in favour of the analgesic activity. This dissociation is of
      great value when it is considered that anti-inflammatory activity is
      frequently associated with mediocre or distinctly poor tolerance by the
      mucous membranes of the digestive tract.
PAR  Finally, and surprisingly, the toxicity of the majority of the compounds of
      the invention virtually does not increase at all with their activity, so
      that their therapeutic index is very much greater than that of glafenine.
PAR  The results show that the compounds of the invention can be used in human
      and veterinary therapy, and especially in the treatment of various algias,
      especially if they accompany inflammatory affections. The method of
      administration can be oral, rectal or parenteral, the active substances
      being used in conjunction with the usual excipients for these
      pharmaceutical forms. In the case of oral administration, for which
      tablets, dragees, capsules, gelatine-coated pills, potable solutions and
      the like, are used, the unit dose is 20 to 200 mg, the maximum daily
      dosage being 1 g. In the case of rectal administration, these figures are,
      respectively, from 50 to 400 mg. and 1 g. and in the case of parenteral
      administration, they are, respectively, from 10 to 50 mg. and 0.5 g.
PAR  The invention accordingly includes within its scope pharmaceutical
      compositions comprising, in association with a compatible pharmaceutically
      acceptable diluent, a compound of formula I or a pharmaceutically
      tolerated acid addition salt thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC26##
PAL  wherein
PA1  R.sub.1 is chlorine, trifluoromethyl or trifluoromethylthio; and
PA1  R.sub.2 is phenyl, chlorophenyl, methyl phenyl, trifluoromethylphenyl,
      trifluoromethoxyphenyl; di-methyl phenyl, chloro-methyl phenyl,
      di-trifluoromethyl phenyl or trifluoromethylthiophenyl or a
      pharmaceutically acceptable
PAL  acid addition salt thereof, R.sub.2 being a substituted phenyl when R.sub.1
      is chlorine.
NUM  2.
PAR  2. A compound of the formula
      ##SPC27##
PAL  wherein R.sub.2 is chlorophenyl, methyl phenyl, trifluoromethylphenyl,
      trifluoromethoxyphenyl, di-methyl phenyl, chloro-methyl-phenyl or
      trifluoromethylthiophenyl or a pharmaceutically acceptable acid addition
      salt thereof.
NUM  3.
PAR  3. A compound of the formula:
      ##SPC28##
PAL  wherein R.sub.2 is phenyl, chlorophenyl, methylphenyl,
      trifluoromethylphenyl, trifluoromethoxyphenyl, chloro-methyl phenyl,
      di-trifluoromethyl phenyl or trifluoromethylthiophenyl or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of the formula:
      ##SPC29##
PAL  wherein R.sub.2 is phenyl, chlorophenyl, methylphenyl, trifluoromethyl
      phenyl, trifluoromethoxyphenyl, or trifluoromethylthiophenyl or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound according to claim 4, which is 2-(4'-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethylthio-4'-quinolyl-amino)-benzoate or a
      pharmaceutically tolerated acid addition salt thereof.
NUM  6.
PAR  6. A compound according to claim 2, which is
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl-2-(7'-chloro-4'-quinolyl-a
     mino)benzoate or a pharmaceutically tolerated acid addition salt thereof.
NUM  7.
PAR  7. A compound according to claim 2, which is 2 [
      4'-(2",3"-dimethyl-phenyl)-piperazino] -ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated
      acid addition salt thereof.
NUM  8.
PAR  8. A compound according to claim 2, which is
      2-(4'-p-chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated
      acid addition salt thereof.
NUM  9.
PAR  9. A compound according to claim 3, which is 2-(4'-phenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate or a pharmaceutically
      tolerated acid addition salt thereof.
NUM  10.
PAR  10. A compound according to claim 3, which is
      2-(4'-m-trifluoromethylphenyl-piperazino)-ethyl-2-(7'-trifluoromethyl-4'-q
     uinolyl-amino)-benzoate or a pharmaceutically tolerated acid addition salt
      thereof.
NUM  11.
PAR  11. A compound according to claim 2, which
      2-(4'-m-chlorophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated
      acid addition salt thereof.
NUM  12.
PAR  12. A compound according to claim 2, which is
      2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated
      acid addition salt thereof.
NUM  13.
PAR  13. A compound according to claim 2, which is
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-chloro-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated
      acid addition salt thereof.
NUM  14.
PAR  14. A compound according to claim 3, which is
      2-(4'-m-chlorophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate or a pharmaceutically
      tolerated acid addition salt thereof.
NUM  15.
PAR  15. A compound according to claim 2, which is
      2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethyl-2-(7'-chloro-4'-quino
     lyl-amino)-benzoate or a pharmaceutically tolerated acid addition salt
      thereof.
NUM  16.
PAR  16. A compound according to claim 3, which is
      2-[4'-(3"-chloro-2"-methyl-phenyl)-piperazino]-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate or a pharmaceutically
      tolerated acid addition salt thereof.
NUM  17.
PAR  17. A compound according to claim 3, which is
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl
      2-(7'-trifluoromethyl-4'-quinolyl-amino)-benzoate or a pharmaceutically
      tolerated acid addition salt thereof.
NUM  18.
PAR  18. A compound according to claim 3, which is
      2-(4'-m-trifluoromethoxyphenyl-piperazino)-ethyl-2-(7'-trifluoromethyl-4'-
     quinolyl-amino)-benzoate or a pharmaceutically tolerated acid addition salt
      thereof.
NUM  19.
PAR  19. A compound according to claim 4, which is
      2-(4'-m-trifluoromethylthiophenyl-piperazino)-ethyl-2-(7'-trifluoromethylt
     hio-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated acid
      addition salt thereof.
NUM  20.
PAR  20. A compound according to claim 3, which is
      2-[4'-(3",5"-di-trifluoromethyl-phenyl)-piperazino]-ethyl-2-(7'-trifluorom
     ethyl-4'-quinolyl-amino)-benzoate or a pharmaceutically tolerated acid
      addition salt thereof.
NUM  21.
PAR  21. A compound according to claim 3, which is
      2-(4-m-trifluoromethylthiophenyl-piperazino)-ethyl-2-(8-trifluoromethyl-4-
     quinolyl-amino)-benzoate or a pharmaceutically tolerated acid addition salt
      thereof.
NUM  22.
PAR  22. A compound according to claim 3, which is
      2-(4-m-trifluoromethylphenyl-piperazino)-ethyl-2-(8-trifluoromethyl-4-quin
     olyl-amino)-benzoate or a pharmaceutically tolerated acid addition salt
      thereof.
NUM  23.
PAR  23. A compound according to claim 3, which is
      2-(4-m-chlorophenyl-piperazino)-ethyl
      2-(8-trifluoromethyl-4-quinolyl-amino)-benzoate or a pharmaceutically
      tolerated acid addition salt thereof.
NUM  24.
PAR  24. A compound according to claim 3, which is
      2-(4-phenyl-piperazino)-ethyl-2-(8-trifluoromethyl-4-quinolyl-amino)-benzo
     ate or a pharmaceutically tolerated acid addition salt thereof.
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ABST
PAL  .alpha., .alpha., .alpha., .alpha.', .alpha.',
      .alpha.'-Hexafluorodi-m-tolylamine derivatives are provided having the
      structure
      ##SPC1##
PAL  Wherein R is as defined hereinafter. These compounds are useful as
      antibacterial agents and in the treatment of hypertension.
PARN
PAR  This application is a division of copending U.S. patent application Ser.
      No. 300,049, filed Oct. 24, 1972, and issued Aug. 20, 1974, as U.S. Pat.
      No. 3,830,842, which is a division of U.S. application Ser. No. 71,234,
      filed Sept. 10, 1970 and issued Jan. 23, 1973 as U.S. Pat. No. 3,712,921.
BSUM
PAR  The present invention relates to .alpha., .alpha., .alpha., .alpha.',
      .alpha.', .alpha.'-hexafluorodi-m-tolylamine derivatives having the
      structure
      ##SPC2##
PAL  Wherein R is
      ##EQU1##
      or lower alkylene-NR.sup.2 R.sup.3, wherein R.sup.1 can be hydrogen, lower
      alkyl, lower alkoxy, aralkyl, monocyclic cycloalkyl, and monocyclic aryl;
      R.sup.2 and R.sup.3 can be the same or different and can be hydrogen,
      lower alkyl, aralkyl, monocyclic cycloalkyl, hydroxy-Lower alkyl, or
      hydroxy lower alkoxy-lower alkyl, and R.sup.2 and R.sup.3 can be taken
      together with the nitrogen to form a 5 to 7 membered monocyclic
      heterocyclic ring; and to non-toxic acid-addition salts thereof.
PAR  The term "lower alkyl" as employed herein includes both straight and
      branched chain radicals of up to and including eight carbon atoms, for
      instance, methyl, ethyl, propyl, isopropyl, butyl, s-butyl, t-butyl,
      isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
      2,2,4-trimethylpentyl and the like.
PAR  The term "lower alkoxy" includes straight and branched chain lower alkyl
      groups attached to an oxygen.
PAR  The term "monocyclic aryl" as employed herein includes monocyclic
      carbocyclic aryl radicals, for instance, phenyl and substituted phenyl
      radicals, including lower alkylphenyl, such as tolyl, ethylphenyl,
      butylphenyl and the like, di(lower alkyl)phenyl, (e.g., dimethylphenyl,
      3,5-diethylphenyl and the like), halophenyl (e.g., chlorophenyl,
      bromophenyl, and 2,4,5-trichlorophenyl) and nitrophenyl.
PAR  The term "monocyclic cycloalkyl" includes cyclic radicals containing from 3
      to 6 ring members (e.g., cyclopropyl, cyclobutyl, cyclopentyl and
      cyclohexyl).
PAR  The term "lower alkylene" encompasses straight chain [(CH.sub.2).sub.n
      where n is 2 to 8] or branched bivalent lower alkyl groups containing from
      2 to 8 carbon atoms.
PAR  Examples of the basic nitrogen containing radical symbolized by the group
      ##EQU2##
      include amino, lower alkylamino, e.g., methylamino, ethylamino, di(lower
      alkyl)amino, e.g., dimethylamino, diethylamino, dipropylamino,
      (hydroxy-lower alkyl)amino, e.g., .beta.-hydroxyethylamino,
      di(hydroxy-lower alkyl)amino, e.g., di(hydroxyethyl)amino, phenyl(lower
      alkyl)amino, e.g., benzylamino, and phenethylamino.
PAR  As indicated above, the nitrogen may join with the groups represented by
      R.sup.2 and R.sup.3 to form a 5 to 7 membered monocyclic heterocyclic
      containing, if desired, an oxygen, sulfur or an additional nitrogen atom,
      (not more than two hetero atoms altogether), that is, the two symbols
      R.sup.2 and R.sup.3 represent together tetramethylene, pentamethylene,
      hexamethylene, oxapentamethylene, oxatetramethylene, azahexamethylene,
      azapentamethylene, azatetramethylene, thiapentamethylene or
      thiatetramethylene. The heterocyclic group may also be substituted by one
      or two groups represented by R.sup.1, R.sup.2 or R.sup.3.
PAR  Illustrative heterocyclic groups include piperidino, e.g.,
      methylpiperidino, di(lower alkyl)piperidino, e.g., dimethylpiperidino,
      (lower alkoxy)piperidino, e.g., methoxypiperidino, pyrrolidino, (lower
      alkyl)pyrrolidino, e.g., 2-methylpyrrolidino, di(lower alkyl)pyrrolidino,
      e.g., 2,5-dimethylpyrrolidino, (lower alkoxy)pyrrolidino, e.g.,
      ethoxypyrrolidino,  morpholino, (lower alkyl)morpholino, e.g.,
      3-methylmorpholino or 2-methylmorpholino, di(lower alkyl)morpholino, e.g.,
      2,3-dimethylmorpholino, (lower alkoxy)morpholino, e.g., 2- or
      3-ethoxymorpholino, thiamorpholino, (lower alkyl)thiamorpholino, e.g.,
      3-methylthiamorpholino or 2-methylthiamorpholino, di(lower
      alkyl)thiamorpholino, e.g, 2,3-diethylthiamorpholino or
      2,3-dimethylthiamorpholino, (lower alkoxy)thiamorpholino, e.g.,
      2-methoxythiamorpholino, piperazino, (lower alkyl)piperazino, e.g.,
      4-methylpiperazino, 2-methylpiperazino, di(lower alkyl)piperazino, e.g.,
      2,3-dimethylpiperazino, hydroxy-lower alkylpiperazino, e.g.,
      4-(2-hydroxyethyl) piperazino, hexamethyleneimino and homopiperazino.
PAR  Preferred are those compounds wherein R is --(CH.sub.2).sub.3 NR.sup.2
      R.sup.3 and R.sup.2 and R.sup.3 are alkyl and/or hydrogen.
PAR  Examples of compounds falling within the present invention include, but are
      not limited to, the following:
      ##SPC3##
PAR  The compounds of formula I wherein R is
      ##EQU3##
      and R.sup.1 is hydrogen can be prepared by reacting an .alpha., .alpha.,
      .alpha., -.alpha.', .alpha.', .alpha.'-hexafluoro-di-tolylamine of the
      structure
      ##SPC4##
PAL  with formic acid at a temperature within the range of from about 80.degree.
      to about 100.degree.C, in an oxygen-free atmosphere. The amine is employed
      in a molar ratio to the acid of within the range of from about 0.1:1 to
      about 1:1.
PAR  The .alpha., .alpha., .alpha., .alpha.', .alpha.',
      .alpha.'-hexafluoro-di-tolylamine is known in the art and can be prepared
      by the reaction of a halobenzotrifluoride, e.g., m-bromobenzotrifluoride
      or o-chlorobenzotrifluoride, with an acylamidobenzotrifluoride, e.g.,
      m-acetamid obenzotrifluoride or p-benzamidobenzotrifluoride, in a solvent
      like nitrobenzene, with powdered anhydrous K.sub.2 CO.sub.3 and a copper
      catalyst, at 190.degree.-210.degree., followed by hydrolysis of the N-acyl
      group.
PAR  Compounds of formula I wherein R is
      ##EQU4##
      and R.sup.1 is other than hydrogen can be prepared by acylating an
      aminobenzotrifluoride of the structure
      ##SPC5##
PAL  by reacting it with an acid anhydride of the structure
      ##EQU5##
      or an acyl halide of the structure
      ##EQU6##
      wherein R.sup.1  is lower alkyl, lower alkoxy, aralkyl, monocyclic
      cycloalkyl, or monocyclic aryl, and Hal can be Cl, Br, or I, in a molar
      ratio of aminobenzotrifluoride: acylating agent of within the range of
      from about 0.1:1 to about 1:1 to form a compound of the structure
      ##SPC6##
PAR  Compound V is reacted with a halobenzotrifluoride of the structure
      ##SPC7##
PAL  wherein Hal can be Br, Cl or I in a molar ratio of V: VI of within the
      range of from about 0.8:1 to about 1:1 in the presence of anhydrous alkali
      metal carbonate and copper catalyst and an aprotic solvent such as
      nitrobenzene, diethylbenzene, diethylacetamide, or dimethylformamide, in
      an oxygen free atmosphere, at a temperature within the range of from about
      150.degree. to about 210.degree.C, to form a compound of the structure
      ##SPC8##
PAR  Compounds of formula I wherein R is --(CH.sub.2).sub.n --NR.sup.2 R.sup.3
      can be prepared by reacting an .alpha., .alpha., .alpha., .alpha.',
      .alpha.', .alpha.', -hexafluoro-di-tolylamine of the structure II, with a
      base such as a metal hydride, for example, sodium hydride, in the presence
      of an aprotic solvent, such as dimethylsulfoxide, dimethylformamide,
      xylene, diethylbenzene, or toluene, to form the anion reacting the anion
      of VII with a halide of the structure
EQU  VIII   Hal-lower alkylene-NR.sup.2 R.sup.3
PAL  wherein Hal is Cl, Br or I, in a molar ratio of II: VIII of within the
      range of from about 0.9:1 to about 1:1, in the presence of an alkali metal
      halide, such as sodium iodide, in an oxygen-free atmosphere.
PAR  Examples of halides of the structure VIII suitable for use in preparing
      compounds of the invention include the following: dimethylaminoethyl
      chloride, dimethylaminopropyl chloride, methylethylaminomethyl bromide,
      ethyl-isopropylaminobutyl iodide, methylamino-ethyl chloride,
      aminopropylbromide, methylbenzylaminopentyl chloride, cyclohexylaminoethyl
      bromide, hydroxyethylaminohexyl iodide, hydroxyethoxyethylaminopropyl
      chloride, pyrrolidinoethyl chloride, piperidinopropyl iodide,
      piperazinobutyl chloride, morpholinopentyl bromide, thiamorpholinohexyl
      iodide as well as alkylene halides containing substituted heterocyclics as
      indicated hereinbefore.
PAR  The bases of formula I form pharmaceutically acceptable acid-addition salts
      by reaction with the common inorganic and organic acids. Such inorganic
      salts as the hydrohalides, e.g., hydrobromide, hydrochloride, hydroiodide,
      sulfates, nitrates, phosphates, borates, etc., and organic salts as
      acetate, oxalate, tartrate, malate, citrate, succinate, benzoate,
      ascorbate, salicylate, theophyllinate, camphorsulfonate, alkanesulfonate,
      e.g., methanesulfonate, arylsulfonate, e.g., benzenesulfonate,
      toluenesulfonate and the like are also within the scope of the invention.
      It is frequently convenient to effect the purification of the product by
      forming the acid salt. The base may be obtained therefrom by
      neutralization with an alkali hydroxide such as sodium hydroxide and the
      base in turn can be transformed into a different salt by reaction with the
      appropriate acid.
PAR  The new compounds of this invention have activity upon the central nervous
      system and are especially active as central nervous system depressants.
      They may be used as tranquilizers in the alleviation of anxiety and
      tension states in mammals, e.g., rats, dogs or cats. They may be
      administered orally or parenterally in the form of tablets, capsules,
      elixirs, injectables or the like by incorporating the appropriate dosage
      of the base of formula I or a physiologically acceptable acid addition
      salt thereof, e.g., about 1 to 50 mg., preferably about 2.5 to 15
      mg./kg/per day in two to four divided doses, in a conventional vehicle
      according to accepted pharmaceutical practice.
PAR  Furthermore, the new compounds of formula I are useful as antimicrobial
      agents and may be used to combat infections in animal species, such as
      mice, rats, dogs, quinea pigs and the like, due to organisms such as
      Trichomonas vaginalis, Trichomonas foetus, Staphyloccocus aureus,
      Salmonella schottmuelleri, Klebsiella pneumoniae, Proteus vulgaris,
      Escherichia coli, C. albicans   or Trichophyton mentagrophytes. For
      example, a compound or mixture of compounds of formula I or
      physiologically acceptable acid addition salt or quaternary ammonium salt
      thereof may be administered orally to an infected animal, e.g., to a
      mouse, in an amount of about 5 to 25 mg. per kg. per day in 2 to 4 divided
      doses. These may be conventionally formulated in a tablet, capsule or
      elixir containing about 10 to 250 mg. per dosage unit, by compounding the
      active substance or substances with the conventional excipient, vehicle,
      binder, preservative, flavor, etc., as called for by accepted
      pharmaceutical practice. They may also be applied topically, e.g., to
      dermatophytosis in a guinea pig, in a lotion, salve or cream at a
      concentration of about 0.01 to 3 percent by weight.
PAR  They may also be used as surface disinfectants. About 0.01 to 1 percent by
      weight of any of these substances may be dispersed on an inert solid or in
      a liquid such as water and applied as a dust or spray. They may be
      incorporated also, for example, in a soap or other cleansing agent, e.g.,
      a solid or liquid detergent, detergent composition, for example, in
      general cleaning, in cleaning dairy barns or equipment or cleaning food
      handling or processing equipment.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are on the Centigrade scale.
PAC  EXAMPLE 1
PAC  N,N-Bis-(.alpha.,.alpha.,.alpha. -trifluoro-m-tolyl)formamide
PAR  A solution of 8 g. of .alpha., .alpha., .alpha., .alpha.', .alpha.',
      .alpha.' -hexafluorodi-m-tolylamine in 70 ml. of 98-100% formic acid is
      heated at 95.degree.-100.degree. with stirring, in an atmosphere of
      nitrogen, for 4 hours. The excess formic acid is removed in vacuo, and the
      residue is recrystallized from pentane to give 6.8 g. of N,N,bis-(.alpha.,
      .alpha., .alpha.-trifluoro-m-tolyl)formamide, m.p. about
      63.degree.-65.degree..
PAC  EXAMPLES 2 to 5
PAR  Using the procedure of Example 1, but replacing the .alpha., .alpha.,
      .alpha., .alpha.', .alpha.', .alpha.'-hexafluoro-di-m-tolylamine by
PA1  A. n,n-bis(.alpha., .alpha., .alpha.-trifluoro-o-tolyl)amine
PA1  B. n-(.alpha., .alpha., .alpha.-trifluoro-m-tolyl)-N-(.alpha.', .alpha.',
      .alpha.'-trifluoro-o-tolyl)amine
PA1  C. n,n-bis(.alpha., .alpha., .alpha.-trifluoro-p-tolyl)amine
PA1  D. n-(.alpha., .alpha., .alpha.-trifluoro-p-tolyl)-N-(.alpha.', .alpha.',
      .alpha.'-trifluoro-m-tolyl)amine
PAR  there is obtained, respectively
PAL  Example 2 -- N,N-bis-(.alpha., .alpha., .alpha.-trifluoro-o-tolyl)formamide
PAL  Example 3 -- N-(.alpha., .alpha., .alpha.-trifluoro-m-tolyl)-N-(.alpha.',
      .alpha.', .alpha.'-trifluoro-o-tolyl)formamide
PAL  Example 4 -- N,N-bis(.alpha., .alpha., .alpha.-trifluoro-p-tolyl)formamide
PAL  Example 5 -- N-(.alpha., .alpha., .alpha.-trifluoro-p-tolyl)N-(.alpha.',
      .alpha.', .alpha.'-trifluoro-m-tolyl)formamide
PAC  EXAMPLE 6
PAC  A. Aceto-m-.alpha., .alpha., .alpha.-trifluorotoluidine
PAR  A solution of 193.2 g. of m-aminobenzotrifluoride in 3 liters of water and
      100 ml. of concd. hydrochloric acid is stirred with 140 ml. of acetic
      anhydride at room temperature. The reaction becomes exothermic and a
      granular solid separates from solution. After stirring for 20 minutes the
      reaction mixture is cooled, and the solid recovered by filtration to give
      150.8 g., of aceto-m-.alpha., .alpha., .alpha.-trifluorotoluidine m.p.
      about 103.degree.-105.degree..
PAC  B. N,N-bis(.alpha., .alpha., .alpha.-trifluoro-m-tolyl)acetamide
PAR  A suspension of 152 g. of anhydrous potassium carbonate, 3.5 g. of copper
      bronze, 225 g. of aceto-m-.alpha., .alpha., .alpha.-trifluorotoluidine,
      and 305 g. of m-bromobenzotrifluoride in 2 liters of nitrobenzene is
      heated under reflux, with stirring, in an atmosphere of nitrogen for 22
      hours. After cooling, the reaction mixture is filtered, and the filtrate
      is concentrated in vacuo, to give 273 g. of N,N-bis(.alpha., .alpha.,
      .alpha.-trifluoro-m-tolyl)acetamide, m.p. about 73.degree.-74.degree..
PAC  EXAMPLES 7 to 18
PAR  Using the procedure of Example 6 but substituting the .alpha., .alpha.,
      .alpha.-trifluorotoluidine shown in column 1 of Table I below and the
      acylating agent shown in column 2, and the halo-.alpha., .alpha.,
      .alpha.-trifluorotoluene shown in column 3, the product shown in column 4
      is obtained
      ##SPC9##
PAC  EXAMPLE 19
PAC  A. .alpha.,.alpha.,.alpha., .alpha.', .alpha.',
      .alpha.'-Hexafluorodi-m-tolylamine
PAR  A solution of 271 g. of N,N-bis(.alpha., .alpha.,
      .alpha.-trifluoro-m-tolyl)acetamide in 3 liters of 95% ethanol and 800 ml.
      of concentrated hydrochloric acid is heated under reflux with stirring for
      3 hours. The reaction mixture is concentrated in vacuo, the residue is
      taken up in 600 ml. of ether, washed with 500 ml. of water, then with 100
      ml. of 2% sodium hydroxide, and then with water. After drying the solvent
      is removed by distillation and the residue is fractionated in vacuo to
      yield 143 g. of .alpha., .alpha., .alpha., .alpha.',
      .alpha.',.alpha.'-hexafluorodim-tolylamine, b.p. about
      94.degree.-98.degree./0.2 mm., n.sub.D.sup.26 1.5140.
PAC  B. N,N-Dimethyl-N', N'-bis(.alpha., .alpha.,
      .alpha.-trifluoro-m-tolyl)-1,3-propanediamine
PAR  A solution of 9 g. of .alpha., .alpha., .alpha., .alpha.', .alpha.',
      .alpha.'-hexafluorodim-tolylamine in 60 ml. of dimethyl sulfoxide is
      stirred at room temperature under nitrogen and 2.5 g. (0.05 mole) of
      sodium hydride (50% in mineral oil) is added in small increments over a
      period of 45 minutes. The reaction temperature increases spontaneously to
      38.degree.. Following the addition the reaction temperature is gradually
      increased to 50.degree.. After 15 minutes at 50.degree. the reaction
      mixture is cooled to 30.degree. and 30 ml. of 2N dimethylaminopropyl
      chloride in toluene is added followed by 0.5 g. of sodium iodide. The
      reaction mixture is heated at 65.degree.-75.degree. for 4 hours. After
      cooling to room temperature 7 ml. of ethanol is added. The reaction
      mixture is poured with stirring into 700 ml. of ice-water. The oil which
      separates from solution is extracted into 400 ml. of ether. The ethereal
      solution is washed with water and extracted with 100 ml. of 2.5%
      hydrochloric acid. The ethereal mother liquor is taken to dryness and
      triturated with diisopropyl ether to give 10 g. of solid, m.p.
      63-65.degree., recrystallization from 200 ml. of diethyl ether gives 6.6
      g. of product, m.p. about 65.degree.-66.degree. (dec.).
PAC  EXAMPLE 20
PAC  N,N-Dimethyl-N', N'-bis(.alpha.,.alpha.,
      .alpha.-trifluoro-m-tolyl)-ethylene diamine, hydrochloride
PAR  A solution of 18 g. of .alpha., .alpha., .alpha., .alpha.', .alpha.',
      .alpha.'-hexafluorodim-tolylamine in 120 ml. of dimethyl sulfoxide is
      stirred at room temperature under nitrogen and 5 g. of sodium hydride (50%
      in mineral oil) in added in small increments over a period of 45 minutes.
      The reaction temperature increases spontaneously to 38.degree.. Following
      the addition the reaction temperature is gradually increased to
      50.degree.. After 15 minutes at 50.degree. the reaction mixture is cooled
      to 30.degree. and 10 g. of dimethylaminoethyl chloride is added. The
      reaction mixture is heated 85.degree.-90.degree. for 2 hours. After
      cooling to room temperature 5 ml. of 95% ethanol is added. The reaction
      mixture is poured with stirring into 1200 ml. of cold water. The oil which
      separates from solution is extracted into ether, the solution is washed
      with water, dried, and the solvent removed. The residue, 19 g., is taken
      up into 300 ml. of ether. The ethereal solution is extracted with 200 ml.
      of 2% hydrochloric acid, the ether is dried, filtered, and taken to
      dryness. The residue of 20.6 g. crystallizes. After trituration with 200
      ml. of diisopropyl ether the solid is filtered to give 9 g. of solid, m.p.
      120.degree.-125.degree. (dec.). It is recrystallized from
      acetonitrile-ether to give 6.3 g. of product, m.p. about
      131.degree.-133.degree. (dec.).
PAC  EXAMPLES 21 to 45
PAR  Using the procedure of Example 19, but substituting the .alpha., .alpha.,
      .alpha., .alpha.', .alpha.', .alpha.'-hexafluorodi-tolylamine shown in
      column 1of Table II below and the aminoalkylene halide shown in column 2
      of Table II, the product shown in column 3 is obtained.
      ##SPC10##
PAC  EXAMPLE 46
PAC  Methyl-N,N-bis-(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)carbamate
PAR  To a solution of 161 g. of m-aminobenzotrifluoride and 101 g. of
      triethylamine in 1.0 l. of dry benzene is added dropwise, with ice water
      cooling, 94.5 g. of methyl chlorocarbonate. Subsequent to the addition,
      the mixture is stirred and heated under reflux for 1 hour, cooled, and
      filtered from the precipitated triethylamine hydrochloride. The filtrate
      is concentrated in vacuo to give methyl m-(.alpha., .alpha.,
      .alpha.-trifluorotolyl)carbamate.
PAR  The methyl m-(.alpha., .alpha., .alpha.-trifluorotolyl)carbamate is then
      reacted with a m-bromobenzotrifluoride in accordance with the procedure of
      Example 6 to give methyl N,N-bis (.alpha., .alpha.,
      .alpha.-trifluoro-m-tolyl)carbamate.
PAC  EXAMPLE 47
PAC  n-Propyl-N,N-bis-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)carbamate
PAR  By substituting 161 g. of o-aminobenzotrifluoride for the
      m-aminobenzotrifluoride and 122.5 g. of N-propyl chlorocarbonate for the
      methyl chlorocarbonate in Example 47 , there is obtained n-propyl
      o-(.alpha., .alpha., .alpha.-trifluorotolyl)carbamate which is reacted
      with a halobenzotrifluoride in accordance with Example 6 to give the above
      titled compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the structure
      ##SPC11##
     wherein -NR.sup.2 R.sup.3 is piperazino, (lower alkyl)piperazino, di(lower
      alkyl)piperazino or 2-hydroxyethylpiperazino, or a pharmaceutically
      acceptable salt thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1 having the structure
      ##SPC12##
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein --NR.sup.2 R.sup.3 is
      piperazino.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein --NR.sup.2 R.sup.3 is
      (lower alkyl)piperazino.
NUM  5.
PAR  5. A compound in accordance with claim 1 wherein --NR.sup.2 R.sup.3 is
      di(lower alkyl)piperazino.
NUM  6.
PAR  6. A compound in accordance with claim 1 wherein --NR.sup.2 R.sup.3 is
      2-hydroxyethylpiperazino.
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ABST
PAL  The present invention concerns benzothiophene acyl (2) derivatives of the
      formula,
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2 and R are substituents and n is an integer 1 or 2.
PAL  The compounds are useful as u.v. stabilizers for, e.g. plastic materials.
BSUM
PAR  The present invention relates to benzothiophene derivatives and more
      specifically to benzothiophene acyl (2) derivatives, suitable for
      stabilizing organic materials against degradation under the influence of
      ultraviolet radiation, such compounds being hereinafter referred to as
      U.V. stabilizers.
PAR  Accordingly, the present invention provides compounds of formula I,
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is hydrogen, halogen or alkyl (C.sub.1 -C.sub.8),
PA1  R.sub.2 is hydrogen, halogen, alkyl (C.sub.1 -C.sub.8) or alkoxy (C.sub.1
      -C.sub.8),
PA1  n is an integer 1 or 2,
PA1  When
PA1  n is 1, R is a monovalent group Rm
PA1  Wherein
PA2  Rm is hydrogen, hydroxy, halogen, alkyl (C.sub.1 -C.sub.12), alkoxy
      (C.sub.1 -C.sub.22), 1 alkoxy (C.sub.1 -C.sub.8) mono- or di-oxa-alkoxy
      (C.sub.2 -C.sub.22), (C.sub.2 -C.sub.12), thiaalkoxy (C.sub.2 -C.sub.22),
      alkanoyloxyalkoxy (C.sub.3 -C.sub.23), alkoxycarbonylalkoxy (C.sub.3
      -C.sub.23), cyano alkoxy (C.sub.1 -C.sub.22), phenyl or a group
      ##EQU1##
      wherein R.sub.3 is alkyl (C.sub.1 -C.sub.21), phenyl or phenyl substituted
      by 1, 2 or 3 members of the group halogen, hydroxy, 1 or 2 alkyls (C.sub.1
      -C.sub.22) and phenylsulphonyl,
PAL  And
PA1  When n is 2, R is a divalent group Rd,
PAL  Wherein
PA1  Rd is .alpha.,.omega.-dioxy-alkylene (C.sub.2 -C.sub.12),
PA2  .alpha.,.omega.-dioxy-thiaalkylene (C.sub.2 -C.sub.12),
PA2  .alpha.,.omega.-dicarbonyloxyalkylene (C.sub.4 -C.sub.14),
PA2  .alpha.,.omega.-dicarbonyloxythia-alkylene (C.sub.4 -C.sub.14), or a 1,2, a
      1,3 or 1,4 dicarbonyloxyphenylene.
PAR  It is to be understood that by the term "halogen" as used herein, is meant
      fluorine, chlorine or bromine, especially chlorine.
PAR  When any of R.sub.1, R.sub.2, R.sub.3 and R are or contain an alkyl group,
      e.g. alkoxy, then the alkyl group may be linear or branched, primary,
      secondary or tertiary. Examples of primary alkyl groups are the linear
      alkyl groups methyl, ethyl, n-propyl, n-butyl, n-pentyl and n-hexyl and
      the branched alkyl groups 2-methyl-1-propyl, 2,2-dimethyl-1-propyl and
      2,2-dimethyl-1-butyl. Examples of secondary alkyl groups are isopropyl,
      2-butyl, 3-methylbutyl, 2-pentyl, 3-hexyl and 2-methyl-3-pentyl. Examples
      of tertiary alkyl groups are t-butyl, 2-methyl-2-butyl and t-octyl.
PAR  When either R.sub.1 or R.sub.2 is or contains an alkyl group, then this
      preferably contains 1 to 6 carbon atoms, more preferably 1 to 5 carbon
      atoms, especially 1 to 4 carbon atoms.
PAR  When R is alkyl, then this preferably contains 1 to 8, more preferably 4 to
      8, carbon atoms and most preferably is tertiary alkyl of 4 to 8 carbon
      atoms, e.g. t-butyl or t-octyl.
PAR  When R is alkoxy, then this preferably contains 1 to 18 carbon atoms, for
      example 1 to 12, 4 to 12 or 4 to 18 carbon atoms.
PAR  When n is 2 and R contains an alkylene chain, then this preferably contains
      4 to 8, e.g. 4, 5, 6 or 7, carbon atoms.
PAR  Examples of R are the monovalent groups
PA1  Ch.sub.3 o ch.sub.2 ch.sub.2 -o-
PA1  n C.sub.12 H.sub.25 O.OC CH.sub.2 -O-
PA1  n C.sub.8 H.sub.17 O.OCC H.sub.2 -O-
PA1  C.sub.11 h.sub.23 o (ch.sub.2).sub.8 -o- and
PA1  C.sub.2 h.sub.5 o.occh.sub.2 -o-
PAL  and the divalent group
EQU  S(CH.sub.2 CH.sub.2 COO--).sub.2.
PAR  When R.sub.3 is alkyl, then this preferably contains 1 to 17 carbon atoms,
      e.g. 4 to 17 or 8 to 17 carbon atoms.
PAR  When R.sub.3 is phenyl substituted by alkoxy, then the alkoxy group
      preferably contains 1 to 8, e.g. 1 to 4 or 1 to 3, carbon atoms.
PAR  A preferred group of compounds are the compounds of formula Ia
      ##SPC3##
PAL  wherein
PA1  n is as defined above,
PA1  R'.sub.1 is hydrogen or halogen and
PAL  when
PA1  n is 1, R' is a monovalent group Rm'
PA2  wherein Rm' is hydroxy, alkoxy (C.sub.1 -C.sub.18) or a group
      ##EQU2##
      wherein R.sub.3 is as defined above,
PAL  and when
PA1  n is 2, R' is a divalent group Rd wherein Rd is as defined above.
PAR  A further preferred group of compounds are the compounds of formula Ib
      ##SPC4##
PAL  wherein R".sub.m is hydroxy, alkoxy (C.sub.1 -C.sub.18) or a group
      ##EQU3##
      wherein R.sub.3 is as defined above.
PAR  In general, the compounds of formula I wherein n is 1, are the preferred
      compounds, i.e. the compounds of formula I',
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2 and Rm are as defined above, the compounds of
      formula Ia',
      ##SPC6##
PAL  wherein R' and Rm' are as defined above, and the compounds of formula Ib.
PAR  A particularly preferred group of compounds of formula I are the compounds
      of formula Ic,
      ##SPC7##
PAL  wherein
PA1  R'".sub.m is hydroxy, alkoxy (C.sub.1 -C.sub.12), or a group
      --OOC--R'.sub.3,
PAL  wherein
PA1  R'.sub.3 is phenyl, phenyl substituted by 1 hydroxy and/or by 1 or 2 alkyls
      (C.sub.1 -C.sub.4) or phenyl monosubstituted by phenylsulphonyl.
PAR  The presentt invention also provides a process for the production of a
      compound of formula I which comprises
PA1  a. hydrolysing or selectively hydrolysing a compound of formula IV,
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2 and R.sub.m are as defined above, and R.sub.4 is
      alkyl (C.sub.1 -C.sub.22) or aralkyl (C.sub.7 -C.sub.12),
PAL  to obtain a compound of formula I',
PA1  b. selectively mono-esterifying or etherifying a compound of formula I"
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are as defined above, with a monofunctional
      compound of formula V,
EQU  R.sub.5 -- X'                                              V
PA1  wherein R.sub.5 is alkyl (C.sub.1 -C.sub.22), mono- or dioxa-alkyl (C.sub.2
      -C.sub.22), thia-alkyl (C.sub.2 -C.sub.22), alkanoyloxyalkyl (C.sub.3
      -C.sub.23), alkoxycarbonylalkyl (C.sub.3 -C.sub.23), cyano alkyl (C.sub.1
      -C.sub.22), phenyl or a group
      ##EQU4##
      wherein R.sub.3 is as defined above, and X' is a leaving group, preferably
      halogen, particularly chlorine,
PAL  or a bifunctional compound of formula VI,
EQU  X"-- R.sub.6 -- X" VI
PA1  wherein R.sub.6 is alkylene (C.sub.2 -C.sub.12), thia-alkylene (C.sub.2
      -C.sub.12) .alpha.,.omega.-dicarbonyl alkylene (C.sub.4 -C.sub.14),
      .alpha.,.omega.-dicarbonyl-thia-alkylene (C.sub.4 -C.sub.14), or a 1,2-, a
      1,3- or a 1,4-dicarbonylphenylene, and
PAL  each or both X" s is or together form a leaving group,
PA3  to produce a compound of formula I"',
      ##SPC10##
PAL  or to produce a compound of formula I.sup.iv,
      ##SPC11##
PA1  wherein R.sub.1, R.sub.2 and Rd are as defined above, respectively, or
PA1  c. condensing a compound of formula II,
      ##SPC12##
PA1  wherein R.sub.1 and R.sub.2 are as defined above, and Hal is chlorine or
      bromine,
PA1  with a compound of formula VII
      ##SPC13##
PA1  wherein R.sub.m.sup.IV is hydrogen, hydroxy, halogen, alkyl (C.sub.1
      -C.sub.12), alkoxy (C.sub.1 -C.sub.22) or phenyl,
PAL  in the presence of a Friedel-Craft catalyst, to obtain a compound of
      formula I.sup.v,
      ##SPC14##
PA1  wherein R.sub.1, R.sub.2 and Rm.sup.IV are as defined above.
PAR  The process of the invention in accordance with variant (a) may be effected
      as follows, viz.
PAR  The hydrolysis of the compounds of formula IV may be effected by the
      addition of water or aqueous acid solution and heating the resulting
      mixture to within a temperature range such as 60.degree. to 100.degree.C,
      e.g. to 90.degree.C.
PAR  Working up is effected in conventional manner.
PAR  The process of the invention in accordance with variant (b) may be effected
      as follows, viz.
PAR  The reaction is preferably effected in an inert solvent, e.g. an
      halogenated hydrocarbon such as chlorobenzene, and conveniently at an
      elevated temperature, e.g. between 40.degree. and 100.degree.C.
PAR  As regards the esterification reaction, the reaction is preferably effected
      in the presence of an esterification catalyst, e.g. an acid catalyst such
      as HCl.
PAR  As regards the etherification reaction, the reaction is preferably effected
      in the presence of a basic catalyst, for example triethylamine.
PAR  Working up is effected in conventional manner.
PAR  Preferably, compounds of formula VIa,
EQU  X'" -- R.sub.5 -- X'"                                      VIa
PAL  wherein
PA1  each X'" is chlorine or bromine or
PA1  both X'"'s together from an --O-- bridge of an acid anhydride functional
      group, and
PA1  R.sub.5 is as defined above,
PAL  with the proviso that when both X'"'s together form an --O-- bridge, then
      R.sub.5 contains terminal carbonyl groups,
PAL  are employed as starting materials of formula VI in process variant (b).
      Examples of such starting materials are 1,8-octylene dibromide,
      1,6-hexylene dibromide, aliphatic dicarboxylic acid derivatives, e.g.
      malonic acid, succinic acid, glutaric acid, adipic acid and sebacic acid
      derivatives and aromatic dicarboxylic acid derivatives such as 1,2, 1,3 or
      1,4 phenylene dicarboxylic acid derivatives.
PAR  The reaction may be effected under FriedelCraft conditions as described,
      for example, in the Journal of Heterocyclic Chemistry, No. 8 (1971) 5, p
      711-714.
PAR  As Friedel-Craft catalyst, preferably anhydrous aluminium chloride is
      employed. As the compound of formula II, preferably the acid chloride is
      employed. Preferably, the reaction is effected in an inert solvent such as
      an halogenated hydrocarbon, e.g. chlorobenzene. It is advisable to effect
      the reaction at a temperature below room temperature, e.g. below
      0.degree.C such as -10.degree. to 0.degree.C.
PAR  Working up is effected in conventional manner.
PAR  The compounds of formula I are useful as u.v. stabilizers, i.e. they
      protect sensitive organic material from degradation under the effect of
      U.V. light, as indicated in the following test, viz.
PAC  Test
PAR  Unstabilized polypropylene, in powder form, is homogeneously mixed with 0,5
      % by weight of a compound of formula I e.g.
      ##SPC15##
PAL  and the mixture kneaded for 5 minutes on a roller mill at 180.degree.C. The
      kneaded mixture is then pressed into sheets of 0,3 mm thickness.
PAR  The relative stability to U.V. radication of the sheet so produced is
      determined by the De la Rue method in the climate test at 40.degree.C and
      75 % relative air humidity employing 16 sun lamps and 16 black lamps
      (supplied by the firm Philips) and insuring good ventilation. The test is
      repeated with an untreated control sheet and the results compared. More
      damage in the untreated sheet indicates a U.V. stabilizing action on the
      part of the compound employed in the test.
PAR  The test was repeated employing polyethylene and a compound of formula I
      e.g.
      ##SPC16##
PAR  The compounds of formula I are useful for the stabilization of organic
      material, particularly plastics material, susceptible to U.V. degradation,
      by a method which comprises treating the organic material with a compound
      of formula I.
PAR  It is to be understood that by the term "treating" is meant either surface
      coating the organic material with the compound of formula I, in the form
      of a film, or incorporating the compound of formula I into the body of the
      organic material, preferably the latter, in manner known per se.
PAR  The above method also forms part of the present invention. Thus, according
      to a first embodiment, the method may be effected by intimately mixing the
      U.V. stabilizer with a particulate form of, for example, a plastic
      material, such as polypropylene, e.g. polypropylene granules, in a kneader
      or other suitable device, to obtain uniform distribution of the
      antioxidant throughout the plastic material. The plastics material may
      thereafter be formed into final shape, e.g. by extrusion or injection
      moulding. By such method, uniform distribution of the antioxidant
      throughout the body of the final material is achieved which is important
      for good production.
PAR  According to a second embodiment, organic material in final form, for
      example, a textile filament, is passed through a dispersion of the
      antioxidant, e.g. in aqueous medium, to provide a protective coating of
      the U.V. stabilizer as a surface film on the organic material. Textile
      filaments or fabrics of polyethylene terephthalate or cellulose acetate
      are suited to this mode of application.
PAR  According to a third embodiment of the method of the present invention,
      particularly suited to stabilization of polymers or copolymers susceptible
      to degradation by reaction of U.V. light, e.g. polypropylene, the U.V.
      stabilizer is mixed with the monomer or prepolymer before polymerisation
      or, as the case may be, copolymerisation, is effected, to yield the
      polymer or copolymer having the U.V. stabilizer uniformly distributed
      therethrough. The polymer or copolymer may thereafter be extruded, moulded
      or otherwise formed into final shape.
PAR  Examples of organic materials susceptible to U.V. degradation and embraced
      by the method of the present invention, are cellulose derivatives, e.g.
      cellulose acetate, cellulose acetobutyrate, ethyl cellulose, cellulose
      nitrate and cellulose propionate, polyalkylenes, e.g. polyethylene and
      polypropylene, polyvinyl derivatives, e.g. polyvinyl chloride, polyvinyl
      chloride acetate and polyvinyl alcohol, polyamides, polyesters,
      polyacrylonitrile, polystyrene, silicon rubber, melamineformaldehyde
      resins, ureaformaldehyde resins, alkyl casting resins, polymethylacrylate,
      copolymers such as acrylonitrile - butadiene - styrene copolymers and
      natural products such as rubber, cellulose, wool and silk.
PAR  Stabilized organic materials according to the invention may exist in solid
      form, e.g. solid forms such as form plastics, panels, rods, coating,
      sheets such as paper, film tapes, fibres, granules or powders, or in
      liquid form, e.g. solutions, emulsions or dispersions such as polishes,
      paints and creams.
PAR  The organic material may also be treated with other additives, e.g.
      antioxidants, heat and U.V. stabilizers. Other additives that may be
      mentioned are 2-hydroxybenzophenones, 1,2,3-triazoles, tin and trivalent
      phosphorus organic compounds and nickel salts of carboxylic acids.
PAR  The amount of U.V. stabilizer employed in the method of the present
      invention will, of course, vary with the mode of application, the compound
      employed and the nature of the organic material to be treated.
PAR  Thus, for example, when the mode of application is the uniform distribution
      of the U.V. stabilizer throughout the body of the organic material, then
      in general, satisfactory results are obtained when the amount of U.V.
      stabilizer employed is between 0,01 and 5 %, preferably between 0,05 and 1
      % of the weight of organic material to be treated.
PAR  Examples of the process of the invention will now be described. Where
      temperatures are referred to, these are in .degree.C. Where parts and
      percentages are referred to, these are by weight.
DETD
PAC  EXAMPLE 1:
PAR  42.8 Parts of resorcinol dimethyl ether and 76.6 parts of 3-chloro
      benzenethiophencarboxylic acid chloride-(2) are dissolved in 500 parts of
      chlorobenzene. The temperature is kept to -9.degree. to 0.degree.C, with
      stirring, and 41.3 parts of anhydrous aluminium chloride are added in
      portions over 11/2 hours. After the splitting off of the theoretical
      amount of HCl, the mixture is heated to 90.degree.C in order to complete
      the ether splitting. Subsequently, HCl-ice water is added to the mixture,
      the organic phase is separated, washed neutral, the solvent is distilled
      off and the residue is crystallised from ethanol/dioxan; the compound
      ##SPC17##
PAL  of m.p. 122.degree.-124.degree.C is obtained.
TBL  ______________________________________                                    

     Elementary analysis                                                       

                   C        H       Cl     S                                   

     ______________________________________                                    

     Calc. :       60.2%    3.4%    11.1%  10.0%                               

     Found :       60.4%    3.6%    11.3%   9.9%                               

     ______________________________________                                    

PAR  In analogous manner, the compounds of the following Examples listed in the
      following Table 1 are also obtained.
      ##SPC18##
      ##EQU5##
PAC  EXAMPLE 7:
PAR  6.08 Parts of the compound of Example 2 (Table 1) are dissolved in 200 ml
      of toluene and 3 parts of triethylamine added. The mixture is heated to
      80.degree. and 2 parts of terephthalic acid chloride, at the same
      temperature, are added with stirring. The reaction mixture is stirred for
      1 hour at 80.degree. and then the reaction mixture is heated for a further
      3 hours at the boiling temperature under reflux. The reaction mixture is
      then allowed to cool, is washed with water at 60.degree., and the toluene
      phase separated in a separating funnel. The toluene is evaporated off and
      the residue taken up and crystallised from dioxan/methanol.
PAR  The compound
      ##SPC19##
PAL  is obtained.
CLMS
NUM  1.
PAR  1.  A compound of the formula
      ##SPC20##
PAL  wherein R.sub.m " is hydroxy, alkoxy (C.sub.1 -C.sub.18), or a group
      ##EQU6##
      wherein R.sub.3 is alkyl (C.sub.1 -C.sub.21), phenyl or phenyl substituted
      by 1, 2 or 3 members of the group halo, hydroxy, 1 or 2 alkyls (C.sub.1
      -C.sub.22), 1 alkoxy (C.sub.1 -C.sub.8) and phenylsulphonyl.
NUM  2.
PAR  2. A compound of claim 1 of the formula
      ##SPC21##
PAL  wherein
PA1  R.sub.m '" is hydroxy, alkoxy(C.sub.1 -C.sub.12), or a group --OOC--R.sub.3
      ',
PAL  wherein
PA1  R.sub.3 ' is phenyl, phenyl monosubstituted by hydroxy, phenyl
      monosubstituted by hydroxy and mono- or di-substituted by alkyl(C.sub.1
      -C.sub.4), phenyl mono- or di-substituted by alkyl(C.sub.1 -C.sub.4) or
      phenyl monosubstituted by phenylsulphonyl.
NUM  3.
PAR  3. The compound of claim 2 of the formula
      ##SPC22##
NUM  4.
PAR  4. The compound of claim 2 of the formula
      ##SPC23##
NUM  5.
PAR  5. The compound of claim 2 of the formula
      ##SPC24##
NUM  6.
PAR  6. The compound of claim 1 of the formula
      ##SPC25##
NUM  7.
PAR  7. The compound of claim 2 of the formula
      ##SPC26##
NUM  8.
PAR  8. The compound of claim 2 of the formula
      ##SPC27##
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PAL  A process for the manufacture of the heterocyclic compounds of the formula:
      ##SPC1##
PAL  Wherein R is a hydrogen atom or a hydrocarbon radical, which comprises
      decarboxylating and dinitrating a compound of the formula:
      ##SPC2##
PAL  Wherein R has the meaning stated above, and finally hydrolysing off the
      acyl group, and the use of the said heterocyclic compounds as diazo
      components in the production of azo dyestuffs.
PARN
PAR  This is a division of application Ser. No. 363,818 filed May 25, 1973, now
      abandoned.
BSUM
PAR  This invention relates to a process for manufacturing heterocyclic
      compounds of the thiophene series.
PAR  According to the invention there is provided a process for the manufacture
      of the heterocyclic compounds of the formula:
      ##SPC3##
PAL  Wherein R is a hydrogen atom or a hydrocarbon radical, which comprises
      decarboxylating and dinitrating a compound of the formula
      ##SPC4##
PAL  Wherein R has the meaning stated above, and finally hydrolysing off the
      acyl group.
PAR  The hydrocarbon radicals represented by R are preferably alkyl radicals, in
      particular lower alkyl radicals containing from 1 to 4 carbon atoms such
      as methyl and ethyl radicals, cycloalkyl radicals such as cyclohexyl,
      aralkyl radicals in particular phenyl lower alkyl radicals such as benzyl
      and .beta.-phenylethyl radicals, and aryl radicals, in particular
      monocyclic aryl radicals such as phenyl, tolyl and xylyl radicals. R is
      preferably alkyl and, above all, hydrogen.
PAR  As specific examples of the said acyl groups there may be mentioned formyl,
      acetyl, propionyl, benzoyl, methyl sulphonyl, chloroacetyl,
      .beta.-carboxypropionyl and p-toluenesulphonyl. It is however preferred
      that the acyl group is of the formula -COX wherein X is a hydrogen atom or
      a lower alkyl radical.
PAR  In carrying out the process of the invention the compound of Formula I can
      be decarboxylated prior to the dinitration, or one nitro group can be
      introduced in the 5-position of the thiophene ring followed by
      decarboxylation and introduction of the nitro group into the 3-position or
      the dinitration can be carried out under such conditions that simultaneous
      decarboxylation takes place.
PAR  The decarboxylation of the compound of Formula I can be effected by heating
      the compound to a temperature above its melting point, or by heating it in
      a solvent at a temperature between 100.degree. and 300.degree.C,
      preferably in a basic solvent such as a secondary or tertiary aromatic
      amine at a temperature between 170.degree. and 230.degree.C or
      alternatively in a mixture of such a basic solvent and an inert solvent as
      kerosene. As examples of the said basic solvents there may be mentioned
      N-alkyl and N:N-dialkylanilines such as dimethylaniline, diethylaniline
      and ethylaniline and also quinoline. The subsequent dinitration can then
      be effected using nitric acid in a sulphuric acid medium which optionally
      contains free sulphur trioxide.
PAR  The simultaneous dinitration and decarboxylation of the compound of Formula
      I can be carried out by stirring the compound in a mixture of nitric acid
      (at least 2 mols per mole of the compound of Formula I) and sulphuric acid
      which may contain free sulphur trioxide or up to 25% by weight of water,
      preferably at a temperature between -20.degree. and 30.degree.C.
PAR  Nitration of the compound of Formula I to give the corresponding 5-nitro
      derivative can be effected by nitration in acetic anhydride medium but is
      preferably carried out in sulphuric acid medium at a temperature
      preferably below 0.degree.C using 1 mol of nitric acid, the resulting
      compound then being decarboxylated by heat followed by nitration using a
      mixture of nitric acid and sulphuric acid.
PAR  The final hydrolysis of the acyl group can be effected by treating the
      dinitro compound with an aqueous or alcoholic solution of a mineral acid
      such as sulphuric acid preferably by heating to a temperature in the
      region of 100.degree.C. It is not essential to isolate the dinitro
      compound prior to the hydrolysis since this can be effected by diluting
      the nitration mixture with the necessary amount of water, heating to
      hydrolyse off the acyl group and then isolating the resulting compound by
      conventional means; for example by further dilution with water, filtering
      off the solid which is precipitated. When the deacylation is carried out
      immediately after the nitration then it is preferred to add a substance
      such as sulphamic acid to destroy any nitrous acid or other oxidising
      agents present.
PAR  When R in the compound of Formula I represents an aralkyl or aryl radical,
      then the conditions necessary for the dinitration of the thiophene nucleus
      may additionally introduce a nitro group or groups into the aryl ring of,
      or present in, said radical represented by R. However, the production of
      such compounds also falls within the scope of the present invention.
PAR  The compounds of Formula I can themselves by obtained by treating a
      compound of the formula
      ##EQU1##
      with cyanoacetic acid or an alkyl cyanoacetate such as ethyl cyanoacetate,
      or cyanoacetamide in aqueous alkaline medium optionally containing an
      aliphatic alcohol (for example an aqueous solution of sodium hydroxide)
      preferably at a temperature between 20.degree. and 100.degree.C. An
      acylating agent, for example acetic anhydride, is then added and the pH of
      the mixture is maintained between 4 and 10 preferably between 7 and 9 by
      the addition of alkali until the acylating is complete. If the acylating
      agent is an acid anhydride then control of the pH is not so essential
      provided that an excess of the anhydride is always present in the reaction
      mixture. The mixture is then acidified and the compound of Formula I which
      is precipitated is filtered off and dried.
PAR  As examples of acylating agents there may be mentioned acetyl chloride,
      chloroacetyl chloride, acetic anhydride, propionic anhydride, a mixture of
      formic acid and acetic anhydride, benzoyl chloride, p-toluene sulphonyl
      chloride, methane sulphonyl chloride, succinic anhydride and phthalic
      anhydride.
PAR  The compounds of Formula II can themselves be obtained by dimerisation of
      the corresponding mercaptoaldehyde or ketone of the formula HS.CH.sub.2
      COR prepared for example by reaction of the appropriate haloaldehyde or
      haloketone with sodium hydrosulphide in aqueous medium. If desired the
      subsequent reaction with the cyanoacetic acid can be carried out without
      isolating the compounds of Formula II.
PAR  The heterocyclic compounds obtained by the process of the invention are
      valuable as diazo components in the manufacture of disperse monoazo
      dyestuffs.
PAR  The invention is illustrated but not limited by the following Examples in
      which the parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 5.55 parts of 2-acetylaminothiophene-3-carboxylic acid and 27
      parts of sulphuric acid monohydrate is stirred at 0.degree.C and a mixture
      of 10 parts of water, 30.4 parts of sulphuric acid and 7.0 parts of
      80.degree.Tw nitric acid is added dropwise, the temperature of the
      resulting mixture being maintained below 0.degree.C by external cooling.
      The mixture is then poured into a solution of 10 parts of sodium acetate
      in 250 parts of water, the temperature being maintained between 45.degree.
      and 60.degree.C by the addition of ice, and the pH being maintained at 4
      by the addition of a concentrated aqueous solution of sodium hydroxide.
      The mixture is stirred for 30 minutes at 50.degree.C, then cooled to
      25.degree.C and the precipitated 2-acetylamino-3:5-dinitrothiophene is
      filtered off, washed with water and dried. The yield is 2.6 parts (37.5%).
PAR  A mixture of 5 parts of 2-acetylamino-3:5-dinitrothiophene, 92 parts of
      sulphuric acid and 50 parts of water is stirred for 3 hours at
      90.degree.C. The mixture is then poured onto 150 parts of ice, and the
      precipitated 2-amino-3:5-dinitrothiophene is filtered off, washed with
      water and dried. The yield is 3.6 parts (88%).
PAR  The 2-acetylaminothiophene-3-carboxylic acid used in the above Example was
      itself obtained as follows:
PAR  46.5 Parts of cyanoacetic acid were added to a mixture of 50 parts of a
      70.degree.Tw aqueous solution of sodium hydroxide and 180 parts of water,
      followed by 38 parts of mercaptoacetaldehyde dimer. The resulting mixture
      was then heated for 5 minutes at 80.degree.C after which it was cooled to
      20.degree.C. 100 Parts of acetic anhydride were added during 15 minutes,
      the pH of the mixture being maintained between 6 and 7 by the addition of
      an aqueous solution of sodium hydroxide. The mixture was then filtered,
      the filtrates acidified with an aqueous solution of hydrochloric acid, and
      the precipitated solid filtered off, washed with water and dried. The
      product was obtained in a yield of 90%, and had a melting point of
      216.degree.  - 217.degree.C.
PAC  EXAMPLE 2
PAR  A mixture of 18.5 parts of 2-acetylaminothiophene-3-carboxylic acid and
      76.5 parts of N:N-dimethylaniline is stirred for 1 hour at 195.degree.C.
      The mixture is cooled to 25.degree.C, 200 parts of water added, and the
      N:N-dimethylaniline removed by distillation in the presence of steam. The
      aqueous residue is filtered hot, the filtrate cooled to 20.degree.C and
      the 2-acetylaminothiophene which crystallises out is filtered off and
      dried. The yield is 70.2%, and the product melts at 160.degree. to
      161.degree.C.
PAR  4.23 parts of the 2-acetylaminothiophene are added during 30 minutes to a
      mixture of 46 parts of sulphuric acid monohydrate and 4.05 parts of
      100.degree.Tw nitric acid, the temperature of the mixture being maintained
      between -5.degree. and 0.degree.C by external cooling. The mixture is then
      stirred for 30 minutes at the same temperature, poured into a mixture of
      125 parts of water and 125 parts of ice, and the precipitated
      2-acetylamino-3:5-dinitrothiophene filtered off, washed with water and
      dried. The yield is 76.5% and the product melts at 178.degree. to
      180.degree.C.
PAR  A mixture of 5 parts of the 2-acetylamino-3:5-dinitrothiophene, 92 parts of
      sulphuric acid and 50 parts of water is stirred for 3 hours at
      90.degree.C. The mixture is poured into 150 parts of ice, and the
      precipitated 2-amino-3:5-dinitrothiophene is filtered off, washed with
      water and dried. The yield is 88% and the product melts at 170.degree.C
      with decomposition.
PAR  The 2-acetylaminothiophene-3-carboxylic acid used in this Example was
      obtained as follows:
PAR  117 parts of cyanoacetic acid were added to a mixture of 236 parts of a
      70.degree.Tw. aqueous solution of sodium hydroxide and 450 parts of water,
      followed by 95 parts of 2:5-dihydroxy-1:4-dithiane. The mixture was
      stirred for 2 hours at 65.degree. to 75.degree.C, cooled to 20.degree.C,
      then 270 parts of acetic anhydride added during 45 minutes the pH of the
      mixture being maintained between 7.5 and 9 by the gradual addition of 432
      parts of a 70.degree.Tw. aqueous solution of sodium hydroxide, and the
      temperature being maintained between 20.degree. and 40.degree.C. The
      mixture was then acidified with an aqueous solution of hydrochloric acid,
      and the precipitated 2-acetylaminothiophene-3-carboxylic acid filtered
      off, washed with water and dried. The yield was 90%.
PAR  The 2:5-dihydroxy-1:4-dithiane was itself obtained by slowly adding 172
      parts of a 45% aqueous solution of chloroacetaldehyde to 200 parts of a 5M
      aqueous solution of sodium hydrosulphide at 0.degree.-5.degree.C, stirring
      for 2 hours at this temperature and then filtering off the precipitated
      product. The yield is 81% and the product melted at
      127.degree.-128.degree.C.
PAR  In place of the 117 parts of cyanoacetic acid used above there were used
      139 parts of ethyl cyanoacetate or 116 parts of cyanoacetamide whereby
      there was obtained in each case a 70% yield of
      2-acetylaminothiophene-3-carboxylic acid.
PAC  EXAMPLE 3
PAR  The procedure of the first paragraph of Example 2 is repeated except that
      the 76.5 parts of N:N-dimethylaniline is replaced by 76.5 parts of
      N-ethylaniline or by 76.5 parts of quinoline. The yield of the resulting
      2-acetylaminothiophene is respectively 82.3% and 71%, which is then
      converted to 2-amino-3:5-dinitrothiophene as described in Example 2.
PAC  EXAMPLE 4
PAR  The procedure of the first paragraph of Example 2 is repeated except that
      the 76.5 parts of N:N-dimethylaniline are replaced by a mixture of 50
      parts of kerosene and 30 parts of dimethylaniline and the decarboxylation
      is carried out for 3 hours at 195.degree.C. After crystallisation from
      aqueous ethanol a 55% yield of 2-acetylaminothiophene is obtained which is
      then converted to 2-amino-3:5-dinitrothiophene as described in Example 2.
PAR  Alternatively the decarboxylation is carried out by heating the
      2-acetylaminothiophene-3-carboxylic acid for 10 minutes at 230.degree.C in
      an atmosphere of nitrogen. After crystallisation from aqueous ethanol the
      resulting 2-acetylaminothiophene is converted to
      2-amino-3:5-dinitrothiophene as described in Example 2.
PAC  EXAMPLE 5
PAR  51.3 parts of 2-formylaminothiophene-3-carboxylic acid are added to 500
      parts of sulphuric acid (sp.gr. 1.84) at a temperature below 10.degree.C,
      and 56.7 parts of a nitrating mixture (obtained by mixing together 633
      parts of 20% oleum and 348 parts of nitric acid of sp.gr. 1.50) are then
      slowly added, the temperature of the mixture being maintained at
      -10.degree. to -5.degree.C by external cooling. The mixture is stirred for
      5 minutes at -5.degree.C, poured into an ice/water mixture and the
      precipitated 2-formylamino-5-nitrothiophene-3-carboxylic acid (90% yield)
      is filtered off, washed with water and dried.
PAR  10.8 parts of the 2-formylamino-5-nitrothiophene-3-carboxylic acid are
      dissolved in 100 parts of sulphuric acid (sp.gr. 1.84) and 9.45 parts of
      the above nitrating mixture are slowly added at -5.degree. to 0.degree.C.
      The mixture is stirred for 1 hour at the same temperature, poured onto ice
      and the precipitated 2-formylamino-3:5-dinitrothiophene (m.pt.
      186.degree.-188.degree.C; yield 8.1 parts) isolated. Treatment of this
      product in a hot 4% ethanol solution of sulphuric acid gives
      2-amino-3:5-dinitrothiophene in 85% yield.
PAR  The 2-formylaminothiophene-3-carboxylic acid was itself obtained as
      follows:
PAR  46.5 parts of cyanoacetic acid were added to a mixture of 50 parts of a
      70.degree.Tw aqueous solution of sodium hydroxide and 18 parts of water
      followed by 38 parts of mercaptoacetaldehyde dimer. The mixture was
      stirred for 24 hours at 20.degree.C and then slowly added to a mixture of
      150 parts of formic acid and 150 parts of acetic anhydride which had been
      previously stirred together for 1 hour at 20.degree.C and then cooled to
      5.degree.C, the temperature of the resulting mixture being maintained at
      5.degree.-10.degree.C. The mixture was stirred for 1 hour, acidified with
      an aqueous solution of hydrochloric acid to pH 3 and the precipitated
      2-formylaminothiophene-3-carboxylic acid (m.p. 244.degree.C, yield 75%)
      filtered off, washed with water and dried.
PAC  EXAMPLE 6
PAR  By replacing the 51.3 parts of 2-formylaminothiophene-3-carboxylic acid
      used in the first paragraph of Example 5 by an equivalent amount of
      2-acetylaminothiophene-3-carboxylic acid,
      2-acetylamino-5-nitrothiophene-3-carboxylic acid
      (m.pt.238.degree.-240.degree.C) is obtained in 80% yield. This on
      subsequent heating in the presence of benzoic acid gives
      2-acetylamino-5-nitrothiophene (m.pt. 226.degree.C) which on subsequent
      nitration is sulphuric acid medium at 0.degree.C, followed by hydrolysis,
      gives 2-amino-3:5-dinitrothiophene.
PAC  EXAMPLE 7
PAR  11.1 parts of 2-acetylaminothiophene-3-carboxylic acid are dissolved in 55
      parts of sulphuric acid at 10.degree.-20.degree.C. The solution is cooled
      to 0.degree.C, and 28 parts of the nitrating mixture described in Example
      5 gradually added whilst the temperature is maintained at -5.degree. to
      0.degree.C by external cooling. The mixture is stirred for 30 minutes,
      poured into ice and the precipitated 2-acetylamino-3:5-dinitrothiophene
      filtered off, washed with water, then with an aqueous solution of sodium
      acetate and dried. The N-acetyl group is then removed by heating in a hot
      aqueous solution of hydrochloric acid to give 2-amino-3:5-dinitrothiophene
      in an overall yield of 40%.
PAC  EXAMPLE 8
PAR  In place of the 11.1 parts of 2-acetylaminothiophene used in Example 7
      there are used 11.9 parts of 2-acetylamino-4-methylthiophene-3-carboxylic
      acid whereby 2-amino-4-methyl-3:5-dinitrothiophene (m.pt.
      157.degree.-159.degree.C) is obtained.
PAR  The 2-acetylamino-4-methylthiophene-3-carboxylic acid was itself obtained
      as follows:
PAR  92.5 parts of chloroacetone were gradually added to 210 parts of a 5M
      aqueous solution of sodium hydrosulphite, the temperature being maintained
      at 0.degree. to 2.degree.C by external cooling. 120 parts of an aqueous
      solution of sodium hydroxide of sp.gr. 1.35 and 93 parts of cyanoacetic
      acid were then added, and the mixture stirred for 2 hours at 60.degree.C.
      The mixture was filtered, cooled to 0.degree.-10.degree.C and 200 parts of
      acetic anhydride added, the pH of the mixture being maintained between 7.5
      and 9 by the simultaneous addition of sodium hydroxide, and the
      temperature being maintained between 5.degree. and 10.degree.C. The
      mixture was then filtered, the filtrate acidified with hydrochloric acid,
      and the precipitated 2-acetylamino-4-methylthiophene-3-carboxylic acid
      (m.pt. 234.degree.C, yield 81%) was filtered off, washed with water and
      dried.
PAC  EXAMPLE 9
PAR  A mixture of 5 parts of 2-acetylamino-4-methylthiophene-3-carboxylic acid
      and 50 parts of N:N-diethylaniline is heated for 20 minutes at the boil.
      The mixture is cooled, 100 parts of a light petroleum ether added, and the
      precipitated 2-acetylamino-4-methylthiophene (81% yield) filtered off and
      dried.
PAR  The 2-acetylamino-4-methylthiophene is dinitrated and deacetylated by the
      method described in Example 2 above giving
      2-amino-4-methyl-3:5-dinitrothiophene.
PAC  EXAMPLE 10
PAR  A mixture of 9 parts of 2-acetylamino-4-phenylthiophene-3-carboxylic acid
      and 27 parts of N:N-diethylaniline is heated for 45 minutes at the boil.
      The mixture is cooled, 30 parts of a light petroleum fraction added and
      the 2-acetylamino-4-phenylthiophene (m.pt. 184.degree.C) filtered off. The
      2-acetylamino-4-phenylthiophene is then dinitrated and de-acetylated by
      the process described in Example 2, to give
      2-amino-3:5-dinitro-4-phenylthiophene.
PAR  The 2-acetylamino-4-phenylthiophene-3-carboxylic acid was itself obtained
      by acetylation of 2-amino-3-ethoxycarbonyl-4-phenylthiophene followed by
      hydrolysis of the ester group with an aqueous solution of sodium
      hydroxide.
PAC  EXAMPLE 11
PAR  51.3 parts of 2-formylaminothiophene-3-carboxylic acid are added to 500
      parts of sulphuric acid (sp.gr. 1.84) at a temperature between 5.degree.
      and 10.degree.C, and 113.4 parts of the nitrating mixture described in
      Example 5 are then added at a temperature between -10.degree. and
      -5.degree.C. The mixture is then stirred for 1 hour at -5.degree.C to
      0.degree.C and the mixture poured into 650 parts of ice and 250 parts of
      water containing 20 parts of sulphamic acid. The mixture is heated for 6
      hours at 60.degree.C, cooled and the precipitated
      2-amino-3:5-dinitrothiophene filtered off, washed with water and dried.
PAC  EXAMPLE 12
PAR  In place of the 51.3 parts of 2-formylaminothiophene-3-carboxylic acid used
      in Example 11 there are used equivalent amounts of
      2-(.beta.-carboxypropionylamino)thiophene-3-carboxylic acid or
      2-(chloroacetylamino)thiophene-3-carboxylic acid when
      2-amino-3:5-dinitrothiophene is similarly obtained.
PAR  The 2-(.beta.-carboxypropionylamino)thiophene-3-carboxylic acid was
      obtained as follows:
PAR  51.5 parts of an aqueous solution of sodium hydroxide of sp.gr. 1.35 was
      added, at a temperature below 20.degree.C, to a solution of 26.4 parts of
      cyanoacetic acid in 102 parts of water, 21.5 parts of mercaptoacetaldehyde
      dimer were then added and the mixture stirred for 3 hours at
      60.degree.-70.degree.C. The solution was then cooled to 5.degree.C, 38
      parts of succinic anhydride added at a temperature below 40.degree.C, the
      pH of the mixture being maintained between 7.5 and 10 by the addition of
      sodium hydroxide. The pH was then adjusted to 7, the mixture filtered, the
      filtrate acidified and the solid (m.pt. 200.degree.-202.degree.C (dec);
      yield 85%) filtered off, washed with water and dried.
PAR  The 2-(chloroacetylamino)thiophene-3-carboxylic acid was prepared in
      similar manner, the succinic anhydride being replaced by an equivalent
      amount of chloroacetyl chloride and the acylation being carried out at a
      temperature below 10.degree.C.
PAC  EXAMPLE 13
PAR  5.55 parts of 2-acetylaminothiophene-3-carboxylic acid and a mixture of 20
      parts of 20% oleum and 4 parts of nitric acid of sp.gr. 1.50 are
      simultaneously added to 30 parts of sulphuric acid monohydrate, the
      temperature of the mixture being maintained at -5.degree. to 0.degree.C by
      external cooling. The mixture is then stirred for 1 hour at the same
      temperature, poured into a mixture of ice and water and the precipitated
      2-acetylamino-3:5-dinitrothiophene filtered off, washed with water and
      dried. The product is then de-acetylated as previously described to give
      2-amino-3:5-dinitrothiophene.
PAC  EXAMPLE 14
PAR  A mixture of 10 parts of acetic acid, 10 parts of acetic anhydride and 1.89
      parts of nitric acid of sp.gr. 1.50 is added to a suspension of 5.55 parts
      of 2-acetylaminothiophene-3-carboxylic acid in 35 parts of acetic
      anhydride, the temperature of the mixture being maintained at 20.degree.
      to 25.degree.C. The mixture is stirred for 2 hours at the same
      temperature, poured into a mixture of ice and water and the precipitated
      2-acetylamino-5-nitrothiophene-3-carboxylic acid (m.pt.
      233.degree.-237.degree.C) filtered off, washed with water and dried. On
      decarboxylation and nitration as described above the product is converted
      to 2-amino-3:5-dinitrothiophene.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of a compound of the formula
      ##SPC5##
PAL  wherein R is selected from the group consisting of hydrogen, lower alkyl
      and phenyl and X is selected from the group consisting of hydrogen, lower
      alkyl, chloromethyl and .beta.-carboxyethyl, which comprises reacting a
      compound of the formula HSCH.sub.2 OR or a dimer thereof having the
      formula
      ##EQU2##
      wherein R has the meaning given above, with cyanoacetic acid, lower alkyl
      cyanoacetate or cyanoacetamide in an aqueous alkaline medium at a
      temperature between 20.degree. and 100.degree.C, adding an acylating agent
      of an acid of the formula HOOCX wherein X has the meaning given above and
      acylating at a pH of between 4 and 10 by addition, as necessary, of an
      aqueous solution of an alkali.
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PAL  Thiophosphoric and dithiophosphoric acid esters of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl or sec, butyl, R.sub.3 and R.sub.4 each represents chlorine,
      bromine, methyl or ethyl, R.sub.5 represents
      ##EQU1##
      AND X represents oxygen or sulphur, processes for their manufacture and
      their use in pest control.
PARN
     This is a division of application Ser. No. 408,874 filed on Oct. 23, 1973.
BSUM
PAR  The present invention relates to thiophosphoric and dithiophosphoric acid
      esters, process for their manufacture, and to their use in pest control.
PAR  The thiophosphoric and dithiophosphoric acid esters have the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl or sec, butyl, R.sub.3 and R.sub.4 each represents chlorine,
      bromine, methyl or ethyl, R.sub.5 represents
      ##EQU2##
      X represents oxygen or sulphur.
PAR  The alkenyloxy, alkinyloxy, alkoxyalkyleneoxy, or alkenylthio groups
      possible for R.sub.5 can be straight-chain or branched. Examples of such
      groups include: allyloxy, methallyloxy, proparglyloxy,
      1-methyl-2-propinyloxy, 1,1-dimethyl-2-propinyloxy,
      (1-methyl-2-methoxy)-ethoxy, 2-methoxy-ethoxy, 2-methoxy-ethoxy,
      2-ethoxy-ethoxy, allylthio, methallylthio.
PAR  The alkyl moieties of an acetal, thioacetal, n-alkylformimino,
      N-alkylhydrazono or N,N-dialkylhydrazono group R.sub.5 are straight-chain.
      Examples of such alkyl moieties include: methyl, ethyl.
PAR  A preferred group of compounds is that of the formula I, wherein R.sub.1
      represents methyl or ethyl, R.sub.2 represents n-propyl or sec. butyl,
      R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine, methyl or
      ethyl, R.sub.5 represents allyloxy, methallyloxy, 2-chloroallyloxy,
      3-chloroallyloxy, propargyloxy, allylthio or methallylthio, and X
      represents oxygen.
PAR  A further preferred group of compounds of the formula I is that wherein
      R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl or sec.
      butyl, R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine,
      methyl or ethyl, R.sub.5 represents
      ##EQU3##
      X represents oxygen.
PAR  Yet a further preferred group of compounds of the formula I is that wherein
      R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl or sec.
      butyl, R.sub.3 and R.sub.4 each represents hydrogen, chlorine, bromine,
      methyl or ethyl, R.sub.5 represents 2-chloroallyl or 3-chloroallyl, and X
      represents oxygen.
PAR  Particularly to be highlighted on account of their action are the compounds
      of the formula I wherein R.sub.1 represents ethyl, R.sub.2 represents
      n-propyl or sec. butyl, R.sub.3 and R.sub.4 each represents hydrogen,
      chlorine, bromine or methyl, and R.sub.5 is in ortho-position and
      represents 2-chloroallyl or 3-chloroallyl, and X represents oxygen.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. in the following manner:
      ##SPC3##
PAR  In the formulae II, III and IV, R.sub.1 to R.sub.5 and X have the meanings
      given for the formula I and Me represents an alkali metal, in particular
      sodium or potassium, ammonium or alkylammonium.
PAR  Process 1a and 1b can be carried out at normal pressure, at a temperature
      of 0.degree.-80.degree.C, preferably 20.degree.-50.degree.C, and in
      solvents and diluents that are inert towards the reactants.
PAR  Examples of suitable solvents or diluents are: ether and ethereal
      compounds, such as diethyl ether, dipropyl ether, dioxan, tetrahydrofuran;
      amides, such as N,N-dialkylated carboxy amides; aliphatic, aromatic, and
      halogenated hydrocarbons, in particular benzene, toluene, xylene,
      chloroform, chlorobenzene; nitriles, such as acetonitrile.
PAR  The starting materials of the formula II are known and can be manufactured
      by a method analogous to e.g. that described in J. Org. Chem. 30 3217
      (1965).
PAR  The active substances of the formula I are suitable for combating animal
      and plant pests of the most diverse kinds. In particular, they act
      effectively against all development states, such as eggs, larvae, nymphs,
      pupae, and adults of insects, e.g. of the families:
PAR  Acrididae, Blattidae, Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae,
      Phyrrhocoridae, Reduviidae, Aphididae, Delphacidae, Diaspididae,
      Pseudococcidae, Chrysomelidae, Coccinellidae, Bruchidae, Scarabaeidae,
      Dermestidae, Tenebrionidae, Curculionidae, Tineidae, Noctuidae,
      Lymantriidae, Pyralidae, Galleriidae, Culcidae, Tipulidae, Stomoxydae,
      Muscidae, Calliphoridae, Trypetidae, Pulicidae.
PAR  The compounds of the formula I are also active against eggs, larvae, and
      adults of representatives of the order Acarina, such as mites, spider
      mites, and ticks, e.g. of the families: Ixodidae, Argasidae,
      Tetranychidae, and Demanyssidae.
PAR  The insecticidal or acaricidal action can be substantially broadened and
      adapted to given circumstances by addition of other insecticides and/or
      acaricides. Examples of suitable additives are: organic phosphorus
      compounds, derivatives of nitrophenols, formamidines, ureas, carbamates,
      and chlorinated hydrocarbons.
PAR  In addition to the above cited properties, the compounds of the formula I
      are also active against fungi, for exampel against the phytopathogenic
      fungi of the classes: Oomycetes, Zygomycetes, Ascomycetes, Basidiomycetes,
      Denteromycetes. They are also active against phytopathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technology, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      appication technology.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in, the following forms:
PAC  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAC  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  The content of active substance in the above described agents is between
      0.1 to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5%.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance
PA2  95 parts of talcum
PA1  b. 2 parts of active substance
PA2  1 part of highly disperse silicic acid
PA2  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAC  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3-0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PAC  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder;
PA1  a. 40 parts of active substance,
PA2  5 parts of sodium lignin sulphonate,
PA2  1 part of sodium dibutyl-naphthalene sulphonate,
PA2  54 parts of silicic acid.
PA1  b. 25 parts of active substance,
PA2  4.5 parts of calcium lignin sulphonate,
PA2  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA2  19.5 parts of silicic acid,
PA2  19.5 parts of Champagne chalk,
PA2  28.1 parts of kaolin
PA1  c. 25 parts of active substance,
PA2  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA2  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  8.3 parts of sodium aluminium silicate,
PA2  16.5 parts of Kieselgur
PA2  46 parts of kaolin.
PA1  d. 10 parts of active substance,
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA2  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA2  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance,
PA2  3.4 parts of epoxidised vegetable oil,
PA2  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylaryl sulphonate calcium salt,
PA2  40 parts of dimethylformamide,
PA2  43.2 parts of xylene,
PA2  25 parts of active substance,
PA2  2.5 parts of epoxidised vegetable oil,
PA2  10 parts of an alkylarylsulphonate/fatty alcoholglycol ether mixture,
PA2  5 parts of dimethylformamide,
PA2  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAC  Spray:
PAR  The following constituents are used to prepared a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzene (boiling limits 160.degree.-190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  Manufacture of O-ethyl-S-(n)-propyl-O-4-formylphenyl-thiophosphoric acid
      ester
PAR  13.3 G of triethylamine are added to a solution of 17 g of
      4-hydroxybenzaldehyde in 150 ml of benzene. 26.4 g of
      O-ethyl-S-(n)-propyl-chlorothiolphosphoric acid ester are added dropwise
      with constant stirring at 10.degree.-15.degree.C. The reaction mixture is
      stirred for 12 hours at room temperature, then it is washed with water, 3%
      Na.sub.2 CO.sub.3 solution, and again with water, and dried over anhydrous
      sodium sulphate. The benzene is distilled off. Molecular distillation of
      the residue yields the compound of the formula
      ##SPC4##
PAL  with a refractive index of n.sub.D.sup.23 = 1.5350.
PAR  The following compounds are also manufactured in analogous manner:
      ##EQU4##
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     .vertline..vertline.                                                      

     .angle.                                                                   

                              n.sub.D.sup.20 = 1,5705                          

     C--CH.sub.3                                                               

     .angle.                                                                   

     SS                                                                        

     .vertline..vertline.                                                      

     ----                                                                      

                              n.sub.D.sup.20 = 1,5600                          

     CH                                                                        

     .angle.                                                                   

     CH.sub.3 SSC.sub.2 H.sub.5                                                

                              n.sub.D.sup.20 = 1,5346                          

     CH.sub. 2 --CH=CH--Cl                                                     

                              n.sub.D.sup.20 = 1,5318                          

     CH.sub.2 --CH=CH--Cl                                                      

                              n.sub.D.sup.20 = 1,5532                          

     CH.sub.2 --CH=CH--Cl                                                      

                              n.sub.D.sup.20 = 1,5400                          

     CH.sub.2 --CH=CH--Cl                                                      

                              n.sub.D.sup.20 = 1,5419                          

     CH.sub.2 --CH=CH--Cl                                                      

                              n.sub.D.sup.20 = 1,5299                          

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

                              n.sub.D.sup.20 = 1,5489                          

     S--CH.sub.2 --C=CH.sub.2                                                  

     .vertline.                                                                

     CH.sub.3                                                                  

                              n.sub.D.sup.20 = 1,5542                          

     CH                                                                        

     .angle.                                                                   

     OS                                                                        

     .vertline..vertline.                                                      

     ----                                                                      

                              n.sub.D.sup.20 = 1,5245                          

     O--CH.sub.2 --CH=CH.sub.2                                                 

                              n.sub.D.sup.20 = 1,5220                          

     O--CH.sub.2 --CH=CH.sub.2                                                 

                              n.sub.D.sup.20 = 1,5225                          

                              n.sub.D.sup.20 = 1,5308                          

     OCH.sub.2 --C.tbd.CH                                                      

                              n.sub.D.sup.20 = 1,5290                          

     OCH.sub.2 --C.tbd.CH                                                      

                              n.sub.D.sup.20 = 1,5298                          

                              n.sub.D.sup.20 = 1,5219                          

     O--CH.sub.2 --C=CH.sub.2                                                  

     .vertline.                                                                

     CH.sub.3                                                                  

                              n.sub.D.sup.20 = 1,5334                          

     OCH.sub.2 --CH=CH--Cl                                                     

                              n.sub.D.sup.20 = 1,5244                          

     OCH.sub.2 --C=CH.sub.2                                                    

     .vertline.                                                                

     Cl                                                                        

                              n.sub.D.sup.20 = 1,5102                          

     OCH--CH.sub.2 --OCH.sub.3                                                 

     .vertline.                                                                

     CH.sub.3                                                                  

                              n.sub.D.sup.20 = 1,5430                          

                              n.sub.D.sup.20 = 1,5372                          

                              n.sub.D.sup.20 = 1,5530                          

                              n.sub.D.sup.20 = 1,5591                          

                              n.sub.D.sup.20 = 1,5418                          

                              n.sub.D.sup.20 = 1,5669                          

     CH=N--N(CH.sub.3).sub.2                                                   

                              n.sub.D.sup.20 = 1,5565                          

                              n.sub.D.sup.22 = 1,5489                          

                              n.sub.D.sup.22 = 1,5568                          

                              n.sub.D.sup.20 = 1,5272                          

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

                              n.sub.D.sup.20 = 1,5681                          

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

                              n.sub.D.sup.20 = 1,5355                          

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

     ______________________________________                                    

PAR  In addition, the following compounds are manufactured in analogous manner:
      ##EQU5##
TBL  R'                 Physical Data                                          

     ______________________________________                                    

     SCH.sub.3                                                                 

     CH.angle.          n.sub.D.sup.20 = 1,5862                                

     SCH.sub.3                                                                 

                        n.sub.D.sup.20 = 1,5890                                

     CH                                                                        

     .angle.                                                                   

     CH.sub.3 SSCH.sub.3                                                       

     CH                 n.sub.D.sup.20 = 1,598 - 1,599                         

     .angle.                                                                   

     SS                                                                        

     .vertline..vertline.                                                      

     ----                                                                      

     CH                 n.sub.D.sup.20 = 1,5527                                

     .angle.            OO                                                     

     .vertline..vertline.                                                      

     ----                                                                      

     CH.sub.2 --CH=CH--Cl                                                      

                        n.sub.D.sup.20 = 1,5549                                

                        n.sub.D.sup.23 = 1,5824                                

                        n.sub.D.sup.22 = 1,5454                                

     ______________________________________                                    

PAR  The following compounds are also manufactured in analogous manner:
TBL  Compound                  Physical Data                                   

     ______________________________________                                    

     (i)C.sub.4 H.sub.9 S.parallel.                                            

     .angle.P--O--             n.sub.D.sup.22 = 1,5412                         

     C.sub.2 H.sub.5 O                                                         

     O                                                                         

     (sec.)C.sub.4 H.sub.9 S.parallel.                                         

     .angle.P--O--             n.sub.D.sup.22 = 1,5402                         

     C.sub.2 H.sub.5 O                                                         

     O                                                                         

     (i)C.sub.4 H.sub.9 S.parallel.                                            

     .angle.P--O--             n.sub.D.sup.20 = 1,5284                         

     C.sub.2 H.sub.5 O                                                         

     CH.sub.2 --CH=CH--Cl                                                      

     O                                                                         

     (sec.)C.sub.4 H.sub.9 S.parallel.                                         

     .angle.P--O--             n.sub.D.sup.20 = 1,5313                         

     C.sub.2 H.sub.5 O                                                         

     CH.sub.2 --CH=CH--Cl                                                      

     O                                                                         

     (i)C.sub.4 H.sub.9 S.parallel.                                            

     .angle.P--O--             n.sub.D.sup.20 = 1,5240                         

     C.sub.2 H.sub.5 O                                                         

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

     O                                                                         

     (sec.)C.sub.4 H.sub.9 S.parallel.                                         

     .angle.P--O--             n.sub.D.sup.20  = 1,5273                        

     C.sub.2 H.sub.5 O                                                         

     CH.sub.2 --C=CH.sub.2                                                     

     .vertline.                                                                

     Cl                                                                        

     O                                                                         

     (i)C.sub.4 H.sub.9 S.parallel.SCH.sub.3                                   

     .angle.P--O--CH.angle.    n.sub.D.sup.20 = 1,5625                         

     C.sub.2 H.sub.5 OSCH.sub.3                                                

     O                                                                         

     (sec.)C.sub.4 H.sub.9 S.parallel.SCH.sub.3                                

     .angle.P--O--CH.angle.    n.sub.D.sup.20 = 1,5605                         

     C.sub.2 H.sub.5 OSCH.sub.3                                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  A. Insecticidal ingest poison action
PAR  Tobacco plants were sprayed with a 0.05% aqueous emulsion (obtained from a
      10% emulsifiable concentrate). After the coating had dried, the tobacco
      plants were populated with Spodoptera littoralis larvae L.sub.3 and with
      Heliothis virescens larvae L.sub.3. The test was carried out at
      24.degree.C and 60% relative humidity. In the above test, the compounds
      according to Example 1 exhibited good ingest poison action against
      Spodoptera littoralis and Heliothis virescens.
PAC  B. Insecticidal contact action
PAR  Broad beans (Vicia faba) reared in pots were infected with about 200
      leaflice (Aphis fabae) per plant one day before the application. A spray
      broth in a concentration of 1000 ppm (prepared from a 25% wettable powder)
      was applied to the leaves populated with lice using a compressed air
      spray. Evaluation took place 24 hours after the application. In the above
      test, the compounds according to Example 1 exhibited good contact action
      against Aphis fabae.
PAC  EXAMPLE 3
PAC  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro' were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rates of application: 8 kg of active substance
      per hectare). Evaluation of the insecticidal action took place 10 days
      after application of the granules.
PAR  The compounds according to Example 1 were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action against ticks
PAL  A. rhipicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be absorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAL  B. boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using a
      dilution series analogous to that of test A. (The resistence refers to the
      tolerability of Diazinon).
PAR  The compounds according to Example 1 acted well in these tests against
      adults and larvae of Thipicephalus bursa and larvae of Boophilus
      microplus.
PAC  EXAMPLE 5
PAC  Action against spider mites
PAR  Phaseolus vulgaris (dwarf beans) had an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which had migrated were sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth did not run off. The number of living and dead
      larvae, adults and eggs were evaluated after 2 to 7 days under a
      stereoscopic microscope and the result was expressed in percentages.
      During the "interim", the treated plants were kept in greenhouse
      compartments at 25.degree.C.
PAR  The compounds according to Example 1 were active in the above test against
      eggs, larvae and adults of Tretranychus urticae.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein R.sub.1 represents methyl or ethyl, R.sub.2 represents n-propyl,
      isobutyl, or sec. butyl, R.sub.3 and R.sub.4 each represents hydrogen,
      chlorine, bromine, methyl or ethyl, R.sub.5 represents
      ##EQU6##
      and X represents oxygen or sulphur.
NUM  2.
PAR  2. A compound according to claim 1, wherein R.sub.2 represents n-propyl or
      sec. butyl, R.sub.5 represents
      ##EQU7##
      and X represents oxygen.
NUM  3.
PAR  3. O-Ethyl-S-n-propyl-O-[2-(1,3-dioxolan-2-yl)-phenyl]-thiolphosphate,
      according to claim 2.
NUM  4.
PAR  4. O-Ethyl-S-n-propyl-
     O-[2-(4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl]-thiolphosphate, according to
      claim 2.
NUM  5.
PAR  5. O-Ethy
     l-S-n-propyl-O-[2-(4,4,5-trimethyl-1,3-dioxolan-2-yl)-phenyl]-thiolphosphat
     e, according to claim 2.
NUM  6.
PAR  6. O-Ethyl-S-n-propyl-O-
     [2-(1,3-dioxolan-2-yl)-4-bromophenyl]-thiolphosphate, according to claim 2.
NUM  7.
PAR  7. O-Ethyl-S-n-propyl-O-[3-(1,3-dioxan-2-yl)-phenyl]-thiolphosphate,
      according to claim 2.
NUM  8.
PAR  8. O-Ethyl-S-n-propyl-O-[2-(1,3-dioxolan-2-yl)-phenyl]-dithiophosphate,
      according to claim 1.
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ABST
PAL  Metal-containing catalyst compounds which are soluble in reaction mediums
      are maintained in the desired soluble form during an alternate oxidation
      and reduction process by utilizing an inert solid material in the reaction
      mixture.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 172,573 which was filed Aug. 17, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art is replete with various solid supports or catalysts which are
      present in chemical reactions. However, all of these prior art references
      have in common the fact that the catalysts thereof are employed in a solid
      or slurry form, the solid material which is used being as a catalyst
      support or as a means for slurrying the catalyst. One particular prior art
      reference describes a solid support which is used specifically to adsorb
      and bind the reduced metallic non-oxidized insoluble solid catalysts,
      examples of these catalysts being solid palladium metal in a zero valence
      state composited on charcoal, solid nickel metal in a zero valence state
      composited on kieselguhr, etc., the efficacy of the process depending upon
      the maintenance of the metal-containing catalyst in certain reduced,
      insoluble, non-dissolved, solid, precipitated, dispersed forms. Using the
      reaction conditions set forth in this reference, the catalyst metal in the
      zero valence state will not dissolve, that is, it will not be a solute in
      the liquid reaction mixture. Furthermore any soluble metal which may be
      introduced into the system would be reduced to the metallic state. The
      solubilization of the metal from the catalysts disclosed in this reference
      by using an oxidizing atmosphere, as taught in the present application,
      would be detrimental to the methods set forth in this reference in view of
      the catalyst activity and economic losses which would occur due to metal
      solubilization.
PAR  In contradistinction to the prior art, it will be hereinafter shown in
      greater detail that it is possible to obtain improved yields of the
      desired products by effecting a condensation reaction in the presence of
      an oxygen-containing gas and a catalyst comprising a metal-containing
      compound which is soluble on the reaction medium in the presence of an
      inert solid material, the efficiency of the process of this invention
      depending upon the maintenance of the metal-containing compound in an
      oxidized, soluble, dissolved and non-solid form.
PAR  This invention relates to a method for the maintenance of catalytic
      compositions of matter in a desirable form. More specifically, the
      invention is concerned with a method for maintaining catalysts in a
      soluble form while effecting a chemical reaction in the presence of a
      catalyst comprising a metal-containing compound which is soluble in the
      reaction medium and an oxygen-containing gas, the maintenance of the
      metal-containing compound in soluble form being enhanced by the presence
      of an inert solid material.
PAR  A wide variety of chemical reactions, a particular example being a
      condensation reaction involving the use of an oxygen-containing gas, are
      catalyzed by compositions of matter comprising metal-containing compounds
      such as metal cations or metal complexes which are homogeneous in the
      reaction medium. Therefore, during the course of many of these reactions,
      the metal-containing catalytic compositions of matter are alternately
      reduced and oxidized. During this alternate reduction and oxidation, the
      metal-containing catalyst which is in a soluble, homogeneous state is
      sometimes reduced to a point where the metal is in a zero valence state
      and therefore may deposit out on the reactor walls or become powdery in
      nature. In each case, oxidation of the metal in a zero valence as a solid
      may not be efficient under the conditions of the reaction, and therefore
      the loss of the soluble metal catalyst reduces the rate of the reaction to
      a point which is not economically feasible to operate, or in extreme
      instances, will stop the reaction completely. This then necessitates
      replacement of the catalyst with additional amounts thereby reducing the
      efficiency of the reaction and increasing the cost of operation to a
      point, as hereinbefore set forth, may render the process economically
      unfeasible to operate.
PAR  It is therefore an object of this invention to provide a method for
      maintaining the catalyst system in a homogeneous state.
PAR  A further object of this invention is to provide a method whereby soluble
      metal-containing catalytic compositions of matter are maintained in said
      soluble form, thus permitting the reaction which employs the catalyst to
      proceed at an efficient rate of operation.
PAR  In one aspect an embodiment of this invention is found in a chemical
      condensation reaction in the presence of an oxygen-containing gas and a
      catalyst comprising a metal-containing compound which is soluble in the
      reaction medium, said chemical reaction being operated under conditions
      such that the metal component of said metal-containing compound is
      alternately reduced to a valence state of zero and oxidized back to the
      higher valence state of its soluble form, the improvement in the process
      comprising effecting said reaction in the presence of an inert solid
      material.
PAR  A specific embodiment of this invention is found in a palladium-containing
      catalyst in soluble form during a chemical condensation reaction which is
      effected in the presence of an oxygen-containing gas and said
      palladium-containing catalyst, said chemical reaction being operated under
      conditions such that the palladium component of said palladium-containing
      catalyst is alternately reduced to a valence state of zero and oxidized
      back to the higher valence state of its soluble form, the reaction being
      effected in the presence of .gamma.-alumina.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with a process
      or method for maintaining metal-containing catalysts in a predetermined
      physical stae and preferably in a soluble state. This is advantageous when
      utilizing a catalyst in the state in a variety of chemical reactions. As
      an illustration of the difficulty which may be encountered when utilizing
      a metal-containing catalyst, the following equations are set forth in
      which R is the reacting system, R.sub.(ox) is the product or products
      desired and n is 1, 2 or 3 depending upon the valence of the metal portion
      of the catalyst.
EQU  R + M.sup.n.sup.+ .fwdarw. R.sub.(ox) + M.sup.o
EQU  4M.sup.o + 4nH.sup.+ + nO.sub.2 .fwdarw. 4M.sup.n.sup.+ + 2nH.sub.2 O
PAL  As shown in the above reactions, it is possible that the metal-containing
      catalyst which is soluble in the reaction system is sometimes reduced to a
      metal layer which deposits on the reactor walls or to a metal powder. When
      this occurs, oxidation of these types of metals in a valence state of zero
      may not be efficient under the reaction conditions which are suitable for
      promoting the reaction set forth in the first equation. Thus, as
      hereinbefore set forth, there is a loss of the soluble metal catalyst
      which will retard the formation of the desired product, or in some
      instances, stop the reaction completely.
PAR  It has now been discovered that by effecting the reaction in the presence
      of an inert solid support, it will be possible to maintain the catalyst in
      the desired physical state, which, in many instatnces, is in solution, the
      presence of the support assisting in the oxidation of the metal in a
      valence state of zero back to the desired valence state and thus
      preventing the formation of metallic layer or powder, each of which is
      difficult to oxidize. By permitting the metal in a valence state of zero
      to form on the surface of the solid support, it will permit an efficient
      and rapid re-oxidation of the metal in a valence state of zero back to the
      desired higher valence state, thus allowing the metal to remain in a
      soluble state. In other words, the inert solid material assists the
      oxidation of the zero valence metal by providing a large surface area onto
      which the zero valence metal will adsorb, and, being so adsorbed, will
      itself have a larger surface area than it would have had if the inert
      solid material were not present. The adsorbed metal thereby achieves a
      higher surface-to-mass ratio than it would achieve by adsorption onto the
      reactor walls in the absence of the inert solid material. Therefore, the
      adsorbed zero valence high surface area metal is oxidized by the chemical
      oxidants present in the reaction system at a rate much faster than the
      rate of oxidation of an equivalent mass of non-adsorbed zero valence low
      surface area metal, precisely because of the high surface area of the
      former metal.
PAR  Examples of some of the catalysts which may be maintained in the soluble
      form comprise those transition metals which would ordinarily be reduced to
      a valence state of zero during reactions which they are used to catalyze.
      Particularly speaking, these metal-containing catalysts would include
      those metals of Groups VIII and IB of the Periodic Table, and specifically
      the salts of platinum, palladium, nickel, cobalt and silver. Illustrative
      examples of these salts would be platinum acetate, platinum
      acetylacetonate, platinum chloride, platinum bromide, palladium acetate,
      palladium acetylacetonate, palladium chloride, palladium bromide, nickel
      acetate, nickel acetylacetonate, nickel chloride, nickel bromide, cobalt
      acetate, cobalt acetylacetonante, cobalt chloride, cobalt bromide, silver
      acetate, silver acetylacetonate, silver chloride, silver bromide, etc. It
      is to be understood that the present invention is not necessarily limited
      to the maintenance of the above-mentioned catalysts in a soluble form but
      will extend to other catalyst salts which are soluble form and which may
      have the metal salts thereof reduced to zero during the specific reaction
      which they are employed.
PAR  The solid supports which may be utilized in the present invention comprise
      those which are inert or substantially inert and are not effected by the
      particular reaction in which they are employed. These solid supports may
      include both low surface area and high surface area compounds, the high
      surface area supports being preferred inasmuch as the metal which is
      deposited thereon may be more readily oxidized back to a higher valence
      state. Some specific examples of these solid supports will include carbon,
      activated carbon, diatomaceous earths such as kieselguhr, clays such as
      montmorillonite, kaolin, metal oxides and mixtures thereof such as
      alumina, either the alpha, gamma, eta, or theta variety, silica,
      silica-alumina, silica-magnesia-alumina, silica-alumina-magnesia,
      silica-alumina-zirconia, etc.
PAR  The solid support may be utilized to maintain the catalysts in a soluble
      state when effecting the particular reactions in either a batch or
      continuous type of operation. For example, when a batch type operation is
      used, the solid support is placed in an appropriate reaction apparatus
      which may comprise a flask or a pressure vessel such as an autoclave of
      the rotating or mixing type, the choice of said apparatus being dependent
      upon the particular reaction conditions which are to be employed during
      the reaction. Following this the catalyst is added to the reaction vessel,
      the feed stock is charged thereto and the reactor is sealed. In the
      preferred embodiment of the invention an oxygen-containing gas such as air
      or oxygen is also charged thereto and the reaction is allowed to proceed
      while employing a predetermined set of reaction conditions. These reaction
      conditions include elevated pressures as well as elevated temperatures,
      the reactor being heated to the desired operating temperature and the
      desired operating pressure is reached by utilizing the oxygen-containing
      gas such as air or oxygen. In the event that the oxygen-containinng gas is
      programmed to supply only a partial amount of the desired operating
      pressure, the remainder may be obtained by also charging thereto an inert
      gas such as nitrogen. The oxygen-containing gas is to be employed for the
      purpose of oxidizing the catalyst back to a higher valence state after
      said catalyst has had the metal portion thereof reduced to a valence state
      of zero. Upon completion of the desired residence time, the reactor is
      allowed to return to ambient temperature and any excess pressure is
      discharged to return the vessel to atmospheric pressure. The reaction
      mixture is recovered and the desired product is separated from any
      unreacted starting material and recovered by conventional means such as
      washing, drying, extraction, filtration, fractional distillation under
      reduced pressure, fractional crystallization, etc.
PAR  When employing a continuous manner of operation, the solid support of the
      type hereinbefore set forth in greater detail is placed in an appropriate
      apparatus which is maintained at the proper operating conditions of
      temperature and pressure. Following this the catalyst, oxygen-containing
      gas, and the feed stock are charged thereto through separate lines or, if
      so desired, the catalyst may be admixed with the feed stock and the
      resulting mixture charged thereto in a single stream. Upon completion of
      the desired residence time, the reactor effluent is continuously withdrawn
      and subjected to conventional means of separation whereby the desired
      product will be recovered and removed to storage, while any unreacted
      starting materials may be recycled to form a portion of the feed stock.
DETD
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  To illustrate the operablility of the present invention, an experiment was
      performed in which 282 grams (3.0 moles) of phenol, 180 grams (3.0 moles)
      of acetic acid, 103 grams (1.20 moles) of methyl acrylate, 12.0 grams
      (0.0602 moles) of cupric acetate monohydrate, 0.70 grams (0.0031 mole) of
      palladium acetate along with 6 grams of a finely divided inert
      diatomaceous earth known in the trade as Celite were placed in a flask.
      Following this, air was bubbled into the solution at a rate of two cubic
      feet per hour, the reaction being effected at atmospheric pressure, and
      the contents of the flask wre heated to a temperature of 90.degree.C. The
      reaction contined for a period of 7 hours with the subsequent formation of
      the methyl esters of o- and p-hydroxycinnamic acids and coumarin. During
      the entire reaction period, the catalyst remained in soluble form and did
      not precipitate out.
PAR  In contrast to this, when the same experiment was repeated, the significant
      difference being the Celite was not present in the reaction mixture, a
      black shiny metallic mirror of elemental palladium precipitated out and
      formed on the wall of the glass reactor.
PAC  EXAMPLE II
PAR  In another example, 282 grams (3.0 moles) of phenol, 182 grams (3.04 moles)
      of acetic acid, 52.0 grams (0.604 moles) of methyl acrylate, 2.4 grams
      (0.012 moles) of cupric acetate monohydrate, 1.4 grams (0.0062 moles) of
      pallidium acetate, and 6 grams of a finely divided inert diatomaceous
      earth known in the trade as Celite were placed in a stainless steel
      autoclave. The autoclave was sealed and pressured to 250 pounds per square
      inch with air; this pressure being maintained as the mixture was stirred
      and air was bubbled through it at a rate of two cubic feet per hour
      (measured at atmospheric pressure). The mixture was heated to 90.degree.C.
      for 3.5 hours while maintaining the stirring and the air flow,
      hereinbefore described. The catalyst did not precipitate out on the walls
      of the autoclave, while the methyl esters of o- and p-hydroxycinnamic
      acids and coumarin were obtained in a good yield.
PAR  By way of contrast, when the same experiment was repeated, except that
      Celite was not present in the reaction mixture, a black, shiny mirror of
      elemental palladium formed on the inner walls of the autoclave, and black,
      powdery elemental palladium was formed. The yield of methyl esters of o-
      and p-hydroxycinnamic acids and coumarin was greatly reduced when compared
      to the yield of the methyl esters of o- and p-hydroxycinnamic acids
      utilizing the 6 grams of Celite in the reaction mixture.
PAC  EXAMPLE III
PAR  As a further illustration of the difference which exists when utilizing an
      inert solid material, 4.7 grams of a catalyst containing 6.79% (0.003
      mole) of palladium adsorbed on a diatomaceous earth known in the trade as
      Hyflo Super-Cel Celite along with 6.0 grams (0.030 mole) of cupric acetate
      monohydrate and 66 grams (1.10 mole) of glacial acetic acid were placed in
      a 300 cc. stirred, stainless steel autoclave. The autoclave was sealed and
      air was pressed in until an initial operating pressure of 1400 pounds per
      square inch gauge was reached. The autoclave was heated to a temperature
      of 100.degree.C. and stirred for a period of 4 hours. At the end of this
      period, the autoclave and contents thereof were allowed to return to room
      temperature, the excess pressure was vented and the recovered solid was
      subjected to chemical analysis. It was found that the solid contained only
      0.31% of palladium metal. Thus, 95% of the palladium had been oxidized and
      dissolved into the acetic acid, the catalyst thus being maintained in a
      soluble form.
PAC  EXAMPLE IV
PAR  In contradistinction to the experiment performed to Example III above,
      another experiment was performed in which a mixture comprising 0.213 grams
      (0.002 mole) of palladium black powder, 4.0 grams (0.020 mole) of cupric
      acetate monohydrate and 44 grams (0.73 mole) of glacial acetic acid was
      placed in a 300 cc. stirred, stainless steel autoclave. The autoclave was
      sealed and air was again pressed in until an inital operating pressure of
      1400 pounds per square inch gauge was reached. Thereafter the autoclave
      was heated to a temperature of 100.degree.C. and stirred for a period of 4
      hours while maintaining the autoclave at this temperature and pressure. At
      the end of the 4-hour period, heating was discontinued, the autoclave and
      contents thereof were cooled to room temperature, the excess pressure was
      vented, there being found that only 0.0626 grams of palladium, amounting
      to 29% of the palladium powder charged, was found to be dissolved in the
      acetic acid. It is therefore strikingly illustrated by a comparison of the
      results obtained in Examples III and IV that the presence of a solid
      material in the reaction zone will assist in the oxidation of the catalyst
      in zero valence state and will thus permit the catalyst to remain in the
      desired form, namely, a soluble, oxidized state.
PAC  EXAMPLE V
PAR  As a further illustration of the ability of a catalyst which is maintained
      in a soluble, non-solid, oxidized stated to convert the reactants into a
      relatively high yield of the desired product, a mixture comprising 0.5
      mole of benzene, 0.10 mole of methyl acrylate, 0.50 mole of glacial acetic
      acid, 0.002 mole of palladium (II) acetylacetonate and 0.002 mole of
      cupric acetate monohydrate was charged to a 300 cc. stirred, stainless
      steel autoclave. The autoclave was sealed and air was pressed in until an
      initial operating pressure of 1100 pounds per square inch gauge was
      reached. The autoclave was stirred, heated to a temperature of
      120.degree.C. and maintained at the aforementioned operating temperature
      and pressure for a period of 6 hours. During this time the bulk of the
      palladium and copper salt remained dissolved in the reaction medium.
      During the 6-hour reaction time, liquid samples were periodically
      withdrawn and analyzed by means of gas chromatography. At the end of the
      6-hour period, an 86% conversion of the methyl acrylate and a 70% yield of
      methyl cinnamate, the desired product, based on the methyl acrylate
      charged, were noted.
PAC  EXAMPLE VI
PAR  In contradistinction to the above experiment, another experiment was run
      utilizing a solid catalyst. To a 300 cc. stirred, stainless steel
      autoclave was added 0.5 mole of benzene, 0.10 mole of methyl acrylate,
      0.50 mole of glacial acetic acid, 0.002 mole of cupric acetate monohydrate
      and 0.002 mole of palladium black powder. The latter comprised a solid
      catalyst and was used in place of the palladium (II) acetylacetonate which
      was the soluble catalyst in the above experiment. The autoclave was sealed
      and pressured to 1500 pounds per square inch gauge with air. Thereafter
      the autoclave was stirred, heated to a temperature of 120.degree.C. and
      maintained thereat for a period of 6 hours. During this reaction period,
      the bulk of the palladium powder remained in solid form and did not
      dissolve in the reaction medium. As in the above example, liquid samples
      were again periodicially withrawn during the reaction time and analyzed by
      means of gas chromatography. After 6 hours of reaction, it was noted that
      there had been only a 10% conversion of the methyl acrylate and only a 10%
      yield of methyl cinnamate, the desired product, based on the methyl
      acrylate charged.
PAR  It is therefore readily apparent from a comparison of the above examples
      that there is a substantial difference in activity between a solid
      catalyst and a catalyst which is soluble in the reaction mixture, the
      latter catalyst being effective in obtaining a yield which is seven times
      greater and a conversion which is over eight times greater than that which
      is obtained when utilizing a solid catalyst which does not dissolve in the
      reaction mixture.
PAR  By utilizing the process of the present invention in which an inert solid
      material of the type hereinbefore set forth in greater detail is present
      in the reaction mixture to assist in maintaining the metals in soluble,
      oxidized form rather than in a solid form during the alternate oxidation
      and reduction of the metal, it is possible to obtain a greater yield of
      the desired product than that which is obtained when omitting the presence
      of the inert solid material.
PAC  EXAMPLE VII
PAR  In this example, a mixture of 3 moles of phenol, 3 moles of acetic acid,
      0.5 mole of methyl acrylate, 0.06 jmole of cupric acetate, 0.00624 mole of
      palladium acetylacetonate and 6 grams of .gamma.-alumina is placed in a
      glass reactor. Following this, air is bubbled into the mixture with
      continuous stirring and the mixture is heated to a temperature of
      90.degree.C. for a period of 7.5 hours. At the end of the aforementioned
      reaction time, heating is discontinued and the reaction mixture is
      recovered. The desired product comprising the methyl esters of o- and
      p-hydroxycinnamic acids is recovered in a relatively high yield, the
      catalyst comprising palladium acetylacetonate remaining in a soluble form
      without depositing any elemental palladium on the walls of the reactor. In
      contrast to this, when the above experiment is repeated omitting the
      .gamma.-alumina in the reaction mixture, it will be found that the
      palladium acetylacetonate is reduced and palladium in a valence state of
      zero will deposit out on the walls of the reactor.
PAC  EXAMPLE VIII
PAR  A mixture of equimolar amounts of phenol and acetic acid along with acrylic
      acid, cupric acetate, platinum acetate, and activated carbon is treated in
      a manner similar to that hereinbefore set forth in Examples I to VII. Upon
      completion of the desired residence time of 7.5 hours, during which time
      the mixture is continuously stirred while being heated to a temperature of
      90.degree.C., and air being introduced at a rate of two cubic feet per
      hour, the reaction mixture is recovered. It will be found that coumarin is
      produced in a relatively good yield without any loss of the platinum
      acetate catalyst, there being no deposit of elemental platinum on the
      walls of the reactor.
PAR  As in the previous examples, when the experiment is repeated in the absence
      of any activated carbon, there will be a lower yield of coumarin produced
      with an attendant deposition of elemental platinum in a valence state of
      zero on the walls of the reactor.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In the chemical condensation of phenol or benzene with acrylic acid or
      its methyl ester in the presence of an oxygen-containing gas and a
      compound of a noble metal of Group VIII of the Periodic Table which is
      soluble in the reaction medium, said chemical reaction being operated
      under conditions such that the metal component of said metal-containing
      compound is alternately reduced to a valence state of zero and oxidized
      back to the higher valence state of its soluble form, the improvement
      which comprises effecting said reaction in the presence of an inert high
      surface area solid material selected from the group consisting of carbon,
      activated carbon, diatomaceous earth, clay and metal oxides.
NUM  2.
PAR  2. The process as set forth in claim 1 in which said inert solid material
      is a high surface area alumina.
NUM  3.
PAR  3. The process as set forth in claim 2 in which said high surface area is
      alumina is .gamma.-alumina.
NUM  4.
PAR  4. The process as set forth in claim 1 in which said inert solid material
      is a diatomaceous earth.
NUM  5.
PAR  5. The process as set forth in claim 1 in which said inert solid material
      is activated carbon.
NUM  6.
PAR  6. The process as set forth in claim 1 in which said inert solid material
      is silica-alumina.
NUM  7.
PAR  7. The process as set forth in claim 1 in which said inert solid material
      is a clay.
NUM  8.
PAR  8. The process as set forth in claim 1 in which said noble metal is
      palladium.
NUM  9.
PAR  9. The process as set forth in claim 1 in which said noble metal is
      platinum.
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ABST
PAL  A feed material containing the group --O--(CR.sub.2).sub.n --CO-- in a
      macrocyclic ring or acylic chain is heated to between 300.degree.C and
      500.degree.C in the absence of a catalyst to give a mono-unsaturated
      acyclic carboxylic acid. For example polymeric .epsilon.-caprolactone
      gives .delta.-.epsilon. hexenoic acid. This acid is then cyclised by
      heating with a strong protonating agent. In the example the product is
      .gamma.-caprolactone or 4-hexanolactone.
BSUM
PAR  The present invention relates to the production of .gamma.-lactones.
PAR  British Pat. No. 1 203 753 describes a method of making lactones wherein a
      material containing the group -- O -- (CR.sub.2).sub.n -- CO --, in which
      R represents a hydrogen atom or a methyl group and n is an integer from 4
      to 11, is heated to a temperature of at least 50.degree.C in the presence
      of a metal salt of an organic acid having from 1 to 6 carbon atoms or a
      metal oxide, the metal being zinc, copper, calcium, strontium or barium.
      The method described is particularly applicable to the preparation of
      .epsilon.-caprolactone.
PAR  According to the present invention there is provided a process for the
      production of a .gamma.-lactone which comprises (a) heating a feed
      material containing the group -- O -- (CR.sub.2).sub.n --CO-- in which R
      represents a hydrogen atom or a methyl group and n is an integer from 5 to
      11 in a macrocyclic ring or an acyclic chain, to a temperature of from
      300.degree.C to 500.degree.C in the absence of substantial amounts of
      added catalyst to form an acyclic carboxylic acid whose .delta. atom is
      unsaturated and (b) cyclising said acyclic carboxylic acid by contacting
      it with a catalyst comprising a strong protonating agent.
PAR  The starting material containing the group --O-- (CR.sub.2)n --CO-- in an
      acyclic chain may be formed as a by-product in the preparation of lactones
      from starting materials such as cyclic ketones and peracids. In the case
      where cyclohexanone and peracetic acid are reacted together to form
      .epsilon.- caprolactone one side product is a material which appears to
      contain the group --O-- (CH.sub.2).sub.5 --CO-- in an acyclic chain.
      Various cyclic polymers may be present in such side product but they
      appear to revert to acyclic material on heating. It will be apparent that
      the said group is also present in homopolymerised lactones, e.g.
      macrocyclic polymers. The present invention is particularly suitable for
      converting such materials into .gamma.- caprolactone.
PAR  It has now been found that if, for example, materials containing the group
      --O-- (CH.sub.2).sub.5 --CO-- in an acyclic chain are heated in the
      substantial absence of added catalyst, then the main product is not
      .epsilon.-caprolactone but is the unsaturated acid, 5- hexenoic acid or
      .delta. - .epsilon. unsaturated hexanoic acid. The unsaturated acid may be
      formed in good yields. Preferably the material containing the acyclic
      chain is heated at atmosphere pressure and preferably at a temperature
      within the range of from 350.degree.C to 500.degree.C. Side products such
      as undesirable lactones or cyclopentanone may be formed but then may be
      removed by fractional distillation.
PAR  By the term ".gamma.- lactone" is meant a lactone having a total of 4
      carbon atoms in the lactone ring. An "acyclic carboxylic acid whose
      .delta. atom is unsaturated" means an acylic carboxylic acid which is
      unsaturated in the .delta.-.epsilon. or .gamma.-.delta. position, i.e. an
      acid which has the part formula --C = C -- C -- C  C -- COOH or --C = C --
      C -- C -- C -- COOH.
PAR  The strong protonating agent may be one or more of a strong acid such as
      sulphuric acid, toluene p-sulphonic acid, formic acid, oxalic acid or
      trifluoroacetic acid, a cation exchange resin in the free acid form, a
      strongly acidic mixture containing hydrogen ions such as hydrogen halides
      in acetic acid or a similar protonating agent. A preferred strong
      protonating agent is a cation exchange resin in the free acid form. The
      cation exchange resin is preferably a macro-reticular exchange resin such
      as that sold by Rohm and Haas as AMBERLYST 15. AMBERLYST is a registered
      Trade Mark.
PAR  According to another aspect of the present invention there is provided a
      process for the production of a .gamma.- lactone which comprises cyclising
      an acyclic carboxylic acid in which an olefinic bond is present in the
      .delta. - .epsilon. position by contacting it with a cation exchange resin
      in the free acid form at a temperature of from 100.degree.C to
      200.degree.C.
PAR  It will be understood from the above that the cyclising step may be carried
      out in the presence of .gamma.- lactone. The unsaturated carboxylic acid
      is normally in the liquid phase and is conveniently contacted continuously
      in a column with the strong protonating agent which may be a liquid or a
      solid.
PAR  Preferably the temperature of the contacting is from 120.degree.C to
      160.degree.C. The reaction with the strong protonating agent may result in
      a small amount of .delta.- lactone remaining or being formed and this may
      be removed from the .gamma.- lactone by, for example, distillation and
      then recycled over the catalyst. Unreacted acid may also be recovered by
      distillation and recycled.
PAR  The present invention also provides .gamma.- lactones wherever made
      according to the process of the present invention. The .gamma.- lactones
      are particularly useful as solvents for certain polymeric materials such
      as polystyrene, cellulose butyrate acetate and polyurethane.
PAR  A specific embodiment of the present invention will now be described by way
      of example only.
DETD
PAC  EXAMPLE
PAR  A sample of polymeric residue (2001.1g) from the preparation of .delta.-
      caprolactone from cyclohexanone and peracetic acid containing the acyclic
      chain --O-- (CH.sub.2).sub.5 --CO--O-- was heated in a flask with a
      distillation head and condenser attached. By the time the temperature has
      reached 300.degree.C a distillate (95g), mainly water, had collected. Over
      the temperature range of from 360.degree.C to 460.degree.C, an organic
      distillate (1628.9g) was obtained and analysed at approximately 70% 5 -
      hexenoic acid, 25% .delta.- caprolactone and 5% cyclopentanone. The
      components of the distillate were separated by fractional distillation.
      The polymeric residue remaining was recycled.
PAR  The 5- hexenoic acid was fed to a column containing AMBERLYST 15 cation
      exchange resin in the H.sup.+ form (100 mls) at a rate of about 0.5 bed
      volumes per hour. The column was electrically heated and its temperature
      maintained at 140.degree.C. The column effluent was analysed at .gamma.-
      caprolactone 87%, .delta.- caprolactone 1% and 5 - hexenoic acid 11%.
PAR  The 5- hexenoic acid was recycled.
PAR  The .epsilon.- caprolactone from the first stage and the .delta.-
      caprolactone from the second stage were treated in accordance with out
      copending British patent application Ser. No. 17497/73 to give 5-hexenoic
      acid which was passed to the second stage of the process of this invention
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a .gamma.-caprolactone comprising (a)
      heating a polymeric feed material containing the group -- O --
      (CR.sub.2).sub.5 --CO --, in which R represents a hydrogen atom or a
      methyl group, in a macrocylic ring or an acyclic chain, to a temperature
      of from 300.degree.C to 500.degree.C in the absence of added catalyst
      thereby to form an acyclic carboxylic acid whose .delta. atom is
      unsaturated and (b) cyclising said acyclic carboxylic acid by contacting
      it with a catalyst comprising a strong protonating agent, selected from
      the group consisting of strong acids, cation exchange resins in the free
      acid form, and strongly acidic mixtures containing hydrogen ions.
NUM  2.
PAR  2. The process according of claim 1, wherein the feed material, containing
      the group --O-- (CR.sub.2).sub.5 --CO-- in an acyclic chain, has been
      formed as a by-product in the preparation of lactones from the reaction of
      cyclic ketones with peracids.
NUM  3.
PAR  3. The process of claim 1, wherein the unsaturated acyclic carboxylic acid
      is in the liquid phase and is contacted continuously in a column with the
      strong protonating agent which is a solid, the cyclising being effected at
      a temperature in the range 120.degree.C to 160.degree.C.
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ABST
PAL  Aminopropanols with .beta.-blocking activity having the general formula
      ##SPC1##
PAL  Wherein R is hydrogen, C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl, R.sub.1 is C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl; R.sub.2 and R.sub.3 each independently represent hydrogen or
      C.sub.1 -C.sub.2 alkyl, R.sub.4 is hydrogen or alkoxy of 1 to 4 C, n is
      the number 1 or 2; and their pharmaceutically acceptable acid addition
      salts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A series of compounds displaying .beta.-blocking activity is reported in a
      review by A. M. Karow et al., published in "Progress in Drug Research",
      Vol. 15, page 103 (Birkhauser Verlag Basel, 1971).
PAR  The substances which have this biological effect generally must have an
      alkylaminopropanol chain attached to an aromating ring system, sometime by
      an ethereal link.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with new pharmacologically active compounds.
      More particularly, the new compounds with which the invention is concerned
      are aminopropanol derivatives of the general formula
      ##SPC2##
PAL  Wherein R is hydrogen, C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl, R.sub.1 is C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl; R.sub.2 and R.sub.3 each independently represent hydrogen or
      C.sub.1 -C.sub.2 alkyl, R.sub.4 is hydrogen or alkoxy of 1 to 4 C, n is
      the number 1 or 2; and the pharmaceutically acceptable acid addition salts
      thereof. In the specification and in the claims, it is understood that the
      substituents on the aromatic ring may be in all possible mutual positions.
      Moreover, the invention is further characterized in that, when n is the
      number 2, the symbol R.sub.2 and R.sub.3 may have a different meaning in
      each of the two groups CR.sub.2 R.sub.3 : for instance in the group
      CR.sub.2 R.sub.3 which is bound to the aromatic ring, both R.sub.2 and
      R.sub.3 may represent hydrogen and in the group CR.sub.2 R.sub.3 which is
      bound to the oxygen atom both R.sub.2 and R.sub.3 may represent C.sub.1
      -C.sub.2 alkyl or one of them represents hydrogen and the other represents
      C.sub.1 -C.sub.2 alkyl.
PAR  In the specification and claims the term C.sub.1 -C.sub.4 alkyl refers to
      aliphatic radicals containing 1 to 4 carbon atoms such as methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl and tert-butyl.
PAR  The term "C.sub.1 -C.sub.2 alkyl" identifies the groups methyl and ethyl.
      In the "hydroxy-(C.sub.2 -C.sub.4)alkyl" groups the C.sub.2 -C.sub.4 alkyl
      portion may be straight or branched; said groups may identify for istance,
      2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 2-hydroxybutyl,
      2-hydroxy-2-methylpropyl radicals.
PAR  In the term "lower alkoxy" the alkyl portion is defined in the same way as
      the term C.sub.1 -C.sub.4 alkyl. Representative lower alkoxy groups are
      for instance methoxy, ethoxy, propoxy and butoxy.
PAR  A preferred group of compounds comprises those compounds of formula I where
      if n is 1, R is hydrogen, R.sub.1 is propyl, isopropyl, butyl, isobutyl or
      tert-butyl, R.sub.2 and R.sub.3 represent hydrogen, R.sub.4 represent
      hydrogen or methoxy; if n is 2, the symbols R, R.sub.1 and R.sub.4 have
      the same meanings as in the previous case, R.sub.2 and R.sub.3 in the
      groups CR.sub.2 R.sub.3 which is bound to the aromatic ring both represent
      hydrogen while in the group which is bound to the oxygen atom each of them
      may independently represent hydrogen, methyl or ethyl.
PAR  The acids which may form pharmaceutically acceptable salts are for instance
      hydrochloric acid, hydrobromic acid, sulfuric acid, acetic acid, oxalic
      acid, p-toluenesulfonic acid, methanesulfonic acid, maleic acid, succinic
      acid, citric acid and the like.
PAR  The new compounds of the invention show a high activity on
      .beta.-receptors. More particularly, they are long acting
      .beta.-adrenergic blocking agents and are therefore useful in the
      treatment of cardio-circulatory diseases such as angina pectoris, cardiac
      arrhytmies and hypertension. Their activity is associated with a low
      toxicity.
PAR  The compounds of this invention are prepared by reacting a hydroxy
      derivative of the formula II with a 1-halo-2,3-epoxypropane preferably in
      the presence of a catalytic amount of an organic base to obtain the epoxy
      derivative III which in turn is contacted with a selected amine IV
      according to the following scheme where R, R.sub.1, R.sub.2, R.sub.3,
      R.sub.4 and n have the same meaning as before
      ##SPC3##
PAR  The compound I is usually isolated as an acid addition salt such as
      hydrochloride, hydrobromide and oxalate. The starting hydroxy compounds II
      are literature compounds or are prepared according to common procedures as
      described in the examples.
PAR  In the actual practice the first reaction step between the hydroxycompound
      and the haloepoxypropane is carried out by heating for 3-8 hours at about
      100.degree.C a mixture of the two reactants preferably in the presence of
      a few drops of an organic base such as piperidine. Said mixture generally
      contains a large excess of the haloepoxypropane which in this way, acts
      also as a solvent. When the reaction is complete the unreacted compound is
      eliminated by distilling under vacuum. The ring opening of the epoxide III
      is effected by dissolving the compound in an organic solvent such as, for
      instance, a lower alkanol and by successively adding an excess of the
      predeterminated amine R.sub.1 RNH. The reaction mixture is maintained for
      several hours at a temperature from about 0 to about the boiling
      temperature until thin layer chromatography of the solution shows that the
      reaction is complete.
PAR  Evaporation of the solvents affords a crude residue that is dissolved in a
      lower alkanol and then transformed into the corresponding salt through
      saturation of the solution with dry hydrogen halide or by addition of a
      suitable acid containing solution.
PAR  As mentioned before the compounds which the present invention is concerned
      with display marked .beta.-adrenergic blocking activity. Some
      representative experiments in anesthesized rats showed ED.sub.50 values,
      i.e. the amount of compound required to reach a 50 percent effect in
      antagonizing isopropylnoradrenaline induced tachycardia and pressor
      response, ranging from about 0.003 to about 0.3 mg/kg i.v.
PAR  The following table reports the value of ED.sub.50 of some compounds in
      antagonizing isopropylnoradrenaline induced tachycardia in conscious dogs.
      As a standard compound pronethalol was taken into consideration.
      Pronethalol, i.e. 2-isopropylamino-1-(1-naphthyl)-ethanol, is a known
      .beta.-blocking agent.
TBL                TABLE                                                       

     ______________________________________                                    

     Compound of                                                               

                ED.sub.50      LD.sub.50                                       

     Example    mg/Kg i.v.     mg/Kg os                                        

     ______________________________________                                    

     1          0.01           &gt;500                                            

     2          0.3            &gt;500                                            

     5          0.003          &gt;500                                            

     6          0.1            &gt;500                                            

     7          0.055          &gt;500                                            

     8          0.07           &gt;500                                            

     9          0.1            &gt;500                                            

     10         0.1            &gt;500                                            

     12         0.003          &gt;500                                            

     13         0.005          &gt;500                                            

     14         0.1            &gt;500                                            

     15         0.018          &gt;500                                            

     Pronethalol                                                               

                0.55            330                                            

     ______________________________________                                    

PAR  In the conscious dogs the compounds proved to be active also by oral
      administration. The invention compounds can be advantageously administered
      orally or by intravenous and subcutaneous route. For this purpose, they
      are compounded into suitable pharmaceutical forms, such as, for instance,
      tablets, capsules, suspensions and solutions. The dosage unit may contain
      the usual excipients like starch, gums, fatty acids, sugars,
      preservatives, solvents and other pharmaceutical carriers. The dosage
      range is from 0.001 to about 3 mg/kg. of body weight per day, preferably
      administered in divided doses.
PAR  Accordingly the present invention provides a therapeutic composition
      comprising as the active ingredient a compound of the invention together
      with a pharmaceutically acceptable carrier.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The present invention is illustrated but not limited by the following
      examples.
PAC  EXAMPLE 1
PAC  7-(2-Hydroxy-3-isopropylamino-propoxy)-phthalide hydrochloride.
PAR  A mixture of 18 g. (0.12 mole) of 7-hydroxyphthalide, 180 g. of
      1-chloro-2,3-epoxypropane (2 moles) and 0.5 ml. of piperidine is heated at
      100.degree.C for about 5 hours and then the unreacted
      1-chloro-2,3-epoxypropane is distilled off in vacuo. The residue is
      crystallized successively from methanol and ethyl acetate. Yield 12 g.
      (48%). M.p. 88.degree.-90.degree.C.
PAR  One gram of the so obtained 7-(2,3-epoxy-propoxy)-phthalide (0.00485 mole)
      is dissolved in 150 ml. of methanol and 3.5 g. of isopropylamine (0.06
      mole) are added to the solution at about 20.degree.C. The solution is
      allowed to stand overnight and, after thin layer chromatography has shown
      that the starting epoxide has been completely consumed, the mixture is
      evaporated in vacuo and the residue is dissolved in methanol. Saturation
      of the obtained organic solution with dry hydrogen chloride gives a
      precipitate which is 7-(2-hydroxy-3-isopropylamino-propoxy)-phthalide
      hydrochloride. Yield 0.87 g. (60%); m.p. 195.degree.-6.degree.C.
PAC  EXAMPLE 2
PAC  6-(2-Hydroxy-3-isopropylamino-propoxy)-phthalide.
PAR  The title compound is prepared according to the procedure of Example 1 by
      utilizing 6-hydroxyphthalide in the place of 7-hydroxyphthalide. The
      compound is isolated as a free base; m.p. 95.degree.-7.degree.C. The
      intermediate 6-(2,3-epoxy-propoxy)-phthalide melts at
      120.degree.-1.degree.C.
PAC  EXAMPLE 3
PAC  5-(2-Hydroxy-3-isopropylamino-propoxy)-phthalide hydrochloride.
PAR  The title compound is prepared according to the procedure of Example 1 by
      utilizing 5-hydroxyphthalide in the place of 7-hydroxyphthalide; m.p.
      202.degree.-3.degree.C. The intermediate 5-(2,3-epoxypropoxy)-phthalide
      melts at 145.degree.-7.degree.C.
PAC  EXAMPLE 4
PAC  4-(2-Hydroxy-3-isopropylamino-propoxy)-phthalide hydrochloride.
PAR  The title compound is prepared according to the procedure of Example 1 by
      utilizing 4-hydroxyphthalide in the place of 7-hydroxyphthalide; m.p.
      198.degree.-200.degree.C. The intermediate 4-(2,3-epoxypropoxy)-phthalide
      melts at 142.degree.-4.degree.C.
PAC  EXAMPLE 5
PAC  7-(2-Hydroxy-3-tert-butylamino-propoxy)-phthalide hydrochloride.
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing ter-butylamine instead of isopropylamine; m.p.
      156.degree.-7.degree.C.
PAC  EXAMPLE 6
PAC  7-(2-Hydroxy-3-isopropylamino-propoxy)-1-isochromanone hydrochloride.
PAR  The title compound is obtained according to the procedure of Example 1 by
      utilizing 7-hydroxy-1-isochromanone in the place of 7-hydroxy-phthalide;
      m.p. 183.degree.-5.degree.C. The intermediate
      7-(2,3-epoxy-propoxy)-1-isochromanone melts at 94.degree.-6.degree.C.
PAC  EXAMPLE 7
PAC  7-(2-Hydroxy-3-tert-butylamino-propoxy)-1-isochromanone hydrochloride.
PAR  The title compound is obtained according to the procedure of Example 1 by
      utilizing 7-hydroxy-1-isochromanone in the place of 7-hydroxyphthalide and
      tert-butylamine in the place of isopropylamine; m.p.
      199.degree.-201.degree.C.
PAC  EXAMPLE 8
PAC  4-(2-Hydroxy-3-tert-butylaminopropoxy)-phthalide hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 4-hydroxyphthalide in the place of 7-hydroxyphthalide and
      tert-butylamine in the place of isopropylamine; m.p.
      251.degree.-2.degree.C.
PAC  EXAMPLE 9
PAC  6-(2-Hydroxy-3-tert-butylamino-propoxy)-phthalide hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 6-hydroxyphthalide in the place of 7-hydroxyphthalide and
      tert-butylamine in the place of isopropylamine; m.p.
      203.degree.-5.degree.C.
PAC  EXAMPLE 10
PAC  7-(2-Hydroxy-3-isobutylamino-propoxy)-phthalide hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing tert-butylamine in the place of isobutylamine; m.p.
      149.degree.-51.degree.C.
PAC  EXAMPLE 11
PAC  5-(2-Hydroxy-3-tert-butylamino-propoxy)-phthalide hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 5-hydroxyphthalide in the place of 7-hydroxyphthalide and
      tert-butylamine in the place of isopropylamine; m.p.
      182.degree.-4.degree.C.
PAC  EXAMPLE 12
PAC  8-(2-Hydroxy-3-tert-butylamino-propoxy)-1-isochromanone hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 8-hydroxy-1-isochromanone in the place of 7-hydroxyphthalide and
      tert-butylamine in the place of isopropylamine; m.p.
      144.degree.-5.degree.C.
PAC  EXAMPLE 13
PAC  5-(2-Hydroxy-3-tert-butylamino-propoxy)-7-methoxy-3-methyl-1-isochromanone
      hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 5-hydroxy-3-methyl-7-methoxy-1-isochromanone in the place of
      7-hydroxyphthalide and tert-butylamine in the place of isopropylamine;
      m.p. 232.degree.-33.degree.C.
PAC  EXAMPLE 14
PAC  3-Ethyl-5-(2-hydroxy-3-tert-butylamino-propoxy)-7-methoxy-1-isochromanone
      hydrochloride
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 3-ethyl-5-hydroxy-7-methoxy-1-isochromanone in the place of
      7-hydroxyphthalide and tert-butylamine in the place of isopropylamine;
      m.p. 124.degree.-5.degree.C.
PAC  EXAMPLE 15
PAC  5-(2-Hydroxy-tert-butylamino-propoxy)-7-methoxy-3,3-dimethyl-1-isochromanon
     e oxalate.
PAR  The title compound is obtained according to the procedure of Example 1 by
      employing 5-hydroxy-7-methoxy-3,3-dimethyl-1-isochromanone in the place of
      7-hydroxyphthalide, tert-butylamine in the place of isopropylamine and
      oxalic acid instead of hydrogen chloride; m.p. 191.degree.-3.degree.C.
PAC  EXAMPLES 16-22
PAR  According to the procedure described in the previous examples the following
      compound may be prepared:
PA1  16) - 8-(2-Hydroxy-3-isopropylamino-propoxy)-1-isochromanone oxalate. M.p.
      147.degree.-9.degree.C.
PA1  17) - 7-(2-hydroxy-3-isopropylamino-propoxy)-5-methoxyphthalide
      hydrochloride
PA1  18) - 7-(2-Hydroxy-3-tert-butylamino-propoxy)-5-methoxyphthalide
      hydrochloride
PA1  19) - 7-(2-Hydroxy-3-isopropylamino-propoxy)-3-methylphthalide
      hydrochloride
PA1  20) - 7-(2-Hydroxy-3-tert-butylamino-propoxy)-3-methylphthalide
      hydrochloride
PA1  21) - 7-(2-Hydroxy-3-tert-butylamino-propoxy)-6-methoxyphthalide
      hydrochloride
PA1  22) - 7-(2-Hydroxy-3-isopropylamino-propoxy)-6-methoxyphthalide
      hydrochloride
PAC  Preparations of intermediates
PAR  The hydroxyphthalides used as the starting materials are prepared as
      described in the literature. The hydroxyisochromanones are prepared
      according to the procedures described below:
PAC  7-Hydroxy-1-isochromanone.
PAR  The title compound is obtained by reduction of 7-nitro-1-isochromanone to
      amino followed by reaction with sodium nitrite in acidic medium and
      decomposition of the obtained diazonium salt. All processes are carried
      out according to common procedures which are used for analogous compounds.
      The reduction is carried out by means of iron powder in the presence of
      hydrochloric acid while the conversion of the amino group to diazonium
      salt is effected by introducing sodium nitrite into a solution of the
      amino compound in dilute sulfuric acid. The diazonium salt is decomposed
      by dropping the solution into boiling 50% sulfuric acid.
      7-Hydroxy-1-isochromanone may be crystallized from water. M.p.
      181.degree.-2.degree.C.
PAR  The starting 7-nitro-1-isochromanone (M.p. 124.degree.-5.degree.C) is
      prepared from 1-isochromanone according to the same procedure described by
      J. Tirouflet for the nitration of phthalide. (Bull. Soc. Sci. Bretagne,
      No. 26, 7, 1951; Chemical Abstract, 47, 8692, 1953).
PAC  8-Hydroxy-1-isochromanone
PAR  This compound is obtained by demethylation of the corresponding 8-methoxy
      derivative (N.S. Narasimhan et al., Chem. Comm. 1970, 1552).
PAR  The demethylation is carried out by heating for 4 hours at 175.degree.C
      with an excess of pyridine hydrochloride according to a known procedure
      for cleavage of ethers. M.p. 58.degree.-60.degree.C (from light
      petroleum).
PAC  5-Hydroxy-7-methoxy-3-methyl-1-isochromanone
PAR  3-Hydroxy-5-methoxybenzoic acid methyl ester is reacted with allyl bromide
      in the presence of potassium carbonate to give 3-allyloxy-5-methoxybenzoic
      acid methyl ester. B.p. 128.degree.-30.degree.C/0.4 mmHg. The ester is
      hydrolized to the corresponding acid with 20% potassium hydroxide in
      aqueous ethanol. The acid (m.p. 85.degree.-7.degree.C) when heated for 2
      hours at 230.degree.C undergoes Claisen rearrangement and cyclization to
      the title compound which melts at 195.degree.-7.degree.C.
PAC  3-Ethyl-5-hydroxy-7-methoxy-1-isochromanone
PAR  The compound is obtained according to the procedure described above by
      using 3-chloro-1-butene instead of allyl bromide. M.p.
      167.degree.-8.degree.C.
PAC  5-Hydroxy-7-methoxy-3,3-dimethyl-1-isochromanone
PAR  The compound is obtained according to the procedure described before by
      using 3-chloro-2-methyl-1-propane instead of allyl bromide. M.P.
      231.degree.-33.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula I
      ##SPC4##
PAL  wherein R is hydrogen, C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl; R.sub.1 is C.sub.1 -C.sub.4 alkyl or hydroxy-(C.sub.2 -C.sub.4)
      alkyl; R.sub.2 and R.sub.3 each independently represent hydrogen or
      C.sub.1 -C.sub.2 alkyl, R.sub.4 is hydrogen or alkoxy of 1 to 4 C, n is
      the number 1 or 2; and the pharmaceutically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. A compound as in claim 1 which is
      7-(2-hydroxy-3-tert-butylamino-propoxy)-phthalide hydrochloride.
NUM  3.
PAR  3. A compound as in claim 1 which is
      8-(2-hydroxy-3-tert-butylamino-propoxy)-1-isochromanone hydrochloride.
NUM  4.
PAR  4. A compound as in claim 1 which is
      5-(2-hydroxy-3-tert-butylamino-propoxy)-7-methoxy-3-methyl-1-isochromanone
      hydrochloride.
NUM  5.
PAR  5. A compound as in claim 1 which is
      7-(2-hydroxy-3-isopropylamino-propoxy)-phthalide hydrochloride.
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ABST
PAL  The invention provides a method, applicable on an industrial scale,
      suitable to permit the production of sulphonated aromatic compounds with
      only a negligible formation of undesirable compounds.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an improved method for preventing
      undesired by-products from forming during the sulphonation or sulphation
      of organic aromatic compounds.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that during the sulphonation or sulphation of organic aromatic
      compounds, the final product desired tends to be highly contaminated by
      compounds coming from secondary reactions, said contaminating compounds
      are of course to be separated from the desired reaction product and that
      means reduction in yield and additional costs in processing. When on the
      other hand said contaminating compounds are left in the reaction product
      so as to save the separation costs, quality of said reaction product
      changes for the worse as said by-products modify the characteristics and
      purity thereof and particularly its smell, colour and solubility.
PAR  Such a condition occurs when oleum is used as the sulphonating agent, but
      increases considerably if, according to the latest technique, gaseous
      sulphur trioxide is used as sulphonating agent, the SO.sub.3 is diluted in
      an inert carrier gas to reduce, at least partly, the reactivity thereof.
PAR  Particularly, when sulphonating aromatic compounds, a part of the amount of
      the fed SO.sub.3 tends to bind itself, instead of to a single molecule of
      the aromatic compound to be sulphonated, to two molecules, thus forming a
      complex molecule of the compounds to be sulphonated, in general called a
      sulphone, said by-product when kept in the sulphonation mixture may itself
      undergo a further sulphonation process, giving sulphonated sulphones.
PAR  So, when sulphonating toluene, the desired final product consists of the
      toluene sulphonic acid (to be afterwards neutralized when required), while
      the undesired by-products are sulphones or sulphonated sulphones and other
      compounds.
PAR  Undesired compounds of the same nature are formed also when sulphonating
      benzene, xylene and similar aromatic hydrocarbon compounds.
PAR  Since, as said above, said by-products are undesirable, various attempts
      were made to limit their production during the sulphonation reaction. It
      is known for instance to this end to use small amounts of acetic acid
      which does not eliminate completely the production of those undesired
      compounds which at the end remain, though in small amounts, in the final
      product and must be separated therefrom. Further, there is a continuous
      loss of said acetic acid inhibiting agent, and said loss, though small in
      percent with respect to the treated product, is, at the end, considerable
      in absolute value when the process is performed in an industrial plant.
PAR  Up to date no method, applicable on an industrial scale to permit the
      production of sulphonated aromatic compounds with only a negligible
      formation of said undesired compounds, appears to be known.
PAC  OBJECTS OF THE INVENTION
PAR  A first object of the present invention is to overcome said disadvantage.
PAR  Particularly, it is further known that during the sulphonation of toluene
      the molecule of SO.sub.3 may bind itself in one of the three possible
      ortho, meta and para positions. Conditions favouring the formation of a
      sulphonated compound in one or the other position are generally known.
      However, there are limits to obtain, in a practical, economically feasable
      manner, a sulphonated product only in para position or in the meta or
      ortho position respectively.
PAR  Another object of the invention is to obtain directly
      para-toluene-sulphonic acid, with yields up to 99% and more.
PAC  SUMMARY OF THE INVENTION
PAR  The improved method for preventing by-products from forming during the
      sulphonation of aromatic compounds, like benzene, toluene, xylene and the
      like, is to feed the product to be sulphonated into a reaction vessel or a
      successive series of vessels, to each of which is fed a fraction of the
      stoichiometrically required amount of the gaseous sulphonating reagent
      consisting of SO.sub.3, diluted in an inert carrier gas. The sulphonic
      acid so obtained is afterwards, when required, subjected to
      neutralization, in a manner characterized by feeding the compound to be
      sulphonated to the various reaction steps in a large excess with respect
      to the amount of gaseous reagent fed in parallel to the various reaction
      stages; whereas the sulphonic acid formed in the reaction vessel as such
      or neutralized, is separated from the excess of the unsulphonated aromatic
      compound by the addition of the water or an aqueous solution used as
      solvent. The un-sulphonated aromatic compound, containing the reaction
      by-products dissolved therein, is recycled to the first reaction step so
      as to provide the required excess of the aromatic compound to be treated.
PAR  Said method is then further comprised in that the amount of gaseous reagent
      fed aggregately to the various reaction steps corresponds to about 5 - 50%
      of the stoichiometric quantity necessary to sulphonate completely the
      whole mass of the aromatic compound to be treated, said mass being fed to
      the first reaction step.
PAR  Said method also includes the aspect that when the desired sulphonic acid
      is a para-sulphonic acid, the reaction temperature is kept around
      0.degree.C.
PAR  Said method is further characterized in that the sulphonated sulphone
      formed as a by-product is used as the orienting agent to direct the
      sulphonation to the para position.
PAR  Said method also includes that when separating the water solution of the
      un-sulphonated aromatic compound mixture coming from the primary
      separation of the sulphonic acid as such or neutralized is distilled off,
      and the vapours still containing fractions of the un-sulphonated compounds
      are condensed, and then said fractions of the un-sulphonated aromatic
      compound which are separated from said water are recycled to the primary
      separation step of the sulphonic acid - water - solution from the
      un-sulphonated excess of aromatic compound.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example only, with reference to the accompanying
      drawing, wherein the single FIGURE shows a diagram of a plant suitable for
      the practice of the claimed method in the particular case when the
      aromatic compound to be sulphonated is represented by toluene.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With particular reference to the drawing, numerals 1 and 2 each denote a
      first and a second sulphonating device or vessel which are passed through
      in series by the product to be sulphonated and are fed in parallel by the
      gaseous reagent consisting of gaseous sulphur trioxide diluted in an inert
      carrier gas; numeral 3 denotes an ageing device or vessel wherein the
      sulphonation reaction between the compound to be sulphonated and the
      fractions of gaseous reagent still diluted therein is completed; 4 is the
      feeding conduit of the gaseous reagent SO.sub.3 diluted in an inert
      carrier gas which, through branches 5 and 6, is fed into the reaction
      vessels 1 and 2, as for the vessels it is to be noted that it is possible
      to have a single one or more than two of them; numerals 7 and 8 denote two
      conduits for extracting the inert gases initially introduced or developed
      during the reaction, which are left free to leave the single reaction
      vessels 1 and 2 so as to be conveyed, through a common pipe 9, to a device
      for depurating and recovering the toluene carried over by partial pressure
      with the steam. To said pipe 9 is similarly conveyed the flow of exhaust
      gases coming from said ageing device 3, through a discharge pipe 10.
PAR  Said two reaction vessels 1 and 2 and device 3 are each provided with a
      stirring device driven by engines 11, 12 and 13. In this particular case,
      the aromatic compound to be treated consisting of toluene, is fed through
      a conduit 14 to a constant level tank 15 which is in position to intercept
      the feeding from 14 when its content reaches a given level. From here the
      compound to be treated is conveyed, through a conduit 16, to a pump B with
      variable delivery by an engine 17, the latter driving at the same time
      also a pump A with variable delivery whose function will be explained
      later on.
PAR  Downstream of pump B the compound to be treated is fed, still through 16,
      into the bottom of the first sulfonation reaction vessel after passing
      through a cooler 18; the liquid mixture, which by overflow leaves said
      reaction vessel 1 through a conduit 19 and has partly reacted, is conveyed
      towards the bottom of said second sulfonation stage reaction vessel 2;
      then said mixture leaves by overflow, through 20, said reaction vessel 2
      and is fed to the bottom of aging device 3.
PAR  The liquid mixture leaves, by overflow, said device 3 and is conveyed,
      through said conduit 20, first to a proportionning device 21 and then to a
      mixing pump 22, the latter being at the same time fed with water only or
      an aqueous solution of caustic soda, through a conduit 23 coming from a
      plant for the production of said sodium hydroxide solution, denoted
      diagrammatically by 24.
PAR  It is now to be appreciated that the compound to be treated is fed in a
      large excess to reaction vessels 1 and 2, in the proportions stated
      herebelow, whereby said mixing pump 22 is reached, from conduit 20, by a
      liquid mixture consisting mainly of the compound to be treated and in a
      smaller proportion of the reaction product. Said two compounds are
      contaminated with various undesirable by-products, particularly with
      sulphones or sulphone-sulphonates corresponding to the compound to be
      treated, said sulphone, though being present in the range of some percent
      units, is however already contaminating the reaction product.
PAR  For said reaction vessels 1 and 2 and said device 3 a cooling heat
      exchanger plant, or generally a conditioning plant, may be further
      arranged, shown diagrammatically by 25, 26, 27.
PAR  The two phase liquid mixture consisting of the reaction product as such or
      neutralized, dissolved in water and the water imiscible the excess of the
      compound to be sulphonated, the undesirable by-products of the reaction,
      the water acting as a solvent for the reaction product, is fed from pump
      22, after passing through the cooling means 28, to a separating means 30.
      From the bottom of said means 30 is extracted the sulfonated reaction
      product in aqueous solution through conduit 31. From the top is extracted,
      through conduit 32, the excess of the aromatic compound to be sulphonated
      containing the dissolved sulphones and fractions of water.
PAR  A pump 33 conveys said mixture first to a heater 34 and then to an
      evaporator 35 from the bottom of which the un-sulphonated product mixed
      with the undesired by-product dissolved therein comes out through a pipe
      36.
PAR  The steam containing fractions of un-sulphonated compound, comes out of the
      top of an evaporator 35 through 37; said mixture, after being cooled in a
      cooler 38, is separated in a secondary separating device 39. From said
      device 39 and through 40, the water is discharged, while the
      un-sulphonated compound is conveyed back again to the main separating
      system 30 through a pipe 41.
PAR  Through said conduit 36 the mixture of un-sulphonated aromatic compound and
      reaction by-product, after stopping in a tank 50, is conveyed to a
      constant level tank 42 and from here, through said pump A, is mixed within
      said pipe 16 with the fresh aromatic compound to be treated coming from
      said tank 15.
PAR  As the reactivity of the gaseous reagent consisting of dilute SO.sub.3 with
      the aromatic compounds of either toluene, benzene and xylene is very high,
      an expert in the art might not consider it correct to feed the compound to
      be treated in a large excess with respect to SO.sub.3. Neither can the
      dilution of the sulphonation product into the product to be treated in
      excess be justified, according to the known art, by the need of lowering
      the reaction temperature, as the sulphonation reaction is highly
      exothermic; in fact, as was shown by previous patents, the separation of
      the sulphonation reaction in more stages permits keeping of the reaction
      temperature within a range which is not dangerous for the reaction
      product. It is further to be noted that, in contrast to what would appear
      logical, no provision is made in any method similar to the one described,
      for separating from the excess aromatic compound still unsulphonated,
      coming from 36, the undesired by-products of the reaction, mainly the
      sulphone and the sulphonated sulphones, which then go back to cycle
      through 16 into the reaction vessels 1 and 2.
PAR  As a matter of fact, it was surprisingly found that when in the liquid
      mixture formed by the compound to be sulphonated and the product of the
      sulphonation reaction is present, a given concentration of said sulphone
      accumlated, said concentration acts as a preventing agent against the
      successive formation of additional undesired compound.
PAR  At the same time and surprisingly as well, the sulphonated sulphone acts as
      an orienting agent for the SO.sub.3 group to appear in the para position.
PAR  On the other hand, as said by-products are non-soluble in the reaction
      product after the water dilution or aqueous soda solution neutralization
      step, they are not present in the pure reaction product coming out of said
      main separator 30, but remain almost completely within said un-sulphonated
      aromatic compound which, through 36, 42 and A, recycled into the two
      reaction vessels.
PAR  The effect thus obtained is that, after starting the plant when same works
      normally, there is a substantially stoichiometric consumption of the
      aromatic compound to be sulphonated and the gaseous reagent consisting of
      SO.sub.3, and on the other side the production of the sulphonated
      compound, as such or neutralized and completely free of by-products;
      therefore, for said by-products there is no problem for their disposal, as
      in a normal operation their hourly production is substantially nul and the
      amount of sulphone by product circulating within the plant system remains
      constant.
PAR  According to a preferred embodiment of the method according to the
      invention, same may be advantageously used for the production of
      sulphonated aromatic compounds sulfonated primarily in the para position,
      and whose percent of sulphonated compounds in the meta and orto positions
      may be reduced to some small percentage units.
PAR  According to said method, by sulphonating at the temperatures of
      -10.degree.C to +10.degree.C and using the sulphonated sulphone as
      orienting agent in the para position, it is possible to obtain a
      production of mixtures of isomers wherein the percent of para isomers
      reaches 99%.
PAR  Still by way of example the operative conditions for a plant suitable to
      produce 1000 kg/h of toluene sulphonic acid, are described herebelow.
PAR  The SO.sub.3 diluted in said inert carrier gas is obtained from the
      combustion of molten sulphur and the successive passage of the SO.sub.2
      produced in a catalyst tower where it is transformed into SO.sub.3. For
      the combustion of said molten sulphur, an excess of dry water is used so
      as to dilute said gaseous SO.sub.3 to about 9% by volume.
PAR  In normal operative conditions 535 kg/h of toluene and about 200 kgs. of
      sulphur are used.
PAR  For the production of the sodium salt of the sulphonic toluene acid 240
      kgs/h of NaOH at 100% are used and for the neutralization 1500 kgs/h of
      water suitable to dilute the caustic soda. When the neutralization is not
      required, only water is added. The amount of toluene fed continuously to
      said reaction vessel 1 is however largely in excess with respect to the
      amount of SO.sub.3 reaching aggregately said reaction vessels 1 and 2.
PAR  Said amount of SO.sub.3 is about 30% of the quantity stoichiometrically
      necessary for the sulphonation of the toluene coming from 16. Therefore,
      if through conduit 14 is fed a quantity of toluene equal to 535 kgs/h, the
      hour delivery of the recycle conduit for the toluene is equal to 1250
      kgs/h. The amount of di-toluene sulphone circulating within conduit 36 in
      the recycled toluene is 1 - 2% by weight. However, such a modest amount of
      reaction by-product is sufficient to work as a preventing agent inside
      said reaction vessels 1 and 2, and thus it prevents any further formation
      and accumulation of di-toluene sulphone.
PAR  The average composition of the product obtained in this case was the
      following (for 1000 kgs. of sulphonic toluene acid produced):
TBL  para toluene sulphonic acid                                               

                          97.91% (99.5% on the                                 

                           mixture of isomers                                  

     orto and meta-toluene sulphonic                                           

     acid                 0.49% max.(0.5 on                                    

                           isomers)                                            

     sulfuric acid        1.5% max.                                            

     di-toluene sulphone  0.1% max.                                            

PAR  It is to be understood that the invention is not limited to the examples
      shown. It is intended to cover all modifications and equivalents within
      the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved method for the sulfonation of aromatic hydrocarbon compounds
      by a gaseous reagent consisting of reactant SO.sub.3 diluted in inert
      diluent gases which comprises the steps of:
PA1  A. introducing the aromatic compound into a first of a plurality of
      reaction vessels;
PA1  B. feeding less than the stiochiometrically-required amount of the gaseous
      reagent of SO.sub.3, diluted in inert gases, into each of said reaction
      vessels to react with a portion of said aromatic compound to form a liquid
      mixture in said vessel of (a) unreacted excess aromatic compound, (b) the
      sulfonic acid product produced by the reaction of the aromatic compound
      with the SO.sub.3 ; and (c) some by-products, said by-products being
      soluble in said unreacted excess aromatic compound;
PA1  C. removing said mixture from said reaction vessels to a separation vessel;
PA1  D. separating said sulfonation product (b), from said unreacted excess
      aromatic compound (a) containing said dissolved by-product (c);
PA1  E. recovering said sulfonated product (b);
PA1  F. recycling to said first reaction vessel the unreacted aromatic compound
      (a) containing dissolved therein said by-products (c), whereby said
      by-products (c) achieve an inhibiting concentration for said by-product
      formation in said aromatic compound within the reaction vessels.
NUM  2.
PAR  2. The method according to claim 6 wherein an aqueous separating agent is
      added to said separation vessel in step C to form at least two immiscible
      liquid phases consisting of a heavier aqueous phase comprising an aqueous
      solution of the sulfonation reaction product (b) and a substantially
      waterimmiscible phase containing said unreacted excess of aromatic
      compound (a) having dissolved therein said by-products (c).
NUM  3.
PAR  3. The method according to claim 2 wherein said aqueous separating agent is
      water.
NUM  4.
PAR  4. The method according to claim 2 wherein said aqueous separating agent is
      an aqueous caustic soda solution and said product is recovered in the form
      of the sodium salt of the sulfonic acid.
NUM  5.
PAR  5. The method according to claim 1 wherein said aromatic compound is
      selected from the group consisting of benzene toluene and xylene.
NUM  6.
PAR  6. The method according to claim 1 wherein said aromatic compound is
      introduced into a first and successively into a plurality of vessels, each
      of which is fed with a fraction of said gaseous reagents.
NUM  7.
PAR  7. The method according to claim 1 wherein the entire amount of gaseous
      reagent fed to all the vessels corresponds to about 5-50% of the amount of
      SO.sub.3 stoichiometrically necessary for sulphonating the entire amount
      of said aromatic compound, said entire amount consisting of fresh compound
      and recycled compound, which entire amount is fed to said first vessel.
NUM  8.
PAR  8. The method according to claim 1, wherein the sulphonic acid product is a
      para-oriented aralkyl-sulphonic acid and the reaction vessel temperature
      is maintained at about -10.degree.C to +10.degree.C.
NUM  9.
PAR  9. The method according to claim 8, wherein the recycled by-product is used
      as an orienting agent to direct the sulphonation of aralkyl aromatic
      compounds to the para position.
NUM  10.
PAR  10. A method according to claim 2, wherein the separation of the aqueous
      solution containing said product from the excess aromatic compound mixture
      coming from the separation step is distilled and any vapors containing any
      volatilized fractions of the excess of unreacted aromatic compound are
      condensed, and then said fractions of the unreacted aromatic compound are
      decanted from the water and are recycled to said primary separation step
      to separate the aqueous solution of the product.
NUM  11.
PAR  11. An improved method according to claim 4, wherein the separation of the
      caustic solution of the product from the excess aromatic compound mixture
      from the separation step is distilled and the vapors containing any
      volatilized fractions of the excess aromatic compound are condensed, and
      then said condensate fractions of the aromatic compound are decanted from
      the water and are recycled to the primary separation step to separate the
      caustic aqueous solution of the product.
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PAL  A process for the preparation of a lower alkyl ester of a phthalic acid by
      contacting an ammonium salt of an aromatic carboxylic acid with vapors of
      a lower alkanol at a temperature between about 230.degree.C and about
      300.degree.C in the presence of an alkaline esterification catalyst.
BSUM
PAR  Esters of aromatic carboxylic acids such as phthalic acids are important
      chemicals of commerce which are useful as plasticizers, as films and fiber
      intermediates, and the like. It is known to make such esters by
      conventional esterification processes from the carboxylic acid and the
      alcohol using various techniques. Thus, U.S. Pat. No. 3,364,251 (Benning
      et al, issued Jan. 16, 1968) discloses reacting the acid in the solid
      state with the alcohol in a fluidized bed at 280.degree. to 300.degree.C.
      U.S Pat. No. 3,377,376 (Gainer et al, issued Apr. 9, 1968) discloses a
      vapor phase reaction between an aromatic dicarboxylic acid (e.g.,
      terephthalic acid) and an alcohol at 600.degree. to 760.degree.F in the
      presence of a solid esterification catalyst impregnated with an alkali
      metal oxide. Also of interest is U.S. Pat. No. 3,320,303 (Schenk et al,
      issued May 16, 1967) which describes theh preparation of terephthalic acid
      esters by reaction of a monoalkali metal salt of terephthalic acid
      (derived from the dialkali metal terephthalate) with methanol in a liquid
      phase reaction at 80.degree.  to 350.degree.C and in the presence of an
      esterification catalyst.
PAR  All of the above processes require the use of the free phthalic acid,
      either alone or as an intermediate to alkali metal salt used for
      conversion to the ester. Thus, such processes are useful where the
      carboxylic acid is made by a process which yields the acid directly, as
      for example, by the liquid phase cobalt-catalyzed oxidation of an
      alkyl-aromatic hydrocarbon (e.g., xylene) such as disclosed in U.S. Pat.
      No. 2,853,514, 3.036,122, and by Henkel technology where alkali metal
      carboxylates are rearranged to give a free acid product. There are
      available, however, vapor phase ammoxidation processes where aromatic
      carboxylic acids may be made by hydrolysis of the corresponding nitriles
      obtained by ammoxidation (see U.S. Pat. No. 2,833,807, Farkas et al,
      issued May 6, 1958 and U.S. Pat. No. 2,838,558, Hadley et al, issued June
      10, 1958). In such processes, the nitrile hydrolysis yields mono- and
      diammonium salts of the acids, the acids subsequently being obtained
      therefrom. It is clear that a significant advance in the art would be
      achieved if the carboxylate esters could be obtained directly from the
      ammonium carboxylates as this would completely eliminate the need to
      convert to free acids the ammonium salts obtained by hydrolyzing the
      corresponding nitriles from ammoxidation reactions. This invention
      provides this advance.
PAR  In accord with the invention, lower alkyl esters of aromatic carboxylic
      acids are prepared by contacting an ammonium salt of an aromatic
      carboxylic acid with vapors of a lower alkanol at a temperature between
      about 230.degree. and about 300.degree.C in the presence of an alkaline
      esterification catalyst.
PAR  The esters made by the process of the invention will include those derived,
      preferably, from carboxylic acid salts of the benzene and naphthalene
      series. The process is operable with mono- and polyammonium carboxylate
      salts and will include the ammonium salts of benzoic, isophthalic,
      terephthalic, naphthalene, mono- and polycarboxylic acids and the like. It
      will be understood that the aromatic ring may also be substituted with
      inert groups such as halogen, alkyl, aryl, nitro, alkoxy and the like. It
      is also to be understood that if two carboxylic acid salt groups are
      present in the aromatic reactant which are ortho to each other there is a
      tendency for imide formation to occur and ester yield to be low. Other
      ammonium carboxylate groups in the reactant will be efficiently converted
      to the ester, but in the case of the phthalic acid and 1,8-naphthalene
      carboxylic acid salts, imide formation rather than ester formation will
      predominate. Thus, the process is preferably carried out with aromatic
      acid ammonium salts which are devoid of adjacent (ortho or peri)
      carboxylic acid groups. The alkyl of the ester radical will be lower alkyl
      as derived from the reactant alcohol; e.g., methanol, ethanol, n- and
      iso-propanols, the butanols, and the like. Preferably, the process will be
      carried out with the mono- and diammonium salts of iso- and terephthalic
      acid, the alcohol being methanol or ethanol.
PAR  The catalyst used in the process of the invention may be any of the
      numerous and well known alkaline esterification catalysts such as oxides
      of silicon, titanium, aluminum, zirconium, thorium, and the like which
      have been treated with an alkali metal hydroxide (e.g., NaOH, KOH, etc.)
      and heated so as to contain at least about 0.2% by weight of the alkali
      metal oxide. Such catalysts and their method of preparation are well known
      (see U.S. Pat. No. 3,377,376).
PAR  In carrying out the process of the invention the ammonium phthalate salts
      are contacted with vapors of the alkanol and passed over a fixed or
      fluidized bed of the catalyst. The process may be carried out by
      fluidizing the catalyst and salt with the ammonia vapors, or the mixture
      of alkanol and salt simply passed through a column of the catalyst. After
      issuing from the reactor, the ester products are separated by conventional
      methods using filters, cyclones, distillation techniques and the like as
      required by the physical properties of the product. It will be understood
      that where the diester is the desired product, any monoester that remains
      in the product may be separated and recycled for further reaction of the
      remaining ammonium salt group with alkanol.
PAR  As pointed out above, the process of the invention is of particular value
      with nitrile hydrolysates. As is well known, hydrolysis of phthalonitriles
      yields the ammonium salts of the corresponding acids, but also present are
      incompletely hydrolyzed by-products such as phthalamates, ammonium salts
      of mononitrile compounds, etc. It is a particular advantage of the process
      that such hydrolysates may be taken directly into the reactor with the
      alkanol whereby completion of the hydrolysis to the ammonium salts is made
      to occur in-situ by introducing water vapor to the system and conversion
      of the ammonium salts to ester will also be achieved. Thus, tedious
      isolation procedures may be avoided.
PAR  In order to further illustrate the invention, the following examples are
      given:
PAC  EXAMPLES 1-8
PAR  In the following examples, vaporized diammonium or monoammonium
      terephthalate is reacted with vaporized alcohols at the mole ratios and
      temperatures indicated. As a control, terephthalic acid is used under
      identical conditions. Basic silica gel prepared by evaporating an
      ethanolic solution of 1 part by weight of KOH on 100 parts of SiO.sub.2 is
      used as the catalyst.
TBL                                    TABLE I                                 

     __________________________________________________________________________

              Example                                                          

              I   II  III IV  V   VI  VII VIII                                 

     __________________________________________________________________________

     DAT* (moles)                                                              

              0.3 0.3 0.0 0.0 0.3 0.2 0.1 (0.3                                 

                                          TPA)                                 

     MAT.sup.+ (moles)                                                         

              0.0 0.0 0.3 0.3 0.0 0.0 0.2 0.0                                  

     CH.sub.3 OH (moles)                                                       

              1.2 4.8 1.2 4.8 4.8 0.0 4.8 4.8                                  

     EtOH (moles)                                                              

              0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0                                  

     Temp (.degree.C)                                                          

              250 255 250 253 290 240 255 255                                  

     Contact Time                                                              

      (sec)   1.7 1.7 1.6 1.8 1.3 1.5 1.7 1.7                                  

     Ester Yield                                                               

               54  71  46  55  67  68  63  37                                  

     __________________________________________________________________________

      *diammonium terephthalate                                                

      .sup.+monoammonium terephthalate                                         

PAL  Comparison of I with II indicates that the higher alcohol to salt ratio
      gives higher ester yield. Comparison of III with IV shows a similar
      increase in yield. Comparison of I with III and comparison of II with IV
      indicates that the ammonia released during esterification promotes the
      catalytic activity of the silica gel as shown by the higher dimethyl
      terephthalate yield. Examples V and VI give an indication of the operable
      temperature range from 230.degree.-300.degree.C, preferably about
      250.degree.C. Example VII shows that the process is applicable to a
      mixture of DAT and MAT.
PAR  The control experiment (VIII) with terephthalic acid when compared to
      Experiment II shows the markedly improved yield obtained by using ammonium
      salts in accord with this invention.
PAC  EXAMPLE 9
PAR  Diammonium isophthalate (0.2 moles) is reacted with methanol (1.6 moles)
      over a basic silica gel catalyst (treated with NaOH as above) at
      255.degree.C using a contact time of 1.8 seconds to yield 59% dimethyl
      isophthalate after recrystallization from methanol.
PAC  EXAMPLE 10
PAR  The beneficial aspect of this process in the case of aromatic carboxylic
      acids derived from nitriles is shown in this example where an equilibrium
      hydrolyzate of TPN containing amides and ammonium salts is prepared and
      then, after isolation of a dry powdered hydrolyzate, the mixture is
      esterified to a higher yield of dimethyl terephthalate.
PAR  Terephthalonitrile (0.5 moles) is slurred in 500 ml of water and heated at
      300.degree.C for 5 minutes. The hydrolyzate, after evaporation at
      100.degree.C, is a dry powder consisting of diammonium terephthalate
      (29%), monoammonium terephthalate (21%), and ammonium terephthalamate
      (50%). The mixture (0.5 moles TPA equivalents) is reacted with methanol
      (4.0 moles) over an alumina catalyst containing 0.5% KOH at 255.degree.C,
      contact time 1.9 seconds yielding dimethyl terephthalate (40%) and methyl
      terephthalamate (23%) plus unreacted hydrolysis intermediates which are
      recycled.
PAC  EXAMPLE 11
PAR  In a manner similar to Example 9, the diammonium salt of
      naphthalene-2,6-dicarboxylic acid yields
      dimethyl-naphthalene-2,6-dicarboxylate in good yield.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A process for the preparation of a lower alkyl ester of an aromatic
      carboxylic acid of the benzene or naphthalene series which comprises
      contacting the ammonium salt of an aromatic carboxylic acid with vapors of
      a lower alkanol at a temperature between about 230.degree.C., and about
      300.degree.C. in the presence of an alkaline esterification catalyst
      selected from the group of oxides of silicon, titanium, aluminum,
      zirconium and thorium, said oxides containing at least about 0.2% by
      weight of an alkali metal oxide.
NUM  2.
PAR  2. The process of claim 1 where the alkanol is methanol.
NUM  3.
PAR  3. The process of claim 2 where the ammonium carboxylic acid is diammonium
      isophthalate.
NUM  4.
PAR  4. The process of claim 2 where the ammonium carboxylic acid is diammonium
      terephthalate.
NUM  5.
PAR  5. The process of claim 2 where the ammonium carboxylic acid is
      monoammonium terephthalate.
NUM  6.
PAR  6. The process of claim 2 where the ammonium carboxylic acid is the
      diammonium salt of naphthalene-2,6-dicarboxylic acid.
NUM  7.
PAR  7. A process for the preparation of a lower alkyl ester of a phthalic acid
      which comprises contacting an ammonium phthalate salt obtained as a
      nitrile hydrolysis product with vapors of a lower alkanol at a temperature
      between about 230.degree.C. and about 300.degree.C. in the presence of an
      alkaline esterification catalyst selected from the group of oxides of
      silicon, titanium, aluminum, zirconium and thorium, said oxides containing
      at least about 0.2% by weight of an alkali metal oxide.
NUM  8.
PAR  8. The process of claim 7 where the alkanol is methanol and the ammonium
      phthalate is derived from the hydrolysis of terephthalonitrile.
NUM  9.
PAR  9. The process of claim 7 where the alkanol is methanol and the ammonium
      phthalate is derived from the hydrolysis of isophthalonitrile.
NUM  10.
PAR  10. A process for the preparation of a lower alkyl ester of
      naphthalene-2,6-dicarboxylic acid which comprises contacting an ammonium
      salt of naphthalene-2,6-dicarboxylic acid obtained as a nitrile hydrolysis
      product with vapors of a lower alkanol at a temperature between about
      230.degree.C. and about 300.degree.C. in the presence of an alkaline
      esterification catalyst selected from the group of oxides of silicon,
      titanium, aluminum, zirconium and thorium, said oxides containing at least
      about 0.2% by weight of an alkali metal oxide.
NUM  11.
PAR  11. The process of claim 10 where the alkanol is methanol.
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ABST
PAL  A process for producing .alpha.-diketones which comprises oxidizing
      diaryl-substituted acetylenes with potassium permanganate in an aqueous
      acetone solution preferably in the presence of acetic acid.
PARN
     This application is a continuation of Ser. No. 252,464 filed May 11, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to the production of aromatic alpha-diketones
      used as monomers for the synthesis of heat-resistant polymers.
PAR  Two processes are known for producing aromatic alpha-diketones such as
      bis-p-(phenyl-glyoxalyl)benzene.
PAR  In the first process the starting material used is critical
      p-diacetylbenzene which is transformed into p-bis(carboxymethyl)benzene by
      way of a two-stage synthesis. The next stage involves the production of
      p-bis(carboxymethyl)benzene chloride which is used for the acylation of
      benzene. The resulting p-bis(.omega.-phenacyl)benzene is oxidized into the
      desired product by selenium dioxide. Therefore, the synthesis comprises at
      least five stages; the duration of the entire process is 55 hours, and the
      yield of the desired product is only 29.8% based on the starting
      p-diacetylbenzene.
PAR  In the second process the starting material used is dicyanobenzene which is
      transformed into p-bis(phenylacetyl)benzene by way of magnesium-organic
      synthesis. Said p-bis(phenylacetyl)benzene is then subjected to
      condensation with p-nitrosodimethylaniline and the resulting condensation
      product is hydrolyzed to give the desired product. The synthesis comprises
      at least three stages; the entire process duration is 44 hours and the
      yield is 10.9% based on the starting dicyanobenzene. M.Ogliarusso, E.Beck
      J.Org.Chem., 30, 3354 (1965).
PAR  It is an object of the present invention to provide a novel process for the
      production of aromatic alpha-diketones with an increased yeild.
PAR  It is another object of the present invention to provide a novel process
      for the production of aromatic alpha-diketones which would eliminate the
      use of critical starting materials.
PAR  Still another object of the present invention is to provide a novel process
      for the production of aromatic alpha-diketones which would enable reducing
      the process duration.
PAR  A further object of the invention is to provide a novel process for the
      production of aromatic alpha-diketones which would require no special
      equipment.
PAR  These objects are accomplished by a process for producing aromatic
      .alpha.-diketones which, in accordance with the present invention,
      comprises oxidizing diaryl-substituted acetylenes with potassium
      permanganate in aqueous acetone.
PAR  The oxidation of diaryl-substituted acetylenes with potassium permanganate
      is conducted in amounts corresponding to the stoichiometric amount.
PAR  To enhance the desired product yield, it is advisable to carry out the
      reaction in the presence of acetic acid. In this case the yield of an
      aromatic .alpha.-diketone is increased from 60 to 80-90%.
PAR  To accelerate the reaction of oxidizing diaryl-substituted acetylenes, the
      process is conducted at the solvent boiling temperature, viz. at the
      boiling point of acetone. Under such conditions the oxidation reaction
      time is reduced to 40 min.
PAR  The starting diaryl-substituted acetylenes may be readily obtained from
      dihalo-derivatives and copper phenylacetylide.
PAR  In practice of the present invention the above-mentioned process may be
      embodied as follows. In a flask diarylsubstituted acetylene and potassium
      permanganate are charged in stoichiometric amounts, whereafter a solvent,
      viz., acetone and water (employed in a volumetric ratio of 5:1 to 8:1
      respectively), and acetic acid in a molar ratio to the potassium
      permanganate of 1:1 are added. The mixture is refluxed with stirring until
      the complete discoloration of the solution and filtered; the residue is
      washed with acetone. The filtrate is evaporated, diluted with water; the
      residue is filtered and crystallized.
PAR  As may be seen from the above-given description, the process according to
      the present invention is simple, as it consists of one stage only, and the
      duration thereof is not longer than 3 hours; the starting materials are
      readily available, and the entire process may be conducted using
      conventional equipment. The product yield is as high as 81 to 90%.
PAR  The following specific examples are given for a better understanding and
      illustration of the present invention,
DETD
PAC  EXAMPLE 1
PAC  PRODUCTION OF BIS-p-(phenylglyoxalyl)benzene
PAR  0.55 g (0.002M) of 1,4-bis(phenylethynyl)benzene are dissolved in 40 ml of
      acetone, and 5 ml of water and 0.5 ml (0.008M) of acetic acid are added
      thereto; then 1.26 g (0.008M) of potassium permanganate are added to the
      mixture under stirring. The mixture is stirred for 40 minutes upon heating
      at reflux. The resulting reaction mass is filtered and the residue is
      washed several times with hot acetone. The filtrate is evaporated to a
      volume of 10 ml and diluted with 200 ml of water. Recrystallizaion from
      ethanol gives needle-like yellow crystals. The yield is 0.61 g (89% of the
      theoretical value m.p. 125-126.degree.C).
PAC  EXAMPLE 2
PAC  PRODUCTION OF BENZIL
PAR  Benzil is produced in a manner similar to that described in Example 1.
      Reaction of 3.16 g (0.02M) of potassium permanganate with 1.78 g (0.01M)
      of diphenylacetylene in solution in 25 ml of acetone, 5 ml of water, and
      1.26 ml (0.02M) of acetic acid gives a yellow substance in the form of
      needle-like crystals. The yield is 1.8 g (86%); m.p.
      93.degree.-94.degree.C.
PAC  EXAMPLE 3
PAC  PRODUCTION OF P-NITROBENZIL
PAR  0.5 g (0.002M) of p-nitrololane is dissolved in 15 ml of acetone, mixed
      with 2 ml of water, 0.27 ml (0.004M) of acetic acid and 0.7 g (0.004M) of
      potassium permanganate under stirring. The mixture is heated at reflux for
      15 minutes under stirring. The resulting mass is filtered, and the residue
      is washed several times with hot acetone. The filtrate is evaporated to a
      volume of 5 ml and diluted with 100 ml of water. Recrystallization from
      ethanol gives yellow crystals of p-nitrobenzil. The yield is 0.45 g (79%);
      m.p. 140.degree.-142.degree.C.
PAC  EXAMPLE 4
PAC  PRODUCTION P-CARBOMETHOXYBENZIL
PAR  This compound is produced in a manner similar to that disclosed in the
      previous Example 3. Reaction of 0.47 g (0.02M) p-carbomethoxytolane in 15
      ml of acetone, 0.7 g (0.004M) of potassium permanganate, 3 ml of water,
      and 0.27 ml (0.004M) of acetic acid gives a yellow substance in the
      needle-like form which is p-carbomethoxybenzil. The yield is 0.4 g (75%);
      m.p. 224.degree.-225.degree.C. Found (%): C: 71.69; H: 4.39; C.sub.16
      H.sub.12 O.sub.4. Calculated (%): C: 71.64; H: 4.47. IR-spectrum
      (cm.sup.-.sup.1): 1,680 (38); 1,670 (44); 1,599 (15); 1,574 (10); 1,508.
      (10).
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing aromatic .alpha.-diketones, which comprises
      oxidizing 1,2-diphenylacetylene compounds with potassium permanganate in
      an aqueous acetone solution at a volumetric ratio of acetone to water of
      from 5:1 to 8:1 and at the boiling point of the reaction mixture.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the oxidation is effected in
      the presence of acetic acid at a molar ratio of acetic acid to potassium
      permanganate of 1:1.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the oxidation is effected using
      a stoichiometric amount of potassium permanganate.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the 1,2-diphenylacetylene
      compounds are selected from the group consisting of 1,2-diphenylacetylene,
      nitro and carbomethoxy derivatives thereof and bis (phenyethynyl benzene.
PATN
WKU  039352404
SRC  5
APN  4100905
APT  1
ART  127
APD  19731026
TTL  Cyclopentylheptenoic acids and derivatives
ISD  19760127
NCL  6
ECL  1
EXA  Myers; Jane S.
EXP  Patten; James A.
INVT
NAM  Mallion; Keith Blakeney
CTY  Macclesfield
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19721110
APN  52010/72
PRIR
CNT  UK
APD  19730115
APN  2033/73
PRIR
CNT  UK
APD  19730815
APN  39578/73
CLAS
OCL  260469
XCL  260240R
XCL  26032613R
XCL  2603407
XCL  2603409
XCL  2603432R
XCL  2603433
XCL  2603458
XCL  2603462R
XCL  2603472
XCL  2603473
XCL  2603474
XCL  2603477
XCL  2603478
XCL  260410
XCL  260468D
XCL  260471R
XCL  260476R
XCL  260488R
XCL  260514D
XCL  260558S
XCL  260559R
XCL  2605709
XCL  260571
XCL  260574
XCL  260576
XCL  260577
XCL  260598
XCL  260609R
XCL  260609B
XCL  260612D
XCL  260617R
XCL  260611R
XCL  260618R
XCL  260618D
XCL  260611A
XCL  260612R
EDF  2
ICL  C07C 6976
FSC  260
FSS  469;468 D;476 R;514 D;471 R
UREF
PNO  3887587
ISD  19750600
NAM  Schaaf et al.
OCL  260468D
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  The disclosure relates to novel intermediates, for use in the manufacture
      of known prostaglandins and prostaglandin-like compounds, for example
      aldehydes such as methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]hetp-5-cis-enoate and enones such as methyl
      15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-5-cis,13-trans-prostadien
     oate, processes for their manufacture, and their conversion to
      prostaglandins or prostaglandin-like compounds.
BSUM
PAR  This invention relates to chemical intermediates, and in particular it
      relates to chemical intermediates which are useful in the manufacture of
      prostaglandins and prostaglandin-like compounds.
PAR  According to the invention, there is provided as a chemical intermediate an
      aldehyde of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 is a carboxy or hydroxymethyl radical, or an alkoxycarbonyl
      radical of up to 11 carbon atoms, A is an ethylene or cis-vinylene
      radical, and R.sup.2 and R.sup.3, which may be the same or different, are
      hydroxy radicals or protected hydroxy radicals, or R.sup.1 and R.sup.2
      together form an oxycarbonyl radical, in which an oxygen atom is bonded to
      carbon atom 9, and the carbon atom is bonded to carbon atom 2, and bearing
      0 or 1 alkyl substituent of 1 to 4 carbon atoms on carbon atom 2, 3 or 4,
      provided that when R.sup.1 is a methoxycarbonyl radical, and either
      R.sup.2 is an acetoxy radical and R.sup.3 is a tetrahydropyran-2-yloxy
      radical, or R.sup.2 is a 4-phenylbenzoyloxy radical and R.sup.3 is an
      acetoxy radical, A is a vinylene radical.
PAR  A suitable value for R.sup.1 when it is an alkoxycarbonyl radical is, for
      example a methoxycarbonyl, n-butoxycarbonyl or n-decyloxycarbonyl radical.
      A suitable value for R.sup.2 or R.sup.3, when either is a protected
      hydroxy radical, is, for example, an alkanoyloxy radical of 1 to 10 carbon
      atoms, for example, an acetoxy radical; an aroyloxy radical of up to 15
      carbon atoms, for example a benzoyloxy radical, optionally substituted,
      for example a 4-phenylbenzoyloxy or 3,5-dinitrobenzoyloxy radical; or a
      tetrahydropyran-2-yloxy radical.
PAR  A suitable alkyl substituent on carbon atom 2, 3 or 4 is, for example, the
      methyl radical.
PAR  It will be observed that the compounds of the formula I contain at least
      four asymmetric carbon atoms, namely carbon atoms 8, 9, 11 and 12, the
      configurations of which are specified in formula I, and that carbon atom
      2, 3 or 4 may also be asymmetrically substituted, so that it is clear that
      such compounds can exist in at least two optically active forms. It is to
      be understood that this invention relates to the racemic form of the
      compounds of formula I and any optically active form which is a precursor
      of a useful, optically active, prostaglandin or prostaglandin-like
      compound, it being a matter of common general knowledge how the optically
      active forms may be obtained.
PAR  Preferred compounds of the invention of the formula I are methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di(4-phenylbenzoyloxy)cyclopent-1.alph
     a.-yl]hept-5-cis-enoate, methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-yl]hept-5-
     cis-enoate, methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]heptanoate, methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]hept-5-cis-enoate and
      7-[3.alpha.-(3,5-dinitrobenzoyloxy)-2.beta.-formyl-5.alpha.-hydroxycyclope
     nt-1.alpha.-yl]hept-5-cis-enoic acid lactone.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the chemical intermediate of the formula I which
      comprises the acid hydrolysis of an acetal of the formula:
      ##SPC2##
PAL  wherein A, R.sup.1, R.sup.2 and R.sup.3 have the meanings stated above, and
      X represents two alkoxy radicals, each of up to 5 carbon atoms, for
      example methoxy radicals, an alkylenedioxy radical of 2 to 6 carbon atoms,
      for example an ethylenedioxy, trimethylene-1,3-dioxy or
      2,2-dimethyltrimethylene-1,3-dioxy radical.
PAR  The hydrolysis is conveniently carried out in a two-phase system comprising
      concentrated hydrochloric acid as the aqueous phase, and 2% by volume of
      isopropanol in chloroform as the immiscible organic phase. The starting
      materials of the formula II may be prepared from known compounds by
      several different routes using standard procedures of organic chemistry.
      By way of example only, three alternative preparations of starting
      materials II will be described.
PAR  4.beta.-Dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-6
     .beta.-iodo-2-oxocyclopenteno[b]furan (III) is treated with tributyl tin
      hydride to give the de-iodinated lactone IV. The 5.alpha.-hydroxy group is
      protected as the tetrahydropyran-2-yl ether V, the lactone is reduced to
      the lactol VI, using di-isobutyl aluminium hydride, and the lactol is
      reacted with (4-carboxybutyl)triphenylphosphonium bromide to give the
      cyclopentanol derivative VII, which on methanolysis forms a methyl ester
      with concomitant hydrolysis of the tetrahydropyranyl ether group to give a
      starting material of the formula II (R.sup.1 = methoxycarbonyl, R.sup.2 =
      R.sup.3 = hydroxy, A = cis-vinylene).
PAR  Additionally, the two hydroxy groups of the above-described starting
      material II may be esterified to give a starting material of the formula
      II (R.sup.1 = methoxycarbonyl, R.sup.2 = R.sup.3 = alkanoyloxy or
      aroyloxy), or the methoxycarbonyl group may be reduced, for example with
      lithium aluminium hydride, to give a starting material of the formula II
      (R.sup.1 = hydroxymethyl, R.sup.2 = R.sup.3 = hydroxy, A = cis-vinylene).
PAR  An alternative process for the manufacture of starting materials II wherein
      A is cis-vinylene from the cyclopentenofuran III involves deiodination to
      IV as described above, and reduction of the deiodinated lactone to the
      hydroxy-lactol VIII. Reaction of this hydroxy-lactol with
      (4-carboxybutyl)triphenylphosphonium bromide give a cyclopentanediol
      derivative IX, that is, a starting material II wherein A is cis-vinylene,
      R.sup.2 and R.sup.3 are hydroxy, and X represents two methoxy radicals.
      ##SPC3##
PAR  Additionally, methanolysis of the cyclopentanediol derivative IX gives a
      methyl ester, (II, A = cis-vinylene, R.sup.2 = R.sup.3 = hydroxy, X = two
      methoxy radicals and R.sup.1 = methoxycarbonyl), and reduction of the
      methyl ester, for example with lithium aluminium hydride, gives a starting
      material II (A = cis-vinylene, R.sup.2 = R.sup.3 = hydroxy, X represents
      two methoxy radicals and R.sup.1 = hydroxymethyl).
PAR  Starting materials of the formula II wherein A is the ethylene radical may
      be prepared from the cyclopentanol derivative VII by esterification to the
      methyl ester X with diazomethane, conversion to the
      5.alpha.-(4-phenylbenzoyloxy) compound XI and hydrolysis of the
      tetrahydropyranyl radical to the hydroxy compound XII which is
      hydrogenated to required starting material II (R.sup.1 = methoxycarbonyl,
      R.sup.2 = 4-phenylbenzoyloxy, R.sup.3 = hydroxy and A = ethylene).
      ##SPC4##
PAL  According to a further feature of the invention there is provided a process
      for the manufacture of a prostaglandin or prostaglandin-like compound of
      the formula:
      ##SPC5##
PAL  wherein R.sup.1 has the meaning stated above, R.sup.4 is a hydroxy radical
      or an alkanoyloxy radical of 1 to 4 carbon atoms and R.sup.5 is a hydrogen
      atom, y is an ethylene or trans-vinylene radical, Z is an ethylene or
      cis-vinylene radical, and R.sup.6 is: a branched or unbranched alkyl
      radical of 4 to 10 carbon atoms; a radical of the formula --A.sup.1.
      OR.sup.7, wherein A.sup.1 is an alkylene radical of 1 to 9 carbon atoms
      and R.sup.7 is an alkyl radical of 1 to 9 carbon atoms or a cycloalkyl
      radical of 5 to 7 carbon atoms, provided that A.sup.1 and R.sup.7 together
      contain not more than 10 carbon atoms;
PAR  a radical of the formula --A.sup.2 R.sup.8, wherein A.sup.2 is a direct
      bond or an alkylene radical of 1 to 3 carbon atoms, and R.sup.8 is an aryl
      radical which is unsubstituted or which is substituted by halogen atoms,
      nitro radicals, alkyl, halogenoalkyl, alkoxy or alkoxyalkyl radicals each
      of 1 to 3 carbon atoms or dialkylamino radicals wherein each alkyl is of 1
      to 3 carbon atoms;
PAR  a radical of the formula --A.sup.3.A.sup.4.R.sup.9, wherein A.sup.3 is an
      alkylene radical of 1 to 3 carbon atoms bearing as substituents 0, 1 or 2
      alkyl radicals each of 1 to 3 carbon atoms, A.sup.4 is an oxygen or
      sulphur atom, a sulphinyl radical or an alkylimino radical of up to 4
      carbon atoms, and R.sup.9 is an aryl, benzyl or furfuryl radical
      optionally substituted by hydroxy, nitro or phenyl radicals, halogen
      atoms, alkyl, alkenyl, halogenoalkyl, alkoxy, alkenyloxy, or acylamino
      radicals of 1 to 4 carbon atoms or dialkylamino wherein each alkyl is of 1
      to 3 carbon atoms; or
PAR  a radical of the formula --A.sup.3.A.sup.5.R.sup.10, wherein A.sup.3 has
      the meaning stated above, A.sup.5 is an oxygen or sulphur atom, a
      sulphinyl, sulphonyl, imino or alkylimino radical of up to 4 carbon atoms
      or a direct bond, or A.sup.3 and A.sup.5 are each a direct bond, and
      R.sup.10 is an aromatic heterocyclic radical of one or two 5- or
      6-membered rings, containing in one ring only, 1 or 2 non-adjacent
      nitrogen hetero-atoms, and optionally bearing 1 to 3 alkyl radicals or
      halogen atoms as substituents; which compound contains 0 or 1 alkyl
      radical of 1 to 4 carbon atoms as substituents in the trimethylene group;
      and for those compounds wherein R.sup.1 is a carboxy radical, the
      pharmaceutically acceptable salts thereof;
PAR  which comprises reacting a compound of the formula I with a phosphonate of
      the formula (R.sup.11 O).sub.2 PO.CH.sub.2 COR.sup.6 in the presence of a
      strong base, or with a phosphorane of the formula Ph.sub.3 P:CH.COR.sup.6,
      wherein R.sup.6 has the meaning stated above and R.sup.11 is an alkyl
      radical of 1 to 4 carbon atoms, to give an enone which is reduced, for
      example with zinc borohydride, aluminium tri-isopropoxide or
      di-isobornyloxy aluminium isopropoxide, to a prostaglandin or
      prostaglandin-like compound of the formula XIII.
PAR  According to a further feature of the invention, there is provided the use
      of a compound of the invention of the formula I as an intermediate for the
      manufacture of a prostaglandin or a prostaglandin-like compound of the
      formula XIII wherein R.sup.4 and R.sup.5 together form the oxo radical,
      and R.sup.1, Z, Y and R.sup.6 have the meanings stated above, which
      comprises reacting an aldehyde of the formula I wherein R.sup.2 is a
      protected hydroxy radical, for example the 4 -phenylbenzoyloxy radical,
      and R.sup.3 is a hydroxy radical, with a phosphonate or a phosphorane as
      described above to give an enone which is reduced to a prostaglandin-like
      compound of the formula XIII wherein R.sup.4 is a protected hydroxy
      radical and R.sup.5 is a hydrogen atom. This compound XIII is reacted with
      2,3-dihydropyran to give the corresponding bis(tetrahydropyranyl ether),
      the 4-phenylbenzoyloxy radical is hydrolysed to a hydroxy radical, the
      hydroxy compound is oxidised, for example with Jones' reagent or Collins'
      reagent, to the corresponding 9-oxo compound, and hydrolysis of the
      tetrahydropyranyl ethers gives a prostaglandin-like compound of the
      formula XIII wherein R.sup.4 and R.sup.5 together form the oxo radical.
PAR  The above-mentioned enone is itself a novel compound and a valuable
      intermediate. Thus, according to a further feature of the invention there
      is provided an enone of the formula:
      ##SPC6##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.6 and Z have the meanings stated
      above, which contains 0 or 1 alkyl radical of 1 to 4 carbon atoms as
      substituent in the trimethylene group.
PAR  Suitable values for R.sup.1, R.sup.2 and R.sup.3 are those stated above.
PAR  Particular enones of the invention are methyl
      15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-5-cis,13-trans-prostadien
     oate, methyl
      15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-16-(3-trifluoromethylphen
     oxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoate, methyl
      9.alpha.,11.alpha.-dihydroxy-15-oxo-5-cis,13-trans-prostadienoate, methyl
      15-(4-methoxymethylphenyl)-15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy
     )-16,17,18,19,20-pentanor-5-cis,13-trans-prostadienoate, methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-13-trans-prostenoate,
      11.alpha.-(3,5-dinitrobenzoyloxy)-9.alpha.-hydroxy-15-oxo-16-(3-trifluorom
     ethylphenoxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoic acid
      1,9.alpha.-lactone and methyl
      11.alpha.-hydroxy-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-5-cis,13-trans-pros
     tadienoate.
PAR  It is to be understood that the compounds XIV can exist in optically active
      forms in the same way as the compounds I, and that this invention relates
      to both the racemate and the optically active form, particularly the
      laevorotatory isomer, which is the precursor of prostaglandins of the
      naturally occurring series.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of an enone of the formula XIV which comprises the
      reaction of an aldehyde of the formula I, wherein A, R.sup.1, R.sup.2 and
      R.sup.3 have the meanings stated above, with a phosphonate of the formula
      (R.sup.11 O).sub.2 PO.CH.sub.2 COR.sup.6 or a phosphorane of the formula
      Ph.sub.3 P:CH.COR.sup.6, wherein R.sup.6 and R.sup.11 have the meanings
      stated above, in the presence of a strong base.
PAR  The use of a compound of the formula I in the synthesis of prostaglandins
      and prostaglandin-like compounds offers advantages over the normal
      synthesis in that the sidechain containing R.sup.6 is added as the final
      stage. The present invention is thus particularly convenient for the
      preparation of prostaglandin-like compounds wherein R.sup.6 is sensitive
      to acid, to di-isobutylaluminium hydride or to Wittig reagents, which in
      the normal synthesis are reagents which are used after the group R.sup.6
      has been introduced into the molecule. The present invention is also
      particularly convenient for the manufacture of prostaglandins and
      prostaglandin-like compounds of the 1-series, that is, compounds of the
      formula XIII wherein Z is the ethylene radical, in that the double bond in
      the carboxyl side chain can be reduced directly, whereas in the normal
      synthesis a selective reduction is necessary to reduce the 5-cis, but not
      the 13-trans, double bond.
DETD
PAR  The invention is illustrated but not limited by the following Examples.
      Throughout the Examples, R.sub.F values refer to silica gel plates
      supplied commercially by Merck of Darmstadt, and the spots were detected
      either by fluorescence under ultra-violet radiation, or by spraying the
      plates with a solution of ceric ammonium nitrate in sulphuric acid.
PAC  EXAMPLE 1
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)-cyclo
     pent-1.alpha.-yl]hept-5-cis-enoate (500mg.) was vigorously stirred under
      argon for 10 minutes in a two-phase system consisting of 2% isopropanol in
      chloroform (20ml.) and concentrated hydrochloric acid (10ml.). The
      chloroform layer was separated and the aqueous layer was extracted with
      chloroform (20ml.). The organic layers were combined, washed successively
      with aqueous saturated sodium bicarbonate (20ml.) and saturated brine
      (10ml.), dried over magnesium sulphate and filtered, and the solvent was
      evaporated. The oily residue crystallised on drying under high vacuum to
      give methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent-1.alp
     ha.-yl]hept-5-cis-enoate, R.sub.F on Merck silica gel G.sub.F 254 plates
      was 0.4 (5% ethyl acetate in toluene). The n.m.r. spectrum in
      deuteriochloroform was consistent with the required structure, and showed
      the following principal signals (.delta. values):
     3.51,      3H,    singlet, methyl ester.                                  

     5.3-5.6,   4H,    multiplet,                                              

                                &gt;CH--O-- and olefinic                          

                                protons.                                       

     7.8-8.0,   2H,                                                            

                       doublets,                                               

     8.0-8.2,   2H,                                                            

     7.22-7.73,                                                                

               14H,    multiplet,                                              

                                rest of aromatic protons                       

     10.01-10.14,                                                              

                1H,    doublet, --CHO                                          

PAR  An analytical sample, m.p. 93-97.degree.C., was obtained by triturating the
      above-described product with ether.
PAR  The methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclop
     ent-1.alpha.-yl]hept-5-cis-enoate used as starting material in the above
      process may be prepared as follows:
PAR  4.beta.-Dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-6
     .beta.-iodo-2-oxocyclopenteno[b]furan (III, 4.0g.) in dry toluene (40ml.)
      was stirred under argon at 80.degree.C. with tri-n-butyl tin hydride
      (6.6g.) for 18 hours. The solvent was evaporated under reduced pressure
      and the residue was stirred with petroleum ether (b.p.
      40.degree.-60.degree.C., 100ml.) for 30 minutes. The solvent was decanted
      and the residual oil was chromatographed on "Florisil" (trade mark) silica
      (50g.). Elution with mixtures containing 25% ethyl acetate in toluene and
      finally with ethyl acetate gave
      4.beta.-dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-
     2-oxocyclopenteno[b]furan as an oil, R.sub.F = 0.3 (20% acetone in
      chloroform). The n.m.r. spectrum in deuteriochloroform showed the
      following characteristic peaks (.delta. values):
TBL  3.40 and 3.42, 6H, 2 singlets, methoxy                                    

     4.04-4.36    1H, multiplet, 5.beta. proton                                

                  1H, doublet, --CH(OMe).sub.2                                 

                  1H, multiplet, 6a.beta. proton                               

PAR  4.beta.-Dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-5.alpha.-hydroxy-2
     -oxocyclopenteno[b]furan (IV,4.01g.) was stirred under argon in dry toluene
      (30ml.), and the resulting solution was treated with an excess of freshly
      distilled dihydropyran (17ml.), followed by 2.0ml. of a 0.1% w/v solution
      of toluene-p-sulphonic acid in dry tetrahydrofuran. After 3/4 hour, the
      mixture was treated with pyridine (0.50ml.) and then partitioned between
      ethyl acetate (150ml.) and saturated sodium bicarbonate (75ml.). The
      organic layer was separated, washed with saturated brine (50ml.), dried
      over magnesium sulphate and filtered, and the solvent was evaporated to
      give a crude lactone, 4.beta.-dimethoxy-methyl-2,3,3a.beta.,6a.beta.
      -tetrahydro-2-oxo-5.alpha.-tetrahydropyran-2-yloxy)-cyclopenteno[b]furan,
      (V),R.sub.F = 0.70 (20% acetone in chloroform). The crude lactone (V,
      6.2g.) was dissolved by stirring in dry dimethoxyethane (120ml.) under
      argon at about -60.degree.C. (chloroform -- `Drikold` (trade mark) cooling
      bath), and 1.7M di-isobutylaluminium hydride (11.2 ml.) was added. After
      30 minutes, methanol (3ml.) was added, the mixture was allowed to warm up
      to room temperature, and was partitioned between ethyl acetate (600ml.)
      and 1:1 saturated brine/water (300ml.). The whole mixture was filtered
      through "Hyflo" (trade mark) kieselguhr and the two phases were separated.
      The aqueous phase was reextracted with ethyl acetate (300ml.) and the
      combined organic layers were washed with water (100ml.), dried over
      magnesium sulphate and filtered, and the solvents were evaporated to give
      the crude lactol (VI)
      4.beta.-dimethoxymethyl-2,3,3a.beta.,6a.beta.-tetrahydro-2-hydroxy-5.alpha
     .-(tetrahydropyran-2-yloxy)-cyclopenteno[b]furan, as an oil, R.sub.F = 0.4
      (20% acetone in chloroform).
PAR  A stirred solution of (4-carboxybutyl)triphenylphosphonium bromide (24.8g.)
      in dry dimethylsulphoxide (DMSO, 50ml.) was treated slowly under argon and
      with cooling in an ice-water bath, with 2M methanesulphinylmethyl sodium
      in DMSO (54.5ml., 2.5 equivalents) to form a solution of the corresponding
      ylide. The crude lactol (VI, 6.3g.) in dry DMSO (150ml.) was then added to
      the ylide solution at room temperature. The mixture was stirred for 11/4
      hours, then water (1ml.) was added. The DMSO was then evaporated at high
      vacuum at a temperature not exceeding 50.degree.C. The residual gum was
      partitioned between ether (4 .times. 225ml.) and water (150ml.). The
      aqueous layer was separated, acidified with 2N oxalic acid to
      approximately pH 4, and then extracted with 1:1 mixture of ether and
      pentane (3 .times. 300ml.). The extracts were washed with saturated brine
      (150ml.) dried over magnesium sulphate and filtered, and the solvent was
      evaporated to give the crude acid (VII)
      2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yloxy
     )cyclopent-1.alpha.-ylhept-5-cis-enoic acid as an oil, suitable for use in
      the next stage of the synthesis. A sample was purified by chromatography
      on silica (70:1) eluting the product with 2% methanol in toluene as an
      oil, R.sub.F = 0.4 (5% methanol in methylene chloride). The n.m.r.
      spectrum in deuteriochloroform showed the following characteristic peaks
      (.delta. values):
TBL  3.35, 6H, singlet, methoxy                                                

     3.3-3.65, 1H,                                                             

     3.68-4.0, 1H,                                                             

     4.00-4.19, 2H,  multiplets, &gt;CH--O--                                      

     4.19-4.38, 1H,                                                            

     4.6-4.8, 1H,                                                              

     5.09-5.78, 2H, multiplet, olefinic protons                                

PAR  The crude acid (VII, 4.48g.) in methanol (45ml.) was stirred under argon at
      room temperature with toluene-p-sulphonic acid (240mg.) for 23/4 hours.
      The solution was then partitioned between ethyl acetate (300ml.) and
      saturated sodium bicarbonate (60ml.) followed by saturated brine (60ml.).
      The organic phase was dried over magnesium sulphate and filtered, and the
      solvent was evaporated to leave a crude ester-diol, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-y
     l]-hept-5-cis-enoate as an oil, R.sub.F = 0.65 (10% methanol in  methylene
      chloride). The n.m.r. spectrum in deuteriochloroform showed the following
      principal peaks (.delta. values):
TBL  3.39, 6H, singlet,                                                        

                   3 methyl groups                                             

     3.64, 3H, singlet,                                                        

     4.03-4.3, 3H,                                                             

                 multiplet,                                                    

                           &gt;CH--O--                                            

                 doublet,  &gt;CH(OMe).sub.2                                      

     5.1-5.7, 2H, multiplet, olefinic protons                                  

PAR  The crude ester-diol (3.3g.) was dissolved in dry pyridine (50ml.) under
      argon, and treated with p-phenylbenzoyl chloride (9.2g.) and the mixture
      was stirred for 17 hours. Water (0.8ml.) was then introduced and stirring
      was continued for 3-4 hours. The mixture was evaporated under reduced
      pressure and toluene was added to assist azeotropic removal of the
      pyridine. The residue was partitioned between toluene (300ml.) and
      saturated sodium bicarbonate solution (150ml.). The whole mixture was
      filtered through "Hyflo" and the organic phase was separated. The aqueous
      layer was extracted with toluene (150ml.), and the organic extracts were
      combined washed with brine (100ml.), dried over magnesium sulphate, and
      filtered, and the solvent was evaporated to leave a solid crystalline
      residue. This was thoroughly triturated with methanol (70ml.), the mixture
      was filtered, and the product was washed with more methanol (3 .times.
      10ml.) to give the dimethyl acetal, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclop
     ent-1.alpha.-yl]hept-5-cis-enoate as a white solid, m.p.
      104.degree.-106.5.degree.C., R.sub.F = 0.5 (5% acetone in toluene). The
      n.m.r. spectrum in deuteriochloroform showed the following characteristic
      signals (.delta. values):
TBL  3.41,    3H,     singlet                                                  

     3.47,    3H,     singlet  methyls                                         

     3.52,    3H,     singlet                                                  

     4.59-4.61,                                                                

              1H,     doublet, &gt;CH(OMe).sub.2                                  

     5.17-5.70,                                                                

              4H,     multiplet,                                               

                               2 .times. &gt;CH--O-- and 2 olefinic               

                               protons                                         

     7.80-8.00,                                                                

              2H,                                                              

                      doublet,                                                 

     8.00-8.20,                                                                

              2H,                                                              

PAR  An analytical sample recrystallised three times from ethanol has m.p.
      105.degree.-107.degree.C.
PAC  EXAMPLE 2
PAR  A solution of dimethyl 2-oxoheptylphosphonate (119mg. 1.5 equivalent) in
      dimethoxyethane (2.0ml.) was stirred under argon and cooled in a
      chloroforrm/`Drikold` bath, and treated with 2.2M butyl-lithium in hexane
      (208.mu.l.) followed after a few minutes by a solution of methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di(4-phenylbenzoyloxy)cyclope
     nt-1.alpha.-yl]hept-5-cis-enoate (225.7mg.), also in dimethoxyethane
      (1.5ml.). The cooling bath was then removed, and after 2 hours a few drops
      of acetic acid and then water (200.mu.l.) was added to adjust the pH to
      about 6. The solvent was evaporated under reduced pressure and the residue
      was partitioned between water (15ml.) and ethyl acetate (1 .times. 30ml.,
      1 .times. 15ml.). The organic layer was separated, washed with water
      (10ml.) then dried over magnesium sulphate, and filtered, and the solvent
      was evaporated to give a viscous oil. This oil was purified either by
      chromatography on "Florisil" (2g.) eluting with 5% ethyl acetate in
      toluene or by trituration with methanol (10ml.), to afford the enone,
      methyl
      15-oxo-9.alpha.,11.alpha.-di(4-phenyl-benzoyloxy)-5-cis,13-trans-prostadie
     noate, as a white solid of analytical purity, m.p. 75-77.5.degree.C.,
      R.sub.F = 0.85 (ether) or .about. 0.5 (5% ethyl acetate in toluene). The
      n.m.r. spectrum in deuteriochloroform showed the following principal peaks
      (.delta. values):
TBL  0.73-1.01,                                                                

                3H,   triplet,    --CH.sub.3                                   

     3.53,      3H,   singlet,    --COOCH.sub.3                                

     5.2-5.6,   4H,   multiplet,  cis olefinic protons and                     

                                  &gt;CH--O--                                     

     6.12-6.29,                                                                

                1H,   doublet,    =CH.CO--                                     

     6.70-7.03,                                                                

                1H,   pair of doublets,                                        

                                  --CH=CH.CO--                                 

     7.86-8.02,                                                                

                2H,   doublet                                                  

     8.02-8.23,                                                                

                2H,   doublet                                                  

     7.20-7.73,                                                                

               14H,   multiplet,  rest of aromatic protons                     

PAR  The enone (50mg.) was stirred in dry toluene (1.0ml.) under argon at room
      temperature, and treated with a 0.323M solution of
      di-isobornyloxyaluminium isopropoxide in toluene (0.64ml., 3 equivalents).
      After 11/4 hours, the mixture was partitioned between water (0.5ml.) and
      ethyl acetate (1.0ml.), and filtered through "Hyflo," washing the filter
      pad with ethyl acetate (2 .times. 4ml.). The organic layer was separated,
      washed with brine (4ml.), dried over magnesium sulphate and filtered, and
      the solvent was evaporaated to leave a crude oily product, which was
      chromatographed on "Florisil" (2g.). Elution with 5-10% ethyl acetate in
      toluene gave the enol, methyl
      15-hydroxy-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-5-cis,13-trans-prosta
     dienoate, R.sub.F = 0.1 (5% ethyl acetate in toluene), as a viscous oil.
PAR  The crude enol (34mg.) was stirred under argon in a mixture of dry methanol
      (0.5ml.) and acetone (0.2ml.) with anhydrous potassium carbonate (13mg., 2
      equivalents) for 18 hours. The mixture was partitioned between ether
      (10ml.) and saturated sodium bicarbonate (5ml.), the organic layer was
      separated, extracted with saturated brine (3ml.), dried over magnesium
      sulphate and filtered. The solvent was evaporated to give a residue from
      which the two C-15 epimers of racemic prostaglandin F.sub.2 .alpha. methyl
      esters were separated by preparative thin layer chromatography using 3%
      glacial acetic acid in ethyl acetate. Each C-15 epimer was identical by
      n.m.r. and mass spectrum with authentic material.
PAC  EXAMPLE 3
PAR  The process described in Example 2 was repeated, using an equivalent
      quantity of dimethyl 2-oxo-3-(3-trifluoromethylphenoxy)propylphosphonate
      in place of dimethyl 2-oxoheptylphosphonate to give:
PAR  the enone, methyl
      15-oxo-9.alpha.,11.alpha.-di(4-phenylbenzoyloxy)-16-(3-trifluoromethylphen
     oxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoate, R.sub.F = 0.85
      (ether). Principal peaks in the n.m.r. spectrum in deuteriochloroform
      solution (.delta. values) were:
TBL  3.53,       3H    singlet, methyl ester                                   

     4.78,       2H,   singlet, --CH.sub.2 --O--                               

     5.2-5.6,    4H,   multiplet,                                              

                                &gt;CH--O-- and cis olefinic                      

                                protons                                        

     6.44-6.70,  1H,   doublet, =CH.CO--                                       

     7.8-7.98,   2H,   doublet                                                 

     8.0-8.2,   2H,    doublet                                                 

     6.9-7.7,   19H,   multiplet,                                              

                                rest of aromatic, and C-13                     

                                protons                                        

PAR  and the enol, methyl
      15-hydroxy-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-16-(3-trifluoromethy
     lphenoxy)-17,18,19,20-tetranor-5-cis, 13-trans prostadienoate, R.sub.F =
      0.1 (5% ethyl acetate in toluene) or 0.8 (ether).
PAR  The enol was stirred at room temperature under argon in a mixture of
      methanol (4.0ml.), water (1.5ml.) and acetone (2.0ml.) with potassium
      hydroxide (112mg., approximately 10 equivalents) for 16 hours. The
      solvents were evaporated under reduced pressure and the residue was
      partitioned between water (12ml.) and ether (3 .times. 10ml.). The aqueous
      layer was separated and filtered through "Hyflo," washing the filter pad
      with water (2ml.). The filtrate was acidified to pH 1 with 2N hydrochloric
      acid and extracted with ether (3 .times. 10ml.). The combined ether
      extracts were washed with brine (5ml.), dried over magnesium sulphate and
      filtered, and the solvent was evaporated to leave a solid residue
      consisting of 4-phenylbenzoic acid and a mixture of the C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(3-trifluoromethylphenoxy)-17,18,19,20
     -tetranor-5-cis,13-trans-prostadienoic acid. The epimers were separated
      from the 4-phenylbenzoic acid on a Merck silica gel 245 column (50:1)
      eluting with 5% glacial acetic acid in ethyl acetate. Each epimer was
      identical by thin layer chromatography with authentic material, R.sub.F =
      0.3 and 0.4 (3% glacial acetic acid in ethyl acetaate). acetate). EXAMPLE
      4
PAR  The dimethyl acetal, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-y
     l]hept-5-cis-enoate (90mg.) was stirred under argon in a mixture of 2%
      isopropanol in chloroform (4.5ml.) and 1:1 aqueous hydrochloric acid
      (2.25ml.) for 12 minutes. The organic layer was separated, and the aqueous
      layer was extracted with chloroform (5ml.). The combined organic extracts
      were then partitioned with ethyl acetate (5ml.) and saturated sodium
      carbonate (4ml.). The organic layer was separated, washed with saturated
      brine (4ml.) and dried and the solvents were evaporated to give the
      aldehyde, methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-dihydroxy-cyclopent-1.alpha.-yl]hept-5
     -cis-enoate, R.sub.F = 0.2 (ether). The n.m.r. spectrum in
      deuteriochloroform showed the following characteristic peaks (.delta.
      values):
TBL  3.58, 3H, singlet, methyl ester                                           

     4.12-4.30, 1H, broad singlet                                              

                           2 .times. &gt;CH--O--                                  

     4.30-4.55, 1H, broad singlet                                              

     5.2-5.6, 2H, multiplet, cis olefinic protons                              

     9.78-9.83, 1H, doublet, aldehyde proton                                   

PAR  The dimethyl acetal used as starting material was prepared as follows:
PAR  The acetal, methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclop
     ent-1.alpha.-yl]hept-5-cis-enoate (obtained as described in the last part
      of Example 1) (500mg.), was stirred at room temperature under argon for 22
      hours in a mixture of dry methanol (7.0ml.) and methylene chloride (4ml.)
      with powdered anhydrous potassium carbonate (205mg. 2 equivalents). The
      mixture was then acidified to pH 3 with 2N hydrochloric acid (2ml.) and
      extracted with ethyl acetate (1 .times. 20ml., 1 .times. 10ml.). The
      organic layer was separated and washed successivly with saturated sodium
      bicarbonate (5ml.) and brine (5ml.). The solution was dried and the
      solvent was evaporated to yieldd a crude product which after
      chromatography on "Florisil" (4.5g.), eluting with ether, gave the
      required starting material.
PAC  EXAMPLE 5
PAR  A solution of dimethyl 2-oxoheptylphosphonate (134mg.) in dry
      dimethoxyethane (2.0ml.) was stirred under argon and cooled to
      -70.degree.C., and a solution of 2.2M butyl-lithium in hexane (234.mu.l.)
      was added. After a few minutes, the phosphonate anion was treated with a
      solution of methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-yl]hept-5-
     cis-enoate (47mg.) in dimethoxyethane (500.mu.l.) and the cooling bath was
      removed. After 11/2 hours, a few drops of acetic acid were added to adjust
      the pH to 6, and the solvents were evaporated under reduced pressure. The
      residue was partitioned with ether (15ml.) and water (10ml.), and the
      aqueous layer (pH 6) was separated and extracted with ether (10ml.). The
      combined ether extracts were washed with saturated brine (2 .times. 5ml.)
      and dried, and the solvent was evaporated to give an oil which was
      purified by preparative thin layer chromatography (developed in ethyl
      acetate) to yield the enone, methyl
      9.alpha.,11.alpha.-dihydroxy-15-oxo-5-cis,13-trans-prostadienoate, R.sub.F
      = 0.6 (3% glacial acetic acid in ethyl acetate). The n.m.r. spectrum in
      deuteriochloroform showed the following principal peaks (.delta. values):
EQU  0.78-1.01, 3H, triplet, C-20 methyl
EQU  3.64, 3H, triplet, methyl ester
EQU  3.85-4.4, 2H, multiplet, &gt;CH--O--
EQU  5.27-5.53, 2H, multiplet, cis olefinic protons
EQU  6.01-6.28, 1 H, doublet, C-14 proton
EQU  6.51-6.86, 1H, 2 .times. doublets, C-13 proton
PAR  The enone (10mg.) was dissolved in dry toluene (400.mu.l.) by stirring
      under argon. A 0.323M solution of di-isobornyloxyaluminium isopropoxide
      (254.mu.l.) was then introduced and stirring was continued for 24 hours.
      The mixture was then worked up in the manner described for the analogous
      reaction in Example 2 to give a crude mixture of enol esters which was
      hydrolysed directly as follows:
PAR  The crude enol was stirred in methanol (200.mu.l.) and water (50.mu.l.)
      containing potassium hydroxide (10mg.). After 1 hour the solvents were
      evaporated under reduced pressure and the residue was partitioned between
      water (2ml.) and ethyl acetate (2ml.). The aqueous layer was separated,
      washed with ether (2ml.), acidified to pH 1 with 2N hydrochloric acid and
      extracted with ether (2 .times. 2ml.). The combined ether extracts were
      dried and the solvent was evaporated to yield a gum comprising the two
      C-15 epimers of prostaglandin F.sub.2 .alpha., identical with an authentic
      sample by thin layer chromatography, n.m.r. and mass spectrometry.
PAC  EXAMPLE 6
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]heptanoate (400mg.) was vigorously stirred under argon
      for 10 minutes in a two-phase system consisting of 2% isopropanol in
      chloroform (16ml.) and concentrated hydrochloric acid (8ml.). The total
      reaction mixture was poured into an excess of saturated bicarbonate and
      the organic layer was separated. The aqueous solution was extracted with
      ethyl acetate (3 .times. 50ml.) and the combined organic extracts were
      washed with brine (50ml.) and dried, and evaporated to give methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cylopent-1
     .alpha.-yl]heptanoate as a clear oil, R.sub.F 0.2 (ether).
PAR  The methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]heptanoate, used as starting material in the above
      process, may be prepared as follows:
PAR  To a solution of
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5-cisenoic acid (4.9g.) in ether (20ml.) was
      added an excess of a solution of diazomethane in ether. After 20 minutes
      at room temperature, the excess of diazomethane was evaporated in a stream
      of argon, and the ether solution washed with saturated sodium bicarbonate
      (5ml.). The organic solution was dried and evaporated to dryness to give
      methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate as a clear oil, R.sub.F = 0.6,
      (5% methanol in methylene dichloride). The n.m.r. spectrum in
      deuteriochloroform showed the following features (.delta. values):
EQU  3.4, 6H, singlet, --CH(OCH.sub.3).sub.2
EQU  3.6, 3H, singlet, --COOCH.sub.3
EQU  4.7, 1H, broad singlet, --CH(OCH.sub.3).sub.2
EQU  5.45, 2H, multiplet, olefinic protons
PAR  Methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate (4.3g.) was dissolved in dry
      pyridine (50ml.) under argon, and treated with p-phenylbenzoyl chloride
      (4.65g.) and the mixture was stirred for 17 hours. Water (2.5ml.) was then
      introduced and stirring was continued for 2 hours. The mixture was
      evaporated under reduced pressure and toluene was added to assist
      azeotropic removal of the pyridine. The residue was partitioned between
      toluene (300ml.) and saturated sodium bicarbonate solution (150ml.). The
      whole mixture was filtered through "Hyflo" and the organic phase was
      separated. The aqueous layer was extracted with toluene (150ml.), and the
      organic extracts were combined, washed with brine, (100ml.), dried over
      sodium sulphate, and filtered and the solvent was evaporated to give
      methyl 7-[2.beta.-dimethoxymethyl-5.alpha.-(4-phenylbenzoyloxy)-3.alpha.-(
     tetrahydropyran-2-yloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate as a clear
      oil, R.sub.F = 0.8 (ether), whose n.m.r. spectrum in deuteriochloroform
      showed the following features (.delta. values):
EQU  3.42, 6H, doublet, --CH(OCH.sub.3).sub.2
EQU  3.6, 3H, singlet, --COOCH.sub.3
EQU  5.4, 2H, multiplet, olefinic protons
EQU  7.2-8.2, 9H, multiplet, aromatic protons
PAR  A solution of methyl
      7-[2.beta.-dimethoxymethyl-5.alpha.-(4-phenylbenzoyloxy)-3.alpha.-(tetrahy
     dropyran-2-yloxy)cyclopent-1.alpha.-yl]hept-5-cis-enoate (6.49g.) in dry
      methanol (140ml.) was stirred under argon at room temperature with
      toluene-p-sulphonic acid (9.4ml. of a 1% solution of anhydrous
      toluene-p-sulfonic acid in dry tetrahydrofuran) for 2.5 hours. Pyridine
      (5ml.) and toluene (40ml.) were added, and the solvents were evaporated
      under reduced pressure. The residue was partitioned between ethyl acetate
      (100ml.) and water (50ml.), and the organic phase was separated, washed
      successively with saturated sodium bicarbonate (2 .times. 30ml.) and
      saturated brine (30ml.) and dried, and the solvents was evaporated to give
      methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]hept-5-cis-enoate as a clear oil, R.sub.F = 0.4,
      (ether), M.sup.+ (for the trimethylsilyl derivative) = 568.2841
      (calculated for C.sub.32 H.sub.44 O.sub.7 Si = 568.2856).
PAR  A solution of methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-
     cyclopent-1.alpha.-yl]hept-5-cis-enoate (1g.) in ethyl acetate (40ml.) was
      stirred overnight in an atmosphere of hydrogen at room temperature and
      pressure in the presence of 5% palladium-on-charcoal (500mg.). The
      catalyst was removed by filtration through "Hyflo" and the solvent was
      evaporated from the filtrate to give the required methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-
     cyclopent-1.alpha.-yl]heptanoate, R.sub.F = 0.4 (ether). The n.m.r.
      spectrum in deuteriochloroform had the following characteristic signals
      (.delta. values):
EQU  3.45, 6H, doublet, --CH(OCH.sub.3).sub.2
EQU  3.6, 3H, singlet, --COOCH.sub.3
EQU  4.3, 1H, multiplet, &gt;CH.OH
EQU  4.35, 1H, doublet, --CH(OCH.sub.3).sub.2
EQU  5.42, 1H, multiplet, &gt;CH.OCO--
EQU  7.2-8.2, 9H, multiplet, aromatic protons.
PAC  EXAMPLE 7
PAR  The process described in the first part of Example 6  was repeated, using
      methyl
      7-[2.beta.-dimethoxymethyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)c
     yclopent-1.alpha.-yl]hept-5-cis-enoate in place of the corresponding
      heptanoate, to give methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]hept-5-cis-enoate as a clear oil, R.sub.F = 0.2 (ether). The
      n.m.r. spectrum in deuteriochloroform showed the following characteristic
      peaks (.delta. values):
EQU  3.55, singlet, 3H, methyl ester
EQU  3.5, multiplet, 1H, &gt;CH.OH
EQU  4.5, multiplet, 1H, hydroxy
EQU  5.3, multiplet, 3H, &gt;CH.OCO-- and trans-olefinic protons
EQU  7.3-8.2, multiplet, 9H, aromatic protons
EQU  9.9, broad singlet, 1H, aldehyde proton
PAC  EXAMPLE 8
PAR  7-[2.beta.-Dimethoxymethyl-3.alpha.-(3,5-dinitrobenzoyloxy)-5.alpha.-hydrox
     ycyclopent-1.alpha.-yl]hept-5-cis-enoic acid lactone (322mg.) was
      vigorously stirred under an argon atmosphere in a mixture of 2% by volume
      of isopropanol in chloroform (15ml.) and concentrated hydrochloric acid
      (7.5ml.) for 18 minutes at room temperature. The aqueous layer was
      separated and extracted with water-washed chloroform (15ml.). The combined
      chloroform layer and washings were washed successively with aqueous
      saturated sodium bicarbonate solution (15ml.) and brine (10ml.), and was
      dried, and the solvent was evaporated under reduced pressure to give
      7-[3.alpha.-(3,5-dinitrobenzoyloxy)-2.beta.-formyl-5.alpha.-hydroxycyclope
     nt-1.alpha.-yl]hept-5-cis-enoic acid lactone as an oil which was used
      without delay in further reaction, R.sub.F = 0.5 (ether). Principal n.m.r.
      peaks in a spectrum obtained from a deuteriochloroform solution were
      (.delta. values):
EQU  9.7, double, 1H, aldehyde proton
EQU  8.9-9.1, multiplet, 3H, aromatic protons
EQU  4.9-5.9, multiplet, 4H, two &gt;CH--O-- and two olefinic protons.
PAR  The lactone starting material may be obtained as follows:
PAR  A solution of
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5-cis-enoic acid (1.0g.) in dry pyridine
      (10ml.) was treated with p-phenylbenzoyl chloride (1.13g.) under an
      atmosphere of dry argon. Pyridine hydrochloride was precipitated almost
      immediately, and the mixture was then stirred for 17 hours at room
      temperature. Water (0.5ml.) was added and stirring was continued for 2
      hours. The mixture was evaporated under reduced pressure and the last
      traces of pyridine were removed by azeotropic distillation with toluene.
      The residue was partitioned between ether (100ml.) and saturated aqueous
      sodium bicarbonate solution (50ml.), the mixture was filtered through
      "Hyflo", the ether layer was separated, and the aqueous layer was
      re-extracted with ether. The organic layers were combined, washed with
      saturated brine (50ml.) and dried, and the solvent was evaporated to leave
      a gum. Chromatography of the gum on "Florisil" (10g.) eluting initially
      with toluene and finally with 10% v/v ethyl acetate in toluene, afforded
      7-[2.beta.-dimethoxymethyl-5.alpha.-hydroxy-3.alpha.-(tetrahydropyran-2-yl
     oxy)cyclopent-1.alpha.-yl]hept-5cis-enoic acid lactone as an oil, R.sub.F =
      0.64 and 0.71 (3 runs in chloroform). The n.m.r. spectrum in
      deuteriochloroform showed the following principal peaks (.delta. values):
EQU  3,35, broad singlet, 7H, methoxy and C-3.beta. protons
EQU  3.65-4.7, multiplet, 4H, --CH(OCH.sub.3).sub.2 and tetrahydropyran C-2 and
      C-6 protons.
EQU  5.0-5.4, multiplet, 3H, &gt;CH.OCO-- and olefinic protons.
PAR  A solution of the lactone (1.09g.) in dry methanol (17ml.) under argon at
      room temperature was treated with toluene-p-sulphonic acid monohydrate
      (60mg.). The mixture was stirred for 30 minutes, treated with pyridine
      (0.30ml.), and the solvent was evaporated under reduced pressure, last
      traces of pyridine being removed by azeotropic distillation with toluene.
      The residue was partitioned between ether (50ml.) and brine (10ml.), the
      organic layer was separated and dried, and the solvent was evaporated to
      leave the crude hydroxy-lactone,
      7-[2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-y
     l]hept-5-cis-enoic acid lactone as an oil, R.sub.F = 0.38 (ether). The
      n.m.r. spectrum in deuteriochloroform showed the following characteristic
      peaks (.delta. values):
TBL  3.32, 3H, singlet                                                         

                      methoxy protons.                                         

     3.48, 3H, singlet                                                         

     3.9-4.2, 1H, multiplet, &gt;CH-OH                                            

     4.26, 2H, doublet, --CH(OCH.sub.3).sub.2                                  

     5.0-5.4, 3H, multiplet, C-5.beta. and olefinic protons.                   

PAR  A solution of the hydroxy-lactone (198.4mg.) in dry pyridine (2ml.) was
      stirred under argon and treated with 3,5-dinitrobenzoyl chloride (250mg.).
      The mixture was stirred for 30 minutes, and the solvent was evaporated
      under reduced pressure removing the final traces of pyridine by azeotropic
      distillation with toluene. The residue was partitioned between toluene
      (25ml.) and saturated aqueous sodium bicarbonate solution (20ml.), the
      two-phase mixture was filtered through `Hyflo`, and the toluene layer was
      separated. The aqueous phase was extracted with more toluene (15ml.) the
      combined organic layers were extracted with saturated brine (8ml.) and
      dried, and the solvent was evaporated under reduced pressure to give the
      required lactone starting material,
      7-[2.beta.-dimethoxymethyl-3.alpha.-(3,5-dinitrobenzoyloxy)-5.alpha.-hydro
     xycyclopent-1.alpha.-yl]hept-5-cis-enoic acid lactone as an oil, R.sub.F =
      0.7 (ether). The n.m.r. spectrum in deuteriochloroform showed the
      following characteristic peaks (.delta. values):
TBL  3.35, 3H, singlet,                                                        

                     methoxy protons                                           

     3.39, 3H, singlet,                                                        

     4.37, 1H, doublet, --CH(OCH.sub.3).sub.2                                  

     5.0-5.6, 4H, multiplet, &gt;CH--O-- and olefinic protons                     

     8.9-9.2, 3H, multiplet, aromatic protons.                                 

PAC  EXAMPLE 9
PAR  A solution of dimethyl 2-(4-methoxymethylphenyl)-2-oxo-phosphonate (104mg.
      1.5 equivalent) in tetrahydrofuran (3.0ml.) was stirred under argon and
      cooled in a chloroform/`Drikold` bath, and treated with 2.2M butyllithium
      in hexane (148.mu.l.) followed after a few minutes by a solution of methyl
      2.beta.-dimethoxymethyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)cyclopent
     -1.alpha.-ylhept-5-cis-enoate (157mg.), also in tetrahydrofuran (2.0ml.).
      The cooling bath was then removed, and after 2 hours a few drops of acetic
      acid and then water (200.mu.l.) were added to adjust the pH to about 6.
      The solvent was evaporated under reduced pressure and the residue was
      partitioned between water (15ml.) and ethyl acetate (1 .times. 30ml., 1
      .times. 15ml.). The organic layer was separated, washed with water
      (10ml.), then dried over magnesium sulphate, and filtered, and the solvent
      was evaporated to give a viscous oil. This oil was purified by
      chromatography on "Florisil" (2g.) eluting with 10% ethyl acetate in
      toluene to afford the enone, methyl
      15-(4-methoxymethylphenyl)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoylox
     y)-16,17,18,19,20-pentanor-5-cis,13-trans-prostadienoate, as an oil,
      R.sub.F = 0.4 (20% ethyl acetate in methylene dichloride). The n.m.r.
      spectrum in deuteriochloroform showed the following principal peaks
      (.delta. values):
TBL  3.35,   3H,    singlet,   methoxy                                         

     3.50,   3H,    singlet,   --COOCH.sub.3                                   

     4.45,   2H,    --CH.sub.2 OCH.sub.3.                                      

     5.4-5.6,                                                                  

             4H,    multiplet, cis olefinic protons and                        

                               &gt;CH--O--                                        

     6.12-7,1                                                                  

             1H,    doublet,   =CH.CO--                                        

     7.86-8.02,                                                                

             2H,    doublet,                                                   

     8.02-8.23,                                                                

             2H,    doublet                                                    

     7.3-7.7,                                                                  

             15H,   multiplet, rest of aromatic protons                        

                               + --CH=CH.CO--                                  

PAR  Methyl
      15-(4-methoxymethylphenyl)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoylox
     y)-16,17,18,19,20-pentanor-5-cis,13-trans-prostadienoate (110 mg.) was
      stirred in dry toluene (5.0 ml.) under argon at room temperature, and
      treated with a 0.323M solution of di-isobornyloxyaluminium isopropoxide in
      toluene (2.0ml.). After 11/4 hours, the mixture was partitioned between
      water (0.5ml.) and ethyl acetate (1.0ml.), and filtered through "Hyflo",
      washing the filter pad with ethyl acetate (2 .times. 4ml.). The organic
      layer was separated, washed with brine (4ml.), dried over magnesium
      sulphate and filtered, and the solvent was evaporated to leave a crude
      oily product, which was chromatographed on "Florisil" (2g.). Elution with
      5-10% ethyl acetate in toluene gave the enol, methyl
      15-hydroxy-15-(4-methoxymethylphenyl)-9.alpha.,11.alpha.-di-(4-phenylbenzo
     yloxy)-16,17,18,19,20-pentanor-5-cis,13-trans-prostadienoate as a viscous
      oil, R.sub.F = 0.4 (20% ethyl acetate in methylene dichloride).
PAR  The crude enol (69mg.) was stirred under argon in a mixture of methanol
      (4ml.), water (0.7ml.) and N potassium hydroxide (0.9ml.) for 18 hours.
      The mixture was acidified to pH 5 with oxalic acid, and extracted with
      ethyl acetate, the extracts were washed with 1:1 saturated brine/water,
      and dried. Evaporation of the solvents gave a residue, from which the two
      C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-15-(4-methoxymethylphenyl)-16,17,18,19,20
     -pentanor-5-cis,13-trans-prostadienoic acid, were separated by thin layer
      chromatography, using 3% acetic acid in ethyl acetate, R.sub.F = 0.3 and
      0.4. The n.m.r. spectrum of each epimer in deuterated acetone showed the
      following characteristic peaks (.delta. values):
EQU  7.2-7.4, 4H, aromatic
EQU  5.1-5.6, 4 olefinic protons and --CH(OH).CH=CH--
EQU  4.4, 2H, --CH.sub.2.OMe
EQU  3.32, 3H, --CH.sub.2.OMe
PAL  The mass spectrum showed (M-CH.sub.3).sup.+ = 677.3493, calculated for
      C.sub.35 H.sub.64 O.sub.6 Si.sub.4 = 677.3547 (for the
      tetra-trimethylsilyl derivative).
PAC  EXAMPLE 10
PAR  Dimethyl [2-oxo-3-(indol-5-yloxy)propyl]phosphonate (600mg. 2.5
      equivalents) and methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-cyclopent
     -1.alpha.-yl]heptanoate (400mg. 1 equivalent) were suspended under argon in
      a mixture of toluene (20ml.) and t-butanol (4ml.). Aqueous 1M sodium
      hydroxide solution (1.84ml., 2.3 equivalents) was added and the two phase
      mixture was stirred vigorously for 3 hours. The reaction mixture was
      shaken with ethyl acetate (20ml.) and saturated brine (20ml.), and the
      organic layer was separated. The aqueous layer was extracted with ethyl
      acetate (2 .times. 20ml.), the combined organic extracts were dried, and
      the solvent was evaporated. Preparative thin layer chromatography gave the
      enone, methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-13-trans-prostenoate as a clear oil, R.sub.F = 0.3
      (25% ethyl acetate in toluene).
PAR  The enone (150mg.) was stirred in dry toluene (5.0ml.) under argon at room
      temperature, and treated with a 0.323M solution of
      di-isobornyloxyaluminium isoproxide in toluene (1.16ml., 2 equivalents).
      After 5 hours, the mixture was partitioned between water and ethyl acetate
      and filtered through "Hyflo" washing the filter pad with ethyl acetate.
      The organic layer was separated, washed with brine over magnesium sulphate
      and filtered, and the solvent was evaporated to leave a crude product,
      which was purified by thin layer chromatography using 10% ethyl acetate in
      toluene as the eluant. The enol, methyl
      11.alpha.,15-dihydroxy-16-(indol-5-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-17
     ,18,19,20-tetranor-13-trans-prostenoate, was obtained as a viscous oil,
      R.sub.F = 0.1 (25% ethyl acetate in toluene), whose n.m.r. spectrum in
      deuteriochloroform showed the following features (.delta. values):
EQU  3.6, 3H, singlet, --COOCH.sub.3
EQU  4.0, 2H, multiplet, --CH(OH).CH.sub.2 O--
EQU  4.6, 2H, multiplet, 2 .times. &gt;CH.OH
EQU  5.4, 1H, multiplet, &gt;CH.OCO--
EQU   5.8, 2H, multiplet, olefinic protons
EQU  6.4, 1H, broad singlet, indole C-3 proton
EQU  6.8-8.2, 14H, remainder of the aromatic protons plus &gt;N--H
PAR  The enol (128mg.) was stirred at room temperature under argon in a mixture
      of methanol (15ml.), water (5ml.) and 1,2-dimethoxyethane (15ml.) with
      potassium hydroxide (400mg.) for 16 hours. Glacial acetic acid was added
      to adjust the pH of the solution to 6, and the solvents were evaporated
      under reduced pressure. The residue was partitioned between water and
      ethyl acetate, and the aqueous layer was acidified to pH 3-4 with 2N
      oxalic acid. The aqueous layer was separated and washed with ethyl
      acetate, the combined ethyl acetate solutions were washed with brine and
      dried, and the solvent was evaporated to leave a solid residue of
      4-phenylbenzoic acid and the mixed C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(indol-5-yloxy)-17,18,19,20-tetranor-1
     3-trans-prostenoic acid, R.sub.F = 0.3 and 0.45 (3% acetic acid in ethyl
      acetate).
PAR  The n.m.r. spectrum of the more polar C-15 epimer, in deuterated acetone,
      showed the following characteristic absorptions (.delta. values):
TBL  3.9, 3H, multiplet, C-16 and 1 &gt;CH.OH protons                             

     4.2, 1H, multiplet,                                                       

                         &gt;CH.OH                                                

     4.45, 1H, multiplet,                                                      

           5.7, 2H, multiplet, olefinic protons                                

           6.4, 1H, singlet, indole C-3 proton                                 

           6.8, 1H, double doublet (J=9 and 3Hz), indole                       

           C-6 proton                                                          

           7.1, 1H, doublet (J= 3Hz), indole C-4 proton                        

           7.3, 2H, multiplet, indole C-2 and C-7 protons,                     

     M.sup.+ =                                                                 

           719.3924 (calculated for C.sub.36 H.sub.65 NO.sub.6 Si.sub.4 =      

           719.3890).                                                          

PAC  EXAMPLE 11
PAR  Dimethyl [3-(3-chlorophenoxy)-2-oxopropyl]phosphonate (140mg. 1.5
      equivalents) and methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di-(4-phenylbenzoyloxy)-cyclopent-1.al
     pha.-yl]hept-5-cis-enoate (200mg.) were dissolved in toluene (4ml.).
      Aqueous 1M sodium hydroxide solution (0.413ml; 1.3 equivalents) was added,
      and the two phase mixture was stirred vigorously overnight. The organic
      phase was separated, washed with brine and dried, and the solvent was
      evaporated. The residue was chromatographed on "Florisil" (15g.) using
      ether-toluene mixture to elute methyl
      16-(3-chlorophenoxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-17,
     18,19,20-tetranor-5-cis,13-trans-prostadienoate, R.sub.F = 0.8 (ether).
PAR  The latter part of Example 10 was repeated using methyl
      16-(3-chlorophenoxy)-15-oxo-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)-17,
     18,19,20-tetranor-5-cis,13-trans-prostadienoate in place of methyl
      11.alpha.-hydroxy-16-(indol-5-yloxy)-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-
     17,18,19,20-tetranor-13-trans-prostenoate to give, successively:
PAR  the enol, methyl
      16-(3-chlorophenoxy)-15-hydroxy-9.alpha.,11.alpha.-di-(4-phenylbenzoyloxy)
     -17,18,19,20-tetranor-5-cis,13-trans-prostadienoate, R.sub.F = 0.4 (25%
      petrol ether in ether);
PAR  and a mixture of C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(3-chlorophenoxy)-17,18,19,20-tetranor
     -5-cis,13-trans, prostadienoic acid, R.sub.F = 0.2 and 0.3 (3% acetic acid
      in ethyl acetate) which was purified by thin layer chromatography using 3%
      acetic acid in ethyl acetate. The n.m.r. spectrum of the mixture of C-15
      epimers in deuteriochloroform showed the following characteristic features
      (.delta. values):
EQU  4.0, multiplet, 4H, --CH.sub.2 --O-- and &gt;CH(OH)
EQU  4.4, multiplet, 1H, &gt;CH(OH)
EQU  5.0-5.8, multiplet, 8H, --OH and olefinic protons
EQU  6.8-7.3, multiplet, 4H, aromatic protons.
PAC  EXAMPLE 12
PAR  7-[3.alpha.-(3,5-dinitrobenzoyloxy)-2.beta.-formyl-5.alpha.-hydroxycyclopen
     t-1.alpha.-yl]hept-5-cis-enoic acid lactone (307mg.) was dissolved in
      toluene (4ml.), the solution was stirred under argon, dimethyl
      2-oxo-3-(3-trifluoromethylphenoxy)propylphosphonate (274mg.) was added,
      then 1M sodium hydroxide (0.72ml.) was added all at once. After 11/2 hours
      more toluene (10ml.) was added, the organic layer was separated washed
      with brine (2 .times. 10ml.) and dried, and the solvent was evaporated to
      leave an oil which was chromatographed on "Florisil" (6.0g.), eluted with
      5% v/v ethyl acetate in toluene, to yield the enone,
      11.alpha.-(3,5-dinitrobenzoyloxy)-9.alpha.-hydroxy-15-oxo-16-(3-trifluorom
     ethylphenoxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoic acid
      1,9.alpha.-lactone as a viscous oil, R.sub.F = 0.75 (ether). The n.m.r.
      spectrum in deuteriochloroform showed the following characteristic peaks
      (.delta. values):
EQU  8.8-9.1, multiplet, 3H, dinitrobenzoyl protons
EQU  6.25, 6.5, doublet, 1H, --CH:CH.CO--
EQU  6.6-7.6, multiplet, 5H, --CH:CH.CO-- and trifluoromethylphenoxy protons.
EQU  4.9-5.6, multiplet, 4H, &gt;CH--O-- and cis-olefinic protons
EQU  4.6, singlet, 2H, --CH.sub.2 --O--
PAR  The enone (232.4mg.) was dissolved in dry toluene (6ml.) under argon,
      treated with 0.27M di-isobornyloxyaluminium isopropoxide (2.44ml., 2
      equivalents), and the mixture was stirred for 30 minutes at room
      temperature. The mixture was partitioned between ethyl acetate (4ml.) and
      water (2ml.), and filtered through "Hyflo", and the organic layer was
      separated. The aqueous layer was re-extracted with ethyl acetate (4
      .times. 15ml.) the combined organic layers were washed with brine (10ml.)
      and dried, and the solvent was evaporated to leave a gum, which was
      purified by chromatography on "Florisil" (6.0g.) eluting initially with
      toluene to remove less polar impurities and finally with ether to afford
      the mixture of epimers of the enol,
      11.alpha.-(3,5-dinitrobenzoyloxy)-9.alpha.,15-dihydroxy-16-(3-trifluoromet
     hylphenoxy)-17,18,19,20-tetranor-5-cis,13-trans-prostadienoic acid
      1,9.alpha.-lactone, as a yellow foam, R.sub.F = 0.70 (ether). The n.m.r.
      spectrum in deuteriochloroform showed the following characteristic peaks
      (.delta. values):
EQU  8.9-9.2, multiplet, 3H, dinitrobenzoyl protons
EQU  7.4-6.8, multiplet, 4H, trifluoromethylphenoxy protons
EQU  5.7-5.9, multiplet, 2H, trans-olefinic protons
EQU  5.0-5.6, multiplet, 4H, &gt;CH.O-- and cis-olefinic protons
EQU  4.3-4.8, multiplet, 1H, &gt;CH(OH)
EQU  3.9-3.97, doublet, 2H, --CH.sub.2 --O--
PAR  The enol (130mg.) was stirred with finely ground anhydrous potassium
      carbonate (30mg.) in methanol (2.0ml.). After 45 minutes, the dark
      purplish mixture was adjusted to pH 4 with dilute hydrochloric acid and
      the solvent was evaporated under reduced pressure. The residue was
      dissolved in ether (15ml.), and the solution was extracted with sodium
      bicarbonate solution (5ml.), then with brine (5ml.), and was dried. The
      solvent was evaporated to leave a residue which was purified by thin layer
      chromatography to give a mixture of the C-15 epimers (R.sub.F = 0.55, 0.65
      in ethyl acetate) of the enol lactone
      9.alpha.,11.alpha.,15-trihydroxy-16-(3-trifluoromethylphenoxy)-17,18,19,20
     -tetranor-5-cis,13-trans-prostadienoic acid 1,9.alpha.-lactone as an oil.
      The n.m.r. spectrum in deuterichloroform showed the following
      characteristic peaks (.delta. values):
EQU  7.0-7.8, multiplet, 4H, aromatic protons
EQU  5.6-5.8, multiplet, 3H, &gt;CH.O-- and cis-olefinic protons
EQU  4.4-4.6, multiplet, 1H, &gt;CH(OH)
EQU  3.8-4.2, multiplet, 3 H, --O--CH.sub.2 -- and &gt;CH(OH)
PAR  The mixture of C-15 epimers of the enol lactone (10mg.) was stirred at room
      temperature under argon in a mixture of methanol (3ml.), acetone, (3ml.)
      and water (3ml.). 1M Potassium hydroxide (0.225ml.) was added and the
      solution was stirred for 16 hours. The mixture was neutralised with
      glacial acetic acid and the solvents were evaporated under reduced
      pressure. The residue was dissolved in water (2ml.), adjusted to pH 3 with
      saturated aqueous oxalic acid and extracted with a mixture of ethyl
      acetate and ether (1:1) (4 .times. 5ml.). The combined organic extracts
      were washed with brine dried over sodium sulphate and filtered, and the
      solvent was evaporated to give a mixture of C-15 epimers of
      9.alpha.,11.alpha.,15-trihydroxy-16-(3-trifluoromethylphenoxy)-17,18,19,20
     -tetranor-5-cis,13-trans-prostadienoic acid, R.sub.F = 0.3 and 0.4 (3%
      glacial acetic acid in ethyl acetate). The n.m.r. spectrum in
      deuterioacetone showed the following characteristic peaks (.delta.
      values):
EQU  3.8-4.6, multiplet, 5H, --O--CH.sub.2 -- and &gt;CH(OH)
EQU  5.2-5.65, multiplet, 2H, cis-olefinic protons
EQU   5.65-5.8, multiplet, 2H, trans-olefinic protons
EQU  7.2-7.8, multiplet, 4H, aromatic protons.
PAC  EXAMPLE 13
PAR  Dimethyl 2-oxoheptylphosphonate (820mg.) and methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-cyclopent
     -1.alpha.-yl]hept-5-cis-enoate (1g.) were suspended under argon in a
      mixture of toluene (40ml.). Aqueous 1M sodium hydroxide solution (3.9ml.)
      was added and the two phase mixture was stirred vigorously for 16 hours.
      The reaction mixture was shaken with ethyl acetate (20 ml.) and saturated
      brine (20ml.), and the organic layer was separated. The aqueous layer was
      extracted with ethyl acetate (2 .times. 40ml.), the combined organic
      extracts were dried, and the solvent was evaporated. Preparative thin
      layer chromatography gave the enone, methyl
      11.alpha.-hydroxy-15-oxo-9.alpha.-(4-phenylbenzoyloxy)-5-cis,13-trans-pros
     tadienoate, as a clear oil, R.sub.F = 0.8 (ether). M.sup.+ for the
      trimethylsilyl derivative = 618.3366, calculated for C.sub.37 H.sub.50
      O.sub.6 Si = 618.3376.
PAR  The enone (770mg.) was stirred in dry toluene (21ml.) under argon at room
      temperature, and treated with a 0.323M solution of
      di-isobornyloxyaluminium isopropoxide in toluene (11ml., 2.5 equivalents).
      After 16 hours, the mixture was partitioned between water and ethyl
      acetate and filtered through "Hyflo", washing the filter pad with ethyl
      acetate. The organic layer was separated, washed with brine, dried over
      magnesium sulphate and filtered, and the solvent was evaporated to leave a
      crude product, which was purified by thin layer chromatography using ether
      as the eluant. The enol, methyl
      11.alpha.,15-dihydroxy-9.alpha.-(4-phenylbenzoyloxy)-5-cis,13-trans-prosta
     dienoate was obtained as an oil R.sub.F = 0.3 and 0.2 (ether); M.sup.+ for
      the trimethylsilyl derivative = 692.3949 (calculated for C.sub.40 H.sub.60
      O.sub.6 Si.sub.2 = 692.3929), together with a minor amount of the
      corresponding isopropyl ester.
PAR  To a solution of the epimeric diols (605mg.) in methylene dichloride
      (20ml.) under an atmosphere of nitrogen at 0.degree.C., were added
      successively redistilled 2,3-dihydropyran (1.2g.) followed by a solution
      of toluene-p-sulphonic acid (0.3ml. of a 1% solution in tetrahydrofuran).
      After 10 minutes, a few drops of pyridine were added, and the solution was
      washed successively with saturated sodium bicarbonate solution and
      saturated brine, and was dried. Evaporation of the solvents gave a mixture
      of C-15 epimeric bis(tetrahydropyranyl ethers), methyl
      11.alpha.,15-bis(tetrahydropyran-2-yloxy)-9.alpha.-(4-phenylbenzoyloxy)-5-
     cis,13-trans-prostadienoate, together with a small amount of the
      corresponding isopropyl ester, as an oil R.sub.F = 0.8 (ether).
PAR  The epimeric bis(tetrahydropyran-2-yl ethers) (736mg.) were stirred at room
      temperature under argon in a mixture of methanol (15ml.), water (15ml.),
      and 1,2-dimethoxyethane (50ml.) with potassium hydroxide (10.7ml. of a 1M
      solution in methanol, 10 equivalents) for 16 hours. Glacial acetic acid
      was added to adjust the pH of the solution to 7 and the solvents were
      evaporated under reduced pressure. The residue was partitioned between
      water and ether: pentane (1:1), and extracted with ether:pentane (1:1), (6
      .times. 25 ml.). The combined organic phases were washed with brine and
      dried, and the solvent was evaporated to give the mixed C-15 epimers of
      9.alpha.-hydroxy-11.alpha.,15-bis(tetrahydropyran-2-yloxy)-5-cis-13-trans-
     pentadienoic acid together with a small amount of 4-phenylbenzoic acid.
PAR  The above mixture (190mg.) was dissolved in pure acetone (2ml.) and cooled
      to -25.degree.C., Jones' reagent (chromic acid in acetone, 0.118ml.) was
      added and the solution was stirred for 15 minutes while the temperature
      reached -10.degree.C. Isopropanol (3 drops) was added, followed by ethyl
      acetate. The solution was washed with saturated brine and dried, and the
      solvent was evaporated to give the mixed C-15 epimers of
      9-oxo-11.alpha.,15-bis(tetrahydropyran-2-yloxy)-5-cis,13-trans-prostadieno
     ic acid as an oil, R.sub.F = 0.5 (5% methanol in methylene chloride).
PAR  A solution of
      9-oxo-11.alpha.,15-bis(tetrahydropyran-2-yloxy)-5-cis,13-trans-prostadieno
     ic acid (160mg.) in a mixture of acetic acid (1.3ml.), water (0.6ml.) and
      tetrahydrofuran (1ml.) was stirred at 40.degree.C. for 2 hours. The
      solvents were evaporated to leave a residue consisting of the mixed C-15
      epimers of racemic prostaglandin E.sub.2 and polymerised dihydropyran. The
      mixture of C-15 epimers and polymerised material were separated by thin
      layer chromatography, using 3% glacial acetic acid in ethyl acetate as
      eluant. The C-15 epimers were identical by n.m.r. spectroscopy with
      authentic material.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An aldehyde of the formula:
      ##SPC7##
PAL  wherein R.sup.1 is carboxy or alkoxycarbonyl of up to 11 carbon atoms, A is
      cis-vinylene, R.sup.2 and R.sup.3, which may be the same or different, are
      hydroxy, 3,5-dinitrobenzoyloxy or hydrocarbon aroyloxy of up to 15 carbon
      atoms and bearing 0 or 1 alkyl of 1 to 4 carbon atoms on carbon atom 2, 3
      or 4.
NUM  2.
PAR  2. The aldehyde of claim 1 wherein R.sup.1 is carboxy, methoxycarbonyl,
      n-butoxycarbonyl or n-decyloxycarbonyl, A is cis-vinylene, R.sup.2 and
      R.sup.3, which may be the same or different, are hydroxy, benzoyloxy,
      4-phenylbenzoyloxy or 3,5-dinitrobenzoyloxy and the alkyl substituent
      which may be present on carbon atom 2, 3 or 4 is methyl.
NUM  3.
PAR  3. The aldehyde of claim 1 which is selected from methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-di(4-phenylbenzoyloxy)cyclopent-1.alph
     a.-yl]hept-5-cis-enoate, methyl
      7-[2.beta.-formyl-3.alpha.,5.alpha.-dihydroxycyclopent-1.alpha.-yl]hept-5-
     cis-enoate and methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)cyclopent-
     1.alpha.-yl]hept-5-cis-enoate.
NUM  4.
PAR  4. An aldehyde according to claim 1 wherein R.sup.2 is hydrocarbon aroyloxy
      of up to 15 carbon atoms and R.sup.3 is hydroxy or hydrocarbon aroyloxy of
      up to 15 carbon atoms.
NUM  5.
PAR  5. An aldehyde according to claim 1 wherein R.sup.2 is hydrocarbon aroyloxy
      of up to 15 carbon atoms and R.sup.3 is hydroxy.
NUM  6.
PAR  6. The aldehyde of claim 1 which is methyl
      7-[2.beta.-formyl-3.alpha.-hydroxy-5.alpha.-(4-phenylbenzoyloxy)-cyclopent
     -1.alpha.-yl]hept-5-cis-enoate.
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ABST
PAL  Novel 8R-antimeric and racemic 11.alpha.-methylsubstituted-prosta-5-cis,
      13-trans-dienoic and prost-13-trans-enoic acids having oxygenated
      functions at the C-9 and C-15 positions of the molecule, as well as the
      15-methyl or ethyl derivatives thereof and processes for making such
      compounds. Also encompassed are the pharmaceutically acceptable, non-toxic
      alkyl esters and salts of the carboxylic acid function of these novel
      compounds.
BSUM
PAR  The present invention relates to certain novel prostaglandin derivatives
      and to processes for the production thereof.
PAR  More particularly the present invention relates to natural and racemic
      prosta-5-cis,13-trans-dienoic acids and prost-13-trans-enoic acids having
      oxygenated functions at C-9 and C-15 positions of the molecule and a
      methyl substituted group at C-11, as well as the 15-methyl or ethyl
      derivatives thereof. Also encompassed are the corresponding
      pharmaceutically acceptable, non-toxic alkyl esters and salts of the
      carboxylic acid function.
PAR  Prostaglandins are members of a relatively new class of hormonal agents
      with a remarkable range of biological and pharmaceutical properties. These
      compounds belong to a group of chemically related 20-carbon chain hydroxy
      fatty acids having the basic skeleton of prostanoic acid:
      ##SPC1##
PAL  For a review on prostaglandins and the definition of primary
      prostaglandins, see for example S. Bergstrom, Recent Progress in Hormone
      Research, 22, pp. 153-175 (1966) and Science, 157, page 382 (1967) by the
      same author.
PAR  Prostaglandins are widely distributed in mammalian tissues and have been
      isolated from natural sources in very small amounts. In addition, a number
      of the naturally occurring prostaglandins have been prepared by chemical
      synthesis, note for example, E. J. Corey et al., J. Am. Chem. Soc., 91,
      page 5675 (1969), J. Am. Chem. Soc. 92, page 2586 (1970) and J. Am. Chem.
      Soc., 93, pages 1489-1493 (1971) and references cited therein, W. P.
      Schneider et al., J. Am. Chem. Soc., 90, page 5895 (1968), U. Axen et al,
      Chem. Commun., page 303 (1969) and W. P. Schneider, Chem. Commun., page
      304, (1969).
PAR  It has also been reported by A. J. Weinheimer et al, [Tetrahedron Letters,
      5183 (1969)] that a type of coral, the sea whip or sea fan Plexaura
      homomalla found in reefs off the Florida coast, in the Caribbean region,
      contains high concentrations of prostaglandin derivatives of the PGA.sub.2
      series, to which they assigned the unnatural (R) configuration for the
      hydroxyl group at C-15. More recently, W. P. Schneider et al, [J. Am.
      Chem. Soc., 94, 2122 (1972)] reported that some forms of P. homomalla
      contain, instead of the (15R)-prostaglandins, free or esterified
      derivatives of (15S)-PGA.sub.2, identical with the prostaglandins derived
      from mammalian sources. They also found that some specimens of this
      gorgonian may contain both (15R) and (15S) prostaglandins.
PAR  Because of the remarkable range of biological and pharmacological
      properties exhibited by this family of compounds, a great deal of interest
      has focused upon such compounds, and the preparation of analogs of such
      compounds; accordingly, we have discovered certain modified novel
      prostaglandin derivatives and processes for the production thereof.
PAR  The novel prostaglandin derivatives of the present invention can be
      represented by the following formulas:
      ##SPC2##
PAL  wherein
PA1  R is a keto group, .alpha.-hydroxy-.beta.-hydrogen or
      .beta.-hydroxy-.alpha.-hydrogen;
PA1  X is fluoro, chloro, bromo, azido (N.sub.3), amino (--NH.sub.2), mono or
      disubstituted amino (--NR.sup.4 R.sup.5), formamido (--NHCHO), lower
      alkylamido (--NHCOR.sup.3), lower alkoxy, thiomethyl, methylsulfinyl
      ##EQU1##
       or methylsulfonyl
      ##EQU2##
      R.sup.2 is methyl or ethyl; each of R.sup.3 and R.sup.4 is independently a
      lower alkyl group containing from 1 to 4 carbon atoms;
PA1  R.sup.5 is hydrogen or a lower alkyl group containing from 1 to 4 carbon
      atoms;
PA1  R.sup.6 is hydrogen, a lower alkyl group of 1 to 4 carbon atoms or the
      pharmaceutically acceptable, non-toxic salts of compounds in which R.sup.6
      is hydrogen;
PA1  Z is a saturated linkage or a cis double bond and the wavy lines ( )
      indicate the .alpha.or 62  configuration or mixtures thereof, provided
      that when R.sup.2 is .alpha., the hydroxyl group, attached to the same
      carbon atom as R.sup.2, is .beta.; and when R.sup.2 is .beta., the
      hydroxyl group, attached to the same carbon atoms as R.sup.2 is .alpha..
PAR  The dotted lines shown in the above formula and in the formulas below
      indicate that the substituents are in .alpha. configuration, i.e., below
      the plane of the cyclopentane ring.
PAR  The double bonds in the compounds of the present invention have the same
      configuration as in natural prostaglandins of the PGE.sub.1, PGE.sub.2,
      PGF.sub.1.sub..alpha.  and PGF.sub.2.sub..alpha.  series, i.e., the double
      bond at C-5,6 is in cis-configuration and the double bond at C-13,14 is in
      trans-configuration.
PAR  These novel compounds possess asymmetric centers and thus can be produced
      as racemic mixtures. The racemic mixtures can be resolved if desired, at
      appropriate stages by methods known to those skilled in the art, to obtain
      the respective individual antimers. It is to be understood that the
      individual antimers as well as mixtures of both antimers are encompassed
      within the scope of the present invention. The preferred antimeric
      compounds are the 8R-antimers, i.e., the optically active forms
      corresponding to prostaglandins obtained from natural sources.
PAR  When the compounds of the present invention are racemic mixtures, they are
      produced starting from racemates, while when the compounds of the
      invention are individual antimers, they are preferably obtained starting
      from the appropriate individual antimer.
PAR  For the sake of simplicity only one antimer of each pair will be depicted
      in the description of the process and claims; however, it is to be
      understood that the mirror images for the racemic mixtures and the
      individual antimers are also encompassed thereby.
PAR  The use of the symbol "R" preceding a substituent designates the absolute
      stereochemistry of that substituent according to the Cahn-Ingold-Prelog
      rules [see Cahn et al., Angew. Chem. Inter. Edit., Vol. 5, p. 385 (1966),
      errata p. 511; Cahn et al., Angew. Chem., Vol. 78, p. 413 (1966); Cahn and
      Ingold, J. Chem. Soc., (London), 1951, p. 612; Cahn et al., Experientia,
      Vol. 12, p. 81 (1956); Cahn.,  J. Chem. Educ., Vol. 41, p. 116 (1964)].
      Because of the interrelation of the designated substituent with the other
      substituents in the compound having .alpha. or .beta. prefixes, the
      designation of the absolute configuration of one substituent fixes the
      absolute configuration of all substituents in the compound and thus the
      absolute configuration of the compound as a whole.
PAR  The term "lower alkyl" as used herein refers to straight or branched alkyl
      groups containing up to 4 carbon atoms, e.g., methyl, ethyl, n-propyl,
      isopropyl, n-butyl, t-butyl and the like.
PAR  The term "lower alkoxy" refers to the group R.sup.1 O-- wherein R.sup.1 is
      lower alkyl. Typical lower alkoxy groups include, for example, methoxy,
      ethoxy, propoxy, isopropoxy, t-butoxy and the like.
PAR  The term "substituted amino" refers to mono (lower) alkyl- and di (lower)
      alkylamino groups in which "lower alkyl" is as defined above. Typical mono
      (lower) alkyl amino groups included within the scope of the instant
      invention are: methylamino, ethylamino, n-propylamino, isopropylamino,
      n-butylamino, t-butylamino and the like.
PAR  Examples of di(lower)alkylamino groups included within the scope of the
      present invention are: dimethylamino, diethylamino, ethylmethylamino,
      di-n-propylamino, methyl-n-propylamino, di-n-butylamino, di-t-butylamino,
      methyl-t-butylamino and the like.
PAR  The term "lower alkylamido" refers to lower alkylcarbonylamino groups in
      which "lower alkyl" is as defined above, such as acetamido,
      n-propionamido, isopropionamido, butyramido, etc.
PAR  The term "conventionally hydrolyzable esters" refers to those
      physiologically acceptable lower alkyl ester groups employed in the
      pharmaceutical art, particularly the methyl, ethyl and propyl esters.
PAR  The addition salts of the compounds of the present invention are derived
      from pharmaceutically acceptable basic salts, including metal salts such
      as sodium, potassium, calcium, magnesium, aluminum and the like, as well
      as organic amine salts such as ammonium., triethylamine,
      2-dimethylaminoethanol, 2-diethylaminoethanol, lysine, arginine, caffeine,
      procaine, N-ethylpiperidine, and the like.
PAR  The novel compounds of the present invention can be obtained by the
      following overall reaction sequence:
      ##SPC3##
PAL  wherein
PA1  Z, r.sup.1, r.sup.2, r.sup.4 and R.sup.5 have the above-indicated meaning;
PA1  R.sup.3.sup.' is hydrogen or lower alkyl;
PA1  R.sup.6.sup.' is hydrogen or methyl;
PA1  R.sup.7 is hydrogen or acetyl (Ac) and
PA1  X' is chloro or bromo.
PAR  In practicing the process illustrated above the starting materials,
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester or its racemate, compounds of the formula I, are
      treated with acetic anhydride in pyridine solution, in a conventional
      manner, to produce the diacetylated derivative, in which the acetoxymethyl
      group at C-11 is selectively hydrolyzed, to yield the 15-monoacetate of
      formula II (Z = double bond). This selective saponification is effected
      using about 1.1 molar equivalents of an anhydrous alkali metal carbonate
      such as sodium carbonate or potassium carbonate in an anhydrous aliphatic
      alcohol as solvent, i.e. methanol or ethanol at about room temperature or
      below, for a period of time of the order of 1 to 4 hours, 2 hours being
      generally sufficient.
PAR  The compounds of formula II (Z = saturated linkage) are obained by
      selective reduction of the C-5,6 double bond in the diene compounds (II, Z
      = double bond). This selective reduction can be effected by the procedure
      described by Koch et al., in Journal of Labelled Compounds, Vol. VI, No.
      4, page 395 (October-December 1970) using tris (triphenylphosphine)
      chlororhodium as catalyst, in a suitable inert organic solvent or mixture
      of solvents, such as a benzene-acetone mixture, at about room temperature,
      or using platinum oxide or a palladium-charcoal catalyst in a lower
      aliphatic alcohol as solvent, i.e., in methanol or ethanol solution at a
      temperature comprised between -20.degree.C to room temperature, until
      absorption of about one molar equivalent of hydrogen, using in both cases
      a thin layer chromatographic analytical technique to follow the progress
      of the reaction.
PAR  By treatment of compounds of formula II with a trisubstituted phosphine
      dichloride or dibromide, under appropriate conditions, there are obtained
      the corresponding chloromethyl or bromomethyl compounds of formula III
      (R.sup.6.sup.'  = Me; R.sup.7 = Ac).
PAR  The phosphine dihalide reagents are obtained from trisubstituted phosphines
      such as triphenyl phosphine, tri-n-octylphosphine, tris(dimethylamino)
      phosphine and the like, in the presence of a chlorine or bromine source.
PAR  In the preferred embodiments, this reaction is effected by using
      triphenylphosphine dichloride or dibromide in a suitable inert organic
      solvent. Typically, this reaction is effected by first saturating a
      solution of triphenylphosphine in an anhydrous inert organic solvent, e.g.
      dimethoxyethane, dimethylformamide, dimethylacetamide and the like with
      gaseous chlorine, or bromine, at room temperature, and thereafter cooling
      the triphenylphosphine dihalide reagent thus obtained to 0.degree.C and
      adding a solution of compound of formula II in the same solvent. There are
      used from 1 to 2 molar equivalents of triphenylphosphine per molar
      equivalent of compound of formula II, and preferably about 1.5 molar
      equivalents. The reaction mixture is then maintained at about 0.degree.C
      for a short period of time of the order of 10 to 40 minutes, preferably
      for about 30 minutes. Upon evaporation of the solvent and purification of
      the residue by thin-layer chromatography there is obtained the
      corresponding 11.alpha.-halomethyl compound of formula III (R.sup.6.sup.'
      = Me; R.sup.7 = Ac).
PAR  Alternatively, the 11.alpha.-chloromethyl and 11.alpha.-bromomethyl
      compounds of formula III (R.sup.6.sup.'  = Me; R.sup.7 = Ac) can be
      prepared by reaction of compounds of formula II with at least one molar
      equivalent of triphenylphosphine and carbon tetrachloride or carbon
      tetrabromide as halogen source, in accordance with the method of J. B. Lee
      et al., Tetrahedron 23, 2789 (1967) or with tri-n-octylphosphine-carbon
      tetrachloride or carbon tetrabromide, in accordance with the method of J.
      Hooz et al, Canadian J. Chem. 46, 86 (1968). In both cases, carbon
      tetrachloride and carbon tetrabromide can serve both as reagents and
      solvents. This reaction can also be effected in an inert organic solvent
      e.g., dimethylformamide, dimethoxyethane, diethyl ether and the like,
      using only about 1 to 5 molar equivalents of the carbon tetrahalide. In
      any case the reaction can be conducted at a temperature comprised between
      room temperature and reflux, for a period of time of the order of from
      about 10 minutes to several hours.
PAR  In a further aspect, the 11.alpha.-chloromethyl and 11.alpha.-bromomethyl
      compounds of formula III can also be prepared by treatment of compounds of
      formula II with tris(dimethylamino)phosphine and carbon tetrachloride or
      carbon tetrabromide respectively, followed by treatment of the
      alkyloxytris(dimethylamino)phosphonium halide intermediate with lithium
      chloride or bromide, in accordance with the method of B. Castro et al.,
      Bull. Soc. Chimique de France, 1973 p. 3034. In the preferred embodiments
      the reaction is conducted by adding from about 1.6 to 2 molar equivalents
      of tris(dimethylamino) phosphine to a solution of the compound of formula
      II in an inert organic solvent, e.g., dimethylformamide or pyridine
      containing at least 2 molar equivalents of carbon tetrachloride or carbon
      tetrabromide, at low temperature, of the order of 0.degree. to
      -70.degree.C, preferably at about -40.degree. to -45.degree.C, following
      the course of the reaction by thin layer chromatographic analytical
      techniques; when the reaction is essentially complete there are added from
      1 to 1.2 molar equivalents of lithium chloride (when carbon tetrachloride
      has been used) or lithium tetrabromide in the case of using previously
      carbon tetrabromide, heating the mixture at about 80.degree. to
      120.degree.C for a prolonged period of time, of the order of 20 to 40
      hours; good results are obtained conducting the reaction at about
      110.degree.C for about 24 hours. This method is also applicable to
      starting materials having a free hydroxyl group at C-15, thus producing
      directly the 11.alpha.-halomethyl compounds of formula III in which
      R.sup.6.sup.' = Me; R.sup.7 = H.
PAR  The 11.alpha.-fluoromethyl compounds of formula IV (R.sup.6.sup.'  = Me;
      R.sup.7 = Ac) can be prepared from the corresponding
      11.alpha.-hydroxymethyl compounds of formula II by a four step sequence,
      which comprises protection of the 9-keto group as the diethyleneketal,
      treatment of the ketal with methyltriphenoxyphosphonium iodide in
      accordance with the method of J. P. H. Verheyden et al., J. Org. Chem.,
      35, 2319 (1970) to produce the 11.alpha.-iodomethyl prostaglandin
      derivative, displacement of the iodine atom by fluorine by reaction with
      silver fluoride and hydrolysis of the ketal protecting group by acid
      treatment.
PAR  Typically, the ketalization of the 9-keto function is effected by treatment
      of compound of formula II with 2-methyl-2-ethyl-1,3-dioxolane in the
      presence of an acid catalyst, e.g., p-toluenesulfonic acid, at the boiling
      point with continuous distillation, for about 1 hour. The product is
      isolated from the reaction mixture by dilution with water, extraction with
      a solvent immiscible with water, e.g., diethyl ether, methylene chloride,
      ethyl acetate and the like, evaporation and purification by thin layer
      chromatography.
PAR  The reaction with methyltriphenoxyphosphonium iodide is effected using
      about 2 molar equivalents of this reagent (prepared as described by J. P.
      H. Verheyden et al., vide supra) per molar equivalent of compound II in an
      inert organic solvent, using particularly dimethylformamide as solvent, at
      room temperature for a short period of time, of the order of 10 to 30
      minutes, the excess reagent being destroyed by addition of methanol when
      the reaction is essentially complete, isolating the product by extraction
      with a solvent immiscible with water, evaporation and purification by thin
      layer chromatography.
PAR  The displacement of iodine by fluorine is carried out using an excess of
      silver fluoride in aqueous acetonitrile, under slight heating, i.e., at
      about 30.degree. to 40.degree.C, for a period of time of the order of 4 to
      10 hours. Upon acid hydrolysis of the ethylenedioxy protecting group,
      using for example aqueous acetic acid (24 hours at room temperature) or
      p-toluenesulfonic acid in acetone solution (3 hours at room temperature),
      there is obtained the desired 9-keto-11.alpha.-fluoromethyl compound of
      formula III (R.sup.6.sup.'  = Me; R.sup.7 = Ac).
PAR  The 11.alpha.-iodomethyl intermediate can be alternatively obtained by
      treatment of the 9-ethylenedioxy-11.alpha.-hydroxymethyl compound with
      triphenylphosphine or tri-n-octylphosphine-carbon tetrabromide, as
      described hereinbefore in detail, followed by displacement of bromine by
      iodine, by treatment with sodium iodide in acetone.
PAR  Upon treatment of compounds of formula II with an alkyl iodide such as
      methyl iodide, ethyl iodide, isopropyl iodide and the like in the presence
      of an alkali metal hydride, e.g., sodium hydride, in an anhydrous inert
      organic solvent there are produced the corresponding
      11.alpha.-alkoxymethyl compounds of formula V (R.sup.6.sup.'  = Me;
      R.sup.7 = Ac). The reaction is preferably conducted under nitrogen or
      argon atmosphere, at room temperature for a prolonged period of time, of
      the order of 16 to 30 hours. Suitable inert organic solvents are
      dimethylformamide, dimethylacetamide, tetrahydrofuran, dimethylsulfoxide,
      etc.
PAR  The 11.alpha.-azidomethyl compounds of formula VI (R.sup.6.sup.'  = Me;
      R.sup.7 = Ac) are prepared by treatment of the 11.alpha.-bromomethyl
      compounds of formula III (R.sup.6.sup.'  = Me; R.sup.7 = Ac; X'=Br) with
      an excess of sodium azide in an aqueous inert organic solvent. In the
      preferred embodiments, there are used from 6 to 25 molar equivalents of
      sodium azide per molar equivalent of starting compound III in a solvent
      miscible with water, e.g., acetone and dimethylsulfoxide in the presence
      of about 10-15% water, conducting the reaction at a temperature comprised
      between room temperature and reflux, for a period of time of the order of
      12 to 48 hours, the reaction time depending upon the temperature at which
      the reaction takes place.
PAR  The 11.alpha.-aminomethyl compounds of formula VII (R.sup.6.sup.'  and
      R.sup.7 = H) can be obtained by reaction of the corresponding
      11.alpha.-azidomethyl compounds of formula VI (R.sup.6.sup.' = Me; R.sup.7
      =Ac) with triphenylphosphine in an anhydrous inert organic solvent
      followed by base treatment of the aminophosphorane intermediate so
      produced, with concomitant hydrolysis of the protecting groups at C-1 and
      C-15.
PAR  Typically, there is used from 1 to 1.2 molar equivalents of
      triphenylphosphine per molar equivalent of the azidomethyl starting
      compound of formula VI. Adequate inert organic solvents for this reaction
      are benzene, toluene, acetonitrile and the like, conducting the reaction
      at a temperature comprised between room temperature and reflux, for a
      period of time of the order of 2 to several hours. In the preferred
      embodiments, the reaction is initially maintained at room temperature for
      about 2 hours, and thereafter heated under refluxing conditions until it
      is essentially complete, as demonstrated by thin layer chromatographic
      analysis. The solvent is eliminated under reduced pressure and the residue
      treated with a dilute solution of an alkali metal hydroxide, i.e., sodium
      or potassium hydroxide in a lower aliphatic alcohol, e.g., methanol or
      ethanol, at reflux temperature for about 2 to 5 hours, preferably for
      about 3 hours under nitrogen or argon atmosphere, followed by evaporation
      of the solvent, disolution of the residue in water and filtration of the
      aqueous solution through a column of a strongly acidic cation exchange
      resin (in H.sup.+ form) such as Amberlite or Dowex 50, acid form (+)
      eluting the column first with water and thereafter with dilute acetic
      acid, e.g., 10% aqueous acetic acid. The acidic eluates are evaporated,
      lyophilized and purified by chromatographic techniques, to afford the
      11.alpha.-aminomethyl prostaglandin derivatives of formula VII
      (R.sup.6.sup.'  and R.sup.7 = H).
PAR  Upon conventional acetylation of the 15.alpha.-hydroxy group with acetic
      anhydride in pyridine solution, 1 hour at room temperature and
      esterification of the carboxylic acid function with etheral diazomethane
      there are produced the diesterified compounds (VII, R.sup.6.sup.' = Me;
      R.sup.7 = Ac), which can be further purified by thin layer chromatography.
PAR  By treatment of the 11.alpha.-aminomethyl compounds of formula VII
      (R.sup.6.sup.'  = Me; R.sup.7 = Ac) with a carboxylic acid anhydride or
      carboxylic acid chloride of 2 to 5 carbon atoms in pyridine solution, at
      room temperature for a period of time of about 12 to 20 hours there are
      produced the alkylamidomethyl derivatives of formula VIII (R.sup.3.sup.'
      = lower alkyl, R.sup.6.sup.' =Me; R.sup.7 = Ac). This reaction can also be
      effected at the steambath temperature for 1 to 3 hours.
PAR  The 11.alpha.-formamidomethyl compounds (VIII, R.sup.3.sup.' =H;
      R.sup.6.sup.'  = Me; R.sup.7 = Ac) can be prepared by reaction of the
      corresponding 11.alpha.-aminomethyl compounds (VII, R.sup.6.sup.' = Me;
      R.sup.7 =Ac) with phenyl formate, in an inert organic solvent. Typically,
      the reaction is conducted by adding a cold solution of the
      11.alpha.-aminomethyl starting compound in an inert organic solvent such
      as diethyl ether, isopropyl ether, tetrahydrofuran, dioxane and the like,
      to a slight excess of phenyl formate (i.e., from 1.1 to 1.5 molar
      equivalents), maintaining the reaction mixture at a temperature of between
      0.degree.C to room temperature for about 12 to 24 hours. The phenyl
      formate used as reagent can be in pure form or contaminated with phenol
      and other impurities, which do not interfere with the reaction. Thus,
      there can be used phenyl formate prepared as described by H. L. Yale in J.
      Org. Chem. 36, 3238 (1971) which contains approximately 50% of phenyl
      formate, 45% phenol and 5% unidentified products. When the reaction is
      complete, the product is isolated from the reaction mixture by evaporation
      of the solvent and excess reagent under high vacuo, dissolving the residue
      in a solvent immiscible with water followed by washing with water or
      sodium chloride solution to eliminate the phenol and other impurities,
      evaporation and chromatographic purification.
PAR  The 11.alpha.-methylthiomethyl compounds of formula IX (R.sup.6.sup.'  =
      Me; R.sup.7 = Ac) can be prepared by treatment of the corresponding
      11.alpha.-bromomethyl compounds of formula III (R.sup.6.sup.'  = Me;
      R.sup.7 = Ac; X' = Br) with sodium thiomethylate in anhydrous methanol.
      The reaction is preferably conducted under an inert atmosphere, i.e.,
      under argon or nitrogen atmosphere, at a temperature comprised between
      0.degree.C to room temperature for a period of time of about 2 to 48
      hours, using at least 1.1 molar equivalents of sodium thiomethylate per
      molar equivalent of starting compound. In general, the reaction is
      complete within about 6 hours, at room temperature.
PAR  Upon treatment of the 11.alpha.-methylthiomethyl compounds formula IX
      (R.sup.6.sup.'  = Me; R.sup.7 = Ac) with sodium metaperiodate, at low
      temperature, there are produced the 11.alpha.-methylsulfinylmethyl
      derivatives of formula X(R.sup.6.sup.' = Me; R.sup.7 = Ac). This oxidation
      reaction is conveniently carried out by addition of a solution of the
      11.alpha.-methylthiomethyl starting compound (IX) in a lower aliphatic
      alcohol e.g., methanol or ethanol to a slight molar excess of sodium
      metaperiodate (in the form of a 0.5M aqueous solution), at a temperature
      of about 0.degree.C for a period of time of about 3 to 24 hours. The
      precipitated sodium iodide is removed by filtration, and the product
      isolated from the filtrate by conventional techniques.
PAR  By reaction of the 11.alpha.-methylsulfinylmethyl compounds of formula X
      (R.sup.6.sup.'  = Me; R.sup.7 =Ac) with N-chlorosuccinimide or
      N-bromosuccinimide in anhydrous methanol there are produced the
      corresponding 11.alpha.-methylsulfonylmethyl derivatives of formula XI
      (R.sup.6.sup.' =Me; R.sup.7 = Ac). Typical conditions involve the use of
      from 1 to 2 equivalents of the N-halosuccinimide reagent per molar
      equivalent of compound of formula X, using a large volume of methanol. The
      reaction is conducted at a temperature comprised between 0.degree.C to
      room temperature, for about 1 to several hours. In the preferred
      embodiments 1.1 to 1.2 molar equivalents of the N-halosuccinimide reagent
      are added to a dilute methanolic solution of the
      11.alpha.-methylsulfinylmethyl starting compound, cooled to 0.degree.C,
      maintaining the reaction mixture at room temperature until the reaction is
      complete, usually for about 1 to 2 hours. The product is isolated from the
      reaction mixture by conventional means, such as evaporation of the
      methanol, disolution of the residue in a solvent immiscible with water,
      e.g., methylene chloride, diethyl ether, ethyl acetate and the like,
      washing the organic solution with water or brine to eliminate the
      succinimide formed during the reaction, evaporation and thin layer
      chromatographic purification.
PAR  The 11.alpha.-N-(lower)-alkylaminomethyl and N,N-di(lower)alkylaminomethyl
      compounds of formula XII (R.sup.6.sup.' = Me; R.sup.7 = Ac) can be
      prepared from the corresponding 11.alpha.-hydroxymethyl compounds of
      formula II, by treatment with tris(dimethylamino)phosphine, carbon
      tetrachloride and ammonium perchlorate in a suitable inert solvent, to
      give a methyloxydimethylaminophosphonium perchlorate intermediate which is
      immediately treated with a lower alkyl- or lower dialkylamine, to yield
      the corresponding 11.alpha.-N-alkylaminomethyl or
      11.alpha.-N,N-dialkylaminomethyl derivative of formula XII (R.sup.6.sup.'
      =Me; R.sup.7 = Ac).
PAR  Typically, to a solution of the starting compound of formula II in a
      mixture of carbon tetrachloride and an anhydrous inert organic solvent,
      e.g., dimethylformamide, acetonitrile, methyl ethyl ketone,
      hexamethylphosphotriamide and the like, particularly dimethylformamide,
      cooled to a temperature comprised between -40.degree. to -78.degree.C,
      preferably to about -60.degree.C is slowly added one equivalent of
      tris(dimethylamino)phosphine, under an inert atmosphere, i.e., under argon
      or nitrogen atmosphere, and thereafter a solution of about one equivalent
      of ammonium perchlorate in the same solvent previously used. A precipitate
      of ammonium chloride is readily formed, remaining in solution the
      methyloxydimethylaminophosphonium perchlorate prostaglandin intermediate,
      which is immediately treated with at least two molar equivalents of a
      mono(lower)alkyl or di(lower)alkylamine,  heating the mixture at a
      temperature comprised between 60.degree. to 130.degree.C for a period of
      time of the order of 3 to 48 hours, preferably at 80.degree.C for about 10
      hours. The product is isolated from the reaction mixture by conventional
      techniques such as dilution with water, extraction, evaporation and
      chromatographic purification.
PAR  Suitable mono(lower)alkyl amines used in this reaction are methylamine,
      ethylamine, n-propylamine, isopropylamine, n-butylamine, t-butylamine,
      etc. Suitable di(lower)alkylamines are: dimethylamine, diethylamine,
      methylethylamine, di-n-propylamine, di-isopropylamine, di-n-butylamine,
      methylethylamine, methylisobutylamine, methyl-n-propylamine and the like.
PAR  The 15.alpha.-acetoxy function in compounds of formulas III to XII
      (R.sup.6.sup.' =Me; R.sup.7 = Ac) can be selectively hydrolyzed by
      chemical or enzymatic methods, to yield the respective 15.alpha.-hydroxy
      compounds (III to XII, R.sup.6 .sup.' = Me; R.sup.7 = H).
PAR  The acetoxy function in the 11.alpha.-halomethyl compounds of formulas III
      and IV is preferably hydrolyzed by enzymatic methods using an aged
      endogenous enzyme system present in the cortex of Plexaura homomalla
      (Esper), in accordance with the method described by A. Prince et al., in
      Prostaglandins Vol. 3, No. 4, p. 531 (1973). This method comprises putting
      into contact a suspension of 1 part of the methyl
      ester15-acetoxy-prostaglandin used as substrate and from 5 to 20 parts by
      weight of aged extracted, finely ground gorgonian, in a saline solution
      containing sodium chloride and calcium chloride, stirring the mixture at
      about room temperature for about 24 hours, following the course of the
      reaction by t.l.c. analysis. Dilution of the reaction mixture with
      acetone, separation of the insoluble material by filtration or
      decantation, evaporation of the acetone, extraction of the aqueous layer
      with a solvent immiscible with water, evaporation of the organic extract
      and purification of the residue by chromatography on silica gel plates
      affords the desired methyl ester-15.alpha.-hydroxy-prostanoic acid
      derivative (III and IV, R.sup.6 .sup.'=Me; R.sup.7 = H).
PAR  Alternatively, this selective enzymatic hydrolysis can be carried out by
      using citrus acetyl esterase [see for example J. D. A. Jeffery et al,
      Biochem. J. 81, p. 591 (1961) and U.S. Pat. No. 3,769,166].
PAR  When using a recently extracted residue of the gorgonian Plexaura homomalla
      (Esper) in the above mentioned method, conducting the reaction at a pH
      7.5-7.7, both the acetoxy and methyl ester groups are hydrolyzed, thus
      giving rise to the free 11.alpha.-halomethyl-15.alpha.-hydroxy
      prostadienoic or prostenoic acids (III and IV, R.sup.6 .sup.' and R.sup.7
      = H).
PAR  The acetoxy function in compounds of formulas V to XII can be hydrolyzed by
      the above mentioned enzymatic methods, or by treatment with about 1 to 1.5
      equivalents of an anhydrous alkali metal carbonate such as sodium
      carbonate or potassium carbonate in methanol solution under anhydrous
      conditions, at about room temperature or below for a period of time of the
      order of 1 to 3 hours, preferably conducting the reaction under nitrogen
      or argon atmosphere.
PAR  Compounds of formulas V, VI, VIII, IX, X and XI (R.sup.6 .sup.'= Me;
      R.sup.7 = Ac) can be converted into the corresponding 15-hydroxy
      prostadienoic and prostenoic acids (V, VI, VIII, IX, X and XI, R.sup.6
      .sup.' and R.sup.7 = H) by treatment with an excess of an alkali metal
      carbonate or alkali metal hydroxide in aqueous methanol, at room
      temperature or under slight heating, i.e., at a temperature of the order
      of 20.degree. to 40.degree.C for a period of time of about 12 to 24 hours,
      under an inert atmosphere.
PAR  Alternatively, the hydrolysis of the methyl ester group can be effected by
      enzymatic hydrolysis methods, using for example a crude pancreatic lipase
      commercially available (Sigma Steapsin), or a crude hog pancreatic lipase,
      by the method of A. F. Kluge et al in J. Am. Chem. Soc. 94, 782 (1972),
      baker's yeast [C. J. Sih et al, J. C. S. Chem. Comm. 240 (1972)] or a
      recently extracted residue of the gorgonian Plexaura homomalla (Esper).
PAR  The methyl esters of 8R-antimeric and racemic
      9-keto-11.alpha.-methylsubstituted-15.alpha.-hydroxyprostenoic and
      prostadienoic acid compounds (formula XIII, R.sup.6 .sup.' = Me, which is
      a composite of formulas III to XII, R.sup.6 .sup.' = Me; R.sup.7 = H) are
      converted into the 9-hydroxy derivatives of formula XIV (R.sup.6 .sup.'=
      Me) by reduction with sodium borohydride or zinc borohydride.
PAR  The reduction with sodium borohydride is effected in methanol solution at
      about 0.degree.C, for a period of time of the order of 30 minutes to
      several hours, preferably for about one to two hours, using at least 1.1
      molar equivalents of the reagent per mol of 9-keto starting compound, to
      give a mixture of the corresponding 9.alpha. and 9.beta.-hydroxy
      derivatives, which is separated into the individual isomers by
      chromatography on Florisil or thin layer chromatography.
PAR  The reduction with zinc borohydride is effected preferably in
      dimethoxyethane solution using an excess of the reagent (prepared from
      freshly fused zinc chloride and sodium borohydride in dimethoxyethane)
      under anhydrous conditions, at temperatures in the range of 5.degree. to
      25.degree.C, for about from 15 minutes to 3 hours, obtaining also a
      mixture of the corresponding 9.alpha.- and 9.beta.-hydroxy compounds which
      can be separated into the individual isomers by chromatographic
      techniques, as previously mentioned.
PAR  The zinc borohydride reduction method is preferred when using a
      9-keto-11.alpha.-halomethyl-prostaglandin derivative (XIII, X = Cl, Br, F)
      as starting material.
PAR  Compounds of formula XIV (R.sup.6 .sup.' = Me) are converted into the
      corresponding 15-keto derivatives of formula XV by selective oxidation of
      the 15-hydroxy group with an excess of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone in benzene or dioxane as
      solvents, conducting the reaction at a temperature above room temperature,
      i.e., at about 50.degree. to 60.degree.C for a period of time of the order
      of 14 to 20 hours, preferably for about 18 hours. The course of the
      reaction can be followed by thin layer chromatography or by periodic
      determination of the ultraviolet spectrum. When the reaction is complete,
      the product is isolated from the reaction mixture by conventional
      techniques, such as separation of the insoluble material by filtration,
      evaporation of the filtrate and purification of the residue by
      chromatographic techniques.
PAR  Alternatively, the selective oxidation at C-15 can be effected with
      manganese dioxide in chloroform or tetrahydrofuran solution, at room
      temperature for 18 to 40 hours.
PAR  Treatment of the 15-keto compounds of formula XV with an excess of an
      alkylmagnesium halide, i.e., methyl or ethylmagnesium bromides or
      chlorides, yields the corresponding 15 -alkyl-15 -hydroxy compounds of
      formula XVI (R.sup.2 = Me, Et; R.sup.6 .sup.' = Me), as mixtures of the
      respective 15.alpha.hydroxy-15.beta.-alkyl- and
      15.beta.-hydroxy-15.alpha.-alkyl isomers. This reaction is preferably
      carried out in ether or tetrahydrofuran solution, using from 6 to 18 molar
      equivalents of the Grignard reagent per molar equivalent of starting
      compound, at a temperature of between -25.degree.C to room temperature,
      for a period of time of 1 to 4 hours, under an inert atmosphere.
PAR  Typically, the reaction is conducted by adding the Grignard reagent,
      portionwise, to a previously cooled solution (-20.degree.C) of a compound
      of formula XV in diethylether or tetrahydrofuran, under argon or nitrogen
      atmosphere. The temperature of the reaction mixture is then allowed to
      rise to about -5.degree.C, an additional amount of the Grignard reagent is
      added, following the course of the reaction by thin layer chromatographic
      techniques, the reaction being generally complete within about 2 hours.
PAR  Alternatively, the reaction can be carried out using a molar excess of an
      alkyllithium as reagent, i.e., methyl- or ethyllithium, conducting the
      reaction at about -70.degree. to 20.degree.C, for a short period of time,
      of the order of 10  to 30 minutes; however, a more selective alkylation is
      obtained when using a Grignard reagent.
PAR  The mixture of 15.alpha.-hydroxy-15.beta.-alkyl- and
      15.beta.-hydroxy-15.alpha.-alkyl compounds of formula XVI (R.sup.6 .sup.'
      = Me) is separated into the individual isomers by thin layer
      chromatography.
PAR  Upon oxidation of compounds of formula XVI (R.sup.6 .sup.' = Me) with
      chromium trioxide under alkaline conditions there are produced the
      corresponding 9-keto derivatives of formula XVII (R.sup.6 .sup.' = Me).
      Suitable oxidizing agents are, for example, chromium trioxide-pyridine
      complex, chromium trioxide-dipyridine complex (Collins' reagent) and
      dicyclohexylcarbodiimide or diisopropylcarbodiimide in dimethyl sulfoxide
      (Moffat's reagent), using particularly chromium trioxide-dipyridine
      complex, conducting the reaction at low temperature, in the range of
      -10.degree. to 0.degree.C, for a short period of time, of the order of 5
      to 20 minutes.
PAR  The methyl ester compounds of formula XIV, XVI and XVII (R.sup.6 .sup.' =
      Me) are converted into the respective free prost-13-trans-enoic and
      prosta-5-cis,13-trans-dienoic acids of the invention (XIV, XVI and XVII,
      R.sup.6 .sup.' = H) preferably by enzymatic hydrolysis methods, using for
      example, a recently extracted residue of the gorgonian Plexaura homomalla
      (Esper), in a saline solution, at a pH 7.5 to 7.7 as described by A.
      Prince et al, in Prostaglandins, Vol. 3, No. 4 p. 531 (1973), which method
      has also been mentioned hereinbefore for the hydrolysis of the methyl
      ester group in the 9-keto compounds of the invention non-alkylated at
      C-15, or other enzyme systems which are known as useful for the hydrolysis
      of compounds unstable to alkaline or acid conditions, such as a crude
      pancreatic lipase commercially available (Sigma Steapsin), a crude hog
      pancreatic lipase, by the method described by A. F. Kluge et al., in J.
      Am. Chem. Soc. 94, 782 (1972) or baker's yeast [C. J. Sih et al., J. C. S.
      Chem. Comm. 240 (1972)].
PAR  The methyl ester group in compounds of formulas XIV, XVI and XVII (R.sup.6
      .sup.' = Me, X = azido, lower alkoxy, thiomethyl, formamido, alkylamido,
      methylsulfinyl or methylsulfonyl) can also be hydrolyzed chemically, by
      treatment with potassium carbonate in aqueous methanol, for about 12 to 24
      hours, preferably for about 16 hours, at room temperature and under
      nitrogen or argon atmosphere, followed by careful acidification with a
      weak acid, such as acetic acid. In the case of compounds XVI and XVII,
      this acidification is effected at low temperature, i.e., at about
      0.degree. to -10.degree.C, to avoid dehydration of the tertiary hydroxyl
      group at C-15.
PAR  The 11.alpha.-aminomethyl and substituted aminomethyl prostadienoic and
      prostenoic acid methyl ester compounds of formulas XII (R.sup.6 .sup.' =
      Me; R.sup.7 = H), XIV, XVI and XVII
      ##EQU3##
      can be converted into the free acids of saponification with sodium or
      potassium carbonate, as previously described with regard to other
      compounds of the invention, followed by evaporation of the solvent,
      disolution of the residue in water and filtration of the aqueous solution
      through a column of an strongly acidic cation exchange resin (in H.sup.+
      form) such as Amberlite or Dowex 50, acid form (+), eluting the column
      first with water and thereafter with dilute acetic acid, e.g., 10% aqueous
      acetic acid. The acidic eluates afford, after lyophilization, the desired
      free acids (XII, R.sup.6 .sup.' and R.sup.7 = H; XIV, XVI and XVII,
      ##EQU4##
PAR  The alkyl esters of the carboxylic acid function in the novel compounds of
      the present invention other than the methyl ester can be prepared by
      treatment of the free acid with an excess of a diazoalkane such as
      diazoethane or diazopropane in ether or methylene chloride solution, in a
      conventional manner, or by reaction with the desired lower alkyl iodide in
      the presence of lithium carbonate, at room temperature.
PAR  The salt derivatives of the prostenoic and prostadienoic acids of the
      present invention can be prepared by treating the corresponding free acids
      with about one molar equivalent of a pharmaceutically acceptable base per
      molar equivalent of free acid. Suitable pharmaceutically acceptable bases
      include, for example, sodium hydroxide, trimethylamine, triethylamine,
      tripropylamine, .beta.-(dimethylamino) ethanol,
      .beta.-(diethylamino)ethanol, arginine, lysine, caffeine, procaine and the
      like. Typically, the reaction is conducted in an aqueous solution, alone
      or in combination with an inert water miscible organic solvent, at a
      temperature of about from 0.degree. to 30.degree.C, preferably at room
      temperature. Typical inert, water miscible organic solvents includes
      methanol, ethanol, isopropanol, butanol, dioxane and the like. When
      divalent metal salts are prepared such as the calcium salts or magnesium
      salts, the free acid starting material is treated with at least one half
      molar equivalent of the pharmaceutically acceptable base.
PAR  In conducting the above-described processes, it is generally preferred to
      separate or isolate the respective products of each reaction step prior to
      their use as starting materials in subsequent steps. Illustrative
      non-limiting separation and isolation procedures can be had by reference
      to the appropriate Examples set forth hereinbelow. Also, when the starting
      compound is an 8R-antimer, the products obtained are 8R-antimers, while
      when using a racemic compound as starting material the products obtained
      are racemates.
PAR  The compounds of formula I used as starting materials in the above
      described processes can be obtained in accordance with copending patent
      application Ser. No. 447,323, filed Mar. 1, 1974, of Guzman and Marx,
      which involves sensitized irradiation of natural PGA.sub.2 methyl ester
      [isolated from the gorgonian Plexaura homomalla (Esper)] or its racemate
      in methanol solution, in the presence of benzophenone or another
      sensitizing agent, at a wavelenght of about 360 m.mu., or by the method
      described in our copending patent application Ser. No. 444,689 filed Feb.
      21, 1974.
PAR  The compounds, esters and salts of the invention exhibit prostaglandin-like
      biological activities and thus are useful in the treatment of mammals
      where the use of prostaglandins are indicated. The compounds, esters and
      salts of the invention are bronchodilators and thus are useful in treating
      mammals for bronchial spasm or wherever strong bronchodilators are
      indicated. These compounds are also useful in controlling or palliating
      hypertension in mammals and further exhibit central nervous system
      depressant activity in mammals, and are useful as sedatives. In addition,
      the compounds are useful for inducing labor, in pregnancy and for inducing
      menses to correct or reduce menstrual abnormalities.
PAR  The compounds and/or salts of the invention, can be administered in a wide
      variety of dosage forms, either alone or in combination with other
      pharmaceutically compatible medicaments, in the form of pharmaceutical
      compositions suited for oral or parenteral administration or inhalation in
      the case of bronchodilators. The compounds are typically administered as
      pharmaceutical compositions consisting essentially of the compounds and/or
      salts, of the invention, and a pharmaceutical carrier. The pharmaceutical
      carrier can be either a solid material, liquid or aerosol, in which the
      compound and/or salt is dissolved, dispersed or suspended, and can
      optionally contain small amounts of preservatives and/or pH-buffering
      agents. Suitable preservatives which can be used include, for example
      benzyl alcohol and the like. Suitable buffering agents include, for
      example, sodium acetate and pharmaceutical phosphate salts and the like.
PAR  The liquid compositions can, for example, be in the form of solutions,
      emulsions, suspensions, syrups or elixirs. The solid compositions can take
      the form of tablets, powders, capsules, pills or the like, preferably in
      unit dosage forms for simple administration or precise dosages. Suitable
      solid carriers include, for example, pharmaceutical grades of starch,
      lactose, sodium saccharin, talcum, sodium bisulfite and the like.
PAR  For inhalation administration, the compounds and/or salts can, for example,
      be administered as an aerosol comprising the compounds or salts in an
      inert propellant together with a cosolvent (e.g. ethanol) together with
      optional preservatives and buffering agents. Additional general
      information concerning the inhalation administration of aerosols can be
      had by reference to U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  The compounds of this invention are typically administered in dosages of
      about from 0.1 to 10 mg. per Kg. of body weight. The precise effective
      dosage will, of course, vary depending upon the mode of administration,
      condition being treated and host.
DETD
PAR  The following Examples illustrate the invention, but are not intended to
      limit its scope. The abbreviation t.l.c. refers to thin-layer
      chromatography and all mixture ratios used with regard to liquids refer to
      volume ratios. Also, where necessary, examples are repeated to provide
      sufficient starting material for subsequent examples.
PAC  PREPARATION 1
PAR  To a solution of 250 mg. of
      8R-9-keto-15.alpha.-hydroxyprosta-5-cis,10,13-trans-trienoic acid methyl
      ester [natural PGA.sub.2 methyl ester, isolated from the gorgonian
      Plexaura homomalla (Esper) and purified by successive chromatographies,
      first on a Florisil column using increasing percentages of ether in
      methanol and thereafter by thin-layer chromatography on silica gel, using
      methylene chloride-ethyl acetate (95:5) as gradient] in 40 ml. of
      anhydrous methanol, placed into a Pyrex vessel of an irradiation apparatus
      are added 30 mg. of benzophenone. Nitrogen is then bubbled through the
      resulting mixture for 15 minutes, and thereafter it is irradiated at 360
      m.mu. for 6 hours using a G. E. germicidal lamp F 4T5-BLB. At the end of
      this time the reaction is essentially complete as demonstrated by the
      substantial extinction of the ultraviolet absorption at 217 m.mu.. The
      reaction mixture is then evaporated to drynes under reduced pressure and
      the residue purified by t.l.c. using ethyl acetate-methanol (99.5:0.5) as
      eluant, thus yielding the pure
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester.
PAR  In a similar manner, starting from
      9-keto-15.alpha.-hydroxyprosta-5-cis,10,13-trans-trienoic acid methyl
      ester [obtained by dehydration of racemic PGE.sub.2 with 90% aqueous
      acetic acid, in accordance with the method of J. E. Pike et al., J. Org.
      Chem. 34, 3552 (1969) followed by conventional esterification of the
      carboxylic acid function with ethereal diazomethane] there is obtained
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester in similar yield.
PAC  EXAMPLE 1
PAR  A. To a solution of 170 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of pyridine are added 5 ml. of acetic
      anhydride and the reaction mixture is kept at room temperature for 2
      hours. It is then evaporated to dryness under vacuo, the oily residue is
      dissolved in ethyl acetate and the resulting solution washed with 1%
      hydrochloric acid solution, sodium bicarbonate solution and saturated
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under vacuo, thus obtaining
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester.
PAR  B. To a solution of 46.4 mg. of
      8R-9-keto-11.alpha.-acetoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 3 ml. of anhydrous methanol is added, under
      nitrogen atmosphere, 6.9 mg. (1 equivalent) of potassium carbonate. The
      resulting mixture is stirred at room temperature for 2 hours. It is then
      diluted with 40 ml. of ethyl acetate and acidified with 1% hydrochloric
      acid solution, the organic phase is separated and washed with water to
      neutral, dried over sodium sulfate and evaporated to dryness under reduced
      pressure. The residue is purified by t.l.c., using hexane-ethyl acetate
      (1:1) as gradient to produce the pure
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester (8R-antimer of II, Z = double bond).
PAR  In a similar manner 9-keto-11.alpha.-hydroxymethyl-
      15.alpha.-hydroxyprosta-5-cis,13-trans dienoic acid methyl ester is
      converted into
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dien
     oic acid methyl ester.
PAC  EXAMPLE 2
PAR  A. To a prehydrogenated suspension of 14 mg. of 5% palladium charcoal
      catalyst in 5 ml. of methanol is added a solution of 140 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 10 ml. of methanol and the resulting mixture is
      stirred under hydrogen atmosphere until 1 mol of hydrogen is absorbed. The
      catalyst is then separated by filtration through Celite, diatomaceous
      earth, washing the solid material with methanol. The combined organic
      filtrates are evaporated to dryness under reduced pressure and the residue
      purified by t.l.c., to afford
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester in pure form (8R-antimer of II, Z = saturated linkage).
PAR  B. Fifteen milligrams of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester are dissolved in a mixture of 2 ml. of benzene and
      3 ml. of acetone containing 5 mg. of freshly prepared
      tris-(triphenylphosphine) chlororhodium, at room temperature. The
      resulting mixture is stirred in a hydrogen atmosphere and aliquots are
      removed at periodic intervals. The aliquots are analyzed by gas liquid
      chromatography to determine whether hydrogenation has been completed. When
      the hydrogenation is determined to be essentially complete (ca. six hours)
      the reaction mixture is applied to 20% wt. silver nitrate impregnated
      silica gel (G) preparative plates developing with
      chloroform:methanol:acetic acid:water in a 95:75:1:0.6 parts by volume
      ratio. The zone corresponding to the desired monounsaturated compound is
      eluted with a 90:10, by vol., of a mixture of chloroform and methanol
      yielding the pure
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester, identical to the product obtained in part A.
PAC  EXAMPLE 3
PAR  To a solution of 315 mg. of triphenylphosphine in 10 ml. of anhydrous
      dimethoxyethane is passed a slow stream of anhydrous chlorine gas until
      the solution becomes pale yellow. A few crystals of triphenylphosphine are
      added to discharge the color and the solution is cooled to 0.degree.C. To
      the cold solution are added 314 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester dissolved in 3 ml. of anhydrous dimethoxyethane
      and the reaction mixture is stirred at 0.degree.C for 30 minutes. The
      solvent is then eliminated under reduced pressure and the oily residue
      purified by thin layer chromatography, using hexane-ethyl acetate (75:25)
      as gradient to produce
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester (8R-antimer of III, R.sup.6 .sup.' = methyl;
      R.sup.7 = Ac; X' = chloro; Z =0 double bond).
PAR  In a similar manner,
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dien
     oic acid methyl ester is converted into
      9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester.
PAC  EXAMPLE 4
PAR  A solution of 196.5 mg. of triphenylphosphine in 10 ml. of dimethoxyethane
      is treated with bromine, in a dropwise fashion, until the solution is
      slightly yellow. A few crystals of triphenylphosphine are added to
      decolorize the solution which is then cooled to 0.degree.C. To the cold
      solution is added a solution of 227 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 3 ml. of dimethoxyethane, and the reaction
      mixture is maintained at 0.degree.C for 30 minutes. It is then evaporated
      to dryness under vacuo and the residue purified by t.l.c. using
      hexaneethyl acetate (70:30) as eluant, to obtain the pure
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester (8R-antimer of III, R.sup.6 .sup.' = Me; R.sup.7 =
      Ac; X' = bromo; Z = double bond).
PAR  By the same method,
PA1  9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester,
PA1  8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
PAR  9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-transenoic acid
      methyl ester,
PAL  are converted respectively into:
PA1  9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
      acid methyl ester,
PAR  8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 5
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of dry carbon tetrachloride is added 75.1
      mg. of triphenylphosphine and the reaction mixture is refluxed under
      anhydrous conditions for 20 minutes. It is then evaporated to dryness
      under reduced pressure and the residue purified by t.l.c. using
      hexane-ethyl acetate (75:25) as gradient, to produce
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester, identical to the product obtained in Example 3.
PAR  By the same method but using carbon tetrabromide in place of carbon
      tetrachloride there is obtained
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester, identical to the product obtained in Example 4.
PAC  EXAMPLE 6
PAR  To a solution of 422 mg. (1 mmol) of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 2 ml. of dimethylformamide is added 308 mg. of
      anhydrous carbon tetrachloride. The solution is cooled to -40.degree. to
      -45.degree.C and then treated dropwise, under nitrogen atmosphere and with
      stirring, with 261 mg. of tris(dimethylamino)phosphine in 1 ml. of
      dimethylformamide. The course of the reaction is followed by thin layer
      chromatography. After about one hour, the reaction is essentially
      complete. To the reaction mixture are then added 170 mg. of lithium
      chloride, and the reaction mixture is stirred for 24 hours at
      110.degree.C. The solvent is eliminated under vacuo and the residue is
      taken up in ethyl acetate. The organic solution is washed with sodium
      chloride solution, dried and evaporated to dryness under vacuo.
      Purification of the residue by t.l.c. as described in Example 3, affords
      the pure
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester, identical to the product obtained in said Example.
PAR  In a similar manner but using equivalent amounts of carbon tetrabromide and
      lithium bromide instead of carbon tetrachloride and lithium chloride,
      respectively, there is obtained
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester.
PAC  EXAMPLE 7
PAR  A. To a magnetically stirred solution of 100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of carbon tetrachloride is added 46.4 mg.
      of tri-n-octylphosphine and the reaction mixture is maintained at room
      temperature for 15 minutes. It is then evaporated to dryness under vacuo
      and the residue purified by t.l.c. using hexane-ethyl acetate (75:25) as
      gradient, to yield
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester, identical to the product obtained in Example 3.
PAR  By the same method, 8R-9-keto-11.alpha.-hydroxymethylprost-13-trans-enoic
      acid methyl ester and its racemate are converted into the corresponding
      11.alpha.-chloromethyl derivatives.
PAR  B. To a magnetically stirred solution of 422 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of anhydrous ether and 664 mg. of carbon
      tetrabromide is added 392 mg. of tri-n-octylphosphine. An immediate
      exothermic reaction takes place and the initially colorless mixture turns
      yellow. Five minutes after complete addition of the phosphine the reaction
      appears to be essentially complete, as demonstrated by t.l.c. analysis.
      The solvent is eliminated under reduced pressure and the residue purified
      by thin layer chromatography, to obtain the pure
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester, identical to the product obtained in Example 4.
PAC  EXAMPLE 8
PAR  A. A solution of 195 mg. of
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 10 ml. of 90% aqueous acetone is treated with 500
      mg. of sodium azide and the reaction mixture is refluxed for 17 hours. It
      is then cooled, poured into water and extracted with methylene chloride (3
      .times. 30 ml.). The combined organic extracts are washed with saturated
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The residue is purified by t.l.c. using
      methylene chloride-methanol (99:1) as gradient to obtain the pure
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester (8R-antimer of VI, R.sup.6 .sup.' = Me; R.sup.7 =
      Ac; Z = double bond).
PAR  B. A solution of 100 mg. of
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 5 ml. of dimethylsulfoxide is mixed with a
      solution of 134 mg. of sodium azide in 0.7 ml. of water, and the resultant
      mixture is heated on a steam bath for 16 hours. The solution is poured
      into ice-water and extracted several times with ethyl acetate. The
      combined organic extracts are washed, dried and evaporated and the residue
      purified by t.l.c. as described in part A, to yield
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester, identical to the product obtained in part A.
PAR  In another experiment the reaction was conducted at room temperature for 48
      hours, obtaining the same results.
PAR  By following the methods of parts A or B of this Example,
PA1  9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester
PAL  are converted respectively into:
PA1  9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
       acid methyl ester,
PA1  8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 9
PAR  To a solution of 447 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 10 ml. of anhydrous benzene is added 262 mg. of
      triphenylphosphine. A chip of porous porcelain is added to initiate the
      reaction, maintaining the reaction mixture at room temperature for 2 hours
      and then under refluxing conditions for an additional hour, at the end of
      which time the reaction is essentially complete, as demonstrated by thin
      layer chromatographic analysis. The reaction mixture is then evaporated to
      dryness under reduced pressure, and the oily residue dissolved in 10 ml.
      of 2% methanolic potassium hydroxide solution. The resultant reaction
      mixtue is refluxed for 3 hours under argon atmosphere, evaporated to
      dryness under reduced pressure and the residue dissolved in 20 ml. of
      water. The aqueous solution is passed through a column of 10 g. of ion
      exchange resin Dowex 50 acidic type (H.sup.+), eluting the column first
      with water and thereafter with 10% acetic acid solution. The combined
      acidic eluates are concentrated to a small volume under reduced pressure,
      at low temperature, liophylized and purified by t.l.c. to yield the pure
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid (8R-antimer of VII, R.sup.6.sup.' and R.sup.7 = H; Z = double
      bond).
PAR  In a similar manner,
PA1  9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester,
PAL  are converted respectively into:
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoic
      acid,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      and
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprost-13-trans-enoic acid.
PAC  EXAMPLE 10
PAR  A mixture of 200 mg. of
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid, 0.4 ml. of acetic anhydride and 0.8 ml. of pyridine is kept at
      room temperature for 1 hour. It is then evaporated to dryness under vacuo
      and the residue dissolved in ethyl acetate. The resulting solution is
      washed with 50% saturated sodium chloride solution, dried over sodium
      sulfate and evaporated to dryness under reduced pressure, to yield
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid.
PAR  The foregoing crude compound is dissolved in 5 ml. of methylene chloride, 1
      ml. of ethereal diazomethane is added and the reaction mixture is kept at
      room temperature for 20 minutes. The solvents and excess reagent are
      eliminated by vacuum distillation, thus affording
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester (8R-antimer of VII, R.sup.6.sup.' = Me; R.sup.7 =
      Ac; Z = double bond).
PAR  In a similar manner, the remaining compounds obtained in Example 9 are
      converted respectively into;
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 11
PAR  A mixture of 100 mg. of
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester, 3 ml. of pyridine and 3 ml. of acetic anhydride is
      kept at room temperature for 16 hours. The reaction mixture is then
      evaporated to dryness under reduced pressure and the residue dissolved in
      ethyl acetate. The organic solution is washed with 1% hydrochloric acid
      solution, sodium bicarbonate solution and sodium chloride solution, dried
      over sodium sulfate and evaporated to dryness under vacuo. The residue is
      purified by t.l.c. to afford the pure
      8R-9-keto-11.alpha.-acetamidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans
     -dienoic acid methyl ester
      (8R-9-keto-11.alpha.-methylcarbonylaminomethyl-15.alpha.-acetoxyprosta-5-c
     is,13-trans-dienoic acid methyl ester) (8R-antimer of VIII, R.sup.3.sup.'
      and R.sup.6.sup.'  = Me; R.sup.7 = Ac; Z = double bond).
PAR  In another experiment acetyl chloride was substituted for acetic anhydride,
      obtaining the same results.
PAR  In a similar manner but using propionic anhydride, butanoic anhydride or
      valeric anhydride or the corresponding acid chlorides in place of acetic
      anhydride there are respectively produced:
PA1  8R-9-keto-11.alpha.-propionamidomethyl-15.alpha.-acetoxyprosta-5-cis,13-tra
     ns-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-butyramidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans
     -dienoic acid methyl ester and
PA1  8R-9-keto-11.alpha.-valeramidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans
     -dienoic acid methyl ester.
PAR  By the same method but using the remaining 11.alpha.-aminomethyl compounds
      obtained in Example 10 as starting materials there are produced the
      respective alkylamido derivatives, e.g.,
PA1  9-keto-11.alpha.-propionamidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-
     dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
PA1  9-keto-11.alpha.-butyramidomethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester.
PAC  EXAMPLE 12
PAR  A cold solution of 100 mg. of
      8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 10 ml. of isopropyl ether is added dropwise,
      under stirring to 63.8 mg. (1.1 molar equivalents) of crude phenyl formate
      [prepared as described by H. L. Yale in J. Org. Chem.36, 3238 (1971)]
      cooled to 0.degree.C. The temperature of the reaction mixture rises
      spontaneously to 25.degree.C and is kept at this temperature for 16 hours.
      The solvent and excess reagent are distilled under vacuo, and the oily
      residue taken up in ethyl acetate. The organic extract is washed with
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under vacuo. Purification of the residue by t.l.c. affords
      8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans
     -dienoic acid methyl ester in pure form (8R-antimer of VIII, R.sup.3.sup.'
      = H; R.sup.6.sup.' = Me; R.sup.7 = Ac; Z = double bond).
PAR  In a similar manner,
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester and
PA1  9-keto-11.alpha.-aminomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester,
PAL  are converted respectively into
PA1  9-keto-11.alpha.-formamidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
PA1  9-keto-11.alpha.-formamidomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 13
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of anhydrous tetrahydrofuran are added,
      under nitrogen atmosphere, 10 mg. of sodium hydride and 1 ml. of methyl
      iodide, and the reaction mixture is stirred for 24 hours at room
      temperature, under anhydrous conditions. It is then evaporated to dryness
      under reduced pressure, the residue is dissolved in ethyl acetate and the
      organic solution washed with saturated sodium chloride solution, dried
      over sodium sulfate and evaporated to dryness under vacuo. The residue is
      purified ty t.l.c. to afford the pure
      8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester (8R-antimer of V, R.sup.1 and R.sup.6.sup.' = Me;
      R.sup.7 = Ac; Z = double bond).
PAR  In a similar manner but using ethyl iodide and isopropyl iodide in lieu of
      methyl iodide there are obtained
      8R-9-keto-11.alpha.-ethoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester and
      8R-9-keto-11.alpha.-isopropoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester, respectively.
PAR  By the same method from the corresponding 11.alpha.-hydroxymethyl compounds
      and using methyl iodide as alkylating agent there are obtained:
PA1  9-keto-11.alpha.-methoxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
PA1  9-keto-11.alpha.-methoxymethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 14
PAR  To 5 ml. of anhydrous methanol, cooled to 0.degree.C, is added 0.2 ml. of
      methanethiol and 10 mg. of sodium methoxide and the resulting mixture is
      stirred for 5 minutes. To the sodium thiomethylate thus prepared is added
      dropwise, under nitrogen atmosphere and under stirring, a solution of 100
      mg. of
      8R-9-keto-11.alpha.-bromomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 5 ml. of anhydrous methanol. The reaction mixture
      is kept at room temperature for 6 hours. It is then evaporated to dryness
      under reduced pressure and the residue dissolved in ethyl acetate. The
      organic solution is washed twice with sodium chloride solution, dried over
      sodium sulfate and evaporated to dryness under vacuo. Purification of the
      residue by t.l.c. affords the pure
      8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester (8R-antimer of IX, R.sup.6.sup.' = Me; R.sup.7
      = Ac; Z = double bond).
PAR  In a similar manner, using the corresponding 11.alpha.-bromomethyl
      compounds as starting materials there are produced:
PA1  9-keto-11.alpha.-methylthiomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
PA1  9-keto-11.alpha.-methylthiomethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester.
PAC  EXAMPLE 15
PAR  To 1.1 ml. of a 0.5M solution of sodium metaperiodate cooled to 0.degree.C
      is added dropwise, under stirring, a solution of 226 mg. of
      8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester in 5 ml. of methanol, stirring the reaction
      mixture for 18 hours further in an ice bath. The insoluble material is
      separated by filtration, the filtrate is concentrated to a small volume
      under reduced pressure and extracted with methylene chloride. The organic
      extract is washed with sodium chloride solution, dried over sodium sulfate
      and evaporated to dryness under reduced pressure. The oily residue is
      purified by t.l.c., to afford the pure
      8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-acetoxyprosta-5-cis,13-
     trans-dienoic acid methyl ester (8R-antimer of X, R.sup.6.sup.' = Me;
      R.sup.7 = acetyl; Z = double bond).
PAR  By the same method, starting from the remaining 11.alpha.-methylthiomethyl
      compounds obtained in Example 14 there are respectively prepared:
PA1  9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-acetoxyprost-13-trans-en
     oic acid methyl ester and
PA1  9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester.
PAC  EXAMPLE 16
PAR  To a stirred solution of 200 mg. of
      8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-acetoxyprosta-5-cis,13-
     trans-dienoic acid methyl ester in 20 ml. of anhydrous methanol, cooled to
      0.degree.C is added portionwise, 62.7 mg. of N-chlorosuccinimide,
      maintaining the temperature of the reaction mixture below 10.degree.C.
      When all the reagent is added, the reaction mixture is kept at room
      temperature for an addition hour. The solvent is eliminated under reduced
      pressure and the residue is extracted with ether to effect separation of
      the product from the succinimide formed during the reaction. The organic
      extract is washed with sodium chloride solution, dried and evaporated to
      dryness under vacuo. The residue is purified by t.l.c., to afford the pure
      8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-acetoxyprosta-5-cis,13-
     trans-dienoic acid methyl ester (8R-antimer of XI, R.sup.6.sup.' = Me;
      R.sup.7 = Ac; Z = double bond).
PAR  In a similar manner, but using the remaining 11.alpha.-methylsulfinylmethyl
      compounds obtained in Example 15, there are respectively prepared:
PA1  9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-acetoxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-acetoxyprost-13-trans-en
     oic acid methyl ester, and
PA1  9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester.
PAC  EXAMPLE 17
PAR  A. To a stirred solution of 422 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester in 5 ml. of carbon tetrachloride and 5 ml. of
      anhydrous dimethylformamide cooled to -60.degree.C is added under nitrogen
      atmosphere, 163 mg. of tris(dimethylamino)phosphine, maintaining the
      temperature of the reaction mixture at -58.degree. to -65.degree.C. When
      the addition is complete there is added a solution of 117 mg. of ammonium
      perchlorate in 2 ml. of anhydrous dimethylformamide. The ammonium chloride
      is separated by filtration and washed with 5 ml. of dimethylformamide.
PAR  B. To the combined organic filtrates, cooled to 0.degree.C is added 90 mg.
      of dimethylamine in 2 ml. of dimethylformamide, under stirring,
      maintaining the temperature of the reaction mixture at a temperature not
      higher than 20.degree.C. The reaction mixture is then heated at
      80.degree.C for 10 hours, cooled and diluted with water. It is then
      extracted with ether, and the organic extract washed with sodium chloride
      solution, dried over sodium sulfate and evaporated to dryness under vacuo.
      The residue is purified by t.l.c., to afford the pure
      8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,
     13-trans-dienoic acid methyl ester (8R-antimer of XII, R.sup.4, R.sup.5 and
      R.sup.6.sup.' = Me; R.sup.7 = Ac; Z = double bond).
PAR  By the same method but using 2 molar equivalents of
      diethylamine,methylethylamine, dipropylamine and methylbutylamine in lieu
      of dimethylamine there are respectively obtained:
PA1  8R-9-keto-11.alpha.-N,N-diethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-methyl-N-ethylaminomethyl-15.alpha.-acetoxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dipropylaminomethyl-15.alpha.-acetoxyprosta5-cis,13
     -trans-dienoic acid methyl ester and
PA1  8R-9-keto-11.alpha.-N-methyl-N-butylaminomethyl-15.alpha.-acetoxyprosta-5-c
     is,13-trans-dienoic acid methyl ester.
PAR  In a similar manner but using
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dien
     oic acid methyl ester and
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester as starting materials there are obtained the
      corresponding 11.alpha.-N,N-disubstituted aminomethyl derivatives, namely:
PA1  9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-N,N-diethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-N-methyl-N-ethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,
     13-trans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-N,N-dipropylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-N-methyl-N-butylaminomethyl-15.alpha.-acetoxyprosta-5-cis,
     13,-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-acetoxyprost-13-trans
     -enoic- acid methyl ester,
PA1  8R-9-keto-11
      .alpha.-N,N-diethylaminomethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester,
PA1  8R-9-keto-11.alpha.-N-methyl-N-ethylaminomethyl-15.alpha.-acetoxyprost-13-t
     rans-enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dipropylaminomethyl-15.alpha.-acetoxyprost-13-trans
     -enoic acid methyl ester, and
PA1  8R-9-keto-11.alpha.-N-methyl-N-butylaminomethyl-15.alpha.-acetoxyprost-13-t
     rans-enoic acid methyl ester.
PAC  EXAMPLE 18
PAR  Example 17 is repeated but using 2 molar equivalents of methylamine in lieu
      of dimethylamine thus obtaining
      8R-9-keto-11.alpha.-N-methylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester (8R-antimer of XII, R.sup.5 = H, R.sup.4 and
      R.sup.6.sup.' = Me; R.sup.7 = Ac; Z = double bond).
PAR  In a similar manner but using ethylamine, isopropylamine and t-butylamine
      in place of dimethylamine there are respectively obtained:
PA1  8R-9-keto-11.alpha.-N-ethylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-tra
     ns-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-isopropylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester, and
PA1  8R-9-keto-11.alpha.-N-t-butylaminomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester.
PAR  By the same method but using
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester and
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dien
     oic acid methyl ester as starting materials there are obtained the
      corresponding 11.alpha.-N-methylaminomethyl-, N-ethylaminomethyl-,
      N-isopropylaminomethyl and N-t-butylaminomethyl derivatives.
PAC  EXAMPLE 19
PAR  To a solution of 200 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 10 ml. of anhydrous methanol is added under
      nitrogen atmosphere, 30 mg. of anhydrous potassium carbonate and the
      reaction mixture is stirred at room temperature for 90 minutes. It is then
      poured into water and extracted with ethyl acetate. The combined organic
      extracts are washed with saturated sodium chloride solution, dried over
      sodium sulfate and evaporated to dryness under vacuo. The oily residue is
      purified by t.l.c., to afford
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester (8R-antimer of VI, R.sup.6.sup.' = Me; R.sup.7 = H;
      Z = double bond) in pure form.
PAC  EXAMPLE 20
PAR  A mixture of 200 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-die
     noic acid methyl ester, 10 ml. of methanol and 2 molar equivalents of
      sodium hydroxide (in the form of a 2M solution) is kept at room
      temperature, under nitrogen atmosphere for 7 hours, one additional molar
      equivalent of sodium hydroxide is added and the reaction mixture is
      allowed to stand under the same conditions for 19 hours further. It is
      then concentrated to a small volume, diluted with water and extracted with
      ethyl acetate to eliminate the unsaponifiable products. The aqueous phase
      is acidified with oxalic acid and extracted with ethyl acetate. The
      organic extract is washed with sodium chloride solution, dried over sodium
      sulfate and evaporated to dryness under reduced pressure. The residue is
      purified by t.l.c. using a mixture of hexane-ethyl acetateacetic acid
      (50:50:2.5) as eluant, to obtain the pure
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid (8R-antimer of VI, R.sup.6.sup.' and R.sup.7 = H; Z = double
      bond).
PAR  By the same method, starting from the corresponding methyl esters of
      11.alpha.-(substituted) methyl -15 .alpha.-acetoxyprostadienoic and
      prostenoic acids of Examples 8, 11, 12, 13, 14, 15 and 16 there are
      obtained:
PA1  9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoic
      acid,
PA1  8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprost-13-trans-enoic acid,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.alpha.-hydroxyprosta-5-cis,
      13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-propionamidomethyl-15.alpha.-hydroxyprosta-5-cis,13-tra
     ns-dienoic acid,
PA1  9-keto-11.alpha.-butyramidomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-hydroxyprosta-5-cis,
      13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  9-keto-11.alpha.-formamidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  9-keto-11.alpha.-ethoxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoi
     c acid,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans
     -dienoic acid,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprost-13-trans-en
     oic acid,
PA1  9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid,
PA1   8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprost-13-trans-e
     n
     oic acid, and
PA1  9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid.
PAC  EXAMPLE 21
PAR  A mixture of 150 mg. of
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester, 3 g. of aged finely ground extracted residue of
      the gorgonian plexaura homomalla (Esper), [which results after extraction
      of the prostaglandin derivatives contained originally by this gorgonian,
      as described by A. Prince et al., in Prostaglandins, Vol. 3, No. 4, p. 531
      (1973), dried at room temperature in the open for about 3 months] and 10
      ml. of a 0.1M sodium chloride and 0.05M calcium chloride solution in water
      is stirred at room temperature for 24 hours. At the end of this time the
      reaction mixture is diluted with 15 ml. of acetone and the insoluble
      material separated by filtration through Celite, diatomaceous earth,
      washing the solids with several portions of acetone. The combined
      filtrates are concentrated under reduced pressure to a small volume, and
      the product extracted from the aqueous residue with methylene chloride.
      The combined organic extracts are dried over magnesium sulfate and
      evaporated to dryness under reduced pressure. The oily residue is purified
      by t.l.c., thus obtaining the pure 8R-
      9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dieno
     ic acid methyl ester (8R-antimer of III, R.sup.6.sup.' - Me; R.sup. 7 = H;
      X' = chloro; Z = double bond).
PAR  By the same method, from the corresponding 15.alpha.-acetoxy derivatives
      there are produced:
PA1  8R-9-keto-11.alpha.-bromomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester,
PA1  8R-9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester,
PA1  8R-9-keto-11.alpha.-bromoethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester and the corresponding racemic compounds.
PAC  EXAMPLE 22
PAR  In accordance with the methods of Examples 19 or 21, the 15.alpha.-acetoxy
      function in the compounds obtained in Examples 10 to 18 is hydrolyzed, to
      yield the respective 15.alpha.-hydroxy derivatives. Representative
      compounds thus obtained are:
PA1  8R-9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dien
     oic acid methyl ester,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-propionamidomethyl-15.alpha.-hydroxyprosta-5-cis,13-tra
     ns-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid methyl ester
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-isopropoxymethyl-15.alpha.-hydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprost-13-trans-en
     oic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprost-13-trans-en
     oic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-hydroxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-hydroxyprost-13-trans
     -enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-methyl-N-ethylaminomethyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dipropylaminomethyl-15.alpha.-hydroxyprost-13-trans
     -enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-methylaminomethyl-15.alpha.-hydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-ethylaminomethyl-15.alpha.-hydroxyprost-13-trans-enoi
     c acid methyl ester, and
PA1  8R-9-keto-11.alpha.-N-t-butylaminomethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester,
PAL  as well as the corresponding racemic compounds.
PAC  EXAMPLE 23
PAR  To a stirred solution of 100 mg. of
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester in 5 ml. of dimethoxyethane, freshly distilled from
      lithium aluminum hydride is added 1 ml. of zinc borohydride reagent in
      anhydrous dimethoxyethane. The reaction mixture is stirred for an
      additional hour at room temperature, and treated with a saturated solution
      of sodium bitartrate until the evolution of gas ceases. It is then diluted
      with methylene chloride, and the organic layer separated, dried over
      magnesium sulfate and evaporated to dryness under vacuo at low
      temperature, to yield
      8R-11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester in mixture with the 9.beta.-hydroxy isomer
      (8R-antimers of XIV, R.sup.6.sup.' = Me; X = Cl; Z = double bond).
PAR  This oily mixture is separated into the individual isomers by thin-layer
      chromatography using a mixture of methylene chloride-methanol (9:1) as
      eluant.
PAR  The zinc borohydride reagent is prepared from 0.025 mol of fused zinc
      chloride, 0.050 mol of sodium borohydride in 50 ml. of dimethoxyethane,
      stirring the mixture for 16 hours and filtering the insoluble material
      under argon atmosphere.
PAR  By the same method from the corresponding 9-keto compounds there are
      obtained:
PA1  8R-11.alpha.-bromomethyl-9.alpha.-,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester and 8R-11.alpha.bromomethyl
      -9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-dienoic acid methyl
      ester;
PA1  8R-11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      8R-11.alpha.-chloromethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester;
PA1  8R-11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      8R-11.alpha.-bromomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester,
PA1  11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester and
      11.alpha.-chloromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester;
PA1  11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester and
      11.alpha.-bromomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester;
PA1  11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and 11.alpha.
      -chloromethyl-9.beta.,15.alpha.-dihydroxyprost13-trans-enoic acid methyl
      ester; and
PA1  11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic acid
      methyl ester and
      11.alpha.bromomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic acid
      methyl ester.
PAC  EXAMPLE 24
PAR  To a solution of 200 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester in 5 ml. of methanol, cooled to 0.degree.C is added
      20 mg. of sodium borohydride, and the reaction mixture is stirred at
      0.degree.C for 45 minutes. It is then poured into water and extracted with
      ethyl acetate. The combined organic extracts are washed with 50% saturated
      sodium chloride solution, dried over sodium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is dissolved in methylene
      chloride and purified by chromatography on Florisil. Those fractions
      eluted with methylene chloride-methanol (98:2) afford the pure, separated
      isomers,
      8R-11.alpha.-azidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester and
      8R-11.alpha.-azidomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester (8R-antimers of XIV, R.sup.6.sup.'  = Me; X =
      N.sub.3 ; Z = double bond).
PAR  In a similar manner, the 9-keto compounds obtained in Example 22 are
      converted into the corresponding 9-hydroxy derivatives, namely:
PA1  8R-11.alpha.-aminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester and
      8R-11.alpha.-aminomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid methyl ester;
PA1  8R-11.alpha.-aminomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      8R-11.alpha.-aminomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester;
PA1  8R-11.alpha.-acetamidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester and
      8R-11.alpha.-acetamidomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester;
PA1  8R-11.alpha.-propionamidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13
     -trans-dienoic acid methyl ester and
      8R-11.alpha.-propionamidomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13
     -trans-dienoic acid methyl ester;
PA1  8R-11.alpha.-acetamidomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid methyl ester and
      8R-11.alpha.-acetamidomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid methyl ester;
PA1  8R-11.alpha.-formamidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester and
      8R-11.alpha.-formamidomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid methyl ester;
PA1  8R-11.alpha.-formamidomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid methyl ester and
      8R-11.alpha.-formamidomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid methyl ester;
PA1  8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester and
      8R-11.alpha.-methoxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester;
PA1  8R-11.alpha.-isopropoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester and
      8R-11.alpha.-isopropoxymethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester;
PA1  8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      8R-11.alpha.-methoxymethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester;
PA1  8R-11.alpha.-methylthiomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester and
      8R-11.alpha.-methylthiomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester;
PA1  8R-11.alpha.-methylthiomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-en
     oic acid methyl ester and
      8R-11.alpha.-methylthiomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-en
     oic acid methyl ester;
PA1  8R-11.alpha.-methylsulfinylmethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester and
      8R-11.alpha.-methylsulfinylmethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester;
PA1  8R-11.alpha.-methylsulfinylmethyl-9.alpha.,15.alpha.-dihydroxyprost-13-tran
     s-enoic acid methyl ester and
      8R-11.alpha.-methylsulfinylmethyl-9.beta.,15.alpha.-dihydroxyprost-13trans
     -enoic acid methyl ester;
PA1  8R-11.alpha.-methylsulfonylmethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester and
      8R-11.alpha.-methylsulfonylmethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester;
PA1  8R-11.alpha.-methylsulfonylmethyl-9.alpha.,15.alpha.-dihydroxyprost-13-tran
     s-enoic acid methyl ester and
      8R-11.alpha.-methylsulfonylmethyl-9.beta.,15.alpha.-dihydroxyprost-13-tran
     s-enoic acid methyl ester;
PA1  8R-11.alpha.-N,N-dimethylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester and
      8R-11.alpha.-N,N-dimethylaminomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester;
      8R-11.alpha.-N,N-dimethylaminomethyl-9.alpha.,
      15.alpha.-dihydroxyprost-13-trans-enoic acid methyl ester and
      8R-11.alpha.-N,N-dimethylaminomethyl-9.beta.,15.alpha.-dihydroxyprost-13-t
     rans-enoic acid methyl ester;
PA1  8R-11.alpha.-N-methyl-N-ethylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid methyl ester and
      8R-11.alpha.-N-methyl-N-ethylaminomethyl-9.beta.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid methyl ester;
PA1  8R-11.alpha.-N,N-dipropylaminomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-t
     rans-enoic acid methyl ester and
      8R-11.alpha.-N,N-dipropylaminomethyl-9.beta.,15.alpha.-dihydroxyprost-13-t
     rans-enoic acid methyl ester;
PA1  8R-11.alpha.-N-methylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester and
      8R-11.alpha.-N-methylaminomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,1
     3-trans-dienoic acid methyl ester;
PA1  8R-11.alpha.-N-ethylaminomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-
     enoic acid methyl ester and
      8R-11.alpha.-N-ethylaminomethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-
     enoic acid methyl ester and
PA1  8R-11.alpha.-N-t-butylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester and
      8R-11.alpha.-N-t-butylaminomethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester,
PAL  as well as the corresponding racemic compounds.
PAR  Alternatively, the reduction of the 9-keto group can be carried out with
      zinc borohydride, in accordance with the method of Example 23.
PAC  EXAMPLE 25
PAR  A mixture of 250 mg. of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester, 10 ml. of 2-methyl-2-ethyl-1,3-dioxolane and 25
      mg. of p-toluenesulfonic acid is heated to boiling and refluxed with
      distillation for 1 hour. It is then cooled, diluted with water and
      extracted with ethyl acetate. The organic extract is washed with sodium
      bicarbonate solution and sodium chloride solution, dried over sodium
      sulfate and evaporated to dryness under reduced pressure in the presence
      of a drop of pyridine, to afford
      9-ethylenedioxy-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester, which can be purified by t.l.c.
PAR  A mixture of 220 mg. of
      9-ethylenedioxy-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester, 450 mg. of methyltriphenoxyphosphonium
      iodide [prepared as described by J. P. H. Verheyden et al, in J. Org.
      Chem. 35, 2319 (1970)] and 5 ml. of anhydrous dimethylformamide is stirred
      at room temperature for 15 minutes. To the reaction mixture is added 0.5
      ml. of methanol, after 10 minutes the solvent is evaporated under vacuo
      and the residue dissolved in methylene chloride. The organic solution is
      washed with aqueous sodium thiosulfate solution and water, dried over
      sodium sulfate and evaporated to dryness under reduced pressure. The
      residue is purified by t.l.c., to yield the pure
      8R-9-ethylenedioxy-11.alpha.-iodomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester.
PAR  To a solution of 100 mg. of
      8R-9-ethylenedioxy-11.alpha.-iodomethyl-15.alpha.-acetoxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester in 5 ml. of acetonitrile is added a
      suspension of 50 mg. of silver fluoride in 0.2 ml. of water and 0.6 ml. of
      acetonitrile and the resulting mixture is stirred for 6 hours at
      30.degree.-40.degree.C, the precipitate is filtered and the filtrate is
      concentrated to a small volume under reduced pressure. Water is then added
      and the product extracted with methylene chloride. The organic extract is
      dried over sodium sulfate and evaporated to dryness under reduced
      pressure. The residue is purifed by t.l.c. to afford
      8R-9-ethylenedioxy-11.alpha.-fluoromethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester.
PAR  To a solution of 100 mg. of
      8R-9-ethylenedioxy-11.alpha.-fluoromethyl-15.alpha.-acetoxyprosta-5-cis,13
     -trans-dienoic acid methyl ester in 5 ml. of tetrahydrofuran is added 1 ml.
      of 50% acetic acid, and the reaction mixture is maintained at room
      temperature for 24 hours. It is then evaporated to dryness under vacuo and
      the residue dissolved in ethyl acetate. The organic solution is washed
      with sodium bicarbonate solution and water, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. The residue is purified by
      t.l.c. to afford
      8R-9-keto-11.alpha.-fluoromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-di
     enoic acid methyl ester (8R-antimer of IV, R.sup.6.sup.' = Me; R.sup.7 =
      Ac; Z = double bond).
PAR  In a similar manner but using
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic
      acid methyl ester,
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dien
     oic acid methyl ester and
      9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester in place of
      8R-9-keto-11.alpha.-hydroxymethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-d
     ienoic acid methyl ester there are obtained as final products:
PA1  8R-9-keto-11.alpha.-fluoromethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester;
PA1  9-keto-11.alpha.-fluoromethyl-15.alpha.-acetoxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester and
PA1  9-keto-11.alpha.-fluoromethyl-15.alpha.-acetoxyprost-13-trans-enoic acid
      methyl ester, respectively.
PAC  EXAMPLE 26
PAR  By following the method of Example 21, the
      11.alpha.-fluoromethyl-15.alpha.-acetoxy compounds obtained in Example 25
      are converted into the corresponding 15.alpha.-hydroxy derivatives,
      namely:
PA1  8R-9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid methyl ester,
PA1  8R-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester,
PA1  9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoi
     c acid methyl ester, and
PA1  9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprost-13-trans-enoic acid
      methyl ester.
PAR  Upon reduction of the 9-keto group, in accordance with the method of
      Example 23, there are respectively obtained:
PA1  8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester and
      8R-11.alpha.-fluoromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-dieno
     ic acid methyl ester;
PA1  8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      8R-11.alpha.-fluoromethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester;
PA1  11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester and
      11.alpha.-fluoromethyl-9.beta.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid methyl ester; and
PA1  11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester and
      11.alpha.-fluoromethyl-9.beta.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid methyl ester.
PAC  EXAMPLE 27
PAR  A. A mixture of 200 mg. of
      8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester, 10 ml. of dioxane and 400 mg. of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone is stirred at 50.degree.C to
      55.degree.C for 18 hours. The reaction mixture is then evaporated to
      dryness under reduced pressure and the residue is dissolved in methylene
      chloride and chromatographed on Florisil. The fractions eluted with
      methylene chloride-ether (9:1) afford
      8R-9.alpha.-hydroxy-11.alpha.-fluoromethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester in pure form (8R-antimer of XV, X = F; Z = double
      bond).
PAR  B. A solution of 230 mg. of
      8R-9.alpha.-hydroxy-11.alpha.-fluoromethyl-15-ketoprosta-5-cis,13-trans-di
     enoic acid methyl ester in 20 ml. of anhydrous ether is cooled to
      -20.degree.C and treated dropwise, under stirring and under argon
      atmosphere with 6 molar equivalents of a 3N methylmagnesium bromide
      solution in ether. The temperature of the reaction mixture is allowed to
      rise to -5.degree.C, 6 additional molar equivalents of methylmagnesium
      bromide solution are added, and the resulting mixture is stirred for 1
      hour more, at the end of which time there are added 5 ml. of methanol. The
      resulting mixture is diluted with water and ethyl acetate, and the
      insoluble material filtered through Celite, diatomaceous earth. The
      organic phase is separated from the filtrate and washed with saturated
      sodium chloride solution, dried over magnesium sulfate and evaporated to
      dryness under reduced pressure. The oily residue is purified by thin layer
      chromatography, to produce the pure
      8R-11.alpha.-fluoromethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester and
      8R-11.alpha.-fluoromethyl-15.alpha.-methyl-9.alpha.,15.beta.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester in approximately equal amounts
      [8R-antimer of XVI (R.sup.2 and R.sup.6.sup.' = Me; X = F; Z = double
      bond)].
PAR  In a similar manner but using ethylmagnesium bromide in place of
      methylmagnesium bromide there are obtained
      8R-11.alpha.-fluoromethyl-15.beta.-ethyl-9.alpha.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester and the
      15.alpha.-ethyl-15.beta.-hydroxy isomer.
PAC  EXAMPLE 28
PAR  Example 27 is repeated using as starting materials the 8R-antimeric and
      racemic compounds obtained in Examples 23 and 24. Representative compounds
      thus obtained are:
PA1  8R-11.alpha.-bromomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-bromomethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-chloromethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-azidomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-aminomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-aminomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-acetamidomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-formamidomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-formamidomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-methoxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-methoxymethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-methylthiomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-methylthiomethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-methylsulfinylmethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-methylsulfonylmethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-methylsulfonylmethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  8R-11.alpha.-N,N-dimethylaminomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-N-methylaminomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-N-ethylaminomethyl-15 -methyl-9.beta.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  11.alpha.-fluoromethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  11.alpha.-chloromethyl-15 -methyl-9.beta.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  11.alpha.-azidomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  11.alpha.-aminomethyl-15 -methyl-9.beta.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  11.alpha.-methoxymethyl-15 -methyl-9.alpha.,15
      -dihydroxyprost-13-trans-enoic acid methyl ester,
PA1  11.alpha.-methylthiomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester and
PA1  11.alpha.-N,N-dimethylaminomethyl-15 -methyl-9.alpha.,15
      -dihydroxyprosta-5-cis,13-trans-dienoic acid methyl ester,
PAL  separating the individual 15.alpha.-hydroxy-15.beta.-methyl- and
      15.beta.-hydroxy-15.alpha.-methyl isomers by thin layer chromatography.
PAR  When using ethylmagnesium bromide in place of methylmagnesium bromide in
      the procedure of part B of Example 27 there are obtained the 15
      -hydroxy-15 -ethyl derivatives of the above-mentioned compounds.
PAC  EXAMPLE 29
PAR  To a suspension of 2 g. of Celite, diatomaceous earth (dried for 24 hours
      at 105.degree.C) and 1 g. of chromium trioxide-dipyridine complex,
      [prepared as described by J. C. Collins et al., in Tetrahedron Letters,
      3363 (1968)] in 15 ml. of methylene chloride, cooled to -5.degree.C is
      added, with stirring, a solution of 130 mg. of
      8R-11.alpha.-fluoromethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid methyl ester in 5 ml. of methylene chloride
      and the mixture is stirred for 15 minutes further at 0.degree.-5.degree.C;
      300 mg. of sodium bisulfate monohydrate are then added and the reaction
      mixture is stirred for an additional 10 minute period. The insoluble
      material is separated by filtration and washed well with methylene
      chloride. The combined organic filtrates are evaporated to dryness under
      vacuo and the residue purified by thin layer chromatography, thus
      obtaining 8R-9-keto-11.alpha.-fluoromethyl-15.beta.-methyl-15.alpha.-hydro
     xyprosta-5-cis,13-trans-dienoic acid methyl ester (8R-antimer of XVII,
      R.sup.2 and R.sup.6.sup.' = Me; X = F; Z = double bond) in pure form.
PAR  In a similar manner, starting from the corresponding 9.alpha.-(or 9B)
      hydroxy compounds obtained in Example 28, there are produced:
PA1  8R-9-keto-11.alpha.-bromomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-bromomethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-t
     rans-enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-chloromethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta
     -5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.beta.-methyl-15.alpha.-hydroxyprost-
     13-trans-enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13
     -trans-enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.beta.-methyl-15.alpha.-hydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rost-13-trans-enoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.beta.-methyl-15.alpha.-hydro
     xyprosta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-methylaminomethyl-15.beta.-methyl-15.alpha.-hydroxypr
     osta-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-N-ethylaminomethyl-15.beta.-methyl-15.alpha.-hydroxypro
     st-13-trans-enoic acid methyl ester,
PA1  9-keto-11.alpha.-fluoromethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis
     ,13-trans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-chloromethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis
     ,13-trans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-aminomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis,
     13-trans-dienoic acid methyl ester,
PA1  9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-tr
     ans-enoic acid methyl ester,
PA1  9-keto-11.alpha.-methylthiomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid methyl ester, and
PA1  9-keto-11.alpha.-N,N-dimethylaminomethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rosta-5-cis,13-trans-dienoic acid methyl ester, as well as the
      corresponding 15.alpha.-methyl-15.beta.-hydroxy isomers and the 15-ethyl
      derivatives thereof.
PAC  EXAMPLE 30
PAR  A. A suspension of 5 g. of crude pancreatic lipase (Sigma L-3126) in 40 ml.
      of a 0.1M sodium chloride and 0.05M calcium chloride solution in water is
      stirred at 25.degree.C for one hour. The mixture is then centrifuged for
      one hour at 5000 rev/min. and at 25.degree. to 30.degree.C. The
      supernatant is neutralized with 1N sodium hydroxide solution to pH 7.2 to
      7.4 and used directly for the hydrolysis of the prostaglandin derivatives
      of the invention.
PAR  B. Forty-two milligrams of
      8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid methyl ester are dissolved by sonication at 37.degree.C for
      20 minutes in 30 ml. of the lipase solution prepared as described in part
      A. The reaction mixture is magnetically stirred for 24 hours at 25.degree.
      to 26.degree.C, adjusting constantly the pH at 7.2 to 7.4 during the
      reaction period with 0.1N sodium hydroxide solution. The cold reaction
      mixture is then acidified with 0.1N acetic acid solution and the product
      extracted several times from the solution with ethyl acetate and ether.
      The combined organic extracts are dried over sodium sulfate and evaporated
      to dryness under vacuo. The residue is dissolved in methylene chloride and
      chromatographed on 3 g. of Florisil. The column is eluted successively
      with methylene chloride-diethyl ether mixtures, diethyl ether, diethyl
      ether-ethyl acetate mixtures, pure ethyl acetate and ethyl acetate
      containing 1% methanol. The fractions eluted with the latter solvent
      mixture afford the pure
      8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid (8R-antimer of XIV, X = F; R.sup.6.sup.' = H; Z = double
      bond).
PAR  By the following the above procedure, from the corresponding methyl ester
      compounds obtained in Examples 23 and 26 there are produced:
PA1  8R-11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid,
PA1  8R-11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid,
PA1  8R-11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PA1  8R-11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PA1  8R-11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PA1  8R-9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid,
PA1  8R-9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  9-keto-11.alpha.-fluoromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-dienoi
     c acid,
PA1  11.alpha.-fluoromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid,
PA1  11.alpha.-bromomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-die
     noic acid and
PA1  11.alpha.-chloromethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-di
     enoic acid,
PAL  as well as the corresponding 9.beta.-hydroxy isomers of the
      9,15-dihydroxylated compounds.
PAC  EXAMPLE 31
PAR  To a solution of 150 mg. of
      8R-11.alpha.-azidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid methyl ester in 10 ml. of methanol is added to a solution of
      150 mg. of potassium carbonate in 1 ml. of water, under nitrogen
      atmosphere. The reaction mixture is kept at room temperature for 18 hours.
      It is then poured into ice water and extracted with methylene chloride,
      the organic extract is discharged and the aqueous phase is cooled to
      0.degree.C, acidified with 0.1N hydrochloric acid and extracted several
      times with methylene chloride. The combined organic extracts are washed
      with saturated sodium chloride solution, dried over sodium sulfate and
      evaporated to dryness under reduced pressure. Purification of the residue
      by thin layer chromatography affords the pure
      8R-11.alpha.-azidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans
     -dienoic acid, (8R-antimer of XIV, X = N.sub.3 ; R.sup.6.sup.' = H; Z =
      double bond).
PAR  By following the above procedure or the procedure of Example 30, from the
      corresponding methyl ester compounds obtained as described in Example 24
      there are produced the following prostadienoic and prostenoic acids:
PA1  8R-11.alpha.-acetamidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid,
PA1  8R-11.alpha.-acetamidomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid,
PA1  8R-11.alpha.-formamidomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tr
     ans-dienoic acid,
PA1  8R-11.alpha.-formamidomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-eno
     ic acid,
PA1  8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tran
     s-dienoic acid,
PA1  8R-11.alpha.-isopropoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid,
PA1  8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PA1  8R-11.alpha.-methylthiomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-t
     rans-dienoic acid,
PA1  8R-11.alpha.-methylthiomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-en
     oic acid,
PA1  8R-11.alpha.-methylsulfinylmethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid,
PA1  8R-11.alpha.-methylsulfinylmethyl-9.alpha.,15.alpha.-dihydroxyprost-13-tran
     s-enoic acid,
PA1  8R-11.alpha.-methylsulfonylmethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,
     13-trans-dienoic acid, and
PA1  8R-11.alpha.-methylsulfonylmethyl-9.alpha.,15.alpha.-dihydroxyprost-13-tran
     s-enoic acid,
PAL  as well as the corresponding 962 -hydroxy isomers and the racemic compounds
      thereof.
PAC  EXAMPLE 32
PAR  To a solution of 200 mg. of
      8R-9-keto-11.alpha.-N-methylaminomethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid methyl ester in 15 ml. of methanol is added a solution of
      200 mg. of potassium carbonate in 2 ml. of water, under nitrogen
      atmosphere and the reaction mixture is maintained at room temperature for
      16 hours. The solvent is then eliminated under reduced pressure and the
      residue is dissolved in 20 ml. of water and passed through a column of 5
      g. of ion exchange resin "Dowex" 50, acidic type (H.sup.+) eluting the
      column first with water and thereafter with 10% acetic acid solution. The
      combined acidic eluates are concentrated to a small volume under reduced
      pressure at low temperature and then lyophilized, to yield
      8R-9-keto-11.alpha.-N-methylaminomethyl-15.alpha.-hydroxyprosta-5-cis,13-t
     rans-dienoic acid (8R-antimer of XII, R.sup.4 = Me; R.sup.5 and
      R.sup.6.sup.' = H; Z = double bond).
PAR  By the same method, from the corresponding methyl ester derivatives there
      are obtained:
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.alpha.-hydroxyprosta-5-cis,1
     3-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-N-ethylaminomethyl-15.alpha.-hydroxyprost-13-trans-enoi
     c acid,
PA1  8R-11.alpha.-aminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-trans-
     dienoic acid,
PA1  8R-11.alpha.-N-methylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,1
     3-trans-dienoic acid,
PA1  8R-11.alpha.-N,N-dimethylaminomethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-c
     is,13-trans-dienoic acid,
PA1  8R-11.alpha.-N,N-dimethylaminomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-t
     rans-enoic acid,
PA1  8R-11.alpha.-aminomethyl-9.alpha.,15.alpha.-dihydroxyprost-13-trans-enoic
      acid,
PA1  8R-11.alpha.-aminomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-N-methylaminomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydro
     xyprosta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-N,N-dimethylaminomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dih
     ydroxyprosta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-aminomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprost-
     13-trans-enoic acid,
PA1  8R-9-keto-11.alpha.-aminomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid, and
PA1  8R-9-keto-11.alpha.-N,N-dimethylaminomethyl-15.beta.-methyl-15.alpha.-hydro
     xyprosta-5-cis,13-trans-dienoic acid,
PAL  as well as the corresponding racemic compounds.
PAC  EXAMPLE 33
PAR  To a solution of 110 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid methyl ester in 3 ml. of methanol are added 165
      mg. of potassium carbonate and 0.66 ml. of water, under nitrogen
      atmosphere and the reaction mixture is kept at room temperature for 16
      hours. It is then evaporated to dryness under vacuo and the oily residue
      taken up in 10 ml. of water and 10 ml. of methylene chloride. The aqueous
      phase is separated and the organic phase which contains the unsaponifiable
      products is washed with saturated sodium potassium tartrate solution. The
      combined aqueous phases are saturated with sodium potassium tartrate,
      cooled to 0.degree.C and treated dropwise with 0.1N acetic acid solution.
      It is then extracted three times with cold ethyl acetate and the combined
      organic extracts washed with saturated sodium potassium tartrate solution,
      dried and evaporated to dryness. The residue is purified by t.l.c., to
      afford the pure
      8R-9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid (8R-antimer of XVII, R.sup.2 = Me; R.sup.6.sup.'
      = H; X = N.sub.3 ; Z = double bond).
PAC  EXAMPLE 34
PAR  A mixture of 90 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid methyl ester, 1.8 g. of dry finely ground freshly
      extracted residue of the gorgonian Plexaura homomalla (Esper), [which
      results after extraction of the prostaglandin derivatives contained
      originally by this gorgonian, as described by A. Prince et al., in
      Prostaglandins, Vol. 3, No. 4, p. 531 (1973)] and 10 ml. of 0.1M sodium
      chloride and 0.05M calcium chloride solution in water is stirred at room
      temperature for 24 hours, maintaining the pH of the reaction mixture at
      7.5-7.7 by addition of 0.1N sodium hydroxide solution. At the end of this
      time the reaction mixture is diluted with 15 ml. of acetone, adjusting the
      pH to 4, with dilute acetic acid. Charcoal is added to decolorize the
      solution, and the insoluble material separated by filtration through
      Celite, diatomaceous earth, washing the solids with several portions of
      acetone. The combined filtrates are concentrated under reduced pressure to
      a small volume, and the product extracted from the aqueous residue with
      methylene chloride. The combined organic extracts are dried over magnesium
      sulfate and evaporated to dryness under reduced pressure. The oily residue
      is purified by t.l.c., thus obtaining the pure
      8R-9-keto--cis,-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis,
     13-trans-dienoic acid, identical to the compound obtained in Example 33.
PAC  EXAMPLE 35
PAR  In accordance with the methods of Examples 30, 33 or 34, using the
      corresponding methyl ester prostadienoic and prostenoic acid derivatives
      as starting materials, there are produced the following representative
      free acids:
PA1  8R-11.alpha.-azidomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta
     -5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-acetamidomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypr
     osta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-acetamidomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypr
     ost-13-trans-enoic acid,
PA1  8R-11.alpha.-formamidomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypr
     osta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-formamidomethyl-15.beta.-ethyl-9.alpha.,15.alpha.-dihydroxypro
     st-13-trans-enoic acid,
PA1  8R-11.alpha.-methoxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-methylthiomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyp
     rosta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-methylsulfinylmethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydr
     oxyprosta-5-cis,13-trans-dienoic acid,
PA1  8R-11.alpha.-methylsulfonylmethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydr
     oxyprosta-5-cis,13-trans-dienoic acid,
PA1  11.alpha.-azidomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprosta-5-
     cis,13-trans-dienoic acid,
PA1  11.alpha.-methoxymethyl-15.beta.-methyl-9.alpha.,
      15.alpha.-dihydroxyprost-13-trans-enoic acid,
PA1  11.alpha.-methylthiomethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-t
     rans-enoic acid,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta
     -5-cis,13 -trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-acetamidomethyl-15.beta.-methyl-15.alpha.-hydroxyprost-
     13-trans-enoic acid,
PA1  8R-9-keto-11.alpha.-formamidomethyl-15.beta.-methyl-15.alpha.-hydroxyprost-
     13-trans-enoic acid,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5
     -cis,13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13
     -trans-enoic acid,
PA1  8R-9-keto-11.alpha.-methylthiomethyl-15.beta.-methyl-15.alpha.-hydroxyprost
     a-5-cis,13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-methylsulfinylmethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rosta-5-cis,13-trans-dienoic acid,
PA1  8R-9-keto-11.alpha.-methylsulfonylmethyl-15.beta.-methyl-15.alpha.-hydroxyp
     rosta-5-cis,13-trans-dienoic acid,
PA1  9-keto-11.alpha.-azidomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-cis,
     13-trans-dienoic acid and
PA1  9-keto-11.alpha.-methoxymethyl-15.beta.-methyl-15.alpha.-hydroxyprost-13-tr
     ans-enoic acid.
PAC  EXAMPLE 36
PAR  By following the method of Example 30
PA1  8R-11.alpha.-fluoromethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-bromomethyl-15.beta.-ethyl-9.alpha.,15.alpha.-dihydroxyprosta-
     5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-11.alpha.-chloromethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxyprost
     a-5-cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-fluoromethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-
     cis,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-chloromethyl-15.beta.-ethyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester,
PA1  8R-9-keto-11.alpha.-bromomethyl-15.beta.-methyl-15.alpha.-hydroxyprosta-5-c
     is,13-trans-dienoic acid methyl ester and the corresponding racemic
      compounds are converted into the respective free acids.
PAC  EXAMPLE 37
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid in 5 ml. of ether is added 1 ml. of an ethereal solution of
      diazoethane, and the reaction mixture is maintained at room temperature
      for 10 minutes. The solvents and excess reagent are eliminated by vacuum
      distillation and the residue is purified by t.l.c. to afford
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid ethyl ester.
PAR  In a similar manner but using diazopropane in place of diazoethane, the
      propyl ester of
      8R-9-keto-11.alpha.-chloromethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-di
     enoic acid is obtained.
PAR  By the same method the free 8R-antimeric and racemic prostadienoic and
      prostenoic acid derivatives obtained in Examples 20 and 30 to 36 can be
      converted into the corresponding ethyl and propyl esters.
PAC  EXAMPLE 38
PAR  To a solution of 100 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid in 10 ml. of methanol is added 3.0 ml. of a 0.1N solution of
      sodium hydroxide and the mixture is stirred at room temperature for 1
      hour. It is then evaporated to dryness under reduced pressure, to give the
      sodium salt of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid.
PAR  By employing 1.1 molar equivalents of potassium hydroxide (in the form of a
      0.1N solution) in place of sodium hydroxide in the above procedure the
      potassium salt of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid is obtained.
PAR  Similarly, the sodium and potassium salts of other prostadienoic and
      prostenoic acid derivatives obtained in the previous Examples can be
      produced, e.g., sodium salt of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprost-13-trans-enoic
      acid,
PA1  sodium salt of
      8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid,
PA1  sodium salt of
      8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid,
PA1  potassium salt of
      8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprosta-5-cis,13-
     trans-dienoic acid,
PA1  potassium salt of
      8R-11.alpha.-methylsulfonylmethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis
     ,15-trans-dienoic acid, and
PA1  potassium salt of
      8R-11.alpha.-methoxymethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypro
     sta-5-cis,13-trans-dienoic acid.
PAC  EXAMPLE 39
PAR  To a solution of 100 mg. of
      8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid in 10 ml. of methanol is added a mixture of 3 ml. of
      concentrated ammonium hydroxide solution and 5 ml. of methanol. The
      resulting mixture is stirred for two hours at room temperature and then
      evaporated to dryness, to yield the ammonium salt of
      8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid.
PAR  By employing dimethylamine, diethylamine or dipropylamine in place of
      ammonium hydroxide in the above procedure, the corresponding salts of
      8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid are obtained.
PAR  In a similar manner, the ammonium, dimethylamine, diethylamine and
      dipropylamine salts of other prostadienoic and prostenoic acid derivatives
      of the previous Examples can be prepared.
PAC  EXAMPLE 40
PAR  To a mixture of 142 mg. of procaine and 5 ml. of aqueous methanol is added
      100 mg. of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid in 5 ml. of methanol and the resultant reaction mixture is
      stirred at room temperature for 16 hours. It is then evaporated to dryness
      under reduced pressure to give the procaine salt of
      8R-9-keto-11.alpha.-azidomethyl-15.alpha.-hydroxyprosta-5-cis,13-trans-die
     noic acid.
PAR  Similarly, the lysine caffeine and arginine salts thereof are obtained.
PAR  In like manner, the procaine, lysine, caffeine and arginine salts of other
      prostadienoic and prostenoic acid derivatives obtained in Examples 20 and
      30 to 36 can be produced e.g., the procaine salt of
      8R-11.alpha.-methoxymethyl-9.alpha.,15.alpha.-dihydroxyprosta-5-cis,13-tra
     ns-dienoic acid,
PA1  the caffeine salt of
      8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid,
PA1  the lysine salt of
      8R-11.alpha.-fluoromethyl-15.beta.-methyl-9.alpha.,15.alpha.-dihydroxypros
     ta-5-cis,13-trans-dienoic acid and
PA1  the arginine salt of
      8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprost-13-trans-e
     noic acid,
PAL  as well as the corresponding salts of the racemic compounds.
CLMS
STM  We claim:
NUM  1.
PAR  1. An 8R-antimeric or racemic compound selected from the group of those
      represented by the formulas:
      ##SPC4##
PAL  wherein
PA1  R is a keto group;
PA1  X is thiomethyl, methylsulfinyl
      ##EQU5##
       or methylsulfonyl
      ##EQU6##
      R.sup.2 is methyl or ethyl; R.sup.6 is hydrogen, a lower alkyl group of 1
      to 4 carbon atoms or the pharmaceutically acceptable, non-toxic salts of
      compounds in which R.sup.6 is hydrogen,
PA1  Z is a cis double bond and the wavy lines ( ) indicate the .alpha. or
      .beta. configuration or mixtures thereof, provided that when R.sup.2 is
      .alpha., the hydroxyl group, attached to the same carbon atom as R.sup.2,
      is .beta., and when R.sup.2 is .beta., the hydroxyl group, attached to the
      same carbon atom as R.sup.2, is .alpha..
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.6 is hydrogen.
NUM  3.
PAR  3. A compound according to claim 1, formula (A), wherein said compound is
      an 8R-antimer.
NUM  4.
PAR  4. A compound according to claim 1, formula (B) wherein said compound is an
      8R-antimer.
NUM  5.
PAR  5. A compound according to claim 3 wherein R is keto, X is methylsulfinyl,
      Z is a cis double bond and R.sup.6 is hydrogen or methyl,
      8R-9-keto-11.alpha.-methylsulfinylmethyl-15.alpha.-hydroxyprosta-5-cis,13-
     trans-dienoic acid and its methyl ester.
NUM  6.
PAR  6. A compound according to claim 3 wherein R is keto, X is methylsulfonyl,
      Z is a cis double bond and R.sup.6 is hydrogen or methyl,
      8R-9-keto-11.alpha.-methylsulfonylmethyl-15.alpha.-hydroxyprosta-5-cis,13-
     trans-dienoic acid and its methyl ester.
NUM  7.
PAR  7. A compound according to claim 3 wherein R is keto, X is thiomethyl, Z is
      a cis double bond and R.sup.6 is hydrogen or methyl,
      8R-9-keto-11.alpha.-methylthiomethyl-15.alpha.-hydroxyprosta-5-cis,13-tran
     s-dienoic acid and its methyl ester.
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ABST
PAL  A process for the preparation of colored maneb comprising synthesizing
      maneb in a reaction media containing at least one dyestuff in solution
      therein.
BSUM
PAC  THE PRIOR ART
PAR  Maneb is the trivial name for the agricultural fungicide manganous
      ethylenebis-[dithiocarbamate] or
      [ethylenebis-(dithiocarbamato)]-manganese. The product is a fungicide
      currently used in agriculture to combat cryptogamic infections of plants
      and, in particular, of grapevines.
PAR  In the treatment of plants by pesticidal products, it is often of interest
      to utilize colored products which allow the obtaining of a marking on the
      vegetation. This marking facilitates (1) the control of the even
      distribution of the products during the treatment and (2) the observation
      of the persistance of these products on the plants, after the same had
      undergone exposure to weather.
PAR  Thus the problem of coloration of pesticidal products is raised for maneb,
      which has already been colored in various ways, in particular, blue, a
      color which is often preferred in the treatment of grapevines where maneb
      is frequently used.
PAR  Several processes for the coloring of maneb have already been proposed.
      These are the following:
PAR  A. Maneb can be colored by mixing and grinding it with coloring pigments
      which are insoluble in water and resistant to an alkaline media. However,
      this process presents the following inconveniences The dyes are not
      affixed on the active material but only mixed with it. This can produce,
      over several rains, a preferential washing off of the active material,
      with the dye only remaining on the vegetation. Thus the plants, which
      would still appear to be protected against fungal attack, are no longer so
      protected. This is a major inconvenience since maneb is often utilized in
      a preventative manner.
PAR  The amount of dye required in order to obtain a worthwhile coloration is
      also important. For example, it is necessary to add 6 percent of copper
      phthalocyanin to maneb in order to have a sustained blue coloration (an
      indication No. 452 in the universal color code by SeguyPaul Lechavalier
      edition). Even with 20 percent of ultra-marine blue, maneb presents only a
      pale blue coloration (indication No. 443 in the universal color code).
      Such processes are described in French Pat. No. 1,426,874, 1,514,290 and
      1,462,940.
PAR  B. Maneb can be colored by mixing and grinding it with dyes which are
      soluble in water and resistant to an alkaline media. When the product is
      prepared for use in water, the dyes dissolve and are partially fixed on
      the maneb. For example, it is possible to obtain a blue maneb in
      suspension in water after having mixed and ground it with a soluble green
      (tetramethyldiaminotriphenyl carbenium salt) and a soluble violet (a
      derivative of triphenylmethane)
PAR  This process also presents inconveniences which are the following. During
      the preparation for use, the soluble dyes require a strong agitation for
      their dissolution. The absence of their dissolution creates a risk of
      blocking the nozzles of the spraying apparatus. The soluble dyes are only
      partially fixed on the plants and they are rapidly washed off by rain. The
      soluble dyes stain the skin and thus color in a very tenacious manner the
      user who effects the treatments. Such processes are described in French
      Pat. No. 1,402,899.
PAR  C. Another process consists, subsequent to the precipitation of maneb from
      the reaction media which has served in its synthesis, of fixing the dye on
      the maneb while it is still in suspension in the liquid phase. However,
      contrary to other dithiocarbamates, such as zineb which readily fix dyes
      when they are in suspension in a liquid phase after their precipitation,
      maneb only poorly fixes dyes in this fashion.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of a method for
      preparation of a colored maneb which is strongly colored and the color
      well fixed on the maneb and which overcomes the various inconveniences
      given above. Another object of the present invention is the development of
      a process for the production of colored maneb consisting of the steps of
      reacting a soluble salt of manganese with a soluble salt of
      ethylenebis-(dithiocarbamic acid) in the presence of a slightly basic
      reaction media in which said reactants are soluble, where said reaction
      media contains at least one dyestuff dissolved therein, and recovering, as
      a precipitate, a colored maneb.
PAR  A further object of the present invention is the obtaining of a strongly
      and well-fixed colored maneb by the above process.
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The drawbacks of the prior art have been overcome and the above objects
      have been achieved by effecting the synthesis of maneb in a reaction media
      containing in solution at least one dye.
PAR  More particularly, the invention relates to a process for the production of
      colored maneb consisting of the steps of reacting a soluble salt of
      manganese with a soluble salt of ethylenebis-(dithiocarbamic acid) in the
      presence of a slightly basic reaction media in which said reactants are
      soluble, where said reaction media contains at least one dyestuff
      dissolved therein, and recovering, as a precipitate, a colored maneb; as
      well as the strongly and well-fixed colored maneb so produced.
PAR  In a preferred method of execution of the process, taking into account that
      the preferred coloration is a blue coloration, the dye used is a blue or
      violet dye or a mixture of blue and violet dyes. The known process for
      preparation of maneb consists of reacting a soluble salt of manganese with
      a soluble salt of ethylenebis-(dithiocarbamic acid), in an aqueous
      solution at a slightly basic pH. Therefore, in a non-limiting method of
      preparation of colored maneb, the process is characterized in that one or
      more of the dyes utilized are dissolved in at least one of the following
      phases:
PAR  a. the aqueous solution of the manganese salt;
PAR  b. the aqueous solution of the salt of the ethylenebis-(dithiocarbamic
      acid); or
PAR  c. the water in which the reaction between the salt of manganese and the
      salt of the ethylenebis(dithiocarbamic acid) will be effected.
PAR  The process of the invention is advantageously operated in the following
      manner. One or more of the chosen dyes is dissolved in water. Then one of
      the reactants used [salt of manganese or salt of
      ethylenebis(dithiocarbamic acid)] is added to this colored solution. Then
      an aqueous solution of the other reactant is slowly added. The colored
      maneb which precipitates, is filtered, vacuum filtered and dried.
PAR  The percentage of dyestuff to be used, calculated with reference to the
      weight of the maneb finally obtained, can be varied over a wide range. For
      example, between 0.1% to 5% of dyestuff, based on the final product, may
      be utilized. Preferably, from 1.5% to 2.5% of soluble dyestuff is
      employed.
PAR  The invention, as indicated, also relates to the colored maneb
      characterized in that it is produced by the above-described process.
PAR  The advantages of the process and the product of the invention are the
      following:
PAR  1. The maneb is obtained colored directly during its manufacture and no new
      operation is required for its coloring;
PAR  2. The dye is fixed on the maneb particles; it thus resists repeated
      washings by rain, at least as long as the maneb itself, and does not give
      rise to being preferentially removed;
PAR  3. The percent of dyestuff employed is low and consequently the economics
      of the process of coloring is better than that obtained with the known
      process.
PAR  The differences of coloration obtained depending on whether the dyestuff
      was introduced before the precipitation of maneb (according to the process
      of the invention) or after the precipitation (according to one of the
      known processes and described above) is shown in the following Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Introduction of Dyestuff Introduction of Dyestuff                         

     After Precipitation      Before Precipitation                             

     Coloration of                                                             

               Color                                                           

                   Percentage of the                                           

                              Coloration of                                    

                                        Color                                  

     the Maneb Code                                                            

                   Soluble Violet                                              

                              the Maneb Code                                   

     Obtained  No. Dyestuff Utilized                                           

                              Obtained  NO.                                    

     __________________________________________________________________________

     Pale green                                                                

               298 0.5        Deep green                                       

                                        404                                    

     Clear green                                                               

               300 1.0        Clear blue                                       

                                        473                                    

     Clear green                                                               

               299 1.5        Deep blue 489                                    

     Clear green                                                               

               305 2.0         Blue violet                                     

                                        496                                    

     __________________________________________________________________________

PAR  When the dyestuff is introduced into solution before the precipitation of
      maneb, it is fixed on the maneb, and this proportionally to the amount of
      the dyestuff utilized. When the dyestuff is introduced after the
      precipitation of maneb, a very small part of this dyestuff is fixed on the
      maneb and this low amount (about 0.3%) is not increased or increases only
      very little, even when the percentage of dyestuff utilized is increased.
PAR  The following example illustrates the process described in the present
      invention and the results obtained with the product prepared according to
      this invention. This example, however, is not to be deemed limitative in
      any manner.
PAC  EXAMPLE
PAC  1. Preparation of Colored Maneb
PAR  2 gm of the acid-soluble dyestuff violet fuller S4B (a dyestuff of the
      class of the triaminotriphenylmethanes) were dissolved in 1200 gm of water
      at 45.degree.C. Then, 197 gm of a solution of the ammonium salt of
      ethylenebis-(dithiocarbamic acid), titrating 29:2% weight/weight was
      poured therein. Next 253 gm of an aqueous solution of manganese sulfate
      containing 290 gm/l was very slowly run in and the mixture was allowed to
      stand under agitation for 20 minutes.
PAR  The precipitated maneb was filtered, vacuum filtered, then dried in the
      presence of a stabilizer
      (1,8,3,6-diendomethylene-1,3,6,8-tetraazacyclodecane). The product
      obtained was blue (Universal color code No. 496). It titrates 92% of maneb
      as determined by carbon sulfide analysis and contained 0.6% of water as
      determined by azetropic distillation with xylene. The filtrate from which
      the product thus prepared was separated, contained 8 ppm of soluble
      dyestuff.
PAC  2. Study of the Above-Prepared Product
PAR  The product is utilized in the form of a wettable powder containing 80%
      active material and formulation adjuvants currently employed in the
      pesticidal industry. The composition thus prepared presents the following
      characteristics.
PAL  a. No salting out of the dyestuff when placed in suspension
PAR  The wettable powder was placed in suspension in water at a concentration of
      5%. After 24 hours and filtration of the solid products, the presence of
      the dyestuff in an amount lower than 0.5 ppm was determined in the water
      of suspension. This demonstrated the solidity of the fixation of the
      dyestuff on the maneb.
PAL  b. Stability of the coloration of blue maneb
PAR  The coloration of the blue maneb was very stable. After 6 weeks of storage
      at 50.degree.C, the coloration of the product was comparable to that of
      the same product stored at -20.degree.C (same color code number as at the
      beginning of the storage period).
PAL  c. Chemical Stability of the Blue Maneb
PAR  The chemical stability of the maneb was not altered by the fixation of the
      dyestuff thereon. After 6 weeks of storage of 50.degree.C, the loss titre
      was less than 5%.
PAL  d. Biological Activity
PAR  The blue maneb showed a biological activity comparable to non-colored maneb
      during in vitro tests against Botrytis cinerea and Fusarium roseum and
      during the test on tomato plants against Phytophtora infestans.
PAL  e. Resistance to Leaching by Rain
PAR  The treatements were effected on leaves of Aramon grapevines, maintained
      alive, at the dose of 350 gm of the formulated product per hectoliter.
      After the treatment, the leaves were subjected to 10 pulsed rains. The
      following coloration was obtained:
TBL  Number                                                                    

     of Rains      Leaf Coloration                                             

     ______________________________________                                    

     1             pure blue, well visible                                     

     2             blue, well visible                                          

     4             clear blue, well visible                                    

     6             pale blue spots                                             

     8             blue traces, poorly visible                                 

     10            blue traces, scarcely visible                               

     ______________________________________                                    

PAR  The preceding specific embodiment is illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art of disclosed herewin may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of colored maneb consisting of the steps of
      reacting a water-soluble salt of manganese with a water-soluble salt of
      ethylenebis(dithiocarbamic acid) in the presence of a slightly basic
      aqueous reaction media, where said reaction media contains at least one
      water-soluble dyestuff dissolved therein, and recovering, as a
      precipitate, a colored maneb.
NUM  2.
PAR  2. The process of claim 1 wherein said at least one water-soluble dyestuff
      is selected from the group consisting of blue dyestuffs, violet dyestuffs
      and mixtures of blue and violet dyestuffs.
NUM  3.
PAR  3. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in an aqueous solution of the water-soluble salt of
      manganese.
NUM  4.
PAR  4. The colored maneb produced by the process of claim 1.
NUM  5.
PAR  5. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in an aqueous solution of the water-soluble salt of
      ethylenebis-(dithiocarbamic acid).
NUM  6.
PAR  6. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in water in which the reaction between the water-soluble salt
      of manganese and the water-soluble salt of ethylenebis-(dithiocarbamic
      acid) will be conducted.
NUM  7.
PAR  7. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in both an aqueous solution of the water-soluble salt of
      manganese and an aqueous solution of the water-soluble salt of
      ethylenebis(dithiocarbamic acid).
NUM  8.
PAR  8. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in both an aqueous solution of the water-soluble salt of
      ethylenebis-(dithiocarbamic acid), and water in which the reaction between
      the water-soluble salt of manganese and the water-soluble salt of
      ethylenebis-(dithiocarbamic acid) will be conducted.
NUM  9.
PAR  9. The process of claim 1 wherein the at least one water-soluble dyestuff
      is dissolved in both an aqueous solution of the water-soluble salt of
      manganese and water in which the reaction between the water-soluble salt
      of manganese and the water-soluble salt of ethylenebis-(dithiocarbamic
      acid) will be conducted.
NUM  10.
PAR  10. The process of claim 1 wherein the at least one water-soluble dyestuff
      is simultaneously dissolved in (a) an aqueous solution of the
      water-soluble salt of manganese, (b) an aqueous solution of the
      water-soluble salt of ethylenebis-(dithiocarbamic acid), and (c) water in
      which the reaction between the water-soluble salt of manganese and the
      water-soluble salt of ethylenebis-(dithiocarbamic acid) will be conducted.
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ABST
PAL  Dialkyl alkylenebis(peroxydicarbonates) and
      oxyalkylenebis(peroxydicarbonates) and corresponding higher polyfunctional
      peroxydicarbonic acid esters are useful initiators of vinyl
      polymerization. These compounds are prepared by reacting a sodium
      alkylperoxycarbonate with a diol bis(chloroformate) at from about
      -10.degree.C to about 20.degree.C.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This Application is a continuation-in-part of my previously filed
      application Ser. No. 398,046, filed Sept. 17, 1973, now abandoned,
      entitled Peroxydicarbonate Esters.
PAC  BACKGROUND OF THE INVENTION
PAR  A great number of compounds are known which contain one or more peroxide
      linkages within the molecule. Many of these have been used to generate
      free radicals by their decomposition under varying conditions depending
      upon their thermal or chemical stability. Several kinds of peroxyacid
      derivatives have been used in this way, often to initiate the
      polymerization of ethylenically unsaturated monomers. Peracetates,
      persulfates, and benzoyl peroxide are examples of some of these.
PAC  SUMMARY OF THE INVENTION
PAR  The organic peroxydicarbonates which can be prepared in accordance with the
      present invention are those which have the general formula
      ##EQU1##
      wherein R' is an alkyl radical of 1-6 carbon atoms, R is an alkylene
      radical of 2-8 carbon atoms or a polyalkyleneoxy radical wherein each
      alkylene group has 2-4 carbon atoms and R has a maximum of about 12 carbon
      atoms, and n is an integer, preferably 1-4.
PAR  These compounds are readily prepared by reacting sodium alkyl
      peroxycarbonate, with a diol bis(chloroformate). The sodium
      alkylperoxycarbonate is conveniently prepared by reacting sodium peroxide
      with an alkyl chloroformate. The relative proportions of reactants
      determine whether a bis(peroxydicarbonate), a tris(peroxydicarbonate), or
      a higher polyfunctional peroxydicarbonate is the product. To make a
      bis(peroxydicarbonate), the intermediate peroxycarbonate is reacted with
      the diol bischloroformate using at least the theoretical two moles of
      intermediate, preferably in excess of two moles, per mole of diol
      bischloroformate. In making a tris(peroxydicarbonate), two moles of diol
      bischloroformate is reacted with the same quantity of peroxycarbonate
      intermediate plus about a mole of sodium peroxide. Higher polyfunctional
      peroxydicarbonates are produced by increasing the proportions of
      chloroformate and peroxide according to the empirical equation for the
      overall process:
      ##EQU2##
PAR  The reaction is carried out at from about -10.degree.C to about
      20.degree.C, preferably in aqueous lower alkanol. The peroxydicarbonate
      product is conveniently separated by extraction of the reaction mixture
      with a low boiling solvent such as ether or a lower alkane fraction which
      then is easily evaporated from the extract to obtain the peroxydicarbonate
      product as the residue. The products are isolated as colorless oils which
      are stable when stored below about 12.degree.C.
PAR  In this way, bis(peroxydicarbonates) are prepared by reacting sodium
      peroxide with an alkyl chloroformate such as methyl chloroformate, ethyl
      chloroformate, tert-butyl chloroformate, or hexyl chloroformate to make
      the intermediate sodium alkyl peroxycarbonate. This intermediate is then
      reacted with the bischloroformate of a diol as defined above, illustrative
      diols being ethylene glycol, propylene glycol, trimethylene glycol,
      butylene glycol, 1,6-hexanediol, diethylene glycol, triethylene glycol,
      dipropylene glycol, dibutylene glycol, and 2,5-dimethyl-2,5-hexanediol. In
      order to make a tris(peroxydicarbonate) as defined, the sodium alkyl
      peroxycarbonate is reacted with the diol bischloroformate in the presence
      of sodium peroxide or other such peroxide using the proportions previously
      described.
DETD
PAC  DETAILED DESCRIPTION
PAC  Example 1
      ##EQU3##
PAR  A solution of 8.0 g. (0.1 mole) Na.sub.2 O.sub.2 in 75 ml. of cold water
      was cooled while it was diluted with 50 ml. of methanol. Cooling was
      continued while 10 g. (0.09 mole) of ethyl chloroformate was added over 10
      minutes. The reaction mixture was stirred at 0.degree. to 5.degree.C. for
      another ten minutes and then 5 g. (0.025 mole) of diethylene glycol
      bischloroformate was added over 15 minutes at -10.degree.C. The mixture
      was stirred for an additional 15 minutes at -10.degree. to 0.degree.C. and
      then it was extracted with ether at 0.degree.C. The ether extract was
      dried over anhydrous sodium sulfate and evaporated under nitrogen at
      0.degree.C. to yield 4 g. of clear colorless oil. This product was
      identified as oxydiethylenebis(ethyl peroxydicarbonate) by treating a
      sample with aqueous sodium iodide and titrating the liberated iodine.
PAC  EXAMPLE 2
      ##EQU4##
PAR  The proportions of the reactants of the foregoing example were varied to
      obtain the corresponding trifunctional peroxydicarbonate ester. A solution
      of 24 g. (0.6 mole) NaOH in a mixture of 250 ml. of water and 150 ml. of
      methanol was cooled to 5.degree.C. and 34 g. (0.3 mole) of 30% H.sub.2
      O.sub.2 was added. The cooled solution was stirred while 20 g. (0.18 mole)
      of ethyl chloroformate was added and stirring was continued for an
      additional 30 minutes. At this point, 20 g. (0.09 mole) of diethylene
      glycol bischloroformate was added dropwise over a period of 30 minutes
      while maintaining the temperature of the reaction mixture at 5.degree.C.
      The mixture was stirred for another 30 minutes at the same temperature and
      then it was extracted with cold benzene. The benzene extract was dried and
      evaporated as before to obtain 8 g. of clear, colorless oil which was
      identified by iodine titration and by nuclear magnetic resonance analysis
      as the diethyl ester of bis(diethylene glycol) tris(peroxydicarbonate).
PAC  EXAMPLE 3
      ##EQU5##
PAR  A solution of 16 g. (0.2 mole) of Na.sub.2 O.sub.2 in a mixture of 150 ml.
      of water and 100 ml. of methanol was maintained at 5.degree. to
      10.degree.C. while 20 g. of isopropyl chloroformate was added dropwise
      over 15 minutes and the final mixture was stirred for another 15 minutes
      at that temperature. Then 10 g. (0.04 mole) of 1,6-hexanediol
      bis(chloroformate) was added in 15 minutes and the mixture was stirred for
      an hour at 5.degree. to 10.degree.C. The reaction mixture was extracted
      with ether and the extract evaporated as in Example 1 to obtain 9 g. of
      clear, colorless oil. This was identified by iodine titration as the
      expected diisopropyl ester of hexamethylenebis(peroxydicarbonate).
PAR  Using the procedure described in Examples 1-3, sodium alkyl
      peroxycarbonates are prepared and reacted with the bischloroformates of
      aliphatic diols as previously defined to obtain the dialkyl esters of the
      corresponding bisperoxydicarbonates. By including sodium peroxide or other
      such inorganic peroxide and varying the molar proportions of this and the
      diol bischloroformate according to the empirical equation set forth above,
      trisperoxydicarbonates, tetrabisperoxydicarbonates, and higher
      polyfunctional peroxydicarbonates are obtained as desired. For practical
      reasons, proportions of reactants are limited to those required to make
      polyperoxydicarbonates where n in the general formula has a maximum value
      of four. Compounds with a higher value of n can of course be prepared, but
      problems of completing the reaction and practical isolation of a
      reasonably uniform product make these materials of only theoretical
      interest.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing compounds having the formula
      ##EQU6##
      wherein R' is an alkyl radical of 1-6 carbon atoms, R is an alkylene
      radical of 2-8 carbon atoms or a polyalkyleneoxy radical wherein each
      alkylene group has 2-4 carbon atoms and R has a maximum of about 12 carbon
      atoms, and n is an integer of at least 2, which comprises reacting sodium
      peroxide with an alkyl chloroformate of the formula
      ##EQU7##
      wherein R' has the aforesaid significance, to form the sodium alkylperoxy
      carbonate
      ##EQU8##
      reacting a sodium alkyperoxycarbonate with a diol bis(chloroformate) of
      the formula
      ##EQU9##
      wherein R has the aforesaid significance, to form the corresponding
      peroxydicarbonate, said reaction being carried out at about -10.degree.C.
      to about 20.degree.C. in the presence of an aqueous lower alkanol.
NUM  2.
PAR  2. The process of claim 1 wherein said sodium alkylpercarbonate is prepared
      by reacting sodium peroxide with an alkyl chloroformate of the formula
      ##EQU10##
      wherein R' is ethyl to form the sodium ethylperoxycarbonate
      ##EQU11##
NUM  3.
PAR  3. The process of claim 1 wherein the reactions are carried out at between
      about 0.degree. and 10.degree.C. in aqueous methanol.
NUM  4.
PAR  4. The process of claim 1 wherein R' is isopropyl and R is hexamethylene.
NUM  5.
PAR  5. The process of claim 1 wherein R' is ethyl and R is oxydiethylene.
NUM  6.
PAR  6. A process for preparing compounds having the formula
      ##EQU12##
      wherein R' is an alkyl radical of 1-6 carbon atoms, R is an alkylene
      radical of 2-8 carbon atoms or a polyalkyleneoxy radical wherein each
      alkylene group has 2-4 carbon atoms and R has a maximum of about 12 carbon
      atoms, and n is an integer from 2 to 4 which comprises reacting sodium
      peroxide with an alkyl chloroformate of the formula
      ##EQU13##
      wherein R' has the aforesaid significance, to form the sodium
      alkylperoxycarbonate
      ##EQU14##
      reacting sodium alkylperoxycarbonate with at least two moles to about four
      moles of a diol bis(chloroformate) of the formula
      ##EQU15##
      wherein R has the aforesaid significance, to form the corresponding
      peroxydicarbonate, said reaction being carried out at about -10.degree.C.
      to about 20.degree.C. in the presence of an aqueous lower alkanol and in
      the presence of additional peroxide.
NUM  7.
PAR  7. The process of claim 6 wherein said sodium alkylpercarbonate is prepared
      by reacting sodium peroxide with an alkyl chloro formate of the formula
      ##EQU16##
      wherein R' is ethyl to form the sodium ethylperoxycarbonate
      ##EQU17##
NUM  8.
PAR  8. The process of claim 6 wherein said diol bis(chloroformate) is present
      in at least three moles; R' is ethyl and R is oxydiethylene.
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ABST
PAL  A deactivated hydrocarbon conversion catalyst, which is a combination of a
      platinum group component, a rhenium component, a halogen component, and a
      sulfur component with a porous carrier material and which has been
      deactivated by deposition of carbonaceous material thereon during a
      previous contacting with a hydrocarbon charge stock at hydrocarbon
      conversion conditions, is regenerated by the sequential steps of: (1)
      stripping the sulfur therefrom by contacting with a first gaseous mixture
      comprising hydrogen, H.sub.2 O, and HCl; (2) purging hydrogen from contact
      with the catalyst with an inert gas stream; (3) burning carbon from the
      resulting catalyst at a relatively low temperature and a relatively high
      pressure with a substantially sulfur-free second gaseous mixture
      containing relatively small amounts of oxygen, H.sub.2 O, and HCl; (4)
      treating the resulting catalyst with the second gaseous mixture at a
      relatively high temperature and pressure; (5) purging oxygen from contact
      with the catalyst with an inert gas stream; and, (6) reducing the
      resulting catalyst by contacting with a substantially sulfurfree third
      gaseous mixture comprising hydrogen, H.sub.2 O, and HCl. Key feature of
      the regeneration method involves the use of both H.sub.2 O and HCl in the
      gaseous mixtures used in the four major steps thereof (i.e., steps (1),
      (3), (4), and (6)). Furthermore, in all of these steps the mole ratio of
      H.sub.2 O to HCl in the gas streams is maintained at a value selected from
      the range of about 20:1 to about 100:1.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 844,200 now issued as U.S. Pat. 3,622,520 which was
      filed July 23, 1969 which in turn is a continuation-in-part of my prior
      application Ser. No. 805,380 filed Mar. 7, 1969 now abandoned.
BSUM
PAR  The subject of the present invention is a high pressure method for
      regenerating a coke-deactivated hydrocarbon conversion catalyst comprising
      a combination of a platinum group component, a rhenium component, a
      halogen component, and a sulfur component with a porous carrier material.
      Typically, the catalyst has been deactivated by the deposition of
      carbonaceous materials thereon during a previous contacting with a
      hydrocarbon charge stock at an elevated temperature. In essence, the
      present invention provides a specific sequence of carbon-burning and
      catalyst-treatment steps which are all conducted with gas streams
      containing H.sub.2 O and HCl in a mole ratio of about 20:1 to about 100:1
      and which are specifically designed to result in a regenerated catalyst
      possessing activity, selectivity, and stability characteristics which are
      equivalent to those observed with a fresh, undeactivated catalyst.
PAR  Composites having a hydrogenation-dehydrogenation function and a cracking
      function are widely used today as catalysts in many industries, such as
      the petroleum and petrochemical industry, to accelerate a wide spectrum of
      hydrocarbon conversion reactions. Generally, the cracking function is
      thought to be associated with an acid-acting material of the porous,
      adsorptive, refractory oxide type which is typically utilized as the
      support or carrier for a heavy metal component such as one or more of the
      metals or compounds of metals of Groups V through VIII of the Periodic
      Table to which are generally attributed the hydrogenation-dehydrogenation
      function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, isomerization,
      dehydrogenation, hydrogenation, desulfurization, cyclization, alkylation,
      polymerization, cracking, hydroisomerization, etc. In many cases, the
      commercial applications of these catalysts are in processes where more
      than one of these reactions are proceeding simultaneously. An example of
      this latter type of process is reforming wherein a hydrocarbon feed stream
      containing paraffins and naphthenes is subjected to conditions which
      promote dehydrogenation of naphthenes to aromatics, isomerization of
      paraffins and naphthenes, hydrocracking of naphthenes and paraffins and
      the like reactions, to produce an octane-rich and aromatic-rich product
      stream. Another example is a hydrocracking process wherein catalysts of
      this type are utilized to effect selective hydrogenation and cracking of
      high molecular weight unsaturated materials, selective hydrocracking of
      high molecular weight materials, and other like reactions, to produce a
      generally lower boiling, more valuable output stream. Yet another example
      is an isomerization process wherein a hydrocarbon fraction which is
      relatively rich in straight-chain paraffin components is contacted with a
      dual-function catalyst to produce an output stream rich in isoparaffin
      compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform the specified functions, but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended functions in a particular
      hydrocarbon reaction environment are activity, selectivity, and stability.
      And for purposes of discussion here, these terms are conveniently defined
      for a given charge stock as follows: (1) activity is a measure of the
      catalyst's ability to convert hydrocarbon reactants into products at a
      specified severity level where severity level means the conditions used --
      that is, the temperature, pressure, contact time, and presence of diluents
      such as H.sub.2 ; (2) selectivity refers to the amount of desired product
      or products obtained relative to the amount of reactants converted or
      charged; (3) stability refers to the rate of change with time of the
      activity and selectivity parameters -- obviously the smaller rate implying
      the more stable catalyst. In a reforming process, for example, activity
      commonly refers to the amount of conversion that takes place for a given
      charge stock at a specified severity level and is typically measured by
      octane number of C.sub.5 + product stream; selectivity refers to the
      amount of C.sub.5 + yield that is obtained at the particular severity
      level; and stability is typically equated to the rate of change with time
      of activity, as measured by octane number of C.sub.5 + product and of
      selectivity as measured by C.sub.5 + yield. Actually, the last statement
      is not strictly correct because generally a continuous reforming process
      is run to produce a constant octane C.sub.5 + product with a severity
      level being continuously adjusted to attain this result; and, furthermore,
      the severity level is for this process usually varied by adjusting the
      conversion temperature in the reaction zone so that, in point of fact, the
      rate of change of activity finds response in the rate of change of
      conversion temperature and changes in this last parameter are customarily
      taken as indicative of activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation or instability of these dual-function catalysts,
      when they are used in a hydrocarbon conversion process, is associated with
      the formation of coke or carbonaceous materials on the surface of the
      catalyst during the course of the reaction. More specifically, the
      conditions utilized in these hydrocarbon conversion processes typically
      result in the formation of heavy, black, solid or semi-solid carbonaceous
      material which deposit on the surface of the catalyst and gradually reduce
      its activity by shielding its active sites from the reactants. Recently,
      there has been developed a new dualfunction bimetallic catalytic composite
      which possesses improved activity, selectivity, and stability
      characteristics when it is employed in a process for the conversion of
      hydrocarbons of the type which has heretofore utilized dualfunction
      catalytic composites such as processes for isomerization, dehydrogenation,
      hydrogenation, alkylation, transalkylation, dealkylation, cyclization,
      dehydrocyclization, cracking, hydrocracking, reforming, and the like
      processes. In particular, it has been determined that the use of catalyst
      comprising a combination of a platinum group component, a rhenium
      component, and a halogen component with a porous carrier material can
      enable the performance of hydrocarbon conversion processes utilizing
      dual-function catalysts to be substantially improved. For example, it has
      been demonstrated that the overall performance characteristics of a
      reforming process can be sharply improved by the use of this recently
      developed bimetallic catalytic composite. Not unexpectedly, the
      deactivation of this bimetallic catalyst occurs in much the same manner as
      for any other hydrocarbon conversion catalyst having a platinum metal
      component when it is employed in the hydrocarbon conversion service.
      Accordingly, the principal mode of deactivation of this recently developed
      bimetallic catalyst is the deposition of coke, volatile hydrocarbons, and
      other carbonaceous material on the surface of the catalyst which
      eventually cover the catalytically active sites of the catalyst thereby
      shielding them from the reactants or blocking access of the reactants to
      the sites. These deposits cause a gradual decline in activity and
      selectivity of the catalyst and a gradual loss of its capability to
      perform its intended function. Depending somewhat on the performance
      requirements imposed on the process utilizing the catalyst, at some point
      in time the catalyst becomes so clogged with carbonaceous materials that
      it either must be regenerated or discarded. Heretofore, substantial
      difficulty has been encountered in regenerating this recently developed
      bimetallic hydrocarbon conversion catalyst. More specifically, it has been
      determined that the application of conventional regeneration techniques,
      which have long been practiced in the art of regenerating dual-function
      hydrocarbon conversion catalysts, has not been successful in restoring the
      initial activity, selectivity, and stability characteristics of this
      bimetallic catalyst. Typically, attempts at regeneration of this catalyst
      by a conventional carbon-burning procedure with an oxygen-containing gas
      has resulted in a regenerated catalyst having an extremely low activity
      for the conversion of hydrocarbons, and containing a substantially reduced
      amount of halogen. Attempts at restoring the initial level of halogen
      contained in the catalyst by well known halogen-adjustment procedures on
      the regenerated catalyst have been uniformly unsuccessful. When the
      deactivated catalyst also contains a sulfur component, I have established
      that this regeneration problem is greatly magnified and compounded. More
      specifically, when this recently developed bimetallic catalyst has been
      exposed to contact with sulfur or sulfur-containing compounds, either
      because of presulfiding, because of the presence of sulfur in the charge
      stock, or because of upsets in a treating process used on the charge stock
      therefor, the response of the resulting sulfur-containing catalyst to a
      conventional carbon-burning regeneration procedure is completely negative,
      and the catalyst is thereby permanently deactivated. In other words, this
      catalyst is acutely sensitive to the procedure used to regenerate even
      when it does not contain sulfur, and when sulfur is present, the already
      difficult regeneration problem increases by an order of magnitude. This
      discussion of the regeneration problem caused by sulfur is not to be
      construed as an allegation that the presence of sulfur in the charge stock
      causes a mode of catalyst deactivation which is independent of the carbon
      deposition mode explained previously; quite on the contrary, the presence
      of sulfur in the charge stock can in some cases be highly beneficial. Upon
      investigation, it appears that the adverse effect of sulfur is primarily
      associated with the production during regeneration of sulfur oxides which
      are preferentially retained by the catalyst.
PAR  Based upon my recognition of the acute sensitivity of this catalyst to the
      presence of sulfur or sulfur oxides during the course of the regeneration
      procedure, I previously determined that a particularly advantageous method
      of regeneration involves the substantially complete removal of sulfur from
      this catalyst prior to the burning of carbon therefrom, coupled with
      careful control of the gas streams used in the various steps of the
      regeneration method to exclude therefrom sulfur or sulfur oxides.
      Moreover, I ascertained that it is particularly beneficial to conduct each
      of the major steps of the regeneration method with gas streams containing
      both H.sub.2 O and HCl in a mole ratio of H.sub.2 O to HCl selected from
      the range of about 20:1 to about 100:1. I have now found that it can be
      quite advantageous to regenerate this bimetallic with a relatively high
      pressure in the carbon-burning and oxygen treatment steps. More precisely,
      I have now found a specific sequence of steps which enables the successful
      regeneration of this sulfurcontaining catalyst, and essential features of
      my method are: substantially complete removal of sulfur prior to burning
      of any carbon from the catalyst; careful control of the temperature of the
      catalyst throughout the regeneration steps; exclusion of sulfur or sulfur
      oxides from the gas streams used in all steps; presence of both H.sub.2 O
      and HCl in the gas streams used in the major steps thereof (i.e., the
      sulfurstripping step, the carbon-burning step, the oxygen treatment step,
      and the final reduction step) in amounts sufficient to achieve a mole
      ratio of H.sub.2 O to HCl of about 20:1 to about 100:1; use of relatively
      small amounts of oxygen in the carbonburning and oxygen-treating steps;
      and use of relatively high pressure in the carbon-burning and oxygen
      treatment steps.
PAR  It is, therefore, a principal object of the present invention to provide a
      method for regenerating a hydrocarbon conversion catalyst comprising a
      combination of a platinum group component, a rhenium component, a halogen
      component, and a sulfur component with a porous carrier material, which
      catalyst has been deactivated by contact with a hydrocarbon charge stock
      at elevated temperatures. A corollary object is to provide a solution to
      the problem of regenerating this sulfur-containing catalyst which solution
      enables the substantial restoration of the activity, selectivity, and
      stability characteristics of the original catalyst. An overall object is
      to extend the total catalyst life of these recently developed catalysts
      and to obtain more efficient and effective use of these catalysts during
      their active life.
PAR  In brief summary, one embodiment of the present invention involves a method
      for regenerating a deactivated hydrocarbon conversion catalyst comprising
      a combination of a platinum group component, a rhenium component, a
      halogen component, and a sulfur component with a porous carrier material.
      The catalyst also contains a carbon component which was formed by
      deposition of carbonaceous material thereon during a previous contacting
      with a hydrocarbon charge stock at an elevated temperature. The first step
      of the method involves contacting the deactivated catalyst with a
      substantially sulfur-free first gaseous mixture consisting essentially of
      hydrogen, about 0.02 to about 3.6 mole % H.sub.2 O, and HCl at a
      temperature of about 350 to about 600.degree. C. and at a pressure of
      about 1 to about 50 atmospheres for a period extending until the resulting
      effluent gas stream is substantially free of hydrogen sulfide. This first
      gaseous mixture contains H.sub.2 O and HCl in amounts selected to result
      in a mole ratio of H.sub.2 O to HCl of about 20:1 to about 100:1.
      Thereafter, hydrogen is purged from contact with the catalyst and it is
      subjected to contact with a substantially sulfur-free second gaseous
      mixture consisting essentially of an inert gas, O.sub.2, H.sub.2 O, and
      HCl at a temperature of about 375 to about 450.degree. C. and at a
      pressure of about 7 to about 35 atmospheres for a period of time
      sufficient to substantially remove the carbonaceous materials from the
      catalyst. Like the first mixture, this second gaseous mixture contains
      H.sub.2 O to HCl in amounts selected to result in a mole ratio of H.sub.2
      O to HCl of about 20:1 to about 100:1; in addition, the amount of O.sub.2
      contained therein is about 0.2 to about 3 mole % thereof and the amount of
      H.sub.2 O is about 0.03 to about 3.6 mole % thereof. After carbon is
      substantially removed from the catalyst, it is subjected to an
      oxygen-treating step involving contacting it with the second gaseous
      mixture for a period of at least about 0.5 to about 10 hours at a
      relatively high temperature of about 450.degree. to about 550.degree. C.
      and pressure of about 7 to about 35 atmospheres. Following this oxygen
      treatment step, oxygen is purged from contact with the catalyst with the
      inert gas stream. Thereafter, the catalyst is subjected to contact with a
      substantially sulfur-free third gaseous mixture consisting essentially of
      hydrogen, about 0.03 to about 3.5 mole % H.sub.2 O, and HCl at a
      temperature of about 300.degree. to about 600.degree. C. for a final
      period of at least about 0.5 to about 5 hours. Once again, this third
      gaseous mixture contains H.sub.2 O and HCl in amounts sufficient to result
      in a mole ratio of H.sub.2 O to HCl of about 20:1 to about 100:1. The
      regenerated catalyst recovered from this last step has activity,
      selectivity, and stability characteristics equivalent to those possessed
      initially by the fresh catalyst.
PAR  Some of the advantages associated with this method of catalyst regeneration
      are: (1) it can be completed in a relatively short time because of the
      relatively high pressure used in the carbon-burning and oxygen-treating
      steps; (2) it does not require a high concentration of oxygen in the gas
      stream used during the oxygen treatment step; (3) since all major steps
      are performed in the presence of water, expensive dryers and/or elaborate
      drying procedures are not necessary; (4) fairly low temperatures can be
      utilized in the reduction step; (5) the presence of chloride in the gas
      streams utilized in all of the major steps insures the automatic
      adjustment of the halogen component of the catalyst to the proper level;
      and, (6) the positive requirements for exclusion of sulfur from the gas
      streams utilized in each of these steps coupled with the initial
      sulfur-stripping step eliminates the possibility of damaging the catalyst
      due to exposure of sulfur or sulfur oxides as previously explained.
PAR  In a second embodiment, the present invention is a regeneration method as
      summarized above in the first embodiment wherein the oxygen-treating step
      comprises the substeps of: (a) treating the catalyst resulting from the
      carbon-burning step with the second gaseous mixture for at least about 0.5
      to about 5 hours at a temperature of about 450 to about 550.degree. C. and
      at a pressure of about 7 to about 35 atmospheres; and thereafter, (b)
      increasing the amount of O.sub.2 contained in the second gaseous mixture
      by a factor of about 2 to about 50 and continuing the treating with this
      modified mixture for an additional period of at least about 0.5 to about 5
      hours at the same temperature and pressure.
PAR  Another embodiment relates to the regeneration method described in the
      first embodiment wherein the ratio of H.sub.2 O to HCl utilized in the
      sulfur-stripping step, the carbon-burning step, the oxygen treatment step
      and the reduction step is selected from the range of about 50:1 to about
      90:1, and/or wherein the amount of oxygen contained in the second gaseous
      mixture is about 0.5 to about 1.5 mole percent thereof.
PAR  Other objects and embodiments of the present invention encompass further
      details about the type of bimetallic catalysts that can be regenerated
      thereby, the conditions and reagents used in each step of the regeneration
      method, and the mechanics associated with each of these steps. These
      embodiments and objects will be hereinafter disclosed in the following
      detailed description of each of the essential and preferred steps of the
      present invention.
PAR  The present invention encompasses a regeneration method which is applicable
      to a catalyst containing a platinum group component, a rhenium component,
      a halogen component and a sulfur component combined with a porous carrier
      material. Although the regeneration procedure is specifically directed to
      the regeneration of a composite containing platinum, it is intended to
      include within its scope other platinum group metals such as palladium,
      rhodium, ruthenium, osmium, and iridium. The platinum group component may
      be present in the catalyst as the elemental metal or as a suitable
      compound such as the oxide, sulfide, etc., although it is generally
      preferred that it be used in the reduced state. Generally, the amount of
      the platinum group metallic component present in the deactivated catalyst
      is small compared to the quantities of the other components combined
      therewith. In fact, the platinum group metallic component preferably
      comprises about 0.01 to about 1 wt. % of the deactivated catalyst
      calculated on a carbonaceous material-free and elemental basis. Excellent
      results are obtained when the catalyst contains about 0.1 to about 0.9 wt.
      % of the platinum group metal. The preferred platinum group component is
      platinum or a compound of platinum.
PAR  Another essential constituent of the catalyst regenerated by the method of
      the present invention is the rhenium component. This component may be
      present as an elemental metal or as a chemical compound such as the oxide,
      sulfide, halide, or in a physical or chemical association with the carrier
      material and/or other components of the catalyst. Generally, the rhenium
      component is utilized in an amount sufficient to result in the deactivated
      catalytic composite containing about 0.01 to about 1 wt. % rhenium,
      calculated on a carbonaceous-material free and elemental basis. The
      rhenium component may be incorporated in the catalytic composite in any
      simple manner and in any stage of the preparation of the catalyst. The
      preferred procedure for incorporating the rhenium component involves the
      impregnation of the carrier material either before, during or after the
      other components referred to herein are added. The impregnation solution
      is generally an aqueous solution of a suitable rhenium salt such as
      ammonium perrhenate, sodium perrhenate, potassium perrhenate, and the like
      salts. However, the preferred impregnation solution is an aqueous solution
      of perrhenic acid. The carrier material can, in general, be impregnated
      with the rhenium component either prior to, simultaneously with, or after
      the platinum group metallic component is added to the carrier. Best
      results are achieved when the rhenium compound is impregnated
      simultaneously with the platinum group metallic component. In fact, a
      preferred impregnation solution contains chloroplatinic acid, hydrogen
      chloride, and perrhenic acid.
PAR  Yet another essential ingredient of the deactivated catalyst regenerated by
      the present method is a halogen component. Although the precise form of
      the chemistry of the association of the halogen component with the carrier
      material is not entirely known, it is customary in the art to refer to the
      halogen component as being combined with the carrier material or with the
      other ingredients of the catalyst. This combined halogen may be either
      chlorine, fluorine, iodine, bromine, or mixtures thereof. Of these,
      chlorine and fluorine are preferred, with the best results obtained with
      chlorine. The halogen may be added to the carrier material in any suitable
      manner either during preparation of the support or before or after the
      addition of the platinum metal and rhenium components. The halogen
      component is typically combined with the carrier material in amounts
      sufficient to result in the deactivated catalyst containing about 0.1 to
      about 1.5 wt. % halogen and preferably about 0.7 to about 1.2 wt. %
      halogen calculated on a carbonaceous material-free basis.
PAR  The deactivated catalyst which is regenerated by the subject method also
      contains a sulfur component. A portion of this sulfur component may be
      derived from sulfur incorporated in the catalyst during a presulfiding
      operation with a suitable sulfur-containing compound such as hydrogen
      sulfide. Another source of the sulfur contained in the catalyst is the
      presence of sulfur or sulfur-containing compounds in the charge stock
      which is contacted with the subject catalyst at conversion conditions.
      Even in the best run plants, some sulfur may also be derived from plant
      hardware due to previous exposure of same to hydrogen sulfide. In some
      cases, sulfur may be deliberately injected into the hydrocarbon conversion
      process utilizing this catalyst in order to selectively poison same.
      Regardless of the source of sulfur, the catalyst regenerated by the method
      of the present invention will contain about 0.01 to about 5 wt. % sulfur,
      and, more commonly, about 0.05 to 1 wt. % sulfur, calculated on a
      carbonaceous material-free basis, when it is subjected to the method
      disclosed herein.
PAR  The catalyst regenerated by the method disclosed herein additionally
      contains a porous carrier material. Although any porous, refractory
      carrier material known to those skilled in this art may be used, the
      preferred material is a refractory inorganic oxide and, more specifically,
      alumina. This preferred alumina material is typically a porous,
      adsorptive, high surface area support having a surface area of about 25 to
      about 500 or more m.sup.2 /g. Suitable alumina materials are the
      crystalline aluminas known as gamma-, eta-, and theta-alumina, with gamma-
      or eta-alumina giving best results. In addition, in some embodiments the
      alumina carrier material may contain minor proportions of other well known
      refractory inorganic oxides such as silica, zirconia, magnesia, etc.
      However, the preferred carrier material consists essentially of gamma- or
      eta-alumina; in fact, an especially preferred alumina carrier material has
      an apparent bulk density of about 0.3 g/cc to about 0.7 g/cc and surface
      area characteristics such that the average pore diameter is about 20 to
      about 300 Angstroms, pore volume is about 0.1 to about 1 ml/g and the
      surface area is about 100 to about 500 m.sup.2 /g. An exemplary procedure
      for preparing a preferred alumina carrier material comprising spherical
      particles of relatively small diameter is given in the teachings of U.S.
      Pat. No. 2,620,314.
PAR  After impregnation of the catalytic components into the porous carrier
      material, the resulting composite is in the preferred method of preparing
      the type of bimetallic catalyst of interest here, typically subjected to a
      conventional drying step at a temperature of about 200.degree. F. to about
      600.degree. F. for a period of about 2 to 24 hours. Thereafter, the dried
      composite is typically calcined at a temperature of about 700.degree. F.
      to about 1100.degree. F. in an air stream for a period of at least about
      0.5 to 10 hours. Moreover, conventional prereduction and presulfiding
      treatments are typically performed in the preparation of catalytic
      composites which are regenerated by the method of the present invention.
      In fact, it is preferred to incorporate about 0.05 to about 0.5 wt. % of
      sulfur component into the subject catalyst by a conventional presulfiding
      step.
PAR  In one preferred embodiment, the catalyst regenerated by the present
      invention is a combination of a platinum component, a chlorine component,
      a rhenium component, and a sulfur component with an alumina carrier
      material. These components are preferably present in amounts sufficient to
      result in the catalyst containing, on an elemental and carbon-free basis,
      about 0.1 to 1.5 wt. % chlorine, about 0.01 to about 1 wt. % platinum,
      about 0.01 to about 1 wt. % rhenium, and about 0.05 to about 1 wt. %
      sulfur.
PAR  As indicated hereinbefore, the principal utility for this bimetallic
      catalyst is in a hydrocarbon conversion process wherein a dual-function
      hydrocarbon conversion catalyst having a hydrogenation-dehydrogenation
      function and an acid-acting function has been traditionally used; for
      example, these catalysts are used in a reforming process with excellent
      results. In a typical reforming process, a hydrocarbon charge stock
      boiling in the gasoline range and hydrogen are contacted with the catalyst
      of the type described above in a conversion zone at reforming conditions.
      The hydrocarbon charge stock will typically comprise hydrocarbon fractions
      containing naphthenes and paraffins that boil within the gasoline range.
      The preferred class of charge stocks include straight run gasolines,
      natural gasolines, synthetic gasolines, etc. The gasoline charge stock may
      be a full boiling range gasoline having an initial boiling point of about
      50 to about 150.degree. F., and an end boiling point within the range of
      about 325.degree. to 425.degree. F., or it may be a selective fraction
      thereof which generally will be a higher boiling fraction commonly
      referred to as a heavy naphtha -- for example, a naphtha boiling in the
      range of C.sub.7 to 400.degree. F. provides an excellent charge stock. In
      general, the conditions used in the reforming process are: a pressure of
      about 50 to about 1000 psig., with the preferred pressure being 100 to
      about 600 psig.; a temperature of about 800.degree. to about 1100.degree.
      F. and preferably about 900.degree. to about 1050.degree. F., a hydrogen
      to hydrocarbon mole ratio of about 2 to about 20 moles of H.sub.2 per mole
      of hydrocarbon and preferably about 4 to about 10 moles of H.sub.2 per
      mole of hydrocarbon; and a liquid hourly space velocity (which is defined
      as the equivalent liquid volume flow rate per hour of the hydrocarbon
      charge stock divided by the volume of the bed of catalyst particles) of
      about 0.1 to about 10 hr..sup.- .sup.1, with a value in the range of about
      1 to about 3 hr..sup.- .sup.1 giving best results.
PAR  When the bimetallic catalysts of the type described above are employed in
      the conversion of hydrocarbons, particularly the reforming process
      outlined above, the activity, selectivity, and stability of these
      catalysts are initially quite acceptable. For example, in a reforming
      process this type of catalyst has several singular advantages, among which
      are increased C.sub.5 + yield, decreased rate of coke laydown on the
      catalyst, increased hydrogen make, enhanced stability of both C.sub.5 +
      yield and temperature necessary to make octane, and excellent catalyst
      life before regeneration becomes necessary. However, the gradual
      accumulation of coke and other deactivating carbonaceous deposits on the
      catalyst will eventually reduce the activity and selectivity of the
      process to a level such that regeneration is desirable. Ordinarily,
      regeneration becomes desirable when about 1/2 to about 25 percent by
      weight of carbonaceous deposits have been formed upon the catalyst.
PAR  When the performance of the catalyst has decayed to the point where it is
      desired to regenerate the catalyst, the introduction of the hydrocarbon
      charge stock into the conversion zone containing the catalyst is typically
      stopped. Thereafter, the regeneration method of the present invention is
      performed either in situ or the catalyt may be unloaded from the
      conversion zone and regenerated in an off-line facility.
PAR  It is to be carefully noted that it is an essential feature of the subject
      regeneration method that the composition of the gas streams used in the
      various steps thereof are carefully controlled. In particular, it is a
      critical feature of the present invention that the gas streams used during
      the sulphur-stripping step, the carbon-burning step, the oxygen-treating
      step, and the reduction step are substantially free of compounds of sulfur
      -- particularly, oxides of sulfur and H.sub.2 S. It is, therefore, evident
      that the gas streams used in each of the steps of the present invention
      may be once-through streams or recycle streams; provided that in this
      latter case, the recycle streams are treated by conventional techniques to
      insure the absence of detrimental constituents therefrom. Furthermore, it
      is to be noted that the temperatures given hereinafter for each of the
      steps refer to the temperature of the gas stream used therein just before
      it contacts the catalyst, and that the composition of the gas streams
      utilized are given in mole percent which are, of course, substantially the
      same as when expressed in volume percent.
PAR  According to the present invention, the first step of the regeneration
      method involves subjecting the deactivated catalyst to contact with a
      substantially sulfurfree first gaseous mixture consisting essentially of
      hydrogen, H.sub.2 O, and HCl with an optional inert carrier gas such as
      nitrogen, at conditions selected to strip sulfur from the catalyst and
      associated hardware of the hydrocarbon conversion plant. This first
      gaseous mixture contains H.sub.2 O and HCl in amounts, respectively,
      sufficient to result in a mole ratio of H.sub.2 O to HCl of about 20:1 to
      about 100:1, with best results ordinarily obtained at a mole ratio of
      about 50:1 to about 90:1. In general, it is preferred to operate with a
      relatively minor amount of water in this first gaseous mixture, with best
      results obtained when the amount of water contained therein is sufficient
      to comprise about 0.02 to about 3.6 mole percent thereof. Accordingly, in
      a preferred mode of operation, the first gaseous mixture consists
      essentially of a hydrogen stream containing about 0.02 to about 3.6 mole
      percent water and about 0.0002 to about 0.18 mole percent HCl. It is to be
      noted, both herein and in the subsequent steps, that when reference is
      made to HCl being contained in the gas streams, it is intended to include
      both the situation where HCl per se is added to the gas streams and where
      a chloride-containing compound, which is convertible to hydrogen chloride
      under the conditions utilized in these steps, is added to these gas
      streams. Examples of these last compounds are chlorine, alkyl chlorides,
      ammonium chloride, carbon tetrachloride, and the like compounds.
PAR  This sulfur-stripping step is preferably conducted at a relatively high
      temperature of about 350.degree. to about 600.degree. C., with best
      results obtained at about 400.degree. to 550.degree. C. Similarly, the
      pressure utilized is about 1 to about 50 atmospheres, with best results
      obtained when a relatively high pressure is utilized in conjunction with a
      relatively high temperature. Likewise, the gas hourly space velocity can
      be selected from a relatively broad range, with a preferred value
      generally being about 100 to 25,000 hr..sup.- .sup.1 This sulfur-stripping
      step is performed for a period extending until the resulting effluent gas
      stream is substantially free of hydrogen sulfide: that is, less than about
      10 vol. ppm. and preferably less than 1 vol. ppm. The hydrogen stream
      utilized in this step can be a once-through stream or a recycle stream
      provided, in the latter case, suitable arrangements are made to scrub
      H.sub.2 S from the recirculated gas stream. An acceptable scrubbing
      procedure involves, for example, contacting the effluent gas stream with a
      strong basic solution such as an aqueous solution of an alkali metal or
      alkaline earth salt of a weak acid. A preferred scrubbing procedure for
      this step and subsequent steps involves scrubbing with a solution of
      sodium hydroxide which is maintained at a pH of about 8 to about 11. In a
      commercial hydrocarbon conversion plant, this scrubbing operation can
      easily be performed by circulating a basic solution from the hydrogen
      separator to the inlet to the effluent cooling means with suitable
      addition of fresh solution and withdrawal of spent solution to maintain
      the desired pH level.
PAR  This sulfur-stripping step is to be sharply distinguished from the
      conventional volatile hydrocarbon-stripping step which is ordinarily
      performed during the shutdown procedure when the catalyst has deactivated
      and is taken off stream. It is customary for platinum metal-containing
      catalysts to perform this volatile hydrocarbon-stripping step with a
      hydrogen-containing stream; however, the function of this stripping step
      is to remove volatile hydrocarbons and it is terminated when the effluent
      gas stream becomes free of same. Thus, this conventional stripping step
      ordinarily is completed in about .5 to about 2 hours. In sharp contrast,
      the sulfur-stripping step required by the present invention lasts until
      the effluent gas stream is substantially free of hydrogen sulfide, which
      is ordinarily a much longer period of about 15 to 30 hours, depending upon
      the exact stripping conditions utilized and the amount of sulfur initially
      on the catalyst.
PAR  Although it is not particularly preferred, an alternative mode of operation
      of this sulfur-stripping step involves contacting a substantially
      sulfur-free mixture of hydrogen, H.sub.2 O, HCl, and charge stock with the
      sulfur-containing catalyst at conditions selected to convert hydrocarbons
      and to strip sulfur. This contacting is usually performed with recycle gas
      scrubbing, as explained hereinbefore, for a period of time extending until
      the effluent stream from this contacting step is substantially free of
      hydrogen sulfide; that is, less than about 10 vol. ppm. and preferably
      less than 1 vol. ppm.
PAR  Following this sulfur-stripping step, residual hydrogen is removed from
      contact with the resulting catalyst by purging with an inert gas such as
      nitrogen. A preferred mode of operation for this purging step involves use
      of an inert gas stream that contains H.sub.2 O and HCl in a mole ratio of
      about 20:1 to about 100:1.
PAR  After hydrogen is purged from contact with the catalyst, the next step
      involves burning carbon or coke from the resulting catalyst. This involves
      subjecting the sulfur-stripped catalyst to contact with a substantially
      sulfur-free second gaseous mixture consisting essentially of an inert gas
      oxygen, H.sub.2 O, and HCl at carbon-burning conditions. Preferably, the
      amount of oxygen contained in the second gaseous mixture is maintained
      within the range of about 0.2  to about 3 mole percent thereof, with best
      results obtained when it is about 0.5 to about 1.5 mole percent thereof.
      Similarly, it is necessary to maintain the mole ratio of H.sub.2 O to HCl
      contained in this second gaseous mixture within the range of about 20:1 to
      about 100:1, with best results obtained at a ratio of about 50:1 to about
      90:1. In addition, the amount of water contained in this second gaseous
      mixture preferably comprises about 0.03 to about 3.6 mole percent thereof.
      The balance of the gaseous mixture is an inert gas such as nitrogen,
      helium, carbon dioxide, etc. The conditions utilized in this
      carbon-burning step are: a temperature of about 375.degree. to about
      450.degree. C., a pressure at least sufficient to maintain the flow of
      this second gaseous mixture through the zone containing the catalyst, and
      more specifically a relatively high pressure of about 7 to about 35
      atmospheres, and a gas hourly space velocity (defined as the volume rate
      of flow of the gas stream per hour at standard conditions divided by the
      volume of the catalyst bed) of about 100 to about 25,000 hr..sup.- .sup.1
      This carbon-burning step is performed for a time period at least
      sufficient to substantially remove carbonaceous materials from the
      catalyst. In general, depending obviously upon the amount of carbonaceous
      materials present on the catalyst, a carbon-burning period of about 5 to
      30 hours is adequate, with good results typically obtained in about 20 to
      30 or more hours. A convenient criterion for determining when this
      carbon-burning step is essentially complete involves monitoring the
      differential temperature across the reactor containing the catalyst and
      when this parameter is less than about 5.degree. C. and more preferably
      less than 1.degree. C. then the carbon-burning step for this reactor can
      be considered finished. For a multireactor system, the differential
      temperature across the last reactor in series would be the controlling
      parameter.
PAR  The next essential step of the regeneration method of the present invention
      is the oxygen treatment step and it involves treating the catalyst
      resulting from the carbon-burning step with the second gaseous mixture for
      a fourth period of at least about 0.5 to about 10 hours at a relatively
      high temperature. The temperature utilized in this step is selected from
      the range of about 450.degree. to about 550.degree. C. The other
      conditions are preferably selected from the ranges previously given in the
      discussion of the carbon-burning step. A preferred embodiment involves
      conducting this treatment step in two substeps: the first substep
      involving treating the catalyst resulting from the carbon-burning step
      with the second gaseous mixture for a period of at least about 0.5 to
      about 5 hours at a temperature of about 450.degree. to about 550.degree.
      C. and at a relatively high pressure of about 7 to about 35 atmospheres.
      The second substep then involves increasing the amount of oxygen contained
      in the second gaseous mixture by a factor of about 2 to about 50 and
      thereafter continuing the treating with this modified gaseous mixture for
      a period of at least about 0.5 to about 5 hours at the same relatively
      high temperature and pressure. The function of this oxygen-treating step
      is to remove trace amounts of carbonaceous materials which were not burned
      off during the first step and to convert the metallic components of the
      catalyst (i.e., the platinum group and rhenium components) to a highly
      oxidixed state.
PAR  After this oxygen-treating step, oxygen is purged from contact with the
      resulting catalyst by means of a suitable inert gas stream. In view of the
      fact that the subsequent reduction step is conducted under a wet
      condition, it is not necessary to dry the plant during this step. All that
      is necessary is to displace oxygen from contact with the catalyst, and the
      period of time necessary to do this can easily be determined by monitoring
      the effluent gas stream from the zone containing the catalyst.
PAR  Upon completion of this last purge step, the final essential step, the
      reduction step, of the regeneration method is commenced. It involves
      contacting the resulting catalyst with a substantially sulfur-free third
      gaseous mixture consisting essentially of hydrogen, H.sub.2 O, and HCl
      with an optional inert carrier gas such as nitrogen, at a temperature of
      about 300.degree. to about 600.degree. C., with best results obtained at a
      relatively low temperature of 325.degree. to 425.degree. C., for a final
      period of at least about 0.5 to about 5 hours. As in the prior steps, the
      amounts of H.sub.2 O and HCl in this third gaseous mixture are selected so
      that the mole ratio of H.sub.2 O to HCl is about 20:1 to about 100:1, with
      best results obtained at about 50:1 to about 90:1. Similarly, the amount
      of H.sub.2 O contained in this third gaseous mixture is preferably about
      0.03 to about 3.6 mole percent thereof. In some cases, it is beneficial to
      conduct this reduction step in two substeps: the first involving using a
      mixture of nitrogen and hydrogen having a relatively low partial pressure
      of H.sub.2 of about 0.5 to about 2 atmospheres, and the second involving a
      similar mixture having a relatively higher partial pressure of H.sub.2 of
      about 5 to about 10 atmospheres. Once again, the pressure and gaseous flow
      rates utilized for this step are preferably identical to those given in
      conjunction with the discussion of the carbon-burning step. The purpose of
      this reduction step is to reduce the metallic components of the bimetallic
      catalyst essentially to an elemental state, thereby producing a
      regenerated catalyst having activity, selectivity, and stability
      characteristics comparable to those possessed initially by the fresh
      catalyst.
PAR  In many cases, it is advantageous to subject the regenerated catalyst
      obtained from the reduction step to an additional sulfiding treatment
      before it is returned to hydrocarbon conversion service. Although any
      method known to the art for sulfiding a catalyst can be utilized, the
      preferred procedure involves contacting a suitable sulfide-producing
      compound with the reduced catalyst at a temperature of about 20.degree. to
      550.degree. C. for a period sufficient to incorporate about 0.01 to about
      0.5 wt. % sulfur. The sulfide-producing compound utilized may be selected
      from the volatile sulfides, the mercaptans, the disulfides and the like
      compounds; however, best results are ordinarily obtained with hydrogen
      sulfide. The hydrogen sulfide may be utilized by itself or in admixture
      with a suitable carrier gas such as hydrogen, nitrogen or the like. Good
      results have been obtained at a temperature of 375.degree. C. and a
      pressure of 100 psig. with a mixture of H.sub.2 and H.sub.2 S.
PAR  Following this reduction step, or the optional sulfiding step, the
      hydrocarbon conversion process in which the catalyst is utilized may be
      restarted by once again charging the hydrocarbon stream in the presence of
      hydrogen to the zone containing the regenerated catalyst at conditions
      designed to produce the desired product. In the preferred case, this
      involves re-establishing reforming conditions within the zone containing
      the catalyst.
PAR  It is intended to cover by the following claims all changes and
      modifications of the above disclosure of the present invention that would
      be self-evident to a man of ordinary skill in the catalyst regeneration
      art.
CLMS
STM  I claim as my invention
NUM  1.
PAR  1. A method for regenerating a deactivated hydrocarbon conversion catalyst
      which is a combination of a platinum group component, a rhenium component,
      a halogen component and a sulfur component with an alumina carrier
      material, the catalyst having been deactivated by deposition of
      carbonaceous materials thereon during a previous contacting with a
      hydrocarbon charge stock at hydrocarbon conversion conditions, said method
      comprising the sequential steps of:
PA1  1. contacting the deactivated catalyst with a substantially sulfur-free
      first gaseous mixture consisting essentially of hydrogen, about 0.02 to
      about 3.6 mole % H.sub.2 O and HCl -- the mole ratio of H.sub.2 O to HCl
      contained therein being about 20:1 to about 100:1 -- at a temperature of
      about 350.degree. to about 600.degree.C. and at a pressure of about 1 to
      about 50 atmospheres for a period extending until the resulting effluent
      gas stream is substantially free of hydrogen sulfide;
PA1  2. purging hydrogen from contact with the catalyst resulting from step (1)
      with an insert gas stream;
PA1  3. subjecting the catalyst resulting from step (2) to contact with a
      substantially sulfur-free second gaseous mixture consisting essentially of
      an insert gas, O.sub.2, H.sub.2 O, and HCl -- the amount of O.sub.2 being
      about 0.2 to about 3 mole % thereof, the amount of H.sub.2 O being about
      0.03 to about 3.6 mole % thereof and the mole ratio of H.sub.2 O to HCl
      contained therein being selected from the range of about 20:1 to about
      100:1 -- at a temperature of about 375.degree. to about 450.degree.C. and
      at a pressure of about 7 to about 35 atmospheres for a period sufficient
      to substantially remove said carbonaceous materials;
PA1  4. treating the catalyst resulting from step (3) with said second gaseous
      mixture for a period of at least about 0.5 to about 10 hours at a
      temperature of about 450.degree. to about 550.degree.C. and at a pressure
      of about 7 to about 35 atmospheres;
PAR  5. purging oxygen from contact with the catalyst from step (4) with an
      inert gas stream; and,
PA1  6. subjecting the catalyst resulting from step (5) to contact with a
      substantially sulfur-free third gaseous mixture consisting essentially of
      hydrogen, about 0.03 to about 3.6 mole % H.sub.2 O, and HCl -- the mole
      ratio of H.sub.2 O to HCl contained therein being selected from the range
      of about 20:1 to about 100:1 -- at a temperature of about 300.degree. to
      about 600.degree.C. for a final period of at least about 0.5 to about 5
      hours, thereby producing a regenerated hydrocarbon conversion catalyst
      having activity, selectivity, and stability characteristics comparable to
      those possessed initially by the fresh catalyst.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the platinum group component of
      the catalyst is platinum or a compound of platinum.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the halogen component of the
      catalyst is chlorine or a compound of chlorine.
NUM  4.
PAR  4. A method as defined in claim 1 wherein said alumina carrier material is
      gamma- or eta-alumina.
NUM  5.
PAR  5. A method as defined in claim 1 wherein said catalyst contains, on an
      elemental and carbonaceous material-free basis, about 0.1 to about 1.5 wt.
      % halogen, about 0.01 to about 1 wt. % platinum group metal, about 0.1 to
      about 1 wt. % rhenium, and about 0.05 to about 1 wt. % sulphur.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the mole ratio of H.sub.2 O to
      HCl utilized in steps (1), (3), (4), and (6) is selected from the range of
      about 50:1 to about 90:1.
NUM  7.
PAR  7. A method as defined in claim 1 wherein the temperature utilized in step
      (6) is about 325 to 425.degree. C.
NUM  8.
PAR  8. A method as defined in claim 1 wherein the inert gas stream used in step
      (2) contains H.sub.2 O and HCl in a mole ratio of about 20:1 to about
      100:1.
NUM  9.
PAR  9. A method as defined in claim 1 wherein step (4) comprises the substeps
      of:
PA1  a. treating the catalyst resulting from step (3) with said second gaseous
      mixture for at least about 0.5 to about 5 hours at a temperature of about
      450.degree. to about 550.degree. C. and at a pressure of about 7 to about
      35 atmospheres; and thereafter,
PA1  b. increasing the amount of O.sub.2 contained in said second gaseous
      mixture by a factor of about 2 to about 50 and continuing the treating for
      at least about 0.5 to about 5 hours at the same temperature and pressure.
NUM  10.
PAR  10. A method as defined in claim 1 wherein the amount of oxygen contained
      in the second gaseous mixture is about 0.5 to about 1.5 mole percent
      thereof.
NUM  11.
PAR  11. A method as defined in claim 1 wherein the period of time utilized in
      step (1) extends at least until the resulting effluent gas stream contains
      less than 1 vol. ppm of H.sub.2 S.
NUM  12.
PAR  12. A method as defined in claim 1 wherein the period of time utilized in
      step (3) extends at least until the differential temperature across the
      catalyst bed is less than 5.degree. C.
NUM  13.
PAR  13. A method of regenerating a deactivated hydrocarbon conversion catalyst
      which is a combination of a platinum group component, a rhenium component,
      a halogen component and a sulfur component with an alumina carrier
      material, the catalyst having been deactivated by deposition of
      carbonaceous materials thereon during a previous contacting with a
      hydrocarbon charge stock at hydrocarbon conversion conditions, said method
      comprising a combination of the method defined in claim 1 with the step of
      sulfiding the catalyst resulting from step (6) at a temperature of about
      20.degree. to 550.degree.C. to result in a regenerated catalyst containing
      about 0.01 to about 0.5 wt.% sulfur.
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PAL  Steroids bearing the substituent --X-NR.sub.1 R.sub.2 wherein --NR.sub.1
      R.sub.2 is a tritium of carbon-14 labeled amino or amino-acid group and
      --X-- is --R.sub.3 --, --OCOR.sub.3 --, =N--O--R.sub.3 -- or --NHCOR.sub.3
      -- wherein R.sub.3 is --(CH.sub.2).sub.n CO-- in which n is 0-4, are
      useful as diagnostic agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to steroids useful as diagnostic agents.
PAR  There is a need for accurate and highly sensitive analytical methods for
      active substances, for example, steroids, which can be present in
      extremely small quantities, in body fluids, e.g., blood, urine, etc. The
      analysis must respond, if at all possible, only to the specific active
      substance, a steroid. In other words, the analysis must be specific and
      not give false positives by the presence of other substances in the same
      sample of body fluid.
PAR  A plurality of analytical methods already exists which are based on a great
      variety of physicochemical processes, e.g., spectrometry, titrimetry,
      chromatography, etc. Because of the minute amounts of substances to be
      detected or detectable, immunological testing methods have gained
      increasing popularity in the determination of active substances, e.g., of
      steroids, since immunological testing methods, more specifically
      radioimmunological tests, are generally superior, due to their sensitivity
      and specificity, to other testing methods in the determination of active
      agents inherent in the body or similar active agents.
PAR  A prerequisite of a radioimmunological test is that a sufficiently specific
      antiserum must be available and the compound to be detected, or a suitable
      derivative thereof, must be available as a tracer in a maximally high
      radioactively marked form.
PAR  The production of a specific antiserum can be accomplished relatively
      easily if the antigen to be detected is itself capable of stimulating the
      formation of antibodies, i.e., it is also an immunogen. This holds true,
      inter alia, for all proteohormones which, in an extremely highly purified
      form, can be used directly for the production of suitable antisera. The
      problem becomes more complicated if the antigen is a low-molecular
      compound, such as a steroid, for example, which itself does not provoke an
      immune response, i.e., is not immunogenic.
PAR  In such cases, the linking of the low-molecular antigen, frequently also
      called haptene, e.g., a steroid, to a high-molecular carrier, and the use
      of this "conjugate" as immunogen has proven itself satisfactorily.
      However, a basic disadvantage of this process is that the linking of the
      haptene to the high-molecular carrier leads to a reduction in the
      specificity of the thus-obtained antibodies, as is the case in the
      majority of the antisera presently available. The loss in specificity
      manifests itself in the cross reactions of the antisera with other active
      substances, e.g., steroids, exhibiting characteristic functional groups
      similar to those of the steroid to be detected. This is due to the fact
      that the characteristic functional groups are employed for the linking of
      the haptene to the high-molecular carrier, so that the functional groups
      cannot take part as determinants during the stimulation of the antibody
      synthesis and thus cannot contribute to the specificity of the thus-formed
      antibodies.
PAR  Also, the above-mentioned second prerequisite, viz., the accessibility of
      sufficiently highly radioactively labeled tracers, is not fulfilled in
      many cases, especially in the case of steroids used as active substances
      so that in spite of the possibility of producing the desired antisera,
      radioimmunological determination of these steroids cannot be accomplished.
PAR  For this reason, highly radioactively labeled steroid derivatives, which
      are readily obtainable and can be used as tracers, would represent a
      substantial advance in the art of diagnostic agents.
PAR  The present invention now makes available radioactively tagged steroid
      derivatives which do not have the disadvantages described hereinabove.
PAC  SUMMARY OF THE INVENTION
PAR  The novel compounds of this invention are steroids bearing as a substituent
      group --X--NR.sub.1 R.sub.2 wherein --NR.sub.1 R.sub.2 is a tritium- or
      carbon-14 labeled amino or of an aminoacid radical; and X is R.sub.3,
      --O--CO--R.sub.3, =N--O--R.sub.3 or --NH--CO--R.sub.3, preferably at a
      position of the steroid skeleton which is otherwise unsubstituted, i.e.,
      not occupied by a functional group or a substituent, wherein R.sub.3 is
      --(CH.sub.2).sub.n --CO-- and n is an integer from 0 to 4, inclusive.
PAR  These steroids can be represented by the general Formula I
      ##EQU1##
      wherein St is a steroid moiety and --X--NR.sub.1 R.sub.2 has the values
      given above.
PAR  In a process aspect, this invention relates to a process for the
      preparation of the steroid derivatives of Formula I.
PAR  In a method of use aspect, this invention relates to the use of the novel
      compounds of Formula I as diagnostic agents.
PAC  DETAILED DISCUSSION
PAR  The steroids of this invention are characterized by the presence thereon on
      the steroid nucleus or a 17-position side chain thereof of the group
      --X--NR.sub.1 R.sub.2 preferably at a position not also occupied by a
      functional group. Such steroids can be represented by the general Formula
      II
      ##SPC1##
PAL  wherein
PA1  W is a steroid ring substituent and m is a positive integer, e.g., 1-6;
PA1  Z and Z' are angular methyl groups, one or both of which optionally are
      absent or replaced by another lower-alkyl group, e.g., ethyl;
PA1  X and --NR.sub.1 R.sub.2 have the values given above; and
PA1  Y is a functional group at the 17-position.
PAR  The group --X--NR.sub.1 R.sub.2 can be present on any of rings A, B, C and
      D of the steroid nucleus, or can be present on the side chain optionally
      present at the 17-position. The steroids represented by Formulae I and II
      ordinarily bear at least one additional functional group and/or
      substituent on one or more of rings A, D and/or on the optionally present
      side chain. The grouping --X--NR.sub.1 R.sub.2 preferably is present at a
      position which lacks any other functional group or substituent, more
      preferably on the B-ring, at the 6- or 7-position, or on the C-ring, at
      the 11- or 12-position. Thus, if the B-ring or C-ring, respectively, bears
      another functional group or a substituent, then the grouping --X--NR.sub.1
      R.sub.2 preferably is at a different position of the C-ring or B-ring,
      respectively.
PAR  Examples of such additional functional groups or substituents are: keto
      groups at one or more of the 3-, 6-, 11-and/or 17-positions; free,
      esterified, or etherified hydroxy at one or more of the 1-, 3-, 6-, 11-,
      16- and/or 17-positions; alkyl of 1-5 carbon atoms, preferably methyl or
      ethyl, at one or more of the 1-, 2-, 6-, 7-, 10-, 13- and/or 16-positions;
      methylene group at one or more of the 1,2-, 6,7-, 15,16- and/or
      16,17-positions; and a halogen atom, preferably fluorine or chlorine, at
      one or more of the 2-, 4-, 6-, 7-, 9-, 11- and/or 16-positions.
PAR  Rings A, B, C and D can be saturated or unsaturated. For example, double
      bonds can be present at one or more of the 1(2)-, 3(4)-, 4(5)-, 5(6)-,
      6(7)-, 5(10)-, 9(11)- and/or 16(17)-position.
PAR  Y can be any of the side chains of steroids of, e.g., the androstane,
      pregnane and cholane series. For example, Y can be an oxygen atom, free,
      etherified or esterified hydroxy, an optionally substituted aliphatic
      group of 1-8 carbon atoms, including acetyl, hydroxyacetyl or
      acyloxyacetyl, alone or in combination with hydroxy or acyloxy, alkyl or
      alkinyl group of up to 5 carbon atoms, hydroxy, alone or in combination
      with free, esterified or etherified alkoxy group up to 6 carbon atoms,
      alkoxycarbonyl of up to 11 carbon atoms and/or a saturated
      oxygen-heterocyclic group.
PAR  Examples of such steroids are those of the general Formula III
      ##SPC2##
PAL  wherein --X--NR.sub.1 R.sub.2 has the values given above; A is
      ##SPC3##
PAL  Z is an oxygen atom, two hydrogen atoms or the grouping H,OH; E--D is a
      single or double bond; F--G is --CH.sub.2 --CH.sub.2 --, --CH=CH,
      --CH.sub.2 --CH(CH.sub.3)--, --CH=C(CH.sub.3)-- or
      ##EQU2##
      R.sub.4 is a hydrogen atom or methyl; R.sub.5 is methyl or ethyl; R.sub.6
      is a hydrogen, fluorine or chlorine atom; R.sub.7 is a hydrogen, fluorine
      or chlorine atom or methyl; R.sub.8 is a hydrogen atom or alkanoyl of up
      to 15 carbon atoms; R.sub.9 is a hydrogen atom, methyl or ethinyl;
      R.sub.10 is a hydrogen atom, methyl or --O--R.sub.8 ; R.sub.11 is a
      hydrogen atom, a halogen atom or --O--R.sub.8 ; R.sub.12 is a hydrogen
      atom or --O--R.sub.8 ; R.sub.9 and R.sub.10 or R.sub.10 and R.sub.12
      collectively are
      ##EQU3##
      wherein R.sub.13 and R.sub.14 each are a hydrogen atom or alkyl of up to 5
      carbon atoms.
PAR  Preferred steroids of Formula I are, inter alia, those of the general
      Formula IV
      ##SPC4##
PAL  wherein --X--NR.sub.1 R.sub.2 has the values given above and preferably is
      in the 6-, 7-, 11- or 12-position;
      ##SPC5##
PAL  wherein R.sub.4, R.sub.5, R.sub.8, R.sub.9 and R.sub.10 each have the
      values given above.
PAR  Further preferred steroids of Formula I are those of the general Formula V
      ##SPC6##
PAL  wherein --X--NR.sub.1 R.sub.2 has the values given above and preferably in
      the 6- or 7-position; F'--G' is a single or double bond, and R.sub.4,
      R.sub.5, R.sub.6, R.sub.10, R.sub.11, R.sub.12 and Z each have the values
      given above.
PAR  Further preferred steroids are those of the general Formula VI
      ##SPC7##
PAL  wherein --X--NR.sub.1 R.sub.2 is preferably in the 11- or 12-position and,
      along with R.sub.7, R.sub.8 and R.sub.10, has the values given above.
PAR  The steroids of general Formula I can be produced in a manner known per se
      from corresponding steroids of general Formula VII
EQU  St -- X -- OH                                              (VII),
PAL  wherein St and X have the values given above, optionally after conversion
      into the corresponding acid chloride, azide, azolide, anhydride or ester,
      by reaction with a compound of the general Formula VIII
      ##EQU4##
      wherein --NR.sub.1 R.sub.2 has the values given above.
PAR  Preferred starting steroids are those otherwise corresponding to each of
      Formulae II, III, IV, V and VI but having an --X--OH group or a
      corresponding chloride, azide, azolide, anhydride or ester group, instead
      of an --X--NR.sub.1 R.sub.2 group, wherein X has the values given above,
      e.g., those of the formulae St--R.sub.3 --OH, St--O--CO--R.sub.3 --OH,
      ST=N--O--R.sub.3 --OH and St--NH--CO--R.sub.3 --OH, or a corresponding
      chloride, azide, azolide, anhydride or ester group.
PAR  The steroids of general Formula VII can be reacted with the compounds of
      general Formula VIII according to methods as known to those skilled in the
      art, for example, from peptide chemistry, e.g., the method using mixed
      anhydrides, the carbodiimide method, the azide method and the method
      employing activated esters. A general description of these methods is
      found, inter alia, in H. Beyer, "Lehrbuch der organischen Chemie", S.
      Hirzel publishers, Leipzig (1968) pages 720-723.
PAR  In addition to the steroids whose preparation is specifically described
      hereinafter, the following are suitable starting steroids for producing
      the compounds of this invention:
PA1  6.beta.-4'-carboxybutyrylamino-1.3.5(10)-estratriene-3,17.beta.-diol,
PA1  6.beta.-4'-carboxybutyrylamino-1.3.5(10)-estratriene-3,16.alpha.,17.beta.-t
     riol,
PA1  (3,20-dioxo-4-pregnen-6.alpha.-yl) hydrogen glutarate,
PA1  (17.beta.-hydroxy-3-oxo-17.alpha.-ethinyl-4-estren-11.alpha.-yl)hydrogen
      glutarate,
PA1  (17.beta.-hydroxy-3-oxo-18-methyl-17.alpha.-ethinyl-4-estren-6.beta.-yl)
      hydrogen glutarate,
PA1  (6-chloro-17.alpha.-acetoxy-3,20-dioxo-1.alpha.,2.alpha.-methylene-4,6-preg
     nadien-11.alpha.-yl) hydrogen glutarate,
PA1  (6.alpha.-fluoro-11.beta.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregnadie
     n-21-yl) hydrogen glutarate,
PA1  (1-methyl-3-oxo-5.alpha.-androst-1en-17.beta.-yl) hydrogen glutarate,
PA1  (3.beta.-heptanoyloxy-17-oxo-5-androsten-7.alpha.-yl) hydrogen glutarate,
PA1  (17.beta.-hydroxy-3-oxo-18methyl-17.alpha.-ethinyl-4-estrene-6.beta.-yl)
      hydrogen adipinate,
PA1  (3,20-dioxo-4-pregnen-6.alpha.-yl) hydrogen adipinate,
PA1  6.beta.-5'-carboxypentanoylamino-1,3,5(10)-estratriene-3,16.alpha.,17.beta.
     -triol,
PA1  (21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-1,4-pregnadien-6.beta.-yl)
      hydrogen succinate,
PA1  (21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-1,4-pregnadien-7.alpha.-yl)
      hydrogen glutarate,
PA1  (21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-4-pregnen-6.beta.-yl) hydrogen
      adipinate,
PA1  (21-acetoxy-3,20-dioxo-4-pregnen-6.beta.-yl) malonate,
PA1  (1.alpha.-methyl-17.beta.-acetoxy-3-oxo-5.alpha.-androstan-6.beta.-yl)hydro
     gen succinate,
PA1  (3.beta.-acetoxy-20-oxo-5.alpha.-pregnan-12.beta.-yl) hydrogen glutarate,
PA1  (3.alpha.-acetoxy-20-oxo-5.beta.-pregnan-12.alpha.-yl) hydrogen succinate,
PA1  (17.alpha.-methyl-17.beta.-propionyloxy-3-oxo-4-androsten-11.alpha.-yl)
      malonate.
PA1  6-2'-carboxyethoxyimino-17.alpha.-ethinyl-1,3,5(10)-estretriene-3,17.beta.-
     diol,
PA1  6.beta.-carboxy-5.alpha.-androstan-3,17.beta.-diol.
PAL  Reacting these steroids which can be prepared according to the procedures
      of the illustrative preparations hereinafter with L-tyrosine,
      L-phenyl-alamine, histamine, dopamine, prolin, respectively according to
      the procedures of the Examples hereinafter produces
PA1  N-[(3,17.beta.-dihydroxy-1,3,5(10)-estratriene-6.beta.-yl)-amino
      carbonylbutyryl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ],
PA1  N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratriene-6.beta.-yl)-amino
      carbonylbutyryl]-L-phenylalamine-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(3,20-dioxo-4-pregnen-6.alpha.-yl)-oxycarbonylbutyryl]-histamine-[2,5-.s
     up.3 H.sub.2 ],
PA1  N-[(17.beta.-hydroxy-3-oxo-
      17.alpha.-ethinyl-4-estren-11.alpha.-yl)-oxycarbonylbutyryl]-dopamin-[2,3-
     .sup.3 H.sub.2 ],
PA1  N-[(17.beta.-hydroxy-3-oxo-18-methyl-17.alpha.-ethinyl-4-estren-6.beta.-yl)
     -oxycarbonylbutyryl]-prolin-[u-.sup.14 C],
PA1  N-[(6-chloro-17.beta.-acetoxy-3,20-dioxo-1.alpha.,2.alpha.-methylen-4,6-pre
     gnadien-21-yl)-oxycarbonylbutyryl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ],
PA1  N-[(6.alpha.-fluoro-11.beta.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregna
     dien-21-yl)-L-phenylalanin-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(1-methyl-3-oxo-5.alpha.-androst-1-en-17.beta.-yl)-oxycarbonylbutyryl]-h
     istamine-[2,5-.sup.3 H.sub.2 ],
PA1  N-[(3.beta.-heptanoyl-17-oxo-5-androsten-7.alpha.-yl)-oxycarbonylbutyryl]-d
     opamin-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(17.beta.-hydroxy-3-oxo-18-methyl-17.alpha.-ethinyl-4-estren-6.beta.-yl)
     -L-tyrosine-[3,5-.sup.3 H.sub.2 ],
PA1  N-[(3,20-dioxo-4-pregnen-6.alpha.-yl)-oxycarbonylpentanoyl]-prolin-[u-.sup.
     14 C],
PA1  N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratriene-6.beta.-yl)-amino
     carbonylpentanoyl]-histamine-[2,5-.sup.3 H.sub.2 ],
PA1  N-[(21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-1,4-pregnadien-7.alpha.-yl)
     -oxysuccinyl]-L-phenylalamine-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-1,4-pregnadien-7.alpha.-yl)
     -oxycarbonylbutyryl]-dopamin-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(21-acetoxy-17.alpha.-hydroxy-3,11,20-trioxo-4pregnen-6.beta.-yl)-oxycar
     bonylpentanoyl]-histamin-[2,5-.sup.3 H.sub.2 ],
PA1  N-[(21-acetoxy-3,20-dioxo-4-pregnen-6.beta.-yl)-oxycarbonylacetyl]-L-tyrosi
     ne-[3,5-.sup.3 H.sub.2 ],
PA1  N-[(1.alpha.-methyl-17.beta.-acetoxy-3-oxo-5.alpha.-androstan-6.beta.-yl)-o
     xysuccinyl]-L-phenylalanine-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(3.beta.-acetoxy-20-oxo-5.alpha.-pregnan-12.beta.-yl)-oxycarbonylbutyryl
     ]-L-tyrosine-[3,5-.sup.3 H.sub.2 ],
PA1  N-[(3.alpha.-acetoxy-20-oxo-5.beta.-pregnan-12.alpha.-yl)-oxysuccinyl]-hist
     amine-[2,5-.sup.3 H.sub.2 ],
PA1  N-[(17.alpha.-methyl-17.beta.-propionyloxy-3-oxo-4-androsten-11.alpha.-yl)-
     oxycarbonylacetyl]-prolin-[u-.sup.14 C],
PA1  N-[(3,17.beta.-dihydroxy-17.alpha.-ethinyl-1,3,5(10)-estratriene-6-ylidene)
     -aminooxypropionyl]-dopamin-[2,3-.sup.3 H.sub.2 ],
PA1  N-[(3,17.beta.-dihydroxy-5.alpha.-androstan-6.beta.-yl)-carbonyl]-histamin-
     [2,5-.sup.3 H.sub.2 ], respectively.
PAR  Tritium- or carbon-14-labeled compounds bearing an amino group or groups
      which can be reacted with the starting steroids include primary amines,
      e.g., compounds of Formula VIII wherein R.sub.1 is a hydrogen atom and
      R.sub.2 is alkyl, which optionally is substituted, for example, by a
      hydroxy group or by a heterocyclic group. Included with such amines are
      alkylamines of 1-8, preferably 1 to 6, carbon atoms; cycloalkylamines
      wherein cycloalkyl is an unsubstituted or substituted cycloalkyl ring of,
      e.g., 3-8 ring members; aralkylamines of 7-13, preferably 7-10, carbon
      atoms and aryl is 1-2 separate or fused carbocyclic aromatic rings which
      are unsubstituted, e.g., phenyl, p-biphenyl, naphthyl, or bear one or more
      substituents, such as, for example, alkyl and alkoxy of 1-4 carbon atoms,
      carboxy, carbalkoxy wherein alkoxy is of 1-4 carbon atoms, cyano, halo,
      e.g., chloro, bromo and fluoro, trifluoromethyl, --CONH.sub.2, CONHAlkyl
      and --CON(Alkyl).sub.2 wherein alkyl is of 1-4 carbon atoms, nitro and
      sulfato; and arylamines wherein aryl is as defined above.
PAR  Specific examples are methyl-, ethyl-, propyl-, butyl-, pentyl-, benzyl-,
      ph enylethyl-, phenylpropylamin, tyramin, tryptamine, serotonin,
      histamine, nor-epinephrine, guanine, adenine, cytosine and other biogenic
      amines.
PAR  Also suitable as starting amino compounds are secondary amines, e.g.,
      compounds of Formula VIII wherein both R.sub.1 and R.sub.2 are optionally
      substituted alkyl, and cyclic amines, e.g., compounds of Formula VIII
      wherein R.sub.1 and R.sub.2 collectively are alkylene of 4-7 atoms which
      optionally is interrupted by a hetero atom, e.g., an oxygen, nitrogen of
      sulfur atom.
PAR  Examples of such secondary amines are dimethyl- and diethylamin,
      piperidine, epinephrin, purine bases, e.g., xanthine and its derivatives,
      N-methyl aminoacids, such as N-methyl glycine, N-methyl alanine, N-methyl
      valine, N-methyl leucine, N-methyl phenylalanine, N-methyl glutamine,
      N-methyl asparagine.
PAR  Also suitable as amino compounds are aliphatic and aromatic aminoacids,
      e.g., compounds of Formula VIII wherein R.sub.1 is a hydrogen atom and
      R.sub.2 is the remainder of an amino acid. Examples of such aminoacids are
      glycine, alanine, valine, isoleucine, leucine, phenylalanine, tyrosine,
      thyroxine, L-dopa, .beta.-alanine, .epsilon.-aminocaproic acid,
      .gamma.-amino butyric acid, serin, threonine, methionine, asparagine,
      glutamine.
PAR  Further suitable as amino compounds are heterocyclic amino acids, e.g.,
      compounds of Formula VIII wherein --NR.sub.1 R.sub.2 is the amino radical
      of a heterocyclic aminoacid, such as, for example, proline,
      hydroxyproline, tryptophan and histidine. The level of tritium labeling
      amounts to 1-4 .sup.3 H per molecule of the starting amino compounds, one
      to about all of the carbon atoms of the starting compounds may be .sup.14
      C labeled.
PAR  Compounds of Formula VIII are sufficiently readily available commercially
      in highly radioactivated form, or can be conveniently produced, so that
      the radioactivated steroids of Formula I can be easily produced in a
      minimum amount of time.
PAR  In general, the thus-produced steroids of Formula I are not isolated but
      instead are used in the test in the form of their solutions.
PAR  The above-described radioactive tracers, i.e., compounds of general Formula
      I, are substituted in an analogous manner for the steroid conjugates
      utilized for the antibody production. They can be used as such in
      radioimmunological tests, i.e., they are diagnostic agents. In contrast to
      processes known from the literature, which use as the tracer the entire
      immunogen (i.e., a steroid -- highly polymeric carrier conjugate) and
      introduce the radioactivity by means of iodation, the tracers of general
      Formula I described herein have the advantage that such antibodies
      directed against antigenic determinants of the carrier do not have any
      effect on the test result. The specificity of the test is thus still
      further increased. Consequently, these tracers are suitable for the
      detection and measurement of extremely minor amounts of the steroids up to
      a range of a picogram/ml. (1 .times. 10.sup.-.sup.12 g/ml).
PAR  Many of the starting steroids of general Formula VII are known and can be
      obtained according to processes generally known to a person skilled in the
      art. Thus, for example, it is possible to prepare the compounds of Formula
      VII wherein X is --O--CO--R.sub.3 or --NH--CO--R.sub.3 by reacting the
      corresponding hydroxy or amino steroid with the cyclic anhydride of a
      dicarboxylic acid, such as, for example, succinic acid, glutaric acid,
      adipic acid anhydride.
PAR  The novel compounds will be used as diagnostic agents as known in the art,
      e.g., in Steroids 18 (1971) 605-620 or J. Clin. Endocr. 32 (1971) 619-624.
      An illustrative example is as follows:
TBL  Radioimmunoassay of norethisterone (NET=17.beta.-hydroxy-17.alpha.-       

     ethinyl-4-estren-3-one) in plasma                                         

     __________________________________________________________________________

     Reagents                                                                  

     __________________________________________________________________________

     Buffer:   phosphate buffer (50 mM, pH 7,5) containing                     

               sodiumchloride (0.15 M), merthiolate .sup.(R)                   

               (0,01 % w/v) and human serum albumin (0.5 % w/v)                

     Diethylether:                                                             

               distilled over ferrous sulphate                                 

     Dextran-coated                                                            

     charcoal: 0.5 % (w/v) charcoal (Norit A) and 0.05 % (w/v)                 

               dextran (Dextran T-70, Pharmacia) in buffer.                    

               The suspension is stirred for 1 h and can be                    

               stored at 4.degree. C.                                          

     N-[17.alpha.-ethinyl-17.beta.-hydroxy-3-oxo-4-estren-11.alpha.-yloxysuccin

     yl]-                                                                      

     L-tyrosine-[3,5-.sup.3 H.sub.2 ] (ex 3)                                   

               specific activity: 30-60 Ci/mMol                                

               Take 10 .mu.l of the eluate from example 3 and                  

               evaporate the solvent. Add enough buffer (about                 

               20 ml) to achieve a radioactive concentration                   

               of 200 000 dpm/ml.                                              

     NET:      Schering AG, Berlin                                             

     Anti-NET-serum:                                                           

               The antibody was raised in rabbits by immunizing                

               with norethisterone-11.alpha.-hemisuccinate-bovine              

               serum albumin. The dilution of the antiserum                    

               used in the assay is such that it will bind                     

               approx. 60 % of the added .sup.3 H-compound in the              

               absence of non-radioactive NET.                                 

     __________________________________________________________________________

PAC  PROCEDURE
PAR  2,250 cpm of ex 3 in 20 .mu.l methanol are pipetted into glass tubes
      containing a suitable volume of plasma for extraction (those with less
      than 500 .mu.l are made up to that volume with distilled water) and into
      two extra tubes containing 500 .mu.l distilled water (water blanks).
      Diethylether (2 ml) is added to each tube and the contents shaken for
      approximately 10 min.
PAR  The tubes are placed in a freezer for approximately 30 min. to solidify the
      aqueous phase and the ether extracts are decanted into disposable glass
      tubes. The solvent is evaporated with a stream of nitrogen and 1 ml of
      buffer is added to the dried extract. The tubes are aggitated on a vortex
      mixer and allowed to incubate at 37.degree. C for a period of 15 min. An
      aliquot (800 .mu.l) is taken from each tube and counted in a liquid
      scintillation counter for evaluation of the procedural losses.
PAR  40 .mu.l of the buffer solution and 60 .mu.l buffer are pipetted into assay
      tubes (12 mm .times. 75 mm disposable glass tubes). A standard curve is
      set up by adding 100 .mu.l buffer containing 500 pg, 400 pg, 300 pg, 200
      pg, 100 pg, 50 pg, 25 pg, 12.5 pg and 0 pg NET, respectively to assay
      tubes.
TBL  __________________________________________________________________________

     Assay scheme                                                              

     Total radio-                                                              

              charcoal Standard sample                                         

     activity (RA;                                                             

              blank (CO;                                                       

                       curve                                                   

     2 tubes) 2 tubes)                                                         

     __________________________________________________________________________

     100 .mu.l buffer                                                          

              100 .mu.l buffer                                                 

                       100 .mu.g buffer                                        

                                40 .mu.l extract                               

                       containing                                              

                                in buffer                                      

                       standard 60 .mu.l buffer                                

         +        +        +        +                                          

     200 .mu.l buffer                                                          

              200.mu.l buffer                                                  

                       200 .mu.l anti-                                         

                                200 .mu.l anti-                                

                       NET-serum                                               

                                NET-serum                                      

     incubate at 37.degree. C for 15 Min.                                      

         +        +        +        +                                          

     100 .mu.l ex 3                                                            

              100 .mu.l ex 3                                                   

                       100 .mu.l ex 3                                          

                                100 .mu.l ex 3                                 

     = 22,000 dpm                                                              

              = 22,000 dpm                                                     

                       = 22,000 dpm                                            

                                = 22,000 dpm                                   

     in buffer                                                                 

              in buffer                                                        

                       in buffer                                               

                                in buffer                                      

     __________________________________________________________________________

PAR  The tubes are aggitated on a vortex and left overnight (approx. 16 hours)
      at 4.degree. C.
PAR  After incubation the tubes are placed in crushed ice and to each tube
      (except for the RA-tubes) 100 .mu.l of buffer and 500 .mu.l of dextran
      coated charcoal are added. To the RA tubes 600 .mu.l of buffer are added.
      The tubes are aggitated on a vortex mixer, left for 15 min at 0.degree. C
      and centrifuged at 3000 rpm for 15 min in a refrigerated centrifuge at
      4.degree. C. Following centrifugation, the tubes are kept at 0.degree. C
      and 500 .mu.l of supernatant is transferred into a counting vial. 10 ml
      scintillation fluid is added and the samples are counted.
PAC  CALCULATION OF THE RESULTS
PAR  The percentage of binding for each sample is calculated from the cpm of the
      sample and the cpm of the total radioactivity added (RA). For the standard
      curve percentage of binding is plotted versus pg amount of NET.
PAR  The NET concentrations in each of the unknowns may then be read directly
      from the graph.
PAR  The following are illustrative preparations of the starting steroids of
      Formula VII.
PAC  A.sub.1
PAR  21.3 g. of 6-ketoestradiol diacetate -- prepared from
      6-ketoestradiol-17-acetate (Belgian Patent No. 785,448) by usual
      acetylation -- is reacted under Reformatskii conditions with 29 ml. of
      ethyl bromoacetate. The crude product is mixed with silica gel, introduced
      into a silica gel column, and eluted with a hexane-ethyl acetate mixture.
      The fractions which are uniform according to thin-layer chromatography are
      evaporated. The residue is refluxed with 450 ml. of alcohol after adding a
      mixture of 40 ml. of alcohol and 4.5 ml. of concentrated sulfuric acid for
      4 hours. The mixture is concentrated, precipitated into ice water,
      filtered off, and washed neutral. After fractional crystallization of the
      crude product (9.1 g.) from ethyl acetate and chromatography of the mother
      liquor, 4.0 g. of
      6-ethoxycarbonylmethyl-1,3,5(10),6-estratetraene-3,17.beta.-diol is
      obtained, m.p. 178.degree./179.degree.-180.5.degree. C., as well as 1.2 g.
      of 6-ethoxycarbonylmethylene-1,3,5(10)-estratriene-3,17.beta.-diol, m.p.
      181.degree./182.degree.-183.5.degree. C.
PAR  20 g. of 6-ethoxycarbonylmethyl-1,3,5(10),6-estratetraene-3,17.beta.-diol
      is hydrogenated in 280 ml. of tetrahydrofuran and 280 ml. of methanol in
      the presence of 2 g. of Pd/CaCO.sub.3 (10%) until 1 millimole of hydrogen
      has been absorbed per millimole of substance. The thus-obtained product is
      6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,17.beta.-diol as a
      foamy mass. The same compound is also produced by the analogous
      hydrogenation of
      6-ethoxycarbonylmethylene-1,3,5(10)-estratriene-3,17.beta.-diol. The
      preparation of
      6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,17.beta.-diol can be
      simplified by hydrolyzing the crude product of the Reformatskii reaction,
      freeing the thus-obtained hydrolyzate from by-products by fractional
      filtration over silica gel, and hydrogenating the evolved mixture of
      6-ethoxycarbonylmethyl-1,3,-5(10),6-estratetraene-3,17.beta.-diol and
      6-ethoxycarbonylmethylene-1,3,5(10)-estratriene-3,17.beta.-diol as
      indicated above.
PAR  8.0 g. of
      6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,17.beta.-diol is
      refluxed for 3 hours with 180 ml. of N/2 potassium hydroxide solution. The
      mixture is then precipitated into ice water, neutralized, and extracted
      repeatedly with ether. The ether extracts are extracted several times with
      dilute soda solution, and the soda extracts are acidified with
      hydrochloric acid. The precipitate is filtered off and washed neutral,
      thus obtaining 4.14 g. of
      6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,17.beta.-diol, m.p.
      220.5.degree.-222.degree. C. (acetone).
PAC  A.sub.2
PAR  1.4 g. of
      6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,17.beta.-diol --
      produced according to A.sub.1 -- is subjected to an Oppenauer oxidation
      with cyclohexanone and aluminum isopropylate. After chromatography on
      silica gel, 1.0 g. of
      3-hydroxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratrien-17-one is
      obtained (m.p. 137.5.degree.-138.degree. C.) which is converted, by
      alkaline saponification with potassium hydroxide solution, analogously to
      A.sub.1, into 3-hydroxy-6.beta.-carboxymethyl-1,3,5(10)-estratrien-17-one,
      m.p. 240.degree.-242.degree. C. (acetone).
PAR  The same compound is also produced when conducting the oxidation with Jones
      reagent and working up the reaction product analogously.
PAC  A.sub.3
PAR  a. 10.0 g. of
      3-hydroxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratrien-17-one --
      produced in accordance with A.sub.2 -- is acetylated with 20 ml. of acetic
      anhydride in 20 ml. of pyridine for 20 hours at room temperature. After
      precipitation into ice water, filtration, and taking up the precipitate in
      methylene chloride, the reaction product is dried and evaporated, thus
      obtaining 11.8 g. of 3-acetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)
      estratrien-17-one, which is heated to the boiling point with 140 ml. of
      isopropenyl acetate in the presence of 1.4 g. of p-toluenesulfonic acid
      and then subjected to a slow distillation. The cooled reaction product is
      diluted with methylene chloride and washed with sodium bicarbonate
      solution and water, dried, and evaporated, thus resulting in 13.3 g. of a
      crude product. After chromatography on silica gel, pure
      3,17-diacetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10),16-estratetraene is
      obtained as an almost colorless oil.
PAR  Five grams of
      3,17-diacetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10),16-estratetraene is
      dissolved in 75 ml. of benzene and, after the addition of 3.2 g. of
      m-chloroperbenzoic acid, agitated at room temperature for 90 minutes under
      nitrogen. The mixture is then diluted with benzene, repeatedly extracted
      with dilute soda solution, and washed neutral with water. After drying of
      the solution and evaporation of the solvent,
      3,17.beta.-diacetoxy-16.alpha.,17-epoxy-6.beta.-ethoxycarbonylmethyl-1,3,5
     (10)-estratriene is obtained which, without purification, is treated for 30
      minutes with 2.0 ml. of perchloric acid (70% strength) in glacial acetic
      acid at room temperature. After dilution with methylene chloride, the
      reaction mixture is washed successively with water, dilute soda solution,
      and water, dried, and evaporated. The subsequent chromatography on silica
      gel yields 1.95 g. of
      3,16.alpha.-diacetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratrien-17
     -one as an oil.
PAR  300 mg. of
      3,16.alpha.-diacetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratrien-17
     -one is dissolved in 11 ml. of methanol and gradually combined at
      +5.degree.C. with 0.17 g. of NaBH.sub.4 in 9 ml. of methanol. After
      allowing the mixture to stand for 20 hours at room temperature, it is
      concentrated and stirred into water which contains hydrochloric acid. The
      reduction product is taken up in ethyl acetate, the solution is washed
      neutral, dried, and evaporated. By preparative thin-layer chromatography,
      330 mg. of crude product yields
      16.alpha.-acetoxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,17.
     beta.-diol, m.p. 170.5.degree.-171.5.degree.C. and
      6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratriene-3,16.alpha.,17.beta.-tr
     iol, m.p. 192.5.degree.-193.degree.C.
PAR  100 mg. of the above crude product is refluxed with 4 ml. of N/2 potassium
      hydroxide solution for 2 hours. The mixture is then introduced into ice
      water, neutralized, and extracted with ether. The ether extracts are
      extracted with dilute soda solution, and the soda extracts are acidified
      with hydrochloric acid. After filtration and washing the mixture neutral,
      25 mg. of
      6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,16.alpha.,17.beta.-triol is
      obtained, m.p. 259.degree.-262.degree.C.
PAR  b. Two grams of 6-ketoestriol acetate -- produced according to Biochem. J.
      74 (1960) 430 -- are reacted analogously to A.sub.1 under Reformatskii
      conditions with 3 ml. of ethyl bromoacetate and worked up. The crude
      product is hydrolyzed, the hydrolyzate is separated from by-products and
      hydrogenated. The subsequent saponification with potassium hydroxide
      solution yields, after working up the reaction product, 300 mg. of
      6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,16.alpha.,17.beta.-triol.
PAC  A.sub.4
PAR  2.0 g. of
      3-hydroxy-6.beta.-ethoxycarbonylmethyl-1,3,5(10)-estratrien-17-one --
      prepared according to A.sub.2 -- is introduced into a suspension of 1.1 g.
      of potassium tert.-butylate in 20 ml. of tetrahydrofuran, into which was
      previously introduced acetylene at -5.degree. C. for 1 hour. Acetylene is
      introduced for another 3 hours at -5.degree. C., and then the reaction
      mixture is decomposed by adding 65 ml. of 20% strength sulfuric acid and
      35 ml. of water. The mixture is suction-filtered from the potassium
      sulfate, the filtrate is concentrated under vacuum, taken up in methylene
      chloride, the methylene chloride phase is washed neutral, and concentrated
      to dryness. The residue is recrystallized from methylene chloride,
      resulting in 1.4 g. of
      17.alpha.-ethinyl-6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,17.beta.-d
     iol, m.p. 226.5.degree.-229.degree.C.
PAC  A.sub.5
PAR  A mixture of 2.24 g. of
      3.17.beta.-dihydroxy-17.alpha.-ethinyl-1,3,5(10)-estratrien-6-one --
      produced according to Belgian Patent No. 785,448 -- 3.0 g. of sodium
      acetate, 1.96 g. of carboxymethoxylamine hemihydrochloride sicc., 54.0 ml.
      of ethanol, and 6 ml. of water is heated to the boiling point for 1 hour.
      Under cold conditions, 360 ml. of ether is added thereto; then, the
      reaction mixture is extracted three times with respectively 60 ml. of 5%
      soda solution saturated in sodium bicarbonate. The aqueous phase is
      acidified with 30 ml. of concentrated hydrochloric acid and the
      thus-precipitated, smeary substance is taken up in ethyl acetate; the
      aqueous phase is twice extracted with ethyl acetate. The ethyl acetate
      phases are washed three times with water, dried, and evaporated. The
      residue is recrystallized from ethyl acetate, thus obtaining 3.1 g. of
      6-carboxymethoxyimino-17.alpha.-ethinyl-1,3,5(10)-estratriene-3,17.beta.-d
     iol (with 1 mole of crystallized ethyl acetate), m.p.
      80.degree.-88.degree.C. (decomposition).
PAR  The same compound is produced from
      17-hydroxy-3-acetoxy-17.alpha.-ethinyl-1,3,5(10)-estratrien-6-one, m.p.
      181.5.degree.-185.degree.C. -- prepared from the 3,17-dihydroxy compound
      by partial acetylation -- by an analogous reaction.
PAC  A.sub.6
PAR  4.4 g. of 17.beta.-acetoxy-6-oximino-1,3,5(10)-estratrien-3-ol, m.p.
      252.degree. C. (decomposition) -- produced from 6-ketoestradiol diacetate
      according to Ann. 692 (66) 180 -- is reduced with sodium in isopropanol to
      the corresponding amino compound. The methanolic solution of the crude
      base is mixed with ethereal hydrogen chloride. The hydrochloride crude
      product yields, after repeated redissolution from methanol, pure
      (3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6.beta.-yl) ammonium chloride,
      m.p. 251.degree. C. (decomposition); 100 mg. of this product is reacted
      for 20 hours at room temperature with 40 mg. of succinic acid anhydride
      and 0.77 ml. of N-ethylmorpholine (as a 1% pyridine solution). Yield: 100
      mg. of
      6.beta.-3'-carboxypropionylamino-1,3,5(10)-estratriene-3,17.beta.-diol,
      m.p. 157.degree.C. (decomposition).
PAC  A.sub.7
PAR  3.5 g. of 16.alpha., 17.beta.-diacetoxy-6-oximino-1,3,5(10)-estratrien-3-ol
      -- produced from 6-ketoestriol triacetate according to Biochem. J. 74
      (1960) 430 and A.sub.6 -- is reduced as described in A.sub.6 and reacted
      to the (3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratrien-6.beta.-yl)
      ammonium chloride, of which 100 mg. is reacted with 40 mg. of succinic
      acid anhydride and 0.77 ml. of N-ethylmorpholine, thus obtaining 85 mg. of
      6.beta.-3'-carboxypropionylamino-1,3,5(10)-estratriene-3,16.alpha.,17.beta
     .-triol.
PAC  A.sub.8
PAR  Two grams of 6.alpha.-hydroxyprogesterone is refluxed for 1 hour in 20 ml.
      of pyridine with 4 g. of succinic acid anhydride. After cooling, the
      solution is stirred into ice water and acidified with 1N hydrochloric
      acid. The smeary precipitation product is separated and dissolved in
      methylene chloride; the solution is washed with hydrochloric acid and
      water and evaporated under vacuum. The residue (2.57 g. of foam) is
      dissolved in methanol, combined with carbon, filtered, and the filtrate
      concentrated under vacuum. By trituration of the residue with pentane, 2.1
      g. of amorphous (3,20-dioxo-4-pregnen-6.alpha.-yl) hydrogen succinate is
      produced. UV: .epsilon..sub.238 = 14,100.
PAC  A.sub.9
PAR  2.82 g. of 11.alpha.-hydroxy-17.alpha.-ethinyl-19-nortestosterone is heated
      with 18 ml. of pyridine and 1.35 g. of succinic acid anhydride for 20
      hours on a steam bath. The mixture is poured into water and extracted with
      methylene chloride. The methylene chloride extracts are extracted
      exhaustively with soda solution (5% strength), and the combined soda
      extracts are acidified with hydrochloric acid. The thus-separated product
      is taken up in methylene chloride and washed neutral. After evaporation of
      the solvent, the crude hemisuccinate remains in the form of a foam. For
      additional purification, the product is dissolved in methylene chloride
      and repeatedly extracted with soda solution. The combined soda extracts
      are acidified and the thus-separated, smeary product is taken up in
      methylene chloride and washed neutral. Yield: 1.9 g. of
      (17.beta.-hydroxy-3-oxo-17.alpha.-ethinyl-4-estren-11.alpha.-yl) hydrogen
      succinate. UV: .epsilon..sub.239 = 15,700.
PAC  A.sub.10
PAR  720 mg. of
      6.beta.,17.beta.-dihydroxy-18-methyl-17.alpha.-ethinyl-4-estren-3-one --
      produced from 17.beta.-hydroxy-18-methyl-17.alpha.-ethinyl-4-estren-3-one
      by microbiological hydroxylation as described in the following paragraph
      -- is reacted analogously to A.sub.9 with succinic acid anhydride and
      worked up, the reaction time being shortened to 5 hours. The hydrogen
      succinate, purified by way of the sodium salt, is triturated with
      ether/hexane. After the solvent has been evaporated, 430 mg. of
      (17.beta.-hydroxy-3-oxo-18-methyl-17.alpha.-ethinyl-4-estren-6.beta.-yl)
      hydrogen succinate is obtained, m.p. 111.degree./143.degree. C.
      (decomposition). UV: .epsilon..sub.235 = 11,900.
PAR  A glass fermenter having a capacity of 50 liters is filled with 29 l. of a
      liquid, sterile nutrient medium having the following composition: 3%
      glucose, 1% corn steep, 0.2% NaNO.sub.3, 0.1% KH.sub.2 PO.sub.4, 0.2%
      K.sub.2 HPO.sub.4, 0.05% MgSO.sub.4, 0.002% FeSO.sub.4, and 0.05% KCl.
      Then, the fermenter is inoculated with 1 liter of a subculture of the
      strain Mucor griseocyanus (ATCC 1207b), grown for 2 1/2 days. After a
      growth period of 12 hours, 6 g. of
      17.beta.-hydroxy-18-methyl-17.alpha.-ethinyl-4-estren 3-one, dissolved in
      75 ml. of dimethylformamide, is added thereto. After further, incubating
      for 60 hours, the content of the fermenter is collected, filtered,
      extracted with methyl isobutyl ketone, the extract evaporated to dryness,
      and the residue is purified by chromatography on silica gel. After
      crystallization from ethyl acetate/isopropyl ether,
      6.beta.,17.beta.-dihydroxy-18-methyl-17.alpha.-ethinyl-4-estren-3-one is
      obtained, m.p. 194.degree.-195.degree. C.
PAC  A.sub.11
PAR  0.433 g. of
      6-chloro-11.alpha.-hydroxy-17-acetoxy-1.alpha.,2.alpha.-methylene-4,6-preg
     nadiene-3,20-dione -- prepared from
      6-chloro-17-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,20-dione
      by microbiological hydroxylation as described in the following paragraph
      -- is reacted analogously to A.sub.9 with succinic acid anhydride and
      worked up. After purification by way of the sodium salt, 230 mg. of
      (6-chloro-17-acetoxy-3,20-dioxo-1.alpha.,2.alpha.-methylene-4,6-pregnadien
     -11.alpha.-yl) hydrogen succinate is obtained as a foam. UV:
      .epsilon..sub.280 = 15,500.
PAR  A glass fermenter having a capacity of 50 liters is filled with 29 l. of a
      liquid, sterile nutrient medium having the following composition: 3%
      glucose, 1% corn steep, 0.2% NaNO.sub.3, 0.1% KH.sub.2 PO.sub.4, 0.2%
      K.sub.2 HPO.sub.4, 0.05% MgSO.sub.4, 0.002% FeSO.sub.4, 0.05% KCl.
      Thereafter, the charge is inoculated with 1 liter of a 72-hour subculture
      of Glomerella cingulata (ATCC 10 534). After an initial growth phase of 12
      hours, the substrate is added in the form of an aseptically filtered
      solution of 6 g. of
      6-chloro-17-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,20-dione
      in 150 ml. of dimethylformamide. After 37 hours, the culture broth is
      filtered, the filtrate is extracted with methyl isobutyl ketone, the
      extract is evaporated to dryness under vacuum, and the remaining residue
      is purified by chromatography on a silica gel column, thus obtaining
      6-chloro-11.alpha.-hydroxy-17-acetoxy-1.alpha.,2.alpha.-methylene-4,6-preg
     nadiene-3,20-dione, m.p. 133.degree.-136.degree. C.
PAC  A.sub.12
PAR  Two grams of 7.alpha.-hydroxy-4-androstene-3,17-dione -- prepared from
      4-androstene-3,17-dione by microbiological hydroxylation as described in
      the following paragraph -- is ethinylated analogously to A.sub.4. The
      thus-obtained
      7.alpha.,17.beta.-dihydroxy-17.alpha.-ethinyl-4-androsten-3-one, m.p.
      220-221.degree. C., is reacted analogously to A.sub.9 with 0.8 g. of
      succinic acid anhydride and worked up, thus obtaining
      (17.beta.-hydroxy-3-oxo-17.alpha.-ethinyl-4-androsten-7.alpha.-yl)
      hydrogen succinate as a foam. UV: .epsilon..sub.240 = 16,800 (methanol).
PAR  Four glass fermenters, each having a capacity of 50 l., are charged with
      respectively 29 l. of a liquid nutrient medium, consisting of 10% liquid
      glucose and 2% corn steep, and sterilized with steam. Thereafter, the
      fermenters are inoculated with 1 l. of a subculture, grown for 34 hours,
      of the strain Absidia orchidis (ATCC No. 6811). After a growth period of
      12 hours, each fermenter is additionally charged with an aseptically
      filtered solution of 6 g. of 4-androstene-3,17-dione in 200 ml. of
      dimethylformamide. After a contact period of 36 hours, the fermentation is
      interrupted, the culture broth is filtered, the culture filtrate is
      exhausted with methyl isobutyl ketone and extracted. The combined organic
      phases are evaporated to dryness under vacuum. The remaining residue is
      crystallized twice from acetone, whereby concomitantly produced
      6.beta.-hydroxy-androstenedione is caused to remain in the mother liquor
      and can thus be separated. The product is
      7.alpha.-hydroxy-4-androstene-3,17-dione (3.12 g.), m.p. 239.8.degree. C.
PAC  A.sub.13
PAR  Five grams of 6.alpha.-fluoro-11.beta.,21
      -dihydroxy-16.alpha.-methyl-1,4-pregnadiene-3,20-dione is refluxed in 25
      ml. of pyridine with 5 g. of succinic acid anhydride for 2 hours. After
      cooling to 20.degree.C., the solution is stirred into ice water, acidified
      with hydrochloric acid, and the thus-precipitated product is
      vacuumfiltered, washed with water, and dried. By recrystallization from
      ethyl acetate, 4.85 g. of
      (6.alpha.-fluoro-11.beta.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregnadi
     en-21-yl) hydrogen succinate is obtained, m.p. 212.degree.-214.degree. C.
PAC  A.sub.14
PAR  8.9 g. of 1-methyl-17.beta.-hydroxy-5.alpha.-androst-1-en-3-one is
      dissolved in 53 ml. of pyridine and refluxed for 3.5 hours after adding
      8.9 g. of succinic acid anhydride. After the reaction mixture has been
      worked up as described in A.sub.13,
      (1-methyl-3-oxo-5.alpha.-androst-1-en-17.beta.-yl) hydrogen succinate is
      produced, m.p. 149.degree.-150.degree. C. (ethyl acetate/hexane). Yield:
      85% of theory.
PAC  A.sub.15
PAR  A solution of 2 g. of 3.beta.-heptanoyloxy-5-androstene-7,17-dione
      17-ethylene ketal in 240 ml. of methanol and 100 ml. of THF is gradually
      combined at room temperature with 600 mg. of NaBH.sub.4 and agitated for
      30 minutes at room temperature under N.sub.2. The charge is neutralized
      with glacial acetic acid, concentrated, taken up in ether, washed neutral
      with saturated NaCl solution, dried, and evaporated. The residue is
      treated under heating with acetic acid to split the ketal. The
      thus-obtained 3.beta.-heptanoyloxy-7.alpha.-hydroxy-5-androsten-17-one is
      converted analogously to A.sub.9 into
      (3.beta.-heptanoyloxy-17-oxo-5-androsten-7.alpha.-yl) hydrogen succinate.
      Yield: 450 mg.
PAR  The compounds of this invention are utilized as diagnostic agents; they are
      customarily used in the form of solutions. Advantageously, the compounds
      are put to use in the solutions in which they are obtained during their
      preparation. However, this does not exclude the possibility of mixing the
      solutions with other solvents or of taking up the compounds of this
      invention, after isolation, in other solvents and using them in this form.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1
PAR  1.0 .mu.mol of 6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,17.beta.-diol
      and 1.0 .mu.mol of N-ethylmorpholine are dissolved at -15.degree. to
      -20.degree.C. in 2 ml. of peroxide-free tetrahydrofuran. To this solution
      is added 1.1 .mu.mol of isobutyl chlorocarbonate, and the solution is then
      maintained at -5.degree. to -10.degree.C. for 15-20 minutes. The above
      mixture is combined with 0.1 .mu.mol of [3,5-.sup.3 H.sub.2 ]-L-tyrosine
      hydrochloride and 0.2 .mu.mol of N-ethylmorpholine, which two latter
      compounds had been taken up in 150 .mu.l. of water. The reaction mixture
      is maintained at 0.degree.C. for 2-3 hours. Then, the reaction solution is
      introduced into a silica gel column and eluted with an ethyl
      acetate/methanol gradient. The eluate is collected in fractions of 2 ml.
      The identification of the fractions, containing the thus-formed
      N-[3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-acetyl]
      L-tyrosine-[3,5-.sup. 3 H.sub.2 ] is carried out by measuring the
      radioactivity and the UV absorption.
PAC  EXAMPLE 2
PAR  Analogously to Example 1,
      N-[(17.alpha.-ethinyl-3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6.beta.-yl
     )-acetyl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ] is obtained from
      17.alpha.-ethinyl-6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,17.beta.-d
     iol and [3,5-.sup.3 H.sub.2 ]-L-tyrosine hydrochloride.
PAC  EXAMPLE 3
PAR  Analogously to Example 1,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-3-oxo-4-estren-11.alpha.-yloxysuccin
     yl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ] is produced from
      (17.beta.-hydroxy-3-oxo-17.alpha.-ethinyl-4-estren-11.alpha.-yl) hydrogen
      succinate and [3,5-.sup.3 H.sub.2 ]-L-tyrosine hydrochloride.
PAC  EXAMPLE 4
PAR  Analogously to Example 1,
      N-[17.alpha.-acetoxy-6-chloro-1.alpha.,2.alpha.-methylene-3,20-dioxo-4,6-p
     regnadien-11.alpha.-yloxysuccinyl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ] is
      obtained from
      (6-chloro-17-acetoxy-3,20-dioxo-1.alpha.,2.alpha.-methylene-4,6-pregnadien
     -11.alpha.-yl) hydrogen succinate and [3,5-.sup.3 H.sub.2 ]-L-tyrosine
      hydrochloride.
PAC  EXAMPLE 5
PAR  2 .mu.mol of
      6.beta.-(3-carboxypropionylamino)-1,3,5(10)-estratriene-3,17.beta.-diol
      and 2 .mu.mol of N-ethylmorpholine are dissolved at -10.degree. to
      -15.degree.C. in 3 ml. of dimethylformamide. 2.2 .mu.mol of
      ethylchlorocarbonate is added to this solution, and the latter is then
      maintained at -5.degree.C. for 10-15 minutes. 0.2 .mu.mol of [2,3-.sup.3
      H.sub.2 ]-L-phenylalanine is taken up in 220 .mu.l. of 10.sup.-.sup.3 N
      NaOH and added to the above mixture of substances. The reaction charge is
      maintained at about +4.degree.C. overnight, and the thus-formed
      N-[(3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-aminosuccinyl]-L
     -phenylalanine-[2,3-.sup.3 H.sub.2 ] is eluted by chromatography on a
      silica gel column with an ethyl acetate/methanol gradient. The
      corresponding fractions are identified by UV absorption and measurement of
      the radioactivity.
PAC  EXAMPLE 6
PAR  Analogously to Example 5,
      N-[1-methyl-3-oxo-5.alpha.-androst-1-en-17.beta.-yloxysuccinyl]-L-phenylal
     anine-[2,3-.sup.3 H.sub.2 ] is obtained from
      (1-methyl-3-oxo-5.alpha.-androst-1-en-17.beta.-yl) hydrogen succinate and
      [2,3-.sup.3 H.sub.2 ]-L-phenylalanine.
PAC  EXAMPLE 7
PAR  1.5 .mu.mol of 3-hydroxy-6.beta.-carboxymethyl-1,3,5(10)-estratrien-17-one
      and 1.6 .mu.mol of triethylamine are dissolved at -15.degree. to
      -20.degree.C. in 3 ml. of peroxide-free tetrahydrofuran. To this solution
      is added 1.6 .mu.mol of isobutyl chlorocarbonate, and the solution is then
      maintained at -5.degree. to -.notident..degree.C. for 5 minutes. 0.2
      .mu.mol of [2,5-.sup.3 H.sub.2 ]-histamine dihydrochloride and 0.4 .mu.mol
      of triethylamine are taken up in 200 .mu.l. of water and added to the
      aforementioned mixture of substances. The reaction mixture is maintained
      at 0.degree. to -5.degree.C. for 2 hours. Thereafter, the thus-formed
      N-[(3-hydroxy-17-oxo-1,3,5(10)-estratien-6.beta.-yl)-acetyl]-histamine-[2,
     5-.sup.3 H.sub.2 ] is obtained in solution, as described above, by
      chromatography over a silica gel column.
PAC  EXAMPLE 8
PAR  Analogously to Example 7,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-18-methyl-3-oxo-4-estren-6.beta.-ylo
     xysuccinyl]-histamine-[2,5-.sup.3 H.sub.2 ] is obtained from
      (17.beta.-hydroxy-3-oxo-18-methyl-17.alpha.-ethinyl-4-estren-6.beta.-yl)
      hydrogen succinate and [2,5-.sup.3 H.sub.2 ]-histamine dihydrochloride.
PAC  EXAMPLE 9
PAR  1 .mu.mol of
      6.beta.-carboxymethyl-1,3,5(10)-estratriene-3,16.alpha.,17.beta.-triol and
      1 .mu.mol of N-ethylmorpholine are dissolved at -15.degree. to
      -20.degree.C. in 2 ml. of dimethyl sulfoxide. To this solution is added 1
      .mu.mol of isobutyl chlorocarbonate, and the solution is then maintained
      at -5.degree.C. for 5 minutes. 0.1 .mu.mol of [.mu.-.sup.14 C]-proline and
      0.1 .mu.mol of N-ethylmorpholine are taken up in 100 .mu.l. of water and
      added to the above-mentioned substance mixture. The reaction mixture is
      maintained at 0.degree.C. overnight. The thus-formed
      N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-acety
     l]-proline-[.mu.-.sup.14 C] is then obtained in a solution, as described
      above.
PAC  EXAMPLE 10
PAR  Analogously to Example 9,
      N-[3,20-dioxo-4-pregnen-6.alpha.-yloxysuccinyl]-proline-[.mu.-.sup.14 C]
      is obtained from (3,20-dioxo-4-pregnen-6.alpha.-yl) hydrogen succinate and
      [.mu.-.sup.14 C]-proline.
PAC  EXAMPLE 11
PAR  Analogously to Example 9,
      N-[3.beta.-heptanoyloxy-17-oxo-5-androsten-7.alpha.-yloxysuccinyl]-proline
     -[.mu.-.sup.14 C] is produced from
      (3.beta.-heptanoyloxy-17-oxo-5-androsten-7.alpha.-yl) hydrogen succinate
      and [.mu.-.sup.14 C]-proline.
PAC  EXAMPLE 12
PAR  2 .mu.mol of
      6-carboxymethoxyimino-17.alpha.-ethinyl-1,3,5(10)-estratriene-3,17.beta.-d
     iol and 2 .mu.mol of N-ethylmorpholine are dissolved at -20.degree. to
      -25.degree.C. in 3 ml. of peroxide-free tetrahydrofuran. To this solution
      is added 1.9 .mu.mol of isobutyl chlorocarbonate, and the solution is then
      maintained at -5.degree.C. for 5-8 minutes. 0.3 .mu.mol of [2,3-.sup.3
      H.sub.2 ]-dopamine hydrochloride and 0.3 .mu.mol of N-ethylmorpholine are
      taken up in 200 .mu.l. of water and added to the above mixture of
      substances. The reaction mixture is maintained at -5.degree.C. for 4 hours
      and the thus-formed
      N-[(17.alpha.-ethinyl-3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6-ylidene)
     -amino-oxyacetyl]-dopamine-[2,3-.sup.3 H.sub.2 ] is obtained as described
      in the above examples.
PAC  EXAMPLE 13
PAR  Analogously to Example 12,
      N-[6.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-3,20-dioxo-1,4-pregna
     dien-21-yl-oxysuccinyl]-dopamine-[2,3-.sup.3 H.sub.2 ] is produced from
      (6.alpha.-fluoro-11.beta.-hydroxy-3,20-dioxo-16.alpha.-methyl-1,4-pregnadi
     en-21-yl) hydrogen succinate and [2,3-.sup.3 H.sub.2 ]-dopamine
      hydrochloride.
PAC  EXAMPLE 14
PAR  1.0 .mu.mol of
      6.beta.-(3-carboxypropionyl)-amino-1,3,5(10)-estratriene-3,16.alpha.,17.be
     ta.-triol and 1.1 .mu.mol of N-ethylmorpholine are dissolved at
      -15.degree.C. to -20.degree.C. in 2 ml. of peroxide-free tetrahydrofuran.
      To this solution is added 1.0 .mu.mol of isobutyl chlorocarbonate, and the
      solution is then maintained at -5.degree.C. for 5-10 minutes. 0.1 .mu.mol
      of [4,5-.sup.3 H.sub.2 ]-L-leucine and 0.1 .mu.mol of N-ethylmorpholine
      are taken up in 100.mu.l. of water and added to the above mixture of
      substances. The reaction mixture is maintained at 0.degree. to
      -5.degree.C. for 5-6 hours. Thereafter, the thus-formed
      N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-amino
     succinyl]-L-leucine-[4,5-.sup.3 H.sub.2 ] is obtained in solution by means
      of chromatography on a silica gel column, as described above.
PAC  EXAMPLE 15
PAR  Analogously to Example 14,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-3-oxo-4-androsten-7.alpha.-yloxysucc
     inyl]-L-leucine-[3,5-.sup.3 H.sub.2 ] is obtained from
      (17.beta.-hydroxy-3-oxo-17.alpha.-ethinyl-4-androsten-7.alpha.-yl)
      hydrogen succinate and [3,5-.sup.3 H.sub.2 ]-L-leucine.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. a radioactive labeled steroid bearing the radical --X--N--R.sub.1
      R.sub.2 wherein --NR.sub.1 R.sub.2 is a tritium- or carbon-14 labeled
      amino or aminoacid radical and X is R.sub.3, --O--CO--R.sub.3,
      =N--O--R.sub.3 or --NH--CO--R.sub.3 wherein R.sub.3 is --(CH.sub.2).sub.n
      --CO-- in which n is an integer from 0 to 4, inclusive.
NUM  2.
PAR  2. The compound of claim 1,
      N-[(3,17.beta.-dihydroxy-1,3,5(10)-estratriene-6.beta.-yl)-acetyl]-L-tyros
     ine-[3,5-.sup.3 H.sub.2 ].
NUM  3.
PAR  3. The compound of claim 1,
      N-[(17.alpha.-ethinyl-3,17.beta.-dihydroxy-1,3,5(10)-estratriene-6.beta.-y
     l)-acetyl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ].
NUM  4.
PAR  4. The compound of claim 1,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-3-oxo-4-estren-11.alpha.-yloxysuccin
     yl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ].
NUM  5.
PAR  5. The compound of claim 1
      N-[17.alpha.-acetoxy-6-chloro-1.alpha.,2.alpha.-methylene-3,20-dioxo-4,6-p
     regnadien-11.alpha.-yloxysuccinyl]-L-tyrosine-[3,5-.sup.3 H.sub.2 ].
NUM  6.
PAR  6. The compound of claim 1,
      N-[(3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-aminosuccinyl]-L
     -phenylalanine[2,3-.sup.3 H.sub.2 ].
NUM  7.
PAR  7. The compound of claim 1,
      N-[1-methyl-3-oxo-5.alpha.-androst-1-en-17.beta.-yloxysuccinyl]-L-phenylal
     anine-[2,3-.sup.3 H.sub.2 ].
NUM  8.
PAR  8. The compound of claim 1,
      N-[(3-hydroxy-17-oxo-1,3,5(10)-estratrien-6.beta.-yl)-acetyl]-histamine-[2
     ,5-.sup.3 H.sub.2 ].
NUM  9.
PAR  9. The compound of claim 1,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-18-methyl-3-oxo-4-estren-6.beta.-ylo
     xysuccinyl]-histamine-[2,5-.sup.3 H.sub.2 ].
NUM  10.
PAR  10. The compound of claim 1,
      N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-acety
     l]-proline-[.mu.-.sup.14 C].
NUM  11.
PAR  11. The compound of claim 1,
      N-[3,20-dioxo-4-pregnen-6.alpha.-yloxysuccinyl]-proline-[.mu.-.sup.14 C].
NUM  12.
PAR  12. The compound of claim 1,
      N-[3.beta.-heptanoyloxy-17-oxo-5-androsten-7.alpha.-yloxysuccinyl]-proline
     -[.mu.-.sup.14 C].
NUM  13.
PAR  13. The compound of claim 1,
      N-[(.intg..alpha.-ethinyl-3,17.beta.-dihydroxy-1,3,5(10)-estratrien-6-ylid
     ene)-amino-oxyacetyl]-dopamine-[2,3-.sup.3 H.sub.2 ].
NUM  14.
PAR  14. The compound of claim 1,
      N-[6.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-3,20-dioxo-1,4-pregna
     dien-21-yloxysuccinyl]-dopamine-[2,3-.sup.3 H.sub.2 ].
NUM  15.
PAR  15. The compound of claim 1,
      N-[(3,16.alpha.,17.beta.-trihydroxy-1,3,5(10)-estratrien-6.beta.-yl)-amino
     succinyl]-L-leucine-[4,5-.sup.3 H.sub.2 ].
NUM  16.
PAR  16. The compound of claim 1,
      N-[17.alpha.-ethinyl-17.beta.-hydroxy-3-oxo-4-androsten-7.alpha.-yloxysucc
     inyl]-L-leucine-[3,5-.sup.3 H.sub.2 ].
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ABST
PAL  Compounds represented by the formula
      ##SPC1##
PAL  Wherein
PA1  R is a cyclopentyl or cycloheptyl and
PA1  R.sub.1 is a hydrogen, halogen or lower alkoxy,
PAL  Processes for their production and novel intermediates as well as
      therapeutic preparations containing the compounds as the active ingredient
      for amoebicidal or bacteriostatic treatment are disclosed.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to amoebicidal and bacteriostatic
      naphthoquinone derivatives, novel intermediates therefor, processes for
      the preparation thereof and pharmaceutical preparations containing the
      naphthoquinone derivatives as the active compound.
PAR  The naphthoquinone derivatives of this invention are represented by the
      following formula
      ##SPC2##
PAL  Wherein
PA1  R is a cyclopentyl or cycloheptyl and
PA1  R.sub.1 is a hydrogen, halogen or lower alkoxy.
PAR  As used herein the term "lower alkoxy" means a straight-chain or
      branched-chain lower alkyl ether group containing from 1 to 4 carbon atoms
      (e.g., methoxy, ethoxy, propoxy, butoxy and the like). The term "halogen"
      means fluorine, chlorine, bromine or iodine, with chlorine and bromine
      being preferred and chlorine most preferred.
PAR  The compounds of formula I possess amoebicidal and bacteriostatic activity,
      especially against gram-negative bacteria such as, for example,
      Escherichia coli, Shigella sonnei and/or Shigella flexneri. They may
      accordingly be used for the treatment of illnesses such as dysentery and
      dyspepsia which are caused by these organisms.
PAR  The compounds are relatively non-toxic when compared to their curative
      doses, thus, 2-chloro-3-cyclopentylamino-1,4-naphthoquinone and
      2-chloro-3-cycloheptylamino-1,4-naphthoquinone have a LD (lethal dose) 50
      of greater than 5000 mg./kg. p.o. in the mouse and a CD 50 of less than 50
      mg./kg. p.o. against Escherichia coli, Shigella flexneri and Shigella
      sonnei.
PAR  The CD (curative dose) 50 values were determined according to the following
      method:
PAR  Groups each containing five mice are de-wormed over a period of four days.
      At the same time, the mice are put on a carbohydrate-rich diet (popcorn).
      No food is administered on the fifth day. From the sixth day up to the end
      of the experimment the mice are given drinking water which contains, per
      liter, 4 g. of dihydrostreptomycin, 100 mg. of erythromycin and 400,000
      units of mycostatin. On the sixth day they are given more popcorn. On the
      seventh day no food is given. On the eight day no food is again given and
      the mice are infected orally with 100 million streptomycin-, erythromycin-
      and mycostatin-resistant germs of Shigella sonnei, Shigella flexneri or
      Escherichia coli. From the ninth day up to the end of the experiment the
      mice are given popcorn and, 24 hours after the oral infection, the
      naphthoquinone derivative to be tested is administered for the first time.
      The naphthoquinone derivative is administered three times in intervals of
      24 hours in the case of Shigella sonnei and Escherichia coli and five
      times in intervals of 24 hours in the case of Shigella flexneri. The mice
      infected with Shigella flexneri are killed one day after the last
      administration and the mice infected with Shigella sonnei or Escherichia
      coli are killed three days after the last administration.
PAR  A portion of the colon together with the content thereof (ca 200 mg.) is
      isolated and homogenized. Six different dilutions (1/10,000; 1/50,000;
      1/100,000; 1/500,000; 1/1,000,000; 1/2,000,000) are prepared therefrom.
PAR  One drop of each dilution is streaked on an agar plate. After incubation
      for 48 hours, the number of colonies is counted and, with the
      corresponding dilutions, the germ count per gram of colon is calculated
      for each mouse. By comparison of the individual germ counts of 5 mice with
      the average germ counts of 5 untreated mice, the percentage germ reduction
      in each mouse is calculated. The results are given in CD 50 values.
PAR  The compounds of formula I can be used as medicaments in the form of
      therapeutically useful pharmaceutical preparations which contain them as
      the active ingredient in association with a compatible pharmaceutical
      carrier. This carrier can be a non-toxic pharmaceutically acceptable
      organic or inorganic carrier material suitable for enteral or parenteral
      administration such as water, gelatin, lactose, starch, magnesium
      stearate, talc, vegetable oils, gum arabic, polyalkylenegylcols, petroleum
      jelly and the like. The pharmaceutical preparations can be made up in a
      solid form, e.g., as tablets, dragees, suppositories or capsules, or in a
      liquid form, e.g., as solutions, suspensions or emulsions. The
      pharmaceutical preparations may be sterilized and/or may contain adjuvants
      such as preserving, stabilizing, wetting or emulsifying agents, salts for
      varying the osmotic pressure or buffers. The pharmaceutical preparations
      may also contain other therapeutically valuable substances. The amount of
      active compound in any particular formulation effective for the treatment
      of diseases caused by amoeba or bacteria depends upon the formulation,
      dosage regimen and patient being treated. This can be determined by the
      clinician.
PAR  The compounds of formula I are preferably administered orally, i.e., in
      dosage forms which are customary for oral administration such as, for
      example, dragees, tablets, capsules and the like. Tablets which contain
      about 100 mg. 200 mg. or 250 mg. of active compound are especially
      preferred. Daily dosages of from 100 mg. to about 1000 mg., corresponding
      to from 1.4 mg./kg./day to about 14 mg./kg./day, can be administered in
      several individual doses or other regimens can be used depending on the
      judgment of the treating clinician.
PAR  The naphthoquinone derivatives represented by formula I can be prepared as
      follows:
PAR  a. Reacting a compound represented by the formula
      ##SPC3##
PAL  wherein
PA1  R.sub.1 has the significance given earlier and
PA1  R.sub.2 is hydrogen or a leaving atom or group,
PAL  with cyclopentylamine or cycloheptylamine.
PAR  The reaction of a compound of formula II with cyclopentylamine or
      cycloheptylamine is conveniently carried out in an organic solvent which
      is inert under the reaction conditions, for example, an alcohol, e.g.,
      methanol, ethanol or the like, an aliphatic hydrocarbon, a halogenated
      aliphatic hydrocarbon. e.g., methylene chloride, an aromatic hydrocarbon,
      e.g., benzene or nitrobenzene, dioxane, tetrahydrofuran, dimethylformamide
      or the like.
PAR  The reaction can be carried out at a temperature of from about room
      temperature to the reflux temperature of the reaction mixture. The
      reaction is preferably carried out at the reflux temperature.
PAR  An excess of cyclopentylamine or cycloheptylamine is conveniently used in
      the reaction in order to bind the acid which may be liberated. However,
      for this purpose there may also be used as organic base which is inert
      under the reaction conditions such as, for example, a tertiary organic
      amine, e.g., triethylamine, pyridine or the like.
PAR  b. Oxidizing a compound represented by the formula
      ##SPC4##
PAL  , wherein R and R.sub.1 have the significance given earlier, and, if
      desired, subsequently replacing in the final product of formula I a
      hydrogen or a non-chlorine halogen denoted by R.sub.1 by chlorine, using
      conventional procedures.
PAR  The oxidation of a compound of formula III can be carried out in a
      conventional manner, for example, by letting the reaction mixture stand in
      air, by passing air or oxygen through the reaction mixture, by shaking the
      reaction mixture with dilute hydrogen peroxide or by treatment with ferric
      salts or the like.
PAR  The conversion of a naphthoquinone derivative of formula I in which R.sub.1
      is hydrogen into a naphthoquinone derivative of formula I in which R.sub.1
      is chlorine can conveniently be carried out by passing chlorine gas
      through a solution of a naphthoquinone derivative of formula I in which
      R.sub.1 is hydrogen. In the case where R.sub.1 is a non-chlorine halogen,
      the halogen can be replaced by chlorine by heating in a suitable solvent
      with, for example, lithium chloride. The heating is conveniently carried
      out at a temperature of about 50.degree.C. to 150.degree.C., preferably to
      about 80.degree.C. to 120.degree.C.
PAR  The term "leaving atom or group" as used herein means a lower acyloxy,
      e.g., acetoxy, propionyloxy and the like, a lower alkoxy, e.g., methoxy,
      ethoxy and the like, an aryloxy, e.g., phenoxy, an aralkoxy, e.g.,
      benzyloxy and the like, an arylsulphonyloxy, e.g., tosyloxy, a lower
      alkylsulphonyloxy, e.g., mesyloxy, an arylthio, an aralkylthio, hydroxy or
      halogen atom or the like. As used herein "aryl" means a monocyclic aryl,
      e.g., benzene, "alkyl" when used in connection with other groups means
      straight and branched chain lower alkyl of 1-4 carbon atoms.
PAR  The compounds of formula II are well known compounds.
PAR  The compounds of formula III are novel and are included in the present
      invention. The preferred compounds of formula III are those wherein
      R.sub.1 is chlorine or bromine, most preferably chlorine.
PAR  The compounds of formula III can be prepared, for example, by reducing a
      compound of formula I. The reduction is preferably carried out
      catalytically, e.g., using palladium/carbon, platinum, Raney-nickel or the
      like as the catalyst, or by means of a complex metal hydride.
PAR  The compounds of formula III can also be prepared by reducing a compound
      represented by the formula
      ##SPC5##
PAL  wherein R and R.sub.1 have the significance given earlier.
PAR  The reduction of a compound of formula IV can be carried out in a
      conventional manner. Suitable reduction methods are, for example,
      catalytic hydrogenation using palladium, platinum, Raney-nickel or the
      like as the catalyst or reduction using a complex metal hydride such as
      lithium aluminum hydride, sodium borohydride, lithium borohydride or the
      like. Where R.sub.1 in a compound of formula IV is halogen, this halogen
      can be split off during the catalytic hydrogenation. However, if desired,
      halogen at R.sub.1 can be subsequently re-introduced in a conventional
      manner.
PAR  The compounds of formula IV are novel and are included in the present
      invention. Preferred compounds of formula IV are those wherein R.sub.1 is
      halogen, preferably chlorine or bromine, most preferably wherein R.sub.1
      is chlorine.
PAR  The compounds of formula IV can be obtained by reacting a compound of
      formula II with cyclopentylimine or cycloheptylimine. This reaction is
      conveniently carried out in an inert organic solvent at a temperature from
      about room temperature to the reflux temperature of the reaction mixture.
PAC  EXAMPLE 1
PAR  18.7 G. of cyclopentylamine in 50 ml. of absolute ethanol are added
      dropwise while stirring at room temperature to a suspension of 22.7 g. of
      2,3-dichloro-1,4-naphthoquinone in 100 ml. of absolute ethanol. After the
      addition, the mixture is boiled under reflux for 1 hour. The resulting
      dark-red mixture is then evaporated under reduced pressure. The residue is
      then dissolved in 600 ml. of chloroform and shaken out successively with
      200 ml. of water, three times with 100 ml. of 3-N hydrochloric acid each
      time and three times with 100 ml. of water each time. After drying over
      sodium sulfate, the chloroform solution is concentrated, treated with
      active carbon and evaporated. After crystallization from n-hexane, 23.9 g.
      of 2-cyclopentylamino-3-chloro-1,4-naphthoquinone of melting point
      81.degree.-83.degree.C. are obtained.
PAC  EXAMPLE 2
PAR  In a manner analogous to that described in Example
      1,2-cycloheptylamino3-chloro-1,4-naphthoquinone of melting point
      97.degree.-99.degree.C. (from n-hexane) is obtained from
      2,3-dichloro-1,4-naphthoquinone and cycloheptylamine.
PAC  EXAMPLE 3
PAR  a. 1.52 G of 2-cycloheptylamino-3-chloro-1,4-naphthoquinone are dissolved
      in 70 ml. of absolute ethanol and hydrogenated in the presence of 250 mg.
      of palladium/carbon (5%) at room temperature and normal pressure. After
      completion of the hydrogen uptake, the mixture is separated from the
      catalyst under nitrogen. The resulting solution is concentrated and the
      residue crystallized from methylene chloride. There is thus obtained
      2-cycloheptylamino3-chloro-1,4-dihydroxynaphthalene of melting point
      125.degree.-127.degree.C.
PAR  In a manner analogous to that described in paragraph (b) of this Example,
      2-cyclopentylamino-3-chloro-1,4-naphthoquinone can be manufactured from
      2-cyclopentylamino-3-chloro-1,4-dihydroxynaphthalene which is made in a
      manner analogous to that described in paragraph (a) of this Example.
PAR  b. 100 Mg. of 2-cycloheptylamino-3-chloro-1,4-dihydroxynaphthalene are
      dissolved in 20 ml. of absolute ethanol. Air is passed through the
      resulting solution for 30 minutes. The resulting red solution is
      subsequently evaporated in vacuo and the residue chromatographed on 20 g.
      of silica gel (0.2-0.5 mm.) using methylene chloride for the elution. 32
      Fractions each of 10 ml. are collected. Fractions 18-29 contain the
      desired product, 2-cycloheptylamino-3-chloro-1,4-naphthoquinone. After
      evaporation of the solution, the product is crystallized from petroleum
      ether. It has a melting point of 98.degree.-100.degree.C.
PAC  EXAMPLE 4
PAR  Capsules containing the following ingredients are prepared in the usual
      manner:
TBL  2-Cycloheptylamino-3-chloro-1;4-                                          

     naphthoquinone           200 mg.                                          

     Lactose                  110 mg.                                          

     Maize starch             35 mg.                                           

     Talc                     5 mg.                                            

PAC  EXAMPLE 5
PAR  Tablets of the following composition are prepared in the usual manner:
TBL  2-Cyclopentylamino-3-chloro-1,4-                                          

     naphthoquinone           100 mg.                                          

     Lactose                  50 mg.                                           

     Maize starch             23 mg.                                           

     Calcium stearate         2 mg.                                            

CLMS
STM  We claim:
NUM  1.
PAR  1. A compound represented by the formula
      ##SPC6##
PAL  wherein R is cyclopentyl or cycloheptyl and R.sub.1 is halogen or lower
      alkoxy.
NUM  2.
PAR  2. The compound of claim 1 wherein R is cyclopentyl and R.sub.1 is
      chlorine.
NUM  3.
PAR  3. The compound of claim 1 wherein R is cycloheptyl and R.sub.1 is
      chlorine.
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ABST
PAL  This invention concerns a process for oxidizing alkyl substituted phenols
      to p-benzoquinones with oxygen in the presence of cupric and cobaltous
      phthalocyanine catalysts.
BSUM
PAR  The present invention relates to a process for preparing alkyl substituted
      p-benzoquinones by reacting alkyl substituted phenols with molecular
      oxygen in the presence of metal phthalocyanine catalysts and solvents.
PAR  Benzoquinones represent important intermediate materials in the manufacture
      of hydroquinones which are used as various antioxidants and chemical
      intermediates. Benzoquinones have heretofore been obtained from the
      corresponding phenols by treatment with oxidizing agents, such as sodium
      dichromate and peracetic acid in acid media. However, these methods use a
      stoichiometric amount of the oxidizing agent with only moderate yields and
      are uneconomical.
PAR  The prior art also describes the use of phthalocyanine related catalysts
      for the oxidation of alkyl substituted phenols. Without exception the
      prior art recognizes the difficulty of direct oxidation of phenols to
      pbenzoquinone realizing instead only mixed products containing very little
      benzoquinone and mostly biphenoquinones.
PAR  It is an object of the present invention to provide a process for the
      preparation of bialkylated benzoquinones from bialkyl phenols. It is a
      further object of the invention to provide an improved method for
      oxidizing an alkyl phenol to obtain alkylated-p-benzoquinones. Other
      objects will become apparent as the description proceeds.
PAR  The above objects are accomplished by reacting alkylated phenols with
      oxygen in the presence of a catalytic amount of metal phthalocyanine
      having the following structural formula.
      ##SPC1##
PAL  Wherein M is selected from the group consisting of Cupric copper
      hereinafter designated Cu(II) and cobaltous cobalt hereinafter designated
      Co(II) in a solvent selected from the group consisting of (I) n-alkyl
      substituted amides, (II) sulfoxides, and (III) alkanols. The n-alkyl
      substituted amides have the following structural formula
      ##EQU1##
      wherein R.sup.1, R.sup.2 and R.sup.3 are selected from the group
      consisting of hydrogen, alkyl radicals having one to 10 carbon atoms,
      cycloalkyl radicals having five to 10 carbon atoms, aryl radicals having
      six to 12 carbon atoms and aralkyl radicals having seven to 15 carbon
      atoms and wherein R.sup.2 and R.sup.3 can form a closed chain or
      heterocyclic ring containing five to 10 carbon atoms, and the sulfoxides
      (II) have the following structural formula
      ##EQU2##
      wherein R.sup.4 and R.sup.5 are the same or different radicals selected
      from the group consisting of alkyl radicals having from one to 10 carbon
      atoms, cycloalkyl radicals having five to 10 carbon atoms, aryl radicals
      having six to 12 carbon atoms and aralkyl radicals having seven to 15
      carbon atoms and the alkanols (III) contain from one to four carbon atoms.
PAR  Representative examples of radicals of the above formula are alkyl radicals
      such as methyl, ethyl, propyl, butyl, hexyl, octyl and decyl. Cycloalkyl
      radicals include cyclopentyl, cyclohexyl and cycloheptyl; aryl radicals
      such as phenyl and naphthyl; and aralkyl radicals such as methylphenyl and
      butylphenyl.
PAR  Representative examples of solvents useful in this invention are
      illustrated in the groups below. n
TBL  ______________________________________                                    

                 Group I Amides                                                

     ______________________________________                                    

            Dimethylformamide (DMF)                                            

            Cyclohexylmethylformamide                                          

            Diphenylformamide                                                  

            Phenylmethylformamide                                              

            1-Methyl-2-pyrrolidinone                                           

                 Group II Sulfoxides                                           

     ______________________________________                                    

            Dimethylsulfoxide (DMSO)                                           

            Cyclohexylmethylsulfoxide                                          

            Phenylmethylsulfoxide                                              

                 Group III Alcohols                                            

     ______________________________________                                    

            Methanol                                                           

            Ethanol                                                            

     ______________________________________                                    

PAR  Representative examples of catalysts of this invention include cobalt (II)
      phthalocyanine and copper (II) phthalocyanine.
PAR  Of the above dimethylformamide has a high ignition point and high flash
      point.
PAR  Throughout this specification and claims the term "monoalkylphenol" refers
      to both 2-monoalkylphenols and 3-monoalkylphenols. The term
      "dialkylphenol" refers to 2,6-di-alkylphenol, 2,5-di-alkylphenol and
      2,3-di-alkylphenol. No reaction to the p-benzoquinone form occurred when
      the phenol was substituted in the 4 position.
PAR  The process of this invention can be carried out at a temperature in the
      range of from about 0.degree. C. to about 100.degree. C., usually at a
      temperature in the range of from about 15.degree. C. to about 50.degree.
      C. under a pressure of oxygen bearing gas of from 10 pounds per square
      inch (psi) to 1,000 pounds per square inch, generally at pressures from 10
      to 100 pounds per square inch pressure in the presence of a catalyst. The
      amount of catalyst used is from one-half mole percent to 15 mole percent
      catalyst per mole of phenol, preferably from one mole percent to 10 mole
      percent catalyst per mole of phenol. The concentration of phenol being
      oxidized in the solution will generally be from 5 to 60 percent by weight
      based on the weight of the solvent used, usually in the range of from
      about 5 percent to about 30 percent.
DETD
PAR  The process of the invention is illustrated in the following examples,
      parts and percentages being by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  1.0 Gram cobalt phthalocyanine was suspended in 10 cubic centimeters (cc)
      of dimethylformamide (DMF). The suspension was placed in a 500 cubic
      centimeter Parr bottle. To this catalyst suspension was then added 8.0
      grams of 2,6-di-t-butylphenol dissolved in 50 cubic centimeters of DMF
      along with another 15 cubic centimeters DMF used to wash any residue from
      the flask which contained the solution. The bottle was clamped in a Parr
      equipment. The gas in the system was evacuated and the equipment
      pressurized with 65 pounds per square inch pressure oxygen gas at a
      temperature of 25.degree. C. The bottle was rocked (agitated)
      continuously. A pressure drop was noted as the reaction occurred, and the
      temperature rose about 5.degree. C. After three hours reaction time, no
      further pressure drop was apparent. The equipment was adjusted to
      atmospheric pressure and the bottle was removed from the Parr equipment.
      The reaction mixture was filtered to remove most of the cobalt
      phthalocyanine catalyst and 3,3',5,5'-tetratertiarybutyldiphenoquinone.
PAR  The 3,3',5,5'-tetratertiarydiphenoquinone was separated from the cobalt
      phthalocyanine by extracting it in diethyl ether. The ether was evaporated
      and 2.10 grams of pure 3,3',5,5'-tetratertiarybutyldiphenoquinone was
      obtained (26 percent yield). After removal of the catalyst and the
      3,3',5,5'-tetratertiarydiphenoquinone, the filtrate was analyzed to
      determine the phenol conversion. The selectivity to
      2,6-di-t-butyl-p-benzoquinone was 5.85 grams or 73 percent. Benzoquinone
      was isolated by removing the DMF on a rotary evaporator and extracting the
      solid in methanol and evaporating the methanol extract. The residue was
      dissolved in acetic acid and the 2,6-di-t-butyl-p-benzoquinone was
      crystallized on addition of water to the hot acetic acid solution.
PAC  EXAMPLE 2
PAR  2,6-Dimethylphenol was oxidized in the same manner as described in Example
      1, using 1.0 gram of cobalt phthalocyanine and 5.0 grams of
      2,6-dimethylphenol in 75 cubic centimeters of DMF. The solution was
      reacted under 67  pounds per square inch oxygen pressure and at a
      temperature between 21.degree. C. and 28.degree. C. After three hours 96
      percent of the 2,6-dimethylphenol was oxidized to the corresponding
      p-benzoquinone. After 5 hours reaction time, 100 percent conversion was
      obtained. The benzoquinone was isolated in 95 percent of the theoretical
      amount by evaporating the reaction mixture to dryness and extracting it
      with petroleum ether. The product had a melting point between 70.degree.
      C. and 72.degree. C.
PAR  Phenols were oxidized with cobalt (II) phthalocyanine in several different
      solvents. The results are shown in Table I below.
TBL                                    Table I                                 

     __________________________________________________________________________

     Cobalt(II) Phthalocyanine Reactions                                       

     Mole %                 Temp.                                              

                                 Time                                          

                                     *BQ                                       

     Catalyst                                                                  

           Solvent                                                             

                Phenol      .degree.C.                                         

                                 (hrs)                                         

                                     Yield %                                   

     __________________________________________________________________________

     4     DMF  2,6-di-t-butylphenol                                           

                            22-27                                              

                                 3   73                                        

     4-5   DMSO 2,6-di-t-butylphenol                                           

                            22-29                                              

                                 19  5.5                                       

     7     Methanol                                                            

                2,6-di-t-butylphenol                                           

                            22-32                                              

                                 6   8.4                                       

     5     DMF  2,6-dimethylphenol                                             

                            21-28                                              

                                 5   100                                       

     4 (reused)                                                                

           DMF  2,6-di-t-butylphenol                                           

                            22-26                                              

                                 17  12.0                                      

     __________________________________________________________________________

      *Indicates conversion to corresponding p-benzoquinone.                   

PAR  It can be seen that cobalt (II) phthalocyanine is a very effective catalyst
      for the oxidation of alkylated phenols in dimethylformamide. Higher
      temperatures tend to yield progressively more of the diphenoquinone
      instead of the desired p-benzoquinone.
PAR  The examples above illustrate the invention using cobalt (II)
      phthalocyanine as a catalyst. Copper (II) phthalocyanine is also an
      effective catalyst in the process of the invention.
PAR  Monoalkyl phenols and phenol itself have very low conversion rates and
      yield only trace amounts of benzoquinone.
PAR  Representative examples of dialkylphenols that can be oxidized in the
      process of this invention are 2,6-di-t-butylphenol; 2,6-dimethylphenol;
      2,6-dihexylphenol; 2,6-dipropylphenol; 2,6-dioctylphenol and
      2-methyl-6-butylphenol.
PAR  Representative examples of p-benzoquinones that can be prepared by the
      process disclosed in this invention are 2,6-di-t-butyl-p-benzoquinone;
      2,6-dimethyl-p-benzoquinone; 2,6-dihexyl-p-benzoquinone;
      2,6-dipropyl-p-benzoquinone; 2,6-dioctyl-p-benzoquinone and
      2-methyl-6-t-butyl-p-benzoquinone.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating this invention, it will be apparent to those
      skilled in this art that various changes and modifications can be made
      herein without departing from the spirit or scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process which comprises reacting an alkylated phenol selected from the
      group consisting of 2,6-dialkylphenol, 2,5-dialkylphenol and
      2,3-dialkylphenol wherein the alkyl groups contain from one to eight
      carbon atoms with oxygen or oxygen bearing gas at a temperature of from
      about 0.degree. C. to about 100.degree. C. at a pressure of from about 10
      pounds per square inch to about 1,000 pounds per square inch in the
      presence of from about 1/2 mole percent to 15 mole percent per mole of
      alkylated phenol of a cobalt phthalocyanine catalyst of the general
      formula
      ##SPC2##
PAL  in the presence of a solvent selected from the group consisting of (I)
      n-alkyl substituted amides selected from the group consisting of
      dimethylformamide, cyclohexylmethylformamide, diphenylformamide,
      phenylmethylformamide, and 1-methyl-2-pyrrolidinone, (II) sulfoxides
      selected from the group consisting of dimethylsulfoxide,
      cyclohexylmethylsulfoxide, and phenylmethylsulfoxide, and (III) alkanols
      selected from the group consisting of methanol and ethanol.
NUM  2.
PAR  2. A process as described in claim 1 wherein the metal catalyst is cobalt
      (II) phthalocyanine and the phenol is a bialkylated phenol selected from
      the group consisting of 2,6-di-t-butylphenol; 2,6-dimethylphenol;
      2,6-dihexylphenol; 2,6-dipropylphenol; 2,6-dioctylphenol and
      2-methyl-6-t-butylphenol, and wherein the reaction is carried out at a
      pressure of from 10 pounds per square inch to 100 pounds per square inch
      pressure of oxygen bearing gas and the temperature is from 15.degree. C.
      to 50.degree. C. and the catalyst concentration is in the range of from 1
      mole percent catalyst to 10 mole percent catalyst per mole of phenol.
NUM  3.
PAR  3. A process as described in claim 1 wherein the phenol is selected from
      the group consisting of 2,6-di-t-butylphenol and 2,6-dimethylphenol, the
      reaction is carried out in dimethylformamide at a pressure of from 10 to
      100 pounds per square inch pressure of oxygen-bearing gas, the temperature
      is from 15.degree. C. to 50.degree. C. and a cobalt phthalocyanine
      catalyst is used in a concentration of from 1 mole percent catalyst per
      mole of phenol to 10 mole percent catalyst per mole of phenol.
NUM  4.
PAR  4. A process as described in claim 1 wherein a solution of from 5 to 30
      percent by weight of 2,6-di-t-butylphenol in dimethylformamide is reacted
      with oxygen in the presence of cobalt (II) phthalocyanine at a pressure
      from 10 to 100 pounds per square inch pressure oxygen bearing gas at a
      temperature of from 15.degree. C. to 50.degree. C.
NUM  5.
PAR  5. A process which comprises reacting an alkylated phenol selected from the
      group consisting of 2,6-dialkylphenol, 2,5-dialkylphenol and
      2,3-dialkylphenol wherein the alkyl groups contain from one to eight
      carbon atoms with oxygen or oxygen bearing gas at a temperature of from
      about 0.degree. C. to about 100.degree. C. at a pressure of from about 10
      pounds per square inch to about 1,000 pounds per square inch in the
      presence of from about 1/2 mole percent to 15 mole percent per mole of
      alkylated phenol of a copper phthalocyanine catalyst of the general
      formula
      ##SPC3##
PAL  in the presence of a solvent selected from the group consisting of (I)
      n-alkyl substituted amides selected from the group consisting of
      dimethylformamide, cyclohexylmethylformamide, diphenylformamide,
      phenylmethylformamide, and 1-methyl-2-pyrrolidinone, and (II) sulfoxides
      selected from the group consisting of dimethylsulfoxide,
      cyclohexylmethylsulfoxide, and phenylmethylsulfoxide.
PATN
WKU  039352480
SRC  5
APN  5252768
APT  1
ART  117
APD  19741119
TTL  Anthraquinone dyes
ISD  19760127
NCL  2
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Manson; John Stuart
CTY  Manchester
CNT  EN
INVT
NAM  Ridyard; Denis Robert Annesley
CTY  Manchester
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
RLAP
COD  71
APN  243857
APD  19720413
PSC  03
CLAS
OCL  260378
XCL    8 34
XCL    8 39
XCL  260371
XCL  260380
EDF  2
ICL  C07C 9724
ICL  C09B  116
FSC  260
FSS  378;371;380
UREF
PNO  3882150
ISD  19750500
NAM  Frey et al.
OCL  260371
UREF
PNO  3883567
ISD  19750500
NAM  Harvey
OCL  260380
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A water-soluble anthraquinone dye having the general formula:
      ##SPC1##
PAL  Wherein Z represents an optionally substituted hydrocarbon residue carrying
      at least one half sulphuric acid ester or sulphonic acid group. The dyes
      are suitable for the coloration of polyamide textile materials.
PAR  This is a continuation of application Ser. No. 243,857 filed Apr. 13, 1972,
      now abandoned.
BSUM
PAR  This invention relates to anthraquinone dyes and more particularly to
      water-soluble anthraquinone dyes and their application to textile
      materials.
PAR  According to the invention there are provided water-soluble anthraquinone
      dyes having the general formula:
      ##SPC2##
PAL  Wherein Z represents an optionally substituted hydrocarbon residue carrying
      at least one half sulphuric acid ester or sulphonic acid group.
PAR  Optionally substituted hydrocarbon residues which may be present in Z
      include optionally substituted aliphatic, cycloaliphatic and aromatic
      residues and mixtures thereof. In addition to carrying at least one half
      sulphuric acid ester or sulphonic acid group the residues may optionally
      carry other substituents not of a hydrocarbon nature for example halogen,
      hydroxy, alkoxy and aryloxy and, where appropriate, the half sulphuric
      acid ester or sulphonic acid group may be present in the substituent.
PAR  As examples of substituents which may be represented by Z there may be
      mentioned the following:
      ##EQU1##
      wherein R represents hydrogen or alkyl, X represent optionally substituted
      alkylene and W represents --O-- or a direct link,
      ##EQU2##
      wherein X represents optionally substituted alkylene, especially ethylene,
      V represents a direct link, --O--, --S-- or --NQ-- wherein Q is hydrogen
      or lower alkyl, W represents --O-- or a direct link and aromatic ring A
      may be optionally substituted by alkyl, alkoxy, hydroxy or halogen,
      ##SPC3##
PAL  Wherein R represents hydrogen or alkyl, X represents a direct link or
      optionally substituted alkylene, W represents --O-- or a direct link and
      aromatic ring A may optionally be substituted by alkyl, alkoxy, or hydroxy
      ##SPC4##
PAL  Wherein X may be optionally substituted alkylene, aromatic ring A may
      optionally be substituted by alkyl or alkoxy and the cyclohexyl ring may
      optionally be subtituted
      ##EQU3##
      WHEREIN THE AROMATIC RING MAY OPTIONALLY BE SUBSTITUTED BY, FOR EXAMPLE,
      ALKYL, ALKOXY, HYDROXY, NITRO, ACYLAMINO AND HALOGEN, FOR EXAMPLE:
      ##SPC5##
PAL  In each of the classes above the free acid form has been shown but it will
      be understood that the invention covers the water-soluble salts of said
      acids. In most cases, as with other dyes containing acid groups, it will
      be found more convenient to use the dyes in the form of their salts
      particularly, but not exclusively, in the form of their sodium salts.
PAR  The dyes of Formula I may be prepared by the sulphation or sulphonation of
      the corresponding unsulphated or unsulphonated anthraquinone compound. In
      particular the dyes may be prepared by reacting a sulphating or
      sulphonating agent with an anthraquinone compound of the formula:
      ##SPC6##
PAL  Wherein Y represents a hydrocarbon residue optionally carrying one or more
      hydroxy and/or other substituents.
PAR  Sulphating agents are agents capable of converting a hydroxy group into a
      half sulphuric acid ester group. Sulphonating agents are agents capable of
      introducing sulphonic acid groups. Agents for carrying out these
      reactions, for example concentrated sulphuric acid, oleum and
      chlorosulphonic acid, and conditions for their use, have been fully
      described in the prior art.
PAR  Dyes in which a sulphonic acid group is directly attached to an alkylene
      residue may be prepared by reacting the corresponding halogen substituted
      compound with sodium sulphite.
PAR  As has been described in our co-pending United Kingdom Pat. Application No.
      30618/69 and published in Netherlands Pat. Application No. 7008813,
      anthraquinone compounds of Formula II may be prepared by reacting
      1,8-dihydroxy-4-amino-5-nitroanthraquinone with a primary amine
      (YNH.sub.2) in the presence of boric acid or its anhydride or a derivative
      of formula (MO).sub.3 B where M is an alkyl or aryl radical and as
      specific examples of such compounds there may be mentioned tri-n-propyl
      borate, tri-n-butyl borate, tri-sec-butyl borate, tri-n-amyl borate,
      tri-n-hexyl borate, triphenyl borate, tri-p-methyl phenylborate and
      tri-p-chlorophenyl borate. It is preferred to use between one and three
      mols of boric acid or a derivative thereof for each mol of the
      anthraquinone compound. The reaction may optionally be carried out in the
      presence of an organic solvent preferably a phenolic compound. The
      1,8-dihydroxy-4-amino-5-nitroanthraquinone, the primary amine and the
      boric acid or derivative may conveniently be stirred together, preferably
      at a temperature between 50.degree.C. and the boiling point of the
      reaction mixture, for a time which is usually in the region of from 15
      minutes to 30 hours.
PAR  As specific examples of primary amines of formula YNH.sub.2 there may be
      mentioned .beta.-hydroxyethylamine, .beta.-or .gamma.
      hydroxy-n-propylamine, benzylamine, .beta.-phenylethylamine,
      2-benzylcyclohexylamine, aniline, o-, m- or p-toluidine, o-, m- or
      p-(chloro or bromo)aniline, o-, m- or p- (hydroxy, amino,methoxy or
      ethoxy)aniline, 4-(.beta.-hydroxyethyl)aniline, 4-(.beta.-hydroxyethoxy)
      aniline, 2,4,6-trimethylaniline, 2,6-diethylaniline, p-aminoacetanilide
      and p-amino-N-methylacetanilide.
PAR  The dyes of the present invention are suitable for the coloration of
      polyamide textile materials, particularly synthetic polyamide textile
      materials such as polyhexamethyleneadipamide materials. The dyes may be
      applied by the methods already described for the application of
      water-soluble acid dyes to polyamide materials.
PAR  The dyes of the invention give bright colorations on synthetic polyamide
      textile materials having high light and wet fastness properties.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  1.5 Parts of
      1-(4'-.beta.-hydroxyethoxyphenyl)amino-4-amino-5-nitro-8-hydroxyanthraquin
     one are added with stirring at 0.5.degree.C to 20 parts of 98 % sulphuric
      acid over 5 minutes. After stirring for a further 2 minutes at
      0.degree.-5.degree.C the reaction mixture is added to 250 parts of ice and
      water. The precipitated product which has the formula:
      ##SPC7##
PAL  is filtered off, washed with 500 parts of 10 % brine solution and dissolved
      in 150 parts of water. The pH of the solution is adjusted to 7 and 7.5
      parts of sodium chloride are added. The product is filtered off, washed
      with 5 % brine and dried.
PAR  When applied to nylon 66 from a weakly acid bath the dyestuff yields a
      bright greenish blue shade having excellent fastness to wet treatments and
      to light.
PAR  The
      1-(4'-.beta.-hydroxyethoxyphenyl)amino-4-amino-5-nitro-8-hydroxyanthraquin
     one used in this example is prepared by condensation of
      4-.beta.-hydroxyethoxyaniline with the boric acid complex of
      1,8-dihydroxy-4-amino-5-nitroanthraquinone in phenol as described in
      Netherlands Patent Application No. 7008813.
PAR  The following Table gives further examples of dyestuffs which are obtained
      by sulphation, using the process outlined in Example 1 of dyestuffs of
      formula III.
      ##SPC8##
PAL  where L is the substituent specified in the third column. The dyestuffs of
      formula III are prepared by reacting
      1,8-dihydroxy-4-amino-5-nitroanthraquinone with the amines listed in the
      second column according to the conditions described in Netherlands Patent
      Application No. 7008813. The fourth column of the Table gives the shades
      obtained when the dyestuffs are applied to polyamide textile materials.
     Example     Amine               L          Shade                          

     __________________________________________________________________________

     2    1,2-dimethyl-3-hydroxy-propylamine                                   

                             1,2-dimethyl-3-hydroxypropylamino                 

                                                Blue                           

     3    4-(.beta.-hydroxyethyl)aniline                                       

                             4-(.beta.-hydroxyethyl)phenylamino                

                                                Greenish-Blue                  

     4    4-(N-ethyl-N-.beta.-hydroxyethylamino)-                              

                             4-(N-ethyl-N-.beta.-hydroxyethylamino)            

                                                "                              

          aniline            phenylamino                                       

     5    4-(.beta.-hydroxyethylthio)aniline                                   

                             4-(.beta.-hydroxyethylthio)phenylamino)           

                                                "                              

     6    2-aminoethanol     2-hydroxyethylamino                               

                                                Blue                           

     7    2-aminopropanol    1-methyl-2-hydroxyethylamino                      

                                                "                              

     8    3-aminopropanol    3-hydroxypropylamino                              

                                                "                              

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  2.0 Parts of
      1-(1'-methyl-3'-phenylpropyl)amino-4-amino-5-nitro-8-hydroxyanthraquinone
      are added with stirring at 0.degree.-5.degree.C to 21 parts of 95 %
      sulphuric acid over 30 minutes. The reaction temperature is then allowed
      to come to 18.degree.-20.degree.C and after stirring for a further 3 hours
      at 18.degree.-20.degree.C, the reaction mixture is poured into 250 parts
      of ice and water. The precipitated dyestuff which has the formula:
      ##SPC9##
PAL  is filtered off, washed with 500 parts of 10 % brine solution and dissolved
      in 150 parts of water. The pH of the solution is adjusted to 7 and 7.5
      parts of sodium chloride are added. The dyestuff is filtered off, washed
      with 5 % brine solution and dried.
PAR  When applied to nylon 66 fibres from a weakly acid bath the dyestuff yields
      a bright blue shade having excellent fastness to wet treatments and to
      light.
PAC  EXAMPLE 10
PAR  If the 2.0 parts of
      1-(1'-methyl-3'-phenylpropyl)amino-4-amino-5-nitro-8-hydroxyanthraquinone
      used in Example 9 are replaced by 2.0 parts of
      1-(4'-methoxyphenyl)amino-4-amino-5-nitro-8-hydroxyanthraquinone, a
      dyestuff having the formula:
      ##SPC10##
PAR  is obtained.
PAR  When applied to nylon 66 fibres from a weakly acid bath, a greenish blue
      shade is obtained, having excellent fastness to washing and to light.
PAR  The following Table gives further examples of dyestuffs which are obtained
      by monosulphonation of the dyestuffs of formula III, where L is the
      substituent specified in the third column. The dyestuffs of formula III
      are prepared by reacting 1,8-dihydroxy-4-amino-5-nitroanthraquinone with
      the amines listed in the second column according to the conditions
      described in Netherlands Patent Application No. 7008813. The fourth column
      indicates the shades obtained when the dyestuffs are applied to polyamide
      textile materials.
TBL  Example  Amine           L        Shade                                   

     __________________________________________________________________________

     11   2,4,6-trimethylaniline                                               

                       2,4,6-trimethylphenylamino                              

                                       Blue                                    

     12   2-benzylcyclohexylamine                                              

                       2-benzylcyclohexylamino                                 

                                       "                                       

     13   4-hydroxyaniline                                                     

                       4-hydroxyphenylamino                                    

                                       Greenish-blue                           

     14   2-phenoxyethylamine                                                  

                       2-phenoxyethylamino                                     

                                       Blue                                    

     15   o-toluidine  2-methylphenylamino                                     

                                       Blue                                    

     16   m-toluidine  3-methylphenylamino                                     

                                       "                                       

     17   p-toluidine  4-methylphenylamino                                     

                                       "                                       

     18   4-ethylaniline                                                       

                       4-ethylphenylamino                                      

                                       "                                       

     19   4-isopropylaniline                                                   

                       4-isopropylphenylamino                                  

                                       "                                       

     20   4-tert-butylaniline                                                  

                       4-tertbutylphenylamino                                  

                                       "                                       

     21   benzylamino  benzylamino     "                                       

     22   4-ethoxyaniline                                                      

                       4-ethoxyphenylamino                                     

                                       Greenish-blue                           

     23   2,4-dimethylaniline                                                  

                       2,4-dimethylphenylamino                                 

                                       Blue                                    

     24   aniline      phenylamino     "                                       

     25   4-chloroaniline                                                      

                       4-chlorophenylamino                                     

                                       "                                       

     26   2-methyl-4-butylaniline                                              

                       2-methyl-4-butylphenylamino                             

                                       "                                       

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A water-soluble anthraquinone dye having the formula
      ##SPC11##
PAL  wherein Z represents a member selected from the group consisting of (a)
      -X-OSO.sub.3 H wherein X represents alkylene containing 2 to 5 carbon
      atoms and
      ##EQU4##
      wherein V represents oxygen, sulphur, ethylimino or a direct link and X
      represents ethylene.
NUM  2.
PAR  2. The dye of claim 1 wherein Z is
      ##EQU5##
PATN
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      and polybutene
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UREF
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PAL  Cotton et al., Advanced Inorganic Chemistry, A Comprehensive Text, p. 460
      (1962).
LREP
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FR2  McClain; William T.
ABST
PAL  Viscous polybutenes of number average molecular weight (M.sub.n) in the
      range of about 300 to about 3,000 have improved reactivity with
      intramolecular anhydrides of unsaturated aliphatic dicarboxylic acids when
      reacted in the presence of rather small amounts, i.e., 5 to 200 ppm, of
      inorganic halogen preferably chlorine and/or bromine containing compounds.
      Use of such halogen containing compounds in the addition reaction of
      polybutene with said unsaturated anhydrides can reduce formation of
      undesired tarry product resulting from polymerization and/or thermal
      decomposition of the unsaturated anhydrides.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Viscous polybutenes of about 300 to about 3,000 M.sub.n have viscosities in
      the range of about 4 to about 5,500 centistokes at 100.degree.C. Such
      polybutenes are commercially available from polymerization of refinery
      butenes; isobutylene, cis-butene-2and butene-1 generally present with
      butane in a C.sub.4 fraction. Commercially since about 1940, such C.sub.4
      fractions with or without added isobutylene, or isobutylene rich
      concentrates has been polymerized in the presence of Friedel-Crafts
      catalyst. The wide range in viscosity and molecular weight depends, as is
      known, on polymerization temperature, to a lesser extent on catalyst and
      its concentration, and on the olefin content of the feed. The viscous
      polybutenes are essentially water white and thermally decompose with no
      residue at temperatures above 275.degree.C. and have some use applications
      in engine oils as anti-scuff agents and viscosity index improvers and in
      fuels for internal combustion engines to reduce or suppress deposits in
      the fuel induction system.
PAR  The viscous polybutenes have also found use as components of caulking
      compounds, adhesives and electric-cable insulating oils. However, the
      greatest use of the viscous polybutenes is as a raw material in the
      manufacture of addition agents for fuels and gasoline because the viscous
      polybutenes are reactive olefins and provide branched-chain alkyl
      structure in derivatives enhancing their solubility in petroleum products
      such as lubricant oils, fuels and refinery streams. The derivatives of
      most interest in the past 15 years are from the polybutenyl-substituted
      intramolecular anhydrides of aliphatic dicarboxylic acids such as succinic
      anhydride. The polybutenylsubstituted saturated aliphatic anhydrides have
      been used per se, or as diesters, amides, imides, amidines, imidines, and
      neutral or overbased basic metal salts as addition agents in petroleum
      products. The addition agents from polybutenes of M.sub.n below 500 are
      mainly used in fuels; for example in gasoline to inhibit rusting,
      carburetor deposits, and carburetor icing and in diesel fuels to inhibit
      rust, corrosion and smoke, and in motor oils and industrial oils as rust
      and wear inhibitors.
PAR  The addition agents from polybutenes of 500 to about 3,000 M.sub.n have
      found extensive use as detergent-dispersants in motor oils and lesser use
      as carburetor detergents in gasoline, heat exchanger antifoulants in
      refinery streams, rust and corrosion inhibitors in surface coatings and as
      emulsifiers and demulsifiers.
PAR  The viscous polybutenes are complex mixtures of polymers, copolymers and
      interpolymers of isobutylene, cis-butene-2 and butene-1. The nature and
      relative amounts of the butene monomers involved in the polymerization
      leading to a particular M.sub.n polybutene are not indicative of the
      resulting polymer product because extensive isomerization occurs during
      polymerization. The viscous polybutenes, although largely mono-olefins,
      may contain 0 to 20% isoparaffins. The unsaturation in the viscous
      polybutene molecules is predominantly in a terminal or near terminal group
      which, as later illustrated, are of the trisubstituted or vinylidene type.
      The non-olefinic chain portion of the polybutene molecules is composed of
      normal butyl and isobutyl monomer units and hence is a long and branched
      alkyl chain. Such long, branched alkyl chain of the lighter (below 500
      M.sub.n) polybutenes contain relatively greater amounts of normal butyl
      units and lesser amounts of isobutyl units. The heavier (500-3,000
      M.sub.n) polybutenes contain relatively greater amounts of isobutyl units
      and lesser amounts of normal butyl units which are concentrated near the
      end of the long, branched alkyl chain. For example, the structures of a
      polydisperse polybutene of about 900 M.sub.n have in-part been identified
      through the use of infrared spectroscopy (calibrated by NMR) and
      permanganate cleavage. The principal structures identified are shown below
      (in decreasing order of concentration):
      ##EQU1##
      wherein R is the long, branched alkyl chain and comprises about 60 mole %
      (C.sub.4).sub.4 to .sub.35, about 30 mole % (C.sub.4).sub.12 to .sub.35
      and about 10 mole % (C.sub.4) &gt; .sub.35 ; R' is mainly methyl but is also
      ethyl; and the ratio of iso-C.sub.4 to n-C.sub.4 is about 3:1.
PAR  With respect to polybutene addition reactivity with unsaturated
      intramolecular anhydrides, it is believed, that the olefinic terminal
      groups in the three structures shown above are in the decreasing
      reactivity order of III, I and II. In the uncatalyzed addition reaction,
      some of the slower reacting molecular species remain unreacted and with
      the isoparaffinic polymer species (0-20% of the total polymer product)
      which do not react at all, the desired polybutenyl-substituted saturated
      anhydride product can be obtained in yields of 75-80% based on starting
      polymer.
PAR  Such addition reaction between the viscous polybutene and intramolecular
      anhydride of unsaturated aliphatic dicarboxylic acid can typically use any
      one of maleic anhydride, citraconic anhydride, itaconic anhydride, ethyl
      maleic anhydride, halo (e.g., chloro-) maleic anhydride, glutaconic
      anhydride, homomesaconic anhydride, and the like according to U.S. Pat.
      Nos. 2,628,942 and 2,634,256 among others. The addition reactions are, in
      general, conducted at temperatures in the range of 150.degree. to
      300.degree.C using polybutene to anhydride molar ratios of reactants in
      the range of 1.0:1.0-15, generally 1.0:1.05-1.15. In addition to the
      non-reaction of some olefinic species of polybutene and isoparaffinic
      entities thereof amounting to a total of up to 40-50% of the polybutene
      charged, there is also a problem with respect to thermal decomposition and
      polymerization of the unsaturated anhydride reactant at temperatures
      upward from 150.degree.C.
PAR  Thermal decomposition at temperatures upward from 150.degree.C of
      unsaturated aliphatic dicarboxylic acids and their anhydrides (e.g. maleic
      and its anhydride) has been known and is reported, for example in U.S.
      Pat. No. 3,476,774 which gives earlier documentation sources therefor.
      Such thermal decomposition is accompanied by evolution of water vapor and
      oxides of carbon, in a closed reaction vessel, is accompanied by an
      increase in internal pressure. Under some observed conditions the thermal
      decomposition can be so substantially instantaneous as to be explosive. In
      the absence of explosive thermal decomposition a carbon-containing residue
      is also formed in addition to water vapor and oxides of carbon. Such
      thermal decomposition and attendant polymerization of the unsaturated
      anhydride reactant has been observed as occurring during its addition
      reaction with polymeric olefins, e.g. polybutenes and others, in a closed
      reaction vessel. There is the increase of internal pressure by involved
      water vapor and oxides of carbon (mainly CO.sub.2) but the attendant
      carbon-containing residue varies in nature from somewhat granular when the
      decomposition is only slight to a tarry material mainly adhering to
      internal surfaces of the reaction vessel when the decomposition is more
      extensive but well below explosive magnitude. The granular type residue
      amounts to from about 0.1 to about 0.3 weight percent of the total charge,
      in general, is dispersed in the product, the alkenylsubstituted saturated
      anhydride addition compound diluted with unreacted components of the
      olefin polymer, is readily separated therefrom by filtration. However, the
      tarry residual product, which for the most part fouls the internals of the
      reaction vessel can be as high as 2-3 weight percent of the total charge.
      The tarry residual material not adhering to reactor internals fouls the
      filter and interferes with filtration of the desired reaction product.
      Both types of residue are undesirable because of the above noted fouling
      characteristics and because their formation results in yield reduction of
      the desired alkenyl-substituted anhydride addition product.
PAR  Various means have been proposed and/or used to suppress thermal conversion
      of unsaturated anhydride reactant. German Pat. No. 1,102,142 for its
      reaction of triene (e.g., 1,5,9-cyclododecatriene) with maleic anhydride
      to prepare a 1:1 addition product teaches the use of from 0.01 to 5 weight
      percent of thionine, phenothiazine, hydroquinone, and related inhibitors.
      U.S. Pat. No. 3,231,587 teaches the use of chlorine gas in molar amounts
      equal to maleic anhydride for its addition reaction with olefin polymers
      (the resulting alkenylsuccinic anhydride contains 0.4-0.5 weight percent
      chlorine) as a superior to earlier proposed first preparing a chlorinated
      olefinic polymer 4-15 weight percent chlorine and reacting the
      chloro-polymer with maleic anhydride. U.S. Pat. No. 3,476,774 teaches the
      use of a hindered phenol non-reactive with the olefin polymer or maleic
      anhydride (e.g. 2,6-di-tertbutylphenol or
      4,4'-methylenebis-2,6-ditert-butylphenol) to suppress thermal
      decomposition.
PAR  Such hindered phenols are not readily removed from the adduct product. The
      chloro-substituted adduct may not be useful in all cases for the
      preparation of addition agent derivatives.
PAR  In our laboratories the use of small, i.e., catalytic amounts of hydrogen
      chloride during the adduct formation between olefinic polymer and maleic
      anhydride achieved success in improving yield and reducing formation of
      undesired tarry material. A drawback of this method is the possible
      corrosive nature of the stored product. However, it is understood, that
      hydrogen halides can react with the olefinic polymer forming alkyl
      halides. It is also recognized, that at higher temperatures, due to
      decomposition of the alkyl halides, hydrogen halide and halogen formation
      are possible. Hence it is recognized, that addition of trace quantities of
      hydrogen halide or halogen or alkyl halide to the polymer could achieve
      the desired improvements in the addition reaction. It was also recognized,
      that the effectiveness of said halocompounds will vary with process
      conditions and exact chemical nature and concentration of the added
      material.
PAR  From the standpoint of both the manufacturer-merchant of the viscous
      polybutenes and the purchasers-users thereof it would be desirable to
      modify such polybutene compositions by addition of a small amount of
      material which enhances reactivity of the polybutene and suppresses
      formation of the undesirable tarry material without undesirable added
      effects. It would be further desirable that such modification of the
      polybutenes be accomplished by a simple, single process step of not only
      combining a small amount of material with the polybutene to effect the
      desired reactivity enhancement and tarry material suppression but also by
      use of a material which is readily removable from the adduct reaction
      product. For this latter benefit it is pointed out that unreacted
      anhydride, including that used in slight molar excess per mole of
      polybutene, is removed from the adduct reaction product by evaporation at
      an absolute pressure in the range of 5 to 760 mm Hg. and at a temperature
      below reaction temperature. Thus it is beneficial to add to the polybutene
      such materials having the above-beneficial effects on the adduct reaction
      and at the same time readily removable at said temperature and pressure
      conditions at which unreacted unsaturated anhydride is removed or merely
      by filtration.
PAC  SUMMARY OF INVENTION
PAR  It has now been discovered that viscous polybutenes of from about 300 to
      about 3,000 M.sub.n containing 10 to 200, preferably from 5 to 200 ppm on
      weight basis of halogen, more suitably chlorine and/or bromine, containing
      inorganic compound provides a novel, uniquely modified reaction between
      the unsaturated anhydride and polybutene at temperatures of
      150.degree.-300.degree.C without affecting chemical substitution of either
      the reactants or the adduct product. The inorganic halogen-containing
      additive can be removed from the adduct product under conditions of
      removing unreacted unsaturated-anhydride and its use enhances polybutene
      conversion to adduct, and suppresses tarry material formation.
PAR  To be most readily removable with unreacted unsaturated anhydride at 5 to
      760 mm Hg., the inorganic halide additive or its decomposition product
      should have sufficient vapor pressure at such pressures to facilitate
      their removal or should be removable by solid-liquid separation, e.g.
      filtration or centrifugation.
PAR  Typical, but not all inclusive, of such chlorine and/or bromine-containing
      inorganic halides are dry hydrogen chloride or bromide, iodine, iodine
      monochloride or monobromide and calcium bromide.
PAR  The reaction between the viscous polybutenes and the anhydrides of
      unsaturated aliphatic dicarboxylic acids known to the art to be useful for
      the addition reaction producing alkenyl-substituted saturated anhydride,
      is conducted commercially is a batchwise or continuous manner in a
      stirred-tank type autoclave or equivalent reaction vessel providing
      intimate contact between the reactants. For batchwise operation the
      reactants are charged to the closed reaction vessel with or without
      displacing its air with oxygen-free, e.g. nitrogen, atmosphere at ambient
      pressure. The reactants can be at ambient temperature but the polybutene
      reactant is usually at an elevated temperature to reduce the time for the
      reaction mixture to reach reaction temperature. Solid anhydride reactant
      can be charged alone or dispersed in polybutene or alone as a melt. The
      reaction mixture is stirred while being heated to reaction temperature and
      during reaction.
PAR  Continuous conduct of the addition reaction is maintained by charging to
      the reaction vessel containing the stirred adduct forming reaction mixture
      a melt of the anhydride reactant and preheated viscous polybutene so that
      their combined heat supplies the heat input needed during reaction.
PAR  Reaction time for batchwise operation is, in general, 4-8 hours. Continuous
      operation requires, in general, a shorter residence time, for example 1-3
      hours.
PAR  Thermal decomposition of anhydride reactant, which evolves CO.sub.2 and
      water vapor, causes an undesirable pressure increase as well as formation
      of undesirable tarry material during the adduct reaction. Such pressure
      increase, although undesirable, can be used as an indicator of failure to
      suppress formation of such tarry material by the additive of the
      polybutene composition. The actual extent of formation of such tarry
      material is, of course, determined gravimetrically after termination of
      the addition reaction and removal of unreacted anhydride reactant at the
      before mentioned pressure in the range of 5 to 760 mm Hg.
PAR  The manner and nature of enhanced adduct yield of the inorganic halide is
      not understood. We speculate that isomerization of the olefin double bond
      to a more reactive species is accomplished under the effect of trace
      decomposition products derived from the inorganic halide. Further, such
      trace impurities can also act as radical quenchers and inhibit the
      decomposition or polymerization of unsaturated anhydride to tar.
DETD
PAR  The use of the present inventive halogen-containing additives and the
      benefits to be derived therefrom in addition reactions with the before
      mentioned unsaturated anhydride will now be illustrated using maleic
      anhydride, most commonly, commercially used of those anhydride reactants.
      In the examples the amount of polybutene to maleic anhydride used was in
      molar ratio of 1.0:1.1.
PAR  In the first five examples the polybutene having 914 M.sub.n with 14 ppm
      chloride (from polymerization catalyst) was used in a 22 ml volume Parr
      bomb having a magnetic stirrer. In each illustrative example 10.0 grams of
      polybutene and about 1.1 grams of powdered maleic anhydride (MA) to
      provide a polymer: MA mole ratio of 1.0:1.1 are charged at ambient
      temperature to the bomb. Air is displaced from the bomb with nitrogen gas,
      the bomb is sealed, the sealed bomb immersed in a 254.degree.C oil bath,
      the reaction mixture is stirred for six hours, and then sampled. A weight
      aliquot portion of each reaction product so produced is chromatographed on
      silica gel column. The unreacted polybutene is eluted from the column with
      hexane. The amount of such eluted polymer is determined gravimetrically to
      obtain the weight percent of polybutene reacted with MA. The total tarry
      product produced is weighed and its weight percent of total charge
      (polymer plus MA) is calculated. The results of said five examples, of
      which two are control (no additive) are shown in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     EFFECT OF DRY HYDROGEN CHLORIDE ON POLYBUTENE-MA REACTION                 

     Example  Additive                                                         

     Number   Name       Conc., ppm                                            

                                   Yield, %                                    

                                           Tar,%                               

     ______________________________________                                    

     1        None        0        66.0    1.5                                 

     2        None        0        66.4    1.1                                 

     3        Dry HCl     93       69.9    0.3                                 

     4        Dry HCl    128       70.1    0.1                                 

     5        Dry HCl    360       70.2    0.2                                 

     ______________________________________                                    

PAR  The next five examples were conducted with a second sample polybutene of
      957 M.sub.n containing 21 ppm total chlorine (from polymerization). As
      will be noted additives differing from those used in Examples 3-5 are used
      in the following examples. Such three additional examples were otherwise
      conducted as before described with respect to the previous examples but at
      249.degree.C. The results of those five examples are shown in Table II
      below.
TBL                TABLE II                                                    

     ______________________________________                                    

     EFFECT OF HALOGEN-CONTAINING ADDITIVES                                    

     ON POLYBUTENE-MA REACTION                                                 

     Example                                                                   

            Additive                                                           

     Number  Name          Conc., ppm                                          

                                     Yield, %                                  

                                            Tar, %                             

     ______________________________________                                    

     6      None            0        63.3   1.3                                

     7      Iodine          75       68.0   0.9                                

     8      Iodine Mono-    72       71.8   0.3                                

            chloride                                                           

     9      Calcium Bromide (1)                                                

                           100       70.0   0.8                                

     10     Calcium Bromide (2)                                                

                           100       70.6   0.2                                

     ______________________________________                                    

      (1)Additive was pre-suspended in polybutene.                             

      .sup.(2) Additive was charged directly to reactor.                       

PAR  The following two examples were conducted on a larger scale using an
      autoclave having a motor driven dual impeller, automatic heat control,
      pressure gauge and means for sampling reaction product before its
      discharge from the autoclave. After completion of the reaction, excess
      maleic anhydride was stripped off, the product was filtered and the
      filtrate analyzed for yield. Unreacted polybutene was determined as before
      described. The polybutenylsuccinic anhydride % yield is on a
      stoichiometric basis. Filter cake tar and reactor retained tar are
      collected and the total reported as "Weight % Tar."
TBL                TABLE III                                                   

     ______________________________________                                    

     EFFECT OF INORGANIC HALIDES ON                                            

     POLYBUTENE-MALEIC ANHYDRIDE REACTION                                      

     Example Additive           Adduct    Tar                                  

     Number  Name        Conc., ppm Yield, %                                   

                                            Wt. %                              

     ______________________________________                                    

     11      None         0         65.2    0.84                               

     12      Iodine                                                            

              Monochloride                                                     

                         60         68.0    1.20                               

     ______________________________________                                    

PAR  Examples 9 and 10 used 957 M.sub.n polybutene and 11 and 12 used 911
      M.sub.n polybutene.
PAR  While the foregoing examples illustrate benefits afforded by present
      inventive polybutene compositions containing viscous polybutenes having
      M.sub.n of 900-950, the use of other viscous polybutenes in the M.sub.n
      range of about 300 to 3,000 will provide polybutene compositions affording
      yield improvement and tarry material suppression in the manner and nature
      above illustrated for the maleic anhydride reactions illustrated. Similar
      benefits can be expected by the use of the present inventive polybutene
      compositions with other of the before named unsaturated anhydrides of
      aliphatic dicarboxylic acids. Furthermore, the use of the inventive
      inorganic halide additives can be extended to reaction of unsaturated
      anhydrides with other olefin compositions (e.g., polypropenes).
PAR  Finally, the inorganic halide additives are equally useful whether they are
      added to the olefin polymer, the unsaturated anhydride or mixtures thereof
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the reaction between 300-3,000 M.sub.n butene polymer and maleic
      anhydride to prepare polybutenyl-substituted succinic anhydride, the
      improvement comprising conducting said reaction at a temperature of from
      150.degree. to 300.degree.C in the presence of 5-200 ppm based on said
      polymer of dry hydrogen chloride or calcium bromide.
NUM  2.
PAR  2. The method of claim 1 wherein the inorganic halide is dry hydrogen
      chloride.
NUM  3.
PAR  3. The method of claim 1 wherein the inorganic halide is calcium bromide.
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ABST
PAL  Formamidines of the formula
      ##EQU1##
      wherein R.sub.1 represents hydrogen, alkyl, alkenyl or alkinyl, R.sub.2
      represents .alpha.-naphthyl or substituted phenyl, and R.sub.3 represents
      alkyl, alkenyl, alkinyl, aralkyl or cycloalkyl, a process for their
      manufacture, and their use in pest control.
BSUM
PAR  The present invention relates to formamidines or salts thereof, process for
      their manufacture, and to their use in pest control.
PAR  The formamidines have the formula
      ##EQU2##
      wherein R.sub.1 represents hydrogen, alkyl, alkenyl or alkinyl, R.sub.2
      represents .alpha.-naphthyl or substituted phenyl, and R.sub.3 represents
      alkyl, alkenyl, alkinyl, aralkyl or cycloalkyl.
PAR  Possible salts of compounds of the formula I are those of organic or
      inorganic acids.
PAR  The alkyl, alkenyl or alkinyl groups represented by R.sub.1 and R.sub.3
      have one to 18 carbon atoms in the chain, the alkenyl and alkinyl chains
      containing from three to 18 carbon atoms, but preferably one to four and
      three to five carbon atoms respectively, in the chain. These groups can be
      straight-chain or branched, substituted or unsubstituted. Suitable
      substituents are preferably halogen atoms. By halogen is meant fluorine,
      chlorine, bromine and/or iodine. Examples of such groups include: methyl,
      ethyl, trifluoromethyl, chloroethyl, propyl, ispropyl, n-, i-, sec.- and
      tert. butyl, allyl, metallyl, propargyl, n-butinyl, isobutinyl.
PAR  Possible substituents at the phenyl group represented R.sub.2 are chiefly
      one or more similar or different halogen atoms, such as fluorine,
      chlorine, bromine and/or iodine and/or alkyl with one to five carbon
      atoms, haloalkyl with one to four carbon atoms, alkoxy with one to four
      carbon atoms, alkoxyalkyl with one to four carbon atoms in each of the
      moities, alkylthio with one to four carbon atoms, alkinyloxy with three to
      four carbon atoms, dialkylamino with one to four carbon atoms,
      dialkenylamino, dialkinylamino, hydroxy, cyano and/or nitro group, also
      cyclopentyl, monoalkylaminomethyleneamino, dialkylaminomethyleneimino,
      ##SPC1##
PAL  Groups.
PAR  Aralkyl is to be understood as meaning in particular the benzyl or
      phenethyl groups which are unsubstituted or substituted by halogen, in
      particular chlorine, alkyl with one to four carbon atoms and/or alkoxy
      with one to four carbon atoms.
PAR  Preferred compounds on account of their action are those of formula I,
      wherein R.sub.1 represents methyl, R.sub.2 represents .alpha.-naphthyl,
      2-methylphenyl, 3-methylphenyl, 2-chlorophenyl, 2-isopropylphenyl,
      3-isopropylphenyl, 3-methyl-5-isopropylphenyl,
      2-chloro-5-tert.butylphenyl, 3,4-dimethylphenyl, 3,4,5-trimethylphenyl,
      3,5-dimethyl-4-methylthiophenyl, 3,5-di-tert.butylphenyl,
      2-isopropoxyphenyl, 2-allyloxyphenyl, 3-methyl-4-dimethyl-aminophenyl,
      3,5-dimethyl-4-dimethylaminophenyl, 3,5-dimethyl-4-diallylaminophenyl,
      1,3-dioxolan-2-yl-phenyl, 1,3-diothiolan-2-yl-phenyl,
      (4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl, 3-(1-methylbutyl)-phenyl,
      2-sec.butylphenyl, 3-(1-ethylpropyl)-phenyl, 2,3-xylyl,
      3-tert.butylphenyl, 3-sec.butylphenyl, 3,5-diisopropylphenyl,
      2-chloro-5-isopropylphenyl, 3,5-dimethyl-4-methoxyphenyl,
      3-allyloxyphenyl, 2-propargyloxymethoxyphenyl,
      2-.gamma.-methylthiopropylphenyl,
      3-(.alpha.-methoxymethyl)-2-propenylphenyl,
      4-(methyl-propargylamino)-3,5-xylyl,
      4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl,
      2-(ethylpropargylamino)-phenyl, 2-chloro-4,5-dimethylphenyl,
      2-(2-propinyloxy)-phenyl, 3-(2-propinyloxy)-phenyl, 2-dimethylaminophenyl,
      2-diallylaminophenyl, 3-methyl-4-dimethylaminomethyleneiminophenyl,
      3-dimethylaminomethyleneiminophenyl, 3-isopropyl-4-methylthiophenyl,
      5,6,7,8-tetrahydronaphthyl, 2-(methyl-propargylamino)-3-tolyl,
      4-(dipropargylamino)-3,5-xylyl, 2-(allyl-isopropylamino)-phenyl,
      3-(allyl-isopropylamino)-phenyl, 3-methoxymethoxy-phenyl,
      2-cyclopentylphenyl, 2-(1-butin-3-yl-oxy)-phenyl or
      2-(1-methoxy-2-propoxy)-phenyl,
      ##SPC2##
PAL  R.sub.3 represents alkyl with one to 12 carbon atoms, alkenyl with three to
      four carbon atoms, alkinyl with three to five carbon atoms, benzyl or
      phenethyl which is unsubstituted or substituted by one or more chlorine
      atoms and/or methyl, cyclopentyl, or cyclohexyl.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. by reacting formamidines of the formula
      ##EQU3##
      with an ester of chloroformic acid of the formula
      ##EQU4##
      in the presence of an acid acceptor. In the formulae II and III, R.sub.1
      to R.sub.3 have the same meanings as given for the formula I.
PAR  Examples of suitable acid acceptors are: formamidines of the formula II;
      tertiary amines, such as triethylamine, dimethylaniline, pyridine,
      inorganic bases, such as hydroxides and carbonates of alkali and alkaline
      earth metals, preferably sodium and potassium carbonate.
PAR  The reaction is carried out preferably in solvents or diluents which are
      inert towards the reactants. Examples of suitable solvents or diluents
      are: aromatic hydrocarbons, such as benzene, toluene, benzenes,
      halogenated hydrocarbons, chlorobenzene, polychlorobenzene, bromobenzene,
      chlorinated alkanes with one to three carbon atoms; ethers, such as
      dioxan, tetrahydrofuran; esters, such as ethyl acetate; ketones, such as
      methyl ethyl ketone, diethyl ketone, nitriles etc.
PAR  Some of the starting materials of the formula II and III are known
      compounds which can be manufactured by methods which are known per se.
PAR  The compounds of the formula I display a broad biocidal activity and can be
      used for combating diverse plant and animal pests and as plant regulators
      and abscission agents.
PAR  In particular, however, they possess insecticidal and acaricidal properties
      and may be used against all development stages, e.g. eggs, larvae, pupae,
      nymphs and adults, of insects and representatives of the order Acarina,
      for example against insects of the families: Blattidae, Gryllidae,
      Gryllotalpidae, Tettigoniidae, Cimicidae, Phyrrhocoridae, Reduviidae,
      Aphididae, Delphacidae, Diaspididae, Pseudococcidae, Chrysomelidae,
      Coccinellidae, Bruchidae, Scarabaeidae, Dermestidae, Tenebrionidae,
      Curculionidae, Tineidae, Noctuidae, Lymantriidae, Pyralidae, Galleriidae,
      Culicidae, Tripulidae, Stomoxydae, Muscidae, Calliphoridae, Trypetidae,
      Pulicidae, as well as Acaridae of the families: Ixodidae, Argasidae,
      Tetranychidae, Dermanyssidae.
PAR  The insecticidal or acaricidal action can be substantially broadened and
      adapted to given circumstances by the addition of other insecticides
      and/or acaricides. Examples of suitable additives are: organic phosphorus
      compounds, derivatives of nitrophenols, formamidines, ureas, carbamates,
      and/or chlorinated hydrocarbons.
PAR  The active substances of the formula I are also suitable for combating
      representatives of the division Thallophyta, e.g. viruses, bacteria and
      fungi. They thus possess fungicidal properties against phytopathogenic
      fungi on various cultivated plants, such as cereals, maize, rice,
      vegetables, ornamental plants, fruit trees, vines, farm products, etc.
PAR  With the new active substances it is possible to control or destroy fungi
      occurring on fruit, blossom, leaves, stems, tubers and roots, and from
      which parts of plants which grow later then also remain free. The active
      substances of the formula I are active in particular against
      phytopathogenic fungi belonging to the following classes: Oomycetes,
      Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes.
PAR  In addition, the new active substances can also be used for treating seeds,
      fruit, tubers etc., and protecting them from fungus infections, for
      example from smut fungi of all kinds, such as Ustilaginales, and for
      combating phytopathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      application technology. Mention is also to be made of cattle dips and
      spray races, in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in, the following forms:
PAL  Solid forms:
PA1  Dusts, Tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAL  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAL  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
TBL  a.       5 parts of active substance                                      

             95 parts of talcum                                                

     b.       2 parts of active substance                                      

              1 part of highly disperse silicic acid                           

PA1  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAL  Granules
PAR  The following substances are used to produce 5% granules:
TBL  5          parts of active substance,                                     

     0.25       parts of epichlorohydrin,                                      

     0.25       parts of cetyl polyglycol ether,                               

     3.50       parts of polyethylene glycol,                                  

     91         parts of kaolin (particle size 0.3 - 0.8 mm).                  

PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PAL  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
TBL  a.  40      parts of active substance,                                    

         5       parts of sodium lignin sulphonate,                            

         1       part of sodium dibutyl-naphthalene sulphonate,                

         54      parts of silicic acid.                                        

     b.  25      parts of aactive substance,                                   

         4.5     parts of calcium lignin sulphonate,                           

         1.9     parts of Champagne chalk/hydroxyethyl cellulose               

                 mixture (1:1),                                                

         1.5     parts of sodium dibutyl naphthalene sulphonate,               

         19.5    parts of silicic acid,                                        

         19.5    parts of Champagne chalk,                                     

         28.1    parts of kaolin                                               

     c.  25      parts of active substance,                                    

         2.5     parts of isooctylphenoxy-polyoxyethylene-ethanol,             

         1.7     parts of Champagne chalk/hydroxyethyl celulose                

                 mixture (1:1),                                                

         8.3     parts of sodium aluminium silicate,                           

         16.5    parts of kieselguhr,                                          

         46      parts of kaolin.                                              

     d.  10      parts of active substance,                                    

         3       parts of a mixture of the sodium salts of                     

                 saturated fatty alcohol sulphates,                            

         5       parts of naphthalenesulphonic acid/formaldehyde               

                 condensate,                                                   

         82      parts of kaolin.                                              

PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAL  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
TBL  a.  10      parts of active substance,                                    

         3.4     parts of epoxidised vegetable oil,                            

         13.4    parts of a combination emulsifier consisting                  

                 of fatty alcohol polyglycol ether and alkyl-                  

                 aryl sulphonate calcium salt,                                 

         40      parts of dimethylformamide,                                   

         43.2    parts of xylene,                                              

         25      parts of active substance,                                    

         2.5     parts of epoxidised vegetable oil,                            

         10      parts of an alkylarylsulphonate/fatty alcohol-                

                 glycol ether mixture,                                         

         5       parts of dimethylformamide,                                   

         57.5    parts of xylene.                                              

PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAL  Spray:
PAR  The following constituents are used to prepared a 5% spray:
TBL  5       parts of active substance,                                        

     1       part of epichlorohydrin,                                          

     94      parts of benzene (boiling limits 160.degree.C-190.degree.C).      

DETD
PAC  EXAMPLE 1
PAC  Manufacture of
      N-methyl-N'-methyl-N'-(2-isopropylphenyloxycarbonyl)-formamidine
PAR  30 g of chloroformic acid-O-isopropylphenyl ester are added dropwise with
      stirring to a solution of 22 g of N,N'-dimethyl formamidine in 250 ml of
      toluene (dry), the temperature being kept between 5.degree.-10.degree.C.
      After the reaction mixture has been stirred for 12 hours at room
      temperature, the hydrochloride salt of the formamidine simultaneously used
      as base in filtered off, washed with toluene, and the toluene solution
      evaporated in vacuo to yield the product of the formula
      ##SPC3##
PAL  with a refractive index of n.sub.D.sup.25 = 1.5216.
PAR  The following compounds are also manufactured in analogous manner:
      ##EQU5##
      ##SPC4##
PAC  EXAMPLE 2
PAC  A. Insecticidal ingest poison action
PAR  Cotton and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate). After the coating had
      dried, the cotton plants were populated with Spodoptera littoralis or
      Heliothis virescens larvae L.sub.3 and the potato plants with Colorado
      potato bettle larvae (Leptinotarsa Decemilineata). The test was carried
      out at 24.degree.C and 60% relative humidity. In the above test, the
      compounds according to Example 1 displayed good ingest poison action
      against Spodoptera littoralis, Heliothis and Leptinotarsa decemlineata.
PAC  B. Systemic insecticidal action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) were put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphids (Aphis fabae) were
      placed on the parts of the plant above the soil. The aphids were protected
      from contact and gas action by means of a special device. The test was
      carried out at 24.degree.C and 70% relative humidity. In the above tests
      the compounds according to Example I displayed good insecticidal ingest
      poison and systemic insecticidal action.
PAC  EXAMPLE 3
PAC  Action against Chilo suppresalis
PAR  Six rice plants at a time of the variety Caloro' were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example 1 were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action against soil insects
PAR  Sterilised compost earth is homogeneously mixed with a wettable powder
      containing 25% of active substance so as to give concentrations of 16, 8,
      4, 2, and 1 ppm. Young zucchetti and cabbage plants were planted in the
      prepared soil and immediately infested with five Aulacophora femoralis
      larvae (age: 15 d/25.degree.C) and 15 Chortophila brassicae (cabbage fly)
      eggs. A third corresponding soil sample is provided with slices of apple
      as feed and populated with 5 Pachnoda savignyi larvae (20 d/25.degree.C).
      Mortality inspection is carried out 10 days after application and
      infestation.
PAR  The screening test with caterpillars (Agrotis Y-L.sub.2) proceeds in
      analogous manner, except that the concentrations are 40, 20, and 10 ppm.
      Mallow leaves are used as feed. In the above test, the compounds according
      to Example 1 were active against Aulacophora femoralis, Chortophila
      brassicae, Pachnoda savigny, and Agrotis larvae.
PAC  EXAMPLE 5
PAC  Action against ticks
PAL  A. rhipicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be adsorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAL  B. boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using an
      analogous dilution series as in the case of test A. (The resistance refers
      to the tolerability of Diazinon).
PAR  The compounds according to Example 1 acted in these tests against adults
      and larvae of Rhipicephalus bursa sensitive and OP-resistant larvae of
      Boophilus microplus.
PAC  EXAMPLE 6
PAC  Acaracidal action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have migrated are sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth does not run off. The number of living and dead
      larvae, adults and eggs are evaluated after 2 to 7 days under a
      stereoscopic microscope and the result expressed in percentages. During
      the "interim", the treated plants are kept in greenhouse compartments at
      25.degree.C. The compounds according to Example 1 were active in the above
      test against eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 7
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substance in the
      concentration indicated in each case is applied to and intimately mixed
      with soil infected with root gall nematodes (Meloidgyne Avenaria).
      Immediately afterwards, tomato cuttings are planted in the thus prepared
      soil in a series of tests and after a waiting time of 8 days tomato seeds
      are sown in another test series.  In order to assess the nematocidal
      action, the galls present on the roots are counted 28 days after planting
      and sowing respectively. In this test the compounds according to Example 1
      display good action against Meloidgyne Avenaria.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU6##
      or salts thereof, wherein R.sub.1 represents C.sub.1 -C.sub.4 alkyl,
      R.sub.2 represents .alpha.-naphthyl or phenyl substituted by halogen,
      C.sub.1 -C.sub.5 alkyl, C.sub.1 -C.sub.4 haloalkyl, C.sub.1 -C.sub.4
      alkoxy, alkoxyalkyl with one to four carbon atoms in each alkyl moiety,
      C.sub.1 -C.sub.4 alkylthio, C.sub.3 -C.sub.4 alkynyloxy, di-(C.sub.1
      -C.sub.4) alkylamino, di-(C.sub.3 -C.sub.5) alkenylamino, di-(C.sub.3
      -C.sub.5) alkynylamino, hydroxy, cyano, nitro, cyclopentyl, mono-(C.sub.1
      -C.sub.4) alkylaminomethyleneamino, di-(C.sub.1 -C.sub.4)
      alkylaminomethyleneimino,
      ##SPC5##
PAL  groups, and R.sub.3 represents C.sub.1-C.sub.4 alkyl.
NUM  2.
PAR  2. The compound according to claim 1, wherein R.sub.1 represents methyl,
      R.sub.2 represents .alpha.-naphthyl, 2-methylphenyl, 3-methylphenyl,
      2-chlorophenyl, 2-isopropylphenyl, 3-isopropylphenyl,
      3-methyl-5-isopropylphenyl, 2-chloro-5-tert. butylphenyl,
      3,4-dimethylphenyl, 3,4,5-trimethylphenyl,
      3,5-dimethyl-4-methylthiophenyl, 3,5-di-tert.butylphenyl,
      2-isopropoxyphenyl, 2-allyloxyphenyl, 3-methyl-4-dimethylaminophenyl,
      3,5-dimethyl-4-dimethylaminophenyl, 3,5-dimethyl-4-diallylaminophenyl,
      1,3-dioxolan-2-yl-phenyl, 1,3-diothiolan-2-yl-phenyl,
      (4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl, 3-(1-methylbutyl)-phenyl,
      2-sec.butylphenyl, 3-(1-ethylpropyl)-phenyl, 2,3-xylyl,
      3-tert.butylphenyl, 3-sec.butylphenyl, 3,5-diisopropylphenyl,
      2-chloro-5-isopropylphenyl, 3,5-dimethyl-4-methoxyphenyl,
      3-allyloxyphenyl, 2-propargyloxymethoxyphenyl,
      2-.gamma.-methylthiopropylphenyl,
      3-(.alpha.-methoxymethyl)-2-propenylphenyl,
      4-(methyl-propargylamino)-3,5-xylyl,
      4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl,
      2-(ethyl-propargylamino)-phenyl, 2-chloro-4,5-dimethylphenyl,
      2-(2-propionyloxy)-phenyl, 3-(2-propinyloxy)-phenyl,
      2-dimethylaminophenyl, 2-diallylaminophenyl,
      3-methyl-4-dimethylaminomethyleneiminophenyl,
      3-dimethylaminomethyleneiminophenyl, 3-isopropyl-4-methyl-thiophenyl,
      5,6,7,8-tetrahydronaphthyl, 2-(methyl-propargylamino)-phenyl,
      2-(dipropargylamino)-phenyl, 4-(dipropargylamino)-3-tolyl,
      4-(dipropargylamino)-3,5-xylyl, 2-(allylisopropylamino)-phenyl,
      3-(allyl-isopropylamino)-phenyl, 3-methoxymethoxyphenyl,
      2-cyclopentylphenyl, 2-(1-butin-3-yl-oxy)-phenyl or
      2-(1-methoxy-2-propoxy)-phenyl,
      ##SPC6##
     .
NUM  3.
PAR  3. A compound according to claim 2, of the formula
      ##SPC7##
NUM  4.
PAR  4. A compound according to claim 2, of the formula
      ##SPC8##
NUM  5.
PAR  5. A compound according to claim 2, of the formula
      ##SPC9##
NUM  6.
PAR  6. A compound according to claim 2, of the formula
      ##SPC10##
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ABST
PAL  Polyhalogenated dibenzofuranes having at least six halogen atoms are
      prepared by halogenation of 2,4,8-trichlorodibenzofurane or of
      dibenzofurane. The halogenation may be achieved by Cl.sub.2, Br.sub.2,
      SO.sub.2 Cl.sub.2, S.sub.2 Cl.sub.2 or similar halogen donors. The
      products are flameproofing agents for polymers, especially for polyesters
      and polyolefins. Examples are octachloro-, trichlorotribromo- and
      trichlorotetrabromo-benzofurane.
BSUM
PAR  The present invention relates to new polyhalogenated dibenzofuranes, a
      process for their manufacture, their use as flameproofing agents for
      synthetic organic polymers and flameresistant compositions of synthetic
      organic polymers and the new polyhalogenated dibenzofuranes.
PAR  Most synthetic organic polymers are inflammable, which restricts their use
      to certain fields. The result of this is that in cases where an ignition
      hazard is to be expected, either polymers which are inherently of low
      inflammability are used, or so-called flameproofing agents are added to
      the inflammable polymers.
PAR  Organic halogen compounds are extensively used as flameproofing agents, and
      frequently antimony trioxide is also added as a synergistic agent. Known
      examples thereof are chlorinated paraffins, halogenated trialkyl
      phosphates or polybrominated aromatic compounds.
PAR  Many of these known flameproofing agents are adequately compatible only
      with certain polymers whilst they do not mix with other polymers, or tend
      to sweat out. Some halogenated flameproofing agents possess only moderate
      heat stability so that when admixed to a hot polymer melt they partially
      decompose at this stage and cause discolourations. Other halogenated
      flameproofing agents display a relatively high volatility. They tend to
      sublime at elevated temperature and hence make incorporation into
      polymers, and thermal moulding of the polymers equipped with such
      flameproofing agents, more difficult. Yet other flameproofing agents lower
      the softening point and impair the mechanical or thermo-mechanical
      properties of the polymers.
PAR  It has now been found that polyhalogenated dibenzofuranes of the formula
      ##SPC1##
PAL  In which the individual substituents X independently of one another denote
      hydrogen, chlorine or bromine, and at least three substituents X denote
      chlorine or bromine, possess an excellent flameproofing action for
      synthetic organic polymers without suffering from the abovementioned
      disadvantages.
PAR  Compounds which have proved particularly effective are
      octachlorodibenzofurane of the formula
      ##SPC2##
PAL  As well as 2,4,8-trichloro-tetrabromodibenzofuranes of the formula
      ##SPC3##
PAL  And 2,4,8-trichloro-tribromodibenzofuranes of the formula
      ##SPC4##
PAR  The new polyhalogenated dibenzofuranes of the formula I can be manufactured
      according to methods which are in themselves known, in particular by
      either (a) reacting debenzofurane with chlorine or a chlorine donor and
      optionally subsequently with bromine or a bromine donor or (b) by reacting
      2,4,8-trichlorodibenzofurane with chlorine or a chlorine donor and/or with
      bromine or with a bromine donor in the presence of one or more catalysts.
PAR  Preferably 2,4,8-trichlorodibenzofurane is used as the starting material.
      The two starting materials mentioned are known and technically readily
      accessible compounds.
PAR  The halogenation can be effected either with elementary chlorine or bromine
      or with known chlorine or bromine donors. As the latter it is possible to
      use, for example, sulphuryl chloride, sulphur monochloride,
      N-bromosuccinimide or a dioxane-bromine complex and also mixtures of such
      componds, such as, for example, mixtures of sulphuryl chloride and sulphur
      monochloride.
PAR  The halogenating agent must be employed in at least stoichiometric amounts;
      preferably, the halogenating agent is used in a slight excess over the
      stoichiometrically required amount.
PAR  If chlorine donors or bromine donors of the type mentioned are used for the
      halogenation, they can be used in a larger excess, and then simultaneously
      also serve as the solvent. The use of a solvent is advisable when
      halogenating with elementary chlorine or bromine. Suitable solvents for
      this purpose are above all halogenated hydrocarbons such as, for example,
      chloroform, tetrachloromethane, tetrachloroethane or 1,2-dibromoethane.
      Concentrated sulphuric acid or oleum or chlorosulphonic acid are also
      suitable for this purpose.
PAR  As catalysts, it is possible to use the compounds generally employed for
      the nuclear halogenation of aromatic hydrocarbons, such as iron,
      especially iron filings, iron-III chloride, aluminium bromide, aluminium
      chloride or iodine.
PAR  In general, the halogenation is carried out at temperatures between
      20.degree. and 120.degree.C, especially 50.degree. and 90.degree.C.
PAR  The polyhalogenated dibenzofuranes according to the invention can be
      isolated from the reaction mixture according to customary processes, for
      example by filtration or by distilling off the solvent. If it is desired
      to purify the products, this can be done by recrystallisation.
PAR  The polyhalogenated dibenzofuranes according to the invention are
      colourless crystalline substances which are insoluble in an aqueous
      medium. Their solubility in organic solvents is also low at room
      temperature.
PAR  The polyhalogenated dibenzofuranes according to the invention, of the
      formula I, can be used as flameproofing agents for synthetic organic
      polymers. They are distinguished by a good to very good flameproofing
      action, coupled with high heat stability, low volatility and good
      compatibility. The present invention therefore also relates to the use of
      polyhalogenated dibenzofuranes of the formula I as flameproofing agents
      for synthetic organic polymers. It relates, furthermore, to
      flame-repellent compositions of synthetic organic polymers which contain
      at least one polyhalogenated dibenzofurane, according to the invention, as
      the active compound. The synthetic organic polymers can be polymers,
      polycondensates or polyadducts. They can be linear polymers with
      thermoplastic properties, or three-dimensionally crosslinked thermosetting
      resins. Finally, the term synthetic organic polymers also embraces the
      pre-products of such polymers, so-called prepolymers. Examples of such
      polymers are: polymers or copolymers of olefines, including those of
      styrene, or acrylic and methacrylic acid esters, of acrylonitrile, of
      vinyl acetate, of vinyl chloride and of unsaturated polyesters, and also
      epoxy resins, phenolic resins, linear polyesters and polyamides.
PAR  The use of the materials according to the invention as flameproofing agents
      for linear aromatic polyesters, such as polyethylene terephthalate or
      polybutylene terephthalate, for linear polyamides, such as nylon 6 or
      nylon 66, for polyolefines, such as polyethylene or polypropylene, for
      epoxy resins and for unsaturated polyester resins is of particular
      interest.
PAR  The flame-retardant polyhalogenated dibenzofuranes of the formula I can be
      admixed with, or worked into, the synthetic organic polymers at any
      desired stage of manufacture or processing, according to methods which are
      in themselves known. Thus, for example, they can be added to the
      corresponding monmers monomers polymerisation or, preferably, to the
      previously formed polymers before or optionally also during their
      processing.
PAR  In the case of solutions of polymers or in the case of liquid or pasty
      polymers or prepolymers, the admixing can be effected by a stirrer or
      kneader, whilst in the case of elastic soft polymers it can be effected on
      a mixing mill. Thermoplastics are mostly mixed in the molten form with the
      flameproofing agent and this can be effected, for example, in an extruder.
      In the latter process, the low volatility of the halogenodibenzofuranes
      according to the invention is of particular advantage.
PAR  The dibenzofuranes according to the invention can be added to the polymers
      in any desired form; however, they are preferably used in the form of fine
      powders such as are obtained by customary methods of comminution,
      especially by grinding.
PAR  The content of flame-retardant dibenzofuranes of the formula I in the
      polymers can vary within wide limits depending on the inflammability
      and/or use of the polymers. In general, it is advisable to add 1-40,
      preferably 5-20, percent by weight of the dibenzofurane, relative to the
      polymer
PAR  The flame-retardant action of the halogenodibenzofuranes according to the
      invention can be boosted by the addition of antimony trioxide.
      Advantageously, the antimony trioxide is used in such ratio to the
      polyhalogenated dibenzofurane that the weight ratio of antimony to halogen
      is 1:1 to 1:5, with a ratio of about 1:3 showing a particularly strong
      synergistic action.
PAR  Further conventional additives such as fillers, glass fibres, pigments,
      plasticisers, blowing agents, stabilisers, light protection agents and
      antioxidants can also be co-used. The flame-resistant compositions
      according to the invention can be converted in a known manner into
      mouldings, profiles, fibres, films, foams, laminates or coatings. The
      fibres obtained therefrom are of particular interest since the
      flameproofing of textiles is an important problem.
DETD
PAR  The examples which follow serve to explain the invention further. Unless
      stated otherwise, the precentages mentioned are percentages by weight.
PAC  EXAMPLE 1
      ##SPC5##
PAC  Manufacture of octachlorodibenzofurane
PAL  a. in organic solvents
PAR  100 g of 2,4,8-trichlorodibenzofurane, 10 g of sulphur monochloride and 500
      g of sulphuryl chloride are warmed to 60.degree.C. A solution of 10 g of
      aluminium chloride in 300 ml of sulphuryl chloride is added dropwise at
      this temperature over the course of 40 minutes. The light yellow reaction
      mixture turns dark, with vigorous evolution of gas, complete solution
      being achieved temporarily. Towards the end of the dropwise addition, a
      crystalline precipitate begins to separate out. After the dropwise
      addition, the reaction mixture is stirred for a further hour at
      60.degree.C and excess sulphuryl chloride is then distilled off under
      normal pressure. The residue is taken up in 1,000 ml of hot carbon
      tetrachloride and the resulting suspension is briefly brought to the
      reflux temperature and then cooled. The crystalline precipitate is
      filtered off, washed with a little chloroform and dried. The
      octachlorodibenzofurane of the above formula is thus obtained in the form
      of white crystals of melting point 258.degree.-260.degree.C.
PAR  Yield: 90% of theory, based on 2,4,8-trichlorodibenzofurane employed.
PAR  Analysis for c.sub.12 Cl.sub.8 O (molecular weight = 443.75)
TBL  calculated:    C 32.48%     Cl 63.94%                                     

     found:         C 32.77%     Cl 63.87%                                     

PAR  If the chlorination of 2,4,8-trichlorodibenzofurane is carried out in
      tetrachloroethane by means of chlorine in the presence of catalytic
      amounts of iron filings, octachlorodibenzofurane is again obtained.
PAR  The same compound is obtained when chlorinating dibenzofurane with chlorine
      in the presence of iron filings or with sulphuryl chloride in the presence
      of aluminium chloride and sulphur monochloride as catalysts.
PAL  b. in inorganic solvents
PAR  136.5 g of 2,4,8-trichlorodibenzofurane are carefully introduced into 1,400
      g of chlorosulphonic acid at 15.degree.C, the mixture is slowly heated to
      60.degree.C, 1 g of iodine is added and chlorine is passed in. The course
      of the reaction can be followed by pouring a sample of the reaction
      mixture onto ice, stirring in a mixer and filtering. The course of the
      reaction, and the purity of the end product, are determined from the Cl
      content found and from the melting point. The better is the distribution
      of chlorine and the stirring of the reaction mixture, the more rapidly and
      completely does the chlorination take place. The reaction time is 7-11
      hours. Temperature 60.degree.-80.degree.C. After the chlorination,
      nitrogen is passed through the reaction mixture which is then poured onto
      ice. The precipitate is filtered off, washed until neutral and dried.
      Octachlorodibenzofurane is thus obtained in the form of white crystals of
      melting point 262.degree.-263.degree.C.
PAR  Yield: 88% of theory, based on 2,4,8-trichlorodibenzofurane employed.
PAL  Analysis for C.sub.12 Cl.sub.8 O (molecular weight = 443.75):
TBL  calculated:    C 32.48%     Cl 63.94%                                     

     found:         C 32.88%      Cl 63.35%.                                   

PAR  If the chlorination of 2,4,8-trichlorodibenzofurane is carried out in 100%
      strength sulphuric acid with chlorine in the presence of catalytic amounts
      of iron filings, octachlorodibenzofurane is again obtained.
PAR  The same compound is obtained on chlorinating 2,4,8-trichlorodibenzofurane
      with chlorine in the presence of catalytic amounts of iodine in oleum
      containing 30-60% of SO.sub.3.
PAC  EXAMPLE 2
      ##SPC6##
PAC  Manufacture of 2,4,8-trichloro-tetrabromodibenzofurane
PAL  a. in organic solvents
PAR  108 g of 2,4,8-trichlorodibenzofurane and 1 g of iron filings are suspended
      in 600 ml of 1,2-dibromoethane. 320 g of bromine are added dropwise to
      this suspension over the course of 3 hours whilst stirring and gradually
      warming the mixture to 80.degree.C. In the course thereof, a red-brown
      solution is obtained temporarily, with vigorous evolution of gas, and
      after about half the amount of bromine has been added a crystalline
      precipitate forms. After completion of the addition of bromine, the
      mixture is warmed to 80.degree.-100.degree.C for a further hour and is
      then cooled to room temperature. 150 ml of 1-pentene are added dropwise to
      the reaction mixture whilst cooling. This decolourises the reaction
      mixture. The crystalline precipitate is filtered off, washed with a little
      chloroform and dried. This gives 2,4,8-trichloro-tetrabromodibenzofurane
      of the above formula in the form of white crystals of melting point
      289.degree.-290.degree.C.
PAR  Yield: 81% of theory, based on 2,4,8trichlorodibenzofurane employed.
PAL  Analysis for C.sub.12 HCl.sub.3 Br.sub.4 O (molecular weight 587.19)
TBL  calculated:                                                               

                C 24.55%   Cl 18.11%  Br 54.44%                                

     found:     C 24.34%   Cl 17.61%   Br 54.87%.                              

PAR  If the bromination of 2,4,8-trichlorodibenzofurane is carried out in
      tetrachloroethane as the solvent and the same procedure as that described
      above is followed, 2,4,8-trichlorotetrabromodibenzofurane is again
      obtained.
PAL  b. in inorganic solvents
PAR  108 g (0.4 mol) of 2,4,8-trichlorodibenzofurane and 1 g of iron filings are
      suspended in 1,300 g of oleum (30% SO.sub.3 content). 320 g (2 mols) of
      bromine are added dropwise to this suspension over the course of 4.5 hours
      with rapid stirring and whilst gradually heating to 90.degree.C. The end
      product separates out as a crystalline precipitate during the addition of
      bromine. After completion of the addition of bromine, the mixture is
      warmed to 90.degree.-100.degree.C for a further hour and cooled to room
      temperature. Excess bromine is removed by addition of sodium sulphite
      (Na.sub.2 SO.sub.3.7H.sub.2 O) until the reaction mixture has been
      decolourised. The reaction mixture is poured onto ice; the crystalline
      precipitate is filtered off, washed until neutral, filtered off, washed
      with a little methanol and dried. 2,4,8-Trichloro-tetrabromodibenzofurane
      is thus obtained in the form of white crystals of melting point
      288.degree.-290.degree.C.
PAR  The yield is 77% of theory, relative to 2,4,8-trichlorodibenzofurane
      employed.
PAL  Analysis for C.sub.12 HCl.sub.3 Br.sub.4 O (molecular weight 587.19)
TBL  calculated:                                                               

                C 24.55%   Cl 18.11%  Br 54.44%                                

     found:     C 24.31%   Cl 18,31%   Br 54.08%.                              

PAR  IF the bromination of 2,4,8-trichlorodibenzofurane is carried out in 100%
      strength sulphuric acid with bromine in the presence of catalytic amounts
      of iron filings, 2,4,8-trichloro-tetrabromodibenzofurane is again
      obtained.
PAR  The same compound is obtained on bromination of
      2,4,8-trichlorodibenzofurane with bromine in the presence of catalytic
      amounts of iron filings in chlorosulphonic acid.
PAC  EXAMPLE 3
      ##SPC7##
PAC  Manufacture of 2,4,8-trichloro-tribromodibenzofurane
PAR  The procedure of Example 2 is followed, using 1,2-dibromoethane as the
      solvent, but 3 equivalents of bromine are used to brominate
      2,4,8-trichlorodibenzofurane. 2,4,8-Trichloro-tribromodibenzofurane is
      obtained in the form of white crystals of melting point
      220.degree.-222.degree.C.
PAL  Analysis for C.sub.12 H.sub.2 Cl.sub.3 Br.sub.3 O (molecular weight 508.2)
TBL  calculated:                                                               

               C 28.3%   H 0.4%   Cl 20.8%                                     

                                          Br 47.1%                             

     found:    C 27.9%   H 0.3%   Cl 20.8%                                     

                                          Br 47.6%                             

PAC  EXAMPLE 4
PAR  Commercially available granules of polyethylene terephthalate are mixed
      with the flameproofing agent and with antimony trioxide, both in a finely
      pulverulent form, in the concentrations shown below. The mixture is
      agitated for 1 hour in a tumbler barrel and then fused for 35 minutes at
      290.degree.C under nitrogen in a glass tube. The melt is cooled to room
      temperature. Filings are drilled from the regulus thus obtained and are
      pressed together with glass fibre marquisette in a hydraulic laboratory
      press at 280.degree.C for 6 minutes to give sheets 0.3 mm thick. The
      inflammability of these samples is determined by the LOI method described
      by C. P. Fenimore and J. F. Martin in Combustion and Flame 10, No. 2,
      135-139 (June 1966). In this method, the sample is ignited in an
      atmosphere of nitrogen and oxygen of varying composition by volume, and
      the composition by volume at which combustion of the sample can just be
      maintained is determined. The LOI index is the minimum concentration in a
      nitrogen oxygen mixture at which the test specimen just continues to burn.
      The higher is the LOI, the lower is the inflammability, that is to say the
      more effective is the flameproofing additive.
PAR  The results thus obtained are summarised in the table which follows.
TBL  Flameproofing agent                                                       

                 Amount of flame-                                              

                           Amount of                                           

                                 Appearance of                                 

                                         LOI (Limiting                         

                 proofing agent*                                               

                           Sb.sub.2 O.sub.3 *                                  

                                 sheet   Oxygen Index)                         

     __________________________________________________________________________

     Octachlorodibenzo-                                                        

                 7.8%      2%    white   0.265                                 

     furane (Example 1)                                                        

     Trichloro-tetrabromo-                                                     

     dibenzofurane                                                             

                 9.1%      1.2%  white   0.291                                 

     (Example 2)                                                               

     Polyester without                                                         

     flameproofing agent                                                       

                 --        --    clear   0.201                                 

     __________________________________________________________________________

      *% by weight relative to polyethylene terephthalate                      

PAC  EXAMPLE 5
PAR  Portions of 100 parts by weight of a liquid unmodified epoxy resin
      prepolymer having an epoxide content of 5.25 equivalents/kg and a
      viscosity of 10,000 cP at 25.degree.C, of which the main constituent
      consists of the diglycidyl ether of 4,4,'-dihydroxy-2,2-diphenylpropane,
      were mixed with 1 part by weight of a commercially available highly
      disperse silica and various amounts of flameproofing agents by manual
      stirring and then ground on a triple roll mill to give an intimate
      mixture. These mixtures were warmed to 80.degree.C and 26 parts by weight
      of 4,4'-diaminodiphenylmethane were added, as the curing agent, at this
      temperature. As soon as this compound had dissolved, the air which had
      been stirred in was removed by applying a vacuum and the mixture was cast
      into aluminium moulds, prewarmed to 80.degree.C in order to produce
      bar-shaped test specimens of dimensions 120 .times. 15 .times. 10 mm, and
      cured for 2 hours at 80.degree.C and subsequently for 8 hours at
      140.degree. C.
PAR  These test specimens were used for determination of the Martens heat
      distortion point according to DIN 53,458 and of the inflammability
      according to the following test method:
PAR  The horizontally clamped test bar is exposed to the flame of a gas burner
      for 1 minute. The flame height of the vertical burner is 10 cm.
PAR  The burner is inclined at 45.degree. and the test bar is placed in the
      flame so that the lower 15 mm broad surface of the bar is 3 cm above the
      upper edge of the burner and its end face is at a horizontal distance of 1
      cm from the lower edge of the burner. The burning time from removal of the
      flame to cessation of burning is assessed. The results of the tests are
      listed in the table which follows:
     Flameproofing agent                                                       

                 Amount                                                        

                      Halogen content                                          

                               Martens Burning time in                         

     used        added*                                                        

                      of the mixture,                                          

                               temperature                                     

                                       seconds                                 

                      in % by weight                                           

                               (DIN 53,458)                                    

     __________________________________________________________________________

     Octachlorodibenzo-                                                        

                 3    1.47     141.degree.C                                    

                                       14                                      

     furane (Example 1)                                                        

                 5    2.42     140.degree.C                                    

                                       5                                       

                 10            142.degree.C                                    

                                       4                                       

     Trichloro-tetrabromo-                                                     

                 3    1.68     141.degree.C                                    

                                       60                                      

     dibenzofurane                                                             

                 5    2.75     142.degree.C                                    

                                       9                                       

     (Example 2) 10   5.31     144.degree.C                                    

                                       4                                       

     Comparison without                                                        

     flameproofing agent                                                       

                 --   --       142.degree.C                                    

                                       &gt;60                                     

     __________________________________________________________________________

      *Parts by weight per 100 parts by weight of epoxy resin, 26 parts by     

      weight of diamine curing agent and 1 part by weight of high disperse     

      silica.                                                                  

PAR  It can be seen from the table that the additives according to the invention
      do not cause any lowering of the heat distortion point which, as is known,
      is an important technical property when using epoxy resins. The addition
      of 3 or 5% of the dibenzofuranes, relative to the epoxy prepolymer,
      suffices to achieve satisfactory flameproofing with a burning time of less
      than 15 seconds. The economy of the process can be appreciated, above all,
      from the relation of halogen content to flameproofing action.
PAC  EXAMPLE 6
PAR  Polypropylene granules of melt index 3.2 g/10 minutes/230.degree.C,
      containing 0.2% of a stabiliser consisting substantially of
      octadecyl-3-(3,5-di-tert.-butyl-4-hydroxyphenyl)-propionate, was mixed
      with the flameproofing agents described in Example 1 and 2 and with
      antimony trioxide, in the concentrations shown below, on a two-roll mill
      at 180.degree.C for 10 minutes. Sheets 0.3 mm thick were pressed from the
      mill hide together with glass fibre marquisette for 6 minutes at
      245.degree.C. The LOI values for these sheets were determined as described
      in Example 4. The results are summarised in the table which follows.
TBL  Flameproofing agent                                                       

                  Amount   Amount of Appear-                                   

                                            LOI                                

                  of       Sb.sub.2 O.sub.3 *)                                 

                                     ance                                      

                  flame-             of sheet                                  

                  proofing                                                     

                  agent*)                                                      

     ______________________________________                                    

     Octachlorodibenzo-                                                        

                  7.8%     2%        white  0.194                              

     furane (Example 1)                                                        

     Trichloro-tetra-                                                          

     bromodibenzofurane                                                        

                  9.1%     2%        white  0.208                              

     (Example 2)                                                               

     None (comparison)                                                         

                  --       --        white  0.181                              

     ______________________________________                                    

      *)% by weight based on polypropylene                                     
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      ##SPC8##
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ABST
PAL  Disclosed herein is a method which provides substantially zero acid number
      polytetramethylene ether glycol thus making it possible to regard
      polytetramethylene ether glycol as a fungible commodity. The improvement
      is achieved by complete removal of a trace impurity, believed to be
      n-butyl aldehyde, from dry tetrahydrofuran, by contact with molecular
      sieves of a particular definition, prior to the polymerization of the
      tetrahydrofuran in the production of polytetramethylene ether glycol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tetrahydrofuran is polymerized to manufacture polytetramethylene ether
      glycol, which is also referred to as poly(tetramethylene glycol) in the
      patent art. However, depending on source polytetramethylene ether glycol
      which is presently commercially available has low but significant levels
      of acidity which are practically irreducible from a commercial viewpoint.
      Acidity in the polytetramethylene ether glycol disturbs the stoichiometry
      of the isocyanate ingredient when the polytetramethylene ether glycol is
      used in the manufacture of polyurethane polymers, and strict stoichiometry
      is essential in the preparation of many thermo plastic polyurethane
      polymers. In addition, the presence of acidity may accelerate the rate of
      the isocyanate reaction leading to inconsistent and inconstant operating
      results when the polytetramethylene ether glycol varies from time to time
      in acid number. Also it is well appreciated that the presence of
      substantial acidity in the polytetramethylene ether glycol adversely
      affects some catalyst systems, also resulting in inconstant and
      inconsistent operations from day to day with respect to the manufacture of
      polyurethane polymers therefrom.
PAR  Thus, because of the relatively low levels of acidity, and because of the
      profound impact of acidity with respect to the operational characteristics
      of polytetramethylene ether glycol, commercially available
      polytetramethylene ether glycol has not been regarded as fungible goods.
      Thus, a large scale user of polytetramethylene ether glycol in the
      manufacture of polyurethane polymers is confronted with varying acid
      levels if multiple sources of the polymeg are to be relied on and this
      would result in erratic and inconsistent and inconstant operations and
      products. On the other hand, once a manufacturer of polyurethane polymers
      has polytetramethylene ether glycol of a particular acid number level in
      his storage facility it is understandable that he is reluctant to
      intermingle with this material polytetramethylene ether glycol of the same
      molecular weight from a different source and having a different acid
      number. This has resulted in a tendency on the part of purchasers of
      polytetramethylene ether glycol to cut out a source of polytetramethylene
      ether glycol other than the original source thus substantially reducing
      competition.
PAR  Polytetramethylene ether glycol is manufactured by the polymerization of
      tetrahydrofuran, U.S. Pat. No. 3,454,652 to Andrew P. Dunlop and Edward
      Sherman lists a large number of tetrahydrofuran polymerization catalysts.
      Tetrahydrofuran is polymerized by the admixing of a tetrahydrofuran
      polymerization catalyst with tetrahydrofuran and the resulting admixture
      is the so-called "living polymer" or catalytically active polymerization
      mixture. In accordance with the procedure of the aforementioned patent the
      equilibrium is shifted in favor of the polymer by lowering the
      temperature, but in any event the catalytic activity of the catalytically
      active tetrahydrofuran-catalyst mixture is terminated in due course by the
      addition of a catalytic activity terminating agent such as, for example,
      water or 1,4-butane diol. The resulting catalytically inactive admixture
      is then typically worked up by steaming, for example, or water washing,
      decanting to remove water, and treatment with organic solvents to further
      remove water. Typically the acidic residue remaining from the catalyst are
      neutralized by the addition of excess quantities of a solid calcium
      hydroxide, and in addition other solid adsorbents may be used to assist in
      the further purification of the polytetramethylene ether glycol.
      Thereafter the polytetramethylene ether glycol is filtered and subjected
      to vacuum distillation to remove organic solvents and traces of water.
      Nonetheless it has been found that regardless of the extent to which the
      polytetramethylene ether glycol is water-washed, or to which it is
      subjected to the solid alkaline neutralizing agents there appears to be a
      level of acidity which is reached and which has been apparently
      irreducible from a commercial point of view. These apparently irreducible
      levels may be quite low, for example, 0.01 to 0.05 mg. KOH/gram acid
      number, but nonetheless variations in this acid number causes the goods to
      be regarded as non-fungible commodities. Various systems and schemes have
      been suggested for reducing the acid number of the polytetramethylene
      ether glycol but it must be appreciated that mere reduction of the acid
      number to any level other than zero does not place the polytetramethylene
      ether glycol in the category of a fungible commodity because of the
      profound impact of acid number on the operating characteristics of the
      polytetramethylene ether glycol in polyurethane polymerizations.
PAR  It is an object of the present invention to provide a method of
      manufacturing polytetramethylene ether glycol in which the level of
      acidity is substantially zero thus providing the art, for the first time,
      with a means of placing polytetramethylene ether glycol in the category of
      fungible goods.
PAC  THE INVENTION
PAR  Recent investigations have indicated a correlation between the presence of
      an impurity in low levels in tetrahydrofuran with the presence of the
      apparently irreducible acid level in the polytetramethylene ether glycol
      made therefrom. While it is not our intention to be bound by any theories
      it appears that the low level impurities in the tetrahydrofuran which
      correlates with the acid number in the polytetramethylene ether glycol is
      n-butyl aldehyde. Although a number of systems were found to reduce the
      level of n-butyl aldehyde it would found that merely reducing the n-butyl
      aldehyde level by absorption, for example, would not result in the
      reduction of the impurity to substantially zero, and would not result in
      the apparently irreducible level of acidity in the polytetramethylene
      ether glycol made therefrom to zero.
PAR  I have discovered that the irreducible acid level of polytetramethylene
      ether glycol made by the polymerization of tetrahydrofuran can be reduced
      to zero by first contacting the dry tetrahydrofuran with a molecular sieve
      having an average pore size in the range of 4-5 A, which molecular sieve
      adsorbent which is further characterized as having heat of adsorption of
      about 1,800 btu/pound of water .+-. 100 btu/pound of water.
PAR  Molecular sieves are described as the crystalline zeolites having a basic
      formula of M.sub.2 /.sub.n O.Al.sub.2 O.sub.3.XSiO.sub.2.YH.sub.2 O where
      M is a cation of N valence and the values for X and Y fall into a definite
      range for a particular crystalline zeolite. The molecular sieves have been
      widely used and are well known in commerce.
PAR  Molecular sieves are described as crystalline metal alumino silicates with
      a three dimensional interconnecting network structure. The
      characterization, preparation, activation, and regeneration of molecular
      sieves is well described in the public literature. See, for example, U.S.
      Pat. Nos. 2,882,243 and 2,882,244 to Robert C. Milton. Molecular sieves
      which otherwise meet the requirements set forth herein, in accordance with
      this invention, can be prepared, activated, and regenerated, in accordance
      with the procedures outlined in the aforementioned patents, which patents
      are incorporated herein by reference thereto. The basic structure of the
      alumino silicates for use in the present invention are represented by the
      sodium form in which some or all of the sodium may be replaced by calcium,
      for example, to provide effective pore sizes of about 4 to 5 A. It will be
      appreciated by those skilled in the molecular sieve art that two terms are
      commonly used in connection with the description of the pores in the
      molecular sieves. It is generally believed that the elasticity,
      flexibility, and kinetic energy of incoming molecules allows passage of
      molecules up to about 0.5 A larger than the free diameter of the aperture.
      Consequently, in describing the molecular sieves, distinction must be made
      between the actual diameters of the structural aperture of the molecular
      sieve, and the effective molecular diameters of molecules which pass
      through these apertures. Generally speaking, in accordance with the
      present invention, molecular sieves having structural apertures in the
      range from about 3.5 to 4.5 A are useful. Since slightly larger diameter
      molecules can pass through apertures of this size, the sieves can be
      considered as having an effective pore size which is equal to the diameter
      of molecules which can pass therethrough. Hence, such molecular sieves are
      alternatively described as having effective pore sizes or nominal pore
      sizes in the range from about 4 to 5 A inclusive. In addition, the
      molecular sieves which are found to be useful herein have also been
      described in present U.S. commercial literature as molecular sieves of
      type A, and in particularly as types 4A and 5A.
PAR  It will be appreciated from consideration of the illustrative examples
      herein that the particular pore size is critical in accordance with the
      present invention but moreover the chemical characteristics of the sodium
      or calcium alumino silicate must be such that the heat of water adsorption
      is approximately 1800 btu/pound H.sub.2 O. Utilization of molecular sieves
      having effective pore sizes in the 4-5 A range but having thermodynamic
      properties such that the heat of water adsorption is lower e.g. less than
      1,500 btu/pound H.sub.1 O, is not in accordance with the present
      invention, and did not result in the reduction of the irreducible acid
      number in the polytetramethylene ether glycol to 0.000 mg/KOH/gram.
PAR  Also, in accordance with the present invention, the tetrahydrofuran which
      is contacted with the molecular sieve is substantially anhydrous, that is,
      has a water content of less than about 0.5 percent preferably less than
      0.1 percent w/w prior to passage through the molecular sieve bed. In a
      preferred embodiment the tetrahydrofuran is passed in the liquid phase
      over a stationary bed of the molecular sieve as defined herein.
PAR  Polytetramethylene ether glycol made from tetrahydrofuran which has been
      treated in this way give an acid number of 0.000 mg. KOH/gram when
      subjected to the same standard procedures which otherwise result in
      erratic but substantial positive acidity levels.
DETD
PAR  The invention will be further illustrated with the aid of the examples
      herein which are provided for illustrative purposes only and are not
      intended to unduly limit the scope of the invention nor to unduly limit
      the scope of the claims appended hereto. As used herein, and unless
      otherwise specifically stated, all parts are in parts by weight, all
      temperatures are in degrees centigrade, and acid numbers are expressed as
      mg.KOH/gram of material.
PAR  In the following examples the treatment of the tetrahydrofuran with
      molecular sives, in accordance with the present invention, is first
      described. The utilization of the tetrahydofuran thus purified in
      accordance with the present invention in the manufacture of
      polytetramethylene ether glycol is then illustrated. It will be apparent
      from the following illustrative examples that treatment of the
      tetrahydrofuran in accordance with the present invention reduces the
      percent butyl aldehyde to substantially zero, and it will also be apparent
      that, when the butyl aldehyde-free tetrahydrofuran was used in the
      manufacture of polytetramethylene ether glycol the irreducible acid level
      of the polytetramethylene ether glycol was reduced to 0.000.
PAC  EXAMPLE 1
PAR  350 parts of dry, liquid tetrahydrofuran containing 400 ppm of n-butyl
      aldehyde was passed through a 1 inch diameter by 6 inch depth bed of solid
      molecular sieve having an empirical chemical formula of Na.sub.12
      [(AlO.sub.2).sub.12 (SiO.sub.2).sub.12 ].XH.sub.2 O, having an effective
      pore size of 4 A and heat of adsorption of slightly under 1,800 btu/pound
      H.sub.2 O. The molecular sieve bed and the tetrahydrofuran which was
      treated by passage through the bed were at room temperature during the
      contacting. The tetrahydrofuran being charged to the bed had a water
      content of approximately 0.05 percent.
PAR  The tetrahydrofuran so purified was found to contain no detectable butyl
      aldehyde by gas chromatography analysis.
PAC  EXAMPLE 2
PAR  The purpose of this example is to illustrate the use of various molecular
      sieves for the purpose of treating tetrahydrofuran for the removal of
      n-butyl aldehyde, and to illustrate that generally speaking molecular
      sieves are ineffective in the reduction of the butyl aldehyde level to
      substantially zero, even in the 1,700-1,800 btu/pound H.sub.2 O heat of
      adsorption.
PAR  The procedure of Example 1 was repeated except that a number of different
      respective samples of tetrahydrofuran containing approximately 0.05
      percent water and varying amounts of butyl aldehyde were passed through
      respective molecular sieve beds. In this example a number of different
      respective molecular sieve materials were used as set forth in Table 1
      below. In Table 1 the column headed "Type of Molecular Sieve Used" sets
      forth a tabulation of molecular sieves which are commercially available
      and each of the adsorbents have a heat of water adsorption are ineffective
      with respect to providing a process for production of fungible
      polytetramethylene ether glycol. The empirical chemical formula of the
      material is set forth in the Table and the percent butyl aldehyde
      expressed as area percent of the vapor phase chromatograph peak with
      respect to the area of all the chromatography peaks for that sample is
      tabulated also. The effective pore size is also listed in Table 1. Only
      tests 4 and 6 are in accordance with this invention.
TBL                                    Table 1                                 

     __________________________________________________________________________

           Type of Nominal Pore                                                

                           Structure of     % Butyl Aldehyde                   

           Molecular                                                           

                   Diameter in                                                 

                           Molecular        as Area % of an                    

     Test No.                                                                  

           Sieves Used                                                         

                   Anstroms                                                    

                           Sieves           Impurity in THF                    

     __________________________________________________________________________

     1     None    --      --               0.016                              

     2     3A      3       K.sub.12 [(AlO.sub.2).sub.12 (SiO.sub.2).sub.12     

                           ].sup.. XH.sub.2 O                                  

                                            0.008                              

     3     None    --      --               0.020                              

     4     4A      4       N.sub.a12 [(AlO.sub.2).sub.12 (SiO.sub.2).sub.12    

                           ].sup.. XH.sub.2 O                                  

                                            0.000                              

     5     None    --      --               0.013                              

     6     5A      5       Ca.sub.45 Na.sub.3 [(AlO.sub.2).sub.12 (SiO.sub.2).s

                           ub.12 ].sup.. XH.sub.2 O                            

                                            0.000                              

     7     None    --      --               0.014                              

     8     13X      10     Na.sub.86 [(AlO.sub.2)86(SiO.sub.2).sub.106 ].sup.. 

                           XH.sub.2 O       0.002                              

     9     None    --      --               0.020                              

      10   13X      10     Na.sub.86 [(AlO.sub.2).sub.86 (SiO.sub.2).sub.106   

                           ].sup.. XH.sub.2 O                                  

                                            0.008                              

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except that instead of the molecular
      sieve referred to therein a molecular sieve which is commercially
      available under the trade signation AW300 (TM Union Carbide) was used.
      This molecular sieve is reported to have a nominal pore size of 4.0 A and
      is reportedly chemically modified to provide acid resistance. However, the
      thermodynamic properties are also altered. The average heat of adsorption
      for water for the molecular sieve used in this numbered example is about
      1,450 btu/pound H.sub.2 O.
PAR  Thus, this example is not in accordance with the present invention, and is
      provided for the purpose of illustrating that the pore size alone does not
      adequately define the present invention. It further illustrates the
      criticality of the thermodynamic characteristics as indicated by the heat
      of adsorption of water with respect to the definition of the molecular
      sieves which are used in accordance with the present invention. The
      tetrahydrofuran which is untreated and which is used as the
      tetrahydrofuran in the procedure of this numbered example has 0.016 area
      percent of butyl aldehyde in the tetrahydrofuran, and after treatment at
      room temperature in accordance with the procedures of this example the
      percent of the impurities remained at 0.007 percent on the same basis.
PAC  EXAMPLE 4
PAR  The purpose of this example is to illustrate the use of the tetrahydrofuran
      prepared in accordance with the present invention in the manufacture of
      polytetramethylene ether glycol. The test procedure which was employed in
      accordance with the present invention and which is referred to hereinafter
      as the standard test procedure is as follows: 1,550 grams of
      tetrahydrofuran is placed in a three-neck reactor-container outfitted with
      a stirrer, thermometer, and a dropping funnel. The dropping funnel is
      vented through a drying tube. 235 grams of fluosulfonic acid is placed in
      the dropping funnel and the fluosulfonic acid is introduced into the
      tetrahydrofuran drop-wise over a period of 15 minutes starting with the
      temperature of the tetrahydrofuran being approximately 25.degree.C. at the
      initial introduction of the fluosulfonic acid thereto.
PAR  An exotherm is observed during the addition, and the temperature of the
      reaction is maintained at approximately 35.degree.C. during the addition
      by external cooling thereof. The temperature is maintained at 35.degree.C.
      for approximately 1 hour including the 12 mins. addition time, and is
      thereafter cooled by external cooling to 25.degree.C. 1.5 liters of ion
      free water is plunged into the reaction mass which is controlled to be
      maintained at approximately 25.degree.C. The resulting admixture is then
      steam distilled wherein unreacted tetrahydrofuran is removed. After the
      removal of tetrahydrofuran is complete the resulting material is permitted
      to separate into a water and polytetramethylene ether glycol layer and the
      polytetramethylene ether glycol are separated. The polytetramethylene
      ether glycol is cooled to below 80.degree.C. and approximately 2 liters of
      tolulene is added thereto and admixed therewith. Upon admixture additional
      water separates and the additional water is separated. 20 grams of solid
      calcium hydroxide and 5 grams of activated carbon (Nuchar CN T. M. West
      Virginia Pulp & Paper Company) is added thereto. The resulting admixture
      is thoroughly admixed by agitation and heated to 100.degree.C. during
      which some additional water is removed by azeotropic distillation and the
      heating is discontinued when the overhead temperature reaches
      110.degree.C.
PAR  The tolulene solution of polytetramethylene ether glycol is then filtered
      through a celite bed and the filtrate is subjected to vacuum distillation
      at about 15 mm of mercury to remove most of the tolulene, after which it
      is placed in a high vacuum distillation unit and distilled until 0.02 mm
      Hg at 95.degree.-100.degree.C. is maintained for about 1 hour. The
      resulting pot residue is then pressure filtered through another celite bed
      and the acid number of the resulting product is determined.
PAR  When the tetrahydrofuran which is purified in accordance with Example 2
      using the 4A molecular sieves the acid number of the resulting
      polytetramethylene ether glycol is 0.000 mg.KOH/g, whereas when the
      tetrahydrofuran which was not purified by that procedure and had 0.20 area
      percent butyl aldehyde was used the acid number of the polytetramethylene
      ether glycol made therefrom in accordance with the procedure of this
      example was 0.018 mg.KOH/g.
PAR  It has been observed that the acid number of the polytetramethylene ether
      glycol produced in accordance with this standard procedure generally is
      approximately the same as the number of the area percent of the suspect
      trace impurity in the tetrahydrofuran which is thought to be butyl
      aldehyde. This observation is made only for the purpose of disclosing
      possible proportionality between these characteristics, and is not
      intended to be limiting with respect to the performance of the method of
      this invention.
PAR  It should be emphasized that it is not my intention to give undue emphasis
      to any theories, or to be limited by any theories, but it does appear that
      an impurity in the tetrahydrofuran which is not removable by the usual
      standard work-up procedures is effectively removed by the treatment in
      accordance with the present invention and that upon preparation of
      polytetramethylene ether glycol from the purified tetrahydrofuran results
      in a polytetramethylene ether glycol product in which the apparently
      irreducible acid level is reduced to zero.
PAR  Thus, in accordance with the procedure of the present invention, it is now
      possible for the first time to produce polytetramethylene ether glycol
      having substantially zero acid numbers and thus polytetramethylene ether
      glycol prepared from tetrahydrofuran from various sources can be regarded
      as a fungible commodity, inasmuch as the acid numbers thereof can be
      reduced to zero using standard commercial procedures.
PAR  In the illustrative examples, one standard method for polymerization of
      tetrahydrofuran and recovery of the polytetramethylene ether glycol is
      given, and it will be appreciated that the practice of this invention is
      not limited to particular polymerization or recovery procedures. Given the
      disclosure herein, those skilled will recognize many variations of
      specific embodiments within the scope of this invention not only in the
      contacting of tetrahydrofuran with the defined molecular sieves, but in
      its polymerization and recovery of polytetramethylene ether glycol.
PAR  For example, the exact chemical constitution of the crystalline zeolite
      constituting the molecular sieve is not critical, except that the required
      parameters set forth herein must be provided in accordance with this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for manufacturing polytetramethylene ether glycol in which
      ingredient tetrahydrofuran is polymerized with a
      tetrahydrofuran-polymerization catalyst to form a catalytically active
      tetrahydrofuran-catalyst-polymer mixture, and wherein the catalytic
      activity of said catalytically active mixture is terminated by the
      addition of water or 1,4-butene diol thereto, wherein the resulting
      mixture includes excess tetrahydrofuran and polytetramethylene ether
      glycol, wherein said resulting mixture is subjected to distillation for
      removal of said excess tetrahydrofuran therefrom, to contact with solid
      neutralizing agents, and to mechanical separation steps for removal of
      water therefrom, the improvement comprising: prior to contacting of said
      ingredient tetraphydrofuran with the tetrahydrofuran-polymerization
      catalyst, contacting liquid tetrahydrofuran containing n-butyl aldehyde
      and having a water content of less than 0.5 percent with a molecular sieve
      having a nominal pore size in the range 4-5 A inclusive and having a heat
      of adsorption of about 1,800 btu/pound water .+-. 100 but/pound of water,
      continuing said contacting until said n-butyl aldehyde is completely
      removed from the liquid tetrahydrofuran, separating liquid tetrahydrofuran
      from the molecular sieve, and using the separated tetrahydrofuran as said
      tetrahydrofuran ingregient.
NUM  2.
PAR  2. The method of claim 1 wherein the molecular sieve is the sodium alumino
      silicate commercially identified as type 4A.
NUM  3.
PAR  3. The method of claim 1 wherein the molecular sieve is a calcium alumino
      silicate commercially identified as type 5A.
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ABST
PAL  Novel compounds of formula
      ##SPC1##
PAL  Wherein R.sup.1 represents a lower alkenyl group or R.sup.11, or taken
      together with R.sup.4 an oxo group; R.sup.11 represents hydrogen or a
      lower alkyl group; R.sup.2 represents hydrogen or a lower alkyl group;
      R.sup.3 represents methyl or methylene; R.sup.4 represents hydroxy or a
      loweralkoxy, lower alkenyloxy, loweralkoxyloweralkyl or acyloxy group and
      R.sup.5 represents hydrogen or, when simultaneously R.sup.3 represents
      methyl and R.sup.1 represents R.sup.11, taken together with R.sup.4 a
      3.alpha., 6-epoxide group, and 1,8a-dihydro-derivatives of compounds of
      formula I wherein R.sup.3 represents methyl and R.sup.5 represents
      hydrogen.
PAL  The use of said compounds as odorants and also processes for their
      preparation are disclosed.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention relates to novel compounds having the general formula
      ##SPC2##
PA1  wherein R.sup.1 represents a lower alkenyl group or R.sup.11, or taken
      together with R.sup.4 an oxo group;
PA1  R.sup.11 represents hydrogen or a lower alkyl group;
PA1  R.sup.2 represents hydrogen or a lower alkyl group;
PA1  R.sup.3 represents methyl or methylene;
PA1  R.sup.4 represents hydroxy or a lower alkoxy, lower alkenyloxy,
      loweralkoxyloweralkyl or acyloxy group and
PA1  R.sup.5 represents hydrogen or, when simultaneously R.sup.3 represents
      methyl and R.sub.1 represents R.sup.11, taken together with R.sup.4 a
      3.alpha.,6 -epoxide group,
PAL  And 1,8a-dihydro derivatives of compounds of formula I wherein R.sup.3
      represents methyl and R.sup.5 represents hydrogen.
PAR  Formula 1 encompasses inter alia compounds of the formulae
      ##SPC3##
PA1  Wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.11 have the
      significance given above.
PAR  Formula II and dihydro derivatives thereof in accordance with the invention
      encompass inter alia compounds of following formulae IV-XII
      ##SPC4##
      ##SPC5##
PA1  wherein R.sup.1, R.sup.2 and R.sup.11 have the meanings given above,
      R.sup.6 represents acyl and R.sup.7 represents loweralkyl, loweralkenyl or
      loweralkoxyloweralkyl.
PAR  The expression "lower" used in connection with the foregoing definitions
      includes groups having from one to six carbon atoms. Alkyl and alkenyl
      groups, for example in alkenyloxy or alkoxyalkyl residues, may be branched
      or straight-chain. The expression "acyl" includes residues of aliphatic
      and aromatic carboxylic acids such as formic, acetic, propionic, butyric,
      valeric or benzoic acid.
PAR  The compounds of formula I in accordance with the invention and
      1,8a-dihydro derivatives of compounds I in which R.sup.3 represents methyl
      and R.sup.5 represents hydrogen, can be manufactured by cyclising a
      3-isopropenyl-1-methyl-1-cyclopentene having the general formula
      ##SPC6##
PAL  In an organic solvent and in the presence of a Lewis acid to give a
      compound of the formula
      ##SPC7##
PAL  Or
      ##SPC8##
PAL  And where appropriate
PA0  A. esterifying a compound of formula IV so obtained to give a compound of
      the formula
      ##SPC9##
PA1  Wherein R.sup.6 represents an acyl residue,
PAL  Or
PA0  B. etherifying a compound of formula IV so obtained to give a compound of
      the formula
      ##SPC10##
PA1  wherein R.sup.7 represents an alkyl, alkenyl or alkoxyalkyl group
PAL  or
PA0  c. oxidising a compound of formula IV so obtained to give a compound of the
      formula
      ##SPC11##
PAL  and, where appropriate, reacting the ketone so obtained with a Grignard
      compound of the formula
EQU  R.sup.1 --MgHal
PA1  wherein R.sup.1 is as defined above and Hal represents chlorine or bromine
PAL  and subsequently hydrolysing to a yield compound of the formula
      ##SPC12##
PAL  and where appropriate etherifying or esterifying a compound of formula VIII
      so obtained or hydrogenating a ketone of formula VII to give a compound
      having the formula
      ##SPC13##
PAL  or
PA0  d. hydrogenating a compound having the formula IV so obtained to give a
      compound having the formula
      ##SPC14##
PAL  or
      ##SPC15##
PAL  and where appropriate, esterifying or etherifying the compound of formulae
      XI or XII so obtained, wherein in the formulae given R.sup.1, R.sup.2 and
      R.sup.11 have the meanings given above in connection with formula I.
PAR  Organic solvents which may conveniently be used for the cyclisation of a
      3-isopropenyl-1-methyl-1-cyclopentene (XIII) to a compound of formula IV
      include apolar aliphatic and aromatic hydrocarbons such as e.g. pentane,
      hexane, cyclohexane, benzene and toluene. Preferred solvents for the
      cyclisation of a compound of formula XIII to a compound of formula III
      include nitrated aliphatic hydrocarbons, especially nitromethane and
      nitropropane. The reaction is preferably effected under anhydrous
      conditions. The solvent should therefore be as dry as possible, however
      small amounts of water or of hydrolysis products of the Lewis acids, such
      as for example HCl my be present. Preferred Lewis acids include titanium
      and tin tetrachloride. The cyclisation is conveniently carried out under
      an inert gas atmosphere (nitrogen, argon) and at temperatures from below
      room temperature up to room temperature. The especially preferred
      temperature range for the cyclisation yielding compounds of formulae IV is
      about 0.degree.-5.degree., that for cyclisations yielding compounds of
      formulae III about -40.degree. to -20.degree.C. Oxidation of a compound of
      formula IV to a compound of formula VII can likewise be effected in
      conventional manner for example a preferred oxidising agent is chromic
      acid in pyridine or in an acidic medium (Jones reagent).
PAR  The conversion of the ketone of formula VII into a compound of formula VIII
      by reaction with a Grignard compound and also the hydrogenation of
      compounds of formulae IV and VII to compounds of formulae XI or XII or IX
      or X may be effected in a conventional manner. The partial hydrogenation
      of compounds of formula VII or IV to compounds of formula IX or XI can be
      effected catalytically with the uptake of one equivalent of hydrogen, for
      example in the presence of platinum oxide or palladium, while the
      compounds of formula X or XII can be obtained either directly from the
      compounds of formulae VII or IX by catalytic hydrogenation, for example
      with a noble metal catalyst in an inert organic solvent, or alternatively
      from the already partially hydrogenated compounds IX or XI.
PAR  Etherification or esterification of a compound of formula IV which may be
      effected after the cyclisation reaction as well as etherification or
      esterification of a compound of formula VIII may be effected by
      conventional methods.
PAR  The compounds of formula I in accordance with the invention are
      characterised by particular odoriferous qualities and can accordingly be
      used as odorants in perfumery, for example for the manufacture or for the
      odoriferous modification of odorant compositions such as perfumes, perfume
      bases etc by addition of olfactorily perceptible amounts, e.g. 0.1-10
      wt.%, to a mixture of known odorants. The compounds can also be used for
      the perfuming of commercial and cosmetic products of all kinds, e.g. of
      solid and liquid detergents, synthetic washing agents, aerosols, soaps,
      creams, lotions etc. e.g. in concentrations of about 0.002-0.1 wt.%.
PAR  The starting compounds of formula XIII may be prepared by reacting a
      compound of the formula
      ##SPC16##
PAL  in the presence of an acid catalyst with an enol ether of the formula
      ##SPC17##
PAL  or a corresponding ketal of the formula
      ##SPC18##
PAL  wherein
PA1  R represents a lower alkyl residue and
PA1  R.sup.2 and R.sup.11 have the meanings given above.
DETD
PAR  The invention will now be illustrated with reference to the following
      Examples.
PAC  EXAMPLE 1
PAR  To a solution, cooled to 0.degree., of 57 g of
      3-isopropenyl-1-methyl-2-(3-oxopropyl)-1-cyclopentene in 3 l of absolute
      benzene and 800 ml of absolute ether were added dropwise under a nitrogen
      atmosphere within 30 minutes 900 ml of a 0.5 M solution of tin
      tetrachloride in benzene. The mixture was stirred for a further 30 minutes
      at 5.degree., whereby it became red coloured, then treated at 0.degree.
      with saturated sodium carbonate solution up to an alkaline reaction and
      suction filtered. The benzene solution was washed with saturated sodium
      carbonate solution and water, dried with anhydrous sodium sulphate and
      evaporated under reduced pressure. The crude product obtained was
      fractionated on a short column with the addition of 2 g of anhydrous
      potash. There were obtained 41 g (yield 72%) of
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.5 90.degree.-92.degree. ; n.sub.D.sup.20 = 1.5233;
      IR(film):.nu..sub.max = 3450, 3090, 1640, 1450, 1440, 1380, 1200, 1155,
      1098, 1080, 1060, 1030, 942, 890, 775 cm.sup..sup.-1. The compound has a
      flowery, camphorous, woody odour.
PAC  EXAMPLE 2
PAR  To a solution, cooled to 0.degree., of 19.2 g of
      2-(2-formylpropyl)-3-isopropenyl-1-methyl-1-cyclopentene in 1500 ml of
      absolute benzene and 300 ml of absolute ether were added under a nitrogen
      atmosphere and vigorous stirring 300 ml of a 0.5 M benzene tin
      tetrachloride solution. The colourless solution was stirred for a further
      30 minutes at 0.degree. to 5.degree. and then treated with an excess of
      cold saturated sodium carbonate solution. After extraction with ether, the
      organic phase was washed with sodium carbonate solution and water, dried
      with magnesium sulphate and evaporated under reduced pressure. There were
      obtained 20.5 g of an oily crude product which, after distillation under a
      pressure of 0.005 mm Hg, yielded 17 g of pure
      6-hydroxy-1,7-dimethyl-4-methylene-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.005 ca 70.degree.; IR(film):.nu..sub.max = 3550/3500, 3090,
      1635, 1450, 1435, 1375, 1320, 1190, 1160, 1145, 1100, 1060, 1040, 1030,
      998, 972, 948, 925, 900, 775 cm.sup..sup.-1. The compound has a
      camphorous, woody odour.
PAC  EXAMPLE 3
PAR  To a solution, cooled to 0.degree., of 10 g of
      2-(2-formyl-3-methylbutyl)-3-isopropenyl-1-methyl-1-cyclopentene in 800 ml
      of absolute benzene and 200 ml of absolute ether were added under a
      nitrogen atmosphere and vigorous stirring 150 ml of 0.5-M benzene tin
      tetrachloride solution. The mixture was stirred for a further 30 minutes
      at 6.degree. and treated with an excess of saturated ice-cold sodium
      carbonate solution. After extraction with ether, the organic phase was
      washed with sodium carbonate solution and water, dried with magnesium
      sulphate and evaporated under reduced pressure. There were obtained 11.2 g
      of a yellow oil which, after distillation, yielded 9.2 g of pure
      6-hydroxy-7-isopropyl-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulen
     e; b.p..sub.0.01 76.degree.-77.degree.; IR(film):.nu..sub.max = 3550/3460,
      3080, 1635, 1455, 1438, 1382, 1365, 1325, 1195, 1160, 1030, 900
      cm.sup..sup.-1. The substance has a woody, camphorous odour.
PAC  EXAMPLE 4
PAR  500 mg of platinum oxide were pre-hydrogenated in 300 ml of ethanol. After
      addition of 2.14 g of
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene, the
      mixture was hydrogenated until hydrogen was no longer taken up. The
      reaction mixture was filtered, the filtrate evaporated and the crude
      product distilled under reduced pressure in a bulb-tube. There were
      obtained 1.3 g of pure
      6-hydroxy-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene; b.p..sub.0.001
      ca 85.degree.; IR(film):.nu..sub.max 3380, 1460, 1440, 1095, 1078,
      1035/30, 985/75, 940 cm.sup..sup.-1. The substance has a woody, flowery,
      fresh green odour.
PAC  EXAMPLE 5
PAR  3.6 g of 6-hydroxy-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene were
      hydrogenated in 25 ml of ethanol with 500 mg of palladium-on-carbon (10%).
      The reaction mixture was filtered, the filtrate evaporated and distilled
      under reduced pressure in a bulb-tube. There were obtained 2.5 g of
      6-hydroxy-1,4-dimethyl-perhydroazulene; b.p..sub.0.005 ca 82.degree.;
      IR(film):.nu..sub.max = 3360, 1460, 1375, 1030, 975 cm.sup..sup.-1. The
      compound has a fresh, woody, earthy odour somewhat reminiscent of vetiver.
PAC  EXAMPLE 6
PAR  A solution, cooled to -10.degree., of 26.7 g of
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 1500 ml
      of acetone was treated dropwise within 30 minutes with 65 ml of Jones
      reagent (172 mM CrO.sub.3). The mixture was poured on to excess ice-cold
      bicarbonate solution with exhaustively extracted with ether. The organic
      phase was washed with bicarbonate solution and water, dried with anhydrous
      magnesium sulphate and concentrated under reduced pressure. The crude
      product which was obtained in the form of a yellow oil, was fractionated
      under reduced presdure and yielded 20.5 g (yield 77%) of pure
      1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.005 62.degree.-65.degree.; IR(film).nu..sub.max = 3090, 1708,
      1640, 1450/38, 1345, 1322, 1305, 1262, 1240, 1195, 1140, 1108, 950, 900,
      800 cm.sup..sup.-1. The compound has a herb-like, camphorous, terpin
      oil-like odour.
PAC  EXAMPLE 7
PAR  528 mg of 1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene were
      hydrogenated in 20 ml of ethyl acetate with the aid of 200 mg of
      palladium-on-calcium carbonate (5%). After hydrogen untake was completed
      the mixture was filtered off from the catalyst, the filtrate concentrated
      under reduced pressure and distilled. There was obtained pure
      1,4-dimethyl-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene, b.p..sub.0.06
      60.degree.; IR(film):.nu..sub.max = 1700, 1450, 1378, 1250, 1190
      cm.sup..sup.-1. The compound has a woody, earthy, camphorous  odour.
PAC  EXAMPLE 8
PAR  176 mg of 1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene were
      hydrogenated in 15 ml of ethanol with 175 mg of palladium-on-carbon (5%).
      After hydrogen uptake was completed the mixture was filtered off from the
      catalyst, the filtrate evaporated and distilled in vacuum. There was
      obtained pure 1,4-dimethyl-6-oxo-perhydroazulene; b.p..sub.0.05
      60.degree.; IR(film):.nu..sub.max = 1700, 1460, 1375, 1335, 1250, 1180,
      980, 850 cm.sup..sup.-1. The compound has a camphorous, herby, woody
      odour.
PAC  EXAMPLE 9
PAR  A solution, cooled to -10.degree., of 1.10 g of
      6-hydroxy-7-isopropyl-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulen
     e (isomer A) in 50 ml of acetone was treated within 10 minutes with 2 ml of
      Jones reagent (5.3 mM CrO.sub.3) and the reaction mixture obtained then
      poured on to ice-cold bicarbonate solution. Extraction with ether, washing
      the extracts with bicarbonate solution and water, drying with sodium
      sulphate, concentration and distillation under reduced pressure yielded
      990 mg (yield 90%) of
      7-isopropyl-1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene
      (isomer A) in the form of a colourless oil; b.p..sub.0.01 ca 75.degree.;
      IR(film):.nu..sub.max = 3100, 1708, 1642, 1460, 1440, 1390, 1370, 1255,
      1205, 1140, 1090 1062, 1005, 970, 900, 800 cm.sup..sup.-1. The compound
      has a sweet, spicy, woody odour. In analogous manner there were obtained
      from 1.10 g of the B-isomer of
      6-hydroxy-7-isopropyl-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulen
     e, 890 g (yield 81%) of the B-isomer of the corresponding
      6-oxo-octahydroazulene; b.p..sub.0.01 ca 75.degree.; IR(film):
      .nu..sub.max = 1390, 1710, 1642, 1470/60/40, 1390, 1370, 1265, 1180, 1092,
      1062, 1000, 970, 900 cm.sup..sup.-1. The compound has a fresh woody,
      slightly spicy, camphorous odour.
PAC  EXAMPLE 10
PAR  To a Grignard solution, prepared from 6.0 g of magnesium chips in 600 ml of
      absolute ether and 35.4 g of methyl iodide, was added dropwise a
      concentrated ethereal solution of 9.68 g of
      1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8 -octahydroazulene. The mixture
      was heated under reflux for 3 hours, cautiously treated with excess
      ammonium chloride solution and extracted with ether. The ethereal phase
      was washed with bicarbonate solution and water, dried with magnesium
      sulphate and concentrated under reduced pressure. The crude
      6-hydroxy-1,6-dimethyl-4-methylene-2,3,3a,4,5,6,7,8-octahydroazulene (11
      g), which was obtained in the form of a yellow oil, was fractionated under
      high vacuum, resulting in a separation of the two epimeric alcohols.
PAR  A much better separation of the two epimers is, however, achieved by
      chromatography of the entire fraction (9.95 g = 94% yield; b.p..sub.0.005
      50.degree.-60.degree.) on 25-times amount of Florisil (magnesium silicate
      gel) with hexane and and hexane/ether (95:5). Epimer A: b.p..sub.0.05 ca
      60.degree.; IR(film):.nu.max = 3600/3550, 3120, 1640, 1460, 1445, 1385,
      1335/25, 1260, 1248, 1175, 1125, 1062, 978, 960, 945, 910/900, 860, 780
      cm.sup..sup.-1. The compound has a woody, spicy, camphorous odour. Epimer
      B: m.p. 54.degree.; IR(film):.nu..sub.max = 3400, 3120, 1645, 1460/50,
      1382, 1150/40, 1115, 1070, 1050, 965, 900, 770 cm.sup..sup.-1. The
      compound has a spicy, slightly musty odour reminiscent of vetiver.
PAC  EXAMPLE 11
PAR  To a Grignard solution, prepared from 1 g of magnesium chips activated with
      1 g of iodine, 5 ml of 2-bromopropene and about 100 ml of tetrahydrofuran,
      were added over 10 minutes 1.76 g of
      1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene. The mixture
      was stirred vigorously for 30 minutes, cooled to 0.degree. and treated
      with excess ice-cold ammonium chloride solution. The mixture was then
      extracted with ether, the organic extract washed with carbonate solution
      and water, dried over magnesium sulphate and concentrated under reduced
      pressure. The crude product (2.6 g), which was obtained in the form of a
      yellow oil, was distilled under high vacuum and yielded 1.6 g (yield 76%)
      of pure
      6-hydroxy-6-isopropenyl-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazul
     ene; b.p..sub.0.1 ca 100.degree. IR(film):.nu..sub.max = 3550, 3090, 1640,
      1450/40, 1378, 1330, 1220, 1165, 1105, 1065, 1038, 900/895, 780
      cm.sup..sup.-1. The compound has a woody, slightly camphorous, somewhat
      spicy odour.
PAC  EXAMPLE 12
PAR  To a solution of vinyl magnesium bromide in tetrahydrofuran, prepared from
      1.2 g of magnesium chips activated with iodine and 8 ml of vinyl bromide,
      was added dropwise over 10 minutes a solution of 1.76 g of
      1-methyl-4-methylen-6-oxo-2,3,3a,4,5,6,7,8-octahydroazulene in 10 ml of
      tetrahydrofuran. After 1 hours stirring under reflux, the mixture was
      treated with excess cold ammonium chloride solution and extracted with
      ether. The organic phase was washed neutral with water, dried and
      concentrated under reduced pressure. There were obtained 2.4 g of a yellow
      oily crude product, which was chromatographed on 30-fold the amount of
      Florisil (magnesium silicate gel) with hexane. Yield 1.75 g (80%) of pure
      6-hydroxy-1-methyl-4-methylene-6-vinyl-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.05 ca 60.degree.; IR(film):.nu..sub.max = 3600/3550, 3120,
      1640, 1460, 1445, 1415, 1385, 1335, 1255, 1230, 1175, 1135, 1105, 1075,
      1038, 1980, 930, 910, 860, 780 cm.sup..sup.-1. The substance has a
      flowery, slightly musty odour slightly cineol-like.
PAC   EXAMPLE 13
PAR  8.9 g of 6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene
      were heated under reflux for 16 hours in 150 ml of absolute benzene with
      3.6 g of sodium hydride (50% in paraffin oil). After addition of 9.8 ml of
      diethyl sulphate at 10.degree., the reaction mixture was stirred for a
      further 8 hours at reflux, poured on to ice-cold 20% citric acid solution
      and extracted with ether. The ethereal extract was washed with bicarbonate
      solution and water, dried and concentrated under reduced pressure. There
      were obtained 10.3 g of an oily crude product which was fractionated under
      high vacuum. The fraction (8.25 g = 80% yield) passing over at a pressure
      of 0.01 mm Hg between 59.degree.  and 64.degree. was pure
      6-ethoxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene;
      IR(film):.nu..sub.max =  3090, 1642, 1455/1440, 1370, 1345,
      1125/1105/1095/1080, 1025, 890, 768 cm.sup..sup.-1. The compound smells
      fresh, green, flowery, woody, spicy.
PAC  EXAMPLE 14
PAR  In analogous manner to Example 13 there was prepared from
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene and
      dimethyl sulphate,
      1-methyl-4-methylene-6-methoxy-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.05 ca 60.degree.; IR(film):.nu..sub.max = 3090, 1640, 1455,
      1440, 1380/65/55, 1240, 1195/85/75, 1140, 1105/1100, 1020, 890, 770/65
      cm.sup..sup.-1. The substance has a woody, camphorous odour.
PAC  EXAMPLE 15
PAR  To a solution, cooled to -25.degree., of 7.68 g of
      3-isopropenyl-1-methyl-2-(3-oxobutyl)-1-cyclopentene in 600 ml of
      nitromethane were added with stirring over of 7 minutes 120 ml of a 0.5-M
      solution of tin tetrachloride in nitromethane. The mixture was stirred for
      a further 5 minutes at -25.degree.and then treated immediately with excess
      saturated bicarbonate solution. After extraction with ether, washing the
      organic phase so obtained with bicarbonate solution and water, drying with
      anhydrous sodium sulphate and removal of the solvent under reduced
      pressure, there were obtained 7.2 g of a yellow crude product which was
      distilled with addition of a small amount of dry potash. There were
      obtained 5.4 g (yield 70%) of pure 3a,
      6-epoxy-1,4,6-trimethyl-2,3,3a,4,5,6,7,8-octahydroazulene; b.p..sub.0.007
      ca 70.degree.; IR(film):.nu..sub.max = 1450, 1375, 1355, 1320, 1250/35,
      1105, 1080/75, 985, 950, 930, 895, 885/75 cm.sup..sup.-1. The odour of the
      compound is camphorous, woody, sweet.
PAR  The same reaction, performed in benzene at temperatures above room
      temperature, yielded, after chromatography of the crude product on
      Florisil (magnesium silicate gel), the epimeric 3a,6-epoxy-1,4,6-trimethyl
      compound as the main product; b.p..sub.0.005 ca 55.degree.;.nu..sub.max =
      1460/1450, 1380, 1360, 1335/1325, 1290, 1255, 1240, 1195, 1130, 1110,
      1088, 990, 975, 935, 890 cm.sup..sup.-1. This compound smells woody,
      cineol-like.
PAC  EXAMPLE 16
PAR  A solution of 3.56 g of
      6-hydroxy-1-methyl-3-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 75 ml
      of absolute benzene was stirred for 15 hours duration at 45.degree. with
      1.44 g of sodium hydride (50% paraffin paste, purified by washing with
      benzene). 2.42 g of chlorodimethyl ether were added dropwise at this
      temperature, whereupon the temperature rose to 60.degree.. After 20 hours
      stirring at reflux, the mixture was treated at 0.degree. with an excess of
      20% citric acid solution and extracted with ether. The ethereal phase was
      washed with water, dried, filtered through 40 g of Florisil (magnesium
      silicate gel) and concentrated under reduced pressure. The yellow oily
      crude product (3.9 g) was purified by chromatography on 30 times the
      amount of silica gel. By elution with methylene chloride pure
      6-methoxy-methyl-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene
      (2.15 g = 50% yield) was obtained and separated from a dimeric ether and
      the starting material; b.p..sub.0.03 82.degree.; IR(film):.nu..sub.max =
      3120, 1650, 1450, 1385/75/60, 1300, 1240, 1215, 1155, 1108, 1090, 1050,
      1025, 930, 900 770 cm.sup..sup.-1. The odour of the compound is, on the
      one hand, sweet, flowery, in the direction of lavender, on the other hand,
      spicy, sweet, slightly tarragon, basil-like.
PAC  EXAMPLE 17
PAR  To a solution, cooled to -40.degree., of 3.3 g of
      2-(2-formyl-3-methylbutyl)-3-isopropenyl-1-cyclopentene in 225 ml of
      nitromethane were added 45 ml of a 0.5-M solution of tin tetrachloride in
      nitromethane. The reaction mixture became intensely yellow in colour and
      an initially resulting precipitate dissolved again. The mixture was
      treated immediately with excess 2-N sodium carbonate solution and
      extracted with ether. After washing, the ethereal phase was dried in a
      conventional manner and the solvent was removed. Distillation under a high
      vacuum yielded 2.6 g of crude
      3a,6-epoxy-7-isopropyl-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene in
      the form of a colourless oil which could be separated by chromatography on
      40 times the amount of Florisil (magnesium silicate gel) with hexane/ether
      (19:1) into two pairs of epimers (A and B). Epimer A: b.p..sub.0.01 ca
      75.degree.; IR(film):.nu..sub.max = 1465/40, 1380, 1345, 1245, 1162, 1125,
      1108, 1080, 1050, 995, 965, 945, 910, 880 cm.sup..sup.-1. The odour is
      camphorous, woody. Epimer B: b.p..sub.0.01 ca
      80.degree.IR(film):.nu..sub.max = 1465/35, 1380, 1340, 1295, 1245,
      1200/1195, 1170, 1145, 1110, 1060, 1030, 1000, 990, 950, 925, 910, 878
      cm.sup..sup.-1. The odour is camphorous, dull.
PAC  EXAMPLE 18
PAR  9.6 g of 6-hydroxy-1,6-dimethyl-4-methyl-2,3,3a,4,5,6,7,8-octahydroazulene
      in 300 ml of absolute benzene were heated to reflux for 15 hours with 4.8
      g of sodium hydride (50% paraffin-containing paste, purified by washing
      with benzene). Then 95 ml of freshly distilled dimethyl sulphate were
      added at 40.degree.. The mixture was stirred at reflux for a further 7
      hours, cooled to 5.degree., treated with 20% citric acid solution and
      extracted with ether. The ethereal phase was washed with bicarbonate
      solution and water, dried in a conventional manner and concentrated under
      reduced pressure. The oily residue so obtained (12.5 g) was loaded onto
      125 g of silica gel and by elution with hexane there were obtained 7.65 g
      (74%) of 6-methoxy-1,6-dimethyl-4-methylen-2,3,3a,5,6,7,8-octahydroazulene
      which was then distilled in high vacuum; b.p..sub.0.02 ca 55.degree.;
      IR(film):.nu..sub.max = 3090, 1640, 1450/40, 1370, 1252, 1120, 1080, 890,
      835, 765/55 cm.sup..sup.-1. The compound has a camphorous, woody odour.
PAC  EXAMPLE 19
PAR  In analogous manner to Example 18 there were obtained from 2.0 g of
      6-hydroxy-1,7-dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 50
      ml of absolute benzene with 960 mg of sodium hydride and 1.9 ml of
      dimethyl sulphate, 1.6 g (75%) of pure 6-methoxy-1,7
      -dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene; b.p..sub.0.01 ca
      65.degree.; IR(film):.nu..sub.max = 3090, 1642, 1455, 1438, 1375, 1362,
      1200, 1140, 1100, 1040, 1025, 972, 950, 892 cm.sup..sup.-1. The compound
      smells camphorous, ester-like, woody.
PAC  EXAMPLE 20
PAR  To a solution of 17.8 g of
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 25 ml
      of pyridine were added dropwise at 0.degree. 25 ml of acetic anhydride.
      After 40 hours stirring at room temperature, the slightly brown solution
      was poured on to ice. The mixture was extracted with ether, the organic
      extract washed successively with cold 2-N hydrochloric acid, saturated
      bicarbonate solution and water, dried in a conventional manner and
      concentrated under reduced pressure. The crude product so obtained (20 g)
      was taken up in a small amount of pentane. By crystallization there were
      firstly obtained 13.3 g (60.5%) of
      6-acetoxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene. By
      distillation of the mother liquor there were obtained a further 6.65 g
      (30.3%) of crystalline acetate. M.p. 55.degree.; IR(KBr):.nu..sub.max =
      3080, 1730, 1640, 1450/40/30, 1375, 1365, 1300, 1260/50, 1225, 1158, 1110,
      1055, 1025, 992, 960, 920, 900/895, 865, 845, 795, 770, 695
      cm.sup..sup.-1. The compound has a flowery, rose-violet-like, faintly
      woody odour.
PAC  EXAMPLE 21
PAR  A solution of 2.5 g of
      6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 5 ml of
      pyridine and 50 ml of methylene chloride was treated at -10.degree. with
      1.73 ml of propionyl chloride. After 3 hours stirring, the solution was
      poured on to ice and worked up in a conventional manner. After
      distillation of the crude product under high vacuum, there were obtained
      3.15 g (96%) of pure
      1-methyl-4-methylene-6-propionyloxy-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.05 65-70.degree.; IR(film):.nu..sub.max = 1380, 1730, 1640,
      1460, 1440, 1375, 1340, 1270, 1190, 1158, 1080, 1018, 895 cm.sup..sup.-1.
      The compound has a woody, spicy, balsamic, slightly earthy odour.
PAC  EXAMPLE 22
PAR  2.67 g of 6-hydroxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene
      were treated at 0.degree. firstly with half of a mixture of 4.08 g of
      acetic anhydride, 1.84 g of formic acid and 37 mg of pyridine. The mixture
      was stirred for 24 hours at room temperature and with exclusion of light.
      Then the other half of the reagent was added and the mixture stirred for
      further 24 hours. The solution was poured on to a mixture of ice and
      sodium carbonate and worked up in a conventional manner. The crude product
      so obtained (3.18 g) was distilled under high vacuum and yielded 2.70 g
      (87%) of pure
      6-formyloxy-1-methyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.005 50.degree.; IR(film):.nu..sub.max = 3120, 1728, 1645,
      1460/45, 1190/82, 1015/1000, 905/900 cm.sup..sup.-1. The compound smells
      woody, cedar-like, slightly ionone-like.
PAC  EXAMPLE 23
PAR  A solution of 2.0 g of
      6-hydroxy-1,6-dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 5
      ml of pyridine and 50 ml of methylene chloride was treated at -10.degree.
      with 1.1 ml of acetyl chloride. The mixture was left to stand overnight at
      room temperature, then poured on to ice and worked up in a conventional
      manner. The crude product (3.1 g) which was obtained in the form of a
      brown oil, was chromatographed on 50 times the amount of silica gel. By
      elution with hexane/ether (19:1) there was obtained pure
      6-acetoxy-1,6-dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.01 ca 70.degree.; IR(film):.nu..sub.max = 3090, 1735, 1640,
      1445, 1368, 1270/50/30, 1095, 1065, 1020, 905/900 cm.sup..sup.-1. The
      compound has a flowery odour with a woody undertone.
PAC  EXAMPLE 24
PAR  A solution of 1.536 g of
      6-hydroxy-1,7-dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene in 2.5
      ml of pyridine was treated with 2 ml of acetic ahhydride and the mixture
      left to stand for 40 hours at room temperature. The reaction mixture was
      poured on to ice and worked up in a conventional manner. The crude product
      obtained (2g) was chromatographed on 50 times the amount of silica gel. By
      elution with hexane/ether (20:1) there was obtained
      6-acetoxy-1,7-dimethyl-4-methylen-2,3,3a,4,5,6,7,8-octahydroazulene (yield
      80%); b.p..sub.0.01 ca 65.degree.; IR(film):.nu..sub.max = 3090, 1735,
      1640, 1450/38, 1378, 1245, 1162/58, 1140, 1100, 1025, 985, 950/42, 895,
      770 cm.sup..sup.-1. The compound has a tenacious, woody, flowery odour.
PAC  EXAMPLE 25
PAR  To a solution, cooled to -35.degree., of 4.45 g of
      3-isopropenyl-1-methyl-2-(3-oxopropyl)-1-cyclopentene in 300 ml of
      absolute nitromethane were added dropwise under a nitrogen atmosphere 75
      ml of a 0.5 molar benzene tin tetrachloride solution. During the reaction
      the temperature of the reaction mixture rose to about -25.degree.. The
      mixture was then treated at this temperature with 2% soda solution in
      excess and extracted with ether. The ethereal extract was washed with
      water till neutral dried in a conventional manner and concentrated; 4.15 g
      of a red oily product being obtained. Vacuum distillation yielded 1 g of
      pure 3a,6-epoxy-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene;
      b.p..sub.0.1 ca 80.degree.; IR(film):.nu..sub.max = 1460, 1440, 1375,
      1328, 1310, 1242, 1180, 1110, 1080, 1070, 1050, 1035, 1002, 980, 940, 925,
      910, 875, 770 cm.sup..sup.-1. By chromatography on Kieselgel the product
      obtained by distillation can be readily obtained in still higher purity.
      The compound has a woody, camphorous terpene oil-like odour.
PAC  EXAMPLE 26
PAR  Odorant composition (fougere type).
TBL  ______________________________________                                    

                          Parts by weight                                      

     ______________________________________                                    

     Lavender oil           200                                                

     Bergamotte oil         100                                                

     Petitgrain oil Paraguay                                                   

                            30                                                 

     Undecanal (10% in phthalic acid                                           

     diethyl ester)         10                                                 

     Dodecanal (10% in phthalic acid                                           

     diethyl ester          20                                                 

     Geranium oil Bourbon   20                                                 

     Ylang-Ylang oil        20                                                 

     Jasmin absolu synthetic                                                   

                            30                                                 

     Geraniol pure          30                                                 

     Vetiver oil Bourbon    20                                                 

     .alpha.-Ionone         80                                                 

     .alpha.-Methylionone   50                                                 

     4-Tert.-butyl-2,6-dimethyl-3,5-                                           

     dinitro-acetophenone   50                                                 

     4-Tert.-butyl-3-methoxy-2,6-                                              

     dinitrotoluene         30                                                 

     Coumarin               70                                                 

     Patchouli oil          20                                                 

     Mousse de Chene soluble                                                   

                            20                                                 

     Resinoid Labdanum      10                                                 

     Sandalwood oil East Indian                                                

                            20                                                 

     Isobutylsalicylate     20                                                 

     Phenylethyl alcohol    100                                                

     6-Acetoxy-1-methyl-4-methylen-                                            

     2,3,3a,4,5,6,7,8-octahydroazulene                                         

                            50                                                 

                            1000                                               

     ______________________________________                                    

PAC  EXAMPLE 27
PAR  Odorant composition I (Invented note, slightly flowery theme with
      woody-spicy foundation).
TBL  ______________________________________                                    

                          Parts by weight                                      

     ______________________________________                                    

     Bergamotte oil         110                                                

     Lemon oil Italian      50                                                 

     Petitgrain oil Paraguay                                                   

                            50                                                 

     Lavender oil           50                                                 

     .alpha.-Methylbenzylacetat                                                

                            20                                                 

     Rhodinol 70 Givaudan   50                                                 

     Baccartol Givaudan     50                                                 

     p.Tert.-butyl-.alpha.-methylhydro-                                        

     cinnamaldehyde         20                                                 

     Undecanal (10% in phthalic acid                                           

     diethyl ester)         10                                                 

     2-Methylundecanal (10% in phthalic                                        

     acid diethyl ester)    20                                                 

     cis-3-Hexenylbutyrate  5                                                  

     Isoraldeine Givaudan   50                                                 

     Vetiveryl acetate      100                                                

     Fluve Odorante absolu (20% in                                             

     phthalic acid diethyl ester)                                              

                            150                                                

     Sandela Givaudan       100                                                

     Ambreine pure Givaudan 20                                                 

     Coumarin               25                                                 

     Calamus oil            15                                                 

     Eugenol                5                                                  

     Jasmin absolu synthetic                                                   

                            40                                                 

     6-Hydroxy-1,1,6-dimethyl-4-methyln-                                       

     2,3,3a,4,5,6,7,8-octahydroazulene                                         

                            60                                                 

                            1000                                               

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  Odorant composition (lavender type)
TBL                       Parts by weight                                      

     ______________________________________                                    

     Coumarin               5                                                  

     Tonka beans resinoid   15                                                 

     Ethylene-brassilate    20                                                 

     Oil of thyme red (10% in phthalic                                         

     acid diethyl ester)    10                                                 

     Cyclamen aldehyde (10% in phthalic                                        

     acid diethyl ester)    25                                                 

     Undecylenaldehyde (1% in phthalic                                         

     acid diethyl ester)    30                                                 

     Isoraldeine Givaudan   25                                                 

     Ethyllinalyl acetate   60                                                 

     Bergamotte oil Reggio  50                                                 

     Lavender oil 22/24     80                                                 

     p-Tert.-butylcyclohexyl acetate                                           

                            100                                                

     Menthanyl acetate      100                                                

     Lavendar oil 38/40     400                                                

     3a,6-Epoxy-7-isopropyl-1,4-dimethyl-                                      

     2,3,3a,4,5,6,7,8-octahydroazulene                                         

                            80                                                 

                            1000                                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC19##
PAL  wherein
PA1   R.sup.2 represents hydrogen or lower alkyl and
PA1  R.sup.11 represents hydrogen or lower alkyl.
NUM  2.
PAR  2. A process for the production of a compound having the formula
      ##SPC20##
PAL  wherein R.sup.2 and R.sup.11 each represents hydrogen or a lower alkyl
      group, which comprises cyclising a 3-isopropenyl-1-methyl-1-cyclopentene
      having the general formula
      ##SPC21##
PAL  in an organic solvent and in the presence of a Lewis acid.
NUM  3.
PAR  3. 3a,6-Epoxy-1,4,6-trimethyl-2,3,3a,4,5,6,7,8-octahydroazulene.
NUM  4.
PAR  4. 3a,6-Epoxy-7-isopropyl-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene.
NUM  5.
PAR  5. 3a,6-Epoxy-1,4-dimethyl-2,3,3a,4,5,6,7,8-octahydroazulene.
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ABST
PAL  14-Chloro and 13-14 dehydro PG.sub.2 analogues have been prepared.
BSUM
PAR  This invention relates to prostanoic acid derivatives, to processes for
      making them, to pharmaceutical compositions containing them and to novel
      intermediates useful in the processes.
PAR  The natural prostaglandins are C-20 unsaturated, non-aromatic fatty
      hydroxylic carboxylic acids in which C.sub.8 and C.sub.12 are linked to
      form a five-membered ring. The basic carbon skeleton of prostanoic acid
      has the following structure:
      ##SPC1##
PAL  In the body, prostaglandins are synthesized from C-20 essential fatty acids
      by a microsomal enzymatic system.
PAR  The natural prostaglandins are known to have various physiological
      properties, i.e. hypertensive, hypotensive and smooth muscle stimulating
      activity. They also inhibit and reverse blood platelet adhesiveness and
      aggregation, which is the initial stage of thrombosis.
PAR  In general, the effects of prostaglandins are based on regulating the
      activity of smooth muscle, blood flow and secretion (including some
      endocrine gland secretions). Through these actions, they are able to
      affect many aspects of human physiology: in particular, they can be useful
      in the prevention of peptic ulcers, asthmatic access, hypertension, nasal
      congestion, as agents for abortion, as agents for inducing menstruation
      and the impediment of the implantation of a fertilized ovum, and
      furthermore prostaglandins have been used in parturition to facilitate
      childbearing labour. Natural prostaglandins are, however, rapidly
      converted in the body to pharmacologically inactive metabolites; their
      short half life (about 10 minutes) is a hindrance to the use of natural
      prostaglandins as therapeutic agents. Dehydrogenation of the allylic
      hydroxy function at C-15 which is present in all the naturally occurring
      prostaglandins, by 15-hydroxy-prostaglandin dehydrogenases (NAD-dependent
      enzymes), is the first and more important metabolic step:
      ##SPC2##
PAL  This first degradation step, involving the conversion into
      .DELTA..sup.13(14) -15-keto prostaglandins, transforms the prostaglandins
      into pharmacologically inactive metabolites [Anggard E., Acta Physiol.
      Scand., 66, 509 (1966); Kloeze J. Biochim. Biophys. Acta. 187, 285
      (1969)]. We have therefore synthetised, and they are object of this
      invention, new prostaglandin type compounds, wherein some molecular
      modifications are present, in order to obtain a favourable effect on
      biological parameters and to maintain a prostaglandin-like activity. More
      particularly, the invention provides pure optically active or racemic
      prostanoic acid derivatives, all of whiich have a reduced metabolic
      degradation rate compared with natural prostaglandins thus allowing an
      efficient therapeutic action at lower dosages.
PAR  The prostanoic acid derivatives of this invention can be used in the same
      applications as the natural prostaglandins discussed hereinbefore. The
      compounds of the invention are those of general formulas
      ##SPC3##
PAL  And the racemates thereof,
PAL  Wherein R is a hydrogen atom, a pharmaceutically acceptable cation of a
      C.sub.1.sub.-12 alkyl group; R.sub.1 is --CH.sub.2 CH.sub.2 --,
      --OCH.sub.2 --, --SCH.sub.2 --, --CH=CH-- or --C.tbd.C--; one of R.sub.2
      and R.sub.3 is a hydrogen atom and the other is a hydroxy group or R.sub.2
      and R.sub.3 together form an oxo group; A is
      ##EQU1##
      or -C.tbd.C-; one of R.sub.4 and R.sub.5 is a hydrogen atom and the other
      is a hydroxy group; R.sub.6 is a hydrogen atom or a C.sub.1.sub.-4 alkyl
      group; n is 3 or 4; and wherein the chains bound to the carbon atoms in
      the 8-position and in the 12-position have the trans-configuration. The
      double bond in the 5(6)-position is a cis-double bond. In the group
      ##EQU2##
      the double bond is a trans-double bond. When R.sub.1 is --CH=CH--, it may
      be either cis--CH=CH-- or trans--CH=CH--.
PAR  In the formulae of this specification the broken lines indicate that the
      substituents are in the .alpha.-configuration, i.e. are below the plane of
      the ring or, respectively, of the chain, while the wavy line attachment (
      ) indicates that the groups may be either in the .alpha.-configuration,
      i.e. below the plane of the ring, or in the .beta.-configuration, i.e.
      above the plane of the ring.
PAR  As stated above, the chains bound to the carbon atoms in the 8-position and
      in the 12-position must have the trans-configuration, i.e. these chains
      cannot be contemporaneously both in the .alpha.-configuration or both in
      the .beta.-configuration, but, when one of them is in the
      .alpha.-configuration, the other is in the .beta.-configuration and
      viceversa. As is evident from formulae (I) and (II), the hydroxy group
      linked to the carbon atom in the 15 -position may be either in the
      .alpha.-configuration
      ##EQU3##
      or in the .beta.-configuration
      ##EQU4##
PAR  As stated above, object of the invention are either optically active
      compounds or racemic compounds.
PAR  Compounds of the invention are therefore either optically active compounds
      having the general formulas
      ##SPC4##
PAL  and their racemates,
PAL  or optically active compounds having the general formulas
      ##SPC5##
PAL  and their racemates. Preferred compounds of the invention are those of
      general formula (I) wherein R.sub.1 is --CH.sub.2 CH.sub.2 -- or
      --OCH.sub.2 --. Examples of specific compounds of the invention are:
PA1  5c,13t-14-chloro-9.alpha. ,11.alpha.,15S-trihydroxy-prostadienoic acid;
PA1  5c,13t- 14-chloro-9.alpha.,
      11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic acid;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-5,10,13-trienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10,13-trienoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prosten-13-ynoic acid;
PA1  5c-9.alpha.11.alpha.,15R-trihydroxy-prosten-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-2.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-20107 -homo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid;
PA1  5c-16-methyl-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid;
PA1  5c-15S-hydroxy-9-oxo-20.omega.-homo-prosta-5,10-dien-13-ynoic acid;
PA1  5c-15S-hydroxy-3-oxa-9-oxo-prosta-5,10-dien-13-ynoic acid;
PA1  5c-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10-dien-13-ynoic acid;
PA1  5c-16-methyl-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10-dien-13-ynoic acid;
PA1  5c-15S-hydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosta-5,10-dien-13-ynoic
      acid;
PA1  5c-15S-hydroxy-9-oxo-3-oxa-8,12-diiso-prosta-5,10-dien-13-ynoic acid;
PAR  The .omega.-homo compounds are those wherein n is 4.
PAR  The compounds of general formulas (I) and (II) may be prepared by a process
      comprising reacting an optically active or racemic compound of general
      formula (III)
      ##SPC6##
PAL  wherein R.sub.6, n and A are as defined above, one of R'.sub.4 and R'.sub.5
      is a hydroxy or a known protecting group bound to the chain by an ethereal
      oxygen atom, and the other is a hydrogen atom, Y is a hydroxy or a known
      protecting group bound to the ring by an ethereal oxygen atom and wherein
      the lactolic ring is in the trans-configuration in respect of the
      hydroxy-aliphatic side chain,
PAL  with a Wittig reagent comprising the group --CH.sub.2 CH.sub.2 --R.sub.1
      --COOR, wherein R.sub.1 is as defined above and R is a hydrogen atom or a
      C.sub.1.sub.-12 alkyl group, to give a compound of general formula (IV)
      ##SPC7##
PAL  wherein R, R.sub.1, Y, A, R'.sub.4, R'.sub.5, R.sub.6 and n are as defined
      above, and wherein one of R.sub.2 and R.sub.3 is a hydroxy group and the
      other is a hydrogen atom, and then deetherifying in the 11-and/or
      15-position the compound of formula (IV) wherein Y is a known protecting
      group as defined above and/or one of R'.sub.4 and R'.sub.5 is a known
      protecting group as defined above and the other is a hydrogen atom and
      then, if desired, oxidizing in the 9-position the compound of general
      formula (IV) wherein Y is a known protecting group as defined above and
      one of R'.sub.4 and R'.sub.5 is a known protecting group as defined above
      and the other is a hydrogen atom, so obtaining a compound of general
      formula (V)
      ##SPC8##
PAL  wherein
PA1  R, r.sub.1, a, r.sub.6 and n are as defined above, Y is a known protecting
      group as defined above, and one of R'.sub.4 and R'.sub.5 is a known
      protecting group as defined above and the other is a hydrogen atom, which,
      in turn, may be either directly deetherified in the 11- and 15-positions,
      to give, according to the reaction conditions used, a compound of general
      formula (I), wherein R.sub.2 and R.sub.3 together form an oxo group, or a
      compound of general formula (II), or reduced in the 9-position to give a
      mixture of the 9.alpha.- and 9.beta.-ols of general formulas (VI) and
      (VII)
      ##SPC9##
PAL  wherein R, R.sub.1, A, R.sub.6 and n are as defined above, Y is a known
      protecting group as defined above and one of R'.sub.4 and R'.sub.5 is a
      known protecting group as defined above and the other is a hydrogen atom,
      which mixture is then, in any order, separated and deetherified in the 11-
      and 15-positions, so obtaining a compound of general formula (I), wherein
      one of R.sub.2 and R.sub.3 is a hydroxy group and the other is a hydrogen
      atom. Compounds of formula (IV) wherein A is
      ##EQU5##
      can be converted into compounds of formula (IV) wherein A is --C.tbd.C--.
      The conversion may be performed, for example, by using an excess of
      tert-BuOK (e.g. 2.1 to 3 moles) in a suitable organic solvent, for example
      dimethylsulphoxide. Compounds wherein R is a hydrogen atom can be
      esterified or reacted with a pharmaceutical acceptable base, according to
      the usual methods of organic chemistry, to give compounds wherein R is,
      respectively, a C.sub.1.sub.-12 alkyl group or a pharmaceutically
      acceptable cation.
PAR  Examples of pharmaceutical acceptable cations are either metallic cations,
      such as sodium, potassium, calcium, aluminium and the like, or organic
      amine cations such as, e.g., trialkylamines.
PAR  Compounds of formula (I) wherein one of R.sub.2 and R.sub.3 is a hydrogen
      atom and the other is a hydroxy group, and wherein R is a C.sub.1.sub.-12
      alkyl group, can be hydrolysed to give compounds of formula (I) wherein
      R.sub.2 and R.sub.3 have the same meanings and R is a hydrogen atom. The
      reaction can be performed according to the usual methods of organic
      chemistry, as is known to those skilled in the art.
PAR  Compounds of formula (I), wherein R.sub.2 and R.sub.3 together form an oxo
      group and wherein R is a C.sub.1.sub.-12 alkyl group, and compounds of
      formula (II), wherein R is a C.sub.1.sub.-12 alkyl group, can be
      hydrolysed to give compounds of formula (I) wherein R.sub.2 and R.sub.3
      together form an oxo group and wherein R is a hydrogen atom or,
      respectively, to give compounds of formula (II) wherein R is a hydrogen
      atom by enzymatic way, for example by using yeast esterase. In the
      compounds (IV) to (VII), which may be either optically active or racemic
      compounds, the chains attached to the carbon atoms in the 8-position and
      in the 12-position, respectively, are always in the trans-configuration.
PAR  As stated above, as starting material of formula (III) may be used either
      an optically active or a racemic lactol.
PAR  In the lactol of formula (III), the two bonds of the lactolic ring
      indicated by the wavy line attachment ( ) are in the cis-configuration,
      i.e. they are contemporaneously both below the plane of the cyclopentane
      ring or both above the plane of the cyclopentane ring, while, as stated
      above, the side chain is in the trans-configuration in respect of the
      lactolic ring, i.e. it is below the plane of the cyclopentane ring when
      the lactolic ring is above the plane of the cyclopentane ring, and
      viceversa. The lactolic hydroxy group may be either in the
      .alpha.-configuration, i.e. below the plane of the lactolic ring, or in
      the .beta.-configuration, i.e. above the plane of the lactolic ring.
PAR  The starting material may therefore be either a compound of formula
      ##SPC10##
PAL  or a racemate thereof.
PAR  When the compound (IIIa) is used as starting material, a compound (IV) is
      obtained wherein R.sub.2 is a hydrogen atom and R.sub.3 is a hydroxy
      group. When the compound (IIIb) is used as starting material, a compound
      (IV) is obtained wherein R.sub.2 is a hydroxy group and R.sub.3 is a
      hydrogen atom. The known protecting groups (i.e. ether groups) should be
      convertible to hydroxy groups under mild reaction conditions, e.g. acid
      hydrolysis. Examples are acetalic ethers, enolethers and silylethers. The
      preferred groups are (CH.sub.3).sub.3 SiO--,
      ##SPC11##
PAL  wherein W is --O-- and --CH.sub.2 --, and Alk is a lower alkyl group. The
      Wittig reaction is suitable carried out using at least one mole,
      preferably 2-10 moles, of the Wittig reagent per mole of lactol.
PAR  The reaction is generally performed in an organic solvent, for example,
      diethylether, hexane, dimethylsulphoxide, tetrahydrofuran,
      dimethylformamide, hexamethylphosphoramide, in presence of a base,
      preferably sodium hydride and potassium tert.-butoxide, at 0.degree.C to
      the reflux temperature of the reaction mixture, preferably at room
      temperature or below. The reaction can take a few minutes to several days
      depending on the temperature and concentration of the reaction mixture and
      the specific Wittig reagent used. The term "Wittig reagent" includes
      compounds of general formula
EQU  (Aryl).sub.3 -- .sup.+P -- CH.sub.2 -- CH.sub.2 -- R.sub.1 -- COOR
      Hal.sup.-
PAL  wherein Hal is bromo or chloro and R and R.sub.1 are as defined above.
      Other phosphorus derivatives, e.g. the diethyl derivatives, are also
      included. The preparation of these reagents is discussed in detail by
      Tripett, Quart. Rev. 1963 XVII, No. 4, 406.
PAR  According to the reaction conditions used, it is possible to obtain,
      starting from a compound of general formula (III) wherein A is
      ##EQU6##
      either a compound of formula (IV) wherein A is -C.tbd.C-, or a compound of
      formula (IV) wherein A is
      ##EQU7##
PAR  The compound of formula (IV) wherein A is
      ##EQU8##
      may be, in fact, obtained as the only product by using, for example, 1.5
      to 2.5 moles of Wittig reagent per mole of compound (III) and by using
      reaction times ranging between above 10 minutes and about 30 minutes.
PAR  The compound of formula (IV) wherein A is --C.tbd.C-- may be, on the
      contrary, obtained as the only product, by using for example, 1.5 to 2.5
      moles of Wittig reagent per mole of compound (III) and by using reaction
      times ranging between about 2 hours and about 10 hours. Analogously the
      compound of formula (IV) wherein A is --C.tbd.-- may be obtained by using
      reaction times of about 30 minutes and at least 5 moles of Wittig reagent
      per mole of compound (III).
PAR  Preferably, in the starting material of formula (III), A
      ##EQU9##
PAR  The deetherification of compound (IV) is performed under conditions of mild
      acid hydrolysis, for example with mono-or poly-carboxy acids e.g. formic,
      acetic, oxalic, citric and tartaric acid, and in a solvent, for example
      water, acetone, tetrahydrofuran, dimethoxyethane and lower aliphatic
      alcohols. Preferably, 0.1N to 0.25N polycarboxylic acid (e.g. oxalic or
      citric acid) is used in the presence of a convenient low boiling
      co-solvent which is miscible with water and which can be easily removed in
      vacuo at the end of the reaction.
PAR  The oxidation of the 9-hydroxy group to yield an oxo group may be carried
      out with for example, Jones reagent. As stated above, the deetherification
      of the compound of general formula (V) may give, according to the reaction
      conditions used, either a compound of general formula (I) wherein R.sub.2
      and R.sub.3 together form an oxo group or a compound of general formula
      (II).
PAR  The compound of formula (I), wherein R.sub.2 and R.sub.3 together form an
      oxo group, may be obtained, as the only product, by operating at
      temperatures ranging between about 25.degree. and between about
      40.degree.C, while by operating at higher temperatures, for example at the
      reflux temperature for about 3 hours, the compound of formula (II) is
      obtained as the only product. The reduction of the keto group in the
      9-position of the compound (V) to give a mixture of the 9.alpha.-hydroxy
      and 9.beta.-hydroxy-11-ethers may be performed for example by using
      sodium, lithium or zinc borohydride.
PAR  This reduction is performed in order to obtain a compound of formula (I)
      wherein R.sub.2 is a hydrogen atom and R.sub.3 is a hydroxy group also
      when the starting material is a lactol of formula (IIIb) and,
      respectively, in order to obtain a compound of formula (I) wherein R.sub.2
      is a hydroxy group and R.sub.3 is a hydrogen atom also when the starting
      material is a lactol of formula (IIIa).
PAR  The separation of the 9.alpha.-hydroxy and 9.beta.-hydroxy-11-ethers from
      each other and/or from the free 11,15-diols may be carried out for example
      by chromatographic techniques, preferably column chromatography.
PAR  The subsequent deetherification may be performed as described above under
      conditions of mild acid hydrolysis, for example with oxalic acid in
      acetone. The compounds of general formula (III) may be prepared in turn,
      by means of a multi-step process using as starting material an optically
      active or racemic lactone of general formula (VIII)
      ##SPC12##
PAL  wherein
PA1  R.sub.6 and n are as defined above and Y' is a hydroxy group or an
      aliphatic, aromatic or cycloaliphatic acyloxy group or a known protecting
      group bound to the cyclopentane ring by an ethereal oxygen atom and
      wherein the lactonic ring is in the trans-configuration in respect of the
      keto aliphatic side chain.
PAR  The lactone used as starting material may therefore be either a compound of
      formula (VIIIa)
      ##SPC13##
PAR  The compound of formula (VIIIa) may be prepared substantially as described
      by E. J. Corney et al., Annals of N.Y. Ac. of Sciences, 180, 24 (1971).
      The compound of formula (VIII) may be prepared substantially as described
      in our Belgian patent No. 792.803.
PAR  The racemates may be prepared substantially according to the same methods.
PAR  The multi-step process to obtain the compound of general formula (VIII)
      involves the following steps:
PAR  1. reaction of a compound of formula (VIII) with a halogenating agent to
      give a compound of formula (IX).
      ##SPC14##
PAL  wherein Y', R.sub.6 and n are as defined above.
PAR  A suitable halogenating agent is, for example, a sulphonylchloride,
      preferably SO.sub.2 Cl.sub.2 : the reaction may be performed in a solvent
      preferably selected from the group consisting of pyridine, acetone, acetic
      acid, toluene, diethylether, benzene, water or their mixtures;
PAR  2. reduction of the 15-oxo-group (prostaglandin numeration) of the compound
      of formula (IX) to yield a mixture of the 15S and 15R ols having the
      formulae
      ##SPC15##
PAL  wherein Y', R.sub.6 and n are as defined above, followed by separation of
      the 15S-ol from the 15R-ol and subsequently, if desired, by
      dehydrohalogenation of the separated compounds to give a compound of
      formula (XIa)
      ##SPC16##
PAL  wherein Y', R.sub.6 and n are as defined above;
PAL  if desired, the reduction may follow the dehydrohalogenation. The reduction
      of the 15-oxo group may be suitably performed in an organic solvent, such
      as acetone, diethylether, dimethoxyethane, dioxan, or benzene and their
      mixtures, by using sodium borohydride, lithium borohydride or zinc
      borohydride. The separation of the 15S-ol from the 15R-ol may be performed
      by chromatography, preferably column chromatography, or by fractional
      crystallization. The dehydrohalogenation may be performed in a solvent
      preferably selected from the group consisting of dimethylsolphoxide,
      dimethylformamide, benzene, hexamethylphosphoric triamide or their
      mixtures in presence of a base selected for example from the group
      consisting of 1,5-diaza-bicyclo[4.8.0]-non-5-ene, or an alkaline hydride,
      carbonate or alkoxide;
PAR  3. Conversion of compounds of formula (XII)
      ##SPC17##
PAL  wherein Y', A, R.sub.6 and n are as defined above and one of R.sub.4 and
      R.sub.5 is a hydrogen atom the other is a hydroxy group, into compounds of
      formula (XIII)
      ##SPC18##
PAL  wherein R.sub.6 and n are as defined above, Y" is a known protecting group
      bound to the cyclopentane ring by an ethereal oxygen atom, and one of
      R'.sub.4 and R'.sub.5 is a known protecting group bound to the chain by an
      ethereal oxygen atom and the other is a hydrogen atom. The etherification
      of compounds (XII) to give compounds (XIII) is preceded, when in the
      compounds of general formula (XII) Y' is an aliphatic, aromatic, or
      cycloaliphatic acyloxy group, by a saponification, for example by mild
      treatment with alkalies, to give compounds of formula (XII) wherein Y' is
      a hydroxy group. The etherification is preferably carried out with a
      vinylic ether of formula
      ##SPC19##
PAL  , wherein W is --O-- or --CH.sub.2 --, in presence of catalytic amounts of
      for example phosphorus oxychloride, p-toluenesulphonic acid or benzene
      sulphonic acid, or with a silyl ether, for instance by reacting a
      trisubstituted chlorosilane in presence of an acceptor base (for example,
      a trialkylamine) of the hydrogen halide formed, or with an enol ether, for
      instance by reaction, in presence of an acid catalyst, with a
      cyclopentanone or cyclohexanone diacetal, at the reflux temperature in an
      inert solvent, and distilling the alcohol formed to obtain mixed acetals
      or enol ethers, according to the quantity of catalyst used or the heating
      time;
PAR  4. reduction of the compound of general formula (XIII) to yield lactol
      derivatives of general formula (XIV)
      ##SPC20##
PAL  wherein A,Y", n, R.sub.6, R'.sub.4 and R'.sub.5 are as defined above.
PAR  The reduction may be performed by treatment with diisobutylaluminium
      hydride or sodium bis-(2-methoxyethoxy) aluminium hydride in an inert
      solvent, for example toluene, n-heptane, n-hexane or benzene or their
      mixtures, at below -30.degree.C;
PAR  5. optional deetherification of the compound of general formula (XIV) to
      give a compound having the free 11- and 15-hydroxy groups; the
      deetherification may be accomplished by mild acid hydrolysis, in a solvent
      miscible with water, with a solution of a mono- or polycarboxylic acid.
PAR  In all the compounds mentioned on points 1) to 5), which can be either
      optically active or racemic compounds, the lactolic ring or, respectively,
      the lactonic ring, is in the trans-configuration in respect of the side
      chain.
PAR  Of the above intermediates, the following are compounds od the invention:
PAR  a. the compounds of general formula (XV)
      ##SPC21##
PAL  and the racemates thereof,
PAL  wherein A, R.sub.6 and n are as defined above, P is an oxo or hydroxy
      group, Y' is a hydroxy group or an aliphatic, aromatic, or cycloaliphatic
      acyloxy group or a known protecting group bound to the ring by an ethereal
      oxygen atom, and one of R.sub.4 " and R.sub.5 " is a hydroxy group or a
      known protecting group bound to the chain by an ethereal oxygen atom and
      the other is a hydrogen atom or R.sub.4 " and R.sub.5 " together from an
      oxo group;
PAR  b. the compounds of general formulae (XVI)
      ##SPC22##
      wherein R is a hydrogen atom, a pharmaceutically acceptable cation or a
      C.sub.1-12 alkyl group; R.sub.1 is --CH.sub.2 CH.sub.2 --, --OCH.sub.2 --,
      --SCH.sub.2 --, cis-CH=CH-, trans-CH=CH- or C.tbd.C-; one of R.sub.2 and
      R.sub.3 is a hydrogen atoam and the other is a hydroxy group or R.sub.2
      and R.sub.3 together form an oxo group; A is
      ##EQU10##
      or C.tbd.C-; R.sub.6 is a hydrogen atom or a C.sub.1-4 alkyl group; n is 3
      or 4; one of R'.sub.4 and R'.sub.5 is a known protecting group bound to
      the chain by an ethereal oxygen atom and the other is a hydrogen atom and
      Y" is a known protecting group bound to the ring by an ethereal oxygen
      atom.
PAR  In the compounds of general formula (XV) the steric configuration of the
      lactolic, or respectively lactonic, ring, and of the side chain is as
      already defined above. Analogously in the compounds of general formulae
      (XVI) and (XVII), the side chains are in the trans-configuration, as
      defined above.
PAR  As stated above, the prostanoic acid derivatives of formulas (I) and (II)
      can be used in the same applications as the natural prostaglandins.
PAR  As hereabove said, prostanoic acid derivatives of formula (I) and (II) can
      be used in the same applications as natural prostaglandins, in comparison
      to which they offer however the advantage of a reduced metabolic
      degradation rate and furthermore of a more selective therapeutic action.
PAR  Pharmacological tests have proven, for example, that
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid has an
      excellent spasmogenic activity "in vitro" in the uterus of rat, while
      tests "in vivo" in guineapigs have shown that
      5c-13t-14-chloro-11.alpha.,15Sdihydroxy-9-oxo-prostadienoic acid and
      5c-13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-prostadienoic acid
      derivatives own an excellent anti-bronchospastic activity and are
      therefore useful in the treatment of asthma.
PAR  Furthermore, for example, the compounds
      5c-9.alpha.,11.alpha.,15R-trihydroxy-prosten-13-ynoic acid,
      5c-13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic acid and
      5c-13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prostadienoic acid
      possess an excellent anti-ulcer activity, as proved by tests performed "in
      vivo" in rats, while 5c-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic
      acid has an excellent hypotensive effect in rats.
PAR  The compounds of general formula (I) and (II) can be administered orally,
      parenterally or intravenously, by rectal suppositories or by inhalation.
      For example, they can be administered by intravenous infusion of a sterile
      isotonic saline solution at the rate of 0.01 to 10, preferably 0.05 to 1,
      .mu.g/kg of mammal body weight per minute.
PAR  The invention therefore also provides a pharmaceutical composition
      comprising a compound of general formula (I) and (II) and a
      pharmaceutically acceptable carrier or diluent.
PAR  The compositions may be prepared by conventional methods and can be, for
      example, in the form of tablets, capsules, pills, suppositories or
      bougies, or in liquid form e.g. solutions, suspensions or emulsions.
PAR  Examples of substances which can serve as carriers or diluents are water,
      gelatin, lactose, starches, magnesium stearate, talc, vegetable oil,
      benzyl alcohol and chlolesterol.
PAR  The invention is illustrated by the following Examples, wherein the
      abbreviation "THP", "DIOX", "DMSO" and "DIBA" refer to tetrahydropyranyl,
      dioxanyl, dimethylsulphoxide and diisobutylaluminium hydride,
      respectively.
DETD
PAC  EXAMPLE 1
PAR  At room temperature, a solution of 0,02 mol of a 4-ester (acetate,
      propionate, p-phenylbenzoate) as well as of 4-acetalic ether
      [tetrahydropyranylether (THP-ether), dioxanylether (DIOX-ether)] of the
      5.beta.-hydroxymethyl-2.alpha.,4.alpha.dihydroxy-cyclopentane-1.alpha.-ace
     tic acid-.gamma.-lactone, in either the optically active or racemic form,
      in 25% dimethylsulfoxide (DMSO) in benzene (100 ml) [for example, a
      solution of
      dl-5.beta.-hydroxymethyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.
     -acetic acid-.gamma.-lactone-4-propionate (4.56 g)] is treated with
      dicyclohexylcarbodiimide (12.5 g) and pyridine trifluoroacetate (19.25 ml)
      in 25% DMSO in benzene [from pyridine (2 ml) and trifluoroacetic acid (1
      ml) in 25 ml of 25% DMSO in benzene].
PAR  The mixture is stirred for 4 hours at room temperature and then treated
      with oxalic acid (5.46 g) in methanol (30 ml) to destroy the excess
      carbodiimide. After an additional stirring for 45 minutes, the mixture is
      diluted with water (100 ml) and benzene (150 ml). The precipitate is
      filtered off and the organic layer is separated, washed with 5% sodium
      bicarbonate and saturated ammonium sulphate solution to neutrality, dried
      and evaporated to 20 ml to afford a solution (about 0.02 mol) of a 4-ester
      (acetate, propionate, p-phenylbenzoate, formiate) or of a 4-acetalic ether
      (THP-ether, DIOX-ether) of the
      5.beta.-formyl-2.alpha.,4.alpha.-diol-cyclopentane1.alpha.-acetic
      acid-.gamma.-lactone in either the optically active or the racemic form
      [for example a solution of about 0.02 mol of the
      dl-5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-propionate].
PAC  EXAMPLE 2
PAR  A stirred solution of dry pyridine (3.6 ml) in dry methylene chloride (90
      ml), cooled at 5.degree., is treated with chromic anhydride (3.6 g); the
      stirring is continued for 15 minutes at 18.degree.-20.degree.C to obtain a
      deep red solution.
PAR  A solution of 0.06 mol of a 4-ester (acetate, propionate, p-phenylbenzoate,
      formiate) or of a 4-acetalic ether (THP-ether, DIOX-ether) of the
      5.beta.-hydroxymethyl-2.alpha.,4.alpha.-dihydroxycyclopentane-1.alpha.-ace
     tic acid-.gamma.-lactone, in either the optically active or racemic form
      [e.g. a solution of 2.11 g of
      5.beta.-hydroxymethyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-ac
     etic acid-.gamma.-lactone-4-p-phenylbenzoate; m.p. 129.5-131.degree.,
      [.alpha.].sub.D = -87.5.degree.] in dry methylene chloride is added
      thereto in a single portion, followed by vigorous stirring for 15 minutes.
PAR  The organic layer is decanted and the inorganic materials are washed with
      methylene chloride and combined with the originally obtained organic
      layer.
PAR  After concentration of the solvent to 5-8 ml in vacuo, the residue is
      diluted with benzene (40-50 ml), treated with decolorant charcoal (1.5 g),
      filtered to afford, after concentration to 20 ml in vacuo, a benzene
      solution of about 0.06 mol of a 4-ester (acetate, propionate,
      p-phenylbenzoate, formiate) or of a 4-acetalic ether (THP-ether,
      DIOX-ether) of the
      5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane1.alpha.-acetic
      acid-.gamma.-lactone, in either the optically active or the racemic form
      [e.g.
      5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane1.alpha.-acetic
      acid-.gamma.-lactone-4-p-phenylbenzoate].
PAR  Alternatively, the benzene solution may be evaporated to dryness in vacuo,
      and the crude 5.beta.-formyl derivative is then dissolved in
      dimethoxyethylene (20 ml).
PAC  EXAMPLE 3
PAR  By utilizing one of procedures described in examples 1 and 2, a 4-ester or
      a 4-acetalic ether of the
      5.beta.-hydroxymethyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-ac
     etic acid-.gamma.-lactone (dl- or optically active compounds) are oxidized
      to yield the following 5.beta.-formyl derivatives (dl- or optically active
      compounds):
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-formiate;
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-acetate;
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-propionate;
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-p-phenylbenzoate;
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-DIOX-ether;
PA1  5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone-4-THP-ether.
PAC  EXAMPLE 4
PAR  A stirred suspension of. 80% sodium hydride (NaH) dispersion in mineral oil
      (0.58 g) in dry benzene (70 ml) is slowly treated with
      dimethyl-(2-oxoheptyl)-phosphonate (4.5 ml) in absolute benzene (15 ml).
PAR  When the evolution of hydrogen ceases (1 hour), a solution of 0.02 mol of a
      4-ester or of a 4-acetalic ether of the
      5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone [e.g. 4-propionate] in benzene, described above (see
      examples 1, 2 and 3) is added with vigorous stirring to the suspension in
      benzene of the sodium salt of the phosphonate. After 20 minutes, 10%
      sodium dihydrogen phosphate solution is added, the organic layer is
      separated and washed twice with 10% sodium dihydrogen phosphate. Each of
      the aqueous wash solution is re-extracted with benzene and combined with
      the originally obtained layer. The organic phase is washed to neutrality
      with water, dried and evaporated to dryness to afford a 4-ester formiate,
      acetate, propionate, p-phenylbenzoate or a 4-acetalic ether (DIOX-ether or
      THP-ether) of the
      5.beta.-(3-oxo-oct-4"-trans-en-1"-yl)-2.alpha.,4.alpha.-dihydroxy-cyclopen
     tane1.alpha.-acetic acid-.gamma.-lactone, for example 5.15 g of the
      corresponding dl-4-propionate derivative.
PAC  EXAMPLE 5
PAR  A stirred suspension of 80% NaH dispersion in mineral oil (198 mg) in dry
      dimethoxyethane (30 ml) is slowly treated with
      dimethyl-(2-oxo-octyl)-phosphonate (1.32 ml) in dry dimethoxyethane to
      obtain a finely suspension of the sodium salt of the phosphonate (1 hour).
PAR  A solution of 0.006 mol of a 4-ester of the
      5.beta.-formyl2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone [e.g. 4-p-phenylbenzoate], in dimethoxyethane is then
      added.
PAR  After 1 hour, the reaction mixture is diluted with benzene (2 vol.), the
      organic layer is washed with a saturated sodium dihydrogen phosphate
      solution and with a saturated ammonium sulphate solution to neutrality and
      dried on sodium sulphate.
PAR  Removal of the organic solvents in vacuo affords a 4-ester or a 4-acetalic
      ether of the
      1"-trans-5.beta.-(1"-non-1-"ene-3"-one)-2.alpha.,4.alpha.-dihydroxy-cyclop
     entane-1.alpha.-acetic acid-.gamma.-lactone [e.g. 4-p-phenylbenzoate].
PAR  Starting from the 4-esters: acetate, propionate, p-phenylbenzoate of the
      5.beta.-formyl-2.alpha.,4.alpha.-diol-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone, using the procedure above described, we prepared the
      corresponding 4-esters (acetate, propionate, p-phenylbenzoate) of the
      following
      5.beta.-(3"-oxo-non-1"-transen-1"-yl)-2.alpha.,4.alpha.-dihydroxy-cyclopen
     tane-1.alpha.-acetic acid-.gamma.-lactone (optically active or racemic).
PAC  EXAMPLE 6
PAR  By reaction of a 4-ester, acetate, propionate, p-phenylbenzoate of the
      5.beta.-formyl-2.alpha.,4.alpha.-dihydroxy-cyclopentane-1.alpha.-acetic
      acid-.gamma.-lactone in benzene (Example 4) or dimethoxy ethane (Example
      5) with the sodium salt of (3-methyl-2-oxoheptyl) dimethoxy phosphonate,
      we prepared the corresponding ester of the
      5.beta.-(4"-methyl-3"-oxo-oct-1"-trans-en1"-yl)-2.alpha.,4.alpha.-dihydrox
     y-cyclopentane-1.alpha.-acetic acid-.gamma.-lactone, optically active or
      racemic.
PAC  EXAMPLE 7
PAR  Sulphuryl chloride (13.5 ml) is added dropwise with stirring to a solution
      of
      dl-5.beta.-(3"-oxo-oct-1"-trans-en-1"-yl)-2.alpha.,4.alpha.dihydroxy-cyclo
     pentane-1.alpha.-acetic acid-.gamma.-lactone-4p-phenylbenzoate (m.p.
      120.degree.-122.degree.; 4.8 g) in dry pyridine (95 ml), cooled at
      0.degree.-5.degree.C, the stirring is continued for a period of 16 hours
      at 0.degree.-2.degree.C.
PAR  The reaction mixture is then poured in cold 2N--H.sub.2 SO.sub.4 (500 ml)
      and extracted several times with ethylacetate (300 ml). The combined
      organic layers are washed with 4N--H.sub.2 SO.sub.4, water, 5% NaHCO.sub.3
      and water again to neutrality, dried on sodium sulphate and evaporated to
      dryness in vacuo.
PAR  The crude residue (4.6 g) is then purified by filtration through a short
      silica gel column (40 g); elution with methylene chloride gives pure
      dl-5.beta.-(2"-chloro-3"-oxo-3"-oct-1"-trans-en-1"-yl)-2.alpha.,4.alpha.-d
     ihydroxy-cyclopentane-1.alpha.-acetic acid-4-p-phenylbenzoate (m.p.
      149.degree.-150.degree.; 3.2 g) also named as
      dl-13t-14-chloro-pentanor-9.alpha.,11.alpha.-dihydroxy-prost-13-ene-15-oxo
     -6-oic acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate.
PAC  EXAMPLE 8
PAR  A mixture of isocyanuric chloride (0.9 g), acetic acid (9 ml),
      5.beta.-(3"-oxo-non-1"-trans-en-1"-yl)-2.alpha.,4.alpha.-dihydroxycyclopen
     tane-1.alpha.-acetic acid-.gamma.-lactone-4-acetate and acetone (90 ml) is
      refluxed for 2 hours, concentrated in vacuum to a small volume (25 ml) and
      then poured into cold 10% sodium carbonate solution. The aqueous phase is
      extracted repeatedly with ether and the combined organic layers are washed
      with water, dried on sodium sulphate and evaporated in vacuo to afford a
      crude chloro derivative, which is adsorbed on a silica gel column
PAR  Elution with methylene chloride affords
      5.beta.-(2"-chloro-3"-oxo-non-1"-trans-en-1"-yl)-2.alpha.,4.alpha.-dihydro
     xy-cyclopentane-1.alpha.-acetic acid-.gamma.-lactone-4-acetate (1.06 g).
PAC  EXAMPLE 9
PAR  A solution of
      5.beta.-(3"-oxo-oct-1"-trans-en-1"-yl)-2.alpha.,4.alpha.-dihydroxy-cyclope
     ntane-1.alpha.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate (m.p.
      80.degree.-82.degree.C, [.alpha.].sub.D = -146.degree.; 1.2 g) in acetone
      (80 ml) is treated with isocyanuric chloride (0.85 g) in the presence of
      10% aqueous perchloric acid (8 ml) and refluxed for 2 hours.
PAR  The reaction mixture is concentrated in vacuo to small volume, diluted with
      water and extracted repeatedly with ether.
PAR  The combined organic layers are washed with 5% NaHCO.sub.3 and water to
      neutrality, dried (Na.sub.2 SO.sub.4) and evaporated to dryness to afford
      5.beta.-(2"-chloro-3"-oxo-oct-1"-trans-en-1"-yl)-2.alpha.,4.alpha.-dihydro
     xy-cyclopentane-1.alpha.-acetic acid-lactone-4-p-phenylbenzoate (0.85 g),
      m.p. 150.degree.-151.degree., [.alpha.].sub.D = -126.5.degree.
      (CHCl.sub.3).
PAC  EXAMPLE 10
PAR  Sulphuryl chloride (10.5 ml) is added dropwise to a stirred solution of
      5.alpha.-(3"-oxo-oct-1"-trans-en-1"-yl)2.beta.,4.alpha.-dihydroxy-1.beta.-
     acetic acid-.gamma.-lactone-4-p-phenylbenzoate (6.52 g) in dry pyridine (80
      ml), cooled at 0.degree.-2.degree. and the stirring is continued for 12
      hours at this temperature.
PAR  The reaction mixture is then poured into ice-water, acidified and
      repeatedly extracted with ethyl acetate. The combined organic layers are
      washed to neutrality, dried (Na.sub.2 SO.sub.4) and evaporated to dryness
      to afford, after crystallization from methanol-ether, the
      5.alpha.-(2"-chloro-3"-oxo-oct-1"-trans-en-1"-yl)-2.beta.,4.alpha.-dihydro
     xycyclopentane-1.beta.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate (5.8
      g) also named as
      13t-14-chloro-pentanor-9.beta.,11.alpha.-dihydroxy-8,12-diiso-prost-13-ene
     -15-one-6-oic-acid-.gamma.-lactone-11-p-phenylbenzoate.
PAC  EXAMPLE 11
PAR  Using the
      5.alpha.-(4"-methyl-3"-oxo-oct-trans-1"-en-1"-yl)-2.beta.,4.alpha.-dihydro
     xy cyclopentyl-1.beta.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate (1.2
      g) in the procedure of Example 9 the following is prepared:
PAR  5.alpha.-(2"-chloro-4"-methyl-3"-oxo-oct-trans-1"-en-1"-yl)-2.beta.,4.alpha
     .-dihydroxycyclopentyl-1.beta.-acetic
      acid-.gamma.-lactone-4-p-phenylbenzoate (0.93 g), also named as
      13t-14-chloro-16-methyl-pentanor-9.beta.,11.alpha.-dihydroxy-8,12-diiso-pr
     ost-13 ene-15-one-6 -oic acid-.gamma.-lactone-11-p-phenylbenzoate.
PAC  EXAMPLE 12
PAR  A stirred solution of
      5.alpha.-(3"-oxo-non-trans-1"-en-1"-yl)2.beta.,4.alpha.-dihydroxycyclopent
     yl-1.beta.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate (0.97 g) in dry
      pyridine (15 ml), cooled at 0.degree.C, is treated with sulphuryl chloride
      (1.6 ml) and allowed at 0.degree. for 12 hours under stirring.
PAR  The reaction mixture is then poured into ice-water, acidified with
      4N-H.sub.2 SO.sub.4 and extracted with ethylacetate. The organic extracts
      are washed to neutrality, dried (Na.sub.2 SO.sub.4) and evaporated to
      dryness to afford, after crystallization from methanol, the
      5.alpha.-(2"-chloro-3"-oxo-non-trans-1"-en-1"-yl)-2.beta.,4.alpha.-dihydro
     xycyclopentyl-1.beta.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate (0.64
      g), also named as
      13t-14-chloro-9.beta.,11.alpha.-diol-20.omega.-homopentanor-8,12-diiso-pro
     st-13-ene-15-one-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate.
PAC  EXAMPLE 13
PAR  To a stirred solution of
      dl-5.beta.-(4"-methyl-3"-oxo-oct-1"-en-1"-yl)-2.alpha.,4.alpha.-dihydroxyc
     yclopentyl-1.alpha.-acetic acid-.gamma.-lactone-4-formiate (2.3 g) in dry
      pyridine, sulphuryl chloride (2.5 mol equiv.) is added dropwise; the
      reaction mixture is allowed to stand at 0.degree. for 10 hours under
      stirring. It is then diluted with ice-water, acidified to pH 3 with 4N
      H.sub.2 SO.sub.4 and extracted with ether-methylene chloride (4:1). The
      combined organic extracts are washed to neutrality, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness in vacuo to afford, after
      crystallization the
      dl-5.beta.-(2"-chloro-4"-methyl-3"-oxo-oct-1"-en-1"-yl)-2.alpha.,4.alpha.-
     dihydroxy-cyclopentyl-1.alpha.-acetic acid-.gamma.-lactone-4-formiate (2.05
      g) also named as
      dl-13t-14-chloro-16-methyl-9.alpha.,11.alpha.-dihydroxypentanor-prost-13-e
     ne-15-one-6-oic acid-.gamma.-lactone-11-formiate.
PAC  EXAMPLE 14
PAR  Using the trans-enone-lactones prepared in Example 4, 5 and 6, in the
      procedure of Examples 7 and 13 the 11-esters (acetate, p-phenylbenzoate,
      formiate, propionate) and 11-acetalic ethers (11-THP-ether),
      (11-DIOX-ether) of the following compounds:
PA1  13t-14-chloro-9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-ene-15-one-6-o
     ic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.-dihydroxy-20.omega.-homo-pentanor-prost-13
     -ene-15-one-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-ene-
     15-one-6-oic acid-.gamma.-lactone, are prepared.
PAC  EXAMPLE 15
PAR  dl-14-chloro-13t-9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-ene-15-one-
     6-oic-.gamma.-lactone-11-p-phenylbenzoate (2.55 g) in dry dimethoxyethane
      (39.5 ml) is added to a 0.065M-zinc borohydride in ether (220 ml) under
      vigorous stirring. The stirring is continued for 21/2 hours; the excess
      reagent is then destroyed by cautious addition of 2N--H.sub.2 SO.sub.4 and
      the organic layer is separated and washed with 2N--H.sub.2 SO.sub.4 and
      water to neutrality. Each of the aqueous wash solutions is re-extracted
      with ether and combined with the organic phase. After drying (Na.sub.2
      SO.sub.4) and removal of the solvents in vacuo, the residue, consisting of
      a mixture of the two epimeric alcohols 15S and 15R, is absorbed on a
      silica (0.45 kg) column. Elution with ethyl ether give the
      dl-13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6
     -oic acid-.gamma.-lactone-11-p-phenylbenzoate (1.6 g) as an oil and the
      dl-13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6
     -oic acid-.gamma. -lactone-11-p-phenylbenzoate (0.9 g; m.p.
      126-128.degree.C).
PAC  EXAMPLE 16
PAR  To a stirred 0.05M-zinc borohydride in ether (500 ml), a solution of
      13t-14-chloro-9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-ene-15-one-6-
     oic acid-.gamma.-lactone-11-p-phenylbenzoate (4.8 g) in dry dimethoxyethane
      is added. After 15 minutes, the excess reagent is destroyed by cautious
      addition of saturated sodium chloride solution.
PAR  The zinc hydroxyde precipitate is dissolved by adding 2N-H.sub.2 SO.sub.4,
      and the organic layer is separated and washed with 2N sulphuric acid and
      water to neutrality. Each of the aqueous wash solutions is re-extracted
      with ether and combined with the organic phase.
PAR  After drying (Na.sub.2 SO.sub.4) and removal of the solvents in vacuo, the
      residue is absorbed on silica (0.9 kg) column. By elution with ether,
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-11-p-phenylbenzoate [2.7 g; [.alpha.].sub.D =
      -79.5.degree. (CHCl.sub.3)] and
      13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-11-p-phenylbenzoate [2.2 g; m.p.
      83.degree.-85.degree.C; [.alpha.].sub.D = -89.degree.], are obtained.
PAC  EXAMPLE 17
PAR  Using the chloro-trans-enone-lactones prepared in Example 14, in the
      procedure of Examples 15, 16, the 11-esters (acetate, formiate,
      propionate, p-phenylbenzoate) and the 11-acetalic ethers (11-THP-ether,
      11-DIOX-ether) of the following compounds:
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13
     -ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13
     -ene-6-oic acid-.gamma.-lactone
PAL  are obtained.
PAC  EXAMPLE 18
PAR  Sodium borohydride (40 mg) is added to a stirred solution of
      13t-14-chloro-9.alpha.,11.alpha.-dihydroxy-pentanor-8,12-diiso-prost-13-en
     e-15-one-6-oic acid-.gamma.-lactone-4-p-phenylbenzoate (0.4 g) in methanol
      (10 ml) and methylene chloride (5 ml), cooled to 0.degree.-5.degree.C. The
      stirring is continued for 30 minutes, the excess reagent is destroyed by
      addition of saturated NaH.sub.2 PO.sub.4 solution (1.5 ml) and the mixture
      is evaporated almost to dryness in vacuo. After dilution with ethyl
      acetate, the organic layer is washed with water to neutrality, dried
      (Na.sub.2 SO.sub.4) and evaporated to dryness to afford a crude product
      which is absorbed on silica (80 g) column.
PAR  Elution with isopropyl ether-ethyl ether (75:25) gives
      13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate (0.15 g) and
      13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate, also named as
      5.alpha.-(2"-chloro-oct-trans-1"-en-1"-yl)-2.beta.,4.alpha.,3"S-trihydroxy
     cyclopentyl-1.beta.-acetic acid-.gamma.-lactone-4-p-phenylbenzoate.
PAC  EXAMPLE 19
PAR  Using the chloro-trans-enone-lactones prepared in Examples 11 and 12, in
      the procedure of Examples 15,16 (reduction with zinc borohydride in
      dimethoxyethane-ether) and 18 (reduction with sodium borohydride in
      methanol-methylene chloride) we prepared:
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-16-methyl-8,12-diis
     o-prost-13-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-16-methyl-8,12-diis
     o-prost-13-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate.
PAC  EXAMPLE 20
PAR  A solution of
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-11-p-phenylbenzoate (1.6 g) in methanol is treated
      with 7.8 ml of 20% aqueous potassium carbonate, refluxed for 1 hour,
      cooled at room temperature and treated with 4N--H.sub.2 SO.sub.4 (6 ml).
      The mixture is stirred for 3 hours at room temperature, the precipitate
      salts are filtered and the filtrate is concentrated in vacuo to remove the
      methanol. The residue is diluted with ethylacetate and the organic phase
      is separated. The aqueous layer is repeatedly extracted with ethyl acetate
      (5 .times. 25 ml) and then the organic layers are combined, washed first
      with saturated sodium bicarbonate to remove the p-phenylbenzoic acid and
      then with saturated sodium chloride solution till neutral, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness in vacuo to afford the
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone, also named as
      5.beta.-(3"-chloro-oct-trans-1"-en-1"-yl)-2.alpha.,4.alpha.,3"S-trihydroxy
     -cyclopentyl- 1.alpha.-acetic acid-.gamma.-lactone, as an oil:
      [.alpha.].sub.D = -17.8.degree. (CHCl.sub.3); 0.93 g (yield 92%). This
      compound, in benzene (30 ml) is refluxed with the acqueous azeotrope being
      removed by a water trap, the cooled solution is treated with
      2,3-dihydropyran (1.2 ml) and p-toluenesulphonic acid (10 mg) in benzene
      (3 ml).
PAR  After 6 hours at room temperature, the benzene layer is washed with 5%
      sodium bicarbonate and water till neutral, and the solvent is evaporated
      in vacuo to afford a crude product which is absorbed on a silica (30 g)
      column. Elution with cyclohexane/ethylacetate (80:20) affords, as an oil,
      pure
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-9.alpha.,15S-bis-THP-ether (1.41 g); [.alpha.].sub.D
      = -58.6.degree. (CHCl.sub.3), also named as
      5.beta.-(2"-chloro-oct-trans-1"-en-1"-yl)-2.alpha.,4.alpha.-3"S-trihydroxy
     -cyclopentyl-1.alpha.-acetic
      acid-.gamma.-lactone-4.alpha.,3"S-bis-THP-ether.
PAC  EXAMPLE 21
      13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-oic acid-.gamma.-lactone-11-p-phenylbenzoate (2.4 g) in dry
      methanol (30 ml) is treated with anhydrous potassium carbonate (0.77 g)
      under stirring for 40 minutes at 10.degree.C. The reaction mixture is
      neutralized with 15% aqueous acetic acid, evaporated almost to dryness and
      diluted with ether.
PAR  The organic layer is repeatedly washed with 5% NaHCO.sub.3 and with water
      till neutral, dried (Na.sub.2 SO.sub.4) and the solvent is evaporated in
      vacuo to afford
      13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-oic acid-.gamma.-lactone (1.45 g).
PAR  This compound, in dry benzene (30 ml) is treated with 1,4-diox-2-ene-(2.2
      ml) and p-toluenesulphonic acid (9.5 mg) in benzene (4 ml).
PAR  After 6 hours at room temperature, the organic phase is washed with 5%
      NaHCO.sub.3 and with water till neutral and the solvents are evaporated to
      dryness in vacuo to afford a crude product which is adsorbed on silica (60
      g) column. Elution with cyclohexane-ethylacetate (80:20) affords pure
      13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-oic acid-.gamma.-lactone-11.alpha.,15S-bis-DIOX-ether (2.12 g) also
      named as
      5.alpha.-(2"-chloro-oct-trans-1"-ene-1"-yl)-2.beta.,4.alpha.,3"S-trihydrox
     y-cyclopentyl-1.beta.-acetic
      acid-.gamma.-lactone-4.alpha.,3"S-bis-dioxa-1",4"-nylether.
PAC  EXAMPLE 22
PAR  Starting from an 11-ester (acetate, propionate, formiate, p-phenylbenzoate)
      of a 13t-14-chloro-9,11,15-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone and following the procedures described in the
      Examples 20 and 21, we prepare the free hydroxy derivatives, the
      11.alpha.,15-bis-THP-ether and the 11.alpha.,15-bis-DIOX-ether of the
      following compounds:
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13
     -ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13
     -ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13
     -ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-13
     -ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-oic acid-.gamma.-lactone;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-6-oic acid-.gamma.-lactone.
PAC  EXAMPLE 23
PAR  Lithium borohydride (200 mg) is added, portion wise, to a stirred solution
      of an 11.alpha.-acetalic ether (11.alpha.-THP ether,
      11.alpha.-DIOX-ether), of the
      13t-14-chloro-9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-ene-15-one-6-
     oic acid-.gamma.-lactone (2.2 g) in methanol (40 ml); the stirring is
      continued for 30 minutes. The excess reagent is then destroyed by addition
      of a saturated sodium dihydrogen phosphate solution and the reaction
      mixture is concentrated to small volume in vacuo, diluted with ether and
      washed with water to neutrality. After drying (Na.sub.2 SO.sub.4) and
      removal of solvents in vacuo, the residue is absorbed on a silica (400 g)
      column and eluted with isopropyl ether: ethylether (50:50) to afford 1.05
      and 0.95 g, respectively of the two epimers 15S and 15R of the
      13t-14-chloro-9.alpha.,11.alpha.,15-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone-11.alpha.-monoacetalic ether (11.alpha.-THP-ether,
      11.alpha.-DIOX-ether), which are optionally reacted with 2,3-dihydropyran
      and 1,4-diox-2-ene to give the corresponding 11.alpha.,15-bis-THP-ether
      and 11.alpha.,15-bis-DIOX-ether.
PAC  EXAMPLE 24
PAR  Under a nitrogen atmosphere, a stirred solution of
      13t-14-chloro-9.alpha.,11.alpha.,15S-triol-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-THP-ether (1.41 g) in dry toluene
      (43 ml), cooled at -60.degree., is treated over 20 minutes with 0.5 M
      diisobutyl aluminiumhydride solution (15.8 ml). The mixture is stirred for
      an additional 30 minutes at -60.degree. and then treated with 12 ml of a
      2M-isopropanol solution in toluene. After 10 minutes the mixture is warmed
      up to 0.degree.-2.degree., treated with water, sodium sulphate (2.8 g) and
      celite (1.2 g) and is then filtered. The filtrate is evaporated to dryness
      in vacuo to afford, as an oil,
      13t-14-chloro-9.alpha.,11.alpha.,15S-triol-pentanor-prost-13-ene-6-ale-.ga
     mma.-lactol-11.alpha.,15S-bis-THP-ether (1.38 g), [.alpha.].sub.D =
      -62.degree. (CHCl.sub.3), also named as
      5.beta.-(2"-chloro-oct-1"-trans-en-1"-yl)-2.alpha.,4.alpha.,3"
      S-trihydroxycyclopentyl-1.alpha.-ethanal-.gamma.-lactol-4.alpha.,3"-bis-TH
     P-ether. Under a nitrogen atmosphere, freshly sublimed potassium
      tert-butoxide (1.4 g) in dry (by distillation from calcium hydride,
      H.sub.2 O .ltoreq.0.02%) DMSO (20 ml) is added to a stirred solution of
      this lactol (1.18 g) and of triphenyl (4-carboxybutyl) phosphonium bromide
      (2.8 g) in dry DMSO (20 ml) and is cooled in a ice-water bath so that the
      temperature of the reaction mixture does not exceed 20.degree.C.
PAR  The deep red solution is stirred for additional 30 minutes at room
      temperature, diluted with ice-water (70 ml). The aqueous phase is
      extracted repeatedly with ether until all the triphenyl phosphoxide has
      been removed, and the combined organic layers are re-extracted with 5%
      sodium bicarbonate. The pH of the combined aqueous phases is adjusted to
      4.5-4.7 with 4N-sulphuric acid, followed by extraction with ether pentane
      (1:1). The organic layers are combined, washed with saturated ammonium
      sulphate solution, dried (Na.sub.2 SO.sub.4) and evaporated in vacuo to
      afford the
      5c-13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-diene-1-oic
      acid-11.alpha.,15S-bis-THP-ether (1.41 g), [.alpha.].sub.D = -41.7.degree.
      (CHCl.sub.3), also named as 14-chloro-PGF.sub.2.sub..alpha.
      -11.alpha.,15S-bis-THP-ether.
PAC  EXAMPLE 25
PAR  Under a nitrogen atmosphere a mixture of 70% solution of sodium
      bis-(2-methoxyethoxy)aluminum hydride in benzene (2.24 ml) and toluene (8
      ml) is added dropwise to a stirred solution of
      13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prost-13-ene-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-THP-ether (2.6 g), [.alpha.].sub.D
      = +56.degree. (CHCl.sub.3) in dry toluene (60 ml), cooled at -50.degree.
      to -55.degree.C. The stirring is continued for 3 hours, the excess reagent
      is then destroyed by catuious addition of 5% acetone solution in toluene.
PAR  After 10 minutes the mixture is warmed up to 0.degree.-2.degree.C, treated
      with a saturated sodium dihydrogen phosphonate solution (3 ml) and the
      crystalline inorganic precipitate is filtered.
PAR  The filtrate is evaporated to dryness in vacuo to give
      13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-al
     e-.gamma.-lactol-11.alpha.,15S-bis-THP-ether (2.55 g) [.alpha.].sub.D = +
      32.4.degree. (CHCl.sub.3), as an oil.
PAC  EXAMPLE 26
PAR  Using the lactone 11,15-bis-acetalic ethers prepared in Example 22, in the
      procedure of Example 24 (diisobutyl aluminum hydride reduction) and 25
      (sodium bis-(2-methoxy ethoxy) aluminum hydride reduction), we prepare the
      11,15 bis-acetalic ethers (bis-THP-ether, bis-DIOX-ether) of the following
      lactol compounds:
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-ale
     -.gamma.-lactol;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-ale
     -.gamma.-lactol;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-pro
     st-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-6-.gamma.-lactol.
PAC  EXAMPLE 27
PAR  7.2% diisobutyl aluminum hydride solution in toluene (16 ml) is added over
      15 minutes to a stirred solution of
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-11-p-phenylbenzoate (1.15 g) in dry toluene, cooled
      at -60.degree. and the stirring is continued for 30 minutes. The reaction
      mixture is then treated with 2N-isopropanol solution in toluene and after
      10 minutes is warmed up to 0.degree.-2.degree., treated with water (1 ml),
      anhydrous sodium sulphate (2 g) and celite (2.5 g) and filtered.
PAR  The filtrate is evaporated to dryness in vacuo to afford a crude product
      which is absorbed on silica (30 g) column. Elution with
      cyclohexane-ethylacetate 4:6 gives the
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-al
     e-.gamma.-lactol.
PAR  Starting from an 11-ester of a
      13t-14-chloro-9.alpha.,11.alpha.,15-trihydroxy-pentanor-prost-13-ene-6-oic
      acid-.gamma.-lactone, in similar way by reduction with diisobutylaluminum
      hydride we prepared the following compounds:
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-ale
     -.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13
     -ene-6-ale-.gamma.-lactol;
      13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanorprost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homopros
     t-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homopros
     t-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diisoprost-13-
     ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13
     -ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diis
     o-prost-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-ale-.gamma.-lactol;
PA1  13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12
     -diiso-prost-13-ene-6-ale-.gamma.-lactol.
PAC  EXAMPLE 28
PAR  Freshly sublimed potassium tert-butoxide (1.3 equiv., 0.27 g) is added to a
      stirred solution of
      dl-13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6
     -oic acid-.gamma.-lactone-11,15-bis-THP-ether (0.85 g) in DMSO (5 ml).
      After 6 hours at room temperature, the reaction mixture is diluted with
      water, acidified to pH 4 and extracted with ether.
PAR  The organic layer is washed with water until neutral, dried (Na.sub.2
      SO.sub.4) and after removal of solvent in vacuo the residue is absorbed on
      silica gel column. Elution with cyclohexane-ether (1:1) affords pure
      dl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11,15-bis-THP-ether (0.62 g).
PAR  Starting with the chloro-lactone-11,15-bis-acetalic ethers prepared in
      Example 22, and following the same procedure, we prepared the
      11,15-bis-acetalic ethers (bis-THP-ether, bis-DIOX-ether) of the following
      compound, as dl- and as optically active compound:
PA1  9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12-diisoprost-13
     -yn-6-oic acid-.gamma.-lactone;
PA1  16-methyl-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diisoprost-13-yn-6
     -oic acid-.gamma.-lactone;
PA1  9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13-yn-6-oic
      acid-.gamma.-lactone;
PA1  9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12-diisoprost-13
     -yn-6-oic acid-.gamma.-lactone;
PA1  16-methyl-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diisoprost-13-yn-6
     -oic acid-.gamma.-lactone.
PAC  EXAMPLE 29
PAR  A mixture of
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxypentanor-prost-13-en-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-DIOX-ether (3.2 g) and
      1.5-diaza-bicyclo-[4.3.0]non-5-ene (1.3 equiv.) in benzene is heated at
      50.degree. for 6 hours and filtered. After concentration to small volume
      the reaction mixture is absorbed on a neutral aluminium oxide (15 g)
      column and eluted with benzene to afford
      9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-DIOX-ether (1.6 g).
PAC  EXAMPLE 30
PAR  The
      13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-ene-6-oi
     c acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate (2.1 g) is converted by
      reaction with 2,3-dihydropiran in benzene in the presence of
      p-toluenesulphonic acid into the 15R-THP-ether (2.48 g). This compound is
      reacted with 1.3 equiv. (0.6 g) of 1.5-diazobicyclo-[4.3.0]non-5-ene in
      benzene for 16 hours at room temperature. The reaction mixture is then
      filtered, concentrated to small volume to afford after filtration of
      neutral aluminium oxide
      9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate-15R-THP-ether (2.38 g).
PAR  A solution of this product in acetone is treated with 0.5N-oxalic acid
      solution (50 ml) at reflux temperature for 30 minutes, to afford after
      concentration, dilution with water and filtration, the
      9.alpha.,11.alpha.,15R-trihydroxypentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate (1.72 g).
PAR  A solution of this product in acetone (30 ml) is treated with Jones reagent
      (3.5 ml) at -10.degree.C for 5 minutes, the reaction mixture is diluted
      with benzene (150 ml) and the organic layer is washed till neutral with a
      saturated ammonium sulphate solution. Evaporation of solvents gives
      9.alpha.,11.alpha.-dihydroxy-pentanor-prost-13-yn-15-one-6-oic
      acid-.gamma.-lactone (1.25 g).
PAR  To a stirred solution of 0.065M zinc borohydride in ether (220 ml), a
      solution of this compound (2.6 g) in dry dimethoxyethane is added. After
      21/2 hours the excess reagent is destroyed by treatment with 2N-H.sub.2
      SO.sub.4, the organic layer is separated, washed till neutral with
      saturated (NH.sub.4).sub.2 SO.sub.4 solution, dried (Na.sub.2 SO.sub.4)
      and evaporated to dryness to give a mixture of two 15S and 15R-epimeric
      alcohols, which is absorbed on silica (130 g) column.
PAR  Following elution with isopropyl ether affords
      9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate (1.02 g) and its
      15R-epimer (0.82 g).
PAR  The 15S-epimer (1.43 g) is then treated in methanol (25 ml) with 20%
      aqueous potassium carbonate solution (6 ml) at reflux temperature for 1
      hour. The reaction mixture is cooled, acidified and stored for 2 hours at
      room temperature.
PAR  The precipitate salts are filtered, the filtrate is concentrated in vacuo
      to small volume to afford after extraction with ether-methylene chloride
      (4:1) 9.alpha.,11.alpha.,15S-trihydroxy-pentantor-prost-13-yn-6-oic
      acid-.gamma.-lactone (0.81 g). Following reaction in benzene of this
      product with 2,3-dihydropiran in the presence of catalytical amounts of
      p-toluensulphonic acid affords the
      9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-THP-ether (1.32 g).
PAC  EXAMPLE 31
PAR  A solution of 9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.,15S-bis-THP-ether (1.32 g) in toluene is
      reacted with a 0.5M solution of diisobutyl aluminium hydride in toluene
      (10 ml) at -60.degree. for 30  minutes. The excess reagent is destroyed by
      addition of a 2M solution of isopropanol in toluene (6 ml). After 15
      minutes, the reaction mixture is warmed to 0.degree., treated with water
      (1.2 g), sodium sulphate (2.8 g), celite (2.8 g) and filtered.
PAR  The filtrate is evaporated to dryness in vacuo to give
      9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-ale-.gamma.-lacto
     l-11.alpha.,15S-bis-THP-ether (1.25 g).
PAC  EXAMPLE 32
PAR  Using the 9,11,15-trihydroxy-pentanor-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.,15-bis-acetalic ethers prepared in the
      Example 28 in the procedure of the Examples 24, 31 (reduction with
      diisobutylaluminium hydride) and 25 (reduction with
      sodium-bis-(2-methoxyethoxy) aluminium hydride, we prepare the
      11.alpha.,15-bis-acetalic ethers (11.alpha.,15-bis-THP-ether,
      11.alpha.,15-bis-DIOX-ether) of the following lactol derivatives:
PA1  9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-ale-.gamma.-lactol
     ;
PA1  9.alpha.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-prost-13-yn-6-ale
     .gamma.-lactol;
PA1  16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-ale-.gam
     ma.-lactol;
PA1  9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-ale-.gamma.-lactol
     ;
PA1  9.alpha.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-prost-13-yn-6-ale
     -.gamma.-lactol;
PA1  16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-pentanor-prost-13-yn-6-ale-.gam
     ma.-lactol;
PA1  9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-13-yn-6-ale-.gam
     ma.-lactol;
PA1  9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13-yn-6-ale-.gam
     ma.-lactol;
PA1  9.beta.,11.alpha.,15R-trihydroxy-pentanor-20.omega.-homo-8,12-diiso-prost-1
     3-yn-6-ale-.gamma.-lactol;
PA1  9.beta.,11.alpha.,15S-trihydroxy-pentanor-20.omega.-homo-8,12-diiso-prost-1
     3-yn-6-ale-.gamma.-lactol;
PA1  16-methyl-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-13-yn-
     6-ale-.gamma.-lactol;
PA1  16-methyl-9.beta.,11.alpha.,15S-trihydroxy-pentanor-8,12-diiso-prost-13-yn-
     6-ale-.gamma.-lactol.
PAC  EXAMPLE 33
PAR  Under a nitrogen atmosphere, a suspension of 80% sodium hydride (0.78 g) in
      dry dimethylsulphoxide (23 ml) is heated with stirring at 60.degree. until
      the evolution of hydrogen ceases (3 hours).
PAR  The stirred mixture of methyl sulphinyl carbanide cooled to
      5.degree.-10.degree. is treated with triphenyl (4-carboxy butyl)
      phosphonium bromide (5.78 g) in dry DMSO (23 ml); the deep orange-red
      solution of the ylide is then treated with a solution of
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-al
     e-.gamma.-lactol-11,15-bis-THP-ether (1.35 g) in dry DMSO (10 ml). The
      mixture is stirred for additional 45 minutes and then diluted with
      ice-water (50 ml) and extracted repeatedly with ether until all the
      triphenylphosphoxide has been removed and the combined organic layers are
      re-extracted with 5% sodium bicarbonate. The pH of the combined aqueous
      phases is adjusted to 4.5-4.7 with 4N-sulphoric acid, followed by
      extraction with ether-pentane (1:1).
PAR  The organic layers are combined, washed with saturated (NH.sub.4).sub.2
      SO.sub.4 solution, dried (Na.sub.2 SO.sub.4) and evaporated to dryness to
      afford a mixture (80:20) of
      5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-dien-1-oic
      acid-11.alpha.,15S-bis-THP-ether, also named as
      14-chloro-PGF.sub.2.sub..alpha. -11,15-bis-THP-ether and of
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-yn-1-oic
      acid-11,15-bis-THP-ether also named as 13,14-dehydro-PGF.sub.2.sub..alpha.
      -11,15-bis-THP-ether. This mixture is absorbed on acid-washed silica (180
      g) column and eluted with cyclohexane-ethylacetate, to obtain in the
      following order: 13,14-dehydro-PGF.sub.2.sub..alpha. -bis-THP-ether (0.21
      g), [.alpha.].sub.D = -18.degree. (CHCl.sub.3) and
      14-chloro-PGF.sub.2.sub..alpha. -bis-THP-ether (0.98 g), [.alpha.].sub.D =
      -41.7.degree. (CHCl.sub.3).
PAC  EXAMPLE 34
PAR  Under a nitrogen atmosphere, to a stirred solution of
      5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-dien-1-oic
      acid-11,15-bis-THP-ether in dry DMSO (3 ml) is added a solution of
      potassium tert-butoxide (0.075 g) in dry DMSO (6 ml) and the stirring is
      continued for 2 hours.
PAR  The reaction mixture is then diluted with water (10 ml), acidified to pH
      4.5 and extracted repeatedly with ether. The combined organic layers are
      washed with saturated ammonium sulphate solution till neutral, dried and
      evaporated to dryness in vacuo to afford
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-ene-13-yn-1-oic
      acid-11,15-bis-THP-ether (0.118 g), [.alpha.].sub.D = -18.degree.
      (CHCl.sub.3).
PAC  EXAMPLE 35
PAR  At 5.degree.-10.degree.C, a solution of triphenyl (4-carboxybutyl)
      phosphoniumbromide (2.56 g) in dry DMSO (10 ml) is added to a suspension
      of methyl sulphinyl carbanide obtained starting from 80% NaH (0.35 g) and
      dry DMSO (10 ml) using the procedure described in Example 33. The deep
      orange-red solution of the ylid is then treated with
      13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-pentanor-8,12-diiso-prost-1
     3-ene-6-ale-.gamma.-lactol-11,15-bis-DIOX-ether (0.6 g) dissolved in dry
      DMSO (13 ml). The mixture is stirred only for 12 minutes and then rapidly
      diluted with water (33 ml).
PAR  After extraction with ether until all the triphenyl phosphoxide has been
      removed, the combined organic layers are re-extracted with 5% sodium
      bicarbonate. The pH of the combined aqueous phases is adjusted to pH
      4.5-4.7 with 2N--H.sub.2 SO.sub.4, followed by extraction with
      ether-pentane (1:1).
PAR  These organic layer are combined, washed until neutral, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness to give
      5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prosta,
      5,13-dien-1-oic acid-11.alpha.,15R-bis-DIOX-ether (0.55 g), also named as
      14-chloro-15-epi-8,12-diiso-PGF.sub.2.sub..beta. -11,15R-bis-DIOX-ether.
PAC  EXAMPLE 36
PAR  Under a nitrogen atmosphere, a stirred suspension of 80% sodium hydride
      dispersion in mineral oil (1.08 g) in dry DMSO is heated at 60.degree. to
      give a solution of methyl sulphinyl carbanide in DMSO (about 3 hours).
PAR  This stirred mixture, cooled to 5.degree.-10.degree., is treated with
      triphenyl-(4-carboxybutyl) phosphonium bromide (7.98 g) in DMSO (24 ml);
      the deep orange-red solution of the ylid is then treated with
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxypentanor-prost-13-ene-6-ale
     -.gamma.-lactol (0.45 g) in DMSO (20 ml).
PAR  After 8 minutes, from the reaction mixture, 26 ml of the red solution are
      withdrawn, dilute with ice-water (26 ml) and extracted repeatedly with
      ether until all the triphenyl phosphoxide has been removed. The combined
      organic layers are re-extracted with 5% NaHCO.sub.3 ; then the pH of the
      combined aqueous phase is adjusted to pH 4.5-4.7 with 2N--H.sub.2
      SO.sub.4, followed by extraction with ether.
PAR  These combined organic layers are washed with 10% ammonium sulphate, dried
      (Na.sub.2 SO.sub.4) and evaporated to dryness in vacuo to afford a crude
      product (0.15 g) which is absorbed on acid-washed silica (15 g) column.
PAR  Following elution with cyclohexane-ethyl acetate (1:1) and with ethyl
      acetate gives pure
      5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-diene-1-oic
      acid (0.131 g), [.alpha.].sub.D = -6.9.degree.C (ethanol) also named as
      14-chloro-PGF.sub.2.sub..alpha.. After 12 hours, the remaining portion of
      the reaction mixture (two-thirds of the initial mixture) is diluted with
      water (50 ml).
PAR  The aqueous phase is extracted with ether to remove the triphenyl
      phosphoxide and after re-extraction with 0,5N--NaOH, the organic layer is
      discarded.
PAR  The combined alkaline extracts are acidified with 2N--H.sub.2 SO.sub.4 to
      pH 4, and extracted with ether, the combined organic layers are washed
      until neutral, dried and evaporated to dryness in vacuo.
PAR  Absorption of the residue (310 ml) on acid washed-silica (30 g) column,
      followed by elution with ethyl acetate affords
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-yn-1-oic acid (0.22 g),
      [.alpha.].sub.D = + 28.degree. (ethanol), also named as
      13,14-dehydro-PGF.sub.2.sub..alpha..
PAR  Using the same procedure, the 14-chloro-lactol derivatives of Example 25
      are reacted with the Wittig reagent derived from the (4-carboxy
      butyl)-triphenyl phosphonium bromide to afford the following compounds:
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prosta-5,13-dienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-di
     enoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosta-5,
     13-dienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-20.omega.-homo-prosta-5,
     13-dienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-prosta-5,13-di
     enoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosta-5,13-di
     enoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prosta-5,13-di
     enoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diisoprost
     a-5,13-dienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-8,12-diisoprost
     a-5,13-dienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     prosta-5,13-dienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-20.omega.-homo-8,12-diiso
     prosta-5,13-dienoic acid;
PA1  5c-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-en-13-ynoic acid;
PA1  5cis-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-en-13-ynoic acid;
PA1  5cis-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-ynoic acid;
PA1  5cis-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-en-13-ynoic acid;
PA1  5cis-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prost-5-en-13-ynoic
      acid;
PA1  5cis-9.alpha.,11.alpha.,15R-trihydroxy-20.omega.-homo-prost-5-en-13-ynoic
      acid;
PA1  5cis-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prost-5-ene-13-ynoic acid;
PA1  5cis-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-ene-13-y
     noic acid;
PA1  5cis-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prost-5-ene-13-y
     noic acid;
PA1  5cis-9.beta.,11.alpha.15S-trihydroxy-20.omega.-homo-8,12-diisoprost-5-ene-1
     3-ynoic acid;
PA1  5-cis-9.beta.,11.alpha.,15R-trihydroxy-20.omega.-homo-8,12-diisoprost-5-ene
     -13-ynoic acid.
PAC  EXAMPLE 37
PAR  At -60.degree.C reduction of
      9.beta.,11.alpha.,15R-trihydroxy-prost-13-yn-6-oic
      acid-.gamma.-lactone-11.alpha.-p-phenylbenzoate (0.82 g) with
      sodium-bis-2-methoxy-ethoxy)-aluminium hydride (3.5 equiv.) affords, after
      chromatographic purification on silica gel column, the
      9.beta.,11.alpha.,15R-trihydroxy-prost-13-yn-6-ale-.gamma.-lactol (0.31
      g). Following the procedure described in Example 36, a solution of this
      compound is DMSO (10 ml), is treated with the ylid solution obtained
      starting from 5.32 g of (4-carboxy butyl)triphenyl phosphonium bromide to
      obtain after chromatographic purification on acid-washed silica (34 g) gel
      (cyclohexaneethylacetate 30.70), the
      5cis-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-ene-13-yn-oic-acid,
      [.alpha.].sub.D = + 31.5.degree. (ethanol), as a colorless oil (0.27 g).
PAC  EXAMPLE 38
PAR  Under a nitrogen atmosphere, to a stirred mixture of
      (.beta.-carboxy-methoxy-ethyl)-triphenylphosphonium bromide (6.15 g) and
      13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-ene-6-al
     e-.gamma.-lactol-11.alpha.,15S-bis-DIOX-ether (2.6 g) in dry DMSO (32 ml)
      cooled at 12.degree.-15.degree., is added a solution of freshly sublimed
      potassium tert-butoxide (3.05 g) in dry DMSO (42 ml). After an additional
      stirring for 10 minutes, the reaction mixture is cooled and diluted with
      water (75 ml).
PAR  The aqueous phase is extracted repeatedly with ether to remove the
      triphenylphosphoxide.
PAR  The combined organic layers, after re-extraction with 5% NaHCO.sub.3
      solution, are discarded; then the pH of the combined aqueous phases is
      adjusted to pH 4.5-4.7 with an acid followed by extraction with
      pentane-ether 1:1.
PAR  The combined organic extracts are washed with saturated ammonium sulphate
      solution until neutral, dried (Na.sub.2 SO.sub.4) and evaporated to
      dryness in vacuo to afford the 5c,13t-14-chloro-9.alpha., 11.alpha.,
      15S-trihydroxy-3-oxa-prost-5,13-dienoic acid-11.alpha.,15S-bis-DIOX-ether
      also named as 14-chloro-3-oxa-PGF.sub.2.sub..alpha.
      -11.alpha.,15S-bis-DIOX-ether.
PAR  Using this procedure, the 11,15-bis-DIOX-ethers and the
      11,15-bis-THP-ethers of the 14-chloro lactols of Example 25, are reacted
      with the following triphenylphosphonium bromide derivatives:
PA1  (.beta.-carboxymethoxyethyl)triphenylphosphonium bromide;
PA1  (.beta.-carboxymethylthioethyl)triphenylphosphonium bromide;
PA1  (4-carboxy-but-trans-3-enyl)triphenylphosphonium bromide;
PA1  (4-carboxy-but-cis-3-enyl)triphenylphosphonium bromide;
PA1  (4-carboxy-but-3-ynyl)triphenylphosphonium bromide;
PAL  to afford the following bis-ethers (11.alpha.,15-DIOX or 11.alpha.,
      15-THP)-prostadienoic acids, as well as optically active or dl- compounds:
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prostadienoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-3-thia-prostadienoic
      acid;
PA1  2c,5c,13t-14-chloro9.alpha.,11.alpha.,15S-trihydroxy-prostatrienoic acid;
PA1  2t,5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostatrienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-2-yn-5,13-dienoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-3-oxa-prostadienoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-3-thia-prostadienoic
      acid;
PA1  2c,5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prostatrienoic acid;
PA1  2t,5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prostatrienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prosta-2-yn-5,13-dienoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-20.omega.-homopros
     tadienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-3-oxa-20.omega.-homo-pro
     stadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prostadi
     enoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-3-oxa-prostadi
     enoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-3-oxa-8,12-diiso-prostadi
     enoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-3-thia-8,12-diiso-prostad
     ienoic acid;
PA1  2c,5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostatrien
     oic acid;
PA1  2t,5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostatrien
     oic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-3-oxa-8,12-diiso-prostadi
     enoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-3-thia-8,12-diiso-prostad
     ienoic acid;
PA1  2c,5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prostatrien
     oic acid;
PA1  2t,5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prostatrien
     oic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prosta-2-yn-5,
     13-dienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosta-2-yn-5,
     13-dienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-3-oxa-20.omega.-homo-8,12
     -diiso-prostadienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-3-oxa-20.omega.-homo-8,12
     -diiso-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-3-oxa-8,12-diis
     o-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-3-oxa-8,12-diis
     o-prostadienoic acid;
PAL  which are optionally converted into their methylesters and then/or
      deetherified.
PAC  EXAMPLE 39
PAR  Under a nitrogen atmosphere, to a stirred mixture of 9.alpha.,
      11.alpha.,15S-trihydroxy-pentanor-prost-13-yn-6-ale-.gamma.-lactol-11.alph
     a.,15S-bis-THP-ether (1.3 g) and of (4-carboxybutyl) triphenylphosphonium
      bromide (3.08 g) in dry DMSO (16.5 ml), cooled at 15.degree.-18.degree.C,
      is added potassium tert-butoxide (1.54 g, freshly sublimed) in dry DMSO
      (20 ml).
PAR  After an additional stirring for 12 hours at room temperature the reaction
      mixture is diluted with water (40 ml), repeatedly extracted with ether to
      remove the triphenylphosphoxide.
PAR  The combined organic layers are re-extracted with 0.5N sodium hydroxide
      solution and discarded.
PAR  The combined aqueous phases are acidified to pH 4.5-4.7 and re-extracted
      with a pentane-ether mixture (1:1). These combined organic extracts are
      washed with a saturated ammonium sulphate solution until neutral, dried
      (Na.sub.2 SO.sub.4) and evaporated to dryness in vacuo to give
      5c,-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-ynoic acid-11.alpha.,
      15S-bis-THP-ether [.alpha.].sub.D = -18.degree. (1.43 g as a colorless
      oil) also named as 13,14-dehydro-PGF.sub.2.sub..alpha.
      -11.alpha.-15S-bis-THP-ether. Following this procedure, the
      11,15-bis-THP-ethers and the 11,15-bis-DIOX-ethers of the 13,14-yn-lactols
      of Examples 31 and 32 are reacted with the (4carboxybutyl)
      triphenyl-phosphonium bromide to afford the following bis ethers
      (11.alpha.,15-THP or 11.alpha.,15-DIOX)-prost-5-en-13-ynoic acids, as well
      as optically active or dl-compounds;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prost-5-ene-13-ynoic
      acid;
PA1  5c-9.alpha.,11.alpha.,15R-trihydroxy-20.omega.-homo-prost-5-ene-13-ynoic
      acid;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-ene-13-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prost-5-ene-13-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prost-5-ene-1
     3-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15R-trihydroxy-20.omega.-homo-8,12-diiso-prost-5-ene-1
     3-ynoic acid;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-ene-13-yno
     ic acid;
PA1  5c-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prost-5-ene-13-yno
     ic acid;
PAL  which are optionally deetherified or optionally converted into their
      methylesters and then deetherified.
PAC  EXAMPLE 40
PAR  Using the following triphenylphosphonium bromide derivatives
PA1  (.beta.-carboxy methoxy ethyl)-triphenylphosphonium bromide,
PA1  (.beta.-carboxy methylthio ethyl)-triphenylphosphonium bromide,
PA1  (4-carboxy-but-trans-3-enyl)-triphenylphosphonium bromide,
PA1  (4-carboxy-but-cis-3-enyl)-triphenylphosphonium bromide,
PA1  (4-carboxy-but-3-ynyl)-triphenylphosphonium bromide,
PAL  in the procedure of Example 39, gives the following bis ethers
      (11.alpha.,15-THP or 11.alpha.,15-DIOX)-prost-5-en-13-ynoic acids, as well
      as optically active or dl-compounds:
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prost-5-en-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-thia-prost-5-en-13-ynoic acid;
PA1  2c,5c-9.alpha.,11.alpha.,15S-trihydroxy-prosta-2,5dien-13-ynoic acid;
PA1  2t,5c-9.alpha.,11.alpha.,15S-trihydroxy-prosta-2,5-dien-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-2,13-diynoic acid;
PA1  5c-9.alpha.,11.alpha.,15R-trihydroxy-3-oxa-prosta-5-en-13-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-3-oxa-8,12-diiso-prost-5-en-13-ynoic
      acid;
PA1  5c-9.beta.,11.alpha.,15R-trihydroxy-3-oxa-8,12-diiso-prost-5-en-13-ynoic
      acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-3-thia-8,12-diiso-prost-5-en-13-ynoic
      acid;
PAL  which are optionally deetherified or optionally converted in their methyl
      esters and then deetherified.
PAC  EXAMPLE 41
PAR  Under a nitrogen atmosphere, to a mixture of
      13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-13-ene-6-a
     le-.gamma.-lactol-11,15-bis-DIOX-ether (2.6 g) and of
      (4-carboxybutyl)-triphenylphosphonium bromide (6.1 g) in dry DMSO (32 ml),
      by external cooling at 15.degree.-18.degree.C, is added a solution of
      freshly sublimed potassium tert-butoxide (3.05 g) in dry DMSO (42 ml) over
      a period of 5 minutes.
PAR  After an additional stirring for 15 minutes, the reaction mixture is
      diluted with water (75 ml) and worked up in usual manner (removal of
      triphenylphosphoxide with ether, acidification of the alkaline aqueous
      phases, and following re-extraction with a 1:1 mixture of pentane-ether)
      to afford the
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-11.alpha.,15S-bis-DIOX-ether (2.7 g), also named as
      14-chloro-8,12-diiso-PGF.sub.2.sub..beta. -11.alpha.,15S-bis-DIOX-ether.
      Using the (4-carboxybutyl)-triphenylphosphonium bromide to form the ylid
      by reaction with potassium tert-butoxide (Example 41) or with methyl
      sulphinyl carbanide (Example 35) the 11,15-bis-DIOX-ethers and the
      11,15-bis-THP-ethers of the 14-chloro lactols of Example 25 are reacted to
      afford the following bis-ethers (11.alpha.,15-DIOX or
      11.alpha.,15-THP)prostadienoic acid, as well as optically active or
      dl-compounds:
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-prostadienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-20.omega.-homo-prostadie
     noic acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-prostadienoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15R-trihydroxy-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15R-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-pros
     tadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid,
PAL  which are optionally deetherified or optionally converted in their methyl
      esters and then deetherified.
PAC  EXAMPLE 42
PAR  Under nitrogen atmosphere, to a stirred mixture of
      dl-13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-pentanor-prost-13-en-6-
     oic acid-.gamma.-lactol-11.alpha.,15S-bis-THP-ether (8.28 g) and of
      (4-carboxybutyl)-triphenylphosphonium bromide (27.6 g) in dry DMSO (120
      ml) cooled at 17.degree.-20.degree.C, is added a solution of potassium
      tert-butoxide (15.68 g) in dry DMSO (180 ml).
PAR  The reaction mixture is stirred for 14 hours at room temperature, then
      diluted with water (300 ml) and worked up in the usual manner to give
      dl-5c-9.alpha.,11.alpha.,15S-trihydroxyprost-5-ene-13-ynoic
      acid-11.alpha.,15-bis-THP-ether (7.95 g). This product (1.95 g) in benzene
      is treated with ethereal solution of diazomethane (1.25 equiv.) and after
      15 minutes the reaction mixture is evaporated to dryness in vacuo to
      afford the crude methylester (2 g), which is dissolved in acetone (115 ml)
      and heated with 0.1N aqueous oxalic acid (80 ml) for 12 hours at
      40.degree.C.
PAR  After removal of the acetone in vacuo the aqueous phase is extracted
      repeatedly with ether, the combined organic layers are washed with
      saturated ammonium sulphate solution, dried (Na.sub.2 SO.sub.4) and
      evaporated in vacuo to dryness to give crude
      dl-5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-ynoic acid
      methylester (1.6 g). This product is absorbed on silica (30 g/g) column
      and subsequent elution with cyclohexane-ethylacetate (65:35) allows to
      obtain pure dl-13,14-dehydro-PGF.sub.2.sub..alpha. -methylester (1.22 g,
      m.p. 74.5.degree.-75.5.degree.C).
PAR  A solution of this compound (0.6 g) in methanol (76 ml) water (8 ml) is
      treated with potassium hydroxide (0.4 g) for 2 hours at room temperature,
      then with saturated sodium dihydrogen phosphate solution to pH 6.4-6.8 and
      after removal of methanol in vacuo, the reaction mixture is diluted with
      0.1N aqueous oxalic acid.
PAR  Following extraction with ether and washing to neutrality with saturated
      ammonium sulphate solution afford, after drying on Na.sub.2 SO.sub.4 and
      removal of solvent in vacuo, pure
      dl-5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-ene-13-ynoic acid (0.52 g,
      m.p. 80.degree.-82.degree.C).
PAC  EXAMPLE 43
PAR  Using an excess of the ylid derived from the
      (4-carboxybutyl)-triphenylphosphonium bromide by means of reaction with
      freshly sublimed potassium tert-butoxide or with methyl sulphinyl
      carbanide, the 11.alpha.,15-bis ether (11,15-THP and 11,15-DIOX) of
      14-chloro-lactols of Example 25 and before, are reacted to give the
      following bis-ethers (11.alpha.,15-THP or
      11.alpha.,15-DIOX)-prost-5-en-13-ynoic acids, as well as optically active
      or dl-compounds:
PA1  5-cis-9.alpha.,11.alpha.15S-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5-cis-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-ene-13-ynoic acid;
PA1  5-cis-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prost-5-ene-13-ynoic
      acid;
PA1  5-cis-9.alpha.,11.alpha.,15R-trihydroxy-20.omega.-homo-prost-5-ene-13-ynoic
      acid;
PA1  5-cis-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-ene-13-ynoic
      acid;
PA1  5-cis-16-methyl-9.alpha.,11.alpha.,15R-trihydroxy-prost-5-ene-13-ynoic
      acid;
PA1  5-cis-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-ene-13-ynoic
      acid;
PA1  5-cis-9.beta.,11.alpha.15R-trihydroxy-8,12-diiso-prost-5-ene-13-ynoic acid;
PA1  5-cis-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prost-5-en
     e-13-ynoic acid;
PA1  5-cis-9.beta.,11.alpha.,15R-trihydroxy-20.omega.-homo-8,12-diiso-prost-5-en
     e-13-ynoic acid;
PA1  5-cis-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-ene-13-
     ynoic acid;
PA1  5-cis-16-methyl-9.beta.,11.alpha.,15R-trihydroxy-8,12-diiso-prost-5-ene-13-
     ynoic acid;
PAL  which are optionally deetherified or optionally converted in their methyl
      esters and then deetherified.
PAC  EXAMPLE 44
PAR  Using (.beta.-carboxymethoxyethyl)triphenylphosphonium bromide in the
      procedure of Example 43 gives:
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prost-5-ene-13-ynoic acid and
      its 15R-epimer;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-20.omega.-homo-prost-5-ene-13-yn
     oic acid and its 15R-epimer;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-3-oxa-8,12-diiso-prost-5-ene-13-ynoic
      acid and its 15R-epimer.
PAR  Using (.beta.-carboxymethylthioethyl) triphenylphosphonium bromide in the
      procedure of the Example 43 gives:
PA1  5-cis-9.alpha.,11.alpha.,15S-trihydroxy-3-thia- prost-5-en-13-ynoic acid
      and its 15R-epimer;
PA1  5-cis-9.alpha.,11.alpha.,15S-trihydroxy-3-thia-20.omega.-homo-prost-5-en-13
     -ynoic acid and its 15R-epimer;
PA1  5-cis-9.beta.,11.alpha.,15S-trihydroxy-3-thia-8,12-diiso-prost-5-en-13-ynoi
     c acid and its 15R-epimer.
PAR  Using (4-carboxy-but-cis-3-enyl)triphenylphosphonium bromide in the
      procedure of the Example 43 gives:
PA1  2c,5c-9.alpha.,11.alpha.,15S-trihydroxy-prosta-2,5-dien-13-ynoic acid and
      its 15R-epimer;
PA1  2c,5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosta-2,5-dien-13-ynoic
      acid and its 15R-epimer.
PAR  Using (4-carboxy-but-trans-3-enyl)triphenylphosphonium bromide in the
      procedure of the Example 43 gives: 2t,
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prosta-2,5-dien-13-ynoic acid and its
      15R-epimer;
PA1  2t,5c-9.beta.,11.alpha.,15R-trihydroxy-prosta-2,5-dien-13-ynoic acid and
      its 15R-epimer.
PA1  Using (4-carboxy-but-3-ynyl)triphenylphosphonium bromide in the procedure
      of the example 43 gives:
PA1  5c-9.alpha.,11.alpha.,15-S-trihydroxy-prost-5-en-2,13-dyynoic acid and its
      15R-epimer;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prost-5-en-2,13-diynoic acid
      and its 15R-epimer.
PAR  All these compounds are optionally deetherified or are optionally converted
      in their methyl esters and then deetherified.
PAC  EXAMPLE 45
PAR  A stirred solution of
      5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prosta-5,13-dienoic
      acid-11.alpha.,15S-bis-THP-ether (1.4 g) in acetone (28 ml), cooled at
      -18.degree., is treated with Jones reagent [2.8 ml; prepared by adding
      concentrated sulphuric acid (61 ml) to chromic anhydride (70 g) in water
      (500 ml)]. The mixture is stirred at -10.degree. to -12.degree.C for an
      additional 20 minutes, diluted with benzene (80 ml), washed with saturated
      ammonium sulphate solution until neutral, dried (Na.sub.2 SO.sub.4) and
      then evaporated to dryness in vacuo to yield, as an oil,
      5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prosta-dienoic
      acid-11,15-bis-THP-ether [.alpha.].sub.D = -82.degree. (CHCl.sub.3), which
      is then deetherified in acetone with 0.1N aqueous oxalic acid.
PAC  EXAMPLE 46
PAR  Using the 5c-9.alpha.,11.alpha.,15S-trihydroxy-prost-5-en-13-ynoic
      acid-11,15-bis-THP-ether in the procedure of Example 45 gives
      5c-11.alpha.,15S-dihydroxy-9-oxo-prost-5-en-13-ynoic
      acid-11,15-bis-THP-ether, [.alpha.].sub.D = -82,6.degree. (CHCl.sub.3).
PAR  A solution of this compound (1.4 g) in acetone (200 ml) is treated with 0.1
      N aqueous oxalic acid (270 ml) at 33.degree. to 37.degree.C for 6 hours;
      then, after removal of acetone in vacuo, the aqueous phase is repeatedly
      extracted with ether. The combined organic extracts (250 ml) are washed
      with saturated ammonium sulphate solution until neutral, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness in vacuo. The residue (1.1 g) is
      adsorbed on an acid washed silica (75 g) column [the acid washed silica
      gel is prepared by treatment of SiO.sub.2 (1 kg) with 2,2 pt. of 7N-HCl,
      under stirring for 2 hours, followed by filtration, washing until
      disappearance of Cl.sup.- ions in the eluate and activation at
      120.degree.C under vacuum for 2 days] and eluted with cyclohexane-ethyl
      acetate mixtures. The eluates from 150-50 cyclohexane-ethyl acetate give,
      after removal of the solvents in vacuo, the oil 5-cis-11.alpha.,15
      S-dihydroxy-9-oxo-prost-5-en-13-ynoic acid [13,14-dehydro-PGE.sub.2 ]
      (0.75 g), [.alpha.].sub.D = -15.1.degree. (ethanol).
PAR  Using the 15R-epimer in this procedure gives the oic
      5c-11.alpha.,15R-dihydroxy-9-oxo-prost-5-en-13-ynoic acid
      [13,14-dehydro-15-epi-PGE.sub.2 ], [.alpha.].sub.D = + 31.6.degree.
      (ethanol).
PAC  EXAMPLE 47
PAR  Starting from the corresponding 9,11,15-trihydroxy-prostanoic
      acid-11,15-bis-ether (DIOX-ether or THP-ether) or their methyl esters,
      oxidation with Jones reagent, followed by deetherification give the
      following (optically active or dl-compounds):
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-3-oxaprostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-3-oxaprostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostad
     ienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-pr
     ostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-3-oxa-8,12-di
     iso-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prostad
     ienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo18,12-diiso-pr
     ostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-3-oxa-8,12-di
     iso-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-8,12-diiso-prostadieno
     ic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-8,12-diiso-prostadieno
     ic acid;
PA1  5c,11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha., 15S-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-20.omega.-homo-prosten-13-ynoic
      acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-presten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-20.omega.-homo-prosten-13-ynoic
      acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-hydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoi
     c acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-20.omega.-homo-8,12-diiso-prosten-13
     -ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-hydroxy-9-oxo-3-oxa-20.omega.-homo-8,12-diiso-prosten-13-y
     noic acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-8,12-diiso-prosten-13-ynoi
     c acid;
PAC  EXAMPLE 48
PAR  A solution of
      dl-5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxyprostadienoic
      acid-11.alpha.,15S-bis-THP (0.228 g) in pyridine (0.6 ml) is treated with
      acetic anhydride (0.2 ml) at room temperature. After 12 hours the mixture
      is poured in 20% aqueous citric acid (10 ml) and extracted repeatedly with
      ether (80 ml). The combined organic phases are washed with 2N citric acid,
      water and a saturated ammonium sulphate solution until neutral, dried
      (Na.sub.2 SO.sub.4) and evaporated to dryness in vacuo to afford
      dl-5c,13t-9.alpha.,11.alpha.,15-trihydroxy-prostadienoic
      acid-11.alpha.,15S-bis-THP-ether-9-acetate (0.22 g). A solution of this
      compound in acetone (24 ml) is treated with 0,2N aqueous citric acid and
      heated for 20 hours at 38.degree.-40.degree.C; after removal of acetone in
      vacuo, the reaction mixture is extracted with ether.
PAR  The combined organic extracts are washed up to neutrality dried and
      evaporated to dryness in vacuo to afford a crude product (0.18 g). The
      residue is adsorbed on an acid washed silica (1.4 g) column and eluted
      with cyclohexane-ethyl acetate mixtures.
PAR  The eluates from 150/50 cyclohexane-ethylacetate give, after removal of the
      solvents in vacuo, the oil
      dl-5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-acetate.
PAR  Starting from the corresponding
      9,11.alpha.,15-trihydroxy-11.alpha.,15-bis-acetalic ethers, treatment in
      pyridine with a convenient anhydride or with a convenient chloride of a
      carboxylic acid, followed by deetherification, gives the following:
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-propionate;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-p-phenylbenzoate;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-benzoate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-9-acetate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-9-p-phenylbenzoate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid9-propionate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-9-benzoate;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-acetate;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-p-phenylbenzoate;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-benzoate;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-9-propionate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-  13-ynoic acid9-acetate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-9-p-phenylbenzoate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-9-benzoate;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-9-propionate.
PAC  EXAMPLE 49
PAR  A stirred solution of
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-11.alpha.,15S-bis-DIOX-ether (2.4 g) in acetone (48 ml), cooled at
      -20.degree.C, is treated with Jones reagent (4.8 ml).
PAR  The mixture is stirred at -20.degree. to -10.degree.C for an additional 25
      minutes, diluted with benzene (160 ml) and washed repeatedly with a
      saturated ammonium sulphate solution (10 .times. 15 ml) until neutral;
      aqueous washing are re-extracted with benzene and the combined organic
      layers are dried (Na.sub.2 SO.sub.4), evaporated to dryness in vacuo to
      give
      5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid-11.alpha.,15S-bis-DIOX-ether (2.4 g).
PAR  A solution of this product in acetone (100 ml) is treated with 0.1N-aqueous
      oxalic acid for 5 hours at 38.degree.C, and then, after removal of acetone
      in vacuo, the aqueous phase is extracted with ether (5 .times. 20 ml).
PAR  The combined organic layer is washed with a saturated ammonium sulphate
      solution until neutral, dried and evaporated to dryness to give a crude
      product, which is adsorbed on acid washed-silica (150 g) column. Elution
      with ethylacetate-cyclohexane (1:1), after removal of solvents in vacuo,
      gives pure
      5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid also named as 14-chloro-8,12-diiso-PGE.sub.2 (0.92 g).
PAC  EXAMPLE 50
PAR  An ethereal solution of
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-11,15-bis-DIOX-ether is treated at room temperature, with a
      diazoalkane (e.g. diazomethane) solution (1.2 equiv.). After 30 minutes,
      the mixture is evaporated to dryness in vacuo to afford
      5c,13t-14-chloro-9.beta.11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-11,15-bis-DIOX-ether-methyl ester.
PAR  Using this procedure, we prepare the methyl esters and the ethyl esters of
      the 14-chloro-prostadienoic acid as well as of the prosten-13-ynoic acid.
PAC  EXAMPLE 51
PAR  To a solution of 5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-11.alpha.,15S-bis-DIOX-ether in pyridine (2.75 ml) and methylene
      chloride (27 ml) are added n-octanol (0.9 g) and cyclohexylcarbodiimide
      (0.5 g). After 21/2 hours, the reaction mixture is filtered, concentrated
      in vacuo to a small volume and the adsorbed on a silica column. Subsequent
      elution with cyclohexane-ethylacetate-pyridine (800:200:5) affords pure
      5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-octyl
      ester-11.alpha.,15S-bis-DIOX-ether (0.96 g).
PAR  A solution of this compound in acetone (50 ml), after addition of 0.1N
      aqueous oxalic acid (40 ml) is warmed for 12 hours at
      35.degree.-40.degree.. after removal of acetone in vacuo and extraction of
      aqueous phase with ether, the combined ethereal extracts are washed with
      saturated sodium chloride solution, dried (Na.sub.2 SO.sub.4) and
      evaporated to dryness in vacuo, to give, after chromatographic
      purification on silica column [elution with cyclohexane-ethylacetate 7:3],
      pure 5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-n-octil
      ester.
PAR  Starting from the corresponding
      5c,13t-14-chloro-trihydroxy-prosta-dienoic-11,15-bis-ether, as, from the
      corresponding 5c-trihydroxy-prosten-13-ynoic acid-11,15-bis-ether and
      working up as above described, by esterification with a convenient alcohol
      optionally followed by deetherification, we prepare the esters
      [11,15-bis-ether-(11,15-DIOX-ether and 11,15-THP-ether) and 11,15-free
      alcohols] of the following compounds:
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-trichloroethyl
      ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-n-decylester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-n-octadecyl
      ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-n-dodecyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid-n-hexyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid-n-octyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid-n-decyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid-n-octadecyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid-trichloroethyl ester;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid-n-hexyl ester;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-n-octyl ester;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-n-decyl ester;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-n-octadecyl ester;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-n-hexyl ester;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-n-trichloroethyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-octyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-hexyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-decyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-dodecyl ester;
PA1  5c,13t-14-chloro-9.alpha., 11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-octadecyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-n-hexyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-n-octyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-n-decyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-n-dodecyl ester;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadie
     noic acid-n-octadecyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-hexyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,14S-trihydroxy-prostadienoic
      acid-n-octyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-decyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prostadienoic
      acid-n-octadecyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-trichloroethyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-hexyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-octyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-decyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-octadecyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid-trichloroethyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid -n-hexyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid -n-octyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid -n-decyl ester;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-yn
     oic acid-n-octadecyl ester;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-trichloroethyl ester;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid -n-hexyl ester;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-octyl ester;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid -n-decyl ester;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-n-octadecyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-n-hexyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-n-octyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-n-decyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid-n-octadecyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid-n-hexyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid-n-octyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid-n-decyl ester;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso
     -prostadienoic acid-n-octadecyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid-trichloroethyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid-n-hexyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid-n-octyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid-n-decyl ester;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-8,12-diiso-pros
     tadienoic acid-n-octadecyl ester.
PAC  EXAMPLE 52
PAR  A stirred solution of 5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic
      acid-octyl ester-11.alpha.,15S-bix-DIOX-ether (0.67 g) in acetone, cooled
      at -20.degree., is treated with Jones reagent (1.25 ml). The mixture is
      stirred at -20.degree. to -10.degree.C for 15 minutes, diluted with
      benzene and washed with a saturated ammonium sulphate solution until
      neutral, dried (Na.sub.2 SO.sub.4) and evaporated to dryness in vacuo to
      afford the 5c-11.alpha.,15S-dihydroxy-9-oxoprosten-13-ynoic acid-n-octyl
      ester-11.alpha.,15S-bis-DIOX-ether (0.62 g).
PAR  A solution of this compound in acetone-0.1N aqueous oxalic acid (1:1) is
      warmed for 6 hours at 33.degree.-38.degree.; after removal of acetone in
      vacuo, the aqueous phase is extracted with ether. The combined organic
      layers are washed up to neutrality, dried (Na.sub.2 SO.sub.4) and
      evaporated to dryness in vacuo. The residue is adsorbed on silica gel
      column and eluted with cyclohexane-ethyl acetate (8:2) to afford, after
      removal of solvents in vacuo,
      5c-11.alpha.,15S-dihydroxy-9-oxoprosten-13-ynoic acid-n-octyl ester.
PAR  Starting from the corresponding esters (methyl, ethyl, trichloroethyl,
      n-hexyl-, n-octyl-, n-decyl-, n-dodecyl-) of the 11,15-bis-ether
      (11,15-DIOX and 11,15-THP) of the prostenoic acid, prepared as described
      in Examples 50, 51 oxidation with Jones reagent affords the corresponding
      esters (methyl, ethyl, trichloroethyl, n-hexyl-, n-octyl-, n-decyl-,
      n-dodecyl-)-11,15-bis-ether (11,15-DIOX; 11,15-THP), which are optionally
      deetherified, of the following 9-oxo-derivatives:
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-prostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-
      20.omega.-homo-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prostadienoic
      acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prostad
     ienoic acid;
PA1  5c,13t-14-chloro-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prostad
     ienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-pr
     ostadienoic acid;
PA1  5c,13t-14-chloro-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-pr
     ostadienoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-8,12-diiso-prosten-13-ynoic
      acid.
PAC  EXAMPLE 53
PAR  A stirred solution of
      5c-11.alpha.,15S-dihydroxy-9-oxo-8,12-diisoprosten-13-ynoic
      acid-methylester-11.alpha.,15S-bis-THP-ether (0.54 g) in
      methanol-methylene chloride (1:1) (20 ml), cooled at 0.degree.C, is
      treated with sodium borohydride (50 mg) and the stirring is continued for
      an additional 30 minutes; then the excess reagent is destroyed by addition
      of few drops of acetone and the mixture is concentrated in vacuo to small
      volume. After dilution with ether, the organic layer is washed until
      neutral with 10% ammonium sulphate solution, dried (Na.sub.2 SO.sub.4) and
      evaporated to dryness in vacuo to give
      5c-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-methyl ester-11,15-bis-THP-ether (0.5 g), which is deetherfied by
      treatment with acetone (24 ml) and 0.2N-aqueous citric acid (30 ml) for 20
      hours at 38.degree.-40.degree.C.
PAR  After removal of acetone in vacuo, the aqueous phase is repeatedly
      extracted with ether, the combined organic layers are washed with 15%
      (NH.sub.4).sub.2 SO.sub.4 solution until neutral, dried (Na.sub.2
      SO.sub.4) and evaporated to dryness in vacuo to give a crude product (0.46
      g) which is purified by elution on a silica column with cyclohexane -ethyl
      acetate mixtures. The eluates (from cyclohexane-ethylacetate 1:1), after
      removal of solvents in vacuo, give pure
      5c-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid-methyl ester (0.28 g).
PAR  A solution of this compound (0.12 g) in methanol is treated with 2N sodium
      hydroxide (2 equiv.) refluxed for 30 minutes, concentrated in vacuo to
      small volume and diluted with water. The aqueous phase is extracted with
      ether, the combined organic layers after re-extraction with 0.5N sodium
      hydroxy are descarded. The pH of the combined alkaline layers is adjusted
      to pH4.5-4.6, followed by extraction with ether. These combined organic
      phases are washed with saturated (NH.sub.4).sub.2 SO.sub.4 solution until
      neutral, dried (Na.sub.2 SO.sub.4) and evaporated to dryness to afford
      pure 5c-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic acid
      (0.068) as a colorless oil.
PAC  EXAMPLE 54
PAR  Using the procedure of Example 53, the
      14-chloro-9-oxo-8,12-diiso-prostadienoic ester-11,15-bis-ether derivatives
      as the 9-oxo-8,12-diiso-prosten-13-ynoic ester-11,15-bis ether derivatives
      of Example 52, are reacted with sodium borohydride to afford, after
      deetherification the esters (methyl, ethyl, trichloroethyl, octyl,
      n-hexyl, n-decyl-, n-dodecyl-) and after optional saponification the free
      acids of the following compounds:
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic acid;
PA1  5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diiso-prosten-13-y
     noic acid;
PA1  5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prosten-13-ynoic
      acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-prostadienoic
      acid;
PA1  5c,13t-16-methyl-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-8,12-diiso-pro
     stadienoic acid;
PA1  5c,13t-14-chloro-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-8,12-diis
     o-prostadienoic acid.
PAC  EXAMPLE 55
PAR  A stirred solution of
      5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic acid
      methylester-11,15-bis-THP (0.89) in 20 ml of methanol-methylene chloride
      (1:1) is reacted with sodium borohydride (100 mg). After an additional
      stirring for 30 minutes, the excess reagent is destroyed by addition of
      few drops of acetone. The mixture is concentrated to small volume in
      vacuo, diluted with ether-methylene chloride (5:1) washed with 10%
      (NH.sub.4).sub.2 SO.sub.4 solution until neutral and dried (Na.sub.2
      SO.sub.4). After removal of solvents in vacuo, the residue is adsorbed on
      silica (100 g) column and eluted with cyclohexane-ether mixtures to obtain
      in order: 14-chloro-PGF.sub.2.sub..alpha. -methylester-11,15-bis-THP-ether
      (0.2 g) and
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-prostadienoic acid
      methylester-11,15-bis-THP-ether (0.39 g).
PAR  This product is deetherified by treatment with acetone (20 ml) and 0.2N
      citric acid (15 ml) for 12 hours at 38.degree.-40.degree. to afford
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-prostadienoic acid
      methylester (0.2 g).
PAR  At the end, this methylester is reacted in methanol with 0.1 potassium
      hydroxide (2 equiv.) at reflux temperature for 30 minutes to give
      5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-prostadienoic acid (0.08
      g) also named as 14-chloro-PGF.sub.2.sub..beta..
PAC  EXAMPLE 56
PAR  Using the procedure of Example 55, the 14-chloro-9-oxo-prostadienoic
      ester-11,15-bis-ether derivatives as the 9-oxo-prosten-13-ynoic acid
      ester-11,15-bis-ether derivatives of Example 52, are reacted with sodium
      borohydride to afford after deetherification the esters (methyl, ethyl,
      trichloroethyl, n-hexyl, n-octyl, n-decyl, n-dodecyl) and after optional
      saponification the free acids of the following compounds:
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-prostadienoic acid;
PA1  5c,13t-14-chloro-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-prostadienoic
      acid;
PA1  5c,13t-14-chloro-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-prostadien
     oic acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid;
PA1  5c-16-methyl-9.beta.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid;
PA1  5c-9.beta.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic acid.
PAC  EXAMPLE 57
PAR  A solution of
      dl-5c,13t-14-chloro-11.alpha.,15S-dihydroxy-9-oxo-prostadienoic
      acid-11,15-bis-THP-ether (also named as dl-14-chloro-PGE.sub.2
      -11,15-bis-THP-ether) in acetone (40 ml) is treated with 0.2N-oxalic acid
      (54 ml) and warmed for 6 hours at 60.degree.-65.degree.C. After removal of
      acetone in vacuo, the aqueous phase is repeatedly extracted with ether;
      the combined organic layers are washed with saturated (NH.sub.4).sub.2
      SO.sub.4 solution until neutral, dried (Na.sub.2 SO.sub.4). After removal
      of solvents, the residue is purified by preparative T.L.C. on silica
      platts using mixture of benzene-ethyl acetate-acetic acid (130:24:12) as
      eluent, to obtain
      dl-5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-5,10,13-trienoic acid (0.12
      g) also named as dl-14-chloro-PGA.sub.2.
PAC  EXAMPLE 58
PAR  Using the procedure of Example 57, the 14-chloro-9-oxo-prostadienoic
      acid-11,15-bis-ethers of Examples 45 and 47 and their esters of Example 52
      are deetherified at 60.degree.-65.degree. with acetone-0.2N aqueous oxalic
      acid to afford the esters (methyl, ethyl, trichloroethyl, n-hexyl-,
      n-octyl-, n-decyl-, n-dodecyl-) and the free acids of the following
      optically active and dl-compounds:
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-5,10,13-trienoic acid and its
      15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-20.omega.-homo-prosta-5,10,13-trienoic
      acid and its 15R-epimer;
PA1  5c,13t-14-chloro-16-methyl-15S-hydroxy-9-oxo-prosta-5,10,13-trienoic acid
      and its 15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-3-oxa-prosta-5,10,13-trienoic acid and
      its 15R-epimer;
PA1  2c,5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-2,5,10,13-tetraenoic acid and
      its 15R-epimer;
PA1  2t,5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-2,5,10,13-tetraenoic acid and
      its 15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-prosta-5,10,13-trien-2-yn-oic acid and
      its 15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10,13-trienoic acid
      and its 15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-3-oxa-8,12-diiso-prosta-5,10,13-trienoic
      acid and its 15R-epimer;
PA1  5c,13t-14-chloro-16-methyl-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10,13-trie
     noic acid and its 15R-epimer;
PA1  5c,13t-14-chloro-15S-hydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosta-5,10,13
     -trienoic acid and its 15R-epimer.
PAC  EXAMPLE 59
PAR  A solution of 5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic
      acid-n-octyl ester-11,15-bis-DIOX-ether (0.6 g) in acetone (45 ml) and
      0.25 N aqueous oxalic acid (54 ml) is warmed at 60.degree.-65.degree. for
      6 hours and after removal of acetone in vacuo, the aqueous phase is
      repeatedly extracted with ether-methylene chloride 5:1. The combined
      organic layers are washed with a saturated (NH.sub.4).sub.2 SO.sub.4
      solution until neutral, dried on Na.sub.2 SO.sub.4 and evaporated to
      dryness. The residue is purified by preparative TLC chromatography (eluent
      cyclohexane-ether) to give the
      5c-16-methyl-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid-n-octyl
      ester (0.25 g).
PAC  EXAMPLE 60
PAR  Using the procedure of Example 59, the 9-oxo-prosten-13-ynoic
      acid-11,15-bis-ethers of Examples 46 and 47 and their esters of Example 52
      are deetherified at 60.degree.-65.degree. with acetone-0.25N aqueous
      oxalic acid to afford the esters (methyl, ethyl, trichloroethyl, n-hexyl,
      n-octyl-, n-decyl-, n-dodecyl-) and the free acids of the following
      optically active and dl-compounds:
PA1  5c-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid and its 15R-epimer;
PA1  5c-15S-hydroxy-9-oxo-20.omega.-homo-prosta-5,10-dien-13-ynoic acid and its
      15R-epimer;
PA1  5c-16-methyl-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid and its
      15R-epimer;
PA1  5c-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10-dien-13-ynoic acid and its
      15R-epimer;
PA1  5c-15S-hydroxy-9-oxo-20.omega.-homo-8,12-diiso-prosta-5,10-dien-13-ynoic
      acid and its 15R-epimer;
PA1  5c-16-methyl-15S-hydroxy-9-oxo-8,12-diiso-prosta-5,10-dien-13-ynoic acid
      and its 15R-epimer;
PA1  5c-15S-hydroxy-9-oxo-3-oxa-8,12-diiso-prosta-5,10-dien-13-ynoic acid and
      its 15R-epimer;
PA1  5c-15-hydroxy-9-oxo-3-oxa-prosta-5,10-dien-13-ynoic acid and its
      15R-epimer.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compounds having general formulas (I)
      ##SPC23##
      ##SPC24##
PAL  and the racemates thereof,
PA1  wherein R is a hydrogen atom, a pharmaceutically acceptable cation or a
      C.sub.1-12 alkyl group; R.sub.1 is --CH.sub.2 CH.sub.2 --, --OCH.sub.2 --,
      --SCH.sub.2 --, --CH=CH-- or --C.tbd.C--; one of R.sub.2 and R.sub.3 is a
      hydrogen atom and the other is a hydroxy group or R.sub.2 and R.sub.3
      together form an oxo-group; A is --C.tbd.C--, one of R.sub.4 and R.sub.5
      is a hydrogen atom and the other is a hydroxy group; R.sub.6 is a hydrogen
      atom or a C.sub.1-4 alkyl group; n is 3 or 4; and wherein the chains bound
      to the carbon atoms in the 8-position and in the 12-position have the
      trans-configuration.
NUM  2.
PAR  2. 5c-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid, as claimed
      in claim 1.
NUM  3.
PAR  3. 5c-16-methyl-9.alpha.,11.alpha.,15S-trihydroxy-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  4.
PAR  4. 5c-9.alpha.,11.alpha.,15S-trihydroxy-20.omega.-homo-prosten-13-ynoic
      acid, as claimed in claim 1.
NUM  5.
PAR  5. 5c-9.alpha.,11.alpha.,15S-trihydroxy-3-oxa-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  6.
PAR  6. 5c-9.alpha.,11.alpha.,15R-trihydroxy-prosten-13-ynoic acid, as claimed
      in claim 1.
NUM  7.
PAR  7. 5c-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid, as claimed in
      claim 1.
NUM  8.
PAR  8. 5c-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid, as claimed in
      claim 1.
NUM  9.
PAR  9. 5c-16-methyl-11.alpha.,15S-dihydroxy-9-oxo-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  10.
PAR  10. 5c-16-methyl-11.alpha.,15R-dihydroxy-9-oxo-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  11.
PAR  11. 5c-11.alpha.,15S-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid,
      as claimed in claim 1.
NUM  12.
PAR  12. 5c-11.alpha.,15R-dihydroxy-9-oxo-20.omega.-homo-prosten-13-ynoic acid,
      as claimed in claim 1.
NUM  13.
PAR  13. 5c-11.alpha.,15S-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  14.
PAR  14. 5c-11.alpha.,15R-dihydroxy-9-oxo-3-oxa-prosten-13-ynoic acid, as
      claimed in claim 1.
NUM  15.
PAR  15. 5c-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid.
NUM  16.
PAR  16. 5c-16-methyl-15S-hydroxy-9-oxo-prosta-5,10-dien-13-ynoic acid.
NUM  17.
PAR  17. 5c-15S-hydroxy-9-oxo-20.omega.-homo-prosta-5,10-dien-13-ynoic acid.
NUM  18.
PAR  18. 5c-15S-hydroxy-3-oxa-9-oxo-prosta-5,10-dien-13-ynoic acid.
PATN
WKU  039352552
SRC  5
APN  5014557
APT  1
ART  127
APD  19740828
TTL  Phenylacetic acid derivatives
ISD  19760127
NCL  2
ECL  1
EXP  Sutto; Anton H.
INVT
NAM  Maillard; Jacques Georges
CTY  Paris
CNT  FR
ASSG
NAM  Laboratoires Jacques Logeais
CTY  Issy-les-Moulineaux
CNT  FR
COD  03
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CNT  FR
APD  19730917
APN  73.33276
CLAS
OCL  260518R
XCL  424319
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ICL  C07C11914
ICL  A01N  920
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OREF
PAL  theilheimer, W., Synthetic Methods of Organic Chemistry, Vol. 12, (1958),
       Pub. by S. Karger, N.Y. p. 215, sect. 480 relied on.
LREP
FRM  Young & Thompson
ABST
PAL  This invention relates to compounds having the formula:
      ##SPC1##
PAL  In which R is hydrogen or alkyl containing 1-4 carbon atoms and A and B
      both represent a hydrogen atom ot form together a carbon-carbon bond, and
      their salts with inorganic or organic bases.
PAL  Said compounds have analgesic and anti-inflammatory properties.
BSUM
PAR  The present invention relates to compounds having the formula:
      ##SPC2##
PAL  In which R represents a hydrogen atom or an alkyl group having 1-4 carbon
      atoms, typically a methyl group, and A and B both represent a hydrogen
      atom or form together a carbon-carbon bond, and their pharmaceutically
      acceptable salts with inorganic or organic bases.
PAR  The compounds may be prepared in aqueous solution by reaction of
      hydroxylamine with a salt of the corresponding ketonic compound, typically
      an alkali metal salt, at room temperature or at slightly more elevated
      temperature (40.degree.-50.degree.C), followed, if desired, by
      acidification of the resulting salt to give the acid.
PAR  The corresponding ketonic compounds, i.e. the compounds having a formula
      ##SPC3##
PAL  Are described in U.S. Pat. Application Ser. No. 285 127.
PAR  The following examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  2-[4-(3'-Hydroxyimino-cyclohexen-1'-yl)-phenyl]propionic acid (R = CH.sub.3
      ; A-b : double bond)
PAR  2-[4-(3'-Oxo-cyclohexen-1'-yl)-phenyl]propionic acid (1.27 g;
PAR  2- [4-(3'-Oxo-cyclohexen- 5.2 mmoles) is dissolved in N sodium hydroxide
      (15 ml). Hydroxylamine hydrochloride (0.42 g; 6 mmoles) is added thereto
      and the resulting solution is allowed to react during 24 hours. The
      solution is made acidic and the gummy precipitate is then dried and
      crystallized from water-methanol (1:1), to give 0.83 g of product (Yield:
      62%). M.p. = 200.degree.C.
TBL  ______________________________________                                    

     Analysis:                                                                 

              C.sub.15 H.sub.17 NO.sub.3                                       

                            C         H      N                                 

     ______________________________________                                    

            Calculated%:                                                       

                        69,47     6.61     5.40                                

            Found% :    69.5      6.9      5.35                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  2-[4-(3'-Hydroxyimino-cyclohexyl)phenyl]propionic acid (R = CH.sub.3 ; A =
      B = H)
PAR  2[4-(3'-Oxo-cyclohexyl)phenyl]propionic acid (4 g; 16.2 mmoles) is
      dissolved in N sodium hydroxide (55 ml) and treated with hydroxylamine
      hydrochloride (2.22 g; 32 mmoles) during 24 hours at room temperature. The
      gummy precipitate formed on acidification is converted to the sodium salt
      in aqueous solution which is then evaporated to dryness. The residue is
      dissolved in methanol or ethanol to remove an insoluble. After evaporating
      off the alcool, the sodium salt is again dissolved in water and converted
      to the acid which is crystallized from water-methanol (1:1), to give 3 g
      of product (Yield : 70%), M.p. = 178.degree.C.
TBL  ______________________________________                                    

     Analysis:                                                                 

              C.sub.15 H.sub.19 NO.sub.3                                       

                            C         H      N                                 

     ______________________________________                                    

            Calculated %:                                                      

                        68.94     7.33     5.36                                

            Found % :   68.8      7.5      5.3                                 

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  4-(3'-Hydroxyimino-cyclohexen-1'-yl)-phenylacetic acid (R = H; A-B : double
      bond)
PAR  The procedure described in Example 1 is used. The crude material is
      recrystallized from dichloroethane and then from acetonitrile. (Yield:
      70%). M.p  = 180.degree.C
TBL  ______________________________________                                    

     Analysis:                                                                 

              C.sub.14 H.sub.15 O.sub.3 N                                      

                            C         H      N                                 

     ______________________________________                                    

            Calculated %:                                                      

                        68.55     6.16     5.71                                

            Found % :   68.7      6.2      5.7                                 

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  4-(3'-Hydroxyimino-cyclohexyl)phenylacetic acid (R = H, A = B = H)
PAR  The procedure described in Example 2 is used. The material is purified by
      boiling with acetonitrile in which the product is insoluble. (Yield: 64%).
      M.p. = 190.degree.C.
TBL  ______________________________________                                    

     Analysis:                                                                 

              C.sub.14 H.sub.17 O.sub.3 N                                      

                            C         H      N                                 

     ______________________________________                                    

            Calculated %:                                                      

                        67.99     6.93     5.66                                

            Found % :   67.8      7.0      5.7                                 

     ______________________________________                                    

PAR  The compounds encompassed by the present invention possess analgesic and
      anti-inflammatory properties. Said properties were evidenced in animals by
      means of conventional pharmacological tests.
PAR  Analgesic action: Koster test (cf. KOSTER and ANDERSON. Feder. Proceed.,
      1959, 18, 412)
PAR  Antipyretic action, against fever induced by injection of barm, in rats.
PAR  Anti-inflammatory action:
PAR  carrageenin-induced edema in rats (cf. WINTER, RISLEY and MUSS, Proc. Soc.
      Exp. Biol. Med., 1962, 111, 544),
PAR  ultraviolet-induced erythema in guinea-pigs (cf. WINTER, Arch. Int.
      Pharmaco., 1958, 116, 261),
PAR  adjuvant-induced polyarthritis in rats, determination of the oral dosage
      (mg/kg/day) which decreases by at least 50% the manifestations of
      arthritis within 14 days.
TBL  ______________________________________                                    

     Compound of Example                                                       

                     1                2                                        

     ______________________________________                                    

     Koster test                                                               

     ED.sub.50 (mg/kg p.o.)                                                    

                      30-50           4.5                                      

     Antipyretic action                                                        

     (mg.kg p.o.)    30               3                                        

     Carrageenin-induced edema                                                 

     ED.sub.40 (mg/kg p.o.)                                                    

                     2.2              0.25                                     

     UV-induced erythema                                                       

     ED.sub.50 (mg/kg p.o.)                                                    

                     --               2                                        

     Polyarthritis                                                             

     ED.sub.50 (p.o.)                                                          

                     --               0.9                                      

     LD.sub.50 (mg/kg)                                                         

                     I.P.     P.O.    I.P.   P.O.                              

                     &gt;100     &gt;100    &gt;200   &gt;200                              

     ______________________________________                                    

PAR  The analgesic and anti-inflammatory properties of the compounds described
      in this invention are therapeutically useful in human medicine, in the
      treatment of various pains, particularly of pains of rheumatic origin.
PAR  Thus, the present invention relates also to a process for the treatment of
      pains, comprising administering to human patients a therapeutically
      effective amount of a compound of the formula (I) or of a pharmaceutically
      acceptable salt thereof.
PAR  The present invention includes also within its scope a therapeutic
      composition having an analgesic and anti-inflammatory activity, comprising
      a therapeutically effective amount of a compound of the formula (I) or of
      a pharmaceutically acceptable salt thereof.
PAR  The compounds may be administered as acids, by the oral or rectal route, or
      as salts with alkali metals or non-toxic organic bases, by the parenteral
      route, in combination with a carrier suitable for the route of
      administration chosen.
PAR  The daily dosage regimen may vary, depending on the route of
      administration, from 50 mg to 2 g per 24 hours. Are particularly useful
      the compositions formulated as tablets or capsules containing 10-200 mg
      active compound, suppositories containing 10-500 mg active compound or
      injectable ampoules containing 10-200 mg of a soluble salt.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from the compounds having the formula
      ##SPC4##
PAL  in which R is selected from hydrogen and alkyl having 1-4 carbon atoms and
      A and B, when taken separately, each represent a hydrogen atom and, when
      taken together, form a carbon-carbon bond, and their therapeutically
      acceptable salts with inorganic and organic bases.
NUM  2.
PAR  2. 2-[4-(3'-Hydroxyimino-cyclohexyl)-phenyl]propionic acid and its
      therapeutically acceptable salts.
PATN
WKU  039352560
SRC  5
APN  5037964
APT  1
ART  127
APD  19740906
TTL  Process for the production of the calcium salt of pantothenic acid
ISD  19760127
NCL  3
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Verbeeck; John F.
CTY  Libertyville
STA  IL
ASSG
NAM  Thompson-Hayward Chem. Co.
CTY  Kansas City
STA  KS
COD  02
CLAS
OCL  260534A
XCL  260534C
EDF  2
ICL  C07C 9904
ICL  C07C 9910
FSC  260
FSS  534 A;534 C
UREF
PNO  2809213
ISD  19571000
NAM  Lekberg et al.
OCL  260534A
UREF
PNO  3564052
ISD  19710200
NAM  Freed
OCL  260534A
LREP
FR2  Le Fever; K. M.
ABST
PAL  An improved process for the preparation of dl-calcium pantothenate is
      described wherein an anhydrous calcium salt of B-Alanine in methanolic
      solution is reacted with dl-pantolactone directly in a one-step process.
      The salt of B-Alanine is prepared by reacting acrylonitrile with ammonia,
      the B-amino-propionitrile formed is hydrolyzed in 50% sodium hydroxide and
      the sodium salt reacted with a solution of calcium chloride in a liquid
      which will form an azeotropic mixture with water, any excess sodium
      hydroxide is neutralized with hydrochloric acid and the water removed by
      an azeotropic distillation. The reaction mixture is then taken up in
      methanol and reacted with the dl-pantolactone directly.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  One useful growth promoting factor for many types of animals is pantothenic
      acid, Vitamin (B.sub.5), and in a stable and preferred form is used as its
      double calcium salt, calcium pantothenate. As such it is used in large
      quantities in animal feeds, encapsulated in multivitamin capsules, and the
      like.
PAR  The classical procedure for the preparation of this valuable material is
      described by Stiller et al in the Journal of the American Chemical Society
      62 1785 (1940) and involves the reaction of isobutyraldehyde with formalin
      in the presence of potassium carbonate. The aldol product is then purified
      by distillation and the racemic lactone is formed from the aldol by
      reaction with sodium bisulfite and potassium cyanide. The pantothenic acid
      is then formed by coupling the lactone with the ethyl ester of
      Beta-alanine.
PAR  Due to the commercial importance of pantothenic acid and its salts,
      particularly the calcium double salt, a great deal of research and
      development effort has gone into methods to improve purity and yields.
PAR  U.S. Pat. No. 2,780,645 describes a method for the preparation of calcium
      dl-pantothenate by reacting 2,4-dihydroxy-3,3-dimethylbutyronitrile with
      beta-alanine and calcium hydroxide in a lower aliphatic alcohol. U.S. Pat.
      No. 2,809,213 teaches the preparation of Calcium Pantothenate by reacting
      beta-alanine and alpha-hydroxy-beta, beta-dimethyl-gamma-butyrolactone
      (dl-pantolactone) in the presence of a secondary or tertiary amine and
      calcium metal.
PAR  Salts of pantothenic acid are prepared by a process which comprises
      contacting in a lower alkanol a complex of 1-Brucine and
      alpha-hydroxy-beta, beta-dimethyl-gamma-butyrolactone and an alkali or
      alkanine earth metal salt of beta-alanine in U.S. Pat. No. 3,150,175. U.S.
      Pat No. 3,564,052 teaches the preparation of calcium pantothenate by
      reacting beta-alanine and pantoyl lactone in the presence of calcium
      carbide.
DRWD
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  It has now been found, and forms the object of this invention, that calcium
      pantothenate can be formed by a simple and more direct procedure than
      those taught in the prior art to obtain higher yields of a purer product.
PAR  Briefly the invention comprises the steps of reacting dl-pantolactone
      directly with a substantially anhydrous calcium double salt of
      beta-alanine in a methanolic solution.
PAR  The gist of the invention lies in the preparation of the substantially
      anhydrous salt of beta-alanine and depends upon distillation of an
      azeotropic mixture of water, a step which is not taught or described in
      the prior art.
PAR  The process of the invention has the added advantage of being capable of
      being carried out in a single vessel available in the usual chemical
      manufacturing plant with a minimum of materials handling steps.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The improved process of the invention may conveniently be divided into a
      series of steps, as follows:
PAC  Step 1. Preparation of Beta-Aminopropionitrile
      ##EQU1##
PAR  This step is preferably carried out by reacting an aqueous solution, say
      20%- 30%, of ammonia with acrylonitrile at a temperature of from about
      100.degree. to 110.degree.C. until the reaction is complete, normally in
      from about 5-10 hours.
PAR  The Beta-aminopropionitrile is then separated by distillation at about
      60.degree.-65.degree. C., preferably at sub-atmospheric pressures in the
      order of from about 75-85 mm/Hg.
PAC  Step 2. Hydrolysis of Beta-aminopropionitrile to the Sodium salt of
      Beta-alanine.
      ##EQU2##
PAR  The hydrolysis step is preferably carried out by gradually adding to a
      solution of sodium hydroxide the distilled Beta-aminopropionitrile at a
      temperature of about 65.degree.-95.degree. C. with stirring and
      maintaining the reaction time at one within a range of from 0.5-4 hours.
PAR  The sodium hydroxide solution is preferably a 50% solution, but one within
      a range of from about 20-60% may be used. There should be added about a
      10-15% stoichemetric excess of sodium hydroxide at this step in order to
      insure completion of the reaction.
PAR  After the reaction is completed, the temperature of the reaction vessel is
      raised to about 95.degree. to 105.degree. C. at atmospheric pressure to
      remove approximately 95% of the water present.
PAC  Step 3. Preparation of the calcium salt of Beta-Alanine.
      ##EQU3##
PAR  A solution of 98-99% Calcium Chloride in a liquid which forms an azeotrope
      with water. Liquids which will form such an azeotrope mixture with water,
      which have no adverse effect on the reaction and which do not contaminate
      the final product include propanol, isopropanol, isobutanol, 1-butanol,
      2-butanol, benzyl alcohol, n-hexane, and the like. Especially preferred,
      and utilized in the preferred embodiment is a completely denatured ethanol
      (containing, e.g. 10% methanol, 1% gasoline, 1% methyl butyl ketone and 1%
      methal acetate) is prepared by admixing 1 part of the calcium chloride in
      two parts of the denatured alcohol. This solution is added to the sodium
      salt of beta-alanine prepared as described in Step 2 above and stirred for
      from 0.5 to 3 hours at 60.degree.-70.degree. C.
PAR  The excess of sodium hydroxide is then neutralized with 1 N HCl and the
      resulting reaction mixture contains the double calcium salt of
      beta-alanine, sodium chloride, ethanol and water.
PAC  Step 4. Distillation of Water-Azeotropic Mixture
PAR  Removal of the water present in the reaction mixture, one serious drawback
      in prior art processes, is simply and efficiently carried out in this
      step, for example, if ethanol is used, by raising the temperature of the
      reaction vessel to 78.2.degree. C. the boiling point of the ethanol-water
      azeotrope, for a period of time sufficient to completely remove the
      azeotrope. When this is accomplished, the temperature is then raised to
      about 79.degree. to 80.degree. C. and the residual ethanol is driven off,
      leaving a semi-solid mixture of calcium beta-alaninate and sodium
      chloride. This solid is then taken up in methanol, commercial grade,
      anhydrous, at a ratio of two parts to methanol per part of solid, and
      filtered to remove crystalline sodium chloride, leaving a methanolic
      solution of the anhydrous calcium salt of beta-alanine. This may be vacuum
      dried, after distilling off the methanol, if desired, for uses other than
      in the preparation of calcium pantothenate. Step 5. Formation of
      dl-Calcium Pantothenate.
      ##EQU4##
PAR  Commercially available dl-pantolactone of about 98% purity as a 70%
      solution in methanol is admixed with a methanoloic solution of the calcium
      salt of beta-alanine prepared as described in Step 4 above. The reaction
      is maintained at a temperature of about 55.degree. to 65.degree. for from
      about 6-9 hours. The reaction product is cooled, filtered, the methanol
      evaporated and the resulting calcium pantothenate recovered at a yield of
      about 95.8%, based on the starting pantolactone. This compares very
      favorably with the 90-91% yields reported by prior art techniques.
PAR  The invention will be more clearly explained by reference to the following
      specific example.
PAC  Step 1. Preparation of Beta-Aminopropionitrile
PAR  Following the classical procedure (ORGANIC SYNTHESIS-COLLECTIVE VOLUME II
      -- HORNING, John Wiley & Sons, Inc., New York 1955)
      Beta-aminopropionitrile was prepared as follows:
PAR  To a 3-liter flask adapted for introduction of materials below the surface
      of a reaction mixture and with wired stoppers for pressure reactions in a
      Glass-Col mantle, there was added 1600 ml of a solution of ammonium
      hydroxide (28-30% NH.sub.3) and the solution heated to
      100.degree.-110.degree. C.
PAR  To the flask, and under the liquid surface, there was then added 400 ml
      (6.076 mols) of acrylonitrile at 90.degree. C. over a period of 2 hours.
      Heating was continued for an additional hour after addition was complete,
      the temperature was reduced to 80.degree. C. and the reaction vessel
      prepared for stripping off unreacted ammonia. After the ammonia was
      removed, vacuum was applied to the flask (80 mm Hg.) and water was
      removed, the temperature being maintained at 50.degree.-60.degree. C.
PAR  The residue in the flask, Beta-aminopropionitrile was then distilled at 40
      mm/Hg. at 40.degree. to 60.degree. C. in a water bath and a yield of 62%,
      based on acrylonitrile, of product was obtained.
PAC  Step 2. Hydrolysis of Beta-Aminopropionitrile to the Sodium Salt of
      Beta-Alanine
PAR  In a 3-liter round bottomed flask equipped with 3 necks fitted with a
      stirrer, a thermometer and a separatory funnel, and in a Glass Col mantle,
      there was introduced 5.0785 mols of sodium hydroxide in the form of a 50
      percent aqueous solution. The sodium hydroxide was heated to 65.degree. C.
      and 4.6168 mols of the Beta-aminopropionitrile, prepared as described in
      Step 1 above, was introduced dropwise via the separatory funnel at such a
      rate that the temperature did not raise above 80.degree. C. The addition
      took about 40 minutes and when completed the mixture was heated to
      95.degree. C. and maintained at that temperature with stirring for 1 hour.
      After that time the reaction was completed as shown by thin layer
      chromotography.
PAR  Excess sodium hydroxide (0.46168 mols) was neutralized by 1 N hydrocholoric
      acid and 95-97% of the water present was distilled off (Carl-Fischer
      analysis).
PAC  Step 3. Preparation of the Calcium Salt of Beta-Alanine
PAR  To a 5 liter flask in a Glass Col mantle fitted with a stirrer and a reflux
      condenser, was added 2.3084 mols of 98% calcium chloride dissolved in a
      commercially available denatured ethanol. The amount of the ethanol was
      carefully calculated so as to form an azeotrope with the water remaining
      in the reaction mixture of Step 2 (95.6 ml ethanol with 4.4 ml H.sub.2 O).
      It was determined that 720 ml of ethanol was required. The ethanolic
      solution of the calcium chloride was admixed with the product of Step 2
      and the temperature raised to 60.degree.-65.degree. C. and held there for
      1 hour with stirring.
PAC  Step 4. Distillation of Water-Ethanol Azeotrope
PAR  The reflex condenser was replaced by a distillation head and the
      water-ethanol azeotrope was distilled off at a temperature of 78.2.degree.
      C. When this distillation was complete, as shown by Carl-Fischer analysis,
      heating was continued at about 79.degree. to 80.degree. C. to drive off
      the residual ethanol. The contents of the flask, 2.308 mols of calcium
      Beta-alanine and sodium chloride was then dissolved in 1200 ml of methyl
      alcohol and heated with stirring on a water bath at 40.degree. C.
PAC  Step 5. Formation of dl-Calcium Pantothenate
PAR  A commercially available dl-pantolactone was re-distilled at 120.degree. C.
      in vacuum, 4.6168 mols of the material was dissolved in 850 ml of methanol
      and heated, with stirring, to 65.degree. C. (70% solution of
      dl-pantolactone).
PAR  This solution was then added to the anhydrous calcium Beta-alaninate from
      Step 4 and heated, with stirring, to 65.degree. C. for 12 hours. At the
      end of this time the reaction was completed, thin layer chromatography
      indicating that no pantolactone was present.
PAR  The syrupy product containg sodium chloride was taken up in methanol,
      cooled and the crystalline sodium chloride filtered off. The clear
      filtrate was then treated to remove the methanol, and assay showed a yield
      of 95.3% of dl-calcium pantothenate, based on the amount of
      dl-pantolactone and calcium beta-alaninate starting materials.
PAR  To summarize briefly, this invention relates to an improved process for the
      preparation of the calcium salt of pantothenic acid. The process involves
      the steps of (1) reacting together acrylonitrile and ammonia to form
      Beta-aminopropionitrile, (2) hydrolysis to form the sodium salt of
      beta-alanine, (3) double decomposition to the calcium salt of betaalanine,
      (4) distillation of an ethanol-water azeotrope to form an anhydrous
      calcium salt of beta-alanine, and (5) the reaction of the anhydrous salt
      with dl-pantolactone to form calcium pantothenate.
PAR  In step 1 the ammonia used is preferably ammonium hydroxide of a 20-30%
      ammonia content and the reaction is carried out at a temperature of from
      about 100.degree.-110.degree. C. for from 5 to 10 hours, preferably about
      3 hours.
PAR  The hydrolysis of the beta-aminopropionitrile to the sodium salt of
      beta-alanine, step 2 of the improved process, is carried out at about
      65.degree. to 95.degree. C. for from about 1 to 4 hours, preferably
      80.degree. C. for about 1 hour. It is important in this step to use from
      about 10 to 15% excess of sodium hydroxide to insure completion of the
      hydrolysis.
PAR  In step 3 a substantially pure ethanolic solution of calcium chloride is
      reacted with the sodium salt of beta-alanine at a temperature of about
      60.degree. to 70.degree. C. for from 0.5 to 3 hours, preferably about 1
      hour. The excess sodium hydroxide is then neutralized with 1 N
      hydrochloric acid. The amount of the ethanol used in this reaction step is
      carefully determined so as to assure that enough is present to completely
      azeotrope with the water remaining in the reaction mixture so that after
      azeotrope distillation there remains a substantially anhydrous calcium
      salt of betaalanine. This azeotropic distillation is carried out in step
      4. The final reaction of the process, step 5, is the direct reaction
      between the anhydrous calcium salt of beta-alanine and dl-pantolactone.
      This reaction is carried out at about 55.degree. to about 65.degree. C.
      for from 6-9 hours. The reaction product is then cooled, any precipitated
      sodium chloride is filtered, methanol removed and the product dried.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved process for the preparation of the calcium salt of
      pantothenic acid which comprises the steps of
PA1  reacting acrylonitrile with ammonia in aqueous solution to from
      beta-aminopropionitrile;
PA1  hydrolysis of beta-aminopropionitrile in the presence of sodium hydroxide
      to form the sodium salt of beta-alanine;
PA1  reacting the sodium slat of beta-alanine with calcium chloride in a liquid
      which will from an azeotropic mixture with water to form the calcium salt
      of beta-alanine;
PA1  removing water from the reaction mixture by azeotropic distillation to form
      an anhydrous calcium salt of beta-alanine; and
PA1  reacting the anhydrous calcium salt of beta-alanine with dl-pantolactone to
      form dl-calcium pantothenate.
NUM  2.
PAR  2. An improved process according to claim 1 wherein sufficient ethanol is
      used for the reaction of step three to completely azeotrope and water
      present.
NUM  3.
PAR  3. An improved process for the preparation of dl-calcium pantothenate which
      comprises the steps of
PA1  reacting acrylonitrile with an aqueous ammonia containing from about 28-38%
      ammonia at a temperature of from about 100.degree. to 110.degree. for
      about 5 to about 10 hours and thereafter removing unreacted ammonia and
      water from the reaction mixture and distilling the beta-aminopropionitrile
      so formed;
PA1  admixing aqueous sodium hydroxide and the said distilled
      beta-aminopropionitrile and maintaining the mixture at a temperature of
      from about 65.degree. to about 85.degree. C. for from 2 to 4 hours and
      thereafter neutralizing any excess sodium hydroxide present to form the
      sodium salt of beta-alanine;
PA1  reacting said sodium salt with calcium chloride in ethanol at a temperature
      of from about 60.degree. to about 70.degree. C. for from 0.5 to 3.0 hours
      to form sodium chloride and the calcium salt of beta-alanine;
PA1  removing any water present by distillation of the water-ethanol azeotrope
      and thereafter removing residual ethanol to form anhydrous calcium
      beta-alaninate;
PA1  reacting the anhydrous calcium beta-alaninate with dl-pantolactone in
      methanol at a temperature of from about 55.degree. to about 65.degree. C.
      for from about 6 to about 9 hours and therafter cooling and filtering the
      reaction product and removing methanol to obtain dl-calcium pantothenate.
PATN
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ABST
PAL  Compounds represented by the formula
      ##EQU1##
      wherein M is alkali metal and acids thereof are useful intermediates for
      preparation of sequestrant compounds represented by the formula
      ##EQU2##
      and acids thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel compounds useful as intermediates for
      making ether tricarboxylates represented by the formula
      ##EQU3##
      wherein M is an alkali metal acid of such ether tricarboxylates.
PAR  It is known that ether tricarboxylate salts, as represented by the above
      formula are useful as complexing agents and as detergency builders whereas
      the acid forms of such salts are useful intermediates for their
      production.
PAR  Although methods of making such compounds (e.g., via Williamson ether type
      synthesis) are known intermediates for preparing such compounds by
      alternate processes are desired.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides intermediates for preparation of the
      above-described ether tricarboxylates which intermediates are compounds
      represented by the formula
      ##EQU4##
      and acids thereof.
PAR  The compounds and their preparation and use will be understood from the
      following description of the preferred embodiments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of this invention are 2-hydroxy ethoxy malonates represented
      by the formula
      ##EQU5##
      and acids thereof. (The acid forms of the 2-hydroxy ethoxy malonates
      generally exhibit the lactone structure
      ##EQU6##
PAR  The 2-hydroxy ethoxy malonate
      ##EQU7##
      can be obtained by basic hydrolysis of p-dioxanone carboxylates
      represented by the formula
      ##EQU8##
      wherein M' is alkali metal or alkaline earth metal.
PAR  Although the p-dioxanone carboxylate has, for convenience, been represented
      above in keto structure and will hereinafter, in the specification and
      claims, be so represented, this representation is intended to encompass
      the enolate forms
      ##EQU9##
      OF SUCH COMPOUNDS.
PAR  As mentioned, reaction of the p-dioxanone carboxylate with aqueous alkali
      metal hydroxide will yield
      ##EQU10##
      If M of the p-dioxanone carboxylate is magnesium, it is generally
      desirable to first react the carboxylate with phosphoric acid and
      neutralize with ammonium hydroxide to form the ammonium carboxylate and
      separate solid MgNH.sub.4 PO.sub.4. If desired, other salts can be
      obtained by converting the p-dioxanone ammonium carboxylate with the
      desired base and boiling to expel ammonia. The acid forms can be obtained
      by conventional acidulation techniques.
PAR  The p-dioxanone carboxylate can be prepared by carboxylation of the carbon
      atom of p-dioxanone adjacent to the C=O moiety of p-dioxanone (which can
      be prepared by dehydrogenation of diethylene glycol according to methods
      described in U.S. Pat. Nos. 2,900,395 and 3,119,840, the disclosure
      thereof being incorporated herein by reference).
PAR  In one suitable technique, p-dioxanone is carboxylated by reaction with
      lithium diisopropyl amide (the reaction preferably being conducted in a
      solvent such as tetrahydrofuran at temperatures of from -40.degree. to
      -80.degree.C.) followed by reaction with gaseous carbon dioxide at
      temperatures of from -20.degree. to -70.degree.C.
PAR  The p-dioxanone can also be carboxylated by reaction with methyl methoxy
      magnesium carbonate. This reaction is most conveniently conducted in a
      solvent (e.g., an equal parts by weight mixture of dimethylformamide and
      bis-2-methoxy ethyl ether using an excess of methyl methoxy magnesium
      carbonate at a temperature of from 100.degree. to 160.degree.C.
PAR  The 2-hydroxy-ethoxy malonates
      ##EQU11##
      and the acid forms thereof can be oxidized to yield compounds represented
      by the formula
      ##EQU12##
      and acids thereof having utilities previously discussed.
PAR  The choice of salt or acid form of the 2-hydroxy ethoxy malonate and
      oxidation conditions (acidic or basic) will determine whether the salt or
      acid form of the ether tricarboxylate is obtained. The salts of acid ether
      tricarboxylate forms can, of course, be converted to other forms by
      conventional acidification, esterification or neutralization procedures.
PAR  The oxidation can be accomplished by any suitable technique.
PAR  For example, the oxidation can be accomplished using potassium permanganate
      as an oxidizing agent. This oxidation reaction is preferably conducted in
      an aqueous system at temperatures of from 25.degree. to 65.degree.C, most
      preferably, 45.degree. to 60.degree.C. The permanganate can be added as a
      solution or solid. Preferably, to optimize yields, the permanganate is
      added as a solid in an amount equal to from 2% to 30% by weight of the
      hydroxy ethoxy malonate solution and at least stoichometrically equivalent
      to oxidize the hydroxy ethoxy malonate. It is generally preferred to
      conduct this oxidation in basic medium (pH 9-12) to inhibit
      decarboxylation and, when ether tricarboxylate salt is desired, to obviate
      the need for a separate neutralization step.
PAR  In another technique, oxidation is accomplished using CrO.sub.3 (preferably
      from 1 to 1.5 mole CrO.sub.3 per mole of --CH.sub.2 OH group equivalent)
      dissolved in sulfuric acid. The oxidation is preferably conducted at
      temperatures below 50.degree.C to avoid excessive decarboxylation. The
      reaction product is the acidic form of the ether tricarboxylate which can
      be esterified by conventional techniques and separated (in ester form)
      from chromium sulfate by extraction with a solvent such as chloroform. The
      ester can, if desired, be converted to the salt form by reaction with
      alkali metal hydroxide.
PAR  The invention is further illustrated by the following examples wherein all
      parts and percentages are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  A solution of 0.07 moles methyl methoxy magnesium carbonate in 50 ml. of a
      3:1 mixture of bis-2-methoxy ethyl ether/dimethylformamide is prepared and
      heated to 110.degree.C under nitrogen atmosphere. A solution of 0.05 moles
      p-dioxanone in 12.5 ml. dimethylformamide is added and the temperature
      raised to 150.degree.C. The mixture is maintained at this temperature for
      4 hours, cooled to 50.degree.C, poured into 200 ml. ethyl ether, and
      filtered to separate solid
      ##EQU13##
      product.
PAR  This product is dissolved in a solution of 0.07 mole H.sub.3 PO.sub.4 in
      150 ml. water. The resulting solution is neutralized to pH 9.5 with
      concentrated ammonium hydroxide and filtered to remove solid MgNH.sub.4
      PO.sub.4 6H.sub.2 O. The filtrate is passed through a column of acidic ion
      exchange resin (identify by other than Amberlyst trade name) and
      neutralized with sodium hydroxide to yield
      ##EQU14##
PAR  A solution of 10 grams
      ##EQU15##
      in 40 ml. deionized water is prepared and sodium hydroxide added to adjust
      solution pH to about 11.5. The solution is heated to about 50.degree.C and
      12.1 grams of solid potassium permanganate added over a 90 minute period,
      the pH being maintained at 11.9 by sodium hydroxide addition. The reaction
      mixture is filtered through a fritted glass funnel and the filtrate is
      evaporated to leave a solid
      ##EQU16##
      residue.
PAC  EXAMPLE II
PAR  A mixture of 4.2 grams n-butyl lithium in 35 ml. hexane is added to a
      mixture of 6 grams diisopropyl amine in 60 ml. tetrahydrofuran precooled
      to about -35.degree.C. The mixture is then cooled to -75.degree.C and a
      solution of 6.12 grams p-dioxanone in 40 ml. tetrahydrofuran is added
      dropwise. Gaseous carbon dioxide is then bubbled through the mixture for
      one hour.
PAR  The solvents are evaporated, leaving a solid product containing
      ##SPC1##
PAL  which is dissolved in water, acidified to pH 2.7 with hydrochloric acid.
      Sodium hydroxide is added to raise the pH to 12.3 and methanol is added
      into the mixture to crystallize
      ##EQU17##
PAR  A solution of 28.6 milliequivalents of this compound in 125 ml. water is
      admixed with 1.2 grams of catalyst consisting of 5% platinum on a carbon
      support. The temperature is raised to 80.degree.C and oxygen bubbled into
      the mixture at a rate of 600 cc. per minute for a period of about 12
      hours. The pH is maintained between 9 and 10 by periodic addition of NaOH.
      The catalyst is separated from the resulting solution of
      ##EQU18##
      by filtration.
PAC  EXAMPLE III
PAR  About 0.0557 mole (NaO.sub.2 C).sub.2 CH--O--CH.sub.2 CH.sub.2 OH is
      dissolved in 25 ml. 30% H.sub.2 SO.sub.4 and cooled to 0.degree.C. To this
      solution a mixture of 8.1 grams CrO.sub.3 and 60 grams 40% H.sub.2
      SO.sub.4 is added. The temperature of the reaction mixture is gradually
      raised to about 25.degree.C and maintained at that temperature for 30
      minutes. The reaction mixture is diluted with 100 ml. ethanol and most of
      the chromium sulfate removed by filtration. The ethanol solution is vacuum
      concentrated, and neutralized with a dilute Na.sub.2 CO.sub.3 solution.
      The solution is then extracted with chloroform to recover the ester
      ##EQU19##
      The chloroform is removed by evaporation and the ester is added to boiling
      NaOH to yield
      ##EQU20##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds represented by the formula
NUM  2.
PAR  2. A compound according to claim 1 represented by the formula
      ##EQU21##
NUM  3.
PAR  3. A method of making compounds represented by the formula
      ##EQU22##
      wherein M is alkali metal and acids thereof, said method comprising
      reacting a compound represented by the formula
      ##EQU23##
      wherein M' is alkali metal or alkaline earth metal with an alkali metal
      hydroxide to yield
      ##EQU24##
      and, when the acid form thereof is desired, acidulating said
      ##EQU25##
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PAL  N-arylurea compounds of the formula
      ##SPC1##
PAL  In which
PA1  n is 0, 1, 2, 3, 4 or 5,
PA1  X is halogen or halomethoxy, the X's being identical or different when n is
      2 to 5,
PA1  R.sup.1 is hydrogen, alkyl of from 1 to 4 carbon atoms, hydroxyalkyl of
      from 1 to 4 carbon atoms or alkenyl of from 2 to 4 carbon atoms, and
PA1  R.sup.2 is alkyl of from 1 to 4 carbon atoms, hydroxyalkyl of from 1 to 4
      carbon atoms or alkenyl of from 2 to 4 carbon atoms
PAL  Are prepared by reacting an arylcarboxylic acid amide of the general
      formula
      ##SPC2##
PAL  In which
PA1  X and n have the meanings stated above, with an alkali metal hypohalite or
      an alkaline earth metal hypohalite at a temperature of from 0.degree. to
      40.degree.C in the presence of water as a diluent, and reacting the
      resulting aqueous solution with an amine of the general formula
      ##EQU1##
      in which
PAR  R.sup.1 and R.sup.2 have the meanings stated above, at an elevated
      temperature, preferably at a temperature of from 30.degree. to
      100.degree.C.
BSUM
PAR  The present invention relates to a novel process for the preparation of
      certain N-arylurea compunds. In addition, this invention relates to
      herbicidal compositions containing such compounds and to their use as
      herbicides.
PAR  It is known that N-aryl-N'-alkylureas can be prepared from arylisocyanates
      and alkylamines (see, for Example, Houben Weyl, Methoden der organischen
      Chemie, Vol VIII, page 157). This process is generally used because
      isocyanates can in many cases be prepared by industrially feasible
      processes by nitration of substituted aromatics, reduction of the nitro
      group to give the amino group, and phosgenation of the amines. This
      process, however, is not usable industrially if the intermediate compounds
      are difficultly accessible and/ or can only be prepared according to
      alternative expensive syntheses.
PAR  It is also known that phenylurea can be prepared from N-halobenzoic acid
      amide and aqueous ammonia (J. Chem. Soc. (London) 121, 205 (1922). This
      process, however, has not found acceptance in industry, since reactions
      with N-haloamides should only be carried out in small batches (see Houben
      Weyl, Methoden der organischen Chemie, Vol. 5/3, page 807 (1962) and the
      process offers no advantage over the usual reaction of phenylisocyanate
      with ammonia.
PAR  The present invention provides a process for the preparation of an
      N-arylurea of the general formula
      ##SPC3##
PAL  In which,
PA1  n is 0, 1, 2, 3, 4 or 5,
PA1  X is halogen or halomethoxy, the X's being identical or different when n is
      2 to 5,
PA1  R.sup.1 is hydrogen, alkyl of from 1 to 4 carbon atoms, hydroxyalkyl of
      from 1 to 4 carbon atoms or alkenyl of from 2 to 4 carbon atoms, and
PA1  R.sup.2 is alkyl of from 1 to 4 carbon atoms, hydroxyalkyl of from 1 to 4
      carbon atoms or alkenyl of from 2 to 4 carbon atoms, which process
      comprises reacting an arylcarboxylic acid amide of the general formula
      ##SPC4##
PAL  in which
PAR  X and n have the meanings stated above, with an alkali metal hypohalite or
      an alkaline earth metal hypohalite (prepared from an alkali metal or
      alkaline earth metal hydroxide and a halogen) at a temperature of from
      0.degree. to 40.degree.C in the presence of water as a diluent, and
      reacting the resulting aqueous solution with an amine of the general
      formula
      ##EQU2##
      in which
PAR  R.sup.1 and R.sup.2 have the meanings stated above, at an elevated
      temperature, preferably at a temperature of from 30.degree. to
      100.degree.C.
PAR  It is surprising that, in light of the particularly simple manner in which
      the process according to the invention may be effected with the use of
      cheap and non-dangerous auxiliary materials and diluents, very good yields
      with high purity can be attained.
PAR  The process according to the invention exhibits a number of particular
      advantages. Thus, the starting materials required in this process for the
      preparation of the ureas of the general formula (I) above can be prepared
      (in good yield) according to industrially favorable processes.
PAR  In contrast, for the preparation of isocyanates that could serve as
      starting materials for the preparation of the ureas of the general formula
      (I), no industrially usable process is known. In order to be able to
      prepare, for example, 4-trifluoromethoxyphenylisocyanate or
      3-chloro-4-trifluoromethoxyphenylisocyanate, 4-trifluoromethoxybenzene or
      3-chloro-4-trifluoromethoxybenzene must be nitrated, reduced to give the
      corresponding aniline, and then phosgenated. These two
      trifluoromethoxybenzene derivatives, however, cannot be prepared in a
      simple, industrially advantageous manner by fluorination of the
      corresponding trichloromethoxybenzene compounds, since trichloroanisole is
      not preparable by side-chain chlorination of anisole (see J. Appl. Chem.
      3, 409 (1953) and o-chlorotrichloromethoxybenzene can be coverted into
      o-chlorotrifluoromethoxybenzene only in poor yields (Zh. Obshchei Khim.
      27, 518 (1957). Furthermore, in the nitration of di-substituted benzenes,
      several isomers occur, which lead to inhomogeneous reaction products (J.
      Gen. Chem. USSR (Engl.) 27 587, (1957).
PAR  On the other hand, the carboxylic acid amides used in the process according
      to the present invention can be prepared free from isomers. The process
      according to this invention therefore represents an enrichment of the art.
PAR  If 4-trifluoromethoxybenzoic acid amide, sodium hypochlorite and
      dimethylamine are used as starting materials, the reaction can be
      represented by the following equation:
      ##SPC5##
PAR  A number of the starting materials of the formula (II) are known (see, for
      example, J. Gen. Chem. USSR (Engl.) 27, 587 (1957). The compounds that
      have not hitherto been described in the literature can be prepared
      according to a process that does not belong to the prior art.
PAR  Thus, 3-chloro-4-trifluoromethoxybenzoic acid amide is prepared by first
      reacting 4-trichloromethoxybenzoic acid chloride with chloride with
      chlorine to give 3-chloro-4-trichloromethoxybenzoic acid chloride and
      reacting this with anhydrous hydrofluoric acid and antimony pentachloride
      as a catalyst at an elevated temperature, preferably at a temperature
      between 120.degree. and 150.degree.C, and at a pressure between 10 and 30
      atmospheres, to give 3-chloro-4-trifluoromethoxybenzoyl fluoride. A
      particularly simple embodiment of this process consists in preparing (by
      the action of thionyl chloride on 4-methoxybenzoic acid) 4-methoxybenzoyl
      chloride, converting the last-mentioned compound (without isolating it) at
      an elevated temperature in the same apparatus by action of chlorine in the
      presence of a radical-forming agent, such as ultra-violet light or a
      peroxide, to give 4-trichloromethoxybenzoyl chloride and, from the
      last-mentioned compound, preparing 3-chloro-4-trichloromethoxybenzoyl
      chloride by further action of chlorine in the same apparatus in the
      presence of a nuclear chlorination catalyst, such as antimony
      pentachloride. This intermediate compound reacts, with further use of the
      catalyst, with hydrofluoride acid under the above-mentioned conditions to
      give 3-chloro-4-trifluoromethoxybenzoyl fluoride, which can, in a known
      manner, be converted with aqueous ammonia into the corresponding benzoic
      acid amide. The reaction course described above can be represented by the
      following set of equations:
      ##SPC6##
PAR  As example of the acid amides of the formula (II) to be used according to
      the invention, there may be mentioned 4-trifluoromethoxybenzoic acid amide
      and 3-chloro-4-trifluoromethoxybenzoic acid amide.
PAR  The amines to be used as starting materials are defined generally by the
      formula (III). Particularly suitable amines are methylamine,
      dimethylamine, methylethylamine, n-propylamine, isopropylamine,
      n-butylamine, sec -butylamine, methyl-n-butylamine and diethanolamine.
PAR  The alkali metal hypohalite solutions or alkaline earth metal hypohalite
      solutions are expediently freshly prepared from alkali metal hydroxide,
      such as sodium hydroxide or potassium hydroxide, or alkaline earth metal
      hydroxide, such as calcium hydroxide or barium hydroxide, and a halogen,
      such as chlorine or bromine. Preferably, a sodium-hydroxide-alkaline
      hypochlorite solution (sodium hypochlorite solution) is used.
PAR  Water is used as the diluent in the process according to the invention.
PAR  The reaction temperatures can be varied within a fairly wide range. The
      reaction temperature, until dissolution of the arylcarboxylic acid amide
      in the alkaline hypochlorite solution, is kept at from 0.degree. to
      40.degree.C, preferably at from 20.degree. to 30.degree.C. After addition
      of the amine, the work is carried out at from 30.degree. to 100.degree.C,
      preferably at from 50.degree. to 70.degree.C.
PAR  When carrying out the process according to the invention, approximately
      equimolar amounts of arylcarboxylic acid amide of the formula (II), alkali
      metal hypohalite (or alkaline earth metal hypohalite) and amine of the
      formula (III) are generally used, but an excess of the amine is not
      detrimental. The ureas of the formula (I) are only sparingly soluble in
      water and are obtained as crystallized solid products; they can be
      isolated and purified in any customary manner.
DETD
PAR  The following Examples are illustrative.
PAC  EXAMPLE 1
PAC  Preparation of N-4-trifluoromethoxy-phenyl-N',N'-dimethylurea
      ##SPC7##
PAR  1000 ml of a sodium hypochlorite solution, prepared from 300 g of sodium
      hydroxide and 152 g of chlorine, were added to 430 g of
      4-trifluoromethoxybenzoic acid amide in 2000 ml of water. The temperature
      was kept at 25.degree.C. When all had dissolved, 200 ml of a 40 - 50% --
      strength aqueous dimethylamine solution were added and heating to
      60.degree. -80.degree.C was effected for 1/2 to 1 hour. The urea
      precipitates, was filtered off with suction and can be purified by
      dissolving in methanol and precipitation with water. There were obtained
      363 g of N-4-trifluoromethoxyphenyl-N',N'-dimethylurea; m.p. 132.degree. -
      134.degree.C.
PAR  In an analogous manner, the following compounds could also be prepared:
TBL                                    Table                                   

     __________________________________________________________________________

     Compound                                                                  

              Active                    Melting point                          

     No.      compound                  (.degree.C)                            

     __________________________________________________________________________

     2)                                 123 - 124                              

     3)                                 134 - 138                              

     4)                                 125                                    

     5)                                 112 - 114                              

     6)                                 134                                    

     __________________________________________________________________________

PAR  The arylcarboxylic acid amides used as starting materials can be
      illustratively prepared as follows:
      ##SPC8##
PAR  230 g of p-anisic acid and 230 g of thionyl chloride were gradually warmed
      to 60.degree.C under nitrogen. The reaction mixture was stirred at
      60.degree.C for 10 hours. Thereafter, excess thionyl chloride was drawn
      off in a vacuum. The product remaining behind was chlorinated at
      150.degree.C and under irradiation with ultraviolet light. The reaction
      temeprature was then elevated to 190.degree. to 200.degree.C, and the
      chlorination reaction was completed after about 5 hours. To the product
      remaining behind there were added 5 g of antimony pentachloride. At
      80.degree. - 100.degree.C, chlorine was introduced until the calculated
      amount (1 mole equivalent) had been taken up. 453 g of crude product were
      obtained; n.sub.D.sup.20 = 1.5825. The crude procuct was added to 500 ml
      of anhydrous hydrofluoric acid in a steel autoclave and heated to
      140.degree.C, with stirring. The hydrogen chloride formed was released at
      about 20 atmospheres gauge. After cessation of evolution of gas, the
      product was distilled in a vacuum: b.pt: 76.degree. - 79.degree.C/14 mm
      Hg.
PAR  300 g of 3-chloro-4-trifluoromethoxybenzoic fluoride were obtained;
      n.sub.D.sup.20 = 1.4545.
      ##SPC9##
PAR  400 g of chloro-4-trifluoromethoxybenzoyl fluoride were added dropwise at
      room temperature, with cooling, to 1400  ml of semi-concentrated ammonia
      solution. After completion of the reaction, suction filtration was
      effected and the residue on the filter was washed until neutral.
PAR  373 g of 30 chloro-4-trifluoromethoxybenzoic acid amide were obtained,
      m.p.: 100.degree. - 102.degree.C.
PAR  The N-aryl-N'-alkylureas of the formula (I) that can be prepared by the
      process according to the invention from arylcarboxylic acid amides and
      alkylamines are known as active compounds with herbicidal effectiveness
      and can therefore be used as weedkillers. See, for instance, German
      Published Specification (DOS) No. 1 909 521.
PAR  The active compounds according to the present invention can be coverted
      into the usual formulations, such as solutions, emulsions, suspensions,
      powders, pastes and granulates. These may be produced in known manner, for
      example by mixing the active compounds with extenders, that is, liquid or
      solid or liquefied gaseous diluents or carriers, optionally with the use
      of surface-active agents, that is, emulsifying agents and/or dispersing
      agents. In the case of the use of water as an extender, organic solvents
      can, for example, also be used as auxiliary solvents.
PAR  As liquid diluents, there are preferably used aromatic hydrocarbons, such
      as xylenes, toluene, benzene or alkyl naphthalenes, chlorinated aromatic
      or aliphatic hydrocarbons, such as chlorobenzenes, chloroethylenes or
      methylene chloride, aliphatic hydrocarbons, such as cyclohexane or
      paraffins, for example mineral oil fractions, alcohols, such as butanol or
      glycol as well as their ethers and esters, ketones, such as acetone,
      methyl ethyl ketone, methyl isobutyl ketone or cyclohexanone, or strongly
      polar solvents, such as dimethyl formamide, dimethyl sulofixide or
      acetonitrile, as well as water.
PAR  By liquiefied gaseous diluents or carriers are meant liquids which would be
      gaseous at normal temperatures and pressures, for example aerosol
      propellants, such as halogenated hydrocarbons, for example freon.
PAR  As solid diluents or carriers, there are preferably used ground natural
      minerals, such as kaolins, clays, talc, chalk, quartz, attapulgite,
      montmorillonite or diatomaceous earth, or ground synthetic minerals, such
      as highly-dispersed silicic acid, alumina or silicates.
PAR  Preferred examples of emulsifying agents include non-ionic and anionic
      emulsifiers, such as polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, for example alkylarylpolyglycol
      ethers, alkyl sulfonates, alkyl sulfates and aryl sulfonates; and
      preferred examples of dispersing agents include lignin, sulfite waste
      liquors and methyl cellulose.
PAR  The active compounds according to the invention can be present in the
      formulations as a mixture with other active substances.
PAR  The formulations, in general, contain from 0.1 to 95, preferably from 0.5
      to 90, percent by weight of active compound.
PAR  The active compounds can be used as such, in the form of their formulations
      or in the form of the application forms prepared therefrom, such as
      ready-to-use solutions, emulsions, suspensions, powders, pastes and
      granules. They may be employed in any customary manner, for example by
      watering, spraying, atomising, sprinkling or dusting.
PAR  The amounts of active substance employed can vary over a fairly wide range;
      it depends essentially on the nature of the desired effect. In general,
      however, the amounts used are from 0.15 to 15 kg/hectare, preferably from
      0.5 to 10 kg/hectare.
PAR  The present invention thus also provides a herbicidal composition
      containing as active ingredient an N-arylurea prepared according to the
      present invention in admixture with a solid or liquefied gaseous diluent
      or carrier or in admixture with a liquid diluent or carrier containing a
      surface-active agent.
PAR  The present invention also provides a method of combating weeds which
      comprises applying to the weeds or a weed habitat an N-arylurea prepared
      according to the present invention alone or in the form of a composition
      containing as active ingredient such as N-arylurea in admixture with a
      diluent or carrier.
PAR  The process according to the invention can be used not only for the
      preparation of the ureas of the formula (I) but quite generally for the
      preparation of ring-unsubstituted and ring-substituted N-arylureas.
      Unsuitable as starting materials are only those benzoic acid amides that
      contain, as ring substituents, groups sensitive to alkaline hypohalite
      solutions, such as formul or amino groups. Such groups can, however, be
      reacted with suitable reactants and thereby be protected against alkaline
      hypohalite solutions, the original substituents being regenerated after
      the main reactions. The process is, however, particularly advantageous
      industrially for the production of N-arylureas of the formula (I).
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the preparation of a substituted N-phenyl-urea compound of
      the formula
      ##SPC10##
      ##SPC11##
PAL  wherein
PA1  X is hydrogen or chlorine;
PA1  R.sup.1 is hydrogen, methyl or .beta.-hydroxyethyl, and
PA1  R.sup.2 is alkyl with 1 to 3 carbon atoms or .beta.-hydroxyethyl
PAL  which process comprises reacting in substantially equimolar amounts an
      substituted benzoic acid amide of the formula
      ##SPC12##
PAL  in which
PAR  X is defined as above,
PAL  with an alkali metal hypohalite or an alkaline earth metal hypohalite at a
      temperature of from 0.degree. to 40.degree.C in the presence of water as a
      diluent, and adding to the resulting aqueous solution an amine of the
      general formula
      ##EQU3##
      in which
PAR  R.sup.1 and R.sup.2 have the meanings stated above, and then reading at an
      elevated temperature of 50.degree.- 70.degree.C.
NUM  2.
PAR  2. Process as claimed in claim 1 wherein said hypohalite is prepared from
      an alkali metal or alkaline earth metal hydroxide and a halogen.
NUM  3.
PAR  3. Process as claimed in claim 1 wherein the hypohalite is freshly
      prepared, aqueous sodium hypochlorite.
NUM  4.
PAR  4. Process as claimed in claim 1 wherein the arylcarboxylic acid amide (II)
      is 4-trifluoromethoxy-benzoic acid amide.
NUM  5.
PAR  5. Process as claimed in claim 1 wherein the arylcarboxylic acid amide is
      3-chloro-4-trifluoromethoxybenzoic acid amide having the formula
      ##SPC13##
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ABST
PAL  Compounds selected from the group consisting of amines of the formula I
      ##EQU1##
      in which R.sub.1 and R.sub.2 stand for a member selected from lower alkyl,
      lower alkenyl, cycloalkyl having 4 to 7 ring members, phenyl-lower alkyl,
      phenyl-lower alkyl substituted in the phenyl residue by a member selected
      from lower alkyl, lower alkoxy, halogen and trifluoromethyl, lower
      alkylene, oxalower alkylene, aza-lower alkylene and thia-lower alkylene,
      and one of R.sub.1 and R.sub.2 stands for hydrogen and the other has the
      above meanings, Ph stands for a member selected from meta- and
      para-phenylene and meta- and para-phenylene substituted by a member
      selected from lower alkyl, lower alkenyl, lower alkinyl, mercapto-lower
      alkyl, hydroxy-lower alkyl, phenyl, cyano, hydrogen, halogen, lower
      alkoxy, lower alkenyloxy, lower alkinyloxy, mono-, di and
      trihalogeno-lower alkyl, cycloalkyl having 5 to 7 ring members and
      phenoxy, and R.sub.3 stands for a member selected from lower alkyl and
      cycloalkyl having 5 to 7 ring members, and their condensation product with
      aldehydes and ketones, and their salts are useful as agents for the
      inhibition of the cardiac .beta.-receptors.
PARN
PAC  CROSS-REFERENCES TO OTHER APPLICATIONS
PAR  This Application is a continuation -in- part of my copending application
      Ser. No. 101.393, filed Dec. 24, 1970.
BSUM
PAR  The invention relates to new amines of formula I
      ##EQU2##
      wherein R.sub.1 represents hydrogen or an optionally substituted
      monovalent hydrocarbon radical of aliphatic character, R.sub.2 represents
      an optionally substituted monovalent hydrocarbon radical of aliphatic
      character, or R.sub.1 and R.sub.2 together represent a divalent
      hydrocarbon radical of aliphatic character, which can optionally be
      interrupted by heteroatoms and/or substituted, Ph represents a meta- or
      preferably para-phenylene radical and R.sub.3 represents an aliphatic or
      cycloaliphatic radical, and their condensation products with aldehydes or
      ketones, as well as processes for the manufacture of these compounds.
PAR  A radical of aliphatic character is a radical in which the first carbon
      atom bonded to the nitrogen atom does not belong to an aromatic system.
PAR  Optionally substituted monovalent hydrocarbon radicals of aliphatic
      character R.sub.1 and R.sub.2, which can be identical or different, are
      for example optionally substituted aliphatic, cycloaliphatic,
      cycloaliphaticaliphatic or araliphatic hydrocarbon radicals such as for
      example alkyl, hydroxyalkyl, alkenyl, alkinyl, cycloalkyl, cycloalkenyl,
      cycloalkyl-alkyl or cycloalkyl-alkenyl, cycloalkenyl-alkyl or
      cycloalkenyl-alkenyl, aralkyl or aralkenyl, for example phenyl-lower alkyl
      or phenyl-lower alkenyl, and especially the lower radicals of the
      indicated nature, the term lower radicals being used to describe those
      containing up to 7 C atoms.
PAR  Lower alkyl radicals are for example methyl, ethyl, n-propyl or isopropyl,
      or straight-chain or branched butyl, pentyl or hexyl, which can be bonded
      in any desired position.
PAR  Lower hydroxyalkyl radicals are for example radicals in which the alkyl
      parts have the above significance, such as 2-hydroxyethyl,
      3-hydroxy-n-propyl, 2,3-di-hydroxy-n-propyl or 3 -hydroxy-n-butyl.
PAR  Lower alkenyl radicals are for example allyl or methallyl.
PAR  Lower alkinyl radicals are especially propargyl radicals.
PAR  Cycloalkyl or cycloalkenyl radicals are for example optionally
      lower-alkylated cycloalkyl or cycloalkenyl radicals with 3-7, especially
      5-7, ring members, such as optionally lower-alkylated cyclopentyl,
      cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, for example 1- or
      3-cyclohexenyl, or cycloheptenyl.
PAR  Cycloalkyl-alkyl or cycloalkyl-alkenyl radicals are above all those in
      which the alkyl or alkenyl parts are lower alkyl or alkenyl radicals,
      especially those mentioned above, and in which the cycloalkyl parts
      preferably have the significance given above for cycloalkyl radicals, such
      as 1- or 2-cyclopentyl-ethyl, 1-, 2- or 3-cyclohexylpropyl,
      cycloheptyl-methyl or 1- or 2-cyclohexyl-ethyl.
PAR  Cycloalkenyl-alkyl or cycloalkenyl-alkenyl radicals are above all those in
      which the alkyl and alkenyl parts are lower alkyl or alkenyl radicals,
      especially those mentioned above, and in which the cycloalkenyl parts
      preferably have the significance given above for cycloalkenyl radicals,
      such as 1- or 2-cyclopent-3-enyl-ethyl, 1- or 2-cyclohex-1-enyl-ethyl,
      cyclohept-1-enyl-methyl or 1- or 2-cyclohex-3-enyl-ethyl.
PAR  Phenyl lower alkyl radicals are for example those in which the lower alkyl
      parts have the above significance, such as 1- or 2-phenylethyl or benzyl,
      with the phenyl parts optionally being substituted by lower alkyl,
      especially those mentioned above, lower alkoxy radicals, halogen atoms or
      trifluoromethyl radicals, whilst phenyl-lower alkenyl radicals are for
      example those in which the lower alkenyl radicals have the above
      significance, such as 1- or 2-phenylethenyl or cinnamyl, with the phenyl
      parts optionally being substituted as indicated above for the phenyl-lower
      alkyl radicals.
PAR  Lower alkoxy radicals are for example methoxy, ethoxy, propoxy, isopropoxy,
      butoxy, amyloxy or methylenedioxy.
PAR  Halogen atoms are especially fluorine, chlorine or bromine.
PAR  Divalent hydrocarbon radicals of aliphatic character, which are conjointly
      represented by R.sub.1 and R.sub.2, and which can optionally be
      interrupted by hetero-atoms and/or substituted, are preferably lower
      alkenyl radicals, which can be straight-chain or branched, and above all
      possess 4-6 chain carbon atoms if the carbon chain is uninterrupted or 4
      or 5 chain carbon atoms if the carbon chain is interrupted by
      hetero-atoms. Possible hetero-atoms are especially oxygen, sulphur and
      nitrogen. Examples of such radicals are butylene-(1,4), pentylene-(1,5),
      hexylene-(1,5), hexylene-(2,5), hexylene-(1,6), heptylene-(1,6),
      3-oxapentylene-(1,5), 3-oxa-hexylene-(1,6), 3-thia-pentylene-(1,5),
      2,4-dimethyl-3-thiapentylene-(1,5), 3-azapentylene-(1,5), 3-lower
      alkyl-3-azapentylene-(1,5), such as 3-methyl-3-aza-pentylene-(1,5) or
      3-azahexylene-(1,6).
PAR  Meta- or para-phenylene radicals Ph can be unsubstituted or have one, two
      or more substituents. Substituents are above all lower alkyl, lower
      alkenyl, lower alkinyl, cycloalkyl, phenyl-lower alkyl and lower alkoxy,
      especially those mentioned above, phenyl, lower alkenyloxy, lower
      alkinyloxy, halogen, especially those mentioned above, as well as
      substituted lower alkyl, phenoxy, trifluoromethyl and/or nitrile.
PAR  Lower alkenyloxy radicals are for example allyloxy or methallyloxy and
      lower alkinyloxy radicals are above all propargyloxy.
PAR  Substituted lower alkyl radicals are preferably lower alkyl radicals,
      especially those mentioned above, which are substituted by hydroxyl, lower
      alkoxy, especially those mentioned above, optionally substituted mercapto,
      such as free mercapto or lower alkylmercapto, for example methylmercapto
      or ethylmercapto, or halogen, especially those mentioned above. Such
      radicals are for example hydroxy-lower alkyl, lower alkylmercapto-lower
      alkyl and halogen-lower alkyl, such as 2-hydroxyethyl, 2-methoxyethyl,
      2-mercaptoethyl, methylmercaptomethyl and 2,2-dichlorethyl.
PAR  The aliphatic or cycloaliphatic radical R.sub.3 is preferably an aliphatic
      or cycloaliphatic hydrocarbon radical, especially one of those mentioned
      above, as well as lower alkoxy-lower alkyl or halogen-lower alkyl, such as
      those mentioned above, as well as cycloalkyl radicals interrupted by
      hetero-atoms.
PAR  Cycloalkyl radicals interrupted by hetero-atoms are especially cycloalkyl
      radicals interrupted by oxygen, sulphur or nitrogen, such as
      tetrahydrofuryl, tetrahydropyranyl, tetrahydrothienyl,
      tetrahydrothiapyranyl, piperidyl or pyrrolidinyl.
PAR  Condensation products of compounds of formula I with aldehydes or ketones
      are especially compounds of formula II
      ##EQU3##
      wherein R.sub.1, R.sub.2, Ph and R.sub.3 have the above significance and X
      represents an alkylidene radical.
PAR  The alkylidene radical X is especially a lower alkylidene radical, such as
      ethylidene, n-propylidene, isopropylidene, or straight-chain or branched
      butylidene or pentylidene, or above all methylene. The alkylidene radicals
      mentioned, and especially the methylene radical, can carry one or more
      substituents, such as cycloaliphatic hydrocarbon radicals, especially
      those mentioned above, or aromatic radicals.
PAR  Aromatic radicals are above all phenyl radicals which are optionally
      substituted as indicated above for the phenyl parts of phenyl-lower alkyl
      radicals, or heterocyclic aromatic radicals, such as furyl, thienyl,
      pyrryl and above all pyridyl.
PAR  The new compounds possess valuable pharmacological properties. Thus they
      inhibit cardioselective .beta.-receptors as is found in animal
      experiments, for example on intravenous administration of 0.1 - 1 mg/kg to
      pentobarbitalnarcotized cats in the isoproterenol-tachycardia test, on
      intravenous administration of more than 10 mg/kg in narcotized cats
      through inhibition of the isoproterenol vasodilatation, on the isolated
      guinea pig heart (according to Langendorff) in a concentration of
      approximately 0.3 -3 .gamma./ml through inhibition of the isoproterenol
      tachy-cardia (blocking of cardial .beta.-receptors), as also on
      intravenous administration of approximately 5-30 mg/kg in narcotized cats
      through blocking of vascular .beta.-receptors.
PAR  The new compounds are therefore useful as cardioselective .beta.-receptor
      blocking agents. The new compounds are however also valuable intermediate
      products for the manufacture of other useful substances, especially
      pharmaceutically active compounds.
PAR  Compounds to be particularly highlighted are those of formula I, wherein
      R.sub.1 represents hydrogen, lower alkyl, lower alkenyl, cycloalkyl with
      4-7 ring members or phenyl-lower alkyl, with the phenyl part of the
      phenyl-lower alkyl radicals being unsubstituted or substituted by lower
      alkyl, lower alkoxy, halogen and/or trifluoromethyl, R.sub.2 and R.sub.3,
      which are identical or different, each represent lower alkyl, lower
      alkenyl, cycloalkyl with 4-7 ring members or phenyl-lower alkyl, with the
      phenyl part of the phenyl-lower alkyl radicals being optionally
      substituted as indicated for R.sub.1, and Ph is a para-phenylene radical,
      and their condensation products of formula II, wherein X represents
      ethylidene, isopropylidene or above all methylene, with the methylene
      radical optionally being substituted by phenyl or pyridyl.
PAR  Particularly valuable compounds because of their outstanding
      pharmacological properties are compounds of formulae III and IV
      ##SPC1##
PAL  wherein R.sub.1 ' and R.sub.2 ' each represent lower alkyl, R.sub.3 '
      represents straight-chain or preferably branched lower alkyl, such as
      especially sec. butyl, tert. butyl or above all isopropyl, or cycloalkyl
      with 5-7 ring carbon atoms, n represents 1, R.sub.4 represents lower
      alkenyl, lower alkinyl, mercapto-lower alkyl or hydroxy-lower alkyl with
      in each case
PAL  up to 4 C-atoms, or represents phenyl, nitrile or preferably hydrogen,
      halogen, lower alkyl, lower alkoxy, lower alkenyloxy, lower alkinyloxy,
      mono-, di- or tri-halogen-lower alkyl with in each case up to 4 C atoms,
      cycloalkyl with 5-7 ring carbon atoms or phenoxy, and X' in compounds of
      formula IV represents unsubstituted methylene or preferably methylene
      substituted by phenyl or pyridyl, and amongst compounds of formula III,
      especially those in which R.sub.1 ', R.sub.2 ' and R.sub.3 ' have the
      above significance, n represents 1, and R.sub.4 represents a hydrogen
      atom, or preferably a halogen atom, especially chlorine or bromine, such
      as 1-[(p-N',N'-dimethyl-ureido)-phenoxy]-2-hydroxy-3-isopropylamino-propan
     e, 1-[(m-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane,
      1-[(o-allyl-p-N',N'-dimethylureido)-pheroxy]
      -2-hydroxy-3-isopropylamino-propane,
      1-[(o-methoxy-p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-
     propane,
      1-[(o-allyloxy-p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino
     -propane,
      1-[(p-N',N'-(3-oxapentylene-1,5)-ureido)-phenoxy]-2-hydroxy-3-isopropylami
     no-propane and especially 1-[(o-chloro-p-N',N'-dimethylureido)-phenoxy]-
      2-hydroxy-3-isopropylamino-propane, which for example when intravenously
      administered 0.1-1 mg/kg to pentobarbital-narcotized cats inhibit the
      isoproterenol tachycardia (0.5 .gamma./kg administered intravenously) and
      on intravenous administration of over 10 mg/kg to pentobarbital-narcotized
      cats inhibit the isoproterenol-vasodilatation (0.5 .gamma./kg administered
      intravenously) and also, in concentrations of 0.3 - 3 .gamma./ml, inhibit
      the isoproterenol-tachycardia (0.005 .gamma./ml) (blocking of cardial
      .beta.-receptors) on the isolated guineapig heart (according to
      Langendorff), and block vascular .beta.-receptors on intravenous
      administration of 5-30 mg/kg on narcotized cats.
PAR  The new compounds are obtained according to methods which are in themselves
      known.
PAR  Thus it is for example possible to react a compound of formula V.
      ##EQU4##
      wherein R.sub.1, R.sub.2 and Ph have the above significance, X.sub.1
      represents the hydroxyl group and Z represents a reactive esterified
      hydroxyl group, or X.sub.1 and Z together form an epoxy group, with an
      amine of formula NH.sub.2 --R.sub.3, wherein R.sub.3 has the above
      significance.
PAR  A reactive esterified hydroxyl group is especially a hydroxyl group
      esterified by a strong inorganic or organic acid, above all a hydrohalic
      acid, such as hydrochloric acid, hydrobromic acid or hydriodic acid, and
      also sulphuric acid or a strong organic sulphonic acid, such as a strong
      aromatic sulphonic acid, for example benzenesulphonic acid,
      4-bromobenzenesulphonic acid or 4-toluenesulphonic acid. Thus Z especially
      represents chlorine, bromine or iodine.
PAR  This reaction is carried out in the usual manner. When using a reactive
      ester as the starting material, the process is preferably carried out in
      the presence of a basic condensation agent and/or with an excess of amine.
PAR  It is furthermore possible to react a compound of formula VI
      ##EQU5##
      wherein R.sub.1, R.sub.2 and Ph have the above significance, or a
      condensation product thereof with an aldehyde or ketone, for example a
      condensation product of formula VII
      ##EQU6##
      wherein R.sub.1, R.sub.2, X and Ph have the above significance, with a
      compound of formula Z--R.sub.3, wherein Z and R.sub.3 have the above
      significance.
PAR  This reaction is carried out in the usual manner, preferably in the
      presence of a basic condensation agent and/or with an excess of amine.
      Suitable basic condensation agents are, for example, alkali alcoholates,
      especially sodium or potassium alcoholate, or alkali carbonates, such as
      sodium or potassium carbonate.
PAR  It is furthermore possible to react a compound of formula VIII
      ##EQU7##
      wherein R.sub.1, R.sub.2 and Ph have the above significance, with a
      compound of formula IX
      ##EQU8##
      wherein Z, X.sub.1 and R.sub.3 have the above significance, or with a
      condensation product of a compound of formula IX, wherein X.sub.1
      represents hydroxyl and Z represents a reactive esterified hydroxyl group,
      with an aldehyde or ketone, for example one of formula X
      ##EQU9##
      wherein Z, R.sub.3 and X have the above significance.
PAR  This reaction is carried out in the usual manner. If reactive esters are
      used as the starting material, the compound of formula VIII can preferably
      be used in the form of its metal phenolate, such as alkali phenolate, for
      example sodium phenolate, or the process is carried out in the presence of
      an acid-binding agent, especially a condensation agent, which can form a
      salt with the compound of formula VIII, such as an alkali alcoholate.
PAR  It is furthermore possible, in a compound of formula I wherein R.sub.1,
      R.sub.2, R.sub.3 and Ph have the above significance and which possesses a
      removable radical on the nitrogen atom of the amino group and/or on the
      hydroxyl group, to remove this radical or radicals.
PAR  Such removable radicals are especially radicals removable by hydrolysis or
      hydrogenolysis.
PAR  Radicals removable by hydrolysis are for example acyl radicals, for example
      oxycarbonyl radicals, such as alkoxycarbonyl radicals, for example the
      tert.-butoxycarbonyl radical, aralkoxycarbonyl radicals, for example a
      carbobenzoxy radical, and especially lower alkanoyl radicals or aryloyl
      radicals, for example the acetyl radical or a benzoyl radical.
PAR  Compounds with radicals which can be removed by hydrolysis are for example
      also compounds of formula XI
      ##EQU10##
      wherein R.sub.1, R.sub.2, R.sub.3 and Ph have the above significance and Y
      represents a carbonyl or thiocarbonyl radical.
PAR  The hydrolysis is carried out in the usual manner by means of hydrolysing
      agents and, for example, in the presence of basic agents or, especially
      when using compounds of formula XI as the starting material, of acid
      agents. Such acid agents are for example dilute inorganic acids, such as
      sulphuric acid or a hydrohalic acid, such as one of those mentioned above.
PAR  Radicals removable by hydrogenolysis are for example .alpha.-aralkyl
      radicals, such as benzyl radicals, or aryloxycarbonyl radicals, such as
      phenoxycarbonyl radicals, which can be split off by hydrogenolysis in the
      usual manner, especially by catalytically activated hydrogen, such as by
      hydrogen in the presence of a hydrogenation catalyst, for example
      palladium or platinum. Further radicals which are removable by
      hydrogenolysis are for example .beta.-halogen-ethoxycarbonyl radicals,
      such as the 2,2,2-trichlorethoxycarbonyl radical or the
      2-iodethoxycarbonyl or 2,2,2-tribromethoxycarbonyl radical, which can be
      removed in the usual manner, especially by nascent hydrogen. Nascent
      hydrogen can herein be obtained by the action of metal or metal alloys on
      agents which yield hydrogen, such as carboxylic acids, alcohols or water,
      and in particular zinc or zinc alloys together with acetic acid can be
      used. The hydrogenolysis of .beta.-halogen-ethoxycarbonyl radicals can
      preferably be effected by chromium-II compounds, such as chromium-II
      chloride or chromium-II acetate. In carrying out the hydrogenolysis care
      must be taken that other reducible groups, above all the urea group, are
      not attacked.
PAR  It is furthermore possible to reduce a Schiff base of formulae XII or XIII
      ##EQU11##
      or a ring-tautomer, corresponding to formula XIII, of formula XIV
      ##EQU12##
      wherein R.sub.1, R.sub.2, Ph and R.sub.3 have the above significance and
      R.sub.3 'H is the same as R.sub.3, and wherein compounds of formulae XIII
      and XIV can also be present alongside one another, or an immonium salt
      condensation product of a compound of formula XIII with an aldehyde or
      ketone, for example a compound of formula XV
      ##EQU13##
      wherein R.sub.1, R.sub.2, R.sub.3 ', Ph and X have the above significance.
PAR  This reduction is carried out in the usual manner, for example with a
      di-light metal hydride, such as sodium borohydride, or by catalytic
      hydrogenation, such as with hydrogen in the presence of palladium,
      platinum oxide or Raney nickel. During the reduction, care must be taken
      that other reducible groups, above all the urea group, are not attacked.
PAR  It is furthermore possible to reduce the 2-oxo group in a compound of
      formula XVI
      ##EQU14##
      wherein R.sub.1, R.sub.2, R.sub.3 and Ph have the above significance, to a
      hydroxyl group.
PAR  This reduction is carried out in the usual manner, especially using a
      di-light metal hydride, such as one of those mentioned above, or according
      to the method of Meerwein-Pondorf-Verley or a modification thereof,
      especially with an alkanol as a reagent and as a solvent, such as
      isopropanol, and with a metal alkanolate, preferably a metal alkanolate
      corresponding to the alkanol, such as a metal isopropanolate, for example
      aluminium isopropanolate.
PAR  It is furthermore possible to react a reactive acid derivative of a
      carbamic acid of formula XVII
      ##EQU15##
      wherein Ph and R.sub.3 have the above significance, or one of its
      condensation products with an aldehyde or ketone, with an amine of formula
      R.sub.1 -NH-R.sub.2, wherein R.sub.1 and R.sub.2 have the above
      significance.
PAR  A reactive acid derivative of such a carbamic acid is for example a lower
      alkyl ester or above all a phenyl ester, an acid halide, such as an acid
      chloride, or especially an internal anhydride, such as an isocyanate.
PAR  This reaction is carried out in the usual manner, especially using an
      excess of amine, and optionally in a solvent and at elevated temperature,
      preferably above 100.degree.C.
PAR  In resulting compounds, substituents can be modified, introduced or removed
      in the usual manner within the framework of the final substances, or
      resulting compounds can be converted into other final substances in the
      usual manner.
PAR  Thus condensation products of formula II can be obtained by reacting an
      amine of formula I with an aldehyde or ketone of formula X=O, wherein X
      has the above significance, or with a reactive carbonyl derivative
      thereof.
PAR  Reactive carbonyl derivatives are above all acetals, ketals,
      hemithioketals, thioketals, especially dimethyl- or diethyl-acetals,
      -ketals or -thioketals, or acylals, especially those with acetic acid or
      with a hydrohalic acid, has the above significance.
PAR  This reaction is carried out in the usual manner, in the presence or
      absence of a solvent, at room temperature or preferably at elevated
      temperature, if necessary in the presence of a condensation agent,
      especially an acid condensation agent.
PAR  In a corresponding manner, a condensation product of formula II can be
      converted into an amine of formula I in the usual way by hydrolysis,
      especially in a basic medium or preferably in an acid medium.
PAR  It is furthermore possible, in resulting compounds which contain a C--C
      double bond or triple bond, to convert the C--C double bond or triple bond
      into a C--C single bond by catalytic hydrogenation, such as by hydrogen in
      the presence of a hydrogenation catalyst, for example nickel, platinum or
      palladium, such as Raney nickel, platinum black or palladium on active
      charcoal. Here care must be taken that other reducible groups, above all
      the urea group, are not attacked.
PAR  In resulting compounds which contain a C-C triple bond, the latter can
      furthermore be hydrogenated merely to a C--C double bond and, if desired,
      stereospecifically to a C--C-cis or C--C-trans double bond. The
      hydrogenation of a C--C triple bond to a C--C double bond can for example
      be carried out by hydrogenation with 1 mol of hydrogen in the presence of
      a less active hydrogenation catalyst, such as iron or palladium, for
      example Raney iron or palladium on barium sulphate, especially at elevated
      temperature. The hydrogenation to a C--C-cis double bond can for example
      be carried out by means of 1 mol of hydrogen in the presence of a
      deactivated catalyst, such as palladium on animal charcoal in the presence
      of quinoline, palladium on calcium carbonate in the presence of lead
      salts, or Raney nickel. The hydrogenation to a C--C-trans double bond can
      for example be carried out by means of sodium in liquid ammonia, with
      short reaction times and no excess of reducing agent being used,
      especially taking the urea group into account, and with an ammonium
      halide, such as ammonium chloride, optionally being added as the catalyst.
PAR  The reactions mentioned are carried out in the usual manner in the presence
      or absence of diluents, condensation agents and/or catalytic agents, at
      lowered, ordinary or elevated temperature, optionally in a closed vessel.
PAR  Depending on the process conditions and starting substances, the final
      substances are obtained in the free form or in the form of their acid
      addition salts, which are also included in the invention. Thus for example
      basic, neutral or mixed salts, and where relevant also hemihydrates,
      monohydrates, sesquihydrates or polyhydrates thereof, can be obtained. The
      acid addition salts of the new compounds can be converted into the free
      compound in a manner which is in itself known, for example with basic
      agents, such as alkalis or ion exchangers. On the other hand, the
      resulting free bases can form salts with organic or inorganic acids. In
      order to manufacture acid addition salts, such acids are especially used
      as are suitable for forming therapeutically usable salts. As such acids
      there may for example be mentioned: hydrohalic acids, sulphuric acids,
      phosphoric acids, nitric acid, perchloric acid, aliphatic, alicyclic,
      aromatic or heterocyclic carboxylic or sulphonic acids, such as formic,
      acetic, propionic, succinic, glycollic, lactic, malic, tartaric, citric,
      ascorbic, maleic, hydroxymaleic or pyruvic acid; phenylacetic, benzoic,
      p-aminobenzoic, anthranilic, p-hydroxybenzoic, salicylic or
      p-aminosalicylic acid, embonic acid, methanesulphonic, ethanesulphonic,
      hydroxyethanesulphonic and ethylenesulphonic acid;
      halogenobenzenesulphonic, toluenesulphonic, naphthalenesulphonic or
      sulphanilic acid; methionine, tryptophan, lysine or arginine.
PAR  These or other salts of the new compounds, such as for example the
      picrates, can also serve for the purification of the resulting free bases,
      by converting the free bases into salts, separating these off and again
      liberating the bases from the salts. In view of the close relationships
      between the new compounds in the free form and in the form of their salts,
      the free compounds are, in the preceding and following text, where
      appropriate also to be understood to include the corresponding salts as
      regards sense and purpose.
PAR  The invention also relates to those embodiments of the process according to
      which one starts from a compound obtainable as an intermediate product at
      any stage of the process and carries out the missing process stages, or
      stops the process at any stage, or in which a starting substance is formed
      under the reaction conditions, or in which a reagent is optionally present
      in the form of its salts.
PAR  Thus it is possible to react an aldehyde of formula XVIII
      ##EQU16##
      wherein R.sub.1, R.sub.2 and Ph have the above significance, with an amine
      of formula H.sub.2 N--R.sub.3, wherein R.sub.3 has the above significance,
      in the presence of a suitable reducing agent such as one of those
      mentioned above. Here a compound of formula XII is obtained as an
      intermediate product and this is then reduced in accordance with the
      invention.
PAR  It is furthermore possible in a suitable manner to react an amine of
      formula VI with an aldehyde or ketone of formula O=R.sub.3 ', wherein
      R.sub.3 'has the above significance, in the presence of a suitable
      reducing agent, such as one of those mentioned above. Here a compound of
      formula XIII or XIV is obtained as an intermediate product and this is
      then reduced in accordance with the invention.
PAR  The new compounds can, to the extent that they possess asymmetric carbon
      atoms, and depending on the choice of the starting substances and working
      methods, be present as optical antipodes or racemates or, to the extent
      that they contain at least two asymmetric carbon atoms, also as isomer
      mixtures (racemate mixtures).
PAR  Resulting isomer mixtures (racemate mixtures) can be resolved into the two
      stereoisomeric (diastereomeric) pure racemates on the basis of the
      physico-chemical differences of the constituents in a known manner, for
      example by chromatography and/or fractional crystallisation.
PAR  Resulting racemates can be resolved according to known methods, for example
      by recrystallisation from an optically active solvent, with the aid of
      micro-organisms or by reaction with an optically active acid which forms
      salts with the racemic compound and separation of the salts obtained in
      this manner, for example on the basis of their different solubilities,
      into the diastereomers, from which the antipodes can be liberated by the
      action of suitable agents. Particularly customary optically active acids
      are for example the D- and L-forms of tartaric acid, di-o-toluyltartaric
      acid, malic acid, mandelic acid, camphorsulphonic acid or quinic acid.
      Advantageously the more active of the two antipodes is isolated.
PAR  Appropriately, such starting substances are used for carrying out the
      reactions according to the invention as lead to the initially particularly
      mentioned groups of final substances and particularly to the final
      substances which have been especially described or highlighted.
PAR  The starting substances are known or can, if they are new, be obtained
      according to methods which are in themselves known.
PAR  The new compounds can be used as medicines, for example in the form of
      pharmaceutical preparations, in which they or their salts are present
      mixed with a pharmaceutical, organic or inorganic, solid or liquid
      carriers which is for example suitable for enteral or parenteral
      administration. Possible substances for forming the carriers are those
      which do not react with the new compounds, such as for example water,
      gelatine, lactose, starch, magnesium stearate, talc vegetable oils, benzyl
      alcohols, gum, polyalkylene glycols, white petroleum jelly, cholesterol or
      other known medicinal carriers. The pharmaceutical preparations can for
      example be in the form of tablets, dragees, capsules, suppositories,
      ointments or creams, or in a liquid form as solutions (for example as an
      elixir or syrup), suspensions or emulsions. They are optionally sterilised
      and/or contain auxiliary substances, such as preservatives, stabilisers,
      wetting agents or emulsifiers, salts for regulating the osmotic pressure
      or buffers. They can also contain yet further therapeutically valuable
      substances. The preparations, which can also be used in veterinary
      medicine, are formulated according to usual methods.
DETD
PAR  The examples which follow explain the invention without however restricting
      it.
PAC  EXAMPLE 1
PAR  A solution of 40 g of
      1-[o-chloro-p-(N',N'-dimethyl-ureido)-phenoxy]-2,3-epoxy-propane and 40 g
      of isopropylamine in 40 ml of ethanol is heated to boiling for 4 hours.
      Thereafter the mixture is concentrated by evaporation in vacuo and the
      residue is dissolved in 2 N hydrochloric acid. After extraction with
      ether, the hydrochloric acid layer is separated off and rendered alkaline
      by adding concentrated sodium hydroxide solution. The base which has
      separated out is extracted by shaking with methylene chloride. After
      evaporation of the solvent and after recrystallisation of the residue from
      ethyl acetate, the
      1-[o-chloro-p-(N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-p
     ropane of formula
      ##SPC2##
PAL  is obtained in crystals of melting point 130.degree.C.
PAR  The cyclohexylsulphamate melts at 146.degree.-150.degree.C.
PAR  The epoxide used as the starting product can be manufactured as follows:
PAR  50 g of dimethylcarbamic acid chloride are added dropwise at room
      temperature to a solution of 63 g of 3-chloro-4-hydroxy-aniline in 300 ml
      of pyridine, whilst stirring and the mixture is left to stand for 12
      hours. Thereafter 2 N hydrochloric acid is added until a pH value of 5 is
      reached, after which the N,N-dimethyl-N'-(3-chloro-4-hydroxy-phenyl)-urea
      precipitates. The compound melts at 202.degree.-203.degree.C.
PAR  45 g of the phenol are now heated for 15 hours under reflux with 45 g of
      epichlorohydrin and 45 g of potassium hydroxide in 450 ml of acetone.
      Thereafter the potassium hydroxide is filtered off and the solvent is
      evaporated off. The residue is dissolved in methylene chloride and
      extracted by shaking with 2 N sodium hydroxide solution. After evaporation
      of the solvent, the crude
      1-[o-chloro-p-(N',N'-dimethylureido)-phenoxy]-2,3-epoxy-propane remains,
      which is used for the above reaction.
PAC  EXAMPLE 2
PAR  10 g of 1-[p-(N',N'-dimethylureido)-phenoxy]-2,3-epoxypropane are warmed
      for 4 hours at 90.degree.C with 10 g of isopropylamine in 10 ml of
      ethanol. Thereafter the excess amine as well as the solvent are evaporated
      off in vacuo. The residue is dissolved in 2 N hydrochloric acid, the
      undissolved constituents are filtered off and the solution extracted with
      methylene chloride. The aqueous phase is rendered alkaline by adding 2 N
      sodium hydroxide solution and is thereafter extracted with methylene
      chloride. After evaporation of the solvent,
      1-[p-(N',N'-Dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane of
      formula
      ##SPC3##
PAL  remains, which after recrystallisation from benzene melts at
      138.degree.-139.degree.C.
PAR  The epoxide used as the starting product can be manufactured as follows:
PAR  12 g of dimethylcarbamoyl chloride are added to a solution of 20 g of
      p-benzyloxy-aniline in 100 ml of pyridine and the mixture is left to stand
      for 2 days. On addition of water, the
      N,N-dimethyl-N'-(p-benzyloxy-phenyl)-urea precipitates; it melts at
      155.degree.-158.degree.C after sublimation.
PAR  20 g of this urea are dissolved in 200 ml of ethanol and hydrogenated after
      addition of 2 g of palladiumcharcoal (10 per cent strength). When the
      uptake of hydrogen has ended, the mixture is concentrated by evaporation
      in vacuo and the residue is dissolved in 2 N sodium hydroxide solution.
      The undissolved constituents are extracted with ether and the aqueous
      layer is rendered acid by adding 5 N hydrochloric acid.
      N,N-dimethyl-N'-(p-hydroxyphenyl)-urea precipitates; it melts at
      203.degree.-205.degree.C after recrystallisation from isopropanol.
PAR  20 g of the phenol are heated for 10 hours with 20 g of potassium hydroxide
      and 20 g of epichlorhydrin in 200 ml of acetone, whilst stirring.
      Thereafter the potassium hydroxide is filtered off and the filtrate is
      concentrated by evaporation. The residue is dissolved in methylene
      chloride and extracted with 2 N sodium hydroxide solution. After
      evaporation of the methylene chloride, the crude
      1-[p-(N',N'-dimethylureido)-phenoxy]-2,3-epoxypropane remains as an oil.
PAC  EXAMPLE 3
PAR  A solution of 1-[o-allyl-p-(N',N'-dimethylureido)-phenoxy]-2,3-epoxypropane
      (15 g) and isopropylamine (15 g) in 20 ml of ethanol is heated for 4
      hours. Thereafter the reaction mixture is evaporated in vacuo, the residue
      dissolved in 2N-hydrochloric acid and filtered. The filtrate is rendered
      alkaline by addition of concentrated sodium hydroxide solution. An oil is
      precipitated that is extracted with methylene chloride. After the solution
      has been dried and the solvent evaporated, there remains
      1-[o-allyl-p-(N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylaminopro
     pane of formula
      ##SPC4##
PAL  which after recrystallization from benzene-petroleum ether melts at
      110.degree.-112.degree.C.
PAR  The epoxide used as starting material can be prepared in the following way:
PAR  To 2-allyl-4-amino-phenol (15 g) in 50 ml of pyridine is added
      dimethyl-carbamoyl chloride (12 g) and the mixture is left to stand for 12
      hours at 25.degree.C. On addition of 200 ml of 2N hydrochloric acid,
      extraction with methylene chloride is effected. The extract is evaporated
      to dryness in vacuo. The redisue is dissolved in 2N sodium hydroxide
      solution, the resulting solution treated with charcoal and adjusted to a
      pH of 9 by addition of hydrochloric acid. The precipitated constituents
      are filtered off, the filtrate rendered acid.
      2-Allyl-4-(N',N'-dimethylureido)-phenol is precipitated, which after
      recrystallization from ethyl acetate-pentane melts at
      125.degree.-127.degree.C.
PAR  12 g of the phenol is heated to boiling for 12 hours with 12 g of
      epichlorohydrin and 12 g of potassium carbonate in 75 ml of acetone.
      Thereafter the solid constituents are filtered off and the filtrate is
      evaporated in vacuo. The residue is dissolved in methylene chloride and
      extracted with sodium hydroxide solution. After evaporation of the
      solvent, the crude
      1-[o-allyl-p-(N',N'-dimethylureido)-phenoxy]-2,3-epoxypropane remains as
      an oil.
PAC  EXAMPLE 4
PAR  A mixture of 30 g 1-[m-(N',N'-dimethyluredio)-phenoxyl]-2,3-epoxy-propane,
      30 g isopropylamine and 30 ml ethanol is heated to 60.degree. for 4 hours
      and then evaporated to dryness in vacuo. The residue is dissolved in
      2N-acetic acid and extracted with ether. After separation of the water
      phase the same is rendered alkaline by addition of sodium hydroxide
      solution and extracted with methylene chloride. After evaporation of the
      solvent the
      1-[m-(N',N'-dimethyluredio)-phenoxy]-2-hydroxy-3-isopropylamino-propane of
      the formula
      ##SPC5##
PAL  remains, which melts after recrystallization from isopropanol at
      130.degree..
PAC  EXAMPLE 5
PAR  Tablets containing 20 mg of active substance are manufactured with the
      following composition:
     1-[o-Chloro-p-(N',N'-dimethylureido)-phenoxy]-                            

     2-hydroxy-3-isopropylamino-propane                                        

                                  20 mg                                        

     Starch                       60 mg                                        

     Lactose                      50 mg                                        

     Colloidal silica             5 mg                                         

     Talc                         9 mg                                         

     Magnesium stearate           1 mg                                         

                                  145 mg                                       

PAR  Tablets containing 20 mg of
      1-[p-(N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane
      can be manufactured in the usual manner with the same composition .
PAC  EXAMPLE 6
PAR  The following mixture is used to manufacture capsules:
TBL  1-[o-Chloro-p-(N',N'-dimethylureido)-phenoxy-                             

     2-hydroxy-3-isopropylamino-propane                                        

                                  2500 g                                       

     Talc                         80 g                                         

     Colloidal silica             20 g                                         

PAR  The active substance is intimately mixed with talc and colloidal silica,
      and the mixture is forced through a sieve (0.5 mm) and filled into hard
      gelatine capsules in portions of 21 mg.
PAR  Capsules can be manufactured in the same manner and with the same
      composition using
      1-[p-(N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane.
PAC  EXAMPLE 7
PAR  A mixture of 20 g of p-(N',N'-dimethylureido)-phenol, 15 g of
      3-isopropylamino-2-hydroxy-1-chloropropane, and 20 g of finely ground
      potassium carbonate in 250 ml of acetone is stirred at 50.degree. for 5
      hours. The solid part of the mixture is filtered off and the acetone
      solution is evaporated in a vacuum. The residue is dissolved in 100 ml of
      2N hydrochloric acid, the undissolved part is filtered off and the
      remaining mixture is extracted with methylene chloride. The aqueous phase
      is rendered alkaline by adding 2N sodium hydroxide solution and is
      extracted with methylene chloride. After the evaporation of the solvent,
      1-[p-(N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylaminopropane is
      isolated which melts at 138.degree.-139.degree. after recrystallisation
      from benzene and has the formula
      ##SPC6##
PAC  EXAMPLE 8
PAR  7 g of
      1-[p-(N'-methylureido)-phenoxy]-2-hydroxy-(3-isopropylbenzylamino)-propane
      in 70 ml of ethanol are hydrogenated with 1 g of palladium-charcoal (10%)
      at 50.degree. and under normal pressure. After hydrogen uptake has
      terminated, the catalyst is filtered off and the filtrate is evaporated in
      a vacuum. The residue crystallizes after the addition of ether. The
      crystalls are filtered off by suction and washed with ether. The obtained
      1-[p-(N'-methylureido)-phenxoy]-2-hydroxy-3-isopropylaminopropane melts at
      152.degree.-155.degree. and has the formula
      ##SPC7##
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of formula
      ##EQU17##
      wherein R.sub.1, R.sub.2 and R.sub.3 each represent lower alkyl having up
      to 7 carbon atoms or R.sub.1 is hydrogen, Ph represents a meta- or
      paraphenylene bivalent radical, unsubstituted or substituted by a member
      of the group consisting of allyl, allyloxy, lower alkoxy of up to 4 carbon
      atoms, chlorine or bromine, and salts thereof with pharmaceutically
      acceptable acids.
NUM  2.
PAR  2. A compound as claimed in claim 1 having the formula
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 each represent lower alkyl having up
      to 4 carbon atoms or one of R.sub.1 and R.sub.2 is hydrogen, R.sub.4
      represents a member selected from allyl, hydrogen, chlorine, bromine,
      lower alkoxy of up to 4 carbon atoms and allyloxy, and salts thereof with
      pharmaceutically acceptable acids.
NUM  3.
PAR  3. A product as claimed in claim 2, said product being
      1-[(p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane or
      a therapeutically usable acid addition salt thereof.
NUM  4.
PAR  4. A product as claimed in claim 2, said product being
      1-[(o-chloro-p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-p
     ropane or a therapeutically usable acid addition salt thereof.
NUM  5.
PAR  5. A product as claimed in claim 1, said product being
      1-[(m-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-propane or
      a therapeutically usable acid addition salt thereof.
NUM  6.
PAR  6. A product as claimed in claim 2, said product being
      1-[(o-allyl-p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-pr
     opane or a therapeutically usable acid addition salt thereof.
NUM  7.
PAR  7. A product as claimed in claim 2, said product being
      1-[(o-methoxy-p-N',N'-dimethylureido)-phenoxy]-2-hydroxy-3-isopropylamino-
     propane or a therapeutically usable acid addition salt thereof.
NUM  8.
PAR  8. A product as claimed in claim 2, said product being
      1-[(p-N'-methylureido)-phenoxy]-2-hydroxy-3-isopropylaminopropane or a
      therapeutically usable acid addition salt thereof.
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ABST
PAL  Process for producing a mixture of auto-condensation products of urea
      containing predominantly biuret suitable as a non-protein nitrogen
      supplement for ruminant feeds comprising heating with continuous stirring
      in a reaction vessel, having a smooth surface, finely divided urea
      dispersed in an inert liquid containing a surface active agent in an
      amount of from 0.01 to 1.0 per cent m/m of the initial quantity of urea at
      a temperature between 125.degree.C and 180.degree.C for a period of time
      sufficient to convert at least 90 per cent of the urea substantially into
      the mixture and separating the particles of the mixture thus formed from
      the inert liquid to recover the mixture as a particulate product.
PARN
PAR  This is a continuation, of application Ser. No. 190,273 filed Oct. 18,
      1971, and now abandoned.
BSUM
PAR  This invention relates to auto-condensation products of urea suitable for
      use as non-protein nitrogen supplements for ruminant feeds.
PAR  Auto-condensation products of urea as non-protein nitrogen supplements for
      ruminant feed have been used for some time. The advantage of using urea
      auto-condensation products instead of urea is that the risk of toxic after
      effects in ruminants is greatly reduced.
PAR  Urea auto-condensation products in which biuret is the predominant
      component have proved to be particularly useful as non-protein nitrogen
      supplements for ruminant feed. Such products are prepared by heating urea
      under controlled temperature conditions to minimise the formation of less
      desirable auto-condensation products. It is, however, difficult to obtain
      the desired product containing predominantly biuret in a good yield using
      a one step process. Therefore, a second step has to be introduced in which
      the desired product is obtained by crystallisation from an aqueous
      solution of the product of the first step to obtain a supplement for
      ruminant feed containing between 60 and 90 per cent biuret.
PAR  The nitrogen content of products containing ammelide and large amounts of
      cyanuric acid are lower than those containing predominantly biuret.
      Ammeline and melamine are known to be unacceptable to ruminants in
      concentrations above 5 per cent by weight of the feed supplement and it is
      extremely difficult to control the formation of these and other less
      desirable products when heating urea.
PAR  An object of the present invention is to provide a process for the
      manufacture of auto-condensation products of urea in a particulate form
      containing predominantly biuret suitable for an animal feed, which avoids
      the difficulties encountered in the conventional manufacture of urea
      auto-condensation products.
PAR  Another object is to obtain a high level of nitrogen content in the
      auto-condensation products of the process to improve their feed supplement
      value.
PAR  According to the present invention we provide a process for producing a
      mixture of auto-condensation products of urea containing predominantly
      biuret suitable as a non-protein nitrogen supplement for ruminant feeds
      comprising heating with continuous stirring in a reaction vessel, having a
      smooth surface, finely divided urea dispersed in an inert liquid
      containing a surface active agent in an amount of from 0.01 to 1.0 per
      cent m/m of the initial quantity of urea at a temperature between
      125.degree.C and 180.degree.C for a period of time sufficient to convert
      at least 90 per cent of the urea substantially into the mixture and
      separating the particles of the mixture thus formed from the inert liquid
      to recover the mixture as a particulate product.
PAR  If desired, the mixture of urea auto-condensation products may be cooled
      while stirring before the particulate product is finally separated from
      the inert liquid.
PAR  The product obtained from the process of the invention contains 10 per cent
      or less unconverted urea and can, after a final treatment if required to
      remove traces of inert liquid, be used as a non-protein supplement for
      ruminant feed without further purification steps.
PAR  It has been determined that the surfactants remaining in the product are
      not toxic to the rumen microbes as is illustrated by the following tests
      wherein surfactants in amounts well beyond those found in the product of
      the process are proved to be harmless.
PAR  Rumen fluid was taken from fistulated sheep and incubated for 20-30 minutes
      with surfactants at a concentration of 0.4 mg per 100 ml rumen fluid or
      4.2 mg per 100 ml rumen fluid. These concentrations are respectively one
      and ten times those to be expected if a ruminant consumed a normal amount
      of the product. After 20-30 minutes the rate of gas evolution by rumen
      mibrobes was determined. This rate was proportional to the number of rumen
      microbes present and a diminution as compared with untreated rumen fluid
      indicated that some microbes had been killed. The results of four
      experiments are given in the Table below. They show that no reduction in
      rumen microbes occurred at 10 times the expected concentration of
      surfactants in rumen fluid.
TBL                TABLE                                                       

     ______________________________________                                    

     Rates of gas evolution from rumen fluid                                   

     expressed as a percentage of the rate from                                

     untreated rumen fluid                                                     

     Treatment           Rate (% of untreated)                                 

     ______________________________________                                    

     Expt 1 Surfactants                                                        

                       0,4 mg %  100,0                                         

            "          4,2 mg %  107,8                                         

     Expt 2 "          0,4 mg %  107,3                                         

            "          4,2 mg %  105,5                                         

     Expt 3 "          0,4 mg %   95,2                                         

            "          4,2 mg %  114,3                                         

     Expt 4 "          0,4 mg %  105,6                                         

            "          4,2 mg %  106,4                                         

     ______________________________________                                    

     Control*                                                                  

            25% microbial kill                                                 

                              80,6                                             

            50% microbial kill                                                 

                              59,5                                             

     ______________________________________                                    

      *The control shows that, when one quarter of the bacteria is killed, the 

      rate drops to 80,6% and, when half is killed, the rate drops to 59,5%. No

      such drops in rate were observed to occur from adding the surfactants.   

PAR  The inert liquid used in carrying out the process of the invention should,
      preferably, be such that the solubility therein of the urea or its
      auto-condensation products at ambient temperature is not more than 5 per
      cent by weight of the urea or such products. Further, the liquid should
      not react with urea or its auto-condensation products. It is preferred to
      use a liquid having a boiling point of between 150.degree. and
      180.degree.C to facilitate temperature control of the urea
      auto-condensation reaction by boiling the liquid under reflux at
      atmospheric pressure.
PAR  It is further preferred that the inert liquids have a low mammalian
      toxicity to avoid additional purification of the products. Also, it is
      convenient to use inert liquids having a narrow boiling range so that the
      liquids may be removed to the greatest extent by drying at elevated
      temperatures.
PAR  The preferred liquids are branched chain paraffins having suitable boiling
      ranges, which are substantially non-toxic and which may be removed by
      drying without leaving residues in the product.
PAR  However, other liquids may be used such as, for example, chlorinated
      aromatic compounds and substituted aromatic compounds.
PAR  The surface active agents may be any suitable surface active agent or
      mixture of surface active agents. Suitable surface active agents are, for
      example:
PA1  a. Cationic surface active agents such as quaternary ammonium salts,
      particularly N-tetradecyl dimethyl benzyl ammonium chloride and
      N-alkyl)C.sub. 16 -C.sub.18) benzyl dimethyl ammonium chloride.
PA1  b. Anionic surface active agents such as paraffinic sulphonates.
PA1  c. Non-ionic surface active agents such as nonyl phenyl ethylene oxide.
PAR  Mixtures containing (a) and (b) may be used advantageously in that these
      mixtures tend to reduce frothing of the reaction mass and reduce the
      microbial toxicity of (a).
PAR  The preferred surface active agents are those having low mammalian and
      microbial toxicity at the concentrations used in the process to avoid
      elaborate purification of the product.
PAR  The amount of surface active agent present in the reaction mixture may be
      between, 0.01 and 1.0 per cent by mass of the total mass of urea and
      liquid.
PAR  It was found that a smooth, round bottomed vessel gave the most uniform
      particle size of product. The reaction is preferably carried out in glass,
      glass-lined or vitreous enamel-lined vessels to avoid adherance of the
      urea or urea auto-condensation products to the walls of the vessels.
PAR  Accordingly, the expression "smooth surface" as used in this specification
      means a surface adapted to avoid a condition of stickiness when contacted
      by urea and its auto-condensation products.
PAR  The reaction is normally carried out at atmospheric pressure. However, when
      liquids are used having boiling points above 200.degree.C or below
      150.degree.C, subatmospheric or superatmospheric pressures may be used to
      decrease or increase the boiling points of these liquids.
PAR  In carrying out the process according to the invention, the mixture of
      urea, inert liquid and surface active agent is heated while stirring to a
      temperature of between 125.degree.C and 180.degree.C, preferably the
      boiling point of the liquid under reflux at atmospheric pressure. The rate
      of removal of ammonia formed by the reaction is considerably enhanced if a
      boiling liquid is used. The reaction mixture is kept at this temperature
      until at least 90 per cent of the urea has been converted into the
      preferred urea auto-condensation products.
PAR  It has been found that under the conditions of the process of the
      invention, the urea is selectively converted into biuret with the
      formation of only minor amounts of other auto-condensation products such
      as cyanuric acid, triuret and ammelide.
PAR  The period of time required to effect the conversion depends on the
      temperature used and, at a temperature of about 170.degree.C, the reaction
      period is approximately a little longer than one hour.
PAR  The reaction mass is then cooled while stirring which causes the granules
      or prills of the urea auto-condensation products and unconverted urea to
      harden, after which they can be separated easily from the inert liquid by,
      for example, filtration. The inert liquid may be recycled to the process
      without any purification steps.
PAR  The particulate material may be treated to remove any traces of inert
      liquid, which may adhere to the material, or the material can be used as a
      non-protein nitrogen supplement for ruminant feed without such treatment.
PAR  The following Examples illustrate the invention, without limiting the scope
      of the invention thereto. In the Examples all percentages are expressed as
      mass percentage.
DETD
PAC  EXAMPLE I
PAR  A mixture of 200 cm.sup.3 of a branched chain paraffin, sold under the Esso
      trade name "Isopar" H, and 0.2 g surface active agent, comprising 0.1 g
      myristyl dimethyl benzyl ammonium chloride and 0.1 g sodium dodecyl
      benzene sulphonate, was heated in a glass vessel to boiling under reflux.
      The boiling range of the paraffin was 168.degree.-172.degree.C at ambient
      atmospheric pressure.
PAR  100 g of urea was added to the boiling liquid while stirring. The reaction
      mass was kept at the boiling temperature for 1 hour while stirring. After
      about 1 hour 20 minutes the formed pyrolysis products started to
      agglomerate into particles having a diameter of between 1 and 3 mm. After
      2 hours, the reaction mass was allowed to cool while stirring. The
      particulate product was then separated from the liquid by filtration and
      dried at 100.degree.C for 3 hours to remove the residual liquid.
PAR  The recovered liquid could be used again without any treatment such as
      distillation or washing.
PAR  The product was substantially free of liquid and had a total nitrogen
      content of 37.7%.
TBL  ______________________________________                                    

     The results of the analyses of the product were:                          

     Urea                    3,7%                                              

     Biuret                 46,3%                                              

     Cyanuric acid          39,7%                                              

     Triuret and other insolubles                                              

                             9,7%                                              

     Ammeline                0,05%                                             

     Melamine                0,1%                                              

     ______________________________________                                    

PAC  EXAMPLE II
PAR  The method used was similar to Example I. The following materials were
      used:
PA1  200 cm.sup.3 of a branched chain paraffin sold under the Bayer trade name
      "EC 180" and having a boiling point of 172.degree.C at ambient atmospheric
      pressure,
PA1  0.1 g of a paraffinic sulphonate sold under Farbwerke Hoechst AG trade name
      "Hostapur" SAS 60,
PA1  100 g of urea.
PAR  The mixture was kept at boiling point while stirring for a period of 2
      hours in a metal vessel, the interior surface of which had a coating of
      vitreous enamel.
PAR  The particulate product obtained was analyzed and the results were as
      follows:
TBL  Urea                    4,8%                                              

     Biuret                 52,9%                                              

     Cyanuric acid          32,4%                                              

     Triuret and other insolubles                                              

                             9,6%                                              

     Ammeline                0,1%                                              

     Melamine                0,1%                                              

     The total nitrogen content was                                            

                            38,3%                                              

PAC  EXAMPLE III
PAR  The method used is the same as in Example II. The materials used were:
PA1  200 cm.sup.3 of a branched chain paraffin sold under the Bayer trade name
      EC 180, having a boiling point of 172.degree.C at ambient atmospheric
      pressure.
PAR  0.2 g of a mixture of surface active agents used was
PAR  0.1 g myristyl dimethyl benzyl ammonium chloride and
PA1  0.1 g Hoechst "Hostapur" SAS 60
PA1  100 g of urea.
PAR  The mixture was kept at boiling point while stirring for a period of 25
      minutes.
PAR  The particulate product obtained was analyzed and the results were as
      follows:
TBL  Urea                    0,9%                                              

     Biuret                 48,8%                                              

     Cyanuric acid          39,7%                                              

     Triuret and other insolubles                                              

                             9,0%                                              

     Melamine                0,06%                                             

     Ammeline                0,2%                                              

     The total nitrogen content was                                            

                            37,2%                                              

PAC  EXAMPLE IV
PAR  The same method was used as in Example III. The materials used were:
PA1  200 cm.sup.3 branched chain paraffin sold under the Bayer trade name EC
      180, having a boiling point of 172.degree.C ambient atmospheric pressure,
PA1  0.2 g of a mixture of surface active agents consisting of
PA1  0.1 g myristyl dimethyl benzyl ammonium chloride and
PA1  0.1 g tridecyl alcohol containing 6 ethoxy groups.
PAR  The particulate product obtained was analyzed and the results were as
      follows:
TBL  Urea                    1,0%                                              

     Biuret                 46,1%                                              

     Cyanuric acid          41,0%                                              

     Triuret and other insolubles                                              

                            10,0%                                              

     Ammeline                                                                  

                             0,23%                                             

     Melamine                                                                  

PAR  The process of the present invention can be operated at comparatively low
      costs as compared with presently known processes for the manufacture of
      biuret and the non-protein nitrogen supplement for ruminant feeds produced
      by this process will not induce toxic after-effects in the ruminants.
PAR  This invention includes the auto-condensation products when produced by the
      process as described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for producing a partuculate mixture of auto-condensation
      products of urea containing predominantly biuret which is suitable as a
      non-protein nitrogen supplement for ruminant feeds comprising heating at a
      temperature between 150.degree.C and 180.degree.C with continuous stirring
      in a reaction vessel having a smooth surface, finely divided urea
      dispersed in a non-toxic branched chain paraffin which is inert to urea
      and its auto-condensation products, has a boiling point in the range of
      150.degree. and 180.degree.C and in which urea or its auto-condensation
      products have a solubility at ambient temperature of not more than 5% by
      weight of the urea of its auto-condensation products, said paraffin
      containing a non-toxic surface active agent selected from the group
      consisting of cationic surface active agents, nonionic surface active
      agents, anionic surface active agents and mixtures of cationic and anionic
      surface active agents in an amount of from 0.01 to 1.0 percent m/m of the
      initial quantity of urea, continuing said heating until at least 90
      percent of the urea is converted into said mixture of auto-condensation
      products and separating the particulate mixture thus formed from the
      branched chain paraffin.
NUM  2.
PAR  2. Process as claimed in claim 1 in which the temperature is between
      150.degree.C and 175.degree.C and the reaction time is between 25 minutes
      and 2 hours.
NUM  3.
PAR  3. Process as claimed in claim 1 or claim 2 in which the paraffin boils at
      the temperature of heating.
NUM  4.
PAR  4. Process as claimed in claim 1 in which the branched chain paraffin is
      polyisobutane.
NUM  5.
PAR  5. Process as claimed in claim 14 in which the surface active agent is a
      cationic surface active agent.
NUM  6.
PAR  6. Process as claimed in claim 1 in which the surface active agent is an
      anionic surface active agent.
NUM  7.
PAR  7. Process as claimed in claim 1 in which the surface active agent is a
      non-ionic surface active agent.
NUM  8.
PAR  8. Process as claimed in claim 1 in which the surface active agent
      comprises a mixture of at least one cationic surface active agent and at
      least one anionic surface active agent.
NUM  9.
PAR  9. Process as claimed in claim 1 in which the smooth surface of the
      reaction vessel is a glass surface.
NUM  10.
PAR  10. Process as claimed in claim 1 in which the smooth surface of the
      reaction vessel is a vitreous enamel surface.
NUM  11.
PAR  11. Process as claimed in claim 5 in which the cationic surface active
      agent is a quaternary ammonium salt.
NUM  12.
PAR  12. Process as claimed in claim 11 in which the quaternary ammonium salt is
      N-tetradecyl dimethyl benzyl ammonium chloride or N-alkyl benzyl dimethyl
      ammonium chloride.
NUM  13.
PAR  13. Process as claimed in claim 6 in which the anionic surface active agent
      is a paraffinic sulphonate.
NUM  14.
PAR  14. Process as claimed in claim 7 in which the non-ionic surface active
      agent is nonyl phenyl ethylene oxide.
NUM  15.
PAR  15. Process as claimed in claim 3 in which the heating in the reaction
      vessel is at subatmospheric pressure.
NUM  16.
PAR  16. Process as claimed in claim 3 in which the heating in the reaction
      vessel is at super-atmospheric pressure.
NUM  17.
PAR  17. Process as claimed in claim 1 in which the mixture is cooled while
      being stirred to harden the particles before separating the particles from
      the inert liquid to recover the mixture as a particulate product.
NUM  18.
PAR  18. Process as claimed in claim 1 in which the inert liquid is recycled to
      the process without any purification steps.
NUM  19.
PAR  19. Process as claimed in claim 1 in which the particulate product is
      treated to remove any traces of inert liquid adhering to the particles.
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ABST
PAL  Cyclopentane derivatives of the prostaglandin type of the formula:
      ##SPC1##
PAL  (wherein R.sup.1 represents hydrogen or lower alkyl, R.sup.2 represents
      alkyl of 1 to 10 carbon atoms, the symbols R.sup.3 are the same and
      represent hydrogen, lower alkyl, lower alkenyl, phenyl(lower)alkyl or
      lower alkanoyl, R.sup.4 represents a carboxy or alkoxycarbonyl group, or
      an amido group unsubstituted or substituted on the nitrogen atom, X
      represents vinylene, ethylene, epoxyethylene or cyclopropylene, and n
      represents an integer of 5 to 8), which possess pharmacological properties
      in particular the production of hypotension, bronchodilation, inhibition
      of gastric acid secretion and stimulation of uterine contraction are
      prepared by a new six-stage process involving initially the reaction of an
      enamine of a cyclopentanone with an aldehyde to form a
      2-hydroxyalkyl-2-cyclopenten-1-one, reacting the cyclopentenone with a
      source of hydrogen cyanide to form a
      hydroxyalkyl-3-oxocyclopentane-carbonitrile, reducing the carbonitrile to
      a 3-hydroxy-2-hydroxyalkyl-cyclopentanecarbaldehyde, reacting the
      carbaldehyde with an alkanoylmethylenephosphorane to convert the formyl
      group to ------CH=CH --CO--R.sup.2, oxidising the terminal hydroxymethyl
      group in the 2-position substituent to carboxy and the ring hydroxy group
      to oxo, and reducing the two oxo groups in the resulting
      cyclopentanonealkanoic acid to yield a
      2-hydroxy-5-(3-hydroxyalkenyl)cyclopentyl-alkanoic acid, and optionally
      converting the product into another compound of the foregoing formula.
PARN
PAR  This is a division of application Ser. No. 343,460, filed Mar. 21, 1973,
      now U.S. Pat. No. 3,884,942, which in turn is a continuation-in-part of
      application Ser. No. 108,981, filed Jan. 22, 1971, and now abandoned.
BSUM
PAR  This invention relates to a new process for the preparation of
      therapeutically useful cyclopentane derivatives, and to intermediates used
      in the process.
PAR  An object of the present invention is to provide a new process for the
      preparation of cyclopentane derivatives of the general formula:
      ##SPC2##
PAL  [wherein R.sup.1 represents a hydrogen atom or a lower alkyl group, R.sup.2
      represents a straight- or branched-chain alkyl group containing 1 to 10
      (preferably 4 to 9) carbon atoms -- when branched it is preferred that the
      branching occurs at the carbon atom attached to the
      ##EQU1##
      grouping -- the symbols R.sup.3 represent identical groups selected from
      hydrogen atoms, lower alkyl, lower alkenyl, phenyl(lower)alkyl and lower
      alkanoyl groups, R.sup.4 represents a carboxy group or a group of the
      formula:
      ##EQU2##
      (wherein R.sup.5, R.sup.6 and R.sup.7 are the same or different and each
      represents a hydrogen atom or a lower alkyl group, and R.sup.8 represents
      a lower alkyl group), X represents a vinylene, ethylene, epoxyethylene or
      cyclopropylene group, n represents an integer from 5 to 8 inclusive,
      preferably 5, 6 or 7] and, when R.sup.4 represents a carboxy group,
      non-toxic salts thereof.
PAR  In this specification, it is to be understood that reference to "lower
      alkyl groups" indicates alkyl groups containing from 1 to 4 carbon atoms,
      reference to "lower alkenyl groups" indicates alkenyl groups containing
      from 2 to 4 carbon atoms, and reference to "lower alkanoyl groups"
      indicates alkanoyl groups containing from 2 to 5 carbon atoms, such groups
      having straight- or branched chains.
PAR  It is known from U.S. Pat. No. 3,432,541 granted on 11th March 1969 to J.
      F. Bagli and T. Bogri that the compound of the foregoing formula wherein
      symbols R.sup.1 and R.sup.3 all represent hydrogen atoms, R.sup.2
      represents the pentyl group, R.sup.4 represents the carboxy group, X
      represents the vinylene group and n represents 6, i.e. the compound
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid (which may
      alternatively be named as 9,15-dihydroxyprost-13-enoic acid) possesses
      valuable hypotensive and anti-hypertensive properties. In the said U.S.
      patent there is described a process for the preparation of that particular
      compound which, as described, involves thirteen reaction steps commencing
      with two types of basic starting materials which are readily accessible,
      i.e. lower alkyl esters of .omega.-halogenated-haptanoic acid such as
      ethyl .omega.-bromoheptanoate, and alkali metal salts of lower alkyl
      esters of cyclopentanone-2-carboxylic acid such as the potassium salt of
      ethyl cyclopentanone-2-carboxylate, and going through -- as the product of
      the seventh step -- the intermediate 2-(6-carbomethoxyhexyl)cyclopentan-
      1-one-3-carboxylic acid chloride.
PAR  In U.S. Pat. No. 3,455,992 granted on 15th July 1969 to J. F. Bagli and T.
      Bogri there is described an alternative sequence of reaction steps for the
      preparation of the same heptanoic acid compound, and its homologues, for
      the latter stages of the process described in U.S. Pat. No. 3,432,541,
      i.e. from 2-(6-carbomethoxyhexyl)cyclopentan-1-one-3-carboxylic acid, but
      even this modification of the process still involves a total of eleven or
      twelve reaction steps from the same two types of basic readily accessible
      starting materials.
PAR  As a result of research and experimentation there has been discovered a new
      and improved process, which when applied to the production of
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid and related
      compounds, possesses advantages over the processes disclosed in U.S. Pat.
      Nos. 3,432,541 and 3,455,992 in that it involves a lesser number of
      reaction steps from starting materials, which are readily available
      commercially or easily accessible by known methods.
PAR  The new process of the present invention employs as basic starting
      materials onamines of cyclopentanones of the general formula:
      ##SPC3##
PAL  (wherein R.sup.1 is as hereinbefore defined) and aldehydes of the general
      formula:
EQU  R.sup.9 O(CH.sub.2).sub.n CHO                              VII
PAL  wherein R.sup.9 represents a hydrogen atom or a suitable acid labile group
      and n is as hereinbefore defined. Suitable acid labile groups are those
      which are easily removed by acid hydrolysis and do not cause side
      reactions, e.g. the 2-tetrahydropyranyl radical unsubstituted or
      substituted by, for example, at least one lower alkyl group.
PAR  The process of the invention for the preparation of cyclopentane
      derivatives of general formula I wherein R.sup.1, R.sup.2 and n are as
      hereinbefore defined, the symbols R.sup.3 represent hydrogen atoms, and
      R.sup.4 represents a carboxy group, including
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid, is
      illustrated schematically as follows:
      ##SPC4##
PAL  wherein R.sup.1, R.sup.9 and n are as hereinbefore defined. This new
      process involves only six steps as depicted and is, in consequence,
      distinctly advantageous in relation to the known processes for the
      preparation of the same compounds.
PAR  The reaction of an enamine (e.g. the morpholine enamine) of the
      cyclopentanone of formula VI and an aldehyde of formula VII to yield the
      2-hydroxyalkyl-2-cyclopenten-1-ones of formula VIII is carried out by
      heating in an inert organic solvent, for example an aromatic hydrocarbon
      (e.g. benzene) with continuous removal of water, preferably at
      60.degree.-120.degree.C., followed by hydrolysis in aqueous acid
      conditions (e.g. with hydrochloric acid), preferably at ambient
      temperature, and then heating with an acid, (e.g. concentrated
      hydrochloric acid), preferably at about 100.degree.C., and preferably in
      an inert organic solvent such as an alcohol (e.g. butanol) to cause the
      double bond to migrate from the exocyclic to the endocyclic position. The
      2-hydroxyalkyl-2-cyclopenten-1-ones of formula VIII thus obtained are new
      products and are key intermediates of the new process of the invention.
PAR  The 2-hydroxyalkyl-2-cyclopenten-1-ones of formula VIII are reacted with a
      source of hydrogen cyanide (e.g. acetone cyanohydrin) in the presence of a
      base, for example an alkali metal carbonate (e.g. sodium carbonate), in an
      aqueous organic solvent, for example an aqueous lower alkanol (e.g.
      aqueous methanol), preferably at 50.degree.-110.degree.C. and
      advantageously at the reflux temperature of the solvent employed, to give
      ketonitriles of formula IX. These ketonitriles are reduced in an inert
      organic solvent, for example a lower dialkyl ether (e.g. diethyl ether),
      preferably at a temperature between -80.degree. and +30.degree.C., to
      3-hydroxy-2-hydroxyalkyl-cyclopentanecarbaldehydes of formula X by means
      of known complex metal reducing agents, preferably a dialkylaluminium
      hydride (e.g. diisobutylaluminium hydride) in an inert organic solvent,
      for example an aromatic hydrocarbon (e.g. benzene). Reaction of compounds
      of formula X with an alkanoylmethylene triphenyl- or trialkylphosphorane
      of the general formula:
EQU  (Q).sub.3 P=CH--CO--R.sup.2                                XIV
PAL  (wherein Q represents a phenyl group unsubstituted or substituted by a
      lower alkyl group, or represents a lower alkyl group, preferably n-butyl,
      and R.sup.2 is as hereinbefore defined) in an inert organic solvent (e.g.
      tetrahydrofuran), preferably at a temperature of 20.degree.-100.degree.C.
      and advantageously at the reflux temperature of the reaction mixture,
      gives unsaturated ketones of formula XI. These ketones are then oxidised
      in an inert organic solvent, such as a ketone (e.g. acetone), by means of
      an agent known to convert hydroxy to oxo and a terminal hydroxymethyl to
      carboxy without affecting carbon-carbon double bonds (for example chromium
      trioxide in sulphuric acid in an inert organic solvent, e.g. acetone,
      preferably at a temperature of -5.degree. to + 25.degree.C.) to give
      cyclopentanonealkanoic acids of formula XII. The cyclopentanonealkanoic
      acids, preferably in an inert organic solvent, for example a lower alkanol
      (e.g. ethanol), are reduced by means of an agent known for the reduction
      of oxo to hydroxy without affecting carbon-carbon double bonds, preferably
      by a metal borohydride (e.g. sodium borohydride) optionally in the
      presence of a base, for example an alkali metal hydroxide (e.g. aqueous
      sodium hydroxide), or by reaction with aluminium isopropoxide (e.g. at
      about 100.degree.C.), when isopropanol is employed as the solvent medium,
      to yield as products the
      2-hydroxy-5-(3-hydroxyalkenyl)cyclopentyl-alkanoic acids of formula XIII.
PAR  The enamines of cyclopentanones of formula VI may be prepared from the
      cyclopentanone and a secondary amine, preferably in an aromatic
      hydrocarbon solvent (e.g. benzene or toluene), by the method of G. Stork
      et al., J. Am. Chem. Soc., 1963, 85, 207. Preferred secondary amines are
      5- or 6-membered nitrogen-containing secondary heterocyclic bases, which
      may carry in the ring one or two additional hetero atoms selected from
      oxygen and nitrogen (e.g. morpholine). When the amine contains more than
      one nitrogen atom, one of the nitrogen atoms is secondary and the
      remainder are tertiary.
PAR  The aldehyde compounds of formula VII may be prepared by known methods, or
      by a process which comprises the reaction of a nitrile of the general
      formula:
EQU  R.sup.9 O(CH.sub.2).sub.n CN                               XV
PAL  (wherein n and R.sup.9 are as hereinbefore defined) in an inert organic
      solvent such as a lower dialkyl ether (e.g. diethyl ether) with a
      dialkylaluminium hydride (e.g. diisobutylaluminium hydride) in an inert
      organic solvent, for example an aromatic hydrocarbon (e.g. benzene),
      preferably at a temperature of -80.degree. to +30.degree.C. The same
      aldehyde compounds may also be prepared by oxidation of a compound of the
      general formula:
EQU  R.sup.9.sup.' O(CH.sub.2).sub.n CH.sub.2 OH                XVI
PAL  (wherein n is as hereinbefore defined and R.sup.9.sup.' is an acid labile
      group, e.g. 2-tetrahydropyranyl) with an agent known to convert
      hydroxymethyl to formyl without affecting the ether linkage, for example
      dimethyl sulphoxide and pyridine sulphur trioxide complex at ambient
      temperature.
PAR  The cyclopentanones of formula VI and the nitriles of formula XV are
      readily available commercially or easily accessible by known methods. By
      the term "known methods" as used in this specification is meant methods
      heretofore used or described in the literature.
PAR  The alkanolymethylene phosphoranes of general formula XIV used in the above
      process for reaction with the
      3-hydroxy-2-hydroxyalkylcyclopentanecarbaldehydes of formula X, which are
      new compounds and important intermediates, to give the unsaturated ketones
      of formula XI may be prepared by the reaction between a
      1-chloro-2-alkanone of the formula:
EQU  ClCH.sub.2 --CO--R.sub.2
PAL  (wherein R.sup.2 is as hereinbefore defined) and an appropriate triphenyl-
      or trialkyl-phosphine in a suitable organic solvent (e.g. chloroform)
      under a nitrogen atmosphere, preferably at a temperature of
      20.degree.-100.degree.C. and advantageously at the reflux temperature of
      the reaction mixture, followed by reaction of the resulting
      2-oxoalkylphosphonium chloride with an inorganic base (e.g. aqueous sodium
      carbonate) at ambient temperature.
PAR  From the products of formula XIII of the aforedescribed process and
      intermediates obtained thereby of formulae XI and XII there can be
      prepared by application of known procedures other cyclopentane derivatives
      of general formula I which have not hitherto been described. These new
      cyclopentane derivatives are all those of general formula I wherein n
      represents 5, 7 or 8 and the various R symbols are as hereinbefore defined
      in relation to that formula, or n represents 6 and at least one of the
      various R symbols and X represents a group specified below:
PAR  R.sup.1 is a lower alkyl group;
PAR  R.sup.2 is a branched-chain alkyl group containing 3 to 10 carbon atoms;
PAR  R.sup.3 is a lower alkyl, lower alkenyl or phenyl(lower)alkyl group;
PAR  R.sup.4 is a group of the formula II, III or IV;
PAR  X is an epoxyethylene or cyclopropylene group,
PAL  the other R symbols and X having any of the meanings hereinbefore defined
      in relation to general formula I. Such new cyclopentane derivatives, and
      their non-toxic salts when R.sup.4 in general formula I represents a
      carboxy group, are a feature of the present invention. Within this class
      of new cyclopentane derivatives those wherein R.sup.1 represents a
      hydrogen atom or a methyl group, R.sup.2 represents a straight or
      branched-chain alkyl group containing 5, 6 or 7 carbon atoms, the symbols
      R.sup.3 are the same and both represent hydrogen atoms, methyl or acetyl
      groups, R.sup.4 represents a carboxy group or an N-methylcarbamoyl (i.e.
      --CONHCH.sub.3), hydrazinocarbonyl (i.e. --CONHNH.sub.2) or
      methoxycarbonyl (i.e. --COOCH.sub.3) group, X represents a vinylene,
      ethylene, epoxyethylene or cyclopropylene group, and n represents 5 or 6,
      and, when R.sup.4 represents a carboxy group, non-toxic salts thereof, are
      preferred. Of outstanding importance are those such compounds wherein
      R.sup.2 represents a secondary or tertiary alkyl group, i.e. an alkyl
      group branched at the carbon atom attached to the group --(CHOR.sup.3)--.
PAR  The compounds of general formula I and their non-toxic salts possess
      valuable pharmacodynamic properties, in particular the production of
      hypotension, bronchodilation, inhibition of gastric acid secretion and
      stimulation of uterine contraction. Bronchodilator activity, i.e. the
      production of relaxation of the smooth muscle of the bronchial tree, is of
      value in the removal or reduction of the state of bronchospasm, thereby
      facilitating breathing, in patients suffering from conditions such as
      bronchial asthma, bronchitis, bronchiectasis and emphysema. In laboratory
      screening methods the compounds produce (i) a 10 mm.Hg fall in the mean
      blood pressure of the urethane-anaesthetized, pempidine-treated
      normotensive rat at doses between 0.04 and 4.0 mg./kg. animal body weight
      administered intravenously; (ii) a 50% inhibition of the
      broncho-constriction induced by administration of a bronchoconstrictor
      agonist, e.g. histamine or 5-hydroxytryptamine, in the
      urethane-anaesthetized guinea-pig at doses between 0.005 and 3.0 mg./kg.
      animal body weight administered intravenously; (iii) a 50% inhibition of
      pentagastrin-induced gastric acid secretion in the rat at doses of between
      1.0 and 50 .mu.g/kg. animal body weight/minute when administered orally in
      solution in an aqueous sodium chloride solution; and (iv) at least a 50%
      increase in amplitude of contraction of the uterus of the pregnant rat
      when administered intravenously at doses between 0.5 and 10 mg./kg. body
      weight. The guinea-pig is generally considered to provide a reliable model
      for the human subject with good clinical correlation in the study of
      bronchodilators [Herxheimer, H. J. Physiol. London, 190, 41-42P (1967)].
PAR  It will be appreciated that the carboxy group of the
      2-hydroxy-5-(3-hydroxyalkenyl)cyclopentyl-alkanoic acids of formula XIII
      can be converted by known methods into groups of formula II, III, IV or V,
      and that the two hydroxy groups in the compounds of formula XIII can be
      converted by known methods to groups --OR.sup.3.sup.', wherein
      R.sup.3.sup.' represents a lower alkyl, lower alkenyl, phenyl(lower)alkyl
      or lower alkanoyl group. From compounds so obtained other cyclopentanone
      derivatives of general formula I can be prepared.
PAR  Thus, compounds of general formula I wherein R.sup.3 represents a lower
      alkyl, lower alkenyl or phenyl(lower)alkyl group, R.sup.4 represents a
      group of formula II, III, IV or V, X represents a vinylene, ethylene or
      cyclopropylene group, can be prepared by the reaction of a compound of the
      formula R.sup.3.sub." Y (wherein R.sup.3.sub." represents a lower alkyl,
      lower alkenyl or phenyl(lower)alkyl group, and Y represents the acid
      residue of a reactive ester, e.g. a bromine, chlorine or iodine atom or a
      sulphonate or sulphate group) with a compound of the general formula:
      ##SPC5##
PAL  (wherein R.sup.1, R.sup.2 and n are as hereinbefore defined, R.sup.4.sup.'
      represents a group of formula II, III, IV or V, and X' represents a
      vinylene, ethylene or cyclopropylene group) optionally in an inert organic
      solvent, for example an aromatic hydrocarbon (e.g. benzene), in the
      presence of an alkali metal or alkaline earth metal hydride (e.g. sodium
      hydride) or a suitable metal oxide, preferably silver oxide, preferably at
      a temperature of 50.degree.-150.degree.C. Alternatively a compound of
      formula XVII can be reacted with a diazoalkane of the formula R.sup.10
      =N.sub.2 (wherein R.sup.10 represents an alkylidene group containing from
      1 to 4 carbon atoms) and a Lewis acid, e.g. boron trifluoride, in an inert
      organic solvent medium, preferably a dialkyl ether (e.g. diethyl ether),
      and preferably at a temperature between -50.degree. and -20.degree.C., to
      give compounds of general formula I wherein R.sup.3 represents a lower
      alkyl group.
PAR  The products so obtained can, if desired, be hydrolysed, for example with
      an aqueous alkali (e.g. aqueous sodium hydroxide), preferably at a
      temperature of 40.degree.-110.degree.C., to give the corresponding free
      acids of general formula I wherein R.sup.4 represents a carboxy group.
PAR  Compounds of general formula I wherein R.sup.1, R.sup.2, R.sup.3 and n are
      as hereinbefore defined, R.sup.4 represents a group --COOR.sup.8 (R.sup.8
      being as hereinbefore defined) and X represents a vinylene, ethylene or
      cyclopropylene group, can be prepared by the reaction of a corresponding
      compound of general formula I, in which R.sup.4 represents a carboxy
      group, with an alcohol R.sup.8 OH (R.sup.8 being as hereinbefore defined),
      an excess of which may be employed as solvent medium, in the presence of
      an inorganic acid, e.g. hydrochloric acid or sulphuric acid, preferably at
      a temperature between 50.degree. and 110.degree.C. and advantageously at
      the reflux temperature of the reaction mixture, or with a diazoalkane
      R.sup.10 =N.sub.2 (R.sup.10 being as hereinbefore defined) in an inert
      organic solvent medium, preferably a dialkyl ether (e.g. diethyl ether),
      preferably at ambient temperature. Alternatively, a silver salt of such
      carboxylic acids of general formula I can be reacted with an alkyl halide
      R.sup.8 -Hal, wherein Hal represents a halogen atom and R.sup.8 is as
      hereinbefore defined, optionally in the presence of an inert organic
      solvent such as an aromatic hydrocarbon (e.g. benzene) at elevated
      temperature and advantageously at the reflux temperature of the reaction
      mixture.
PAR  Compounds of general formula I wherein R.sup.3 represents a lower alkanoyl
      group, R.sup.4 represents a carboxy group or esterified carboxy group
      --COOR.sup.8 (R.sup.8 being as hereinbefore defined), and X represents a
      vinylene, ethylene or cyclopropylene group, can be prepared by the
      reaction of a corresponding compound of general formula I, in which
      R.sup.3 represents a hydrogen atom, with a carboxylic acid anhydride of
      the formula (R.sup.3.sup.'.sub.").sub.2 O (wherein R.sup.3.sup.'.sub."
      represents a lower alkanoyl group) such as acetic anhydride, preferably in
      the presence of a base, e.g. pyridine, preferably at ambient temperature,
      optionally in the presence of an inert organic solvent such as an aromatic
      hydrocarbon (e.g. benzene).
PAR  Compounds of general formula I wherein R.sup.1, R.sup.2 and n are as
      hereinbefore defined, R.sup.3 represents a hydrogen atom or a lower alkyl,
      lower alkenyl or phenyl(lower)alkyl group, R.sup.4 represents a group of
      formula II, III or IV, and X represents a vinylene, ethylene or
      cyclopropylene group, can be prepared by the reaction of a corresponding
      ester of general formula I, in which R.sup.4 represents a group
      --COOR.sup.8 (R.sup.8 being as hereinbefore defined), with a compound of
      the general formula:
      ##EQU3##
      (wherein R.sup.5, R.sup.6 and R.sup.7 are as hereinbefore defined) in an
      inert organic solvent, e.g. a lower alkanol (preferably ethanol),
      preferably at a temperature of 50.degree.-100.degree.C. and advantageously
      at the reflux temperature of the reaction mixture, optionally in the
      presence of a basic catalyst, for example an alkali metal alkoxide in a
      lower alkanol, e.g. sodium ethoxide in ethanol. Alternatively, the same
      such compounds of general formula I, except for those wherein R.sup.3
      represents a hydrogen atom, can be prepared by reacting a corresponding
      acid halide of general formula I (i.e. R.sup.4 is a group --COHal, Hal
      being as hereinbefore defined) with a compound of formula XVIII, XIX or
      XX, optionally in an inert organic solvent, for example a di(lower)alkyl
      ether, preferably at ambient temperature.
PAR  Compounds of general formula I wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and n are as hereinbefore defined and X represents an ethylene group, can
      be prepared by hydrogenation of a corresponding compound of general
      formula I, in which X is a vinyl group, or in respect of those compounds
      wherein R.sup.3 represents a hydrogen atom a compound of the general
      formula:
      ##SPC6##
PAL  (wherein R.sup.1, R.sup.2 and R.sup.4 are as hereinbefore defined), using a
      suitable catalyst such as Rancy nickel or palladium on charcoal, or by an
      initial reduction of the carbon-carbon double bond in a compound of
      formula XXI with hydrogen and a catalyst followed, if necessary, by
      further reduction to reduce the carbonyl groups to hydroxy groups, for
      example with a metal borohydride (e.g. sodium borohydride), preferably in
      an inert organic solvent, for example a lower alkanol (e.g. ethanol),
      preferably at a temperature of 0.degree. to 25.degree.C. and optionally in
      the presence of a base, for example an alkali metal hydroxide (e.g.
      aqueous sodium hydroxide).
PAR  Alternatively, compounds of general formula I, wherein R.sup.1, R.sup.2 and
      n are as hereinbefore defined, R.sup.3 represents a hydrogen atom, R.sup.4
      represents a carboxy group and X represents an ethylene group, can be
      prepared from the unsaturated ketones of formula XI by catalytic reduction
      of the carbon-carbon double bond using a suitable catalyst such as Raney
      nickel or palladium on charcoal, followed by oxidation of the terminal
      hydroxymethyl group in the resulting product to carboxy (and, where the
      keto group is reduced in the preceding operation to a hydroxy group, the
      oxidation of the hydroxy group back to keto) by means of an agent known
      for such an oxidation (for example chromium trioxide in sulphuric acid in
      an inert organic solvent, e.g. acetone), and then reduction of the two
      keto groups in the resulting cyclopentanonealkanoic acid to hydroxy groups
      by means known for the conversion of a keto group to hydroxy in the
      presence of a carboxy group, for example hydrogenation in the presence of
      a catalyst or by a metal borohydride in the presence of a base, as
      hereinbefore mentioned.
PAR  Compounds of general formula I wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and n are as hereinbefore defined and X represents an epoxyethylene group,
      can be prepared from a corresponding compound of general formula I, in
      which X represents a vinylene group, by the action of an organic peracid
      (e.g. perbenzoic acid) in an inert organic solvent (e.g. chloroform),
      preferably at a temperature of 20.degree.-100.degree.C.
PAR  Compounds of general formula I wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4
      and n are as hereinbefore defined and X represents a cyclopropylene group,
      can be prepared from a corresponding compound of general formula I, in
      which X represents a vinylene group, by the action of a methylene dihalide
      (preferably dibromide or diiodide) and a zinc/copper couple, in an inert
      organic solvent (e.g. diethyl ether), preferably at a temperature of
      20.degree.-100.degree.C, and advantageously at the reflux temperature of
      the reaction mixture. Alternatively, the same such compounds of general
      formula I, wherein R.sup.3 represents a hydrogen atom and R.sup.4
      represents a carboxy group, can be prepared by reacting an unsaturated
      ketone of formula XI with a suitable methylene transfer agent (e.g.
      dimethyl sulphoxonium methylide, preferably in an inert organic solvent
      such as diethyl ether, for example at a temperature of
      20.degree.-70.degree.C.), followed by oxidation of the resulting
      intermediate to the corresponding diketo acid and reduction to the
      di-alcohol as hereinbefore described in the conversion of compounds of
      formula XI to those of formula XIII.
PAR  By "non-toxic salts" of the cyclopentanone derivatives of general formula I
      is meant salts the cations of which are relatively innocuous to the animal
      organisms when used in therapeutic doses so that the beneficial
      pharmacological properties of the parent compound of general formula I are
      not vitiated by side-effects ascribable to those cations. Preferably, the
      salts are water-soluble. Suitable salts include the alkali metal, e.g.
      sodium or potassium, and ammonium salts and pharmaceutically-acceptable
      (i.e. non-toxic) amine salts.
PAR  Amines suitable for forming such salts with carboxylic acids are well known
      and include, for example, amines derived in theory by the replacement of
      one or more of the hydrogen atoms of ammonia by groups, which may be the
      same or different when more than one hydrogen atom is replaced, selected
      from alkyl groups containing from 1 to 6 carbon atoms, hydroxyalkyl groups
      containing from 1 to 3 carbon atoms, cycloalkyl groups containing from 3
      to 6 carbon atoms, phenyl groups, phenylalkyl groups containing from 7 to
      11 carbon atoms and phenylalkyl groups containing from 7 to 15 carbon
      atoms wherein the alkyl moieties are substituted by hydroxy groups. The
      alkyl moieties of such alkyl and phenylalkyl groups may be straight or
      branched chains and the phenyl group and phenyl moieties of phenylalkyl
      groups may be unsubstituted or substituted by one or two straight- or
      branched-chain alkyl groups containing from 1 to 6 carbon atoms. Suitable
      amines also include those derived in theory by the replacement of two of
      the hydrogen atoms of ammonia by a hydrocarbon chain, which may be
      interrupted by nitrogen, oxygen or sulphur atoms, to form, together with
      the nitrogen atom of ammonia to which its terminal groups are attached, a
      five- or six-membered nitrogen-containing heterocyclic ring, which
      heterocyclic ring may be unsubstituted or substituted by one or two
      straight- or branched-chain alkyl groups containing from 1 to 6 carbon
      atoms. Examples of suitable amine cations include mono-, di- and
      tri-methylammonium, mono-, di- and tri-ethylammonium, mono, di- and
      tri-propylammonium, mono-, di- and tri-isopropylammonium,
      ethyldimethylammonium, mono-, di- and tri-2-hydroxyethylammonium, ethyl
      bis-(2-hydroxyethyl)ammonium, butylmono(2-hydroxyethyl)ammonium,
      tris(hydroxymethyl)ammonium, cyclohexylammonium, benzylammonium,
      benzyldimethylammonium, dibenzylammonium, phenyl-2-hydroxyethylammonium,
      piperidinium, morpholinium, pyrrolidinium, piperazinium,
      1-methylpiperidinium, 4-ethylmorpholinium, 1-isopropylpyrrolidinium,
      1,4-dimethylpiperazinium, 1-butylpiperidinium, 2-methylpiperidinium and
      1-ethyl-2-methylpiperidinium.
PAR  The non-toxic salts may be prepared by reaction of stoichiometric
      quantities of compounds of general formula I wherein R.sup.4 represents a
      carboxy group and the appropriate base, e.g. an alkali metal hydroxide or
      carbonate, ammonium hydroxide, ammonia or an amine in a suitable solvent
      which is preferably water in the case of the preparation of alkali metal
      salts and water or isopropanol in the case of ammonium or amine salts. The
      salts may be isolated by lyophilisation of the solution or, if
      sufficiently insoluble in the reaction medium, by filtration, if necessary
      after removal of part of the solvent.
DETD
PAR  The following Examples illustrate the process of the present invention and
      the preparation of new cyclopentane derivatives of general formula I.
PAC  EXAMPLE 1
PAC  7-[2-Hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid
PAC  i. Preparation of 2-(7-hydroxyheptyl)-2-cyclopenten-1-one
PAR  A mixture of 7-(2-tetrahydropyranyloxy)heptanal (22 g., 0.1 mole) and
      1-morpholinocyclopentene, i.e. the morpholine enamine of cyclopentanone,
      (21.4 g., 0.14 mole) in benzene (25 ml.) was heated under reflux for 12
      hours under nitrogen, and the water liberated was continuously removed
      with a Dean and Stark head. Benzene (10 ml.) and then, dropwise, 18%
      hydrochloric acid (28 ml.) were added and the mixture was stirred for 2
      hours. The organic layer was separated and evaporated. Concentrated
      hydrochloric acid (72 ml.) and butanol (300 ml.) were added to the
      residue. The mixture was heated at 100.degree.C. for 1 hour, and then the
      solution was concentrated to give an oil. Diethyl ether was added, and the
      ether solution was washed with aqueous sodium bicarbonate and then water,
      and dried over sodium sulphate. The solvent was evaporated and the residue
      was distilled under reduced pressure to give
      2-(7-hydroxyheptyl)-2-cyclopenten-1-one (11.7 g., 60%), b.p.
      125.degree.-170.degree. C./0.15 mm.Hg, n.sub.D.sup.25 1.490,
      .lambda..sub.max 228 m.mu. (ethanol).
PAC  ii. Preparation of 2-(7-hydroxyheptyl)-3-oxocyclopentanecarbonitrile
PAR  A mixture of 2-(7-hydroxyheptyl)-2-cyclopenten-1-one (17 g., 0.087 mole),
      acetone cyanohydrin (8.5 g., 0.1 mole), 6% aqueous sodium carbonate (8
      ml.) and methanol (50 ml.) was stirred and heated under reflux for 4
      hours. Methanol was removed in vacuo, water (100 ml.) was added and the
      mixture was extracted with diethyl ether and dried over magnesium
      sulphate. The solvent was removed by evaporation, and the residue was
      distilled under reduced pressure to give
      2-(7-hydroxyheptyl)-3-oxocyclopentanecarbonitrile (13.3 g., 68%), b.p.
      144.degree.-182.degree.C./0.15 mm.Hg, n.sub.D.sup.25 1.4795.
PAC  iii. Preparation of 3-hydroxy-2-(7-hydroxyheptyl)cyclopentanecarbaldehyde
PAR  A solution of diisobutylaluminium hydride (25.6 g., 0.18 mole) in benzene
      (250 ml.) was added, with rapid stirring, to a solution of
      2-(7-hydroxyheptyl)-3-oxocyclopentanecarbonitrile (10 g., 0.045 mole) in
      dry diethyl ether (250 ml.) at 10.degree.-15.degree.C. Stirring at ambient
      temperature was contined for 15 minutes and the mixture was added to 2N
      aqueous acetic acid (300 ml.) at a temperature lower than 15.degree.C. The
      organic phase was separated and the aqueous layer was extracted with
      diethyl ether. The combined organic phases were washed with aqueous sodium
      bicarbonate, dried over magnesium sulphate and the solvents were removed
      in vacuo. The residue was distilled under reduced pressure to give
      3-hydroxy-2-(7-hydroxyheptyl)cyclopentanecarbaldehyde (4.5 g., 43%), b.p.
      185.degree.-193.degree.C./0.1 mm.Hg, n.sub.D.sup.22.5 1.4995.
PAC  iv. Preparation of 2-(7-hydroxyheptyl)-3-(3-oxo-1-octenyl)cyclopentanol
PAR  A mixture of 3-hydroxy-2-(7-hydroxyheptyl)cyclopentanecarbaldehyde (4.5 g.,
      0.02 mole) and hexanoylmethylene triphenylphosphorane (7.5 g., 0.02 mole)
      in dry tetrahydrofuran (100 ml.) was heated under reflux for 6 hours. The
      solvent was removed in vacuo and the residue was chromatographed on silica
      gel. Elution with a 3:2 mixture of petrol (b.p. 40.degree.-60.degree.C.)
      and ethyl acetate gave
      2-(7-hydroxyheptyl)-3-(3-oxo-1-octenyl)cyclopentanol (4 g., 63%),
      .lambda..sub.max 230 m.mu., .epsilon. 12,900 (ethanol), .nu..sub.max 1660
      cm.sup.-.sup.1, 1620 cm.sup.-.sup.1 (liquid film).
PAR  Hexanoylmethylene triphenylphosphorane, used as starting material, was
      prepared as follows:
PAR  A solution of 1-chloro-2-heptanone (33 g.) and triphenylphosphine (60 g.)
      in chloroform (50 ml.) was saturated with nitrogen and refluxed under
      nitrogen overnight. The chloroform was removed in vacuo and the residue
      was dissolved in methylene chloride (150 ml.). Dry diethyl ether (600 ml.)
      was added to precipitate 2-oxoheptyltriphenylphosphonium chloride (60 g.),
      m.p. 165.degree.-168.degree.C. This compound (23 g.) was added portionwise
      to a solution of sodium carbonate (25 g.) in water (250 ml.), and the
      mixture was stirred vigorously for 24 hours. The solution was extracted
      with diethyl ether, and the ethereal extracts were dried over magnesium
      sulphate. The solvent was removed by evaporation and the residue was
      cooled and triturated with petrol (b.p. 40.degree.-60.degree.C.). The
      solid thus obtained was recrystallised from petrol (b.p.
      60.degree.-80.degree.C.) to give hexanoylmethylene triphenylphosphorane
      (17 g.), m.p. 73.degree.-74.degree.C.
PAC  v. Preparation of 7-[2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]heptanoic acid.
PAR  8N Jones' reagent (3.24 ml.; J. Chem. Soc., 1953, 461) was added to a
      stirred solution of 2-(7-hydroxyheptyl)-3-(3-oxo-1-octenyl)cyclopentanol
      (1.4 g., 0.0043 mole) in acetone (10 ml.) at 15.degree.-25.degree.C., at a
      rate such that the deep red coloration caused by the addition of one drop
      of reagent had changed to green before addition of the next drop. The
      reaction mixture was diluted with sufficient water to dissolve the
      precipitated chromium salts, and was then extracted three times with
      diethyl ether. The combined ether extracts were washed with 2N aqueous
      sulphuric acid and then added to 10% aqueous sodium carbonate (100 ml.)
      and stirred for 1 hour. The aqueous layer (containing the desired acid as
      the sodium salt) was separated and washed with diethyl ether. The solution
      was then covered with a layer of diethyl ether, cooled to below
      20.degree.C. and acidified to pH 1 by the dropwise addition of
      concentrated hydrochloric acid. The ether layer was separated and the
      aqueous layer was again extracted with diethyl ether. The combined
      extracts were dried over magnesium sulphate, and the other was removed in
      vacuo to give the crude acid (0.79 g.). This was purified by preparative
      thin layer chromatography on silica gel using a 65:15:1 mixture of
      benzene, dioxane and acetic acid as solvent. Evaporation gave pure
      7-[2-oxo-5-(3-oxo-1-octeny)cyclopentyl]heptanoic acid (0.38 g., 26%),
      .lambda..sub.max 228 m.mu., .epsilon. 11,600 (ethanol), .nu..sub.max 1730
      cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1670 cm.sup.-.sup.1, 1625
      cm.sup.-.sup.1 and 980 cm.sup.-.sup.1 (liquid film). N.M.R. (approximately
      10% solution in deuterochloroform) 0.9 .delta.(triplet J=5c/s, terminal
      CH.sub.3), 1.2-2.0 .delta.(overlapping multiplets, cyclic and chain
      CH.sub.2), 2.0-2.8 .delta. (multiplet CH.sub.2 C=O), 6.17 .delta. (doublet
      J=16c/s, CH=CHC=O) and 6.8 .delta. (doublet of doublets J=16c/s and
      ##EQU4##
PAC  vi. Preparation of
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid
PAR  A solution of sodium borohydride (0.035 g., 0.0009 mole) in 0.2N aqueous
      sodium hydroxide (0.35 ml.) was added dropwise to a solution of
      7-[2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]heptanoic acid (0.14 g., 0.0004
      mole) in ethanol (3 ml.) and N aqueous sodium hydroxide (0.42 ml., 0.0004
      mole). The resulting solution was stirred for 1 day, and then the ethanol
      was removed in vacuo. A small quantity of water was added, and the
      solution was extracted twice with diethyl ether (to remove non-acidic
      material). The aqueous solution was covered with a layer of diethyl ether
      and acidified to pH 1 by the dropwise addition of concentrated
      hydrochloric acid, cooling the solution to about 10.degree.C. The ether
      layer was separated and the aqueous layer extracted twice more with
      diethyl ether. The combined ether extracts were dried over magnesium
      sulphate and evaporated to give
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid (0.08 g.,
      57%), .nu..sub.max 1700 cm.sup.-.sup.1 and 980 cm.sup.-.sup.1 (liquid
      film), which required no further purification. N.M.R. (approximately 10%
      solution in deuterochloroform) 0.9 .delta. (triplet J=5c/s, terminal
      CH.sub.3), 1.1-2.0 .delta. (broad band, cyclic and chain CH.sub.2), 2.3
      .delta. (triplet J=6c/s, CH.sub.2 C=O) .about. 4.0 .delta. (broad mutiplet
      ##EQU5##
      5.25 .delta. (broad singlet, OH), 5.4.delta. (broad peak
      ##EQU6##
PAR  The 7-(2-tetrahydropyranyloxy)heptanal used as starting material in the
      above Example was prepared as follows:
PAR  3,4-Dihydro-2H-pyran (272 g., 3.35 mole) was added dropwise at 40.degree.C.
      with stirring to 7-hydroxyheptanenitrile (284 g., 2.24 mole) and
      concentrated hydrochloric acid (10 drops). The temperature was allowed to
      rise to 65.degree.C. and was maintained at this level for one hour. The
      solution was cooled and benzene (500 ml.) was added. The solution was
      washed with aqueous sodium bicarbonate and then water, and dried over
      sodium sulphate. The solvent was removed in vacuo, and the residue
      distilled under reduced pressure to give
      7-(2-tetrahydropyranyloxy)heptanenitrile (411 g., 87%), b.p.
      100.degree.-130.degree.C./0.1 mm.Hg, n.sub.D.sup.25 1.455.
PAR  Diisobutylaluminium hydride (19.4 g., 0.14 mole) in dry benzene (50 ml.)
      was added dropwise at 10.degree.C. to a stirred solution of
      7-(2-tetrahydropyranyloxy)heptanenitrile (20.6 g., 0.1 mole) in dry
      diethyl ether (200 ml.). The solution was stirred at 10.degree.C. for 30
      minutes and was then added to 2N aqueous sulphuric acid (300 ml.) at
      0.degree.C. The mixture was heated at 30.degree.C. for 30 minutes, and
      then saturated with sodium chloride and the layers were separated. The
      aqueous layer was extracted with diethyl ether and the combined organic
      layers were washed with aqueous sodium bicarbonate, and then aqueous
      sodium chloride, and dried over sodium sulphate. The solvent was
      evaporated and the residue was distilled under reduced pressure to give
      7-(2-tetrahydropyranyloxy)heptanal (12.7 g., 66%), b.p.
      78.degree.-106.degree.C./0.1 mm.Hg, n.sub.D.sup.25 1.456.
PAR  The above procedure may also be carried out replacing the
      7-(2-tetrahydropyranyloxy)heptanal by 7-hydroxyheptanal [prepared as
      described above for 7-(2-tetrahydropyranyloxy)heptanal, but using
      7-hydroxyheptanenitrile in place of
      7-(2-tetrahydropyranyloxy)heptanenitrile].
PAC  EXAMPLE 2
PAC  7-[2-Hydroxy-5-(3-hydroxy-1-octenyl)-3-methylcyclopentyl]heptanoic acid
PAC  i. Preparation of 2-(7-hydroxyheptyl)-5-methyl-2-cylcopenten-1-one
PAR  A mixture of 7-(2-tetrahydropyranyloxy)heptanal (22 g., 0.1 mole) and the
      morpholine enamine of 2-methylcyclopentanone (20.2 g., 0.12 mole) in
      benzene (25 ml.) was heated under reflux for 12 hours under nitrogen, and
      the water liberated was continuously removed with a Dean and Stark head.
      Benzene (10 ml.) and then, dropwise, 18% hydrochloric acid (24 ml.) were
      added and the mixture was stirred for 2 hours. The organic layer was
      separated and evaporated. Concentrated hydrochloric acid (72 ml.) and
      butanol (300 ml.) was added to the residue. The mixture was heated at
      100.degree.C. for 1 hour and then the solution was concentrated to give an
      oil. Diethyl ether was added, and the ether solution was washed with
      aqueous sodium bicarbonate and then water, and dried over sodium sulphate.
      The solvent was evaporated and the residue was distilled under reduced
      pressure to give an approximately equimolar mixture of
      2-(7-hydroxyheptyl)-5-methyl-2-cyclopenten-1-one and
      5-(7-hydroxyheptyl)-2-methyl-2-cyclopenten-1-one (12 g., 57%), b.p.
      130.degree.-170.degree.C./0.12 mm.Hg,.lambda..sub.max 228m.mu. (ethanol).
PAC  ii. Preparation of
      2-(7-hydroxyheptyl)-4-methyl-3-oxocyclopentanecarbonitrile
PAR  An approximately equimolar mixture of
      2-(7-hydroxyheptyl)-5-methyl-2-cyclopenten-1-one and
      5-(7-hydroxyheptyl)-2-methyl-2-cyclopenten-1-one, (31.5 g., 0.15 mole),
      acetone cyanohydrin (14.4 g., 0.17 mole), 6% aqueous sodium carbonate
      (13.6 ml.) and methanol (90 ml.) was stirred and heated under reflux for 4
      hours. Methanol was removed in vacuo, water (150 ml.) added and the
      mixture was extracted with diethyl ether and dried over magnesium
      sulphate. The solvent was removed by evaporation and the residue was
      distilled under reduced pressure to give a mixture of
      2-(7-hydroxyheptyl)-4-methyl-3-oxocyclopentanecarbonitrile and
      4-(7-hydroxyheptyl)-2-methyl-3-oxocyclopentanecarbonitrile (25.8 g., 49%),
      b.p. 150.degree.-200.degree.C./0.15 mm.Hg.
PAC  iii. Preparation of
      3-hydroxy-2-(7-hydroxyheptyl)-4-methylcyclopentanecarbaldehyde
PAR  A solution of diisobutylaluminium hydride (58 g., 0.41 mole) in benzene
      (500 ml.) was added, with rapid stirring, to a solution of a mixture of 2
      -(7-hydroxyheptyl)-4-methyl-3-oxocyclopentanecarbonitrile and
      4-(7-hydroxyheptyl)-2-methyl-3-oxocyclopentanecarbonitrile (25.8 g., 0.109
      mole) in dry diethyl ether (500 ml.) at 10.degree.-15.degree.C. Stirring
      at ambient temperature was continued for 15 minutes and the mixture was
      added to 2N aqueous acetic acid (500 ml.) at a temperature lower than
      15.degree.C. The organic phase was separated and the aqueous layer was
      extracted with diethyl ether. The combined organic phases were washed with
      aqueous sodium bicarbonate, dried over magnesium sulphate and the solvents
      were removed in vacuo. The residue was distilled under reduced pressure to
      give a mixture of
      3-hydroxy-2-(7-hydroxyheptyl)-4-methylcyclopentanecarbaldehyde and
      3-hydroxy-4-(7-hydroxyheptyl)-2-methylcyclopentanecarbaldehyde (8.4 g.,
      32%), b.p. 185.degree.-198.degree.C./0.15 mm.Hg.
PAC  iv. Preparation of
      2-(7-hydroxyheptyl)-5-methyl-3-(3-oxo-1-octenyl)cyclopentanol
PAR  A mixture of 3-hydroxy-2-(7-hydroxyheptyl)-4-methylcyclopentanecarbaldehyde
      and 3-hydroxy-4-(7-hydroxyheptyl)-2-methylcyclopentanecarbaldehyde (8.4 g
      ., 0.035 mole) and hexanoylmethylene -triphenylphosphorane (16 g., 0.043
      mole) in dry tetrahydrofuran (80 ml.) was heated under reflux for 6 hours.
      The solvent was removed in vacuo and the residue was chromatographed on
      silica gel. Elution with a 3:2 mixture of petrol (b.p.
      40.degree.-60.degree.C.) and ethyl acetate gave a mixture of
      2-(7-hydroxyheptyl)-5-methyl-3-(3-oxo-1-octenyl)cyclopentanol and
      5-(7-hydroxyheptyl)-2-methyl-3-(3-oxo-1-octenyl)cyclopentanol (5.3 g.,
      45%), .nu..sub.max 1660 cm.sup.-.sup.1, 1620 cm.sup.-.sup.1 (liquid film).
PAC  v. Preparation of
      7-[3-methyl-2-oxo-5-(3-oxo-1-octenyl)-cyclopentyl]heptanoic acid
PAR  8N Jones' reagent (11.6ml.) was added to a stirred solution of a mixture of
      2-(7-hydroxyhoptyl)-5-methyl-3-(3-oxo-1-octenyl)cyclopentanol and
      5-(7-hydroxyheptyl)-2-methyl-3-(3-oxo-1-octenyl)cyclopentanol (5.2 g.,
      0.0154 mole) in acetone (35 ml.) at 15.degree.-25.degree.C., at a rate
      such that the deep red coloration caused by the addition of one drop of
      reagent had changed to green before addition of the next drop. The
      reaction mixture was diluted with sufficient water to dissolve the
      precipitated chromium salts, and was then extracted three times with
      diethyl ether. The combined ether extracts were washed with 2N aqueous
      sulphuric acid and then added to 10% aqueous sodium carbonate (200 ml.)
      and stirred for 1 hour. The aqueous layer (containing the desired acid as
      the sodium salt) was separated and washed with diethyl ether. The solution
      was then covered with a layer of diethyl ether cooled to below
      20.degree.C. and acidified to pH 1 by the dropwise addition of
      concentrated hydrochloric acid. The ether layer was separated and the
      aqueous layer was again extracted with diethyl ether. The combined
      extracts were dried over magnesium sulphate, and the ether was removed in
      vacuo to give the crude acid (3.45 g.). This was purified by preparative
      thin layer chromatography on silica gel using a 65:15:1 mixture of
      benzene, dioxane and acetic acid as solvent. Evaporation gave pure
      7-[3-methyl-2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]heptanoic acid (1.03 g.,
      19%) .lambda..sub.max 228 m.mu., .epsilon. 12,100 (ethanol), .nu..sub.max
      1730 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1670 cm.sup.-.sup.1 and 1625
      cm.sup.-.sup.1 (liquid film). N.M.R. (approximately 10% solution in
      deuterochloroform) 0.89 .delta. (triplet J=51/2c/s, terminal CH.sub.3),
      1.06 and 1.11 .delta. (two doublets J=6c/s, ring methyl), 1.35 .delta.
      (multiplet, chain CH.sub.2), .about.2.1 .delta. (multiplet, CH--C=C),
      2-2.7 .delta. (multiplet, CH.sub.2 CO), 6.17 and 6.75 .delta. (doublet
      J=16c/s and doublet of doublets J=16c/s and 8c/s, CH=CHCO), 10.22 .delta.
      (singlet COOH). (Found: C, 72.3; H, 9.8. C.sub.21 H.sub.34 O.sub.4
      requires C, 72.0; H, 9.8%).
PAC  vi. Preparation of
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)-3-methylcyclopentyl]heptanoic acid
PAR  A solution of sodium borohydride (0.18 g., 0.0046 mole) in 0.2N aqueous
      sodium hydroxide (1.8 ml.) was added dropwise to a solution of
      7-[3-methyl-2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]heptanoic acid (0.5 g.,
      0.0014 mole) in ethanol (15 ml.) and N aqueous sodium hydroxide (1.4 ml.,
      0.0014 mole). The resulting solution was stirred for 1 day, and then the
      ethanol was removed in vacuo. A small quantity of water was added, and the
      solution was extracted twice with diethyl ether (to remove non-acidic
      material). The aqueous solution was covered with a layer of diethyl ether
      and acidified to pH 1 by the dropwise addition of concentrated
      hydrochloric acid, cooling the solution to about 10.degree.C. The ether
      layer was separated and the aqueous layer extracted twice more with
      diethyl ether. The combined ether extracts were dried over magnesium
      sulphate and evaporated to give
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)-3-methylcyclopentyl]heptanoic acid
      (0.4 g., 80%) which required no further purification. N.M.R.
      (approximately 10% solution in deuterochloroform), 0.84 .delta. (triplet
      J=5c/s, terminal CH.sub.3), 0.95 .delta. (doublet J=6c/s, ring methyl),
      1.31 .delta. (multiplet, chain CH.sub.2), 2.24 .delta. (triplet J=6c/s,
      CH.sub.2 CO), 3.68 and 3.98 .delta. (overlapping multiplets, HCOH), 5.39
      .delta. (multiplet CH=CH), 5.77 .delta. (singlet OH and COOH). (Found: C,
      71.1; H, 10.7. C.sub.21H.sub.38 O.sub.4 requires C, 71.2; H, 10.8%).
PAC  EXAMPLE 3
PAC  6-[2-Hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]hexanoic acid i.
      Preparation of 2-(6-hydroxyhexyl)-2-cyclopenten-1-one
PAR  A mixture of 6-(2-tetrahydropyranyloxy)hexanal (23.2 g., 0.116 mole) and
      1-morphdinocyclopentene (25.5 g., 0.16 mole) in benzene (30 ml.) was
      heated under reflux for 12 hours under nitrogen, and the water liberated
      was continuously removed with a Dean and Stark head. Benzene (12 ml.) and
      then, dropwise, 18% hydrochloric acid (28 ml.) were added and the mixture
      was stirred for 2 hours. The organic layer was separated and evaporated.
      Concentrated hydrochloric acid (84 ml.) and butanol (350 ml.) were added
      to the residue. The mixture was heated at 100.degree.C. for 1 hour, and
      then the solution was concentrated to give an oil. Diethyl ether was
      added, and the ether solution was washed with aqueous sodium bicarbonate
      and then water, and dried over sodium sulphate. The solvent was evaporated
      and the residue was distilled under reduced pressure to give
      2-(6-hydroxyhexyl)-2-cyclopenten-1-one (10.7 g., 50%), b.p.
      105.degree.-160.degree.C./15 mm.Hg, n.sub.D.sup.25 1.491.
PAC  ii. Preparation of 2-(6-hydroxyhexyl)-3-oxocyclopentane-carbonitrile
PAR  A mixture of 2-(6-hydroxyhexyl)-2-cyclopenten-1-one (10.5 g., 0.058 mole),
      acetone cyanohydrin (5.6 g., 0.065 mole), 6% aqueous sodium carbonate (5.2
      ml.) and methanol (35 ml.) was stirred and heated under reflux for 4
      hours. Methanol was removed in vacuo, water (70 ml.) was added and the
      mixture was extracted with diethyl ether and dried over magnesium
      sulphate. The solvent was removed by evaporation and the residue was
      distilled under reduced pressure to give
      2-(6-hydroxyhexyl)-3-oxocyclopentanecarbonitrile (8.8 g., 73%), b.p.
      135.degree.-178.degree.C./0.15 mm.Hg, n.sub.D.sup.25 1.4812.
PAC  iii. Preparation of 3-hydroxy-2-(6-hydroxyhexyl)cyclopentanecarbaldehyde
PAR  A solution of diisobutylaluminum hydride (19.3 g., 0.125 mole) in benzene
      (170 ml.) was added, with rapid stirring, to a solution of
      2-(6-hydroxyhexyl)-3-oxocyclopentanecarbonitrile (8.8 g., 0.042 mole) in
      dry diethyl ether (200 ml.) at 10.degree.-15.degree.C. Stirring at ambient
      temperature was continued for 15 minutes and the mixture was added to 2N
      aqueous acetic acid (170 ml.) at a temperature lower than 15.degree.C. The
      organic phase was separated and the aqueous layer was extracted with
      diethyl ether. The combined organic phases were washed with aqueous sodium
      bicarbonate, dried over magnesium sulphate and the solvents were removed
      in vacuo to give crude
      3-hydroxy-2-(6-hydroxyhexyl)cyclopentanecarbaldehyde (8.6 g.). It was used
      without further purification.
PAC  iv. Preparation of 2-(6-hydroxyhexyl)-3-(3-oxo-1-octenyl)cyclopentanol
PAR  A mixture of 3-hydroxy-2-(6-hydroxyhexyl)cyclopentanecarbaldehyde (8.6 g.)
      and hexanoylmethylene triphenylphosphorane (16 g., 0.043 mole) in dry
      tetrahydrofuran (100 ml.) was heated under reflux for 6 hours. The solvent
      was removed in vacuo and the residue was chromatographed on silica gel.
      Elution with a 3:2 mixture of petrol (b.p. 40.degree.-60.degree.C.) and
      ethyl acetate gave 2-(6-hydroxyhexyl)-3-(3-oxo-1-octenyl)cyclopentanol (8
      g.), .nu..sub.max 1660 cm.sup.-.sup.1, 1620 cm.sup.-.sup.1 (liquid film).
PAC  v. Preparation of 6-[2-oxo-5-(3-oxo-1-octenyl)-cyclopentyl]hexanoic acid
PAR  8N Jones' reagent (19.4 ml.) was added to a stirred solution of
      2-(6-hydroxyhexyl)-3-(3-oxo-1-octenyl)cyclopentanol (8.0 g., 0.026 mole)
      in acetone (60 ml.) at 15.degree.-25.degree.C. at a rate such that the
      deep red coloration caused by the addition of one drop of reagent had
      changed to green before addition of the next drop. The reaction mixture
      was diluted with sufficient water to dissolve the precipitated chromium
      salts and was then extracted three times with diethyl ether. The combined
      ether extracts were washed with 2N aqueous sulphuric acid and then added
      to 10% aqueous sodium carbonate (350 ml.) and stirred for 1 hour. The
      aqueous layer (containing the desired acid as the sodium salt) was
      separated and worked with diethyl ether. The solution was then covered
      with a layer of diethyl ether, cooled to below 20.degree.C. and acidified
      to pH 1 by the dropwise addition of concentrated hydrochloric acid. The
      ether layer was separated and the aqueous layer was again extracted with
      diethyl ether. The combined extracts were dried over magnesium sulphate,
      and the ether was removed in vacuo to give the crude acid (4.62 g.). This
      was purified by preparative thin layer chromatography on silica gel using
      a 65:15:1 mixture of benzene, dioxane and acetic acid as solvent.
      Evaporation gave pure 6-[2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]hexanoic
      acid (1.66 g., 20%).lambda..sub.max 228 m.mu., .epsilon. 13,200 (ethanol),
      .nu..sub.max 1730 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1670 cm.sup.-.sup.1
      and 1625 cm.sup.-.sup.1 (liquid film). N.M.R. (approximately 10% solution
      in deuterochloroform) 0.89 .delta. (triplet J=51/2c/s, terminal CH.sub.3),
      1.4 .delta. (multiplet, chain CH.sub.2), 2-2.7 .delta. (multiplets),  6.15
      and 6.75 .delta. (doublet J=16c/s and doublet of doublets J=16c/s and
      71/2c/s, CH=CHCO), 10.15 .delta. (singlet, COOH). (Found: C, 70.4; H, 9.3.
      C.sub.19 H.sub.30 0.sub.4 requires C, 70.8; H, 9.3%).
PAC  vi. Preparation of
      6-[2-hydroxy-5-(3-hydroxy-1-octenyl)-cyclopentyl]hexanoic acid
PAR  A solution of sodium borohydride (0.2 g., 0.005 mole) in 0.2N aqueous
      sodium hydroxide (2 ml.) was added dropwise to a solution of
      6-[2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]hexanoic acid (0.61 g., 0.0019
      mole) in ethanol (15 ml.) and N aqueous sodium hydroxide (1.9 ml., 0.0019
      mole). The resulting solution was stirred for 1 day and then the ethanol
      was removed in vacuo. A small quantity of water was added and the solution
      was extracted twice with diethyl ether (to remove non-acidic material).
      The aqueous solution was covered with a layer of diethyl ether and
      acidified to pH 1 by the dropwise addition of concentrated hydrochloric
      acid, cooling the solution to about 10.degree.C. The ether layer was
      separated and the aqueous layer extracted twice more with diethyl ether.
      The combined ether extracts were dried over magnesium sulphate and
      evaporated to give
      6-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]-hexanoic acid (0.53 g.,
      86%) which required no further purification. N.M.R. (approximately 10%
      solution in deuterochloroform) 0.82 .delta. (triplet J=51/2c/s, terminal
      CH.sub.3), 1.32 .delta. (multiplet, chain CH.sub.2), 1.63 .delta.
      (multiplet CH--C=C), 2.30 .delta. (triplet J=61/2c/s, CH.sub.2 CO),
      3.6-4.3 .delta. (overlapping multiplets, HCOH), 4.90 .delta. (singlet OH
      and COOH), 5.41 .delta. (multiplet, CH=CH). (Found: C, 69.7: H, 10.5.
      C.sub.19 H.sub.34 O.sub.4 requires C,  69.9; H, 10.5%).
PAR  The 6-(2-tetrahydropyranyloxy)hexanal used as starting material in this
      Example was prepared as follows:
PAR  6-(2-Tetrahydropyranyloxy)hexanol was prepared by a modification of the
      method described by Bohlmann, Jeute and Reinecke, Chem. Ber., 1969, 102,
      3283. 3,4-Dihydro-2-H-pyran (33.6 g., 0.4 mole) was added dropwise at
      30.degree.C. with stirring to hexane-1,6-diol (47.2 g., 0.4 mole) in
      chloroform (500 ml.) and concentrated hydrochloric acid (30 drops). The
      temperature was allowed to rise to 40.degree.C. and maintained at this
      level for 3 hours. The solution was then washed with aqueous sodium
      bicarbonate and then water and dried over potassium carbonate. The solvent
      was removed in vacuo, and the residue distilled under reduced pressure to
      give 6-(2-tetrahydropyranyloxy)hexanol (46.1 g., 57%), b.p.
      102.degree.-120.degree.C./0.2 mm.Hg.
PAR  Pyridine-sulphur trioxide complex (17.1 g., 0.108 mole) in
      dimethylsulphoxide (90 ml.) was added dropwise to a mixture of
      6-(2-tetrahydropyranyloxy)-hexanol (7.2 g., 0.036 mole) and triethylamine
      (27 g., 0.27 mole) in dimethylsulphoxide (90 ml.) at 25.degree.C. The
      mixture was stirred for a further hour, then 2N acetic acid (100 ml.),
      water (200 ml.) and diethyl ether (500 ml.) added successively, the layers
      separated and the aqueous layer extracted with diethyl ether. The combined
      ether solutions were washed quickly with 2N hydrochloric acid, aqueous
      sodium carbonate and then water, and dried over sodium sulphate. The
      solvent was evaporated and the residue distilled under reduced pressure to
      give 6-(2-tetrahydropyranyloxy)hexanal (4.65 g., 63%), b.p.
      75.degree.-105.degree.C./0.15 mm.Hg.
PAC  EXAMPLE 4
PAC  7-[2-Hydroxy-5-(4-ethyl-3-hydroxy-1-octenyl)cyclopentyl]-heptanoic acid
PAC  i. Preparation of
      2-(7-hydroxyheptyl)-3-(4-ethyl-3-oxo-1-octenyl)cyclopentanol
PAR  A mixture of 3-hydroxy-2-(7-hydroxyheptyl)-cyclopentanecarbaldehyde (6 g.)
      [prepared as described in Example 1]and
      2-ethylhexanoylmethylenetriphenylphosphorane (9g.) in dry tetrahydrofuran
      (70 ml.) was heated under refux under nitrogen for 6 hours. The solvent
      was removed in vacuo and the residue was triturated with petrol (b.p.
      40.degree.-.alpha..degree.C.) with cooling to 0.degree.C. and filtered to
      remove triphenylphosphine oxide. Evaporation of the filtrate then gave
      crude 2-(7-hydroxyheptyl)-3-(4-ethyl-3-oxo-1-octenyl)cyclopentanol (4.4
      g.), .nu. .sub.max 1620 cm.sup.-.sup.1, 1655 cm.sup.-.sup.1 (liquid film),
      which was used in the next step without further purification.
PAC  ii. Preparation of
      7-[2-oxo-5-(4-ethyl-3-oco-1-octenyl)-cyclopentyl]heptanoic acid
PAR  8N Jones' reagent (0.4 ml.) was added to a stirred solution of
      2-(7-hydroxyheptyl)-3-(4-ethyl-3-oxo-1-octenyl)cyclopentanol (0.42 g.) in
      acetone (4 ml.) at below 20.degree.C. at such a rate that the deep red
      coloration caused by the addition of one drop of reagent had changed to
      green before addition of the next drop. The reaction mixture was diluted
      with sufficient water to dissolve the precipitated chromium salts and then
      extracted three times with diethyl ether. The combined ether extracts were
      washed with 2N aqueous sulphuric acid and then added to 10% aqueous sodium
      carbonate (50 ml.) and stirred for 1 hour. The aqueous layer was separated
      and covered with a layer of diethyl ether and concentrated hydrochloric
      acid added dropwise until the pH was 1. The ether layer was separated and
      the aqueous layer again extracted with diethyl ether. The combined
      extracts were dried over magnesium sulphate and the ether was removed in
      vacuo to give 7-[2-oxo-5-(4-ethyl-3-oxo- 1-octenyl)cyclopentyl]-heptanoic
      acid (0.12 g.), .nu..sub.max 1620 cm.sup.-.sup.1, 1680 cm.sup.-.sup.1,
      1700 cm.sup.-.sup.1 and 1730 cm.sup.-.sup.1 (liquid film).
PAC  iii. Preparation of
      7-[2-hydroxy-5-(4-ethyl-3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid
PAR  A solution of sodium borohydride (0.095 g.) in 0.2N aqueous sodium
      hydroxide (0.95 ml.) was added dropwise to a solution of
      7-[2-oxo-5-(4-ethyl-3-oxo-1-octenyl)cyclopentyl]heptanoic acid (0.4 g.) in
      ethanol (9 ml.) and N aqueous sodium hydroxide (1.2 ml.). The resulting
      solution was stirred for 1 day, and then the ethanol was removed in vacuo.
      A small quantity of water was added, and the solution was extracted twice
      with diethyl ether (to remove non-acidic material). The aqueous solution
      was covered with a layer of diethyl ether and acidified to pH 1 by the
      dropwise addition of concentrated hydrochloric acid, cooling the solution
      to about 10.degree.C. The ether layer was separated and the aqueous layer
      extracted twice more with diethyl ether. The combined ether extracts were
      dried over magnesium sulphate, evaporated and purified by preparative
      thin-layer chromatography to give
      7[2-hydroxy-5-(4-ethyl-3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid (60
      mg.), .nu..sub.max 1700cm.sup.-.sup.1, 980 cm.sup.- .sup.1. (Found: C,
      71.0; H, 10.4. C.sub.22 H.sub.40 O.sub.4 requires C, 71.7; H, 10.9%).
PAR  The 2-ethylhexanoylmethylene triphenylphosphorane employed in this Example
      was prepared as follows:
PAR  2-EThylhexanoyl chloride (60 g.) was added dropwise at &lt;10.degree.C. to a
      solution of diazomethane (20 g.) in diethyl ether (160 ml.) and the
      solution stirred overnight at ambient temperature. An excess of anhydrous
      hydrogen chloride was then bubbled into the solution (3/4 hour) and the
      mixture stirred for a further 1 hour. Crushed ice was added to give
      approximately 1 litre of aqueous solution. The aqueous layer was saturated
      with sodium chloride and the organic layer separated, washed with water
      and with aqueous sodium carbonate (twice) and again with water, and dried
      over magnesium sulphate. Evaporation gave crude
      1-chloro-3-ethyl-2-heptanone (88.4 g.) which was used immediately in the
      next step.
PAR  A solution of 1-chloro-3-ethyl-2-heptanone (88.4 g.) and triphenylphosphine
      (81 g.) in chloroform (100 ml.) was saturated with nitrogen and refluxed
      under nitrogen overnight. The chloroform was removed in vacuo to give
      crude 2-oxo-3-ethylheptyltriphenylphosphonium chloride (176.1 g.).
PAR  Crude 2-oxo-3-ethylheptyltriphenylphosphonium chloride (88 g.) was added to
      a solution of sodium carbonate (100 g.) in water (1 litre) and the mixture
      stirred vigorously for 24 hours. The mixture was then extracted with
      diethyl ether and the extracts dried over magnesium sulphate. The solvent
      was evaporated and the crude product (63.3 g.) recrystallised from petrol
      (b.p. 60.degree.-80.degree.C.) to give
      2-ethylhexanoylmethylenetriphenylphosphorane, m.p.
      105.5.degree.-107.5.degree.C. (Found: C, 80.2; H, 7.5. C.sub.27 H.sub.31
      OP requires C, 80.5; H, 7.5%).
PAC  EXAMPLE 5
PAC  Methyl 7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate
PAR  A solution of diazomethane (0.327 g.) in dry diethyl ether (10 ml.) was
      added to a solution of
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid (0.4 g.)
      [prepared as described in Example 1] in dry diethyl ether (10 ml.). The
      resulting solution was allowed to stand at ambient temperature for 18
      hours, during which time a solid precipitated. The solid was removed by
      filtration and the filtrate evaporated. The remaining traces of ether were
      removed from the residue by pumping under high vacuum to give methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (0.3 g., 72%).
      (Found: C, 70.8; H, 10.6. C.sub.21 H.sub.38 O.sub.4 requires C, 71.25; H,
      10.72%) .nu..sub.max 1730 cm.sup.-.sup.1, 980 cm.sup.-.sup.1 (liquid
      film). N.M.R. (approximately 10% solution in deuterochloroform)
      0.92.delta. (triplet J=5c/s, terminal CH.sub.3) 1.7, 1.4.delta.
      (overlapping multiplets, cyclic and chain CH.sub.2), 2.38.delta.  (triplet
      J=6.5c/s, CH.sub.2 C=0),  2.70.delta. (broad singlet, --OH), 3.76.delta.
      (singlet --COOCH.sub.3), 4.32, 4.15 and 4.00.delta.  (overlapping
      multiplets, cis and trans
      ##EQU7##
      5.62.delta.  (multiplet,
      ##EQU8##
PAC  EXAMPLE 6
PAC  Methyl 7-[2-methoxy-5-(3-methoxy-1-octenyl)cyclopentyl]heptanoate
PAR  A solution of methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (0.6 g.)
      [prepared as described in Example 5] in dry diethyl ether (30 ml.) was
      cooled to -40.degree.C. Freshly prepared dry diazomethane in diethyl
      ether, cooled to -40.degree.C., was added to the solution of methyl ester
      immediately after the addition of boron trifluoride dimethyl etherate (3
      ml.). Diazomethane solution was added until the yellow colour persisted.
      After 15 minutes at -40.degree.C. and standing at ambient temperature
      overnight the solution was filtered from precipitated polymethylenes,
      washed with sodium bicarbonate solution and water, dried over anhydrous
      sodium sulphate and evaporated in vacuo. The last traces of solvent were
      removed by pumping under high vacuum to give methyl
      7-[2-methoxy-5-(3-methoxy-1-octenyl)cyclopentyl]heptanoate (0.42 g., 65%).
      (Found: C, 72.4; H, 10.3. C.sub.23 H.sub.42 O.sub.4 requires C, 72.3;
      H,11.0%) .nu..sub.max 1730 cm.sup.-.sup.1, 1100 cm.sup.-.sup.1 and 990
      cm.sup.-.sup.1 (liquid film).
PAC  EXAMPLE 7
PAC  7-[2-Acetoxy-5-(3-acetoxy-1-octenyl)cyclopentyl]heptanoic acid
PAR  To a solution of 7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclcopentyl]heptanoic
      acid (0.5 g.) [prepared as described in Example 1] in dry pyridine (12.5
      ml.) was added acetic anhydride (12.5 ml.). The resulting solution was
      allowed to stand at ambient temperature for 20 hours. This was then
      diluted with water under icebath cooling. This aqueous solution was
      extracted twice with diethyl ether and the combined extracts evaporated in
      vacuo to remove the excess acetic anhydride. The residue was taken up in
      diethyl ether washed with dilute hydrochloric acid and water, then dried
      over magnesium sulphate. Evaporation in vacuo gave
      7-[2-acetoxy-5-(3-acetoxy-1-octenyl)cyclopentyl]heptanoic acid (0.4 g.,
      64%). (Found: C, 68.6; H, 9.6. C.sub.24 H.sub.40 O.sub.6 requires C, 68,0;
      H, 9.4%) .nu..sub.max 1725 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1380
      cm.sup.-.sup.1, 1240 cm.sup.-.sup.1 and 970 cm.sup.-.sup.1 (liquid film).
      Thin layer chromatography 1 spot.
PAC  EXAMPLE 8
PAC  N-Methyl-7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoamide
PAR  To a solution of methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (0.8 g.)
      [prepared as described in Example 5] in ethanol (16 ml.) was added 33%
      methylamine in ethanol (4 ml.) followed by sodium ethoxide in ethanol [0.8
      ml. of a solution prepared by dissolving sodium (0.2 g.) in ethanol (1
      ml.)]. The resulting solution was refluxed for 1 day and the ethanol
      removed in vacuo. The residue was diluted with ice-cooled water and
      extracted twice with dichloromethane. The combined dichloromethane
      extracts were dried over magnesium sulphate and evaporated to give
      N-methyl-7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoamide
      (0.2g., 25%). Found: C, 71.9; H, 10.6. C.sub.21 H.sub.39 NO.sub.3 requires
      C, 71.4; H, 11.05%) .nu..sub.max 3300 cm.sup.-.sup.1, 1650 cm.sup.-.sup.1,
      1570 cm.sup.-.sup.1 and 980 cm.sup.-.sup.1 (liquid film).
PAC   EXAMPLE 9
PAC  7-[2-Hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanohydrazide
PAR  A solution of methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (0.4 g.),
      [prepared as described in Example 5], 100% hydrazine hydrate (0.8 ml.) and
      methanol (10 ml.) was refluxed for 24 hours. After 12 hours reflux a
      further amount of hydrazine hydrate (0.8 ml.) was added. The methanol was
      removed in vacuo and the residue diluted with water. The resulting
      solution was extracted twice with diethyl ether. The combined ether
      extracts were dried over magnesium sulphate to give
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)-cyclopentyl]heptanohydrazide (0.25
      g., 62.5%). (Found: C, 67.4; H, 10.6; N, 7.9. C.sub.20 H.sub.38 N.sub.2
      O.sub.3 requires C, 67.8; H,10.72; N, 7.9%) .nu..sub.max 3300
      cm.sup.-.sup.1, 1650 cm.sup.-.sup.1 (shoulder 1630 cm.sup.-.sup.1), 980
      cm.sup.-.sup.1 (liquid film).
PAC  EXAMPLE 10
PAC  7-[2-Hydroxy-5-(3-hydroxyoctyl)cyclopentyl]heptanoic acid
PAR  A solution of 7-[2-oxo-5-(3-oxo-1-octenyl)cyclopentyl]heptanoic acid (1.0
      g.) [prepared as described in Example 1] in ethanol (50 ml.) was
      catalytically reduced with hydrogen and Raney nickel [Raney nickel (1 g.);
      hydrogen pressure 400 p.s.i.] which on evaporation gave
      7-[2-oxo-5-(3-oxo-1-octyl)cyclopentyl]heptanoic acid (1.0 g.),
      .nu..sub.max 1720 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1 (liquid film).
      N.M.R. (approximately 10% solution in deuterochloroform) 0.90 .delta.
      (triplet J=5c/s, terminal CH.sub.3), 1.35 .delta. (series of multiplets,
      chain CH.sub.2), 1.6 .delta. (multiplet, cyclic CH.sub.2), 2.1-2.5 .delta.
      (series of multiplets, CH.sub.2 C=O), 10.23 .delta. (broad singlet,
      --COOH).
PAR  A solution of the crude 7-[2-oxo-5-(3-oxo-1-octyl)cyclopentyl]heptanoic
      acid (0.8 g.) in ethanol (20 ml.) was neutralised by addition of 1N sodium
      hydroxide (2.40 ml.). The resulting solution was then treated with a
      solution of sodium borohydride (0.25g.) in 0.2 N sodium hydroxide (2.5
      ml.) and stirred at ambient temperature for 1 day. The ethanol was then
      evaporated in vacuo, water added and any non-acidic material removed by
      extraction with diethyl ether. The aqueous phase was covered with a layer
      of diethyl ether and acidified by dropwise addition of hydrochloric acid.
      The ether layer was separated and the aqueous phase extracted again with
      diethyl ether. The combined ether extracts were dried over sodium sulphate
      and evaporated to give
      7-[2-hydroxy-5-(3-hydroxy-1-octyl)cyclopentyl]heptanoic acid (0.6 g.).
PAR  A pure sample of the acid was achieved by separation using preparative thin
      layer chromatography. The plates were coated with silica gel and eluted
      with a mixture of benzene (30) : dioxane (9) : formic acid (1). (Found: C,
      69.9; H, 11.0. C.sub.20 H.sub.38 O.sub.4 requires C, 70.2; H, 11.1%),
      .nu..sub.max 1700 cm.sup.-.sup.1 (liquid film). N.M.R. (approximately 10%
      solution in deuterochloroform) 0.94.delta. (triplet J=5c/s, terminal
      CH.sub.3), 1.7, 1.4 .delta. (overlapping multiplets, cyclic and chain
      --CH.sub.2), 2.38 .delta. (triplet J= 6.5c/s --CH.sub.2 C=O), 4.35, 4.04,
      3.72 .delta. (overlapping mutiplets, cis and trans
      ##EQU9##
      5.53.delta.(broad singlet --OH).
PAC  EXAMPLE 11
PAC  Methyl 7-[2-hydroxy-5-(3-hydroxy-1,2-epoxy-1-octyl)-cyclopentyl]heptanoate
PAR  A solution of methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (1.0 g.)
      [prepared as described in Example 5], metachlorperbenzoic acid (2.0 g.)
      and dichloromethane (30 ml.) was refluxed for days. The precipitated
      metachlorbenzoic acid was filtered from the cooled solution and washed
      with dichloromethane. The filtrate was washed successively with sodium
      sulphite solution, twice with 5% sodium bicarbonate solution and finally
      water, dried over sodium sulphate and evaporated to give methyl
      7-[2-hydroxy-5-(3-hydroxy-1,2-epoxy-1-octyl)cyclopentyl]heptanoate (0.96
      g.,92%), .nu..sub.max 3450 cm.sup.-.sup.1, 1730 cm.sup.-.sup.1 and 1170
      cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAC  Methyl
      7-[2-hydroxy-5-(3-hydroxy-1,2-methylene-1-octyl)cyclopentyl]heptanoate
PAR  A suspension of zinc-copper couple (1.0 g.) (prepared by the method of R.S.
      Shank and H. Schechter, J. Org. Chem. (1959), 24, 1825) in diiodomethane
      (4.0 g.) and dry diethyl ether (10 ml.) was refluxed with a crystal of
      iodine for 0.5 hours. To the resulting suspension was added methyl
      7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanoate (1.0 g.)
      [prepared as described in Example 5] in dry diethyl ether (10 ml.) and the
      resulting mixture was refluxed for 24 hours. Addition of saturated
      ammonium chloride broke up the complex formed and the remaining
      zinc-copper couple was removed by filtration. The filtrate was separated
      and the diethyl ether layer dried over magnesium sulphate and evaporated
      to give methyl
      7-[2-hydroxy-5-(3-hydroxy-1,2-methylene-1-octyl)cyclopentyl]heptanoate
      (1.04 g.). This was purified by preparative thin layer chromatography
      using the system employed in Example 10,.nu..sub.max 3400 cm.sup.-.sup.1,
      1730 cm.sup.-.sup.1 and  1170 cm.sup.-.sup.1.
PAC  EXAMPLE 13
PAC  Preparation of 7-[2-hydroxy-5-(4-ethyl-3-hydroxyoctyl)cyclopentyl]heptanoic
      acid
PAR  A stirred solution of
      7-[2-hydroxy-5-(4-ethyl-3-hydroxyoct-1-enyl)-cyclopentyl]heptanoic acid
      [0.6 g; prepared as described in Example 4(iii)] in ethanol (25 ml.) was
      reduced with hydrogen at a hydrogen pressure of 6.3 kg./cm.sup.2 and in
      the presence of a 5% palladium on charcoal catalyst (0.68 g.). The
      catalyst was then filtered off and the filtrate evaporated to give
      7-[2-hydroxy-5-(4-ethyl-3-hydroxyoctyl)cyclopentyl]heptanoic acid (0.47
      g.), .nu..sub.max 1700 cm.sup.-.sup.1 (Found: C, 71.2; H,11.7%; C.sub.22
      H.sub.42 O.sub.4 requires C, 71.4; H, 11.4%). N.M.R. (approximately 10%
      solution in deuterochloroform) 0.65-1.05.delta. (2 overlapping triplets,
      terminal CH.sub.3 groups), 1.05-2.2.delta. (overlapping multiplets, cyclic
      and chain CH.sub.2 groups), 2.30.delta. (triplet CH.sub.2
      C=O),3.60-3.88.delta., 4.2.delta. (multiplets, methylidene groups attached
      to hydroxy groups), 5.6-6.6.delta.  broad singlet, OH and COOH groups).
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise at least one compound of the abovementioned novel class of
      cyclopentane derivatives of general formula I or, when R.sup.4 represents
      a carboxy group, non-toxic salts thereof, together with a pharmaceutical
      carrier or coating. In clinical practice the novel compounds of the
      present invention will normally be administered orally, rectally,
      vaginally or parenterally.
PAR  Solid compositions for oral administration include compressed tablets,
      pills, dispersible powders, and granules. In such solid compositions one
      or more of the active compounds is, or are, admixed with at least one
      inert diluent such as calcium carbonate, potato starch, alginic acid, or
      lactose. The compositions may also comprise, as is normal practice,
      additional substances other than inert diluents, e.g. lubricating agents,
      such as magnesium stearate. Liquid compositions for oral administration
      include pharmaceutically acceptable emulsions, solutions, suspensions,
      syrups and elixirs containing inert diluents commonly usedin the art, such
      as water and liquid paraffin. Besides inert diluents such compositions may
      also comprise adjuvants, such as wetting and suspending agents, and
      sweetening, flavouring, perfuming and preserving agents. The compositions
      according to the invention, for oral administration, also include capsules
      of absorbable material such as gelatin containing one or more of the
      active substances with or without the addition of diluents or excipients.
PAR  Solid compositions for rectal administration include suppositories
      formulated in manner known per se and containing one or more of the active
      compounds. Solid compositions for vaginal administration include pessaries
      or ovules formulated in manner known per se and containing one or more of
      the active compounds.
PAR  Preparations according to the invention for parenteral administration
      include sterile aqueous or nonaqueous solutions, suspensions, or
      emulsions. Examples of non-aqueous solvents or suspending media are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
      and injectable organic esters such as ethyl oleate. These compositions may
      also contain adjuvants such as preserving, wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through a bacteria-retaining filter by incorporation of sterilising agents
      in the compositions, by irradiation, or by heating. They may also be
      manufactured in the form of sterile solid compositions, which can be
      dissolved in sterile water or some other sterile injectable medium
      immediately before use.
PAR  The percentage of active ingredient in the compositions of the invention
      may be varied; in general, the preparations should normally contain at
      least 0.025% by weight of active substance when required for
      administration by injection; for oral administration the preparations will
      normally contain at least 0.1% by weight of active substance. The dose
      employed depends upon the desired therapeutic effect, the route of
      administration and the duration of the treatment.
PAR  In the adult, the doses are generally between 0.05 and 2 mg., preferably
      between 0.05 and 0.5 mg., by aerosol administration as bronchodilators,
      between 0.01 and 4.0 mg., preferably between 0.01 and 0.1 mg., per
      kilogram body weight by intravenous administration as bronchodilators,
      between 0.15 and 4.0 mg., preferably between 0.15 and 1.5 mg., per
      kilogram body weight by intravenous administration as hypotensives,
      between 0.001 and 0.15 mg., preferably between 0.001 and 0.01 mg., per
      kilogram body weight orally as inhibitors or gastric acid secretion and
      between 0.005 and 1.0 mg., preferably between 0.005 and 0.05 mg., per
      kilogram body weight by intravenous administration, more particularly by
      intravenous infusion at a rate of between 0.01 and 20.mu.g., preferably
      between 0.01 and 0.1.mu.g., per kilogram body weight/minute as stimulators
      of uterine contraction. If necessary these doses may be repeated as and
      when required.
PAR  The compounds of general formula I and, when R.sup.4  represents a carboxy
      group, non-toxic salts thereof may be administered orally as
      bronchodilators by any method known per se for administration by
      inhalation of drugs which are not themselves gaseous under normal
      conditions of administration. Thus, a solution of the active ingredient in
      a suitable pharmaceutically-acceptable solvent, for example water, can be
      nebulized by a mechanical nebulizer, for example a Wright Nebulizer, to
      give an aerosol of finely divided liquid particles suitable for
      inhalation. Advantageously, the solution to be nebulized is diluted and
      preferably aqueous, solutions containing from 0.5 to 20 mg., and
      preferably 0.5 to 5.0 mg., of active ingredient per ml. of solution being
      particularly suitable. The solutions may contain stabilizing agents such
      as sodium bisulphite and buffering agents to give it an isotonic
      character, e.g. sodium chloride, sodium citrate and citric acid.
PAR  The active ingredients may also be administered orally by inhalation in the
      form of aerosols generated from self-propelling pharmaceutical
      compositions. Compositions suitable for this purpose may be obtained by
      dissolving or suspending in finely-divided form, preferably micronized to
      an average particle size of less than 5 microns, the active ingredients in
      pharmaceutically acceptable solvents, e.g. ethanol, which are co-solvents
      assisting in dissolving the active ingredients in the volatile liquid
      propellants hereinafter described, or pharmaceutically-acceptable
      suspending or dispersing agents, for example aliphatic alcohols such as
      oleyl alcohol, and incorporating the solutions or suspensions obtained
      with pharmaceutically acceptable volatile liquid propellants, in
      conventional pressurized packs which may be made of any suitable material
      e.g. metal, plastics or glass, adequate to withstand the pressures
      generated by the volatile propellant in the pack. Pressurized
      pharmaceutically acceptable gases, such as nitrogen, may also be used as
      propellants. The pressurized pack is preferably fitted with a metered
      valve which dispenses a controlled quantity of the self-propelling aerosol
      composition as a single dose.
PAR  Suitable volatile liquid propellants are known in the art and include
      fluorochlorinated alkanes containing from one to four, and preferably one
      or two, carbon atoms, for example dichlorodifluoromethane,
      dichlorotetrafluoroethane, trichloromonofluoromethane,
      dichloromonofluoromethane and monochlorotrifluoromethane. Preferably, the
      vapour pressure of the volatile liquid propellant is between about 25 and
      65 pounds, and more especially between about 30 and 55 pounds, per square
      inch gauge at 21.degree.C. As is well-known in the art, volatile liquid
      propellants of different vapour pressures may be mixed in varying
      proportions to give a propellant having a vapour pressure appropriate to
      the production of a satisfactory aerosol and suitable for the chosen
      container. For example dichlorodifluoromethane (vapour pressure 85 pounds
      per square inch gauge at 21.degree.C.) and dichlorotetrafluoroethane
      (vapour pressure 28 pounds per square inch gauge at 21.degree.C.) may be
      mixed in varying proportions to give propellants having vapour pressures
      intermediate between those of two constituents, e.g. a mixture of
      dichlorodifluoromethane and dichlorotetrafluoroethane in the proportions
      38:62 respectively by weight has a vapour pressure of 53 pounds per square
      inch gauge at 21.degree.C.
PAR  The self-propelling pharmaceutical compositions may be prepared by
      dissolving the required quantity of active ingredient in the co-solvent or
      combining the required quantity of active ingredient with a measured
      quantity of suspending or dispersing agent. A measured quantity of this
      composition is then placed in an open container which is to be used as the
      pressurized pack. The container and its contents are then cooled below the
      boiling temperature of the volatile propellant to be used. The required
      quantity of liquid propellant, cooled below its boiling temperature, is
      then added and the contents of the container mixed. The container is then
      sealed with the required valve fitting, without allowing the temperature
      to rise above the boiling temperature of the propellant. The temperature
      of the sealed container is then allowed to rise to ambient with shaking to
      ensure complete homogeneity of the contents to give a pressurized pack
      suitable for generating aerosols for inhalation. Alternatively, the
      co-solvent solution of the active ingredient or combination of active
      ingredient and suspending or dispersing agent is placed in the open
      container, the container sealed with a valve, and the liquid propellant
      introduced under pressure.
PAR  Means for producing self-propelling compositions for generating aerosols
      for the administration of medicaments are, for example, described in
      detail in U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  Preferably, the self-propelling pharmaceutical compositions according to
      the present invention contain from 0.5 to 20 mg., and more particularly
      0.5 to 5.0 mg., of active ingredient per ml. of solution or suspension. It
      is important that the pH of solutions and suspensions used, according to
      the present invention, to generate aerosols should be kept within the
      range 3 to 8 and preferable that they should be stored at or below
      4.degree.C., to avoid pharmacological deactivation of the active
      ingredient.
PAR  In carrying out the present invention, the means of producing an aerosol
      for inhalation should be selected in accordance with the physico-chemical
      properties of the active ingredient.
PAR  By the term "pharmaceutically acceptable" as applied in this specification
      to solvent, suspending or dispersing agents, propellants and gases is
      meant solvent, suspending or dispersing agents, propellants and gases
      which are non-toxic when used in aerosols suitable for inhalation therapy.
PAR  It is highly desirable that the aerosols should have a particle size less
      than about 10 microns and preferably less than 5 microns, for example
      between 0.5 and 3 microns, to ensure effective distribution to very narrow
      bronchioles. Preferably, administration is by means of devices enabling
      controlled quantities of the active ingredients to be administered, for
      example by means of the metered valves hereinbefore mentioned.
PAR  The following Examples illustrate pharmaceutical compositions according to
      the invention.
PAC  EXAMPLE 14
PAR  7-[2-Hydroxy-5-(4-ethyl-3-hydroxy-1-octenyl)cyclopentyl]heptanoic acid (300
      mg.) was dissolved in ethanol (1 ml.) and the solution obtained was added
      to an aqueous solution (12 ml.) containing sodium carbonate (50 mg.). 0.9%
      w/v. Aqueous sodium chloride solution (2 ml.) was then added to give a
      final volume of 15 ml. The solution was then sterilised by passage through
      a bacteria-retaining filter and placed in 1.5 ml. portions in 5 ml.
      ampoules, to give 30 mg. of the heptanoic acid derivative (in the form of
      its sodium salt) per ampoule. The contents of the ampoules were
      freeze-dried and the ampoules sealed. Dissolution of the contents of an
      ampoule in a suitable volume, e.g. 2 ml., of sterile water or
      physiological saline gave a solution ready for administration by
      injection.
PAC  EXAMPLE 15
PAR  7-[2-Hydroxy-5-(4-ethyl-3-hydroxyoctyl)cyclopentyl]heptanoic acid (300 mg.)
      was dissolved in ethanol (1 ml.) and the solution obtained was added to an
      aqueous solution (12 ml.) containing sodium carbonate (50 mg.). Aqueous
      sodium chloride solution (2 ml; 0.9% w/v) was then added to give a final
      volume of 15 ml. The solution was then sterilised by passage through a
      bacteria-retaining filter and placed in 1.5 ml. portions in 5 ml.
      ampoules, to give 30 mg. of the heptanoic acid derivative (in the form of
      its sodium salt) per ampoule. The contents of the ampoules were
      freeze-dried and the ampoules sealed. Dissolution of the contents of an
      ampoule in a suitable volume, e.g. 2 ml., of sterile water of
      physiological saline gave a solution ready for administration by injection
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclopentane compound of the formula:
      ##SPC7##
PAL  wherein R.sup.1 represents a hydrogen atom or a lower alkyl group, R.sup.2
      represents a straight- or branched-chain alkyl group of 1 to 10 carbon
      atoms, R.sup.3 represents a hydrogen atom or a lower alkyl, lower alkenyl,
      phenyl-(lower)alkyl and lower alkanoyl group, R.sup.4 represents a group
      of formula:
      ##EQU10##
      wherein R.sup.5, R.sup.6 and R.sup.7 each represents a hydrogen atom or a
      lower alkyl group, X represents a vinylene, ethylene, or cyclopropylene
      group, and n represents 5, 6, 7 or 8.
NUM  2.
PAR  2. N-Methyl-7-[2-hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]-heptanoamide.
NUM  3.
PAR  3. 7-[2-Hydroxy-5-(3-hydroxy-1-octenyl)cyclopentyl]heptanohydrazide.
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ABST
PAL  Oxichromic compounds which contain a reduced azomethine linkage are
      disclosed with processes for making same. In one aspect, the oxichromic
      compounds are N-stabilized compounds which have an acyl stabilizing group
      on the nitrogen atom of the reduced azomethine linkage. The compounds
      undergo chromogenic oxidation to produce dyes.
PARN
PAR  This application is a continuation-in-part of our copending application
      U.S. Ser. No. 206,949 filed Dec. 10, 1971, now abandoned and a
      continuation-in-part of our copending application U.S. Ser. No. 308,869
      filed Nov. 22, 1972, now U.S. Pat. No. 3,880,658 both applications being
      incorporated herein by reference.
BSUM
PAR  This invention relates to organic compounds and to processes for making
      these compounds. In one aspect, this invention relates to oxichromic
      developers which contain a group which is a silver halide developer linked
      to an oxichromic moeity which contains a reduced azomethine linkage. In
      another aspect, this invention relates to N-stabilized oxichromic
      compounds and especially N-stabilized oxichromic developers.
PAR  Compounds which contain a group which is a silver halide developer linked
      to a preformed dye are known in the art, for example, as shown in U.S.
      Pats. No. 2,983,606, 3,225,001, etc; generally, a preformed dye is
      attached to a developer unit which is an organic group containing
      substituents imparting thereto a silver halide-developing function and
      usually is a carbocyclic aromatic group containing a benzene or
      naphthalene nucleus. Leuco compounds which have been used as silver halide
      developing agents are also known in the art, as disclosed in U.S. Pats.
      Nos. 1,102,028 by Fischer issued June 30, 1914, 2,206,126 by Schinzel
      issued July 2, 1940, 2,909,430 and 2,992,105. However, leuco dye systems
      did not generally find commercial acceptance in color photography because
      of their poor properties as developing agents and dyes, as disclosed in
      Hunt, The Reproduction of Color, 1967, page 291.
PAR  We have now discovered new classes of oxichromic compounds which have
      improved properties for use in photographic systems. The oxichromic
      compounds of this invention are those which contain a reduced azomethine
      linkage and upon chromogenic oxidation will produce a new chromophore.
PAR  In one preferred embodiment of this invention, the oxichromic compounds are
      oxichromic developers which have the general formula:
      ##EQU1##
      wherein D- is a monovalent group which is a silver halide developer
      including developers containing hydrolyzable groups thereon and is
      preferably a polysubstituted carbocyclic aromatic group containing at
      least two substituents thereon (preferably ortho or para to each other)
      which can be hydroxyl groups or hydrolyzable derivatives thereof, primary
      amino groups, or alkylamino groups including substituted alkylamino
      groups; (COUP) is a photographic color-forming coupler linked to the
      nitrogen atom through a carbon atom at the coupling position, such as a
      phenolic coupler, a pyrazolone coupler, couplers having open-chain active
      methylene groups and the like, and preferably soluble couplers which have
      solubilizing groups attached thereto to provide a diffusible coupler, and
      the like; Ar is a carbocyclic aromatic group, such as a benzenoid group,
      containing from about 6 to about 20 carbon atoms, including substituted
      and unsubstituted arylene groups, fused-ring arylene groups and the like,
      and is preferably a phenylene group which is preferably substituted with
      halogen atoms or groups containing halogen atoms in the ortho or meta
      position of the ring; and X can be an amine group, including substituted
      amines, or preferably is an hydroxyl group.
PAR  In another highly preferred embodiment, the oxichromic developers of this
      invention have the structure:
      ##EQU2##
      wherein (COUP), Ar and X are as defined above, and D- is a hydroquinone
      group including hydroquinone groups having hydrolyzable groups thereon,
      i.e., such as hydrolyzable groups attached through the hydroxy groups of
      the hydroquinone.
PAR  In still another embodiment, this invention relates to stabilized
      oxichromic compounds. The stabilized oxichromic compounds have the
      formulae:
      ##EQU3##
      wherein D-, (COUP), Ar and X are as defined above, and R.sup.2 is a
      carbonyl-containing group such as a group of the formula:
      ##EQU4##
      wherein R.sup.4 is a group containing 1 to 12 carbon atoms, which group
      can be an alkyl group containing from 1 to 12 carbon atoms or an aryl
      group containing from 6 to 12 carbon atoms, including substituted alkyl
      groups and substituted aryl groups, with the provision that X can also be
      the group -O-R.sup.1, wherein R.sup.1 can be a group as defined for
      R.sup.2, i.e., X will be the group:
      ##EQU5##
      In this embodiment, the oxichromic compound can undergo a base catalyzed
      oxidation wherein stabilizing groups R.sup.2 and/or R.sup.1 are hydrolyzed
      by a strong base to permit oxidation to occur. The stabilized oxichromic
      moieties can, of course, be linked to a nondiffusible coupler or linked to
      a developing moiety for use in a photographic system. Preferably, R.sup.4
      is a halogen-containing alkyl or aryl group containing from 1 to 12 carbon
      atoms and, in highly preferred embodiments, the alkyl or aryl group is
      polyhalogenated, i.e., it contains at least 2 halogen atoms substituted
      thereon.
PAR  The group defined as Ar above is preferably the residue of an aromatic
      color-developing agent such as an aminophenol, a phenylenediamine and the
      like and, of course, including the various substituents on the aromatic
      group which are known in the art for the respective color-developing
      agents. Preferably, Ar is a carbocyclic aromatic group, such as a
      benzenoid group, and can contain from 6 to 20 carbon atoms, including
      groups such as substituted arylene groups, unsubstituted arylene groups or
      fused-ring arylene groups, and preferably Ar is a phenylene group which
      can be substituent halogen atoms or groups containing halogen atoms in the
      ortho or meta positions on the phenylene ring. In one preferred embodiment
      where Ar is the nucleus of an aminophenol developing agent, the aromatic
      compound can contain the substituents as disclosed, for example, in Bush,
      Gates and Newmiller, U.S. Ser. No. 169,706 filed Aug. 6, 1971, now U.S.
      Pat. No. 3,791,827 which is incorporated herein by reference.
PAR  In the above compounds where a developing agent moiety (D) is connected to
      an oxichromic moiety, the oxichromic moiety preferably contains an
      insulating linkage connecting it to the developing agent moiety (D).
      Insulating linkages of this type, sometimes referred to as achromophoric
      groups or bonds, are known in the art, for example, as disclosed in U.S.
      Pat. No. 3,255,001 issued June 7, 1966. The insulating group does not
      contribute a color-producing group to the dye formed upon chromogenic
      oxidation, but acts to prevent or interrupt any system of conjugation or
      resonance extending from the azomethine groups of the oxichromic moiety to
      the developing group, i.e., such as a hydroquinone group. Thus, any
      influence of the developer group on the color characteristics of the
      azomethine linkage is substantially excluded. The insulating linkage which
      preferably forms a part of the oxichromic moiety as defined herein can be
      any group which will break up the resonance system, for example, those
      groups listed in U.S. Pat. No. 3,255,001 issued June 7, 1966, and the
      like.
PAR  The term "azomethine linkage" as used herein is understood to mean the
      grouping:
      ##EQU6##
      which is more commonly referred to in the literature as an "imine" group
      and is exclusive of hydrogen atom substitution, and the terms "reduced
      azomethine linkage" or "reduced imine linkage" are understood to mean the
      grouping:
      ##EQU7##
      wherein a single bond is present between said N and all next adjacent
      atoms, which are preferably covalent bonds. Preferably, the azomethine
      compounds of this invention are further defined as being indophenols,
      which is understood to refer to compounds having the general structure
      (COUP)=N--Ar--OH, wherein (COUP) is a color coupler such as a pyrazolone
      color coupler including pyrazolotriazoles, an open-chain ketomethylene
      color coupler, a phenolic color coupler and the like, and Ar is as defined
      above.
PAR  The azomethine compounds and compounds having reduced azomethine linkages
      generally contain color couplers linked through their coupling position
      via a nitrogen atom to an arylene group to form the azomethine or reduced
      azomethine group. The coupling position is well-known to those skilled in
      the photographic art. The 5-pyrazolone couplers couple at the carbon atom
      in the 4-position, the phenolic coupler radicals, including
      .alpha.-naphthols and the like, couple at the carbon atom in the
      4-position, and the open-chain ketomethylene coupler radicals couple at
      the carbon atom forming the methylene moiety
      ##EQU8##
      Photographic couplers are art-recognized groups of compounds which react
      with oxidized aromatic primary amino compounds to produce a dye
      chromophore. The classes of couplers are set forth in The Reproduction of
      Color, R. W. G. Hunt, John Wiley and Sons, Inc., 1967, p. 295;
      Photographic Chemistry, Pierre Glafkides, Vol. 2, Fountain Press, 1960,
      pp. 597-603; Encyclopedia of Chemical Technology, "Color Photography",
      Vol. 5, John Wiley and Sons, 1964, pp. 822-826; and in U.S. Pats. No.
      2,895,826, column 8; 3,062,653, column 1; 3,227,550, column 3; 3,227,551,
      column 6; 3,227,552, column 7; 3,347,641, column 4; and the like.
PAR  The oxichromic compounds prepared in accordance with this invention which
      provide very useful image-transfer systems include those compounds which
      are diffusible in an alkaline solution and which generally have the
      formula:
      ##EQU9##
      wherein D-, (COUP), Ar and X are defined as above. Typical representative
      compounds of this type are as follows:
      ##SPC1##
      ##SPC2##
      ##SPC3##
PAR  Some of the stabilized compounds according to this invention which can be
      effectively used as oxichromic developing agents in image-transfer systems
      include:
      ##SPC4##
      ##SPC5##
PAR  In another embodiment, the stabilized oxichromic compounds are
      indoaniline-type compounds. A typical useful compound of this type which
      has the general structure as defined above is:
      ##SPC6##
PAR  The oxichromic compounds of this invention can be used wherever it is
      desirable to generate a dye by chromogenic oxidation or by a base
      catalyzed chromogenic oxidation. In one highly useful application, they
      can be used in photographic systems wherein colorless layers are desired
      for exposure, etc., and a dye is generated during development, such as in
      an imagewise manner. The compounds of this invention are substantially
      colorless until they undergo oxidation which, in the case of the
      stabilized oxichromic compounds, does not occur until the stabilizing
      group is removed.
PAR  In one specific useful application, the oxichromic compounds of this
      invention are used in image-transfer systems, as described in Lestina and
      Bush, U.S. Ser. No. 206,836 filed Dec. 10, 1971, now abandoned, and as
      described in Lestina and Bush, U.S. Ser. No. 308,869 filed Nov. 22, 1972
      now U.S. Pat. No. 3,880,658 issued Apr. 29, 1975.
PAR  Generally, the oxichromic developers of this invention can be prepared by
      (1) reacting the condensation product of a color coupler and a masked
      silver halide developer with a primary aromatic amine such as
      p-aminophenol to form an azomethine linkage at the coupling position of
      said coupler and (2) reduction of the azomethine dye to form the
      oxichromic compound.
PAR  In step (1), the silver halide developing group is masked or blocked on the
      hydroxyl groups or primary amino groups to prevent undesirable
      condensation reactions; preferably, the masking groups are groups which
      will hydrolyze at a pH of 12 or above, or more preferably are those which
      can be removed by hydrogenolysis, such as by catalytic reduction in an
      acid medium, or with a nucleophile other than an hydroxide such as, for
      example, thiourea to remove a chloroacetate blocking group. In one highly
      preferred embodiment of making the stabilized oxichromic developers of
      this invention, the masking group is a carbobenzoxy group and the like
      which will permit selective reactions to take place in the process, such
      as selective acylation of other groups and selective removal of the
      carbobenzoxy group. The use of masking or protecting groups on silver
      halide developing groups is known in the art, for example, as disclosed in
      Journal of Chemical and Engineering Data, Vol. 9, No. 2, 1964, pp.
      232-238.
PAR  In step (2), the reduction of the azomethine dye can be carried out with a
      weak reducing agent such as sodium dithionate, zinc and acidic acid or the
      like. However, the reduction can also be carried out by hydrogenolysis,
      which is also effective in removing the masking groups from the active
      groups of the silver halide developing agent.
PAR  Where the stabilized oxichromic compounds are prepared, additional steps
      are added to the reaction process.
PAR  After forming the azomethine dye, the compound is reduced with a weak
      reducing agent when a developing group is present containing masking
      groups.
PAR  In one highly preferred embodiment, the reduction is carried out with a
      mild chemical reducing agent such as sodium dithionite, zinc and acetic
      acid, and the like. In another embodiment, the reduction can be carried
      out rapidly by catalytic reduction in a neutral or slightly basic medium.
      In still another embodiment, the reduction can be carried out by
      electrochemical reduction.
PAR  The reduction step is followed by acylation which is preferably carried out
      in a nonaqueous system with a polar solvent under acidic conditions or
      weakly basic conditions. Typical useful acylating agents include
      N-acylimidazoles; acid halides such as cycloalkyloxyacetyl chlorides,
      aryloxyacetyl chlorides, methoxyacetyl chloride, ethoxyacetyl chloride,
      propoxy-acetyl chloride, butoxyacetyl chloride, octyloxyacetyl chloride,
      isopropoxyacetyl chloride, isobutoxyacetyl chloride, p-nitrobenzoyl
      chloride, benzoyl chloride, anisoyl chloride, acetyl chloride, propionyl
      chloride, formyl fluoride, perfluorobutyl chloride, caproyl chloride,
      trichloroacetyl chloride, monochloroacetyl chloride, acrylyl chloride,
      succinoyl chloride, and the like; anhydrides such as acetic anhydride,
      propionic anhydride, phthalic anhydride, succinic anhydride, and the like;
      etc. Preferably, the acylating agent is a halogenated alkyl or aryl
      compound such as pentafluorobenzoic acid, pentachlorobenzoic acid,
      trifluoroacetic acid, heptafluorobutyric acid and the like, including the
      anhydrides thereof, and in highly preferred embodiments the acylating
      agent is trifluoroacetic anhydride.
PAR  The acylating step is preferably carried out in an acid medium or under
      substantially neutral conditions and, in highly preferred embodiments, is
      carried out at ambient pH or weakly acid conditions such as at a pH of
      from 4-8. The reaction medium is preferably a polar solvent such as, for
      example, tetrahydrofuran. The reaction can be carried out under various
      conditions including temperatures from the freezing point of the mixture
      to the boiling point or decomposition point of reactants; preferably, the
      temperature is maintained between about 10.degree. C. and 30.degree. C.
      for economy of synthesis. The time of reaction will, of course, depend
      upon the other conditions of reaction, but in preferred embodiments is
      substantially completed in acylation time periods of up to 1 hour. The
      acylating agent is generally added to the reaction mixture in a molar
      excess of at least 3 and preferably about 8 to about 12 moles per mole of
      the reduced azomethine compound in order to achieve the N-acylation.
PAR  In certain embodiments and under certain conditions, it is possible that
      some O-acylation will occur in addition to the N-acylation, especially
      when free hydroxyl groups are present on the azomethine compound. However,
      a substantial amount of O-acyl groups are not found on analysis after
      contact with a weak base, especially when trifluoroacetate is provided as
      the acyl stabilizing group.
PAR  The acylation step is followed by hydrogenolysis when a silver halide
      moiety having masking groups thereon is present. Generally, the procedure
      is carried out by catalytic reduction in an acidic medium with a noble
      metal catalyst like palladium or with Raney nickel, using hydrogen as the
      reducing agent. Acetic acid in ethanol is useful to provide the acidic
      medium for this step and is especially useful when carbonate groups such
      as carbobenzoxy groups are to be removed. In another embodiment, the
      masking groups are removed with a nucleophile other than hydroxide such
      as, for example, thiourea when chloroacetate is used as a blocking group.
PAR  The reactions described above are preferably carried out at atmospheric
      pressure; however, higher pressures or even subatmospheric pressures can
      be utilized.
DETD
PAR  The invention can be further illustrated by the following examples.
PAC  EXAMPLE 1
PAC  Preparation of Intermediate 1-A
PAR  Sixteen grams of NaOH are dissolved in 100 ml. H.sub.2 O under N.sub.2. To
      this solution are added 17 g. of homogentisic acid to give a dark brown
      solution. The solution bleaches somewhat on the addition of 1 g. of sodium
      dithionite. The mixture is stirred vigorously under N.sub.2 and cooled to
      0.degree. C. when the benzyl chloroformate is added in one portion.
      Dioxane is added to the two-phase system formed until there is only one
      phase. During this addition, the temperature is maintained at 0.degree. C.
      The mixture is stirred for 15 minutes, acidified with concentrated HCl and
      twice extracted with ether. The ether extracts are combined, washed with
      H.sub.2 O and dried. Removal of the ether under reduced pressure gives a
      yellow oil which solidifies on standing. Recrystallization from CC.sub.14
      gives 30 g. of white solid, m.p. 115.degree.-60.degree. C.
PAR  Anal. for C.sub.24 H.sub.20 O.sub.2 : Calc. C, 66.0; H, 4.6  Found C, 66.3;
      H, 4.8
PAC  Preparation of Intermediate 1-B
PAR  In 100 ml. SOCl.sub.2 containing 5 ml. dimethylformamide are dissolved 21.8
      g. (.05 mol) of Intermediate 1-A. This solution is refluxed 5 minutes and
      concentrated to dryness, following trituration with petroleum ether. The
      orange tar obtained is dissolved in 100 ml. of acetic acid and added to
      the following solution: 15.7 g. (.05 mol) of amine A dissolved in 200 ml.
      acetic acid containing 5 g. potassium acetate. Amine A is:
      ##SPC7##
PAR  The precipitate formed is collected, washed with water and recrystallized
      from acetonitrile to give 13 g. (.0178 mol) of Intermediate 1-B, white
      solid, m.p. 194.degree.-6.degree. C.
PAR  Anal. for C.sub.42 H.sub.40 N.sub.2 O.sub.10 : Calc. C, 66.8; H, 5.5; N,
      3.8 Found C, 68.2; H, 5.7; N, 4.0
PAC  Preparation of Intermediate 1-C
PAR  In 40 ml. of dimethylformamide are dissolved 11.6 g. (.015 mole) of
      Intermediate 1-B which is then diluted with 200 ml. of ethyl acetate. This
      is then added to 200 ml. of 10% aqueous Na.sub.2 CO.sub.3 in a 1-liter
      Morton flask. To this are added 6 g. of N,3,5-trichloro-p-benzoquinone
      monoimine dissolved in 100 ml. of ethyl acetate. The dark blue mixture is
      stirred at room temperature for 2 hours, then diluted with 500 ml. of
      aqueous KCl. The mixture is shaken in a 2-liter separatory funnel and the
      dark aqueous layer discarded. The washings continue three times. Then the
      organic mixture is collected on a Buchner funnel. There is obtained 17 g.
      of Intermediate 1-C which is a dark blue solid, m.p. 122.degree.-5.degree.
      C.
PAC  Preparation of Oxichromic Developer
PAR  Seven g. of Intermediate 1-C are added to 100 ml. of ethanol containing 1
      g. Pd/C catalyst and 3 ml. HOAc. The mixture is reduced at room
      temperature and 35 lb./in..sup.2 for 1 hr. H.sub.2 uptake of 1-2 lb. is
      almost instantaneous. The mixture is filtered through supercel to remove
      catalyst and the filtrate is drowned in H.sub.2 O. A tan solid forms
      which, after recrystallization from ethanol, gives 3 g. of tan solid, m.p.
      225.degree.-7.degree. C.
PAR  The final compound has the formula of Compound I referred to hereinabove.
PAC  Example 2
PAR  The following compound is prepared in a procedure similar to Example 1:
      ##SPC8##
PAC  EXAMPLE 3
PAC  Preparation of Intermediate 3-A
PAR  Condensation of 1-phenyl-3-(m-aminobenz-amido)-5-pyrazolone with
      2,5-dicarbobenzyl-oxyhomogentisyl chloride
PAR  A masked silver halide developing agent, 2,5-dicarbo-benzyloxyhomogentisyl
      chloride (prepared from the masked homogentisic acid (19.8 g., 0.045 mole)
      and thionyl chloride (18 ml.)) is dissolved in acetic acid (80 ml.) and
      added to a stirred mixture of 1-phenyl-3-(m-aminobenzamido)-5-pyrazolone
      (13.2 g., 0.045 mole), anhydrous sodium acetate (7.3 g.) and glacial
      acetic acid (250 ml.). After 18 hours of continuous stirring, the mixture
      is drowned in ice water and the white solids collected and triturated with
      excess sodium bicarbonate and water. Recrystallization from acetonitrile
      gives Intermediate 3-A (12.75 g., m.p. 152.degree.-4.degree. C.) in 40%
      yield.
      ##SPC9##
PAR  % Calculated: C, 67.2; H, 4.48; N, 7.87 Found: C, 67.0; H, 4.4; N, 8.1
PAC  Preparation of Intermediate 3-B
PAR  Oxidative coupling of Intermediate 3-A with 2,6-dichloro-4-aminophenol
PAR  Intermediate 3-A (12.5 g., 0.016 mole) in tetrahydrofuran (160 ml.) and
      acetic acid (75 ml.) is stirred (N.sub.2 -atmosphere) for several minutes
      with a solution of sodium carbonate (7.8 g.) in 75 ml. of water. Freshly
      purified 2,6-dichloro-4-aminophenol (3.1 g., 0.018 mole) in ethyl acetate
      (50 ml.) is then added, followed by dropwise addition of potassium
      ferricyanide (2.07 g., 0.064 mole) in water (150 ml.). After 2 hours of
      stirring at 25.degree. C., the dye mixture is drowned in water and the
      magenta-brown precipitate (8.7 g.) is collected and triturated with ethyl
      acetate. This gives 6 g. (estimated 25% yield) of the azomethine dye as
      insolubles estimated to be 60% pure.
PAR  An additional 25% yield of 2 (7.1 g.) E.sub.1 cm. .sup.1% (519 m.mu.)= 290
      is gathered by evaporating the organic layer of the filtered reaction
      mixture.
PAC  Preparation of Oxichromic Developer
PAR  Palladium on charcoal (0.8 g.) is added to 5.3 g. of the azomethine
      compound 3-B, dissolved in ethanol (400 ml.) and glacial acetic acid (6.4
      ml.), and hydrogenation to the leuco base carried out in the Parr
      Apparatus (40 lbs. pressure) for 1.25 hours. The filtrate, which rapidly
      oxidizes to magenta dye on exposure to air, is poured into ice water and
      extracted with ethyl acetate. This extract is decolorized by a single wash
      with aqueous sodium dithionite, then washed with water, dried and freed of
      solvent under vacuum (warm water bath). Recrystallization of the residue
      from ethyl acetate -- methanol gives a tan acetate salt (1.5 g.; 36.5%
      yield; m.p. 175.degree. C., dec.).
PAR  IR -- saturated ester peak absent at 5.7 .mu..
PAR  NMR -- consistent with expected structure.
PAR  % Calculated: C, 56.5; H, 3.97; N, 10.3; Cl, 10.4 Found: C, 56.3; H, 4.1;
      N, 10.5; Cl, 10.4
PAR  An additional 34% yield of the salt (1.5 g.; m.p. .about.180.degree. C.,
      dec.) is isolated from the filtrate by a repeat hydrogenation (as
      described above) and collection of the insolubles obtained after drowning
      the filtered hydrogenation mixture with water. The compound is believed to
      have the structure shown for Compound XI hereinabove wherein the masking
      groups have been removed from the hydroquinone group.
PAC  EXAMPLE 4
PAR  The following compound is prepared by a procedure similar to Example 3:
      ##SPC10##
PAC  EXAMPLE 5
PAR  A masked silver halide developing agent, 2,5-dicarbo-benzyloxyhomogentisyl
      chloride (22.9 g.), and 20 ml. of thionyl chloride in 150 ml. of dry
      benzene are refluxed for 30 minutes, then concentrated under reduced
      pressure to an oil. The oil is dissolved in dry acetone and added to a
      solution of 13.5 g. of the compound having the formula:
      ##SPC11##
PAL  and N,N-dimethylaniline in dry acetone. After standing overnight, the
      mixture is filtered and the filtrate concentrated under reduced pressure
      to an oil, which solidifies from alcohol. Recrystallization from
      acetonitrile -- water yields 17.5 g. of Compound 5-A, m.p.
      165.degree.-168.degree. C.
      ##SPC12##
PAR  A solution of 7 g. of Compound 5-A in N,N-dimethyl-formamide and ethyl
      acetate under a nitrogen atmosphere is treated with a solution of 10 g. of
      sodium carbonate in water followed by a solution of 4.2 g. of
      4-amino-2,6-dichlorophenol hydrochloride in water and a solution of 15.2
      g. of potassium ferricyanide in water, added dropwise. The mixture is
      stirred for 1 hour, the layers are separated and the organic layer is
      concentrated to an oil. The oil is slurried with acetic acid and water and
      the resulting solid is collected and washed with water. Recrystallization
      from methanol yields 4.5 g. of a compound, m.p. 166.degree.-169.degree. C.
      A solution of 4.5 g. of this compound in ethyl acetate, ethanol and acetic
      acid is shaken under a hydrogen atmosphere with palladium on charcoal
      catalyst. After 1 hour, the catalyst is filtered off and the filtrate is
      concentrated under reduced pressure to an oil. The oil is crystallized
      from benzene and recrystallized from methanol -- water to yield 1 g. of
      Compound V having the formula shown hereinabove, m.p.
      134.degree.-137.degree. C.
PAR  C.sub.30 H.sub.25 Cl.sub.2 N.sub.3 O.sub.7 (610.4): Calculated: C, 59.0; H,
      4.1; Cl, 11.6; N, 6.9 Found: C, 58.6; H, 4.2; Cl, 11.7; N, 6.9 4.1 7.0
PAC  EXAMPLE 6
PAR  The following compounds are prepared by the process of Example 5:
      ##SPC13##
PAC  EXAMPLE 7: PREPARATION OF STABILIZED OXICHROMIC COMPOUNDS
PAC  Preparation of Intermediate 7-A:
PAR  Five g. of Intermediate 1-C of Example 1 is dissolved in 150 ml. of ethyl
      acetate and shaken with 200 ml. of 10% of Na.sub.2 S.sub.2 O.sub.4
      containing 10 ml. of acetic acid. The mixture is shaken until the red
      color disappears. The ethyl acetate layer is withdrawn, dried, and removed
      under reduced pressure to give a cream-colored solid. Recrystallization
      from acetonitrile gives 4.5 g. of cream-colored solid, m.p.
      158.degree.-160.degree. C.
PAR  % Calculated: C.sub.51, 64.4; H.sub.49, 5.2; N.sub.3, 4.4 Found: C.sub.51,
      63.6; H.sub.49, 5.4; N.sub.3, 4.0
      ##SPC14##
PAC  Preparation of Stabilized Oxichromic Developer:
PAR  One g. of Intermediate 7-A is reacted in 20 ml. of tetrahydrofuran with 5
      ml. of trifluoracetic anhydride. The solution is allowed to stand for 1/2
      hour at room temperature and then concentrated to dryness to give a light
      yellow tar.
PAR  The reaction product above is dissolved in 50 ml. of ethanol containing 5
      ml. of acetic acid. The solution is placed in a Paar bottle containing .5
      g. of Pd/C catalyst. The mixture is reduced at 35 lbs./in..sup.2 at room
      temperature for 1 hour. The mixture is then filtered through super-cell
      and the filtrate drowned in H.sub.2 O. A gummy yellow solid forms which
      crystallizes from chloroform to a white solid, m.p.
      183.degree.-185.degree. C. Recrystallization from acetonitrile gives .5 g.
      of white solid, Compound 20-B, m.p. 171.degree.-173.degree. C.
PAR  % Calculated: C.sub.39, 468.39; H.sub.39, 39.31; Cl.sub.2, 70.91; F.sub.3,
      59; 57.2 4.8 N.sub.4, 56.03; O.sub.8, 128 6.8 Found: C, 57.4; H, 5.0; Cl,
      8.0; N, 6.7
PAR  The compound is believed to have the formula shown as Compound IX
      hereinabove.
PAC  EXAMPLE 8: PREPARATION OF A STABILIZED OXICHROMIC COMPOUND
PAR  A reduced azomethine dye is prepared according to Example 1 of Reardon,
      U.S. Ser. No. 206,927 filed Dec. 10, 1971, by reacting an
      .alpha.-brominated open-chain ketomethylene color coupler with an
      unoxidized p-aminophenol to produce the compound:
      ##SPC15##
PAC  Acylation of Compound 8-A:
PAR  A solution of 32 g. (0.07 mole) of Compound 8-A in 300 ml. of dry
      tetrahydrofuran is treated with 120 ml. of trifluoroacetic anhydride and
      heated for 30 minutes on the steam bath. The resulting solution is
      concentrated under reduced pressure to an oil that is treated with ice and
      water and allowed to stand overnight. The solid is collected and
      recrystallized twice from acetic acid and water to give 25 g. (64%) of
      solid, m.p. 186.degree.-188.degree. C., Compound 8-B.
PAR  Calc'd. for C.sub.23 H.sub.14 Cl.sub.2 F.sub.3 N.sub.3 O.sub.6 : C, 49.7;
      H, 2.5; N, 7.6; F, 10.3 Found: C, 51.1; H, 2.8; N, 7.4; F, 10.2
PAR  A solution of 25 g. (0.045 mole) of Compound 8-B is dissolved in 200 ml. of
      ethyl acetate and shaken under a hydrogen atmosphere with Raney nickel
      catalyst for 4 hours. The catalyst is removed by filtration and the
      filtrate is allowed to evaporate to yield 23.5 g. (100%) of Compound 8-C,
      m.p. 188.degree.-192.degree. C.
PAR  Calc'd. for C.sub.23 H.sub.16 Cl.sub.2 F.sub.3 N.sub.3 O.sub.4 : N, 8.0; F,
      10.8 Found: N, 7.5; F, 10.4
PAR  This compound is believed to have the formula:
      ##SPC16##
PAC  Preparation of Oxichromic Developer:
PAR  A masked silver halide developing agent having the formula:
      ##SPC17##
PAL  is prepared by dissolving 4.8 g. (0.01 mole) of the corresponding acid in
      40 ml. of thionyl chloride, adding 5 drops of dry N,N-dimethylformamide,
      boiling 5 minutes and concentrating under reduced pressure to an oil; the
      oil is taken up in 50 ml. of carbon tetrachloride, poured onto ice in a
      separatory funnel and shaken; the organic layer is drawn off, dried and
      concentrated under reduced pressure to give the acid chloride.
PAR  The acid chloride is dissolved in 50 ml. of dry acetone and added to a
      solution of 4.5 g. (0.008 mole) of Compound 8-B and 0.85 ml. of
      N,N-dimethylaniline in 50 ml. of dry acetone. After standing for 18 hours
      at room temperature, the solution is concentrated under reduced pressure
      to an oil that is dissolved in methanol and poured slowly into water.
      There is obtained 6.5 g. of a light tan solid.
PAR  Four g. of the tan solid are dissolved in 200 ml. of 3A alcohol and shaken
      with Pd/C catalyst under a hydrogen atmosphere for 40 min. The catalyst is
      removed by filtration and the filtrate is concentrated to an oil. The oil
      is chromatographed on Woelm silica gel, eluting with benzene -- ethyl
      acetate. The middle fraction yields an oil that solidifies from hexane to
      give 1.2 g. of a compound believed to have the formula:
      ##SPC18##
PAC  EXAMPLE 9
PAR  The following compounds are prepared using the process of Example 8:
      ##SPC19##
      ##SPC20##
PAC  EXAMPLE 10
PAR  A ballasted oxichromic compound is prepared as follows:
      ##SPC21##
PAC  Intermediate A:
PAR  One equivalent of Compound 10-A, prepared in accordance with Loria, U.S.
      Pat. No. 3,476,563, is dissolved in 150 ml. of dry tetrahydrofuran in a
      Parr hydrogenation bottle containing 1 g. of Pd/C catalyst. The mixture is
      reduced at 45 lb./in..sup.2 hydrogen at 25.degree. C. until 3 equivalents
      of hydrogen are taken up. The mixture is filtered to remove catalyst and
      the filtrate stripped to dryness, giving a solid which is recrystallized
      from acetonitrile to give a white solid.
PAC  Intermediate 10-B:
      ##SPC22##
PAR  One equivalent of Compound 10-C, prepared as described in Example 8 above,
      is dissolved in 20X volume of acetic acid containing 1 equivalent of
      dissolved acetic acid. To this is added 1 equivalent of Compound 1-D in
      granular form. The solution is stirred for 2 hr. at room temperature,
      drowned in H.sub.2 O containing dissolved NaCl. A gummy solid is formed,
      collected and dissolved in ethyl acetate. The ethyl acetate is washed with
      H.sub.2 O, dried and removed under reduced pressure to give a tan solid
      which can be recrystallized from acetonitrile.
PAR  One equivalent each of Intermediates 10-A and 10-B are dissolved in 20X
      volume of dry acetone containing 1 equivalent of Na.sub.2 CO.sub.3. The
      mixture is refluxed 16 hr., filtered, and acetone removed under pressure.
      A tar forms which crystallizes from chloroform and can be recrystallized
      from acetonitrile. The compound is believed to have the formula:
      ##SPC23##
PAR  This compound is used in an image transfer film unit as described in
      Whitmore, U.S. Pat. No. 3,227,552, which employs direct-positive silver
      halide emulsions. The image-receiving layer contains the mordant
      N-n-octadecyl-tri-butylammonium bromide. Good yellow positive images are
      obtained in the receiver sheet after processing and air-oxidation of the
      receiver sheet.
PAR  Magenta and cyan image dye-providing ballasted oxichromic compounds can be
      provided by similar procedures using the appropriate oxichromic
      intermediate in the reaction with the ballasted coupler.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##EQU10##
      wherein D-- is an aromatic carbocyclic group polysubstituted with hydroxy
      groups, amino groups or alkylamino groups to provide a silver halide
      developer; (COUP) is a photographic color coupler connected to said
      nitrogen atom in said formula at the coupling position to provide a
      reduced azomethine linkage which can undergo chromogenic oxidation to form
      an azomethine linkage; Ar is an aromatic group containing a carbocyclic
      arylene nucleus and comprises from 6 to 20 carbon atoms; R.sup.2 is a
      hydrogen atom or a carbonyl-containing group of the formula:
      ##EQU11##
      wherein R.sup.4 is (a) an alkyl group or substituted alkyl group
      containing from 1 to 12 carbon atoms or (b) an aryl group or substituted
      aryl group containing from 6 to 12 carbon atoms; and X is an hydroxy
      group, an amino group or an alkylamino group, with the provision that,
      when R.sup.2 is a carbonyl-containing group, X can be the group:
      ##EQU12##
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.2 is a hydrogen atom.
NUM  3.
PAR  3. A compound according to claim 1 wherein X is an hydroxy group.
NUM  4.
PAR  4. A compound according to claim 1 wherein Ar is a phenylene group.
NUM  5.
PAR  5. A compound according to claim 1 wherein D is a hydroquinone group.
NUM  6.
PAR  6. A compound according to claim 1 wherein R.sup.2 is said
      carbonyl-containing group and R.sup.4 is a halogenated alkyl group.
NUM  7.
PAR  7. A compound according to claim 1 wherein R.sup.2 is a trifluoroacetyl
      group.
NUM  8.
PAR  8. A compound according to claim 1 wherein Ar is a halogen-substituted
      phenylene group and X is an hydroxy group which is para to said nitrogen
      atom.
NUM  9.
PAR  9. A compound according to claim 1 wherein (COUP) is an open-chain
      ketomethylene color coupler, a phenolic color coupler to a pyrazolone
      color coupler.
NUM  10.
PAR  10. A compound according to claim 1 having the formula:
      ##SPC24##
NUM  11.
PAR  11. A compound according to claim 1 having the formula:
      ##SPC25##
NUM  12.
PAR  12. A compound according to claim 1 having the formula:
      ##SPC26##
NUM  13.
PAR  13. A compound according to claim 6 having the formula:
      ##SPC27##
NUM  14.
PAR  14. A compound according to claim 6 having the formula:
      ##SPC28##
NUM  15.
PAR  15. A compound according to claim 6 having the formula:
      ##SPC29##
NUM  16.
PAR  16. A compound according to claim 6 having the formula:
      ##SPC30##
NUM  17.
PAR  17. A compound according to claim 1 having the formula:
      ##SPC31##
NUM  18.
PAR  18. A compound having the formula:
      ##EQU13##
      wherein D-- is an aromatic carbocyclic group polysubstituted with hydroxy
      groups to provide a silver halide developer; (COUP) is a photographic
      color coupler connected to said nitrogen atom in said formula at the
      coupling position; R.sup.2 is a carbonyl-containing group of the formula:
      ##EQU14##
      wherein R.sup.4 can be (a) an alkyl group or substituted alkyl group
      containing from 1 to 12 carbon atoms or (b) an aryl group or a substituted
      aryl group containing from 6-12 carbon atoms; Ar is an aromatic group
      containing a benzenoid nucleus; and X is an hydroxy group or the group:
      ##EQU15##
NUM  19.
PAR  19. A compound according to claim 18 wherein R.sup.4 is a polyhalogenated
      alkyl group.
NUM  20.
PAR  20. A compound according to claim 18 wherein R.sup.2 is a trifluoroacetyl
      group.
NUM  21.
PAR  21. A compound according to claim 18 wherein Ar is a halogen-substituted
      phenylene group.
NUM  22.
PAR  22. A compound according to claim 18 wherein (COUP) is an open-chain
      ketomethylene color coupler.
NUM  23.
PAR  23. A compound according to claim 18 wherein (COUP) is a pyrazolone color
      coupler.
NUM  24.
PAR  24. A compound having the formula:
      ##EQU16##
      wherein D-- is an aromatic carbocyclic group polysubstituted with hydroxy
      groups, amino groups or alkylamino groups to provide a silver halide
      developer; (COUP) is a photographic phenolic color coupler connected to
      said nitrogen atom in said formula at the coupling position to provide a
      reduced azomethine linkage which can undergo chromogenic oxidation to form
      an azomethine linkage; Ar is an aromatic group containing a carbocyclic
      arylene nucleus and comprises from 6 to 20 carbon atoms; R.sup.2 is a
      hydrogen atom or a carbonyl-containing group of the formula:
      ##EQU17##
      wherein R.sup.4 is (a) an alkyl group or substituted alkyl group
      containing from 1 to 12 carbon atoms or (b) an aryl group or substituted
      aryl group containing from 6 to 12 carbon atoms; and X is an hydroxy
      group, an amino group or an alkylamino group, with the provision that,
      when R.sup.2 is a carbonyl-containing group, X can be the group:
      ##EQU18##
NUM  25.
PAR  25. A compound according to claim 24 wherein R.sup.2 is a hydrogen atom.
NUM  26.
PAR  26. A compound according to claim 24 wherein R.sup.2 is said
      carbonyl-containing group.
NUM  27.
PAR  27. A compound according to claim 24 wherein X is an hydroxy group.
NUM  28.
PAR  28. A compound according to claim 24 wherein Ar is a phenylene group.
NUM  29.
PAR  29. A compound according to claim 24 wherein D is a hydroquinone group.
NUM  30.
PAR  30. A compound according to claim 24 wherein R.sup.2 is said
      carbonyl-containing group and R.sup.4 is a halogenated alkyl group.
NUM  31.
PAR  31. A compound according to claim 24 wherein R.sup.2 is a trifluoroacetyl
      group.
NUM  32.
PAR  32. A compound according to claim 24 wherein Ar is a halogen-substituted
      phenylene group and X is an hydroxy group which is para to said nitrogen
      atom.
NUM  33.
PAR  33. A compound having the formula:
      ##EQU19##
      wherein D-- is an aromatic carbocyclic group polysubstituted with hydroxy
      groups to provide a silver halide developer; (COUP) is a photographic
      phenolic color coupler connected to said nitrogen atom in said formula at
      the coupling position; R.sup.2 is a carbonyl-containing group of the
      formula:
      ##EQU20##
      wherein R.sup.4 can be (a) an alkyl group or substituted alkyl group
      containing from 1 to 12 carbon atoms or (b) an aryl group or a substituted
      aryl group containing from 6-12 carbon atoms; Ar is an aromatic group
      containing a benzenoid nucleus; and X is an hydroxy group or the group:
      ##EQU21##
NUM  34.
PAR  34. A compound according to claim 33 wherein R.sup.4 is a polyhalogenated
      alkyl group.
NUM  35.
PAR  35. A compound according to claim 33 wherein R.sup.2 is a trifluoroacetyl
      group.
NUM  36.
PAR  36. A compound according to claim 33 wherein Ar is a halogen-substituted
      phenylene group.
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PAL  Oxichromic compounds which contain a reduced azomethine linkage are
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PAR  This application is a continuation-in-part of our copending application
      U.S. Ser. No. 206,949 filed Dec. 10, 1971, now abandoned and a
      continuation-in-part of our copending application U.S. Ser. No. 308,869
      filed Nov. 22, 1972, now U.S. Pat. No. 3,880,658, issued Apr. 29, 1975
      both applications being incorporated herein by reference.
BSUM
PAR  This invention relates to organic compounds and to processes for making
      these compounds. In one aspect, this invention relates to oxichromic
      developers which contain a group which is a silver halide developer linked
      to an oxichromic moiety which contains a reduced azomethine linkage. In
      another aspect, this invention relates to N-stabilized oxichromic
      compounds and especially N-stabilized oxichromic developers.
PAR  Compounds which contain a group which is a silver halide developer linked
      to a preformed dye are known in the art, for example, as shown in U.S.
      Pat. Nos. 2,983,606, 3,225,001, etc; generally, a preformed dye is
      attached to a developer unit which is an organic group containing
      substituents imparting thereto a silver halide-developing function and
      usually is a carbocyclic aromatic group containing a benzene or
      naphthalene nucleus. Leuco compounds which have been used as silver halide
      developing agents are also known in the art, as disclosed in U.S. Pat.
      Nos. 1,102,028 by Fischer issued June 30, 1914, 2,206,126 by Schinzel
      issued July 2, 1940, 2,909,430 and 2,992,105. However, leuco dye systems
      did not generally find commercial acceptance in color photography because
      of their poor properties as developing agents and dyes, as disclosed in
      Hunt, The Reproduction of Color, 1967, page 291.
PAR  We have now discovered new classes of oxichromic compounds which have
      improved properties for use in photographic systems. The oxichromic
      compounds of this invention are those which contain a reduced azomethine
      linkage and upon chromogenic oxidation will produce a new chromophore.
PAR  In one preferred embodiment of this invention, the oxichromic compounds are
      oxichromic developers which have the general formula:
      ##EQU1##
      wherein D- is a monovalent group which is a silver halide developer
      including developers containing hydrolyzable groups thereon and is
      preferably a polysubstituted carbocyclic aromatic group containing at
      least two substituents thereon (preferably ortho or para to each other)
      which can be hydroxyl groups or hydrolyzable derivatives thereof, primary
      amino groups, or alkylamino groups including substituted alkylamino
      groups; (COUP) is a photographic color-forming coupler linked to the
      nitrogen atom through a carbon atom at the coupling position, such as a
      phenolic coupler, a pyrazolone coupler, couplers having open-chain active
      methylene groups and the like, and preferably soluble couplers which have
      solubilizing groups attached thereto to provide a diffusible coupler, and
      the like; Ar is a carbocyclic aromatic group, such as a benzenoid group,
      containing from about 6 to about 20 carbon atoms, including substituted
      and unsubstituted arylene groups, fused-ring arylene groups and the like,
      and is preferably a phenylene group which is preferably substituted with
      halogen atoms or groups containing halogen atoms in the ortho or meta
      position of the ring; and X can be an amine group, including substituted
      amines, or preferably is an hydroxyl group.
PAR  In another highly preferred embodiment, the oxichromic developers of this
      invention have the structure:
      ##EQU2##
      wherein (COUP), Ar and X are as defined above, and D- is a hydroquinone
      group including hydroquinone groups having hydrolyzable groups thereon,
      i.e., such as hydrolyzable groups attached through the hydroxy groups of
      the hydroquinone.
PAR  In still another embodiment, this invention relates to stabilized
      oxichromic compounds. The stabilized oxichromic compounds have the
      formulae:
      ##EQU3##
      wherein D-, (COUP), Ar and X are as defined above, and R.sup.2 is a
      carbonyl-containing group such as a group of the formula:
      ##EQU4##
      wherein R.sup.4 is a group containing 1 to 12 carbon atoms, which group
      can be an alkyl group containing from 1 to 12 carbon atoms or an acyl
      group containing from 6 to 12 carbon atoms, including substituted alkyl
      groups and substituted aryl groups, with the provision that X can also be
      the group -O-R.sup.1, wherein R.sup.1 can be a group as defined for
      R.sup.2, i.e., X will be the group:
      ##EQU5##
      In this embodiment, the oxichromic compound can undergo a base catalyzed
      oxidation wherein stabilizing groups R.sup.2 and/or R.sup.1 are hydrolyzed
      by a strong base to permit oxidation to occur. The stabilized oxichromic
      moieties can, of course, be linked to a nondiffusible coupler or linked to
      a developing moiety for use in a photographic system. Preferably, R.sup.4
      is a halogen-containing alkyl or aryl group containing from 1 to 12 carbon
      atoms and, in highly preferred embodiments, the alkyl or aryl group is
      polyhalogenated, i.e., it contains at least 2 halogen atoms substituted
      thereon.
PAR  The group defined as Ar above is preferably the residue of an aromatic
      color-developing agent such as an aminophenol, a phenylenediamine and the
      like and, of course, including the various substituents on the aromatic
      group which are known in the art for the respective color-developing
      agents. Preferably, Ar is a carbocyclic aromatic group, such as a
      benzenoid group, and can contain from 6 to 20 carbon atoms, including
      groups such as substituted arylene groups, unsubstituted arylene groups or
      fused-ring arylene groups, and preferably Ar is a phenylene group which
      can be substituent halogen atoms or groups containing halogen atoms in the
      ortho or meta positions on the phenylene ring. In one preferred embodiment
      where Ar is the nucleus of an aminophenol developing agent, the aromatic
      compound can contain the substituents as disclosed, for example, in Bush,
      Gates and Newmiller, U.S. Ser. No. 169,706 filed August 6, 1971, now U.S.
      Pat. No. 3,791,827, which is incorporated herein by reference.
PAR  In the above compounds where a developing agent moiety (D) is connected to
      an oxichromic moiety, the oxichromic moiety preferably contains an
      insulating linkage connecting it to the developing agent moiety (D).
      Insulating linkages of this type, sometimes referred to as achromophoric
      groups or bonds, are known in the art, for example, as disclosed in U.S.
      Pat. No. 3,255,001 issued June 7, 1966. The insulating group does not
      contribute a color-producing group to the dye formed upon chromogenic
      oxidation, but acts to prevent or interrupt any system of conjugation or
      resonance extending from the azomethine groups of the oxichromic moiety to
      the developing group, i.e., such as a hydroquinone group. Thus, any
      influence of the developer group on the color characteristics of the
      azomethine linkage is substantially excluded. The insulating linkage which
      preferably forms a part of the oxichromic moiety as defined herein can be
      any group which will break up the resonance system, for example, those
      groups listed in U.S. Pat. No. 3,255,001 issued June 7, 1966, and the
      like.
PAR  The term "azomethine linkage" as used herein is understood to mean the
      grouping:
EQU  (&gt;C=N-)
PAL  which is more commonly referred to in the literature as an "imine" group
      and is exclusive of hydrogen atom sustitution, and the terms "reduced
      azomethine linkage" or "reduced imine linkage" are understood to mean the
      grouping:
      ##EQU6##
      wherein a single bond is present between said N and all next adjacent
      atoms, which are preferably covalent bonds. Preferably, the azomethine
      compounds of this invention are further defined as being indophenols,
      which is understood to refer to compounds having the general structure
      (COUP)=N-Ar-OH, wherein (COUP) is a color coupler such as a pyrazolone
      color coupler including pyrazolotriazoles, an open-chain ketomethylene
      color coupler, a phenolic color coupler and the like, and Ar is as defined
      above.
PAR  The azomethine compounds and compounds having reduced azomethine linkages
      generally contain color couplers linked through their coupling position
      via a nitrogen atom to an arylene group to form the azomethine or reduced
      azomethine group. The coupling position is well-known to those skilled in
      the photographic art. The 5-pyrazolone couplers couple at the carbon atom
      in the 4-position, the phenolic coupler radicals, including
      .alpha.-naphthols and the like, couple at the carbon atom in the
      4-position, and the open-chain ketomethylene coupler radicals couple at
      the carbon atom forming the methylene moiety
      ##EQU7##
FNT  * (e.g., denoting the coupling position).
PAR  Photographic couplers are art-recognized groups of compounds which react
      with oxidized aromatic primary amino compounds to produce a dye
      chromophore. The classes of couplers are set forth in The Reproduction of
      Color, R. W. G. Hunt, John Wiley and Sons, Inc., 1967, p. 295;
      Photographic Chemistry, Pierre Glafkides, Vol. 2, Fountain Press, 1960,
      pp. 597-603; Encyclopedia of Chemical Technology, "Color Photography",
      Vol. 5, John Wiley and Sons, 1964, pp. 822-826; and in U.S. Pats. No.
      2,895,826, column 8; 3,062,653, column 1; 3,227,550, column 3; 3,227,551,
      column 6; 3,227,552, column 7; 3,347,641, column 4; and the like.
PAR  The oxichromic compounds prepared in accordance with this invention which
      provide very useful image-transfer systems include those compounds which
      are diffusible in an alkaline solution and which generally have the
      formula:
      ##EQU8##
      wherein D-, (COUP), Ar and X are defined as above. Typical representative
      compounds of this type are as follows:
      ##SPC1##
      ##SPC2##
      ##SPC3##
PAR  Some of the stabilized compounds according to this invention which can be
      effectively used as oxichromic developing agents in image-transfer systems
      include:
      ##SPC4##
      ##SPC5##
PAR  In another embodiment, the stabilized oxichromic compounds are
      indoaniline-type compounds. A typical useful compound of this type which
      has the general structure as defined above is:
      ##SPC6##
PAR  The oxichromic compounds of this invention can be used wherever it is
      desirable to generate a dye by chromogenic oxidation or by a base
      catalyzed chromogenic oxidation. In one highly useful application, they
      can be used in photographic systems wherein colorless layers are desired
      for exposure, etc., and a dye is generated during development, such as in
      an imagewise manner. The compounds of this invention are substantially
      colorless until they undergo oxidation which, in the case of the
      stabilized oxichromic compounds, does not occur until the stabilizing
      group is removed.
PAR  In one specific useful application, the oxichromic compounds of this
      invention are used in image-transfer systems, as described in Lestina and
      Bush, U.S. Ser. No. 206,836 filed Dec. 10, 1971, now abandoned, and as
      described in Lestina and Bush, U.S. Ser. No. 308,869, filed Nov. 22, 1972,
      now U.S. Pat. No. 3,880,658 issued Apr. 29, 1975.
PAR  Generally, the oxichromic developers of this invention can be prepared by
      (1) reacting the condensation product of a color coupler and a masked
      silver halide developer with a primary aromatic amine such as
      p-aminophenol to form an azomethine linkage at the coupling position of
      said coupler and (2) reduction of the azomethine dye to form the
      oxichromic compound.
PAR  In step (1), the silver halide developing group is masked or blocked on the
      hydroxyl groups or primary amino groups to prevent undesirable
      condensation reactions; preferably, the masking groups are groups which
      will hydrolyze at a pH of 12 or above, or more preferably are those which
      can be removed by hydrogenolysis, such as by catalytic reduction in an
      acid medium, or with a nucleophile other than an hydroxide such as, for
      example, thiourea to remove a chloroacetate blocking group. In one highly
      preferred embodiment of making the stabilized oxichromic developers of
      this invention, the masking group is a carbobenzoxy group and the like
      which will permit selective reactions to take place in the process, such
      as selective acylation of other groups and selective removal of the
      carbobenzoxy group. The use of masking or protecting groups on silver
      halide developing groups is known in the art, for example, as disclosed in
      Journal of Chemical and Engineering Data, Vol. 9, No. 2, 1964, pp.
      232-238.
PAR  In step (2), the reduction of the azomethine dye can be carried out with a
      weak reducing agent such as sodium dithionate, zinc and acidic acid or the
      like. However, the reduction can also be carried out by hydrogenolysis,
      which is also effective in removing the masking groups from the active
      groups of the silver halide developing agent.
PAR  Where the stabilized oxichromic compounds are prepared, additional steps
      are added to the reaction process.
PAR  After forming the axomethine dye, the compound is reduced with a weak
      reducing agent when a developing group is present containing masking
      groups.
PAR  In one highly preferred embodiment, the reduction is carried out with a
      mild chemical reducing agent such as sodium dithionite, zinc and acetic
      acid, and the like. In another embodiment, the reduction can be carried
      out rapidly by catalytic reduction in a neutral or slightly basic medium.
      In still another emodiment, the reduction can be carried out by
      electrochemical reduction.
PAR  The reduction step is followed by acylation which is preferably carried out
      in a nonaqueous system with a polar solvent under acidic conditions or
      weakly basic conditions. Typical useful acylating agents include
      N-acylimidazoles; acid halides such as cycloalkyloxyacetyl chlorides,
      aryloxyacetyl chlorides, methoxyacetyl chloride, ethoxyacetyl chloride,
      propoxyacetyl chloride, butoxyacetyl chloride, octyloxyacetyl chloride,
      isopropoxyacetyl chloride, isobutoxyacetyl chloride, p-nitrobenzoyl
      chloride, benzoyl chloride, anisoyl chloride, acetyl chloride, propionyl
      chloride, formyl fluoride, perfluorobutyl chloride, caproyl chloride,
      trichloroacetyl chloride, monochloroacetyl chloride, acrylyl chloride,
      succinoyl chloride, and the like; anhydrides such as acetic anhydride,
      propionic anhydride, phthalic anhydride, succinic anhydride, and the like;
      etc. Preferably, the acylating agent is a halogenated alkyl or aryl
      compound such as pentafluorobenzoic acid, pentachlorobenzoic acid,
      trifluoroacetic acid, heptafluorobutyric acid and the like, including the
      anhydrides thereof, and in highly preferred embodiments the acylating
      agent is trifluoroacetic anhydride.
PAR  The acylating step is preferably carried out in an acid medium or under
      substantially neutral conditions and, in highly preferred embodiments, is
      carried out at ambient pH or weakly acid conditions such as at a pH of
      from 4-8. The reaction medium is preferably a polar solvent such as, for
      example, tetrahydrofuran. The reaction can be carried out under various
      conditions including temperatures from the freezing point of the mixture
      to the boiling point or decomposition point of reactants; preferably, the
      temperature is maintained between about 10.degree.C. and 30.degree.C. for
      economy of synthesis. The time of reaction will, of course, depend upon
      the other conditions of reaction, but in preferred embodiments is
      substantially completed in acylation time periods of up to 1 hour. The
      acylating agent is generally added to the reaction mixture in a molar
      excess of at least 3 and preferably about 8 to about 12 moles per mole of
      the reduced azomethine compound in order to achieve the N-acylation.
PAR  In certain emodiments and under certain conditions, it is possible that
      some O-acylation will occur in addition to the N-acylation, especially
      when free hydroxyl groups are present on the azomethine compound. However,
      a substantial amount of Q-acyl groups are not found on analysis after
      contact with a weak base, especially when trifluoroacetate is provided as
      the acyl stabilizing group.
PAR  The acylation step is followed by hydrogenolysis when a silver halide
      moiety having masking groups thereon is present. Generally, the procedure
      is carried out by catalytic reduction in an acidic medium with a noble
      metal catalyst like palladium or with Raney nickel, using hydrogen as the
      reducing agent. Acetic acid in ethanol is useful to provide the acidic
      medium for this step and is especially useful when carbonate groups such
      as carbobenzoxy groups are to be removed. In another embodiment, the
      masking groups are removed with a nucleophile other than hydroxide such
      as, for example, thiourea when chloroacetate is used as a blocking group.
PAR  The reactions described above are preferably carried out at atmospheric
      pressure; however, higher pressures or even subatmospheric pressures can
      be utilized.
DETD
PAR  The invention can be further illustrated by the following examples.
PAC  EXAMPLE 1:
PAC  Preparation of Intermediate 1-A
PAR  Sixteen grams of NaOH are dissolved in 100 ml. H.sub.2 O under N.sub.2. To
      this solution are added 17 g. of homogentisic acid to give a dark brown
      solution. The solution bleaches somewhat on the addition of 1 g. of sodium
      dithionite. The mixture is stirred vigorously under N.sub.2 and cooled to
      0.degree. C. when the benzyl chloroformate is added in one portion.
      Dioxane is added to the two-phase system formed until there is only one
      phase. During this addition, the temperature is maintained at 0.degree. C.
      The mixture is stirred for 15 minutes, acidified with concentrated HCl and
      twice extracted with ether. The ether extracts are combined, washed with
      H.sub.2 O and dried. Removal of the ether under reduced pressure gives a
      yellow oil which solidifies on standing. Recrystallization from CC14 gives
      30 g. of white solid, m.p. 115.degree.-6.degree. C.
PAR  Anal. for C.sub.24 H.sub.20 O.sub.2 : Calc. C, 66.0; H, 4.6. Found C, 66.3;
      H, 4.8.
PAC  Preparation of Intermediate 1-B
PAR  In 100 ml. SOCl.sub.2 containing 5 ml. dimethylformamide are dissolved 21.8
      g. (.05 mol) of Intermediate 1-A. This solution is refluxed 5 minutes and
      concentrated to dryness, following trituration with petroleum ether. The
      orange tar obtained is dissolved in 100 ml. of acetic acid and added to
      the following solution: 15.7 g. (.05 mol) of amine A dissolved in 200 ml.
      acetic acid containing 5 g. potassium acetate. Amine A is:
      ##SPC7##
PAR  The precipitate formed is collected, washed with water and recrystallized
      from acetonitrile to give 13 g. (.0178 mol) of Intermediate 1-B, white
      solid, m.p. 194.degree.-6.degree. C.
PAR  Anal. for C.sub.42 H.sub.40 N.sub.2 O.sub.10 : Calc. C, 68.8; H, 5.5; N,
      3.8. Found C, 68.2; H, 5.7; N, 4.0.
PAC  Preparation of Intermediate 1-C
PAR  In 40 ml. of dimethylformamide are dissolved 11.6 g. (0.015 mole) of
      Intermediate 1-B which is then diluted with 200 ml. of ethyl acetate. This
      is then added to 200 ml. of 10% aqueous Na.sub.2 CO.sub.3 in a 1-liter
      Morton flask. To this are added 6 g. of N,3,5-trichloro-p-benzoquinone
      monoimine dissolved in 100 ml. of ethyl acetate. The dark blue mixture is
      stirred at room temperature for 2 hours, then diluted with 500 ml. of
      aqueous KCl. The mixture is shaken in a 2-liter separatory funnel and the
      dark aqueous layer discarded. The washings continue three times. Then the
      organic mixture is collected on a Buchner funnel. There is obtained 17 g.
      of Intermediate 1-C which is a dark blue solid, m.p. 122.degree.-5.degree.
      C.
PAC  Preparation of Oxichromic Developer
PAR  Seven g. of Intermediate 1-C are added to 100 ml. of ethanol containing 1
      g. Pd/C catalyst and 3 ml. HOA.sub.c. The mixture is reduced at room
      temperature and 35 lb./in..sup.2 for 1 hr. H.sub.2 uptake of 1-2 lb. is
      almost instantaneous. The mixture is filtered through supercel to remove
      catalyst and the filtrate is drowned in H.sub.2 O. A tan solid forms
      which, after recrystallization from ethanol, gives 3 g. of tan solid, m.p.
      225.degree.-7.degree. C.
PAR  The final compound has the formula of Compound I referred to hereinabove.
PAC  EXAMPLE 2
PAR  The following compound is prepared in a procedure similar to Example 1:
      ##SPC8##
PAC  EXAMPLE 3:
PAC  Preparation of Intermediate 3-A
PAC  Condensation of 1-phenyl-3-(m-aminobenzamido)-5-pyrazolone with
      2,5-dicarbobenzyloxyhomogentisyl chloride
PAR  A masked silver halide developing agent, 2,5-dicarbobenzyloxyhomogentisyl
      chloride (prepared from the masked homogentisic acid (19.8 g., 0.045 mole)
      and thionyl chloride (18 ml.)) is dissolved in acetic acid (80 ml.) and
      added to a stirred mixture of 1-phenyl-3-(m-aminobenzamido)-5-pyrazolone
      (13.2 g., 0.045 mole), anhydrous sodium acetate (7.3 g.) and glacial
      acetic acid (250 ml.). After 18 hours of continuous stirring, the mixture
      is drowned in ice water and the white solids collected and triturated with
      excess sodium bicarbonate and water. Recrystallization from acetonitrile
      gives Intermediate 3-A (12.75 g., m.p. 152.degree.-4.degree. C.) in 40%
      yield.
      ##SPC9##
PAR  % Calculated: C, 67.2; H, 4.48; N, 7.87. Found: C, 67.0; H, 4.4; N, 8.1.
PAC  Preparation of Intermediate 3-B
PAC  Oxidative coupling of Intermediate 3-A with 2,6-dichloro-4-aminophenol
PAR  Intermediate 3-A (12.5 g., 0.016 mole) in tetrahydrofuran (160 ml.) and
      acetic acid (75 ml.) is stirred (N.sub.2 -atmosphere) for several minutes
      with a solution of sodium carbonate (7.8 g.) in 75 ml. of water. Freshly
      purified 2,6-dichloro-4-aminophenol (3.1 g., 0.018 mole) in ethyl acetate
      (50 ml.) is then added, followed by dropwise addition of potassium
      ferricyanide (2.07 g., 0.064 mole) in water (150 ml.). After 2 hours of
      stirring at 25.degree. C., the dye mixture is drowned in water and the
      magenta-brown precipitate (8.7 g.) is collected and triturated with ethyl
      acetate. This gives 6 g. (estimated 25% yield) of the azomethine dye as
      insolubles estimated to be 60% pure.
PAR  An additional 25% yield of 2 (7.1 g.) E.sub.1.sup.1%.sub. cm. (519 m.mu.)=
      290 is gathered by evaporating the organic layer of the filtered reaction
      mixture.
PAC  Preparation of Oxichromic Developer
PAR  Palladium on charcoal (0.8 g.) is added to 5.3 g. of the azomethine
      compound 3-B, dissolved in ethanol (400 ml.) and glacial acetic acid (6.4
      ml.), and hydrogenation to the leuco base carried out in the Parr
      Apparatus (40 lbs. pressure) for 1.25 hours. The filtrate, which rapidly
      oxidizes to magenta dye on exposure to air, is poured into ice water and
      extracted with ethyl acetate. This extract is decolorized by a single wash
      with aqueous sodium dithionite, then washed with water, dried and freed of
      solvent under vacuum (warm water bath). Recrystallization of the residue
      from ethyl acetate -- methanol gives a tan acetate salt (1.5 g.; 36.5%
      yield; m.p. 175.degree. C., dec.).
PA1  Ir - saturated ester peak absent at 5.7 .mu..
PA1  Nmr - consistent with expected structure.
PAR  % Calculated: C, 56.5; H, 3.97; N, 10.3; Cl, 10.4. Found: C, 56.3; H, 4.1;
      N, 10.5; Cl, 10.4.
PAR  An additional 34% yield of the salt (1.5 g.; m.p. .about.180.degree. C.,
      dec.) is isolated from the filtrate by a repeat hydrogenation (as
      described above) and collection of the insolubles obtained after drowning
      the filtered hydrogenation mixture with water. The compound is believed to
      have the structure shown for Compound XI hereinabove wherein the masking
      groups have been removed from the hydroquinone group.
PAC  EXAMPLE 4:
PAR  The following compound is prepared by a procedure similar to Example 3:
      ##SPC10##
PAC  EXAMPLE 5
PAR  A masked silver halide developing agent, 2,5-dicarbobenzyloxyhomogentisyl
      chloride (22.9 g.), and 20 ml. of thionyl chloride in 150 ml. of dry
      benzene are refluxed for 30 minutes, then concentrated under reduced
      pressure to an oil. The oil is dissolved in dry acetone and added to a
      solution of 13.5 g. of the compound having the formula:
      ##SPC11##
PAL  and N,N-dimethylaniline in dry acetone. After standing overnight, the
      mixture is filtered and the filtrate concentrated under reduced pressure
      to an oil, which solidifies from alcohol. Recrystallization from
      acetonitrile - water yields 17.5 g. of Compound 5-A, m.p.
      165.degree.-168.degree. C.
      ##SPC12##
PAR  A solution of 7 g. of Compound 5-A in N,N-dimethylformamide and ethyl
      acetate under a nitrogen atmosphere is treated with a solution of 10 g. of
      sodium carbonate in water followed by a solution of 4.2 g. of
      4-amino-2,6-dichlorophenol hydrochloride in water and a solution of 15.2
      g. of potassium ferricyanide in water, added dropwise. The mixture is
      stirred for 1 hour, the layers are separated and the organic layer is
      concentrated to an oil. The oil is slurried with acetic acid and water and
      the resulting solid is collected and washed with water. Recrystallization
      from methanol yields 4.5 g. of a compound, m.p. 166.degree.-169.degree. C.
      A solution of 4.5 g. of this compound in ethyl acetate, ethanol and acetic
      acid is shaken under a hydrogen atmosphere with palladium on charcoal
      catalyst. After 1 hour, the catalyst is filtered off and the filtrate is
      concentrated under reduced pressure to an oil. The oil is crystallized
      from benzene and recrystallized from methanol - water to yield 1 g. of
      Compound V having the formula shown hereinabove, m.p.
      134.degree.-137.degree. C.
PAC  C.sub.30 H.sub.25 Cl.sub.2 N.sub.3 O.sub.7 (610.4):
PAR  Calculated: C, 59.0; H, 4.1; Cl, 11.6; N, 6.9. Found: C, 58.6; H, 4.2/4.1;
      Cl, 11.7; N, 6.9/7.0.
PAC  EXAMPLE 6
PAR  The following compounds are prepared by the process of Example 5:
      ##SPC13##
PAC  EXAMPLE 7
PAC  Preparation of Stabilized Oxichromic Compounds
PAC  Preparation of Intermediate 7-A
PAR  Five g. of Intermediate 1-C of Example 1 is dissolved in 150 ml. of ethyl
      acetate and shaken with 200 ml. of 10% of Na.sub.2 S.sub.2 O.sub.4
      containing 10 ml. of acetic acid. The mixture is shaken until the red
      color disappears. The ethyl acetate layer is withdrawn, dried, and removed
      under reduced pressure to give a cream-colored solid. Recrystallization
      from acetonitrile gives 4.5 g. of cream-colored solid, m.p.
      158.degree.-160.degree. C. % Calculated: C51, 64.4; H49, 5.2; N.sub.3,
      4.4. Found: C51, 63.6; H49, 5.4; N.sub.3, 4.0.
      ##SPC14##
PAC  Preparation of Stabilized Oxichromic Developer
PAR  One g. of Intermediate 7-A is reacted in 20 ml. of tetrahydrofuran with 5
      ml. of trifluoracetic anhydride. The solution is allowed to stand for 1/2
      hour at room temperature and then concentrated to dryness to give a light
      yellow tar.
PAR  The reaction product above is dissolved in 50 ml. of ethanol containing 5
      ml. of acetic acid. The solution is placed in a Paar bottle containing .5
      g. of Pd/C catalyst. The mixture is reduced at 35 lbs./in..sup.2 at room
      temperature for 1 hour. The mixture is then filtered through super-cell
      and the filtrate drowned in H.sub.2 O. A gummy yellow solid forms which
      crystallizes from chloroform to a white solid, m.p.
      183.degree.-185.degree. C. Recrystallization from acetonitrile gives .5 g.
      of white solid, Compound 20-B, m.p. 171.degree.-173.degree. C.
PAR  % Calculated: C.sub.39, 468.39/57.2; H.sub.39, 39.31/4.8; Cl.sub.2,
      70.91/8.7; F.sub.3, 59. N4, 56.03/6.8; 08,128. Found: C, 57.4; H, 5.0; Cl,
      8.0; N, 6.7.
PAR  The compound is believed to have the formula shown as Compound IX
      hereinabove.
PAC  EXAMPLE 8: Preparation of a Stabilized Oxichromic Compound
PAR  A reduced azomethine dye is prepared according to Example 1 of Reardon,
      U.S. Ser. No. 206,927 filed December 10, 1971, by reacting an
      .alpha.-brominated open-chain ketomethylene color coupler with an
      unoxidized p-aminophenol to produce the compound:
      ##SPC15##
PAC  Acrylation of Compound 8-A
PAR  A solution of 32 g. (0.07 mole) of Compound 8-A in 300 ml. of dry
      tetrahydrofuran is treated with 120 ml. of trifluoroacetic anhydride and
      heated for 30 minutes on the steam bath. The resulting solution is
      concentrated under reduced pressure to an oil that is treated with ice and
      water and allowed to stand overnight. The solid is collected and
      recrystallized twice from acetic acid and water to give 25 g. (64%) of
      solid, m.p. 186.degree.-188.degree. C., Compound 8-B.
PAR  Calc'd. for C.sub.23 H.sub.14 Cl.sub.2 F.sub.3 N.sub.3 O.sub.6 : C, 49.7;
      H, 2.5; N, 7.6; F, 10.3. Found: C, 51.1; H, 2.8; N, 7.4; F, 10.2
PAR  A solution of 25 g. (0.045 mole) of Compound 8-B is dissolved in 200 ml. of
      ethyl acetate and shaken under a hydrogen atmosphere with Raney nickel
      catalyst for 4 hours. The catalyst is removed by filtration and the
      filtrate is allowed to evaporate to yield 23.5 g. (100%) of Compound 8-C,
      m.p. 188.degree.-192.degree. C.
PAR  Calc'd. for C.sub.23 H.sub.16 Cl.sub.2 F.sub.3 N.sub.3 O.sub.4 : N, 8.0; F,
      10.8. Found: N, 7.5; F, 10.4.
PAR  This compound is believed to have the formula:
      ##SPC16##
PAC  Preparation of Oxichromic Developer
PAR  A masked silver halide developing agent having the formula:
      ##SPC17##
PAL  is prepared by dissolving 4.8 g. (0.01 mole) of the corresponding acid in
      40 ml. of thionyl chloride, adding 5 drops of dry N,N-dimethylformamide,
      boiling 5 minutes and concentrating under reduced pressure to an oil; the
      oil is taken up in 50 ml. of carbon tetrachloride, poured onto ice in a
      separatory funnel and shaken; the organic layer is drawn off, dried and
      concentrated under reduced pressure to give the acid chloride.
PAR  The acid chloride is dissolved in 50 ml. of dry acetone and added to a
      solution of 4.5 g. (0.008 mole) of Compound 8-B and 0.85 ml. of
      N,N-dimethylaniline in 50 ml. of dry acetone. After standing for 18 hours
      at room temperature, the solution is concentrated under reduced pressure
      to an oil that is dissolved in methanol and poured slowly into water.
      There is obtained 6.5 g. of a light tan solid.
PAR  Four g. of the tan solid are dissolved in 200 ml. of 3A alcohol and shaken
      with Pd/C catalyst under a hydrogen atmosphere for 40 min. The catalyst is
      removed by filtration and the filtrate is concentrated to an oil. The oil
      is chromatographed on Woelm silica gel, eluting with benzene -- ethyl
      acetate. The middle fraction yields an oil that solidifies from hexane to
      give 1.2 g. of a compound believed to have the formula:
      ##SPC18##
PAC  EXAMPLE 9
PAR  The following compounds are prepared using the process of Example 8:
      ##SPC19##
      ##SPC20##
PAC  EXAMPLE 10
PAR  A ballasted oxichromic compound is prepared as follows:
      ##SPC21##
PAC  Intermediate A
PAR  One equivalent of Compound 10-A, prepared in accordance with Loria, U.S.
      Pat. No. 3,476,563, is dissolved in 150 ml. of dry tetrahydrofuran in a
      Parr hydrogenation bottle containing 1 g. of Pd/C catalyst. The mixture is
      reduced at 45 lb./in..sup.2 hydrogen at 25.degree. C. until 3 equivalents
      of hydrogen are taken up. The mixture is filtered to remove catalyst and
      the filtrate stripped to dryness, giving a solid which is recrystallized
      from acetonitrile to give a white solid.
      ##SPC22##
PAR  One equivalent of Compound 10-C, prepared as described in Example 8 above,
      is dissolved in 20X volume of acetic acid containing 1 equivalent of
      dissolved acetic acid. To this is added 1 equivalent of Compound 1-D in
      granular form. The solution is stirred for 2 hr. at room temperature,
      drowned in H.sub.2 O containing dissolved NaCl. A gummy solid is formed,
      collected and dissolved in ethyl acetate. The ethyl acetate is washed with
      H.sub.2 O, dried and removed under reduced pressure to give a tan solid
      which can be recrystallized from acetonitrile.
PAR  One equivalent each of Intermediates 10-A and 10-B are dissolved in 20X
      volume of dry acetone containing 1 equivalent of Na.sub.2 CO.sub.3. The
      mixture is refluxed 16 hr., filtered, and acetone removed under pressure.
      A tar forms which crystallizes from chloroform and can be recrystallized
      from acetonitrile. The compound is believed to have the formula:
      ##SPC23##
PAR  This compound is used in an image transfer film unit as described in
      Whitmore, U.S. Pat. No. 3,227,552, which employs direct-positive silver
      halide emulsions. The image-receiving layer contains the mordant
      N-n-octadecyl-tri-butylammonium bromide. Good yellow positive images are
      obtained in the receiver sheet after processing and air-oxidation of the
      receiver sheet.
PAR  Magenta and cyan image dye-providing ballasted oxichromic compounds can be
      provided by similar procedures using the appropriate oxichromic
      intermediate in the reaction with the ballasted coupler.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##EQU9##
      wherein (COUP) is a photographic color coupler connected to said nitrogen
      atom in said formula at the coupling position to provide a reduced
      azomethine linkage; Ar is an aromatic group containing a carbocyclic
      arylene nucleus and comprises from 6 to 20 carbon atoms; R.sup.2 is a
      carbonyl-containing group of the formula:
      ##EQU10##
      wherein R.sup.4 is a) an alkyl group or substituted alkyl group containing
      from 1 to 12 carbon atoms or b) an aryl group or substituted aryl group
      containing from 6 to 12 carbon atoms; and X is an hydroxy group, an amino
      group, an alkylamino group, or the group:
      ##EQU11##
      .
NUM  2.
PAR  2. A compound according to claim 1 wherein (COUP) is an open-chain
      ketomethylene color coupler, a phenolic coupler or a pyrazolone color
      coupler.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sup.4 is a polyhalogenated
      alkyl group containing from 1 to 12 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 wherein Ar is a halogen-substituted
      phenylene group.
NUM  5.
PAR  5. A compound according to claim 1 wherein X is an hydroxy group.
NUM  6.
PAR  6. A compound having the formula:
      ##EQU12##
      wherein (COUP) is a photographic color coupler which is an open-chain
      ketomethylene color coupler, a phenolic color coupler or a pyrazolone
      color coupler; Ar is a benzenoid group; R.sup.2 is a carbonyl-containing
      group of the formula:
      ##EQU13##
      wherein R.sup.4 is a) an alkyl group or substituted alkyl group containing
      from 1 to 12 carbon atoms or b) an aryl group or substituted aryl group
      containing from 6 to 12 carbon atoms; and X is an hydroxy group or the
      group.
NUM  7.
PAR  7. A compound according to claim 6 wherein Ar is a halogenated phenylene
      group.
NUM  8.
PAR  8. A compound according to claim 6 wherein (COUP) is an open-chain
      ketomethylene color coupler.
NUM  9.
PAR  9. A compound according to claim 6 wherein (COUP) is a phenolic color
      coupler.
NUM  10.
PAR  10. A compound according to claim 6 wherein (COUP) is a pyrazolone color
      coupler.
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ABST
PAL  An improved process is disclosed for the hydrogenation of dinitrotoluene to
      toluene diamine in the presence of an aliphatic alcohol solvent. Aimed at
      preventing the formation of N-alkyl toluene diamine by-product, the
      improvement resides in carrying out the hydrogenation reaction in the
      presence of a small proportion of carbon monoxide.
BSUM
PAR  This invention relates to a select improvement in the hydrogenation of
      dinitrotoluene to the corresponding toluene diamine.
PAR  Toluene diamine is a valuable chemical that has been used extensively as an
      intermediate in the preparation of toluene diisocyanate. The latter in
      turn is a universally known and widely used intermediate in the production
      of polyurethane elastomers and foams.
PAR  Numerous methods have been disclosed in the patent literature for the
      reduction of dinitrotoluene to toluene diamine using hydrogen or carbon
      monoxide. See for example U.S. Pat. No. 2,894,036, No. 3,328,465, No.
      3,356,728, No. 3,517,063 and No. 3,637,820. One of the commercially
      popular processes for carrying out this reduction reaction calls for the
      hydrogenation of dinitrotoluene in the presence of an aliphatic alcohol
      solvent, such as methanol, and a metallic catalyst such as Raney nickel.
      This process has been widely used in industry inasmuch as it represents an
      economically feasible route to the production of toluene diamine in high
      yields.
PAR  However, it has been found that the hydrogenation of dinitrotoluene in the
      presence of an aliphatic alcohol solvent has one drawback. This is that it
      often results in the formation of a relatively small proportion of an
      undesirable by-product, namely, N-alkyl toluene diamine. The formation of
      this by-product, which results from the presence of the aliphatic or alkyl
      alcohol in the reaction mixture, is undesirable for two reasons. One is
      that its formation in effect represents a reduction in the net yield or
      output of toluene diamine. Secondly, and more importantly, this by-product
      constitutes a highly objectionable impurity when the toluene diamine is
      subsequently reacted with phosgene to produce toluene diisocyanate. In
      this reaction, the N-alkyl toluene diamine is converted to carbamyl
      chloride which is easily hydrolyzed. It thus becomes an undesirable
      toluene diisocyanate contaminant which often exerts an adverse effect when
      the diisocyanate is used in the production of polyurethane foam.
      Therefore, in order to avoid this contamination problem, it is necessary
      to remove the by-product impurity from the toluene diamine before the
      latter is used in making toluene diisocyanate. Such removal is achieved by
      a special distillation operation which is an expensive step that adds to
      the cost of toluene diamine manufacture.
PAR  To eliminate the formation of N-alkyl toluene diamine, it has been proposed
      to carry out the hydrogenation reaction in the absence of aliphatic
      alcohol solvent. However, such an expedient has the added effect of
      reducing the hydrogenation reaction rate or adversely affecting the
      efficiency of that reaction. Thus from a practical or economic standpoint,
      it does not provide a satisfactory solution to the problem.
PAR  Now an improvement has been found in the abovedescribed hydrogenation
      process for substantially eliminating the formation of N-alkyl toluene
      diamine. This objective is achieved, according to the invention, by
      carrying out the hydrogenation reaction in the presence of a relatively
      small proportion of carbon monoxide. Thus the invention provides a simple
      and relatively inexpensive solution to the problem without otherwise
      adversely affecting the rate or efficiency of the hydrogenation reaction.
PAR  The improvement disclosed herein applies to any process wherein a
      dinitrotoluene is hydrogenated, in the presence of an aliphatic alcohol,
      to the corresponding toluene diamine and wherein N-alkyl toluene diamine
      is formed as a by-product. Thus the dinitrotoluene can be any isomer of
      this compound or a mixture of isomers. Illustrative are the 2,3- , 2,4- ,
      2,5- , 2,6- , 3,4-and 3,5-isomers and mixtures thereof. However, it is
      preferred to employ a non-vicinal isomer or mixtures of such isomers such
      as 2,4- , 2,5- , 2,6- , and 3,5-dinitrotoluene. The most preferred
      dinitrotoluene isomers are 2,4-dinitrotoluene, 2,6-dinitrotoluene and
      mixtures thereof.
PAR  In carrying out the hydrogenation reaction, any aliphatic alcohol may be
      employed that serves as a reaction solvent medium without adversely
      interfering with the hydrogenation reaction or the product thereof.
      Usually the unsubstituted alkyl monoalcohols are employed which contain
      from 1 to 8, and preferably 1-4, carbon atoms. Illustrative are methanol,
      ethyl alcohol, isopropyl alcohol, butyl alcohol, pentyl alcohol, and
      mixtures thereof. The most preferred alcohol solvent is methanol.
PAR  Widely varying amounts of the alcohol solvent may be used in carrying out
      the hydrogenation reaction. Thus any suitable proportion of alcohol may be
      employed such as from about 25 to about 2,000, and preferably about
      100-1,000, parts per every 100 parts by weight of the dinitrotoluene.
PAR  The hydrogenation reaction is preferably carried out in the presence of a
      hydrogenation catalyst. Any of the variety of catalysts which have been
      disclosed in the prior art for promoting this type of a reaction may be
      employed. It is generally preferred to employ metallic catalysts including
      mixtures comprising such catalysts. These catalysts may be pelleted,
      granular or powdered, although the powdered form is preferred, such as
      having a particle size from about 2 to about 400 microns. Furthermore, the
      catalysts may be either supported on a carrier or unsupported. Some of the
      useful metallic catalysts which may be employed together with references
      to their preparation are provided in U.S. Pat. No. 3,232,989 which issued
      Feb. 1, 1966 to D. E. Graham et al. The entire disclosure of this patent
      is incorporated herein by reference. A particularly preferred group of
      catalysts is comprised of nickel, platinum, palladium and mixtures
      thereof; and in accordance with the most preferred embodiment of the
      invention, a catalyst comprised of Raney nickel is employed.
PAR  The proportion of hydrogenation catalyst may be varied over a wide range.
      Thus any suitable proportion which is effective in catalyzing the
      hydrogenation reaction may be employed. Usually a catalytic proportion is
      employed such as from about 0.1 to about 25 percent, and preferably about
      0.3-20 percent, by weight of the dinitrotoluene.
PAR  In accordance with the invention, the hydrogenation of dinitrotoluene is
      carried out in the presence of carbon monoxide gas. This gas may be fed
      into the reaction zone as a separate stream or as component of the
      hydrogen stream. The latter practice is preferred, the carbon monoxide
      being spiked into the hydrogen stream before this is introduced into the
      reaction zone.
PAR  Following the teachings of the invention, it is significant to note that
      the carbon monoxide is used in a relatively small proportion, so that the
      formation of toluene diamine is effected primarily via the
      hydrogenreduction of dinitrotoluene. This is important for two reasons.
      One is that using relatively large proportions of carbon monoxide results
      in contamination of the hydrogenation catalyst, thereby reducing its
      effectiveness. Secondly, hydrogen is generally more effective than carbon
      monoxide in bringing about the amination of dinitrotoluene.
PAR  The proportion of carbon monoxide which is used according to the invention
      may be varied, generally speaking, from about 0.05 to about 20 percent by
      volume based on the volume of hydrogen that is employed. However, pursuant
      to the preferred embodiments of the invention, a carbon monoxide
      proportion is used which varies from about 0.1 to about 10, and still more
      preferably about 0.3-6, percent by volume based on the volume of hydrogen.
PAR  Following prior art practice, in carrying out the hydrogenation of
      dinitrotoluene, usually a sufficient proportion or pressure of hydrogen is
      used to provide approximately at least the stoichiometric amount which is
      required to reduce the dinitrotoluene to the corresponding toluene
      diamine. Preferably such a proportion is used as to saturate the reactor
      contents with hydrogen. For example in practice a reactor to which the
      dinitrotoluene, solvent and catalyst have been added, is supplied with
      hydrogen at a pressure from about 25 to about 2,000 psig and preferably
      about 100-1,000 psig. The hydrogenation reaction is carried out at any
      suitable temperature. Usually elevated temperatures are employed such as
      from about 50.degree. to about 200.degree.,  and preferably about
      90.degree.-150.degree.C.
PAR  Any suitable procedure may be employed in practicing the process of the
      invention. For example a mixture of dinitrotoluene, aliphatic alcohol
      solvent and catalyst is first fed to a reactor which is equpped with a
      mechanical agitator and a thermometer. Conventional means is provided for
      controlling the temperature inside the reactor. Hydrogen and carbon
      monoxide, which are supplied in separate streams or as a single stream,
      are then fed to the reactor preferably via one or more inlets located
      below the surface of the dinitrotoluene-solvent mixture, the hydrogen
      pressure being regulated to the desired level. The agitated mixture is
      heated to the desired temperature and maintained at that temperature until
      the reaction is completed. A liquid reaction product mixture, consisting
      mainly of toluene diamine, alcohol solvent, water and catalyst, is thus
      obtained. The toluene diamine is then recovered from this mixture by
      filtering off the catalyst and distilling off the alcohol solvent. In
      accordance with one embodiment of the invention, the process described
      herein may be carried out on a continuous basis following for example the
      procedure of U.S. Pat. No. 3,356,728 which issued to J. J. Cimerol et al
      on Dec. 5, 1967. The entire disclosure of this patent is incorporated
      herein by reference.
PAR  The improved hydrogenation process of the invention provides a relatively
      simple and economical method for preparing toluene diamine which is
      substantially free of N-alkyl toluene diamine impurity. Furthermore, this
      result is achieved without otherwise hindering the hydrogenation reaction
      or adversely affecting product yield. Thus obtained the toluene diamine
      can be used, directly and without further purification, in the preparation
      of toluene diisocyanate following prior art phosgenation techniques. The
      toluene diisocyanate can in turn be used to advantage in the preparation
      of polyurethane elastomers and forms.
PAR  The following examples are provided to illustrate the invention. In these
      examples, all parts and percentages are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE 1
PAR  A 300 mls. autoclave, which was equipped with a thermometer and a
      mechanical agitator, was purged first with nitrogen and then with
      hydrogen. It was then charged with 45 grams of 2,4-dinitrotoluene, 84
      grams of methanol, and 6.8 grams of Raney nickel catalyst. The
      continuously stirred mixture was heated to 120.degree.C, and hydrogen gas,
      which was spiked with carbon monoxide, was introduced into the autoclave
      through a dip tube discharging below the surface of the mixture. The
      proportion of carbon monoxide in the hydrogen feed was one percent by
      volume. A sufficient volume of the carbon monoxidespiked hydrogen was
      supplied to provide a pressure within the autoclave of 400 psig. The
      hydrogenation reaction was allowed to proceed to completion over a period
      of 12 minutes. During that period, the stirred autoclave was maintained at
      120.degree.C. Thereafter, the feed of hydrogen was discontinued and the
      autoclave was opened and allowed to cool to room temperature. The reaction
      product mixture was then filtered to remove the nickel catalyst. Liquid
      and gas phase chromatographic analysis revealed the composition of the
      filtrate to be as follows:
     2,4-toluene diamine  :        18.2%                                       

     2,4-dinitrotoluene   :        none                                        

     methanol             :        55.8%                                       

     N-methyl toluene diamine                                                  

                          :        none                                        

     Water                :        16.0%                                       

PAC  COMPARISON 1
PAR  Essentially the same procedure of Example 1 was followed except that
      instead of the carbon monoxide-spiked hydrogen, pure hydrogen was used. A
      liquid phase chromatographic analysis of the filtered reaction product
      mixture revealed the presence of 1900 ppm. of N-methyl toluene diamine
      by-product.
PAC  COMPARISON 2
PAR  This comparison demonstrates the need for using an alcohol solvent in order
      to achieve an adequate rate of reaction. The general procedure of
      Comparison 1 was followed using 149 grams of 2,4-dinitrotoluene, 7.9 grams
      of Raney nickel catalyst, but no methanol solvent. Although the product of
      the reaction was found to contain no N-methyl toluene diamine, the
      reaction itself was time-consuming. Thus it was completed only after 185
      minutes reaction time as compared with the reaction of Example 1 which was
      complete in 12 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing toluene diamine which comprises reacting
      dinitrotoluene with hydrogen in the presence of an aliphatic alcohol
      solvent and a hydrogenation catalyst comprised of nickel, platinum or
      palladium, the improvement which comprises carrying out said reaction in
      the presence of a proportion of carbon monoxide ranging from about 0.1 to
      about 10 percent by volume based on the volume of hydrogen which is used.
NUM  2.
PAR  2. The process of claim 1 wherein said catalyst is comprised of Raney
      nickel and said solvent is methanol.
NUM  3.
PAR  3. The process of claim 1 wherein said alcohol is an unsubstituted alkyl
      monoalcohol having 1-8 carbon atoms.
NUM  4.
PAR  4. The process of claim 3 wherein said proportion of carbon monoxide ranges
      from about 0.3 to about 6.0 percent by volume based on the volume of said
      hydrogen.
NUM  5.
PAR  5. The process of claim 4 wherein said dinitrotoluene is employed in the
      form of a non-vicinal isomer or a mixture of nonvincinal isomers.
NUM  6.
PAR  6. The process of claim 5 wherein said catalyst is comprised of Raney
      nickel.
NUM  7.
PAR  7. The process of claim 6 wherein said alcohol has 1-4 carbon atoms.--
NUM  8.
PAR  8. The process of claim 7 wherein said dinitrotoluene is
      2,4-dinitrotoluene, 2,6-dinitrotoluene or a mixture thereof.
NUM  9.
PAR  9. The process of claim 8 wherein a reaction temperature of about
      90.degree.-150.degree.C is employed.--
NUM  10.
PAR  10. The process of claim 9 wherein said solvent is methanol.
NUM  11.
PAR  11. The process of claim 10 wherein said carbon monoxide is combined with
      said hydrogen before the latter is reacted with said dinitrotoluene.
NUM  12.
PAR  12. The process of claim 11 wherein said hydrogen is supplied at a pressure
      of about 100-1,000 psig.
NUM  13.
PAR  13. The process of claim 12 wherein said methanol is employed in a
      proportion of about 100-1,000 parts per every 100 parts by weight of said
      dinitrotoluene.
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ABST
PAL  A process for converting an aromatic methyl ester (methyl benzoate) to a
      corresponding aromatic aldehyde (benzaldehyde) by subjecting the ester to
      temperatures of 400.degree. to 500.degree.C and one atmosphere pressure
      for 3 to 100 seconds in the presence of a solid alumina catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to a new vapor phase catalytic
      conversion of aromatic esters to aromatic aldehydes. As literature
      reports, previous attempts to prepare aromatic adlehydes directly from
      aromatic esters involve the use of complex metal reducing agents such as
      sodium aluminum hydride (Zakharkin, L. I., Garrilenko, V. V., Maslin, D.
      N., and Khorlina, I. M., Tetrahedron Lett., 29, 2087 (1963)), sodium
      bis(2-methoxyethoxy) aluminum hydride (Vit., J., Org. Chem. Bull., 42, 1
      (1970)), and diisobutylaluminum dihydride (Zakharkin, L. I., and Khorlina,
      I. M., Tetrahedron Lett., 14, 619 (1962)). These reductions require long
      reaction times (5 to 7 hours) and temperatures ranging from -45.degree. to
      -70.degree.C. High yields of aromatic aldehydes are generally not
      achieved, as the aldehyde undergoes a Tishchenko-type condensation
      catalyzed by the metal reducing agent (Zakharkin, L. I., and Sorokina, L.
      P., Zh. Obshch. Khim., 37, 561 (1967)).
PAR  In contrast to this, we have discovered that when an aromatic ester,
      wherein the portion of the ester group derived from the alcohol has no
      .beta.-hydrogens, is heated in the vapor phase to a temperature in excess
      of 400.degree.C and is passed over an alumina catalyst at essentially
      ambient pressure for as short a time as 3 seconds, the corresponding
      aromatic aldehyde will be produced as the dominant product.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a new method of converting an aromatic ester, wherein
      the alkyl radical of said aromatic ester is free of .beta.-hydrogens, to
      an aromatic aldehyde by contacting the aromatic ester with alumina at from
      about 400.degree. to 500.degree.C. The chemical reaction of our invention
      is categorically a vapor-phase heterogeneous catalysis which can be
      performed at atmospheric pressure.
PAR  In one aspect of our invention, methyl benzoate is decomposed by passing
      over alumina at 400.degree. to 500.degree.C and atmospheric pressure to
      give benzaldehyde as a major product. Other products formed include
      benzene, toluene and benzyl benzoate. In another aspect of our invention,
      substituted methyl benzoates are catalytically decomposed by passing over
      alumina to yield the corresponding substituted benzaldehydes (in a
      stereospecific manner) as major products. Other aspects of our invention
      will be apparent to one skilled in this art upon complete reading of the
      specification and examples.
PAC  DESCRIPTION OF THE INVENTION
PAR  The novel vapor-phase catalytic conversion of a carbomethoxy group of an
      aromatic ester to the aldehyde can perhaps be best understood by examining
      the specific embodiment involving the conversion of methyl benzoate to
      benzaldehyde. Although the chemistry may not be fully known, a reaction
      mechanism can be proposed which is consistent with the observed
      experimental data. Further, it is felt that the experimental observations
      categorically support a hydrogen abstraction step rather than mere thermal
      degradation presently found in literature. However, any proposed mechanism
      (specifically our proposed mechanism) is in theory a rationalization that
      may or may not be unique and as such should not be viewed as unduly
      limiting with respect to the validity and scope of the claims.
PAR  The first step of this proposed mechanism involves the adsorption of the
      methyl benzoate on the alumina surface indicated as (S) in reaction (1)
      below. The role of the alumina as a catalyst is consistent with the
      observation that methyl benzoate is thermally stable at the reaction
      conditions in the absence of alumina. Adsorption of methyl benzoate on
      alumina would accentuate the electropositive character of the carbonyl
      carbon. This would facilitate an intramolecular hydride transfer from the
      methyl group, resulting in the elimination of a molecule of formaldehyde.
      The adsorbed benzaldehyde species (I) can undergo three reactions;
      desorption to give benzaldehyde (2), decomposition to benzene and carbon
      monoxide (3), and reaction with benzaldehyde to give benzyl benzoate (4).
      Adsorbed benzyl benzoate species (II) can react with benzyl benzoate to
      give dibenzyl ether and adsorbed benzoic anhydride (6). Toluene and
      benzaldehyde are derived from the decomposition of dibenzyl ether (7),
      whereas adsorbed benzoic anhydride decomposes to benzene, carbon monoxide,
      and carbon dioxide (8). The thermal formation of benzoic anhydride and
      dibenzyl ether from benzyl benzoate, followed by the decomposition of
      dibenzyl ether to benzaldehyde and toluene, is well established in
      chemical literature. When benzyl benzoate was used as the sole reactant
      under the reaction condition of our process it was readily decomposed to
      toluene, benzene and benzaldehyde consistent with the proposed mechanism.
      The finding of only trace quantities of formaldehyde and the presence of
      dimethyl ether in the gaseous products of this process is the only
      experimental evidence inconsistent with the proposed mechanism. However,
      we have established that formaldehyde at 450.degree.C in the presence of
      alumina decomposes to give carbon monoxide and dimethyl ether as major
      products.
      ##EQU1##
EQU  I .fwdarw. C.sub.6 H.sub.5 CHO                             (2)
EQU  I .fwdarw. C.sub.6 H.sub.6 +CO                             (3)
PAR  The acceptable aromatic esters which are to be reduced by the vapor-phase
      reaction of our invention include any of the well-known aromatic
      hydrocarbons moieties such as phenyl, naphthyl, biphenyl and their
      substituted counterparts wherein at least one carboxyl group involved in
      the ester linkage is bonded directly to the aromatic ring. The substituted
      aromatic moieties should be selected such as to minimize the basicity of
      the reactant. Thus halo, alkyl, hydroxyl and carboxyl substituted
      aromatics are operative. An amino substituted aromatic ring is less
      desirable. Similarly, heterocyclic aromatic rings with enhanced basicity
      such as those based on a pyridine structure are inoperative. Increased
      basicity tends to lead to complete decarboxylation to the aromatic product
      rather than the desired aldehyde. Decarboxylation also tends to occur if
      the reaction condition is too strenuous. Thus increased residence times
      and temperatures in excess of 500.degree.C will favor the formation of the
      decarbomethoxylated aromatic product at the expense of the aldehyde.
      Hence, the reaction is less practical for synthesis of a dialdehyde from
      the diester. The most preferred aromatic moiety is the phenyl group.
PAR  The alcohol portion of the aromatic ester should be an alkyl group which
      has no .beta.-hydrogens. This would include the methyl group, isopentyl
      group and the like. The methyl ester is preferred. The presence of a
      .beta.-hydrogen permits an alternate mechanism for decomposition. Under
      the reaction conditions of this process an ester having a .beta.-hydrogen
      will undergo thermal elimination or pyrolysis wherein the .beta.-hydrogen
      is transferred to the carbonyl oxygen of the ester linkage and subsequent
      breaking of chemical bonds yields the aromatic acid and an olefin as
      products. Thus, in the case of ethyl, cyclohexyl, and tert-butyl benzoate
      the thermal elimination competed with the reduction reaction to such an
      extent that no aldehyde product was formed.
PAR  The preferred aromatic esters include methyl benzoate and substituted
      methyl benzoates such as: mono-, di-, and tri-halo substituted methyl
      benzoate wherein the halogen is fluorine, chlorine or bromine; mono-alkyl
      substituted methyl benzoate wherein the alkyl group is a primary or
      secondary alkyl group having from 1 to 5 carbon atoms; an alkoxy
      substituted methyl benzoate having from 1 to 5 carbon atoms; alkylthio
      substituted methyl benzoate having from 1 to 5 carbon atoms; aryloxy
      substituted methyl benzoate of up to 12 carbon atoms; cyano substituted
      methyl benzoate and meta- and para-nitro substituted methyl benzoate.
PAR  The acceptable catalysts for our process are derived from aluminum oxide
      and are commonly known as alumina catalysts. This includes acidic alumina,
      basic alumina as well as combinations of alumina and other transition
      metals such as chromia-alumina. These catalysts are readily available in a
      variety of physical forms and are well known and well documented in
      literature. A calcined acidic alumina is preferred.
PAR  The reaction of this invention can be operated in either a batch mode or a
      continuous flow system. A flow system is preferred since catalyst contact
      times as low as 3 seconds are operative while very little advantage is
      achieved with residence times in excess of 100 seconds. The reaction
      system should be maintained between 400.degree. and 500.degree.C;
      preferably, from 440.degree. to 460.degree.C. Below 400.degree.C the
      percent conversion decreases, apparently because the esters tend to be
      stable even in the presence of alumina, whereas above 500.degree.C the
      selectivity of the aldehyde decreases with an increase in the other
      aromatic products. The reaction vessel can be constructed from a variety
      of material which are known to be stable at the desired temperatures. In
      the preferred continuous flow method a purge of inert gas such as dry
      nitrogen can be used to sweep the ester reactant through the fixed bed of
      alumina. Advantageously, the calcined alumina catalyst can be saturated
      with reactant prior to placing it in the reactor in order to reduce the
      time required to reach steady state reaction conditions.
PAR  Having thus described the invention the following examples are presented to
      illustrate the invention and as such should not be considered unduly
      limiting. The first eight examples are intended to illustrate the
      preferred embodiments, and the subsequent three examples illustrate
      inoperative reactants.
DETD
PAC  EXAMPLE I to IV
PAR  A series of four vapor-phase reactions involving the conversion of methyl
      benzoate to benzaldehyde as the major product using .gamma.-alumina as a
      catalyst, were performed at varying reaction conditions. In each case
      powdered alumina commercially sold as Kaiser 201 .gamma.-alumina was
      compressed into 1/8 inch pills and calcined for three hours at
      538.degree.C. The pills of .gamma.-alumina were immersed in liquid methyl
      benzoate at 22.degree.C for 2 hours before being placed in a one inch ID
      Vycor tube reactor. The temperature of the Vycor tube was gradually raised
      to the desired reaction temperature by the use of an electric furnace. A
      purge of dry pure nitrogen gas was maintained at a flow rate of 100
      cc/minute during preliminary warm-up. After the desired reaction
      temperature was reached the nitrogen flow rate was cut back to 20
      cc/minute. Methyl benzoate was then fed into the reactor through a syringe
      whose needle fitted through a rubber septum in a glass adaptor connected
      to the Vycor tube. The syringe was pumped by an infusion pump (Harvard
      Apparatus Co., Dover, Mass., compact infusion pump, Model  974) at a rate
      sufficient to give the desired space velocity. The vapors from the
      reaction were condensed at dry-ice temperatures. Fractions of the
      condensate were taken at one hour intervals and analyzed by gas
      chromatography. The noncondensable gases were analyzed by mass
      spectrometry. A summary of the reaction conditions and data are presented
      in TABLE I.
TBL                TABLE I                                                     

     ______________________________________                                    

     EXAMPLE           I       II      III   IV                                

     Reaction Conditions:                                                      

     ______________________________________                                    

     Temperature .degree.C                                                     

                       400     450     450   500                               

     Weight Hourly Space Velocity                                              

     based on methyl benzoate only                                             

                       .35     .33     1.32  .95                               

     Time on Stream Hr.                                                        

                       3.0     3.0     3.0   3.0                               

     Contact Time Sec. 18      17      3     5                                 

     Percent Conversion                                                        

                       12      39      21    42                                

     Product           Selectivity, Mole %                                     

     ______________________________________                                    

     Benzaldehyde      10      37      25    32                                

     Benzene           5       22      14    29                                

     Toluene           --      4       1     6                                 

     Benzyl Benzoate   2       8       4     4                                 

     ______________________________________                                    

PAR  The gaseous products consisted of carbon monoxide, carbon dioxide, dimethyl
      ether, methane, hydrogen and a trace of formaldehyde. A considerable
      amount of material remained adsorbed on the alumina catalyst.
PAC  EXAMPLE V to VIII
PAR  A series of four reactions involving substituted methyl benzoates were
      performed in a manner analogous to EXAMPLES I to IV, duplicating the
      reaction conditions of EXAMPLE II. EXAMPLES V and VI were meta- and
      para-methyl-substituted methyl benzoate; EXAMPLES VII and VIII were meta-
      and ortho-chloro-substituted methyl benzoate. As seen in TABLE II,
      conversion and selectivities varied somewhat, but all reactions produced
      stereospecifically analogous substituted products.
TBL                TABLE II                                                    

     ______________________________________                                    

     EXAMPLE                                                                   

     Substituted                                                               

     Reactant   V         VI        VII    VIII                                

     ______________________________________                                    

     CH.sub.3 CO.sub.2 C.sub.6 H.sub.4 --X                                     

                X=m-CH.sub. 3                                                  

                          X=p-CH.sub. 3                                        

                                    X=m-Cl X=o-Cl                              

     Percent    27        24        20     57                                  

     Conversion                                                                

     Products:  Selectivity, Mole %                                            

     ______________________________________                                    

     OHCC.sub.6 H.sub.4 --X                                                    

                30        20        31     13                                  

     C.sub.6 H.sub.5 --X                                                       

                26        15        20     53                                  

     CH.sub.3 C.sub.6 H.sub.5 --X                                              

                7         2         2      2                                   

     ______________________________________                                    

      (Weight Hourly Space velocity =.34; Kaiser 201 .gamma.-aluina;           

      450.degree.C.)                                                           

PAC  EXAMPLES IX to XI
PAR  In comparison to the previous eight examples, three benzoate esters
      containing .beta.-hydrogens were passed over alumina under the reaction
      condition of our invention. The three reactants selected were ethyl
      benzoate, cyclohexyl benzoate and tert-butyl benzoate. In each case
      thermal elimination competed with the desired hydrogen abstraction
      mechanism to such an extent the products were benzoic acid and the
      corresponding olefin. No aldehyde product was formed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for converting an alkyl ester of an aromatic carboxylic acid
      to an aromatic aldehyde by contacting said aromatic ester in the vapor
      phase with alumina from about 400.degree. to 500.degree.C for about 3 to
      100 seconds wherein the aromatic moiety of said ester is selected from the
      group consisting of phenyl, naphthyl and biphenyl moieties, wherein said
      aromatic moieties are optionally substituted with substituents selected
      from the group consisting of halo, alkyl, hydroxyl, carboxyl, amino,
      alkoxy, alkylthio, aryloxy, cyano, and nitro radicals, the said alkyl
      moiety of said ester is unsubstituted and is free of .beta. -hydrogens.
NUM  2.
PAR  2. A process of claim 1 wherein said aromatic ester is selected from the
      group consisting of methyl benzoate; mono-, di-, and tri-halo substituted
      methyl benzoate wherein the halogen is fluorine, chlorine or bromine;
      mono-alkyl substituted methyl benzoate where the alkyl group is a primary
      or secondary alkyl group having from 1 to 5 carbon atoms; an alkoxy
      substituted methyl benzoate having from 1 to 5 carbon atoms; alkylthio
      substituted methyl benzoate having from 1 to 5 carbon atoms; aryloxy
      substituted methyl benzoate of up to 12 carbon atoms; cyano substituted
      methyl benzoate and meta- and para-nitro substituted methyl benzoate.
NUM  3.
PAR  3. A process of claim 1 wherein said aromatic ester is an aromatic methyl
      ester.
NUM  4.
PAR  4. A process of claim 3 wherein said aromatic methyl ester is methyl
      benzoate and said aromatic aldehyde is benzaldehyde.
NUM  5.
PAR  5. A process of claim 4 wherein benzyl benzoate, benzene and toluene are
      recovered as additional reaction products.
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PAL  An N-substituted guanidino acid derivatives having the following formula of
      ##EQU1##
      wherein R is an alkyl having 6 to 15 carbon atoms,. a cycloalkyl having 6
      to 15 carbon atoms or an aryl(C.sub.6 to C.sub.8)alkyl(C.sub.1 to
      C.sub.9); A represents R.sup.1 or R.sub.2 CO--, R.sup.1 being an alkyl
      having 1 to 4 carbon atoms, an alkenyl having 2 to 4 carbon atoms,
      cyclohexyl, a phenyl containing or not containing a substitute of a lower
      alkyl, a halogenated lower alkyl, a lower alkoxy, hydroxy or a halogen, or
      a benzyl containing or not containing a substitute of a lower alkyl, a
      halogenated lower alkyl, a lower alkoxy, hydroxy or a halogen, and R.sup.2
      being an alkyl of 1 to 3 carbon atoms, an alkenyl of 2 to 3 carbon atoms,
      an aryl of 6 to 8 carbon atoms or an aryl(C.sub.6 to C.sub.8)alkyl(C.sub.1
      to C.sub.2); and n is an integer of 4 to 10. The present compounds are
      excellent in pharmacological activities, particularly in antagonism to
      bradykinin and histamine, and useful as anti-inflammatory agent.
BSUM
PAR  This invention relates to N-substituted guanidino acid derivatives and
      salts thereof having a high order of pharmacological acitivity and to a
      process for manufacturing the same.
PAR  The N-substituted guanidino acid derivatives of the invention are of the
      following formula:
      ##EQU2##
      wherein R is an alkyl having 6 to 15 carbon atoms, a cycloalkyl having 6
      to 15 carbon atoms or an aryl(C.sub.6 to C.sub.8)alkyl(C.sub.1 to
      C.sub.9); A represents R.sup.1 or R.sup.2 CO--, R.sup.1 being an alkyl
      having 1 to 4 carbon atoms, an alkenyl having 2 to 4 carbon atoms, a
      cyclohexyl, a phenyl containing or not containing a substitute of a lower
      alkyl, a halogenated lower alkyl, a lower alkoxy, hydroxy or a halogen, or
      a benzyl containing or not containing a substitute of a lower alkyl, a
      halogenated lower alkyl, lower alkoxy, hydroxy or a halogen, and R.sup.2
      being an alkyl of 1 to 3 carbon atoms, an alkenyl of 2 to 3 carbon atoms,
      an aryl of 6 to 8 catbon atoms or an aryl(C.sub.6 to C.sub.8)alkyl(C.sub.1
      to C.sub.2); and n is an integer of 4 to 10.
PAR  The present amide derivatives having the above formula I and salts thereof
      are solid or oily substances and are excellent in pharmacological
      activity, particularly in antagonism to bradykinin and to histamine. For
      example, the present compounds exhibit a high order of depressive action
      on bradykinin and histamine at a low concentration of 10.sup.-.sup.5 to
      10.sup.-.sup.6 mol/liter when tested using isolated uterus of a rat.
      Further, the present compounds display excellent depressive acion on
      accelleration of vascular permeability. Moreover, they have excellent
      depressive action on edema of heel of a rat due to bradykinin, carrageenin
      or dextran. Thus the present compounds are useful particularly as
      anti-inflammatory agents.
PAR  The preferred examples of the amide compounds of the invention are listed
      in Table 1 below:
TBL                                    Table 1                                 

     __________________________________________________________________________

                   ANH                                                         

                   .angle.CNH(CH.sub.2).sub.n CONHR                            

                   NH                                                          

     Comp.                                                                     

     No.  A         --(CH.sub.2).sub.n --                                      

                          R Properties                                         

     __________________________________________________________________________

     1    CH.sub.3 --                                                          

                     --(CH.sub.2).sub.5 --                                     

                          --(CH.sub.2).sub.5 CH.sub.3                          

                                      m.p. 63 - 65.degree.C                    

     2    CH.sub.3 --                                                          

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 93 - 95.degree.C                    

     3    CH.sub.3 --                                                          

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.11 CH.sub.3                         

                                      m.p. 95 - 96.degree.C                    

     4    CH.sub.3 --                                                          

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.13 CH.sub.3                         

                                      m.p. 120.degree.C                        

     5    CH.sub.3 --                                                          

                    --(CH.sub.2).sub.5 --                                      

                                      Viscous oil                              

     6    CH.sub.3 (CH.sub.2).sub.3                                            

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 149 - 152.degree.C                  

     7    CH.sub.2 =CH.CH.sub.2 --                                             

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub. 2).sub.9 CH.sub.3                         

                                      m.p. 115 - 117.degree.C                  

     8              --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      Viscous oil                              

     9              --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 106 - 108.degree.C                  

     10             --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 73 - 75.degree.C                    

     11             --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 110 - 112.degree.C                  

     12             --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 113 - 114.degree.C                  

     13             --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 134 - 135.degree.C                  

     14   CH.sub.3 CO--                                                        

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      m.p. 88 - 89.degree.C                    

     15   CH.sub.3 (CH.sub.2).sub.2 CO--                                       

                    --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub.9 CH.sub.3                          

                                      Viscous oil                              

     16             --(CH.sub.2).sub.5 --                                      

                          --(CH.sub.2).sub. 9 CH.sub.3                         

                                      Viscous oil                              

     __________________________________________________________________________

      Note:                                                                    

      1. Melting points of the compounds Nos. 1 and 4 show those of p-toluene  

      sulfonate monohydrate thereof.                                           

      2. Melting points of the compounds Nos. 2 and 3 show those of p-toluene  

      sulfonate hemihydrate thereof.                                           

      3. Melting point of the compound No. 6 shows that of monohydrate thereof.

      4. Melting point of the compound No. 9 shows that of hemihydrate thereof.

      5. Melting point of the compound No. 10 shows that of hydrochloride      

      monohydrate thereof.                                                     

      6. Melting point of the compound No. 12 shows that of picrate thereof.   

      7. Melting point of the compound No. 14 shows that of hydrochloride      

      thereof.                                                                 

PAR  Of these compounds particularly preferable are
      .epsilon.-(N-methylguanidino)caproyl-n-decyl amide and
      .epsilon.-(N-acetylguanidino)caproyl-n-decyl amide, since those compounds
      exhibit higher order of pharmacological activities.
PAR  To clarify the pharmacological activities of the present compounds the
      following tests were performed.
PAR  1. Antagonistic action on bradykinin
PA1  a. Depressive action on contraction of smooth muscle
PA1  Using .epsilon.-(N-methylguanidino)caproyl-n-decyl amide and
      .epsilon.-(N-acetylguanidino)caproyl-n-decyl amide, the depressive effect
      thereof to the contraction by bradykinin on isolated uterus muscle of rats
      was tested. The both compounds exhibited 50% depressive action at a
      concentration of 7.5 .times. 10.sup.-.sup.6 mol/liter and 1.5 .times.
      10.sup.-.sup.5 mol/liter respectively.
PA1  b. Depression of vascular permeability
PA1  Using .epsilon.-(N-methylguanidino)caproyl-n-decyl amide and
      .epsilon.-(N-acetylguanidino)caproyl-n-decyl amide, the depressive action
      thereof on acceleration of vascular permeability found in intracutaneous
      administration of bradykinin to rabits, rats and mice was tested. The
      compounds tested were orally administered to the animals. A marked
      depressive action was exhibited with a dose of 100 mg/kg.
PAR  2. Depressive action on edema
PA1  The compounds of the invention shown in Table 2 below were orally
      administered to six male rats in each group, weighing 150 .+-. 10 g and
      kept to abstain from food for 16 hours. The amount administered was 100 mg
      per kg of rat. One hour after the administration 1 weight percent aqueous
      solution of carrageenin was intracutaneously administered in an amount of
      0.1 ml per rat to the heel of rat. The volume of edema on heel was
      measured in 1 hour, 2 hours, 3 hours and 4 hours after the administration
      of carrageenin and depression rate on edema was determined by the
      following equation.
EQU  (A - B)/A
PA0  A: volume of edema on the heel of rat administered with carrageenin without
      administration of the present compound.
PA0  B: volume of edema on the heel of rat administered with the present
      compound and carrageenin.
PAR  The results are shown in Table 2 below, in which compound number represents
      the compound with the corresponding number given in Table 1.
TBL                Table 2                                                     

     ______________________________________                                    

              Depressive action on edema (%)                                   

     Comp.    Times (hr) after administration                                  

     No.      1         2         3       4                                    

     ______________________________________                                    

     1        58.7      36.2      23.1    10.7                                 

     2        54.9      61.7      53.0    43.2                                 

     3        50.6      42.7      37.9    26.8                                 

     4        32.2      35.4      50.9    36.9                                 

     5        40.6      32.2      25.4    23.6                                 

     6        42.5      40.8      39.4    31.2                                 

     7        34.7      28.6      20.0    18.7                                 

     8        31.2      24.3      16.4    15.2                                 

     9        48.8      27.8      24.9    17.6                                 

     10       32.5      30.1      24.3    20.1                                 

     11       44.6      39.5      37.4    34.3                                 

     12       33.8      24.6      20.1    18.8                                 

     13       30.7      21.6      15.2    14.8                                 

     14       39.7      41.4      51.0    52.5                                 

     15       24.2      18.8      15.8    14.8                                 

     16       22.0      13.5      29.0    25.1                                 

     ______________________________________                                    

PAR  The amide derivatives of the invention may be prepared by various methods.
      According to one of the preferred methods an N-substituted guanidino acid
      having the formula (II) below is reacted with a lower alkylchloroformate
      of the formula (II) below to produce a mixed anhydride of the formula (IV)
      below and the resultant mixed anhydride (IV) is then reacted with an amine
      derivative of the formula (V) to produce the desired N-substituted
      .omega.-guanidino acid amide (I). This method is hereinafter referred to
      as "Method-A" and the reaction involved therein are shown by the following
      equations:
      ##EQU3##
      wherein A, R and n are the same as defined before and R.sup.3 is a lower
      alkyl.
PAR  The starting N-substituted guanidino acid (II) used in this Method-A can be
      prepared by reacting isothiourea derivatives, isourea derivatives or salts
      thereof having the formula (VI) below with .omega.-aminoacid having the
      formula (VII) below:
PAR  The reaction equation is shown below:
      ##EQU4##
      wherein R, A and n are the same as defined before, Y is a lower alkoxyl or
      lower alkylmercapto group.
PAR  This reaction can be conducted in the presence of a solvent. The solvent
      used includes water and methanol, ethanol or the like lower alcohol. It is
      preferable to adjust the reaction system to alkalinity of a pH of 9 to 12
      by adding alkali such as sodium hydroxide, potassium hydroxide, sodium
      bicarbonate, sodium carbonate, etc. Of these sodium bicarbonate or sodium
      carbonate may be used when lower alcohol is employed as a reaction medium.
      The reaction can preferably be conducted under reflux conditions.
PAR  Examples of the starting guanidino acid (II) used in Method-A are
      .epsilon.-(N-methylguanidino)caproic acid,
      .epsilon.-(N-p-hydroxyphenylguanidino)caproic acid,
      .epsilon.-(N-m-trifluoromethylphenylguanidino)caproic acid,
      .epsilon.-(N-benzylguanidino)caproic acid, etc.
PAR  In carrying out the reaction of the N-substitute guanidino acid (II) with
      alkylchloroformate (III) it is preferred to add dropwise the lower
      alkylchloroformate (III) to a solution of the N-substituted guanidino acid
      (II) dissolved in a solvent. When the N-substituted guanidino acid (II) is
      hardly soluble in a solvent it is preferably used in the form of acid
      salt. The lower alkylchloroformate (III) is preferably used in an
      equivalent amount. The examples of the solvents used are
      N,N-dimethylformamide, acetonitrile, chloroform, etc. The reaction
      temperature is usually in the range of -10.degree. to 10.degree.C. If
      desired, hydrogen halide acceptor may be added to the reaction system to
      accelerate the reaction. Examples of the hydrogen halide acceptors are
      triethylamine, tributyl amine, etc. The acceptor is usually used in an
      equivalent amount to the starting N-substituted guanidino acid used. In
      general the reaction completes within about 15 minutes, whereby the
      intermediate, mixed anhydride (IV) is obtained. The resultant mixed
      anhydride (IV) can be subjected to the subsequent reaction with an amine
      derivative (V) as it is in the reaction mixture resulting from the
      preceding step. According to the preferred method the amine derivative
      (V), is added dropwise with stirring at a temperature of -10.degree. to
      10.degree.C to the resultant reaction mixture. The amine derivatives can
      be used as it is or in the form of a solution dissolved in organic
      solvents, such as dimethylformamide, acetonitrile, chloroform, etc. After
      the addition of the amine derivatives (V) it is preferable to stir the
      reaction system at -10.degree. to 10.degree.C and thereafter to continue
      the stirring at room temperature. The reaction mixture is then left
      standing at room temperature overnight to complete the reaction.
PAR  The desired product (I) thus produced can be isolated from the resultant
      reaction mixture, for example, by concentrating the reaction mixture and
      adding an alkali solution to the concentrate to precipitate the product,
      followed by recrystallization. If the product is not crystalline substance
      it can be precipitated in the form of acid salt such as
      p-toluenesulfonate, hydrochloride, etc.
PAR  According to another preferred method for preparing the present amide
      derivatives, .omega.-aminoacid derivatives having the formula (VIII) is
      reacted with isothiourea derivatives, isourea derivatives or salts thereof
      having the formula (VI) before. This method is hereinafter referred to as
      "Method-B" and the reaction involved therein is shown by the following
      equation:
      ##EQU5##
      wherein R, A, Y and n are the same as defined before.
PAR  The starting .omega.-aminoacid derivatives (VIII) used in the above
      Method-B are known in the art and easily prepared by the method shown in
      the following equations
      ##EQU6##
      wherein R, R.sup.3 and n are the same as defined before and Z is a
      blocking group of amino radical.
PAR  The reaction of Method-B can be conducted in the presence of a solvent,
      such as methanol, ethanol, chloroform, etc. Preferably the reaction may be
      carried out under reflux condition. The reaction usually completes within
      a period of 5 to 10 hours. The product thus obtained is isolated by the
      same manner as described in Method-A before.
PAR  According to another preferred method the present amide derivatives (I) in
      which A in the formula (I) is R.sup.2 CO are prepared by reacting
      .omega.-guanidino acid derivatives having the formula (IX) below with
      acylhalide having the formula (X) or acid anhydride having the formula
      (XI). This reaction is hereinafter referred to as "Method-C" and the
      reaction involved therein is shown by the following equation:
      ##EQU7##
      wherein R, R.sup.2 and n are the same as defined before and X is a halogen
      atom.
PAR  The preparation of the starting .omega.-guanidino acid derivatives (IX) is
      disclosed in detail in our copending application Ser. No. 25,241, filed on
      Apr. 2, 1970. For example, it is prepared by reducing with hydrogen gas
      .omega.-nitroguanidino acid amide derivatives having the formula of
      ##EQU8##
      wherein R and n are the same as defined before. The .omega.-nitroguanidino
      acid amide derivatives are derived from .omega.-nitroguanidino acid having
      the formula of
      ##EQU9##
      wherein n is the same as defined before. For example,
      .omega.-nitroguanidino acid is reacted with a lower alkylchlorocarbonate
      of the formula of
EQU  R.sup.4 OCOCl                                              (XIV)
PAL  wherein R.sup.4 is a lower alkyl to produce mixed anhydride of the formula
      of
      ##EQU10##
      wherein R.sup.4 and n are the same as defined before, and the resultant
      mixed anhydride (XV) is then subjected to the reaction with a primary
      amine to produce the desired .omega.-nitroguanidino acid amide derivatives
      (XII) before.
PAR  In the Method-C the acylhalide (X) or acid anhydride (XI) can be used in an
      equivalent amount or in a slight excess amount. The reaction is conducted
      in the presence or absence of a solvent. Examples of the solvents are
      chloroform, benzene, etc. The reaction can be carried out at a room
      temperature or an elevated temperature, but it is preferable to carry out
      the reaction under reflux conditions. In general, the reaction completes
      within a period of 1 to 2 hours. The product obtained can be separated in
      the same manner as disclosed in Method-A before.
DETD
PAC  EXAMPLE 1
PAR  19.9 g of N-methyl-S-ethyl isothiourea hydrobromide was dissolved in 40 ml
      of water and to the solution kept at 0.degree. to 5.degree.C was added 5.0
      g of sodium hydroxide dissolved in 20 ml of water. To the mixture was
      added 13.1 g of .epsilon.-aminocaproic acid dissolved in 30 ml of hot
      water and the resultant mixture was left to stand at room temperature
      overnight. The precipitate thus obtained was filtered, washed with water
      and dried, whereby 16.8 g of .epsilon.-(N-methylguanidino)caproic acid
      monohydrate having a melting point of 177.degree.- 179.degree.C was
      obtained with a yield of 81.3%.
PAR  Elementary analysis of the product gave the following results:
TBL              C          H          N                                       

     Found:      46.37%     9.24%      20.28%                                  

     Calcd. for                                                                

     C.sub.8 H.sub.17 N.sub.3 O.sub.2.H.sub.2 O:                               

                 46.19%     9.50%      20.38%                                  

PAR  10.4 g of the .epsilon.-(N-methylguanidino)caproic acid monohydrate thus
      obtained was dissolved in dilute hydrochloric acid and concentrated under
      reduced pressure. The residue was dissolved in 70 ml of
      N,N-dimethylformamide and to the solution kept at 0.degree. to 5.degree.C
      was added dropwise 4.75 ml of ethylchloroformate and then 6.75 ml of
      triethyl amine. After the resultant mixture was stirred for 15 minutes 7.9
      g of n-decylamine was added dropwise thereto at 0.degree. to 5.degree.C.
      The reaction system was stirred at that temperature for 1 hour and then at
      room temperature for 1 hour and left to stand at room temperature
      overnight. The resultant reaction mixture was concentrated under reduced
      pressure and cold 1N sodium hydroxide was added to the residue to separate
      oily substance. Ether was added thereto and the mixture was cooled,
      whereby crystalline substance was precipitated. The precipitated substance
      was separated by filtration and dissolved in chloroform. 8.6 g of toluene
      sulfonic acid added to the solution. The mixture was concentrated under
      reduced pressure and the recrystallization from ethanol-ether extract of
      the condensed mixture gave 17.3 g of a crystalline solid of
      .epsilon.-(N-methylguanidino) caproyl-n-decyl amide p-toluenesulfonate
      hemihydrate having a melting point of 93.degree. to 95.degree.C. The yield
      was 68.3%.
PAR  Elementary analysis of the product gave the following results:
TBL                  C         H        N                                      

     Found:          59.14%    9.33%    11.03%                                 

     Calcd. for                                                                

     C.sub.18 H.sub.38 N.sub.4 O.C.sub.7 H.sub.8 O.sub.3 S.1/2H.sub.2 O:       

                     59.03%    9.41%    11.23%                                 

PAC  EXAMPLE 2
PAR  10.4 g of .epsilon.-(N-methylguanidino)caproic acid monohydrate obtained in
      the same manner as in Example 1 was added to dilute hydrochloric acid and
      concentrated under reduced pressure. The residue was dissolved in 70 ml of
      N,N-dimethylformamide. To the solution kept at 0.degree. to 5.degree.C was
      added dropwise 4.75 ml of ethylchloroformate and then 6.75 ml of
      triethylamine. After being stirred at that temperature, 11.3 g of
      n-tetradecylamine was added dropwise at 0.degree. to 5.degree.C and
      further stirred at that temperature for 1 hour and then at room
      temperature for 1 hour. The resultant mixture was left to stand at room
      temperature overnight. The reaction mixture thus obtained was concentrated
      under reduced pressure and cold 1N sodium hydroxide was added to the
      residue for precipitation. The precipitated oily substance was separated
      and ether was added thereto. The resultant mixture was left to stand under
      cooling to precipitate crystalline solid. The crystalline solid was
      separated by filtration and recrystallized from ethanol-ether to give 13.1
      g of .epsilon.-(N-methylguanidino)-caproyl-n-tetradecylamide monohydrate
      having a melting point of 120.degree.C. The yield was 65.2%.
PAR  Elementary analysis of the product gave the following results:
TBL              C          H          N                                       

     Found:      65.96%     12.08%     13.99%                                  

     Calcd. for                                                                

     C.sub.22 H.sub.46 N.sub.4 O.H.sub.2 O:                                    

                 65.61%     12.13%     13.80%                                  

PAC  EXAMPLE 3
PAR  To 50 ml of ethanol were added 8.3 g of hydrobromic acid salt of
      N-(p-hydroxyphenyl)-S-ethyl isothiourea, 4.0 g of .epsilon.-aminocaproic
      acid and 5.0 g of sodium bicarbonate and the mixture was refluxed with
      stirring for 10 hours. After being cooled, the resultant reaction mixture
      was filtered and the product was washed with water. Recrystallization from
      acetic acid-ether gave 5.8 g of .epsilon.-(N-p-hydroxyphenylguanidino)
      caproic acid hemihydrate having a melting point of above 200.degree.C.
      Yield was 70.7%.
PAR  Elementary analysis of the product gave the following results:
TBL              C          H          N                                       

     Found:      56.92%     7.35%      15.32%                                  

     Calcd. for                                                                

     C.sub.13 H.sub.19 N.sub.3 O.sub.3.1/2H.sub.2 O:                           

                 57.03%     7.31%      15.32%                                  

PAR  2.7 g of .epsilon.-(N-p-hydroxyphenylguanidino)caproic acid hemihydrate was
      dissolved in dilute hydrochloric acid and concentrated under reduced
      pressure. The residue was dissolved in 30 ml of N,N-dimethylformamide and
      to the solution kept at 0.degree. to 5.degree.C was added dropwise 0.96 ml
      of ethylchloroformate and then 1.39 ml of triethylamine. After the mixture
      was stirred for 15 minutes, 1.6 g of n-decylamine was added dropwise to
      the mixture at 0.degree. to 5.degree.C. Thereafter, the reaction was
      carried out in the same manner as in Example 1. The resultant reaction
      mixture was concentrated under reduced pressure and cold 1N sodium
      hydroxide was added to the residue to separate precipitated oily
      substance. The precipitated oily substance was washed with ether and
      extracted with chloroform after being turned acidic by addition of
      hydrochloric acid. The chloroform layer was washed with water and dried
      with sodium sulfate, followed by concentration. Recrystallization of the
      residue from chloroformether gave 2.8 g of
      .epsilon.-(N-p-hydroxyphenylguanidino) caproyl-n-decyl amide hydrochloride
      monohydrate having a melting point of 73.degree.  to 75.degree.C. The
      yield was 60.8%.
PAR  Elementary analysis of the product gave the following results:
TBL                C         H          N                                      

     Found:        60.18%    9.44%      12.20%                                 

     Calcd. for                                                                

     C.sub.23 H.sub.30 N.sub.4 O.sub.2.HCl.H.sub.2 O:                          

                   60.43%    9.34%      12.40%                                 

PAC  EXAMPLE 4
PAR  To 100 ml of ethanol were added 18.1 g of
      N-(m-trifluoromethylphenyl)-S-ethylisothiourea hydrobromate, 7.9 g of
      .epsilon.-aminocaproic acid and 9.2 g of sodium bicarbonate and the
      mixture was refluxed with stirring for 10 hours. After being cooled, the
      resultant reaction mixture was filtered, washed with water and dried.
      Recrystallization from acetic acid-ether gave 15.2 g of
      .epsilon.-(N-m-trifluoromethylphenylguanidino)caproic acid acetate having
      a melting point of 155.degree. to 156.degree.C. The yield was 73.1%.
PAR  Elementary analysis of the product gave the following results:
TBL                C         H          N                                      

     Found:        50.93%    5.88%      11.14%                                 

     Calcd. for                                                                

     C.sub.14 H.sub.18 F.sub.3 N.sub.3 O.CH.sub.3 COOH:                        

                   50.73%    5.61%      11.29%                                 

PAR  3.8 g of .epsilon.-(N-m-trifluoromethylphenylguanidino)caproic acid acetate
      thus obtained was dissolved in dilute hydrochloric acid and concentrated
      under reduced pressure. The residue was dissolved in 30 ml of
      N,N-dimethylformamide. To the solution kept at 0.degree. to 5.degree.C was
      added dropwise 0.96 ml of ethylchloroformate and then 1.39 ml of
      triethylamine. The mixture was stirred at that temperature for 15 minutes
      and 1.6 g of n-decylamine was added dropwise thereto at the same
      temperature. Thereafter the reaction was carried out in the same manner as
      in Example 1. After the reaction the resultant reaction mixture was
      concentrated under reduced pressure and cold 1N sodium hydroxide was added
      to the residue. The mixture was cooled to precipitate crystalline solid.
      The crystalline solid was separated by filtration and recrystallized from
      chloroformpetroleum ether, whereby 2.9 g of
      .epsilon.-(N-m-trifluoromethylphenylguanidino)caproyl-n-decyl amide having
      a melting point of 110.degree. to 112.degree.C. The yield was 63.0%.
PAR  Elementary analysis of the product gave the following results:
TBL           C           H           N                                        

     Found:   63.13%      8.61%       12.27%                                   

     Calcd. for                                                                

     C.sub.24 H.sub.39 N.sub.4 OF.sub.3 :                                      

              62.85%      8.42%       12.37%                                   

PAC  EXAMPLE 5
PAR  In 150 ml of ethanol were added 27.5 g of N-benzyl-S-ethylisothiourea
      hydrobromide, 13.1 g of .epsilon.-aminocaproic acid and 16.8 g of sodium
      bicarbonate and the mixture was refluxed with stirring for 12 hours. After
      being cooled, the mixture was filtered and washed with water. The product
      thus obtained was recrystallized from acetic acid-ether, whereby 25.3 g of
      .epsilon.-(N-benzylguanidino)caproic acid acetate having a melting point
      of 134 to 135.degree.C was obtained. The yield was 78.3%.
PAR  Elementary analysis of the product gave the following results:
TBL                C         H          N                                      

     Found:        59.42%    7.79%      12.99%                                 

     Calcd. for                                                                

     C.sub.14 H.sub.21 N.sub.3 O.sub.2.CH.sub.3 COOH:                          

                   59.15%    7.81%      12.88%                                 

PAR  10.7 g of the .epsilon.-(N-benzylguanidino)caproic acid acetate was
      dissolved in dilute hydrochloric acid and the solution was concentrated
      under reduced pressure. The residue was dissolved in 60 ml of
      N,N-dimethylformamide. To the solution kept at 0.degree. to 5.degree.C was
      added dropwise 3.2 ml of ethylchloroformate and then 4.6 ml of
      triethylamine. After the resultant mixture was stirred for 15 minutes 5.2
      g of n-decylamine was added dropwise thereto at 0.degree. to 5.degree.C.
      Thereafter the reaction was carried out in the same manner as in Example
      1. After the reaction, the resultant reaction mixture was concentrated
      under reduced pressure and cold 1N sodium hydroxide was added to the
      residue. The resultant alkaline mixture was cooled to precipitate
      crystalline solid. The precipitated solid was recovered by filtration and
      recrystallized from chloroform-ether to give 8.2 g of
      .epsilon.-(N-benzylguanidino)-caproyl-n-decylamide having a melting point
      of 131.degree. to 133.degree.C. The yield was 61.7%.
PAR  Elementary analysis of the product gave the following results:
TBL           C           H           N                                        

     Found:   71.60%      10.51%      13.92%                                   

     Calcd. for                                                                

     C.sub.24 H.sub.42 N.sub.4 O:                                              

              71.53%      10.90%      13.65%                                   

PAC  EXAMPLE 6
PAR  In 50 ml of chloroform were dissolved 10.6 g of carbobenzoxyaminocaproic
      acid and 5.4 ml of triethylamine and to the solution kept at 0.degree. to
      5.degree.C was added dropwise 3.8 ml of ethylchloroformate. After the
      mixture was stirred for 15 minutes, 6.3 g of n-decylamine was added
      thereto at 0.degree. to 5.degree.C. The mixture was stirred at that
      temperature for 1 hour and at room temperature for 1 hour, and thereafter
      left to stand overnight. The resultant reaction mixture was washed with 1N
      hydrochloric acid, with water, then with 1N sodium hydroxide and finally
      with water and subjected to concentration under reduced pressure. The
      residue was recrystallized from ethanol-water to give 13.2 g of
      .epsilon.-carbobenzoxyaminocaproyl-n-decylamide having a melting point of
      101.degree. to 103.degree.C. The yield was 81.2%.
PAR  Elementary analysis of the product gave the following results:
TBL            C           H          N                                        

     Found:    71.25%      9.97%      6.92%                                    

     Calcd. for                                                                

     C.sub.24 H.sub.40 N.sub.2 O.sub.3 :                                       

               71.03%      10.21%     6.95%                                    

PAR  6 g of the .epsilon.-carbobenzoxyaminocaproyl-n-decylamide thus obtained
      was added to 40 ml of saturated acetic acid solution of hydrogen bromide
      and the mixture was stirred at room temperature for 1 hour. After the
      reaction, the reaction mixture was concentrated under reduced pressure and
      the residue was dissolved in a small amount of ethanol. To the solution
      was added cold 1N sodium hydroxide to precipitate crystalline solid. The
      precipitated solid was recovered by filtration and recrystallized from
      ethanol-ether to give 3.9 g of .epsilon.-aminocaproyl-n-decylamide having
      a melting point of 101.degree. to 103.degree.C. The yield was 92.9%.
PAR  Elementary analysis of the product gave the following results:
TBL              C          H          N                                       

     Found:      68.03%     12.61%     9.92%                                   

     Calcd. for                                                                

     C.sub.16 H.sub.34 N.sub.2 O..angle.H.sub.2 O:                             

                 67.70%     12.67%     9.91%                                   

PAR  To 50 ml of ethanol were added 9.1 g of the
      .epsilon.-aminocaproyl-n-decylamide thus obtained, 7.5 g of
      N-allyl-S-ethylisothiourea hydrobromide and 5.6 g of sodium bicarbonate
      and the mixture was refluxed with stirring for 15 hours. After being
      cooled, the resultant reaction mixture was filtered and the filtrate was
      concentrated under reduced pressure. The residue was extracted with
      chloroform and the extract was concentrated. Recrystallization from
      chloroform-ether gave 8.1 g of
      .epsilon.-(N-allylguanidino)-caproyl-n-decylamide having a melting point
      of 115.degree. to 117.degree.C. The yield was 71.2%.
PAR  Elementary analysis of the product gave the following results:
TBL           C           H           N                                        

     Found:   68.14%      11.44%      15.90%                                   

     Calcd. for                                                                

     C.sub.20 H.sub.40 N.sub.4 O:                                              

              67.89%      11.39%      15.99%                                   

PAC  EXAMPLE 7
PAR  To 60 ml of ethanol were added 4.8 g of
      .epsilon.-aminocaproyl-n-decylamide, 4.3 g of N-n-butyl-S-ethylisothiourea
      hydrobromide and 2.8 g of sodium bicarbonate and the mixture was refluxed
      for 10 hours. The similar procedures disclosed in Example 6 were followed
      and recrystallization from 70% ethanol gave 3.3 g of
      .epsilon.-(N-n-butylguanidino)caproyl-n-decylamide having a melting point
      of 149.degree. to 152.degree.C. The yield was 50.4%.
PAR  Elementary analysis of the product gave the following results:
TBL              C          H          N                                       

     Found:      65.24%     12.00%     14.50%                                  

     Calcd. for                                                                

     C.sub.21 H.sub.44 N.sub.4 O.H.sub.2 O:                                    

                 65.50%     11.92%     14.41%                                  

PAC  EXAMPLE 8
PAR  In 30 ml of ethanol were added 2.8 g of
      .epsilon.-aminocaproyl-n-decylamide, 2.6 g of N-phenyl-S-ethylisothiourea
      hydrobromide and 1.6 g of sodium bicarbonate and the mixture was refluxed
      for 8 hours. The similar procedures disclosed in Example 6 were followed
      and recrystallization from ethanol-ether gave 2.9 g of
      .epsilon.-(N-phenylguanidino)caproyl-n-decylamide hemihydrate having a
      melting point of 106.degree. to 108.degree.C. The yield was 72.5%.
PAR  Elementary analysis of the product gave the following results:
TBL             C          H           N                                       

     Found:     69.48%     10.39%      14.09%                                  

     Calcd. for                                                                

     C.sub.23 H.sub.40 N.sub.4 O.1/2H.sub.2 O:                                 

                69.58%     10.44%      14.04%                                  

PAC  EXAMPLE 9
PAR  In 100 ml of ethanol were added 18.0 g of
      .epsilon.-aminocaproyl-n-decylamide, 16.1 g of
      N-(o-methoxyphenyl)-S-ethylisothiourea hydrobromide and 10.6 g of sodium
      bicarbonate and the mixture was refluxed with stirring for 8 hours. The
      similar procedures disclosed in Example 6 were followed.
PAR  The purification of the product by chloroform-ether gave 17.3 g of
      .epsilon.-(N-o-methoxyphenylguanidino)caproyl-n-decylamide as oily
      substance, light yellow in color. The yield was 68.3%.
PAR  The oily substance was dissolved in ethanol, and aqueous solution of pycric
      acid was added to the solution to precipitate crystalline solid.
      Recrystallization thereof from ethanol-ether gave picric acid salt of
      .epsilon.-(N-o-methoxyphenylguanidino)-caproyl-n-decylamide having a
      melting point of 113 to 114.degree.C.
PAR  Elementary analysis of the product gave the following results:
TBL               C          H         N                                       

     Found:       53.63%     7.00%     15.14%                                  

     Calcd. for                                                                

     C.sub.24 H.sub.42 N.sub.4 O.sub.2.C.sub.6 H.sub.3 O.sub.7 :               

                  55.31%     6.80%     15.10%                                  

PAC  EXAMPLE 10
PAR  7.5 g of .epsilon.-guanidinocaproyl-n-decylamide was added to 15 ml of
      acetic anhydride and the mixture was heated at 80.degree.C for 2 hours.
      The resultant reaction mixture was concentrated under reduced pressure and
      the residue was dissolved in 20 ml of ethanol. Dry hydrogen chloride gas
      was passed into the solution for 5 minutes. After concentration under
      reduced pressure the concentrate was recrystallized from ethanol-ether to
      give 7.2 g of .epsilon.-(N-acetylguanidino)caproyl-n-decylamide
      hydrochloride having a melting point of 88.degree. to 90.degree.C. The
      yield was 76.6%.
PAR  Elementary analysis of the product gave the following results:
TBL             C          H          N                                        

     Found:     58.37%     10.05%     14.33%                                   

     Calcd. for                                                                

     C.sub.19 H.sub.38 N.sub.4 O.sub.2.HCl:                                    

                58.12%     9.87%      14.54%                                   

PAC  EXAMPLE 11
PAR  7.5 g of .epsilon.-(N-methylgaunidino)caproic acid monohydrate was
      dissolved in dilute hydrochloric acid and the solution was concentrated
      under reduced pressure. The residue was dissolved in 80 ml of
      N,N-dimethylformamide. To the solution kept at 0.degree. to 5.degree.C was
      added dropwise with stirring 3.8 ml of ethylchlorocarbonate and then 5.4
      ml of triethylamine. After being stirred for 15 minutes, 5 g of
      .beta.-phenethylamine was added dropwise with stirring at that
      temperature. After addition the mixture was stirred at 0.degree. to
      .ident..degree.C for 1 hour and further at room temperature for 1 hour.
      The mixture was then left to stand at room temperature overnight.
      Thereafter the resultant reaction mixture was concentrated under reduced
      pressure and cold 1N sodium hydroxide was added to the residue to
      precipitate oily substance. The oily substance separated was purified with
      chloroformether to produce 7.2 g of
      .epsilon.-(N-methylguanidino)-caproyl-.beta.-phenethyl amide, viscous oily
      substance. Yield was 67.9%.
PAR  Infrared spectroscopic analysis of the resultant product gave the following
      absorption:
PAR  3250 cm.sub.-.sup.1, 2950 cm.sub.-.sup.1, 1620 cm.sub.-.sup.1, 1530
      cm.sub.-.sup.1, 1400 cm.sub.-.sup.1 and 750 cm.sub.-.sup.1.
PAC  EXAMPLE 12
PAR  To 100 ml of ethanol were added 7.2 g of
      .epsilon.-aminocaproyl-n-decylamide, 12 g of
      N-cyclohexyl-S-ethylisothiourea hydrobromide and 15 g of sodium
      bicarbonate and the mixture was refluxed with stirring for 10 hours.
      Thereafter the same procedures disclosed in Example 6 were conducted. The
      product obtained was purified with chloroform-ether, whereby 6.9 g of
      .epsilon.-(N-cyclohexylguanidino)caproyl-n-decyl amide. Yield was 72.6%.
PAR  Infrared spectroscopic analysis of the resultant product gave the following
      absorption:
PAR  3300 cm.sub.-.sup.1, 2950 cm.sub.-.sup.1, 1620 cm.sub.-.sup.1, 1550
      cm.sub.-.sup.1 and 1450 cm.sub.-.sup.1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An N-substituted guanidino acid derivative having the following formula
      of
      ##EQU11##
      wherein R is an alkyl having 6 to 15 carbon atoms or phenethyl; A
      represents an alkyl having 1 to 4 carbon atoms, an alkenyl having 2 to 4
      carbon atoms and cyclo hexyl; and n is an integer of 5.
NUM  2.
PAR  2. .epsilon.-(N-methylguanidino)caproyl-n-decyl amide.
NUM  3.
PAR  3. .epsilon.-(N-acetylguanidino)caproyl-n-decyl amide.
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ABST
PAL  This invention relates to new tetrahydronaphthyloxy-aminopropanols and
      related compounds of the formula
      ##SPC1##
PAL  And to salts of such compounds, which are useful in coronary diseases.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 48,458,
      filed June 22, 1970, and now abandoned.
BSUM
PAR  This invention relates to new chemical compounds of the formula
      ##SPC2##
PAL  And salts of such compounds, wherein one or both of Z and Z.sup.1 is
      hydroxy and/or OR" and the other (where necessary) can be hydrogen, or Z
      and Z.sup.1 taken together can represent O&lt; , the radical
      ##EQU1##
      is a basic nitrogen containing radical of up to about 18 carbon atoms, R"
      represents an acyl group, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7
      are the same or different and can be hydrogen or lower alkyl, R.sup.8,
      R.sup.9 and R.sup.10 are the same or different and can be hydrogen, lower
      alkyl, monocyclic aryllower alkyl, lower alkoxy, carboxy, and monocyclic
      cycloalkyl.
PAR  The term "lower alkyl" as employed herein includes both straight and
      branched chain radicals of up to and including eight carbon atoms, for
      instance, methyl, ethyl, propyl, isopropyl, butyl, s-butyl, t-butyl,
      isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
      2,2,4-trimethylpentyl and the like.
PAR  The monocyclic aryl-lower alkyl groups include benzyl, phenethyl and the
      like.
PAR  The term "lower alkoxy" includes straight and branched chain radicals of
      the structure RO- wherein R includes any of the above lower alkyl groups.
PAR  The "amino" groups include unsubstituted amino or mono- or di-lower
      alkyl-amino groups, wherein lower alkyl is as defined above, such as
      amino, methyl amino, ethyl amino, isopropyl amino, heptylamino, dimethyl
      amino, diethyl amino, methyl ethyl amino, methyl butyl amino, ethyl
      i-propyl amino and the like.
PAR  The acyl radicals represented by R" include lower fatty acid radicals such
      as acetyl, propionyl, butyryl, isobutyryl and the like, as well as long
      chain fatty acid radicals such as hexanoyl, heptanoyl, decanoyl,
      dodecanoyl and the like, monocyclic aryl and aralkanoic acid radicals such
      as benzoyl, phenacetyl and the like.
PAR  The term "monocyclic aryl" as employed herein contemplates monocyclic
      carbocyclic aryl radicals, for instance, phenyl and substituted phenyl
      radicals, such as lower alkyl phenyl (e.g., o-, m- or p-tolyl,
      ethylphenyl, butylphenyl and the like, di(lower alkyl)phenyl (e.g.,
      2,4-dimethylphenyl, 3,5-diethylphenyl and the like) halophenyl (e.g.,
      chlorophenyl, bromophenyl, iodophenyl, fluorophenyl), o-, m- or
      p-nitrophenyl, dinitrophenyl, (e.g., 3,5-dinitrophenyl, 2,6-dinitrophenyl
      and the like), and trinitrophenyl (e.g., picryl).
PAR  The expression "monocyclic cycloalkyl" includes cyclic radicals containing
      from 3 to 6 ring members (e.g., cyclopropyl, cyclobutyl, cyclopentyl and
      cyclohexyl).
PAR  In the basic nitrogen containing radical
      ##EQU2##
      in formula I, R.sup.1 and R.sup.2 each represents hydrogen, lower alkyl,
      lower alkenyl, hydroxy-lower alkyl and phenyl-lower alkyl forming such
      basic groups as amino, lower alkylamino, e.g., methylamino, ethylamino,
      isopropylamino, di(lower alkyl)amino, e.g., dimethylamino, diethylamino,
      dipropylamino, lower alkenylamino, e.g., allylamino, di(lower
      alkenyl)amino, e.g., diallylamino, (hydroxy-lower alkyl)amino, e.g.,
      hydroxyethylamino, di(hydroxy-lower alkyl)amino, e.g.,
      di(hydroxyethyl)amino, phenyl(lower alkyl)amino, e.g., benzylamino,
      phenethylamino, N-(lower alkyl)phenyl(lower alkyl)amino, e.g.,
      N-methylbenzylamino, and the like. The
      ##EQU3##
      radical may form a heterocyclic radical. The symbols R.sup.1 and R.sup.2
      may together represent the carbon (and hydrogen) and the oxygen, sulfur or
      nitrogen atoms which, with the nitrogen or carbon atom in the above group,
      form a 5- or 6-membered nitrogen heterocyclic containing not more than one
      hetero atom in addition to the nitrogen already shown in the group and
      less than 21 atoms in the radical (excluding hydrogen). The heterocyclic
      radicals may include one to three substituents including lower alkoxy or
      lower alkyl as defined hereinbefore; trifluoromethoxy;
      trifluoromethylmercapto; N,N-dialkylsulfamoyl groups, such as
      N,N-dimethylsulfamoyl; lower alkanoyl groups
      ##EQU4##
      where R is lower alkyl) as defined hereinbefore, such as acetyl,
      propionyl, and the like; hydroxy-lower alkyl, such as
      hydroxymethyl,1-hydroxyethyl or the like; hydroxy-lower alkoxy-lower
      alkyl, such as 2-(2-hydroxy-ethoxy)ethyl, or the like; lower
      alkanoyl-lower alkyl, such as 2-heptanoyloxyethyl; carbo-lower alkoxy,
      such as carbomethoxy, carboethoxy, carbopropoxy, or the like; or 2-(lower
      alkanoyloxy-lower alkaoxy)lower alkyl such as 2-(decanoyloxyethoxy)ethyl,
      or the like.
PAR  Illustrative of the heterocyclic radicals represented by
      ##EQU5##
      are the following: piperidino; (lower alkyl)piperidino [e.g., 2-, 3-, or
      4-(lower alkyl)piperidino or 4-(N-lower alkyl)piperidino, such as
      2-(ethyl)piperidino or 4-(N-isopropyl)piperidino]; di(lower
      alkyl)piperidino [e.g., 2,4-, 2,5- or 3,5-di(lower alkyl)piperidino, such
      as 2,4-dimethyl piperidino or 2,5-di-t-butyl piperidino]; (lower
      alkoxy)piperidino [e.g., 2-methoxypiperidino or 3-methoxypiperidino];
      hydroxypiperidino [e.g., 3-hydroxy- or 4-hydroxypiperidino];
      aminomethylpiperidino [e.g., 4-aminomethylpiperidino]; pyrrolidino; (lower
      alkyl)pyrrolidino [e.g., 3-methylpyrrolidino]; di(lower alkyl)pyrrolidino
      [e.g., 3,4-dimethylpyrrolidino]; (lower alkoxy)pyrrolidino [e.g.,
      2-methoxypyrrolidino]; morpholino; (lower alkyl)morpholino [e.g.,
      3-methylmorpholino]; di(lower alkyl)morpholino, [e.g.,
      3,5-dimethylmorpholino]; (lower alkoxy)morpholino, [e.g.,
      2-methoxymorpholino]; thiamorpholino; (lower alkyl)thiamorpholino [e.g.,
      3-methylthiamorpholino]; di(lower alkyl)thiamorpholino, [e.g.,
      3,5-dimethylthiamorpholino], (lower alkoxy)thiamorpholino, [e.g.,
      3-methoxythiamorpholino]; piperazino; (lower alkyl)piperazino, [e.g.,
      N.sup.4 -methylpiperazino]; di(lower alkyl)piperazino, [e.g.,
      2,5-dimethylpiperazino or 2,6-dimethylpiperazino]; (lower
      alkoxy)piperazino, [e.g., 2-methoxypiperazino]; (hydroxy-lower
      alkyl)piperazino, [e.g., N.sup.4 -(2-hydroxyethyl)piperazino]; (lower
      alkanoyloxy-lower alkyl)piperazino, [e.g., N.sup.4
      -(2-heptanoyloxyethyl)piperazino or N.sup.4
      -(2-propionyloxyethyl)piperazino]; (hydroxy-lower alkoxy-lower
      alkyl)piperazino, [e.g., (hydroxymethoxymethyl)piperazino]; (carbo-lower
      alkoxy)piperazino, [e.g., N.sup.4 -(carbomethoxy-, carboethoxy-, or
      carbopropoxy)piperazino]; piperidyl; (lower alkyl)piperidyl [e.g., 1-, 2-,
      3- or 4-(lower alkyl)piperidyl, such as 1-N-methylpiperidyl or
      3-ethylpiperidyl]; di(lower alkyl)piperidyl, [e.g., 2,4-, 2,5-, or
      3,5-di(lower alkyl)piperidyl wherein lower alkyl is methyl, ethyl,
      n-propyl, isopropyl, etc.]; lower alkoxy piperidyl, [e.g.,
      3-methoxypiperidyl or 2-ethoxypiperidyl]; hydroxypiperidyl [e.g.,
      3-hydroxy- or 4-hydroxypiperidyl]; aminomethylpiperidyl, [e.g.,
      4-aminoethylpiperidyl]; pyrrolidyl; lower alkyl pyrrolidyl, [e.g.,
      1-N-methylpyrrolidyl]; di(lower alkyl)pyrrolidyl, [e.g.,
      2,3-dimethylpyrrolidyl]; lower alkoxy pyrrolidyl, [e.g.,
      4-N-methoxypyrrolidyl]; morpholinyl; (lower alkyl)morpholinyl, [e.g.,
      3-methylmorpholinyl]; di(lower alkyl)morpholinyl, [e.g.,
      3-methyl-4-N-ethylmorpholinyl]; (lower alkoxy)morpholinyl, [e.g.,
      2-ethoxymorpholinyl]; thiamorpholinyl; (lower alkyl)thiamorpholino, [e.g.,
      3-ethylthiamorpholinyl]; di(lower alkyl)thiamorpholinyl, [e.g.,
      3-methyl-4-N-ethylthiamorpholinyl]; lower alkoxy thiamorpholino, [e.g.,
      3-methoxythiamorpholinyl]; piperazinyl; alkyl, dialkyl, alkoxy or
      hydroxy-lower alkyl substituted piperazinyl.
PAR  The compounds of formula I form acid addition salts with inorganic and
      organic acids. These acid addition salts frequently provide useful means
      for isolating the products from reaction mixtures by forming the salt in a
      medium in which it is insoluble. The free base may then be obtained by
      neutralization, e.g., with a base such as sodium hydroxide. Then any other
      salt may again be formed from the free base and the appropriate inorganic
      or organic acid. Illustrative are the hydrohalides, especially the
      hydrochloride and hydrobromide which are peferred, sulfate, nitrate,
      phosphate, borate, acetate, oxalate, tartrate, maleate, citrate,
      succinate, benzoate, ascorbate, salicylate, methanesulfonate,
      benzenesulfonate, toluenesulfonate and the like. Quaternary ammonium salts
      are also formed, e.g., by reacting the free base with an alkylating agent,
      e.g., lower alkyl halide such as methyl chloride, ethyl bromide or the
      like, lower alkyl sulfate such as methyl sulfate, aralkyl halides such as
      benzyl chloride, aralkyl sulfates such as benzyl sulfate and the like.
PAR  Preferred are those compounds wherein R.sup.3, R.sup.4, R.sup.5, R.sup.6,
      R.sup.7, R.sup.8, R.sup.9 and R.sup.10 are all hydrogen, R.sup.1 is
      hydrogen or lower alkyl, especially hydrogen and R.sup.2 is lower alkyl,
      especially isopropyl.
PAR  The compounds of this invention are useful as antifibrillatory agents, for
      example, in arresting cardiac arrhythmia in mammals, e.g., by inhibition
      of beta adrenergic receptors in the myocardium. For this purpose a
      compound of formula I or a physiologically acceptable acid addition salt
      may be incorporated in a conventional dosage form such as tablet, capsule,
      elixir, injectable or the like along with the necessary carrier material,
      excipient, lubricant, buffer or the like. Single or divided doses of about
      5 to 25 mg/kg, preferably about 4 to 10 mg/kg, two to four times daily may
      be administered in dosage forms as described above.
PAR  Examples of compounds falling within the present invention include, but are
      not limited to, the following:
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##SPC9##
PAR  The compounds of formula I can be prepared by several methods.
PAR  In a first method for preparing compounds of formula I wherein one of Z and
      Z.sup.1 is hydroxy and the other is hydrogen, a
      1-(5,8-dihydronaphthyloxy)-3-(substituted-amino)-2-propanol prepared as
      described in copending application Ser. No. 768,176, filed Oct. 16, 1968,
      issued Oct. 13, 1970, as U.S. Pat. No. 3,534,085, and having the structure
      ##SPC10##
PAL  wherein R.sup.1 through R.sup.10 are as defined hereinbefore, is reacted
      with diborane or a mono- or dilower alkyl borane followed by an oxidative
      workup to give a mixture of alcohols of formula I wherein one Z and
      Z.sup.1 is hydroxyl and the other hydrogen. The mixture can then be
      separated by column chromatography or fractional recrystallization of
      suitable derivatives such as the hydrochloride salt.
PAR  In another method for preparing compounds of formula I wherein Z and
      Z.sup.1 taken together are O&lt; , or one of Z and Z.sup.1 is hydroxy and the
      other hydrogen, a naphthol of the structure
      ##SPC11##
PAL  is reduced with a metal like sodium or lithium in liquid ammonia containing
      an alkanol such as ethanol, isopropanol, t-butanol or the like [e.g., by
      the procedure described in Organic Synthesis, Coll. Vol. 4, page 887
      (1963)] to obtain the 5,8-dihydronaphthol of the formula
      ##SPC12##
PAR  The compound of formula IV is made to react with an epoxide of the formula
      ##EQU6##
      (Y is chlorine or bromine), to obtain a 1-(2,3-epoxy
      propoxy)-5,8-dihydronaphthalene of the formula
      ##SPC13##
PAR  The 1-(2,3-epoxy propoxy)-5,8-dihydronaphthalene is then coverted to the
      corresponding
      1-[2,3-(epoxy)propoxy]-6,7-epoxy-5,6,7,8-tetrahydronaphthalene of the
      structure
      ##SPC14##
PAL  by reacting the dihydronaphthalene (formula VI) in an inert solvent such as
      methylene chloride (CH.sub.2 Cl.sub.2), with an organic peracid such as
      m-chloroperbenzoic acid, perbenzoic acid, pernitrobenzoic acid or
      peracetic acid. The tetrahydronaphthalent VII can be converted to the
      corresponding 1-[
      (6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-3-(substituted
      amino)-2-propanol of the structure
      ##SPC15##
PAL  by refluxing the tetrahydronaphthalene (formula VII) with an amine of the
      formula
      ##EQU7##
      in an inert organic solvent, such as n-propanol, benzene or toluene, e.g.,
      for about 16 to 24 hours. An alternate procedure involves heating the
      reactants in a Parr pressure reactor at a temperature within the range of
      from about 70.degree. to about 110.degree. for 6 - 12 hours.
PAR  The 1-[6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl)-oxy]-3-(substituted
      amino)-2-propanol VIII can be converted to the corresponding 6 or
      7-hydroxy compound of the structure
      ##SPC16##
PAL  wherein Z or Z.sup.1 is hydroxy and the other is hydrogen by reduction with
      a complex metal hydride such as lithium aluminum hydride or sodium
      borohydride or catalytically over a noble metal catalyst such as platinum
      oxide, followed by separation for example by chromatography.
PAR  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(substituted amino)propoxy]-2(or
      3)-naphthols of the structure X wherein one of Z and Z.sup.1 is hydroxy
      and the other is hydrogen can be prepared employing a 6 or
      7-methoxy-1-tetralone as the starting material, i.e.,
      ##SPC17##
PAL  by reacting the 6 or 7-methoxy-1-tetralone with a dehydrogenating agent
      such as sulfur or palladium on charcoal at a temperature within the range
      of from about 240.degree. to about 280.degree.C. and preferably from about
      245.degree. to about 265.degree.C., and then separating out, e.g., by
      chromatography, 6 or 7-methoxy-1-naphthol of the structure
      ##SPC18##
PAL  The methoxy naphthol is then subjected to a Birch reduction wherein it is
      reacted with lithium in the presence of liquid ammonia to form
      5-hydroxy-3,4-dihydro-2(or 3) (1H)-naphthalenone after acidic hydrolysis.
      ##SPC19##
PAL  The naphthalenone is reacted with a reducing agent, such as an alkali metal
      borohydride, for example, sodium borohydride, in an alcohol solvent,
      boiling below about 100.degree.C., such as methanol, at a temperature
      below about 100.degree.C., and preferably below about 30.degree.C.; acetic
      acid is added to the reaction mixture and the solvent is removed to give
      5,6,7,8-tetrahydro-1,6 (or 7)-naphthalenediol
      ##SPC20##
PAL  The tetrahydronaphthalenediol is then converted to an alkali metal salt by
      mixing with an alkali metal alkoxide such as NaOCH.sub.3 in an alcohol
      solvent boiling below about 100.degree., such as methanol, and removing
      the solvent in vacuo to give the dry salt which is reacted with an epoxide
      of formula V, such as epichlorohydrin in a solvent such as
      dimethylsulfoxide (as described herein) to form
      1,2,3,4-tetrahydro-5-[2,3-epoxy propoxy]-2  (or 3)-naphthol
      ##SPC21##
PAL  The above epoxy-propoxy-naphthol can be reacted with an amine
      ##EQU8##
      as described hereinbefore to form compounds of the invention of the
      structure
      ##SPC22##
PAR  2,3-trans (or cis)-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)propoxy]-2,3-naphthalenediols of the structure
      ##SPC23##
PAL  can be prepared by forming a 5,8-dihydronaphthol of the structure
      ##SPC24##
PAL  as described hereinbefore and dissolving the 5,8-dihydronaphthol in acetic
      anhydride and an organic base such as pyridine to form the corresponding
      acetate of the structure
      ##SPC25##
PAR  The 2,3-trans isomer is prepared from the acetate by dissolving the acetate
      in acetic acid, and then treating the solution with from about 2 to about
      4 equivalents of silver acetate and from about 1 to about 2 equivalents of
      iodine. The mixture is then heated at a temperature of from about
      80.degree. to about 120.degree.C for a period of from about 1 to about 24
      hours, under nitrogen, to thereby form
      trans-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol of the structure XXV after
      basic hydrolysis:
      ##SPC26##
PAR  The trans-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol can be converted to the
      2,3-trans-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
      of the structure
      ##SPC27##
PAL  by reacting the naphthalenetriol XXV with an alkali metal alkoxide, such as
      sodium methoxide in an alcohol solvent boiling below about 100.degree.C,
      such as methanol under nitrogen and then, after removal of solvent,
      stirring the residue in a dipolar aprotic solvent such as
      dimethylsulfoxide, hexamethylphosphoramide or dimethylformamide, and an
      epoxide of the structure V, such as epichlorohydrin, under nitrogen.
PAR  The 2,3-trans-1,2,3,4-tetrahydro-5-[2,3(epoxy)-propoxy]-2,3-naphthalenediol
      is then reacted with a substituted amine of the structure
      ##EQU9##
      to form 2,3-trans-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)propoxy]-2,3-naphthalenediol of the structure
      ##SPC28##
PAR  The corresponding cis isomer of the structure
      ##SPC29##
PAL  can be prepared by dissolving the dihydronaphthalene acetate
      ##SPC30##
PAL  in acetic acid and water (from 92 to 98 % acetic acid, preferably 96%
      acetic acid), and then treating the solution with silver acetate and
      iodine and heating under nitrogen, as described in the preparation of the
      trans-isomer, to form the cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol
      after basic hydrolysis
      ##SPC31##
PAL  which can be converted to the
      2,3-cis-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol,
      which in turn can be converted to the
      2,3-cis-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)propoxy]-2,3-naphthalenediol in a manner similar to that described
      with respect to the preparation of the corresponding trans isomer.
PAR  Alternatively, the 2,3-trans-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)propoxy]-2,3-naphthalenediol isomer XXVII can be prepared from a
      5,8-dihydro-1-naphthol of the structure
      ##SPC32##
PAL  prepared as described hereinbefore, by mixing a cooled solution
      (temperature less than about 30.degree.C.) of 5,8-dihydro-1-naphthol in
      ethyl acetate with m-chloroperbenzoic acid and mixing the resulting slurry
      with a mixture of ethyl ether and aqueous sodium bicarbonate, to form
      5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol
      ##SPC33##
PAL  and reacting the 5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol in tetrahydrofuran
      with aqueous perchloric acid at a temperature within the range of from
      about 0.degree. to about 60.degree.C., to form
      trans-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol XXV which can be converted
      to the
      2,3-trans-1,2,3,4-tetrahydro-5-[2,3-(epoxy)propoxy]-2,3-naphthalenediol
      XXVI which in turn can be converted to the
      2,3-trans-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)propoxy]-2,3-naphthalenediol XXVII in a manner similar to that
      described hereinbefore.
PAR  A mixture of 1,2,3,4-tetrahydro-5-[2-hydroxy-3-(substituted
      amino)-propoxy]-2-naphthol and the corresponding 3 -naphthol (formulae XXI
      and XXII) can be prepared from 5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol
      (formula XXX) as follows.
PAR  The tetrahydro compound XXX is reduced to a mixture of the 2-naphthol XXI
      and the 3-naphthol XXII by reduction with a complex metal hydride such as
      lithium aluminum hydride or catalytically by hydrogen in the presence of a
      noble metal catalyst as described hereinbefore, followed by conversion to
      the corresponding epoxides and then amino alcohols in a manner similar to
      that described hereinbefore.
PAR  Esters of the compounds of formula I, i.e.,
      ##SPC34##
PAL  wherein one of Q and Q.sup.1 is
      ##EQU10##
      wherein R.sup.12 is lower alkyl, or monocyclic aryl or lower
      alkyl-monocyclic aryl, and the other is hydrogen, can be prepared by
      reacting a compound of formula I wherein one of Z and Z.sup.1 is hydroxy
      and the other hydrogen, with acetone or an aldehyde of the structure XXXII
      ##EQU11##
      wherein R.sup.12 is lower alkyl, monocyclic aryl or lower alkyl-monocyclic
      aryl in the presence of a solvent boiling below about 100.degree.C., such
      as benzene or chloroform to form an oxazolidine compound of the structure
      ##SPC35##
PAL  and then reacting the oxazolidine with an acid anhydride or an acid halide
      exemplified by the acids mentioned hereinbefore, in the presence of a
      suitable base such as pyridine to give the ester of the oxazolidine of the
      structure
      ##SPC36##
PAR  Alternatively, the reaction product of the oxazolidine and the acid
      anhydride or halide can be reacted with phosgene to form a compound of the
      structure
      ##SPC37##
PAR  The oxazolidine compounds of XXXIV or XXXIVa can be converted to an acid
      addition salt of formula I by acidic hydrolysis employing dilute aqueous
      acid as described hereinbefore, i.e.,
DETD
PAR  The following Examples further illustrate the invention.
PAC  EXAMPLE 1
PAC  1-[(6,7-Epoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-3-(isopropylamino)-2-propa
     nol
PAC  a. 2,3-Epoxypropyl 6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl ether
PAR  To a well-stirred solution of 7 g. (0.03 m.) of
      1-(2,3-epoxy-propoxy)-5,8-dihydro-naphthalene (prepared as described in
      application Ser. No. 768,176, filed Oct. 16, 1968, issued Oct. 13, 1970,
      as U.S. Pat. No. 3,534,085) in 60 ml. of CH.sub.2 Cl.sub.2, 7.1 g. (0.03
      m.) of 85% m-chloroperbenzoic acid in 100 ml. CH.sub.2 Cl.sub.2 is added
      dropwise at such a rate that the temperature is maintained between
      25.degree. to 30.degree. C. The mixture is stirred overnight at room
      temperature. The resulting precipitate (m-chlorobenzoic acid) is filtered
      off and the CH.sub.2 Cl.sub.2 extract is washed successively with sat.
      NaHCO.sub.3 solution, and water. After drying (MgSO.sub.4), the solution
      is evaporated in vacuo to give 7.2 g. (95%) of oil which solidifies. A
      sample recrystallized from ether gives white needles, m.p.
      85.degree.-87.degree.; .lambda. Nujol.sup.max 1330-1350 cm.sup.-.sup.1
      (epoxy), .tau. CDCl.sub.3  absence of vinyl protons 4.0-4.2 region.
PAR  Anal. Calcd. for C.sub.13 H.sub.14 O.sub.3 : C, 71.54; H, 6.47. Found: C,
      71.50; H, 6.77.
PAC  b.
      1-[(6,7-Epoxy-5,6,7,8-tetrahydro-1-naphthyl)oxy]-3-(isopropylamino)-2-prop
     anol
PAR  A solution of 4.3 g. (0.02 m.) of
      2,3-epoxypropyl-6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl ether in 34 ml.
      (0.4 m.) of isopropyl amine is placed in a small Parr bomb and heated in
      an oil bath to approximately 70.degree. to 80.degree. (pressure gauge
      registered 50) for 10 hours. Evaporation of excess isopropyl amine in
      vacuo yields 5.3 g. of a brown sticky solid. Crystallization from
      ether-pentane gives 2 g. of off-white solid; m.p. 106.degree.-110.degree..
      A second recrystallization from ether gives 0.6 g. of white solid as the
      first crop, m.p. 115.degree.-117.degree. C., .lambda. Nujol.sup.max, 3320
      cm.sup.-.sup.1 (NH), 1330-1350 cm.sup.-.sup.1 (epoxy), TCDCl.sub.3 8.8 -
      9.0 [--CH(CH.sub.3).sub.2 ].
PAR  Calcd. for C.sub.16 H.sub.23 NO.sub.3 : C, 69.28; H, 8.36; N, 5.05. Found:
      C, 69.47; H, 8.33; N, 5.09.
PAC  EXAMPLE 2
PAC  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2-naphthol
      and/or 1,2,3,4-tetrahydro-5-[2-hydroxy-3-(isopropylamino
      propoxy]-3-naphthol
PAR  To a well-stirred slurry of 10 g. of lithium aluminum hydride in 250 ml. of
      ethyl ether is added dropwise a solution of 5.5 g. (0.02 m.) of
      2,3-epoxy-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]nathth
     alene in 100 ml. of dioxane. After heating under reflux for 12 hours, the
      mixture is freed of excess hydride by the addition of aqueous potassium
      carbonate solution and filtered. Removal of solvent leaves a mixture of
      alcohols which is taken up in benzene and chromatographed on 150 g. of
      basic alumina of Activity grade III. Elution with mixtures of
      chloroform-methanol elutes the desired products. Seeding with crystalline
      material (Example 3) induces crystallization of the 2-isomer, and the
      3-isomer (Example 7).
PAC  EXAMPLE 3
PAC  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamine)-propoxy]-2-naphthol,
      oxalate salt (1:1)
PAC  a. 6-Methoxy-1-naphthol
PAR  An intimate mixture of 81.5 g. (0.462 mole) of 6-methoxy-1-tetralone and
      14.5 g. (0.465 mole) of sulfur is heated at 240.degree.-250.degree. for 6
      hours and distilled to give 39.8 g. of oil, b.p. 158.degree.-164.degree.
      (0.3 - 0.5 mm.). Chromatography over Activity IV alumina followed by
      recrystallization from 9:1 hexane-ethyl acetate gives 23.9 g. (29%) of
      6-methoxy-1-naphthol in 3 crops. m.p. 84.degree.-86.degree. (lit m.p.
      84.5.degree.-85.degree.) Tet., 19 (12) 1919 (1963).
PAC  b. 5-Hydroxy-3,4-dihydro-2(1H)-naphthalenone
PAR  To a stirred slurry of 8.0 g. (0.048 mole) of 6-methoxy-1-naphthol and 200
      ml. of liquid ammonia held below the reflux temperature by external
      cooling there is added 1.05 g. (0.15 g. - atom) of lithium ribbon over 25
      minutes. After a further 10 minutes at this temperature, 20 ml. of ethanol
      is added over 30 minutes. As the blue color fades, the ammonia is
      evaporated and the residue stirred overnight under nitrogen with 50 ml. of
      water, 50 ml. of tetrahydrofuran and 35 ml. of conc. hydrochloric acid.
      Extraction with three 100 ml. portions of chloroform followed by drying
      and solvent removal gives 7.24 g. of solid. Recrystallization (4:1)
      hexane-ethyl acetate gives 5.04 g. (68%) of ketone, m.p.
      168.degree.-171.degree. (lit m.p. 155.degree.-162.degree. dec.), JACS 80,
      2887 (1958).
PAC  c. 5,6,7,8-Tetrahydro-1,6-naphthalenediol
PAR  A 3.7 g. (0.0235 mole) sample of 5-hydroxy-3,4-dihydro-2(1H)-naphthalenone
      in 125 ml. of methanol is added to a cooled solution of 1.0 g. (0.025
      mole) of sodium borohydride in 25 ml. of methanol. After 150 minutes at
      0.degree., 7.2 g. of acetic acid is added and the solvent removed in
      vacuo. Partitioning between water and methylene chloride gives 3.54 g. of
      crude product after further extraction, drying and solvent removal.
      Recrystallization from hexane-ethyl acetate gives 2.92 g., m.p.
      126.degree.-128.5.degree.. (lit. m.p. 127.degree.-128.degree.) JACS, 80,
      2887 (1958).
PAC  d. 1,2,3,4-Tetrahydro-5-[2,3-epoxy-propoxy]-2-naphthol
PAR  A solution of 2.46 g. (0.015 mole) of
      5,6,7,8-tetrahydro-1,6-naphthalenediol and 810 mg. (0.015 mole) of sodium
      methoxide in 30 ml. of methanol is prepared under nitrogen and the solvent
      removed in vacuo. The resulting foam is stirred overnight with 20 ml. of
      dimethylsulfoxide and 1.40 g. (0.015 mole) of epichlorohydrin, poured into
      200 ml. of water and extracted with four 125 ml. portions of ether. Drying
      and solvent removal gives 3.06 g. of oil which is purified by
      chromatography on silica gel (75 g.). Elution with hexane-chloroform
      mixtures gives a total of 1.56 g. (49%) of material with one spot on TLC.
PAC  e. 1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)-propoxy]-2-naphthol
PAR  A solution of 1.50 g. of epoxide in 15 ml. of isopropylamine is heated at
      90.degree. in a bomb for 8 hr. Solvent removal gives a solid which is
      recrystallized from acetonitrile three times to give 1.21 g., m.p.
      136.degree.-141.degree..
PAR  Anal. Calc'd for C.sub.16 H.sub.25 NO.sub.3 : C, 68.78; H, 9.02; N, 5.0l
      Found: C, 69.87; 69.61; H, 9.08; 9.17; N, 5.14; 5.09.
PAC  f. 1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)-propoxy]-2-naphthol,
      oxalate salt
PAR  Conversion of
      1,2,3,4-tetrahydro-5-[2-hydroxy-3-(isopropylamino)-propoxy]-2-naphthol to
      its oxalic acid salt is accomplished by mixing equimolar amounts of oxalic
      acid and amine in acetonitrile. The resulting solid is recrystallized
      twice from ethanol to give 1.19 g., m.p. 163.degree.-164.5.degree..
PAR  Anal. Calc'd for C.sub.18 H.sub.27 NO.sub.7 : C, 58.52; H, 7.37; N, 3.79.
      Found: C, 58.20; H, 7.30; N, 3.91.
PAC  EXAMPLE 4
PAC  2,3-trans-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2,3-na
     phthalenediol
PAC  a. 5,6,7,8-Tetrahydro-6,7-epoxy-1-naphthol
PAR  An amount of 25.0 g. (ca., 0.12 moles) of m-chloroperbenzoic acid is added
      over 10 min. to an ice-cooled solution of 14.6 g. (0.10 mole) of
      5,8-dihydro-1-naphthol (prepared as described in Org. Syn., Coll. Vol. IV,
      pg. 887,) in 225 ml. of ethyl acetate. After 16 hr. at ambient temperature
      the slurry is poured into a cooled, stirred mixture of 300 ml. each of
      ether and 10% sodium bicarbonate. After 15 min. the organic phase is
      separated, washed with water, saturated salt solution and dried. Solvent
      removal gives an oil which is triturated with two 100 ml. portions of
      boiling hexane. The residue is recrystallized from 150 ml. of 1:1
      hexane-ethyl acetate to give 6.6 g. (41%) of
      5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol, m.p. 143.degree.-146.degree.. Two
      further recrystallizations of a small sample give the analytical sample
      m.p. 149.5.degree.-151.degree..
PAR  Anal. Calc'd for C.sub.10 H.sub.10 O.sub.2 : C, 74.05; H, 6.22; Found: C,
      74.0l; H, 6.21
PAC  b. trans-5,6,7,8-Tetrahydro-1,6,7-naphthalenetriol
PAR  A solution of 8.0 q. (0.048 mole) of
      5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol in 100 ml. of tetrahydrofuran is
      cooled to 0.degree. and 20 ml. of water and 0.5 ml. of 70% perchloric acid
      are added. After 4 hrs., a further 1.5 ml. of acid is added and the
      solution stirred for 16 hr. at ambient temperature and diluted with 100
      ml. each of ether, 10% sodium bicarbonate and saturated salt solution. The
      aqueous layer is separated and washed with 150 ml. of 1:1
      ether-tetrahydrofuran. The organic phase is washed with saturated salt
      solution, dried and evaporated to give an oil which solidifies on
      trituration with chloroform. Recrystallization gives in two crops, 4.85 g.
      of solid which is recrystallized from ethyl acetate to give 3.84 g. m.p.
      179.5.degree.-181.5.degree.. Two further recrystallizations of a small
      sample give the analytical specimen, m.p. 183.degree.-184.degree..
PAR  Anal. Calc'd for C.sub.10 H.sub.12 O.sub.3 : C, 66.65; H, 6.71; Found: C,
      67.05; H, 6.90.
PAC  c. 2,3-trans-1,2,3,4-Tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
PAR  A solution of 3.60 g. of (0.02 mole) of
      5,6,7,8-tetrahydro-1,6,7-naphthalenetriol in 100 ml. of methanol is cooled
      to 0.degree. to 1.08 g. (0.02 mole) of sodium methoxide in methanol added.
      The solvent is removed in vacuo and the residue heated at 50.degree. at
      0.05 mm. for 1 hr., dissolved in 80 ml. of dimethylsulfoxide and stirred
      overnight under nitrogen with 3.68 g. (0.04 mole) of epichlorohydrin.
      After 17 hr. the solvent is removed in vacuo, the residue dissolved in 250
      ml. of water and extracted 3 times with 150 ml. of ether and 2 times with
      150 ml. of chloroform. Both organic extracts are washed with excess 5%
      sodium hydroxide, saturated salt solution and dried. Solvent removal gives
      a total of 3.25 g. of solid which is recrystallized from benzene to give
      2.59 g., m.p. 113.degree.-116.degree..
PAC  d.
      2,3-trans-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2,3-n
     aphthalenediol
PAR  A solution of 2.5 g. (0.0106 mole) of
      2,3-trans-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
      in 15 ml. of isopropyl amine is heated at 80.degree. .+-. 5.degree. for 16
      hr. in a Parr bomb (pressure = 40 lb/in.sup.2). The solution is evaporated
      in vacuo to give a foam which crystallizes on trituration with ether.
      Filtration gives 2.96 g. which is recrystallized three times from benzene
      to give 2.06 g., m.p. 112.degree.-127.degree..
PAR  Anal. Calc'd for C.sub.16 H.sub.25 NO.sub.4 : C, 65.06; H, 8.53; N, 474.
      Found: C, 65.35; H, 8.44; N, 4.61.
PAC  EXAMPLE 5
PAC  2,3-cis-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2,3-naph
     thalenediol
PAC  a. cis-5,6,7,8-Tetrahydro-1,6,7-naphthalenetriol
PAR  A solution of 29.2 g. (0.2 mole) of 5,8-dihydro-1-naphthol and 40 ml. of
      acetic anhydride in 100 ml. of pyridine is prepared. After 16 hr. the
      solvent is removed in vacuo and the residue dissolved in ether and washed
      with 200 ml. of 5% hydrochloric acid, water, 200 ml. of 10% sodium
      hydroxide, saturated salt solution and dried. Solvent removal gives 34.2
      g. (90.5%) of crude acetate which is dissolved in 900 ml. of acetic acid
      and 36 ml. of water. 53.3 g. (0.32 mole) of silver acetate is added
      followed by 40.6 g. (0.16 g-atom) of iodine. The slurry is heated with
      good stirring at 85.degree..+-. 10.degree. for 3 hr. under nitrogen,
      cooled and filtered. The filtrate is evaporated in vacuo and the residue
      dissolved in 250 ml. of methanol and cooled to 0.degree.. A solution of 40
      g. of sodium hydroxide in 200 ml. of water is added under nitrogen and the
      mixture stirred overnight. The bulk of the methanol is removed in vacuo
      whereupon a solid forms. The solid is separated by filtration, dissolved
      in 150 ml. of water and acidified with 20 ml. of concentrated hydrochloric
      acid. Cooling gives a solid which is filtered and dried to give 16.5 g.
      2,3 cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol) m.p.
      184.5.degree.-187.degree.. Three recrystallizations from absolute ethanol
      give the analytical sample, m.p. 188.degree.-188.5.degree..
PAR  Anal. Calc'd for C.sub.10 H.sub.12 O.sub.3 : C, 66.65; H, 6.71 Found: C,
      66.19; H, 6.68.
PAC  b. 2,3-cis-1,2,3,4-Tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
PAR  A solution of 1.20 g. (0.03 mole) of sodium methoxide and 5.4 g. (0.03
      mole) of cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol in 200 ml. of
      methanol is prepared under nitrogen. The residue obtained upon solvent
      removal is stirred overnight with 200 ml. of dimethylsulfoxide and 4.65 g.
      (0.05 mole) of epichlorohydrin under nitrogen. The bulk of the solvent is
      removed at 50.degree. at 0.1 mm. and the residue dissolved in 500 ml. of
      water. Extraction with chloroform (10 .times. 200 ml.) gives 3.46 g. of
      solid which is recrystallized from 150 ml. of hexane-ethyl acetate to give
      2.80 g. of epoxy diol of the above title, m.p. 108.degree.-111.5.degree..
PAC  c.
      2,3-cis-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(ispropylamino)propoxy]-2,3-naph
     thalenediol.
PAR  A solution of 2.75 g. (0.011 mole) of
      2,3-cis-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol in
      20 ml. of isopropylamine is heated at 80.degree. .+-. 5.degree. in a Parr
      bomb (press. .apprxeq. 40 lb/in.sup.2) for 16 hr. The excess amine is
      removed in vacuo and the residue recrystallized twice from 350 ml. of
      benzene to give 2.32 g., m.p. 112.degree.-120.5.degree..
PAR  Anal. Calc'd for C.sub.16 H.sub.25 NO.sub.4 : C, 65.06; H, 8.53; N, 4.74
      Found: C, 65.27; H, 8.65; N, 4.61.
PAC  EXAMPLE 6
PAC  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(benzylisopropylamine)propoxy]-2(and
      3)-naphthol
PAR  A solution of 3.26 g. (0.0093 mole) of
      1-(5,8-dihydro-1-naphthyloxy)-3-(benzyl isopropylamino)-2-propanol
      (prepared as disclosed in application Ser. No. 768,176 issued Oct. 13,
      1970, as U.S. Pat. No. 3,534,085) in 25 ml. of dry tetrahydrofuran is
      treated dropwise with a solution of 0.1 mole of borane in tetrahydrofuran.
      After stirring for 16 hours, the mixture is freed of solvent and the
      residue taken up in 25 ml. of 95% ethanol and treated with 0.8 g. (0.02
      mole) of sodium hydroxide followed by dropwise addition of 2.5 ml. of 30%
      hydrogen peroxide (0.02 mole). After a 2 1/2 hour period at reflux the
      mixture is taken to near dryness in vacuo and the product extracted into
      ether. Chromatography on activity II neutral alumina affords the two
      isomeric alcohols of the above title.
PAC  EXAMPLE 7
PAC  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isipropylamineo)-propoxy]-(isopropylamin
     o) 3-naphthol
PAR  Following the procedure described in Example 3, but substituting
      7-methoxy-1-tetralone for 6-methoxy-1-tetralone, the above titled compound
      is prepared.
PAC  EXAMPLE 8
PAC  1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)-propoxy]2(and 3)
      naphthol
PAC  a. 5,6,7,8-Tetrahydro-1,6 (and 7)naphthalenediol
PAR  To a well stirred suspension of 5 g. of lithium aluminum hydride in 100 ml.
      of ether is added dropwise a solution of 8.0 g. (0.048 mole) of
      5,6,7,8-tetrahydro-6, 7-epoxy-1-naphthol in 100 ml. ether. After several
      hours under reflux, the mixture is treated with aqueous acid, and the
      products isolated from the organic solvents.
PAC  b. 1,2,3,4-Tetrahydro-5-[2,3-(epoxy)-propoxy]-2(and 3) naphthol
PAR  A solution of 3.28 g. (0.02 mole) of the mixture of diols in 100 ml. of
      methanol is cooled to 0.degree. and 1.08 g. (0.02 mole) of sodium
      methoxide in methanol added. The solvent is removed in vacuo and the
      residue heated at 50.degree. under 0.05 mm. for 1 hour, dissolved in 80
      ml. of dimethylsulfoxide and stirred overnight under nitrogen with 3.68 g.
      (0.04 m.) of epichlorohydrin. After removal of solvent in vacuo, the
      residue is dissolved in 250 ml. of water and extracted three times with
      chloroform. After washing with 5% sodium hydroxide and saturated salt
      solution, solvent is removed to leave crude product recrystallized from
      benzene-petroleum ether.
PAC  c. 1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(isopropylamino)-propoxy]-2 (and 3)
      naphthol
PAR  A solution of 2.2 g. (0.01 mole) of
      1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2 (and 3) naphthol in 15 ml. of
      isopropylamine is heated at 80.degree. .+-. 5.degree. for 16-20 hours in a
      Parr bomb. The cooled solution is taken to dryness and the residue
      crystallized from benzene-petroleum ether to give the above titled
      mixture.
PAC  EXAMPLE 9
PAC  2-Acetoxy-1,2,3,4-tetrahydro-5-[(2-hydroxy-3-(isopropylamino)propoxy]naphth
     alene
PAC  a. 3-Isopropyl-5-(5,6,7,8-tetrahydro-6-hydroxy-1-naphthoxy)methyl
      oxazolidine hydrochloride
PAR  A solution of 5.58 g. (0.02 mole) of
      1,2,3,4-tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2-naphthol in
      30 ml. of 99% ethanol is treated with 4 ml. of 33% formalin and heated
      under reflux for 12-16 hours. The solution is acidified with hydrochloric
      acid in ethanol and the oxazolidine hydrochloride precipitated by the
      addition of ether.
PAC  b.
      2-Acetoxy-1,2,3,4-tetrahydro-5-[(2-hydroxy-3-(isopropylamino)propoxy]napht
     halene
PAR  The oxazolidine hydrochloride is dissolved in dry pyridine and treated with
      0.1 mole of acetic anhydride at room temperature. After several hours
      standing, the mixture is poured into water and made acid with dilute
      hydrochloric acid. After stirring for several hours, the mixture is
      basified with aqueous ammonia in the cold and the product isolated by
      extraction into chloroform, drying and solvent removal.
PAC  EXAMPLES 10 to 15
PAR  By substituting a 1-(2,3-epoxy-propoxy)-5,8-dihydro-naphthalene as shown in
      the left hand first column of Table I for the corresponding starting
      material in Example 1a and employing the procedure of Example 1 a, a
      2,3-epoxypropyl-6,7-epoxy-5,6,7,8-tetrahydro-1-naphthyl ether is formed.
      By reacting the naphthyl ether with an amine of the structure
      ##EQU12##
      employing the procedure of Example 1 b, and thereafter reacting the
      resulting product (as shown in the middle column of Table I) with
      LiAlH.sub.4 employing the procedure of Example 2, the product shown in the
      right hand (third) column of Table I is produced.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

         R.sup.3                                                               

              R.sup.4                                                          

                 R.sup.5                                                       

                    R.sup.6                                                    

                        R.sup.7                                                

                           R.sup.8                                             

                                 R.sup.9                                       

                                    R.sup.10                                   

                                       R.sup.3 to R.sup.10 same                

                                                 R.sup.1       R.sup.2         

                                       as in Col. 1                            

     __________________________________________________________________________

     10   H   CH.sub.3                                                         

                 H  CH.sub.3                                                   

                        H  CH.sub.3                                            

                                 H  H  "         H             C.sub.4         

                                                               H.sub.9         

     11   C.sub.2 H.sub.5                                                      

              C.sub.2 H.sub.5                                                  

                 C.sub.2 H.sub.5                                               

                    H   H  H     NH.sub.2                                      

                                    H  "         --(CH.sub.2).sub.2 OH         

                                                               H               

     12   C.sub.6 H.sub.13                                                     

              H  CH.sub.3                                                      

                    H   H  CH.sub.3                                            

                                 CH.sub.3                                      

                                    H  "                       CH.sub.3        

     13   t-C.sub.4 H.sub.9                                                    

              H  H  t-C.sub.4 H.sub.9                                          

                        H  CH.sub.3                                            

                                 CH.sub.3                                      

                                    CH.sub.3                                   

                                       "         H             --NH            

                                                               .vertline.      

                                                               CH.sub.3        

     14   H   H  C.sub.3 H.sub.7                                               

                    H   H  COOH  H  H  "         --N           NH              

     15   H   H  H  H   H        H  H  "         --N           O               

     Example                                                                   

          R.sup.1 to R.sup.10 same                                             

                        Z        Z.sup.1                                       

          as in cols. 1                                                        

          and 2                                                                

     __________________________________________________________________________

     10   "             OH       H                                             

     11   "             H        OH                                            

     12   "             OH       --                                            

     13   "             --       OH                                            

     14   "             OH       --                                            

     15   "             --       OH                                            

     __________________________________________________________________________

PAC  EXAMPLES 16 - 21
PAR  Employing the procedure of Example 3 a, but substituting a
      6-alkoxy-1-tetralone as shown in the left hand (first) column of Table II
      for 6-methoxy-1-tetralone, a 6-alkoxy-1-naphthol is produced, which is
      converted as per Example 3 b to the corresponding
      5-hydroxy-3,4-dihydro-2(1H)-naphthalenone shown in the middle column of
      Table II; employing the procedure of Example 3 c the naphthalenone is
      converted to the corresponding 5,6,7,8-tetrahydro-1,6-naphthalenediol
      which is reacted with an epoxide of the structure
      ##EQU13##
      in accordance with the procedure of Example 3d to form the corresponding
      1,2,3,4-tetrahydro-5-[2,3-epoxy-propoxy]-2-naphthol which is reacted with
      an amine of the structure
      ##EQU14##
      in accordance with the procedure of Example 3e to form the corresponding
      1,2,3,4-tetrahydro-5-[2-hydroxy-3-(R.sup.1, R.sup.2 -substituted
      amino)propoxy]-2-naphthol (formula I) as shown in the right hand (third)
      column of Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example                                                                   

          R.sup.12                                                             

               R.sup.8                                                         

                    R.sup.9                                                    

                         R.sup.10                                              

                              R.sup.8 - R.sup.10                               

                              as in Col. 1                                     

     __________________________________________________________________________

     16   C.sub.2 H.sub.5                                                      

               H    CH.sub.3                                                   

                         H    41                                               

     17   t-C.sub.4 H.sub.9                                                    

               H    H    t-C.sub.4 H.sub.9                                     

                              "                                                

     18   i-C.sub.3 H.sub.7                                                    

               C.sub.5 H.sub.11                                                

                    H    H    "                                                

     19   CH.sub.3                                                             

               CH.sub.3 O                                                      

                    CH.sub.3                                                   

                         H    "                                                

     20   C.sub.6 H.sub.13                                                     

               C.sub.3 H.sub.7                                                 

                    H    COOH "                                                

     21   C.sub.5 H.sub.11                                                     

               H    H    NH.sub.2                                              

                              "                                                

     Example                                                                   

          R.sup.8 to R.sup.10 as                                               

                 R.sup.3                                                       

                      R.sup.4                                                  

                          R.sup.5                                              

                              R.sup.6                                          

                                   R.sup.7                                     

                                       R.sup.1                                 

                                            R.sup.2                            

          in Col. 1                                                            

     __________________________________________________________________________

     16   "      H    H   H   C.sub.5 H.sub.11                                 

                                   CH.sub.3                                    

                                       H    H                                  

     17   "      i-C.sub.3 H.sub.7                                             

                      H   C.sub.2 H.sub.5                                      

                              H    H   H                                       

     18   "      C.sub.2 H.sub.5                                               

                      CH.sub.3                                                 

                          H   H    H                                           

     19   "      H    H   H   C.sub.6 H.sub.13                                 

                                   H                                           

     20   "      H    H   H   H    CH.sub.3                                    

                                       CH.sub.3                                

     21   "      H    CH.sub.3                                                 

                          H   CH.sub.3                                         

                                   H   CH.sub.3                                

                                            CH.sub.3                           

     __________________________________________________________________________

PAC  EXAMPLES 22 to 27
PAR  Following the procedure of Example 4a but substituting the substituted
      5,8-dihydro-1-naphthol shown in the left hand most (first) column of Table
      III for 5,8-dihydro-1-naphthol, the
      5,6,7,8-tetrahydro-6,7-epoxy-1-naphthol shown in the second column is
      formed. Following the procedure of Example 4b, the 1-naphthol in the
      second column is converted to the
      5,6,7,8-tetrahydro-1,6,7-naphthalenetriol set out in the third column of
      Table III. The naphthalenetriol is then reacted with sodium methoxide and
      an epoxide of the structure
      ##EQU15##
      in accordance with the procedure of Example 4c to form a
      2,3-trans-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
      which is reacted with a R.sup.1, R.sup.2 -substituted amine in accordance
      with the procedure of Example 1d to form the product shown in the right
      hand most (fourth) column of Table III.
TBL  __________________________________________________________________________

     Example                                                                   

          R.sup.8     R.sup.9                                                  

                          R.sup.10                                             

                              R.sup.8 - R.sup.10                               

                              same as in Col. 1                                

     __________________________________________________________________________

     22   COOH        H   H   "              "                                 

     23   H               H   "              "                                 

     24   H           H   NH.sub.2                                             

                              "              "                                 

     25   C.sub.2 H.sub.5 O                                                    

                      H   CH.sub.3                                             

                              "              "                                 

     26   CH.sub.3    CH.sub.3                                                 

                          CH.sub.3                                             

                              "              "                                 

     27               H   H   "              "                                 

     Example                                                                   

          R.sup.8 -R.sup.10 same                                               

                  R.sup.1                                                      

                       R.sup.2                                                 

                            R.sup.3                                            

                                R.sup.4                                        

                                     R.sup.5                                   

                                          R.sup.6                              

                                              R.sup.7                          

          as in Col. 1                                                         

     __________________________________________________________________________

     22   "       --N  NH   H   CH.sub.3                                       

                                     H    H   H                                

     23   "                 C.sub.2 H.sub.5                                    

                                CH.sub.3                                       

                                     H    H   H                                

     24   "       N    O    H   H    C.sub.6 H.sub.13                          

                                          C.sub.2 H.sub.5                      

                                              H                                

     25   "                 H   i-C.sub.3 H.sub.7                              

                                     CH.sub.3                                  

                                          H   H                                

     26   "       CH.sub.3                                                     

                       CH.sub.3                                                

                            H   H    C.sub.2 H.sub.5                           

                                          H   H                                

     27   "       H    H    H   H    H    CH.sub.3                             

                                              CH.sub.3                         

     __________________________________________________________________________

PAC  EXAMPLES 28 to 33
PAR  Following the procedure of Example 5a, but substituting
      ##SPC38##
PAL  for the 5,8-dihydro-1-naphthol and reacting the above substituted naphthol
      with a carboxylic acid anhydride
      ##EQU16##
      the compound shown in the left hand (first) column of Table IV is formed,
      which is reacted with silver acetate and iodine as in Example 5a to form a
      cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol as shown in the middle
      column of Table IV. The triol is reacted with an epoxide of the structure
      ##EQU17##
      as per Example 5b to form a
      2,3-cis-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
      which is reacted with an R.sup.1, R.sup.2 -substituted amine in accordance
      with Example 5c to form the product shown in the right hand column of
      Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Example                                                                   

          R.sup.12   R.sup.8                                                   

                         R.sup.9                                               

                              R.sup.10                                         

                                  R.sup.8 - R.sup.10 same                      

                                  as in Col. 1                                 

     __________________________________________________________________________

     28   CH.sub.3   COOH                                                      

                         H    H   "                                            

     29   C.sub.2 H.sub.5                                                      

                     NH.sub.2                                                  

                         H    H   "                                            

     30   C.sub.3 H.sub.7                                                      

                     H   CH.sub.3                                              

                              CH.sub.3                                         

                                  "                                            

     31              H   C.sub.2 H.sub.5 O                                     

                              H   "                                            

     32              H   H    H   "                                            

     33   C.sub.4 H.sub.9                                                      

                     CH.sub.3                                                  

                         C.sub.2 H.sub.5                                       

                              CH.sub.3                                         

                                  "                                            

     Example                                                                   

          R.sup.8 - R.sup.10 same                                              

                   R.sup.1                                                     

                         R.sup.2                                               

                              R.sup.3                                          

                                  R.sup.4                                      

                                      R.sup.5                                  

                                          R.sup.6                              

                                              R.sup.7                          

          as in Col. 1                                                         

     __________________________________________________________________________

     28   "        CH.sub.3                                                    

                         C.sub.2 H.sub.5                                       

                              H   H   CH.sub.3                                 

                                          H   CH.sub.3                         

     29   "        C.sub.2 H.sub.5                                             

                         C.sub.2 H.sub.5                                       

                              H   C.sub.2 H.sub.5                              

                                      CH.sub.3                                 

                                          CH.sub.3                             

                                              CH.sub.3                         

     30   "        --N   NH   H   H   H   H   H                                

     31   "        --NN--(CH.sub.2).sub.2 OH                                   

                              H   C.sub.6 H.sub.13                             

                                      H   CH.sub.3                             

                                              CH.sub.3                         

     32   "                   CH.sub.3                                         

                                  H   CH.sub.3                                 

                                          CH.sub.3                             

                                              H                                

     33   "        H     i-C.sub.3 H.sub.7                                     

                              H   C.sub.3 H.sub.7                              

                                      H   C.sub.2 H.sub.5                      

                                              C.sub.4 H.sub.9                  

     __________________________________________________________________________

PAC  EXAMPLE 34
PAC  2,3-cis-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(tert-butylamino)propoxy]-2,3-nap
     hthalenediol
PAC  a. cis-5,6,7,8-Tetrahydro-1,6,7-naphthalenetriol
PAR  A solution of 29.2 g. (0.2 mole) of 5,8-dihydro-1-naphthol and 40 ml. of
      acetic anhydride in 100 ml. of pyridine is prepared. After 16 hr. the
      solvent is removed in vacuo and the residue dissolved in ether and washed
      with 200 ml. of 5% hydrochloric acid, water, 200 ml. of 10% sodium
      hydroxide, saturated salt solution and dried. Solvent removal gives 34.2
      g. (90.5%) of crude acetate which is dissolved in 900 ml. of acetic acid
      and 36 ml. of water. 53.3 g. (0.32 mole) of silver acetate is added
      followed by 40.6 g. (0.16 g-atom) of iodine. The slurry is heated with
      good stirring at 85.degree. .+-. 10.degree. for 3 hr. under nitrogen,
      cooled and filtered. The filtrate is evaporated in vacuo and the residue
      dissolved in 250 ml. of methanol and cooled to 0.degree.. A solution of 40
      g. of sodium hydroxide in 200 ml. of water is added under nitrogen and the
      mixture stirred overnight. The bulk of the methanol is removed in vacuo
      whereupon a solid forms. The solid is separated by filtration, dissolved
      in 150 ml. of water and acidified with 20 ml. of concentrated hydrochloric
      acid. Cooling gives a solid which is filtered and dried to give 16.5 g.
      cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol) m.p.
      184.5.degree.-187.degree.. Three recrystallizations from absolute ethanol
      give the analytical sample, m.p. 188.degree.-188.5.degree..
PAR  Anal. Calc'd for C.sub.10 H.sub.12 O.sub.3 : C, 66.65; H, 6.71  Found: C,
      66.19; H, 6.68.
PAC  b. 2,3-cis-1,2,3,4-Tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
PAR  A solution of 1.20 g. (0.03 mole) of sodium methoxide and 5.4 g. (0.03
      mole) of cis-5,6,7,8-tetrahydro-1,6,7-naphthalenetriol in 200 ml. of
      methanol is prepared under nitrogen. The residue obtained upon solvent
      removal is stirred overnight with 200 ml. of dimethylsulfoxide and 4.65 g.
      (0.05 mole) of epichlorohydrin under nitrogen. The bulk of the solvent is
      removed at 50.degree. at 0.1 mm. and the residue dissolved in 100 ml. of
      water. Extraction with chloroform (10 .times. 200 ml.) gives a solid which
      is recrystallized from 150 ml. of hexane-ethyl acetate to give epoxy diol
      of the above title.
PAC  c.
      2,3-cis-1,2,3,4-Tetrahydro-5-[2-hydroxy-3-(tert-butylamino)propoxy]-2,3-na
     phthalenediol
PAR  A mixture of 3.0 g. of
      2,3-cis-1,2,3,4-tetrahydro-5-[2,3-(epoxy)-propoxy]-2,3-naphthalenediol
      (m.p. 104.degree.-107.degree., one spot on TLC--alumina, 5% methanol in
      chloroform, iodine visualization) and 22 ml of t-butyl amine is heated at
      85.degree.-95.degree. for 15 hours in a Parr bomb and the excess amine
      removed in vacuo. The solid obtained by trituration of the residue with
      ether is filtered and recrystallized from benzene to give 3.4 g., m.p.
      124.degree.-136.degree..
PAR  Anal. Calcd for C.sub.17 H.sub.27 NO.sub.4 : C,65.99; H,8.80; N,4.53.
      Found: C,66.08; H,8.88; N,4.45.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of the structure
      ##SPC39##
PAL  and stereoisomers and salts thereof, wherein R.sup.1 is lower alkyl;
      R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7 are the same or different
      and are selected from the group consisting of hydrogen and lower alkyl;
      and R.sup.8, R.sup.9 and R.sup.10 are the same or different and are
      selected from the group consisting of hydrogen, lower alkyl, lower alkoxy
      and cycloalkyl.
NUM  2.
PAR  2. Compounds of the structure
      ##SPC40##
PAL  and stereoisomers and salts thereof, wherein R.sup.1 is lower alkyl, and
      wherein the two adjacent hydroxy groups are in the cis configuration.
NUM  3.
PAR  3. The compound in accordance with claim 2 having the name
      2,3-cis-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(isopropylamino)propoxy]-2,3-nap
     hthalenediol.
NUM  4.
PAR  4. Compounds of the structure
      ##SPC41##
PAL  stereoisomers thereof and salts thereof.
NUM  5.
PAR  5. The compound in accordance with claim 4 having the name
      2,3-cis-1,2,3,4-tetrahydro-5-[2-hydroxy-3-(tert-butylamino)propoxy]-2,3-na
     phthalenediol.
NUM  6.
PAR  6. Compounds of the structure
      ##SPC42##
PAL  and stereoisomers and salts thereof, wherein R.sup.1 is lower alkyl.
NUM  7.
PAR  7. Compounds of the structure
      ##SPC43##
PAL  and stereoisomers and salts thereof, wherein R.sup.1 is lower alkyl.
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ABST
PAL  .omega.-[Bis(.omega.,.omega.-diphenylalkyl)amino]alkan-1-ol having the
      following formula:
      ##SPC1##
PAL  And their pharmaceutically acceptable acid addition salts which are useful
      for preventing and treating cerebral vascural diseases caused by cerebral
      blood flow disorder, processes for preparing the compounds and
      pharmaceutical compositions containing the compound.
BSUM
PAR  The present invention relates to a compound having superior cerebral blood
      flow-increasing activity. More particularly, it relates to
      .omega.-[bis(.omega.,.omega.-diphenylalkyl)amino]alkan-1-ol having the
      following formula:
      ##SPC2##
PAL  Wherein m is an integer of 1 to 3 and n is an integer of 2 to 4, and their
      pharmaceutically acceptable acid addition salts, processes for the
      preparation thereof and pharmaceutical compositions containing the
      compound.
PAR  Hitherto, there have been studied many kinds of diphenylalkylamines and it
      has been known that some diphenylalkylamines possess superior
      pharmacological activities, such as antihistamine, parasympatholytic,
      antispasmodic or antipyretic activity.
PAR  There has been synthesized various kinds of diphenylalkylamine derivatives
      and studied the pharmacological properties thereof. It has now been found
      out that .omega.-[bis(.omega. ,.omega.-diphenylalkyl)amino]alkan-1-ol and
      their pharmaceutically acceptable acid addition salts possess superior
      cerebral blood flow-increasing activity and are useful for preventing and
      treating cerebral vascular diseases caused by cerebral blood flow
      disorder.
PAR  An object of the present invention is to provide .omega.-[bis(.omega.
      ,.omega.-diphenylalkyl)amino]alkan-1-ol and their pharmaceutically
      acceptable acid addition salts which are useful for preventing and
      treating cerebral vascular diseases caused by cerebral blood flow
      disorder.
PAR  Another object of the invention is to provide processes for the preparation
      of .omega.-[bis(.omega. ,.omega.-diphenylalkyl)amino]alkan-1-ol and their
      pharmaceutically acceptable acid addition salts.
PAR  Further object of the invention is to provide a composition for preventing
      and treating cerebral vascural diseases caused by cerebral blood flow
      disorder containing the present compound set forth above as the
      essentially active ingredient.
PAR  Still further object of the invention is to provide a method for preventing
      and treating cerebral vascular diseases caused by cerebral blood flow
      disorder by administering the present compound set forth above to a
      patient.
PAR  These and other objects of the invention will be apparent from the
      description set forth hereinafter.
PAR  According to the present invention the present .omega.-[bis(.omega.
      ,.omega.-diphenylalkyl)amino]alkan-1-ol and their pharmaceutically
      acceptable acid addition salts can be prepared by reacting .omega.
      ,.omega.-diphenyl-1-substituted alkane with .omega.-aminoalkan-1-ol. The
      process can be illustrated by the following reaction scheme:
      ##SPC3##
PAL  Wherein m and n are the same as defined above, X is a halogen atom (e.g.
      Cl, Br or I) or a group of the formula: --OSO.sub.2 R wherein R is a lower
      alkyl group having 1 to 3 carbon atoms (e.g. methyl, ethyl or propyl) or
      an aryl group (e.g. phenyl, tolyl, p-chlorophenyl or o-nitrophenyl).
PAR  In the above process, .omega.,.omega. -diphenyl-1-substituted alkane [II]
      can be readily reacted with .omega.-aminoalkan-1-ol [III] by heating a
      mixture thereof at a temperature of about 100 to about 200.degree.C,
      preferably about 130.degree. to about 160.degree.C for a few to several
      hours in the presence or absence of an appropriate solvent (e.g. benzene,
      toluene, xylene or ethanol).
PAR  In this reaction it is preferable to use excess amounts of .omega.,.omega.
      -diphenyl-1-substituted alkane [II] or to add an excess of it in the way
      of the reaction for the purpose of minimizing the intermediate having the
      formula:
      ##SPC4##
PAL  wherein m and n are the same as defined above.
PAR  Furthermore, the reaction is preferably carried out in the presence of an
      acid acceptor, such as an alkali metal carbonate (e.g. sodium carbonate or
      potassium carbonate) or an organic tertiary amine (e.g. trimethylamine,
      triethylamine or pyridine).
PAR  Alternatively, the present .omega.-[bis(.omega.,.omega.
      -diphenylalkyl)-amino]alkan-1-ol [I] and their pharmaceutically acceptable
      acid addition salts can be prepared by the reaction of bis(.omega.,
      .omega.-diphenylalkyl)amine with .omega.-haloalkan-1-ol which is
      illustrated by the following reaction scheme:
      ##SPC5##
PAL  wherein m and n are the same as defined above and X' is a halogen atom
      (e.g. Cl, Br or I).
PAR  In the above process, bis9.omega.,.omega. -diphenylalkyl)amine [V] can be
      readily reacted with .omega.-haloalkan-1-ol [VI] by heating a mixture
      thereof at a temperature of about 100.degree. to about 200.degree.C,
      preferably about 130.degree. to about 160.degree.C for a few to several
      hours in the presence or absence of an appropriate solvent (e.g. benzene,
      toluene, xylene or ethanol).
PAR  In the above processes, when the present compound [I] is obtained in the
      free form, it can be converted into its pharmaceutically acceptable acid
      addition salts by reacting with an inorganic acid (e.g. hydrochloric acid,
      hydrobromic acid, hydroiodic acid, sulfuric acid or nitric acid) or an
      organic acid (e.g. malonic acid, fumalic acid, maleic acid, oxalic acid,
      tartaric acid or methanesulfonic acid). On the other hand, when it is
      obtained in a form of salt, it can be converted into its free base by
      conventional method such as treatment with an alkaline substance (e.g.
      sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
      carbonate, sodium bicarbonate or potassium bicarbonate).
PAR  Among the present compounds, 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      has been described in Yakugaku Zasshi, Vol. 91, No. 9, pages 972-979,
      1971. However, it has been merely described as a by-product of other
      compounds and further any pharmacological activity of the present compound
      has not been described in the literature.
PAR  The present .omega.-[bis(.omega.,.omega. -diphenylalkyl)amino]alkan-1-ol
      and their pharmaceutically acceptable acid addition salts possess superior
      pharmacological activity, e.g. increasing cerebral blood flow and regional
      cerebral blood flow. Accordingly, the present compounds are useful for
      preventing and treating cerebral vascular diseases caused by cerebral
      blood flow disorder, such as cerebral infarction and transient cerebral
      ischemia.
PAR  The present compounds show low toxicity, and for instance, LD.sub.50 of
      3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride in mice was 44.6
      mg/kg by intravenous injection and above 1000 mg/kg by oral
      administration.
PAR  The present .omega.-[bis(.omega.,.omega. -diphenylalkyl)amino]alkan-1-ol
      and their pharmaceutically acceptable acid addition salts can be
      administered orally or parenterally (e.g. intravenously) by conventional
      methods and with conventional pharmaceutical carriers in humans. They can
      be used in a form of tablets, capsules, powders or in a liquid form, such
      as solutions, emulsions, suspensions or syrups for oral administration,
      and in a form of solution in water, which is, if necessary, bufferred or
      made isotonic, for parenteral administration.
PAR  For the preparation of a solution or an injection of the present compounds,
      they are preferably dissolved in a mixed solvent of propyleneglycol-water
      or a aqueous solution of gluconic acid, lactobionic acid or a lactone of
      gluconic acid or lactobionic acid, by which the solubility of the present
      compounds can be increased.
PAR  The dosage per day of the present compounds for oral administration is
      within the range of about 0.2 to about 30 mg per kg of body weight,
      preferably within the range of about 0.5 to about 10 mg per kg of body
      weight, more particularly the range of about 1 to about 3 mg per kg of
      body weight. The dosage per day of the present compounds for intravenous
      injection is within the range of about 0.03 to about 10 mg per kg of body
      weight, preferably within the range of about 0.1 to about 3 mg per kg of
      body weight, more particularly the range of about 0.3 to about 1 mg per kg
      of body weight. Consequently, the present pharmaceutical composition
      contains the present compounds in the range of about 1.5 to about 1500 mg
      per daily dosage unit in adults, especially the range of about 10 to about
      1500 mg per daily dosage unit for oral administration and the range of
      about 1.5 to about 500 mg per daily dosage unit for intravenous injection.
PAR  The preparation of the present .omega.-[bis(.omega.,.omega.
      -diphenylalkyl)amino]alkan-1-ol and their pharamceutically acceptable acid
      addition salts is set forth in the following Examples which are
      illustrative but not limiting.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 3,3-diphenyl-1-chloropropane (8.5 g) and 3-aminopropan-1-ol
      (2.8 g) was heated with agitation at 150.degree. to 160.degree.C for 6
      hours. After cooling, benzene (50 ml) was added to the reaction mixture
      and the solution was washed with 10 % hydrochloric acid and water in
      order. The benzene layer was dried over anhydrous sodium sulfate and
      evaporated under reduced pressure to give crystalline residue (5.0 g). The
      resultant residue was recrystallized from ethanol-ether to give
      3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride (4.2 g). M.P.
      152.degree. to 153.degree.C
PAR  Anal. Calcd. for C.sub.33 H.sub.37 NO.HCl: C,79.25; H,7.66; N,2.80;
      Cl,7.09. Found: C,79.12; H,7.68; N,2.69; Cl,7.11.
PAR  In the same manner as described above, some other salts of the above
      compound were prepared by using acids listed below instead of hydrochloric
      acid:
PAR  A salt of sulfuric acid: M.P. 77.degree. to 80.degree.C. Anal. Calc. for
      C.sub.33 H.sub.37 ON.1/2H.sub.2 SO.sub.4. 2/3H.sub.2 O: C,75.53; H,7.56;
      N,2.67; S,3.06. Found: C,75.40; H,7.35; N,2.64; S,3.27.
PAR  A salt of oxalic acid: M.P. 130.degree. to 131.degree.C. Anal. Calcd. for
      C.sub.33 H.sub.37 ON.C.sub.2 H.sub.2 O.sub.4 : C,75.92; H,7.10; N,2.53.
      Found: C,76.09; H,7,12; N,2.57.
PAR  A salt of tartaric acid: M.P. 138.degree. to 140.degree.C. Anal. Calcd. for
      C.sub.33 H.sub.37 ON.1/2C.sub.4 H.sub.6 O.sub.6 : C,78.04; H,7.48; N,2.60.
      Found: C,78.06; H,7.40; N,2.67.
PAR  A salt of methanesulfonic acid: M.P. 143.degree. to 145.degree.C. Anal.
      Calcd. for C.sub.33 H.sub.37 ON.CH.sub.3 SO.sub.3 H: C,72.95; H,7.38;
      N,2.50; S,5.73. Found: C,72.92; H,7,37; N,2.33; S,5.78.
PAC  EXAMPLE 2
PAR  A mixture of 3,3-diphenyl-1-chloropropane (10 g) and 2-aminoethan-1-ol (2.8
      g) was heated with agitation at 135.degree. to 145.degree.C for 4 hours.
      After cooling, the reaction mixture was dissolved in chloroform (50 ml)
      and the solution was washed with 10 % hydrochloric acid and water in
      order. The chloroform layer was dried over anhydrous sodium sulfate and
      evaporated under reduced pressure to give crystalline residue (11 g). The
      resultant residue was recrystallized from ethanol-ether to give
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride (7.0 g). M.P.
      146.degree. to 148.degree.C.
PAR  Anal. Calc. for C.sub.32 H.sub.35 ON.HCl: C,79.07; H,7,47; N,2.88; Cl,7.29.
      Found: C,79.01; H,7.43; N,2.72; Cl,7.25
PAC  EXAMPLE 3
PAR  A mixture of 3,3-diphenylpropyl methanesulfonate (10 g), 3-aminopropan-1-ol
      (1.5 g) and anhydrous sodium carbonate (8 g) in xylene (100 ml) was heated
      at 135.degree. to 145.degree.C for 4 hours. After cooling, the reaction
      mixture was filtered and the filtrate was concentrated. To the resulting
      residue was added chloroform (100 ml). The solution was washed with 5 %
      hydrochloric acid and water in order, and the chloroform layer was dried
      over anhydrous sodium sulfate and evaporated. The resulting residue was
      crystallized from ether and then recrystallized from ethanolether to give
      3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride (4.0 g). M.P.
      152.degree. to 154.degree.C.
PAC  EXAMPLE 4
PAR  In the same manner as described in Example 3,3,3-diphenylpropyl
      para-toluenesulfonate (10 g) was reacted with 3-aminopropan-1-ol (1.2 g)
      to give 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride (3.5 g).
      M.P. 152.degree. to 154.degree.C. EXAMPLE 5
PAR  A mixture of 3,3-diphenylpropyl methanesulfonate (10 g), 2-aminoethan-1-ol
      (1.2 g) and anhydrous sodium carbonate (8 g) in xylene (50 ml) was heated
      at 135.degree. to 145.degree.C for 4 hours. After cooling, the reaction
      mixture was filtered and the filtrate was concentrated. To the resulting
      residue was added chloroform (100 ml). The solution was washed with 5 %
      hydrochloric acid and water in order, and the chloroform layer was dried
      over anhydrous sodium sulfate and evaporated. The resulting residue was
      crystallized from ether and then recrystallized from ethanolether to give
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride  (6.8 g). M.P.
      146.degree. to 148.degree.C.
PAC  EXAMPLE 6
PAR  In the same manner as described in Example 5, 3,3-diphenylpropyl
      para-toluenesulfonate (10 g) was reacted with 2-aminoethan-1-ol (1.0 g) in
      xylene (50 ml) in the presence of anhydrous sodium carbonate (8 g) to give
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride (5.0 g). M.P.
      146.degree. to 148.degree.C.
PAC  EXAMPLE 7
PAR  To bis(3,3-diphenylpropyl)amine (1.2 g) was added 3-chloropropan-1-ol (20
      ml) and the mixture was heated with agitation at 150.degree. to
      160.degree.C for 4 hours. The reaction mixture was evaporated under
      reduced pressure, and to the resulting residue was added benzene (20 ml).
      The mixture was washed with 5% hydrochloric acid and water in order. The
      benzene layer was dried over anhydrous sodium sulfate and evaporated under
      reduced pressure to give oily residue. The residue thus obtained was
      crystallized from acetone-petroleum ether and further recrystallized from
      ethanol-ether to give 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride (0.5 g). M.P. 152.degree. to 154.degree.C.
PAR  The starting bis(3,3-diphenylpropyl)amine used in the above method was
      prepared as follows:
PAR  A mixture of 3,3-diphenylpropylamine (4.9 g) and
      3,3-diphenyl-1-chloropropane (5.0 g) in xylene (10 ml) was heated at
      120.degree. to 130.degree.C for 4 hours. After cooling, a small amount of
      benzene was added to the reaction mixture and then the mixture was
      filtered to remove 3,3-diphenylpropylamine hydrochloride. The filtrate was
      washed with 5 % hydrochloric acid and water in order. The organic layer
      was dried over anhydrous sodium sulfate and evaporated under reduced
      pressure. The resulting crystalline residue was recrystallized from
      methanol to give bis(3,3-diphenylpropyl)amine hydrochloride (3.0 g.). M.P.
      192.degree. to 194.degree.C.
PAR  Anal. Calcd. for C.sub.30 H.sub.31 N.HCl: C,81.55; H,7.24; N,3.17; Cl,8.03.
      Found: C,81.65; H,7.53; N,3.01; Cl,8.19.
PAC  EXAMPLE 8
PAR  To bis(3,3-diphenylpropyl)amine (3 g) was added ethylene chlorohydrin (60
      ml) and the mixture was heated with agitation at 130.degree. to
      140.degree.C for 4 hours. The reaction mixture was evaporated to remove
      unreacted ethylene chlorohydrin, and to the resulting residue was added
      benzene (50 ml). The mixture was washed with 5 % hydrochloric acid and
      water in order. The benzene layer was dried over anhydrous sodium sulfate
      and evaporated under reduced pressure to give oily residue (3.5 g). The
      residue thus obtained was crystallized from acetone-petroleum ether and
      further recrystallized from ethanol-ether to give
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride (2.0 g). M.P.
      146.degree. to 148.degree.C.
PAR  3-[Bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride and
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride prepared in
      accordance with the foregoing procedure were administered to laboratory
      test animals following established procedures and were found to exhibit
      unexpected and desirable pharmacological properties. The following
      Examples are representative of such determinations. In the Examples,
      papaverine hydrochloride and cinnarizine hydrochloride
      (1-cinnamyl-4-diphenylmethylpiperazine hydrochloride) being a kind of
      diphenylalkylamine derivative, which have been used as a cerebral
      vasodilator, were used as controls.
PAC  EXAMPLE 9
PAR  Effect on carotid artery blood flow:
PAR  To study the effect of 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride and 2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride
      on carotid artery blood flow, 3 dogs of either sex, weighing 16 - 20 kg,
      were used.
PAR  The electric magnetic flow meter (Nihonkoden, MF-5) was placed on the left
      common carotid artery. Femoral artery blood flow was also measured with
      the flow meter and systemic blood pressure in the right femoral artery was
      recorded with the pressure transducer (Nihonkoden, MP-4T), simultaneously.
      The results are shown in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Drug            Dose Heart rate      Systemic artery blood                

                     (mg/kg,                                                   

                          (beats/min)     pressure (mmHg)                      

                     iv)                                                       

                          Before                                               

                              After                                            

                                  (%) Dura-                                    

                                          Before                               

                                              After                            

                                                  (%) Dura-                    

                                      tion            tion                     

                                      (min)           (min)                    

     __________________________________________________________________________

     Papaverine      0.03 150 153 2   0.5 128 123 -4  0.7                      

                     0.10 150 158 5   0.9 127 118 -7  1.0                      

                     0.30 152 180 18  1.2 128 107 -16 1.3                      

     Cinnarizine     0.03 151 151 0   0   128 125 -3  0.2                      

                     0.10 154 158 3   0.8 130 124 -5  1.8                      

                     0.30 150 158 5   3.2 129  98 -24 3.5                      

     3-[bis(3,3-diphenylpropyl)-                                               

                     0.03 147 147 0   0   117 116  0  0.4                      

     amino]propan-1-ol hydro-                                                  

                     0.10 152 157 3   1.0 115 111 -4  2.4                      

     chloride        0.30 155 167 8   2.7 117 105 -10 2.8                      

     2-[bis(3,3-diphenylpropyl)-                                               

                     0.03 139 139 0   0   116 114 -3  0.3                      

     amino]ethan-1-ol hydro-                                                   

                     0.10 145 148 2   1.4 116 110 - 5 2.3                      

     chloride        0.30 148 161 9   2.0 114 103 -10 4.2                      

     __________________________________________________________________________

     Drug                 Carotid artery blood                                 

                                          Femoral artery blood                 

                          flow (ml/min)   flow                                 

                          Before                                               

                              After                                            

                                  (%) Dura-                                    

                                          Before                               

                                              After                            

                                                  (%) Dura-                    

                                      tion            tion                     

                                      (min)           (min)                    

     __________________________________________________________________________

     Papaverine           124 136 10  0.7 45  49   9  0.8                      

                          126 181 44  0.9 43  59  37  1.2                      

                          122 232 90  1.4 43  82  91  1.7                      

     Cinnarizine          120 128 7   1.0 44  48   9  0.6                      

                          116 129 11  1.0 43  52  21  0.8                      

                          115 162 41  2.7 44  58  32  3.0                      

     3-[bis(3,3-diphenylpropyl)-                                               

                          131 145 11  0.9 45  49   9  0.6                      

     amino]propan-1-ol hydro-                                                  

                          137 176 29  1.6 42  46  10  2.1                      

     chloride             133 195 47  2.7 38  45  18  3.1                      

     2-[bis(3,3-diphenylpropyl)-                                               

                          126 132 5   0.8 43  45   5  0.8                      

     amino]ethan-1-ol hydro-                                                   

                          125 166 33  2.1 40  44  10  2.5                      

     chloride             125 188 50  2.9 42  49  17  3.4                      

     __________________________________________________________________________

PAR  As shown in Table I, when 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride and 2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride
      were injected intravenously in a dose of 0.03 mg/kg or more, carotid
      artery blood flow increased, but the rate of increase in femoral artery
      blood flow was not so significant.
PAR  Papaverine increased carotid and femoral artery blood flow at the same
      extent, but the duration of the effect was short in comparison with
      3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride and
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride. Cinnarizine also
      increased carotid artery blood flow similar to
      3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride and
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride, but it increased
      femoral artery blood flow in the same way as papaverine.
PAC  EXAMPLE 10
PAR  Effect on regional cerebral blood flow
PAR  To study the effect of 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride and 2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride
      on regional cerebral blood flow, 5 dogs of either sex, weighing 9 - 12 kg,
      were used.
PAR  The thermo couples (Shinei, P-6 & AWN-500) were placed on gyrus
      suprasylvius of cortex and hippocampus for measurement of the regional
      cerebral blood flow. At the same time, systemic blood pressure and carotid
      artery blood flow were recorded. The results are shown in Table II.
TBL                                    Table II                                

     __________________________________________________________________________

     Drug           Dose  Heart rate           Systemic artery blood           

                    (mg/kg,                                                    

                          beats/min)           pressure (mmHg)                 

                    iv)                                                        

                          Before                                               

                               After                                           

                                    (%)   Dura-                                

                                               Before                          

                                                    After                      

                                                         (%)   Dura-           

                                          tion                 tion            

                                          (min)                (min)           

     __________________________________________________________________________

     Papaverine     0.03  128  138  7.8   0.5  122  116  -4.9  0.8             

                    0.10  116  128  10.3  1.2  119  106  -10.9 1.3             

                    0.30  132  154  16.7  1.7  131  113  -13.7 1.9             

     Cinnarizine    0.03  120  120  0     0    135  129  -4.4  2.0             

                    0.10  129  131  1.6   1.5  141  133  -5.7  3.2             

                    0.03  116  122  5.2   2.8  129  115  -10.9 4.0             

     3-[bis(3,3-diphenyl-                                                      

                    0.03  138  138  0     0    118  116  -1.7  1.2             

     propyl)amino]propan-                                                      

                    0.10  143  148  3.5   2.1  125  112  -10.4 2.2             

     1-ol hydrochloride                                                        

                    0.30  129  136  5.4   3.8  129  108  -16.3 3.9             

     2-[bis(3,3-diphenyl-                                                      

                    0.03  122  122  0     0    155  155  0     0               

     propyl)amino]ethan-                                                       

                    0.10  132  135  2.3   1.4  149  144  -3.4  3.0             

     1-ol hydrochloride                                                        

                    0.30  128  137  7.0   3.1  145  134  - 7.6 4.3             

     __________________________________________________________________________

     Drug           Carotid artery blood                                       

                                    Regional cerebral blood                    

                                                    Regional cerebral blood    

                    flow (ml/min)   flow (cortex) (.mu.V)                      

                                                    flow (hippocampus)         

                                                    (.mu.V)                    

                    Before                                                     

                        After                                                  

                            (%) Dura-                                          

                                    Before                                     

                                        After                                  

                                            (%) Dura-                          

                                                    Before                     

                                                        After                  

                                                            (%) Dura-          

                                tion            tion            tion           

                                (min)           (min)           (min)          

     __________________________________________________________________________

     Papaverine     62  66   6.5                                               

                                0.8 124 128  3.2                               

                                                0.7 129 135  4.7               

                                                                1.2            

                    68  80  17.6                                               

                                1.2 110 119  8.2                               

                                                1.3 131 145 10.7               

                                                                1.7            

                    75  114 52.0                                               

                                1.6 129 148 14.7                               

                                                1.6 137 162 18.2               

                                                                2.4            

     Cinnarizine    70  76   8.6                                               

                                1.0 110 117  6.4                               

                                                2.4 122 127  4.1               

                                                                0.8            

                    56  67  19.6                                               

                                2.1 115 128 11.3                               

                                                2.8 114 127 11.4               

                                                                2.0            

                    77  109 41.6                                               

                                2.9 114 144 26.3                               

                                                3.1 115 138 20.0               

                                                                3.0            

     3-[bis(3,3-diphenyl-                                                      

                    52  56   7.6                                               

                                1.2 116 122  5.2                               

                                                1.1 141 145  2.8               

                                                                1.2            

     propyl)amino]propan-                                                      

                    68  84  23.5                                               

                                1.8 125 145 16.0                               

                                                1.7 128 142 10.9               

                                                                1.9            

     1-ol hydrochloride                                                        

                    64  92  43.5                                               

                                3.6 118 156 32.2                               

                                                3.4 132 160 21.2               

                                                                3.7            

     2-[bis(3,3-diphenyl-                                                      

                    37  40   8.1                                               

                                1.0                 155 164  5.8               

                                                                1.2            

     propyl)amino]ethan-                                                       

                    47  56  19.1                                               

                                2.0                 127 140 10.2               

                                                                2.1            

     1-ol hydrochloride                                                        

                    46  62  34.8                                               

                                3.7                 144 172 19.4               

                                                                3.6            

     __________________________________________________________________________

PAR  As shown in Table II, when 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride was injected intravenously in a dose of 0.03 mg/kg or more,
      the regional cerebral blood flow was increased at the sites of cortex and
      hippocampus. 2-[Bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride was
      also increased the regional cerebral blood flow at the site of
      hippocampus.
PAR  Papaverine increased the regional blood flow in the site of hippocampus,
      but the rate of increase in the site of cortex was not so significant. And
      the effect of papaverine in the site of hippocampus was weak as compared
      with 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride and
      2-[bis(3,3-diphenylpropyl)amino]ethan-1-ol hydrochloride. Cinnarizine
      increased the regional blood flow in the sites of cortex and hippocampus.
PAC  EXAMPLE 11
PAR  Effect on the regional cerebral oxygen tension
PAR  To study of 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol hydrochloride on
      the regional cerebral oxygen tension, 7 dogs of either sex, weighing 10 -
      12 kg, were used.
PAR  The oxygen electrode was placed by the side of the thermo couple which was
      set on cortex and measured by electric oxygraph polarographically. At the
      same time, systemic blood pressure, carotid artery blood flow and regional
      cerebral blood flow (at the site of cortex) were measured. The results are
      shown in Table III.
TBL                                    Table III                               

     __________________________________________________________________________

     Drug           Dose  Heart rate           Systemic artery blood           

                    (mg/kg,                                                    

                          (beats/min)          pressure (mmHg)                 

                    iv)                                                        

                          Before                                               

                               After                                           

                                    (%)   Dura-                                

                                               Before                          

                                                    After                      

                                                         (%)   Dura-           

                                          tion                 tion            

                                          (min)                (min)           

     __________________________________________________________________________

     Papaverine     0.03  123  130  5.7   0.6  127  121  -4.7  1.2             

                    0.10  126  134  6.3   1.3  135  115  -14.8 1.8             

                    0.30  119  137  15.1  2.0  126  95   -24.6 3.1             

     Cinnarizine    0.03  127  127  0     0    144  144  0     0               

                    0.10  131  133  1.5   0.8  140  134  -4.3  2.3             

                    0.30  118  126  6.8   2.1  134  123  -8.2  3.5             

     3-[bis(3,3-diphenyl-                                                      

                    0.03  129  129  0     0    125  121  -3.2  1.8             

     propyl)amino]propan-                                                      

                    0.10  130  133  2.3   1.5  126  114  -9.5  2.5             

     1-ol hydrochloride                                                        

                    0.30  126  131  4.0   2.1  131  113  -13.7 3.6             

     __________________________________________________________________________

     Drug           Carotid artery blood                                       

                                    Regional cerebral blood                    

                                                    Regional cerebral oxygen   

                                                    ten-                       

                    flow (ml/min)   flow (cortex) (.mu.V)                      

                                                    sion (cortex) (.times.     

                                                    10.sup.+.sup.8 Amp)        

                    Before                                                     

                        After                                                  

                            (%)                                                

                               Dura-                                           

                                    Before                                     

                                        After                                  

                                            (%) Dura-                          

                                                    Before                     

                                                        After                  

                                                            (%) Dura-          

                               tion             tion            tion           

                               (min)            (min)           (min)          

     __________________________________________________________________________

     Papaverine     72  80  11.1                                               

                               1.1  114 119  4.4                               

                                                0.9 19.7                       

                                                        19.7                   

                                                            0   0              

                    83  108 30.1                                               

                               1.4  110 117  6.4                               

                                                1.5 22.3                       

                                                        23.4                   

                                                             4.9               

                                                                2.0            

                    68  112 64.7                                               

                               1.8  119 133 11.8                               

                                                2.1 18.5                       

                                                        20.0                   

                                                             8.1               

                                                                4.5            

     Cinnarizine    61  66   8.2                                               

                               0.9  116 122  5.2                               

                                                1.6 20.5                       

                                                        20.9                   

                                                             2.0               

                                                                1.8            

                    57  65  14.0                                               

                               1.7  125 139 11.3                               

                                                2.4 18.3                       

                                                        20.7                   

                                                            13.1               

                                                                3.2            

                    60  81  35.0                                               

                               2.6  106 130 22.6                               

                                                3.1 22.2                       

                                                        26.5                   

                                                            19.4               

                                                                3.5            

     3-[bis(3,3-diphenyl-                                                      

                    55  60   9.1                                               

                               1.3  113 123  8.8                               

                                                1.7 21.5                       

                                                        21.9                   

                                                             1.9               

                                                                1.7            

     propyl)amino]propan-                                                      

                    65  80  23.1                                               

                               2.1  115 135 17.5                               

                                                2.6 18.3                       

                                                        20.9                   

                                                            14.2               

                                                                2.2            

     1-ol hydrochloride                                                        

                    59  85  44.1                                               

                               3.9  122 161 32.2                               

                                                4.0 17.9                       

                                                        22.4                   

                                                            25.1               

                                                                5.3            

     __________________________________________________________________________

PAR  As shown in Table III, when 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride was injected intravenously in a dose of 0.10 mg/kg or more,
      the regional oxygen tension of cortex was increased in proportion to the
      increase of regional blood flow.
PAR  The effect of papaverine on regional cerebral oxygen tension was pretty
      weak as compared with 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride. Cinnarizine increased the regional oxygen tension with the
      increase of regional blood flow, but the effect of cinnarizine was a
      little weak in comparison with 3-[bis(3,3-diphenylpropyl)amino]propan-1-ol
      hydrochloride.
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ABST
PAL  Novel copolymers are prepared in the novel process comprising
      copolymerizing an N-substituted aziridine with a vicinal epoxide or
      episulfide. Compounds having at least one active hydrogen, such as water
      or an alcohol, may be advantageously included as coreactants in the
      process. The structure of the copolymers, exclusive of any chain-extending
      or terminal groups, is defined by alternating ring-opened units of the
      N-substituted aziridine monomer and the epoxide or episulfide monomer. The
      copolymers are useful as stabilizers for chlorinated solvents, rubber cure
      accelerators, antioxidants, surfactants, lubricants, acid scavengers,
      dye-retention aids, retention aids for starch, and as flocculants.
PARN
PAR  This is a continuation of application Ser. No. 846,263 filed July 30, 1969,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Previous attempts to copolymerize aziridines (ethylenimines) and vicinal
      epoxides or episulfides, including both the substituted and nonsubstituted
      monomers, have been generally unsuccessful in that the reaction product
      was not an alternating copolymer but was rather a mixture of homopolymers,
      or a polyalkylenimine having pendant hydroxyalkyl groups, as illustrated
      by: (1) Y. Oshiro et al., Chem. Abstracts, 64: 14291b; 64: 14292c; and 66:
      19069p; (2) C. G. Overberger et al., Journal of Polymer Science: Part A.
      Vol. 2, 2481 (1964); O. C. Dermer, Wright Air Development Center(WADC)
      Technical Report 55-447(1956), Publication Board (PB) 121,796. Generally a
      catalyst, such as BF.sub.3, was considered essential in the reaction.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to novel copolymers and a novel process for their
      preparation. The process is herein referred to as an "oxamination
      reaction" or "thiamination reaction," the difference between the two being
      an epoxide is used as a reactant in the oxamination reaction and an
      episulfide reactant is used in the thiamination reaction.
PAR  The novel process comprises reacting by contacting an N-substituted
      aziridine of the formula
      ##EQU1##
      with a vicinal epoxide or episulfide of the formula
      ##EQU2##
      wherein X is oxygen or sulfide, R is an inert organic group and R.sub.1
      -R.sub.8 are H or inert organic groups, the preferred compounds being
      those wherein R is an inert hydrocarbon group; R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 are hydrogen, alkyl, aryl or aralkyl groups, at least two of
      them being hydrogen; R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are hydrogen,
      alkyl, aryl, alkaryl, aralkyl, alkenyl, alkoxyalkyl, alkenyloxyalkyl or
      R.sub.6 and R.sub.7 join to form a five or six membered cycloalkyl group,
      at least two of them being hydrogen.  With the provision that when R is a
      hydrocarbon group of at least six carbon atoms, the process is conducted
      at a temperature of at least about 130.degree.C and the process comprises
      the additional step of recovering a waterinsoluble copolymer. Optionally,
      a compound bearing at least one active hydrogen, hereinafter referred to
      as a coreactant, is included in the process. Such coreactants are
      compounds such as water, alcohols, carboxylic acids, thiols, amines, and
      the like. The backbone structure of the novel copolymers, exclusive of any
      chain-extending or terminal group, is characterized by alternating
      ring-opened units of said aziridine monomer and epoxide or episulfide
      monomer. The copolymers are useful as stabilizers for chlorinated
      solvents, rubber cure accelerators and antioxidants, surfactants,
      lubricants, acid scavengers, dye-retention aids, retention aids for
      starch, and as flocculants.
PAR  The novel copolymers are unique in that the backbone structure consists
      essentially of alternating ring-opened units of the aziridine monomer and
      the epoxide or episulfide monomer. To wit, the copolymer backbone,
      exclusive of any chain-extending or terminal groups, contains the
      repeating copolymer unit
EQU  --CR.sub.1 R.sub.2 --CR.sub.3 R.sub.4 --N(R)--CR.sub.5 R.sub.6 --CR.sub.7
      R.sub.8 --X--,                                            (III)
PAL  wherein the values for X, R and R.sub.1 -R.sub.6 are as defined above. The
      copolymer unit may be repeated up to 1,000 times or more. In some
      instances, the copolymer chain may be interrupted or terminated by the
      residue of an optionally included coreactant; said residue being derived
      by the removal of active hydrogen, i.e., replaceable hydrogen, from said
      coreactant. A coreactant can therefore be advantageously included to
      provide a desired terminal group or a chain-extending group in the
      backbone of the linear polymers, and, polyfunctional coreactants having
      three or more active sites can be used to obtain branched polymers. When a
      coreactant is present in the process, the polymeric product is represented
      by the general structural formula Z--B--AB.sub.m Y.sub.n or Z--AB.sub.m
      Y.sub.n, wherein Z is the coreactant residue derived by the removal of n
      active hydrogens from a coreactant; AB is one copolymer unit having
      formula (III) above; A is a ring-opened unit of aziridine monomer; B is
      one ring-opened unit of epoxide or episulfide monomer; Y is hydrogen or
      --CR.sub.1 R.sub.2 --CR.sub.3 R.sub.4 --NHR; m is an integer between 1 and
      about 1000 or more; and n is an integer of at least 1 and is equal to the
      number of active hydrogen abstracted from the coreactant. Most generally,
      Y is hydrogen.
PAC  Reactants
PAR  A coreactant in the subject process is, in general, any compound having one
      or more active hydrogen atoms, i.e., hydrogens which are replaceable under
      the process conditions and are generally active in the Zerewitinoff
      Reaction.
PAR  Suitable coreactants are compounds such as the alcohols, aliphatic polyols,
      phenols, alkanolamines, primary or secondary amines,
      polyalkylenepolyamines, polyalkylenimines, amides, polyamides, thiols,
      carboxylic acids having a K.sub.a value less than 6.5 .times.
      10.sup..sup.-2, oxyalkylated derivatives prepared by condensing alkylene
      oxides onto any of the above compounds, natural products, and also organic
      compounds such as water, hydrogen sulfide and ammonia.
PAR  A coreactant in the process in at least trace amounts is preferred.
PAR  Suitable coreactants therefore include:
PAR  a. alcohols such as alkanols having one to about 25 carbon atoms, e.g.,
      methanol, ethanol, isopropanol, t-butanol, cyclohexanol, 3-octanol,
      .beta.-phenethyl alcohol, 1-dodecanol and 1-octadecanol; alkenols having
      up to about 20 carbon atoms, such as allyl alcohol, crotyl alcohol,
      methylvinyl carbinol, linoleyl alcohol; alkynols having up to about 10
      carbon atoms such as propargyl alcohol, 1-pentyn-5-ol, 4-octyn-2-ol;
      alkoxy- and aroxy-substituted alcohols such as 2-methoxyethanol,
      2-isobutoxyethanol, 2-phenoxyethanol, 1-(2-butoxyethoxy)-2-propanol,
      1-isobutoxy-2-propanol, 1-methoxy-2-propanol;
PAR  b. aliphatic polyols such as ethylene glycol, propylene glycol, butylene
      glycol, 1,3-dihydroxyhexane, sucrose, glucose, sorbitol, pentaerythritol,
      glycerol, and oxyalkylated derivatives of such polyols, polyethylene
      glycol, polypropylene glycol, polybutylene glycol, alkyl or aryl
      mono-ethers of such polyalkylene glycols, e.g., polyethylene glycol phenyl
      ether and polypropylene glycol propyl ether, polyvinyl alcohol,
      polyepichlorohydrin, copolymers of ethylene and allyl alcohol or
      .beta.-hydroxyethylacrylate;
PAR  c. phenols such as phenol, nonylphenol, resorcinol, hydroquinone,
      1,3,5-trihydroxybenzene, 4-(methylthio) phenol, o-chlorophenol,
      thiophenol, 2-ethylthiophenol, p-nitrophenol, o-phenylphenol,
      4-bromophenol, 2,4,5-trichlorophenol, o- or p-cresol, and polyphenols such
      as p,p'-isopropylidenediphenol (bisphenol A), and the novolac resins which
      are the condensation products of phenol and formaldehyde;
PAR  d. alkanolamines such as mono-, di- and triethanolamine, mono-, di- and
      tripropanolamine, N,N,N'N'-tetraethanolethylenediamine,
      N,N-dipropanolethanolamine;
PAR  e. primary and secondary amines such as aniline, butylamine,
      octadecylamine, allylamine, diethyleneamine, cyclohexylamine,
      ethylenediamine, propylenediamine, and butylenediamine;
PAR  f. polyalkylenepolyamines and polyalkylenimines such as diethylenetriamine,
      triethylenetetramine, dipropylenetriamine, tripropylenetetramine,
      dibutylenetriamine, and polymeric condensation products of alkylene
      dihalides and alkylene diamines, e.g., the reaction product of
      ethylenediamine and 1,3-dichloropropane, and polymers on up to
      polyethylenimine, polypropylenimine or polybutylenimine having a molecular
      weight of about 1 million or more.
PAR  g. amides such as formamide, acetamide, benzamide, N-methylbenzamide,
      acrylamide, methacrylamide, stearamide and polyamides such as nylon and
      polyacrylamide;
PAR  h. thiols such as methyl mercaptan, octyl mercaptan, and sulfur-containing
      polymers such as polyethylenesulfide and polypropylenesulfide.
PAR  i. carboxylic acids such as benzoic, acrylic, methacrylic, adipic, acetic,
      heptanoic, stearic, tall oil, tall oil acids, rosin, oleic, linoleic,
      lactic, glycine, polyacrylic, polymethacrylic, p-chlorobenzoic,
      2,4-dimethylbenzoic, citric, coal tar acids and naphthenic acid, and
      polymers containing terminal carboxy groups such as carboxy-terminated
      polybutadienes and polyesters, copolymers of ethylene and acrylic acid;
      and
PAR  j. natural products such as the carbohydrates, sugars, cellulose, starch,
      proteins, gums, and derivatives of such products so long as an active
      hydrogen is available, such as methylcellulose.
PAR  Presently preferred organic coreactants are the aliphatic alcohols,
      polyols, carboxylic acids, and oxalkylated polyols derived by condensing
      alkylene oxide of two to four carbon atoms onto such aliphatic alcohols
      and polyols.
PAR  Water is the presently preferred inorganic coreactant. The effect of water
      on the oxamination or thiamination process is quite pronounced, eg., the
      rate of reaction increases and the molecular weight of the copolymer
      decreases as one increases the amount of water in the reaction mixture.
      Water is suitably included in the process in amounts up to about 35 mole
      percent, based on (a) the moles of aziridine (when a molar excess of
      epoxide or episulfide is used), or (b) the moles of epoxide or episulfide
      (when a molar excess of aziridine is used). At higher concentrations,
      i.e., above about 35 mole percent, alkanolamines or mercaptoalkyleneamines
      are formed and homopolymerization of the aziridine and/or the epoxide or
      episulfide monomers occurs. Accordingly care should be taken to control
      the amount of water in the process system and reactants.
PAR  Mixtures of inorganic and/or organic coreactants may be used if desired.
      Typical mixtures of coreactants comprise water and another coreactant.
PAR  Suitable N-substituted aziridine reactants in the subject process have the
      structural formula
      ##EQU3##
      wherein
PAR  a. R is suitably any inert organic group, i.e., any group that remains
      inert during the reaction. R is accordingly a hydrocarbon or a hydrocarbon
      whose chain is (1) interrupted by an oxygen, sulfur or tertiary nitrogen
      atom, or (2) which is joined to another inert hydrocarbon group through an
      ester linkage, or (3) which is terminated by an N,N-disubstituted
      carbamoyl or cyano group, or (4) acyl group.
PAR  R is therefore suitably alkyl; aryl; cyano-, halo- or nitro-substituted
      aryl; alkenyl; aralkyl; alkaryl; cyanoalkyl; cycloalkyl; a five or six
      membered heterocyclicalkyl group wherein the hetero atom is oxygen, sulfur
      or a tertiary nitrogen; acyl, i.e.,
      ##EQU4##
      wherein E is alkyl, aryl, alkaryl, aralkyl or alkoxy; alkoxyalkyl;
      aroxyalkyl; or any of the above inert hydrocarbon groups joined to another
      inert hydrocarbon group through an ester linkage; R preferably has one to
      about 25 carbon atoms and most preferably has one to about 10 carbon
      atoms.
PAR  R is preferably alkyl, alkenyl, aralkyl, cyanoalkyl, heterocyclicalkyl
      wherein the hetero atom is oxygen or tertiary nitrogen, or acrylic or
      methacrylic esters of N-(2-hydroxyalkyl)aziridine.
PAR  b. R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are suitably hydrogen or alkyl
      having one to about 10 carbon atoms, at least two of them being hydrogen.
      Preferably R.sub.2, R.sub.3 and R.sub.4 are each hydrogen and R.sub.1 is
      hydrogen, methyl or ethyl. Most preferably, each or R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 is hydrogen.
PAR  Examples of suitable N-substituted aziridine reactants include:
      N-alkylaziridines such as, N-ethyl, -isopropyl, -n-butyl, -3-hexyl,
      cyclohexyl, -n-decyl, -n-dodecylaziridines; N-alkenylaziridines such as,
      N-allyl, -crotyl, -methallyl, and -11-undecenylaziridines; N-aryl and
      N-alkarylaziridines such as, N-phenyl, N-naphthyl, -p-tolyl and
      -3,5-dimethylphenylaziridines; N-aralkylaziridines such as, N-benzyl,
      -phenethyl, -tolylbutyl, -3,5-dimethylphenethylaziridines; N-cyanoalkyl or
      N-cyanoarylaziridines such as, N-2-cyanoethyl, -10-cyanodecyl,
      -p-cyanophenylaziridines; N-heterocyclicalkylaziridines such as,
      N-2-(N-morpholino)ethyl, -8-(N-morpholino)octyl, -2-(N-piperidino)butyl,
      -4-(N-piperidino)dodecyl, -6-(N-pyrrolyl)hexyl, -2-(N-pyrrolidinyl)propyl,
      -1-(tetrahydrofurfuryl), -1-(2-thienyl methyl), and -1-[2(2-pyridyl)ethyl]
      aziridines; N-acylaziridines such as, N-acetyl, -butyryl, -benzoyl,
      -3,5-dimethylbenzoyl, -3-phenylpropionyl, -acrylyl, crotonyl,
      -methoxyformyl and methacrylaziridines; N-alkoxyalkyl, and N-aroxyalkyl
      aziridines such as, N-butoxyethyl, -ethoxyethyl, -n-hexoxyethyl,
      -2-propoxypropyl, -4-heptoxybutyl, -2-phenoxyethyl, and
      -p-methylphenoxy-n-butylaziridines; N-aziridinylalkyl esters such as,
      2-(1-aziridinyl)ethyl, 4-(1-aziridinyl)butyl or
      2-(2-methyl-1-aziridinyl)ethyl acetate, 2-(1-aziridinyl) ethyl butyrate,
      2-(1-aziridinyl)propyl or 6-(2,2-dimethyl-1-aziridinyl)hexyl benzoate,
      octyl 2-(1-aziridinyl) acetate, ethyl 4-(1-aziridinyl)butyrate, decyl
      4-(1-aziridinyl) butyrate, propyl 3-(1-aziridinyl)propionate,
      2-(1-aziridinyl)ethyl acrylate or methacrylate; and the corresponding
      N-substituted 2-methyl, 2,3-dimethyl, 2-n-butylaziridines and other like
      compounds.
PAR  Suitable vicinal epoxide or episulfide reactants in the subject process
      have the structural formula
      ##EQU5##
      wherein X is oxygen or sulfur and R.sub.5, R.sub.6, R.sub.7 and R.sub.8
      are hydrogen, alkyl, aryl, aralkyl, alkaryl, alkenyl, alkoxyalkyl,
      aryloxyalkyl or alkenyloxyalkyl, at least two of them being hydrogen.
      Preferred epoxides or episulfides are those wherein R.sub.6, R.sub.7, and
      R.sub.8 are each hydrogen and R.sub.5 is hydrogen or a hydrocarbon group
      having one to about 20 carbon atoms. The most preferred epoxides are
      ethylene, propylene, butylene and styrene oxides, and glycidyl ethers such
      as allyl glycidyl ether and phenyl glycidyl ether. The epoxides are
      currently preferred over the episulfides.
PAR  Examples of suitable vicinal epoxides and episulfides include the epoxides
      and episulfides of ethylene, propylene, 1,2-butylene, 2,3-butylene,
      1,2-decylene, 2,3-octylene, cyclopentene, cyclohexene, styrene,
      naphthylethylene, 4-phenyl-1,2-butylene; the glycidyl ethers, such as
      ethyl glycidyl ether, butyl glycidyl ether, decyl glycidyl ether, phenyl
      glycidyl ether, tolyl glycidyl ether, allyl glycidyl ether, crotyl
      glycidyl ether and methallyl glycidyl ether, and the corresponding sulfur
      analogs of such compounds.
PAR  Mixtures of aziridine monomers may suitably be included in the process with
      one or more epoxide and/or episulfide monomers. The product obtained is a
      copolymer having alternating ring-opened units of aziridine and epoxide or
      episulfide monomers with a random placement of particular aziridine
      monomers or particular epoxide or episulfide monomers in the product.
PAR  Should a copolymer having "block" characteristics be desired, the result is
      effected by treating one of the subject copolymers as a coreactant and
      further reacting the copolymer with another monomer of aziridine and/or
      another monomer of epoxide or episulfide. Thus, the copolymer of
      N-ethylaziridine and ethylene oxide could be further reacted under the
      subject process conditions with monomers of N-phenethylaziridine and
      propylene sulfide to give a product having the structural formula
      ##EQU6##
      wherein u and v are integers of 1 to about 1,000 or more.
PAR  The chain length of the copolymer is variable, and is found to vary in an
      inverse manner with the amount of coreactant in the process. Accordingly,
      copolymers having the longest copolymer chain segments are obtained when
      little or no coreactant is present. When the coreactant is present in a
      major amount, i.e., more than about 0.2 equivalents of active hydrogen per
      mole of aziridine, epoxide or episulfide monomer, based on whichever
      monomer is present in the lesser amount, then oligomers of the copolymer
      are produced which contain an average of 1 to about 10 copolymer units. By
      using a substantial excess of coreactant, compounds can be produced which
      contain as few as one copolymer unit per active hydrogen or less since not
      every active hydrogen need be replaced by a copolymer chain segment,
      particularly in such polyfunctional coreactants as polyvinylalcohol,
      polyalkylene glycols, polyalkylenepolyamines and carbohydrates.
PAR  The chain length of the copolymer can be easily extended by using a
      polyfunctional coreactant. Thus, when water, methanol or ethylene glycol
      is present, the copolymer is substantially linear. When coreactants such
      as glycerol are used, a copolymer is obtained which is branched, each of
      the three chains being attached to the glycerol residue and being
      terminated on the other end with hydroxyl groups or amino groups,
      depending on which monomer supplies the terminal groups. Typically, the
      terminal group is a hydroxyl group.
PAC  Reaction Conditions
PAR  Surprisingly, substantially any molar ratio of N-substituted aziridine to
      epoxide or episulfide reactant can be used in the subject reaction since
      under suitable conditions the copolymer is found unexpectedly to terminate
      when one of the reactants is depleted. A suitable ratio, based on
      convenience and economy is between about 20:1 and 1:20 of N-substituted
      aziridine:epoxide. A preferred ratio is between about 4:1 and 1:4.
PAR  A reaction temperature is suitably selected between about 25.degree.C. and
      about 300.degree.C. When substantially no coreactant is present in the
      process, a temperature between about 100.degree.C. and 200.degree.C. is
      preferred. When a coreactant is present in more than trace amounts,
      however, the preferred temperature may vary from the lower end of the
      temperature range to the higher end depending upon (a) concentration of
      coreactant; (b) reactivity of the coreactant; and (c) the reactivity of
      each of the aziridine, epoxide and episulfide monomers.
PAR  The reaction rate increases in proportion to the amount of coreactant, and
      with the reactivity of the aziridine, epoxide and episulfide monomers.
PAR  The relative reactivities of the monomers and the relative reactivities of
      the coreactants is generally well known. For example, ethylene oxide is
      known to be more reactive than propylene oxide or butylene oxide;
      N-ethylaziridine is known to be more reactive than N-decylaziridine;
      C-substituted aziridines are generally less reactive than the
      corresponding unsubstituted homologs; and carboxylic acids are known to be
      more reactive than alcohols; hence, the more reactive the compounds used
      in the process and the higher the concentration of coreactant, the lower
      the reaction temperature may be to achieve a given rate of polymerization.
      In accordance with the above, a preferred temperature for the faster
      reactions, based on convenience and economy, is between about 50.degree.C.
      and about 120.degree.C., and for the slower reactions the preferred
      temperature is above 100.degree.C. and below about 250.degree.C.
PAR  The reactants should be maintained in contact one with the other(s) until
      the desired copolymer is obtained. A suitable reaction time may vary from
      a few hours to a few days depending upon the reaction temperature and
      reactivity of the aziridine and epoxide reactants. Typically, a reaction
      time of 6 to 48 hours is sufficient and therefore preferred.
PAR  The reaction pressure is such as to keep the reaction mixture substantially
      liquid and is suitably atmospheric or superatmospheric. Atmospheric or
      autogenous pressure is preferred.
PAR  The reaction can be run neat or in an inert solvent, such as benzene,
      toluene, xylene, and the like.
PAR  The reaction can be run as a batch process wherein all ingredients are
      mixed simultaneously, or as a continuous process wherein reactants and/or
      coreactant(s) are fed continuously or incrementally into the system. In
      either process, the polymeric product can be treated as a coreactant in
      further oxamination or thiamination reactions since it contains at least
      one active hydrogen which can be abstracted to form a site on which
      another copolymer chain segment can be attached.
PAR  The physical state of the copolymers varies from a low viscosity fluid to
      solid, and other physical properties, such as solubility, likewise vary in
      accordance with molecular weight, functionality and the substituents on
      the initial reactants. Accordingly, the products can be tailored to fit a
      multitude of needs by simply varying the choice and proportions of
      reactants and/or coreactant.
PAR  All of the copolymers have the common property of containing basic amino
      nitrogens and divalent atoms of oxygen or sulfur in their backbones.
PAR  Some of the copolymers may have a tendency to discolor upon aging. Such
      discoloration can be substantially inhibited in the liquid products by
      adding a stabilizing amount of an antioxidant, such as sodium borohydride,
      hydrazine or hydrazine hydrate to the copolymer.
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  The following examples further illustrate the invention:
PAC  A General Procedure
PAR  Charge the N-substituted aziridine and vicinal epoxide or episulfide into
      an autoclave equipped for agitation. Seal the autoclave, heat to the
      desired reaction temperature and maintain the reactants at such conditions
      of temperature and pressure with mixing until the desired reaction product
      is formed. Remove the volatile components under reduced pressure, and
      recover the product.
PAR  When a coreactant is used, the above procedure is followed except that the
      coreactant is generally charged with the aziridine and epoxide or
      episulfide reactants. The order of addition of the coreactant is not
      important.
PAR  The copolymer products were analyzed by one or more of the following
      analytical methods: gas-liquid partition chromatography (GLPC), infrared
      (IR), nuclear magnetic resonance (NMR) and gel permeation chromatography
      (GPC).
PAC  EXAMPLE 1
PAC  Reaction Between N-Ethylaziridine and Propylene Oxide
PAR  Using the above general procedure, N-ethyl-aziridine (EtAz) and propylene
      oxide (PO) were reacted together at various reaction temperatures and
      times to give copolymers. Trace amounts of water were present in the
      monomers (100 to 700 p.p.m.), the autoclave was stainless steel or glass
      and the pressure was autogenous. The results are tabulated in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

         EtAz                                                                  

             PO   Temperature                                                  

                         Time Copolymer                                        

                                    .eta. at 25.degree.C.                      

     No. (g.)                                                                  

             (g.) (.degree.C.)                                                 

                         (Hours)                                               

                              (g.)  (cks)                                      

     __________________________________________________________________________

     1   24.0                                                                  

             82.2 175    22.0 36.1  liquid                                     

     2   24.0                                                                  

             82.2 130    22.0 33.4  752                                        

     3   24.0                                                                  

             82.2 130    46.5 40.2  855                                        

     4   24.0                                                                  

             82.2 130    138.5                                                 

                              41.1  740                                        

     5   48.0                                                                  

             41.1 130    22.0 39.6  660                                        

     6   48.0                                                                  

             41.1 130    90.0 70.8  1318                                       

     7   75.0                                                                  

             20.6 130    20.0 13.0  608                                        

     8   24.0                                                                  

             82.2 100    21.0 10.6  liquid                                     

     9   48.0                                                                  

             41.1 100    21.0  9.7  liquid                                     

     10  24.0                                                                  

             410.0                                                             

                  175    22.0 43.3  liquid                                     

     __________________________________________________________________________

PAR  The above copolymers were fluids ranging in color from light yellow to
      amber. They were soluble in benzene, ethanol, acetone, n-hexane,
      CCl.sub.4, and insoluble in water. Regardless of the mole ratio of the
      reaction epoxy and aziridine monomers, the copolymer product always
      contained approximately equal molar amounts of each reactant. Table IA
      shows the mole ratio of reactants used and the mole ratio of nitrogen to
      oxygen found in the resulting copolymers of Example 1, Experiments 1-10.
TBL                TABLE I-A                                                   

     ______________________________________                                    

                  Mole Ratio    Mole Ratio                                     

     No.          EtAZ:PO       N:O Found                                      

     ______________________________________                                    

     1            1:4           0.98                                           

     2            1:4           1.05                                           

     3            1:4           1.08                                           

     4            1:4           0.96                                           

     5            1:1           1.13                                           

     6            1:1           1.10                                           

     7            3:1           1.10                                           

     8            1:4           1.07                                           

     9            1:1           1.09                                           

     10            1:21         0.91                                           

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Reactions Between Other Aziridine and Epoxide Monomers
PAR  Using substantially the same equipment and procedure set forth in Example
      1, other aziridine and epoxide monomers were reacted. The results are
      tabulated in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

          Aziridine                                                            

                   Epoxide Temperature                                         

                                  Time Copolymer                               

                                             .eta. at 25.degree. C.            

     No.  (g.)     (g.)    (.degree.C.)                                        

                                  (Hrs.)                                       

                                       (g.)  (cks)                             

     __________________________________________________________________________

     1    EtAz-160.5                                                           

                   EO-66.0 120    48   165.3 650                               

     2    DecylAz-9.7                                                          

                   PO-2.9  130    22    4.2  liquid                            

     3    AllylAz-16.1                                                         

                   PO-11.5 130    88   16.6  liquid                            

     4    AcetylAz-24.9                                                        

                   PO-17.3 130    88   24.9  viscous                           

     5    CyEtAz-33.1                                                          

                   PO-41.1 100    21   19.1  viscous                           

     6    EtAz-24.0                                                            

                   Mix-I-64.0                                                  

                           130    88   25.6  liquid                            

     7    MoEtAz-93.6                                                          

                   PO-69.6 120    48   123.0 8784                              

     8    PhEtAz-104.3                                                         

                   PO-20.6 130    69   64.1  6664                              

     9    EtAz-75.0                                                            

                   AGE-48.2                                                    

                           130    24   79.3  1082                              

     10   EtAz-75.0                                                            

                   Mix-II-43.7                                                 

                           130    21   84.5  1737                              

     11   AzEtAcet-100.0                                                       

                   PO-41.0 130    20   77.7   192                              

     12   EtAz-75.0                                                            

                   CPO-48.6                                                    

                           200    20.5 42.6  viscous                           

     13   EtAz-75.0                                                            

                   StyOx-71.3                                                  

                           174    20.5 108.9 viscous                           

     __________________________________________________________________________

PAC  In Table II, and hereinafter, the following abbreviations are used: EtAz =
      N-ethylaziridine; DecylAz = N-decylaziridine; AllylAz = N-allylaziridine,
      AcetylAz = N-acetylaziridine; CyEtAz = N-(2-cyano)ethylaziridine; MoEtAz =
      N-(2-morpholino)ethylaziridine; PhEtAz = N-phenethylaziridine; AzEtAcet =
      2-(1-aziridinyl) ethyl acetate; EO = ethylene oxide; PO = propylene oxide;
      Mix-I = "Nedox" 1114 -- a commercially available product which is a
      mixture of C.sub.9 to C.sub.12 hydrocarbons having 1,2-epoxy groups;
      Mix-II = 20.5 g. PO and 2.32 g. EO; AGE = allyl glycidyl ether; CPO =
      cyclopentene oxide; and StyOx = Styrene oxide.
PAR  The above copolymers had N/O molar ratios substantially the same as
      predicted by theory.
PAR  The solubility of the copolymers in various solvents was determined and is
      reported below:
     No.    Solvents                                                           

     ______________________________________                                    

     1      water, ethanol, acetone, ethylene glycol, hexane                   

            CCl.sub.4                                                          

     2      (water insoluble)                                                  

     3      ethanol, acetone, and benzene (water insoluble)                    

     4      water, ethanol, acetone                                            

     5      acetone (insoluble in water, ethanol or benzene)                   

     6      ethanol, benzene (insoluble in water or acetone) -7 not            

            determined                                                         

     8      acetone, benzene (insoluble in water or ethanol)                   

     9      ethanol, acetone benzene (water insoluble)                         

     10     ethanol, acetone, benzene                                          

     11     ethanol, acetone, benzene (water insoluble)                        

     12     acetone, benzene (water insoluble)                                 

     13     acetone, n-hexane (water insoluble)                                

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Effect of Water
PAR  Using substantially the procedure and equipment set forth in Example 1, the
      effect of water in the reaction was determined and the results tabulated
      in Table III. The reaction conditions of 130.degree.C., autogenous
      pressure, and 20 hrs. were held constant. One mole of N-ethylaziridine was
      used in each experiment.
TBL                TABLE III                                                   

     ______________________________________                                    

                      Water               at 25.degree.C.                      

     No.    PO(mole)  (mole)   Yield (Wt.%)*                                   

                                          (cks)                                

     ______________________________________                                    

     1      0.22      0.010    27         549                                  

     2      0.22      0.028    61         194                                  

     3      0.34      0.011    28         608                                  

     4      0.30      0.037    66         210                                  

     5      0.34      0.064    96         157                                  

     6      0.67      0.038    63         428                                  

     7      1.05      0.011    45         660                                  

     8      1.05      0.052    67         428                                  

     9      1.05      0.094    80         251                                  

     10     1.05      0.175    93         128                                  

     11     4.19      0.015    77         752                                  

     12     4.19      0.098    91         245                                  

     13     4.19      0.181    93         125                                  

     14     4.19      0.344    97          66                                  

     ______________________________________                                    

      *"Wt.%" yield based on 100% conversion of aziridine or epoxide monomer,  

      whichever was in the lesser molar amount.                                

PAC  EXAMPLE 4
PAC  Oxamination Reaction in the Presence of Alcohols
PAR  Using substantially the same equipment and procedure set forth in the
      General Procedure, several experiments were conducted between
      N-ethylaziridine, ethylene or propylene oxide, and various alcohols as
      coreactants. The results are tabulated in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

          EtAz    Epoxide          Temp.                                       

                                       Time Copolymer                          

                                                   .eta. at 25.degree.C.       

     No.  (g.)    (g.)   Coreactant (g.)                                       

                                   (.degree.C.)                                

                                       (Hrs.)                                  

                                            (g.)   (cks)                       

     __________________________________________________________________________

     1    56.3    PO, 41.1                                                     

                         Eg, 3.1   175 11   89.6   312                         

     2    56.3    PO, 41.1                                                     

                         Eg, 6.2   175 6    89.3   108                         

     3    75.0    EO, 36.5                                                     

                         diEg, 1.0 175 23   86.1   1148                        

     4    75.0    EO, 44.2                                                     

                         diEg, 10.0                                            

                                   173 20   104.9  236                         

     5    56.3    PO, 41.1                                                     

                         Gly, 8.9  175 22   89.6   241                         

     6    56.3    PO, 41.1                                                     

                         TEA, 15.3 200 6    100.2  235                         

     7    56.3    PO, 41.1                                                     

                         PgME, 5.4 175 46   85.2   222                         

     8    56.3    PO, 41.1                                                     

                         EgPE, 5.3 175 48   84.1   425                         

     9    37.5    PO, 82.2                                                     

                         E-300, 10.2                                           

                                   130 2    36.0   123                         

     10   37.5    PO, 82.2                                                     

                         E-300, 10.1                                           

                                   130 22.2 67.8   281                         

     11   PhEtAz,                                                              

          1495.4  PO, 584.7                                                    

                         E-300, 240.0                                          

                                   153 22   2046.7 8049                        

     12   37.5    PO, 41.1                                                     

                         P-400, 39.8                                           

                                   177 6    101.9  118                         

     13   315.0   PO, 233.7                                                    

                         CP-3000,200.0                                         

                                   180 20   2456.0 514                         

     14   210.0   PO, 155.8                                                    

                         CP-4100, 1888.0                                       

                                   180 5    2125.2 658                         

     15   75.0    PO, 41.0                                                     

                         PVA, 10.1 105 20   77.5   viscous                     

     16   AEM,49.8                                                             

                  PO, 82.0                                                     

                         CH.sub.3 OH, 0.4                                      

                                   100 21   38.8   viscous                     

     17   375.0   EO, 217.4                                                    

                         Oct, 34.1 145 5    579.2  283                         

     18   367.5   EO, 214.0                                                    

                         Dodec, 49.1                                           

                                   174 5    591.5  303                         

     19   322.5   EO, 189.5                                                    

                         Octadec, 62.0                                         

                                   168 4.5  534.0  332                         

     20   75.0    EP, 48.3                                                     

                         Esso-20, 30.0                                         

                                   175 20   119.5  viscous                     

     21   75.0    PO, 57.4                                                     

                         isoprop, 3.5                                          

                                   150 21   108.4  296                         

     22   75.0    PO, 57.4                                                     

                         t-butyl, 3.9                                          

                                   150 20   112.3  346                         

     23   75.0    EO, 48.0                                                     

                         MTP, 14.0 174 22   123.1  216                         

     24   75.0    EO, 44.7                                                     

                         Novo, 30.0                                            

                                   152 21   103.5  viscous                     

     __________________________________________________________________________

PAL  In experiments 11 and 16 above, PhEtAz and AEM replaced EtAz as the
      aziridine reactant. In the above experiments, EO = ethylene oxide; PO =
      propylene oxide; PhEtAz = N-phenethylaziridine; AEM =
      2-(1-aziridinyl)ethyl methacrylate; Eg = ethylene glycol; diEg =
      diethylene glycol; Gly = glycerol; TEA = triethanol amine; PgME =
      propylene glycol methyl ether; EgPE = ethylene glycol phenyl ether; E-300
      = polyethylene glycol having an average molecular weight of about 300;
      P-400 = polypropylene glycol having an average molecular weight of 400;
      CP-3000 = a glycerine initiated polyoxypropylene glycol having an average
      molecular weight of about 3000; CP-4100 = a glycerine initiated
      polyoxyalkylene glycol wherein the polyoxyalkylene portion is a heteric
      mixture of oxyethylene and oxypropylene groups in about a 80:20 to 90:10
      molar ratio, respectively, and has an average molecular weight of about
      4100; PVA = polyvinyl-alcohol; Oct = 1-octanol; Dodec = 1-dodecanol;
      Octadec =  1-octadecanol; "Esso-20" = a commercially available product
      which is a mixture of higher alcohols predominantly 1-eicosanol; isoprop =
      isopropanol; t-butyl = t-butanol; MTP = 4-(methylthio)phenol; Novo = a
      novolac resin having a functionality of about 6.0 to about 6.5.
PAC  EXAMPLE 5
PAC  Oxamination Reaction in the Presence of Coreactants Other Than Water and
      Alcohols
PAR  Using substantially the same equipment and procedure set forth in the
      General Procedure, several experiments were conducted wherein
      N-ethylaziridine and propylene oxide were reacted with various
      representative coreactants. The results are tabulated below.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                                  Temperature                                  

                                         Time Copolymer                        

                                                    .eta. at 25.degree.C.      

     No.  EtAz(g.)                                                             

                PO(g.)                                                         

                     Coreactant (g.)                                           

                                  (.degree.C.)                                 

                                         (hrs.)                                

                                              (g.)  (cks.)                     

     __________________________________________________________________________

     1    75.0  53.3 Benzoic Acid. 12.0                                        

                                   42    16.0 31.5  liquid                     

     2    75.0  53.3 Benzoic Acid, 12.0                                        

                                  150    16.0 117.4 265                        

     3    75.0  53.3 Adipic Acid, 15.0                                         

                                   43    21.5 53.7  168                        

     4    75.0  53.3 Methacrylic Acid, 25.0                                    

                                  44-52  19.5 49.8  268                        

     5    75.0  57.4 Polyepichlorohydrin,                                      

                     10.2 (MW 2000)                                            

                                  193    5.0  93.3  465                        

     6    75.0  57.4 n-Butylamine, 7.4                                         

                                  175    20.0 120.4 247                        

     7    75.0  41.0 Diethylamine, 7.0                                         

                                  175    20.0 90.0  145                        

     8    75.0  53.3 Formamide, 8.8                                            

                                  152    16.0 120.4 270                        

     9    75.0  53.3 Acetamide, 6.0                                            

                                  175    20.0 86.7  liquid                     

     10   75.0  49.2 Acrylamide, 10.1                                          

                                  176    17.0 97.1  1497                       

     11   63.9  52.2 Stearamide, 84.9                                          

                                  140-180                                      

                                         3.0  168.7 viscous                    

     12   40.6  33.2 Nylon, 34.6  160-175                                      

                                         1.5  36.7  solid                      

     13   11.3   8.2 Sugar, 50.0  110    5.0  28.4  solid                      

     14    1.5   0.8 Cotton Linters, 10.0                                      

                                  175    16.0 11.2  solid                      

     15    5.2   2.1 Cellulose, 18.9                                           

                                  130    2.5  21.1  solid                      

     16   13.7   5.6 Methylcellulose, 49.5                                     

                                  115    5.0  56.0  solid                      

     17    4.4   3.6 Corn Starch, 182,0                                        

                                  105    4.0  --    solid                      

     __________________________________________________________________________

PAL  The product of 9 was washed with water, product of 12 was washed with
      methanol, and the products of 13, 15 and 16 were washed with benzene to
      remove any residual reactants.
PAC  EXAMPLE 6
PAC  Reaction Between N-Phenylaziridine and Ethylene Oxide
PAR  Using substantially the same equipment and procedure set forth in Example
      1, N-phenylaziridine (12.0 g.) was reacted with ethylene oxide (86.8 g.)
      for 19 hours at 150.degree.C. under autogenous pressure. The volatiles
      were removed under reduced pressure yielding 12.7 g. of water-insoluble
      product. The product had the following elemental analysis based on the
      repeating unit, (--CH.sub.2 CH.sub.2 --N(C.sub.6 H.sub.5)--CH.sub.2
      CH.sub.2 --O--).
TBL                TABLE VI                                                    

     ______________________________________                                    

                  Theory      Found                                            

     ______________________________________                                    

     % C            73.59         73.18                                        

     % H            8.02          7.87                                         

     % N            8.58          9.07                                         

     % O            9.80          9.75                                         

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  Reaction in an Inert Solvent
PAR  Using substantially the same equipment and procedure as in Example 1 above,
      with the exception that 50 ml. of benzene was included as a reaction
      medium, 37.5 g. of EtAz was reacted with 24.6 g. of PO for 22 hours at
      174.degree.C. under autogenous pressure. The liquid product weighed 46.1
      g. The product obtained was the same as the copolymers in Example 1.
PAC  EXAMPLE 8
PAC  Reaction Between N-Ethylaziridine and Propylene Sulfide
PAR  Using substantially the same equipment and procedure set forth in Example
      1, 67.5 g. of N-ethylaziridine was reacted with 42.1 g. of propylene
      sulfide for 20 hours at 174.degree.C. under autogenous pressure. The
      liquid copolymer (41.5 g.) had the following elemental analysis based on
      the repeating unit, (--CH.sub.2 CH.sub.2 --N(C.sub.2 H.sub.5)--CH.sub.2
      CH(CH.sub.3)--S--).
TBL                TABLE VII                                                   

     ______________________________________                                    

                  Theory      Found                                            

     ______________________________________                                    

     % C            54.91         55.44                                        

     % H             9.98          9.98                                        

     % N            10.67         10.34                                        

     % S            24.43         22.85                                        

     ______________________________________                                    

PAC  EXAMPLE 9
PAC  Thiamination Reaction in the Presence of Coreactants
PAR  Using substantially the same equipment and procedure set forth in the
      General Procedure, several experiments were conducted wherein
      N-ethylaziridine (EtAz) and propylene sulfide (PS) were reacted with
      various representative coreactants. The results are tabulated below.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

        EtAz                                                                   

            PS             Temperature                                         

                                  Time                                         

                                      Copolymer                                

                                            Physical State                     

     No.                                                                       

        (g.)                                                                   

            (g.)                                                               

                Coreactant (g.)                                                

                           (.degree.C.)                                        

                                  (Hrs.)                                       

                                      (g.)  of Product                         

     __________________________________________________________________________

     1  67.5                                                                   

            42.2                                                               

                H.sub.2 O, 0.05                                                

                           173    16  55.6  liquid                             

     2  75.0                                                                   

            56.3                                                               

                Benzoic Acid, 12.0                                             

                           150    18  92.2  liquid                             

     3  75.0                                                                   

            56.3                                                               

                Adipic Acid, 15.0                                              

                            45    22  83.9  liquid                             

     4  75.0                                                                   

            56.3                                                               

                Glycerol, 8.9                                                  

                           175    17  78.1  liquid                             

     5  75.0                                                                   

            56.3                                                               

                n-Pentanol, 5.0                                                

                           150    16  90.2  liquid                             

     __________________________________________________________________________

PAR  Various representative copolymers were tested as stabilizers for
      trichloroethylene, in a 48 hr. accelerated oxidation test as described in
      Federal Specification O-T-634A and MIL-7003. The results were as follows:
TBL                TABLE IX                                                    

     ______________________________________                                    

                   Concentration (p.p.m.)                                      

     Stabilizer.   of HCl at                                                   

     No.   % by wt.    8 hrs.   24 hrs.  48 hrs.                               

     ______________________________________                                    

     1     A, 0.10     none     none     none                                  

     2     A, 0.05     none     none     none                                  

     3     A, 0.025    none     none     39                                    

     4     B, 0.10     none     none     100                                   

     5     C, 0.10     none     none     26                                    

     6     D, 0.10     none     none     none                                  

     7     E, 0.10     none     none     10                                    

     8     F, 0.10     none     none     none                                  

     9     none        1800     3290     4750                                  

     ______________________________________                                    

PAL  Stabilizer "A" is the product of Example 1, No. 2; "B" is described in
      Table II, No. 9; "C" and "D" are described in Table IV. Nos. 13 and 23,
      respectively; "E" is described in Table V, No. 7; and "F" is described in
      Table II, No. 11.
PAR  Similar stabilization results are obtained by using a stabilizing amount of
      the same or other copolymers in trichloroethylene, perchloroethylene,
      methylchloroform, and other like chlorinated solvents.
PAR  The subject copolymers, particularly those wherein R is alkyl, alkenyl,
      aralkyl or cycloalkyl, are useful in the rubber industry as antioxidants
      and cure accelerators in rubber compositions which are vulcanized by
      sulfur. For example, the copolymers of (A) N-phenethylaziridine and
      propylene oxide (trace amounts of water present in reactants), (B)
      N-ethylaziridine and propylene oxide (trace amounts of water present in
      reactants), and (C) N-phenethylaziridine and propylene oxide (coreacted
      with polyethylene glycol having an average molecular weight of about 300
      and trace amounts of water present in reactants) were all effective as
      cure accelerators giving a good rate of cure and unusually good protection
      to the sample against cure reversion, and as antioxidants at 4.5 parts by
      weight in the following standard styrene-butadiene rubber (SBR)
      masterbatch composition:
TBL                TABLE X                                                     

     ______________________________________                                    

     Masterbatch Composition                                                   

     Ingredient            Parts by Weight                                     

     ______________________________________                                    

     SBR 1609*             145.0                                               

     Stearic acid          1.0                                                 

     Zinc Oxide            4.0                                                 

     Paraffin Waxes        3.5                                                 

     Sulfur                2.0                                                 

     N-t-butyl-2-benzothiazole-                                                

      sulfenamide 1.2                                                          

                           156.7                                               

     ______________________________________                                    

      *SBR 1609 is a commercially available synthetic rubber.                  

PAL  The rubber masterbatch and test compositions were formulated according to
      ASTM D 15-66T, cured at 320.degree.F. for periods of 10, 20 and 30
      minutes, and tested pursuant to ASTM D 412-66. The test results were:
TBL                                    TABLE XI                                

     __________________________________________________________________________

     Physical Properties - Unaged Samples                                      

           Cure Time,                                                          

                  300% Modulus                                                 

                          Tensile                                              

                               Elongation                                      

                                     Hardness                                  

     Copolymer*                                                                

           Min.   (p.s.i.)                                                     

                          (p.s.i.)                                             

                               (%)   Durometer, Shore A                        

     __________________________________________________________________________

     A     10     870     3800 680   53                                        

     A     20     950     3130 560   55                                        

     A     30     1000    3460 580   54                                        

     B     10     980     3830 630   52                                        

     B     20     1070    4110 640   55                                        

     B     30     1090    3990 630   55                                        

     C     10     860     3850 670   53                                        

     C     20     990     3950 630   56                                        

     C     30     950     3640 610   57                                        

     D     10     970     3520 650   56                                        

     D     20     1380    3600 540   60                                        

     D     30     1440    2920 460   60                                        

     __________________________________________________________________________

      *Copolymers A, B and C correspond directly to the above description of   

      (A), (B) and (C). D is a blank which has the composition defined in Table

      X.                                                                       

PAR  The 20-minute cured samples were then aged in air for 72 hours at
      212.degree.F. and their physical properties again measured as above. The
      data is tabulated below. See ASTM D 573-53 (1965).
TBL                TABLE XII                                                   

     ______________________________________                                    

     Physical Properties - Samples Aged in Air                                 

             300% Modulus Tensile  Elongation                                  

     Copolymer                                                                 

             (p.s.i.)     (p.s.i.) (%)     Hardness                            

     ______________________________________                                    

     A       --           2290     280     68                                  

     B       --           2370     290     70                                  

     C       2380         3390     370     68                                  

     D       --           2330     260     68                                  

     ______________________________________                                    

PAR  Similar desirable results are obtained by using an accelerating amount,
      e.g., 0.05 to about 20 parts by weight, based on 100 parts by weight of
      rubber, of other copolymers in a vulcanizable rubber composition.
PAR  The subject copolymers are protic acid scavengers. Thus, they are useful as
      acid acceptors in chemical processes and as absorbers for acidic gases.
      Sulfur dioxide, carbon dioxide and other acidic components can be removed
      from gas streams by contacting such streams with the copolymers per se or
      with aqueous or organic solutions thereof.
PAR  The dyeability of many synthetic and natural fibers, e.g., cotton, nylons,
      rayons, etc., is enhanced by first subjecting said fibers to the subject
      examination process and thereafter dyeing the oxaminated fibers. E.g., a
      nylon fabric reacted with EtAz and PO to give an oxaminated fabric which
      was easily dyed when dipped into alcoholic solutions of Eric Green and
      Eosin Blue. The dyed fabric was stable to an alcohol wash. The untreated
      nylon fabric did not accept any appreciable amount of the dye.
PAR  The retention of starch on cellulose is greatly improved by using an
      oxaminated starch, i.e., using a starch which has been modified in the
      subject oxamination reaction. For example, aqueous slurries of (1) the
      oxaminated starch described in Table V, No. 17, and (2) corn starch (the
      control) were each stirred for 15 minutes with cellulose fibers from a
      ground paper filter. The cellulose was filtered from each mixture, and the
      amount of oxaminated starch or corn starch remaining in the filtrate was
      determined by a standard iodometric titration. The cellulose retained 93.2
      weight percent of the oxaminated starch and only 21.5 weight percent of
      the corn starch.
PAR  Copolymers of N-ethylaziridine, ethylene oxide and a coreactant were tested
      as surfactants pursuant to test procedures described in ASTM D-1173,
      D-1331 and D-2281. The copolymers are described in Table IV, Nos. 18 and
      19, respectively. The test results are tabulated below.
PAR  Other copolymers of the invention are similarly good surfactants.
TBL                                    TABLE XIII                              

     __________________________________________________________________________

             Surface                                                           

                   Interfacial                                                 

                          Wetting                                              

                               Foam                                            

             Tension                                                           

                   Tension                                                     

                          Time Height (mm)                                     

                                      Foam Stability)                          

     Coreactant                                                                

             (dynes/cm)                                                        

                   (dynes/cm)                                                  

                          (min.)                                               

                               0  5 min.                                       

                                      (%)                                      

     __________________________________________________________________________

     1-dodecanol                                                               

             35.6  5.3    3.7  85 25  29.4                                     

     1-octadecanol                                                             

             37.4  5.4    3.4  80 40  50.0                                     

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a liquid or solid copolymer whose backbone
      consists essentially of alternating ring opened units of
PA1  A. an aziridine of the formula
      ##EQU7##
PAR   wherein 1. R is an inert organic group;
PA2  2. R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen, alkyl aryl or
      aralkyl groups, at least two of them being hydrogen; and
PA1  B. a vicinal epoxide of the formula
      ##EQU8##
PAR   wherein 1. X is oxygen
PA2  2. R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are hydrogen, alkyl, aryl,
      alkaryl, aralkyl, alkenyl, alkoxyalkyl, alkenyloxyalkyl, or R.sub.6 and
      R.sub.7 join to form a five or six membered cycloalkyl group, at least two
      of them being hydrogen;
PAL  said copolymer being water insoluble when R is a hydrocarbon radical of at
      least six carbon atoms, X is oxygen and R.sub.1 -R.sub.8 are each
      hydrogen:
PA1  said process comprising reacting by contacting (A) with (B) in liquid phase
      at a temperature of at least about 130.degree.C;
PA1  provided that when R is a hydrocarbon group of at least six carbon atoms,
      and R.sub.1 -R.sub.8 are each hydrogen, the process comprises the
      additional step of recovering a water-insoluble copolymer.
NUM  2.
PAR  2. The process defined by claim 1 wherein R.sub.2, R.sub.3 and R.sub.4 are
      each hydrogen.
NUM  3.
PAR  3. The process defined by claim 1 wherein R.sub.6, R.sub.7 and R.sub.8 are
      each hydrogen.
NUM  4.
PAR  4. The process defined by claim 1 wherein R has one to 25 carbon atoms and
      is an alkyl; aryl; cyano-, halo- or nitro-substituted aryl; alkenyl;
      aralkyl; alkaryl; cyanoalkyl; cycloalkyl; a 5- or 6-membered heterocyclic
      alkyl group wherein the hetero atom is oxygen, sulfur, or a tertiary
      nitrogen; an acyl group having the formula --C(O)--E, wherein E is alkyl,
      aryl, alkaryl, aralkyl or alkoxy; alkoxyalkyl; or an aroxyalkyl group, or
      any of the above inert hydrocarbon groups joined to another such group
      through a carboxylate linkage.
NUM  5.
PAR  5. The process defined in claim 4 wherein R has from one to 10 carbon
      atoms, R.sub.1 -R.sub.4 and R.sub.6 -R.sub.8 are each hydrogen, and
      R.sub.5 is hydrogen or a hydrocarbon group having one to 20 carbon atoms.
NUM  6.
PAR  6. The process defined in claim 5 wherein R is alkyl, alkenyl, aralkyl,
      cyanoalkyl, heterocyclic alkyl wherein the hetero atom is oxygen or
      tertiary nitrogen, or a group of the formula --CH.sub.2 CH.sub.2
      --O--C(O)--CH=CH.sub.2 or --CH.sub.2 CH.sub.2
      --O--C(O)--C(CH.sub.3)=CH.sub.2.
NUM  7.
PAR  7. The process defined in claim 2 wherein R.sub.2 -R.sub.4 and R.sub.6
      -R.sub.8 are each hydrogen and R.sub.5 is hydrogen methyl or ethyl.
NUM  8.
PAR  8. The process defined by claim 7 wherein R.sub.1 is hydrogen and R is
      ethyl, cyanoethyl, or phenethyl.
NUM  9.
PAR  9. The process defined by claim 1 which additionally includes water as a
      coreactant; said water being present in the process in amounts of from
      trace amounts to 35 mole percent, based on the moles of (A) or (B),
      whichever is the lesser and is consumed during the course of the reaction.
NUM  10.
PAR  10. The process defined in claim 9 wherein the molar ratio of (A) to (B) is
      between about 20:1 and about 1:20 and wherein the reaction temperature is
      between about 25.degree.C and about 300.degree.C.
NUM  11.
PAR  11. The process defined by claim 10 wherein the molar ratio of (A) to (B)
      is between about 4:1 and about 1:4 and wherein the reaction temperature is
      between about 100.degree.C and 200.degree.C.
NUM  12.
PAR  12. The process defined by claim 11 wherein R.sub.1 -R.sub.4 and R.sub.6
      -R.sub.8 are each hydrogen; R.sub.5 is hydrogen, methyl or ethyl; and R is
      ethyl, cyanoethyl or phenethyl.
NUM  13.
PAR  13. The process defined by claim 12 wherein R.sub.5 is methyl and R is
      ethyl.
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ABST
PAL  A method for the preparation of alicyclic ketones containing 16 carbon
      atoms in the ring which comprises converting an alicyclic compound
      possessing 8 carbon atoms in the unsaturated ring such as cyclooctenes and
      cyclooctadienes into alicyclic compounds which contain 16 carbon atoms in
      the ring and containing at least 2 carbon-to-carbon double bonds and
      subsequently converting at least one of the double bonds in such a
      compound into a carbonyl or ketone functional group is disclosed.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 664,907,
      filed Sept. 1, 1967, entitled "Macrocyclic Compounds Preparation" now U.S.
      Pat. No. 3,439,056, issued Apr. 15, 1969.
BSUM
PAR  An aspect of this invention relates to novel methods of preparation of
      large ring alicyclic ketones. Another aspect concerns processes which
      convert medium-sized unsaturated alicyclic hydrocarbons into alicyclic
      ketones which contain a larger number of carbon atoms in the skeleton of
      the alicyclic ring.
PAR  It is well known that macrocyclic ketones such as muscone
      (3-methylcyclopentadecanone), civetone (9-cycloheptadecenone-1),
      dihydrocivetone (cycloheptadecanone) and exaltone (cyclopentadecanone) are
      extremely valuable as perfume bases because they exhibit a pleasant and
      lasting musk odor. Most of the macrocyclic ketones used as perfume base
      are extracted from natural sources such as the glands of muskrats and
      civet cats and, therefore, are extremely expensive.
PAR  It is an object of this invention to provide a method whereby cyclic
      ketones containing 16 carbon atoms in the alicyclic rings may be made
      synthetically. Another object is to provide an economical process to
      produce cyclic ketones containing 16 carbon atoms in the alicyclic ring.
      Still another object is to provide a method whereby the cyclic ketones
      containing about 16 carbon atoms in the alicyclic ring can be produced
      from relatively simple starting materials. Another object is to provide a
      simple and less complex method than that heretofore known to provide
      cyclic ketones containing 16 carbon atoms in the alicyclic ring. Other
      objects will appear as the description proceeds.
PAR  According, these and other objects are accomplished by converting an
      alicyclic compound possessing 8 carbons in the unsaturated ring, selected
      from the group of cyclooctenes, alkyl substituted cyclooctenes,
      cyclooctadienes and alkyl substituted cyclooctadienes into alicyclic
      compounds which contain 16 carbon atoms in the alicyclic ring and contain
      at least two carbon-to-carbon double bonds in the ring and subsequently
      converting at least one of the double bonds in the said compound into a
      ketone functional group.
PAR  According to the invention, at least one member selected from the group of
      cyclooctene, cyclooctadiene, alkyl substituted cyclooctenes and alkyl
      substituted cyclooctadienes is subjected to a catalyst comprising (A) at
      least one organometallic compound wherein the metal is selected from the
      group consisting of Ia, IIa, IIb and IIIa groups of the Periodic Table of
      Elements, (B) at least one metal salt wherein the metal is selected from
      the group consisting of molybdenum and tungsten, and (C) at least one
      compound of the general formula R--Y--H wherein Y is selected from the
      group of oxygen and sulfur and wherein R is a radical selected from the
      group consisting of (1) hydrogen, (2) alkyl, (3) aryl, (4) arylalkyl, (5)
      alkaryl, (6) alkenyl, (7) when Y is S, R is thioalkyl, thioarylalkyl and
      thioalkaryl, (8) when Y is O, R is alkoxy, arylalkoxy and alkaryloxy and
      radicals of (2) through (6) wherein at least one hydrogen is substituted
      by a material selected from hydroxyl (OH) and thiol (SH) groups, to form
      at least one material selected from the group consisting of
      cyclohexadecadiene, alkyl substituted cyclohexadecadiene,
      cyclohexadecatetraene and alkyl substituted cyclohexadecatetraene and
      subsequently converting at least one double bond of such materials to the
      corresponding ketone group.
PAR  According to the invention an alicyclic compound precursor corresponding to
      the formula
      ##EQU1##
      wherein 1. Q comprises a sequence of six carbon atoms situated in linear
      succession between the methylidene carbons which constitute the double
      bond;
PA0  2. the carbon atoms in the linear succession of Q may be interconnected by
      either carbon-carbon single bonds or carbon-carbon double bonds;
PA0  3. any of the carbon atoms in the linear succession of Q may be substituted
      by alkyl radicals; and
PA0  4. said alicyclic compounds containing no conjugated double bonds,
PAL  is converted into at least one macrocyclic compound possessing alicyclic
      unsaturated ring containing 16 carbon atoms and containing at least two
      carbon to carbon double bonds, subsequently converting at least one of
      said double bonds in said alicyclic rings to a ketone functional group.
PAR  As previously indicated, it is possible to prepare large ring unsaturated
      alicyclic compounds from smaller unsaturated alicyclic precursors. These
      alicyclic compounds which contain 8 or more carbon atoms are cycloolefins,
      which polymerize by a ring opening mechanism forming polymers containing
      carbon to carbon unsaturation along the polymer chains may undergo
      simultaneously an intramolecular olefin metathesis process leading to the
      formation of large ring unsaturated alicyclic compounds. It has been
      discovered that the ring opening polymerization of these medium-size
      unsaturated, alicyclic monomers can be modified substantially to form
      larger unsaturated, alicyclic compounds by conducting the reaction in high
      dilutions. One may adjust the reaction conditions by employing sufficient
      amounts of diluent which lead to the enhancement of the intramolecular
      mode of reaction, thus, obtaining a high proportion of the large ring
      unsaturated alicyclic compounds. A dilution of about 10% or more of the
      unsaturated alicyclic compounds in an inert diluent will usually cause the
      mode of reaction to be intramolecular and form high proportions of the
      large ring unsaturated alicyclic compounds. However, a dilution to about
      5% or more of the alicyclic unsaturated molecules in the inert diluent is
      more preferable. Suitable diluents for this purpose are liquids which do
      not adversely affect the catalyst activity or the olefin metathesis
      reaction. Representative of such diluents are saturated hydrocarbons such
      as butane, pentane, heptane, hexane and the like or aromatic hydrocarbons
      such as benzene, toluene and the like. Hydrocarbons which contain other
      substituents may also be employed provided that they are inert.
PAR  The product mixture of these large ring alicyclic compounds can be
      conveniently separated from any high molecular weight polymer which may be
      formed due to the intermolecular mode of reaction from the ring opening
      polymerization of these alicyclic compounds by extraction with a choice of
      suitable solvents. The separation of the mixture of the large ring
      unsaturated alicyclic compounds to its individual components according to
      ring sizes can be accomplished by one skilled in the art by using a choice
      of methods. Such known methods would be fractional distillations at reduce
      pressures, molecular distillations, elution chromatography, vapor phase
      chromatography and gel permeation chromatography.
PAR  The alicyclic compounds useful in the preparation of the products of this
      invention are those containing 8 or more carbon atoms. Representative of
      such alicyclic compounds are cyclooctene, 1,4- and 1,5-cyclooctadiene and
      alkyl substituted cyclooctene and alkyl substituted 1,4- and
      1,5-cyclooctadiene such as methyl cyclooctenes, ethyl cyclooctenes, methyl
      cyclooctadienes, ethyl cyclooctadienes and other alkyl substituted
      cyclooctenes and cyclooctadienes.
PAR  The conversion of the alicyclic compounds which are the starting materials
      of this invention to form the large ring alicyclic unsaturated
      hydrocarbons containing at least 16 carbon atoms in the ring is conducted
      in the presence of a catalyst system which will cause these reactions to
      take place.
PAR  A class of catalysts employed in the macrocyclization reaction of this
      invention is a combination comprising (A) at least one organometallic
      compound wherein the metal is selected from the group consisting of Ia,
      IIa, IIb and IIIa groups of the Periodic Table of Elements, (B) at least
      one metal salt wherein the metal is selected from the group consisting of
      molybdenum and tungsten, and (C) at least one compound of the general
      formula R--Y--H wherein Y is selected from the group of oxygen and sulfur
      and wherein R is a radical selected from the group consisting of (1)
      hydrogen, (2) alkyl, (3) aryl, (4) arylalkyl, (5) alkaryl, (6) alkenyl,
      (7) when Y is S, R is thioalkyl, thioarylalkyl and thioalkaryl, (8) when Y
      is O, R is alkoxy, arylalkoxy and alkaryloxy and radicals of (2) through
      (6) wherein at least one hydrogen is substituted by a material selected
      from hydroxyl (OH) and thiol (SH) groups. The Periodic Table of Elements
      referred to may be found in the Handbook of Chemistry and Physics, 44th
      Edition, April, 1962 reprint, published by the Chemical Rubber Publication
      Company, Cleveland, Ohia, U.S.A., pg. 448.
PAR  Representative examples of metals from which the organometallic compound,
      the first or (A) component of the catalyst system of this invention, can
      be derived are lithium, sodium, potassium, rubidium, cesium, beryllium,
      magnesium, calcium, strontium, barium, zinc, cadmium, aluminum, gallium,
      indium, and thallium. The preferred organometallic compounds are compounds
      of lithium, sodium, magnesium, aluminum, zinc and cadmium with aluminum
      being most preferred.
PAR  Representative examples or organometallic compounds useful as the first or
      (A) catalyst component of this invention are aluminum compounds having at
      least one metal-to-carbon bond. Representative of such compounds are
      trialkylaluminums such as trimethylaluminum, triethylaluminum,
      tri-n-propylaluminum, tri-n-butylaluminum, triisopropylaluminum,
      triisobutylaluminum, trihexylaluminum, trioctylaluminum and the like;
      triarylaluminums such as tritolylaluminum, tribenzylaluminum,
      triphenylaluminum and the like; dialkylaluminum halides such as
      diethylaluminum chloride, di-n-propylaluminum chloride, diisobutylaluminum
      chloride, diethylaluminum bromide, diethylaluminum iodide and
      diethylaluminum fluoride and the like; mixtures of dialkylaluminum halides
      and alkylaluminum dihalides such as ethylaluminum sesquichloride and
      bromides may also be employed; alkylaluminum dihalides such as
      ethylaluminum dichloride, ethylaluminum dibromide, propylaluminum
      dichloride, isobutylaluminum dichloride, ethylaluminum diiodide and the
      like; dialkylaluminum hydrides such as diethylaluminum hydride,
      di-n-propylaluminum hydride, diisobutylaluminum hydride and the like;
      arylaluminum hydrides and dihydrides such as diphenylaluminum hydride and
      phenylaluminum dihydride, the arylaluminum halides such as phenylaluminum
      dibromide, tolylaluminum dibromide, benzylaluminum dibromide,
      phenylaluminum diiodide, tolylaluminum diiodide, benzylaluminum diiodide,
      diphenylaluminum chloride, ditolylaluminum chloride, dibenzylaluminum
      bromide and the like. Other organometallic compounds are also useful in
      the practice of this invention. Representative of such organometallic
      compounds are organoalkali metal compounds such alkyllithium compounds as
      ethyllithium, n-butyllithium, t-butyllithium, and the like;
      lithium-aluminum-tetraalkyls such as lithium-aluminum-tetrabutyl,
      lithium-aluminum-tetraethyl and the like; alkali metal alkyls and aryls
      such as amylsodium, butylpotassium, phenylpotassium, phenylsodium,
      phenyllithium, butyllithium and the like; magnesium alkyls and aryls such
      as diphenylmagnesium, diethylmagnesium, ethylmagnesium chloride,
      phenylmagnesium chloride, butylmagnesium bromide and the like; calcium,
      strontium and barium organo compounds such as barium alkyls and aryls;
      alkyls and aryls of Group IIb metals such as diethylzinc, diphenylzinc,
      ethylzinc chloride, diethylcadmium, dibutylcadmium and the like; Grignard
      agents such as phenylmagnesium bromide may also be employed. Mixtures of
      these compounds may be employed as the first or (A) catalyst component in
      the catalyst of this invention. It is usually preferred to employ
      organoaluminum compounds such as trialkylaluminums, dialkylaluminum
      halides, alkylaluminum dihalides and aluminum-sesquihalides.
PAR  The metal salts employed in the catalysts of this invention as the second
      or (B) catalyst component are selected from the salts of molybdenum and
      tungsten. Representatives of such salts include halides such as chlorides,
      bromides, iodides, and fluorides, which include compounds such as
      molybdenum pentachloride, tungsten hexachloride, molybdenum pentabromide,
      tungsten hexabromide, molybdenum pentaiodide, tungsten hexaiodide,
      molybdenum pentafluoride, molybdenum hexafluoride and tungsten
      hexafluoride. Other representative salts are those of acetylacetonates,
      sulphates, phosphates, nitrates and the like which include compounds such
      as molybdenum phosphate, tungsten phosphate, molybdenum nitrate, tungsten
      nitrate, molybdenum acetylacetonate, tungsten acetylacetonate, molybdenum
      sulphate, and tungsten sulphate. Mixtures of these salts may also be
      employed. Of these, it is usually preferred to employ tungsten halides and
      molybdenum halides representative of which are tungsten hexachloride and
      molybdenum pentachloride.
PAR  The third or (C) component of the catalyst system of this invention are
      compounds which respond to the formula R--Y--H wherein Y is selected from
      the group consisting of oxygen and sulfur and R is a radical selected from
      the group consisting of (1) hydrogen, (2) alkyl, (3) aryl, (4) arylalkyl,
      (5) alkaryl, (6) alkenyl, (7) when Y is S, R is thioalkyl, thioarylalkyl
      and thioalkaryl, (8) when Y is O, R is alkoxy, arylalkoxy and alkaryloxy
      and (9) radicals of (2) through (6) wherein at least one hydrogen of R is
      substituted by at least one hydroxyl (OH) or thiol (SH) group.
PAR  Thus, the formula above defines a number of types of compounds. It defines
      water (HOH), hydrogen sulfide (HSH), both saturated and unsaturated
      alcohols (ROH), mercaptans (RSH), hydroperoxides (ROOH), hydrodisulfides
      (RSSH), polyalcohols (HOROH), polymercaptans (HSRSH), and hydroxy
      mercaptans (HSROH) or thioalcohols (HORSH). Representative examples of the
      materials responding to the formula above are alcohols representative of
      which are methanol, ethanol, isopropanol, tertiarylbutyl alcohol, amyl
      alcohol, benzyl alcohol, allyl alcohol, 1,1-dimethyl benzyl alcohol,
      phenol, tertiarybutyl catechol, alpha and beta naphthyl alcohol;
      mercaptans such as methyl, ethyl propyl, isopropyl, butyl, amyl and
      similar mercaptans, allyl mercaptan, thiophenol, 4-methylthiophenol,
      4-mercaptophenol; the hydroperoxides such as cumyl hydroperoxide,
      tertiarybutyl hydroperoxide; the hydrodisulfides such as cumyl
      hydrodisulfide, t-butyl hydrodisulfide; the polyalcohols such as ethylene
      glycol, glycerol, and similar polyglycols; catechol, resorcinol,
      hydroquinone, pyrogallol; the polymercaptans such as 1,3-propane dithiol,
      1,4-dithiobenzene; the hydroxymercaptans or thioalcohols such as
      ethane-2-ol-1-thiol, 1-hydroxy-4-thiobenzene.
PAR  One of the unusual and distinguishing features of the catalyst system of
      this invention to convert the 8 carbon atom alicyclic compounds into the
      16 carbon atom alicyclic compounds is that the compound of the formula
      R--Y--H, wherein R and Y have been previously defined, depending on the
      particular 8 carbon atom alicyclic compound employed, the particular
      organometallic compound and the particular Group IVb metal salt chosen and
      on the particular R--Y--H compound chosen, when employed in fairly
      substantial amounts, are known to reduce drastically the activity of the
      catalyst system by which the macrocyclization of this invention occurs. An
      unexpected high activity of the catalyst of the present invention was
      found when compounds of the R--Y--H type were employed in relatively small
      amounts and added according to the teachings set forth in the present
      specification and examples. Since the instant invention contemplates the
      use of organometallic compounds in combination with transition metal salts
      and various oxygen and sulfur-containing compounds, and since factors or
      considerations will influence the optimum range of the three catalyst
      components in relation to each other, the molar ratios of the three
      components which optimize the reaction conditions cannot be readily set
      forth. However, by following the teachings found in this application,
      those skilled in the art can readily determine the optimum molar ratio of
      the three catalyst components to each other. Obviously, if one employs the
      oxygen or sulfur-containing compound, or as is designated above, component
      C in relatively large amounts, the activity of the catalyst will be
      reduced considerably or even destroyed.
PAR  It has been found that good results are obtained in the practice of the
      first step of this invention when the molar relationship between the three
      catalyst components, A, B and C as previously defined, are within a molar
      ratio of B/C ranging from about 0.3/1 to at least about 20/1 and the molar
      ratio of A/B is within the range of about 0.5/1 to at least 15/1. More
      preferred ratios are B/C of 0.5/1 to 5/1 and A/B of 0.5/1 to 8/1. Still
      more preferred ratios are B/C of 1/1 to 2/1 and A/B of 0.75/1 to 5/1.
PAR  The catalysts employed in this invention are prepared by mixing the
      components by known techniques. Thus, the catalysts may be prepared by
      "preformed" or "in situ" techniques. By the "preformed" method the
      catalyst components are mixed together prior to exposure of any of the
      catalyst components to the unsaturated compound to be used in the
      macrocyclization reaction. In the "in situ" method the catalyst components
      are added separately to the unsaturated compound to be used in the
      macrocyclization reaction. The catalyst components may be mixed either as
      pure compounds or as suspensions or solutions in liquids which do not
      adversely affect catalyst activity or the olefin metathesis reaction.
      Representative of such liquids are saturated hydrocarbons such as hexane,
      pentane and the like or aromatics such as benzene, toluene and the like.
PAR  While the presence of the unsaturated precursor is not essential during the
      formation of active catalyst by a mixing of components A, B and C and this
      fact facilitates the use of "preformed" catalysts, it has been found that
      freshly preformed catalysts are generally more active than catalysts which
      have been allowed to age before use.
PAR  The order of addition of the three catalyst components to each other is of
      interest in the practice of this invention. There are various methods in
      which the three catalyst components can be brought into contact with the
      unsaturated precursor or unsaturated precursor/solvent mixture. The
      following is a numerical listing of these various methods in which A, B
      and C stand for the catalyst components as previously defined.
PA1  1. Simultaneous addition of A, B and C.
PA1  2. c followed by A and B which were previously preformed.
PA1  3. A and B preformed followed by C.
PA1  4. a followed by B and C which were preformed.
PA1  5. B and C preformed followed by A.
PA1  6. b followed by A and C which were preformed.
PA1  7. A and C preformed by followed by B.
PA1  8. a followed by B followed by C.
PA1  9. b followed by A followed by C.
PA1  10. c followed by B followed by A.
PA1  11. c followed by A followed by B.
PA1  12. b followed by C followed by A.
PA1  13. a followed by C followed by B.
PA1  14. preformed A, B and C which was prepared by adding A to B and C
      preformed.
PA1  15. Preformed A, B and C which was prepared by adding B to A and C
      preformed.
PA1  16. Preformed A, B and C which was prepared by adding C to A and B
      preformed.
PAR  Of these various procedures, Procedures 6, 7, 11, 13 and 15 listed above
      are methods of preparation which reduce somewhat the catalyst activity.
      The remaining of the listed Procedures 1, 2, 3, 4, 5, 8, 9, 10, 12, 14 and
      16 lead to the most active catalyst systems.
PAR  The amount of catalyst employed in the macrocyclization reaction of this
      invention may be varied over wide concentrations and has not been found to
      be critical. Of course, a catalytic amount of the catalyst must be
      employed. The optimum amount of catalyst depends upon a number of factors
      such as temperature, unsaturated precursors used, purity of precursors,
      reaction times desired and the like. Those skilled in the art will readily
      determine the optimum catalytic ranges. The macrocyclization can be
      conducted wherein the amount of catalyst employed is about 0.01 parts by
      weight of B per 100 parts by weight of unsaturated precursor employed,
      with components A and C adjusted to yield a desirable atomic ratio of
      A/B/C.
DETD
PAR  The practice of this invention is further illustrated by reference to the
      following examples which are intended to be representative rather than
      restrictive of the scope of the invention.
PAC  EXAMPLE I
PAR  A series of reactions was carried out whereby cyclooctene was coverted into
      a mixture of macrocyclics having the general formula
EQU  (C.sub.8 H.sub.14).sub.n
PAL  by reacting cyclooctene in the presence of a catalyst comprising a mixture
      of tungsten hexachloride (WCl.sub.6) and ethyl alcohol and ethyl aluminum
      dichloride (EADC). The WCl.sub.6 was 0.05 molar in benzene. The ethanol
      was pre-reacted with WCl.sub.6 in equal molar quantities. The EDAC was
      0.20 molar in benzene. The various amounts and other relevent data are
      given in the talbe below. Each of the reactions was allowed to proceed 15
      minutes and was then terminated by the introduction of the 2.0 ml benzene
      solution containing 0.03 gram of tetraethylene pentamine and 0.02 gram of
      di-ter-butyl-p-cresol and evaporated to dryness. The evaporated mixture
      was extracted three times with 50 ml portions of 1:1 volume ratio of
      isopropanol/hexene solvent system and a low molecular weight extractable
      portion thus isolated. These low molecular weight extractables are
      reported as macrocyclics in percent in the table below.
PAR  Parent mass spectroscopic analysis by low voltage mass spectroscopy was
      carried out and it was found that the extractable mixture was comprised of
      components possessing molecular weights according to the series: 220 + n
      .times. 110(n = 0, 1, 2, 3...). This corresponds to a dimer (when n = 0),
      a trimer (when n = 1), a tetramer (when n = 2), and so forth, of the
      repeating monomer unit of the original polyoctenamer, that is --CH.sub.2
      --CH=CH--CH.sub.2 --(CH.sub.2).sub.4 --. The Nuclear Magnetic Resonance
      spectroscopic analysis (NMR) of the low molecular weight extractable
      portion indicates the presence of one vinylene double bond for every eight
      carbons, similar to cyclooctene and polyoctenamer, and possessing three
      types of hydrogens (A) vinylic: (CH=CH); (B) allylic: (CH.sub.2 --CH=CH);
PAL  and (C) methylenic: (CH.sub.2). The relative ratio of
      vinylic/allylic/methylenic types of hydrogens was found to be essentially
      1/2/4. Methyl hydrogens: (CH.sub.3) or terminal unsaturation type of
      hydrogens: (CH=CH.sub.2) were not detected in the NMR spectrum.
PAR  Hence, the mass spectroscopy and NMR spectroscopy results reveal that the
      low molecular weight extractable portion consists of a mixture of
      macrocyclics of the general formula:
      ##EQU2##
      where x = 1, 2, 3 . . . .
PAR  For x = 1, the ring is of 16 carbons, 2 double bonds and has a molecular
      weight of 220. For x = 2, the ring is of 24 carbons, 3 double bonds and
      has a molecular weight of 330. For x = 3, the ring is of 32 carbons, 4
      double bonds and has a molecular weight of 440. This series of molecular
      weights is consistent with the experimentally determined low voltage mass
      spectroscopy and the structure presented above is consistent with the NMR
      spectrum analysis.
TBL  __________________________________________________________________________

          Cyclo-                     Macro-                                    

     Reaction                                                                  

          octene                                                               

              Benzene                                                          

                   WCl.sub.6 /C.sub.2 H.sub.5 OH(1:1)                          

                             EADC    cyclics                                   

     No.  (ml)                                                                 

              (ml) (moles .times. 10.sup.4)                                    

                             (moles .times. 10.sup.4                           

                                     (%)                                       

     __________________________________________________________________________

     1    5   95   0.5       2.0     46.2                                      

     2    4   96   0.5       2.0     48.5                                      

     3    3   97   0.5       2.0     73.2                                      

     4    2   98   0.5       2.0     91.4                                      

     5    1   99   0.5       2.0     98.3                                      

     __________________________________________________________________________

PAL  These data illustrate that dilutions favor the formation of macrocyclics.
PAC  EXAMPLE II
PAR  A 1.75 ml sample of cyclooctene was dissolved in benzene to form a 50 ml
      solution. Under nitrogen atmosphere, 0.5 ml solution of WCl.sub.6 /C.sub.2
      H.sub.5 OH (1:1) in benzene of 0.05 molar concentration was added followed
      by 0.5 ml EADC of 0.2 molar concentration. The mixture was sampled at
      variable times and analyzed by gas chromatography using cyclooctane as an
      internal standard. The following table contains the observed data
      regarding the composition of the mixture with respect to conversion.
      ##EQU3##
      The data demonstrates that is possible to convert cyclooctene to
      1,9-cyclohexadecadiene with a selectivity of about 25%.
PAR  The macrocyclic compound 1,9-cyclohexadecadiene obtained from cyclooctene
      as indicated in Example 1 can be converted into .DELTA..sup.8 -
      cyclohexadecene-1-one (I), according to the equation
      ##EQU4##
      and also to the respective diketones:
      ##EQU5##
PAR  Processes available for the conversion of unsaturated double bonds into
      carbonyl functional groups are numerous. It is possible to convert the
      double bond first into a hydroxy group by well documented reactions such
      as:
PAR  1. addition of HX (X = Cl, Br, I) to the double bond to form the respective
      halogenated derivative of the C.sub.16 macrocyclic, followed by hydrolysis
      to form the hydroxy substituted C.sub.16 macrocyclic;
PAR  2. reaction of the unsaturated macrocyclic with concentrated H.sub.2
      SO.sub.4, forming the respective sulfate derivative of the C.sub.16
      macrocyclic, followed by hydrolysis to form the hydroxy substituted
      C.sub.16 macrocyclic;
PAR  3. reaction of the unsaturated macrocyclic with NaBH.sub.4 in the presence
      of BF.sub.3.etherate catalyst according to the well-known hydroboration
      reaction, followed by the alkaline hydrolysis of the respective borane
      yielding the hydroxy substituted C.sub.16 macrocyclic; all of these
      followed by oxidation of the hydroxy to a carbonyl.
PAR  The oxidation of the hydroxy substituted macrocyclic into the respective
      carbonyl can be carried out by several methods. It is possible to use
      various oxidation reagents such as H.sub.2 O.sub.2, chromium trioxide,
      aluminum isopropoxide in acetone (Oppenauer reaction) and others. It is
      understood that any particular oxidation process requires appropriate
      solvent media, acidity and other specific conditions which should be
      employed in order to obtain optimum yields of the desired product. It is
      conveivable that the isolation step of the pure hydroxy substituted
      C.sub.16 macrocyclic intermediate can be eliminated, as it is possible to
      conduct the oxidation step of the said intermediate directly on the crude
      material. The following example describes a conversion of the
      1,9-cyclohexadecadiene into the respective ketones without isolation of
      the respective alcohols.
PAC  EXAMPLE III
PAR  Into a solution of 22.0 grams 1,9-cyclohexadecadiene in 50 milliliters of
      anhydrous tetrahydrofuran, containing 1.14 grams of sodium borohydride
      (NaBH.sub.4), was slowly added 5.6 grams of boron trifluoride
      tetrahydrofuran complex (BF.sub.3.THF) dissolved in 20 milliliters of
      tetrahydrofuran (THF) over a 2 hour period, maintaining a temperature of
      30.degree. C. The reaction mixture was then treated with 11.0 milliliters
      3 molar of sodium hydroxide solution (NaOH), followed by a slow addition
      of 14.0 milliliters of 30 percent of hydrogen peroxide (H.sub.2 O.sub.2)
      solution. The crude product was poured into 300 milliliters of water and
      extracted with pentane.
PAR  Analysis by gas chromatography indicated a total conversion of 71 percent
      of which 48 percent was .DELTA..sup.8 -cyclohexadecene-1-one (I) and 23
      percent mixture of the diketones (II) and (III).
PAR  The unsaturated C.sub.16 macrocyclic 1,9-cyclohexadecadiene possesses two
      double bonds separated by six (CH.sub.2) groups. Thus, in attempting to
      convert one double bond to a ketone functional group there is always a
      possibility of obtaining some diketones (II) and (III). By adjusting the
      reagent ratios employed it is possible to minimze or maximize the
      formation of diketones.
PAR  Methods of conversion of carbon-to-carbon double bonds to carbonyl
      functional groups, excluding the hydroxy intermediate may also be employed
      in the syntheses of compounds (I), (II) and (III), from
      1,9-cyclohexadecadiene. A possible process which may be employed is the
      conversion of the double bond to an epoxide by peroxy acids such as:
      peroxybenzoic acid or peroxytrifluoroacetic acid, followed by
      isomerization to the carbonyl according to the formula:
      ##EQU6##
      Another method will be the hydroboration of the C.sub.16 macrocyclic diene
      and direct oxidation of the borane derivative:
      ##EQU7##
PAC  EXAMPLE IV
PAR  Hydroboration: a 500 ml 3-neck flask was fitted with a reflux condenser
      sealed with calcium sulfate (indicator Drierite), a nitrogen inlet tube
      and a dropping funnel containing 4 ml. (ca. 30 mmoles) of boron
      trifluoride etherate in 10 ml of diglyme. The flask contained 2.20 grams
      (10 mmoles) of 1,9-cyclohexadecadiene and 0.57 grams (15 mmoles) of sodium
      borohydride in 100 ml of diglyme. The BF.sub.3 solution was added at a
      rate to maintain the temperature at 25.degree.-45.degree. C. (ca. 5 min.).
      The reaction mixture was heated at 80.degree. C. for 2 hours as periodic
      samples were withdrawn and injected into the gas chromatograph. The
      organoborane was light yellow in color. The flask content was cooled and
      30 ml of water added to destroy the excess hydride.
PAR  Oxidation: When the flask had cooled to room temperature, 200 ml of ethyl
      ether was added for mild oxidation conditions and ease of separation. A
      solution of 2.5 g (25 mmoles) of chromium trioxide and 5.0 g (50 mmoles)
      of sulfuric acid in 40 ml of water (ca. 8N) was added over a 10 minute
      period to maintain the temperature at 25.degree.-35.degree. C. The green
      chromic sulfate began to form upon addition of the oxidant. Refluxing was
      maintained for 3 hours. Three-hundred ml of water was added and the ether
      layer separated. The aqueous layer was extracted twice with 50 ml portions
      of ether and the extracts combined. Excess oxidant in the ether portion
      was destroyed with solid sodium bisulfite, and then washed with a sodium
      carbonate solution. The organic material was dried over calcium chloride
      and the solvents removed, ethyl ether at 25 mm and diglyme at
      29.degree.-31.degree.C. at 2-3 mm. The mixture of products weighed
      slightly over 2 grams.
PAR  The products were isolated by gas chromatographic trapping methods. The
      cyclic ketones were identified by melting points as compared to literature
      values, mass spectrometry, nuclear magnetic resonance, infrared and
      elemental analysis. There was obtained about 26% by weight of
      .DELTA..sup.8 -cyclohexadecene-1-one, 22% by weight of
      1,9-diketocyclohexadecane, 19% by weight of cyclohexadecanone and 22% by
      weight of 1,8-diketocyclohexadecane
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method for the preparation of alicyclic ketones which contain 16
      carbon atoms in the alicyclic ring which comprises subjecting an alicyclic
      compound corresponding to the formula:
      ##EQU8##
PAR   wherein 1. Q comprises a sequence of six carbon atoms situated in linear
      succession between the methylidene carbons which constitute the double
      bond;
PA1  2. the carbon atoms in the linear succession of Q may be interconnected by
      both carbon-carbon single bonds and carbon-carbon double bonds;
PA1  3. any of the carbon atoms in the linear succession of Q may be substituted
      by alkyl radicals; and
PA1  4. said alicyclic compounds containing no conjugated double bonds,
PAL  while said hydrocarbon is diluted to about 10% in an inert diluent to a
      catalyst comprising (A) at least one organometallic compound wherein the
      metal is selected from the group consisting of Ia, IIa, IIb and IIIa
      groups of the Periodic Table of Elements, the organo portion of said
      organometallic compound being selected from the group consisting of
      trialkyls, triaryls, dialkyl halides, alkyl dihalides, dialkyl hydrides,
      diaryl hydrides, aryl dihydrides and aryl halides; (B) at least one metal
      salt selected from the group consisting of molybdenum and tungsten
      halides, acetylacetonates, sulfates, phosphates and nitrates; and (C) at
      least one compound of the general formula R--Y--H wherein Y is selected
      from the group of oxygen and sulfur and wherein R is a radical selected
      from the group consisting of (1) hydrogen, (2) alkyl, (3) aryl, (4)
      arylalkyl, (5) alkaryl, (6) alkenyl, (7) when Y is S, R is thioalkyl,
      thioarylalkyl and thioalkaryl, (8) when Y is O, R is alkoxy, arylalkoxy
      and alkaryloxy and (9) radicals of (2) through (6) wherein at least one
      hydrogen of said radicals is substituted by a material selected from
      hydroxyl (OH) and thiol (SH) groups, wherein the molar relationship
      between catalyst component (A), (B) and (C) are within a molar ratio of
      B/C ranging from about 0.3/1 to at least about 20/1, and the molar ratio
      of A/B is within the range of about 0.5/1 to at least 15/1, to form at
      least one cyclic polyolefin corresponding to the formula:
      ##EQU9##
PAR   wherein 1. Q comprises a sequence of six carbon atoms situated in linear
      succession between the methylidene carbons which constitute the double
      bond;
PA1  2. the carbon atoms in the linear succession of Q may be interconnected by
      both carbon-carbon single bonds and carbon-carbon double bonds;
PA1  3. any of the carbon atoms in the linear succession of Q may be substituted
      by alkyl radicals; and
PA1  4. said alicyclic compounds containing no conjugated double bonds,
PAL  and subsequently subjecting said cyclic polyolefin to a sequence of
      reactons whereby at least one and not more than two of the --CH=CH--
      groups are converted to a
      ##EQU10##
      group to form a cyclic compound containing 16 carbon atoms in the
      alicyclic ring and containing one or two carbonyl functional groups.
NUM  2.
PAR  2. The method for the preparation of alicyclic ketones which contain 16
      carbon atoms in the alicyclic ring which comprises subjecting an alicyclic
      compound corresponding to the formula:
      ##EQU11##
PAR   wherein 1. Q comprises a sequence of six carbon atoms situated in linear
      succession between the methylidene carbons which constitute the double
      bond;
PA1  2. the carbon atoms in the linear succession of Q may be interconnected by
      both carbon-carbon single bonds and carbon-carbon double bonds;
PA1  3. any of the carbon atoms in the linear succession of Q may be substituted
      by alkyl radicals; and
PA1  4. said alicyclic compounds containing no conjugated double bonds,
PAL  while said hydrocarbon is diluted to about 10% in an inert diluent to a
      catalyst comprising (A) at least one organometallic compound
PAL  wherein the metal is selected from the group consisting of Ia, IIa, IIb and
      IIIa groups of the Periodic Table of Elements, said organometallic
      compounds having at least one metal-to-carbon bond; (B) at least one metal
      salt selected from the group consisting of molybdenum and tungsten,
      acetylacetonates, sulfates, phosphates and nitrates; and (C) at least one
      compound of the general formula R--Y--H wherein Y is selected from the
      group of oxygen and sulfur and wherein R is radical selected from the
      group consisting of (1) hydrogen, (2) alkyl, (3) aryl, (4) arylalkyl, (5)
      alkaryl, (6) alkenyl, (7) when Y is S, R is thioalkyl, thioarylalkyl and
      thioalkaryl, (8) when y is O, R is alkoxy, aralalkoxy and alkaryloxy and
      radicals of (2) through (6) wherein at least one hydrogen is substituted
      by a material selected from hydroxyl (OH) and thiol (SH) groups to form at
      least one material corresponding to the formula:
      ##EQU12##
      in which Q is selected from the group consisting of --(CH.sub.2).sub.6 --
      and --(CH.sub.2).sub.2 -- CH=CH--(CH.sub.2).sub.2 -- and subsequently
      converting at least one of the double bonds into a carbonyl functional
      group, wherein the molar relationship between catalyst components (A), (B)
      and (C) are within a molar ration of B/C ranging from about 0.3/1 to at
      least about 20/1, and the molar ratio, or A/B is within the range of about
      0.5/1 to at least 15/1.
NUM  3.
PAR  3. The method for the preparation of alicyclic ketones which contain 16
      carbon atoms in the alicyclic ring which comprises subjecting:
      ##EQU13##
      in which Z is selected from the group consisting of --(CH.sub.2).sub.6 --
      and --(CH.sub.2).sub.2 --CH=CG--(CH.sub.2).sub.2 13  to a sequence of
      reactions whereby at least one of the --CH=CH-- groups is converted to a
      ##EQU14##
      group
NUM  4.
PAR  4. The method according to claim 3 wherein any hydrogen in the
      --(CH.sub.2).sub.6 -- --(CH.sub.2).sub.2 --CH=CH--(CH.sub.2).sub.2 --
      groups is substituted by an alkyl group.
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ABST
PAL  The present invention concerns unsaturated ethers or thioethers of the
      formula:
      ##EQU1##
      wherein R.sub.1 is an aliphatic or alicyclic hydrocarbon, R.sub.2 and
      R.sub.3 are H or alkyl, Y is cyano, amido, a ketone or an acid ester,
      ##EQU2##
      is an ether, thioether or a saturated or unsaturated c--c bond and n is an
      integer, which exhibit insecticidal properties.
PARN
PAR  This application is a continuation-in-part of copending U.S. Ser. No.
      257,671, filed May 30, 1972, now abandoned.
BSUM
PAR  The present invention relates to unsaturated ethers or thioethers.
PAR  The present invention provides compounds of formula I,
      ##EQU3##
      wherein R.sub.1 is alkyl of 1 to 10 carbon atoms; alkenyl of 3 to 10
      carbon atoms; alkynyl of 3 to 10 carbon atoms; cycloalkyl of 3 to 6 carbon
      atoms; cycloalkyl of 3 to 6 carbon atoms substituted by alkyl of 1 to 4
      carbon atoms; cycloalkenyl of 5 to 7 carbon atoms; cycloalkenyl of 5 to 7
      carbon atoms substituted by alkyl of 1 to 4 carbon atoms; cycloalkyl(of 3
      to 6 carbon atoms)alkyl (of 1 to 4 carbon atoms); cycloalkyl(of 3 to 6
      carbon atoms)alkyl (of 1 to 4 carbon atoms) ring substituted by alkyl of 1
      to 4 carbon atoms; cycloalkenyl(of 5 to 7 carbon atoms)alkyl (of 1 to 4
      carbon atoms); or cycloalkenyl(of 5 to 7 carbon atoms)alkyl (of 1 to 4
      carbon atoms) ring substituted by alkyl of 1 to 4  carbon atoms;
PA1  R.sub.2 and R.sub.3, which are the same or different, are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  Y is cyano;
EQU  --CONR.sub.4 R.sub.5
PA1   wherein R.sub.4 and R.sub.5, which are the same or different, are each
      hydrogen or alkyl of 1 to 4 carbon atoms, or R.sub.4 and R.sub.5 together
      with the nitrogen atom constitute a 5 or 6 membered heterocycle containing
      either one ring nitrogen atom or one ring nitrogen atom and one ring
      oxygen atom, e.g. pyrrolidine, piperidine or morpholine;
EQU  --COOR.sub.6
PA1   wherein R.sub.6 is alkyl of 1 to 5 carbon atoms; or
EQU  COR.sub.7
PA1   wherein R.sub.7 is alkyl of 1 to 5 carbon atoms;
PA1  Q is oxygen or sulphur;
      ##EQU4##
      n is an integer 1, 2 or 3.
PAR  When any of R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and
      R.sub.7 are aliphatic groups of more than 2 carbon atoms, they may be
      straight or branched chain.
PAR  The present invention also provides processes for the production of a
      compound of formula I which comprises
PAR  a. reacting a compound of formula II,
      ##EQU5##
      wherein R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU6##
       and n are as defined above with a compound of formula III,
      ##EQU7##
      wherein Y is as defined above and
PA1  R.sub.8 and R.sub.9, which are the same or different, are each phenyl,
      alkoxy of 1 to 4 carbon atoms or aryloxy (e.g. phenyloxy or toluyloxy),
PAL  in the presence of a strong base (i.e. under Wittig-Horner conditions -
      Houben-Weyl, Methoden der Organischen Chemie, Ed. E. Muller, Vol. V/1c
      page 603 [1970]) or
PAR  b. reacting a compound of formula II with a compound of formula IV,
      ##EQU8##
      wherein Y is as defined above and
PA1  R.sub.10, r.sub.11 and R.sub.12 are each aryl (e.g. phenyl, alkylphenyl,
      such as meta methyl-, ethyl-, n-propoyl- or i-propyl- substituted phenyl,
      alkoxyphenyl, such as para methoxy-, ethoxy-, n-propoxy- or i-propoxy-
      substituted phenyl, or chloro-or bromo-substituted phenyl, such as para
      chloro-substituted phenyl) or dialkylamino of 2 to 8 carbon atoms
PAL  or
PAR  c. reacting a compound of formula V,
      ##EQU9##
      wherein R.sub.1, R.sub.2, Q and n are as defined above,
      ##EQU10##
      X is chlorine or bromine, with a compound of formula VI,
      ##EQU11##
      wherein R.sub.3 and R.sub.7 are as defined above and
PA1  R.sub.13 is alkyl of 1 to 4 carbon atoms,
PAL  with subsequent acid hydrolysis and dehydration, to produce a compound of
      formula Ia,
      ##EQU12##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.7, Q,
      ##EQU13##
PAR   and n are as defined above
PAL  or
PAR  d. reacting a compound of formula Ib
      ##EQU14##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.6, Q,
      ##EQU15##
       and n are as defined above with a compound of formula VII,
EQU  MNR.sub.4 R.sub.5                                          VII
PAL  wherein
PA1  R.sub.4 and R.sub.5 are as defind above and
PA1  M is hydrogen, lithium or MgBr,
PAL  to produce a compound of formula Ic
      ##EQU16##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, Q,
      ##EQU17##
       and n are as defined above.
PAR  Process a) may, for example, be effected as follows, viz:
PAR  A strong base such as sodium hydride, in for example, an ether such as
      1,2-dimethoxyethane, tetrahydrofurane, diethylether or dioxane, or an
      amide such as dimethylformamide, as a solvent or as suspension medium, or
      potassium tert.butoxide in for example, benzene, toluene or
      tetrahydrofurane as a solvent or a suspension medium, or a sodium
      alcoholate in for example dimethylformamide as a solvent or a suspension
      medium, may be added to a compound of formula VII, preferably while
      stirring and conveniently at room temperature. The mixture may be stirred
      for a period of about 8 hours and a compound of formula II then added in a
      solvent, conveninetly that employed for the strong base. The mixture may
      be stirred for a period of about 20 hours conveniently at room temperature
      after which time water may be added with cooling. Working up may be
      effected in conventional manner e.g. by extraction with benzene.
PAR  Process b) may, for example, be effected as follows viz:
PAR  A compound of formula II, in a solvent such as an ether, for example,
      dioxane or tetrahydrofurane, may be reacted with a compound of formula IV,
      preferably at an elevated temperature, for example, at reflux temperature,
      conveniently over a prolonged period, for example about 24 hours. In some
      circumstances, the compound of formula IV may conveniently be produced in
      situ. Working up may be effected in conventional manner.
PAR  Process c) may, for example, be effected as follows viz:
PAR  A compound of formula VI may be added to a compound of formula V in a
      solvent such as an ether, for example diethyl ether or tetrahydrofurane.
      After a period of between about 2 and 6 hours, conveniently at room
      temperature, a dilute mineral acid such as dilute hydrochloric acid or
      dilute sulphuric acid may be added to the mixture, the resulting magnesium
      salt and enol ether being hydrolysed with subsequent elimination of water.
      Working up may be effected in conventional manner.
PAR  Process d) may, for example, be effected as follows viz:
PAR  A compound of formula VII in a solvent such as absolute ether may be added
      to a compound of formula Ib in the same solvent conveniently with stirring
      and at room temperature. The reaction may be allowed to proceed over a
      prolonged period e.g. up to 12 hours. Working up is effected in manner
      known per se.
PAR  The compound of formula II employed as starting material in processes a)
      and b) above may be produced as follows viz:
PAR  a'. the compounds of formula IIa,
      ##EQU18##
      wherein R.sub.1, R.sub.2, R.sub.3, Q and n are as defined above
PAL  may be produced by reacting a compound of formula VIII,
      ##EQU19##
      wherein R.sub.1, R.sub.2, Q and n are as defined above
PAL  with a compound of formula XIII,
      ##EQU20##
      wherein R.sub.3 is as defined above and
PA1  R.sub.14 is methyl or ethyl,
PAL  in manner known per se.
PAR  b'. The compounds of formula IIb
      ##EQU21##
      wherein R.sub.1, R.sub.2, R.sub.3, Q and n are as defined above and
      ##EQU22##
      may be produced by etherifying a compound of formula IX,
      ##EQU23##
      wherein R.sub.1, R.sub.2 , Q,
      ##EQU24##
       and n are as defined above, with a compound of formula X,
      ##EQU25##
      wherein R.sub.3 is as defined above,
PAL  in manner known per se.
PAR  c'. The compounds of formula IIc,
      ##EQU26##
      wherein R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU27##
       and n are as defined above, may be produced by reacting a compound of
      formula XI,
      ##EQU28##
      wherein R.sub.1, R.sub.2, Q,
      ##EQU29##
       n and X are as defined above, with a compound of formula XIII with
      subsequent hydrolysis and decarboxylation, in manner known per se.
PAR  d'. The compounds of formula IId,
      ##EQU30##
      wherein R.sub.1, R.sub.2, Q and n are as defined above,
PAL  may be produced by reacting a compound of formula VIII, with an alkylvinyl
      ether of 3 to 7 carbon atoms, in the presence of mercuric acetate. The
      reaction may be effected at elevated temperature and over a prolonged
      period e.g. 4 days, with subsequent rearrangement while heating at a
      temperature of, for example, 160.degree.-190.degree.C, over a period of,
      for example, 1 to 2 hours.
PAR  e'. The compounds of formula IIe
      ##EQU31##
      wherein R.sub.1 ' is alkyl of 1 to 10 carbon atoms; cycloalkyl of 3 to 6
      carbon atoms; cycloalkyl of 3 to 6 carbon atoms substituted by alkyl of 1
      to 4 carbon atoms; cycloalkyl (of 3 to 6 carbon atoms)alkylene(of 1 to 4
      carbon atoms); or cycloalkyl(of 3 to 6 carbon atoms)alkylene(of 1 to 4
      carbon atoms) ring substituted by alkyl of 1 to 4 carbon atoms; and
PA1  R.sub.2, r.sub.3, q and n are as defined above,
PAL  may be produced by catalytic hydrogenation of a compound of formula IIf
      ##EQU32##
      wherein R.sub.1 ', R.sub.2, R.sub.3, Q and n are as defined above,
PAL  in conventional manner.
PAR  The compounds of formula VIII may, for example, be produced by reacting a
      compound of formula XII,
      ##EQU33##
      wherein R.sub.1, R.sub.2, Q and n are as defined above,
PAL  with vinyl magnesium chloride or bromide.
PAR  The compounds of formulae III, IV, V, VI, VII, IX, X, XI, XII and XIII are
      either known or may be produced in analogous manner to the process for
      producing the known compounds.
PAR  The compounds of formula I are colourless oils. They may be characterised
      and purified in the normal manner e.g. purification by distillation or
      chromatography.
PAR  The compounds of formula I are useful as insecticides as indicated in the
      following tests by an inhibiting effect on the development of the insects
      Dysdercus Fasciatus (Egyptian cotton worm) and Prodenia littura (cotton
      stainer) from one development stage thereof to the next, to result either
      in death, reduced oviposition or inhibition of copulation, viz:
PAC  TEST 1
PAC  Insecticidal effect on Dysdercus fasciatus larvae (Egyptian cotton worm)
PAR  Filter paper is impregnated with a solution of a compound of formula I viz:
PA0  a) methyl-[9-sec.butoxy-3,7-dimethyl]2,6-nonadienoate,
PA0  b) 9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile,
PA0  c) methyl-[9-isopropoxy-3,7-dimethyl]2,6-nonadienoate,
PA0  d) 10-isopropoxy-8-methyl-3,7-decadien-2-one, and
PA0  e) 10-isopropoxy-4,8-dimethyl-3,7-decadien-2-one,
PAL  at a concentration of 0.1 mg/cm.sup.2.
PAR  A box made from polystyrene (200 .times. 100 .times. 85 mm) is coated with
      the filter paper treated in this way. A folded filter paper, which is also
      impregnated, is covered with about 30 dysdercus larvae of the 4th larval
      stage and placed into the box. Pounded cotton seeds as food and a
      drinking-vessel are placed into it. The mortality is determined after 10
      days. Substantial mortality is observed.
PAC  TEST 2
PAC  Effect on the development of Prodenia-littura larvae (cotton strainer) into
      adults
PAR  Filter paper is impregnated with a solution of a compound of formula I viz:
PA0  a) methyl-[9-sec.butoxy-3,7-dimethyl]2,6-dienoate
PA0  b) methyl-[9-isopropoxy-3,7-dimethyl]2,6-nonadienoate,
PA0  c) 10-isopropoxy-8-methyl-3,7-decadien-2-one, and
PA0  d) 10-isopropoxy-4,8-dimethyl-3,7-decadien-2-one,
PAL  at a concentration of 0.1 mg/cm.sup.2 Partitions, having a size of 3.5
      .times. 5.5 cm, of a plastic box are coated with the filter paper treated
      in this way. One Prodenia caterpillar in the third to fourth larval stage
      is placed into each partition and a piece of artificial medium is given as
      food. The insects are kept at 25.degree.. The number of the adults which
      have developed normally after 21 days is determined. The rate of
      development is found to be substantially checked.
PAR  In addition, the compounds of formula I are further useful as insecticides
      because they exhibit low toxicity towards warm blooded animals.
PAR  It is to be understood that the term "insects" as used herein is used in a
      broad sense and may include not only the class Insecta, but classes of
      similar or related organisms e.g. spider mites. The term "insecticide" and
      "insecticidal" as used herein should be construed accordingly.
PAR  For the abovementioned use, the amount applied to a locus to be treated
      will of course vary depending on the compound employed, the mode of
      application, ambient conditions, and the insects to be combated. However,
      with regard to plant protection, satisfactory results are obtained when
      applied to a plant locus in an amoount of between 1 and 4 kg/hectare, the
      application being repeated as required.
PAR  The compounds may be applied to the locus with conventional applicator
      equipment and by conventional methods e.g. strewing, spraying and dusting.
PAR  Compositions may comprise a compound of formula I in admixture with
      insecticide carriers, diluents and/or adjuvants in solid or liquid form
      e.g. spraying and dusting powders, granulates, liquid sprays and aerosols.
PAR  Solid forms may include diluents and carriers such as diatomaceous earth,
      bentonite and pumice. Adjuvants e.g. surfactants such as wetting and
      dispersing agents and adhesive agents, e.g. cellulose derivatives, may
      also be included in the case of wettable powders to be applied as a water
      suspension. Granulates are produced by coating or impregnating granular
      carrier materials such as pumice, limestone, attapulgite and koalinite
      with the compounds.
PAR  Liquid forms may include non-phytotoxic diluents and carriers such as
      alcohols, glycolic ethers, aliphatic and aromatic hydrocarbons e.g.
      xylene, alkyl napthalenes and other petroleum distillates. Adjuvants such
      as surface active agents, e.g. wetting and emulsifying agents such as
      polyglycol ethers formed by the reaction of an alkylene oxide with high
      molecular weight alcohols, mercaptans or alkyl phenols, may be included in
      emulsion concentrate forms. Appropriate organic solvents e.g. ketones,
      aromatic optionally halogenated hydrocarbons and mineral oils may also be
      included as solvent aids.
PAR  Aside from the abovementioned carriers, diluents and adjuvants, adjuvants
      such as U. V. stabilizing agents, desactivators (for solid forms with
      carriers having an active surface), agents for improving adhesiveness to
      surfaces treated, anticorrosives, defoaming agents and pigments may also
      be included.
PAR  Concentrate forms of composition generally contain between 2 and 90
      percent, preferably between 5 and 50 percent, by weight of active
      compound.
PAR  Application forms of composition generally contain between 0.01 and 20
      percent and preferably between 0.1  and 20 percent, by weight of active
      compound.
PAR  Examples of concentrate forms of composition will now be described.
PAL  a. Emulsifiable Concentrate
PAR  25 parts by weight of a compound of formula I are mixed with 25 parts by
      weight of isooctylphenyldecaglycol ether and 50 parts by weight of xylene,
      whereby a clear solution is obtained which may be readily emulsified in
      water. The concentrate may be diluted with water to the desired
      concentration.
PAL  b. Emulsifiable Concentrate
PAR  25 parts by weight of a compound of formula I are mixed with 30 parts by
      weight of isooctylphenyloctaglycol ether and 45 parts by weight of a
      petroleum fraction having a B.P. of 210.degree.-280.degree. (D.sub.20 :
      0.92). The concentrate may be diluted with water to the desired
      concentration.
PAL  c. Emulsifiable Concentrate
PAR  50 parts by weight of a compound of formula I are mixed with 50 parts by
      weight of isooctylphenyloctaglycol ether. A clear concentrate is obtained
      which may be readily emulsified in water and which may be diluted with
      water to the desired concentration.
PAR  The preferred compounds of formula I are generally those compound wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms,
PA1  R.sub.2 and R.sub.3, which are the same or different, are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  Q is oxygen,
      ##EQU34##
      y is cyano; COOR.sub.6 wherein R.sub.6 is alkyl of 1 to 5 carbon atoms; or
      COR.sub.7 wherein R.sub.7 is alkyl of 1 to 5 carbon atoms and
PA1  n is an integer 1, 2 or 3.
PAR  Specific preferred compounds are
PA1  methyl-[9-sec.butoxy-3,7-dimethyl]2,6-nonadienoate,
PA1  9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile and
PA1  methyl-[9-isopropoxy-3,7-diemthyl]2,6-nonadienoate.
DETD
PAR  The following Examples illustrate the production of the compounds of
      formula I, but in no way limit the invention. The temperatures are
      indicated in degrees Centigrade. Where concentration is indicated as a %,
      this is % by weight. Where pressure is indicated in mm this is mm/Hg.
PAC  EXAMPLE 1
PAC  Methyl-[9-sec.butoxy-3,7-dimethyl]-2,6-nonadienoate [process a)]
PAR  1.31 g (0.03 mol) of a 55 % sodium hydride emulsion in mineral oil are
      washed with hexane and suspended in 45 cc of 1,2-dimethoxy ethane in an
      atmosphere of nitrogen. 6.3 g (0.03 mol) of
      methyl-(O,O-diethyl-phosphono)acetic acid are added at
      20.degree.-25.degree. during the course of 1 hour and while stirring.
      After 8  hours 4.24 g (0.02 mol) of 8-sec.butoxy-6-methyl-5-octen-2-one in
      6 cc of 1,2-dimethoxy ethane are added dropwise and the mixture is stirred
      at 20.degree.-25.degree. for 20 hours. Working up is effected by the
      dropwise addition of 100 c of water with cooling. The organic phase is
      extracted with benzene; the benzene extract is concentrated by evaporation
      to 60 cc, is filtered through 30 g of aluminium oxide (activity II) and
      the filtrate is evaporated. The residue may be purified on silica gel by
      chromatography [eluant hexane/acetic ester (9:1)], whereby a cis/trans
      isomeric mixture of methyl-[9-sec.-butoxy-3,7-dimethyl]-2,6-nonadienoate
      is obtained. n.sub.D.sup.20 = 1.4678
PAR  Analysis: C.sub.16 H.sub.28 O.sub.3 : Molecular weight 268.4   Calc.: C,
      71.6 %; H, 10.5 %; O, 17.9 %.  Found: C, 71.9 %; H, 10.2 %; O, 18.3 %.
PAC  EXAMPLE 2
PAC  Methyl-[9 -isopropoxy 3,7-dimethyl]-2,6-nonadienoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 8-isopropoxy-6-methyl-5-octen-2-one in place of
      8-sec.-butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4691
PAR  Analysis: C.sub.15 H.sub.26 O.sub.3 : Molecular weight: 254.4. Calc.: C,
      70.8 %; H, 10.3 %. Found: C, 71.2 %; H, 10.4 %.
PAC  EXAMPLE 3
PAC  Methyl-[5-(4-isopropoxy-2-butyloxy)-3-methyl]-2-pentenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 4-(4-isopropoxy-2-butyloxy)-2-butanone in place of
      8-sec.-butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4521
PAR  Analysis: C.sub.14 H.sub.26 O.sub.4 : Molecular weight: 258.4. Calc.: C,
      65.1 %; H, 10.1 %. Found: C, 65.4 %; H, 10.4 %.
PAC  EXAMPLE 4
PAC  Ethyl-[10-isopropoxy-3-methyl]-2-decenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 9-isopropoxy-2-nonanone in place of
      8-sec.butoxy-6-methyl-5-octen-2-one and
      ethyl-(O,O-diethyl-phosphono)-acetic acid in place of
      methyl-(O,O-diethyl-phosphon)-acetic acid.
PAR  n.sub.D.sup.20 = 1.4527
PAR  Analysis: C.sub.16 H.sub.30 O.sub.3 : Molecular weight: 270.4. Calc.: C,
      71.1 %; H 11.2 %; O, 17.7 %. Found: C, 71.6 %; H, 11.2 %; O, 17.7 %.
PAC  EXAMPLE 5
PAC  Methyl-[5-(1-sec.butoxy-3-pentyloxy)-3-methyl]-2-pentenoate [process a)]
PAR  The above compound is synthesized in analogous manner to that described in
      Example 1. The 4-(1-sec-butoxy-3-pentyloxy)-2-butanone used as starting
      material in place of 8-sec.butoxy-6-methyl-5-octen-2-one is produced in
      accordance with Example 14 below.
PAR  n.sub.D.sup.20 = 1.4527
PAR  Analysis: C.sub.16 H.sub.30 O.sub.4 : Molecular weight: 286.4. Calc.: C,
      67.1 %; H, 10.6 %. Found: C, 68.0 %; H, 10.7 %.
PAC  EXAMPLE 6
PAC  Ethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using ethyl-(0,0-diethylphosphono)-acetic acid in place of
      methyl-(0,0-diethylphosphono)-acetic acid and
      8-isopropoxy-6-methyl-2-octanone in place of
      8-sec.butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4532
PAR  Analysis: C.sub.16 H.sub.30 O.sub.3 : Molecular weight: 270.4. Calc.: C,
      71.1 %; H, 11.2 %; O 17.7 %. Found: C, 70.7 %; H, 10.8 %; O, 18.4 %.
PAC  EXAMPLE 7
PAC  10-Isopropoxy-8-methyl-3,7-decadien-2-one [process b)]
PAR  1.84 g (0.01 mol) of 7-isopropoxy-5-methyl-4-heptenal and 3.18 g (0.01 mol)
      of triphenyl-acetyl methylene phosphorane (M.P.
      199.5.degree.-201.5.degree.), produced in accordance with D. B. Denney and
      S. T. Ross, J. Org. Chem. 27, 998 [1962], are boiled together under reflux
      for 24 hours in 30 cc of tetrahydrofurane. The tetrahydrofurane is then
      evaporated, the residue is taken up in hexane, and filtered off from the
      insoluble part and the hexane is evaporated. The oily residue may be
      purified by chromatography on silica gel with benzene/methanol 96:4. Pure
      10-isopropoxy-8-methyl-3,7-decadien-2-one is obtained.
PAR  n.sub.D.sup.20 = 1.4716
PAR  Analysis: C.sub.14 H.sub.24 O.sub.2 : Molecular weight: 224.3. Calc.: C,
      75.0 %; H, 10.8 %. Found: C, 75.1 %; H, 10.9 %.
PAC  EXAMPLE 8
PAC  9-sec.Butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile [process a)]
PAR  To a suspension of 0.48 g (0.01 mol) of 50 % sodium hydride dispersion in
      25 cc of absolute 1,2-dimethoxy ethane there is added dropwise at
      25.degree. 1.77 g (0.01 mol) of 0,0-diethylcyano methyl phosphonate. After
      stirring for 2 hours at 25.degree., 2.12 g (0.01 mol) of
      8-sec.butoxy-6-methyl-5-octen-2-one are added and the mixture is stirred
      over the course of 18 hours at 25.degree.. 50 cc of ether and 150 cc of
      water are subsequently added and the aqueous phase is extracted with
      ether. The ether extract is washed with saturated salt solution, dried
      with sodium sulphate and evaporated. The residue is chromatographed on
      silica gel with chloroform as eluant, whereby the
      9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile is obtained as
      colourless oil consisting of about equal parts of the cis and trans
      isomers.
PAR  n.sub.D.sup.20 = 1.4720
PAR  Analysis: C.sub.15 H.sub.25 NO: Molecular weight: 235.4. Calc.: C, 76.5 %;
      H, 10.7 %; N, 6.0 %. Found: C, 77.0 %; H, 10.9 %; N, 5.6 %;
PAC  EXAMPLE 9
PAC  10-Isopropoxy-4,8-dimethyl-3,7-decadien-2-one [process c)]
PAR  To the Grignard reagent, produced from 0.46 g (0.019 mol) of magnesium and
      4.5 g (0.019 mol) of 1-bromo-6-isopropoxy-4-methyl-3-hexene in 60 cc of
      absolute ether, there is added dropwise at 5.degree. over the course of 15
      minutes and while stirring, a solution of 2.45 g (0.019 mol) of
      4-ethoxy-3-penten-2-one. After stirring for 4 hours at 20.degree. the
      mixture is poured on ice cold 2N sulphuric acid and is extracted with
      ether. The ether extract is washed with saturated sodium bicarbonate
      solution, water and saturated salt solution, then dried over sodium
      sulphate and evaporated. After chromatography of the residue on 200 g of
      silica gel with hexane/ethyl acetate (9:1) as eluant,
      10-isopropoxy-4,8-dimethyl-3,7-decadien-2-one is obtained as a colourless
      oil.
PAR  n.sub.D.sup.20 = 1.4726
PAR  Analysis: C.sub.15 H.sub.26 O.sub.2 : Molecular weight: 238.4. Calc.: C,
      75.5%; H, 10.9 %. Found: C, 74.6 %; H, 10.9 %.
PAC  EXAMPLE 10
PAC  N,N-diethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoic acid amide [process d)]
PAR  1.46 g (0.02 mol) of diethylamine in 10 ml of absolute ether are added to a
      6 ml of a 20 % solution of butyllithium in hexane in a nitrogen atmosphere
      with stirring at -10.degree.. The reaction mixture is then stirred for 1
      hour at 20.degree. when it is added to a solution of 5.4 g (0.02 mol) of
      ethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoate (produced in accordance with
      Example 6) in 10 ml of absolute ether.
PAR  After 4 hours at 25.degree., 10 ml of water, followed by 10 ml of 0.2 %
      sodium chloride solution, are added to the reaction mixture. The aqueous
      phase is extracted with ether, the ether extract is washed with water,
      dried with sodium sulphate and the ether evaporated off.
PAR  After chromatography on a silica gel column with hexane/acetic acid ester
      (9:1) as eluant, N,N-diethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenonic acid
      amide, as a colourless oil is obtained.
PAR  Analysis: C.sub.18 H.sub.35 NO.sub.2 : Molecular weight: 297.4. Calc.: C,
      72.7 %; H, 11.8 %; N, 4.7 %. Found: C, 72.1 %; H, 11.5 %; N, 4.4 %.
PAR  The following compounds of formula I may be produced by an analogous
      process to that described in the preceding Examples. The significances for
      R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU35##
      Y and n, and the preceding Example according to which the compounds may be
      produced are set out set below:
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                             .vertline.                                        

                                    n-pentoxy-                                 

                                          1 1                                  

     n-decyl     n-butyl                                                       

                      methyl                                                   

                           S --CH--S--                                         

                                    carbonyl                                   

                             .vertline.                                        

                                    n-pentyl-                                  

                                          1 9                                  

     ethyl       methyl                                                        

                      sec,butyl                                                

                           0 --C=CH--                                          

                                    carbonyl                                   

                             .vertline.                                        

                                    aminocar-                                  

                                          1 1                                  

     9-decenyl   methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    bonyl                                      

                             .vertline.                                        

                                    di-n-but-                                  

                                          1 1                                  

     propargyl   methyl                                                        

                      methyl                                                   

                           O --CH--O--                                         

                                    ylamino-                                   

                                    carbonyl                                   

                             .vertline.                                        

                                    pyrroli-                                   

     9-decinyl   methyl                                                        

                      methyl                                                   

                           S --CH--S--                                         

                                    dinocar-                                   

                                          1 1                                  

                                    bonyl                                      

                             .vertline.                                        

                                    piperidi-                                  

     cyclopropanyl                                                             

                 methyl                                                        

                      methyl                                                   

                           S --CH--S--                                         

                                    nocarbonyl                                 

                                          1 1                                  

                             .vertline.                                        

                                    morpholi-                                  

     2-methylcyclopropanyl                                                     

                 methyl                                                        

                      methyl                                                   

                           S --CH--S--                                         

                                    nocarbonyl                                 

                                          1 1                                  

                             .vertline.                                        

                                    pyrrolidi-                                 

     2-tert.butylcyclopro-                                                     

                 methyl                                                        

                      methyl                                                   

                           O --CH--O--                                         

                                    nocarbonyl                                 

                                          2 1                                  

     panyl                                                                     

                             .vertline.                                        

                                    pyrrolidi-                                 

     4(2-tert.butylcyclopro-                                                   

                 methyl                                                        

                      methyl                                                   

                           O --CH--O--                                         

                                    nocarbonyl                                 

                                          2 1                                  

     panyl)-n-butyl                                                            

                             .vertline.                                        

                                    piperidi-                                  

     cyclopentenyl                                                             

                 methyl                                                        

                      methyl                                                   

                           O --CH--O--                                         

                                    nocarbonyl                                 

                                          2 1                                  

                             .vertline.                                        

                                    methoxy-                                   

     cyclohexyl  methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

                             .vertline.                                        

                                    methoxy-                                   

     4-methylcyclohexyl                                                        

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

                             .vertline.                                        

                                    methoxy-                                   

     4-n-butylcyclohexyl                                                       

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

     4(4-n-butylcyclohexyl)- .vertline.                                        

                                    methoxy-                                   

     n-butyl                        carbonyl                                   

                                          2 1                                  

                             .vertline.                                        

                                    methoxy-                                   

     2-cyclohexenyl                                                            

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

     4-methyl-3-cyclo-       .vertline.                                        

                                    methoxy-                                   

     hexenyl     methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

     4-n-butyl-3-cyclo-      .vertline.                                        

                                    methoxy-                                   

     hexenyl     methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

     4(4-n-butyl-3-cyclo-    .vertline.                                        

                                    methoxy-                                   

     hexenyl)-n-butyl                                                          

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 1                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     n-butyl                                                       

                      hydrogen                                                 

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     hydrogen                                                      

                      n-butyl                                                  

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     ethyl       methyl                                                        

                      sec.butyl                                                

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    methyl                                     

     9-decenyl   methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    ethyl                                      

     propargyl   methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-propyl                                   

     9-decinyl   methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-butyl                                    

     cyclopropanyl                                                             

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    methyl                                     

     2-methylcyclopropanyl                                                     

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

     2-tert.butylcyclopro-   .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

     4(2-tert.butylcyclopro- .vertline.                                        

                                    methyl                                     

     panyl)-n-butyl                                                            

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    methyl                                     

     cyclopentenyl                                                             

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    methyl                                     

     cyclohexyl  methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    methyl                                     

     4-methylcyclohexyl                                                        

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    methyl                                     

     4-n-butylcyclohexyl                                                       

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

     4(4-n-butylcyclohexyl)- .vertline.                                        

                                    methyl                                     

     n-butyl     methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    methyl                                     

     2-cyclohexenyl                                                            

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

     4-methyl-3-cyclo-       .vertline.                                        

                                    methyl                                     

     hexenyl     methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

     4-n-butyl-3-cyclo-      .vertline.                                        

                                    methyl                                     

     hexenyl     methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

     4(4-n-butyl-3-cyclo-    .vertline.                                        

                                    methyl                                     

     hexenyl)-n-butyl                                                          

                 methyl                                                        

                      methyl                                                   

                           O --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     n-butyl                                                       

                      hydrogen                                                 

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     hydrogen                                                      

                      n-butyl                                                  

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     ethyl       methyl                                                        

                      sec.butyl                                                

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    methyl                                     

     9-decenyl   methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    ethyl                                      

     propargyl   methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-propyl                                   

     9-decinyl   methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-butyl                                    

     cyclopropanyl                                                             

                 methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2                                    

                                    carbonyl                                   

                                          1 9                                  

     2-methylcyclopro-       .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

     2-tert.butylcyclopro-   .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           O --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     n-butyl                                                       

                      hydrogen                                                 

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     hydrogen                                                      

                      n-butyl                                                  

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     ethyl       methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    methyl                                     

     9-decenyl   methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                              .vertline.                                       

                                    ethyl                                      

     propargyl   methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-propyl                                   

     9-decinyl   methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-butyl                                    

     cyclopropanyl                                                             

                 methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

     2-methylcyclopro-       .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          1 9                                  

     2-tert.butylcyclopro-   .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           S --C=CH--                                          

                                    carbonyl                                   

                                          2 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     n-butyl                                                       

                      hydrogen                                                 

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     n-decyl     hydrogen                                                      

                      n-butyl                                                  

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-pentyl                                   

     ethyl       methyl                                                        

                      sec.butyl                                                

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    methyl                                     

     9-decenyl   methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    ethyl                                      

     propargyl   methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-propyl                                   

     9-decinyl   methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

                             .vertline.                                        

                                    n-butyl                                    

     cyclopropanyl                                                             

                 methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2                                    

                                    carbonyl                                   

                                          1 9                                  

     2-methylcyclopro-       .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          1 9                                  

     2-tert.butylcyclopro-   .vertline.                                        

                                    methyl                                     

     panyl       methyl                                                        

                      methyl                                                   

                           S --CH--CH.sub.2 --                                 

                                    carbonyl                                   

                                          2 9                                  

     __________________________________________________________________________

PAC  STARTING MATERIALS
PAC  Compounds of formula II
PAR  The following Examples 11 to 20 are representative of the processes for the
      production of the compounds of formula II employed as starting material in
      processes a) and b).
PAC  EXAMPLE 11
PAC  8-sec.Butoxy-6-methyl-5-octon-2-one
PAR  8.06 g (0.05 mol) of 5-sec.butoxy-3-methyl-1-penten-3-ol and 11.6 g (0.1
      mol) of acetoacetic acid methyl ester are heated to 135.degree. in a round
      bottom flask with a fractionating column and in an atmosphere of nitrogen.
      The methyl alcohol which is liberated during the reaction distils into the
      receiver. After 1 hour the reaction temperature is increased to
      182.degree.-185.degree. at which temperature the reaction mixture is
      maintained for 5 hours. After cooling, the reaction mixture is
      fractionally distilled at reduced pressure. A cis/trans mixture of
      8-sec.butoxy-6-methyl-5-octen--one -onen is obtained. B.P.
      105.degree.-109.degree./0.8 mm.
PAR  n.sub.D.sup.20 = 1.4534
PAR  Analysis: C.sub.13 H.sub.24 O.sub.2 : Molecular weight: 212.3. Calc.: C,
      73.5 %; H, 11.4 %. Found: C, 73.4 %; H, 10.9 %.
PAC  EXAMPLE 12
PAC  8-Isopropoxy-6-methyl-5-octen-2-one
PAR  The compound is produced in analogous manner to that described in Example
      11, but using 5-isopropoxy-3-methyl-1-penten-3-ol in place of
      5-sec.butoxy-3-methyl-1-penten-3-ol. B.P. 117.degree.-119.degree./8 mm.
PAR  n.sub.D.sup.20 = 1.4473
PAR  Analysis: C.sub.12 H.sub.22 O.sub.2 : Molecular weight: 198.3. Calc.: C,
      72.7 %; H, 11.2 %. Found: C, 72.4 %; H, 11.0 %.
PAC  EXAMPLE 13
PAC  8-Isopropylthio-6-methyl-5-octen-2-one
PAR  The above compound is produced in analogous manner to that described in
      Example 11, except that 5-isopropylthio-3-methyl-1-penten-3-ol is used in
      place of 5-sec.butoxy-3-methyl-1-penten-3-ol and that the reaction mixture
      is purified not by distillation but by chormatography on silica gel with
      hexane/ethyl acetate (9:1) as eluant.
PAR  n.sub.D.sup.20 = 1.4883
PAR  Analysis: C.sub.12 H.sub.22 OS: Molecular weight: 214.4. Calc.: C, 67.3 %;
      H, 10.2 %; S, 15.0 %. Found: C, 66.4 %; H, 9.7 %; S, 15.0 %.
PAC  EXAMPLE 14
PAC  4-(4-Isopropoxy-2-butyloxy)-2-butanone
PAR  10 g (0.26 mol) of sodium borohydride are added at 20.degree.-25.degree.,
      over the course of 2 hours to 20 g (0.154 mol) of 4-isopropoxy-2-butanone,
      dissolved in 200 cc of ethanol. After a further 2 hours, the reaction
      mixture is concentrated by evaporation to 50 cc at reduced pressure,
      poured into 400 cc of water and the product extracted with ether. The
      ether solution is dried with sodium sulphate and evaporated. The residue
      is distilled at 35 mm, whereby 4-isopropoxy-2-butanol, having a B.P. of
      88.degree./35 mm is obtained.
PAR  A mixture of 9.9 g (0.075 mol) of 4-isopropoxy-2-butanol and 7.0 g (0.1
      mol) of methylvinyl is added dropwise at 20.degree.-30.degree. over the
      course of 30 minutes, to 3.3 g (0.025 mol) of 4-isopropoxy-2-butanol and
      0.4 g of concentrated sulphuric acid. After stirring for 24 hours at
      20.degree.-25.degree., 0.7 g of potassium carbonate and 0.1 g of water are
      added. The reaction mixture is vigorously stirred at room temperature over
      the course of 3 hours, filtered and distilled. The resulting
      4-(4-isopropoxy-2-butyloxy)-2-butanone has a B.P. of
      75.degree.-76.degree./1.0 mm.
PAR  n.sub.D.sup.20 = 1.4268
PAR  Analysis: C.sub.11 H.sub.22 O.sub.3: Molecular weight: 202.3. Calc. C, 65.3
      %; H, 11.0 %. Found C, 65.0 %; H, 11.0 %.
PAC  EXAMPLE 15
PAC  4-(1-sec.Butoxy-3-pentyloxy)-2-butanone
PAR  The above compound is produced in analogous manner to that described in
      Example 14, but using 1-isopropoxy-3-pentanone in place of
      4-isopropoxy-2-butanone. B.P. 95.degree.-97.degree./1.2 mm. B.P.
PAR  n.sub.D.sup.20 = 1.4306
PAR  Analysis: C.sub.13 H.sub.26 O.sub.3 : Molecular weight: 230.3. Calc.: C,
      67.8 %; H, 11.4 %. Found: C, 67.8 %; H, 11.2 %.
PAC  EXAMPLE 16
PAC  7-Isopropoxy-5-methyl-4-heptenal
PAR  15.8 g (0.1 mol) of 5-isopropoxy-3-methyl-1-penten-3-ol and 20.0 g of
      mercuric acetate in 180 cc of ethyl vinyl ether are maintained at reflux
      temperature over the course of 4 days. 0.9 cc of glacial acetic acid is
      added at 20.degree. to the turbid solution. After 3 hours 150 cc of 5 %
      potassium carbonate solution are added and the product is extracted with
      hexane. The hexane extract is dried with sodium sulphate and evaporated.
      The residue is heated to 165.degree.-168.degree. over the course of 11/2
      hours without further purification and in an atomosphere of nitrogen; the
      residue is subsequently distilled at reduced pressure. The
      7-isopropoxy-5-methyl-4-heptenal has a B.P. of 70.degree.-73.degree./0.8
      mm.
PAR  n.sub.D.sup.20 = 1.4476
PAR  Analysis: C.sub.11 H.sub.20 O.sub.2 : Molecular weight: 184.3. Calc.: C,
      71.7 %; H, 10.9 %. Found: C, 71.7 %; H, 10.8 %.
PAC  EXAMPLE 17
PAC  9-Isopropoxy-2-nonanone
PAR  1.4 g (0.015 mol) of solid potassium hydroxide are dissolved in 30 cc of 50
      % aqueous methanol. 4.1 g (0.015 mol) of
      3-carbethoxy-9-isopropoxy-2-nonanone are added to this solution and the
      mixture is heated to boiling temperature. After 1 hour at reflux the
      reaction mixture is cooled to 50.degree., neutralized with 50 % sulphuric
      acid, cooled to room temperature after 10 minutes, and 50 cc of water
      added. The product is extracted from the heterogeneous mixture with ether,
      the ether extract is washed with saturated salt solution, dried with
      sodium sulphate and evaporated. The residue is chromatographed on silica
      gel with hexane/ethyl acetate 9:1. Pure 9-isopropoxy-2-nonanone is
      obtained as a colourless oil.
PAR  n.sub.D.sup.20 = 1.4309
PAR  Analysis: C.sub.12 H.sub.24 O.sub.2 : Molecular weight: 200.3. Calc.: C,
      72.0 %; H, 12.1 %; O, 16.0 %. Found: C, 71.7 %; H, 11.9 %; O, 16.2 %.
PAC  EXAMPLE 18
PAC  8-Isopropoxy-6-methyl-2-octanone
PAR  The compound is produced in analogous manner to that described in Example
      17, but using 3-carbethoxy-8-isopropoxy-6-methyl-2-octanone in place of
      3-carboethoxy-9-isopropoxy-2-nonanone. B.P. 127.degree.-129.degree./15 mm.
PAR  Analysis: C.sub.12 H.sub.24 O.sub.2 : MOlecular weight: 200.3. Calc. C,
      72./ %; H, 12.1 %; O, 16.0 %. Found C, 71.3 %; H, 11.8 %; O, 17.3 %.
PAC  EXAMPLE 19
PAC  3-Carbethoxy-9-isopropoxy-2-nonanone
PAR  0.69 g (0.03 mol) of sodium are added at 20.degree. to 20 cc of absolute
      ethanol. After complete reaction, 3.9 g (0.03 mol) of acetoacetic ester
      are added dropwise at 25.degree. to the solution. The clear solution is
      then heated to 80.degree. and, over a period of 1 hour, 6.7 g (0.03 mol)
      of 1-bromo-6-isopropoxy-hexane are added dropwise at reflux temperature.
      The turbid mixture is boiled at reflux for 16 hours and subsequently
      cooled to 20.degree. and neutralized with alcoholic hydrochloric acid.
      After adding 20 cc of ether, the reaction mixture is filtered and the
      filtrate is evaporated. The residue is distilled, whereby, according to
      gas-chromatography, pure 3-carbethoxy-9-isopropoxy-2-nonanone, having a
      B.P. of 125.degree.-130.degree./0.8 mm, is obtained.
PAR  Analysis: C.sub.15 H.sub.28 O.sub.4 : Molecular weight: 272.4. Calc.: C,
      66.1 %; H, 10.4 %; O, 23.5 %. Found: C, 65.8 %; H, 10.4 %; O, 24.1 %.
PAC  EXAMPLE 20
PAC  3-Carbethoxy-8-isopropoxy-6-methyl-2-octanone
PAR  In manner analogous to that described in Example 19, the title compound may
      be produced, using 1-bromo-5-isopropoxy-3-methyl-pentane in place of
      1-bromo-6-isopropoxy-hexane. B.P. 92.degree.-94.degree./10.sup.-.sup.4 mm.
PAR  Analysis: C.sub.15 H.sub.28 O.sub.4 : Molecular weight: 272.4. Calc.: C,
      66.1 %; H, 10.4 %; O, 23.5 %. Found: C, 66.1 %; H, 10.0 %; O, 23.9 %.
PAC  Compounds of formula XI
PAR  The following Examples 21 and 22 are representative of the process for
      producing compounds of formula XI:
PAC  EXAMPLE 21
PAC  1-Bromo-6-isopropoxy-hexane
PAR  1.15 g (0.05 mol) of finely cut sodium are added to 30 g (0.5 mol) of
      absolute isopropanol in an atmosphere of nitrogen; the mixture is stirred
      at 60.degree. for 16 hours in order to dissolve the sodium completely.
      After cooling to 20.degree., 12.2 g (0.05 mol) of 1,6-dibromohexane are
      added and the mixture is stirred at reflux temperature for 18 hours. The
      precipitated sodium bromide is filtered off, the excess isopropanol is
      removed and the filtrate is distilled under vacuum. The main fraction (6.0
      g), having a B.P. of 96.degree.-98.degree./15 mm, is chromatographed on
      300 g of silica gel with hexane/ethyl acetate (99:1), whereby
      1-bromo-6-isopropoxy-hexane is obtained as a colourless oil.
PAR  Analysis: C.sub.9 H.sub.19 BrO: Molecular weight: 223.2. Calc.: C, 48.4 %;
      H, 8.5 %; Br, 35.8 %; O, 7.2 %. Found: C, 48.7 %; H, 8.4 %; Br, 35.9 %; O,
      7.6 %.
PAC  EXAMPLE 22
PAC  1-Bromo-5-isopropoxy-3-methyl-pentane
PAR  A mixture of 16 g (0.1 mol) of 5-isopropoxy-3-methyl-1-pentanol and 2 g
      (/.25 mol) of pyridine is added dropwise at 0.degree. to 10.9 g (0.04 mol)
      of phosphorous tribromide. The mixture is subsequently stirred at
      25.degree. for 2 hours and is then distilled at a bath temperature of
      160.degree./12 mm into a receiver containing saturated sodium bicarbonate
      solution. (B.P. 100.degree.-110.degree./12 mm).
PAR  The contents of the receiver are taken up with ether and successively
      washed with saturated sodium bicarbonate solution, 2N sulphuric acid, and
      saturated salt solution and dried with sodium sulphate. The ether is
      evaporated and the remaining 1-bromo-5-isopropoxy-3-methyl-pentane is
      purified by distillation. B.P. 90.degree.-91.degree./12 mm.
PAR  Analysis: C.sub.9 H.sub.19 BrO: Molecular weight: 223.2. Calc.: C, 48.4 %;
      H, 8.6 %; Br, 35.8 %; O, 7.2 %. Found: C, 48.4 %; H, 7.9 %; Br, 35.6 %; O,
      7.7 %.
PAR  The alcohols, used for the production of the compounds of formula XI, may
      be produced in accordance with known processes, e.g. as described in the
      following Example:
PAC  EXAMPLE 23
PAC  5-Isopropoxy-3-methyl-pentanol
PAR  A mixture of 34.4 g (0.261 mol) of 4-isopropoxy-2-butanol and 5.07 g (0.064
      mol) of absolute pyridine is added dropwise at 0.degree.C over the course
      of 15 minutes and while stirring to 28.4 g (0.105 mol) of phosphorous
      tribromide. After stirring for 2 hours at room temperature the reaction
      mixture is rapidly distilled in a vacuum B.P. 35.degree.-60.degree./12 mm.
      The distillate is taken up in ether, successively washed with ice cold
      dilute sodium bicarbonate solution, water, ice cold 2N sulphuric acid,
      water and then saturated sodium chloride solution, dried over sodium
      sulphate and separated from the ether by fractional distillation.
PAR  The residue is fractionally distilled and 2-bromo-4-isopropoxy-butane,
      having a B.P. of 69.degree.-70.degree./24 mm, is obtained.
PAR  To an ethanolic sodium ethanolate solution, produced from 9.45 g of sodium
      and 200 cc of absolute ethanol, is added, in an atomosphere of nitrogen at
      50.degree.C over a peroid of 15 minutes while stirring, 67.7 g (0.423 mol)
      of diethyl-malonate, and subsequently 80.0 g (0.410 mol) of
      2-bromo-4-isopropoxy-butane over a further period of 15 minutes. The
      mixture is boiled at reflux for 24 hours, then neutraliued with glacial
      acetic acid and separated from the main amount of ethanol by distillation.
PAR  The residue is treated with ice-water, and extracted with ether. The ether
      extract is washed with water and saturated salt solution, dried over
      sodium sulphate and the ether evaporated off in a vacuum. The resulting
      crude ethyl-[2-carbethoxy-5-isopropoxy-3-methyl]-n-pentanoate may be
      reacted without additional purification.
PAR  110 g of crude ester are added dropwise at 60.degree. over a period of 15
      minutes and while stirring to 180 g of 50 % KOH (1.60 mol) and the mixture
      is boiled at reflux for 2 hours. After adding 100 cc of water the ethanol
      produced by hydrolysis is distilled off at normal pressure. The residue,
      acidified with 250 cc of 6N sulphuric acid at 10.degree.C while stirring
      is extracted with ether, the ether extract is washed with a small amount
      of water and saturated sodium chloride, dried over sodium sulphate and
      evaporated. The remaining crude dicarbonic acid is decarboxylated by
      stirring at 190.degree.C for 1 hour and the product is subsequently
      distilled in a vacuum. 5-Isopropoxy-3-methyl-n-pentanoic acid, having a
      B.P. of 89.degree.-91.degree.C/0.1 mm, is obtained.
PAR  Analysis: C.sub.9 H.sub.18 O.sub.3 : Molecular weight: 174.2. Calc.: C,
      62.0 %; H, 10.4 %; O, 27.5 90. Found: C, 62.0 %; H, 10.4 %; O, 27.6 %.
PAR  A solution of 19.8 g (0.114 mol) of 5-isopropoxy-3-methyl-n-pentanoic acid
      in 120 cc of absolute benzene is added dropwise over a period of 1 hour to
      96 cc (0.342 mol) of 70 %
      sodium-bis-(2-methoxy-ethoxy)-aluminium-dihydride in 220 cc of absolute
      benzene. The mixture is boiled at reflux for 2 hours, cooled to
      10.degree.C, acidified with 2N sulphuric acid while stirring and is
      extracted with ether. The ether extract is washed with a small amount of
      water and saturated sodium chloride solution, dried over sodium sulphate
      and the ether evaporated off.
PAR  The residue is chromatographed with hexane: ethyl acetate (9:1) on 600 g of
      silica gel and 5-isopropoxy-3-methyl-pentanol is obtained as colourless
      oil.
PAR  Analysis: C.sub.9 H.sub.20 O.sub.2 : Molecular weight: 160.3. Calc.: C,
      67.5 %; H, 12.6 %; O, 20.0 %. Found: C, 67.3 %; H, 12.7 %; O, 20.2 %.
PAR  The halide stage which is employed in the production of the Grignard
      compounds of formula V, employed in the production of compounds of formula
      I in accordance with process c), may, for example, be produced in
      accordance with the following Example:
PAC  EXAMPLE 24
PAC  1-Bromo-6-isopropoxy-4-methyl-3-hexane
PAR  To the Grignard reagent [production according to E. Renk et al. J. Am.
      Chem. Soc. 83, 1987 (1961)], from 9.06 g (0.37 mol) of magnesium and 42.8
      g (0.35 mol) of cyclopropyl bromide in 460 cc of absolute
      tetrahydrofurane, is added dropwise at 5.degree.C over the course of 10
      minutes, in an atomosphere of nitrogen and while stirring, a solution of
      46 g (0.35 mol) of 4-isopropoxy-2-butanone in 100 cc of absolute
      tetrahydrofurane. After stirring the reaction mixture at room temperature
      for 20 hours, saturated ammonium chloride solution and ice are added and
      the mixture is extracted with ether. The ether extract is washed with
      saturated salt solution, dried over sodium sulphate and the ether
      evaporated off. The resulting 2-cyclopropyl-4-isopropoxy-2-butanol is
      obtained after distillation at 75.degree.-79.degree./12 mm as a colourless
      oil.
PAR  19 cc of 48 % hydrobomic acid are added dropwise at 0.degree.C over a
      period of 15 minutes and while stirring, to 27.7. g of
      2-cyclopropyl-4-isopropoxy-2-butanol [Method of M. Julia et al, Bull, Soc.
      Chim. France 1072 (1960)]. The mixture is stirred at 0.degree.-5.degree.
      for 30 minutes and is subsequently extracted with ether. The ether extract
      is washed with water, saturated sodium bicarbonate solution, and saturated
      salt solution, dried over sodium sulphate and the ether evaporated off.
PAR  The residue is chromatographed with hexane/ethyl acetate (98:2 and 95:5) on
      silica gel. The chromatographically pure mixture of the cis-trans isomers
      of 1-bromo-6-isopropoxy-4-methyl-3-hexene is obtained as colourless oil.
PAR  n.sub.D.sup.20 = 1.4802
PAR  Analysis: C.sub.10 H.sub.19 BrO: Molecular weight: 235.2. Calc.: C, 51.1 %;
      H, 8.1 %; Br, 34.0 %. Found: C, 51.1 %; H, 8.3 %; Br, 33.2 %.
PAC  Compounds of formula XII
PAR  The following Examples 25 and 26 are representative of the process for
      producing the ketones of formula XII, wherein R.sub.2 signifies a lower
      alkyl group of 1 to 4 carbon atoms.
PAC  EXAMPLE 25
PAC  5-Isopropoxy-2-butanone
PAR  0.3 g of concentrated sulphuric acid is added to 7.2 g (0.12 mol) of
      isopropanol. A mixture of 21 g (0.33 mol) of vinyl methyl ketone and 36 g
      (0.6 mol) of isopropanol is added dropwise at room temperature over a
      period of 1 hour and while stirring, the temperature not exceeding
      30.degree.. After 24 hours 1.6 g of potassium carbonate amd 2 drops of
      water are added at room temperature, the mixture is vigorously stirred for
      2 hours, is filtered and the clear neutral filtrate is fractionated at 36
      mm. The excess of isopropanol is first distilled off and then the
      4-isopropoxy-2-butanone distills over at 73.degree.-76.degree./36 mm.
PAC  EXAMPLE 26
PAC  4-Isopropylthio-2-butanone
PAR  The above compound is produced in analogous manner to that described in
      Example 24, but using isopropyl mercaptan in the place of isopropanol.
      B.P. 94.degree.-96.degree./17 mm.
PAC  Compounds of formula VIII
PAR  The following Examples are representative of the process for producing the
      alcohols of formula VIII.
PAC  EXAMPLE 27
PAC  5-Isopropoxy-3-methyl-1-penten-3-ol
PAR  12 g (0.5 mol) of magnesium turnings are covered wtih a layer of 60 cc of
      absolute tetrahydrofurane in an atmosphere of nitrogen in a flask equipped
      with a stirrer and a reflux condenser and heated to 40.degree.-45.degree.
      . 5 cc of a solution of 53.5 g (0.5 mol) of vinyl bromide in 100 cc of
      absolute tetrahydrofurane are added dropwise by means of a dropping
      funnel, whereupon an exothermic reaction commences. The remaining vinyl
      bromide solution is added dropwise at such rate that the reaction mixture
      is maintained at a temperature of 45.degree.-50.degree. (approximately 1
      to 1 1/2 hours). The mixture is then stirred at 50.degree. for 1 hour and
      is subsequently cooled to 0.degree. . 52 g (0.4 mol) of
      4-isopropoxy-2-butanone in 100 cc of absolute tetrahydrofurane are added
      dropwise over a period, of 45 minutes and while stirring vigorously and
      the reaction mixture is subsequently stirred at room temperature over a
      period of 16 hours. After this period 250 cc of 20 % ammonium chloride
      solution are added over a period of 15 minutes to the reaction mixture
      which is cooled to 50.degree.-10.degree.. The mixture is stirred for 15
      minutes and is extracted with ether. The ether extract is washed with
      water in a separating funnel, dried with sodium sulphate and evaporated.
      The residue is fractionated at a pressure of 13 mm, whereby the
      5-isopropoxy-3-methyl-1-penten-3ol distills over at 72.degree.-73.degree..
PAR  n.sub.D.sup.20 = 1.4297
PAR  Analysis: C.sub.9 H.sub.18 O.sub.2 : Molecular weight: 158.2. Calc.: C,
      68.3 %; H, 11.5 %. Found: C, 68.1 %; H, 11.4 %.
PAC  EXAMPLE 28
PAC  5-Isopropylthio-3-methyl-1-penten-3-ol
PAR  The above compound is produced in analogous manner to that described in
      Example 27, but using 4-isopropylthio-2-butanone in place of
      4-isopropoxy-2-butanone. B.P. 79.degree.-80.degree./1.2 mm.
PAR  n.sub.D.sup.20 = 1.4813
PAR  Analysis: C.sub.9 H.sub.18 OS: Molecular weight: 174.3. Calc.: C, 62.5 %;
      H, 10.4 %; S, 18.4 % Found: C, 61.5 %; H, 10.4 %; S, 18.9 %.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU36##
      wherein R.sub.1 is alkyl of 1 to 10 carbon atoms; alkenyl of 3 to 10
      carbon atoms; alkynyl of 3 to 10 carbon atoms; cycloalkyl of 3 to 6 carbon
      atoms; cycloalkyl of 3 to 6 carbon atoms substituted by alkyl of 1 to 4
      carbon atoms; cycloalkenyl of 5 to 7 carbon atoms; cycloalkenyl of 5 to 7
      carbon atoms substituted by alkyl of 1 to 4 carbon atoms; cycloalkyl (of 3
      to 6 carbon atoms)alkyl (of 1 to 4 carbon atoms); cycloalkyl(of 3 to 6
      carbon atoms)alkyl (of 1 to 4 carbon atoms) ring substituted by alkyl of 1
      to 4 carbon atoms; cycloalkenyl(of 5 to 7 carbon atoms)alkyl (of 1 to 4
      carbon atoms); or cycloalkenyl (of 5 to 7 carbon atoms) alkyl (of 1 to 4
      carbon atoms) ring substituted by alkyl of 1 to 4 carbon atoms;
PA1  R.sub.2 and R.sub.3, which are the same or different are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  R.sub.7 is alkyl of 1 to 5 carbon atoms;
PA1  Q is oxygen or sulphur;
      ##EQU37##
      n is an integer 1, 2 or 3.
NUM  2.
PAR  2. A compound of claim 1 of the formula:
      ##EQU38##
      wherein R.sub.1 is alkyl of 1 to 6 carbon atoms,
PA1  R.sub.2 and R.sub.3 mare independently hydrogen or alkyl of 1 to 4 carbon
      atoms,
      ##EQU39##
      n is 1 to 3.
NUM  3.
PAR  3. A compound of claim 2, in which R.sub.1 is isopropyl or sec.butyl, in
      which R.sub.2 is hydrogen, methyl or ethyl, R.sub.3 is hydrogen or methyl
      and n is 2 or 3.
NUM  4.
PAR  4. The compound of claim 1, which is
      10-isopropoxy-8-methyl-3,7-decadien-2-one.
NUM  5.
PAR  5. The compound of claim 1, which is
      10-isopropoxy-4,8-dimethyl-3,7-decadien-2-one.
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ABST
PAL  Olefines of at least 3 carbon atoms are oxidised e.g. to ketones or epoxy
      compounds using, as oxidising agent, uranium oxide, hafnium oxide or an
      oxo-metal compound of formula
EQU  [[(L).sub.x (O).sub.n M-Q].sub.p M(O).sub.n (L).sub.x ].sup.m A
PAL  in which M represents Ti, Zr, Hf, V, Nb, Ta, Mo, W or U, L represents a
      monodentate or polydentate ligand, A represents an organic or inorganic
      anion or cation, Q represents oxygen or sulphur, x is an integer greater
      than or equal to zero, p is equal to zero or one, m is a positive or
      negative integer and there is one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical.
PAL  Typical oxidants are vanadyl-, zirconyl-, titanyl-, molybdyl-, tungstyl-
      and uranyl-acetylacetonate.
BSUM
PAR  The present invention relates to a process for the oxidation, using metal
      derivatives, of olefinic compounds containing at least three carbon atoms
      to oxygen containing compounds.
PAR  It has already been proposed to oxidise olefines such as ethylene,
      propylene, cyclohexene and styrene, by metal ions, in the presence of
      compounds which provide oxygen, such as water, alcohols or carboxylic
      acids. Thus, oxidation of ethylene by palladium-(II) chloride, in the
      presence of water or a carboxylic acid, gives acetaldehyde or vinyl esters
      respectively; if propylene is subjected to oxidation by palladium-(II)
      chloride in the presence of water, acetone is formed (cf. R. F. GOULD
      Homogeneous Catalysis, chapter 6, pages 126 et seq. KIRK-OTHMER,
      Encyclopedia of Chemical Technology, 16, page 586). It has also been
      proposed to oxidise olefines such as ethylene, propylene, butene, hexene
      and styrene to oxygen-containing derivatives such as aldehydes, ketones,
      glycols, ketals and glycol esters, using the thallic ion as the oxidising
      agent and by working in an alcohol (methanol), a carboxylic acid (acetic
      acid or propionic acid) or in water (cf. R. R. GRINSTEAD, J. Org. Chem.,
      26, 238-40 (1961); H. J. KABBE, Ann., 656, 204-21, (1962); U.S. Pat. Nos.
      3,048,636 and 3,452,047). In these various processes, it is generally
      accepted that an intermediate organometallic compound is formed which
      reacts thereafter with the water, the alcohols or the carboxylic acids.
PAR  The present invention provides a process for the production of an oxygen
      containing organic compound by oxidising an olefinic compound containing
      at least three carbon atoms and at least one aliphatic carbon-carbon
      double bond using as oxidising agent, uranium oxide, hafnium oxide or an
      oxo-metal compound of the general formula:
EQU  [[(L).sub.x (O).sub.n M-Q].sub.p M(O).sub.n (L).sub.x ].sup.m A (I)
PAL  in which M represents Ti, Zr, Hf, V, Nb, Ta, Mo, W or U, L represents a
      monodentate or polydentate ligand, A represents an organic or inorganic
      anion or cation, Q represents oxygen or sulphur, x is an integer greater
      than or equal to zero, p is equal to zero or one, m is a positive or
      negative integer and there is one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical.
PAR  The oxidising agent of formula (I) can be a salt derived from an oxo-cation
      or from an oxo-anion depending on whether m represents a positive or
      negative integer. A preferred class of oxidising agent consists of the
      derivatives of oxo-cations of the general formula (I) in which m is a
      positive number and particularly those in which x is equal to zero. In
      this case, the oxo-cation corresponds to the general formula:
EQU  [(M(O.sub.n)-Q).sub.p M(O).sub.n ].sup.z.sup.+             (II)
PAL  in which z is an integer greater than or equal to 1. The associated ion A
      then may represent the anion of an inorganic or organic Bronstedt acid
      which forms a salt, which may or may not be chelated, with the oxo-cation
      of the formula (II).
PAR  Oxo-cations of the formula (II) which may be used in the present invention
      include titanyl (TiO.sup.2.sup.+), molybdyl (MoO.sub.2.sup.2.sup.+),
      molybdenyl (MoO.sup.3.sup.+), tungstyl (WO.sub.2.sup.2.sup.+), vanadyl
      (VO.sup.2.sup.+), zirconyl (ZrO.sup.2.sup.+), uranyl (UO.sup.2.sup.+),
      hafnyl (HfO.sup.2.sup.+), vanadic (VO.sup.3.sup.+), (TaO.sup.3.sup.+),
      TaO.sub.2.sup.+) and NbO.sup.3.sup.+) ions.
PAR  Anions A which are capable of forming salts with the oxo-cations of the
      formula (II) include inorganic anions such as halide (chloride, bromide
      and fluoride), nitrate, phosphate or sulphate, or organic anions derived
      from monocarboxylic or polycarboxylic acids or from compounds which can
      yield one or more protons H.sup.+, such as alcohols, phenols or
      .beta.-dicarbonyl compounds or their enolisable derivatives. Carboxylic
      acids from which the anions may be derived include saturated or
      unsaturated aliphatic acids, cycloaliphatic acids or aromatic acids, such
      as formic, acetic, propionic, hexanoic, decanoic, lauric, palmitic,
      stearic, eicosenoic, naphthenic, oxalic, adipic, cyclohexanecarboxylic,
      benzoic, toluic and phthalic acids. Of the compounds capable of yielding
      hydrogen as a proton, .beta.-dicarbonyl compounds which form a chelate
      with the oxocations of the formula (II) are preferentially used. Examples
      of such .beta.-dicarbonyl compounds are .beta.-ketoesters (ethyl
      acetoacetate, methyl acetoacetate or methyl benzoylacetate) and
      .beta.-diketones (or the diimines which they form with diamines such as
      ethylenediamine), such as acetylacetone, 2,4-hexanedione,
      2,4-heptanedione, 5-methyl-2,4-hexanedione, 5-methoxy-2,4-pentanedione,
      3,5-heptanedione, 1,1,1-trifluoro-2,4-pentanedione, benzoylacetone,
      dibenzoylmethane, o-methoxybenzoylacetone,
      1,1,1-trifluoro-3-benzoylacetone, 1,3-cyclopentanedione, 1,3
      -cyclohexanedione, 5,5-di-methyl-1,3-cyclohexanedione,
      2-acetyl-cyclohexanone, 1-hydroxybenzoylacetone and
      bis-(acetylacetone)-ethylenediimine.
PAR  Examples of oxidising compounds of formula I in which the oxo-cation
      corresponds to the formula (II), which can be used in the invention
      include titanyl chloride, titanyl nitrate, zirconyl sulphate, uranyl
      nitrate, zirconyl chloride, zirconyl formate, zirconyl acetate, zirconyl
      laurate zirconyl palmitate, zirconyl stearate, zirconyl oleate, vanadyl
      acetate, vanadyl benzoate, vanadyl naphthenate, vanadyl oxalate,
      molybdenyl oxalate, titanyl acetylacetonate, vanadyl acetylacetonate,
      molybdyl acetylacetonate, molbdenyl acetylacetonate, tungstyl
      acetylacetonate, uranyl acetylacetonate, vanadyl benzoylacetonate,
      bis-(dipivaloylmethane)-oxovanadium, zirconyl acetylacetonate, uranyl
      benzoylacetonate, uranyl 1,1,1-trifluoro-acetylacetonate and
      bis-(acetylacetone)-ethylenediimino-oxovanadium.
PAR  If m is a negative integer, the oxidising compound of formula (I) is a
      derivative an oxo-anion. In this case, A is an inorganic cation which may
      be derived from an alkali metal or alkaline-earth metal or from one of the
      metals designated by M in the formula (I). Specific examples of compounds
      of the formula (I) derived from oxo-anions which can be used in the
      invention include alkali metal titanates (e.g. Li.sub.2 TiO.sub.3 and
      Na.sub.2 TiO.sub.3), alkalineearth metal titanates (e.g. CaTiO.sub.3),
      alkali metal zirconates (e.g. Li.sub.2 ZrO.sub.3, Na.sub.2 ZrO.sub.3 and
      K.sub.2 ZrO.sub.3), zirconium molybdate (ZrO.sub.2 .sup.. 2 MoO.sub.3),
      zirconium tungstate ([ZrO.sub.2 ].sub.5 . [WO.sub.3 ].sub.9), and
      ortho-vanadates and meta-vanadates such as sodium ortho-vanadate Na.sub.3
      VO.sub.4, zirconium meta-vanadate (Zr(VO.sub.3).sub.4) and uranium
      meta-vanadate (UO.sub.2 (VO.sub.3).sub.2).
PAR  The ligands (L) in formula (I) can be chosen from amongst the organic
      compounds containing one or more groups which are donors of electron
      pairs, such as carbon-carbon double bonds, nitrile, ether, thioether,
      alcohol, thioalcohol, phenol, amine, imine, oxime, hydroxylamine,
      aldehyde, arsine, phosphine and stibine groups, and the nitrogen atoms of
      heterocyclic bases. Suitable ligands L include diolefines, such as
      butadiene or cyclopentadiene; nitriles such as propionitrile or
      acrylonitrile; phosphines such as trimethylphosphine; heterocyclic bases
      such as 1,10-phenanthroline, 2,2' -dipyridyl, pyridylimidazole,
      2-pyridylimidazoline or hydroxyquinoline; diamines (e.g. ethylenediamine);
      aminoalcohols; phosphines or diarsines; phenols such as catechol; and
      hydroxyacids such as salicylic acid.
PAR  Examples of oxidising compounds of the formula (I) comprising a ligand L
      include derivatives of oxo-cations such as cyclopentadienyl-oxomolybdenum
      dichloride [(C.sub.5 H.sub.5)Mo(O)Cl.sub. 2 ];
      cyclopentadienyl-oxomolybdenum chloride [(C.sub.5 H.sub.5)MoO.sub.2
      Cl.sub.2 ]; derivatives of oxo-anions such as ammonium
      vanadyl-(orthohydroxybenzoate) or sodium vanadyl-(ortho-hydroxybenzoate)
      [[VO(O--C.sub.6 H.sub.4 --COO).sub.2 ]Na.sub.2 ]; ammonium
      oxoniobium-catecholate [NbO(OH--C.sub.6 H.sub.4 --O).sub.3
      (NH.sub.4).sub.3 ]; and potassium molybdenyl-catecholate [MoO(HO--C.sub.6
      H.sub.4 --O).sub.3 K.sub.3 ].
PAR  The olefines which can be oxidised by the process according to the present
      invention are compounds containing one or more aliphatic carbon-carbon
      double bonds. More specifically, olefine compounds of the general formula:
      ##EQU1##
      in which R is a hydrocarbon radical containing 1 to 30 carbon atoms, which
      may be or may not be saturated and which may or may not be substituted by
      functional groups, and R.sub.1 R.sub.2 and R.sub.3 represent hydrogen or
      hydrocarbon radicals which may be the same as or different from R, R.sub.2
      or R.sub.3 being able to form an unsaturated hydrocarbon ring with R or
      R.sub.1, can be subjected to oxidation by the oxometallic derivatives of
      formula (I).
PAR  Still more specifically, R can be a linear or branched alkyl radical such
      as methyl, ethyl, propyl, isopropyl, isobutyl, hexyl, or decyl; an alkenyl
      radical such as ethenyl or propenyl; a cycloalkyl or cycloalkenyl radical
      (e.g. cyclohexyl or cyclohexenyl); an aryl radical such as phenyl, an
      aralkyl radical such as toluyl, an alkylaryl radical such as benzyl or
      phenylethyl, or an alkenylaryl radical such as vinylphenyl; or an alkyl,
      cycloalkyl or aryl radical substituted by functional groups such as
      hydroxy, carboxyl, alkoxycarbonyl, carbonyloxalkyl, aldehyde, ketone,
      nitrile, amide or amine groups or halogen atoms (e.g. chlorine or
      bromine).
PAR  Examples of compounds which can be oxidised by the process of the invention
      include propylene, 1-butene, 2-butene, isobutene, 1-pentene, 2-pentene,
      1-hexene, 1-decene, the dodecenes, butadiene, 2-methylbutadiene,
      cyclohexene, cyclobutadiene, vinylcyclohexane, cyclohexene, styrene,
      divinylbenzene, the methylstyrenes and unsaturated fatty acids and their
      esters or amides, such as linoleic, oleic, ricinoleic and palmitoleic
      acid.
PAR  The exact nature of the products produced vary according to the compounds
      subjected to the oxidation. Thus, acetone is produced, by oxidising
      propylene, and by oxidising olefines higher than propylene, the
      corresponding oxides are principally produced.
PAR  The temperature of the reaction can vary within wide limits depending on
      the nature of the olefine compound and of the oxidising agent. Usually,
      the reaction is carried out at temperatures of between 20 and
      300.degree.C, and the pressure can be greater than or equal to atmospheric
      pressure.
PAR  The oxidation reaction by the oxo-metallic compounds can be carried out in
      the liquid phase or in the gas phase. If the reaction is carried out in
      the liquid phase, it can be carried out either in the absence or in the
      presence of a solvent which is inert under the reaction conditions.
PAR  A saturated aliphatic hydrocarbon (e.g. hexane, pentane or cyclohexane), an
      aromatic hydrocarbon (e.g. benzene, toluene or xylene), a halogenated
      hydrocarbon (e.g. 1,2-dichloroethane, chlorobenzene or chlorotoluene) or a
      polar solvent such as a nitrile (e.g. acetonitrile), an amide (e.g.
      dimethylformamide or hexamethylphosphotriamide) or an ether (e.g.
      tetrahydrofurane) are very suitable. The organic solvent can optionally
      contain a small amount of water which can be present in an amount of up to
      5% by weight. If the oxidation is carried out in the absence of an organic
      solvent, conditions of temperature and pressure are chosen such that the
      olefine remains in the liquid state. In either case, the oxidising agent
      can be either in solution or in suspension in the reaction medium.
PAR  If the reaction is carried out in the gas phase, the olefine compound is
      passed over the solid oxidising agent using the usual methods of contact
      of gases and solids. Thus the olefine compound, raised to the suitable
      temperature, can be passed over a fluidised bed of the oxidising compound.
      The gaseous olefine compound can also be passed through a column
      containing the solid oxidising agent in a stationary phase. The oxidant
      can be deposited on a support which is inert under the reaction conditions
      such as alumina, silica, aluminium silicates, pumice stone, diatomaceous
      earths and charcoals.
PAR  After an oxidation reaction, the oxidising compound can be regenerated by
      treatment with oxygen or with a gas containing oxygen, such as air, and
      can be used for a new reaction.
PAR  The Examples which follow illustrate the invention and show how it can be
      put into practice.
DETD
PAC  EXAMPLES 1 to 21
PAR  10 G of oxidising agent, 80 cm.sup.3 of a solvent and 20 g of olefine
      compound are introduced into a 250 cm.sup.3 stainless steel autoclave
      purged with nitrogen. The contents of the autoclave are brought to the
      requisite temperature for varying time intervals, at the autogenic
      pressure. The autoclave is then cooled, the olefine compound is degassed
      if necessary and then the residue is subjected to a chromatographic
      analysis. The results obtained are given in the following table:
     Example                                                                   

          Oxidising Agent                                                      

                         Olefine                                               

                                Solvent    T .degree.C                         

                                               Time in                         

                                                    Products obtained          

                         compound              hours                           

                                                    Nature Yield relative      

                                                           to the oxidising    

                                                           agent               

     __________________________________________________________________________

                                                           introduced          

     1    Vanadyl acetylacetonate                                              

                         Propylene                                             

                                Dimethylformamide                              

                                           130 20   Acetone                    

                                                           76%                 

     2    ditto          ditto  Tetrahydrofurane                               

                                           "   "    "      45%                 

     3    ditto          ditto  HMPT**     "   "    "      100%                

     4    ditto          ditto  Acetonitrile                                   

                                           "   "    "      91%                 

     5    ditto          ditto  1,2-Dichloro-                                  

                                           "   "    "      21%                 

                                ethane                                         

     6    ditto          ditto  Chlorobenzene                                  

                                           "   "    "      35%                 

     7    ditto          ditto  Chlorobenzene/                                 

                                           "   18   "      100%                

                                water (1%)                                     

     8    Vanadyl benzoylacetonate                                             

                         ditto  Chlorobenzene                                  

                                           "   20   "      21%                 

     9    Bis-(dipivaloylmethane)-                                             

                         ditto  "          "   "    "      95%                 

          oxovanadium                                                          

     10   Bis-(acetylacetone)-                                                 

                         ditto  "          "   "    "      61%                 

          ethylene-diimino-oxovanadium                                         

     11   Zirconyl acetonylacetonate                                           

                         ditto  "          "   "    "      60%                 

     12   Titanyl acetylacetonate                                              

                         ditto  "          "   "    "      60%                 

     13   Molybdyl acetylacetonate                                             

                         ditto  Benzene    "   "    "       30%*               

          (C.sub.6 H.sub.7 O.sub.2).sub.2 MoO.sub.2                            

     14   Molbdenyl acetylacetonate                                            

                         ditto  Chlorobenzene                                  

                                           "   "    "       20%*               

          [(C.sub.6 H.sub.7 O.sub.2).sub.2 MoO].sub.2 O                        

     15   Tungstyl acetylacetonate                                             

                         ditto  "          "   "    "      100%*               

     16   Uranyl acetylacetonate                                               

                         ditto  "          "   "    "      140%*               

     17   Hafnium oxide (HfO.sub.2)                                            

                         ditto  "          "   "    "       40%*               

     18   Uranium oxide (UO.sub.3)                                             

                         ditto  "          "   "    "       40%*               

     19   Vanadyl acetylacetonate                                              

                         1-Butene                                              

                                "          180 "    1,2-Epoxy-                 

                                                           60%                 

                                                    butane                     

     20   Uranyl acetylacetonate                                               

                         ditto  "          130 "    "      120%*               

     21   Uranyl acetylacetonate                                               

                         2-Butene                                              

                                "          "   "    2,3-Epoxy-                 

                                                           160%                

                                                    butane                     

     __________________________________________________________________________

       *Relative to one oxygen atom present in the metal compound              

      **Hexamethylphosphotriamide                                              

PAC  EXAMPLE 22
PAR  A glass column 30 cm high and 8 mm in diameter is packed with 30 cm.sup.3
      (25 g) of alumina of average particle size 500 .mu. impregnated with
      vanadyl acetylacetonate (content 2.64% by weight). The amount of vanadyl
      acetylacetonate used in this way represents 2.3 .times. 10.sup..sup.-3 mol
      (that is to say 0.609 g). The contents of the column are brought to and
      held at 130.degree.C and then a mixture of propylene/nitrogen (50%
      nitrogen by volume) is passed through the column, at a flow rate of 3
      l/hour measured under normal conditions of pressure and temperature, for a
      period of 6 hours. The gases coming out of the column bubble into an
      aqueous solution of semicarbazide hydrochloride. The semicarbazone
      obtained, namely 0.266 g (melting point 190.degree.C), which corresponds
      to the formation of 2.2 .times. 10.sup..sup.-3 mol of acetone, is
      isolated; the yield relative to the oxygen bonded to the vanadium in the
      vanadyl acetylacetonate is thus 100 %.
PAR  The oxidising agent deposited on alumina was prepared by impregnating, over
      a period of 3 hours, 30 cm.sup.3 of alumina with 100 cm.sup.3 of a
      solution containing 1% by weight of vanadyl acetylacetonate in
      1,2-dichloroethane, filtering and then evaporating the residual solvent at
      80.degree.C under a reduced pressure of 1 mm of mercury (duration 3
      hours).
PAC  EXAMPLES 23 to 36
PAR  The procedure according to Example 22 is followed, whilst changing the
      nature of the oxidising agent, the length of time for which the olefine
      compound is passed, the nature of the latter and the temperature. The
      results are given in the following table:
     Ex.                                                                       

        OXIDISING AGENT      T.degree.C                                        

                                 Time in                                       

                                        Olefine Products obtained              

                                 hours  Compounds                              

     __________________________________________________________________________

     23 Bis-(acetylacetone)-ethylenediimino-                                   

                             130 7      Propylene                              

                                                Acetone                        

        oxovanadium                                                            

     24 Titanyl acetylacetonate                                                

                             "   "      "       "                              

     25 Zirconyl acetylacetonate                                               

                             "   "      "       "                              

     26 Molybdyl acetylacetonate (C.sub.5 H.sub.7 O.sub.2).sub.2 MoO.sub.2     

                             "   1 hour 15                                     

                                        "       "                              

                                 minutes                                       

     27 Molybdenyl acetylacetonate                                             

                             "   7      "       "                              

        [(C.sub.5 H.sub.7 O.sub.2).sub.2 MoO].sub.2 O                          

     28 Tungstyl acetylacetonate                                               

                             "   8      "       "                              

     29 Uranyl acetylacetonate                                                 

                              80 17     "       "                              

     30 Uranium oxide (UO.sub.3)*                                              

                             130 6      "       "                              

     31 Vanadyl acetylacetonate                                                

                             180 "      Cyclohexene**                          

                                                Epoxycyclohexane               

     32 Molybdyl acetylacetonate                                               

                             "   "      "       "                              

     33 Molybdenyl acetylacetonate                                             

                             "   "      "       "                              

     34 Molybdyl acetylacetonate                                               

                             "   "      1-Hexene**                             

                                                1,2-Epoxyhexane                

     35 Uranyl acetylacetonate                                                 

                             130 "      1-Butene                               

                                                1,2-Epoxybutane                

     36 Tungstyl acetylacetonate                                               

                             "   "      2-Butane                               

                                                2,3-Epoxybutane                

     __________________________________________________________________________

       *The oxidising agent is produced by impregnating 30 g of alumina with an

      aqueous solution containing 40% by weight of uranyl nitrate, filtering an

      drying for 10 minutes at 80.degree.C and then treating with air at       

      500.degree.C for 15 hours.                                               

      **For these two olefines, the apparatus used consists of a flask equipped

      with a heating device and to which the column containing the oxidising   

      agent is fixed. The mixture of vapours coming from the column is condense

      and the condensate is returned to the flask.                             

CLMS
STM  I claim;
NUM  1.
PAR  1. Process for the production of acetone by oxidising propylene in an
      oxygen-free atmosphere, in the gas phase, in the absence of water or in
      the presence of up to 5% by weight of water, using, as oxidising agent, an
      oxy-metal compound containing one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical, selected from an oxo-metal
      compound of the general formula:
EQU  [[(L).sub.x (O).sub.n M-Q].sub.p M(O).sub.n (L).sub.x ].sup.m A (I)
PAL  in which M represents V, L represents a monodentate or polydentate ligand,
      A represents an organic or inorganic anion or cation, Q represents oxygen
      or sulphur, x is an integer greater than or equal to zero, p is equal to
      zero or one, m is a positive or negative integer and n is an integer
      greater than or equal to zero such that there is one or more oxygen atoms
      directly bonded to the metal and not bonded to an organic radical.
NUM  2.
PAR  2. Process for the production of acetone by oxidising propylene in an
      oxygen-free atmosphere, in the gas phase, in the absence of water or in
      the presence of up to 5% by weight of water, using, as oxidizing agent, an
      oxy-metal compound containing one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical, selected from uranium
      oxide, hafnium oxide an oxo-metal compound of the general formula:
EQU  [[(L).sub.x (O).sub.n M--Q].sub.p M(O).sub.n (L).sub.x ].sup.m A (I)
PAL  in which M represents Ti, Zr, Hf, V, Nb, Ta, Mo, W or U, L represents a
      monodentate or polydentate ligand, A represents an organic or inorganic
      anion or cation, Q represents oxygen or sulphur, x is an integer greater
      than or equal to zero, p is equal to zero or one, m is a positive or
      negative integer and n is an integer greater than or equal to zero such
      that there is one or more oxygen atoms directly bonded to the metal and
      not bonded to an organic radical.
NUM  3.
PAR  3. Process according to claim 1 wherein the oxidising agent is a compound
      of formula (I) in which x is equal to zero, m is a positive integer and A
      represents an inorganic or organic anion which forms a salt which may be
      chelated with the oxo-metal cation.
NUM  4.
PAR  4. Process according to claim 3, wherein the oxidising agent is a compound
      of formula (I) which is a salt of a monocarboxylic or polycarboxylic acid,
      a .beta.-diketonate or diketimine-diketonate.
NUM  5.
PAR  5. Process according to claim 4 wherein the oxidising agent is a tungstyl-,
      vanadyl-, molybdyl-, molybdenyl- zirconyl-, titanyl-, uranyl- or
      hafnyl-.beta.-diketonate.
NUM  6.
PAR  6. Process according to claim 5 wherein the oxidising agent is a tungstyl-,
      vanadyl-, molybdyl-, molybdenyl-, zirconyl-, titanyl-, uranyl- or hafnyl-
      acetylacetonate; a tungstyl-, vanadyl-, molybdyl-, molybdenyl-, zirconyl-,
      titanyl-, uranyl- or hafnyl-ethylene- diimineacetylacetone;
      bis-(pivaloylmethane)-oxovanadium or vanadyl benzoylacetonate.
NUM  7.
PAR  7. Process according to claim 1 wherein the reaction is carried out at a
      temperature of 20.degree. to 300.degree.C, at atmospheric or super
      atmospheric pressure.
NUM  8.
PAR  8. Process for the production of acetone by oxidising propylene in an
      oxygen-free atmosphere, in an organic liquid in the absence of water or in
      the presence of up to 5% by weight of water, using, as oxidising agent, an
      oxy-metal compound containing one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical, selected from uranium
      oxide, hafnium oxide an oxo-metal compound of the general formula:
EQU  [[(L).sub.x (O).sub.n M--Q].sub.p M(O).sub.n (L).sub.x ].sup.m A (I)
PAL  in which M represents Ti, Zr, Hf, V, Nb, Ta, Mo, W or U, L represents a
      monodentate or polydentate ligand, A represents an organic or inorganic
      anion or cation, Q represents oxygen or sulphur, x is an integer greater
      than or equal to zero, p is equal to zero or one, m is a positive or
      negative integer and n is an integer greater than or equal to zero such
      that there is one or more oxygen atoms directly bonded to the metal and
      not bonded to an organic radical.
NUM  9.
PAR  9. Process for the production of acetone by oxidising propylene in an
      oxygen-free atmosphere, in an organic liquid in the absence of water or in
      the presence of up to 5% by weight of water, using, as oxidising agent, an
      oxy-metal compound containing one or more oxygen atoms directly bonded to
      the metal and not bonded to an organic radical, selected from an oxo-metal
      compound of the general formula:
EQU  [[(L).sub.x (O).sub.n M--Q].sub.p M(O).sub.n (L).sub.x ].sup.m A (I)
PAL  in which M represents V, L represents a monodentate or polydentate ligand,
      A represents an organic or inorganic anion or cation, Q represents oxygen
      or sulphur, x is an integer greater than or equal to zero, p is equal to
      zero or one, m is a positive or negative integer and n is an integer
      greater than or equal to zero such that there is one or more oxygen atoms
      directly bonded to the metal and not bonded to an organic radical.
NUM  10.
PAR  10. Process according to claim 9 wherein the oxidising agent is a compound
      of formula (I) in which x is equal to zero, m is a positive integer and A
      represents an inorganic or organic anion which forms a salt which may be
      chelated with the oxometal cation.
NUM  11.
PAR  11. Process according to claim 10, wherein the oxidising agent is a
      compound of formula (I) which is a salt of a monocarboxylic or
      polycarboxylic acid, a .beta.-diketonate or diketiminediketonate.
NUM  12.
PAR  12. Process according to claim 11 wherein the oxidising agent is a
      tungstyl-, vanadyl-, molybdyl-, molybdenyl-, zirconyl-, titanyl-, uranyl-
      or hafnyl-.beta.-diketonate.
NUM  13.
PAR  13. process according to claim 12 wherein the oxidising agent is a
      tungstyl-, vanadyl-, molybdyl-, molybdenyl-, zirconyl-, titanyl-, uranyl-
      or hafnyl-acetylacetonate; a tungstyl-, vanadyl-, molybdyl-, molybdenyl-,
      zirconyl-, titanyl-, uranyl-, or hafnyl-ethylene-diimineacetylacetone;
      bis-(pivaloymethane)-oxovanadium or vanadyl benzoylacetonate.
NUM  14.
PAR  14. Process according to claim 9 wherein the reaction is carried out at a
      temperature of 20.degree. to 300.degree.C., at atmospheric or super
      atmospheric pressure.
NUM  15.
PAR  15. Process according to claim 9 wherein the oxidation is carried out in
      the presence of an organic solvent for the olefinic compound.
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ABST
PAL  2-(2'-Naphthyl) acetaldehyde derivatives optionally substituted at the 2
      position and/or positions C-1',4',5',7' or 8'; and/or position C-6' or
      positions C-5' and 7' exhibit anti-inflammatory, analgesic, antipyretic
      and anti-pruritic activity.
PARN
PAR  This is a division of application Serial No. 222,278, filed Jan. 31, 1972
      and now U.S. Patent No. 3,821,253, which is a division of application Ser.
      No. 814,855, filed Apr. 9, 1969, now U.S. Pat. No. 3,663,713, which, in
      turn, is a continuation-in-part of application Ser. No. 741,900, filed
      July 2, 1968, now U.S. Pat. No. 3,626,012.
BSUM
PAR  This invention pertains to novel naphthyl acetaldehydes and derivatives
      thereof; to methods of using thereof; and to processes for the preparation
      thereof.
PAR  More particularly, the present novel invention is directed to
      2-(2'-naphthyl) acetaldehydes derivatives which exhibit antiinflammatory,
      analgesic, anti-pyretic, and anti-pruritic activity.
PAR  The 2-(2'-naphthyl) acetaldehyde derivatives are illustrated by the
      following formulas (the arabic numbers in formulas I and II designate the
      position of the 2-(2'-naphthyl)acetaldehyde nomenclature used herein):
      ##SPC1##
PAL  Wherein, R is --CHR.sup.1 R.sup.2, --CH(OH) (NH.sub.2) or --CH(OH)
      (SO.sub.3 Y); wherein R.sup.1 and R.sup.2 are alkoxy, cycloalkoxy,
      cycloalkylmethoxy, 2-cycloalkylethoxy, 3-cycloalkylpropoxy, monocyclic
      arylmethoxy, 2-phenylethoxy, 3-phenylpropoxy, alkanoyloxy,
      cycloalkanoyloxy, cycloalkyl acetoxy, cycloalkylpropionyloxy, monocyclic
      arylacetoxy; or R.sup.1 and R.sup.2 taken together are =O, =NR.sup.3,
      3-hydroxypropylene-1,2-dioxy, --OCHR.sup.4 --OCHR.sup.4 --CHR.sup.5 O-- or
      --OCHR.sub.6 --CR.sup.4 R.sup.5 --CHR.sub.6 O--; wherein R.sup.3 is alkyl,
      cycloalkyl, cycloalkylmethyl, 2-cycloalkyl ethyl, monocyclic arylmethyl,
      phenethyl, hydroxy, alkoxy, cycloalkoxy, cycloalkyl methoxy,
      2-cycloalkylethoxy, benzyloxy, 2-phenylethoxy, amino or carbamoylamino;
      each of R.sup.4 and R.sup.5, independently of each other is hydrogen,
      alkyl, cycloalkyl, cycloalkylmethyl, 2-cycloalkylethyl, monocyclic
      arylmethyl, or monocyclic aryl; R.sub.6 is hydrogen, methyl; ethyl or
      propyl; Y is sodium or potassium, one of R.sup.6 and R.sup.7 is hydrogen,
      the other is hydrogen, methyl, ethyl or difluoromethyl; or R.sup.6 and
      R.sup.7 taken together are methylene, halomethylene or ethylene;
PA1  R.sup.8 (at position C-1,4 or 8) is hydrogen, allyl, trifluoromethyl,
      fluoro, chloro, hydroxy, a conventional hydrolyzable ester, oxyether or
      thioether;
PA1  R.sup.9 (at position C-5,6 or 7) is allyl, cycloalkyl, hydroxymethyl,
      alkoxymethyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a
      conventional hydrolyzable ester, oxyether, thioether, formyl, acetyl or
      monocyclic aryl;
PA1  Each of R.sup.10, R.sup.11 (at position C-1,4,7 or 8), R.sup.12 and
      R.sup.13 is alkyl, fluoro, chloro, hydroxy, a conventional hydrolyzable
      ester, oxyether or thioester, provided that when one of R.sup.10 and
      R.sup.11 or one of R.sup.12 and R.sup.13 is hydroxy, oxyether or
      thioether, the other is the identical group or alkyl, fluoro, chloro, or a
      conventional hydrolyzable ester; and R.sup.11 (at position C-5) is alkyl,
      fluoro, chloro, bromo, hydroxy, a conventional hydrolyzable ester,
      oxyether or thioether; provided when one of R.sup.10 and R.sup.11 (at
      position C-5) is hydroxy, oxyether or thioether, the other is the
      identical group or alkyl, fluoro, chloro, bromo (R.sup.11 only i.e., only
      R.sup.11 is bromo, R.sup.10 is not bromo) or a conventional hydrolyzable
      ester.
PAR  In the preferred embodiment of the present invention, R.sup.1 and R.sup.2
      are methoxy, ethoxy, propoxy, cyclopentyloxy, cyclohexyloxy, benzyloxy,
      phenethyloxy, tolyloxy, acetoxy, propionyloxy, valeryloxy, caproyloxy,
      cyclopentylcarbonyloxy, cyclohexylcarbonyloxy, phenylacetoxy or
      tolylacetoxy; or R.sup.1 and R.sup.2 taken together are =O, methylimino,
      ethylimino, isopropylimino, cyclopentylimino, cyclohexylimino,
      benzylimino, p-methylbenzylimino, phenethylimino, phenylimino, tolylimino,
      hydroxyimino, methoxyimino, ethoxyimino, i-propoxyimino,
      cyclopentyloxyimino, cyclohexyloxyimino, benzyloxyimino,
      p-methylbenzyloxyimino, phenethyloxyimino, aminoimino, carbamoylamino,
      ethylenedioxy, 1,2-propylenedioxy, 1,3-propanedioxy,
      3-hydroxypropylene-1,2-dioxy, 2,3-butanedioxy, 1,2-diphenylethylenedioxy,
      1,2-dicyclopentylethylenedioxy, 1,2-dibenzylethylenedioxy,
      2,2-dimethyl-1,3-propanedioxy or 2-phenyl-1,3propanedioxy; Y is sodium;
      one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl or
      difluoromethyl; or R.sup.6 and R.sup.7 taken together are methylene or
      difluoromethylene; R.sup.8 (at position C-1,4 or 8) is hydrogen, methyl,
      ethyl, isopropyl, trifluoromethyl, fluoro, chloro, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; R.sup.9 (at position C-5,6 or 7) is methyl, ethyl,
      isopropyl, cyclopropyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro,
      methoxy, methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio
      or difluoromethylthio; each of R.sup.10, R.sup. 11 (at position C-1,4,7 or
      8), R.sup.12 and R.sup.13 is methyl, ethyl, isopropyl, fluoro, chloro,
      methoxy, methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio,
      or difluoromethylthio, provided that when one of R.sup.10 or R.sup.11, or
      one of R.sup.12 and R.sup.13 is methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio, the
      other is the identical group or methyl, ethyl, isopropyl, fluoro or
      chloro; and R.sup.11 (at position C-5) is methyl, ethyl, isopropyl,
      fluoro, chloro, methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio; provided when one of R.sup.10 and
      R.sup.11 (at position C-5) is methoxy, methoxymethyloxy, difluoromethoxy,
      methylthio, methoxymethylthio, or difluoromethylthio, the other is the
      identical group or methyl, ethyl, isopropyl, fluoro, chloro or bromo
      (R.sup.11 only). R.sup.11 (at position C-5) is methyl, ethyl, isopropyl,
      fluoro, chloro, bromo, trifluoromethyl, methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio, the
      other is the identical group or methyl, ethyl, isopropyl, fluoro, chloro
      or chloro (R.sup.11 only).
PAR  By the term "alkyl" is meant branched or straight chain hydrocarbon atoms,
      such as methyl, ethyl, propyl, isopropyl, butyl, tertiarybutyl, pentyl,
      hexyl, and the like. By the term "cycloalkyl" is meant cyclic hydrocarbon
      groups of three to seven carbon atoms, such as cyclopropyl, cyclopentyl,
      cyclohexyl, and the like.
PAR  The term "monocyclic aryl" defined a phenyl group optionally substituted
      with one to two methyl, ethyl, isopropyl, methoxy, hydroxy, fluoro, or
      chloro groups. Typical monocyclic aryls include phenyl, 2-tolyl, 3-tolyl,
      4-tolyl, 2,4-dimethylphenyl, 2,6-dimethylphenyl, 3-ethylphenyl,
      4-ethylphenyl, 4-isopropyl-phenyl, 2-methoxy, 4-methoxyphenyl,
      2,4-dimethoxyphenyl, 3hydroxyphenyl, 2,6-dihydroxyphenyl, 2-chlorophenyl,
      2,6-dichlorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl,
      2,3-difluorophenyl, 2,3,4-trifluorophenyl, parachlorophenyl
      2,4-dihydroxyphenyl, 2,4-dimethoxyphenyl and the like.
PAR  The term "alkanoyloxy" defines a straight or branched saturated hydrocarbon
      carbonyloxy group of from 1 to 12 carbon atoms. Typical alkanoyloxy groups
      include acetoxy, propionyloxy, butyryloxy, 4-methylvalryloxy, caproyloxy,
      2-methylbutyryloxy, capryloxyloxy, pelargyloxy, capryloxy,
      9-methylcapryloxy, lauroyloxy, and the like.
PAR  The term "alkoxy" defined a straight or branched chain hydrocarbon ether
      group of six or less carbon atoms, including methoxy, ethoxy, 2-propoxy,
      propoxy, butoxy, 3-pentoxy, and the like. By the term "alkoxymethyloxy" is
      meant methylether groups substituted with one alkoxy group; typical
      alkoxymethyloxy groups include methoxymethyloxy, ethoxymethyloxy,
      isopropoxymethyloxy, and the like.
PAR  By the term "alkylthio" is meant straight or branched chain hydrocarbon
      thioether groups of six or less carbon atoms, including methylthio,
      ethylthio, propylthio, 2-propylthio, 2-butylthio, pentylthio, 3-hexylthio,
      and the like. By the term "alkoxymethylthio" is meant methylthio ether
      groups substituted with one alkoxy group, such as methoxymethylthio,
      ethoxymethylthio, 2-propoxymethylthio, and the like.
PAR  The term "cycloalkoxy" defined a cyclic hydrocarbons ether group of from
      three to sever carbon atoms. Typical cycloalkyloxy include cyclopentyloxy
      and cyclohexyloxy.
PAR  By the term "monocyclic aralkyloxy" is meant an alkoxy substituent
      substituted with one monocyclic aryl group. Typical monocyclic aralkyloxy
      include; 2,6-dimethylbenzyloxy and pchlorophenylthyloxy.
PAR  The term "alkanoyloxy" defines an alkylcarbonyloxy group. Typical
      alkanoyloxy groups include acetoxy, butyryloxy, and capryloxy. The term
      "cycloalkanoyloxy" defines a monocyclic cycloalkylcarbonyloxy group. The
      term "monocyclic aralkanoyloxy" defines an aralkyl carbonyloxy group such
      as phenylacetyloxy.
PAR  By the term "halomethylene" is meant nono- or dihalomethylene groups
      wherein halo is fluoro or chloro. The preferred halomethylenes include
      fluoromethylene, difluoromethylene, fluorochloromethylene and
      chloromethylene.
PAR  The term "conventional hydrolyzable ester", as used herein, denotes those
      hydrolyzable ester groups conventionally employed in the art, preferably
      those derived from hydrocarbon carboxylic acids or their salts. The term
      "hydrocarbon carboxylic acid" defines both substituted and unsubstituted
      hydrocarbon carboxylic acids. These acids can be completely saturated or
      possess varying degrees of unsaturation (including aromatic), can be of
      straight chain, branched chain, or cyclic structure and preferably contain
      from one to twelve carbon atoms. Typical conventional hydrolyzable esters
      thus included within the scope of the term and the instant invention are
      acetate, propionate, 2-methyl propionate, butyrate, valerate, caproate,
      enanthate, caprylate, benzoate, phenylacetate, diethylacetate,
      trimethylacetate, t-butylacetate, cyclohexylacetate,
      cyclopentylpropionate, adamantoate, bicyclo[2.2.2]octyl carboxylate,
      hemisuccinate, hemiadipate, hemi-.beta.,.beta.dimethylflutarate, and the
      like.
PAR  The term "oxyether", as used herein, denotes those ether groups
      conventionally employed in the art, preferably those derived from straight
      chain, branched chain, aromatic hydrocarbons and oxo heterocyclic
      hydrocarbons. The term "hydrocarbon" defines both saturated and
      unsaturated hydrocarbons. These designated hydrocarbons are optionally
      substituted with groups such as hydroxy, alkoxy, halo, alkylthio, and the
      like. Preferably the hydrocarbons contain from one to twelve carbon atoms.
      Typical oxyethers thus include alkoxy, difluoromethoxy, alkoxymethyloxy,
      tetrahydrofuran-2'-yloxy, tetrahydropyran-2'yloxy and
      4'-alkoxytetrahydropyran-4'-yloxy.
PAR  The term "thioether", as used herein, denotes those thio ether groups
      conventionally employed in the art, preferably those derived from straight
      chain, branched chain, cyclic and aromatic hydrocarbons. The term
      "hydrocarbon" defines both saturated and unsaturated hydrocarbons. These
      hydrocarbons are optionally substituted with groups such as hydroxy,
      alkoxy, alkylthio, halo and the like. Preferably the hydrocarbons contain
      from one to twelve carbon atoms. Typical thioethers thus include
      alkylthio, difluoromethylthio, alkoxymethylthio, and the like.
PAR  When one of R.sup.6 and R.sup.7 is hydrogen and the other is methyl, ethyl
      or difluoromethyl, the compounds of formulas I, II, III and IV exist as
      pairs of enantiomorphs. Each enantiomorph or optical isomer of the
      compounds of formulas I, II, III and IV is included within the present
      invention. In some instances, one enantiomorph exhibits greater
      anti-inflammatory, analgesic, anti-pyretic and/or anti-pruritic activity
      than the corresponding other enantiomorph. Nevertheless, the present
      compounds of formulas, I, II, III and IV that exist as pairs of
      enantiomorphs can be administered as mixtures of enantiomorphs or as
      individual resolved enantiomorphs.
PAR  Preferably the individual resolved enantiomorphs or optical isomers of the
      compounds of formulas I, II, III and IV are prepared from the
      corresponding individual resolved enantiomorphs or optical isomers of the
      starting material. Alternatively, the optical isomers can be resolved by
      conventional means, such as selective biological degradation. The resolved
      enantiomorph of formulas, I, II, III and IV and the corresponding resolved
      starting material will not necessarily have the same optical rotation
      although they will have the same absolute configuration.
PAR  The 2-(2'-naphthyl) acetaldehydes and derivatives thereof of formulas, I,
      II, III and IV exhibit anti-inflammatory, analgesic, anti-pyretic and
      anti-pruritic activity. Accordingly, these compounds are employed in the
      present method of effecting treatment of inflammation, pain, pyrexia, and
      pruritus in mammals, such as mice, rats, dogs, monkeys or humans.
PAR  These compounds are useful in the treatment of inflammation of the skin,
      respiratory tract, muscular-skeletal system, joints, internal organs, and
      tissues. Accordingly, these compounds are useful in the treatment of
      conditions characterized by inflammation, such as contact dermatitis,
      allergic conditions, burns, rheumatism, contusion, arthritus, bone
      fracture, post-traumatic conditions and gout. In those cases in which the
      above conditions include pain, pyrexia and pruritus, coupled with the
      inflammation, the instant compounds are useful for relief of these
      conditions as well as the inflammation. The instant compounds are useful
      in the treatment of pain associated with post-operative conditions,
      post-traumatic conditions, post-partum conditions, dysmenorrhea, burns,
      gout, contusions, neuralgia, neuritis, headache and rheumatic fever. As
      stated above, these compounds also exhibit anti-pyretic activity;
      accordingly, these compounds are useful in the treatment of pyrexia where
      reduction of a fever is indicated, for example, in the treatment of high
      fevers associated with diseases such as rheumatic fever, bronchitis,
      pneumonia, typhoid fever, and Hodgkin's disease. The present compounds are
      also useful in the treatment of pruritus where the condition exists
      contemporaneously with inflammation, pain and/or fever. Moreover, the
      compounds are useful for treating pruritus per se.
PAR  Although the above compounds of formulas I-IV exhibit anti-inflammatory,
      analgesic, anti-pyretic and anti-pruritic activity, certain groups of the
      above compounds exhibit remarkably enhanced specific activity while
      retaining the other types of activity. For example, the compounds of
      formula II where R.sup.9 is at position C-6 exhibit enhanced
      anti-inflammatory activity together with analgesic, anti-pyretic and
      anti-pruritic activity. Accordingly, the compounds of formula II would be
      very useful in treating a condition characterized by a high degree of
      inflammation together with moderate degree of pain. The 5 and 7
      substituted compounds of formula II and the compounds of formula IV
      exhibit superior analgesic activity together with anti-inflammatory,
      anti-pyretic and anti-pruritic activity. Accordingly, the 5 and 7
      substituted compounds of formula I and the compounds of formula IV are
      very useful to treat conditions characterized by a high degree of pain
      together with a moderate degree of inflammation, fever and pruritus.
PAR  The preferred manner of oral administration provides the use of a
      convenient daily dosage regimen which can be adjusted according to the
      degree of affliction. Generally, a daily dose of from 0.01 mg. to 100 mg.
      of the active compound per kilogram of body weight of the mammal is
      employed. Most conditions respond to treatment comprising a dosage level
      in the order of 1 mg. to 5 mg. per kilogram of body weight per day. For
      such oral administration, a pharmaceutically acceptable non-toxic
      composition formed by the incorporation of any of the normally employed
      excipients. Suitable pharmaceutical excipients include starch, glucose,
      lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium
      carbonate, magnesium stearate, sodium stearate, glyceryl monostearate,
      talc, sodium chloride, dried skim milk, glycerol, propylene glycol, water,
      ethanol, and the like. These compositions take the form of solutions,
      suspensions, tablets, pills, capsules, powders, sustained release
      formulations, and the like. In addition, these compounds can be
      administered in conjunction with other medicinal agents depending upon the
      specific condition being treated.
PAR  A measure of anti-inflammatory activity according to the carrageenin
      induced edema assay of Winter et al., Proceedings of the Soceity for
      Experimental Biology and Medicine 111, 544 (1962) shows the following:
      that 2-(6'-methoxy-2'-naphthyl) propionaldehyde to have over three times
      the activity of phenylbutazone; that the semicarbazone of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde has over three times the
      activity of phenyl butazoned; that
      1-hydroxyamino-2-(6'-methoxy-2'-naphthyl) propane has over two times the
      activity of phenylbutazone; that 1,1-dimethyl-2-(6'-methoxy-2'-naphthyl)
      propane is as active as phenylbutazone; and that the sodium bisulfite
      addition product of 2-(6'-methoxy-2'-naphthyl) propionaldehyde has about
      three times the activity of phenylbutazone.
PAR  Similar standard assays to measure anti-pyretic activities show
      2-(6'-methoxy-2'-naphthyl) propionaldehyde and the sodium bisulfite
      addition product thereof to have over fourteen and seventeen times,
      respectively, the anti-pyretic activity of aspirin.
PAR  Included within the compounds of formulas I, II, III and IV are the novel
      2-(2'-naphthyl) acetaldehyde derivatives of the following formulas:
      ##SPC2##
PAL  wherein,
PAR  R, R.sup.6 and R.sup.7 are as defined above.
PAR  R.sup.14 (at position C-1,4 or 8) is trifluoromethyl, fluoro, chloro,
      hydroxy, a conventional hydrolyzable ester or thioether;
PAR  R.sup.15 (at position C-5 or 7) is alkyl, cycloalkyl, hydroxymethyl,
      alkoxymethyl, trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a
      conventional hydrolyzable ester, oxyether, thioether, formyl, acetyl or
      aryl;
PAR  R.sup.16 is alkyl, cycloalkyl, hydroxymethyl, alkoxymethyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, hydroxy, a conventional
      hydrolyzable ester, alkoxymethyloxy, difluoromethoxy,
      tetrahydropyran-2'-yloxy, tetrahydrofuran-2'-yloxy,
      4'-alkoxy-tetrahydropyran-4'-yloxy; thioether, formyl, acetyl or aryl; and
PAR  each of R.sup.17 and R.sup.18 (at positions C-1,4,7 or 8), R.sup.19 and
      R.sup.20 is alkyl fluoro, chloro, hydroxy, a conventional hydrolyzable
      ester, oxyether or thioether; provided that when one of R.sup.17 or
      R.sup.18, or one of R.sup.19 or R.sup.20 is hydroxy, oxyether or thioether
      the other is the identical group or alkyl, fluoro, or chloro or a
      conventional hydrolyzable ester; and
PAR  R.sup.18 (at position C-5) is alkyl, fluoro, chloro, bromo, hydroxy, a
      conventional hydrolyzable ester, oxyether or thioether; provided when one
      of R.sup.17 and R.sup.18 (at position C-5) is hydroxy, oxyether or
      thioether the other is the identical group or alkyl, fluoro, chloro, bromo
      (R.sup.18 only), or a conventional hydrolyzable ester.
PAR  In the preferred embodiment of the novel compounds of formulas V, VI, VII,
      VIII and IX, R.sup.1 and R.sup.2 are methoxy, ethoxy, cyclopentyloxy,
      cyclohexyloxy, benzyloxy, phenethyloxy, tolyloxy, acetoxy, propionyloxy,
      valeryloxy, caproyloxy, cyclopentylcarbonyloxy, cyclohexylcarbonyloxy,
      phenylacetyloxy or tolylacetoyloxy; or R.sup.1 and R.sup.2 taken together
      are =O, methylimino, ethylimino, isopropylimino, cyclopentylimino,
      cyclohexylimino, benzylimino, p-methylbenzylimino, phenethylimino,
      phenylimino, tolylimino, hydroxyimino, methoxyimino, ethoxyimino,
      isopropoxyimino, cyclopentyloxyimino, cyclohexyloxyimino, benzyloxyimino,
      p-methylbenzyloxyimino, phenethyloxyimino, aminoimino, carbamoylamino,
      ethylenedioxy, 1,2-propylenedioxy, 1,3-propanedioxy,
      3-hydroxypropylene-1,2-dioxy, 2,3-butanedioxy, 1,2-diphenylethylenedioxy,
      1,2-dicyclopentylethylenedioxy, 1,2-dibenzylethylenedioxy,
      2,2-dimethyl-1,3-propanedioxy or 2-phenyl-1,3-propanedioxy; Y is sodium;
      one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl or
      difluoromethyl; or R.sup.6 and R.sup.7 taken together are methylene or
      difluoromethylene; R.sup.14 (at position C-1,4 or 8) is trifluoromethyl,
      fluoro, chloro, methylthio, methoxymethylthio or difluoromethylthio;
      R.sup.15 (at position C-5 or 7) is methyl, ethyl, isopropyl, cyclopropyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; R.sup.16 is methyl, ethyl, isopropyl, cyclopropyl,
      trifluoromethyl, vinyl, ethynyl, fluoro, chloro, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio; each
      of R.sup.17, R.sup.18 (at position C-1,4,7 or 8), R.sup.19 and R.sup.20 is
      methyl, ethyl, isopropyl, fluoro, chloro, methoxy, methoxymethyloxy,
      difluoromethoxy, methylthio, methoxymethylthio or difluoromethylthio;
      provided that when one of R.sup.17 or R.sup.18, or one of R.sup.19 or
      R.sup.20 is methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio, or difluoromethylthio, the other is the identical group
      or methyl, ethyl, isopropyl, fluoro or chloro; and R.sup.18 (at position
      C-5) is methyl, ethyl, isopropyl, fluoro, chloro, bromo, methoxy,
      methoxymethyloxy, difluoromethoxy, methylthio, methoxymethylthio or
      difluoromethylthio; provided when one of R.sup.17 and R.sup.18  (at
      position C-5) is methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio, the other is the identical group
      or methyl, ethyl, isopropyl, fluoro, chloro or bromo (R.sup.18 only i.e.,
      only R.sup.18 is bromo, R.sup.17 is not bromo).
PAR  An especially preferred group of novel 2-(2'-naphthyl) acetaldehyde
      derivatives are those of formulas VI, VII, VIII and IX wherein R, R.sup.1,
      R.sup.2, R.sup.6, R.sup.7, R.sup.15, R.sup.16, R.sup.17, R.sup.18,
      R.sup.19 and R.sup.20 are defined in the above immediate paragraph.
PAR  The present compounds of formulas I, II, III and IV (wherein R is CHO) are
      prepared from the corresponding 2-naphthyl acetic acid derivatives or
      esters thereof via a novel process which can be illustrated by the
      following reaction scheme A:
      ##SPC3##
PAL  wherein,
PAR  R.sup.6 and R.sup.7 are as defined above and R.sup.21 is hydrogen of alkyl.
      In the above scheme, the naphthyl moiety of the 2-(2'-naphthyl) acetic
      acid derivatives of formula X and of the 2-(2'-naphthyl) acetaldehyde
      derivatives of formula XI are substituted with 1) a R.sup.8 group at
      position C-1,4 or 8; 2) at R.sup.9 group position C-5,6 or 7; 3) a
      R.sup.10 at position C-6 and a R.sup.11 at position C-1,4,5,7 or 8; or 4)
      a R.sup.12 and R.sup.13 group at positions C-5 and C-7 respectively.
PAR  The novel process of Scheme A is conducted by treating the starting
      compound of formula X, a 2-(2'-naphthyl) acetic acid derivative or ester
      thereof, with lithium aluminum hydride in an inert organic ether solvent,
      such as diethyl ether, tetrahydrofuran, and the like. If a free
      2-(2'-naphthyl) acetic acid derivatives is used as a starting material, at
      least 0.75 molar equivalents of lithium aluminum hydride are used, and
      preferably about 1.0 to 2.5 molar equivalents are used. If an ester of a
      2-(2'-naphthyl) acetic acid derivative is used as a starting material, at
      least 0.5 molar equivalents of lithium aluminum hydride are used, and
      preferably about 0.6 to 2.0 molar equivalents are used. The reduction is
      carried out at a temperature between 0.degree.C and the boiling point of
      the solvent employed, preferably between 15.degree.C to 35.degree.C. The
      second step of the above process consists of adding ethyl acetate to the
      reaction mixture diluting the resulting mixture with water (at least 8 ml.
      of water per gram of alkali metal hydride), filtering and evaporating it.
      The resulting residue is treated with chromium trioxide in acetic acid or
      pyridine or acetone containing 8N sulfuric acid. The process is carried
      out at a temperature between 0.degree.C and 50.degree.C, preferably the
      reaction temperature is between 5.degree.C and 30.degree.C. At least 2/3
      molar equivalents of chromium trioxide are used per molar equivalent of
      the acid starting material and preferably about  1.5 to about 2.5 molar
      equivalents of chromium trioxide are used.
PAR  Alternatively, the first step can be carried out by treating the compound
      of formula X with diborane in tetrahydrofuran at about room temperature.
      One to two molar equivalents of diborane per molar equivalent of the
      starting compound are usually sufficient.
PAR  Alternatively, the second step can be carried out by treating the residue
      obtained from the first step of the reaction with dicyclohexylcarbodiimide
      (DCC) and anhydrous phosphoric acid in dimethyl sulfoxide at about room
      temperature. Generally, three molar equivalents of DCC and 1/2 molar
      equivalents of anhydrous phosphoric acid are used per molar equivalent of
      the starting compound of formula X used in the first step.
PAR  At the completion of the above process, the compound of formula XI, the
      product, is isolated by conventional means. For example, the reaction
      mixture is extracted with ethyl acetate; the extract is filtered, washed
      to neturality, dried and evaporated. The product can be further purified
      by conventional techniques such as crystallization or chromatography.
PAR  Certain groups present in the starting compound of formula X are reduced by
      lithium aluminum hydride or diborane. For example, an acetyl group is
      reduced to an .alpha.-hydroxy ethyl group and a formyl group is reduced to
      a hydroxy methyl group. These reduced groups are regenerated after the
      completion of the first step of the above process via an oxidation process
      using manganese dioxide (active) in an inert organic solvent, such as
      acetone, petroleum ether, and the like, at about room temperature.
PAR  In the second step of the above process, certain groups will be oxidized.
      For example, hydroxymethyl and hydroxy groups will be oxidized. These
      groups can be advantageously protected by esterifying these groups prior
      to the oxidation step of Scheme A. The groups can be regenerated after the
      above process by hydrolysis of the esterified groups such as with an
      aqueous base, such as aqueous sodium carbonate.
PAR  The acetals of the compounds of formula XI are prepared by treating the
      aldehyde products with alcohols, such as methanol, propanol, butanol,
      isopentanol, neopentanol, hexanol, isohexanol, cyclopropanol,
      cyclobutanol, cyclopentanol, cyclobutylmethanol, cyclohexylmethanol,
      2-cyclopropylethanol, 2-cyclohexylethanol, 3-cyclopropylpropanol,
      3-cyclopentylpropanol, phenylmethanol, p-tolylmethanol,
      3-chlorophenylmethanol, 3,5-dihydroxyphenylmethanol,
      2,4-diethylphenylmethanol, 4-methoxyphenylmethanol, 2-phenylethanol,
      3-phenylpropanol, 1,2-butandiol, 1,3-butandiol, 1,4-butandiol,
      2,3-butandiol, 1,2,4-butantriol, 2-n-butyl-2-ethyl-1,3-propanediol,
      2,2-diethyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-diphenyl-1,3-propanediol, 2-ethyl-1,3-hexanediol,
      2-ethyl-2-methyl-1,3-propanediol, 2-methyl-2-propyl-1,3-propanediol,
      1,2-pentanediol, 2,3-pentanediol, 2,2-dimethyl1,3-pentanediol,
      3-methyl-2,4-pentanediol, 2,3-hexanediol, 3,4-hexanediol,
      2-ethyl-1,3-hexanediol, 3-methyl-2,4-heptanediol, 2,3-octanediol,
      4,5-octanediol, ethyleneglycol, 1,2-propanediol, 1,2-octanediol,
      2,3-nonanediol, 4,5-nonanediol, 1,2-dodecanediol, 2,3-dodecanediol,
      6,7-dodecanediol, 1,2-decanediol, cyclopentylethyleneglycol,
      1,2-dicyclohexylethyleneglycol, 3-cyclopropyl-1,2-propanediol,
      1-cyclobutyl-2,3-hexanediol, 4-cyclopentyl-1,2-butanediol,
      1,6-dicyclopentyl-4,5-hexanediol, 1,3-dicyclopropyl-1,2-propanediol,
      1-cyclopentyl-5-cyclohexyl-2,3-pentanediol, 3-phenyl-1,2-propanediol,
      1-(4'-tolyl)-2,3-tridecanediol,
      1-cyclohexyl-3-(2'-methoxy-henyl)-1,2-propanediol, 1
      -cyclopentyl-4-(3'-chlorophenyl)-2,3-butanediol,
      1-cyclopropyl-5-(4'-hydroxyphenyl)-2,3-pentanediol,
      1,4-di(2',6'-dimethylphenyl)-2,3-butanediol, pehnylethyleneglycol,
      1-(4'-ethylphenyl)2,3-heptanediol, 1-cyclohexyl-2-phenylethyleneglycol,
      1-cyclopentyl-3-phenyl-2,3-propanediol,
      1-cyclobutyl-4-(4'-isopropylphenyl)-3,4-butanediol,
      1,3-diphenyl-1,2-propanediol, 1,2-diphenylethyleneglycol, 1,3-propanediol,
      2-methyl-1,3-propanediol, 2-cyclohexyl-1,3-propanediol,
      2-cyclopentylmethyl-1,3-propanediol,
      2-(2'-cyclopropylethyl)-1,3-propanediol, 2-benzyl-1,3-propanediol
      2-phenyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-diethyl-1,3-propanediol, 2,2-dipropyl-1,3-propanediol,
      2,2-dipentyl-1,3-propanediol, 2-methyl-2-ethyl-1,3-propanediol,
      2-methyl-2-propyl-1,3-propanediol, 2-ethyl-2-propyl-1,3-propanediol,
      2-ethyl-2-butyl-1,3-propanediol, 2,25,5-dipropyl-1,3-propanediol,
      2,2-di(cyclohexylmethyl)-1,3-propanediol,
      2-cyclohexylethyl-2-hexyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
      2,2-diphenyl-1,3-propanediol, 2-ethyl-2-(3'-tolyl)-1,3-propanediol,
      2-(4'-methylbenzyl)-2-(4'-tolyl)-1,3-propanediol, 2,4-pentanediol,
      3,5-heptanediol, 4,6-nonanediol, 2-ethyl-2-butyl-1,3-propanediol,
      2,2-diethyl-1,3-butanediol, 2-hexyl-2-cyclohexyl-1,3-butanediol,
      3-methyl-2-cyclohexyl-2,4-pentanediol,
      2,2-di(cyclopropylmethyl)-1,3-pentanediol, 3,3-dimethyl-2,4-pentanediol,
      3,3-diphenyl-2,4-pentanediol, 3,3-dihexyl-2,4-pentanediol,
      3-methyl-3-phenyl-2,4-pentanediol, 3-cyclopropyl-2,4-hexanediol,
      2-(3'-ethylphenyl)-1,3-hexanediol, 3,3 -dibenzyl-2,4-hexanediol,
      3-(4'-methoxyphenyl)-2,4-heptanediol, 4,4-diethyl-3,5-heptanediol,
      4,4-dicyclohexyl-3,5-heptanediol, 3,3-di(cyclohexylethyl)-2,4-heptanediol,
      4-benzyl-4-phenyl-3,5-heptanediol, 4-cyclobutylethyl-3,5-octanediol,
      4,4-dimethyl-3,5-octanediol, 4-cyclohexylmethyl-4-benzyl-3,5-octanediol,
      5-cyclopenylmethyl-4,6-nonanediol, 5,5-dipropyl 4,6-nonanediol,
      5,5-dipentyl-4,6-nonanediol, ethanol, 2-propanol, propanol, 2-pentanol,
      ethylene glycol, 1,2-propylene glycol, propane-1,3-diol, glycerine and the
      like, in the presence of an acid catalyst, such as p-toluenesulfonic acid,
      perchloric acid and the like.
PAR  The oxime derivatives of the compounds of formula XI are prepared by
      refluxing the aldehyde product with hydroxylamine hydrochloride or
      monosubstituted hydroxylamine hydrochloride in the presence of pyridine in
      absolute ethanol to yield the corresponding oxime or 1-monosubstituted
      oxyimino derivatives. The product is isolated by evaporating the reaction
      mixture. The product is further purified by crystallization or
      chromatography. Typical monosubstituted hydroxylamine hydrochlorides used
      in the process include the hydrochloride salts of methoxyamine,
      butoxyamine, 2-butoxyamine, pentoxyamine, 3-pentoxyamine, hexoxyamine,
      cyclopropoxyamine, cyclobutoxyamine, cyclohexoxy, cyclopentylmethoxyamine,
      cyclohexylmethoxyamine, 2-cyclopentylethoxyamine,
      2-cyclohexylethoxyethoxyamine, cyclopropylethoxyamine,
      cyclobutylmethoxyamine, benzyloxyamine, 2-phenylethoxyamine, and the like.
      The hydrazone derivatives of the compounds of formula XI are prepared by
      treating the aldehyde product with hydrazine in the presence of sulfuric
      acid or hydrochloric acid in methanol or ethanol. The semicarbazone
      derivatives of the compounds of formula XI are prepared by heating the
      aldehyde products with an unsubstituted or substituted semicarbazide
      hydrochloride salt and sodium acetate in ethanol and water. The
      semicarbazone, hydrazone and oxime derivatives of the compounds of formula
      XI can be further purified by recrystallization from ethanol-water. When
      the 2-(2'-naphthyl) acetaldehyde derivative is substituted with an acetyl
      group, only 1.1 molar equivalents of semicarbazine hydrochloride,
      hydrazone or hydroxylamine hydrochloride is employed and the product is
      purified by chromatographing on alumina or silica.
PAR  The hydroxy amino derivatives of the compounds of formula XI are prepared
      by treating the aldehyde products with anhydrous ammonia gas in an
      anhydrous solvent such as diethylether. The resulting hydroxy amino
      derivatives are isolated by filtration.
PAR  The bisulfite addition derivatives of the compounds of formula XI are
      prepared by treating the aldehyde products with a saturated aqueous
      solution of sodium bisulfite. The bisulfite addition derivatives can be
      purified by crystallization.
PAR  The unsubstituted and substituted imino derivatives of the compounds of
      formula XI are prepared by treating the aldehyde product with anhydrous
      ammonia or a monosubstitute amine in a halogenated hydrocarbon solvent at
      a temperature of from about -70.degree.C to about 50.degree.C, preferably
      at 0.degree.C to give the corresponding 1-(unsubstituted or substituted)
      amino-2-(2'-naphthyl) ethanol derivative. The latter is heated between
      about 30.degree.C and 150.degree.C, preferably about 50.degree.C, under
      reduced pressure to yield the corresponding 1-(unsubstituted or
      substituted)-imino derivatives. Typical monosubstituted amines that are
      used include: methylamine, propylamine, hexylamine, isopentylamine,
      cyclopropylamine, cyclobutylmethylamine, cyclopentylmethylamine,
      2-cyclopropylethylamine, 2-cyclohexylethylamine, benzylamine,
      4'-methylbenzylamine, 2',6'-difluorobenzylamine, phenethylamino and the
      like.
PAR  When a resolved optical isomer of a 2-(2'-naphthyl) acetic acid starting
      compound of formula IX is employed in the above process, the corresponding
      resolved optical isomer of the compound of formula X is obtained.
PAR  The 2-(2'-naphthyl) acetic acid starting materials of formula X are known
      and can be prepared by any one of several methods fully described in our
      co-pending U.S. Pat. Application No. 608,997,  filed Jan. 13, 1967; No.
      694,771, filed December 7, 1967 and U.S. Pat. No. 741,858, filed July 2,
      1968.
PAR  One method is to treat a 1-tetralone, optionally substituted at position
      C-5,6,7 or 8, or disubstituted at position C-6 and C-5,7 or 8,
      sequentially with (1) an alkyl carbonate and an alkali metal hydride, (2)
      an alkali metal hydride and an .alpha.haloacetic acid and (3) an aqueous
      mineral acid to obtain the corresponding 2-(carboxymethyl)-1-tetralone.
      The latter is reduced with sodium borohydride to form the corresponding
      1,2,3,4-tetrahydro-1-hydroxy-2-naphthyl acetic acid; this resulting
      product is hydrogenolyzed with hydrogen in the presence of a hydrogenation
      catalyst, such as a palladium catalyst; the resulting product is
      esterified and then dehydrogenated with palladium on charcoal catalyst at
      about 180.degree.C to furnish the corresponding 2-naphthyl acetic acid
      ester derivative.
PAR  The starting compounds of formula X that are substituted at position C-1
      are prepared from the corresponding
      2-(carbomethoxymethyl)-carbomethoxymethyl)-1-tetralones by treating the
      latter (1) with a phosphorous pentahalide to introduce a halo group at the
      C-1 position or (2) with alkyl magnesium bromide and then with aqueous
      mineral acid to alkylate at the C-1 position or (3) with trialkyl
      orthoformate in the presence of an acid catalyst to add an alkoxy group at
      position C-1; and then dehydrogenating the resulting halogenated or
      alkylated or alkoxylated product by refluxing with
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone. By employing
      6-substituted-2-(carbomethoxymethyl)-1-tetralones in the above processes,
      the corresponding 1-substituted-6-substituted compounds of formula IX are
      prepared.
PAR  The starting compounds of formula IX substituted at position C-4 or
      disubstituted at positions C-4 and 6 are prepared from unsubstituted and
      6-substituted 3-(carbomethoxymethyl) tetralones, respectively, via the
      processes used to prepare 1-substituted-2-naphthyl acetic acids from
      2-(carboxymethyl) tetralones. 2-(Carboxymethyl) tetralones are prepared
      via the process described in J. Chem. Soc. (London) 1922, 1717.
PAR  The 2-naphthyl acetic acid starting materials that are substituted at C-5
      or C-7 with a cycloalkyl, hydroxymethyl, alkoxymethyl, vinyl, ethynyl,
      formyl, acetal, or monocyclicalkyl group are prepared from the
      corresponding C-5 or C-6 substituted 1-tetralones, which are prepared, by
      conventional methods or the methods described in our copending U.S. Pat.
      Application No. 694,771, filed on Dec. 7, 1967, employed in the
      preparation of 1-tetralones, similarly substituted at C-6. For example, a
      5-methyl-1-tetralone is ketalized with ethylene glycol and
      p-toluenesulfonic acid and then treated with N-bromo succinimide to yield
      the corresponding 5-bromomethyl derivative which is deketalized by acid
      hydrolysis. The 5-bromomethyl compounds are treated with potassium acetate
      in dimethylformamide, and then hydrolyzed with aqueous base to yield the
      corresponding 5-hydroxymethyl-1-tetralones. The 5-hydroxymethyl group is
      etherified by conventional means; such as treating the
      5-hydroxymethyl-1-tetralone with sodium hydride and methyl iodide to
      obtain the corresponding 5-methoxymethyl-1-tetralone. The
      5-hydroxymethyl-1-tetralone is ketalized and oxidized with manganese
      dioxide to yield the corresponding 5-formyl-1-tetralone ketal compound.
      When the latter is treated with methylmagnesium bromide the corresponding
      5-(1'-methyl-1'-hydroxymethyl)-1-tetralone ketal is obtained, which when
      dehydrated with heat in the presence of acid yields the corresponding
      5-vinyl-1-tetralone. The 5-ethynyl-1-tetralone is prepared by treating the
      corresponding 5-vinyl compound with a molar equivalent of bromine and then
      debrominating the resulting dibromo product with potassium hydroxide. The
      5-acetal-1-tetralone is prepared by oxidizing the
      5-(1'-methyl-1'-hydroxymethyl)-1-tetralone with chromium trioxide in 8N
      sulfuric acid. The 5-cycloalkyl-1-tetralone is prepared by treating the
      corresponding 5-chloro-1-tetralone with ethylene glycol and
      p-toluenesulfonic acid and then with magnesium in tetrahydrofuran to yield
      the corresponding Grignard reagent; this in turn is treated with the
      corresponding oxalkyl, such as cyclohexanone, to obtain the corresponding
      5-(1'-hydroxycycloalkyl)-1-tetralone ketal. The latter is acid hydrolyzed
      and then hydrogenolyzed with a molar equivalent of hydrogen in the
      presence of Raney Nickel to yield the corresponding 5-cycloalkyl compound.
      The 5-aryl-1-tetralones can be prepared by treating 1-tetralon-5-yl
      magnesium chloride ketal, prepared as described above, with an
      unsubstituted or substituted cyclohexenone in tetrahydrofuran to yield the
      corresponding 5-(unsubstituted or substituted)cyclohexadienyl-1-tetralone
      ketal, which upon a mild dehydrogenation in the presence of 5% palladium
      on charcoal at about 175.degree.C and acid hydrolysis yields the
      corresponding 5-(unsubstituted or substituted)-phenyl-1-tetralone.
      Similarly, the 7-substituted-1-tetralones can be prepared from
      7-methyl-1-tetralone and 7-chloroor 7-bromo-1-tetralone by means of the
      above described processes.
PAR  The disubstituted 2-(2'-naphthyl) acetic acid derivatives of formula X are
      prepared by the methods disclosed in our copending U.S. Pat. Application
      No. 608,997, filed Jan. 13, 1967, 694,771 filed Dec. 7, 1967 and 741,858
      filed July 2, 1968. For example, 2-(5',6'-disubstituted-2'-naphthyl)
      acetic acid derivatives are prepared by treating methyl phenylacetate with
      at least 2 molar equivalents of a 2-substituted succinic anhydride, such
      as 2-methoxy succinic anhydride, and at least 2 molar equivalents of
      aluminum chloride in nitrobenzene or carbon disulfide to yield the
      corresponding methyl p-(3'-carboxy-3'-substituted-1'-oxopropyl phenyl
      acetate and methyl p-(3'-carboxy-2'-substituted-1'-oxopropyl) phenyl
      acetate derivatives. The derivatives are separated by conventional means,
      such as by chromatography or distillation. The 1' oxo group of the
      2'-substituted derivative is selectively reduced with sodium borohydride
      to a 1'-hydroxy group. The 1'-hydroxy derivative is esterified by
      treatment with acetic anhydride in pyridine. The resulting 1'-acetoxy
      derivative is treated with thionyl chloride, phosphorus trichloride or
      phosphorus pentachloride to yield the corresponding methyl
      p-(3'-chlorocarbonyl-2' -substituted-1'-acetoxypropyl) phenyl acetate
      derivative, which when treated with at least 3 molar equivalents of
      aluminum chloride in benzene yields the corresponding
      7-carbomethoxymethyl-4-acetoxy-3-substituted-1-tetralone, which is
      selectively reduced with sodium borohydride to give the corresponding
      methyl
      2-(5'-acetoxy-6'-substituted-8'-hydroxy-5',6',7',8'-tetrahydro-2'-naphthyl
     ) acetate. The latter is esterified with acetic anhydride and pyridine and
      selectively hydrogenolyzed with a molar equivalent of hydrogen in the
      presence of a palladium catalyst to yield methyl
      2-(5'-acetoxy-6'-substituted-5',6',7',8'-tetrahydro-2'-naphthyl) acetate
      derivative, which is hydrolyzed with aqueous base, such as with 5% aqueous
      sodium bicarbonate solution, and esterified with diazomethane to yield the
      corresponding methyl 2-(5'-hydroxy-6'-substituted-5',
      6',7',8'-tetrahydro-2'-naphthyl) acetate derivative. The latter is treated
      with at least 2 molar equivalents of
      N,N-diethyl-N-(1,1,2-trifluoro-2-chloroethyl) amine in methylene chloride
      and then it is refluxed with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in
      xylene to yield the corresponding methyl
      2-(5'-fluoro-6'-substituted-2'-naphthyl) acetate. The 5'-hydroxy
      derivative is heated with a thioalkane in the presence of acid at about
      180.degree.C in a sealed container to yield the corresponding methyl
      2-(5'-alkylthio-6'-substituted-2'-naphthyl) acetate. The 5'-hydroxy
      derivative is oxidized with chromium trioxide in acetic acid to yield the
      corresponding methyl 2-(5'-oxo-6'-substituted-2'-naphthyl) acetate
      derivative. The 5'-oxo derivative is treated with phosphorus pentachloride
      and then refluxed in 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in xylene
      to yield the corresponding 2-(5'-chloro-6'-substituted-2'-naphthyl) acetic
      acid. The 5'-chloro derivative is refluxed with cuprous bromide in
      dimethyl sulfoxide to yield the corresponding methyl
      2-(5'-bromo-6'-substituted-2'-naphthyl) acetate derivative; by employing
      cuprous iodide in place of cuprous bromide, the corresponding 5'-iodo
      derivative is obtained. The 5'-oxo derivative is treated with at least a
      molar equivalent of an alkyl magnesium bromide, then acid hydrolyzed and
      finally heated with 5% palladium on charcoal to about 180.degree.C to
      yield the corresponding 2-(5'-alkyl-6'-substituted-2'-naphthyl) acetic
      acid. The 5'-oxo derivative is treated with trialkyl orthoformate in the
      presence of an acid catalyst, such as p-toluenesulfonic acid in an acyl
      hydrocarbon solvent, and then it is refluxed with DDQ in xylene to yield
      the corresponding methyl 2-(5'-alkoxy-6'-substituted-2'-naphthyl acetate
      derivative. The 3'-substituted-1'-oxo derivative, prepared as described
      above, is selectively reduced with sodium borohydride, treated with
      thionyl chloride or the like, treated with aluminum chloride in benzene,
      esterified with acetyl chloride, selectively reduced with sodium
      borohydride, dehydrogenolyzed, and hydrolyzed with aqueous base, as
      described above, to yield the corresponding methyl
      2-(5'-hydroxy-7'-substituted-5',6',7',8'-tetrahydro-2'-naphthyl) acetic
      derivative. The latter is treated as described above to dehydrogenate and
      introduce the C-5' fluoro, chloro, bromo, alkyl, alkoxy and alkylthio
      groups.
PAR  The compounds of formula X substituted at the 2-position are prepared from
      the corresponding 2-unsubstituted compounds of formula X by esterifying
      the latter, and treating it with ethyl formate and sodium metal to obtain
      the corresponding 2,2-hydroxymethylene derivative. The latter is treated
      with sodium hydride, then with chlorine gas, then with chromium trioxide
      in acetic acid and then heated to yield the corresponding 2-chloro
      derivative. The 2-(2-chloro-2-naphthyl)acetic acid derivative is refluxed
      in sodium hydroxide, esterified with diazomethane, oxidized with chromium
      trioxide in acetic acid and coupled by refluxing with difluoroemethylene
      triphenyl phosphorane in benzene to obtain the corresponding
      2,2-difluoromethylene derivatives of formula IX.
PAR  The 2-methyl substituents are added to the 2-unsubstituted compounds of
      formula X by esterifying the latter and treating it with sodium hydride
      and alkyl halide, such as methyl iodide. The 2-fluoromethyl substituent is
      added by treating the 2-unsubstituted compounds of formula X successively
      with sodium hydride and diethyl carbonate, then with
      chlorodifluoromethane, then with aqueous 5% sodium hydroxide at
      75.degree.C followed by acidification with aqueous mineral acid and then
      finally heating the resulting product to about 150.degree.C to yield the
      corresponding 2-difluoromethyl derivatives of formula X.
PAR  The 2,2-methylene substituents are introduced by treating the
      2-unsubstituted compounds of formula X with formaldehyde and an alkali
      metal hydroxide. The 2,2-ethylene substitutents are introduced by
      refluxing the corresponding 2,2-methylene derivatives of formula X with
      diiodomethane in the presence of zinc-copper couple.
PAR  The various substituted tetralones are known and can be prepared by
      conventional methods. For example, the 5,7-disubstituted tetralones are
      prepared by treating a 1,3-disubstituted benzene derivatives with 2 or
      more molar equivalents of succinic anhydride and two or more molar
      equivalents of aluminum chloride in nitro benzene or carbon disulfide to
      obtain the corresponding 4-oxo-4-(2',4'-disubstituted phenyl) butyric
      acids. the latter are reduced with a reducing agent such as sodium
      borohydride or one molar equivalent of hydrogen in the presence of
      platinum to reduce the 4-oxo group to a 4-hydroxy group. The resulting
      hydroxy compounds are further hydrogenalized with a molar equivalent of
      hydrogen in the presence of platinum catalyst to yield the corresponding
      4-(2',4'-disubstituted phenyl) butyric acids. These compounds are cyclized
      by refluxing with thionyl chloride and then treated with three or more
      equivalents of aluminum chloride to yield the corresponding
      5,7-disubstituted-1'-tetralones. When the benzene starting material is
      substituted with two different groups, two tetralones are obtained. For
      example, if the starting material is 1-chloro-3-methyl benzene,
      5-chloro-7-methyl-1-tetralone and 5-methyl-7-chloro-1-tetralone are
      obtained. The compounds are separated by conventional techniques, such as
      distillation or chromotagrophy, including gas-liquid chromatography.
PAR  The 2-naphthyl acetic acids of formula X that exist as enantiomorphs can be
      resolved by preparing the alkaloid base salts of the latter, resolving the
      resulting diastero-isomer salts by fractional crystallization and cleaving
      the resolved salts. The optical rotation of a particular 2-naphthyl acetic
      acid is determined by polarimetry.
PAR  The following examples are included to further illustrate the present
      invention and are not intended as limitations of the present invention.
PAC  Preparation 1
PAR  A mixture of 1925 g. of 1-chloro-2-methoxynaphthalene, 80 g. of acetyl
      chloride, 400 g. of aluminum chloride and 2.5 liters of nitrobenzene are
      stirred for 60 hours at room temperature. The resulting mixture is then
      washed with dilute hydrochloric acid, dried over sodium sulfate and
      evaporated to yield 2-acetyl-5-chloro-6-methoxynaphthalene. The resulting
      acetyl product is added to a mixture of 39 g. of sulfur and 105 g. of
      morpholine and heated to about 150.degree.C for 3 hours. The mixture is
      then added to 1 liter of concentrated hydrochloric acid and refluxed for 3
      hours. The mixture is then cooled, diluted with 6 liters of ice-water and
      extracted with methylene chloride. The extracts are combined, washed with
      water to neutrality, dried over sodium sulfate and evaporated to yield
      2-(5'-chloro-6'-methoxy-2'-naphthyl) acetic acid.
PAR  In a similar manner,
PA1  2-(5',6'-dimethyl-2'-naphthyl) acetic acid,
PA1  2-(5'-bromo-6'-methoxy-2'-naphthyl) acetic acid,
PA1  2-(5'-iodo-6'-methoxy-2'-naphthyl) acetic acid,
PA1  2-(5',6'-dimethoxy-2'-naphthyl) acetic acid,
PA1  2-(5'-methylthio-6'-chloro-2'-naphthyl) acetic acid, and
PA1  2-(5'-fluoro-6'-methoxy-2'-naphthyl) acetic acid, are prepared from the
      corresponding 1,2-disubstituted naphthalenes by means of the above
      described process.
PAR  To a mixture of 50 g. of 2-(5'-chloro-6'-methoxy-2'-naphthyl) acetic acid
      and 250 ml. of diethyl ether, there are added 9 g. of diazomethane in 250
      ml. of diethyl ether. The mixture is stirred for 1 hour and then flushed
      with nitrogen gas until colorless. The mixture is then evaporated to yield
      methyl 2-(5'-chloro-6'-methoxy-2'-naphthyl) acetate.
PAR  To a mixture of 4.8 g. of sodium hydride in 100 ml. of 1,2-dimethoxyethane,
      there are added 53 g. of the above methyl ester product. The mixture is
      stirred for 2 hours; then 19 g. of methylbromide in 200 ml. of
      1,2-dimethoxyethane are slowly added. The resulting mixture is stirred for
      3 hours at 25.degree.C; it is then diluted with 1 l. of ice-water and
      extracted with diethyl ether. The extracts are combined, washed with
      water, dried over sodium sulfate and evaporated to yield methyl
      2-(5'-chloro-6'-methoxy-2'-naphthyl) propionate.
DETD
PAC  EXAMPLE 1
PAR  To a mixture of 0.4 g. of lithium aluminum hydride and 100 ml. of ethyl
      ether, a mixture of 2.3 g. of d and 1 2-(6'-methoxy-2'-naphthyl) propionic
      acid and 100 ml. of ethyl ether. The mixture is stirred at 0.degree.C for
      30 minutes, then 10 ml. of ethyl acetate are added; one hour later 18.5
      ml. of water are added. The resulting mixture is filtered and evaporated
      under reduced pressure. The resulting residue is added to a mixture of 10
      g. of chromium trioxide and 1 liter of pyridine. The resulting reaction
      mixture is stirred under anhydrous conditions for 24 hours at 25.degree.C,
      then 1 liter of ethyl acetate is added. The resulting ethyl acetate
      mixture is filtered, washed with an aqueous saturated solution of sodium
      bisulfite and water to neutrality, dried over sodium sulfate and
      evaporated under reduced pressure to yield a racemic mixture of
      2-(6'-methoxy-2'-naphthyl)propionaldehyde.
PAR  By employing a resolved 2-(2'-naphthyl) acetic acid derivative in the above
      process, the corresponding 2-(2'-naphthyl) acid aldehyde derivatives will
      be obtained. For example, if R 2-(6'-methoxy-2'-naphthyl)propionaldehyde
      is prepared from R 2-(6'-methoxy-2'-naphthyl)propionic acid and S
      2-(6'-methoxy-2'-naphthyl)propionaldehyde is prepared from S
      2-(6'-methoxy-2'-naphthyl)propionic acid [these compounds have been named
      in accordance with the Cahn-Ingold-Prelog system of naming optical
      isomers; see R. S. Cahn, C. K. Ingold and V. Prelog, "Experientia", Vol.
      12, 81-95 (1956) and Carl R. Noller, "Chemistry of Organic Compounds," pp.
      368-370, W. B. Saunders Co., Philadelphia (1965)].
PAR  Similarly, 2-(1'-trifluoromethyl-2'-naphthyl)-propionaldehyde,
      2-(4'-fluoro-2'-naphthyl)-butanal,
      2-(5'-methoxy-2'-naphthyl)-propionaldehyde,
      2-(5'-methyl-2'-naphthyl)-acetaldehyde,
      2-(5'-chloro-2'-naphthyl)-propionaldehyde,
      2-(5'-methylthio-2'-naphthyl)-2,2-methylacetaldehyde,
      2-(6'-methylthio-2'-naphthyl)-2-difluoromethyl acetaldehyde,
      2-(6'-methoxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
      2-(6'-methyl-2'-naphthyl)-propionaldehyde,
      2-(6'-ethynyl-2'-naphthyl)-propionaldehyde,
      2-(6'-acetyl-2'-naphthyl)-2,2-methylene acetaldehyde,
      2-(6'-chloro-2'-naphthyl)-propionaldehyde,
      2-(7'-methyl-2'-naphthyl)-propionaldehyde,
      2-(7'-methoxy-2'-naphthyl)-acetaldehyde,
      2-(7'-chloro-2'-naphthyl)-propionaldehyde,
      2-(7'-methylthio-2'-naphthyl)-2,2-methylene acetaldehyde,
      2-(8'-ethylthio-2'-naphthyl)-butanal,
      2-(5'-chloro-6'-methoxy-2'-naphthyl)acetaldehyde,
      2-(5'-chloro-6'-methoxy-2'-naphthyl) propionaldehyde,
      2-(5'-bromo-6'-methoxy-2'-naphthyl) propionaldehyde, 2-(
     5',7'-dichloro-2'-naphthyl)acetaldehyde,
      2-(1'-fluoro-6'-methoxy-2'-naphthyl)-propionaldehyde and
      2-(5',7'-dimethyl-2'-naphthyl) propionaldehyde are prepared from the
      corresponding substituted 2-naphthyl acetic acids.
PAC  EXAMPLE 2
PAR  A mixture of 230 g. of 2-(5'-methoxy-2'-naphthyl) acetic acid, 57 g. of
      lithium aluminum hydride and 10 liters of tetrahydrofuran is stirred for
      two hours at 0.degree.C, then 1 liter of ethyl acetate is added. After one
      hour, 500 ml. of water is added to the resulting mixture, the mixture is
      stirred, filtered, dried over sodium sulfate and evaporated under vacuum.
      The residue is added to a mixture of 620 g. of dicyclohexyl carbodiimide,
      50 g. of anhydrous phosphoric acid and 2 liters of dimethylsulfoxide. The
      resulting mixture is stirred for eight hours, then added to water,
      filtered to remove dicyclohexyl urea and extracted with ether. The
      combined ether extracts are filtered, washed with water to neutrality,
      dried over sodium sulfate and evaporated to yield
      2-(5'-methoxy-2'-naphthyl) acetaldehyde.
PAR  Similarly,
PAR  2-(1'-methoxy-2'-naphthyl) acetaldehyde,
PAR  2-(4'-difluoromethylthio-2'-naphthyl) propionaldehyde,
PAR  2-(5'-fluoro-2'-naphthyl) acetaldehyde,
PAR  2-(5'-methylthio-2'-naphthyl) propionaldehyde,
PAR  2-(5'-chloro-2'-naphthyl) acetaldehyde,
PAR  2-(5'-trifluoromethyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(6'-fluoro-2'-naphthyl) propionaldehyde,
PAR  2-(6'-methyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-methoxy-2'-naphthyl) acetaldehyde,
PAR  2-(6'-difluoromethoxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PAR  2-(6'-difluoromethoxy-2'-naphthyl) acetaldehyde,
PAR  2-(6'-methoxy-2'-naphthyl) butanal,
PAR  2-(7'-fluoro-2'-naphthyl)-2-propionaldehyde,
PAR  2-(7'-vinyl-2'-naphthyl)-2-propionaldehyde,
PAR  2-(7'-methylthio-2'-naphthyl)-2-butanal,
PAR  2-(7'-methylthio-2'-naphthyl) acetaldehyde,
PAR  2-(7'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(8'-trifluoromethyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(5',7'-dimethoxy-2'-naphthyl) propionaldehyde,
PAR  2-(5',6'-dimethyl-2'-naphthyl) propionaldehyde, and
PAR  2-(5'-bromo-6'-methoxy-2'-naphthyl) propionaldehyde are prepared,
      respectively, from the correspondinng compounds by means of the above
      process:
PAR  2-(1'-methoxy-2'-naphthyl) acetic acid,
PAR  2-(4'-difluoromethylthio-2'-naphthyl) propionic acid,
PAR  2-(5'-fluoro-2'-naphthyl) acetic acid,
PAR  2-(5'-methylthio-2'-naphthyl) propionic acid,
PAR  2-(5'-chloro-2'-naphthyl) acetic acid,
PAR  2-(5'-trifluoromethyl-2'-naphthyl)-2,2-difluoromethylene acetic acid,
PAR  2-(6'-fluoro-2'-naphthyl) propionic acid,
PAR  2-(6'-methyl-2'-naphthyl) acetic acid,
PAR  2-(6'-methoxy-2'-naphthyl) acetic acid,
PAR  2-(6'-difluoromethoxy-2'-naphthyl)-2-difluoromethyl acetic acid,
PAR  2-(6'-difluoromethoxy-2'-naphthyl) acetic acid,
PAR  2-(6'-methoxy-2'-naphthyl) butyeric acid,
PAR  2-(7'-fluoro-2'-naphthyl) propionic acid,
PAR  2-(7'-vinyl-2'-naphthyl) propionic acid,
PAR  2-(7'-methylthio-2'-naphthyl) butyeric acid,
PAR  2-(7'-methylthio-2'-naphthyl) acetic acid,
PAR  2-(7'-chloro-2'-naphthyl)-2,2-methylene acetic acid,
PAR  2-(8'-trifluoromethyl-2'-naphthyl)-2,2-methylene acetic acid,
PAR  2-(5',7'-dimethoxy-2'-naphthyl) propionic acid,
PAR  2-(5',6'-dimethyl-2'-naphthyl) propionic acid, and
PAR  2-(5'-bromo-6'-methoxy-2'-naphthyl) propionic acid, respectively, by means
      of the above process.
PAC  EXAMPLE 3
PAR  A mixture of 46 g. of 2-(7'-methoxy-2'-naphthyl) propionic acid, in 200 ml.
      of tetrahydrofuran is treated with 6 g. of diborane in 500 ml. of
      tetrahydrofuran and stirred for one hour at room temperature (about
      23.degree.C). The mixture is allowed to stand for one hour after being
      diluted with 50 ml. of aqueous acetone, thel 1  liter of diethyl ether are
      added. The resulting mixture is washed with water, dried over sodium
      sulfate and evaporated. The resulting residue is added to a mixture is
      stirred under anhydrous conditions for 24 hours at 25.degree.C; then 1
      liter of ethyl acetate is added. The mixture is then filtered, washed with
      an aqueous acidified solution of sodium bisulfite and water to neutrality,
      dried over sodium sulfate and evaporated under reduced pressure to yield
      2-(7'-methoxy-2'-naphthyl) propionaldehyde.
PAR  Similarly,
PAR  2-(5'-methyl-2'-naphthyl) propionaldehyde,
PAR  2-(5'-difluoromethoxy-2'-naphthyl) propionaldehyde,
PAR  2-(5'-difluoromethoxy-2'-naphthyl) acetaldehyde,
PAR  2-(5'-methylthio-2'-naphthyl) acetaldehyde,
PAR  2-(6'-ethyl-2'-naphthyl) propionaldehyde,
PAR  2-(6'-chloro-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PAR  2-(6'-vinyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(6'-methylthio-2'-naphthyl) acetaldehyde,
PAR  2-(6'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PAR  2-(7'-cyclopropyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-acetyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-fluoro-2'-naphthyl) acetaldehyde,
PAR  2-(7'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PAR  2-(1'-chloro-2'-naphthyl) butyrylaldehyde,
PAR  2-(4'-ethoxy-2'-naphthyl)-2,2-ethylene acetaldehyde,
PAR  2-(6',7 -dimethoxy-2'-naphthyl) propionaldehyde,
PAR  2-(5',7'-dimethyl-2'-naphthyl) acetaldehyde, and
PAR  2-(8'-methoxy-2'-naphthyl) propionaldehyde, are prepared from
PAR  2-(5'-methyl-2'-naphthyl) propionic acid,
PAR  2-(5'-difluoromethoxy-2'-naphthyl) propionic acid,
PAR  2-(5'-difluoromethoxy-2'-naphthyl) acetic acid,
PAR  2-(5'-methylthio-2'-naphthyl) acetic acid,
PAR  2-(6'-ethyl-2'-naphthyl) propionic acid,
PAR  2-(6'-chloro-2'-naphthyl)-2-difluoromethyl acetic acid,
PAR  2-(6'-vinyl-2'-naphthyl)-2,2-methylene acetic acid,
PAR  2-(6'-methylthio-2'-naphthyl) acetic acid,
PAR  2-(6'-trifluoromethyl-2'-naphthyl) acetic acid,
PAR  2-(7'-cyclopropyl-2'-naphthyl) propionic acid,
PAR  2-(7'-acetyl-2'-naphthyl) propionic acid,
PAR  2-(7'-fluoro-2'-naphthyl) acetic acid,
PAR  2-(7'-trifluoromethyl-2'-naphthyl) propionic acid,
PAR  2-(1'-chloro-2'-naphthyl) butyric acid,
PAR  2-(4'-ethoxy-2'-naphthyl)-2,2-ethylene acetic acid,
PAR  2-(6',7'-dimethoxy-2'-naphthyl) propionic acid,
PAR  2-(5',7'-dimethyl-2'-naphthyl) acetic acid, and
PAR  2-(8'-methoxy-2'-naphthyl) propionic acid, respectively, by means of the
      above process.
PAC  EXAMPLE 4
PAR  By means of the process of Examples 1, 2 or 3, the following
      2-(2'-naphthyl) acetaldehyde derivatives are prepared from the
      corresponding 2-(2'-naphthyl) acetic acid derivatives or the esters
      thereof:
PAR  2-(1'-ethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(1'-propyl-2'-naphthyl)-2-chloromethyl acetaldehyde,
PAR  2-(1'-hexylthio-2'-naphthyl)-2-chloromethyl acetaldehyde,
PAR  2-(1'-methoxymethylthio-2'-naphthyl) acetaldehyde,
PAR  2-(1'-i-propyl-2'-naphthyl) butanal,
PAR  2-(1'-pentoxymethyloxy-2'-naphthyl)-2,2-ethylene acetaldehyde,
PAR  2-(1'-fluoro-2'-naphthyl) propionaldehyde,
PAR  2-(4'-hexyl-2'-naphthyl)-2-fluoromethyl acetaldehyde,
PAR  2-(4'-i-propyl-2'-naphthyl)-2,2-ethylene acetaldehyde,
PAR  2-(4'-tetrahydropyran-2"-yloxy-2'-naphthyl)-2-chloromethyl,
PAR  2-(4'-methoxy-2'-naphthyl) acetaldehyde,
PAR  2-(4'-isopropoxymethylthio-2'-naphthyl)-2-chloromethyl acetaldehyde,
PAR  2-(4'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(4'-propylthio-2'-naphthyl) propionaldehyde,
PAR  2-(4'-acetoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(5'-pentyl-2'-naphthyl) acetaldehyde,
PAR  2-(5'-cyclopropyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-[5'-(4"-methoxytetrahydropyran-4"-yloxy)-2'-naphthyl] butanal,
PAR  2-(5'-acetyl-2'-naphthyl)-2,2-methyleneacetaldehyde,
PAR  2-(5'-p-tolyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PAR  2-(6'-ethyl-2'-naphthyl) propionaldehyde,
PAR  2-(6'-methoxymethyloxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(6'-cyclohexyl-2'-naphthyl) propionaldehyde,
PAR  2-(6'-p-tolyl-2'-naphthyl)-2,2-ethylene acetaldehyde,
PAR  2-(7'-i-propoxy-2'-naphthyl)-2-fluoromethyl acetaldehyde,
PAR  2-(7'-formyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-acetyl-2'-naphthyl) acetaldehyde,
PAR  2-(7'-propionyloxy-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PAR  2-(7'-phenyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-cyclopentyl-2'-naphthyl) butanal,
PAR  2-(8'-tetrahydrofuran-2"-yloxy-2'-naphthyl)-2-fluoromethyl acetaldehyde,
PAR  2-(8'-butyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(8'-pentoxymethylthio-2'-naphthyl) butanal,
PAR  2-(8'-ethoxymethylthio-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(8'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PAR  2-(8'-ethoxymethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(8'-caproxy-2'-naphthyl)-2'-difluoromethyl acetaldehyde,
PAR  2-(1',6'-diethoxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(4'-butyl-6'-methoxymethylthio-2'-naphthyl) acetaldehyde,
PAR  2-(5'-chloro-6'-methoxy-2'-naphthyl) acetaldehyde,
PAR  2-(6'-chloro-8'-propylthio-2'-naphthyl) propionaldehyde,
PAR  2-(5'-fluoro-6'-methoxy-2'-naphthyl) propionaldehyde,
PAR  2-(5'-iodo-6'-methoxy-2'-naphthyl) propionaldehyde,
PAR  2-(1'-methyl-2'-naphthyl) propionaldehyde,
PAR  2-(1'-chloro-2'-naphthyl) acetaldehyde,
PAR  2-(4'-methylthio-2'-naphthyl) propionaldehyde,
PAR  2-(4'-methyl-2'-naphthyl) propionaldehyde,
PAR  2-(5'-ethyl-2'-naphthyl) propionaldehyde,
PAR  2-(5'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PAR  2-(5'-trifluoromethyl-2'-naphthyl) propionaldehyde,
PAR  2-(5'-i-propyl-2'-naphthyl) acetaldehyde,
PAR  2-(5'-cyclobutyl-2'-naphthyl) acetaldehyde,
PAR  2-(5'-vinyl-2'-naphthyl) acetaldehyde,
PAR  2-(5'-fluoro-2'-naphthyl) propionaldehyde,
PAR  2-(5'-methylthio-2'-naphthyl) acetaldehyde,
PAR  2-(6'-ethyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-isopropyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-cyclopropyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-fluoro-2'-naphthyl) acetaldehyde,
PAR  2-(6'-chloro-2'-naphthyl) acetaldehyde,
PAR  2-(6'-isopropoxymethyloxy-2'-naphthyl)-2-fluorochloromethyl acetaldehyde,
PAR  2-(6'-formyl-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(5'-pentoxymethylthio-2'-naphthyl)-2-fluorochloromethyl acetaldehyde,
PAR  2-(6'-vinyl-2'-naphthyl) acetaldehyde,
PAR  2-(6'-ethylthio-2'-naphthyl) acetaldehyde,
PAR  2-(6'-methylthio-2'-naphthyl) propionaldehyde,
PAR  2-(6'-tetrahydrofuran-2"-yloxy-2'-naphthyl) propionaldehyde,
PAR  2-(7'-i-propyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-methyl-2'-napthyl) acetaldehyde,
PAR  2-(7'-ethyl-2'-naphthyl) acetaldehyde,
PAR  2-(7'-cyclopropyl-2'-naphthyl) acetaldehyde,
PAR  2-(7'-trifluoromethyl-2'-naphthyl) acetaldehyde,
PAR  2-(7'-chloro-2'-naphthyl) acetaldehyde,
PAR  2-(7'-vinyl-2'-naphthyl) propionaldehyde,
PAR  2-(7'-ethylthio-2'-naphthyl) acetaldehyde,
PAR  2-(7'-methylthio-2'-naphthyl) propionaldehyde,
PAR  2-(7'-butylthio-2'-naphthyl)-2-difluoromethyl acetaldehyde,
PAR  2-(7'-ethynyl-2'-naphthyl)-2,2-methylene acetaldehyde,
PAR  2-(8'-methoxymethyloxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde,
PAR  2-(5',7'-dimethoxy-2'-naphthyl) acetaldehyde,
PAR  2-(5',6'-dichloro-2'-naphthyl) propionaldehyde, and
PAR  2-(6',7'-dimethylthio-2'-naphthyl) acetaldehyde.
PAC  EXAMPLE 5
PAR  A mixture of 5 g. of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, 150 ml. of
      anhydrous benzene, 60 ml. of ethylene glycol (distilled over sodium
      hydroxide) and 0.8 g. of p-toluenesulfonic acid monohydrate is refluxed
      for 12 hours with a water trap. Aqueous sodium bicarbonate solution is
      then added to the cooled mixture and the organic phase is separated,
      washed with water, dried over anhydrous sodium sulfate and evaporated to
      dryness to yield ethylenedioxy 2-(5'-methoxy-2'-naphthyl) ethane which is
      recrystallized from acetone:hexane.
PAR  Similarly, by employing glycerine, 2,3-dihydroxybutane,
      2,2-dimethyl-1,3-dihydroxypropane, 2,2-diethyl-1,3-dihydroxypropane,
      2,2-diphenyl-1,3-dihydroxypropane, 2,2-dicyclopentyl-1,3-dihydroxypropane,
      2-cyclohexylmethyl-1,3-dihydroxypropane,
      2-ethyl-2-(2'-cyclopropylethyl)-1,3-dihydroxypropane,
      1,3-dihydroxypropane, 3,4-dihydroxyhexane, 2,3-dihydroxynonane and
      2,4-dihydroxypentane in place of ethylene glycol in the above process, the
      corresponding glycerol, butane-2,3-dioxy, 2,2-dimethylpropane-1,3-dioxy,
      2,2-diethylpropane-1,3-dioxy, 2,2-diphenylpropane-1,3-dioxy,
      2,2-dicyclopentylpropane-1,3-dioxy, 2-cyclohexylmethylpropane-1,3-dioxy,
      2-ethyl-2-(2'-cyclopropyl-ethyl)propane-1,3-dioxy, propane-1,3-dioxy,
      hexane- 3,4-dioxy, nonane-2,3-dioxy, and pentane-2,4-dioxy cyclic acetals
      of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, respectively, are obtained.
PAR  By employing the 2-(2'-naphthyl) acetaldehyde derivatives prepared in
      Examples 1, 2, 3 and 4 in the above process, the corresponding
      ethylenedioxy cyclic acetals thereof are obtained.
PAC  EXAMPLE 6
PAR  A mixture of 21 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde, 500 ml.
      of ethanol and 20 drops of perchloric acid are allowed to stand for eight
      hours at room temperature under anhydrous conditions. The mixture is then
      diluted with 500 ml. of aqueous 1% sodium bicarbonate; and extracted with
      methylene chloride. The combined extracts are washed with water to
      neutrality, dried over magnesium sulfate and evaporated to yield
      1,1-diethoxy-2-(6'-methoxy-2'-naphthyl) propane.
PAR  1,1-Dimethoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dipropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-diisopropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dipentoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclopropoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclopentoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dicyclohexoxy-2-(6'-methoxy-2'-naphthyl) propane,
      1,1-dibenzyloxy-2-(6'-methoxy-2'-naphthyl) propane, and
      1,1-diphenethoxy-2-(6'-methoxy-2'-naphthyl) propane are similarly prepared
      by employing methanol, propanol, isopropanol, pentanol, cyclopropanol,
      cyclopentanol, cyclohexanol, benzyl alcohol and pheneethanol respectively,
      in place of ethanol in the above process.
PAR  By using the 2-(2'-naphthyl) acetaldehyde derivatives prepared in Examples
      1, 2, 3 and 4 in the above process, the corresponding diethoxy acetals
      thereof are obtained.
PAC  EXAMPLE 7
PAR  Water is added to a solution of 20.1 g. of 2-(6'-methoxy-2'-naphthyl)
      acetaldehyde and 500 ml. of ethanol until the solution is faintly turbid;
      the turbidity is removed by the addition of several drops of ethanol. To
      this resulting solution then is added 25 g. of semicarbazide
      hydrogenchloride and 50 g. of sodium acetate. The resulting mixture is
      refluxed for 10 minutes and then is allowed to cool at 0.degree.C for 24
      hours. The cooled mixture is then filtered and the resulting crystals are
      washed with several protions of ice cold ethanol to yield the
      semicarbazone of 2-(6'-methoxy-2'-naphthyl) acetaldehyde. The
      semicarbazone is recrystallized from water:ethanol (3:1).
PAR  In a similar manner, the semicarbazones of the 2-(2'-naphthyl) acetaldehyde
      derivatives of Examples 1, 2, 3 and 4 are prepared by means of the above
      process. For example, the semicarbazone of 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde is prepared by employing 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde in the above process.
PAC  EXAMPLE 8
PAR  A mixture of 50 g. of 2-(5'-methoxy-2'-naphthyl) acetaldehyde, 50 g. of
      hydroxylamine hydrogenchloride, 500 ml. of pyridine and 500 ml. of
      absolute ethanol are refluxed for 8 hours. The resulting mixture is cooled
      and evaporated under reduced pressure. The resulting residue is triturated
      with 250 ml. of cool water; the resulting aqueous mixture is then
      filtered. The resulting crystals are washed thoroughly with several
      portions of water to yield 2-(5'-methoxy-2'-naphthyl) acetaldoxime.
PAR  Similarly, by employing the 2-(2'-naphthyl) acetaldehyde derivatives
      prepared in Examples 1, 2, 3 and 4 in the above process, the corresponding
      oxime derivatives thereof can be obtained. For example,
      2-(5'-methyl-2'-naphthyl) acetaldoxime is prepared by using
      2-(5'-methyl-2'-naphthyl) acetaldehyde in the above process.
PAR  1-Methoxyimino-2-(6'-methoxy-2'-naphthyl) ethane,
      1-ethoxyimino-2-(6'-methoxy-2'-naphthyl) ethane,
      1-i-propoxyimino-2-(6'-methoxy-2'-naphthyl) ethane &
      1-benzyloxyimino-2-(6'-methoxy-2'-naphthyl) ethane, are prepared by
      employing methoxyamine, ethoxyamine, i-propoxyamine and benzyloxyamine;
      respectively, in place of hydroxylamine in the above described process.
PAC  EXAMPLE 9
PAR  A mixture of 201 g. of 2-(7'-methyl-2'-naphthyl) acetaldehyde, 200 g. of
      acetic anhydride, 68 g. of borontrifluoride are stirred for 8 hours at
      about 5.degree.C. The resulting reaction mixture is evaporated under
      reduced pressure to yield 2-(7'-methyl-2'-naphthyl) ethylidenediacetate.
PAR  In a similar manner, the acylals of the 2-(2'-naphthyl) acetaldehyde
      derivatives prepared in Examples 1, 2, 3 and 4 are prepared by means of
      the above described process. For example, 2-(5'-methylthio-2'-naphthyl)
      ethylidenediacetate is prepared from 2-(5'-methylthio-2'-naphthyl)
      acetaldehyde by means of the above process.
PAR  2-(5'-Methoxy-2'-naphthyl) ethylidenedipropionate,
      2-(5'-methoxy-2'-naphthyl) ethylidenedicaproate,
      2-(5'-methoxy-2'-naphthyl) ethylidenedivalerate, and
      2-(5'-methoxy-2'-naphthyl) ethylidenesuccinate are prepared by utilizing
      propionic anhydride, caproic anhydride, valeric anhydride and succinic
      anhydride, respectively, in place of acetic anhydride in the above
      described process.
PAC  EXAMPLE 10
PAR  To a refluxing mixture of 18.5 g. of 2-(7'-methylthio-2'-naphthyl)
      propionaldehyde, 18.5 g. of hydrazine and 350 ml. of ethanol, there is
      added 5 drops of glacial acetic acid. The mixture is refluxed for an
      additional 5 minutes and sufficient ethanol is added to obtain a clear
      refluxing solution. The solution is cooled and filtered. The resulting
      crystals are thoroughly washed with cold (0.degree.C) ethanol. The
      crystals are recrystallized from ethanol to yield the hydrazone or
      2-(7'-methylthio-2'-naphthyl) propionaldehyde.
PAR  Similarly, the hydrazones of the 2-(2'-naphthyl) acetaldehyde derivatives
      of Examples 1, 2, 3 and 4 are prepared by means of the above described
      process. For example, the hydrazone of
      2-(4'-chloro-2'-naphthyl)-2,2-methyleneacetaldehyde is prepared is
      prepared from 2-(4'-chloro-2'-naphthyl)-2,2-methylene acetaldehyde by
      means of the above described process.
PAC  EXAMPLE 11
PAR  Part A A mixture of 21.5 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde
      and 500 ml. of methylene chloride are cooled to 0.degree.C and saturated
      with anhydrous ammonia. The mixture is stirred for 12 hours while
      maintaining the temperature at 0.degree.C and continuing to bubble in
      ammonia. The resulting reaction mixture is then evaporated to yield
      1-amino-2-(6'-methoxy-2'-naphthyl) propanol.
PAR  Part B The above product is warmed to 50.degree.C under vacuum for 8 hours
      to yield 1-imino-2-(6'-methoxy-2'-naphthyl) propane.
PAR  In a similar manner, the amino alcohols and aldimines of the
      2-(2'-naphthyl) acetaldehyde derivatives of Examples 1, 2, 3 and 4 are
      prepared by means of the above described process. For example,
      1-imino-2-(1'-ethyl-2'-naphthyl)-2,2-difluoromethyleneethane is prepared
      from 1-amino-2-(1'-ethyl-2'-naphthyl)-2,2-difluoromethyleneethanol by
      means of the process described in Part B above, and 1-amino-2
      -(1'-ethyl-2'-naphthyl)-2,2-difluoromethyleneethanol is prepared from
      2-(1'-ethyl- 2'-naphthyl)-2,2-difluoromethylene acetaldehyde by means of
      the above process described in Part A described above.
PAR  1-Methylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-ethylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-i-propylamino-2-(6'-methoxy-2'-naphthyl) propanol,
      1-benzylamino-2-(6'-methoxy-2'-naphthyl) propanol and
      1-phenylamino-2-(6'-methoxy-2'-naphthyl) propanol are prepared by
      employing methylamine, ethylamine, isopropylamine, benzylamine, and
      phenylamine, respectively, in place of ammonia in the process described
      above in Part A. By employing the thus prepared alkyl-, aralkyl- and
      arylamino-2-(6'-naphthyl) propanols in the process described above in Part
      B, 1-methylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-ethylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-i-propylimino-2-(6'-methoxy-2'-naphthyl) propane,
      1-benzylimino-2-(6'-methoxy-2'-naphthyl) propane and
      1-phenylimino-2-(6'-methoxy-2'-naphthyl) propane, respectively, are
      obtained.
PAC  EXAMPLE 12
PAR  To 600 ml. of a 40% solution of sodium bisulfite, is added 150 ml. of
      ethanol and 100 g. of 2-(6'-methoxy-2'-naphthyl) propionaldehyde in 500
      ml. of ether. The resulting mixture is stirred for 3 hours; then it is
      filtered to yield the sodium bisulfite addition product of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde.
PAR  Similarly, the 2-(2'-naphthyl) acetaldehyde derivatives prepared in
      Examples 1, 2, 3 and 4 are employed in the above process to prepare the
      corresponding sodium bisulfite addition products thereof. For example, the
      sodium bisulfite addition product of 2-(5'-methoxy-2'-naphthyl)
      acetaldehyde is obtained by using 2-(5'-methoxy-2'-naphthyl) acetaldehyde
      in the above process.
PAC  EXAMPLE 13
PAR  To a mixture of 50 g. of borontribromide in 250 ml. of methylene chloride,
      cooled to -80.degree.C, there is added 21.4 g. of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde. The mixture is allowed to warm
      to room temperature over one hour. The reaction mixture is then diluted
      with 250 ml. of water and filtered; the organic layer is then separated
      off. The organic layer is washed with water to neutrality, dried over
      sodium sulfate and evaporated to yield 2-(6'-hydroxy-2'-naphthyl)
      propionaldehyde.
PAR  By employing 2-(6'-methylthio-2'-naphthyl) acetaldehyde in the above
      process, 2-(6'-thio-2'-naphthyl) acetaldehyde is obtained.
PAR  Similarly, the methoxy, methoxymethyloxy, difluoromethoxy, methylthio,
      methoxymethylthio or difluoromethylthio substituted 2-(2'-naphthyl)
      acetaldehyde derivatives of Examples 1, 2, 3 and 4 are employed in the
      above process, give the corresponding hydroxy or thio substituted
      2-(2'-naphthyl) acetaldehyde derivatives. For example,
      2-(5'-thio-2'-naphthyl)-2,2-methyleneacetaldehyde is prepared from
      2-(5'-isopropylthio-2'-naphthyl)-2,2-methyleneacetaldehyde by means of the
      above process.
PAC  EXAMPLE 14
PAR  The anti-inflammatory activity of 2-(6'-methoxy-2'-naphthyl)
      propionaldehyde was compared with that of phenylbutazone by means of a
      carageenin-induced rat paw inflammation test described by C. A. Winter et
      al., The Proceedings of the Society for Experimental Biology & Medicine
      111, 544- 47 (1962).
PAR  The test was modified in that female rats weight 80-90 grams were employed
      and the degree if inflammation was measured one hour after the injection
      of carageenin in units of rear paw weight rather than rear paw volume. The
      results are shown in the following table.
TBL  ______________________________________                                    

     No. of  Dose Range     Relative Potency to                                

     Rats    Tested mg./Rat Phenylbutazone                                     

                            (Phenylbutazone=1)                                 

     ______________________________________                                    

     33      0.1 - 0.9      4                                                  

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  The analgesic activity of the bisulfite addition product of
      2-(6'-methoxy-2'-naphthyl) propionaldehyde was compared with that of
      aspirin and phenylbutazone. The test used was based on the test of Randall
      & Selitto, Arch. Int. Pharmacodyn 111, 409-419 (1957) and consisted of
      administering orally by gavage 30 or 100 mg. per kilogram of body weight,
      the analgesic compound with water (20 ml. per kilogram of body weight) in
      eight male rats weighing between 120 to 200 grams. A control group
      received an equivalent volume of water. One hour after the administeration
      of the compound, 0.10 ml. of a 20% yeast suspension (Red Star Brand,
      primary dry type 600 in 0.9% saline) was injected into the sub-plantar
      area of the left hind paw of each rat in the drug treated group and the
      control group. The purpose of the injection is to provoke the formation of
      inflammatory edema.
PAR  Two hours after the injection of yeast, the control paw and the yeast
      inflammed paw of each rat in the drig treated group and in the control
      group successively were compressed at the plantar surface by a stud with a
      surface area of about 9 mm.sup.2. attached to a force displacement
      transducer (model FTO3 Grass) which was driven at a constant rate. The
      induced pressure was recorded on a strip chart recorder. When a pain
      reaction was evoked from the rat by the application of pressure, the
      amount of pressure was recorded; the pressure was recorded in paper
      pressure units (0 - 100). The difference between the amount of pressure
      required to evoke pain reaction between the control paw and inflammed paw
      among the drug treated group of rats and control group of rats serves as
      an index of analgesic activity. The measure of analgesic activity in the
      rats is expressed in percent, in reference to that of the inflammed paw
      and non-inflammed paw. [(Pressure units to evoke pain in inflammed
      paw/pressure units to evoke pain in control paw) .times. 100]. The results
      are summarized in the following table.
TBL  ______________________________________                                    

               Degree of Analgesic in percent                                  

               with Reference to the Controls                                  

     Dose Administered                                                         

                 The bisulfite addition                                        

     in mg./kg.  of 2-(6'-methoxy-2'-                                          

                                 Aspirin Phenyl-                               

                 naphthyl) acetaldehyde  butazone                              

     ______________________________________                                    

     0            53             33      37                                    

     30          129             --      40                                    

     90          --              --      72                                    

     100         113             34      --                                    

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  The analgesic activity of several 2-(2'-naphthyl) acetaldehyde derivatives
      was compared with that of aspirin and phenylbutazone. The test was based
      on the test of Randall & Sellitto, Arch. Int. Pharmacodyn 111, 409-419
      (1957) and consisted of administering orally by gavage 30, 90 or 100 mg.
      per kilogram of body weight, the analgesic compound with water (20 ml. per
      kilogram of body weight) in eight male rats weighing between 120 to 200
      grams. A control group received an equivalent volume of water. One hour
      after the administration of the compound, 0.10 ml. of a 20% yeast
      suspension (Red Star Brand, primary dry type 600 in 0.9% saline) was
      injected into the sub-plantar area of the left hind paw of each rat in the
      drug treated group and the control group. The purpose of the injection is
      to provoke the formation of inflammatory edema.
PAR  At hour one after the injection of yeast, the control paw and the yeast
      inflammed paw of each rat in the drug treated group in the control group
      successively were compressed at the plantar surface by a stud with a
      surface area of about 9 mm.sup.2. attached to a force displacement
      transducer (model FT03 Grass) which was driven at a constant rate. The
      induced pressure was recorded on a strip chart recorder. When a pain
      reaction was evoked from the rat by the application of pressure, the
      amount of pressure was recorded; the pressure was recorded in paper
      pressure units (0 - 100). The difference between the amount of pressure
      required to evoke pain reaction between the control paw and inflammed paw
      among the drug treated group of rats and control group of rats serves as
      an index of analgesic activity. The measure of analgesic activity in the
      rats is expressed in percent, in reference to that of the inflammed paw
      and non-inflammed paw. [(Pressure units to evoke pain in inflammed
      paw/pressure units to evoke pain in control paw) .times. 100]. The results
      are summarized in the following table.
TBL  ______________________________________                                    

     Compound      Dose       Degree of Analgesia                              

                   Administered                                                

                              Percent with                                     

                   in mg./kg. Reference to the                                 

                              Controls                                         

     ______________________________________                                    

     2-(6'-methoxy-2'-                                                         

                   0          23                                               

     naphthyl)-propion-                                                        

                   100        69                                               

     aldehyde                                                                  

     hydroxyimino 2-(6'-                                                       

                   0          75                                               

     methoxy-2'-naphthyl)                                                      

                   100        96                                               

     propane                                                                   

     semicarbazone of                                                          

                   0          14                                               

     2-(6'-methoxy-2'-                                                         

                   100        78                                               

     naphthyl) propion-                                                        

     aldehyde                                                                  

     1,1-dimethoxy-                                                            

                   0          75                                               

     2-(6'-methoxy-                                                            

                   30         110                                              

     2'-naphthyl) pro-                                                         

     prioaldehyde                                                              

     bisulfite addition                                                        

                   0          75                                               

     product of 2-(6'-                                                         

                   30         87                                               

     methoxy-2'-naphthyl)                                                      

                   100        105                                              

     propionaldehyde                                                           

     aspirin       0          44                                               

                   100        62                                               

     phenylbutazone                                                            

                   0          41                                               

                   30         66                                               

                   90         78                                               

     ______________________________________                                    

PAC  EXAMPLE 17
PAR  The anti-pyretic activity of 2-(6'-methoxy-2'-naphthyl) propionaldehyde was
      compared to the anti-pyretic activity of aspirin.
PAR  Anti-Pyretic activity -- Female rats weighing 90-100 grams were used. The
      "normal" rectal temperature of the rats was recorded at hour 0, followed
      by the injection of 2 ml. of yeast suspension (the yeast suspension is
      prepared by suspending one cake of Fleischman's yeast in 22 ml. 0.9% NaCl)
      subcutaneously (1 ml. dorsally, 1 ml. ventrally). The injection sited are
      massaged to spread the suspension beneath the skin. The yeast injection
      induces elevated body temperature. At hour 17, the rats were massaged
      again to stimulate a further increase in body temperature. (It was found
      that handling the rats at the time the second temperature was taken
      resulted in a rise in body temperature.) At hour 18, the second rectal
      temperature was recorded, after which the test material was administered
      orally by gavage in 1 ml. aqueous vehicle. (The aqueous vehicle consists
      of 0.9 % NaCl, 0.4% polysorbate 80, 0.5% carboxymethyl cellulose, 0.9%
      benzyl alcohol and water.) The thrid rectal temperature was obtained two
      hours after administration of test material.
PAR  The degree of anti-pyretic activity was measured as a reduction in
      temperature (.degree.F) from the second to the third temperature readings
      (temperature at hour 18 - temperature at hour 20) with respect to a
      control. The results are shown in the following table.
TBL  ______________________________________                                    

                         Doses     Relative                                    

     Compound    No. of  Tested    Potency to Aspirin                          

                 Rats    mg./rat   (Aspirin=1)                                 

     ______________________________________                                    

     2-(6'-methoxy-2'-                                                         

     naphthyl) propion-                                                        

                 10      0.2&0.6   15                                          

     aldehyde                                                                  

     ______________________________________                                    

     EXAMPLE 18                                                                

     Ingredients       Quantity per tablet, mgs.                               

     ______________________________________                                    

     2-(7'-methyl-2'-naphthyl)                                                 

                       5                                                       

     propionaldehyde                                                           

     sucrose           245                                                     

     ______________________________________                                    

PAR  The above ingredients are thoroughly mixed and processed into single scored
      tablets, one tablet being administered every three to four hours.
TBL  ______________________________________                                    

     EXAMPLE 19                                                                

     Ingredients       Quantity per tablet, mgs.                               

     ______________________________________                                    

     2-(6'-methoxy-2'-naphthyl)                                                

                       60                                                      

     propionaldehyde                                                           

     cornstarch        38                                                      

     lactose           150                                                     

     magnesium stearate                                                        

                       2                                                       

     ______________________________________                                    

PAR  The above ingredients are mixed intimately and pressed into single scored
      tablets.
TBL                EXAMPLE 20                                                  

     ______________________________________                                    

     Ingredients       Quantity per capsule, mgs.                              

     ______________________________________                                    

     2-(5'-methoxy-2'-naphthyl)                                                

                       15                                                      

     propionaldehyde                                                           

     lactose           225                                                     

     dectrose          10                                                      

     ______________________________________                                    

PAR  The above ingredients are mixed and introduced into a No. 1 hard-shell
      gelatin capsule.
TBL                EXAMPLE 21                                                  

     ______________________________________                                    

     Ingredients       Quantity per capsule, mgs.                              

     ______________________________________                                    

     1,1-dimethoxy-2-(5'-                                                      

                       25                                                      

     methoxy-2'-naphthyl)                                                      

     ethane                                                                    

     lactose           225                                                     

     ______________________________________                                    

PAR  The above ingredients are mixed and introduced into No. 1 hard-shell
      gelatin capsule.
PAR  Similarly, the 2-(2'-naphthyl) acetaldehyde derivatives prepared in or by
      menas of the processes of Examples 1-12 can be formulated as described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group of compounds represented by the
      formula:
      ##SPC4##
PAL  wherein
PA1  R.sup.1 and R.sup.2 are alkoxy having from 1 to 6 carbons, cycloalkoxy
      having from 3 to 7 carbons, cycloalkylmethoxy having from 4 to 8 carbons,
      2-cycloalkylethoxy having 5 to 9 carbons, 3-cycloalkylpropoxy having from
      6 to 10 carbons, monocyclic arylmethoxy having from 7 to 13 carbons,
      2-phenylethoxy or 3-phenylpropoxy; or R.sup.1 and R.sup.2 taken together
      are oxo;
PA1  one of R.sup.6 and R.sup.7 is hydrogen and the other is hydrogen, methyl,
      ethyl or difluoromethyl; or R.sup.6 and R.sup.7 taken together are
      methylene, ethylene or halomethylene; and
PA1  R.sup.9 is difluoromethoxy, alkoxymethyloxy having up to 7 carbons,
      difluoromethylthio, alkoxymethylthio having up to 6 carbons, or
      alkylthiomethylthio having up to 7 carbons.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sup.1 and R.sup.2 are methoxy, ethoxy,
      propoxy, cyclopentyloxy, cyclohexyloxy, benzyloxy, phenethyloxy or
      tolyoxy; or R.sup.1 and R.sup.2 taken together are oxo;
PA1  one of R.sup.6 and R.sup.7 is hydrogen, the other is hydrogen, methyl of
      difluoromethyl; or R.sup.6 and R.sup.7 taken together are methylene or
      difluoromethylene.
NUM  3.
PAR  3. The compound of claim 2 wherein one of R.sup.6 and R.sup.7 is hydrogen
      and the other is methyl.
NUM  4.
PAR  4. The compound of claim 3 wherein R.sup.9 is difluoromethoxy.
NUM  5.
PAR  5. The compound of claim 3 wherein R.sup.9 is alkoxymethyloxy.
NUM  6.
PAR  6. The compound of claim 3 wherein R.sup.9 is difluoromethylthio.
NUM  7.
PAR  7. The compound of claim 3 wherein R.sup.9 is alkoxymethylthio.
NUM  8.
PAR  8. The compound of claim 3 wherein R.sup.9 is alkylthiomethylthio.
NUM  9.
PAR  9. The compound of claim 1 wherein said compound is
      2-(6'-difluoromethoxy-2'-naphthyl)acetaldehyde.
NUM  10.
PAR  10. The compound of claim 1 wherein said compound is
      2-(6'-difluoromethoxy-2'-naphthyl)-2-difluoromethyl acetaldehyde.
NUM  11.
PAR  11. The compound of claim 1 wherein said compound is
      2-(6'-methoxymethyloxy-2'-naphthyl)-2,2-difluoromethylene acetaldehyde.
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PAL  Process for the continuous preparation of hydroxypivalaldehyde by the
      reaction of isobutyraldehyde with aqueous formaldehyde in a cascade of
      stirred vessels in the presence of an alcohol and of an alkali metal
      hydroxide as a catalyst.
BSUM
PAR  The present invention relates to a process for the continuous preparation
      of hydroxypivalic aldehyde.
PAR  It has been proposed to prepare hydroxypivalaldehyde (hydroxypivalic
      aldehyde) by an aldol addition reaction of formaldehyde with isobutyric
      aldehyde in the presence of catalytic amounts of bases.
PAR  Although the isobutyric aldehyde is used in substantially; pure form, the
      formaldehyde is in general used in the form of an aqueous solution of 20
      to 40% strength. It has, however, also been proposed to use an alcoholic
      formaldehyde solution of paraformaldehyde. Aqueous solutions or
      suspensions of alkali metal hydroxides or alkaline-earth metal hydroxides,
      alkali metal carbonate solutions, amines or basic ion exchangers are used
      as catalysts. The reaction temperature of the known processes varies
      within the range from 0.degree. to 150.degree.C. Furthermore, in the known
      processes, the quantitative ratios in which the reactants are reacted are
      different. It has also been proposed to add a formalin solution at
      65.degree. to 70.degree.C to a mixture consisting of isobutyric aldehyde
      in excess and a potassium carbonate solution and to obtain, after the
      reaction has been terminated, the hydroxypivalic aldehyde from the
      separated organic phase by distillation.
PAR  In general, a heterogeneous mixture, consisting of isobutyric aldehyde and
      an aqueous formalin solution, is placed in the reaction vessel and the
      aldol addition reaction is then carried out within a certain period by the
      addition of the alkaline catalyst. Because of side reactions, for example
      the Cannizzaro reaction, the catalyst is consumed and reacted to form the
      salts of the corresponding organic acids, for example, formic acid,
      isobutyric acid or hydroxypivalic acid.
PAR  The hydroxypivalic aldehyde obtained by the aldol addition reaction is a
      highly reactive compound. In the aldol addition reaction, the
      hydroxypivalic aldehyde is partially converted to hydroxy neopentyl
      hydroxypivalate by a Tischtschenko reaction.
PAR  It is very difficult to obtain hydroxypivalic aldehyde from a heterogeneous
      reaction mixture consisting of unreacted starting products, hydroxypivalic
      aldehyde, hydroxyneopentyl hydroxypivalate and other compounds having an
      elevated boiling point, alkali metal salts of organic acids, and water,
      with the least possible losses because, with the exception of the salts of
      the organic acids, all components of the reaction mixture are present in
      both phases, that is the organic phase and the aqueous phase. Thus, a
      technically complicated, separate working up of both phases will be
      necessary. The separation of the water from the reaction mixture by
      distillation leads to considerable losses of hydroxypivalic aldehyde as
      the latter is volatile with water vapor.
PAR  It has also been proposed to use and excess of 2 to 4 moles of isobutyric
      aldehyde per mole of formaldehyde for the aldol addition reaction, so that
      the amount of organic phase is considerably larger than that of the
      aqueous phase. Thereby the proportion of organic products in the aqueous
      phase is low, so that the latter can be rejected without considerable
      losses. This process, however, has the disadvantage that more by-products
      are obtained in the organic phase because of the excess isobutyric
      aldehyde.
PAR  Furthermore, it is known from U.S. Pat. No. 2,863,878 that the aldol
      addition reaction can be carried out in the presence of alcohols, for
      example methanol. This enables the reaction to be carried out in a
      homogeneous reaction mixture. As compared with other known heterogeneous
      processes, a smaller amount of alkali is necessary. In this process,
      formalin is added to a mixture of isobutyric aldehyde in excess and
      methanol, the formalin containing the sodium hydroxide necessary for the
      aldol addition reaction (4.25 grams of Na0H per mole of mixture) in a
      dissolved form. The reaction is carried out at 10.degree. to 15.degree.C.
      To obtain a complete reaction, a reaction time of nearly 3 hours in
      necessary. Because of the long reaction time, a continuous process would
      require large, complicated plants.
PAR  Furthermore, a process for the continuous preparation of neopentyl glycol
      and i-butanol has been described in U.S. Pat. No. 3,340,312. The
      hydroxypivalic aldehyde obtained as intermediate product is not separated,
      but hydrogenated, together with the isobutyric aldehyde used in a
      considerable excess amount (molar ratio of formaldehyde to isobutyric
      aldehyde 1:3), to form neopentyl glycol and i-butanol. The formaldehyde is
      used in the form of an aqueous solution. The concentration of the sodium
      hydroxide solution used as catalyst is 0.2%. At temperatures within the
      range of from 9.degree. to 15.degree.C, about 50 minutes are necessary for
      carrying out the aldol addition reaction.
PAR  Very good results are obtained in the aldol addition reaction by placing a
      mixture of isobutyric aldehyde in excess (excess amount of 10 to 20 %),
      formalin and methanol in a reaction vessel and then adding the
      aldolization catalyst in the form of a concentrated sodium hydroxide
      solution at temperatures within the range from 30.degree. to 70.degree.C,
      preferably 45.degree. to 55.degree.C. Under these conditions, the reaction
      is terminated after only 15 to 20 minutes. This discontinuous process has
      the further advantage that a considerably smaller amount of catalyst and
      of isobutyric aldehyde in excess is necessary.
PAR  Although the above discontinuous process is obviously superior to the known
      processes, it has been necessary in industry to find a continuous process
      for preparing and purifying hydroxypivalic aldehyde. By using a stirred
      vessel as reaction vessel for the continuous reaction, the extents of
      conversion and yields obtained by the discontinuous process could not be
      obtained. On the one hand, some of the reactants leave the reaction zone
      after a short time without having reacted, whereby the extent of
      conversion is reduced, while on the other hand reaction products formed
      stay too long in the alkali medium and are further reacted to by-products,
      thus causing decreased yields.
PAR  To obtain the shortest possible mean residence time in the continuous
      process, several reaction vessels have been connected in series, that is a
      cascade of stirrer vessels has been used. It appeared, however, that this
      measure alone was not sufficient for obtaining a preceptible improvement,
      that is a complete conversion and a high yield of hydroxypivalic aldehyde.
PAR  The present invention provides a process for the continuous preparation of
      hydroxypivalic aldehyde by a homogeneous reaction of isobutyric aldehyde
      with an aqueous formaldehyde solution at a temperature from 30.degree.to
      70.degree.C. in the presence of an aliphatic alcohol having 1 - 4 carbon
      atoms, preferably methanol, and using an alkali solution as a catalyst. In
      the method, an aqueous alkali solution of 30 to 50% strength, preferably
      40 - 50%, is present in the individual stirred vessels of a cascade of two
      or more of such vessels, in an amount from 0.5 to 4.0 grams per mol of
      reaction mixture. After termination of the aldol addition reaction, any
      unreacted isobutyraldehyde (which may be present in the reaction mixture
      in up to 100% excess over the stoichiometric amount) is distilled off as
      an azeotrope with the alcohol. The azetropic mixture is returned to the
      first stirred vessel. Further steps in the process include separating the
      distillation residue into an aqueous and an organic phase by the addition
      of 50 to 500 grams of isobutyraldehyde per mole of hydroxypisaldehyde
      produced, freeing the organic phase from water and isobutyric aldehyde by
      azeotropic distillation, returning the recovered isobutyric aldehyde with
      the water dissolved therein into the separation of the phases and
      obtaining pure hydroxypivalic aldehyde from the residue of the azeotropic
      distillation by vacuum distillation.
PAR  The process in accordance with the invention shows that the good results
      obtained in the discontinuous process can also be obtained in a continuous
      process using a cascade of two or more stirred vessels, and that even
      higher yields can be obtained by adding the aldolization catalyst not only
      to one stirred vessel, but by putting it into all stirred vessels of the
      cascade. This effect of the process in accordance with the invention was
      surprising and could not be foreseen.
PAR  In the process in accordance with the invention, not only the ratio of the
      catalyst distribution, but also the ratio by volume of the reaction
      mixture in the individual vessels of the cascade can be varied. Good
      results are obtained, for example, by operating a cascade consisting of
      two stirrer vessels in a manner such that in both vessels the volumes of
      reaction mixture and catalyst are almost equal. Slight variations of these
      ratios are not critical and have no appreciable effect on the yields.
PAR  As starting products for the process in accordance with the invention
      technically pure isobutyric aldehyde, an aqueous formaldehyde solution of
      30 to 40% strength and a highly concentrated aqueous sodium hydroxide
      solution of 30 to 50% strength, preferably 40 to 50% strength, are
      advantageously used. By the addition of aliphatic alcohols with 1 to 4
      carbon atoms, preferably methanol, in an amount of the order of, or
      approximately equal in weight to, as is apparent from the Example, the
      amount of water present, a homogeneous reaction is obtained. The amount is
      isobutyric aldehyde exceeding the stoichiometric amount is of 0 to 100%,
      preferably 10 to 20%. The catalyst amount needed of 0.5 to 4.0 grams of
      alkali compound per mole of reaction mixture, preferably 0.8 to 1.2 grams
      of alkali compound per mole of reaction mixture or about 1 % calculated on
      the formed hydroxypivalic aldehyde, is particularly small as compared with
      the known processes. Sodium hydroxide is preferably used as catalyst. The
      ratio of the sum of the reactants (isobutyric aldehyde and formaldehyde)
      to the sum of the diluents (water and methanol) is advantageously within
      the range of from 0.7 to 1.3, preferably about 1.0. The process in
      accordance with the invention is carried out at temperatures within the
      range of from 30.degree. to 70.degree.C, preferably 45.degree. to
      55.degree. C, the liberated heat of reaction being eliminated
      continuously. The aldol addition reaction is terminated after 15 to 25
      minutes, so that in the process in accordance with the invention a
      space-time yield of hydroxypivalic aldehyde of 800 to 1,400 grams per
      liter of the total reaction mixture is obtained per hour. In the process
      in accordance with the invention higher or smaller space-time yields can
      be obtained, depending on the reaction temperature and the catalyst amount
      chosen.
PAR  Although no space-time yields have been indicated for the known processes,
      smaller space-time yields can be deduced from the reaction times, which
      are considerably longer in many cases.
PAR  The present invention provides not only a process for the continuous
      preparation of hydroxypivalic aldehyde under determined reaction
      conditions, but also the purification of hydroxypivalic aldehyde from the
      reaction mixture.
PAR  After the aldolization of formalin and isobutyric aldehyde has been
      terminated, the aliphatic alcohol added and the unreacted isobutyric
      aldehyde are distilled off in a fractionating column and returned to the
      process.
PAR  For separating the salts of the organic acids and a part of the water, a
      separation into an aqueous and an organic phase, called separation of the
      phases, is brought about by the addition of isobutyric aldehyde. The
      aqueous phase contains substantially the total amount of the salts of the
      organic acids, a part of the water and isobutyric aldehyde, and, according
      to their solubility, the reaction products hydroxypivalic aldehyde and
      hydroxypentyl hydroxypivalate. Because the volume of the aqueous phase is
      small as compared with that of the organic phase, the amounts of reaction
      products dissolved therein are insignificant; thus an additional working
      up is not necessary. However, if desired, these amounts may also be
      recovered, for example by extracting with isobutyric aldehyde and
      combining thhe extract with the organic phase.
PAR  The organic phase, which is now free from the salts of the organic acids
      and contains, in addition to hydroxypivalic aldehyde, water, isobutyric
      aldehyde and hydroxyneopentyl hydroxypivalate, is freed, at the same time,
      from water and isobutyric aldehyde by distillation under atmospheric
      pressure, without losses of hydroxypivalic aldehyde. This measure is,
      particularly advantageous as compared with known processes, because the
      water is eliminated in the form of an azeotropic mixture with isobutyric
      aldehyde boiling at 59.5.degree.C before the distillation of the
      hydroxypivalic aldehyde which is volatile with water vapor.
PAR  This mixture is returned to the separation of the phases after the
      separation of the water, which partially separates at about 20.degree.C on
      condensation. Slight losses of isobutyric aldehyde caused by removing the
      aqueous phase after the separation of the phases must be replaced if the
      isobutyric aldehyde dissolved therein is not recovered by the azeotropic
      distillation.
PAR  The problem of separating the water and the salts of the organic acids, a
      prerequisite to an economic preparation of pure hydroxypivalic aldehyde
      from the crude reaction mixture of the aldol addition reaction, is solved
      by using a cycle of isobutyric aldehyde in accordance with the invention.
      In the process in accordance with the invention amounts of 50 to 500
      grams, preferably 100 to 200 grams, per mole of reaction mixture of
      isobutyric aldehyde are used; these amounts are sufficient for eliminating
      the water which has remained in the organic phase, as an azeotrope on
      distillation. Another advantage is that by this measure a hydroxypivalic
      aldehyde of very high percentage, that is of about 90% strength, is
      obtained in the sump of the azeotropic distillation column. To obtain pure
      hydroxypivalic aldehyde a vacuum distillation may follow.
PAR  Hydroxypivalic aldehyde has a wide range of application. It serves, for
      example, as starting product for synthetic resins or for the preparation
      of hydroxypivalic acid or neopentyl glycol.
PAR  The process of this invention is illustrated diagrammatically by way of
      example in the accompanying flow chart. For simplifying, the coolers,
      heaters, heat exchangers and pumps are not shown in the flow chart.
PAR  As reactor, a cascade is used consisting of the two stirred vessels 1 and
      2. Stirred vessel 1 is continuously charged with 196 moles of isobutyric
      aldehyde via line 3, with 200 moles of an aqueous formalin solution of 37%
      strength via line 4, with 2.5 moles of an aqueous sodium hydroxide
      solution of 50 % strength via lines 5 and 6, with 344 moles (11 kilograms)
      of methanol via line 7 and with isobutyric aldehyde in excess (35 moles).
      The reaction temperature in stirred vessel 1 is about 50.degree.C. The
      reaction mixture is conducted into stirred vessel 2 via line 8, this
      stirred vessel 2 being charged via line 9 with 2.5 moles of an aqueous
      sodium hydroxide solution of 50% strength. In stirred vessel 2 the aldol
      addition reaction is terminated at about 50.degree.C. The homogeneous
      mixture flows from stirred vessel 2 via line 10 into distillation column
      11. As head product of distillation column 11 azeotrope, boiling at
      57.3.degree.C, consisting of unreacted isobutyric aldehyde and methanol,
      is returned to stirred vessel 1 via line 7. The sump product of
      distillation column 11 is conducted via line 12 to stirred vessel 13,
      which is additionally charged via line 14 with the head product of
      distillation column 15, consisting of the azeotrope of isobutyric aldehyde
      and water boiling at 59.5.degree.C. The reaction mixture in stirred vessel
      13 flows via line 16 into separator 17, where separation into an aqueous
      and an organic phase is carried out. The aqueous phase is removed from
      separator 17 via line 18; the organic phase in separator 17 is introduced
      via line 19 into distillation column 15. While the head product of
      distillation column 15 is conducted via line 14 into stirred vessel 13,
      the sump product of distillation column 15 is introduced into vacuum
      distillation apapratus 21 via line 20. As head product of the vacuum
      distillation column, pure hydroxypivalic aldehyde is distilled off via
      line 22 at 88.degree. to 90.degree.C under a pressure of 15 millimeters of
      mercury while the distillation residue of about 2 kilograms, containing
      hydroxyneopentyl hydroxypivalate and other high-boiling reaction
      by-products, is withdrawn via line 23.
PAR  The following Example serves to illustrate the invention, but is not
      intended to limit it.
DETD
PAC  EXAMPLE
PAR  14.7 kilograms of isobutyric aldehyde of 96% strength (196 moles), 16.2
      kilograms of an aqueous formalin solution of 37% strength (200 moles) and
      0.2 kilograms of an aqueous sodium hydroxide solution of 50% strength (2.5
      moles) were introduced, per hour, into stirred vessel 1 of the a cascade
      like that shown in the accompanying FIG. Furthermore, 2.5 kilograms per
      hour of isobutyric aldehyde (35 moles) and 11.0 kilograms per hour of
      methanol were conducted from column 11 to stirred vessel 1. After a medium
      residence time of about 10 minutes, the mixture flowed into stirred vessel
      2 of the cascade, which was furthermore charged with 0.2 kilogram per hour
      of an aqueous sodium hydroxide solution of 50% strength. The medium
      residence time in stirred vessel 2 was also adjusted to about 10 minutes.
      In stirred vessels 1 and 2 the heat of reaction was eliminated by indirect
      cooling and the reaction temperature maintained at about 50.degree.C.
PAR  In distillation column 11, an azeotrope boiling at 57.3.degree.C and
      consisting of isobutyric aldehyde in excess and methanol was completely
      distilled off and returned via line 7 to stirred vessel 1. The sump
      product of distillation column 11 was pumped via line 12 into stirred
      vessel 13, where 30 kilograms of the azeotrope of isobutyric aldehyde and
      water boiling at 59.5.degree.C and which had been returned as head product
      of distillation column 15 via line 14, were added. The mixture in stirred
      vessel 13 was withdrawn at the bottom via line 16 and separated in
      separator 17 into an aqueous and an organic phase.
PAR  The aqueous phase of separator 17 was discharged via line 18. The organic
      phase was pumped via line 19 into distillation column 15 and freed from
      isobutyric aldehyde and water by azeotropic distillation; the sump product
      of distillation column 15 was pumped via line 20 into the
      vacuum-distillation column 21; the reaction mixture was distilled in vacuo
      in distillation column 21, for example with the aid of a thin layer
      evaporator; the hydroxypivalic aldehyde withdrawn as head product via line
      22 boiled at 88.degree.to 90.degree.C under a pressure of 15 millimeters
      of mercury. 18.0 kilograms per hour of a hydroxypivalic aldehyde of 99%
      strength having a melting point of 92.degree.C were obtained,
      corresponding to a yield of 87% of the theoretical. The distillation
      residue of about 2 kilograms per hour contained hydroxyneopentyl
      hydroxypivalate in addition to other reaction by-products of higher
      boiling point.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the continuous preparation and recovery of
      hydroxypivalaldehyde which comprises:
PA1  (1) reacting isobutyraldehyde and formaldehyde in a homogeneous reaction
      mixture at a temperature from 30.degree.C. to 70.degree.C. in a first
      stirred vessel, said said reaction mixture being formed by introducing
      into said vessel an aqueous formaldehyde solution, isobutyraldehyde in a
      stoichiometric amount or in excess up to 100 percent, an aqueous 30
      percent to 50 percent sodium hydroxide solution as a catalyst, said sodium
      hydroxide being present in an amount of 0.5 to 4.0 grams per mol of
      hydroxypivalic aldehyde produced, and an alkanol having 1 to 4 carbon
      atoms, said alkanol being present in an amount approximately equal in
      weight to the amount of water contributed by said aqueous formaldehyde
      solution and said aqueous sodium hydroxide solution, the ratio of the sum
      of the isobutyraldehyde and formaldehyde reagent to the sum of the water
      and alkanol being from 0.7 to 1.3;
PA1  2. introducing the reaction mixture from said first stirred vessel into at
      least one additional stirred vessel for further reaction at a temperature
      from 30.degree.to 70.degree.C., said additional stirred vessel being
      connected with said first stirred vessel in a cascade arrangement, and
      adding additional catalyst solution to said additional stirred vessel in
      the same amount as is present in said first stirred vessel;
PA1  3. distilling unreacted isobutyraldehyde from the reaction mixture, after
      reaction in said additional stirred vessel, as an azeotrope with said
      alkanol and returning the distillate to said first stirred vessel;
PA1  4. separating the undistilled residue into an aqueous phase and an organic
      phase in a separation zone by the addition thereto of 50 to 500 grams of
      isobutyraldehyde per mol of hydroxypivalaldehyde formed in the reaction;
PA1  5. distilling the organic phase to remove water and isobutyraldehyde as an
      azeotrope thereof and returning the isobutyraldehyde, with dissolved water
      therein, to the separation zone; and
PA1  6. vacuum distilling the undistilled residue to obtain pure
      hydroxypivalaldehyde.
NUM  2.
PAR  2. A process as in claim 1 wherein said aqueous sodium hydroxide solution
      has a concentration from 40 - 50%.
NUM  3.
PAR  3. A process as in claim 1 wherein said alkanol is methanol.
NUM  4.
PAR  4. A process as in claim 1 wherein said isobutyraldehyde is present in an
      excess of 10 - 20% of the stoichiometric amount.
NUM  5.
PAR  5. A process as in claim 1 wherein said reaction is carried out at a
      temperature from 45.degree. to 55.degree.C.
NUM  6.
PAR  6. A process as in claim 3 wherein the ratio of the sum of the
      isobutyraldehyde and formaldehyde reagents to the sum of the water and
      methanol diluents is about 1.
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ABST
PAL  A process for preparing compounds of the type of sinensal, which is
      suitable as a flavor-imparting agent of orange aroma, and novel
      intermediates including those having the general formula:
      ##SPC1##
PAL  Wherein R signifies a CH.sub.2 OH, CHO or COOH group and the broken lines
      present a double bond emanating from C-atom 4, are disclosed.
PARN
PAR  This is a division of application Ser. No. 742,178 filed July 3, 1968, now
      U.S. Pat. No. 3,872,172.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a commercially-feasible process for making
      unlimited quantities of compounds of the type of the previously-rare
      sinensal, thereby permitting the widespread use of this product as a
      flavorant to impart an orange flavor and aroma to food products such as
      orange drinks.
PAR  Novel intermediates, some of which also possess flavorant properties, are
      also the subject of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process in accordance with this invention for the manufacture of
      compounds of formula I is characterized in that a compound of the formula
      ##SPC2##
PAL  Is ozonized and the ozonization product which is obtained is decomposed to
      give a compound of general formula I.
PAR  Cis or trans ocimene or, preferably, myrcene can be used as the starting
      material of formula II.
PAR  If in formulae I and II the double bond which is conjugated with the
      terminal double bond lies with the chain (as is the case in ocimene),
      formulae I and II are meant to represent not only the cis but also the
      trans isomers.
PAR  The ozonization of the trienes II surprisingly proceeds with high
      selectivity, since the ozonide linkage is practically exclusively effected
      at the isolated double bond, and so the conjugated double bonds
      practically do not enter into reaction with the ozone.
PAR  The ozonization can be undertaken according to methods known per se, by
      bringing ozone-containing gas into contact with the triene which is to be
      ozonized, conveniently by introduction of the gas into a preferably dilute
      solution of the triene. Presently preferred solvents are those which are
      inert to ozone, or at least display greater stability than the substance
      which is to be ozonized; for example, alkanes such as hexane, petroleum
      ether, cyclohexane; benzene and its derivatives; halogenated hydrocarbons
      such as carbon tetrachloride, chloroform, methylene chloride, methyl
      chloride, ethyl chloride, ethyl bromide; esters such as formic acid or
      acetic acid esters (ethyl acetate); ketones such as acetone or methyl
      ethyl ketone; ethers such as dimethyl ether, diethyl ether,
      tetrahydrofuran; acid anhydrides such as acetic anhydride; acid amides
      such as formamide, dimethylformamide; nitromethane etc. Among other
      solvents which may be used are those which enter into reaction with
      ozonide which is primarily formed: for example, carboxylic acids (for
      example, formic acid, acetic acid, propionic acid); alcohols such as
      methanol, ethanol, propanol; water in admixture with acetone. Best suited
      are solvents which are able to hold the ozonization products in solution.
      Furthermore, low-boiling solvents are to be preferred, since these are
      usually readily separable from the reaction products. For the ozonization
      of myrcene and ocimene, particularly suitable solvents are, for example:
      methyl chloride, chloroform, carbon tetrachloride, benzene, acetone, ethyl
      acetate, methanol.
PAR  The concentration of the solution which is to be ozonized can vary within
      wide limits. In general, dilute solutions give better yields. On practical
      grounds, 5-20% solutions will usually be used.
PAR  Conveniently, not more than about 1 mol equivalent of ozone is allowed to
      act on the triene II, in order to avoid an oxidation of the reaction
      products. Normally, an oxygen stream with an ozone content of about 2-10%
      is used. However, more dilute and more concentrated ozone mixtures also
      may be employed. If desired, oxygenfree ozone (as the gas or as a
      solution) may also be used.
PAR  The ozonization is advantageously carried out at temperatures below room
      temperature, conveniently at temperatures below 0.degree.C. Particularly
      good yields are obtained at temperatures within the range of about
      -50.degree. to -90.degree.C.
PAR  The cleavage of the ozonization products which are primarily obtained to
      the compounds of general formula I can be undertaken according to methods
      which are known per se.
PAR  The alcohols of the formula
      ##SPC3##
PAL  may be obtained by treating the ozonization product which is formed with a
      powerful reducing agent, of the type known to be suitable to reduce
      ozonides to alcohols, such as a complex metal hydride (e.g. lithium
      aluminum hydride or sodium borohydride), hydrogen catalytically activated
      by noble-or transition metals (e.g. palladium, platinum) or complexes of
      such metals (as for example tris-triphenylphosphine-rhodiumchloride).
PAR  The aldehydes of the formula
      ##SPC4##
PAL  can be obtained from the ozonization products by treatment with a mild
      reducing agent (of the type known to be suitable to reduce ozonides to
      aldehydes); for example, an iodide (e.g. sodium or potassium iodide),
      sulphite, bisulphite (e.g. sodium bisulphite), with formaldehyde, sulphur
      dioxide, pyridine, hydrazine hydrate, a sulphide (e.g. dimethyl sulphide),
      hydroquinone, zine or magnesium in acidic solution, Raney-nickel,
      phosphorus (III)-compounds (.e.g. phosphines such as triphenylphosphine,
      tri-loweralkyl-phosphites such as trimethylphosphite), hydrogen
      [catalytically activated by noble-or transitionmetals or complexes thereof
      (examples of such systems are pt/H.sub.2, Pd/C/H.sub.2.)]
PAR  The carboxylic acids of the formula
      ##SPC5##
PAL  (i.e. 4-methylene-5-hexenoic acid or 4-methyl-3,5-hexadienoic acid) may be
      obtained from the primary products of the ozonization by treatment with an
      oxidizing agent, for example, potassium permanganate, hydrogen peroxide,
      peracids, chromic acid, oxygen, (catalyzed by manganese or silver salts),
      silver oxide, peracids (e.g. perbenzoic acid, peracetic acid), etc. Using
      aluminum hydrides (such as, for example, lithium aluminum hydride), the
      acids Ic can be reduced directly or, if desired, in the form of their
      esters, to the corresponding alcohols in a known manner. Likewise, the
      acids Ic may be converted via the acid chlorides into the amides (e.g. the
      corresponding N-methyl anilides or N,N-dimethyl amides) which, as is
      known, can be transformed into the corresponding aldehydes of formula Ib
      under the influence of aluminum hydrides (such as, for example, of
      diisobutyl aluminum hydride or lithium diethoxy aluminum hydride). The
      esters derived from the acids Ic may also be directly converted into the
      aldehydes of formula Ib at lower temperatures.
PAR  The alcohols, aldehydes or carboxylic acids of formulae Ia, Ib or Ic which
      are obtained by ozonization of the trienes II and by subsequent reductive
      or oxidative cleavage of the ozonization products, as well as the triene
      acetals (IV-1 and IV-2) and triene aldehydes (V-1 and V-2) are new
      compounds which may be used as intermediate products for the manufacture
      of compounds with orange aroma, especially for the manufacture of the
      .beta.-sinensal occurring in orange oil (Citrus sinensis) (trans
      .beta.-sinensal: 2,6-dimethyl10-methylene-2t,6t,11-dodecatrienal), of
      isomers thereof (cis .beta.-sinensal, cis and trans .alpha.-sinensal), as
      well as of analogues such as, for example, the corresponding alcohols or
      acid esters which are likewise distinguished by particular aromas (citrus
      fruit flavours), on the basis of which the compounds can be used for the
      aromatization, for example, of drinks.
PAR  .beta.-sinensal and its isomers (VII), as well as the corresponding alcohol
      and acid ester analogues, XII and XI, respectively, may be used to impart
      orange flavor in drinks by incorporation therein in very small amounts,
      e.g. from 1/2 to 5 parts per million. These flavorants may be used in
      conventional manner, for example, in the manner in which the known
      flavorant, aldehyde C-10, is used.
PAR  The aldehyde Ib-1 obtainable from myrcene, or the corresponding alcohol
      Ia-1, may be converted into cis and trans .beta.-sinensal in accordance
      with the following schemes:
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##EQU1##
      Scheme A: Myrcene (II-1) is converted into the aldehyde Ib-1
      (4-methylene-5-hexen-1-al) by ozonisation and subsequent mild reductive
      cleavage of the ozonisation product. The aldehyde thus obtained is reacted
      with a phosphorane of general formula III [wherein Ph represents a phenyl
      group and each R.sup.1 signifies a lower alkyl group which can also be
      linked with each other to form a lower alkylene group (e.g. ethylene)] in
      a Wittig reaction to give a triene acetal of general formula IV-1. Formula
      IV-1 includes the trans isomer IVa-1 and the cis isomer IVb-1.
PAR  The manufacture of the phosphorane III (as also of the phosphoranes
      additionally mentioned hereinafter) and the reaction with the carbonyl
      component Ib-1 can be effected according to the methods of the Wittig
      reaction which are known per se (see, for example, Angewandte Chemie 71
      (1959), 260). In doing so, one conveniently proceeds in such a way that
      the carbonyl component is added to a freshly prepared solution or
      suspension of the phosphorane.
PAR  Thereupon, [if desired after separation of the mixture of the cis and trans
      isomers (e.g. by means of preparative gas chromatography)] the triene
      acetal IV-1 or the isomer triene acetal IV-2 obtained from ocimene
      ##EQU2##
      wherein R.sup.1 has the same meaning as above, is hydrolysed to the
      corresponding triene aldehyde of the formula
      ##EQU3##
      (including the trans isomer Va-1 and the cis isomer Vb-1) or to the triene
      aldehyde of formula
      ##EQU4##
      The hydrolysis of the acetals IV-1 and IV-2 to the aldehydes V-1 and V-2
      can be brought about according to the usual methods of acetal
      saponification.
PAR  Finally, the triene aldehyde V-1 or V-2 is reacted, again according to
      Wittig, to give the tetraene aldehyde of the general formula VII-1 or
      VII-2:
      ##EQU5##
      by reaction with a phosphorane VI. Formula VII-1 includes the trans isomer
      VIIa-1 (natural .beta.-sinensal) and the cis isomer VIIb-1. Scheme B:
      Myrcene (II-1) is converted by ozonisation and subsequent energetic
      reductive cleavage of the ozonisation product into the alcohol Ia-1
      (4-methylene-5-hexen-1-ol). After transformation into the phosphorane
      VIII-1, this is reacted with the ketone acetal IX in a Wittig reaction to
      give the triene acetal IV-1 which, as shown in scheme A, can then be
      worked up to give .beta.-sinensal. By using ocimene as starting material
      the isomeric triene acetal IV-2 can be obtained similarly.
PAR  The transformation of the alcohol Ia-1 into the phosphorane VIII-1 can, for
      example, be undertaken in such a way that the alcoholic hydroxyl group is
      exchanged for an iodine atom and the 6-iodo-3-methylene-1-hexene obtained
      is reacted with triphenyl-phosphine to give the corresponding phosphonium
      iodide which, after treatment with a strong base such as butyllithium, can
      then proceed to the reaction with the ketone acetal IX.
PAR  Scheme C: The phosphorane VIII-1 which is obtainable in accordance with
      scheme 3 is reacted according to Wittig with the ketone ester of general
      formula X (wherein R.sup.2 signifies a lower alkyl group) to give the
      tetraene ester XI-1, this ester is reduced to the corresponding tetraene
      alcohol XII-1 according to methods known per se (e.g. with lithium
      aluminium hydride), and the alcohol obtained is oxidised to the
      corresponding tetraene aldehyde VII-1 (.beta.-sinensal) according to
      methods known per se (e.g. with manganese dioxide).
PAR  Scheme D: The triene aldehyde V-1 obtained according to Scheme A and B is
      reacted according to Wittig with the phosphorane XIII (wherein R.sup.2 is
      a lower alkyl group) to give the tetraene ester XI-1 and this is worked up
      according to Scheme C to give the tetraene aldehyde VII-1.
PAR  In an analogous manner the isomeric triene aldehyde V-2 can be converted to
      the tetraene ester XI-2
      ##EQU6##
      and this worked up via the tetraene alcohol XII-2
      ##EQU7##
      to the tetraene aldehyde VII-2.
PAR  The following Examples illustrate the invention, all temperatures being
      given in degrees centigrade.
PAC  EXAMPLE 1
PAR  73.5 mmol of ozone are introduced within approximately 3 hours into a
      solution, cooled to -80.degree., of 10 g (73.5 mmol) of myrcene in 50 ml
      of methanol. The still cold solution is then briefly flushed with nitrogen
      and treated with 6.8 g (110 mmol) of dimethyl sulphide. The cooling-bath
      is thereupon removed and the reaction mixture allowed to warm up. After
      approximately 1.5 hours, the mixture is concentrated to approximately
      one-third of the volume by means of a rotary evaporator (bath-temperature
      maximum 30.degree.). The residue is taken up in ether and the solution
      thoroughly shaken twice with water. The solution is dried over sodium
      sulphate, freed from ether and the residue is distilled at water-jet
      vacuum. There are obtained 6 g (74% theoretical) of
      4-methylene-5-hexen-1-al, boiling point 50.degree.-55.degree./11 mm,
      IR-bands at 2,700, 1,750, 1,600, 905 cm.sup.-.sup.1.
PAC  EXAMPLE 2
PAR  1.51 g (3.0 mmol) of finely powdered
      (4-ethylenedioxybutyl)-triphenyl-phosphonium iodide are suspended in 10 ml
      of tetrahydrofuran and treated dropwise with a solution of 4.5 mmol of
      butyl-lithium in hexane. The solution turns red as the phosphonium iodide
      goes into solution as (4-ethylenedioxy-butylidene)-triphenyl-phosphorane.
      After approximately 10 minutes, 0.25 ml (4.5 mmol) of methyl iodide are
      added to this solution, which thereby becomes lighter, and the
      (4-ethylenedioxy-1-methylbutyl)-triphenyl-phosphonium iodide which is
      formed partially precipitates as an oil. After 10 minutes, 3.0 mmol of
      butyl-lithium in hexane are added dropwise and the solution thereby again
      becomes dark red.
PAR  After 10 minutes there are added 330 mg (3.0 mmol) of 4-methylene-5-hexenal
      (Ib-1) dissolved in 1 ml of tetrahydrofuran to the solution containing the
      phosphorane III (R.sup.1 +R.sup.1 =ethylene). The solution subsequently
      partially decolourises and after 30 minutes, 100 mg of sublimed potassium
      tertbutylate are added. The mixture is stirred for a further 1.5 hours,
      then taken up in pentane and the insoluble portion which separates out is
      decanted off. The pentane extract is subsequently washed with water until
      neutral and dried over sodium sulphate. After removal of the solvent, the
      residue is distilled. There are thus obtained 421 mg (63%) of a cis-trans
      isomer mixture of the triene acetal IV-1 (R.sup.1 +R.sup.1 =ethylene) in
      the form of an oil with a boiling point 160.degree./0.1 mm; n.sub.D.sup.20
      = 1.4930. IR-bands at 1,600 m, 1145 s, 900 s cm.sup.-.sup.1.
PAR  The ratio of the trans isomer IVa-1 (4-methyl-8-methylene-4t,9-decadienal
      ethylene acetal) to the cis isomer IVb-1
      (4-methyl-8-methylene-4c,9-decadienal ethylene acetal) amounts to ca 1:1.
      The isomer mixture may be separated by means of gas-chromatography.
PAR  The (4-ethylenedioxy-butyl)-triphenyl-phosphonium iodide (melting point
      172.degree.-177.degree.) used in this example can be obtained as follows:
      4-chlorobutyric acid chloride is reduced to 4-chlorobutanal according to
      Rosenmund, the aldehyde is acetalised with ethyleneglycol, the product
      obtained thereby is converted with sodium iodide into the ethylene acetal
      of 4-iodobutanal and the latter is reacted with triphenyl-phosphine.
PAC  Example 3
PAR  146 mg (0.65 mmol) of the triene ethylene acetal of formula IV-1 (cis-trans
      isomer mixture) are dissolved in 3.7 ml of dioxan and 1.2 ml of 0.1-N
      sulphuric acid. The solution is boiled at reflux for 2 hours, the reaction
      product is taken up in ether, this solution washed until neutral with
      sodium bicarbonate solution and dried over sodium sulphate. After removal
      of the solvent, the oily residue is distilled. There are thus obtained 97
      mg (83%) of a cis-trans isomer mixture of the triene aldehyde
      V-1,4-methyl-8-methylene-4,9-decadienal, of boiling point 100.degree./0.1
      mm.
PAR  In an analogous manner, the pure cis and trans isomers IVb-1 and IVa-1
      (obtained from the isomer mixture IV-1 by means of preparative gas
      chromatography) are saponified to the cis isomer Vb-1
      (4-methyl-8-methylene-4c,9-decadienal) and to the trans isomer Va-1
      (4-methyl-8-methylene-4t,9-decadienal) respectively. n.sub.D.sup.20 value
      and IR spectrum of the two isomers obtained are identical: n.sub.D.sup.20
      = 1.4909; IR-bands at 2700 m, 1725 s, 1600 m, 900 s cm.sup.-.sup.1.
PAC  EXAMPLE 4
PAR  175 mg (0.98 mmol) of the trans triene aldehyde Va-1
      (4-methyl-8-methylene-4t,9-decadienal) and 318 mg (1.0 mmol) of the
      phosphorane VI, (.alpha.-formyl-ethylidene)-triphenyl-phosphorane, are
      dissolved in 5 ml of benzene. The solution is boiled at reflux for 40
      hours, the benzene is thereupon removed by vacuum, the residue is treated
      with pentane, the phosphine oxide precipitates this way and is filtered
      off and the pentane is again evaporated from the filtrate. The residual
      oil is distilled. There are thus obtained 161 mg (75%) of
      gas-chromatographically pure trans .beta.-sinensal VIIa-1
      (2,6-dimethyl-10-methylene-2t,6t,11-dodecatrienal) of the approximate
      boiling point 100.degree./0.1 mm; n.sub.D.sup.20 = 1.0577; IR-bands at
      1700 s, 1600 w, 900 s cm.sup..sup.-1.
PAR  In a corresponding manner, there are obtained by reaction of 158 mg (0.89
      mmol) of the cis triene aldehyde Vb-1with 290 mg (0.91 mmol) of the
      phosphorane VI 157 mg (82%) of cis .beta.-sinensal VIIb-1 of the
      approximate boiling point 100.degree./0.1 mm; n.sub.D.sup.20 = 1.5078;
      IR-bands at 1700 s, 1600 w, 900 s cm.sup..sup.-1.
PAR  The phosphorane VI (melting point 220.degree.-222.degree.) can be obtained
      as follows: Ethyl iodide is reacted in benzene with triphenyl-phosphine to
      give ethyl-triphenyl-phosphonium iodide, and this is brought to reaction
      with butyl-lithium and formic acid methyl ester.
PAC  EXAMPLE 5
PAR  110 ml of ozone are led into a solution of 15 g (110 mmol) of myrcene in
      150 ml of ethanol (or methanol) cooled to -80.degree. in the course of
      about 4 hours. The solution is then briefly flushed with nitrogen, in
      order to expel excess ozone. A solution of 2.1 g (55.5 mmol) of sodium
      borohydride in 100 ml of methanol/water (1:1) is thereupon rapidly added
      dropwise at 0.degree. and the mixture is then allowed to react at room
      temperature for 1-2 hours. The solution is thereupon concentrated to
      one-third of the volume at the rotary evaporator (bath-temperature
      40.degree.-50.degree.), the residue taken up in ether, the ether solution
      thoroughly shaken twice with 1-molar acetic acid, washed neutral, dried
      over sodium sulphate and the ether evaporated off. After fractional
      distillation, there are obtained 5.8 g (48%) of gas-chromatographically
      pure 4-methylene-5-hexen-1-ol of boiling point 73.degree.-75.degree./11
      mm; n.sub.D.sup.20 = 1.4790; IR-bands at 3350 s, 1605 m, 900 s
      cm.sup..sup.-1.
PAC  EXAMPLE 6
PAR  10 g (89 mmol) of 4-methylene-5-hexen-1-ol and 22 g (116 mmol) of tosyl
      chloride are dissolved in 50 ml of pyridine. The mixture is allowed to
      react at 50.degree. for 1 hour. The reaction product is poured onto a
      mixture of ice and 80 ml of concentrated hydrochloric acid and the
      resulting mixture extracted with ether. The ether extracts are again
      thoroughly shaken once each with 1-N hydrochloric acid and with 1-N soda
      solution. After having been washed neutral with water, the ether solution
      is dried over sodium sulphate. After evaporation of the ether
      (bath-temperature 40.degree.-50.degree., ca. 300 mg Hg), there remain
      approximately 12 g of a crude mixture of the corresponding diene tosylate
      and diene chloride (6-chloro-3-methylene-hexene). The chloride may be
      purified by distillation (boiling point 46.degree./1 mm; n.sub.D.sup.20 =
      1.4771), but the tosylate is thereby decomposed. For this reason, the
      tosylate-chloride mixture is converted as such into the iodide.
PAR  The tosylate-chloride mixture is dissolved in a suspension of 250 ml of
      acetone and 80 g (534 mmol) of sodium iodide and boiled at reflux
      temperature with stirring for 16 hours. Ca 200 ml of acetone are
      thereafter distilled off. The residue is taken up in water/ether. The
      ether extracts are thoroughly shaken, once with sodium thiosulphate
      solution and once with water. After having been dried over sodium
      sulphate, the ether is evaporated off. Fractional distillation yields 2
      fractions:
PA1  1. Boiling point 50.degree.-68.degree./11 mm; 4.1 g; n.sub.D.sup.20 =
      1.4786 (mainly chloride)
PA1  2. Boiling point 68.degree.-76.degree./11 mm; 4.0 g; n.sub.D.sup.20 =
      1.5321 (iodide with trace of chloride)
PAR  6 g (27 mmol) of 6-iodo-3-methylene-1-hexene and 14 g (53 mmol) of
      triphenyl-phosphine are dissolved in 10 ml of benzene. The mixture is
      allowed to react at 60.degree. for 24 hours. The
      (4-methylene-5-hexenyl)-triphenyl-phosphonium iodide which crystallizes
      out after this time is filtered off by suction, washed with benzene and
      dried. Yield 10.9 g (84%); melting point 146.degree..
PAR  The 6-Iodo-3-methylene-1hexene can also be obtained from
      4-methylene-5-hexen-1-ol as follows:
PAR  2.02 g (4.5 mmol) of methyl-triphenyloxyphosphonium iodide are dissolved in
      3 ml of absolute methylene chloride and treated at 0.degree. with 0.5 g
      (4.5 mmol) 4-methylene-5-hexen-1-ol (dissolved in 0.6 ml of methylene
      chloride). After 10 minutes, the mixture is heated and then boiled at
      reflux temperature for 3 hours. There are thus obtained 333 mg of
      gas-chromatographically pure 6-iodo-3-methylene-1-hexene with
      n.sub.D.sup.20 = 1.5478; IR-bands at 1600 m, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 7
PAR  11.4 g (2.3 mmol) of (4-methylene-5-hexenyl)-triphenylphosphonium iodide
      are suspended in 80 ml of absolute tetrahydrofuran and 20 ml of absolute
      ether. 19.4 ml of 1.2- butyl-lithium solution (= 2.5 mmol of
      butyl-lithium) in hexane are added to the suspension at -20.degree.. The
      solution thereby turns red. After 30 minutes the solution is cooled to
      -60.degree. and treated with 4.5 g (2.6 mmol) of 4-oxo-pentanal diethyl
      acetal (IX: R.sup.1 = C.sub.2 H.sub.5), whereby the red solution
      decolourises. The mixture is subsequently stirred at room temperature for
      a further 3.5 hours, then poured onto ice-water and extracted with hexane.
      After drying over sodium sulphate, the hexane is evaporated off. The
      residual oil is chromatographed on the 10-fold amount of aluminum oxide.
      Through elution with benzene, there are obtained 2.6 g of thin layer
      chromatographically uniform material and therefrom, after distillation,
      2.4 g (40%) of an oil boiling point 90.degree./0.1 mm. On the basis of a
      gas-chromatographic analysis, this product is a cis/trans isomer mixture
      (2:1) of the triene acetal IV-1 (R.sup.1 = C.sub.2 H.sub.5). IR-bands at
      1600 m, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 8
PAR  2.0 g (8.0 mmol) of cis/trans trieneacetal IV-1 (R.sup.1 =C.sub.2 H.sub.5)
      are dissolved in 25 ml of dioxan and 8 ml of 0.1-N sulphuric acid. The
      solution is allowed to stand at room temperature for 3 hours. It is
      neutralised by addition of solid sodium bicarbonate and the product is
      extracted with ether. After drying the ether extract over sodium sulphate,
      evaporation of the solvent and distillation of the residue, there are
      obtained 1.1 g (77%) of cis/trans triene aldehyde V-1 of boiling point
      100.degree./0.1 mm; n.sub.D.sup.22 = 1.4831; IR-bands at 1730 s, 1600 m,
      900 s cm.sup..sup.-1.
PAC  EXAMPLE 9
PAR  4 g (8.3 mmol) of finely powdered and well dried
      (4-methylene-5-hexenyl)-triphenyl-phosphonium iodide are suspended in 24
      ml of absolute tetrahydrofuran and 8 ml of absolute ether and treated at
      -20.degree. with 6.8 ml of 1.2-M (8.2 mmol) butyl-lithium solution in
      hexane, whereby the characteristic red colouration rapidly apprears. After
      having reacted for 30 minutes at -20.degree., the solution is cooled to
      -70.degree. and then treated with 1.52 g (8.3 mmol) of
      6-oxo-2-methyl-2-heptenoic acid ethyl ester X-1 (R.sup.2 =C.sub.2
      H.sub.5). Very rapid decolourisation of the solution is thereby effected.
      The mixture is allowed to reach room temperature and stirred for a further
      2.5 hours, then poured onto ice/water and extracted with ether. After
      drying over sodium sulphate, the solvent is evaporated off. There remain
      3.7 g of a crude oil which, for the purpose of purification, is subjected
      to chromatography on the four-fold amount of silica gel (Merck 0.2-0.5).
      1.3 g of the ester XI (thin layer-chromatographically pure) (R.sup.2
      =C.sub.2 H.sub.5), namely 2,6-dimethyl-10-methylene-2,6,11-dodecatrienoic
      acid ethyl ester, are eluted with benzene. By a distillation of this
      product there are obtained 895 mg (41%) of this ester with n.sub.D.sup.20
      = 1.4938. On the basis of gas-chromatographic analysis, this is an
      approximately 1:1 mixture of the 6-cis and the 6-trans isomers
      (2,6-dimethyl-10-methylene-2t,6c,11-dodecatrienoic acid ethyl ester and
      2,6-dimethyl-10-methylene-2t,6t,11-dodecatrienoic acid ethyl ester).
PAR  IR-bands at 1705 s, 1650 w, 1600 w, 900 s cm.sup..sup.-1.
PAR  The cis/trans isomer mixture can be separated gaschromatographically. Cis
      isomer: n.sub.D.sup.20 = 1.4942; trans isomer: n.sub.D.sup.20 = 1.4946.
PAC  EXAMPLE 10
PAR  33 mg (0.25 mmol) anhydrous aluminum chloride and 31 mg (0.78 mmol) of
      lithium aluminum hydride are suspended in 1 ml of absolute ether. To this
      suspension there are added at -80.degree., with the exclusion of moisture,
      90 mg (0.34 mmol) of the cis/trans ester XI-1 obtained in accordance with
      Example 9 in a little ether. The reaction mixture is stirred at
      -30.degree. for 15 minutes, subsequently again cooled to -80.degree. and
      then treated with about 0.5 ml of methanol. The mixture is poured onto
      ice/0.1-N hydrochloric acid and extracted with ether. The ether solution
      is washed neutral with water and dried over sodium sulphate. The oil
      remaining after evaporation of the ether is distilled. There are thus
      obtained 58 mg (76%) of the colourless, gas-chromatographically pure
      cis/trans alcohol XII-1 (2,6-dimethyl-10-methylene-2t,6c/t,11
      -dodecatrienol). IR-bands at 3300 s, 1600 m, 900 s cm.sup.-.sup.1. Boiling
      point approximately 100.degree./0.1 mm.
PAC  EXAMPLE 11
PAR  40 mg (0.18 mmol) of the cis/trans alcohol XII-1 obtained in accordance
      with Example 10 are added to a suspension of 140 mg of manganese dioxide
      in 1 ml of hexane. The mixture is stirred in a nitrogen atmosphere at room
      temperature for 21 hours, subsequently filtered and the filtrate freed
      from hexane. By distillation of the residue, there are obtained 19 mg
      (48%) of colourless, gas-chromatographically pure cis/trans aldehyde VII-1
      (2,6-dimethyl-10-methylene-2t,6c/t,11-dodecatrienal) of boiling point
      approximately 100.degree./0.1 mm; IR-bands at 1695 s, 1650 m, 1600 m, 900
      s cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAR  1 g (5.6 mmol) of trans triene aldehyde Va-1
      (4-methyl-8-methylene-4t,9-decadienal) are added to a suspension,
      previously cooled to -20.degree., of 3.3 g (9.1 mmol) of
      (.alpha.-carbethoxyethylidene)-triphenyl phosphorane in 12 ml of absolute
      methylene chloride, whereupon the reaction mixture is allowed to stand for
      30 hours at -20.degree.. After removal of the solvent through vacuum,
      hexane is added, the precipitated phosphine oxide is filtered off and the
      filtrate is concentrated. The residue is distilled in a bulb tube. There
      are thus obtained 1.25 g (77%) of tetrane ester XI-1 (2,6-dimethyl-10
      -methylen-2t,6t, 11-dodecatrienoic acid ethyl ester) in the form of a
      colourles oil of b.p. 100.degree.10,1 mm; IR-bands at 1720 s, 1650 w, 1600
      w, 900 s cm.sup.-.sup.1.
PAC  EXAMPLE 13
PAR  37 mmol of ozone are passed in the course of 80 minutes through a solution,
      previously cooled to -80.degree., of 5 g (37 mmol) of ocimene in 50 ml of
      methanol. The reaction mixture is thereafter briefly flushed with
      nitrogen. A solution of 700 mg (19 mmol) of sodium borohydride in 20 ml of
      methanol/water is then added dropwise at 0.degree.. The mixture is allowed
      to react at room temperature for 2 hours. The mixture is then concentrated
      to ca one-third of the volume at the rotary evaporator (bath
      35.degree.-40.degree./20 mm Hg). The residue is taken up in ether,
      thoroughly shaken with 1-N acetic acid and then again washed neutral with
      sodium bicarbonate solution. After drying thee organic phase over sodium
      sulphate and evaporation of the ether, there remain 3.7 g of crude
      material which, after fractional distillation, yield 1.4 g (34%) of
      4-methyl-3,5-hexadien-1-ol of boiling point 80.degree.-81.degree./11 mm,
      n.sub.D.sup. 20 = 1.4931. IR-bands at 3300 s, 1650 w, 1610 w, 900 s
      cm.sup.-.sup.1.
PAR  The cis/trans isomer mixture of 4-methyl-3,5-hexadien-1-ol may be resolved,
      e.g. by means of gas chromatography, into the pure cis and the pure trans
      isomer.
PAC  EXAMPLE 14
PAR  2.4 g (5.36 mmol) of triphenyl-phosphite-metho-iodide are dissolved in 4.5
      ml of methylene chloride and treated with 300 mg (2.68 mmol) of
      4-methyl-3,5-hexadien-1-ol (cis/trans isomere mixture). The reaction
      mixture is refluxed for 15 minutes in a nitrogen atmosphere. It is
      subsequently diluted with ether, the ether layer washed three times with
      ice-cold 0.1N soda lye then twice with water and then dried over sodium
      sulfate. After removal of the solvent by vacuum an oil remains, which is
      purified by chromatography on 10 g of Silicagel (Merck 0.5-0.02). After
      elution of the column with hexane, there are obtained 480 mg (60%) of pure
      6-iodo-3-methyl-1,3-hexadiene of b.p. 90.degree./11 mm; n.sub.D.sup.20 =
      1.5656; IR-bands at 1650 m, 1610 m, 900 s cm.sup.-.sup.1.
PAR  In an analogous manner, the pure cis and trans iodide can be obtained
      starting from the corresponding pure cis or trans isomer respectively.
PAR  The 6-iodo-3-methyl-1,3-hexadiene obtained is converted in analogy to the
      method described in Example 6 with triphenyl phosphine to the
      (4-methyl-3,5-hexadienyl)-triphenyl phosphonium iodide. Thereby the
      phosphonium salt of a) the cis/trans isomer mixture of m.p.
      113.degree.-120.degree.; b) the trans isomer of m.p.
      126.degree.-135.degree.; c) the cis isomer of m.p.
      102.degree.-110.degree., are obtained with a yield of about 90%.
PAC  EXAMPLE 15
PAR  The phosphonium iodide obtained
      (4-methyl-3,5-hexadienyl)-triphenyl-phosphonium iodide) is condensed in a
      Wittig reaction with 4-oxo-pentanal diethyl acetal (IX:R.sup.1 =C.sub.2
      H.sub.5) to the corresponding triene acetal
      (4,8-dimethyl-4,7,9-decatrienal diethylacetal). The reaction is carried
      out in an analogous manner to the Wittig reaction described in Example 7.
      Starting from pure cis and from pure trans phosphonium iodide, there is
      obtained, respectively, an approximately 7:3 mixture of .DELTA..sup.4
      -cis/trans, .DELTA..sup.7 -cis and of .DELTA..sup.4 -cis/trans,
      .DELTA..sup.7 -trans triene acetal. B.p. in the bulb tube about
      100.degree./0.1 mm; TR-bands at 1650 m, 1600 m, 895 s cm.sup.-.sup.1. The
      isomers may be resolved by gas chromatography.
PAC  EXAMPLE 16
PAR  The obtained triene acetal is saponified to the corresponding triene
      aldehyde (4,8-dimethyl-4,7,9-decatrienal) in analogy to the process of
      Example 8. B.p. in the bulb tube about 90.degree./0.1 mm; IR-bands at 270
      m, 1740 s, 1650 m, 1600 m, 900 m cm.sup.-.sup.1.
PAC  EXAMPLE 17
PAR  In analogy to the process described in Example 12, by a Wittig condensation
      of trans/trans triene aldehyde (4,8-dimethyl-4t,7t,9-decatrienal) with
      (.alpha.-carbethoxyethylidene)-triphenyl phosphoran (XIII: R.sup.2 =
      C.sub.2 H.sub.5) the corresponding all-trans tetraene ester
      (2,6,10-trimethyl-2t,6t,9t,11-dodecatetraenoic acid ethyl ester) is
      obtained. B.p. in the bulb tube about 100.degree./0.1 mm; IR-bands at 1715
      s, 1650 w, 1610 w, 896 m cm.sup.-.sup.1.
PAC  EXAMPLE 18
PAR  By reduction of the obtained all-trans tetraene ester (2,6,10-trimethyl-2t,
      6t, 9t, 11-dodecatetraenoic acid ethyl ester) in analogy to the process
      described in Example 10, there is obtained the corresponding all-trans
      tetraene alcohol (2,6,10-trimethyl-2t, 6t, 9t, 11-dodecatetraenol). B.p.
      in the bulb tube about 100.degree.-110.degree./0,1 mm; IR-bands at 3350 s,
      1650 m, 1610 m, 995 m, 895 m cm.sup.-.sup.1.
PAC  EXAMPLE 19
PAR  By oxidation of the obtained all-trans tetraene alcohol
      (2,6,10-trimethyl-2t, 6t, 9t, 11-dodecatrienol) in analogy to the process
      described in Example 11, there is obtained the corresponding all-trans
      tetraene aldehyde, .alpha.-sinensal (2,6,10-trimethyl-2t, 6t, 9t,
      11-dodecatrienal). B.p. in the bulb tube about 100.degree./0.1 mm;
      IR-bands at 1725 w, 1650 m, 1610 m, 995 m, 895 m cm.sup.-.sup.1.
PAC  EXAMPLE 20
PAR  1,6 g of 4-methylene-5-hexen-1-al (see Example 1) are dissolved, together
      with 5,5 g of silver nitrate, in 14 ml of ethyl alcohol and 7 ml of water.
      49 ml of 1 n sodium hydroxide are added to the solution and the mixture is
      shaken for 20 hours at room temperature. The silver and the silver oxide
      are filtered off and the filtrate is extracted with pentane. 240 mg of the
      starting aldehyde are recovered. The aqueous phase is acidified with
      hydrochloric acid and extracted thrice with ether. The ether-extract is
      washed until neutral, dried and the solvent evaporated. Through a
      subsequent distillation in a bulb tube there are obtained 900 mg of a
      colorless oil; (50% of the theory); b.p. (bulb tube) of the
      4-methylene-5-hexaenoic acid 90.degree./0,1 mm, n.sub.D.sup.24,5 1,4752.
      IR-bands at 1715 s, 1600 m, 910 m.
PAR  Esterification of this product with diazomethane yields the corresponding
      methylester; b.p. (bulb tube) 85.degree. /11 mm,
      n.sub.D.sup.24.sup..degree. 1,4605. IR bands at 3000 s, 1740 s, 1640 w,
      1600 m, 1440 s, 900 s.
PAR  The foregoing illustrates the practice of this invention, which, however,
      is not to be limited thereby but is to be construed as broadly as
      permissible in view of the prior art and limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process which comprises ozonizing a compound having the formula:
      ##SPC9##
PAL  with not more than about 1 mole equivalent of ozone per mole of said
      compound at temperatures below ambient room temperature and decomposing
      the ozonization product in the presence of a reducing agent suitable for
      reducing ozonization products to alcohols, selected from the group
      consisting of a complex metal hydride, hydrogen catalytically activiated
      by noble-or transition metals or complexes of such said metals, to form
      the product having the formula:
      ##SPC10##
PAL  converting the alcoholic hydroxyl group to an iodo substituent, reacting
      the resulting iodo-compound with triphenyl phosphine to give the
      corresponding phosphonium iodide, neutralizing said compound to form
      ##SPC11##
PAL  wherein Ph signifies a phenyl group,
PA1  reacting the latter with the ketone acetal of the formula
      ##SPC12##
PAL  to form
      ##EQU8##
      wherein R.sup.1 signifies lower alkyl groups which may be linked together
      to form a lower alkylene group, hydrolyzing the resulting triene acetal
      which is obtained to the triene aldehyde of the formula:
      ##EQU9##
      and reacting the resulting triene aldehyde with a phosphorane of the
      general formula:
      ##EQU10##
      wherein Ph has the above significance, to give a corresponding tetraene
      aldehyde of the formula:
      ##EQU11##
NUM  2.
PAR  2. The process of claim 1, wherein myrcene is the starting material
      ozonized and the final product obtained has the formula
      ##EQU12##
NUM  3.
PAR  3. The process of claim 1, wherein ocimene is the starting material
      ozonized and the final product obtained has the formula
      ##EQU13##
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ABST
PAL  Process for the synthesis of methyl mercaptan by the reaction of methanol
      with hydrogen sulfide wherein a high degree of conversion and enhanced
      selectivity for the product are obtained by dividing the quantity of
      catalyst utilized in the reaction into a minimum of three separate
      portions to form a plurality of reactive catalyst zones and introducing
      the total amount of hydrogen sulfide reagent into the first of such
      catalyst zones and thereafter introducing equivalent or alternatively
      different amounts of the methanol reagent into the consecutive
      interconnected catalytic zones to react with hydrogen sulfide flowing
      therethrough while maintaining a molar ratio of hydrogen sulfide to
      methanol between 1.1 and 2.5. By subdividing the catalyst into separate
      beds and introducing the reagents consecutively into the catalytic zones,
      it is possible to maintain the temperature of the reaction mixture within
      the optimum range and, therefore, to minimize deterioration of the
      catalyst due to excessive temperature and substantially eliminate the
      formation of undesired by-products.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the synthesis of methyl
      mercaptan from hydrogen sulfide and methanol.
PAR  Although methyl mercaptan can be produced catalytically from various
      starting materials, such as carbon disulfide, carbon monoxide or methane,
      the most important method from a commercial standpoint consists of
      reacting hydrogen sulfide and methanol in the vapor phase in the presence
      of a catalyst essentially as described by Sabatier in 1910 (P. Sabatier,
      and A. Mailhe, compterendu 150, 832-6, 1569-72, 1217-21, 1910). Since that
      time, it has been possible to gradually increase the degree of methanol
      conversion above the 50% level obtained by Sabatier et al by utilizing
      more effective catalysts. Today, due especially to the use of catalysts
      based on activated alumina and promoters such as potassium oxides or
      salts, the problem posed by the synthesis of methyl mercaptan is no longer
      so much that of the degree of conversion of methanol as that of the
      selectivity of the reaction for the desired product. In the course of the
      reaction, a number of objectionable by-products are formed, the primary
      one being dimethyl sulfide.
PAR  It has previously been recognized that the degree of methanol conversion is
      increased by increasing the temperature of the reaction, while the
      selectivity in favor of methyl mercaptan is decreased by elevated
      temperature conditions. Moreover, a temperature threshold exists below
      which the reaction is not initiated when employing the usual catalysts
      based on alumina. In practice, therefore, the reactants are introduced
      into the catalyst mixture at a temperature above 280.degree.C. Since the
      reaction is exothermic, the reaction temperature rapidly escalates, and
      this, as stated above, favorably affects the degree of conversion of the
      methanol but adversely affects the selectivity of the reaction. As
      disclosed in French Pat. No. 1,161,066, filed June 22, 1956, maintaining
      the reaction mixture at a uniform temperature very selectively promotes
      the formation of methyl mercaptan and, consequently, minimizes undesired
      by-products such as dimethyl sulfide. It can readily be seen then that
      controlling the temperature is a significant consideration in carrying out
      the synthesis of methyl mercaptan.
PAR  The temperature control method proposed in the abovementioned French patent
      involves a combination of external and internal temperature regulative
      means. Externally, the reaction mixture is cooled by any means which makes
      it possible to remove heat from the reaction mixture, for example, by
      using a tubular reactor through which a heat exchange fluid, such as air
      or an organic liquid with a high boiling point, flows. Internal
      temperature regulation is achieved by utilizing a high molar ratio of
      hydrogen sulfide to methanol (greater than 2.5) making it possible to use
      the excess hydrogen sulfide as a heat absorbing agent, and moreover,
      promoting the formation of methyl mercaptan due to the increased
      selectivity of the reaction observed with a high H.sub.2 S/CH.sub.3 OH
      molar ratio.
PAR  While the foregoing solution has proved to be valuable, there are a number
      of disadvantages associated therewith. One such disadvantage is the
      necessity of using means external to the reaction to control the
      temperature instead of confining control to the regulation of reaction
      parameters. The distinctive drawback of utilizing external control is that
      it makes it extremely difficult to rapidly lower the reaction temperature
      in the event of serious exothermic conditions. Moreover, as a consequence
      of the elevated temperature prevailing in the reaction system and the
      fluctuation thereof occasioned by unstable exothermic conditions, the
      selection of the proper heat exchange fluid is necessarily somewhat
      arbitrary which gives rise to unpredictable temperature control often
      resulting in serious deterioration and corrosion within the reactor. It
      should also be noted that even where optimum heat exchange conditions
      exist, a severe hot spot is observed at the inlet to the reactor causing
      premature destruction of the catalyst as well as the increased production
      of methanol cracking products. While the deleterious affect on the
      catalyst can be partially avoided by diluting the catalyst in the inlet
      zone, this presents difficult charging problems and problems related to
      maintaining the homogeneity of the catalyst charge in the reactor.
PAR  The utilization of a high H.sub.2 S/CH.sub.3 OH molar ratio represents a
      serious disadvantage in the sense that it necessitates making the reactor
      unit larger to accommodate the excess feed, resulting in higher investment
      and operating costs. Moreover, a large excess of hydrogen sulfide leads to
      a reduction in the amount of methyl mercaptan recovered as a result of the
      entrainment of the product in the uncondensed gases removed after the
      reaction.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the instant invention to provide a
      process for the synthesis of methyl mercaptan from hydrogen sulfide and
      methanol, wherein the problems and disadvantages associated with prior art
      methods are obviated.
PAR  A further object of the invention is to provide a process for the
      preparation of methyl mercaptan wherein a high degree of conversion of the
      methanol reactant is achieved resulting in enhanced yield of the product
      while at the same time avoiding the formation of undesired by-products.
PAR  Another object of the present invention is to provide a method for
      controlling the temperature of the reaction system within a prescribed
      optimum range and wherein temperature regulation is obtained by
      selectively adjusting the quantity of catalyst in contact with the
      reactants at any point in a reactor as well as by controlling the relative
      molar ratio of the hydrogen sulfide and methanol reactants in the system.
PAR  These and other objects and advantages are accomplished in accordance with
      the process of the present invention which comprises reacting hydrogen
      sulfide and methanol to form methyl mercaptan under vapor phase conditions
      at elevated temperature and pressure and in the presence of suitable
      catalysts and, optionally, promoters and wherein optimum temperature
      control within the reaction system is attained by dividing the catalyst
      into at least three separate portions to establish a series of reactive
      catalytic zones and introducing the total amount of hydrogen sulfide
      reagent into the first of such catalytic zones and thereafter injecting
      predetermined portions of methanol reagent into the consecutive
      interconnected catalytic zones to effectuate the reaction with hydrogen
      sulfide flowing therethrough.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the process of the instant invention, essential
      temperature control in the synthesis of methyl mercaptan is achieved
      entirely within the reaction system by modifying certain process
      parameters without the necessity of utilizing any form of external cooling
      means such as water jackets or heat exchangers.
PAR  Applicants have found that such internal temperature control can be
      accomplished simply and effectively by dividing the amount of catalyst to
      be charged to the reactor into at least three separate portions containing
      the same or different quantities of catalytic component to form a
      plurality of reactive catalytic zones through which the hydrogen sulfide
      and methanol reagents in particular predetermined amounts are passed. In
      practice, the division of the catalyst is achieved by using either a
      single reactor equipped with plates which are spaced apart and contain a
      portion of the catalyst, or a series of reactors containing the necessary
      amounts of catalyst. In tests carried out by the applicants it has been
      found that for a H.sub.2 S/CH.sub.3 OH molar ratio of less than 2.5, and
      at the temperature required for initiating the reaction which is on the
      order of about 280.degree.C., it is not possible to use any fewer than
      three catalyst beds without causing the temperature to exceed that at
      which the catalyst deteriorates and undesirable methanol cracking
      derivatives are formed. On the other hand, there does not appear to be any
      definite upper limit for the number of catalyst beds or zones which can be
      utilized although technological and economic constraints may, in fact,
      necessitate employing not more than approximately 15.
PAR  The catalyst charged to the reactor is advantageously in the form of solid
      particles such as balls or pellets having a diameter of 1 to 10 mm.
PAR  As stated hereinabove, the relative amounts of reagents and the order in
      which they are introduced into the reactor also affect the temperature
      levels reached therein and, therefore, according to the present process
      all of the hydrogen sulfide is introduced at the level of the first
      catalyst bed, while the methanol reagent is injected in predetermined
      portions at the inlet to each of the successive catalyst zones. The
      amounts of methanol reagent introduced may be distributed equally or
      unequally over all of the beds. Moreover, it is possible to distribute the
      entire methanol charge over all of the catalyst beds except for a few
      units, in order to use the latter units as zones for completing the
      reaction. For example, if the catalyst is divided into ten consecutive
      beds, the methanol charge may then be divided into nine equal portions,
      each being introduced at the level of the first nine beds and the last bed
      utilized for completing the reaction.
PAR  In one preferred embodiment of the invention, the catalytic process is
      continuous inasmuch as the catalyst is first charged to the reactor and
      thereafter the reagents are continuously fed to the catalytic zones at a
      predetermined rate.
PAR  According to a preferred embodiment of the invention, the apparatus
      utilized to introduced the methanol into the reactor is selected so as to
      permit the injection of the latter partially in liquid form and partially
      in gas form. The methanol heat of evaporation thus absorbs all or part of
      the heat generated by the reaction. By regulating the proportion of
      methanol introduced in liquid form depending on the desired temperature
      for the reagents at the inlet of a particular catalyst bed, it is,
      therefore, possible to effectively control the temperature of the
      reaction.
PAR  Another aspect of the invention consists of utilizing an overall H.sub.2
      S/CH.sub.3 OH molar ratio of between 1.10 and 2.5. By means of the
      multiple injection technique described above, it is possible to enhance
      the selectivity of the reaction in favor of methyl mercaptan despite the
      fact that the molar ratio is considerably lower than conventionally
      employed. Inasmuch as the present process does not require a substantial
      excess of hydrogen sulfide, it is particularly advantageous from an
      economic standpoint since the size of the reactors, pipelines, pumps and
      the like can be significantly reduced in comparison to prior art apparatus
      used in connection with the preparation of methyl mercaptan.
PAR  Another aspect of the invention comprises selecting as the catatlyst an
      activated alumina, the specific surface area of which is between 100 and
      350 m.sup.2 /g in contrast to prior art catalysts which frequently are
      aluminas having a low surface area.
PAR  Moreover, in order further to improve the selectivity of the reaction, it
      is possible to use a promoter which may be selected from any of the
      promoters heretofore known in the art and suitable for carrying out the
      invention process. However, particularly effective promoters are metal
      sulfides, such as cadmium sulfide, or potassium salts and oxides such as
      potassium carbonate and potassium tungstate.
PAR  The amounts of catalyst and promoters utilized in practicing the invention
      are not critical and, therefore, conventionally employed quantities of
      same, such as suggested in the aforementioned French patent, may be
      utilized without adversely affecting temperature control within the
      system.
PAR  The temperature at all points throughout the reaction system should be
      between about 280.degree.C. and 450.degree.C., and preferably between
      about 320.degree.C. and 370.degree.C. for the reasons given above. The
      pressure in the reactor or reactors will normally be maintained between
      2.5 and 25 bars, and preferably between about 7 and 12 bars. Below 2.5
      bars, with a H.sub.2 S/CH.sub.3 OH molar ratio of less than 2.5, the
      degree of conversion of the methanol declines considerably whereas
      recourse to higher pressures on the order of 20 bars makes it possible to
      increase the recovery of the mercaptan product. Since hydrogen sulfide can
      be completely condensed, the quantity of mercaptan entrained in the gas
      phase is reduced to trace amounts. However, the choice of the pressure to
      be employed in the process is ultimately determined by weighing the
      advantages of increased conversion against the increased investment and
      operating costs involved in high pressure equipment.
PAR  The methyl mercaptan product is isolated from the reaction effluent in
      accordance with conventional distillation and decanting techniques.
PAR  The invention is further described by the following examples which are
      merely illustrative of specific modes of practicing the invention and are
      not intended to limit the scope of the present invention as defined by the
      appended claims.
PAC  EXAMPLE 1
PAR  A reaction system for the synthesis of methyl mercaptan was installed and
      comprised 10 reactors each containing nine liters of catalyst and 2
      completion zones of the same volume. The catalyst consisted of activated
      alumina having a specific surface area of 350 m.sup.2 /g and into which
      was incorporated approximately 10% by weight of potassium tungstate. 470
      moles per hour of methanol were introduced into the system distributed
      equally over the first ten reactors. Each portion of methanol introduced
      was approximately 60% to 40% in liquid form with the remainder in gaseous
      form, the proportion decreasing uniformly from the second to the last
      reactor.
PA1  Additional operating conditions were as follows: overall H.sub.2 S/CH.sub.3
      OH molar ratio = 1.8,
PA1  temperature at which the reagents were introduced into the first reactor =
      320.degree.C.
PA1  pressure = 8 bars.
PA1  The following results were obtained:
PA1  maximum temperature in the system: 374.degree.C.,
PA1  degree of conversion of methanol: 98.5%,
PA1  selectivity of the conversion with respect to methyl mercaptan: 91%.
PAR  By comparison, the following results were obtained utilizing the same total
      volume of catalyst present in a multi-tubular reactor consisting of 9
      tubes of length 5 m and of diameter 50 mm and cooled by means of air and
      operated under the same conditions as in the system described above:
TBL  maximum T.degree.C. :        510.degree.C.                                

     degree of conversion                                                      

                         :        99%                                          

     selectivity         :        80%                                          

PAR  It is, thus, apparent that in addition to the low selectivity obtained with
      the air cooled reaction system, the catalyst mixture was heated to a
      temperature of 510.degree.C. at which the catalyst undergoes considerable
      deterioration.
PAC  EXAMPLE 2
PAR  In a system similar to that of Example 1, but consisting of 3 reactors each
      supplied with 47 moles/hour of methanol and operated under the following
      conditions:
PA1  H.sub.2 s/ch.sub.3 oh molar ratio = 1.8,
PA1  T.degree.c. at the inlet of the first reactor = 300.degree.C., pressure = 8
      bars,
PAL  the maximum temperature reached was 445.degree.C., which is practically the
      maximum permissible temperature for the catalyst.
PAC  EXAMPLE 3
PAR  In an installation similar to that of Example 1 but wherein the 2
      completion reactors were omitted and the reaction conditions were as
      follows:
PA1  H.sub.2 s/ch.sub.3 oh molar ratio = 1.15,
PA1  T.degree.c. at the inlet of the first reactor = 320.degree.C.,
PA1  pressure = 8 bars,
PAL  the following results were obtained:
PA1  maximum temperature: 388.degree.C.
PA1  degree of conversion of methanol: 82%
PA1  selectivity: 81%
PAC  EXAMPLE 4
PAR  In a system similar to that of Example 3 and under the following
      conditions:
PA1  H.sub.2 s/ch.sub.3 oh molar ratio = 1.80,
PA1  T.degree.c. at the inlet of the first reactor = 320.degree.C.,
PA1  pressure = 2 bars,
PAL  the following results were obtained:
PA1  T.degree.c. maximum: 375.degree.C.,
PA1  conversion: 80.5%,
PA1  selectivity: 93.3%.
PAR  It is evident from the foregoing that by dividing the catalyst charge and
      by controlling the amount of reagents introduced into each catalyst bed,
      the maximum temperature in the system is maintained within the desired
      range without adversely affecting the conversion rate and the selectivity
      of the reaction.
PAR  Various embodiments and modifications of the invention have been described
      in the foregoing description and examples, and further modifications will
      be apparent to those skilled in the art. For instance, it is contemplated
      that various types of reactors can be employed which will permit the
      catalyst to be divided in accordance with the invention. Likewise, various
      catalysts and promoters may be substituted for those suggested herein.
      These and other analogous modifications, alterations and substitutions are
      included within the scope of the present invention as defined by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a catalytic process for the vapor phase synthesis of methyl mercaptan
      by the reaction of hydrogen sulfide and methanol, the improvement
      comprising dividing the catalyst charge into separate portions to
      establish at least three catalytic zones within the catalyst bed,
      introducing the total theoretical amount of hydrogen sulfide into the
      first of said catalytic zones, introducing preselected amounts of methanol
      reagent into said catalytic zones wherein the molar ratio of hydrogen
      sulfide to methanol is between about 1.10 to 2.5 whereby the temperature
      in each of said catalytic zones is maintained between about 280.degree.C.
      and 450.degree.C. and recovering the methyl mercaptan product exiting from
      said catalyst bed.
NUM  2.
PAR  2. The process as defined by claim 1, wherein said process is continuous
      and is effectuated at elevated pressure and temperatures.
NUM  3.
PAR  3. The process as defined by claim 2, wherein the pressure is between about
      2.5 bars and 25 bars.
NUM  4.
PAR  4. The process as defined by claim 2, wherein the temperature is between
      about 320.degree.C. and 370.degree.C. and the pressure is between about 7
      bars and 12 bars.
NUM  5.
PAR  5. The process as defined by claim 1, wherein said catalyst is an activated
      alumina catalyst having a specific surface area between about 100 and 350
      m.sup.2 /g.
NUM  6.
PAR  6. The process as defined by claim 5, wherein said catalyst further
      includes in combination therewith a promoter.
NUM  7.
PAR  7. The process as defined by claim 6, wherein said promoter is selected
      from the group consisting of metal sulfides, alkali metal salts and alkali
      metal oxides.
NUM  8.
PAR  8. The process as defined by claim 7, wherein said promoter is selected
      from the group consisting of cadmium sulfide, potassium carbonate and
      potassium tungstate.
NUM  9.
PAR  9. The process as defined by claim 1, wherein the number of catalytic zones
      ranges between about 3and 15.
NUM  10.
PAR  10. The process as defined by claim 1, wherein the methanol reagent
      introduced in said catalytic zones comprises a mixture of liquid and
      gaseous methanol.
NUM  11.
PAR  11. The process as defined by claim 10, wherein the proportionate amounts
      of liquid and gaseous methanol reagent vary between about 60 and 40%,
      respectively, in at least some of said catalytic zones and between about
      40 and 60%, respectively, in other of said catalytic zones.
NUM  12.
PAR  12. The process as defined by claim 1, wherein equivalent amounts of
      methanol reagent are introduced into each of said catalytic zones.
NUM  13.
PAR  13. The process as defined by claim 1, wherein different amounts of
      methanol reagent are introduced into each of said catalytic zones.
NUM  14.
PAR  14. The process as defined by claim 1, wherein at least one of said
      catalytic zones is not charged with methanol reagent.
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PAL  Perfluoroalkylthio glycols and esters thereof can be prepared by the
      free-radical catalyzed addition of a perfluoroalkylthiol to an acetylenic
      alcohol or ester thereof. The compounds obtained are useful intermediates
      for the synthesis of fluorochemicals with low free surface energies having
      oil and water repellent properties. In one embodiment, a
      perfluoroalkylthio glycol can be reacted with a diisocyanate to obtain a
      polyurethane containing perfluoroalkylthio groups, which polyurethanes are
      useful as coatings to provide oil and water repellence to textiles and as
      additives to plastics to provide mold-release and other desirable
      properties.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel R.sub.f -glycols and derivatives thereof
      which are useful as intermediates for the synthesis of fluorochemical
      compounds whih possess low free surface energies and provide oil and water
      repellency. One aspect of this invention relates to a method of making
      said R.sub.f -glycols esters and ethers. Another aspect of this invention
      relates to R.sub.f -containing urethane compositions. One embodiment of
      this aspect of the invention relates to a reactive composition comprising
      a mono- or polyisocyanate or isocyanate terminated prepolymer and an
      R.sub.f -glycol or hydroxyl-terminated R.sub.f -containing prepolymer. In
      another embodiment of this aspect, the R.sub.f -glycols can be converted
      to isocyanate-terminated R.sub.f -prepolymers which form reactive
      compositions with alcohols, polyols, R.sub.f -glycols, polyol prepolymers
      and hydroxyl-terminated R.sub.f -containing prepolymers. In still another
      embodiment, the R.sub.f -glycols can be used to replace part or all of the
      hydroxyl component in a urethane composition. In yet another embodiment,
      the invention relates to a urethane composition containing the residue of
      at least one R.sub.f -glycol. Another aspect of the invention relates to a
      substrate containing 0.01 to 10% by weight of a fluorine-containing
      urethane composition, at least part of said fluorine being provided by one
      or more units derived from the R.sub.f -glycols.
PAR  The novel R.sub.f -glycols and derivatives thereof have the general
      formula:
      ##EQU1##
      where
PAR  R.sub.f is straight or branched chain perfluoroalkyl of 1 to 18 carbon
      atoms or said perfluoroalkyl substituted by perfluoroalkoxy of 2 to 6
      atoms,
PAR  R.sub.1 is branched or straight chain alkylene of 1 to 12 carbon atoms,
      alkylenethioalkylene of 2 to 12 carbon
PAL  Atoms, alkyleneoxyalkylene of 2 to 12 carbon atoms or alkyleneiminoalkylene
      of 2 to 12 carbon atoms where the nitrogen atom contains as a third
      substituent, hydrogen or alkyl of 1 to 6 carbon atoms,
PAR  R.sub.2 and R.sub.3 each independently is straight or branched chain
      alkylene of 1 to 12 carbon atoms or alkylene (polyoxyalkylene) of formula
      C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r where
PA1  m is an integer from 1 to 12,
PA1  k is an integer from 2 to 6,
PA1  r is an integer from 1 to 40.
PAR  R.sub.4 is hydrogen alkyl of 1 to 24 carbon atoms or acyl where said acyl
      is derived from an aliphatic or aromatic carboxylic acid of up to 24
      carbon atoms. Thus, R.sub.4 can be hydrogen, alkyl of 1 to 24 carbon
      atoms, alkanoyl of 1 to 24 carbon atoms, alkenoyl of 1 to 24 carbon atoms
      or said alkanoyl or alkenoyl substituted by 1 to 3 of chloro, bromo and
      carboxyl,
PA1  or said alkanoyl substituted by phenyl or naphthyl, said phenyl or naphthyl
      being unsubstituted or substituted by 1 to 3 of chloro, bromo, alkyl of 1
      to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms,
PA1  or said alkanoyl substituted by lower acyl or
PA1  lower acylamino where lower acyl means alkanoyl or alkenoyl of 2 to 6
      carbon atoms and the mono- or di-chloro or bromo derivative thereof;
PA1  or R.sub.4 is benzoyl or benzoyl substituted by 1 to 3 of chloro, bromo,
      alkyl of 1 to 18 carbon atoms, alkoxy of 1 to 8 carbon atoms or lowr acyl
      or acylamino where lower acyl means alkanoyl or alkenoyl of 2 to 6 carbon
      atoms, and the mono- or di-chloro or bromo derivative thereof.  Some
      preferred members of "lower acyl" are: chloroacetyl, bromoacetyl,
      .beta.-chloropropionyl, .beta.-bromopropionyl,
      .alpha.,.beta.-dichloropropionyl, .alpha.,.beta.-dibromopropionyl, acryl,
      methacryl, .alpha.-chloroacryl, .alpha.-bromoacryl, .alpha.,.beta.- or
      .beta.,.beta.-dichloro- or dibromoacryl, .beta.-chlorocrotonyl,
      .alpha.-chlorocrotonyl, .beta.-bromocrotonyl, and .alpha.-bromocrotonyl,
PAR  Useful compounds are those where
PAR  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms or said perfluoroalkyl
      substituted by perfluoroalkoxy of 2 to 6 carbon atoms,
PAR  R.sub.1 is branched or straight chain alkylene of 2 to 8 carbon atoms,
      alkylenethioalkylene of 2 to 8 carbon atoms, alkyleneoxyalkylene of 2 to 8
      carbon atoms or alkylene-iminoalkylene of 2 to 8 carbon atoms where the
      nitrogen atom contains hydrogen or methyl as a third substituent;
PAR  R.sub.2 and R.sub.3 are each independently straight or branched chain
      alkylene of 1 to 4 carbon atoms or alkylene (polyoxyalkylene) of the
      formula
EQU  --C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r --
PAL  where
PA1  m is an integer from 1 to 4,
PA1  k is an integer from 2 to 4, and
PA1  r is an integer of from 1 to 20, and
PA1  R.sub.4 is hydrogen, alkyl of 1 to 24 carbon atoms, alkanoyl of 1 to 24
      carbon atoms, alkanoyl of 1 to 6 carbon atoms substituted by phenyl,
      benzoyl, benzoyl substituted by alkyl of 1 to 6 carbon atoms, or R.sub.4
      is selected from chloroacetyl, bromoacetyl, .beta.-chloropropionyl,
      .beta.-bromopropionyl, .alpha.,.beta.-dichloropropionyl,
      .alpha.,.beta.-dibromopropionyl, acryl, methacryl, .alpha.-chloroacryl,
      .alpha.-bromoacryl, .alpha.,.beta.- or .beta.,.beta.-dichloro or
      dibromoacryl, .beta.-chlorocrotonyl, .alpha.-chlorocrotonyl,
      .beta.-bromocrotonyl, or .alpha.-bromocrotonyl.
PAR  Particularly preferred are those compounds where
PA1  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms,
PA1  R.sub.1 is alkylene of 2 to 4 carbon atoms,
PA1  R.sub.2 and R.sub.3 are both alkylene of 1 or 2 carbon atoms, and
PA1  R.sub.4 is hydrogen alkyl of 6 to 18 carbon atoms or alkanoyl of 6 to 18
      carbon atoms.
PAR  One group of preferred compounds have the formula
      ##EQU2##
      where
PAR  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms or
PAL  where
PAR  R.sub.f is perfluoroalkoxyperfluoroalkyl of 4 to 12 carbon atoms, and
      especially
PAL  where
EQU  R.sub.f is (CF.sub.3).sub.2 CFO(CF.sub.2 CF.sub.2).sub.y --
PAL  where
EQU  y is an integer from 1 to 6.
PAR  Another group of preferred compounds have the formula
      ##EQU3##
      where
PAR  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms and
PAR  w is an integer from 1 to 8.
PAR  A preferred group of alkylene (polyoxyalkylene)-containing R.sub.f -glycols
      have the formula
      ##EQU4##
      where R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms,
PA1  n is an integer from 1 to 12,
PA1  m is an integer from 1 to 4,
PA1  k is an integer from 2 to 4 and
PA1  r is an integer from 1 to 20.
PAR  The novel R.sub.f -glycols and esters described herein can be obtained by
      the free-radical catalyzed addition reaction of a perfluoroalkylthiol of
      formula
EQU  R.sub.f -- R.sub.1 -- SH
PAL  to an acetylenic diol or ester of formula
EQU  R.sub.4 -- O -- R.sub.2 -- C .tbd. C -- R.sub.3 -- O -- R.sub.4
PAL  where
PAR  R.sub.2 and R.sub.3 each is straight or branched chain alkylene of 1 to 12
      carbon atoms; said alkylene substituted by one or two of phenyl,
      cyclohexyl; or an alkylene (polyoxyalkylene) group of formula
EQU  C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r
PAL  where
PA1  m is an integer from 1 to 12,
PA1  k is an integer from 2 to 6,
PA1  r is an integer from 1 to 40,
PAL  and
PA1  R.sub.1 and R.sub.4 are as previously defined.
PAR  R.sub.2 and R.sub.3 each preferably is a straight or branched chain
      alkylene of 1 to 6 carbon atoms; said alkylene substituted by one or two
      of phenyl and cyclohexyl; or an alkylene (polyoxyalkylene) group of
      formula
EQU  C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r
PAL  where
PA1  m is an integer from 1 to 4,
PA1  k is an integer from 2 to 4,
PA1  r is an integer from 1 to 20,
PAL  and
PA1  R.sub.4 is preferably hydrogen.
PAR  In one embodiment, the acetylenic compounds have the formula
      ##EQU5##
      where
PAR  R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are selected from hydrogen, alkyl of
      1 to 4 carbon atoms, cyclohexyl, and phenyl.
PAR  Although R.sub.2 and R.sub.3 can contain such unsaturated groups as vinyl,
      allyl and styryl, such groups are not preferred since they compete for the
      R.sub.f -thiol and result in undesirable perfluoroalkyl by-products.
PAR  In a particularly preferred embodiment, R.sub.5, R.sub.6, R.sub.7, and
      R.sub.8 are each hydrogen or alkyl of 1 to 4 carbon atoms. Especially
      preferred is the case where R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      selected from hydrogen, and alkyl of 1 to 3 carbon atoms.
PAR  In another preferred embodiment R.sub.6 and R.sub.7 are each hydrogen and
      R.sub.5 and R.sub.8 are selected from hydrogen, alkyl of 1 to 4 carbon
      atoms, cyclohexyl and phenyl.
PAR  Physical constants for some of the compounds described above are as
      follows:
TBL  R.sub.5 R.sub.6                                                           

                 R.sub.7                                                       

                     R.sub.8 .degree.C                                         

     H       H   H   H       MP 58.degree.                                     

     CH.sub.3                                                                  

             H   H   CH.sub.3                                                  

                             BP 126-128.degree. at 18mm                        

     (CH.sub.3).sub.2 CH                                                       

             H   H   (CH.sub.3).sub.2 CH                                       

                             MP 69.degree.                                     

     (CH.sub.3).sub.2 CH--CH.sub.2                                             

             H   H   (CH.sub.3).sub.2 CH--CH.sub.2                             

                             BP 158-160.degree. at 15mm                        

     C.sub.6 H.sub.13                                                          

             H   H   C.sub.6 H.sub.13                                          

                             BP 205.degree. at 18mm                            

     C.sub.6 H.sub.5                                                           

             H   H   C.sub.6 H.sub.5                                           

                             MP 12.degree.                                     

     CH.sub.2 =CH--                                                            

             H   H   CH.sub.2 =CH--                                            

                             BP 146 at 15mm                                    

     CH.sub.3 --CH=CH--                                                        

             H   H   CH.sub.3 --CH=CH--                                        

                             MP 90-92.degree.                                  

     C.sub.6 H.sub.5 --CH=CH--                                                 

             H   H   C.sub.6 H.sub.5 --CH=CH--                                 

                             MP 162.degree.                                    

     CH.sub.3                                                                  

             CH.sub.3                                                          

                 CH.sub.3                                                      

                     CH.sub.3                                                  

                             MP 95.degree.                                     

     C.sub.2 H.sub.5                                                           

             CH.sub.3                                                          

                 CH.sub.3                                                      

                     C.sub.2 H.sub.5                                           

                             BP 155-160.degree. at 18mm                        

     C.sub.2 H.sub.5                                                           

             C.sub.2 H.sub.5                                                   

                 C.sub.2 H.sub.5                                               

                     C.sub.2 H.sub.5                                           

                             MP 74.degree.                                     

     C.sub.3 H.sub.7                                                           

             CH.sub.3                                                          

                 CH.sub.3                                                      

                     C.sub.3 H.sub.7                                           

                             MP 56.degree.-58.degree.                          

     C.sub.3 H.sub.7                                                           

             C.sub.3 H.sub.7                                                   

                 C.sub.3 H.sub.7                                               

                     C.sub.3 H.sub.7                                           

                             MP 120.degree.                                    

     C.sub.6 H.sub.5                                                           

             CH.sub.3                                                          

                 CH.sub.3                                                      

                     C.sub.6 H.sub.5                                           

                             MP 163.degree.                                    

     C.sub.6 H.sub.5                                                           

             C.sub.6 H.sub.5                                                   

                 C.sub.6 H.sub.5                                               

                     C.sub.6 H.sub.5                                           

                             MP 193.degree.                                    

PAL  Reference: "Acetylene Homologs and Derivatives" by Prof. Pierre Piganiol,
      Pages 295-300, Mapleton House Publishers, Brooklyn, N.Y., Copyright 1950.
PAR  R.sub.f -glycols where R.sub.2 and R.sub.3 are C.sub.m H.sub.2m (OC.sub.k
      H.sub.2k).sub.r can be made by converting the original acetylenic diol to
      the hydroxyalkyl ether, followed by free radical addition of the thiol
      R.sub.f R'-SH. In like fashion the alkyl ethers, where R.sub.4 is alkyl,
      can be prepared, using the Williamson synthesis and known variations
      thereof.
PAR  The R.sub.f -esters can be made by alternate routes. R.sub.f -glycols can
      be esterified by well-known synthetic organic methods, such as treatment
      of the alcohol with a carboxylic acid anhydride, an acyl halide or a
      carboxylic acid. Alternately, the thiol R.sub.f R.sup.1 -SH can be added
      to the acetylenic ester.
PAR  The following acetylenic diols and esters are commercially available:
PA1  2-butyn- 1,4-diol
PA1  3,4-dimethyl-1-pentyn-3,4-diol
PA1  2,5-dimethyl-3-hexyn-2,5-diol
PA1  3-hexyn-2,5-diol
PA1  3,6-diethyl-4-octyn-3,6-diol
PA1  2,6-dimethyl-4-octyn-3,6-diol
PA1  2,3,6,7-tetramethyl-4-octyn-3,6-diol
PA1  4,7-dimethyl-5-decyn-4,7-diol
PA1  2,4,7,9-tetramethyl-5-decyn-4,6-diol
PA1  2-butynediol diacetate
PAL  Perfluoroalkyl thiols useful herein are well documented in the prior art.
      For example, thiols of the formula R.sub.f R.sup.1 -SH have been described
      in a number of U.S. Pat. Nos. including 2,894,991; 2,961,470; 2,965,677;
      3,088,849; 3,172,190; 3,544,663 and 3,655,732.
PAR  Thus, U.S. Pat. No. 3,655,732 discloses mercaptans of formula
EQU  R.sub.f --R.sup.1 ---SH
PAL  where
PAR  R.sup.1 is alkylene of 1 to 16 carbon atoms and R.sub.f is perfluoroalkyl
      and teaches that halides of formula R.sub.f -R.sup.1 -hal are well-known;
      reaction of R.sub.f I with ethylene under free-radical conditions gives
      R.sub.f (CH.sub.2 CH.sub.2).sub.a I while reaction of R.sub.f CH.sub.2 I
      with ethylene gives R.sub.f CH.sub.2 (CH.sub.2 CH.sub.2).sub.a I as is
      further taught in U.S. Pat. Nos. 3,088,849; 3,145,222; 2,965,659 and
      2,972,638.
PAR  U.S. Pat. No. 3,655,732 further discloses compounds of formula R.sub.f
      --R.sup.1 --X--R"--SH
PAL  where
PAR  R.sup.1 and R" are alkylene of 1 to 16 carbon atoms, with the sum of the
      carbon atoms of R.sup.1 and R" being no greater than 25; R.sub.f is
      perfluoroalkyl of 4 through 14 carbon atoms and X is --S-- or --NR'" is
      hydrogen or alkyl of 1 through 4 carbon atoms.
PAR  U.S. Pat. No. 3,544,663 teaches that the mercaptan
EQU  R.sub.f CH.sub.2 CH.sub.2 SH
PAL  where
PAR  R.sub.f is perfluoroalkyl of 5 to 13 carbon atoms, can be prepared by
      reacting the perfluoroalkyl alkylene iodide with thiourea or by adding
      H.sub.2 S to a perfluoroalkyl substituted ethylene (R.sub.f
      --CH=CH.sub.2), which in turn can be prepared by dehydrohalogenation of
      the halide R.sub.f --CH.sub.2 CH.sub.2 -- hal.
PAR  The reaction of the iodide R.sub.f --R.sup.1 --I with thiourea followed by
      hydrolysis to obtain the mercaptan R.sub.f --R.sup.1 --SH is the preferred
      synthetic route and the reaction is illustrated in Examples 64 and 65. The
      reaction is applicable to both linear and branched chain iodides. Many
      useful perfluoroalkoxyalkyl iodides are described in Australian
      Application 36868 filed Apr. 24, 1968, of general formula
EQU  (CF.sub.3).sub.2 CFO CF.sub.2 CF.sub.2 (CH.sub.2 CH.sub.2).sub.m I
PAL  where
EQU  m is 1-3.
PAR  Particularly preferred herein are the thiols of formula
EQU  R.sub.f CH.sub.2 CH.sub.2 SH
PAL  where
PAR  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms. These R.sub.f -thiols
      can be prepared from R.sub.f CH.sub.2 CH.sub.2 I and thiourea in very high
      yield.
PAR  The formation of the R.sub.f -glycols and esters proceeds via the formation
      of intermediates which may be present as byproducts in the R.sub.f
      -glycols and esters. These intermediates have the formula
      ##EQU6##
      and
      ##EQU7##
PAR  Such intermediate formation is considered consistent with the general
      pathway for the free-radical addition of thiols to acetylenes (Acetylenes
      and Allenes; T. F. Rutledge, Reinhold Book Corporation, 1969, page 142).
      That the addition of the thiol to the triple bond is a stepwise reaction
      proceeding through the intermediates can be shown by reacting the thiol
      with an excess of the acetylenic diols or esters whereby is obtained the
      intermediates in high yields.
PAR  In the synthesis of the R.sub.f -glycols and derivatives thereof described
      above, it must be emphasized that the addition of R.sub.f -thiols to
      acetylenic alcohols and esters is not equivalent to the reactions
      described in the literature for the addition of a non-fluorinated thiol to
      an acetylenic alcohol. When the conventional prior art conditions are
      employed, it has been found that, although some R.sub.f -glycol or ester
      is produced, the yield is unacceptably low, while the proportions of
      intermediates (mono-adducts) and disulfides (of the type (R.sub.f
      --R.sub.1 --S--).sub.2) are unacceptably high. Such reaction conditions as
      described by A. T. Blomquist and J. Wolinsky, J. Org. Chemistry, 23, 551
      (1958), utilizing UV radiation and peroxides at room temperature, and
      requiring reaction periods of 1 to 4 weeks are beyond the limits of
      commercial acceptability.
PAR  The improved process of this invention involves the combination of
PAR  a. from 0.5 to 20 percent of a mole of an azo-type free-radical catalyst,
      preferably from 1 to 10 percent of a mole of catalyst;
PAR  b. moderate reaction temperatures, on the order of 40.degree. to about
      100.degree.C
PAL  and
PAR  c. a mole ratio of R.sub.f -thiol to acetylenic diol or ester of from 2.0
      to 2.5 moles of thiol per mole of acetylenic compound.
PAR  The reaction temperature and choice of azo-type free-radical catalyst are
      considered to be mutually dependent. The temperature range of 40.degree.
      to 100.degree.C is one wherein the formation of undesirable by-products is
      minimized and wherein the reaction products are stable. In order to
      achieve a reasonable reaction rate of these temperatures, it is desirable
      to use an azo-type catalyst that is reactive to a reasonable extent in
      this temperature range. It is therefore, preferred to use an azo-type
      free-radical catalyst having a 1-hour half-life temperature of 40.degree.
      to about 100.degree.C. These compounds are listed below.
TBL  ______________________________________                                    

                           1 Hr. Half-Life                                     

     Compound              Temperature .degree.C                               

     ______________________________________                                    

     2-t-butylazo-2-hydroperoxy-4-                                             

                           45.degree.C                                         

     methylpentane                                                             

     2-t-butylazo-2-cyano-4-methoxy-                                           

                           74.degree.C                                         

     4-methylpentane                                                           

     Di-t-butyl-4,4'-azobis-(4-cyano-                                          

                           80.degree.C                                         

                                   (azo)                                       

     peroxyvalerate)                                                           

     azobisisobutryonitrile                                                    

                           81.degree.C                                         

     2-t-butylazo-2-cyano-4-methylpentane                                      

                           88.degree.C                                         

     4-t-butylazo-4-cyanovaleric acid                                          

                           93.degree.C                                         

                                   (trichloro-                                 

                                   benzene)                                    

     1,3-dimethyl-3-(t-butylperoxy)-                                           

                           94.degree.C                                         

                                   (azo)                                       

     butyl-4-t-butylazo-4-cyanovalerate                                        

     t-butyl peroxy-4-t-butylazo-4-                                            

                           94.degree.C                                         

                                   (azo)                                       

     cyanovalerate                                                             

     ethylene bis(4-t-butylazo-4-                                              

                           94.degree.C                                         

     cyano-valerate)                                                           

     2-(t-butylazo) isobutyronitrile                                           

                           97.degree.C                                         

     4-(4-t-butylazo-4-cyanovaleryloxy)-                                       

                           100.degree.C                                        

     2-hydroxybenzophenane                                                     

     2-t-butylazo-2-cyanobutane                                                

                           104.degree.C                                        

     ______________________________________                                    

PAL  Source: Commercial Development Department, Lucidol Chemicals, Buffalo, N.Y.
PAR  Other azo-type free-radical catalysts are known and can be used but,
      because of their higher 1-hour half-life temperatures, are less preferred.
PAR  It is preferred to use an azo compound having a 1-hour half-life of from
      about 75.degree.C to about 90.degree.C and a reaction temperature of from
      about 60.degree.C to about 80.degree.C. Because of the case of
      availability, it is preferred to use azobisisobutyronitrile as the
      catalyst.
PAR  The reaction can be carried out in bulk or in a suitable inert medium which
      acts to disperse or dissolve the reactants. The bulk reaction, without a
      solvent medium, is usually preferred. However, if solvents are used,
      useful solvents include ketones, such as acetone, methyl ethyl ketone and
      methylisobutyl ketone; esters such as ethyl acetate, butyl acetate,
      2-ethylhexyl acetate; hydrocarbons such as hexane, heptane, octane and
      higher homologs, cyclohexane, benzene, toluene, xylene or blends of
      aliphatic, cycloaliphatic and aromatic hydrocarbons; alcohols such as
      ethanol, n-propanol, isopropanol, t-butanol and methyl cellosolve; ethers,
      both aliphatic and alicyclic including di-n-propyl ether, di-butyl ether
      and tetrahydrofuran. In addition, chlorinated solvents such as
      di-chloroethyl ether, ethylene dichloride, perchloroethylene and carbon
      tetrachloride can be employed.
PAR  Preferred solvents are the hydrocarbon solvents. Of the hydrocarbon
      solvents, the alkanes of 6 to 10 carbon atoms, the benzene hydrocarbons of
      6 to 8 carbon atoms and mixtures thereof are preferred. Carbon
      tetrachloride and ethylene dichloride are useful chlorinated solvents. The
      data provided in Examples 17-29 indicates that yields are increased and
      by-product formation decreased when the alkane solvents are used.
      Commercially available mixtures of paraffinic, naphthenic and benzene
      hydrocarbon solvents can also be used successfully.
PAR  Using the reaction parameters described above, and continuing until
      reaction is complete, usually after 6 to 10 hours using
      azobisisobutronitrile at 75.degree.C, there can be effected an 85 to 95%
      conversion of the R.sub.f -thiol to the desired R.sub.f -glycol ether or
      ester. The overall yield can be increased to greater than 95% because
      unreacted R.sub.f -thiol can be recovered and recycled. The R.sub.f
      -glycols ethers and esters are generally insoluble in aliphatic and
      aromatic hydrocarbon solvents, while the R.sub.f -thiols are soluble in
      these materials; the unreacted R.sub.f -thiol can be readily recovered by
      washing the reaction product with a suitable hydrocarbon such as heptane
      or benzene. Alternately, the R.sub.f -thiols can be recovered by passing
      the crude reaction product through a molecular distillation apparatus
      under conditions such that the R.sub.f -glycols and esters pass through
      while the R.sub.f -thiols are volatilized, and recovered.
PAR  As indicated above, the R.sub.f glycols can be used to make R.sub.f
      -containing urethane compositions. These urethane compositions have
      extremely low free surface energies and therefore, possess oil and water
      repellent properties, as well as mold release and other properties
      associated with low free surface energy. It should be noted that the
      urethane compositions of this invention are characterized by the presence
      of two perfluoroalkylthio groups on adjacent carbon atoms, a
      characteristic which provides improved oil and water repellent properties
      over the fluorinated urethane compositions of the prior art. Using the
      R.sub.f -compounds and compositions described herein, it is possible to
      manufacture molds that display the excellent release properties
      characteristic of the silicone polymers.
PAR  In addition, the compounds where R.sub.4 is C.sub.m H.sub.2m (OC.sub.k
      H.sub.2k).sub.r are useful as nonionic surfactants, especially where r is
      an integer from about 5 to about 30.
PAR  The esters, where R.sub.4 is acyl and the ethers, where R.sub.4 is alkyl
      are useful as additives to synthetic and natural polymers to reduce the
      surface energy and to provide mold release characteristics.
PAR  The diols, where R.sub.4 is hydrogen can be used to make a variety of
      condensation products such as polyesters, polyamides, polycarbonates
      polyurethanes and the like. The polyurethanes are particularly preferred.
PAR  As used herein the term "urethane composition" means compounds and
      compositions which contain the characteristic
      ##EQU8##
      linkage and at least one R.sub.f -containing group of formula
      ##EQU9##
      or
      ##EQU10##
      where
PAR  R.sub.f, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as previously described.
PAR  Preferred urethane compositions include those where R.sub.f, R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 have the configurations previously described
      as being preferred.
PAR  The R.sub.f -glycols can be used to make a wide variety of urethane
      intermediates and end products including hydroxyl and
      isocyanate-terminated prepolymers, low molecular weight urethane
      compositions useful to render plastics soil repellent, and high molecular
      weight compositions useful as elastomers, foams, paints and varnishes, and
      textile treating compositions. It is also possible to modify these R.sub.f
      -containing urethane compositions so that they are water soluble or
      self-emulsifiable, a property that is particularly useful in connection
      with the textile treating compositions.
PAR  Polyurethane elastomers generally have remarkable resistance to most
      solvents including gasoline, aliphatic hydrocarbons and, to some degree,
      aromatic hydrocarbons. They also exhibit excellent abrasion resistance. By
      inclusion of the R.sub.f -glycol in an elastomer formulation, it is
      possible to increase the solvent resistance of urethane elastomers. The
      elastomers generally involve the reaction product of a diisocyanate, a
      linear long chain diol and a low molecular weight chain extender such as a
      glycol, diamine or polyol. Today, elastomers are generally prepared by a
      prepolymer technique whereby a diisocyanate is reacted with a
      hydroxyl-terminated polyester or polyether to form an
      isocyanate-terminated prepolymer. This prepolymer is then further reacted
      (chain extended) with a glycol, diamine or polyfunctional polyol (e.g.
      trimethylolpropane). Following the chain extension step, the liquid
      material solidifies and is removed from a mold and cured at elevated
      temperatures.
PAR  Urethane foams are usually prepared from diisocyanates and
      hydroxyl-terminated polyethers or polyesters. Linear or slightly branched
      polymers are used to provide flexible foams while more highly branched
      polymers produce rigid foams. Foaming is often accomplished by including
      water in the system, the reaction between isocyanate and water providing
      carbon dioxide for foaming. For rigid foams a low-boiling liquid such as
      trichlorofluoromethane has been used as a blowing agent.
PAR  Appropriate selection of catalysts, stabilizers, surfactants and other
      additives controls the foam formation, cell size and type, density, cure
      and the like. By incorporating the R.sub.f -glycol into urethane foams,
      especially molded foams, it is possible to achieve improved mold release
      properties in rigid, semi-rigid and flexible foams. It is also possible to
      improve the water and solvent resistance of foams used as insulation.
PAR  Incorporation of the R.sub.f -glycols into polyurethane coatings such as
      paints and varnishes improves the water and solvent resistance thereof.
      Widely used systems include the two-component coatings wherein a
      non-volatile isocyanate derived from the reaction of tolylene diisocyanate
      with a polyol such as trimethylolpropane, is reacted with a polyfunctional
      polyester. Another system in use involves the one-component polyurethane
      coatings which are based on stable isocyanate-terminated prepolymers
      obtained from a diisocyanate such as tolylene diisocyanate and a
      polyfunctional polyether. Such coatings dry by the reaction of the free
      isocyanate groups with water or atmospheric moisture. The reaction
      proceeds through the unstable carbamic acid, with CO.sub.2 being
      eliminated, to give primary amine groups which further react with
      isocyanate groups to form ureas.
PAR  Treatment of a textile with a fluorine-containing composition, notably a
      fluorine-containing polyurethane, provides oil and water-repellent
      characteristics thereto. Polyurethane compositions containing the residue
      of the R.sub.f -glycol display improved oil and water repellence on
      textile substrates.
PAR  Of the higher molecular weight urethane compositions, linear polymers,
      obtained by reacting an R.sub.f -glycol with an organic diisocyanate,
      having recurring structural units of formula
      ##EQU11##
      where
PAR  R.sub.f, R.sub.1, R.sub.2, and R.sub.3 are as previously defined and A is a
      divalent organic radical, preferably alkylene of 2 to 16 carbon atoms,
      unsubstituted or substituted phenylene or naphthylene or unsubstituted or
      substituted biphenylene or bisphenylene
PAL  are useful as plastics, fibers, coatings and the like.
PAR  However, most urethane compositions that are used commercially to any great
      extent are copolymers that contain only a relatively small number of
      urethane linkages. These copolymers are prepared from a variety of
      segments, typically based on polyethers and polyesters and can have a
      molecular weight of from 200 to 10,000, generally from about 200 to about
      4,000. By the inclusion of an appropriate amount of R.sub.f -glycol in the
      starting materials, it is possible to prepare prepolymers that, when
      incorporated as part of a urethane composition favorably affect the
      properties thereof. It is similarly possible to incorporate a desired
      amount of R.sub.f -glycol into the reaction mixture of a conventional
      prepolymer and an isocyanate so as to obtain conventional urethane
      compositions containing the divalent residue of the R.sub.f -glycol. In
      the same way, there can be added an R.sub.f -containing prepolymer
      together with or instead of the R.sub.f -glycol.
PAR  The R.sub.f -containing prepolymers can be hydroxy-terminated or
      isocyanate-terminated and, as indicated, can have a molecular weight as
      high as 10,000 although a molecular weight of 200 to about 4,000 is more
      usual.
PAR  Hydroxy-terminated prepolymers can be prepared by reacting an excess of a
      polyhydroxy component with a polyfunctional hydroxy-reactive component
      such as a polyisocyanate; an isocyanate-terminated prepolymer; a polybasic
      carboxylic acid, anhydride or acyl halide; phosgene; or a bichloroformate.
PAR  The polyhydroxy component can be polyol, an R.sub.f -glycol, a polyether, a
      polyester, an R.sub.f -containing polyether, an R.sub.f -containing
      polyester or mixture thereof.
PAR  The polyols are well-known in the urethane art and include
PA1  Ethylene glycol
PA1  1,3-propanediol
PA1  1,4-butanediol
PA1  1,5-pentanediol
PA1  1,6-hexanediol
PA1  1,9-nonanediol
PA1  1,10-decanediol
PA1  di-, tri-, tetra- and pentaethylene glycol
PA1  bis(4-hydroxybutyl) ether
PA1  bis(2-hydroxyethyl) thioether
PA1  bis(4-hydroxybutyl) thioether
PA1  1,4-bis(3-hydroxypropyl) benzene
PA1  glycerol
PA1  trimethylolpropane
PA1  1,2,6-hexanetriol
PA1  sorbitol
PA1  mannitol
PA1  pentaerythritol,
PA1  2-ethyl-1,3-butylene glycol
PA1  octamethylene glycol
PA1  2-ethyl-1,3-hexanediol
PA1  dodecamethylene glycol
PA1  tetradecamethylene glycol
PA1  hexadecamethylene glycol
PA1  octadecamethylene glycol
PAR  The polyol can also contain cycloaliphatic groups, e.g.
      1,4-cyclohexane-diol, 1,4-bis(hydroxymethyl)cyclohexane,
      4,4'-dihydroxyl-1,1'-dicyclohexyl and the like. If desired, mixture of
      polyols can be used.
PAR  Polyols in addition to those described above, that are considered
      especially useful, are those containing tertiary nitrogen atoms which can
      be quaternized with acids, thereby converting a water-insoluble urethane
      composition into one that is water soluble or emulsifiable. Generally, an
      isocyanate-terminated prepolymer having a molecular weight of 200 to
      10,000, preferably 400 to 4,000, is reacted with a difunctional tertiary
      amine to provide a segmented polymer containing tertiary nitrogen atoms.
      The nitrogen atoms can be quaternized, for example, by alkylation with
      methyl chloride or dimethyl sulfate to yield a composition that in polar
      media yields a dispersion in water. The polyammonium polyurethane
      compositions are obtained even more readily by neutralization of the basic
      polyurethane composition in a polar organic solvent such as acetone,
      methyl ethyl ketone, tetrahydrofuran, with a strong (HCl) or preferably
      weak (pK&gt;4) acid such as the C.sub.2 - C.sub.9 alkanoic acids. Acetic acid
      is especially preferred because the acetic acid evaporates with the water
      on drying to leave the water-insoluble hydrophobic starting polyurethane
      composition.
PAR  The neutralized polyurethane composition in a polar solvent spontaneously
      forms a dispersion when water is stirred in. The solvent can thereafter be
      distilled off to give a solvent-free latex whose film-forming qualities
      are comparable to those of the organic solution.
PAR  In a convenient mode of preparing the water-dispersible basic polyurethane
      compositions, a polyester or polyether diol is reacted in a non-reactive
      polar solvent, such as acetone, methyl ethyl ketone, tetrahydrofuran and
      the like, with an excess of a diisocyanate such as tolylene diisocyanate
      or, preferably an aliphatic diisocyanate which tends to give non-yellowing
      urethanes such as dimer acid derived diisocyanate (DDI, commercially
      available from Quaker Oats Company) or another diisocyanate which is
      described herein as providing non-yellowing urethanes, and the prepolymer
      partially chain extended with an alkyl diethanolamine to yield a urethane
      composition containing tertiary amino groups. The urethane composition can
      then be acidified with a solution of aqueous weak acid (pK&gt;4) such as
      acetic acid; the concentration of acid is not critical. An emulsion
      immediately forms when this composition is added to water.
PAR  The polyurethane compositions can contain from as little as 5 to 800
      milliequivalents of ammonium groups per 100 grams of polyurethane
      composition, preferably from about 50 to about 500 milliequivalents of
      ammonium groups per 100 grams.
PAR  Some useful polyols containing tertiary nitrogen atoms can be represented
      by the formula
      ##EQU12##
      where R.sub.10 and R.sub.11 are alkyl of 2 to 4 carbon atoms or a group of
      formula
      ##EQU13##
      where R.sub.13 and R.sub.14 are alkyl of 2 to 4 carbon atoms
PA1  R.sub.12 is alkyl of 1 to 18 carbon atoms, cyclohexyl, tolyl, xylyl,
      naphthyl, or with the nitrogen atom forms piperazyl or pyridyl.
PAR  Useful polyols that contain tertiary nitrogen atoms include the alkoxylated
      aliphatic, cycloaliphatic aromatic and heterocyclic primary amines:
PA1  N-methyl-diethanolamine
PA1  N-butyl-diethanolamine
PA1  N-oleyl-diethanolamine
PA1  N-cyclohexyl-diethanolamine
PA1  N-methyl-diisopropanolamine
PA1  N-cyclohexyl-diisopropanolamine
PA1  N,n-dihydroxyethylaniline
PA1  N,n-dihydroxyethyl-m-toluidine
PA1  N,n-dihydroxyethyl-p-toluidine
PA1  N,n-dihydroxypropyl-naphthylamine
PA1  N,n-tetrahydroxyethyl-aminopyridine
PA1  dihydroxyethylpiperazine
PA1  polyethoxylated butyldiethanolamine
PA1  polypropoxylated methyldiethanolamine (molecular wt. 1000)
PA1  polypropoxylated methyldiethanolamine (molecular wt. 2000)
PA1  polyesters with tertiary amino groups
PA1  tri-2-hydroxypropyl-(1)-amine
PA1  N,n-di-n-(2:3-dihydroxypropyl)-aniline
PA1  N,n'-dimethyl-N,N'-bis-hydroxyethylhydrazine
PA1  N,n'-bis-hydroxypropylethylenediamine
PA1  N,n'-dimethyl-N,N'-bis(hydroxyethyl)-ethylenediamine
PA1  11-stearyldiethanolamine
PA1  N,n'-bis(hydroxyethyl)-piperazine
PAR  The R.sub.f -glycols can be incorporated in the water-dispersible urethane
      compositions in an amount sufficient to provide the desired improvement in
      the surface properties of the polyurethane composition.
PAR  Useful polyethers are well-known and widely employed in urethane
      technology.
PAR  The polyethers are generally prepared commercially from lower alkylene
      oxides e.g., ethylene, propylene and butylene oxide and di- or
      polyfunctional alcohols. They have a molecular weight of from 400 to 5000.
      A list of commercially available polyethers, trade names, molecular weight
      range and suppliers can be found in Volume 11, Polyurethane, page 511,
      Encyclopedia of Polymer Science and Technology, John Wiley and Sons, Inc.,
      1969.
PAR  Hydroxy-terminated polyesters can be prepared from a polybasic acid,
      anhydride or aryl halide and a polyol, as described above and/or an
      R.sub.f -glycol.
PAR  Useful dicarboxylic acids are those derived from a saturated aliphatic
      dicarboxylic acid of 2 to 18 carbon atoms or an aromatic dicarboxylic acid
      of 8 to 18 carbon atoms, e.g., compounds of formula B(COOH).sub.2 where B
      is preferably alkylene of 0-16 carbon atoms or arylene of 6 to 16 carbon
      atoms. Such acids include oxalic, malonic, succinic, glutanic, adipic,
      pirnelic, suberic, azelaic, sebacic, brassylic, thopsic, octadecanedioic,
      1,4-cyclohexanedicarboxylic, 4,4'-dicyclohexyl-1,1'-dicarboxylic,
      phthalic, isophthalic, terephthalic, methylphthalic, chlorophthalic,
      diphenyl-2,2'-dicarboxylic, diphenyl-4,4'-dicarboxylic, 1,4-naphthalene
      dicarboxylic, diphenylmethane-2,2'-dicarboxylic,
      diphenylmethane-3,3'-dicarboxylic, diphenylmethane-4,4'-dicarboxylic acid
      and the like.
PAR  Adipic acid and phthalic anhydride are the most common acid and anhydride.
      Of the polyols, the most commonly used include ethylene glycol, propylene
      glycol, 1,2-, 1,3- and 1,4-butylene glycol, 1,6-hexylene glycol,
      trimethylolpropane, glycerol 1,2,6-hexanetriol and diethylene glycol.
PAR  Useful hydroxyl-terminated polyesters can also be derived from natural
      caster oil and glycerol or from caprolactones and ethylene glycol. Such
      hydroxy-terminated polyesters have hydroxyl numbers ranging from 40 to 500
      and very low acid numbers ranging from 0 to 2.
PAR  Hydroxyl-terminated polycarbonates can be obtained by reacting an excess of
      a polyol with phosgene.
PAR  Hydroxy-terminated polybutadienes, or butadienestyrenes and
      butadiene-acrylonitriles are useful herebin, as are hydroxyl containing
      graft polymers of the polyether-polyacrylonitrile type.
PAR  Any convenient isocyanate can be used to react with the R.sub.f -glycol or
      R.sub.f -containing hydroxy-terminated prepolymer. Myriads of useful
      isocyanates are well-known in the art. Thus, one can use aromatic
      isocyanates, diisocyanates triisocyanates and polyisocyanates.
PAR  Useful aromatic diisocyanates can be represented by the formula
EQU  A(NCO).sub.2
PAL  where
PA1  A is phenylene that is unsubstituted or substituted by one or two of alkyl
      of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, chloro, bromo and
      nitro naphthylene that is unsubstituted or substituted by one or two of
      alkyl of 1 to 4 carbon atoms, chloro, bromo and nitro
PAL  or where
PA1  A is a group of formula
      ##SPC1##
PAL  where
PA1  D is a direct bond, oxygen, methylene or ethylene
PAL  and
PA1  a, a', a" and a'" each independently is hydrogen, alkyl of 1 to 4 carbon
      atoms alkoxy of 1 to 4 carbon atoms, chloro or bromo
PAR  Aromatic triisocyanates can be represented by the formula
EQU  B(NCO).sub.3
PAL  where
PAR  B is the benzene or toluene group.
PAR  Aromatic di- and triisocyanates as described above include -
PA1  Tolylene diisocyanate (TDI) (all isomers),
PA1  4,4'-diphenylmethane diisocyanate (MDI)
PA1  Tolidine diisocyanate
PA1  Dianisidine diisocyanate
PA1  m-Xylylene diisocyanate
PA1  p-Phenylene diisocyanate
PA1  m-Phenylene diisocyanate
PA1  1-Chloro-2,4-phenylene diisocyanate
PA1  3,3'-Dimethyl-4,4'-bisphenylene diisocyanate
PA1  3,3'-Dimethoxy-4,4'-bisphenylene diisocyanate
PA1  4,4'-Bis(2-methylisocyanatophenyl) methane
PA1  4,4'-bisphenylene diisocyanate
PA1  4,4'-Bis(2-methoxyisocyanatophenyl) methane
PA1  1-nitro-phenyl-3,5-diisocyanate
PA1  4,4'-diisocyanatodiphenyl ether
PA1  3,3'-dichloro-4,4'-diisocyanatodiphenyl ether
PA1  3,3'-dichloro,4,4'-diisocyanatodiphenyl methane
PA1  4,4'-diisocyanatodibenzyl
PA1  3,3'-dimethyl-4,4'-diisocyanatodiphenyl
PA1  3,3'-dimethoxy-4,4'-diisocyanatodiphenyl
PA1  2,2'-dimethyl-4,4'-diisocyanatodiphenyl
PA1  2,2'-dichloro-5,5'-dimethoxy-4,4'-diisocyanatodiphenyl
PA1  3,3'-dichloro-4,4'-diisocyanatodiphenyl
PA1  benzene-1,2,4-triisocyanate
PA1  benzene-1,3,5-triisocyanate
PA1  benzene-1,2,3-triisocyanate
PA1  toluene 2,4,6-triisocyanate
PA1  toluene 2,3,4-triisocyanate
PA1  1,2-naphthalene diisocyanate
PA1  4-chloro-1,2-naphthalene diisocyanate
PA1  4-methyl-1,2-naphthalene diisocyanate
PA1  1,5-naphthalene diisocyanate
PA1  1,6-naphthalene diisocyanate
PA1  1,7-naphthalene diisocyanate
PA1  1,8-naphthalene diisocyanate
PA1  4-chloro-1,8-naphthalene diisocyanate
PA1  2,3-naphthalene diisocyanate
PA1  2,7-naphthalene diisocyanate
PA1  1,8-dinitro-2,7-naphthalene diisocyanate
PA1  1-methyl-2,4-naphthalene diisocyanate
PA1  1-methyl-5,7-naphthalene diisocyanate
PA1  6-methyl-1,3-naphthalene diisocyanate
PA1  7-methyl-1,3-naphthalene diisocyanate
PA1  polymethylene polyphenyl isocyanate and
PA1  co-products of hexamethylene diisocyanate and
PA1  tolylene diisocyanate
PAR  Useful aliphatic diisocyanates include those of general formula
EQU  A(NCO).sub.2
PAL  where
PAR  A is alkylene of 2 to 16 carbon atoms.
PAR  Useful aliphatic polyisocyanates include
PA1  1,2-ethane diisocyanate
PA1  1,3-propane diisocyanate
PA1  1,4-butane diisocyanate
PA1  2-chloropropane-1,3-diisocyanate
PA1  pentamethylene diisocyanate
PA1  propylene-1,2-diisocyanate
PA1  1,6-hexane diisocyanate
PA1  1,8-octane diisocyanate
PA1  1,10-decane diisocyanate
PA1  1,12-dodecane diisocyanate
PA1  1,16-hexandecane diisocyanate and
PA1  other aliphatic diisocyanates such as
PA1  1,3-cyclohexane diisocyanate
PA1  1,4-cyclohexane diisocyanate
PA1  cyclohexane triisocyanate
PA1  4,4'-methylene bis(cyclohexyl) isocyanate
PAR  Additionally, the following diisocyanates are particularly preferred
      because urethane compositions made therefrom tend to be non-yellowing:
PA1  1,6-hexamethylenediisocyanate (HDI)
PA1  2,2,4- and 2,4,4-trimethylhexamethylenediisocyanate (TMDI)
PA1  dimeracid derived diisocyanate (DDI) obtained from
PA1  dimerized fatty acids, such as
PA1  linoleic acid 4,4'-dicyclohexylmethane diisocyanate (hydrogenated MDI)
PA1  isophorone diisocyanate
PA1  3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate
PA1  lysine methyl ester diisocyanate (LDIM)
PA1  bis(2-isocyanatoethyl) fumerate (FDI)
PA1  bis(2-isocyanatoethyl) carbonate
PAR  Other useful isocyanates include polyisocyanates, particularly
      triisocyanates which are readily obtained by the reaction of an excess of
      the corresponding diisocyanate with water according to the following
      equation:
PAR  3 OCN-D-NCO + H.sub.2 O
      ##EQU14##
      where D is the residue of a diisocyanate as described above; additional
      polyisocyanates include polymethylene polyphenylisocyanate (PAPI) and
      tris-(isocyanatophenyl) thiophosphate (Desmodur R.sub.f).
PAR  Additional isocyanate components can be prepared by reacting an excess of a
      diisocyanate as described above with a suitable hydroxyl component, such
      as a polyol as described above or an R.sub.f -glycol as described herein,
      or combination thereof, to obtain a isocyanate-terminated prepolymer.
PAR  In addition to the polyisocyanates, useful urethane compositions can be
      obtained from the aliphatic and aromatic monoisocyanates. The low
      molecular weight urethane compositions obtained by reacting an R.sub.f
      -glycol with a monoisocyanate are useful to impart soil and mold-release
      properties to a variety of natural and synthetic polymers.
PAR  Some useful aromatic monoisocyanates include
PA1  2-fluorophenyl isocyanate
PA1  3-fluorophenyl isocyanate
PA1  4-fluorophenyl isocyanate
PA1  m-fluorosulfonylphenyl isocyanate
PA1  trans-2-phenylcyclopropyl isocyanate
PA1  m-tolyl isocyanate
PA1  p-tolyl isocyanate
PA1  .alpha.,.alpha.,.alpha.-trifluoro-o-tolyl isocyanate
PA1  .alpha.,.alpha.,.alpha.-trifluoro-m-tolyl isocyanate
PA1  p-bromophenyl isocyanate
PA1  2,5-dimethylphenyl isocyanate
PA1  o-ethoxyphenyl isocyanate
PA1  p-ethoxyphenyl isocyanate
PA1  o-methoxyphenyl isocyanate
PA1  m-methoxyphenyl isocyanate
PA1  p-methoxyphenyl isocyanate
PA1   l-naphthyl isocyanate
PA1  o-nitrophenyl isocyanate
PA1  m-nitrophenyl isocyanate
PA1  p-nitrophenyl isocyanate
PA1  p-phenylazophenyl isocyanate
PA1  o-tolyl isocyanate
PAR  Useful aliphatic monoisocyanates include such alkyl isocyanates of 1 to 16
      carbon atoms as
PA1  methyl isocyanate
PA1  ethyl isocyanate
PA1  n-propyl isocyanate
PA1  n-butyl isocyanate
PA1  t-butyl isocyanate
PA1  hexyl isocyanate
PA1  octyl isocyanate
PA1  dodecyl isocyanate
PA1  octadecyl isocyanate
PA1  hexadecyl isocyanate
PA1  and mixtures thereof, as well as cyclohexyl isocyanate.
PAR  Isocyanate-terminated prepolymers typically having a molecular weight of
      from 200 to about 4000 can be prepared by reacting an excess of an
      isocyanate component with a polyhydroxy component. The isocyanate
      component can be a diisocyanate or polyisocyanate as previously described
      or can be a low molecular weight isocyanate-terminated prepolymer.
PAR  The hydroxy component can be one or more of a polyol, polyester, polyether,
      polycarbonate and R.sub.f -glycol, all as described previously.
PAR  It can be seen that the properties of ultimate urethane compositions can be
      modified by appropriate modifications in the compositions of the
      prepolyers.
PAR  In addition to the formation of the urethane compositions described above,
      the R.sub.f -glycols described herein can be converted to the
      corresponding bischloroformate by treatment with chlorocarbonyl pyridinium
      chloride:
      ##EQU15##
      which in turn can be reacted with an appropriate amine to yield a urethane
      composition:
      ##EQU16##
      where
PAR  A is a divalent organic radical as previously described.
PAR  The reaction between the isocyanate component and the hydroxyl component
      can be carried out in bulk, i.e., without solvent, or in the presence of
      non-reactive, anhydrous, organic solvents. Solvent media in which the
      reaction can be carried out include ketones, such as acetone, methyl ether
      ketone and methylisobutyl ketone; esters such as ethyl acetate,
      butylacetate, 2-ethylhexyl acetate; hydrocarbons such as hexane, haptane,
      octane and higher homologs, cyclohexane, benzene, toluene, xylene or
      blends of aliphatic, cycloaliphatic and aromatic hydrocarbons. It is also
      possible to employ ethers, both aliphatic and alicyclic including
      di-n-propyl ether, di-butyl ether, tetrahydrofuran and the diethers of
      polyalkylene oxides. In addition, chlorinated solvents such as
      dichloroethyl ether, ethylene dichloride, perchloroethylene and carbon
      tetrachloride can be used.
PAR  Among the solvents listed, the water miscible solvents such as acetone and
      methyl ethyl ketone are most important since they allow conversion of
      R.sub.f -urethanes into water soluble R.sub.f -urethanes as previously
      described.
PAR  In all cases, the solvents should be anhydrous to avoid urea formation.
PAR  The reaction can, if desired, be catalyzed and those catalysts
      conventionally employed in the urethane art are useful herein. Useful
      catalysts fall principally in two groups
PAR  a. amino compounds and other bases:
PA1  triethylamine and other trialkylamines
PA1  triethylenediamine
PA1  1,4-diaza-2,2,2-bicyclooctane
PA1  N-(lower) alkyl morpholines
PA1  N,n',n'-tetra-methylethelenediamine
PA1  N,n,n',n'-tetramethyl-1,3-butanediamine
PA1  N,n'-substituted piperazines
PA1  dialkylalkanolamines
PA1  benzyltrimethylammonium chloride
PAR  b. organometallic and inorganic compounds:
PA1  cobalt naphthenate
PA1  stannous chloride
PA1  stannous actoate
PA1  stannous oleate
PA1  dimethyl tin dichloride
PA1  di-n-butyltin dilaurlmercaptide
PA1  tetra-n-butyl tin
PA1  trimethyl-tin hydroxide
PA1  di-n-butyltindilaurate
PAR  Such catalysts may be used singly or in combination with each other.
      Beneficial synergistic catalysis may occur when combinations are used.
PAR  While it is possible to carry out the reaction without the use of a
      catalyst, it is preferable for reasons of economy and to assure a complete
      reaction, to utilize one or more catalysts as listed in amounts ranging
      from 0.001 to 1% based on the weight of the reactants. It is similarly
      advantageous to carry out the urethane synthesis at elevated temperature,
      usually between room temperature and 120.degree.C and preferably at
      60.degree. to 80.degree.C to obtain a complete reaction between 0.5 to 8
      hours reaction time.
PAR  The reaction can be easily followed by titration of the isocyanate group or
      by IR analysis.
PAR  The determination of the critical surface tension (.gamma..sub.c) in dynes
      per centimeter shows that the free surface energy of a polyurethane is
      lowered if the novel R.sub.f -glycols are incorporated into the urethane
      chain.
PAR  The critical surface tensions (.gamma..sub.c) are determined by contact
      angle measurements as described by W. Zisman, Contact Angles, Advances in
      Chemistry, No. 43, ACS Publications, Washington, D.C., 1964.
PAR  The usefulness of the polyurethane compositions is, however, conveniently
      shown by measuring the oil, water and soil repellency ratings of
      substrates such as fabrics, paper, leather, etc. which are treated with
      solutions or emulsions of the novel urethane compositions.
PAR  As already indicated, the urethane compositions of the invention are highly
      effective for imparting oil and water repellent properties to substrates
      to which they are applied and coatings of these polymers may be prepared
      by any of the well-known techniques. When prepared by bulk or suspension
      polymerization techniques, these urethane compositions can be applied, for
      example, from a dilute solution in suitable a solvent such as the
      fluoroalkanes, fluorochloroalkanes, fluoroalkyl substituted aromatics,
      alkylesters of perfluoroalkanoic acids, chlorinated alkanes or aromatics,
      hydrocarbon aromatics, ketones, esters and others. Concentrations of the
      fluorinated polymer in the solvent can be adjusted to provide an amount of
      urethane composition deposited on the substrate sufficient to provide oil
      and water repellency. This amounts typically to a deposit of from 0.01 to
      10%, preferably from 0.1 to 1%, of urethane composition, based on the
      weight of substrate. If the urethane composition is obtained as an aqueous
      latex or emulsion, the system can be diluted with water or other
      appropriate diluent to similarly provide an amount of urethane ranging
      from 0.01 to 10% of the weight of substrate deposited thereon.
PAR  The urethane solution or latex may be applied by any of the known
      techniques such as by dipping, spraying, brushing, padding, roll coating
      or by any desired combination of such techniques. The optimum method of
      application will depend principally on the type of substrate being coated.
PAR  Coatings of the urethane compositions of the invention may be applied to
      any desired substrate, porous or non-porous. They are particularly suited
      for application to porous materials such as textiles, leather, paper,
      wood, masonry, unglazed porcelain and the like to provide valuable oil and
      water repellency properties. However, they may also be applied to
      non-porous materials such as metals, plastics, glass, painted surfaces and
      the like to provide similar oil and water repellency properties.
PAR  In the treatment of paper the urethane compositions may be present as an
      ingredient in a wax, starch, casein, elastomer, or wet strength resin
      formulation. Aqueous emulsions of the urethane compositions are especially
      useful in the treatment of paper. By mixing the urethane compositions in
      an aqueous or oil type paint formulation, it may be applied effectively to
      unpainted asbestos siding, wood, metal and masonry. In the treatment of
      floors and tile surfaces and like substrates, the urethane compositions
      may be applied by their incorporation in an emulsion or solution.
PAR  Because of the ability of the surfaces treated with these urethane
      compositions to withstand abrasive action, the advantages incident to the
      repellency to oil and water and their resistance to soiling imparted by
      coating them with the urethane compositions of this invention, preferred
      classes of articles to be treated are papers and textiles. Illustrative
      papers are carbonizing tissue wallpaper, asphalt laminates, liner board,
      cardboard and papers derived from synthetic fibers.
PAR  For application to textile materials such as fabrics woven and non-woven,
      fibers, films, yarns, cut staple, thread etc. or articles made from
      fabrics, fibers, films, yarns, etc. the urethane compositions of the
      invention are preferably prepared as aqueous latices or emulsions which
      are then diluted, preferably with water and applied to the textiles from
      pad baths which may contain other treating materials. In accordance with
      this technique, the fabric or the textile material is passed through the
      bath, passed through squeeze rolls adjusted to leave the desired amount of
      the latex on the fabric, dried at a temperature of about 25.degree. to
      125.degree.C and then cured in a curing oven at a temperature in the range
      of from 120.degree. to 195.degree.C for 0.2 to 20 minutes. The weight of
      urethane composition deposited on the fabric may range from 0.01 to 10% of
      the weight of fabric. Preferably, very small amounts are used in the range
      of 0.1 to 1%, often from 0.1 to 0.5% to give high degrees of water and oil
      repellency. Any types of textile materials, such as cotton, wool, fiber
      glass, silk, regenerated cellulose, cellulose esters, cellulose ethers,
      polyesters, polyamides, polyolefins, polyacrylonitrile, polyacrylic
      esters, inorganic fibers, etc. either alone or blended in any combination
      may be successfully coated with the urethane compositions of the
      invention. The resulting textile material will be found to be repellent to
      water and oil, and the textile material will retain its resistance to such
      agents even after many launderings and dry cleanings.
PAR  It will be often advantageous to use the urethane compositions of the
      invention in combination with conventional finishes, such as mildew
      preventatives, moth resisting agents, crease resistant resins, lubricants,
      softeners, fat liquors, sizes, flame retardants, antistatic agents, dye
      fixatives and water repellents.
PAR  The invention described above is illustrated by the following examples:
PA1  Examples 1 to 46 illustrate the preparation of the R.sub.f -glycols and
      esters.
PA1  Examples 47 to 63 illustrate the preparation of urethane compositions and
      the present, practical utility of such compositions.
PA1  Examples 64 and 65 illustrate the preparation of the R.sub.f -thiols.
DETD
PAC  EXAMPLE 1
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluorodecylthio)-butane-1,4-diol
      ##EQU17##
PAR  2-Butyn-1,4-diol (1.1g; 0.013 mole) and
      1,1,2,2-tetrahydroperfluorodecanethiol (13.64g; 0.028 mole) were stirred
      together in 16 ml 2-butanone with 0.4g azobisisobutryonitrile (ABN)
      catalyst. The solution was heated to 83.degree. - 85.degree. for four
      hours, then a further 0.4g of catalyst was added and heating and stirring
      were continued for a total of 24 hours. After cooling, the solvent was
      removed by evaporation and the product was recrystallized from benzene to
      give 8.28g of the desired product (61% conversion). Further purification
      was effected by distillation of the material (b.p. 180.degree. -
      204.degree. at 0.6mm Hg) and final recrystallization from benzene. The
      pure product melted at 110.degree. - 112.degree.. The infrared spectrum
      showed OH stretching frequency at 3370 cm.sup.-.sup.1 ; CH stretching
      frequency at 2938 and 2878 cm.sup.-.sup.1 and CF stretching frequency from
      1330 to 1100 cm.sup.-.sup.1.
PAR  The structure was confirmed by nmr examination, which showed signals at:
PA1  2.0 - 3.4 ppm, --CH.sub.2 CH.sub.2 S-- and OH (1OH); 3.8 ppm, OCH.sub.2
      (4H); and 4.3 ppm, SCH(2H).
PAL  Analysis for C.sub.24 H.sub.16 F.sub.34 O.sub.2 S.sub.2 ; Calculated: C,
      27.55; H, 1.54; F, 61.73; Found: C, 27.54; H, 1.67; F, 61.46.
PAC  EXAMPLE 1a
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluorodecylthio)butyl-1,4-Dimethacrylate
      ##EQU18##
PAR  A 50 ml flask was charged with
      2,3-Bis(1,1,2,2-tetrahydroperfluorodecylthio) butane-1,4-diol (10.46 g;
      0.01 mole) pyridine (1.58 g; 0.02 mole) and a mixture of 15 ml heptane and
      10 ml methylethyl ketone. The solid diol was dissolved with warming to
      70.degree. and continuous stirring. Methacrylyl chloride (2.00 g; 0.02
      mole) was added over a 30 minute period, under nitrogen. A white solid
      gradually precipitated from the liquor. To ensure complete reaction the
      mixture was stirred at 70.degree. for 8 hours. All solids were removed by
      filtration and the solvents were stripped under reduced pressure.
      Purification of the crude dimethacrylate on neutral alumina gave 7.2 g
      product (61.1% of theory) as a white, waxy solid.
PAR  The structure was confirmed by spectroscopic examination. Infrared bands
      were observed at 1735cm.sup.-.sup.1 (C=O stretching frequency) and
      1637cm.sup.-.sup.1 (C=C stretching frequency). Nmr showed peaks at 1.9 ppm
      (6H) CH.sub.3 ; 2.0- 3.3 ppm (1OH) C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SCH;
      4.35 ppm (4H) OCH.sub.2 ; 5.58 ppm (2H) H trans to C=O; 6.1 ppm (2H) H cis
      to C=O. Nmr and GLC examination also showed the presence of a small amount
      of unreacted starting diol, which was difficult to remove. For this reason
      no true elemental analyses could be obtained.
PAR  On standing the monomer spontaneously polymerized to a brittle solid.
      EXAMPLE 1b
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluoroalkylthio)butyl-1,4-Dimethacrylate
      ##EQU19##
PAR  2,3,-bis(1,1,2,21 1,4-diol (40 g; 0.038 mole) was converted to its
      dimethacrylate by treatment with methacrylyl chloride (8.5 g; 0.082 mole)
      and pyridine (6.5 g; 0.082 mole) in heptane/methyl ethyl ketone solvent at
      70.degree. for 8 hours. Isolation and purification of the product gave 29
      g mixed -tetrahydroperfluoroalkylthio)butane-as an off-white waxy solid.
      The structure was confirmed by infrared and nmr spectroscopy. Infrared
      showed stretching frequencies at 1735cm.sup.-.sup.1 (C=O) and
      1638cm.sup.-.sup.1 (C=C). Nmr signals were at 1.9 ppm (6H) CH.sub.3 ;
      2.0-3.34 ppm (1OH) CH.sub.2 ; 4.35 ppm (4H) OCH.sub.2 ; 5.59 ppm (2H) H
      trans to C=O; 6.12 ppm (2H) H cis to C=O.
PAC  EXAMPLE 2
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluoroalkylthio)-butane-1,4-diol
      ##EQU20##
PAR  a. Solvent Free Process
PAR  In a 500 ml Morton flask, 400g (0.8 mole)
      1,1,2,2-tetrahydroperfluoalkanethiol (similar to that described in Example
      3, but having an average molecular weight of 500) was mixed with 327g
      (0.38 mole) 2-butyn-1,4-diol. With moderate stirring the flask was heated
      to 75.degree. under nitrogen by means of an external oil bath.
      Azobisisobutyronitrile catalyst (ABN) was added in 5 equal portions of
      1.32g each, at 25 minute intervals (total catalyst = 6.6g; 0.04 mole or 5
      mole % based on thiol). After the second catalyst addition, an exothermic
      reaction was noted, which took the reaction temperature to 78.degree. for
      a period of approximately 1 hour. The course of the reaction was followed
      by periodically removing samples and analysing them by gas-liquid
      chromatography (GLC). This showed that after 6-1/2 hours no further
      reaction was occuring. The composition of the crude reaction product was
      (area %) thiol (R.sub.f CH.sub.2 CH.sub.2 SH) 6.2;
      ##EQU21##
      diaddition product
      ##EQU22##
      unknowns 5.5.
PAR  The crude product was purified by passage through a falling film molecular
      distillation apparatus at 110.degree. and 8mm Hg. giving 352g. (85.0%
      conversion) product consisting of 1.2% thiol, 1.5% monoaddition product,
      93.0% diaddition product and 4.3% unknowns. Recovery of unreacted thiol
      was 34g, bringing the overall yield (conversion and recovery) to 93.5%.
PAR  b. Solvent Process
PAR  In a 2 liter Morton flask 1,1,2,2-tetrahydroperfluoroalkanethiol (as
      defined in Example 3) (483g; 1.0 mole) and 2-butyn-1,4-diol (43.05g; 0.5
      mole) were mixed in 500 ml heptane. The system was deoxygenated with
      nitrogen bubbling below the liquid surface and was then heated to
      75.degree. with a blade stirrer rotating at high speed.
      Azobisisobutyronitrile catalyst (ABN) was added in ten portions of 1.64g
      each over a 5 hour period. The reaction was continued for a total of 20
      hours. During this time the upper part of the flask not covered by the
      heating mantle was insulated with glass wool to prevent the deposition of
      the forming product on the walls. The reaction mixture was cooled, with
      stirring, to allow the product to crystallize. Filtration and drying at
      40.degree. and 0.5mm Hg permitted the recovery of 441.7g product (83.7%
      conversion). From the filtrate and the material removed during the pumping
      operation 61.2g unreacted thiol were obtained. The overall yield was 96.4
      %. The product melted over the range 73.degree. - 94.degree.. Gas
      chromatographic examination showed it to be the dialkyl diol with no trace
      of the monoaddition product.
PAC  EXAMPLES 3-7
PAR  Further examples of the free radical addition of
      1,1,2,2-tetrahydroperfluoroalkanethiol to 2-butyn-1,4-diol are shown
      below. Except where indicated, R.sub.f is a mixture of perfluoroalkyl
      chains C.sub.6 F.sub.13, C.sub.8 F.sub.17 and C.sub.10 F.sub.21.
     EXAMPLES 3 to 7                                                           

                                        R.sub.f CH.sub.2 CH.sub.2 SCHCH.sub.2  

                                        OH                                     

                                        .vertline.                             

                                        R.sub.f CH.sub.2 CH.sub.2 SCHCH.sub.2  

                                        OH         Recovered   %               

     Example                                                                   

          R.sub.f CH.sub.2 CH.sub.2 SH                                         

                   HOCH.sub.2 C.tbd.CCH.sub.2 OH                               

                            Solvent                                            

                                   ABN  Product    Thiol Conversion            

                                                               Yield           

     __________________________________________________________________________

     3    9.6g.sup.a ; 0.02m                                                   

                   0.86g; 0.01m                                                

                            Amsco 46.sup.b                                     

                                   328 mg                                      

                                        4.53g      --    43.2  --              

     4    48.0g.sup.a ; 0.10m                                                  

                   4.2 g; 0.05m                                                

                            Heptane                                            

                                   1.6 g                                       

                                        40.34g     7.44g 77.3  92.8            

     5    96.6g; 0.20m                                                         

                   8.61g; 0.10m                                                

                            Amsco 46                                           

                                   3.28g                                       

                                        74.8 g     --    76.7  --              

     6    289.8g; 0.60m                                                        

                   25.8g; 0.30m                                                

                            Heptane                                            

                                   9.84g                                       

                                        254.1 g    43.0 g                      

                                                         80.6  94.2            

     7    289.8g; 0.60m                                                        

                   25.8g; 0.30m                                                

                            Heptane                                            

                                   9.84g                                       

                                        254.4 g    58.6 g                      

                                                         80.6  99.2            

     __________________________________________________________________________

      .sup.a C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SH used.                       

      .sup.b A hydrocarbon solvent sold by American Mineral Spirits Co.        

      containing 42.4% paraffins, 39.4% naphthenes and 18.2% aromatics.        

PAC  EXAMPLE 8
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluorodecylthio)-butane-1,4-diol
      ##EQU23##
PAR  The example shows that the addition may be carried out thermally, without
      the need for added catalyst.
PAR  1,1,2,2-Tetrahydroperfluorodecanethiol (4.8g; 0.01 mole) and
      2-butyn-1,4-diol (0.43g; 0.05 mole) were sealed in an ampoule, under
      nitrogen, with no solvent. The reagents were stirred at 158.degree. for 20
      hours during which period a hard, light brown solid formed. Gas
      chromatographic examination showed this to be
      2,3-bis(1,1,2,2-tetrahydroperfluorodecylthio)-butane-1,4-diol. The mono
      addition product was not formed. The product was purified by
      crystallization from benzene, and then melted at 105.degree.-109.degree..
      The infrared and nmr data were identical to that obtained for the product
      of Example 1.
PAC  EXAMPLE 9
PAC  2,3-Bis(4-Heptafluoroisopropoxy-1,1,2,2-tetrahydroperfluorobutylthiol)-buta
     ne-1,4-diol
      ##EQU24##
PAR  4-Heptafluoroisopropoxy-1,1,2,2-tetrahydroperfluorobutanethiol (80g; 0.229
      mole) was stirred at 74.degree. with 2-butyn-1,4-diol (9.39g; 0.109 mole)
      under nitrogen. Azobisisobutyronitrile catalyst (1.88g; 0.0114 mole) was
      added in 5 equal portions at intervals of 25 minutes. After 10 hours GLC
      indicated that no further reaction was occurring. The crude product was
      washed with benzene, filtered and dried to give 69.5g product (81.9% of
      theory). A small sample was further recrystallized and had m.p. 84.degree.
      - 88.degree..
PAR  The infrared spectrum showed strong O-H stretching frequency at 3300
      cm.sup..sup.-1 and characteristic C-F bands at 1100 - 1300 cm.sup..sup.-1.
PAR  Nmr showed: 2.0-2.6 ppm, CFCH.sub.2 and OH (6H); 2.85 ppm, SCH.sub.2 (4H);
      3.1 ppm, SCH(2H); and 3.9 ppm, OCH.sub.2 (4H). Equivalent wt: Calc. 389;
      found 388.
PAR  Analysis for C.sub.18 H.sub.16 F.sub.22 O.sub.4 S.sub.2 ; Calculated: C,
      27.77; H, 2.07; F, 53.69; Found: C, 28.03; H, 2.03; F, 53.32.
PAC  EXAMPLE 10
PAC  2,3-Bis(Heptafluoroisopropyl-1,1,2,2-tetrahydroperfluoroalkanethio)
      butane-1,4-diol
      ##EQU25##
PAR  .omega.-Heptafluoroisopropoxy-1,1,2,2-tetrahydroperfluoroalkanethiol
      [(CF.sub.3).sub.2 CFO(CF.sub.2 CF.sub.2).sub.m CH.sub.2 CH.sub.2 SH]
      (consisting of 73% m = 3 homolog and 27% m = 4 homolog) (80g; 0.14 mole)
      was added to 2-butyn-1,4-diol (5.72g; 0.067 mole), using ABN catalyst
      (1.15g; 0.007 mole) in the manner described in the previous example. In
      this case the crude product was purified by passage through a molecular
      distillation apparatus. This gave 69.7 g product and 12.2g recovered
      thiol. Conversion is thus 83.9% and yield is 99.2% based on starting
      thiol. The waxy product had a melting point of approximately 37.degree.C.
      Its nmr and infrared spectra were very similar to those of the preceding
      example. GLC examination showed that the product was a mixture of three
      products, formed from the two origional thiols. In area % there were: m =
      3,3 43.3%; m = 3,4 40.9%; m = 4,4 15.80%.
PAR  Analysis: Calculated: on the basis of wt. % = area %; C, 26.36; H, 1.29; F,
      62.07; Found: C, 27.37; H, 1.39; F, 61.19.
PAC  EXAMPLES 11 to 13:
PAR  Addition of available thiols to commercial acetylenic alcohols and esters
      is illustrated by Examples 11 to 13. In each case a free radical catalyzed
      addition of 2 moles of thiol to 1 mole acetylenic alcohol is involved. The
      experimental procedure is as described in Example 2a.
TBL  EXAMPLES 11 to 13                                                         

     Example                                                                   

          Thiols    Alcohol or Ester    Product                                

     __________________________________________________________________________

     11   2 C.sub.8 F.sub.17 (CH.sub.2).sub.4 SH                               

                    + HOCH.sub.2 C.tbd.CCH.sub.2 OH                            

                                        C.sub.8 F.sub.17 (CH.sub.2).sub.4      

                                        SCHCH.sub.2 OH                         

                                        .vertline.                             

                                        C.sub.8 F.sub.17 (CH.sub.2).sub.4      

                                        SCHCH.sub.2 OH                         

     12   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 SH                              

                    + CH.sub.3 CH(OH)C.tbd.CCH(OH)CH.sub.3                     

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCHCH(OH)CH.sub.3                      

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCHCH(OH)CH.sub.3                      

     13   2 C.sub.8 F.sub.17 (CH.sub.2).sub.4 SH                               

                    + H(OCH.sub.2 CH.sub.2).sub.n OCH.sub.2 C.tbd.CCH.sub.2    

                    O(CH.sub.2 CH.sub.2 O).sub.n H                             

                                        C.sub.8 F.sub.17 (CH.sub.2).sub.4      

                                        SCHCH.sub.2 O(CH.sub.2 CH.sub.2        

                                        O).sub.n H                             

                                        .vertline.                             

                                        C.sub.8 F.sub.17 (CH.sub.2).sub.4      

                                        SCHCH.sub.2 O(CH.sub.2 CH.sub.2        

                                        O).sub.n H                             

     __________________________________________________________________________

      n=1 average                                                              

PAC  EXAMPLE 14
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluorodecylthio)butane-1,4-di(hydroxy ethyl
      ether)
      ##EQU26##
PAR  In a glass ampoule, 1,1,2,2-tetrahydroperfluorodecanethiol (15.4g; 0.033
      mole) and 2-butyn-1,4-hydroxyethyl ether* (2.61g; 0.015 mole) were shaken
      and heated at 75.degree. with 492 mg ABN for 18 hours in 20 ml heptane. A
      waxy product was obtained which after removal of excess thiol, melted in
      the range 26.degree. - 48.degree.. Infrared examination confirmed the
      assigned structure, showing O-H stretching frequency at 3405
      cm.sup..sup.-1. Nmr showed signals at 2.2 - 3.2 ppm SCH.sub.2 CH.sub.2 Rf
      and 3.2 - 4.2 ppm -CHO(CH.sub.2 CH.sub.2 O).sub.n H with the correct
      integrals. *
FNT  A commercial product H(OCH.sub.2 CH.sub.2).sub.n OCH.sub.2 C.tbd.CCH.sub.2
      O(CH.sub.2 CH.sub.2 O).sub.n H, with n = 1 average, but actually being a
      mixture of at least five distinct compounds. Elemental analysis:
PAR  Calculated for C.sub.28 H.sub.24 F.sub.34 O.sub.4 S.sub.2 (average n = 1) C
      29.64; H, 2.13; F 56.93; Found: C 30.04; H 2.25; F 55.84.
PAC  EXAMPLE 15
PAC  2,3-Bis(1,1,2,2-Tetrahydroperfluorodecylthio)-butyl-1,4-diacetate
      ##EQU27##
PAR  In a similar manner as Example 14, 1,1,2,2-tetrahydroperfluorodecanethiol
      (15.84g; 0.033 mole) 2-butyn-1,4-diacetate (2.55g; 0.015 mole) and 492 mg
      azobisisobutyronitrile were heated at 75.degree. for 19 hours to give
      12.3g (67%) product boiling at 185.degree. at 0.1 mm Hg. Infrared analysis
      (C=O stretching frequency at 1750 cm.sup..sup.-1 and the absence of all
      O-H frequency bands) and nmr examination confirmed the structure. Nmr
      showed signals at 2.3 - 3.2 ppm (8H) SCH.sub.2 CH.sub.2 ; 3.45 ppm (2H)
      SCH; and 4.38 ppm (4H) OCH.sub.2. The methyl protons resonated at 2.05
      ppm.
PAR  Elemental Analysis: Calculated for C.sub.28 H.sub.20 F.sub.34 O.sub.4
      S.sub.2 : C, 29.75 H, 1.78 F, 57.14; Found: C, 29.83 H, 1.78 F, 56.59.
PAC  EXAMPLE 16
PAC  2-(1,1,2,2-Tetrahydroperfluorodecylthio)-2-butene-1,4-diol
      ##EQU28##
PAR  1,1,2,2-Tetrahydroperfluorodecanethiol (24g; 0.05 mole) was added slowly to
      a mixture of 2-butyn-1,4-diol (6.5g; 0.076 mole) in heptane, containing
      820 mg ABN catalyst. This procedure gave a product enriched in the
      butenediol desired but also containing some of the diadduct (butanediol).
      The monoadduct butenediol was obtained in a pure state by sublimation at
      150.degree. and 0.7 mm Hg.
PAR  M.P. 87.degree. - 89.degree.. Nmr showed peaks at 2.2 - 3.2 ppm (4H)
      CH.sub.2 CH.sub.2 S; 3.8 ppm (2H) OH, 4.22 ppm (2H) S-C-CH.sub.2 O; 6.24
      ppm (1H) = CH. The yield was 26%.
PAR  Elemental Analysis;
PAR  Calculated for C.sub.14 H.sub.11 F.sub.17 O.sub.2 S: C, 29.69 H, 1.96 F,
      57.03; Found: C, 29.49 H, 1.89 F, 56.71.
PAC  EXAMPLES 17 to 29:
PAR  The following examples illustrate the wide variety of solvents which may be
      used in the reaction. All reactions were carried out with
      1,1,2,2-tetrahydroperfluorodecanethiol (5.28g; 0.011 mole),
      2-butyn-1,4-diol (0.43g; 0.005 mole) and 164 mg azobisisobutyronitrile. A
      reaction time of 18 hours at 76.degree. was uniform for each example.
      Product analysis was made by gas chromatography. Since an excess of thiol
      was used, the results are given below in two sections. The first shows the
      thiol present in relation to the mono- and diadducts and is thus an
      indication of the suitability of the solvent. The second section shows the
      relative amounts of mono-adduct to di-adduct, without regard to the thiol
      present. In each case the mono-adduct is
      ##EQU29##
      and the di-adduct is
      ##EQU30##
PAR  The results show that an inert, non-polar reaction medium, typically
      n-heptane, leads to maximum conversion of thiol and greatest production of
      di-adduct.
TBL                                    EXAMPLES 17 to 29                       

     __________________________________________________________________________

                      G. C. Analysis (area %)                                  

     __________________________________________________________________________

     Example                                                                   

          Solvent (10 ml)                                                      

                      Thiol                                                    

                           Mono.                                               

                                Di.  Mono Di.                                  

     __________________________________________________________________________

     17   heptane     12.4 0.8  86.6 0.9  99.1                                 

     18   acetone***  55.0 17.4 27.6 38.7 61.3                                 

     19   MEK         51.2 18.9 29.9 38.8 61.2                                 

     20   benzene     24.7 23.0 52.3 26.9 73.1                                 

     21   toluene     23.4 24.4 52.2 31.8 68.2                                 

     22   xylene      24.2 21.5 54.3 28.4 71.6                                 

     23   perchloroethylene*                                                   

                      29.2 0    3.9  --   --                                   

     24   carbon tetrachloride**                                               

                      18.7 3.8  44.9 7.8  92.2                                 

     25   ethylene dichloride                                                  

                      48.3 22.3 29.4 43.1 56.9                                 

     26   ethyl acetate                                                        

                      47.8 9.2  43.0 17.6 82.2                                 

     27   t-butyl alcohol                                                      

                      43.1 26.1 30.8 45.9 54.1                                 

     28   methyl cellosolve                                                    

                      39.0 19.3 41.7 31.6 68.0                                 

     29   isopropyl alcohol                                                    

                      44.7 27.1 28.2 49.0 51.0                                 

     __________________________________________________________________________

      *principal products were disulfide (C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 S)

      , accounting for 28.2% and three unidentified materials (total 38.7%)    

      **disulfide (32.6%) was major impurity                                   

      ***reaction temperature 60                                               

PAC  EXAMPLES 30 to 36:
PAR  Various free radical catalysts, in addition to ultraviolet irradiation, may
      be used to initiate the addition reaction. Below shows the effect of
      several different chemical initiators. Their effectiveness is judged by
      the amount of thiol consumed. In each reaction
      1,1,2,2-tetrahydroperfluorodecanethiol (4.8g; 0.01 mole) and
      2-butyn-1,4-diol were heated with the designated catalyst (10 mole % based
      on thiol). Heptane was used as a solvent except as indicated.
TBL  __________________________________________________________________________

                          Reaction    Thiol                                    

     Example                                                                   

          Catalyst        Temp.degree.C                                        

                               Time Hrs.                                       

                                      Consumed                                 

     __________________________________________________________________________

     30   benzoyl peroxide                                                     

                          90   18     45                                       

     31   lauroyl peroxide                                                     

                          85   18     42                                       

     32   azo bisisobutyronitrile                                              

                          75   18     78                                       

     33   2-t-butyl azoisobutyronitrile                                        

                          100* 17     75                                       

     34   1-1-butyl azo-1-cyano-                                               

                          117* 17     76                                       

          cyclohexane                                                          

     35   2,5-dimethyl-2,5-di-                                                 

                           130**                                               

                               20     28                                       

          (t-butylperoxy) hexane                                               

     36   di-t-butyl peroxide                                                  

                           140**                                               

                               20     33                                       

     __________________________________________________________________________

      *methyl isobutylketone solvent                                           

      **o-xylene solvent                                                       

PAR  All peroxides gave poor conversions of thiol to di-adduct and also gave
      rise to considerable amounts of unidentified by-products. Thus the actual
      conversion of thiol to di-adduct in these cases is much lower than the
      actual thiol consumption.
PAC  EXAMPLES 37 to 45:
PAR  other examples of the radical catalyzed addition of R.sub.f -thiol to
      commercial acetylenic alcohols and esters, using reaction conditions as
      shown in Example 2a are listed below.
PAR  Examples 37 to 45 illustrate additional combinations of R.sub.f -thiols
      with acetylenic diols and esters. The reaction conditions are those of
      Example 2a.
TBL  __________________________________________________________________________

     EXAMPLES 37 to 45                                                         

     Example                                                                   

          Thiol        Alcohol or Ester    Product                             

     37   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2                                 

                   + HOCH.sub.2 C.tbd.CCH.sub.2 OH.fwdarw.                     

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OH                                    

          SCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OH                                    

     38   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2                                 

                   + H(OCH.sub.2 CH.sub.2).sub.n OCH.sub.2 C.tbd.              

          SCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                     CCH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.n H.fwdarw.          

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         O(CH.sub.2 CH.sub.2 O).sub.n H        

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         O(CH.sub.2 CH.sub.2 O).sub.n H        

                                        n = 1 average                          

     39   2 C.sub.8 F.sub. 17 CH.sub.2 CH.sub.2                                

                   + CH.sub.3 COOCH.sub.2 C.tbd.CCH.sub.2 OCOCH.sub.3 .fwdarw. 

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2   

                                        SCHCH.sub.2 OCOCH.sub.3                

          SCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        SCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2   

                                        SCHCH.sub.2 OCOCH.sub.3                

     40   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2                                 

                   + HOCH.sub.2 C.tbd.CCH.sub.2 OH.fwdarw.                     

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OH                                    

          OCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OH                                    

     41   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2                                 

                   + H(OCH.sub.2 CH.sub.2).sub.n OCH.sub.2 C.tbd.              

          OCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                     CCH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.n H.fwdarw.          

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         O(CH.sub.2 CH.sub.2 O).sub.n H        

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         O(CH.sub.2 CH.sub.2 O).sub.n H        

                                        n = 1 average                          

     42   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2                                 

                   + CH.sub.3 COOCH.sub.2 C.tbd.CCH.sub.2 OCOCH.sub.3 .fwdarw. 

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OCOCH.sub.3                           

          OCH.sub.2 CH.sub.2 CH.sub.2 SH                                       

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        OCH.sub.2 CH.sub.2 CH.sub.2 SCHCH.sub.2

                                         OCOCH.sub.3                           

     43   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 N                               

                   + HOCH.sub.2 C.tbd.CCH.sub.2 OH.fwdarw.                     

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 OH                         

          (CH.sub.3)CH.sub.2 CH.sub.2                                          

                                        .vertline.                             

          CH.sub.2 SH                   C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 OH                         

     44   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 N                               

                   + H(OCH.sub.2 CH.sub.2).sub.n OCH.sub.2 C.tbd.              

          (CH.sub.3 CH.sub.2 CH.sub.2                                          

                     CCH.sub.2 O(CH.sub.2 CH.sub.2 O).sub.n H.fwdarw.          

          CH.sub.2 SH                   C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 O(CH.sub.2 CH.sub.2 O      

                                        .vertline.                             

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 O(CH.sub.2 CH.sub.2        

                                        O).sub.n H                             

     45   2 C.sub.8 F.sub.17 CH.sub.2 CH.sub.2 N                               

                   + CH.sub.3 COOCH.sub.2 C.tbd.CCH.sub.2 OCOCH.sub.3 .fwdarw. 

                                        C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3)CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 OCOCH.sub.3                

          (CH.sub.3 CH.sub.2 CH.sub.2   .vertline.                             

          CH.sub.2 SH                   C.sub.8 F.sub.17 CH.sub.2 CH.sub.2     

                                        N(CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2  

                                        SCHCH.sub.2 OCOCH.sub.3                

     __________________________________________________________________________

PAR  Examples 46 to 63 illustrate the conversion of the
      perfluoroalkylthioglycols described herein to fluorine-containing urethane
      compositions.
PAC  EXAMPLE 46
PAR  The diol of Example 1 (7.85 grams; 0.0075 mole) and Tonco 70 (a commercial
      mono-isocyanate containing 70% octadecyl isocyanate and 30% hexadecyl
      isocyanate) 4.31 grams; 0.05 mole) were dissolved in 20 ml urethane grade
      methyl ethyl ketone in a sealed reaction vessel. As a catalyst, 456 mg of
      a 1% solution of dibutyltindilaurate (7.5 .times. 10.sup..sup.-6 moles
      catalyst) in MEK was added and the reactor was heated at 75.degree., with
      agitation, for 18 hours, when infrared examination showed all --NCO
      functionality to be absent (no stretching vibration at 2275
      cm.sup..sup.-1). 11.3 grams of urethane was obtained as an amber wax by
      evaporation of the solvent. The product melted at 73.degree. to
      88.degree.. The infrared spectrum showed N-H str. at 3335 cm.sup..sup.-1
      and C=O str. at 1694 cm.sup..sup.-1.
PAR  Elemental Analysis: Calc'd: C, 45.06; H, 5.45; N, 1.73; F, 39.86; Found: C,
      45.00; H, 5.41; N, 1.74; F, 39.69.
PAC  EXAMPLE 47
PAR  When the diol of Example 1 (7.85 grams; 0.0075 mole)
PAL  and Desmodur RF [a commercial thiophosphoryl tris (4-phenylisocyanate)]
      (2.09 grams; 0.005 moles) are reacted according to the conditions of
      Example 46 there are obtained 8.0 grams of urethane product as a hard
      granular material.
PAR  Low molecular weight urethane compositions such as are described in
      Examples 46 and 47 are useful as coatings on vinyl surfaces to render the
      same soil repellent. The urethane composition can be applied from MEk
      solution to vinyl sheeting and the treated material resists soiling
      according to a standard test, in contrast to an untreated sample.
PAC  EXAMPLES 48 to 52
PAR  2,3-bis (1,1,2,2-tetrahydroperfluorodecylthio) butane-1,4-diol (the diol of
      Example 1) was converted by reaction with equimolar amounts of a
      diisocyanate to a high molecular weight urethane composition characterized
      by the presence of a segment of formula:
      ##EQU31##
      where A is the residue obtained from the indicated diisocyanate.
PAR  The R.sub.f glycol and the diisocyanate were dissolved in about 20 ml
      urethane grade methyl ethyl ketone in a sealed reaction vessel. The
      indicated amount of catalyst was added and the reactor heated for 17 hours
      at 73.degree.C with agitation. The results are summarized below.
TBL  __________________________________________________________________________

                                               Weight of                       

                                 CATALYST**    Product                         

                                                     Elemental                 

                                                          Anal.                

                                                              .gamma.C***      

     Ex.                                                                       

        Weight                                                                 

             Moles                                                             

                  Isocyanate*                                                  

                         Weight                                                

                             Mole                                              

                                 Wt.g 1% Soln.                                 

                                          Moles                                

                                               (grams)                         

                                                     Calcd.                    

                                                          Found                

                                                              dyness/cm        

     __________________________________________________________________________

     48  8.37                                                                  

             0.008                                                             

                  DDI    4.80                                                  

                             0.008                                             

                                 485 mg   8.times.10.sup..sup.-6               

                                                6.0  C 45.53                   

                                                          45.98                

                                                              12.66            

                                                     H  5.42                   

                                                           5.36                

                                                     N  1.71                   

                                                           1.81                

                                                     F 39.50                   

                                                          38.83                

     49 10.46                                                                  

             0.010                                                             

                  LDIM   2.12                                                  

                             0.010                                             

                                 607 mg   1.times.10.sup..sup.-5               

                                               10.0  C 31.49                   

                                                          31.85                

                                                              11.88            

                                                     H  2.24                   

                                                           2.37                

                                                     F 51.32                   

                                                          50.77                

     50 11.51                                                                  

             0.011                                                             

                  HDI    1.85                                                  

                             0.011                                             

                                 688 mg   1.1.times.10.sup..sup.-5             

                                               10.4  C 31.64                   

                                                          31.54                

                                                              11.50            

                                                     H  2.32                   

                                                           2.21                

                                                     F 53.18                   

                                                          52.21                

     51 10.46                                                                  

             0.010                                                             

                  TMDI   2.10                                                  

                             0.010                                             

                                 607 mg   1.times.10.sup..sup.-5               

                                               10    C 33.45                   

                                                          33.27                

                                                              12.95            

                                                     H  2.73                   

                                                           2.80                

                                                     F 51.40                   

                                                          51.41                

     52 11.51                                                                  

             0.011                                                             

                  TDI    1.91                                                  

                             0.011                                             

                                 688 mg   1.1.times.10.sup..sup.-5             

                                               10.2  C 32.47                   

                                                          32.67                

                                                              12.66            

                                                     H  1.82                   

                                                           1.85                

                                                     F 52.92                   

                                                          52.74                

     __________________________________________________________________________

      *DDI = dimeracid derived isocyanate - Quaker Oats Company                

      LDIM = Lysinediisocyanate methyl ester - Merck and Company               

      TDI = toluene 2,4-diisocyanate                                           

      **catalyst dibutyltindilamate, 1% in MEK                                 

      ***critical surface tension for wetting                                  

PAC  EXAMPLE 53
PAR  A hydroxy-terminated R.sub.f -containing prepolymer was prepared as
      follows:
PAR  2,3-Bis(1,1,2,2-tetrahydroperfluorodecylthio)butane-1,4-diol (the diol of
      Example 1) (20 g; 0.0191 mole) was mixed with lysine diisocyanate methyl
      ester (2.7 g; 0.0127 mole) in 20 g. methylethyl ketone.
      Dibutyltindilaurate was added (23 mg; 3.82 .times. 10.sup..sup.-5 mole) to
      the resulting solution and the reaction vessel was heated to 75.degree.
      with agitation until all isocyanate had reacted, as shown by the
      disappearance of the N=C=O band in the infrared. The solution was divided
      into two equal parts. One was used for Example 54. The outer was poured in
      cold heptane to precipitate the urethane product. After drying, this
      portion weighed 21.0 g. Infrared showed peaks at 3480 cm.sup..sup.-1 (O-H
      str.); 3340 cm.sup..sup.-1 (N-H str.) and 1715 cm.sup..sup.-1 (C=O str.;
      ester and urethane).
PAR  Elemental Analysis: Calc'd for C.sub.90 H.sub.72 F.sub.102 N.sub.4 O.sub.14
      S.sub.6 : C, 30.33; H, 2.04; N, 1.57; F, 54.38; Found: C, 30.61; H, 2.00;
      N, 1.67; F, 53.96.
PAC  EXAMPLE 54
PAR  The hydroxy-terminated R.sub.f -containing prepolymer was converted into a
      urethane composition by reaction with additional diisocyanate and the
      reaction product capped by reaction with a monoalcohol.
PAR  The prepolymer of Example 53 was treated at 75.degree. with further amounts
      of lysine diisocyanate (1.35 g; 0.0064 mole) to cap the free OH groups and
      the urethane was terminated by the addition of
      2,3-bis(1,1,2,2-tetrahydroperfluorodecylthio) propan-1-ol (6.5 g; 0.0064
      mole). Reaction was judged to be complete when no isocyanate peaks were
      visible in the infrared. The product was precipitated by pouring the MEK
      solution slowly into chilled heptane. After drying the final urethane
      weighed 28.9 g, and had a rubbery consistency. No OH stretching
      frequencies were visible in the infrared, but N-H stretching frequency was
      present at 3335 cm.sup..sup.-1 and C=O (ester and urethane) was a broad
      band centered at 1715 cm.sup..sup.-1.
PAR  Elemental Analysis for C.sub.154 H.sub.124 F.sub.170 N.sub.8 O.sub.24
      S.sub.10 ; Calculated: C, 30.72; H, 2.08; N, 1.86; F, 53.64; Found: C,
      30.75; H, 2.10; N, 1.94; F, 52.95.
PAC  EXAMPLE 55
PAR  This example illustrates the formation of diisocyanate-terminated  R.sub.f
      -containing intermediate and the conversion thereof to a high and low
      (relative) molecular weight urethane compositions.
PAR  A. High molecular weight
PAR  2,3-Bis(1,1,2,2-tetrahydroperfluorodecylthio)butane-1,4-diol (the diol of
      Example 1)(57.33 g; 0.055 mole) was dissolved in 150 g methylethyl ketone.
      Lysine diisocyanate methyl ester (5.83 g; 0.0275 mole) was added, followed
      by 3.46 g of a 1% solution of dibutyl tin dilaurate as catalyst. The
      solution was heated under reflux and stirred in a nitrogen atmosphere for
      2-1/2 hours. Then dimer acid derived diisocyanate (DDI, available from The
      Quaker Oats Company) (33.0 g; 0.055 mole) was added and heating and
      stirring were continued for a further 3 hours. To complete the urethane
      formation the isocyanate capped intermediate was divided into two equal
      parts. The first was treated with lysine diisocyanate methyl ester (2.77
      g; 0.013 mole) and N-methyl diethanolamine (3.11 g; 0.027 mole), to give a
      material which was purified by evaporation of the solvent followed by
      freeze drying from benzene. An infrared spectrum of the material showed
      N-H str. at 3336 cm.sup..sup.-1 and a broad carbonyl band (C=) str.) with
      a main peak at 1690 cm.sup..sup.-1 due to the ester and urethane linkages.
      The material was only sparingly soluble in methanol.
PAR  Elemental Analysis for C.sub.152 H.sub.226 F.sub.68 N.sub.10 O.sub.20
      S.sub.4 ; Calculated: C, 46.4; H, 5.8; F, 32.8; Found: C, 46.5; H, 5.6; F,
      33.8.
PAR  Critical surface tension for wetting, .gamma..sub.c = 11.32 dynes/cm.
PAC  EXAMPLE 55 (continued)
PAC  B. Low molecular weight
PAR  The second half of the isocyanate capped prepolymer was treated with lysine
      diisocyanate methyl ester (2.77 g; 0.013 mole) and N-methyldiethanolamine
      (3.67 g; 0.031 mole). The excess termination diol acts as a chain
      terminator and gives a lower molecular weight polyurethane. By freeze
      drying, a quantitative yield of polyurethane was obtained. The infrared
      spectrum and elemental analyses were similar to those of part A. The
      principal difference was that the low molecular weight urethane was very
      soluble in methanol, and could only be recovered in good yield by freeze
      drying from benzene.
PAR  Critical surface tension for wetting, .gamma..sub.c = 12.37 dynes/cm.
PAC  EXAMPLE 56
PAR  A hydroxy-terminated R.sub.f -containing prepolymer was prepared as
      follows:
PAR  Methyl ethyl ketone (600 g) was charged to a 2 l. flask fitted with a
      stirrer, thermometer, nitrogen inlet and a condenser protected with a
      drying tube. 2,3-Bis-(1,1,2,2-tetrahydroperfluoroalkylthio)butane-1,4-diol
      (600 g; 0.571 mole)* was added together with a 1:1 mixture of
      2,2,4-trimethylhexamethylene diisocyanate and
      2,4,4-trimethylhexamethylenediisocyanate (80.16 g; 0.381 mole). All
      reagents were rinsed in with an additional 50 g MEK. The solution was
      heated to boiling and 50 g solvent was removed by distillation to effect
      azeotropic drying of all materials. Then dibutyltindilaurate (0.692 g;
      1.14 .times. 10.sup..sup.-3 mole; 2 mole % based on diol) was added as a
      catalyst and the solution was heated under reflux for six hours, when the
      reaction was judged to be complete by the absence of the N=C=O infrared
      band at 2270 cm.sup..sup.-1. The solution was cooled to room temperature
      (25.degree.) and diluted with MEK to a total of 2042 g (33-1/3% solids). A
      portion of the above material was taken to dryness. A quantitative
      recovery of a resinous material was obtained. Elemental analysis showed
      52.8%F (theory: 53.4%F). Infrared bands at 3460 cm.sup..sup.-1 (O-H str.),
      3340 cm.sup..sup.-1 (N-H str.) and 1705 cm.sup..sup.-1 (C=) str.)
      confirmed the structure of the hydroxy-terminated urethane prepolymer.
      ##EQU32##
      where R.sub.f is a mixture of prefluoroalkyl chains consisting of C.sub.6
      F.sub.13 C.sub.8 F.sub.17 and C.sub.10 F.sub.21. The diol is described in
      Example 2.
PAC  EXAMPLE 57
PAR  The hydroxy-terminated prepolymer of Example 56 (53.7 g solution, 17.9 g
      solids) was treated further at 75.degree. with dimer acid derived
      diisocyanate (6.0 g; 0.01 mole) (DDI, Quaker Oats Company) for two hours,
      then the urethane chain was completed by the addition of
      trimethylhexamethylene diisocyanate (2,2,4 and 2,4,4 isomer mixture) (1.05
      g; 0.005 mole) and N-methyldiethanolamine (1.19 g; 0.01 mole). Reaction
      was complete in three hours, as shown by the disappearance of the N=C=O
      band (2270 cm.sup..sup.-1) in the infrared spectrum. A sample taken to
      dryness gave a quantitative yield of an off-white powder containing 35.8%F
      (theory 36.6%F). For application to textile fabrics the polyurethane was
      applied either from solvent (MEK solution) or as an aqueous emulsion. The
      latter was made by first quaternizing the tertiary nitrogen atoms with
      glacial acetic acid and then pouring the MEK solution into a sufficient
      volume of water to give a clear emulsion.
PAC  EXAMPLE 58
PAR  The prepolymer of Example 56 (53.7 g solution; 17.9 g solids) was treated
      as in Example 57 with dimer acid derived isocyanate (6.0 g; 0.01 mole)
      (DDI, Quaker Oats Company) for 2 hours at 75.degree. followed by further
      reaction with N-methyldiethanolamine (3.57 g; 0.03 mole) and dimer acid
      derived isocyanate (15.0 g; 0.025 mole)(DDI). Reaction was judged to be
      complete in 3 hours. An aliquot of the polyurethane solution was taken to
      dryness to yield a quantitative amount of off-white powder, containing
      23.0%F (theory 22.4%). Application to fabrics was made either as a solvent
      based material or as a self-emulsifiable quaternized polyurethane as
      described in Example 57.
PAC  EXAMPLE 59
PAR  When the prepolymer of Example 56 (53.7 g solution; 17.9 g solids) is
      treated was dimer acid derived isocyanate (DDI) (6.0 g; 0.01 mole) for 2
      hours at 75.degree.; there is obtained an isocyanate terminated
      prepolymer. This is extended with 2,2-bis(hydroxy methyl)-propionic acid
      (1.34 g; 0.01 mole) and trimethylhexamethylene-diisocyanate (1.05 g; 0.005
      mole). This acidic function is neutralized by the addition of potassium
      hydroxide and the product is self-emulsifiable when poured into water.
PAC  EXAMPLE 60
PAR  The utility of the urethane compositions of the preceding examples is
      illustrated below. The compositions were applied to fabrics at a loading
      of 0.08%F based on the weight of fabric (OWF) and tested for oil and water
      repellency.
PAR  The AATCC water spray test rating was determined according to Standard Test
      Method 22-1971 of the American Association of Textile Chemists and
      Colorists. Ratings are given from 0 (minimum) to 100 (maximum).
PAR  The AATCC Oil Rating was determined according to Standard Test Method
      118-1972 of the American Association of Textile Chemists and Colorists.
      Ratings are given from 0 (minimum) to 8 (maximum). A commonly accepted
      lower value on soil repellent fabrics in the U.S. is an oil repellency of
      4.
PAR  All mentioned AATCC Tests are listed in the Technical Manual of the
      American Association of Textile Chemists and Colorists, Volume 48, Edition
      1972.
PAR  The novel urethane compositions were applied to polyester fabric, or
      polyester-cotton twill (65/35) in such a way that 0.08% fluorine was
      deposited onto the fabric. The cotton/polyester fabric is a 65%
      polyester-35% cotton blend. The polyester is one formed from ethylene
      glycol and terephthalic acid, sold for example under the Dacron trademark.
PAR  Polymers dissolved in a non-aqueous medium were mostly applied to fabric by
      a padding process and were evaluated after air drying and after curing in
      a hot air oven at &gt;150.degree.C for 3 minutes.
PAR  Polymers prepared in water or a water-solvent mixture or a solvent which is
      water-miscible were applied to polyester-cotton twill by padding from an
      aqueous pad bath containing a permanent press resin, catalyst and
      surfactant, followed by drying and curing.
PAC  EVALUATION OF POLYURETHANES AS OIL AND WATER REPELLENTS APPLIED AT A LEVEL
      OF 0.08% OWF
     Urethane  Oil        Water                                                

     of Example                                                                

               Repellency Repellency  Fabric*                                  

     ______________________________________                                    

     46         0-1        0          Cotton/PE                                

     49         5-6       80          PE                                       

     50        6          80          "                                        

     51        6          80          "                                        

     52        1          80          "                                        

     53        5           0          Cotton/PE                                

     54         4-5       70          "                                        

      55A      3          70          "                                        

      55B      3           70+        "                                        

     57        6          80          "                                        

     58        6           80+        "                                        

     ______________________________________                                    

      *Cotton/PE = 35% cotton, 65% polyester     PE = 100% polyester           

PAC  EXAMPLE 61
PAR  Incorporation of small amounts of R.sub.f -glycol into polyurethane
      elastomer compositions imparts excellent release properties to molds made
      from the elastomer. The R.sub.f -glycol itself contains 60%F, but
      incorporation of only enough R.sub.f -glycol to give the final formulation
      of 0.6%F is sufficient to produce the desired mold release properties.
PAR  2,3-Bis(1,1,2,2-tetrahydroperfluoroalkylthio)butane-1,4-diol (47 g; 0.046
      mole) the diol of Example 1, and tolylene-2,4-diisocyanate (322 g; 1.85
      mole) were mixed and allowed to react at 80.degree. for 30 minutes. This
      gave a solution of fluorinated diisocyanate prepolymer in excess TDI. To
      this solution was added Polymeg 1000* (521 g) and Pluracol 2010** (573 g),
      keeping the temperature below 50.degree. with external cooling. Then the
      reaction was completed by heating at 82.degree. for 2 hours to give an
      isocyanate capped polymer containing approximately 10% NCO. The fluorine
      content of the polymer was approximately 2% and its free surface energy,
      .gamma..sub.c as 12 dynes/cm.
PAR  This material was blended with a polymer made without the addition of
      R.sub.f -diol, such that the final fluorine content was 0.6%. Molds made
      from this blend exhibited excellent release properties. Molds made from
      non-fluorine containing polymers caused considerable sticking of molded
      parts. *Quaker Oats Company: Polytetramethylene ether glycol
      **BASF-Wyandotte: Polypropylene glycol
PAC  EXAMPLE 62
PAR  Polyurethane varnishes are well-known commercial items. Generally, they
      provide clear coatings with excellent mechanical and solvent resistant
      properties. By incorporating a small amount of R.sub.f -glycol (sufficient
      to give as little as 0.5%F in the final film) the general polyurethane
      properties are not impaired and the incorporated fluorine allows better
      wetting of the surfaces to be coated by the varnish. The final, hard
      fluorine coating film has a critical surface energy .gamma..sub.c of
      .about.12 dynes/cm, which means that it cannot be wetted by most common
      liquids and that it is therefore more soil resistant than ordinary
      polyurethane coatings.
PAR  2,3-Bis(1,1,2,2-tetrahydroperfluoroalkylthio)butane-1,4-diol (0.1 mole) the
      diol of Example 2 is reacted with 3.2 mole tolylene-2,4-diisocyanate to
      give fluorinated isocyanate propolymer. This is then mixed with
      tris-(hydroxymethyl) propane (1 mole) and warmed to complete reaction.
PAR  A commercial hydroxyl terminated polyester (Desmophen 800) (17.3 parts by
      volume) is dissolved in a standard polyurethane solvent
      (glycolmonomethylether acetate, butyl acetate, ethyl acetate and toluene)
      and to the solution is added 41.5 parts by volume of the isocyanate capped
      polymer described above, and well mixed. The solution is then ready for
      brushing or spraying on the surface to be coated, hardens to a clear
      varnish after a few hours exposure at ambient conditions.
PAR  Fiber reactivity of the polyurethanes can be achieved through a -NCO
      terminated polymer. Application of such a material from a non-reactive
      solvent (e.g., trichloroethane) to a cellulosic fiber, followed by a high
      temperature cure
PAC  EXAMPLE 62: (continued) results in a urethane bond formation between the
      -OH groups of the fiber and the -NCO groups of the polymer. Alternatively,
      cross-linking may be achieved between the polymer chains by reaction of
      the terminal -NCO groups with already formed urethane linkages, to give
      allophanate structures.
      ##EQU33##
      Another alternative is for a conventional hydroxyl terminated polymer, as
      previously exemplified, to be co-applied, from solvent, with a
      fiber-reactive resin, such as a polymethylolmelamine, which will react, on
      curing, with the -OH groups of both the fiber and the polyurethane.
PAC  EXAMPLE 63
PAR  Methyl ethyl ketone (600 g) is charged to a 2 l. flask fitted with a
      stirrer, thermometer, nitrogen inlet and a condenser protected with a
      drying tube. 2,3-bis (1,1,2,2-tetrahydroperfluoroalkylthio)butane 1,4-diol
      (600 g; 0.571 mole) the diol of Example 2, is added together with a 1:1
      mixture of 2,2,4-trimethylhexamethylene diisocyanate and
      2,4,4-trimethylhexamethylenediisocyanate (80:16 g; 0.381 mole). All
      reagents are rinsed in with an additional 50 g MEK. The solution is heated
      to boiling and 50 g solvent are removed by distillation to effect
      azeotropic drying of all materials. Then dibutyltindilaurate (0.692 g;
      1.14 .times. 10.sup..sup.-3 mole; 2 mole % based on diol) is added as a
      catalyst and the solution heated under reflux for six hours. At the end of
      this time the reaction is judged to be complete by the absence of the
      N=C=O infrared band at 2270 cm.sup..sup.-1. A further 800 ml of MEK are
      added and the hydroxyl terminated prepolymer treated further with dimer
      acid derived diisocyanate (228.6 g; 0.381 mole) (DDI) for two hours. The
      urethane chain is completed by the addition of further dimer acid derived
      diisocyanate (457.6 g; 0.762 mole) (DDI) and 1,4-butanediol (68.5 g; 0.762
      mole).
PAR  The presence of --NCO bands in the final product is shown by infrared
      adsorption (2270 cm.sup..sup.-1). Addition of 1450 ml MEK gave a product
      containing 33-178 % solids. This product is applied to fabrics by
      application from solvent by diluting the concentrate with
      1,1,1-trichloroethane such that the treating bath contains approximately
      0.2%F. Fabrics so treated typically exhibit an oil repellency of 6 and a
      water spray rating of 80.
PAC  EXAMPLE 64
PAR  This example illustrates the conversion of a perfluoroalkylalkylene iodide
      to the corresponding thiol by reaction with thiourea.
PAR  In a 1 liter flask is place 100 g (0.138 mole) of C.sub.11 F.sub.23
      CH.sub.2 CH.sub.2 I, 12.6 (0.166 mole) of thiourea and 100 ml of anhydrous
      ethanol and the mixture is refluxed for 5 hours. Then about 50 ml of the
      ethanol is stripped off under vacuum and 400 ml H.sub.2 O and 11.04 g
      (0.138 mole) of 50% aqueous NaOH are added and the reaction mixture is
      boiled.
PAR  The mercaptan, C.sub.11 F.sub.23 CH.sub.2 CH.sub.2 SH, is collected in a
      Dean-Stark trap as a lower layer in good yield.
PAC  EXAMPLE 65:
PAR  This example illustrates two alternate synthetic methods for preparing the
      thiol R.sub.f -- R.sub.l -- SH
PAR  A. Reaction of R.sub.f -- CH = CH.sub.2 with H.sub.2 S.
PAR  The olefin C.sub.9 F.sub.19 CH = CH.sub.2 is reacted with H.sub.2 S at
      +5.degree.C at 200 PSIG H.sub.2 S, the mole ratio of H.sub.2 S to olefin
      being about 30:1 in a water jacketed quartz tube irradiated with the
      ultraviolet light furnished by two 36 inches germicidal lamps under static
      conditions. The major product is:
EQU  C.sub.9 F.sub.17 CH.sub.2 CH.sub.2 SH
PAR  B. Reaction of R.sub.f CH.sub.2 CH.sub.2 I with thiourea followed by
      hydrolysis.
PAR  In a 5 liter round bottom flask equipped with a water cooled condenser,
      stirrer and heating mantle is placed 624 g (1.0 mole) of CF.sub.3).sub.2
      CF(CF.sub.2).sub.6 CH.sub.2 CH.sub.2 I, 114 g thiourea (1.5 mole) and 3
      liters of absolute ethanol. The reaction mixture is heated at reflux for
      26 hours. Ethanol is then removed while adding water to maintain constant
      volume. 200 ml of 1M NaOH is then added and the solution co-distilled with
      water into a phase separator. The aqueous phase is returned to the
      reaction vessel. Further distillation gives the pure mercaptan
EQU  (CF.sub.3).sub.2 CF(CF.sub.2).sub.6 CH.sub.2 CH.sub.2 SH.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU34##
      in which R.sub.f is straight or branched-chain perfluoroalkyl of 1 to 18
      carbon atoms or said perfluoroalkyl substituted by perfluoroalkoxy of 2 to
      6 carbon atoms;
PA1  R.sub.1 is branched or straight chain alkylene of 1 to 12 carbon atoms,
      alkylenethioalkylene of 2 to 12 carbon atoms, or alkyleneoxyalkylene of 2
      to 12 carbon atom; and
PA1  R.sub.2 and R.sub.3 each independently is straight or branched chain
      alkylene of 1 to 12 carbon atoms; straight or branched chain alkylene of 1
      to 12 carbon atoms, substituted by one or two of phenyl or cyclohexyl; or
      R.sub.2 and R.sub.3 are a group of the formula
EQU  C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r
PAL  where
PA1  m is an integer from 1 to 12,
PA1  k is an integer from 2 to 6, and
PA1  r is an integer from 1 to 40.
NUM  2.
PAR  2. A compound according to claim 1 in which
PA1  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms or said perfluoroalkyl
      substituted by perfluoroalkoxy of 2 to 6 carbon atoms;
PA1  R.sub.1 is branched or straight chain alkylene of 2 to 8 carbon atoms,
      alkylenethioalkylene of 2 to 8 carbon atoms, or alkyleneoxyalkylene of 2
      to 8 carbon atoms; and
PA1  R.sub.2 and R.sub.3 are each independently straight or branched chain
      alkylene of 1 to 4 carbon atoms or a group of formula
EQU  C.sub.m H.sub.2m (OC.sub.k H.sub.2k).sub.r
PAL  where
PA1  m is an integer from 1 to 4,
PA1  k is an integer from 2 to 4, and
PA1  r is an integer from 1 to 20.
NUM  3.
PAR  3. A compound according to claim 1 in which
PA1  R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms,
PA1  R.sub.1 is alkylene of 2 to 4 carbon atoms, and
PA1  R.sub.2 and R.sub.3 are both alkylene of 1 or 2 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 of formula
      ##EQU35##
      where R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms.
NUM  5.
PAR  5. A compound according to claim 1 of formula
      ##EQU36##
NUM  6.
PAR  6. A compound according to claim 1 of formula
      ##EQU37##
      where R.sub.f is perfluoroalkoxyperfluoroalkyl of 4 to 12 carbon atoms.
NUM  7.
PAR  7. A compound according to claim 6 of formula
      ##EQU38##
      where y is an integer from 1 to 6.
NUM  8.
PAR  8. A compound according to claim 6 of formula
      ##EQU39##
      where y is 2, 3 or 4.
NUM  9.
PAR  9. A compound according to claim 1 of formula
      ##EQU40##
      where R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms, and
PA1  w is an integer from 1 to 8.
NUM  10.
PAR  10. A compound according to claim 1 of formula
      ##EQU41##
      where R.sub.f is perfluoroalkyl of 6 to 12 carbon atoms,
PA1  n is an integer from 1 to 12,
PA1  m is an integer from 1 to 4,
PA1  k is an integer from 2 to 4, and
PA1  r is an integer from 1 to 20.
NUM  11.
PAR  11. A compound according to claim 10 of formula
      ##EQU42##
NUM  12.
PAR  12. A compound according to claim 1 of formula
      ##EQU43##
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PAL  Diperoxides, useful as free radical type polymerization initiators, for
      example, are preparable from an organic hydroperoxide such as t-butyl
      hydroperoxide, and a ketone using catalyst comprising molybdenum or
      vanadium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel method for preparing diperoxides from
      organic hydroperoxides and ketones.
PAR  2. Description of the Prior Art
PAR  The prior art, for example, Dickey, U.S. Pat. No. 2,455,569 (Dec. 7, 1948)
      and Dickey et al, J. Am. Chem. Society, 71, 1432 (1949), shows the
      reaction of tertiary organic hydroperoxides and ketones to take place only
      in the presence of inorganic acid or acid-acting catalyst, and preferably
      in the presence of a dehydrating agent, and the reaction product to be the
      corresponding diperoxides.
PAR  Before this invention, molybdenum and vanadium catalysts were known in
      certain oxidation reactions including epoxidation of olefin reactions. It
      was never suggested, and thus it was highly unexpected, that molybdenum
      and vanadium catalysts would be useful in an organic hydroperoxide ketone
      condensation reaction.
PAC  SUMMARY OF THE INVENTION
PAR  It has unexpectedly been discovered that organic hydroperoxides and ketones
      can be reacted to substantial completion to diorganoperoxyalkanes or
      cycloalkanes in relatively short times at mild conditions in the absence
      of acids and dehydrating agents in the presence of molybdenum or vanadium
      catalyst.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention is directed to a novel process for the preparation of
      diperoxides of the formula
      ##EQU1##
      wherein R.sub.1, R.sub.2 and R.sub.3 are independently selected saturated,
      substituted or unsubstituted organic radicals containing from one to
      sixteen carbon atoms and wherein R.sub.2 and R.sub.3 can be joined in an
      alicyclic radical by the reaction of an organic hydroperoxide of the
      formula R.sub.1 --O--O--H and a ketone of the formula
      ##EQU2##
      in the presence of molybdenum or vanadium.
PAR  The reaction is carried out at temperatures in the range of -10.degree.C.
      to 100.degree.C., depending on the particular starting materials.
      Preferred temperatures are 20.degree. to 50.degree.C., and especially
      preferred is room temperature range of 20.degree. to 30.degree.C.
PAR  Atmospheric pressure is preferred for convenience, however, pressures from
      0.1 to 100 atmospheres can be used.
PAR  Either batch or continuous operation is possible.
PAR  The diorganoperoxyalkanes and cycloalkanes produced have utility for
      various purposes, among which is use as free radical polymerization
      initiators.
PAR  The organic hydroperoxide suitable in this reaction is any of the formula
      R.sub.1 --O--O--H wherein R.sub.1 is as defined above. Preferably, R.sub.1
      contains from 4 to 16 carbon atoms. Highly preferred are tertiary alkyl
      hydroperoxides, and particularly t-butyl hydroperoxide because of its
      availability in commerce.
PAR  Other less preferred organic hydroperoxides suitable are t-amyl, cumene,
      cyclohexyl, chlorocumene, cymene and so on.
PAR  The ketone compound is of the formula
      ##EQU3##
      wherein R.sub.2 and R.sub.3 are as defined as above. Illustrative ketones
      are acetone, methyl ethyl ketone, methyl n-propyl ketone, methyl isopropyl
      ketone, diethyl ketone, methyl n-butyl ketone, ethyl n-propyl ketone,
      methyl isobutyl ketone, ethyl isopropyl ketone, methyl sec. butyl ketone,
      and the like and their homologues and suitable substitution products such
      as those in which various substituents are present in lieu of one or more
      of the hydrogen atoms of the above-defined ketones. For example, hydroxy
      ketones such as acetyl carbinol, propionyl carbinol, butyryl carbinol,
      acetoin, diacetone alcohol, acetopropyl alcohol, acetobutyl alcohol, and
      the like, may be reacted with hydroperoxides of the above class. Also,
      dicarbonyl compounds of the type of acetyl acetone, as well as the ketone
      acids, such as pyruvic acid, acetoacetic acid, levulinic acid, mesitonic
      acid, and the like can be employed. Still another sub-group of the ketone
      compounds includes the alicyclic ketones, e.g., cyclopentanone,
      cyclohexanone, as well as derivatives thereof in which one or more of the
      hydrogen atoms of the nucleus are substituted by alkyl, aryl, alkaryl,
      aralkyl and/or alicyclic radicals, which radicals are optionally further
      substituted. Also, included in the class of carbonyl compounds which can
      thus be reacted with the specified hydroperoxides are the aromatic
      compounds containing a carbonyl group, e.g., acetophenone and
      benzophenone.
PAR  The catalyst, which constitutes the novelty of the process of this
      invention, is molybdenum or vanadium, the former being preferred. The
      metal catalyst is suitably added as a complex with any radical such that
      it will be soluble in the reaction mixture. Exemplary complexes are the
      naphthenates, acetates, acetylacetonates, hexacarbonyls, oxides,
      chlorides, oxychlorides, fluorides, phosphates, sulfides, heteropolyacids
      and sodium and potassium salts thereof. Mixtures are also suitable.
PAR  The molybdenum catalyst can also be added as a complex with an organic
      hydroperoxide and a lower molecular weight mono or polyhydroxy alcohol,
      prepared in accordance with the teachings of Sheng et al, U.S. Pat. No.
      3,434,975, Mar. 25, 1969.
PAR  The amounts of catalyst suitable include from about 0.01 weight percent to
      about 2 weight percent of metal, based upon total weight of the starting
      mixture. The most economical operation appears to be achievable at about
      0.1 to 0.7 weight percent metal based on total weight of the starting
      mixture.
PAR  The ratios of organic hydroperoxide to ketone in the molar ratio ranges
      from about 1:100 to 100:1, with preferred ranges being from about 100:4 to
      1:10, with maximum yields obtained at around 2:1.
PAR  Solvents are not necessary to the reaction, but any solvent which does not
      react could be employed if desired. An example of a solvent which can be
      used is t-butanol (especially when t-butyl hydroperoxide is used as the
      organic hydroperoxide).
PAR  The products of the reaction are recovered by known procedures, for
      example, if the particular ketone is water soluble, the reaction can be
      diluted with water and the diperoxide separated as the non-aqueous phase.
      If the starting ketone is insoluble in water, low pressure distillation or
      extraction with aqueous ethanol are suitable recovery methods.
PAR  The following examples are illustrative but are not intended to be
      limiting.
DETD
PAC  EXAMPLES 1 to 4
PAR  Mixtures with the compositions shown below were made up and allowed to
      stand at room temperature for the time periods shown. In these experiments
      the molybdenum catalyst was one prepared by reaction of molybdenum metal
      with a mixture of t-butyl hydroperoxide and t-butanol in the presence of
      propylene glycol (U.S. Pat. No. 3,434,975) and contained 5000 ppm Mo.
TBL  __________________________________________________________________________

                       Ex. 1                                                   

                            Ex. 2                                              

                                 Ex. 3                                         

                                      Ex. 4                                    

     __________________________________________________________________________

     t-butyl hydroperoxide                                                     

                  (g)  5.3  5.3  5.3  5.3                                      

     t-butanol   (g)   4.4  4.4  4.4  4.5                                      

     acetone     (g)   0.2  0.2  0.2  0.2                                      

     formic acid (g)   0.1  0.1  0.1  0                                        

     Mo catalyst (g)   0    0.01 0.4  0.4                                      

     Mo          (ppm) 0    5    192  192                                      

     wt. % 2,2-bis(t-butylperoxy)propane                                       

                  4 hrs.                                                       

                       0.28 0.31 1.36 1.71                                     

                 24 hrs                                                        

                       0.29 0.33 3.61 4.04                                     

     __________________________________________________________________________

PAL  These experiments show that although only 5 ppm Mo has very little effect
      on the reaction, the addition of about 200 ppm Mo shows a strong catalytic
      effect even in the absence of formic acid.
PAC  EXAMPLES 5 to 7
PAR  To show the effect of higher amounts of Mo catalyst on the reaction,
      additional runs were made at room temperature. In these runs the catalyst
      used was a commercial molybdenum naphthenate catalyst containing 5 wt. %
      Mo.
TBL  ______________________________________                                    

                      Ex. 5  Ex. 6    Ex. 7                                    

     ______________________________________                                    

     t-butyl hydroperoxide                                                     

                   (g)      5.3      5.3    5.3                                

     t-butanol     (g)      4.5      4.5    4.5                                

     acetone       (g)      0.2      0.2    0.2                                

     5 wt. % Mo catalyst                                                       

                   (g)      0.12     0.20   1.0                                

     Mo            (ppm)    593      980    4,545                              

     wt. % 2,2-bis(t-butylperoxy)propane                                       

                  1 hr.  --       --      5.8                                  

                  4 hr. 2.5      6.3      5.8                                  

                 24 hr. 4.8      6.3      5.8                                  

     ______________________________________                                    

PAL  These results show that reaction rate increases with increasing Mo catalyst
      concentration. The reaction is essentially complete in about 4 hours at a
      Mo concentration of about 1,000 ppm and is essentially complete in about
      one hour at the 4,000-5,000 ppm Mo concentration range.
PAC  EXAMPLES 8 and 9
PAR  The previous runs were made with low acetone concentrations in mixtures of
      t-butyl hydroperoxide-t-butanol to simulate products obtainable by liquid
      phase oxidation of isobutane. To show that the molybdenum catalyst is
      effective in other mixtures, runs were made using mixtures of only t-butyl
      hydroperoxide and acetone in 10:1 weight ratio at room temperature.
      Results are as follows:
TBL                       Ex. 8   Ex. 9                                        

     ______________________________________                                    

     t-butyl hydroperoxide                                                     

                     (g)        25.0      25.0                                 

     acetone         (g)        2.5       2.5                                  

     5 wt. % Mo catalyst                                                       

                     (g)        0         0.5                                  

     of Example 5-7                                                            

     Mo              (ppm)      0         980                                  

     wt. % 2,2-bis(t-butylperoxy)propane                                       

                    6 hrs.  &lt;0.2      21.3                                     

                   24 hrs.  &lt;0.2      32.0                                     

     ______________________________________                                    

PAC  EXAMPLES 10 to 15
TBL                    Reaction of t-Butyl Hydroperoxide with                  

                       Methyl Ethyl Ketone & with Cyclohexanone                

                       Ex.10                                                   

                            Ex.11                                              

                                 Ex.12                                         

                                      Ex.13                                    

                                           Ex.14                               

                                                Ex.15                          

     __________________________________________________________________________

     t-butyl hydroperoxide                                                     

                 (g)   5.3  5.3  5.3  5.3  5.3  5.3                            

     t-butanol   (g)   4.5  4.5  4.5  4.5  4.5  4.5                            

     methyl ethyl ketone                                                       

                 (g)   0.2  0.2  0.2  0    0    0                              

     cyclohexanone                                                             

                 (g)   0    0    0    0.2  0.2  0.2                            

     5 wt % Mo catalyst                                                        

                 (g)   0    0.12 0.20 0    0.12 0.20                           

     of Example 5-7                                                            

     Mo          (ppm) 0    593  980  0    593  980                            

     wt % 2,2-bis(t-butylperoxy)butane                                         

     or 1,1-bis(t-butylperoxy)cyclohexane                                      

                  4 hrs.                                                       

                       0    1.0   1.9 0    0.1  0.8                            

                 24 hrs.                                                       

                       0    2.0  2.0  0    0.7  1.1                            

     __________________________________________________________________________

PAL  These results show that although the reaction rates are somewhat slower
      with these ketones the catalytic effect of molybdenum is clear.
PAC  EXAMPLES 16 to 19
PAR  REaction of t-Butyl Hydroperoxide with Other Ketones Using Higher Ketone
      Concentrations
PAR  Although Examples 10 - 15 show that molybdenum catalyzes the condensation
      of t-butyl hydroperoxide with other ketones, the effect is seen more
      clearly in the following experiments:
TBL                  Ex. 1                                                     

                          Ex. 2                                                

                               Ex. 3                                           

                                    Ex. 4                                      

     __________________________________________________________________________

     t-butyl hydroperoxide                                                     

                 (g) 5.0  5.0  5.0  5.0                                        

     cyclohexanone                                                             

                 (g) 0.5  0.5  0    0                                          

     methyl ethyl ketone                                                       

                 (g) 0    0    0.5  0.5                                        

     5 wt. % Mo catalyst                                                       

                 (g) 0    0.1  0    0.1                                        

     of Example 5-7                                                            

     Mo          (ppm)                                                         

                     0    900  0    900                                        

     wt % 2,2-bis(t-butylperoxy)butane                                         

     or 1,1-bis(t-butylperoxy)cyclohexane                                      

                 4 hrs.                                                        

                     0    8.0  &lt;0.1 12.5                                       

     __________________________________________________________________________

PAC  EXAMPLE 20
PAR  Effect of Temperature
PAR  Although reaction rate increases with increasing temperature the rate of
      decomposition also increases. This is shown by a run made at 93.degree.C.
      At the end of one hour the concentration of 2,2-bis(t-butylperoxy)propane
      was 1.83 wt. %, but this decreased to 0.74 wt. % at the end of 4 hours. It
      is therefore preferable to operate at temperatures below about
      50.degree.C.
TBL  ______________________________________                                    

     t-butyl hydroperoxide                                                     

                        (g)          5.3                                       

     t-butanol          (g)          4.4                                       

     acetone            (g)          0.2                                       

     formic acid        (g)          0.1                                       

     Mo catalyst (5000 ppm)                                                    

                        (g)          0.4                                       

     of Example 1-4                                                            

     Mo                 (ppm)        192                                       

     wt % 2,2-bis(t-butylperoxy)propane                                        

                      1 hr.      1.83                                          

                      4 hrs      0.74                                          

     ______________________________________                                    

PAC  EXAMPLE 21
PAR  An experiment was run using a 10:1 weight ratio of t-butyl hydroperoxide to
      acetone with 1,050 ppm of vanadium (added as a commercial 3 wt. % vanadium
      naphthenate). Results show that vanadium will also catalyze the
      condensation of t-butyl hydroperoxide and acetone, but the reaction rate
      is much slower than when a similar amount of molybdenum catalyst is used.
TBL  ______________________________________                                    

     t-butyl hydroperoxide                                                     

                         (g)          5.0                                      

     acetone             (g)          0.5                                      

     3 wt. % vanadium naphthenate                                              

                         (g)          0.2                                      

     V                   (ppm)        1,050                                    

     wt. % 2,2-bis(t-butylperoxy)propane                                       

                        4 hrs.    2.0                                          

                       48 hrs.    4.3                                          

     ______________________________________                                    

PAC  EXAMPLE 22 - Comparative
PAR  Experiments otherwise identical to those shown in Examples 1 and 21 were
      carried out using other metals in place of the molybdenum or vanadium as
      catalysts. These included chromic acetate, zirconium acetylacetonate,
      manganic acetylacetonate, cobaltic acetylacetonate, ferrous
      acetylacetonate, thorium naphthenate and tungsten hexacarbonyl. In all
      cases the concentration of metal was in the 200-1500 ppm range. None of
      the metals showed a catalytic effect on the formation of the diperoxide.
PAR  Although the invention has been described in considerable detail, and
      several specific embodiments have been presented, many modifications and
      departures may be made from the exact construction described herein
      without departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for preparing compounds of the formula
      ##EQU4##
      wherein R.sub.1, R.sub.2 and R.sub.3 are independently selected from
      hydrocarbyl radicals containing from one to sixteen carbon atoms and
      wherein R.sub.2 and R.sub.3 can be joined in an alicyclic radical, by the
      reaction of organic hydroperoxide of the formula R.sub.1 --O--O--H with a
      compound of the formula
      ##EQU5##
      at temperatures in the range of -10.degree.C. to 100.degree.C., the
      improvement of carrying out the reaction in the presence of a catalyst
      concentration within the range from about 0.01 to 2 weight percent of
      metal based upon the total weight of the starting materials, said catalyst
      being molybdenum or vanadium compounds or complexes soluble in the
      reaction mixture.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction is carried out in the
      presence of both molybdenum and vanadium compounds or complexes.
NUM  3.
PAR  3. The process of claim 1 wherein said organic hydroperoxide is selected
      from the group consisting of tertiary amyl hydroperoxide, cumene
      hydroperoxide, cyclohexyl hydroperoxide, cymene hydroperoxide, and
      tertiary butyl hydroperoxide, and in which the R.sub.2 --CO--R.sub.3
      ketone is selected from the group consisting of acetone, methyl ethyl
      ketone, methyl n-propyl ketone, methyl isopropyl ketone, diethyl ketone,
      methyl n-butyl ketone, ethyl n-propyl ketone, methyl isobutyl ketone,
      ethyl isopropyl ketone, methyl secondary butyl ketone, cyclopentanone,
      cyclohexanone, acetophenone, and benzophenone.
NUM  4.
PAR  4. In a method for preparing compounds of the formula
      ##EQU6##
      wherein R.sub.1, R.sub.2, and R.sub.3 are independently selected from
      hydrocarbyl radicals containing from one to sixteen carbon atoms and
      wherein R.sub.2 and R.sub.3 can be joined in an alicyclic radical, by the
      reaction of organic hydroperoxide of the formula R.sub.1 --O--O--H with a
      compound of the formula
      ##EQU7##
      at temperatures in the range of -10.degree.C. to 100.degree.C., the
      improvement of carrying out the reaction in the presence of a catalyst
      concentration within the range from about 0.01 to 2 weight per cent of
      metal based upon the total weight of the starting materials, said catalyst
      being molybdenum naphthanate.
NUM  5.
PAR  5. In a method for preparing compounds of the formula
      ##EQU8##
      wherein R.sub.1, R.sub.2, and R.sub.3 are independently selected from
      hydrocarbyl radicals containing from one to sixteen carbon atoms and
      wherein R.sub.2 and R.sub.3 can be joined in an alicyclic radical, by the
      reaction or organic hydroperoxide of the formula R.sub.1 --O--O--H with a
      compound of the formula
      ##EQU9##
      said organic hydroperoxide being selected from the group consisting of
      tertiary amyl hydroperoxide, cumene hydroperoxide, cyclohexyl
      hydroperoxide, cymene hydroperoxide, and tertiary butyl hydroperoxide, and
      said R.sub.2 --CO--R.sub.3 ketone being selected from the group consisting
      of acetone, methyl ethyl ketone, methyl n-propyl ketone, methyl isopropyl
      ketone, diethyl ketone, methyl n-butyl ketone, ethyl n-propyl ketone,
      methyl isobutyl ketone, ethyl isopropyl ketone, methyl secondary butyl
      ketone, cyclopentanone, cyclohexanone, acetophenone, and benzophenone, at
      temperatures in the range of -10.degree.C. to 100.degree.C., the
      improvement of carrying out the reaction in the presence of a catalyst
      concentration within the range from about 0.01 to 2 weight per cent of
      metal based upon the total weight of the starting materials, said catalyst
      being molybdenum naphthenate.
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PAL  A process for the production of ethylene glycol ethers by reacting ethylene
      oxide with monofunctional aliphatic alcohols, which comprises
PA1  Reacting a monofunctional aliphatic alcohol and ethylene oxide in a first
      reaction stage in a molar ratio of from about 3:1 to 20:1;
PA1  Separating excess alcohol from the ethylene glycol ethers obtained as the
      reaction products in the first stage;
PA1  Reacting the ethylene glycol ethers with ethylene oxide in a molar ratio of
      from about 1:1 to 10:1 and with monoethylene glycol ether in a second
      reaction stage;
PA1  Separating the monoethylene glycol ether and the diethylene glycol ether
      from the reaction products of the second stage, maintaining a weight ratio
      of the discharged fraction to the recycled fraction of from about 0.5:1 to
      5:1.
PAL  The reaction is carried out under abiabatic conditions in the first stage
      and under isothermal conditions in the second stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process for the production of
      glycol ethers, and particularly to the production of ethylene glycol
      ethers by reaction of ethylene oxide with monofunctional aliphatic
      alcohols. Ethylene glycol ethers are widely used as chemical intermediates
      and particularly as solvents.
PAR  2. Description of the Prior Art
PAR  Though various processes are known for the production of ethylene glycol
      ethers, the only process used industrially involves the reaction of
      ethylene oxide with monofunctional aliphatic alcohols, such as methanol,
      ethanol, n-butanol, and isobutanol; see Ullmanns Encyklopaedie der
      technischen Chemie, 3rd edition, vol. 3, (1953), p. 140. This process is
      carried out in liquid phase with excess alcohol at high temperatures and
      pressures.
PAR  In general, the reaction is carried out in the presence of suited
      catalysts, suchc as alkali metal alkoxides, usually sodium alkoxides,
      sodium hydroxide, tertiary amines, boron trifluoride, antimony
      pentachloride, and chlorides of bivalent and trivalent metals and the
      like. Other known processes are carried out in the absence of catalysts so
      that the problems caused by the separation of the catalyst from the
      reaction products are avoided; see Ullmanns Encyklopaedie der technischen
      Chemie, 3rd edition, vol. 3, (1953), p. 141. A further advantage resides
      in the absence of corrosion due to the catalyst used. In the non-catalytic
      processes, however, it is necessary to employ more drastic reaction
      conditions, particularly higher temperatures and pressures than in the
      catalytic processes.
PAR  The reaction of ethylene oxide with monofunctional aliphatic alcohols
      results in the formation of monoethylene glycol ether, diethylene glycol
      ether, triethylene glycol ether, and homologues having higher molecular
      weights. After the reaction is completed, the excess alcohol is removed
      and the various ethylene glycol ethers produced are then fractionated.
PAR  In the known processes the ethylene glycol ethers are produced either
      continuously or by batchwise operation. In the former case, normally
      reactors having an elongated shape, generally tubular reactors, are used,
      and the ethylene oxide may be fed in partly at one or more points located
      along the body of the reactor.
PAR  The problems that arise in the known processes for the production of
      ethylene glycol ethers by reaction of ethylene oxide with monofunctional
      aliphatic alcohols are essentially those relating to the reaction yield
      and the purity of the product obtained and those relating to the
      composition and distribution of the various ethylene glycol ether
      homologues in the reaction products. In the processes of the prior art,
      yields of ethylene glycol ethers higher than 90% with respect to the
      ethylene oxide fed in and the alcohol converted are rarely obtained. On
      the other hand, it is important to minimize the formation of triethylene
      glycol ether and of the higher homologues, since monoethylene glycol and
      diethylene glycol ethers are the industrially most important products of
      the homologue series. For this reason, a large excess of the
      monofunctional aliphatic alcohol is used in the known processes. However,
      this leads to the formation of reaction products containing predominantly
      monoethylene glycol ether and only small amounts of diethylene glycol
      ether, which is undoubtedly a disadvantage, in view of the demand for both
      of these products.
PAR  On the other hand, lower ratios of ethylene oxide to alcohol in the
      reaction, while increasing the production of diethylene glycol ether as
      compared to the monoethylene glycol ether, also lead to the formation of
      products having higher molecular weights that do not find application in
      practice. In other words, the known processes are not sufficiently
      flexible to allow the production of monoethylene glycol ether and
      diethylene glycol ether in the desired ratios, at the same time avoiding
      the formation of the undesired products having higher molecular weights.
PAR  Moreover, in known processes, ethylene glycol ethers of low purity are
      obtained, particularly because it is difficult to completely remove the
      excess alcohol from the reaction products.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a simple and economical
      continuous process for the production of ethylene glycol ethers that
      allows to avoid or at least to substantially reduce the disadvantages
      described.
PAR  It is a further object of this invention to provide a process for the
      production of ethylene glycol ethers in high yields and with high
      selectivities by reaction of ethylene oxide with monofunctional aliphatic
      alcohols.
PAR  Still another object of this invention is to provide a process for the
      production of monoethylene glycol ether and diethylene glycol ether by
      reaction of ethylene oxide with monofunctional aliphatic alcohols, which
      allows substantial reduction of the formation of triethylene glycol ether
      and of the homologous products having higher molecular weights.
PAR  Still another object of this invention is to provide a process that allows
      to control the content of monoethylene glycol ether and diethylene glycol
      ether in the products obtained by reaction of ethylene oxide and
      monofunctional aliphatic alcohols.
PAR  Still another object of this invention is to provide a process for the
      production of ethylene glycol ethers that allows to drastically reduce the
      amount of alcohol contaminating the monoethylene glycol ether separated by
      fractionation of the reaction mixture.
PAR  The foregoing objects and other which will become apparent from the
      following description are accomplished in accordance with this invention,
      generally speaking, by
PA1  reacting a monofunctional aliphatic alcohol and ethylene oxide in a first
      reaction stage in a molar ratio of from about 3:1 to 20:1;
PA1  separating excess alcohol from the ethylene glycol ethers obtained as the
      reaction products in the first stage;
PA1  reacting the ethylene glycol ethers with ethylene oxide in a molar ratio of
      from about 1:1 to 10:1 and with monoethylene glycol ether in a second
      reaction stage;
PA1  separating the monoethylene glycol ether and the diethylene glycol ether
      from the reaction products of the second stage and partly recycling the
      monoethylene glycol ether to the second stage, maintaining a weight ratio
      of the discharged fraction to the recycled fraction of from about 0.5:1 to
      5:1.
PAR  The process of the present invention is characterized in that
PA1  ethylene oxide and a monofunctional aliphatic alcohols are reacted in a
      first, adiabatic, reaction stage, whereby high ratios of alcohol to
      ethylene oxide are maintained;
PA1  the products obtained in the first stage are further reacted with
      monoethylene glycol ether and a further amount of ethylene oxide in a
      second, isothermal, reaction stage, after previous removal of the excess
      alcohol;
PA1  the second stage is carried out at higher temperatures;
PA1  the various ethylene glycol ethers are separated by fractionation of the
      reaction product discharged from the second stage.
PAR  When operating in this way and according to the other conditions that will
      be defined later, total conversion of the ethylene oxide and a high yield
      of ethylene glycol ethers with respect to the ethylene oxide fed in and to
      the alcohol converted are attained. On the other hand, monoethylene glycol
      ether and diethylene glycol ether are produced in desired ratios within a
      wide range of values, whereby the formation of triethylene glycol ether
      and of the homologues having higher molecular weights is substantially
      reduced. More particularly, in the process of the present invention,
      yields of ethylene glycol ethers equal to or greater than 98% are
      attained, while it is possible to vary the molar ratio of monoethylene
      glycol ether to diethylene glycol ether within a range of from about 30:1
      to 1:2, and while keeping the amount of homologues having higher molecular
      weights at values below 15 parts by weight per 100 parts by weight of the
      ethylene glycol ethers produced. Moreover, the quantity of alcohol
      remaining in the monoethylene glycol ether is always less than about 0.05%
      by weight.
PAR  It is thought that the first reaction stage essentially results in the
      formation of monoethylene glycol ether, while in the second stage part of
      the monoethylene glycol ether is converted into diethylene glycol either
      without substantial formation of products having higher molecular weights.
PAR  According to the process of the present invention, ethylene oxide and a
      monofunctional aliphatic alcohol are reacted in a first reaction stage at
      high temperatures and pressures. Suitable monofunctional aliphatic
      alcohols, that is, alkanols are methanol, ethanol, n-butanol, isobutanol
      etc. In particular, molar ratios of alcohol to ethylene oxide of from
      about 3:1 to 20:1 are maintained in the first reaction stage. The reaction
      is carried out adiabatically at temperatures of from about 70.degree. to
      220.degree.C, at pressures of from about 10 to 50 kg/cm.sup.2, with
      residence times of from about 10 to 240 minutes. In this way, temperatures
      such as to allow conversions of ethylene oxide of more than 99% are
      reached in the terminal reaction zone.
PAR  The reaction may be carried out in the absence of catalysts, however, it is
      normally preferred to operate in the presence of substances catalyzing the
      formation of the ethylene glycol ethers. Suitable catalysts are known in
      the art, and have been disclosed above. Amount these, the alkali metal
      alkoxides, which are introduced in the form of alcoholic solutions, are
      the preferred catalysts. The catalysts are used in quantities of from
      about 0.01 to 0.2 parts by weight per 100 parts by weight of the alcohol.
PAR  The excess alcohol is removed from the product discharged from the first
      reaction stage, which can be accomplished by two successive operations,
      specifically by a multi-stage evaporation system followed by
      rectification. The thus separated alcohol is recycled to the first
      reaction stage.
PAR  According to the process of the present invention, the mixture of ethers
      remaining after separation of the alcohol is reacted, in a second reaction
      stage, with monoethylene glycol ether and with a further quantity of
      ethylene oxide. The ethylene oxide reacts with the glycol ethers, thus
      noticeably increasing the quantity of diethylene glycol ether without
      substantial increase in the quantities of the higher homologues.
PAR  The small percentages of alcohol that may be present and that originate
      from the base product of the rectification column are converted
      practically completely to monoethylene glycol ether, this also being due
      to the high temperatures in the second reaction stage.
PAR  Particularly, in the second reaction stage, the feeds are adjusted so that
      the molar ratio of ethylene oxide to the effluent from the first stage is
      in the range of from about 1:1 to 1:10. The reaction is carried out at
      temperatures of from about 100.degree. to 250.degree.C, at pressures of
      from about 5 to 2 kg/cm.sup.2, and with residence times of from about 20
      to 300 minutes. Preferably, alkali metal alkoxides, such as potassium
      alkoxides, are used as catalysts, the latter being present in quantities
      of from about 0.02 to 0.2% by weight in the reaction mixture.
PAR  The reaction products discharged from the second stage are finally
      fractionated to obtain the monoethylene glycol ether, the diethylene
      glycol ether, and the products having higher molecular weights. The
      monoethylene glycol ether is partly recycled to the second reaction stage.
      Particularly, a weight ratio between the monoethylene glycol discharged
      and that recycled in the range of from about 0.5:1 to 5:1 is maintained.
DETD
PAC  IN THE DRAWING
PAR  In the attached drawing, 6 indicates the reactor in which the reaction of
      ethylene oxide with excess alcohol occurs. Particularly, the alcohol is
      fed to the reactor 6 from the container 9, the alcohol consisting partly
      of alcohol recycled from the fractionation and partly of fresh alcohol
      (pipes 1 and 15). Moreover, the catalyst is fed through pipe 2, while the
      ethylene oxide is fed through pipe 3. The resulting mixture is preheated
      to the reaction temperature in the heat exchanger 4. The reactor 6 is of
      the tubular adiabatic type with plug flow. The diameter of the tube is
      chosen so as to give Reynolds numbers greater than 100,000 for predicted
      linear velocities of 10 metres/minute. The excess alcohol is separated
      from the products discharged from the reactor 6. The attached drawing
      illustrates a preferred embodiment in which the excess alcohol is removed
      by means of two evaporation stages (evaporators 7 and 8) followed by a
      rectification stage (column 14). In this preferred embodiment, the
      evaporator 7 is heated by means of steam, while the alcohol vapour
      discharged through pipe 22 is used for heating evaporator 8, an economic
      advantage being gained in this way.
PAR  In order to remove the last traces of alcohol the concentrate is passed to
      the rectification column 14 through pipe 10. The alcohol recovered through
      the pipes 11, 12, and 13 is recycled to the container 9 through pipe 15.
      The ethylene glycol ethers contaminated by small amounts of alcohol are
      recovered through pipe 16, and are mixed with further catalyst fed through
      pipe 17. Moreover, ethylene oxide and recycled monoethylene glycol ether
      are fed through pipes 18 and 19, respectively. The mixture thus obtained
      in pipe 20 is passed to the isothermic reactor 21, which consists of a
      bundle of U tubes immersed in a boiling liquid bath. The apparatus is
      similar to a reboiler of the kettle type, the diameter of the tubes being
      such as to give Reynolds numbers greater than 10,000 for predicted linear
      velocities equal to about 15 metres/minute. The vapours of the cooling
      liquid used in the isothermic reactor 21 may be passed to the preheater 4
      through pipe 5.
PAR  The reaction mixture discharged through pipe 23 is passed to the
      fractionation column 24, at the top of which the monoethylene glycol ether
      is separated. The higher homologues are recovered at the base of column 24
      through pipe 26. The monoethylene glycol ether is partly recycled to the
      reactor 21 through pipe 19 and for the rest drawn off through pipe 25.
PAR  The invention is further illustrated but is not intended to be limited by
      the following example.
PAC  EXAMPLE
PAR  In the plant shown in the attached drawing, sodium methoxide is added
      through pipe 2 to a stream of alcohol coming from the tank 9 whereby a
      weight ratio of sodium methoxide to methanol of about 1:1000 is
      maintained. Ethylene oxide is fed through pipe 3 is a quantity such as to
      ensure a weight ratio of methanol to ethylene oxide of about 9:1. The
      resulting mixture is heated to a temperature of about 90.degree.C in the
      heat exchanger 4 by the steam fed through pipe 5 and is then passed to the
      plugflow adiabatic reactor 6, operated at a pressure of about 30
      kg/cm.sup.2. The linear velocity of the mixture in the reactor 6 is about
      10 metres/minute, the Reynolds number is about 150,000, and the residence
      time is about 60 minutes. Under these conditions, a conversion of the
      ethylene oxide of 99.9% is attained and the weight distribution of the
      glycol ethers formed is as follows: monoethylene glycol ether 91.5%,
      diethylene glycol ether 6%, triethylene glycol ether 2%, products of
      higher molecular weight 0.5%. The reaction mixture drawn off from the
      reactor 6 and having a temperature of about 150.degree.C, is passed to the
      multi-stage evaporator system (7 and 8), where it is evaporated to obtain
      a concentrate containing about 45% by weight of glycol ethers. The
      concentrate obtained is fed to the rectification column 14 through pipe
      10, the column having 18 plates and being operated at about 1.5
      kg/cm.sup.2 and with a reflux ratio of about 1.
PAR  The alcohol discharged at the top of the column 14 through pipe 13 and
      containing about 1% of monoethylene glycol ether is recycled to the tank 9
      through pipe 15. The alcohol streams recovered through pipes 11 and 12 are
      also recycled. The glycol ethers containing about 0.2% by weight of
      methanol are recovered at the base of the column 14 through pipe 16.
      Potassium methoxide is added to the glycol ethers through pipe 17 at a
      weight ratio of potassium methoxide to glycol ethers of about 1:500, and
      monoethylene glycol ether is added through pipe 19 in a quantity of one
      part by weight per part by weight of the glycol ethers carried through
      pipe 16. In this way, a mixture containing 96 mole-% of monoethylene
      glycol ether, 2 mole-% of diethylene glycol ether, and 0.4 mole-% of
      triethylene glycol ether is obtained in pipe 20. Ethylene oxide is added
      to this mixture through pipe 18 in a molar ratio of ethylene oxide to
      glycol ethers of about 1:4. The resulting mixture is fed to the isothermal
      reactor 21 consisting of a bundle of U tubes maintained at a temperature
      of about 150.degree.C by means of an evaporating bath. The vapour of the
      diathermic fluid in pipe 5 is used as the heating means in the preheater
      4. The reactor 21 is operated at a pressure of about 10 kg/cm.sup.2 and
      with a residence time of about 90 minutes, the linear velocity of the
      mixture being about 15 metres/minutes, with a Reynolds number of about
      30,000. Under these conditions a conversion of the ethylene oxide of 99.5%
      is attained. The reaction mixture is then fed to the fractionation column
      24 through pipe 23, the column having 25 plates and being operated at a
      pressure of about 200 mmHg and with a reflux ratio of about 0.5.
      Monoethylene glycol ether having a purity of 99.9% and containing about
      0.02% by weight of methanol, the remainder consisting of diethylene glycol
      ether, is withdrawn from the top of the column 24. The monoethylene glycol
      ether from the top of the column 24 is partly recycled to the reactor 21
      through pipe 19 whereby a weight ratio of the fraction discharged through
      pipe 25 to the recycled fraction of about 1.05 is maintained.
PAR  The base products consisting of diethylene glycol ether (80% by weight) and
      triethylene glycol ether (18% by weight) are discharged from the column 24
      through pipe 26. The weight ratio of the product discharged through pipe
      26 to that discharged through pipe 25 is about 7:6.
PAR  The product discharged through pipe 26 is passed to a subsequent column
      (not shown) in order to separate the diethylene glycol ether.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved process for the production of ethylene glycol ethers by the
      reaction of ethylene oxide with C.sub.1 -C.sub.4 aliphatic alcohols,
      wherein the improvement comprises
PA1  contacting a C.sub.1 -C.sub.4 alkanol and ethylene oxide in a first
      reaction stage, under adiabotic conditions, in a molar ratio of from about
      3:1 to 20:1, at a temperature of from about 70.degree. to 220.degree.C.,
      at a pressure of from about 10 to 50 Kg/cm.sup.2 ;
PA1  evaporating excess alcohol from ethylene glycol monoalkyl ethers obtained
      as the reaction products in the first stage;
PA1  contacting the ethylene glycol monoalkyl ethers with ethylene oxide in a
      molar ratio of from about 1:1 to 10:1 and with monoethylene glycol
      monoalkyl ether in a second reaction stage at a temperature of from about
      100.degree. to 250.degree.C., under isothermal conditions, at a pressure
      of from about 5 to 20 kg/cm.sup.2 ;
PA1  fractionating monoethylene glycol monoalkyl ether and diethylene glycol
      monoalkyl ether from the reaction products of the second stage and partly
      recycling the monoethylene glycol monoalkyl ether to the second stage, and
      discharging the remainder of the monoethylene glycol monoalkyl ether,
      maintaining a weight ratio of discharged fraction to the recycled fraction
      of from about 0.5:1 to 5:1.
NUM  2.
PAR  2. A process as recited in claim 1, wherein the first reaction stage is
      carried out with residence times of from about 10 to 240 minutes.
NUM  3.
PAR  3. A process as recited in claim 2, wherein the second reaction stage is
      carried out with residence times of from about 20 to 300 minutes.
NUM  4.
PAR  4. A process as recited in claim 2, wherein the C.sub.1 -C.sub.4 aliphatic
      alcohol is selected from the group consisting of methanol, ethanol,
      butanol, and isobutanol.
NUM  5.
PAR  5. A process as recited in claim 2, wherein the first and second reaction
      stages are carried out in the presence of catalysts, preferably of alkali
      metal alkoxides.
NUM  6.
PAR  6. A process as recited in claim 5, wherein the catalyst is used in the
      first reaction stage in an amount of from about 0.01 to 0.2 parts by
      weight per 100 parts by weight of the C.sub.1 -C.sub.4 aliphatic alcohol.
NUM  7.
PAR  7. A process as recited in claim 5, wherein the catalyst is used in the
      second reaction stage in an amount of from about 0.02 to 0.2% by weight of
      the reaction mixture.
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ABST
PAL  Organic compounds containing both an amino group and a carboxylic acid
      group are reduced when treated with boron trifluoride followed by
      diborane, a borane-ether or borane-organic sulfide complex. The presence
      of the boron trifluoride is responsible for an increase in the rate of
      reduction of the carboxylic acid group and eliminates the need for the
      large excess of the borane complex normally required due to the competing
      formation of boron-nitrogen compounds. Hydrolysis of the reaction mixture
      provides a useful and convenient method for separating the corresponding
      amino alcohol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention realtes to a novel process for the reduction of organic
      compounds which contain both an amino group and a carboxylic acid group.
      More particularly, this invention provides a process for the preparation
      of amino alcohols whereby an organic compound containing both an amino
      group and a carboxylic acid group is combined with boron trifluoride in a
      suitable organic liquid medium and this mixture is then treated with
      diborane, a borane-ether or a borane-organic sulfide complex. After an
      appropriate interval of time, the reaction mixture is hydrolyzed to yield
      the corresponding amino alcohol formed by hydrogenation of the carbxylic
      acid group.
PAR  2. Description of the Prior Art
PAR  Diborane, B.sub.2 H.sub.6, is an exceedingly powerful, but selective
      hydrogenating agent for functional groups as disclosed by H. C. Brown in
      U.S. Pat. No. 2,874,165 and in his book [H. C. Brown, Boranes in Organic
      Chemistry, Cornell University Press, Ithaca, new York, 1972].
PAR  Diborane is a highly reactive gas which rapidly decomposes on exposure to
      air and moisture. Consequently, it is difficult to handle. Fortunately,
      diborane is highly soluble in tetrahydrofuran where it exists as a
      borane-tetrahydrofuran complex which can be represented by the formula:
      ##SPC1##
PAL  Brown has disclosed in U.S. Pat. No. 3,634,277 a convenient method for
      preparing and stabilizing solutions of this borane-tetrahydrofuran complex
      in tetrahdyrofuran.
PAR  Borane-tetrahydrofuran has been found to be useful for selective
      hydrogenations and reductions of organic functional groups [H. C. Brown,
      P. Heim, and N. M. Yoon, J. Amer. Chem. Soc., 92, 1637 (1970)], and this
      borane complex has been reported to be particularly useful for the
      selective reduction of carboxylic acids [N. M. Yoon, C. S. Pak, H. C.
      Brown, S. Krishnamurthy, and T. P. Stocky, J. Org. Chem., 38, 2786
      (1973)].
PAR  Borane-dimethyl sulfide is a stable, liquid BH.sub.3 complex, and its
      numerous advantages over the borane-tetrahydrofuran complex have been
      previously disclosed [L. M. Braun, R. A. Braun, H. R. Crissman, M.
      Opperman, and R. M. Adams, J. Org. Chem., 36, 2388 (1971)]. The main
      advantages are that borane-dimethyl sulfide has a molar concentration of
      borane ten times that of a borane-tetrahydrofuran solution,
      borane-dimethyl sulfide is soluble in and unreactive toward a wide variety
      of aprotic solvents, and borane-dimethyl sulfide is apparently stable
      indefinitely when refrigerated.
PAR  Borane-dimethyl sulfide is now commercially available, and its reactivity
      towards a series of organic functional groups was investigated briefly by
      Braun and coworkers (supra). Borane-dimethyl sulfide has also been found
      to be a very useful reagent for the preparation of organoboranes via
      hydroboration of alkenes [C. F. Lane, J. Org. Chem., 39, 1437 (1974)].
PAR  Amino alcohols constitute an important class of organic compounds, many of
      which are extremely useful synthetic intermediates for the preparation of
      specialty organic chemicals, pharmaceuticals, and agricultural products.
      Also, the amino alcohols derived from naturally occurring .alpha.-amino
      acids have been found to be potent, reversible inhibitors of protein
      synthesis [R. Calendar and P. Berg, Biochemistry, 5, 1690 (1966); D.
      Cassio, et al., Biochemistry, 6, 827 (1967); P. Rouget and F. Chapeville,
      European J. Biochem., 4, 305 (1968); B. S. Hansen, et al., J. Biol. Chem.,
      247, 3854 (1972)]. Consequently, amino alcohols are important and useful
      chemicals, which presumably should be readily obtainable via reduction of
      the corresponding amino acids.
PAR  Since borane is known to be an effective reagent for the reduction of
      carboxylic acids [Yoon and coworkers (supra)], it might also be expected
      that this reagent would be useful for the preparation of amino alcohols
      via reduction of amino acids. In fact, Yoon and coworkers (supra) have
      described in detail a procedure for the reduction of p-aminobenzoic acid
      with borane-tetrahydrofuran and have even suggested this as a general
      procedure for the reduction of amino acids. Their procedure involves first
      dissolving the p-aminobenzoic acid in tetrahydrofuran, then treating the
      resulting solution with borane-tetrahydrofuran. This may indeed be a
      general procedure for the reduction of those amino acids which have some
      solubility in tetrahydrofuran but, in general, most amino acids are almost
      completely insoluble in ether solvents due to zwitterion formation.
      ##EQU1##
PAR  I have found that all of the following amino acids are insoluble in
      tetrahydrofuran: m-aminobenzoic acid, p-dimethylaminobenzoic acids,
      leucine, valine, serine, tyrosine, methioniine, alanine, histidine,
      lysine, glutamic acid, aspartic acid, and 6-aminocaproic acid. The
      addition of borane-tetrahydrofuran to the above amino acids in slurries at
      20.degree.-25.degree.C results in only an extremely slow evolution of
      hydrogen and the amino acid does not dissolve, indicating that essentially
      no reduction has occurred. Repeating the above procedure using
      borane-dimethyl sulfide in place of borane-tetrahydrofuran gives
      essentially the same result. Also, when this borane-dimethyl sulfide/amino
      acid/tetrahydofuran slurry is heated to, and maintained at, reflux an
      increased rate of hydrogen evolution is observed and, in many cases, the
      amino acid slowly dissolves, indicating an apparent slow rate of
      reduction.
PAR  It has been reported that phenylalaninol (2-amino-3-phenyl-1-propanol) was
      prepared by reducing phenylalanine with diborane [A. V. Emes and L. C,
      Vinings, Canadian J. Biochem., 48, 613 (1970)]. However, the experimental
      details, purity of the product, and yield were not reported. A series of
      substituted phenylalanines were also recently reported to be reduced by
      diborane in anhydrous tetrahydrofuran giving good yields of the
      corresponding substituted phenylalaninols [M. L. Anhoury, et al., J. Chem.
      Soc. Perkin Transactions I, 191 (1974)]. In both of these cases the
      starting amino acids must be at least slightly soluble in the
      tetrahydrofuran.
PAR  In addition to the low reactivity of most amino acids due to their
      insolubility in the common ether solvents used for active hydride
      reductions, another serious disadvantage is the necessity of using a large
      excess of the borane reagent to compensate for the active hydrogens on the
      amino group and for the formation of an unreactive borane-amine complex.
      Thus, for the reduction of one molar equivalent of an amino acid, one
      molar equivalent of BH.sub.3 is required to reduce the carboxylic acid
      group, two-thirds of a molar equivalent of BH.sub.3 is required for the
      two active hydrogens on the amino group, and another molar equivalent of
      BH.sub.3 is required for the formation of a borane-amine complex. This
      means that a total of 22/3 molar equivalents of BH.sub.3 are required to
      reduce only one molar equivalent of an amino acid, with 12/3 molar
      equivalents of BH.sub.3 being completely wasted and only one molar
      equivalent being used for the desired reduction process.
PAR  On a small laboratory scale where the value of the amino acid is quite high
      compared to the cost of the borane reagent, this need for excess borane
      reagent to accomplish the desired reduction is of small consequence.
      However, on a commercial scale this added cost of the required extra
      borane reagent can become quite important. The cost of the excess reagent
      may, in many cases, be all that is necessary to make the reduction process
      economiclly unattractive for the production of amino alcohols.
PAR  The limitations observed in the direct borane reduction of amino acids due
      to the insolubility of most amino acids in the ether solvents used for
      borane reductions and the disadvantage of having to use a large excess of
      borane reagent to achieve complete reduction of the carboxylic acid group
      have now been overcome by the use of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process for reducing a chemical compound,
      having both a carboxylic acid group and an amino group, whereby the said
      chemical compound and boron trifluoride are combined or mixed in a
      suitable liquid organic reaction medium and then combined with diborane, a
      borane-ether or a borane-organic sulfide reagent.
PAR  Advisably, about equivalent molar amounts of the amino acid and boron
      trifluoride are used, along with an equivalent molar amount of borane in
      the form of diborane, borane-ether or borane-organic sulfide complex, in
      this process.
PAR  The process is generally carried out at a temperature of about 20.degree.C
      to 110.degree.C (refluxing toluene). Higher temperatures can be used but
      the temperature should be sufficiently low so that the boron hydrides do
      not substantially thermally decompose.
PAR  After the compound is reduced, the reaction mixture can be hydrolyzed, such
      as by heating it in the presence of aqueous alkali. The organic liquid
      layer is separated from the water layer and the reduced compound is
      isolated from the organic layer.
PAR  The use of this new process eliminates the serious limitation caused by the
      insolubility of most amino acids in the direct reduction of amino acids
      with a borane reagent. For example, when borane-dimethyl sulfide is added
      to a slurry of leucine in tetrahydrofuran at ambient temperatures there is
      no hydrogen evolution and the amino acid does not go into solution.
      Essentially no reduction occurs after as long as 24 hours. After heating
      the reaction mixture at reflux for over seven hours the amino acid goes
      into solution. However, hydrolysis and isolation of the amino alcohol in
      the form of a hydrochloride salt gives an impure product which cannot be
      purified, indicating incomplete reduction. I have now discovered that the
      reduction of leucine with borane-dimethyl sulfide gives a 71% isolated
      yield of pure leucinol when the leucine is first reacted with boron
      trifluoride in tetrahydrofuran at reflux.
PAR  Various other amino acids were similarly treated with boron trifluoride in
      tetrahydrofuran, then heated to reflux with stirring. The boron trifloride
      apparently forms a complex with the amino group and the addition of the
      borane reagent then results in rapid and complete reduction of the
      carboxylic acid group. Upon hydrolysis with aqueous alkali, the
      amino-BF.sub.3 complex is broken to regenerate the free amino group. This
      new process thus provides a useful and convenient method for the
      preparation of amino alcohols.
PAR  The use of this new process also eliminates the serious disadvantage
      present in the old process which required the addition of a large excess
      of BH.sub.3 to compensate for the reactivity of the free amino group. In
      the new process, presumably, a boron trifluoride-amine complex is formed
      which does not interfere with the subsequent borane reduction of the
      carboxylic acid group. Consequently, this new process is quite attractive
      economically because only one equivalent of BH.sub.3 is required per
      carboxylic acid group to be reduced.
PAR  In the practice of the present invention it is important to employ as the
      liquid medium an organic solvent which does not react with the borane
      reagent or with the boron trifluoride. Monoethers, polyethers, aromatic
      hydrocarbons, and saturated aliphatic and alicyclic hydrocarbons can be
      used for the reaction medium. Although other solvents are suitable,
      tetrahydrofuran, diethyl ether, diglyme, 1,2-dimethoxyethane, toluene, and
      various liquid saturated hydrocarbons such as hexane are particularly
      useful reaction media.
PAR  The borane reagent used in the process of the present invention can be
      either a borane-ether or borane-organic sulfide complex. Diborane gas can
      also be used but is not recommended due to the extremely hazardous nature
      of this chemical.
PAR  The recommended borane-ether complex is borane-tetrahydrofuran due to its
      stability and commercial availability. However, other borane-ether
      complexes, such as borane-diethyl ether, can be employed without any
      adverse effects.
PAR  The borane-organic sulfide complex used in the present invention is
      prepared by allowing diborane to react with an aliphatic, alicyclic, or
      cyclic sulfide. Aliphatic sulfides, such as dimethyl sulfide, methylethyl
      sulfide, diethyl sulfide, methylpropyl sulfide, methylbutyl sulfide, and
      other lower alkyl sulfides; alicyclic sulfides, such as methylcyclopentyl
      sulfide and methylcyclohexyl sulfide; cyclic sulfides, such as
      tetramethylene sulfide, pentamethylene sulfide and heptamethylene sulfide;
      and disulfides, such as 1,3-dithiomethylpropane, CH.sub.3 SCH.sub.2
      CH.sub.2 CH.sub.2 SCH.sub.3 can be used. The sulfides can contain inert
      substituents, such as methoxy and methyl groups, as in CH.sub.3 OCH.sub.2
      CH.sub.2 SCH.sub.3 and 2-methyltetramethylene sulfide. For greatest
      effectiveness, it is desirable that the molecular weight of the sulfide be
      low, preferably below 200, so that relatively high molar concentrations
      can be achieved in the liquid reaction medium. Although a wide variety of
      organic sulfides can be used, dimethyl sulfide is preferred because of its
      low molecular weight and its low cost.
PAR  The boron trifluoride used in the present invention can be added as a gas
      to the amino acid/liquid slurry or in the form of its addition compound
      with an ether, such as diethyl ether, tetrahydrofuran, monoglyme, diglyme,
      or triglyme, However, boron trifluoride diethyl etherate is the preferred
      reagent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention can be further understood by reference to the following
      examples.
PAC  EXAMPLE 1
PAR  A dry, 2-liter glass reaction vessel equipped with a pressure-equalizing
      additon funnel, mechanical stirrer, and reflux condenser vented to a
      bubbler was charged with 157 grams (1.2 moles) of L-leucine and 0.5 liter
      of tetrahydrofuran. Boron trifluoride diethyl etherate (0.16 liter, 1.3
      moles) when then added dropwise with stirring. When the addition was
      complete, the reaction mixture was heated to reflux and maintained at
      reflux for 15 minutes with stirring whereupon the solid went into
      solution. Gentle heating was then continued as 0.13 liter (1.3 moles) of
      borane-dimethyl sulfide was added at a rate sufficient to maintain a
      gentle reflux. Rapid and vigorous gas evolution occurred throughout the
      addition which took 1.5 hours. Following the addition, the reaction
      mixture was heated at reflux for an additional 2 hours. An aqueous
      solution of tetrahydrofuran (0.15 liter of a 1:1 by volume solution) was
      then added dropwise with stirring and heating followed by 0.64 liter of 6N
      aqueous sodium hydroxide. After heating at reflux for an additional 2
      hours with stirring, the reaction mixture was cooled to room temperature
      and the upper clear, colorless organic layer was removed. The lower
      aqueous layer was wahsed with diethyl ether (3 .times. 0.5 liter) and the
      combined organic extracts were dried over anhydrous potassium carbonate,
      filtered, concentrated on a rotary evaporator, and distilled under reduced
      pressure giving 99.6 grams (71% yield) of L-leucinol, bp 50.degree.C at
      0.04 mm, [.alpha.].sup.22.sub.D +1.35, n.sup.20.sub.D 1.4515, purity by
      perchloric acid titration: 98%.
PAC  EXAMPLE 2
PAR  A dry, 12-liter glass reaction vessel equipped as described in Example 1
      was charged with 900 grams (7.7 moles) of valine and 2.5 liters of
      tetrahydrofuran. Using the procedure described in Example 1, boron
      trifluoride diethyl etherate (1.05 liters, 8.5 moles) was added followed
      by 0.85 liter (8.5 moles) of borane-dimethyl sulfide at reflux. The
      addition took 8 hours and heating was continued for an additional 3 hours
      following the addition. The reaction mixture was then hydrolyzed with 0.75
      liter of tetrahydrofuran/water followed by 24.6 moles of sodium hydroxide
      as an aqueous solution. The product was isolated as described in Example 1
      giving 494 grams (62% yield) of 2-amino-3-methyl-1-butanol, bp
      78.degree.-79.degree.C at 8 mm, n.sup.20.sub.D 1.4543, purity by glc
      analysis: 97%.
PAC  EXAMPLE 3
PAR  A dry, 12-liter glass reaction vessel equipped as described in Example 1
      was charged with 1.17 kilograms (7.1 moles) of phenylalanine and 3 liters
      of tetrahydrofuran. Using the procedure described in Example 1, boron
      trifluoride diethyl etherate (0.96 liter, 7.8 moles) was added followed by
      0.78 liter (7.8 moles) of borane-dimethyl sulfide at reflux. The addition
      took 7 hours and heating was then continued for an additional 3 hours
      following the addition. The reaction mixture was then hydrolyzed with 0.75
      liter of tetrahydrofuran/water followed by 4 liters of 6N aqueous sodium
      hydroxide solution. The product was isolated as described in Example 1
      giving 822 grams (77% yield) of 2-amino-3-phenyl-1-propanol, bp
      110.degree.-111.degree.C at 0.10 mm, as a clear, colorless oil which
      crystallized in the receiver, mp 65.degree.-66.degree.C. The purity by
      perchloric acid titration was only 93%. The impure amino alcohol was
      dissolved in 6 liters of tetrahydrofuran and anhydrous hydrogen chloride
      was added to precipitate the hydrochloride salt which was collected and
      dried in a vacuum oven giving 940 grams of 2-amino-3-phenyl-1-propanol
      hydrochloride, mp 147.degree.-151.degree.C, purity by perchloric acid
      titration: 100%.
PAC  EXAMPLE 4
PAR  A dry, 5-liter glass reaction vessel equipped as described in Example 1 was
      charged with 202 grams (1.75 moles) of L-proline and 0.4 liter of
      tetrahydrofuran. Boron trifluoride diethyl etherate (0.23 liter, 1.84
      moles) was then added with external cooling followed by 2.0 liters of a 1M
      borane-tetrahydrofuran solution at -5.degree.C to 0.degree.C. The addition
      took 2 hours and stirring was continued overnight in an ice/water bath
      followed by one hour at reflux. The reaction mixture was then hydrolyzed
      with 50 milliliters of tetrahydrofuran/water followed by one liter of 6N
      aqueous sodium hydroxide. The product was isolated as described in Example
      1 giving 146 grams of L-prolinol, bp 108.degree.-112.degree.C at 8 mm,
      n.sub.D.sup.20 1.4853, purity by glc analysis: 99%.
PAC  EXAMPLE 5
PAR  A dry, 22-liter glass reaction vessel equipped as described in Example 1
      was charged with 1.44 kilograms (11 moles) of 6-aminocaproic acid and 7
      liters of tetrahydrofuran. Using the procedure described in Example 1,
      boron trifluoride diethyl etherate (1.49 liters, 12.1 moles) was added
      followed by 1.21 liters (12.1 moles) of borane-dimethyl sulfide at reflux.
      The addition took 8 hours and heating was maintained overnight following
      the addition. The reaction mixture was then hydrolyzed with 1.1 liters of
      tetrahydrofuran/water followed by 5.9 liters of 6N aqueous sodium
      hydroxide using the procedure described in Example 1. After saturating the
      aqueous layer with anhydrous potassium carbonate, the organic layer was
      removed and the aqueous layer was extracted with tetrahydrofuran (4
      .times. 1.5 liters). The combined organic layers were dried over anhydrous
      potassium carbonate, filtered, and concentrated on a rotary evaporator.
      The hot, liquid residue was then poured into one liter of hot cyclohexane.
      After cooling to room temperature, the solid was collected and dried
      giving  1.0 kilogram (80% yield) of 6-amino-1-hexanol, mp
      58.degree.-60.degree.C, with a purity by perchloric acid titration of 99%.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the reduction of an amino acid to an amino alcohol which
      comprises contacting a mixture of the said amino acid and boron
      trifluoride or ether complex thereof with either diborane, a borane-ether
      complex or a borane-organic sulfide complex.
NUM  2.
PAR  2. The process of claim 1 wherein a borane-ether complex comprising
      borane-tetrahydrofuran is used.
NUM  3.
PAR  3. The process of claim 1 wherein a borane-organic sulfide complex
      comprising borane-dimethyl sulfide is used.
NUM  4.
PAR  4. The process of claim 1 wherein the boron trifluoride is used in the form
      of an ether complex.
NUM  5.
PAR  5. The process of claim 4 wherein said boron trifluoride ether complex is
      boron trifluoride diethyl etherate.
NUM  6.
PAR  6. The process of claim 1 wherein said amino acid and boron trifluoride are
      mixed in an organic liquid medium selected from the group consisting of
      monoethers, polyethers, aromatic hydrocarbons, and saturated aliphatic and
      alicyclic hydrocarbons.
NUM  7.
PAR  7. The process of claim 1 wherein said amino acid and boron trifluoride are
      mixed in tetrahydrofuran.
NUM  8.
PAR  8. The process of claim 1 in which the reaction mixture from the reduction
      is hydrolyzed and the amino alcohol formed by the reduction is isolated
      from the hydrolyzed mixture.
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ABST
PAL  Phenolic antioxidants useful in the stabilization of oxidizable polymers
      such as polybutadiene, butadiene/styrene copolymers and polypropylene are
      prepared by reacting simple phenolic compounds with a
      pentacyclo-tetradeca-5,11-diene.
BSUM
PAR  This invention relates to phenolic antioxidants for oxidizable polymers.
      More particularly it relates to reaction products of various phenolic
      compounds with pentacyclo [8.2.1.1.sup.4,7.0.sup.2,9.0.sup.3,8 ] -
      tetradeca - 5,11 - diene (PCTD).
PAR  Those interested in stabilizing oxidizable polymers against oxidative
      degradation are constantly searching for new and effective antioxidants.
      When polymer color is important, it is desirable that the antioxidant be
      relatively non-discoloring. A problem that is not successfully solved by
      many of the previously known phenolic stabilizers is that they are in
      varying degrees too readily volatilized, and therefore escape from the
      materials which they are intended to stabilize during the rather extended
      service life to which such materials are subjected.
PAR  It is therefore an object of this invention to provide a new class of
      phenolic antioxidants which can be used as stabilizers for organic
      compounds and which stabilizers are relatively nondiscoloring and
      nonvolatile in polymers. Other objects will become apparent as this
      description proceeds.
PAR  In accordance with the present invention it has been found that the
      foregoing and additional object can be accomplished by employing as
      stabilizers for polymeric materials which are subject to the deleterious
      effects of oxygen, ozone and sunlight, reaction products of a phenol and
      pentacyclo [8.2.1.1.sup.4,7.0.sup.2,9.0.sup.3,8 ] - tetradeca - 5,11 -
      diene (PCTD). The reaction products may be subsequently alkylated with a
      tertiary olefin if desired. The latter method will be referred to herein
      as the two-step method and the former method as the one-step method. The
      reaction products are relatively non-discoloring antioxidants with
      relatively low volatility.
PAR  In the one-step method the reaction product is prepared by reacting a
      mixture comprising (A) at least one phenol conforming to the following
      structural formula
      ##SPC1##
PAL  Wherein R is selected from the group consisting of hydrogen, alkyl radicals
      having from 1 to 12 carbon atoms, cycloalkyl radicals having from 5 to 12
      carbon atoms, aralkyl radicals having from 7 to 12 carbon atoms,
      substituted and unsubstituted aryl radicals having 6 to 12 carbon atoms,
      alkoxy radicals having from 1 to 12 carbon atoms, cycloalkoxy radicals
      having from 5 to 12 carbon atoms and aralkoxy radicals having from 7 to 12
      carbon atoms and R.sup.1 is selected from the group consisting of hydrogen
      and tertiary alkyl radicals having from 4 to 12 carbon atoms and (B) the
      pentacyclo-tetradeca-5,11-diene.
PAR  In the two-step process R.sup.1 is hydrogen and the reaction product of the
      first step is reacted with an olefin selected from the group consisting of
      tertiary olefins having 4 to 12 carbon atoms (e.g., isobutylene,
      t-amylenes and t-hexylenes) and styrene.
PAR  Illustrative species of phenols which may be used in either the one step or
      two step processes are listed below.
PA1  phenol
PA1  o,m,p-cresol
PA1  o,m,p-isopropyl phenol
PA1  o,m,p-propyl phenol
PA1  o,m,p-ethyl phenol
PA1  o,m,p-methoxy phenol
PA1  o,m,p-ethoxy phenol
PA1  o,m,p-cyclohexyl phenol
PA1  o,m,p-benzyl phenol
PA1  o,m,p-phenoxy phenol
PA1  o,m,p-phenyl phenol
PA1  o,m,p-propoxy phenol
PA1  p-butyl phenol
PA1  p-hexyl phenol
PA1  p-octyl phenol
PA1  p-dodecyl phenol
PAR  Illustrative species of phenols which may be used only in the one-step
      process are listed below.
PA1  2-tert.butyl-4-methyl phenol
PA1  2-tert.butyl-6-methyl phenol
PA1  6-tert.butyl-3-methyl phenol
PA1  2,6-ditert.butyl phenol
PA1  2-tert.butyl-4-methoxy phenol
PA1  2-tert.butyl-6-methoxy phenol
PA1  2-tert.butyl phenol
PA1  2-tert.hexyl-4-methyl phenol
PA1  2-tert.octyl-4-methyl phenol
PA1  2-tert.dodecyl-4-methyl phenol
PA1  2-tert.hexyl-4-methoxy phenol
PA1  2-tert.nonyl-4-phenoxy phenol
PA1  2-tert.pentyl-3-hexoxy phenol
PA1  2-(.alpha.,.alpha.-dimethylbenzyl)-4-ethoxy phenol
PA1  2-tert.heptyl-4-cyclohexoxy phenol
PAR  When the one-step process is used, preferably R is in the para position and
      is a methyl or ethyl radical and preferably R.sup.1 is in the ortho
      position. When the two-step process is used and R.sup.1 is hydrogen,
      preferably R is methyl or ethyl and is in an ortho or para position.
PAR  The reaction between the diolefin and the phenolic compounds is effectively
      catalyzed by a Friedel-Crafts type catalyst, and in particular the more
      potent Friedel-Crafts catalysts such as aluminum chloride, zinc chloride,
      ferrous and ferric chloride and boron trifluoride, as well as complexes
      based on boron trifluoride.
PAR  Friedel-Crafts type catalysts include Lewis acid type acidic halides or
      proton acids. Friedel-Crafts catalysts and reactions are discussed in
      volume 1 of Friedel-Crafts and Related Reactions edited by George A. Olah,
      1963, Interscience Publications, pages 25-91, and in Encyclopedia of
      Chemistry, 3rd. edition, Van Nostraand Reinhold Company, pages 470-471.
      These catalysts are illustrated by metal halides, aluminum chloride,
      aluminum bromide, aluminum iodide, ferric chloride, zinc chloride,
      zirconium chloride, boron fluorides (such as boron trifluoride and
      complexes thereof), acids such as sulfuric acid, aromatic sulfuric acids,
      phosphoric acid and hydrogen fluoride. Supported phosphoric acid, silica
      alumina and cation exchange resins are also included as Friedel-Crafts
      catalysts. Boron trifluoride and complexes based on boron trifluoride are
      preferred catalysts for the one-step process and the first step of the
      two-step process. The second step of the above described two-step reaction
      process, wherein the product obtained by reacting the olefin and a
      phenolic compound is further alkylated with a tertiary olefin, is
      effectively catalyzed by employing one or more of the customary acidic
      alkylation catalysts such as sulfuric acid, benzene sulfonic acid, toluene
      sulfonic acid, acid activated clays, boron trifluoride, zinc chloride,
      ferrous and ferric halides, aluminum halides and the stannous and stannic
      halides. Sulfuric acid, benzene sulfonic acid, toluene sulfonic acid and
      acid activated clay are preferred catalysts for the second step of the
      two-step process. Acidic alkylation catalysts include acidic ion exchange
      resins. The catalysts employed in both the first and second stages of the
      two-step process and in the one-step process are employed in the customary
      catalytic amounts, which will normally vary from 0.1 percent to 5.0
      percent of catalyst based on the total weight of the reactants in the
      reaction which is to be catalyzed.
PAR  While boron trifluoride will function as an alkylation catalyst to catalyze
      the second step of the two-step process, it is not a particularly
      desirable alkylation catalyst since it tends to promote undesirable side
      reactions. It is therefore preferred to remove the boron trifluoride
      catalyst when it is employed in the first step of the reaction before
      proceeding with the second or alkylation step of the two-step process. The
      boron trifluoride catalyst may be effectively removed by destroying it
      with a basic material such as ammonia, or a solution of sodium hydroxide,
      sodium carbonate or calcium hydroxide. Alternatively the boron trifluoride
      catalyst may be removed along with excess phenolic materials by heating
      the reaction mixture to a temperature from 100.degree. C. to 160.degree.
      C. or above under vacuum. An additional method of removing the boron
      trifluoride catalyst employed in the first step of the two-step process
      and in the one-step process is by refluxing the reaction mixture from step
      one with a small quantity of an inert organic solvent such as toluene at a
      temperature between 150.degree. C. and 160.degree. C. or above. The acidic
      alkylation catalyst employed to catalyze the second step of the two-step
      process is normally neutralized with a suitable basic material such as a
      sodium carbonate solution.
PAR  The reaction between the phenol and diolefin in either process is
      preferably conducted at a temperature from 25.degree. C. to 160.degree. C.
      Even more preferred are reaction temperatures between 80.degree. C. and
      150.degree. C. The reaction between the diolefin and a phenolic compound
      may be started at room temperature and since the reaction is rapid and
      exothermic the heat of reaction may be used to obtain the desired
      temperature. The only real temperature limitation in the reaction involves
      the consideration of the boiling points of the reactants.
PAR  Illustrative species of olefins that may be used in the second step of the
      two-step process are listed below.
PA1  isobutylene
PA1  2,4-dimethyl-1-heptene
PA1  2-methyl-1-butene
PA1  2-methyl-1-pentene
PA1  2-methyl-2-pentene
PA1  2-methyl-1-hexene
PA1  2-methyl-2-hexene
PA1  2,4,4-trimethyl-1-pentene
PA1  .alpha.-methylstyrene
PA1  2-methyl-1-nonene
PA1  2-methyl-2-octene
PAR  The molar ratio of the phenolic reactant to the PCTD can vary from 1:1 to
      10:1. Preferably the lower limit is 2:1 and more preferably 3:1. The
      preferred upper limit is 5:1 and more preferably 4:1. In some instances it
      may be desirable to carry out the one-step process and the first step of
      the two-step process in an inert organic solvent such as benzene or
      toluene. The employment of a solvent is particularly desirable if a
      relatively low ratio of phenolic compound to diolefin is used. When the
      molar ratio of phenolic compound to diolefin is 4:1 or higher, the excess
      phenolic compound acts as an effective solvent and no additional solvent
      need be employed. At ratios of lower than 4:1, the use of a solvent should
      be considered.
PAR  The one-step process and the first step of the two-step process may be
      carried out by adding the diolefin to the mixture of phenolic compound and
      catalyst or the catalyst may be added gradually to the mixture of phenolic
      compound and diolefin. The first of these two procedures is preferred. The
      rate at which the reactants are combined can vary over a wide range as
      long as the temperature is kept below the boiling point of the lowest
      boiling reactant.
PAR  The second step of the two-step process involves alkylation of the product
      obtained in step one. In carrying out the second step of the process the
      product obtained from step one is dissolved in an inert hydrocarbon
      solvent such as benzene, toluene, etc. Alkylation is normally conducted at
      a temperature between 20.degree. C. and 100.degree. C. A preferred
      temperature range is between 60.degree. C. and 80.degree. C. If the
      tertiary olefin which is employed as an alkylation agent is a gas it may
      be added to the reaction under pressure but the pressures should not
      exceed 30 p.s.i. if excessive polymerization is to be avoided. In step two
      of the process it is also preferable to carry out the alkylation as
      rapidly as possible, however, the time within which the reaction is
      completed is dependent upon the activity of the alkylating agent used.
PAR  The amount of olefin used in the second step will depend upon the number of
      reactive sites available on the phenolic moiety of the product of the
      first step. The number of available sites will be dependent on such
      factors as the phenolic compound used, the ratio of PCTD to the phenolic
      compound and the number of substituents on the phenolic reactant. Normally
      the olefin is reacted with the product of the first step until no further
      reaction occurs, although less olefin may be used.
PAR  In the two-step process, the product of the first step can be stripped of
      excess phenolic reactant before the second step, but such stripping is not
      necessary.
PAR  The compounds of this invention are useful in protecting polymer in any
      form, e.g., polymer in latex form, unvulcanized polymer and vulcanized
      polymer. The method of addition of the antioxidant to the polymer is not
      critical. They may be added by any of the conventional means such as by
      adding to a polymer latex or cement, milling on an open mill or by
      internal mixing. They are highly efficient and are capable of being
      employed in relatively small amounts to effectively stabilize the polymers
      into which they are incorporated.
PAR  Polymers subject to deterioration by oxidation that can be conveniently
      protected by the age resisters described herein include substituted and
      unsubstituted, saturated and unsaturated, natural and synthetic polymers.
      The oxidizable natural polymers of interest include natural rubber in its
      various forms, e.g., pale crepe and smoked sheet, and balata and gutta
      percha. The oxidizable synthetic polymers are prepared from a single
      monomer (homopolymer) or a mixture of two or more copolymerizable monomers
      (copolymers) wherein the monomers are combined in a random distribution or
      block form. The monomers may be substituted or unsubstituted and may
      possess one or more double bonds, for example, diene monomers, both
      conjugated and nonconjugated, and monoolefins including cyclic and acyclic
      monoolefins, especially vinyl and vinylidene monomers. Examples of
      conjugated dienes are 1,3-butadiene, isoprene, chloroprene,
      2-ethyl-1,3-butadiene, 2,3-dimethyl-1,3-butadiene and piperylene. Examples
      of nonconjugated dienes are 1,4-pentadiene, 1,4-hexadiene, 1,5-hexadiene,
      dicyclopentadiene, 1,5-cyclooctadiene and ethylidene norbornene. Examples
      of acrylic monoolefins are ethylene, propylene, 1-butene, isobutylene,
      1-pentene and 1-hexene. Examples of cyclic monoolefins are cyclopentene,
      cyclohexene, cycloheptene, cyclooctene and 4-methyl-cyclooctene. Examples
      of vinyl monomers are styrene, acrylonitrile, acrylic acid, ethylacrylate,
      butylacrylate, methyl vinyl ether, vinyl acetate and vinyl pyridine.
      Examples of vinylidene monomers are .alpha.-methylstyrene, methacrylic
      acid, methyl methacrylate, ethylmethacrylate, glycidylmethacrylate and
      vinylidene chloride. Representative examples of the synthetic polymers
      used in the practice of this invention are polychloroprene; homopolymers
      of a conjugated 1,3-diene such as isoprene and butadiene, and in
      particular polyisoprenes and polybutadienes having essentially all of
      their repeat units combined in a cis-1,4 structure; copolymers of a
      conjugated 1,3-diene such as isoprene and butadiene with up to 50 percent
      by weight of at least one copolymerizable monomer including ethylenically
      unsaturated monomers such as styrene or acrylonitrile; butyl rubber, which
      is a polymerization product of a major proportion of a monoolefin and
      minor proportion of a multiolefin such as butadiene or isoprene;
      polyurethanes containing carbon to carbon double bonds; and polymers and
      copolymers of monoolefins containing little or no unsaturation, such as
      polyethylene, polypropylene, ethylene propylene copolymers and terpolymers
      of ethylene, propylene and a nonconjugated diene such as
      dicyclopentadiene, 1,4-hexadiene, ethylidene norbornene and methylene
      norbornene. Resins such as those described in U.S. Pat. No. 3,577,398 can
      also be protected.
PAR  The level of antioxidant necessary for measurable stabilization varies
      according to the nature of the polymer, the severity of the deteriorating
      conditions to which the polymer is exposed and the time it is exposed to
      such conditions. As is well known, unsaturated polymers such as natural
      rubber, SBR and polybutadiene are more susceptible to oxidative
      degradation than saturated polymers such as polyethylene and
      polypropylene, and therefore require higher amounts of antioxidant to
      achieve effective stabilization. An effective antioxidant amount of the
      disclosed antioxidants in unsaturated polymers will generally range from
      0.05 to 5.0 parts by weight based on 100 parts by weight of the polymer,
      although it is commonly preferred to use from 0.25 or 0.5 part to 2.0 or
      3.0 parts. In saturated polymers levels will range as low as 0.001 or 0.01
      parrt. Normally amounts in excess of 1.0 part are unnecessary, although up
      to 5.0 parts and more can be used.
PAR  The following examples are illustrative but not restrictive as to the
      preparation of some of the antioxidants of the present invention.
DETD
PAC  EXAMPLE 1
PAR  In a three-neck round bottom flask equipped with thermometer, stirring rod,
      water condenser and dropping funnel was charged 106 grams of para-cresol
      and 3 grams of para-cresol BF.sub.3 complex (25% BF.sub.3). The flask
      contents were heated to 90.degree. C. and then 45 grams PCTD was added
      over a 15 minute period. The reaction product was stirred at 90.degree. C.
      to 98.degree. C. for 25 minutes. The excess para-cresol was stripped off
      to a pot temperature of 205.degree. C. at 24 millimeters of mercury. The
      residue weight was 93.5 grams. The resin color was light amber.
PAC  EXAMPLE 2
PAR  To 95 grams of a product prepared as in Example 1 using similar equipment
      was added 4 grams H.sub.2 SO.sub.4 and 150 milliliters of toluene. The
      mixture was stirred at 60.degree. C. until dissolved. Then isobutylene was
      added at 65.degree. C. to 76.degree. C. until no more would react
      (approximately 40 grams). The flask contents were then neutralized with 5
      grams of Na.sub.2 CO.sub.3 in 50 milliliters of water. After decanting,
      the product was stripped in the presence of 2 grams of dry Na.sub.2
      CO.sub.3 to a pot temperature of 170.degree. C. at 15 millimeters of
      mercury. The resin weight was 122 grams.
PAC  EXAMPLE 3
PAR  Into the same equipment as described in Example 1 was charged 205 grams of
      phenol and 9 grams of para-cresol BF.sub.3 complex (25% BF.sub.3). The
      mixture was heated to 90.degree. C. and then 100 grams of PCTD was added
      over a 15 minute period. The reaction mixture was stirred 20 minutes
      longer and then the excess phenol was stripped off to a pot temperature of
      220.degree. C. at 11 millimeters of mercury. The residue weight was 187
      grams.
PAC  EXAMPLE 4
PAR  Ninety grams of the product prepared in Example 3 and 12 grams of toluene
      sulfonic acid were dissolved in 150 milliliters of toluene and heated to
      75.degree. C. At that temperature 200 grams of 2-methyl-1-pentene was
      added over a 45 minute period. The reaction product was neutralized with
      15 grams of Na.sub.2 CO.sub.3 in aqueous solution. After decanting, the
      flask contents were stripped to a pot temperature of 205.degree. C. at 15
      millimeters of mercury. The resin was 166 grams.
PAC  EXAMPLE 5
PAR  Thirty-five grams of the resin prepared in Example 3 and 6 grams of toluene
      sulfonic acid were dissolved in 100 grams of toluene. At 75.degree. C. to
      85.degree. C. isobutylene was added until no more would react. The
      reaction product was neutralized with 8 grams of Na.sub.2 CO.sub.3 in 60
      milliliters of water. After decanting, one gram of dry Na.sub.2 CO.sub.3
      was added and volatiles stripped to a pot temperature of 240 at 11
      millimeters of mercury. The resin weight was 56 grams.
PAC  EXAMPLE 6
PAR  Same as Example 1 except 119 grams of para-cresol, 50 grams of PCTD and 3
      grams of para-cresol BF.sub.3 complex were used. The resin weight was 105
      grams.
PAC  EXAMPLE 7
PAR  To 105 grams of the resin prepared in Example 6 was added 8 grams of
      toluene sulfonic acid and 150 milliliters of toluene. The mixture was
      stirred at 70.degree. C. until dissolved. Then 60 grams of
      2-methyl-1-pentene was added over a 35 minute period. The flask contents
      were stirred one hour longer and then neutralized with 10 grams of
      Na.sub.2 CO.sub.3 in 80 milliliters of water. After decanting, the
      reaction product was stripped in the presence of 1.5 grams of Na.sub.2
      CO.sub.3 to a pot temperature of 204.degree. C. at 14 millimeters of
      mercury. The resin weight was 144 grams.
PAC  EXAMPLE 8
PAR  Two hundred thirteen grams of para-cresol and 10 grams of toluene sulfonic
      acid were heated to 90.degree. C. Then 45 grams of PCTD was added over a
      30 minute period. The flask contents were stirred at 85.degree. C. to
      90.degree. C. for one hour and then neutralized with 10 grams of Na.sub.2
      CO.sub.3 in 70 milliliters of water. Toluene was added and the product
      filtered. The reaction product was stripped to a pot temperature of
      205.degree. C. at 10 millimeters of mercury.
PAC  EXAMPLE 9
PAR  Fifty grams of the product prepared in Example 8 and 12 grams of toluene
      sulfonic acid were dissolved in 150 milliliters of toluene. At 70.degree.
      C., 50 grams of 2-methyl-1-pentene was added over a 30 minute period. The
      reaction mixture was stirred 2 hours longer and then neutralized with 10
      grams of Na.sub.2 CO.sub.3 in aqueous solution. After decanting, the
      product was stripped to a pot temperature of 170.degree. C. at 20
      millimeters of mercury. The residue weight was 62 grams.
PAC  EXAMPLE 10
PAR  To a flask is added 108 grams of para-cresol, 150 grams of toluene and 4
      grams of BF.sub.3 etherate. To the mixture of 90.degree. C. is added 92
      grams of PCTD over a 45 minute period. The reaction product is then
      stripped to a pot temperature of 190.degree. C. under vacuum. The resin is
      redissolved in 300 grams of toluene and 25 grams of toluene sulfonic acid
      is then added. Isobutylene is added at 75.degree.C. until no more will
      react. The catalyst is destroyed with 25 grams of sodium carbonate in
      aqueous solution. After decanting the reaction product is stripped to a
      pot temperature of 170.degree. C. under vacuum.
PAC  EXAMPLE 11
PAR  One hundred sixty four grams of 2-tert.butyl-4-methyl phenol and 4 grams of
      BF.sub.3 etherate are dissolved in 164 grams of toluene. Ninety two grams
      of PCTD are added over a 45 minute period at 80.degree. C. to 90.degree.
      C. The flask contents are stirred 30 minutes longer and then neutralized
      with 4 grams of sodium carbonate in aqueous solution. After decanting, 2
      grams of dry sodium carbonate are added and the reaction product stripped
      to a pot temperature of 180.degree. C. under vacuum.
PAC  EXAMPLE 12
PAR  One hundred sixty four grams of para-cresol and 2 grams of BF.sub.3
      etherate were heated to 90.degree. C. Seventy grams of PCTD were added
      over a 20 minute period at 87.degree. C. to 94.degree. C. The combination
      was stirred 20 minutes longer and then neutralized with 4 grams of lime.
      The mixture was diluted with 200 grams of toluene and filtered. To the
      filtrate was added 28 grams of toluene sulfonic acid. One hundred sixty
      five grams of 2-methyl-1-pentene was added at 70.degree. C. over a 1 hour
      period. The combination was cooled to 30.degree. C. and 90 grams of
      2-methyl-1-pentene were added over a 1 hour period. The reaction product
      was allowed to stir at room temperature for 16 hours. It was then
      neutralized with aqueous ammonium hydroxide and decanted. Ten grams of
      sodium carbonate were added and the reaction product stripped to a pot
      temperature of 150.degree. C. at 18 millimeters of mercury. The weight of
      residue was 443 grams.
PAR   The products of Examples 1 to 12 are all antioxidants of the present
      invention.
PAR  Oxygen absorption and tensile retention tests were run. The oxygen
      absorption tests were conducted by dissolving in benzene portions of an
      unstabilized SBR polymer (1006). The benzene contained the antioxidant to
      be tested at a level of 1.00 part of antioxidant per 100 parts of SBR
      polymer. The cements so formed were poured onto aluminum foil so as to
      form a thin film. After drying the weight of rubber was obtained in
      connection with each sample. Thereafter the foil with the adhering rubber
      strip was placed in the oxygen absorption apparatus. The time required for
      each sample to absorb 1.0 percent oxygen was determined and recorded in
      the following Table I. This testing procedure is described in further
      detail in Industrial and Engineering Chemistry, 43, p. 456 (1951) and
      Industrial and Engineering Chemistry, 45, p. 392 (1953).
PAR  In addition tensile retention data was gathered on natural rubber extracted
      pale crepe gum stock. Aging was done in an oxygen bomb at 70.degree. C.
      and 300 pounds per square inch for 72 hours. After aging tensile retention
      and weight increase were determined.
PAR  Polypropylene samples were prepared in the following manner. The stabilizer
      was dissolved in toluene to form a dilute solution. The stabilizer
      solution was added to the polypropylene (Pro-Fax 6501) by dispersing the
      stabilizer solution in the powdered polypropylene using a Henschel blender
      and agitating at 2800 rpm. After 15 minutes, the typical batch temperature
      approached 180.degree. F. and a reasonable dispersion of the stabilizers
      was obtained. After 10 minutes only traces of the solvent remained. The
      stabilized polypropylene was then injection molded to produce tensile
      bars, said tensile bars conforming to ASTM D-638-64T. The tensile bars
      were aged at 140.degree. C. in a forced air oven. When the crazing of the
      bars was visually judged to be severe enough to indicate a great reduction
      in tensile, the samples were judged to have failed.
PAR  The following are results obtained in SBR 1006 at the 1.0 part level at
      100.degree. C.
TBL                Table I                                                     

     ______________________________________                                    

     Antioxidant      Hours to Absorb 1.0% O.sub.2                             

     ______________________________________                                    

     Example 2        385                                                      

     Example 3        153                                                      

     Example 4        166                                                      

     Example 5        266                                                      

     A.sup.(1)        327                                                      

     B.sup.(2)        282                                                      

     None              9                                                       

     Example 7        503                                                      

     A                390                                                      

     None              9                                                       

     ______________________________________                                    

      .sup.(1) Similar to product of Example 2 with dicyclopentadiene          

      substituted for PCTD and a 3:1 molar ratio of phenolic to diolefin rather

      than a 4:1 ratio. See U. S. Patent 3,305,522.                            

      .sup.(2) Similar to product of Example 7 with dicyclopentadiene          

      substituted for PCTD and a 3:1 molar ratio of phenolic to diolefin rather

      than a 4:1 ratio and 2-methyl-1-pentene substituted for isobutylene. See 

      U. S. Patent 3,305,522.                                                  

PAR  A and B are not compounds within the present invention. A is a commercial
      antioxidant.
PAR  The product of Example 2 was prepared again in a similar fashion and
      compared again with A in SBR. The time to 1.0% oxygen absorption for A was
      369 hours and for the product of Example 2 was 386 hours.
PAR  The results in Table II indicate the effectiveness of the present phenolic
      antioxidants in polypropylene.
TBL                Table II                                                    

     ______________________________________                                    

     Polypropylene                                                             

     Antioxidant        Failure Point (days)                                   

     ______________________________________                                    

     Example 2          40                                                     

     A                  20 - 25                                                

     Example 7          15 - 20                                                

     Example 3          5 - 7                                                  

     Example 4          3 - 5                                                  

     No additive        1 - 3                                                  

     ______________________________________                                    

PAR  Any of the previously described phenolic products could be substituted for
      any of the above phenolic products in the working examples and any
      previously described polymer could be substituted in the working examples.
      Such combination would result in polymers with improved resistance to
      oxidative degradation.
PAR  The use of the antioxidants of the present invention in the described
      polymers would not adversely affect the art-recognized uses of the
      polymers, e.g., the use of natural rubber or SBR in pneumatic vehicle
      tires.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reaction product prepared by reacting a mixture comprising (A) at
      least one phenolic reactant conforming to the following structural formula
      ##SPC2##
PAL  wherein R is selected from the group consisting of hydrogen, alkyl radicals
      having from 1 to 12 carbon atoms, cycloalkyl radicals having from 5 to 12
      carbon atoms, aralkyl radicals having from 7 to 12 carbon atoms, and aryl
      radicals having 6 to 12 carbon atoms and R.sup.1 is selected from the
      group consisting of hydrogen and tertiary alkyl radicals having from 4 to
      12 carbon atoms and (B) pentacyclo [8.2.1.1.sup.4,7.0.sup.2,9.0.sup.3,8
      ]tetradeca-5,11-diene, in the presence of a Friedel-Crafts catalyst, at a
      temperature of from 25.degree. C. to 160.degree. C. the molar ratio of the
      pentacyclo compound to the phenolic reactant being from 1:1 to 1:10.
NUM  2.
PAR  2. An alkylated reaction product prepared by reacting the reaction product
      of claim 1 with a tertiary olefin having 4 to 12 carbon atoms in the
      presence of an acidic alkylation catalyst at a temperature of from
      20.degree. C. to 100.degree. C.
NUM  3.
PAR  3. The reaction product according to claim 1 wherein the Friedel-Crafts
      catalyst is selected from the group consisting of boron trifluoride and
      complexes based on boron trifluoride.
NUM  4.
PAR  4. The alkylated reaction product according to claim 2 wherein the
      Friedel-Crafts catalyst is selected from the group consisting of boron
      trifluoride and complexes based on boron trifluoride.
NUM  5.
PAR  5. The reaction product according to claim 2 wherein the phenolic reactant
      is p-cresol, the Friedel-Crafts catalyst is a p-cresol BF.sub.3 complex,
      the tertiary olefin is isobutylene and the acidic alkylation catalyst is
      toluene sulfonic acid.
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ABST
PAL  .alpha.-Naphthol is prepared by dehydrogenating .alpha.-Tetralone in the
      presence of a catalyst comprising (1) platinum or a platinum compound, (2)
      an alkali metal salt, and (3) a manganese compound and/or a chromium
      compound supported on a gamma-type alumina carrier. By using such
      catalyst, the conversion of .alpha.-Tetralone is markedly increased, and
      the catalyst life is very much prolonged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing .alpha.-naphthol by
      dehydrogenating ketotetrahydronaphthalene (to be referred to herein for
      brevity as ".alpha.-Tetralone," a well-known registered trademark), and
      more specifically, to a process for preparing .alpha.-naphthol which
      comprises dehydrogenating .alpha.-Tetralone using a catalyst comprising
      (1) platinum or a platinum compound, (2) an alkali metal salt and (3) a
      manganese compound and/or a chromium compound supported on a gamma-type
      alumina carrier.
PAR  2. Description of the Prior Art
PAR  .alpha.-Naphthol is a very important industrial material useful, for
      example, as dye intermediates or raw materials for agricultural chemicals.
PAR  A number of studies have previously been made on methods for preparing
      .alpha.-naphthol. Typical prior art techniques are methods such as the
      alkali fusion of .alpha.-chloronaphthalene and the hydrolysis of
      .alpha.-naphthalenesulfonic acid. These methods, however, are not free
      from the formation of .beta.-naphthol as a by-product, and therefore, the
      resulting product is contaminated with a certain amount of such
      by-products. Furthermore, these known methods are disadvantageous for
      commercial mass-production because an undesirable procedure such as alkali
      fusion is employed. The production of .alpha.-naphthol by the
      dehydrogenation reaction of .alpha.-Tetralone is described, for example,
      in U.S. Pat. No. 3,378,591, but the catalyst used in the method disclosed
      therein has a short lifetime and is disadvantageous as a commercial
      method.
PAR  Lengthy studies on methods for producing .alpha.-naphthol by the
      dehydrogenation reaction of .alpha.-Tetralone as a starting material in
      the presence of a catalyst comprising various kinds of metals or compounds
      thereof supported on alumina have been made to arrive at the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, therefore, there is provided a process for
      preparing .alpha.-naphthol, which comprises dehydrogenating
      .alpha.-Tetralone in the presence of a catalyst comprising (1) platinum or
      a platinum compound, (2) an alkali metal salt, and (3) a manganese
      compound and/or a chromium compound supported on a .gamma.-alumina carrier
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIGS. 1 and 2 show the typical pore size distribution of an ordinary
      aluminum carrier and a preferred aluminum carrier, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the process of this invention, the conversion of
      .alpha.-Tetralone is remarkably improved and the activity of the catalyst
      is extremely lengthened, as compared with the method disclosed in the
      above-cited U.S. Pat. Thus, the process of this invention is a very
      advantageous commercial process for producing .alpha.-naphthol.
PAR  The platinum compound used as one active component of the catalyst can, for
      example, be chloroplatinic acid, or its salts such as sodium
      chloroplatinate.
PAR  Examples of alkali metal salts which can be used as the second active
      component of the catalyst are sodium sulfate, sodium carbonate, sodium
      acetate, sodium chloride, and sodium chloroplatinate.
PAR  Examples of manganese compounds which can be used as the third active
      component of the catalyst are manganous sulfate, manganous chloride,
      manganous nitrate, manganous acetate, manganic sulfate, and sodium
      permanganate. Examples of chromium compounds which can be used as the
      third active component of the catalyst include chromous sulfate, chromous
      acetate, chromic chloride, chromium trioxide, and sodium bichromate.
PAR  It is apparent that the carrier should be one capable of maintaining the
      activity of the catalyst at a high level. In the preparation of the
      catalyst composition used in this invention, .gamma.-alumina is used as a
      carrier.
PAR  Based on the information that the pore diameter of a carrier exerts
      influences on the catalytic activity, conversion, selectivity and catalyst
      life in a catalytic reaction, extensive studies have been made on the
      dehydrogenation reaction in accordance with this invention of
      .alpha.-Tetralone in the presence of the specific catalyst composition
      described above to prepare .alpha.-naphthol. Although, it is well known
      that micropores (pores having a pore diameter of not more than 100 A) are
      important factors for the activity and selectability of the catalyst
      composition it has been found that macropores (pores having a pore
      diameter of more than 100 A) significantly influence the conversion of
      .alpha.-Tetralone, the selectivity to .alpha.-naphthol, and the catalyst
      life. Specifically, we have found that by selecting alumina using as a
      carrier on the basis of the distribution of macropores and the ratio of
      the macropore volume to the total pore volume of the carrier, the yield of
      .alpha.-naphthol is increased, and the catalyst life is remarkably
      lengthened.
PAR  Thus, it is more preferable to use .gamma.-alumina as a carrier material
      containing micropores and, at the same time, having a pore diameter
      distribution from 100 A to 75,000 A, that is, having a macropore volume of
      at least 0.2 cm.sup.3 /g, preferably at least 0.3 cm.sup.3 /g.
PAR  The pore size distribution of the alumina carrier is measured by means of a
      porosimeter (Aminco 60,000 psi). The typical pore diameter distribution of
      an ordinary alumina carrier as used in this invention is shown in FIG. 1
      of the accompanying drawings, and that of a preferred alumina carrier as
      used in this invention which has macropores is shown in FIG. 2.
PAR  There is no particular restriction on the method of supporting the active
      catalyst components on the alumina carrier, and any of those methods
      generally employed can be used. For example, the .gamma.-alumina carrier,
      preferably one having a macropore distribution as defined above, can be
      immersed in an aqueous solution having the catalyst components employed in
      this invention dissolved therein, and the volatile substances are removed
      at atmospheric or reduced pressure at room temperature or at an elevated
      temperature, thereby to support these catalyst components on the
      .gamma.-alumina carrier. Alternatively, the first, second and third
      catalyst components can be supported sequentially on the .gamma.-alumina
      carrier. In addition, the .gamma.-alumina carrier can be immersed in an
      aqueous solution of the first component for a certain period of time, and
      the first component is then reduced using a conventional reducing agent
      such as hydrazine, formaldehyde or hydrogen, after which the second and
      third components are supported.
PAR  The amount of the catalyst supported is not particularly limited, and
      usually, it is 0.1 to 5.0% by weight, preferably 0.1 to 1.0% by weight as
      platinum, 0.1 to 4.0% by weight, preferably 0.1 to 2.0% by weight, as the
      alkali metal, and 0.1 to 5.0% by weight as manganese and/or chromium.
PAR  The .alpha.-Tetralone used as a starting material is usually of pure
      quality. At times, however, starting materials containing more than 20%
      .alpha.-Tetralone, or starting materials containing naphthalene can also
      be used, and there is no particular limitation on the content of the
      impurities except that catalyst poisoning impurities should not be
      present.
PAR  In practice, the supported catalyst prepared by the method described above
      is charged into a reaction zone such as a tubular reactor having a
      suitable length and a suitable diameter and activated by heating at
      200.degree. to 400.degree.C for 10 to 30 hours under a stream of hydrogen.
      Then, the starting material .alpha.-Tetralone is continuously fed together
      with hydrogen into the reaction tube and the dehydrogenation reaction is
      carried out by contacting the reactant with the catalyst at an elevated
      temperature under atmospheric or pressurized conditions.
PAR  The reaction temperature is 200.degree. to 450.degree.C, preferably
      330.degree. to 410.degree.C. The reaction pressure is normal atmospheric
      pressure or higher. Usually, it is advantageous to operate at about normal
      atmospheric pressures.
PAR  The amount of the starting .alpha.-Tetralone to be fed is not particularly
      limited, but usually, it is 0.3 to 5.0 liters/liter of catalyst/hour,
      preferably 0.4 to 2.0 liters/liter of catalyst/hour.
PAR  Hydrogen is preferably used as a carrier gas. The molar ratio of H.sub.2
      /.alpha.-Tetralone ranges from 0.5 to 15, preferably 2.0 to 6.0.
PAR  According to the process of this invention, since the catalyst life is
      extremely prolonged as compared with the known conventional catalysts, the
      number of regenerations and rechargings of the catalyst can be minimized,
      and the process of this invention is very advantageous commercially.
PAR  The following Examples are illustrative of preferred embodiments of the
      present invention with Comparative Examples shown at the same time. It
      will be understood that these examples are given for the purposes of
      illustration and the present invention is not to be interpreted as limited
      to those examples. Unless otherwise indicated, all parts, ratios and
      percents are by weight.
PAC  EXAMPLE 1
PAR  Anhydrous sodium sulfate (0.14 g), 0.44 g of anhydrous sodium carbonate and
      0.35 g of chromium trioxide were dissolved in 31 g of water, and 1.5 ml of
      an aqueous solution of chloroplatinic acid (platinum content 12.1 g/100
      ml) was further added. 18 g of spherical .gamma.-alumina (average diameter
      3 mm, bulk density 0.55 g/cm.sup.3, specific surface area 150 m.sup.2 /g)
      was immersed in the resulting aqueous solution for 24 hours. Then, water
      was removed while rotating the mixture under heat at reduced pressure,
      thereby to form a dry carrier-supported catalyst containing 1.0% by weight
      of platinum, 1.32% by weight of sodium ion, 0.54% by weight of sulfate,
      and 1.0% by weight of chromium.
PAR  30 ml of the catalyst thus obtained was packed in a stainless steel
      reaction tube with an inside diameter of 18 mm and a length of 400 mm, and
      activated in a stream of hydrogen at 370.degree.C for 15 hours. Then,
      .alpha.-Tetralone and hydrogen were continuously fed into the reaction
      tube at a flow rate of 20 ml/hour and 180 ml/hour, respectively, and they
      were contacted with the catalyst at a reaction temperature of 360.degree.C
      under atmospheric pressure. With the lapse of time, the conversion of
      .alpha.-Tetralone and the selectivity to .alpha.-naphthol changed as shown
      in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Lapse of Time Conversion of Selectivity for                               

                   .alpha.-Tetralone                                           

                                 .alpha.-naphthol                              

     ______________________________________                                    

     (hours)       (mol %)       (mol %)                                       

     ______________________________________                                    

      10           90            94                                            

     100           89            95                                            

     200           87            98                                            

     300           86            98                                            

     400           85            98                                            

     500           85            98                                            

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE 1
PAR  A catalyst containing 1.0% by weight of platinum, 1.32% by weight of sodium
      ion and 0.54% by weight of sulfate supported on .gamma.-alumina was
      prepared in the same way as described in Example 1 except that chromium
      trioxide was not used.
PAR  .alpha.-Tetralone was dehydrogenated in the same way as in Example 1 using
      a catalyst obtained as described in Example 1 above except that the
      activation of the catalyst was performed for 150 hours, and the flow rate
      of hydrogen was changed to 150 ml/min. The results obtained are shown in
      Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Lapse of Time Conversion of Selectivity for                               

                   .alpha.-Tetralone                                           

                                 .alpha.-naphthol                              

     ______________________________________                                    

     (hours)       (mol %)       (mol %)                                       

     ______________________________________                                    

      10           88            96                                            

     100           86            97                                            

     200           81            98                                            

     300           77            98                                            

     400           73            98                                            

     500           67            98                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Manganese acetate tetrahydrate (0.80 g) and 1.40 g of sodium acetate
      trihydrate were dissolved in 31 g of water, and 1.5 ml of an aqueous
      solution of chloroplatinic acid (platinum content 12.1 g/100 ml) was
      further added. 18 g of the same spherical .gamma.-alumina as used in
      Example 1 was immersed in the resulting aqueous solution for 24 hours.
      Then, by the same procedure as used in Example 1, a catalyst containing
      1.0% by weight of platinum, 1.32% by weight of sodium ion and 1.0% by
      weight of manganese supported on the .gamma.-alumina was obtained.
PAR  Using 30 ml of the catalyst obtained above, dehydrogenation of
      .alpha.-Tetralone was performed under the same reaction conditions as in
      Comparative Example 1. The results obtained are shown in Table 3 below.
TBL                Table 3                                                     

     ______________________________________                                    

     Lapse of Time Conversion of Selectivity for                               

                   .alpha.-Tetralone                                           

                                 .alpha.-naphthol                              

     ______________________________________                                    

     (hours)       (mol %)       (mol %)                                       

     ______________________________________                                    

      10           91            83                                            

     100           90            88                                            

     200           89            92                                            

     300           87            93                                            

     400           86            93                                            

     500           85            96                                            

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Manganese acetate tetrahydrate (0.40 g) and 1.40 g of sodium acetate
      trihydrate were dissolved in 31 g of water, and 1.5 ml of an aqueous
      solution of chloroplatinic acid (platinum content 12.1 g/100 ml) was
      further added. 18 g of the same spherical .gamma.-alumina as used in
      Example 1 was immersed in the resulting aqueous solution for 24 hours, and
      then using the same procedure as used in Example 1, a catalyst containing
      1.32% by weight of sodium ion, 1.0% by weight of platinum and 0.5% by
      weight of manganese supported on .gamma.-alumina was obtained. Using 30 ml
      of this catalyst, dehydrogenation of .alpha.-Tetralone was performed under
      the same conditions as used in Example 1. The results obtained are shown
      in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Lapse of Time Conversion of Selectivity for                               

                   .alpha.-Tetralone                                           

                                 .alpha.-naphthol                              

     ______________________________________                                    

     (hours)       (mol %)       (mol %)                                       

     ______________________________________                                    

      10           91            84                                            

     100           90            92                                            

     200           88            94                                            

     300           87            95                                            

     400           85            95                                            

     500           85            96                                            

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Chromium trioxide (0.17 g), 0.40 g of manganese acetate tetrahydrate and
      1.40 g of sodium acetate trihydrate were dissolved in 31 g of water, and
      1.5 ml of an aqueous solution of chloroplatinic acid (platinum content
      12.1 g/100 ml) was further added. 18 g of the same .gamma.-alumina as used
      in Example 1 was immersed in the resulting aqueous solution for 24 hours,
      and then using the same procedure as described in Example 1, a catalyst
      containing 1.0% by weight of platinum, 1.32% by weight of sodium ion, 0.5%
      by weight of chromium and 0.5% by weight of manganese supported on
      .gamma.-alumina was obtained. Using 30 ml of this catalyst,
      dehydrogenation of .alpha.-Tetralone was performed under the same
      conditions as described in Example 1. The results obtained are shown in
      Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Lapse of Time Conversion of Selectivity for                               

                   .alpha.-Tetralone                                           

                                 .alpha.-naphthol                              

     ______________________________________                                    

     (hours)       (mol %)       (mol %)                                       

     ______________________________________                                    

      10           91            88                                            

     100           90            92                                            

     200           88            95                                            

     300           86            96                                            

     400           85            96                                            

     500           84            97                                            

     ______________________________________                                    

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing .alpha.-naphthol, which consists essentially of
      dehydrogenating ketotetrahydronaphthalene at a temperature of from 200 to
      450.degree.C at from atmospheric pressure to a slightly elevated pressure,
      in the presence of a catalyst comprising (1) platinum or a platinum
      compound selected from the group consisting of chloroplatinic acid and the
      salts thereof; (2) an alkali metal salt selected from the group consisting
      of sodium sulfate, sodium carbonate, sodium acetate, sodium chloride and
      sodium chloroplatinate; and (3) a maganese compound selected from the
      group consisting of maganous sulfate, manganous chloride, manganous
      nitrate, manganous acetate, manganic sulfate and sodium permanganate
      and/or a chromium compound selected from the group consisting of chromous
      sulfate, chromous acetate, chromic chloride, chromium trioxide and sodium
      bichromate; supported on a .gamma.-alumina carrier.
NUM  2.
PAR  2. The process of claim 1, wherein said .gamma.-alumina carrier has a
      macropore volume of at least 0.2 cm.sup.3 /g.
NUM  3.
PAR  3. The process of claim 1, wherein said catalyst contains 0.1 to 5.0% by
      weight as platinum of said platinum or said platinum compound, 0.1 to 4.0%
      by weight as alkali metal of said alkali metal salt and 0.1 to 5.0% by
      weight as manganese and/or as chromium of said manganese compound and/or
      said chromium compound supported on said .gamma.-alumina carrier.
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ABST
PAL  Hydroquinone is made by contacting nitrobenzene in an aqueous acid medium
      with hydrogen at elevated temperatures and pressures in the presence of an
      acid resistant reducing catalyst until hydrogen absorption ceases,
      removing any unreduced nitrobenzene from the reaction medium, removing the
      catalyst from the reaction medium, thereafter maintaining the reaction
      medium containing the hydrogen reduction product at a temperature of
      200.degree. to 300.degree.C. for a sufficient time to hydrolyze the
      reduction product to hydroquinone, and extracting the hydroquinone from
      the aqueous reaction medium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  In some aspects, this application is a continuation-in-part of my copending
      application Ser. No. 267,534, filed June 29, 1972 now U.S. Pat. No.
      3,862,247 which, in turn, is a continuation-in-part of application Ser.
      No. 16,545, filed Mar. 4, 1970 now abandoned. In other aspects, this
      application is a continuation-in-part of my copending application Ser. No.
      447,848, filed Mar. 4, 1974 now abandoned as a continuation of application
      Ser. No. 296,260, filed Oct. 10, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of hydroquinone by
      the hydrogenation of nitrobenzene to an amino product and the hydrolysis
      of the amino product to hydroquinone.
PAR  Hydroquinone is a widely used organic reducing agent. It has the
      characteristic of being easily oxidized to quinone and the quinone-like
      products. The principal large scale used of hydroquinone is as a
      photographic developer. Hydroquinone also inhibits the autoxidation of
      various materials and is used as an antioxidant for substances such as
      fats, oils, whole milk powders, vitamins, and the like.
PAR  Hydroquinone has been produced heretofore commercially by the oxidation of
      aniline in sulfuric acid with manganese dioxide or sodium dichromate to
      quinone and the reduction of the quinone with iron dust in water to
      hydroquinone. Other suggested methods of production have included the
      hydrolysis of p-halogenated phenols with aqueous alkali metal hydroxide
      solutions and the electrolytic oxidation of benzene to quinone in sulfuric
      acid and the later reduction of the quinone to hydroquinone. My copending
      application Ser. No. 267,534 describes the productioon of hydroquinone by
      the hydrolysis of para-aminophenol.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention hydroquinone is made from nitrobenzene by
      hydrogenating the nitrobenzene in an aqueous acid medium and in the
      presence of an acid resistant reducing catalyst at an elevated temperature
      of 130.degree. to 160.degree.C. with hydrogen at an elevated pressure
      until hydrogen absorption by the reaction ceases, the acid and
      nitrobenzene being present in at least effective molar quantities; steam
      distilling from the reaction medium to remove residual nitrobenzene;
      filtering the catalyst from said reaction medium; adding sufficient water
      to provide 40 to 90 moles of water per mole of nitrobenzene initially
      present; maintaining the aqueous reaction medium at a temperature of
      200.degree. to 300.degree.C., preferably from 200.degree. to
      260.degree.C., for a time sufficient to hydrolyze the hydrogenated product
      to hydroquinone; cooling the aqueous reaction medium; and extracting the
      hydroquinone from the cooled aqueous product solution with an organic
      water-immiscible solvent.
PAC  DETAILED DESCRIPTION
PAR  The starting material for use in the present invention is nitrobenzene. Two
      grades of nitrobenzene are commercially available: Nitrobenzene (a
      technical undistilled product) and oil of mirbane (distilled
      nitrobenzene). The small amounts of hydrocarbons, both benzene and
      paraffins, and traces of m-dinitrobenzene, nitrophenol, and water that
      constitute the impurities in the technical grade do not appreciably affect
      the process. The oil of mirbane grade has a purity (by freezing point)
      better than 99.5%.
PAR  The acid characteristic of the acid medium may be provided by either
      phosphoric acid, sulfuric acid, or ammonium bisulfate and either may be of
      commercial grade. Ammonium bisulfate has the advantage that the ammonium
      compound that results from the hydrolysis may be regenerated and reused.
      The acid producing ingredient, phosphoric acid, sulfuric acid, or ammonium
      bisulfate, is diluted with water to a concentration of ingredient which
      may range from 10 to 50% by weight of the aqueous medium. The ingredients
      should be present to the extent of from 1.2 to 10 moles based upon the
      moles of nitrobenzene.
PAR  The nitrobenzene is dispersed in the aqueous medium by agitation.
      Initially, the nitrobenzene-aqueous medium system in the reactor is a
      two-phase system; but when the solid catalyst is added, the system becomes
      a three-phase system. The nitrobenzene can be either the upper liquid
      phase or the bottom liquid phase, depending upon the concentration of the
      ingredient employed. For example, concentrations of ammonium bisulfate
      above 20% have a specific gravity greater than that of nitrobenzene. As
      the nitrobenzene hydrogenates, the resulting aniline, para-aminophenol,
      and other compounds dissolve in the aqueous acid solution so that at the
      completion of hydrogenation only a single liquid phase is present. This
      single liquid phase is a water white solution that slowly darkens in the
      presence of air.
PAR  The catalytic hydrogenation of nitrobenzene in acidic aqueous mediums is
      known and is believed to involve the formation of an intermediate product
      beta-phenylhydroxylamine which is rearranged to form para-aminophenol and
      aniline. The catalyst, of course, must be an acid resistant
      hydrogeneration catalyst. Suitable catalysts include the platinum and
      platinum on carbon that are conventionally used in the conversion of
      nitrobenzene to p-aminophenol, platinum sulfide on carbon, molybdenum
      sulfide on carbon, and molybdenum sulfide. While the conventional
      catalysts such as platinum catalysts are well suited for the preparation
      of commercially significant quantities of p-aminophenol, they are capable
      of further hydrogenating the p-aminophenol to alicyclic compounds which
      are undesirable by-products; particularly where hydrogenation takes place
      in the presence of a high quantity of platinum catalysts, and the
      nitrobenzene usually cannot be hydrogenated to completion without
      overhydrogenation by use of platinum catalysts. Thus, the process should
      be stopped prior to completion to avoid the formation of undesired
      alicyclic compounds. Conventional platinum catalysts are easily poisoned
      and generally are not reusable. A catalyst that is described in my
      copending application, Ser. No. 447,848, comprises molybdenum
      sulfide-on-carbon. This catalyst (a) is capable of complete hydrogenation
      of nitrobenzene without the possibility of overhydrogenation and with the
      consequential elimination of the usual nitrobenzene recovery step, (b) is
      not readily poisoned during the preparation of p-aminophenol and (c) is
      reusable many times before loss of activity. Also a molybdenum
      sulfide-on-carbon catalyst permits the higher temperatures to be employed
      during hydrogenation that are preferable, e.g. 155.degree.C. and above,
      since the rearrangement of the intermediate b-hydroxylamine to
      p-aminophenol is not only endothermic but is significantly accelerated at
      the higher temperatures. Acceleration of the rearrangement is important,
      for if it does not take place, aniline is produced.
PAR  The amount of catalyst to be used appears to be a matter of economics. The
      more of the catalyst that is used, the faster the reaction proceeds. Since
      the catalyst is expensive, only small quantities are used. It has been
      found, for example, that 0.050 percent by weight of catalysts based upon
      the weight of nitrobenzene may be used when the catalyst is 1.0% by weight
      of platinum on carbon.
PAR  The hydrogenation is carried out at temperatures of from 130.degree.C. to
      160.degree.C. and at a hydrogen pressure of 50 to 500 pounds per square
      inch gauge. The completion of the reaction is noted by the decrease in the
      consumption of hydrogen. Generally, the hydrogenation will require from 3
      to 18 hours. The time is dependent upon the type and concentration of
      catalysts and the temperature and pressures of the reaction.
PAR  At the conclusion of the hydrogenation step, from 90 to 98 percent of the
      nitrobenzene is generally converted to hydrogenation products; which
      products are a mixture of para-aminophenol, hydroquinone precursors, and
      aniline. It is desirable in each instance to hydrogenate at those
      conditions that favor the optimum production of para-aminophenol as this
      is believed to be the main compound which undergoes hydrolysis to
      hydroquinone. The aniline seems to remain unchanged by the hydrolysis. The
      optimum conditions can be readily determined by one skilled in the art
      when he is using a particular catalyst, temperature, pressure, acid
      medium, and reaction vessel.
PAR  As an example, when it was found that when 91% of the charge of
      nitrobenzene has been converted to hydrogeneration products, an aliquot
      product analysis showed a yield based upon the amount of nitrobenzene
      consumed of 72% para-aminophenol and 15% aniline. The resulting yield
      after hydrolysis to the product hydroquinone was a 93% yield of
      hydroquinone based upon the para-aminophenol content and a 67% yield based
      upon the amount of consumed nitrobenzene. The aniline appeared to remain
      unchanged. It is believed that the high yield based upon the
      para-aminophenol is due to some undetermined hydrogenation products which
      also hydrolyze to hydroquinone. As further illustrations, nitrobenzene was
      hydrogenated with a conversioon of 94% of the nitrobenzene to amino
      products which provided a yield of 70% para-aminophenol and 16% aniline
      based upon the weight of consumed nitrobenzene using 0.03% by weight,
      based upon the weight of the nitrobenzene, of a catalyst constituted of 5%
      platinum on a carbon carrier at 250 pounds per square inch gauge of
      hydrogen for six hours' reaction time at 130.degree.C. and using a mole
      ratio of one mole of nitrobenzene and one mole of sulfuric acid, while
      sulfuric acid had been diluted with water to a concentration of 13%. In a
      like manner, one mole of nitrobenzene was hydrogenated in an aqueous
      medium containing two moles of phosphoric acid diluted with water to a 40%
      concentration at a pressure of 150 pounds per square inch gauge of
      hydrogen and at a temperature of 135.degree.C. For 6 hours in the presence
      of 0.03% by weight, based upon the weight of nitrobenzene, of the above
      mentioned platinum-on-carbon catalyst to give a yield of 64% of
      para-aminophenol and 21% of aniline based upon 100% conversion of the
      nitrobenzene. Also, a 94% conversion of nitrobenzene was obtained using a
      salt comprised of 3.5 moles of ammonium bisulfate and 0.35 moles of
      ammonium sulfate dissolved in a hundred moles of water with 0.11%, based
      upon the weight of nitrobenzene, of a catalyst comprised of 1%
      platinum-on-carbon at a temperature of 135.degree.C. for 3 hours and a
      pressure of 100 pounds per square inch gauge of hydrogen to give a product
      which was found to provide a yield of 75% of para-aminophenol and 13% of
      aniline based upon the conversion of the nitrobenzene.
PAR  Any nitrobenzene that remains after the hydrogenation is readily removed by
      steam distillation. The nitrobenzene so recovered can be recycled for use
      in the next hydrogenation sequence. After the nitrobenzene removal, the
      aqueous reaction mass is then filtered to remove the catalyst. When
      molybdenum sulfide on carbon is used as the catalyst, the catalyst can be
      reused for subsequent reduction reactions. After the catalysts removal,
      the reaction medium is ready for the hydrolysis reaction.
PAR  The composition of the aqueous acid reaction medium becomes important for
      the hydrolysis. Such composition can be readily determined by analysis.
      The minimum requirement is that there be at least an effective molar
      quantity of an acid providing ingredient per mole of nitrobenzene
      originally present in the reaction.
PAR  The hydrolysis can be carried out in one step or it can be carried out in
      two or more steps. It can be continued sequentially by terminating the
      reaction, cooling, extracting the hydrolysis product and reheating the
      hydrolysis mixture without further addition of reactants. A one-step
      hydrolysis is desirable from the standpoint of ease and efficiency of
      operation. Usually, an increase in yield can be achieved by a second
      hydrolysis of the reaction mixture after the product of the first
      hydrolysis has been extracted. From the standpoint of obtaining high
      yields in a single hydrolysis step, high concentrations of the acid
      producing ingredient, in the case of ammonium bisulfate up to the point of
      saturation of the aqueous solution, is desirable. The point of saturation
      of the solution when ammonium bisulfate is used is dependent upon the
      amount of water present and upon the temperature at which the ammonium
      bisulfate is added to the water.
PAR  When ammonium bisulfate is being used, the overall useful range of ammonium
      bisulfate concentration, as an effective molar quantity, varies between
      1.2 and 12 moles of ammonium bisulfate per mole of nitrobenzene originally
      present with the preferred range being between 3.5 and 5 moles. If less
      than 1.2 moles of ammonium bisulfate are present, (a) insufficient
      conversion results; (b) the reaction time is unduly prolonged; and (c)
      large amount of starting material remains in the aqueous solution. If more
      than about 12 moles are used, a practical problem arises from the
      standpoint of handling large quantities of salt.
PAR  Water must be present in an amount sufficient to provide for hydrolysis and
      also to act as solvent for the salts of the hydroquinone precursors,
      hydroquinone, ammonium bisulfate, the ammonium sulfate, and/or the
      ammonium phosphate formed during the course of the reaction. As an
      example, at least 40 moles of water per mole of nitrobenzene originally
      charged must be present to dissolve sufficient quantities of ammonium
      bisulfate; and as the concentration of ammonium bisulfate is increased,
      more water up to about 120 moles, is required. Excess water raises the
      practical problem of water removal during the ammonium bisulfate
      regeneration step.
PAR  The temperature for the hydrolysis can vary over a wide range of from about
      200.degree. to 300.degree.C. If temperatures below about 200.degree.C. are
      used, an unduly long reaction time is required and the yields are not
      generally good. As the temperature is increased, the pressure must be
      correspondingly increased to maintain the reaction medium in the aqueous
      phase. At temperatures as high as 300.degree.C., a steam pressure of up to
      about 1250 psig is required to maintain an aqueous phase and there is
      danger of resin formation if the contact time is too long. No advantage is
      obtained by increasing or decreasing the pressure to a value other than
      that which is sufficient to maintain a liquid phase. To avoid the use of
      considerable pressure, with the corresponding equipment requirements,
      temperatures in the range of 200.degree. to 260.degree.C. are preferred.
PAR  The reaction time or residence time of the reactants during hydrolysis
      varies with the temperature and to a lesser extent with the mole ratio of
      the reactants. At minimum temperature, e.g., 200.degree.C., a per pass
      reaction time of 8 hours is ordinarily required. At 220.degree.C.,
      effective results from the standpoint of yield are obtained using a
      two-pass hydrolysis reaction and a reaction time of 3 hours per pass. At
      220.degree.C., satisfactory results can be obtained in a single pass
      hydrolysis step if the reaction time is extended to 7 or 8 hours.
      Depending upon the choice of the reactants, hydrolysis can occur at
      temperatures above 250.degree.C. in 5 minutes to a half hour. From a
      practical standpoint, the overall time per pass for hydrolysis can be
      considered to be from 5 minutes to 8 hours.
PAR  Both the hydrogenation and the hydrolysis are to be carried out in a zone
      which is resistant to any substantial attack by the ammonium bisulfate,
      ammonium phosphate, sulfuric acid, phosphoric acid, nitrobenzene,
      hydrogen, hydroquinone, or aminophenol. At very low temperatures within
      the useful range, an ordinary glass-lined Pfaudler kettle can be used.
      When higher temperatures and pressurized equipment are required, other
      construction materials become necessary. At temperatures up to 220.degree.
      to 230.degree.C., teflon reactors are effective. The higher temperature
      ranges require the use of more durable equipment such as tantalum-lined
      reactors.
PAR  After the period of hydrolysis, the length of time of which is dependent to
      some extent on whether a single or multiple pass hydrolysis is used, the
      reaction mixture is cooled. Cooling is required to prevent resinification
      of the product in the acidic reaction mixture and to enable the separation
      of the by-product by organic solvent extraction. Any substantially
      water-immiscible solvent which will dissolve the product hydroquinone is
      useful. The preferred solvent is ethyl ether.
PAR  In the extraction, the organic solvent phase is then separated from the
      reaction mixture by decantation and the product is removed from the
      solvent by distillation or other means. Distillation provides a high
      purity hydroquinone as a product.
PAR  As examples of the acid hyrolysis, analyses have shown that an 82% yield of
      hydroquinone based upon the analyzed para-aminophenol content are obtained
      by a two-pass hydrolysis carried on at a temperature of 240.degree.C. for
      3 hours for each pass using a mole ratio of one mole of sulfuric acid and
      80 moles of water per mole of para-aminophenol. When using phosphoric
      acid, a yield of 90% of hydroquinone based upon the analyzed
      para-aminophenol content was obtained by hydrolysis carried out at
      240.degree.C. for 2 hours in one pass using a mole ratio of 2 moles of
      phosphoric acid and 60 moles of water per mole of para-aminophenol. A
      two-pass hydrolysis using ammonium bisulfate at a temperature of
      240.degree.C. for 3 hours for each pass with a mole ratio of 2 moles of
      ammonium bisulfate and 60 moles of water per mole of the analyzed
      para-aminophenol content gave a yield of 82% of hydroquinone based upon
      the para-aminophenol.
PAR  The by-product aniline is not hydrolyzed under the conditions used to
      hydrolyze the para-aminophenol to hydroquinone. The aniline can be
      recovered, after the hydroquinone has been removed from the aqueous
      reaction medium, by neutralizing the aqueous reaction medium with ammonia
      and steam distilling the aniline from the reaction medium.
PAR  After removal of the hydroquinone and the aniline, the resulting aqueous
      effluent reaction mixture can be reheated to the hydrolysis temperature
      for a second or even a third hydrolysis step. The second and subsequent
      hydrolysis steps are carried out as before; i.e., by heating the reaction
      mixture to the appropriate temperature of hydrolysis for the desired
      period of time, cooling and removing the hydroquinone product by solvent
      extraction.
PAR  Ammonium bisulfate is regenerated for reuse in the process by removing the
      residual water from the remaining reaction mixture and heating the molten
      salt, primarily mixed ammonium sulfate, and ammonium bisulfate at
      atmospheric pressure at a temperature between 310.degree.  and
      450.degree.C. An unduly long time is required to effect decomposition at
      temperatures below 310.degree.C., and no practical advantage is seen in
      using temperatures higher than 450.degree.C.; especially as the bisulfate
      tends to decompose at temperatures higher than 450.degree.C. At
      330.degree.C., 75 to 95 percent of the ammonium sulfate is converted
      within a few minutes to ammonium bisulfate. Slightly higher conversions
      are obtained at higher temperatures, but this advantage of higher
      conversion is offset by the increased equipment cost required. During the
      decomposition of the ammonium sulfate, residual organic materials may be
      pyrolyzed to black granules resembling activated charcoal but such
      granules can be removed by dissolving the product in water and filtering
      it. The ammonia formed during the decomposition can be recovered and used
      in other chemical processes. The clear, filtered salt solution, the salt
      portion which 75 to 95 percent is ammonium bisulfate, may be adjusted to
      the desired concentration and be recycled to the reaction mixture for
      hydrolysis of additional hydrogenation of nitrobenzene or hydrolysis of
      the hydrogeneration product.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, be following the preceding description, utilize the present invention
      to its fullest extent. The following specific embodiments are, therefore,
      to be construed as merely illustrative, and not limitative of the
      disclosure.
DETD
PAC  EXAMPLE I
PAR  To a 30-gallon glass-lined Pfaudler autoclave was charged nitrobenzene
      (8.30 lbs.), NH.sub.4 HSO.sub.4 (27.00 lbs.), (NH.sub.4).sub.2 SO.sub.4
      (3.14 lbs.), H.sub.2 O (121.50 lbs.), 1% Pt/C catalyst (4.00 g.), and 150
      drops of Igepal 60 emulsifying agent. After a nitrogen purge the autoclave
      was heated to 135.degree.C. under 10 psi of H.sub.2. The hydrogen pressure
      was purposely kept low during heat-up so that no hydrogenation would take
      place until reaction temperature was reached because hydrogenation at a
      lower than reaction temperature has been found to favor aniline formation.
      Then the agitator speed was adjusted to 170 rpm and the hydrogen pressure
      raised to 120 psi of H.sub.2. The hydrogen absorption rate was maintained
      at a pressure of 170 to 140 psi/hr. for 21/2 hrs. and 12 psi/hr. for the
      last 1/2 hour. The hydrogen pressure was purposely adjusted to maintain an
      absorption rate that would extend the hydrogenation to a period of 3
      hours.
PAR  At the end of the hydrogenation reaction period, any unreacted nitrobenzene
      was steam distilled from the aqueous reaction medium in the autoclave.
      Nitrobenzene (350 g.) was collected; this indicated a conversion of 91% of
      the nitrobenzene to hydrogenated products. Water equal to the water
      distilled over with the nitrobenzene was returned to the autoclave to
      maintain the original concentration of water.
PAR  The hydrogenate was filtered of catalyst through double layers of paper on
      a Nutsche type filter. A sample of the filtrate was taken for analysis;
      and it showed that based upon the amount of consumed or converted
      nitrobenzene, there was a yield of 16 mole % aniline and 75 mole %
      para-aminophenol.
PAR  The filtrate was returned to an acid resistant autoclave (tantalum lined).
      After a nitrogen purge, the autoclave was heated to 250.degree.C. for 1/2
      hour and maintained at this temperature of 11/2 hours. After cooling to
      room temperature, 118.5 g. of solids were filtered from the hydrolyzate.
      The filtrate was extracted with ethyl ether. The ethyl ether was
      neutralized with sodium bicarbonate, filtered and distilled. The residue
      of crude hydroquinone was 2190 g. (81.8%). Distillation of the crude
      product gave 1949 g. (72.7%) based on nitrobenzene consumed of
      hydroquinone, b.p. 192 to 194.degree.C./40 mm., and 162 g. (6.1%) of a
      non-distillable residue.
PAR  The aqueous reaction medium that remained from the process as illustrated
      above was regenerated to provide bisulfate for recycling. To this end, the
      water evaporated to provide a dry salt that was about an equal mixture of
      ammonium bisulfate and ammonium sulfate. This dry salt was heated in an
      oil bath. The salt was stirred easily after it reached the temperature of
      146.degree.C., the melting point of ammonium bisulfate. As heating was
      continued to a temperature of 312.degree.C., ammonium evolved. The melt
      was held at this temperature of 312.degree.C. for 12 minutes. After this
      time, analysis revealed the ammonium bisulfate content to be 95%. During
      the heating of the melt, the organic material in the melt changed to fine
      carbonaceous particles. Dissolving the thermally treated salt mixture in
      water and filtering it produced a clear filtrate solution. Evaporation of
      the water from the filtrate yield light yellow ammonium bisulfate
      crystals. The ammonium bisulfate so produced was suitable for recycling
      for use in the hydrogenation or hydrolyzing step, to produce more amino
      product to hydroquinone.
PAR  The following is a tabulation wherein the mol ratios and yields in the
      hydrogenation step are by weight based upon the weight of nitrobenzene
      originally charged. The yield based on para-aminolphenol is based upon the
      analyzed result. The yield and mol ratios in the hydrolysis reaction are
      based upon the amount of nitrobenzene actually consumed in the
      hydrogenation reaction. The acid ingredient used was ammonium bisulfate.
TBL  ______________________________________                                    

     HYDROGENATION                                                             

     Acid Mol Ratio             3.5                                            

     Acid Concentration %       17.7                                           

     Catalyst Type              1% Pt/c                                        

     Catalyst Concentration %   0.107                                          

     Time, hours                3.0                                            

     Temp., .degree.C.          135                                            

     Pressure, psig Hydrogen    120                                            

     Para-aminophenol Yield %   75                                             

     Aniline Yield %            16                                             

     Nitrobenzene Consumed, % of Charge                                        

                                91                                             

     HYDROLYSIS                                                                

     Acid Mol Ratio             3.8                                            

     Water Mol Ratio            114                                            

     No. of Passes              2                                              

     Time/Pass, Hours           11/2                                           

     Temp., .degree.C.          250                                            

     Hydroquinone Yield based on Para-aminophenol %                            

                                92                                             

     Hydroquinone Yield based on Nitrobenzene %                                

                                67                                             

     Aniline Yield %            16                                             

     ______________________________________                                    

PAC  EXAMPLE II
PAR  The procedure of Example II was repeated except that sulfuric acid was used
      to provide the acid characteristic to the aqueous medium. The resulting
      products were hydroquinone, aniline and ammonium bisulfate. The results
      are tabulated below on the same basis as described for Example I.
TBL  ______________________________________                                    

     HYDROGENATION                                                             

     Acid Mol Ratio             1.0                                            

     Acid Concentration         13%                                            

     Catalyst Type              5% P/c                                         

     Catalyst Concentration %   .015                                           

     Time, hours                8                                              

     Temp., .degree.C.          130                                            

     Pressure, psig Hydrogen    250                                            

     Para-aminophenol Yield %   68                                             

     Aniline Yield %            14                                             

     Nitrobenzene Consumed, % of Charge                                        

                                65                                             

     ______________________________________                                    

PAL  The reaction medium was analyzed and the acid and water ratios adjusted.
TBL  ______________________________________                                    

     HYDROLYSIS                                                                

     Acid Mol Ratio             1.0                                            

     Water Mol Ratio            80.0                                           

     No. of Passes              2                                              

     Time/Pass, Hours           3                                              

     Temp., .degree.C.          240                                            

     Hydroquinone Yields based on Para-aminophenol %                           

                                91.2                                           

     Hydroquinone Yields based on Nitrobenzene %                               

                                62                                             

     Aniline Yield %            14                                             

     ______________________________________                                    

PAR  The by-product ammonium sulfate is convertable to ammonium bisulfate as
      described in Example I.
PAC  EXAMPLE III
PAR  The procedure of Example I was repeated except that phosphoric acid was
      used to provide the acid characteristic to the acid medium. The resulting
      products were hydroquinone, aniline and ammonium phosphate compounds.
      Ammonium phosphate compounds cannot be reused as can the ammonium sulfate
      compounds but can be used for other purposes as, for example, for
      fertilizers. The results are tabulated below on the same basis as
      described for Example I.
TBL  ______________________________________                                    

     HYDROGENATION                                                             

     Acid Mol Ratio             2.0                                            

     Acid Concentration         23                                             

     Catalyst Type              5% Pt/c                                        

     Catalyst Concentration %   0.021                                          

     Time, hours                8                                              

     Temp., .degree.C.          135                                            

     Pressure, psig Hydrogen    115-150                                        

     Para-aminophenol Yield %   55                                             

     Aniline Yield %            16                                             

     Nitrobenzene Consumed, % of Charge                                        

                                96.7                                           

     ______________________________________                                    

PAL  The reaction medium was analyzed and the acid and water ratios adjusted.
TBL  ______________________________________                                    

     HYDROLYSIS                                                                

     Acid Mol Ratio             4                                              

     Water Mol Ratio            120                                            

     No. of Passes              2                                              

     Time/Pass, Hours           3                                              

     Temp., .degree.C.          240                                            

     Hydroquinone Yield based on Para-aminophenol %                            

                                118                                            

     Hydroquinone Yield based on Nitrobenzene %                                

                                65.1                                           

     Aniline Yield %            16                                             

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing hydroquinone comprising:
PA1  a. hydrogenating nitrobenzene in an aqueous acid medium and in the presence
      of an acid resistant reducing catalyst selected from the group consisting
      of platinum, platinum on carbon, platinum sulfide on carbon, molybdenum
      sulfide on carbon and molybdenum sulfide at an elevated temperature at
      130.degree. to 160.degree.C at an elevated pressure until hydrogen
      absorption by the nitrobenzene ceases; the ingredient for imparting acid
      characteristics to the medium being present in at least an effective molar
      quantity with respect to the nitrobenzene and being selected from the
      group consisting of sulfuric acid, phosphoric acid and ammonium bisulfate;
PA1  b. steam distilling residual nitrobenzene from the reaction medium;
PA1  c. filtering the catalyst from the reaction medium;
PA1  d. adding sufficient water to provide 40 to about 120 moles of water per
      mole of nitrobenzene initially present;
PA1  e. maintaining the aqueous reaction medium at a temperature of from 200 to
      300.degree.C from a time sufficient to hydrolyze the hydrogenated product
      to hydroquinone,
PA1  f. cooling the aqueous reaction medium, and
PA1  g. extracting the hydroquinone from said cooled aqueous reaction medium
      with an organic water-immiscible solvent.
NUM  2.
PAR  2. The process of claim 1 wherein said ingredient is sulfuric acid and it
      is present in at least a molar quantity equal to the molar quantity of
      nitrobenzene.
NUM  3.
PAR  3. The process of claim 1 wherein said ingredient is phosphoric acid and it
      is present in the ratio of at least 4 moles per mole of nitrobenzene.
NUM  4.
PAR  4. The process of claim 1 wherein said ingredient is ammonium bisulfate and
      it is present in the mol ratio of at least 3.5 moles per mole of
      nitrobenzene.
NUM  5.
PAR  5. The process of claim 1 wherein the aqueous reaction medium from which
      the hydroquinone has been extracted is then heated to a temperature of
      from 200.degree. to 300.degree.C. to hydrolyze additional hydrogenated
      product to hydroquinone.
NUM  6.
PAR  6. The process of claim 4 wherein the aqueous reaction medium from which
      the hydroquinone has been extracted is subjected to evaporation to obtain
      a residue consisting essentially of ammonium sulfate and the residue is
      heated to an elevated temperature of from 310.degree. to 450.degree.C. to
      convert the ammonium sulfate content to ammonium bisulfate for use as
      another quantity of said ingredient.
NUM  7.
PAR  7. The process of claim 1 wherein the temperature of the reaction medium
      after the extraction of hydroquinone is maintained at between 220.degree.
      and 260.degree.C. for the hydrolysis of additional of hydrogenated product
      to hydroquinone.
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ABST
PAL  A homogeneous hydrogenation process is disclosed. The process, which is
      useful in the preparation of hydrogenated derivatives of compounds
      selected from the group consisting of monosaccharides, disaccharides,
      trisaccharides, polysaccharides, corn starch hydrolyzate, and compounds
      represented by the formula RH.sub.2 C--CO--CH.sub.2 R wherein R is
      hydroxyl or halogen, comprises contacting a solution of one of these
      compounds with hydrogen in the presence of a catalyst comprising a
      ruthenium triphenyl phosphine complex and a strong acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a homogeneous hydrogenation
      process. More particularly, the invention relates to a homogeneous
      hydrogenation process comprising contacting a solution of a compound
      selected from the group consisting of monosaccharides, disaccharides,
      trisaccharides, polysaccharides, corn starch hydrolyzate, and compounds
      having the formula RH.sub.2 C--CO--CH.sub.2 R wherein R is hydroxyl or
      halogen with hydrogen in the presence of a catalyst comprising a ruthenium
      triphenyl phosphine complex and a strong acid.
PAR  2. Description of the Prior Art
PAR  The hydrogenation of a variety of organic compounds by contacting a
      solution of the compound with molecular hydrogen in the presence of a
      hydrogenation catalyst is well-known in the art. As is also well-known,
      hydrogenation processes are generally classifiable into one of two broad
      catagories, depending upon the physical phase in which the catalyst is
      present during the hydrogenation process. In the first type, referred to
      as a heterogeneous hydrogenation process, the catalyst is essentially
      insoluble in the reaction medium. By comparison, in the second type,
      referred to as a homogeneous hydrogenation process, the catalyst is
      essentially completely soluble in the reaction medium.
PAR  The use of ruthenium-containing materials as catalysts in both
      heterogeneous and homogeneous hydrogenation processes has also been
      reported. In U.S. Pat. No. 2,868,847 issued to Boyers, it is disclosed
      that ruthenium-containing catalysts may be utilized in a heterogeneous
      process for preparing hydrogenated derivatives of mono- and
      di-saccharides. In U.S. Pat. No. 3,454,644 issued to Dewhirst, a
      homogeneous hydrogenation process is disclosed utilizing a ruthenium or
      osmium metal complex as a catalyst and a high hydrogen pressure. Among the
      various ligands described as useful in said complexes are several tertiary
      phosphines, including triphenyl phosphine.
PAR  It is an object of the present invention to provide a homogeneous process
      for the preparation of hydrogenated derivatives of certain compounds
      containing an activated carbonyl group.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that
      hydrogenated derivatives of compounds selected from the group consisting
      of monosaccharides, disaccharides, trisaccharides, polysaccharides, corn
      starch hydrolyzate, and compounds represented by the formula RH.sub.2
      C--CO--CH.sub.2 R wherein R is hydroxyl or halogen, can be prepared in a
      homogeneous process by contacting a solution of the compound with hydrogen
      in the presence of a catalyst comprising a ruthenium triphenyl phosphine
      complex and a strong acid.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As mentioned above, in accordance with the present invention it has been
      discovered that certain compounds containing an activatable carbonyl group
      may be converted to their hydrogenated derivatives in a homogeneous
      process if the reaction is carried out in the presence of a specific
      ruthenium catalyst. In this regard it should be noted that the key to the
      present invention is the selection of a particular catalyst for the
      substrate being hydrogenated. Thus, it has been found that for substrates
      selected from the above-mentioned group, it is essential that the catalyst
      employed be a ruthenium triphenyl phosphine complex. As was also mentioned
      above, it has also been found in accordance with the present invention
      that improved results are achieved if the catalyst contains, in addition
      to the ruthenium triphenyl phosphine, a strong acid. The substrates,
      catalysts, solvents, and reaction conditions which may be employed in
      carrying out the present invention are described in detail below.
PAC  Substrate
PAR  As was mentioned above, the substrates which may be hydrogenated in
      accordance with the present invention are selected from the group
      consisting of monosaccharides, disaccharides, trisaccharides,
      polysaccharides, corn starch hydrolyzate, and compounds having the formula
      RH.sub.2 C--CO--Ch.sub.2 R wherein R is hydroxyl or halogen.
PAR  The monosaccharides which may be hydrogenated in the homogeneous process of
      the present invention are those containing at least 4 carbon atoms.
      Preferred results are achieved with monosaccharides containing from 4 to 6
      carbon atoms. As used herein, the term monosaccharides includes both
      aldoses and ketoses. Representative aldoses -- i.e., monosaccharides
      containing a terminal aldehyde (--CHO) group -- which may be employed
      include, for example, glucose, arabinose, and glactose. Representative
      ketoses -- i.e., monosaccharides containing a keto (&gt;C=O) group -- which
      may be employed include, for example, fructose and ribulose.
PAR  The di- tri- and poly-saccharides which may be hydrogenated by the process
      of the present invention are compounds containing, respectively, two,
      three and more than three of the above-mentioned monosaccharide units.
      Representative disaccharides which may be employed include, for example,
      sucrose, maltose and lactose. Representative trisaccharides include
      raffinose and the polysaccharides include, for example, starch, dextrin,
      glycogen, and inulin.
PAR  An additional substrate which may be hydrogenated in accordance with the
      improved process of the present invention is referred to as corn starch
      hydrolyzate. As used herein, this term refers to a material prepared by
      hydrolyzing corn starch with a combination of an acid and an enzyme and
      removing from the resulting product most of the glucose produced thereby.
      The remaining corn starch hydrolyzate generally contains from about 60
      percent to about 65 percent dextrose; from about 15 percent to about 20
      percent disaccharide; and from about 15 percent to about 25 percent
      trisaccharides and polysaccharides.
PAR  Substrates having the following formula may also be hydrogenated in the
      homogeneous process of the present invention:
EQU  RH.sub.2 C--CO--CH.sub.2 R
PAL  wherein R is hydroxyl or halogen. Representative compounds having the
      above-mentioned formula include, for example, 1,3-dihydroxy acetone and
      1,3-dichloro acetone.
PAR  Of these substrates the process of the present invention has been found to
      be particularly useful in hydrogenating monosaccharides.
PAC  Catalyst
PAR  As was also mentioned above, the catalyst employed in the process of the
      present invention comprises
PA1  a. a ruthenium triphenyl phosphine, and
PA1  b. a strong acid.
PAR  The active form of the ruthenium triphenyl phosphine compounds which may be
      utilized in accordance with the present invention is represented by the
      following formula:
EQU  RuHCl(Pr'.sub.3).sub.3
PAL  wherein R' is phenyl or a substituted phenyl selected from the group
      consisting of para-methyl phenyl and para-methoxy phenyl. In accordance
      with the present invention it has been found that ligands other than those
      mentioned above, including other tertiary phosphines, do not produce
      satisfactory results when employed in a homogeneous process for
      hydrogenating the substrates employed herein.
PAR  The active form of the ruthenium triphenyl phosphine may be introduced into
      the hydrogenation reaction mixture by any one of the following three
      methods.
PAR  First, the active form may be prepared, isolated, and introduced directly
      into the reaction medium. If this procedure is utilized the material is
      prepared in a two step process in accordance with the following reactions:
      ##EQU1##
EQU  b. RuCl.sub.2 (PR.sub.3).sub.3 + H.sub.2 .fwdarw. RuHCl(PR.sub.3).sub.3 +
      HCl Reaction (a) may be carried out by the procedure described in
      Stephenson et al., J. Inorg. Nuclear Chem., 1966, Vol. 28 page 945.
      Reaction (b) may be carried out by the procedure described in Hallman et
      al., J. Chem. Soc. (A), 1968, page 1343.
PAR  Alternately, the active form may be prepared in situ in the reaction medium
      either by adding the dichloro derivative, prepared as in reaction (a)
      above, to the reaction mixture or by adding the starting materials as
      employed in reaction (a) above to said mixture. Preferred results are
      achieved when the starting materials -- i.e., the ruthenium chloride and
      the triphenyl phosphine -- are added to the reaction mixture and the
      active catalyst is formed in situ. When this procedure is employed, it has
      been found that the molar ratio of triphenyl phosphine to ruthenium
      chloride is preferably equal to at least 2 to 1. At ratios below this
      amount, the rate of the hydrogenation reaction is considerably slower and,
      although the reaction rate does increase somewhat as this ratio is
      increased, the further increase does not justify the larger amounts of
      triphenyl phosphine required.
PAR  In addition to the specific ruthenium triphenyl phosphine described above,
      the catalysts useful in the process of the present invention also include
      a strong acid. It has been found that the inclusion of a small amount of
      such an acid results in an unexpected increase in the rate of the
      hydrogenation reaction. As used herein, the term strong acid refers to
      acids which have a pK.sub.a value equal to less than about 1.
PAR  Representative acids which may be employed in the catalyst useful in the
      present invention include, for example, hydrochloric acid; sulfuric acid;
      sulfonic acids such as toluene sulfonic acids; trifluoromethyl sulfonic
      acid (CF.sub.3 SO.sub.3 H) and fluoboric acid (HBF.sub.4). Of these it is
      preferred to employ hydrochloric acid. In this regard it should be noted
      that when the ruthenium triphenyl phosphine component of the catalyst is
      prepared in situ by either of the previously described methods 1 mol of
      hydrochloric acid is generated for each mol of the triphenyl phosphine
      prepared. Thus it is possible to prepare in situ both components of the
      catalyst system utilized herein.
PAC  Process
PAR  In carrying out the present invention the substrate is dissolved in a
      suitable solvent and the catalyst is added thereto. Hydrogen is then
      introduced into the reaction mixture until the substrate has been
      hydrogenated to the extent desired.
PAR  Any solvent which is chemically inert and which does not interfere with the
      hydrogenation reaction may be employed. However, it is emphasized that the
      particular solvent employed must be one in which both the substrate and
      the catalyst are soluble either at room temperature or at the temperature
      at which the reaction is carried out. A preferred class of solvents which
      may be utilized are those referred to as organic, polar solvents. As used
      herein, the term polar solvents includes those which have a dielectric
      constant equal to at least about 20. Representative solvents which may be
      utilized include, for example, methanol, ethanol, methyl cellosolve and
      acetic acid. The amount of solvent employed has not been found to be
      narrowly critical to the present invention and any amount of solvent which
      will dissolve the substrate and catalyst may be employed. However, it is
      critical that the solvent be prototropic -- i.e., have an active hydrogen
      available.
PAR  In carrying out the present invention there should also be included as part
      of the solvent system an amount of water equal to from about 1 percent to
      about 30 percent by weight based on the total weight of said system. As is
      apparent from Examples 19 and 20, the water need not be added as much.
PAR  A further improvement in the process of the present invention has been
      achieved by including a weakly basic solvent in the system and, while it
      is not essential to the present invention, there is preferably included in
      the reaction mixture an amount of such a solvent. The advantage of
      including such a material in the reaction mixture is to increase the
      solubility of the ruthenium triphenyl phosphine. As used herein, the term
      weakly basic solvent refers to materials having a K.sub.b value equal to
      less than about 1 .times. 10.sup..sup.-13 -- i.e., a pK.sub.b equal to
      less than about 13. Representative weakly basic solvents which may be
      employed include, for example, dimethylformamide, N-methylpyrrolidone, and
      diethylacetamide. When a weakly basic solvent is utilized it should be
      employed in an amount equal to at least one mol for each mol of strong
      acid in the reaction mixture.
PAR  An especially preferred solvent system for use in carrying out the present
      invention comprises N-methylpyrrolidone, methyl cellosolve and water in a
      ratio, by volume, of 15:15:2.
PAR  The substrate concentration has not been found to be critical to the
      process of the present invention. However, as this concentration decreases
      the rate of the reaction generally increases.
PAR  Concerning the catalyst concentration, this also has not been found to be
      narrowly critical to the process of the present invention. Thus, any
      amount of catalyst which is both soluble in the reaction mixture and which
      is sufficient to accelerate the reaction may be employed. Preferred
      results have been achieved with catalyst concentrations equal to from
      about 0.25 gram to about 0.5 gram per 40 grams of substrate being
      hydrogenated.
PAR  The hydrogenation process of the present invention is carried out utilizing
      techniques and apparatus which are wellknown to those skilled in the art
      except as otherwise noted herein.
PAR  The reaction temperature employed in the hydrogenation process may be
      varied over a wide range. However, preferred results are achieved at
      temperatures in the range of from about 75.degree.C. to about
      150.degree.C. It has been found that at temperatures below about
      75.degree.C. the rate of reaction is slow and, therefore, may not be
      practical. It should also be noted that, in some instances, depending upon
      the substrate being hydrogenated, the catalyst and the solvent employed,
      it may be necessary to employ heat to achieve a complete solution of the
      substrate and catalyst in the solvent. However, it has also been found
      that at temperatures above about 150.degree.C. no further increase in the
      reaction rate is noted and it is, therefore, not preferred to carry out
      the reaction at temperatures much above 150.degree.C. Also, at
      temperatures above about 150.degree.C. the catalyst may not be stable and,
      due to decarbonylation of the substrate, carbonyl complexes of the
      ruthenium triphenyl phosphine may occur. These complexes are not efficient
      catalysts for the hydrogenation reaction.
PAR  Hydrogen is preferably introduced into the reaction mixture continuously
      during the course of the reaction and the reaction may be carried out
      under any positive hydrogen pressure. However, preferred results are
      achieved at hydrogen pressures of from about 20 to about 500 psi. Above
      about 500 psi, the reaction is pressure independent -- i.e., there is no
      further increase in the reaction rate as the pressure is increased -- and
      it is, therefore, not desirable to operate at a higher pressure. Also, at
      lower pressures the reaction times are longer than would be desirable in a
      commercial operation.
PAR  The reaction time depends upon the substrate, catalyst, pressure, and
      temperature employed. Generally, the reaction will be completed in
      reaction times of about 0.1 to about 3 hours.
PAR  The process of this invention may conveniently be carried out in any
      suitable type of apparatus which enables intimate contact with the
      reactants and control of the operating conditions. For example, the
      process of the present invention may suitably be carried out by passing,
      concurrently, the solutuion of substrate and catalyst upward through a
      vertical reactor and simultaneously passing a supply of hydrogen gas under
      pressure upward through the reactor. The process may be carried out in
      batch, semi-continuous or continuous operation and is preferably carried
      out in a continuous operation using a plurality of reactors arranged in a
      series.
PAR  In order to describe the present invention so that it may be more clearly
      understood, the following examples are set forth. These examples are set
      forth primarily for the purpose of illustration and any enumeration of
      detail contained therein should not be interpreted as a limitation on the
      concept of the present invention.
PAR  In the examples, low pressure hydrogenations -- i.e., those at pressures up
      to about 60 psi hydrogen, were performed by the pop bottle technique
      described in Shriver, Manipulation of Air Sensitive Compounds, McGraw
      Hill, 1969, pages 156-158. Hydrogenations at higher pressures were carried
      out in a 300 ml stainless steel autoclave equipped with a temperature
      controller and temperature and pressure recorders. Samples were removed
      periodically during the course of the reaction, acetylated and analyzed by
      gas-liquid chromatography.
PAR  The half life period (t.sub.1/2) refers to the time, in minutes, required
      for one half of the substrate to react to form the hydrogenated derivative
      thereof.
DETD
PAC  EXAMPLE 1
PAC  Preparation of ruthenium chloride triphenyl phosphine (RuCl.sub.2
      (P.phi..sub.3).sub.3).
PAR  Into a 200 ml pop bottle -- i.e., a cappable, glass, pressure bottle, there
      was added a solution of 0.4 gram of ruthenium trichloride trihydrate
      dissolved in 50 ml of methanol and 2.4 grams of triphenyl phosphine. The
      bottle was evacuated and the reaction mixture stirred for 3 hours at
      70.degree.C. At the end of this time, the reaction mixture was cooled to
      room temperature, the brown crystals were removed by filtration and were
      washed with methanol. There resulted 1.5 grams of product identified as
      ruthenium chloride triphenyl phosphine. Analysis of the product indicated
      9.3 percent phosphorus and 67.75 percent carbon. These compare favorably
      with the theoretical values of 9.7 percent phosphorus and 67.76 percent
      carbon.
PAC  EXAMPLE 2
PAC  Preparation of ruthenium hydridochloride triphenyl phosphine
      (RuHCl(P.phi..sub.3).sub.3.
PAR  A solution was prepared comprising:
PA1  1.5 grams of ruthenium chloride triphenyl phosphine,
PA1  150 ml of degassed benzene, and
PA1  0.22 ml of triethylamine.
PAR  Hydrogen was bubbled through the solution for 15 hours at the end of which
      time the solution was filtered and the solvent evaporated until
      crystallization occurred. The crystals were filtered, washed with ether
      and dried.
PAC  EXAMPLE 3
PAR  Into a 200 ml pop bottle there we'e added:
PA1  40 grams of glucose,
PA1  0.5 grams of ruthenium chloride triphenyl phosphine prepared as described
      in Example 1, and
PA1  60 ml of ethanol.
PAR  The pop bottle was capped, evacuated to remove oxygen, and hydrogen
      introduced until a slight positive hydrogen pressure was achieved. The
      bottle was uncapped and the slurry transferred under a stream of nitrogen
      gas into a 300 ml stainless steel autoclave. The autoclave was closed,
      pressure tested, and hydrogen introduced to a pressure of 1,500 psi. At
      this point, heating was started and the reaction mixture was heated to a
      temperature of 110.degree.C. During the heating period the pressure
      increased to 1,750 psi. Within 10 minutes the pressure dropped to 1,570
      psi and no further change was noted. The reactor was cooled, the pressure
      released, and the autoclave opened at 50.degree.C. The contents were
      transferred in a stream of nitrogen into a pop bottle and water was added
      to precipitate the catalyst. The catalyst was filtered from the aqueous
      reaction mixture and saved for use in a subsequent reaction. The
      water/ethanol mixture was removed in a vacuum oven. Analysis of the
      product indicated no residual glucose, and 90 percent by weight sorbitol.
PAC  EXAMPLE 4
PAR  Into a 200 ml pop bottle there were added:
PA1  10 grams of glucose,
PA1  10 ml of N-methyl-pyrrolidone,
PA1  15 ml of methyl cellosolve, and
PA1  2 ml of water.
PAR  The bottle was capped, evacuated to remove oxygen and a slight positive
      pressure of hydrogen introduces. The resulting solution was heated to
      110.degree.C and, to the solution there was added 0.25 grams of ruthenium
      chloride triphenyl phosphine prepared as described in Example 1, dissolved
      in 5 ml of N-methyl pyrrolidone. The hydrogen pressure was increased to 50
      psi and the temperature of the reaction mixture maintained at
      110.degree.C. Samples of the reaction mixture were removed periodically
      during the course of the reaction and analyzed by gas-liquid
      chromatography. At the end of 30 minutes, 1/2 of the glucose had reacted
      -- i.e., t.sub.1/2 was equal to 30 minutes. At the end of 1 hour a sample
      contained 75 percent by weight sorbitol.
PAC  EXAMPLES 5 - 20
PAR  Employing the procedure described in Example 4, additional experiments were
      performed utilizing the substrate and catalyst concentrations, solvent
      systems and reaction conditions given in the following table. Results of
      the reactions are indicated, in most instances, by the time required for
      1/2 of the substrate to be hydrogenated.
TBL  __________________________________________________________________________

     Glucose   RuCl.sub.2 (PO.sub.3).sub.3                                     

                       Solvent* (ml)       Temp.                               

                                               Pressure                        

                                                    t.sub.1/2                  

     Example                                                                   

          (grams)                                                              

               (grams) NMP MC H.sub.2 O                                        

                                   ETOH                                        

                                       HAL .degree.C.                          

                                               psi  Minutes                    

     __________________________________________________________________________

     5    1    0.25    15  15 2            100 50   7.5                        

     6    1    0.25    15  15 2            110 50   3.5                        

     7    10   0.25    15  15 2            110 50   30                         

     8    10   0.25    15  15 2            120 50   45                         

     9    10   0.25    15  15 2            130 50   26                         

     10   10   0.25    15  15 2            140 50   10                         

     11   1    0.25    15  15 2            110 20   8.5                        

     12   1    0.25    15  15 2            110 35   5                          

     13   10   0.50    15  15 2            110 50   60                         

     14   10   0.125   15  15 2            110 50   150                        

     15   1    0.25    15  15 .05          110 50   11                         

     16   1    0.25    15  15 0.5          110 50   3.5                        

     17   6.67 0.25    10  20 0.5          100 50                              

     18   6.67 0.25    20  10 0.5          110 50   30                         

     19   10   0.25     5          25      110 50   60                         

     20   10   0.25     5              25  110 50   100                        

     __________________________________________________________________________

      *Solvents                                                                

      NMP refers to N-methyl pyrrolidone.                                      

      MC refers to methyl cellosolve.                                          

      H.sub.2 O refers to water.                                               

      ETOH refers to ethanol.                                                  

      HAL refers to acetic acid.                                               

        -- 90.8 percent sorbitol after 30 minutes.                             

PAC  EXAMPLE 21
PA1  1 gram of glucose,
PA1  15 ml of N-methyl pyrrolidone,
PA1  15 ml of methyl cellosolve,
PA1  2 ml of water,
PA1  0.65 grams of ruthenium trichloride trihydrate, and
PA1  0.069 grams of triphenyl phosphine.
PAR  The hydrogenation reaction was conducted as in Example 4. At the end of 150
      minutes 1/2 of the glucose had been hydrogenated. At the end of 180
      minutes a sample remained from the reaction mixture contained 57 percent
      by weight sorbitol.
PAC  EXAMPLES 22 - 25
PAR  Employing the procedure described in Example 21 wherein the molar ratio of
      Ru:P.phi..sub.3 was equal to 1:1 the amounts of ruthenium trichloride
      (RuCl.sub.3 .cndot. 3H.sub.2 O) and triphenyl phosphine (P.phi..sub.3)
      included in the reaction mixture were varied. The amounts of these
      components, the molar ratio thereof, and the half life periods obtained
      are given in the following table.
TBL  ______________________________________                                    

             Ruthenium  Triphenyl                                              

             trichloride                                                       

                        phosphine  Ratio   t.sub.1/2                           

     Example (grams)    (grams)    Ru:PO.sub.3                                 

                                           (min.)                              

     ______________________________________                                    

     22      .065       00.138     1:2     5                                   

     23      .065       0.203      1:3     5                                   

     24      .065       0.288      1:4     12                                  

     25      .065       0.610      1:9     8                                   

     ______________________________________                                    

PAC  EXAMPLE 26
PAR  Into a 200 ml pop bottle there were added:
PA1  10 grams of glucose,
PA1  10 ml of N-methyl pyrrolidone,
PA1  15 ml of methyl cellosolve,
PA1  2 ml of water, and
PA1  .09 grams of concentrated HCl.
PAR  To the resulting solution there was added a solution of:
PA1  0.25 grams of ruthenium chloride triphenyl phosphine prepared as described
      in Example 1, dissolved in
PA1  5 ml of N-methyl pyrrolidone.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C. and a hydrogen pressure of 50 psi.
PAR  The half life period was equal to 15 minutes and, after 100 minutes, a
      sample contained no glucose and 96 percent by weight sorbitol.
PAC  EXAMPLE 27
PAR  Into a 200 ml pop bottle there were added:
PA1  10 grams of glucose,
PA1  10 ml of N-methyl pyrrolidone,
PA1  15 ml of methyl cellosolve,
PA1  2 ml of water, and
PA1  0.4 grams of toluene sulfonic acid.
PAR  To the resulting solution there was added a solution of:
PA1  0.25 grams of ruthenium dichloride triphenyl phosphine prepared as
      described in Example 1, dissolved in
PA1  5 ml of N-methyl pyrrolidone.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C and a hydrogen pressure of 50 psi.
PAR  The half life period was equal to 15 minutes and, after 110 minutes, a
      sample contained no glucose and 95.2 percent by weight sorbitol.
PAC  EXAMPLES 28 - 34
PAR  Several substrates were hydrogenated by first dissolving the substrate in
      10 ml of N-methyl pyrrolidone, 15 ml of methyl cellosolve and 2 ml of
      water and adding to the resulting solution a solution of 0.25 grams of
      ruthenium dichloride triphenyl phosphine prepared as described in Example
      1, and 5 ml of N-methyl pyrrolidone. The hydrogenation was carried out as
      in Example 4 except that the temperature was 75.degree.C. rather than
      110.degree.C. The substrate, amounts employed, and half life periods are
      given in the following table.
TBL  ______________________________________                                    

                           Amount    t.sub.1/2                                 

     Example Substrate     (grams)   (min.)                                    

     ______________________________________                                    

     28      mannose       2         20                                        

     29      fructose      2         over 30                                   

     30      arabinose     2         less than 10                              

     31      xylose        2         13                                        

     32      ribose        2         less than 10                              

     33      1,3 dihydroxy 1         18                                        

             acetone                                                           

     34      1,3 dichloro   1.4      10                                        

             acetone                                                           

     ______________________________________                                    

PAC  EXAMPLE 35
PAR  Into a 200 ml pop bottle there were added:
PA1  3.33 grams of glucose,
PA1  10 ml of N-methyl pyrrolidone,
PA1  15 ml of methyl cellosolve,
PA1  2 ml of water, and
PA1  0.1 gram of concentrated hydrochloric acid.
PAR  To the resulting solution there was added a solution of 0.25 grams of
      ruthenium hydridochloride triphenyl phosphine prepared as described in
      Example 2, dissolved in 5 ml of N-methyl pyrrolidone.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C. and a hydrogen pressure of 50 psi.
PAR  The half life period was equal to 16 minutes. In a similar experiment
      conducted without the addition of HCl the half life period was equal to
      100 minutes.
PAC  EXAMPLE 36
PAR  Into a 200 ml pop bottle there were added:
PA1  10 grams of corn starch hydrolyzate,
PA1  11 ml of methyl cellosolve, and
PA1  6 ml of N-methyl pyrrolidone.
PAR  To the resulting solution there was added solution of 0.25 grams of
      ruthenium dichloro triphenyl phosphine, prepared as described in Example
      1, dissolved in 5 ml of N-methyl pyrrolidone.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C and a hydrogen pressure of 50 psi.
PAR  After 3 hours, 94 percent by weight of sorbitol was obtained.
PAC  EXAMPLE 37
PAR  Into a 17 ml pop bottle there were added:
PA1  0.8 grams of maltotriose,
PA1  3 ml of methyl cellosolve, and
PA1  0.3 ml of water.
PAR  To the resulting solution there was added a solution of 0.1 gram of
      dichloro (tris(triphenyl phosphine) ruthenium, prepared as described in
      Example 1, dissolved in 2 ml of N-methyl pyrrolidone.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C and a hydrogen pressure of 50 psi.
PAR  After 3 hours, a thin layer chromatogram showed only maltotriitol.
PAC  EXAMPLE 38
PAC  Preparation of Ruthenium Dichloro Tris(Para-Methoxy Phenyl) Phosphine
PAR  Into a pop bottle there was added a solution of 60 milligrams of ruthenium
      trichloride trihydrate dissolved in 5 ml of N-methyl pyrrolidone and 0.25
      grams of tris(para-methoxy phenyl) phosphine. After exposure to hydrogen
      for 15 hours the reaction mixture turned a dark red color.
PAC  Hydrogenation Reaction
PAR  Into a 200 ml pop bottle there were added 3.3 grams of glucose, 10 ml of
      N-methyl pyrrolidone, 15 ml of methyl cellosolve, and 3 ml of water. To
      the resulting solution there was added the solution of catalyst prepared
      as described above.
PAR  The hydrogenation reaction was carried out as described in Example 4 at a
      temperature of 110.degree.C and a hydrogen pressure of 50 psi. The half
      life period was equal to 20 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A homogeneous hydrogenation process comprising contacting a solution of
      a substrate selected from the group consisting of monosaccharides,
      disaccharides, trisaccharides, polysaccharides and corn starch hydrolyzate
      with hydrogen under positive pressure in the presence of a catalyst
      comprising a ruthenium triphenyl phosphine complex having the following
      general formula:
EQU  RuHCl(PR'.sub.3).sub.3
PAL  wherein R' is phenyl, p-methyl phenyl, or p-methoxy phenyl and a strong
      acid having a pKa equal to less than about 1 and a prototropic organic
      solvent capable of dissolving the substrate and catalyst at room
      temperature or at the reaction temperature and about 1 percent to about 30
      percent of water based on the total weight of the system.
NUM  2.
PAR  2. A homogeneous hydrogenation process comprising contacting a solution of
      a substrate selected from the group consisting of monosaccharides,
      disaccharides, trisaccharides, polysaccharides and corn starch hydrolyzate
      with hydrogen in the presence of a catalyst comprising a ruthenium
      triphenyl phosphine complex having the following general formula:
EQU  RuHCl(PR'.sub.3).sub.3
PAL  wherein R' is phenyl, p-methyl phenyl, or p-methoxy phenyl and a stron acid
      having a pKa value equal to less than about one wherein the amount of acid
      is equal to at least 1 mol per mol of the ruthenium triphenyl phosphine
      complex, the process is carried out under positive hydrogen pressure and
      in an inert prototropic solvent in an amount sufficient to dissolve the
      substrate and the catalyst and about 1 percent to about 30 percent of
      water based on the total weight of the system.
NUM  3.
PAR  3. A process, as claimed in claim 1, wherein the ruthenium triphenyl
      phosphine complex and strong acid are prepared in situ.
NUM  4.
PAR  4. A process, as claimed in claim 3, wherein the ruthenium triphenyl
      phosphine complex is prepared from RuCl.sub.2 (Pr'.sub.3).sub.3 wherein R'
      is phenyl, p-methyl phenyl or p-methoxy phenyl.
NUM  5.
PAR  5. A process, as claimed in claim 3, wherein the ruthenium triphenyl
      phosphine complex is prepared from RuCl.sub.3 and PR'.sub.3 wherein R' is
      phenyl, p-methyl phenyl or p-methoxy phenyl.
NUM  6.
PAR  6. A process, as claimed in claim 1, wherein R' is phenyl.
NUM  7.
PAR  7. A process, as claimed in claim 1, wherein the strong acid is
      hydrochloric acid.
NUM  8.
PAR  8. A process, as claimed in claim 1, wherein the reaction is carried out in
      a mixed solvent system comprising
PA1  a. an prototropic organic polar solvent,
PA1  b. a weakly basic solvent having a pKb equal to less than about 13 in an
      amount equal to at least 1 mol of strong acid in the reaction system, and
PA1  c. water.
NUM  9.
PAR  9. A process, as claimed in claim 8, wherein the solvent system comprises
PA1  a. methyl cellosolve,
PA1  b. N-methyl pyrrolidone, and
PA1  c. water.
NUM  10.
PAR  10. A process, as claimed in claim 9, wherein the solvents are utilized in
      a volumetric ratio of a:b:c of 15:15:2.
NUM  11.
PAR  11. A process, as claimed in claim 1, wherein the reaction is carried out
      at a temperature in the range of from about 75.degree.C to about
      150.degree. C.
NUM  12.
PAR  12. A process, as claimed in claim 1, wherein the reaction is carried out
      at a pressure of from about 20 psi to about 1500 psi.
NUM  13.
PAR  13. A process, as claimed in claim 1, wherein the substrate is a
      monosaccharide.
NUM  14.
PAR  14. A process, as claimed in claim 1, wherein the monosaccharide contains
      at least 4 carbon atoms.
NUM  15.
PAR  15. A process, as claimed in claim 13, wherein the monosaccharide contains
      from 4 to 6 carbon atoms.
NUM  16.
PAR  16. A process, as claimed in claim 13, wherein the monosaccharide is
      glucose.
NUM  17.
PAR  17. A process, as claimed in claim 1, wherein the substrate is corn starch
      hydrolyzate.
PATN
WKU  039352854
SRC  5
APN  2900564
APT  1
ART  126
APD  19720918
TTL  Recovery of alcohols from esters formed during an oxo-synthesis
ISD  19760127
NCL  7
ECL  1
EXP  Evans; Joseph E.
NDR  1
NFG  1
INVT
NAM  Tummes; Hans
CTY  Oberhausen-Sterkrade-Nord
CNT  DT
INVT
NAM  Falbe; Jurgen
CTY  Dinslaken
CNT  DT
INVT
NAM  Cornils; Boy
CTY  Dinslaken
CNT  DT
ASSG
NAM  Ruhrchemie AG
CTY  Oberhausen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19681227
APN  1817051
RLAP
COD  71
APN  881351
APD  19691202
PSC  03
CLAS
OCL  260638R
XCL  260542
XCL  260638A
XCL  260638HF
XCL  260643B
XCL  260643F
EDF  2
ICL  C07C 2900
FSC  260
FSS  638 HF;638 R;638 A;643 R;643 F;643 B;542
UREF
PNO  2511467
ISD  19500600
NAM  Gresham
OCL  260638R
UREF
PNO  2595096
ISD  19520400
NAM  Parker
OCL  260638HF
UREF
PNO  2656379
ISD  19531000
NAM  Mackenzie et al.
OCL  260643R
UREF
PNO  2821559
ISD  19580100
NAM  Habeshaw et al.
OCL  260638HF
UREF
PNO  3260683
ISD  19660700
NAM  Endler
OCL  260638HF
UREF
PNO  3321534
ISD  19670500
NAM  Landgrat et al.
OCL  260638HF
UREF
PNO  3384659
ISD  19680500
NAM  Bate
OCL  260643F
UREF
PNO  3450735
ISD  19690100
NAM  Lundeen et al.
OCL  260643B
UREF
PNO  3462500
ISD  19690800
NAM  Tummes et al.
OCL  260643F
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  Alcohols are recovered from the ester-containing by-product from an
      oxo-synthesis, especially from the hydroformylation of propylene, by
      hydrolytically converting said by-product in the presence of water and a
      high surface area solid, such as an alumina at 250.degree. to
      350.degree.C, and separating the alcohol from the material so converted.
      The converted product is preferably first hydrogenated prior to recovering
      the alcohol.
PARN
PAR  This is a continuation of application Ser. No. 881,351 filed Dec. 2, 1969
      now abandoned.
BSUM
PAC  PREAMBLE
PAR  In the oxo-reaction wherein aldehydes and alcohols are produced by the
      reaction of olefinically unsaturated compounds with carbon monoxide and
      hydrogen utilizing a catalyst based on cobalt, formic acid esters and
      higher boiling compounds are always formed as side products (see U.S. Pat.
      No. 2,779,794, column 3). The formic acid esters are generally derived
      from the alcohol resulting from the olefin used as starting material. The
      alcohol contains one carbon atom more than the olefin. Small amounts of
      formic acid esters of higher boiling alcohols are also formed.
PAR  Formic acid esters and higher boiling compounds are undesired side products
      of hydroformylation reactions since they needlessly consume part of the
      product alcohols and aldehydes and aggravate the recovery of the pure
      alcohols. Distillative separation of the alcohols and the formic acid
      esters derived therefrom is practically impossible due to the small
      difference of the respective boiling points and the formation of
      azeotropic mixtures of the compounds. However, distillative separation
      usually is the only technically practicable separation method for such
      reaction products since the esters must be removed before the
      fractionation of the alcohols.
PAR  Several processes have been hitherto described for removing formic acid
      esters from their admixtures with alcohols. Alcohols obtained by
      oxo-synthesis have been treated with mineral acids or an acid reacting
      salt of a mineral acid in order to improve their quality. Lewis acids, as
      for instance aluminum trichloride or boron trifluoride have also been used
      instead of mineral acids. These known processes, however, lead to a
      decrease of the alcohol yield and cause severe corrosion problems.
PAR  Oxo-alcohols have also been treated with alcoholic alkaline lyes to remove
      esters and other impurities therefrom and to improve their quality.
      However, stoichiometric amounts of alkali must be used and the alcohols
      must not contain significant amounts of aldehydes since the latter undergo
      undesired reactions in the presence of alkali and are thus lost as
      valuable products.
PAR  It is further known to remove formic acid esters from their mixtures with
      alcohols by thermal treatment with an aqueous solution of alakali salts of
      an organic acid at 200.degree. to 260.degree.C.
PAR  This process, however, requires the use of high pressures to avoid
      evaporation of water from the alkaline solutions as well as of low boiling
      constituents of the ester containing product. Furthermore, owing to the
      partial miscibility of the alcohols with water, costly measures are
      necessary to maintain the concentration of the aqueous alkaline solution
      constant.
PAR  The distillation residues remaining after the distillation of the aldehydes
      formed during the oxo-synthesis, especially in the case where propylene is
      used, have been thermally or catalytically split. This splitting procedure
      results usually in the exclusive formation of aldehydes, which can again
      be separated by distillation and united with the aldehydes obtained by
      distillation of the primary oxo-product. The residue remaining after the
      distillative separation of the aldehydes from the splitting product
      consists of unconverted esters and acetals primarily formed during the
      oxo-synthesis, from which small amounts of the corresponding alcohols can
      still be obtained. The working up of these esters and acetals requires
      several steps. The esters, after a preceding hydrogenation, must be
      saponified with alkali hydroxide solution and, thereafter, the alkaline
      saponification lye must be separated and the alcohols obtained by the
      saponification process isolated by distillation.
PAR  This splitting method is not suitable for the recovery of alcohols from
      esters admixed with the alcohols if -- in contrast with the known process
      -- not the recovery of aldehydes but that of alcohols is what is desired.
PAR  The present invention is a process for the production of alcohols from
      esters admixed with the alcohols, especially formic acid esters, as well
      as from products originating from reactions between aldehydes and
      alcohols, especially acetals.
PAR  According to this invention, such mixtures are treated with water at
      temperatures in the range of from 250.degree. to 350.degree.C, preferably
      from 280.degree. to 320.degree.C, and are thereafter distilled.
PAR  This process of this invention involves a hydrolysis reaction, which can be
      accelerated by substances having large surface areas, e.g. activated
      carbon or alumina. According to this invention, the hydrolysis of the
      esters, especially formic acid esters, with direct formation of alcohols
      by the treatment with water in the presence of alumina, is readily
      achieved in a very uncomplex manner and the recovery of the alcohols from
      the treated product requires only a distillation.
PAR  The formic acid esters are directly converted to alcohol and formic acid
      and the formic acid is spontaneously decomposed under the preaviling
      reaction conditions to CO + H.sub.2 O or CO.sub.2 + H.sub.2 according to
      the equations:
EQU  1. HCOOR + H.sub.2 O .fwdarw. ROH + HCOOH
      ##EQU1##
      Condensation products of aldehydes and alcohols simultaneously present in
      the product to be treated are likewise partially hydrolized during the
      process of this invention.
PAR  Thus, it is possible to markedly increase the yield of alcohols from a
      given amount of olefin if the process according to this invention is
      applied for the conversion of side products formed during the
      hydroformylation of olefins.
PAR  The excellent results obtained with the process of this invention by
      employing alumina as substance with a large surface area are surprising It
      is known that alumina in its different forms shows dehydrating activity
      and will, for instance, catalyze the conversion of alcohols to olefins. It
      would have been expected, therefore, that under the temperatures
      prevailing during the process of the invention the alcohols would be at
      least partially converted to olefins.
PAR  The presence of water in the present invention is mandatory for the
      realization of a high yield of alcohols. The undesired formation of
      olefins and ethers from the alcohols present is very substantially
      suppressed by the water and no decrease in the yield of valuable products
      results. Furthermore, the addition of water favors the hydrolytic cleavage
      of the higher boiling compounds to low molecular alcohols. An addition of
      water in an amount of from 2 to 20 percent by weight based on the starting
      material has proved to be most favorable. Addition of increased amounts of
      water does not influence the conversion but may impair the economy of the
      process because of the resulting increased energy requirements.
PAR  Several active clays differing in respect to their contents of CaO,
      Na.sub.2 O, Fe.sub.2 O.sub.3, SiO.sub.2 and thus in their pH values can be
      used as the active solid. The structures as well as the water contents of
      the aluminas employed can vary widely. For instance, an Al.sub.2 O.sub.3
      used in the process of this invention had the following composition
      (weight percent):
     Al.sub.2 O.sub.3 -- 94%                                                   

                 Na.sub.2 O   -- 0.5%                                          

                                SiO.sub.2 -- O.5%                              

     CaO  -- 0.2%                                                              

                 Fe.sub.2 O.sub.3 -- 0.05%                                     

                                SO.sub.3   -- 0.3%                             

     balance: loss on calcining                                                

PAL  The aluminas need not necessarily be used in pure form, but can contain,
      besides impurities, binders and different additives.
PAR  The particular reaction temperature in the range of 250.degree. to
      350.degree.C, preferably 280.degree. to 320.degree.C, is selected with
      regard to the facts that the reaction velocity decreases with temperature
      and the dehydration of the alcohols to olefins and ethers increases with
      temperature. The pressure used is low, usually in the range of 0 to 100
      psig.
PAR  It is not necessary that the mixtures being treated encounter the active
      solid in vapor form. They can also be contacted therewith in liquid form
      with evaporation thereof occurring in the first layers of the solid and
      the conversion taking place in the following layers. Complete evaporation
      is not required, but high boiling constituents of the starting material
      can pass through the reactor in liquid form.
PAR  The feed is heated to the required temperature with the aid of an
      evaporator and a superheater connected in series before entering the
      reaction zone. Additional preheating, however, can occur in the heated
      reactor, as pointed out above.
PAR  Any product containing formic acid esters, preferably in admixture with
      alcohols and/or higher boiling condensation products from aldehydes and
      alcohols, can be used as starting material for the process of the
      invention. The present process has proved to be especially well suited for
      the conversion of mixtures containing formic acid esters, alcohols and
      higher boiling products obtained as residues after the distillation of the
      raw aldehydes from an oxo-synthesis. Especially favorable results are
      obtained if the starting material is a distillation residue remaining
      after the distillative separation of the isomeric butyraldehydes from a
      hydroformylation product derived from propylene. The mixture treated
      according to this invention is worked up by fractionation, preferably
      after a preceding hydrogenation, whereby C.sub.4 -alcohols of high quality
      are obtained. The entire product as well as distinct fractions thereof can
      be hydrogenated. The hydrogenation can be performed in known manner in
      gaseous as well as in liquid phase in the presence of conventional
      hydrogenation catalysts. The recovery of pure alcohols by fractionation of
      the hydrogenation product is also conducted in known manner in several
      stages, with prerunnings, containing low boiling impurities besides pure
      alcohols being separated in the first stage.
PAR  As hereinbefore mentioned, the distillative recovery of pure alcohols
      prepared by the oxo-synthesis is only possible after preceding removal of
      the formic acid esters. In comparison to known processes the process
      according to the invention is superior in certain respects. For instance,
      since it is operated at ordinary atmospheric pressure it requires only
      small investments and it is characterized by low material costs because
      the active solid used is cheap and the losses thereof in the process are
      small. High yields of valuable products can be obtained by the practice of
      the process of this invention.
DETD
PAC  THE DRAWING
PAR  A continuous process according to the invention is schematically
      illustrated in the attached drawing.
PAR  Starting material containing formic acid ester and higher boiling compounds
      from vessel 1 is introduced via pump 2 to evaporator 3 heated to about
      300.degree.C. An amount of water equal to about 10 weight percent
      depending on the nature of the starting material is simultaneously
      introduced to evaporator 3 via pump 4. The vapors exiting from evaporator
      3 are heated in preheater 5 to 300.degree.C and introduced from above into
      tube reactor 6, containing alumina, also heated to 300.degree.C with the
      aid of a heating medium. Non-evaporated constituents of the product are
      discharged from the lower part of the evaporator. The vapors exiting from
      tube reactor 6 are condensed in cooler 7 and separated from water in a
      phase separator 8. The organic phase is led to a distillation unit for
      further processing, while the aqueous phase is recirculated to evaporator
      3.
PAR  To keep the energy requirements as low as possible, the heat supplied to
      the product during the evaporation and conversion can be recovered during
      the following condensation with the aid of heat exchangers and used for
      the heating of the starting materials.
PAR  Instead of tube reactor 6 a shaft furnace filled with alumina can be used.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  1 liter of a product of the following composition (weight percent):
PA1  9.1% i-butylformate
PA1  18.9% n-butylformate,
PA1  10.9% i-butanol,
PA1  19.8% n-butanol,
PA1  42.0% higher boiling condensation products
PAL  obtained from the hydroformylation product of propylene after separation of
      i- and N-butyraldehyde, was (with reference to the drawing) jointly
      evaporated with 100 ml water per hour in an evaporator heated to
      300.degree.C. The vapors were introduced from above in a heated tube
      (diameter 30 mm; length 1.4 m) filled with alumina. The tube was
      maintained at 300.degree.C by means of a heating medium. The
      hydrolysis-product exiting from the bottom of the tube was condensed and
      cooled to 20.degree.C. The liquid product thereby obtained (about 1 liter
      hour) had the following composition:
PA1  4.8% i-butyraldehyde 17.8% i-butanol
PA1  10.2% n-butyraldehyde 36.4% n-butanol
PA1  1.5% butylformate 21.2% higher boiling condensation products
PA1  1.1% dibutylether 7.0% water
PAC  EXAMPLE 2
PAR  An apparatus as described in Example 1, containing Al.sub.2 O.sub.3 as the
      active solid, was charged with 150 ml water per hour and 1 liter of a
      product obtained by hydroformylation of isobutene followed by distillative
      separation of the resulting C.sub.5 -aldehydes. The temperature in the
      reactor was 310.degree.C. From the comparison of the composition of the
      starting material and the hydrolysis product set out below it is seen that
      a substantially high regeneration of alcohols from the esters and the high
      boiling constituents was effected.
TBL  ______________________________________                                    

                    Composition (weight percent)                               

                    Feed      Hydrolysis                                       

                              product                                          

     ______________________________________                                    

     i-butene         0.1         1.0                                          

     C.sub.5 -aldehydes                                                        

                      0.4         7.0                                          

     C.sub.5 -formic acid esters                                               

                      22.3        0.9                                          

     C.sub.5 -alcohols                                                         

                      39.5        59.8                                         

     thick oil        37.7        31.3                                         

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  From a decobalted product obtained by hydroformylation of diisobutylene,
      comprising C.sub.8 -hydrocarbons, C.sub.9 aldehydes, C.sub.9 -alcohols,
      formic acid esters derived from C.sub.9 -alcohols as well as higher
      boiling condensation products of C.sub.9 -aldehydes and C.sub.9 -alcohols:
      C.sub.8 -hydrocarbons and C.sub.9 -aldehydes were separated by
      distillation and a bottom product of the following composition remained:
PA1  45% C.sub.9 -alcohols
PA1  15% formic acid esters of the C.sub.9 -alcohols
PA1  40% higher boiling condensation products
PAL  1 kg of this mixture was passed together with 10 percent water at
      300.degree.C from above to the bottom through the reaction tube filled
      with alumina of an apparatus as described in Example 1. The product
      resulting from the said splitting consisted of:
PA1  65% C.sub.9 -alcohol
PA1  2% formic acid esters of the C.sub.9 -alcohols
PA1  33% higher boiling condensation products
PAL  It was hydrogenated in the presence of a nickel catalyst in liquid phase at
      140.degree.C and 100 atmospheres gauge and fractionated.
PAR  Sixty-five percent of the starting mixture subjected to hydrolysis was
      obtained in form of pure C.sub.9 alcohols.
PAR  Without the preceding treatment according to this invention only 55 percent
      of the starting mixture were obtained in the form of C.sub.9 -alcohols
      after hydrogenation and distillation of the bottom product.
PAC  EXAMPLE 4
PAR  1 liter of a reaction product of the hydroformylation of propylene of the
      following composition:
PA1  7.7% i-butyliformate,
PA1  15.5% n-butylformate,
PA1  9.0% i-butanol,
PA1  17.3% n-butanol,
PA1  50.5% higher boiling condensation products
PAL  was passed from above to the bottom through a reaction tube as hereinbefore
      described in Example 1 but filled with activated carbon in granular form.
      Ten percent water was added and the temperature maintained at
      300.degree.C. The reaction product obtained after the treatment according
      to the invention had the following composition:
PA1  3.4% i-butyraldehyde,
PA1  10.2% n-butyraldehyde,
PA1  2.3% butylformate,
PA1  1.3% dibutylether,
PA1  13.3% i-butanol,
PA1  41.3% n-butanol,
PA1  21.1% higher boiling condensation products
PA1  7.1% water
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for recovering an alcohol from an ester formed by the
      hydroformylation of an olefinically unsaturated compound with carbon
      monoxide and hydrogen, the improvement comprising heating the said ester
      with 2 to 20 % by weight water based on the combined weight of a
      distillation residue obtained by a distillative separation of aldehyde
      products from the raw product resulting from said hydroformylation, said
      products containing formic acid esters in admixture with alcohol and/or
      higher boiling condensation products from aldehydes and alcohols, at a
      temperature in the range of 250.degree. to 350.degree.C and passing the
      heated product in the vapor phase at ordinary atmosphereic pressure over a
      high surface area porous solid alumina or activated carbon maintained at
      said temperature and separating and recovering the resulting alcohol
      product from gaseous products.
NUM  2.
PAR  2. A process according to claim 1 wherein the porous solid material is
      alumina.
NUM  3.
PAR  3. The process of claim 1 wherein said ester is present in a mixture with
      alcohols, said mixture including formic acid esters, acetals and higher
      boiling compounds obtained as distillation residue after distillative
      separation of aldehyde products from the raw product resulting from a
      hydroformylation of an olefin.
NUM  4.
PAR  4. The process of claim 3 wherein said mixture is the distillation residue
      obtained after distillative separation of the isomeric butyraldehydes from
      the raw product resulting from the hydroformylation of propylene.
NUM  5.
PAR  5. A process comprising:
PA1  a. preparing a raw oxo product by the hydroformylation of an olefin;
PA1  b. separating aldehyde from said raw oxo product, leaving an ester, alcohol
      and acetal-containing residue;
PA1  c. hydrolytically converting said residue in the presence of water in the
      range of 2 to 20 weight percent water based on said residue over a
      particulate porous solid of alumina or activated carbon having a high
      surface area and at a temperature in the range of 250.degree. to
      350.degree. and at ordinary atmospheric pressure; and
PA1  d. separating the so converted product to recover an alcohol having one
      more carbon atom than said olefin.
NUM  6.
PAR  6. The process of claim 5 comprising catalytically hydrogenating said
      converted product prior to said separating.
NUM  7.
PAR  7. The process of claim 6 wherein said olefin is propylene, said ester is
      butylformate and said alcohol is butanol.
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ABST
PAL  A process for converting trichloroethylene present in 1,2-dichloroethane by
      chlorination of the trichloroethylene in the liquid phase in the absence
      of light and in the presence of a Lewis acid catalyst wherein chlorine,
      1,2-dichloroethane containing trichloroethylene and ethylene are
      introduced to a homogeneous reaction zone, with the mole ratio of ethylene
      to trichloroethylene being at least 50 and the mole ratio of
      trichloroethylene to chlorine being a maximum of 0.02.
BSUM
PAR  The present invention relates to a process for reducing the amount of
      trichloroethylene which is present as an impurity in 1,2-dichloroethane,
      to values which are sufficiently low to eliminate any harmful influence
      which it can have on the thermal dissociation reaction of
      1,2-dichloroethane when preparing vinyl chloride.
PAR  In a large number of modern industrial processes, it is known that the
      preparation of vinyl chloride is based on the thermal dissociation of
      1,2-dichloroethane. Generally, this dichloroethane is produced by
      chlorination of ethylene in liquid phase and by oxychlorination of
      ethylene in vapor phase by means of a gas containing oxygen and
      hydrochloric acid, which comes from said thermal dissociation and/or any
      other source.
PAR  A certain number of by-products which may be found in the dichloroethane to
      be cracked result either from the thermal dissociation reaction or from
      the manufacture of dichloroethane, causing coaking of the cracking furnace
      which is more rapid than in the case of pure dichloroethane. Among such
      by-products, the main one to be noted is trichloroethylene as not only
      does it increase the speed of coaking but moreover it reduces the rate of
      conversion of dichloroethane to vinyl chloride. This trichloroethylene is
      virtually inseparable from the dichloroethane by conventional distillation
      means since it forms an azeotrope with dichloroethane, the boiling point
      of which is very close to that of dichloroethane. Moreover, the
      trichloroethylene is virtually not converted in the thermal dissociation
      operation. Consequently, even if the initial concentration of
      trichloroethylene is low, recycling the unconverted dichloroethane results
      in a substantial increase in the initial trichloroethylene concentration.
      It is therefore necessary to find a way of removing the trichloroethylene
      which is present in the dichloroethane.
PAR  It is known that such elimination can be effected by chlorination of
      trichloroethylene. In French Pat. No. 1,466,058, trichloroethylene is
      removed by treating raw dichloroethane by means of chlorine in the
      presence of a small amount of chlorination initiating agents, the most
      frequently used of which is ferric chloride. The trichloroethylene is then
      converted into pentachloroethane which can easily be separated
      subsequently by distillation. However, such a treatment suffers from at
      least two disadvantages: The investment required in a chlorination
      apparatus with all its accessories, comprising a system for removing the
      residual chlorine and for removing the ferric chloride by washing and
      drying; and using reaction vessels of relatively substantial volume in
      order to achieve long residence times, as the chlorination reaction under
      such conditions is relatively slow.
PAR  It has, surprisingly, been found that the reaction for chlorinating
      trichloroethylene, and therefore for removing same, is accelerated under
      the influence of the presence of ethylene. This favorable action on the
      part of ethylene is all the more unexpected since the simultaneous
      chlorination of the ethylene to 1,2-dichloroethane results in the
      formation of only a minimal amount, in fact an insignificant amount, of
      1,1,2-trichloroethane, such amount being, for example, less than 0.10% by
      weight.
PAR  According to the invention, the reaction for chlorinating trichloroethylene
      is effected continuously in a homogeneous reaction zone into which
      1,2-dichloroethane containing trichloroethylene, ethylene, and chlorine
      are continously introduced at a temperature of from 20.degree. to
      80.degree. C., protected from light radiation, in the presence of a Lewis
      catalyst, preferably ferric chloride, the ethylene/trichloroethylene molar
      ratio being at least 50 and the trichloroethylene/chlorine molar ratio
      being at most 0.02.
PAR  In accordance with a particular embodiment of the invention, the
      ethylene/trichloroethylene molar ratio is from 90 to 110. It has been
      found that the trichloroethylene chlorination reaction occurs more rapidly
      when the above ratio is higher than 90. For these values, the limit value
      of the increase in the speed of chlorination is observed, such that values
      which are greatly higher than 110 do not afford any particular advantage
      over values which are higher than, but close to, 90. For values lower than
      90, it has been observed a smaller increase in the speed of the reaction
      for chlorinating trichloroethylene to pentachloroethane, the increase
      tending toward zero when the ethylene/trichloroethylene molar ratio tends
      toward 50.
PAR  Moreover, in accordance with the invention it is advantageous for
      chlorination to be carried out with a trichloroethylene/chlorine molar
      ratio which is from 0.009 to 0.011.
PAR  The chlorine which is introduced in the molecular state into the
      homogeneous reaction zone is dissolved in the reaction medium and its
      concentration should be maintained at from 0.5 to 20 g per kilo of liquid
      of the reaction medium, and preferably from 2 to 10 g per kilo.
PAR  The molecular chlorine used according to the invention can either be in
      liquid form which is gasified before reaction, or in the form of gaseous
      chlorine in the raw state, such as is collected at the outlet from works
      for manufacturing chlorine by the electrolysis of aqueous solutions of
      sodium chloride. Thus, it is virtually equivalent to use liquid chlorine
      in a state of 99.9% purity, or a chlorine in a state of 95% purity, the
      main impurities being CO.sub.2, O.sub.2, N.sub.2, H.sub.2 and CO. These
      gases are inert under the operating conditions of the reaction. The
      chlorine used can be diluted by inert gases such as the gases just
      mentioned above. Such dilution in a diluent/chlorine molar ratio which can
      reach 1/1 is not harmful to the reaction.
PAR  It is advantageous for chlorination to be effected at a temperature which
      is from 40.degree. to 60.degree. C., and with an amount of Lewis acid as
      catalyst of from 20 to 800 parts per million by weight of the reaction
      medium and preferably from 60 to 200 parts per million. In the case of
      anhydrous ferric chloride, it can either be introduced into the
      homogeneous zone as such, or formed in situ by inter-reaction of the
      chlorine with the walls which are made of steel or other iron alloys which
      are subject to attack by chlorine, or with iron turnings or iron oxides
      introduced into said zone.
PAR  In accordance with a particular feature of the invention, the amount of
      moisture which can be present in the homogeneous zone is advantageously
      less than 200 parts per million by weight of the liquid reaction medium
      and, more particularly, less than 80 parts per million.
PAR  In accordance with an embodiment of the invention, in the case of ferric
      chloride used as the catalyst, the liquid reaction medium has a FeCl.sub.3
      /H.sub.2 O molar ratio which is at least equal to 1.
PAR  It has been found that pressure does not have an influence on the
      chlorination reactions which occur in the homogeneous reaction zone.
PAR  Having described the basic concepts of the invention, reference is now made
      to the following examples which are provided by way of illustration, but
      not of limitation, of the practice of the invention.
DETD
PAC  EXAMPLE 1
PAR  The chlorination reaction is carried out in a homogeneous reaction zone
      represented by a cylindrical reaction vessel of ordinary steel, provided
      with a heat-regulation system for maintaining the temperature in the
      interior of the reaction vessel at a constant value. This system comprises
      a circulating pump whose output can vary from 200 to 800 liters/hour and
      which draws in the liquid 1,2-dichloroethane at the bottom of the reaction
      vessel and passes it through an exchanger in the top of the reaction
      vessel. The reaction vessel is provided with a system for varying the
      height of the overflow, which amounts to varying the working volume of the
      reaction vessel. The gases which are liable to escape at the top of the
      reaction vessel pass through a discharge condenser, then through two
      columns which are sprinkled with water and sodium hydroxide for
      respectively removing hydrochloric acid and chlorine which may possibly be
      present in the discharge gases. The reaction vessel temperature is fixed
      at 60.degree. C. and the following are continuously introduced, in the
      absence of light radiation, being drawn in by the pump:
PA1  750 g per hour of a 1,2-dichloroethane containing approximately 10 parts
      per million by weight of moisture (water), 200 parts per million by weight
      of ferric chloride, and 1% by weight of trichloroethylene, that is to say,
      7.5 g per hour or 0.057 mole per hour;
PA1  4.28 moles per hour of chlorine in a state of 97% purity (CO, CO.sub.2,
      N.sub.2, H.sub.2, O.sub.2 are the main impurities);
PA1  4.2 moles per hour of ethylene.
PAR  The concentration of chlorine dissolved in the reaction liquid is
      maintained at about 3.7 g per kg after the working volume of the reaction
      vessel has been fixed at 3.83 liters, which corresponds to a residence
      time of 4 hours.
PAR  The C.sub.2 H.sub.4 /C.sub.2 HCl.sub.3, C.sub.2 HCl.sub.3 /Cl.sub.2 and
      FeCl.sub.3 /H.sub.2 O molar ratios are respectively equal to about 73.6,
      0.013, and 2.2.
PAR  After 18 hours of reaction, there is continuously collected a
      1,2-dichloroethane, analysis of which shows that 94% of trichloroethylene
      has been converted into pentachloroethane.
PAR  The amount of 1,1,2-trichloroethane produced was approximately 0.09% by
      weight with respect to the 1,2-dichloroethane produced.
PAC  FIRST COMPARATIVE TEST
PAR  In order to show what the trichloroethylene chlorination reaction becomes
      in the absence of ethylene, Example 1 was repeated, except that the feed
      of chlorine was 0.086 moles per hour and that of ethylene was zero, the
      C.sub.2 HCl.sub.3 /Cl.sub.2 molar ratio being approximately 0.66 and the
      C.sub.2 H.sub.4 /C.sub.2 HCl.sub.3 molar ratio being zero. The
      concentration of dissolved chlorine was maintained at approximately 3.7 g
      per kg of reaction liquid. The working volume of the reaction vessel was
      adjusted to 2.5 liters so as to correspond to a residence time of 4 hours
      as in Example 1. After 18 hours of continuous operation, analysis of the
      1,2-dichloroethane which was continuously discharged showed that only 78%
      of the trichloroethylene had been converted into pentachloroethane, and
      that it contained about 3.7 g per kg of dissolved chlorine.
PAC  SECOND COMPARATIVE TEST
PAR  Example 1 was repeated, except that instead of 4.2 moles per hour of
      ethylene there was introduced about 1.10 moles per hour, which corresponds
      to a C.sub.2 H.sub.4 /C.sub.2 HCl.sub.3 molar ratio of about 19.3, and
      instead of 4.28 moles per hour of chlorine, 1.12 moles per hour was
      introduced, which gives a C.sub.2 HCl.sub.3 /Cl.sub.2 molar ratio of about
      0.05. The concentration of dissolved chlorine was maintained at about 3.7
      g per kg of reaction liquid. The height of the overflow was so set as to
      provide a working volume of about 2.83 liters, which corresponds to a
      residence time of 4 hours. After 18 hours of reaction, it was found that
      only about 78% of the trichloroethylene introduced was converted.
PAC  THIRD COMPARATIVE TEST
PAR  It was desired to attempt, without using ethylene, to attain a rate of
      conversion of trichloroethylene to pentachloroethane of 94%, this being
      the result of Example 1. The operating conditions were those of the first
      comparative test described above. It was observed that the working
      reaction volume had to be 8.2 liters, which corresponds to more than
      double that of Example 1 to obtain the same result as that example.
PAC  EXAMPLE 2
PAR  Into the reaction vessel as described in Example 1 but in which the
      reaction volume is set at 4.5 liters, there is introduced at a temperature
      of 60.degree. C., being drawn in by the pump, 750 g per hour of
      dichloroethane containing less than 15 parts per million by weight of
      water and 1% by weight of trichloroethylene. 6.34 moles per hour of
      chlorine and about 6.2 moles per hour of C.sub.2 H.sub.4 are introduced
      into the reaction vessel so as to provide 3.7 g per kg of chlorine
      dissolved in the dichloroethane. The C.sub.2 H.sub.4 /C.sub.2 HCl.sub.3
      molar ratio and the C.sub.2 HCl.sub.3 /Cl.sub.2 molar ratio are
      respectively 108.8 and 0.009 approximately. The FeCl.sub.3 /H.sub.2 O
      molar ratio is approximately 2. After 18 hours, after analysis of the
      1,2-dichloroethane which is discharged continuously from the reaction
      vessel, it is calculated that the rate of conversion of trichloroethylene
      is 97%. The amount of 1,1,2-trichloroethane produced sas 0.09% by weight
      with respect to the 1,2-dichloroethane produced.
PAR  By way of comparison, to produce a rate of trichloroethylene conversion of
      97%, under the conditions of the first comparative test of Example 1, that
      is to say, in the absence of ethylene, the working reaction vessel volume
      had to be 16 liters.
PAC  EXAMPLE 3
PAR  Into the reaction vessel of Example 1, but in which the reaction volume was
      set at 4.83 liters, there is introduced at a temperature of 60.degree. C.,
      in addition to the 750 g per hour of 1,2-dichloroethane containing 1% of
      trichloroethylene and 20 parts per million by weight of water, 7.55 moles
      per hour of 97% pure chlorine and 7.3 moles per hour of C.sub.2 H.sub.4,
      so as to provide a concentration of dissolved chlorine in the vicinity of
      3.7 g per kg. The C.sub.2 H.sub.4 /C.sub.2 HCl.sub.3, C.sub.2 HCl.sub.3
      /Cl.sub.2, and FeCl.sub.3 /H.sub.2 O molar ratios in the reaction liquid
      are respectively 129, 0.007 and 2 approximately. After 18 hours, the
      1,2-dichloroethane is analyzed and it is found that 97% of the
      trichloroethylene has been converted. The amount of 1,1,2-trichloroethane
      produced was 0.09% by weight with respect to the 1,2-dichloroethane
      produced.
PAR  It will be understood that various changes and modifications can be made in
      the details of formulation, procedure, and apparatus without departing
      from the spirit of the invention, especially as defined in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for reducing the amount of trichloroethylene which is
      present as an impurity in 1,2dichloroethane through chlorination of
      trichloroethylene in the liquid phase into pentachloroethane at a
      temperature in the range from 20 to 80.degree.C in the absence of light
      and in the presence of a Lewis acid catalyst the improvement wherein
      ethylene is introduced with chlorine and 1,2-dichloroethane containing
      trichloroethylene in a homogeneous reaction zone, with the mole ratio of
      the ethylene to trichloroethylene of at least 50 and the mole ratio of
      trichloroethylene to chlorine of at most 0.02.
NUM  2.
PAR  2. A process according to claim 1 wherein the ethylene/trichloroethylene
      molar ratio is from 90 to 110.
NUM  3.
PAR  3. A process according to claim 1 wherein the trichloroethylene/chlorine
      molar ratio is from 0.009 to 0.011.
NUM  4.
PAR  4. A process according to claim 1 wherein the chlorine which is dissolved
      in the reaction medium is maintained at a concentration of from 0.5 to 20
      g per kilo of liquid of the reaction medium and preferably from 2 to 10 g
      per kilo.
NUM  5.
PAR  5. A process according to claim 1 wherein the liquid phase in the
      homogeneous reaction zone contains less than 200 parts per million by
      weight of moisture.
NUM  6.
PAR  6. A process according to claim 1 wherein the Lewis acid is in an amount of
      from 60 to 200 parts per million by weight of the liquid in the
      homogeneous reaction zone.
NUM  7.
PAR  7. A process according to claim 5 wherein the Lewis catalyst/moisture molar
      ratio is at least equal to 1.
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ABST
PAL  The tendency for methyl chloroform to decompose in the presence of metals,
      particularly aluminum, is inhibited by a stabilizer mixture comprising an
      epoxide, a nitroalkane, trioxane and either propylene glycol mono-methyl
      ether, dioxepane or a mixture thereof.
PARN
PAC  REFERENCE TO A CO-PENDING APPLICATION
PAR  This is a division of application Ser. No. 243,072 filed Apr. 11, 1972, now
      U.S. Pat. No. 3,864,413, which is in turn a continuation-in-part of
      application Ser. No. 5,101 filed Jan. 22, 1970, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The usefulness of various chlorinated lower aliphatic hydrocarbons,
      particularly for the liquid and/or vapor phase degreasing of metals, is by
      now well known. Besides their excellent cleaning properties, these
      chlorinated solvents are well suited for industrial use owing to their
      lack of flammability and relatively low cost. The most widely used of
      these solvents are carbon tetrachloride, trichloroethylene,
      perchloroethylene and methyl chloroform (1,1,1-trichloroethane). Of
      particular interest from this group is methyl chloroform, the excellent
      solvency and low toxicity of which make it particularly suitable for the
      industrial cleaning (degreasing) of metals.
PAR  A problem in the commercialization of methyl chloroform has arisen,
      however, owing to its pronounced tendency to decompose in the presence of
      a number of metals, especially aluminum. Thus, while others of the
      chlorinated solvents, such as perchloroethylene, must be stabilized
      against decomposition induced by a wide variety of factors, the problem is
      nowhere near as marked as in the case of methyl chloroform, which, if
      exposed unprotected to aluminum, will be rendered useless within a matter
      of minutes.
PAR  Thus it will be apparent, and indeed research has shown, that while other
      chlorinated solvents may be stabilized through the use of small quantities
      of a wide variety of substances, the compounds capable of stabilizing
      methyl chloroform against metal-induced decomposition are quite limited in
      number and generally must be used in comparatively large amounts.
      Obviously, the requirements being strict and the selection limited, a
      number of problems have arisen in attempting to perfect a stabilizer
      system which will protect methyl chloroform and the metals being treated
      therewith against decomposition in both the liquid and vapor phases in the
      presence of a wide variety of contaminants. First, relatively large
      quantities being required, the stabilizers must be economically practical.
      Further, while the problems of liquid phase stabilization are often
      different from those of vapor phase stabilization and hence different
      stabilizers will be useful, the methyl chloroform may be used
      interchangeably for both liquid and vapor degreasing applications and
      therefore the components must be compatible over a wide range of
      temperatures.
PAR  While generalizations are indeed difficult with respect to the
      stabilization of methyl chloroform, it may be safely stated that many of
      the stabilizer systems used commercially and set forth in the patent
      literature describe and feature the use of nitroalkanes and epoxides.
      Although it is true that many stabilizer systems are "built" from this
      nitroalkane-epoxide base, the combination itself is not always completely
      effective for the stabilization of methyl chloroform and it is the
      selection of the remaining components of any system which determines its
      ultimate success or failure.
PAC  STATEMENT OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide a
      multi-component stabilizer system for the inhibition of the decomposition
      of methyl chloroform, particularly when used as a solvent for the liquid
      and vapor phase degreasing of metals.
PAR  It is a further object of the present invention to improve upon and make
      commercially practical a stabilizer system for methyl chloroform based
      upon a nitroalkane-epoxide combination.
PAR  These and further objects of the present invention will become apparent to
      those skilled in the art from the description and claims which follow.
PAR  It has now been found that a composition particularly suitable for metal
      degreasing applications comprises methyl chloroform together with a
      stabilizing amount of a mixture of 1) a nitroalkane, 2) an epoxide, 3)
      trioxane and 4) an additive compound selected from the group consisting of
      propylene glycol mono-methyl ether and dioxepane. The effectiveness of
      this composition is enhanced by the additional presence of an alcohol
      selected from the group consisting of methyl butynol and t-amyl alcohol,
      and, when such an alcohol is used, a hydrocarbon may be added with further
      beneficial effect. Optimum compositions for certain degreasing
      applications also include an alkaline compound. Such compositions and
      variations thereof are readily adaptable to the varied requirements of the
      metal degreasing field and may also be used in any other application where
      a stabilized grade of methyl chloroform is required.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "nitroalkane," as used in the specification and claims, is
      intended to refer to those nitro-aliphatic compounds generally used in the
      stabilization of chlorinated solvents, preferably those containing from
      1-3 carbon atoms. Included are nitromethane, nitroethane, 1-nitropropane
      and 2-nitropropane.
PAR  The definition of the term "epoxide" is also that commonly used in the
      chlorinated solvents art and is intended to especially refer to aliphatic
      epoxides substituted or unsubstituted, containing from 3-8 carbon atoms. A
      primary consideration is that the boiling point of the epoxide compound
      does not differ substantially from that of methyl chloroform. Illustrative
      of the preferred epoxides are butylene oxide, propylene oxide,
      epichlorohydrin and methyl glycidyl ether.
PAR  The term "hydrocarbon" refers to a wide variety of materials such as
      straight chain or cyclic aliphatics, both saturated and unsaturated, as
      well as aromatics. Examples of such hydrocarbons useful in the invention
      are; hexane, heptane, octane, hexene, trimethyl pentene, cyclopentane,
      cyclohexane, cyclohexene, cyclooctene, toluene and the like. Many other
      hydrocarbons will also be useful depending upon, primarily, their boiling
      points and economics, with a wider variety obviously being useful for cold
      degreasing applications.
PAR  The use of the term "alkaline compound" in referring to the optimum
      compositions of the present invention is intended to include both those
      compounds which are alkaline per se, e.g., amines, and so called alkaline
      precursors, e.g., oximes or hydrazones. The alkaline compounds useful are
      those soluble in methyl chloroform and generally have boiling points
      substantially corresponding to methyl chloroform. It is apparent, however,
      that certain of these alkaline compounds form azeotropes with the methyl
      chloroform and/or other components of the stabilizer system thus altering
      their apparent boiling points. Those alkaline compounds especially
      preferred at this time include N-methyl morpholine, diisopropylamine and
      pyrrolidine.
PAR  It should be understood that the term "dioxepane" is used in the generic
      sense to include both 1,3- and 1,4-dioxepane. The 1,3 isomer is most
      common and hence preferred. However, it may be "contaminated" with or
      replaced by the 1,4 material without evident change.
PAR  The apparent purpose of both trioxane and propylene glycol mono-methyl
      ether and/or dioxepane is to act as an extender for the
      nitroalkane-epoxide base. However, it has been found that trioxane, while
      effective and economically desirable, cannot be incorporated into methyl
      chloroform in sufficient amounts, owing to its tendency on boiling to
      concentrate in the sump and crystallize from solution, to be effective.
      Further additions of propylene glycol mono-methyl ether and/or dioxepane,
      however, provide the necessary stabilization to render the system both
      effective and practical. The invention is thus most useful in the usual
      instance where large amounts of stabilizers must be present.
PAR  While the combination of methyl chloroform with a nitroalkane, an epoxide,
      trioxane and an additive compound selected from the group consisting of
      propylene glycol mono-methyl ether and dioxepane is quite effective for
      most applications it has been found that the effectiveness of the
      stabilizer system, especially its ability to resist aluminum attack at
      ambient temperatures upon dilution, is improved by the addition of an
      alcohol selected from the group consisting of t-amyl alcohol and methyl
      butynol. This function is considered important since a commercial product
      should be able to withstand considerable dilution without any substantial
      loss in effectiveness. This requirement is met by either t-amyl alcohol,
      methyl butynol, or mixtures thereof, without the problem usually inherent
      in the use of most alcohols for the stabilization of methyl chloroform
      solutions when used for vapor phase degreasing. Particularly, this problem
      relates to the fact that, while several alcohols are found to be effective
      at ambient temperatures in cold degreasing applications, these alcohols
      often detrimentally affect steel or aluminum surfaces in contact therewith
      at reflux temperatures. The disclosed alcohols have been found to be
      uniquely effective.
PAR  The use of the alcohols just mentioned is rendered even more effective for
      dilution control, and the distillation range of the stabilized solvent is
      improved, by the additional presence of a hydrocarbon, for example,
      heptane. The economic advantage of such a relatively inexpensive material
      is readily apparent when it is realized that the presence of a hydrocarbon
      may allow a reduction in quantity of the other, more expensive,
      components.
PAR  Where the corrosion of steel in the presence of methyl chloroform in the
      vapor phase is a problem, it may be desirable to add one of the many
      alkaline compounds known to be useful for this purpose. One or more of
      these alkaline compounds may be added to the compositions of the present
      invention in the presence of the alcohol, a hydrocarbon, both or neither,
      as the requirements of the system dictate.
PAR  Generally the amount of the stabilizing mixture added to the methyl
      chloroform will be that required to effect stabilization, economically,
      over a wide range of conditions, which amount will vary according to the
      application. It is usually found, however, that the composition will
      include from 90-99 percent by weight of methyl chloroform and from 10-1
      percent by weight of the stabilizer mixture. Preferably from 4-6 percent
      of the composition will consist of the stabilizing components.
PAR  Referring to the stabilizers themselves, they may be present in the total
      stabilized system in amounts, expressed in percents by weight, as follow:
      0.1 to 2.0 nitroalkane; 0.05 to 0.5 epoxide; 0.1-1.0 trioxane; 0.1 to 2.0
      propylene glycol mono-methyl ether and/or dioxepane; 0.1 to 2.0 t-amyl
      alcohol and/or methyl butynol; 0.1 to 2.0 hydrocarbon, and 0.001 to 0.1
      alkaline compound.
PAR  In order that those skilled in the art may more readily understand and
      appreciate the present invention, the following specific examples are
      afforded. In these examples a number of tests are referred to and are used
      to evaluate the effectiveness of the various stabilizer systems.
PAR  The "aluminum scratch test" consists of immersing a section of aluminum
      metal in the methyl chloroform solution to be evaluated and scratching the
      immersed surface with a fine-pointed stylus in order to present a fresh
      surface to the solvent. The test, which is strictly qualitative in nature,
      is effective as a screening method since, obviously, if the stabilized
      methyl chloroform system cannot pass this simple test, it will not stand
      up to the more rigorous tests which follow. Evidence of failure is
      represented by "bleeding", i.e., continuous discoloration of the solvent,
      at the point of the scratch.
PAR  A further and more rigorous test applied to systems which pass the scratch
      test is the "72 hour aluminum reflux test". In this test 100 milliliters
      of the solvent system and 0.2 milliliter of water are placed in a
      flat-bottomed flask fitted with a condenser. Two strips of aluminum are
      inserted, one in the liquid in the flask (pot), the other hung in the
      condenser where the solvent vapor during the extended period of gentle
      reflux surrounds, condenses on, and drips from, the strip. Again the test
      is mainly qualitative in nature and poor results are readily evidenced by
      corrosion of the aluminum and discoloration of the solvent. A further use
      of this test is to determine the acid content of the stabilized solvent by
      measurement of the final pH. Unless otherwise stated, all systems have an
      initial pH of 7 or above. Upon completion of the 72 hour reflux test, the
      solvent is cooled and extracted in a 1:1 ratio with neutral water, the pH
      of the aqueous phase being subsequently determined. A low pH is of course
      indicative of the presence of acid liberated by the decomposition of the
      solvent and serves as an indication of the effectiveness of the stabilized
      system in preventing corrosion of the aluminum and decomposition of the
      solvent.
PAC  EXAMPLE 1
PAR  The Table, hereinbelow, compares the effectivness of the various
      multi-component compositions of the present invention and is for the most
      part self-explanatory.
TBL                                    TABLE                                   

     __________________________________________________________________________

                    Total  A1*                                                 

                    Wt.    Scratch                                             

                                72 Hr. A1 Reflux Test                          

     Stabilizer System                                                         

                    Stabilizers                                                

                           Test Pot**                                          

                                    Condenser**                                

                                           pH                                  

     __________________________________________________________________________

     1.                                                                        

       Nitroethane                                                             

                3.6%                                                           

       Butylene oxide                                                          

                0.4%                                                           

                    4.0    3    --  --     --                                  

     2.                                                                        

       Propylene glycol                                                        

       mono-methyl                                                             

       ether (PGME)                                                            

                2.8%                                                           

                    2.8    2    --  --     --                                  

     3.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       Trioxane 2.8%                                                           

                    4.0    1    A***                                           

                                    C      4.5                                 

     4.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       PGME     2.0%                                                           

       Trioxane 0.8%                                                           

                    4.0    1    A   C      6.0                                 

     5.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       1,3-Dioxepane                                                           

                1.8%                                                           

       Trioxane 1.0%                                                           

                    4.0    1    A   B/C    4.4                                 

     6.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       1,3-Dioxepane                                                           

                1.0%                                                           

       PGME     0.8%                                                           

       Trioxane 1.0%                                                           

                    4.0    1    A   B      5.4                                 

     7.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       PGME     2.0%                                                           

       Trioxane 0.8%                                                           

       Methyl butynol                                                          

                1.0%                                                           

                    5.0    1    A   A      6.7                                 

     8.                                                                        

       Nitroethane                                                             

                0.8%                                                           

       Butylene oxide                                                          

                0.4%                                                           

       PGME     1.0%                                                           

       Trioxane 0.6%                                                           

       t-Amyl alcohol                                                          

                1.5%                                                           

                    4.3    1    A   B      7.0                                 

     __________________________________________________________________________

      Note:                                                                    

       *1 = no effect, 2 = pinholes but heals, 3 = continuous bleeding         

       **A = no corrosion, B = slight corrosion, C = severe corrosion          

      *** Trioxane crystals observed in pot on solvent loss.                   

PAR  It will be seen from the Table that the combination of nitroethane and
      butylene oxide (Sample 1) fails the scratch test and hence is unacceptable
      as a stabilizer system for methyl chloroform. PGME (Sample 2) also fails
      the scratch test. The addition of trioxane to Sample 1 (Sample 3) improves
      scratch test results but leaves an unacceptable residue on solvent loss
      simulating a vapor degreasing operation. However, as is shown by Samples
      4, 5 and 6, the combination of nitroethane, butylene oxide, trioxane and
      PGME and/or dioxepane results in a stabilized methyl chloroform
      composition which is entirely suitable for use in cold degreasing
      applications as evidenced by the improved result on the aluminum scratch
      test and which leaves no unacceptable pot (sump) residue on distillation.
      Samples 7 and 8 show that the further addition of methyl butynol or t-amyl
      alcohol significantly improves the stabilized methyl chloroform system of
      Sample 4 to the effect that good to excellent results are obtained, under
      conditions simulating vapor degreasing applications, according to the 72
      hour aluminum reflux test.
PAC  EXAMPLE 2
PAR  A methyl chloroform solution stabilized with 0.4% butylene oxide, 1.8%
      propylene glycol mono-methyl ether, 1.0% trioxane and 0.4% nitromethane
      gives excellent results on the aluminum scratch test. After the 72 hour
      aluminum reflux test, a final pH of 6.9 is obtained and the condenser
      strip is only slightly stained while the solvent remains water-white and
      clear.
PAC  EXAMPLE 3
PAR  A methyl chloroform solution stabilized with 0.4% butylene oxide, 1.0%
      propylene glycol mono-methyl ether, 0.5% trioxane, 1.5% t-amyl alcohol,
      0.8% nitroethane, 1.5% heptane and 0.02% N-methyl morpholine gives
      excellent results on the aluminum scratch test. After the 72 hour aluminum
      reflux test, the condenser strip shows only a slight stain and the pH
      after the test is 7.6 while the solvent remains water-white and clear.
PAR  While the invention has been described with reference to certain specific
      and preferred embodiments thereof, it is not to be so limited since
      certain alterations may be made which are still within the scope of the
      appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A stabilized composition which consists essentially of methyl chloroform
      containing
PA1  a. 0.1 to 2.0 percent by weight of a nitroalkane of from 1 to 3 carbon
      atoms.
PA1  b. 0.05 to 0.5 percent by weight of an aliphatic epoxide selected from the
      group consisting of propylene oxide, butylene oxide, epichlorohydrin and
      methyl glycidyl ether,
PA1  c. 0.1 to 1.0 percent by weight of trioxane, and
PA1  d. 0.1 to 2.0 percent by weight of propylene glycol monomethyl ether.
NUM  2.
PAR  2. The composition of claim 1 wherein the nitroalkane is nitromethane and
      the aliphatic epoxide is butylene oxide.
NUM  3.
PAR  3. The composition of claim 1 wherein the nitroalkane is nitroethane and
      the aliphatic epoxide is butylene oxide.
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ABST
PAL  Olefinic halides are produced by catalytic dehydrohalogenation of the
      corresponding saturated halide by direct contact thereof with a melt
      containing a multivalent metal halide in its higher and lower valence
      state. In particular, 1,2-dichloroethane is dehydrochlorinated to vinyl
      chloride by contacting thereof with a molten salt mixture of cuprous and
      cupric chloride at high per pass conversion and high vinyl chloride
      selectivity.
PARN
PAR  This application is a continuation-in-part of Application Ser. No. 663,593
      filed on Aug. 28, 1967 now abandoned.
BSUM
PAR  This invention relates to the production of halo substituted olefinically
      unsaturated aliphatic hydrocarbons by the dehydrohalogenation of the
      corresponding saturated halide. More particularly, this invention relates
      to the production of vinyl chloride from 1,2-dichloroethane.
PAR  Dehydrohalogenation may be represented by the commercial process for
      producing vinyl chloride from 1,2-dichloroethane. In such commercial
      processes, 1,2-dichloroethane is dehydrochlorinated at temperatures from
      about 300.degree.C. to about 600.degree.C. in one or more reaction tubes
      positioned within a fired-heater reactor.
PAR  Several problems are associated with the conventional 1,2-dichloroethane
      dehydrochlorination. One problem is that to transfer the required
      endothermic reaction heat to the dichloroethane reactant intube, the
      tubewall must be substantially hotter than the reaction temperature
      intube. As a result, some coke and tar formation occurs on the hotter tube
      which causes additional resistance to heat transfer. This, in turn,
      necessitates a still higher tubewall temperature. As a consequence, the
      fouling of the reactor tubes frequently requires termination of operations
      for the purpose of cleaning the tubes. Another problem relates to the
      formation of acetylenic and diolefinic by-product compounds in the vinyl
      chloride. With increasing reaction severity -- usually at once-through
      dichloroethane conversions in excess of about 40 percent to 50 percent --
      acetylenic and diolefinic compounds can form. These compounds adversely
      affect the polymerization of vinyl chloride and also the quality of the
      polymer product. Therefore the concentration of the acetylenic and
      diolefinic contaminants must be limited to less than about 20 ppm in the
      vinyl chloride monomer.
PAR  Several expedients are practiced to minimize the above difficulties, some
      of which entail considerable operating costs and investment. First, in
      order to achieve a lower reaction temperature which, in turn, permits
      correspondingly lower tube wall temperatures, catalytic activators such as
      chlorine and oxygen are introduced in small amounts with the
      dichloroethane feed into the reactor. Second, the tubes can be packed with
      a heat-conducting material such as graphite particles in a further effort
      to reduce the temperature differential between the tube wall and the
      reacting mass intube. Packing represents a cost and additionally requires
      extra reactor volume and presents operational difficulties with plugging
      of the packing. Third, the dichloroethane, feed and recycle, is subjected
      to careful fractionation to remove principally the heavier impurities,
      such as trichloroethane, which are especially prone to form coke and tars
      on the fired heater tube walls. With regard to acetylenic and diolefinic
      compounds, the vinyl chloride stream is subjected to clean-up purification
      in order to reduce the concentration of these contaminants to tolerable
      levels when necessary. Catalytic hydrogenation, chlorination or
      hydrochlorination is used to selectively reduce the concentration of
      acetylenic and diolefinic compounds. Even by resort to one or more of the
      foregoing expedients, the conversion per pass of 1,2-dichloroethane must
      still be kept to about 40-60 percent.
PAR  An object of this invention is to provide a new and improved process for
      dehydrohalogenating halo-substituted saturated aliphatic hydrocarbons.
PAR  Another object of this invention is to provide a new and improved process
      for producing vinyl chloride from 1,2-dichloroethane.
PAR  A further object of this invention is to provide a new and improved process
      for producing vinyl chloride from 1,2-dichloroethane at high conversion
      rates and with high vinyl chloride selectivity.
DRWD
PAR  These and other objects of this invention should be readily apparent from
      the following detailed description thereof when read with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a simplified schematic representation of a reaction system for
      the process of the present invention; and
PAR  FIG. 2 is a simplified schematic representation of another reaction system
      for the process of the present invention.
DETD
PAR  The objects of this invention are broadly accomplished in one aspect by
      catalytically dehydrohalogenating a feed including a halo substituted
      saturated aliphatic hydrocarbon to the corresponding halo-substituted
      olefinically unsaturated aliphatic hydrocarbon by directly contacting the
      feed, at an elevated temperature, with a melt containing a multivalent
      metal halide in both its higher and lower valence state.
PAR  The objects of this invention are broadly accomplished in another aspect by
      producing vinyl chloride by directly contacting at an elevated temperature
      a feed containing 1,2-dichloroethane with a melt containing a multivalent
      metal in both its higher and lower valence state.
PAR  The melt contains the higher and lower valent forms of a halide of a
      multivalent metal; i.e., a metal having more than one positive valence
      state, such as manganese, iron, copper and cobalt preferably the bromides
      and chlorides, in particular the chlorides of the metal, with the copper
      chlorides being particularly preferred. In the case of higher melting
      multivalent metal halides, such as copper chlorides, a halide of a
      univalent metal; i.e., a metal having only one positive valence state
      which is nonvolatile and resistant to the action of oxygen under the
      process conditions, is added to the multivalent metal chloride to form a
      molten salt mixture having a reduced melting point. The univalent metal
      halides, the chloride and bromides, particularly the chlorides, being
      preferred, are preferably alkali metal chlorides, such as potassium and
      lithium chloride in particular, but it is to be understood that other
      metal chlorides and mixtures thereof, such as the heavy metal chlorides of
      Groups I, II, III and IV of the Periodic Table; e.g., zinc, silver, and
      thallium chloride, may also be employed. The univalent metal chlorides are
      generally added in an amount sufficient to adjust the melting point of the
      molten salt mixture to a temperature of below about 260.degree.C., and in
      the case of a salt mixture of copper chloride and potassium chloride, the
      composition of the melt ranges between about 20 percent and about 40
      percent, preferably about 30 percent, by weight, potassium chloride, with
      the remainder being copper chlorides. It is to be understood, however,
      that in some cases the catalyst melt may have a melting point higher than
      260.degree.C., provided the catalyst remains in the form of the melt
      throughout the processing steps. It is further to be understood that the
      melt may contain a mixture of multivalent metal chlorides or other
      reaction promoters. It is also to be understood that in some cases, metal
      chloride may be maintained as a melt without the addition of a univalent
      metal halide.
PAR  The feed is a halo-substituted saturated aliphatic hydrocarbon containing
      at least two halo-substituted groups, the halo-substituent preferably
      being chloro- or bromo-, particularly chloro-, and as representative
      examples of preferred feed components, there may be mentioned:
      1,1-dichloroethane; 1,2-dichloroethane; 1,1,1-trichloroethane;
      1,2-dichloropropane; 1,3-dichloropropane and the like. The process is
      particularly applicable to the production of vinyl chloride from
      1,2-dichloroethane.
PAR  In accordance with one of the preferred embodiments of the process of the
      invention, the melt also includes, in the case of chloro-substituted feed,
      the oxychloride of the multivalent metal in that the oxychloride reacts
      with the hydrogen chloride resulting from the dehydrochlorination to
      provide a gaseous reaction effluent with reduced amounts, and preferably
      no hydrogen chloride. The reaction of the oxychloride with hydrogen
      chloride, using copper oxychloride as a representative example, is
      represented by the following equation:
EQU  (1) CuO.CuCl.sub.2 + 2HCl.fwdarw.2CuCl.sub.2 + H.sub.2 O
PAL  In a continuous process, the copper oxychloride may be produced by
      oxidizing a melt containing a mixture of copper chlorides with molecular
      oxygen, preferably air, with the reaction being represented by the
      following equation:
EQU  (2) 2CuCl + 1/2O.sub.2 .fwdarw.CuO.CuCl.sub.2
PAL  The amount of copper oxychloride present in the melt is preferably
      sufficient to react with essentially all of the generated hydrogen
      chloride to provide a dehydrochlorination reaction effluent essentially
      free of hydrogen chloride.
PAR  The dehydrohalogenation process hereinabove described is effected at
      temperatures from about 300.degree.C. to about 650.degree.C., preferably
      from about 450.degree.C. to about 500.degree.C. and pressures from about 1
      to about 20 atmospheres. The contacting is preferably effected in a
      countercurrent fashion, with the feed as a continuous vapor phase, at
      residence times from about 1 to about 60 seconds. It is to be understood,
      however, that other means for contacting the feed and molten salt can also
      be employed, including passage of the feed through a confined body of
      molten salt. The relative quantities of the feed and molten salt may be
      varied considerably, but in general, the weight ratio of salt to feed
      (preferably 1,2-dichloroethane) ranges from about 15:1 to about 300:1. The
      dehydrohalogenation reaction is endothermic and, accordingly, the molten
      salt acts as a heat source for the reaction. An increase in the salt to
      feed weight ratios decreases the temperature drop for the reaction, and
      the reaction proceeds more closely to isothermal conditions. The use of
      the hereinabove described salt to feed flow ratios for a
      1,2-dichloroethane feed, preheated to a temperature of about
      315.degree.C., is generally effected with a temperature drop from about
      10.degree.C. to about 100.degree.C.
PAR  The use of the melts hereinabove described for dehydrohalogenation, in
      particular for the dehydrochlorination of 1,2-dichloroethane to vinyl
      chloride, results in numerous benefits. The molten salt functions as a
      heat transfer agent which can provide both the sensible heat required to
      bring the feed to reaction temperature and the required endothermic heat
      of reaction. The use of high salt to feed ratios, as hereinabove
      described, results in a low temperature gradient over the length and width
      of the reactor, thereby eliminating the radial temperature gradients which
      in prior art processes cause coke and tar formation on the hotter tube
      walls.
PAR  The primary benefit, however, resulting from the use of melts, as
      hereinabove described for the dehydrochlorination of 1,2-dichloroethane to
      vinyl chloride, is that the molten salts catalytically directs the
      reaction to the production of vinyl chloride. Thus, the 1,2-dichloroethane
      may be converted at high rates of conversion; generally above 90 percent
      and approximately 100 percent conversion, while retaining high vinyl
      chloride selectivity, generally above 90 percent, with the reaction
      effluent being essentially free of diolefinic contaminations which require
      costly procedures to effect separation thereof from the vinyl chloride.
PAR  The invention will be further described with respect to the embodiment
      thereof illustrated in the accompanying drawings. It is to be understood,
      however, that the scope of the invention is not limited by the illustrated
      embodiment.
PAR  Referring to FIG. 1, 1,2-dichloroethane in line 10 at about 15 to about 300
      pounds per square inch (psi) is heated and vaporized in fired heater 11 to
      a temperature below incipient dehydrochlorination, as from about
      150.degree.C. to about 315.degree.C. The vaporized dichloroethane is
      passed via line 12 into dehydrochlorination reactor 13 which contains
      packed sections or equivalent vapor/liquid contacting means 14.
PAR  A molten salt of the type hereinabove described, preferably comprising
      cuprous chloride, cupric chloride and potassium chloride is introduced
      into reactor 13 through line 17 and distributor 18 at a temperature
      between about 315.degree.C. and about 650.degree.C. and the
      downwardly-flowing molten salt countercurrently contacts the upwardly
      flowing vapor feed. As a result of the direct contact between the melt and
      the 1,2-dichloroethane, the 1,2-dichloroethane is dehydrochlorinated to
      vinyl chloride.
PAR  In an upper portion of reactor 13, upflowing reaction product vapors are
      cooled to a temperature between about 90.degree.C. and about 260.degree.C.
      by means of equilibrium quench liquid from distributor 19 primarily to
      remove any entrained and vaporized salts from the effluent stream
      comprising reaction product. The equilibrium quench liquid comprises
      primarily 1,2-dichloroethane, vinyl chloride and dissolved hydrogen
      chloride. The combined and vaporized effluent and quench streams are
      withdrawn from reactor 13 via line 20, are passed to separator 21 and
      thence via line 22 containing cooler/condenser 23 and into vapor/liquid
      separator 24. Equilibrium quench liquid is withdrawn from separator 24 via
      line 25 by pump 26 through line 27 containing cooler 28 to distributor 19.
      Reaction effluent, primarily vinyl chloride, hydrogen chloride and some
      unconverted dichloroethane, is withdrawn from separator 24 through line 29
      to conventional purification means, such as fractionators (not shown).
PAR  Salt entrained in the reaction effluent and separated in separator 21, can
      be removed therefrom through line 30.
PAR  Molten salt at a temperature from about 315.degree.-650.degree.C., and at a
      lower temperature than in line 17, is withdrawn from reactor 13 by means
      of pump 31 (or a gas lift, now shown) via line 32. It is then passed
      through line 33 to vessel 34, which is equipped with packed sections or
      equivalent vapor/liquid contacting means 35. In vessel 34, the molten salt
      from line 33 is passed through distributor 36 and is contacted with an
      upflowing stream of hot inert gas, such as nitrogen, carbon dioxide or
      flue gas, to provide the endothermic heat requirements expended by the
      molten salt in reactor 13. Preferably, the inert gas is produced by
      burning fuel, such as natural gas or oil, from line 37 with essentially
      stoichiometric air from line 38 in heater 39. The hot combustion gas is
      passed via line 40 into vessel 34 at a temperature between about
      315.degree.C. and about 1100.degree.C. and at a pressure between about 15
      and about 300 psi. The gas is cooled at the top of vessel 34 by quench
      liquid comprising essentially water from distributor 41 to a temperature
      of from about 40.degree.C. to about 260.degree.C. to remove entrained and
      vaporized salts from the gas effluent stream. The combined and vaporized
      effluent and quench streams are taken from vessel 34 through line 42 to
      separator 43. Entrained, separated salts can be removed from separator 43
      through line 44. Vapor in line 42 and separator 43 is passed through line
      45 containing cooler/condenser 46 to vapor/liquid condenser 47.
      Equilibrium quench liquid is withdrawn from condenser 47 by pump 48 via
      line 49 and is passed through line 50 containing cooler 51 to distributor
      41. Waste inert gas is removed from vessel 47 via line 52 and is purified
      and vented.
PAR  In accordance with one embodiment of the process, the melt introduced into
      reactor 13 is to further include copper oxychloride to react with the
      hydrogen chloride generated therein, in which case, preferably, a certain
      amount of excess air is additionally introduced via line 38. Sufficient
      excess air is used to develop a sufficiently high concentration of oxygen
      in the hot combustion gas, entering via line 40 into vessel 34, such that
      at the conditions of system pressure, contact time between salt and
      combustion gas, and system temperature, an adequate amount of oxygen is
      absorbed in the molten salt as by the formation of copper oxychloride
      and/or copper oxide from cuprous chloride. The copper oxide and/or copper
      oxychloride components are conveyed in the molten salt stream (17) to
      vessel 13, where the oxychloride reacts with the hydrogen chloride,
      evolved by dichloroethane dehydrochlorination to produce cupric chloride.
      Alternately, the required amount of oxygen can be introduced directly into
      vessel 34 (by a line, not shown) or in mixture with inert gases such as
      nitrogen and carbon dioxide, instead of via the hot combustion gas which
      is the preferred method. The copper oxychloride in the melt in line 17
      introduced into reactor 13 is preferably sufficient to react with
      essentially all of the hydrogen chloride generated therein in which case
      there is a net production of cupric chloride (Equation 1) which may be
      employed, for example, in another reactor for chlorinating a hydrocarbon.
PAR  Heated molten salt is removed from vessel 34 by pump 53 (or a gas lift, not
      shown) through line 54 and is passed to line 17 for use in reactor 13.
PAR  Reference is now made to FIG. 2 wherein vaporous 1,2-dichloroethane in line
      100, at a pressure from about 15 to about 300 psi, is heated and vaporized
      in fired heater 101 to about 150.degree.-315.degree.C., and is then passed
      through line 102 into dehydrochlorination reactor 103. Reactor 103
      contains packed sections or equivalent vapor/liquid contacting means 104.
      Upflowing dichloroethane is in countercurrent contact with downflowing
      molten salt in reactor 103. Molten salt from reservoir 106 positioned in
      the bottom of the reactor 103 is raised in lift pipe 107 by means of hot
      inert gas from line 108 to vapor/liquid separation section 109. The hot
      combustion gas in line 108 at a temperature of from about 315.degree.C. to
      about 1100.degree.C. and a pressure from about 15 to 400 psi, both lifts
      and heats the molten salt which circulates through the route indicated by
      106-107-109-104-106. The molten salt heated by the hot gas contains
      sufficient heat for the dehydrochlorination and sensible heating of
      dichloroethane in section 104.
PAR  The lift gas flows from separation section 109 and leaves that section
      through vent 110; the gas can be quenched, neutralized and purified (not
      shown) or discarded directly. The reaction product vapors are quenched by
      quench liquid delivered from distributor 111. Here also, the quench liquid
      comprises primarily 1,2-dichloroethane, vinyl chloride and dissolved
      hydrogen chloride. The combined and vaporized reaction product and quench
      liquid is removed from vessel 103 through line 112 to separator 113. Any
      entrained salt in the vapor passed into separator 113 can be removed from
      the latter through line 114. Vapors in line 112 and separator 113 are
      passed through line 115 containing cooler/condenser 116 to vapor/liquid
      separator 117. Quench liquid is pumped from separator 117 by pump 118
      through line 119 containing cooler 120 to distributor 111. Process
      effluent, predominantly vinyl chloride, hydrogen chloride and unconverted
      dichloroethane, is removed from separator 117 through line 121 and is sent
      to conventional purification and separation equipment.
PAR  The hot inert gas is produced preferably from fuel in line 122 and air in
      line 123 in heater 124, in the same manner as indicated in FIG. 1, and is
      passed through line 108 to lift pipe 107. If the molten salt is to also
      contain copper oxychloride, air or oxygen can be charged through line 125
      to line 108. More preferably, the oxygen can be introduced in the form of
      excess air through line 123, as described for the system shown in FIG. 1.
      The amount of excess air is determined by the concentration of oxygen
      necessary in the hot combustion gas to produce the required amount of
      copper oxychloride and/or copper oxide from cuprous chloride in the gas
      lift pipe 107 under the process conditions, primarily contact time, system
      pressure and reaction temperature. Again, the quantities of copper
      oxychloride and copper oxide are determined by the hydrogen chloride
      produced in the dehydrochlorination zone 104.
PAR  The process of the invention will be further described with respect to the
      following examples, but it is to be understood that the scope of the
      invention is not to be limited thereby.
PAC  EXAMPLE I
PAR  An illustration of the process in connection with the system shown in FIG.
      2, is provided by the following typical example.
PAR  A. 1,2-dichloroethane was passed as a vapor through line 102, molten salt
      was circulated by nitrogen passed through line 108, process effluent was
      passed through line 112, and the lift gas was withdrawn via line 110, with
      the process conditions and products noted below:
     Reaction Temperature   470.degree.C.                                      

     Reaction Pressure      1 atm.                                             

     Molten Salt:                                                              

       KCl                  30 wt.%                                            

       CuCl + CuCl.sub.2    70 wt.%                                            

     Residence time         10 sec.                                            

     Duration of test       3 hours                                            

     Gas Hourly Space Velocity, GHSV                                           

                            179                                                

     Feed Rate, Liquid      87 cm.sup.3 /hr                                    

     1,2-dichloroethane conversion                                             

                            92.4 %                                             

     Products:                                                                 

                      Mol % of                                                 

       Component      1,2-Dichloroethane Converted                             

     ______________________________________                                    

     C.sub.2 H.sub.3 Cl (Vinyl Chloride)                                       

                      97.8                                                     

     C.sub.2 H.sub.5 Cl                                                        

                      0.3                                                      

     C.sub.2 H.sub.2 Cl.sub.2                                                  

                      0.7                                                      

     C.sub.2 H.sub.3 Cl.sub.3                                                  

                      0.6                                                      

     C.sub.2 HCl.sub.3                                                         

                      0.2                                                      

     C.sub.2 Cl.sub.4 0.4                                                      

     Total            100.0                                                    

     ______________________________________                                    

PAR  B. A composition, comprising 20 weight percent cupric chloride and 80
      weight percent cuprous chloride, was combined with potassium chloride to
      provide a composition which contains 30 weight percent potassium chloride
      (the composition is identical to the molten composition of Part A), and
      the composition was placed on a finely divided alumina support (-100+ 200
      mesh). The supported catalyst was placed in a fluidized reactor.
      1,2-dichloroethane was passed through the fluidized supported catalyst at
      a temperature of 471.degree.C. and a residence time of 11.5 seconds.
PAR  The conversion of 1,2-dichloroethane was 49.6 percent; and the selectivity
      to vinyl chloride was 83.8 percent.
PAR  The highly selective conversion of 1,2-dichloroethane to vinyl chloride at
      high per pass conversion achieved by using melts in accordance with the
      invention, as contrasted to the significantly lower conversion and
      selectivity, resulting from the use of solid supported copper chlorides
      indicates the improved and advantageous results achieved by proceeding in
      accordance with the present invention.
PAC  EXAMPLE II
PAR  The procedure of Example IA is repeated using the following salt
      composition, and a temperature of 920.degree.F. and a residence time of 7
      seconds:
TBL  KCl                      34                                               

     FeCl.sub.2               58                                               

     FeCl.sub.3               8                                                

                              100                                              

PAL  The effluent contains vinyl chloride.
PAC  EXAMPLE III
PAR  The procedure of Example IA is repeated using the following salt
      composition, and a temperature of 890.degree.F. and a residence time of 13
      seconds:
TBL  LiCl                     30                                               

     CuCl                     50                                               

     CuCl.sub.2               20                                               

                              100                                              

PAL  The effluent contains vinyl chloride.
PAC  EXAMPLE IV
PAR  The procedure of Example I is repeated using the following salt
      composition, and a temperature of 930.degree.F. and a residence time of 6
      seconds:
TBL  KCl                      17                                               

     MnCl.sub.2               3                                                

     MnCl.sub.3               80                                               

                              100                                              

PAL  The effluent contains vinyl chloride.
PAC  EXAMPLE V
PAR  The procedure of Example I is repeated using the following salt
      composition, and a temperature of 930.degree.F. and a residence time of 6
      seconds:
TBL  KCl                      37                                               

     CoCl.sub.2               14                                               

     CoCl.sub.3               49                                               

                              100                                              

PAL  The effluent contains vinyl chloride.
PAR  The process of the present invention is extremely effective for the
      dehydrohalogenation of halogenated saturated aliphatic hydrocarbons; in
      particular 1,2-dichloroethane. The use of molten salts, as hereinabove
      described, results in a high per pass conversion while retaining high
      desired product selectivity. The processes presently known in the art are
      not capable of providing this combination of advantageous results.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the the scope of
      the appended claims, the invention may be practised in a manner other than
      as particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a mono-olefinically unsaturated aliphatic
      hydrocarbon halide by the catalytic dehydrohalogenation of the
      corresponding saturated halide, comprising:
PA1  directly contacting said saturated halide with a melt containing a
      multivalent metal halide in its higher and lower valence state, in an
      amount effective to catalyze the dehydrohalogenation of the saturated
      halide, said multivalent metal halide being selected from the group
      consisting of the halides of manganese, copper, iron and cobalt, said
      contacting being effected at a temperature from about 300.degree.C to
      about 650.degree.C, to dehydrohalogenate the saturated halide to said
      monoolefinically unsaturated aliphatic hydrocarbon halide.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the multivalent metal halide
      is selected from the group consisting of the chlorides of manganese,
      copper, iron and cobalt.
NUM  3.
PAR  3. The process of claim 1 wherein the saturated halide is a chloride and
      the multivalent metal halide is a chloride.
NUM  4.
PAR  4. The process as defined in claim 3 wherein said saturated olefinic halide
      is selected from the group consisting of 1,1-dichloroethane,
      1,2-dichloroethane, 1,1,1-trichloroethane, 1,2-dichloropropane and
      1,3-dichloropropane.
NUM  5.
PAR  5. The process as defined in claim 4 wherein said multivalent metal halide
      is copper chloride.
NUM  6.
PAR  6. The process as defined in claim 4 wherein the melt further includes a
      univalent metal halide.
NUM  7.
PAR  7. The process as defined in claim 6 wherein the univalent metal halide is
      an alkali metal chloride.
NUM  8.
PAR  8. A process for producing vinyl chloride which comprises:
PA1  directly contacting 1,2-dichloroethane with a melt containing a multivalent
      metal chloride in both its higher and lower valence state, in an amount
      effective to catalyze the dehydrochlorination of 1,2-dichloroethane to
      vinyl chloride, said multivalent metal chloride being selected from the
      group consisting of the chlorides of iron, copper, manganese and cobalt,
      said contacting being effected at a temperature from about 300.degree.C to
      about 650.degree.C to dehydrochlorinate the 1,2-dichloroethane to vinyl
      chloride.
NUM  9.
PAR  9. The process as defined in claim 8 wherein the multivalent metal chloride
      is copper chloride.
NUM  10.
PAR  10. The process as defined in claim 9 wherein the contacting is effected at
      a temperature from about 450.degree.C. to about 500.degree.C.
NUM  11.
PAR  11. The process as defined in claim 9 wherein the melt further includes as
      a melting point depressant a univalent metal chloride.
NUM  12.
PAR  12. The process as defined in claim 11 wherein the univalent metal chloride
      is an alkali metal chloride.
NUM  13.
PAR  13. The process as defined in claim 9 wherein the melt further includes
      copper oxychloride.
NUM  14.
PAR  14. A process for producing vinyl chloride, comprising:
PA1  directly contacting a gaseous feed consisting essentially of
      1,2-dichloroethane with a melt containing cuprous and cupric chloride, in
      an amount effective to catalyze the dehydrochlorination of the
      1,2-dichloroethane to vinyl chloride, said contacting being effected at a
      temperature from about 300.degree.C to about 650.degree.C to
      dehydrochlorinate the 1,2-dichloroethane to vinyl chloride.
NUM  15.
PAR  15. The process as defined in claim 14 wherein the melt further includes as
      a melting point depressant a member selected from the group consisting of
      the alkali metal chlorides and the heavy metal chlorides of Groups I, II,
      III, and IV of the Periodic Table.
NUM  16.
PAR  16. The process as defined in claim 14 wherein the melt further includes as
      a melting point depressant an alkali metal chloride.
NUM  17.
PAR  17. The process as defined in claim 16 wherein the alkali metal chloride is
      potassium chloride.
NUM  18.
PAR  18. The process as defined in claim 17 wherein the contacting is effected
      at a temperature from about 450.degree.C. to about 500.degree.C.
NUM  19.
PAR  19. The process as defined in claim 18 wherein the weight ratio of the melt
      to 1,2-dichloroethane is from about 15:1 to about 300:1.
NUM  20.
PAR  20. The process as defined in claim 17 wherein the melt further includes
      copper oxychloride.
NUM  21.
PAR  21. The process as defined in claim 20 wherein the melt is contacted with
      the gaseous 1,2-dichloroethane in a first reaction zone, and further
      comprising: withdrawing the melt from the first reaction zone, introducing
      the melt into a second reaction zone and contacting the melt therein with
      a gas-containing molecular oxygen to produce copper oxychloride and
      passing the melt from the second reaction zone to the first reaction zone.
NUM  22.
PAR  22. The process as defined in claim 21 wherein said gas-containing
      molecular oxygen is at an elevated temperature to provide make-up heat to
      the melt.
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ABST
PAL  Paraffins are selectively chlorinated or brominated in position alpha to a
      terminal methyl group by reacting with a halogen donor in the presence of
      a cobaltic salt and an acid activator in an inert atmosphere.
BSUM
PAR  The present invention relates to a process for selective halogenation of
      paraffins by reaction of the paraffin with a halogen donor in the presence
      of a cobaltic salt and a strong acid activator and in the absence of
      molecular oxygen.
PAR  The chlorination of hydrocarbons in vapor or liquid phase by such
      halogenating agents as molecular chlorine or sulphuryl chloride has been
      the subject of a considerable amount of work. It was found in all cases
      that the replacement of an atom of hydrogen by an atom of chlorine occurs
      with increasing ease in the order primary&lt;secondary&lt;tertiary, and this in
      a manner which is more pronounced the lower the temperature. In the case
      of a straight-chain paraffin, this reactivity rule results in the fact
      that the terminal methyl groups possess a higher resistance to
      chlorination than the internal methylene groups and these are attacked in
      statistical manner (P. Asinger, Chemie u. Technologie der
      Paraffin-Kohlenwasserstoffe, Akademie-Verlag, Berlin, 1956, p. 567).
      Analogously, in the case of a branched-chain paraffin, the tertiary C--H
      bonds are chlorinated more easily than the secondary bonds of the
      methylene groups. These rules equally prevail for other halogenations such
      as bromination. For example, it has been demonstrated that during the
      bromination of isopentane, the teritary C--H linkage reacts from thirty to
      forty times more rapidly than secondary C--H methylene bonds of the same
      molecule (C. A. Russel and H. C. Brown, J. Amer. Chem. Soc., Vol. 77, p.
      4025, 1955).
PAR  We have now discovered, however, that it is possible to carry out a
      selective attack on a secondary C--H bond situated at the alpha position
      to a terminal methyl group, even despite the presence of tertiary hydrogen
      atoms within the same molecule.
PAR  It is the main object of the present invention to provide a process for
      selective halogenation comprising bromination or chlorination of
      straight-chain or branched-chain paraffins; and, more specifically, to
      provide a process in which such halogenation occurs on a methylene group
      adjacent to a terminal methyl group. Another object of the invention is to
      provide a process in which this halogenation is carried out at low
      temperature.
PAR  According to the present invention a process is provided for halogenation
      of paraffins, straight-chain or branched-chain, by reaction of the
      paraffin with a halogen donor in the liquid phase in the presence of a
      cobaltic salt and an activator consisting of an acid whose dissociation
      constant exceed 5 .times. 10.sup..sup.-3, or of boron trifluoride or a
      mixture of these. The halogen donor is a compound having at least one atom
      of chlorine or bromine linked to a radical which is inert to the paraffin
      under the conditions of the reaction. The reaction is carried out in the
      absence of molecular oxygen, and at a temperature between -20.degree.C and
      +100.degree.C.
PAR  The present halogenation process may be applied to any straight-chain or
      branched-chain paraffin of the CH.sub.3 --CH.sub.2 --R type, in which R is
      any primary alkyl radical, irrespective of its structure. However, the
      characteristic selectivity of the process is particularly pronounced if
      the paraffin comprises at least two methylene groups, of which one but not
      both are adjacent to a terminal methyl group. This category of paraffins
      may be represented by the follwoing structural formula:
EQU  CH.sub.3 --CH.sub.2 --CH.sub.2 --R'
PAL  wherein R' is any alkyl higher than methyl. For example, R' may be an ethyl
      group to define n-pentane by this formula, which is converted selectively
      into 2-halopentane by the present halogenation process. R' may equally be
      a secondary alkyl radical. For example, R' may be the isopropyl group
      whereby the formula will define 2-methylpentane which by this halogenation
      becomes converted into 2-methyl-4-halopentane. This second example will
      demonstrate the unexpected selectivity of this process, since such
      paraffin having a tertiary C--H bond would have been attacked
      preferentially by other known halogenation methods to yield a substantial
      proportion of 2-methyl-2-halopentane. R' may also be a tertiary radical,
      for example, the t-butyl group; and here again, the methylene group
      adjacent to the terminal methyl will be preferentially halogenated. The
      examples above are given by way of illustration, only to provide a clearer
      understanding of the unique selectivity of this process, which, as shown
      by the examples below, is confirmed for all paraffins corresponding to the
      preceding formula, irrespective of the structure of the alkyl radical R'.
      Hence, any paraffin of whatever chain length, even solids including high
      molecular weight paraffin waxes, may be halogenated. Generally the
      paraffins hereof will have less than sixty carbon atoms such as between
      five and sixty carbon atoms.
PAR  It is not necessary but often useful to employ a solvent for effecting this
      halogenation process in the liquid phase. In many cases, merely mixing the
      reactants results in a homogeneous solution in which the halogenation
      reaction may occur. In other cases, however, the reactants will preferably
      be dissolved in a solvent. As a general rule, any liquid may be employed
      which is substantially inert under the conditions of the reaction and in
      which the paraffin as well as the other reactants, are soluble. The lower
      fatty acids having from 2 to 4 carbon atoms and the lower esters,
      particularly the methyl and t-butyl esters, of said fatty acids fulfill
      the preceding conditions satisfactorily and are preferred. Acetic acid is
      a particularly advantageous solvent.
PAR  To halogenate a paraffin according to the process of the invention, it is
      essential for the listed reactants specified above -- cobaltic salt,
      halogen donor and acid activator -- to be used together and at the same
      time. No appreciable halogenation occurs if one of these reactants is
      omitted from the system. The mechanism of the reaction and the part played
      by each of these reactants are not known with certainty. However, a
      possible mechanism may usefully be visualized according to the following
      scheme where the paraffin, the acid activator, the cobaltic salt and an
      active species derived therefrom are represented respectively by RH, AH,
      Co.sup.3.sup.+  and Co(III):
EQU  AH.revreaction. A.sup.- + H.sup.+                          (1)
EQU  Co.sup.3.sup.+  + H.sup.+.fwdarw.Co(III)                   (2)
EQU  RH + Co(III).fwdarw.R. + Co.sup.2.sup.+  + H.sup.+         (3)
PAR  in the presence of a halogen donor BX in which X represents an atom of
      chlorine or bromine, the following reaction would then occur:
EQU  R. + BX.fwdarw.RX + B.                                     (4)
PAR  by contrast, in the absence of a halogen donor, the radical R. would be
      oxidized in its turn while yielding a carbonium salt, which in the
      presence of a carboxylic solvent would result in an ester as disclosed in
      co-pending application Ser. No. 884,336 (LAB 053) filed Dec. 11, 1969, and
      now U.S. Pat. No. 3,665,030, patented May 23, 1972 and Belgian Pat. No.
      719,094:
EQU  R. + Co(III).fwdarw.R.sup.+ + Co.sup.2.sup.+               ( 5)
EQU  R.sup.+ + R'COOH.fwdarw.ROCOR'                             (6)
PAR  the radical nature of the product of the primary attack of the paraffin
      (reaction nr. 3) is in no doubt, since in the present process as in the
      conventional halogenation processes, the reaction is very highly inhibited
      by oxygen, which cannot be explained except by the reaction:
EQU  R. + O.sub.2 .fwdarw.ROO.                                  (7)
PAR  the nature of the cobaltic salt employed in the invention may vary within
      wide limits. However, the cobaltic salts of the carboxylic acids have the
      advantage of being easily soluble as a rule in an organic medium and of
      being easily produced from the corresponding cobalt (II) salts. The
      cobaltic salts of the lower fatty acids, that is to say, comprising from 2
      to 4 carbon atoms, and more specifically still, cobaltic acetate, are
      particularly advantageous in this respect. Cobaltic acetate may be
      produced, for example, by co-oxidation of cobalt (II) acetate with
      acetaldehyde in acetic acid in the presence of oxygen as described in U.S.
      Pat. No. 1,976,757. The cobaltic salts of the other fatty acids may be
      produced in analogous manner or by exchange reaction between these and
      cobaltic acetate.
PAR  As stated in the foregoing, however, these cobaltic salts do not react in
      sufficient rate with the paraffins unless they are activated by a
      relatively strong inorganic or organic acid. The most appropriate acids
      for this function are those whose dissociation constant K exceeds 5
      .times. 10.sup..sup.-3. They should be soluble in the reaction medium, and
      should not interfere with the reaction. Useful examples are sulphuric acid
      (K.sub.1 &gt;1), perchloric acid (K&gt;1), trifluoroacetic acid (K = 6 .times.
      10.sup..sup.-1), trichloroacetic acid (K = 2 .times. 10.sup..sup.-1),
      tribromoacetic acid (K = 2 .times. 10.sup..sup.-1), dichloroacetic acid (K
      = 3.3 .times. 10.sup..sup.-2), phosphoric acid (K.sub.1 = 7.5 .times.
      10,.sup..sup.-3), and the like. Some Lewis acids like boron trifluoride
      also have an activating action. A mixture of these acids may also be
      employed. However, acids containing chlorine, bromine or iodine in ionic
      form, such as hydrochloric acid, hydrobromic or hydroiodic acid, or else
      aluminium trichloride, are generally avoided since they can interfere with
      the reaction. Hydrochloric acid, for example, effects a substantial
      chlorination in a non-selective manner, very probably resulting from an
      attack on the paraffin by chlorine radicals coming from the reaction:
EQU  Cl.sup.- + Co.sup.3.sup.+ .fwdarw. Cl+Co.sup.2.sup.+ ( 8)
PAR  The acids specified have a promoting action on both the rate and the
      progress of the reaction. This effect is more pronounced the stronger the
      acid and, up to some limit, the higher its concentration. On the other
      hand, the quantity of acid should be correlated to the quantity of
      cobaltic salt employed. For example, if sulphuric acid is employed as an
      activator, a molar ratio between the acid and salt of approximately 2 is
      necessary to obtain a maximum of activity. With a weaker acid like
      trifluoroacetic acid, a ratio of between five and twenty is preferable.
      These different facts, as well as the great variety of acids able to
      perform the function of an activator suggest that their action depends
      less on the nature of their anion than on their ability to release
      protons, according to reactions 1 and 2 postulated above.
PAR  The halogen donor is a member of the group consisting of molecular bromine
      and a compound having the formula
      ##EQU1##
      where X is a chloro or bromo radical; Y.sub.1 and Y.sub.2 are members of
      the group consisting of the fluoro, chloro, cyano, carboxyl,
      alkoxycarbonyl, acyl, hydrogen and hydrocarbon radicals; Y.sub.3 is a
      fluoro, chloro, bromo, cyano, carboxyl, alkoxycarbonyl or acyl radical.
      Specific conditions are fulfilled by these halogen donors. By considering
      the reaction scheme suggested above, for high yield of halogenated
      products the reaction (4) should predominate compared to the reaction (5)
      which results in forming oxygenated products. Accordingly, the activation
      energy of the reaction (4) should be small, and to this end, the
      dissociation energy of the B-X bond should be distinctly lower than that
      of the R-X bond. On the other hand, to maintain the selectivity of the
      process, the radical B. released by the reaction (4) should be inert
      relative to the substrate i.e. the following reaction does not take place:
EQU  RH + B..fwdarw. R. + BH                                    (9)
PAL  to this end, the dissociation energy of the B--H bond should be distinctly
      lower than that of the R--H bond. These two conditions are fulfilled if
      the radical B. is highly stabilized by resonance. This applies in the case
      of the radicals of the types .CX.sub.3, .CHX.sub.2,.CH.sub.2 X in which X
      represents an atom of fluorine, chlorine or bromine. It equally applies in
      the case of radicals of the types .CX.sub.2 COOH, .CHXCOOH, .CX.sub.2
      COOR, .CX.sub.2 CN, which are stabilized by conjugation with carbonyl or
      cyano groups.
PAR  Accordingly, halogenated compounds useful as halogen donors are the
      halomethanes comprising at least two halogen atoms selected from the group
      consisting of fluorine, chlorine and bromine. Examples of this category of
      compounds are carbon tetrachloride, trichlorobromomethane,
      dichlorodibromomethane, chlorotribromomethane, carbon tetrabromide,
      difluorodibromomethane, bromoform, chlorodibromomethane,
      dichlorobromomethane, chloroform and methylene chloride. Equally useful as
      halogen donors are the compounds comprising at least one atom of bromine
      or two atoms of chlorine linked to one and the same carbon atom situated
      in the alpha position of a carbonyl or cyano group. Examples of this
      category of compounds are trichloroacetic acid, dichloroacetic acid,
      tribromoacetic acid, dibromoacetic acid, bromoacetic acid,
      alpha-bromoisobutyric acid, the esters of such acids,
      trichloroacetonitrile and dibromoacetonitrile. It will be noted that this
      list includes some acids which can be halogen donors and which also have a
      dissociation constant equally enabling these to act as an activator. In
      particular, this applies in the case of trichloroacetic acid and
      tribromoacetic acid. Acids of this kind may effectively perform both
      functions in one and the same reaction.
PAR  Molecular bromine may also be used as a halogen donor since it fulfills the
      two energy conditions specified above; that is, its dissociation energy
      (46 Kcal) is distinctly lower than that of the R--X bond of an alkyl
      bromide (59 to 67 Kcal) and, on the other hand, the dissociation energy of
      the H-Br bond (87 Kcal) is lower than that of the C--H bond of a paraffin
      (90 to 102 Kcal). This is not so in the case of molecular chlorine the use
      of which results in non-selective chlorination.
PAR  For the yield of halogenated products of the process to be high, it is
      necessary not only to employ an effective halogen donor, but also to use
      it in sufficient quantity. If the attack on the paraffin is performed
      according to the reaction (3), the halogen donor should be present in a
      quantity at least equivalent, on a molar basis, to the quantity of
      cobaltic salt, in order that the radicals coming from this attack may
      react usefully. It would even be preferable to have an excess of halogen
      donor above this quantity for optimum promotion of the halogenation
      reaction. In practice, a concentration of halogen donor from 1.5 to 15
      times greater than that of the cobaltic salt is sufficient as a rule to
      secure good results. In particular cases, however, it may be advantageous
      to employ even greater quantities; and contingently even to employ the
      halogen donor as a solvent.
PAR  The quantity of cobaltic salt to be employed evidently depends on the
      degree of conversion desired. The halogenation of a paraffin molecule by
      the process of the invention requires the reduction of 2 to 10 atoms of
      cobalt, according to conditions. However, it is advantageous as a rule to
      limit conversion in such manner as to prevent secondary reactions.
PAR  Beyond the factors specified above, it should also be noted that to secure
      a high yield of halogenated products, it is of importance for the reaction
      mixture to be as free of water as possible. The presence of water promotes
      the formation of oxygenated products, specifically of ketones, at the
      expense of the halogenated products. Finally, it should be recalled that
      the same action occurs in drastic manner in the presence of molecular
      oxygen and the reaction should be carried out in an inert atmosphere free
      from oxygen.
DETD
PAR  The invention will be further described with reference to the following
      examples:
PAC  EXAMPLE I
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid, and carbon
      tetrachloride.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, 0.2 mol/liter of sulphuric acid and 1.5 mol/liter of carbon
      tetrachloride in acetic acid, was kept at 20.degree.C, without stirring,
      under an atmosphere of pure nitrogen at atmospheric pressure. After 90
      minutes, the reaction mixture was diluted with a saturated solution of
      sodium chloride in water and subjected to repeated extractions with ether.
      Analysis by vapor phase chromatography of the ether extract enabled to
      identify the following productd whose relative proportions are expressed
      as molar percentages:
PA0  heptyl chlorides:69 % (isomer 1: 6%; 2: 65%; 3: 19%; 4:10%)
PA0  heptyl Acetates: 16% (isomer 1: 0%; 2: 70%; 3: 22%; 4: 8%)
PA0  heptanoes: 8% (isomer 1: 0%; 2: 70%; 3: 24%; 4: 6%)
PA0  heptanone: 7% isomer   2: 73%; 3: 19%; 4: 8%)
PAR  No product of any kind was detected when omitting either sulphuric acid or
      cobaltic acetate in the reaction medium.
PAR  This example demonstrates the need to employ a cobaltic salt and an acid
      activator to obtain halogenated products by the present process.
PAC  EXAMPLE II
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid and trichloroacetic
      acid.
PAR  By operating as in Example I but replacing carbon tetrachloride with
      trichloroacetic acid in the same concentration, the following products
      were identified whose relative proportions are expressed as molar
      percentages:
PA0  heptyl chlorides: 55 % (isomer 1: 9%; 2: 62%; 3: 21%; 4: 8%)
PA0  heptyl acetates:23 % (isomer 1: 0%; 2: 70%; 3: 20%; 4: 10%)
PA0  heptanols:17 % (isomer 1: 0%; 2: 55%; 3: 24%; 4: 21%)
PA0  heptanones: 5% (isomer   2: 80%; 3: 12%; 4: 8%)
PAC  EXAMPLE III
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid and chloroform.
PAR  By operating as in Example I, but replacing carbon tetrachloride with
      chloroform in the same concentration, the following products were
      identified whose relative proportions are expressed as molar percentages:
PA0  heptyl chlorides: 64% (isomer 1: 7%; 2: 50%; 3: 32%; 4: 11%)
PA0  heptyl acetates: 13 % (isomer 1: 0%; 2: 69%; 3: 23%; 4: 8%)
PA0  heptanols: 14% (isomer 1: 0%; 2: 59%; 3: 33%; 4: 8%)
PA0  heptanones: 9% (isomer   2: 56%; 3: 29%; 4: 15%)
PAC  EXAMPLE IV
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid, and methylene
      chloride.
PAR  By operating as in Example I, but replacing carbon tetrachloride with
      methylene chloride in the same concentration, the following products were
      identified whose proportions are expressed as molar percentages:
PA0  heptyl chlorides: 63% (isomer 1: 5%; 2: 57%; 3: 27%; 4: 11%)
PA0  heptyl acetates: 17 % (isomer 1: 0%; 2: 68%; 3: 23%; 4: 9%)
PA0  heptanols: 13 % (isomer 1: 0%; 2: 64%; 3: 29%; 4: 7%)
PA0  heptanones: 7% (isomer   2: 64%; 3: 26%; 4: 10%)
PAC  EXAMPLE V
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, perchloric acid, and carbon
      tetrachloride.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, 1.0 mol/liter of perchloric acid, and 1.5 mol/liter of carbon
      tetrachloride in acetic acid was kept at 20.degree.C, without stirring,
      under a nitrogen atmosphere at atmospheric pressure. After 18 hours, the
      reaction mixture was treated as in Example I. The analysis of the ether
      extract enabled to identify the following products, whose relative
      proportions are expressed as molar percentages:
PA0  heptyl chlorides: 65% (isomer 1: 6%; 2: 59%; 3: 23%; 4: 12 %)
PA0  heptyl acetates: 29% (isomer 1: 0%; 2: 66%; 3: 24%; 4: 10 %)
PA0  heptanols: 5% (isomer 1: 0%; 2: 57%; 3: 30%; 4: 13 %)
PA0  heptanones: 1% (isomer   2: 49%; 3: 30%; 4: 21%)
PAC  EXAMPLE VI
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, boron trifluoride, and carbon
      tetrachloride.
PAR  By proceeding as in Example V, but replacing perchloric acid with boron
      trifluoride at a concentration of 1.5 mol/liter, chromatographic analysis
      enabled to identify the following products whose relative proportions are
      expressed as molar percentages:
PA0  heptyl chlorides: 50% isomer 1: 1 %; 2: 54 %; 3: 33%; 4: 12%)
PA0  heptyl acetates: 28 % (isomer 1: 0%; 2: 65%; 3: 30%; 4: 5%)
PA0  heptanones: 14% (isomer   2: 62%; 3; 26%; 4:12%)
PA0  heptanols: 8% (isomer   2: .+-. 100 %)
PAC  EXAMPLE VII
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, trifluoroacetic acid and carbon
      tetrachloride.
PAR  By proceeding as in Example V but replacing perchloric acid with
      trifluoroacetic acid at the concentration of 1.5 mol/liter, analysis
      showed that 4.3 % of the n-heptane employed had been converted to yield
      the following products whose relative proportions are expressed as molar
      percentages:
PA0  heptyl chlorides: 92 % (isomer 1: 4%; 2: 80%; 3: 10%; 4: 6%)
PA0  heptyl acetates: 4% (isomer 1: 0%; 2: 80%; 3: 15%; 4: 5%)
PA0  heptanols: 3 % (isomer 1: 0%; 2: 77%; 3: 23%; 4: 0%)
PA0  heptanones: 1% (isomer   2: 82%; 3: 18%; 4: 0%)
PAR  It is apparent that by employing trifluoroacetic acid as an activator, the
      heptane is converted almost exclusively into heptyl chlorides with a
      particularyly high selectivity in respect of isomer 2.
PAC  EXAMPLE VIII
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, trichloroacetic acid, and carbon
      tetrachloride.
PAR  Applying the procedure of Example V, but replacing perchloric acid with
      trichloroacetic acid at the concentration of 1.5 mol/liter, analysis
      showed that 3.2 % of the n-heptane employed had been converted to yield
      the following products whose relative proportions are given as molar
      percentages.
PA0  heptyl chlorides: 89% (isomer 1: 7%; 2: 73%; 3: 13%; 4: 7%)
PA0  heptyl acetates: 5 % (isomer 1: 0%; 2: 77%; 3: 16%; 4: 7%)
PA0  heptanols: 5% isomer 1: 0%; 2: 80%; 3: 16%; 4: 4%)
PA0  heptanones: 1% (isomer   2: 72%; 3: 19%; 4: 9%).
PAC  EXAMPLE IX
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate and trichloroacetic acid.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, and 1.5 mol/liter of trichloroacetic acid in acetic acid was kept
      at 20.degree.C, without stirring, under a nitrogen atmopshere at
      atmospheric pressure. After 18 hours the reaction mixture was treated and
      analyzed as in Example I. It was thus established that 3.3 % of the
      n-heptane employed had been converted to yield the following products
      whose relative proportions are given as molar percentages
PA0  heptyl chlorides: 60 % (isomer 1: 6%; 2: 79%; 3: 12%; 4: 5%)
PA0  heptyl acetates: 13 % (isomer 1: 6%; 2: 74%; 3: 14%; 4: 6%)
PA0  heptanols: 9 % (isomer 1: 0%; 2: 81%; 3: 15%; 4: 4%)
PAR  This example shows that trichloroacetic acid can simultaneously operate as
      an activator and as a halogen donor.
PAC  EXAMPLE X
PAR  By operating in the same conditions as in Example IX, but taking special
      precautions to obtain as anhydrous a medium as possible, it was
      established that 2.8 % of the n-heptane had been converted to yield the
      following products whose relative proportions are given as molar
      percentages:
PA0  heptyl chlorides: 80% (isomer 1: 7%; 2: 79%; 3: 9%; 4: 5%)
PA0  heptyl acetates: 14% (isomer 1: 0%; 2: 78%; 3: 16%; 4: 6%)
PA0  heptanols: 5% (isomer 1: 0%; 2: 74%; 3: 13%; 4: 13%)
PA0  heptanones: 1% (isomer  2: 93%; 3: 7%; 4: 0%)
PAR  Comparing these results to those of Example IX, it is plain that the
      proportion of halides is distinctly improved by operating in an anhydrous
      medium.
PAC  EXAMPLE XI
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate and trichloroacetic acid, using
      propionic acid as a solvent.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.2 mol/liter of cobaltic
      acetate, and 1.5 mol/liter of trichloroacetic in propionic acid was kept
      at 25.degree. C, without stirring, under a nitrogen atmosphere at
      atmospheric pressure. After 18 hours the reaction mixture was treated as
      in Example I. Analysis showed that approximately 80 % of the products
      obtained consisted of heptyl chlorides (isomer 1: 6 %; 2 : 80 %; 3 : 10 %;
      4 : 4 %).
PAR  Operating in the same conditions but replacing cobaltic acetate with
      cobaltic propionate, identical results were obtained.
PAC  EXAMPLE XII
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate and trichloroacetic acid, using methyl
      acetate as a solvent.
PAR  Example XI was repeated, replacing propionic acid with methyl acetate.
      Analysis enabled to identify the following products whose relative
      proportions are given as molar percentages:
PA0  heptyl chlorides: 72% (isomer 1: 10 %; 2 : 76%; 3: 10%; 4: 4%)
PA0  heptyl acetates: 16% (isomer 1: 13 %; 2 : 67%; 3: 15%; 4: 5%)
PA0  heptanols: 7% (only isomer 2 was detectable)
PA0  heptanones: 5% (only isomer 2 was detectable)
PAC  EXAMPLE XIII
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate and trichloroacetic acid in the absence
      of extraneous solvent.
PAR  A solution containing 0.1 mol/liter of cobaltic acetate and 0.75 mol/liter
      of trichloroacetic acid in n-heptane was kept at 20.degree.C, without
      stirring, under a nitrogen atmosphere at atmospheric pressure. After 18
      hours the reaction mixture was treated and analyzed as in Example I.
      Analysis enabled to identify the following products, whose relative
      proportions are given as molar percentages:
PA0  heptyl chlorides: 57% (isomer 1; 16%; 2: 68%; 3: 12%; 4: 4%)
PA0  heptanols: 27% (isomer 1: 0%; 2: 78%; 3: 18%; 4: 4%)
PA0  heptanones: 11 % (isomer   2: 86%; 3: 11%; 4: 3%)
PA0  heptyl acetates: 5% (isomer 1: 0%; 2: 70%; 3: 21%; 4: 9%)
PAC  EXAMPLE XIV
PAR  This example illustrates the chlorination of n-heptane by means of the
      system comprising cobaltic acetate, trichloroacetic acid, and carbon
      tetrachloride, in the absence of extraneous solvent.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate and 1.5 mol/liter of trichloroacetic acid in carbon tetrachloride
      was kept at 20.degree. C, without stirring, under a nitrogen atmosphere at
      atmospheric pressure. After 18 hours the reaction mixture was treated and
      analyzed as in Example I. Analysis enabled to identify the following
      products, whose relative proportions are given as molar percentages:
PA0  heptyl chloride: 75% (isomer 1: 15%; 2: 68%; 3:12%; 4: 5%)
PA0  heptanols: 25% (isomer 1: 0%; 2: 71%; 3:23%; 4: 6%)
PAR  This example illustrates the possibility of using the halogen donor as a
      solvent.
PAC  EXAMPLE XV
PAR  This example illustrates the effect of temperature on the chlorination of
      n-heptane by means of the system comprising cobaltic acetate, and
      trichloroacetic acid.
PAR  Example IX was repeated at different temperatures. In all cases the major
      proportion of the products obtained consisted of heptyl chlorides whereof
      the isomeric distribution is given in the following table, equally
      repeating the results of Example IX.
TBL  ______________________________________                                    

     Temperatures Heptyl chlorides (% relative)                                

     (.degree.C)  1        2        3      4                                   

     ______________________________________                                    

     20           6        77       12     5                                   

     35           8        79        8     5                                   

     70           9        64       20     7                                   

     90           9        55       27     9                                   

     ______________________________________                                    

PAR  These results show that the selectivity for isomer 2 is practically
      identical at 20.degree. and at 35.degree.C, but that it decreases at
      higher temperatures to approach the statistical value (40 percent while
      ignoring the contribution of the methyl groups).
PAC  EXAMPLE XVI
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid, and
      trichlorobromomethane.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, 0.2 mol/liter of sulphuric acid, and 1.5 mol/liter of
      trichlorobromomethane in acetic acid was kept at 20.degree.C, without
      stirring, in the dark, and under a nitrogen atmosphere at atmospheric
      pressure. After 18 hours the reaction mixture was treated and analyzed as
      in Example I.. It was thus determined that 10 % of the n-heptane employed
      had been converted to yield the following products:
PA0  heptyl bromides: 100 % (isomer 1: 4%; 2: 47%; 3: 33%; 4: 16%)
PAC  EXAMPLE XVII
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate, sulphuric acid and bromine.
PAR  Example XVI was repeated, rpelacing trichlorobromomethane with bromine at
      the concentration of 0.15 mol/liter. After 20 minutes the reaction mixture
      was treated and analyzed as in Example I. It was found that 6 % of the
      n-heptane had been converted to yield the following products:
PA0  heptyl bromides: 100% (isomer 1: 1%; 2: 51%;  3.32%; 4: 16%)
PAR  This example shows the possibility of employing molecular bromine as a
      bromination agent.
PAC  EXAMPLE XVIII
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate, trichloroacetic acid, and
      trichlorobromomethane.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, 1.5 mol/liter of trichloroacetic acid, and 1.5 mol/liter of
      trichlorobromomethane in acetic acid was kept at 20.degree.C, without
      stirring, in the dark, and under a nitrogen atmosphere at atmospheric
      pressure. After 24 hours the reaction mixture was treated and analyzed as
      in Example I. It was found that 8 % of the n-heptane employed had been
      converted to yield the following products:
PA0  heptyl bromides: 100% (isomer 1: 5%; 2: 66%; 3: 20%; 4: 9%)
PAR  This example shows that in the presence of a bromine donor, trichloroacetic
      acid solely operates as an activator and not as a halogen donor.
PAC  EXAMPLE XIX
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate, trichloroacetic acid and bromine.
PAR  Example XVII was repeated, replacing sulphuric acid with trichloroacetic
      acid at the concentration of 1.5 mol/liter. Analysis showed that after 4
      hours of reaction, 3.6 % of the n-heptane employed had been converted to
      yield the following products:
PA0  heptyl bromides: 100% (isomer 1: 2%; 2: 60%; 3: 24%; 4: 14%)
PAC  EXAMPLE XX
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate and tribromoacetic acid.
PAR  A solution containing 0.5 mol/liter of n-heptane, 0.1 mol/liter of cobaltic
      acetate, and 1.5 mol/liter of tribromoacetic acid in acetic acid was kept
      at 20.degree.C, without stirring, in the dark, and under a nitrogen
      atmosphere at atmospheric pressure. After 19 hours the reaction mixture
      was treated and analyzed as in Example I. It was thus determined that 6.1
      % of the n-heptane employed had been converted to yield the following
      products:
PA0  heptyl bromides: 100% (isomer 1: 1%; 2: 57%; 3: 27%; 4: 15%)
PAR  It is plain that like trichloroacetic acid in Example IX, tribromoacetic
      acid can simultaneously operate as an activator and as a halogen donor.
PAC  EXAMPLE XXI
PAR  This example illustrates the bromination of n-heptane by means of the
      system comprising cobaltic acetate and dibromoacetic acid.
PAR  Example XX was repeated, replacing tribromoacetic acid with dibromoacetic
      acid in the same concentration. Analysis established that 2.3 % of the
      n-heptane employed had been converted to yield the following products:
PA0  heptyl bromides: 100% (isomer 1: 1%; 2: 62%; 3: 24%; 4: 13%)
PAC  EXAMPLE XXII
PAR  This example illustrates the bromination of n-heptane by means of a system
      comprising cobaltic acetate, trifluoroacetic acid and monobromoacetic
      acid.
PAR  Example XX was repeated, replacing tribromoacetic acid with trifluoroacetic
      acid and monobromoacetic acid, each at a concentration of 1.5 mol/liter.
      Analysis showed that 2.5 % of the n-heptane employed had been converted to
      yield the following products whose relative proportions are given as molar
      percentages:
PA0  heptyl bromides: 84% (isomer 1: 2%; 2: 60%; 3: 26%; 4: 12%)
PA0  heptyl acetates: 8% (isomer 1: 0%; 2: 68%; 3: 22%; 4: 10%)
PA0  heptanones: 6% (isomer   2: 75%; 3: 17%; 4: 8%)
PA0  heptanols: 2 % (isomer 1: 0%; 2: 70%; 3: 20%; 4: 10%)
PAR  The same products are obtained if trifluoroacetic acid is not added to the
      system, but they correspond to no more than a conversion of 0.6 % of the
      n-heptane employed.
PAR  This example shows that monobromoacetic acid can be employed in the present
      invention as a halogen donor, but that its acidity is insufficient for
      effectively performing the function of an activator.
PAC  EXAMPLE XXIII
PAR  This example illustrates the bromination of n-heptane by means of the sytem
      comprising cobaltic acetate, trifluoroacetic acid, and
      alpha-bromoisobutyric acid.
PAR  Example XX was repeated, replacing tribromoacetic acid with trifluoroacetic
      acid and alpha-bromoisobutyric acid, each at the concentration of 1.5
      mol/liter. Analysis showed that 2.2 % of the n-heptane employed had been
      coverted to yield the following products whose relative proportions are
      given as molar percentages:
PA0  heptyl bromides: 91% (isomer 1: 3%; 2: 75%; 3: 16%; 4: 6%)
PA0  heptanones: 5 % (isomer  2: 85%; 3: 10 %; 4: 5%)
PA0  heptyl acetates: 3 % (isomer 1: 0%; 2: 79%; 3: 15 %; 4: 6%)
PA0  heptanols: 1% (only isomer 2 was detectable)
PAR  The same products are obtained if trifluoroacetic acid is not added to the
      system, but they correspond to only 0.4 % of the n-heptane employed.
PAR  This example shows that like monobromoacetic acid, alpha-bromoisobutyric
      acid can operate as a halogen donor but not as an activator.
PAC  EXAMPLE XXIV
PAR  This example illustrates the chlorination of n-decane by means of the
      system comprising cobaltic acetate and trichloroacetic acid.
PAR  A solution containing 0.5 mol/liter of n-decane, 0.1 mol/liter of cobaltic
      acetate, and 1.5 mol/liter of trichloroacetic acid in acetic acid was kept
      at 20.degree.C, without stirring, under a nitrogen atmosphere at
      atmospheric pressure. After 18 hours the reaction mixture was treated and
      analyzed as in Example I. It was thus determined that approximately 63
      percent of the products obtained consisted of decyl chlorides (isomer 1:
      5%; 2: 67%; 3: 13%; 4 + 5: 15%).
PAC  EXAMPLE XXV
PAR  This example illustrates the chlorination of 2-methylpentane by means of
      the system comprising cobaltic acetate and trichloroacetic acid.
PAR  A solution containing 0.8 mol/liter of 2-methylpentane, 0.2 mol/liter of
      cobaltic acetate, and 1.5 mol/liter of trichloroacetic acid in acetic acid
      was kept at 20.degree.C, without stirring, under a nitrogen atmosphere at
      atmospheric pressure. After 30 hours the reaction mixture was treated and
      analyzed as in Example I. Analysis enabled to identify the following
      products whose relative proportions are given as molar percentages:
PA0  2-methylchloropentanes: 50 %(isomer 1: 6%; 2: 5%; 3: 2%; 4: 74%; 5: 13%)
PA0  2-methylpentanol acetates:44 %(isomer 1: 0%; 2: 66%; 3: 2% 4: 32%; 5: 0%)
PA0  2-methylpentanols: 4 %(isomer 1: 0%; 2: 35%; 3: 34% 4: 30%; 5: 0%)
PA0  2-methylpentanones: 2% (only isomer 4 was detectable)
PAR  It is obvious that despite the presence of a tertiary hydrogen atom, the
      chlorination of the hydrocarbon occurs principally on the methylene group
      situated in the 4 position.
PAC  EXAMPLE XXVI
PAR  This example illustrates the chlorination of 2-methylhexane by means of the
      system comprising cobaltic acetate and trichloroacetic acid.
PAR  A solution containing 0.5 mol/liter of 2-methylhexane, 0.1 mol of cobaltic
      acetate, and 1.5 mol/liter of trichloroacetic acid in acetic acid was kept
      at 20.degree.C, without stirring, under a nitrogen atmosphere at
      atmospheric pressure. After 24 hours the reaction mixture was treated and
      analyzed as in Example I. The analysis enabled to identify the following
      products whose relative proportions are given as molar percentages:
PA0  2-methylchlorohexanes: 59 % (isomer 1: 55; 2 + 3 + 4: 16%; 5: 74%; 6 5%)
PA0  2-methylhexanol acetates: 27% (isomer 1: 0%; 2: 73%; 3: 0%; 4: 0%; 5: 27%;
      6: 0%)
PA0  2 -methylhexanols: 8% (isomer 1: 0%; 2: 38%; 3: 9%; 4: 9%; 5: 44%; 6: 0%)
PA0  2-methylhexanones: 6% (only isomer 5 was detectable)
PAC  EXAMPLE XXVII
PAR  Following the procedure of Example XXVI but using a medium as anhydrous as
      possible, the following products were obtained, whose relative proportions
      are given as molar percentages:
PA0  2-methylchlorohexanes: 71% (isomer 1: 4%; 2 + 3 + 4: 16%, 5: 75%; 6: 5%)
PA0  2-methylhexanol acetates: 21% (isomer 1: 0%; 2: 81%; 3: 0%; 4: 0%; 5: 19%;
      6: 0%)
PA0  2-methylhexanols: 5% (isomer 1: 0%; 2: 41%; 3: 0%; 4: 7%; 5: 52%; 6: 0%)
PA0  2-methylhexanones: 3% (only isomer 5 was detectable)
PAR  This example confirms that it is of interest to operate in an anhydrous
      medium to promote the formation of halides.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for selective halogenation of a straight-chain or
      branched-chain hydrocarbon of the type CH.sub.3 --CH.sub.2 --R in which R
      is a primary alkyl group, to preferentially halogenate the carbon atom of
      a methylene group in alpha-position to a terminal methyl group, comprising
      reacting said hydrocarbon in the liquid phase with a halogen donor
      selected from the group consisting of molecular bromine and the halogen
      compounds having the formula
      ##EQU2##
      wherein X is a chloro or bromo radical; Y.sub.1 and Y.sub.2 are members of
      the group consisting of the fluoro, chloro, bromo, cyano, carboxyl,
      alkoxycarbonyl, hydrogen and hydrocarbon radicals; Y.sub.3 is a fluoro,
      chloro, bromo, cyano, carboxyl, or alkoxycarbonyl radical; in the presence
      of a cationic cobaltic salt of a lower fatty acid and an activator
      selected from the group consisting of sulphuric acid, perchloric acid,
      trifluoroacetic acid, trichloroacetic acid, tribromoacetic acid,
      dichloroacetic acid, dibromoacetic acid, boron trifluoride and mixtures
      thereof, at a temperature between -20.degree.C and +100.degree.C, and in
      the absence of molecular oxygen.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the radical R comprises
      comprises more than 2 carbon atoms.
NUM  3.
PAR  3. The process as defined in claim 1 wherein the halogen donor is a
      halomethane comprising at least two halogen atoms selected from the group
      consisting of chlorine and bromine.
NUM  4.
PAR  4. The process as defined in claim 1 wherein the halogen donor is a
      compound comprising at least two chlorine atoms linked to a carbon atom in
      alpha position to a radical selected from the group consisting of carbonyl
      and cyano.
NUM  5.
PAR  5. The process as defined in claim 4 wherein the halogen donor is
      trichloroacetic acid.
NUM  6.
PAR  6. The process as defined in claim 1 wherein the halogen donor is a
      compound comprising at least one bromine atom linked to a carbon atom in
      alpha-position to a radical selected from the group consisting of carbonyl
      and cyano.
NUM  7.
PAR  7. The process as defined in claim 6 wherein the halogen donor is
      tribromoacetic acid.
NUM  8.
PAR  8. The process as defined in claim 1 wherein the cobaltic salt is the salt
      of a fatty acid comprising from 2 to 4 carbon atoms.
NUM  9.
PAR  9. The process as defined in claim 8 wherein the cobaltic salt is cobaltic
      acetate.
NUM  10.
PAR  10. The process as defined in claim 1 wherein the reaction is performed in
      the presence of a solvent selected from the group consisting of the fatty
      acids having 2 to 4 carbon atoms and the methyl and t-butyl esters of said
      fatty acids.
NUM  11.
PAR  11. The process as defined in claim 10 wherein the solvent is acetic acid.
NUM  12.
PAR  12. The process as defined in claim 1 wherein the reaction is performed in
      an anhydrous medium.
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ABST
PAL  A variable area venturi carburetor has the cold engine cranking and running
      circuits integrated with the venturi valve circuit, to simplify the
      construction as compared to known carburetors of this type in which the
      circuits are independent, the integration being provided by an articulated
      linkage moving the venturi valve in response to engine manifold vacuum
      changes, the carburetor having an auxiliary air and fuel passage also
      controlled by manifold vacuum during cold engine operation to provide
      controlled air and the extra fuel required for cold cranking and running,
      and shutting down of the extra fuel supply and opening the air supply when
      the engine reaches the normal operating temperature.
BSUM
PAR  This invention relates, in general, to a variable area venturi type
      carburetor. More particularly, it relates to one in which the engine
      cranking and running cold engine fuel enrichment circuits, as well as the
      venturi valve circuits, are integrated.
PAR  U.S. Ser. No. 430,956, "Carburetor Cold Enrichment Fuel Metering Signal and
      Air Flow Modulator," Dickensheets et al., filed Jan. 4, 1974 and assigned
      to the assignee of this case, shows and describes a variable area venturi
      type of carburetor that has a cold engine cranking circuit that is
      separate from the cold engine running circuit and the circuit for moving
      the venturi valve to its various positions. The separate circuits
      necessitate the use of many individual components, such as, for example,
      solenoid means for opening and closing the engine cranking circuit, that
      could be eliminated were the various circuits to be integrated as is
      proposed by this invention.
PAR  It is, therefore, a primary object of this invention to integrate the cold
      engine cranking and running and venturi valve circuits for a variable area
      venturi type carburetor to simplify the construction while at the same
      time providing all of the functions of each individual circuit.
PAR  It is a further object of the invention to provide a variable area venturi
      type carburetor with a venturi having at least one movable wall that is
      actuated by mechanical linkage controlled by engine manifold vacuum
      changes and temperature responsive stop means to variably enlarge and
      contract the venturi area to control both air flow and fuel flow through
      the venturi, the carburetor including an auxiliary air input to the
      induction passage containing a supplemental fuel passage, supply of air to
      the auxiliary passage being blocked during cold engine cranking operations
      to enrich the mixture to the cranking level required by means of a
      temperature controlled needle valve operable in the auxiliary fuel
      passage, attainment of a running condition by the engine opening the
      auxiliary air inlet and bleeding air into the fuel passage to lessen the
      fuel flow through the auxiliary passage, the venturi valve meanwhile
      simultaneously opening in response to engine running operation to increase
      the main fuel flow and air flow to provide an overall leaner mixture than
      during cranking operation.
DRWD
PAR  Other objects, features and advantages of the invention will become more
      apparent upon reference to the succeeding detailed description thereof,
      and to the drawings illustrating the preferred embodiment thereof;
      wherein,
PAR  FIG. 1 is a cross-sectional view of a portion of a variable area venturi
      type carburetor embodying the invention;
PAR  FIG. 2 illustrates schematically an exploded view of the cold engine
      cranking, running and venturi valve fuel enrichment circuits embodying the
      invention; and,
PAR  FIGS. 3 and 4 are views corresponding to that shown in FIG. 2 and
      illustrating the parts therein in their positions during other conditions
      of operation of the engine.
DETD
PAR  FIG. 1, which is essentially to scale, shows a cross-sectional view of a
      variable area venturi carburetor of the downdraft type similar to that
      shown in U.S. Ser. No. 430.956, referred to above. The carburetor in this
      case has a rectangularly shaped induction passage 10, the one end wall 12
      of which is pivotally movable and has the profile of one-half of a venturi
      13. The opposite fixed cooperating wall 14 is formed with the mating
      profile of a portion of a venturi. The air flow capacity, therefore,
      varies in proportion to the opening movements of wall 12 of the induction
      passage. The movable wall is pivotally mounted at 15 on a stationary pin.
      The pin actually is fixed to a strut, not shown, that depends from a
      section of the upper body of the carburetor.
PAR  Pivotally attached to the body of wall 12 is a fuel metering rod 16 that
      cooperates with a main fuel metering jet 18. The needle type rod has a
      controlled taper to provide a richer air/fuel mixture at both the lower
      and higher ends of the venturi opening range. The jet is located in an
      aperture in side wall 14 at approximately the throat or most constricted
      section of venturi 13. A fuel float bowl or reservoir 20 has a passage
      (not shown) conducting fuel to the main metering jet 18. Downstream of the
      venturi, the carburetor throttle body portion 23 rotatably mounts a shaft
      24 on which is fixed a conventional throttle plate 25 that controls the
      flow of air and fuel through induction passage 10.
PAR  Referring now to FIGS. 2, 3 and 4, the size of venturi 13 and the movement
      of wall 12 is controlled in this case by an articulated linkage 30 in turn
      controlled by an engine intake manifold vacuum responsive servo 32 and a
      temperature responsive bimetallic spring element 34. More specifically,
      the articulated linkage 30 includes a bell crank lever 36 fixed at 38 to a
      rotary valve positioner or shaft 40. The latter is rotatably mounted in
      the side walls of the carburetor. The one end 42 of the bell crank lever
      is adapted to engage the front edge of the movable wall supporting leg 37,
      for pivoting the movable wall to its various open positions. The opposite
      end of bell crank lever 36 is pivotally connected to a link 44 in turn
      pivotally connected to the end of a second lever 46. The latter lever is
      pivotally connected near its midpoint to a rod or stem 48 fixedly
      projecting from an annular flexible diaphragm 50. The latter constitutes
      one portion of the vacuum actuated servo mechanism 32. For simplicity, the
      details of construction of the servo mechanism have not been shown.
      Suffice it to say that the servo would have an outer housing providing a
      hollow interior divided by the diaphragm 50 into an air chamber and a
      manifold vacuum chamber 54. The air chamber would be connected to
      atmosphere, while the vacuum chamber 54 is connected to engine intake
      manifold vacuum in a line 56 past an orifice 58. A spring 60 normally
      biases the diaphragm 50 downwardly to the position shown in FIG. 2 causing
      the linkage 30 to assume the position shown permitting closure of the
      venturi valve movable wall 12.
PAR  The opening movement of movable wall 12 in this case is controlled by a
      valve stop cam 62 that is fixedly mounted on a shaft 64. The cam 62 has a
      continuously variable cam surface or face 66 adapted to be engaged at
      times by a screw 68 adjustably mounted in the end of lever 46.
PAR  The carburetor main body portion is provided with an auxiliary air bypass
      passage 80 that has an outlet 82 opening into the induction passage below
      the venturi 13. The air passage has a separate air inlet 84 on the
      upstream side of the venturi. The inlet is adapted to be closed by an
      adjustable valve 86 that is secured for movement with an annular flexible
      diaphragm 88. The diaphragm forms part of a conventional servo mechanism
      90 in which the diaphragm divides the servo into an air chamber on the
      valve size of the diaphragm and a manifold vacuum chamber 92. The latter
      is connected by a line 94 to engine intake manifold vacuum. A spring 96
      normally biases diaphragm 88 and the air bypass valve to a closed position
      as indicated in FIG. 2. An adjustable stop 98 is provided for limiting the
      opening movement of the air bypass valve, for air flow control purposes.
PAR  In order to prevent closing of the air bypass valve 86 under low engine
      manifold vacuum conditions, such as, for example, during heavy
      accelerations or wide open throttle operation, the diaphragm 88 is
      prevented from moving to the position shown in FIG. 2 during engine
      operation by engagement with the end 100 of a lever 101. The lever is
      pivotally mounted at its opposite end 102 and is connected pivotally at
      its midpoint to a link 103 pivotally connected to a lever 104 on the
      throttle shaft 24. Accordingly, when the throttle is depressed near to or
      to the wide open throttle operating position, lever 104 will rotate
      counterclockwise to move the lever 101 upwardly into engagement with the
      diaphragm 88 to maintain it in the position shown in FIG. 3 until the
      manifold vacuum can again build up to the level necessary for it to
      maintain the diaphragm in that position by itself.
PAR  Air in the bypass passage 80 is mixed with fuel inducted through an
      auxiliary fuel passage 105 connected to the passage 80 by a port 106. The
      fuel passage has an air bleed 107 at its upper end that is adapted to be
      blocked or closed when the air bypass valve 86 is closed. An orifice 108
      controls the bleed of air into the fuel passage and therefore the signal
      acting on the fuel. The lower end of fuel passage 105 connects with a fuel
      channel 109 that opens into the lower end of the fuel reservoir 20. Fuel
      flows from the reservoir past a metering orifice or fuel jet 110. The flow
      of auxiliary fuel into passage 105 is controlled in this case by a tapered
      needle valve 112 secured to a metering rod 114. The rod is pivotally
      secured to the end of a rockable lever 116 connected at its opposite end
      to an additional rod 118 pivotally attached to a lever 120. Lever 120 is
      fixed on shaft 64 and therefore rotates in one direction or the other as a
      function of changes in temperature of the bimetallic spring element 34, to
      be described. The flow of auxiliary fuel into fuel passage 105, therefore,
      will vary as a function of temperature changes by the temperature spring
      element 34 moving the needle valve 112 into or out of the metering jet.
PAR  As stated, shaft 64 fixedly mounts both lever 120 and valve stop cam 62.
      Also fixed on the shaft is a lever 122 that has a right angled end portion
      engaging the outer end 124 of the coiled bimetallic spring 34. The inner
      end of the spring is fixed to a stub shaft 126 that is separate from shaft
      64. The coiled spring contracts and expands circumferential in response to
      changes in temperature from the warm engine level. As the temperature
      decreases, therefore, from the normal operating level, the outer end of
      the coiled spring will rotate clockwise to rotate shaft 64 in the same
      direction. This will position the valve stop cam 62 as shown in FIG. 2 for
      the coldest engine start or cranking position in which the metering valve
      112 is in wide open position. As soon as the engine is cranked, therefore,
      manifold vacuum acting in the servo 32 will pull the articulated linkage
      30 upwardly as shown in FIG. 3 using the engagement of the screw 68
      against the lowest portion of the cam surface 66 as a pivot point to open
      the venturi valve movable wall 12 as shown. As the temperature
      progressively increases toward the normal operating level, the
      counterclockwise rotation of the coiled spring 34 will rotate shaft 64 and
      cam 62 in the same direction to progressively raise the screw 68. Thus,
      the changing of the pivot point location by rotation of the valve stop cam
      will permit a progressive closing of the venturi valve movable wall as
      shown in FIG. 4.
PAR  During cold engine cranking positions, it is necessary to crack open the
      throttle plates from their closed positions to allow sufficient extra air
      and fuel flow through the induction passage at this time to compensate for
      the increased friction, oil viscosity, etc. This is accomplished by the
      conventional fast idle cam mechanism shown here only partially. More
      specifically, the shaft 64 rotatably mounts a fast idle cam 128 having a
      number of steps 130, 132, and 134 of different radial extent. The steps
      are adapted to be engaged one at a time by a screw mechanism similar to
      that of 68 that would be attached to a lever fixed to the throttle shaft
      24. It will be clear, therefore, that depending upon the rotated position
      of the fast idle cam, the closed position of the throttle plates will vary
      as a function of which step the throttle shaft mounted screw mechanism is
      engaging. For example, when the screw is engaging the step 134, the
      throttle plates 25 will be in their normal closed idle speed position
      shown In FIG. 4. On the other hand, with a cold engine start, the step 130
      will be engaged by the screw to provide the greatest opening of the
      throttle plates, as seen in FIG. 2, to provide the required air flow at
      this time.
PAR  It should be noted that the end 100 of lever 101 is constructed to just
      touch the underside of diaphragm 88 in its extended position when the
      throttle plates 25 and lever 104 are rotated to the coldest engine start
      position shown. This permits closure of valve 86 without regard to the
      closed idle speed position of the throttle plates 25.
PAR  As stated, the fast idle cam 128 is rotatably mounted on shaft 64. This
      permits the cam to fall by gravity against a screw 136 adjustably mounted
      on a lever 138. The fast idle cam, therefore, will normally follow the
      movement of lever 138 once the step of the cam is released from engagement
      by the throttle shaft mounted screw, not shown. This is necessary to
      permit an override of the fast idle cam action upon full depression of the
      throttle plates in a conventional manner to reposition the fast idle cam
      for a fast or hot engine start, for example, in a known manner. This will
      become clear later during a description of the operation.
PAR  Lever 138 is fixed on shaft 64 and, therefore, normally rotates as a
      function of changes in temperature of bimetallic element 34. To accomplish
      the conventional kick down or release from the high cam step after engine
      cranking, lever 138 is pivotally connected by jointed links 140 and 142 to
      a lever 144. The latter is fixed to link 46 and, therefore, pivots with
      it. When the carburetor linkage is conditioned for cranking, as seen in
      FIG. 2, servo spring 60 will move linkage 30 and lever 138 to position
      fast idle cam 128 up. This will present step 130 for engagement by the
      throttle shaft mounted screw, not shown, cracking open the throttle plate
      25 to the fastest idle speed position, for starting. As soon as the engine
      attains a running condition, servo 32 then retracts linkage 30 to the FIG.
      3 position, moving lever 138 to the position shown. The fast idle cam 128,
      however, will not fall down by gravity against screw 138 until the
      throttle shaft is rotated open enough to free the step 130 from the
      throttle shaft mounted screw.
PAR  Conversely, to restart an engine, lever 138 cannot move the fast idle cam
      up (assuming it is in the FIG. 4 position) to the FIG. 2 cranking position
      until the throttle plates are opened to a position releasing the throttle
      shaft mounted screw from the fast idle cam step 134.
PAR  In operation, a cold engine start is obtained by first depressing the
      accelerator pedal to release the fast idle cam 128 from the throttle shaft
      mounted screw so that the cam can assume the position dictated by lever
      138. The step 130 will be engaged by the throttle shaft mounted screw to
      open the throttle plates wider than their normal engine idle speed
      position. At the same time, with no manifold vacuum present, servo spring
      60, in addition to positioning the fast idle cam, will move the
      articulated linkage 30 to the position shown in FIG. 2 to close the
      venturi valve 12 to the position shown. While it appears to be completely
      closed, sufficient air leakage exists around the sides of the venturi
      valve and past the nose portion to provide the required air flow. The
      valve stop cam 62 has been rotated to the position shown by shaft 64 being
      rotated by coiled spring 34. Simultaneously, the lack of manifold vacuum
      to servo 90 will permit the spring 96 to close the air bypass valve 86,
      which also closes the air bleed 107 for fuel passage 105. The maximum fuel
      metering signal therefore will be present in passage 106 to induct the
      correct amount of fuel into the engine during the cranking operation. The
      needle valve 112 has been withdrawn its maximum amount by the rotation of
      shaft 64 and lever 120 by the coiled bimetallic spring 34, as described
      previously. Accordingly, the engine is now conditioned for cranking
      operations with a rich mixture and reduced auxiliary air flow input
      openings but increased air flow past the throttle plates.
PAR  Referring now to FIG. 3, as soon as the engine attains a running condition,
      the buildup in manifold vacuum immediately raises the articulated linkage
      30 and lever 138 to the positions shown causing the lever 36 to pivot
      counterclockwise and move open the venturi valve 12 to the position shown.
      The lever 46 pivots about the screw 68 seated against the lower portion of
      the cam surface 66. Simultaneously, manifold vacuum acting in servo 90
      pulls open the air bypass valve 86 and increases the air input supply to
      the induction passage. It also uncovers the air bleed 107 to fuel passage
      105. This results in a decreased auxiliary fuel supply signal thereby
      resulting in less inducted auxiliary fuel, while simultaneously increasing
      the main fuel flow by withdrawal of metering rod 16 from the main metering
      orifice 18. Simultaneously, depression of the throttle plate 25 will move
      the throttle shaft mounted screw away from the fast idle cam step 130
      permitting rotation of the cam down against screw 136. Release of the
      accelerator pedal then will cause engagement of a lower step 132 on the
      cam 128, closing the throttle plate to a less open position but still
      greater than the normal engine idle speed position. This also decreases
      the air flow. The overall effect is to provide a leaner engine running
      mixture than during the cranking operation since less fuel is now needed.
PAR  As the engine continues to run and the temperature continues to increase
      towards the normal operating level, the fast idle cam and the valve stop
      cam 62 will be rotated counterclockwise in response to the warming
      movement of the coiled spring 34 so that the positions shown in FIG. 4 are
      eventually attained. The screw 68 has been raised by its engagement with
      the highest portion of the valve stop cam 62 so that the lever 36 is
      rotated to the position shown and permits closing of the venturi valve.
      Simultaneously, the fuel metering rod valve 112 has been moved downwardly
      to seat in the metering jet 110 and completely shut off the flow of
      auxiliary fuel to passage 106. The air bypass valve 86 remains open and
      will stay in that position even though low manifold vacuums are
      encountered during heavy accelerations because of the movement of lever
      101 by the throttle valve shaft 24 mechanically maintaining the diaphragm
      88 upwardly and the valve 86 open. The cold enrichment system therefore is
      rendered inoperative.
PAR  From the foregoing, therefore, it will be seen that the invention provides
      a variable area venturi type carburetor with a cold enrichment system that
      integrates the venturi valve circuit, the cold engine cranking circuit,
      and the cold engine running circuit, by means of a simplified mechanical
      construction.
PAR  While the invention has been described and illustrated in its preferred
      embodiment, it will be clear to those skilled in the arts to which it
      pertains that many changes and modifications may be made thereto without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination cold engine cranking and running fuel enrichment system
      comprising a variable area venturi carburetor having an induction passage
      connected to fresh air at one end and adapted to be connected to the
      engine intake manifold at the other end, the passage containing means
      forming a venturi including a valve movable to vary the venturi area to
      control airflow through the venturi, a variable area fuel port adjacent
      the venturi whereby fuel is inducted into the passage during airflow
      through the venturi, an auxiliary air bypass passage having an outlet
      connected to the induction passage and having a separate air inlet, a
      first valve spring biased to close the inlet and responsive to engine
      operation to move to an open position, a supplemental fuel passage
      connected to the air bypass passage at one end to a supply of fuel at the
      other end, a second valve movably cooperating with the fuel supply to
      block or variably increase the supply of fuel to the supplemental fuel
      passage, temperature responsive means connected to the second valve for
      movement of the second valve in opposite directions as a function of
      changes in temperature from a predetermined level, and control means to
      vary the area of both the venturi and fuel port on a predetermined
      schedule to vary fuel flow and normally biasing the venturi valve towards
      a closed smallest area venturi position and movable in response to engine
      operation to open positions increasing the area of the venturi anc
      changing fuel flow, inoperativeness of the engine effecting a movement of
      the venturi valve to effect closing down of the venturi area and a closing
      of the first valve to decrease the air supplies to the induction passage
      and bypass passage upon subsequent engine cranking operation thereby
      increasing the manifold signal acting on the supplemental fuel passage to
      enrichen the starting fuel/air mixture to the engine, subsequent running
      operation of the engine moving the venturi valve to a larger venturi area
      and the first valve to an open position thereby increasing the fuel
      inducted from the fuel port while bleeding the manifold signal acting on
      the fuel passage to decrease fuel flow through the fuel passage and
      leaning the fuel/air mixture to the engine to provide an overall fuel/air
      mixture leaner than during engine cranking operations, means connecting an
      air bleed passage to the supplemental fuel passage and having an orifice
      therein, the first valve in its closed position covering the air bleed
      passage, opening of the first valve decaying the vacuum signal acting on
      the fuel passage.
NUM  2.
PAR  2. A fuel enrichment system as in claim 1, including override means to
      maintain the first valve in an open position during low manifold vacuum
      level accelerations.
NUM  3.
PAR  3. A fuel enrichment system as in claim 2, including engine manifold vacuum
      actuated servo means connected to the first valve and to the venturi valve
      moving the venturi valve in response to engine operation to vary the
      venturi area as a function of changes in engine vacuum and to move the
      first valve to a valve open position, and a lever secured to and movable
      with the engine throttle shaft for engaging the servo means and
      maintaining the servo means in a first valve open position during engine
      operation regardless of the engine manifold vacuum level.
NUM  4.
PAR  4. A fuel enrichment system as in claim 1, the venturi being defined by a
      movable wall constituting said venturi valve which is movable to enlarge
      and contract the venturi area, the control means including a manifold
      vacuum actuated servo and articulated linkage, means connecting the
      linkage to the servo, the linkage having a portion engaging the movable
      venturi wall for moving and effecting movement of the same in opposite
      directions upon changes in engine vacuum levels, the servo including
      spring means biasing the linkage and movable wall towards a closed venturi
      position, the linkage including a connection to the temperature responsive
      means for variably changing the closed position of the venturi movable
      wall as a function of changes in the temperature below the engine normal
      operating temperature level to control cold engine fuel enrichment and
      airflow, a second manifold vacuum actuated servo connected to the first
      valve for opening the auxiliary air inlet as soon as the engine attains a
      running condition, the second valve comprising a needle valve movably
      cooperating with a fuel orifice connecting a fuel reservoir to the fuel
      passage to vary the flow of fuel to the fuel passage as a function of
      changes in temperature of the temperature responsive means, the
      temperature responsive means comprising a bimetallic spring normally
      exerting an opening force on the second valve that increases variably as
      the temperature level decreases from the normal engine operating
      temperature level, the fuel passage having an atmospheric vent opening
      adjacent the end of the fuel passage that is opposite to the end adjacent
      the second valve, the vent opening being closed when the first valve is
      closed and opened in response to opening of the first valve to change the
      vacuum signal acting in the fuel passage.
NUM  5.
PAR  5. A fuel enrichment system as in claim 4, the vent opening being covered
      and closed by the first valve when the first valve is closed, to increase
      the signal force acting on the fuel passage during engine cranking
      operations.
NUM  6.
PAR  6. A fuel enrichment system as in claim 5, including override means
      operably connected to the second servo and operable in response to a
      predetermined decay in engine manifold vacuum force during engine
      operation to prevent closing of the auxiliary air inlet first valve.
NUM  7.
PAR  7. A combination cold engine cranking and running fuel enrichment system
      comprising a variable area venturi carburetor having an induction passage
      connected to fresh air at one end and adapted to be connected to the
      engine intake manifold at the other end, the passage containing means
      forming a venturi including a valve movable to vary the venturi area to
      control airflow through the venturi, a variable area fuel port adjacent
      the venturi whereby fuel is inducted into the passage during airflow
      through the venturi, an auxiliary air bypass passage having an outlet
      connected to the induction passage and having a separate air inlet, a
      first valve spring biased to close the inlet and responsive to engine
      operation to move to an open position, a supplemental fuel passage
      connected to the air bypass passage at one end and to a supply of fuel at
      the other end, a second valve movably cooperating with the fuel supply to
      block or variably increase the supply of fuel to the supplemental fuel
      passage, temperature responsive means connected to the second valve for
      movement of the second valve in opposite directions as a function of
      changes in temperature from a predetermined level, and control means to
      vary the area of both the venturi and fuel port on a predetermined
      schedule to vary fuel flow and normally biasing the venturi valve towards
      a closed smallest area venturi position and movable in response to engine
      operation to open positions increasing the area of the venturi and
      changing fuel flow, inoperativeness of the engine effecting a movement of
      the venturi valve to effect closing down of the venturi area and a closing
      of the first valve to decrease the air supplies to the induction passage
      and bypass passage upon subsequent engine cranking operation thereby
      increasing the manifold signal acting on the supplemental fuel passage to
      enrichen the starting fuel/air mixture to the engine, subsequent running
      operation of the engine moving the venturi valve to a larger venturi area
      and the first valve to an open position thereby increasing the fuel
      inducted from the fuel port while bleeding the manifold signal acting on
      the fuel passage to decrease fuel flow through the fuel passage and
      leaning the fuel/air mixture to the engine to provide an overall fuel/air
      mixture leaner than during engine cranking operations, an engine manifold
      vacuum actuated servo means connected to the first valve and to the
      venturi valve moving the venturi valve in response to engine operation to
      vary the venturi area as a function of changes in engine vacuum and to
      move the first valve to a valve open position, the control means including
      mechanical linkage means secured to the venturi valve and movable by the
      servo means to vary the position of the venturi valve position stop means
      secured to the linkage means and including movable means operably
      connected to the temperature responsive means for determining the closed
      position of the venturi valve as a function of temperature, the movable
      means including a cam surface providing a variable number of venturi valve
      closing positions, the linkage means engaging and moving the venturi valve
      upon changes in manifold vacuum level to positions determined by the
      temperature responsive means whereby the venturi valve closing position
      becomes more open and enlarged as the temperature decreases from the
      normal engine operating level, to increase air and fuel flow through the
      venturi.
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ABST
PAL  A method of molding polyurethane articles using three mold release agents,
      the first being a halocarbon film, the second a hydrocarbon release agent
      and the third a polyvinyl alcohol release agent.
BSUM
PAR  This invention relates to a method of making shaped polyurethanes and
      applying a nondiscoloring polyurethane coat to the shaped polyurethane and
      to the method of releasing said shaped polyurethane. More particularly,
      this invention relates to a method of making a shaped microcellular
      polyurethane article with a nondiscoloring coating thereon. More
      specifically, this invention relates to utilizing mold release agents for
      forming shaped polyurethanes.
PAR  In making shaped polyurethanes it is necessary to use a shaper such as a
      mold or an extruder. Since the shaper tends to adhere to the polyurethane
      reaction mixture during the shaping it has been the general practice to
      treat the surface of the shaper with a mold release agent. These release
      agents have been used very widely and in general have been such materials
      as waxes, polyethylene and polypropylene and polychlorofluoro alkylenes.
      Unfortunately, when it has been attempted to apply a nondiscoloring
      polyurethane coating over the shaped polyurethane article to give an
      article which is essentially nondiscoloring when exposed to sunlight, it
      has been found that the nondiscoloring polyurethane coat or paint, which
      was applied over the shaped polyurethane, tends to become disengaged from
      the shaped polyurethane surface due to the failure to obtain a
      satisfactory bond. Heretofore it has been the practice to remove the mold
      release agent such as polyethylene or wax by treating the surface of the
      shaped polyurethane article with a suitable solvent such as methylene
      chloride or trichloro ethylene, ketones and related solvents. It has been
      the experience that these solvents tend to disrupt or damage the surface
      of the shaped polyurethane article during the removal of the mold release
      agent and also require use of relatively expensive equipment to control
      the solvent loss. Also, even this severe vapor solvent treatment has not
      been entirely satisfactory in eliminating paint peel.
PAR  It is an object of this invention to provide a method of forming a shaped
      polyurethane article which may be removed from the shaper and be water
      washed and dried to give a shaped polyurethane article that will readily
      accept a nondiscoloring polyurethane coating or a paint coat and yet be
      free of the tendency of the coating to bleed or flake off as has
      heretofore been associated with polyurethane articles of this nature.
DRWD
PAR  The object and advantages of this invention can be more readily appreciated
      and understood by reference to the drawings wherein
PAR  FIG. 1 is a perspective view of one embodiment of a lower part of the mold
      having part of its release coat thereon;
PAR  FIG. 2 is a perspective view of a wheel; and
PAR  FIG. 3 is a cross-section through the mold composed of lower part of the
      mold of FIG. 1, having the wheel of FIG. 3 positioned thereon to form a
      closed mold.
DETD
PAR  Referring more specifically to FIG. 1, a beryllium copper alloy lower mold
      part 5 is shown having tapered trapezoidal members 6 projecting upward
      from the body part 7. The body part 7 has a seal or decorative groove 8
      and tapered portion 9 terminating in a hub ring or portion 10. The wheel
      11 is placed over the lower mold member 5 in the manner shown in FIG. 3 to
      form a molding cavity 12 between the outboard face 13 of the wheel and the
      lower part of the mold. The wheel and lower part of the mold are locked in
      the position shown in FIG. 3 by the wellknown mold locking means such as Z
      type clamps not shown.
PAR  Since the tapered trapezoidal member 6 produces a hole in the molded
      plastic member 14 adhered to the wheel, it is extremely difficult to break
      the vacuum between the tapered trapezoidal member and the tapered hole of
      the plastic member adhered to the wheel.
PAR  To aid the breaking of the vacuum or opening of the mold after the mold
      locks are released, in one embodiment of this invention the mold is given
      a special treatment with a unique combination of mold release agents.
PAR  The mold preferably is any of the well known mold metals and the most
      preferred metal is beryllium copper alloy.
PAR  Where very intricate molded articles are to be formed, the clean metal mold
      is coated with a first mold release agent selected from a halogenated
      hydrocarbon polymer having a melting point above 250.degree.C. to give a
      film 0.1 to 5 mils thick, with the preferred thickness being 0.2 to 0.8
      mils when baked or dried at 300.degree.C. to fuse the polymer into a
      uniform coat. Over the halogenated hydrocarbon polymer or first release
      agent coating a second coating of a hydrocarbon solid melting between
      60.degree. to 110.degree.C., such as wax, polyethylene or polypropylene is
      applied by spraying, brushing or other well known means of applying mold
      release, and dried. This coating preferably is 0.5 to 3 mils thick after
      drying. An additional or third coat of another release agent is applied
      over the coats of the first and second release agents to give the ultimate
      mold release surface.
PAR  This third release agent is applied as a barrier coat of a 5 to 10 percent
      50/50 isopropanol-water solution of polyvinyl alcohol to give a coating
      0.3 to 1.0 mils thick, with the preferred range being 0.4 to 0.7 mols.
      This coating is dried at 70.degree. to not over about 80.degree.C. and is
      ready for use.
PAR  The lower part of the mold having coatings of three different release
      agents applied in the above manner has a wheel placed thereon in the
      manner shown best in FIG. 3 and locked to form a complete mold and then
      this mold is charged through charge port 15 with foamable microcellular
      polyurethane reaction mixture and allowed to foam and cure. Then the mold
      is unlocked to permit the wheel having the polyurethane decorative part
      adhered thereto to be removed from the lower part of the mold. The
      polyurethane decorative surface strips from the mold very readily and does
      not tear or affect the aesthetic appearance of the surface of the
      polyurethane adhered to the outboard face of the wheel. Also, the excess
      polyvinyl alcohol was readily removed from the surface of the molded part
      with a water wash, preferably at about 50.degree. to 90.degree.C. to give
      a molded surface that could be effectively painted when dry as the surface
      is now free of the wax.
PAR  The combination mold release system can be used for repeated moldings,
      usually for several months, before the polyhalocarbon polymer has to be
      removed and be recoated with a new coat of polyhalocarbon, provided a
      second and third release agent treatment is applied after each molding. It
      should be understood that the second and third mold release agent
      combination either with or without the semipermanent release coat of
      polyhalocarbon film produces a unique effect. Namely, the use of second
      and third mold release agents in combination permits mold parts to be
      obtained which can easily and readily be given a paint coat that is
      resistant to bleeding, flaking or peeling.
PAR  Thus, some of the advantages of the three combination release coat systems
      is the polyhalocarbon coating can be applied as a solvent dispersion and
      then be melted to give a uniform smooth coating or film over the mold
      surface and serve to prevent stacking in the event of failure of the
      second and third coats. The second release agents serve to in effect act
      as lubricant and prime parting agents, i.e. between the first and third
      mold release agents. The third mold release agent supplies a surface on
      the molded article which can be cleaned of contaminants by a simple water
      wash and then be effectively painted.
PAR  The fluorocarbons useful in this invention are the highly halogenated chain
      polymers whose structure is composed substantially exclusively of carbon,
      hydrogen and halogen atoms. It is preferred that the chain polymers be at
      least half fluorinated and that --CH.sub.2 -- groups be present. In other
      words, at least some of the carbon atoms on the chain should be bonded
      only to hydrogen atoms and other carbon atoms.
PAR  Chain polymers with a minor degree of disorder in their molecules are
      generally more thermoplastic in nature than those without such disorder.
      Elasticity requires a greater degree of disorder. In order to obtain an
      elastomeric product, at least 10 percent of the carbon atoms in the
      structure must be of the type which are bonded only to hydrogen atoms and
      other carbon atoms. Ordinarily, a mono-olefinic compound containing a
      CH.sub.2 = group is used to provide these carbon atoms, and this results
      in chains containing --CH.sub.2 -- groups. Ordinarily, such a
      mono-olefinic compound is copolymerized with another highly fluorinated
      mono-olefin to help give the polymer molecule its highly fluorinated
      nature.
PAR  Among the highly fluorinated mono-olefins which may be used as comonomers
      are: CF.sub.2 = CHCl, CF.sub.2 = CCl.sub.2, CF.sub.3 -- CF = CF.sub.2,
      CF.sub.2 = CHCl, CF.sub.3 -- CCl = CCl -- CF.sub.3, CF.sub.3 = CHF,
      CF.sub.3 -- CH = CH -- CF.sub.3 (cis or trans), CF.sub.2 = CF.sub.2,
      ##EQU1##
      CF.sub.2 = CHBr, CF.sub.2 = CCl -- CF.sub.3, CF.sub.3 -- CH = CH.sub.2 and
      CF.sub.3 -- CCl = CCl.sub.2.
PAR  Among the hydrogen containing mono-olefins which may be used as comonomers
      with the above highly fluorinated monoolefins are: CF.sub.2 = CH.sub.2,
      CFH = CH.sub.2, CH.sub.2 = CH.sub.2, CHCl = CH.sub.2, CCl.sub.2 =
      CH.sub.2, CClH = CH.sub.2, CHBr = CH.sub.2 and
      ##EQU2##
PAR  Of these, the most advantageous combinations are: CF.sub.2 = CFCl/CF.sub.2
      = CH.sub.2, CF.sub.2 = CF.sub.2 /CF.sub.2 = CH.sub.2, CF.sub.2 = CF.sub.2
      /CH.sub.2 = CFCl, and CF.sub.2 = CHBr/CF.sub.2 = CH.sub.2.
PAR  The aforementioned mono-olefins may be copolymerized in any proportions,
      depending on the characteristics desired. Good chemical stability requires
      fluorine substitution at at least one-half of the possible positions for
      such substitution in the polymer chain.
PAR  It is to be noted that all of the monomers enumerated above contain only
      carbon, hydrogen and halogen atoms and, therefore, produce copolymers
      substantially without markedly reactive functional groups. This, of
      course, does not preclude the presence of other atoms in end groups which
      might be formed by chain stoppers in the polymerization zone, present by
      design or by accident. Such end groups are relatively few in number and
      are difficult to detect. They do not, in any way, affect the
      characteristics of the polymer to any noticeable degree.
PAR  Fluorocarbons especially valuable and useful in this invention are those
      having a density at 25.degree.C. in grams per cubic centimeter of about
      2.1, a melting point of about 300.degree.C. and a molecular weight of
      about 3700 and usually less than 8000. These materials are available from
      du Pont de Nemours & Company under the trademark VYDAX, a fluorotelomer
      which is trichlorotrifluoroethane dispersion of a white, waxy short-chain
      telomer of tetrafluoroethylene. Usually the dispersions are available up
      to 20 percent solids by weight and can be diluted to permit their ready
      applicatioon by brushing or spraying.
PAR  Specific examples of particular urethane materials and the molding die
      temperatures and curing time, presented by way of illustration of the use
      of multiple mold release agents, and the method and product of this
      invention and not by way of limitation (all parts are by weight unless
      otherwise designated) are as follows:
PAC  EXAMPLE I
PAR  A beryllium copper alloy lower mold part was cleaned mechanically as well
      as in a trichlorethylene degreaser and spray coated with a 5 percent
      dispersion of a waxy shortchain telomer of tetrafluoroethylene in
      trichlorotrifluoroethylene to give a film 0.3 to 0.5 mil thick after
      fusing by heating up to the minimum fusing temperature of about
      300.degree.C.
PAR  This short chain telomer of tetrafluoroethylene coated lower mold part was
      placed on a molding conveyor and moved through a preheat oven to heat the
      lower mold part to a 70.degree.C. and then given a spray coat of a naphtha
      solution of polyethylene, mold release grade, to give a dry film of 0.5
      mil thick over the short chain telomer of tetrafluoroethylene. Normally,
      the polyethylene film should be 0.3 to 0.8 mil thick.
PAR  This polyethylene coat was top coated with a spray coat of a 50/50
      isopropanol-water solution of polyvinyl alcohol while the mold part was
      still sufficiently hot to remove the solvent.
PAR  A wheel was placed on the lower mold part with the outboard face of the
      wheel next to the lower mold part to form a mold cavity. A decorative face
      was molded on the wheel by injection through the charge port in the wheel,
      a charge of a foamable polyurethane mixture shown below in Example A. This
      lower mold part was used for several thousand moldings with only new
      applications of polyethylene and polyvinyl alcohol release agents.
PAC  EXAMPLE A
PAR  A microcellular polyurethane reaction mixture was prepared by machine
      mixing simultaneously the following ingredients:
TBL  Ingredients               Parts                                           

     ______________________________________                                    

     An acrylonitrile grafted polypropy-                                       

      lene ether diol-triol of 165                                             

      hydroxyl number          100                                             

     Water                     0.2                                             

     Triethylene diamine       0.07                                            

     Dibutyltin dilaurate      0.14                                            

     Quasi prepolymer of toluene diisocyanate                                  

      reacted with less than 1000 molecular                                    

      weight polypropylene ether diol to give                                  

      30% free NCO content     45                                              

     ______________________________________                                    

PAR  This microcellular polyurethane reaction mixture was charged into the mold
      cavity of FIG. 3 to form the ornamental portion of the wheel after
      reaction at 60.degree. to 80.degree.C. for approximately ten minutes and
      removed from the mold.
PAR  The unique mold release combination of this invention can be used with any
      polyurethane reaction mixture of either the foamable or homogeneous types,
      i.e. the polyether and polyester polyol organic polyisocyanate types. It
      was applicant's experience that the use of a single or any two of the
      three mold release agents gave problems either in getting satisfactory
      mold release, especially with complicated mold shapes, and in getting a
      polyurethane decorative part that could be painted without loss of paint
      due to peeling.
PAC  EXAMPLE II
PAR  A wheel having the polyurethane decorative face adhered thereto was given a
      hot water (75.degree. to 95.degree.C.) wash and dried at 110.degree.C. and
      spray painted with a polyurethane paint and baked for 20 minutes at
      120.degree.C. to give a decorative wheel that has a decorative cover which
      is resistant to paint peel.
PAC  EXAMPLE III
PAR  After the lower mold part had been used daily for several months on the
      molding line, it slowly accumulated debris, due to loss of the halocarbon
      film, that effected the appearance of the molding and had to be removed
      from the line.
PAR  This lower mold part then was dipped in a bath for 15 to 30 minutes at
      200.degree. to 230.degree.C. of diethylene glycol which dissolved the
      short-chain telomer of tetrafluoroethylene coating, as well as any adhered
      polyurethane, to give a clean lower mold part.
PAR  The diethylene glycol on the lower mold part is removed with solvents such
      as acetone or methylethyl ketone or alcohol wash, the preferred solvent
      being ethylene glycol monoethyl ether and dried to remove the solvent and
      is ready to receive another coating of the short-chain telomer of
      tetrafluoroethylene to give the first release coating and thus permit the
      lower mold part to be returned for use on the molding line where
      polyethylene and polyvinyl alcohol release coats are applied just prior to
      each molding.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of molding polyurethane articles from a polyurethane
      reaction mixture by applying mold release agent to the mold, charging a
      polyurethane reaction mixture into the mold and permitting said reaction
      mixture to react and set prior to removal from the mold, the improvement
      wherein the mold release coatings comprises a coating of a polyhalocarbon
      a hydrocarbon mold release agent selected from the class consisting of
      wax, polyethylene and polypropylene and a coating over the hydrocarbon
      mold release agent of polyvinyl alcohol.
NUM  2.
PAR  2. The method of claim 1 wherein the molded polyurethane article is water
      washed at 70.degree. to 95.degree.C. and dried to present a surface
      receptive to painting.
NUM  3.
PAR  3. The method of claim 1 wherein the hydrocarbon mold release agent is
      applied over a semi-permanent polyhalocarbon film of a short-chain telomer
      of tetrafluoroehtylene on the mold surface.
NUM  4.
PAR  4. The method of claim 3 wherein the mold has been used until debris begins
      to collect and is regenerated by washing the mold release agent from the
      mold with hot diethylene glycol and washed with a solvent and then
      recoated with the mold release coatings, said coatings being applied
      successively as follows: polyhalocarbon coating hydrocarbon mold release
      coating and polyvinyl alcohol coating.
NUM  5.
PAR  5. The method of claim 4 wherein the diethylene glycol is about 200.degree.
      to 230.degree.C. and the solvent is ethylene glycol monoethyl ether.
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ABST
PAL  A process for producing cast polymer is carried out by using a mold treated
      by the following steps: coating the glass surface of the mold with
      polysiloxane; heating the coated glass surface at a temperature in the
      range of from more than about 150.degree. C. to a temperature at which the
      coated polysiloxane is not hardened yet; and wiping the coated surface of
      baked polysiloxane. Not only is easy mold release attained, but also
      repeated use of the same mold becomes possible.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for producing cast polymer by using a
      specific mold.
PAC  BACKGROUND OF THE INVENTION
PAR  One of the known processes for producing cast articles in the form of
      sheets, plates, lenses and the like, having poor thermoplastivity, is
      generally called "cast polymerization." This cast polymerization process
      comprises the steps of charging a monomer and/or prepolymer to be cast
      into a mold, polymerizing the monomer and/or prepolymer by a suitable
      polymerization means and releasing the resulting cast polymer article from
      the mold.
PAR  As material for the mold, glass combines convenience in use, economy and
      proper workability for the production of cast polymer articles in the form
      of a plate, a sheet, a lens and the like.
PAR  However, when used in a cast polymerization process a mold made of glass
      has various disadvantages. One that is when the cast article of synthetic
      resin strongly adheres to the glass, release of the cast article from the
      mold becomes difficult. It is important to be able to easily release the
      cast article from the mold, because, if mold release is difficult, it
      becomes a bar to the practical application of such process. That is, much
      time will be required for the removal of the cast product from the mold,
      thereby decreasing efficiency in production. And more, in releasing cast
      articles which adhere strongly to the mold, they are often damaged,
      especially on the surface. This is a fatal defect from a commercial
      viewpoint.
PAR  So-called "lubricants" or "release agents" are generally used to make it
      easier to release the cast articles from the surface of the mold-cavity. A
      large number of various types of silicone-series lubricants have been
      developed and used. One of the most popular lubricants is polysiloxane (or
      silicone oil). In the prior art processes, however, polysiloxane or
      silicone oil was simply coated on the surface of a mold-cavity, or
      alternatively, the coated polysiloxane was baked at a temperature as high
      as at least 350.degree.C to result in hardening. In case a synthetic resin
      material having strong adhesion to glass is used for cast polymerization,
      the mold on which polysiloxane or silicone oil is just coated without
      heating can be used only once. The reason is that when the mold is used in
      casting, the lubricant results in being removed from the mold surface.
PAR  Alternatively, when dimethyl polysiloxane is coated on the mold, followed
      by heating the coated mold at a temperature of 350.degree. C. or higher to
      harden the coating, the resulting polysiloxane film on the mold is
      damaged. As a result, when cast polymerization is carried out by using the
      mold having such polysiloxane film thereon, the cast polymer removed from
      the mold often has an unattractive surface, such as stripes, pock marks,
      uneveness, cloudiness and the like. Thus the above prior art processes are
      unsatisfactory in order to obtain a finished product having an optically
      smooth surface.
PAR  Another serious disadvantage of these prior art processes is that repeated
      use of the same mold is impossible.
PAR  Most synthetic resin materials adhere very strongly to glass, and there
      have been, up to now, no useful processes which can provide acceptable
      mold release properties. Namely, there have been, up to now, no practical
      processes for cast polymerization by which cast polymer articles which
      adhere strongly to glass can be produced efficiently, using a mold made of
      glass, at least for the mold-cavity.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide an improved
      cast polymerization process free from the above defects; that is, the
      present invention provides a mold made of glass the surface of which has
      been specifically treated so that release of the cast article from the
      mold is easy, and efficient production of cast articles of synthetic
      resins which adhere strongly to glass is achieved.
PAR  Another object of the present invention is to provide a process using a
      mold made of glass for the production of the cast polymer articles which
      adhere strongly to glass, in which repeated use of the same mold is
      possible and therefore the process can be carried out economically.
PAR  A further object of the present invention is to provide a process for the
      production of cast polymer articles which do not adhere to glass as
      strongly as the polymers mentioned above, which can be carried out with
      remarkable efficiency as a result of the improvement in mold release.
PAR  The above and the other objects of the present invention will become clear
      from the following description and the claims as described hereinbelow.
PAR  According to the present invention, polysiloxane or silicone oil is coated
      on one surface of each of the glass mold walls, and then the coated glass
      walls are heat treated at a temperature in the range of from more than
      about 150.degree. C. to a temperature at which polysiloxane is not yet
      hardened, followed by wiping the baked surface with a dry or organic
      solvent-dampened cloth, gauze or the like. Synthetic resin to be cast
      which strongly adheres to glass is charged in the mold thus treated, and
      is cast-polymerized in the mold. The present invention is based on the
      present inventors' discovery that the glass surface treated as mentioned
      above provide an excellent mold inner surface, thereby providing
      simplified mold release, even when synthetic resin materials which
      strongly adhere to glass are cast polymerized. The upper limit of
      temperatures at which polysiloxane or silicone oil does not harden is
      usually 350.degree. C.. It is preferred that the coated polysiloxane or
      silicone oil be heated at a temperature within the range of about
      150.degree.-300.degree. C.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In one preferred embodiment of the present invention, dimethyl polysiloxane
      coated on the glass surface, and thereafter the coated polysiloxane is
      heated in the range of from a temperature more than 150.degree. C. to a
      temperature at which the polysiloxane is not yet hardened, whereby the
      formation of the completely cured film of polysiloxane which results in
      casting of a molded polymer article having unattractive surface can be
      avoided. In other words, firm adhesion between the baked polysiloxane and
      the glass surface can be obtained by heating the coated polysiloxane in
      the range of from a temperature of more than 150.degree. C to a
      temperature at which the coated polysiloxane is not yet hardened. In
      addition, a smooth surface on the glass mold can be obtained by wiping the
      baked surface of polysiloxane with a dry cloth or a cloth dampened with a
      suitable solvent to removing extra polysiloxane which does not adhere to
      the glass surface.
PAR  Therefore, only when the heat-treatment of the coated polysiloxane is
      combined with wiping of the baked polysiloxane after heat-treatment can
      the following effects be obtained:
PAR  a. The cast article reproduces the exact pattern of the mold surface.
PAR  b. Mold release is very easy.
PAR  c. The resulting cast article has attractive appearance, and stripes, spock
      marks, unevenness, cloudiness and the like are not present in the surface
      of the resulting article.
PAR  d. The polysiloxane lubricant does not remain on the surface of the
      resulting article.
PAR  e. Repeated use of the same mold is possible.
PAR  f. Release of the article from the mold is easy. In other words, according
      to the present invention, not only is cast polymerization of resin which
      strongly adheres to glass been made possible, but also production
      efficiency is remarkably improved and finished products having a superior
      surface are obtained. Further, when articles cast of resin which adhere
      less strongly to glass are produced, production efficiency and product
      appearance are enhanced.
PAR  Any conventional glass can be conveniently used for the mold in the
      practice of the present invention. Examples of such glass include sodium
      silicate glass, lead silicate glass, lead-alkali glass, soda-lime glass,
      potash-lime glass, soda-barium glass, boro-silicate glass, phosphate glass
      and the like. The polysiloxane employed in the practice of the present
      invention may be selected from the group consisting of linear and circular
      dimethyl polysiloxane, branched methyl polysiloxane and mixtures thereof.
      The polysiloxane is generally called "silicone oil." For example,
      polysiloxanes of various types such as oil-type, emulsion-type, paste-type
      and the like, including those sold under the trade marks of such as KF 96,
      KS 702, KM 722, KM 740, KS 61, and the like from Shin-etsu Chemical
      Industries Company limited, give satisfactory results.
PAR  In the practice of the present invention, the polysiloxane selected from
      those mentioned above is coated on one side of each of the glass walls
      which is to compose the mold. Any conventional coating means such as
      spraying, brushing, soaking or the like can be conveniently employed.
PAR  The coated glass walls are then heated under the conditions mentioned
      above. As is generally known, polysiloxane hardens when it is heated in
      the presence of oxygen. This is believed to be due to the cross-linking
      introduced in the polysiloxane as a result of the reaction between
      radicals which have been generated by heating. One important
      characteristic of the process of the instant invention is that heat
      treatment of polysiloxane coating is carried out under such conditions
      that the coating will not harden. Namely, proper treating conditions
      including temperature, time and the like are selectively employed, taking
      into account the types, qualities, shapes, etc. of the glass specifically
      used, the types of polymerizable monomers or prepolymers specifically
      used, the types of polysiloxane lubricants specifically used, the
      convenience in handling and the like. The degree of hardening of the
      polysiloxane is determined by proper selection of those treating
      conditions.
PAR  In case the process of baking is carried out in the absence of air or
      oxygen or where contact of the polysiloxane coating with air or oxygen is
      limited, there is almost no possibility of hardening of the polysiloxane
      coatings. For example, the polysiloxane is coated on one surface of each
      of two glass plates before they are assembled with the coated surfaces
      facing each other in close contact followed by baking the united body
      under controlled conditions.
PAR  The temperature and treating time can be selected from a rather wide range
      so long as the decomposition of polysiloxane does not become substantial.
      It must be emphasized that simply coating a lubricant on the surface of
      glass walls is of almost no use in obtaining easier mold release; the
      baking treatment is essential to obtain the advantages of the invention.
      In addition, heat treatment must be effected at a temperature above a
      certain lower limit which is at least about 150.degree.C.
PAR  In summary, baking must be carried out at a temperature within the range of
      from about 150.degree.C to a certain upper limit at which polysiloxane
      starts hardening. The critical factor in selecting treating time and the
      like is that the coated polysiloxane should not start hardening.
PAR  Usually, baking treatment can be carried out for from 2 minutes to 40
      hours, but preferable baking time is from 20 minutes to 4 hours.
PAR  The preferable baking temperature has been determined, on the basis of a
      large number of experimental results, to be in the region of about
      150.degree.C - 350.degree.C, preferably in the region of 200.degree.C -
      300.degree.C.
PAR  When the baked polysiloxane is herein referred to as "still not hardened"
      or "not yet hardened," it means that the per cent gel fraction of the
      baked polysiloxane determined by extracting it in toluene as an extracting
      solvent at 60.degree.C for 48 hours is at most 50 percent; that is, the
      percentage of the cross-linked component is 50 percent or lower. Only when
      the coated polysiloxane has been heat treated to such a degree as
      mentioned above, are the advantages of the invention ensured. The
      theoretical basis for limiting the heat treatment for baking polysiloxane
      to such a degree has not been clarified yet, but it is believed that when
      the heat treatment is carried out at the proper temperature, the molecules
      of polysiloxane permeate into the micro-openings in the surface of the
      glass to give superior adhesion between the film of coated polysiloxane
      and the surface of the glass.
PAR  The surface of the glass thus coated and baked is then wiped with a cloth,
      gauze or the like which may be either in dry state or dampened with a
      certain organic solvent. This wiping treatment is also essential in the
      practice of the present invention.
PAR  Organic solvents which can be conveniently employed in wiping the coated
      and baked glass include aromatic compounds such as benzene, toluene,
      xylene; halogenated hydrocarbons such as carbon tetrachloride,
      trichloroethylene and the like; aliphatic hydrocarbons such as petroleum
      benzine, ligroin, petroleum ether and the like; ethers such as ethyl
      ether; alcohols such as ethyl alcohol, isopropyl alcohol and the like;
      ketones such as acetone, methyl ethyl ketone and the like, and almost all
      other conventional organic solvents, including two or more of mixtures of
      them. Among those, alcohols such as methanol, ethanol, isopropanol, etc.;
      ketones such as acetone; and aromatic hydrocarbons such as benzene,
      toluene, etc. can be employed most conveniently.
PAR  The glass walls thus baked and wiped are then assembled into various shapes
      of molds for the production of the cast articles of polymers through a
      cast polymerization process. The size and shape of the mold-wall can be
      varied according to the intended end use, the desired properties and the
      like of the cast articles such as, for example, plate-glass of a synthetic
      resin, lens of a synthetic resin and the like cast articles of synthetic
      resins.
PAR  The polymerizable monomers and/or prepolymers casting materials are charged
      into the mold. Useful monomers and prepolymers which can be conveniently
      used in the practice of the present invention include polymerizable
      monomers of the type containing at least one hydroxyalkyl group in their
      molecule such as hydroxyalkyl acrylate, hydroxyalkyl methacrylate, etc.;
      condensable or polymerizable monomers of the type containing at least one
      amino or amido group in their molecule such as melanine-formalin systems,
      urea-formalin systems, decyanodiamide-formalin systems, diethylaminoethyl
      methacrylate, acrylamide, methacrylamide, methylol acrylamide, diacetone
      acrylamide, N-substituted acrylamide, vinylpyrrolidone, etc.;
      polymerizable monomers containing at least one carboxylic group in their
      molecule such as acrylic acid, methacrylic acid, alpha- or
      beta-substituted acrylic acid, itaconic acid, maleic acid, etc.;
      polymerizable monomers containing at least one epoxy group in their
      molecule such as glycidyl acrylate, glycidyl methacrylate, etc.;
      polymerizable monomers containing at least one sulfone group in their
      molecule such as sulfonized sytrene, vinyl sulfone, etc.; and prepolymers
      of any of the above mentioned polymerizable or condensable monomers as
      well as mixtures of any two or more of them.
PAR  In the practice of the present invention, a particularly good mold release
      effect is obtained when the glass used for the mold-wall is selected from
      sodium silicate glass, potassium silicate glass, lead silicate glass and
      the like, and at the same time the casting material is selected from
      hydroxyalkyl acrylate, hydroxylalkyl methacrylate, glycidyl acrylate,
      glycidyl methacrylate and a mixture comprising 50 percent by weight of one
      or more of the above mentioned monomers and the remaining percentage of
      one or more of the other copolymerizable monomers is employed.
PAR  However, the process of the present invention is of course applicable when
      resins of the type which do not normally adhere strongly to glass are to
      be obtained by said cast polymerization. In fact, when such types of
      resins are to be produced, remarkable efficiency in production and
      remarkable improvement in the properties of the product are obtained.
      Thus, it will be understood that employable monomers or prepolymers in the
      practice of the present invention should not be restricted to those
      mentioned above. For example, the following polymerizable monomers,
      including prepolymers thereof and the mixtures of one or more of such
      monomers with one or more of such prepolymers, are employable:
PAR  styrene, vinyl toluene, alkyl acrylate, alkyl methacrylate, vinyl alkyl
      ether, vinyl acetate, vinyl propionate, acrylonitrile, methacrylonitrile,
      acrolein, methacrolein, and other acrylic and methacrylic derivatives.
PAR  In the practice of the present invention, any conventional polymerization
      means such as heating in the presence of a polymerization catalyst,
      irradiation with light or ionizing radiation and the like can be employed
      conveniently.
PAR  The invention is further explained by the following examples, although it
      will be understood that these examples are given for illustration and are
      not intended to limit the scope of the invention.
PAC  EXAMPLE 1
PAR   On one surface of each of two rectangular glass plates 300 mm long, 200 mm
      wide and 3 mm thick, silicone oil, KF 96 (trade name of a silicone oil
      product available from Shin-etsu Chemical Industries Company Ltd.), was
      coated, baked to a temperature in accordance with the present invention
      and the coated glass plates thus treated were wiped with dry gauze. After
      wiping, the two glass plates thus treated were assembled into a mold with
      the treated surfaces facing each other and spaced 5 mm apart, with a
      spacer of silicone rubber interposed between the glass plates. Into the
      mold thus composed, 550 g of hydroxyethyl methacrylate was charged and the
      monomer was subjected to Co-60 gamma-rays at room temperature at a dose
      rate of 1 .times. 10.sup.5 R/hr for a total dose of 5 .times. 10.sup.5 R
      for polymerization. The polymerized product was easily removed from the
      mold. The cast polymerized article thus obtained was observed to have an
      excellent surface, very smooth and free from any defect. Similar
      experiments were conducted using the same mold repeatedly under the same
      conditions as mentioned above. It was found out that the same mold can be
      used up to four times with almost the same degree of mold release.
PAR   Another experiment was conducted under the same conditions as mentioned
      above except that silicone oil was not coated on the surface of each of
      the glass plates. Mold release of the polymerized product was quite
      impossible.
PAR  The third experiment was conducted under the same conditions as those in
      the first one except that the baking step was cancelled. Mold release was
      rather difficult, and when forcible release was tried, the finished
      article showed a large number of cracks in the surface.
PAR  The fourth experiment was conducted by coating the silicone oil on the
      surface of each of the glass plates, baking it at 250.degree.C for 1 hour
      and assembling a mold therefrom without wiping the surface of each of the
      baked glass plates, other conditions being the same as in the first
      experiment. Mold release was relatively easy, but the surface of the cast
      polymerized article was observed to have orange peel and cloudiness.
PAR  The fourth experiment was conducted using the same mold. This time, mold
      release after polymerization was found to be very difficult.
PAR  The fifth experiment was conducted by coating the same type of silicone oil
      on one surface of each of the glass plates followed by baking them at
      350.degree.C for 2 hours. This time the coated film of silicone oil
      hardened, and it was impossible to smooth the surface of the thus baked
      glass by wiping. When the glass walls of the mold were baked according to
      the procedures mentioned in the fith experiment and not wiped before
      polymerization was effected therein, under the same conditions as
      mentioned above, mold release after polymerization was rather easy, but
      the surface of the cast polymerized article was blemished by irregular
      stripes and pock marks. The experiment was repeated using the same mold to
      determine the possiblity of using the mold repeatedly. It was found out
      that mold release was very difficult the second and succeeding times.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that the equivalent amount of glycidyl
      methacrylate was used as a monomer instead of the hydroxyethyl
      methacrylate used in Example 1 and the dose rate employed was 1 .times.
      10.sup.6 R/hr instead of 1 .times. 10.sup.5 R/hr in Example 1. The results
      were similar to those obtained in Example 1.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that the same amount of a mixture consisting
      of 3 parts by weight of glycidyl methacrylate and 2 parts by weight of
      styrene was used as a casting monomer instead of the hydroxyethylmethyl
      ethacrylate in Example 1, and the total dose was 2 .times. 10.sup.6 R. The
      results were similar to those of Example 1. EXAMPLE 4
PAR  Example 1 was repeated except that a mixture of 1 part by weight of acrylic
      acid and 2 parts by weight of methyl methacrylate was used instead of the
      casting monomer used in Example 1 and the total dose was 1 .times.
      10.sup.6 R. The results were similar to those of Example 1.
PAC  EXAMPLE 5
PAR  On the inner surface of a mold-wall made of glass, comprising a concave
      surface 65 mm in diameter and having a radius of curvature of 100/6 cm,
      and a convex surface having a radius of curvature of 100/8 cm, silicone
      emulsion KM 722 was coated and baked at 250.degree.C for 2 hours before
      the baked surface was wiped with an acetone-dampened gauze. Using the thus
      treated glass, a mold for the production of a concave lens was composed.
      Into this mold, 15 g of hydroxyethyl methacrylate monomer was charged and
      was polymerized by means of irradiation with Co-60 gamma-rays at a dose
      rate of 5 .times. 10.sup.4 R/hr for a total dose of 3 .times. 10.sup.5 R.
      Then, the product was separated from the mold. A concave lens of
      hydroxyethyl methacrylate polymer having a completely smooth surface was
      easily removed from the mold.
PAR  When the above experiment was repeated without coating the surface of the
      glass with silicone emulsion or without the baking treatment, the mold
      release of the polymerized product was very difficult. When the glass was
      coated with silicone emulsion and was baked at 250.degree.C but the
      treated surface was not wiped later, the surface of the finished product
      showed haze and orange peel. If the baking was carried out at 350.degree.C
      followed by wiping the baked surface before the baked glass plates were
      assembled to compose a mold, the surface of the produced lens was poor
      with striped patterns and/or pock marks.
PAC  EXAMPLE 6
PAR  The same mold for preparing a concave lens as used in Example 1 was used
      and 15 g of hydroxypropyl methacrylate monomer admixed with 0.5% by weight
      of benzoyl peroxide and dimethyl aniline instead of hydroxyethyl
      methacrylate in Example 5 was charged thereto. The mixture was polymerized
      at 45.degree.C for 18 hours. The mold-walls were easily removed, and a
      concave lens of hydroxypropyl methacrylate polymer having a completely
      smooth surface was obtained. When the glass walls were not coated with
      silicone emulsion, or when they were coated but not baked, it was almost
      impossible to release the product from the mold. When the mold-walls were
      baked at 250.degree.C without wiping afterward, or when baked at
      350.degree.C, the surface of the product was very poor.
PAC  EXAMPLE 7
PAR  Example 5 was repeated except that a monomer selected from hydroxyethyl
      acrylate, diethylaminoethyl methacrylate, hexanediol monomethacrylate,
      diethylaminoethyl methacrylate, hexanediol monomethacrylate,
      diethyleneglycol monoacrylate and diethyleneglycol monomethacrylate was
      used instead of the hydroxyethyl methacrylate used in Example 5. Results
      similar to those in Example 5 were obtained.
PAC  EXAMPLE 8
PAR  Silicone paste KS 61 was coated on one surface of each of two glass plates
      100 mm long, 500 mm wide and 3 mm thick, followed by baking at
      300.degree.C for 1 hour. The baked surface was wiped with a
      benzene-dampened gauze. Then, a mold was assembled from said glass plates,
      with the treated surfaces facing each other. 0.1% by weight of
      azobisisobutyronitrile was added to 2500 g of glycidyl methacrylate and
      the mixture was heated at 60.degree.C for about 2 hours. When the
      viscosity of said mixture became about 150 c.p., it was charged in the
      mold mentioned above. Then the mixture was polymerized by irradiation with
      light from two high voltage mercury-vapor lamps for photochemical use made
      by Toshiba Industries Limited, placed 20 cm away from each outer surface
      of the mold parallel to said surface, the maximum wave length of energy
      being 3600 A, for about 8 hours. After completion of polymerization, mold
      release was tried. The polymerized glycidyl methacrylate product was
      easily removed from the mold and had a superior surface.
PAR  When silicone paste was not coated on the surface of the mold-cavity, or
      when coating was not followed by baking, mold release of the polymerized
      product was impossible. When the baked surface was not wiped with a
      benzene-dampened cloth after baking at 250.degree.C. or when baking was
      carried out at 350.degree.C, the produced polymeric materials had stripe
      patterns and/or pock marks or haze on the surface.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected without departing from
      the spirit and scope of the invention as described hereinabove and as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a cast polymer article using a mold with a glass
      surface, comprising:
PA1  coating the glass surface of the mold with polysiloxane or silicone oil;
PA1  heating the polysiloxane or silicone oil coating on the surface at a
      temperature in the range of from about 150.degree.C to about 350.degree.C
      at which the percent gel fraction of the baked polysiloxane or silicone
      oil determined by extracting in toluene at 60.degree.C for 48 hours is at
      the most 50 percent;
PA1  wiping the coated and baked polysiloxane or silicone oil to remove excess
      polysiloxane or silicone oil to thus smoothen the coating;
PA1  charging a material to be cast selected from the group consisting of a
      polymerizable monomer, a polymerizable prepolymer or a mixture thereof
      into the treated mold as above;
PA1  polymerizing the material by a suitable polymerization means; and
PA1  removing the resulting cast article from the mold.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said polysiloxane or
      silicone oil is selected from the group consisting of linear and circular
      dimethyl polysiloxane, branched methyl polysiloxane, and mixtures thereof.
NUM  3.
PAR  3. The process of claim 1 in which heating is carried out at a temperature
      in the region of about 200.degree.C - about 300.degree.C.
NUM  4.
PAR  4. The process of claim 1 in which heating time is in the region of 2
      minutes - 40 hours.
NUM  5.
PAR  5. The process of claim 1 in which heating time is in the region of 20
      minutes - 4 hours.
NUM  6.
PAR  6. The process of claim 1 in which heating is carried out at a temperature
      in the region of about 200.degree.C - about 300.degree.C for 20 minutes -
      4 hours.
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ABST
PAL  The raw material contains 80% by weight of an alloy of two at least of the
      metals of the group Fe, Ni, Cr, Cu, Co (and possibly sulphur), in the form
      of ingots, scrap-metal or mats, in pieces less than 200 mm in size. The
      alloys are firstly subjected to a chlorination operation at a temperature
      comprised between 600.degree.C and 1350.degree.C and then to the recovery
      operation for the chlorides formed. An enclosure, called a chlorination
      enclosure, is charged with (a) the alloy, (b) a gaseous mixture containing
      chlorine and HCl, (c) oxygen, and (d) at least one agent for regulating
      the temperature of the enclosure. The composition of the gaseous mixture,
      when it is constituted at the same time of Cl.sub.2 and of HCl, responds
      to the following conditions:
PA1  5 % &lt; the proportion of Cl.sub.2 &lt; 90 %
PA1  1 % &lt; the proportion of HCl &lt; 75 %
PA1  1 % &lt; the proportion of O.sub.2 &lt; 35 %
PAL  the partial pressures satisfying on their part the following conditions:
PA1  2P.sub.Cl.sbsb.2 + P.sub.HCl &gt; 0.2 atmosphere, and
PA1  P.sub.o.sbsb.2 &lt; p.sub.hcl + P.sub.Cl.sbsb.2
PAL  And the recovery of the gaseous chlorides formed is ensured by lowering the
      vapor pressure of these chlorides.
BSUM
PAR  The invention relates to means, namely a method and an installation, for
      the manufacture of metallic chlorides, these means being of the type in
      which there are used, as raw material, alloys having the form of scrap,
      turnings, ingots and mats. The metallic chlorides envisaged are those of
      the group constituted by Fe, Ni, Co, Cr and Cu.
PAR  In metallurgical industries, metallic products are frequently encountered
      in the form of scrap, turnings, ingots and mats based on alloys of at
      least two of the metals of the group Fe, Ni, Co, Cr and Cu and containing
      sulphur, at least in the case of mats.
PAR  The constituent metals of these products make them materials of value whose
      treatment, especially with a review to the recovery of the chlorides, is
      profitable.
PAR  It is a particular object of the invention, to provide means of the type
      concerned responding better than those already existing to the various
      desiderata of practice and enabling the recovery of the said metals.
      concerned in the form of very pure chlorides, either mixed with one
      another or separated from one another.
PAR  To do this, a raw material, in the form of scrap, turnings, ingots and
      mats, containing at least two of the abovesaid metals, are treated, these
      metals and the sulphur possibly present, constituting preferably at least
      80 percent by weight of the raw material. The scrap, turnings, ingots and
      mats are subjected in the form of pieces less than 200 mm in size, firstly
      to a chlorinating operation at a temperature comprised between about
      600.degree.C and about 1350.degree.C, then to a recovery operation for the
      chlorides formed.
PAR  According to the invention, there are introduced into an enclosure, called
      the chlorinating enclosure, on the one hand a charge constituted, at least
      in part, of the metallic alloys to be chlorinated, on the other hand, a
      chlorinating gaseous mixture containing chlorine and HCl, alone or
      preferably in admixture, as well as oxygen and, on the other hand again,
      at least one regulating agent for the temperature of the enclosure, the
      composition of the gaseous mixture when it is constituted at the same time
      by Cl.sub.2 and HCl responding to the following conditions:
PA1  5% &lt; the proportion of Cl.sub.2 &lt; 90%
PA1  1% &lt; the proportion of HCl &lt; 75%
PA1  1% &lt; the proportion of O.sub.2 &lt; 35%
PAL  and the partial pressures to the following conditions:
PA1  2 P.sub.Cl.sbsb.2 + P.sub.HCl &gt; 0.2 atmosphere
PA1  P.sub.o.sbsb.2 &lt; p.sub.hcl + P.sub.Cl.sbsb.2
PAL  the recovery and possible separation from one another, of the gaseous
      chlorides formed being ensured by lowering the vapor pressure of these
      chlorides.
DRWD
PAR  Other characteristics of the invention will appear in the course of the
      description which follows and which relates to preferred embodiments of
      the invention, illustrated by examples and by the drawing in which the
      single FIGURE shows, in diagrammatic view, the principal elements of an
      installation constructed according to the invention.
DETD
PAR  To avoid possible noxious effects due to the introduction into the
      chlorinating enclosure of a raw material at a relatively low temperature,
      it may be advantageous to preheat this raw material before its
      introduction. This preheating can be such that the temperature of the raw
      material is brought at least to about 500.degree.C.
PAR  The addition of an agent for adjusting the temperature must, on one hand,
      enable the maintenance of the temperature of the reaction mixture within
      the abovesaid limits by compensating the exothermic character of the
      reaction of formation of the chloride and, on the other hand, if
      necessary, ensuring locally an introduction of calories to avoid for
      example premature condensation of the chlorides formed.
PAR  The abovesaid agent can be gaseous or solid; as far as a gaseous agent is
      concerned, CO.sub.2 or nitrogen can be used, or again a mixture of the
      two; when the agent selected is carbonic acid gas, it reacts, as known,
      with the carbon of the charge in strongly endothermic manner by forming
      carbon monoxide. Among the solid agents for regulating the temperature,
      there may be mentioned carbon-containing materials, for example coke, the
      ratio of the volumes of the carbon-containing materials and the metallic
      alloys being comprised between 1 and 5; in the case where the
      carbon-containing material is constituted by coke, the abovesaid ratio is
      comprised, preferably, between 3 and 5; other solid regulating agents may
      be constituted for example by sand or by residual chlorides. The advantage
      of using coke resides not only in its quality as a temperature regulating
      agent, but also in the fact that it reduces the possibility of
      agglomeration of the materials; it also favors the permeability of the
      charge and, in this respect, it advantageously is in the form of pieces of
      dimensions less than 140 mm.
PAR  The introduction of the temperature regulating agent into the chlorinating
      enclosure may be effected, when the agent is gaseous, by mixing it with
      the gaseous constituents of a chlorinating atmosphere and, when it is
      solid, by mixing it with the raw materials containing the metallic alloys
      to be treated.
PAR  It may be advantageous to use simultaneously several agents for regulating
      the temperature in order to increase the flexibility of said regulation
      due to the possibilities of adjusting the proportions and/or the
      respective temperatures of the various solid or gaseous materials used as
      regulating agents.
PAR  The gaseous mixture extracted from the chlorinating enclosure and which
      comprises not only the chlorides formed but also possibly non-reactant
      gases, residual chlorinating gases, CO.sub.2, CO and SO.sub.2, as well as
      possibly dust in suspension, is subjected to a treatment for the recovery
      of the chlorides by reduction of the vapor pressure of these chlorides,
      for example by ensuring controlled cooling of the mixture or by absorption
      of the chlorides in a fluid. If it is desired to separate the chlorides
      formed from one another, techniques known in themselves may be applied.
PAR  The abovesaid lowering in the vapor pressure of the chlorides may be
      effected, in a first embodiment, by cooling in controlled manner the
      gaseous mixture inside at least one enclosure which the outer wall is
      cooled, for example by the flow of a fluid such as air, the one or more
      chlorides being then deposited on the inner surface of this wall;
      according to the invention, there is removed by scraping only a part of
      the chlorides deposited, allowing a layer of condensed chlorides to remain
      whose thickness is preferably comprised between 2 and 15 mm. This layer of
      condensed chlorides, on the one hand, contributes to ensuring the
      constancy of the temperature on the inside of the enclosure and on the
      other hand ensures the protection of the wall against the corrosive
      effects of chlorides in the gaseous state whilst playing a role of a heat
      insulator. This layer enables in addition an increase in the quality of
      the condensed product by adjustment of the speed of crystallisation.
PAR  In a second embodiment, the abovesaid lowering in vapor pressure is ensured
      by introducing into the recovery enclosure, at the same time as the
      gaseous mixture containing the chlorides, an adjusted amount of a cooling
      agent of which the temperature is less than that of the gaseous mixture
      and which may be selected in the group comprising carbonic acid gas,
      nitrogen and certain solid metallic chlorides, for example those of nickel
      or of iron.
PAR  In a third embodiment, the same lowering in the vapor pressure is ensured
      by the placing in contact of the gaseous mixture containing the chlorides
      with a fluid, inert with respect to the chlorides and selected for example
      from the group comprising water, CCl.sub.4, and C.sub.6 Cl.sub.6.
PAR  It is advantageous to apply the method according to the invention, by
      keeping at least the recovery enclosures for the chlorides at a pressure
      less than atmospheric pressure.
PAR  This being the case, the method according to the invention is applied in an
      installation which comprises on one hand a chlorinating enclosure and on
      the other hand at least one recovery enclosure for the chlorides formed.
PAR  As regards firstly the chlorinating enclosure, it may be constituted, as
      shown diagrammatically in the FIGURE, by a tank 1 whose walls 1a are lined
      internally with a refractory coating 2 and, over at least a portion of the
      outer surface, with a cooling device such as a jacket 3, surrounding the
      tank and traversed by the fluid of which the flow-rate may be regulated by
      suitable devices 4a and 4b. Said tank is provided with means for the
      introduction of solid materials (for example in the form of a charging
      hopper 5 and of a bell 5a), means for introducing gas (for example in the
      shape of one or several circular pipes 6 provided with tuyeres 7), means 8
      for the possible extraction of solid residues and, lastly, means (not
      shown in the FIGURE) for the trapping of the gaseous mixture containing
      among other things and particularly the metallic chlorides formed in said
      tank 1, as well as means 9 for removing said gaseous mixture to the
      recovery enclosures for the chlorides.
PAR  As regards now the abovesaid recovery enclosures, the invention provides
      for their establishment in several ways.
PAR  In a first embodiment, the recovery enclosure, denoted by 10 as a whole,
      comprises an envelope 11 cooled externally and at the inner surface of
      which are deposited the chlorides formed in the shape of a layer 12 of
      thickness d.sub.1, this enclosure being equipped with scrapers 13 arranged
      so that they allow to remain only a thickness d.sub.2 of at least 2 mm.
PAR  The cooling of the envelope 11 can be obtained by surrounding the wall 11
      by a second wall 14 arranged at a certain distance from the envelope 11
      and by providing between the two walls a circulation of cooling fluid
      entering for example through a pipe system 15a and emerging through a pipe
      system 15b.  The scrapers 13 may comprise a blade 13a borne by a rotating
      shaft 13b as shown. The introduction of the gaseous phase contained in the
      chlorides is effected through a passage 16a and the evacuation of the
      noncondensed gases through a pipe 16b. The recovery of the solid chlorides
      may be effected by a pipe 17.
PAR  In a second embodiment, the recovery chamber, denoted as a whole by 20,
      comprises on one hand an inlet pipe 21 for the chlorides formed in the
      gaseous phase, and on the other hand means for introducing at the same
      time a solid liquid or gaseous cooling agent, of given temperature, and in
      an amount such that condensation of the one or more chlorides desired is
      produced.
PAR  The means for introducing the cooling agent may be constituted in a manner
      known in itself, for example when it relates to a powdered solid agent
      (embodiment shown diagrammatically at 22) by a feedscrew 22a cooperating
      with distributing means 22b; when it relates to a liquid agent, these
      means (not shown) may be constituted by a scrubber, and, when it relates
      to a gaseous agent, by an injection nozzle.
PAR  The enclosure comprises also a pipe 23 for the extraction of the solid
      chlorides and a pipe 24 for the extraction of the uncondensed gases.
PAR  In a third embodiment, the recovery chamber for the chlorides comprises
      means for placing in contact the gaseous phase containing the chlorides
      with a liquid medium adapted to absorb the one or more chlorides. In the
      FIGURE such a chamber has been denoted as a whole by 30. In the particular
      case shown, the introduction of the gaseous mixture to the inside of the
      chamber is done through a pipe 31 which opens as shown in the midst of the
      liquid 32 into which the mixture containing the chlorides bubbles. The
      chamber 30 comprises also means (not shown) enabling the extraction
      therefrom of the unabsorbed gases (through a pipe 33) and the liquid which
      has absorbed the chlorides (through a pipe 34). The replenishment of
      absorbing liquid can be effected through a pipe 35.
PAR  The given installation can comprise one or several recovery chambers; when
      it comprises at least two chambers, the latter can be constructed
      individually either according to the same embodiment, or according to
      different embodiments.
PAR  In the FIGURE, there is shown an assembly comprising in addition to the
      chlorinating tank 1, three recovery chambers 10, 20 and 30 constructed
      respectively according to each of the embodiments which have just been
      described. In this FIGURE there is shown diagrammatically the connection
      in series of the tank 1 and of the chambers 10, 20 and 30 (pipes C.sub.1,
      C.sub.2 and C.sub.3). Such an assembly enables the isolation of at least
      two of the chlorides of a mixture obtained by treatment, according to the
      method of the invention, from an alloy containing at least three metals.
PAR  At the level of the extraction pipe for the gases emerging from the last
      recovery chamber -- in the case of the FIGURE it relates to the pipe 33
      from the chamber 30 -- there may be provided a pressure reducing device,
      for example a fan 40.
PAR  To illustrate the foregoing, there will now be given several examples of
      the application of the method according to the invention.
PAC  EXAMPLE 1
PAR  There are introduced into a chlorinating tank a charge containing 100 kg of
      stainless steel scrap and of nickel and copper mats, in pieces of sizes
      less than 50 mm, as well as 80 kg of coke in pieces of sizes also less
      than 50 mm.
PAR  The composition of the metallic portion of the charge is about:
TBL          Fe:           25%                                                 

             Ni:           38%                                                 

             Cu:           20%                                                 

             S :           17%                                                 

PAL  whilst the coke used has a carbon content of 87 percent.
PAR  The temperature in the chlorinating tank is kept at about 1100.degree.C.
PAR  The chlorinating tank is supplied in addition with chlorinating gases whose
      composition, expressed by volume, is as follows:
TBL          Cl.sub.2 :    %                                                   

             HCl:          10%                                                 

             O.sub.2 :      5%                                                 

             CO.sub.2 :    40%                                                 

             N.sub.2 :      5%                                                 

PAR  The gaseous mixture which emerges from the chlorinating tank and which
      contains the chlorides formed, is introduced into a first recovery
      chamber, inside of which the solidification of the Cu.sub.2 Cl.sub.2 is
      caused by placing the gaseous phase in contact with the mixture of cold
      nickel and copper chlorides (NiCl.sub.2, Cu.sub.2 Cl.sub.2), in the form
      of powder; the Cu.sub.2 Cl.sub.2 thus obtained has a purity greater than
      95 percent.
PAR  The gaseous mixture emerging from this first recovery chamber and which is
      freed of the Cu.sub.2 Cl.sub.2 that it contained, is introduced into a
      second recovery chamber, inside of which the NiCl.sub.2 is recovered by
      solidification in contact with a wall cooled by air. In this chamber there
      is provided a scraper device which removes the chloride formed whilst
      allowing only a layer of 5mm to remain. The nickel chloride thus recovered
      has a purity greater than 98 percent.
PAR  After elimination of the nickel chloride, the gases emerging from the
      second recovery chamber are introduced into a third recovery chamber
      inside of which they are washed by means of a dilute solution of
      FeCl.sub.3 in water, sprayed into this third recovery chamber; the ferric
      chloride which was contained in the gaseous mixture is thus retained in
      this third chamber in the form of a solution which reaches a content of
      FeCl.sub.3 of 40 percent in the water at the end of the operation. The
      residual gases are extracted from the third enclosure by means of a fan
      creating a lowered pressure of 100 mm of water.
PAC  EXAMPLE 2
PAR  Into a chlorinating tank operating at a temperature of 1100.degree.C, there
      are introduced on one hand, a metallic charge containing 100 kg of 60
      percent ferrochrome scrap in the form of pieces having a size of 50 mm at
      the most and of which the composition is approximately as follows:
TBL          Cr:           60%                                                 

             Fe:           30%                                                 

             C :            8%                                                 

             S :            1%                                                 

             Mn:            1%,                                                

PAL  on the other hand, a chlorinating gas which is at ambient temperature and
      whose composition is approximately the following:
TBL          Cl.sub.2 :    10%                                                 

             HCl:          60%                                                 

             O.sub.2 :     20%                                                 

             N.sub.2 :     10%                                                 

PAR  The gaseous mixture emerging from the chlorinating tank at a temperature of
      1100.degree.C and which comprises the following chlorides: FeCl.sub.2,
      FeCl.sub.3 and CrCl.sub.2, is introduced into a recovery chamber inside of
      which there is withdrawn by mixing with large amounts of sprayed CCl.sub.4
      -- technique called scrubbing -- the abovesaid chlorides.
PAR  The chlorides thus recovered in the carbon tetrachloride are separated from
      the latter by any known technique, for example by distillation; in the
      case where it is desired to separate the chromium chloride from the iron
      chloride, the mixture may be subjected to distillation at a temperature of
      450.degree.C in the presence of gaseous chlorine which results a gaseous
      phase of FeCl.sub.3 and which allows a crystalline phase to remain at a
      content greater than 95% of CrCl.sub.3.
PAC  EXAMPLE 3
PAR  Into a chlorinating tank, there are introduced a charge containing 100 kg
      of 25% ferronickel scrap having the form of pieces of size less than 60 mm
      as well as 60 kg of coke in the form of pieces of size comprised between
      40 and 60 mm.
PAR  The composition of the metallic portion of the charge is approximately as
      follows:
TBL         Ni:         25%                                                    

            As:          0.3%                                                  

            S :         0.1%                                                   

            Fe:         q.s.p. 100%,                                           

PAL  whilst the coke used has a carbon content of 84 percent.
PAR  There is introduced also into said tank, a chlorinating gas at the ambient
      temperature and containing approximately 50% of Cl.sub.2, 30% of HCl, 10%
      of O.sub.2 and 10% of CO.sub.2.
PAR  The operating temperature of the chlorinating tank is about 1050.degree.C.
PAR  The gaseous mixture, which emerges from the chlorinating tank and of which
      the temperature is 1050.degree.C, is introduced into a first recovery
      chamber, inside of which it is cooled by mixture with a controlled amount
      of cold ferric chloride in the form of powder, the said amount being such
      that the temperature of the mixture is lowered to 700.degree.C, which
      causes the solidification of the nickel chloride. This nickel chloride has
      a degree of purity greater than 98 percent.
PAR  The recovery of the ferric chloride which is to be found in the gases
      emerging from this first enclosure may be effected in the manner described
      in Example 1.
PAC  EXAMPLE 4
PAR  Into a chlorinating tank, there is introduced a charge of 100 kg of scrap
      and of mat; this charge, which is in the form of pieces of size of about
      15 mm corresponds to the following approximate composition:
TBL  Cu:                  52%                                                  

     S :                  23%                                                  

     Fe:                  20%                                                  

     As:                  2%                                                   

     Ag:                  0.1%                                                 

     Impurities:          q.s.p. 100%                                          

PAR  The operating temperature of the chlorinating tank is 900.degree.C.
PAR  There is also introduced into this tank a mixture of chlorinating gases of
      the following composition:
TBL          Cl.sub.2 :    60%                                                 

             HCl:          10%                                                 

             O.sub.2 :     25%                                                 

             N.sub.2 :      5%                                                 

PAR  The gaseous mixture emerging from the tank at the temperature of
      900.degree.C and which contains the chlorides formed, is introduced into a
      first recovery chamber inside of which solidification of the Cu.sub.2
      Cl.sub.2 is caused by placing in contact the gaseous mixture with a wall
      cooled to 400.degree.C by means of air; in this enclosure there is
      provided a scraping device which removes the CuCl.sub.2 formed leaving a
      layer of only 10 mm to remain. The copper chlorides thus prepared has a
      degree of purity greater than 95 percent. If desired, the iron chloride in
      the gases emerging from the enclosure can be recovered, by proceeding in
      the manner described in Example 1.
PAR  As is self-evident and as emerges already from the foregoing, the invention
      is in no way limited to those of its types of application and embodiment
      which are especially envisaged; it encompasses, on the contrary, all
      modifications.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for the manufacture of metallic chlorides comprising:
PA1  providing a raw material containing as an alloy at least two metals
      selected from the group consisting of iron, nickel, chromium, copper and
      cobalt,
PA1  said raw material optionally containing sulfur, the amount of said metals,
      together with any sulfur present in said raw material, being more than 80%
      by weight of the raw material, said raw material being in the form of
      ingots, scrap metal, or mats, in pieces less than 200 mm in size,
PA1  providing a chlorinating zone containing a gaseous chlorinating mixture
      containing chlorine, HCl, and oxygen, the partial pressures of these
      constituents being as follows:
PA1  2P.sub.Cl.sbsb.2 + P.sub.HCl &gt; 0.2 atmosphere, and
PA1  P.sub.o.sbsb.2 &lt; p.sub.hcl + P.sub.Cl.sbsb.2,
PA1  introducing said raw material into said chlorinating zone,
PA1  introducing a temperature regulating material into said reaction zone to
      regulate temperature in said zone,
PA1  maintaining the temperature in said chlorinating zone at a temperature of
      from 600.degree.C to 1350.degree.C, and maintaining said partial pressures
      of said chlorinating constituents, to chlorinate at least two said metals
      to form at least two gaseous metal chlorides,
PA1  introducing the gaseous metal chlorides to a cooling vessel having a layer
      of solid metal chloride on a wall thereof and cooling said wall to reduce
      the vapor pressure of said vapor to condense and recover at least one
      metal chloride on said layer of solid metal chloride, and
PA1  recovering the condensed metal chloride,
PA1  the improvement which comprises
PA1  maintaining, in the chlorination zone, the amount of chlorine at more than
      5 volume % and less than 90 volume %, the amount of HCl at more than 1
      volume % and less than 75 volume %, and the amount of oxygen at more than
      1 volume % and less than 35 volume %.
NUM  2.
PAR  2. An improved method according to claim 1 wherein the thickness of said
      layer of solid metal chloride is between 2 and 15 mm.
NUM  3.
PAR  3. An improved method according to claim 1 wherein said wall is cooled.
NUM  4.
PAR  4. In a method for the manufacture of metallic chlorides comprising:
PA1  providing a raw material containing as an alloy at least two metals
      selected from the group consisting of iron, nickel, chromium, copper and
      cobalt,
PA1  said raw material optionally containing sulfur, the amount of said metals,
      together with any sulfur present in said raw material, being more than 80
      percent by weight of the raw material, said raw material being in the form
      of ingots, scrap metal, or mats, in pieces less than 200 mm in size,
PA1  providing a chlorinating zone containing a gaseous chlorinating mixture
      containing chlorine, HCl, and oxygen, the partial pressures of these
      constituents being as follows:
PA1  2P.sub.Cl.sbsb.2 + P.sub.HCl &gt; 0.2 atmosphere, and
PA1  P.sub.o.sbsb.2 &lt; p.sub.hcl + P.sub.Cl.sbsb.2,
PA1  introducing said raw material into said chlorinating zone,
PA1  maintaining the temperature in said chlorinating zone at a temperature of
      from 600.degree.C to 1350.degree.C, and maintaining said partial pressures
      of said chlorinating constituents, to chlorinate at least two said metals
      to form at least two gaseous metal chlorides,
PA1  reducing the vapor pressure of said gaseous metal chlorides sufficiently to
      recover at least one of said metal chlorides as a liquid or solid metal
      chloride, and
PA1  recovering the condensed metal chloride,
PA1  the improvement which comprises
PA1  maintaining, in the chlorination zone, the amount of chlorine at more than
      5 volume % and less than 90 volume %, the amount of HCl at more than 1
      volume % and less than 75 volume %, and the amount of oxygen at more than
      1 volume % and less than 35 volume %.
NUM  5.
PAR  5. An improved method according to claim 4 in which said vapor pressure is
      reduced by cooling said gaseous metal chlorides.
NUM  6.
PAR  6. An improved method according to claim 4 wherein at least one metal
      chloride is recovered by introducing the gaseous metal chlorides to a
      cooling vessel having a layer of solid metal chloride on a wall thereof
      and cooling said wall to reduce the vapor pressure of said vapor to
      condense at least one metal chloride on said layer of solid metal
      chloride.
NUM  7.
PAR  7. An improved method according to claim 4 wherein said raw material is
      preheated to a temperature of at least 500.degree.C prior to being
      introduced into said chlorination zone.
NUM  8.
PAR  8. An improved method according to claim 4 wherein the vapor pressure of
      said gaseous metal chlorides is reduced by contacting said vapor with a
      liquid capable of absorption of said metal chloride vapor.
NUM  9.
PAR  9. An improved method according to claim 4 wherein recovery of said at
      least one metal chloride is effected in an enclosure in which pressure is
      maintained below atmospheric.
NUM  10.
PAR  10. An improved method according to claim 4 wherein said chlorine and HCl
      are mixed prior to being introduced into said chlorination zone.
NUM  11.
PAR  11. An improved method according to claim 1 wherein said temperature
      regulating material comprises a gas selected from the group consisting of
      CO.sub.2 and N.sub.2.
NUM  12.
PAR  12. An improved method according to claim 1 wherein said temperature
      regulating material comprises a solid carbon-containing material.
NUM  13.
PAR  13. An improved method according to claim 8 wherein said liquid is water,
      CCl.sub.4, or C.sub.2 Cl.sub.6.
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ABST
PAL  This invention comprises a method for the separation of one component or
      more from a vapor or gas mixture which involves the step of reacting the
      component to form a complex or thermally decomposible molecule by reaction
      with a compound adsorbed or otherwise deposited on a solid carrier.
      Typical of the gas components that can be so removed, and recovered if
      desired are carbon dioxide, oxygen, nitrogen oxide, carbon monoxide,
      sulfur dioxide, silicon tetrafluoride, hydrogen sulfide, aromatic
      hydrocarbons, mercaptans, HCN, HF, HCl, BF.sub.3 and HBr. Compounds which
      are adsorbed on the solid carrier for reaction with these various
      components include various carbonates, such as K, Na, Li, Ca, Cd, Ba;
      various sulfites, such as K, Na, Li, Cd and Ag; fluorides, glyoximes,
      ferrous and cupric salts, cuprous amine complexes, dioxane, urea,
      phosphates, chlorinated aromatics, organic nitriles, benzaldehyde,
      quinols, etc. The reactive compound is deposited on the solid carrier in a
      molecular film having a thickness of 1/2 to 5 molecules, which molecular
      layer has particular effectiveness for the purpose of this invention as
      described herein. The reaction is conducted at temperatures safely below
      the temperature at which the respective thermally-decomposible molecule is
      decomposed, and the original compound is subsequently regenerated and the
      gas component recovered by heating this product molecule above its
      decomposition temperature.
BSUM
PAR  This application is a division of application Ser. No. 156,952 filed June
      25, 1971, now U.S. Pat. No. 3,859,417, which in turn is a continuation of
      application Ser. No. 860,665 filed Sept. 24, 1969 and now abandoned, which
      in turn is a continuation-in-part of copending application Ser. No.
      667,801, filed Sept. 14, 1967, and now abandoned, which in turn is a
      continuation-in-part of application Ser. No. 363,403, filed Apr. 29, 1964,
      now abandoned.
PAR  This invention relates to a method for separation of one or more components
      from a vapor mixture. More specifically, it relates to a vapor phase
      separation of one or more desired components from a mixture by means of
      selective reaction of said component or components. Still more
      specifically, it relates to a chromatographic separation of said
      components by selective chemical reaction of said component with a
      chemical compound deposited on a solid carrier.
PAR  Separation of a component from a mixture containing the same is generally
      achieved in chromatographic separations on the basis of variations in
      physical properties such as volatility, polarity, molecular size, steric
      phenomena, etc. Where separations are conducted by absorption into the
      liquid phase, the rate of separation is controlled by the diffusion rate
      of the component or of a reagent through the liquid phase. The separation
      method of this invention has the advantage over liquid phase separation
      methods in that the rate of separation is not controlled or hindered by
      the necessity of having either component or reagent diffused through a
      liquid.
PAR  While some vapor phase chromatographic separations by adsorption or
      absorption have been applied to analytical techniques, these techniques
      have required very high dilution in order to achieve separation. The high
      dilution is necessary for effective stratification of the solute inasmuch
      as the separation factors are reflective only of variations in physical
      properties which are the determinative factors in separation by adsorption
      or absorption. Therefore, such methods of separation are not applicable
      industrially where such dilutions are prohibitive to economical
      processing.
PAR  The process of this invention has the selectivity of separation dependent
      on chemical reaction which effects a much higher degree of efficiency of
      removal and a much more pure recovery of the desired component. In
      contrast, vapor recovery or separation by an adsorption or absorption
      system does not have the sharp selectivity of a chemical reaction and
      consequently cannot effect as high a degree of removal and cannot remove
      the desired component without also absorbing or adsorbing substantial
      amounts of undesired components. Moreover, the rate of removal by
      absorption accompanied by chemical reaction is extremely slow resulting
      from the necessity of reagent diffusion through the liquid phase.
      Consequently, the desired component is not recovered in either as
      efficient or as fast or as pure a manner by adsorption or absorption as
      compared with the present process.
PAR  The separation process of this invention can be effected without dilution,
      and with more rapid separation than in any other known separation process.
      Moreover, the process has the advantage that the separated solute is
      recoverable in essentially pure form.
PAR  The selective chromatographic separation process of this invention is based
      on the reaction of a solute gas with a reagent capable of forming an
      easily decomposible compound or complex, hereinafter sometimes generically
      referred to as "complex" (either an adsorbed liquid or a normally solid
      compound adsorbed in a liquid state) which has been deposited on a solid
      material having high surface characteristics. The formed complex is
      thermally reversible and the complexed-solute gas is recovered from the
      complex in essentially pure form by effecting a temperature rise in the
      system.
PAR  While certain of the chemical reactions used in the separations of this
      invention have been effected in the liquid phase by absorption or reaction
      after the component has been diffused through the liquid, the particular
      vapor phase separation of this invention has not previously been effected.
      The process of this invention has an advantage over liquid absorption or
      molecular sieve methods in the unique selectivity of the removal or
      separation process and the very high rate or speed of removal. In
      addition, much greater use of the reactive component is achieved than in
      conventional absorption processes. While the particular reagent or
      complex-former deposited on the surface carrier will vary according to the
      component to be separated from the vapor mixture, this reagent or
      component is selected as capable of reacting only with the single solute
      or group of solutes desired to be removed from the gas or vapor stream.
PAR  The adsorbed complex-forming compound is used to a maximum efficiency since
      it is spread on the surface of the carrier. Preferably it is in a
      monomolecular or bimolecular layer. Statistical layer thickness can range
      from 1/2 to 5 moles deep on the surface of the carrier. In addition to
      this thinness of the compound layer speeding up the reaction since there
      is no need for diffusion before reaction proceeds, this thinness of layer
      gives maximum free energy from the surface of the carrier and maximizes
      the surface of the complex-former.
PAR  In the practice of this invention, dilution of the inlet gas stream is
      unnecessary since the process is capable of effecting removal from a wide
      range of concentrations. Furthermore, diffusion in the gas phase is very
      rapid and turbulence is unnecessary to effect diffusion. Since the rate of
      reaction of the vapor component with the deposited compound on the
      substrate surface is rapid and the rate of diffusion is likewise rapid,
      the overall separating reaction is rapid, resulting in a situation where
      the wave front tends to be vertical, thereby permitting full use of the
      deposited reagent or complex-forming material. For example, the rate of
      transfer, represented by K.sub.G a, which is pound-mols/cu.ft. .times. hr.
      .times. atmospheres, has been measured to be in the range of 100-600
      according to the practice of this invention, whereas the comparable
      absorption process indicates the K.sub.G a to range between 0.5 and 4.
PAR  The process of this invention can be operated with the reagent-supporting
      particles in a fixed bed, moving bed or fluidized system. The various
      conditions and means for effecting contact of the vapor with the deposited
      reagent are those normally used for gas-solid particle contacting systems.
PAR  Typical compounds or reagents capable of forming complexes or thermally
      decomposible molecules include the following: glyoximes, such as dimethyl
      glyoxime, etc.; various sulfites, such as potassium, sodium, lithium,
      cadmium and silver sulfites; various carbonates, such as potassium,
      sodium, lithium, calcium, cadmium, and barium carbonates, various ferrous,
      cupric and manganous salts, such as ferrous nitrate, ferrous sulfate,
      ferrous chloride, cupric nitrate, cupric chloride, cupric sulfate,
      manfanous nitrate, etc.; cuprous amine complexes, such as cuprous ammonium
      chloride, cuprous ammonium nitrate, cuprous ammonium bromide, etc.;
      various phenolic compounds, such as phenol, hydroquinone, naphthol,
      pyrgallol, orcinol, phloroglucinol, 3-Quinol-M, dioxane, urea,
      tripotassium phosphate, quinones, such as o-naphthoquinone,
      tetrachloro-o-benzyl quinone, phosphine oxides, such as trimethyl
      phosphine oxide, triethyl phosphine oxide, tripropyl phosphine oxide,
      etc.; aldehydes, such as benzaldehyde, naphthaldehyde, etc.; organic
      nitriles such as acetonitrile, propionitrile, butyronitrile,
      acrylonitrile, benzonitrile, etc.; nicotinic acid, etc.
PAR  Typical solute gases or vapors that can be recovered and preferred
      complexing compounds used for a particular vapor are as follows:
TBL  Oxygen          Nicotinic acid, dimethyl                                  

                     glyoxime.                                                 

     Carbon Dioxide  K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, Li.sub.2 CO.sub.3,   

                     CaCO.sub.3, CdCO.sub.3, and BaCO.sub.3.                   

     Nitrogen Oxides Ferrous and cupric salts,                                 

                     such as ferrous nitrate,                                  

                     ferrous sulfate, ferrous                                  

                     chloride, etc., cupric ni-                                

                     trate, cupric chloride,                                   

                     cupric sulfate, manganese                                 

                     nitrate, etc.                                             

     Carbon Monoxide Cuprous amine complexes.                                  

     Silicon Tetrafluoride                                                     

                     Dioxane, KF and NaF.                                      

     Hydrogen Sulfide                                                          

                     Hydroquinone, .beta.-Quinol,                              

                     3-Quinol-M, etc.                                          

     Aromatic Hydrocarbons                                                     

                     Urea.                                                     

     (Benzene, Toluene,                                                        

     Xylene)                                                                   

     Mercaptans (Methyl,                                                       

                     Tripotassium phosphate.                                   

     Propyl and Ethyl)                                                         

     Sulfur Dioxide  Sulfites, such as K.sub.2 SO.sub.3,                       

                     Na.sub.2 SO.sub.3, Li.sub.2 SO.sub.3, CdSO.sub.3 and      

                     Ag.sub.2 SO.sub.3 ; phenols such as                       

                     phenol, naphthol, hydro-                                  

                     quinone, pyrgallol, etc.;                                 

                     quinones, such as o-naph-                                 

                     thoquino, tetrachloro-o-                                  

                     benzoquinone, etc.                                        

     Hydrogen Fluoride                                                         

                     Dioxane, KF and NaF.                                      

     Hydrogen Chloride                                                         

                     Chlorinated diphenyl, hy-                                 

                     droquinone, .beta.-quinol, etc.                           

     Boron Trifluoride                                                         

                     Benzaldehyde, organic ni-                                 

                     triles, such as acetonitrile,                             

                     propionitrile, butyronitrile,                             

                     acrylonitrile, benzonitrile,                              

                     etc.                                                      

     Hydrogen Bromide                                                          

                     Orcinol, phloroglucinol,                                  

                     .beta.-quinol, etc.                                       

     Hydrogen Cyanide                                                          

                     Chlorinated aromatic hydro-                               

                     carbons, such as chlorinated                              

                     diphenyl, etc.; boron tri-                                

                     bromide, 3-quinol-M, etc.                                 

PAR  The complex-formers or complexing reagents which are deposited on the
      support material can be described generically as compounds capable of
      forming a loosely bonded molecule which is thermally decomposible. Such
      compounds have an element therein having a free electron in an outer orbit
      or mobile electrons in an inner orbit. Such a compound is
      tetrachloro-orthobenzoquinone. The attraction of the ring electrons by the
      chlorine atoms results in coordinate complexes being developed with
      SO.sub.2. This resultant complex is thermally decomposible. Others may
      form acid salts with the solute (with or without water vapor) that are
      thermally unstable.
PAR  Various sulfites and carbonates form bisulfites annd bicarbonates which are
      easily decomposed thereby regenerating the reacted gas component, by
      heating the reaction product to an appropriate temperature. For example,
      sulfur dioxide is easily and effectively reacted at temperatures in the
      range of 110.degree. F. to 170.degree. F. with K.sub.2 SO.sub.3, Na.sub.2
      SO.sub.3, Li.sub.2 SO.sub.3, CdSO.sub.3 and Ag.sub.2 SO.sub.3. The
      reaction is promoted by the presence of water vapor in the feed gas and
      the bisulfite is decomposed to regenerate the sulfite and the SO.sub.2 by
      heating to a temperature in the range of 250.degree. F. to 400.degree. F.
      These reactions are represented schematically as follows:
EQU  Na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O .fwdarw. 2 NaHSO.sub.3
EQU  2 NaHSO.sub.3 .fwdarw. Na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O
PAR  Likewise carbon dioxide is easily reacted at temperatures of
      90.degree.-180.degree. F. with molecular layers of K.sub.2 CO.sub.3,
      Na.sub.2 CO.sub.3, Li.sub.2 CO.sub.3, CaCO.sub.3, CdCO.sub.3 and
      BaCO.sub.3 to give the corresponding bicarbonates. The bicarbonates can
      subsequently be decomposed to regenerate the starting carbonate and to
      recover the carbon dioxide by heating at 200.degree.-350.degree. F. These
      reactions are schemmatically represented as follows:
EQU  Na.sub.2 CO.sub.3 + CO.sub.2 + H.sub.2 O .fwdarw.2 NaHCO.sub.3
EQU  2 NaHCO.sub.3 .fwdarw. Na.sub.2 CO.sub.3 + CO.sub.2 + H.sub.2 O
PAR  It is possible by the process of this invention to make selective
      separations and recovery of various gas components from a particular gas
      mixture. For example, it is possible to pass the particular gas mixture
      through a series of absorptive beds, each bed containing a particular
      compound suitable for removing a particular component from the gas
      mixture. Subsequently each bed can be heated to the appropriate
      decomposition temperature for removing the particular gas component
      reacted in that bed. It is also possible where there are differences in
      the respective decomposition temperatures for various reaction products of
      different components of a gas mixture, to have the appropriate compounds
      deposited on the same or different carriers in the same bed, and after the
      gas mixture has been passed through the bed for reaction of the various
      components of the gas, the gas component given off by the lowest
      decomposition temperature is first removed. Then the gas component
      regenerated by the next higher decompositon temperature is thereafter
      removed, etc.
PAR  For the purpose of this application, the "break through" point is generally
      regarded as that point at which the effluent from the reaction cycle
      starts to have more than 10 parts per million of the desired component.
      While the system is operating satisfactorily for the removal of the
      desired components from the gas stream the effluent generally has less
      than 10 parts per million. When the effluent reaches a content of 10 parts
      per million of the desired component, this means that the system has
      reached the saturation point for this component and very shortly the
      effluent will rise very sharply in its content of this component.
DETD
PAR  FIG. 1 represents schematically a system using a fixed bed of substrate
      having the solid reagent deposited thereon. At the top, inlet lines 1 and
      2 are shown with inlet 1 for the stream of carrier gas A containing solute
      gas B. As this gas stream passes through the bed in Chamber 3 solute gas B
      reacts with the deposited component on the substrate to form the complex
      which retains component B in the bed and allows carrier gas A to flow out
      the exit line 4 at the bottom of the chamber. During the recovery cycle,
      this gas stream line 1 and the corresponding outlet are shut off and the
      steam or other condensible gas C, or a non-condensible carrier or a purge
      of the pure solute gas is fed through inlet line 2 into the fixed bed
      thereby heating the complex to the decomposition point and releasing
      component B so that it flows out exit line 5. In the case of recovery with
      the steam or condensible carrier gas C, separation by cooling to condense
      the steam or other condensible may be used and thereby allow recovery of
      the gas component B. Condensation of the solute with purge solute gas may
      also be used, or the stripped solute gas and non-condensible carrier may
      be recycled.
PAR  Regeneration may also be accomplished by indirect heating of the bed and
      exhausting the pure solute B by vacuum pumping, or a combination of both
      methods may be used.
PAR  In the moving bed or fluidized bed system arrangement shown in FIG. 2, the
      carrier gas A containing solute gas B is fed through inlet line 1 into
      chamber 6 containing the solid substrate on which the reactive component
      is deposited. As the solute gas component B reacts with the reagent and
      becomes complexed therewith, carrier gas A flows though the exit line 4 at
      the right of chamber 6. The moving bed or fluidized bed passing from
      chamber 6 through the connecting line 7 into chamber 8 carries with it
      component B in the complexed form. In chamber 8 steam or other heated
      condensible carrier gas C is admitted by inlet line 2 into contact with
      the complex or the system is heated indirectly with or without combination
      of carrier gas flow. Upon reaching the decomposition temperature the
      complex releases gas component B which thereafter flows out the exit 5 at
      the right of the chamber in a gas stream containing B and C or it is
      evacuated. Gas component or solute B is recovered by cooling the gas
      stream to condense the carrier gas C. The moving or fluidized regenerated
      substrate passing out exit line 9 from chamber 8 is then recycled to
      chamber 6 where it is put into contact again with the carrier gas A
      containing solute gas B and then the cycle is repeated.
PAR  The reference above to the sollid materials having high surface
      characteristics means that the actual length and area are much greater
      than the length and area of the solid particles. Generally the actual
      surface area is at least 500, preferably at least 1000 times the
      superficial area. Many materials of these surface charactertistics are
      available, such as finely divided alumina, activated carbon, diatomaceous
      earth, baked clay, granulated brick, silica gel, "Teflon"
      (polyfluorethylene), sodium chloride, "Celite", talc, zeolites, etc.
PAR  The fact that the extended surface is a function of the discontinuities in
      the surface structure is illustrated as follows:
TBL  No Discontinuity Discontinuity                                            

     ______________________________________                                    

     --                                                                        

     .rarw.AB.fwdarw. --AB--                                                   

     ______________________________________                                    

PAL  The superficial length may be the same, but the actual length and,
      therefore, surface are quite different.
PAR  Taking one gram of alumina at 100-120 mesh fraction with an average linear
      dimension of 0.13 mm per particle, the bulk density of alumina is 1 gm/cc,
      but the density of the solid alumina is 4 gm/cc. Therefore one gram of
      solid occupies a true volume (no air space) of 0.25 cc.
PA1  The volume of 1 particle is 2.18 .times. 10.sup..sup.-6 cm.sup.3
PA1  Number of particles/gram is 0.25/2.18 .times. .sup.-6 = 1.146 .times.
      10.sup.5
PA1  Area per particle is 1.01 .times. 10.sup..sup.-3 cm.sup.2 l
PA1  Total superficial area per gram of particles is
      ##EQU1##
PAR  The extended surface material has a true area of 1,000 to 1,000,000 times
      the superficial area.
PAR  Reference to molecular depth means the statistical average. Since it is
      very unlikely that there will be equal and even deposition, the molecular
      depth is given as the statistical average. Therefore we can have
      depositions representing fractions of molecules. The molecular depth is
      based on the number of molecules times their statistical area divided by
      the extended surface available.
PAR  Activated alumina has an area in the range of 100-300 m.sup.2 /gm. A
      typical alumina is indicated in Straus, Industrial Gas Cleaning, Table
      3.7, p. 108, Pergamon Press (1966) where an activated alumina is shown
      with a surface area of 175 m.sup.2 /gm, a pore volume of 0.39 cm.sup.3 /gm
      and a mean pore diameter of 90 A.degree..
PAR  On the basis that 1 cm.sup.3 of alumina has a bulk density of approximately
      1.2 gm/cc, the mass is 1.2 gm and the area of the extended surface is 210
      m.sup.2. With a 10 A molecule of CaCO.sub.3 the maximum area of coverage
      of a surface is based on a square 10 A on each of the sides. The area is
      therefore the product of the dimensions of two sides. Since 1 A = 1
      .times. 10.sup..sup.-10 m, the maximum area per molecule is
      10.sup..sup.-10 .times. 10.sup..sup.-10 or 10.sup..sup.-20 m.sup.2.
      Therefore a 1 cm cube of alumina that has an area of 210 m.sup.2 can
      contain on the basis of 1 molecular thickness, 2.1 .times. 10.sup.22
      molecules of CaCO.sub.3. This is equivalent to
      ##EQU2##
      or 3.5 gms of CaCO.sub.3.
PAR  Inasmuch as the pore size distribution limits the availability of effective
      surface adsorption of CaCO.sub.3 to those pores having diameters in the
      range of 100 A and greater, and inasmuch as those sites often represent
      only 1 to 10 percent of the available area, then the weight of CaCO.sub.3
      for a one molecular thickness represents a weight of CaCO.sub.3 ranging
      from 0.035 to 0.35 gms. This range for the one molecule thick unit for
      this specific activated alumina represents a range of 2.9 to 29 gms. per
      100 gms. of carrier. It has been our experience in a range of carriers
      that the 2 to 25 parts per 100 parts of carrier can provide the desired
      thickness range of 0.5 to 5 molecules.
PAR  The statements related to the thickness of the layers in molecules is
      reflective of a statistical average based on the surface area, pore size
      distribution of the surface area, thus limiting the deposition zone, and
      the substrate molecular size. Thus it is possible to establish
      statistically even fractional depth deposition.
PAR  When deposition depths exceed this range then activity diminishes to the
      level of conventional absorption. The fact that in this range the mass
      transfer coefficient increases 100-1000 fold over that of conventional
      absorption processes using the same materials is indicative of the
      critical range for this unanticipated effect.
PAR  For example, in a study of the use of amines via mono to termolecular
      depths, in concentrated depositions on a carrier such as in the Haensel
      U.S. Pat. No. 2,818,323 and in liquid phase contacts, the mass transfer
      coefficients at 10 percent depletion of the reagent are:
TBL                       K.sub.G a                                            

     Mono to Termolecular Deposition                                           

                          400-600                                              

     Gross Deposition (Haensel)                                                

                           5-15                                                

     Liquid Phase          3-10                                                

PAR  However, the use of amine is undesirable in this process from an economic
      viewpoint inasmuch as it tends to evaporate during the regeneration
      period.
PAR  With respect to the A1 U.S. Pat. No. 1,831,731 which shows the deposition
      of alkali carbonate on low surface pumice having an area in the range of 4
      m.sup.2 /gm, even though the concentration is at the higher limit
      established in the present application, the deposition thickness will be
      much greater than established in applicant's limits. Therefore, the rate
      of absorption will be significantly lower. This is the critical difference
      in the processes -- the present process is rapid, the others are slow.
PAR  The invention is best illustrated by the following examples. It is not
      intended that these examples limit in any way the scope of the invention
      or the manner in which it can be practiced. Unless otherwise specified,
      parts and percentages are given in parts by weight and percentages by
      weight respectively.
PAC  EXAMPLE I
PAR  A substrate is prepared by dissolving 10 parts of K.sub.2 SO.sub.3
      (generally in the form of K.sub.2 SO.sub.3.2H.sub.2 O) in 50 parts of
      water. Then 100 parts of 8-14 mesh alumina is added with stirring. Because
      of the absorption of the water by the alumina the product is in the form
      of dry particles with the K.sub.2 SO.sub.3 deposited in a molecular layer
      on the surface of the alumina. This chromatographic material is placed in
      a column equipped with a feed gas inlet at one end and a gas outlet at the
      opposite end. A flue gas (or simulated flue gas) at a temperature of
      110.degree. F. and containing 3,500 ppm of SO.sub.2 is passed through this
      bed at a rate of 1 foot per second (calculated on the basis of standard
      temperature and pressure). The SO.sub.2 content of the exit gas is
      measured periodically, and when the concentration of the exit gas reaches
      2 ppm, the gas flow is terminated and the bed regenerated by heating at
      250.degree.-400.degree. F. until no more SO.sub.2 is given off. It is
      found that in these particular tests the breakthrough becomes evident at
      about 19 minutes and that the ultimate capacity of the bed is 0.95 mols
      SO.sub.2 /Mol K.sub.2 SO.sub.3. In repeating the above procedure with
      various gases containing different amounts of SO.sub.2, it is found that
      the process operates very efficiently with gases containing 500-20,000 ppm
      of SO.sub.2.
PAR  The foregoing procedure is repeated with excellent results by replacing the
      K.sub.2 SO.sub.3 with equivalent amounts of Na.sub.2 SO.sub.3, Li.sub.2
      SO.sub.3, Li.sub.2 SO.sub.3, CdSO.sub.3 and Ag.sub.2 SO.sub.3
      respectively. Variations of the foregoing procedures show that the
      desirable concentration of substrate is 2-20 parts per 100 parts of solid
      carrier and that the absorptive capacity is 0.6-1 mols of SO.sub.2 per mol
      of substrate. Moreover, repetition of these procedures with different
      solid carriers also shows that activated carbon, diatomaceous earth and
      baked clay can likewise be used satisfactorily.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated using in place of the K.sub.2
      SO.sub.3 an equivalent amount of the following carbonates respectively:
      K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, CaCO.sub.3, CdCO.sub.3 and
      BaCO.sub.3, and using an absorption temperature of 90.degree.-180.degree.
      F. and a regeneration or decomposition temperature of
      200.degree.-350.degree. F. It is found that a desirable concentration of
      substrate is 2-25 parts per 100 parts of solid carrier, and that the
      absorptive capacity is 0.5-1 mol of CO.sub.2 per mole of substrate. Upon
      repetition of the foregoing procedure with different supporting solids, it
      is found that activated carbon, diatomaceous earth and baked clay can also
      be used satisfactorily.
PAC  EXAMPLE III
PAR  A substrate comprising 8-14 mesh alumina is prepared by depositing thereon
      an amount of tetrachloro-ortho-benzoquinone equal to 4 percent of the
      support weight. The deposition is achieved by adsorption of a solution of
      the tetrachloro-orthobenzoquinone in benzene by the alumina.
PAR  A stream of flue gas containing 3000 ppm of sulfur dioxide is passed
      through a bed (1 foot long) of the material at a rate of 1.2 feet per
      second. The system temperature is maintained between 120.degree. F. and
      130.degree. F.
PAR  At the time of break-through the capacity of the bed is 3.5 mols sulfur
      dioxide per mole of tetrachloro-o-benzoquinone. Regeneration of the sulfur
      dioxide is achieved by purging the system with sulfur dioxide at
      240.degree. F. The residual free volume SO.sub.2 is removed by a plug flow
      air purge into the raw gas feed for the next cycle.
PAC  EXAMPLE IV
PAR  The procedure of Example III is repeated using 15 percent by weight ferrous
      nitrate deposited on activated carbon from a water solution, an absorption
      temperature of 25.degree. C., a gas flow period of 17 minutes, and a
      regeneration temperature of 60.degree. C. Nitric oxide is effectively
      removed from an air stream containing 0.5% nitric oxide with an effluent
      stream of 1 ppm. The procedure of this example is likewise effective when
      the active component is ferrous sulfate. Similar results are obtained when
      gas streams are used containing various percentages of other nitrogen
      oxides such as nitrogen dioxide and nitrogen tetroxide.
PAC  EXAMPLE V
PAR  The procedure of Example IV is repeated effectively for the removal of
      carbon monoxide from a gas stream comprising approximately 1% carbon
      monoxide in nitrogen and carbon dioxide. The reactive component in this
      case is cuprous ammonium chloride on diatomaceous earth. Similar results
      are obtained when cuprous ammonium bromide is substituted as the active
      reagent deposited on the support.
PAC  EXAMPLE VI
PAR  Silicon tetrafluoride is effectively recovered from air containing 30-100
      mg/cu.ft. of this material by using the procedure of Example IV, but
      substituting dioxane as the deposited component on the activated carbon.
PAC  EXAMPLE VII
PAR  By repeating the procedure of Example IV, hydrogen sulfide is effectively
      recovered from an air stream containing 0.3-3% of H.sub.2 S. Similar
      results are obtained when hydroquinone is used in place of the active
      component used in Example IV.
PAC  EXAMPLE VIII
PAR  Hydrogen fluoride is recovered effectively from a gas stream containing
      5000 ppm of HF by using the procedure of Example III with sodium fluoride
      deposited as the reagent on activated carbon.
PAC  EXAMPLE IX
PAR  Ethyl mercaptan is recovered from a gas stream containing 0.1-0.4 percent
      of the mercaptan in air by using the procedure of Example IV with
      tripotassium phosphate as the reagent deposited on the support. When vapor
      streams are used containing propyl mercaptan, methyl mercaptan and butyl
      mercaptan, respectively, similar effective results are obtained.
PAC  EXAMPLE X
PAR  Hydrogen cyanide is recovered from an air stream containing 5% hydrogen
      cyanide using the procedure of Example IV except that tetrachlorodiphenyl
      is the complex-former deposited on the chromosorb, the absorption
      temperature is about 90.degree. F. (32.degree. C.), and the desorption
      temperature is about 150.degree. F. (65.degree. C.). The exhaust gas has
      less than one part per million of HCN therein.
PAR  As indicated above the thermally decomposible bisulfites and bicarbonates
      are reconverted to the sulfites and carbonates respectively by heating in
      the range of 250.degree.-400.degree. F. for the bisulfites and in the
      range of 200.degree.-350.degree. F. for the bicarbonates. The sulfur
      dioxide and the carbon dioxide respectively are regenerated by such
      heating.
PAR  It is generally satisfactory for desorption purposes with true complexes to
      raise the temperature at least 20.degree. C., preferably
      30.degree.-60.degree. C. above the maximum temperature at which absorption
      occurs. As a general rule, absorption is effected in the range of
      40.degree. C. to 200.degree. C., preferably 20.degree.-80.degree. C. with
      the desorption temperature being increased at least 20.degree. C.,
      preferably at least 30.degree.-100.degree. C. over the maximum absorption
      temperature.
PAR  In place of the various supporting means used in the above examples,
      various other supporting materials can be used on which to deposit the
      reagent or complex forming component. These include: granulated brick,
      alumina, activated carbon, silica gel, "Teflon", sodium chloride,
      "Celite", talc, zeolites, diatomaceous earths, etc. For example,
      satisfactory results are obtained when the procedure of Example IV is
      repeated using the foregoing materials respectively in place of activated
      carbon.
PAR  Likewise, other regenerating or recovery gases can be used in place of the
      steam. These can vary according to the particular system and
      advantageously are easily condensible vapors which are not reactive with
      the solute gas component. Indirect heating can also be used in combination
      with the regenerating gases with resultant smaller quantities of elution
      gas required or indirect heating can be used in combination with a vacuum
      placed on the system for recovery of pure solute gas.
PAR  One of the surprising aspects of this invention is the fact that even
      though the deposited or adsorbed complex-forming reagent is believed to be
      in the liquid state, there is no liquid film or liquid phase resistance or
      delay in diffusion or reaction of the gas component with the reagent. This
      is reflected in the high value obtained for K.sub.G a and indicates that
      the reagent is deposited in a mono-molecular or bimolecular film.
PAR  While certain features of this invention have been described in detail with
      respect to the various embodiments thereof, it will, of course, be
      apparent that other modifications can be made within the spirit and scope
      of this invention and it is not intended to limit the invention to the
      exact details shown above except insofar as they are defined in the
      following claims:
CLMS
STM  The invention clamed is:
NUM  1.
PAR  1. A process for the vapor phase chromatographic separation of hydrogen
      sulfide from a gas stream comprising the steps of:
PA1  a. passing said gas stream into contact with an absorbent, high surface
      area solid support material having deposited thereon a compound capable of
      reacting chemically with hydrogen sulfide to form a thermally decomposible
      molecule and thereby removing hydrogen sulfide from the gas stream, said
      compound being selected from the group consisting of hydroquinone and
      quinol; and,
PA1  b. recovering said gas stream substantially free of hydrogen sulfide by
      removing it from contact with the support material and the thermally
      decomposible molecule deposited thereon.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature of the gas stream is
      about 25.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said compound is regenerated for reuse by
      raising the tmperature of said support material and the thermally
      decomposible molecule deposited thereon to a temperature above the
      decomposition temperature of said molecule until substantially all of the
      hydrogen sulfide is driven off and recovered.
NUM  4.
PAR  4. The process of claim 3 wherein the temperature is raised to about
      60.degree.C for regeneration.
NUM  5.
PAR  5. The process of claim 1 wherein said compound is deposited on said
      absorbent solid support material by the steps of:
PA1  a. dissolving the compound in an organic solvent to form a solution; and,
PA1  b. gradually stirring into said solution the absorbent solid support
      material until substantially all of said solution has been absorbed.
NUM  6.
PAR  6. The process of claim 5 wherein said absorbent solid support material
      comprises activated carbon.
NUM  7.
PAR  7. The process of claim 1 wherein said compound is deposited on said
      support material in the amount of about 2 to 25 parts per 100 parts of
      support material.
NUM  8.
PAR  8. The process of claim 7 wherein said support material is activated
      alumina having an extended surface area in the range of 100-300 m.sup.2
      /gm.
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ABST
PAL  Hydrotreating of normally liquid hydrocarbon feeds has long been practiced
      to convert organic sulfur compounds to hydrogen sulfide for subsequent
      removal by adsorption. It has now been found that hydrotreating of said
      feed stocks over a nickel molybdenum oxide or cobalt molybdenum oxide
      catalyst also converts trace quantities of organic chloride compound to
      HCl which not only is a poison for catalysts in subsequent reactions but
      seriously reduces the sulfur retention capacity of zinc oxide sulfur
      adsorbents. A solid chloride adsorbent having a chloride retention
      capacity some twentyfold greater than known adsorbents has been developed
      for the sequential removal of hydrogen chloride contaminants in trace
      quantities to a level of less than one part per million in hydrogen
      treated streams. This adsorbent serves as a guard for catalysts in
      subsequent catalytic processes as well as a guard for the solid sulfur
      adsorbent utilized immediately downstream therefrom.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention involves a solid chloride adsorbent which completely removes
      the chloride contaminants from various hydrocarbon containing fluid
      streams and especially from normally liquid hydrocarbon streams such as
      naphtha feed stocks. It has been found that treating of naphtha or other
      normally liquid hydrocarbons with hydrogen over a cobalt molybdenum oxide
      catalyst to convert organic sulfur compounds to hydrogen sulfide also
      converts organic chloride compounds to hydrogen chloride. The hydrogen
      chloride thus generated serves as a poison not only for the catalyst
      located downstream but seriously reduces the sulfur adsorption capacity of
      zinc oxide solid adsorbents normally used to protect said catalyst from
      hydrogen sulfide contamination. The adsorbent of this invention has a
      chloride adsorption capacity of from ten to twenty times that of any
      presently known chloride adsorbent. Further, it is active for the
      simultaneous removal of HCl and H.sub.2 S from various process gases. This
      invention relates, therefore, to a chloride adsorbent; to a process of
      utilizing said chloride adsorbent in removing hydrogen chloride from
      hydrocarbon containing feed streams as well as a method of converting
      organic chloride and sulfur compounds to hydrogen chloride and hydrogen
      sulfide for sequential removal through beds of chloride and sulfur
      adsorbents.
PAC  BACKGROUND OF THE INVENTION
PAR  Chloride compounds have been recognized for some time as serious poisons to
      many catalytic reactions. Such chloride contamination, however, previously
      has been from sources other than the hydrocarbon feed to plants used to
      make products such as hydrogen and ammonia. Several factors have recently
      required the use of heavier, normally liquid type hydrocarbon feeds to
      these plants which previously were designed for the most part to use
      normally gaseous natural gas type feeds consisting primarily of methane.
      Such natural gas feeds contain little, if any, chloride compounds.
      Further, due to the serious shortage of natural gas, used for heating and
      commercial installations, synthetic natural gas plants are now in the
      design or construction stage as replacements for the dwindling natural gas
      supplies. These so called SNG (synthetic natural gas) plants are being
      designed to use primarily naphtha type hydrocarbon feeds which are
      converted in these plants to natural gas type fuel, consisting of high
      concentrations of methane. Many of these naphtha feeds contain relatively
      high levels of chloride compounds, as well as high levels of sulfur
      compounds, both of which, if not essentially completely removed, result in
      serious poisoning of all other catalysts in SNG plants. Further, many
      plants presently operating, such as those for making hydrogen and ammonia,
      were originally designed to use a natural gas feed and will have to be
      modified so that a heavier type feed stock can be used. It has been found
      that high surface area zinc oxide sulfur adsorbents have low capacity for
      removal of chlorides. This capacity is, in fact, in the range of from 0.25
      to 1.0 wt. percent chloride retention of the entire adsorbent mass, based
      on chloride leakage or breakthrough of one part per million or less. Since
      these adsorbents are not regenerative, such a low chloride retention level
      is commercially unfeasible. Further, it has been found that chlorides in
      trace quantities in the feed stocks seriously reduce the sulfur retention
      capacity of the commercially available high surface area zinc oxide sulfur
      adsorbents. Therefore, chloride contaminants in the hydrogen treated feed
      stocks not only act as poisons for the downstream catalysts of SNG,
      hydrogen and ammonia plants, but act as poisons for the sulfur adsorbents
      used as a guard for such catalysts.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, basic compounds of calcium utilized in
      conjunction with zinc oxide and an inert binder produce an excellent
      adsorbent for the essentially complete removal of hydrogen chloride from
      hydrocarbon containing fluid streams. We have found that adsorbents
      containing these constituents have a chloride retention capacity of ten to
      twenty times that of the commercial solid adsorbents presently in use. We
      have found further, that these adsorbents are active for chloride
      adsorption at pressures in excess of atmospheric and at temperatures in
      the range of from 300.degree. to 1000.degree.F. Further, we have found
      that the conversion of organic sulfur compounds in hydrocarbon feed stocks
      through reaction with hydrogen over a hydrotreating catalyst also converts
      the organic chloride compounds to hydrogen chloride which acts as a poison
      for subsequent catalytic reactions and acts to reduce the sulfur retention
      capacity of the highly active, highly adsorbent, high surface area zinc
      oxide sulfur adsorbents. Hydrotreating catalysts are recognized in the art
      as comprising nickel and oxides of molybdenum or cobalt and the oxides of
      molybdenum supported on an aluminous support, which has a high surface
      area. Since these sulfur adsorbents are non-regenerative and are discarded
      as soon as a breakthrough of sulfur occurs, a reduction in capacity is
      highly serious. The elements calcium, strontium and barium have among the
      highest heats of formation for reaction with halides of any of the
      elements and therefore, it is hypothesized that this is a reason for their
      exceptional chloride adsorption retention capacity. In any event, we have
      demonstrated that a solid adsorbent, comprising a basic compound, such as
      the hydroxide of a Group II A metal such as calcium in admixture with zinc
      oxide and an inert binder exhibits a retention capacity for chlorides of
      ten to twentyfold greater than the retention capacity for chlorides of
      commercial zinc oxide sulfur adsorbents. Further, removal of chloride
      contaminants from the industrial fluid stream prior to passing said
      contaminant through a bed of solid sulfur adsorbent prevents loss of
      sulfide retention capacity of said adsorbent bed. Further, although
      hydrogen sulfide reduces the chloride retention capacity of the solid
      chloride adsorbent, hydrogen sulfide does not release chlorides adsorbed
      by the said chloride adsorbent even after chloride breakthrough has
      occurred from the saturated chloride adsorbent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings:
PAR  FIG. 1 is a flow diagram, illustrating diagrammatically the test apparatus
      described herein; and,
PAR  FIG. 2 is an enlarged diagrammatic representation of the adsorbent vessel
      containing an adsorbent bed in which the upper portion consists of the
      solid chloride adsorbent of this invention while the lower portion
      consists of a solid sulfur adsorbent.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As previously indicated, some naphtha feed stocks contain an appreciable
      quantity of organic chloride compounds. Further, various off gases derived
      from various refinery processes, which can be used because of the high
      relative hydrogen and methane concentration, may also contain chlorine
      compounds and possibly sulfur compounds. Conversion of the organic sulfur
      compounds to hydrogen sulfide over cobalt and molybdenum oxide or nickel
      and molybdenum oxide catalysts is well known in the art.
PAR  What was not so well known in the art was that the same process converted
      organic chloride compounds to hydrogen chloride. Therefore, the
      development of an improved adsorbent active for removal of chloride
      compounds from various feed streams to a level of less than 1 part per
      million became necessary. Since chloride adsorbents are unregenerative, a
      chloride retention capacity in excess of 5 percent by weight of the
      adsorbent was deemed essential for commercial application.
PAC  TEST PROCEDURE
PAR  While the process may be operated at pressures above atmospheric and
      temperatures in the range of from 300.degree.- 1000.degree. F., the
      identical test procedure was used throughout except for addition of
      hydrogen sulfide in the examples indicated. Chlorides were removed to a
      level of 1 ppm weight (the level of detectibility of the analytical method
      utilized). A level in excess of 1 ppm was considered a breakthrough of
      chlorides. A leakage of sulfur in excess of 0.2 ppm weight was considered
      a breakthrough of sulfur. A synthetic naphtha feed stock was made up
      comprising: 80 percent by weight hexane, 10 percent by weight benzene and
      10 percent by weight cyclohexane. Chloride contamination was provided by
      introducing carbon tetrachloride (CCl.sub.4) in an amount equivalent to
      40-60 ppm weight of the total feed. Sulfur contamination was effected by
      adding H.sub.2 S in an amount equivalent to about 500-600 ppm weight of
      the total feed. Since normal naphtha feed stocks contain a level of
      chloride contamination of about 1-10 ppm weight all of these tests were
      accelerated and reflect a shorter life than has been experienced with
      naturally occurring naphtha feedstocks.
PAR  Since the exact significant of chloride on the sulfur adsorbents, and the
      exact significance of sulfur on the chloride adsorbents or the
      significance of both components on either of the adsorbents was not fully
      appreciated, the initial naphtha feed stock was absolutely sulfur free.
      This procedure with the sulfur free stock was set up as though the
      chloride adsorbent would be located in series following the sulfur
      adsorbent.
PAR  The naphtha feed, contaminated with 40 to 60 parts per million weight
      chlorides in the form of carbon tetrachloride (CCl.sub.4) was passed over
      a hydrotreating catalyst located in reactor 3 at a temperature of
      700.degree. F. and at a pressure of 500 psig so as to convert the carbon
      tetrachloride (CCl.sub.4) to hydrogen chloride (HCl). The hydrotreated
      naphtha was then passed via line 5 to the adsorbent vessel at the same
      process conditions, viz:
TBL  PRESSURE        500 psig                                                  

     TEMPERATURE     700 degrees F.                                            

     SPACE VELOCITY  1300 V/V/hr. (gaseous)                                    

     MOLE % H.sub.2  10%                                                       

     CHLORIDE ADSORBENT                                                        

                     15 cc. meshed 10 .times. 16                               

     CHLORIDE LEVEL IN                                                         

     NAPHTHA FEED    40-60 ppm                                                 

PAR  The naphtha feed was fed through line 1 and hydrogen was introduced from
      line 2. The hydrogen and naphtha feed entered the reactor 3 through line
      1. The reactor contained 15 cc. of CCI's C20-7 catalyst. This catalyst
      consists of nickel and molybdenum oxides on activated alumina. The
      hydrogen treated feed was passed through line 5 and inlet samples were
      drawn off daily through sample point 6. The hydrogen treated effluent was
      fed through line 5 to reactor 7, which was loaded with a chloride
      adsorbent in bed 8. The effluent from vessel 7 was led through outlet 9
      and outlet samples were taken daily through sample point 10. The inlet
      sample taken from sample point 6 clearly indicated the ppm wt. of chloride
      entering reactor 7 and was analyzed daily by a test method hereinafter set
      forth. The limit of detectibility of this test method is 1 ppm chloride.
      When this liquid hydrocarbon feed also contains sulfur, as hydrogen
      sulfide, the limit of detectibility of the sulfur was less than 0.2 ppm
      wt. Sulfur was added as H.sub.2 S to this simulated feed naphtha at levels
      of about 500 ppm wt. at a gaseous space velocity of 1300V/V/hr. This
      approximates a portion 8 of an adsorbent bed, loaded to 10 percent of its
      total capacity with the solid chloride adsorbent and a lower portion 11,
      loaded to 90 percent by volume with a sulfur adsorbent as illustrated in
      FIG. 2. The normal space velocity for a high surface area zinc oxide
      sulfur adsorbent, such as CCI's C7-2 (described in U.S. Pat. No.
      3,441,370) is normally in the range of from 150-1500. Since a breakthrough
      of HCl or of H.sub.2 S in either of the absorbent beds 8 or 11 would
      necessitate discarding both beds, the beds are loaded so as to reach
      saturation almost simultaneously. Thus the size of the bed is predicated
      on the amount of the contaminant in the feed stock and the retention
      capacity of the absorbents for chlorides and sulfides respectively. An
      additional chloride absorbent vessel in series in the system may be added,
      but this requires additional capital expenditure, additional space and
      additional shut down time for engineering, fabrication and installation.
PAC  Analytical Methods
PAR  The analytical methods used for chloride and sulfur are as follows: The
      chlorides in and out of the reactor through sample points 6 and 10
      respectively were measured by bubbling the process gas through a condensor
      and then through a 1 percent caustic solution for a specified time and at
      a constant rate. The liquid naphtha was collected in the bubbler, and the
      ppm of chloride was determined by an Orion Specific Chloride Ion Meter,
      model 407, having a detectibility limit of 1 ppm Cl by weight. Sulfur was
      determined by bubbling the process gas through sulfuric acid to remove any
      chloride, then the gas was passed through a cadmium nitrate scrubber for a
      specified time and at a specified rate. The concentration in ppm weight
      was determined by titrating with sodium hydroxide with methyl orange
      indicator. The limit of detectibility for sulfur was 0.2 ppm by weight.
PAR  The chloride content was determined by boiling a known sample weight of the
      used absorbent in deionized water and determining the chloride
      concentration in the water after cooling by analysis using the Orion
      Chloride Ion Meter. The sulfur content of the used absorbent was
      determined by a Leco Sulfur Analyzer.
PAC  EXAMPLE 1
PAR  A batch of the absorbent of this invention was prepared as follows: 26.5
      lbs. of hydrated lime and 53.5 lbs. of zinc oxides were dry mixed with 20
      lbs. of powdered clay for ten minutes. The zinc oxides were derived by the
      thermal decomposition of zinc carbonate which in turn was precipitated by
      the controlled thermal decomposition of a solution of zinc ammine
      carbonate Zn(NH.sub.3).sub.4 CO.sub.3 through the release of NH.sub.3. The
      resulting zinc oxides obtained by calcining the zinc carbonate at
      700.degree. F. had a surface area in the range of from 40 to 70 m.sup.2
      /gm.
PAR  About 35 lbs. of water were slowly added to the mixture with constant wet
      mixing for ten minutes. The water was added at such a rate as to keep the
      temperature rise of the wet mix below 15.degree. F. When the wet mixed
      materials were of extrudable consistency, the mix was extruded into 3/16
      inch pellets. These were dried at 700.degree. F. and screened.
PAR  Now referring to FIG. 1, these dried pellets were sized to 10 .times. 16
      mesh and 15 cc. of the sized material were loaded into an absorbent vessel
      7 to form an absorbent bed 8. The absorbent contained on a nominal basis,
      20 percent of calcium oxide, 53 percent of zinc oxide and 20 percent by
      weight of clay. This apparent discrepancy of the total weight equalling
      less than 100 percent is due to the hydroxide group of calcium hydroxide
      not being accounted for. All of these percentages were expressed as
      percentages of the weight of the total mixture. The absorbent had a
      surface area of 32 m.sup.2 /gm and a pore volume in cc/gm of 0.2-0.3
      greater than 29 angstroms. A first reactor 3 connected in series with said
      absorbent vessel was loaded with 15 cc. of 10 .times. 16 mesh particles of
      a commercial hydrotreating catalyst sold by Catalysts & Chemicals, Inc.
      This catalyst, known as C20-7, contains nickel oxide in a percentage by
      weight of 3.8 and molybdenum oxide in a concentration by weight of 14.1
      percent on an alumina support. It has a surface area of 150 m.sup.2 /gm.
      This material formed a catalyst bed 4 in the catalyst reactor 3. Inlet and
      outlet samples for the chloride absorbent vessel 7 were collected through
      sample points 6 and 10 daily and analyzed. The gas inlet contained between
      40-60  ppm weight chlorides and no sulfur. The outlet gas collected
      contained less than 1 ppm weight of chlorides throughout the run. At the
      end of 781 hours (33 days), breakthrough occurred and 15 ppm weight
      chlorides were found in the outlet sample. The adsorbent was analyzed with
      samples taken from the top one-third of the adsorbent bed 8, the middle of
      the bed 8 and the bottom one-third of the bed. These analyses show the
      following.
TBL  ______________________________________                                    

                    % by Wt.                                                   

             Sample Chloride                                                   

     ______________________________________                                    

             Top    36.7                                                       

             Middle 28.1                                                       

             Bottom 6.1                                                        

             Average                                                           

                    23.6                                                       

     ______________________________________                                    

PAL  This run proved that the adsorbent of this invention would operate with
      essentially complete removal (down to less than 1 ppm weight of chlorides)
      for over a month. This test was with an unusually large concentration of
      chloride so as to accelerate the point of saturation at a level of greater
      than 1 ppm leakage of chlorides. Most feed stocks contain chlorides at a
      level of 1-10 ppm weight and therefore a much longer life of the adsorbent
      can be anticipated. The chloride retention was such that the absorbent
      collected in excess of 23 weight % of chlorides. This adsorbent is not
      regenerated and must be discarded once it has reached saturation.
      Nevertheless, this run indicated that the chloride absorbent was adequate
      for commercial application since a chloride retention of even 5 percent by
      weight would be commercially acceptable.
PAC  EXAMPLE 2
PAR  This run was made with an adsorbent from a different batch but made by the
      same procedure as Example 1. This adsorbent removed all the chlorides from
      the hydrogen treated naphtha feed (40-60 ppm weight chlorides) to less
      than 1 ppm weight in the outlet for a total of 740 hours. This amounts to
      32 days. At that time, a breakthrough of 14.6 ppm. weight chloride
      occurred.
PAR  At this time a simulated naphtha feed without chloride contamination was
      passed through this adsorbent for 46 hours, and less than 1 ppm of
      chloride was found in the outlet sample taken from sample points 6 and 10.
      The following day, 500 ppm of H.sub.2 S was introduced (still without
      chlorides) and 3-10 ppm chloride were found in the inlet samples taken
      from sample point 6. The 3-10 ppm of chlorides actually analyzed in the
      inlet samples apparently came from the catalyst contained in catalyst bed
      4 since no chlorides were being fed into the reactor 3. The outlet samples
      taken through sample point 10 contained from 2-3.5 ppm of chlorides. This
      is interesting, since even the spent adsorbent, chlorides purged from the
      catalyst bed 4 were still reduced almost in half in the outlet. Sulfur was
      adsorbed with the spent adsorbent (in reference to chloride retention) for
      40 hours after which a breakthrough of H.sub.2 S occurred. It is
      significant, however, that sulfur introduced as H.sub.2 S into the
      catalyst bed 4 and throughout the lines into adsorbent bed 8 did not
      release large quantities of chlorides. Sulfur leakage was less than 1 ppm
      for 40 hours even with the spent chloride adsorbent, and the chlorides in
      the outlet were less than the chlorides in the inlet for the entire
      period. Analysis of the chloride adsorbents after the aforementioned
      procedures:
TBL                 % by Wt.  % by Wt.                                         

      Sample        CHLORIDE  SULFUR                                           

     ______________________________________                                    

     Top 1/3        24.3      10.3                                             

     Middle 1/3     22.6      8.2                                              

     Bottom 1/3     13.7      4.0                                              

     Average        20.2      7.5                                              

     ______________________________________                                    

PAR  These two runs indicated that the adsorbent of this invention containing a
      calcium compound equivalent to 20 percent calcium oxide will effectively
      remove chlorides to a level of less than 1 ppm until chloride breakthrough
      and allow chloride retention of greater than 20 percent by weight of the
      adsorbent. These tests were run with no sulfur in the feed, at least
      initially, and would simulate the use of the adsorbent below the zinc
      oxide sulfur adsorbent forming a bed 11 in the adsorbent reactor 7, as
      illustrated in FIG. 2. It was also demonstrated that the sulfur capacity
      of this chloride adsorbent, after chloride saturation of 20.2 percent, is
      7.5 percent sulfur. Without chloride saturation, the sulfur retention
      would be expected to be around 12 percent. The introduction of H.sub.2 S
      into the saturated chloride absorbent does not release chlorides from the
      adsorbent.
PAC  EXAMPLE 3
PAR  As a comparison with the chloride retention of this adsorbent, a sample of
      a commercial zinc oxide sulfur adsorbent, produced by Catalysts &
      Chemicals, Inc., and known as C7-2, was sized to 10 .times. 16 mesh size.
      This adsorbent contains 80 percent zinc oxide and 20 percent clay. The
      surface area of this adsorbent is in the range of 30-50 m.sup.2 /gm.
      Testing this adsorbent under the same conditions previously indicated,
      without hydrogen sulfide in the stream, chlorides were removed to a level
      of less than 1 ppm weight for 3 days. Between the 3rd and 4th days, a
      chloride breakthrough of 52 ppm weight occurred. Analysis of the adsorbent
      was as follows:
TBL                 % by Wt.                                                   

             Sample CHLORIDE                                                   

     ______________________________________                                    

             Top    1.96                                                       

             Middle .89                                                        

             Bottom .17                                                        

             Average                                                           

                    .96                                                        

     ______________________________________                                    

PAL  The life of this adsorbent was about one-tenth of the life of the
      adsorbents of Examples 1 and 2. The chloride retention capacity was less
      than one-twentyth of the capacity of the adsorbent of Examples 1 and 2.
PAC  EXAMPLE 4
PAR  To determine if chlorides increase sulfur leakage from the commercial
      sulfur adsorbent, a test was started and operated for 44 hours utilizing
      the C7-2 adsorbent produced by Catalysts & Chemicals, Inc., and described
      in Example 3. Initially, a test was operated with no chlorides in the
      inlet and with 500-600 ppm weight of sulfur in the form of H.sub.2 S in
      the naphtha feed. It was verified from the daily outlet samples taken from
      sample point 10 that for a period of 44 hours, the outlet leakage of
      sulfur was less than 0.2 ppm. weight. Chlorides were then injected into
      the feed. After the 68th hour (22 hours after injection of chlorides)
      sulfur leakage had reached 17 ppm weight. At sulfur breakthrough, the
      calculated sulfur pickup or retention was only 15.4 weight %. Normal
      sulfur pickup for the C7-2 adsorbent in the absence of chlorides has been
      established at about 24-26%. This amounts then to a decrease in sulfur
      retention capacity in excess of 35 percent over that experienced without
      chlorides. The adsorbent was then analyzed.
TBL  ______________________________________                                    

                    % by Wt. % by Wt.                                          

     Sample         SULFUR   CHLORIDE                                          

     ______________________________________                                    

     Top            19.8     .30                                               

     Middle         14.7     .26                                               

     Bottom         11.6     .27                                               

     Average        15.4     .28                                               

     ______________________________________                                    

PAR  Another run was made utilizing the C7-2 adsorbent and utilizing the
      simulated naphtha feed containing 500-600 ppm weight H.sub.2 S. The level
      of chloride contamination was incrementally increased during the run.
      During the first day, the chloride level was 10-15 ppm weight HCl. The
      sulfur leakage was less than 0.2 ppm weight and the chloride leakage was
      less than 1 ppm. weight. On the second day, the chloride inlet level was
      increased to 30 ppm and a sulfur breakthrough of 0.6 ppm weight occurred,
      as well as a chloride breakthrough of 8 ppm weight. The test was continued
      with the same level of chloride and sulfide contaminants. On the fourth
      day, the inlet chloride was 26 ppm weight and the outlet chloride was 22
      ppm weight. The sulfur leakage had increased to 32 ppm weight. This
      adsorbent was not analyzed for chlorides. The average analysis for sulfur,
      however, was 14.8 weight %. These experiments proved conclusively that
      chlorides in the feed have a deleterious effect on the sulfide retention
      of the sulfur adsorbent. Further, these tests showed that commercial
      sulfur adsorbents have a very poor retention for chlorides.
PAC  EXAMPLE 5
PAR  Another test of the adsorbent prepared according to Example 1 of this
      invention was tested under standard operating conditions with 500-600 ppm
      weight sulfur and 40-60 ppm weight chlorides injected into the stream.
      This adsorbent removed all the chlorides to a level of less than 1 ppm
      weight for a period of 15 days. Chloride breakthrough occurred on the 16th
      day. Sulfur broke through at 65 hours on stream. Analysis of the spent
      adsorbent after the 15 plus days on stream was as follows:
TBL                 % by Wt.  % by Wt.                                         

     Sample         CHLORIDE  SULFUR                                           

     ______________________________________                                    

     Top            11.3      15.6                                             

     Middle         10.4      14.1                                             

     Bottom         8.9       14.3                                             

     Average        10.2      14.6                                             

     ______________________________________                                    

PAR  The chloride retention of this spent chloride adsorbent on analysis was
      10.2 percent by weight and the sulfur retention was 14.6 percent by
      weight. The sulfur capacity of commercial zinc oxide type sulfur
      adsorbents, without chlorides in the naphtha feed, has been established as
      ranging from 24 to 26 percent by weight, whereas the sulfur retention of
      this Example 5 adsorbent (invention) is about 14 percent by weight. This
      is due primarily to its lower zinc oxide content, i.e. about 53 percent
      zinc oxide versus the 80 to 90 percent zinc oxide level in such commercial
      sulfur adsorbents. Further, this run demonstrates that sulfur
      contamination in such a hydrocarbon stream lowers the chloride retention
      capacity of this invention. This is shown by comparing this chloride
      adsorption capacity to that of Examples 1 and 2.
PAC  EXAMPLE 6
PAR  A batch of the adsorbent of this invention was prepared as follows: 56.8
      lbs. of hydrated lime, 25.9 lbs of zinc oxide and 17.3 lbs of clay were
      dry mixed. The zinc oxides were prepared according to the steps set forth
      by Example 1. The resulting composition had a nominal composition of 43
      percent calcium oxide (present as Ca(OH).sub.2); 17 percent clay and 26
      percent zinc oxides. The dried extrudates had a surface area of 23 m.sup.2
      /gm; a pore volume of 0.2-0.3 cc/gm of pores having diameters greater than
      29 angstroms. The extruded pellets were sized to a 10 .times. 16 mesh size
      and loaded into the adsorbent vessel 7 to form adsorbent bed 8 of FIG. 1.
      The material was tested under the standard conditions with the synthetic
      naphtha contaminated with chlorides in the form of carbon tetrachloride in
      the range of 40-60 ppm and with sulfur in the form of H.sub.2 S in
      concentrations of 500-600 ppm. This adsorbent removed all chlorides to
      less than 1 ppm in the effluent for 27 days. Sulfur broke through after 2
      days. Analysis of the adsorbent after conclusion showed the following:
TBL                 % by Wt.  % by Wt.                                         

     Sample         CHLORIDE  SULFUR                                           

     ______________________________________                                    

     Top            29.9      5.1                                              

     Middle         23.1      7.7                                              

     Bottom         9.85      8.8                                              

     Average        20.95     7.2                                              

     ______________________________________                                    

PAR  This run shows that increasing the calcium oxide from about 20 to about 40
      percent increases the chloride retention from 10 weight % (in the presence
      of sulfur compounds) to about 20 weight % under the same conditions. The
      sulfur pickup is reduced due to the low zinc content of this material. The
      calcium constituent removes little, if any, H.sub.2 S under these
      conditions. The sulfur profile is of some interest because the most sulfur
      appears to be picked up at the bottom of the bed rather than at the top.
      This may indicate that the bottom portion of the sulfur adsorbent is
      protected from chlorides for a longer period than the top. Possibly, it
      may indicate that the overall capacity of the adsorbent for sulfur is
      reduced depending on its chloride content, either in the gas stream or on
      the adsorbent itself. The chloride profile of the adsorbent indicates good
      distribution of chloride pickup throughout the adsorbent bed. The results
      of these various runs are tabulated in tables A and B in which it is shown
      that the zinc oxide adsorbent has a very low capacity for chloride
      adsorption in the range of less than 1 weight % of the adsorbent. Addition
      of calcium hydroxide or other basic calcium compounds in weight
      concentrations of 20 percent produces a twentyfold increase in chloride
      retention so that the adsorbent will adsorb and retain in excess of 20
      percent of its weight in chloride. Sulfur has an adverse effect on the
      retention of chlorides in the chloride adsorbents and chlorides have an
      adverse effect on the retention of sulfur in the zinc oxide adsorbents.
      The space velocity of the chloride adsorbents can be increased almost ten
      fold over the space velocity of the sulfur adsorbents if the adsorbents
      are loaded in the same bed. In other words, for each 100 cubic feet of
      total adsorbents, there would be about 10 cubic feet of chloride adsorbent
      along with about 90 cubic feet of sulfur adsorbent. It is possible of
      course, to use two reactors in the event of breakthrough of chloride or of
      sulfur occurs in one adsorbent over the other. Since these adsorbents are
      non-regenerative, it is, of course, necessary to dump the adsorbents as
      soon as breakthrough of one of the poisons occurs.
TBL                                    TABLE A                                 

     __________________________________________________________________________

     Standard Capacity Tests with Sulfur Free Synthetic Naphtha                

     Containing 40-60 ppm Weight Chlorides                                     

                      Days On                                                  

                            Average Chloride                                   

                                      Average Sulfur                           

     Example                                                                   

           Adsorbent  Stream*                                                  

                            Retention Wt. %                                    

                                      Retention Wt. %                          

     __________________________________________________________________________

     1    20% CaO 53 lbs. ZnO                                                  

          20% Clay    33    23.6      --                                       

     2    Same as 1   31    20.2      --                                       

     3    CCI C7-2                                                             

          80% Zno 20% Clay                                                     

                       3    .96       --                                       

     __________________________________________________________________________

      *Days on stream until greater than 1 ppm chloride broke through.         

TBL                                    TABLE B                                 

     __________________________________________________________________________

     Standard Capacity Tests with Synthetic Naphtha Containing                 

     40-60 ppm Weight Chlorides and 500-600 ppm Weight Sulfur                  

                    Days On                                                    

                          Average Chloride                                     

                                    Average Sulfur                             

     Example                                                                   

           Adsorbent                                                           

                    Stream*                                                    

                          Retention Wt. %                                      

                                    Retention Wt. %                            

     __________________________________________________________________________

     4    CCI C7-2                                                             

          80% ZnO 20% Clay                                                     

                     3    .28       15.4                                       

          Same       2    --        14.8                                       

     5    20% CaO 53% ZnO                                                      

          20% Clay  16    10.2      14.6                                       

     6    43% CaO 26% ZnO                                                      

          20% Clay  27    20.95      7.2                                       

     __________________________________________________________________________

      *Days on stream until greater than 1 ppm chloride broke through.         

PAR  The data clearly show that increasing the calcium oxide concentration of
      the adsorbent to 43 percent effectively doubles the chloride retention in
      the presence of sulfur. Experimental work has shown that as little as 7
      percent of calcium oxide added to the zinc oxide adsorbent increases the
      capacity of the adsorbent for chlorides to 3 percent by weight. This is an
      appreciable overall increase in chloride retention capacibility over the
      chloride retention of about 0.5 percent by weight for the commercial zinc
      oxide sulfur adsorbent. This amounts to about a sixfold increase in
      chloride pickup. The discovery that chloride contamination was deleterious
      not only to subsequent catalysts but to the sulfur adsorbent, dictates
      that the chloride be removed from the treated stream prior to passage of
      the stream through the sulfur adsorbent. Prior to the invention, it was
      not clear whether the sulfur should be removed first, or whether the
      chloride should be removed first. In fact, the full effect of the various
      constituents on each other and on subsequent catalytic operations was not
      fully understood. In any event, this invention clearly establishes that
      the sequence of events should be treatment of the industrial feed stock
      with hydrogen over a hydrotreating catalyst to convert the organic sulfur
      compounds and the organic chloride compounds to H.sub.2 S and HCl
      respectively; and the sequential removal of the hydrogen chloride and of
      the hydrogen sulfide through their respective adsorbents prior to passing
      the treated materials on to further processing. While some emphasis has
      been given to naphtha feed stocks, it is apparent, of course, that this
      invention is applicable to other feed materials which contain chlorides,
      sulfur and sulfur compounds or chloride compounds along. An example of the
      latter might be the off gas from a so-called platforming reaction which is
      free of sulfur compounds but which does contain chloride contaminants in
      trace amounts. Further, the invention is operative at pressures in excess
      of atmospheric and temperatures in the range of from 300.degree. F. -
      1000.degree. F.
PAR  Many modifications will occur to those skilled in the art from the detailed
      description hereinabove given and this description is meant to be
      exemplary in nature and nonlimiting except so as to be commensurate in
      scope with the appended claims.
CLMS
STM  we claim:
NUM  1.
PAR  1. A process for removing hydrogen chloride from a hydrocarbon containing
      fluid stream which comprises the steps of:
PA1  A. passing said fluid stream at a temperature in the range of from
      300.degree.F. to 1000.degree.F., through a bed of. dried and discrete
      adsorbent particles, consisting essentially of the following constituents:
PA2  1. zinc oxide in a concentration of at lest 10 percent by dry weight of
      said mixture,
PA2  2. a basic compound of calcium in a concentration by dry weight of said
      mixture of between 5 and 80 percent, and,
PA2  3. an inert binder present in a concentration by dry weight of said
      mixtures of between 5 and 25 percent.
NUM  2.
PAR  2. A process, as defined in claim 1, in which the surface area of said
      adsorbent is in the range of from 20 to 50 m.sup.2 /gm.
NUM  3.
PAR  3. A process for removing organic chloride compounds from a hydrocarbon
      containing fluid stream substantially free of sulfur bearing compounds
      which comprises the steps of:
PA1  A. converting said organic chloride to hydrogen chloride by passing said
      hydrocarbon containing fluid stream in the presence of hydrogen over a
      catalyst comprising cobalt or nickel in association with the oxides of
      molybdenum and a solid support, at a temperature in excess of 300.degree.
      F. and at a pressure in excess of atmospheric; and,
PA1  B. passing the hydrogen treated effluent at a temperature not in excess of
      1000.degree. F. through a bed of solid chloride adsorbent consisting
      essentially of a mixture of zinc oxide, a basic compound of calcium and an
      inert binder.
NUM  4.
PAR  4. A process, as defined in claim 3, in which said solid chloride adsorbent
      consist essentially of a mixture of:
PA1  A. zinc oxide in a concentration of at least 10 percent by weight of said
      mixture,
PA1  B. a basic compound of calcium in a concentration by weight of said mixture
      of between 5 and 80 percent, and,
PA1  C. an inert binder, present in a concentration by weight of said mixture of
      between 5 and 25 percent.
NUM  5.
PAR  5. A process, as defined in claim 3, in which said solid chloride adsorbent
      has a surface area in the range of from 20 to 50 m.sup.2 /gm.
NUM  6.
PAR  6. A process of removing organic sulfur compounds and organic chloride
      compounds from a hydrocarbon containing fluid stream, which comprises the
      steps of:
PA1  A. converting said organic sulfur compounds to hydrogen sulfide and said
      organic chloride compounds to hydrogen chloride by passing said fluid
      stream in the presence of hydrogen over a catalyst comprising cobalt or
      nickel in association with the oxides of molybdenum and a support at a
      pressure in excess of atmospheric and a temperature in excess of
      300.degree. F.;
PA1  B. removing the hydrogen chloride and a portion of said hydrogen sulfide by
      passing said treated fluid stream at a temperature in excess of
      300.degree. F. through a bed of solid chloride adsorbent comprising a
      mixture of zinc oxide, a basic compound of calcium and an inert binder,
      said basic compound of calcium being present in a weight percent,
      expressed as calcium oxide, of from 10 to 80 percent of the total
      adsorbent; and,
PA1  C. removing the remainder of said hydrogen sulfide from said fluid by
      passing said fluid through an adsorbent active for removing hydrogen
      sulfide therefrom.
NUM  7.
PAR  7. A process, as defined in claim 6, in which said solid chloride adsorbent
      has a surface area in the range of from 20 to 50 m.sup.2 /gm.
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ABST
PAL  A method for effectively removing sulfur dioxide in the form of calcium
      sulfite from a combustion exhaust gas, comprising the steps of (1) feeding
      a portion of the combustion exhaust gas to a dilute sulfuric acid solution
      to produce sulfurous acid in the solution and oxidizing the resultant
      sulfurous acid with use of air or oxygen in the presence of an oxidizing
      catalyst to produce sulfuric acid; (2) feeding a residue of the combustion
      exhaust gas and the gas exhausted from the step (1) to an alkali sulfite
      aqeuous solution to produce an alkali bisulfite aqueous solution; (3)
      mixing a major portion of the alkali bisulfite aqueous solution produced
      in the step (2) with slaked lime or limestone for reaction to give a
      calcium sulfite-containing reaction solution; (4) separating calcium
      sulfite from the reaction solution obtained in the step (3); and (5)
      circulating the filtrate of the step (4) to the step (2) and mixing a
      minor portion of the alkali bisulfite aqueous solution produced in the
      step (2) with sulfuric acid produced in the step (1) and with a portion of
      calcium sulfite separated in the step (4), thereby to convert an alkali
      sulfate, which is secondarily produced in the alkali bisfulfite aqueous
      solution, into gypsum.
BSUM
PAR  This invention relates to a method for removing sulfur dioxide in the form
      of calcium sulfite from a sulfur dioxide-containing combustion exhaust
      gas, and more particularly to a method for effectively removing sulfur
      dioxide in the form of calcium sulfite from a combustion exhaust gas,
      wherein the combustion exhaust gas is contacted with an alkali sulfite
      aqueous solution to produce an alkali bisulfite aqueous solution, and then
      slaked lime or limestone is introduced into the bisulfite aqueous solution
      for forming calcium sulfite, characterized by eliminating an alkali
      sulfate which is secondarily produced in the alkali bisulfite aqueous
      solution.
PAC  BACKGROUND OF THE INVENTION
PAR  Many methods for removing sulfur dioxide from a combustion exhaust gas have
      been heretofore proposed, including a dry method using various kinds of
      adsorbents, a wet method employing an alkali sulfite aqueous solution,
      etc. In the wet method using an alkali sulfite aqueous solution, for
      example, a combustion exhaust gas is introduced into the alkali sulfite
      aqueous solution for interacting sulfur dioxide contained in the
      combustion exhaust gas and the alkali sulfite to produce an alkali
      bisulfite, and the resultant alkali bisulfite is reacted with slaked lime
      or limestone to produce calcium sulfite, resulting in removal of sulfur
      dioxide in the form of calcium sulfite from the combustion exhaust gas. In
      this methods, when sodium sulfite is used as an alkali sulfite, the
      reactions occur as represented by the following formulae:
EQU  SO.sub.2 + Na.sub.2 SO.sub.3 + H.sub.2 O .fwdarw. 2 NaHSO.sub.3 ( 1)
EQU  2NaHSO.sub.3 + CaCO.sub.3 .fwdarw. CaSO.sub.3 . 1/2H.sub.2 O + Na.sub.2
      SO.sub.3 + CO.sub.2 + 1/2H.sub.2 O                         (2)
EQU  2NaHSO.sub.3 + Ca(OH).sub.2 .fwdarw. CaSO.sub.3 . 1/2H.sub.2 O + Na.sub.2
      SO.sub.3 + 3/2 H.sub.2 O                                  (3)
PAR  However, when the combustion exhaust gas is introduced into the alkali
      sulfite aqueous solution for reaction of sulfur dioxide with the alkali
      sulfite, a portion of the alkali sulfite is oxidized by means of oxygen,
      which is also contained in the combustion exhaust gas, thereby to produce
      an alkali sulfate. Accordingly, a reaction solution of an alkali bisulfite
      which is obtained by the interaction of sulfur dioxide and the alkali
      sulfite also contains the alkali sulfate as an undesirable by-product.
PAR  The alkali sulfate is accumulated in the alkali bisulfite aqueous solution
      in a large amount, an efficiency of absorption of sulfur dioxide in the
      alkali suflite aqueous solution is extremely lowered. Accordingly, it is
      essentially required to eliminate the produced alkali sulfate from the
      alkali bisulfite aqueous solution. In the prior methods, sulfuric acid and
      calcium sulfite are added, out of the reaction system, to the alkali
      bisulfite aqueous solution for converting the alkali sulfate into gypsum
      (CaSO.sub.4.2H.sub.2 O) in accordance with the following reaction formulae
      (wherein sodium sulfate is used as the alkali sulfate), thus removing the
      alkali sulfate in the form of gypsum from the reaction solution:
EQU  H.sub.2 SO.sub.4 + CaSO.sub.3.1/2H.sub.2 O + 1/2H.sub.2 O =
      CaSO.sub.4.2H.sub.2 O + SO.sub.2                          ( 4) SO.sub.2 +
      Na.sub.2 SO.sub.4 + CaSO.sub.3.1/2H.sub.2 O + 5/2H.sub.2 O =
      CaSO.sub.4.2H.sub.2 O + 2NaHSO.sub.3                      ( 5)
PAR  however, the introduction of sulfuric acid and calcium sulfite out of the
      reaction system disadvantageously necessitates additional complicated
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a wet
      method for effectively removing sulfur dioxide in the form of calcium
      sulfite from a sulfur-dioxide-containing combustion exhaust gas by
      eliminating an alkali sulfate, which is secondarily produced and
      accumulated in an alkali bisulfite aqueous solution, with use of sulfuric
      acid and calcium sulfite which are produced within the reaction system.
PAR  Other objects and advantages, and features of the present invention will
      become apparent from the following description.
PAR  In general, sulfur dioxide can be readily converted into sulfuric acid by
      having sulfur dioxide absorbed in a dilute sulfuric acid to produce a
      sulfurous acid solution, and feeding air or oxygen to the resultant
      sulfurous acid solution for oxidizing sulfurous acid (H.sub.2 SO.sub.3) in
      the presence of an oxidizing catalyst. Accordingly, when a sulfur
      dioxide-containing combustion exhaust gas is treated in accordance with
      the above-mentioned method, sulfuric acid can be easily continuously
      produced with use of sulfur dioxide, i.e., a portion of the combustion
      exhaust gas is brought into contact with a dilute sulfuric acid solution
      for permitting sulfur dioxide to be absorbed in the solution to produce
      sulfurous acid in the solution, which is then oxidized by means of air or
      oxygen in the presence of an oxidizing catalyst, thus resulting in
      production of sulfuric acid.
PAR  While, a residue of sulfur dioxide-containing combustion exhaust gas is
      combined with a gas which is exhausted after absorption of the combustion
      exhaust gas in the dilute sulfuric acid solution, and the thus combined
      gas is introduced into an alkali sulfite aqueous solution to produce an
      alkali bisulfite in the form of an aqueous solution. Then, slaked lime or
      limestone is added to the alkali bisulfite aqueous solution to produce
      calcium sulfite. In this manner, sulfuric acid and calcium sulfite can be
      easily continuously produced within the reaction system, and can be used
      for removing the alkali sulfate, which is secondarily produced in the
      alkali bisulfite aqueous solution, without introducing, out of the
      reaction system, sulfuric acid and calcium sulfite into the solution. As a
      result, sulfur dioxide can be effectively removed in the form of calcium
      sulfite.
PAR  In accordance with the present invention, there is provided a method for
      removing sulfur dioxide in the form of calcium sulfite from a
      sulfur-dioxide-containing combustion exhaust gas, the method comprising
      the steps of (1) feeding a portion of the combustion exhaust gas to a
      dilute sulfuric acid solution to produce sulfurous acid in the solution,
      which is then oxidized by means of air or oxygen in the presence of an
      oxidizing catalyst to produce sulfuric acid; (2) feeding a residue of the
      combustion exhaust gas and the gas exhausted from the step (1) to an
      alkali sulfite aqueous solution to produce an alkali bisulfite aqueous
      solution; (3) mixing a major portion of the alkali bisulfite aqueous
      solution produced in the step (2) with slaked lime or limestone for
      reaction to give a reaction solution containing calcium sulfite; and (4)
      separating calcium sulfite from the reaction solution obtained in the step
      (3), the filtrate separated on the step (4) being circulated to the step
      (2) and a minor portion of the alkali bisulfite aqueous solution produced
      in the step (2) being mixed with sulfuric acid produced in the step (1)
      and with a portion of calcium sulfite separated in the step (4) thereby to
      convert an alkali sulfate, which is secondarily produced in the alkali
      bisulfite aqueous solution, into gypsum. Thus, it is unnecessary to
      introduce sulfuric acid and calcium sulfite out of the reaction system, so
      that the removal of sulfur dioxide can be effectively carried out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A sole FIGURE is a flow chart showing an embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As described hereinbefore, in the present invention, a portion of the
      sulfur dioxide-containing combustion exhaust gas is contacted with or
      introduced into a dilute sulfuric acid solution for having sulfur dioxide
      absorbed in the dilute sulfuric acid solution and dissolving it in the
      form of sulfurous acid (H.sub.2 SO.sub.3). Then, air or oxygen is blown or
      introduced into the sulfur dioxide-absorbing solution (i.e., sulfurous
      acid solution) for oxidizing sulfurous acid with air or oxygen in the
      presence of an oxidizing catalyst such as iron sulfate, manganese sulfate
      or the mixture thereof thereby to produce sulfuric acid. It will be noted
      that since sulfuric acid is employed only for converting the alkali
      sulfate, which is secondarily produced in the alkali bisulfite aqueous
      solution, into gypsum for removal, the production of sulfuric acid is
      required only in a small amount, e.g., it appears sufficient to oxidize or
      convert 5-20 percent (usually about 10 percent of sulfur dioxide contained
      in the total combustion exhaust gas used into sulfuric acid. When a
      portion of the sulfur dioxide-containing combustion exhaust gas is
      introduced into the dilute sulfuric acid solution for having sulfur
      dioxide absorbed in the solution, it is not required to raise a
      concentration of the dilute sulfuric acid to a high level since an
      efficiency of absorption of sulfur dioxide in the solution is lowered due
      to its strong acidity. That is, the concentration of the dilute sulfuric
      acid solution is desired to be within a range of 1- 40 percent, preferably
      4-15 percent.
PAR  The amount of the oxidizing catalyst is not critical, e.g., with iron
      sulfate, the concentration of the catalyst may be within a range of about
      0.05 - about 0.5 percent in terms of iron ion.
PAR  In accordance with the present invention, a gas which is exhausted from the
      step of the production of sulfuric acid is combined with combustion
      exhaust gas except for that used for the production of sulfuric acid. The
      combined gas is introduced into the alkali sulfite aqueous solution for
      permitting sulfur dioxide, which is contained in the exhaust gas and the
      combustion exhaust gas, to be absorbed in the alkali sulfite aqueous
      solution for reaction thereby to produce an alkali bisulfite aqueous
      solution. In this case, a pH value of the resultant alkali bisulfite
      aqueous solution is desired to be within a range of 5.5-7.0. This is due
      to the following reasons; where an alkali bisulfite aqueous solution which
      has a pH value lower than 5.5 is produced, absorption efficiency of sulfur
      dioxide absorbed in the alkali sulfite aqueous solution is extremely
      reduced; and where an alkali bisulfite aqueous solution which has a pH
      value higher than 7.0 is produced, in the next step wherein the alkali
      bisulfite is reacted with slaked lime or limestone to produce the calcium
      sulfite, velocity of said reaction is remarkably reduced. Accordingly, the
      pH value of the alkali bisulfite aqueous solution should be maintained
      within a range of 5.5-7.0. To this end, for example, it is preferred to
      use the alkali sulfite aqueous solution having a concentration of 10-25
      percent for having sulfur dioxide absorbed in the alkali sulfite aqueous
      solution to produce an alkali bisulfite aqueous solution which contains
      3-15 wt % of the alkali bisulfite.
PAR  In the following step of the present invention, slaked lime or limestone is
      added to the alkali bisulfite aqueous solution for interacting the alkali
      bisulfite and slaked lime or limestone in accordance with the
      afore-mentioned reaction formulae (2) and (3), thereby to produce calcium
      sulfite. The thus produced calcium sulfite is separated from the reaction
      solution and the resulting filtrate which is the alkali sulfite aqueous
      solution (Na.sub.2 SO.sub.3 +  H.sub.2 O) is circulated for use as a
      sulfur dioxide-absorbing solution. It will be noted that the separated
      calcium sulfite may be formed into a slurry for easily oxidizing the
      sulfite by means of air or oxygen to produce gypsum, if necessary.
PAR  In the present invention, furthermore, sulfuric acid, which is obtained in
      the first step of the present invention as described hereinbefore, a
      portion of the alkali bisulfite aqueous solution, and a portion of the
      calcium sulfite are mixed together for converting an alkali sulfate, which
      is contained in the alkali bisulfite aqueous solution, into gypsum in
      accordance with the afore-mentioned reaction formulae (4) and (5), thus
      the alkali sulfate being removed in the form of gypsum by filtration. In
      this connection, the resulting filtrate is an alkali bisulfite aqueous
      solution (NaHSO.sub.3 + H.sub.2 O), so that it can be recirculated to the
      step for introducing slaked lime or limestone into the alkali bisulfite
      aqueous solution.
PAR  The present invention will be described in more detail with reference to
      the accompanying drawing. In the drawing, there is indicated at 1 a pipe
      for feeding a sulfur dioxide-containing combustion exhaust gas; at 2 a
      dust-removing apparatus; at 3 a branched pipe for feeding the combustion
      exhaust gas which is charged from the dust-removing apparatus 2; at 4 a
      first absorption tower of the combustion exhaust gas; at 7 an oxidizing
      tower for oxidizing a sulfur dioxide-absorbing solution which is obtained
      in the first absorption tower 4; at 7' a tank for storing an oxidizing
      catalyst to be fed to the oxidizing tower 7; at 7" a blower for feeding
      air or oxygen to the oxidizing tower 7; at 5 a pipe for feeding to a
      second absorption tower 9 a combined gas of a residue of the combustion
      exhaust gas except for that charged into the first absorption tower 4 from
      the dust-removing apparatus 2 through the branched pipe 3 and of an
      exhaust gas which is charged from the first absorption tower 4; at 9 a
      second absorption tower for contacting the combined gas with an alkali
      sulfite aqueous solution to produce an alkali bisulfite aqueous solution;
      at 9' a harmless desulfurized exhaust gas which is exhausted from the
      second absorption tower 9; at 10 a pipe for feeding the alkali bisulfite
      aqueous solution, which is produced in the second absorption tower 9, to a
      double decomposition vessel 12; at 12 a double decomposition vessel for
      interacting the alkali bisulfite aqueous solution, which is fed through
      the pipe 10, and slaked lime or limestone 15 to produce a calcium
      sulfite-containing reaction solution. Further, there is designated at 8 a
      sulfuric acid reservoir for storing sulfuric acid which is produced by
      feeding a sulfur dioxide-absorbing solution (or a sulfurous acid solution)
      to the oxidizing tower 7 and the first absorption tower 4 through the pipe
      6; at 14 a filter and separator for separating calcium sulfite from a
      reaction solution which formed in the double decomposition vessel 12 and
      fed through a pipe 13; at 25 a tube for withdrawing calcium sulfite
      separated in the filter and separator 14; at 16 a pipe for feeding to the
      second absorption tower 9 a filtrate (Na.sub.2 SO.sub.3 + H.sub. 2 O)
      which is obtained by separation of calcium sulfite in the filter and
      separator; at 22 a vessel for converting an alkali sulfate, which is
      secondarily produced in the alkali bisulfite aqueous solution, into gypsum
      by mixing a portion of calcium sulfite, which is separated in the filter
      and separator 14, with sulfuric acid charged from the reservoir 8, and
      with a portion of the alkali bisulfite aqueous solution, which is produced
      in the second absorption tower 9 and fed through the pipe 11; at 23 a
      filter and separator for separating gypsum, which is formed in the vessel
      22, from the reaction solution; and at 24 a pipe for feeding to the double
      decomposition vessel 12 a filtrate which is resulted from separation of
      gypsum in the filter and separator 23. Additionally, there is indicated at
      17 a slurry-producing vessel wherein calcium sulfite which is obtained by
      separating it in the filter and separator 14 is formed into a slurry so as
      to easily produce gypsum; at 18 an oxidizing tower for oxidizing the
      calcium sulfite slurry, which is obtained in the slurry-producing vessel
      17, in the presence of air or oxygen; at 19 a filter and separator for
      separating gypsum, which is obtained in the oxidizing tower 18, from
      reaction solution; and at 20 produced gypsum yielded in the filter and
      separators 19 and 23.
PAR  In operation, the sulfur dioxide-containing combustion exhaust gas is
      introduced into the dust-removing apparatus 2 through the pipe 1 for
      removing dust, a portion of the resulting combustion exhaust gas is fed to
      the first absorption tower 4 through the branched pipe 3 to have the
      sulfur dioxide component absorbed in a dilute sulfuric acid solution of
      the tower 4, resulting in production of a sulfurous acid solution. The
      sulfurous acid solution is passed to the oxidizing tower 7, to which an
      oxidizing catalyst is fed from the tank 7' and to which air or oxygen is
      also fed from the blower 7", to produce sulfuric acid. In order to obtain
      sulfuric acid having a predetermined concentration, the sulfurous acid
      solution or absorption solution is circulated through the first absorption
      tower 4 and the oxidizing tower 7, which are communicated with the pipe 6.
      The resultant sulfuric acid is stored in the reservoir 8. While, a residue
      of the combustion exhaust gas except for that fed to the first absorption
      tower 4 is combined with a gas which is exhausted from the first
      absorption tower 4. The combined gas is fed to the second absorption tower
      9 through the pipe 5 for contact with an alkali sulfite aqueous solution
      having a concentration of 10-25 percent to obtain an alkali bisulfite
      aqueous solution having a pH value of 6.0-7.0. The desulfurized harmless
      gas is released into the air from the top of the second absorption tower
      9. A major portion of the resultant alkali bisulfite aqueous solution is
      passed to the double decomposition vessel 12 through the pipe 10. In the
      vessel 12, slaked lime or limestone 15 is added to the bisulfite solution
      for interacting slaked lime or limestone 15 and the alkali bisulfite to
      produce calcium sulfite. The resultant reaction solution is then
      introduced through the pipe 13 into the filter and separator 14 wherein
      calcium sulfite is separated from the reaction solution and is withdrawn
      through pipe 25. The resultant filtrate is recirculated to the second
      absorption tower 9 through pipe 16.
PAR  Sulfuric acid produced and stored in the reservoir 8 is introduced into the
      vessel 22 which a portion of the alkali bisulfite aqueous solution, which
      is produced in the second absorption tower 9, is also introduced through
      the pipe 11. Furthermore, a portion of calcium sulfite separated in the
      filter and separator 14 is fed to the vessel 22 through the pipe 21. In
      this manner, the alkali sulfate contained in the alkali bisulfite aqueous
      solution is converted into gypsum, which is then separated from the
      reaction solution by means of the filter and separator 23. The resultant
      filtrate is circulated to the double decomposition vessel 12 through the
      pipe 24. While, calcium sulfite which is obtained by separation in the
      filter and separator 14 may introduced into the slurry-producing vessel
      l7, if necessry, for mixing with water to form a slurry. The slurry is
      passed to the oxidizing tower 18 wherein calcium sulfite is oxidized in
      the presence of air or oxygen to produce gypsum, which is separated from
      the solution by means of the filter and separator 19 to obtain produced
      gypsum 20.
PAR  As will be apparent from the foregoing, in accordance with the present
      invention, the alkali sulfate which is secondarily produced in the
      reaction system can be removed without introducing sulfuric acid and
      calcium sulfite out of the reaction system. This is extremely advantageous
      for the treatment of a combustion exhaust gas with use of an alkali
      sulfite aqueous solution.
PAR  The following example will further illustrate the present invention, but
      the invention is not restricted to the example.
PAC  EXAMPLE
PAR  A gas which was exhausted from an electric power plant and which contained
      1750 ppm of SO.sub.2 and had a temperature of about 150.degree.C was
      introduced into the dust-removing apparatus 2 through the pipe 3, as shown
      in the accompanying drawing, at a flow rate of 5200 Nm.sup.3 /hr. Then, a
      portion, i.e., 1700 Nm.sup.3 /hr, of the gas was passed to the first
      absorption tower 4 through the branched pipe 3. In the tower 4, the passed
      gas was contacted with 1172 kg/hr of a 6 % sulfuric acid solution
      containing 0.1 % of iron sulfate to collect 70 % of SO.sub.2. In this
      connection, 44 kg/hr of water evaporated and 1135 kg/hr of a 7 % sulfuric
      acid solution having a temperature of 50.degree.-70.degree.C were
      obtained, respectively, in the tower 4.
PAR  While, a residue (3500 Nm.sup.3 /hr) of the gas, a gas exhausted from the
      tower 4, and 44 kg/hr of evaporated water were combined together and fed
      to the second absorption tower 9 wherein the combined gas was introduced
      into 1000 kg of an absorption solution containing 0.85 % of NaHSO.sub.3,
      13 % of Na.sub.2 SO.sub.3 and 4.8 % of Na.sub.2 SO.sub.4 for reaction to
      have SO.sub.2 absorbed in the solution at an absorption rate of 98.6 % and
      to produce 900 kg/hr of a reaction solution containing 8.5 % of
      NaHSO.sub.3 9.8 % of Na.sub.2 SO.sub.3 and 5.3 % of Na.sub.2 SO.sub.4 and
      having a pH value of 6.24. In the second absorption tower 9, water was
      evaporated in an amount of 125 kg/hr.
PAR  Then, 90 kg of the reaction solution was withdrawn from the tower 9 and fed
      to the vessel 22. Furthermore, 15.09 kg/hr of CaSO.sub.3.1/2H.sub.2 O,
      which was produced in the double decomposition vessel 12 and separated in
      the separator 14, and 131 kg/hr of the 7 % sulfuric acid solution produced
      in the tower 4 were also fed to the vessel 12 for reaction. Then, the
      resultant product was filtered and separated from the reaction solution to
      obtain 25.3 kg/hr of crystalline gypsum (93% of CaSO.sub.4.2H.sub.2 O)
      having an average particle size of about 100 .mu.. Furthermore, there was
      obtained as a filtrate 247 kg/hr of a solution containing 11 % of
      NaHSO.sub.3 and 0.68 % of Na.sub.2 SO.sub.4. The filtrate was fed to the
      double decomposition vessel 12 for combination with 810 kg/hr of alkali
      besulfite aqueous solution obtained in the second absorption tower 9. Then
      48.5 kg/hr of powdered calcium carbonate (having a purity of 98 percent
      was added to the combined solution for reaction to give 54 kg/hr of
      CaSO.sub.3.1/2H.sub.2 O. 38.91 kg/hr of the CaSO.sub.3.1/2H.sub.2 O was
      fed to the oxidizing tower 18 oxidizing it by means of air to obtain a
      crystalline product. The product was separated by means of the filter and
      separator 19 to obtain 56 kg/hr of crystalline gypsum (93 % of
      CaSO.sub.4.2H.sub.2 O) having an particle size of about 100 .mu..
PAR  While, 1003 kg/hr of a filtrate, which was separated in the separator 14
      from the reaction solution produced in the double decomposition tower 12,
      contained 0.96 % of NaHSO.sub.3, 13.11 % of Na.sub.2 SO.sub.3 and 4.44 %
      of Na.sub.2 SO.sub.4 and accordingly circulated to the second absorption
      tower 9 for having SO.sub.2 absorbed therein.
PAR  Thus, the removal of sulfur dioxide from the sulfur dioxide-containing
      exhaust gas could be suitably carried out without introducing sulfuric
      acid and calcium sulfite out of the reaction system. That is, sulfuric
      acid and the calcium sulfite which were essentially required for removing
      the undesirable by-product, i.e., sodium sulfate, could be continuously
      produced within the reaction system as described hereinbefore.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for removing sulfur dioxide in the form of calcium sulfite from
      a sulfur dioxide-containing combustion exhaust gas, comprising the steps
      of:
PA1  1. feeding a portion of the combustion exhaust gas to a sulfuric acid
      solution to produce sulfurous acid in the solution and a gas exhaust and
      then oxidizing the sulfurous acid with air or oxygen in the presence of an
      oxidizing catalyst to produce sulfuric acid;
PA1  2. feeding the remaining portion of the combustion exhaust gas and the gas
      exhausted from step (1) to an aqueous solution of alkali sulfite to
      produce an aqueous solution of alkali bisulfite and alkali sulfate;
PA1  3. mixing a major portion of the aqueous solution of alkali bisulfite
      produced in step (2) with slaked lime or limestone for reaction to give a
      reaction solution containing calcium sulfite; and
PAR  4. separating calcium sulfite from the reaction solution obtained in step
      (3), the filtrate separated in step (4) being circulated to step (2), and
      the minor portion of the aqueous solution of alkali bisulfite produced in
      step (2) being mixed with sulfuric acid produced in step (1) and with a
      portion of calcium sulfite separated in step (4) thereby to convert the
      alkali sulfate, which is secondarily produced in the aqueous solution of
      alkali bisulfite, into gypsum.
NUM  2.
PAR  2. The method according to claim 1 wherein said calcium sulfite separated
      in step (4) is oxidized by means of air or oxygen to produce gypsum.
NUM  3.
PAR  3. The method according to claim 1 wherein the pH of the aqueous solution
      of alkali bisulfite produced in step (2) is within the range of 5.5-7.0.
NUM  4.
PAR  4. The method according to claim 1 wherein the concentration of said dilute
      sulfuric acid solution is within the range of 1 - 40 percent.
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PAL  A process of carbo-chlorination of AlPO.sub.4 wherein AlPO.sub.4 or
      AlPO.sub.4 -containing material is introduced into a reactor along with
      chlorinating agents and a source of carbon. The reactor is heated to
      approximately 600.degree. to 1200.degree.C and forms aluminum chlorides,
      phosphorous oxides, phosphorous chlorides, phosphorous oxychlorides and
      carbon oxides. These reaction products are then separated into three
      fractions by condensation, the first fraction being P.sub.2 O.sub.5, the
      second fraction being AlCl.sub.3 and AlCl.sub.3 .POCl.sub.3 and the third
      fraction being remaining gasses, namely PCl.sub.3, PCl.sub.5, P.sub.2
      O.sub.3, CO and CO.sub.2. The second fraction is reacted in a further
      reactor to give AlCl.sub.3 and P.sub.2 O.sub.3 which are separated by
      distillation. The phosphorous chlorides from the third fraction are
      oxidized, along with the P.sub.2 O.sub.3 of the second fraction, to form
      P.sub.2 O.sub.5.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Chloride metallurgy has become increasingly attractive in the manufacture
      of metals because of its versatility in effecting separation from ores, or
      from valuable metals whose chlorides are volatile. Because of the inherent
      simplicity of such treatment and the speed of the important reactions
      there result corresponding fundamental processing economics. Further,
      development of new construction materials have permitted development of
      equipment to economically handle the chlorine and metal chlorides. Thus,
      there recently have been announced two new processes for the making of
      aluminum metal through chloride metallurgy. The first is the Toth process,
      in which the aluminum chloride, formed by chlorination of clay or other
      aluminous materials, is reacted with manganese metal to form aluminum
      metal and manganese chloride. The other process is the Alcoa process where
      the aluminum chloride is electrolyzed after admixture with sodium
      chloride. In addition to these new processes, intensive effort is now
      being concentrated by the Japanese on a process to make nickel by
      chlorination of ores containing only fractional percentages of nickel.
PAR  In addition to recovery of major components of ores, chlorination has the
      further inherent advantage of easy recovery of minor but valuable
      components. As an example, aluminum or phosphate ores commonly contain a
      small but very valuable percentage of other constituents, including
      uranium. Costs of chlorination to recover uranium alone would be
      prohibitive, however, recovery of the uranium as a by-product would be
      very attractive. For these reasons the subject invention, which relates to
      chlorination of aluminum phosphate ores, is of a great deal of importance
      to the aluminum and phosphate industries. Through use of the instant
      invention the aluminum phosphate deposits of the Southeastern United
      States, those of Senegal, Africa, and similar world-wide deposits can be
      very advantageously utilized by this invention to make aluminum,
      phosphates, uranium and other valuable products. This process has a
      particular significance especially for the United States and those other
      countries which do not have indigenous bauxite deposits suitable for
      aluminum production through the conventional Bayer-Hall process and/or
      phosphate deposits suitable for fertilizer production by currently known
      processes. In the United States, for instance, there are no substantial
      domestic bauxite reserves suitable for conventional processing. Therefore,
      the domestic aluminum industry is virtually entirely dependent on imported
      bauxite for making aluminum, which is obviously an unhealthy situation
      relative to economic, industural and military security.
PAR  Through use of the subject inventive process, vast domestic reserves of
      aluminum phosphate may be utilized to economically provide two of the most
      essential commodities in national life, aluminum metal and phosphate
      fertilizer. In addition, minor but important by-products like uranium may
      be recovered. This is accomplished using ore which has theretofore been
      considered essentially valueless, and in addition, the ratio of aluminum
      to P.sub.2 O.sub.5 in aluminum phosphate is fortuitously just about the
      same as is the ratio of the demand of aluminum metal to phosphate
      fertilizers in the United States, so this one process could advantageously
      supply both vital domestic needs.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention discloses the novel concept that aluminum chloride
      and phosphorous oxide can be produced by the carbo-chlorination of
      phosphate rock. The process consists of two basic steps. In the first
      step, aluminum phosphate ore is chlorinated to yield aluminum chloride,
      phosphorous chlorides and phosphorous oxychloride. In the second step, the
      phosphorous compounds are converted to phosphourous oxide in one of two
      ways: (1) The chlorination gases are passed through alumina and carbon at
      elevated temperatures to convert the phosphorous chloride compounds to
      phosphorous oxides, and the separation of phosphorous oxides from the
      aluminum chloride by known means such as fractional condensation. The
      alumina necessary for reaction with the phosphorous chlorides may be
      present as bauxite, pure alumina made by the Bayer or other processes, or
      alumina present in calcined clay. (2) The phosphorous chlorides in the
      chlorination gases are separated from AlCl.sub.3 by fractional
      condensation or distillation and are then oxidized with air or oxygen to
      give the desired phosphorous oxides, and chlorine which is recycled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram which shows the main features of the basic
      process for carbo-chlorinization of aluminum phosphate to yield aluminum
      chloride and phosphorous oxide; and
PAR  FIGS. 2-4 are schematic diagrams showing alternatives to the basic process.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As noted above, the basic process comprises two primary steps, the first
      being the reaction of aluminum phosphate, chlorine, and carbon to give
      aluminum chloride, phosphorous oxides, phosphorous chlorides, phosphorous
      oxychlorides and carbon oxides; whereas, the second step comprises
      treatment of the above products to give aluminum chloride and phosphorous
      oxides. As can be seen from the following discussion, the first
      chlorination step is relatively straightforward, however, several
      alternatives are available for conducting the second step. The following
      discussion describes in detail a basic process; following this description
      alternative routes for the second major step are outlined.
PAC  Basic Process
PAR  The basic process can best be understood by reference to FIG. 1, which is a
      schematic diagram of the overall basic process. The first step involves
      carbo-chlorination of aluminum phosphate, which is carried out in Reactor
      1. The aluminum phosphate which is treated in this reactor is introduced
      at 2 and may exist as a constituent of conventional ores, either in
      essentially raw form or beneficiated by known means, or alternately
      chemically purified aluminum phosphate. The aluminum phosphate is
      anhydrous or in the case of ore, it is precalcined. The material
      containing such aluminum phosphate may exist as briquettes, granules,
      pebbles, or in other physical form, such choice depending largely on the
      type of reactor to be employed in conducting the carbo-chlorination. In
      addition to the aluminum phosphate containing material, a suitable
      reductant is also added to Reactor 1 at 3. Such reductants may be coal
      coke, charcoal, carbon produced by the coking of hydrocarbons, or other
      similar carbonaceous material. In addition to these two principal
      reactants, it may prove desirable to additionally incorporate a reaction
      promoter to enhance the speed or selectivity of the chlorination
      reactions. Such promoters include alkaline and alkaline earth chlorides,
      particularly sodium chloride. The aluminum phosphate, carbonaceous
      material, and reaction promoter, if any, may also be advantageously
      compressed or compacted together to give an extremely intimate mixture to
      further enhance the rate of chlorination.
PAR  These solid materials, after being charged to the reactor 1, are contacted
      with chlorine gas or carbon tetrachloride gas passed through inlet 4. The
      reaction temperature is above 600.degree.C, and usually within the range
      of about 1000.degree.-1200.degree.C. In the chlorination reactor 1, the
      following series of overall reactions take place:
EQU  1) 3 CL.sub.2 + AlPO.sub.4 + 4C.fwdarw.PCl.sub.3 + AlCl.sub.3 + 4CO
EQU  2) 3 Cl.sub.2 + AlPO.sub.4 + 3C.fwdarw.POCl.sub.3 + AlCl.sub.3 + 3CO
EQU  3) 4 Cl.sub.2 + AlPO.sub.4 + 4C.fwdarw.PCl.sub.5 + AlCl.sub.3 + 4CO
EQU  4) 3 Cl.sub.2 + 2 AlPO.sub.4 + 3C.fwdarw. P.sub.2 O + 2 AlCl.sub.3 + 3CO
EQU  5) 3 Cl.sub.2  + 2 AlPO.sub.4 + 5C.fwdarw. P.sub.2 O.sub.3 + 2 AlCl.sub.3 +
      5 CO
PAL  It is to be understood that in addition to these major overall reactions,
      certain side reactions may take place to give minor quantities of other
      components, but these are not important to the understanding of the
      overall features of the instant invention. It should be noted from Table 1
      that these several chlorination reactions, as written, are
      thermodynamically highly favored, and have highly negative free energies
      of reactions. Since the reactions are endothermic, provision must be made
      to bring the reactants to reaction temperature and to supply the necessary
      heats of reaction.
PAR  Any of the conventional gas-solid contacting reactors may be employed to
      conduct the reaction, and such equipment is well known to those skilled in
      the art. For example, if particles below about 1/16th inch and finer are
      used, they could be conveniently processed in a fluidized bed reactor.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     FREE ENERGIES OF REACTIONS                                                

                                    .DELTA.F, kcal/mole                        

                                    (per mole of Cl or chloride)               

     Chlorination Reactions         1000 K                                     

                                         1200 K                                

                                              1500 K                           

     __________________________________________________________________________

     1)  3 Cl.sub.2 + AlPO.sub.4 + 4C.fwdarw.PCl.sub.3 + AlCl.sub.3            

                                    -18.21                                     

                                         -26.78                                

                                              -39.57                           

     2)  3 Cl.sub.2 + AlPO.sub.4 + 3C.fwdarw.POCl.sub.3 + AlCl.sub.3 +         

                                    -16.74                                     

                                         -22.75                                

                                              -31.43                           

     3)  4 Cl.sub.2 + AlPO.sub.4 + 4C.fwdarw.PCl.sub.5 + AlCl.sub.3            

                                    - 8.03                                     

                                         -12.59                                

                                              -19.40                           

     4)  3 Cl.sub.2 + 2 AlPO.sub.4 + 3C.fwdarw.P.sub.2 O.sub.5 + 2 AlCl.sub.3  

         + 3CO                      - 4.80                                     

                                         - 10.83                               

                                              -20.20                           

     5)  3 Cl.sub.2 + 2 AlPO.sub.4 + 5C.fwdarw.P.sub.2 O.sub.3 + 2AlCl.sub.3 + 

         5 CO                       -23.55                                     

                                         - 35.12                               

                                              -52.39                           

     Oxidation Reactions                                                       

     __________________________________________________________________________

     8)  6 PCl.sub.5 + 5 Al.sub.2 O.sub.3 .fwdarw.10 AlCl.sub.3 + 3 P.sub.2    

         O.sub.5                    -39.56                                     

                                         -48.48                                

                                              -61.30                           

     9)  2 PCl.sub.3 + Al.sub.2 O.sub.3 .fwdarw.2 AlCl.sub.3  + P.sub.2        

         O.sub.3                    -19.13                                     

                                         -21.59                                

                                              -25.11                           

     10) 6 PCl.sub.3 + 5 Al.sub.2 O.sub.3 + 6 Cl.sub.2 .fwdarw.10 AlCl.sub.3 + 

         3 P.sub.2 O.sub.5          -17.03                                     

                                         -18.42                                

                                              -20.30                           

     11) 2 POCl.sub.3 + Al.sub.2 O.sub.3 .fwdarw.2 AlCl.sub.3 + P.sub.2        

         O.sub.5                    + 4.52                                     

                                         + 2.13                                

                                              - 1.32                           

     __________________________________________________________________________

PAR  If this type of reactor is employed, the heat of reaction could be supplied
      by preheating the reactants in conventional heat exchange equipment, and
      by combustion within the reactor of excess carbon or other fuel, including
      carbon monoxide, introduced with the feed.
PAR  A rotary kiln or reactor also could be employed to establish contact
      between chlorine and the solid reagents previously indicated. In this type
      of reactor countercurrent flow of chlorine and solid feed could be used to
      best advantage. To prevent excessive pressure drops as the particles grow
      smaller, they could be removed when still of substantial size and
      increased in size in another vessel by aggregation, extrusion or other
      means, reintroduced and thus recycled. Aluminum phosphates should
      preferably be ground to substantially less than 200 mesh and coke ground
      in a similar manner could also then be compressed together with or without
      conventional binders such as starch, fuel oil, etc. After compression and
      granulation the particles could be ground to appropriate sizes for feeding
      the particular particle size to be used in accordance with the
      requirements of the particular type of reactor (chlorinator) employed.
PAR  In converting the chlorination products into only aluminum chloride and
      phosphorous oxide, the preferred process is given in FIG. 1, as noted
      previously. To facilitate an understanding of the process details, the
      boiling points and other physical and thermochemical data for reactants
      and products are shown in Table 2. Looking at condenser 5 in FIG. 1, which
      is optional, any P.sub.2 O.sub.5 formed in chlorination reactor 1 is
      separated from the reaction mixture by cooling the mixture to about
      500.degree.C (m.p. of P.sub.2 O.sub.5 is 569.degree.C and b.p. is
      591.degree.C). Any conventional corrosion resistant apparatus for cooling
      such gases could be used to perform this service. One attractive
      possibility would be to inject inert gases into the reaction stream to
      effect the relatively small amount of cooling required for this
      condensation.
PAR  Aluminum chloride, and aluminum chloride-phosphorous oxychloride complexes
      (AlCl.sub.3 .sup.. POCl.sub.3 and complexes of other stoichiometry) are
      next condensed out of the gas stream in a Condenser 6 by cooling below
      their respective boiling points, i.e., by cooling to about
      90.degree.-180.degree.C (AlCl.sub.3 b.p. = 181.degree.C; AlCl.sub.3 .sup..
      POCl.sub.3 b.p. = 400.degree.C, m.p. = 188.degree.C). By-products would be
      collected in cyclones or filters on the walls of the heat exchanger. This
      condensed fraction would consist of AlCl.sub.3 dissolved in liquid
      AlCl.sub.3 .sup.. POCl.sub.3 complex or alternatively if desired
      AlCl.sub.3 and POCl.sub.3 could be condensed in solid form with subsequent
      melting under pressure at about 200.degree.C. The liquid AlCl.sub.3
      dissolved in AlCl.sub.3 .sup.. POCl.sub.3 is pumped by pump 8 to increase
      the pressure to about 4 atmospheres to a distillation column 9 where the
      AlCl.sub.3 is taken off as distillate and condensed as a liquid.
      AlCl.sub.3 sublimes at atmospheric pressure. It must be pressurized to 4
      atmospheres before liquefication is possible. Consequently distillation
      must be conducted at this elevated pressure.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     PHYSICAL AND THERMOCHEMICAL DATA                                          

                        .DELTA.G.degree..sub.f (kcal/mole)                     

           m.p.  b.p.   800.degree.                                            

                              1000.degree.                                     

                                    1100.degree.                               

                                          1200.degree.                         

                                                1300.degree.                   

                                                      1400.degree.             

                                                             1500.degree.      

     Compound                                                                  

           .degree.C                                                           

                 .degree.C                                                     

                        .degree.K                                              

                              .degree.K                                        

                                    .degree.K                                  

                                          .degree.K                            

                                                .degree.K                      

                                                      .degree.K                

                                                             .degree.K         

     __________________________________________________________________________

     AlPO.sub.4                                                                

           1500               -319.77                                          

                                    -310.73                                    

                                          -301.76                              

                                                -202.69                        

                                                      -283.71                  

                                                             -274.7            

     P.sub.4 O.sub.10                                                          

           569   591    -561.452                                               

                              -512.295                                         

                                    -487.938                                   

                                          -463.71                              

                                                -439.60                        

                                                      -415.61                  

                                                             -391.72           

     POCl.sub.3                                                                

           2     105.3  -109.300                                               

                              -99.222                                          

                                    -94.23                                     

                                          -89.264                              

                                                -84.302                        

                                                      -79.403                  

                                                             -74.50            

     PCl.sub.3                                                                 

           -91   75.5    -61.350                                               

                              -55.395                                          

                                    -52.444                                    

                                          -49.509                              

                                                -46.588                        

                                                      -43.679                  

                                                             -40.78            

     P.sub.4 O.sub.6                                                           

           22    173    -464.067                                               

                              -431.61                                          

                                    -415.54                                    

                                          -399.56                              

                                                -383.66                        

                                                      -367.84                  

                                                             -352.10           

     PCl.sub.5                                                                 

           166.8 162     -46.499                                               

                              -32.909                                          

                                    -26.183                                    

                                          -19.498                              

                                                -12.848                        

                                                      +6.233 +0.35             

     CO          -191    -43.612                                               

                              -47.859                                          

                                    -49.962                                    

                                          - 52.049                             

                                                -54.126                        

                                                      -56.189                  

                                                             +58.24            

     AlCl.sub.3                                                                

           190   181    -130.225                                               

                              -127.534                                         

                                    -125.981                                   

                                          -124.416                             

                                                -122.838                       

                                                      -121.248                 

                                                             -119.64           

     .gamma.--Al.sub.2 O.sub.3                                                 

           2000         -336.697                                               

                              -321.853                                         

                                    -314.122                                   

                                          -306.423                             

                                                -209.756                       

                                                      -291.123                 

                                                             -283.52           

     __________________________________________________________________________

PAL  The resultant liquid AlCl.sub.3 .sup.. POCl.sub.3 is mixed in reactor 10.
      The liquid so condensed with carbon and alumina in the form of Bayer
      alumina, calcined bauxite, or calcined clay and reacted at about
      400.degree.-800.degree.C to give aluminum chloride and phosphorous
      trioxide (P.sub.2 O.sub.3), according to the following overall reaction:
EQU  6) Al.sub.2 O.sub.3 + 2C + 2AlCl.sub.3 .sup.. POCl.sub.3 .fwdarw.
      4AlCl.sub.3 +P.sub.2 O.sub.3 +2CO
PAL  The AlCl.sub.3 and P.sub.2 O.sub.3 can be separated from each other in
      distillation column 11 and rectification reboiler 12 operating at about
      232.degree.C, and the phosphorous trioxide is the oxidized to salable
      P.sub.2 O.sub.5.
PAR  The aluminum chloride from the top of distillation column 11 is returned as
      reflux to distillation column 9 after passing through condenser 13
      operating at about 216.degree.C where it is recovered as pure product.
      P.sub.2 O.sub.3 produced in distillation column 11 passes through a
      reboiler 12 and is joined with the phosphorous oxides, carbon oxides and
      chlorides leaving condenser 6 and passed to oxidizer 14 operating at about
      200.degree.-500.degree.C wherein an oxithermic reaction is carried out to
      give carbon dioxide, and solid P.sub.2 O.sub.5 on one hand and chlorine
      which is returned to the chlorination reaction 1.
PAC  Alternatives
PAR  Depending on the composition of the raw materials and conditions of
      chlorination, certain alternative steps to the basic process might be
      found desirable. For instance, looking at FIG. 2, if the amount of
      POCl.sub.3 associated with the aluminum chloride leaving the chlorinator
      reactor 1 is very small it would be advantageous to simply add a small
      amount of aluminum metal to the liquid condensate (AlCl.sub.3 and
      AlCl.sub.3 .sup.. POCl.sub.3) at condenser 6. The aluminum metal would
      reduce POCl.sub.3 to PCl.sub.3 by the following reaction:
EQU  7) 3POCl.sub.3 + 2Al.fwdarw. Al.sub.2 O.sub.3 + 3 PCl.sub.3
PAL  The alumina would be returned to the chlorination reactor 1 for
      chlorination while the phosphorous chloride would go directly to oxidizer
      14. This would eliminate the need for reactor 10 as well as distillation
      columns 9 and 11 and the associated equipment.
PAR  Another alternate process as seen in FIG. 3 would be to directly oxidize in
      oxidizer 15 all phosphorous chlorides and oxychlorides leaving the
      chlorinator reactor 1 to phosphorous trioxide using activated Bayer
      alumina. The reaction would be a solid-gas reaction at above
      1100.degree.C, conducted in similar apparatus as the chlorination reactor
      1. The products upon quenching in condenser 16 will form a slurry of solid
      AlCl.sub.3 in liquid phosphorous trixode because there is little mutual
      solubility. They would be readily separated by filtration or by
      distillation means 17.
PAR  Still a further alternate process as seen in FIG. 4 is the addition of
      alumina directly to the chlorination reactor 1 which would oxidize the
      product phosphorous chlorides in situ. The phosphorous oxychloride which
      would not oxidize at a chlorinator temperature below 1100.degree.C, could
      be separated downstream by condensing as an AlCl.sub.3 .sup.. POCl.sub.3
      complex. This condensation would be performed in the same manner as
      condenser 6 in FIG. 1 of the basic process.
PAC  EXAMPLE 1
PAR  Small scale experiments have been conducted very simply in a silica boat
      which was placed in a 2cm diameter tube furnace. The solids charged to the
      boat were thouroughly mixed AlPO.sub.4 and calcined charcoal. Chlorine gas
      was passed over the boat at a rate of about 2-3 liters/min. One
      representative experiment had a solids charge of 0.92 gms of AlPO.sub.4
      and 0.46 gm of carbon at a temperature of 900.degree.C. After two hours
      the AlPO.sub.4 was completely chlorinated leaving only a residue of 0.14
      gms of carbon.
PAR  In another experiment 0.72 gms of AlPO.sub.4 and 0.28 gms of carbon in a
      silica boat at 750.degree.C reached 73 percent conversion in four hours
      with a 2-3 liter/min. chlorine rate.
PAC  EXAMPLE 2
PAR  Experiments to demonstrate the reactions of the phosphorous chlorides and
      oxychlorides with Al.sub.2 O.sub.3 are best conducted in a double reactor
      such that an AlPO.sub.4 and Al.sub.2 O.sub.3 reactor bed are operated in
      series. This is easily accomplished experimentally by placing a plug of
      porous glass wool between the two packed reactor beds of AlPO.sub.4  and
      Al.sub.2 O.sub.3 in the same ceramic tube. Alternately two interconnected
      ceramic tubes each containing a reaction bed of AlPO.sub.4 plus C and
      Al.sub.2 O.sub.3, respectively, can be used. The AlPO.sub.4 bed operating
      at 800.degree.C and the Al.sub.2 O.sub.3 bed operating at 1100.degree.C
      with a Cl.sub.2 flow rate of 20 cc/min. yields a complete conversion of
      the AlPO.sub.4 to AlCl.sub.3 and phosphorous oxide in less than one hour.
PAC  EXAMPLE 3
PAR  Literature teaches that AlCl.sub.3 and POCl.sub.3 form a complex
      AlCl.sub.3.sup.. POCl.sub.3. Consequently, AlCl.sub.3 and POCl.sub.3 are
      not readily separated by physical means such as distillation. One
      convenient method to make the separation is to react the AlCl.sub.3 and
      POCl.sub.3 complex with Al.sub.2 O.sub.3 and coke solids. Thus, for
      example, an experiment in a 3-inch diameter stirred autoclave reactor
      containing 400 grams of AlCl.sub.3 .sup.. POCl.sub.3 plus 10 grams of coke
      (or carbon) and 20 grams of Al.sub.2 O.sub.3 (325 mesh Bayer alumina)
      yielded 370 grams of AlCl.sub.3 and 75 grams of P.sub.2 O.sub.3.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of anhydrous carbo-chlorination of AlPO.sub.4 comprising the
      steps of introducing AlPO.sub.4 -containing material into a reactor zone;
      introducing chlorine and carbonaceous material into said reactor zone;
      heating the reactor zone to a temperature of from
      600.degree.-1200.degree.C to form aluminum chlorides, phosphorous oxides,
      phosphorous chlorides, phosphorous oxychlorides and carbon oxides;
      separating the reaction products into three fractions by condensation, the
      first fraction being P.sub.2 O.sub.5, the second fraction being AlCl.sub.3
      and AlCl.sub.3 .sup.. POCl.sub.3, and the third fraction being PCl.sub.3,
      PCl.sub.5, P.sub.2 O.sub.3, CO and CO.sub.2 ; and passing said fraction,
      which is gaseous, into an oxidizer to produce P.sub.2 O.sub.5, CO.sub.2
      and Cl.sub.2.
NUM  2.
PAR  2. The process of claim 1 wherein said first fraction is separated in a
      first condenser operated at about 500.degree.C, said second fraction is
      separated in a condenser operated at a temperature of from
      90.degree.-180.degree.C, and said third fraction being the remaining gases
      from the condenser for the second fraction.
NUM  3.
PAR  3. The process of claim 1 comprising the further steps of separating the
      AlCl.sub.3 from the AlCl.sub.3 .sup.. POCl.sub.3 of the second fraction by
      distillation; reacting said AlCl.sub.3 .sup.. POCl.sub.3 with Al.sub.2
      O.sub.3 and C to give AlCl.sub.3, P.sub.2 O.sub.3 and CO in a second
      reaction zone; separating said AlCl.sub.3 from P.sub.2 O.sub.3 by
      condensation; and oxidizing said P.sub.2 O.sub.3 in an oxidizer to form
      P.sub.2 O.sub.5.
NUM  4.
PAR  4. The process of claim 1 wherein said second reaction zone operates at a
      temperature of from 400.degree.-800.degree.C and said oxidizer operates at
      from 200.degree.-500.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein said oxidizer is operating at from
      200.degree.-500.degree.C to produce the P.sub.2 O.sub.5, CO.sub.2 and
      Cl.sub.2 ; and recycling said Cl.sub.2 into the first reactor zone.
NUM  6.
PAR  6. The process as claimed in claim 1 wherein said first and second fraction
      are separated from said third fraction in the same condenser.
NUM  7.
PAR  7. A process of anhydrous carbo-chlorination of AlPO.sub.4 comprising the
      steps of introducing chlorine and carbonaceous material into said reactor
      zone; heating the reactor zone to a temperature of from
      600.degree.-1200.degree.C to form aluminum chlorides, phosphorous oxides,
      phosphorous chlorides, phosphorous oxychlorides and carbon oxides;
      separating the reaction products into three fractions by condensation, the
      first fraction being P.sub.2 O.sub.5 which is separated in a first
      condenser, the second fraction being Al.sub.2 O.sub.3 which is separated
      in a second condenser by introducing aluminum metal into said second
      condenser during its operation which reduces the phosphorus oxychloride to
      Al.sub.2 O.sub.3 and PCl.sub.3, and recycling said Al.sub.2 O.sub.3 back
      to said reaction zone, and the third fraction being PCl.sub.3, PCl.sub.5,
      P.sub.2 O.sub.3, CO and CO.sub.2 which are the remaining gases from said
      second condenser.
NUM  8.
PAR  8. A process of anhydrous carbo-chlorination of AlPO.sub.4 comprising the
      steps of introducing AlPO.sub.4 -containing material into a reactor zone;
      introducing chloride and carbonaceous material into said reactor zone;
      heating the reactor zone to a temperature of from
      600.degree.-1200.degree.C to form aluminum chlorides, phosphorous oxides,
      phosphorous chlorides, phosphorous oxychlorides and carbon oxides; passing
      the reaction products to an oxidizer; introducing Al.sub.2 O.sub.3 into
      said oxidizer to form AlCl.sub.3 and P.sub.2 O.sub.3 ; passing said
      AlCl.sub.3 and P.sub.2 O.sub.3 to a condenser to form a slurry of solid
      AlCl.sub.3 in liquid P.sub.2 O.sub.3 ; and separating by filtration or
      distillation.
NUM  9.
PAR  9. The process as claimed in claim 8 wherein said oxidizer is operated in a
      temperature range of from 1100.degree.-1300.degree.C.
NUM  10.
PAR  10. The process as claimed in claim 1 comprising the further step of
      introducing Al.sub.2 O.sub.3 into said reaction zone to thereby oxidize
      the phosphorous chlorides in situ and remove them as a reaction product.
NUM  11.
PAR  11. The process as claimed in claim 1 comprising the further step of
      introducing a reaction promoter into said reaction zone, which promoter is
      selected from the group consisting of alkaline chlorides or alkaline earth
      chlorides.
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ABST
PAL  When phosphate rock and sulfuric acid are mixed under such conditions that
      gypsum dihydrate is stably formed and sulfuric acid is added to the
      phosphate rock in an amount not exceeding the amount equivalent to a
      calcium component in the phosphate rock, small masses of the reaction
      product between the phosphate rock and sulfuric acid can be maintained in
      the non-disintegrable form throughout extraction of phosphoric acid from
      said reaction product, and phosphoric acid can be extracted from such
      reaction product at a high rate in a good yield.
BSUM
PAR  This invention relates to a novel process for the preparation of phosphoric
      acid by the granule extraction. More particularly, the invention relates
      to a novel process for the preparation of phosphoric acid in which the
      reaction product between phosphate rock and sulfuric acid can be
      maintained in the form of a nondisintegrable small mass throughout the
      extraction of phosphoric acid and phosphoric acid can be extracted from
      such reaction product at a high rate in a good yield.
PAR  A process comprising kneading under heat ground phosphate rock with 98 %
      sulfuric acid, molding the kneaded blend into granules, heating the
      granular mixture at 200.degree. - 240.degree.C. or 350.degree. -
      400.degree.C. to remove fluorine therefrom, and extracting the mixture
      with water to obtain phosphoric acid of a relatively high concentration
      has been proposed as the process for the preparation of phosphoric acid by
      the granule extraction (so-called clinker process) (see specifications of
      U.S. Pat. No. 2,384,813 and U.S. Pat. No. 2,384,814).
PAR  However, when the granular mixture is heated at 200.degree. - 240.degree.C.
      in this conventional process, gypsum formed as the by-product is readily
      disintegrated in water during the extraction, and therefore, it is very
      difficult to separate phosphoric acid from gypsum formed as the by-product
      by filtration.
PAR  On the other hand, when the granular mixture is heated at 350.degree. -
      400.degree.C., it is extremely difficult to extract the phosphoric acid
      component from the reaction mixture, and phosphoric acid is recovered only
      in a yield as low as 50 percent of less. Thus, industrialization of these
      processes are miscarried.
PAR  As the process for overcoming these defects of the conventional clinker
      processes, U.S. Pat. No. 3,562,769 proposes a process for the preparation
      of phosphoric acid comprising adding sulfuric acid and a
      disintegration-preventing agent selected from alkali metal salts and
      amorphous silica to calcium phosphate or phosphate rock, heating the
      mixture to convert it to dry, non-disintegrable small masses and
      extracting phosphoric acid from said small masses.
PAR  This process is characteristic over the conventional processes in that the
      small masses of the reaction product can be maintained in the
      non-disintegrable state throughout the extraction of the phosphoric acid
      component and the phosphoric acid component can be extracted from the
      reaction product in a relatively good yield. However, this process using
      disintegration-preventing agents is still insufficient in the following
      points. Particularly subsidary starting substances such as alkali metal
      salts and amorphous silica must be employed. Further, when an alkali metal
      salt is used as disintegration-preventing agent, excessive sulfuric acid
      is consumed by the presence of such salt, resulting in increase of the
      manufacturing cost of phosphoric acid. On the other hand, when amorphous
      silica is used, there is a tendency that silica is extracted in the sol
      state into recovered phosphoric acid. Moreover, this process employing the
      above disintegration-preventing agent is also insufficient with respect to
      the reproducibility, because small masses of the reaction product are
      sometimes disintegrated at such low temperatures as enabling to facilitate
      the extraction of the phosphoric acid component, depending on the kind of
      starting phosphate rock or conditions of the reaction between phosphate
      rock and sulfuric acid.
PAR  We have made extensive research works on the clinker process for the
      preparation of phosphoric acid by mixing phosphate rock and sulfuric acid
      in the presence of water, drying the resulting mixture to obtain a solid
      reaction product and extracting phosphoric acid from this solid reaction
      product, and we have now found that the disintegrability of the solid
      reaction product between phosphate rock and sulfuric acid is greatly
      influenced by the form of gypsum formed at the time of mixing phosphate
      rock and sulfuric acid and by the amount of sulfuric acid to be used for
      this reaction; when the amount used of sulfuric acid is adjusted to a
      level not exceeding the amount equivalent to the calcium component in
      phosphate rock and the conditions adopted for mixing phosphate rock and
      sulfuric acid are so controlled that gypsum dihydrate is stably formed,
      small masses of the reaction product of phosphate rock and sulfuric acid
      can always be maintained in the non-disintegrable state while retaining
      the form of small masses throughout the extraction of the phosphoric acid
      component, irrespective of addition of a disintegration-preventing agent,
      namely even without addition of such specific agent; the treatment of
      converting the mixture of phosphate rock and sulfuric acid into a
      non-disintegrable solid reaction product can be conducted easily at such a
      low temperature as not exceeding 200.degree.C. by adopting the above
      mixing conditions and extraction of the phosphoric acid from small masses
      of such reaction product can be accomplished at a high rate and in a good
      yield; and that small masses of the reaction product of phosphate rock and
      sulfuric acid obtained by the above process is excellent not only in the
      non-disintegrability when dipped in an extraction medium and allowed to
      stand still (hereinafter referred to as "static" non-disinterability) but
      also non-disintegrability under such conditions that particles of the
      reaction product come into frictional contact with one another
      (hereinafter referred to as "dynamic" non-disintegrability) and by dint of
      such characteristic properties of small masses of the reaction product it
      is made possible to conduct the extraction continuously on an industrial
      scale.
PAR  It is therefore a primary object of this invention to provide a process for
      the preparation of phosphoric acid in which the reaction product between
      phosphate rock and sulfuric acid can be maintained in the form of
      non-disintegrable small masses throughout the extraction of the phosphoric
      acid component with good reproducibility irrespective of addition of a
      specific disintegration-preventing agent.
PAR  Another object of this invention is to provide a process for the
      preparation of phosphoric acid in which a reaction product in the form of
      small masses which are not disintegrable in a medium for extraction of
      phosphoric acid can be prepared by treating the mixture of phosphate rock
      and sulfuric acid at a temperature lower than temperatures adopted in
      conventional clinker processes, namely at a temperature lower than
      200.degree.C., whereby it is made possible to recover phosphoric acid at a
      high manufacturing rate and in a high yield.
PAR  Still another object of this invention is to provide a process for the
      preparation of phosphoric acid in which small masses of the reaction
      product between phosphate rock and sulfuric acid can retain the form of
      non-disintegrable small masses in a medium for extraction of phosphoric
      acid even under such conditions that these small masses come into a
      frictional contact with one another and hence, the continuous extraction
      of the phosphoric acid component can be accomplished with ease on an
      industrial scale.
PAR  A still further object of this invention is to provide a process for the
      preparation of phosphoric acid in which the phosphoric acid component can
      be recovered from phosphate rock in a high yield even with use of a
      relatively small amount of sulfuric acid
DRWD
PAR  Other objects and advantages of this invention will be apparent from the
      description given hereinafter.
PAR  FIG. 1 shows the stability borders of the various types of CaSO.sub.4 as a
      function of temperature and acid strength.
PAR  FIG. 2 shows a typical flow-chart according to this invention.
DETD
PAR  In accordance with this invention, there is provided a process for the
      preparation of phosphoric acid which comprises mixing phosphate rock and
      sulfuric acid in the presence of water, drying the mixture to obtain a
      solid reaction product between phosphate rock and sulfuric acid and
      extracting phosphoric acid from said solid reaction product, said process
      being characterized in that phosphate rock and sulfuric acid are mixed
      under such conditions that the gypsum dihydrate is stably formed and
      sulfuric acid is added to the phosphate rock in an amount not exceeding
      the amount equivalent to the calcium component in the phosphate rock.
PAR  The invention will now be detailed.
PAC  Mixing of Phosphate Rock and Sulfuric Acid
PAR  In this invention, phosphate rock is first mixed with sulfuric acid under
      the above-mentioned specific conditions.
PAR  Apatite, phosphorite, coprolite, nodule phosphate, guano phosphate and
      guano are preferably used in this invention as the phosphate rock, because
      they are readily available. The composition of such phosphate rock is
      usually as described below, though it varies to some extent depending on
      the place of production and the kind;
TBL  P.sub.2 O.sub.5              25 - 40 %                                    

     CaO                          44 - 52 %                                    

     Al.sub.2 O.sub.3, Fe.sub.2 O.sub.3                                        

                                  0.5 - 2.5 %                                  

     SiO.sub.2                    0.5 - 10.0 %                                 

     Na.sub.2 O, K.sub.2 O        0.3 - 1.8 %                                  

     F              2 - 5 %                                                    

PAR  It is preferable to use these rocks in the form of powder, so that they can
      be mixed uniformly with sulfuric acid. The particle size of the phosphate
      rock powder is not particularly critical in this invention, but in
      general, in order to attain a uniform contact between the phosphate rock
      powder and sulfuric acid, it is desired that the phosphate rock powder has
      a size less than 80 mesh, particularly less than 100 mesh, more
      particularly less than 150 mesh.
PAR  These phosphate rocks have the phosphoric acid component in the form of a
      calcium salt, and they are generally contain small amounts of impurities
      such as Fe, As, Cr, Mg, Mn, V, etc., though the contents and kinds of the
      impurities vary to some extent depending on the kind of the phosphate
      rock.
PAR  In the process of this invention, it is of course, possible to employ these
      rocks as they are, but preferably, these impurities, particularly the iron
      component, are removed in advance by such physical means as hydraulic or
      air elutriation, electrophoresis and magnatic separation.
PAR  When these rocks are ground to an average particle size of 150 .mu. or
      less, preferably 50 .mu. or less (passable through a 300 mesh-sieve),
      suspended in a liquid medium and agitated under the influence of
      magnetism, .alpha.-type iron component contained in the rocks is
      selectively sedimented and a majority of the iron component in the rocks,
      e.g., 70-80 percent can be removed. Furthermore, in order to remove
      organic impurities contained in the starting rock, it is possible to fire
      in advance the starting rock powder at a temperature of, for instance,
      400.degree. to 700.degree.C.
PAR  In this invention, it is also possible to mix an alkali metal halide such
      as sodium chloride with the starting phosphate rock in an amount of more
      than 0.2 percent by weight based on the phosphate rock and fire the
      mixture at a temperature of 300.degree. to 1100.degree.C., whereby a
      considerable amount of the iron component, e.g., even about 80 percent,
      can be removed.
PAR  Halides of alkaline earth metals, aluminum and zinc can be used as well as
      alkali metal halides for removal of the iron component.
PAR  Sulfuric acid can be added in the form of either an aqueous solution of
      sulfuric acid or anhydrous sulfuric acid such as fuming sulfuric acid, but
      in general, in order to attain homogeneous and intimate mixing between
      sulfuric acid and phosphate rock, it is preferable to use an aqueous
      solution of sulfuric acid containing water in an amount of 2 to 30 percent
      by weight. Of course, it is possible to use, instead of a pure aqueous
      solution of sulfuric acid or pure fuming sulfuric acid, a dilution of
      sulfuric acid with phosphoric acid which itself does not participate in
      the reaction, namely a mixture of phosphoric acid and sulfuric acid.
PAR  When such mixture of phosphoric acid and sulfuric acid is used as the
      sulfuric acid component, the phosphoric acid concentration can be
      increased in small masses of the reaction product and therefore, it is
      possible to obtain phosphoric acid of a high concentration at a high
      manufacturing rate. This feature is advantageous because a dilute
      phosphoric acid solution recovered from the step of the final acid washing
      of the solid reaction product, which will be detailed hereinafter, or a
      phosphoric acid waste liquor or a low concentration phosphoric acid
      solution obtained in other step can be utilized together with sulfuric
      acid and the phosphoric acid component contained in such liquor can be
      effectively fixed on the solid reaction product.
PAR  In this invention, in order to prevent the disintegration of the solid
      reaction product between phosphate rock and sulfuric acid, it is important
      to use sulfuric acid in an amount not exceeding the amount equivalent to
      the calcium component contained in the phosphate rock. As seen from the
      data shown in Table 12, appearing in Example 8 given hereinafter, when
      sulfuric acid is used in an amount greater than the amount equivalent to
      the calcium component contained in the phosphate rock, even if the
      phosphate rock and sulfuric acid are mixed under such conditions that
      gypsum dihydrate is formed, it is impossible to obtain a solid reaction
      product of phosphate rock and sulfuric acid which will be
      non-disintegrable throughout the operation of extraction of phosphoric
      acid. On the other hand, the lower limit of the amount used of sulfuric
      acid is not particularly critical in this invention and it is sufficient
      that sulfuric acid is added in such an amount as allowing sulfuric acid to
      react with the calcium component in the phosphate rock and thus release
      the phosphoric acid in the soluble form.
PAR  Accordingly, in this invention it is generally preferred that sulfuric acid
      is used in an amount of 0.7 to 0.97 equivalent, especially 0.8 to 0.95
      equivalent, to the calcium component in the phosphate rock.
PAR  It is generally important that water is made present when sulfuric acid and
      phosphate rock are mixed. It is usually preferred that water is used in an
      amount of 43 to 122 parts by weight, especially 54 to 84 parts by weight,
      per 100 parts by weight (on the dry basis) of the phosphate rock.
PAR  In case the amount of water is less than the lower limit of the above
      range, uniform mixing and reaction of phosphate rock and sulfuric acid
      becomes difficult, because the viscosity of the mixture is too high. As a
      result, the recovery ratio of phosphoric acid (phosphate rock
      decomposition ratio) tends to decrease. Moreover, it becomes difficult to
      conduct the mixing of sulfuric acid and phosphate rock under such
      conditions that gypsum dihydrate is formed. When the amount of water is
      larger than the upper limit of the above-mentioned range, the problem of
      syneresis of the phosphoric acid component and water content is brought
      about and operational troubles are caused.
PAR  Water may be supplied in the form of an aqueous solution of sulfuric acid
      or a slurry of powdery phosphate rock. It is also possible to add water to
      the reaction mixture individually from phosphate rock or sulfuric acid.
PAR  One of the most important features of this invention is that phosphate rock
      and sulfuric acid are mixed under such conditions that gypsum dihydrate is
      stably formed.
PAR  It has been known that in the reaction product formed by mixing phosphate
      rock and sulfuric acid, the form of gypsum prepared as by-product varies
      depending on the temperature of the reaction mixture and the P.sub.2
      O.sub.5 concentration in the reaction mixture.
PAR  In this invention, the temperature (t.degree.C.) of the mixture system and
      the P.sub.2 O.sub.5 concentration (P) in the mixture system are so
      selected that gypsum dihydrate (CaSO.sub.4.2 H.sub.2 O) is stably formed.
      More specifically, these two factors are so selected that they meet the
      following condition:
EQU  t =-0.111P + 0.00334P.sup.2 - 0.000593 P.sup.3 + 107.2     (1)
PAR  this relation will now be explained by reference to the accompanying
      drawing. In FIG. 1, the ordinate indicates the temperature of the
      phosphate rock-sulfuric acid mixture system and the abscissa indicates the
      P.sub.2 O.sub.5 concentration in the said mixture system. In FIG. 1, in
      the region above the dotted line curve C anhydrous gypsum (CaSO.sub.4) is
      stably present, and in the region surrounded by curves C and B gypsum
      hemihydrate (CaSO.sub.4.1/2 H.sub.2 O) is stably present. In the region
      below the curve A gypsum dihydrate (CaSO.sub.4.2 H.sub.2 O) is present
      stably. In contrast, in the region defined by curves A and B formation of
      gypsum is unstable, and gypsum dihydrate (CaSO.sub.4.2 H.sub.2 O) and
      gypsum hemihydrate (CaSO.sub.4.1/2 H.sub.2 O) are formed in a random
      manner. In this invention, the region below the curve A is selected. In
      other words, the temperature and P.sub.2 O.sub.5 concentration are so
      selected that the condition expressed by the above formula (1) will be
      satisfied.
PAR  In the conventional clinker process for the preparation of phosphoric acid,
      the temperatures adopted for drying and firing the phosphate rock-sulfuric
      acid reaction product are greatly concerned with the non-disintegrability
      of small masses of this reaction product, and it has been believed that
      elevation of the drying or firing temperature would improve the
      non-disintegrability of small masses. However, it has been found that when
      the drying or firing temperature is heightened, condensation of phosphoric
      acid is allowed to advance with elevation of the temperature and either
      the rate of extraction of the phosphoric acid component or the ratio of
      the extracted phosphoric acid component to the phosphoric acid component
      contained in the starting rock is lowered, with the consequence that it is
      difficult to improve the non-disintegrability and the extraction ratio
      simultaneously.
PAR  As the process which can satisfy the above two requirements simultaneously,
      namely the process capable of providing non-disintegrable small masses of
      the phosphate rock-sulfuric acid reaction product even when the drying or
      firing is carried out at a relatively low temperature, we previously
      proposed a process employing as a disintegration-preventing agent an
      alkali metal salt (U.S. Pat. No. 3,562,769) and a process employing as a
      disintegration-preventing agent hydrofluoric acid, hexafluorosilicic acid
      or a salt thereof.
PAR  In the conventional processes, since it was considered that the mixing of
      phosphate rock and sulfuric acid and the drying or firing of the mixture
      are included in the single reaction step, if water is present in a great
      amount in the phosphate rock-sulfuric acid mixture system, special energy
      and time are required for removal of such water. From such technical
      standpoint, in industrializing the above-mentioned, previously proposed
      processes, we tried to increase the slurry concentration of the phosphate
      rock-sulfuric acid mixture and utilize the reaction heat from such mixture
      for removal of water. To our surprise, however, it was confirmed in the
      series of such experiments for industrialization that when the slurry
      concentration is raised at the step of mixing of phosphate rock and
      sulfuric acid or when the temperature is elevated at this mixing step, the
      resulting small masses of the phosphate rock-sulfuric acid reaction
      product are disintegrated in an extraction medium or, even if they are not
      disintegrated under static conditions, they are easily disintegrated under
      industrial extraction conditions where small masses fall into a frictional
      contact with each other.
PAR  Therefore, we made detailed research works on the relation of the slurry
      concentration and temperature at the time of mixing phosphate rock and
      sulfuric acid to the non-disintegrability of the solid reaction product
      between phosphate rock and sulfuric acid, and as a result, we found that
      the factor giving the greatest influence to the non-disintegrability of
      small masses of the phosphate rock-sulfuric acid reaction product is
      neither the temperature for firing the reaction mixture nor the use of a
      disintegration-preventing agent, but the gypsum-forming condition at the
      time of mixing phosphate rock and sulfuric acid, and based on this finding
      we succeeded in obtaining small masses of the phosphate rock-sulfuric acid
      reaction product excellent in the non-disintegrability, especially in the
      dynamic non-disintegrability, by mixing phosphate rock and sulfuric acid
      under such conditions that gypsum dihydrate is stably formed.
PAR  Since the reaction between phosphate rock and sulfuric acid is an
      exothermic reaction, when phosphate rock is mixed with sulfuric acid, the
      temperature of the resulting mixture generally rises to 50.degree. to
      200.degree.C. In this invention, the temperature of the mixture is so
      controlled as not to rise above beyond the curve A in FIG. 1. More
      specifically, the temperature is so controlled that the condition of the
      above formula (1) will be satisfied. For this purpose, it is preferable to
      adopt, for instance, such mixing conditions that the reaction heat
      generated by the mixing of phosphate rock and sulfuric acid is not
      accumulated in the reaction mixture or such means as positively cooling
      the resulting phosphate rock-sulfuric acid reaction mixture. Of course, in
      case decomposition of phosphate rock with sulfuric acid is insufficient,
      it is permissible to effect the heating within a range satisfying the
      condition of the above formula (1). In conducting the process of this
      invention, just after the mixing of phosphate rock and sulfuric acid the
      temperature of the mixture is frequently made higher than the temperature
      (t.degree.C.) defined by the above formula (1) by the reaction heat
      generated from the mixture, but by maintaining the temperature within a
      range satisfying the condition of the above formula (1) after completion
      of the mixing, it is possible to from gypsum dihydrate stably in the
      reaction product mixture.
PAR  As described above, in this invention phosphate rock and sulfuric acid are
      mixed in the presence of water, and the amount of water is determined so
      that the P.sub.2 O.sub.5 concentration in the resulting mixture will
      satisfy the condition of the above formula (1) in correspondence to the
      temperature (t.degree.C.) of the mixture. Accordingly, the lower limit of
      the amount of water made present in the mixture is defined by the
      condition that gypsum dihydrate should be stably formed, and water is made
      present in an amount not less than the so defined lower limit. However, in
      case too large an amount of water is made present in the mixture, it takes
      a long time to convert the mixture to non-disintegrable small masses by
      drying. For this reasin, it is desired that the amount of water is so
      selected that the resulting mixture takes a form of a viscous slurry or
      exhibits a plastic appearance. This preferably range is generally
      expressed by the following formula:
EQU  0.70 .gtoreq. C .gtoreq. 0.45
PAL  wherein C designates the concentration of the phosphate rock in the slurry
      (inclusive of water contained in sulfuric acid) obtained by incorporating
      water into phosphate rock, namely the value of the following formula:
      ##EQU1##
PAR  The mixing of phosphate rock and sulfuric acid is carried out for a time
      sufficient to substantially complete the decomposition of the phosphate
      rock by sulfuric acid, namely for a time sufficient to substantially
      complete the formation of gypsum in the mixture.
PAR  The point of completion of this mixing can also be confirmed by termination
      of the heat generation from the mixture. Further, it can be confirmed by
      seeing termination of formation of a gas of the fluorine component from
      the mixture.
PAR  In the process of this invention, it is preferable to conduct the mixing of
      phosphate rock and sulfuric acid under the following conditions:
PA0  Temperature (t.degree.C .): 30.degree. - 105.degree.C.
PA0  P.sub.2 o.sub.5 concentration in phosphate rock slurry (P%): 20 - 45
      percent
PA0  Combined condition of t an P : t .ltoreq. -0.111P + 0.00334P.sup.2 -
      0.000593P.sup.3 + 107.2
PA0  Phosphate rock concentration in slurry (C) : 0.45 - 0.70
PA0  Mixing time: 15 - 120 minutes, especially 30 - 60 minutes
PAR  In the process of this invention, the mixing step can be conducted by
      employing a mixer of an optional type. Since the fluorine component
      contained in phosphate rock is converted to a gas at the time of mixing
      phosphate rock with sulfuric acid and the gas remains in the mixture in
      the form of bubbles, it is desired that the mixing is conducted so that
      cells inside the pasty or plastic mixture are perpetually exposed outside.
      For this purpose, a lateral or vertical mixing apparatus provided with one
      or a plurality of screws or agitation vanes is conveniently used. In order
      to maintain the temperature inside the mixing apparatus at a prescribed
      level, it is possible to pass a cooling medium through the inside of the
      screw or agitation vane or to blow cold air from such member.
PAC  Disintegration-Preventing Agent
PAR  As described above, in accordance with this invention, the mixing of
      phosphate rock and sulfuric acid is conducted under such conditions that
      gypsum dihydrate is stably formed, whereby it is possible to maintain the
      finally obtained small masses of the phosphate rock-sulfuric acid reaction
      product in the non-disintegrable state throughout the extraction of the
      phosphoric acid component. However, in order to further improve the
      non-disintegrability, especially the dynamic non-disintegrability, of dry
      small masses of the phosphate rock-sulfuric acid reaction product, a
      disintegration-preventing agent can be added, if desired, to the mixture
      system at the step of mixing phosphate rock and sulfuric acid.
PAR  As such disintegration-preventing agent, for instance, the following
      substances can be used:
PA0  1. hydrofluoric acid, hexafluorosilic acid or a salt thereof;
PA0  2. an alkali metal salt; and
PA0  3. amorphous silica.
PAR  As a salt of hydrofluoric acid or hexafluorosilicic acid, there may be
      employed alkali metal salts, e.g., sodium and potassium salts, and
      alkaline earth metal salts, e.g., calcium and magnesium salts. Use of the
      calcium salt is most preferred. In this embodiment, it is preferable to
      employ as the fluorine compound hydrofluoric acid or hexafluorosilic acid,
      The reason is that since such hydrofluoric acid or hexafluorosilicic acid
      is inevitably formed as a by-product at the reaction between phosphate
      rock and sulfuric acid, such by-product can be recycled and used. Of
      course, it is also possible to recover hydrofluoric acid or
      hexafluorosilic acid formed as a by-product in the form of a calcium salt
      and use it as a disintegration-preventing agent.
PAR  These fluorine compounds may be positively added to phosphate rock, or it
      is possible to utilize the fluorine component contained in phosphate rock
      and make it present in the mixture in the form of hydrofluoric acid,
      hexafluorosilicic acid or a salt thereof. For instance, when phosphate
      rock is sufficiently ground in water in advance by the wet method, the so
      treated phosphate rock is converted to small masses having a greatly
      improved dynamic non-disintegrability only by mixing the phosphate rock
      with sulfuric acid in an amount less than the amount equvalent to
      thecalcium component and heat-treating the mixture. Alternately, the
      reaction between phosphate rock and sulfuric acid is partially carried out
      by employing sulfuric acid in an amount of, for instance, 0.1 to 0.5
      equivalent to the calcium component in phosphate rock and thus, the
      fluorine component contained in the phosphate rock is converted to
      hydrofluoric acid or hexafluorosilicic acid, whereby effects similar to
      thoses attained by treating phosphate rock in advance with hydrofluoric
      acid or hexafluorosilicic acid can be attained. In case a fluorine
      compound is added to pulverized phosphate rock, the fluorine compound is
      incorporated in a suitable form depending on the kind of the fluorine
      compound. For instance, the fluorine compound can be added in the form of
      a powder, a slurry or paste, an aqueous solution, a gas or a mist.
PAR  It is important that the mixing of phosphate rock with a fluorine compound
      is conducted in the presence of water. If the mixing is carried out in the
      absence of water, the intended effect, namely the enhanced improvement of
      the non-disintegrability, cannot be attained. In case the fluorine
      compound is added to pulverized phosphate rock, it is desired that the
      addition is effected in an optional stage prior to the step of mixing
      phosphate rock with sulfuric acid. Particularly good results are obtained
      when pulverized phosphate rock is mixed in advance with hydrofluoric acid,
      hexafluorosilicic acid or a salt is added to the resulting mixture.
PAR  In case the above mixing method is adopted, prior to the reaction between
      phosphate rock and sulfuric acid the surfaceof pulverized phosphate rock
      is uniformly treated with the fluorine compound, and hence, the resulting
      small masses of the phosphate rock-sulfuric acid reaction product are
      excellent in the non-disintegrability, especially in the dynamic
      non-disintegrability. If an aqueous solution of hydrofluoric acid or
      hexafluorosilic acid is used in the above mixing method, the fluorine
      component formed as by-product at the reaction between phosphate rock and
      sulfuric acid can be recovered in the form of an aqueous solution, and it
      can be used repeatedly as it is or after concentration, which results in
      economical advantages.
PAR  It is preferred that this aqueous solution is sufficiently mixed with
      pulverized phosphate rock and the resulting slurry is subjected to the
      reaction with sulfuric acid.
PAR  In this embodiment, the amount of the fluorine compound to be used varies
      depending on the kind of the fluorine compound, but it is generally
      preferred that it is used in such an amount that the fluorine component is
      caught on the resulting small masses of the reaction product in an amount,
      as calculated as fluorine, of 3 to 10 percent by weight, especially 4 to 7
      percent by weight.
PAR  The reason why the amount of the fluorine compound to be added is specified
      by the amount caught on the resulting reaction product in the present
      specification is as follows. In case hydrofluoric acid or
      hexafluorosilicic acid is used as the disintegration-preventing additive,
      a part of the acid escapes from the mixture system at the time of mixing.
      Therefore, it is reasonable to specify the amount of the fluorine compound
      by the amount of the additive effectively used, namely the amount of the
      fluorine compound additive fixed on the reaction product. Thus, when the
      fluorine compound additive is used in the form of a salt of hydrofluoric
      acid or hexafluorosilicic acid, it is sufficient that the salt is used in
      an amount, as calculated as fluorine, of 3 to 10 percent by weight based
      on the reaction product, and in case a free acid such as hydrofluoric acid
      or hexafluorosilicic acid is used, the acid is used in an amount equal to
      the above amount (3 to 10 percent by weight), or it is used in an amount a
      little greater than the above amount and a part of the added acid is fixed
      on the reaction product.
PAR  In this embodiment of this invention, when hydrofluoric acid or
      hexafluorosilicic acid is used as the fluorine compound additive, it is
      preferable to employ sulfuric acid and hydrofluoric acid or
      hexafluorosilicic acid in such amounts as meeting the following
      conditions:
EQU  (F) = 0.03 - 0.3, preferably 0.05 - 0.2,
EQU  (H.sub.2 SO.sub.4) = 0.7 0.97, preferably 0.8 - 0.95, and
EQU  (F) + (H.sub.2 SO.sub.4) = 0.73 - 1, preferably 0.8 - 0.98
PAL  wherein (F) designates the amount, expressed in terms of the equivalent
      number to calcium in phosphate rock, of hydrofluoric acid or
      hexafluorosilicic acid caught on the reaction product in the form of the
      salt, and (H.sub.2 SO.sub.4) stands for the amount of sulfuric acid
      expressed in terms of the equivalent number to calcium in phosphate rock.
PAR  As the alkali metal salt (2), we can mention chlorides, sulfates, oxides,
      phosphates, sulfides and silicates of lithium, sodium and potassium. In
      addition to these inorganic salts, alkali metal salts of carboxylic acids
      having 1 to 4 carbon atoms such as sodium acetate, sodium citrate and
      sodium oxalate can be used.
PAR  As the amorphous silica (3), hydrosol, hydrogel and xerogel of silica, and
      amorphous alumina-silica, amorphous calcia-silica and amorphous
      magnesia-silica can be used. This amorphous silica need not necessarily be
      pure but it may contain small quantities of impurities. For instance,
      intermediate or final products obtained from natural clay minerals can be
      used.
PAR  Such alkali metal salt and/or amorphous silica may be added to phosphate
      rock and/or sulfuric acid, either prior to, or simultaneously with, the
      mixing of phosphate rock and sulfuric acid. The amounts of these alkali
      metal salts and amorphous silica are not particularly critical, but in
      order to improve conspicuously the dynamic non-disintegrability, it is
      desired that they are added in such amounts as will satisfy the condition
      expressed by the following empirical formula:
EQU  A(M.sub.2 O) + (SiO.sub.2) - (CaF.sub.2) .gtoreq. 5.2
PAL  wherein A is a number of from 5.8 to 7.2, especially 6.2, (M.sub.2 O) is
      the weight percent of the alkali metal salt as oxide (the sum of the
      alkali metal component contained in the starting phosphate rock and the
      alkali metal salt added as the disintegration-preventing agent) based on
      the dry weight of the phosphate rock, (SiO.sub.2) is the weight percent of
      amorphous silica (the sum of amorphous silica contained in the starting
      phosphate rock and amorphous silica added as the disintegration-preventing
      agent) based on the dry weight of the phosphate rock, and (CaF.sub.2) is
      the weight percent of the fluorine component contained in the phosphate
      rock, reckoned as CaF.sub.2.
PAC  Preparation of Phosphate Rock-Sulfuric Acid Reaction Product
PAR  In accordance with this invention, a mixture of phosphate rock and sulfuric
      acid containing gypsum dihydrate in the stable state and the phosphoric
      acid component in the extractable state is thus obtained. This mixture is
      dried to obtain a solid reaction product having a stabilized form. Various
      means can be adopted for conversion of this mixture to non-disintegrable
      dry small masses and suitable means are selected depending on the form and
      state of the mixture. Some of these means are described below.
PAR  1. For example, if the mixture of phosphate rock and sulfuric acid
      optionally with the disintegration-preventing agent has itself a
      considerably great form-retaining ability, this mixture is directly heated
      and, according to need, roughly ground to obtain dry small masses.
      Alternately, the mixture is first ground to small masses having a suitable
      size by means of a rough grinder or roll, followed by drying.
PAR  2. If the mixture is pasty or plastic, (a) it is extruded into a rod form
      by means of an extruder and cut into a suitable length if necessary, or
      (b) it is molded into a suitable form such as pellet, flake, dice, tablet
      or sphere by employing an appropriate molding apparatus. Then, the so
      molded mixture is dried.
PAR  3. If the mixture of phosphate rock and sulfuric acid is in the form of a
      slurry having a flowability, this slurry is sprayed in hot air, or it is
      poured on a rotary disc and scattered in hot air, whereby the slurry is
      molded into granules and dried simultaneously. Of course, the drying
      treatment is conducted after such granulation procedures, if the drying is
      insufficient.
PAR  4. Granulation and drying of the mixture of phosphate rock and sulfuric
      acid may be simultaneously accomplished, for example, be feeding the
      mixture into a fluidized bed. More specifically, the mixture is charged
      dropwise into a boilind bed, swelling bed or enforced circulation bed from
      the bottom of which hot is fed, and spherical particles of the phosphate
      rock-sulfuric acid reaction product having a certain size are withdrawn
      from the bed continuously or intermittently.
PAR  In this case, if the pulverized phosphate rock-sulfuric acid reaction
      product discharged outside together with the waste gas is recycled into
      the bed, the granulation of the mixture to small masses having a certain
      size can be promoted.
PAR  In order to increase the extraction rate (manufacturing rate) of the
      phosphoric acid component and the yield of phosphoric acid, it is
      important that the treatment temperature is adjusted to 200.degree.C. or
      lower in drying the mixture of phosphate rock and sulfuric acid. In case
      the mixture is dried at a temperature exceeding 200.degree.C., it is
      considered that excessive condensation of phosphoric acid will probably be
      advanced and for this reason, the extraction rate of the phorphoric acid
      component or the yield of phorphoric acid is drastically lowered. On the
      other hand, if the drying temperature is too low, stabilization of the
      form and state of the phosphate rock-sulfuric acid reaction product cannot
      be accomplished sufficiently.
PAR  In view of the foregoing, in this invention it is preferred that the
      mixture is dried at a temperature ranging from 100.degree. to
      200.degree.C., especially from 120.degree. to 180.degree.C. The treating
      time necessary for obtaining non-disintegrable small masses of the
      phosphate rock-sulfuric acid rection product varies depending on the
      treatment conditions and the water content of the mixture but, in general,
      it is preferable to determine experimentally an appropriate treatment time
      within a range of from 15 to 180 minutes, especially from 30 to 90
      minutes.
PAR  In this invention, when the phosphate rock-sulfuric acid mixture is
      subjected to the drying treatment, the form-retaining ability of the
      mixture is enhanced, and the reaction between phosphate rock and sulfuric
      acid is completed, simultaneously with advance of escape of the gaseous
      fluorine component. Further, during this drying treatment, gypsum
      dihydrate in the mixture is in many cases converted to .beta.-type
      anhydrous gypsum, or it is sometimes converted to a mixture composed
      mainly of .beta.-type anhydrous gypsum and containing a minor amount of
      .gamma.-type anhydrous gypsum or gypsum hemihydrate.
PAR  In this invention, however, in order to maintain small masses of the
      phosphate rock-sulfuric acid reaction product in the non-disintegrable
      state, even if the gypsum is finally coverted to anhydrous gypsum in said
      small masses, it is indispensable that is should pass through the state of
      gypsum dihydrate, which will readily be understood from the results of
      Example 6 illustrated in Table 9 given hereinafter.
PAR  It is preferred that small masses of the solid reaction product obtained
      from this step of this invention has a particle size of 0.1 to 50 mm,
      especially 0.5 to 20 mm. In such case, the extraction of phosphoric acid
      and the solid-liquid separation between extracted phosphoric acid and
      residual gypsum can be accomplished very conveniently. It is considered
      that in the so obtained small masses of the solid reaction product
      phosphoric acid is uniformly distributed in the matrix of gypsum
      (anhydrous gypsum). This is apparent from the fact that under electron
      microscope observation it is confirmed that a great number of fine pores
      are present in shells left after extraction of the phosphoric acid from
      small masses of said reaction product.
PAC  Extraction of Phosphoric Acid Component
PAR  The phosphoric acid component can be extracted from small masses of the
      reaction product between phosphate rock and sulfuric acid by means of
      known solid-liquid extraction operations.
PAR  Such extraction procedures are detailedly described in U.S. Patent No.
      3,562,769.
PAR  Any of known extraction media such as water, aqueous acid media,
      water-miscible organic solvents, especially alcohols having less than 6
      carbon atoms, e.g., n-butanol (see, for example, Ind. Eng. Chem., 53, page
      31 (1961) ), etc. can be used as the extraction medium. In this invention
      use of water and an aqueous solution of phosphoric acid is generally
      preferred. Further, it is possible to obtain a highly concentrated aqueous
      solution of phosphoric acid with a high recovery ratio by contacting the
      small masses of the phosphate rock-sulfuric acid reaction product first
      with a concentrated aqueous solution of phosphoric acid, contacting them
      with aqueous solutions of phosphoric acid of successively lowered
      concentrations, and finally contacting them with water Of course, it is
      possible to employ an aqueous solution of an acid other than phosphoric
      acid. In this case, phosphoric acid is recovered in the form of an aqueous
      solution of a mixture of phosphoric acid with the acid used for the
      extraction.
PAR  The extraction can be conducted continuously or batchwise. It is also
      possible to conduct the extraction in the multi-staged manner by employing
      a series of unit extraction apparatuses of the batch type. Any of known
      extraction apparatuses can be used in this invention. For instance,
      mixer-settlers, solid-liquid extraction apparatuses of the fixed or moving
      bed type provided with a packed layer, continuous extraction apparatuses
      of the horizontal or inclined rotation type, filter press type dialyzers
      and other various extraction apparatuses can be used in this invention.
      The extraction of the phosphoric acid component from small masses of the
      reaction product can be accomplished especially effectively by employing
      an apparatus comprising an inclined cylinder having in the inside thereof
      a continuous partition wall of a spiral form, feeding an extraction medium
      from the upstream side of the apparatus and feeding the small masses of
      the phosphate rock-sulfuric acid reaction product from the downstream side
      of the appratus, and thus contacting the small masses with the extraction
      medium.
PAR  Extraction conditions vary considerably depending on the kind of the
      extraction medium used and the manner of extraction. In general, it is
      preferred in this invention that the small masses of the reaction product
      are contacted with an extraction medium at a temperature of 5.degree. to
      100.degree.C., especially 70.degree. to 95.degree.C.
PAR  In this invention, small masses obtained by mixing phosphate rock and
      sulfuric acid under such conditions that gypsum dihydrate is stably formed
      are not only excellent in both the static non-disintegrability and the
      dynamic non-disintegrability, but also distinguishable in the
      reproducibility of such non-disintegrability. Accordingly, phosphoric acid
      can be extracted on an industrial scale at high efficiency in accordance
      with this invention.
PAR  Processes comprising preparing small masses composed of a reaction product
      between phosphate rock and sulfuric acid, namely so-called clinkers, and
      extracting the phosphoric acid component from the so formed clinkers have
      been known in the art from the specifications of U.S. Pat. Nos. 2,384,813,
      2,384,814, 2,504,544, 3,161,467 and 3,562,769. However, none of these
      clinker processes were successfully industrialized. Some of direct reasons
      for failure in industrialization of these processes are as follows. Such
      clinkers are readily disintegrated in a phosphoric acid extraction medium,
      for instance, water, or if they are not disintegrated, when allowed to
      stand under stationary conditions, they are easily disintegrated under
      such conditions that they haave a frictional contact with one another,
      with the result that they are converted to a mud-like product whose
      handling is very difficult. Further, clinkers formed by the conventional
      processes are much inferior in the reproducibility of the
      non-disintegrability, and if improvement of the reproducibility is
      intended, the firing or drying temperature should be extremely heightened.
      Therefore, the rate of extraction of the phosphoric acid component from
      such clinkers, namely the manufacturing rate of phosphoric acid is
      drastically lowered.
PAR  In clinkers formed by the conventional clinker processes, the
      non-disintegrability is greatly influenced by the temperature at which the
      clinkers are fired or calcined, and it is believed that the
      non-disintegrability of the clinkers in the extraction medium can be
      improved by elevating the firing temperature. However, at such high
      temperatures the phosphoric acid component is excessively polymerized and
      the extraction rate of phosphoric acid is frequently lowered. In other
      words, in the conventional clinkers the polymerized phosphoric acid
      component is utilized as a binder for the clinker, and therefore, it is
      extremely difficult to attain simultaneously the improvement of the
      non-disintegrability of clinkers in the extraction medium and the
      improvement of the extraction rate of phosphoric acid.
PAR  In this invention, however, contrary to such conventional concepts, the
      temperature and P.sub.2 O.sub.5 concentration are maintained at rather low
      levels at the time of mixing phosphate rock and sulfuric acid, and such
      conditions are selected that gypsum dihydrate is stably formed, whereby
      both the improvement of the non-disintegrability of clinkers and the
      increase of the reproducibility of the non-disintegrability can be
      attained simultaneously with conspicuous acceleration of extraction of the
      phosphoric acid component from the clinkers.
PAR  Since the non-disintegrable phosphate rock-sulfuric acid reaction product
      to be used in this invention is a product obtained by conducting the heat
      treatment at a relatively low temperature such as 200.degree.C or below,
      in the phosphoric acid extraction the manufacturing rate of phosphoric
      acid is much higher than in the conventional clinker processes. More
      specifically, in accordance with this invention, the extraction of the
      phosphoric acid component is generally completed in a relatively short
      time, for instance, 30 minutes to 10 hours, especially 1 to 5 hours. In
      contrast, according to the conventional clinker processes, as described in
      Example 1 of the specification of U.S. Pat. No. 3,562,769, such a long
      time as 24 hours is generally required for extraction. Thus, it will
      readily be understood that the process of this invention can attain a very
      high manufacturing rate of phosphoric acid.
PAR  In this invention, the small masses of the reaction product are not
      disintegrated throughout the extraction operation even under severe
      extraction conditions, but maintain the original form of small masses.
      Therefore, the extraction of the phosphoric acid component and the
      separation of the extract from gypsum formed as by-product can be
      performed without such troubles as clogging of a filter, even when only a
      small amount of the extraction medium is employed.
PAR  The residual shells left after the extraction of the phosphoric acid
      component are composed of anhydrous gypsum, and they can be converted to
      gypsum dihydrate by conducting recrystallization from water or an aqueous
      solution of sulfuric acid. Phosphoric acid obtained in the process of this
      invention is generally more highly concentrated than phosphoric acid
      products obtained in the conventional clinker processes, and it is also
      excellent over the conventional products with respect to the purity,
      because amounts of sulfuric acid, alkali metals and silica incorporated in
      the phosphoric acid product are extremely small.
PAR  Further, in accordance with this invention, small masses of the sulfuric
      acid-phosphate rock reaction product are converted to non-disintegrable
      small masses by the heat treatment conducted at such alow temperature as
      not exceeding 200.degree.C. Accordingly, another advantage that the
      extraction of phosphoric acid can be accomplished at a very high
      manufacturing rate is attained in this invention.
PAR  This invention will now be illustrated more detailedly by reference to
      Examples.
PAC  EXAMPLE 1
PAR  This Example illustrates a process comprising intimately mixing pulverized
      phosphate rock produced in Florida with hexafluorosilicia acid (H.sub.2
      SiF.sub.6), mixing and reacting sulfuric acid with the resulting mixture
      under conditions satisfying the following requirement
EQU  t .ltoreq. -0.111P +0.003342P.sup.2 -  0.000593P.sup.3 + 107.2
PAL  heat-treating the mixture to shape it into non-disintegrable small masses
      and extracting and recovering phosphoric acid from these small masses.
PAR  Phosphate rock produced in Florida is selected as the starting phosphate
      rock, and it is sufficiently pulverized to a size passable through a
      200-mesh sieve. The composition (main components) of this pulverized
      phosphate rock produced in Florida is analyzed to obtain results shown in
      Table 1. 8n
TBL                Table 1                                                     

     ______________________________________                                    

                           Weight                                              

     Components            Percent                                             

     ______________________________________                                    

     water                 2.34                                                

     P.sub.2 O.sub.5       31.22                                               

     CaO                   45.13                                               

     MgO                   0.31                                                

     Fe.sub.2 O.sub.3      1.42                                                

     Al.sub.2 O.sub.3      0.88                                                

     SiO.sub.2             8.96                                                

     F                     3.70                                                

     ______________________________________                                    
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     ______________________________________                                    

                           Weight                                              

     Components            Percent                                             

     ______________________________________                                    

     Water                 2.34                                                

     P.sub.2 O.sub.5       31.22                                               

     CaO                   45.13                                               

     MgO                   0.31                                                

     Fe.sub.2 O.sub.3      1.42                                                

     Al.sub.2 O.sub.3      0.88                                                

     SiO.sub.2             8.96                                                

     F                     3.70                                                

     ______________________________________                                    

PAR  The hexafluorosilicic acid mixed into the pulverized phosphate rock is
      employed in the form of an aqueous solution having a concentration of 190
      g per liter as caluculated as H.sub.2 SiF.sub.6.
PAR  To 100 Kg of the pulverized phosphate rock is added 63 liters of the
      aqueous solution of hexafluorosilicic acid. Namely, hexafluorosilicic acid
      is added in an amount corresponding to about 0.1 equivalent to the calcium
      component (CaO) contained in the phosphate rock. In the instant
      specification, by the term "equivalent" is meant the chemical equivalent.
      Thus, if the mole ratio of CaO : H.sub.2 SiF.sub.6 is 3 : 1, the amount of
      H.sub.2 SiF.sub.6 is one equivalent to CaO. The mixture is well blended
      under agitation in a mixing tank equipped with agitation vanes for about
      30 minutes. At this time, bubbling occurs in the mixture slurry and
      generation of a stimulant smell is observed. And, it is also confirmed
      that the temperature rises to about 60.degree. to about 80.degree.C.
PAR  Then, 94% sulfuric acid (H.sub.2 SO.sub.4) is added to the mixed slurry in
      the mixing tank and mixed therewith. The amount of sulfuric acid added is
      0.9 equivalent to the calcium component (CaO) contained in the starting
      phosphate rock; namely about 76 Kg of 94% sulfuric acid (H.sub.2 SO.sub.4)
      is added. In this case, the mixing reaction of the slurry composed of the
      pulverized phosphate rock and the aqueous solution of hexafluorosilicic
      acid with 94% sulfuric acid is accomplished by pouring both the reactants
      into a mixing reaction tank equipped with agitation vanes simultaneously.
      At this reaction, the temperature of the resulting mixture is so adjusted
      to satisfy the following conditions:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  Namely, the temperature of the mixture is maintained at a level not
      exceeding 85.degree.C. After pouring of both the reactants, sufficient
      mixing is carried out under agitation for about 30 minutes.
PAR  Just after pouring of 94% sulfuric acid and the mixed slurry of the
      pulverized phosphate rock and the aqueous solution of hexafluorosilic
      acid, generation of a gas composed mainly of fluorine compounds is
      observed for a while, and at the same time, bubbles such as seen in
      pancake are formed in the mixture. But, when the agitation is continued, a
      pasty reaction product having a flowability is obtained.
PAR  The so formed pasty reaction product having a flowability is cast in the
      form of a ribbon having a width of about 10 mm on a Teflon-treated steel
      plate, and it is dried and dehydrated in an atmosphere maintained at about
      120.degree.C. to obtain a hard dry reaction product in the form of flaky
      small masses having a size of 3 to 10 mm. Generation of a gas composed
      mainly of fluorine compounds is also observed during this drying and
      molding step.
PAR  The resulting flaky small masses are heat-treated for about 1 hour in a
      drying device maintained at 160.degree.C. to obtain further hardened dry
      small masses. Also during this heat treatment, generation of a gas
      composed mainly of flourine compounds continues.
PAR  These gases composed mainly of fluorine compounds, which are generated
      during the mixing reaction step, the drying and molding step and the heat
      treating step, are recovered in water, and the resulting aqueous solution
      is recyled and utilized as a disintegration-preventing additive in the
      form of an aqueous solution of hexafluorosilicic acid.
PAR  The static disintegration ratio and dynamic disintegration ratio of the
      resulting small masses are determined to obtain results shown in Table 2
      given hereinbelow. Further, the decomposition ratio of the phosphoric acid
      component in the pasty reaction product prior to the dehydration and
      drying, and the composition of the main components of the heat-treated
      small masses are determined. Results are also shown in Table 2.
      Furthermore, the main components of the pasty reaction product and of
      shells of the heat-treated small masses are analyzed according to the
      X-ray diffraction analysis to obtain results shown in Table 2.
PAR  The values of the static disintegration ratio and dynamic disintegration
      ratio are measured by the following methods.
PAC  Static Disintegration Ratio
PAR  Heat treated small masses (having a size greater than 3 mm) are wrapped in
      a Saran net (having a diameter of 2 mm) and thrown into water. The amount
      (weight) of small masses left in the net is measured and the value of the
      static disintegration ratio is calculated from the following formula:
      ##EQU2##
      wherein W.sub.1 is the dry weight of the small masses of the phosphate
      rock-sulfuric acid reaction product; W.sub.2 is the dry weight of the
      small masses left on the Saran net; W.sub.p is weight as caluculated as
      P.sub.2 O.sub.5, of phosphoric acid eluted in water; and Ds indicates the
      static disintegration ratio.
PAC  Dynamic Disintegration Ratio
PAR  Small masses of the phosphate rock-sulfuric acid reaction product and water
      are charged at a weight ratio of 1 : 2 into a cylindrical vessel, and the
      cylindrical vessel is rotated for 1 hour at a rate of 5 rpm. Then, the
      solid-liquid separation is carried out with use of a Saran net having a
      diameter of 2 mm, and the weight of the small masses left on the Saran net
      is measured. The value of the dynamic disintegration ratio is calculated
      from the following formula:
      ##EQU3##
      wherein W.sub.1 and W.sub.p are as defined above with respect to the
      static disintegration ratio; W.sub.3 is the dry weight of the small masses
      left on the Saran net after one hour's rotation; and Dd is the dynamic
      disintegration ratio.
PAR  The decomposition ratio of the phosphoric acid component in the pasty
      reaction product prior to drying is determined by the following method:
PAR  One part by volume of the pasty reaction product is suspended into 5 to 10
      aprts by volume of hot water, and after 5 minutes have passed, the
      filtration is carried out, and the residue is washed repeatedly with hot
      water of a volume 30 - 35 times the volume of the residue, until the
      presence of the phosphoric acid component becomes undetected in the
      washing liquor. The composition of the washing residue is analyzed, and
      the decomposition ratio is calculated from the analysis values of CaO and
      P.sub.2 O.sub.5.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Static Disintegration Ratio (Ds)                                          

                        0 %                                                    

     Dynamic Disintegration Ratio (Dd)                                         

                        4 %                                                    

               Washing Residue of                                              

                            Heat-Treated                                       

     Main Composition                                                          

               Pasty Rection Product                                           

                            Small Masses                                       

               (wt. %)      (wt. %)                                            

     __________________________________________________________________________

     CaO       35.62        26.80                                              

     P.sub.2 O.sub.5                                                           

               0.48         18.48                                              

     F         5.90         7.55                                               

     SO.sub.3  44.25        33.01                                              

     X-Ray Diffraction                                                         

               CaSO.sub.4.2H.sub.2 O                                           

                            .beta.-CaSO.sub.4 (partially CaSO.sub.4.1/2H.sub.2 

                            O)                                                 

     Analysis                                                                  

     Decomposition Ratio                                                       

               98.1                                                            

     (%)                                                                       

     __________________________________________________________________________

PAR  From the above results, it is seen that the heat-treated small masses
      exhibits not only good static non-disintegrability but also good dynamic
      non-disintegrability.
PAR  By untilizing such characteristic non-disintegrability of the heat-treated
      small masses, the phosphoric acid component in the small masses is
      separated and recovered from .beta.-CaSO.sub.4 which is the main component
      constituting shells of the small masses with use of a rotary drum
      extraction apparatus of the counter-current type.
PAR  The extraction apparatus employed comprises a rotary drum having a length
      of 5.2 m and a diameter of 0.5 m, on the inner wall of which ribbons
      having a height of 11.5 cm are spirally disposed at intervals of 10 cm.
      The small masses are continuously fed from one opening of the rotary drum
      and an extraction medium is continuously poured from the other opening,
      whereby both are contacted with each other in the rotary drum in a
      counter-current manner, while recovering extracted crude phosphoric acid
      from the opening for introduction of the small masses and discharging
      continuously from the other opening the small masses composed mainly of
      calcium sulfate which correspond to the residue from which the phosphoric
      acid component has been separated. The rotation number of the rotary drum
      of this extraction apparatus is so adjusted that the solid small masses
      have a contact with the extraction medium in the drum for a period of
      about 1 hour and the amount of the extraction medium introduced is
      controlled depending on the amount of the small masses fed so that the
      solid:liquid ratio is maintained at 3 : 2 in the drum.
PAR  The composition of the main components of the recovered crude phosphoric
      acid, the extraction raito based on the decomposed P.sub.2 O.sub.5 in the
      heat-treated small masses, and the composition of the main components of
      the extraction residue obtained when the discharged small masses composed
      mainly of calcium sulfate are dried are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Crude Phosphoric Acid                                                     

     P.sub.2 O.sub.5        46.78 % by weight                                  

     CaO                    0.33 % by weight                                   

     SO.sub.3               0.46 % by weight                                   

     F                      0.71 % by weight                                   

     Al.sub.2 O.sub.3       0.88 % by weight                                   

     Fe.sub.2 O.sub.3       1.70 % by weight                                   

     Specific gravity       1.583                                              

     Extraction ratio       98.8 %                                             

     Extraction Residue                                                        

     CaO                    38.00 % by weight                                  

     SO.sub.3               44.32 % by weight                                  

     P.sub.2 O.sub.5        0.52 % by weight                                   

     F                      6.03 % by weight                                   

     Decomposition ratio    98.1 %                                             

     ______________________________________                                    

PAR  From the above results, it can readily be understood that small masses
      obtained by adding the fluorine component recovered from the small
      mass-forming step to the system of the reaction between the phosphate rock
      slurry and sulfuric acid and adjusting the conditions of said reaction so
      that the following requirement is satisfied
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  do not disintegrate throughout the step of extracting phosphoric acid
      therefrom; therefore, the extraction can be conducted continuously without
      employing a special filter; the amount of the phosphoric acid component
      left unextracted in the extraction residue is extremely small; and that
      crude phosphoric acid can be recovered at such a high recovery ratio as
      about 97 percent based on the phosphoric acid component contained in the
      starting phosphate rock.
PAR  The gypsum recovered as the extraction residue is purified into gypsum
      dihydrate according to the customary recrystallization method, and at the
      same time, the filuorine component contained in the residue can be
      recovered.
PAC  EXAMPLE 2
PAR  This Example illustrates a process comprising mixing and reacting sulfuric
      acid with pulverized phosphate rock without addition of a particular
      disintegration-preventing agent under such conditions that the following
      requirement is satisfied:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  heat-treating the reaction mixture to obtain non-disintegrable small
      masses, and extracting and recovering phosphoric acid from said small
      masses.
PAR  The same pulverized phosphate rock produced in Florida as employed in
      Example 1 is chosen as the starting phsphate rock.
PAR  To 2 Kg of this pulverized phosphate rock is added 1250 ml of water, and
      the mixture is sufficiently blended for about 10 minutes under agitation
      in a mixing tank equipped with agitation vanes. Then, the resulting slurry
      is incorporated with 94 % sulfuric acid (H.sub.2 SO.sub.4) in an amount
      corresponding to 0.95 equivalent to the calcium component (CaO) contained
      in the slurry, namely in an amount of about 1.6 Kg, to effect the mixing
      reaction therebetween. The mixing reaction is accomplished by pouring
      simultaneously both the reactants into a mxing reaction tank equipped with
      agitation vanes. At this mixing reaction, the temperature of the reaction
      mixture is so adjusted that the following condition is satisfied:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 1.072
PAL  Namely, the temperature of the reaction mixture is maintained at a level
      not exceeding 85.degree.C. After pouring of the reactants, the mixture is
      sufficiently agitated for about 30 minutes.
PAR  For a certain period from the pouring of the phosphate rock slurry and
      sulfuric acid, the generation of heat and a gas composed mainly of
      fluorine compounds is observed, and simultaneously, bubbles such as seen
      in pancake are formed from the reaction mixture, but a pasty reaction
      product having a flowability is obtained when the agitation is continued.
PAR  In the same manner as described in Example 1, the reaction mixture is
      dried, molded and heat-treated to obtain heat-treated, hard,
      non-disintegrable small masses.
PAR  The phosphoric acid is extracted from the so obtained non-disintegrable
      small masses according to the granule extraction method described in
      Example 1-B of our U.S. Pat. No. 3,562,769. Namely, the heat-treated
      non-disintegrable small masses are thrown into an extraction column
      charged with 250 ml of an aqueous extraction medium and the extraction of
      the phosphoric acid component is accomplished by utilizing the
      characteristic properties of the small masses. A columnar glass tube
      having a diameter of 7 cm and a length of 30 cm is employed as the
      extraction column, and a perforated plate is disposed in the lower portion
      of the tube to receive the small masses thereon. An outlet for the
      extraction liquid is disposed below the perfolated plate so that the
      extraction liquor of an amount equal to the amount of the extraction
      medium poured from the column head is withdrawn from the outlet by means
      of syphonage.
PAR  More specifically, in this extraction column, the heat-treated
      non-disintegrable small masses are heated at 85.degree.-90.degree.C. in
      the state immersed in a primary extraction medium (water) and allowed to
      stand still for about 150 minutes, during which the phosphoric acid
      component is eluted in the solvent from the small masses. Immediately, hot
      water heated at 90.degree.C. as the displacing extraction medium is added
      dropwise from the upper portion of the column at a rate of 100 ml per
      hour. Thus, a crude phosphoric acid solution is withdrawn from the column
      bottom by means of syphonage in an amount corresponding to the amount
      added of the displacing solvent, and finally, 250 ml of highly
      concentrated crude phosphoric acid is recovered. At this extraction step,
      since there is a great difference of the specific gravity between the
      extraction liquor and the extraction medium, i.e., hot water, the
      interface between the phosphoric acid extract and water is hardly
      disturbed and concentrated phosphoric acid can be recovered. Subsequently,
      the extraction is repeated by employing hot water as an extraction medium
      in the same manner as described above, to thereby obtain dilute crude
      phosphoric acid, which can be used as the above-mentioned primary
      extraction medium.
PAR  Then, in the extraction column the residual reaction product is washed with
      use of water in the same manner as described, and the amounts of CaO and
      P.sub.2 O.sub.5 in the residual gypsum are determined. Based on results of
      the determination, the decomposition ratio based on P.sub.2 O.sub.5
      contained in the starting phosphate rock is calculated.
PAR  Results of the analysis of the composition of concentrations of the
      recovered liquids, the phosphoric acid extraction ratio, the ratio of
      decomposition in the washing residue of pastry reaction product determined
      in the same manner as in Example 1 and the decomposition ratio obtained by
      the qualitative analysis of the residual gypsum are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     [Analysis of Composition of Pasty Reaction Product]                       

     CaO                  17.05 % by weight                                    

     P.sub.2 O.sub.5      11.72 % by weight                                    

     SO.sub.3             26.08 % by weight                                    

     Water                40.00 % by weight                                    

     X-ray diffraction                                                         

     analysis:            CaSO.sub.4.2H.sub.2 O                                

     Theoretical upper limit of reaction                                       

     temperature:         85.3.degree.C.                                       

     Actual paste temperature at                                               

     reaction:            75 - 83.0.degree.C.                                  

     [Washing Residue of Pasty Reaction Product]                               

     CaO                  34.14 % by weight                                    

     P.sub.2 O.sub.5      0.553 % by weight                                    

     SO.sub.3             52.12 % by weight                                    

     Decomposition ratio  97.66 %                                              

     [Analysis of Composition of Heat-Treated Small Masses]                    

     CaO                  28.01 % by weight                                    

     P.sub.2 O.sub.5      19.78 % by weight                                    

     SO.sub.3             38.03 % by weight                                    

     X-ray diffraction    .beta.-CaSO.sub.4                                    

     analysis:            (plus CaSO.sub.4.1/2H.sub.2 O)                       

     Static disintegration                                                     

     ratio:               0                                                    

     Dynamic disntegration ratio:                                              

                          11                                                   

     [Analysis of Compositions of Recovered Crude Phosphoric                   

     Acid]                                                                     

                  Concentrated   Dilute Phos-                                  

                  Phosphoric Acid                                              

                                 phoric Acid                                   

     P.sub.2 O.sub.5                                                           

                  25.63 (g/100 ml)                                             

                                 4.20 (g/100 ml)                               

     CaO           0.32 (g/100 ml)                                             

                                 0.04 (g/100 ml)                               

     SO.sub.3      0.45 (g/100 ml)                                             

                                 0.08 (g/100 ml)                               

     Specific gravity                                                          

                   1.350         1.080                                         

     Extraction ratio                                                          

                  98.5 %                                                       

     [Analysis of Composition of Residual Small Masses]                        

     CaO                   35.90 % by weight                                   

     SO.sub.3              54.81 % by weight                                   

     P.sub.2 O.sub.5        0.939 % by weight                                  

     Decomposition ratio   96.2 %                                              

     ______________________________________                                    

PAR  From the above results, it will readily be understood that even if a
      particular disintegration-preventing agent is not present, when the
      reaction between phosphate rock and sulfuric acid is conducted under such
      conditions that the following requirement is satisfied.
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.0005993P.sup.3 + 107.2
PAL  the resulting small masses do not disintegrate throughout the extraction
      step and phsophric acid can be recovered in a very high yield.
PAC  EXAMPLE 3
PAR  This Example illustrates a process for preparing phosphoric acid in which
      phosphate rocks produced in various locales are used and they are mixed
      and reacted with sulfuric acid without addition of a particular
      disintegration-preventing agent under such conditions as will satisfy the
      following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAR  Seven phosphate rocks produced in North Carolina, Taiba, Cetulla, Makatea,
      Morocco, Kola and Florida are chosen as the starting phosphate rock. The
      compositions (wt. %) of main components of these phosphate rocks are as
      shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Locale    P.sub.2 O.sub.5                                                 

                       Ca O    R.sub.2 O.sub.3 *)                              

                                     M.sub.2 O**)                              

                                            SiO.sub.2                          

                                                 F                             

     ______________________________________                                    

     North Carolina                                                            

               32.60   52.56   1.33  1.28   2.97 3.59                          

     Taiba     37.05   51.41   2.44  0.78   3.00 4.24                          

     Cetulla   31.24   47.03   2.66  1.09   9.43 3.29                          

     Makatea   37.14   53.43   1.48  0.54   2.20 5.12                          

     Morocco   36.62   52.89   0.68  1.30   3.26 4.29                          

     Kola      38.86   51.39   1.23  0.29   1.02 3.36                          

     Florida   31.22   45.13   2.30  0.63   8.96 3.70                          

     ______________________________________                                    

       *) : R.sub.2 O.sub.3 is the sum of Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3

      **) : M.sub.2 O is the sum of K.sub.2 O and Na.sub.2 O.                  

PAR  Each of these 7 phosphate rocks are sufficiently ground to have a size
      passable through a 200-mesh sieve. To 2 Kg of the so pulverized phosphate
      rock is added 1450 ml of water, and they are mixed sufficiently under
      agitation for about 30 minutes in a mixing tank equipped with agitation
      vanes. Then 94 % sulfuric acid is added to the mixture in an amount
      corresponding to 0.9 % equivalent to the calcium component (CaO) contained
      in the starting phosphate rock, namely in an amount indicated in Table 6
      given below, to effect the mixing reaction between them. The mixing
      reaction is conducted by simultaneously pouring both the reactants in a
      mixing reaction tank equipped with agitation vanes, and the reaction
      conditions are so controlled that the following requirement is satisfied:
EQU  t .ltoreq. -0.111P + 0.0034P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  Namely, the reaction temperature is maintained at a level not exceeding the
      calculated temperature upper limit shown in Table 6. After the pouring of
      both the reactants, the mixture is sufficiently agitated for about 60
      minutes.
PAR  In the same manner as described in Example 1, the resulting reaction
      mixture is dried, molded and heattreated to obtain non-disintegrable small
      masses. According to the same granule extraction method as described in
      Example 2, the phosphoric acid component is extracted from the small
      masses with use of hot water, and the decomposition ratio and extraction
      ratio are determined in the same manner as described in Example 2.
PAR  Results are shown in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Locale       North Carolina                                               

                           Taiba                                               

                                Cetulla                                        

                                     Makatea                                   

                                          Morcco                               

                                               Kola Florida                    

     __________________________________________________________________________

     Amount of 94% H.sub.2 SO.sub.4                                            

                  1.76     1.92 1.57 1.79 1.77 1.72 1.51                       

     Value of P in formula                                                     

                  30.81    27.05                                               

                                23.78                                          

                                     27.05                                     

                                          26.77                                

                                               27.95                           

                                                    23.78                      

     Calculated temperature                                                    

     upper oimit (.degree.C)                                                   

                  89.6     94.9 98.5 94.9 95.2 93.8 98.5                       

     Paste temperature at                                                      

     reaction (.degree.C)                                                      

                  78-86    80-90                                               

                                80-90                                          

                                     80-90                                     

                                          83-94                                

                                               82-92                           

                                                    85-95                      

     Static disintegration                                                     

     ratio (Ds)   4        0    0    0    9    13   0                          

     Dynamic disintegra-                                                       

     tion ratio (Dd)                                                           

                  15       6    4    4    13   20   7                          

     (Recovered Concentrated Phosphoric Acid)                                  

      Locale      North Carolina                                               

                           Taiba                                               

                                Cetulla                                        

                                     Makatea                                   

                                          Morocco                              

                                               Kola Florida                    

     __________________________________________________________________________

     P.sub.2 O.sub.5 (wt. %)                                                   

                  27.00    29.30                                               

                                25.27                                          

                                     29.33                                     

                                          30.19                                

                                               23.20                           

                                                    25.86                      

     Ratio of extraction                                                       

     of phosphoric acid                                                        

                  98.3     98.2 99.0 98.2 98.9 96.8 99.2                       

     (%)                                                                       

     (Composition of Extraction Residue Small Masses)                          

      Locale      North Carolina                                               

                           Taiba                                               

                                Cetulla                                        

                                     Makatea                                   

                                          Morocco                              

                                               Kola Florida                    

     __________________________________________________________________________

     CaO (wt. %)  35.44    37.02                                               

                                35.82                                          

                                     38.60                                     

                                          37.00                                

                                               37.21                           

                                                    34.92                      

     SO.sub.3 (wt. %)                                                          

                  43.33    45.76                                               

                                44.21                                          

                                     47.79                                     

                                          45.73                                

                                               46.00                           

                                                    43.02                      

     P.sub.2 O.sub.5                                                           

                  1.28     1.39 1.24 1.32 1.16 1.04 1.08                       

     Decomposition                                                             

     ratio (%)    97.76    97.40                                               

                                97.85                                          

                                     97.63                                     

                                          97.83                                

                                               97.89                           

                                                    97.86                      

     X-ray diffraction analysis of pasty reaction product:                     

     CaSO.sub.4.2H.sub.2 O                                                     

     X-ray diffraction analysis of heat treated small masses:                  

     CaSO.sub.4 + (CaSO.sub.4.1/2H.sub.2 O)                                    

     __________________________________________________________________________

PAR  From the results shown in Table 6, it will readily be understood that even
      when phosphate rocks produced in various locales, small masses obtained by
      conducting the reaction between the phosphate rock and sulfuric acid under
      such conditions as will satisfy the following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  do not disintegrate throughout the extraction step, and phosphoric acid can
      be recovered from such small masses at a very high recovery ratio.
PAC  EXAMPLE 4
PAR  This Example illustrates the significance of variation in the water content
      in the starting phosphate rock slurry at the time of molding the reaction
      product between phosphate rock and sulfuric acid into small masses.
PAR  The pulverized product of the same phosphate rock produced in Florida as
      used in Example 1 is employed as the starting phosphate rock in this
      Example.
PAR  Five kinds of the water content in the phosphate rock slurry, namely 20
      percent by weight, 30 percent by weight, 40 percent by weight, 50 percent
      by weight and 70 percent by weight, are chosen.
PAR  A prescribed amount of water is added to 2 Kg of the pulverized phosphate
      rock, and they are blended for about 10 minutes, following which the
      resulting slurry is reacted with 94 % sulfuric acid added in an amount of
      0.9 equivalent to the calcium component contained in the starting
      phosphate rock, namely in an amount of about 1.51 Kg. The mixing reaction
      is accomplished by simultaneously pouring the phosphate rock slurry and
      94% sulfuric acid into a mixing reaction tank equipped with agitation
      vanes.
PAR  In the same manner as described in Example 1, the resulting reaction
      mixture is dried, molded and heat-treated to obtain heat-treated small
      masses. The mixing state at the time of addition of sulfuric acid is
      observed, and the time required for converting the reaction mixture to a
      moldable state is measured at the drying and molding step. Further, with
      respect to each sample, the static disintegration ratio and dynamic
      disintegration ratio are determined.
PAR  These results are shown in Table 7.
PAR  The small masses of the phosphate rock-sulfuric acid reaction product are
      washed sufficiently with water to remove soluble phosphoric acid component
      completely, and the contents of CaO and P.sub.2 O.sub.5 are analyzed in
      the residue composed mainly of gypsum, from which the decomposition ratio
      based on P.sub.2 O.sub.5 contained in the starting phosphate rock is
      calculated. Results are shown in Table 7.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Water content in slurry (wt. %)                                           

                        20     30     40     50     70                         

     Sulfuric acid mixing state                                                

                        slightly                                               

                               good   good   good   good                       

                        good                                                   

     Time required for molding (minutes)                                       

                        35-40  40-45  55-60  80-85  160-180                    

     Static disintegration ratio (Ds)                                          

                        33     3      0      0      0                          

     Dynamic disintegration ratio (Dd)                                         

                        80     17     2      6      10                         

     Mixing reaction temperature                                               

                        35-68.degree.C                                         

                               58-64.degree.C                                  

                                      65.70.degree.C                           

                                             85-90.degree.C                    

                                                    100-105.degree.C           

     Theoretical temperature upper limit                                       

                        10.5.degree.C.                                         

                               65.2.degree.C                                   

                                      88.1.degree.C.                           

                                             98.9.degree.C                     

                                                    105.4.degree.C             

     X-ray diffraction analysis of                                             

     pasty reaction product                                                    

                        CaSO.sub.4.1/-                                         

                               CaSO.sub.4.2H.sub.2 O                           

                                      CaSO.sub.4.2H.sub.2 O                    

                                             CaSO.sub.4.2H.sub.2 O             

                                                    CaSO.sub.4.2H.sub.2 O      

                        2H.sub.2 O +                                           

                        CaSO.sub.4 +                                           

                        CaSO.sub.4.2H.sub.2 O                                  

     X-ray diffraction analysis of heat-                                       

     treated small masses                                                      

                        CaSO.sub.4. (+CaSO.sub.4.1/2H.sub.2 O)                 

                     (Analysis of main components of                           

                      residual small masses)                                   

                      CaO (wt. %) 34.22                                        

                                       34.97                                   

                                            34.86                              

                                                 35.64                         

                                                      35.70                    

                      P.sub.2 O.sub.5 (wt. %)                                  

                                  2.50 0.98 0.77 0.53 0.68                     

                     Decomposition ratio (%)                                   

                                  89.45                                        

                                       95.95                                   

                                            96.80                              

                                                 97.85                         

                                                      97.25                    

     __________________________________________________________________________

PAR  From the above results, it will readily be understood that in view of the
      mixing state the water content of 30 percent by weight or higher in the
      phosphate rock slurry is preferred and that in view of the drying and
      molding operation easiness a water content of 50 percent by weight or
      lower is preferred. At any rate, it will be understood that even if the
      water content in the phosphate slurry is varied, when the mixing reaction
      between the phosphate rock slurry and sulfuric acid is conducted under
      such conditions as will satisfy the following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  it is possible to obtain non-disintegrable small masses.
PAC  EXAMPLE 5
PAR  This Example illustrates an embodiment where a solution of phosphoric acid
      is employed instead of water when the slurry of the starting phosphate
      rock is prepared.
PAR  The same pulverized phosphate rock produced in Florida as employed in
      Example 1 is chosen as the starting phosphate rock in this Example.
PAR  A phosphoric acid solution having a concentration indicated in Table 8
      given below is added in an amount indicated in Table 8 to 2 Kg of the
      starting phosphate rock, and they are sufficiently mixed and agitated for
      about 10 minutes. Then, the resulting slurry is mixed and reacted with 94%
      sulfuric acid added in an amount of 0.9 equivalent to the calcium
      component (CaO) contained in the starting phosphate rock, namely in an
      amount of about 1.51 Kg. The mixing reaction is accomplished by pouring
      simultaneously the phosphate rock slurry and 94% sulfuric acid into a
      mixing reaction tank equipped with agitation vanes, and the temperature of
      the reaction mixture is so adjusted as to satisfy the following condition
      at the mixing reaction:
EQU  t = -0.111P + 0.00334P.sup.2 - 0.00059P.sup.3 + 107.2
PAL  Namely, the reaction temperature is maintained at a level not exceeding the
      calculated theoretical upper limit of the reaction temperature indicated
      in Table 8. After the pouring of the phosphate rock slurry and 94 %
      sulfuric acid into the mixing reaction tank, the mixture is sufficiently
      agitated for about 30 minutes. In the same manner as described in Example
      1, the reaction mixture is dried, molded and heat-treated to obtain small
      masses. The static disintegration ratio and dynamic disintegration ratio
      of the so formed small masses are determined, and the CaO and P.sub.2
      O.sub.5 contents in the washing residue of the pasty reaction product are
      analyzed, from which the decomposition ratio based on P.sub.2 O.sub.5
      contained in the starting phosphate rock is calculated. Reslts are shown
      in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Phosphoric acid solution concentration (wt.%)                             

     (P.sub.2 O.sub.5 %)     2.5       5         7.5                           

     Amount of phosphoric acid solution (g)                                    

                             1250      1250      1250                          

     Calculated value of P   35.8 %    38.3 %    40.8 %                        

     Calculated upper limit of reaction temperature                            

                             80.3.degree.C                                     

                                       74.4.degree.C                           

                                                 67.9.degree.C                 

     Actual reaction temperature                                               

                             71-79.degree.C                                    

                                       68-73.degree.C                          

                                                 60-68.degree.C                

     X-ray diffraction analysis of pasty reaction                              

     product                 CaSO.sub.4.2H.sub.2 O                             

                                       CaSO.sub.4.2H.sub.2 O                   

                                                 CaSO.sub.4.2H.sup.2 O         

                                                 CaSO.sub.4.1/2H.sub.2 O       

     X-ray diffraction analysis of heat-                                       

     treated small masses    CaSO.sub.4                                        

                                       CaSO.sub.4                              

                                                 CaSO.sub.4                    

                             (+ CaSO.sub.4.1/2H.sub.2 O)                       

                                       (+ CaSO.sub.4.1/2H.sub.2 O)             

                                                 (+CaSO.sub.4.1/2H.sub.2 O)    

     Static disintegration ratio (Ds)                                          

                             0         0         0                             

     Dynamic disintegration ratio (Dd)                                         

                             6         6         7                             

                               (Analysis of washing residue of pasty reaction  

                               product)                                        

                                CaO (wt.%)  34.79                              

                                                 34.01                         

                                                      34.35                    

                                P.sub.2 O.sub.5 (wt.%)                         

                                            0.58 0.55 0.68                     

                               Decomposition ratio (%)                         

                                            97.60                              

                                                 97.67                         

                                                      97.13                    

     __________________________________________________________________________

PAR  From the results shown in Table 8, it will readily be understood that even
      if P.sub.2 O.sub.5 origin other than phosphate rock is added to the
      starting phosphate rock, when the reaction is carried out under such
      conditions as will satisfy the following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  it is possible to obtain non-disintegrable small masses of the phosphate
      rock-sulfuric acid reaction product. Thus, it will also readily be
      understood that it is possible to use dilute phosphoric acid obtained in
      the treatment of phosphate rock, for instance, dilute phosphoric acid
      obtained at the washing step, as the starting material, and to recover it
      in the form of concentrated phosphoric acid by passing it through the
      reaction steps of this invention.
PAC  EXAMPLE 6
PAR  This Example illustrates the criticality of the upper limit of the mixing
      reaction temperature defined by the following formula:
EQU  t = -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  in the mixing reaction between phosphate rock and sulfuric acid.
PAR  The same pulverized phosphate rock produced in Florida as used in in
      Example 1 is employed as the starting phosphate rock in this Example.
PAR  In order to clarify the relation between the phosphoric acid concentration
      and the temperature, the water content is varied as 40 percent by weight,
      50 percent by weight and 60 percent by weight in the same manner as in
      Example 4. With the starting phosphate rock slurry having a prescribed
      water content, the theoretical upper limit of the reaction temperature,
      i.e., the temperature indicated in Table 9 below, is calculated from the
      following formula:
EQU  t = -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  With respect to each of the phosphate rock slurries varying in the water
      content, the mixing reaction with sulfuric acid is carried out at a
      temperature higher than the so calculated upper limit and a temperature
      lower than the so calculated upper limit, respectively.
PAR  A prescribed amount of water is added to 2 Kg of the phosphate rock, and
      they are blended for about 10 minutes. Then, the mixture is mixed and
      reacted with 94% sulfuric acid added in an amount of 0.9 equivalent to the
      calcium component contained in the starting phosphate rock, namely in an
      amount of about 1.51 Kg. The mixing reaction is accomplished by pouring
      simultaneously the phosphate rock slurry and 94% sulfuric acid into a
      mixing reaction tank equipped with agitation vanes, and the reaction is
      carried out at a prescribed temperature indicated in Table 9. In the same
      manner as in Example 1, the resulting reaction mixture is dried, molded
      and heat-treated to obtain heat-treated small masses of the reaction
      product.
PAR  The static disintegration ratio and dynamic disintegration of the so
      obtained heat-treated small masses are determined. Results are shown in
      Table 9.
PAR  Further, in the same manner as in Example 1, the pasty reaction product
      prior to the drying step is washed, and the composition of the washing
      residue is analyzed to obtain the values of CaO and P.sub.2 O.sub.5
      contents, from which the decomposition ratio of the phosphoric acid
      component in the pasty reaction product is calculated based on the
      analyzed CaO and P.sub.2 O.sub.5 contents in the starting phosphate rock.
      Results are also shown in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Water content in phosphate                                                

     rock slurry (wt.%)                                                        

                     40     40     50     50     60     60                     

     Calculated upper limit of                                                 

     reaction temperature                                                      

                     88.1.degree.C.                                            

                            88.1.degree.C.                                     

                                   98.9.degree.C.                              

                                          98.9.degree.C.                       

                                                 103.2.degree.C.               

                                                        103.2.degree.C.        

     Actual reaction tempera-                                                  

     ture            75-85.degree.C.                                           

                            90-105.degree.C.                                   

                                   85-95.degree.C.                             

                                          100-115.degree.C.                    

                                                 92-100.degree.C.              

                                                        105-120.degree.C.      

     X-ray diffraction analysis                                                

     of pasty reaction product                                                 

                     CaSO.sub.4.2H.sub.2 O                                     

                            CaSO.sub.4                                         

                                   CaSO.sub.4.2H.sub.2 O                       

                                          CaSO.sub.4                           

                                                 CaSO.sub.4.2H.sub.2 O         

                                                        CaSO.sub.4             

                            CaSO.sub.4.                 CaSO.sub.4.1/2         

                            1/2H.sub.2 O  CaSO.sub.4.1/2                       

                                          H.sub.2 O                            

     X-ray diffraction analysis of                                             

     heat-treated small masses                                                 

                     CaSO.sub.4 (+CaSO.sub.4.1/2H.sub.2 O)                     

     Static disintegration                                                     

     ratio (Ds)      0      100    0      87     0      70                     

     Dynamic disintegration                                                    

     ratio (Dd)      2      100    6      100    10     92                     

                     (Analysis values of washing residue of pasty reaction     

                     product                                                   

                      CaO (wt. %) 34.42                                        

                                       34.78                                   

                                            34.88                              

                                                 35.39                         

                                                      35.00                    

                                                           35.27               

                      P.sub.2 O.sub.5 (wt. %)                                  

                                  0.65 0.67 0.54 0.57 0.69 0.63                

                     Decomposition ratio (%)                                   

                                  97.27                                        

                                       97.22                                   

                                            97.76                              

                                                 97.67                         

                                                      97.15                    

                                                           97.42               

     __________________________________________________________________________

PAR  From the results shown in Table 9, it will readily be understood that the
      disintegrability of the small masses is greatly influenced by the
      temperature at which phosphate rock and sulfuric acid are mixed and
      reacted.
PAR  It will also be understood that the upper limit of the above temperature is
      defined by the following formula:
EQU  t = -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  and in order to obtain small masses excellent in the nondisintegrability,
      the following condition
EQU  t .ltoreq. - 0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  should be satisfied.
PAC  EXAMPLE 7
PAR  This example illustrates an embodiment in which hexafluorosilicic acid is
      intimately mixed with pulverized phosphate rock and the water content in
      the phosphate rock slurry and the temperature condition at the mixing
      reaction between the phosphate rock slurry and sulfuric acid are changed.
PAR  The same pulverized phosphate rock produced in Florida as used in Example 1
      is employed as the starting phosphate rock in this Example.
      Hexafluorosilicic acid (H.sub.2 SiF.sub.6) as a disintegration-preventing
      agent is added to the starting phosphate rock in an amount, as reckoned as
      fluorine (F), of 0.12 equivalent to the calcium component (CaO) contained
      in the starting phosphate rock. The concentration of hexafluorosilicic
      acid is adjusted depending on the prescribed water content of the
      phosphate rock slurry.
PAR  As the water content of the phosphate rock slurry, 40 percent by weight, 50
      percent by weight and 60 percent by weight are chosen.
PAR  The amount and concentration of the hexafluorosilicic acid added to 2 Kg of
      the starting pulverized phosphate rock, and the water content in the
      resulting phosphate rock slurry are as shown in Table 10.
TBL                Table 10                                                    

     ______________________________________                                    

     Water content in phosphate                                                

     rock slurry (wt. %)                                                       

                       40       50       60                                    

     Concentration of hexafluoro-                                              

     silicic acid solution (wt. %)                                             

                        15.26    10.70   7.55                                  

     Amount of hexafluorosilicic                                               

     acid solution added (g)                                                   

                       1580     2240     3180                                  

     ______________________________________                                    

PAR  Hexafluorosilicic acid having a concentration indicated in Table 10 is
      added in an amount indicated in Table 10 to 2 Kg of the pulverized
      phosphate rock, and they are blended for about 10 minutes. Then, the
      resulting phosphate rock slurry is incorporated with 95% sulfuric acid
      (H.sub.2 SO.sub.4) added in an amount of 0.9 equivalent to the calcium
      component (CaO) contained in the starting phosphate rock, namely in an
      amount of about 1.51 kg. They are mixed and reacted at a temperature
      higher than the upper limit defined by the following formula
EQU  t = -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  and at a temperature lower than said upper limit, respectively. Namely, the
      mixing reaction between the phosphate rock and sulfuric acid is carried
      out at temperature conditions indicated in Table 11 given below.
PAR  In the same manner as in Example 1, the resulting reaction product is
      dried, molded and heat-treated to obtain heat-treated small masses of the
      reaction product. Then, the static disintegraton ratio and dynamic
      disintegration ratio of the so obtained heat-treated small masses are
      determined. Results are shown in Table 11.
PAR  In the same manner as described in Example 1, the pasty reaction product
      prior to drying is washed and the washing residue is analyzed to obtain
      the CaO and P.sub.2 O.sub.5 contents in the washing residue, from which
      the decomposition ratio of the phosphoric acid component in the pasty
      reaction product prior to drying is determined based on the CaO and
      P.sub.2 O.sub.5 contents in the starting phosphate rock. Results are also
      shown in Table 11.
TBL                                    Table 11                                

     __________________________________________________________________________

     Water content in                                                          

     slurry (wt. %)                                                            

                  40     40      50     50      60      60                     

     Calculated upper limit                                                    

     of reaction temperature                                                   

                  88.1.degree.C                                                

                         88.1.degree.C                                         

                                 98.9.degree.C                                 

                                        98.9.degree.C                          

                                                103.2.degree.C                 

                                                        103.2.degree.C         

     Actual reaction                                                           

     temperature  74-86.degree.C                                               

                         90-107.degree.C                                       

                                 88-95.degree.C                                

                                        100-110.degree.C                       

                                                92-100.degree.C                

                                                        105-120.degree.C       

     X-ray diffraction                                                         

     analysis of pasty                                                         

     reaction product                                                          

                  CaSO.sub.4 2H.sub.2 O                                        

                         CaSO.sub.4 1/2H.sub.2 O                               

                                 CaSO.sub.4 2H.sub.2 O                         

                                        CaSO.sub.4 1/2H.sub.2 O                

                                                CaSO.sub.4 2H.sub.2 O          

                                                        CaSO.sub.4 1/2H.sub.2  

                                                        O                      

                         CaSO.sub.4     CaSO.sub.4      CaSO.sub.4             

     X-ray diffraction of                                                      

     heat-treated small                                                        

     masses       CaSO.sub.4 (+ CaSO.sub.4 1/2H.sub.2 O)                       

     Static disintegration                                                     

     ratio (Ds)   0      84      0      80      0       52                     

     Dynamic disintegration                                                    

     ratio (Dd)   0      95      0      90      0       78                     

                    (Analysis of composition of washing residue of pasty       

                    reaction product)                                          

                    CaO (wt. %)  35.09                                         

                                      36.38                                    

                                           35.19                               

                                                37.16                          

                                                     35.44                     

                                                          35.06                

                    P.sub.2 O.sub.5 (wt. %)                                    

                                 0.58 0.48 0.55 0.39 0.56 0.49                 

                    Decomposition ratio (%)                                    

                                 97.61                                         

                                      98.10                                    

                                           97.75                               

                                                98.48                          

                                                     97.70                     

                                                          97.99                

     __________________________________________________________________________

PAR  From the results shown in Table 11, it will readily be understood that even
      if hexafluorosilicic acid is added as the disintegration-preventing agent,
      the disintegrability of the small masses is influenced by the temperature
      at the mixing reaction between phosphate rock and sulfuric acid.
PAR  Further, when results obtained in this Example are compared with results
      obtained in Example 5, it will be understood that addition of
      hexafluorosilicic acid gives a better dynamic non-disintegrability to the
      small masses if compared under the same conditions, and also improves the
      decomposition ratio.
PAR  Also from the results obtained in this Example, it is confirmed that in
      order to obtain excellent nondisintegrable small masses of the reaction
      product between phosphate rock and sulfuric acid, it is important to
      conduct the reaction under such conditions that the following requirement
      is satisfied:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAC  EXAMPLE 8
PAR  This Example illustrates the influence of the amount of sulfuric acid on
      characteristic properties of the resulting small masses of the phosphate
      rock-sulfuric acid reaction product.
PAR  The same pulverized phosphate rock produced in Florida as employed in
      Example 1 is chosen as the starting phosphate rock in this Example. To 2
      Kg of the phosphate rock is added 1250 ml of water, and they are
      sufficiently agitated and mixed for about 10 minutes in a mixing tank
      equipped with agitation vances. To the resulting phosphate rock slurry is
      added 94% sulfuric acid in an amount of 0.8 - 1.1 equivalents to the
      calcium component (CaO) contained in the slurry. The reaction, drying,
      molding and heat treatment are carried out in the same manner as in
      Example 2 to obtain heat-treated small masses of the reaction product. The
      static disintegration ratio and dynamic disintegration ratio of the so
      obtained heat-treated small masses are determined. Results are as shown in
      Table 12.
PAR  In the same manner as described in Example 1, the pasty reaction product
      prior to drying is washed, and the composition of the washing residue is
      analyzed to obtain CaO and P.sub.2 O.sub.5 contents in the washing
      residue, from which the decomposition ratio of the phosphoric acid
      component in the pasty reaction prior to drying is calculated based on the
      CaO and P.sub.2 O.sub.5 contents in the starting phosphate rock. Results
      are shown in Table 12.
TBL                                    Table 12                                

     __________________________________________________________________________

     Equivalent of sulfuric                                                    

                        0.80   0.90   0.95   1.00   1.10                       

     Amount (Kg) of 94% sulfuric acid                                          

                        1.34   1.51   1.6    1.68   1.84                       

     Reaction temperature                                                      

                        70-80.degree.C                                         

                               65-82.degree.C                                  

                                      72-78.degree.C                           

                                             72-80.degree.C                    

                                                    70-79.degree.C             

     Calculated upper limit of reaction                                        

     temperature        85.3.degree.C                                          

                               85.3.degree.C                                   

                                      85.3.degree.C                            

                                             85.3.degree.C                     

                                                    85.3.degree.C              

     X-ray diffraction of pasty reaction                                       

                        CaSO.sub.4.2H.sub.2 O                                  

                               CaSO.sub.4.2H.sub.2 O                           

                                      CaSO.sub.4.2H.sub.2 O                    

                                             CaSO.sub.4.2H.sub.2 O             

                                                    CaSO.sub.4.2H.sub.2 O      

     product                                                                   

     X-ray diffraction of heat-treated                                         

     small masses       CaSO.sub.4                                             

                               CaSO.sub.4                                      

                                      CaSO.sub.4                               

                                             CaSO.sub.4                        

                                                    CaSO.sub.4                 

     Static disintegration ratio (Ds)                                          

                        0      0      0      35     100                        

     Dynamic disintegration ratio (Dd)                                         

                        0      10     20     60     100                        

                     (Analysis of composition of washing residue of pasty      

                     reaction product)                                         

                      CaO (wt. %) 35.49                                        

                                       35.70                                   

                                            34.80                              

                                                 36.95                         

                                                      35.99                    

                      P.sub.2 O.sub.5 (wt. %)                                  

                                  2.91 0.73 0.69 0.60 0.53                     

                     Decomposition ratio (%)                                   

                                  88.15                                        

                                       97.05                                   

                                            97.13                              

                                                 97.65                         

                                                      97.87                    

     __________________________________________________________________________

PAR  From the results shown in Table 12, it will readily be understood that even
      if the reaction is carried out under such conditions as will satisfy the
      following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  when the amount of sulfuric acid exceeds 1.0 equivalent, it is difficult to
      maintain the small masses of the reaction product in the non-disintegrable
      state. Namely, it will be understood that it is desired that the reaction
      is carried out with use of sulfuric acid in an amount not exceeding 1.0
      equivalent under such conditions as will satisfy the following
      requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAC  EXAMPLE 9
PAR  This Example illustrates the significance of variation in the concentration
      of sulfuric acid to be used in the reaction.
PAR  In the preceding Examples, it is illustrated that the small masses of the
      reaction product can be maintained in the non-disintegrable state
      throughout the whole steps by controlling the reaction temperature so as
      to satisfy the following condition:
EQU  t .ltoreq. -0.111P + 0.00334P.sup. 2 - 0.000593P.sup.3 + 107.2
PAL  In this Example, use of dilute sulfuric acid, which is believed to be
      effective for preventing the generation of heat in the reaction mixture
      and hence, maintaining the reaction temperature at a low level, is
      illustrated.
PAR  The same pulverized phosphate rock produced in Florida as used in Example 1
      is employed as the starting phosphate rock in this Example. As the
      sulfuric acid concentration, 94 percent by weight, 72 percent by weight
      and 60 percent by weight are chosen.
PAR  The preparation of the phosphate rock slurry, the reaction of the phosphate
      rock slurry with sulfuric acid and the drying, molding and heat treatment
      of the reaction product are carried out under conditions indicated in
      Table 13 in the same manner as described in Example 2, to obtain
      heat-treated small masses of the reaction product.
PAR  The time required for attaining the moldable state in the reaction product
      at the drying and molding step is measured, and the static disintegration
      ratio and dynamic disintegration ratio of the resulting small masses of
      the reaction product are determined. Results are shown in Table 13.
      Further, the small masses of the reaction product are washed sufficiently
      with water to remove the soluble phosphoric acid component completely, and
      the CaO and P.sub.2 O.sub.5 contents of the residue composed mainly of
      gypsum are determined, from which the decomposition ratio of the
      phosphoric acid component based on P.sub.2 O.sub.5 contained in the
      starting phosphate rock is calculated. Results are shown in Table 13.
TBL                                    Table 13                                

     __________________________________________________________________________

     Amount used of phosphate rock (Kg)                                        

                        2      2       2       2      2                        

     Amount of water (g)                                                       

                        1,250  1,250   1,250   760    390                      

     Concentration of sulfuric acid used                                       

                        94 %   72 %    60 %    72 %   60 %                     

     Equivalent of sulfuric acid used                                          

                        0.9    0.9     0.9     0.9    0.9                      

     Amount of sulfuric acid used (Kg)                                         

                        1.51   2.00    2.37    2.00   2.37                     

     Calculated upper limit of                                                 

     reaction temperature                                                      

                        85.3.degree.C                                          

                               95.7.degree.C                                   

                                       102.0.degree.C                          

                                               85.3.degree.C                   

                                                      85.3.degree.C            

     Actual reaction temperature                                               

                        65-82.degree.C                                         

                               44-64.degree.C                                  

                                       23-62.degree.C                          

                                               60-75.degree.C                  

                                                      58-73.degree.C           

     X-ray diffraction of pasty reaction                                       

     product            CaSO.sub.4.2H.sub.2 O                                  

                               CaSO.sub.4.2H.sub.2 O                           

                                       CaSO.sub.4.2H.sub.2 O                   

                                               CaSO.sub.4.2H.sub.2 O           

                                                      CaSO.sub.4.2H.sub.2 O    

     X-ray diffraction of heat-treated                                         

     small masses       CaSO.sub.4                                             

                               CaSO.sub.4.1/2H.sub.2 O                         

                                       CaSO.sub.4.1/2H.sub.2 O                 

                                               CaSO.sub.4                      

                                                      CaSO.sub.4               

                               CaSO.sub.4                                      

                                       CaSO.sub.4                              

     Time required for molding (minutes)                                       

                        55-60  75-80   90-140  55-60  55-60                    

     Static disintegration ratio (Ds)                                          

                        0      0       0       0      0                        

     Dynamic disintegration ratio (Dd)                                         

                        10     0       0       10     18                       

            (Analysis of composition of residual small masses                  

             CaO (wt. %) 35.68                                                 

                              34.18                                            

                                   34.23                                       

                                        34.63                                  

                                             35.66                             

             P.sub.2 O.sub.5 (wt. %)                                           

                         0.58 0.66 0.76 0.52 0.60                              

            Decomposition ratio (%)                                            

                         97.65                                                 

                              97.32                                            

                                   96.79                                       

                                        97.83                                  

                                             97.57                             

     __________________________________________________________________________

PAR  From the results shown in Table 13, it will readily be understood that by
      lowering the sulfuric acid concentration it is made possible to reduce the
      generation of heat at the reaction and to maintain the temperature easily
      at a low level, and that the reduction of the sulfuric acid concentration
      is suitable for satisfying the reaction temperature condition specified in
      this invention. Anyhow, it will be readily understood that even if the
      sulfuric acid concentration is changed, non-disintegrable small masses can
      be obtained according to this invention.
PAC  EXAMPLE 10
PAR  This Example illustrates an embodiment in which hydrofluoric acid,
      hexafluorosilicic acid or amorphous silica is used as a
      disintegration-preventing agent and 0.8 - 1.1 equivalents, to the calcium
      component (CaO) contained in phosphate rock, of sulfuric acid is mixed and
      reacted with phosphate rock in the presence of such
      disintegration-preventing agent under such conditions as will satisfy the
      following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAR  The same pulverized phosphate rock produced in Florida as employed in
      Example 1 is chosen as the starting phosphate rock in this Example.
PAR  Hydrofluoric acid, hexafluorosilicic acid or amorphous silica is added in
      the form of an aqueous solution to the starting phosphate rock, the
      concentration and amount of the disintegration-preventing agent being
      shown in Table 14 given below. The mixture is blended for about 10
      minutes. Then, the resulting slurry is mixed and reacted with 94% sulfuric
      acid in an amount of 0.8 - 1.1 equivalents to the calcium component (CaO)
      contained in the phosphate rock, namely in an amount indicated in Table
      14. The mixing reaction between the phosphate rock and sulfuric acid is
      accomplished by pouring simultaneously the phosphate rock slurry and
      sulfuric acid into a reaction vessel, and the mixing reaction conditions
      are so controlled that the following requirement is satisfied:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  Namely, the mixing reaction temperature is maintained below the level
      indicated in Table 14.
TBL                                    Table 14                                

     __________________________________________________________________________

     Additive       Hydrofluoric acid                                          

                              Hexafluorosilicic acid                           

                                          Amorphous silica                     

     __________________________________________________________________________

     Concentration (wt.%)                                                      

                    2.67       15.26      8.03                                 

     Amount added as solution (g)                                              

                    1580      1580        1580                                 

     Calculated upper limit of                                                 

     reaction temperature (.degree.C)                                          

                    88.1      88.1        88.1                                 

                     Equivalent of                                             

                     sulfuric acid used                                        

                               0.8  0.9  1.0  1.1                              

                     Amount of sulfuric                                        

                     acid used (Kg)                                            

                               1.34 1.51 1.68 1.84                             

     __________________________________________________________________________

PAR  The mixture formed by pouring the phosphate rock and sulfuric acid under
      the above-mentioned conditions is agitated, reacted, dried, molded and
      heat-treated according to the procedures described in Example 2 to obtain
      heat-treated small masses of the reaction product. The static
      disintegration ratio and dynamic disintegration ratio of the so obtained
      heat-treated small masses are determined. Further, the CaO and P.sub.2
      O.sub.5 contents in the residue composed mainly of gypsum, which is left
      when the heat-treated small masses are washed with water, are analyzed,
      and from these values, the decomposition ratio of the phosphoric acid
      component based on P.sub.2 O.sub.5 contained in the starting phosphate
      rock is calculated.
PAR  Results are shown in Table 15.
TBL                                    Table 15                                

     __________________________________________________________________________

     Disintegration-preventing                                                 

                   Amount of                                                   

                          Reaction                                             

                               X-ray  Static                                   

                                            Dynamic                            

                                                  Decompo-                     

     agent         sulfuric                                                    

                          tempera-                                             

                               diffraction                                     

                                      disinteg-                                

                                            disinteg-                          

                                                  sition                       

                   acid (equi-                                                 

                          ture of pasty                                        

                                      ration                                   

                                            ration                             

                                                  ratio                        

                   valent)                                                     

                          (.degree.C)                                          

                               reaction                                        

                                      ratio ratio                              

                               product                                         

                                      (Ds)  (Dd)  (%)                          

     __________________________________________________________________________

     Hydrofluoric acid                                                         

                   0.8    72-85                                                

                               CaSO.sub.4.2H.sub.2 O                           

                                      0       0   95.87                        

                   0.9    70-83                                                

                               "      0       6   97.62                        

                   1.0    55-80                                                

                               "      20      45  98.11                        

                   1.1    66-81                                                

                               "      100     100                              

     Hexafluorosilicic acid                                                    

                   0.8    80-83                                                

                               "      0       0   96.54                        

                   0.9    70-82                                                

                               "      0       4   97.77                        

                   1.0    62-80                                                

                               "      13      35  98.27                        

                   1.1    72-79                                                

                               "      100     100                              

     Amorphous silica                                                          

                   0.8    70-78                                                

                               CaSO.sub.4.2H.sub.2 O                           

                                      0       0   94.89                        

                   0.9    68-82                                                

                               "      0       6   97.57                        

                   1.0    58-77                                                

                               "      25      45  98.08                        

                   1.1    63-81                                                

                               "      100     100                              

     __________________________________________________________________________

PAR  From the results shown above, it will be readily understood that as in the
      embodiment of Example 7 in which no disintegration-preventing agent is
      used, even if the reaction is carried out under such conditions as will
      satisfy the following requirement:
EQU  t .ltoreq. -0.111P + 0.00334P.sup.2 - 0.000593P.sup.3 + 107.2
PAL  When the amount of sulfuric acid added exceeds 1.0 equivalent, it is
      difficult to maintain the small masses of the reaction product in the
      non-disintegrable state. When the results obtained in this Example are
      compared with the results obtained in Example 7, it will be apparent that
      better static non-disintegrability and dynamic non-disintegrability can be
      obtained by addition of the disintegration-preventing agent when compared
      under the same conditions and the addition of the
      disintegration-preventing agent improves the decomposition ratio.
PAC  EXAMPLE 11
PAR  This Example illustrates the significance of variation in the time for the
      reaction between phosphate rock and sulfuric acid and its influence on the
      molding of heat-treated small masses.
PAR  The same pulverized phosphate rock produced in Florida as used in Example 1
      is chosen as the starting phosphate rock in this Example.
PAR  To 2 Kg of the pulverized phosphate rock is added 1250 ml of water, and
      they are intimately blended. Then, the resulting mixture is incorporated
      with sulfuric acid in an amount of 0.9 equivalent to the calcium component
      (CaO) contained in the phosphate rock. Namely, (1) about 1.51 kg of 94%
      sulfuric acid, (2) about 2.0 Kg of 72 % sulfuric acid or (3) about 2.37 Kg
      of 60 % sulfuric acid is added to the above mixture formed from 2 Kg of
      the pulverized phosphate rock and 1250 ml of water. The resulting mixture
      is agitated for 5 minutes while maintaining the temperature of the mixture
      at a level not exceeding the upper limit defined by the formula ( t = f(P)
      ) (85.3.degree.C. in the case of (1), 95.7.degree.C. in the case of (2)
      and 102.0.degree.C. in the case of (3) ), to thereby obtain a plastic
      mixture. The so formed plastic mixture is further agitated for 15, 30, 45
      or 60 minutes.
PAR  In the same manner as described in Example 1, the so formed reaction
      product is dried, molded and heat-treated to obtain heat-treated small
      masses.
PAR  The above reaction product is washed sufficiently with water, and the CaO
      and P.sub.2 O.sub.5 contents are determined with respect to the washing
      residue composed mainly of gypsum. From the so determined values, the
      decomposition ratio based on P.sub.2 O.sub.5 contained in the starting
      phosphate small masses of the reaction product, the static disintegration
      ratio and dynamic disintegration ratio and determined.
PAR  Results are shown in Table 16.
TBL                                    Table 16                                

     __________________________________________________________________________

     Sulfuric acid                                                             

             Treatment                                                         

                   Temperature                                                 

                          X-ray   Static                                       

                                        Dynamic                                

                                               Decomposi-                      

     concentration                                                             

             time  of reaction                                                 

                          diffraction                                          

                                  Disinteg-                                    

                                        Disintegra-                            

                                               tion ratio                      

                   mixture                                                     

                          of pasty                                             

                                  ration                                       

                                        tion ratio                             

     (%)     (min) (.degree.C)                                                 

                          reaction                                             

                                  ratio (Ds)                                   

                                        (Dd)   (%)                             

                          product                                              

     __________________________________________________________________________

     94      15    70     CaSO.sub.4 .2H.sub.2 O                               

                                  5      25    97.50                           

                          CaSO.sub.4 1/2H.sub.2 O                              

             30    50     CaSO.sub.4.2H.sub.2 O                                

                                  0     7      98.11                           

             45    35     CaSO.sub.4.2H.sub.2 O                                

                                  0     5      98.17                           

             60    28     CaSO.sub.4.2H.sub.2 O                                

                                  0     5      98.42                           

     72      15    93     CaSO.sub.4.2H.sub.2 O                                

                                  5      20    97.02                           

                          CaSO.sub.4 1/2H.sub.2 O                              

             30    86     CaSO.sub.4.2H.sub.2 O                                

                                  0     3      98.20                           

             45    64     CaSO.sub.4.2H.sub.2 O                                

                                  0     0      98.17                           

             60    35     CaSO.sub.4.2H.sub.2 O                                

                                  0     0      97.61                           

      60 %   15    97     CaSO.sub.4.2H.sub.2 O                                

                                  7      25    94.91                           

                          CaSO.sub.4 .1/2H.sub.2 O                             

             30    92     CaSO.sub.4.2H.sub.2 O                                

                                  0     0      98.26                           

             45    80     CaSO.sub.4.2H.sub.2 O                                

                                  0     0      97.60                           

             60    62     CaSO.sub.4.2H.sub.2 O                                

                                  0     0      97.30                           

     __________________________________________________________________________

PAR  From the above results, it will readily be understood that if the mixture
      of the phosphate rock and sulfuric acid is agitated for about 30 minutes
      after mixing, the calcium component is converted to stable gypsum
      dihydrate and a non-disintegrable reaction product which is very stable
      against not only static disintegration but also dynamic disintegration can
      be obtained.
PAC  EXAPLE 12
PAR  This Example illustrates the significance of variation in the heat
      treatment temperature and time in preparing heat-treated small masses of
      the reaction product between phosphate rock and sulfuric acid.
PAR  The same pulverized phosphate rock produced in Florida as used in Example 1
      is chosen as the starting phosphate rock in this Example.
PAR  With use of the same amounts of the phosphate rock, water and sulfuric acid
      as in Example 2, a plastic mixture is formed in the same manner as in
      Example 2. This plastic mixture is cast on a Teflon treated steel plate in
      the form of a ribbon having a width of about 10 mm, and this ribbon-like
      mixture is heat-treated in the stationary state in a drier maintained at
      120.degree., 150.degree., 180.degree., 200.degree. or 240.degree.C.
PAR  The time required in the above heat treatment for obtaining small masses of
      the reaction product which do not disintegrate at all when thrown into
      water (namely the static disintegration ratio of 0 percent) is measured.
PAR  The heat-treated small masses of the reaction product is washed
      sufficiently with water, and the CaO and P.sub.2 O.sub.5 contents are
      determined with respect to the washing residue composed mainly of gypsum.
      From the so determined values, the deposition ratio based on P.sub.2
      O.sub.5 contained in the starting phosphate rock is calculated and the
      manufacturing speed is determined. Further, the dynamic disintegration
      ratio of the heat-treated small masses of the reaction product is
      determined.
PAR  The manufacturing speed is determined in the following manner.
PAR  At first, 500 g of the heat-treated small masses of the reaction product is
      packed into an extracting apparatus as described in Example 2, and 250 ml
      of a primary extraction medium (warm water) is charged into the extraction
      apparatus. The small masses are heated at 80.degree.- 90.degree.C, and
      allowed to stand still for 30 minutes in the state immersed in the primary
      extraction medium. Immediately, hot water heated at 90.degree.C. is added
      dropwise as a displacing extraction medium at a rate of 100 ml per hour.
      The manufacturing speed is expressed in terms of the time (minutes) from
      the initiation of recovery of crude phosphoric acid to the point at which
      the recovery ratio as calculated P.sub.2 O.sub.5 reaches about 80 percent.
      (The extraction ratio is expressed, as in Example 2, by the extraction
      ratio attained when 500 ml of crude phosphoric acid is recovered.) The
      above value of 80 percent is deemed to be a relatively low value, from the
      industrial viewpoint. However, since in the case of small masses treated
      at 240.degree.C. for 25 minutes, the recovery ratio is about 80 percent
      even when completely washed, the above value of 80 percent is adopted.
PAR  Results are shown in Table 17.
TBL                                    Table 17                                

     __________________________________________________________________________

     Treatment temperature (.degree.C.)                                        

                        120   150   180   200   240                            

     Necessary treatment time (min.)                                           

                        300   150    60    30    25                            

     Composition of main components of residual small masses                   

     CaO (wt. %)        33.14 36.55 34.18 33.03 33.90                          

     P.sub.2 O.sub.5 (wt. %)                                                   

                        0.49  0.60  0.53  0.52  4.18                           

     Decomposition ratio (%)                                                   

                        97.86 97.63 97.76 97.72 82.18                          

     Dynamic disintegration ratio (Dd)                                         

                        20    4     0     0     0                              

     Manufacturing speed (min.)                                                

                        170   180   180   200   540                            

     Extraction ratio (%)                                                      

                        98.7  98.3  98.5  96.4  65.3                           

     __________________________________________________________________________

PAR  From the above results, the following matters can be seen.
PAR  When the treatment is conducted at a lower temperature, it takes a longer
      time to obtain statically non-disintegrable small masses. In order to
      shorten the treatment time, it is sufficient to increase the treatment
      temperature. However, when the treatment temperature exceeds
      200.degree.C., the decomposition ratio is lowered, and since the treatment
      is conducted at a high temperature, condensation of the phosphoric acid
      component is caused to occur, which results in the propagation of the
      period of time necessary for recovery of the phosphoric acid component;
      therefore, the manufacturing speed is drastically lowered. Simultaneously,
      also the extraction ratio is drastically reduced. Thus, the heat treatment
      at temperatures exceeding 200.degree.C. is very disadvantageous in
      preparing phosphoric acid on an industrial scale. In short, the results of
      this Example clearly indicate that it is much desired that the heat
      treatment is carried out at a temperature not exceeding 200.degree.C.
PAC  EXAMPLE 13
PAR  This Example illustrates another embodiments of obtaining heat-treated
      non-disintegrable small masses of the reaction product.
PAR  A plastic mixture is prepared from the same amounts of phosphate rock,
      water and sulfuric acids as employed in Example 2 under the same
      conditions in the same manner as in Example 2.
PAR  A. A vertical drier of the air-passing type consisting of a glass
      cylindrical column (having a diameter of 8 cm and a length of 50 cm)
      provided with a porcelain perforated plate in the lower portion thereof,
      which is so constructed that hot air is blown in from the lower portion
      thereof, is packed with, as a heating medium, a pulverized product of
      small masses obtained by mixing phosphate rock, water and sulfuric acid
      under the same conditions as above and heat-treating the mixture, and the
      pulverized product is kept in the fluidized state by means of hot air. In
      this state, the plastic mixture is fed dropwise into the column. From the
      lower portion of the column, hot air maintained at 180.degree.C. is fed,
      and after 20 minutes, hot air maintained at 140.degree.C. is fed. After 60
      minutes have passed, heat-treated spherical small masses having
      non-disintegrability (static) are obtained. In this embodiment, when an
      opening for withdrawing heattreated spherical small masses is provided in
      the lower portion of the column and hot air is blown in from said
      withdrawal opening at a rate sufficient to fluidize the pulverized product
      packed as the heating medium, it is possible to continuously withdraw the
      heat-treated spherical masses while separating them from the pulverized
      product acting as the heating medium. It is also possible to mold the
      plastic reaction product into spheres in the pulverized product acting as
      the heating medium, separate the molded sperical small masses from the
      pulverized product in the same manner as above and then heat-treat the
      spherical small masses by other means.
PAR  The so heat-treated, non-disintegral (static) small masses of the reaction
      product are subjected to the hot water extraction according to the granule
      extraction method described in Example 2. The phosphoric acid component is
      recovered at a recovery ratio of 95.7 % when the treatment is conducted at
      180.degree.C. and the recovery ratio is 97.0 % when the treatment is
      carried out at 140.degree.C. It is thus confirmed that in the small masses
      heat-treated by the air-passing method the time required for the
      extraction treatment can be shortened as compared with the case of the
      small masses heat-treated in the stationary state.
PAR  B. The above plastic mixture is molded into columns having a diameter of 2
      mm by means of a meat grinder (the mesh size of the perforated plate being
      2 mm). When the so formed columns are treated with hot air maintained at
      180.degree.C. for 30 minutes, heat-treated small masses having
      non-disintegrability (static) are obtained. Various types of driers can be
      used for the heat treatment of the so-molded granular mixture.
PAR  When the heat-treated small masses are extracted with hot water according
      to the granule extraction method as described in Example 2, the phosphoric
      acid component can be recovered at such a high recovery ratio as 95.6
      percent.
PAR  C. When the above plastic mixture is molded into agglomerated granules
      having a size of about 30 mm and allowed to stand still in a drier
      matintained at 180.degree.C. for 90 minutes, hard agglomerated masses
      having a size of 25- 30 mm are obtained. In this case, if the diameter of
      the starting agglomerated granules is adjusted below 30 mm, the time
      required for the heat treatment can be shortened. If desired, the
      heat-treated agglomerated masses are ground into small particles by means
      of a grinder or the like.
PAR  It is confirmed that the agglomerated masses do not disintegrate when
      thrown into water.
PAR  The heat-treated, agglomerated masses having a diameter of 30 mm, which
      have been prepared by the above procedures, are extracted according to the
      granule extraction method as described in Example 2. In this case, the
      extraction rate and the concentration of the recovered phosphoric acid are
      lowered, but the phosphoric acid can be recovered at a total recovery
      ratio of 95 percent.
PAC  EXAMPLE 14
PAR  This Example illustrates the significance of variation in the extraction
      solvent in extracting phosphoric acid from the heat-treated small masses
      of the phosphate rock-sulfuric acid reaction product.
PAR  The small masses which have been prepared in the same manner as in Example
      1 and having the following composition of the main components:
TBL  CaO               26.80% by weight                                        

     P.sub.2 O.sub.5   18.48 % by weight                                       

     SO.sub.3          33.01 % by weight                                       

PAL  are chosen as the heat-treated small masses to be extracted.
PAR  As the extraction solvent are chosen warm water of about 80.degree.C., a
      mixed acid solution of 80.degree.C. having a concentration of (5 g of
      sulfuric acid (H.sub.2 SO.sub.4) + 5 g of phosphoric acid (H.sub.3
      PO.sub.4) per 100 ml and a sulfuric acid solution of 80.degree.C. having a
      concentration of 5 g of sulfuric acid (H.sub.2 SO.sub.4) per 100 ml.
PAR  An extraction apparatus such as described in Example 2 is employed as the
      extraction apparatus.
PAR  In this extraction apparatus, heat-treated, non-disintegrable small masses
      are allowed to stand still in the state immersed in 250 ml of the
      extraction solvent to elute the phosphoric acid component from the small
      masses into the extraction solvent. Immediately, the small masses are
      withdrawn from the top of the apparatus, and warm water maintained at
      80.degree.C. is added dropwise as a displacing extraction solvent at a
      rate of 100 ml per hour. Thus, 200 ml of highly concentrated crude
      phosphoric acid is recovered. Subsequently, the extraction is continued in
      the same manner as above by employing warm water maintained at
      80.degree.C. as an extraction medium to recover dilute crude phosphoric
      acid.
PAR  Results are as shown in Table 18 give below.
TBL                                    Table 18                                

     __________________________________________________________________________

     Composition of main components in highly concentrated, recovered crude    

     phosphoric acid                                                           

               Warm water                                                      

                     Mixed acid solution                                       

                                Sulfuric acid solution                         

     __________________________________________________________________________

     P.sub.2 O.sub.5 (wt. %)                                                   

               24.27 30.33      25.91                                          

     CaO (wt. %)                                                               

               0.56  2.48       2.61                                           

     SO.sub.3 (wt. %)                                                          

               0.68  3.08       3.20                                           

     R.sub.2 O.sub.3 *)                                                        

               1.03  1.27       1.33                                           

     Composition of main components in recovered dilute crude phosphoric acid  

               Warm water                                                      

                     Mixed acid solution                                       

                                Sulfuric acid solution                         

      P.sub.2 O.sub.5 (wt. %)                                                  

               5.79  6.04       5.59                                           

      CaO (wt. %)                                                              

               0.09  0.58       0.62                                           

      SO.sub.3 (wt. %)                                                         

               0.10  0.72       0.89                                           

     Recovery ratio (%)                                                        

               92.95 97.00      97.40                                          

     __________________________________________________________________________

      R.sub.2 O.sub.3 : sum of Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3           

PAR  B. The small masses obtained by conducting the mixing, reaction and heat
      treatment under the same conditions as in Example 1 except that the amount
      of sulfuric acid is changed to 0.8 equivalent to the calcium component
      (CaO) contained in the starting rock, and having the following composition
      of the main components:
TBL  CaO               29.44 % by weight                                       

     P.sub.2 O.sub.5   20.36 % by weight                                       

     SO.sub.3          32.89 % by weight                                       

PAL  are employed as to small masses to be extracted.
PAR  As the extraction solvent are chosen and used warm water maintained at
      80.degree.C., a mixed acid solution of 80.degree.C. having a concentration
      of (5 g of phosphoric acid (H.sub.3 PO.sub.4) + 10 g of sulfuric acid
      (H.sub.2 SO.sub.4) ) per 100 ml and a sulfuric acid solution of
      80.degree.C. having a concentration of 5 g of sulfuric acid (H.sub.2
      SO.sub.4) per 100 ml. The extraction is carried out in the same manner as
      in A) above with use of the same extraction apparatus as employed in A)
      above.
PAR  Results are as shown in Table 19.
TBL                                    Table 19                                

     __________________________________________________________________________

     Composition of main components in highly concentrated, recovered crude    

     phosphoric acid                                                           

               Warm water                                                      

                     Mixed acid solution                                       

                                Sulfuric acid solution                         

     __________________________________________________________________________

     P.sub.2 O.sub.5                                                           

               21.57 32.74      27.57                                          

     CaO       1.04  1.25       1.32                                           

     SO.sub.3  0.82  2.47       2.90                                           

     R.sub.2 O.sub.3 *)                                                        

               0.79  0.83       0.85                                           

     Composition of main components in recovered dilute crude phosphoric acid  

               Warm water                                                      

                     Mixed acid solution                                       

                                Sulfuric acid solution                         

     __________________________________________________________________________

      P.sub.2 O.sub.5                                                          

               7.35  7.38       6.44                                           

      CaO      0.09  0.60       0.57                                           

      SO.sub.3 0.13  0.85       0.71                                           

     Recovery ratio                                                            

               81.17 %                                                         

                     95.06 %    95.45 %                                        

     __________________________________________________________________________

      R.sub.2 O.sub.3 *): Sum of Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3         

PAR  From the results shown above, it will readily be understood that when an
      acid solution is employed as the extraction solvent instead of water,
      better results are obtained. It is especially noted that phosphoric acid
      of a high concentration can be recovered in a high yield when the
      defficiency of the amount of the acid used in the reaction is compensated
      at the time of extraction.
PAR  It is unexpectely noted that even when a sulfuric acid solution is used as
      the extraction medium, the small masses of the reaction product do not
      disintegrate throughout the extraction step but retain the original form
      of small masses stably.
PAC  EXAMPLE 15
PAR  This Example illustrates a process for preparing concentrated phosphoric
      acid.
PAR  As described above, iy is possible to obtain concentrated phosphoric acid
      by employing a rotary drum extraction apparatus of the counter-current
      type such as described in Example 1. In this Example, an embodiment in
      which a concentrated phosphoric acid solution is prepared by employing an
      extraction column as described in Example 2 is illustrated. The small
      masses prepared by conducting the mixing, reaction and heat treatment
      under the same conditions as in Example 1 and having the following
      composition of the main components:
TBL  CaO               26.80 % by weight                                       

     P.sub.2 O.sub.5   18.48 % by weight                                       

     SO.sub.3          33.01 % by weight                                       

PAL  are used as the starting small masses to be extracted.
PAR  An extraction system provided with 4 extraction columns as described in
      Example 2 is employed. In each column, 500 g of the small masses are
      packed. At first, 250 ml of warm water of 85.degree.C. is charged as the
      extraction medium in the first column and the heat-treated small masses
      are allowed to stand still at 85.degree. - 90.degree.C. for about 150
      minutes in the state immersed in the extraction medium. By this operation,
      the phosphoric acid component is eluted into the medium from the small
      masses. Immediately, as a displacing extraction medium, warm water heated
      at 85.degree.C. is added dropwise at a rate of 100 ml per hour from the
      column head. Thus, 250 ml of highly concentrated crude phosphoric acid is
      recovered. Subsequently, the extraction is continued in the same manner as
      above by employing warm water as the extraction medium to obtain 250 ml of
      dilute crude phosphoric acid.
PAR  In the subsequent columns, warm water washing is conducted in the same
      manner as described above. In the subsequent columns, the immerse
      extraction is carried out similarly with use of the highly concentrated
      crude phosphoric acid recovered from the preceding column, the displacing
      extraction is carried out similarly with use of dilute phosphoric acid
      recovered from the preceding column, and washing is carried out similarly
      by employing the washing liquor recovered in the preceding column.
PAR  Compositions of main components of high concentrated crude phosphoric acids
      and dilute crude phosphoric acid recovered from each column are as shown
      in Table 20.
TBL                Table 20                                                    

     ______________________________________                                    

     Composition of main components in highly concentrated,                    

     recovered crude phosphoric acid                                           

            1st column                                                         

                    2nd column                                                 

                              3rd column                                       

                                        4th column                             

     ______________________________________                                    

     P.sub.2 O.sub.5 (wt. %)                                                   

              24.03     37.20     44.68   47.06                                

     CaO (wt. %)                                                               

              0.61      0.79      0.91    1.20                                 

     SO.sub.3 (wt. %)                                                          

              0.83      0.95      1.68    2.08                                 

     Composition of main components in recovered dilute crude                  

     phosphoric acid                                                           

            1st column                                                         

                    2nd column                                                 

                              3rd column                                       

                                        4th column                             

     ______________________________________                                    

     P.sub.2 O.sub.5 (wt. %)                                                   

              5.54      12.15     18.35   20.26                                

     CaO (wt. %)                                                               

              0.10      0.24      0.32    0.45                                 

     SO.sub.3 (wt. %)                                                          

              0.13      0.31      0.41    0.66                                 

     ______________________________________                                    

PAR  From the results shown above, it will readily be understood that in the
      granule extraction method of the multi-stage type employing a plurality of
      extraction columns, highly concentrated phosphoric acid can be obtained as
      in the method using a rotary drum extraction apparatus of the
      counter-current type.
PAC  EXAMPLE 16
PAR  This Example illustrates an embodiment in which dehydrated n-butyl alcohol
      is used as the extraction solvent for extracting the phosphoric acid
      component from heat-treated small masses of the phosphate rock-sulfuric
      acid reaction product.
PAR  The small masses obtained by conducting the mixing, reaction and heat
      treatment in the same manner as in Example 1 except that the heat
      treatment is carried out at 160.degree.C. for 1 hour or at 200.degree.C.
      for 30 minutes are used as the starting small masses to be extracted.
PAR  Dehydrated n-butyl alcohol is chosen and used as the extraction solvent.
      Soxhlet's extractor is used as the extraction apparatus. The extractor is
      so arranged that the temperature of n-butyl alcohol is maintained at
      80.degree.C. in the extraction zone and the criculation frequency of the
      solvent is one time per 5 minutes. The extraction is continued for 2 hours
      from the start of circulation of the solvent. After completion of the
      extraction, n-butyl alcohol sticked to the residue is recovered under
      reduced pressure. The n-butyl alcohol extract containing phosphoric acid
      is first subjected to distillation under reduced pressure to separate
      n-butyl alcohol from the phosphoric acid component. Next, the resulting
      liquor containing phosphoric acid in a greater amount than n-butyl alcohol
      is subjected to steam distillation under reduced pressure to separate a
      phosphoric acid solution from a mixture of n-butyl alcohol and water while
      preventing esterification of n-butyl alcohol. Thus, a phosphoric acid
      solution is recovered.
PAR  The P.sub.2 O.sub.5 and CaO contents of the residue left after n-butyl
      alcohol separation are determined, and from these values, the
      decomposition ratio based on P.sub.2 O.sub.5 contained in the starting
      phosphate rock is calculated. Results are as shown in Table 21.
PAR  The composition of the main components of the recovered phosphoric acid is
      also shown in Table 21.
TBL                                    Table 21                                

     __________________________________________________________________________

     Composition of main components in residual small masses                   

                  160.degree.C .times. 60 min treatment                        

                                200.degree.C .times. 30 min treatment          

     __________________________________________________________________________

       CaO (wt. %)                                                             

                  33.12         32.08                                          

       P.sub.2 O.sub.5 (wt. %)                                                 

                  3.63          4.26                                           

     Decomposition ratio (%)                                                   

                  84.0          80.78                                          

     Water content in heat-                                                    

     treated small masses                                                      

                  7.8 %         3.6 %                                          

     Composition of main components in recovered phosphoric acid               

                  160.degree.C .times. 60 min treatment                        

                                200.degree.C .times. 30 min treatment          

     __________________________________________________________________________

     P.sub.2 O.sub.5 (wt. %)                                                   

                  49.08         35.46                                          

     CaO (wt. %)  0.03          0.02                                           

     R.sub.2 O.sub.3 *) (wt. %)                                                

                  0.32          0.25                                           

     __________________________________________________________________________

      *) R.sub.2 O.sub.3 : sum of Al.sub.2 O.sub.3 and Fe.sub.2 O.sub.3        

PAR  Small masses obtained by conducting the heat treatment at 160.degree.C.,
      are extracted with n-butanol to recover the phosphoric acid component and
      the residue left after separation of n-butanol is re-treated with dilute
      sulfuric acid and washed with water. The P.sub.2 O.sub.5 and CaO contents
      of the resulting residue are determined, and the overall recovery ratio
      based on P.sub.2 O.sub.5 contained in the starting phosphate rock is
      calculated. Results are shown below.
TBL  ______________________________________                                    

     Components                                                                

      CaO                34.78 % by weight                                     

      P.sub.2 O.sub.5    0.4 % by weight                                       

     Recovery ratio      98.3 %                                                

     ______________________________________                                    

PAR  Throughout the above extraction and re-treatment procedures, the small
      masses do not disintegrate but retain the original form of small masses.
PAR  From the foregoing results, it will be readily be understood that the
      phosphoric acid component can be recovered even with use of an organic
      solvent, especially n-butyl alcohol, and that the phosphoric acid
      component not recovered by extraction with n-butyl alcohol can be
      recovered by the treatment with dilute sulfuric acid or the like.
PAC  EXAMPLE 17
PAR  This Example illustrates a process for preparing phosphoric acid in which a
      fluorine compound is added as a disintegration-preventing agent in
      preparing the phosphate rock-sulfuric acid reaction product.
PAR  The same pulverized phosphate rock produced in Florida as employed in
      Example 1 is used as the starting phosphate rock in this Exmaple.
PAR  A fluorine compound indicated in Table 22 given below is added as the
      disintegration-preventing agent to the starting phosphate rock in an
      amount, as calculated as fluorine, of 0.15 equivalent to the calcium
      component (CaO) in the phosphate rock, and they are mixed homogeneously
      and intimately. CaF.sub.2, CaSiF.sub.6, CaH.sub.2 F.sub.4, NaF, Na.sub.2
      SiF.sub.6 and K.sub.2 SiF.sub.6 are chosen and used as the
      disintegration-preventing agent.
PAR  To the resulting mixture is added 98 % sulfuric acid in an amount of 0.9 or
      1.0 equivalent to the calcium component in the starting phosphate rock.
      The reaction of the mixture, drying, molding and heat treatment are
      conducted in the same manner as in Example 2 to obtain small masses of
      phosphate rock-sulfuric acid reaction product.
PAR  The static disintegration ratio and dynamic disintegration ratio, the
      content of the fluorine component caught on the reaction product in the
      form of a salt and the decomposition ratio based on P.sub.2 O.sub.5
      contained in the starting phosphate rock are determined to obtain results
      shown in Table 22.
TBL                                    Table 22                                

     __________________________________________________________________________

           Amount Static                                                       

                        Dynamic-                                               

     Disinteg-                                                                 

           added of                                                            

                  disinteg-                                                    

                        disinteg-                                              

                              Amount Decomposi-                                

     ration-                                                                   

           sulfuric                                                            

                  ration                                                       

                        ration                                                 

                              caught tion                                      

     preventing                                                                

           acid   ratio ratio of F   ratio                                     

     agent (equivalent)                                                        

                  (Ds)  (Dd)  (equivalent)                                     

                                     (%)                                       

     __________________________________________________________________________

     CaF.sub.2                                                                 

           0.9    0     2     0.10   95.48                                     

     CaF.sub.2                                                                 

           1.0    0     15    0.05   98.10                                     

     CaSiF.sub.6                                                               

           0.9    0     0     0.12   95.61                                     

     CaSiF.sub.6                                                               

           1.0    0     12    0.06   97.83                                     

     CaH.sub.2 F.sub.4                                                         

           0.9    0     0     0.10   96.00                                     

     CaH.sub.2 F.sub.4                                                         

           1.0    0     15    0.05   98.18                                     

     NaF   0.9    0     13    0.09   94.89                                     

     NaF   1.0    5     28    0.04   97.70                                     

     Na.sub.2 SiF.sub.6                                                        

           0.9    0     0     0.11   95.13                                     

     Na.sub.2 SiF.sub.6                                                        

           1.0    0     15    0.05   98.30                                     

     K.sub.2 SiF.sub.6                                                         

           0.9    0     0     0.12   93.35                                     

     K.sub.2 SiF.sub.6                                                         

           1.0    0     15    0.06   96.98                                     

     __________________________________________________________________________

PAR  From the foregoing results, it will readily be understood that in case the
      fluorine compound salt is used as the disintegration-preventing agent in
      such an amount that the fluorine compound is caught on the reaction
      product is an amount, as calculated as F, of 0.05-0.20 equivalent to the
      calcium component in the reaction product, as the amount of sulfuric acid
      approximates 1.0 equivalent, the amount of the fluorine component caught
      on the reaction product is lowered and the resulting small masses tend to
      disintegrate readily.
PAC  EXAMPLE 18
PAR  This Example illustrates an embodiment in which phosphate rock is treated
      in advance so that the fluorine component contained in the phosphate rock
      can be utilized as the disintegration-preventing agent and the so
      pre-treated phosphate rock is reacted with sulfuric acid.
PAR  The same pulverized phosphate rock produced in Florida as used in Example 1
      is chosen and used as the starting phosphate rock.
PAR  A. A process in which the phosphate rock is pulverized by the wet method
      and the fluorine component in the phosphate rock is utilized is
      illustrated.
PAR  To 1 Kg of the phosphate rock is added about 650 ml of water. Namely, 40
      parts by weight of water is added to 60 parts by weight of the phosphate
      rock. The mixture is ground by the wet method for 5 hours in a pot mill
      according to known procedures. Generation of a gas composed mainly of
      fluorine compounds is observed in the resulting slurry formed by the wet
      method. When This slurry is filtered and the filtrate is analyzed, the
      elution of F and P.sub.2 O.sub.5 is confirmed. To the slurry is added 98 %
      sulfuric acid (H.sub.2 SO.sub.4) in an amount of 0.9 equivalent to the
      calcium component (CaO) in the phosphate rock. Namely, about 740 g of 98 %
      H.sub.2 SO.sub.4 is added to the slurry and they are blended. The reaction
      of the mixture, drying and molding, and heat treatment are conducted in
      the same manner as in Example 2 to obtain heat-treated, solid
      non-disintegrable small masses.
PAR  B. A process in which the phosphate rock is partially decomposed with an
      acid in advance and the fluorine component contained in the phosphate rock
      is utilized as the disintegrating-preventing agent is illustrated.
PAR  To 1 Kg of the phosphate rock is added about 650 ml of water. Namely, 40
      parts by weight of water is added to 60 parts of the phosphate rock. To
      the resulting slurry is added 98 % sulfuric acid (H.sub.2 SO.sub.4) or 80
      % pure phosphoric acid (H.sub.3 PO.sub.4) in an amount of 0.15 or 0.40
      equivalent to the calcium component (CaO) contained in the phosphate rock.
      Namely, about 125 or 330 g of 98 % sulfuric acid or about 100 or 265 g of
      80 % pure phosphoric acid is added to the phosphate rock slurry.
      Generation of violent heat is caused to occur for a while and
      simultaneously, formation of a gas composed mainly of fluorine compounds
      is observed.
PAR  The resulting mixture is maintained at 75.degree.-90.degree.C. and agitated
      for 30 minutes, to thereby cause the partial reaction of the phosphate
      rock. To the resulting partially reacted phosphate rock slurry is added 98
      % sulfuric acid (H.sub.2 SO.sub.4) or 80 % pure phosphoric acid (H.sub.3
      PO.sub.4) in an amount of 0.75 or 0.5 equivalent to the calcium component
      (CaO) contained in the phosphate rock (0.9 equivalent as the total acid).
      More specifically, about 615 or 410 g of 98 % sulfuric acid or about 493
      or 328 g of 80 % pure phosphoric acid is added to the partially reacted
      phosphate rock slurry. The resulting mixture is reacted, dried, molded and
      heat-treated in the same manner as in Example 2, to thereby obtain
      heat-treated small masses of the reaction product.
PAR  The static disintegration ratio and dynamic disintegration ratio of the
      heat-treated small masses are determined to obtain results shown in Table
      23.
PAR  According to the extraction process described in Example 2, the phosphoric
      acid component is extracted and recovered from the heat-treated small
      masses to determine the recovery ratio. Results are shown in Table 23.
      Further, the heat-treated small masses are washed sufficiently with water,
      and CaO and P.sub.2 O.sub.5 contents in the residue composed mainly of
      gypsum are determined, from which the decomposition ratio based on P.sub.2
      O.sub.5 contained in the starting phosphate rock is calculated. Results
      are shown in Table 23.
TBL                                    Table 23                                

     __________________________________________________________________________

                  A) Wet granulation                                           

                             B-1)                                              

                                Case where 0.15                                

                                          B-2)                                 

                                             Case where 0.4                    

                                equivalent of                                  

                                             equivalent is                     

                                acid is used for                               

                                             used for partial                  

                                partial reaction                               

                                             reaction of                       

                                of phosphate rock                              

                                             phosphate rock                    

     __________________________________________________________________________

     Static disintegration                                                     

     ratio (Ds)   0             0            0                                 

     Dynamic disintegration                                                    

     ratio (Dd)   18            11           11                                

     Phosphoric acid recovery                                                  

     ratio (%)    96.3          95.8         97.7                              

     Composition of main components in heat-treated small masses               

                               CaO (wt %)                                      

                                       26.30                                   

                                            25.55                              

                                                 24.75                         

                               P.sub.2 O.sub.5 (wt %)                          

                                       18.03                                   

                                            17.63                              

                                                 17.00                         

                               SO.sub.3 (wt %)                                 

                                       31.99                                   

                                            31.52                              

                                                 30.58                         

                               F (wt %)                                        

                                       5.80 6.22 5.45                          

     Composition of main components in washing residue of small masses         

                           CaO (wt %)  34.88                                   

                                            35.04                              

                                                 33.30                         

                           P.sub.2 O.sub.5 (wt %)                              

                                       0.40 0.50 0.47                          

                          Decomposition ratio (%)                              

                                       98.35                                   

                                            97.95                              

                                                 97.96                         

     __________________________________________________________________________

PAR  From the foregoing results, it will readily be understood that when the
      starting phosphate rock is pretreated and thus, the fluorine component
      contained in the phosphate rock is utilized as the
      disintegration-preventing agent, the small masses of the phosphate
      rocksulfuric acid reaction product obtained from such pretreated phosphate
      rock by reacting it with sulfuric acid and conducting the heat-treatment
      do not disintegrate throughout the extraction step and phosphoric acid can
      be prepared from the small masses in a high yield.
PAR  In case phosphate rock containing the fluorine component in the apatite
      structure is reacted with sulfuric acid, the fluorine component included
      in the apatite structure is not effective at all as the
      disintegration-preventing agent. If, as in this Example, the apatite
      structure is once destroyed and the fluorine component is released from
      the apatite structure, the so released fluorine component can be utilized
      as the disintegration-preventing agent.
PAC  EXAMPLE 19
PAR  This Example illustrates, by reference to the flow sheet (FIG. 2), an
      embodiment of a pilot-plan scale in which a fluorine compound is used as
      the disintegration-preventing agent, small masses of the phosphate
      rock-sulfuric acid reaction product are prepared under the conditions of
      this invention and the phosphoric acid is recovered from said small
      masses, and in which about 5 tons per day of phosphate rock are treated.
PAR  In the flow sheet of FIG. 2, about 200 Kg/hr of phosphate rock produced in
      Florida, which has been pulverized to a size passable through a 200-mesh
      sieve, and about 160 l/hr of a mixed acid solution of hydrofluoric acid
      and hexafluorosilicic acid (having a concentration of 119 g per liter
      calculated as fluorine) are mixed in a mixer (mixing tank). The resulting
      slurry is fed to a mixer (a tank for mixing sulfuric acid and phosphate
      rock slurry) by means of a metering pump. At the same time, 150 Kg/hr of
      98% sulfuric acid is fed to the mixer by means of a metering pump. This
      mixer comprises, for instance, a vertical agitation shaft provided with a
      plurality of agitation vanes extending in the horizontal direction, and a
      discharge outlet disposed at the lower end. In this mixer, the phosphate
      rock slurry and sulfuric acid are mixed intimately for 1 to 5 minutes, and
      the mixture is discharged toward an introduction opening of a heating
      apparatus. This heating apparatus comprises, for instance, two rotary
      screw shafts, and the introduction opening is provided in the upper
      portion of one end of the heating apparatus and a discharge opening is
      disposed in the lower portion of the other end. Pitches of the screws are
      preferably higher on the introduction side than in other parts. The
      mixture of the phosphate rock slurry and sulfuric acid discharged from the
      mixer is introduced in this heating apparatus, where the mixture is
      uniformly heated and blended. For accomplishing such heating and blending,
      a heating jacket provided with an inlet for superheated steam and an
      outlet for condensed water is mounted outside the heating apparatus, and
      hot air fed from a combustion furnace through a conduit is projected into
      the heating apparatus from an injection opening provided on the outer wall
      of the heating apparatus and an injection opening provided on the screw.
      In this heating apparatus, the phosphate rock and sulfuric acid are heated
      and blended at 65.degree.- 79.degree.C. for 20-30 minutes. A granulator is
      disposed on the discharge side of the heating apparatus, and by this
      granulator, the mixture of the phosphate rock and sulfuric acid is molded
      into a ribbon having a thickness of 0.4-1.0 cm and a length of 0.5-2.0 cm.
      A heat treatment apparatus is disposed below the heating apparatus. For
      instance, this heat treatment apparatus comprises a drier of the
      net-conveyor type provided with an endless net-conveyor extending in the
      horizontal direction and a rotary heat treatment device positioned below
      the drier.
PAR  Ribbons of the phosphate rock-sulfuric acid mixture are heated at
      150.degree.-180.degree.C. for about 30 minutes in this drier of the
      net-conveyor type and then heated at 150.degree.-1/2.degree.C. for 0.5 -
      1.0 hour in the rotary heat treatment device.
PAR  An extraction apparatus is disposed below the heat treatment apparatus to
      extract the phosphoric acid component from the phosphate rock-sulfuric
      acid reaction product. For instance, as this extraction apparatus is
      employed a rotary drum extraction apparatus of the countercurrent type
      installed with a spiral partition passage. This extraction apparatus is
      inclined upwardly from the phosphate rock-sulfuric acid reaction
      product-feeding side of the drum, to the direction of the advance of the
      reaction product, and a warm water inlet is disposed on the other side of
      the drum. The small masses of the phosphate rock-sulfuric acid reaction
      product discharged from the heat treatment apparatus is fed into the
      extraction apparatus from the lower side of the extraction apparatus, and
      about 200 Kg/hr of warm water maintained at about 90.degree.C. is fed into
      the extraction apparatus from the warm water inlet. The extraction is
      carried out at 75.degree.-95.degree.C. for 1-1.5 hours in this extraction
      apparatus.
PAR  Thus, about 140 l/hr of crude phosphoric acid having a concentration of
      about 42 % as calculated as P.sub.2 O.sub.5 is recovered in a reservoir
      for crude phosphoric acid. The residue left after extraction of phosphoric
      acid is discharged into a residue recovery apparatus. No substantial
      disintegration is observed in the residual small masses.
PAR  Pipes are attached to the mixer, heating apparatus and heat treatment
      apparatus to catch a fluorine compound gas formed in these apparatuses by
      the reaction between the phosphate rock and sulfuric acid and introduce it
      into a fluorine compound recovery apparatus, which comprises a shaft
      extending in the horizontal direction and a plurarity of discs mounted on
      the shaft at certain intervals. Water is charged into this recovery
      apparatus while leaving a space in the upper portion of the apparatus. By
      rotating the discs, the fluorine compound gas introduced through the above
      tubes is contacted uniformly and intimately with sprinkles of water. Thus,
      the fluorine compound gas formed by the reaction between the phosphate
      rock and sulfuric acid is recovered at a recovery ratio exceeding 90%, and
      a part of the so recovered fluorine compound is recycled in the
      above-mentioned mixer for mixing the phosphate compound to the starting
      phosphate rock.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for the preparation of phosphoric acid which comprises
      mixing phosphate rock and sulfuric acid in the presence of water, drying
      the mixture to obtain a solid reaction product between phosphate rock and
      sulfuric acid and extracting phosphoric acid from said solid reaction
      product, the improvement which comprises mixing phosphate rock and
      sulfuric acid in an amount of 0.7 to 0.97 equivalent to the calcium
      component in the phosphate rock, in the presence of water at a temperature
      of 30.degree. to 105.degree.C., under such condition that gypsum dihydrate
      is stably formed and that the following requirement is satisfied:
EQU  0.70.gtoreq.C.gtoreq.0.45
PA1  wherein C designates the weight ratio of phosphate rock to the sum of
      phosphate rock and total water,
PAL  the mixing of phosphate rock and sulfuric acid being carried out for a time
      sufficient to substantially complete the decomposition of the phosphate
      rock by sulfuric acid, and drying the mixing reaction product between the
      phosphate rock and sulfuric acid to solid small masses of the phosphate
      rock-sulfuric acid reaction product at a temperature not exceeding
      200.degree.C. under such drying time and heating conditions that the
      gypsum dihydrate in said mixing reaction product is converted
      substantially to anhydrous gypsum or a combination of anhydrous gypsum and
      gypsum hemihydrate.
NUM  2.
PAR  2. The process of claim 1, wherein the mixing of phosphate rock and
      sulfuric acid is carried out in two stages by employing sulfuric acid in
      an amount of 0.1 to 0.5 equivalent to the calcium component in phosphate
      rock at the first stage, whereby the fluorine component contained in the
      phosphate rock is converted to hydrofluoric acid or hexafluorosilicic
      acid.
NUM  3.
PAR  3. The process of claim 1 wherein the mixing of the phosphate rock and
      sulfuric acid is conducted in the presence of 43 to 122 parts by weight of
      water per 100 parts of the dry weight of the phosphate rock.
NUM  4.
PAR  4. The process of claim 1 wherein the mixing reaction product between the
      phosphate rock and sulfuric acid is dried at a temperature of 100.degree.
      to 200.degree.C. for 15 to 180 minutes.
NUM  5.
PAR  5. The process of claim 1 wherein the phosphate rock-sulfuric acid reaction
      product is dried and ground into small masses having a size of 0.1 to 50
      mm to thereby mold the phosphate rock-sulfuric acid reaction product into
      a solid granular reaction product.
NUM  6.
PAR  6. The process of claim 1 wherein the phosphate rock-sulfuric acid reaction
      product is molded into granules and then dried to thereby convert the
      phosphate rock-sulfuric acid reaction product into a solid granular
      reaction product having a size of 0.1 to 50 mm.
NUM  7.
PAR  7. The process of claim 1 wherein the phosphate rock-sulfuric acid reaction
      product is converted into a solid granular reaction product having a size
      of 0.1 to 50 mm while drying said phosphate rock-sulfuric acid reaction
      product.
NUM  8.
PAR  8. The process of claim 1 wherein the phosphoric acid component is
      extracted at a temperature of 5.degree. to 100.degree.C. from the solid
      reaction product between the phosphate rock and sulfuric acid with use of
      a phosphoric acid extraction medium.
NUM  9.
PAR  9. The process of claim 1 wherein the phosphoric acid composed is extracted
      with use of an aqueous extraction medium.
NUM  10.
PAR  10. The process of claim 1 wherein the phosphoric acid component is
      extracted with use of an alcohol having less than 6 carbon atoms as an
      extraction medium.
NUM  11.
PAR  11. The process of claim 1 wherein a disintegration-preventing agent is
      incorporated in preparing a mixture of phosphate rock and sulfuric acid.
NUM  12.
PAR  12. The process of claim 11 wherein the disintegration-preventing agent is
      a fluorine compound selected from the group consisting of hydrofluoric
      acid, hexafluorosilicic acid and salts thereof.
NUM  13.
PAR  13. The process of claim 11 wherein the disintegration-preventing agent is
      an alkali metal salt.
NUM  14.
PAR  14. The process of claim 11 wherein the disintegration-preventing agent is
      amorphous silica.
NUM  15.
PAR  15. The process of claim 12 wherein the fluorine compound is used in such
      an amount that it is contained in the solid reaction product in an amount,
      as calculated as fluorine (F), of 3 to 10 percent by weight.
NUM  16.
PAR  16. The process of claim 12 wherein the fluorine compound is selected from
      the group consisting of alkali metal and alkaline earth metal salts of
      hydrofluoric acid and hexafluorosilicic acid, and it is used in an amount,
      as calculated as fluorine (F), of 3 to 10 percent by weight.
NUM  17.
PAR  17. The process of claim 12 wherein the fluorine compound is selected from
      the group consisting of hydrofluoric acid and hexafluorosilicic acid, and
      said fluorine compound and sulfuric acid are used in such amounts as will
      satisfy the following conditions:
EQU  (F) = 0.03 - 0.3,
EQU  (H.sub.2 SO.sub.4) = 0.7 - 0.97 and
EQU  (F) + (H.sub.2 SO.sub.4) = 0.73 - 1,
PA1  wherein (F) is the number of equivalents, to calcium in the phosphate rock,
      of hydrofluoric acid or hexafluorosilicic acid contained in the reaction
      product in the form of a salt, and (H.sub.2 SO.sub.4) is the number of
      equivalents of sulfuric acid to calcium in the phosphate rock.
NUM  18.
PAR  18. The process of claim 12 wherein pulverized phosphate rock and the
      fluorine compound are mixed in advance in the presence of water, and
      sulfuric acid is added to the mixture.
NUM  19.
PAR  19. In a process for the preparation of phosphoric acid which comprises
      mixing phosphate rock and sulfuric acid in the presence of water, drying
      the mixture to obtain a solid reaction product between phosphate rock and
      sulfuric acid and extracting phosphoric acid from said solid reaction
      product, the improvement which comprises mixing phosphate rock and
      sulfuric acid in an amount of 0.7 to 0.97 equivalent to the calcium
      component in the phosphate rock in the presence of water at a temperature
      (t.degree.C.) of 30.degree. to 105.degree.C. under such conditions that
      the P.sub.2 O.sub.5 concentration (P) of phosphoric acid in the phosphate
      rock slurry is within a range of from 20 to 45 percent, the weight ratio
      (C) of phosphate rock to the sum of phosphate rock and total water is
      within a range of from 0.45 to 0.70 and that the following requirement is
      satisfied:
EQU  t.ltoreq. -0.111 P + 0.00334 P.sup.2 - 0.000593 P.sup.3 + 107.2,
PAL  the mixing of phosphate rock and sulfuric acid being carried out for a time
      sufficient to substantially complete the decomposition of the phosphate
      rock by sulfuric acid, and drying said mixing reaction product to small
      solid masses of the phosphate rock-sulfuric acid reaction product at a
      temperature not exceeding 200.degree.C. under such drying time and heating
      conditions that the gypsum dihydrate in said mixing reaction product is
      converted substantially to anhydrous gypsum or a combination of gypsums
      anhydrite and hemihydrate.
PATN
WKU  039352994
SRC  5
APN  5461847
APT  1
ART  113
APD  19750131
TTL  Process for preparation of wide-pore adsorbent for use in chromatography
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ABST
PAL  A process for preparing a wide-pore adsorbent adapted for use in
      chromatography, comprising mixing fine disperse non-porous silica having a
      specific surface area S of 35 to 380 m.sup.2 /g with water followed by
      drying the aqueous suspension at a temperature within the range of
      100.degree. to 450.degree.C to give a silica xerogel and particulating
      thereof. The xerogel, prior to the particulation or thereafter, is
      subjected to the hydrothermal treatment in an autoclave at a temperature
      within the range of from 100.degree. to 380.degree.C and under a pressure
      of 1 to 300 atm., followed by drying at a temperature of 100.degree. to
      300.degree.C.
PAL  The above-described process enables the preparation of an adsorbent with
      larger pores as compared to adsorbents prepared from fine disperse
      non-porous silica and produced by conventional processes. The process
      according to the present invention makes it possible to produce an
      adsorbent having a specific surface area within the range of from 2 to 280
      m.sup.2 /g and an average pore diameter of from 230 to 30,000 A, while
      retaining a high pore volume of 0.9 to 1.9 cm.sup.3 /g. Such adsorbent is
      useful in chromatography for the purposes of separation, purification and
      analysis of a wide range of substances: from low- and moderately-boiling
      compounds up to polymers, and more particularly, biopolymers, and viruses.
PARN
PAR  This application is a continuation application of Ser. No. 252,462, filed
      May 11, 1972, now U.S. Pat. No. 3,888,972, issued June 10, 1975.
BSUM
PAR  The present invention relates to processes for the production of a
      wide-pore adsorbent adapted for use is chromatography from a fine disperse
      non-porous silica having a specific surface area of 35 to 380 m.sup.2 /g.
      Such an adsorbent in useful as an active packing in chromatographic
      columns and a support of stationary phases in gas and liquid
      chromatography, as well as a molecular sieve in gel-permeation
      chromatography.
PAR  Known in the art is a process for preparing a wide-pore adsorbent
      comprising mixing a fine disperse non-porous silica having a specific
      surface area S of 170 or 280 m.sup.2 /g with water, followed by drying the
      suspension at a temperature of 100.degree. to 450.degree.C to produce a
      silica xerogel. Said xerogel is then subjected to grinding and screening
      (cf. N. K. Bebris, A. V. Kiselev, Y. S. Nikitin "Kolloidnyj zhournal" 29,
      No. 3, 326, 1967; N. K. Bebris et al. "Neftechimia" journal, 8, No. 3,
      481, 1968).
PAR  The absorbent produced by the known process has a specific surface area of
      160 or 260 m.sup.2 /g at an average pore diameter of 550 and 230 A
      respectively.
PAR  Said prior-art process has a disadvantage residing in impossibility of
      increasing pore size of the resulting adsorbent within broad limits,
      thereby restricting its applicability in chromatography. Thus, for the
      analysis of high-molecular substances by methods of gel-permeation
      chromatography a range of adsorbent with various pore sizes is required
      including those with pores larger than in the adsorbent produced by the
      known process.
PAR  Another disadvantage of said process resides in great losses of the
      adsorbent during grinding thereof to particles less than 0.05 mm in size
      (up to 15 percent by weight of the starting silica).
PAR  Still another disadvantage of the said process resides in an irregular
      shape of the particles resulting from grinding, whereby the uniformity of
      distribution of the chromatographic column packing particles and
      hydrodynamic properties of the packing are impaired.
PAR  It is an object of the present invention to eliminate the aforesaid
      disadvantages.
PAR  More particularly, it is an object of the present invention to change the
      manner of treatment of a xerogel produced by drying an aqueous suspension
      of a fine disperse non-porous silica having a specific surface area S of
      35 to 380 m.sup.2 /g at a temperature of 100.degree. to 450.degree.C in
      order to prepare and adsorbent possessing necessary structural
      characteristics and reduce its losses during the preparation thereof.
PAR  According to the present invention, said object has been accomplished by
      that the xerogel of silica prior to the particulation or thereafter is
      subjected to hydrothermal treatment in an autoclave at a temperature of
      100.degree. to 380.degree.C and under a pressure of 1 to 300 atm.,
      followed by drying thereof at a temperature of 100.degree. to
      300.degree.C.
PAR  The process of the present invention enables the preparation of an
      adsorbent with larger pores and smaller specific surface are as compared
      to the adsorbent produced by the known process. By the hydrothermal
      treatment of the xerogel produced from non-porous silica it is possible to
      prepare an adsorbent having a specific surface area of from 2 to 280
      m.sup.2 /g and average pore diameter of from 230 to 30,000 A while
      retaining a high pore volume of from 0.9 to 1.9 cm.sup.3 /g. Such an
      adsorbent is useful in chromatography for separation, purification, and
      analysis of a wide range of substances: from low- and moderately-boiling
      substances up to polymers, more particularly bipolymers, and viruses.
PAR  As it has been mentioned hereinabove, the hydrothermal treatment of the
      silica xerogel may be effected both prior to and after the particulation
      of the xerogel. In doing so, the particulation of the xerogel is performed
      by grinding thereof.
PAR  In addition, in case of hydrothermal treatment of the xerogel followed by
      the drying thereof after the particulation procedure, it is advisable to
      effect and procedure simultaneously with drying the silica suspension by
      spraying thereof in a drying oven at a temperature of
      400.degree.-450.degree.C. As a result of such combination of stages
      (suspension drying and xerogel particulation) the resulting xerogel is in
      the form of spherical particles which are much less liable to destruction
      in the autoclave during the hydrothermal treatment, this being especially
      important under high pressure and temperature treatment conditions. In
      addition, drying the suspension and particulation of xerogel under the
      above-specified conditions enables the obviation of xerogel grinding and
      is conducive to a reduction of adsorbent losses to as low as 5 to 7
      percent by weight of the starting silica. The production of the adsorbent
      in the form of spherical particles also provides conditions for improving
      the uniformity of distribution of the chromatographic column packing
      particles and hydrodynamic properties of the packing.
PAR  For making the adsorber applicable within a wide temperature range, for
      removing bound water therefrom and for increasing the adsorbent strength,
      it is advisable, prior to the hydrothermal treatment and/or after the
      hydrothermal treatment and drying of the silica xerogel, to calcinate said
      xerogel at a temperature of 550.degree. to 1,000.degree.C in air or in
      water vapour atmosphere.
PAR  The process for the preparation of a wide-pore adsorbent from fine-disperse
      non-porous silica and adapted for use in chromatography, according to the
      present invention, is effected in the following manner.
PAR  1 part by weight of fine disperse silica (such as aerosil, white soot) is
      mixed with 1.6-12 parts by weight of water till a suspension is formed
      which is dried at a temperature of 100.degree. to 450.degree.C. The
      resulting silica xerogel is placed into an autoclave, added with water and
      subjected to the hydrothermal treatment at a temperature of 100.degree. to
      380.degree.C under a pressure of 1 to 300 atm. during a period of 4 to 100
      hours. After the hydrothermal treatment the xerogel is dried at a
      temperature of 100 to 300.degree.C. The resulting adsorbent is then ground
      and screened into fractions. Grinding may also be performed prior to the
      hydrothermal treatment of the xerogel (after drying the aqueous suspension
      of silica).
PAR  To produce a wide-pore adsorbent in the form of spherical particles and
      reduce the adsorbent losses it is advisable to perform drying of the
      aqueous suspension of silica and the particulation of xerogel
      simultaneously by spraying said suspension in a drying oven at a
      temperature of 400.degree. to 450.degree.C. The resulting xerogel
      particles have a spherical from and their size ranges from 0.05 to 1 mm.
      Then the hydrothermal treatment of the xerogel and its drying are effected
      is accordance with the above-described procedure, whereafter the adsorbent
      is ready for use.
PAR  As it has been mentioned hereinbefore, for making the adsorbent applicable
      within a wider temperature range, for removing bound water therefrom and
      increasing the adsorbent strength, it is advisable, prior to the
      hydrothermal treatment and/or after the hydrothermal treatment and drying
      of the xerogel of silica, to calcinate said xerogel at a temperature of
      550.degree. to 1,000.degree.C in air or in water vapour atmosphere during
      a period of 6 to 24 hours.
DETD
PAR  For a better understanding of the present invention the following examples
      of the preparation of a wide-pore adsorbent from a fine disperse
      non-porous silica are given by way of illustration.
PAC  EXAMPLE 1
PAR  280 g of fine disperse non-porous silica having a specific surface area S
      of 175 m.sup.2 /g are mixed with one liter of water to yield a homogeneous
      suspension which is then dried at a temperature of 140.degree.C. The
      resulting xerogel is divided into three samples, each of them is subjected
      to the hydrothermal treatment in an autoclave under the following
      conditions: sample I, at 100.degree.C and 1 atm. pressure during 69 hours;
      sample II, at 275.degree.C and 60 atm. during 4 hours; sample III, at
      380.degree.C and 300 atm. during 4 hours. Then the samples are dried in a
      drying cabinet at 200.degree.C, ground and screened to separate the
      0.05-0.8 mm fraction.
PAR  The yield of the final product for each of the samples is about 85 percent
      by weight of the starting silica.
PAR  The structural characteristics of the adsorbents produced from the three
      xerogel samples are given in Table 1 below.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Structural characteris-                                                   

                     Adsorbent                                                 

                           Adsorbent                                           

                                  Adsorbent                                    

     tics of the resulting                                                     

                     from  from   from                                         

     adsorbent       Sample I                                                  

                           Sample II                                           

                                  Sample III                                   

     __________________________________________________________________________

     Specific surface area, S m.sup.2 /g                                       

                     135    48     4                                           

     Average pore diameter, d, A                                               

                     560   1,600  19,500                                       

     Pore volume, V, cm.sup.3 /g                                               

                     1.9   1.9    1.9                                          

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Into an impeller 60 kg of fine disperse non-porous silica having a specific
      surface area of 380 m.sup.2 /g are added along with 490 l of water and
      thoroughly intermixed. The resulting suspension is dried in a spraying
      furnace at a temperature of 450.degree.C with a simultaneous particulation
      of the xerogel. 62 kg of the particulated xerogel featuring spherical
      particles of 0.05 to 0.8 mm in size and humidity of 5 percent is subjected
      to the hydrothermal treatment in an autoclave at a temperature of
      220.degree.C under 20 atm. pressure during 24 hours. Then the xerogel is
      dried at 300.degree.C during 8 hours, whereafter it is screened to obtain
      the 0.05 to 0.8 mm fraction.
PAR  The yield of the desired product is 57.9 kg or 96.5 percent by weight of
      the starting silica. The adsorbent has the following structural
      characteristics: specific surface area S =66 m.sup.2 /g; average pore
      diameter d = 940 A; pore volume V = 1.55 cm.sup.3 /g.
PAC  EXAMPLE 3
PAR  280 g of fine disperse non-porous silica having a specific surface area S
      of 160 m.sup.2 /g are mixed with one liter of water to yield a homogenous
      suspension which is dried at the temperature of 200.degree.C. The
      resulting xerogel is ground and screened to separate the 0.05- to 0.5 mm
      fraction and calcinated in air at 750.degree.C for 10 hours. The
      calcinated xerogel is subjected to the hydrothermal treatment in an
      autoclave at the temperature of 250.degree.C under a pressure of 40 atm.
      for a period of 4 hours. Then the xerogel is dried at 200.degree.C and
      screened to separate the 0.05 to 0.5 mm fraction.
PAR  The yield of the final adsorbent is 92 percent by weight of the starting
      silica. The adsorbent has the following characteristics: specific surface
      area S = 33 m.sup.2 /g; average pore diameter d = 1,650 A; pore volume V =
      1.37 cm.sup.3 /g.
PAC  EXAMPLE 4
PAR  280 g of high disperse non-porous silica having a specific surface area S
      of 175 m.sup.2 /g are mixed with one liter of water to produce a
      homogeneous suspension which is dried at a temperature of 140.degree.C.
      The resulting xerogel is hydrothermally treated in an autoclave at a
      temperature of 275.degree.C and under a pressure of 60 atm. during four
      hours. Thereafter the xerogel is dried at 200.degree.C and divided into
      two samples. Sample 1 is calcinated in air at 1,000.degree.C for six
      hours, while sample 2 is calcinated in an atmosphere of water vapour at
      750.degree.C for six hours. The calcinated samples are ground and screened
      to separate the 0.05 to 0.8 mm fraction.
PAR  The yield of the final product for each of the samples is 84 percent by
      weight of the starting silica.
PAR  The structural characteristics of the adsorbent prepared from the two
      xerogel samples are given in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

                        Adsorbent   Adsorbent                                  

     Structural characteristics                                                

                        from        from                                       

     of the resulting adsorbent                                                

                        Sample 1    Sample 2                                   

     ______________________________________                                    

     Specific surface area S, m.sup.2 /g                                       

                         45          47                                        

     Average pore diameter, d, A                                               

                        1,600       1,620                                      

     Pore volume V, cm.sup.3 /g                                                

                        1.8         1.9                                        

     ______________________________________                                    

PAL  Said calcination of samples results in essential reduction of the bound
      water content W (.mu.mol H.sub.2 O/g of adsorbent) and hydroxyl groups
      concentration on the adsorbent surface .alpha..sub.OH (memol OH/m.sup.2 of
      adsorbent surface). Thus, the adsorbent before the calcination has: W =
      630 and .alpha..sub.OH = 8.0; Sample 1 has: W = 30 and .alpha..sub.OH =
      1.3; Sample 2 has: W = 190 and .alpha..sub.OH = 5.7. The calcination
      enhanced the adsorbent strength. The losses at vibration abrasion of the
      adsorbent prior to the calcination are 4.5 percent by weight, while those
      of the calcinated samples 1 and 2 are 2.5 and 1.8 percent by weight
      respectively.
PAC  EXAMPLE 5
PAR  Into an impeller 60 kg of fine disperse non-porous silica having a specific
      surface area S of 380 m.sup.2 /g and 490 l of water are charged and
      thoroughly intermixed. The resulting suspension is dried in a spraying
      furnace at a temperature of 450.degree.C with a simultaneous of the
      xerogel. 62 kg of the particulated xerogel featuring spherical particles
      0.05-0.8 mm in size and 5 percent humidity are subjected to the
      hydrothermal treatment in an autoclave at a temperature of 220.degree.C
      and under a pressure of 20 atm, for a period of 24 hours. Then the xerogel
      is dried at 120.degree.C and calcinated at 900.degree.C in air for a
      period of six hours. After the calcination the adsorbent is screened to
      separate the 0.05-0.8 mm fraction.
PAR  The yield of the final product is 57.6 kg or 96 percent by weight of the
      initial non-porous silica. The structural characteristics of the adsorbent
      are as follows. Specific surface area S = 64 m.sup.2 /g; average pore
      diameter d = 950 A; pore volume V = 1.52 cm.sup.3 /g.
PAC  EXAMPLE 6
PAR  Into an impeller 60 kg of fine disperse non-porous silica having a specific
      surface area S of 175 m.sup.2 /g and 430 l of water are charged and
      thoroughly intermixed. The resulting suspension is dried in a spraying
      furnace at a temperature of 400.degree.C with a simultaneous particulation
      of xerogel. The particulated xerogel featuring spherical particles of 0.1
      to 1 mm in size is divided into three samples; each of them is
      hydrothermally treated under the following conditions. Sample 1,
      220.degree.C and 20 atm. for 96 hours; Sample 2, 280.degree.C and 100 atm.
      for 16 hours; Sample 3, 370.degree.C and 290 atm. for 6 hours. The samples
      are then dried at a temperature of 100.degree.C and calcinated in air at
      900.degree.C over a period of 24 hours. After the calcination the samples
      are screened to separate the 0.1 to 1 mm fraction.
PAR  The yield of the final product produced from Sample 1 is 96 percent; Sample
      2, 94.8 percent; Sample 3, 93 percent by weight of the starting silica.
PAR  The structural characteristics of the adsorbents produced from the three
      samples of the xerogel are given in Table below.
TBL                Table 3                                                     

     ______________________________________                                    

     Structural characteris-                                                   

                     Adsorbent Adsorbent Adsorbent                             

     tics of the resulting                                                     

                     from      from      from                                  

     adsorbent       Sample 1  Sample 2  Sample 3                              

     ______________________________________                                    

     Specific surface area                                                     

                      46        16        2.2                                  

     S,m.sup.2 /g                                                              

     Average pore diameter d, A                                                

                     1,600     4,400     30,000                                

     Pore volume V, cm.sup.3 /g                                                

                     1.81      1.77      1.74                                  

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  45 g of fine disperse non-porous silica having a specific surface area S of
      35 m.sup.2 /g are mixed with 100 ml of water. The resulting aqueous
      suspension is dried at a temperature of 100.degree.C in drying cabinet.
      The xerogel thus obtained is hydrothermally treated at 100.degree.C and
      under a pressure of 3 atm. for a period of 4 hours. Then the xerogel is
      dried at 300.degree.C and calcinated in air at 750.degree.C for eight
      hours. After the calcination the adsorbent is ground and screened to
      separate the 0.05 to 0.5 mm fraction.
PAR  The yield of the final product is 84 percent by weight of the starting
      silica. The adsorbent has the following structural characteristics:
      specific surface area S = 29 m.sup.2 /g; average pore diameter d = 1,250
      A; pore volume V = 0.92 cm.sup.3 /g.
PAC  EXAMPLE 8
PAR  Into an impeller 60 kg of fine disperse non-ferrous silica having a
      specific surface area S of 175 m.sup.2 /g are charged along with 430 l of
      water and thoroughly intermixed. The resulting suspension is dried in a
      spraying furnace at a temperature of 400.degree.C with a simultaneous
      particulation of xerogel. The particulated xerogel featuring spherical
      particles of 0.1-1 mm in size and 5 percent humidity is calcinated in air
      at a temperature of 550.degree.C for a period of eight hours. The
      calcinated xerogel is then hydrothermally treated in an autoclave at a
      temperature of 220.degree.C and under 20 atm. pressure for a period of 96
      hours. Thereafter, the xerogel is dried at 120.degree.C and calcinated in
      the air at 900.degree.C for 24 hours. After the calcination the adsorbent
      is screened to separate the 0.1 to 1 mm fraction.
PAR  The yield of the final product is 98 percent by weight of the starting
      silica. The adsorbent has the following structural characteristics:
      specific surface area S = 44 m.sup.2 /g average pore diameter d = 1,500 A;
      pore volume V = 1.68 cm.sup.3 /g.
PAC  EXAMPLE 9
PAR  Into an apparatus impeller 60 kg of fine disperse silica having a specific
      surface area S of 175 m.sup.2 /g are charged along with 450 l of water and
      thoroughly intermixed. The resulting suspension is dried in a spraying
      furnace at a temperature of 450.degree.C with a simultaneous particulation
      of xerogel. 62 kg of the particulated xerogel featuring spherical
      particles of 0.1 to 1 mm in size and 5 percent humidity are calcined in an
      atmosphere of water vapour at 850.degree.C for a period of six hours.
PAR  The calcinated xerogel is hydrothermally treated at a temperature of
      115.degree.C and under a pressure of 1.5 atm. for a period of four hours.
      Then the xerogel is dried at 300.degree.C and screened to separate the
      0.1-1 mm fraction.
PAR  The yield of the final product is 97.5 percent by weight of the starting
      silica. The adsorbent has the following structural characteristics:
      specific surface area S = 85 m.sup.2 /g, average pore diameter d = 700 A;
      pore volume V = 1.52 cm.sup.3 /g.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of preparing a porous silica adsorbent having a pore diameter
      of 560 to 19,500 A adapted for use in chromatography comprising the steps
      of (1) mixing finely dispersed non-porous silica having a specific surface
      area of 35 to 380 m.sup.2 /g with water to form an aqueous suspension; (2)
      drying the suspension at a temperature of 100.degree. to 450.degree.C. to
      form a silica xerogel; (3) hydrothermally treating said dried xerogel at a
      temperature of 100.degree. to 380.degree.C and under a pressure of 1 to
      300 atm; (4) drying the treated xerogel at a temperature of 100.degree. to
      300.degree.C.; and particulating the dried xerogel by grinding either
      after step (2) or after step (4).
NUM  2.
PAR  2. A process according to claim 1 wherein the porous silica adsorbent has a
      pore volume of 0.92 to 1.9 cm.sup.3 /g and the non-porous silica has a
      specific surface area of 35 to 175 m.sup.2 /g.
NUM  3.
PAR  3. A process according to claim 1 further comprising the step of calcining
      the silica xerogel in an atmosphere of steam or air at a temperature of
      from 750.degree. to 1,000.degree.C. either (a) prior to the hydrothermal
      treatment or (b) after the hydrothermal treatment and drying or both (a)
      and (b).
PATN
WKU  039353001
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APN  4440110
APT  1
ART  113
APD  19740220
TTL  Process for preparing potassium cyanate from potassium hydroxide and urea
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ABST
PAL  Potassium cyanate is prepared by reacting from 1.75 to 2.15 moles of urea
      per mole of potassium hydroxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of manufacturing potassium
      cyanate. More particularly, the present invention relates to a method for
      producing potassium cyanate from potassium hydroxide and urea in very high
      yield.
PAR  2. Description of the Prior Art
PAR  Among the reactions known for the synthesis of alkali metal cyanates is the
      reaction between an alkali metal compound and urea. Suitable alkali metal
      compounds have included the carbonate, bicarbonate, hyydride, oxide,
      alcoholate, carbide and hydroxide compounds of the alkali metals. The
      reactants have been reacted either as a melt of the components or in an
      aqueous solution. One process (Kloepfer, U.S. Pat. No. 1,915,425) shows
      the production of alkali metal cyanates by the reaction of a basic alkali
      metal compound, such as potassium carbonate, with urea in a melt. However,
      it is disclosed that if an hydroxide of an alkali metal is used such as,
      of course, pottasium hydroxide, yields of only 10 to 30% of potassium
      cyanate are obtained. Yields of this order are unacceptable for the
      commercial production of potassium cyanate.
PAR  Another procedure for the production of alkali metal cyanates involves the
      reaction of an alkali metal carbonate with urea in a melt, wherein the
      molar amounts of urea range from 2.0 to 3.0 preferably 2.3 to 3.0 per mole
      of alkali metal carbonate (Horst, U.S. Pat. Nos. 2,690,956 and 2,690,957).
      By this procedure yields of alkali metal cyanate up to 85-90 percent are
      obtained. However, yields of potassium cyanate even of this order still
      fall short of total conversion of urea and alkali compound to potassium
      cyanate.
PAR  In another known procedure for manufacturing alkali metal cyanates, an
      alkali metal hydroxide is reacted with urea in a fluidized bed reactor
      wherein a mole ratio of 0.8 to 1.4 moles of urea per mole of an alkali
      metal hydroxide is used (Davis, U.S. Pat. No. 3,321,270). However, the
      yields of cyanate product in this procedure, while substantial, are not
      more than about 95 percent.
PAR  Still another process for the production of alkali metal cyanates involves
      the reaction of an alkali metal carbonate or hydroxide with urea. In this
      reaction the quantities of urea used range only from the stoichiometric
      amount (mole ratio of urea to KOH of 1.0) required to react with the
      alkali metal compound to 10 percent in excess of that amount. However, at
      these relative quantities of urea to alkali metal compound, the yields of
      product alkali metal cyanate obtained, while substantial, are only about
      90 percent. It is further disclosed that there is no advantage to be
      gained by using quantities of urea over 10 percent in excess of the
      stoichiometric amount required to react with the alkali metal compound.
      This statement is in direct contrast to the process of the present
      invention, wherein the amounts of urea relative to alkali metal base used,
      achieve yields of product alkali metal cyanate is in excess of 90 percent.
PAR  Another process for the preparation of alkali metal cyanates also involves
      the reaction of an alkali metal compound and urea. However, because very
      great amounts of urea are required relative to the amount of alkali metal
      compound, i.e., mole ratios of urea to alkali metal compound of about 6 :
      1 (Barrett and Kamlet, U.S. Pat. No. 2,899,198), the process if highly
      inefficient in the utilization of urea.
PAR  Other known processes for the production of alkali metal cyanates include
      the reaction between isohydroxyurea and an alkali metal hydroxide in a
      simple alcohol and the reaction between sodium and urea in a dispersion
      wherein N-sodiourea is first formed.
PAR  A need therefore, continues to exist for a method for producing alkali
      metal cyanates in high purity in yields greater than 90 percent by the
      direct interaction of an alkali metal hydroxide with urea.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a process
      for producing potassium cyanate in yields in excess of 90 percent.
PAR  Briefly, this object and other objects of the present invention as
      hereinafter will become more readily apparent can be attained by a process
      for preparing potassium cyanate by reacting 1.75 to 2.15 moles of urea per
      mole of potassium hydroxide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the reaction of urea with potassium hydroxide under the conditions of
      the present invention it is critical that from 1.75 to 2.15 moles of urea
      be reacted per mole of potassium hydroxide. This can be seen by reference
      to Table 1 below in which it is shown that yields of about 90 to 100
      percent of potassium cyanate product are obtained when the reaction is
      conducted under conditions using the above indicated ratio limitations.
      The table readily shows that if less than 1.75 moles of urea are used per
      mole of potassium hydroxide, then the yield of potassium cyanate rapidly
      falls below 90 percent. Similarly, if more than 2.15 moles of urea are
      used per mole of potassium hydroxide, the yield of potassium cyanate
      rapidly falls below 90 percent.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Reaction of urea with potassium hydroxide to form potassium               

     cyanate                                                                   

     Mole Ratio        Yield (%)                                               

     Urea/KOH          KOCN                                                    

     ______________________________________                                    

     1.0               32                                                      

     1.5               69                                                      

     1.75              89                                                      

     1.90              100                                                     

     2.0               96.5                                                    

     2.15              90.0                                                    

     2.5               75                                                      

     ______________________________________                                    

PAR  The critical mole ratio requirement of urea to potassium hydroxide is all
      the more noteworthy in view of prior art disclosures which indicate that
      mole ratios of urea to potassium hydroxide of 1.75 to 2.15 : 1.0 are
      either unnecessary or should be avoided. DePree (U.S. Pat. No. 2,801,154)
      specifically states that in the reaction of urea with alkali metal
      hydroxide, no advantage is gained when the quantity of urea used is
      significantly beyond 10 percent in excess of the stoichiometric amount
      required to react with the alkali metal hydroxide. Further, Davis (U.S.
      Pat. No. 3,321,270) states that from about 0.8 to 1.4 moles of urea per
      mole of alkali metal hydroxide should be reacted to attain the most
      practical operation for the reaction.
PAR  In the preparation of potassium cyanate from urea and potassium hydroxide
      the starting materials are heated to temperatures up to 240.degree.C.
      Normally the reactants are combined and then heated. When a temperature of
      about 180.degree.C is reached, the melt resolidifies. In another
      procedure, solid potassium hydroxide is added to molten urea. As in the
      previous instance, when a temperature of about 180.degree.C is reached,
      the reaction mixture resolidifies. It is also possible to mix the
      reactants in the molten form and then continue heating to higher
      temperatures. It is not recommended, however, to mix the reactants as an
      aqueous solution, because the reaction would require an inordinately long
      time. Once the starting materials have been mixed, the materials can be
      heated to the desired temperature. The end of the reaction is signaled
      when reaction by products cease to be evolved. During the process of
      heating the reactants, the pressure used is not critical. Usually,
      however, the pressure used is atmospheric.
PAR  In the preferred embodiment of the process, urea and potassium hydroxide
      are combined in the required mole ratio and heated. The mixture melts as
      it is heated, and as the temperature reaches about 180.degree.C, it
      resolidifies. If this temperature is maintained for the duration of the
      reaction, the mixture requires about 24 hours for completion. The reaction
      can be conducted at temperatures as low as 100.degree.C. Preferably, the
      mixture is heated to completion at a temperature of about 240.degree.C,
      whereby the end of the reaction is indicated when reaction by products are
      no longer evolved. At temperatures of this order, the reaction is normally
      complete in 3 to 5 hours. The 3-5 hour reaction completion time is based
      upon the reactants remaining undisturbed. If the initial reaction mass
      (which resolidifies) was finely divided, a shorter reaction time would
      result. It is also feasible to mix the components, and heat the mixture to
      a temperature above the fusion temperature of potassium cyanate ranging
      from 325.degree. to 360.degree.C. The reaction can be represented by the
      following equation:
EQU  KOH + 2 OC(NH.sub.2).sub.2 .fwdarw. (KOCN).sub.x + 3 NH.sub.3 + CO.sub.2
PAL  wherein x ranges from 1-3.
PAR  The highest purity compounds produced by the reaction of urea with
      potassium hydroxide have an empirical formula of (KOCN).sub.x. The highest
      purity products are those which have the highest energy melt peaks in the
      DSC (Differential Scanning Calorimetry) spectrum. The following structures
      have been postulated as compatable with the empirical formula of
      (KOCN).sub.x :
      ##EQU1##
      The data gathered from various tests have confirmed that the compound
      produced by the reaction of urea with potassium hydroxide is however,
      potassium cyanate. This data is shown in the Examples below.
PAR  Alkali metal cyanates such as of course, potassium cyanate are useful as
      raw materials for chamical syntheses, as herbicides and in the hardening
      of steels.
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purpose of illustration only are not intended to be limiting
      unless otherwise specified.
PAC  EXAMPLES 1 - 17
PAR  Table II shows the relative amounts of urea and potassium hydroxide or
      potassium carbonate which are reacted in various exemplary preparations of
      potassium cyanate. Potassium cyanate was prepared by mixing the relative
      amounts of urea and potassium hydroxide or potassium carbonate in a
      beaker, and then heating the mixture on a hot plate until the mixture was
      molten at about 100.degree.C. The reaction mixture was further heated
      until the reaction mixture solidified at approximately 180.degree.C. The
      mixture was then transferred to a 240.degree.C oven where the mixture was
      heated until no further weight loss was observed.
TBL                                    TABLE II                                

     __________________________________________________________________________

     TESTS WITH UREA AND POTASSIUM HYDROXIDE OR CARBONATE                      

                                  Grams                                        

                  Molar Ratio                                                  

                          Theor. Grams                                         

                                  (KOCN).sub.x                                 

                                        %Purity                                

                                             Actual Grams                      

                                                     %                         

     Example                                                                   

          Alkali  Urea/Alkali                                                  

                          of KOCN from Test                                    

                                        by DSC                                 

                                             KOCN (100%)                       

                                                     Yield                     

     __________________________________________________________________________

     1    K.sub.2 CO.sub.3                                                     

                  2.0     33.8    34.5  75.5 26.0    76.9                      

     2    K.sub.2 CO.sub.3                                                     

                  2.0     81.1    100.3 77.7 77.9    76.2                      

     3    KOH     1.1     36.4    34.8  45.5 15.8    43.4                      

     4    K.sub.2 CO.sub.3.11/2 H.sub.2 O                                      

                  2.0     32.8    30.4  61.3 18.6    56.6                      

     5    KOH     2.3     35.1    41.2  70.7 29.1    82.9                      

     6    KOH     1.4     58.6    56.2  64   35.9    61.3                      

     7    KOH     1.2     66.1    61    45.8 27.9    42.3                      

     8    KOH     1.1     72.1    67.7  33.9 23.0    31.8                      

     9    KOH     1.5     53.9    53.4  78.2 41.8    77.5                      

     10   KOH     1.9     43.3    45.3  96.8 43.8    101.0                     

     11   KOH     2.8     29.0    39.7  57.8 22.9    79.2                      

     12   KOH     3.7     26.8    38    22.2 8.5     31.7                      

     13   KOH      0.75   108     99.6  15.0 14.9    15.0                      

     14   KOH     1.7     48.2    49    86.2 42.2    87.6                      

     15   K.sub.2 CO.sub.3                                                     

                  4.0     40.4    47.9  58.8 28.2    69.8                      

     16   K.sub.2 CO.sub.3                                                     

                  3.0     54.1    55.1  90.0 49.6    91.5                      

     17   KOH     1.9     216     229   96.5 221     102.0                     

     __________________________________________________________________________

PAR  The results shown in Table II indicate that the highest yields of potassium
      cyanate are obtained at urea/potassium hydroxide molar ratios of 1.75 to
      2.15.
PAC  EXAMPLE 18
PAR  Further insight into the completeness of the reaction when operating in the
      preferred mole ratio range of urea to potassium hydroxide can be gained by
      reference to Table III below. Table III shows that the rate of conversion
      of urea and potassium hydroxide to potassium cyanate is 100 percent at a
      time just under 4 hours for a mole ratio of urea to KOH of 1.9.
TBL                TABLE III                                                   

     ______________________________________                                    

     Conversion rate of urea and potassium hydroxide to potassium              

     cyanate*                                                                  

     Time (hours) Conversion (%)                                               

     ______________________________________                                    

     0            0                                                            

                                100.degree. - 150.degree.C                     

     1            40                                                           

     2            72                                                           

     3            94.5          240.degree.C                                   

     3.75         100                                                          

     ______________________________________                                    

      *Mole ratio of Urea/KOH = 1.9                                            

PAR  In order to establish the structure of (KOCN).sub.x various types of
      comparative tests were conducted on authentic samples of potassium cyanate
      (KOCN) and the urea-potassium product (KOCN).sub.x prepared by the
      reaction of urea with potassium hydroxide. The table below compares
      various physical properties of (KOCN).sub.x and authentic KOCN.
TBL  ______________________________________                                    

     Solubility In     (KOCN).sub.x                                            

                                   KOCN                                        

     ______________________________________                                    

     a) Water at 78.degree.F(wt.%)                                             

                       36.9        38.6                                        

     b) Ethanol        insol       insol                                       

     c) Acetone         "           "                                          

     d) p-Xylene        "           "                                          

     pH of a 10% solution                                                      

                       11.3        9.6                                         

     Absolute Density at 78.degree.F                                           

                        2.03       2.02                                        

     ______________________________________                                    

PAL  Inspection of the data indicated that the (KOCN).sub.x product and
      potassium cyanate are the same compound.
PAR  Further confirmation of the identify of (KOCN).sub.x as KOCN was obtained
      by comparison of the DSC spectra of (KOCN).sub.x and KOCN as well as the
      X-ray diffraction spectra thereof. DSC scans of (KOCN).sub.x and KOCN
      revealed the same melt peak at 315.degree.C. The X-ray diffractograms of
      reagent grade KOCN and (KOCN).sub.x also indicated that the two compounds
      were the same.
PAR  Further investigations into the properties of (KOCN).sub.x were conducted
      through a study of the crystallization properties of (KOCN).sub.x from
      water. This study was conducted to ascertain whether or not (KOCN).sub.x
      could be further purified by recrystallization from water as well as to
      determine whether or not (KOCN).sub.x is hydrolyzed to another form. It
      had been found that aqueous solutions of (KOCN).sub.x developed a strong
      ammonical odor which indicates that (KOCN).sub.x hydrolyzes. Samples of
      (KOCN).sub.x and authentic KOCN were recrystallized at 194.degree.F. Under
      these conditions all free ammonia would be evolved. Further, the reagent
      grade KOCN used was treated in the same manner as (KOCN).sub.x. As shown
      below DSC Scans and X-ray Diffractograms were obtained from both
      recrystallized compounds.
PAR  a. DSC Scans-Both recrystallized (KOCN).sub.x and KOCN had broad
      decomposition peaks in the range of 150.degree. - 220.degree.C. In
      addition, the amount of weight loss of the samples during the scans was
      the same for both within experimental accuracy: 22.6% for (KOCN).sub.x and
      21.8% for KOCN.
PAR  b. X-ray Diffractograms - X-ray scans on samples of recystallized
      (KOCN).sub.x and recrystallized KOCN indicate that the recrystallized
      products are principally K.sub.4 H.sub.2 (CO.sub.3).sub.3. 1 1/2 H.sub.2 O
      along with the unidentified hydrolysis products. K.sub.4 H.sub.2
      (CO.sub.3).sub.3. 1 1/2H.sub.2 O is a complex salt of 1 mole of K.sub.2
      CO.sub.3. 1 1/2H.sub.2 O and 2 moles of KHCO.sub.3. The reaction that
      occurs when potassium cyanate undergoes hydrolysis is as follows:
EQU  4KOCN +81/2H.sub.2 O.fwdarw.K.sub.4 H.sub.2 (CO.sub.3).sub.3. 1 1/2 H.sub.2
      O + 4NH.sub.3 + CO.sub.2
PAR  Having now fully described this invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a process for preparing potassium cyanate by the melt reaction of
      urea with potassium hydroxide and recovering the resulting potassium
      cyanate, the improvement which comprises:
PA1  mixing solid urea and solid potassium hydroxide in a mole ratio of 1.75 to
      2.15 : 1.0; and
PA1  heating said mixture until it melts and resolidifies to 180.degree. -
      240.degree.C and reaction byproducts are no longer evolved.
NUM  2.
PAR  2. The process of claim 1, wherein said urea and said potassium hydroxide
      are mixed in a mole ratio of 1.9 : 1.
NUM  3.
PAR  3. The process of claim 2, wherein the mixture is heated for 3.75 hours at
      240.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein the mixture of said urea and said
      potassium hydroxide are heated until solidifed at 180.degree.C and said
      solidified mixture then heated at 240.degree.C until no further weight
      loss occurs.
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ABST
PAL  Organic fibrous material is changed to heat-stabilized material by heating
      in an atmosphere, and then the heat-stabilized material is carbonized in a
      carbonizing furnace at a temperature of from about 800.degree.C to
      1600.degree.C.
PAL  When temperature at any given point in the furnace is plotted on a vertical
      axis and the particular location along the length of the carbonizing
      furnace is plotted on a horizontal axis, the slope of the resulting
      temperature profile above 800.degree.C either remains constant or
      decreases until the maximum temperature in the furnace is reached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process of producing carbon fibers from organic
      fibrous material, and more particularly relates to a process for producing
      carbon fibers having high strength and high Young's modulus at high yarn
      running speed.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, many procedures have been proposed for the conversion of
      organic polymeric fibrous material to carbon fibers.
PAR  Such conversion has generally been accomplished by heating the organic
      fibrous material in an active atmosphere at a moderate temperature in
      order to produce a heat-stabilized material, and then by carbonizing it in
      an inert atmosphere at an elevated temperature.
PAR  The method of conversion of fibrous material to a heat-stabilized structure
      in the prior art comprises preoxidation treatment of the fibrous material
      in air or in an oxygen-containing atmosphere, prenitrozation treatment in
      nitrogen monoxide, or presulfurization treatment in sulfur dioxide. The
      heat-treatment stages yield a stabilized fibrous material which may be
      carbonized or graphitized in an inert atmosphere to produce carbon fibers
      or graphite fibers.
PAR  The carbon fibers are formed by heating the heat-stabilized fibrous
      material at a temperature from 200.degree.C to 1600.degree.C or above in
      an inert atmosphere.
PAR  During the carbonization or graphitization process, the heat-stabilized
      material is usually passed through a long carbonizing furnace under
      tension.
PAR  It has long been desired to pass the stabilized fibrous material at high
      running speed through a carbonizing furnace in order to produce carbon
      fibers at low cost.
PAR  An object of this invention is to provide an efficient process of producing
      carbon fibers having both high strength and high Young's modulus.
PAR  Another object of this invention is to provide an industrially feasible
      process capable of shortening the time required for producing carbon
      fibers and the like, as compared with prior processes.
PAR  Other objects and advantages of this invention will become apparent
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The above mentioned and other objects of this invention are accomplished
      by:
PA0  A. preparing a heat-stabilized product by heating organic fibrous material
      in an active atmosphere, and
PA0  B. heating the heat-stabilized product in a carbonizing furnace at a
      temperature of from about 800.degree.C to 1600.degree.C, and controlling
      such heating to provide a profile above 800.degree.C such that, when the
      temperature at any given point along the path of advancement of the
      product in the furnace is plotted on a vertical axis and locations along
      the length of the carbonizing furnace are plotted on the horizontal axis,
      the slope of the resulting plot either remains constant or decreases until
      maximum temperature is reached.
PAR  It is important that, when temperature is plotted against location along
      the length of the furnace, when temperature profile is divided midway
      along the length of said furnace by a vertical axis, the area under the
      plot on the outlet side of the furnace is greater than the area under the
      plot on the inlet side of said furnace.
PAR  It is desirable that, during the progress of the material through the
      furnace, the average heating rate should be smaller than the average
      cooling rate.
PAR  Moreover, it is important that the maximum temperature exists somewhat
      along the outlet side of the center of the furnace.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing a furnace arrangement in which the present
      invention is useful.
PAR  FIGS. 2, 3 and 4 are drawings showing the relationship between temperature
      and position along the length of the carbonizing furnace. Plot "B" of FIG.
      2 represents a heating program in accordance with this invention while
      plots "A" and "C" and plot "D" of FIG. 3 are outside the scope of this
      invention and are comparative examples. Also, plot "G" of FIG. 4
      illustrates a useful embodiment in accordance with this invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1, an organic fibrous material 1 is conducted by rollers 2, into a
      heating furnace 3 in which the fibrous material 1 is heated so that it is
      stabilized in air, and then the resulting stabilized fibrous material is
      passed through a carbonizing furnace 5 having a graphite-resistance tube 6
      which is provided with suitable electrodes, in which the stabilized
      fibrous material is carbonized. The resulting carbon fiber is wound up on
      a winding roller 8.
PAR  An important feature of this invention resides in the temperature profile
      in the carbonizing furnace.
PAR  The necessary conditions for the temperature profile during the
      carbonization procedure, in order to obtain a carbon fiber having the
      optimum mechanical properties at high line speed are:
PA0  I. the carbonizing furnace should be at a temperature of from about
      800.degree.C to 1600.degree.C;
PA0  Ii. when furnace temperature is plotted on a vertical axis in a graphical
      representation, and particular points along the length of the furnace are
      plotted along a horizontal axis, the temperature profile above
      800.degree.C has a slope that either remains constant or decreases until
      the maximum furnace temperature is reached;
PA0  Iii. the heating rates between 800.degree.C and 1050.degree.C are greater,
      and preferably from about 2 to 15 times greater than those above
      1050.degree.C.
PA0  Iv. when the temperature profile is divided vertically midway along the
      length of said furnace the area under the plot at the outlet side of the
      furnace is about 1.1 to 2 times, preferably about 1.2 to 1.8 times larger
      than that under the plot at the inlet side of said furnace;
PA0  V. the average cooling rate is about 2 to 50 times, preferably about 3 to
      30 times, larger than that of the heating rate in the furnace.
PAR  As referred to herein, the cooling rate is indicated by the slope of an
      inclined line running from the top of the temperature profile, along the
      length of the furnace until the temperature of the outlet of the furnace
      is reached. The heating rate is measured by the slope of an inclined line
      of the temperature profile, running from the entrance along the length of
      said furnace until the maximum temperature of the furnace is reached.
PAR  In this invention the fibrous material is generally heated to a maximum
      temperature of from about 1000.degree.C to 1600.degree.C, preferably about
      1150.degree.C to 1500.degree.C, in an inert atmosphere.
PAR  The carbonization procedure may be conducted in a non-oxidizing atmosphere.
      Suitable inert atmospheres include nitrogen, argon, helium, hydrogen,
      halogens, hydrogen chloride and atmospheres containing these gases, for
      example.
PAR  In preferred embodiments of this invention, the starting organic fibrous
      materials include polyacrylonitriles, polyamides, polybenzimidazols,
      polyvinyl alcohols, cellulose and pitch.
PAR  In a preferred embodiment of this invention, the organic fibrous material
      is continuously heated at a temperature of from about 200.degree.C to
      320.degree.C for about 5 to 200 minutes in air, at a temperature of from
      about 240.degree.C to 350.degree.C for about 5 to 40 minutes in nitrogen
      monoxide, or at a temperature of about 250.degree.C to 350.degree.C for
      about 5 to 40 minutes in sulfur dioxide.
PAR  The carbonization procedure is preferably conducted at a yarn speed of
      about 0.5 to 65 meters per minute.
PAR  In accordance with this invention, the carbonization step may be conducted
      in any apparatus capable of serving as one or more carbonizing furnaces.
PAR  In any case, the total length of the furnace is preferably from about 1
      meter to 15 meters.
PAR  The following examples are given as specific illustrations of this
      invention. It should be understood, however, that the invention is not
      limited to the specific details set forth therein.
PAC  EXAMPLES 1 to 8
PAR  Polyacrylonitrile fibers were used which contained more than about 99
      percent by weight of polyacrylonitrile and had a dry tenacity of 43 grams
      per denier and an elasticity of 110 grams per denier. These fibers were
      oxidized in an atmosphere of air, and then precarbonized at a heating rate
      of 2500.degree.C per minute up to 800.degree.C.
PAR  The subsequent stage of carbonization was conducted up to 1300.degree.C in
      an atmosphere of nitrogen using a furnace two meters long which had
      temperature profiles as shown in FIG. 2 (A, B and C) and FIG. 3 (D).
PAR  The carbonizations were carried out at 6 meters per minute in Examples I to
      IV and 8 meters per minute in Examples V to VIII.
PAR  The mechanical properties of the resulting carbon fibers are shown in Table
      1.
PAR  It is apparent that the mechanical properties of the carbon fibers which
      are prepared using temperature profile B are better than the others.
TBL                TABLE I                                                     

     ______________________________________                                    

                      Mechanical properties                                    

                      of the resulting carbon                                  

                      fibers                                                   

            Yarn                                                               

     Example                                                                   

            speed    Furnace    tensile  Young's                               

            (m/min)  temperature                                               

                                strength modulus                               

                     profile    (kg/mm.sup.2)                                  

                                         (tons/mm.sup.2)                       

     ______________________________________                                    

     I      6        A          190      20                                    

     II     6        B          350      26                                    

     III    6        C          250      23                                    

     IV     6        D          180      18                                    

     V      8        A          120      15                                    

     VI     8        B          310      24                                    

     VII    8        C          220      20                                    

     VIII   8        D          130      17                                    

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Polyacrylonitrile fibers which contained more than about 99 percent by
      weight of polyacrylonitrile and had a dry tenacity of 4.3 grams per denier
      and an elasticity of 110 grams per denier were oxidized in an atmosphere
      of air and carbonized at a line speed of 5 meters per minute using a
      carbonizing furnace two meters long which had the temperature profile G in
      FIG. 4. The mechanical properties of the resulting carbon fibers are shown
      in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                       Mechanical properties                                   

                       of the resulting carbon                                 

                       fibers                                                  

     Example                                                                   

            Yarn speed                                                         

                      Temperature                                              

                                 Tensile Young's                               

            (m/min)   profile in strength                                      

                                         Modulus                               

                      furnaces   (kg/mm.sup.2)                                 

                                         (tons/mm.sup.2)                       

     ______________________________________                                    

     XI     5         G          310     24                                    

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing a carbon fiber from an organic fibrous
      material which contains carbon in a form which is subject to heat
      stabilization in an active atmosphere and which carbon is operative to
      form strong carbon fibers in a non-oxidizing atmosphere, the steps which
      comprise:
PA1  A. preparing a heat-stabilized organic fibrous material by heating said
      organic fibrous material in an active atmosphere, and
PA1  B. conduction said fibrous material under tension at a speed of about 0.5 -
      65 meters per minute and heating said heat-stabilized fibrous material in
      a carbonizing furnace maintained at a temperature of from about
      800.degree. C to 1600.degree. C over a total length from about 1 - 15
      meters,
PA2  B-1. controlling said heating in said furnace to provide a profile of such
      character that when temperature is plotted on a vertical axis and
      locations along the length of the carbonizing furnace are plotted on the
      horizontal axis, the temperature profile above 800.degree. C has a slope
      which either remains constant or decreases until the maximum temperature
      in said furnace is reached,
PA2  B-2. said heating being further characterized by the fact that, when said
      temperature profile is divided vertically midway along the length of said
      furnace to form halves representing the inlet portion and the outlet
      portion of said furnace, the area under the plot corresponding to the
      outlet portion of said furnace is greater than that representing the inlet
      portion of said furnace, and wherein
PA2  B-3. the average cooling rate in said furnace is greater than the average
      heating rate, and wherein
PA2  B-4. the maximum furnace temperature exists at the aforementioned outlet
      portion of said furnace.
NUM  2.
PAR  2. A process according to claim 1 wherein said organic fibrous material is
      a polyacrylonitrile fiber.
NUM  3.
PAR  3. A process according to claim 1 wherein said organic fibrous material is
      selected from the group consisting of polyamide, polybenzimidazol,
      polyvinyl alcohol, cellulosic fibrous material and pitch.
NUM  4.
PAR  4. A process according to claim 1 wherein the active atmosphere is air in
      which said organic fibrous material is heated at a temperature of from
      about 200.degree.C to 320.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein the active atmosphere is nitrogen
      monoxide in which said organic fibrous material is heated at a temperature
      of from about 240.degree.C to 350.degree.C.
NUM  6.
PAR  6. A process according to claim 1 wherein the active atmosphere is sulfur
      dioxide in which said organic fibrous material is heated at a temperature
      of from about 250.degree.C to 350.degree.C.
NUM  7.
PAR  7. A process according to claim 1 wherein the maximum temperature is
      between about 1000.degree.C and 1600.degree.C.
NUM  8.
PAR  8. A process according to claim 1 wherein the area under said temperature
      profile plot corresponding to the outlet half of the furnace is about 1.2
      to 1.5 times greater than that under the plot corresponding to the inlet
      half of the furnace.
NUM  9.
PAR  9. A process according to claim 1 wherein the yarn speed in said furnace is
      from about 0.5 meters per minute to about 65 meters per minute.
NUM  10.
PAR  10. A process according to claim 1 wherein the average cooling rate is
      about 3 to 30 times greater than the average heating rate.
NUM  11.
PAR  11. A process according to claim 1 wherein the heating rate between
      800.degree.C and 1050.degree.C is about 2 to 15 times greater than that
      above 1050.degree.C.
NUM  12.
PAR  12. A process according to claim 1 wherein the average heating rate between
      800.degree.C and 1050.degree.C is greater than that at above
      1050.degree.C.
NUM  13.
PAR  13. A process according to claim 1 wherein the length of said carbonizing
      furnace is from about 1 meter to 15 meters.
NUM  14.
PAR  14. A process according to claim 1 wherein the maximum temperature is not
      reached in the inlet half of said furnace but is first reached only in the
      outlet half of said furnace.
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ABST
PAL  An invention directed to the preparation of laser windows from halide
      crystals purified by congruent growth from the melt by a reactive
      atmospheric processing method is disclosed. Single crystal refractory
      metal halides, and rare earth halides prepared by this invention can be
      used to produce laser windows of excellent mechanical, thermal, and
      optical properties.
BSUM
PAC  RELATED APPLICATIONS
PAR  In U.S. application Ser. No. 275,130, filed July 26, 1972 by A. C. Pastor
      and R. C. Pastor, the use of disassociated carbon halide gas to convert a
      metal salt to the corresponding metal halide is disclosed. In U.S.
      application Ser. No. 334,179, filed Feb. 20, 1973 by R. C. Pastor, a
      process whereby molten metal halides are passed through a bed of carbon
      particles to remove oxide and hydroxide impurities is disclosed.
PAR  In U.S. application Ser. No. 349,516, filed Apr. 9, 1973 by R. C. Pastor,
      the treatment of metal halide laser window surfaces by exposure to gaseous
      nascent halogens for the purpose of improving structural properties and
      optical transmission is disclosed.
PAR  In U.S. application Ser. No. 351,214, filed Apr. 16, 1973 by R. C. Pastor
      and A. Timper, we disclosed that alkali metal halides may be purified,
      prior to their use as starting materials for the growth of alkali metal
      halide crystals, by scrubbing the material in its molten form with gaseous
      nascent halogens which correspond to the halide anion.
PAR  In U.S. application Ser. No. 416,899, filed Nov. 19, 1973 by R. C. Pastor,
      an improved alkali metal halide purification method is disclosed whereby
      the crystal growth starting materials are purified by scrubbing with
      halide-source species in their vapor phase and cast in the form of an
      ingot to be used directly in subsequent halide crystal growth processes.
PAR  Each of the preceding applications relate to various applications of the
      concept of "Reactive Atmospheric Processing" and along with this
      application have a common asignee and generally, commonality of inventors.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention is concerned with the preparation of single crystals of
      refractory metal halides and rare earth halides by a reactive atmosphere
      processing method and their use as laser windows.
PAR  2. Description of the Prior Art.
PAR  Laser window technology has been concentrated primarily in the development
      and evaluation of three classes of compounds: halide salts, semiconductors
      and non-oxide glasses. Compounds of these classes, while interesting for
      laser window applications, are limited by their optical absorption,
      mechanical or thermal characteristics. Materials which are transparent at
      a desired wavelength are often eliminated from consideration because they
      fail in one or the other of the necessary properties. The alkali metal
      halides generally exhibited the lowest optical absorption coefficients;
      however, their thermal and mechanical properties are such that the system
      reliability is degraded. While the semiconductors possess superior thermal
      and mechanical properties, they often exhibit high optical absorption
      coefficients when utilized for laser operations in the 10.6 .mu. region.
      Within the alkali metal halide class of compounds the most outstanding
      laser window material has been found to be potassium chloride (KCl).
      Gallium arsenide has been found to be the best laser window material
      within the semiconductor class ("Windows for High Power Lasers"  by F.
      Horrigan et al, Microwaves, Jan. 1969).
PAR  It has been long recognized that one of the limiting factors affecting the
      usefulness of alkali metal halide crystals as laser window material is the
      purity of the crystal itself. Evidence has been obtained which shows that
      further improvements in optical absorption and mechanical integrity can be
      expected from technological advances in surface preparation. The
      improvements were noteworthy  in that they were realized in the purified
      material, and were superior to the improvements obtained earlier by
      bivalent metal ion doping ["Strain Aging in CdCl.sub.2 -Doped Rock Salt"
      by L. M. Brown and P. L. Pratt, Phil, Mag. 8, 717 (1963)].  However, it
      has been shown that the doping technique of material purification, while
      upgrading the mechanical properties of the materals, exacts a tradeoff in
      optical absorption (.beta.) ["Impurity-Induced Infrared Absorption in
      Alkali Halide CO.sub.2 Laser Windows" by F. W. Patten et al, Mat. Res.
      Bull. 6, 1321 (1971)]. Bivalent cation impurities stabilize the hydroxide
      ion (OH.sup.-) and cation vacancies in alkali metal halides ["Der Einflusn
      von OH.sup.- -loen and Absorptions Spektrum und ionenleitfahigheit von
      KCl-Einkristallen" by B. Fritz et al, 2. Phys. 174, 240 (1963)].
PAR  The inability to effectively remove the hydroxide ion (OH.sup.-) by the
      doping technique is probably due to its pseudo halide character in that
      the reactivity of the OH.sup.- is very close to that of fluoride. (See
      FIG. below.)
      ##SPC1##
PAR  From the standpoint of optical transmission, the O--H vibration is active
      in the 2-6 .mu.m region and the O--M at the 9-12 .mu.m region: The
      substitutional OH.sup.- dipole couples with the dipole consisting of a
      bivalent metal ion impurity and a metal ion vacancy [B. Fritz, Supra,
      "Influence of OH.sup.- Ions on Infrared Absorption and Ionic Conductivity
      in Lithium Fluoride Crystals" by T. G. Stoebe, J. Phys. Chem. Solids 28,
      1375 (1967)]. Through such couplings and the tendency to diffuse to the
      surface, the OH.sup.- can effect a degradation of the mechanical behavior
      and surface stability of alkali halides. Achievement of OH.sup.- control
      in the growth of metal halide crystals has therefore constituted a major
      limitation to the use of these materials for laser window applications.
PAR  The concept of growing an alkaline earth fluoride crystal, a rare earth
      fluoride crystal or a crystal of alkaline earth fluoride-rare earth
      fluoride under an atmosphere containing hydrogen fluoride in order to
      obtain laser quality crystals which are purified of oxides and
      oxyfluorides is disclosed in U.S. Pat. No. 3,649,552. Our invention
      constitutes a significant improvement over this patent in that our process
      is effective in the elimination of OH.sup.- ion impurities from crystals
      prepared by conventional methods to yield ultra high purity crystals that
      have excellent properties for utilization as 2- 6 micron range laser
      window material. Our invention differs from that of U.S. Pat. No.
      3,649,552  in several ways. First, we start with a conventionally grown
      alkaline earth fluoride crystal having known characteristics and
      significantly improve these characteristics by recrystallization and
      regrowth. Secondly, we utilize the RAP method whose chief objective is to
      reduce as low as possible, the pressure ratio of H.sub.2 O/HF to obtain
      single crystals of pure alkaline earth fluorides rather than doped
      mixtures as taught by the patent. The control of H.sub.2 O/HF in the gas
      phase, as taught by our invention, provides the key to the control of
      OH.sup.- in the crystal which, as we have previously pointed out, can
      cause an increase in the optical absorption in the infrared. When the
      concentration of OH.sup.- in the crystal reaches a saturation value,
      precipitation of a hydroxide or an oxide phase occurs. This is seen as a
      turbidity which is very much undesired for the use of the crystal as a
      laser host. (The suspended particles are scattering centers.) The
      concentration of OH.sup.- in the crystal can be quite below saturation,
      rendering the clear crystal satisfactory as a laser host, but still too
      high for its application as a laser window in the infrared region where
      the OH.sup.-renders the material optically absorbent at 2-6 .mu.m and 9-12
      .mu.m.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that laser windows can be prepared from metal halide and rare
      earth halide crystals regrown by a reactive atmosphere process (RAP) which
      causes the OH.sup.- concentration to be extremely low. Laser windows
      prepared from crystals grown by the RAP technique are ultrahigh pure and
      have exhibited superior optical transparency, mechanical and thermal
      characteristics as well. Alkaline earth fluoride (e.g., CaF.sub.2) windows
      produced from materials grown by the RAP technique are particularly useful
      for lasers in the 2-6 micron range and will withstand pressures of 12,000
      psi compared to windows of alkaline earth fluoride crystals of the prior
      art, which fracture of 5,000 psi. In addition, laser windows produced from
      RAP grown crystals have exhibited increased transmission in the infrared
      range. A mixture of hydrogen halide gas, HX, and an inert gas (helium,
      nitrogen, etc.) can be used to obtain a low (&lt;10.sup.-.sup.5)
      P.sub.H.sbsb.2O /P.sub.HX ratio in the following exchange:
EQU  X.sup.-(c) + H.sub.2 O(g) .revreaction. OH.sup.-(c) + HX(g) (1)
PAL  Where (c) stands for the melt or crystal at the operating temperature of
      congruent growth and (g) for the vapor phase. We can write the equilibrium
      relation,
      ##EQU1##
      which shows that the process parameter, P.sub.H.sbsb.2O /P.sub.HX, of
      crystal growth is the key to the control of C(c), or the OH.sup.- content.
      The equilibrium constant, K, is fixed once the nature of the metal halide,
      MX, is specified because at a total pressure of one atmosphere the melting
      point (operating temperature for congruent growth) is also fixed. The
      limit to the choice in the value of P.sub.HX is set by the solubility of
      HX in (c), to avoid the problem of trapped bubbles in the crystal. The
      value of P.sub.H.sbsb.2O depends on the dewpoint of the source HX and the
      outgassing of surfaces in the growth apparatus.
PAC  PREFERRED EMBODIMENT
PAR  The crystals may be grown by modifications to the Czochralski and the
      Bridgman methods. The latter is preferred because of the ease of obtaining
      uniform diameter control with a minimum amount of manual monitoring
      required. A typical run consists of the following:
PAR  The charge, in a Bridgman crucible, is introduced into an Astro furnace. A
      slow flow of He is started and the outlet valve is adjusted. After the
      equipment has been purged sufficiently, low dewpoint HF gas in a separate
      line is introduced. The outlet valve is throttled to the point that a
      slight leak of HF is maintained. The apparatus is then gradually heated
      until the melting point of the halide crystal is slightly exceeded. The
      melt is soaked in this atmosphere from 8- 15 hours, after which time the
      programmed process of crystal growth is initiated. Crystal growth (for
      cylindrical diameter crystals .apprxeq. 4.5 cm) is carried out at the rate
      of a few millimeters per hour. At the end of growth, the crystal is
      allowed to cool slowly in the presence of HF aatmosphere.
PAR  Crystals grown by the process discussed above cut with a wire saw to
      provide blanks which are then polished for direct use as a laser window.
      They may also be subjected to press forging prior to being polished.
PAR  Strength tests of RAP-grown CaF.sub.2 have yielded maximum values up to
      12,000 psi in flexure. After forging 25%, strength was measured up to
      13,000 psi. Since asgrown pieces were cut with bar axes parallel to growth
      direction, and forged pieces (from a different crystal) were cut (in the
      plane of the flattened crystal) perpendicular to the growth direction, it
      is felt that higher forged strength values can be expected when optimum
      crystallographic directions are obtained for both growth and forging.
      Additionally, a degree of upset greater than 25% will increase strength
      even more. From these considerations, it is not unreasonable to expect
      strength values in the range of the 15,000 psi. Maximum strength reported
      in the literature for CaF.sub.2 is 8,000 psi at Raytheon (Quarterly Report
      December 1970, ARPA Order 1180).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing alkaline earth metal halide crystals for laser
      windows by a reactive atmosphere process comprising the steps of
PA1  a. placing an alkaline earth metal halide crystal in a crystal growth
      crucible within a furnace;
PA1  b. purging said furnace with an inert gas;
PA1  c. causing the atmosphere within said purged furnace to become reactive
      with respect to anion and cation impurities by the application of low
      dewpoint HF gas at an input rate which maintains a positive pressure at a
      P.sub.H.sbsb.2O /P.sub.HF ratio less than 10.sup.-.sup.5 ;
PA1  d. causing said halide crystal to melt by gradually increasing the
      temperature of said furnace to a point slightly above the melting point of
      said crystal;
PA1  e. allowing said melt to soak in said reactive atmosphere from 8-15 hours;
PA1  f. initiating a programmed crystal growth process with said crucible at a
      rate not to exceed a few millimeters per hour whereby a recrystallized
      crystal is formed; and
PA1  g. allowing said crystal to slowly cool in the presence of the HF reactive
      atmosphere.
NUM  2.
PAR  2. The product of claim 1 wherein the alkaline earth halide crystal is
      CaF.sub.2.
NUM  3.
PAR  3. The product of claim 1 wherein the alkaline earth halide crystal is
      BaF.sub.2.
NUM  4.
PAR  4. The product of claim 1 wherein the alkaline earth halide crystal is
      SrF.sub.2.
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PAL  A base for ophthalmological medicinal preparations consists of a
      homopolymer of an amide of acrylic acid having a molecular weight from
      30,000 to 1,000,000, and/or a copolymer of an amide of acrylic acid with
      unsaturated compounds, the molecular weight of the copolymer being from
      20,000 to 500,000, and containing from 10 to 90 percent acrylamide links.
PAL  The ophthalmological medicinal film is an oblong plate, 6-9 mm long, 3 - 5
      mm wide and 0.2 - 0.6 mm thick, of the hompolymer and/or copolymer and an
      active medicinal ingredient, viz.,
      3-ethyl-4(1-methyl-5-imidazolyl)-tetrahydrofuran-2-one or atropine, or
      3-methoxy-6-sulfanilam idopyridazine, or
      .beta.-dimethylamino-ethyl-p-butylaminobenzoate, or neamine, or
      5-iodo-2-desoxyuridine.
PAL  The ophthalmological medicinal film is used for treatment of glaucoma of
      various forms, thrombosis of the central vein of the retina, atrophy of
      the optic nerve, for dilating the pupil and paralysis of accommodation in
      treatment of keratitis, iritis, iridocyclitis, ulcers of the cornea,
      trachoma, herpetic keratitis, uveitis and adenoviral infections, in
      extraction of foreign objects from the eye, and in various interventions
      in the organ of vision.
BSUM
PAR  This invention relates to a new base for ophthalmological medicinal 12)
      preparations and a new ophthalmological medicinal film. preparations.
      opthalomology
PAR  The described biologically soluble polymeric base for ophthalmological
      medicinal preparations, biologically compatible with eye tissues, is
      intended for therapeutic treatment of various diseases in ophthalmological
      practice and for ensuring prolonged action of the medicinal preparations A
      new ophthalmological medicinal film is used in ophthalmology as a
      therapeutic remedy.
PAR  Polymeric films are known to be used for medical purposes. These are mostly
      biologically inactive films, used as membranes in medical apparatus
      (apparatus for extracorporeal blood circulation, such as artificial
      kidney, artificial heart, etc.) and used also in the pre- and
      post-operative processing of the wound surfaces. These films are
      biologically inert with respect to the tissues of the living body, and are
      liable neither to dissolve nor be assimilated under the action of liquid
      tissue substrates.
PAR  Soluble, assimilable or biologically compatible films are only known to be
      used in the treatment of skin burns. These are films on the base of
      natural biopolymers, such as collagen or gelatin.
PAR  Also known is an insoluble polymeric film based on polyvinyl alcohol which
      is a vehicle for administration of a medicinal preparation into the
      conjunctival cavity, and which is removed from the cavity after the active
      ingredient has been absorbed. The disadvantage of said insoluble polymeric
      film resides in that it swells in the lacrimae which causes irritation of
      the eye mucosa.
PAR  The literature does not contain a description of biologically soluble
      polymeric films used in ophthalmological practice.
PAR  According to the invention, the base for ophthalmological medicinal
      preparations consists of a homopolymer of acrylamide having a molecular
      weight of 30,000 - 1,000,000 and/or a copolymer of acrylamide with
      unsaturated compounds having a molecular weight in the amount of from
      20,000 to 500,000 and containing acrylamide links from 10 to 90 per cent.
PAR  The said base should preferably contain N-vinyl pyrrolidone, N-vinyl
      caprolactam, the ethyl, acrylate acid, butylacrylate or vinylacetate as
      unsaturated compounds.
PAR  The base can be a 0.1 - 20 per cent aqueous solution of a homopolymer of
      acrylamide and/or a copolymer of acrylamide with unsaturated compounds
      having a molecular weight from 20,000 to 500,000 and containing acrylamide
      links in the amount of 10 to 90 per cent.
PAR  The said base can also be a 0.1 - 30 per cent aqueousalcholic solution of a
      homopolymer of acrylamide having a molecular weight from 30,000 to
      1,000,000 and/or a copolymer of acrylamide with unsaturated compounds
      having a molecular weight of the copolymer from 20,000 to 500,000 and
      containing acrylamide links in the amount of from 10 to 90 per cent. A 30
      - 70 per cent aqueous-ethanol solution should preferably be used as the
      aqueous-alcoholic solution. The new base can be used in the manufacture of
      a new medicinal preparation, namely medicinal ophthalmological film
      containing various active ingredients, such as miotics, mydriatics,
      sulfanilamides, antibiotics, anesthetics, antiviral preparations, and can
      also be used for preparing medicinal opthalmological solutions.
PAR  The medicinal ophthalmological film, according to the invention is an
      oblong plate, 6 - 9 mm long 3 - 5 mm wide, 0.2 - 0.6 mm thick, consisting
      of a homopolymer of acrylamide having a molecular weight from 30,000 to
      one-million and/or a copolymer of acrylamide with unsaturated compounds,
      the molecular weight of the copolymer being from 20,000 to 500,000 and
      containing acrylamide links in the amount of from 10 to 90 per cent, and
      the active ingreient, via 3-ethyl-4(1-methyl-5-imidazolyl)-tetrahydrofuran
      -2-one, atropine, 3-methoxy-6-sulfanilamidopyridazine,
      .beta.-dimethylaminoethyl-p-butylaminobenzoate, neamine or
      5-iodo-2-desoxyuridine. The said ophthalmological medicinal film should
      preferably contain from 2 to 15 mg of
      3-ethyl-4(1-methyl-5-imidazolyl)-tetrahydrofuran-2-one, or not more than 3
      mg of atropine, or not more than 15 mg of
      3-methoxy-5-sulfanilamidopyridazine, or not more than 10 mg of
      .beta.-dimethylaminoethyl-p-butylaminobenzoate, or not more than 5000
      units of neamine, or from 0.5 to 2 mg of 5-iodo-2-desoxyuridine. Depending
      on the particular active ingredient contained in the ophthalmological
      film, it can be used in the treament of bacterial viral infections and
      some pathological changes of the eye.
PAR  In some cases, the use of the ophthalmological medicinal films, owing to
      their prolonged action, rules out the subconjunctival injections of
      medicinal preparations. Ophthalmological medicinal films are used in
      glaucoma of various forms, thrombosis of the central vein of the retina,
      atrophy of the optic nerve, for dilating the pupil and in paralysis of
      accommodation, in the treatment of keratitis, iritis, iridocyclitis,
      ulcers of the cornea, trachoma, herpetic keratitis, uveitis, and
      adenoviral infections, in extraction of foreign objects, and in various
      operative interventions. After the ophthalmological medicinal film has
      been introduced into the conjunctival cavity, it is quickly dissolved and
      assimilated, the rate of these processes depending on the structure and
      the composition of the polymer base.
PAR  The medical experimental, toxicological and pharmaceutical tests of the
      ophthalmological medicinal films containing the above named active
      ingredients have revealed advantages of this film over medicinal
      preparations in the other medicinal forms. It is impossible to ensure
      accurate dosages of preparations used in various known ophthalmological
      medicinal forms, such as solutions or ointments. For example if a solution
      is administered in the form of drops, the variation of a 0.05 -  - 0.1 ml
      dose is as large as 30 - 40 per cent, which is due to the loss of one
      million preparation with the tears (the lacrimation being intensified by
      the administration of the preparation), or merely due to the overflow in
      the eye-lid. ingredient, viz. -imidazolyl)-tetrahydro-furan-
PAR  When a medicinal preparation is administered in the form of a film, the
      intensified lacrimation in the first moment after administration only
      facilitates moistening of the film and promotes its dissolution. This
      retains the preparation in the eye and the variation of the dose (that is,
      the dosage error) is practically nullified, which is very important,
      especially when strong medicinal preparations are used. Moreover, the use
      of biologically soluble polymeric films in treating eye diseases decreases
      the number of sessions to one per day (in exacebations) or one per two
      days, instead of 5 to 8 applications of the medicinal preparation in the
      form of drops or ointments. Owing to the prolonged action of the medicinal
      films, the methodology of the therapy is markedly simplified, and the
      patients and the medical personnel are freed from frequent sessions. The
      consumption of the medicinal preparations is decreased, the danger of side
      effects is minimized, and the terms of treatment are shortened.
PAR  The medicinal ophthalmological films have been tested clinically. These
      were films on the above mentioned basis, containing active ingredients
      such as 3-ethyl-4-(1-methyl-5-imidazolyl)-tetrahydrofuran-2-one or
      atropine, or 3-methoxy-6-sulfanilamidopyridazine, or .beta.
      -dimethylaminoethyl-p-butylaminobenzoate, or neamine, or
      5-iodo-2-desoxyuridine. The preparations were tested on 250 patients with
      various eye diseases (conjunctivites, keratites, iridocylcites, corneal
      errosion, herpetic keratites, keratouveites, etc.). Films were applied
      once a day in the anterior part of the conjunctival cavity. The use of
      films with 3-methoxy-6-sulfanilamidopyridazine in patients with corneal
      errosion (after extraction of extraneous objects or chemical burns of the
      first degree) the healing term was 2-3 days. In patients with
      pneumococcous conjunctivitis the treatment was continued for 6 to 9 days,
      and no pheumococci were detected microbiologically in the repeated smears
      from the conjunctiva on the second day of the treatment. The
      ophthalmological film containing atropine was used in patients with
      inflammatory diseases of the iris with posterior synechia. A positive
      effect was noted in all cases. The effect consisted in the following: the
      injections of the eye ball decreased, the pupil was somewhat dilated, and
      fine synechia were ruptured. The number of applications of mydriatics
      decreased. The sensation of dryness in the mouth and tachycardia, which
      are characteristic of frequent applications of aqueous solutions of
      atropine, were absent
PAR  The ophthalmological medicinal film containing 5-io-do-2-desoxyuridine was
      used in patients with herpetic keratitis and keratouveitis. The use of the
      film accelerated the healing process and relieved patients of multiple
      applications of the suspension of the preparation which is practically
      insoluble in water.
PAR  No side effects were noted during clinical trials of the ophthalmological
      medicinal films.
PAR  There are no contraindications to the use of the ophthalmological medicinal
      films. The investigations on the use of the ophthalmological medicinal
      films have shown that they possess sufficient mechanical strength, and
      their weight varies only insignificantly (not over +10 per cent). The
      variation in the medicinal substance content of the film is insignificant
      and falls within the limits of the analytical error. The film was also
      tested after 12 -and 24-month storage. The results show that it retains
      its stability in this respect. The ophthalmological medicinal film should
      be stored at a temperature from minus 40.degree.to plus 40.degree.C.
PAR  For the purpose of identification of films containing various active
      ingredients and thus to exclude mistakes in the use of the
      ophthalmological medicinal films, they are specifically colored (red and
      green) by adding methyl red and brilliant green into the films containing
      atropine or
      3-ethyl-4-(1-methyl-5-imidazolylmethyl)-tetrahydrofurane-2-one, respective
     ly.
PAR  The ophthalmological medicinal film can be prepared by the following
      procedure.
PAR  A 0.1 - 20 per cent solution of a homopolymer of acrylamide having a
      molecular weight of 30,000 - 1,000,000 and/or a copolymer of acrylamide
      acid with unsaturated compounds, the molecular weight of the copolymer
      being from 20,000 to 500,000, and containing acrylamide links in the
      amount of from 10 to 90 per cent in distilled water is prepared and the
      precalculated quantity of the active principle is added to it. The
      solution is homogenized and poured onto a level surface in a 4-8 mm thick
      layer. (The surface is polished and pretreated with an antiadhesive
      agent). The layer is dried at a temperature from 20.degree.to 25.degree.C
      until the residual moisture is 5- 7 per cent. By using a special punch,
      the film is cut into required shapes and sizes. The punched films are
      sterilized and packed.
PAR  Another method can also be used. A finely dispersed homopolymer of
      acrylamide having a molecular weight of 30,000 to 1,000,000 and/or a
      copolymer of acrylamide with an unsaturated compound having a molecular
      weight from 20,000 to 500,000 and containing acrylamide links from 10 to
      90 per cent at a precalculated dose of the active ingredient are placed
      into a reaction vessel provided with a high-speed stirrer (5,000-20,000
      rpm). An aqueous-alcoholic solvent, for example, ethanol-water is added
      and the components are mixed for 30 to 60 minutes. The thus-prepared
      finely dispersed suspension or a colloidal solution is dried to prepare
      the ophthalmological medicinal film similar to that prepared in the
      previous example.
PAR  Still another method for preparing the ophthalmological medicinal film is
      effected as follows.
PAR  A mixture consisting of the above-named polymer and the required quantity
      of the active ingredient is placed into a reaction vessel equipped with a
      high-speed stirrer (500 - 20,000 rpm) and mixed for 10 to 30 minutes. The
      thus-prepared finely dispersed composition is kept for 30 to 180 minutes
      at room temperature and humidity of 98 per cent. The moist mixture
      (relative humidity from 10 to 50 per cent) is batched and stamped under a
      pressure from 200 to 800 kg/sq.cm to obtain films of the required shape
      and size. The films are sterilized and packed.
PAR  This method of preparing the ophthalmological medicinal film should be used
      for preparing polymeric films with active ingredients which are substances
      insoluble in water and organic solvents or decomposing on lengthy contact
      with water, and also for preparing ophthalmological medicinal films from
      polymers sparingly or slowly soluble in aqueous media.
PAR  For a better understanding of the invention it will be illustrated by
      examples of practical embodiments of the method for preparing the
      ophthalmological medicinal film.
DETD
PAC  EXAMPLE 1
PAR  The base for the ophthalmological medicinal film has the following
      composition (in parts by weight):
PA1  homopolymer of acrylamide, mol. weight 500,000 1.0
PA1  distilled water 99.0
PA1  990 g of distilled water are placed into a reaction vessel and 10 g of a
      homopolymer of acrylamide having a molecular weight of 500,000 are added
      with constant stirring. The components are mixed to ensure complete
      dissolution of the homopolymer, and the mixture is then filled into vials,
      sealed and sterilized.
PAC  EXAMPLE 2
PAR  The base for the opthalmological medicinal film has the following
      composition (in parts by weight):
PA1  homopolymer of acrylamide, mol. weight 350,000 4.0 copolymer prepared on
      the basis of acrylamide,
PAR  N-vinylpyrrolidone and vinyl acetate taken in the ratio (0.2 : 0.3 : 0.5)
      and having a mol. weight of
PAR   70,000 6.0
PAR  ethyl alcohol 45
PAR  distilled water 45
PAR  Into the reaction vessel are charged 45 g of ethyl alcohol, 45 g of
      distilled water, and then 6 g of the said copolymer and 4 g of the
      homopolymer of acrylamide are added successively with stirring. The
      components are stirred until the said polymers are completely dissolved,
      and the solution is then filled into vials. The thus-obtained base is used
      for preparing the ophthalmological medicinal film.
PAC  EXAMPLE 3
PAR  The ophthalmological medicinal film is an oblong red plate, 9 .times. 4.5
      .times. 0.35 mm and consisting of a copolymer of acrylamide,
      N-vinylpyrrolidone and ethyl acrylate containing 60 per cent of acrylamide
      links in a polymeric macromolecule having a molecular weight of 700,000,
      2.4 mg of the active ingredient (atropine) and 2.5 mg of the stain (methyl
      red). The film is prepared as follows.
PAR  Into a reaction vessel are charged 90 g of distilled water and then 10 g of
      the said copolymer and 1.2 g of atropine and 2.5 mg of the stain (methyl
      red) are dissolved successively with stirring.
PAR  The thus-prepared solution is poured onto a polished level surface in a
      layer 5 mm thick and dried at a temperature from 20.degree. to 40.degree.C
      for 16 - 20 hours. The dry film has a thickness of 0.35 mm. Films of the
      required size and shape are punched by a special stamp.
PAC  EXAMPLE 4
PAR  The ophthalmological medicinal film is an oblong plate 7 mm long, 4 mm wide
      and 0.4 mm thick, containing a copolymer of acrylamide, N-vinylcaprolactam
      and ethyl acrylate containing 53 per cent of acrylamide links in a
      macromolecule having a mol. weight of 420,000 and 4 mg of the active
      ingredient .beta. -dimethylaminoethyl-p-butylaminobenzoate.
PAR  The ophthalmological medicinal film of the above composition is prepared as
      follows. Into a reaction vessel are loaded 90 g of distilled water, and
      then 10 g of the said copolymer and 2 g of the active ingredient, .beta.
      -dimethylaminoethyl-p-butylaminobenzoate are added successively with
      stirring. The film is prepared from the homogeneous solution by the method
      described in Example 3.
PAC  EXAMPLE 5
PAR  The ophthalmological medicinal film is an oblong plate, white in color, 8.5
      mm long, 4 mm wide, 0.35 mm thick, consisting of the copolymer
      N-vinylpyrroliodone, acrylamide and butylacrylate taken in the ratio of
      0.3 : 0.4 : 0.3 and containing 42 per cent of acrylamide links in the
      polymer macromolecule having a mol. weight of 270,000 and 1 mg of the
      active ingredient, 5-iodo-2-desoxyuridine.
PAR  The said ophthalmological film is prepared as follows. To 10 g of the said
      copolymer are added 500 mg of 6-iodo-2 -desoxyuridine and moistened (to 15
      per cent) by placing it in a thin layer into a chamber having a humidity
      of 98 per cent and keeping it there for three hours. The moist polymer
      containing the active ingredient is placed in an atomizer where it is
      disintegrated and mixed for ten minutes. Then, 20 mg of the polymer
      mixture are placed into a mold and the ophthalmological medicinal film of
      the required size and shape is prepared under a pressure of 400 - 500
      kg/sq. cm.
PAC  EXAMPLE 6
PAR  The ophthalmological medicinal film is an oblong yellow plate, 9 mm long,
      4.5 mm wide and 0.35 mm thick consisting of a copolymer of acrylamide,
      N-vinylpyrrolidone and vinylacetate prepared by copolymerization of the
      monomers taken in the ratio of 0.3 : 0.5 : 0.2 and containing 33 per cent
      of acrylamide links in a polymer macromolecule having a molecular weight
      of 360,000, and 5.2 mg of the active ingredient,
      3-methoxy-6-sulfanilamidopyrazine.
PAR  The said film is prepared by the following procedure. Into a reaction
      vessel are charged 80 g of distilled water, and then 10 g of the said
      copolymer and 10 g of the active ingredient
      3-methoxy-6-sulfanilamidopyridazine are added successively with constant
      stirring until the components are completely dissolved.
PAR  The thus-prepared solution is poured onto a polished level surface in a
      3-mm thick layer and processed as described in Example 3.
PAC  EXAMPLE 7
PAR  The ophthalmological medicinal film is an oblong green plate, 9 mm long,
      4.5 mm wide, and 0.35 mm thick, consisting of a homopolymer of acrylamide
      having a mol. weight of 630,000 and a copolymer of acrylamide with
      N-vinylpyrrolidone and ethyl acrylate, prepared by copolymerization of
      monomers taken in the ratio of 0.25 : 0.25 : 0.5, having the molecular
      weight of 120,000, 8 mg of the active ingredient,
      3-ethyl-4(1-methyl-5-imidazolyl)-tetrahydrofuran-2-one and 3 mg of the
      stain, viz., brilliant green.
PAR  The said film is prepared by the following procedure. Into a reaction
      vessel are placed 30 g of ethyl alcohol and 60 g of distilled water, and
      then 7 g of the said copolymer, 3 g of the homopolymer of acrylamide, 4 g
      of the active ingredient and 3 mg of the stain, viz., brilliant green are
      added successively with stirring. The ingredients are mixed to prepare a
      solution which is then poured onto a polished level surface in a 5-mm
      thick layer and dried at a temperature of 20.degree. - 40.degree. C for 10
      - 16  hours until the residual moisture content is 10 - 15 per cent. The
      thus-prepared band is separated  into films of the required size and shape
      by using a special punch.
PAC  EXAMPLE 8
PAR  The ophthalmological medicinal film is an oblong plate, 9 mm long, 4.5 mm
      wide and 0.35 mm thick, consisting of a copolymer prepared on the basis of
      N-vinylpyrrolidone, acrylamide, and vinylacetate, taken in the ratio of
      0.3 : 0.2 : 0.5 having a molecular weidht of 70,000 and a homopolymer of
      acrylamide having a molecular weight of 350,000 and 1 mg of the active
      ingredient, viz., neamine.
PAR  The said ophthalmological film is prepared as follows. To 100 g of the
      base, prepared by a procedure similar to that described in Example 2, are
      added 100 mg of the active ingredient neamine, the components are mixed to
      complete dissolution and the ophthalmological medicinal film is molded by
      the procedure similar to that described in Example 3.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. An ophthalmological medicinal film which is an oblong plate, 6 - 9 mm
      long, 3 - 5 mm wide, and 0.2 - 0.6 mm thick consisting of a biologically
      soluble, assimilable copolymer of acrylamide, N-vinylpyrrolidone and butyl
      acrylate having a molecular weight from 20,000 to 500,000 and containing
      10 to 90 per cent acrylamide links and an ophthalmological medicinal
      agent, selected from the group consisting of
      3-ethyl-4(1-methyl-5-imidazolyl)- tetrahydrofuran-2-one, atropine,
      3-methoxy-6-sulfanilamidopyridazine, .beta.
      -dimethylaminoethyl-p-butylaminobenzoate, neamine and
      5-iodo-2-desoxyuridine, said film characterized by prolonged medicinal
      action in the eye.
NUM  2.
PAR  2. A film according to claim 1, wherein the copolymer contains 42%
      acrylamide, and the ratio of acrylamide, N-vinylpyrrolidone and butyl
      acrylate is 0.4 : 0.3 : 0.3.
NUM  3.
PAR  3. In the treatment of eye disorders by the application to the eye of a
      film containing an active ophthalmological medicinal agent, the
      improvement consisting of the step of applying in the anterior part of the
      conjunctival cavity of the eye a film being dissoluble in lacrimal fluid,
      having a prolonged medicinal action in the eye, and consisting of
      biologically soluble, assimilable copolymer of acrylamide,
      N-vinylpyrrolidone and butyl acrylate having a molecular weight from
      20,000 to 500,000 and containing 10 to 90 per cent acrylamide links and an
      active ophthalmological medicinal agent.
NUM  4.
PAR  4. The improvement of claim 3, wherein the medicinal agent is selected from
      the group consisting of 3-ethyl-4(1
      -methyl-5-imidazolyl)-tetrahydrofuran-2-one, atropine,
      3-methoxy-6-sulfanilamidropyridazine,
      .beta.-dimethylaminoethyl-p-butylaminobenzoate, neamine and
      52-desoxyyuridine.
NUM  5.
PAR  5. The improvement of claim 3, wherein the copolymer contains 42%
      acrylamide and the ratio of acrylamide, N-vinyl-pyrrolidone and butyl
      acrylate is 0.4 : 0.3 : 0.3.
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ABST
PAL  There is disclosed a toothpaste containing dispersed particles of sodium
      bicarbonate and a polishing agent composition comprising titanium dioxide
      powder having a particle size less than about 2 microns, the amount of
      titanium dioxide powder being about 0.1 by weight on the weight of the
      toothpaste and a method of making same.
PARN
PAR  This application is a continuation in part of application Ser. No. 295,073,
      filed on Oct. 4, 1972 now abandoned.
BSUM
PAR  Cross reference is made to copending applications Ser. Nos. 389,827, filed
      on Aug. 20, 1973; 295,068, filed on Oct. 4, 1972; now abandoned and
      419,741, filed on Nov. 28, 1973 whose entire disclosures are incorporated
      herein by reference.
PAR  This invention relates to toothpastes (i.e. dental creams) and more
      particularly to toothpastes containing dispersed particles of baking soda.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In the past years, its use in dentifrices, particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrices which have significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda toothpaste capable
      of consumer acceptability presents many special considerations. Among the
      factors which are to be considered are the unique character of baking soda
      chemically, physically and cosmetically when considered and employed as a
      toothpaste ingredient. For example, it is comparatively water-soluble and
      tends to release carbon dioxide in an aqueous system. It is extremely
      salty to the taste which is probably one of the more important factors in
      the purchase and use of a particular product. Other factors in formulation
      of a suitable product include the over-all cleaning and polishing power of
      the product, its stability and appearance combined with special care in
      manufacture, etc.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste which is effective in promoting
      hygiene in the oral cavity and capable of desirability or acceptability by
      the public. Such product will have acceptable cleaning, polishing and
      other desirable characteristics so as to have a beneficial effect upon
      parts of the dentition (which may include the teeth and its surrounding or
      adjacent elements or structures including plaque, calculus, gingiva,
      mucous membranes, saliva, etc.). In particular, it tends to leave with the
      consumer a desirable clean mouth or clean mouth-feel effect. The product
      can be formulated so it is stable upon aging or storage without
      significant release of carbon dioxide bubbles or other forms of
      undesirable separation or reaction. It is possible to produce and maintain
      a unique granular textured appearance comprising a substantially dispersed
      non-crystalling-appearing granulate which is due in part to the
      substantially homogeneous distribution of a sufficiently high
      concentration of macroscopic crystalline bicarbonate particles or granules
      in an otherwise smooth, continuous base, or matrix, contributing to
      appearance, taste, effect and usage by the consumer.
PAR  One aspect of the invention relates to a toothpaste containing dispersed
      particles of sodium bicarbonate and a small proportion of dispersed
      particles of titanium dioxide.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion (RDA) test a toothpaste containing about 50% of
      bicarbonate of soda, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly to RDA value is only in the neighborhood of 50.
PAR  It is found, unexpectedly, that the presence of the small proportion of
      titanium dioxide particles in combination with the sodium bicarbonate
      abrasive of the toothpaste provides an admixture which has a marked
      polishing effect on the teeth which effect is significantly absent when
      employing only the sodium bicarbonate abrasive which by itself does not
      provide any substantial polishing effect. It is also observed that this
      polishing effect of the titanium dioxide occurs without significant change
      in the dentin abrasion value.
PAR  The toothpastes of this invention preferably contain at least about 25% to
      about 60% bicarbonate, more preferably at least about 25 or 35 to 57%
      sodium bicarbonate as shown in examples 1-4, and optimally about 35-45%
      thereof. The sodium bicarbonate is preferably the principal abrasive, by
      weight. The particle size of the sodium bicarbonate particles may vary; it
      is preferred that they be largely below 0.4 mm in diameter, with a major
      proportion by weight being above about 0.01 mm in diameter. The vehicle in
      which the sodium bicarbonate particles are dispersed is preferably
      aqueous, but its amount and character are preferably such that the sodium
      bicarbonate is primarily in the undissolved solid state in the toothpaste.
      It will be understood, however, that when the teeth are brushed the sodium
      bicarbonate particles will tend to dissolve in the saliva.
PAR  The weight of titanium dioxide particles in the toothpaste is generally
      only a small fraction, e.g., less than about 10% and more than 0.1%,
      preferably about 0.1 to 5.0%, optimally about 0.5 to 2% based on the
      weight of the sodium bicarbonate but is generally above about 0.1% on the
      weight of the toothpaste. For instance, the amount of TiO.sub.2 may be
      included in amounts up to about 6.0%, preferably about 0.2 to 0.6% on the
      weight of the toothpaste. The range of sodium bicarbonate and TiO.sub.2
      may be easily gleaned from the examples as readily calculated based upon
      the respective amounts of the other dentifrice ingredients, viz., the
      additional abrasive where present (i.e., 5 to 25%), amount of water (i.e.,
      5 to 35%), sodium bicarbonate water ratio (i.e., 3:1 to 6:1) etc. The
      particle size of the TiO.sub.2 is preferably below about 2 microns, still
      more preferably less than about 1 micron, e.g., about 0.05-0.8 micron.
PAR  Other abrasives may also be present in addition to the sodium bicarbonate.
      Examples are finely divided silica, which may be of the crystalline or
      amorphous variety (e.g. micronized crystalline silica or silica gel, such
      as the silica gels sold as Syloid 63, Syloid 74, Syloid 244); alumina,
      such as hydrated alumina or alpha-alumina; zirconium silicate and
      amorphous or crystalline alumino-silicates. A particularly suitable
      abrasive additive is calcium carbonate. The amount of added abrasive is
      generally less than the amount of sodium bicarbonate, e.g., in the range
      of about 5 to 25% of the toothpaste, preferably about 5 to 15%.
PAR  The vehicle of the toothpaste is made up of suitable liquid preferably
      containing a thickening agent (e.g., a gelling agent). The thickening
      agent can be adjusted depending upon the amount of bicarbonate of soda and
      TiO.sub.2 present and in some instances perhaps none is necessary. As
      indicated, the vehicle is preferably aqueous, but it is within the broader
      scope of the invention to employ non-aqueous vehicles. Generally the
      liquid will contain a humectant or other viscous water-miscible material
      such as glycerol, soritol, polyethylene glycol, mannitol, or mixtures
      thereof. When water is present it preferably constitutes about 5 to 35%
      (e.g. about 10 to 30%) of the total vehicle. Superior results (such as
      better taste) are obtained when the proportion of water is relatively low,
      e.g. about 10 to 20% of the total toothpaste, such as when the sodium
      bicarbonate:water ratio is in the range of about 3:1 to 6:1.
PAR  Gelling agents for toothpaste vehicles are well known in the art. The
      gelling agent can be adjusted depending upon the amount of bicarbonate of
      soda and TiO.sub.2 present and in some instances perhaps none is
      necessary. These are often high polymers (e.g. gums or other thickening
      agents) which are soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum" (a complex magnesium aluminum silicate). The amount of thickening
      agent used in the practice of this invention is preferably sufficient to
      impart to the mixture the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes. As
      is well known, such dental creams are extrudable from ordinary collapsible
      toothpaste tubes to form a ribbon of substantial thickness (e.g. about 3/8
      inch) which is left undisturbed, substantially retains its original
      thickness over a period of, say, one minute or more (and does not
      penetrate substantially into the bristles of a toothbrush when resting on
      the ends of such bristles for a similar period); but which preferably
      offers no substantial resistance to brushing or to deformation when, for
      instance, one touches it lightly with a finger; and which has little tack,
      in that it does not tend to form a string when the finger is pulled away
      from the ribbon. The proportion of thickening agent is often within the
      range of about 0.5 to 2%, such as about 0.8 to 1.5%, of the toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action and in the
      thorough dispersion of the composition throughout the oral cavity, and to
      improve cosmetic acceptability and detersive and foaming properties. Among
      these are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to 18
      carbon atoms in the carbon chain of the molecule; water-soluble soaps of
      higher fatty acids such as those of 12-18 carbon atoms e.g. coconut fatty
      acids. The cation of the salt may be, for instance, sodium (which is
      preferred) potassium or mono-di- or triethnaolamine. Mixtures of
      surface-active agents may be used. A particularly suitable mixture which
      provides a high foaming powder with little or no irritating effect
      comprises a hiher alkyl higher and a higher fatty acid sarcosinate, e.g.
      in a ratio of about 1:2 to 2:1, such as about 1:1; instead of all or part
      of the sarcosinate a higher fatty acid monoglyceride sulfonate may be
      present.
PAR  Other suitable surface-active materials include nonionic agent such as
      condensates of sorbitan monostearate with approximately 60 moles of
      ethylene oxide, condensates of ethylene oxide with propylene oxide
      condensated of propylene glycol (available under the trademark condensates
      Pluronics") and amphoteric agents such as quaternized imidazole
      derivatives which are available under the trademark "Miranol" such as
      Miranol C.sub.2 M. Cationic surface-active germicides and antibacterial
      compounds may also be used. Such compounds include
      di-isobutyl-phenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethenoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof the
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surface-active materials in the instant
      dentifrice preparations.
PAR  The proportion of surface-active agent is preferably within the range of
      about 0.05-5% of the toothpaste, more preferably in the range of about 1
      to 3%, such as about 1-1/2 to 2%.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl)biguanide
PA1  p-chlorophenyl biguanide
PA1  4-chlorobenzyhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxypropyl-N.sup.5 -chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium)octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino-1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine cetyl pyridinium
      chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di-(p-chlorophenyl-biquanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight or the dentifrice.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring constituents include the flavoring oils,
      for example, oils of spearmint, peppermint, wintergreen, sassafras, clove,
      sage, eucalyptus, marjoram, cinnamon, lemon and orange, as well as
      methylsalicylate. Suitable sweetening agents include lactose, maltose,
      sorbitol, sodium cyclamate, perillartine, saccharine and ammoniated
      glycyrrhizin (e.g. its monoammonium salt). Suitably, flavor and sweetening
      agent together comprise from about 0.01 to 5 percent or more of the
      compositions of the instant invention. Preferably the amount of flavoring
      oil is above 0.5%, e.g. 0.8 to 1.2%.
PAR  The dental cream may also contain a fluoride-containing anticaries agent.
      There are many water-soluble inorganic salts which are suitable sources of
      fluoride ions. Among these are sodium, potassium, ammonium, and lithium
      and amine fluorides. The monofluorophosphate salts are also useful and
      include Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F,
      (NH.sub.4).sub.4 P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 O.sub.9 F,
      (NH.sub.4) NaP.sub.3 O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex
      water-soluble fluoride-containing salts such as fluorosilicate (i.e.,
      Na.sub.2 SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6),
      fluorostannite (i.e., KSnF.sub.3), fluoroborate (i.e., NaBF.sub.4),
      fluorotitanate (i.e., NaTiF.sub.5), and fluorogermanate (i.e., K.sub.2
      GeF.sub.6) may also be useful. The fluoride ion may also be supplied by an
      organic fluoride which yields fluoride ions in water. Suitable organic
      compounds include mono-, di-, and triethanolamine hydrofluoride. These
      materials are present in an effective but non-toxic amount, usually within
      the range to provide about 0.01 to 1 percent by weight of the
      water-soluble fluorine content thereof to the dentifrice. Sodium fluoride,
      and sodium monofluorophosphate are the preferred compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constituents. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethylcellulose ("CMC"), with glycerol and water
      (in the presence of a sweetener, sodium saccharin, and a preservative,
      sodium benzoate, adding sodium bicarbonate (baking soda) and titanium
      dioxide powder to the gel, then adding a surfactant and flavor and
      thereafter degassing the mixture under vacuum. The proportions used are:
      57% baking soda, 0.5% titanium dioxide, 26.6% water, 11.9% glycerol, 1.5%
      sodium lauryl sulfate (surfactant), 0.9% CMC, 0.9% water insoluble flavor
      (e.g. peppermint), 0.5% sodium benzonate and 0.17 % sodium saccharin.
PAR  The titanium dioxide used is a grit-free anatase powder (Kohnstamm's
      "Kowet"), at least 99.0% of which passes through a No. 325 U.S. standard
      sieve and whose mean particle diameter (as measured on a Kahn
      sedimentation balance is less than one micron. Microscopic measurements
      indicate its average particle diameter is 0.3 micron. The toothpaste of
      this Example is much whiter and much more opaque than when the TiO.sub.2
      is absent.
PAR  The baking soda powder is U.S. P. grade having the following particle size
      distribution in which percentages represent the cumulative percent
      retained on the named sieve, and sieve sizes are U.S. Standard No. 45
      sieve, (sieve opening 350 microns), trace; No. 100 sieve (sieve opening
      149 microns), 0.5%; No. 170 sieve (sieve opening 88 microns), 20%; No. 200
      sieve (sieve opening 74 microns), 35%; No. 325 sieve (sieve opening 44
      microns), 70%; No. 400 sieve, 80%.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the formulation includes 5% chalk and the
      amount of baking soda is correspondingly reduced to 52%. In mechanical
      toothbrushing tests the toothpaste shows outstanding stain removal
      properties and excellent repolishing characteristics.
PAR  The chalk is a grit-free U.S.P. Non Fer Al Chalk containing at least 98%
      CaCo.sub.3 with no more than 0.2% insoluble in dilute HCl. Its particle
      size is such that over 99% passes through a U.S. Standard No. 325 mesh
      sieve, the particles being principally in the 1 to 10 micron size, the
      average particle size being about 3 microns.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that chalk and an additional surfactant are
      included in the mixture and the proportions are as follows: baking soda,
      42%; chalk, 15%; titanium dioxide, 0.5%; deionized water, 28.77%;
      glycerol, 7.96%; CMC, 1.2%; solution of 35% sodium lauroyl sarcosinate,
      sodium lauryl sulfate, 0.975%; in a mixture of 35% water and 30% glycerol,
      2%; sodium benzoate, 0.5%; sodium saccharin, 0.2%, flavor, 0.9%.
PAC  EXAMPLE 4
PAR  Example 3 is repeated except that the proportions are as follows: baking
      soda 35%, chalk 10%, titanium dioxide 0.4%, deionized water 15.4%,
      glycerol 33.5%, CMC 1.1%, and substantially the same amounts of the other
      ingredients as in Example 3. Also, in this Example 4 there is used a
      U.S.P. baking soda powder having a larger particle size than in Examples
      1-3; thus the particle size distribution is as follows (in which
      percentages represent the cumulative percent retained on the named sieve,
      and sieve sizes are U.S. Standard): No. 45 Sieve, trace; No. 70 sieve
      (sieve opening 210 microns), 27%, No. 80 sieve (sieve opening 177 microns)
      66.5%, No. 100 sieve (sieve opening 149 microns), 92.5%; No. 170 sieve
      (sieve opening 88 microns), 99%.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 9.5, usually below about 9.1.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a radioactive technique described by Grabenstetter et al in the
      "Journal of Dental Research", Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research", Volume
      47, page 524 (July-August 1968).
PAC  EXAMPLE 5
PAR  Example 3 is repeated except that the proportions are as follows: baking
      soda 40%, chalk 5%, titanium dioxide 0.4%, deionized water 15.4%, glycerol
      33.5%, CMC 1.1%, sodium saccharin 0.2%, sodium benzoate 0.5%, flavor 0.9%,
      and substantially the same amounts of other ingredients as in Example 3.
PAR  The dentin abrasion of the toothpaste may be determined in the same manner
      as described in Examples 1-4.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerated thereof (e.g. twinned crystals) some having projecting
      spike-like portions of general rhombohedral shape with many reentraut
      angles.
PAR  The toothpastes of the foregoing Examples are noneffervescent. Thus when
      diluted with water they do not actively evolved bubbles of carbon dioxide.
PAC  EXAMPLE 6
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  a. A toothpaste is made up (using, for instance, the method of Example 1)
      of 40% of the baking soda powder (of Example 1) 5% of calcium carbonate,
      (of Example 1), 0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4%
      deionized water, 1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, about 1%
      sodium lauryl sulfate, 1% flavor (water-insoluble essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5% sodium
      benzoate, and 0.2% sodium saccharin.
PAR  b. Example 6a is repeated except that 0.5% of fumed silica (Cab-O-Sil) is
      included, the amount of calcium carbonate is raised to 10%, the amount of
      baking soda is decreased to 35% and amount of glycerol is decreased to
      32.9%.
PAR  c. Example 6b is repeated except that the amount of calcium carbonate is
      decreased to 5% and the amount of glycerol is raised to 37.9%.
PAR  d. Example 6a is repreated four times, with additional inclusion of various
      proportions of non-acidic dicalcium phosphate dihydrate in the formuation,
      i.e., in amounts of 0.04%, 0.2%, 0.4% and 0.8% (based on the weight of the
      formulation without said phosphate); the first case (0.04%) the titanium
      dioxide is omitted. The dicalcium phosphate dihydrate is of dentifrice
      grade and has an average particle diameter of about 4 microns and its pH
      (measured in 20% slurry thereof in water) is in the range of 7.2 to 7.9;
      it yields phosphate ions on contact with water.
PAR  e. Example 6a is repeated with the additional inclusion of insoluble sodium
      metaphosphate in the formulation in the amount of 0.8% (based on the
      weight of the formulation without said phosphate). The insoluble sodium
      metaphosphate is of dentifrice grade having an average particle size of
      about 5 microns, its pH (measured in 20 % slurry thereof in water) is in
      the range of 5.3 to 6.3; it yields phosphate ions on contact with water.
PAR  f. Example 6a is repeated except that 5% micronized silica is substituted
      for the calcium carbonate, a different essential oil flavor is used, the
      amount of flavor is 0.9% and the amount of glycerol is 33.5%.
PAR  g. Example 6a is repeated except that 3% micronized silica is included, the
      calcium carbonate is omitted, the amount of baking soda is increased to
      42%, and the toothpaste contains 0.9% of an essential oil flavor.
PAR  h. Example 6a is repeated except that 5% precipitated silica is substituted
      for the calcium carbonate:
PAR  i. Example 6a is repeated except that 5% anhydrous dicalcium phosphate is
      substituted for the calcium carbonate, the toothpaste contains 0.9% of an
      essential oil flavor and the amount of glycerol is increased to 33.5%).
      The anhydrous dicalcium phosphate is a fine non-acidic powder of
      dentifrice grade. Its pH (as measured on a 20% slurry thereof in water) is
      7.6-7.8; it yields phosphate ions, in low concentration, on contact with
      water.
PAR  j. Example 6a is repeated except that 5% zirconium silicate is substituted
      for the calcium carbonate (with minor change in proportion and type of
      flavor).
PAR  k. Example 6a is repeated except that 5% beta phase calcium pyrophosphate
      is substituted for the calcium carbonate. The calcium pyrophosphate is a
      fine powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity (99.7% Al or purer) and aged. On
      aging at 120.degree.F the tube filled with the 6a toothpaste tends to
      swell or is found to have a foamy product film in contact with the inner
      aluminum walls of the tube, tubes filed with the 6b, c, d, f, g, h, i, j,
      and k toothpastes do not show such effects. The 6 e  toothpaste shows
      substantially less tendency to react with the walls of the tube than the
      6a toothpaste.
PAR  The fumed silica (as in Example 6b) is described in Encyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carboante) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplies in flake form
      containing Na.sub.2 O .sup.. SiO.sub.2.sup.. H.sub. 2 O in a ratio of
      about 1:2-3.2:5, or sodium silicate solutions (water glass) such as those
      in which the Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium
      silicate formed in situ in the dental cream, or colloidal silica or
      precipitated silica (see Encyclopedia of Chemical Technology, Kirk-Othmer,
      2nd edition Vol. 18, pages 63 and 66-67,  for instance) for other
      silicate.
PAR  The dicalcium phosphate dihydrate of Example 6d is a commercial stabilized
      dentifice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. Pat. of Schlaeger et al No. 3,169,096 Feb. 9, 1965, whose
      disclosure is incorporated herein by reference. See also "cosmetic
      Science" Vol. 1 pub. 1972 (Whiley Interscience) edited by Balsam and
      Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate indicates that its content of water-soluble material is 0.18%
      (and its percent water-solubles expressed as P.sub.2 O.sub.5 is 0.11%). A
      typical stabilizer content is a mixture of about 1-2% of sodium calcium
      pyrophosphate and a smaller amount, e.g. about 0.4%, of pyrophosphoric
      acid.
PAR  The insoluble sodium metaphosphate of Example 6e is a commercial dentifrice
      grade of this material. Its method of preparation and properties are
      described in the previously cited "Cosmetic Science" at pages 480-481 and
      "Phosphorous and Its Compounds" by Van Wazer Vol. 2 pub. 1961
      (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 10i and the calcium
      pyrophosphate of Example 10k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds " page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 7
PAR  Example 6a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05% and (b) 0.01%, the amount of water in the toothpaste being
      adjusted accordingly to total 100%. In each case, on aging in unlined
      aluminum tubes (as in Example 6) the filled tubes do not swell or gas and
      (after 9 weeks aging at 120.degree.F.) the inner walls of the tubes are
      found to be gold-colored, the wall color in the tube containing the 7b
      toothpaste being very light. On inspection of the inner walls of the
      unlined aluminum tubes containing the 6d toothpastes (again after 9 weeks
      at 120.degree.F.) they are found to be dark (when the pastes contain 0.8%
      or 0.4% of the dicalcium phosphate dihydrate) or golden (when the tubes
      contain 0.04% and 0.2% of the dicalcium phosphate dihydrate); on
      inspection of the inner walls of the unlined aluminum tubes containing the
      6k toothpaste they are found to be golden after 3 and 6 weeks aging at
      120.degree.F. and dark after 9 weeks of such aging. It is believed that
      the toothpastes containing the dicalcium phosphate dihydrate contain (or
      form, on aging) small amounts of dissolved phosphate ions (e.g.
      orthophosphate and/or pyrophosphate) which may act on the aluminum walls,
      or on the aluminum oxide layer on said walls, to form a protective layer
      thereon. The amount of dissolved phosphate ion present in the preferred
      compositions is sufficient to inhibit the gas-forming reaction between the
      alkaline toothpaste composition and the aluminum walls of the tube but the
      amount of the phosphate or acidic ingredient therein is insufficient to
      cause a gas-forming reaction (e.g. resulting in swelling or bursting of
      the tube) between the ingredients of the toothpaste; the tendency for the
      latter reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9 weeks) at an elevated
      temperature (e.g. 120.degree.F.).
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. No. 3,662,060 and 3,678,155 and
      Austrian 267,070. As is well known to consumers of toothpastes, aluminum
      toothpaste tubes are squeezable and deformable to express the toothpaste
      from the nozzle of the tube and the main body of the tube is of relatively
      thin, ductile, aluminum.
CLMS
STM  We claim:
NUM  1.
PAR  1. A toothpaste containing at least about 25% by weight dispersed particles
      of sodium bicarbonate and a polishing agent system comprising titanium
      dioxide powder having a particle size less than about two microns, the
      amount of titanium dioxide particles being more than about 0.1% of the
      weight of the toothpaste, said particles dispersed in a vehicle containing
      sufficient liquids, said vehicle consisting essentially of about 5 to 35%
      water and sufficient viscous water miscible polyol humectant or mixtures
      thereof, and a sufficient amount of gelling or thickening agent to impart
      to the toothpaste the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes, said
      sodium bicarbonate being primarily in an undissolved solid state, said
      dental cream having a granular textured appearance comprising a
      substantially dispersed non-crystalline appearing granulate of macroscopic
      crystalline bicarbonate granules in an otherwise smooth continuous matrix.
NUM  2.
PAR  2. A toothpaste as in claim 1 containing about 25 to about 57% sodium
      bicarbonate.
NUM  3.
PAR  3. A toothpaste as in claim 1 in which the sodium bicarbonate particles are
      principally about 150 microns in diameter.
NUM  4.
PAR  4. A toothpaste as in claim 1 in which said particles are dispersed in a
      thickened water-glycerol vehicle.
NUM  5.
PAR  5. A toothpaste as defined in claim 1 wherein said bicarbonate has a
      particle size largely below about 0.4 mm in diameter.
NUM  6.
PAR  6. A toothpaste as defined in claim 1 wherein a major proportion by weight
      of said bicarbonate has a particle size above about 0.01 mm in diameter.
NUM  7.
PAR  7. A toothpaste as defined in claim 1 wherein said titanium dioxide is
      included in amounts of about 0.2 to about 0.6 percent by weight of the
      toothpaste.
NUM  8.
PAR  8. A toothpaste as defined in claim 1 wherein the particle size of said
      titanium dioxide is less than about 1 micron.
NUM  9.
PAR  9. A toothpaste as defined in claim 1 additionally containing less than
      about 25% of a further abrasive ingredient.
NUM  10.
PAR  10. A toothpaste as defined in claim 1 additionally containing less than
      about 25% calcium carbonate.
NUM  11.
PAR  11. A toothpaste as defined in claim 1 wherein said titanium dioxide is a
      grit-free anatese powder at least 99.0% of which passes through a No. 325
      U.S. standard sieve.
NUM  12.
PAR  12. A toothpaste as defined in claim 1 wherein said particles of sodium
      bicarbonate are generally monoclinic crystals some of which have
      projecting spike-like portions of generally rhombohedral shape with may
      reentraut angles.
NUM  13.
PAR  13. A toothpaste as in claim 10 wherein said abrasive is selected from the
      group consisting of silica, alumina, silicates and carbonates non-reactive
      with the bicarbonate.
NUM  14.
PAR  14. A toothpaste as in claim 1 wherein the sodium bicarbonate - water ratio
      is about 3:1 to 6:1.
NUM  15.
PAR  15. A toothpaste as defined in claim 1 further including at least about
      0-5% of a suitable flavoring oil.
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ABST
PAL  Toothpaste containing calcium carbonate as the principal abrasive and a
      lesser amount of sodium bicarbonate as an additional abrasive. The
      principal abrasive of the toothpaste may also be comprised of a mixture of
      abrasives such as chalk, silica, alumina, zirconium silicate or sodium
      aluminosilicate in combination with the minor amount of sodium
      bicarbonate. The latter may be included in amounts up to about 25%, while
      the former may be included in amounts up to about 60%.
PARN
PAR  This application is a continuation-in-part of copending applications Ser.
      Nos. (a) 465,461 filed on April 30, 1974 which in turn is a continuation
      in part of Ser. No. 295,068 filed on Oct. 4, 1972; now abandoned (b)
      465,476, filed on April 30, 1974 which is in turn a continuation in part
      of copending application Ser. No. 389,827, filed on Aug. 20, 1973, now
      abandoned which was in turn a continuation in part of copending
      application Ser. No. 295,094, filed October 4, 1972; now abandoned and (c)
      465,463, filed on April 30, 1974 which is in turn a continuation in part
      of application Ser. No. 419,741, filed on November 28, 1973 which was in
      turn a continuation in part of copending applications serial nos. 295,094
      of October 4, 1972 now abandoned and 389,827 of August 20, 1973, now
      abandoned the entire disclosures all the benefit of which filing dates are
      claimed, of which are incorporated herein by reference.
PAR  This invention relates to toothpastes and more particularly to toothpastes
      containing as an adjunct abrasive, dispersed particles of sodium
      bicarbonate. The invention also relates to a dental cream composition
      suitable for use in an unlined aluminum tube.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In past years, its use in dentifrices, particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrice which have had significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda-containing
      toothpaste capable of consumer acceptability presents many special
      considerations. Among the factors which are to be considered are the
      unique character of baking soda chemically, physically and cosmetically
      when considered and employed as a toothpaste ingredient. For example, it
      is comparatively water-insoluble and tends to release carbon dioxide in an
      aqueous system. It is extremely salty to the taste which is probably one
      of the more important factors in the purchase and use of a particular
      product. Other factors in formulation of a suitable product include the
      over-all cleaning and polishing power of the product, its stability and
      appearance combined with special care in manufacture, etc.
PAR  In formulating a dentifrice based on precipitated calcium carbonate, the
      incompatibility of calcium carbonate with acids and most fluoride salts
      must be taken into account due to the character thereof. As can be seen,
      the problems are thus two fold where a dentifrice includes both baking
      soda and chalk therein. The foregoing is one from among the many
      difficulties which the instant invention overcomes and obviates.
PAR  A further feature of the invention is directed to the packaging of dental
      creams in unlined aluminum tubes, which is desired in view of the
      relatively low cost of such tubes and of their light weight. When dental
      creams are packaged in unlined aluminum containers, it is sometimes found
      that the containers corrode and/or dental cream formulations become
      unstable.
PAR  The present invention provides a dental cream composition suitable for use
      in, and compatible with, an aluminum container comprising a dental cream
      vehicle having dispersed or dissolved therein about 20% to 60% abrasive,
      which abrasive is principally calacium carbonate, with a minor amount of
      baking soda.
PAR  In that embodiment of the invention where the dental cream is packaged in
      unlined aluminum tubes and wherein there is additionally present alumina
      as an abrasive the inclusion of about 0.05 - 0.25% of dissolved or
      dispersed silicate is advantageous in order to render the dental cream
      more compatible with an unlined aluminum container. Furthermore, calcium
      carbonate acts to stabilize the composition with consequent retention of
      active fluoride. Dental cream compositions containing calcium carbonate
      have added effectiveness in connection with stain removal from teeth.
PAR  Calcium carbonate in the form of chalk may be used. Chalk in the form of a
      powder having a particle size of between 1 and 10 microns is preferred. It
      is also preferred to use a grade of calcium carbonate of moderate apparent
      specific gravity, e.g., about 0.7 to 0.9. If desired, calcium carbonate
      grades of higher apparent specific gravity, e.g., 1.19 to 1.29 may be
      used. "Apparent specific gravity" refers to the untamped specific gravity
      of the calcium carbonate. Calcium carbonate, particularly in the form of
      chalk, often contains magnesium carbonate as an impurity. Calcium
      carbonate containing even small quantities of magnesium carbonate, e.g.
      about 0.1 - 0.3%, tends to adversely affect the stability of a fluoride
      cream with consequent loss of active fluoride. The stable dental creams of
      the present invention tolerate small amounts of impurity, e.g., magnesium
      carbonate in amounts less than about 1%. However, it is preferred that the
      magnesium carbonate should be about 0.1-0.5% based on the calcium
      carbonate, especially when fluoride is present.
PAR  Furthermore, the presence of magnesium carbonate impurity in calcium
      carbonate or chalk tends to adversely affect the compatibility of the
      dental cream with unlined aluminum surfaces in which it may be packaged.
      When magnesium carbonate impurity is present in amounts of at least about
      0.1% of the total calcium carbonate, it is desirable to include between
      about 0.025% and 0.25% of a dissolved or dispersed silicate in the dental
      cream in order to render it more suitable for compatible use in an unlined
      aluminum container.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste for use in aluminum tubes in
      accordance with several embodiments of the invention which is effective in
      promoting hygiene in the oral cavity and capable of consumer desirability
      or acceptability by the public. Such product will have acceptable
      cleaning, polishing and other desirable characteristics so as to have a
      beneficial effect upon parts of the dentition (which may include the teeth
      and its surrounding or adjacent elements or structures including plaque,
      calculus, gingiva, mucous membranes, saliva, etc.). In particular, it
      tends to leave with the consumer desirable clean mouth or clean mouth-feel
      effect. The product can be formulated so it is stable upon aging or
      storage without significant release of carbon dioxide bubbles or other
      forms of undesirable separation or reaction. It is possible to produce and
      maintain, at certain levels of bicarbonate, a substantially dispersed
      non-crystalline-appearing granulate which is due in part to the
      substantially homogeneous distribution of macroscopic crystalline
      bicarbonate particles or granules in an otherwise smooth, continuous base,
      or matrix, contributing to appearance, taste, effect and usage by the
      consumer.
PAR  One aspect of the invention relates to a toothpaste containing an abrasive
      content comprising a major proportion of a wate-insoluble dental abrasive
      material or mixtures thereof and sodium bicarbonate in the dental cream.
      Thus the toothpaste contains dispersed abrasive particles, the abrasive
      being a mixtures of, for example, calcium carbonate, which constitutes the
      major proportion of the abrasive by weight and preferably makes up about
      20 to 60% of the toothpaste, and a lesser amount of sodium bicarbonate.
      The water-insoluble dental abrasive may be chalk, silica, alumina,
      zirconium silicate, sodium aluminosilicate, or other compatible silicate
      or carbonate which is non-reactive with the bicarbonate, or a mixture or
      two or more of such water-insoluble abrasives. Advantageously, the amount
      of water-insoluble abrasive is over 20% and preferably at least about 25%
      of the toothpaste, ordinarily about 25-50%, more preferably about 25-35%.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion (RDA) test a toothpaste containing about 50 % of
      bicarbonate of soda, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly the RDA value is only in the neighborhood of 50.
PAR  The toothpastes of this invention preferably contain 1% up to about 25%,
      more preferably about 10-20 %, sodium bicarbonate. The particle size of
      the sodium bicarbonate particles may vary; it is preferred that they be
      largely below 0.40 mm in diameter, with a major proportion by weight being
      above 0.01 mm in diameter. The vehicle in which the sodium bicarbonate
      particles are dispersed is preferably aqueous, but its amount and
      character are preferably such that the sodium bicarbonate is primarily in
      the undissolved solid state in the toothpaste. It will be understood,
      however, that when the teeth are brushed the sodium bicarbonate particles
      will tend to dissolve in the saliva.
PAR  In one particularly preferred form of the invention the water-insoluble
      principal abrasive is chalk. It is found that this ingredient greatly
      improves the cleaning power of the sodium bicarbonate. In addition, the
      presence of the chalk appears to promote an improvement in the stability
      of the toothpaste on aging at elevated temperatures such as a decrease in
      the tendency for essential oils used as flavors, to separate from the
      toothpaste on aging at 1l0.degree. or 120.degree.F, e.g. when the
      particles of sodium bicarbonate are of relatively large size, e.g., over
      150 microns in diameter.
PAR  The combination of the compatible water-soluble abrasives such as chalk,
      silica, alumina, zirconium silicate, and the like, or mixtures thereof is
      found to yield a sodium bicarbonate containing toothpaste which has
      improved cleaning power combined with resistance to flavor separation and
      which does not tend to form gas on storage. In contrast, when such common
      dental abrasives as dicalcium phosphate or insoluble sodium metaphosphate
      are added to the sodium bicarbonate toothpaste considerable quantities of
      gas maybe formed even on short term storage (e.g. at 120.degree.F.), that
      is, when included in sufficient quantity.
PAR  The average particle size of the chalk is preferably less than 20 microns,
      most preferably below 10 microns and above 1 micron as earlier stated.
      Tables I and II below show the particle size ranges and densitites of
      various grades of chalk that may be employed herein.
TBL                TABLE I                                                     

     ______________________________________                                    

     Sturge Precipitated Calcium                                               

     Carbonates                                                                

     Particle size,.sup.a                                                      

     diameter (.mu.)                                                           

                                           Apparent                            

                                           density                             

     Grade   0-3     3-6      6-10 Over 10 (g/ml)                              

     ______________________________________                                    

     Light   80%     14%      4%    2%     0.351-0.430                         

     Medium  67      17      12    4       0.500-0.588                         

     Dense   55      21      16    8       0.727-0.851                         

     Extra dense                                                               

             50      20      20    10      0.870-1.050                         

     ______________________________________                                    

      +hu a From data obtained by microscopic count.                           

TBL                TABLE II                                                    

     ______________________________________                                    

     Particle Size Distribution of                                             

     Precipitated Chalk (U.S.P.)                                               

     Weight below indicated size (%)                                           

     Grade                                                                     

     Diameter (.mu.)                                                           

               Heavy    Medium    Light  Extra light                           

     ______________________________________                                    

     10.0      85.3     97.7      98.6   98.8                                  

     7.5       66.4     92.9      96.8   98.8                                  

     5.0       30.6     61.4      85.7   95.6                                  

     4.0       14.9     43.7      77.5   93.1                                  

     3.0       7.3      32.1      52.1   70.6                                  

     2.0       3.6      19.7      20.0   27.7                                  

     1.0       2.1      10.1      10.2   10.5                                  

     0.5       --       5.1       5.2    5.5                                   

     ______________________________________                                    

PAR  One particularly suitable alumina is in the form of flat flakes of
      alpha-alumina crystals, of disk- or plate-like configuration, said flakes
      having a mean (by weight) particle diameter of less than about 7 microns
      (e.g. about 2 to 7 microns). The flat alpha-alumina crystals, and a
      process for preparing them, are described in U.S. Pat. No. 3,121,623. The
      dentifrice is preferably substantially free of anhydrous alumina particles
      having diameters above 15 microns and thicknesses above about 2 microns.
      While it is most preferred to use alumina flakes whose mean particle
      diameter is less than five microns (e.g. about 3 to 4 microns) it is
      within the broader scope of this invention to use alumina flakes of larger
      diameters but similar thickness, such as alumina flakes, described in the
      aforesaid U.S. Pat. No. 3,121,623 having average diameters of 9, 12 or 15
      or more microns, free of particles over 40 microns in diameter (preferably
      free of particles over about 20 microns in diameter) and substantially
      free of particles having thicknesses above about 3  microns. In a
      preferred form of the invention the alpha-alumina flakes are uncoated and
      free of adhesion to particles of other materials. It is also within the
      broader scope of the invention to include other alpha-aluminas, or other
      abrasives of Mohs hardness above 6, in admixture with the alpha-alumina
      flakes. For instance, one may replace about one half of the alumina flakes
      by a pulverized alpha-alumina of irregular shape and having a mean
      particle size of about 3 to 4 microns (with all said irregular particles
      being less than about 7 microns in their largest dimension); thus, the
      toothpaste may contain, say, 3% of the flakes and 2% of said irregular
      particles.
PAR  A typical alkali or alkaline earth metal aluminosilicate is a complex
      having a refractive index of about 1.45, a moisture content of about 5-20%
      (e.g. 10%) an alumina content of up to about 10% (e.g. 8%) a silica
      content of at least about 70%, a sodium oxide (or other alkali metal or
      alkaline earth metal oxide, e.g. calcium oxide) content of up to about 10%
      (e.g. 7%) and a particle size of below 40 microns, preferably about 1 to
      20 microns.
PAR  Examples of mixtures are blends of chalk and hydrated alumina, in, say,
      equal amounts, or about 25/75 or about 75/25.
PAR  The toothpaste may also contain a small amount of titanium dioxide powder,
      which has been found to have a marked polishing effect on the teeth when
      used in the sodium bicarbonate toothpaste.
PAR  The weight of titanium dioxide particles in the toothpaste is generally
      above about 0.1% of the weight of the toothpaste. The amount of TiO.sub.2
      be included in amounts up to about 6.0%, preferably about 0.2 to 0.6% of
      the weight of the toothpaste. The particle size of the TiO.sub.2 is
      preferably about 0.1 to 1 micron.
PAR  The vehicle of the toothpaste is made up of suitable liquid preferably
      containing a thickening agent (e.g. a gelling agent). As indicated the
      vehicle is preferably aqueous, but it is within the broader scope of the
      invention to employ non-aqueous vehicles. Generally the liquid will
      contain a humectant or other viscous water-miscible material such as
      glycerol, sorbitol, polyethylene glycol, mannitol or mixtures thereof.
      When water is present it preferably constitutes about 5 to 35% (e.g. about
      10 to 30%) of the total vehicle. Superior results (such as better taste)
      are obtained when the proportion of water is relatively low, e.g. about 10
      to 20% of the total toothpaste, such as when the water to glycerol ratio
      is in the range of about 0.4:1 to 0.7:1.
PAR  Gelling agents for toothpaste vehicles are well known in the art. These are
      often high polymers (e.g. gums or other thickening agents) which are
      soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate,, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum" (a complex magnesium aluminum silicate). The amount of thickening
      agent used in the practice of this invention is preferably sufficient to
      impart to the mixture the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes. As
      is well known, such dental creams are extrudable from ordinary collapsible
      toothpaste tubes to form a ribbon of substantial thickness (e.g. about 3/8
      inch) which if left undisturbed, substantialy retains its original
      thickness over a period of say, one minute or more (and does not penetrate
      substantially into the bristles of a toothbrush when resting on the end of
      such bristles for a similar period); but which preferably offers no
      substantial resistance to brushing or to deformation when, for instance,
      one touches it lightly with a finger; and which has little tack, in that
      it does not tend to form a string when the finger is pulled away from the
      ribbon. The proportion of thickening agent is often within the range of
      about 0.5 to 2%, such as about 0.8 to 1.5%, of the toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action in the thorough
      dispersion of the composition throughout the oral cavity, and to improve
      cosmetic acceptability and detersive and foaming properties. Among these
      are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to 18
      carbon atoms in the carbon chain of the molecule; water-soluble soaps of
      higher fatty acids such as those of 12-18 carbon atoms e.g. coconut fatty
      acids. The cation of the salt may be, for instance, sodium (which is
      preferred) potassium or mono-di- or triethanolamine. Mixtures of surface
      active agents may be used. A particularly suitable mixture which provides
      a high foaming powder with little or no irritating effect comprises a
      higher alkyl sulfate and a higher fatty acid sarcosinate, e.g in a ratio
      of about 1:2 to 2:1, such as about 1:1; instead of all or part of the
      sarcosinate a higher fatty acid monoglyceride sulfonate may be present.
PAR  Other suitable surface-active materials include nonionic agents such as
      condensates of sorbitan monostearate with approximately 60 of ethylene
      oxide, condensates of ethylene oxide with propylene oxide condensates of
      propylene glycol (available under the trademark "Pluronics") and
      amphoteric agents such as quaternized imidazole derivatives which are
      available under the trademark "Miranol" such as Miranol C.sub.2 M.
      Cationic surface-active germicides and antibacterial compounds may also be
      used. Such compounds include di-isobutylphenoxyethyoxyethyl dimethyl
      benzyl ammonium chloride, benzyl dimethyl stearyl ammonium chloride,
      tertiary amines, having one fatty alkyl group (of from 12 to 18 carbon
      atoms) and two (poly) oxyethylene groups attached to the nitrogen
      (typically containing a total of from about 2 to 50 ethenoxy groups per
      molecule) and salts thereof with acids, and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surfaceactive materials in the instant
      dentifrice prepartations.
PAR  The proportion of surface-active agent is preferably within the range of
      about 0.05 - 5% of the toothpaste, more preferably in the range of about 1
      to 3%, such as about 1-1/2 to 2%.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide
      p-chlorophenyl biguanide
PA1  4-chlorobenzylhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-.delta.-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino -1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine cetyl
      pyridinium chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di)p-chlorophenylbiguanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight of the dentifrice.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring constituents include the flavoring oils,
      for example, oils of spearmint, peppermint, wintergreen, sassafras, clove,
      sage, eucalyptus, marjoram, cinnamon, lemon and orange, as well as
      methylsalicylate. Suitable sweetening agents include lactose, maltose,
      sorbitol, sodium cyclamate, perillartine, saccharine and ammoniated
      glycyrrhizin (e.g. its monoammonium salt). Suitably, flavor and sweetening
      agent together comprise from about 0.01 to 5 percent or more of the
      compositions of the instant invention. Preferably the amount of flavoring
      oil is above 0.3%, e.g. 0.8 to 1.2%.
PAR  There may also be included in like amounts, a sweetener of the
      neohesperidin dihydrochalcone group.
PAR  The dental cream may also contain a fluoride-containing anticaries agent.
      There are many water-soluble inorganic salts which are suitable sources of
      fluoride ions. Among these are sodium, potassium, manganese, and lithium
      and amine fluorides. The monofluorophosphate salts are also useful and
      include Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F,
      (NH.sub.4).sub.4 P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 O.sub.9 F,
      (NH.sub.4) NaP.sub.3 O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex
      water-soluble fluoride-containing salts such as fluorosilicate(i.e.,
      Na.sub.2 SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6),
      fluorostannite (i.e., KSnF.sub.3), fluoroborate (i.e.,
      NaBF.sub.4),fluorotitanate (i.e., NaTiF.sub.5), and fluorogermanate (i.e.,
      K.sub.2 GeF.sub.6) may also be useful. The fluoride ion may also be
      supplied by an organic fluoride which yields fluoride ions in water.
      Suitable organic compounds include mono-, di-, and triethanolamine
      hydrofluoride. These materials are present in an effective but non-toxic
      amount, usually within the range to provide about 0.01 to 1 percent by
      weight of the water-soluble fluorine content thereof to the dentifrice.
      Sodium fluoride, and sodium monofluorophosphate are the preferred
      compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constituents. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethyl cellulose ("CMC") with glycerol and water
      (in the presence of a sweetener, sodium saccharin, a flavor and a
      preservative, sodium benzoate), then adding to the gel, sodium bicarbonate
      (baking soda) chalk, and titanium dioxide powder and thereafter degassing
      the mixture under vacuum. The proportions used are: baking soda, 10%;
      chalk, 35%; titanium dioxide, 0.4 %; deionized water, 16.1%; glycerol,
      34.0%; CMC, 1.2%, solution of 35% sodium N-lauroyl sarcosinate in a
      mixture of 35% water and 30% glycerol, 2%; sodium lauryl sulfate, 0.98;
      sodium benzoate, 0.5%; sodium saccharin, 0.2%; flavor, 0.9%.
PAR  The baking soda powder is U.S.P. grade having the following particle size
      distribution in which percentages represent the cumulative per cent
      retained on the named sieve, and sieve sizes are U.S. Standard: No. 45
      sieve, trace; No. 70 sieve (sieve opening 210 microns), 27%; No. 80 sieve
      (sieve opening 177 microns) 66.5%; No. 100 sieve (sieve opening 149
      microns), 92.5%; No. 170 sieve (sieve opening 88 microns), 99%.
PAR  The chalk is U.S.P. precipitated calcium carbonate containing at least 98%
      CaCO.sub.3 with no more than 0.2% insoluble in dilute HCl. Its particle
      size is such that over 99% passes through a U.S. Standard No. 325 mesh
      sieve, the particles being principally in the 1 to 10 micron size, the
      average particle size being about 3 microns. A grit free U.S.P. non Fer Al
      Chalk of similar properties may also be employed with accompanying
      adjustment of gelling agent and viscosity.
PAR  The titanium dioxide used is a grit-free anatase powder at least 99.0% of
      which passes through a No. 325 U.S. Standard sieve and whose mean particle
      diameter (as measured on a Kahn sedimentation balance) is below 1 micron.
      Microscopic measurements indicate its averge particle diameter is 0.3
      micron.
PAR  The toothpaste has good cleaning power and whiteness and ages well in tests
      at 8.degree.F, 40.degree.F, 110.degree.F, 120.degree.F. The toothpaste has
      a pleasant smell during brushing; while the large particles of baking soda
      are moderately palpable they break down to smaller particles easily under
      the pressure of the toothbrush and under the action of the saliva.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the level of chalk is reduced to 25% and
      the level of sodium bicarbonate increased to 20%.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that 5% hydrated alumina is substituted for 5%
      of the chalk, the proportion of baking soda remains the same, the flavor
      used is a mixture of essential oils, largely peppermint.
PAR  The hydrated alumina has the following particle size distribution, and is
      alpha alumina trihydrate:
PA1  28-40% finer than 5 microns
PA1  56-67% finer than 10 microns
PA1  85-93% finer than 20 microns
PA1  94-99% finer than 30 microns
PAC  EXAMPLE 4
PAR  Example 3 is repeated except that instead of the 5% of hydrated alumina
      there is employed 5% zirconium silicate powder of the following particle
      size distribution:
PA1  80% finer than 1.25 microns
PA1  90% finer than 1.77 microns
PA1  95% finer than 2.15 microns
PA1  99% finer than 2.50 microns
PAC  EXAMPLE 5
PAR  Example 3 is repeated except that instead of the 5% of hydrated alumina
      there is used 5% of micronized silica, and half the baking soda is
      replaced by a more finely divided baking soda having the following
      particle size distribution (in which percentages represent the cumulative
      per cent retained on the named sieve, and sieve sizes are U.S. Standard):
      No. 45 sieve (sieve opening 350 microns), trace; No. 100 sieve (sieve
      opening 149 microns), 0.5%; No. 170 sieve (sieve opening 88 microns), 20%;
      No. 200 sieve (sieve opening 74 microns), 35%; No. 325 sieve (sieve
      opening 44 microns), 70%; No. 400 sieve, 80%.
PAR  It is also within the broader scope of the invention to use calcium
      pyrophosphate (e.g. the B or .gamma. form of calcium pyrophosphate, or
      mixtures of those forms in various proportions such as in about 1:1 ratio,
      e.g. 53% B, 47% .gamma.), having an average particle size below about 20
      microns, e.g. about 1 or 2 to 10 microns, for part of the water-insoluble
      abrasive in the toothpaste.
PAR  Another aspect of this invention relates to the degassing of toothpastes
      containing the sodium bicarbonate particles. It is found that when such
      toothpastes are subjected to high vacuum, e.g. above 26 inches of mercury,
      the paste bubbles and expands but, unlike conventional toothpastes, it
      does not contract to substantially its original volume on continuted
      vacuum treatment, but instead continues to expand. It has now been found
      that an excellent deaerated product, having good stability and desirable
      rheological chracteristics can be produced by subjecting the toothpaste
      containing sodium bicarbonate to a vacuum of at least 26 inches of mercury
      so that it expands to a volume which is at least 150% (e.g. about 200%) of
      its volume at atmospheric pressure and then discontinuing the treatment at
      high vacuum when the expanded mixture begins to contract but while its
      volume is still at least 150% of its volume at atmospheric pressure.
PAC  Example 6
PAR  This Example illustrates the degassing treatment of this invention. 18.3
      parts of glycerol; 1.1 part of sodium carboxymethyl cellulose; 0.5 part of
      sodium benzoate; 0.2 part of sodium saccharin and 15.4 parts of water are
      mixed at 110.degree.-115.degree.F. for 20 minutes and placed in a vertical
      cylindrical container equipped with a stirrer, specifically a Dopp mixer
      which has a series of intermeshing counter-rotating radially disposed
      mixing rods located all along its height. Then 25 parts of calcium
      carbonate (chalk), 20 parts of sodium bicarbonate, 0.4 part of titanium
      doxide are added and mixed slowly while a vacuum of 27 1/2 inches of
      mercury is applied; the speed of mixing is then increased; during this
      vacuum treatment, which lasts about 5 minutes, the batch rises to a volume
      about 2/3 greater than its volume before vacuum is applied and then
      decreases somewhat. The mixture is then vented to the atmosphere and 0.975
      parts of sodium lauryl sulfate and 2 parts of a solution of 35% sodium
      lauroyl sarcosinate in a water-glycerol (35%-30%) mixture are then added,
      a vacuum 28.2 inches of mercury is applied and the mixture is kept under
      the vacuum for about 5 minutes while stirring; during this time, the
      volume of the batch increases and decreases somewhat, the volumes being
      little greater than observed during the preceding vacuum treatment. The
      mixture is then vented to the atmosphere. 15.1 parts of glycerol are added
      and the mixture is then stirred under a vacuum of 28 inches of mercury for
      about 5 minutes during which treatment its volume increases by more than
      100% (i.e. to a volume which is more than 200% of the original volume) and
      then begins to decrease somewhat. At the conclusion of this 5 minutes
      period, the vessel is vented to the atmosphere while the volume of the
      mixture is still about 75-100% greater than its volume just prior to this
      vacuum treatment. One part of essential oil flavor is then added, stirring
      is resumed while a vacuum of 28 1/2 inches is applied; stirring under this
      vacuum is continued for about 12 minutes, after which the vessel is vented
      to the atmosphere; during this 12 minute period, the expansion of the
      mixture is similar to that observed during the immediately preceding
      vacuum treatment. Just before the mixture is vented to the atmosphere, the
      expansion of the mixture is still evident.
PAR  It is preferable to discontinue the vacuum treatment, even though expansion
      may continue before the change in pH (i.e. the pH of the vacuum treated
      mixture minus the pH of the mixture without vacuum treatment) reaches one
      pH unit and preferably less, e.g. 1/2 unit; this avoids decomposition of
      sodium bicarbonate and production of sodium carbonate during degassing.
PAR  In accordance with a further embodiment of the invention, the toothpaste
      may be prepared and degassed as follows:
PAR  The gel mix is prepared by adding the formula amount of glycerine, then
      adding CMC to vortex of mixing liquid and without heat, mixing for 2
      minutes, then adding saccharin and sodium benzoate and further mixing for
      one minute. Thereafter there is added the formula amount of water, sodium
      lauryl sulfate and flavor. Mixing is then continued for 15 minutes. Mixing
      is continued until ready to drop the batch. The cover of the Dopp crutcher
      is then closed and there is applied 28 inches vacuum and then the vacuum
      valve is closed. Half the gel mix is then drawn in. The mixer is then
      turned off, the vacuum released and there is added formula amounts of:
      Titanium dioxide, Sodium N-lauroyl sarcosinate, after which there is
      applied vacuum to 28inch, while maintaining vacuum until the level of the
      cream drops. There is then drawn in the other half of gel mix and it is
      dearated for 5 minutes at 28 inches vacuum. Mixer is turned off, vacuum
      released and calcium carbonate and sodium bicarbonate added; apply vacuum
      with mixing. Continue mixing for 15 minutes under full vacuum. With mixer
      at lower speed, release vacuum and discharge cream.
PAC  EXAMPLE 7
PAR  This Example illustrates the use of alpha alumina flakes in the baking soda
      toothpaste.
PAR  The toothpaste is made up (using, for instance, the method of Example 1) of
      10% of the baking soda powder of Example 1, 30% chalk, 5% of alpha-alumina
      flakes, 0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4%
      deionized water, 1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, 1%
      sodium lauryl sulfate, 1% flavor (water-insoluble essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5% sodium
      benzoate and 0.2% sodium saccharin.
PAR  The alpha alumina flakes have a mean (by weight) particle diameter of about
      4 microns, all the particles thereof have diameters less than 10.1
      microns, about 85-95% (by weight) have diameters less than 6.0 microns and
      about 30-35% have particle diameters less than 3.5 microns.
PAR  The characteristics of the toothpaste of this Example are like those given
      in Example 1 above. It has very good resistance to flavor separation.
PAC  EXAMPLE 8
PAR  Example 7 is repeated except that the toothpaste contains 0.22% sodium
      fluoride (the glycerine content being correspondingly decreased by 0.22%.
      The toothpaste shows excellent aging characteristics including very good
      resistance to flavor separation on aging and very good retention of
      fluoride content. Like the toothpaste of Example 8, it has a high
      polishing effect on enamel; its percent repolish is 64%.
PAR  The percent repolish is determined by a test in which sections of human
      dental enamel, upon which have been ground flat areas, are first polished,
      then dulled with chalk, and then brushed with a slurry of a dentifrice for
      5000 reciprocal strokes. A "Monsanto Tooth Reflectance Instrument" is
      employed to measure the specular reflectance of the surface after each
      step described above. The dulled surface is adjusted so that it is
      approximately 150 units (Monsanto Instrument) lower then the polished
      surface. The polishing ability of the dentifrice is expressed by the
      following equation:
      ##EQU2##
      where SR.sub.polished, SR.sub.dulled and SR.sub.5000 strokes are
      respectively specular reflectance values of the enamel surface after the
      initial polishing, after dulling with chalk, and after brushing with a
      dentifrice slurry.
PAC  EXAMPLE 9
PAR  Example 7 is repeated except that the toothpaste contains 0.76% sodium
      monofluorophosphate (the glycerine content being correspondingly decreased
      by 0.76%).
PAC  EXAMPLE 10
PAR  Examples 7, 8 and 9 are repeated except that the alphaalumina flakes have a
      mean particle diameter of 5 microns, substantially all being less than
      about 12 microns in diameter.
PAC  EXAMPLE 11
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  a. A toothpaste is made up (using, for instance, the method of Example 1)
      of 20% of the baking soda powder (of Example 1) 25% of calcium carbonate,
      (of Example 1), 0.4% titanium dioxide of Example 1, 34.02% glycerol, 16.1
      deionized water, 1.2% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, about
      0.9 flavor (water-insoluble essential oil flavoring agent; e.g., essential
      oil mixture rich in peppermint oil), 0.5% sodium benzoate, and 0.2% sodium
      saccharin.
PAR  b. Example 11a is repeated except that 0.5% of fumed silica (Cab-O-Sil) is
      included, the amount of calcium carbonate is raised to 35%, the amount of
      baking soda is decreased to 10%.
PAR  c. Example 11b is repeated except that the amount of sodium bicarbonate is
      decreased to 5% with accompanying changes in other ingredients.
PAR  d. Example 11 is repeated four times, with additional inclusion of various
      proportions of non-acidic dicalcium phosphate dihydrate in the
      formulation, i.e., in amounts of 0.04%, 0.2%, and 0.8% (based on the
      weight of the formulation without said phosphate); the first case 0.04%)
      the titanium dioxide is omitted. The dicalcium phosphate dihydrate is of
      dentifrice grade and has an average particle diameter of about 4 microns
      and its pH (measured in 20% slurry thereof in water is in the range of 9.3
      to 9.9; it yields phosphate ions on contact with water.
PAR  e. Example 11a is repeated with the additional inclusion of insoluble
      sodium metaphosphate in the formulation in the amount of 0.8% (based on
      the weight of the formulation without said phosphate). The insoluble
      sodium metaphosphate is of dentrifrice grade having an average particle
      size of about 5 microns; its pH (measured in 20% slurry thereof in water)
      is in the range of 5.3 to 6.3; it yields phosphate ions on contact with
      water.
PAR  f. Example 11a is repeated except that 5% micronized silica is substituted
      for 5% of the calcium carbonate, a different essential oil flavor is used,
      the amount of flavor is 0.9% and the amount of glycerol is 33.5%.
PAR  g. Example 11a is repeated except that 3% micronized silica is substituted
      for 3% of the calcium carbonate, and the toothpaste contains 0.9% of an
      essential oil flavor.
PAR  h. Example 11a is repeated except that 5% precipitated silica is
      substituted for 5 % of the calcium carbonate:
PAR  i. Example 11a is repeated except that 5% anhydrous dicalcium phosphate is
      substituted for 5% of the calcium carbonate; the toothpaste contains 0.9%
      of an essential oil flavor. The anhydrous dicalcium phosphate is a fine
      non-acidic powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof water) is 7.6-7.8; it yields phosphate ions, in low concentration,
      on contact with water.
PAR  j. Example 11a is repeated except that 5% zirconium silicate of Example 3
      is substituted for 5% of the calcium carbonate (with minor change in
      proportion and type of flavor).
PAR  k. Example 11a is repeated except that 5% beta phase calcium pyrophosphate
      is substituted for 5% of the calcium carbonate. The calcium pyrophosphate
      is a fine powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity(99.7% A1 or purer) and aged. On
      aging at 120.degree.F. the tube filled with the 11a toothpaste tends to
      swell or is found to have a foamy product film in contact with the inner
      aluminum walls of the tube, tubes filled with the 11b, c, d, f, g, h, i, j
      and k toothpastes do not show such effects. The 11 preceeding toothpastes
      show substantially less tendency to react with the walls of the tube than
      the 11a toothpaste.
PAR  The fumed silica (as in Example 11b) is described in Eneyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carbonate) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplied in flake form
      containing Na.sub.2 O . SiO.sub.2.H.sub.2 O in a ratio of about 1:2-3.2:5,
      or sodium silicate solutions (water glass) such as those in which the
      Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium silicate
      formed in situ in the dental cream, or colloidal silica or precipitated
      silica (see Encyclopedia of Chemical Technology Kirk-Othmer, 2nd edition
      Vol. 18, pages 63 and 66-67, for instance) or other silicate.
PAR  The dicalcium phosphate dihydrate of Example 11d is a commercial stabilized
      dentifrice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. Pat. of Schlaeger et al No. 3,169,096 Feb. 9, 1965, whose
      disclosure is incorporated herein by reference. See also "Cosmetic
      Science" Vol. 1 pub. 1972 (Wiley Interscience) edited by Balsam and
      Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate indicates that its content of water-soluble material is 0.18%
      (and its percent water-solubles expressed as P.sub.2 O.sub.5 is 0.11%). A
      typical stabilizer content is a mixture of about 1-2% of sodium calcium
      pyrophosphate and a smaller amount, e.g. about 0.4%, of pyrosphosphoric
      acid.
PAR  The insoluble sodium metaphosphate of Example 11c is a commercial
      dentifrice grade of this material. Its method of preparation and
      properties are described in the previously cited "Cosmetic Science" at
      pages 480-481 and "Phosphorus and Its Compounds" by Van Wazer Vol. 2 pub.
      1961 (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 11i and the calcium
      pyrophosphate of Example 11k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds" page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 12
PAR  Example 11a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05% and (b) 0.01%, the amount of water in the toothpaste being
      adjusted accordingly to total 100%. In each case, on aging in unlined
      aluminum tubes (as in Example 11) the filled tubes do not swell or gas and
      (after 9 weeks aging at 120.degree.F.) the inner walls of the tubes are
      found to be gold-colored, the wall color in the tube containing the 12b
      toothpaste being very light. On inspection of the inner walls of the
      unlined aluminum tubes containing the 10d toothpastes (again after 9 weeks
      at 120.degree.F.) they are found to be dark (when the pastes contain 0.8%
      or 0.4% of the dicalcium phosphate dihydrate) or golden (when the tubes
      contain 0.04% and 0.2% of the dicalcium phosphate dihydrate); on
      inspection of the inner walls of the unlined aluminum tubes containing the
      11k toothpaste they are found to be golden after 3 and 6 weeks aging at
      120.degree.F. and dark after 9 weeks of such aging. It is believed that
      the toothpastes containing the dicalcium phosphate dihydrate contain (or
      form, on aging) small amounts of dissolved phosphate ions (e.g.
      orthophosphate and/or pyrophosphate) which may act on the aluminum walls,
      or on the aluminum oxide layer on said walls, to form a protective layer
      thereon. The amount of dissolved phosphate ion present in the preferred
      composition is sufficient to inhibit the gas-forming reaction between the
      alkaline toothpaste composition and the aluminum walls of the tube but the
      amount of the phosphate or acidic ingredient therein is insufficient to
      cause a gas-forming reaction (e.g. resulting in swelling or bursting of
      the tube) between the ingredients of the toothpaste; the tendency for the
      latter reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9 weeks) at an elevated
      temperature (e.g. 120.degree.F.)
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. Nos. 3,662,066 and 3,678,155 and
      Austrian Pat. No. 267,070. As is well known to consumers of toothpastes,
      aluminum toothpaste tubes are squeezed and deformable to express the
      toothpaste from the nozzle of the tube and the main body of the tube is of
      relatively thin, ductile, aluminum.
PAC  EXAMPLE 13
PAR  This Example illustrates the use of olefin sulfonate surfactant in a baking
      soda toothpaste; these olefin surfactants are found to produce very good
      foaming during tooth brushing despite the fact that the medium (saliva and
      baking soda toothpaste) has a relatively high concentration of dissolved
      electrolyte.
PAR  a. The toothpaste formulation is the same as that of Example 10 except that
      in place of the solution of the sarcosinate there is included about 0.7%
      of a sodium olefin sulfonate detergent and the amount of water is
      increased to about 16.6%.
PAR  b. The toothpaste formulation is the same as in Example 10 except that in
      place of the sodium lauryl sulfate and the solution of the sarcosinate
      there is included about 1.7% of a sodium olefin sulfonate detergent and
      the amount of water is increased to about 16.5%.
PAR  The olefin sulfonate detergent used in Example 13 is a reaction product of
      SO.sub.3 and an olefin mixture (such as may be obtained by cracking
      paraffin wax) containing approximately equal amounts of 15, 16, 17 and 18
      carbon atom olefins and having an average chain length of about 16 1/2
      carbon atoms. Other olefin sulfonate surfactants may be employed in the
      baking soda dentifrice. The olefin sulfonate surfactants are well known in
      the detergent art. Generally they contain long chain alkenyl sulfonates or
      long chain hydroxyalkane sulfonates (with the OH being on a carbon atom
      which is not directly attached to the carbon atom bearing the --SO.sub.3
      --group). More usually, the olefin sulfonate detergent comprises a mixture
      of these two types of compounds in varying amounts, often together with
      long chain disulfonates or sulfate-sulfonates. Such olefin sulfonates are
      described in many patents, such as U.S. Pat. Nos. 2,061,618; 3,409,637;
      3,332,880; 3,420,875; 3,428,654; 3,506,580,   and British Pat. No.
      1.139,158, and in the article by Baumann et al in
      Fette-Seifen-Anstrichmittel 72 no. 4 p. 247-253 (1970). All the
      above-mentioned disclosures are incorporated herein by reference. As
      indicated in these patents and published literature, the olefin sulfonates
      may be made from straight chain .alpha.-olefins, internal olefins, olefins
      in which the unsaturation in a vinylidene side chain (e.g. dimers of alpha
      olefins), etc. or, more usually, mixtures of such compounds, with the
      .alpha.-olefin usually being the major constituent. The sulfonation is
      usually carried out with sulfur trioxide under low, partial pressure, e.g.
      SO.sub.3 highly diluted with inert gas such as air or nitrogen or SO.sub.3
      under vacuum. This reaction generally yields an alkenyl sulfonic acid,
      often together with a sultone; the resulting acidic material is generally
      then made alkaline and treated to open the sultone ring to form
      hydroxyalkane sulfonate and alkenyl sulfonate. The number of carbon atoms
      in the olefin is usually within the range of 10 to 25, more commonly 12 to
      20, e.g. a mixture of principally C 12, C14 and C16 having an average of
      about 14 carbon atoms or a mixture of principally C14, C16 and C18 having
      an average of about 16 carbon atoms. The preferred olefin sulfonates are
      sodium salts but it is within the broader scope of the invention to use
      other water-soluble salts such as ammonium or potassium salts.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerated thereof (e.g. twinned crystals) some having projecting
      spike-like portions of generally rhombohedral shape with many reentraut
      angles.
PAR  The toothpastes of the foregoing Examples are noneffervescent. Thus when
      diluted with water they do not actively evolve bubbles of carbon dioxide.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 10.0, usually about 9.3 to 9.9.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a radioactive technique described by Grabenstetter et al in the
      "Journal of Dental Research", Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research", Volume
      47, page 524 (July-August 1968).
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dental cream containing an abrasive system comprising about 1 - 25%
      sodium bicarbonate in a vehicle containing sufficient liquids, said
      vehicle consisting essentially of about 5 to 35% water and sufficient
      viscous water miscible polyol humectant or mixtures thereof and a
      sufficient amount of gelling or thickening agent to impart to the dental
      cream the pasty consistency, body and the non-tacky nature which is
      characteristic of conventional dental creams or toothpastes, and at least
      about 20% of a water-insoluble dental abrasive material compatible with
      said bicarbonate in the dental cream, said sodium bicarbonate being
      primarily in the undissolved solid state, said dental cream having a
      granular textured appearance comprising dispersed non-crystalline
      appearing granulate of macroscopic crystalline bicarbonate granules in an
      otherwise smooth continuous matrix.
NUM  2.
PAR  2. A dental cream as in claim 1 wherein said insoluble abrasive is selected
      from the group consisting of silica, alumina, silicates, and carbonates
      non-reactive with the bicarbonate.
NUM  3.
PAR  3. A dental cream sa in claim 1 wherein said insoluble abrasive is included
      in amounts of about 20 to 50% by weight.
NUM  4.
PAR  4. A dental cream as in claim 1 wherein said insoluble abrasive is calcium
      carbonate.
NUM  5.
PAR  5. A dental cream as in claim 4 wherein said insoluble abrasive is
      precipitated calcium carbonate having a density of about 0.7 to 0.9 g/cc,
      about 99% of which will pass through a 325 mesh sieve.
NUM  6.
PAR  6. A dental cream as in claim 1 wherein said insoluble abrasive is flat
      flakes of alphaaluminum.
NUM  7.
PAR  7. A dental cream as in claim 3 wherein said polyol is glycerol, the water:
      glycerol ratio being in the range of about 0.4:1 to 0.7:1.
NUM  8.
PAR  8. A dental cream as in claim 1, containing a water-soluble polymeric
      gelling agent and a water-insoluble essential oil flavoring agent in the
      range of about 0.5 to 1.5%.
NUM  9.
PAR  9. A dental cream as in claim 1 containing sodium carboxymethylcellulose as
      gelling agent.
NUM  10.
PAR  10. A dental cream as in claim 1 containing a compatible surfactant.
NUM  11.
PAR  11. A dental cream as defined in claim 1 wherein said bicarbonate has a
      particle size largely principally above about 150 microns but below about
      0.4 mm in diameter.
NUM  12.
PAR  12. A dental cream as defined in claim 1 wherein a major proportion by
      weight of said bicarbonate has a particle size above about 0.01 mm in
      diameter.
NUM  13.
PAR  13. A dental cream as defined in claim 1 additionally containing titanium
      dioxide included in amounts of about 0.2 to about 6.0 percent by weight of
      the toothpaste.
NUM  14.
PAR  14. A dental cream as defined in claim 13 wherein said titanium dioxide is
      a grit-free anatase powder at least 99.0% of which passes through a No.
      325 U.S. standard sieve.
NUM  15.
PAR  15. A dental cream as defined in claim 1 further including at least about
      0-5% of a suitable flavoring oil.
NUM  16.
PAR  16. A dental cream as defined in claim 1 further including about .01 to 5%
      by weight of a compatible cationic antibacterial agent.
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ABST
PAL  Toothpaste formulations having dispersed therein a plurality of
      agglomerated particles of dental polishing agent that are visible,
      palpable and substantially insoluble in the toothpaste are disclosed. The
      agglomerates comprise individually impalpable particles of water insoluble
      dental polishing agent; can include an agglomerating agent and are reduced
      to smaller sized particles of dental polishing agent when subjected to
      mild mechanical agitation such as toothbrushing. Such agglomerates are
      particularly well suited for incorporation into transparent gel dental
      vehicles to provide special effects such as supplemental cleaning and
      polishing characteristics without adversely affecting the visual clarity
      of the finished toothpaste.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation of application Ser. No. 243,060 filed
      Apr. 11, 1972 (now abandoned) which is in turn a continuation-in-part of
      application Ser. No. 147,613 filed May 27, 1971 (now abandoned), the
      latter being in turn a continuation of Ser. No. 749,934 filed Sept. 5,
      1968 (now abandoned).
BSUM
PAR  The entire disclosure of our patent no. 3,574,823 issued Apr. 13, 1971
      (Ser. No. 750,028 filed Aug. 5, 1968; reissue application Ser. No. 224,629
      filed Feb. 8, 1972) is hereby incorporated by reference.
PAR  The invention relates to toothpaste formulations containing dispersed
      therein visible, palpable agglomerated particles of dental polishing agent
      that are substantially insoluble in the toothpaste and are easily reduced
      to impalpable particles of dental polishing agent during toothbrushing.
PAR  Polishing agents have beem employed in toothpastes in order to facilitate
      cleansing of the teeth. Since these agents are typically water-insoluble,
      they have been used in small particle sizes, substantially all of which
      are typically less than 177 microns in size and often even less than 10
      microns. Such small size particles help avoid too much abrasiveness,
      palpability and retention of individual particles in the oral cavity even
      after rinsing which would be expected if larger particles of
      water-insoluble polishing agent were employed. However, these small
      particles, being individually invisible, could not contribute to the
      esthetic appearance of the dentifrice. The agglomerated particles of the
      invention, being visible, contribute markedly to the esthetic appeal of a
      dentifrice composition by providing a speckled, or dotted appearance when
      the agglomerated particles contrast with the toothpaste base or matrix.
      When dispersed in a transparent gel dental matrix, the new agglomerated
      particles provide a stable unique speckled appearance and desired
      polishing characteristics. In the clear gel dental base, the agglomerated
      particles are visible both on the surface and in the interior of the
      toothpaste; the combination due to the unique light reflectance effects,
      giving a positive three dimensional sparkling appearance. In an opaque
      paste, of course, only special portions of the agglomerates on the surface
      would be visible resulting in an essentially uni-dimensional effect.
PAR  In accordance with certain of its specific aspects, this invention utilizes
      an agglomerated particulate material containing water-insoluble dental
      polishing agent, particles of said agglomerated material being visible,
      said agglomerated particles being palpable and substantially
      water-insoluble, and easily reducible to individual particles of polishing
      agent, each of which is fine, invisible and impalpable upon being
      subjected to mild mechanical action. The agglomerated particles maintain
      their physical integrity until used in toothbrushing i.e., they are
      substantially insoluble in the toothpaste and do not disintegrate to any
      appreciable extent when blended with the toothpaste.
PAR  Preferably the agglomerated particles of water-insoluble dental polishing
      agent also contain agglomerating agent having binding and/or lubricating
      properties, in order to facilitate agglomeration of the polishing agent
      particles. The agglomerating agent can be water-soluble so that it
      dissolves in saliva when the particles are broken down by mild mechanical
      action or it can be a water-insoluble material. The various agglomerating
      agents mentioned below are typical examples of gums, gels, waxes, polymers
      etc. which are known as binders or the like in manufacture of tablets and
      other compressed or agglomerated materials.
PAR  Water-insoluble dental polishing agents of the prior art may be used in
      accordance with this invention. The polishing agents thus include
      insoluble phosphate salts, such as insoluble sodium metaphosphate,
      insoluble potassium metaphosphate, calcium pyrophosphate, magnesium
      orthophosphate, trimagnesium orthophosphate, tricalcium phosphate,
      dicalcium phosphate dihydrate, anhydrous dicalcium phosphate and the like,
      calcium carbonate, magnesium carbonate, hydrated alumina, silica,
      zirconium silicate, aluminum silicate including calcined aluminum silicate
      and polymethyl methacrylate.
PAR  Special effects in appearance and functionality as desired may be obtained
      by appropriate selection of polishing agents depending upon their
      hardness, particle size abrasivity etc; in the agglomerates when
      integrated with the toothpaste base. For example, certain polishing agents
      will destroy the clarity of a clear toothpaste base but may be utilized in
      the agglomerates satisfactorily. Hard materials having a Moh hardness of
      at least 5 and a particle size such as to be useful as a dental polishing
      agent (e.g. between 0.1 and 10 microns) are particularly suitable for use
      in the agglomerates. Representative of such hard materials are silica,
      zirconium silicate, aluminum silicate, calcined aluminum silicate, calcium
      silicate, silicon carbide, pumice, ilmenite (FeTiO.sub.3), CeO.sub.2,
      Fe.sub.2 O.sub.3 (hematite), SnO.sub.2, Topaz (aluminum hydroxy fluoro
      silicate) and TiO.sub.2, either natural or manufactured. When incorporated
      into a toothpaste, agglomerated particles of hard abrasive materials as
      defined above e.g. Moh hardness greater than 5, particle size between 0.1
      and 10 microns, make it possible to provide substantially increased
      cleaning and polishing properties to the formulation, without
      significantly increasing abrasion to the dental hard tissues, (enamel,
      dentin and cementum).
PAR  The insoluble alkali metal metaphosphate polishing agents are preferably
      the insoluble sodium and potassium salts of polymetaphosphoric acid. These
      materials are known in the art with the insoluble sodium metaphosphate
      having been suggested as a polishing agent as previously indicated. Such
      materials may be formed in any suitable manner, as illustrated by Thorpe's
      Dictionary of Applied Chemistry, Vol, 9(4th. ed.), pp. 510-511.  The forms
      of insoluble sodium metaphosphate known as Madrell's salts and Kurrol's
      salt are further examples of suitable materials.
PAR  These metaphosphate salts exhibit only a minute solubility in water, and
      are commonly referred to as insoluble metaphosphate, therefore. There is
      present a minor amount of soluble phosphate material as impurities,
      usually of the order of a few percent such as up to about 4% by weight.
      The amount of soluble phosphate material which is believed to be a soluble
      sodium trimetaphosphate in the case of insoluble sodium metaphosphate may
      be reduced by washing with water if desired.
PAR  Agglomerating agents which may be employed to assist formation of the
      polishing agent into agglomerated particles include water-soluble
      materials such as gum acacia (arabic), gelatin, starches, alkali metal
      carboxymethyl celluloses, polyethylene glycols, glucose, sucrose, methyl
      cellulose, carboxymethyl hydroxymethyl celluloses, sodium alginate,
      polyvinyl pyrrolidone, polyvinyl alcohol, Irish moss, gum tragacanth,
      magnesium aluminum silicate gel and the like. Other agglomerating agents
      include materials such as talc, magnesium stearate, calcium stearate,
      stearic acid and the like which are water-insoluble materials and known as
      lubricants also.
PAR  Mixtures of agglomerating agents may be employed too. When the polishing
      agents are freed from binding with these agents upon application of mild
      pressure, typically a toothbrush applied in the oral cavity, these agents
      are easily solubilized or dispersed in the saliva so as to permit the
      particles of polishing material to exert desired polishing or cleansing
      power simultaneously with the balance of the toothpaste.
PAR  Typically, the polishing agent may comprise a major proportion e.g., about
      75%-100% by weight, preferably about 75%-99%, of the finished agglomerate
      particles. The agglomerating agent when present typically comprises a
      sufficient amount to facilitate agglomeration, usually 1%-25% by weight of
      the finished agglomerate. Lesser amounts such as at least about 10% may be
      used with an appropriate proportion of suitable agglomerating material so
      as to provide stable agglomerates of desired properties.
PAR  When employed, the agglomerating agent is blended with the polishing agent
      in any suitable manner. The agglomerating agent may be blended in dry
      powdered form or in solution in water or alcohol. The agglomerate may be
      formed in a dry process known as "slugging" or in a wet granulation
      process or in a combination of the two wherein wet granulated and dried
      agglomerates are subsequently subjected to the direct compression process
      as herein after described.
PAR  The large tablet thereby formed typically has dimensions of about 6 mm.
      .times. 25 mm., although it may be even larger. The tablet is then broken
      into granular agglomerates that are individually visible to the naked eye
      having particle sizes up to about 2380 microns, preferably up to about 840
      microns, and most preferably between 200 and 500 microns, typically in a
      mill, granulator or comminutor.
PAR  When the dry or slugging process is employed, the blend to be agglomerated
      preferably includes an agglomerating agent having lubricating properties
      such as talc, magnesium stearate, calcium stearate, stearic acid, adipic
      acid and the like. The lubricating properties of the agglomerating agent
      facilitates agglomeration and it is present in a suitable amount to do
      this.
PAR  When agglomerating agent in dry powdered form is blended with polishing
      agent in the wet granulation process, solvent, such as water or ethanol or
      a solution of additional agglomerating agent, is contacted with the blend
      in sufficient amount to wet the mass.
PAR  The wet granulation process may be performed by wetting a powder blend of
      water-insoluble dental polishing agent particles typically having a
      particle size of less than 74 microns; and agglomerating agent in
      continuous contact on a Dravo pan, in a Hobart mixer or other suitable
      powder-wetting mixing device thereby forming a wet mass. The "wetting" may
      be performed by contact of the polishing agent with solid binder followed
      by moistening or with a solution of the binder.
PAR  The wet mass formed from the polishing agent and agglomerating agent is
      forced through a screen having uniform openings which may be up to 2380
      microns e.g. from 420 microns, in size as agglomerates and dried typically
      in air or an oven. The agglomerates may be segregated into desired clearly
      visible sizes such as from about 200 up to about 840 microns and
      preferably up to about 500 microns by passing through appropriately sized
      screens. It is noted that when the wet mass is formed in a Dravo pan, the
      forced screening may be unnecessary.
PAR  It is desirable that the agglomerates formed be easily introduced into the
      oral cavity in a toothpaste and comfortably maintained there until reduced
      in size during toothbrushing. Therefore, those agglomerated particles,
      having a particle size larger than about 2380 microns, may be preferably
      separated from the agglomerates. In order to maximize the esthetic
      appearance of the agglomerates when they are incorporated into a
      toothpaste, it is desirable also to separate fines, which have a particle
      size smaller than about 420 microns e.g., substantially less than about
      200 microns. However, any agglomerates containing the components of the
      invention which are visible to the naked eye within the scope of the
      invention.
PAR  If desired, the blend to be agglomerated, by wet or dry procedures, may
      also contain a non-abrasive diluent or filler, such as lactose, starch,
      mannitol and the like in amounts of about 1%-5% by weight of the
      agglomerate, in order to ameliorate the polishing power of the
      agglomerate. Furthermore, the blend may include ancillary components, such
      as a color dye or pigment. Typical dyes and pigments include
      water-insoluble FD&C dyes and lakes and the like. Color material when
      employed, generally is present in amounts of about 1-10% by weight.
PAR  The agglomerate is characterized as being substantially insoluble in the
      toothpaste during storage. In the oral cavity it is quickly reduced in
      size from the visible, palpable agglomerates introduced into individual,
      invisible, fine, impalpable particles upon subjection to mild mechanical
      action, such as by rubbing on the teeth, gums or other portions of the
      oral cavity with a toothbrush, the tongue, a finger or the like.
PAR  The toothpaste formulation contains a dental vehicle which forms a gel or
      creamy mass of a consistency which can be desirably extruded from a
      collapsible tube such as an aluminum tube or a lead tube. The vehicle
      contains liquids and solids. In general, the liquid portion comprises
      water, glycerine, sorbitol, propylene glycol, polyethylene glycol 400 or
      the like including suitable mixtures thereof. It is usually advantageous
      to use a mixture of both water and humectant, such as glycerine, sorbitol,
      propylene glycol or the like. The total liquid content is generally about
      20-89.5%, usually about 20-50% by weight of the toothpaste.
PAR  The solid portion of the vehicle includes a gelling agent, such as the
      natural and synthetic gums and gum-like materials, such as Irish Moss, gum
      tragacanth, alkali metal carboxymethyl cellulose and hydroxymethyl
      carboxyethyl cellulose, polyvinyl pyrrolidone, starch, water soluble
      hydrophilic colloidal carboxyvinyl polymers, such as those sold under the
      trademark Carbopol 934 and 940. Such solid portion of the vehicle is
      typically present in an amount up to about 10% by weight of the toothpaste
      and preferably about0.5-5% by weight.
PAR  The agglomerated particles are blended into the toothpaste in sufficient
      amount to provide an attractive appearance of discrete particles and
      desired polishing effects. Typically, they may comprise any suitable
      amount, up to about 75%, by weight of the finished toothpaste depending on
      the desired appearance, polishing effects and type of formulation desired.
PAR  In addition to the agglomerates the toothpaste may contain the usual
      water-insoluble polishing material having a particle size typical of that
      employed in the art, usually less than about 74 microns, which is
      invisible in the toothpaste base and increases cleaning or polishing power
      beyond that provided by the agglomerates. The total polishing material, in
      the toothpaste is typically between about 5-75%, preferably 10-50%, and
      can be present partly in the agglomerates and partly in the toothpaste
      base as desired.
PAR  When a transparent or translucent gel matrix is employed in accordance with
      the invention, the polishing material in the toothpaste base must have a
      refractive index about the same as the gel base, usually between 1.4 to
      1.5, particularly 1.44 and 1.47, in order to maintain visual clarity.
      Representative of such polishing materials are the colloidal silicas such
      as xerogels sold under the trademark Syloid. Another type is the synthetic
      alkali metal or alkaline earth metal aluminosilicate complexes. These
      siliceous materials can have a particle size up to about 40 microns,
      preferably between 1 and 20 microns. The total polishing agent present in
      a transparent or translucent toothpaste according to the invention is
      usually between 5 and 50 percent by weight and is present partly in the
      gel vehicle and partly in the form of agglomerated particles of polishing
      agent. Typically, the transparent or translucent gel vehicle contains from
      about 5 to 20 by weight of such siliceous polishing agent.
PAR  The Syloid silicas are generally white powders, which are transparent and
      colorless in liquids, have a hardness of about 5 on Moh scale and a
      refractive index of about 1.46. The surface areas, oil absorptions and
      bulk densities of some of the Syloid silicas which may be used are,
      respectively, 675 m.sup.2 /gm60/lb/100 lb and 39 lb/ft.sup.3 for Syloid
      63; 320 m.sup.2 /gm, 200 lb/100 lb and 16 lb/ft.sup.3 for Syloid 74; 330
      m.sup.2 /gm, 200 lb/100 lb and 9 lb/ft.sup.3 for Syloid 73; and 310
      m.sup.2 /gm, 310 lb/100 lb and 7 lb/ft.sup.3 for Syloid 244.
PAR  Suitable aluminosilicate complexes are synthetic amorphous complex
      aluminosilicate salts of alkali metal or alkaline earth metal in which
      silica is interbonded with alumina and having a refractive index of about
      1.44-1.47, said complex salts containing up to about 20% by weight of
      moisture and up to about 10% by weight of alkali metal or alkaline earth
      metal oxide. The complex aluminosilicate slat, e.g. a sodium or calcium
      salt is typically an amorphous powder, alkaline in nature, of a particle
      size of up to about 40 microns, preferably about 1-20 microns. The typical
      moisture content, measured by loss on ignition, is about 5-20% by weight
      of the agent and the typical content of alkali metal oxide, such as sodium
      oxide or alkaline earth metal oxide, such as calcium oxide, is up to about
      10% by weight. Alumina is typically present in amount up to about 10% by
      weight and silica typically in amount of at least about 70% by weight;
      typically, the agent has a loose bulk density of up to about 0.2g/cc,
      preferably about  0.07-0.12g/cc. The complex aluminosilicate salt appears
      to contain interbonded silica and alumina having Al-O-Si bonds as
      described by Tamele, "Chemistry of the Surface and the Activity of
      Alumina-Silica Cracking Catalyst", Discussions of the Faraday Society, No.
      8, pages 270-279 (1950) and particularly at Page 273, FIG. 1, Curve 3
      wherein the interaction between silica and aluminium ions is
      potentiometrically detected. Further literature describing this type of
      complex includes Milliken et al, "The Chemical Characteristics and
      Structure of Cracking Catalysts", Discussions of the Faraday Society, No.
      8, Pages 279-290 (1950) and particularly the sentence bridging Pages
      284-285. See also Plank et al, "Differences Between Silica and
      Silica-Alumina Gels I. Factors Affecting The Porous Structure of These
      Gels", Journal of Colloid Science, 2, Pages 399-412 (1947) and Plank,
      "Differences Between Silica and Silica-Alumina Gels II. A Proposed
      Mechanism for the Gelation and Syneresis of These Gels," Journal of
      Colloid Science 2, Pages 413-427, (1947) in which formation of the Al-O-Si
      bond is described at Pages 419-422.
PAR  Examples of aluminosilicate complexes are the materials sold by Crosfield
      as Alusil ET and Alusil N, both of which are amorphous to X-rays and whose
      typical properties (taken from the manufacturer's publications) are given
      below:
TBL                  ALUSIL ET  ALUSIL N                                       

     ______________________________________                                    

     Ultimate particle size                                                    

     (electron microscope)                                                     

                       20 m.mu.                                                

     Average particle agglomer-                                                

     ate size (Coulter Counter)                                                

                       6.5.+-.2                                                

     Particle size of agglomer-                                                

     ates (sedimentation)           98% 30.mu.                                 

     Residue on 350 B.S. Sieve                                                 

     (B.S. 1795)       Trace                                                   

     Oil absorption value                                                      

     (B.S. 1795)       140.+-.15% w/w                                          

                                    175% w/w                                   

     Refractive index  1.47         1.45                                       

     Specific gravity  2.1          2.1                                        

     Colour (Hunter Reflect-                                                   

     ometer) (B.S. 1795)                                                       

                       96+                                                     

     pH of a 10% aqueous sus-                                                  

     pension           10.5         10.5                                       

     Loss on drying at 105.degree.C.                                           

                       10%          10%                                        

     Loss at 1000.degree.C.                                                    

                       18%          18%                                        

     Mol. ratio SiO.sub.2 :Al.sub.2 O.sub.3                                    

     (approx.)         7:1          7:1                                        

     SiO.sub.2 (anhydrous basis)                                               

                       78.0%                                                   

     CaO (anhydrous basis)                                                     

                       --                                                      

     Al.sub.2 O.sub.3 (anhydrous basis)                                        

                       8.0%                                                    

     Na.sub.2 O (anhydrous basis)                                              

                       10.0%                                                   

     Sulphate and chloride (max.)                                              

                       3.0%                                                    

     ______________________________________                                    

PAL  Another suitable commerically available aluminosilicate complex (also
      amorphous to X-rays) has the following characteristics): 72% SiO.sub.2 :
      8% Al.sub.2 O.sub.3 ; 7% Na.sub.2 O; 0.05% Fe.sub.2 O.sub.3 ; about 6%
      loss on ignition at 1000.degree.C (including loss of water at
      105.degree.C); average primary particle size 35 mu; specific gravity 1.95
      g/cm.sup.3 ; refractive index 1.46.
PAR  The toothpaste according to the invention may also contain surface-active
      agent. It is preferred that the total amount of surface-active agent, be
      about 0.05%-5% by weight, pereferably about 1-3%, of the toothpaste.
      Surface-active agent may include water-soluble sulfates of compounds
      having long chain alkyl radicals (e.g., chains of 10 to 18 carbon atoms)
      are suitable. One preferred material is a long chain fatty acid
      monoglyceride sulfate, such as the sodium salt of hydrogenated coco fatty
      acid monoglyceride sulfate used alone or in combination with sodium lauryl
      sulfate. Other suitable materials are the fatty acid amides of amino acids
      such as sodium N-lauroyl sarcosinate.
PAR  Various other materials may be incorporated in the toothpaste. Examples
      thereof are coloring or whitening agents, preservatives, silicones,
      fluorine compounds chlorophyll compounds, ammoniated materials, such as
      urea, diammoniumphosphate and mixtures thereof, antibacterial agents and
      suitable flavoring and coloring ingredients. Each of these adjuvants may
      be typically incorporated in the instant toothpaste in amounts up to about
      5%. Where coloring is employed, the agglomerates may be colored with a
      suitable contrasting color. The agglomerates can be colored by including
      therein a suitable amount, typically from 1 to 10 percent by weight of
      FD&C dye or lake.
PAR  The toothpaste of the invention is formulated by preparing a toothpaste
      containing no agglomerates and separately preparing the agglomerates in
      any suitable way. Thus, a gelling agent such as sodium carboxymethyl
      cellulose or Carbopol 934 and a preservative such as sodium benzoate and
      polishing material, if employed, is dispersed with a humectant such as
      glycerin. Water may also be present. Additional humectant and water, as a
      70% sorbitol solution, may then be mixed with the dispersion and heat is
      applied at about 40.degree.-65.degree.C., say 50.degree.C. to form a gel.
      Surface-active agent, such as sodium lauryl sulfate, if employed, is then
      dispersed in the mixture. The preparation is then dearated and cooled.
      Desired flavor may then be added and the toothpaste again dearated.
PAR  The agglomerates are then dispersed in the toothpaste with minimal
      mechanical agitation, insufficient to break them down to a significant
      degree. The toothpaste, including agglomerated particles of polishing
      agent, is then deaerated and tubed.
DETD
PAR  In the following illustrative specific examples, the amounts and
      proportions of compositions described in these examples are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  220 parts of dicalcium phosphate dihydrated having an average particle size
      of about 4.2 microns are moistened with 91 parts of 10% aqueous solution
      of gum acacia while blending the components in a Hobart mixer to uniformly
      wet the blend. The wet mass thereby formed is forced through a screen
      having uniform openings of 2380 microns and oven dried for one hour at
      65.degree.C. The dried agglomerates are then screened through a screen
      having uniform openings of 420 microns. 132 parts of agglomerated
      dicalcium phosphate dihydrate are retained on the screen having uniform
      openings of 840 microns and 37 parts pass through to the screen having
      uniform openings of 420 microns.
PAR  Similar agglomerates of water-insoluble dental polishing agents are made by
      blending hydrated alumina having an average particle size of about 2.5
      microns; zirconium silicate having a mean particle size of about 1 micron;
      calcium carbonate having particles substantially all of which are less
      than about 7.4 microns in size; anhydrous dicalcium phosphate having
      particles substantially all of which are less than about 7.4 microns in
      size; and insoluble sodium metaphosphate having an average particle size
      of about 4.8 microns with a 10% aqueous solution of gum acacia.
PAR  The agglomerated particles are easily reduced to fine size upon application
      of mild pressure. Upon incorporation into a toothpaste they are
      esthetically pleasing. In the oral cavity they are palpable until broken
      down.
PAC  EXAMPLE II
PAR  6000 parts of anhydrous dicalcium phosphate particles having sizes
      indicated in Example I are blended with 150 parts of gum arabic powder and
      50 parts of gum tragacanth. The blend is then moistened with a 10% aqueous
      solution of gum arabic. The agglomerates are then formed and screened in
      the manner set forth in Example I.
PAR  Similar agglomerates may be formed when the blend is moistened with (A) a
      20% aqueous solution of gum arabic, (B) a 10% solution of polyvinyl
      pyrrolidone, (C) water, (D) ethanol or (E) glucose solution.
PAR  The agglomerate particles are easily reduced to fine size upon application
      of mild pressure. Upon incorporation into a toothpaste they are
      esthetically pleasing. In the oral cavity they are palpable until broken
      down.
PAC  EXAMPLE III
PAR  Agglomerates indicated below are made by blending polishing agent, binder
      and lubricant to form a powder blend. The powder blend is compressed on a
      rotary tablet press to form slugs about 6 mm. .times. 25 mm. in size. The
      slugs are then granulated in an oscillating granulator to form smaller
      particles. These particles are screened with screens having uniformly
      spaced openings of 840 microns and 420 microns. 116 parts have particle
      sizes greater than 840 microns and 266 parts have particle sizes between
      420 microns and 840 microns. The remaining agglomerates are finer than 420
      microns.
PAR  Agglomerates are made by slugging blends of the following components:
     Parts                                                                     

     Polishing Agent                                                           

                   (A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K)                 

     __________________________________________________________________________

      Dicalcium Phosphate                                                      

      Dihydrate    890                         910                             

      Calcium Carbonate                                                        

                       440                 865                                 

      Insoluble Sodium                                                         

      Metaphosphate    450         865 865             900                     

      Hydrated Alumina     890 790                 890                         

      Zirconium Silicate                                   400                 

     Binder                                                                    

      Polyethylene                                                             

      Glycol 6000  100 100 100 200 100 100 100 130 100 100 100                 

     Lubricant                                                                 

      Magnesium                                                                

      Stearate      10  10  10  10              10  10                         

      Talc                          35  35  35                                 

      Stearic Acid                      5                                      

     __________________________________________________________________________

PAR  The agglomerate particles are easily reduced to fine size upon application
      of mild pressure. Upon incorporation into a toothpaste they are
      esthetically pleasing. In the oral cavity they are palpable until broken
      down.
PAC  EXAMPLE IV
PAR  99 parts of unmilled dicalcium phosphate dihydrate having an average
      particle size of about 118 .+-. 33 microns are blended with 1 part of
      magnesium stearate lubricant. The powder blend is compressed on a rotary
      tablet press to form agglomerate slugs 6 mm. .times. 25 mm. in size. The
      slugs are then granulated in an oscillating granulator to form smaller
      agglomerate particles. These particles are screened with screens having
      uniformly spaced openings of 840 microns and 420 microns. The agglomerate
      particles whch pass through the screen with the wider oepnings and are
      retained on the screen with the narrower openings are separated for
      incorporation into a toothpaste.
PAR  The agglomerate particles are easily reduced to fine size upon application
      of mild pressure. Upon incorporation into a toothpaste they are
      esthetically pleasing. In the oral cavity they are palpable until broken
      down.
PAC  EXAMPLE V
PAR  20 parts of each of the agglomerate particles described in Example III (A)
      - (J) are blended with 80 parts of a transparent dental gel vehicle having
      the following formulation:
TBL                         Percent                                            

     ______________________________________                                    

     Glycerine                10.00                                            

     Sorbitol solution (70%)  75.00                                            

     Sodium benzoate          0.50                                             

     Sodium carboxymethyl cellulose                                            

                              2.00                                             

     Sodium lauryl sulfate    1.50                                             

     Flavor                   0.80                                             

     Ethanol (95%)            10.00                                            

     Color (Red)              0.10                                             

     ______________________________________                                    

PAR  The toothpaste described in this example are transparent and esthetically
      pleasing. Discrete agglomerated particles including dental polishing
      agents are randomly dispersed in the finished toothpastes creating an
      attractive speckled appearance. During toothbrushing the agglomerates are
      at first palpable and are then easily reduced to individual particles of
      polishing agent of the fine size upon application of mild pressure with
      the toothbrush.
PAC  EXAMPLE VI
PAR  2 parts by weight of the zirconium silicate agglomerated particles of
      Example III (K) having a particle size between 250 and 420 microns are
      randomly dispersed in the transparent gel vehicle of Example V. The
      resulting finished toothpaste has an esthetically attractive speckled
      appearance comprising whitish speckles in a red clear gel. The whitish
      speckles are visible both on the surface of the finished toothpaste and
      internally. Upon brushing the agglomerates are reduced to impalpable
      particles that are easily removed from the mouth during rinsing.
PAC  EXAMPLE VII
PAR  Agglomerates having the following composition are prepared in accordance
      with the wet granulation process of the invention:
TBL                         Parts                                              

     ______________________________________                                    

     Dicalcium phosphate (anhydrous)                                           

                              44.95                                            

     Dicalcium phosphate dihydrate                                             

                              44.95                                            

     Polyethylene glycol 6000 10.00                                            

     Gum arabic               0.10                                             

     ______________________________________                                    

PAL  The agglomerated mass is ground and screened between No. 20 and 40 mesh
      (U.S. sieve series) resulting in agglomerate particles having a mean size
      of between 420 and 840 microns. 2 parts by weight of the foregoing
      discrete agglomerated particles are dispersed in a transparent gel vehicle
      having the following formulation:
TBL  Component                  Parts                                          

     ______________________________________                                    

     Glycerine                  25.00                                          

     Colloidal silica xerogel (Syloid 74)                                      

                                18.00                                          

     Colloidal silica xerogel (Syloid 244)                                     

                                4.00                                           

     Sodium saccharin           0.17                                           

     Sodium benzoate            0.50                                           

     Aqueous 35% solution of                                                   

     Sodium N-lauroyl sarcosinate                                              

                                5.70                                           

     Sodium carboxymethyl cellulose                                            

                                0.35                                           

     Sodium fluoride            0.22                                           

     Flavor                     1.00                                           

     Color (blue)               0.08                                           

     Aqueous 70% sorbitol solution                                             

                                42.98                                          

     Chloroform                 2.00                                           

     ______________________________________                                    

PAR  The finished toothpaste is a white-speckled blue-clear gel. The white
      agglomerated particles in the paste easily break down during tooth
      brushing and are easily rinsed from the mouth. Because of the transparent
      nature of the finished toothpaste, all of the agglomerated particles are
      visible.
PAC  EXAMPLE VIII
PAR  Example VII is repeated using 1 part by weight of the agglomerated
      particles of Example VII. The finished toothpaste has a speckled
      appearance although not as pronounced as that of Example VII.
PAC  EXAMPLE IX
PAR  2 parts by weight of the zirconium silicate agglomerated particles of
      Example 1 are randomly dispersed in the visually clear gel vehicle of
      Example VII. The resulting speckled clear gel toothpaste is esthetically
      attractive. The agglomerated particles are readily disingegrated during
      toothbrushing.
PAC  EXAMPLE X
PAR  12 parts by weight of visible white particles of agglomerated anhydrous
      dicalcium phosphate are mixed with a transparent blue gel vehicle having
      the following formulation:
TBL  Component                Parts                                            

     ______________________________________                                    

     Glycerine                8.0                                              

     Colloidal silica xerogel                                                  

     (Syloid 244)             8.0                                              

     Sodium saccharin         0.2                                              

     Sodium benzoate          0.4                                              

     Sodium lauryl sulfate    1.2                                              

     Sodium carboxymethyl cellulose                                            

                              1.6                                              

     Flavor                   1.0                                              

     Color (F.D. & C. Blue)   0.8                                              

     Aqueous 70% sorbitol solution                                             

                              59.0                                             

     Ethanol (U.S.P. 190 proof)                                                

                              7.8                                              

     ______________________________________                                    

PAR  The resulting toothpaste is a white-speckled blue clear gel. The white
      speckles of agglomerated dicalcium phosphate easily break down during
      brushing and are easily rinsed from the mouth.
PAR  The dicalcium phosphate agglomerates contain about 2% gum acacia as a
      binder.
TBL  ______________________________________                                    

     Example XI                                                                

     The following formulations are agglomerated:                              

                               Parts                                           

     ______________________________________                                    

     1.       Dicalcium phosphate dihydrate                                    

                                     52.5                                      

              Sodium saccharin       0.4                                       

              Gum tragacanth         0.1                                       

     2.       Dicalcium phosphate dihydrate                                    

                                     52.50                                     

              Sodium saccharin       0.04                                      

              Sodium alginate        0.04                                      

     3.       Calcium carbonate      53.50                                     

              Sodium saccharin       0.04                                      

              Gum tragacanth         0.10                                      

     3A.      Calcium carbonate      53.50                                     

              Sodium saccharin       0.04                                      

              Gum tragacanth         2.00                                      

     4.       Anhydrous dicalcium phosphate                                    

                                     47.75                                     

     Dicalcium                                                                 

              phosphate dihydrate    42.75                                     

              Gum acacia             0.10                                      

              Powdered polyethylene glycol 6000                                

                                     10.00                                     

     4A.      Anhydrous dicalcium phosphate                                    

                                     52.25                                     

              Dicalcium phosphate dihydrate                                    

                                     47.25                                     

              Gum acacia             0.50                                      

     5.       Anhydrous dicalcium phosphate                                    

                                     47.45                                     

              Dicalcium phosphate dihydrate                                    

                                     42.45                                     

              Gum acacia             0.10                                      

              Polyethylene glycol 6000                                         

                                     10.00                                     

     ______________________________________                                    

PAR  Formulations 1 to 4A are agglomerated by blending polishing agent, binder
      and saccharin in a V-shell blender; wetting the blended powder with water
      in an N-50 Hobart mixer to be able to form balls of the wetted powder;
      drying the wetted powder overnight in a hot-air tray dryer; sizing
      granules through a No. 14 screen using a Eureka oscillating granulator and
      sieving particles using a Cenco-Meinzer shaker to obtain granules which
      pass through a No. 14 sieve and are retained on a No. 40 sieve.
PAR  Formulation 5 is agglomerated by blending a dry powder of the components in
      a V-shell blender; slugging the powders on a rotary tablet press using
      maximum pressure on one inch flatfaced punches; breaking large tablets of
      the slug by forcing them through a Stokes oscillating granulator; and
      sieveing particles to obtain granules which pass through a No. 14 sieve
      and are retained on a No. 40 sieve.
PAR  50 grams of each of these formulations is incorporated in 500 grams of a
      clear gel toothpaste vehicle by mixing in an N-50 Hobart laboratory mixer.
      The vehicle has the following formulation:
TBL  Glycerine                  25.00%                                         

     Sorbitol (70% aqueous solution)                                           

                                39.55%                                         

     Sodium benzoate            0.50%                                          

     Sodium saccharin           0.17%                                          

     Sodium fluoride            0.22%                                          

     Sodium carboxymethyl cellulose                                            

                                0.35%                                          

     Syloid 244 (colloidal silicic anhydride)                                  

                                3.75%                                          

     Syloid 74 (colloidal silicic anhydride)                                   

                                18.00%                                         

     Deionized water            7.60%                                          

     Chloroform and flavor      2.50%                                          

     Sodium lauryl sulfate      20.00%                                         

     Color                      0.36%                                          

PAR  In each case the resulting toothpaste is a white-speckled blue clear gel.
PAR  In each of the formulations of Example XI the visible agglomerated
      particles are white and the toothpaste has a white-speckled appearance
      with all of the speckles being visible. As mentioned earlier, however, the
      speckles may contain color material such as pigments (e.g. F. D. and C.
      lakes), in which case the speckles are correspondingly colored.
TBL  ______________________________________                                    

     Example XII                                                               

     The following opaque toothpaste is prepared:                              

                            Percent                                            

     ______________________________________                                    

     Glycerine (99.3%)        19.950                                           

     Sodium carboxymethyl cellulose                                            

                              0.850                                            

     Sodium saccharin         0.200                                            

     Sodium benzoate          0.500                                            

     Tetrasodium pyrophosphate                                                 

                              0.250                                            

     Water                    19.986                                           

     Trimagnesium phosphate   0.200                                            

     Calcium carbonate        5.000                                            

     Dicalcium phosphate dihydrate                                             

                              46.550                                           

     Sodium N-lauroyl sarcosinate (35%)                                        

                              5.714                                            

     Flavor                   0.800                                            

     ______________________________________                                    

PAR  200 parts of anhydrous dicalcium phosphate particles having sizes
      substantially all of which are less than about 7.4 microns and 1 part of
      D&C Lake Red. No. 30 color, are moistened with 40 parts of a 10% aqueous
      solution of gum acacia in a Hobart mixer for 10 minutes. The dyed wet mass
      thereby formed is forced through a screen having uniform openings of 840
      microns onto a screen having uniform openings of 420 microns.
PAR  10 parts of the dyed agglomerate particles which pass through the screen
      having uniform openings of 840 microns and which are retained on the
      screen having uniform openings of 420 microns are blended with 90 parts of
      the foregoing opaque toothpaste.
PAR  The opaque toothpaste described in this example has visible particles of
      the agglomerates distributed over its surface. During toothbrushing the
      agglomerated particles are at first palpable and are then easily reduced
      to individual particles of polishing agent of fine size upon application
      of mild pressure with the toothbrush.
PAR  Although this invention has been described with reference to specific
      embodiments it will be apparent to one skilled in the art that various
      modifications may be made thereto without departing from the scope
      thereof, which is defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A speckled toothpaste comprising a translucent or transparent gel
      toothpaste vehicle having a refractive index between 1.4 and 1.5 and
      having dispersed therein up to 75% by weight of macroscopically visible,
      substantially water-insoluble palpable agglomerates of impalpable dental
      polishing agent particles, said agglomerates having a particle size less
      than 840 microns and including an agglomerating agent having binding
      properties, said particles of dental polishing agent being so agglomerated
      that said agglomerates retain their visibility and palpability in the
      toothpaste but are reduced to invisible, impalpable particles when said
      toothpaste is subjected to toothbrushing, said toothpaste base including a
      polishing material having a refractive index substantially the same as
      said translucent or transparent toothpaste vehicle in order to maintain
      visual clarity so as to form a clear gel, the total amount of dental
      polishing agent and polishing material in said toothpaste being at least 5
      percent by weight, said agglomerates being visible both on the surface and
      in the interior of said clear gel, giving a positive three dimensional
      sparkling appearance due to the unique light reflectance effects, said
      agglomerates being inherently white or, when colored, containing about 1
      to 10% by weight of water insoluble dye, pigment or lake, said clear gel
      vehicle having a color different from, or contrasting with, said
      agglomerates, said gel vehicle containing water and having a total liquid
      content which is about 20 to 89.5% by weight of the toothpaste.
NUM  2.
PAR  2. A toothpaste as in claim 1 in which said gel is red and said
      agglomerates are white.
NUM  3.
PAR  3. A toothpaste as in claim 1 in which said gel is blue and said
      agglomerates are white.
NUM  4.
PAR  4. A toothpaste according to claim 1 wherein said particles of dental
      polishing agent are selected from the group consisting of insoluble
      phosphate salts, calcium carbonate, magnesium carbonate, hydrated alumina,
      silica, zirconium silicate, aluminum silicate, calcined aluminum silicate
      and polymethyl methacrylate.
NUM  5.
PAR  5. A toothpaste according to claim 1 wherein said toothpaste base includes
      a siliceous polishing material.
NUM  6.
PAR  6. A toothpaste according to claim 1 wherein said polishing material has a
      refractive index between 1.44 and 1.46.
NUM  7.
PAR  7. A toothpaste according to claim 6 wherein said toothpaste base contains
      a silica xerogel polishing material.
NUM  8.
PAR  8. A toothpaste according to claim 1 wherein said gel base includes a minor
      amount up to about 10 percent by weight of said agglomerates dispersed
      therein effective to form a speckled toothpaste.
NUM  9.
PAR  9. A toothpaste according to claim 8 wherein said gel base further includes
      between 5 and 20 percent by weight of said polishing material.
NUM  10.
PAR  10. A toothpaste according to claim 1 wherein said agglomerates have a mean
      particle size from about 200 and 500 microns.
NUM  11.
PAR  11. A speckled toothpaste comprising
PA1  a. a transparent or translucent clear gel vehicle having a refractive index
      between 1.4 and 1.5,
PA1  b. said gel vehicle including between 5 and 20 percent by weight of a
      siliceous polishing material having a refractive index between 1.4 and
      1.5, and
PA1  c. between 1 and 10 percent by weight of agglomerates of impalpable dental
      polishing agent particles,
PA1  d. said agglomerates including an agglomerating agent having binding or
      lubricating properties,
PA1  e. said dental polishing agent particles comprising a major amount of said
      agglomerates,
PA1  F. said combination of polishing materials in the vehicle and the
      agglomerates being effective in cleansing and polishing power during
      toothbrushing,
PA1  g. said agglomerates being substantially stable and insoluble in said gel
      vehicle and being so agglomerated that they retain their visibility and
      palpability in the toothpaste but are reduced to invisible impalpable
      particles when the toothpaste is subjected to toothbrushing,
PA1  h. said agglomerates being visible both on the surface and on the interior
      of said clear gel, giving a positive three dimensional sparkling
      appearance due to the unique light reflectance effects, said agglomerates
      being inherently white, or when colored, containing about 1 to 10% by
      weight water insoluble dye, pigment or lake, said clear gel vehicle having
      a color different from, or contrasting with, said agglomerates, said gel
      vehicle containing water and having a total liquid content which is about
      20 to 89.5% by weight of the toothpaste, the refractive index of said
      siliceous polishing material being about the same as that of said gel
      vehicle in order to maintain visual clarity.
NUM  12.
PAR  12. A toothpaste as in claim 11 in which said gel is red and said
      agglomerates are white.
NUM  13.
PAR  13. A toothpaste as in claim 11 in which said gel is blue and said
      agglomerates are white.
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PAL  A liquid or pasty dentifrice comprising, uniformly incorporated therein, a
      polysaccharide as a thickening and suspending agent, said polysaccharide
      having a number average molecular weight (Mn) of not less than 100,000 and
      the molecule of said polysaccharide containing D-glucose, D-mannose,
      D-galactose and succinic acid in the approximate molar ratio of 1 : 0.03 :
      0.1 : 0.2. The polysaccharide is obtained by cultivating Alcaligenes
      faecalis var. myxogenes in a culture medium containing at least one member
      selected from the group consisting of lactic acid, pyruvic acid, succinic
      acid, fumaric acid, malic acid and esters thereof and saccharide.
BSUM
PAR  This invention relates to a liquid or pasty dentifrice having various
      properties which have been desired but have been unable to stand together
      in a single dentifrice, and to a process for preparing such a liquid or
      pasty dentifrice. More specifically, this invention relates to a liquid or
      pasty dentifrice comprising, uniformly incorporated therein, preferably in
      a proportion of 0.3 to 2 parts by weight per 100 parts by weight of the
      dentifrice, a thickening and suspending agent consisting of a
      polysaccharide having a number average molecular weight (Mn) of not less
      than 100,000, the molecule of the polysaccharide containing D-glucose,
      D-mannose, D-galactose and succinic acid in the approximate molar ratio of
      1 : 0.03 : 0.1 : 0.2.
PAR  It has been known that by utilizing the ability of a xanthomonas
      hydrophilic colloid to form a stabilized suspension of an abrasive in a
      liquid dentifrice, the colloid is incorporated in the liquid dentifrice to
      provide a stable, homogeneous, pourable liquid dentifrice (U.S. Pat. No.
      3,506,757 patented Apr. 14, 1970). It has also been known that by
      utilizing the ability of the xanthomonas hydrophilic colloid to improve
      the pourability of a pasty dentifrice from a container and its
      dispersibility in the mouth as compared with a conventional thickening and
      suspending agent such as Irish moss or a sodium salt of carboxymethyl
      cellulose, the colloid is incorporated into the pasty dentifrice to
      provide an improved pasty dentifrice (British Patent Application No.
      4081/71 filed Feb. 5, 1971; corresponding to German OLS No. 2,204,670 laid
      open on Aug. 10, 1972).
PAR  The xanthomonas hydrophilic colloid described above is a polysaccharide
      reported, for example, in U.S. Pat. Nos. 3067038, 3391061, 3427226,
      3516983, and 3519434. This polysaccharide can be prepared by cultivating
      Xanthomonas compestris in a medium containing a saccharide, and separating
      the resulting product from the culture medium. The above-cited U.S. Pat.
      No. 3,506,737 discloses the use of a polysaccharide the molecule of which
      contains mannose, glucose, potassium glucuronate and acetyl in the
      approximate molar ratio of 2 : 1 : 1 : 1 as the xanthomonas hydrophilic
      colloid to be incorporated in the liquid dentifrice. Furthermore, the
      German OLS No. 2,204,670 discloses the use of a partially acetylized
      polysaccharide, the molecule of which contains D-glucose, D-mannose and
      D-glucuric acid in the molar ratio of 2.8 : 3.0 : 2.0.
PAR  We have now found that a liquid or pasty dentifrice comprising another
      bacterial polysaccharide the molecule of which contains D-glucose,
      D-mannose, D-galactose and succinic acid in the approximate molar ratio of
      1 : 0.03 : 0.1 : 0.2 has improved properties and superior resistance to
      putrefaction as compared with the conventional liquid or pasty dentifrice
      containing a xanthomonas hydrophilic colloid.
PAR  It has also been found that the dentifrice of this invention containing the
      above bacterial polysaccharide has a high solubility, a high water hold
      capacity, self-shape-maintaining properties (the property to retain a
      given shape as its own characteristic) and viscoelastic properties upon
      removal of an external pressure.
PAR  Furthermore, the above dentifrice of this invention has very good
      dispersibility and bubbling properties in the mouth, and disperse and
      retain the conventional dentifrice ingredients stably in the dentifrice,
      and does not lend itself to phase separation of the ingredients.
PAR  The polysaccharide used in this invention especially has superior
      solubility and salt resistance, and can be utilized for transparent
      dentifrices or as "salt-containing dentifrices" containing at least about
      10% by weight of NaCl. It has been found that in such a case also, the
      polysaccharide does not give dentifrices having poor dispersibility in the
      mouth, unlike the case of carboxymethyl cellulose of a high degree of
      etherification which has been previously used as a thickening and
      suspending agent for dentifrices of this type.
PAR  Accordingly, an object of this invention is to provide an improved liquid
      or pasty dentifrice having superior properties and superior resistance to
      putrefaction compared with the conventional dentifrice containing a
      polysaccharide.
PAR  Another object of this invention is to provide a process for preparing such
      a dentifrice.
PAR  Many other objects of this invention along with its advantages will become
      more apparent from the following description.
PAR  The bacterial polysaccharide, the molecule of which contains D-glucose,
      D-mannose, D-galactose and succinic acid in the approximate molar ratio of
      1:0.03:0.1:0.2, is known [Arch., Biochem. Biophy., 112, 65 (1965)], and
      can be obtained by cultivating a known microorganism Alcaligenes faecalis
      var. myxogenes (No. 10C3 strain: FERM-P. No. 2068; the Microorganism
      Research Institute, Agency of Industrial Science & Technology, Japan) in a
      culture medium containing at least one member selected from the group
      consisting of lactic acid, pyruvic acid, succinic acid, fumaric acid,
      malic acid and esters thereof and saccharide, and collecting the
      production formed in the medium. The physical and chemical properties of
      this polysaccharide and the method of its cultivation are described, for
      example, in Journal of Fermentation Technilogy 42 No. 10, p. 615 - 622,
      and Agricultual Biology and Chemistry 29 257 (1965).
PAR  There has previously been no attempt to incorporate this bacterial
      polysaccharide in a liquid or pasty dentifrice, and there has neither been
      any disclosure or suggestion that the resultant dentifrice has all of the
      above-mentioned improved properties. The following properties of the above
      known bacterial polysaccharide are known. Refined polysaccharide, which is
      called saccinoglucan is colorless, tasteless, and odorless, and it was
      soluble in water to give a clear solution, but insoluble in organic
      solvents such as alcohols, ethers, acetone, and chloroform. The pure
      polysaccharide is composed of D-glucose, D-mannose, D-galactose, and
      succinic acid in a molar ratio of 1:0.03:0.1:0.2, as determined from the
      results of column-chromatographic analysis of the acid hydrolyzate.
PAR  The polysaccharide, as used herein and the appended claims, denotes such a
      pure polysaccharide and a crude polysaccharide composed predominantly of
      such a pure polysaccharide. An aqueous solution of the polysaccharide is
      also known to have high viscosity comparable to that of gum guar, and the
      viscosity retains almost a constant value in the presence of acids or
      salts even when its concentration changes. The polysaccharide also has a
      high water hold capacity.
PAR  Nevertheless, the above high water hold capacity, self-shapemaintaining
      properties, stabilized dispersibility, the unique interaction with a salt
      or acid, and the resistance to putrefaction, etc. which are essential
      requirements for the present invention have not been known heretofore.
PAR  The bacterial polysaccharide utilized in this invention can be produced by
      methods known per se. For example, it can be prepared by cultivating
      Alcaligenes faecalis var. myxogenes in a culture medium containing at
      least one member selected from the group consisting of lactic acid,
      pyruvic acid, succinic acid, fumaric acid, malic acid and esters thereof,
      and saccharide, removing the cells and other solids from the culture
      liquid, adding a precipitant to the resulting liquid phase to precipitate
      crude polysaccharide, separating and collecting the precipitate, and if
      desired, purifying the precipitate.
PAR  The esters may, for example, be esters of monohydric alcohols having 1 to
      10 carbon atoms, and of polyhydric alcohols having 2 to 12 carbon atoms.
      Specific examples of these alcohols are methanol, ethanol, propanol,
      isopropanol, butanol, t-butanol, hexanol, octanol, decyl alcohol, ethylene
      glycol, glycerin, sorbitol, and maltitol. Examples of the saccharide are
      glucose, mannose, galactose, lactose, maltose, glycerol, mannitol,
      sucrose, fructose and xylose.
PAR  The culture medium may further contain a nitrogen source and minerals.
PAR  Examples of the nitrogen source are peptone, urea, corn steep liquor, yeast
      extract, and ammonium sulfate.
PAR  Examples of the minerals are magnesium sulfate, monobasic potassium
      phosphate, calcium carbonate, and manganese sulfate.
PAR  The cultivation can be performed under aerobic conditions at a temperature
      of from about 22.degree.C to about 39.degree.C, preferably from about
      27.degree.C to about 35.degree.C with the pH of the culture medium being
      maintained at from 6.0 to 8.0, preferably from 6.5 to 7.5. Usually, the
      cultivating time is about 40 hours to 5 days.
PAR  As the precipitant, there can be utilized an alcohol, an ether, acetone,
      chloroform, etc. Specific examples include methyl alcohol, isopropyl
      alcohol, acetone, chloroform, and an aqueous solution of a quaternary
      ammonium salt.
PAR  At this time, a subsidiary precipitant, for example, potassium chloride,
      can be used conjointly.
PAR  The crude polysaccharide obtained was dissolved in a suitable amount of
      water and precipitated by the precipitant described above to purify it.
      This dissolving-precipitating-separating cycle can be repeated a desired
      number of times. The polysaccharide obtained can be dried by vacuum drying
      or other means, and pulverized.
PAR  According to this invention, a liquid or pasty dentifrice can be provided
      by cultivating Alcaligenes faecalis var. myxogenes in a culture medium
      containing the member as described above, collecting the polysaccharide
      (meant to be both in the pure and crude forms) which has thus been
      produced in the culture medium and which has a number average molecular
      weight (Mn) of not less than 100,000, the molecule of said polysaccharide
      containing D-glucose, D-mannose, D-galactose and succinic acid in the
      approximate molar ratio of 1:0.03:0.1:0.2, and blending the resulting
      polysaccharide with a liquid or pasty dentifrice as a thickening and
      suspending agent in an amount of 0.3 to 2 parts by weight, preferably 0.5
      to 1 parts by weight, per 100 parts by weight of the dentifrice.
PAR  The polysaccharide used in this invention has a number average molecular
      weight (Mn) of not less than 100,000, usually 100,000 to 500,000,
      preferably 150,000 to 450,000.
PAR  The number average molecular weight (Mn) is determined by measuring the
      viscosities of solutions of the above polysaccharide of the desalted type
      in various concentrations in a 1% aqueous solution of sodium hydroxide,
      obtaining the intrinsic viscosity [.eta.] by an extrapolating method, and
      substituting the intrinsic viscosity value for the Staudinger's equation
      below.
EQU  [.eta.]= Km.Mn.sup..alpha.
PAL  wherein Km = 3.08 .times. 10.sup.-.sup.5, and .alpha.= 0.85, which were
      used by Misaki et al. about a polysaccharide produced by Bacillus Polymyxa
      var. lactoviscosus.
PAR  The polysaccharide in the present invention need not altogether be of the
      desalted type, but may be in the form of an alkali metal salt such as a
      sodium or potassium salt, or an alkaline earth metal salt such as a
      calcium salt. Accordingly, the above polysaccharide used in this invention
      as a thickening and suspending agent includes not only a desalted type but
      also an alkali metal or alkaline earth metal salt type.
PAR  The dentifrice of this invention can further contain another known
      polysaccharide (B) having a number average molecular weight (Mn) of not
      less than 100,000, the molecule of said polysaccharide containing
      D-glucose, D-mannose, D-galactose and D-glucuronic acid in the approximate
      molar ratio of 3:3:1:2. Preferably, the polysaccharide (B) is used in an
      amount such that the total amount of the polysaccharide (B) and the
      polysaccharide (A) containing D-glucose, D-mannose, D-galactose and
      succinic acid in the approximate molar ratio of 1:0.03:0.1:0.2 does not
      exceed 2 parts by weight per part by weight of the dentifrice. Usually,
      the polysaccharide (B) is used in an amount of not more than 99% by
      weight, preferably not more than 80% by weight, more preferably not more
      than 70% by weight, based on the total amount of the polysaccharide (B)
      and the polysaccharide (A).
PAR  The bacterial polysaccharide (B), the molecule of which contains D-glucose,
      D-mannose, D-galactose, and D-glucuronic acid in the approximate molar
      ratio of 3:3:1:2, is known, and can be obtained by cultivating a known
      bacteria Bacillus polymyxa (No. 271 strain: FERM-P. No. 1824; the
      Microorganism Research Institute, Agency of Industrial Science &
      Technology, Japan) in a culture medium containing a saccharide, and
      collecting the polysaccharide produced in the medium. The physical and
      chemical properties of this polysaccharide and the method of its
      cultivation are described, for example, in Japanese Patent Publication No.
      7600/67 and Die Angewandte Makromolekular Chemie., Band 6 (1969), pages
      179 - 185.
PAR  The utilization of the above known polysaccharide (B) as a thickening and
      suspending agent for dentifrices is described in the copending application
      Ser. No. 435,184.
PAR  The dentifrice of this invention contains conventional well-known
      dentifrice ingredients such as humectants, detergents or surface active
      agents, flavoring materials, sweetening agents, abrasives, coloring
      materials, anticaries agents, fungicidal or bacteriocidal agents, or
      water. The use of the coloring materials, anti-caries agents, and
      fungicidal or bacteriocidal agents may be omitted. The amounts of these
      conventional dentifrice ingredients may be changed within the conventional
      ranges. Most commonly, in the case of a liquid dentifrice, a formulation
      consisting of 25 to 45% by weight of water, 20 to 35% by weight of
      abrasives, 20 to 35% by weight of humectants, 0.5 to 2% by weight of
      detergents or surface active agents, 0.3 to 2% by weight of the
      polysaccharide used in this invention, and the remainder being the other
      dentifrice ingredients can be utilized. In the case of a pasty dentifrice,
      the utilizable formulation consists of 25 to 35% by weight of water, 35 to
      50% by weight of abrasives, 15 to 30% by weight of humectants, 0.5 to 2%
      by weight of detergents or surface active agents, 0.3 to 2% by weight of
      the polysaccharide used in this invention, and the remainder being the
      other dentifrice ingredients.
PAR  A part of the polysaccharide (A) used as a thickening and suspending agent
      can be replaced by a known thickening and suspending agent for dentifrice.
      The suitable amount of such a known thickening and suspending agent is not
      more than about 1.4 times the weight of the polysaccharide, preferably
      equal to the weight of the polysaccharide or less.
PAR  Examples of the conventional known thickening and suspending agents are
      carboxymethyl cellulose, its alkali metal salts, carrageenan, sodium
      alginate, hydroxyethyl cellulose, methyl cellulose tragacanth gum, locust
      beans gum, and tamarind seed-polysaccharide.
PAR  Examples of the humectants include glycerol, sorbitol, maltitol, glucose,
      propylene glycol, polyethylene glycol and sodium pyrrolidone carboxylate.
PAR  Examples of the abrasives are dicalcium phosphate dihydrate, calcium
      pyrophosphate, anhydrous dicalcium phosphate, insoluble sodium
      metaphosphate, hydrated alumina, calcium carbonate, magnesium carbonate,
      magnesium oxide, and finely powdered silica.
PAR  Examples of the detergents or surface active agents are sodium lauryl
      sulfate, sodium N-lauroyl sarcosinate, .alpha.-olefin sulfonate, sodium
      2-hydroxyalkyl sulfate, sodium laurylether sulfate, sodium coconut
      monoglyceride sulfate, sodium coconut monoglyceride sulfonate, a sodium
      salt of a monoester of lauroylethanolamide sulfosuccinic acid,
      polyoxyethylene fatty acid esters such as polyoxyethylene sorbitan
      monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene
      sorbitan monostearate, or polyoxyethylene stearate having a degree of
      polymerization of at least 25, and a polyoxyethylene polyoxypropylene
      block copolymer.
PAR  Examples of the flavoring materials are peppermint oil, spearmint oil,
      sassafras oil, clove oil, sage oil, Eucalyptus oil, marjoram oil, lemon
      oil, cinnamon oil, orange oil, and sodium methyl salicylate.
PAR  The sweetening agents may, for example, be sodium saccharate.
PAR  Examples of the coloring materials, anti-caries agents, and fungicidal or
      bacteriocidal agents are sodium fluoride, tin fluoride, hexachlorophene,
      and sodium monofluorophosphate.
DRWD
PAR  An example of changes in apparent viscosity by the interaction between the
      polysaccharide used in this invention and salts is shown in FIG. 1 along
      with an example of changes in apparent viscosity of carboxymethyl
      cellulose, carrageenan and Xanthomonas hydrophilic colloid (conventional
      thickening and suspending agents) in the presence of salts.
DETD
PAR  In FIG. 1, the curve a shows the changes in the apparent viscosity
      (centi-poises) of a 0.5% aqueous solution of the polysaccharide (A) (Mn =
      400,000) which has been measured at 25 C. using a Brookfield viscometer
      with No. 1 rotor at a speed of 30 rpm, with changes in the concentration
      (% by weight) of sodium chloride. Curves b and c shows similar changes in
      apparent viscosity with regard to carrageenan of .kappa.-type (water-gel
      type) and .lambda.-type (thickened type).
PAR  From FIG. 1, it is seen that in the present invention, a unique interaction
      between the polysaccharide and a salt occurs.
PAR  It can be seen from this fact that the polysaccharide (A) used in the
      present invention is suitable for use in the "salt-containing
      dentifrices".
PAR  The dentifrice of this invention has superior resistance to putrefaction as
      compared with the case of using Xanthomonas hydrophilic colloid.
PAR  A 1% aqueous solution of each of the polysaccharide (A) used in this
      invention and xanthane gum was blended with each of the antiseptics shown
      in Table 1 in the amount indicated. Each of the blends obtained was
      allowed to stand at about 40.degree.C. for 2 weeks, and then the
      putrefying smell and bubbles formed as a result of putrefaction were
      observed. The results are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

               Antiseptic                                                      

                       Amount of antiseptic (% by weight)                      

                       0   0.025                                               

                                0.05                                           

                                    0.1 0.5 1                                  

     __________________________________________________________________________

            butyl p-oxybenzoate                                                

                       -   -    -   -   -   -                                  

            methyl p-oxybenzoate                                               

                       -   -    -   -   -   -                                  

     Polysac- -charide(A)                                                      

            ethyl p-oxybenzoate                                                

                       -   -    -   -   -   -                                  

     of this                                                                   

     invention                                                                 

            potassium salt of                                                  

            sorbic acid                                                        

                       -   -    -   -   -   -                                  

            hexachlorophene                                                    

                       -   -    -   -   -   -                                  

            butyl p-oxybenzoate                                                

                       +++ +++  +++ +++ +   +                                  

            methyl p-oxybenzoate                                               

                       +++ +++  +++ +++ +   +                                  

     Xanthane                                                                  

            ethyl p-oxybenzoate                                                

                       +++ +++  +++ +++ +   +                                  

     gum                                                                       

            potassium salt of                                                  

                       +++ +++  +++ +++ +++ +++                                

            sorbic acid                                                        

            hexachlorophene                                                    

                       +++ ++   +   -   -   -                                  

     __________________________________________________________________________

      The evaluations were made on the following scale.                        

      +++ considerable putrefying smell, and evolution of much gas             

      ++  putrefying smell, evolution of gas to a lesser extent than +++       

      +  putrefying smell and evolution of gas observed slightly               

      - neither putrefying smell nor evolution of gas observed.                

PAR  These results demonstrate clearly that the polysaccharide used in this
      invention exhibits very good resistance to putrefaction.
PAR  The dentifrice of this invention has superior stability to heat, high
      solubility, high water hold capacity, stability with lapse of time and
      resistance to putrefaction, in addition to superior extrudability,
      dispersibility of solid dentifrice ingredients, shape retention after
      extrusion, smoothness of the surface of the extrudate, dispersibility in
      the mouth, break-off from the opening of the container at the time of
      extrusion foamability in the mouth, and flavor.
PAR  If a conventional thickening and suspending agent such as carboxymethyl
      cellulose is blended in the case of a lotion-like liquid dentifrice, the
      addition of a sufficient amount of a dentifrice abrasive results in the
      reduction of the viscosity of the resulting dentifrice. Accordingly, the
      amount of the thickening and suspending agent cannot but be reduced. As a
      result, the precipitation of a dentifrice abrasive is observed, and when
      the dentifrice thus obtained is poured onto a toothbrush, it cannot
      maintain its shape on the brush, but falls down among the brush hairs.
PAR  Furthermore, since the polysaccharide used in this invention has high
      solubility in water, the proportion of water can be reduced as compared
      with the case of using a conventional thickening and suspending agent such
      as carboxymethyl cellulose. Accordingly, it becomes easy to adjust the
      refractive index of a powder base such as silica gel of the dentifrice and
      that of the liquid component of the dentifrice, and the dentifrice is
      suitable as a transparent dentifrice.
PAR  Furthermore, the polysaccharide used in this invention has good salt
      resistance, it can be incorporated into the so-called "salt-containing
      dentifrice". In conjunction with the water-holding capacity, solubility
      and the non-dependence of the salt concentration on the viscosity, the
      good salt resistance leads to a "salt-containing dentifrice" having good
      dispersibility in the mouth.
PAR  The following Examples and Comparative Examples illustrate the liquid or
      pasty dentifrice of this invention. Unless otherwise specified, all parts
      are parts by weight and each polysaccharide (A) is obtained by cultivating
      Alcaligenes faecalis var. myxogenes (FERM-P. No. 2068 in the prescribed
      saccharide-containing culture medium. Polysaccharide (B) was obtained by
      cultivating Bacillus polymyxe (FERM-P. No. 1824).
TBL  ______________________________________                                    

     Example 1 (liquid dentifrice)                                             

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               40.0 parts                                      

     Polysaccharide (A)                                                        

     (product in a glucose culture medium, average                             

     molecular weight about 300,000)                                           

                                1.0 part                                       

     Glycerol                  15.0 parts                                      

     Sorbitol                  13.0 parts                                      

     Water                     26.36 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  The above polysaccharide A, fungicide and sodium saccharate were pre-mixed,
      and with stirring, glycerol was gradually added, followed by addition of
      water and sorbitol. By thorough mixing, the mixture became viscous.
      Di-calcium phosphate dihydrate was added to this mixture with stirring,
      and thoroughly dispersed. The flavor and sodium laurylsulfate were then
      added, and the mixture was stirrred in vacuo to form a uniform composition
      as a liquid dentifrice.
TBL  ______________________________________                                    

     Example 2(liquid dentrifice)                                              

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               40 parts                                        

     Polysaccharide (A)                                                        

     (product in a malic acid culture medium,                                  

     average molecular weight about 150,000)                                   

                                0.5 parts                                      

     Polysaccharide (B)                                                        

     (product in a succrose culture medium,                                    

     average molecular weight about 500,000)                                   

                                0.5 parts                                      

     Glycerol                  15.0 parts                                      

     Sorbitol                  15.0 parts                                      

     Water                     26.36 parts -Sodium laurylsulfate  1.5 parts    

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  In accordance with the above formulation, a liquid dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 3 (liquid dentifrice)                                             

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               40.0 parts                                      

     Polysaccharide (A)                                                        

     (the product in a succrose culture medium,                                

     average molecular weight about 300,000)                                   

                                0.5 part                                       

     Carboxymethyl cellulose                                                   

     (degree of etherification 0.7 - 0.8,                                      

     degree of polymerization about 200)                                       

                                0.5 part                                       

     Glycerol                  15.0 parts                                      

     Sorbitol                  15.0 parts                                      

     Water                     26.36 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  In accordance with the above formulation, a liquid dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 4 (liquid dentifrice)                                             

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               30 parts                                        

     Polysaccharide (A)                                                        

     (product in a glucose culture medium,                                     

     average molecular weight about 300,000)                                   

                                0.5 parts                                      

     Polysaccharide (B)                                                        

     (product in a glucose culture medium,                                     

     average molecular weight about 500,000)                                   

                                0.5 parts                                      

     Glycerol                  30.0 parts                                      

     Water                     36.36 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part -Fungicide  0.04 part                 

     ______________________________________                                    

PAR  In accordance with the above formulation, a liquid dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 5 (liquid dentifrice)                                             

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               30.0 parts                                      

     Polysaccharide (A)                                                        

     (the product in a succinic culture medium,                                

     average molecular weight about 200,000)                                   

                                0.7 part                                       

     Carboxymethyl cellulose (The same one as                                  

                                0.3 part                                       

     Ex. 3)                                                                    

     Glycerol                  30.0 parts                                      

     Water                     36.36 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  In accordance with the above formulation, a liquid dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 6 (pasty dentifrice)                                              

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                               45.0 parts                                      

     Polysaccharide (A)                                                        

     (the product in a glucose culture medium,                                 

     average molecular weight about 300,000)                                   

                                1.0 part                                       

     Glycerol                  10.0 parts                                      

     Sorbitol                  10.0 parts                                      

     Water                     30.86 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  In accordance with the above formulation, a pasty dentifrice was prepared
      in the same way as Example 1.
PAR  For comparison, a pasty dentifrice (Comparative Example 1) was prepared in
      the same way except that Xanthomonas hydrophilic colloid was used instead
      of the polysaccharide in the above formulation, and a pasty dentifrice
      (Comparative Example 2) was also prepared in the same way except that
      carageenan was used instead of the polysaccharide in the above
      formulation.
PAR  The resistance to putrefaction of the pasty dentifrice obtained in
      Comparative Example 1 was compared with that of the dentifrice obtained in
      Example 6. Specifically, each of the pasty dentifrices were packed in a
      tube, and the changes with the passage of time in an atmosphere at about
      40.degree.C. were observed. It was found that the dentifrice of this
      invention did not give off bad smell nor evolve gas even after a lapse of
      3 months, whereas the dentifrice of Comparative Example 1 gave off bad
      smell after a lapse of 2 weeks.
PAR  The syneresis of the dentifrice of Comparative Example 2 was compared with
      that of the dentifrice of Example 1. Each of the dentifrices extruded onto
      a sheet of white paper to a length of 5 cm. They were left to stand at
      50.degree.C. for the period described in Table 2, and then, the water
      separating phenomenon was observed. The results are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

      Pasty dentifrice   Time that elapsed (months)                            

                       1     2       3                                         

     ______________________________________                                    

     Example 1           -       -       -                                     

     Comparative Example 2                                                     

                         .+-.    +       ++                                    

     ______________________________________                                    

      The symbols in the table represent the following evaluations.            

       - : no abnormality                                                      

       .+-. : the surface brightens slightly, and a slight syneresis can be    

      observed.                                                                

       + : syneresis can be clearly observed                                   

      ++: syneresis occurs to an extent that the dentifrice becomes useless    

PAR  The pasty dentifrice using carrageenan settled well, and had a good
      texture. On the other hand, however, it developed a syneresis phenomenon
      as is clearly seen from the results shown in Table 2, and this indicated
      that this pasty dentifrice has poor durability to storage for prolonged
      periods of time. In contrast, the pasty dentifrice of this invention is
      stable to storage for long periods of time, and does not exhibit any
      syneresis phenomenone, and has very good water-holding capacity.
TBL  ______________________________________                                    

     Example 7 (pasty dentifrice)                                              

     ______________________________________                                    

     di-calcium phosphate dihydrate                                            

                             45.0 parts                                        

     Polysaccharide (A)                                                        

     (the product in a fumaric acid ester                                      

     culture medium, average molecular weight                                  

     about 100,000)         0.5 part                                           

     Carboxymethyl cellulose                                                   

     (The same one as Example 3)                                               

                            0.5 part                                           

     Glycerol               10.0 parts                                         

     Sorbitol               10.0 parts                                         

     Water                  30.86 parts                                        

     Sodium laurylsulfate   1.5 parts                                          

     Sodium saccharate      0.1 part                                           

     Flavor                 1.0 part                                           

     Fungicide              0.04 part                                          

     ______________________________________                                    

PAR  In accordance with the above formulation, a pasty dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 8 (pasty dentifrice)                                              

     ______________________________________                                    

     Sodium metaphosphate      45.0 parts                                      

     Polysaccharide (A)                                                        

     (the product in a sucrose culture medium,                                 

     average molecular weight about 200,000)                                   

                                1.0 part -Glycerol 10.0 parts                  

     Sorbitol                  10.0 parts                                      

     Water                     30.86 parts                                     

     Sodium laurylsulfate       1.5 parts                                      

     Sodium saccharate          0.1 part                                       

     Flavor                     1.0 part                                       

     Fungicide                  0.04 part                                      

     ______________________________________                                    

PAR  In accordance wtih the above formulation, a pasty dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

     Example 9 (transparent pasty dentifrice)                                  

     ______________________________________                                    

     Anhydrous silicon dioxide                                                 

     (Silicic anhydride)        19.0 parts                                     

     Polysaccharide (A)                                                        

     (the product in a glucose culture medium,                                 

     average molecular weight about 250,000)                                   

                                 1.0 part                                      

     Glycerol                   20.0 part                                      

     Sorbitol                   48.0 part                                      

     Water                       9.35 parts                                    

     Sodium laurylsulfate        1.5 parts                                     

     Sodium saccharate           0.1 part                                      

     Flavor                      1.0 part                                      

     Fungicide and coloring material                                           

                                 0.05 part                                     

     ______________________________________                                    

PAR  In accordance with the above formulation, a pasty dentifrice was prepared
      in the same way as in Example 1.
TBL  ______________________________________                                    

            Example 10 ("salt-containing"                                      

               pasty dentifrice)                                               

     ______________________________________                                    

     Calcium carbonate        40.0 parts                                       

     Polysaccharide (A)                                                        

     (the product in a glucose culture medium,                                 

     average molecular weight about 100,000)                                   

                               1.0 part                                        

     Glycerol                 13.0 parts                                       

     Sorbitol                  6.0 parts                                       

     Water                    26.36 parts                                      

     Sodium laurylsulfate      2.5 parts                                       

     Sodium saccharide         0.1 part                                        

     Flavor                    1.0 part                                        

     Fungicide                 0.04 part                                       

     Sodium chloride          10.0 parts                                       

     ______________________________________                                    

PAR  In acordance with the above formulation, a pasty dentifrice was prepared in
      the same way as in Example 1.
PAR  The viscosity characteristics of the dentifrices obtained in Examples 1 to
      5 were compared with those of dentifrices obtained in the same manner as
      in Examples 1 to 5 except that the polysaccharide was replaced by the same
      amount of carboxymethyl cellulose (to be referred to as Comparative
      Examples, 3, 4, 5, 6 and 7 corresponding to Examples 1, 2, 3, 4 and 5).
PAR  The comparison of the viscosity characteristics was performed by
      determining the residual amount when the dentifrice was placed in a
      plastic bottle (with regard to Examples 1 to 3 and Comparative Examples 3
      to 5). With regard to Examples 4 and 5 and Comparative Examples 6 and 7,
      the viscosity characteristics was expressed by the number of pushings of a
      pump required to extrude the dentifrice from a pump-type receptacle.
PAR  The results are shown in Tables 3 and 4.
TBL                Table 3                                                     

     ______________________________________                                    

                 Viscosity   Residual amount                                   

                 (poises)    (g)                                               

     ______________________________________                                    

     Example 1     450           19.0                                          

     Example 2     460           10.0                                          

     Example 3     470           20.0                                          

     Comparative                                                               

     Example 3     440           35                                            

     Comparative                                                               

     Example 4     450           18                                            

     Comparative                                                               

     Example 5     440           35                                            

     ______________________________________                                    

PAR  It can be seen from the comparison of the residual amounts that the
      dentifrices of the present invention have very superior flow
      characteristics and viscosity characteristics. In particular, the
      dentifrice obtained in Example 2 using both the polysaccharide (A) and the
      polysaccharide (B) had very superior shape-retention and elasticity, which
      is indicative of the superior effect of conjointly using the
      polysaccharides (A) and (B).
TBL                Table 4                                                     

     ______________________________________                                    

     Samples       Viscosity      Number of                                    

                   (poises)       pump pushings                                

     ______________________________________                                    

     Example 4     380             6                                           

     Example 5     370             6                                           

     Comparative                                                               

     Example 6     370            16                                           

     Comparative                                                               

     Example 7     380            26                                           

     ______________________________________                                    

PAR  The pump-type receptacle is a receptacle wherein a cylinder in a casing is
      moved up and down in the same principle as a pump for drawing up water
      from a well, thereby to reduce the pressure inside the pump, and the
      contents of the receptacle are drawn up by the difference in pressure
      between the atmospheric pressure and the pressure inside the cylinder
      casing. If the contents are drawn up by pushing the pump a fewer number of
      times, the contents have better flow characteristics in the receptacle or
      small openings. This means that the paste flows by a slight difference in
      pressure (external force). In a final form of dentifrice ready for sale,
      the contents can be extruded more easily when the number of pushings of
      the pump is smaller.
PAR  It can be seen that the dentifrices containing the polysaccharide in
      accordance with this invention exhibit very characteristic viscosity
      properties even when the viscosities are almost the same as those of the
      corresponding comparisons such as the dentifrice containing
      carboxymethylcellulose.
PAR  In the case of the comparative dentifrices, the contents can be extruded by
      increasing the number of pushings of the pump, but the way of extrusion
      was very unsatisfactory. This is in clear contrast to the Examples in
      which the contents could be smoothly extruded.
PAR  Then the same dentifrices as those obtained in Examples 1 to 5 and
      Comparative Examples 3 to 7 were filled in 10 aluminum tubes respectively,
      and the storage stability of the paste was examined.
PAR  The results are shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     50.degree.C. to 60.degree.C.                                              

                     50.degree.C. to 60.degree.C.                              

                                 Room temperature                              

     2 months        4 months    2 years                                       

     ______________________________________                                    

     Example 1                                                                 

             0           0           0                                         

     Example 2                                                                 

             0           0           0                                         

     Example 3                                                                 

             0           0           0                                         

     Example 4                                                                 

             0           0           0                                         

     Example 5                                                                 

             0           0           0                                         

     Comparative                                                               

     Example 3                                                                 

             +           ++          +                                         

     Comparative                                                               

     Example 4                                                                 

             0           0 to +      0                                         

     Comparative                                                               

     Example 5                                                                 

             +           ++          +                                         

     Comparative                                                               

     Example 6                                                                 

             0 to +      + to ++     +                                         

     Comparative                                                               

     Example 7                                                                 

             ++          +++         ++                                        

     ______________________________________                                    

       0 : No separation at all                                                

       + : The liquid component adheres thinly on the surface of the paste.    

       ++ : Intermediate between + and +++                                     

      +++ : The liquid component and the powder component are completely       

      separated from each other.                                               

PAR  After storing under the conditions as given in Table 5, the paste was
      squeezed out, and the condition of the paste was evaluated on the
      following scale. The standard of evaluation was the degree of separation
      between the liquid component and the powder component in the composition.
PAR  If the evaluation is + or better, there is no serious problem in the
      dentifrice as an article of commerce. However, if the evaluation is ++ or
      worse, the dentifrice has poor commercial value.
PAR  It is seen from the results shown in Table 5 that the dentifrice
      compositions in accordance with the present invention have a far better
      effect of inhibiting the separation of the liquid component to the powdery
      component than dentifrices of conventional formulations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a liquid or pasty dentifrice, the improvement which comprises
      uniformly incorporating therein, a first polysaccharide having a number
      average molecular weight of not less than 100,000, the molecule of said
      first polysaccharide containing D-glucose, D-mannose, D-galactose and
      succinic acid in the approximate molar ratio of 1:0.03:0.1:0.2, in an
      amount of 0.3 to 2 parts by weight per 100 parts by weight of said liquid
      or pasty dentifrice.
NUM  2.
PAR  2. The dentifrice of claim 1 including a second polysaccharide having a
      number average molecular weight of not less than 100,000, the molecule of
      which contains D-glucose, D-mannose, D-galactose and D-glucuronic acid and
      the approximate molar ratio of 3:2:1:2, in an amount of not more than 80%
      by weight based on the total amount of said first polysaccharide.
NUM  3.
PAR  3. A liquid dentifrice which essentially consists of:
PA1  25 to 45% by weight of water,
PA1  20 to 35% by weight of abrasives, selected from the group consisting of
      dicalcium phosphate dihydrate, calcium pyrophosphate, anhydrous dicalcium
      phosphate, insoluble sodium metaphosphate, hydrated alumina, calcium
      carbonate, magnesium carbonate, magnesium oxide, and finely powdered
      silica,
PA1  20 to 35% by weight of humectants, selected from the group consisting of
      glycerol, sorbitol, maltitol, glucose, propylene glycol, polyethylene
      glycol and sodium pyrrolidone carboxylate,
PAR  0. 5 to 2% by weight of detergents and surface active agents, selected from
      the group consisting of sodium lauryl sulfate, sodium N-lauroyl
      sarcosinate, .alpha.-olefin sulfonate, sodium 2-hydroxyalkyl sulfate,
      sodium laurylether sulfate, sodium coconut monoglyceride sulfate, sodium
      coconut monoglyceride sulfonate, a sodium salt of a monoester of
      lauroylethanolamide sulfosuccinic acid, polyoxyethylene fatty acid esters
      such as polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
      monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene
      stearate having a degree of polymerization of at least 25, and a
      polyoxyethylene polyoxypropylene block copolymer, and
PA1  0.3 to 2% by weight of a first polysaccharide having a number average
      molecular weight of not less than 100,000 and the molecule of said first
      polysaccharide containing D-glucose, D-mannose, D-galactose and succinic
      acid in the approximate molar ratio of 1:0.03:0.1:0.2 whereby said
      dentifrice has high solubility, high water-hold capacity, self-shape
      maintaining properties and viscoelastic properties upon removal of
      external pressure.
NUM  4.
PAR  4. The dentifrice of claim 3 including a second polysaccharide having a
      number average molecular weight of not less than 100,000, the molecule of
      which contains D-glucose, D-mannose, D-galactose and D-glucuronic acid and
      the approximate molar ratio of 3:2:1:2, in an amount of not more than 80%
      by weight based on the total amount of said first polysaccharide.
NUM  5.
PAR  5. A pasty dentifrice which essentially consists of:
PA1  25 to 35% by weight of water,
PA1  35 to 50% by weight of abrasives, selected from the group consisting of
      dicalcium phosphate dihydrate, calcium pyrophosphate, anhydrous dicalcium
      phosphate, insoluble sodium metaphosphate, hydrated alumina, calcium
      carbonate, magnesium carbonate, magnesium oxide, and finely powdered
      silica,
PA1  15 to 30% by weight of humectants, selected from the group consisting of
      glycerol, sorbitol, maltitol, glucose, propylene glycol, polyethylene
      glycol and sodium pyrrolidone carboxylate,
PA1  0.5 to 2% by weight of detergents and surface active agents, selected from
      the group consisting of sodium lauryl sulfate, sodium N-lauroyl
      sarcosinate, .alpha.-olefin sulfonate, sodium 2-hydroxyalkyl sulfate,
      sodium laurylether sulfate, sodium coconut monoglyceride sulfate, sodium
      coconut monoglyceride sulfonate, a sodium salt of a monoester of
      lauroylethanolamide sulfosuccinic acid, polyoxyethylene fatty acid esters
      such as polyoxyethylene soribitan monolaurate, polyoxyethylene sorbitan
      monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene
      stearate having a degree of polymerization of at least 25, and a
      polyoxyethylene polyoxypropylene block copolymer, and
PA1  0.3 to 2% by weight of a first polysaccharide having a number average
      molecular weight of not less than 100,000 and the molecule of said first
      polysaccharide containing D-glucose, D-mannose, D-galactose and succinic
      acid in the approximate molar ratio of 1:0.03:0.1:0.2 whereby said
      dentifrice has high solubility, high water-hold capacity, self-shape
      maintaining properties and viscoelastic properties upon removal of
      external pressure.
NUM  6.
PAR  6. The dentifrice of claim 5 including a second polysaccharide having a
      number average molecular weight of not less than 100,000, the molecule of
      which contains D-glucose, D-mannose, D-galactose and D-glucuronic acid and
      the approximate molar ratio of 3:2:1:2, in an amount of not more than 80%
      by weight based on the total amount of said first polysaccharide.
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ABST
PAL  A preparation and a method are described for emergency, interim treatment
       extensive burn injuries, e.g., flash burns, to external portions of a
      person. A solution of the polymer poly-.epsilon.-caprolactone is a
      volatile solvent, such as acetone or tetrahydrofuran, is applied to the
      burn area by spraying or swabbing, so that upon evaporation of the solvent
      a film of the polymer is left to serve as a barrier to insensible water
      loss.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the treatment of burn wounds, and more
      particularly to a method and means for providing such treatment as a
      "first aid" expedient, and at times as part of more sophisticated
      supportive treatment.
PAR  Shock is a major cause of death in the immediate period following a severe
      burn, such as a flash burn, over large portions of the body. A primary
      cause of shock has been recognized as the excessive loss of body fluids
      and protein through the burned areas. This loss occurs primarily through
      evaporation, and the process is not visible or otherwise readily
      detectable to the subject or observer. The loss is therefore termed
      insensible, although the results thereof are dramatically apparent in the
      shock process.
PAR  Many, if not most, burn accidents occur under circumstances that make it
      impossible for the victim to receive immediate supportive treatment in a
      hospital. Such is the case, for example, with disasters, accidents, or
      conflicts occurring in remote areas, at sea, or under other adverse
      conditions. Accordingly, there has long been a need for suitable,
      adequate, readily available, and easily applied burn treatment that can be
      administered by relatively unskilled persons at the scene of injury.
PAC  DISCUSSION OF THE PRIOR ART
PAR  In the past there have been used various creams, greases, sprays, and
      homemade concoctions designed to sooth and protect the wound, immediately
      following a burn, as a first-aid treatment. In general, these have been
      ineffective in stopping insensible fluid and protein loss through the burn
      site and have been messy and difficult to apply. The latter factors are,
      of course, deterrents to effective use by unskilled persons in a first-aid
      situation.
PAR  In addition, there have existed various coverings for burns and similar
      wounds requiring covering of a substantial area for extended periods of
      time during the skin regeneration and healing process. These have included
      skin grafts where the skin was obtained either from another person or
      animal, or from another area of the injured party. Also, there have been
      provided various sheets, foils, and webs or fabrics made from various
      synthetic plastic materials, animal collagen, and the like. Examples of
      the latter are described in U.S. Pat. No. 3,491,760 to Bernhard Braun et
      al. Use of burn wound coverings in the form of fibrillar products
      comprising polyglycolic acid are alluded to in U.S. Pat. No. 3,739,773 to
      Edard E. Schmitt et al. Those burn wound coverings, and particularly those
      comprising foams, gells or foils of collagen, or other moist, conformable
      dressing, require special storage techniques and facilities that render
      them quite impractical to have available for immediate use as a first-aid
      supply in various remote, isolated, and limited facility places where
      flash burns and other extensive injuries to the skin may occur.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims to overcome some or many of the disadvantages
      and shortcomings of the prior art, with respect to emergency or first-aid
      burn dressings or treatment, through the utilization of our discovery that
      a thin plastic film of poly-.epsilon.-caprolactone formed directly on the
      surface of a burn wound will adhere thereto and will control insensible
      fluid loss by evaporation so as to occur at a substantially normal rate,
      and that such a film can be effectively formed by applying a solution of
      poly-.epsilon.-caprolactone in a suitable solvent, such as acetone or
      tetrahydrofuran.
PAR  With the foregoing in mind, it is a principal object of the invention to
      provide an improved wound covering which is suitable for first-aid use on
      burns, is sufficiently compatible with human tissue and fluids to adhere
      to a burn wound for a useful period of time, and is notably effective in
      maintaining fluid balance in a subject.
PAR  Another object of the invention is to provide a burn wound treatment
      materials which can be stored for prolonged periods of time in a
      convenient and readily usable form, without any requirement for special
      storage facilities or conditions.
PAR  Still another object is the provision of burn treatment material of the
      foregoing character and comprising poly-.epsilon.-caprolactone in a
      solvent or vehicle that will rapidly evaporate after application to a
      wound surface to leave a thin, covering film of the
      poly-.epsilon.-caprolactone adhering to the wound.
PAR  As another object, the invention contemplates the packaging of the
      poly-.epsilon.-caprolactone and its solvent in a container having means
      for ejecting the contents thereof in the form of a spray or aerosol onto
      an affected area to be treated, such as a flash burn.
PAR  Yet another object of the invention is to provide a method of burn
      treatment including the steps of forming a solution of
      poly-.epsilon.-caprolactone in a volatile solvent, applying a layer of the
      solution over a surface to be treated, and allowing the solvent to
      evaporate so as to form a film of poly-.epsilon.-caprolactone having a
      thickness in a predetermined range.
PAR  The poly-.epsilon.-caprolactone, with which the discovery of this invention
      is concerned, is a biodegradable solid polymer having a molecular weight
      in the range of 2,000 to 300,000, and which polymer is soluble in liquid
      solvents, specifically acetone and tetrahydrofuran. U.S. Pat. No.
      3,021,309 to E. F. Cox et al describes the polymer
      poly-.epsilon.-caprolactone and its generation. The chemical derivation of
      the polymer per se is not considered to be part of this invention,
      poly-.epsilon.-caprolactones having been known in the chemical arts for
      many years now, as is evident from that patent. Moreover, as also pointed
      out by that patent, the polymer concerned is soluble in acetone, and is
      capable of being formed into films.
PAR  What is considered to be a notable advancement in the medical art is our
      discovery that a solution of poly-.epsilon.-caprolactone in a volatile
      solvent can be applied directly to a burn wound surface, and that the
      solvent will evaporate to leave a thin, flexible film or skin of
      poly-.epsilon.-caprolactone that will adhere to the wound surface and will
      effectively control the evaporative water loss from a severe burn during
      the immediate post burn period and until more conventional supportive burn
      treatment can be undertaken.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In carrying out the invention it is preferred that the solution of
      poly-.epsilon.-caprolactone be prepared with a solvent that is volatile
      and substantially non-irritating to a subject when applied thereto.
      Accordingly, in an exemplary embodiment the solvent may comprise the
      liquid acetone, and the prepared solution may be placed in a suitable
      container for prolonged storage in contemplation of possible future
      emergency use.
PAR  In some instances, it may be desirable to utilize a container that has
      spraying capability, such as the conventional aerosol spray can. A
      suitable propellant, such as that sold under the name Freon, may be
      included in a pressurized state in the container to facilitate spraying of
      the solution. Alternatively, the solution may be stored in a container
      without spraying capability, with the intention of applying the solution
      to a burn by means of a swab.
PAR  When an injury occurs that removes or destroys the normal water retaining
      capabilities of a subject's keratinaceous tissue, for example in the case
      of a severe abrasion, flash burn, or the like, the
      poly-.epsilon.-caprolactone and solvent solution is applied, either by
      spraying or swabbing, as a coating over the entire injured area. As the
      solvent evaporates a thin flexible film of the polymer is left adhered to
      the wound surface. This film, which is preferably in the thickness range
      of about 0.0005 inch to 0.01 inch in thickness, replaces the destroyed
      natural keratin moisture barrier. Once the victim reaches a burn treatment
      center, the film can be removed and traditional burn treatment begun.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description. It is, therefore,
      to be understood that this invention is not to be limited thereto and that
      said modifications and embodiments are intended to be included within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating an extensive burn injury to an external portion of
      a person, comprising the steps of:
PA1  spraying a layer of a solution of poly-.epsilon.-caprolactone, having a
      molecular weight in the range of 2,000 to 300,000, in a volatile solvent
      comprising liquid tetrahydrofuran onto said external portion;
PA1  allowing said solvent to evaporate so as to leave a thin, flexible film of
      said poly-.epsilon.-caprolactone, having a thickness of about 0.0005 inch
      to 0.01 inch, adhering to said portion so as to form a barrier to body
      fluid loss therethrough.
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ABST
PAL  Pathogens are controlled by concomitant contact with a phosphonomycin
      antibiotic and a bacteriostatic chemotherapeutic compound by separate or
      simultaneous administration. The combined action is especially
      advantageous in contacting resistant microorganisms and other
      microorganisms which are oridinarily not controlled by contact with the
      individual chemotherapeutic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our earlier filed applications Ser. Nos.
      655,757 and 679,165 filed July 25, 1967 and Oct. 20, 1967, respectively,
      which are now abandoned, application Ser. No. 728,059 filed May 9, 1968,
      now U.S. Pat. No. 3,639,590 and Ser. No. 59,761 filed July 30, 1970, now
      abandoned; and U.S. Ser. No. 255,117, filed May 19, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although in the past several decades great strides have been made in the
      control of pathogenic bacteria by various bacteriostatic chemotherapeutic
      agents such as the sulfa compounds and various antibiotics, these agents
      are generally quite specific in their action, being for example active
      against certain gram-negative or gram-positive bacteria. In addition, the
      use of these chemotherapeutic agents has resulted in the development of
      mutant strains of pathogens which are resistant to the known
      bacteriostats.
PAR  Accordingly, the search for new agents active against a broad spectrum of
      pathogens, and in particular against resistant strains, has continued.
PAR  The bacteriostatic chemotherapeutic agents are a well known group of
      compounds which are active in inhibiting the growth of pathogenic
      bacteria. Thus, antibiotics such as tetracyclines, chloramphenicol,
      erythromycin, novobiocin, oleandomycin and lincomycin, and other
      chemotherapeutic active substances such as nalidixic acid and the sulfa
      compounds are well known bacteriostats which are active in inhibiting the
      growth of various pathogenic bacteria. A number of these bacteriostatic
      agents, for example chloramplenicol, exhibit untoward side effects at the
      dosage necessary to control infections, and therefore their use has been
      limited; and it has been found desirable to find ways of reducing the
      dosages of such antibiotics.
PAR  Phosphonomycin, a recently discovered antibiotic, is called (-)
      (cis-1,2-epoxypropyl)phosphonic acid or (-) (1R,
      2S)-1,2-epoxypropylphosphonic acid or the non-proprietary name fosfomycin.
      This antibiotic, and in particular various derivatives thereof such as
      salts, labile ester and amide derivatives thereof, are valuable antibiotic
      substances which are active against various gram-negative and
      gram-positive pathogens such a Escherichia, Klebsiella, Proteus,
      Pseudomonas, Salmonella, Staphylococcus and Streptococcus bacteria.
      Because of their outstanding activity and stability, the salts of
      phosphonomycin such as those of inorganic as well as organic bases
      represent preferred forms of the antibiotic. The term "phosphonomycin" as
      used herein includes not only the free acid but also the various
      derivatives thereof such as the salts, esters and amides which exhibit
      antibiotic activity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method of potentiating the
      effectiveness of bacteriostatic chemotherapeutic agents against various
      pathogenic microorganisms. Another object is to provide a means of
      extending the effectiveness of various bacteriostatic agents against
      species of microorganisms which are ordinarily not inhibited by the
      chemotherapeutic agent alone. Further, it is an oject of this invention to
      provide a means of potentiating the effectiveness of bacteriostatic
      chemotherapeutic agents against resistant strains of pathogens. In
      addition, it is an object of this invention to provide a means of
      preventing the emergence of resistant strains of pathogenic bacteria
      contacted with bacteriostatic agents. Also, this invention provides new
      compositions containing bacteriostatic agents useful in accomplishing the
      foregoing objects of this invention. Other objects will be apparent from
      the detailed description of this invention hereinafter provided.
PAC  DETAILED DESCRIPTION
PAR  It has now been found that the foregoing objects of this invention are
      achieved by concomitantly contacting pathogenic bacteria wtih
      phosphonomycin and a bacteriostatic chemotherapeutic agent. Thus, in
      combination with phosphonomycin it is possible to extend the usefulness of
      the bacteriostats to a broad spectrum of pathogens including this which
      have mutated and acquired resistance to such chemotherapeutic agents.
PAR  In accordance with one embodiment of this invention, pathogenic bacteria
      are controlled by concomitantly contacting these pathogens with
      phosphonomycin and a bacteriostatic chemotherapeutic agent. The action of
      the phosphonomycin is to potentiate, augment or synergise the activity of
      the bacteriostatic agent. This potentiation of the bacteriostats is indeed
      unexpected since the bacteriostatic agents have an entirely different mode
      of action than phosphonomycin. Thus, while many of the bacteriostats such
      as chloroamphenicol and the tetracyclines are effective bacause of their
      ability to inhibit protein synthesis, phosphonomycin is bactericidal in
      action and affects the bacterial cell wall as is evident from the
      detection of spheroplasts when certain bacterial strains are exposed to
      the antibiotic. That phosphonomycin could act synergistically with
      bacteriostats is not suggested by their individual modes of action. Thus,
      phosphonomycin is indeed unique among antibiotics in that it is capable of
      potentiating the important bacteriostatic chemotherapeutic agents. Even
      more important is the indication that phosphonomycin does not exhibit any
      antagonism in various tests with human pathogens.
PAR  From many in vitro tests with various pathogens, it has been determined
      that phosphonomycin acts synergistically with a number of bacteriostats
      such as chloramphenicol, erythromycin, tetracyclines, novobiocin and
      sulfisoxazole; this synergism being defined as the ability of
      phosphonomycin to inhibit the growth of the pathogen in the presence of
      one quarter or less of the MIC (minimum inhibitory concentration) of each
      of phosphonomycin and the bacteriostat. In an enormous series of tests
      with almost 200 pathogenic bacteria involving about 15,000 individual
      tests, the efficacy of phosphonomycin combined with chloramphenicol and
      erythromycin was determined. These tests indicated that there was no
      antagonism between phosphonomycin and each of the antibiotics and that in
      88% of the tests it was found that phosphonomycin potentiated the effect
      of chloramphenicol. In a smaller series of trials it was observed that 83%
      of the tests showed potentiation with a combination of phosphonomycin and
      erythromycin. Other experimental results have shown that novobiocin,
      chlortetracycline and sulfisoxazole are potentiated when combined with
      phosphonomycin and tested with various strains of pathogenic bacteria.
PAR  The practical advantages of the use of phosphonomycin to potentiate
      bacteriostats are, therefore, readily apparent. Thus, in potentiating
      chloramphenicol the combination acts synergistically, making it possible
      to use less chloramphenicol than would otherwise be necessary to control
      the pathogens and thereby minimizing the untoward effects sometimes
      observed with higher dosage levels of this antibiotic. Also, in some
      instances, for example in the case of novobiocin, the phosphonomycin
      potentiates the bacteriostat and the combination is effective in
      controlling pathogens which cannot be effectively controlled by either
      antibiotic separately. Also, the potentiating effect of the combined
      action of the bacteriostat and phosphonomycin results in a lower incidence
      of resistant strains being formed. These upexpected advantages of th
      effect of phosphonomycin make this an important and valuable advance in
      the art. Thus, pathogenic bacteria can be controlled by treatment with
      phosphonomycin and a bacteriostat in the ratio of 1 part of phosphonomycin
      to 10 parts of the bacteriostat up to 10 parts of the phosphonomycin to 1
      part of the bacteriostat. The preferred ratio is 1 part of phosphonomycin
      to 4 parts of bacteriostat up to 8 parts of phosphonomycin to 1 part of
      the bacteriostat.
PAR  This ability of phosphonomycin to potentiate, augment or synergise the
      effectiveness of bacteriostats provides a means of effectively combating
      bacterial infections in animals and humans. For this purpose
      phosphonomycin can be administered enterally in the form of tablets,
      capsules, syrups or suppositories or parenterally as solutions in suitable
      liquid mediums such as sterile water or isotonic solutions. These
      pharmaceutical forms of phosphonomycin can be prepared in accordance with
      procedures well known in the pharmaceutical art. Thus, for example, in
      treating human infections caused by pathogenic bacteria with
      phosphonomycin and chloramphenicol, the phosphonomycin is administered in
      an amount from about 500-4,000 mg./day and the chloramphenicol in an
      amount from about 500-2,000 mg./ day.
PAR  Pursuant to another embodiment of the present invention, phosphonomycin and
      one or more of the bacteriostatic agents can be combined in a single unit
      dosage form. For this purpose the chemotherapeutic agents can be combined
      in suitable unit dosage forms in conjunction with suitable non-toxic solid
      or liquid diluents or carriers. These dosage unit forms can be used for
      enteral administration in the form of tablets, capsules, syrups or
      suppositories or, alternatively, these chemotherapeutic agents can be
      combined in suitable liquid mediums for parenteral administration. For
      topical administration the phosphonomycin and the chemotherapeutic
      bacteriostat can be prepared in the form of salves, ointments and the like
      in accordance with procedures well known in the art for formulating such
      compositions.
PAR  The examples which follow are provided as illustrative embodiments of our
      invention.
DETD
PAC  EXAMPLE 1
PAR  The MIC (minimum inhibitory concentration) of phosphonomycin and each of
      the other antibiotics by itself was determined before the combination
      synergy experiment was begun, as follows: 2 ml. of a double strength
      solution in sterile distilled water of the highest strength to be tested
      (usually 1000.gamma.) was added to a tube of double strength nutrient
      broth (NB) and mixed thoroughly. Two-fold serial dilutions were then made
      by transferring 2 ml. to the next tube (1 .times. NB) and so on for
      approximately 12 tubes. The tubes were inoculated with one drop each of a
      1:50 dilution of a culture adjusted to a Lumetron 60 reading in NB + 0.2%
      yeast extract so as to provide a concentration of cells of approximately
      25,000/ml. The tubes were then incubated at 37.degree.C. and examined for
      growth at 24, 48 and 72 hours.
PAR  In the combination experiment, the MIC value obtained as described above
      was used as approximately the midpoint of the range to be tested for each
      of the two antibiotics of the combination. In a manner similar to the
      above, two-fold dilutions of the first substance in the combination were
      made except that 1.8 ml. volumes were used and a 2.2 .times. strength
      solution of both the antibiotic and the NB were made. The second
      antibiotic of the combination was added to duplicate rows of serial
      dilutions of the first substance as follows: 0.2 ml. in NB of a
      ##EQU1##
      and a
      ##EQU2##
      respectively, of the second substance was added to each tube in a row of
      serial dilutions of the first antibiotic. The final concentration that
      resulted enabled the determination of the effect of both MIC/4 and MIC/8
      of each substance in the presence of from approximately 32 MIC to
      ##EQU3##
      of the other. Inocula were added as in the initial single MIC experiment.
      The results of these tests are shown in the following table:
TBL                            Phosphonomycin     MIC of 2nd Subst.            

                               MIC in Presence                                 

                                         MIC of   In Presence of               

                                   MIC                MIC                      

     Second    Test    Phosphonomycin                                          

                               of .ltoreq.                                     

                                      of 2nd      .ltoreq.                     

                                                         of                    

                                   4                  4                        

     Substance Organism                                                        

                       MIC     2nd Substance                                   

                                         Subst.   PHosphonomycin               

     __________________________________________________________________________

     Novobiocin                                                                

               Proteus                                                         

               vulgaris                                                        

                       220     6.8       32       3.9                          

     Novobiocin                                                                

               Pseudomonas                                                     

               stutzeri                                                        

                       &gt;220    16        32       8                            

     Novobiocin                                                                

               Klebsiella                                                      

               pneumoniae                                                      

                       750     5.8       32       &lt;2                           

     Novobiocin                                                                

               Staphylococcus                                                  

               aureus  24      48        0.06+    0.015*                       

     Novobiocin                                                                

               Streptococcus                                                   

               faecalis                                                        

                       93.6    24*       4        4                            

     Novobiocin                                                                

               Pseudomonas                                                     

               aeruginosa                                                      

                       186     93.6      250      62.5                         

     Erythromycin                                                              

               Proteus                                                         

               vulgaris                                                        

                       48      96        1000     500*                         

     Erythromycin                                                              

               Pseudomonas                                                     

               aeruginosa                                                      

                       376     12        &gt;16000   2000+                        

     Erythromycin                                                              

               Staphylococcus                                                  

               aureus  &gt;192    24        8        2                            

     Erythromycin                                                              

                Streptococcus                                                  

               faecalis                                                        

                       96      192       32       16                           

     Chlortetracycline                                                         

               Proteus                                                         

               vulgaris                                                        

                       48      24*       2        0.25                         

     Chlortetracycline                                                         

               Streptococcus                                                   

               faecalis                                                        

                       48      48        0.5      0.5                          

     __________________________________________________________________________

                       MIC        MIC                                          

     *Value obtained in the presence of                                        

                          instead of .ltoreq.                                  

                       2          4                                            

     +Resistant growth present                                                 

PAR  The foregoing table is significant in showing that the potentiating effect
      of phosphonomycin is observed in eight of the twelve tests, and that in no
      case was there any evidence of antagonism by the combination of
      antibiotics. Also significant is the mutual potentiation of the
      phosphonomycin-novobiocin combination against Klebsiella.
PAC  EXAMPLE 2
PAR  The "criss-cross" method was used to determine potentiation of
      chloramphenicol by phosphonomycin. This method involved the simultaneous
      determination of the MIC (minimum inhibitory concentration) of each member
      of a pair of antibiotics and of combinations of the two in nutrient broth
      (NB) containing 0.2% yeast extract (YE). Serial two-fold dilutions were
      made throughout the experiment, and the starting inoculum consisted of
      approximately 25,000 cells/ml. of Staphylococcus aureus. Incubation was at
      37.degree.C. for 24 hours. Identical experiments were performed on two
      different days.
TBL  ______________________________________                                    

     Results: MIC's .mu.g/ml.                                                  

              MIC                                                              

              Phosphonomycin CLM* MIC                                          

              In Presence of In Presence                                       

                          MIC        CLM*        MIC                           

     Second                                                                    

           Phospho-            of          of .ltoreq.                         

                                                      of                       

                          4          MIC         4                             

     Subst.                                                                    

           nomycin  2nd Subst.         Phosphonomycin                          

     ______________________________________                                    

     CLM*  62.5     15.6         7.8   2.0                                     

     CLM*  31.2     7.8          3.9   0.5                                     

     ______________________________________                                    

      *Chloramphenicol                                                         

PAR  These results clearly demonstrate the synergistic effect of combinations of
      phosphonomycin and chloramphenicol against this strain of Staphylococcus
      aureus.
PAC  EXAMPLE 3
PAR  A series of agar plates were prepared containing varying amounts of
      phosphonomycin and chloramphenicol and mixtures of the two antibiotics
      which were then inoculated with various test organisms to determine the
      minimum inhibitory concentrations (MIC) of the individual antibiotics and
      the effectiveness of the combination of the two antibiotics.
PAR  In these tests the agar plates were prepared by combining 1 ml. of a
      sterile aqueous solution of the antibiotic with 9 ml. of sterile Mueller
      Hinton agar, thoroughly mixing the antibiotic solution with the agar and
      allowing the resulting mixture to solidify. The amount of chloramphenicol
      in the plates ranged from 0.2 to 409.6 mcg/ ml., and the amount of
      phosphonomycin ranged from 2 to 256 mcg/ml. The exact amounts of the
      antibiotic or antibiotics present in each of the plates are shown in each
      of the boxes of the following diagrams.
TBL  __________________________________________________________________________

     Phosphonomycin mcg/ml                                                     

     Chloramphenicol meg/ml.                                                   

      0         2    4    8    16   32   64   128   256                        

     __________________________________________________________________________

      0   0/0  2/0  4/0  8/0  16/0 32/0 64/0 128/0 256/0                       

     0.2  0/0.2                                                                

               2/0.2                                                           

                    4/0.2                                                      

                         8/0.2                                                 

                              16/0.2                                           

                                   32/0.2                                      

                                        64/0.2                                 

                                             128/0.2                           

                                                   256/0.2                     

     0.4  0/0.4                                                                

               2/0.4                                                           

                    4/0.4                                                      

                         8/0.4                                                 

                              16/0.4                                           

                                   32/0.4                                      

                                        64/0.4                                 

                                             128/0.4                           

                                                   256/0.4                     

     0.8  0/0.8                                                                

               2/0.8                                                           

                    4/0.8                                                      

                         8/0.8                                                 

                              16/0.8                                           

                                   32/0.8                                      

                                        64/0.8                                 

                                             128/0.8                           

     1.6  0/1.6                                                                

               2/1.6                                                           

                    4/1.6                                                      

                         8/1.6                                                 

                              16/1.6                                           

                                   32/1.6                                      

                                        64/1.6                                 

     3.2  0/3.2                                                                

               2/3.2                                                           

                    4/3.2                                                      

                         8/3.2                                                 

                              16/3.2                                           

                                   32/3.2                                      

     6.4  0/6.4                                                                

               2/6.4                                                           

                    4/6.4                                                      

                         8/6.4                                                 

     12.8 0/12.8                                                               

               2/12.8                                                          

                    4/12.8                                                     

     25.6 0/25.6                                                               

               2/25.6                                                          

                    4/25.6                                                     

     __________________________________________________________________________

TBL  Phosphonomycin mcg/ml.                                                    

     Chloramphenicol mcg/ml.                                                   

      0           2    4      8     16    32    64    128   256                

     __________________________________________________________________________

      0    0/0   2/0   4/0   8/0   16/0  32/0  64/0  128/0 256/0               

     12.8  0/12.8                                                              

                 2/12.8                                                        

                       4/12.8                                                  

                             8/12.8                                            

                                   16/12.8                                     

                                         32/12.8                               

                                               64/12.8                         

                                                     128/12.8                  

                                                           256/12.8            

     25.6  0/25.6                                                              

                 2/25.6                                                        

                       4/25.6                                                  

                             8/25.6                                            

                                   16/25.6                                     

                                         32/25.6                               

                                               64/25.6                         

                                                     128/25.6                  

     51.2  0/51.2                                                              

                 2/51.2                                                        

                       4/51.2                                                  

                             8/51.2                                            

                                   16/51.2                                     

                                         32/51.2                               

                                               64/51.2                         

     102.4 0/102.4                                                             

                 2/102.4                                                       

                       4/102.4                                                 

                             8/102.4                                           

     204.8 0/204.8                                                             

                 2/204.8                                                       

                       4/204.8                                                 

     409.6 0.409.6                                                             

                 2/409.6                                                       

                       4/409.6                                                 

     __________________________________________________________________________

PAR  The described tests were run in either of above-described series, depending
      upon the activity of the pathogen in disc plate tests, with discs
      containing 5 .mu.g and 30 .mu.g of chloramphenicol. When the pathogens
      were inhibited at both the 5 and 30 .mu.g levels, the pathogen was tested
      in the first series containing lower concentrations of chloramphenicol.
      The organisms which were not inhibited at the lower level but were
      inhibited at the 30 .mu.g level were tested in the second series having a
      higher concentration of chloramphenicol.
PAR  Thus, in this series of tests the agar plates contained phosphonomycin
      and/or chloramphenicol in the amount shown in the numerator and the
      denominator, respectively, in each of the boxes. (To avoid needless
      repetition of the concentrations of the antibiotics, only a representative
      number of the boxes show the concentrations of each of the combinations
      tested; however, all of the concentrations indicated by each of the boxes
      were used in tests.)
PAR  The plates prepared as described above were divided into small sections or
      boxes so that each section served to test a different species or different
      organism. Thus, each section of the plate was inoculated with a different
      strain or species by placing one drop of an aqueous suspension of the
      microorganism containing about 10,000-20,000 cells. The plates were then
      incubated for 18 hours at 37.degree.C. and then examined to determine the
      MIC of the individual antibiotics and the effectiveness of the
      combinations of the antibiotics against a number of pathogenic organisms.
PAR  The results of this series of tests are shown in the following table.
TBL  __________________________________________________________________________

                     High   Weak                                               

             No. Strains                                                       

                     Potentiation                                              

                            Potentiation                                       

                                   Additive                                    

     Microorganism                                                             

             Tested  Observed                                                  

                            Observed                                           

                                   Coaction                                    

                                        No Effect                              

     __________________________________________________________________________

     Escherichia                                                               

     coli    81      38     39     2    2                                      

     Paracoli                                                                  

             2       1      1      0    0                                      

     Citrobacter                                                               

             6       1      3      0    2                                      

     Aerobacter                                                                

             2       1      1      0    0                                      

     Klebsiella                                                                

             27      16     9      0    2                                      

     Salmonella                                                                

             4       0      2      0    2                                      

     Proteus 6       3      2      0    1                                      

     Pseudomonas                                                               

             11      6      3      0    2                                      

     Serratia                                                                  

             2       2      0      0    0                                      

     Staphylococcus                                                            

     coagulase+                                                                

             5       1      2      0    2                                      

     Staphylococcus                                                            

             43      17     20     3    3                                      

     Enterococcus                                                              

             4       0      3      0    1                                      

     Total   193     86     85     5    17                                     

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  In another series of tests carried out following the procedures described
      in Example 3, the effect of combinations of phosphonomycin (PM) and
      erythromycin (EM) against ten strains of pathogenic bacteria was
      determined with the following results:
TBL  No. of Strains Tested                                                     

                          10                                                   

     No Effect            1                                                    

     Potentiation by PM   5                                                    

     Potentiation by EM   4                                                    

PAC  EXAMPLE 5
PAR  To determine the interaction in vivo of phosphonomycin, chloramphenicol,
      novobiocin and tetracycline, each agent was titrated individually in mice
      and in the presence of constant quantities (one estimated to be 10% and a
      second 1% of the expected ED.sub.50) of the second antibiotic. For
      example, using Escherichia coli 2017 as the infecting agent, sodium
      phosphonomycin was titrated alone and in the presence 5 and also in the
      presence of 0.5.gamma.tetracycline, while tetracycline was titrated alone
      and in the presence of 50.gamma., and also in the presence of 5.gamma.of
      sodium phosphonomycin. The two drugs were given by the subcutaneous route
      at separate sites on the ventral surface of the mouse. Such therapy was
      given only at the time of infection for the Escherichia coli and
      Pseudomonas aeruginosa tests but both at the time of infection and 6 hours
      later for all other tests. Infection was given intraperitoneally using
      broth suspensions of the test organism.
PAR  In the first test using Escherichia coli with sodium phosphonomycin and
      tetracycline, the ED.sub.50 for sodium phosphonomycin was 1000.gamma., an
      amount representing, therefore, 100% of the effective sodium
      phosphonomycin dose. The ED.sub.50 for tetracycline was 50.gamma.,
      equaling 100% of the effective tetracycline dose. When sodium
      phosphonomycin was titrated in the presence of 0.5.gamma. tetracycline
      (here representing 1% of the effective tetracycline ED.sub.50), the sodium
      phosphonomycin ED.sub.50 was again 1000.gamma. or 100% of its effective
      dose. The combination, therefore, of 100% with 1% or 101% of the combined
      effective doses was judged to indicate no interaction for this
      combination. When, however, tetracycline was titrated in the presence of a
      constant quantity of 50.gamma. sodium phosphonomycin (representing 5% of
      its effective dose), the tetracycline ED.sub.50 was 13.gamma. or 25% of
      its effective dose. The combined percent of 30 was as effective as 100% of
      either drug along, an effect usually termed as synergistic.
PAR  On Table 1 are listed the test results using Escherichia coli. It can be
      seen that in two tests the activity of tetracycline has been enhanced when
      it was titrated in the presence of a constant quantity of sodium
      phosphonomycin. In the first test, a combination of 25% tetracycline with
      5% sodium phosphonomycin for 30% is judged synergistic, but the
      combination of 54% tetracycline with .5% sodium phosphonomycin is judged
      to be borderline and not labeled as synergy. In the second test there was
      synergy with a constant quantity of 2% of the effective sodium
      phosphonomycin dose but not with 14%. In neither test did a constant
      quantity of tetracycline enhance sodium phosphonomycin activity.
      Similarly, it can be seen that synergy has been demonstrated between
      chloramphenicol and sodium phosphonomycin but that the two tests do not
      completely repeat each other.
PAR  On Table 2 are listed results from single tests. It will be noted that
      against Streptococcus pyogenes only one set of combinations was tested,
      that is, the titration of tetracycline in the presence of a constant
      quantity of sodium phosphonomycin. Only additive percentages were
      demonstrated. In experiments using novobiocin, it is difficult to
      interpret results because novobiocin itself did not protect against
      Pseudomonas aeruginosa, nor against Klebsiella pneumoniae at the levels
      tested. For this latter organism, however, less sodium phosphonomycin was
      required to protect the mice when 1 mg. of novobiocin was included in the
      dose than in its absence. This could be considered as potentiation.
TBL                                    Table I                                 

     __________________________________________________________________________

     Effect of Combined Antibiotic Therapy of Escherichia coli Infection       

     Test Organism     s.c. ED.sub.50 .mu.g***                                 

                                     % ED.sub.50                               

     and Challenge                                                             

              Phosphonomycin*                       Combined                   

     Dose     plus     Phosphonomycin*                                         

                                Other                                          

                                     Phosphonomycin*                           

                                              Other %                          

     __________________________________________________________________________

     E. coli 2017                                                              

              Tetracycline                                                     

                         1000    --  100            100                        

     9 LD.sub.50          --     50           100   100                        

                          427**  5   43       10    53                         

                         1000**  0.5 100       1    101                        

                          50     13**                                          

                                     5        25    30                         

                           5     27**                                          

                                     ).5      54    55                         

     Repeat Test                                                               

              Tetracycline                                                     

                          350    --  100                                       

     E. coli 2017         --     31           100                              

     7 LD.sub.50          390**  10  111      32    143                        

                          380**  1   108       3    111                        

                          50     31**                                          

                                     14       100   114                        

                           0.5   7** 2        23    25                         

     E coli 2017                                                               

              Chloram-    905    --  100                                       

     9 LD.sub.50                                                               

              phenicol    --    453           100                              

                          500**  30  55        7    63                         

                          905**  3   100       1    101                        

                          100   107**                                          

                                     11       24    35                         

                          10    250**                                          

                                     1        55    56                         

     Repeat Test                                                               

              Chloram-    276    --  100                                       

     E. coli 2017                                                              

              phenicol    --    120           100                              

     7 LD.sub.50          26**   50  9        42    51                         

                          92**   5   33        4    37                         

                          50     20**                                          

                                     19       17    36                         

                           5     47**                                          

                                     2        39    41                         

     __________________________________________________________________________

       *As sodium salt                                                         

       **Titrated--other agent constant                                        

      ***Single dose only, at 0 hour                                           

TBL                                    Table 2                                 

     __________________________________________________________________________

     Effect of Combined Antibiotic Therapy on Several Experimental Infections  

     in Mice                                                                   

     Test Organism     s.c. ED.sub.50 .mu.g***                                 

                                      % ED.sub.50                              

     and Challenge                                                             

              Phosphonomycin*                      Combined                    

     Dose     plus     Phosphonomycin*                                         

                                Other Phosphonomycin*                          

                                               Other                           

                                                   %                           

     __________________________________________________________________________

     Streptococcus                                                             

              Tetracycline                                                     

                         1400   --    100      100                             

     pyogenes 3009        --    55             100                             

     6 LD.sub.50         1000   18**  71       33  104                         

                          500   35**  64       36  100                         

     Pseudomonas                                                               

              Novobiocin 1420   --    100                                      

     aeruginosa 3210      --    &gt;10000                                         

     10 LD.sub.50        2760** 1000  195                                      

                         1250** 100   88                                       

                         &gt;200   &gt;10000*                                        

                         &gt; 20   &gt;10000**                                       

     Klebsiella                                                                

              Novobiocin 2130   --    100                                      

     pneumoniae "B"       --    &gt;2500                                          

     7 LD.sub.50          298** 1000  14       --                              

                         1110** 100   52       --                              

                         &gt; 100  &gt;2500**                                        

                         &gt; 10   &gt;2500                                          

     __________________________________________________________________________

       *As sodium salt                                                         

       **Titrated --other agent constant                                       

      *** Therapy given at 0 and at 6 hours except P. aeruginosa 3210, 0 hour  

      only                                                                     

PAR  Various changes and modifications in the procedures herein disclosed will
      occur to those skilled in the art, and to the extent that such changes and
      modifications are embraced by the appended claims, it is to be understood
      that they constitute part of our invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising a phosphonomycin antibiotic, chloramphenicol
      and a non-toxic carrier, said phosphonomycin and said chloramphenicol
      being present in the ratio of 1-10 to 10-1.
NUM  2.
PAR  2. The composition of claim 1 wherein the carrier is a solid pharmaceutical
      carrier.
NUM  3.
PAR  3. The composition of claim 1 wherein the carrier is a liquid
      pharmaceutical carrier.
NUM  4.
PAR  4. The composition of claim 1 wherein the phosphonomycin antibiotic is a
      non-toxic pharmaceutically acceptable salt of phosphonomycin.
NUM  5.
PAR  5. The method of treating infections caused by pathogenic bacteria in
      animals and humans which comprises administering to animals or humans a
      composition comprising phosphonomycin and chloramphenicol in an effective
      amount for treating said pathogen, said phosphonomycin and chloramphenicol
      being administered in the ratio of 1-10 to 10-1.
NUM  6.
PAR  6. The method for controlling resistant pathogenic bacteria in animals and
      humans which comprises administering to animals or humans a composition
      comprising phosphonomycin and chloramphenicol in an effective amount for
      treating said resistant pathogen, said phosphonomycin and chloramphenicol
      being administered in the ratio of 1-10 to 10-1.
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ABST
PAL  The present invention relates to a process for the treatment of hemorrhoids
      and to a composition therefor which comprises the product resulting from
      heating to a temperature of the order of 100.degree. - 240.degree.F, for a
      period of time of the order of 2 - 15 minutes, a mixture of the powdered
      or chipped limbs or roots of the shrub Celastrus scandens, commonly known
      as bittersweet, and an animal or vegetable fat. The preferred form of the
      composition is then strained to remove solid particles and mixed with a
      topical anesthetic, such as celery seed extract, and benzoin to retard the
      rancidity of the fat.
PARN
PAR  This application is a continuation-in-part of my U.S. Ser. No. 448,820
      filed Mar. 7, 1974 now abandoned.
BSUM
PAR  The present application relates to the treatment of hemorrhoids and to a
      composition suitable therefor. More particularly, it relates to a
      composition suitable for the treatment of hemorrhoids and for the
      reduction and elimination of anoral inflammation caused thereby and
      comprising the product resulting from heating to a temperature of the
      order of 100.degree.-240.degree.F, for a period of time of the order of
      2-15 minutes, a mixture of the powdered or chipped limbs or roots of the
      shrub Celastrus scandens.
PAR  Hemorrhoids is a rather common ailment of the anorectal area and may be
      either or both internal and external, causing in particular inflammation
      of the veins of the anorectal area and frequesntly accompanied by itching
      of varying degrees of intensity. Many remedies have been suggestied and
      tried for the alleviation of these ailments with varying degrees of
      success. Some have been partially effective in either reducing the
      inflammation or itching but few have been successful in reducing or
      completely eliminating both. Frequently, undesirable side-effects have
      resulted from such treatments and which have appreciably increased the
      difficulties in obtaining satisfactory relief.
PAR  In accordance with the present invention, the drawbacks and disadvantages
      of previous methods of treating hemorrhoids have been effectively overcome
      to a very large degree, both the inflammation and itching normally present
      in such disorders being effectively overcome after only a relatively short
      period of treatment, and without any unfavorable side-effects of the type
      experienced with previously used remedies and treatments.
PAR  The treatment of the present invention comprises essentially the
      application to the infected areas of an ointment containing certain
      unknown ingredients of the shrub Celastrus scandens. If desired the
      composition can be employed in suppository form. In either form, the
      composition preferably contains, in addition to the active ingredient, a
      conventional topical anesthetic such as, for example, celery seed extract,
      or other well-known topical anesthetics such as benzocaine, procaine base,
      or other equivalent material known to be effective as an anesthesia in the
      anorectal area.
PAR  The prior art has suggested the therapeutic utility of certain unknown
      compounds derived from Celastrus scandens by reaction with other materials
      but not of the derivatives per se of said Celastrus scandens. Roney et al
      (U.S. Pat. No. 43,341 ) boiled and reboiled a mixture of green beech bark,
      elder bark and leaves, bittersweet root and stalk, thornapple stalk and
      leaves, poke root, bean leaves and stalk, live-for-ever, rosin and lark.
      Swarthout (U.S. Pat. No. 79,411 ) melted over a slow fire a mixture of
      extract of bittersweet, turpentine, salt butter, beeswax and balsam of
      fir. Curl et al (U.S. Pat. No. 89,562 ) "stewed down" for a period of 30
      minutes a mixture of lard, balm of Gilead buds and bark of bittersweet
      roots and then added quicksilver dissolved in nitric acid, spirits of
      turpentine and balsam of fir. Sanderson (U.S. Pat. No. 74,151) steeped in
      spirits a mixture of bittersweet root, stramonium leaves, cicuta leaves
      and the root of the deadly nightshade, then added lard and heated to
      evaporate to an ointment and finally added extract of hyoscyamus, extract
      of taraxacum, gum of opium, the resulting product to be used in
      combination with other medecines. It will be quite obvious that none of
      these involved the use of the product being claimed by applicant.
PAR  The new composition of the present invention is preferably used in ointment
      or suppository form, applied morning and night after defecation. Soon
      after application of the composition the pain and itching are alleviated
      and the bittersweet reduces congestion and inflammation and accelerates
      the normal healing process and assists in making bowel evacuation more
      comfortable.
PAR  A preferred method of preparing the new composition of the present
      invention comprises heating powdered or chipped bittersweet limbs, or
      preferably roots, with an animal fat or a vegetable oil, such as
      cottonseed or soya bean oil and removing the resulting solid material by
      screening, filtration or other suitable means after cooling to
      approximately 60.degree.F. Optionally, but preferably, benzoin is then
      incorporated into the screened or filtered material for the purpose of
      retarding decomposition of the fat. This, however, is not an essential
      ingredient of the composition since the latter can be effectively used
      without such addition, the addition of the benzoin being desirable only
      when extended shelf life of the product is desired. When pain and itching
      are present, the above composition, with or without added benzoin, is then
      further cooled and mixed with a conventional anesthetic, such as, for
      example, celery seed extract or other suitable anesthetic. With or without
      the addition of the benzoin or topical anesthetic, the composition is
      ready for use in treating hemorrhoids.
PAR  In preparing the above new composition various types of animal fats and
      vegetable oils may be satisfactorily used. Suitable such materials include
      beef tallow, mutton tallow, pork lard, all types of vegetable shortenings,
      cottonseed oil, soya bean oil, and the like. Satisfactory compositions are
      obtained by heating 16-80 oz. of powdered or chipped Celastrus scandens
      limbs or roots per 100 pounds of animal fat or vegetable oil, the heating
      being effected at temperatures ranging from 100.degree. to 240.degree.F,
      for periods of time ranging from approximately 2 to 15 minutes. When
      heated to temperatures of 260.degree.F, or for longer periods of time at
      elevated temperatures, the fat or oil is usually "burned", thus making the
      resulting composition less desirable for use. When benzoin is incorporated
      into the composition amounts of the oorder of 100-200 grams per 100 pounds
      of fat or oil, depending in general upon the atmospheric temperature, will
      satisfactorily retard the rancidity of the fat or oil.
PAR  When a topical anesthetic is incorporated into the composition it is
      generally used in amounts of the order of 25-200 grams per 100 pounds of
      fat or oil. Such amounts of celery seed extract have been found to give
      particularly effective results.
PAR  The following specific examples are given to illustrate specific
      compositions of the type described above which have been found to give
      particularly desirable results in the treatment of hemorrhoids. Excellent
      results were obtained with all of these compositions when applied as above
      described over periods of time ranging from 5 to 30 days, depending upon
      the particular individual and the severity of the ailment.
DETD
PAC  EXAMPLE I
PAR  A mixture of
PA1  16 oz. of chipped Celastrus scandens roots
PA1  100 lbs of beef tallow
PAL  was heated for 15 minutes to a temperature of 230.degree.F, cooled to
      60.degree.F, strained to remove solid particles and 1/8 oz of celery seed
      extract incorporated as above described.
PAC  EXAMPLE II
PAR  In this experiment the following ingredients were used and the composition
      was prepared as described in Example I.
PA1  80 oz powdered Celastrus scandens roots and limbs
PA1  100 lbs of mutton tallow
PA1   1/8 oz celery seed extract
PA1  100 grams of Benzoin.
PAC  EXAMPLE III
PAR  In this experiment, the operation was carried out as above described using
      the following materials:
PA1  16 oz powdered Celastrus scandens root
PA1  25 lbs of vegetable shortening
PA1   1/8 oz celery seed extract
PA1  25 grams Benzoin.
PAR  The mixture of Celastrus scandens root powder and vegetable shortening was
      heated in a pressure cooker for a period of 5 minutes at a temperature of
      150.degree.F, and then cooled to a temperature of approximately
      60.degree.F, the benzoin then added with good stirring. The resulting
      mixture was then allowed to stand for 1/2-2 hours and then strained to
      remove solid particles. The resulting product was then permitted to cool
      until the mass congealed, celery seed extract then added and the resulting
      mixture homogenized to obtain thorough mixture.
PAC  EXAMPLE IV
PAR  In this experiment the following ingredients were used:
PA1  12 grams of powdered Celastrus scandens root
PA1  225 grams of corn oil
PAR  After heating the resulting composition and filtering the product was a
      liquid difficult to apply. It could, however, be whipped into a gel with a
      starch base giving a product which could be effectively used in ointment
      form.
PAC  EXAMPLE V
PAR  The composition prepared as above described using the following ingredients
      gave a composition having excellent curative properties:
PA1  24 grams of powdered Celastrus scandens root
PA1  225 grams of corn oil
PAR  Effective curative results were obtained in general with Celastrus scandens
      in powdered or chipped form treated as above described, although in some
      instances the physical form of the compositions made the latter difficult
      to use, the more desirable compositions being of a physical form which
      could be applied in ointment form. This, however, was largely a matter of
      convenience. The preferred form of product contained a topical anesthetic,
      preferably celery seed extract. Where the fat or oil used in making the
      composition was subject to becoming rancid upon standing, the final
      product desirably contained a rancidity inhibitor, such as benzoin.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Composition for the treatment of hemorrhoids consisting essentially in
      the product resulting from heating powdered or chipped limbs or roots of
      Celastrus scandens to a temperature not substantially exceeding
      240.degree.F, for a period of 2-15 minutes, in a medium selected from the
      group consisting of animal fats and vegetable oils.
NUM  2.
PAR  2. Composition according to claim 1, wherein said composition results from
      the heating of 16-80 ounces of powdered or chipped limbs of roots of
      Celastrus scandens for 2-15 minutes, at a temperature of 100-240.degree.F
      in 100 pounds of a medium selected from the group consisting of animal
      fats and vegetable oils.
NUM  3.
PAR  3. Composition according to claim 1, wherein the solid products in said
      heated composition have been removed by straining prior to use.
NUM  4.
PAR  4. Composition according to claim 1, wherein said composition additionally
      contains 25-200 grams of a topical anesthetic per 100 pounds of said
      animal fat or vegetable oil.
NUM  5.
PAR  5. Composition according to claim 1, wherein said composition additionally
      contains 25-200 grams of celery seed extract, per 100 pounds of said
      animal fat or vegetable oil.
NUM  6.
PAR  6. Composition according to claim 1, wherein said composition additionally
      contains 25-200 grams of celery seed extract and 100-200 grams of benzoin
      per 100 pounds of animal fat or vegetable oil.
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ABST
PAL  A composition which comprises a pyridinol derivative of the formula
      ##SPC1##
PAL  Intimately dispersed in an inert edible carrier, wherein R.sub.1 and
      R.sub.2 may be the same or different and each represents a hydrogen atom;
      a lower alkyl group, an aralkyl group, an aliphatic, an aromatic or a
      heterocyclic acyl group; an alkoxycarbonyl group; an aralkoxycarbonyl
      group; an aryloxycarbonyl group; a N-substituted carbonyl group; a
      N-substituted thiocarbonyl group; a phosphono group; or a salt thereof.
PAL  The composition is a preventive and curative anticoccidial agent for
      poultry and domestic animals. Particularly, it shows a significant
      activity against chronic coccidiosis caused by Eimeria acervulina.
PAL  The composition is less toxic for animals, besides it has an advantage that
      it is also effective for coccidiosis caused by coccidia resistant to the
      known anticoccidial agents.
PARN
PAR  This is a division of application Ser. No. 404,641, filed Oct. 9, 1973, now
      U.S. Pat. No. 3,897,556.
BSUM
PAR  This invention relates to novel compositions and methods for the treatment
      and prevention of the poultry disease coccidiosis.
PAR  More particularly, it is concerned with novel compositions containing, as
      an active anticoccidial agent, certain pyridinol derivatives.
PAR  Coccidiosis is a common and widespread disease of poultry, especially
      chickens and turkeys, and domestic animals such as rabbits, goats, sheep,
      and cattles, which disease is caused by a kind of protozoa belonging to
      class Sporozoa, order Coccidia, family Eimeriidae.
PAR  Coccidiosis of Poultry and domestic animals is caused mainly by the
      protozoa belonging to genus Eimeria, which disease is classified to an
      acute type and a chronic one.
PAR  The former is caused by such species as E. tenella and E. necatrix, and the
      characteristic feature of the disease is a copious bloody discharges from
      the ceca and small intestine of diseased poultry, which often die within a
      day or two.
PAR  The latter is caused by such species as E. acervulina, E. maxima, E.
      brunetti, E. praecox, E. hagani, E. mitis and E. mivati, and the
      characteristic feature of the disease is that the mortality of diseased
      poultry is rather few, whereas a poor weight gain, a reduced feed
      efficiency and a reduced efficiency of egg-production are commonly
      observed.
PAR  Infant rabbits as well as cattles, sheep and goats sometimes cause severe
      lesions by parasite Eimeria within there levers and intestines.
PAR  Oocysts of coccidia are excreted from an infected animal with feces, and
      spores having infectivity are produced within 24-48 hours under suitable
      conditions, which spores enter into a non-infected animal orally.
PAR  Oocysts grow at first asexually within the cells of the caecum or small
      intestine of the host animal, during which time the heaviest symptoms is
      observed. Then, they grow sexually and are excreted with the feces of the
      host animal and they exhibit an awful communicability.
PAR  The elimination or control of coccidiosis is, therefore, of paramount
      importance particularly in the poultry industry.
PAR  There have been proposed many preventive and curative methods for
      coccidiosis. One of them is a development in chemotherapeutic agents such
      as sulfa drugs, arsenic compounds, nitrofuran derivatives, nitrophenide,
      Nicarbazine, Zelane, pyrimidine derivatives (anti-thiamines), quinoline
      derivatives, guanidine derivatives, various antibiotics and so on.
PAR  But they have some defects; i.e. weak activity, narrow anti-protozoal
      spectrum, lack of security for animals or acquired resistance to the drugs
      by protozoa, respectively. Therefore, treatment with the hither-to-known
      anticoccidial agent is not satisfactory.
PAR  It is an object of this invention to provide novel compositions which are
      effective in treating and preventing coccidiosis.
PAR  Another object will become apparent from the following detailed description
      of this invention.
PAR  In accordance with this invention, it has now been found that the pyridinol
      derivatives having the formula
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 may be the same or different and each
      represents a hydrogen atom, a lower alkyl group; an aralkyl group, an
      aliphatic, an aromatic or a heterocyclic acyl group; an alkoxycarbonyl
      group; an aralkoxycarbonyl group; an aryloxycarbonyl group, a
      N-substituted carbamoyl group; a N-substituted thiocarbamoyl group; a
      phosphono group; or a salt therof posses significant anticoccidial
      activity, and may be used in the methods and compositions of this
      invention.
PAR  The above compounds and formula (I) have a preventative and curative
      anticoccidial activity against almost all species of genus Eimeria
      especially against E. acervulina to which no parctically effective
      anticoccidial agents have been known.
PAR  In addition, some of the above compounds have a growth promoting activity
      for poultry and domestic animals and their preventive application to
      non-infected animals brings the promotion of weight gain and the
      improvement of feed efficiency.
PAR  With regard to the above formula (I), the lower alkyl group may be
      preferably of 1 to 3 carbon atoms and exemplified by methyl, ethyl,
      n-propyl or isopropyl; the aralkyl group may be preferably benzyl group
      which may have halogen atom(s) such as chlorine in the benzene ring; the
      aliphatic acyl group may be a straight or branched alkanoyl or alkenoyl
      group of 2 to 18 carbon atoms in total, and the aliphatic acyl group may
      have substituents such as aryloxy group, and the aliphatic acyl group may
      be cycloalkanoyl group of 6 to 8 carbon atoms in total, and exemplified by
      acetyl, propionyl, butyryl, valeroyl, hexanoyl, octanoyl, palmitoyl,
      stearoyl, isobutyryl, isovaleroyl, pivaloyl, crotonoyl, phenoxyacetyl,
      2-phenoxypropionyl or cyclohexanecarbonyl; the aromatic acyl group may be
      preferably a benzoyl or a naphthoyl group which may have 1 to 2
      substituents such as lower alkyl-, alkoxy-, halogen-, nitro-, cyano-,
      carboxy- or acetylamino- in the aromatic ring and exemplified by benzoyl,
      naphthoyl, toluoyl, chlorobenzoyl, bromobenzoyl, methoxybenzoyl,
      nitrobenzoyl, cyanobenzoyl, carboxybenzoyl, acetylaminobenzoyl,
      3,5-dimethylbenzoyl, 2,3-dimethoxybenzoyl or 3,4-dimethoxybenzoyl group;
      the heterocyclic acyl group is exemplified by 2-furoyl, 2-thermoyl,
      isonicotinoyl or nicotinoyl group; the alkoxycarbonyl group may have
      preferably 1 to 8 carbon atoms in the alkyl moiety and exemplified by
      methoxycarbonyl, n-butoxycarbonyl or octoxycarbonyl group; the
      aralkoxycarbonyl group is exemplified by benzyloxycarbonyl group; the
      aryloxycarbonyl group is exemplified by phenoxycarbonyl group; the
      carbamoyl group may have a substituent on the nitrogen atom such as a
      lower alkyl group of 1 to 2 carbon atoms, a cycloalkyl group of 5 to 7
      carbon atoms or a substituted or unsubstituted phenyl group and
      exemplified by ethylcarbamoyl, cyclohexanecarbamoyl, phenylcarbamoyl or
      chlorophenylcarbamoyl group; the thiocarbamoyl group may have a
      substituent on the nitrogen atom such as a lower alkyl group of 1 to 2
      carbon atoms, a cycloalkyl group of 5 to 7 carbon atoms or a substituted
      or unsubstituted phenyl group and exemplified by ethylthiocarbamoyl,
      cyclohexylthiocarbamoyl, phenylthiocarbamoyl or chlorophenylthiocarbamoyl
      group.
PAR  In view of anticoccidial activity, preferable are the following pyridinol
      derivatives:
PAR  A compound in which both R.sub.1 and R.sub.2 in the formula (I) are
      hydrogen atom; a compound in which R.sub.2 is hydrogen atom and R.sub.1 is
      an alkanoyl group of 2 to 8 carbon atoms, an alkenoyl group of 3 to 8
      carbon atoms, a cycloalkanoyl group of 6 to 8 carbon atoms, a furoyl
      group, a tenoyl group or a benzoyl group unsubstituted or substituted with
      a methyl or methoxy group; a compound in which R.sub.1 is hydrogen atom
      and R.sub.2 is an alkanoyl group of 2 to 8 carbon atoms, an alkenoyl group
      of 3 to 8 carbon atoms, a cycloalkanoyl group of 6 to 8 carbon atoms or a
      phosphono group; a compound in which both R.sub.1 and R.sub.2 may be the
      same or different, are alkanoyl group of 2 to 8 carbon atoms or alkenoyl
      group of 3 to 8 carbon atoms.
PAR  More preferable are the following pyridinol derivatives:
PAR  A compound in which both R.sub.1 and R.sub.2 in the formula (I) are
      hydrogen atom; a compound in which R.sub.2 is a hydrogen atom and R.sub.1
      is an alkanoyl group of 2 to 8 carbon atoms; a compound in which R.sub.1
      is a hydrogen atom and R.sub.2 is an alkanoyl group of 2 to 8 carbon atoms
      or a phosphono group.
PAR  The acid adduct salts of the above formula (I) also posses anticoccidial
      activity.
PAR  There is no limitation to the acid so far as salts formed are
      pharmaceutically acceptable and nontoxic to animals.
PAR  Suitable salts of this invention are as follows:
PA1  acid adduct salts in which an acid is such inorganic acid as hydrochloric
      acid, sulfuric acid, nitric acid or phosphoric acid; such an organic acid
      as acetic acid, propionic acid, lactic acid, oxalic acid, succinic acid,
      maleic acid, tartaric acid, citric acid, benzoic acid, phthalic acid,
      terephthalic acid, naphthalene disulfonic acid.
PAR  Of the pyridinol derivatives of the above formula (I), representative
      examples thereof are listed below, but they are not intended to be
      limiting the scope of this invention.
TBL  ______________________________________                                    

     Compound                                                                  

     No.    Chemical Name                                                      

     ______________________________________                                    

     1      5-hydroxymethyl-2-methyl-3-pyridinol                               

     2      3-acetoxy-5-acetoxymethyl-2-methylpyridine                         

     3      2-methyl-3-propionyloxy-5-propionyloxymethyl-                      

            pyridine                                                           

     4      3-butyryloxy-5-butyryloxymethyl-2-methylpyridine                   

     5      3-hexanoyloxy-5-hexanoyloxymethyl-2-methyl-                        

            pyridine                                                           

     6      2-methyl-3-octanoyloxy-5-octanoyl-methyl-                          

            pyridine                                                           

     7      3-lauroyloxy-5-lauroyloxymethyl-2-methylpyridine                   

     8      2-methyl-3-palmitoyloxy-5-palmitoyloxymethyl-                      

            pyridine                                                           

     9      2-methyl-3-stearoyloxy-5-stearoyloxymethyl-                        

            pyridine                                                           

     10     3-isobutyryloxy-5-isobutyryloxymethyl-2-methyl-                    

            pyridine                                                           

     11     3-isovaleroyloxy-5-isovaleroyloxymethyl-2-methyl-                  

            pyridine                                                           

     12     3-isohexanoyloxy-5-isohexanoyloxymethyl-2-methyl-                  

            pyridine                                                           

     13     3-acetoxy-2-methyl-5-propionyloxymethylpyridine                    

     14     3-acetoxy-5-butyryloxymethyl-2-methylpyridine                      

     15     3-acetoxy-2-methyl-5-octanoyloxymethylpyridine                     

     16     3-acetoxy-2-methyl-5-palmitoyloxymethylpyridine                    

     17     3-acetoxy-2-methyl-5-stearoyloxymethylpyridine                     

     18     5-acetoxymethyl-2-methyl-3-palmitoyloxypyridine                    

     19     5-acetoxymethyl-2-methyl-3-stearoyloxypyridine                     

     20     5-methoxymethyl-2-methyl-3-pyridinol                               

     21     5-benzyloxymethyl-2-methyl-3-pyridinol                             

     22     5-(p-chlorobenzyloxymethyl)-2-methyl-3-pyridinol                   

     23     3-benzyloxy-5-hydroxymethyl-2-methylpyridine                       

     24     5-hydroxymethyl-3-methoxy-2-methylpyridine                         

     25     3-acetoxy-5-hydroxymethyl-2-methylpyridine                         

     26     5-hydroxymethyl-2-methyl-3-propionyloxypyridine                    

     27     3-butyryloxy-5-hydroxymethyl-2-methylpyridine                      

     28     5-hydroxymethyl-2-methyl-3-valeroyloxypyridine                     

     29     3-hexanoyloxy-5-hydroxymethyl-2-methylpyridine                     

     30     5-hydroxymethyl-2-methyl-3-octonoyloxypyridine                     

     31     5-hydroxymethyl-3-lauroyloxy-2-methylpyridine                      

     32     5-hydroxymethyl-2-methyl-3-palmitoyloxypyridine                    

     33     5-hydroxymethyl-2-methyl-3-stearoyloxypyridine                     

     34     5-hydroxymethyl-3-isobutyryloxy-2-methylpyridine                   

     35     3-crotonoyloxy-5-hydroxymethyl-2-methylpyridine                    

     36     3-cyclohexanecarbonyloxy-5-hydroxymethyl-2-                        

            methylpyridine                                                     

     37     5-hydroxymethyl-2-methyl-3-phenoxyacetoxy-                         

            pyridine                                                           

     38     5-hydroxymethyl-2-methyl-3-(.alpha.-phenoxypropionyl-              

            oxy)-pyridine                                                      

     39     3-benzoyloxy-5-hydroxymethyl-2-methylpyridine                      

     40     5-hydroxymethyl-3-(p-methoxybenzoyloxy)-2-                         

            methylpyridine                                                     

     41     5-hydroxymethyl-3-(o-methoxybenzoyloxy)-2-                         

            methylpyridine                                                     

     42     5-hydroxymethyl-2-methyl-3-(p-toluoyloxy)-                         

            pyridine                                                           

     43     5-hydroxymethyl-2-methyl-3-(m-toluoyloxy)-                         

            pyridine                                                           

     44     5-hydroxymethyl-2-methyl-3-(o-toluoyloxy)-                         

            pyridine                                                           

     45     3-(3,5-dimethylbenzoyloxy)-5-hydroxymethyl-2-                      

            methylpyridine                                                     

     46     3-(3,4-dimethoxybenzoyloxy)-5-hydroxymethyl-2-                     

            methylpyridine                                                     

     47     3-(2,3-dimethoxybenzoyloxy)-5-hydroxymethyl-2-                     

            methylpyridine                                                     

     48     3-(p-chlorobenzoyloxy)-5-hydroxymethyl-2-methyl-                   

            pyridine                                                           

     49     3-(o-chlorobenzoyloxy)-5-hydroxymethyl-2-methyl-                   

            pyridine                                                           

     50     5-hydroxymethyl-2-methyl-3-(p-nitrobenzoyloxy)-                    

            pyridine                                                           

     51     3-(p-cyanobenzoyloxy)-5-hydroxymethyl-2-methyl-                    

            pyridine                                                           

     52     3-(2-furoyloxy)-5-hydroxymethyl-2-methylpyridine                   

     53     5-hydroxymethyl-2-methyl-3-(2-thenoyloxy)pyridine                  

     54     5-hydroxymethyl-2-methyl-3-nicotinoyloxypyridine                   

     55     3-(p-acetylaminobenzoyloxy)-5-hydroxymethyl-2-                     

            methylpyridine                                                     

     56     5-hydroxymethyl-2-methyl-3-(.alpha.-naphthoyloxy)-                 

            pyridine                                                           

     57     5-acetoxymethyl-2-methyl-3-pyridinol                               

     58     2-methyl-5-propionyloxymethyl-3-pyridinol                          

     59     5-butyryloxymethyl-2-methyl-3-pyridinol                            

     60     2-methyl-5-valeroyloxymethyl-3-pyridinol                           

     61     5-hexanoyloxymethyl-2-methyl-3-pyridinol                           

     62     2-methyl-5-octanoyloxymethyl-3-pyridinol                           

     63     5-lauroyloxymethyl-2-methyl-3-pyridinol                            

     64     2-methyl-3-palmitoyloxymethyl-3-pyridinol                          

     65     2-methyl-5-stearoyloxymethyl-3-pyridinol                           

     66     5-isobutyryloxymethyl-2-methyl-3-pyridinol                         

     67     5-crotonoyloxymethyl-2-methyl-3-pyridinol                          

     68     5-cyclohexanecarbonyloxymethyl-2-methyl-3-                         

            pyridinol                                                          

     69     2-methyl-5-phenoxyacetoxymethyl-3-pyridinol                        

     70     5-benzoyloxymethyl-2-methyl-3-pyridinol                            

     71     5-(p-methoxybenzoyloxymethyl)-2-methyl-3-                          

            pyridinol                                                          

     72     2-methyl-5-(p-toluoyloxymethyl)-3-pyridinol                        

     73     5-(p-chlorobenzoyloxymethyl)-2-methyl-3-                           

            pyridinol                                                          

     74     5-(o-chlorobenzoyloxymethyl)-2-methyl-3-                           

            pyridinol                                                          

     75     5-(p-bromobenzoyloxymethyl)-2-methyl-3-pyridinol                   

     76     2-methyl-5-(p-nitrobenzoyloxymethyl)-3-pyridinol                   

     77     5-(p-cyanobenzoyloxymethyl)-2-methyl-3-pyridinol                   

     78     5-(2-furoyloxymethyl)-2-methyl-3-pyridinol                         

     79     2-methyl-5-(N-phenylcarbamoyloxymethyl)-3-                         

            pyridinol                                                          

     80     5-(N-p-chlorophenylcarbamoyloxymethyl)-2-methyl-                   

            3-pyridinol                                                        

     81     5-(N-cyclohexylcarbamoyloxymethyl)-2-methyl-3-                     

            pyridinol                                                          

     82     2-methyl-5-(N-phenylthiocarbamoyloxymethyl)-3-                     

            pyridinol                                                          

     83     5-(N-p-chlorophenylthiocarbamoyloxymethyl)-2-                      

            methyl-3-pyridinol                                                 

     84     5-(N-cyclohexanethiocarbamoyloxymethyl)-2-                         

            methyl-3-pyridinol                                                 

     85     2-methyl-5-nicotinoyloxymethyl-3-pyridinol                         

     86     2-methyl-5-phosphonoxymethyl-3-pyridinol                           

     87     5-methoxycarbonyloxymethyl-2-methyl-3-pyridinol                    

     88     5-butoxycarbonyloxymethyl-2-methyl-3-pyridinol                     

     89     5-benzyloxycarbonyloxymethyl-2-methyl-3-                           

            pyridinol                                                          

     90     2-methyl-5-phenoxycarbonyloxymethyl-3-pyridinol                    

     91     3-acetoxy-5-benzoyloxymethyl-2-methylpyridine                      

     92     3-acetoxy-5-(p-chlorobenzoyloxymethyl)-2-                          

            methylpyridine                                                     

     93     3-acetoxy-5-(p-methoxybenzoyloxymethyl)-2-                         

            methylpyridine                                                     

     94     3-acetoxy-5-(2-furoyloxymethyl)-2-methylpyridine                   

     95     3-acetoxy-5-cyclohexanecarbonyloxymethyl-2                         

            methylpyridine                                                     

     96     5-benzoyloxymethyl-2-methyl-3-propionyloxy-                        

            pyridine                                                           

     97     5-cyclohexanecarbonyloxymethyl-2-methyl-3-                         

            valeroyloxypyridine                                                

     98     5-acetoxymethyl-3-cyclohexanecarbonyloxy-2-                        

            methylpyridine                                                     

     99     5-acetoxymethyl-3-crotonoyloxy-2-methylpyridine                    

     100    3-acetoxy-5-crotonoyloxymethyl-2-methylpyridine                    

     101    3-crotonoyloxy-5-crotonoyloxymethyl-2-methyl-                      

            pyridine                                                           

     102    5-crotonoyloxymethyl-3-cyclohexane-carbonyloxy-                    

            2-methylpyridine                                                   

     103    3-crotonoyloxy-5-cyclohexanecarbonyloxymethyl-                     

            2-methylpyridine                                                   

     104    3-cyclohexanecarbonyloxy-5-cyclohexanecarbonyloxy-                 

            methyl-2-methylpyridine                                            

     105    5-acetoxymethyl-3-benzoyloxy-2-methylpyridine                      

     106    5-acetoxymethyl-3-(p-methoxybenzoyloxy)-2-                         

            methylpyridine                                                     

     107    3-(3,4-dimethoxybenzoyloxy)-2-methyl-5-propionyl-                  

            oxymethylpyridine                                                  

     108    3-(p-methoxybenzoyloxy)-2-methyl-5-valeroyloxy-                    

            methylpyridine                                                     

     109    5-hexanoyloxymethyl-2-methyl-3-(p-toluoyloxy)-                     

            pyridine                                                           

     110    5-acetoxymethyl-3-(p-chlorobenzoyloxy)-2-methyl-                   

            pyridine                                                           

     111    3-methoxycarbonyloxy-5-methoxycarbonyloxymethyl-                   

            2-methylpyridine                                                   

     112    3-butoxycarbonyloxy-5-butoxycarbonyloxymethyl-                     

            2-methylpyridine                                                   

     113    3-octoxycarbonyloxy-5-octoxycarbonyloxymethyl-                     

            2-methylpyridine                                                   

     114    3-benzyloxycarbonyloxy-5-benzyloxycarbonyloxy-                     

            methyl-2-methylpyridine                                            

     115    2-methyl-3-phenoxycarbonyloxy-5-phenoxycarbonyl-                   

            oxymethylpyridine                                                  

     116    3-(2-furoyloxy)-5-(2-furoyloxymethyl)-2-methyl-                    

            pyridine                                                           

     117    2-methyl-3-nicotinoyloxy-5-nicotinoyloxymethyl-                    

            pyridine                                                           

     118    3-benzoyloxy-5-(2-furoyloxymethyl)-2-methyl-                       

            pyridine                                                           

     119    3-benzoyloxy-5-benzoyloxymethyl-2-methylpyridine                   

     120    3-(p-chlorobenzoyloxy)-5-(p-chlorobenzoyloxy-                      

            methyl)-2-methylpyridine                                           

     121    3-(2-tenoyloxy)-5-(2-tenoyloxymethyl)-2-methyl-                    

            pyridine                                                           

     122    3-ethylcarbamoyloxy-5-ethylcarbamoyloxymethyl-                     

            2-methylpyridine                                                   

     123    2-methyl-3-phenylcarbamoyloxy-5-phenylcarbamoyl-                   

            oxymethylpyridine                                                  

     124    3-cyclohexanecarbamoyloxy-5-cyclohexanecarbamoyl-                  

            oxymethyl-2-methylpyridine                                         

     125    3-ethylthiocarbamoyloxy-5-ethylthiocarbamoyl-                      

            oxymethyl-2-methylpyridine                                         

     126    2-methyl-3-phenylthiocarbamoyloxy-5-phenylthio-                    

            carbamoyloxymethylpyridine                                         

     127    3-acetoxy-5-methoxycarbonyloxymethyl-2-methyl-                     

            pyridine                                                           

     128    3-acetoxy-2-methyl-5-phenylcarbamoyloxymethyl-                     

            pyridine                                                           

     129    3-acetoxy-5-ethylthiocarbamoyloxymethyl-2-                         

            methylpyridine                                                     

     130    3-methoxycarbonyloxy-2-methyl-5-valeroyloxy-                       

            methylpyridine                                                     

     131    3-methoxycarbonyloxy-2-methyl-5-phenylcarbamoyl-                   

            oxymethylpyridine                                                  

     132    5-acetoxymethyl-3-ethylcarbamoyloxy-2-methyl-                      

            pyridine                                                           

     133    5-methoxycarbonyloxymethyl-2-methyl-3-phenyl-                      

            carbamoyloxypyridine                                               

     134    5-(o-carboxybenzoyloxymethyl)-2-methyl-3-                          

            pyridinol                                                          

     ______________________________________                                    

PAR  The most preferable group of the pyridinol derivatives of the above formula
      (I) may include the following compounds:
PA1  5-hydroxymethyl-2-methyl-3-pyridinol
PA1  5-acetoxymethyl-2-methyl-3-pyridinol
PA1  2-methyl-5-propionyloxymethyl-3-pyridinol
PA1  5-butyryloxymethyl-2-methyl-3-pyridinol
PA1  2-methyl-5-valeroyloxymethyl-3-pyridinol
PA1  5-hexanoyloxymethyl-2-methyl-3-pyridinol
PA1  2-methyl-5-octanoyloxymethyl-3-pyridinol
PA1  2-methyl-5-phosphonoxymethyl-3-pyridinol
PA1  3 -acetoxy-5-hydroxymethyl-2-methylpyridine
PAR  From the industrial point of view, the most preferable compound is
      5-hydroxymethyl-2-methyl-3-pyridinol.
PAR  The "Compound No." as given in the foregoing will be hereinafter frequently
      referred to.
PAR  Among the above illustrated compounds, compounds No. 1 and No. 2 are
      described in The Journal of the American Chemical Society vol. 69, 2574
      pp., (1947), but other compounds have not been known yet.
PAR  The above new compounds are readily prepared according to the process
      described hereinafter.
PA0  (A) Process for the preparation of 3-mono ester derivatives of
      5-hydroxymethyl-2-methyl-3-pyridinol
      ##SPC3##
PAL  wherein R.sub.3 is an aliphatic, an aromatic or a heterocyclic acyl group.
PA0  (A.sub.1) Method with an acid anhydride and water
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) or the salt thereof is dissolved
      in water. In case the salt is used, the solution is neutralized with an
      equimolar alkali or a tertiary amine.
PAR  The reaction is performed by the addition of a saturated or unsaturated
      aliphatic carboxylic anhydride of 2 to 8 carbon atoms to the solution to
      form the compounds of formula (III).
PA0  (a.sub.2) method with an acid halide, an amine and an organic solvent
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) or the salt thereof is dissolved
      or suspended in an aprotic solvent.
PAR  The reaction is performed by the addition of an equimolar aliphatic,
      aromatic or heterocyclic carboxylic halide to the solution in the presence
      of a tertiary amine under cooling to form the compounds of formula (III).
PA0  (a.sub.3) method with an acid halide and water
PAR  To a solution of 5-hydroxymethyl-2-methyl-3-pyridinol (II) or the salt
      thereof is added an equimolar aklali or a tertiary amine. In case a salt
      is used, the addition of 2 molar alkali or tertiary amine is necessary for
      neutralization.
PAR  The reaction is performed by the addition of an equimolar aliphatic,
      aromatic or heterocyclic carboxylic halide to the solution to form the
      compounds of formula (III).
PAR  According to the above process (A), compounds Nos. 25 to 56 are obtained.
      The examples of the process (A) will be described as referential examples
      1 to 4 below.
PA0  (B) Process for the preparation of 5-mono-ester derivatives of
      5-hydroxymethyl-2-methyl-3-pyridinol
      ##SPC4##
PAL  wherein R.sub.3 has the same meaning as described in paragraph (A); X is a
      halogen atom.
PA0  (B.sub.1) Method with 5-halomethyl-2-methyl-3-pyridinol and a silver salt
      or an organic acid
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) or the salt thereof is heated
      with hydrobromic acid, phosphorus oxychloride or thionyl chloride to form
      5-halomethyl-2-methyl-3-pyridinol (IV). The compound (IV) thus obtained is
      reacted with a silver salt of an organic acid in the corresponding organic
      acid to form the compound of formula (V).
PA0  (b.sub.2) method with an acid anhydride, an amine and an organic solvent
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol or the salt thereof is reacted under
      heating with an equimolar aliphatic, aromatic or heterocyclic carboxylic
      anhydride in an aprotic solvent in the presence of pyridine or a tertiary
      amine to form the compounds of formula (V).
PAR  The method is suitable for obtaining 5-mono-ester derivatives in one step
      in good yield.
PA0  (B.sub.3) Method by the selective hydrolysis of 3,5-diesters of
      5-hydroxymethyl-2-methyl-3-pyridinol
      ##SPC5##
PAL  wherein R.sub.3 and R.sub.4, may be the same or different, are aliphatic,
      aromatic or heterocyclic acyl group.
PAR  The 3,5-Diesters of 5-hydroxymethyl-2-methyl-3-pyridinol or the salts
      thereof are selectively hydrolyzed in the presence of an acid to form the
      compounds of formula (V).
PAR  According to the above process (B), compounds Nos. 57 to 78, No. 85 and No.
      134 are obtained. The examples of the process (B) will be described as
      referential examples 5 to 8 below.
PA0  (C) Process for the preparation of 2-methyl-5-phosphonoxymethyl-3-pyridinol
      ##SPC6##
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) is reacted with polyphosphoric
      acid or tetrachloropyrophosphoric acid, the resulting compound is
      hydrolyzed with an acid to form the compound of formula (VII).
PAR  According to the above process (C), compound No. 86 is obtained.
PAR  The example of the process (C) will be described as referential example No.
      9 and No. 10 below.
PA0  (D) Process for the preparation of 5-carbamate and 5-thiocarbamate
      derivatives of 5-hydroxymethyl-2-methyl-3-pyridinol
      ##SPC7##
PAL  wherein R.sub.5 is an alkyl, a cycloalkyl or an aryl group.
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol or the salt thereof is dissolved or
      suspended in an aprotic solvent.
PAR  The reaction is performed by the addition of an equimolar isocyanate or
      isothiocyanate to the solution to form the compounds of formula (VIII) or
      (IX).
PAR  According to the above process (D), Compounds Nos. 79 to 85 are obtained.
PAR  The example of the process (D) will be described as the referential example
      11 below.
PA0  (E) Process for the preparation of 5-carbonates of
      5-hydroxymethyl-2-methyl-3-pyridinol
      ##SPC8##
PAL  wherein R.sub.6 is an alkyl, an aralkyl or an aryl group.
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) is reacted with a chlorocarbonate
      having the formula
      ##EQU1##
      in an aprotic solvent in the presence of pyridine or a tertiary amine to
      form the compound of formula (X).
      ##SPC9##
PAL  wherein R.sub.6 has the same meaning as described in paragraph (E.sub.1);
      R.sub.7 is an aliphatic acyl group, alkoxycarbonyl group, aralkoxycarbonyl
      group or an aryloxycarbonyl group.
PAR  Compounds of the formula (X) are obtained by the selective hydrolysis of
      the compounds of the formula (XI) in a diluted acid.
PAR  According to the above process (E), compounds No. 87 to 90 are obtained.
PAR  The examples of process (E) will be described in referential examples 12
      and 13 below.
PA0  (F) Process for the preparation of 3,5-disubstituted
      5-hydroxymethyl-3-methyl-3-pyridinols (diester, dicarbamate or dicarbonate
      derivatives having the same substituents on 3- and 5-positions)
      ##SPC10##
PAL  wherein R.sub.3, R.sub.5 and R.sub.6 have the same meaning as described
      above, respectively.
PAR  3,5-Diester, dicarbamate and dicarbonate derivatives of
      5-hydroxymethyl-2-methyl-3-pyridinol having the same substituents on 3-
      and 5-positions are obtained according to the aforementioned process (A),
      (B), (C) or (D) by using 2 molar or more corresponding reactions.
PAR  According to the above process (F), compounds No. 101, No. 104, Nos. 111 to
      117 and Nos. 119 to 126 are obtained.
PAR  The examples of the process (F) will be described in referential examples
      14 to 16 below.
PA0  (G) Process for the preparation of 3,5-disubstituted
      5-hydroxymethyl-2-methyl-3-pyridinols (diesters, dicarbamates or
      dicarbonates having the different substituents each other on 3- and
      5-positions)
PAR  Such compounds are obtained by optional combination of the processes for
      the preparation of the 3- or 5-substituted derivatives described in (A),
      (B), (C) or (D).
PAR  According to the above process (G), compounds Nos. 91 to 100, No. 102, Nos.
      103, Nos. 105 to 110, No. 118 and Nos. 127 to 133 are obtained.
PAR  The example of process (G) will be described in the referential example 17.
PA0  (H) Process for the preparation of 3- or 5-mono ether derivatives of
      5-hydroxymethyl-2-methyl-3-pyridinol
PA0  (H.sub.1) Method for obtaining 3-mono ether derivatives
      ##SPC11##
PAL  wherein R.sub.8 is an alkyl or aralkyl group.
PAR  5-Hydroxymethyl-2-methyl-3-pyridinol (II) or the salt thereof is dissolved
      in dimethylformamide. To the solution is added a metal halide or a metal
      alcoholate and the solution is stirred.
PAR  The reaction is performed by the addition of an alkyl halide or an aralkyl
      halide to form the compounds of formula (XV).
PA0  (h.sub.2) method for obtaining 5-mono ether derivatives
      ##SPC12##
PAL  wherein X and R.sub.8 have the same meaning as defined above, respectively.
PAR  5-Halomethyl-2-methyl-3-pyridinol or the salt thereof is heated with the
      alcohol of formula R.sub.8 OH to form the corresponding compounds of
      formula (XVI).
PAR  According to the above process (H), compounds of Nos. 20 to 24 are
      obtained.
DETD
PAR  The examples of process (H) will be described in the referential examples
      18 and 19.
PAC  REFERENTIAL EXAMPLE 1
PAC  3-Acetoxy-5-hydroxymethyl-2-methylpyridine hydrochloride (hydrochloride of
      No. 25)
PAR  To a solution of 3.5 g. 5-hydroxymethyl-2-methyl-3-pyridinol in 15 ml. of
      water was added 1.7 g. of sodium bicarbonate to neutralize the solution.
      To the solution was added 2.5 g. of acetic anhydride under stirring at
      room temperature and the stirring was continued for 20 minutes and the
      product was taken up in ethyl acetate.
PAR  The extract was dried over anhydrous sodium sulfate and concentrated into
      dryness to give an oil, which was again dissolved in 15 ml. of ethyl
      acetate and the desired product as colorless crystals was separated out by
      the addition of 5 ml. of 15% ethanolic hydrochloric acid to the solution.
PAR  Yield 3.4 g. m.p. 134.degree.-135.degree.C.
PAR  Analysis for C.sub.9 H.sub.12 ClNO.sub.2 : Calculated: C, 49.61; H, 5,56;
      N, 6.48. Found: C, 49.82; H, 5.62; N, 6.58.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 3300,
      .nu..sub.C.sub.=O 1786.
PAR  NMR spectrum (.tau., D.sub.2 O):
      ##EQU2##
      7.28 (3H, s, C.sub.2 --CH.sub.3) 5.09 (2H, s, C.sub.5 --CH.sub.2 OH)
PA1  1.58 (1h, d, J=2.0 C.sub.4 -- H)
PA1  1.39 (1h, d, J=2.0 C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 2
PAC  3-Hexanoyloxy-5-hydroxymethyl-2-methylpyridine hydrochloride (hydrochloride
      of No. 29)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 10 ml. of pyridine was added 0.67 g. of caproyl chloride
      in 5 ml. of pyridine dropwise under cooling and stirring.
PAR  The resulting mixture was stirred overnight at a room temperature, poured
      into ice water and extracted with ethyl acetate.
PAR  The extract was washed wiith water, dried over anhydrous sodium sulfate and
      the solvent was distilled off to give an oily residue.
PAR  The residue was purified by column chromatography (25 g. of silica gel) and
      0.9 g. of an oily substance eluted with benzene-ethyl acetate (7:3
      followed by 5:5) was dissolved in ethyl acetate. The desired product as
      colorless crystals was separated out by the addition of 15% ethanolic
      hydrochloric acid to the solution.
PAR  m.p. 127.degree.-129.degree.C.
PAR  Analysis for C.sub.13 H.sub.20 ClNO.sub.3 :  Calculated: C, 57.0; H, 7.31;
      N, 5.12; Cl, 12.97. Found: C, 57.28; H, 7.40; N, 5.33; Cl, 12.99.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 3260,
      .nu..sub.C.sub.=O 1770.
PAR  NMR spectrum (.tau., D.sub.2 O):
      ##EQU3##
PAC  REFERENTIAL EXAMPLE 3
PAC  3-Hexanoyloxy-5-hydroxymethyl-2-methylpyridine hydrochloride (hydrochloride
      of No. 29)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride and 1.0 g. of triethylamine in 10 ml. of water was added
      0.67 g. of n-caproyl chloride dropwise under stirring. After the stirring
      was continued for 30 minutes, the resulting mixture was extracted with
      ethyl acetate.
PAR  The extract was washed successively with 5% sodium bicarbonate and water
      and dried over anhydrous sodium sulfate. After the extract was
      concentrated, the desired product as colorless crystals was separated out
      by the addition of 15% ethanolic hydrochloric acid. Yield 0.7 g., melting
      point 127.degree.-129.degree.C.
PAR  The IR spectrum of the above compound coincided with that of the standard.
PAC  REFERENTIAL EXAMPLE 4
PAC  5-Hydroxymethyl-3-(p-methoxybenzoyloxy)-2-methylpyridine (No. 40)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 5 ml. of anhydrous pyridine was added 0.86 g. of
      p-anisoyl chloride dropwise under cooling. After standing overnight the
      resulting mixture was poured into ice water and extracted with chloroform.
PAR  The extract was washed with water and dried over anhydrous sodium sulfate.
      1.4 g. of the desired product as colorless crystals was obtained by
      removing the solvent and recrystallization from ethyl acetate and
      n-hexane.
PAR  m.p. 103.degree.-104.degree.C.
PAR  Analysis for C.sub.15 H.sub.15 HO.sub.4 : Calculated: C, 65.92; H, 5.53; N,
      5.13. Found: C, 65.82; H, 5.50; N, 5.01.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1) .nu..sub.OH 3200,
      .nu..sub.C.sub.=O 1730.
PAR  NMR spectrum (.tau., CDCl.sub.3):
PA1  7.56 (3H, s, C.sub.2 --CH.sub.3)
PA1  6.34 (1h, broad W1/2=10, OH)
PA1  6.11 (3h, s, OCH.sub.3)
PA1  5.30 (2h, s, C.sub.5 --CH.sub.2 OH)
PA1  3.00 (2h, d, J=9
      ##SPC13##
PA1  2.43 (1h, d, J=1.5, C.sub.4 --H)
PA1  1.84 (2h, d, J=0
      ##SPC14##
PA1  1.70 (1h, d, J=1.5, C.sub.6 --H)
PAR  Following the substantially same procedure as shown in the referential
      examples 1 to 4, those pyridine derivatives as recited below were
      prepared:
PAC  5-Hydroxymethyl-2-methyl-3-octanoyloxypyridine (No. 30)
PAR  Colorless oil,
PAR  R.sub.f value of thin-layer chromatography: 0.63
PAR  (Plate, Dc-Fertig Platten Kieselgel available from Merck Co. Ltd.,
      Developing solvent, ethyl acetate)
PAR  Analysis for C.sub.15 H.sub.23 NO.sub.3 : Calculated: C, 67.89; H, 8.74; N,
      5.28. Found: C, 67.47; H, 8.49; N, 5.16.
PAR  IR spectrum (liquid, cm.sup..sup.-1): .nu..sub.OH 3200, .nu..sub.C.sub.=O
      1760.
PAC  5-Hydroxymethyl-2-methyl-3-palmitoyloxypyridine (No. 32 )
PAR  Colorless crystal, m.p. 58.degree.-60.degree.C.
PAR  Analysis for C.sub.23 H.sub.39 NO.sub.3 : Calculated: C, 73,16; H, 10.41;
      N, 3.71. Found: C, 73.59; H, 10.88; N, 3.51.
PAC  3-Cyclohexanecarbonyloxy-5-hydroxymethyl-2-methylpyridine hydrochloride
      (hydrochloride of No. 36)
PAR  Colorless crystal, m.p. 148.degree.-150.degree.C.
PAR  Analysis for C.sub.14 H.sub.20 ClNO.sub.3 : Calculated: C, 58.8; H, 7.0; N,
      4.9; Cl, 12.43. Found: C, 59.1; H, 7.1; N, 4.96; Cl, 12.64.
PAC  5-Hydroxymethyl-2-methyl-3-methyl-3-(-phenoxypropionyloxy)pyridine
      hydrochloride (hydrochloride of No. 38)
PAR  Colorless crystal, m.p. 134.degree.-136.degree.C.
PAR  Analysis for C.sub.16 H.sub.18 ClNO.sub.4 : Calculated: C, 59.3; H, 5.57;
      N, 4.32; Cl, 10.96. Found: C, 59.0; H, 5.53; N, 4.14; Cl, 11.15.
PAC  3-Benzoyloxy-5-hydroxymethyl-2-methylpyridine (No. 39)
PAR  Colorless crystal, m.p. 81.degree.-83.degree.C.
PAR  Analysis for C.sub.14 H.sub.13 NO.sub.3 : Calculated: C, 69.12; H, 5.39; N,
      5.76. Found: C, 69.08; H, 5.36; N, 5.60.
PAC  5-Hydroxymethyl-2-methyl-3-(p-toluoyloxy)pyridine (No. 42)
PAR  Colorless crystal, m.p. 80.degree.-81.degree.C.
PAR  Analysis for C.sub.15 H.sub.15 NO.sub.3 : Calculated: C, 70.02; H, 5.88; N,
      5.44. Found: C, 69.88; H, 5.74; N, 5.26.
PAC  3-(p-Chlorobenzoyloxy)-5-hydroxymethyl-2-methylpyridine (No. 48)
PAR  Colorless crystal, m.p. 108.degree.-109.degree.C.
PAR  Analysis for C.sub.14 H.sub.12 ClNO.sub.3 : Calculated: C, 60.5; H, 5.32;
      N, 5.04; Cl, 12.78. Found: C, 60.47; H, 4.32; N, 5.22; Cl, 12.97.
PAC  3(o-Chlorobenzoyloxy)-5-hydroxymethyl-2-methylpyridine (No. 49)
PAR  Colorless crystal, m.p. 72.degree.-74.degree.C.
PAR  Analysis for C.sub.14 H.sub.12 ClNO.sub.3 : Calculated: C, 60.50; H, 4.32;
      N, 5.04; Cl, 12.78. Found: C, 60.66; H, 4.32; N, 5.11; Cl, 12.71.
PAC  5-Hydroxymethyl-2-methyl-3-(p-nitrobenzoyloxy)pyridine (No. 50)
PAR  Colorless crystal, m.p. 165.degree.-167.degree.C.
PAR  Analysis for C.sub.14 H.sub.12 N.sub.2 O.sub.5 : Calculated: C, 58.33; H,
      4.20; N, 9.72. Found: C, 58.16; H, 4.14; N, 9.55.
PAC  3-(2-Furoyloxy)-5-hydroxymethyl-2-methylpyridine (No. 52)
PAR  Colorless oil
PAR  Analysis for C.sub.12 H.sub.11 NO.sub.4 : Calculated: C, 61.80; H, 4.75; N,
      6.01. Found: C, 61.63; H, 4.93; N, 5.97.
PAR  IR spectrum (liquid, cm.sup..sup.-1): .nu..sub.OH 3205, .nu..sub.C.sub.=O
      1742.
PAC  5-Hydroxymethyl-2-methyl-3-(.alpha.-naphthoyloxy)-pyridine (No. 56)
PAR  Colorless oil,
PAR  R.sub.f value of thin-layer chromatography 0.46 (Developing solvent, ethyl
      acetate)
PAR  Analysis for C.sub.18 H.sub.15 NO.sub.3 : Calculated: C, 73.70; H, 5.15; N,
      4.78. Found: C, 73.50; H, 5.04; N, 4.97.
PAC  REFERENTIAL EXAMPLE 5
PAC  5-Acetoxymethyl-2-methyl-3-pyridinol (No. 57)
PAR  2.0 g. of 5-hydroxymethyl-2-methyl-3-pyridinol hydrochloride was suspended
      in 10 ml. of 47% hydrobromic acid and refluxed for 30 minutes. After
      cooling the solution was made alkaline with aqueous sodium bicarbonate
      solution to give 1.2 g. of the crystalline product.
PAR  The crystal was added to a solution of 3.5 g. of silver acetate and 22 g.
      of potassium acetate in 80 ml. of acetic acid and kept at
      130.degree.-150.degree.C. for 1.5 hours.
PAR  The acetic acid in the solution was distilled off and the resulting residue
      was diluted with water and extracted with ethyl acetate.
PAR  The extract was washed with water and dried.
PAR  The desired product was obtained by removing the solvent followed by the
      recrystallization from ethyl acetate.
PAR  Colorless crystal, m.p. 170.degree.-172.degree.C.
PAR  Analysis for C.sub.9 H.sub.11 NO.sub.3 : Calculated: C, 59.66; H, 6.12; N,
      7.73. Found: C, 59.83; H, 6.03; N, 7.78.
PAR  IR spectrum (Nujol Mull, cm.sup. .sup.-1): .nu..sub.OH 2634, 2500
      .nu..sub.C.sub.=O 1757.
      ##EQU4##
PAC  REFERENTIAL EXAMPLE 6
PAC  2-Methyl-5-valeroyloxymethyl-3-pyridinol (No. 60)
PAR  A solution of 0.9 g. of 5-hydroxymethyl-2-methyl- 3-pyridinol hydrochloride
      and 0.95 g. of valeic anhydride in 5 ml. of pyridine was kept at
      120.degree.C for 20 hours under stirring.
PAR  The solution was poured into ice water and extracted with ethyl acetate and
      the extract was washed with water, dried over anhydrous sodium sulfate and
      the solvent was distilled off to give a crystalline substance.
PAR  The substance was recrystallized from ethyl acetate and n-hexane to give
      1.1 g. of the desired product.
PAR  Colorless crystal, m.p. 114.degree.-115.degree.C.
PAR  Analysis for C.sub.12 H.sub.17 NO.sub.3 : Calculated: C, 64.55; H, 7.68; N,
      6.27. Found: C, 64.64; H, 7.68; N, 6.55.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 2600, 2500,
      .nu..sub.C.sub.=O 1730.
PAR  NMR spectrum (.tau., CDCl.sub.3):
      ##EQU5##
PAC  REFERENTIAL EXAMPLE 7
PAC  5-Benzoyloxymethyl-2-methyl-3-pyridinol (No. 70)
PAR  0.5 g. of 3-acetoxy-5-benzoyloxymethyl-2-methyl pyridine was added to 25
      ml. of 2N hydrochloric acid and stirred for 1 hour at 80.degree.C, during
      which time the mixture was one dissolved, then a crystal was separated
      out.
PAR  The reaction mixture was neutralized with potassium bicarbonate and
      filtered off.
PAR  The crystal separated was recrystallized from ethanol to give 0.2 g. of the
      desired product as colorless-crystals.
PAR  m.p. 221.degree.-223.degree.C.
PAR  Analysis for C.sub.14 H.sub.13 NO.sub.3 : Calculated: C, 69.12; H, 5.39; N,
      5.76. Found: C, 69.18; H, 5.30; N, 5.66.
PAR  IR spectrum (Nujol Mull, cm.sup.-.sup.1): .nu..sub.OH 2500,
      .nu..sub.C.sub.=O 1720.
PAR  NMR spectrum (.tau., CF.sub.3 COOH):
PA1  7.18 (3h, s, C.sub.2 --CH.sub.3)
PA1  4.35 (2h, s,
      ##SPC15##
PA1  2.15-2.50 (3H, m, Aromatic H)
PA1  1.90 (1h, d, J=2.0, C.sub.4 --H)
PA1  1.76 (1h, d, J=2.0, C.sub.6 --H)
PA1  1.60-1.95 (2h, m, Aromatic H)
PAC  REFERENTIAL EXAMPLE 8
PAC  5-(2-Furoyloxymethyl)-2-methyl-3-pyridinol (No. 78)
PAR  0.98 G. of 3-(2-furoyloxy)-5-(2-furoyloxymethyl)-2-methylpyridine was
      heated at 75.degree.C for 1 hour in 20 ml. of 2N hydrochloric acid.
PAR  The solvent was distilled off under reduced pressure, and the residue was
      diluted with 20 ml. of water and neutralized with sodium bicarbonate and
      extracted with ethyl acetate.
PAR  The extract was washed successively with an aqueous solution of sodium
      bicarbonate and water and after dried over anhydrous sodium sulfate the
      solvent was distilled off.
PAR  The resulting residue was purified by silica gel chromatography and 0.46 g.
      of the desired product as colorless crystals was obtained from the eluate
      with ethyl acetate.
PAR  m.p. 192.degree.C.
PAR  Analysis for C.sub.12 H.sub.11 NO.sub.4 : Calculated: C, 61.80; H, 4.75; N,
      6.01. Found: C, 61.65; H, 4.58; N, 5.96.
PAR  IR spectrum (Nujol Mull, cm.sup.-.sup.1): .nu..sub.OH 2500,
      .nu..sub.C.sub.=O 1730.
PAR  NMR spectrum (.tau. (CD.sub.3).sub.2 SO):
PA1  7.64 (3h, s, C.sub.2 --CH.sub.3)
PA1  4.70 (2h, s, C.sub.5 --CH.sub.2 OCOR)
PA1  3.27 (1h, q, J=3.5, 1.0 Furan C.sub.4 --H)
PA1  2.75 (1h, d, J=2.0, C.sub.4 --H)
PA1  2.62 (1h, q, J=3.5, 1.0, Furan C.sub.3 --H)
PA1  1.85-2.02 (2h, broad, C.sub.6 --H of the pyridinol and C.sub.5 --H of the
      furan ring are overlapped)
PAR  Following the substantially same procedure as shown in referential examples
      5-8, those pyridine derivatives as recited below were prepared.
PAC  2-Methyl-5-propionyloxymethyl-3-pyridinol (No. 58)
PAR  Colorless crystal, m.p. 149.degree.-150.degree.C.
PAR  Analysis for C.sub.10 H.sub.13 NO.sub.3 : Calculated: C, 61.52; H, 6.71; N,
      7.18. Found: C, 61.59; H, 6.76; N, 7.36.
PAC  2-Methyl-5-octanoyloxymethyl-3-pyridinol (No. 62)
PAR  Colorless crystal, m.p. 107.degree.-108.degree.C.
PAR  Analysis for C.sub.15 H.sub.23 NO.sub.3 :
PAR  Calculated: C, 67.89; H, 8.74; N, 5.28. Found: C, 67.87; H, 8.64; N, 5.06.
PAC  5-Isobutyryloxymethyl-2-methyl-3-pyridinol (No. 66)
PAR  Colorless crystal, m.p. 143.degree.-145.degree.C.
PAR  Analysis for C.sub.11 H.sub.15 NO.sub.3 : Calculated: C, 63.14; H, 7.23; N,
      6.69. Found: C, 63.49; H, 7.00; N, 6.77.
PAC  5-Crotonoyloxymethyl-2-methyl-3-pyridinol (No. 67)
PAR  Colorless crystal, m.p. 150.degree.-153.degree.C.
PAR  Analysis for C.sub.11 H.sub.13 NO.sub.3 : Calculated: C, 63.75; H, 6.33; N,
      6.77. Found: C, 63.62; H, 6.35; N, 6.93.
PAC  5-(p-Methoxybenzoyloxymethyl)-2-methyl-3-pyridinol hydrochloride
      (hydrochloride of No. 71)
PAR  Colorless crystal, m.p. 221.degree.-223.degree.C (dec).
PAR  Analysis for C.sub.15 H.sub.13 ClNO.sub.4 : Calculated: C, 58.70; H, 4.24;
      N, 4.56; Cl, 11.56. Found: C, 58.59; H, 4.60; N, 4.5; Cl, 11.90.
PAC  5-Cyclohexanecarbonyloxymethyl-2-methyl-3-pyridinol (No. 68)
PAR  Colorless crystal, m.p. 173.degree.-175.degree.C.
PAR  Analysis for C.sub.14 H.sub.19 NO.sub.3 : Calculated: C, 67.44; H, 7.68; N,
      5.62. Found: C, 67.20; H, 7.66; N, 5.76.
PAC  2-Methyl-5-(p-nitrobenzoyloxymethyl)-3-pyridinol hydrochloride
      (hydrochloride of No. 76)
PAR  Colorless crystal, m.p. 210.degree.C.
PAR  Analysis for C.sub.14 H.sub.13 ClN.sub.2 O.sub.5 : Calculated: C, 51.70; H,
      4.02; N, 8.63; Cl, 10.94. Found: C, 51.52; H, 3.78; N, 8.75; Cl, 10.96.
PAC  REFERENTIAL EXAMPLE 9
PAC  2-Methyl-5-phosphonoxymethyl-3-pyridinol (No. 86)
PAR  2.6 G. of 5-hydroxymethyl-2-methyl-3-pyridinol was added to 15 g. of
      polyphosphoric acid and the mixture was heated at 90.degree.C for 5 hours.
      After the completion of the reaction, the resulting mixture was diluted
      with 30 ml. of water and heated for one hour at 100.degree.C to hydrolyze
      the resulting polyester to the monoester.
PAR  After cooling, the mixture was neutralized with barium carbonate and the
      precipitate formed was filtered off.
PAR  The filtrate was concentrated under reduced pressure and adjusted to pH
      2.5-3.0.
PAR  The crystal separated out by cooling was filtered and recrystallized from
      water-acetone and dried at 70.degree.-80.degree.C to give 0.42 g. of the
      desired product as colorless crystals.
PAR  Analysis for C.sub.7 H.sub.10 NO.sub.5 P: Calculated: C, 38.41; H, 4.60; N,
      6.40; P, 14.02. Found: C, 38.44; H, 4.55; N, 6.16; P, 13.82.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 2500, .nu..sub.C-O-P
      1030.
PAR  NMR spectrum (.tau., D.sub.2 O, DCl):
PA1  7.32 (3H, s, C.sub.2 --CH.sub.3)
PA1  4.85 (2h, s, C.sub.5 --CH.sub.2 OPO.sub.3 H.sub.2)
PA1  2.02 (1h, d, J=2.0 C.sub.4 --H)
PA1  1.72 (1h, d, J=2.0 C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 10
PAC  2-Methyl-5-phosphonoxymethyl-3-pyridinol (No. 86)
PAR  1.3 G. of 5-hydroxymethyl-2-methyl-3-pyridinol was added to 5.0 g. of
      tetrachloropyrophosphoric acid cooled to -10.degree.C under stirring.
      After the additional stirring for 2 hours, the mixture was allowed to
      stand overnight at 0.degree.C, then diluted with 100 ml. of 1N
      hydrochloric acid. Thereafter, following the substantially same procedure
      as shown in referential example 9, 0.2 g. of the desired product was
      obtained.
PAC  REFERENTIAL EXAMPLE 11
PAC  2-Methyl-5-(N-phenylcarbamoyloxymethyl)-3-pyridinol (No. 79)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 5 ml. of pyridine was added 0.3 g. of phenylisocyanate
      and the mixture was stirred at room temperature for 15 hours. After the
      pyridine was distilled off under reduced pressure, the resulting residue
      was poured into 15 ml. of water, neutralized with sodium bicarbonate and
      extracted with ethyl acetate.
PAR  The extract was dried over anhydrous sodium sulfate and the solvent was
      distilled off. The resulting crystal was recrystallized from ethyl acetate
      and ether to give 0.55 g. of the desired product.
PAR  as colorless crystals, m.p. 195.degree.-196.degree.C.
PAR  Analysis for C.sub.14 H.sub.14 NO.sub.3 : Calculated: C, 65.10; H, 5.46; N,
      10.85. Found: C, 64.98; H, 5.39; N, 10.76.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.NH 3356, .nu..sub.OH
      2650, .nu..sub.C.sub.=O 1715.
PAR  NMR spectrum (.tau., (CD.sub.3).sub.2 SO):
PA1  7.67 (3h, s, C.sub.2 --CH.sub.3)
PA1  4.89 (2h, s, C.sub.5 --CH.sub.2 O)
PA1  2.23-3.03 (6h, m, NH and aromatic H)
PA1  2.0 (1h, d, J=2.0, C.sub.4 --H)
PA1  1.17 (1h, d, J=2.0, C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 12
PAC  5-Methoxycarbonyloxymethyl-2-methyl-3-pyridinol (No. 87)
PAR  To a solution of 1.8 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 10 ml. of pyridine was added 1.0 g. of methyl
      chlorocarbonate dropwise under cooling. After standing overnight, the
      reaction mixture was poured into ice water and extracted with ethyl
      acetate. The extract was washed with water, dried and the solvent was
      distilled off to give 1.0 g. of an oily substance. The oily substance was
      purified by column chromatography (silica gel 20 g.) and 0.6 g. of the
      desired product as colorless crystal was obtained from the eluate with
      benzene-ethyl acetate (3:7) and recrystallized from ethyl acetate and
      n-hexane.
PAR  Colorless crystal, m.p. 187.degree.-188.degree.C (dec).
PAR  Analysis for C.sub.9 H.sub.11 NO.sub.4 : Calculated: C, 54.82; H, 5.62; N,
      7.10. Found: C, 55.02; H, 5.91; N, 7.47.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 2500,
      .nu..sub.C.sub.=O 1740.
      ##EQU6##
      7.60 (3H, s, C.sub.2 --CH.sub.3) 6.22 (3H, s, COOCH.sub.3)
PA1  4.84 (2h, s, C.sub.5 --CH.sub.2 OCOOCH.sub.3)
PA1  2.72 (1h, d, J=2, C.sub.4 --H)
PA1  1.95 (1h, d, J=2, C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 13
PAC  5-Methoxycarbonyloxymethyl-2-methyl-3-pyridinol (No. 87)
PAR  A solution of 1 g. of
      3-methoxycarbonyloxy-5-methoxycarbonyloxymethyl-2-methylpyridine in an
      aqueous ethanol (10 ml. of ethanol and 5 ml. of water) was adjusted to pH
      1-1.5 with 10% hydrobromic acid. The mixture was heated at 90.degree.C for
      30 minutes, then cooled and neutralized with sodium bicarbonate and
      extracted with ethyl acetate. The extract was dried over anhydrous sodium
      sulfate and concentrated into a small volume and the addition of n-hexane
      gave 0.45 g. of the desired product as colorless crystals melting at
      187.degree.-189.degree.C, which showed no depression of melting point on
      admixture with the authentic sample and the IR spectrum coincided with
      that of the standard completely.
PAC  REFERENTIAL EXAMPLE 14
PAC  2-(2-Furoyloxy)-5-(2-furoyloxymethyl)-2-methylpyridine (No. 116)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 15 ml. of pyridine was added 1.3 g. of furoyl chloride
      and the mixture was stirred at room temperature for 15 hours. Pyridine was
      distilled off under reduced pressure and the residue was poured into 15
      ml. of water, neutralized with sodium bicarbonate and extracted with ethyl
      acetate. The extract was dried over anhydrous sodium sulfate an oily
      substance obtained by removal of the solvent was crystallized from ethanol
      to give 1.5 g. of the desired product.
PAR  Colorless crystal, m.p. 118.degree.-119.degree.C.
PAR  Analysis for C.sub.17 H.sub.13 NO.sub.6 : Calculated: C, 62.38; H, 4.00; N,
      4.28. Found: C, 62.75; H, 4.21; N, 4.14.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.C.sub.=O 1740.
PAR  Following the substantially same procedure as described in the above
      referential example 14, those pyridine derivatives as recited below were
      prepared:
PAC  3-Acetoxy-5-acetoxymethyl-2-methylpyridine hydrochloride (hydrochloride of
      No. 2)
PAR  Colorless crystal, m.p. 122.degree.-125.degree.C.
PAR  Analysis for C.sub.11 H.sub.14 ClNO.sub.4 : Calculated: C, 50.80; H, 5.39;
      N, 5.39; Cl, 13.66. Found: C, 56.68; H, 5.52; N, 5.40; Cl, 13.43.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.C.sub.=O 1770, 1740.
PAC  2-Methyl-3-propionyloxy-5-propionyloxymethylpyridine (No. 3)
PAR  Colorless oil
PAR  Analysis for C.sub.13 H.sub.17 NO.sub.4 : Calculated: C, 62.14; H, 6.82; N,
      5.57. Found: C, 62.10; H, 6.80; N, 5.62.
PAR  IR spectrum (liquid film, cm.sup.-.sup.1): .nu..sub.C.sub.=O 1770, 1750.
PAC  3-Butyryloxy-5-butyryloxymethyl-2-methylpyridine (No. 4)
PAR  Colorless oil,
PAR  Analysis for C.sub.15 H.sub.21 NO.sub.4 : Calculated: C, 64.49; H, 7.58; N,
      5.01. Found: C, 64.20; H, 7.59; N, 5.11.
PAR  IR spectrum (liquid film, cm.sup.-.sup.1): .nu..sub.C.sub.=O 1764, 1742.
PAC  3-Isobutyryloxy-5-isobutyryloxymethyl-2-methylpyridine hydrochloride
      (hydrochloride of No. 10)
PAR  Colorless crystal, m.p. 134.degree.-136.degree.C.
PAR  Analysis for C.sub.15 H.sub.22 ClNO.sub.4 : Calculated: C, 57.10; H, 6.97;
      N, 4.43; Cl, 11.25. Found: C, 57.14; H, 6.94; N, 4.77; Cl, 11.27.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.C.sub.=O 1738, 1762.
PAC  3-Cyclohexanecarbonyloxy-5-cyclohexanecarbonyloxymethyl-2-methylpyridine
      hydrochloride (hydrochloride of No. 104)
PAR  Colorless crystal, m.p. 148.degree.-151.degree.C.
PAR  Analysis for C.sub.21 H.sub.30 ClNO.sub.4 : Calculated: C, 63.7; H, 7.58;
      N, 3.54; Cl, 8.97. Found: C, 64.0; H, 7.67; N, 3.85; Cl, 8.95.
PAC  3-Crotonoyloxy-5-crotonoyloxymethyl-2-methylpyridine (No. 101)
PAR  Colorless oil,
PAR  Analysis for C.sub.15 H.sub.17 NO.sub.4 : Calculated: C, 65.44; H, 6.22; N,
      5.09. Found: C, 65.40; H, 6.16; N, 5.32.
PAR  IR spectrum (liquid film, cm.sup..sup.-1): .nu..sub.C.sub.=O 1740, 1720.
PAC  3-Benzoyloxy-5-benzoyloxymethyl-2-methylpyridine (No. 119)
PAR  Colorless crystal, m.p. 85.degree.-86.degree.C.
PAR  Analysis for C.sub.21 H.sub.17 NO.sub.4 : Calculated: C, 72.61; H, 4.93; N,
      4.03. Found: C, 72.63; H, 4.83; N, 4.33.
PAC  3-(p-Chlorobenzoyloxy)-5-(p-chlorobenzoyloxymethyl)-2-methylpyridine (No.
      120)
PAR  Colorless crystal, m.p. 157.degree.-159.degree.C.
PAR  Analysis for C.sub.21 H.sub.15 Cl.sub.2 NO.sub.4 : Calculated: C, 60.40; H,
      3.61; N, 3.37; Cl, 17.09. Found: C, 60.23; H, 3.78; N, 3.36; Cl, 16.84.
PAC  REFERENTIAL EXAMPLE 15
PAC  3-Ethylcarbamoyloxy-5-ethylcarbamoyloxymethyl-2-methylpyridine (No. 122)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 10 ml. of pyridine was added 0.8 g. of ethyl isocyanate
      and the mixture was stirred at 100.degree.C for 2 hours. After cooling,
      the mixture was poured into ice water and extracted with chloroform. The
      extract was washed with water, dried over anhydrous sodium sulfate and the
      solvent was distilled off to give a crystalline product, which was
      recrystallized from ethyl acetate-n-hexane to give 0.95 g. of the desired
      product as colorless crystals.
PAR  m.p. 121.degree.-122.degree.C.
PAR  Analysis for C.sub.13 H.sub.19 N.sub.3 O.sub.4 : Calculated: C, 55.50; H,
      6.81; N, 14.94. Found: C, 55.10; H, 6.74; N, 15.20.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.NH 3330,
      .nu..sub.C.sub.=O 1710, 1690.
PAR  NMR spectrum (.tau., CDCl.sub.3):
PA1  8.88 (3H, t, J=7)
PA1  8.77 (3h, t, J=7)
PA1  7.55 (3h, s, C.sub.2 --CH.sub.3)
PA1  6.5-7.0 (4h, m)
PA1  4.90 (2H, s, C.sub.5 --CH.sub.2)
PA1  4.90 (1h, broad, NH)
PA1  4.50 (1h, broad, NH)
PA1  2.52 (1h, d, J=2.0, C.sub.4 --H)
PA1  1.67 (1h, d, J=2.0, C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 16
PAC  3-Methoxycarbonyloxy-5-methoxycarbonyloxymethyl-2-methylpyridine (No. 111)
PAR  To a solution of 0.9 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 10 ml. of pyridine was added 1.0 g. of methyl
      chlorocarbonate dropwise under cooling. After standing overnight, the
      reaction mixture was poured into ice water and extracted with ethyl
      acetate.
PAR  The extract was washed with water, dried over anhydrous sodium sulfate and
      the solvent was distilled off. The resulting residue was recrystallized
      from ethyl acetate and n-hexane to give 0.6 g. of the desired product as
      colorless crystals.
PAR  m.p. 65.degree.C.
PAR  Analysis for C.sub.11 H.sub.13 NO.sub.6 : Calculated: C, 51.76; H, 5.49; N,
      5.49. Found: C, 52.08; H, 5.31; N, 5.69.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.C.sub.=O 1750.
PAR  NMR spectrum (.tau., CDCl.sub.3):
PA1  7.52 (3H, s, C.sub.2 --CH.sub.3)
PA1  6.20 (3h, s, COOCH.sub.3)
PA1  6.06 (3h, s, COOCH.sub.3)
PA1  4.82 (2h, s, C.sub.5 --CH.sub.2 OCOOCH.sub.3)
PA1  2.42 (1h, d, J=2.0, C.sub.4 --H)
PA1  1.57 (1h, d, J=2.0, C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 17
PAC  3-Acetoxy-5-benzoyloxymethyl-2-methylpyridine (No. 91)
PAR  To a solution of 1.1 g. of 3-acetoxy-5-hydroxymethyl-2-methylpyridine
      hydrochloride in 10 ml. of pyridine was added 0.8 g. of benzoyl chloride
      dropwise under cooling.
PAR  The mixture was stirred overnight at room temperature, then poured into ice
      water and extracted with ethyl acetate. The extract was washed with water,
      dried and the solvent was distilled off to give an oily substance, which
      was purified by column chromatography (silica gel 30 g.) An oily substance
      obtained from the eluate with benzene-ethyl acetate (8:2) was crystallized
      from ethyl acetate and n-hexane to give 1.35 g. of the desired product as
      colorless crystals.
PAR  m.p. 57.degree.C
PAR  Analysis for C.sub.16 H.sub.15 NO.sub.4 : Calculated: C, 67.36; H, 5.30; N,
      4.91. Found: C, 67.36; H, 5.17; N, 4.82.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.C.sub.=O 1760, 1720.
PAR  NMR spectrum (.tau., CDCl.sub.3):
      ##EQU7##
PAR  7.55 (3H, s, C.sub.2 --CH.sub.3)
PA1  4.62 (2h, s,
      ##SPC16##
PA1  2.3-2.6 (4H, m, Aromatic H)
PA1  1.85-2.0 (1h, m, Aromatic H)
PA1  1.83 (1h, d, J=2.0, C.sub.4 --H)
PA1  1.52 (1h, d, J=2.0, C.sub.6 --H)
PAR  Following the substantially same procedure as shown in referential example
      17, those pyridinol derivatives recited below were prepared.
PAC  3-Acetoxy-5-(p-methoxybenzoyloxymethyl)-2-methylpyridine (No. 93)
PAR  Colorless crystal, m.p. 65.degree.-66.degree.C.
PAR  Analysis for C.sub.17 H.sub.17 NO.sub.5 : Calculated: C, 64.75; H, 5.43; N,
      4.44. Found: C, 64.71; H, 5.40; N, 4.12.
PAC  3-Acetoxy-5-(2-furoyloxymethyl)-2-methylpyridine (No. 94)
PAR  Colorless oil
PAR  R.sub.f value of thin-layer chromatography: 0.76
PAR  (Plate, Dc-Fertig platten Kieselgel available from Merck Co., Ltd.,
      Developing solvent, ethyl acetate)
PAR  Analysis for C.sub.14 H.sub.13 NO.sub.5 : Calculated: C, 61.09; H, 4.76; N,
      5.09. Found: C, 60.79; H, 4.52; N, 15.35.
PAC  5-Acetoxymethyl-3-benzoyloxy-2-methylpyridine hydrochloride (hydrochloride
      of No. 105)
PAR  Colorless crystal, m.p. 148.degree.-150.degree.C.
PAR  Analysis for C.sub.16 H.sub.16 ClNO.sub.4 : Calculated: C, 59.75; H, 4.98;
      N, 4.36; Cl, 11.02. Found: C, 59.76; H, 5.02; N, 4.63; Cl, 10.81.
PAC  3-Acetoxy-5-cyclohexanecarbonyloxymethyl-2-methylpyridine (No. 95)
PAR  Colorless oil
PAR  Analysis for C.sub.16 H.sub.21 NO.sub.4 : Calculated: C, 65.95; H, 7.27; N,
      4.81. Found: C, 65.83; H, 7.30; N, 4.76.
PAR  IR spectrum (liquid film, cm.sup..sup.-1): .nu..sub.C.sub.=O 1776, 1736.
PAC  REFERENTIAL EXAMPLE 18
PAC  3-Benzyloxy-5-hydroxymethyl-2-methylpyridine (No. 23)
PAR  To a solution of 1.7 g. of 5-hydroxymethyl-2-methyl-3-pyridinol
      hydrochloride in 10 ml. of dimethylformamide was added a solution of 0.9
      g. of 50% sodium hydride in 6 ml. of dimethylformamide. The mixture was
      stirred at room temperature for 3 hours and to the solution was added 1.25
      g. of benzyl chloride and additional stirring was continued overnight at
      room temperature.
PAR  The reaction mixture was diluted with water and extracted with ethyl
      acetate.
PAR  The extract was washed with water, dried and the solvent was distilled off
      to give an oily substance. Thereafter, the oil was subjected to silica gel
      dry column chromatography to give 1.1 g. of crystalline product, which was
      recrystallized from benzene and cyclohexane to give the desired product as
      colorless crystals.
PAR  m.p. 77.degree.-79.degree.C.
PAR  Analysis for C.sub.14 H.sub.15 NO.sub.2 : Calculated: C, 73.34; H, 6.59; N,
      6.11. Found: C, 73.64; H, 6.75; N, 6.61.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 3311, 3165.
PAR  NMR spectrum (.tau., CDCl.sub.3):
PA1  7.57 (3H, s, C.sub.2 --CH.sub.3)
PA1  5.39 (2h, s, C.sub.5 --CH.sub.2 OH)
PA1  4.99 (2h, s,
      ##SPC17##
PA1  2.77 (1H, d, J=1.5, C.sub.4 --H)
PA1  2.10 (1h, d, J=1.5, C.sub.6 --H)
PAC  REFERENTIAL EXAMPLE 19
PAC  5-Methoxymethyl-2-methyl-3-pyridinol (No. 20)
PAR  2 G. of 5-bromomethyl-2-methyl-3-pyridinol was refluxed in 50 ml. of
      anhydrous methanol for 20 hours. The solvent was distilled off and the
      residue was poured on water, shaken with ethyl acetate and the ethyl
      acetate layer was discarded. The aqueous layer was neutralized with sodium
      bicarbonate and extracted with ethyl acetate.
PAR  The extract was washed with water, dried and the solvent was distilled off.
PAR  The resulting oil which crystallized gradually was recrystallized from
      ethanol-petrolium ether to give 0.82 g. of the desired product as
      colorless crystals.
PAR  m.p. 134.degree.-135.degree.C.
PAR  Analysis for c.sub.8 H.sub.11 NO.sub.2 : Calculated: C, 62.72; H, 7.24; N,
      9.14. Found: C, 62.58; H, 7.46; N, 8.95.
PAR  IR spectrum (Nujol Mull, cm.sup..sup.-1): .nu..sub.OH 2500.
PAR  NMR spectrum (.tau., (CD.sub.3).sub.2 SO):
PA1  7.64 (3h, s, C.sub.2 --CH.sub.3)
PA1  6.73 (3h, s, C.sub.5 --CH.sub.2 OCH.sub.3)
PA1  5.65 (2h, s, C.sub.5 --CH.sub.2 OCH.sub.3)
PA1  2.9 (1h, d, J=2.0, C.sub.4 --H)
PA1  2.1 (1h, d, J=2.0, C.sub.6 --H)
PAR  Following the substantially same procedure as shown in referential example
      19, the pyridinol derivative recited below was obtained:
PAC  5-Benzyloxymethyl-2-methyl-3-pyridinol (No. 21)
PAR  Colorless crystal, m.p. 135.degree.-137.degree.C
PAR  Analysis for C.sub.14 H.sub.15 NO.sub.2 : Calculated: C, 73.34; H, 6.59; N,
      6.11. Found: C, 73.22; H, 6.61; N, 6.33.
PAR  The compounds of the formula (I) or the salts thereof are conveniently fed
      to poultry as a component of the feed or drinking water, but they may also
      be administered orally dispersed or admixed with other carriers.
PAR  According to one aspect of this invention, novel compositions are provided
      in which a pyridinol derivative or the salt thereof (I) is present as an
      active ingredient. Such compositions comprise the pyridinol derivative
      intimately dispersed in or admixed with an inert carrier. The term "inert
      carrier" as used herein means one that is substantially non-reactive with
      the active ingredient, orally ingestable and tolerated by the poultry.
PAR  The amount of pyridinol derivative required for control of coccidiosis in
      poultry will vary somewhat with the specific compound employed, the
      species of animals, the method or the object of application or with the
      symptons. Generally, the pyridinol derivatives (I) are effective in
      preventing the disease without undesirable side effect and toxic effect
      when administered at a level of more than about 0.005% by weight of the
      feed. For good prophylactic results, it is preferred that the feed
      contains between about 0.005 and 0.05% by weight of the active ingredient,
      more preferably between about 0.01 and 0.015%. When the pyridinol
      derivatives are to be employed for therapeutic purpose, the higher levels
      are used for shorter period of time. Thus, the concentrations of about 0.1
      to about 0.2% by weight of the feed may be advantageously administered for
      treatment of coccidiosis. When these compounds are to be employed for
      therapeutic purpose, it is desirable to employ the lowest levels that
      exhibit anticoccidial activities, in order to eliminate any risk of said
      effects that may appear on prolonged feeding.
PAR  In preparing solid compositions, an uniform dispersion of the active
      ingredient throughout the carrier can be readily accomplished by the
      conventional methods of grinding, stirring or milling.
PAR  Many of these pyridinol derivatives of the salts thereof are advantageously
      administered to poultry by way of the drinking water of the birds. This
      method of treatment may often be employed in the therapeutic use, since
      poultry with coccidiosis are apt to consume less solid feed than normal
      birds. The water-soluble quaternary salts may be added directly to the
      drinking water.
PAR  According to another aspect of this invention, novel compositions are
      provided in which active ingredient is present in relatively large amounts
      and which are suitable for addition to the poultry feed directly or after
      intermediate dilution step. Such compositions which are a preferred
      feature of this invention are the so-called feed supplements or premix.
      Representative examples of the carriers to be employed in this invention
      are solid oral carriers such as distillers dried grains, corn starch,
      potato starch, fermentation residues, ground oyster shells, Attapulgus
      clay, rice bran, wheat bran, wheat middling, molasses solubles, corn meal,
      edible vegetable substances, soybean cake, soybean meal, antibiotic
      mycelis, crushed lime stone and the like. The quaternary salts are
      intimately dispersed or admixed throughout the solid inert carrier as
      described hereinabove. Formulations containing from about 5 to about 30
      percent by weight, and preferably from about 10-25.degree. by weight, of
      the active ingredient are particularly suitable for this purpose. It is
      preferable in the industry to use about 1-3 kg. of such a supplement per
      ton of feed.
PAR  Typical feed supplements containing pyridinol derivatives dispersed in an
      inert carrier include, for example, the following:
TBL  quaternary salt         parts by weight                                   

     ______________________________________                                    

     A.   5-hydroxymethyl-2-methyl-                                            

          3-pyridinol            25                                            

          wheat bran             75                                            

     B.   5-hydroxymethyl-2-methyl-                                            

          3-pyridinol hydrochloride                                            

                                 20                                            

          rice bran              80                                            

     C.   2-methyl-5-valeroyloxy-                                              

          methyl-3-pyridinol     10                                            

          soybean meal           90                                            

     ______________________________________                                    

PAR  According to another aspect of this invention, the present composition may
      preferably include other known anticoccidial agents to broaden its
      anticoccidial spectrum and, sometimes, expect a synergistic effect.
PAR  Suitable examples of such anticoccidial agents include, for example, sulfa
      drugs, e.g., Sulfachloropyrazine, Sulfadimethoxine, Sulfaquinoxaline;
      thiamine derivatives, e.g., Beclotiamine, Amprolium, Dimethialium;
      quinoline derivatives, e.g., Buquinolate, Decoquinate, Methyl Benzoquate;
      folic acid antagonistic substances, e.g., pyrimethamin, Diaveridine;
      antibiotics, e.g., Monensin; Zolene (3,5-dinitro-o-toluamide), Clopidol
      (3,5-dichloro-2,6-dimethyl-4-pyridinol), Robenzidine; and the like.
PAR  The formulation of the compounds and the coccidiostatic activity of the
      compounds are more fully illustrated by the non-limiting examples as
      follows.
PAR  In these examples, all the parts are given by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  Fifteen parts of 5-hydroxymethyl-2-methyl-3-pyridinol are uniformly mixed
      with 85 parts of wheat bran.
PAR  The resulting feed supplement contains 15% active ingredient. Uniform
      mixing of one part of the supplement with 1,000 parts of the poultry feed
      gives a feed composition containing 0.015% active ingredient.
PAC  EXAMPLE 2
PAR  Five parts of 5-hydroxymethyl-2-methyl-3-pyridinol and 5 parts of
      Sulfachloropyradine are uniformly mixed with 90 parts of rice bran.
PAR  The resulting feed supplement contains 10% active ingredients in total. One
      parts of the supplement is uniformly mixed with 10,000 parts of the
      poultry feed to give a feed containing 0.01% active ingredient in total.
PAC  EXAMPLE 3
PAR  The coccidiostatic activity of the pyridinol derivatives (I) or the salts
      thereof of this invention is determined by the following method:
PAC  Test Procedures
PA0  1. Chicks: Fourteen-day-old White Leghorn males (after hatched, fed a diet
      containing no anticoccidial agent and isolated as far as possible from the
      risk of extraneous coccidial infections) were used.
PAR  Each group consisted of 10 chicks so as to avoid the difference of mean
      weight (significance level, 5%).
PA0  2. Infections: Each chick was inoculated orally into the crop with 100,000
      sporulated oocysts of Eimeria acervulina.
PA0  3. Concentration of tested compouds: Each tested compound was mixed to the
      commercially available mixed feed at the concentration of 200 ppm.
PAR  After inoculation with oocysts, the chicks are fed a diet containing tested
      compounds for 6 days.
PAR  Control groups of infected or non-infected chicks are fed a similar diet
      which is free from coccidiostat.
PAR  They are weighed from the beginning of the test to the end, constantly.
      Daily oocyst outputs are determined as oocysts per gram feces during a
      period from day 4 to 6. The daily samples from each treatment are pooled
      and recorded as a percentage to that of the infected-unmedicated control.
PAR  At the end of this time, that is, 6 days after infection all chicks are
      sacrificed and the degree of the lesion of small intestines are indicated
      as a 0 to 4 visual scale and determined by the method of Johnson and Reid
      described in Experimental Parasitology vol. 28, 30-36 pp., (1970).
PA0  4. Explanation of findings set forth in Table 1 and 2:
      ##EQU8##
PAR  The total of the weight gain from the begining of the test to the end
      devided with the number of the chicks is defined as "average weight gain".
      ##EQU9##
PAR  The accumulated oocyst outputs per gram feces, during a period from day 4
      to 6 is defined as "oocyst number".
      ##EQU10##
PAR  The results are shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

                    Rate of   Relative                                         

                    oocyst    rate of  Mean lesion                             

                    production                                                 

                              weight   score of                                

     Compound No.   (%)       gain (%) intestine                               

     ______________________________________                                    

     1                  0         95.5   0                                     

     1     (hydrochloride)                                                     

                        1.1       91.0   1.5                                   

     2                  0         95.0   0                                     

     3                  0         94.3   0                                     

     4                  0         94.1   0                                     

     9     5.0          90.5      0.7                                          

     10                 2.8       92.4   0.5                                   

     17                 5.1       90.7   0.6                                   

     20                 3.9       83.9   1.6                                   

     21                 1.5       93.5   2.0                                   

     25    (hydrochloride)                                                     

                        0.1       100.0  0.3                                   

     29    "            1.1       89.3   1.6                                   

     30                 1.0       90.0   1.7                                   

     36    (hydrochloride)                                                     

                        0.3       102.0  0.8                                   

     38                 2.2       89.4   1.2                                   

     39                 0.6       103.0  0.6                                   

     40                 0.9       97.8   0.3                                   

     42                 0.3       97.8   1.0                                   

     49                 2.4       70.6   1.2                                   

     50                 1.8       90.4   1.0                                   

     52                 0.8       93.9   0.4                                   

     56                 2.0       81.0   1.9                                   

     57                 0         97.8   0                                     

     58                 0         94.4   0                                     

     60                 0         103.0  0                                     

     62                 0         101.5  0                                     

     66                 1.4       94.5   1.8                                   

     67                 0.5       97.9   0.6                                   

     68    (hydrochloride)                                                     

                        0.4       90.7   1.0                                   

     70                 0.9       91.3   0.8                                   

     78                 1.4       88.5   1.4                                   

     79                 1.4       84.6   0.6                                   

     86                 0         96.0   0                                     

     87                 4.0       90.0   0.9                                   

     91                 2.4       84.7   0.8                                   

     93                 2.7       70.4   1.2                                   

     101                1.4       94.7   1.0                                   

     104                0.9       96.0   1.0                                   

     105                1.5       85.8   0.9                                   

     111                4.5       90.0   0.9                                   

     116                0.5       93.5   1.0                                   

     120                2.2       72.5   1.6                                   

     infected-unmedicated                                                      

     control        100       60.1     4.0                                     

     uninfected-unmedi-                                                        

     cated control  --        100      --                                      

     ______________________________________                                    

PAR  It will be evident from the above results that the pyridinol derivatives of
      the abovementioned formula (I) or the salts thereof possess an extremely
      high degree of activity which cause coccidiosis, accompanying with good
      weight gain of the poultry without any unfavorable side effects.
PAR  It has also turned out that the coccidiostatic effect of the present
      composition was the highest at the first chizogony followed by the
      gametogony in various developmental stage of coccidia.
PAC  EXAMPLE 4
PAR  The coccidiostatic activity of the present compounds in combination with
      known anticoccidial agents was tested. The test procedure, chicks and
      coccidia used were substantially the same as shown in Example 3.
PAR  The results are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

                Conc. of  Rate of                                              

                active    oocyst   Relative                                    

                                          Mean                                 

                ingredient                                                     

                          produc-  rate of                                     

                                          lesion                               

                in feed   tion     weight score of                             

     Compound tested                                                           

                (%)       (%)      gain (%)                                    

                                          intestine                            

     ______________________________________                                    

     2-methyl-5-hy-                                                            

     droxy-3-pyr-                                                              

                0.005                                                          

     idinol                                                                    

        +       +         3.0      95.0   0.8                                  

     Beclotiamine                                                              

     hydrochloride                                                             

                0.01                                                           

     2-methyl-5-hy-                                                            

     droxy-3-pyri-                                                             

                0.005                                                          

     dinol                                                                     

        +       +         0.5      97.0   0.1                                  

     Sulfachloro-                                                              

     pyrazine   0.01                                                           

     2-methyl-5-hy-                                                            

     droxy-3-pyri-                                                             

                0.005     13.0     82.3   2.0                                  

     dinol                                                                     

     Beclotiamine                                                              

     hydrochloride                                                             

                0.01      31.0     78.5   2.4                                  

     Sulfachloro-                                                              

     pyrazine   0.005     21.5     82.0   2.1                                  

     Infected-unmedi-                                                          

     cated control                                                             

                --        100      59.3   4.0                                  

     Uninfected-un-                                                            

     medicated  --        --       100    --                                   

     control                                                                   

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anticoccidial composition which comprises a compound of the formula
      ##SPC18##
PAL  intimately dispersed in an inert edible carrier, wherein R.sub.1 and
      R.sub.2 are each hydrogen or a phosphono group, and at least R.sub.1 or
      R.sub.2 is said phosphono group; or a salt thereof.
NUM  2.
PAR  2. The composition of claim 1, wherein the compound is
      2-methyl-5-phosphonoxymethyl-3-pyridinol.
NUM  3.
PAR  3. The composition of 1, wherein said salt is an acid adduct salt of said
      compound and an acid selected from the group consisting of hydrochloric,
      sulfuric, nitric, phosphonic, acetic, propionic, lactic, oxalic, succinic,
      maleic, tartaric, citric, benzoic, phthalic, terephthalic and naphthalene
      sulfonic acid.
NUM  4.
PAR  4. The poultry feed having dispersed therein for control of poultry
      coccidiosis at least about 0.005% by weight of a compound of the formula
      ##SPC19##
PAL  wherein R.sub.1 and R.sub.2 are each hydrogen or a phosphono group, and at
      least R.sub.1 or R.sub.2 is said phosphono group; or a salt thereof.
NUM  5.
PAR  5. The poultry feed of claim 4, wherein the compound is
      2-methyl-5-phosphonoxymethyl-3-pyridinol.
NUM  6.
PAR  6. A poultry feed of claim 4, wherein said salt is an acid adduct salt of
      said compound and an acid selected from the group consisting of
      hydrochloric, sulfuric, nitric, phosphonic, acetic, propionic, lactic,
      oxalic, succinic, maleic, tartaric, citric, benzoic, phthalic,
      terephthalic and naphthalene sulfonic acid.
NUM  7.
PAR  7. A method of controlling poultry coccidiosis which comprises orally
      administering to poultry susceptible to coccidiosis an anticoccidial
      amount of a compound of the formula
      ##SPC20##
PAL  wherein R.sub.1 and R.sub.2 are each hydrogen or a phosphono group, and at
      least R.sub.1 or R.sub.2 is said phosphono group; or a salt thereof.
NUM  8.
PAR  8. The method of claim 7, wherein the compound is
      2-methyl-5-phosphonoxymethyl-3-pyridinol.
NUM  9.
PAR  9. The method of claim 7, wherein said salt is an acid adduct salt of said
      compound and an acid selected from the group consisting of hydrochloric,
      sulfuric, nitric, phosphonic, acetic, propionic, lactic, oxalic, succinic,
      maleic, tartaric, citric, benzoic, phthalic, terephthalic and naphthalene
      sulfonic acid.
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ABST
PAL  Fungicidal compositions, containing and methods of combating fungi using,
      imidazo[4,5-b]quinoxalines of the general formula
      ##SPC1##
PAL  In which
PA1  R is lower alkyl or halo-lower alkyl,
PA1  R.sup.1 is halogen, lower alkyl or halo-lower alkyl,
PA1  n is 0, 1 or 2.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new fungicidal compositions containing imidazo
      [4,5-b]quinoxalines, i.e., 2-alkyl- or
      -haloalkyl-imidazo[4,5-b]quinoxalines optionally substituted on the
      benzene ring by alkyl, halo or haloalkyl, in the form of mixtures with
      solid and liquid dispersible carrier vehicles, and methods for using such
      compounds in a new way especially for combating fungi and unwanted
      vegetation, with other and further objects becoming apparent from a study
      of the within specification and accompanying examples.
PAR  It has been disclosed in Angewandte Chemie 72 (1960), pages 973 et seq.,
      that 6-methyl-quinoxaline-2,3-cycl.-dithiolcarbonate (Compound A) is
      fungicidally active. In particular, its action against powdery mildew
      fungi such as Podosphaera leucotricha or Uncinula necator, and against
      varieties of Erysiphe, should be singled out. However it is a disadvantage
      that an effect in most cases only manifests itself if the substance is
      applied above ground, for example on spraying or on fumigating the leaves
      and stems infected with mildew. Furthermore, the action is not always
      entirely satisfactory if relatively small quantities and low
      concentrations are used.
PAR  It has been found that imidazo[4,5-b]quinoxalines of the general formula
      ##SPC2##
PAL  In which
PA1  R is lower alkyl or halo-lower alkyl,
PA1  R.sup.1 is halogen, lower alkyl or halo-lower alkyl, and
PA1  n is 0, 1 or 2,
PAL  Possesss excellent fungicidal properties.
PAR  Surprisingly, the imidazo-quinoxalines to be used according to the
      invention show a higher fungicidal action than
      6-methyl-quinoxaline-2,3-cycl.-dithiolcarbonate, known in the art, which
      is chemically the nearest active compound of the same type of action. In
      addition, they show systemic fungicidal properties, in contrast to that
      known compound.
PAR  The formula (I) provides a general definition of the substances to be used
      according to the invention. R may represent straight-chain or branched
      alkyl with 1 to 4 carbon atoms (methyl, ethyl, n-propyl, i-propyl,
      n-butyl, i-butyl, sec.-butyl and tert.-butyl). Alternatively, R may
      represent haloalkyl, preferably with 1 or 2 carbon atoms and 2 to 5
      halogen atoms, especially fluorine, for example trifluoromethyl or
      pentafluoroethyl. R.sup.1 may represent halogen, especially chlorine, or
      straight-chain or branched alkyl with 1 to 4 carbon atoms, especially
      methyl, n-propyl, i-propyl and tert.-butyl, or it may represent haloalkyl,
      preferably with 1 or 2 carbon atoms and 2 to 5 halogen atoms, especially
      fluorine or chlorine. The trifluoromethyl, the pentafluoroethyl, the
      chloromethyl and the chloroethyl radical may be mentioned as examples.
PAR  The following may be mentioned as examples of the substances to be used
      according to the invention: 6-chloro-2-ethyl-1H-imidazo[4,5-b]quinoxaline,
      6-chloro-2-methyl-1H-imidazo[4,5-b]quinoxaline,
      2-ethyl-1H-imidazo[4,5-b]quinoxaline,
      2-ethyl-6-methyl-1H-imidazo[4,5-b]quinoxaline,
      2-propyl-1H-imidazo[4,5-b]quinoxaline,
      6-chloro-2-propyl[4,5-b]-quinoxaline,
      2-isobutyl-1H-imidazo[4,5-b]quinoxaline,
      6-chloro-2-isobutyl-1H-imidazo[4,5-b]quinoxaline,
      2-isopropyl-1H-imidazo[4,5-b]quinoxaline,
      5,7-dichloro-2-trifluoromethyl-1H-imidazo[4,5-b]quinoxaline and
      6,7-dichloro-2-trifluoromethyl-1H-imidazo[4,5-b]quinoxaline.
PAR  Some of the compounds to be used according to the invention are known (J.
      Am. Chem. Soc. 73 (1951), 5,676 and Chem. Berichte 104 (1971), 346). The
      compounds which are not yet known can be prepared according to processes
      described there, for example by reaction of 2,3-diamino-quinoxalines
      (which can be prepared from diaminobenzenes and cyanogen or
      2,3-dichloro-quinoxalines and liquid ammonia) with acid chlorides or acid
      anhydrides at temperatures from 80.degree. to 200.degree.C, optionally
      using high-boiling solvents such as xylene, piperdine or pyridine or
      anhydrous fatty acids as diluents (see Example 1) Alternatively, the
      compounds of the formula (I) which are not yet known can be prepared by
      heating 2,3-dichloroquinoxalines with liquid ammonia and aliphatic
      nitriles at temperatures of 130.degree.-200.degree.C, preferably at about
      150.degree.C, and pressures of 10 to 20 atmospheres gauge, preferably 15
      atmospheres gauge, in an autoclave (see Example 5). To isolate the active
      compounds according to the invention, the solvent may be distilled off in
      vacuo, the residue taken up in dilute alkali metal hydroxide solution, the
      mixture filtered, the filtrate acidified and the precipitate filtered off
      and optionally purified by recrystallization.
PAR  A preferred compound for use according to the invention is
      6-chloro-2-ethyl-1H-imidazo[4,5-b]quinoxaline. This compound, which is
      new, is distinguished by a considerable activity.
PAR  The active compounds to be used according to the invention show a strong
      fungitoxic action. They do not normally harm crop plants in the
      concentrations required for combating fungi and have a low toxicity
      towards warm-blooded animals. For these reasons, they are suitable for use
      as plant protection agents for combating fungi, and may be applied for
      this purpose to an area in which crops are grown.
PAR  Fungitoxic agents are employed in plant protection for combating
      Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  The active compounds for use according to the invention have a very broad
      spectrum of action and can be used against parasitary fungi which attack
      above-ground parts of plants or which attack plants through the soil.
PAR  They display a particularly good activity against parasitary fungi of the
      class of the Ascomycetes, such as Erysiphe species, Podosphaera species
      and Venturia species, for example against the pathogen of powdery mildew
      of apples (Podosphaera leucotricha) and of powdery mildew of cucumber
      (Erysiphe cichoracearum).
PAR  The systemic activity of the active compounds for use according to the
      invention is worthy of particular mention. Thus it proves possible to
      protect plants against fungal attack if the active compound is supplied to
      the above-ground parts of the plant through the soil and the root or
      through dressing the seed or plant.
PAR  The active compounds according to the invention have a low toxicity towards
      warm-blooded animals and can easily be handled, because of their low odor
      and their good toleration by human skin.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e., plant compatible or herbicidally inert)
      pesticide diluents or extenders, i.e., diluents, carriers or extenders of
      the type usable in conventional pesticide formulations or compositions,
      e.g., conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g., conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as Freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g., benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g., chlorobenzenes, etc.), cycloalkanes (e.g.,
      cyclohexane, etc.), paraffins (e.g., petroleum or mineral oil fractions),
      chlorinated aliphatic hydrocarbons (e.g., methylene chloride,
      chloroethylenes, etc.), alcohols (e.g., methanol, ethanol, propanol,
      butanol, glycol, etc.) as well as ethers and esters thereof (e.g., glycol
      monomethyl ether, etc.), amines (e.g., ethanolamine, etc.), amides (e.g.,
      dimethyl formamide, etc.), sulfoxides (e.g., dimethyl sulfoxide, etc.),
      acetonitrile, ketones (e.g., acetone, methyl ethyl ketone, methyl isobutyl
      ketone, cyclohexanone, etc.), and/or water; as well as inert dispersible
      finely divided solid carriers, such as ground natural minerals (e.g.,
      kaolins, clays, alumina, silica, chalk, i.e., calcium carbonate, talc,
      attapulgite, montmorillonite, kieselgur, etc.) and ground synthetic
      minerals (e.g., highly dispersed silicic acid, silicates, e.g., alkali
      silicates, etc.); whereas the following may be chiefly considered for use
      as conventional carrier vehicle assistants, e.g., surface-active agents,
      for this purpose: emulsifying agents, such as non-ionic and/or anionic
      emulsifying agents (e.g., polyethylene oxide esters of fatty acids,
      polyethylene oxide ethers of fatty alcohols, alkyl sulfates, alkyl
      sulfonates, aryl sulfonates, albumin hydrolyzates, etc., and especially
      alkyl arylpolyglycol ethers, magnesium stearate, sodium oleate, etc.);
      and/or dispersing agents, such as lignin, sulfite waste liquors, methyl
      cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides and herbicides, or
      insecticides, acaricides, rodenticides, bactericides, nematocides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g., a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e., by applying such
      compound if normally a liquid, or by applying a liquid composition
      containing the same, via very effective atomizing equipment, in finely
      divided form, e.g., average particle diameter of from 50-100 microns, or
      even less, i.e., mist form, for example by airplane crop spraying
      techniques. Only up to at most about a few liters/hectare are needed, and
      often amounts only up to about 15 to 1000 g/hectare, preferably 40 to 600
      g/hectare, are sufficient. In this process it is possible to use highly
      concentrated liquid compositions with said liquid carrier vehicles
      containing from about 20 to about 95% by weight of the active compound or
      even the 100% active substance alone, e.g. about 20-100% by weight of the
      active compound.
PAR  When used as leaf fungicides, the active compounds are generally about 0.05
      to 0.0001% by weight, preferably about 0.01 to 0.001%, of the
      compositions.
PAR  When used in the watering and dressing methods, amounts of active compound
      of between 1,000 and 1 ppm, preferably of 100 to 10 ppm, are generally
      required per ml of liquid.
PAR  The active compounds have some herbicidal effects, especially if amounts of
      0.05 to 0.1 percent by weight are used in post-emergence application.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling fungi, which comprises applying to at
      least one of correspondingly (a) such fungi and (b) the corresponding
      habitat thereof, i.e., the locus to be protected, a correspondingly
      combative or toxic amount, i.e., a fungicidally or herbicidally effective
      amount, of the particular active compound of the invention alone or
      together with a carrier vehicle as noted above. The instant formulations
      or compositions are applied in the usual manner, for instance by spraying,
      atomizing, vaporizing, scattering, dusting, watering, squirting,
      sprinkling, pouring, fumigating, dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAL  Erysiphe test
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of the active compound required for the desired concentration of
      active compound in the spray liquid was mixed with the stated amount of
      the solvent, and the concentrate was diluted with the stated amount of
      water containing the stated additions.
PAR  Young cucumber plants with about three foliage leaves were sprayed with the
      spray liquid until dripping wet. The cucumber plants remained in a
      greenhouse for 24 hours to dry. They were then, for the purpose of
      inoculation, dusted with conidia of the fungus Erysiphe cichoreacearum.
      The plants were subsequently placed in a greenhouse at
      23.degree.-24.degree.C and at a relative atmospheric humidity of about
      75%.
PAR  After 12 days, the infection of the cucumber plants was determined as a
      percentage of the untreated but also inoculated control plants. 0% means
      no infection; 100% means that the infection was exactly as great as in the
      case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from Table 1.
      ##SPC3##
PAC  EXAMPLE 2
PAL  Erysiphe test/systemic
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Dispersing agent: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of the active compound required for the desired concentration of
      active compound in the watering liquid was mixed with the stated amount of
      the solvent, and the concentrate was diluted with the stated amount of
      water containing the stated additions.
PAR  Cucumber plants grown in standard soil, in the 1-2 leaf stage, were watered
      three times within 1 week with 20 ml of the watering liquid, having the
      stated concentration of active compound, per 100 cc of soil.
PAR  After the treatment, the plants treated in this way were inoculated with
      conidia of the fungus Erysiphe cichoracearum. The plants were subsequently
      placed in a greenhouse at 23.degree.-24.degree.C and at a relative
      atmospheric humidity of 70%. After 12 days, the infection of the cucumber
      plants was determined as a percentage of the untreated but also inoculated
      control plants.
PAR  0% means no infection, and 100% means that the infection was exactly as
      great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from Table 2.
      ##SPC4##
PAC  EXAMPLE 3
PAL  Podosphaera test/systemic
PA0  Solvent: 4.7 parts by weight of acetone
PA0  Dispersing agent: 0.3 part by weight of alkylaryl polyglycol ether
PA0  Water: 95 parts by weight
PAR  The amount of active compound required for the desired concentration of the
      active compound in the watering liquid was mixed with the stated amount of
      solvent and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Apple seedlings grown in standard soil, in the 3-4 leaf stage, were watered
      once within a week with 20 ml of the watering liquid, having the stated
      concentration of active compound, per 100 cc of soil.
PAR  After the treatment, the plants treated in this way were inoculated with
      conidia of Podosphaera leucotricha Salm and placed in a greenhouse at a
      temperature of 21.degree.-23.degree.C and a relative atmospheric humidity
      of approximately 70%. 10 Days after the inoculation, the infection of the
      seedlings was determined as a percentage of the untreated but also
      inoculated control plants.
PAR  0% means no infection and 100% means that the infection was exactly as
      great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from Table 3.
      ##SPC5##
PAR  The following examples illustrate the synthesis of the compounds.
PAC  EXAMPLE 4:
      ##SPC6##
PAR  a. 6-Chloro-2,3-diamino-quinoxaline required as starting material was
      prepared as follows: 233.5 g (1 mole) of 2,3,6-trichloro-quinoxaline and
      10 g (0.1 mol) of copper-I chloride were suspended in 2 liters of
      anhydrous methanol and 450 ml (approximately 20 moles) of liquid ammonia
      were added thereto. The reaction mixture was heated for 12 hours to
      150.degree.C in a steel autoclave of 5 liters capacity. In the course
      thereof, a pressure of 15 atmospheres gauge was set up. After cooling, the
      reaction mixture was filtered, the filtreate was freed of the solvent in
      vacuo and the residue was recrystallized from pyridine. 95 g (representing
      49% of theory) of 6-chloro-2,3-diamino-quinoxaline were obtained.
PAR  b. In an alternative procedure, the starting material was prepared as
      follows:
PAR  60 G (1.15 moles of cyanogen, which had beforehand been freed of adhering
      hydrocyanic acid by washing with a silver nitrate solution containing
      nitric acid and had been condensed in a cold trap, were passed at room
      temperature into a solution of 71.3 g (0.5 mole) of
      1-chloro-3,4-diaminobenzene and 2 ml of 10% strength sodium hydroxide
      solution in 200 ml of anhydrous methanol. The reaction mixture was left to
      stand for 2 days at room temperature. Thereafter the resulting precipitate
      was filtered off, rinsed with a little methanol and dried. 41.6 G
      (representing 43% of theory) of 6-chloro-2,3-diamino-quinoxaline of
      melting point 290.degree.C were obtained.
PAR  c. 78 G (0.4 mole) of 6-chloro-2,3-diamino-quinoxaline were dissolved in
      500 ml of anhydrous propionic acid and 105 g (0.8 mole) of propionic
      anhydride were added thereto. The reaction mixture was heated to the boil
      under reflux for 5 hours. After cooling, the solvent was distilled off in
      vacuo, the residue was taken up in dilute sodium hydroxide solution, the
      mixture was filtered, the filtrate was acidified with dilute hydrochloric
      acid and the resulting precipitate was filtered off. It was well washed
      with water and dried in vacuo at 110.degree.C. 82 g (representing 88% of
      theory) of 6-chloro-2-ethyl-1H-imidazo[4,5-b]quinoxaline of melting point
      190.degree.C (decomposition) were obtained.
PAC  EXAMPLE 5:
      ##SPC7##
PAR  23.4 G (0.1 mole) of 2,3,6-trichloroquinoxaline and 1 g of copper-I
      chloride (approximately 0.1 mole) were dissolved in 250 ml of anhydrous
      acetonitrile and 45 ml (approximately 2 moles) of liquid ammonia were
      added thereto. The reaction mixture was heated for 12 hours to
      150.degree.C in a steel autoclave of 0.7 liter capacity. In the course
      thereof, a pressure of 10 to 15 atmospheres gauge was set up. The
      crystalline precipitate produced after cooling was filtered off and
      dissolved in dilute sodium hydroxide solution. The solution was filtered,
      the filtrate was acidified with hydrochloric acid and the precipitate was
      filtered off, well rinsed with water and recrystallized from 30% strength
      acetic acid. 10 g (representing 46% of theory) of
      6-chloro-2-methyl-1H-imidazo[4,5-b]quinoxaline of melting point
      &gt;300.degree.C were obtained.
PAR  The compounds identified in Table 4 were prepared in an analogous manner.
      The compounds marked with an asterisk are known from the literature.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Cpd. No.                                                                  

           R.sup.1                                                             

                n R       Melting point (.degree.C)                            

     __________________________________________________________________________

      3   6--CH.sub.3                                                          

                1 CH.sub.3                                                     

                          310  (decomposition)                                 

      4   --    0 CH.sub.3                                                     

                          &gt;280 (decomposition)                                 

      5   6--C(CH.sub.3).sub.3                                                 

                1 CH.sub.3                                                     

                          320  (decomposition)                                 

      6   --    0 C.sub.2 H.sub.5                                              

                          &gt;300 (decomposition)                                 

      7   6--CH.sub.3                                                          

                1 C.sub.2 H.sub.5                                              

                          230  (decomposition)                                 

      8   6--C(CH.sub.3).sub.3                                                 

                1 C.sub.2 H.sub.5                                              

                          230                                                  

      9   --    0 C.sub.3 H.sub.7                                              

                          250  (decomposition)                                 

     10   6--Cl 1 C.sub.3 H.sub.7                                              

                          270                                                  

     11*  6--CH.sub.3                                                          

                1 C.sub.3 H.sub.7                                              

                          271                                                  

     12   6--C(CH.sub.3).sub.3                                                 

                1 C.sub.3 H.sub.7                                              

                          220                                                  

     13   --    0 CH(CH.sub.3).sub.2                                           

                          235                                                  

     14   6--Cl 1 CH(CH.sub.3).sub.2                                           

                          280-300                                              

                               (decomposition)                                 

     15*  6--CH.sub.3                                                          

                1 CH(CH.sub.3).sub.2                                           

                          250                                                  

     16*  --    0 C.sub.4 H.sub.9                                              

                          250                                                  

     17   6--Cl 1 C.sub.4 H.sub.9                                              

                          240  (decomposition)                                 

     18   --    0 CH.sub.2 --CH--CH.sub.3                                      

                          233  (decomposition)                                 

                  .vertline.                                                   

                  CH.sub.3                                                     

     19   6--Cl 1 CH.sub.2 --CH--CH.sub.3                                      

                          245                                                  

                  .vertline.                                                   

                  CH.sub.3                                                     

     20   6--C(CH.sub.3).sub.3                                                 

                1 CH.sub.2 --CH--CH.sub.3                                      

                          265                                                  

                  .vertline.                                                   

                  CH.sub.3                                                     

     21   --    0 CF.sub.3                                                     

                          270                                                  

     22   6--Cl 1 CF.sub.3                                                     

                          225                                                  

     23   6--CH.sub.3                                                          

                1 CF.sub.3                                                     

                          212                                                  

     24   6--C.sub.4 H.sub.9                                                   

                1 CF.sub.3                                                     

                          260                                                  

     25*  5,7--Cl.sub.2                                                        

                2 CF.sub.3                                                     

                          360                                                  

     26*  6,7--Cl.sub.2                                                        

                2 CF.sub.3                                                     

                          272                                                  

     __________________________________________________________________________

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of combating parasitary fungi which attack plants which
      comprises applying to said fungi a fungicidally effective amount of an
      imidazo[4,5-b]quinoxaline of the formula
      ##SPC8##
PAL  in which
PA1  R is alkyl with 1 to 4 carbon atoms or haloalkyl with 1 to 2 carbon atoms
      and 2 to 5 halogen atoms,
PA1  R.sup.1 is chlorine, alkyl with 1 to 4 carbon atoms or haloalkyl with 1 to
      2 carbon atoms and 2 to 5 halogen atoms, and
PA1  n is 0, 1 or 2.
NUM  2.
PAR  2. The method according to claim 1 in which R is alkyl of 1 to 4 carbon
      atoms or haloalkyl of 1 or 2 carbon atoms and 2 to 5 fluorine atoms, and
      R.sup.1 is chlorine, methyl, n-propyl, iso-propyl, tert.-butyl, or
      haloalkyl of 1 or 2 carbon atoms and 2 to 5 fluorine or chlorine atoms.
NUM  3.
PAR  3. A method of combating parasitary fungi which attack plants which
      comprises applying to said fungi or a habitat thereof a fungicidally
      effective amount of 6-chloro-2-ethyl-1H-imidazo[4,5-b]quinoxaline of the
      formula
      ##SPC9##
NUM  4.
PAR  4. A method of combating parasitary fungi which attack plants which
      comprises applying to said fungi or a habitat thereof a fungicidally
      effective amount of 6-chloro-2-methyl-1H-imidazo[4,5-b]quinoxaline of the
      formula
      ##SPC10##
NUM  5.
PAR  5. A method of combating parasitary fungi which attack plants which
      comprises applying to said fungi or a habitat thereof a fungicidally
      effective amount of 2ethyl-1H-imidazo[4,5-b]quinoxaline of the formula
      ##SPC11##
NUM  6.
PAR  6. A method of combating parasitary fungi which attach plants which
      comprises applying to said fungi or a habitat thereof a fungicidally
      effective amount of 2-propyl-1H-imidazo[4,5-b]quinoxaline of the formula
      ##SPC12##
NUM  7.
PAR  7. A method of combating parasitary fungi which attach plants which
      comprises applying to said fungi or a habitat thereof a fungicidally
      effective amount of 6-chloro-2-propyl-1H-imidazo[4,5-b]quinoxaline of the
      formula
      ##SPC13##
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ABST
PAL  This invention relates to a process for the treatment of hypertension and
      of the disorders derived therefrom, comprising administering to a patient
      suffering from hypertension a therapeutically effective amount of a
      compound selected from
      N-(3-diethyl-aminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salts with therapeutically acceptable acids.
PARN
PAR  The present application is a continuation-in-part of application Ser. No.
      233,718 filed March 10, 1972 and now abandoned.
BSUM
PAR  This application concerns a process for the treatment of hypertension and
      the disorders derived therefrom. It relates also to pharmaceutical
      compositions having an antihypertensive activity.
PAR  This invention provides a process for the treatment of hypertension and the
      disorders derived therefrom, comprising administering to a patient
      suffering from hypertension a therapeutically effective amount of a
      compound selected from
      N-(3-diethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salts with pharmaceutically acceptable acids.
PAR  This invention provides also a pharmaceutical composition having an
      anti-hypertensive activity, containing a therapeutically effective amount
      of a compound selected from
      N-(3-diethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salts with pharmaceutically acceptable acids.
PAR  Typical examples of pharmaceutically acceptable salts are the acid addition
      salts with hydrochloric, sulfuric, phosphoric, methane sulfonic, maleic,
      succinic, pamoic, acetic, fumaric, lactic, aspartic and citric acids.
PAR  The materials used according to the present invention may be administered
      by the oral, parenteral or rectal route. The products may be protected -or
      not- by a pharmaceutically acceptable coating. They may be administered
      optionally in combination with pharmaceutical excipients such as the usual
      excipients described in USP XIII and in the Pharmaceutical Codex.
PAR  The products may be administered typically in the form of tablets,
      capsules, suppositories, drinkable solutions and injectable solutions. The
      daily dosage regimen may be from 30 mg to 5000 mg and preferably from 200
      to 3000 mg. When formulated in unit dosage form, each unit dose may
      contain from 10 mg to 1000 mg active ingredient.  The products used
      according to this invention may be prepared according to the following
      reaction sheme:
DETD
PAR  The following operating procedure is used: 200 cc isopropyl alcohol and
      39.6 g of 4-nitro-1-oxide-pyridine-2-carboxylic acid methyl ester are
      introduced into a reactor. Diethylaminopropylamine (26 g) is added to the
      resulting suspension. Stirring is maintained a further two hours after
      completion of the addition. Isopropyl alcohol (50 cc) saturated with dry
      hydrochloric acid is then added. The resulting solid is washed with 2
      .times. 50 cc acetone. The product is then suction filtered, dried and
      recrystallised from 95% ethyl alcohol (300 cc). After drying, there are
      obtained 53.5 g of
      N-(3-dimethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide
      hydrochloride (LA 2511). Yield 80.3%.
PAR  Melting point (capillary tube): 180.degree.C, with introduction at
      169.degree.C and heating at a rate of 2.degree.C per minute.
PAR  Analysis: Theoretical, %: C, 46.92; H, 6.36; N, 16.83; Cl, 10.66. Found %:
      C, 46.77; H, 6.42; N, 16.91; Cl, 10.77.
PAR  The following salts are prepared according to the same procedure:
PA1  Fumarate: M.P. = 161.degree.C.
PA1  Methane sulfonate: M.P. = 107.degree.-109.degree.C.
PAR  Results of pharmacological tests demonstrating the low toxicity and the
      anti-hypertensive effectiveness of the products of this invention are
      given below. The compound used for such tests is the hydrochloride (LA
      2511).
PAC  Acute toxicity
PAR  Acute toxicity is 2000 mg/kg as evaluated according to the method of
      Lichtfield and Wilcoxon (J. Pharm. Exp. Ther., 1949, 96, 99-113).
PAC  Chronic toxicity
PAR  On chronic treatment administration during 6 months to Rhesus monkeys and
      rats, the compound produced no toxic effect even at the maximum dose
      tested (400 mg/kg). No teratogenic effect was apparent either in rats at
      the 600 mg/kg test dosage or in rabbits at a dosage of 200 mg/kg.
PAC  Anti-hypertensive effect
PAR  The anti-hypertensive effect was investigated:
PA1  1. in dogs made hypertensive by the bilateral destruction of the sensory
      endings of the sino-carotid area;
PA1  2. in rats made hypertensive by implantation of two 25 mg
      deoxycorticosterone pellets combined with a sodium enriched diet;
PA1  3. in rats made hypertensive according to Goldblatt's method (unilateral
      renal arterial constriction with contralateral nephrectomy).
PAR  In all three types of experimental hypertension, relating to models usually
      highly resistant to therapy, the compound was found to possess substantial
      consistent efficiency.
PAR  This efficiency is extended, when the compound is administered in
      combination with diuretics.
PAR  The pharmacological properties evidenced by this compound have led to its
      use as an anti-hypertensive material in Man.
PAR  The compound was found to be free from toxicity and to have an excellent
      efficiency. The effect on the diastolic pressure, particularly, is well
      established.
PAC  I. Effects in normotensive subjects
PAR  Prior to the therapeutic tests, toxicological and clinical pharmacological
      investigations were conducted in normotensive Man. Said investigations
      have shown that, under such conditions, when administered orally at a
      daily dosage regimen within a range from 200 mg to 5 g, the compound
      produced a moderate gradual depression of the blood pressure. The systolic
      pressure is depressed by 2 to 4 cm of mercury, while the diastolic
      pressure is depressed by 2 cm, on the average. A more substantial
      depression is noted under orthostatic conditions. No deleterious influence
      was found to affect the heart. No modifications were ever noted in the
      electrocardiogram and in numerous biological tests, particularly in tests
      relating to the blood count and picture, sedimentation rate, phosphatases,
      transaminases, azotemia, glycemia, albuminuria, urinary sediment,
      creatinemia, creatinuria, creatinine clearance, blood and urinary ion
      concentration, blood proteins, cholesterolemia and blood lipids.
PAR  Specific examples are reported:
PAC  VUI... Robert
PAR  Dosage of compound administered: 1 tablet containing 400 mg active
      ingredient during 1 week, 2 tablets during 1 week, 3 tablets during 3
      weeks.
PAR  Initial blood pressure; recumbent position: morning: 15/8, evening: 13.5/7.
PAR  After 5 weeks of treatment: morning: 10.5/7; evening: 10.6.
PAR  Excellent tolerance.
PAC  CHA... Paul
PAR  Dosage of compound administered: 1 tablets containing 400 mg active
      ingredient during 3 weeks, 2 tablets during the 5 following weeks.
PAR  Initial blood pressure: recumbent position: morning: 14/8; evening: 13/8.
PAR  Blood pressure after treatment: recumbent position: morning: 12/6, evening:
      11/6.
PAR  Excellent tolerance.
PAC  II. Therapeutic effects of the compound in hypertensive subjects
PAR  About a hundred patients were treated with the compound during several
      months. The results obtained were compared with those usually observed
      with other reference anti-hypertensive treatments.
PAR  1. Diuretics and particularly - thiazidics such as chlorothiazide,
      hydrochlorothiazide,
PA1  - iso-indoline derivatives: chlorthalidone, clorexolone,
PA1  - halogenophenylsulfamides: clopamide,
PA1  - thiachromane derivatives: meticrane.
PAR  2. Na reabsorption inhibitors: furosemide, etacrynic acid.
PAR  3. Aldosterone antagonists, particularly:
PA1  a. specific competitors: spironolactone, canrenone,
PA1  b. non-specific antagonists: triamterene, amiloride.
PAR  4. .alpha.-Methyldopa.
PAR  5. Guanethidines, particularly: guanethidine, betanidine, guanoxan sulfate
      and bretylium.
PAR  6. Hydralazines, particularly: hydralazine, dihydralazine and
      hydracarbazine.
PAR  7. Reserpinics such as reserpine, methoserpidine, reserpiline,
      syrosyngopine.
PAR  8. Central hypotensive drugs such as clonidine.
PAR  9. Hypotensive combinations of a diuretic and another type of hypotensive
      material, particularly:
PA1  Reserpine: 0.1 mg, bendroflumethiazide: 0.1 mg,
PA1  Methoserpidine: 20 mg, cyclothiazide: 4 mg, diprophylline: 50 mg
PA1  Rescinnamine: 0.5 mg, paraflutizide: 2.5 mg, meprobamate: 200 mg,
      folsentol: 20 mg.
PAC  II-1 Treatment using the compound alone
PAR  The compound was tested alone at dosages from 300 mg to 5 g daily. In more
      than half the hypertensive subjects, it produced a substantial depression
      of the blood pressure, in excess of 4 cm of mercury with respect to the
      systolic pressure and in excess of 2 cm of mercury with respect to the
      diastolic pressure. One-fourth of the patients exhibited a moderate
      depression, of about 2 cm with respect to the systolic pressure and about
      1 cm with respect to the diastolic pressure. The depression is not sudden,
      but it occurs at an early stage, within a few hours or a few days. Less
      than one-fourth of the subjects were non-influenced. The results just set
      forth relate to determinations made with the patients in a recumbent
      position. When the blood pressure is taken with the subjects in a standing
      position, the values obtained are more highly depressed, becoming close to
      normal or even attaining the normal value in cases where no depression was
      apparent with the subjects in a recumbent position. None of the subjects
      exhibited troublesome orthostatic hypotension induced fits of faintness.
      The following general example is given:
PAR  Clinical experimentation involving 22 hospital patients.
PAR  Procedure: The patients selected suffer from true hypertension involving
      both systolic pressure and diastolic pressure. Before starting treatment
      with the compound, it was ascertained, during a period of time of 8 days,
      in the absence of any hypotensive treatment, that this hypertension was
      stable in the morning, at noon and in the evening, in standing, sitting
      and recumbent positions.
PAC  Evaluation criteria:
PAR  1. Effect on blood pressure: the result was evaluated on the basis of the
      blood pressure depression, expressed as cm of mercury, according to the
      following criteria:
     Result          Nil                                                       

                        Fair  Good                                             

                                  Very good                                    

     __________________________________________________________________________

     Systolic pressure depression                                              

                     0   &lt; 3 cm                                                

                               3-4 cm                                          

                                    &gt; 4 cm                                     

     Diastolic pressure depression                                             

                     0  &lt;1.5 cm                                                

                              1.5-2 cm                                         

                                    &gt;2 cm                                      

     __________________________________________________________________________

PAR  2. Effect on functional signs: headaches, dizziness, floating specks, ear
      buzzing.
PAR  Under such conditions, the following results were obtained:
PA1  13 "good" and "very good" results,
PA1  5 "fair" results
PA1  4 "nil" results.
PAR  The following specific examples are given:
PAC  PER... Robert.
PAR  Essential hypertension with functional signs (headaches, earbuzzing.
PAR  Dosage of compound administered: 7 days at 2, then 4, then 6 tablets per
      day (each tablet containing 400 mg active compound), and then 21 days at 6
      tablets per day.
PAR  Blood pressure prior to treatment: recumbent: 211/2/12; sitting: 21/12;
      standing: 201/2/12.
PAR  Blood pressure after treatment: recumbent: 15/10; sitting: 161/2/10;
      standing: 17/10.
PAR  Disappearance of the functional signs. Excellent tolerance.
PAC  BLA... Isaac.
PAR  Arterial hypertension - atheroma.
PAR  Dosage of compound administered: 6 tablets containing 400 mg active
      compound daily during 15 days, followed by 4 tablets daily during 15 days.
PAR  Blood pressure prior to treatment: recumbent: 20/13; sitting: 20/121/2;
      standing: 191/2/10.
PAR  Blood pressure after treatment: recumbent: 19/1; sitting: 19/10; standing:
      141/2/10.
PAR  Very good systemic tolerance. Bitter taste on intake of the tablet.
PAR  When administration of the pharmaceutical composition is interrupted, the
      blood pressure returns to its former levels within 3-4 days to decrease
      again upon a second administration of the compound.
PAR  The only side-effect noted was the occurrence of a few cases of gastric
      pains and nausea which disappear when the pharmaceutical composition is
      ingested in the middle of a meal and/or when the dosages are decreased.
PAR  The effects on blood pressure were generally much more rapid and much more
      positive than with diuretic drugs, .alpha.-methyldopa and other
      hypotensive agents, particularly with respect to the diastolic pressure,
      the physiological significance of which known.
PAR  II - 2 Treatment with the compound used in combination with other
      anti-hypertensive materials
PAR  Combinations of the compound of this invention with other anti-hypertensive
      agents were also investigated.
PAR  The most important combination is that with diuretic drugs, as predicted
      from the efficiency data provided by the pharmacological investigation. A
      reduction of the dosage of compound of about 50% and/or a three-fold
      duration of the action are obtained.
PAR  The compound may also safely be combined with other anti-hypertensive
      materials currently used, such as those mentioned hereinabove.
PAR  The following specific examples are given:
PAC  SUF... Auguste
PAR  Old arterial hypertension - atheroma.
PAR  Functional signs (floating specks, headaches, ear-buzzing).
PAR  Dosage of compound administered: 5 tablets containing 400 mg active
      compound daily during 30 days. Associated treatment: salt-free diet,
      potassium chloride, furosemide: one 40 mg tablet, 3 times a week.
PAR  Blood pressure prior to treatment: recumbent: 24/13; sitting: 24/12;
      standing: 24/12.
PAR  Blood pressure after treatment: recumbent: 18/10; sitting: 18/10; standing:
      17/9. Marked decrease of the functional signs. Very good digestive and
      systemic tolerance.
PAC  GAU... Albert
PAR  Arterial hypertension. Atheroma. Obesity. Heavy smoker.
PAR  Functional signs (floating specks, headaches, dizziness, earbuzzing).
PAR  Dosage of compound administered: 5 tablets containing 400 mg active
      material, daily during 30 days. Associated treatment: potassium chloride,
      altizide: 15 mg; spironolactone: 25 mg.
PAR  Blood pressure prior to treatment: recumbent: 21/13; sitting: 21/13;
      standing: 20/121/2.
PAR  Blood pressure after treatment: recumbent: 16/10; sitting: 16/10; standing:
      14/9.
PAR  Improvement of the functional signs. Very good systemic tolerance. Fair
      digestive tolerance.
PAC  TRU... Yves
PAR  Arterial hypertension which had been known to exist for a number of years.
      Irregularly treated with various reserpinic drugs.
PAR  Strong functional signs (headaches, dizziness). Treated during one month
      with .alpha.-methyldopa: 2, then 4, then 6 tablets per day, containing
      each 250 mg active ingredient.
PAR  Blood pressure prior to treatment with .alpha.-methyldopa: recumbent:
      23/12; sitting: 23/111/2; standing: 22/12.
PAR  Blood pressure after treatment with .alpha.-methyldopa: recumbent:
      21/111/2; sitting: 21/111/2; standing 20/11. Slight decrease of the
      functional signs.
PAR  Treatment during one month with the compound of this invention: 4 tablets
      daily, containing each 400 mg active ingredient, taken two at a time, plus
      4 tablets daily of .alpha.-methyl dopa, containing each 250 mg active
      ingredient, taken two at a time.
PAR  Blood pressure after treatment: recumbent: 19/101/2; sitting: 19/10;
      standing: 18/9.
PAR  Marked decrease of the functional signs, particularly of the headaches.
PAR  Thus, on oral administration of daily dosages from 200 mg to 5 g, the
      compound of this invention was found to be an anti-hypertensive agent free
      from toxicity, well tolerated, having a rapid but gradual action.
PAR  It may be combined with other drugs of the same faimly and particularly
      with diuretics, with which it constitutes a particularly efficient
      combination.
PAR  Examples of pharmaceutical compositions are given below:
     Tablets containing each 600 mg active substance                           

     ______________________________________                                    

     Substance (hydrochloride) (LA 2511)                                       

                               600 mg                                          

     Maize starch (AMIJEL)     100 mg                                          

     Magnesium stearate        7 mg                                            

     Micronized talc           28 mg                                           

     Deionized water           Q.S.                                            

     ______________________________________                                    

     Tablets containing each 400 mg active substannce                          

     ______________________________________                                    

     Substance (hydrochloride) 400 mg                                          

     Lactose                   100 mg                                          

     Icing sugar               50 mg                                           

     Ethyl alcohol (40%)       Q.S.                                            

     Maize starch              10 mg                                           

     Magnesium stearate        7 mg                                            

     ______________________________________                                    

     Capsules                                                                  

     ______________________________________                                    

     Substance (hydrochloride) 300 mg                                          

     Magnesium stearate        3 mg                                            

     ______________________________________                                    

     Injectable ampullae                                                       

     ______________________________________                                    

     Substance (hydrochloride)                                                 

                              250 mg                                           

     NaCl                     16,2 mg                                          

     Injectable water to make 5 ml                                             

     ______________________________________                                    

     Syrup                                                                     

     ______________________________________                                    

     Substance (hydrochloride)   3 g                                           

                 p-hydroxybenzoate methyl ester                                

                                     80 mg                                     

     Preservatives                                                             

                 p-hydroxybenzoate propyl ester                                

                                     40 mg                                     

     ______________________________________                                    

PAR  Flavored sugar solution to make 100 ml each table-spoonful containing 600
      mg of substance.
CLMS
STM  Having now described our invention what we claim as new and desire to seam
      by letters Patent is:
NUM  1.
PAR  1. Process for the treatment of hypertension, comprising administering to a
      patient suffering from hypertension a therapeutically effective amount of
      a compound selected from the group consisting of
      N-(3-diethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salt with a pharmaceutically acceptable acid.
NUM  2.
PAR  2. The process for the treatment of hypertension, as claimed in claim 1,
      comprising administering daily to said patient from 30 mg to 5000 mg of a
      compound selected from the group consisting of
      N-(3-diethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salt with a pharmaceutically acceptable acid.
NUM  3.
PAR  3. Process for the treatment of hypertension, as claimed in claim 2,
      comprising administering daily to said patient from 200 mg to 3000 mg of a
      compound selected from the group consisting of
      N-(3-diethylamino-propyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salt with a pharmaceutically acceptable acid.
NUM  4.
PAR  4. Pharmaceutical composition having an anti-hypertensive activity
      comprising a therapeutically effective amount of a compound selected from
      the group consisting of
      N-(3-diethylamino-propyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salt with a pharmaceutically acceptable acid together with a
      pharmaceutical carrier.
NUM  5.
PAR  5. Pharmaceutical composition as claimed in claim 4, in unit dosage form,
      each unit dose containing 10 mg to 1000 mg of a compound selected from the
      group consisting of
      N-(3-diethylaminopropyl)-4-nitro-1-oxide-pyridine-2-carboxamide and its
      acid addition salt with a pharmaceutically acceptable acid together with a
      pharmaceutical carrier.
NUM  6.
PAR  6. Pharmaceutical composition as claimed in claim 4, in a form suitable for
      oral administration.
NUM  7.
PAR  7. Pharmaceutical composition as claimed in claim 6, in the form of a
      tablet.
NUM  8.
PAR  8. Pharmaceutical composition as claimed in claim 6, in the form of a
      capsule.
NUM  9.
PAR  9. Pharmaceutical composition as claimed in claim 6, in the form of a
      syrup.
NUM  10.
PAR  10. Pharmaceutical composition as claimed in claim 4, in a form suitable
      for parenteral administration.
NUM  11.
PAR  11. Pharmaceutical composition as claimed in claim 10, in the form of an
      injectable solution.
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PAL  Antihypertensive pharmaceutical compositions comprising a compound of the
      formula (II)
      ##SPC1##
PAL  or pharmaceutically acceptable salts or solvates thereof wherein R.sub.1 is
      nitrile or amidino; R.sub.2 is hydrogen or lower hydrocarbon; R.sub.3,
      R.sub.4, R.sub.5 and R.sub.6 which may be the same or different, are each
      selected from hydrogen, halogen, nitro, trifluoromethyl, lower alkyl,
      lower acyl, hydroxyl, lower etherified hydroxyl or lower acylated
      hydroxyl; together with a pharmaceutically acceptable carrier. The
      compounds of formula (II) are also useful as intermediates in the
      synthesis of the corresponding 2-aminoimidazoline compounds.
PARN
PAR  This application is a continuation of application Ser. No. 308,719, filed
      Nov. 22, 1972, now abandoned.
BSUM
PAR  The present application relates to derivatives of 2-aminobenzimidazole
      useful as antihypertensive agents or as intermediates in the synthesis of
      antihypertensive agents.
PAR  Many 2-substituted benzimidazoles are known to have biological activity.
      Generally such active compounds are used as agents for the control of
      nematode parasites or the like. However, one group of benzimidazoles were
      shown in Belgium Pat. No: 768300 to have blood pressure lowering effects
      in mammals. These compounds included those of formula (I):
      ##SPC2##
PAL  wherein A.sub.1 is an acyl group of 2 to 5 carbon atoms and A.sub.2 is a
      hydrogen or halogen atom or a trifluoromethyl, lower alkyl or lower
      alkoxyl group. From the specification of Belgium Pat. No: 768300 the most
      active compounds of formula (I) appear to be those wherein A.sub.1 is an
      acetyl group and A.sub.2 is a methyl or methoxyl group.
PAR  We have now found that when A.sub.1 in compounds of formula (I) is replaced
      by a nitrile or amidino group, the beneficial blood pressure lowering
      effects may be retained or even enhanced. Furthermore, the resulting
      compounds may be converted to anti-hypertensive imidazolines as
      hereinafter described.
PAR  Accordingly, the present invention provides a pharmaceutical composition
      comprising a compound of the formula (II):
      ##SPC3##
PAL  or pharmaceutically acceptable salt or solvate thereof wherein R.sub.1 is
      nitrile or amidino, R.sub.2 is a hydrogen atom or a lower hydrocarbon;
      R.sub.3, R.sub.4, R.sub.5, and R.sub.6 which may be the same or different,
      are each selected from hydrogen, halogen, nitro, trifluoromethyl, lower
      alkyl, lower acyl, hydroxyl, lower etherified hydroxyl or lower acylated
      hydroxyl together with a pharmaceutically acceptable carrier.
PAR  The term "lower" when used herein means that the group contains from 1 to 7
      carbon atoms.
PAR  Solvates are generally and preferably hydrates.
PAR  The compounds of formula (II) wherein R.sub.1 is amidino are nitrogenous
      bases that form acid addition salts in conventional manner. Such salts
      include mono- and di-acid addition salts, of acids such as hydrochloric,
      hydrobromic, hydroiodic, nitric, perchloric, sulphuric, phosphoric,
      acetic, citric, lactic, tartaric, benzoic, mandelic, sorbic,
      methanesulphonic, p-toluenesulphinic, salicylic and other conventional
      inorganic or organic acids.
PAR  Compounds of formula (II) wherein R.sub.1 is nitrile are acidic and form
      salts when treated with a base such as an alkali metal hydroxide or other
      conventional base. Accordingly compounds of formula (II) wherein R.sub.1
      is nitrile may be present as a metal salt.
PAR  Compounds of formula (II) form complexes with metal ions such as
      CU.sup.2.sup.+ or transition metal ions known to form complexes with
      polynitrogenous bases. Such complexes are included within the definition
      of salts for the purposes of this specification.
PAR  The composition of the invention may contain a compound of the formula (I)
      as the sole pharmaceutically active agent or if desired further
      pharmaceutically active agents may be present. Suitable further agents
      include known diuretics, tranquilizers, antihypertensive agents, and other
      medicaments that are known to show advantage when given to subjects with
      high blood pressure.
PAR  A composition of the invention may be administered orally, parenterally or
      by suppository, the oral route being preferred.
PAR  Typical oral formulations include tablets, pills, capsules, sachets,
      granules, powders, chewing gum, suspensions, emulsions and solutions;
      particularly preferred oral formulations are tablets and capsules. Where
      appropriate and where necessary the formulations may include diluents,
      binding agents, dispersing agents, surface-active agents, lubricating
      agents, coating materials, flavouring agents, colouring agents, solvents,
      thickening agents, suspending agents, sweeteners or any other
      pharmaceutically acceptable additives, for example gelatin, lactose,
      starch, talc, magnesium stearate, hydrogenated oils, polyglycols and
      syrups. Where the formulations are tablets or capsules and the like they
      will represent pre-measured unit doses or in multi-dose containers from
      which the appropriate unit dose may be withdrawn.
PAR  The injectable form may be aqueous or non-aqueous solution, suspension, or
      emulsion in a pharmaceutically acceptable liquid (e.g. sterile pyrogen
      free water or parenterally acceptable oils) or mixtures or liquids which
      may contain bacteriostatic agents, antioxidants or other preservatives,
      buffers, (preferably in the physiological pH range of 6.5- 7.0), solutes
      to render the solution isotonic with the blood, thickening agents,
      suspending agents or other pharmaceutically acceptable additives. Such
      forms will be presented in unit dose form such as ampoules or disposable
      injection devices or in multi-dose forms such as a bottle from which the
      appropriate dose may be withdrawn, or as a solid form or concentrate which
      can be used to quickly prepare an injectable formulation. All formulations
      for injection are preferably rendered sterile. Suppositories containing
      the compound will also contain suitable carriers (e.g. coca butter or
      polyglycols).
PAR  Preferably the composition will depend on the strength of the blood
      pressure lowering effect required and on the age and weight of the
      subject. Generally, for 70 kg adult, 5 - 5000 mg/day of active agent
      achieves a suitable effect, 20 - 500 mg/day being preferred. Preferably
      this dosage is taken in divided form, for example, as from 2 to 5 doses
      per day, preferably 3 or 4 doses per day. Individual dosage forms may
      contain from 5 - 500 mgs preferably 10 - 250 mgs.
PAR  Especially suitable compositions of the invention containing a compound
      wherein R.sub.1 is a nitrile, are those containing a compound of formula
      (III):
      ##SPC4##
PAL  wherein R.sub.2 hydrogen or lower hydrocarbon and R.sub.7 and R.sub.8 are
      selected from hydrogen, halogen, lower alkyl or lower alkoxyl groups.
PAR  Further preferred compounds of formula (III) are those wherein R.sub.2 is
      hydrogen or methyl and R.sub.7 and R.sub.8 are each hydrogen, chlorine,
      bromine or methyl.
PAR  Especially suitable compositions of the invention containing a compound
      wherein R.sub.1 is an amidino group are those containing a compound of the
      formula (IV):
      ##SPC5##
PAL  wherein R.sub.9 and R.sub.10 are selected from hydrogen or halogen atoms or
      lower alkyl or lower alkoxyl groups.
PAR  Preferred compounds of formula (IV) include those wherein R.sub.9 is
      hydrogen and R.sub.10 is hydrogen, chlorine, bromine, methyl, methoxyl,
      t-butyl or nitro, R.sub.10 being on the 5-position of the benzimidazole
      nucleus.
PAR  Generally compounds of formula (III) are more active than those of formula
      (IV).
PAR  Certain compounds of formula (II) are novel and accordingly form part of
      the invention.
PAR  Novel benzimidazolyl carbamonitriles of the invention are those of the
      formula (V):
      ##SPC6##
PAL  wherein R.sub.2 is hydrogen or lower hydrocarbon and at least one of the
      groups R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is halogen or lower alkyl,
      hydroxyl, lower etherified hydroxyl, nitro lower acylated hydroxyl and the
      remaining groups R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are hydrogen; or a
      salt or solvate thereof.
PAR  Salts are preferably pharmaceutically acceptable salts. Solvates are
      preferably hydrates. Preferably R.sub.2 is hydrogen or methyl.
PAR  Suitable groups R.sub.3, R.sub.4, R.sub.5 or R.sub.6 may include hydrogen
      fluorine, bromine, chlorine, nitro, methyl, ethyl, benzyl, t-butyl,
      hydroxyl, methoxy, ethoxy, benzyloxy, acetoxy, benzoyloxy, or the like.
PAR  Preferably 2 or 3 of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are hydrogen
      atoms and the other group or groups R.sub.3, R.sub.4, R.sub.5 and R.sub.6
      are chlorine, bromine, hydroxyl, methoxyl, methyl or t-butyl.
PAR  An especially preferred group of compounds of formula (V) are those of
      formula (VI):
      ##SPC7##
PAL  wherein R.sub.11 is hydrogen, bromine, chlorine, methoxyl or methyl and
      R.sub.12 is bromine, chlorine, hydroxyl, methoxyl, methyl or t-butyl.
PAR  R.sub.11 is preferably attached to the 5-position of the benzimidazole ring
      and R.sub.12 is preferably attached to the 6-position.
PAR  The compounds of formula (V) and in particular the compounds of formulae
      (VI) and (VIII) will be useful as intermediates in the synthesis of novel
      amino-imidazolines as hereinafter described.
PAR  Particularly useful compounds for such purposes are those of formula (VII):
      ##SPC8##
PAL  wherein when R.sub.13 is hydrogen R.sub.14 is selected from fluorine,
      chlorine, bromine, methyl, methoxyl, nitro, t-butyl and hydroxyl, and when
      R.sub.13 is methyl R.sub.14 is methyl or chlorine; and when R.sub.10 is
      chlorine R.sub.11 is chlorine.
PAR  Compounds of formula (V) may be prepared from corresponding compounds of
      formula (VIII):
      ##SPC9##
PAL  wherein R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are as defined with
      regard to formula (V) except that they do not contain amino groups, by
      reaction with nitrous acid and thereafter if desired varying substituents
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6 in known manner.
PAR  The nitrous acid for this reaction may be perfomed or produced in situ by
      the reaction of an acid and a nitrite salt or ester in known manner, for
      example, by the reaction of hydrochloric acid and sodium nitrite.
PAR  Suitably the reaction will take place in acidic aqueous solution at a
      depressed temperature, for example, below 10.degree.C, preferably at about
      0.degree. - 5.degree.C.
PAR  Compounds of formula (II) wherein R.sub.1 is amidino may be prepared by the
      reaction of cyanoguanidine [NC.NH.C(NH)NH.sub.2 ] and an o-diamine (IX)
      ##SPC10##
PAL  and thereafter, if desired, varying the substituents
      R.sub.3,R.sub.4,R.sub.5 and/or R.sub.6 in known manner.
PAR  Such a reaction may be carried out at a low, ambient or elevated
      temperature, for example 0.degree. - 200.degree.C, with non-extreme
      elevated temperatures being particularly suitable, for example 40.degree.
      - 120.degree.C, preferably 60.degree. - 110.degree.C.
PAR  The reaction is generally carried out in a hydroxylic solvent such as
      water, aqueous ethanol, isopropanol and the like.
PAR  A particularly convenient reaction condition is a refluxing aqueous
      solution of the o-diamine (IX) and cyanoguanidine in an approximately
      neutral solution.
PAR  The compounds of formula (V) may be converted to further useful
      anti-hypertensive agents of formula (X):
      ##SPC11##
PAL  wherein R.sub.2,R.sub.3,R.sub.4,R.sub.5 and R.sub.6 and as defined in
      relation to formula (II) and R.sub.14 and R.sub.15 are each hydrogen,
      methyl or ethyl, by reaction with a diamine (XI):
EQU  NH.sub.2.CHR.sub.14.CHR.sub.15.NH.sub.2                    (XI)
PAL  at an elevated temperature, and thereafter if desired varying groups
      R.sub.3,R.sub.4,R.sub.5, and R.sub.6 in known manner.
PAR  The following examples serve to illustrate the invention. The structures of
      the compounds prepared were checked by standard methods of i.r. and n.m.r.
      and u.v. spectroscopy and elemental analysis. Temperatures are in
      .degree.C throughout.
DETD
PAC  EXAMPLE 1
PAC  2-guanidino-1-methylbenzimidazole
PAR  A mixture of N-methyl-o-phenylenediamine dihydrochloride (10.80g. 0.005
      mol) and cyanoguanidine (9.30g, 0.11 mol) was heated under reflux in water
      (80 ml) for 21/2 hours. The reaction mixture was cooled, basified with
      excess 40% sodium hydroxide, and the resulting precipitate filtered,
      washed with water and dried in vacuo. (7.19g; m.p.
      142.degree.-146.degree.C). This was dissolved in excess dilute
      hydrochloric acid and evaporated in vacuo. The crude hydrochloride was
      recrystallised from ethanol/ether to yield
      2-guanidino-1-methylbenzimidazole dihydrochloride (600g; 42%) as off-white
      micro-crystals m.p. 228.degree.-238.degree.C.
PAR  A solution of the dihyrochloride in water was basified with excess dilute
      ammonia to give off-white microcrystals (4.31g). Recrystallisation from
      benzene/petrol-ether (b.p. 40-60.degree.C) gave
      2-guanidino-1-methylbenzimidazole (4.19g) as off-white microcrystals m.p.
      178.degree.-179.degree.C.
PAC  EXAMPLE 2
PAC  1-benzyl-2-guanidinobenzimidazole
PAR  N-Benzyl-o-phenylenediamine (12.90g, 0.065 mol) and cyanoguanidine (6.0g,
      0.071 mol) were heated under reflux in dilute 5N hydrochloric acid
      (26.0ml, 0.13 mol) for 6 hours. The reaction mixture was basified with
      excess 40% sodium hydroxide and extracted with ethyl acetate. The combined
      extracts were evaporated in vacuo to yield a semi-solid mixture (17.68g).
      This mixture was separated by elution from Kieselgel with ethyl acetate to
      give off-white microcrystals which were recrystallised from aqueous
      methanol to give 1-benzyl-2-guanidinobenzimidazole (4.45g; 26%) as
      light-brown needles m.p. 167.degree.C.
PAC  EXAMPLE 3
PAC  2-guanidino-5-nitrobenzimidazole
PAR  A mixture of 4-nitro-o-phenylenediamine (15.3g 0.1 mol), cyanoguanidine
      (9.25g 0.11 mol) and dilute hydrochloric acid (40 ml, 0.2 mol) was heated
      under reflux for 11/2 hours. The reaction mixture was cooled, basified
      with dilute sodium hydroxide, and filtered. The resulting solid was washed
      well with water (ca 500 ml), dried in vacuo and boiled with ethanol to
      yield 2-guanidino-5-nitrobenzimidazole (3.90g; 20%) as pale yellow
      microcrystals m.p. 305.degree.-307.degree.C.
PAC  EXAMPLE 4
PAC  2-guanidino-4-methylbenzimidazole
PAR  A mixture of 2,3-toluenediamine (12.45g, 0.102 mol)(5N HCl 40. 8ml, 0.204
      mol) and cyanoguanidine (8.60g, 0.102 mol) was heated on a steam bath for
      1 hour. The hot solution was then basified with 40% sodium hydroxide and
      allowed to cool. The resulting gummy material which separated was
      extracted into ether. The combined ether extracts were dried (Na.sub.2
      SO.sub.4) and treated with ethereal hydrogen chloride to give a pink
      precipitate (25.55g) m.p. 213.degree.-222.degree.C. This crude product was
      recrystallised from ethanol/ether. A first crop (14.90g), m.p.
      236.degree.-238.degree.C. which contained some unreacted
      2,2-toluenediamine was obtained but a second crop (5.00g) of colourless
      microcrystals m.p. 249.degree.-250.degree.C crystallised as pure
      2-guanidino-4-methylbenzimidazole dihydrochloride monohydrate.
PAC  EXXAMPLE 5
PAC  4,5-dimethyl-2-guanidinobenzimidazole
PAR  3,4-Diamino-o-xylene (6.80 g 0.05 mol) and cyanoguanidine (4.20g 0.05 mol)
      were refluxed together for 2 hours in 5N hydrochloric acid (20 ml). The
      hot reaction mixture was basified with excess 40% sodium hydroxide and the
      resulting precipitate filtered, washed with water and dried.
      Recrystallisation from aqueous ethanol gave
      4,5-dimethyl-2-guanidinobenzimidazole (3.89 g, 38%) as pale brown
      microcrystals m.p. 122.degree.-124.degree.C.
PAR  The free base (0.5 g) was dissolved in ethanol and treated with ethereal
      hydrogen chloride to yield 4,5-dimethyl-2-guanidinobenzimidazole
      dihydrochloride hemihydrate (0.53 g) as colourless microcrystals m.p.
      270-272.degree.C.
PAC  EXAMPLE 6
PAC  Sodium salt of 2-benzimidazolylcarbamonitrile
PAR  2-Benzimidazolylcarbamonitrile (2.29 g 0.0145 mol) [prepared as described
      by G. Pellizzari, Gazz. Chim. Ital., 51, 140 (1921)] was treated with
      sodium hydroxide (0.58 g, 0.0145 mol) in water (30 ml) and evaporated in
      vacuo. The resulting solid was recrystallised from n-propanol/petrolether
      (b.p. 40.degree.-60.degree.C) to yield 2-benzimidazolylcarbamonitrile as
      hydrated sodium salt (2.64g) as colourless microcrystals m.p.
      320.degree.-321.degree.C.
PAC  EXAMPLE 7
PAC  1-methyl-2-benzimidazolylcarbamonitrile
PAR  2-Guanidino-1-methylbenzimidazole (2.50g. 0.0134 mol) was dissolved in cold
      water (50 ml) containing concentrated hydrochloric acid (5 ml). The
      solution was cooled to 0.degree. to 5.degree.C and treated portionwise
      with sodium nitrite (1.0g). The solution was stirred occasionally and left
      in the cold for 1 hour during which time the colour lightens and nitrogen
      was evolved. A further portion of sodium nitrate (0.50g, was then added
      and 1-methyl-2-benzimidazolylcarbamonitrile (0.085g; 37%) separated as
      colourless microcrystals m.p. 227.degree.-228.degree.C.
PAR  Further crops of the carbamonitrile are precipitated on standing.
PAC  EXAMPLE 8
PAC  5-methyl-2-benzimidazolylcarbamonitrile
PAR  2-Guanidino-5-methylbenzimidazole [prepared as described by King et al,
      J.Chem. Soc., 1366 (1948, which paper discloses various other
      guanidinobenzimidazole derivatives] (5.60g 0.0296 mol) was dissolved in
      cold water (55 ml) containing concentrated hydrochloric acid (10.50 ml).
      Treatment with sodium nitrite (3.15g) and work up as described in Example
      7 gave 5-methyl-2-benzimidazolylcarbamonitrile (4.26 g; 84%) as light
      brown microcrystals m.p. 340.degree.C.
PAC  EXAMPLE 9
PAC  5-chloro-2-benzimidazolylcarbamonitrile
PAR  5-Chloro-2-guanidinobenzimidazole dihydrochloride (2.35 g, 0.0081 mol) was
      dissolved in cold water (100 ml) containing concentrated hydrochloric acid
      (15.0 ml). Treatment with sodium nitrite (3.0 g) and work up described in
      Example 7 gave 5-chloro-2-benzimidazolylcarbamonitrile (1.12 g; 76%) as
      colourless microcrystals m.p, shrinking from 278.degree.C (ex aqueous
      methanol).
PAC  EXAMPLE 10
PAC  5-methoxy-2-benzimidazolylcarbamonitrile
PAR  5-Methoxy-2-guanidinobenzimidazole (17.00 g; 0.083 mol) was dissolved in
      cold water (350 ml) containing concentrated hydrochloric acid (16 ml).
      Treatment with sodium nitrite (32 g) and work up as described in Example 7
      gave 5-methoxy-2-benzimidazolylcarbamonitrile (10.27 g; 66%) as crude
      brown microcrystals. m.p. 237.degree.-239.degree.C.
PAC  EXAMPLE 11
PAC  5,6-dimethyl-2-benzimidazolylcarbamonitrile
PAR  5,6-Dimethyl-2-guanidinobenzimidazole (29.0 g 0.143 mol) was dissolved in
      cold water (2L) containing concentrated hydrochloric acid (50 ml).
      Treatment with sodium nitrite (20 g) and work up as described in Example 7
      gave 5,6-dimethyl-2-benzimidazolylcarbamonitrile (23.66 g; 88%) as pale
      brown microcrystals m.p. 360.degree.C (ex methanol).
PAC  EXAMPLE 12
PAC  4-methyl-2-benzimidazolylcarbamonitrile
PAR  2-Guanidino-4-methylbenzimidazole dihydrochloride (18.15 g, 0.069 mol) was
      dissolved in water (700 ml) containing concentrated hydrochloric acid (7.4
      ml). Treatment with sodium nitrite (9.8 g) and work up as described in
      Example 7 gave 4-methyl-2-benzimidazolylcarbamonitrile 6.25g. 53%) as
      colourless microcrystals m.p. 277.degree.-278.degree.C (ex ethanol).
PAC  EXAMPLE 13
PAC  4,5-dimethyl-2-benzimidazolylcarbamonitrile
PAR  4,5-Dimethyl-2-guanidinobenzimidazole (3.30 g, 0.0159 mol) was dissolved in
      cold water (35 ml) containing 5N hydrochloric acid (10.8 ml). Treatment
      with sodium nitrite (2.57 g) and work up as described in Example 7 gave
      4,5-dimethyl-2-benzimidazolylcarbamonitrile (0.39 g, 14%) as
      cream-coloured microcrystals m.p. 247-249.degree.C.
PAC  EXAMPLE 14
PAC  2-benzimidazolylamino-2'-imidazoline
PAR  2-Benzimidazolecarbamonitrile (25.0g, 0.158 mol) and ethylenediamine
      (28.20g, 0.474 i.e. 3 times excess) were heated under reflux in amyl
      alcohol (200 ml) for 3 hours. The reaction mixture was cooled and the
      resulting solid filtered washed with a little cold amyl alcohol to yield
      2-benzimidazolylamino-2'-imidazoline as colourless microcrystals. (12.85g
      41%) m.p. 254.degree.-256.degree.C. The mother liquors were heated under
      reflux for a further 2 hours then cooled. The cooled solution was
      evaporated under reduced pressure. The resulting semi-solid was
      tritutrated with cold amyl alcohol and the solid filtered to yield a
      further amount of product. (2.92g 9%).
PAR  The above free base (10.84g) was dissolved in slight excess dilute
      hydrochloric acid and evaporated under reduced pressure. The resulting
      solid was recrystallised from ethanol/ether to yield
      2-benzimidazolylamino-2'-imidazoline dihydrochloride (9.96g) as colourless
      microcrystals m.p. 262.degree.-264.degree.C.
PAC  EXAMPLE 15
PAC  2-benzimidazolylamino-2'-imidazoline
PAR  2-Guanidinobenzimidazole (2.50g 0.0143 mol) and ethylenediamine (2.64 g
      0.0429 mol) were heated under reflux for 90 hours, in amyl alcohol (50
      ml). The cooled reaction mixture was evaporated under reduced pressure.
      The resulting oil was crystallised with a little warm amyl alcohol and the
      crystalline solid filtered, washed with a little cold amyl alcohol and
      dried in vacuo to yield 2-benzimidazolylamino-2'-imidazoline (0.73g, 25%)
      m.p. 254.degree.-256.degree.C identical to that prepared via the
      carbamonitrile as described in Example 14.
PAC  EXAMPLE 16
PAC  2 -(1-methyl-2-benzimidazolyl)amino-2-imidazoline
PAR  1-methyl-2-benzimidazolylcarbamonitrile (1.80g, 0.0105 mol) was heated
      under reflux with excess anhydrous ethylene diamine (5 ml) in amyl alcohol
      (15 ml) for 24 hours. The solution was evaporated in vacuo and the
      resulting oil triturated with a little amyl alcohol. The crystalline
      precipitate (1.24g) was filtered and dried in vacuo. The crude product was
      dissolved in excess dilute hydrochloric acid and evaporated in vacuo. The
      resulting solid was recrystallised twice from ethanol/ether to give
      2'-(1-methyl-2-benzimidazolyl)amino-2'-imidazoline hydrochloride (0.65g
      22%) as pale brown microcrystals m.p. 306.degree.C decomp.
PAC  EXAMPLE 17
PAC  2-(4-methyl-2-benzimidazolyl)amino-2'-imidazoline
PAR  4-Methylbenzimidazole-2-carbamonitrile (467g, 0.0272 mol) and
      ethylenediamine (4.90g, 0.0816 mol) were heated under reflux in amyl
      alcohol (100 ml) for 4 hours. The cooled solution was evaporated to
      dryness under reduced pressure. The residual gum was triturated with
      ether, the ether decanted and the residual gum dissolved in ethanol.
      Treatment of this ethanolic solution with ethereal hydrogen chloride gave
      a colourless precipitate (6.58 g) m.p. 204.degree.-206.degree.C.
      Recrystallisation from ethanol/ether gave
      2-(4-methyl-2-benzimidazolyl)amino-2-imidazoline dihydrochloride as
      colourless microcrystals (5.28 g) m.p. 218.degree.-225.degree.C.
PAR  The dihydrochloride salt was dissolved in water and the solution basified
      with 40% sodium hydroxide solution to give a discoloured precipitate,
      which was filtered and washed with water. Recrystallisation from benzene
      yielded the free base as buff microcrystals m.p. 230.degree.-240.degree.C.
PAC  EXAMPLE 18
PAC  2-(5-bromobenzimidazolyl)amino-2'-imidazoline
PAR  2-(Benzimidazolyl)amino-2'-imidazoline (2.01 g, 0.01 mol) was dissolved in
      glacial acetic acid (15 ml) containing a crystal of ferric chloride. The
      stirred solution was cooled in an ice bath and 6.3% w/v solution of
      bromine in acetic acid (26 ml) (equivalent to 0.01 mol Br.sub.2) was added
      dropwise over 15 minutes. At the end of the addition, the solution was
      stirred for a further 15 minutes then basified with 40% sodium hydroxide
      solution. The resulting precipitate (2.43g; m.p. 264.degree.-266.degree.C)
      was filtered and washed with water. Recrystallisation from aqueous
      dimethylformamide gave 2-(5-bromobenzimidazolyl)amino 2-imidazoline
      (1.19g) as colourless microcrystals m.p. 277.degree.-279.degree.C.
PAR  The free base was dissolved in 5N hydrochloric acid and the solution
      evaporated to dryness under reduced pressure to give the dihydrochloride
      as colourless microcrystals m.p. 234.degree.-236.degree.C (ex
      ethanol/ether).
PAC  EXAMPLE 19
PAC  2-(2-imidazolinylamino)benzimidazole-5-sulphonic acid
PAR  2-(Benzimidazolylamino-2-imidazoline (5.00g) was treated cautiously with
      oleum (20 ml). The resulting solution was stirred and heated at
      100.degree.C for 11/2 hours. After cooling the solution was poured into
      ice/water (500 ml). Solid calcium carbonate was then added until the pH
      was 6.5. The white suspension was brought to the boil and the calcium
      sulphate filtered from the hot solution. The filtrate was concentrated
      under reduced pressure, brought to the boil again and filtered to remove a
      trace of insoluble material. The filtrate was acidified with glacial
      acetic acid and allowed to stand. A crystalline solid (3.98 g) separated
      on cooling. Recrystallisation from boiling water gave
      2-(2-Imidazoline-2-ylamino)benzimidazole-5-sulphonic acid (1.16g) as
      colourless microcrystals. m.p. &gt;360.degree.C.
PAC  EXAMPLE 20
PAC  2-(5-chlorobenzimidazolyl)amino-2-imidazoline
PAR  5-Chloro-2-benzimidazolylcarbamonitrile (4.50g, 0.0234 mol) and excess
      ethylene diamine (4.20g, 0.0702 mol) were heated under reflux in amyl
      alcohol (25 ml) for 4 hours. The cooled reaction mixture was evaporated
      under reduced pressure and the residual oil triturated with warm amyl
      alcohol (10 ml). On standing a buff precipitate crystallises which was
      filtered washed with a little cold amyl alcohol and dried in vacuo to give
      2-(5-Chlorobenzimidazolyl) amino-2-imidazoline (2.70g; 49%) m.p.
      287.degree.-289.degree.C.
PAR  The free base was dissolved in ethanol, filtered to remove traces of
      insoluble material and treated with ethereal hydrogen chloride to yield
      the dihydrochloride (2.47g) as colourless microcrystals m.p.
      241.degree.-242.degree.C (ex ethanol/ether).
PAC  EXAMPLE 21
PAC  2-(5-methylbenzimidazolyl)amino-2'-imidazoline
PAR  5-Methyl-2-benzimidazolylcarbamonitrile (3.00g, 0.0165 mol) and ethylene
      diamine (5.00g, 0.0825 mol) were heated under reflux for 4 hours. The
      cooled reaction mixture was evaporated under reduced pressure and the
      residual semisolid crystallised from amyl alcohol (10 mls). The brown
      crystals were filtered, washed with a little cold amyl alcohol and dried
      in vacuo to yield 2-(5-Methylbenzimidazolyl)amino-2-imidazoline (1.75g;
      50%) m.p. 264.degree.-266.degree.C.
PAR  The free base was dissolved in a slight excess of 5N hydrochloric acid,
      evaporated to dryness under reduced pressure and finally recrystallised
      twice from ethanol/ether to yield the dihydrochloride as colourless
      microcrystals m.p. 214.degree.-215.degree.C (after drying at 120.degree.C
      for 5 hours in vacuo).
PAC  EXAMPLE 22
PAC  2-(5-methoxybenzimidazolyl)amino-2'-imidazoline
PAR  5-Methoxy-2-benzimidazolylcarbamanitrile (1.88g 0.01 mol) and
      ethylenediamine (4 ml) were heated under reflux in amyl alcohol (45 ml)
      for 4 hours. The reaction mixture was evaporated under reduced pressure
      and the resulting oil crystallised from a little amyl alcohol (5 ml) to
      yield 2-(5-methoxybenzimidazolyl)amino-2-imidazoline (0.90 g; 39%) as
      colourless microcrystals m.p. 234.degree.-237.degree.C.
PAR  This free was dissolved in a slight excess of 5N hydrochloric acid,
      evaporated to dryness under reduced pressure and recrystallised twice from
      ethanol/ether to yield the dihydrochloride (0.65g; 21%) as colourless
      microcrystals m.p. 205.degree.-207.degree.C.
PAC  EXAMPLE 23
PAC  2-(1-benzylbenzimidazolyl)amino-2-imidazoline
PAR  2-(1-Benzylbenzimidazolyl)guanidine (3.65g, 0.0143 mol) was dissolved in
      water (600 ml) containing 5N hydrochloric acid (5.5 ml). The solution was
      cooled to 0.degree. to 5.degree.C and treated portionwise with sodium
      nitrite (1.0g) each hour for 3 hours. After a further 4 hours the reaction
      mixture was filtered and the microcrystals so obtained were heated under
      reflux in amyl alcohol (15 ml) with ethylenediamine (3 ml) for 6 hours.
      The cooled reaction mixture was evaporated to dryness. The resulting
      semi-solid was crystallised from amyl alcohol was then recrystallised from
      ethanol to yield 2-(1-benzylbenzimidazolyl)amino-2-imidazoline (1.0g) as
      colourless microcrystals m.p. 165.degree.-166.degree.C.
PAC  EXAMPLE 24
PAC  2-(5-nitrobenzimidazolyl)amino-2-imidazoline
PAR  2-Benzimidazolylamino-2-imidazoline (10.96g 0.055 mol) was added cautiously
      to concentrated sulphuric acid (62 ml) cooled to -5.degree.C. Potassium
      nitrate (5.5 g) in concentrated sulphuric acid (3.4 ml) was added dropwise
      with stirring maintaining the temperature at 0.degree.C. After addition
      the reaction mixture was allowed to warm to room temperature overnight
      then poured onto ice/water (250g) with stirring. The resulting pale yellow
      crystals were filtered, washed with water and recrystallised from aqueous
      dimethylforamide to yield 2-(5-nitrobenzimidazolinyl)amino-2-imidazoline
      trihydrate (15.81g) as yellow microcrystals m.p. 257.degree.-259.degree.C.
PAC  EXAMPLE 25
PAC  2-(5-aminobenzimidazolyl)amino-2-imidazoline
PAR  2-(5-Nitrobenzimidazolyl)amino-2-imidazoline (2.46 g) 5% aqueous methanol
      (40 ml) and 40% sodium hydroxide (10 ml) were mixed and heated to reflux
      on a water-bath. A freshly prepared saturated solution of sodium
      dithionite (200 ml) was added dropwise until the reaction mixture became
      colourless. The excess methanol was removed under reduced pressure,
      basified to pH = 14 with sodium hydroxide solution and exhaustively
      extracted with ethyl acetate. The combined organic extracts were dried
      over magnesium sulphate filtered and evaporated under reduced pressure to
      yield 2-(5-Aminobenzimidazolyl)amino-2'-imidazoline (1.28g; 59%) as light
      brown microcrystals m.p. 285.degree.C.
PAR  The free base was dissolved in dilute hydrochloric acid, filtered and
      evaporated to dryness under reduced pressure. The resulting solid was
      recrystallised from ethanol/ether to yield the dihydrochloride as
      off-white microcrystals m.p. 282.degree.-284.degree.C.
PAC  EXAMPLE 26
PAC  2-(5-aminobenzimidazolyl)amino-2-imidazoline
PAR  2-(5-Nitrobenzimidazolyl)amino-2-imidazoline (12.80 g,) was dissolved in
      anhydrous dimethylformamide (200 ml) and hydrogenated at 50 psi and room
      temperature for 48 hours, over 5% palladium charcoal (500mgs). The
      filtered reaction mixture was evaporated under reduced pressure to yield
      2-(5-aminobenzimidazolyl)amino-2-imidazoline (9.87g), characterised as the
      dihydrochloride (7.60g) (m.p. 285.degree.C).
PAR  The free base (m.p. 285.degree.C) was obtained by basifying with sodium
      hydroxide solution and exhaustively extracting with ethylacetate.
PAC  EXAMPLE 27
PAC  2-(5-hydroxybenzimidazolyl)amino-2-imidazoline
PAR  2-(5-Methoxybenzimidazolyl)amino-2-imidazoline (prepared as described in
      Example 22 (2.55 g 0.011 mol) acetic anhydride (60 ml) and hydrogenbromide
      (48%) (50 ml) were heated under reflux for 4 hours. The mixture was
      cooled, evaporated under reduced pressure. The resulting sticky solid was
      dissolved in water and the filtered solution neutralised with sodium
      bicarbonate. This aqueous solution was extracted with ethyl acetate. The
      combined extracts were evaporated under reduced pressure to yield a light
      brown solid (0.87g) m.p. 254.degree.-258.degree.C. Recrystallisation from
      methanol gave a low recovery of
      2-(5-hydroxybenzimidazolyl)amino-2-imidazoline monohydrate (0.16 g) as
      pale brown microcrystals m.p. 319.degree.C (decomp.).
PAC  EXAMPLE 28
PAC  2-(5-hydroxybenzimidazolyl)amino-2-imidazoline
PAR  2-(5-Aminobenzimidazolyl)amino-2-imidazoline (2.50 g 0.0116 mol) was
      dissolved in a cold mixture of concentrated sulphuric acid/water (50 ml of
      a 40:30 mixture) and diazotised with a cold solution of sodium nitrite in
      water (a quantity 10% in excess used). A spatula of urea was added when
      all the sodium nitrite had been added.
PAR  The remaining sulphuric acid (210 ml) was heated to
      130.degree.-140.degree.C and the diazonium reaction mixture added slowly
      over a period of 10 minutes. The temperature was allowed to rise to
      170.degree.-180.degree.C until small samples failed to show a purple
      colour when added to an ammoniacal solution of .beta.-napthol. The
      reaction mixture was poured into an equal volume of cold water then
      neutralised to pH = 6 using a large volume of 40% sodium hydroxide. The
      mixture was evaporated under reduced pressure to a small volume (ca 150
      ml) and extracted with ethyl acetate. The combined organic extracts were
      dried over magnesium sulphate filtered and evaporated in vacuo to yield
      impure 2-(5-hydroxybenzimidazolylamino-2-imidazoline (0.92 g 37%).
PAC  EXAMPLE 29
PAC  2-(5-hydroxybenzimidazolyl)amino-2-imidazoline
PAR  2-Benzimidazolylamino-2-imidazoline (2.50 g 0.01 mol) was dissolved in
      trifluoroacetic acid (25 ml). Thallium trifluoroacetate (4.50 g, a slight
      excess) in trifluoroacetic acid (25 ml) was added at room temperature and
      the mixture allowed to stand overnight at room temperature. The reaction
      mixture was treated with approx. one equivalent of lead tetracetate in
      trifluoroacetic acid and the mixture stirred at room temperature for 10-25
      minutes. One equivalent of triphenyl phosphine was added and the excess
      trifluoroacetic acid removed by evaporation under reduced pressure to
      yield a brown semi-solid. Hydrochloric acid (6 N) was added which
      precipitated Pb.sub.II and Tl.sub.I chlorides. The suspension was then
      filtered through Kieselguhr and evaporated under reduced pressure to yield
      a brown solid (3.05 g). This solid was warmed with dilute 10% sodium
      hydroxide (40 ml) acidified with dilute hydrochloric acid and finally
      neutralised with sodium bicarbonate. This aqueous solution was extracted
      with ethyl acetate. The combined organic extracts were dried over
      magnesium sulphate filtered and evaporated in vacuo to yield a pale green
      solid mixture (0.52 g). Extraction with sodium hydroxide, acidification of
      the combined based extract and re-extraction with ethyl acetate yielded
      2-(5-hydroxybenzimidazolyl)amino-2-imidiazoline as pale green
      microcrystals (0.10 g) m.p. 320.degree.C.
PAC  EXAMPLE 30
PAC  2-(5,6-dichlorobenzimidazolyl)amino-2-imidazoline
PAR  2-(Benzimidazolyl)amino-2-imidazoline dihydrochloride (prepared as
      described in Example 14) (27.4 g, 0.10 mol) was dissolved in concentrated
      hydrochloric acid (300 ml). The solution was stirred and heated to
      80.degree.C. A 15% solution of hydrogen peroxide (68 ml) was added
      dropwise to the stirred solution maintaining the temperature at
      80.degree.C. A colourless crystalline precipitate was soon deposited. At
      the end of the addition the solution was filtered, whilst hot and the
      precipitate washed with water and dried. This first crop (22.8 g), m.p.
      275.degree.-285.degree.C, was found to be a mixture of chlorinated
      products. The second crop of crystals was deposited from the filtrate on
      cooling and was collected, washed with water and dried. This second crop
      (4.26g), m.p. 278.degree.-281.degree.C was found to be substantially pure
      5,6-dichlorinated product. The first crop was recrystallised from aqueous
      dimethylformamide. The first (2.28 g), m.p. 297.degree.-298.degree.C, and
      second (6.42 g) m.p. 282.degree.C crops of this recrystallisation were
      discarded, but the third crop (11.60 g) m.p. 252.degree.-262.degree.C was
      found to mainly 5,6-dichlorinated material. Both crops of
      5,6-dichlorinated product were combined and recrystallised from boiling
      water to give 2-(5,6-dichlorobenzimidazolyl-2-imidazoline
      monohydrochloride (9.83 g; 29%) as colourless microcrystals m.p.
      279.degree.-281.degree.C.
PAC  EXAMPLE 31
PAC  2-(4,5,6-trichlorobenzimidazolyl)amino-2-imidazoline
PAR  In an identical experiment to that of Example 31 during addition of the
      hydrogen peroxide solution the temperature rose to 100.degree.C.
      Fractional crystallisation of a complex mixture of chlorinated products
      gave a lower yield of 2-(4,5,6-trichlorobenzimidazolyl)amino-2-imidazoline
      as the free base, m.p. 324.degree.-326.degree.C, in addition to the
      already characterised 2-(5,6-dichlorobenzimidazolyl)amino-2-imidazoline
      monohydrochloride m.p. 279.degree.-281.degree.C.
PAC  EXAMPLE 32
PAC  2-(5,6-dibromobenzimidazolyl)amino-2-imidazoline
PAR  2-Benzimidazolylamino-2-imidazoline (2.01 g, 0.01 mol) was dissolved in
      acetic acid (15 ml) containing a crystal of ferric chloride. The stirred
      solution was cooled in an ice-bath and a 6.3% w/v solution of bromine in
      acetic acid (52 ml, equivalent to 0.02 mol Br.sub.2) was added in one
      portion. The resulting solution was stirred for a further 10 minutes to
      produce a yellow precipitate. The ice-bath was removed; the mixture
      diluted with water and brought to the boil causing the precipitate to
      redissolve. The clear solution was basified, whilst hot, with 40% sodium
      hydroxide. The resulting grey precipitate (3.15 g) was filtered, washed
      with water and dried in vacuo. Recrystallisation from aqueous
      dimethylformamide gave 2-(5,6-dibromobenzimidazolyl)amino-2-imidazoline
      (2.48 g) as colourless microcrystals m.p. 261.degree.-267.degree.C.
PAR  The free base was dissolved in a mixture of 5N hydrochloric acid and
      dimethylformamide and the solution evaporated to dryness under reduced
      pressure to give the monohydrochloride as colourless microcrystals m.p.
      298.degree.-304.degree.C.
PAC  EXAMPLE 33
PAC  2-(2-benzimidazolyl)amino-2-(4-methylimidazoline)
PAR  2-Benzimidazolylcarbamonitrile (10.0 g, 0.063 mol) and 1-2-diaminopropane
      (22 ml, 19.2g. 0.189 mol) were heated under reflux in amyl alcohol (100
      ml) for 5 hours. The reaction mixture was evaporated in vacuo and the
      resulting oil triturated with a little amyl alcohol. The crystalline
      precipitate was filtered washed with amyl alcohol and dried (7.37 g).
      Recrystallisation from amyl alcohol gave
      2-(2-benzimidazolyl)amino-2-(4-methylimidazoline) (3.54 g; 26%) as
      off-white microcrystals m.p. 180.degree.-182.degree.C.
PAC  EXAMPLE 34
PAC  2-(2-benzimidazolyl)amino-2-(1-acetylimidazoline)
PAR  2-(2-Benzimidazolyl)amino-2-imidazoline(2.01 g, 0.01 mol) and acetic
      anhydride (1.02 g, 0.01 mol) in dimethylformamide (15 ml) were warmed on a
      water bath for 2 hours then allowed to stand overnight. Dilution to 100 ml
      with water gave 2-(2-benzimidazolyl)amino-2-(1-acetylimidazoline (1.59 g)
      as colourless microcrystals m.p. 260.degree.-262.degree.C.
PAC  EXAMPLE 35
PAC  Copper complex of 2-(2-benzimidazolyl)amino2-imidazoline
PAR  A solution of cupric sulphate pentahydrate (1.0g) in water (4 ml) was added
      to a solution of 2-(2-benzimidazolyl)amino-2-imidazoline (2.01 g, 0.01
      mol) in water (20 ml) containing 5N sulphuric acid (4 ml) at 80.degree.C.
      The green solution was cooled and diluted with an equal volume of ethanol
      to give a gelatinous precipitate which was filtered and dried in vacuo at
      80.degree.C to give pale green crystals (1.1g) with composition
      Cu(C.sub.10 H.sub.11 N.sub.5. 2H.sub.2 O)SO.sub.4.
PAC  EXAMPLE 36
PAC  2-(5,6-dimethylbenzimidazolyl)amino-2-imidazoline
PAR  5,6-Dimethylbenzimidazolylcarbamonitrile (10.0 g, 0.054 mol) was heated
      under reflux with excess ethylenediamine (11 ml) in amyl alcohol (100 ml)
      for 4 hours. The cooled reaction mixture was evaporated under reduced
      pressure and the resulting oil triturated with a little amyl alcohol. The
      crystalline precipitate was filtered, washed with a little amyl alcohol
      and dried in vacuo to yield
      2-(5,6-dimethylbenzimidazolyl)amino-2-imidazoline (6.26 g, 51%) as
      colourless microcrystals m.p. 266.degree.C.
PAR  The free base was dissolved in 5N hydrochloric acid and the solution
      evaporated under reduced pressure. Recrystallisation of the resulting
      solid twice from ethanol/ether gave the dihydrochloride hemi hydrate as
      colourless microcrystals m.p. 266.degree.C (after drying for 5 hours under
      vacuum at 55.degree.C).
PAC  EXAMPLES 37- 39
PAR  The following compounds were prepared in a manner analogous to that
      described in Example 2.
TBL  ______________________________________                                    

     Compound      % Yield  Description mpt                                    

     ______________________________________                                    

     2-Guanidino-4,6-       light brown                                        

     dichlorobenzimidazole                                                     

                   41       microcrystals                                      

                                        264-5.degree.C                         

     2-Guanidino-5-t-       light brown                                        

     butylbenzimidazole                                                        

                   43       crystals    226-8.degree.C                         

     (as monohydrated       colourless                                         

     HCl salt)     --       microcrystals                                      

                                        180-182.degree.C                       

     2-Guanidino-5,6-                                                          

     dichlorobenzimidazole                                                     

                   10       pink                                               

     as the dihydrochloride microcrystals                                      

                                        305-320.degree.C                       

     hemihydrate                                                               

     ______________________________________                                    

PAC  EXAMPLE 40
PAC  2-guanidino-5 -benzyloxbenzimidazole
PAR  4-Benzyloxy-2-nitroacetanilide was prepared by the reaction of nitric acid
      and acetic acid on 4-benzyloxyacetanilide. Hydrolysis of the amide of
      refluxing methanol containing some sodium methoxide yielded
      4-benzyloxy-2nitroaniline (m.p. 139.degree.-141.degree.C) which was
      -nitroaniline using a boiling solution of sodium dithionite in methanolic
      aqueous potassium hydroxide to give on separation
      4-benzyloxy-ophenyldiamine as off-white microcrystals (m.p. 64.degree.C)
      which on treatment with dry ethanolic hydrogen chloride gave pink
      microcrystals of the dihydrochloride (m.p. 200.degree.-202.degree.C).
      Reaction of 4-benzyloxy-o-phenyldiamine dihydrochloride and cyanoguanidine
      as in Example 2 yielded a mixed product (12.89g) when basified with 40%
      sodium hydroxide solution. Treatment with chloroform gave an insoluble
      residue (7.54g) m.p. 204.degree.-209.degree.C which was recrystalised from
      aqueous methanol to give 2-guanidino-5-benzyloxybenzimidazole (457g) as
      light brown microcrystals m.p. 224.degree.-227.degree.C.
PAC  EXAMPLE 41:
PAC  5-t-butyl-2-benzimidazolylcarbamonitrile
PAR  Reaction of 2-guanidino-5-t-butylbenzimidazole and nitrous acid as
      described in Example 10 yielded 5-t-butyl-2-benzimidazolylcarbamitrile
      (26%) as light-brown microcrystals, m.p, 277.degree.C. (ex.methanol).
PAC  EXAMPLE 42
PAC  2-(5-acetylaminobenzimidazolyl) amino-2-imidazoline
PAR  A mixture of 2-(5-aminobenzimidazolyl) amino-2-imidazoline (0.48g, 0.0022
      mol) and acetic anhydride (0.0022 mol) in ethanol (20 ml) was heated under
      reflux for 2 hours. The cooled reaction mixture was evaporated in vacuo
      and the resulting solid dissolved in methanol. Treatment with dry hydrogen
      chloride gas followed by ethyl acetate gave brown microcrystals (0.33 g).
      Recrystallisation from methanol/ethyl acetate gave a poor recovery of
      slightly hydroscopic 2-(5-acetylamino-2-benzimidazolyl)
      amino-2-imidazoline (50 mg) as colourless microcrystals m.p. 294.degree.C
      (with shrinking). EXAMPLES 43 and 44
PAR  2-t-Butyl-2-benzimidazolyl) amino-2-imidazoline (yield 30% of free base as
      colourless microcrystals, m.p. 278.degree.-280.degree.C., ex aqueous
      ethanol, hydrochloride salt m.p. 202-208.degree.C.) and
      2-(4,5-dimethyl-2-benzimidazolyl) amino-2-imidazoline (yield 30% of
      hydrochloride salt as colourless microcrystals, m.p.
      199.degree.-204.degree.C) were prepared from the corresponding
      carbamonitriles as described in Example 17.
PAC  EXAMPLE 45
PAC  2-(5,6-dichloro-2-benzimidazolyl) amino-2-imidazoline
PAR  2-(5,6-Dichloro-2-benzimidazolyl)-guanidine dihydrochloride hemi-hydrate
      (150 mg) and ethylene diamine (60 mg) were heated under reflux for 21
      hours in amyl alcohol (3ml). The reaction mixture was evaporated to
      dryness in vacuo to yield a brown gum. This was triturated with water to
      give orange crystals (170 mg) m.p. 224.degree.-227.degree.C. N.m.r. shows
      this to be a mixture (4:1) of the guanidine and imidazoline. A solution of
      the free base in ethanol when treated with ethanolic hydrogen chloride
      gave a mixture of hydrochloride salts. N.m.r. indicates this is about a
      3:1 mixture of starting material and 2-(5,6-dichloro-2-benzimidazolyl)
      amino-2-imidazoline as their hydrochloride salts. Fractional
      crystallisation yielded a sample of pure product identical with an
      authentic sample prepared by chlorination of
      2-benzimidazolylamino-2-imidazoline.
PAC  EXAMPLE 46
PAC  2-(5,6-dichloro-2-benzimidazolyl) amino-2-imidazoline
PAR  2-(2-Benzimidazolyl) amino-2-imidazoline dihydrochloride (13.7g, 0.05 mol)
      was dissolved in concentrated hydrochloric acid (100 ml) and water (100
      ml). The solution was stirred and heated to 70.degree.C. A 10% solution of
      hydrogen peroxide (27 ml) was added dropwise over 10 minutes resulting in
      precipitation of a white solid. Water (100 ml) was added to cool the
      reaction mixture to 60.degree.C. A further quantity of 10% hydrogen
      peroxide (10.5 ml; 10% excess in all) was added. The reaction mixture was
      heated to 80.degree.C for 15 minutes, and filtered whilst hot to give a
      solid m.p. 265.degree.-272.degree.C. The filtrate was cooled to give more
      solid m.p. 285.degree.-292.degree.C. Finally evaporation of the mother
      liquors in vacuo yielded a third quantity. All 3 solids were combined and
      recrystallised twice from water to yield 2-(5,6-Dichloro-2-benzimidazolyl)
      amino-2-imidazoline hydrochloride (7.86g; 53%) as colourless microcrystals
      m.p. 279.degree. -281.degree.C.
PAC  EXAMPLE 47
PAC  2-(4,5,6-trichloro-2-benzimidazolyl) amino-2-imidazoline and
      2-(4,5,6,7-tetrachloro-2-BENZIMIDAZOLYL) AMINO-2-imidazoline
PAR  2-(2-Benzimidazolyl) amino-2-imidazoline dihydrochloride (27.4g, 0.10 mol)
      was dissolved in concentrated hydrochloric acid (300 ml). The solution was
      stirred and heated to 80.degree.C. A 15% solution of hydrogen peroxide (68
      ml) was added dropwise to the stirred solution, the temperature was
      allowed to rise to 100.degree.C resulting in precipitation of a white
      solid from dimethylformamide and/or water to give predominately
      2-(4,5,6,7-tetrachloro-2-benzimidazolyl) amino-2-imidazoline as colourless
      microcrystals m.p. 310.degree.C together with a lower yield of
      2-(4,5,6-trichloro-2-benzimidazolyl) amino-2-imidzoline as colourless
      microcrystals m.p. 324.degree.-326.degree.C in addition to
      2-(5,6-dichloro-2-benzimidazolyl) amino-2-imidazoline monohydrochloride
      m.p. 279-281.degree.C.
PAC  EXAMPLE 58
PAC  Pharmacology
PAR  a. Metacortacoid hypertension was induced by the method of Green et al.
      [Amer. J. Physiol., 170, 94 (1952)]. All compounds were suspended in
      methylcellulose and administered orally to the metacorticoid hypertensive
      rats at a dose of 100mg/kg. The blood pressure was measured indirectly in
      conscious, restrained rats by the method of Friedman et al. [Proc. Soc.
      Exper. Biol. Med., 70, 670 (1949)]. The following results were obtained
      for compounds of the formula:
      ##SPC12##
TBL  ______________________________________                                    

     Compound                   % Fall in systalic                             

     R.sub.3                                                                   

            R.sub.5                                                            

                   R.sub.6 R.sub.7                                             

                                R.sub.2   blood pressure                       

                                          after 4 hours                        

     ______________________________________                                    

     H      H      H       H    H     **  21                                   

     CH.sub.3                                                                  

            H      H       H    H      *  10                                   

     H      H      CH.sub.3                                                    

                           H    H     **  25                                   

     H      H       CH.sub.3 O                                                 

                           H    H     **  35                                   

     H      H       Cl     H    H     **  37                                   

     C.sub.6 H.sub.5 CH.sub.2                                                  

            H      H       H    H          6                                   

     H      H      NO.sub.2                                                    

                           H    H         11                                   

     H      H      H       H    CH.sub.3  13                                   

     H      H      NH.sub.2                                                    

                           H    H     **  11                                   

     H      CH.sub.3                                                           

                   CH.sub.3                                                    

                           H    H     **   6                                   

     H      H      H       CH.sub.3                                            

                                H     **  19                                   

     H      H       Br     H    H      *  22                                   

     H       Cl     Cl     H    H     **  35                                   

     H       Br     Br     H    H      *  23                                   

     H      H       SO.sub.3 H                                                 

                           H    H          6                                   

     H       Cl     Cl     Cl   H         16                                   

     H      H      OH      H    H         13                                   

     ______________________________________                                    

      * = Tested as hydrochloride salt                                         

      ** = Tested as dihydrochloride salt?                                     

PAR  b. Using the test methods described in (a), the following dose/time
      responses were determined:
TBL                  100 mgs/kg 10 mgs/kg                                      

     Compound          4      6      24   4   6   24                           

                       hrs    hrs    hrs  hrs hrs hrs                          

     ______________________________________                                    

     2-(2-benzimidazolyl)amino-                                                

     2-imidazoline dihydrochloride                                             

                       21     32      2   12  14  11                           

     2-(5-bromo-2-benzimidazolyl)                                              

     amino-2-imidazoline hydro-                                                

     chloride          22     36     26   23  19   7                           

     2-(5-methoxy-2-benzim-                                                    

     idazolyl) amino-2-imidazo-                                                

     line dihydrochloride                                                      

                       35     36     12   19  12  13                           

     2-(5,6-dichloro-2-benzim-                                                 

     idazolyl)amino-2-imidazoline                                              

     hydrochloride     35     43     24   36  33  14                           

     ______________________________________                                    

PAR  c. Using the test methods described in (a), the following additional
      information on 2-(5,6-dichloro-2-benzimidazolyl) amino-2-imidazoline
      hydrochloride was obtained:
TBL  Dose        % Fall after no. of hours                                     

     in mg/kg    4          6          24                                      

     ______________________________________                                    

     100         35         43         24                                      

     10          36         33         14                                      

     3           22         21         19                                      

     0.3         17         30         22                                      

     0.1         14         12         12                                      

     ______________________________________                                    

PAR  d. The following anti-hypertensive agents which are not compounds of the
      invention were tested by the methods of (a):
TBL                  Dose     % Fall                                           

     Compound       (mg/kg)   after no. of hours                               

                         4     6      24                                       

     ______________________________________                                    

     2-Acetylamino-5,6-                                                        

                    100        6      14     5                                 

     dimethyl benzimida-                                                       

     zole) HCl                                                                 

     2-(2-Benzolthiazolyl)                                                     

                    100        8      NT     4                                 

     amino-2-imidazoline                                                       

     HCl. 1/2 H.sub.2 O                                                        

     Methyldopa     100       29      28     9                                 

     L-Methyldopa   30        16       9    -4                                 

     Guanethidine   100       34      30    31                                 

     Guanethidine   10        10      14     5                                 

     Reserpine      3         32      37    23                                 

     Reserpine      0.3       11       9     8                                 

     Clonidine      0.1       13      NT    -4                                 

     Clonidine      0.01       5      NT    -8                                 

     ______________________________________                                    

PAL  Nt means that no test was carried out.
PAR  The compounds of the invention do not exhibit side effects such as the
      pressor activity sometimes associated with guanethidine
      (1-guanidino-2-heptamethyleneaminoethane), the periferal vasoconstrictor
      effects sometimes associated with clonidine
      (2,6-dichlorophenyl-2-aminoimidazoline), the tranquilliser and depressive
      effects sometimes associated with reserpine or the drowsiness and diarrhea
      sometimes associated with L-methyldopa.
PAR  e. The effect of compounds of the invention on the blood pressure of
      conscious normotensive rats was determined by recording in a direct manner
      the blood pressure in unrestricted animals by means of an indwelling
      catheter [weeks et al., Proc. soc. exp. Biol., N.Y. 104, 646 (1960)].
PAR  No significant change was observed in the blood pressure of any of the rats
      used in the test indicating that the compounds studied have no effect on
      the blood pressure of normotensive animals.
PAR  f. When tested on mice for central nervous system activity by standard
      methods, oral doses of 100 mg/kg of
      2-(5,6-dichlorobenzimidazolyl)amino-2-imidazoline showed no effect on
      observable activity, hexobarbitone potentiation tests, antielectric shock
      convulsion tests or anti-clonidine induced fighting tests.
PAR  g. When administered intravenously in ascending doses to anaesthetised
      normotensive dogs and cats no specific direct effects could be observed to
      occur with 2-(5,6-dichlorobenzimidazolyl) amino-2-imidazoline and in
      particular no blocking effects on the autonomic nervous system were
      observed.
PAR  When tested under these conditions 1.mu.g/kd of clonidine caused a rise in
      blood pressure which at 30.mu.g/kg was pronounced and fairly prolonged and
      followed by prolonged hypotension. Under the same conditions infusion of
      L-methyldopa at 20mg/kg and above caused prolonged hypotension and
      guanethidine at 1mg/kg and above caused pronounced hypertension
      accompanied by blocking of the functioning of sympathetic nerves.
PAR  h. When tested for anti-inflammatory activity by the inhibition of oedema
      evoked by injection of carrageenin into the rats food (Winter et al.,
      J.Pharm. exp. ther., 141, 369 (1963) at a dose of 100 mg/kg per os
      2-(5-chloro-2-benzimidazolyl) amino-2-imidazoline produced a 31%
      inhibition of oedema and the corresponding 5-nitro compound produced a 37%
      inhibition of oedema. (cf. 44% inhibition caused by the currently widely
      used but ulcer-forming indomethacin).
PAR  i. The analgesic activity of
      2-(5-nitro-2-benzimidazolyl)amino-2-imidazoline was demonstrated by its
      ability to inhibit 50% of the phenylquinone induced writhing when given to
      mice subcutaneously at a dose of 50 mg/kg under the test method of
      Siegmend et al., Proc. soc. exp. Biol., N.Y. 95, 729-731 (1957).
PAC  EXAMPLE 49
PAC  2-(5,6-Dichlorobenzimidazoleyi) amino- 2-imidazoline
PAR  2-(5-Choro-2-benzimidazolyl) amino-2-imidazoline dihydrochloride (3.1g,
      0.01 mol) in concentrated hydrochloric acid (25 ml) was treated with
      hydrogen peroxide (10%, 3.4ml) then heated to 80.degree.C, maintained at
      this temperature for 15 minutes and then allowed to cool to room
      temperature. Recrystalisation of the resulting precipitate from water gave
      2-(5,6-dichlorobenzimidazolyl) amino-2-imidazoline hydrochloride (0.46g,
      15%) m.p. 279.degree.-281.degree.C.
PAC  EXAMPLE 50
PAC  Pharmacology 48a
PAR  Using the method described in example 48a the following results were
      obtained for compounds of the formula:
      ##SPC13##
TBL  Compound             % Fall in systalic                                   

     R.sub.1 R.sub.2  R.sub.4 R.sub.5                                          

                                    blood pressure after                       

                                    4 hrs. at 100 mg/kg.                       

     ______________________________________                                    

     CN      H        H       H      5                                         

     CN      Na       H       H     15                                         

     CN      CH.sub.3 H       H     25                                         

     CN      H        H       CH.sub.3                                         

                                    26                                         

     CN      H        H       Cl    32                                         

     CN      H        H       OCH.sub.3                                        

                                    11                                         

     CN      H        CH.sub.3                                                 

                              CH.sub.3                                         

                                    28                                         

     C(NH)NH.sub.2                                                             

             H        H       H     14                                         

     C(NH)NH.sub.2                                                             

             CH.sub.3 H       H     16                                         

     C(NH)NH.sub.2                                                             

             H        H       Cl    15                                         

     C(NH)NH.sub.2                                                             

             CH.sub.2 C.sub.6 H.sub.5                                          

                      H       H     11                                         

     C(NH)NH.sub.2                                                             

             H        Cl      Cl    10                                         

     ______________________________________                                    

PAC  EXAMPLE 51
PAC  5-fluoro-2-guanidinobenzimidazole
PAR  4-Fluoro-o-phenylenediamine (10.40g) was reacted with cyanoguanidine
      (6.95g) in a manner analagous to that described in Example 3 to yield a
      brown crystaline precipitate (11.61g) which on crystalisation from water
      yielded 5-fluoro-2-quanidinobenzimidazole (9.17g) m.p.
      217.degree.-218.degree.C as brown needles.
PAC  EXAMPLE 52
PAC  5-fluorobenzimidazole - 2 - carbamonitrile
PAR  5-Fluoro-2-quanidinobenzimidazole (4.64g) was dissolved in a mixture of
      cold water (20 ml) and 5N hydrochloric acid (14.20ml). Treatment with
      sodium nitrite (1.64g) as in Example 7 caused the gradual precipitation of
      a brown solid which was filtered off. Treatment of the filtrate with
      sodium nitrite (1.00g) yielded after 16 hrs a second crop (1.46g) of brown
      solid. The combined solids were recrystalised from aqueous
      dimethylformamide to yield buff microcrystals of
      5-fluorobenzimidazole-2-carbamonitrile (2.55g., 61%) m.p.
      277.degree.-286.degree.C.
PAC  EXAMPLE 53
PAC  4,6-dichloro-2-Guanidinobenzimidazole
PAR  3,5-Dichloro-o-phenylenediamine (5.20g) was reacted with cyanoguanidine as
      described in Example 52 to yield a brown solid (4.78) which on
      recrystalisation from aqueous ethanol gave
      4,6-dichloro-2-guanidinobenzimidazole (3.09g) as light brown
      microcrystals, m.p. 264.degree.-265.degree.C.
PAC  EXAMPLE 54
PAC  5-trifluoromethyl-2-guanidinobenzimidazole
PAR  4-Trifluoromethyl -o- phenylenediamine (25.46g) and cyanoguanidine (12.40g)
      were reacted together in a manner analogous to that of Example 2 to yield
      5-Trifluoromethyl-2-guanidinobenzimidazole is a red gummy solid which when
      dissolved in 5N hydrochloroic acid and evaporated to dryness yielded the
      dihydrochloride (25.01g) as a brown solid, m.p. 206.degree.-209.degree.C.
PAC  Example 55
PAC  5-trifluoromethyl-2-benzimidazolyl carbamonitrile
PAR  Treatment of 5-trifluoromethyl-2guanidinobenzimidazol dihydrochloride
      (18.89g) with sodium nitrite in a manner analogous to that described in
      Example 52 yielded the desired product in impure state. Column
      chromatography over silicagel using a mixture of methanol and chloroform
      as eluent yielded 5-trifluoromethyl-2-benzimidazolylcarbamonitril (3.80g)
      as a yellow powder. Recrystalisation from aqueous dimethylformamide gave
      cream microcrystals m.p. 237.degree.-240.degree.C (de comp)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition for the treatment of hypertension
      comprising an anti-hypertensively effective amount of a compound of the
      formula:
      ##SPC14##
PAL  or a pharmaceutically acceptable salt thereof wherein R.sub.2 is hydrogen
      or alkyl of 1-7 carbon atoms and each of R.sub.7 and R.sub.8 is hydrogen,
      halogen, lower alkyl or lower alkoxy together with a pharmaceutically
      acceptable carrier.
NUM  2.
PAR  2. An anti-hypertensive composition according to claim 1 wherein R.sub.2 is
      hydrogen or methyl and each of R.sub.7 and R.sub.8 is hydrogen, chlorine,
      bromine or methyl.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 2-benzimidazolyl carbamonitrile.
NUM  4.
PAR  4. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 1-methyl-2-benzimidazolylcarbamonitrile.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 5-methyl-2-benzimidazolylcarbamonitrile.
NUM  6.
PAR  6. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 5-chloro-2-benzimidazolylcarbamonitrile.
NUM  7.
PAR  7. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 5-methoxy-2-benzimidazolylcarbamonitrile.
NUM  8.
PAR  8. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 5,6-dimethyl-2-benzimidazolylcarbamonitrile.
NUM  9.
PAR  9. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 4-methyl-2-benzimidazolylcarbamonitrile.
NUM  10.
PAR  10. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 4,5-dimethyl-2-benzimidazolylcarbamonitrile.
NUM  11.
PAR  11. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is 5-fluorobenzimidazole-2-carbamonitrile.
NUM  12.
PAR  12. A pharmaceutical composition according to claim 1 wherein the
      anti-hypertensive compound is
      5-trifluoromethyl-2-benzimidazolylcarbamonitrile.
NUM  13.
PAR  13. A method of treatment of hypertension in mammals which comprises the
      administration to said mammal of an anti-hypertensively effective amount
      of a composition comprising an anti-hypertensively effective amount of a
      compound of the formula:
      ##SPC15##
PAL  or a pharmaceutically acceptable salt thereof wherein R.sub.2 is hydrogen
      or alkyl of 1-7 carbon atoms and each of R.sub.7 and R.sub.8 is hydrogen,
      halogen, lower alkyl or lower alkoxy together with a pharmaceutically
      acceptable carrier.
NUM  14.
PAR  14. A method of treatment of hypertension in a mammal which comprises the
      administration to said mammal of an anti-hypertensively effective amount
      of a composition comprising an anti-hypertensively effective amount of a
      compound of the formula:
      ##SPC16##
PAL  or a pharmaceutically acceptable salt thereof wherein R.sub.2 is hydrogen
      or methyl and each of R.sub.7 and R.sub.8 is hydrogen, chlorine, bromine
      or methyl together with a pharmaceutically acceptable carrier, wherein the
      composition is in oral dosage form containing from 5 to 500 mgs of
      anti-hypertensive compound.
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ABST
PAL  Phenylhydrazone derivatives of the formula:
      ##SPC1##
PAL  Wherein R represents alkyl containing 1 to 4 carbon atoms, and two of the
      symbols R.sub.1, R.sub.2 and R.sub.3 represent a halogen atom and the
      third represents a halogen atom or a nitro radical, are new compounds
      possessing insecticidal and acaricidal properties.
PARN
PAR  This is a division of application Ser. No. 363,651, filed May 24, 1973 now
      U.S. Pat. No. 3,847,987.
BSUM
PAR  This invention relates to new phenylhydrazone derivatives, to a process for
      their preparation and to compositions containing them.
PAR  The phenylhydrazone derivatives of the present invention are those of the
      general formula:
      ##SPC2##
PAL  Wherein R represents a straight- or branched-chain alkyl radical containing
      1 to 4 carbon atoms, and two of the symbols R.sub.1, R.sub.2 and R.sub.3
      represent a halogen (preferably chlorine) atom and the third symbol
      represents a halogen (preferably chlorine) atom or a nitro radical.
PAR  According to a feature of the present invention, the phenylhydrazone
      derivatives of general formula I are prepared by the action of a
      chlorinating agent, such as phosphorus pentachloride, phosphorus
      oxychloride or thionyl chloride, on a phenylhydrazide of the general
      formula:
      ##SPC3##
PAL  Wherein R, R.sub.1, R.sub.2 and R.sub.3 are as hereinbefore defined.
PAR  Preferably phosphorus pentachloride is used as the chlorinating agent and
      the reaction can then be represented schematically in the following
      manner:
      ##SPC4##
PAL  Wherein the various R symbols are as hereinbefore defined, and Ar
      represents a phenyl radical which is optionally substituted, for example,
      by an alkyl radical.
PAR  Conversion of the grouping --NH--CO--R in the phenylhydrazides of general
      formula II into a grouping
      ##EQU1##
      IS GENERALLY EFFECTED BY HEATING THE PHENYLHYDRAZIDE OF GENERAL FORMULA II
      and phosphorus pentachloride in an inert organic solvent such as carbon
      tetrachloride, preferably at the reflux temperature of the solvent
      employed, e.g. about 80.degree.C. Decomposition of the phosphorylated
      complex obtained can be effected by heating with a phenol in the same
      inert organic solvent.
PAR  When thionyl chloride is employed as the chlorinating agent the reaction
      can be represented
PAL  Schematically as follows:
      ##SPC5##
PAL  Wherein the various R symbols are as hereinbefore defined. Generally the
      reaction is effected by heating the reactants in an inert organic solvent
      such as carbon tetrachloride, preferably at the reflux temperature of the
      solvent employed e.g. about 80.degree.C.
PAR  The phenylhydrazides of general formula II, wherein R is as hereinbefore
      defined, R.sub.1 represents a nitro radical and R.sub.2 and R.sub.3 each
      represent a halogen atom, can be obtained by the action of a hydrazide of
      the general formula:
EQU  R -- CO -- NH -- NH.sub.2                                  III
PAL  (wherein R is as hereinbefore defined) on a nitrobenzene of the general
      formula:
      ##SPC6##
PAL  Wherein R.sub.2 and R.sub.3 represent halogen atoms.
PAR  The phenylhydrazides of general formula II, wherein R.sub.1 and R.sub.2
      each represent a halogen atom and R.sub.3 represents a halogen atom or a
      nitro radical, can be obtained by the action of an acid of the general
      formula:
EQU  R -- COOH                                                  V
PAL  (wherein R is as hereinbefore defined), or a derivative of the acid, such
      as a halide or the anhydride, on a phenylhydrazine of the general formula:
      ##SPC7##
PAL  wherein R.sub.1 R.sub.2 and R.sub.3 are as hereinbefore defined. The
      reaction is generally carried out in an inert organic solvent such as
      methylene chloride, ethyl acetate or an aromatic hydrocarbon such as
      benzene.
PAR  The phenylhydrazines of general formula VI can be obtained by diazotization
      of the corresponding anilines and reduction of the resulting diazonium
      salts.
PAR  The phenylhydrazone derivatives of general formula I obtained by the
      afore-described process can optionally be purified by application of
      physical methods such as crystallisation or chromatography.
PAR  The new compounds of general formula I possess interesting insecticidal and
      acaricidal properties.
PAR  The insecticidal activity is manifest more particularly against diptera
      (Musca domestica), coleoptera (Tribolium confusum) and lepidoptera
      (Plutella maculipennis caterpillars) at amounts between 1 and 100 grams of
      active material per hectoliter of liquid diluent. The acaricidal activity
      is interesting against phytophagus acarids (Tetranychus telarius) at
      amounts between 1 and 100 grams of active substance per hectoliter of
      liquid diluent. At amounts between 10 and 200 grams of active material per
      hectoliter of liquid diluent the phenylhydrazone derivatives of general
      formula I show a considerable ovicidal activity.
PAR  Compounds of general formula I of outstanding importance are those in which
      R.sub.1 and R.sub.3 represent chlorine atoms, or one of R.sub.1 and
      R.sub.3 represents a chlorine atom and the other symbol represents a nitro
      radical, and R.sub.2 represents a chlorine atom, for example
      1-(4,5-dichloro-2-nitrophenyl-hydrazono)-1-chloro-2,2-dimethylpropane,
      1-(2,4-dichloro-5-nitrophenyl-hydrazono)-1-chloro-2,2-dimethylpropane,
      1-(2,4,5-trichlorophenyl-hydrazono)-1-chloropropane,
      1-(2,4,5-trichlorophenyl-hydrazono)-1-chloro-2,2-dimethylpropane,
      1-(2,4,5-trichlorophenyl-hydrazono)-1-chloroethane,
      1-(2,4,5-trichlorophenylhydrazono)-1-chlorobutane and
      1-(2,4,5-trichlorophenylhydrazono)-1-chloro-2-methylpropane.
PAR  According to a further feature of the present invention, there are provided
      insecticidal and acaricidal compositions which contain, as the active
      ingredient, at least one of the phenylhydrazone derivatives of general
      formula I in association with one or more diluents or adjuvants compatible
      with the phenylhydrazone derivative(s) and suitable for use in
      agriculture.
PAR  These compositions can optionally contain other compatible pesticides such
      as fungicides (e.g. maneb). Preferably the compositions contain between
      0.005% and 80% by weight of phenylhydrazone derivative.
PAR  The compositions may be solid if there is employed a powdered solid
      compatible diluent such as talc, calcined magnesia, kieselguhr, tricalcium
      phosphate, powdered cork, adsorbent charcoal, or a clay such as kaolin or
      bentonite. These solid compositions are preferably prepared by grinding
      the phenylhydrazone derivative with the solid diluent, or by impregnating
      the solid diluent with a solution of the phenylhydrazone derivative in a
      volatile solvent, evaporating the solvent, and if necessary grinding the
      product so as to obtain a powder.
PAR  Instead of a solid diluent, there may be used a liquid in which the
      phenylhydrazone derivative is dissolved or dispersed. The compositions may
      thus take the form of suspensions, emulsions or solutions in organic or
      aqueous-organic media, for example aromatic hydrocarbons such as toluene
      or xylene, mineral, animal or vegetable oils, or acetophenone, or mixtures
      of these diluents. The compositions in the form of suspensions, emulsions
      or solutions may contain wetting, dispersing or emulsifying agents of the
      ionic or non-ionic type, for example sulphoricinoleates, quaternary
      ammonium derivatives or products based on condensates of ethylene oxide
      such as the condensates of ethylene oxide with octylphenol, or fatty acid
      esters of anhydrosorbitols which have been rendered soluble by
      etherification of the free hydroxyl groups by condensation with ethylene
      oxide. It is preferable to use agents of the non-ionic type because they
      are not sensitive to electrolytes. When emulsions are required the
      phenylhydrazone derivatives may be used in the form of self-emulsifying
      concentrates containing the active substance dissolved in the emulsifying
      agent or in a solvent containing an emulsifying agent compatible with the
      phenylhydrazone derivative and solvent, a simple addition of water to such
      concentrates producing compositions ready for use.
PAR  The phenylhydrazone derivatives of general formula I are preferably
      employed for insecticidal and acaricidal purposes in quantities of 10 to
      100 g. per hectoliter of water, but lower concentrations can also be used
      effectively.
PAR  The following Example illustrates the preparation of phenylhydrazone
      derivatives of general formula I.
DETD
PAC  EXAMPLE 1
PAR  A suspension of 1-(4,5-dichloro-2-nitrophenyl)-2-trimethylacetyl-hydrazine
      (739 g.) and phosphorus pentachloride (517 g.) in carbon tetrachloride
      (4.8 liters) is heated until the evolution of gas ceases, the reaction
      mixture being taken progressively to the reflux temperature. To the
      solution obtained there is added, after cooling to 20.degree.C., a
      solution of phenol in carbon tetrachloride (3.36 liters) containing 2.36
      moles of phenol per liter. The reaction mixture is then heated at the
      reflux temperature until the evolution of gas finishes. It is then cooled
      to 20.degree.C., filtered and the resulting solution is concentrated under
      reduced pressure (20 mm. Hg.) at 60.degree.C. The residue is purified by
      chromatography on "Kieselgel", elution being effected with a mixture of
      heptane and diethyl ether (9.5 - 0.5 by volume). After recrystallisation
      from isopropanol and then heptane, there is obtained
      1-(4,5-dichloro-2-nitrophenyl-hydrazono)-1-chloro-2,2-dimethylpropane (498
      g.) melting at 99.degree. - 100.degree.C.
PAR  The 1-(4,5-dichloro-2-nitrophenyl)-2-trimethylacetyl-hydrazine, m.p.
      153.degree.C., employed as starting material can be obtained by the action
      of trimethylacetylhydrazine on 2,4,5-trichloronitrobenzene in
      N-methylpyrrolid-2-one.
PAR  By proceeding as described in the foregoing Example and starting with
      appropriate phenylhydrazides of general formula II, there are prepared the
      following phenylhydrazone derivatives conforming to general formula I:
PA1  1-(2,4-dichloro-5-nitrophenyl-hydrazono)-1-chloro-2,2-dimethylpropane, m.p.
      109.degree.C.;
PA1  1-(2,4,5-trichlorophenyl-hydrazono)-1-chloropropane, solidification point
      40.degree.C.;
PA1  1-(2,4,5-trichlorophenyl-hydrazono)-1-chloro-2,2-dimethylpropane, m.p.
      76.degree.C.;
PA1  1-(2,4,5-trichlorophenyl-hydrazono)-1-chloroethane, m.p. 104.degree.C.;
PA1  1-(2,4,5-trichlorophenyl-hydrazono)-1-chlorobutane, solidification point
      34.degree.C., and
PA1  1-(2,4,5-trichlorophenyl-hydrazono)-1-chloro-2-methylpropane, m.p.
      57.degree.C.
PAR  The following Examples illustrate compositions according to the invention.
PAC  EXAMPLE 2
PAR  5 g. of a condensation product of octylphenol and ethylene oxide containing
      10 molecules of ethylene oxide per molecule of octylphenol are added to 20
      g. of
      1-(4,5-dichloro-2-nitrophenyl-hydrazono)-1-chloro-2,2-dimethylpropane, and
      a mixture of equal volumes of toluene and acetophenone are added until the
      mixture reaches 100 cc.
PAR  The solution thus obtained is utilised after suitable dilution with water
      to destroy acarids. According to the effect required, concentrations of 10
      to 100 g. of phenylhydrazone derivative per hectoliter of water give good
      results.
PAC  EXAMPLE 3
PAR  To 50 parts of
      1-(4,5-dichloro-2-nitrophenylhydrazono)-1-chloro-2,2-dimethylpropane there
      are added 1 part of Tween 80 (the mono-oleate of a polyoxyethylene
      derivative of sorbitol), 20 parts of calcium lignosulphite and 29 parts of
      kieselguhr. After grinding and sieving, the powder obtained is utilised
      after dilution with water to destroy acarids.
PAR  The parts referred to above are parts by weight.
CLMS
STM  I claim:
NUM  1.
PAR  1. An insecticidal and acaricidal composition suitable for agricultural use
      containing 0.005 to 80% by weight of a phenylhydrazone derivative of the
      formula:
      ##SPC8##
PAL  wherein R represents alkyl of 1 through 4 carbon atoms, and two of the
      symbols R.sub.1, R.sub.2 and R.sub.3 represent halogen and the third
      represents halogen or nitro, and a compatible diluent therefor.
NUM  2.
PAR  2. A composition according to claim 1 in which the diluent is water and the
      composition contains 10 to 100 g. of phenylhydrazone derivative per
      hectoliter of water.
NUM  3.
PAR  3. A composition according to claim 1 which contains a wetting agent.
NUM  4.
PAR  4. A composition according to claim 3 in which the wetting agent is a
      non-ionic compound.
NUM  5.
PAR  5. A composition according to claim 1 wherein the halogen atoms are
      chlorine.
NUM  6.
PAR  6. A composition according to claim 1 wherein R.sub.1 and R.sub.3 represent
      chlorine, or one of R.sub.1 and R.sub.3 represents chlorine and the other
      symbol represents nitro, and R.sub.2 represents chlorine.
NUM  7.
PAR  7. A composition according to claim 1 wherein the phenylhydrazone
      derivative is
      1-(4,5-dichloro-2-nitrophenylhydrazono)-1-chloro-2,2-dimethylpropane.
NUM  8.
PAR  8. A composition according to claim 1 wherein the phenylhydrazone
      derivative is
      1-(2,4-dichloro-5-nitrophenylhydrazono)-1-chloro-2,2-dimethylpropane.
NUM  9.
PAR  9. A composition according to claim 1 wherein the phenylhydrazone
      derivative is 1-(2,4,5-trichlorophenylhydrazono)-1-chloropropane.
NUM  10.
PAR  10. A composition according to claim 1 wherein the phenylhydrazone
      derivative is
      1-(2,4,5-trichlorophenylhydrazono)-1-chloro-2,2-dimethylpropane.
NUM  11.
PAR  11. A composition according to claim 1 wherein the phenylhydrazone
      derivative is 1-(2,4,5-trichlorophenylhydrazono)-1-chloroethane.
NUM  12.
PAR  12. A composition according to claim 1 wherein the phenylhydrazone
      derivative is 1-(2,4,5-trichlorophenylhydrazono)-1-chlorobutane.
NUM  13.
PAR  13. A composition according to claim 1 wherein the phenylhydrazone
      derivative is 1-(2,4,5-trichlorophenylhydrazono)-1-chloro-2-methylpropane.
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ABST
PAL  A new method for controlling parasitic worms in animals is described. The
      method employs a new chemical compound: 3-phenylpyruvoyl chloride
      1-phenylhydrazone. Formulations of the compound with diluent carriers and
      adjuvants are discussed and exemplified. A synthesis of the compound is
      described.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a new method and new formulations for killing
      and controlling parasitic worms in animals. The invention is more
      particularly directed to the method and formulations for killing and
      controlling parasitic worms in animals with the new compound
      3-phenylpyruvoyl chloride 1-phenylhydrazone. Preparation of the compound
      was first described in U.S. Pat. application Ser. No. 93,496, filed Nov.
      27, 1970, now abandoned, wherein the compound was disclosed as an
      intermediate.
PAR  When a sample of the new compound was pulverized to a powder, a 3.0 gm.
      portion was filled into a gelatin capsule, and the capsule was
      administered orally to a naturally worm-infected wether weighing 30.0 kg.,
      there was a significant reduction in the number of worm ova excreted.
      These results show utility as an anthelmintic. This anthelmintic activity
      was not previously known for this compound.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The new compound 3-phenylpyruvoyl chloride 1-phenylhydrazone has the
      empirical formula, C.sub.15 H.sub.13 ClN.sub.2 O, and the structural
      formula:
      ##SPC1##
PAL  It can be prepared by conventional methods. For example, one can react
      phenylpyruvaldehyde with phenylhydrazine to obtain the prospective
      phenylhydrazone which is then chlorinated.
PAR  A perhaps better approach in order to avoid overchlorination complications
      attending the chlorination, is to start with phenylpyruvoyl chloride and
      react it with phenylhydrazine to obtain the corresponding phenylpyruvic
      acid phenylhydrazide.
PAR  The phenylpyruvic acid phenylhydrazide is then reacted with phosphorus
      pentachloride to produce the corresponding phenylpyruvoyl chloride
      (dichlorophosphinyl)phenylhydrazone. This intermediate is not separated,
      but is reacted with phenol, after the reaction mixture has been cooled to
      about 0.degree. to 25.degree.C., in order to obtain the desired
      3-phenylpyruvoyl chloride 1-phenylhydrazone. For this purpose, three
      equivalents or more or phenol are used.
PAR  On the other hand, the desired compound, 3-phenylpyruvoyl chloride
      1-phenylhydrazone, can be readily prepared by reacting a
      1-phenyl-2,3,4-pentanetrione 3-phenylhydrazone with a loweralkyl, alkali,
      or alkaline earth metal hypochlorite followed by solvolysis of the
      intermediate 3-chloro-1-phenyl-3-phenylazo-2,4-pentanedione. According to
      this preferred method of preparation, the hypochlorite is a tert-alkyl
      hypochlorite, tert-butyl hypochlorite being especially preferred. This
      chlorinating:oxidizing agent is readily available.
PAR  The foregoing reaction is initiated with the 1-phenyl-2,3,4-pentanetrione
      3-phenylhydrazone of the formula:
      ##SPC2##
PAL  In consequence of the hypochlorite reaction step a
      3-chloro-1-phenyl-3-phenylazo-2,4-pentanedione is obtained which has the
      following formula:
      ##SPC3##
PAR  After solvolysis, which removes the unwanted acetyl group, the desired
      compound of Formula I, 3-phenylpyruvoyl chloride 1-phenylhydrazone is
      obtained by appropriate recovery and purification procedures.
PAR  In the foregoing reaction, an alkali metal hypochlorite, e.g., sodium or
      potassium hypochlorite can be used. Further alternatively, an alkaline
      earth metal hypochlorite, e.g., calcium hypochlorite can be used.
PAR  The reaction is effected by adding one equivalent (or an excess, if
      desired) of the chosen hypochlorite to an organic solution of the
      1-phenyl-2,3,4-pentanetrione  3-phenylhydrazone. Chloroform is a preferred
      organic solvent medium but ethanol, benzene, toluene, or carbon
      tetrachloride could be used.
PAR  The alkyl hypochlorites are themselves liquids, and they are soluble in the
      named solvents. They react aggressively, and heat is produced by the
      reaction. Caution should be exercised.
PAR  On the other hand, alkaline earth metal hypochlorites are solids, and they
      should be dissolved in water before addition to the organic solution of
      triketone phenylhydrazone. In this case a two-phase aqueous:organic
      reaction medium is formed wherein the halogenated phenylazo compound
      remains in the organic phase.
PAR  The final solvolysis step which removes the unwanted acetyl group is
      advantageously effected with a mild reagent such as methanol or ethanol
      (preferred), dilute aqueous sodium hydroxide, or an amine, e.g.,
      morpholine. In practice, the
      3-chloro-1-phenyl-3-phenylazo-2,4-pentanedione is recovered from the
      reaction medium by conventional procedures such as physically separating
      the organic solvent layer and removing the solvent by evaporation. The
      residue thus obtained is then dissolved in methanol or ethanol for the
      solvolysis. When the solvolysis is complete, the desired 3-phenylpyruvoyl
      chloride 1-phenylhydrazone can be recovered from the alcoholic medium by
      well-known manipulative techniques such as filtration and solvent
      evaporation.
PAR  The starting 1-phenyl-2,3,4-pentanetrione-3-phenylhydrazone is prepared by
      reacting 1-phenyl-2,4-pentanedione with benzene diazonium chloride in
      accordance with methods known in the art, e.g., Chem. Ber. 21, p. 1702
      (1888); 35, p. 2188 (1902). Those skilled in the art will recognize that
      1,5-diphenyl-2,4-pentanedione could be used instead of
      1-phenyl-2,4-pentanedione.
PAR  Likewise alternatively, the halogenation could precede the diazotization.
      For example, the 1-phenyl-2,4-pentanedione can be halogenated with the
      hypohalite reagent to form the 3-halo intermediate which can then be
      diazotized with benzene diazonium chloride to produce the desired
      3-phenylpyruvoyl chloride-3-phenylhydrazone product.
DETD
PAC  PREPARATION 1
PAC  1-Phenyl-2,3,4-pentanetrione-3-phenylhydrazone
PAR  A quantity (27.0 gms., 0.15 mole) 1-phenyl-2,4-pentanedione was dissolved
      in a solvent medium consisting of 200 ml. water, 200 ml. ethanol, and 6
      gms. sodium hydroxide. This reaction solution was added to 0.17 mole of
      benzene diazonium chloride present as a solute in 200 ml. of an aqueous
      solution prepared by mixing 87 ml. (1 mole) aniline, 500 ml. water, and
      200 ml. concentrated hydrochloric acid; cooling to zero degrees C.;
      carefully adding an aqueous solution consisting of 69 gms. (1.0 mole)
      sodium nitrite, and 200 ml. water; and buffering with 272 gms. (2.0 moles)
      sodium acetate.
PAR  An oily precipitate formed which was collected on a filter and washed with
      ethanol. The washed precipitate weighed 21.0 gms. and melted at
      101.degree. to 104.degree.C. After recrystallization from 200 ml.
      methanol, there was obtained 17.7 gms. of 1-phenyl
      2,3,4-pentanetrione-3-phenylhydrazone having a melting point at
      103.degree. to 106.degree.C.
PAR  Analysis Calcd. for: C.sub.17 H.sub.16 N.sub.2 O.sub.2.  C, 72.84; H, 5,71;
      N, 9.99.   Found: C,72.93; H, 5.77; N, 10.12.
PAR  The following example is illustrative of the product and process of the
      present invention but is not to be construed as limiting.
PAC  EXAMPLE 1
PAC  Preparation of 3-Phenylpyruvoyl chloride 1-Phenylhydrazone
PAR  A mixture consisting of 2.8 gms. (0.01 mole)
      1-phenyl-2,3,4-pentanetrione-3-phenylhydrazone (Preparation 1, above), 15
      ml. chloroform, and 1.4 ml. tertbutyl hypochlorite was held at
      25.degree.C. for 4 hours. The volatile components were then removed by
      evaporation under reduced pressure. The resulting oil was mixed with 15
      ml. methanol, and the mixture was heated to 40.degree.C. for 1 hour. After
      seeding the cooled reaction mixture there was obtained 1.8 gms. of
      3-phenylpyruvoyl chloride 1-phenylhydrazone that melted at 130.degree.C.
      to 136.degree.C.
PAR  The foregoing procedure was repeated, but using 12.1 gms.
      1-phenyl-2,3,4-pentanetrione-3-phenylhydrazone, 100 ml. chloroform, and 6
      ml. tert-butyl hypochlorite. Upon recrystallization from 100 ml. methanol
      there was obtained 6.3 gms. of compound having a melting point at
      132.degree. to 134.degree.C.
PAR  Analysis Calcd. for: C.sub.15 H.sub.13 ClN.sub.2 O.  C, 66.05; H, 4.80; Cl,
      13.00;   N, 10.27   Found: C, 66.63; H, 5.08; Cl, 12.87; N, 9.45, 9.27.
PAR  The 3-phenylpyruvoyl chloride 1-phenylhydrazone compound thus prepared, as
      above, was discovered to be active against worms, particularly parasitic
      worms, e.g. Haemonchus and Ostertagia in animals. The proof of the
      anthelmintic activity of the compound was obtained by administering 3.0
      gms. of the compound to a naturally worm-infected wether lamb weighing
      30.0 kg. Prior to treatment the lamb was excreting very high numbers of
      worm eggs. After treatment with the stated dosage (100 mg./kg. of body
      weight) the numbers of worm eggs excreted were significantly reduced. This
      before and after difference in numbers of excreted worm eggs indicates
      that the compound in some way interfered with the worms in the intestinal
      tract of the lamb. The worms were either killed or metabolically damaged
      so that they no longer layed eggs. In either circumstance, there was a
      beneficial effect in controlling worms. The level of infectivity or
      reproductive vigor of the worms was reduced.
PAR  The compound is accordingly contemplated as an anthelmintic useful in
      bovines, equines, porcines, canines, felines, piscenes, aves, and other
      animals. In addition to the dosage of 100 mg./kg. in sheep, applicant
      contemplates dosage rates, depending upon various circumstances, of from
      5.0 mg. to 800 mg. per kg. of body weight. A preferred, contemplated range
      of dosage rates is from 25 mg. to 400 mg. per kg. of body weight.
PAR  With regard to dosage rates, it should be noted that there can be
      advantages in a multiple dosing regimen as contrasted with the single
      dosage of the described test. In some instances is is convenient and
      advantageous to administer small dosages at frequent intervals. For
      example, a pet dog or cat and even a pony might be given a unit dosage of
      a discrete formulation (e.g., tablet, pill, capsule, or bolus) morning and
      evening over a period of one, two, or more days. In other instances,
      relatively continuous low level administration can be accomplished in a
      ration. Still other substantially obvious ways of utilizing the newly
      discovered anthelmintic activity of 3-phenylpyruvoyl chloride
      1-phenylhydrazone can be recognized. Further illustratively, a
      worminfected animal can be drenched with a liquid unit dosage formulation,
      or a dosage can be administered in the food ration at feeding time.
      Parenteral injectables can also be used via subcutaneous route, for
      example.
PAR  The uncomplicated form (finely divided powder) and route of administration
      (orally) is convenient for the compound of this invention because it is a
      solid at ordinary room temperatures. The compound is not very soluble in
      water, but various known forms and routes of administration are
      contemplated as embodiments of this invention.
PAR  For example, the pure compound can be finely divided and mixed with a
      finely-divided solid diluent carrier if desired. Such finely-divided solid
      diluent carriers can include starches, e.g., corn starch; powdered
      lactose; powdered sucrose; talc; stearic acid; magnesium stearate; finely
      divided bentonite clays; vegetable gums; cellulosic products; and other
      materials of like kind. The active compound can be mixed with the diluent
      carrier in varying proportions from, for example, 0.001 per cent by weight
      to 90, 95, or more per cent. Mixtures of different diluent carriers can be
      used.
PAR  The 3-phenylpyruvoyl chloride 1-phenylhydrazone can be mixed with an animal
      ration so that it is administered at a low level, continuous dosage rate
      depending upon how much ration the animal consumes. Since the chlorine
      atom on the carbonyl carbon is substantially reactive, any free amino
      groups or possible enzymes present in the feedstuffs might cause
      degradation of the compound. Ground feed mixes are expecially likely to
      result in degradation, but whole grain animal feedstuffs such as whole
      corn and oats, will not likely cause the problem. It is thus recognized
      that advantageous administration to animals via their rations will
      probably require some conventional coating techniques, judgment, and
      evaluation.
PAR  On the other hand, the compound can be formulated in stable powders or
      granules for mixing in an amount of ration for a single feeding or even in
      an amount for a whole day. In this way (premixes) degradation can be
      avoided and therapeutic efficacy in a whole herd or flock can be obtained.
PAR  If desired, a granular premix formulation can also be coated so as to
      protect and preserve the active compound from degradative reactions. When
      so coated and protected, 3-phenylpyruvoyl chloride 1-phenylhydrazone can
      be mixed in a swine ration at a concentration of 0.2 per cent, for
      example. This medicated feed can be administered for an interval of time
      during which anthelmintic medication is indicated. At this concentration a
      feeder pig will receive a dosage of about 100 mg. per kg. of body weight
      per day in its daily ration.
PAR  In preparing stable powders or granules indicated above, or in preparing
      mixtures of the active compound with finely divided solid diluent carrier
      as mentioned earlier, adjuvants may be advantageously included.
      Representative adjuvants include water, alcohols, protein solutions or
      suspensions like skimmed milk; edible oils, sugar solutions, e.g., syrups,
      and organic adjuvants such as propylene glycols, sorbitol, glycerol,
      diethyl carbonate, and the like. These adjuvants might contribute
      qualities of texture, flavor, body and stability that will enhance the
      action of the active compound.
PAR  The solid carrier formulations for the invention are conveniently prepared
      indiscrete unit dosage forms, to facilitate administration to animals.
      Accordingly, several large boluses (about 20 gms. weight) amounting to
      about 54 gms. of active compound would be required for a single dosage to
      a 900 lbs. horse at a dosage rate of 50 mg./kg. of body weight. Similarly,
      a 60 lbs. lamb at a dosage rate of 100 mg./kg. of body weight would
      require a pill, tablet, capsule, or bolus containing about 2.7 gms. of
      active compound. A small dog, on the other hand, weighing about 20 lbs.
      would require a total dosage of about 225 mg. at a dosage rate of 25
      mg./kg. of body weight. The solid, unit dosage forms can be conveniently
      prepared in various sizes and concentrations of active ingredient, to
      accomodate treatment of the various sizes of animals that are parasitized
      by worms.
PAR  Liquid formulations of 3-phenylpyruvoyl 1-phenylhydrazone can also be used
      for effecting control of worms in animals. Since the compound is insoluble
      in water, aqueous suspensions can be used. Such may include isotonic
      saline suspensions. Oil solutions and suspensions, and oil:water emulsions
      can also be used.
PAR  Aqueous suspensions are obtained by dispersing the compound in water,
      advantageously including a suitable surface-active dispersing agent such
      as cationic, anionic, or non-ionic surface-active agents. Representative
      suitable ones are polyoxyalkylene derivatives of fatty alcohols and of
      sorbitan esters, and glycerol and sorbitan esters of fatty acids. Various
      dispersing or suspending agents can be included and representative ones
      are synthetic and natural gums, tragacanth, acacia, alginate, dextran,
      gelatin, sodium carboxymethylcellulose, methylcellulose,
      polyvinylpyrrolidone, and the like. The proportion of the active compound
      in the aqueous suspensions of the invention can vary from about 1 to about
      20% or more. The proportion is not critical but is necessarily dependent
      upon the efficiency of suspension. Slurries are contemplated.
PAR  In accordance with the method and formulation contemplations of this
      invention a unit dosage formulation may be a liquid form for
      administration to an animal via stomach tube or as a drench. In general,
      the concept of treatment is to administer a measured dosage of a liquid
      formulation so that desired efficacy is achieved. The liquid dosage is
      manually administered into the stomach of the animal where it acts if
      worms are present there. Further anthelmintic action is continued in the
      intestines as the compound is passed along by normal body processes.
PAC  EXAMPLE 2
PAR  A representative drench suspension is prepared by mixing the following
      amounts and kinds of ingredients:
PA1  3-phenylpyruvoly chloride 1-phenylhydrazone 80 gms.
PA1  Benzalkonium chloride (12.8% aqueous solution) 20 ml.
PA1  Antifoam AF (emulsion of dimethylpolysiloxane, available from Dow-Corning 2
      gms.
PA1  Hydroxyethyl cellulose (WP 4400, Union Carbide Chemical Company) 12.5 gms.
PA1  Water q.s. to 1 liter
PAR  The described one liter of drench suspension contains 8.0 grams of active
      agent for each 100 ml., so a practical volume unit dosage for a sheep of
      from 25 to 100 ml. will contain from 2.0 to 8.0 grams of active compound.
      A 30 to 40 lb. lamb is advantageously treated with a 35 ml. (2.8 gms.)
      unit dosage at the rate of 175 mg./kg. of body weight. A 150 to 160 lb.
      ewe on the other hand is treated with a 100 ml. unit dosage at the rate of
      111 mg./kg. of body weight. Higher or lower dosages can be administered
      depending upon the degree of infection, the health of the sheep, and their
      size. More concentrated or less concentrated drench suspensions can be
      formulated depending upon equipment for administration and desirability of
      more or less bulk. Other suspending agents and adjuvants can also be used
      if desired.
PAR  Oil solutions are prepared by mixing the active compound and oil, e.g., an
      edible oil such as cotton seed oil, peanut oil, coconut oil, modified
      soybean oil, and sesame oil. Usually, solubility in oil will be limited
      and oil suspensions can be prepared by mixing additional finely divided
      compound in the oil.
PAR  Oil in water emulsions are prepared by mixing and dispersing an oil
      solution or suspension of the active compound in water preferably aided by
      surface-active agents and dispersing or suspending agents as indicated
      above.
PAR  In general, the formulations of this invention are administered to animals
      so as to achieve therapeutic or prophylactic levels of the active
      compound. At present, it is known that 100 mg./kg. of body weight in lambs
      will effectively combat a wide variety of parasitic worms. Lower effective
      dosages are contemplated, e.g., in the range of 25 to 75 mg./kg. of body
      weight.
PAR  In some circumstances, the concentration of 3-phenylpyruvoyl
      1-phenylhydrazone in the formulation selected for administration is not
      critical. That is to say, one can administer a larger quantity of a
      formulation having a relatively low concentration of active ingredient and
      achieve the same therapeutic or prophylactic result as a relatively
      smaller quantity of a more concentrated formulation.
PAR  The formulations of the invention can be prepared in discrete unit dosage
      forms such as capsules pills, tablets, wafers, boluses, cachets, and
      vials. The objective of unit dosage forms is to have the active compound
      present in such amount in a separable entity that it will be convenient
      for those of ordinary skill in the therapeutic art to administer an
      effective dosage but not overdose and thus waste active ingredient or
      possibly compromise the health of a treated animal. A unit dosage can
      contain appropriately from 10 mg. to 300 gms. of compound per unit.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method for therapeutically and prophylactically controlling
      parasitic Haemonchus or Ostertagia worms in animals which comprises
      administering orally or parenterally to animals an effective anthelmintic
      dosage of 3-phenylpyruvoyl chloride 1-phenylhydrazone.
NUM  2.
PAR  2. The method according to claim 1 wherein the dosage is from 5 mg. to 800
      mg. per kg. of body weight.
NUM  3.
PAR  3. The method according to claim 2 wherein the dosage is from 25 mg. to 400
      mg.
NUM  4.
PAR  4. The method according to claim 3 wherein a sheep is given a dosage of
      from 25 mg. to 400 mg. per kg. of body weight.
NUM  5.
PAR  5. The method according to claim 1 wherein the animals are sheep.
NUM  6.
PAR  6. Unit dosage formulations for administration to animals in
      therapeutically and prophylactically effective amounts for thus
      controlling parasitic Haemonchus or Ostertagia worms in the animals which
      comprise as the essential active ingredient from 10 mg. to 300 grams of
      3-phenylpyruvoyl chloride 1-phenylhydrazone and a physiologically
      acceptable carrier.
NUM  7.
PAR  7. A discrete unit dosage formulation according to claim 6 wherein a
      capsule, tablet, pill, bolus, or cachet form is prepared.
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ABST
PAL  Red or Rose wine is prepared by fermenting juice and pulp from grapes with
      colored skins by a process which involves separating skins from juice and
      pulp, digesting the skins with an aqueous mixture of citric acid and an
      acid selected from the group consisting of hydrochloric, sulfuric and
      phosphoric to extract coloring material, protein and aromatic substances,
      neutralizing the resultant extract with sodium carbonate or the like and
      adding the neutralized extract to the juice and pulp prior to completing
      fermentation to wine to provide a wine having a desired color and taste.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Wine making process.
PAR  2. Description of the Prior Art
PAR  In the past, it has been the practice to crush the grapes, with the juice,
      pulp and skins then being disposed in fermentation vats. Soon after the
      above described material is placed in the fermentation tanks or vats,
      yeast is added thereto to cause the fermentation of the material into
      wine. After the yeast is added to the material in the fermentation vats,
      the skins of the grapes start rising and thereafter float as a mat on the
      top of the liquid material in the vat. During fermentation of the material
      in the vats, carbon dioxide is discharged and rises upwardly therefrom,
      but the skins, as it accumulates on the surface of the liquid material in
      the vat as a mat tends to prevent this gas from escaping to the ambient
      atmosphere.
PAR  The floating skins are subjected on the bottom to the carbon dioxide being
      generated by the fermentation process, and on the top the pressure of the
      ambient atmosphere, and as a result the skins are pressed together as a
      compact mat or cap that acts as a barrier to impede the escape of carbon
      dioxide from the fermenting material.
PAR  During the exothermic fermentation reaction substantial heat is generated,
      and this mat acts to prevent the escape of the heat to the ambient
      atmosphere. A further discharge of the mat above described is that it
      serves to harbor and encourage the propagation of numerous undesirable
      bacteria that are anaerobic and are tolerant to the alcoholic content of
      the fermenting liquid.
PAR  To permit the extraction of color and other essential matter from the
      skins. The mat must be kept moist, and periodically broken up either by
      manually stirring or using power driven paddles, sprinklers, agitators or
      the like. This breaking up of the mat to permit the fermentation process
      to proceed is not only costly and time consuming, but involves much labor.
      The mat furthermore acts as an insulator and impedes the escape of heat
      from the fermenting liquid in the vat. In the event the temperature rises
      to an unduly high degree in the vat there is a loss of aromatic essentials
      from the fermenting liquid as well as the liquid acquiring an undesirable
      color. Should the temperature of the fermenting liquid rise too high, the
      yeast may be totally destroyed, and the mass will then become what is
      known as a "stuck must." Furthermore, wine fermented in the above
      described manner requires special equipment to pump and separate the wine
      from the skins after the fermentation has progressed and this in itself is
      hazardous with respect to the quality of the wine as well as being
      expensive.
PAR  The primary object in developing the present process is to substantially
      eliminate the operational disadvantages of prior art wine making processes
      in that the juice and pulp of grapes are fermented out of contact with the
      skins, inasmuch as no mat is formed in the fermentation vats, the carbon
      dioxide generated during the fermentation may escape freely therefrom to
      the ambient atmosphere, and heat generated by the exothermic fermentation
      process will likewise be dissipated, as a result, the fermentation process
      will be carried out with a substantial reduction in labor, a saving in
      time, less wear on equipment, and easier control of temperature.
PAR  Another object of the invention is to supply a process in which the wine
      resulting from the fermentation is of a substantially uniform color and
      taste, and a wine that is free of wild bacteria that may add objectionable
      characteristics thereto from the standpoint of bouquet, appearance and
      taste.
PAR  A still further object of the invention is to supply a process in which the
      pressed grapes are subjected to an aqueous mixture of an acid, such as
      hydrochloric acid and citric acid to provide an extract that contains
      coloring material from the grapes, protein and aromatic substances, with
      this extract subsequently having the hydrochloric acid therein neutralized
      with sodium carbonate or a like material. The extract is then added to the
      fermenting grape material prior to completion of the fermentation process
      to add a desired color to the wine resulting therefrom.
PAR  Yet another object of the invention is to supply a process for fermenting
      grapes in which the wine resulting therefrom is of a sugstantially uniform
      characteristic both as to taste and color appearance that is not possible
      by prior art processes without the expenditure of great effort and time,
      and the supervision of highly skilled personnel.
PAR  A further object of the invention is to supply a process in which the skin
      that has had the coloring at least partially leached therefrom is
      subsequently combined with approximately 0.4N acid to provide a base
      material that may be partially neutralized, have sugar added and fermented
      with yeast, with the alcohol resulting therefrom distilled off to provide
      a brandy base or specialty wine.
PAC  SUMMARY OF THE INVENTION
PAR  My improved process for the fermentation of colored grapes into red or rose
      wine comprises the steps of de-stemming and crushing the grapes, with the
      crushed grapes thereafter being subjected to a pressing operation to
      separate the juice and pulp from the skin of the grapes. The above steps,
      as well as those steps hereinafter described, may be carried out with
      conventional equipment found in a modern day winery. The separated juice
      and pulp either by screening or centrifuging is transformed into a
      pourable grape material of desired consistency. This grape material is
      discharged into a fermentation vat to which yeast is added to ferment the
      material into wine. During the fermentation process carbon dioxide is
      generated and discharged from the fermenting material by passing to the
      ambient atmosphere.
PAR  The pressed skins are subjected to an aqueous mixture of hydrochloric acid
      and citric acid to obtain a colored acidic extract. This extract has the
      hydrochloric acid therein neutralized with a material such as sodium
      carbonate or the like. The partially neutralized colored extract that has
      a pH of less than 7 is now added to the fermenting grape material prior to
      completion of the fermentation process, and such quantity as to impart a
      desired color and bouquet to the wine that results from the fermentation.
      The above described process permits the fermentation of the grape and wine
      in a minimum of time and with a minimum possibility of the fermentation
      being contaminated by wild or undesired organisms, and also eliminates the
      expensive step of separating the fermented wine from the skin at or before
      the conclusion of the fermentation operation.
PAR  The skins that have had the color at least partially leached therefrom then
      may be subjected to the action of 0.4N hydrochloric acid to further
      disintegrate the fibers of the pumace, with the resulting mixture then
      being at least partially neutralized having sugar added thereto and
      fermented with yeast. The resulting alcohol is subsequently distilled
      therefrom to provide a brandy base or specialty wine.
PAR  Also, the process permits the preparation of wine having a desired color or
      hue, as well as taste characteristics that are difficult, if not
      impossible, to obtain by prior art fermentation processes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior to the present invention, it has been considered necessary in the
      wine industry to concurrently ferment the juice, pulp and skins to produce
      red and rose wine from grapes containing various pigments in and beneath
      the skins. The purpose in fermenting the whole crushed grape together with
      the skins is to permit yeast fermentation to act upon and extract a
      desired color, protein and aromatic substances from the skins as well as
      the essentials that are derived from the grape bodies.
PAR  In the above described prior art process, the pigment, together with
      various essentials, are released out of the grape skins as the
      fermentation process continues and the alcoholic content of the fermenting
      mass increases. This prior art fermentation processes as previously
      mentioned, have the operational disadvantages that soon after the
      fermenting process is initiated, the crushed skins of the grapes rise to
      the top of the liquid in the fermentation vat, and these skins are by
      pressure from above and below pressed into a mat or cap that is
      substantially impervious. This mat or cap impedes the escape of carbon
      dioxide from the fermenting liquid to the atmosphere, as well as limiting
      the free passage of heat from the fermentation vat to the ambient
      atmosphere.
PAR  In the present process the operational disadvantages inherent to forming a
      mat or cap on the fermenting liquid is eliminated, and as a consequence,
      carbondioxide and heat may flow freely from the fermenting liquid to the
      ambient atmosphere, and as a result the fermentation process may be
      carried out more rapidly and in a more uniform manner than is possible
      with fermentation processes as they have been conducted in the past.
PAR  The present process has the operational advantage that less refrigeration
      is required during the fermentation process to control the exothermic heat
      generated as the fermentation of the grape substance proceeds.
PAR  In my process, the grapes are de-stemmed and crushed in a conventional
      manner as now employed in wineries, with the grapes thereafter being
      directed to a dejuicer, and then to a press to accomplish the complete
      separation of the skins from the juice and pulp of the grapes, with the
      grape body substance free of skins then being screened or centrifuged to a
      desired consistency after which it is transferred to a fermentation vat.
      Yeast is then added to the grape substance in the fermentation vat, and
      fermentation of the grape substance is initiated to transform the same
      into wine.
PAR  During the fermentation of the grape substance in the vat, exothermic heat
      is generated, together with carbon dioxide, both of which are free to flow
      to the ambient atmosphere. Due to the carbon dioxide and heat arising
      during the fermentation process being dissipated to the ambient
      atmosphere, I have found it requires less auxiliary refrigeration or
      cooling equipment during the fermentation of the grape substance into
      wine.
PAR  After the pressed, color bearing skins have been separated from the juice
      and pulp, the skins are conveyed to a suitable container, preferably one
      formed from stainless steel or a metal free lined vessel, where the
      pressed skins are treated with an aqueous mixture comprising three parts
      of a high purity, iron free, hydrochloric acid and citric acid, with the
      aqueous mixture being in sufficient volume to bathe the pressed skins.
PAR  The aqueous solution of hydrochloric acid and citric acid should be
      approximately 0.1N, and the quantity should approximate 1 gallon for each
      10 pounds of pressed skins.
PAR  From experience, I have found that the aqueous acidic solution is
      preferably heated to between 120.degree. to 160.degree. F prior to the
      pressed skins being added thereto. After the skins have been added to the
      acidic aqueous solution, mild agitation of the skins should be employed,
      and the skins being subjected to the acidic solution for a period of from
      2 to 6 hours. The length of this period will depend upon the nature and
      type of the grape skins, the temperature of the solution, as well as the
      normalcy of the latter.
PAR  Various types of equipment may be employed for subjecting the pressed skins
      to the acidic solution for example, a finned rotating cylinder which
      tumbles the skins and the solution for the required period of time.
PAR  After the pressed skins and the acidic solution have been allowed to react
      as above described, the solution that contains color protein and aromatic
      essentials leached from the skins is drained from the latter, and
      transferred to a separate container. The colored acidic solution is
      partially neutralized with an appropriate agent, such as sodium carbonate
      or the like. The partial neutralizing of the solution is carried out in a
      conventional manner, and by visual means such as titrating the progress of
      the neutralizing may be observed. When all of the hydrochloric acid has
      been neutralized, it will be noted that there is a sharp break in the
      observed neutralizing action, which may be a change in color if a
      titration operation is being conducted, or rapid movement of the indicator
      if electrical means are employed to determine the progress of the
      neutralization.
PAR  The partially neutralized colored liquid resulting from the above described
      operation is now added to the fermenting grape substance, prior to
      completion of the fermentation thereof. From experience, I found it
      preferable to add the partially neutralized colored liquid or extract to
      the fermenting grape substance when the fermentation operation of the
      latter is approximately sixty percent completed, with the quantity of the
      colored liquid so added being such as to impart a desired color and hue to
      the completed wine.
PAR  Due to the above described partial neutralizing operation, an extremely
      small amount of sodium chloride will be generated and will remain in the
      colored liquid or extract that is added to the fermenting grape substance.
      The amount of this sodium chloride will be approximately 200 parts per
      million by weight to the fermenting grape substance, and this salt does
      not detract from the wine quality nor does it impede the yeast growth in
      the final stages of fermentation. As a matter of fact, some wine markers
      have already recognized the beneficial effect of salt on wine production
      and add as much as 600 parts per million to the fermenting liquid to
      achieve an improved quality in wine. The quantity of salt added due to the
      partial neutralizing operation is substantially less than that found in
      many natural foods, including meats, and common vegetables. The citric
      acid is likewise considered to be of no consequence, for it is in fact
      employed in the wine making art to ameliorate the wine. Using citric acid
      in the above described manner assures that the colored liquid or extract
      will at all times have a pH less than 7, and complex organic compounds in
      the extract that impart a pleasing taste and aroma to the wine will be
      preserved.
PAR  Further utilization may be made of the grape skins after the coloring and
      complex organic compounds have been partially extracted therefrom. The
      residue is subjected to an aqueous hydrochloric acid solution that is
      preferably 0.4 N. The acidic solution tends to further break down the
      fibrous structure of the skins, with additional coloring and complex
      organic compounds going into solution. The resulting acidic solution is at
      least partially neutralized with sodium carbonate or a like agent and
      after adding sugar it is then fermented with yeast. The alcohol resulting
      from the fermentation is now distilled therefrom to provide a brandy base
      or the distilled substance may be used to produce a specialty wine.
PAR  Although the process has been described as using hydrochloric acid, due to
      the high degree of ionization thereof in the dilute state, it is also
      possible to use sulfuric, phosphoric acid and the like in lieu thereof.
PAR  In the above description sodium carbonate has been described as the
      neutralizing agent, however, it will be apparent that potassium carbonate,
      sodium hydroxide or potassium hydroxide or the like could be used for this
      purpose if desired. Otherwise a process of deionization or electrolysis
      may likewise be applied.
PAR  Although the invention has been described in connection with the making of
      red wine it will be apparent that the same process may be used on the
      skins of white grapes to extract fermentable material therefrom and
      increase the yield of white wine.
PAR  The use and operation of the process has been described previously in
      detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fermentation process for making wine from grapes having colored skins,
      which process includes the steps of:
PA1  a. de-stemming and crushing said grapes;
PA1  b. pressing said de-stemmed and crushed grapes to separate the juice and
      pulp from the skins thereof;
PA1  c. disposing said juice and pulp in a container in which they are in free
      communication with the ambient atmosphere;
PA1  d. adding yeast to said juice and pulp to cause the fermentation thereof;
PA1  e. subjecting said skins to the action of an aqueous mixture of citric acid
      and an acid selected from the group consisting of hydrochloric, sulfuric
      and phosphoric acids until a substantial amount of the coloring substance
      has been withdrawn from said skins and colors said aqueous mixture to
      provide an aqueous colored extract and thereafter separating said colored
      extract from said skins;
PA1  f. partially neutralizing said colored extract by neutralizing said acid
      from said group therein with a non-toxic material;
PA1  g. allowing said yeast to ferment said juice and pulp to wine, with carbon
      dioxide and exothermic heat generated by said fermentation being allowed
      to flow to the ambient atmosphere; and
PA1  h. adding said colored partially neutralized aqueous extract to said juice
      and pulp prior to the fermentation thereof to wine having been completed
      by said yeast.
NUM  2.
PAR  2. A process as described in claim 1 which includes the further step of:
PA1  g. subjecting said pulp and juice to a screening operation to transform
      said juice and pulp into a liquid of desired consistency before disposing
      said liquid in said container.
NUM  3.
PAR  3. A process as described in claim 1 which includes the additional step of:
PA1  g. centrifuging said pulp and juice to transform the latter into a liquid
      of desired consistency before disposing said liquid in said container.
NUM  4.
PAR  4. A process as defined in claim 1 which includes the further step of:
PA1  g. heating said aqueous mixture to between 120.degree. and 160.degree. F
      prior to subjecting said skins thereto.
NUM  5.
PAR  5. A process as defined in claim 1 which includes the further step of:
PA1  g. heating said aqueous mixture to between 120.degree. and 160.degree.F
      prior to subjecting said skins thereto, and agitating said skins with said
      aqueous mixture for a substantial length of time prior to partially
      neutralizing said mixture.
NUM  6.
PAR  6. A process as defined in claim 1 in which said aqueous mixture is
      approximately 0.1N and said mixture is present in approximately 1 gallon
      for each 10 pounds of skins.
NUM  7.
PAR  7. A process as defined in claim 1 which includes the further step of:
PA1  g. subjecting said colored partially neutralized extract to vacuum
      distillation to deepen the color thereof prior to said extract being added
      to said juice and pulp.
NUM  8.
PAR  8. A process as defined in claim 1 in which said non-toxic material is
      selected from the group consisting of sodium carbonate, potassium
      carbonate, sodium hydroxide and potassium hydroxide.
NUM  9.
PAR  9. A process as defined in claim 1 which includes the further steps of:
PA1  g. subjecting said skin, after first extraction to a stronger aqueous
      solution of hydrochloric acid to disintegrate said skins to the extent
      that further coloring and essential organic compounds are withdrawn
      therefrom and dissolved in said aqueous solution;
PA1  h. partially neutralizing said aqueous solution by adding a neutralizing
      agent thereto;
PA1  i. separating said partially neutralized solution from said skins, and
      adding sugar thereto;
PA1  j. adding yeast to said partially neutralized, sweetened solution to cause
      the fermentation thereof; and
PA1  k. distilling said partially neutralized sweetened solution after it has
      fermented to obtain a distillate in the form of a brandy base therefrom.
NUM  10.
PAR  10. A process for the fermentation of colored grapes into a colored wine
      that comprises the steps of:
PA1  a. de-stemming and crushing said grapes;
PA1  b. dejuicing and pressing said grapes to separate the juice and pulp from
      the skins of said grapes;
PA1  c. transforming said juice and pulp into a pourable grape material of a
      desired consistency;
PA1  d. adding yeast to said grape material to ferment the latter into wine;
PA1  e. digesting said skins that have been pressed with an aqueous mixture of
      hydrochloric acid and citric acid to obtain a colored acidic extract;
PA1  f. partially neutralizing said colored acidic extract with a non-toxic
      material; and
PA1  g. adding said extract that has been partially neutralized to said grape
      material and yeast in such quantity as to impart a desired color and
      bouquet to the wine that results from the fermentation of said grape
      material.
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ABST
PAL  The invention is directed to an apparatus for brewing a beverage such as
      coffee or tea. A disposable disc-shaped receptacle contains a
      predetermined quantity of solid beverage material. The flat lower surface
      of the receptacle contains a plurality of perforations permitting a flow
      of hot water into the receptacle for brewing the beverage material. The
      upper portion of the receptacle is a concave flexible membrane. An
      actuating rod or stick is attached to the membrane for manually flexing
      the membrane up and down during brewing. The user places the receptacle
      into a cup of hot water and using the stick, manually flexes the membrane
      up and down inducing successive positive and negative pressure variations
      inside the receptacle. These pressure variations suck and expel hot water
      through the perforations and thoroughly circulate the water inside the
      receptacle and throughout the beverage material for brewing. The
      receptacle is removed from the cup and discarded when the liquid beverage
      reaches the desired strength.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to a method of and apparatus for
      brewing beverages and particularly to a throw-away device adapted to
      instantly brew a single cup or other container of beverage such as coffee
      or tea.
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally recognized that freshly brewed coffee is superior in flavor
      to the various instant coffees currently available in the market. Instant
      coffees are popular in spite of their flavor because of their convenience.
      A cup of hot instant coffee is prepared by simply dissolving a measure of
      instant coffee material into a cup of hot water and stirring. On the other
      hand, freshly brewed coffee typically requires apparatus for slowly
      running hot water through ground coffee while keeping the grounds from
      entering the final product. Such apparatus must be washed and stored away
      after use and are therefore impractical for brewing a single cup of
      coffee.
PAR  Prior apparatus for brewing a single cup of beverage such as coffee or tea
      typically comprise a water-permeable receptacle such as a bag containing
      the solid beverage material, i.e., ground coffee or tea leaves. The
      receptacle is placed in a cup of hot water and manually agitated in order
      to circulate hot water through the beverage material. A stick or spoon is
      often used to force the receptacle against the bottom and sides of the cup
      to increase circulation. An example of such a device is disclosed in Lamb
      et al U.S. Pat. No. 2,123,054. Examples of other such devices of which I
      am aware are shown in the U.S. Pat. Nos. to Eaton 2,285,113, Haut
      2,092,510, Perry, Jr. 2,484,461, Hiscock 2,749,834 and Weisman 3,139,344.
PAR  While such apparatus are generally somewhat satisfactory, circulation of
      the hot water through the receptacle is inadequate for thoroughly brewing
      the beverage material. This is so because insufficient pressure is created
      in the receptacle to force the hot water through the innermost beverage
      material. As a result, the flavor of the liquid beverage is often
      diminished and an excessive amount of the beverage material must be
      provided inside the receptacle. Further, the prior art apparatus of which
      I am aware are inconvenient to use because the beverage-soaked, receptacle
      that must be removed from the cup and discarded often drips which is
      offensive. Therefore, insofar as I am aware, none of these devices has
      become commercially successful.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of the present invention to provide a new and
      improved method and apparatus for brewing a beverage, such as ground
      coffee.
PAR  It is another object of the present invention to provide a convenient
      disposable device for brewing a single cup of beverage.
PAR  A still further object of the present invention is to provide a disposable
      device for brewing beverages wherein hot water is thoroughly circulated
      throughout the ground beverage.
PAR  Another object of the present invention is to provide a disposable device
      incorporating pumping action to force hot water through the solid beverage
      material for brewing.
PAR  It is still another object of the present invention to provide a new and
      improved device for berwing a beverage wherein the solid beverage material
      is more efficiently utilized.
PAR  It is yet another object of the present invention to provide a disposable
      beverage brewing device with minimum dripping of the beverage following
      use.
PAR  It is a further object of the present invention to provide a disposable
      device for brewing a beverage that is economical to manufacture and
      convenient to use.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In satisfaction of the foregoing objects and advantages there is provided
      by this invention a method and apparatus, wherein a receptacle containing
      solid beverage material, such as ground coffee or tea leaves, is placed in
      a cup of hot water. A membrane portion of the receptacle is manually
      impulsed with an actuating rod or stick thereby forcing hot water to be
      alternately sucked and expelled through a perforated portion and throughly
      circulated through the beverage material. More specifically, in the
      inventive method a disposable device comprising an actuating stick or rod
      and a receptacle containing a solid beverage material is placed in a cup
      of hot water and a membrane portion is manually flexed with the actuating
      stick to circulate the hot water through the beverage material. By the
      term solid beverage material is meant material that is brewed e.g., ground
      coffee or tea leaves rather than materials that dissolve, e.g. instant
      coffee.
PAR  The apparatus of the present invention contains a disc-shaped receptacle
      with a lower portion having a generally flat perforated lower surface
      exposing the beverage material to the hot water. A filter is disposed
      between the beverage material and lower surface of the device to separate
      the grounds from the cup. The upper portion of the device contains the
      flexible membrane that is preferably concave and non-permeable to water.
      The upper portion is sealed to the lower portion of the device locking in
      the beverage material and filter. An actuating stick or rod is attached to
      the receptacle at the center of the membrane for flexing like a plunger.
PAR  In brewing the beverage, the device is grasped by the actuating stick or
      rod and lowered into a cup of hot water. The actuating stick or rod is
      manually flexed or impulsed by repetitively pressing down and releasing
      the stick causing the membrane to flex up and down. This plunger-like
      action creates oscillating positive and negative pressures within the
      receptacle and sucks and expels hot water through the perforations causing
      the water to thoroughly circulate through the solid beverage material. The
      forced reciprocating circulation insures that the hot water thoroughly
      saturates all the solid beverage material in the receptacle. The membrane
      is manually flexed up and down until the liquid beverage reaches the
      desired strength. Then the receptacle is removed from the cup and
      discarded. The receptacle may be inverted during removal with the
      perforations upward to minimize dripping.
PAR  A peel-off seal may be provided over the perforated lower portion of the
      receptacle to lock in the flavor and aroma of the beverage material until
      use. The peel-off seal is conveniently removed by means of a finger tab
      attached to the seal.
PAR  The device is preferably of plastic and may be formed of an inexpensive
      material, such as polystyrene or other suitable material. The upper and
      lower portions of the receptacle are joined during manufacture by
      conventional heat sealing. As indicated, any type of material can be used
      in forming the device such as plastic, aluminum foil, plastic coated paper
      and the like as well as mixtures of material.
PAR  Still other objects and advantages of the present invention will become
      readily apparent to those skilled in this art from the following detailed
      description, wherein I have shown and described only the preferred
      embodiment of the invention, simply by way of illustration of the best
      mode contemplated by me of carrying out my invention. As will be realized,
      the invention is capable of other and different embodiments, and its
      several details are capable of modification in various obvious respects,
      all without departing from the invention. Accordingly, the drawings and
      description are to be regarded as illustrative in nature, and not as
      restrictive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of the device according to the present
      invention;
PAR  FIG. 2 is a side view of the device with a portion thereof cut away; and
PAR  FIGS. 3 and 4 are sectional side views of the device of FIG. 1 showing,
      respectively, the membrane in its lowered and raised positions for pumping
      hot water.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the disposable device 10 of the present invention
      comprises a receptacle 12 for containing a solid beverage material, such
      as ground coffee or tea leaves, and an actuating stick or rod 13.
      Receptacle 12 includes an upper portion or lid 14 that is a concave
      flexible membrane and a lower portion 16 having a generally flat lower
      surface 20 containing a plurality of perforations 22. Extending upwardly
      from surface 20 is an annular wall portion 24 that spreads out at the
      upper extreme to form a circular flange or ridge 26. Corresponding to
      ridge 26 on lower portion 16 is a flange or ridge 28 formed along the
      periphery of upper portion 14. When upper portion 14 and lower portion 16
      are joined together, ridges 26 and 28 coincide, forming the receptacle 12.
PAR  Filter 18 is preferably formed of a porous paper and is mounted directly to
      lower surface 20 of the lower portion 16 inside receptacle 12. Solid
      beverage material is disposed over filter 18 that covers the entire
      perforated lower surface 20 to prevent any particles of the beverage
      material from slipping through perforations 22 and entering the hot water
      in the cup.
PAR  Upper and lower portions 14 and 16 are preferably formed of a thin plastic
      such as polystyrene, polypropylene, polyvinyl chloride or other suitable
      material. Lower portion 16 is substantially rigid along the annular side
      thereof with the lower surface 20 being only slightly flexible.
PAR  Of particular importance to the present invention, the upper portion 14 is
      substantially flexible to be easily flexed up and down like a plunger.
      Membrane 14 formed preferably of the same material as forms lower portion
      16 is preferably concave and flexible yet resilient. Membrane 14 may also
      be corrugated for improved flexibility. When membrane 14 is flexed
      upwardly or downwardly from a rest position with stick 13 and then
      released, the resiliency of the membrane causes the same to spring back to
      the rest position. This produces successive opposite changes of pressure
      inside the receptacle providing pumping action.
PAR  The actuating stick or rod 13, formed preferably of the same material as
      that of upper and lower portions 14 and 16, is coupled to the membrane 14
      at stand-off 32. Stand-off 32, seen more clearly in cross-section in FIGS.
      3 and 4, is preferably formed of one piece with the membrane 14 and
      contains a tapered wall portion 33 forming a frusto conical recess 34.
      Cross-cuts 35 in stand-off 32 provides some give when the end of stick 13
      is pressed into recess 34. An enlarged end portion 38 of the actuating
      stick 13 is also frusto conical to securely mate with stand-off 32. When
      portion 38 of stick 30 is brought together with the standoff 32 during
      manufacture, the stick 13 and membrane 14 couple together by a friction
      fit forming a single unit. Although not necessary, portion 38 and
      stand-off 32 can be secured together by conventional means such as epoxy
      or heat sealing. Also, within the scope of the present invention, other
      suitable end portion and stand-off configurations can be used for coupling
      actuating stick 13 to membrane 14.
PAR  A peel-off seal 38 is attached outside lower surface 20 covering
      perforations 22. Peel-off seal 38 is attached to the surface by means of
      an adhesive and covers all the perforations 22 to seal in the aroma and
      flavor of the coffee or other material. A finger tab 40 is provided as a
      portion of seal 38 for easily removing the seal prior to use of device 10.
      Peel-off seal 38 is formed preferably of aluminum foil but other suitable
      materials such as polyethylene, paper, etc. may be used.
PAR  During manufacture, the upper and lower portions 14 and 16 and actuating
      stick or rod 13 are molded by conventional means. Filter 18 is placed in
      lower portion 16 to cover the perforated lower surface 20 and a
      predetermined quantity of solid beverage material B, shown in FIG. 2, is
      deposited into the portion 16. Then the upper and lower portions 14 and 16
      are joined together with ridges 28 and 26 coinciding and sealed preferably
      by conventional heat sealing methods. Although I have found heat sealing
      to be economical and strong for this purpose, it is understood that other
      suitable means of joining the portions 14 and 16 could be used.
PAR  Actuating stick 13 is press fitted into stand-off 32 and may, if desired,
      be secured therein with conventional heat sealing means or with epoxy.
      Finally, peel-off seal 38 is pressed against the outside surface of lower
      surface 20, as shown in FIG. 2, covering all the perforations 22 to seal
      off receptacle 12 and lock in the flavor and aroma of the beverage
      material.
PAR  Referring again to FIGS. 3 and 4, the operation of device 10 is
      illustrated. After removing peel-off seal 38, the device 10 is placed in a
      cup of hot water with the actuating stick 13 extending out of the cup.
      Grasping the actuating stick 13, the user presses the stick downwardly
      flexing the membrane 14 as shown in FIG. 3. Membrane 14, flexing
      downwardly like a plunger, creates a positive air pressure change in
      receptacle 12 and expels most of the air contained in the receptacle.
      Although the bottom of the device 10 may come in contact with the bottom
      of the cup, air bubbles are forced out the perforations 22 along the lower
      surface of the receptacle. The user then slightly lifts actuating stick 13
      causing membrane 14 to flex upwardly to its initial state, as shown in
      FIG. 4. This upward flexing of membrane creates a negative pressure change
      in receptacle 12 and sucks hot water in through perforations 22 and filter
      18 to soak the beverage material B contained within the receptacle. The
      user then repeatedly impulses the actuating stick 13 up and down like a
      plunger, causing hot water to be alternately sucked up into and expelled
      out of receptacle 12 through the perforations 22. Preferably, while
      impulsing actuating stick 13, the bottom of receptacle contacts the bottom
      of the cup during down-thrusts. This increases the amount of flexing of
      membrane 14 and assists in the forced purging of the receptacle of air and
      circulation of the hot water throughout the inside of receptacle 12. The
      flexing action of membrane 14 creates a thorough circulation of the hot
      water throughout the beverage material B.
PAR  It is the forced sucking and expelling of the hot water through the
      perforations 22 and through circulation with the beverage material that
      provide thorough and efficient brewing of the beverage. I have found that,
      for brewing coffee, about 20 short strokes of the actuating stick 30
      provide a delicious cup of fresh brewed coffee. This requires about 20
      seconds of time. Additonal strokes provide stronger coffee, fewer strokes
      provide weaker coffee. In practice, the user determines the number of
      strokes by observing the color of the beverage and removes the device when
      the desired strength has been obtained.
PAR  After use, device 10 is discarded. Excessive dripping of liquid from the
      receptacle during removal from the cup, characteristic of the prior art,
      is minimized because the upper and lower portion 14 and 16 of the device
      10 do not absorb water. Only a relatively small amount of water trickles
      from the perforated lower surface 20 as the device 10 is transferred from
      the cup to a tray or waste receptacle and this is minimized by inverting
      the device so that the perforations face upwardly.
PAR  In this disclosure, there is shown and described only the preferred
      embodiment of the invention, but as aforementioned, it is to be understood
      that the invention is capable of various changes or modifications within
      the scope of the inventive concept as expressed by the accompanying
      claims. For example, although device 10 preferably contains only enough
      beverage material for brewing one cup of beverage, the receptacle can be
      made larger to contain enough beverage material to make several cups of
      the beverage before being discarded. As another variation, perforations 22
      can extend up along side wall 24 of the lower portion 16 if desired, with
      filter 18 extending to cover the additional perforations. Alternatively,
      lower surface 20 can be formed of a water permeable material such as
      plastic treated woven cloth eliminating the need for filter 18. Further,
      it is to be understood that the disc-shaped configuration of receptacle 12
      is exemplary and could be modified within the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Disposable device for use with a cup of hot water for brewing a single
      cup of a beverage, comprising: a receptacle containing a predetermined
      quantity of ground beverage material selected from the group consisting of
      coffee and tea, said receptacle having a circular horizontal cross-section
      and a height that is less than the diameter of said cross-section, said
      receptacle including an annular side portion non-permeable to water a lid
      that is flexible for vertical reciprocating action and non-permeable to
      water and a bottom surface that is permeable to water, and manual pumping
      means flexing only the lid of said receptacle for providing reciprocating
      flow of said hot water through said water permeable bottom surface and
      forced circulation of said hot water throughout the beverage material for
      brewing.
NUM  2.
PAR  2. The device of claim 1 wherein said bottom surface contains a plurality
      of perforations, said receptacle including a filter between said bottom
      surface and said beverage material.
NUM  3.
PAR  3. The device of claim 1 wherein said lid is circular.
NUM  4.
PAR  4. The device of claim 3 wherein said lid includes a stand-off portion at
      the center thereof having a recess for receiving said actuating stick.
NUM  5.
PAR  5. The device of claim 4 wherein said actuating stick includes an upper
      portion having a first diameter, and a lower portion having a second
      diameter larger than said first diameter, said lower portion engaging the
      recess of said stand-off portion of said lid.
NUM  6.
PAR  6. The device of claim 1 including a peel-off seal for covering the water
      permeable bottom surface of said receptacle.
NUM  7.
PAR  7. The device of claim 6 wherein said peel-off seal is removably attached
      to said bottom surface with adhesive means, and includes a grip tab for
      easy removal.
NUM  8.
PAR  8. The device of claim 1 wherein said lower portion is a perforated.
NUM  9.
PAR  9. The device of claim 3 wherein said flexible lid has a concave surface.
NUM  10.
PAR  10. The device of claim 2 wherein said receptacle is formed of a material
      selected from the group consisting of polystyrene, polypropylene and
      polyvinyl chloride.
NUM  11.
PAR  11. The device of claim 2 wherein said lower portion is a circular.
NUM  12.
PAR  12. The device of claim 11 wherein the diameter of said lid is larger than
      the diameter of said bottom surface of said receptacle.
NUM  13.
PAR  13. The device of claim 10, wherein said lid is heat-sealed to the annular
      side portion of said receptacle.
NUM  14.
PAR  14. The device of claim 2 wherein said receptacle is formed of aluminum
      foil.
NUM  15.
PAR  15. The device of claim 5, wherein said stand off portion comprises a
      tapered wall portion having a plurality of cross-cuts, a recess for
      receiving said lower portion of said actuating stick.
NUM  16.
PAR  16. Disposable device for use with a cup of hot water for brewing a single
      cup of a beverage, comprising: a receptacle containing a predetermined
      quantity of ground beverage material selected from the group consisting of
      coffee and tea, said receptacle having a circular horizontal cross-section
      and a height that is less than the diameter of said cross-section, said
      receptacle including an annular side portion non-permeable to water a
      planar bottom surface having apertures for receiving water, said
      receptacle containing said beverage material; a vertically flexible lid
      secured to said annular side portion, and an actuating stick attached to a
      central portion of said lid for vertically pumping said lid, whereby
      reciprocating flow of hot water through said apertures and throughout said
      beverage material is provided for brewing.
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ABST
PAL  A protein food product comprising a mixture of edible protein fibers, and a
      stabilized fat consisting of 85-95% by weight edible triglyceride and
      5-15% by weight ethyl cellulose.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of this invention relates to fat-containing protein food
      products, particularly meat analog food products formed from fibrous
      texturized protein.
PAR  2. Description of the Prior Art
PAR  A variety of fat-containing protein food products are known in the prior
      art. A problem associated with many such food products is that the fat
      phase separates from the protein phase. It is often desirable, however, to
      maintain the fat phase intimately admixed with the protein phase.
PAR  A particular example of a protein food product wherein it is desirable to
      maintain the fat phase admixed with the protein phase is a meat analog
      food product formed from texturized vegetable protein.
PAR  A variety of prior art processes are known for "texturizing" vegetable
      protein, i.e., imparting to vegetable protein a fibrous, filamentary
      structure and toughness associated with meat, and assembling the
      texturized protein into familiar meat forms to provide meat analog
      products. For example, meat analog products can be made by processes
      involving fiber spinning or thermal plastic extrusion.
PAR  The fiber spinning technique is an adaptation of the spinnerette method of
      making synthetic textile fibers. In the meat analog adaptation of this
      method, fibrous protein products are prepared from proteins such as a soy
      protein by forming a spinning dope from alkali solubilized protein and
      extruding the dope through a perforated die (spinnerette) into an acid
      (isoelectric) precipitating bath. The acidic bath sets the filaments or
      fibers as they emerge from the spinnerette. Thereafter, the fibers are
      collected for subsequent processing. The fibers, during the collection
      process, are usually stretched to orient the molecular structure of the
      fibers; thereafter, the fibers are assembled in "tows", bundles of
      individual fibers aligned in parallel fashion. Binding agents, coloring,
      fat and flavor may be added to the fiber tows and the entire fiber mass is
      then shaped to resemble familiar meat products. Details regarding the
      techniques are disclosed, for example, in U.S. Pat. Nos. 2,682,466;
      2,730,447 and 2,730,448.
PAR  The thermal plastic extrusion method of forming meat analog products is an
      adaptation of technology involved in making ready-to-eat cereal food
      products. The thermal plastic extrusion process involves preparing a
      mixture of protein material, water, flavor and other ingredients and
      thereafter feeding the mixture into a cooker extruder wherein it is
      subjected to heat and pressure and subsequently extruding the mixture. The
      extrudate filament as it enters into a medium of reduced pressure (usually
      atmospheric) expands to form a fibrous cellular structure. On rehydration,
      the fibrous filamentary product can possess an appearance, a bite and
      mouth feel comparable to cooked hamburger. Details regarding thermal
      plastic extrusion techniques for the forming of meat analogs are
      disclosed, for example, in U.S. Pat. Nos. 3,102,031 and 3,488,770. Wtih
      the use of suitable binders, products similar to hamburger patties, meat
      balls, meat loaves and meat chunks can be formed. A variety of other
      processes are known for providing very suitable meat analog products which
      approach the texture and appearance of a variety of natural meats.
PAR  Providing meat analog products having the basic appearance and fibrous
      texture of meats solves only a portion of the problem of providing
      desirable meat analogs which are substantially indistinguishable from real
      meat. Incorporating desirable fats and flavors in the meat analog is
      necessary to provide fully satisfactory meat analogs.
PAR  Incorporating nutritionally desirable liquid fats (oils) can be difficult
      because the liquid oil tends to separate from the protein filaments of the
      meat analog. The use of higher melting fats can be helpful, but on heating
      the product, these fats too tend to separate from the product. In
      addition, very high melting fats are less desirable nutritionally and can
      have an undesirable waxy mouthfeel.
PAR  Ethyl cellulose is a known item of commerce which has a wide variety of
      industrial applications, for example, in fields relating to coatings and
      pharmaceuticals. (See, Ethocel for Coatings Applications, The Dow Chemical
      Co., Copyright, 1966). Heretofore, it was known that this material can
      thicken vegetable oils (see, U.S. Pat. No. 2,796,381).
PAR  It would be desirable in fat-containing fibrous protein food products to
      stabilize the fat to provide the fat in a viscous or gelled state in order
      to inhibit separation of fat from the protein. To be acceptable, however,
      it is critical that the stabilized fat present an acceptable mouthfeel,
      i.e., to be acceptable, the stabilized fat cannot be slimy, sticky, gummy
      or waxy. In addition, it would be desirable to improve the flavor of
      fibrous protein food products.
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention presents a protein food product comprising a
      mixture of edible protein fibers and a stabilized fat consisting of 85-95%
      edible triglyceride and 5-15% ethylcellulose, by weight.
PAR  It has been found that the stabilized fat employed in this invention does
      not readily separate from the product, and does not adversely affect the
      taste or mouthfeel of the product.
PAR  In another aspect of this invention, it has been discovered that
      incorporating suitable flavors into the stabilized fat provides a notable
      taste benefit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND ITS PREFERRED EMBODIMENTS
PAR  In its broad aspect, this invention provides a protein food product
      comprising a mixture of edible protein fibers, and a stabilized fat
      consisting of 85-95% edible triglyceride and 5-15% ethylcellulose, by
      weight of stabilized fat. In another aspect, this invention provides a
      shaped protein food product comprising a mixture of edible protein fibers,
      edible binder material, and a stabilized fat consisting of from 85 to 95%
      edible triglyceride and from 5 to 15% ethylcellulose, by weight of
      stabilized fat, the mixture being bound together to form a shaped fibrous
      protein food product. Most suitably, the product will resemble meat in
      both appearance and texture.
PAR  The protein fibers employed in this invention are most suitably texturized
      proteins formed by any of a variety of methods. A variety of suitable
      methods are known in the prior art. Suitable protein fibers can consist of
      from 30 to 100% protein, and from 0 to 70% materials associated with the
      protein source material or added adjuvant materials. Examples of adjuvant
      materials are carbohydrates, vitamins, and flavors, etc. Preferably the
      protein fibers consist of 50 to 100% protein, and most preferably 70 to
      100% protein.
PAR  Suitable proteins for forming these protein fibers are available from a
      variety of sources. The usual source of such proteins is vegetable
      protein; however, animal protein may also be employed. Examples of
      suitable vegetable protein sources are soybeans, safflower seed, corn,
      peanuts, wheat, peas, sunflower seed, cottonseed, coconut, rapeseed,
      sesame seed, leaf proteins, single cell proteins such as yeast, and the
      like. Generally, if the protein source is a vegetable protein, the protein
      prior to use is placed in a relatively pure form. Thus, for example, if
      the protein source is soybeans, the soybeans can be dehulled and solvent
      extracted, preferably with hexane, to remove the oil therefrom. The
      resulting oil-free soybean meal contains about 50% protein.
PAR  The soybean meal can be processed in known manner to remove carbohydrates
      and obtain products with higher levels of protein, for example, soy
      protein concentrates containing about 70% protein or soy protein isolates
      containing about 95% or more protein. In turn, a variety of suitable prior
      art process can be employed to convert the soybean meal, concentrate,
      isolate and other edible protein bearing materials into suitable
      texturized edible protein fibers.
PAR  Suitable methods for converting protein bearing materials into protein
      fibers are disclosed, for example, in U.S. Pat. Nos. 2,682,466; 3,047,395;
      3,142,571; 3,488,770; 3,498,794; 3,759,715; 3,778,522 and 3,794,731, all
      said patents being incorporated herein by reference.
PAR  The most suitable protein fibers will generally have a cross-section of
      from about 20 to about 500 microns. The fibers can be in form of a fiber
      bundle (tow) comprised of numerous fibrous filaments having a
      substantially larger cross-section. Fibrous cellular texturized proteins
      formed by expansion, for example, texturized proteins formed by extrusion
      as mentioned hereinbefore, represent numerous protein fibers bound
      together and are comparable to a tow of fibers.
PAR  Preferably the protein fibers are readily hydratable, and can hold from
      about 2 to 3 times their dry weight water.
PAR  Suitable edible triglycerides for utilization in the stabilized fat
      composition of this invention are well known and generally comprise liquid
      or semi-liquid glycerides derived from animal, vegetable, or marine fats
      and oils, including synthetically prepared shortenings. These glycerides
      can contain saturated or unsaturated "long chain" acyl radicals having
      from about 12 to about 22 carbon atoms such as lauroyl, lauroleoyl,
      myristoyl, myristoleoyl, palmitoyl, palmitoleoyl, stearoyl, oleoyl,
      linoleoyl, linolenoyl, arachidoyl, arachidonyl, behenoyl, erucoyl, and the
      like, and are generally obtained from edible fats and oils such as
      cottonseed oil, soybean oil, coconut oil, rapeseed oil, peanut oil, olive
      oil, palm oil, palm kernal oil, sunflower seed oil, rice bran oil, corn
      oil, sesame seed oil, safflower oil, wallflower oil, nasturtium seed oil,
      whale oil, sardine oil, herring oil, menhaden oil, pilchard oil, lard,
      tallow and the like. These glycerides can also contain, in part, one or
      two short chain acyl groups having from 2 to about 6 carbon atoms such as
      acetyl, propanoyl, butanoyl, valeryl, and caproyl; they can be prepared by
      random or low-temperature interesterification reactions of fatty
      triglyceride-containing oils and fats, such as interesterified or
      rearranged cottonseed oil and lard; and they can be otherwise formed by
      various organic syntheses. Most suitably, the triglyceride employed will
      have a melting point below 100.degree.F. Preferably, the triglyceride
      employed is a liquid vegetable oil, soybean oil, cottonseed oil, and corn
      oil being especially preferred examples.
PAR  The stabilized fats employed in this invention are formed by adding to the
      edible triglyceride an amount of ethyl cellulose, a compound capable of
      gelling the edible triglyceride.
PAR  Suitable ethyl celluloses preferred for use in this invention are those
      having a degree of substitution (D.S.) of from about 2.21 to about
      2.58/glucose unit, most preferably from about 2.42 to 2.53/glucose unit,
      and a viscosity factor of from about 4 to 200 cps. (Viscosity factor
      refers to viscosity determined in 80:20 toluene:ethanol by weight
      containing 5% concentration by weight ethylcellulose at 25.degree.C.)
PAR  The stabilized fat gels employed in this invention are formed by adding
      from about 5 to 15%, by weight, ethyl cellulose to the edible triglyceride
      and heating the mixture, for example, to a temperature of from about
      150.degree.F to 350.degree.F to disperse the ethyl cellulose. On cooling,
      a stabilized fat gel forms.
PAR  The resulting stabilized fat can be a viscous liquid (semi-solid) gel or a
      solid gel at room temperature depending on the concentration of the ethyl
      cellulose, and the particular ethyl cellulose and triglyceride employed.
      High concentrations of ethylcellulose, high melting point triglycerides
      and high viscosity factor ethylcelluloses tend to give hard gels; whereas
      the low concentrations of ethyl cellulose, low melting triglycerides (for
      example, liquid vegetable oil) and low viscosity factor ethyl celluloses
      tend to give soft gels.
PAR  The most suitable stabilized fats for use in this invention are those which
      have penetration values from 220 to 90. The penetration value is the
      number of tenths of a millimeter a standard cone penetrates a sample in 5
      seconds. The cone employed has 19/32 inch diameter base, 2 inch length,
      tapers to a point having 1/32 inch diameter. The test procedure is
      A.S.T.M. method D-217 using the above described cone with a total weight
      of 47 grams.
PAR  Stabilized fats with significantly lower penetration values are too hard
      and can contribute an unnatural and undesirable mouth feel to the protein
      food product of the invention. Stabilized fats with significantly higher
      penetration values do not provide fats which are optimumly stabilized
      against separation.
PAR  Most preferably, the stabilized fats employed in this invention are solid
      gels at room temperature.
PAR  The amount of stabilized fat employed will vary significantly depending
      upon the exact product characteristics desired. Generally, the stabilized
      fat will be utilized at a ratio of from 1:0.01 to 1:0.8 by weight of
      protein fiber to stabilized fat.
PAR  An amount of edible binder can be employed to bind the protein fibers and
      stabilized fat together to form a shaped product. The particular amount of
      edible binder material placed upon the protein fiber mixture is not a
      critical aspect of this invention. Selection of the most suitable amount
      is dependent upon a number of circumstances such as the end product
      texture desired, the protein material utilized in forming the aggregated
      fibers, and the particular edible binder employed. As a general rule, an
      amount of binder should be employed to produce a product which has
      sufficient binder present to impart the necessary cohesiveness to the
      product such that the product remains together during handling and
      packaging and yet is not bound so tightly that the mouth eating quality of
      stringy meat is lost. Within this context, the ratio of fiber material to
      binder material employed should be within the range of from 95:5 to 5:95
      and preferably from 75:25 to 20:80.
PAR  Examples of suitable edible binders are, for example, egg albumen, cereals,
      heat-coagulable proteins, and alginates. Generally, the edible binder will
      be at least a partially water-soluble edible binding material.
      Heat-coagulable protein binders are preferred.
PAR  The edible binder material is generally prepared for use by adding moisture
      to the edible binder material to form a water-edible binder mixture which
      is generally from 60 to 80% by weight of water, and preferably from 65 to
      75% by weight of water. The edible water-binder mixture can be coated upon
      the fibers in a number of ways. For example, the edible binder-water
      mixture can be sprayed upon the protein fibers, extruded and placed upon
      the fibers as a thin film, placed upon the fibers by any other
      conventional coating means such as, for example dipping the fibers into
      the water-edible binder mixture, or mixing the fibers and binder together.
PAR  It should be noted that some edible protein fibers can be heat-coagulable
      and have an inherent cohesive character such that a thin coating of water
      alone will act as a suitable binder material. Therefore, the use of water
      as an edible binder is also contemplated by this invention.
PAR  Protein food products of this invention which are not shaped (for example,
      a ground meat analog) are formed by mixing together the stabilized fat and
      protein fibers.
PAR  The shaped fibrous protein food products of the invention are formed by
      mixing the stabilized fat, binder, and the protein fibers. The mixture is
      then shaped to provide a desirable form. If the binder requires heat to
      set and bind the product, the shaped product is heated to complete binding
      to form a stable unitary food product. The resulting shaped food product
      can be a meat analog, resembling, for example, a hamburger patty,
      meatball, or roast beef chunk.
PAR  A highly preferred embodiment of this invention involves adding to the
      stabilized fat flavoring ingredients, for example, meat flavor
      ingredients. In particular, it has been discovered that a distinct flavor
      advantage is achieved in the protein food products of this invention if
      the flavor is incorporated into the stabilized fat. The reasons why this
      flavor advantage is achieved are not fully understood. While not wishing
      to be bound by any theory, it is suggested that the advantage is due to a
      combination of factors involving (1) protection of the flavor by isolating
      it from the protein (flavors can become tightly bound to the protein and
      become unavailable), (2) concentrating the flavor so that it is more
      sharply perceived, and (3) sustaining the release of the flavor during
      mastication providing the desirable lingering taste sensation of natural
      meat products.
PAR  Suitable flavors for incorporation into the stabilized fat include
      water-soluble and oil-soluble flavors. While the particular amount of
      flavor employed will vary with the particular flavors employed, generally
      a suitable flavor content can be from about 5 to 50%, by weight, of the
      stabilized fat.
PAR  To achieve optimum taste advantage, it is important that the flavor be
      incorporated in the stabilized fat prior to gelling.
PAR  The following examples illustrate several preferred embodiments of the
      invention disclosed herein.
PAC  EXAMPLE I
PAC  Part A
PAR  A commercially available soy concentrate (containing about 70% protein) was
      extruded in a known manner as follows:
PAR  Sixty-five parts soy concentrate were mixed with 35 parts water, and the pH
      of the mixture was adjusted to 5.8 with HCl.
PAR  The resulting composition was extruded in a Brabender model 2503 extruder
      equipped with a medium compression (2:1) screw and an extrusion die
      containing a 3/16 inch diameter orifice. The extruder was maintained at a
      temperature of 175.degree.C at the extrusion die and the front end of the
      barrel. The screw was rotated at a rate of 200 rpm.
PAR  The extruded product expanded rapidly on emerging from the die while
      releasing steam. The resulting product was a fibrous protein filament. The
      fibrous protein filament product can be dried in an oven at 60.degree.C
      for 7 hours to obtain a storage stable product. When the dry product is
      added to water, it absorbs approximately three times its dry weight of
      water. The resulting hydrated product resembles loose cooked ground
      hamburger meat, and is characterized as a hamburger analog.
PAC  Part B
PAR  A stabilized fat composition was formed in the following manner.
PAR  To 90 parts liquid soybean oil (I.V. 107) was added 10 parts ethyl
      cellulose having about 2.58 ethoxyl groups/glucose unit and a viscosity
      designation of 45 cps. The resulting mixture was heated with stirring at a
      temperature of 200.degree.C until the ethyl cellulose was completely
      dispersed. The mixture was then allowed to cool to room temperature
      (25.degree.C).
PAR  On cooling, a stabilized fat gel formed. This stabilized fat melts at about
      275.degree.F and has a penetrometer value of 175.
PAR  The stabilized fat gel was chopped into pieces having a particle size of
      from about 2 to 10 mm (largest dimension).
PAC  Part C
PAR  A dry fat-containing protein food product of the invention was formed by
      mixing together 10 parts dry hamburger analog (Part A) and 5 parts by
      weight stabilized fat particles (Part B).
PAC  Part D
PAR  Shaped fat-containing protein food products were made by mixing together
      the following ingredients:
TBL  Dry hamburger analog (Part A)                                             

                          12.1      parts                                      

     Fat                  5.7                                                  

     Water                30.0                                                 

     Binder (dried egg white)                                                  

                          6.8                                                  

     Flavor (dry roast beef extract)                                           

                          2.5                                                  

     Total                57.1                                                 

PAR  Sufficient time was allowed for the dry ingredients (dry hamburger analog
      and binder) to hydrate and take up the water. Fifty grams of this mixture
      were placed in a form and pressure molded to round patties 4 inches in
      diameter and 3/16 inch thick.
PAR  The percentage of fat lost (separated) during the molding process varied
      depending upon the fat employed in the product formed as follows:
TBL                            Percent Fat                                     

                               Lost During                                     

     Product     Fat           Patty Formation                                 

     ______________________________________                                    

     1.  (Control)   Liquid Soybean                                            

                                   58%                                         

                     Oil (I.V. 107)                                            

     2.  (Invention) Stabilized Fat                                            

                                   14%                                         

                     (Part B)                                                  

     ______________________________________                                    

PAR  Product 2 formed with an ethyl cellulose stabilized fat is an example of
      the invention presented herein. Product 1 is not an example of the
      invention, and is presented to illustrate the advantage of the invention
      in reducing fat separation from fat-containing protein fiber food
      products.
PAR  Product 2 is a shaped unitary food product resembling a hamburger patty and
      can be characterized as a hamburger patty analog. This hamburger patty
      analog is heated to a temperature of 100.degree.C for 3 minutes. This
      heating sets the binder more firmly. This hamburger analog product can be
      used as such, or dehydrated and stored for later use. On rehydration, a
      desirable juicy hamburger analog is again obtained. The hamburger analog
      product presents an excellent mouthfeel and texture resembling hamburger.
      The taste, however, is somewhat bland.
PAC  EXAMPLE II
PAR  The procedure followed in Example I, Part D, was repeated except that the
      flavor ingredients were added to the stabilized fat, with mixing, prior to
      gelling.
PAR  The results were substantially the same as in Example I with the exception
      that the product presented a superior taste (stronger, lingering).
PAR  Incorporating the flavor ingredients into the stabilized fat prior to
      gelling provides a notable taste advantage.
PAC  EXAMPLE III
PAR  When in Example I, corn oil or cottonseed oil is used instead of soybean
      oil, substantially the same results are obtained.
PAC  EXAMPLE IV
PAR  Several stabilized fats were formed following the procedure of Example I,
      Part B. The composition of the stabilized fats formed were as follows:
TBL                                    Percent                                 

     Stabilized Fat                                                            

              Ethyl Cellulose   Triglyceride                                   

                                       Ethyl Cellulose                         

     __________________________________________________________________________

     1        D.S. 2.42, Vis. Factor 45 cps.                                   

                                Soybean Oil                                    

                                       7.5                                     

     2        D.S. 2.50, Vis. Factor 200 cps.                                  

                                Soybean Oil                                    

                                       10.0                                    

     3        D.S. 2.50, Vis. Factor 200 cps.                                  

                                Tallow 10.0                                    

     __________________________________________________________________________

PAR  When in Example II these stabilized fats are used instead of the stabilized
      fat employed herein, substantially the same results are obtained in that
      the fat does not readily separate from protein fibers, the product
      presents an excellent mouthfeel, and the flavor is good.
PAR  It should be understood the fat separation is not only a problem during
      processing, such as patty formation, but is a significant problem
      encountered during shipping and storage, and in use, cooking and eating.
      The fibrous protein food products of the invention substantially avoid
      this probelm, thereby providing a superior, more desirable product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protein food product comprising a mixture of edible protein fibers and
      a stabilized fat consisting of 85-95% edible triglyceride and from 5-15%
      ethyl cellulose, by weight of stabilized fat.
NUM  2.
PAR  2. The food product of claim 1 wherein the ethyl cellulose has a D.S. of
      from about 2.21 to about 2.58/glucose unit.
NUM  3.
PAR  3. The food product of claim 2 wherein the edible triglyceride has a
      melting point below about 100.degree.F.
NUM  4.
PAR  4. The food product of claim 3 wherein the edible triglyceride is liquid in
      vegetable oil.
NUM  5.
PAR  5. The food product of claim 4 wherein the liquid vegetable oil is soybean
      oil, cottonseed oil, corn oil or mixtures thereof.
NUM  6.
PAR  6. The food product of claim 4 wherein the ratio of protein fibers to
      stabilized fat is from 1:0.01 to 1:0.8, by weight.
NUM  7.
PAR  7. The food product of claim 1 wherein the stabilized fat contains from
      about 5-50%, by weight stabilized fat, flavor.
NUM  8.
PAR  8. A shaped protein food product comprising a mixture of
PA1  edible protein fibers,
PA1  edible binder material, and
PA1  a stabilized fat consisting of from 85 to 95% edible triglyceride and from
      5 to 15% ethylcellulose, by weight of stabilized fat,
PA1  said mixture being bound together to form a shaped fibrous protein food
      product.
NUM  9.
PAR  9. The food product of claim 8 wherein the ethyl cellulose has a D.S. of
      from about 2.21 to about 2.58/glucose unit.
NUM  10.
PAR  10. The food product of claim 9 wherein the edible triglyceride has a
      melting point below about 100.degree.F.
NUM  11.
PAR  11. The food product of claim 10 wherein the edible triglyceride is liquid
      vegetable oil.
NUM  12.
PAR  12. The food product of claim 11 wherein the liquid vegetable oil is
      soybean oil, cottonseed oil, corn oil or mixtures thereof.
NUM  13.
PAR  13. The food product of claim 11 wherein the ratio of protein fibers to
      stabilized fat is from 1:0.01 to 1:0.8, by weight.
NUM  14.
PAR  14. The food product of claim 12 wherein the stabilized fat contains from
      5-50%, by weight stabilized fat, flavor.
NUM  15.
PAR  15. The food product of claim 4 wherein the stabilized fat has a
      penetration value of from 220 to 90.
NUM  16.
PAR  16. The food product of claim 10 wherein the stabilized fat has a
      penetration value of from 220 to 90.
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ABST
PAL  A tubular cellulosic sausage casing such as a tubular fibrous casing
      particularly suitable for use with dry sausage such as Genoa salami has a
      coating bonded to the interior and exterior surfaces thereof of a cured
      cationic thermosetting resin. A tubular cellulosic sausage casing having
      at least about 0.45% by weight of said cured cationic thermosetting resin
      bonded to the surfaces of said casing exhibits resistance to degradation
      by cellulolytic enzymes.
BSUM
PAR  This invention relates to food casing and more particularly to tubular food
      casings that exhibit improved resistance to degradation in the presence of
      cellulolytic enzymes and to the method of making the same.
PAR  A wide variety of processed meat products employing many different recipes
      and processing conditions are commercially prepared and, in general,
      tubular food casings play an important part in the manufacture of these
      products.
PAR  In recent years, food casings formed from synthetic materials and
      particularly regenerated cellulose have been found to be highly desirable
      and are used extensively in the preparation of processed meat products
      such as sausage products replacing, to a large extent, casings formed of
      natural materials or animal products. The use of different types of food
      casing may be required for the processing of different categories of meat
      products and it is common to utilize tubular food casing referred to as
      "fibrous casing" in the preparation of a variety of sausage products.
      Fibrous casing consists of a fibrous web formed into a tube and
      impregnated with regenerated cellulose.
PAR  A common feature of most varieties of sausage products is that the mixture
      of comminuted meat, spices and seasoning of which the sausage is made up,
      generally called the emulsion, is stuffed into a casing and then processed
      and stored in the casing. However, the differences in emulsion recipes and
      modes of processing make it difficult to provide a casing that is suitable
      for all types of sausage product. For example, sausage products known as
      dry sausages such as salami, summer sausage, Lebanon bologna and the like
      are usually processed by curing and drying for extended periods of time
      rather than cooking. To permit moisture to be removed and enable curing
      agents such as smoke to be accessible to the sausage, the casing must be
      permeable to gases. On the other hand, liver and other moist types of
      sausage require that moisture be retained during processing and storage
      necessitating the use of casings that are substantially impermeable.
PAR  Fibrous casings have been developed and are commercially available that
      exhibit properties making them suitable for use with many varieties of
      sausage products. Casing of the type described, for example, in U.S. Pat.
      No. 3,378,379 exhibits the permeability and adhesion characteristics that
      are required in the processing of a wide variety of dry sausages and
      another type of casing as described, for example, in U.S. Pat. No.
      2,961,323 exhibits low moisture and gas permeability and is thereby
      suitable for preparing moist type sausage such as liver sausage.
PAR  However, there are other special types of dry sausages, such as Genoa
      salami, that are prepared by inoculation of the meat emulsion with
      particular microorganism cultures to promote ingestion of the meat product
      during the curing process. The encased emulsion is cured under conditions
      conducive to the growth of desired microorganisms for periods from about 2
      to 7 days and dried under controlled temperature and humidity conditions
      from 2 to 6 months. The conditions which are conducive to the curing and
      drying of the sausage, however, are also found to result in the growth of
      undesirable mold and fungi on tubular fibrous cellulosic casings producing
      cellulolytic enzymes that cause deterioration of the casing and which can
      render the sausage product unsaleable.
PAR  Appearance and surface characteristics of the sausage products are
      important factors in their commercial acceptance. Changes in these
      characteristics that may arise during the processing, drying and/or
      storage are, therefore, highly undesirable even though the changes are
      only of a surface nature. It is common, for example, for a dry sausage
      product such as Genoa salami to be encased in a characteristic white,
      opaque, fibrous casing. The growth of undesirable mold and fungi on the
      cellulosic casing during processing of the sausage results in minute
      cracking and flaking of cellulose chips from the surface layer of the
      casing, a condition commonly referred to as "flaking." While "flaking"
      defects may be most evident in opaque pigmented casing, it is obvious that
      the condition would be unsatisfactory for any cellulosic casing.
PAR  In accordance with the present invention, there is provided tubular fibrous
      food casing characterized as being opaque and preferably white opaque and
      having a coating of cured cationic thermosetting resin bonded to the
      interior and exterior surfaces thereof in an amount sufficient to afford
      improved resistance to degradation by cellulolytic enzymes.
PAR  There is also provided a method for preparing tubular food casing that
      exhibits improved resistance to degradation by cellulolytic enzymes which
      comprises the steps of coating the interior and exterior surfaces of a
      tubular cellulosic food casing with an amount of a water soluble cationic
      thermosetting resin sufficient to provide resistance to degradation by
      cellulolytic enzymes and then curing said resin.
PAR  It has been discovered that the tubular cellulosic food casings of the
      present invention having a cured cationic thermosetting resin coating the
      surfaces thereof exhibit a surprising and unexpected improvement in
      resistance to degradation by cellulolytic enzymes and that said casings
      may be employed in processing sausage products where cellulosic food
      casings have heretofore proven to be unsatisfactory. Accordingly, a white,
      opaque fibrous casing prepared in accordance with the practice of the
      present invention may be employed in the preparation of dry sausages such
      as Genoa salami under conditions conducive to the formation of
      cellulolytic enzymes without undesirable changes occurring in the surface
      characteristics and appearance of the encased food product.
PAR  Tubular cellulosic casings including fibrous casing prepared by any one of
      the methods well known in the art are suitable for use in the casing of
      the present invention.
PAR  Suitable coating materials are the cationic thermosetting resins that are
      water soluble or water dispersible in the uncured state and can be cured
      to a water insoluble state. Exemplary of the suitable resins are water
      soluble cationic melamine-formaldehyde resins and particularly modified
      melamine-formaldehyde resins such as those described in U.S. Pat. No.
      2,796,362; modified urea-formaldehyde cationic resins as, for example,
      described in U.S. Pat. No. 2,616,874; the cationic resin which is the
      reaction product of epichlorohydrin and a polyamide as, for example,
      described in U.S. Pat. No. 2,926,154; and higher polyalkyleneimines, such
      as polyethyleneimine.
PAR  Other suitable cationic thermosetting resins are described in U.S. Pat. No.
      3,378,379.
PAR  In accordance with the present invention, it is essential that both
      surfaces of the casing are coated with a suitable cationic thermosetting
      resin and though it is preferred that an essentially uniform quantity of
      the resin is applied to each of the surfaces, it has been found that
      casings having a wide disparity in the amount of resin present on the two
      surfaces may be employed.
PAR  The quantity of cured cationic thermosetting resin adhered to the surfaces
      of the casing to impart the desired improvement in resistance to
      deterioration by cellulolytic enzymes is important. The casing should
      contain at least about 0.45% by weight and preferably at least about 1% by
      weight of said cured cationic thermosetting resin. The upper limit of
      cured resin adhered to the surfaces of the casing has not been found to be
      critical. However, a quantity of resin greatly in excess of that needed to
      impart the desired resistance to degradation as, for example, more than
      about 1.5% to 2.0% by weight, may adversely affect the permeability and
      other desirable characteristics of the casing.
PAR  Tubular food casings of the present invention may be prepared from tubular
      cellulosic casings, and preferably fibrous casings, made by well known,
      conventional methods which are then coated on the interior and exterior
      surfaces thereof with a suitable water soluble cationic thermosetting
      resin using methods well known in the art. For example, the interior
      surface of the casing may be coated using the "slugging" technique as
      described, for example, in U.S. Pat. No. 3,378,379 and the exterior
      surface thereof may be coated by conventional dip coating methods. The
      casing may be coated by coating both surfaces thereof simultaneously or,
      alternatively, by first coating one surface and then the other.
PAR  In general, final processing of the resin coated casing requires a drying
      and/or curing step to convert the cationic resin to a water insoluble
      state and promote adhesion thereof to the casing.
PAR  Preferably, aqueous coating solutions of uncured cationic thermosetting
      resin are employed, the resin content of which may be at least about 2% by
      weight and preferably between about 2.5% and 10% by weight. Aqueous
      coating compositions also containing between about 5% and 15% by weight of
      glycerine or similar polyols may be advantageously employed in accordance
      with the practice of the present invention.
DETD
PAR  The invention is further illustrated by the following examples. Unless
      otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE I
PAR  A substantial quantity of fibrous food casing about 4 inches in diameter
      was prepared using conventional methods and the casing was simultaneously
      coated on the interior and exterior surfaces with aqueous compositions
      containing various proportions of a water soluble cationic thermosetting
      resin. The resin used was purchased under the trademark "Kymene 557" from
      Hercules, Inc. and comprised the reaction product of epichlorohydrin and a
      polyamide prepared by reacting adipic acid with diethylenetriamine. Each
      of the coating compositions also contained 10% by weight of glycerine. The
      coating was applied to the interior surface of the casing by the slugging
      technique at the same time that the outside surface was coated by dip
      coating the casing. The coated casing was then dried and the coating cured
      for about 10 to 15 minutes at 105.degree. to 110.degree.C. The following
      casing samples were prepared:
PAR  Casing A: a fibrous casing without any coating applied.
PAR  Casing B: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 1.0% by weight of cationic
      thermosetting resin. The casing had a cured resin content of 0.41%.
PAR  Casing C: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 3.0% by weight of cationic
      thermosetting resin. The casing had a cured resin content of 0.90%.
PAR  Casing D: a fibrous casing coated with a composition containing 5.0% by
      weight of cationic thermosetting resin. The casing had a cured resin
      content of 0.94%.
PAR  Casing E: a fibrous casing coated with aqueous compositions containing 7.0%
      by weight of cationic thermosetting resin. The resin content of the casing
      was 1.08%.
PAR  Casing F: a fibrous casing having a resin content of 1.40%. The casing was
      coated with compositions containing 9.0% by weight of cationic
      thermosetting resin.
PAR  The casing samples were exposed to two cellulolytic enzyme solutions having
      the following compositions:
     Solution A                                                                

     Trichoderma Viride   0.226 gms                                            

     Citric Acid          14.64 gms                                            

     Sodium Phosphate     8.62 gms                                             

     Distilled Water      make up to one                                       

     Solution B                                                                

     Aspergillus Niger    0.400 gms                                            

     Citric Acid          14.64 gms                                            

     Sodium Phosphate     8.62 gms                                             

     Distilled Water      make up to one                                       

                          liter                                                

PAR  Forty-two square inches of casing were immersed in 62 ml of the enzyme
      solutions and were evaluated for flaking after 24 hours. Summarized in
      Table I below are the results obtained after 24 hours of immersion in the
      enzyme solutions.
TBL                Table I                                                     

     ______________________________________                                    

     CASING  RESIN CONTENT FLAKING*                                            

     SAMPLE  IN CASING %   Solution A  Solution B                              

     ______________________________________                                    

     A       --            very poor   very poor                               

     B       .41           very poor   poor                                    

     C       .9            poor        slight                                  

     D       .94           slight      none                                    

     E       1.08          none        none                                    

     F       1.40          none        none                                    

     ______________________________________                                    

       *Flaking of cellulose chips from surface of casing.                     

PAR  The results in Table I clearly point out the improvement in resistance of
      the resin coated casing to degradation by various cellulolytic enzymes.
PAC  EXAMPLE II
PAR  A white, opaque tubular fibrous cellulosic casing prepared by conventional
      methods was used in this example. The white, opaque characteristics were
      obtained by incorporating a food grade titanium dioxide pigment into the
      viscose from which the casing was prepared.
PAR  The interior and exterior surfaces of a substantial length of the fibrous
      casing were coated using the procedure of Example I with aqueous coating
      compositions containing 5% by weight of the cationic thermosetting resin
      of Example I and 10% by weight of glycerine. The casing was dried and the
      resin cured by heating 10-15 minutes at 105.degree.-110.degree.C. It was
      determined that the resin content of the casing was about 1% by weight.
PAR  A typical Genoa salami emulsion was prepared from pork trim, pork butts,
      salt, sugar and other spices. The desired microorganisms were added to the
      meat emulsion and the emulsion was stuffed into a length of the resin
      coated fibrous casing of this example and a comparable length of uncoated
      white, opaque fibrous casing.
PAR  The encased emulsion samples were placed into a "greening room" where
      temperature and humidity conditions conducive for the growth of
      microorganisms were maintained (dry bulb temperature of 70.degree. to
      75.degree.F. and a relative humidity of 75 to 80%). After 5 days in the
      "greening room," the encased sausages were transferred to a drying room
      maintained at a dry bulb temperature of about 55.degree. to 60.degree.F.
      and 70% relative humidity where they were dried for 90 days.
PAR  The processed, dried sausage encased in both the coated and uncoated
      fibrous casings exhibited desired flavor characteristics. The resin coated
      fibrous casing retained its original white, opaque color and there was no
      evidence of cracking or flaking of the cellulose in the casing. The
      uncoated white fibrous casing, however, while not exhibiting any apparent
      flaking had become discolored and quite dark.
PAC  EXAMPLE III
PAR  Tubular fibrous cellulosic food casing about 4 inches in diameter prepared
      using conventional methods was used in this Example. An aqueous coating
      composition containing 10% by weight of the cationic thermosetting resin
      of Example I was used in the preparation of the following samples.
PAR  Casing A: a fibrous casing without resin coating.
PAR  Casing B: a fibrous casing coated on the interior surface with the coating
      composition of this Example by the "slugging" technique and dried for
      about 10 to 15 minutes at 105.degree. to 110.degree.C.
PAR  Casing C: a fibrous casing coated on the exterior surface with the coating
      composition of this Example by dip coating and then dried 10 to 15 minutes
      at 105.degree. to 110.degree.C.
PAR  Casing D: a fibrous casing coated with the coating composition of this
      Example on the interior surface by the "slugging" technique and on the
      exterior surface by dip coating and then dried 10 to 15 minutes at
      105.degree. to 110.degree.C.
PAR  A cellulolytic enzyme solution of the following composition was employed in
      evaluating the casing samples:
TBL  Aspergillus Niger   0.200 gms                                             

     Citric Acid         7.320 gms                                             

     Sodium Phosphate    4.31 gms                                              

     Distilled Water     make up to 500 ml.                                    

PAR  The tubular casing samples were longitudinally cut and each was immersed in
      an open flattened state in the enzyme solution for 65 hours. The casing
      samples were evaluated for "flaking" after 65 hours of immersion and the
      results are summarized in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     CASING SAMPLE                                                             

                  SIDE COATED    FLAKING RESULTS                               

     ______________________________________                                    

     A            none           very poor                                     

     B            interior       poor                                          

     C            exterior       poor                                          

     D            both           none                                          

     ______________________________________                                    

PAR  The results show that coating both sides of the fibrous casing with a
      cationic thermosetting resin substantially improved the resistance of the
      casing to degradation by a cellulolytic enzyme.
PAC  EXAMPLE IV
PAR  A tubular fibrous cellulosic food casing about 4 inches in diameter
      prepared using conventional method was used in this Example. A series of
      aqueous coating compositions containing 10% by weight of glycerine was
      prepared using the water soluble cationic thermosetting resins and
      quantities thereof described below. Each of the various coating
      compositions were used to coat both the interior and exterior surfaces of
      a length of fibrous casing. The interior surface of each length of casing
      was coated using the "slugging" technique immediately followed by dip
      coating of the exterior surface of the tubular casing. The coated casing
      samples were then dried and the coating resin cured for 10 to 15 minutes
      at 105.degree. to 110.degree.C. The following casing samples were
      prepared:
PAR  Casing A: a fibrous casing without any coating applied to the surfaces.
PAR  Casing B: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 10% by weight of the cationic
      thermosetting resin of Example I.
PAR  Casing C: a fibrous casing coated on the interior and exterior surfaces
      with aqueous compositions containing 10% by weight of a cationic
      thermosetting urea-formaldehyde resin sold under the tradename "Parez
      Resin 615" by American Cyanamid Company.
PAR  Casing D: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 10% by weight of polyethyleneimine, a
      cationic thermosetting resin purchased under the tradename "Chemicat
      P-145" from Alcolac Chemical Corporation.
PAR  Casing E: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 10% by weight of a water soluble
      cationic thermosetting modified melamine-formaldehyde resin sold under the
      tradename "Accobond 3900" by American Cyanamid Company.
PAR  Casing F: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 5% by weight of the resin of Example
      I and 5% by weight of a cationic thermosetting urea-formaldehyde resin
      sold under the tradename "Parez Resin 615" by American Cyanamide Company.
PAR  Casing G: a fibrous casing coated on the interior and exterior surfaces
      with coating compositions containing 5% by weight of the resin of Example
      I and 5% by weight of the cationic thermosetting polyethyleneimine resin
      used to prepare "Casing D" of this Example.
PAR  Casing H: coating compositions containing 5% by weight of "Kymene 557"
      (resin of Example I) and 5% by weight of "Accobond 3900"
      (melamine-formaldehyde resin used in Casing E of this Example) were used
      to coat the interior and exterior surfaces of a fibrous casing to prepare
      the casing of this Example.
PAR  Casing I: a fibrous casing both surfaces of which were coated with coating
      compositions containing 5% by weight of the urea-formaldehyde resin of
      this Example ("Casing C") and 5% by weight of the polyethyleneimine resin
      of this Example ("Casing D").
PAR  Casing J: a fibrous casing with both surfaces coated with coating
      compositions containing 5% by weight of the urea-formaldehyde resin of
      this Example ("Casing C") and 5% by weight of the melamine-formaldehyde
      resin of this Example ("Casing E").
PAR  Casing K: a fibrous casing with both surfaces coated with coating
      compositions containing 5% by weight of the polyethyleneimine resin of
      this Example ("Casing D") and 5% by weight of the melamine-formaldehyde
      resin of this Example ("Casing E").
PAR  Samples of the various casings of this Example were immersed in
      cellulolytic enzyme solutions having the same composition as Solution A
      and Solution B of Example I. After 24 hours of immersion, casing samples B
      to K, which were coated on both interior and exterior surfaces with a
      cured cationic thermosetting resin, were found to exhibit no "flaking" or
      other degradation whereas samples of Casing A, the uncoated fibrous
      casing, exhibit severe "flaking" after immersion in both enzyme solutions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tubular cellulosic fibrous food casing characterized as being opaque
      and having at least about 0.45% by weight of a coating of cured cationic
      thermosetting resin bonded to the interior and exterior surfaces thereof
      to afford resistance to degradation by cellulolytic enzymes.
NUM  2.
PAR  2. The tubular casing of claim 1 which is characterized as being white.
NUM  3.
PAR  3. The tubular casing of claim 1 wherein the cationic thermosetting resin
      is the reaction product of epichlorohydrin and a polyamide.
NUM  4.
PAR  4. The tubular casing of claim 1 wherein the cationic thermosetting resin
      is polyethyleneimine.
NUM  5.
PAR  5. A food product comprising a dry processed sausage encased in a tubular
      cellulosic food casing having a cured cationic thermosetting resin coating
      adhered to the interior and exterior surfaces thereof, the coating resin
      content of said casing being at least about 0.45% by weight.
NUM  6.
PAR  6. The food product of claim 5 wherein a fibrous web is embedded in said
      tubular cellulosic tubing.
NUM  7.
PAR  7. The food product of claim 5 wherein the dry processed sausage is a Genoa
      salami which is encased in a white, opaque tubular fibrous casing.
NUM  8.
PAR  8. The method of preparing a tubular cellulosic food casing that exhibits
      resistance to degradation by cellulolytic enzymes which comprises the
      steps of coating the interior and exterior surfaces of a tubular
      cellulosic food casing with an amount of water soluble cationic
      thermosetting resin sufficient to afford resistance to degradation of said
      casing by cellulolytic enzymes and then drying said casing and curing the
      resin coating applied to the surfaces thereof.
NUM  9.
PAR  9. The method of claim 8 wherein an aqueous solution containing at least
      about 2% by weight of said cationic thermosetting resin is employed to
      coat the surfaces of said tubular casing.
NUM  10.
PAR  10. The method of claim 8 wherein said cationic thermosetting resin is the
      reaction product of epichlorohydrin and a polyamide.
NUM  11.
PAR  11. The method of claim 8 wherein said cationic thermosetting resin is
      polyethyleneimine.
NUM  12.
PAR  12. The improved method of preparing a dry sausage the improvement which
      comprises the step of stuffing a food emulsion into a tubular cellulosic
      food casing having an amount of cured cationic thermosetting resin bonded
      to the interior and exterior surfaces thereof of at least about 0.45% by
      weight.
NUM  13.
PAR  13. The improved method of claim 12 wherein the cationic thermosetting
      resin bonded to the surfaces of said food casing is the reaction product
      of epichlorohydrin and a polyamide.
NUM  14.
PAR  14. The improved method of claim 12 wherein the cationic thermosetting
      resin bonded to the surfaces of said food casing is polyethyleneimine.
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ABST
PAL  Products having at least an outer layer of a hot semi-liquid material which
      crystallizes and hardens upon cooling are placed on a conveyor and
      transported through a cooling tunnel. Within the cooling tunnel, the
      product is initially subjected to a high voltage field producing a corona
      current to accelerate initial cooling. The product is moved out of the
      field while the surface is still semi-liquid and subjected only to the
      cool air environment of the tunnel while the surface crystallizes and
      hardens. The product is then moved into a second high voltage field
      producing a corona current to remove heat from the inner regions of the
      material to inhibit remelting of the surface after the product exits the
      cooling tunnel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of food products, and, more
      particularly, to the production of products having at least an outer layer
      of a material which is heat liquified in the formation of the product and
      which crystallizes upon cooling to provide a glossy surface.
PAR  In the manufacturing of products which are formed of, or coated with, a
      material which crystallize upon cooling, great care must be exercised to
      properly cool the products so that the structure of the surface layer is
      composed of small crystals which provide the desired high quality surface
      gloss. The materials which require such careful treatment include
      chocolate, compounds which are a blend of cocoa, sugar and a hard butter,
      and icings. A consistently high quality smooth glossy surface can be
      achieved by allowing the products too cool at room temperature until the
      surface has solidified. Under these conditions, the crystallizing material
      cools slowly and evenly so that crystal formation begins simultaneously
      over the entire surface. The growth of each crystal is thus limited by the
      presence of surrounding crystals and the entire surface develops a
      structure of small crystals. The slow cooling allows most of the heat
      within the interior of the material to escape before the surface
      crystallizes so that the heat remaining after this crystallization is
      insufficient to remelt and thereby alter the surface structure.
PAR  Room temperature cooling, however, requires a long time period during which
      the product cannot be handled and therefore is economically impractical.
      It has been standard practice therefore to use a cooling tunnel to rapidly
      cool the product sufficiently to cause the surface to harden to an extent
      which permits the products to be packaged. The temperature in the cooling
      tunnel is typically about 40.degree. F at the central portion thereof and
      about 60.degree. to 70.degree. F at the entrance end so that the products
      are not subjected to rapid temperature changes during crystal formation.
      The products are carried through the cooling tunnel on a conveyor and are
      within the tunnel for a short period of time, for example 6 to 9 minutes.
PAR  The degree to which products can be cooled in a conventional cooling tunnel
      during a specified period of time is limited. If the temperature within
      the tunnel is decreased substantially, large crystals form, producing a
      dull finish. Also, the material hardens too much, decreasing its ability
      to conduct heat so that the flow of heat from the interior regions of the
      product is retarded. The surface material, therefore, may crack as a
      result of the stressess produced by the temperature differential between
      the surface and the interior regions. Also, if the surface of the product,
      when it leaves the tunnel, is at a temperature below the dew point of the
      air in the packaging area, moisture will condense on the coating and mar
      the surface gloss.
PAR  In materials containing crystallizing fats or butters, the packaged
      products must be stored in a mildly cool environment (for example at
      60.degree.F) for an extended period of time (for example 24 hours) to
      remove the heat from the interior regions of the material gradually. The
      heat must be removed at a rate which is sufficient to inhibit remelting of
      the surface but will not unduly harden the surface before the heat is
      removed so as to trap the heat within the product. With fat containing
      materials, the entire cooling process must be conducted with particular
      care to obtain a high quality surface. If there is insufficient cooling of
      the product interior in the cooling tunnel, or if the packaged product is
      not promptly placed in cool storage, the internal heat will remelt
      portions of the surface. Likewise, if the temperature within the tunnel is
      too low, excessive hardening of the outer layer traps heat within the
      product causing subsequent melting of the surface.
PAR  Remelting of the crystallized surface allows the fat to form larger
      globules which, upon subsequent cooling, form large fat crystals to
      product the whitish discoloration of fat bloom.
PAR  The present invention utilizes a corona current or electric wind (as it is
      sometimes called) in such a manner that a high gloss surface is produced
      and retained on crystalline surface products. In the past, it has been
      suggested that corona current can be used to cool metal in machining
      operations (U.S. Pat. No. 3,670,606), to accelerate the baking of bread
      (Canadian Pat. No. 783,385), and to cool hot loaves of bread (Chemistry
      and Industry, Oct. 23, 1971, p 1225). However the use of corona current as
      suggested by these disclosures results in a rough and dull surface when
      applied to a crystallizing material of the type under discussion.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved method of
      cooling food products having a surface which crystallizes upon cooling so
      as to provide a glossy surface texture.
PAR  Another object is to provide such a method which rapidly and uniformly
      cools the product to produce and retain a high quality glossy surface.
PAR  Another object is to provide such a method which eliminates the need for
      extended cool storage of products after packaging.
PAR  Another object is to provide such a method which increases the rate of
      production.
PAR  The foregoing objects are accommplished accomplished moving products having
      at the surface thereof a heat liquified edible material into a cooling
      atmosphere and subjecting the product to a corona current after the
      surface of the product has hardened to rapidly extract heat from the inner
      regions of the material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description, and is shown in the accompanying drawing,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a schematic longitudinal sectional view of an apparatus for
      carrying out the accelerated cooling method of the present invention.
PAR  FIG. 2 is an isometric view of a portion of the apparatus shown in FIG. 1.
PAR  FIG. 3 is a graph showing the respective relationships of coating
      temperature to cooling time for the conventional prior art cooling method
      and for the accelerated cooling method of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings in detail there is shown in FIG. 1 apparatus for
      carrying out the method of the present invention which comprises a cooling
      tunnel 10, a source of refrigerated air 11, a wire mesh conveyor belt for
      transporting products P through the tunnel having an upper flight 12 and a
      lower flight 14, and equipment for generating electrostatic fields within
      the cooling tunnel including two electrode sets 15 and 16 positioned above
      the upper conveyor flight 12.
PAR  The cooling tunnel 10 is essentially a closed insulated box having end
      walls 18 and 19 which are provided with horizontally extending slots 20
      and 21 through which the upper conveyor flight 12 passes. Cold air from
      the refrigerating unit 11 is blown into the tunnel through a conduit 22
      displacing air within the tunnel which flows out through the slots 20 and
      21.
PAR  The products P may be composed wholely of the crystallizing material, for
      example chocolate, or they may be of composite construction having an
      outer coating of crystallizing material enrobing an edible center of a
      different nature. In the enrobed product, the center may be a base cake of
      baked dough, and the coating may be chocolate, a cocoa based compound, an
      icing, or like material.
PAR  The equipment for generating electrostatic fields includes a high voltage
      direct current source 24 having one terminal 25 connected to the electrode
      sets 15 and 16 through a cable 26 and having its other terminal 27
      connected to the wire mesh conveyor belt through a cable 29 and a contact
      brush 30 engaging the lower surface of the upper flight 12.
PAR  The electrode sets 15 and 16 each includes, as shown in FIG. 2, a series of
      parallel horizontal metal rod conductors 31 positioned above and extending
      across the upper conveyor flight 12. A plurality of regularly spaced
      probes 32 extend vertically downwardly from each of the rods 31 toward the
      surface of the conveyor. The rods 31 in each probe set extend from a metal
      rod conductor 34 which is parallel to the conveyor and is supported by
      suitable insulators (not shown).
PAR  The electrode set 15 is positioned adjacent the end wall 18 of the tunnel
      10 through which the hot products enter the tunnel.
PAR  This electrode set extends along the length of the conveyor for a
      relatively short distance. The electrode set 16 extends along the length
      of the conveyor for a longer distance and is positioned adjacent to the
      wall 19 of the tunnel through which the product pieces leave the tunnel.
PAR  The conveyor is driven at a constant speed therefore the length of the
      electrode sets and the spacing between the sets determine the time
      intervals during which the product pieces are exposed to electrostatic
      fields and the interval between such exposures.
PAR  The high voltage source 24 is adjusted to impress a high voltage of between
      5,000 and 50,000 volts between the upper flight 12 of the conveyor and the
      probes 32. The voltage selected is that which will produce a maximum
      corona current flow between the probes and the conveyor when the product
      is interposed therebetween. The optimum voltage varies with the spacing of
      the probes from the conveyor and with the dielectric properties of the
      product pieces.
PAR  The corona current flow results from the ionization of air molecules
      adjacent the probes 32. The ions thus generated are repelled by the probe
      and attracted by the oppositely charged conveyor creating the corona
      current.
PAR  In accordance with the present invention, the products P enter the cooling
      tunnel on the conveyor through the opening 20 and pass beneath the
      electrode set 15 to initially expose the products to a corona current. The
      products are then exposed only to the cooling effect of the refrigerated
      air as they are carried between the electrode sets 15 and 16. As the
      products are carried under the electrode set 16, they are again exposed to
      corona current flow. The cooled products exit from the tunnel through the
      opening 21 and are carried to the packaging station.
PAR  The corona current flow produced by the electrode set 15 accelerates the
      cooling of the products to rapidly bring the surface temperature down
      toward the crystallizing temperature of the coating. The surface of the
      products is still semi-liquid when the products are carried out of the
      corona current flow generated at the electrode set 15.
PAR  The temperature of the cooling air, the speed of the conveyor and the
      spacing of the electrode sets 15 and 16 are such that the surface is
      cooled sufficiently to produce crystallization and hardening before the
      products enter the corona current flow generated by the electrode set 16.
PAR  The temperature within the portion of the cooling tunnel between the
      electrode sets is adjusted to a value of about 55.degree.-65.degree. F to
      produce a high quality surface having a small crystalline structure and a
      high gloss.
PAR  The products then pass through the corona current flow produced by the
      electrode set 16 to extract the latent heat within the interior regions of
      the crystallizing material so that the products exiting from the tunnel
      may be packaged and shipped without further cooling.
PAR  It has been found that a high quality surface can not be obtained if the
      product is subjected to corona current while the surface is solidifying.
      The application of corona current at this time produces a rough and dull
      surface apparently as a result of agitation of the surface molecules by
      the effect of the corona current.
PAR  In FIG. 3 the curve A B C D shows a typical variation of surface
      temperature with respect to time in a cooling environment for a compound
      coating enrobed baked product where the cooling is effected only by
      exposure of the product to air. The curve A E F G shows a typical
      variation of surface temperature with respect to time for an identical
      product where the cooling is effected by exposure to air (of the same
      temperature as in curve A B C D) and to corona current flow in accordance
      with the present invention. Comparison of the two curves shows the effect
      of corona current on the surface temperature.
PAR  In curve A B C D, from point A to point B heat is extracted from the
      surface of the coating by the ambient air at a rate faster than at which
      heat is supplied to the surface from the interior of the coating. From
      point B to point C, the surface is solidfying and remains at a constant
      temperature. The solidifed surface does not conduct heat as rapidly as it
      does in the liquid state, therefore, the latent heat in the interior
      regions of the coating is not released and the surface begins to melt and
      the temperature of the surface increases as shown between points C and D.
PAR  With reference to the curve A E F G, the product was subjected to corona
      current flow for the period of time T.sub.0 to T.sub.1. The product was
      then exposed only to air for the period T.sub.1 to T.sub.2 while the
      surface solidified. At time T.sub.2 until T.sub.3 the product was again
      subject to corona current flow.
PAR  It will be seen that the first application of corona current accelerated
      the initial cooling of the product (points A - E) and that the second
      appllication of corona current accelerated the cooling of the interior
      regions of the coating so that substantial crystallization of the entire
      coating was quickly achieved (E - F) after which the surface temperature
      continued to decrease (F - G).
PAR  The first application of corona current shortens the cooling time required
      to harden the surface, and the second application of corona current
      extracts the latent heat from the interior regions of the coating to
      prevent the softening or remelting of the surface. Obviously, the first
      application of corona current can be omitted where a slight extension in
      cooling time can be tolerated.
PAR  While a simple single stage cooling tunnel is shown to illustrate the
      present invention, it is to be understood the invention may be practiced
      with any cooling tunnel which can be modified to accept corona current
      generating apparatus. It is also to be understood that electrical
      equipment of different construction and arrangement may be used to
      generate the corona current utilized in the practice of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of cooling an edible product having at least an outer layer
      of a hot fluid material which crystalizes upon cooling comprising the
      steps of exposing the product to a cooling atmosphere until the fluid
      material at the outer surface of the product has hardened, subjecting the
      product after the hardening of the surface thereof to a corona current to
      rapidly extract heat from the interior regions of the material without
      increasing the temperature of the hardened surface, the corona current
      flowing between oppositely polarized high voltage electrodes positioned on
      opposite sides of the product.
NUM  2.
PAR  2. The method of claim 1 wherein the product continues to be exposed to the
      cooling atmosphere while it is subjected to the corona current.
NUM  3.
PAR  3. The method of claim 2 wherein the product is transported from a zone of
      elevated temperature into a zone containing the cooling atmosphere and is
      continuously moved through a first portion of said zone wherein the
      surface is hardened and subsequently through a second portion of said zone
      wherein said corona current is applied to the product.
NUM  4.
PAR  4. The method of claim 3 including the step of subjecting the product to a
      corona current for a period of time before the surface hardens sufficient
      to accelerate the cooling of said outer layer, said period ending before
      the surface begins to harden.
NUM  5.
PAR  5. The method of claim 3 wherein said zone of cooling atmosphere is
      provided by a cooling tunnel.
NUM  6.
PAR  6. The method of claim 5 wherein the coldest portion of said tunnel is
      between about 55.degree. to 65.degree.F.
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ABST
PAL  Method and apparatus for preparing a chip-type snack is disclosed. A dough
      is prepared and sheeted. An elongated shaped ribbon of connected dough
      pieces is cut from the dough sheet. The ribbon is passed through a deep
      fat fryer and then severed into individual chips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to snack products and more particularly to
      chip-type snack products.
PAR  The food products which are sold in the general category of snack items are
      many and varied, typically including such things as chips (e.g., potato
      chips and corn chips), puffs (e.g., corn puffs), etc. Snack items account
      for a large volume in the food industry. Generally, snack items are eaten
      apart from a regular meal and often different snack items are served at
      the same time. When snacks are served, normally at least one chip-type
      snack is included. One of the most popular chip-type snacks is the potato
      chip or fabricated potato chip.
PAR  The present invention relates to new method and apparatus for preparing
      fabricated chip-type snacks. The present invention will be described
      primarily with regard to preparation of potato chips; however, it should
      be recognized that various other types of fabricated chips (such as corn
      chips or wheat chips) may be prepared using the present invention.
PAR  It has been known in the past to prepare chip-type snacks by preparing a
      dough sheet and cutting sections from the dough sheet. The sections are
      then fried to form chips. A major difficulty has been confronted in
      controlling the movement of the sections through the deep fat fryer. A
      partial solution has been provided by operating a continuous belt in the
      upper portion of the fryer which assists in moving the sections through
      the fryer. Some sections, however, may clump together resulting in unfried
      or only partially fried chips. Other sections may remain in the fryer too
      long and become overly fried or burned. The present invention overcomes
      such problems by frying a continuous ribbon of chips which is moved
      positively through the system.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention includes method and apparatus for preparation of a
      dough material, sheeting and cutting the dough material into a ribbon of
      chips, frying the ribbon of chips and then severing the fried ribbon into
      individual chips.
PAC  THE METHOD OF THE PRESENT INVENTION
PAR  The dough may be prepared from any of various particulate starchy food
      materials such as potato granules, potato flakes, wheat flour, rice flour,
      corn grits and the like. The dough, when preparing fabricated potato
      chips, may be prepared from a 1:1 mixture of potato flakes and potato
      granules. The dough may be prepared solely from either potato flakes or
      potato granules or any mixture thereof. Alternatively, the dough may be
      prepared from any other potato material or other farinaceous material. The
      dough may have various other added ingredients. The total moisture content
      is such that the dough has satisfactory handling characteristics. In other
      words, the dough has sufficient cohesiveness to stick together as a sheet
      but not so much adhesiveness that it sticks excessively to equipment.
      Water is added to the starchy food material in an amount sufficient to
      form a dough. The total moisture content of the dough may vary somewhat
      depending on the particular starchy food material being used but will
      preferably be in the range of 25 to 45 percent. The term "percent" and the
      like, as used herein, will mean by weight unless otherwise indicated. The
      most preferred moisture level is about 40 percent.
PAR  The dough is sheeted to any suitable thickness. The thickness typically
      will be about about 0.025 inch; however, the preferred thickness may be in
      the range of 0.010 inch. A more preferred dough sheet thickness is about
      0.015 to 0.06 inch. The dough sheet may be cut into any desired shape of
      connected dough pieces (i.e., unfried chips) such as round or oval. The
      pieces remain connected by a narrow portion which is large enough to
      permit processing of the ribbon of connected dough pieces through the
      fryer without separation or breakage of the ribbon. The connecting portion
      may be small enough to permit easy separation of the chips after removal
      from the fryer. The connecting portion for chips having a 1 to 2 inch
      diameter may typically be 1/8 to 3/8 inch.
PAR  The ribbon is transported through a bath of hot oil to fry the ribbon using
      any desired type of fryer. The moisture content during frying is reduced,
      for example, to less than 5 percent. Any type of frying oil may be used
      such as cottonseed oil coconut oil, peanut oil and the like. The
      temperature of the frying oil is sufficient to fry the dough sheet to form
      fried chips but not so high as to burn the oil (i.e., below the smoke
      point of the oil). During frying, the dough is puffed or expanded and
      flavor is developed. The dough typically will expand about 100% in
      thickness during frying. In other words, the final thickness of the puffed
      chip may be about twice that of the unpuffed dough. The amount of
      expansion may be increased or decreased, if desired, such as by confining
      the dough. The frying oil may be at a temperature of about 250.degree. to
      410.degree.F., preferably about 320.degree. to 380.degree.F., typically
      350.degree.F. The frying time will generally be about 5 to 30  seconds,
      preferably 8 to 20 seconds.
PAR  The ribbon is removed from the frying oil and separated into individual
      chips. The fried chips may be separated by any desired method, for
      example, by cutting them apart with a knife. The preferred method for
      separating the chips is described in copending application, Ser. No.
      355,231 filed on even date herewith, which description is incorporated
      herein by reference. In the disclosed method the ribbon is permitted to
      become brittle or friable after removal from the fryer. In other words,
      the fried ribbon is pliable immediately upon leaving the fryer and becomes
      brittle or friable after about 5 to 10 seconds. Although the exact
      mechanism is not fully known, it is believed that the change from the
      pliable state to the friable state is a result of two factors, namely,
      cooling and dehydration. The change appears to be irreversible in the
      absence of the addition of major amounts of water. The friable chips are
      then separated such as by applying a moment force perpendicular to the
      ribbon (i.e., bending the ribbon) causing a fracture across the connecting
      portion.
DRWD
PAC  APPARATUS OF THE PRESENT INVENTION
PAR  Apparatus suitable for carrying out the present invention is shown in the
      drawings.
PAR  IN THE DRAWINGS:
PAR  FIG. I shows a schematic view of apparatus for the present invention;
PAR  FIG. II shows a dough preparation section for the present invention;
PAR  FIGS. III and IV show a dough sheeting section;
PAR  FIGS. V-VII show a dough cutting section for the present invention;
PAR  FIGS. VIII-X show various views of a fryer for use in the present
      invention;
PAR  FIG. XI shows a chip severing section for the invention;
PAR  FIG. XII shows a ribbon of connected dough pieces prior to frying.
DETD
PAR  The apparatus 10 (FIG. I) of the present invention includes a mixing
      section 11, sheeting section 12, cutting section 13, frying section 14 and
      finishing section 15.
PAR  The mixing section 11 may include any type of apparatus suitable for the
      preparation of a dough such as from dehydrated potato material, typically
      potato granules, and water. The mixing section 11 may be a continuous
      auger mixer 21 (FIG. II) or alternatively a paddle mixer. The auger mixer
      21 may include a hopper 22, a barrel 23, a cut flight screw auger 24 and a
      motor 25. The screw auger 24 may be suitably supported at each end by
      bearings 26 and 27. The screw auger is rotatably driven by electric motor
      25. The potato material may be added to the hopper 22 and is gradually
      pulled down into the barrel 23 by the screw auger 24. A water line 28
      supplies the desired amount of water to the mixer 21. The auger 24
      intimately mixes the potato material and the water to form the dough. The
      water is present in an amount sufficient to form a dough that will stick
      together or, in other words, remain cohesively fused. Preferably, the
      water is not present in an amount so great as to make the dough adhesive
      and create sticking problems during processing. The water typically may be
      present in an amount of from about 25 to 45 percent, preferably about 40
      percent by weight, based on the total weight of the dough. The added
      moisture is permitted to equilibrate throughout the dough, for example, by
      providing a residence time for the dough in the mixer of about 5 to 10
      minutes.
PAR  The dough may be sheeted using any desired sheeting apparatus such as the
      sheeting section 12 (FIGS. I, III and IV) which may include a support
      frame 31, a pair of smooth rolls 32, 33 and a hopper 34. The support frame
      31 may be prepared from sheet or plate metal and includes a pair of side
      walls 35 and 36, as well as a front wall 37 and a rear wall 38. The rolls
      32 and 33 are rotatably supported in frame 31 such as by bearings 39 and
      40. The rolls 32 and 33 may be metal rolls which are rotatably driven by
      motor 41. The rolls 32 and 33 are spaced to provide the desired thickness
      of dough sheet. In the preparation of fabricated potato chips, the
      thickness of the dough sheet may be about 0.02 to 0.03 inch.
PAR  The dough sheet 42 may be cut into a ribbon of dough pieces with each piece
      remaining connected to the adjacent pieces, see FIG. XII. One type of
      cutting apparatus is a reciprocating punch. Another type of apparatus 13
      for cutting the ribbon is shown in FIGS. V-VII and further is shown and
      described in patent application, Ser. No. 355,233 filed on even data
      herewith which is incorporated herein by reference. The cutting apparatus
      13 includes a support frame 43, a cutter roll 44, a smooth roll 45 and a
      transfer roll 46. The support frame 43 may be constructed of sheet metal
      and may include a rear wall 47, a front wall 48 and a pair of side walls
      49 and 50. The cutter roll 44 may be a metal drum mounted on a shaft 51
      which is rotatably supported in suitable bearings in walls 49 and 50 (not
      shown). The cutter roll 44 may be prepared from a metal drum by machining
      away the surface thereof to leave a pair of cutting ridges 52 and 53 (FIG.
      VII). The ridges 52 and 53 have sufficient depth to cut through the dough
      sheet 42. The smooth roll 45 may be a metal drum mounted on a shaft 54
      which is rotatably supported in side walls 49 and 50 such as by bearings
      (not shown). The smooth roll 45 abuts against the ridges 52 and 53 of roll
      44 thereby providing a cutting surface. The transfer roll 46 may be a
      metal drum mounted on a shaft 55 which is rotatably supported in side
      walls 49 and 50 such as by bearings (not shown). The rolls 44, 45 and 46
      may be driven by an electric motor (not shown). If desired, the rolls 44,
      45 and 46 may be provided with vacuum ports for positively gripping of the
      dough sheet 42. The smooth roll 45, for example, may have vacuum ports 56
      for gripping the waste portion 42a of dough sheet 42. A vacuum manifold 57
      supplies a vacuum to ports 56 in a conventional manner. The vacuum, of
      course, is applied only over the zone where gripping of portion 42a is
      desired. The waste portion 42a may be recycled at any point prior to the
      sheeting section. Cutting roll 44 may have vacuum ports 58 and a vacuum
      manifold 59 for gripping the ribbon of chips 42b. The transfer roll 46 may
      have vacuum ports 61 and a vacuum manifold 62. The vacuum manifolds 57, 59
      and 62 may be of conventional design. The ribbon and/or waste portion may
      be forcefully removed from the rolls 44, 45, and 46, such as by a blast of
      air.
PAR  The fryer section may be a fryer substantially like that described and
      claimed in patent application, Ser. No. 355,259, entitled SNACK FRYER
      filed on even date herewith, which description is incorporated herein by
      reference. Alternatively, the fryer may be of any type through which the
      ribbon may be passed during frying. The fryer section 14 (FIGS. VIII-X)
      may include a support frame 66, a frying tank 67, a conveying wheel 68 and
      a continuous conveying belt system 69. The support frame 66 may be
      constructed from any structural material such as tubing, angle iron stock
      and the like for example by welding. The frying tank 67 may be constructed
      from sheet metal and is secured in frame 66 such as by bolts (not shown).
PAR  The tank 67 has an oil inlet pipe 64 for receiving heated oil from any
      suitable external heater (not shown). The tank 67 has an oil outlet pipe
      65 for returning such oil to the heater. Any conventional frying oily
      heater may be used. Such heaters are typically of two types, direct
      external heaters and indirect external heaters. The direct external heater
      applies heat, such as by a gas flame, directly to a conduit through which
      the oil is passing. The indirect external heater applies heat to a conduit
      through which a heat transfer fluid such as steam is passing. The heat
      transfer fluid and the cooking oil are both passed through a heat
      exchanger in separate conduits and the cooking oil picks up heat energy
      from the heat transfer fluid. The indirect external heater is preferred in
      the present invention since more uniform heat is applied to the cooking
      oil resulting in less degradation of the oil. The heaters in either case
      may be of a gas fired type or of an electrical resistance type.
PAR  The conveying wheel 68 may include a metal drum 71 which is supported on a
      shaft 72. The shaft 72 may be rotatably mounted in a pair of bearings 73
      and 74 which are secured to support frame 66. The wheel 68 may have a row
      of gear teeth 76 and 77 at each side (see FIG. IX) for purposes
      hereinafter described. The wheel 68 further includes a perforated frying
      surface 78 which may be provided by wire screen or perforated metal sheet.
PAR  The continuous conveying belt system 69 may include a continuous link chain
      80 supported on gear wheels 81, 82, 83 and 84. Gear wheel 81 has a pair of
      rows of gear teeth spaced substantially the same as gear teeth rows 76 and
      77 of wheel 68. Gear wheel 81 is mounted on a shaft 85 which is rotatably
      supported in bearings 86 and 87. The gear wheels 82 and 83 may be
      identical to gear wheel 81. The gear wheel 84 may be similar, however, it
      is mounted in such a manner that it may be pivoted to tighten link chain
      80. In other words, gear wheel 84 has a shaft 91 which is rotatably
      mounted in bearings (not shown) in levers 92 and 93. The levers 92 and 93
      are secured to the flanges 94 and 96 of frame 66 by pivot pin 97. A pair
      of pneumatic cylinders 98 and 99 are provided for driving the gear wheel
      upwardly to tighten the chain 80. The cylinders 98 and 99 are secured to
      the support frame 66 at the lower ends thereof and secured to levers 92
      and 93 at the upper ends thereof. The link chain 80 is designed for
      engagement with the various gear teeth on wheels 68, 81, 82, 83 and 84.
      Chain 80 further includes a perforated frying surface 101 which mates with
      surface 78 of wheel 68. The perforated surface 101 may be provided by wire
      screen or perforated metal sheet which is attached to each of the links of
      chain 80. The surfaces 78 and 101 may be shaped the same and for example
      may be flat or semi-circular. If the surfaces 78 and 101 are
      semi-circular, surface 78 may be convex and surface 101 may be concave,
      thereby mating with each other.
PAR  The surfaces 78 and 101 may be spaced apart typically 0.03 to 0.07 inch
      when frying a dough piece having a thickness of 0.02 inch. The surfaces 78
      and 101 may be spaced apart typically 0.08 to 0.10 inch when frying a
      dough piece having a thickness of 0.05 inch. The perforations typically
      may be 1/16 inch in diameter and there are sufficient perforations per
      inch to provide adequate contact of the ribbon with oil during frying. A
      drip pan 100 may be provided to catch any oil that may drip from the belt
      system 69.
PAR  The finishing section 15 (FIGS. i and XI) may include a first conveyor 106,
      a salter 107, a second conveyor 108 and a chip separator 109. The
      conveyors 106 and 108 may be conventional continuous belt conveyors;
      however, they may be provided with a plate such as 111 (FIG. XI) for
      supporting the upper reach of the respective belt. In the case of a shaped
      chip, the belt conveyors may conform to the shape of the chips. The salter
      107 may be of any design suitable for metering out the desired amount of
      salt or other flavoring onto the row of chips. The chip separator 109 may
      be a wheel that impinges against the individual chips thereby resulting in
      a fracture across the narrow portion 112 (FIG. XII) between the chips.
      Such a chip separator is shown and claimed in patent application, Ser. No.
      355,231. The chips then fall into a container 113.
PAC  EXAMPLE I
PAR  The present invention was carried out by mixing dehydrated potato granules
      and dehydrated potato flakes in a 1:1 ratio in a continuous auger mixer
      substantially as shown in FIG. II. The feed rate was about 236 grams per
      minute each of granules and flakes. The potato flakes had previously been
      ground so that not more than 10% were retained on a No. 20 U.S. Standard
      Sieve and not more than 15% passed through a No. 80 U.S. Standard Sieve.
      The bulk density of the flakes was about 37 pounds per cubic foot. Water
      was added to the mixer at the rate of 248 milliliters per minute. The
      retention time of the dough in the mixer was 5 to 10 minutes. After
      mixing, the dough was passed through a Fitzmill equipped with a size 3B
      screen to homogenize the dough. The dough was sheeted to 0.025 inches and
      cut on a rotary cutter substantially as shown in FIGS. V-VII to provide a
      ribbon as shown in FIG. XII. The ribbon was passed through a fryer
      substantially as shown in FIGS. VIII-X. The fried product was puffed to
      about twice its original thickness and had a tender texture and
      potato-like flavor. The fried ribbon was salted and broken apart into
      individual chips.
PAC  EXAMPLE II
PAR  Dough suitable for use in the present invention was prepared by mixing
      about 560 grams of a pregelatinized whole ground corn, 250 grams of water,
      and 10 grams of sodium chloride. The materials were mixed for about 2
      minutes in a planetary mixer (Hobart) and then sheeted to a thickness of
      about 0.025 inches. The dough sheet was suitable for cutting into a ribbon
      of dough pieces and frying to produce corn chips.
PAC  EXAMPLE III
PAR  Dough suitable for use in the present invention was prepared by mixing 90
      pounds of corn grits, 4.5 pounds defatted corn germ, 3.6 pounds vegetable
      oil, 0.9 pounds sodium chloride, 0.025 pounds of calcium hydroxide,
      coloring and seasoning. The mixture was fed to a James Cooker at the rate
      of 195 grams per minute and water was added at the rate of about 87 grams
      per minute. The cooked dough was suitable for sheeting and cutting into a
      ribbon for frying according to the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing fabricated potato chips comprising mixing at
      least one member of the group consisting of potato flakes and potato
      granules with water to form a dough, said water being present in an amount
      of from 25 to 45 percent based on the total weight of the dough, sheeting
      said dough, cutting said sheeted dough to produce a continuing ribbon,
      transporting said ribbon through a hot oil bath thereby frying said
      ribbon, said ribbon extending from the entrance to the exit of said bath
      and then separating said ribbon into individual potato chips.
NUM  2.
PAR  2. A method of preparing chip-type snacks comprising: mixing a farinaceous
      material and water to form a farinaceous dough, said water being present
      in an amount sufficient to provide a dough having sufficient cohesiveness
      to stick together as a sheet and less than that amount of water that would
      result in the dough sticking to equipment, the moisture content of said
      dough being about 25 to 45 percent by weight; forming the dough into a
      ribbon having alternating wide portions and narrow portions; frying the
      ribbon of dough in an oil bath, said oil bath having an entrance and an
      exit, said ribbon extending continuously from said entrance to said exit,
      thereby frying said ribbon; removing the ribbon from said oil bath and
      then separating the ribbon at the narrow portions to provide individual
      chips.
NUM  3.
PAR  3. The method of claim 1 wherein said ribbon is shaped between a pair of
      surfaces during frying.
NUM  4.
PAR  4. The method of claim 1 wherein said farinaceous material is dehydrated
      potato material.
NUM  5.
PAR  5. The method of claim 1 wherein the forming of said ribbon includes
      sheeting said dough to form a sheet having a thickness of about 0.015 to
      0.06 inches.
NUM  6.
PAR  6. The method of claim 5 wherein said chip-type snack is fabricated potato
      chips and wherein said thickness is about 0.02 to 0.03 inches.
NUM  7.
PAR  7. The method of claim 5 wherein the wide and narrow portions of said
      ribbon are formed by cutting said ribbon from said sheet.
NUM  8.
PAR  8. The method of claim 7 wherein said wide portions have a diameter of
      between about 1 and 2 inches and are connected by a narrow portion having
      a width of 1/8 to 3/8 inches.
NUM  9.
PAR  9. A method of preparing chip-type snacks comprising;
PA1  mixing a farinaceous material and water to produce a dough, said
      farinaceous material being a member selected from the group consisting of
      potato material, wheat flour, rice flour, and corn grits, said water being
      present in an amount of between 25 and 45 percent, basis total weight of
      dough;
PA1  sheeting the dough to a thickness of about 0.015 to 0.06 inches;
PA1  cutting the dough sheet into a ribbon including alternating wide portions
      of 1 to 2 inches and narrow portions of 1/8 to 3/8 inches;
PA1  frying the ribbon by passing said ribbon through a bath of hot oil, said
      ribbon extending continuously from the entrance to the exit of said bath;
PA1  removing the fried ribbon from said bath; and
PA1  separating said ribbon at said narrow portions, said wide portions thereby
      producing individual fabricated chips.
NUM  10.
PAR  10. The method of claim 9 wherein said farinaceous material is potato
      material.
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ABST
PAL  Aqueous solutions containing dissolved cheese whey protein exhibiting
      improved whipping properties are obtained by heating the solution to
      within the range of at least 90.degree. C. to less than 99.degree. C.,
      thereafter cooling the solution to less than 60.degree. C., and whipping
      the solution within about 8 hours after heating. The process is
      particularly effective with protein solutions derived from cheese whey
      protein concentrates.
BSUM
PAC  Background of the Invention
PAR  This invention relates to a process for improving the whipping properties
      of aqueous solutions containing dissolved protein, and particularly
      aqueous solutions containing dissolved cheese whey protein. The products
      can be used as a whippable replacement for egg whites in foods when heat
      coagulability of foamed egg whites is not required.
PAR  Heretofore, two basic types of cheese whey products have been produced on a
      commercial scale. The most common product may be described as "dried whole
      whey." This product is usually prepared by spray drying cheese whey.
      However, the use of dried whole whey in food systems is limited to food
      systems in which a filler or binder is required. The relatively high
      lactose content of this product limits its use in certain food products.
PAR  Another cheese whey product currently commercially available can be
      described as "whey protein concentrate." This whey product is generally
      prepared by separating, by physical or chemical means, the protein from
      the lactose and minerals contained in cheese whey. The whey protein
      concentrate thus obtained is useful as a nonfat dry milk and casein
      substitute in food products.
PAR  Due to the high cost of egg white solids as compared to whey protein
      concentrates, attempts have been made to use whey protein concentrates to
      replace, either totally or partially, the egg white solids normally
      contained in food systems. However, problems were encountered with this
      area of use which relate generally to the apparent nonequivalence of
      functionality of whey protein concentrates and egg white solids in food
      systems. Whey protein concentrates tend to exhibit poor whippability. If
      adequate whippability is obtained, the foam stability of whey protein
      concentrates is inadequate to provide a stable foam approximating that
      obtained with egg whites.
PAR  U.S. Pat. No. 1,787,754 teaches that raw cheese whey can be treated by the
      addition of 3 to 4 percent slaked lime and heated to precipitate whey
      proteins. The precipitated whey proteins are said to function as whipping
      agents. However, it is also known that the addition of slaked lime to
      cheese whey results in a pH substantially above 10, which, when combined
      with heating, causes alkaline hydrolysis of whey proteins and development
      of off-flavor.
PAR  The above problems are overcome in the process of the present invention by
      heating the aqueous protein solution under conditions which avoid the
      alkaline hydrolysis of protein and related off-flavor development and
      thereby provide useful whippable protein product.
PAC  Summary of the Invention
PAR  In accordance with the present invention, there is provided a process for
      improving the whipping properties of aqueous solutions containing
      dissolved cheese whey protein which comprises heating an aqueous solution
      containing dissolved cheese whey protein having a protein concentration of
      about 5 grams per liter to about 100 grams per liter to a temperature
      within the range of at least 90.degree. C. to less than 99.degree. C. the
      aqueous solution being heated to a temperature within the range for no
      more than 5 minutes; cooling the aqueous solution containing dissolved
      cheese whey protein to below 60.degree. C.; and whipping the aqueous
      solution containing dissolved protein within about 8 hours after heating.
      Further improved results can be achieved by the addition of a food grade
      alkali metal citrate to the aqueous solution containing dissolved cheese
      whey protein prior to heating. The product of the invention has been found
      useful as a total or partial replacement for the egg white solids normally
      used in food products, in which stable nonheat-coagulated whipped foams
      are required.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  By the term aqueous solution containing dissolved cheese whey protein, it
      is meant herein an aqueous solution containing dissolved acid cheese whey
      protein, sweet cheese whey protein, or mixtures thereof, either in its
      natural form, i.e., cheese whey, or concentrated by means such as
      evaporation, gel filtration, ultrafilitration, or the like. Also included
      within the term aqueous solution containing dissolved cheese whey protein
      are aqueous solutions containing partially delactosed cheese whey,
      partially demineralized cheese whey, and partially
      delactosed/demineralized cheese whey.
PAR  By the term acid cheese whey protein, it is meant herein protein contained
      in cottage cheese whey, casein cheese whey, or mixtures thereof. By the
      term sweet cheese whey protein, it is meant herein protein contained in
      cheddar cheese whey, Swiss cheese whey, mozzarella cheese whey, or
      mixtures thereof.
PAR  Preferably, the cheese whey protein useful in the practice of the present
      invention is a cheese whey protein concentrate obtained by gel filtration
      of cheese whey, usually a partially delactosed cheese whey, or a cheese
      whey protein concentrate obtained by electrodialysis of cheese whey or
      partially delactosed cheese whey, or a cheese whey protein concentrate
      obtained by reverse osmosis and/or ultrafilitration of cheese whey or
      partially delactosed cheese whey. Most preferably, the process of the
      present invention is directed to the utilization of an aqueous solution
      containing cheese whey protein concentrates obtained by gel filtration of
      partially delactosed cheese whey in accordance with U.S. Pat. No.
      3,547,900.
PAR  The protein concentration of the aqueous solution containing dissolved
      cheese whey protein, hereinafter referred to as the aqueous protein
      solution, is from about 5 grams per liter to about 100 grams per liter.
      The protein concentration is determined herein by total Kjeldahl nitrogen,
      which is equal to the total nitrogen times an appropritate constant, which
      relates the total nitrogen to protein, i.e., (6.38) for cheese whey
      proteins in accordance with: Methods of Analysis -- A.O.A.C., 16, (1970)
      11th Ed. Preferably, the protein concentration of the aqueous protein
      solution is from about 20 grams per liter to about 50 grams per liter.
      Most preferably, the protein concentration of the aqueous protein solution
      is from about 30 grams per liter to about 50 grams per liter.
PAR  In accordance with the process of the present invention, the aqueous
      protein solution is heated to a temperature within the range of from at
      least 90.degree. C. to less than 99.degree. C. Preferably, the aqueous
      protein solution is heated to a temperature within the range of from about
      95.degree. C. to less than 99.degree. C. Temperatures within the above
      specified broad range are critical in terms of modifying the protein
      contained in the aqueous protein solution, so that the aqueous protein
      solution thus obtained exhibits improved whippability and foam stability.
PAR  Heating the aqueous solution in accordance with the process of the present
      invention can be effected by conventional means, as for example, heating
      elements comprising hot plates, heating jackets, superheated steam, or
      other methods capable of effectively raising the temperature of the
      aqueous solution. It is preferred to heat the aqueous protein solution at
      a constant rate above about 60.degree. C. in order to avoid excessive
      protein denaturation. Preferably, the rate of heating the aqueous protein
      solution above about 60.degree. C. is from about 5.degree. C. to about
      30.degree. C. per minute.
PAR  Since the temperature to which the aqueous protein solution is heated is
      critical, means for accurately measuring the temperature of the aqueous
      protein solution within the temperature range of 90.degree. C. to
      99.degree. C. should be provided for operation of the process of the
      present invention. Any means which accurately measures the temperature of
      the aqueous protein solution within the range specified can be used.
PAR  The pH of the aqueous protein solution of the present invention is
      maintained within the range of from about 5.0 to about 8.5. Preferably,
      the pH of the aqueous protein solution is maintained within the range of
      from about 6.0 to about 7.5. Highly acidic, or alkaline conditions are to
      be avoided in order to minimize hydrolysis of the protein in the aqueous
      protein solution.
PAR  The aqueous protein solution should be heated to a temperature within the
      range of about 90.degree. to 99.degree. C. for not more than about 5
      minutes. Preferably, the aqueous protein solution is heated to a
      temperature within the range of about 90.degree. to 99.degree. C. for
      about 0.1 minute in order to minimize protein heat coagulation.
PAR  After heating the aqueous protein solution is cooled to below about
      60.degree. C. Cooling is preferably effected at a rate of from about
      5.degree. C. to about 30.degree. C. per minute. Preferably, the
      temperature of the aqueous solution is reduced to about 60.degree. C. at a
      rate of from about 15.degree. C. to about 25.degree. C. per minute.
      Cooling can be effected by discontinuing heating and allowing the aqueous
      solution to cool at ambient temperature, by use of refrigeration, heat
      exchange with water, or other cooling methods.
PAR  The aqueous protein solution is preferably agitated during the heating and
      cooling steps. Stirring is preferred in order to evenly heat, or cool as
      required for these steps.
PAR  It has also been discovered that further improved results can be obtained
      by the addition of a food grade alkali metal citrate, such as potassium
      citrate, sodium citrate, or mixtures thereof to the aqueous protein
      solution prior to heating. The addition of the citrate further enhances
      the improved whipping properties of the aqueous protein solution. The food
      grade citrate is used at a concentration of from about 0.1 gram per liter
      to about 5 grams per liter of the aqueous protein solution. Preferably,
      the food grade citrate is added to the aqueous protein solution at a
      concentration of from about 0.8 to about 1.5 grams per liter.
PAR  The aqueous protein solution treated in accordance with the present
      invention may also contain added ingredients to affect taste, as for
      example, sugar, flavoring, or other desired additional ingredients.
      Preferably, these added ingredients are added after whipping.
PAR  The heat-treated aqueous protein solution of the present invention must be
      whipped within about 8 hours after heating. Preferably, the aqueous
      protein solution is whipped within about 4 hours after heating. Means for
      whipping the aqueous protein solution include for example, mixers with
      fixed rotational type mixing blades or planetary type mixing blades. The
      mixers are exemplified by Kitchen Aid mixers, Hobart mixers, Votator
      mixers, and the like. Preferably, the aqueous protein solution is whipped
      at a rate sufficient to effectively whip the product which is usually in
      the range from about 200 to about 1000 revolutions per minute. The
      heat-treated aqueous protein solution can be whipped at a temperature
      within the range of from about 10.degree. C. to about 38.degree. C.
      Preferably, the aqueous protein solution is whipped at a temperature
      within the range of from about 15.degree. C. to about 24.degree. C.
PAR  The aqueous protein solution treated in accordance with the process of the
      present invention can be used in food products as a replacement for foamed
      nonheat-coagulable egg whites normally contained therein. More
      particularly, the aqueous protein solution obtained in accordance with the
      process of the present invention can be used as a partial replacement for
      egg whites in candy formulations, such as, short nougat, wherein the egg
      whites are used as foaming agents. Preferably, the heat-treated aqueous
      protein solution of the present invention can be used to replace about 50%
      (solids basis) of the egg white solids normally used in a food formulation
      as a foaming agent.
PAR  However, the aqueous protein solution prepared according to the process of
      the present invention is not suitable as a replacement for egg whites used
      in food systems requiring the heat-set or coagulation property of egg
      whites. For example, the aqueous solution obtained in accordance with the
      process of the present invention can not be used as a total or partial
      replacement for egg whites normally used in the preparation of a meringue
      type product.
PAR  The invention is further illustrated by the examples which follow.
PAR  The preparation of partially delactosed/demineralized cheese whey by gel
      filtration is illustrated in Example 1.
PAC  EXAMPLE 1
PAR  To 6,800 pounds of raw cheese whey prepared by blending 4,080 pounds of
      cottage cheese whey and 1,720 pounds of pH adjusted (pH 4.5) cheddar
      cheese whey at a temperature between 52.degree. and 57.degree. C., is
      added 14.5 pounds of dry sodium hydroxide to adjust the pH to about 7.0.
      The pH adjusted whey is centrifugally clarified to remomve insoluble
      solids. The supernatant from the clarification contains about 420 pounds
      of dissolved solids.
PAR  The clarified supernatant is concentrated by evaporative methods at a
      temperature between 60.degree. and 68.degree. C. to about 60% solids. The
      concentrate is cooled to about 21.degree. C. to effect lactose
      crystallization. Crystalline lactose is then separated by centrifugation
      to yield a partially delactosed cheese whey mother liquor. About 70% of
      the lactose originally present in the cheese whey is removed in the
      delactosing. The partially delactosed mother liquor contains about 40%
      solids and has the typical chemical analysis presented in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                             Percent                                           

     ______________________________________                                    

     Lactose                   46                                              

     Protein                   20                                              

     Ash                       20                                              

     Fat & Organic Residuals   14                                              

     ______________________________________                                    

PAR  The partially delactosed mother liquor contains about 190 pounds of solids
      and is passed through a bed of molecular sieve resin according to the
      process described in U.S. Pat. No. 3,547,900. Two major fractions are
      obtained from the molecular sieve resin bed. The first fraction contains
      about 36 pounds of solids and consists mainly of protein with residual
      lactose and mineral. The solids contained in this fraction are used in the
      process of the present invention. The first fraction exhibits the typical
      chemical analysis presented in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                             Percent                                           

     ______________________________________                                    

              Protein          54                                              

              Lactose          25                                              

              Ash              14                                              

              Fat               2                                              

              Lactate           3                                              

              Citrate           2                                              

     ______________________________________                                    

PAR  Fractionation can be determined by measuring the conductivity of the eluant
      from the bed. Typically, the conductivity range for the first fraction
      containing partially delactosed/demineralized whey solids useful in the
      practice of the present invention is between about 0 micromhos and about 6
      .times. 10.sup.3 micromhos, as shown in FIG. 7, of U.S. Pat. 3,547,900.
PAR  The solution obtained by recovering the first fraction is concentrated by
      vacuum evaporation prior to spray drying to yield about 30 pounds of
      partially delactosed/demineralized whey. This product is presently
      commercially available from Stauffer Chemical Company under the trademark
      ENRPRO--50 (modified whey solids).
PAC  EXAMPLES 2-3
PAR  In Example 2, an aqueous protein solution was prepared by dissolving a
      sample of partially delactosed/demineralized cheese whey, prepared in
      accordance with the procedure of Example 1, in water to a protein
      concentration of 20 grams per liter. The aqueous protein solution was
      heated to 98.degree. C. with constant stirring to assure uniform heating.
      Immediately after the temperature of the solution reached 98.degree. C.,
      heating was discontinued and the solution was cooled to room temperature
      by placing the solution in a cold water bath. The solution was heated
      within the range of 90.degree. to 98.degree. C. for less than 2 minutes.
      Shortly after reaching room temperature, about 1.5 hours after termination
      of heating, the heat treated sample was whipped for 2 minutes using a
      Kitchen Aid mixer, Model No. K5A, from the Hobart Manufacturing Company,
      at top speed (Speed No. 10 at 280 r.p.m.) to produce a foam.
PAR  The stability of the foam was determined by measuring the rate of syneresis
      according to the following procedure. A funnel was filled with the foam
      and placed above a graduated cylinder. The amount of liquid which dropped
      from the funnel was collected and the amount recorded. The results of the
      tests are shown in Table III.
PAR  Example 3 is a control consisting of a sample of cheese whey prepared as
      described in Example 2 without heating. The foam stability of this sample
      was determined and the results shown in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

                Example 2      Example 3                                       

                Volume of Liquid                                               

                               Volume of Liquid                                

     Time (minutes)                                                            

                (milliliters)  (milliliters)                                   

     ______________________________________                                    

     1          None           0.4 + foam                                      

     2          None           1.5 + foam                                      

     3          None           2.2 + foam                                      

     5          Trace          3.0 + foam                                      

     8          0.5            3.7 + foam                                      

     10         0.8            4.0 + foam                                      

     20         2.2            4.9 + foam                                      

     ______________________________________                                    

PAR  It is apparent from the data presented in Table III that heat treatment in
      accordance with the process of the present invention substantially
      improves the foam stability of partially delactosed/demineralized cheese
      whey.
PAR  The following examples show the effect of the addition of an alkali metal
      citrate to the aqueous solution prior to heat treatment in accordance with
      the present invention.
PAC  EXAMPLES 4-7
PAR  Examples 4, 5, 6 and 7 presented in Table IV were obtained as follows.
PAR  Cheese whey protein consisting of partially delactosed/demineralized cheese
      whey was prepared by gel filtration in accordance with the procedure
      outlined in Example 1. The aqueous protein solutions containing dissolved
      cheese whey protein at a concentration of 10 grams per liter were treated
      where indicated in Table IV in accordance with the procedure outlined in
      Example 2. The alkali metal citrate, potassium citrate, was added to the
      samples where indicated in Table IV at a concentration of 1.0 gram per
      liter. Potassium citrate addition to the aqueous protein solution was
      effected prior to heating. The aqueous protein solution was cooled
      according to the procedure outlined in Example 2. The whipping tests were
      performed as described in Example 2.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Foam Syneresis (milliliters)                                              

                  Example 5     Example 7                                      

           Example 4                                                           

                  (Control)                                                    

                         Example 6                                             

                                (Control)                                      

     Time  Citrate                                                             

                  Citrate                                                      

                         No Citrate                                            

                                No Citrate                                     

     (minutes)                                                                 

           Heat   No Heat                                                      

                         Heat   No Heat                                        

     __________________________________________________________________________

     20    4.8    9.4    8.0    complete at                                    

                                20 minutes                                     

     40    5.2    complete at                                                  

                         8.2                                                   

                  30 minutes                                                   

           complete at   complete at                                           

           45 minutes    40 minutes                                            

     __________________________________________________________________________

PAR  It is apparent from Examples 4, 5 and 6 of Table IV that heating in the
      presence of potassium citrate, substantially improves the foam stability
      of the aqueous solution. It is also apparent from Examples 5 and 7 of
      Table V that the presence of the alkali metal citrate without heating does
      not significantly improve the foam stability of the aqueous protein
      solution.
PAC  EXAMPLES 8-11
PAR  Examples 8, 9, 10 and 11 presented in Table V were obtained as follows.
PAR  The aqueous protein solution used in these examples was prepared in
      accordance with the procedure of Example 1 from a blend of 40% cheddar
      cheese whey, 45% cottage cheese whey, and 15% mozzarella cheese whey. The
      aqueous protein solution contained dissolved cheese whey protein at a
      concentration of 10 grams per liter. The samples were treated as indicated
      in Table V in accordance with the procedure outlined in Example 2. The
      potassium citrate was added to the samples where indicated in Table V at a
      concentration of 1.0 gram per liter of the aqueous protein solution.
      Citrate addition was effected prior to heating. The cooling and whipping
      of the aqueous protein solutions were effected in accordance with the
      procedure described in Example 2.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Foam Syneresis (milliliters)                                              

                  Example 9     Example 11                                     

           Example 8                                                           

                  (Control)                                                    

                         Example 10                                            

                                (Control)                                      

     Time  No Citrate                                                          

                  No Citrate                                                   

                         Citrate                                               

                                Citrate                                        

     (minutes)                                                                 

           Heat   No Heat                                                      

                         Heat   No Heat                                        

     __________________________________________________________________________

     20    6.8    complete at                                                  

                         5.6    complete at                                    

                  9 minutes     14 minutes                                     

     40    complete at   7.2                                                   

           30 minutes                                                          

                         complete at                                           

                         43 minutes                                            

     __________________________________________________________________________

PAR  It is apparent from Examples 8 and 11 that a blend of cheese whey protein
      can be heated in accordance with the process of the present invention to
      substantially improve the foam stability of the aqueous solution. It is
      also apparent from Examples 8, 9 and 10 that heating in accordance with
      the process of the present invention in the presence of potassium citrate
      substantially improves the foam stability of the aqueous solution.
PAC  EXAMPLES 12-14
PAR  Products of the invention were evaluated as a partial replacement for egg
      white solids in a short nougat formulation against a control formulation.
PAR  In Example 12, a heat treated partially delactosed/demineralized cheese
      whey containing potassium citrate replaced 50% of the egg white solids
      based on egg white solids normally present in a short nougat formulation.
PAR  In Example 13, the short nougat was prepared in accordance with the
      procedure of Example 12, except that 50% of the egg white solids was
      replaced with partially delactosed/demineralized cheese whey which was not
      heated in accordance with the process of the present invention and which
      did not contain the alkali metal citrate.
PAR  In Example 14, the short nougat was prepared in accordance with the
      procedure of Example 12, except that none of the egg white solids were
      replaced.
PAR  The specific formulations used in Examples 12-14 are presented in Table VI.
PAR  The procedure used to prepare the short nougat was as follows:
PAR  1. The partially delactosed/demineralized cheese whey was dissolved in 24
      milliliters of water, heated to 98.degree. C. and cooled to room
      temperature in accordance with the process of the present invention.
PAR  2. The egg white solids were then added to the thus treated solution and
      whipped with a Kitchen Aid mixer at top speed (Speed No. 10 at 280
      r.p.m.).
PAR  3. The sugar and corn syrup were dissolved in 100 milliliters of water and
      heated to 113.degree. C.
PAR  4. About 23 grams of the hot syrup from (3) above were slowly poured into
      the whipped mixture while constantly whipping this solution.
PAR  5. The remaining syrup was heated to 121.degree. C. and poured into the
      whipping mixture.
PAR  6. Whipping was continued for a total of 4 minutes.
PAR  7. The margarine (melted) and vanilla were then added to the mixture and
      whipping was continued for an additional minute.
PAR  8. The short nougat prepared as described above was poured onto a piece of
      oiled wax paper and allowed to set, prior to evaluation.
TBL                                    TABLE VI                                

     __________________________________________________________________________

                     Example 12                                                

                            Example 13                                         

                                   Example 14                                  

                     Weight Weight Weight                                      

     Ingredient      (grams)                                                   

                            (grams)                                            

                                   (grams)                                     

     __________________________________________________________________________

     Sucrose (50-60%)*                                                         

                     454.0  do.    do.                                         

     Corn Syrup (20-30%)*                                                      

                     227.0  do.    do.                                         

     Water (10-20%)* 124.0  do.    do.                                         

     Egg White Solids (0.2- 0.5%)*                                             

                     1.45   1.45   2.90                                        

     Partially delactosed/                                                     

      demineralized cheese                                                     

      whey - heat treated                                                      

                     1.45   0      0                                           

     Partially delactosed/                                                     

      demineralized cheese                                                     

      whey - not heat treated                                                  

                     0      1.45   0                                           

     Sodium Citrate  0.0072 do.    do.                                         

     Margarine (2-4%)*                                                         

                     23.0   do.    do.                                         

     Vanilla         4.0    do.    do.                                         

     __________________________________________________________________________

      *Broad use ranges, as is basis.                                          

PAR  The short nougat prepared as described above was evaluated. The evaluation
      data is presented in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

     SHORT NOUGAT EVALUATION                                                   

     ______________________________________                                    

     Example                                                                   

     Description Flavor    Body & Texture                                      

                                         Color                                 

     ______________________________________                                    

     Example 12  OK        Fairly Soft;  Light                                 

     (heat treated         Short (breaks Beige                                 

     whey, 50%)            off when pulled)                                    

     Example 13  OK        Sticky, Taffy-                                      

                                         Light                                 

     (nonheat treated      like          Beige                                 

     whey, 50%                                                                 

     Example 14  OK        Soft; Short   Light                                 

     (control, egg         (breaks off when                                    

     white, 100%)          pulled)                                             

     ______________________________________                                    

PAR  It is apparent from Table VII that the partial replacement of egg white
      solids by partially delactosed/demineralized cheese whey prepared in
      accordance with the process of the present invention, provides a product
      which exhibits adequate flavor, body texture, and color, as compared with
      the sample of short nougat prepared with egg white solids in accordance
      with Example 14. In addition, Examples 12 and 13 show that partially
      delactosed/demineralized cheese whey prepared in accordance with the
      process of the present invention produces a superior short nougat over
      that prepared in accordance with Example 13 containing partially
      delactosed/demineralized cheese whey at the same concentration, but
      without treatment in accordance with the process of the present invention.
      Specifically, comparison of Examples 12, 13, and 14 clearly shows that the
      nonheat-treated whey produces a sticky, taffy-like product having
      unacceptable body and texture. The general short nougat formulation and
      preparation is well known and can be found in the Women's Day Encyclopedia
      of Cookery, Vol. 2, page 288, (1967).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for improving the whipping properties of an aqueous solution
      containing dissolved cheese whey protein consisting essentially of
PA1  a. heating an aqueous solution containing dissolved cheese whey protein
      having a protein concentration of about 5 grams per liter to about 100
      grams per liter to a temperature within the range of at least 95.degree.C.
      to less than 99.degree. C. said aqueous solution being heated to a
      temperature within said range for not more than 5 minutes;
PA1  b. cooling said aqueous solution containing dissolved cheese whey protein
      to below about 60.degree. C.; and
PA1  c. whipping said aqueous solution containing dissolved cheese whey protein
      within about 8 hours after heating.
NUM  2.
PAR  2. The process of claim 1 wherein said cheese whey protein is sweet cheese
      whey protein.
NUM  3.
PAR  3. The process of claim 2 wherein said sweet cheese whey protein is
      selected from the group consisting of cheddar cheese whey proetein, Swiss
      cheese whey protein, mozzarella cheese whey protein, and mixtures thereof.
NUM  4.
PAR  4. The process of claim 1 wherein said cheese whey protein is derived from
      partially delactosed/demineralized cheese whey having a protein
      concentration between about 14% to about 90% (dry weight basis).
NUM  5.
PAR  5. The process of claim 1 which further includes the step of incorporating
      flavoring ingredients in said whipped aqueous solution containing
      dissolved protein, said ingredient being added before, during or after
      whipping.
NUM  6.
PAR  6. The process of claim 1 which further includes the step of adding a food
      grade citrate selected from the group consisting of potassium citrate,
      sodium citrate, or mixtures thereof to said aqueous solution containing
      dissolved protein at a concentration of about 0.1 gram per liter to about
      5 grams per liter prior to heating.
NUM  7.
PAR  7. The process of claim 2 wherein said cheese whey protein is selected from
      the group consisting of cheddar cheese whey protein, Swiss cheese whey
      protein, mozzarella cheese whey protein, or derived from partially
      delactosed/demineralized cheese whey having a protein concentration within
      the range of from about 14% to about 90% (dry weight basis), or mixtures
      thereof.
NUM  8.
PAR  8. The process of claim 1 which further includes the step of adding a food
      grade citrate selected from the group consisting of potassium citrate,
      sodium citrate, or mixtures thereof to said aqueous solution containing
      dissolved protein at a concentration of about 0.1 gram per liter to about
      5 grams per liter prior to heating.
NUM  9.
PAR  9. The product of the process of claim 1.
PATN
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ABST
PAL  A ready-to-whip cream base comprising an emulsion formed of a fat phase and
      a water phase, the fat phase containing lecithin and the water phase
      including sugar and a preservative.
BSUM
PAR  This invention relates to a cream base for confectionaries and bakeries
      having good storage properties and yielding after whipping a "light" cream
      with excellent over-run without further addition of foaming agents such as
      eggs, and which requires a comparatively short whipping time.
PAR  So called butter creams have long been used for fillings and decorations in
      the confectionary and bakery field. As a rule these butter creams are
      produced from butter or margarine to which has been added sugar, eggs and
      water, and optionally flavorings, such as chocolate, vanilla or fruit. The
      required mixing, is relatively time consuming, although a product is
      obtained, which, depending on the level of working up, certainly can reach
      a high volume. But it also has a very short storage time or "shelf-life,"
      and therefore cannot be produced in amounts larger than what is intended
      to be used immediately.
PAR  Cream bases for confectionaries have been available, but in beating them it
      has been necessary to add egg or its equivalent as an auxiliary emulsifier
      and foaming agent. This is not advantageous for the aforementioned
      reasons.
PAR  Ready-prepared creams, which are water free for storage reasons, have also
      been produced. See, for example, U.S. Pat. No. 3,600,196.
PAR  Surprisingly, it has now been found that it is possible to produce a cream
      base containing fat, sugar and water in ready-to-use proportions, which,
      after whipping, gives an outstanding volume without the use of further
      whipping agents. This is accomplished by adding lecithin to a suitable
      fat, the lecithin comprising from about 0.5 to about 1.5% by weight of the
      fat, preferably about 0.6%. "Lecithin" refers to a commercial soybean
      lecithin such as "Yelkin", which is obtained as a by-product upon the
      extraction of oil from soybeans. The physical properties of the lecithin,
      for example its surface activity and emulsifying effects, are well known
      and are utilized in margarine and chocolate processing.
PAR  The effect here obtained, however, was not predictable. It has not been
      possible to obtain a similar effect by testing many more sophisticated
      emulsifiers and so called whipping agents, or emulsifier systems, as
      combinations of these are known. In most cases it has not been possible to
      obtain sufficient increase in volume during whipping, and even when this
      has been achieved, the taste and consistency have not been acceptable.
PAR  The composition of the fat base is of great importance in determining the
      consistency and taste of the cream. The most advantageous fat composition
      has been found to be 15-25% of coconut type fat, 30-50% hydrogenated fat,
      and 35-45% liquid vegetable oil. The hydrogenated fat component ought to
      be of the stable .beta.'-crystallizing type, and it is sometimes
      preferable to form it as a mixture of two or more fats, hydrogenated to
      different melting points. The dilatation of the hydrogenated fat
      component, whether it be a single fat or a mixture, should preferably be
      as indicated below:
     Temperature (.degree.C)                                                   

                   10      20      30    35    40                              

     Dilatation (mm.sup.3 /g)                                                  

                  55-60   43-48   24-29 12-15 2-6                              

      The fat base should preferably have a dilatation of at least 15 mm.sup.3
      /g at 20.degree.C and not more than about 1-3 mm.sup.3 /g at 35.degree.C.
PAR  The cream base is prepared by first forming a fat phase and a water phase.
      The fat phase is prepared by melting the fat base, dissolving the lecithin
      in the fat, and thereafter after tempering to 40.degree.-42.degree.C. The
      water phase is prepared by dissolving sugar, salt and preservative in
      water in predetermined proportions, followed by tempering to
      40.degree.-42.degree.C. An emulsion is then prepared by adding the water
      phase to the fat phase, under stirring, and thereafter continuing the
      stirring for an appropriate time. The prepared emulsion is cooled to
      18.degree.-20.degree.C and worked in conventional tube-cooler equipment,
      such as the Votator-type, with A and B units, and packaged.
PAR  The preservative improves the storage properties. Usually sodium benzoate
      is used, in amounts ranging from about 0.03 to about 0.05% by weight of
      the end product.
PAR  It has been found that the cream base of the present invention may be
      stored for 3-4 months without significant off-flavor or other negative
      effects. After whipping for 10 minutes and increase in volume of at least
      100% is obtained and 15 minutes of whipping will give an increase in
      volume of at least 150%.
PAR  It has also been found that further addition of sugar, preferably in
      powdered form, or water is possible without any significant changes in the
      original whipping properties.
PAR  Even the traditional addition of flavorings, such as cocoa or coffee
      powder, vanilla or fruit flavor, can be made more easily because of the
      melting properties of the lecithin present.
DETD
PAR  The invention is further demonstated in the following examples where parts
      and percents represent parts by weight and percent by weight, unless
      otherwise wise stated.
PAC  EXAMPLE 1
PAR  A fat base was formed having the following composition:
TBL  20% coconut oil                                                           

     19% hydrogenated Mebra oil*                                               

     22% hydrogenated fish oil**                                               

     39% liquid groundnut oil                                                  

       *New strains of rapeseed oil having medium erucic acid contents of 15-20

      and a melting point of about 34.degree.C.                                

TBL  Dilatation values for this oil after hydrogenation were as -follows:      

     Temperature (.degree.C)                                                   

                  20       30       35     40                                  

     Dilatation (mm.sup.3 /g)                                                  

                  33       12        3      1                                  

      **This oil had a melting point of about 40.degree.C and the following    

      dilatation values:                                                       

TBL  Temperature (.degree.C)                                                   

                  20       30       35     40                                  

     Dilatation (mm.sup.3 /g)                                                  

                  60       38       25     10                                  

PAL  569 kgms of the above fat base were melted and 3.5 kgms lecithin dissolved
      in the fat base. This fat phase was then tempered to
      40.degree.-42.degree.C.
PAR  A water phase was then prepared by dissolving 220 kgms sugar, 7.5 kgms salt
      (NaCl), and 0.4 kgm sodium benzoate in 200 kgms water. This mixture was
      also tempered to 40.degree.-42.degree.C.
PAR  The fat phase was brought into a jacketed container and tempered to
      42.degree.-44.degree.C. The water phase was added to the fat phase under
      stirring. When the entire water phase had been added the stirring was
      continued for an additional 10 minutes.
PAR  The resulting emulsion was then crystallized (cooled) and plastified
      (worked) in a scraped surface tube-cooler of Votator-type (A and B unit)
      to an exit temperature of 18.degree.-20.degree.C and packaged.
PAR  A sample of this product was tempered for 24 hours at 20.degree.C and then
      whipped in a Hobart mixing unit (gear no. 2). A light and pleasant tasting
      cream was obtained, with an over-run (increase in volume) of 150% after 10
      minutes of whipping. After a further 5 minutes of whipping, 190% over-run
      was obtained.
PAR  The reproducibility was determined by producing the above cream base in 21
      separate experiments. Tests of the over-run after whipping of samples of
      these cream bases tempered to 20.degree.C for 24 hours gave the following
      figures:
TBL  Whipping time (min.)                                                      

                        Over-run (%)                                           

     ______________________________________                                    

     10                 130-165                                                

     15                 170-210                                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  According to the procedure given in Example 1, a cream base was prepared
      having a higher sugar content. In this case the water phase consisted of
      290 kgms sugar, 7.5 kgms salt and 0.4 kgm sodium benzoate dissolved in 150
      kgms water.
PAR  The water phase was emulsified in 552 kgms of a fat phase of the same
      composition as that given in Example 1. A sample tempered for 24 hours at
      20.degree.C was whipped as described in Example 1 and gave a cream
      somewhat sweeter but still pleasant in taste and consistency.
PAR  The over-run was 130% after 10 minutes of whipping and 150% after 15
      minutes.
PAC  EXAMPLE 3
PAR  A cream base prepared according to Example 1 was whipped after further
      addition of powdered sugar. Thus 250 g, 350 g and 450 g of sugar per
      kilogram of the original cream base were respectively added.
PAR  The following whipping results were obtained:
TBL  Sugar addition (g)                                                        

                    Over-run (%)                                               

     per kgm of cream base                                                     

                    10 min whip. 15 min whip.                                  

     ______________________________________                                    

     250            150          170                                           

     350            140          160                                           

     450            130          150                                           

     ______________________________________                                    

PAR  All of the whipped creams above exhibited good appearance and a pleasant
      taste.
PAC  EXAMPLE 4
PAR  According to the procedure given in Example 1, a number of cream bases were
      prepared with differing water contents in the range of 15- 30% water. The
      percentage of lecithin was kept at 0.35% at the lower water contents, and
      0.7% at the higher. Sugar, salt and sodium benzoate contents were kept
      constant and the total balance was achieved by regulating the fat content.
      The composition of the fat base was the same as in Example 1.
PAR  Samples of the different cream bases were taken out and were tempered for
      24 hours at 20.degree.C before whipping tests were performed. The
      compositions, expressed in percent by weight, and test results are shown
      below:
TBL  Ingredients                                                               

              A         B         C       D                                    

     (wt%)                                                                     

     ______________________________________                                    

     Water    15        20        25      30                                   

     Fat      61.86     56.86     51.51   46.51                                

     Lecithin 0.35      0.35      0.70    0.70                                 

     Sugar    22.0      22.0      22.0    22.0                                 

     Salt     0.75      0.75      0.75    0.75                                 

     (NaCl)                                                                    

     Sodium   0.04      0.04      0.04    0.04                                 

     benzoate                                                                  

     Over-run (%)                                                              

              190       180       150     120                                  

     Remarks  none      none      Somewhat                                     

                                          Water                                

                                  "thin" in                                    

                                          leakage                              

                                  consistency                                  

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  In order to investigate the ability to retain properties during storage, a
      number of samples prepared according to Example 1 were stored at
      8.degree.-12.degree.C for 0-6 months. Every month a sample was taken out
      and tested with respect to whipping properties, organoleptic properties
      and bacteriological status.
TBL  ______________________________________                                    

                                       Bacterio-                               

     Storage time                                                              

              Over-run* Taste          logical                                 

     (months) (%)                      content                                 

                                       (.sup.10 log)                           

                             Coli Total                                        

     ______________________________________                                    

     0        200       Without remark --   3.9                                

     1        210         "            --   3.9                                

     2        220         "            --   3.9                                

     3        210       A little off-flavor                                    

                                       --   2.7                                

                        on surface                                             

     4        210       A little off-flavor                                    

                                       --   4.6                                

                        on surface                                             

     5        200       Bad taste on surface                                   

                                       --   4.9                                

     6        200       Bad taste of the                                       

                                       --   4.8                                

                        whole sample                                           

     ______________________________________                                    

      *After tempering at 20.degree.C for 24 hours; whipping time, 15 minutes. 

PAC  EXAMPLE 6
PAR  A chocolate cream was prepared by adding 0.25 kgm of melted chocolate to 1
      kgm of cream base prepared according to Example 1. The mixture was whipped
      for 15 minutes. A light and pleasant tasting chocolate cream with
      attractive appearance was obtained.
PAR  Similar trials were performed with cocoa and coffee powder. In these cases
      the sweetness had to be modified by an extra addition of powdered sugar.
PAR  The creams were judged as being very attractive by a test panel. The same
      estimates were given of similar creams containing various fruit flavorings
      and vanilla.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ready-to-whip cream base for confectionary use requiring no auxiliary
      emulsifiers or foaming agents, said cream base comprising from about 45%
      to 60% by weight of a fat phase, and a water phase; said fat phase
      comprising a fat base and lecithin, said fat base being composed of, by
      weight, from about 15% to about 25% coconut oil, from about 30% to about
      50% hydrogenated oil of the stable .beta.'-crystallizing type, and from
      about 35% to about 45% liquid vegetable oil, and said lecithin being
      present in a proportion of from about 0.5% to about 1.5% based on the
      weight of said fat base; and said cream base further comprising as part of
      said water phase from about 10% to about 35% water, from 15% to about 30%
      sugar and from about 0.03% to about 0.05% preservatives, based on the
      weight of said cream base.
NUM  2.
PAR  2. The cream base of claim 1, said lecithin content being about 0.6 weight
      percent of said fat base.
NUM  3.
PAR  3. The cream base of claim 1, including about 0.75 weight percent sodium
      chloride.
NUM  4.
PAR  4. The cream base of claim 1, said preservative being sodium benzoate.
NUM  5.
PAR  5. The cream base of claim 1, said fat base having a dilatation of at least
      15 mm.sup.3 /g at 20.degree.C and not more than 3 mm.sup.3 /g at
      35.degree.C.
NUM  6.
PAR  6. The cream base of claim 1, said hydrogenated oil having the following
      dilatation properties:
TBL  Temperature (.degree.C)                                                   

                   10      20      30    35   40                               

     Dilatation (mm.sup.3 /g)                                                  

                  55-60   43-48   24-29 12-15 2-6.                             

NUM  7.
PAR  7. The cream base of claim 6, said hydrogenated oil comprising a mixture of
      at least two oils hydrogenated to different melting points.
NUM  8.
PAR  8. The cream base of claim 7 in which said hydrogenated oil is a mixture of
      hydrogenated fish oil and hydrogenated rapeseed oil.
NUM  9.
PAR  9. A ready-to-whip cream base for confectionary use requiring no auxiliary
      emulsifiers or foaming agents, said cream base consisting of an emulsion
      having a fat phase content of about 57 weight percent and a water phase
      content of about 43 weight percent, based on said cream base;
PA1  said fat phase having a fat base consisting of about 20 weight percent
      coconut oil, about 39 weight percent liquid vegetable oil, and about 41
      weight percent hydrogenated oil, and containing about 0.6 weight percent
      lecithin, based on said fat base;
PA1  said hydrogenated oil consisting of about 19 weight percent hydrogenated
      medium-erucic-acid content rapeseed oil having a melting point of about
      34.degree.C and about 22 weight percent hydrogenated fish oil having a
      melting point of about 40.degree.C, based on said fat phase;
PA1  said water phase consisting of about 20 weight percent water, about 22
      weight percent sugar, about 0.75 weight percent salt, and about 0.04
      weight percent sodium benzoate preservative, based on said cream base.
NUM  10.
PAR  10. A process for preparing a ready-to-whip cream base for confectionary
      use requiring no auxiliary emulsifiers of foaming agents, said process
      comprising the steps of:
PA1  forming a fat phase comprising between about 45% and about 60% by weight of
      said cream base by dissolving, at a first elevated temperature, from about
      0.5% to about 1.5% lecithin in a fat base composed of a mixture of from
      about 15% to about 25% coconut oil, from about 30% to about 50%
      hydrogenated oil of the stable .beta.'-crystallizing type, and from about
      35% to about 45% liquid vegetable oil, all based upon the weight of said
      fat base;
PA1  forming a water phase at a first elevated temperature by dissolving from
      about 15% to about 30% sugar and from about 0.03% to about 0.05%
      preservative in from about 10% to about 35% water, said sugar,
      preservative and water contents being based upon the weight of said cream
      base;
PA1  emulsifying said water phase in said fat phase at a second elevated
      temperature; and
PA1  crystallizing and plastifying said emulsion under cooling to about room
      temperature.
NUM  11.
PAR  11. The process of claim 10, including the additional step of forming said
      hydrogenated oil by mixing at least two oils hydrogenated to different
      melting points.
NUM  12.
PAR  12. The process of claim 10, including the additional step of mixing about
      0.75 weight percent sodium chloride, based upon said cream base, into said
      water phase.
NUM  13.
PAR  13. The process of claim 10, said first elevated temperature being from
      about 40.degree.C to 42.degree.C and said second elevated temperature
      being from about 42.degree.C to about 44.degree.C.
NUM  14.
PAR  14. The process of claim 10, said fat base being formed so as to exhibit a
      dilatation of at least 15 mm.sup.3 /g at 20.degree.C and no more than 3
      mm.sup.3 /g at 35.degree.C.
NUM  15.
PAR  15. The process of claim 10, said hydrogenated oil being formed so as to
      exhibit the following dilatation range:
TBL  Temperature (.degree.C)                                                   

                   10      20      30    35   40                               

     Dilatation (mm.sup.3 /g)                                                  

                  55-60   43-48   24-29 12-15 2-6.                             
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ABST
PAL  There is disclosed a pareve liquid coffee whitener characterized by having
      freeze-thaw stability, which comprises an aqueous emulsion of vegetable
      fat, vegetable protein, carbohydrates, and emulsifiers therefor, said
      emulsifiers consisting essentially of monoglycerides, partial fatty acid
      esters of hexitol, ethoxylated partial fatty acid esters of hexitol, and
      stearoyl-2-lactylic acid.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part to our co-pending patent
      application, Ser. No. 284,127 filed Aug. 28, 1972 and now abandoned, all
      of which is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coffee whiteners have been traditionally of the liquid or powdered type. In
      recent years coffee whiteners in the frozen state have been marketed with
      some success, particularly in view of the public acceptance accorded to
      frozen foods for their convenience in handling and storage.
PAR  An especially serious problem has been the tendency of frozen coffee
      whiteners to separate or destabilize on thawing and refreezing. This phase
      separation or emulsion breakdown was most noticeable with pareve
      compositions, i.e., those employing ingredients of non-animal source such
      as all vegetable fats and proteins. Often, directions on pareve frozen
      coffee whiteners instructed the user to thaw the contents and shake well
      prior to use. On the first freeze-thaw cycle the emulsion breakdown was
      generally not total and vigorous shaking could be sufficient to effect
      dispersion or suspension and thus minimize the phase separation. On
      refreeze and rethaw, however, shaking in most any form was not sufficient
      to stabilize the emulsion for any reasonable period of time, thereby
      rendering the use of such liquid coffee whitener undesirable. Thus
      freeze-thaw stability would appear to be a very significant property. An
      inherent property of such coffee whitener compositions is the ability to
      whiten the dark coffee. A less noticeable problem is insufficient
      whitening property which could be due to minor emulsion phase breakdown.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  Now, we have found a liquid pareve coffee whitener composition which is
      characterized by being stable to phase breakdowns on repeated freeze-thaw
      cycles, as well as the ability to maintain its whiteness. The coffee
      whitener of the present invention is normally an aqueous emulsion of
      vegetable fat, vegetable protein, carbohydrate, a stabilizer and an
      emulsifier comprising a monoglyceride, a partial fatty acid ester of
      hexitol, an ethoxylated partial fatty acid ester of hexitol and
      stearoyl-2-lactylic acid. Significantly, we have found that salts of
      stearoyl-2-lactylic acid are not as effective as the acid itself.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As indicated earlier, the pareve coffee whitener of the present invention
      is made all of non-animal ingredients. The freeze-thaw stability and
      whiteness are believed to be attributed to the emulsifier components
      described in detail herein. These are (a) monoglyceride, (b) a partial
      fatty acid ester of hexitol, (c) an ethoxylated partial fatty acid ester
      of hexitol, and (d) stearoyl-2-lactylic acid. The amounts for these
      different emulsifier components are varied within the following ranges:
PA1  A. Monoglycerides from 0.3 to 0.6% by weight based on the total weight of
      the whitener's composition. By monoglycerides we mean the partial fatty
      acid esters of glycerol, including the diglycerides. Of importance, is the
      fact that the term monoglycerides referred to in commerce does not denote
      pure monoglycerides. Generally, commercial grades of monoglycerides
      contain about 40 to 45% by weight of .alpha.-monoglycerides with the
      remainder being diglycerides (40-45%), triglycerides and unreacted
      glycerol. Nevertheless, for the coffee whitener of the present invention
      the .alpha.-monoglycerides should not be below 40% by weight. Of course,
      distilled monoglycerides containing a minimum of 90% by weight
      .alpha.-monoglycerides can be used with advantage. The fatty acid
      component of the monoglyceride can have from 14 to 18 carbon atoms. Of the
      fatty acids in this range, stearic acid is preferred.
PA1  b. The partial fatty acid ester of hexitol can be utilized from about 0.05%
      to about 0.2% by weight. Hexitol refers primarily to sorbitol or mannitol
      with the former being preferred for efficiency and economy. A typical
      ester is sorbitan monostearate.
PA1  c. As to the ethoxylated esters of hexitol, they comprise the condensation
      reaction product of the partial fatty acid ester with ethylene oxide or
      the esterified product of ethoxylated hexitol. The extent of ethoxylation
      can range from the equivalent of 4 to 5 ethylene oxide units up to 80-100
      units. Preferably, the hexitol is sorbitol and the amount of ethylene
      oxide condensed therewith is an average of 20 units. The fatty acid
      component can have from 14 to 18 carbon atoms, but typified with stearic
      acid. Thus, a preferred ethoxylated ester of hexitol is ethoxylated
      sorbitan monostearate. Commercially available products of these esters are
      known as "Durfax 60", a trademark of SCM Corporation, of "Tween", a
      trademark of Atlas Industries. One or more of these ethoxylated products
      can be utilized within the range of from about 0.1 to about 0.3% by
      weight, preferably about 0.2%.
PA1  d. The stearoyl-2-lactylic acid, also known as, Marvic Acid, a trademark of
      SCM Corporation, is used from about 0.05 to about 0.6% by weight,
      preferably in the range 0.2 to 0.4% by weight.
PAL  At this juncture, it should be noted that the salts (alkali metal or
      alkaline earth metal salts) of Marvic Acid have not shown to be as
      effective as the acid itself. Experiments have shown that pareve coffee
      whiteners formulated with Marvic Acid were more stable, as far as
      freeze-thaw stability, than those formulated with Marvic Acid salts, such
      as calcium or sodium salts. Also, the presence of Marvic Acid appears to
      contribute to the whitening power of the whitener of the present
      invention.
PAR  Coffee whiteners, also, include other additives or adjuvants for the
      purpose of improving the viscosity, body, dispersibility, or other
      properties of the particular coffee whitener. Of note are the various
      thickening agents or gums, the various stabilizing salts as well as known
      preservatives. Typical gums include, but not limited to, locust been gum,
      guar gum, algin, carageenan, xanthan, and the like, bean can be used in
      proportions ranging from about 0.01 to about 3.0% by weight. Similarly,
      dispersing agents of the phosphate and hydrate types are used in about
      0.1% by weight. Common stabilizing and/or buffering salts for this use are
      sodium citrate, dipotassium phosphate, tetra sodium pyrophosphate, and so
      forth.
PAR  A wide variety of coffee whitener formulations is known and can be used in
      conjunction with the emulsifiers of the present inventions. Generally,
      pareve coffee whiteners comprise emulsifiers, stabilizers, and thickeners,
      vegetable fat and vegetable proteins, as well as sweeteners
      (carbohydrates), flavorants, and colorants. These various components
      provide a considerable number of variations depending on the desired
      quality. For example, fat contents and sweetness can be altered within a
      wide range even though the tendency has been toward minimal amounts for
      reasons of economy and reduction in caloric content.
PAR  The proportion of vegetable fat used in preparing the coffee whitener can
      vary from about 5 to 18% by weight. It is usually present in a proportion
      of about 10%. The fat should have a low melting point and narrow plastic
      range as these provide for easy blending and dispersibility in hot coffee.
      Examples of fats for coffee whiteners are hydrogenated coconut and
      hydrogenated refined fractions of soybean oil. Hard butters such as those
      from coconut and soybean-cottonseed oil fractions are also adapted for
      making the coffee whitener.
PAR  The vegetable protein used in preparing pareve coffee whiteners should be
      present in a proportion of about 1 to 3% by weight. It serves to increase
      viscosity and whitening power and helps give desired body characteristics.
      The vegetable proteinate commonly used for pareve whiteners is soybean
      proteinate.
PAR  The carbohydrate used in the liquid coffee whitener is present in a
      proportion of about 5 to 15% by weight to act also as a bodying agent and
      to add some sweetness. It consists generally of corn syrup solids, or
      sucrose. Sometimes a mixture of the two are used together, but more often,
      it is preferred to use corn syrups as the carbohydrate.
PAR  The following examples are provided to illustrate the invention and how
      certain variations in the emulsifier components can be made. All parts and
      percentages are by weight unless otherwise specified.
PAC  EXAMPLE I
PAR  A pareve coffee whitener was prepared from the ingredients listed below
      with their respective amounts.
TBL  ______________________________________                                    

     Ingredient                % by weight                                     

     ______________________________________                                    

     Vegetable fat c"Paramount C", a trademark of                              

     SCM Corporation) comprising re-arranged blends                            

     of hydrogenated palm kernel oil and coconut                               

                               10.0                                            

     oil, with lecithin.                                                       

     36D Corn Syrup            12.0                                            

     Soybean proteinate isolate                                                

                               1.0                                             

     Monoglyceride ("Dur-Em 117", a trademark of                               

     SCM Corporation) comprising a minimum of 40%                              

     by weight .alpha.-monoglyceride (glycerol mono-                           

     stearate)                 0.45                                            

     Polyoxyethylene sorbitan monostearate                                     

     ("Durfax 60", a trademark of SCM Corpora-                                 

                               0.10                                            

     tion)                                                                     

     Sorbitan monostearate     0.15                                            

     Dipotassium phosphate (Stabilizing salt)                                  

                               0.30                                            

     Marvic Acid (stearoyl-2-lactylate)                                        

                               0.20                                            

     Water                     75.80                                           

                               100.00                                          

     ______________________________________                                    

PAR  First, the stabilizing salt, soybean proteinate, and corn syrup solids were
      added to a vessel containing the water and mixed to dissolve the solids.
      The resultant aqueous mixture is heated to 120.degree.F. In another
      vessel, the "Paramount C" and the emulsifiers; i.e., monoglyceride,
      sorbitan monostearate, polyoxyethylene sorbitan monostearate, and Marvic
      Acid were melted and blended. This blend was added to the Vessel
      containing the aqueous mixture and the entire contents were mixed. After
      complete mixing and blending at 120.degree.F., the contents then were
      pasteurized at a temperature of 160.degree.F. for about 30 minutes. A
      highly unique feature is that the mix may also be pasteurized aspectically
      by processing it at ultra high temperatures such as 265.degree.F. for 3
      seconds. Then to completely emulsify the mix for forming a stable
      emulsion, the mix was passed through a two-stage homogenizer, the first
      step being operated at a pressure of about 2500 PSIG and the second at 500
      PSIG. The second stage is used to break up any agglomerates formed in the
      first stage.
PAR  The above coffee whitener was frozen to -20.degree.F. and then allowed to
      thaw to a temperature of 40.degree.F. and observed for emulsion stability.
      The cycle is repeated for 5 times; (freezing at 0.degree.F.). After the
      five freeze-thaw cycles, the emulsion on examination was stable by showing
      no separation or phase breakdown.
PAR  The emulsion stability was observed visually and by inserting a stainless
      spatula into the thawed whitener to examine the homogeneity and/or
      particulate matter which indicates a broken emulsion.
PAR  Of course, an essential property of the coffee whitener is to whiten
      coffee. To check the effectiveness of the whitener in this respect, the
      following test was devised and run on all preparations.
PAR  To 0.9 ounce of the whitener described above placed in a beaker, 6 ounces
      of coffee (1.65 grams of Chase and Sanborn Instant Coffee per 6 ounces of
      water) at about 190.degree.F. were added. The whiteness of the
      coffee-whitener mixture was measured in an instrument called Agtron (Model
      M-400-A made by Magnuson Engineers of San Jose, California). The whitened
      coffee was poured into an Agtron cup (supplied with the instrument) up to
      3/4 full, and the cup was placed in the instrument reflectance colorimeter
      which had been standardized with the 07 and 44 discs using the green
      filter. The temperature and Agtron reading of the above whitened coffee
      were recorded to be 150.degree.F. and 43.0, respectively.
PAR  The above whitener was put through 5 cycles of freeze-thaw, and its
      reflectance in coffee was measured after the first, second, and fifth
      cycles. These numbers were 43.0, 41.5, and 42.0, respectively, indicating
      excellent stability and maintained whitening property.
PAC  COMPARATIVE DATA
PAR  Five additional formulations of the whitener described in Example I were
      prepared wherein all the ingredients were the same except for Marvic Acid
      which varied as follows: 0.0%, 0.1%, 0.4%, 0.6%, and 0.8% (water content
      and buffer were changed slightly to compensate for the changes in Marvic
      Acid). Subjecting the foregoing formulations to freeze-thaw cycling and
      reflectance measurements resulted in that the samples containing 0.0%,
      0.1%, 0.4%, and 0.6% showed stability as to emulsion breakdown, whereas
      the sample containing 0.8% broke down after one cycle. As to the
      reflectance data after first, second, and fifth cycles, the readings were
      as follows:
TBL  % Marvic Acid                                                             

                 Agtron Readings                                               

     ______________________________________                                    

               First  Second   Fifth Cycles                                    

      0          37.5     36.5     36.0                                        

     0.1         41.0     39.0     37.5                                        

     0.4         43.5     43.0     42.0                                        

     0.6         44.0     43.0     42.0                                        

     0.8         46.5     --       --                                          

     ______________________________________                                    

PAR  From the above, it can be seen that the Marvic Acid contributes
      significantly to the whitening property of the composition. For clarity,
      it should be noted that in the same series of reflectance readings
      difference of 5 units or more is considered significant.
PAR  The compositions containing 0.4 and 0.6% Marvic Acid showed a slight
      increase in viscosity.
PAC  EXAMPLE II
PAR  Comparative freeze-thaw stability tests were run on coffee whiteners
      prepared in a manner exactly the same as Example I, varying only the
      emulsifier used in preparing the coffee whitener. The level of emulsifier
      was essentially the same as the level of emulsifier in Example I. The
      table below represents the result of the freeze-thaw stability:
TBL  COFFEE   EMULSIFIERS        FREEZE-THAW                                   

     WHITENER PERCENT            STABILITY                                     

     ______________________________________                                    

     A        0.48 Triglycerol monostearate                                    

                                 1 cycle - emul-                               

              0.20 Stearoyl-2-Lactylic acid                                    

                                 sion broke on                                 

                                 second cycle                                  

     B        0.48 Hexaglycerol monostearate                                   

                                 "                                             

              0.20 Stearoyl-2-lactylic acid                                    

     C        0.48 Decaglycerol decaoleate                                     

              0.20 Stearoyl-2-lactylic acid                                    

                                 "                                             

     D        0.48 Decaglycerol monostearate                                   

              0.20 Stearoyl-2-lactylic acid                                    

                                 "                                             

     ______________________________________                                    

PAR  The above results show that the coffee whiteners employing polyglycerol
      esters in combination with Marvic Acid, a trademark for
      stearoyl-2-lactylic acid, did not produce the emulsion stability that the
      four-compound emulsifier system as disclosed herein. Emulsion stability
      was acceptable for one freeze-thaw cycle only.
PAC  EXAMPLE III
PAR  A coffee whitener was made in accordance with the procedures of Example I
      using the ingredients set forth below:
TBL  Ingredient                  Percent                                       

     ______________________________________                                    

     Water                       74.20                                         

     "Paramount C" w/Lecithin ("Paramount C                                    

     is palm kernel and coconut oil)                                           

                                 12.00                                         

     36 D. E. Corn Syrup Solids  10.00                                         

     Supro 7 (Soybean Proteinate)                                              

                                 0.90                                          

     Sodium Citrate              0.40                                          

     Dipotassium Phosphate       0.22                                          

     Monopotassium Phosphate     0.10                                          

     Sugar                       1.00                                          

     Carboxymethyl Cellulose     0.10                                          

     Glycerol Mono- and Distearate                                             

                                 1.00                                          

     (40% .alpha.-monoglycerides)                                              

     Polyoxyethylene Sorbitan Monostearate                                     

                                 0.08                                          

                                 100.00                                        

     ______________________________________                                    

PAR  On testing the above whitener broke down after one cycle.
PAC  EXAMPLE IV
PAR  The formulation shown in Example III was changed to contain: 0.1% sorbitan
      monostearate, 0.2% polyethylene sorbitan monostearate, and the reduced
      amount of monoglycerides 0.5%, in addition to 0.2% Marvic Acid. The
      resultant whitener was excellent. It was stable for five freeze-thaw
      cycles and had reflectance readings between 41 and 42 which are quite
      acceptable.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pareve fluid coffee whitener characterized by enhanced freeze-thaw
      stability and improved whiteness, comprising 5-18% by weight of vegetable
      fat, 1-3% by weight of vegetable protein, 5-15% by weight of sweetener,
      emulsifiers, and water to make up 100%, said emulsifiers consisting
      essentially of:
PA1  a. 0.3 to 0.6% by weight of said whitener of monoglycerides;
PA1  b. 0.1 to 0.3% by weight of an ethoxylated partial fatty acid ester of a
      hexitol selected from mannitol and sorbitol;
PA1  c. 0.05 to 0.2% by weight of a partial fatty acid ester of a hexitol
      selected from mannitol and sorbitol; and
PA1  d. 0.05 to 0.6% by weight of stearoyl-2-lactylic acid.
NUM  2.
PAR  2. The coffee whitener according to claim 1, wherein the ingredients are:
TBL  vegetable fat    10.0%                                                    

     sweetener        12.0%                                                    

     vegetable protein                                                         

                      1.0%                                                     

     water            75.8%                                                    

     monoglycerides   0.45%                                                    

     polyoxyethylene sorbitan                                                  

      monostearate    0.10%                                                    

     sorbitan monostearate                                                     

                      0.15%                                                    

     dipotassium phosphate                                                     

                      0.30%                                                    

     stearoyl-2-lactylic acid                                                  

                      0.20%.                                                   
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ABST
PAL  Coated tablets are prepared by applying to a core of active material, at
      least one layer of a coating composition made up of a film forming aqueous
      synthetic resin dispersion and from 2-50% by weight of a water or alkaline
      soluble material and thereafter permitting the coating composition layer
      to dry. The resulting coated tablet has a core surrounded by a continuous
      porous matrix of synthetic resin formed from the aqueous dispersion which
      is insoluble in water and insoluble in the gastrointestinal tract. The
      pores of the continuous resin matrix are filled with a discontinuous
      particulate material which is water or alkaline soluble. The coated tablet
      initially is air and moisture tight.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a Continuation-in-Part of copending application Ser.
      No. 44,557, now abandoned, filed June 8, 1970, which is in turn a division
      of application Ser. No. 740,058 filed June 26, 1968, now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates to coating compositions for tablets. More
      particularly this invention relates to tablet coating compositions which
      can be applied in thin layers, are impervious to heat and which result, as
      desired, in tablet coatings which are either water soluble or are only
      soluble in the small intestine.
PAR  In addition to the sugar coatings for dragees, which have been known for
      many years, recently several synthetic resin coating agents for tablets
      have been developed which in comparison with dragees, have the advantage
      that a satisfactory coating for tablets can be obtained with substantially
      less and thinner layers. Depending on the nature of the synthetic resins
      used, there are obtained coatings which are either water soluble or are
      resistant to gastric juices (cf. German Pat. Nos. 1,056,786 and
      1,228,757).
PAR  A disadvantage of these synthetic resin coatings is that they have to be
      applied to the tablet cores in the form of their solutions in organic
      solvents, such as, for example, acetone, alcohol, chloroform, carbon
      tetrachloride and the like. Although these solvents evaporate very readily
      and, therefore, the finished coatings are obtained in a comparatively
      short period of time, these coating agents possess many significant
      disadvantages. These disadvantages include the following:
PA1  1. Large amounts of solvents are needed as the solids content in these
      coating agents usually cannot be much more than 20% due to the viscosity
      requirements;
PA1  2. The solvents, which are expensive in comparison with water, are either
      completely lost or can only be recovered by the use of very expensive
      apparatus;
PA1  3. Because of the toxicity of the solvent vapors, special safety measures
      must be provided in the working areas in order to protect personnel;
PA1  4. Most organic solvents are inflammable and mixtures of solvent vapors
      with air are explosive so that it is necessary to use expensive apparatus
      which is secure against possible fire and explosion.
PAR  In German Pat. No. 1,229,678, it has been proposed to apply molten
      polyethylene glycol to pre-heated tablet cores. This process admittedly
      avoids the use of solvents but then it necessitates the preparation of hot
      melts. Temperatures of up to 130.degree.C are unusually high for use in
      the production of tablet coatings. All tubes, spray nozzles and the like
      of the involved apparatus, must be heatable in order to avoid a
      solidification of the polyethylene glycol inside of or on the surfaces of
      the apparatus.
PAR  Furthermore, the tablets have to be pre-heated which is something to be
      avoided, if possible, particularly in the case of heat sensitive active
      materials. A further disadvantage of this process is the fact that it can
      only be carried out with the use of the polyethylene glycols which, as are
      known, have a particularly unpleasant taste.
PAR  It is accordingly an object of the invention to provide a new field of
      tablet coating composition which can be applied in thin layers, are
      impervious to heat and which as desired, can either be water soluble or
      only soluble in the medium found in the small intestine.
PAR  It is another object of the invention to provide a method of producing
      tablet coating compositions of the character indicated.
PAR  A further object of the invention is to provide synthetic resin tablet
      coatings which do not require the use of organic solvents in either their
      preparation or deposition.
PAR  Still another object is to provide synthetic resin tablet coatings
      compositions which can be applied at room temperature and in fairly high
      concentrations, i.e., coating compositions which can be easily and simply
      applied to tablet cores.
PAR  Other objects and various features of novelty and invention will be pointed
      out or will occur to those skilled in the art from a reading of the
      following specification.
PAC  SUMMARY
PAR  The present invention provides a process for preparing coated tablets which
      comprises applying to a core of active material at least one layer of a
      coating composition comprising a film forming aqueous synthetic resin
      dispersion and from 2-50% by weight of a water or alkaline soluble
      material and thereafter permitting the coating composition layer to dry.
PAR  The coated tablet produced by the process of the invention can be
      characterized as including a core of active material which is soluble in
      the gastrointestinal tract and surrounded by a continuous porous matrix of
      synthetic resin formed from the film forming aqueous synthetic resin
      dispersion. The continuous resin matrix is insoluble in water and is thus
      insoluble in the gastrointestinal tract. The pores of the matrix contain
      from 15 to 600 %, based on the weight of the dried resin (film) matrix, a
      discontinuous or particulate material which is water or alkaline soluble.
      The coated tablet is initially air and moisture tight, but upon exposure
      to water or aqueous alkaline, the discontinuous soluble material in the
      continuous resin matrix will be dissolved from the pores thereof.
      Depending on the nature of the soluble, discontinuous material, the
      continuous resin matrix will remain intact becoming sufficiently porous
      thereby allowing the core of active material to diffuse out through the
      porous resin matrix, or will be torn apart, in the gastrointestinal tract.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood from the following
      description taken in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a schematic flow diagram with appropriate legends illustrating a
      preferred procedure for carrying out the process of the invention;
PAR  FIG. 2a is an enlarged cross-sectional view of a tablet coated according to
      the present invention; and
PAR  FIG. 2b is an enlarged microscopic view of a tablet coating formed
      according to the present invention.
DETD
PAC  DESCRIPTION
PAR  Film-forming aqueous synthetic resin dispersions are known from the paint
      technology field and are, in general, applied to a stationary substrate,
      movement or touching of the coated surface having to be carefully avoided
      until the drying is complete. Consequently, it was to have been expected
      that upon application of such synthetic resin dispersions to tablet cores
      moving about in a drageeing kettle, smooth surfaces would not be obtained
      but rather non-uniform, cracked coatings which would either stick to the
      walls of the kettle or would result in the tablet cores clumping together.
      These unsatisfactory results were to have been expected, particularly
      since the rubbing together of the tablet surfaces and the increasing
      concentration of the dispersions upon drying would give rise to the fear
      of premature coagulation and breakdown of the dispersion. In point of
      fact, the commercially available aqueous synthetic resin dispersions only
      result in the production of coherent, smooth surfaces when they
      additionally contain certain amounts of fillers.
PAR  According to the present invention, it is necessary to add materials which
      are water soluble or are soluble in alkaline solutions, which materials
      can be dissolved either by the gastric juices or by the alkaline juices in
      the small intestine, so that from the synthetic resin films which are
      initially completely air and moisture tight and are, therefore, also
      stable under tropical conditions, there are formed coatings which are
      permeable to the active materials present in the tablet cores. These
      materials which are water soluble or are soluble in alkaline solutions
      thereby simultaneously also act as the fillers which are necessary for
      process technical reasons. However, if desired, other insoluble fillers
      can additionally be added. The amount of these additives does not have to
      be very great. Thus, in accordance with the invention, it has been found
      that the use of the additives in an amount in toto of 5-6% is sufficient
      in order to make the synthetic resin dispersions suitable for tablet
      coatings.
PAR  Depending upon the requirements necessary for the particular coatings
      involved, there are used up to 50% of insoluble fillers and 2-50% of the
      materials which are water soluble or soluble in alkaline solutions, in
      both cases referred to the amount of aqueous synthetic resin dispersion
      used. With increasing amounts of the substances which are water soluble or
      soluble in alkaline solutions, the tablet coatings are more quickly and
      intensively attached in the stomach or small intestine and thus give rise
      to a coating which is sufficiently porous to allow the active materials
      present in the tablet cores to diffuse out through the coating.
PAR  When strongly swelling substances, so-called "disintegrating agents" are
      added in large amounts to the tablet cores, then it can easily happen that
      the porous coating is actually torn apart in the gastrointestinal tract.
      In this manner, the site and time of the liberation of the active material
      can be varied as desired depending upon the nature and amount of the
      additives employed. It is, in any case, possible to achieve breakdown and
      liberation times which are just as short as, or even shorter than, those
      of the best known dragees. However, according to the present invention, it
      is also possible to produce tablets having a considerably delayed
      liberation time or with an exclusively enteric liberation so that the new
      tablet coatings have a very wide field of application.
PAR  Further advantages of the new coating compositions according to the present
      invention and involving the use of aqueous dispersions of synthetic
      resins, are the avoidance of the use of organic solvents, the ability to
      work at ambient temperature and the relatively high proportion of solids.
      Thus, in contradistinction to solutions, the resultant viscosity of the
      aqueous synthetic resin dispersions permit a satisfactory working even in
      the case of concentrations of between 30 and 60%. As a result, it is
      possible to considerably shorten the drying times necessary for the
      removal of the water, which drying times are longer and require the use of
      more heat where organic solvents have been employed.
PAR  The application of the additive-containing aqueous synthetic resin
      dispersions according to the present invention can be carried out not only
      manually, as by pouring the coating compositions onto the tablet cores but
      also by spraying the same onto the cores using for the spraying
      semiautomatic or fully automatic devices. The application of the new
      coating compositions according to the present invention can be carried out
      in a particularly easy and simple fashion by means of the automatic
      drageeing apparatus described in German Pat. No. 1,247,547, which
      apparatus is manufactured under the mark "ZDS" by Strunck and Co., Koln,
      Germany. When this apparatus is used, it is advantageous to wait for a
      short period of time after application of the coating composition to the
      moving tablet cores, i.e., until the applied amount of coating composition
      has been uniformly distributed over the cores before proceeding with the
      drying. Thereafter, drying is carried out with warm air or, preferably,
      with air at normal, i.e., room temperature until the cores no longer stick
      together, but roll smoothly over one another. Depending upon the shape and
      size of the tablet cores, as well as upon the composition of the coating
      agent, 5 to 10 coatings are usually sufficient to provide coatings upon
      the tablet cores which satisfy all requirements.
PAR  Surprisingly, with the use of the new coating compositions according to the
      present invention, it is possible for the first time, to apply, distribute
      and dry the coating compositions so that it is now no longer necessary, as
      was previously the case, to apply several layers in succession onto the
      tablets. On the contrary, a single, homogeneous coating results from a
      continuous application of the coating composition.
PAR  As aqueous synthetic resin dispersions for the coating compositions
      according to the present invention, there can, in principle, be used all
      pharmacologically compatible, film forming aqueous dispersions. Thus, for
      example, there can be used the commercially available dispersions of
      polyvinyl esters, polyvinyl acetals, polyvinyl chloride, butadienestyrene
      copolymers, polyacrylic acid esters and the like.
PAR  Aqueous synthetic resin dispersions used in the present invention are
      durable, milky dispersions of solid particles of synthetic resins having
      an average particle size in diameter of from 0.2-3 microns. The aqueous
      dispersions are similar to natural rubber latex and can be diluted, if
      desired, with water. The dispersions themselves are produced using known
      emulsion polymerization techniques.
PAR  The continuous porous resin matrix produced according to the present
      invention is formed by evaporating the water from the dispersion coating.
      The continuous resin matrix produced is generally clear, having the
      characteristics of a soft or flexible thermoplastic film. The continuous
      resin matrix are generally soluble in solvents, such as ketones, esters
      and aromatic and chlorinated hydrocarbons, but are completely insoluble in
      water. The continuous resin matrix is also generally regarded as being
      chemically resistant.
PAR  The properties of the tablet coatings produced according to the invention
      from aqueous synthetic resin dispersions are controlled by the addition of
      water and/or alkaline soluble materials to the aqueous dispersion, the
      amount of these soluble materials employed in the continuous resin coating
      (also used in conjunction with other inert materials as described above)
      are controlled so as to produce a tablet with a coating which will become
      permeable or porous or which will decompose in the gastrointestinal tract.
      Relatively small additions of soluble materials, for example up to about
      50% by weight based on the weight of the dried resin matrix results in a
      slightly permeable tablet coating which is desired in the case of
      so-called retard preparations. Coatings designed to de-compose more
      readily, for example in the digestive juices present in the stomach
      require a larger amount of soluble materials, for example up to 600% by
      weight based on the weight of the dried resin matrix. Coatings for retard
      preparations which are resistant to gastric juices employ either an
      alkaline soluble material in the continuous resin matrix and/or the
      incorporation of carboxyl groups into the resin matrix via the aqueous
      dispersion itself.
PAR  Prior to the present invention, tablet coating with synthetic resin films
      was carried out using organic solvent coating techniques. Water has been
      used but only to carry out auxiliary functions in conjunction with organic
      solvent coating procedures (cf. Australian Pat. No. 268,497). Prior to the
      present invention, tablet coating with synthetic resins based solely on an
      aqueous coating technique was not possible. Prior attempts using water
      soluble film forming resins, such as cellulose derivatives and polyvinyl
      alcohol were not successful because the aqueous coating solution could
      only contain low concentrations of the soluble resin. This resulted in an
      undesirable water attack on the surface of the core of active material
      itself to say nothing of the complicated coating and drying techniques
      themselves.
PAR  Contrary to what the art would have expected, the present invention makes
      it possible to coat tablets with synthetic resins using a totally aqueous
      system. This is possible because the aqueous resin dispersions can be used
      in a highly concentrated form, which means that a substantially smaller
      amount of water has to be evaporated to form a dried, finished coating.
      The present invention also employs quick drying of the coated tablets,
      such as by the dipping tube method, which results in a rapid evaporation
      of the water which effectively prevents the water from reaching and
      penetrating into the core of active material. Moreover, because the
      aqueous resin dispersions form a durable synthetic resin film, soluble
      auxiliary material, such as described herein can be incorporated into the
      film or a continuous resin matrix in a controlled manner.
PAR  Thus, it was not believed possible to use a totally aqueous coating
      technique for producing coated tablets and it was also thought that under
      high mechanical stresses as occur in a tablet coating process that the
      colloidal resin particles would undergo a premature coagulation resulting
      in a non-uniform and non-coherent coating on the tablet core, especially
      in the presence of auxiliary materials, such as the water or alkaline
      soluble materials and filling agents (cf. Hans Reinhard: "Dispersionen
      Synthetischer Hochpolymerer", part II application, pages 8-10). The
      coating process of the invention also provides processing advantages from
      an environmental standpoint. Prior to the present invention, the use of
      organic solvents required elaborate procedures and techniques to protect
      the worker and his enviornment as well as to prevent the expulsion of
      unwanted solvent vapors into the atmosphere. Because the present invention
      is based totally on an aqueous dispersion coating technique, all of these
      problems are avoided thereby enhancing the economics and the environmental
      compatibility of the claimed process.
PAR  Suitable dispersions are:
PA1  a. Mowilith DM 1, manufactured by Hoechst consisting of a 50% aqueous
      dispersion of a mixed polymerisate of vinylacetate and maleic acid ester,
      characterized by a particle size of 0.3-2 .mu., a pH of 4-5,  a resistance
      to cold down to -18.degree.C and comprising polyvinylalcohol as
      protective-colloid. The viscosity of the dispersion was determined at
      ambient temperature (20.degree.C) by means of a "Ford-viscosimeter";
      nozzle: 6mm; time of outflow: 10 seconds.
PA1  b. Mowilith DM 20, manufactured by Hoechst consisting of a 50% aqueous
      dispersion of a mixed polymerisate comprising vinylacetate, characterized
      by a particle size of 0.2-3 .mu. and a pH of 4-5. The viscosity of the
      dispersion was determined at ambient temperature by means of a
      "Ford-viscosimeter"; nozzle; 6mm; time of outflow: 10 seconds.
PA1  c. Propiofan 590 D, manufactured by BASF consisting of a 50% aqueous
      dispersion of a mixed polymerisate comprising vinylpropionate and a
      non-ionogenic emulsifier, characterized by a pH of 5 to 7 and a particle
      size of 0.2-3 .mu.. The viscosity of the dispersion was determined at a
      temperature of 20.degree.C by means of a "Fordviscosimeter"; nozzle: 6mm;
      time of outflow: 45 seconds.
PA1  d. Lutofan 300D, manufactured by BASF consisting of a 50% aqueous
      dispersion of a mixed polymerisate comprising vinylchloride and a
      non-ionogenic emulsifier characterized by a pH of about 5 and a particle
      size of about 1 .mu.. The viscosity of the dispersion was determined at a
      temperature of 20.degree.C by means of a "Ford-viscosimeter"; nozzle: 6
      mm; time of outflow: 5 seconds.
PA1  e. Acronal 14D, manufactured by BASF consisting of a 50% aqueous dispersion
      of a mixed polymerisate of acrylic-esters and a non-ionogenic emulsifier,
      characterized by a pH of 5-7 and a particle size of about 0.3 .mu.. The
      viscosity of the dispersion was determined at a temperature of 20.degree.C
      by means of a "Ford-viscosimeter"; nozzle: 6 mm, time of outflow: 5
      seconds.
PA1  f. Litex SB 40, manufactured by Chemische Werke Huls consisting of a 50%
      aqueous dispersion of a mixed polymerisate of 60% styrene, 40% butadiene
      and a non-ionogenic emulsifier, characterized by a pH of 9-10 and a
      particle size of about 0.2 .mu.. The viscosity of the dispersion was
      determined at a temperature of 20.degree.C by means of a
      "Ford-visosimeter"; nozzle: 6 mm; time of outflow 5 seconds.
PAR  Preferred aqueous synthetic resin dispersions in the process of the
      invention are dispersions based on polyacrylates. These materials are
      preferred because of their physiological compatibility and desirable
      toxicological properties. In addition to ACRONAL 14D described above,
      commercially available polyacrylates can be used. For example EUDRAGIT L
      30D and EUDRAGIT E 30D, manufactured by Rohm Pharma GmbH., Darmstadt,
      Germany, can be used as aqueous polymer dispersions for manufacturing
      rapidly disintergrating film tablets and delayed-release preparations
      according to the present invention. These two aqueous polymer dispersions
      are plasticizer-free, acrylic resin dispersions containing 30% solids
      which form a clear, flexible film built-up from poly (meth)acrylic acid
      esters. Both films formed from these polymer dispersions are insoluble in
      water which is a common characteristic to all aqueous synthetic resin
      dispersions used in the present invention.
PAR  Illustrative of the fillers which, for process technical reasons, are to be
      added to the dispersions, are talc, chalk, kaolin, maize starch, rice
      starch, highly dispersed silicic acid and the like.
PAR  As examples of water-soluble materials suitable for incorporation into the
      coating compositions, there may be mentioned salts, sugars, polyethylene
      glycols, polyvinyl pyrrolidones, wherein the polyethylene glycols can
      simultaneously act as lubricants and the polyvinyl pyrrolidones can
      simultaneously act as adhesives. Another water soluble adhesive which can,
      if desired, be added is starch syrup.
PAR  Typical examples of water soluble substances for this purpose are sodium
      chloride, saccharose, lactose, glucose, sorbitol mannitol,
      polyethylenglycol 20,000, polyvinylpyrrolidone ("Kollidon 25" from BASF)
      and polyvinylalcohol ("Mowiol N 30-98" from Hoechst).
PAR  As illustrative of the alkali-soluble materials for inclusion with coating
      compositions and which are resistant to gastric juices, there can be
      mentioned all physiologically compatible acidic solid materials, such as
      the higher fatty acids, as for example lauric acid, palmitic acid, stearic
      acid, polyacrylic acid and polymethacrylic acid.
PAR  Further additives which, if desired, can be added to the synthetic resin
      dispersions include dyestuffs, colored pigments, flavorings and preserving
      agents.
PAR  If the final film is to be particularly soft and elastic, then
      plasticizers, such a phthalic acid esters, can be also added, preferably
      in the form of their emulsions.
PAR  For the production of the final mixture, it is advantageous to first stir
      up the powdered solid materials with demineralized water, as well as
      possibly with small amounts of an emulsifying agent and/or a wetting agent
      in order to provide a suspension, the viscosity of which is similar to
      that of the synthetic resin dispersion, and then slowly to mix it with the
      latter. After a thorough homogenization of the resultant mixture, the
      composition can be used immediately.
PAR  In some cases, it has proved to be advantageous to apply a layer of pure
      polyvinyl alcohol, polyvinyl pyrrolidone or solid polyethylene glycol to
      the tablet cores before the application of the first layer of the coating
      composition of the invention. Furthermore, it is, of course, also possible
      to first apply a coating which is resistant to gastric juices, followed by
      the application of further layers of the coating composition according to
      the present invention. In this manner, there are obtained tablets from
      which the active materials are belatedly liberated in the small intestine
      and then by slow diffusion.
PAR  The finished tablet cores coated with the composition according to the
      present invention, are generally only 5-15% heavier than the original
      cores because completely unbroken coatings are obtained when the amount of
      composition is applied is only about 3% of the weight of the tablet core.
      Furthermore, a subsequent polishing or waxing, as in the case of dragees,
      is completely unnecessary because the finished synthetic resin coatings
      have themselves a permanent, silky gloss.
PAR  The tablet or pill cores which are coated with the compositions of the
      invention can be pharmaceutical in nature, confectionary materials or gum
      centers.
PAR  The following Examples are given for the purpose of illustrating the
      present invention but in no way are to be construed as a limitation
      thereof.
PAR  Referring now the drawing and in particular FIG. 1, apparatus for carrying
      out the process of the invention in a preferred manner is shown to include
      a storage container 20 from which auxiliary agents such as the water or
      alkaline soluble materials and inert fillers are fed to the wet mill 18.
      The auxiliary agents from wet mill 18 are combined with synthetic aqueous
      resin dispersion in container 16 and then fed to storage container 14.
      From the container 14 the aqueous resin dispersion is atomized into tablet
      coating kettle 12 which is set to rotate at an angle so as to effectively
      tumble the contents thereof. Tablet cores to be coated are introduced
      through the cover of the kettle 12 along with dry air. The dry air, after
      contacting the wet, coated cores absorbs water and exits from the line
      indicated in the cover of the kettle 12. Coated, dried, finished tablets
      then move from the kettle 12 to the storage container 10 from where they
      can be packaged or otherwise dispensed.
PAR  The coating and drying procedure carried out in kettle 12 represents a
      preferred manner for carrying out the process of the invention. Thus, in
      kettle 12, tablet cores to be coated are introduced into a rotating,
      angled tumbling zone. At the same time, aqueous synthetic resin dispersion
      is atomized or sprayed into the tumbling zone so as to uniformly and
      rapidly contact and coat the tablet cores. At the same time dry air is
      injected into the tumbling zone. Because of the motion of the zone causing
      the coated tablets to continually tumble, the dry air thoroughly and
      quickly contacts the wet coated cores and by this action rapidly and
      efficiently removes the water medium resulting in a dried, uniform coating
      on the tablet cores. Water saturated air is continually withdrawn from the
      tumbling zone 12 to enhance the coating and drying operation. Thus, by
      carrying out the coating and drying operation as described, using an
      aqueous dispersion of resin containing from 30-60% polymer solids it is
      possible to efficiently coat tablet cores without having the water medium
      from the aqueous dispersion adversely affect the cores themselves.
      Instead, rapid drying in tumbling zone 12 via atomized resin dispersion
      and the injection of dry air results in a uniformly coated tablet of high
      quality.
PAR  FIG. 2a is a representation in cross-section of a coated tablet prepared
      according to the present invention. The core of active material is
      identified by reference numeral 21 and the tablet coating applied via the
      process of the invention is identified by the reference numeral 22.
PAR  In FIG. 2b there is shown a microscopic view of a preferred coating formed
      according to the process of the invention. The coating is shown to include
      a continuous porous matrix of polyacrylate formed from a film forming
      aqueous synthetic dispersion of polyacrylate. The continuous matrix is
      filled with auxiliary agents which in this illustration include talc,
      tatanium dioxide and milk sugar.
PAC  EXAMPLE 1
PAR  13 parts of talc, 1 part of polyethylene glycol (average molecular weight
      20,000) and 1 part of tartrazin (foodstuff yellow No. 2, EWG No. E 102)
      were suspended in 70 parts of demineralized water and, under continuous
      stirring, mixed with 200 parts of an approximately 50% aqueous polyvinyl
      acetate dispersion ("Mowilith DM1"). The solids content of the resulting
      coating agent amounted to 40.3%.
PAR  There was manually applied a quantity of this mixture onto placebo cores
      rotating in a conventional drageeing kettle so that all of the cores were
      moistened. After waiting until the applied liquid had been uniformly
      distributed on the moving cores, they were then dried by blowing on of
      air. As soon as the first layer was dry, which state can easily be
      recognized as the cores roll smoothly over one another, the next layer was
      applied in the same manner. Following the application of 8 layers, there
      was obtained a completely unbroken lacquer coating which had a silky
      gloss, and which required no further treatment. The tablet cores thereby
      increased in weight by an average amount of about 10%.
PAC  EXAMPLE 2
PAR  Six parts of talc, 6 parts of saccharose, 3 parts of polyethylene glycol
      (average molecular weight 20,000) and 1 part of tartrazin were suspended
      in 90 parts of demineralized water and mixed, under continuous stirring,
      with 200 parts of an approximately 50% aqueous polyvinyl acetate
      dispersion ("Mowilith DM 1"). The solids content of the mixture amounted
      to 38.2%.
PAR  On to placebo cores rotating in a conventional drageeing kettle, there were
      applied, using for spraying a ZDS automatic spraying apparatus according
      to German patent specification No. 1,247,547, several layers of this
      mixture in such a manner that six layers resulted in a weight increase of
      the cores of 4-5%. The uniform cores thus obtained, which had a silky
      gloss, had breakdown times which were as good as those of dragees.
PAR  Similar results were obtained with the use of a mixture of 200 parts of
      polyvinyl acetate dispersion ("Mowilith DM 1") and a suspension which
      contained 25 parts of talc, 5 parts of polyethylene glycol (average
      molecular weight 20,000) and 3 parts polyvinyl alcohol ("Mowiol N 30-98")
      in 100 parts of demineralized water.
PAC  EXAMPLE 3
PAR  Ten parts of saccharose, 5 parts of polyethylene glycol (average molecular
      weight 4,000) and 1 part of Ponceau 6R (foodstuff red No. 1, EWG No. E
      126) were dissolved in 125 parts of demineralized water and then mixed
      with 200 parts of polyvinyl acetate dispersion ("Mowilith DM 1").
PAR  This dispersion was sprayed continuously onto placebo cores rotating in a
      conventional drageeing kettle in an amount which corresponded to about 30%
      of the weight of the cores. Simultaneously, vigorous drying with air was
      carried out. In this method of working, it was only necessary to take care
      that the drying was not too weak. Apart from the waste of energy, too
      strong a drying is not harmful. In this manner, there were obtained
      tablets with a single homogeneous coating which constituted about 10% of
      the weight of the cores. The breakdown times thereof corresponded to those
      of good dragees.
PAC  EXAMPLE 4
PAR  Suspensions of the compositions set out in the following Table I were each
      mixed with 200 parts of an aqueous approximately 50% polyvinyl acetate
      dispersion ("Mowilith DM 20").
TBL                TABLE I                                                     

     ______________________________________                                    

     FORMULATION                                                               

     NO.            1      2     3    4      5                                 

     ______________________________________                                    

     talc            13    10                                                  

     chalk                        40                                           

     rice starch                      50     100                               

     highly-dispersed silicic                                                  

      acid ("Acrosil")                2.5    5                                 

     saccharose                   5   10     10                                

     polyethylene glycol                                                       

     (average MW 20,000)                                                       

                     10    10     15  5      20                                

     polyvinyl pyrrolidone                                                     

      ("Kollidon 25")             4   3                                        

     starch syrup                 5                                            

     polyvinyl alcohol                                                         

      ("Mowiol N 30-98")                                                       

                     5                                                         

     emulsifying agent                                                         

      ("Cremophor EL")                0.5    0.5                               

     tartrazin       2                1      1                                 

     Ponceau 6R             1     1                                            

     demineralized water                                                       

                    150    75    100  130    180                               

     ______________________________________                                    

PAR  The solids content of the final, mixed coating agents according to
      formulations 1 to 5 varied between 34 and 46%.
PAR  All of the above-described mixtures gave satisfactory coatings. In
      particular, formulations 4 and 5 gave coatings having exceptionally low
      breakdown times which were far superior to those of good dragees.
PAC  EXAMPLE 5
PAR  100 parts of talc, 25 parts of polyethylene glycol (average molecular
      weight 20,000), 0.5 part of sodium lauryl sulfate, 2 parts of titanium
      dioxide and 1 part of tartrazin were suspended in 170 parts of
      demineralized water and the suspension then mixed with 200 parts of an
      approximately 50% aqueous polyvinyl propionate dispersion ("Propiofan 590
      D").
PAR  When this mixture was applied to tablet cores using the procedure described
      in Example 2, there were obtained tablet coatings characterized by their
      good appearance, and which were pharmacologically satisfactory.
PAR  Satisfactory results were also obtained by mixing 200 parts of the same
      synthetic resin dispersion with a suspension of 20 parts of polyethylene
      glycol (average molecular weight 4,000), 5 parts of ferric oxide pigment
      in 50 parts of demineralized water.
PAC  EXAMPLE 6
PAR  15 parts of chalk, 8 parts of saccharose, 0.5 part of sodium lauryl
      sulfate, 10 parts of titanium dioxide and 60  parts of demineralized water
      were mixed together and then the mixture intimately stirred up with 200
      parts of an approximately 50% aqueous polyvinyl chloride dispersion
      ("Lutofan 300 D").
PAR  By further working according to the method described in Examples 1 and 2,
      there were obtained satisfactory tablet coatings.
PAC  EXAMPLE 7
PAR  20 parts of maize starch, 5 parts of polyethylene glycol, 5 parts of
      polyvinyl alcohol ("Mowiol N 30-98"), 3 parts of titanium dioxide, 1 part
      of Ponceau 6R and 90 parts of demineralized water were, in suspended form,
      mixed with 200 parts of an approximately 50% aqueous dispersion of
      polyacrylic acid esters ("Acronal 14 D") and the resulting mixture then
      applied to tablet cores according to the method described in the preceding
      Examples. There were thusly obtained pharmacologically satisfactory, pink
      colored tablet coatings which had a good gloss.
PAR  Coatings with a different, deeper red color, as well as somewhat shorter
      breakdown times, were obtained by admixture of the same synthetic resin
      dispersion with an aqueous suspension of 25 parts of talc, 5 parts of
      saccharose, 5 parts of polyethylene glycol (average molecular weight
      20,000), 5 parts of ferric oxide pigment and 2 parts of titanium dioxide
      in 80 parts of demineralized water.
PAC  EXAMPLE 8
PAR  Example 7 is duplicated using in place of ACRONAL 14 D, EUDRAGIT L 30D and
      EUDRAGIT E 30D aqueous polyacrylate dispersions. Good results are
      obtained.
PAC  EXAMPLE 9
PAR  20 parts of talc, 30 parts of chalk, 7 parts of saccharose, 2 parts of
      polyvinyl pyrrolidone ("Kollidon 25"), 10 parts of ferric oxide pigment
      were suspended in 120 parts of demineralized water and mixed with 200
      parts of an approximately 50% aqueous dispersion of a butadiene-styrene
      copolymer ("Litex SB 40").
PAR  When this mixture was applied to tablet cores by the method described in
      Examples 1 or 2, there were obtained pharmacologically satisfactory tablet
      coatings of good appearance which broke down about as quickly as good
      dragees.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for preparing coated tablets which comprises applying to a core
      of active material at least one layer of a coating composition comprising
      a film forming aqueous synthetic resin dispersion with a resin content
      between 30 and 60% by weight, from 2 to 50% by weight of a material which
      is soluble in either the gastric or alkaline juices of the small
      intestine--. and up to 50% by weight of one or more insoluble fillers the
      amounts of said soluble material and said fillers being based on the
      amount of said aqueous synthetic resin dispersion, the combined amount of
      said water soluble material and said fillers being at least 5-6%, and
      permitting said coating composition layer to dry.
NUM  2.
PAR  2. Process of claim 1 which comprises first applying to the tablet core a
      coating of a member selected from the group consisting of polyvinyl
      alcohol, polyvinyl pyrrolidone and solid polyethylene glycol.
NUM  3.
PAR  3. Process of claim 1 which comprises first applying to the tablet cores a
      coating of a composition resistant to gastric juice.
NUM  4.
PAR  4. Process of claim 1 wherein said material which is soluble in either the
      gastric or alkaline juices is selected from the group of salt, sugar,
      polyethylene glycol, polyvinyl pyrrolidone and starch syrup.
NUM  5.
PAR  5. Process of claim 1 wherein said material which is soluble in either the
      gastric or alkaline juices is a higher fatty acid.
NUM  6.
PAR  6. Process of claim 1 wherein said aqueous dispersion contains a synthetic
      resin selected from the group of polyvinyl ester, polyvinyl acetal,
      polyvinyl chloride, butadiene-styrene copolymer and polyacrylic acid
      esters.
NUM  7.
PAR  7. Process of claim 1 wherein said aqueous dispersion contains a
      polyacrylate.
NUM  8.
PAR  8. Process of claim 1 wherein said cores are introduced into a tumbling
      zone and said aqueous dispersion is sprayed into said zone and the
      resultant coated cores are dried by introducing dry air into said tumbling
      zone and withdrawing water containing air therefrom.
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ABST
PAL  A method is disclosed for copying a graphic representation using a
      uniformly poled pyroelectric material.
PAL  The uniformly poled pyroelectric material is selectively heated to form a
      differential charge pattern on the material. The differentially charged
      material can be used with charged toner particles to form a copy of the
      graphic representation using techniques well known in the art.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In one aspect this invention relates to pyroelectric materials. In a
      further aspect, this invention relates to pyroelectric polymeric film
      materials. In yet another aspect, this invention relates to a method for
      copying a graphic representation using uniformly poled pyroelectric
      materials.
PAR  It is well known that the dipoles of a pyroelectric material, e.g.
      polyvinylidene fluoride film, which is biaxially oriented by the method of
      production, can be permanently poled by heating the material above a
      dipole-orienting temperature and then cooling the material in the presence
      of the electric field, see Bergman et al, Applied Physics Letters, Vol.
      18, No. 5, March 1, 1971, p. 203-204.
PAR  Also known is the use of a plurality of pyroelectric-photoconductive
      crystals on a supporting substrate to form copies. The crystals are heated
      then exposed to a light source through a pattern which selectively heats
      the crystals, forming a charge, and simultaneously the photoconductive
      effect selectively drains away the charge produced. When the light source
      is removed, a differential charge remains which will attract toner powder,
      see U.S. Pat. No. 3,713,822.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, it has been found that pyroelectric materials, such as
      polyvinylidene fluoride film can be used to form copies. After permanently
      poling the pyroelectric film charges are selectively induced on the
      surface of the poled pyroelectric film in accordance with a graphic
      pattern by selectively heating or cooling the film from ambient
      temperature. The charges induced on the selectively heated film attract
      oppositely charged toner particles to the film and the particles are
      further transferred to a sheet of paper by standard techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A further understanding may be had by referring to the accompanying drawing
      in which:
PAR  FIG. 1 is a perspective view of one apparatus useful in the practice of
      this invention for poling a pyroelectric material; and
PAR  FIG. 2 is a perspective view of an apparatus used according to the method
      of this invention to copy an image using poled polymeric film.
PAR  Normally the dipoles of a pyroelectric material are oriented in a random
      fashion. When the pyroelectric material is heated above its poling
      temperature and an electric field is applied, the dipoles will orient
      themselves. The degree of dipole orientation is a function of film
      temperature, time of application and applied field strength. To readily
      orient the dipoles in a pyroelectric material it is necessary to heat the
      material above its poling temperature. For example, in polyvinylidene
      fluoride dipole orientation is readily achieved when the material is
      heated above 90.degree.C. and an electric field of about 4000 volts per
      millimeter of thickness for 15 minutes is applied. Increasing the
      temperature and/or the applied field will increase the poling until the
      film is saturated. Once the poled film is cooled below the poling
      temperature, the field may be removed and the dipoles are permanently
      oriented without further application of heat or temperature.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing and initially to FIG. 1, a sheet of pyroelectric
      material, here a biaxially oriented polymeric film 10, such as
      polyvinylidene fluoride, is poled by heating above the critical poling
      temperature by heating means 12. While the sheet is still above the poling
      temperature it is moved into the electric field established between
      electrode 14 and ground electrode 16 and then the sheet is cooled to a
      temperature below its poling temperature as it moves past cooling means
      20, for example, a cool air stream.
PAR  The electric field used to orient the heated film can be applied in a
      variety of ways, e.g. flat metal contacts, corona, pointed metal contacts.
      A constant direct current voltage is applied to the contacts while the
      pyroelectric film is passing between the contacts.
PAR  The pyroelectric polymeric materials to be poled can be heated by various
      means well-known in the art. Among the heating means contemplated by this
      invention are hot oil baths, warm air ovens, lamps, or electromagnetic
      radiation, etc., with the heat source being applied to a moving sheet or
      strip of the pyroelectric film.
PAR  The poled pyroelectric polymeric film can be used in making copies of a
      graphic representation. The poled film is subjected to a change in
      temperature corresponding to the graphic representation inducing a surface
      charge on the poled film in accordance with the graphic representation.
      One method of selectively heating the surface is by passing light from a
      lamp through a negative or other transparent media bearing a graphic
      representation. The charge induced on the film's surface is proportional
      to the change in temperature of the film's surface. The resulting charge
      pattern can be a continuously variable pattern depending on the manner in
      which the heat energy is applied and the graphic representation used. A
      variable charge pattern can also be produced by varying the application of
      heat energy from a source such as an electron beam, gamma radiation, etc.
      Since the pyroelectric film allows the formation of a continuously varying
      charge pattern, the resulting copy can have continuously variable gray
      tones.
PAR  After the desired variable charge pattern has been induced on the film's
      surface, the film is contacted with charged toner particles which will
      adhere to the oppositely charged portions of the film's surface. The
      amount of charged toner particles which will adhere to the film is
      dependent on the magnitude of the induced charge. Accordingly, the toner
      particle image will be darkest where there was the greatest incidence of
      energy.
PAR  The toner particles adhering to film can be transferred to a suitable
      substrate, e.g., a sheet of paper and the resulting image fused to the
      paper using techniques well known in the art.
PAR  For example, light passed through a color negative can be successively
      filtered using red, green and blue filters to form negative images and the
      resulting images toned using cyan, magenta, and yellow toner particles.
      The toned images are placed in registry and the images fused to form a
      colored copy.
PAR  The poled pyroelectric film 18 can be used as part of a copying mechanism,
      one example being the process of FIG. 2. The poled pyroelectric film 18 is
      attached to drum 22. As drum 22 is rotated counterclockwise, residual
      charges are removed from film 18 by a conductive brush static eliminator
      24. The resulting neutralized film is selectively heated in accordance
      with a graphic representation 28, one heating means being light from lamp
      26 passing through graphic representation 28. The heat forms a variable
      charge pattern on the exposed surface of the film in accordance with the
      graphic representation. The film with its graphic representation charge
      pattern is passed through a toner solution 30 containing charged
      particles. The charge pattern attracts oppositely charged toner particles.
      The particles are then transferred from sheet 18 to paper 32 and the
      resulting image fused to the paper using techniques well known in the art.
PAR  It is also possible to change the sign of the charge pattern on the
      pyroelectric film. If the selectively charged sheet is neutralized and
      then cooled the sign of the charge pattern will be reversed.
PAR  A further understanding may be had by reference to the following
      nonlimiting examples. It is to be understood that the invention is not
      limited to the illustrative embodiments set forth herein.
PAC  EXAMPLE 1
PAR  A biaxially oriented polyvinylidene fluoride film 10 cm. long by 10 cm.
      wide was poled by immersing the film in a 150.degree.C. peanut oil bath
      between two copper sheet electrodes and cooling the oil, film and
      electrodes to 50.degree.C. with a 3,000 volt electric field applied across
      the electrodes. On one surface of the poled film a thin aerosol coating of
      white spar varnish was applied and a conductive silver coating was sprayed
      over the varnish. The painted film material was attached to a cylindrical
      drum with the conductive silver coating contacting the drum's surface. The
      polymeric film surface was electrically neutralized using an alpha
      particle static eliminator. The silver film was grounded and a graphic
      representation was placed 1.27 cm. above the film's surface to form an
      assembly.
PAR  The assembly was then positioned for movement through a Dennison Graphofax
      toner solution forming a system like that shown in FIG. 2 and the graphic
      representation exposed to the radiation of a GE mercury-iodine lamp 12.5
      cm. above the graphic representation for a period of two seconds. In
      regions where light struck the film, the surface became negatively
      charged, and the positive toner particles were attracted to the exposed
      film surface. The film was withdrawn from the solution and the image
      formed on the film by the toner particles was a negative of the graphic
      representation used.
PAR  The resulting image could be fused to the film's surface or transferred to
      another surface by methods well known in the copying art.
PAC  EXAMPLE 2
PAR  A poled sample of polyvinylidene fluoride film 7 cm. in diameter by 0.005
      cm. thick was spray coated on one side with silver paint to form a
      continuous electrode and the electrode connected to ground. The film was
      placed on a 5 cm. diameter cylindrical tube with the electrode side
      exposed, as shown in FIG. 2 and the assembly placed for movement through a
      "Graph-O-Fax", a trademarked product of Dennison Co., liquid suspension
      containing charged toner particles. A pattern was cut out of black paper
      and light from a microscope lamp was allowed to pass through the pattern's
      openings and strike the electrode. Where the light struck, the sample was
      heated to about 30.degree.C. above RT producing a negative charge on the
      electrode which attracted the positive toner particles.
PAR  The resulting image was transferred from the film to paper and the toner
      fused on the paper by heat.
PAC  EXAMPLE 3
PAR  A uniformly poled polyvinylidene fluoride sample 8 cm. in diameter and
      0.005 cm. thick was coated on one side with a gold electrode and attached
      to a metal plate using silicone grease. The side with the gold electrode
      was toward the metal plate and was grounded. A light pattern was focused
      on the film. The lighted areas were heated about 30.degree.C. above room
      temperature and the sample neutralized while using a "Pluton", a
      trademarked product of 3M Company, conductive brush.
PAR  The sample was cooled and coated with a charged powder using a grounded
      magne-dynamic roller. The roller is a conductive cylinder which contains
      discrete magnets. The magnets hold magnetic-charged toner particles on the
      roller before it is passed over the charged film. As the roller is passed
      over the film the electrostatic charge on the film is sufficient to remove
      the particles from the roller. Toner particles were attracted to the
      formerly heated areas forming a pattern in accordance with the focused
      light pattern. The toner particle pattern was transferred from the film to
      a sheet of paper using a roller.
PAC  EXAMPLE 4
PAR  A sample of ceramic lead zirconate-titanate 2 cm. in diameter by 0.05 cm.
      thick was heated to 300.degree.C. and a field of 4000 V applied across the
      sample. The ceramic was cooled to room temperature with the field applied.
      A silver electrode was painted on one face of the poled sample and the
      electrode connected to ground. An area of the sample's face opposite the
      electrode was exposed to a focused beam of light which preferentially
      heated the sample 50.degree.C. in the area struck by the light. Before
      cooling, the charge developed was neutralized using a conductive brush and
      the sample cooled.
PAR  The cooled sample was placed in a liquid toner suspension ("Graph-O-Fax"),
      with the silver electrode connected to ground. The areas which had been
      heated above the sample's ambient temperature attracted the positively
      charged toner particles.
PAC  EXAMPLE 5
PAR  A graphic representation was formed on a sheet of "Mylar" film using a
      black felt tip pen. Certain areas were made very dark black while other
      areas were coated lightly to provide varying shades of gray and some areas
      were left clear.
PAR  The procedure of Example 1 was repeated using the graphic representation as
      a pattern.
PAR  The procedure produced a faithful negative of the graphic representation;
      therefore, a copy with gray tones can be produced.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for forming a copy of a graphic representation using a
      uniformly poled pyroelectric polymeric film comprising the steps of:
PA1  a. exposing said uniformly poled pyroelectric polymeric film to a heat
      source in accordance with the graphic representation to heat said film,
      thereby forming a charge pattern on said film in accordance with the
      graphic representation;
PA1  b. contacting said film bearing said charge pattern with toner particles
      charged so as to be deposited in accordance with the charge pattern on
      said film;
PA1  c. placing a sheet of a suitable substrate in registry on said film bearing
      said toner particle developed image to transfer said toner from said
      material to said substrate; and
PA1  d. fusing said toner to said substrate, thereby forming a completed copy of
      the graphic representation.
NUM  2.
PAR  2. The method according to claim 1 where said film is polyvinylidene
      fluoride.
NUM  3.
PAR  3. The method according to claim 2 where said film is heated to a poling
      temperature of about 100.degree.-150.degree.C.
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ABST
PAL  Method for providing dielectric isolation of an epitaxial layer of a
      compound semiconductor or for providing separation and protection of
      pn-junction of a compound semiconductor by applying plasma oxidation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for the provision of dielectric
      isolation in an epitaxial layer and for the isolation and protection of
      pn-junction of a compound semiconductor of an integrated circuit by
      selectively oxidizing the compound semiconductor by means of an oxidizing
      gas plasma.
PAR  The conventional method for the provision of such isolation and protection
      for the compound semiconductor element is to first provide a groove by
      mesa-type etching and thereafter chemically deposit silicon oxide
      (SiO.sub.2) film thereon to passivate the surface. Such a conventional
      method involves considerable drawbacks in that the treatment, because of
      its complexity, sometimes decreases the reliability, the degree of
      integration and the yield. Furthermore compatibility with the other
      processes must be taken into account when the process is made in a chain
      of continuous processes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its object to mitigate abovementioned
      problems in the method of isolation and protection of the epitaxial layer
      and pn-junction of a compound semiconductor. The method according to the
      present invention can be applied not only to the dielectric isolation and
      protection of pn-junction of an integrated circuit, but it may also be
      applied for the isolation and protection of hetero junction element and
      double hetero junction element.
PAR  In one embodiment of the method of the present invention, the surface of a
      substrate of gallium arsenide (GaAs) provided with 1-5 .mu. thick
      epitaxial layer of a gallium arsenide (GaAs) layer is first coated by an
      evaporated aluminum (Al) film. Thereafter the evaporated aluminum film at
      the location to be isolation layers is removed by a photoresist process.
      Then the sample is placed in a low pressure oxygen atmosphere of about 0.3
      torr and by applying a high frequency power thereto to produce a low
      density plasma so that the exposed surface of the gallium arsenide (GaAs)
      is oxidized to produce a transparent insulating film of a polycrystalline
      structure with the resistivity of 10.sup.8 -10.sup.10 .OMEGA.cm. The
      thickness of this film is microscopically measured to be of the order of
      10 .mu. by means of an optical interference method. The oxide film
      penetrates the gallium arsenide (GaAs) epitaxial layer and the dielectric
      isolation is thus provided.
PAR  When an N-type gallium arsenide phosphide (GaAs.sub.1.sub.-x P.sub.x ;
      x=0.4) substrate provided with P-type gallium arsenide phosphide
      (GaAs.sub.1.sub.-x P.sub.x ; x=0.4) layer of 1-5 .mu. thick by diffusion
      is used, the aluminum layer is first coated thereon and then the film
      coating is removed from the portion to be oxidized by the aforementioned
      photoresist process and the isolation can be completed by applying the
      aforementioned treatment in an oxygen atmosphere of 0.4-0.6 torr.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a reactor used for the manufacture of an
      insulating film on a compound semiconductor;
PAR  FIGS. 2a-2e are the cross-sectional views showing steps of providing
      isolation according to the present invention;
PAR  FIG. 3 shows a graph for showing voltage-current characteristics of the
      samples after above treatment;
PAR  FIGS. 4a-4c show cross-sectional views showing steps of providing the
      oxidized layer for surface passivation;
PAR  FIG. 4d shows voltage-current characteristics of the samples; and
PAR  FIG. 5 shows voltage-current characteristics of another sample treated by a
      method according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the better understanding of the method of the present invention, some
      typical embodiments will be explained by referring to the accompanied
      drawings.
PAR  FIG. 1 illustrates schematically a reactor used in the method of the
      present invention. In FIG. 1, 1 depicts a high frequency source which for
      instance generates a power of 420 KHz. A test piece 4 is placed on a
      quartz or an alumina tube 3 vertically arranged in a bell jar 2. The bell
      jar 2 must be sufficiently evacuated by means of a vacuum pump 5 which is
      shown just schematically. The vacuum atmospheric pressure is adjusted by
      introducing oxygen (O.sub.2) gas from a source via a needle valve 6 and a
      stop valve 7, while continuing the evacuation. The vacuum pressure is
      selected to be about 0.3 torr when the test piece is gallium arsenide
      (GaAs) and about 0.4-0.6 torr when the test piece is gallium arsenide
      phosphide (GaAs.sub.1.sub.-x P.sub.x ) or gallium phosphide (GaP).
      Thereafter, by applying a high frequency power a low density plasma may be
      produced instantaneously. The anode voltage is selected to be about 6-7 KV
      in case the test piece is gallium arsenide (GaAs), and about 8 KV in case
      the test piece is gallium arsenide phosphide (GaAs.sub.1.sub.-x P.sub.x)
      or gallium phosphide (GaP). The temperature of the low density plasma is
      about 1,000.degree. to 1,300.degree.C by a measurement by an insertion of
      chromel-alumel thermocouple into the plasma and at the time noting its
      thermal balance. By an exposure to the plasma discharge in a reaction time
      of about 10 seconds, the test piece is oxidized up to about 10 .mu. depth.
      During the reaction period, the vacuum oxygen atmosphere is maintained
      constant by introducing oxygen (O.sub.2) gas.
PAR  FIGS. 2a-2e show cross-sections of various steps of the provision of the
      dielectric isolation according to the present invention.
PAR  FIG. 2a shows a first step of treatment. In this embodiment a
      semi-insulating gallium arsenide (GaAs) substrate 8 having resistivity of
      10.sup.6 .OMEGA.cm is used. Onto (100) surface of the gallium arsenide
      (GaAs) substrate 8, a gallium arsenide (GaAs) epitaxial layer 9 having the
      impurity density of about 10.sup.16 cm.sup.-.sup.3 is provided by an
      epitaxial growth. Over the epitaxial layer 9, an aluminum (Al) layer 10 is
      applied by vacuum evaporation. The aluminum (Al) layer 10 is partially
      removed by a photoresist process as shown in FIG. 2b. This test piece in
      the condition as shown in FIG. 2b is brought into the reactor, for
      instance such as shown in FIG. 1, and is subjected to the plasma
      oxidation. By this process, an insulating oxidized film 11 is formed at
      the location of exposed gallium arsenide (GaAs) and the oxidized film 11
      has a thickness exceeding the thickness of the gallium arsenide (GaAs)
      epitaxial layer 9. FIG. 2d shows a cross-section after the removal of the
      residual aluminum (Al) layer by hydrofluoric acid (HF). FIG. 2e shows a
      provision of ohmic electrodes 12 by evaporation of indium (In) at the
      upper surface of the gallium arsenide (GaAs) epitaxial layer 9 and 12' at
      the lower surface of the gallium arsenide (GaAs) substrate 8. The lower
      electrode 12' may be used as a ground terminal G of the device and each of
      the upper electrode 12 consists electrodes A, B and C of the device.
PAR  FIG. 3 illustrates insulation of GaAs islands made in accordance with the
      present practice as substantially mentioned by referring to FIGS. 2a-2e.
      In the present embodiment, the voltage to current characteristic was
      measured by contacting gold (Au) wires to the respective ohmic electrodes
      12 and 12' and making upper electrode 12 as positive. The abcissa is the
      square root of the applied voltage V and the ordinate is taken by
      logarithmic scale of the current I. The dotted line curve (1) of FIG. 3
      corresponds to measurement between electrodes A and G of FIG. 2e. The
      solid line curve (2) in FIG. 3 corresponds to the measurement between the
      electrodes A and B of FIG. 2e and the dash dot line curve (3) of FIG. 3
      corresponds to that between electrodes A and C of FIG. 2e. The resistivity
      of the oxidized film 11 is about 10.sup.8 -10.sup.10 .OMEGA.cm so that the
      current passing the oxidized layer 11 can substantially be neglected.
      Accordingly, the above current is considered dominantly formed by a
      current passing through the semi-insulating gallium arsenide (GaAs)
      substrate 8 so that it may be said that an ideal dielectric isolation is
      obtained.
PAR  Then as a further embodiment of the present invention, a case of provision
      of isolation and protection for a pn-junction diode of gallium arsenide
      (GaAs) will be explained by referring to FIGS. 4a-4d.
PAR  In FIG. 4a, 13 is an N-type gallium arsenide (GaAs) substrate having the
      impurity concentration of 10.sup.16 cm.sup.-.sup.3 and (100) surface. On
      this N-type substrate 13, zinc (Zn) is diffused up to 10.sup.18
      cm.sup.-.sup.3 so as to form a P-type layer 14 of 1.5-1.7 .mu. thick.
      After applying an aluminum (Al) film 15 by evaporation over the whole
      surface of the P-type layer 14, the desired portion of the aluminum (Al)
      layer is removed by a photoresist process Then the sample is inroduced in
      the reactor as shown in FIG. 1 and is subjected to the plasma oxidation.
      By applying the plasma oxidation, the exposed portion of the gallium
      arsenide (GaAs) from the aluminum evaporated film is oxidized up to a
      depth exceeding the depth of pn-junction to form an oxidized film 16 as
      shown in FIG. 4b. The evaporated aluminum (Al) film 15 is removed as the
      same manner of the preceding example. Then indium (In) electrodes 17 and
      17' are applied by evaporation. The voltage current characteristic of this
      sample obtained by a curve tracer is as shown by a dotted line curve B of
      FIG. 4d. Full line curve A of the same chart illustrates a voltage current
      characteristic of a sample which had not been applied the plasma oxidation
      process for the purpose of comparison. As can be seen from FIG. 4d, the
      sample which had been applied with the plasma oxidation process is
      observed to show a slight deterioration at the reverse voltage
      characteristic. However, this deterioration may be removed by further
      improvement of the plasma oxidation condition.
PAR  Separation and protection of pn-junction of a gallium arsenide phosphide
      (GaAs.sub.1.sub.-x P.sub.x ; x=0.4) device can be carried out by selecting
      the oxygen pressure as 0.4-0.6 torr, and the high frequency anode voltage
      of 8 KV, just as the same process as the process of the pn-junction diode
      of the gallium arsenide (GaAs) sample. FIG. 5 shows some example of
      voltage current characteristic for such sample. In FIG. 5, dotted line
      curve B represents a result of plasma oxidation for a sample of N-type
      (100) surface gallium arsenide phosphide (GaAs.sub.1.sub.-x P.sub.x ;
      x=0.4) having the impurity density of 10.sup.17 cm.sup.-.sup.3 diffused
      with zinc (Zn) at 10.sup.20 cm .sup.-.sup.3 so as to form P-type layer of
      2.5 .mu. thick. In comparison thereto, curve A shows voltage current
      characteristic of the same sample but the plasma oxidation had not been
      applied. Also in this case the recognizable deterioration of the
      characteristic at the reverse voltage can be improved by taking the same
      measure as mentioned in the case of gallium arsenide (GaAs) pn-junction
      isolation.
PAR  The etching speed of the plasma oxidation film is in case of gallium
      arsenide (GaAs) about 50-80 A/min by hot hydrochloric acid (HCL) solution,
      and in case of gallium arsenide phosphide (GaAs.sub.1.sub.-x P.sub.x) or
      gallium phosphide (GaP) 500-1,000 A/min by 5% hydrofluoric acid (HF).
PAR  As substantially mentioned above, according to the present invention, the
      dielectric isolation of a compound semiconductor epitaxial layer on an
      semi-insulating substrate and separation and protection of pn-junction of
      a compound semiconductor can be realized in a very short time and simple
      manner by using an oxidizing atmosphere of the low density plasma.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for providing dielectric isolation of an epitaxial layer of a
      compound semiconductor of gallium arsenide (GaAs) comprising the steps of;
PA1  a. forming a film of said compound semiconductor on an insulative or
      semi-insulative substrate,
PA1  b. coating an aluminum (Al) mask layer by evaporation on the surface of the
      compound semiconductor film,
PA1  c. selectively removing the aluminum (Al) mask layer by a photoresist
      process from an area where the compound semiconductor is to be oxidized,
PA1  d. oxidizing the exposed area of removed aluminum (Al) of the compound
      semiconductor by placing it in a hot plasma produced by a high frequency
      hot plasma discharge at a temperature range of about
      1,000.degree.-1,300.degree.C in an oxygen atmosphere of about 0.3 Torr
      until the oxidation is completed up to a depth to reach to the substrate,
      and
PA1  e. removing the remaining aluminum (Al) mask by etching.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the high frequency discharge is
      caused by a high frequency source operated at about 6-7 KV.
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ABST
PAL  A new paintable rubber composition made of a special formulation of
      materials including, for example, an SBR rubber elastomer and a
      thermoplastic polymeric stiffening agent means which may be used to
      provide the cured composition with a high flex modulus; and a new method
      of manufacturing a special flexible painted rubber product comprising
      molding, curing and painting said product.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part relative to copending
      application Ser. No. 358,514, filed May 9, 1973 now U.S. Pat. No.
      3,873,348.
BSUM
PAR  This invention relates to a paintable rubber product for use on automotive
      vehicles and the like. Also, the invention broadly relates to a new rubber
      composition and a method of manufacturing products therewith.
PAR  The state of the art is indicated by the following references and the
      references cited in said copending application above: U.S. Pat. Nos.
      3,231,634; 3,256,362; 3,511,792; 3,577,480; and, Enjay Chemical Company
      Technical circular, EPL-7204, for "Vistalon Formula 11.401--A New
      Paintable Base Compound"; and, Copolymer Rubber and Chemical Corporation,
      Technical circular entitled "EPsynEPDM . . . The Paintable EPDM you
      compound yourself"; and, DuPont Technical circular for DuPont's Nordel No.
      2903, EPDM System.
PAR  One object of this invention is to prepare a new paintable rubber product
      with a colored paint coating thereon, said coating being of a flexible,
      color stable nature and with said product having a high flex modulus, and
      also possessing the properties of being resilient and generally
      recoverable to its original shape after deflection.
PAR  Another object of this invention is to provide a new rubber composition and
      method of manufacturing products therewith.
PAR  Another object of this invention is to provide a new rubber composition and
      product which are more economical from a cost standpoint.
PAR  Another object of this invention is to provide a new rubber composition and
      product wherein the curing rates are faster thus allowing faster cycle
      times than were generally possible with prior compositions (i.e., faster
      but yet color stable when painted).
PAR  Another object of the present invention is to provide a new rubber
      composition and product wherein the flow characteristics of the
      composition are better suited for molding or extruding a product to be
      manufactured.
PAR  Another object of the present invention is to provide a new system for
      manufacturing a paintable rubber product wherein ultraviolet surface
      activation is not necessary in order to achieve good paint adhesion.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the subsequent description and the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the present invention concerns a method of manufacturing a
      paintable rubber product for automotive vehicles or the like, comprising,
      percentages being by weight, (a) about 15 to about 90% of a cross-linkable
      rubber material selected from at least one of the group consisting of
      styrene butadiene rubber, polybutadiene rubber, and isoprene rubber, said
      rubber material also including up to 50% of ethylene-propylene diene
      monomer rubber or neoprene rubber, (b) about zero to about 40% of a
      thermoplastic polymeric stiffening agent means for providing a high flex
      modulus for the product and being selected from at least one of the group
      consisting of an ethylene-ethyl acrylate copolymer, acrylonitrile
      butadiene styrene, polyvinyl chloride, ethylene vinyl acetate, a
      thermoplastic ethylenepropylene copolymer, an acrylic resin, a cellulosic
      resin, and a C.sub.2 -C.sub.4 polyolefinic polymer material, (c) 0.01 to
      about 50% of a plasticizing agent, (d) zero to about 5% of an accelerating
      agent, (e) 0.01 to about 10% of a curing agent, (f) zero to about 10% of
      an activating agent, (g) zero to about 80 % of a filler material, and a
      colored paint coating layer means on said product operative to provide a
      desired color and made of a flexible color stable paint.
PAR  In at least one method aspect, this invention concerns manufacturing a new
      flexible paintable rubber product by the steps of: formulating a
      composition comprising, percentages being by weight, (a) about 15 to about
      90% of a cross-linkable rubber material selected from at least one of the
      group consisting of styrene butadiene rubber, polybutadiene rubber, and
      isoprene rubber, said rubber material also including less than 50% of
      ethylene-propylene diene monomer rubber or neoprene rubber, (b) zero to
      about 40% of a thermoplastic polymeric stiffening agent means for
      providing a high flex modulus for the cured composition, (c) 0.01 to about
      50% of a plasticizing agent, (d) zero to about 5% of an accelerating
      agent, (e) 0.01 to about 10% of a curing agent, (f) zero to about 10% of
      an activating agent, (g) 0.01 to abut 80% of a filler material, and
      forming the product by molding said composition and curing the product at
      a temperature between about 275.degree. and about 600.degree. F
      (preferably 300.degree.-450.degree.  F) for a time period between about 45
      minutes and about 1/4 minute (preferably about 1/2-20 minutes) preparing a
      clean surface on the molded product, applying a flexible color stable
      colored paint coating to the product.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The cross-linkable rubber material used in the invention should be selected
      from the group of styrene butadiene rubber (SBR), polybutadiene, and
      isoprene rubber. The cross-linkable rubber material may also optionally
      include up to 50% of ethylene-propylene diene monomer rubber (EPDM) or
      neoprene rubber. Preferably, though, the inclusion of this optional EPDM
      or neoprene rubber material in the cross-linkable rubber material referred
      to above is maintained at a level below 15% by weight of the
      cross-linkable rubber material and best results appear to be obtained
      without the presence of any EPDM or neoprene rubber.
PAR  The amount of said cross-linkable rubber material should broadly be between
      about 15 and about 90% by weight of the composition and preferably it
      should be between about 25 and 60% of the composition, with best results
      being obtained within the range of about 30 to about 55% by weight of the
      composition.
PAR  The thermoplastic polymeric stiffening agent means in accordance with this
      invention has been discovered to provide a high flex modulus for the cured
      composition or final product formed and this polymeric stiffening agent
      means is one selected from the group consisting of ethylene-ethyl acrylate
      copolymer, acrylonitrile butadiene styrene, styrene resins, polyvinyl
      chloride, ethylene vinyl acetate, a thermoplastic ethylene-propylene
      copolymer, an acrylic resin, a cellulosic resins, phenolic resins and a
      C.sub.2 -C.sub.4 polyolefinic polymer material. This stiffening agent may
      also be made at least in part from a C.sub.2 -C.sub.4 polyolefin/acrylic
      copolymer material.
PAR  The amount of the polymeric stiffening agent means present in the
      composition should broadly be within the range of zero - 40% by weight of
      the composition and preferably it should be maintained within the range of
      about 0.01 up to about 40% by weight of the composition, with best results
      being obtained when it is maintained within the range of about 5 to about
      20% by weight of the composition.
PAR  The plasticizing agent utilized in the composition should be present within
      the broad range of about 0.01 up to about 50% by weight of the
      composition, and preferably, it should be maintained in the range of 0.01
      up to about 35% by weight of the composition, with best results being
      obtained using the plasticizing agent within the range of about 1 to about
      15% by weight. The plasticizing agent should be a compatible non-staining,
      non-discoloring plasticizer such as the various plasticizing oils, for
      example, Flexon 766 or Sunthene 410; or, various other high quality
      naphthenic oils or various parafinic materials, or various low molecular
      weight polyester plasticizers, as well as petroleum resins and cool tar
      compounds (coumarone indenes) may also be used. Other plasticizers which
      may be used in this invention are disclosed in commonly assigned copending
      application Ser. No. 135,787, filed Apr. 20, 1971, now abandoned, the
      disclosure of which is hereby incorporated herein by reference.
PAR  The accelerating agent used in the composition should broadly be present
      within the range of about zero up to about 5% by weight of the
      composition, and preferably, it should be present within the range of
      about zero to about 3% by weight, with best results being obtained in the
      range of about 0.01 up to about 3%. The accelerating agents which are
      useful herein are of a type well known in the art, such as cumate, altax,
      captax and various methacrylate monomers (e.g., Sartomer Co. SR-206, 297,
      and 350).
PAR  The curing agent used in the composition should broadly be within the range
      of about 0.01 to about 10% by weight of the composition and, preferably it
      should be within the range of about 0.5 to about 5%, with best results
      being obtained when it is maintained within the range of about 0.5 to
      about 3% by weight of the composition. The composition may be sulfur cured
      or cured with a peroxide curing agent or numerous other curing agents may
      be used such as Schenectady SP-1055 curing agent (brominated methyol
      phenol type, see U.S. Pat. No. 2,972,600), a phenol curing agent, a
      quinone curing agent, or an amino type curing agent.
PAR  The activating agent used in the composition should be present within the
      broad range of about zero up to about 10% by weight of the composition and
      preferably, it should be present within the range of about 0.01 to about
      5% by weight, with best results being obtained within the range of about
      0.1 to about 3% by weight of the composition. The activating agent may be
      a material such as zinc oxide, stearic acid, various stearates such as
      zinc stearate, and various metallic halides. Numerous different activating
      agents may be useful in the invention which activating agents are known in
      the art.
PAR  The filler material which may optionally be included in the composition may
      be present within the broad range of about zero up to 80% by weight of the
      composition, and preferably, it should be maintained within the range of
      at least about 0.01 up to about 80% by weight of the composition, with
      best results being obtained when a filler material is used within the
      range of about 1 to about 50% by weight of the composition. Any
      non-discoloring filler material may be used such as various carbons,
      carbon black, various carbonate fillers, clays, sulfates, various silicas,
      fiber glass, and other fibrous materials. Other filler materials will be
      apparent to those skilled in the art.
PAR  The cured composition discovered and disclosed in accordance with the
      invention herein finds highly satisfactory and advantageous uses, such as
      for paintable rubber sightshield products in the automotive field, for
      various bumper products in the automotive field, for fender extensions,
      filler panels, hoods, trunk lids, and the like all in the automotive
      vehicular field. Numerous other highly useful applications of this
      invention may be found where an exteriorly used flexible paintable rubber
      product is required.
PAR  After the composition is molded and cured as referred to above, it is
      generally prepared for painting by cleaning the surface thereof which is
      to be painted either with solvents or a detergent wash or otherwise
      properly cleaning the surface. Then generally we have found that the
      surface to be painted should be properly activated to obtain good paint
      adhesion in accordance with our invention. The surface activation may be
      carried out by halogenation of the surface such as by chlorination, or by
      ozone treatment, treatment with ultraviolet light, flame treatment, or
      electronic treatment. In certain instances surface activation is not
      necessary with some flexible color stable paints which may be used on the
      cured molded composition in accordance with our invention. It is to be
      noted in accordance with this invention that ultraviolet treatment of the
      surface is not necessary and that the surface may be prepared in a very
      able fashion to obtain good paint adhesion by chlorination of the surface
      to be painted.
PAR  After the surface is prepared for painting, it is our finding that
      generally a paint primer coating should preferably first be applied
      although this is optional and not absolutely necessary. Then a colored
      paint coating layer means is applied to the product using a flexible color
      stable paint coating such as a paint selected from the group of resinous
      coatings consisting of a urethane resin coating, an acrylic resin coating,
      or a polyester resin coating or combinations thereof. Application of these
      coatings may be by spraying, brushing, rolling, electrostatic application
      of the like. As mentioned, the application of a primer coating is not
      absolutely necessary. However, it is generally more economical to use a
      primer coating because the application of a thicker colored paint coating
      which would be necessary without a primer coating requires the application
      of a thick paint coating which has an expensive coloring pigment system
      therein.
PAR  It should also be understood that in accordance with the invention herein,
      it is possible to carry out the forming step continuously such as by
      extruding, and the steps of curing, preparing the clean surface, and
      applying the color stable paint coating may all be carried out
      continuously in a continuous manufacturing operation. Moreover it is also
      possible to include a textured surface pattern in the product (e.g., for
      weatherstrips) by continuously rolling in a textured pattern on the
      product after it has been formed and prior to curing.
PAR  The advantages of the invention should be fairly apparent from the
      inventive disclosure above. However, it is believed in particular that the
      following advantages are obtainable with this invention: (1) The new
      rubber product herein is quicker curing and thus the mold cycle times are
      reduced. (2) The new rubber product herein is generally more economical
      because less costs are involved in obtaining the raw materials used in
      this invention. (3) Better processability is obtained using the new rubber
      composition herein. (4) With the new rubber composition herein, it is
      generally easier to get proper adhesion with the overlying paint layers.
      (5) With the new composition herein, the final product properties are
      either equivalent to or better than prior compositions. (6) With the new
      composition herein, improved weatherability of paints on the product
      substrate is obtainable. (7) The rubber composition and system of
      manufacturing a paintable rubber product in accordance with this invention
      does not require ultraviolet treatment of the surface of the cured rubber
      composition in order to achieve good paint adhesion. (8) In prior
      compositions based on EPDM rubber, these prior compositions have generally
      possessed relatively high viscosities such cause undesireable flow
      properties in molding, whereas the composition of this invention possesses
      much improved flow properties and thus the composition and product of this
      invention are much better suited for molding than the prior compositions.
      (9) Moreover, as explained herein the manufacture of products pursuant to
      this invention may be carried out on a continuous basis.
DETD
PAR  In order to further illustrate the invention, the following examples are
      provided. It is to be understood, however, that the examples are included
      for illustrative purposes and are not intended to be limiting of the scope
      of the invention as set forth in the subjoined claims.
TBL                EXAMPLE 1                                                   

     ______________________________________                                    

     Material          Parts      % wgt.                                       

     ______________________________________                                    

     SBR 1502          75         40                                           

     DPD 6169          25         13.5                                         

     (ethylene ethyl acrylate)                                                 

     FEF Black         70         37.5                                         

     Sunthene 410      8          4.3                                          

     (naphthenic processing oil)                                               

     Zinc Oxide        3          1.6                                          

     Zalba Special     0.5        .27                                          

     (antioxidant)                                                             

     Stearic acid      0.5        .27                                          

     Cumate            0.1        .0054                                        

     Altax             2.0        1.07                                         

     Spider Sulfur     2.0        1.07                                         

     TE 28E            0.5        .27                                          

     (Technical Processing Inc.,                                               

     organic processing aid)                                                   

     TOTAL             186.6                                                   

     Specific gravity  1.18                                                    

     ______________________________________                                    

TBL                EXAMPLE 2                                                   

     ______________________________________                                    

     Ingredients           Parts                                               

     ______________________________________                                    

     Ameripol 1502 (SBR rubber)                                                

                           75.0                                                

     DPD 6169              25.0                                                

     FEF Black             70.0                                                

     766 Oil (Flexon)      8.0                                                 

     ZNO                   3.0                                                 

     Zalba Special         0.5                                                 

     Stearic Acid          0.5                                                 

     Cumate                0.1                                                 

     MBTS                  2.0                                                 

     (accelerator-benzo                                                        

     thiazyl disulfide)                                                        

     Sulfur                2.0                                                 

     TE 28-E               0.5                                                 

     CaO                   2.0                                                 

     Specific gravity - 1.18                                                   

     ______________________________________                                    

TBL                EXAMPLE 3                                                   

     ______________________________________                                    

     Ingredients         Parts                                                 

     ______________________________________                                    

     SBR 1502            15                                                    

     SBR 8140            35                                                    

     EPDM (EPSYN 4506)   50                                                    

     Goodrite Resin 2007 25                                                    

     (a high styrene SBR                                                       

     polymer)                                                                  

     550 FEF Carbon Black                                                      

                         100                                                   

     Sunpar 140LW oil    26                                                    

     Zinc oxide          3                                                     

     Carbowax 4000       0.5                                                   

     (polyethylene glycol)                                                     

     Hi Sil 233          10                                                    

     Vulkup 40KE         3                                                     

     (organic peroxide)                                                        

     Cure (Min./Temp.)                                                         

                    3/350.degree.F                                             

                                 6/350.degree.F                                

     Duro A & D     86/35        90/37                                         

     Tensile        1090         1320                                          

     100% Modulus   1090         --                                            

     Elongation     100          70                                            

     Tear           93           95                                            

     ______________________________________                                    

TBL                EXAMPLE 4                                                   

     ______________________________________                                    

     Ingredients         Parts                                                 

     ______________________________________                                    

     SBR 1502            25                                                    

     SBR 8140            25                                                    

     EPDM (EPSYN 4506)   50                                                    

     550 FEF Carbon Black                                                      

                         100                                                   

     Sunpar 140LW oil    25                                                    

     Zinc oxide          3                                                     

     Carbowax 4000       0.5                                                   

     Hi Sil 233          10                                                    

     SP 1055 Resin       15                                                    

     (a brominated methylol                                                    

     phenolic resin)                                                           

     Cure (Min./Temp.)                                                         

                    5/380.degree.F                                             

                                 10/350.degree.F                               

     Duro A          79           78                                           

     Tensile        1190         1170                                          

     100% Modulus   890          820                                           

     Elongation     160          180                                           

     Tear           113          113                                           

     ______________________________________                                    

TBL                EXAMPLE 5                                                   

     ______________________________________                                    

     Ingredients          Parts                                                

     ______________________________________                                    

     SBR 1502             75.0                                                 

     DPD 6169             35.0                                                 

     FEF 550              70.0                                                 

     Sunthene 410         8.0                                                  

     ZnO                  3.0                                                  

     Stearic Acid         0.5                                                  

     Zalba Special        0.5                                                  

     Cumate               0.1                                                  

     Altax                2.0                                                  

     Spider Sulfur        2.0                                                  

     TE-28-E              0.5                                                  

     Mooney Scorch/280.degree.F                                                

     Minimum              18                                                   

     T 10                 9.5                                                  

     Mooney Scorch/250.degree.F                                                

     Minimum              20.0                                                 

     T 10                 23.0                                                 

     Cure time (Min./Temp.)                                                    

                          35/350.degree.F                                      

     Hot Tear             Excellent                                            

     Snap                 Excellent                                            

     Durometer A          82                                                   

     100% Modulus         1000                                                 

     Tensile              2200                                                 

     Elongation           240                                                  

     Tear                 225                                                  

     ______________________________________                                    

TBL                EXAMPLE 6                                                   

     ______________________________________                                    

     Ingredients         Parts                                                 

     ______________________________________                                    

     SBR 8140            49                                                    

     SBR 1006            21                                                    

     EPDM (EPSYN 55)     30                                                    

     500 FEF Carbon Black                                                      

                         75                                                    

     Austin Black        15                                                    

     Sunpar 140 LW oil   12                                                    

     Zinc oxide           3                                                    

     SP 1055 Resin       15                                                    

     1/4" chopped strands                                                      

                         44                                                    

     fiberglas                                                                 

     Cure (Min./Temp.)   75/350.degree.F                                       

     Duro A              84                                                    

     Tensile             1640                                                  

     100% Modulus        970                                                   

     Elongation          230                                                   

     Tear                273                                                   

     ______________________________________                                    

TBL                EXAMPLE 7                                                   

     ______________________________________                                    

     Ingredients          Parts                                                

     ______________________________________                                    

     SBR 1708             85                                                   

     EPDM (EPSYN 55)      15                                                   

     550 FEF Carbon Black 90                                                   

     Sunpar 140 LW oil    25                                                   

     Zinc oxide           5                                                    

     Calcium oxide dispersion                                                  

                          5                                                    

     Stearic acid         1.5                                                  

     Zalba Special        0.5                                                  

     (an antioxidant)                                                          

     Cumate (copper dimethyl-                                                  

                          0.1                                                  

     dithio-carbarate)                                                         

     Altax (mercapto-     2.8                                                  

     benzothiazole-disulfide                                                   

     Sulfur               2.0                                                  

     Cure (Min./Temp.)    2.5/350.degree.F                                     

     Duro A                75                                                  

     Tensile              1010                                                 

     Elongation           130                                                  

     Tear                 120                                                  

     ______________________________________                                    

TBL                EXAMPLE 8                                                   

     ______________________________________                                    

     Ingredients          Parts                                                

     ______________________________________                                    

     SBR 1708             70                                                   

     EPDM (EPSYN 55)      30                                                   

     550 FEF Carbon Black 90                                                   

     Sunpar 140LW oil     25                                                   

     Zinc oxide           5                                                    

     Calcium oxide dispersion                                                  

                          5                                                    

     Stearic acid         1.5                                                  

     Zalba Special        0.5                                                  

     Cumate               0.1                                                  

     Altax                2.8                                                  

     Sulfur               2.0                                                  

     ______________________________________                                    

TBL                EXAMPLE 9                                                   

     ______________________________________                                    

     Ingredients          Parts                                                

     ______________________________________                                    

     SBR 1519                                                                  

     Copo 1815            137.0                                                

     Epsyn 55             35.0                                                 

     Statex M FEF                                                              

     SRF 774              60.0                                                 

     Sunthene 410                                                              

     DPD 6169             15.0                                                 

     Zalba Special                                                             

     TE-80                0.1                                                  

     Stearic Acid                                                              

     ZnO                  5.0                                                  

     Cumate               0.2                                                  

     Altax                2.8                                                  

     Spider Sulfur        2.5                                                  

     Mooney Scorch/280.degree. F                                               

     Minimum              35                                                   

     T 10                 9.0                                                  

     Press Cure (Min./Temp.)                                                   

                          3/350                                                

     Snap                 Excellent                                            

     Durometer A          80                                                   

     Tensile              1700                                                 

     100% Modulus         1050                                                 

     Elongation           170                                                  

     Tear                 128                                                  

     ______________________________________                                    

PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a flexible paintable rubber product,
      comprising the steps of:
PA1  formulating a composition comprising, percentages being by weight,
PA2  a. about 15 to about 90% of a cross-linkable rubber material selected from
      at least one of the group consisting of
PA3  styrene butadiene rubber, polybutadiene rubber, and isoprene rubber,
PA4  said rubber material also including less than 50% of ethylene-propylene
      diene monomer rubber or neoprene rubber,
PA2  b. about 0.01 to about 40% of a polymeric stiffening agent for providing a
      high flex modulus for the cured composition,
PA2  c. about 0.01 to about 50% of a plasticizing agent,
PA2  d. zero to about 5% of an accelerating agent,
PA2  e. 0.01 to about 10% of a curing agent,
PA2  f. zero to about 10% of an activating agent,
PA2  g. zero to about 80% of a filler material,
PA1  forming the product by molding said composition and curing the product at a
      temperature between about 275.degree. and about 450.degree. F for a
      residence time period between about 20 minutes and about 1/2 minute,
      preparing a clean surface on the molded product, applying a flexible color
      stable colored paint coating to the product.
NUM  2.
PAR  2. The method of claim 1 wherein,
PA1  said preparing of a clean surface includes activating the surface to be
      painted by a surface treatment selected from at least one of the group
      consisting of halogenation treatment, ozone treatment, ultra-violet
      treatment, electronic treatment or flame treatment.
NUM  3.
PAR  3. The method of claim 1 wherein,
PA1  said preparing of a clean surface includes activating the surface to be
      painted by a surface treatment selected from the group consisting of
      chlorination treatment, ozone treatment, electronic treatment or flame
      treatment.
NUM  4.
PAR  4. The method of claim 2 wherein,
PA1  said treatment is by chlorination.
NUM  5.
PAR  5. The method of claim 1 wherein,
PA1  said rubber material includes less than 15% of ethylene-propylene diene
      monomer, rubber or neoprene rubber.
NUM  6.
PAR  6. The method of claim 1 wherein,
PA1  component (b) is present from about 0.01 to about 25%,
PA1  component (c) is present from about 0.01 to about 35%,
PA1  component (d) is present from about zero to about 3%,
PA1  component (e) is present from about 0.05 to about 5%,
PA1  component (f) is present from about zero to about 5%, and
PA1  component (g) is present from about 0.01 to about 80%.
NUM  7.
PAR  7. The method of claim 1 wherein,
PA1  said polymeric stiffening agent is substantially a material selected from
      at least one of the group consisting of acrylonitrile butadiene styrene,
      polyvinyl chloride, a cellulosic resin, styrene resins, phenolic resins, a
      C.sub.2 -C.sub.4 polyolefinic polymer material, an ethylene-ethyl acrylate
      copolymer, ethylene vinyl acetate, a thermoplastic ethylene-propylene
      copolymer, and an acrylic resin,
PA1  said plasticizing agent is a compatible non-staining, non-discoloring
      plasticizer and is substantially a material selected from at least one of
      the group consisting of naphthenic oils, low molecular weight polyester
      type plasticizers, petroleum resins, coal tar compound plasticizers, and
      paraffinic plasticizers.
NUM  8.
PAR  8. The method of claim 1 wherein,
PA1  said curing agent is substantially a material selected from at least one of
      the group consisting of a sulfur curing agent, a peroxide curing agent, a
      phenol curing agent, a quinone curing agent, and an amino type curing
      agent.
NUM  9.
PAR  9. The method of claim 1 wherein,
PA1  said filler material is substantially a material selected from at least one
      of the group consisting of a carbon material, a carbonate, clays,
      sulfates, fiberglass, fibrous materials, and silicas.
NUM  10.
PAR  10. The method of claim 8 wherein,
PA1  said polymeric stiffening agent is substantially a material selected from
      at least one of the group consisting of acrylonitrile butadiene styrene,
      polyvinyl chloride, a cellulosic resin, styrene resins, phenolic resins, a
      C.sub.2 -C.sub.4 polyolefinic polymer material, an ethylene-ethyl acrylate
      copolymer, ethylene vinyl acetate, a thermoplastic ethylene-propylene
      copolymer, and an acrylic resin,
PA1  said plasticizing agent is a compatible non-staining, non-discoloring
      plasticizer and is substantially a material selected from at least one of
      the group consisting of naphthenic oils, low molecular weight polyester
      type plasticizers, petroleum resins, coal tar compound plasticizers, and
      paraffinic plasticizers.
NUM  11.
PAR  11. A method of manufacturing a flexible paintable rubber product,
      comprising the steps of:
PA1  formulating a composition comprising, percentages being by weight,
PA2  a. about 15 to about 90% of a cross-linkable rubber material selected from
      at least one of the group consisting of,
PA3  styrene butadiene rubber, polybutadiene rubber, and isoprene rubber,
PA4  said rubber material also including up to 50% of ethylene-propylene diene
      monomer rubber or neoprene rubber,
PA2  b. zero to about 40% of a polymeric stiffening agent for providing a high
      flex modulus for the cured composition,
PA2  c. about 0.01 to about 50% of a plasticizing agent, said plasticizing agent
      is a compatible non-staining, non-discoloring plasticizer and is
      substantially a material selected from at least one of the group
      consisting of naphthenic oils, low molecular weight polyester type
      plasticizers, petroleum resins, coal tar compound plasticizers, and
      paraffinic plasticizers,
PA2  d. zero to about 5% of an accelerating agent,
PA2  e. 0.01 to about 10% of a curing agent,
PA2  f. zero to about 10% of an activating agent,
PA2  g. about 0.01 to about 80% of a filler
PA1  material, and
PA1  forming the product by molding said composition and curing the product at a
      temperature between about 275.degree. and about 600.degree. F for a
      residence time period between about 45 minutes and about 1/4 minute,
PA1  preparing a clean surface on the molded product, applying a flexible color
      stable colored paint coating to the product.
NUM  12.
PAR  12. The method of claim 11 further characterized as including,
PA1  a flexible primer paint coating composition on the product, underneath said
      flexible color stable colored paint coating layer.
NUM  13.
PAR  13. The method of claim 11 wherein,
PA1  said colored paint coating layer being selected from at least one resin
      coating material from the group consisting of a urethane resin, an acrylic
      resin, and a polyester resin.
NUM  14.
PAR  14. The method of claim 12 wherein,
PA1  said colored paint coating layer being selected from at least one resin
      coating material from the group consisting of a urethane resin, an acrylic
      resin, and a polyester resin.
NUM  15.
PAR  15. The method of claim 11 wherein,
PA1  said preparing of a clean surface includes treating the surface to be
      painted by a surface treatment selected from at least one of the group
      consisting of halogenation treatment, ozone treatment, ultra-violet
      treatment, electronic treatment or flame treatment.
NUM  16.
PAR  16. The method of claim 11 wherein,
PA1  said preparing of a clean surface includes activating the surface to be
      painted by a surface treatment selected from the group consisting of
      chlorination treatment, ozone treatment, electronic treatment or flame
      treatment.
NUM  17.
PAR  17. The method of claim 15 wherein,
PA1  said treatment is by chlorination.
NUM  18.
PAR  18. The method of claim 11 wherein,
PA1  said rubber material includes less than 15% of ethylene-propylene diene
      monomer rubber or neoprene rubber.
NUM  19.
PAR  19. The method of claim 11 wherein,
PA1  component (b) is present from about zero to about 25%, component (c) is
      present from about 0.01 to about 35%, component (d) is present from about
      zero to about 3%, component (e) is present from about 0.05 to about 5%,
      component (f) is present from about 0.01 to about 5%, and component (g) is
      present from about 0.01 to about 50%.
NUM  20.
PAR  20. The method of claim 11 wherein,
PA1  component (a) is present from about 25 to about 60%.
NUM  21.
PAR  21. The method of claim 15 wherein,
PA1  said colored paint coating layer means being selected from at least one
      resin coating material from the group consisting of a urethane resin, an
      acrylic resin, and a polyester resin.
NUM  22.
PAR  22. The method of claim 11 wherein,
PA1  component (a) is present from about 30 to about 55%, component (b) is
      present from about zero to about 20%, component (c) is present from about
      1 to about 15%, component (d) is present from about 0.01 to about 3%,
      component (e) is present from about 0.5 to about 3%, component (f) is
      present from about 0.1 to about 3%, and component (g) is present from
      about 1 to about 50%.
NUM  23.
PAR  23. The method of claim 11 wherein,
PA1  said curing agent is substantially a material selected from at least one of
      the group consisting of a sulfur curing agent, a peroxide curing agent, a
      phenol curing agent, a quinone curing agent, and an amino type curing
      agent.
NUM  24.
PAR  24. The method of claim 11 wherein,
PA1  said filler material is substantially a material selected from at least one
      of the group consisting of a carbon material, a carbonate, clays,
      sulfates, fiberglass, fibrous materials, and silicas.
NUM  25.
PAR  25. The method of claim 16 further characterized as including,
PA1  a flexible primer paint coating composition on the product, underneath said
      flexible color stable colored paint coating layer.
NUM  26.
PAR  26. The method of claim 22 wherein,
PA1  said filler material is substantially a material selected from at least one
      of the group consisting of a carbon material, a carbonate, clays,
      sulfates, fiber glass, fibrous materials, and silicas.
NUM  27.
PAR  27. The method of claim 11 wherein,
PA1  said forming step is carried out by continuously extruding the rubber
      product.
NUM  28.
PAR  28. The method of claim 26 wherein,
PA1  a textured surface pattern is continuously formed in the product after
      extruding and prior to curing.
NUM  29.
PAR  29. The method of claim 11 wherein,
PA1  said steps of forming, curing, preparing the clean surface, and applying
      the color stable paint coating, are all carried out in a continuous
      operation.
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ABST
PAL  Coating compositions are cured by initially treating them for a brief
      period with ionizing or non-ionizing radiation whereby they are partially
      cured and then completing the cure by a thermal treatment. This two-step
      process decreases the amount of volatiles escaping into the atmosphere and
      it also permits the use of compounds not useful in the past and allows
      significant improvement in film properties such as adhesion to metal. The
      initial radiation cure can be with electron beam, ultraviolet mercury
      lamp, plasma arc or other radiation means; the thermal cure is carried out
      by any heat means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The coating industry is faced with the problem of cutting down on volatile
      emissions with state and federal regulations being enacted to control the
      effluents allowed to escape into the atmosphere. This has prompted
      considerable coating reformulation. One of the routes taken has been the
      attempt to replace all of the volatile solvents in a coating composition
      with reactive diluents that become a part of the final coating. These
      compositions have become known in the art as 100 per cent reactive
      coatings. Such coatings are often cured by free-radical polymerization on
      the coated substrate; they can also be cured, in many instances, by
      irradiation with ionizing or non-ionizing energy.
PAR  In the past, many difficulties have been observed, in producing radiation
      cured high solids coatings having good hardness and toughness together
      with satisfactory adhesion by irradiation procedures.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that many of the problems encountered in the past can
      be circumvented by the use of a two step process. It has also been found
      that the process of this invention can be used to produce satisfactory
      coatings with materials that have not in the past been capable of
      producing satisfactory coatings.
PAR  In the process of the instant invention the coating composition is
      initially treated for a brief period to a preliminary cure by exposure to
      ionizing or non-ionizing radiation. This partially cured coating is then
      completely cured by a thermal curing step. The radiation, as indicated,
      can be ionizing or non-ionizing. The ionizing radiation source can be any
      of the conventional electron beam or electron generating sources, as will
      be discussed hereafter. The non-ionizing radiation source can be mercury
      arcs, xenon arcs, swirl-flow plasma arcs, or any other source of
      ultraviolet and visible light radiation. The thermal curing step can be
      carried out in a conventional heating oven employing any suitable means
      for heat generation.
PAC  DESCRIPTION OF THE INVENTION
PAR  One of the major problems encountered in the past has been the
      volatilization of the volatile reactants or unreactive components present
      in the coating composition as the coating is cured by thermal curing
      means. This has led to air pollution problems and in some instances has
      resulted in deficiencies in the final coating itself. One of the problems
      associated with the radiation curing procedure has been the inability to
      prepare low viscosity coatings which cure to films having desirable
      chemical and physical properties. Both of these problems are resolved by
      use of the two step coating process of this invention.
PAC  STEP 1
PAR  The first step of the instant invention involves irradiation of the coating
      composition to convert the volatile components in the coating composition
      to a nonvolatile stage by exposure of the composition to ionizing or
      non-ionizing radiation. This can be and is accomplished to a sufficient
      degree regardless of whether or not a pigment is present. Subsequent
      thermal treatment then further cures or crosslinks the partially cured
      coating and completes the curing process. It has been known that exposure
      to ionizing or non-ionizing radiation alone, without the subsequent
      heating step, often results in poor adhesion of the coating to the
      substrate (particularly the metal substrates), impractically long exposure
      times, and poor physical properties. It was also known that the use of the
      heating step alone results in the evaporation of large amounts of the
      reactive solvents before they have had an opportunity to react. The
      combination of the two steps, radiation plus thermal, to treat the
      coatings in the order indicated, circumvents these problems and permits
      the use of combinations of thermosetting additives, (which contribute
      greatly to coating qualities) and reactive vinyl monomers in the same
      coating system.
PAR  Among the ionizing radiation means available for use in the first step are
      the particulate and non-particulate radiation types. Particulate radiation
      is that which can be generated from electron accelerators such as the Van
      de Graaff, resonance transformers, linear accelerators, insulated core
      transformers, radioactive elements such as cobalt 60, strontium 90, etc.
      As a suitable source of non-particle ionizing radiation, one can use any
      source which emits radiation in the range of from about 10.sup..sup.-3
      Angstrom, to about 2000 Angstroms, preferably from about
      5.times.10.sup..sup.-3 Angstrom to about 1 Angstrom. Suitable sources are
      vacuum ultraviolet lamps, such as xenon or krypton arcs, and radioactive
      elements such as cesium-137, strontium-90, and cobalt-60. The nuclear
      reactors are also known to be a useful source of radiation.
PAR  As is known, irradiation of a polymer with a Van de Graaff accelerator
      results in rapid cure, often in a matter of seconds at high megarad
      dosages. This is to be compared to irradiation periods of hours when light
      from a mercury lamp is the source of energy.
PAR  The ionizing radiation dosage necessary to effect the preliminary cure will
      vary depending upon the particular polymer that is undergoing radiation,
      the extent of curing desired, the number of curable sites available and
      the molecular weight of the starting polymer. The total dosage will vary
      from about 10.sup.3 rads to 10.sup.8 rads, preferably from 5 .times.
      10.sup.3 rads to 10.sup.7 rads. A rad is 100 ergs of ionizing energy
      absorbed per gram of material being irradiated.
PAR  As a suitable source of non-ionizing radiation, one can use any source
      which emits radiation of from about 2000 Angstroms to about 8000
      Angstroms, preferably from about 2500 Angstroms to about 4500 Angstroms.
      Suitable sources are mercury arcs, carbon arcs, tungsten filament lamps,
      xenon arcs, krypton arcs, sunlamps, lasers, and the like. All of these
      devices and sources are well known in the art and those familiar with the
      technology are fully aware of the manner in which the radiation is
      generated and the precautions to be exercised in its use.
PAR  Particularly efficient sources of non-ionizing light radiation for this
      invention are the ultraviolet mercury lamps and the swirl-flow plasma arc
      radiation arcs as described in U.S. Pat. No. 3,364,387. The apparatus or
      equipment necessary for generating the non-ionizing light radiation is not
      the subject of this invention and any source or apparatus capable of
      generating ultra violet and visible light radiation can be used. The
      plasma arc emits non-ionizing high intensity predominantly continuum light
      radiation containing ultraviolet, visible and infrared light radiation
      that can be used to polymerize monomers and to crosslink polymer
      compositions in the initial step of the process of this invention. By
      means of proper light filters, one can selectively screen out a portion of
      the light radiation emitted permitting only that wavelength portion
      desired to reach the material that is being treated. The mercury lamps are
      known to emit ultraviolet light as the major light emission.
PAR  The term "non-ionizing high intensity predominantly continuum light
      radiation" means continuum radiation with a source intensity of at least
      350 watts per square centimeter steradian when integrated throughout the
      entire spectral range of said continuum light radiation (about 1,000
      kilowatts per square foot of source projected area) having only a minor
      part of the energy in peaks of bandwidths less than 100 Angstrom units,
      with a positive amount up to about 30 per cent of the light radiated
      having wavelengths shorter than 4,000 Angstrom units and at least about 70
      per cent but less than all of the light energy radiated having wavelengths
      longer than 4,000 Angstrom units. This type of non-ionizing high intensity
      predominantly continuum light radiation is illustrated by the curves shown
      in FIGS. 1 to 3. These curves illustrate the non-ionizing high intensity
      predominantly continuum nature of the light radiation over the range of
      source intensity of from about 350 watts per square centimeter steradian
      to about 5,000 watts per square centimeter steradian. As is evident from
      the curves of FIGS. 1 to 3 the light radiated is predominantly continuum
      light with very little light emitted as line or peak radiation (band
      widths less than 100 Angstrom units). It is also evident from FIGS. 1 to 3
      that less than about 30 per cent of the light radiated has wavelengths
      shorter than 4,000 Angstroms and that at least about 70 per cent of the
      radiated light has wavelengths longer than 4,000 Angstrom units.
PAR  This form of light radiation is derived from an artificial source that
      generates non-ionizing high intensity predominantly continuum light
      radiation with a source intensity of at least about 350 watts per square
      centimeter steradian when integrated throughout the entire spectral range
      of said continuum light radiation, as abbreviated by the term: watts
      cm.sup..sup.-2 sr.sup..sup.-1 ; said non-ionizing high intensity
      predominantly continuum artificial light radiation has at least about 70
      per cent of the light radiated at a wavelength longer than 4,000 Angstroms
      and a positive amount less than about 30 per cent of the light radiated
      having a wavelength shorter than 4,000 Angstroms, generally at least about
      80 per cent of the light radiated has a wavelength longer than 4,000
      Angstroms and a positive amount up to about 20 per cent of the light
      radiated has a wavelength shorter than 4,000 Angstroms, and it has a
      source intensity that can vary from about 350 watts (about 1,000 kilowatts
      per square foot of source projected area) to about 5,000 watts (about
      15,000 kilowatts per square foot of source projected area) or more per
      square centimeter steradian when integrated throughout the entire spectral
      range. A convenient source of non-ionizing high intensity predominantly
      continuum light radiation is a swirl-flow plasma arc light radiation
      apparatus. The equipment for generating non-ionizing high intensity
      predominantly continuum light radiation by this means is known and
      available with many different forms thereof described in the literature.
PAR  While any artificial source of generating non-ionizing light radiation can
      be used, as previously indicated, the swirl-flow plasma arc radiation
      apparatus is most convenient. Hence, this source will be used in this
      application as illustrative of a means for obtaining the non-ionizing high
      intensity predominantly continuum light radiation. Any apparatus that
      operates according to the known principles of the swirl-flow plasma arc
      radiation source can be used to produce the non-ionizing high intensity
      predominantly continuum light radiation useful in the processes of this
      invention. These apparatuses are often known by other terms but those
      skilled in this art recognize that they emit non-ionizing high intensity
      predominantly continuum light radiation. The source of radiation in a 50
      kilowatt swirl-flow plasma arc radiation source is an arc that is only
      about four inches long and that is enclosed in a quartz envelope or lamp
      about 1.5 inches in diameter. This lamp or quartz envelope can be readily
      removed and refurbished and has an acceptable long lifetime. Further, a
      swirl-flow plasma arc radiation apparatus having a 250-kilowatt rating
      would be only about two or three times as large as a 50-kilowatt source.
      Another advantage in the use of such equipment is the absence of a need
      for expensive radiation shielding. Precautions required for the artificial
      light sources include those needed to protect one's eyes from the intense
      light emitted and also to protect oneself from the ultraviolet light
      present to prevent inadvertent eye damage or sunburn effect on the body.
PAR  As is known, non-ionizing high intensity predominantly continuum light
      radiation from a swirl-flow plasma arc radiation source is emitted from an
      arc generated between a pair of electrodes that are lined up axially and
      encased in a quartz cylinder. In an embodiment a pair of concentric quartz
      cylinders between which cooling water or gas flows is used. A rare gas,
      such as argon, krypton, neon or xenon, introduced into the inner cylinder
      tangentially through inlets located at one end of the inner cylinder,
      creates a swirling flow or vortex which restricts the arc to a small
      diameter. An electrical potential applied across the electrodes causes a
      high density current to flow through the gas to generate a plasma composed
      of electrons, positively charged ions and neutral atoms. A plasma
      generated in the above gases produces non-ionizing high intensity
      predominantly continuum light radiation with diffuse maxima in the region
      of from about 3,500 to about 6,000 Angstroms. The radiation source can
      also be used with reflectors or refractive optical systems to direct the
      non-ionizing high intensity predominantly continuum light radiation
      emanating from the arc to a particular point or direction or geometrical
      area.
PAR  The non-ionizing high intensity predominantly continuum light radiation
      generated by a plasma arc is a continuum rather than a peak or line
      radiation. As can be seen from the spectra of FIGS. 1 to 3 there is a
      continuum of radiation throughout the entire spectral range shown. This
      type of continuum radiation in the ultraviolet range has not heretofore
      been obtainable from the conventional commercial mercury arcs or lamps
      generally available for generating ultraviolet light. The previously known
      means for generating ultraviolet light produced light that shows a line or
      peak spectrum in the ultraviolet range, as exemplified by FIG. 4; it is
      not a continuum spectrum in the ultraviolet range. In a line spectrum the
      major portion of useable ultraviolet light is that portion at which the
      line or band in the spectrum forms a peak; in order to obtain maximum use
      of such energy the material or composition that is to be treated with
      ultraviolet radiation must be capable of absorbing at that particular
      wavelength range at which the peak appears. In the event the material or
      composition does not have the ability to absorb at that particular
      wavelength range there is little or no absorption or reaction. Thus, in
      the event the material or composition to be treated absorbs at a
      particular wavelength range in one of the valleys of the spectral curve
      there will be little or no reaction since there is little or no
      ultraviolet energy to adequately excite the system. With a non-ionizing
      intensity predominantly continuum radiation, as is shown by FIGS. 1 to 3,
      there is a high intensity predominantly continuum radiation of ultraviolet
      energy across the entire ultraviolet wavelength range of the spectrum
      shown and there is generally sufficient ultraviolet energy generated at
      all useful ultraviolet wavelengths to enable one to carry out reactions
      responsive to ultraviolet radiation without the problem of selecting
      compounds that will absorb at peak wavelength bands only. With the
      non-ionizing high intensity predominantly continuum radiation one does not
      have the problem of being unable to react materials or compositions that
      absorb in the valley areas only since for all intents and purposes such
      valleys do not exist in non-ionizing high intensity predominantly
      continuum radiation, the high intensity radiated light energy is
      essentially a continuum, it is not in peak bands.
DRWD
PAR  FIG. 1 is the light radiation curve from an 18 kilowatt argon swirl-flow
      plasma arc radiation source. The measured source intensity of the light
      was 360 watts per square centimeter steradian; about 8 per cent of the
      light had a wavelength shorter than 4,000 Angstrom units and about 92 per
      cent of the light had a wavelength longer than 4,000 Angstrom units.
PAR  FIG. 2 is the light radiation from a 60 kilowatt argon swirl-flow plasma
      arc radiation source. The measured source intensity was about 2,300 watts
      per square centimeter steradian; about 10 per cent of the light had a
      wavelength shorter than 4,000 Angstrom units and about 90 per cent of the
      light had a wavelength longer than 4,000 Angstrom units.
PAR  FIG. 3 is the light radiation from a 71 kilowatt argon swirl-flow plasma
      arc radiation source. The measured source intensity was about 4,860 watts
      per square centimeter steradian; about 12 per cent of the liglht had a
      wavelength shorter than 4,000 Angstrom units and about 88 per cent of the
      light had a wavelength longer than 4,000 Angstrom units.
DETD
PAR  Non-ionizing high intensity predominantly continuum light radiation as
      shown by FIGS. 1 to 3 is to be distinguished from the low intensity
      ultravilet radiation generated by commercially available low, medium and
      high pressure mercury arc ultraviolet lamps. These mercury arc lamps
      produce light emission which is primarily line or peak rather than
      continuum light. FIG. 4 is a typical curve for the light radiation from
      mercury arc lamp. As shown in FIG. 4, a major part of the light appears in
      bands or peaks narrower than 100 Angstrom units, and much less than 70 per
      cent is emitted at wavelengths above 4,000 Angstrom units. Such line or
      peak ultraviolet light radiation is also suitable in the processes of this
      invention.
PAR  The exposure time for this first step of the process will vary with the
      particular radiation source being employed, the coating composition, the
      distance of the coating from the radiation source and other physical
      variables, as is known to those skilled in the art. Generally, exposure of
      from 0.1 second to several minutes will suffice when this initial
      radiation step of the process is being carried out using a non-ionizing
      light radiation source. When using an ionizing radiation source, such as a
      Van de Graaff, the exposure time is such as to impart a dose of from about
      0.05 to about 30 megarads, preferably from about 0.1 to 10 megarads, to
      the coating composition.
PAR  The distance of the coated article from the radiation source can vary from
      about 3 inches to about 10 feet and is dependent upon the particular
      system being cured and the particular radiation source being used. One
      can, if desired, blanket the surface of the coating with an inert gas such
      as nitrogen, argon, carbon dioxide, etc.
PAC  STEP 2
PAR  The second step of the process is the thermal curing of the partially cured
      coating after it has undergone the initial radiation. This entails the
      passage of the coated object containing the semi-polymerized coating
      through a heating zone for the thermal cure. The heating zone may be a
      gas-fired oven and operate by convection currents, but others may be
      employed with equal effectiveness, such as, microwave, induction coil,
      infrared and open flame heating ovens. As indicated above, thermal energy
      may be applied by heat radiation, convection or conduction. Second stage
      curing is thermal in nature and requires temperatures in the range of
      50.degree. to 250.degree.C., or higher. So-called forced-air curing, often
      used for coatings on wood and cellulosic substrates, is normally operated
      in the range of 70.degree.-100.degree.C. True baking ovens, often employed
      to cure metal coatings, function between 150.degree.-200.degree.C.
      Residence time varies widely depending upon the coating, coated object,
      and properties sought, ranging from as little as 5 seconds to as much as
      30 minutes. Heating cycles on coil lines may range from 5-20 seconds,
      whereas the thermal setting of appliance enamels may range from 20-30
      minutes or more. The thermal curing may be carried out under an inert
      atmosphere.
PAR  It is understood, of course, that the pretreatment and/or priming of metal
      substrates and filling and/or priming of wood substrates may precede the
      coating application step and, thus, both curing stages.
PAC  THE COATING COMPOSITIONS
PAR  The coating compositions that are useful in this process are those that
      contain (1) a reactive thermoset crosslinker that is thermally cured, and
      (2) a reactive solvent that responds to both radiation curing and thermal
      curing. The compositions can also contain (3) reactive components which
      are radiation sensitive or radiation curable reactive solvents. Part or
      all of the required reactive sites can be combined in a single molecule or
      resin type.
PAR  The term "reactive thermoset crosslinker" shall mean a compound or site
      that will undergo thermal curing or crosslinking. The term "reactive
      solvent" shall mean a compound that responds to both radiation curing and
      thermal curing. The term "reactive component" shall mean a compound that
      will undergo radiation curing or crosslinking.
PAR  The coating composition contains from about 0.1 to 50 weight per cent,
      preferably from 10 to 30 weight per cent of (1) the reactive thermoset
      crosslinker; from 0.1 to 50 weight per cent preferably from 15 to 25
      weight per cent of (2) the reactive solvent sensitive to both thermal and
      radiation crosslinking, with the balance of the composition comprising (3)
      the radiation sensitive reactive component. The percentages are weight per
      cent based on the final coating composition.
PAR  1. The reactive thermoset crosslinkers can be polyfunctional epoxides
      having at least two oxirane units or their polyoxirane-containing low
      molecular weight polymers, or urea/formaldehyde resins, or
      melamine/formaldehyde resins. These reactive thermoset crosslinkers are
      well known materials and their function in the coating composition is to
      thermally crosslink the partially cured coating that has been obtained
      after the coating has been exposed to the ionizing or non-ionizing
      radiation in the initial step of the process; it is believed that this
      cross linking occurs via ionic interaction with the pre-polymerized
      reactive solvent and/or radiation sensitive reactive component.
      Illustrative of suitable reactive thermoset crosslinkers one can mention
      the epoxidized soya, tall and linseed oils, the diglycidyl ether of
      methylene-4,4-bisphenol, the diglycidyl ether of
      2,2-isopropylidene-4,4'-bisphenol, N,N'-dimethylol urea,
      N,N'-dibutoxymethyl-urea, N,N,N',N',N",N"-hexamethylolmelamine,
      N,N,N',N',N",N"-hexamethoxymethylmelamine,
      N,N,N',N',N",N"-hexabutoxymethylmelamine, and the like. Other suitable
      reactive thermoset crosslinkers include the diepoxides such as
      3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexanecarboxylat
     e, bis-(2,3-epoxy-2-ethylhexyl) ether, vinylcyclohexane dioxide,
      dicyclopentadiene dioxide, diglycidyl ether,
      bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate, tricyclopentadiene
      dioxide, and similar diepoxide compounds; triepoxides such as
      1,1,1-trimethylolpropane tris-(3,4-epoxy cyclohexanecarboxylate),
      1,2,3-propanetriol tris-(3,4-epoxycyclohexanecarboxylate), tris-(2-methyl
      glycidyl)pentaerythritol, and similar triepoxide compounds. The oligomers
      of the above, or related, materials, such as the difunctional product
      obtained by the reaction of two moles of a diepoxide such as
      vinylcyclohexene dioxide with one mole of an anhydride such as phthalic
      anhydride; similar (but tetrafunctional) oligomeric products prepared by
      the reaction of two moles of a triepoxide with one mole of an anhydride;
      mixed products, i.e., using one mole of diepoxide, one mole of triepoxide
      and one mole of anhydride to give a product with three oxirane functional
      groups; as well as the oligomers prepared in the same manner except that
      extending is done with a diamine instead of an anhydride. Copolymers of
      glycidyl acrylate (or other compound containing oxirane and vinyl
      unsaturation) with one or several vinyl monomers. Here the rates of
      oxirane-containing monomers(s) to other vinyl monomers can be adjusted to
      give the desired epoxide functionality. The etherified
      melamine-formaldehyde resins, urea-formaldehyde resins and triazine (other
      than melamine) resins having any of the different types of lower ether
      groups, e.g. ethoxy, butoxy, etc. or degree of etherification could be
      used.
PAR  2. The reactive solvents sensitive to both thermal and radiation
      crosslinking or curing are those which contain both (a) a vinyl
      polymerizable double bond which is sensitive to radiation polymerization
      and (b) a functional group which is sensitive to and reacts during the
      thermal crosslinking step. These compounds are the acrylates and
      methacrylates of monofunctional and polyfunctional alcohols and the
      acrylamides and methacrylamides of monofunctional and polyfunctional
      amines. These can be represented by the structures
      ##EQU1##
      wherein X is hydrogen or methyl, b has a value of 1 to 10, preferably 1 to
      4, and when b is one Z is --H, --C.sub.n H.sub.2n OH,
      ##EQU2##
      or --C.sub.n H.sub.2n NHR'; when b is greater than one the Z group is
      polyvalent and is a hydroxyl-, carboxyl-, amino- or oxirane containing
      group; R' is hydrogen or alkyl having from 1 to 8 carbon atoms; and n has
      a value from 1 to 10; and wherein the oxirane group in the radical shown
      above can be either in the chain or at the terminus of the chain.
      Illustrative of compounds wherein b has a value of 1 one can mention
      acrylic acid, methacrylic acid, glycidyl acrylate, glycidyl methacrylate,
      2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
      acrylate, 2-hydroxypropyl methacrylate, 2-(N-ethylamino)ethyl acrylate,
      pentaerithritol monoacrylate, trimethylolpropane monoacrylate, and the
      like. As indicated above, the Z group can be polyvalent (when b is greater
      than one) and contains one of the functional moieties specifically
      enumerated. This Z group is the residue of a polyfunctional organic
      compound or polymer after it has been acrylated or methacrylated and which
      still contains therein a functional hydroxyl, carboxyl, amino or oxirane
      moiety in addition to the acrylyl or methacrylyl group. Illustrative of
      compounds wherein b is greater than 1, one can mention pentaerythritol
      diacrylate or triacrylate, trimethylolpropane diacrylate, glycerine
      diacrylate, glycerine dimethylacrylate; acrylated epoxides such as
      acrylated fatty acid oil epoxides (acrylated soyabean oil epoxide,
      acrylated linseed oil epoxide), the product of the reaction of two moles
      of acrylic acid with one mole of vinylcyclohexene dioxide; urethane
      oligomers containing both an --OH group and a CH.sub.2 =C&lt; group, such as
      the product of the reaction of one mole of poly(epsilon-caprolactone)
      having an average molecular weight of about 540 (trimethylol propane
      started) with 3 moles of tolyene diisocyanate, 1.5 moles of propylene
      glycol and 1.5 moles of 2-hydroxyethyl acrylate; acrylated or
      methacrylated polyesters such as the products of acrylic acid or
      methacrylic acid reacted with a hydroxyl terminated polyester in a ratio
      such that less than 90 per cent of the terminal hydroxyl groups have been
      esterified.
PAR  3. The radiation sensitive reactive component which is primarily responsive
      to radiation curing can be represented by the formulas:
      ##EQU3##
      wherein X is hydrogen or methyl; aryl is phenyl or a substituted phenyl; Y
      is the monovalent radical, cycloalkyl of 5 to 12 carbons, cycloalkenyl of
      5 to 12 carbons, --C.sub.m H.sub.2m H, --C.sub.m H.sub.2m CN, --C.sub.m
      H.sub.2m Cl, --C.sub.m H.sub.2m NR.sub.2 ", --C.sub.m H.sub.2m COONR.sub.2
      ", --C.sub.m H.sub.2m COOCH.sub.2 OCCH.sub.3, --(C.sub.p H.sub.2p O).sub.r
      C.sub.p H.sub.2p H, or the polyvalent radical, --C.sub.q H.sub.2q --,
      --(C.sub.p H.sub.2p O).sub.x C.sub.p H.sub.2p --, --(C.sub.y H.sub.2y
      COO).sub.x C.sub.y H.sub.2y --, --C.sub.q H.sub.2q.sub.-1 --, or --C.sub.q
      H.sub.2q.sub.-2 -- wherein R" is hydrogen or alkyl of 1-5 carbon atoms; m
      has a value of 1 to 10; r has a value of 0 to 4; p has a value of 2 to 4;
      q has a value of 2 to 8; x has a value of 1 to 5; y has a value of 2 to 5;
      z is 1 to 4 and when z is one, the group Y is monovalent and when z is 2
      to 4 the group Y is polyvalent. Illustrative of such compounds one can
      mention styrene, alpha-methylstyrene, chlorostyrene, p-methylstyrene,
      methyl methacrylate, butyl methacrylate, n-octyl methacrylate, ethyl
      acrylate, butyl acrylate, 2-ethylhexyl acrylate, isodecyl acrylate, lauryl
      acrylate, cyclohexyl acrylate, bicyclo[2.2.1]heptyl methacrylate,
      tricyclo[5.2.1.0.sup.2,6 ]dec-3-(or 4)-en-8(or 9)-yl acrylate,
      2-ethoxyethyl acrylate, 2-butoxyethyl acrylate, 2-cyanoethyl acrylate,
      2-(N,N-diethylamino)ethyl acrylate, acrylonitrile, methacrylonitrile,
      ethylene glycol dimethacrylate, 1,2-propylene glycol diacrylate,
      1,4-butanediol diacrylate, neopentyl glycol diacrylate, 1,3-glycerol
      dimethyacrylate, trimethylolpropane triacrylate, pentaerythritol
      tetramethacrylate, pentaerythritol triacrylate, and the like. Any compound
      having an ethylenically unsaturated site that is capable of radiation
      curing or crosslinking can be used. Hence, many of these previously listed
      as reactive thermoset crosslinkers or reactive solvent could be included
      in this group. The compounds suitable can contain oxirane, hydroxyl,
      carboxyl, halo, nitro, sulfonic, etc. groups in addition to the
      unsaturation.
PAR  A free radical initiator can be present in the coating composition at a
      concentration of from about 0.01 weight per cent to about 20 weight per
      cent. As free radical initiators, one can mention the dialkyl peroxides
      (cyclic or acyclic), diaryl peroxides, hydroperoxides, peracids,
      peresters, azo compounds, and other known free radical sources.
      Illustrative thereof are di-tert-butyl peroxide, benzoyl peroxide,
      2,4-dichlorobenzoyl peroxide, t-butylhydroperoxide,
      2,5-dimethyl-2,5-bis(hydroperoxy)-hexane, peracetic acid, perbenzoic acid,
      t-butyl peroxypivalate, t-butyl peracetic, azo-bis-isobutyronitrile, and
      the like. Mixtures thereof can be used. The amount of free radical
      initiator can vary from about 0.01 to about 20 weight per cent of the
      polymer. A preferred amount is from about 0.1 to about 5 weight per cent,
      and most preferred is from about 0.5 to about 2 weight per cent. In some
      instances, a synergistic effect is noted by the use of mixtures thereof
      with or without certain photosensitizers.
PAR  When a source of non-ionizing radiation is used in the first step of this
      invention a photosensitizer is preferably added to enhance the reaction.
      As is obvious, one can use one or more photosensitizers and they can be
      used in conjunction with one or more free radical initiators. The amount
      of photosensitizer can be varied from about 0.01 to about 20 weight per
      cent, preferably from about 0.1 to about 10 weight per cent, and more
      preferably from about 0.5 to about 5 weight per cent. Illustrative of
      suitable photosensitizers one can mention acetophenone, propiophenone,
      benzophenone, xanthone, fluorenone, benzaldehyde, fluorene, anthraquinone,
      triphenylamine, carbazole, 3- or 4-methylacetophenone, 3- or
      4-pentylacetophenone, 3- or 4-methoxyacetophenone, 3- or
      4-bromoacetophenone, 3- or 4-allylacetophenone, p-diacetylbenzene, 3- or
      4-methoxybenzophenone, 3- or 4-methylbenzophenone, 3- or
      4-chlorobenzophenone, 4,4'-dimethoxybenzophenone,
      4-chloro-4'-benzylbenzophenone, 3-chloroxanthone, 3,9-dichloroxanthone,
      3-chloro-8-nonylxanthone, 3-methoxyxanthone, 3-iodo-7-methoxyxanthone, and
      the like.
PAR  The coating composition can also contain small amounts of other
      crosslinkable polymers. Such polymers can be present at concentrations up
      to about 20 weight per cent. Illustrative of useful crosslinkable polymers
      one can include the olefin polymers and copolymers such as polyethylene,
      polypropylene, polyisobutene, polybutene, poly(ethylene/propylene),
      poly(ethylene/butene), poly(ethylene/butadiene),
      poly(ethylene/norbornadiene), poly(ethylene/propylene/norbornadiene),
      poly(ethylene/propylene/5-methylene-bicyclo[2.2.1]hept-2-ene),
      poly(ethylene/propylene/5-ethylidene-bicyclo[2.2.1]hept-2-ene),
      poly(ethylene/vinyl acetate), poly(ethylene/vinyl chloride),
      poly(ethylene/ethyl acrylate), poly(ethylene/acrylonitrile)
      poly(ethylene/acrylic acid), poly(ethylene/styrene), poly(ethylene/vinyl
      ethyl ether), poly(ethylene/vinyl methyl ketone), polybutadiene,
      polyisoprene, polychloroprene, polycyclopentadiene, poly-1,5-hexadiene,
      poly(butadiene/isoprene), poly(butadiene/vinyl chloride),
      poly(butadiene/dimethyl butadiene), poly(butadiene/chloroprene),
      poly(isoprene/isobutylene), poly(butadiene/isobutylene),
      poly(butadiene/styrene), poly(butadiene/acrylonitrile),
      poly(butadiene/styrene/acrylonitrile), poly(butadiene/methyl
      methacrylate), poly(butadiene/butyl acrylate), poly(butadiene/vinyl
      chloride), poly(isoprene/styrene), poly(isoprene/2-vinyl pyridine), and
      the like. The olefin polymers are well known and any such polymer can be
      used. Also suitable are the vinyl and vinylidene polymers such as
      poly(vinyl chloride), poly(vinyl bromide), poly(vinylidene chloride),
      poly(vinyl acetate), poly(vinyl methyl ether), poly(vinyl butyl ether),
      poly(vinyl methyl ketone), poly(vinyl alcohol), poly(allyl alcohol),
      polyindene, poly(vinylpyridine), poly(vinylpyrrolidone), poly(vinyl
      butyral), poly(vinyl chloride), poly(vinyl sulfonic acid), polystyrene,
      poly(.alpha.-methylstyrene), poly(4-chlorostyrene), poly(4-vinyl
      biphenyl), poly(9-vinyl-anthracene), poly(N-vinyl-carbazole),
      poly(N-vinyl-1,2,4-triazole), and the like. Further suitable polymers are
      the acrylic polymers such as poly(acrylic acid), poly(methyl acrylate),
      poly(ethyl acrylate), polyacrylonitrile, polyacrylamide, polyacrolein,
      poly(methacrylic acid), poly(methyl methacrylate), poly(ethyl
      methacrylate), polymethacrylonitrile, poly(N,N-dimethyl acrylamide),
      poly(methacrylamide), poly(9-acrylylcarbazole),
      poly(.alpha.-methacrolein), poly(diacrylalmethane), poly(acrylic
      anhydride), poly(methacrylic anhydride), and the like. In addition, the
      polyesters and polyamides such as polycaprolactone,
      poly(caprolactone/vinyl chloride), poly(ethylene glycol terephthalate),
      poly(hexamethylene succinate), poly(hexamethylene maleate),
      poly(hexamethylene carbonate), poly(caprolactam), poly(hexamethylene
      adipamide), and the like, are useful. The polyethers such as
      poly(glutardialdehyde), polyethylene oxide, polypropylene oxide
      poly(tetrahydrofuran), polycyclohexene oxide, copolymers of ethylene oxide
      and propylene oxide with starters containing reactive hydrogen atoms such
      as the mixed copolymer using ethylene glycol, glycerol, sucrose, etc., as
      the starter. Also suitable are the known polyureas and polyurethanes as
      described in Polyurethanes: Chemistry and Technology, Volumes I and II,
      Saunders and Frisch, published by Interscience Publishers, as well as the
      natural and modified natural polymers such as gutta percha, cellulose,
      methyl cellulose, starch, silk, wool, and the like, and the siloxane
      polymers and copolymers. The polysulfides and polysulfones such as
      poly(thiocarboxyl fluoride), poly(ethylene dichloride-co-sodium
      tetrasulfide), poly(ethylene sulfide), poly(ethylene sulfone),
      poly(styrene sulfone), poly(1-pentyne sulfone), poly(butadiene sulfone),
      poly(isoprene sulfone), and the like. The formaldehyde polymers such as
      polyformaldehyde, formaldehyde resins such as phenolformaldehyde,
      melamine-formaldehyde, urea-formaldehyde, aniline-formaldehyde and
      acetone-formaldehyde, and the like. The heterocyclic polymers such as
      poly(benzimidazoles), poly(alkylene-5,5'-dibenzimidazoles),
      poly(arylene-5,5'-benzimidazoles), poly(pyromellitimides),
      poly(benzoxazoles), poly(oxadiazoles), poly(dithiazoles),
      poly(benzothiazoles), poly(piperazines), poly(quinoxalines), and the like.
PAR  One can also include in the coating composition a minor amount up to about
      30 weight per cent of a polymerizable ethylenically unsaturated monomer
      containing at least one polymerizable ethylenically unsaturated group of
      the structure &gt;C--C&lt; in the coating composition. Such monomers can be
      aliphatic or aromatic. Illustrative thereof one can mention the olefinic
      hydrocarbons containing up to about 18 carbon atoms such as ethylene,
      propylene, butylenes, pentenes, hexenes, dodecene, heptenes, octenes,
      styrene, 4-methylstyrene, alpha methylstyrene, cyclopentadiene,
      dicyclopentadiene, butadiene, hexadiene, bicyclo[2.2.1]hept-2-ene,
      bicyclo[2.2.1]hept-2,5-diene, methylbicyclo[2.2.1] hept-2-ene,
      cyclohexene, 4-methyl-1-pentene, 5-methyl-1-hexene and the like; the vinyl
      halides such as vinyl chloride, vinylidene chloride, and the like; the
      vinyl esters such as vinyl acetate, vinyl butyrate, vinyl benzoate, and
      the like; the vinyl ketones such as isopropenyl methyl ketone, vinyl
      phenyl ketone, vinyl methyl ketone, alphachlorovinyl methyl ketone, and
      the like; the vinyl thioethers such as vinyl ethyl sulfide, vinyl p-tolyl
      sulfide, divinyl sulfide, and the like. Other monomers that can be used
      are divinyl sulfone, vinyl ethyl sulfone, vinyl ethyl sulfoxide, vinyl
      sulfonic acid, sodium vinyl sulfonate, vinyl fulsonamide, vinyl pyridine,
      N-vinyl pyrrolidone, N-vinyl carbazole, and the like. Other suitable vinyl
      monomers are readily apparent to the skilled polymer chemist; this listing
      is illustrative only and not all-inclusive. The preferred monomers include
      styrene and its derivative and the acrylyl and methacrylyl compounds and
      derivatives thereof. One can also incorporate, if desired, minor amounts
      of reactive crosslinkable oligomers.
PAR  The inclusion of pigments, fillers, wetting agents, flatting agents,
      leveling agents, and other additives typically present in coating
      formulations is also contemplated. These additives and the concentrations
      at which they are used are well known to those skilled in the art and do
      not require further discussion here.
PAR  The coating compositions of this invention can be used to prepare coatings
      for panel board finishing, plywood finishing, automotive coatings,
      furniture coatings, can coatings, coil coatings and any other applications
      in which a protective coating is used.
PAR  The following examples serve to describe the invention.
PAC  EXAMPLE 1
PAR  A coating composition was prepared by admixing 30 parts of acrylic acid, 50
      parts of 2-ethylhexyl acrylate, 20 parts of bis-glycidyl ether of
      2,2-propylidene-4,4'-bisphenol, 0.5 part of triethanolamine and 1 part of
      benzoin butyl ether. This coating was applied on steel panels using a No.
      20 wire-wound rod. The coated panels were cured by the process of this
      invention and also by conventional processes for comparative purposes as
      shown below.
PAC  Panel A
PAR  This coated panel was weighed, then placed in an enclosed box and purged
      with nitrogen for 15 seconds. The panel still in the N.sub.2 atmosphere
      was then exposed to the non-ionizing high intensity predominantly
      continuum light radiation emanating from a 50-kilowatt argon swirl-flow
      plasma arc for 5 seconds at a distance of 2 feet from the arc for the
      initial radiation cure. Subsequently, the panel was placed in an oven at
      210.degree.C. for 30 minutes for the second stage thermal cure. At the end
      of this period the panel was reweighed and it was found that only 4 per
      cent of the initially applied coating had volatilized during the two-stage
      cure. The cured coating had a Sward hardness of 30 and resisted
      breakthrough by acetone-soaked cotton for greater than 60 minutes.
PAC  Panel B
PAR  This panel was coated and then given the initial radiation cure by exposure
      to the non-ionizing high intensity predominantly continuum light radiation
      in the same manner as was Panel A. However, it was not subsequently oven
      cured or subjected to the second stage thermal cure. The resulting coating
      was undercured, still tacky and resisted breakthrough by acetone-soaked
      cotton for only 60 minutes. Though it was acetone-resistant it was not a
      commercially acceptable cured coating.
PAC  Panel C
PAR  This panel was coated and then thermally cured in the oven under the same
      conditions described in Panel A for the second stage thermal cure only. It
      was not exposed to the initial non-ionizing high intensity predominantly
      continuum light radiation cure. It was found that 80 per cent of the
      initially applied coating composition had volatilized and that the
      remaining finish had an acetone resistance of less than 5 minutes.
PAR  The data shows that curing the coating by initially radiating and then
      thermally curing by the two stage process of this invention produces a
      superior coating. A comparison of Panel A with Panel B shows that under
      the same radiation conditions Panel B was not fully cured; a comparison of
      Panel A with Panel C shows that under the same thermal curing conditions
      an intolerable loss of material is experienced when curing is accomplished
      solely by thermal means.
PAC  EXAMPLE 2
PAR  A coating composition having the parts by weight indicated was prepared
      having the following formulation:
TBL  Acrylic acid            32.0                                              

     2-Ethylhexyl acrylate   48.0                                              

     3,4-Epoxycyclohexylmethyl                                                 

                             20.0                                              

     3,4-epoxycyclohexyl carboxylate                                           

     n-Butyl ether of benzoin                                                  

                             1.6                                               

     p-Toluene sulfonic acid                                                   

     (20% solution)          0.2                                               

PAR  This composition was coated on aluminum panels and initially radiation
      cured by exposure to the non-ionizing high intensity predominantly
      continuum light radiation as described in Example 1. It was then given a
      second stage thermal cure for 10 minutes in a 200.degree.C. oven. The
      finished coating had the following properties:
TBL  Sward Hardness (Glass = 100)                                              

                             48                                                

     Reverse Impact (in-lbs.)                                                  

                             &gt;165                                              

     Acetone resistance (rub cycles)                                           

                             &gt;50                                               

     Resistance to breakthrough                                                

                             &gt;60                                               

     by acetone-soaked cotton                                                  

PAC  EXAMPLE 3
PAR  Coating compositions were prepared varying the amount of photosensitizer
      present in the formulation. The coatings were then applied to birch faced
      plywood panels with a No. 20 wire wound rod, cured as described below,
      sanded, recoated, and then cured again under the same curing conditions.
      In all instances, curing was achieved by prepurging the coated panels with
      nitrogen for 15 seconds and then subjecting them to the initial radiation
      cure by exposing them under nitrogen to the non-ionizing high intensity
      predominantly continuum light radiation emanating from a 50-kilowatt argon
      swirl-flow plasma arc for 5 seconds at a distance of two feet and then
      thermally curing in the second stage in a forced air oven at 82.degree.C.
      for 20 minutes. The compositions and the properties of the coatings after
      the two-stage cure by the process of this invention are set forth below.
      The concentrations are parts by weight.
TBL  __________________________________________________________________________

     Runs         1   2   3   4   5   6   7   8                                

     __________________________________________________________________________

     2-Hydroxyethyl                                                            

     acrylate     25  25  25  25  25  25  25  25                               

     Isodecyl acrylate                                                         

                  50  50  50  50  50  50  50  50                               

     Neopentyl glycol                                                          

     diacrylate   5   5   5   5   5   5   5   5                                

     Hexamethoxy-                                                              

     methylmelamine                                                            

                  20  20  20  20  20  20  20  20                               

     p-Toluene sulfonic                                                        

     (20% solution)                                                            

                  1   1   1   1   1   1   1   1                                

     n-Butyl ether of                                                          

     benzoin      3.0 2.5 2.0 1.5 1.0 0.75                                     

                                          0.50                                 

                                              0.25                             

     60.degree. Gloss (Gardner)                                                

                  97  75  85  82  87  92  87  81                               

     Sward Hardness                                                            

     (Glass = 100)                                                             

                  10  12  12  6   8   10  6   12                               

     Taber wear factor                                                         

     (100 cycles) 47.2                                                         

                      70.6                                                     

                          68.7                                                 

                              42.1                                             

                                  38.5                                         

                                      56.2                                     

                                          53.9                                 

                                              31.9                             

     Resistance to:                                                            

     Nail polish re-                                                           

     mover (60 sec.)                                                           

                  10  10  10  10  10  10  10  10                               

     black ink    5   8   5   5   5   8   7   6                                

     20% caustic                                                               

               4  10  10  10  10  10  10  10  10                               

     mercurochrome*                                                            

               hrs.                                                            

                  10  10  10  10  10  10  10  10                               

     bleach       10  10  10  10  10  10  10  10                               

     __________________________________________________________________________

      *2,7-Disodiumdibromo-4-hydroxymercurifluorescein                         

PAC  EXAMPLE 4
PAR  Following the procedure and the two-stage curing process described in
      Example 3, but varying the amount of para-toluene sulfonic acid, a series
      of coating compositions was prepared, coated on birch faced plywood panels
      and cured by the two-step procedure of this invention. The compositions
      and the physical properties of the coatings produced are set forth below.
      The data indicates that this formulation requires a concentration of at
      least one part by weight of p-toluene sulfonic acid (as in Run 3) to
      produce a coating of satisfactory gloss and Sward hardness. All of the
      concentrations are expressed as parts by weight.
TBL  __________________________________________________________________________

     Runs             1   2   3   4    5                                       

     __________________________________________________________________________

     2-Hydroxyethyl acrylate                                                   

                      25  25  25  25   25                                      

     Isodecyl acrylate                                                         

                      50  50  50  50   50                                      

     Neopentyl glycol diacrylate                                               

                      5   5   5   5    5                                       

     Hexamethoxymethylmelamine                                                 

                      20  20  20  20   20                                      

     p-Toluene sulfonic acid                                                   

     (20% solution)   2.0 1.5 1.0 0.50 0.25                                    

     n-Butyl ether of benzoin                                                  

                      1.0 1.0 1.0 1.0  1.0                                     

     60.degree. Gloss (Gardner)                                                

                      100 100 100 60   22                                      

     Sward Hardness (Glass = 100)                                              

                      16  12  8   0    0                                       

     Taber Wear Factor (100 cycles)                                            

                      37.0                                                     

                          36.5                                                 

                              50.7                                             

                                  145.1                                        

                                       128.6                                   

     Resistance to:                                                            

     nail polish remover (60 sec.)                                             

                      10  10  10  10   10                                      

     black ink        6   6   6   5    5                                       

     20% caustic 4 hrs.                                                        

                      10  10  10  10   10                                      

     mercurochrome    10  10  10  10   10                                      

     bleach           10  10  10  10   10                                      

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  Following the procedure and two-stage curing process described in Example 3
      a series of coating compositions was prepared, applied to the birch faced
      plywood panels and cured in the manner described in Example 2. The coating
      formulations and the properties of the cured coatings are tabulated below;
      the concentrations are expressed in parts by weight.
TBL  __________________________________________________________________________

     Runs           1    2   3   4   5                                         

     __________________________________________________________________________

     2-Hydroxyethyl acrylate                                                   

                    9    36  40  36  36                                        

     Isodecyl acrylate                                                         

                    76   49  --  --  --                                        

     Neopentyl glycol diacrylate                                               

                    5    5   10  9   9                                         

     Hexamethoxymethylmelamine                                                 

                    10   10  10  18  --                                        

     p-Toluene sulfonic                                                        

     acid (20% solution)                                                       

                    1    1   1   1   1                                         

     n-Butyl ether of benzoin                                                  

                    1    1   2   2   2                                         

     2-Ethylhexyl acrylate                                                     

                    --   --  40  36  36                                        

     Cymel 301      --   --  --  --  18                                        

     60.degree. Gloss (Gardner)                                                

                    54   84  100 100 100                                       

     Sward Hardness                                                            

     (Glass = 100)  0    6   12  24  15                                        

     Taber Wear Factor                                                         

     (100 Cycles)   117.7                                                      

                         88.1                                                  

                             6.30                                              

                                 5.75                                          

                                     8.45                                      

     Crosshatch Adhesion                                                       

     (percent)      100  100 100 100 100                                       

     Resistance to:                                                            

     nail polish remover                                                       

                    10   10  10  10  10                                        

     (60 sec.)                                                                 

     black ink      6    6   8   9+  8+                                        

     20% caustic                                                               

                4   10   10  10  10  10                                        

     mercurochrome                                                             

                hrs.                                                           

                    10   10  10  10  10                                        

     bleach         10   10  10  10  10                                        

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Coating compositions were prepared, coated on aluminum panels and cured by
      the two-stage curing process as described in Example 2. The compositions
      and the properties of the final coatings are set forth in the following
      table; concentrations are expressed as parts by weight.
TBL  ______________________________________                                    

     Runs               1          2                                           

     ______________________________________                                    

     2-Hydroxyethyl acrylate                                                   

                        80         90                                          

     Hexamethoxymethylmelamine                                                 

                        20         10                                          

     n-Butyl ether of benzoin                                                  

                        1.0        1.0                                         

     p-Toluene sulfonic acid                                                   

     (20% solution)     1.0        1.0                                         

     Sward Hardness (Glass = 100)                                              

                        58         20                                          

     Reverse Impact (in-lbs.)                                                  

                        5          100                                         

     Acetone resistance (rub                                                   

     cycles)            &gt;50        &gt;50                                         

     Resistance to breakthrough                                                

     by acetone-soaked cotton, min.                                            

                        &gt;60        &gt;60                                         

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A coating composition comprised of 36 parts of 2-hydroxyethyl acrylate, 36
      parts of 2-ethylhexyl acrylate, 8 parts of hexamethoxymethylmelamine, 0.8
      part of p-toluenesulfonic acid, 40 parts of titanium dioxide and 40 parts
      of zinc oxide was applied to a No. 37 Bonderite steel panel by draw-down
      with a No. 20 wire-wound rod. The coated panel was initially radiation
      cured by subjecting it to 4 megarads of high-energy electrons (300 KeV, 25
      milliamps) and it was then thermally cured in a 210.degree.C oven for 10
      minutes. The coating cured by the two-stage procedure of this invention
      possessed both excellent adhesion and chemical resistance. It exhibited a
      Sward hardness of 20, a reverse impact resistance of 25 inch-pounds,
      resistance to more than 50 acetone rubbing cycles, 100 percent crosshatch
      adhesion, and excellent resistance to boiling water for 30 minutes.
PAC  EXAMPLE 8
PAR  Coating compositions were prepared according to the formulations set forth
      below; concentrations are given in parts by weight.
TBL  ______________________________________                                    

     Runs               1          2                                           

     ______________________________________                                    

     2-Hydroxyethyl acrylate                                                   

                        35         35                                          

     2-Ethoxyhexyl acrylate                                                    

                        35         35                                          

     Neopentyl glycol diacrylate                                               

                        10         10                                          

     Hexamethoxymethylmelamine                                                 

                        20         20                                          

     p-Toluene sulfonic acid                                                   

     (20% solution      1.5        1.5                                         

     Benzoin n-butyl ether                                                     

                        2.0        --                                          

     Benzophenone       --         2.0                                         

     ______________________________________                                    

PAR  Each solution was drawn down on a No. 37 Bonderite steel panel with a No.
      20 wire-wound rod. The panels coated with the formulations were purged
      with nitrogen as described in Example 1 for 20 seconds and the initially
      radiation cured by exposure to the ultraviolet light radiation emanating
      from two side-by-side 550-watt medium-pressure mercury lamps housed in
      directional reflectors at a distance of 10 inches; Run 1 was irradiated
      for 75 seconds and Run 2 was irradiated for 7.5 minutes. The coatings that
      were subjected to this initial radiation cure were then placed in an
      82.degree.C oven for 20 minutes and permitted to thermally cure. The
      finishes produced by this two-stage procedure exhibited the following
      properties:
TBL  Runs               1          2                                           

     ______________________________________                                    

     Thickness (mils    0.45       0.45                                        

     Gloss (60.degree. spectral)                                               

                        105        105                                         

     Sward hardness     52         60                                          

     Front impact resistance                                                   

     (in-lbs.)          5          &lt;5                                          

     Taber abrasion (1000                                                      

     cycles, CS-17 wheels)                                                     

                        4.4        2.7                                         

     1/8-inch cross-hatch                                                      

     Scotch tape adhesion                                                      

                        0%         30%                                         

     Resistance to acetone                                                     

     (rub cycles)       &gt;100       &gt;100                                        

     Stain resistance                                                          

     nail polish remover (60 sec.)                                             

                        10         10                                          

     black ink              7          9                                       

     20% aqueous caustic                                                       

                    4 hrs.  10         10                                      

     mercurochrome          10         10                                      

     bleach                 10         10                                      

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Coating formulations were prepared having the following compositions:
TBL  Runs               1          2                                           

     ______________________________________                                    

     2-Hydroxyethyl acrylate                                                   

                        35         35                                          

     2-Ethylhexyl acrylate                                                     

                        35         35                                          

     Neopentyl glycol diacrylate                                               

                        10         10                                          

     Urea-formaldehyde resin                                                   

     (60% solids in 50/50                                                      

     n-butanol/xylene)  33         33                                          

     p-Toluene sulfonic acid                                                   

     (20% solution)     1.5        1.5                                         

     Benzoin n-butyl ether                                                     

                        2.0        --                                          

     Benzophenone       --         2.0                                         

     ______________________________________                                    

PAL  These coatings were then cured by the same two-stage procedure described in
      Example 8. The finished coatings produced by the two-stage process had the
      following properties:
TBL  Runs               1          2                                           

     ______________________________________                                    

     Thickness (mils)   0.45       0.35                                        

     Gloss (60.degree. spectral)                                               

                        98         96                                          

     Sward hardness     44         82                                          

     Front impact resistance                                                   

     (in-lbs.)          5          &lt;5                                          

     Taber abrasion (1000                                                      

     cycles, CS-17 wheels)                                                     

                        3.3        4.0                                         

     1/8-inch cross-hatch                                                      

     Scotch tape adhesion                                                      

                        0%         100%                                        

     Resistance to acetone                                                     

     (rub cycles)       &gt;100       &gt;100                                        

     Stain resistance                                                          

     nail polish remover (60 sec.)                                             

                        10         10                                          

     black ink              6          7                                       

     20% aqueous caustic                                                       

                    4 hrs.  10         5                                       

     mercurochrome          10         9                                       

     bleach                 10         9                                       

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  Coating compositions were prepared having the following compositions:
TBL  Runs                 1         2                                          

     ______________________________________                                    

     2-Hydroxyethyl acrylate                                                   

                          --        9                                          

     EPOA*                30        30                                         

     Isodecyl acrylate    55        46                                         

     Neopentyl glycol diacrylate                                               

                          5         5                                          

     Hexamethoxymethylmelamine                                                 

                          10        10                                         

     p-Toluene sulfonic acid (20% sol'n)                                       

                          1         1                                          

     n-Butyl ether of benzoin                                                  

                          1         1                                          

     ______________________________________                                    

      *acrylated epoxidized soyabean oil                                       

PAL  These coatings were subjected to the two-stage cure process of this
      invention under the conditions described in Example 3 with the finished
      coatings having the following properties:
TBL  Runs                 1         2                                          

     ______________________________________                                    

     60.degree. Gloss (Gardner)                                                

                          60        32                                         

     Sward Hardness                                                            

     (Glass = 100)        0         0                                          

     Taber Wear Factor                                                         

     (100 cycles)         152.7     142.2                                      

     Crosshatch Adhesion                                                       

     (percent)            100       100                                        

     Resistance to:                                                            

     nail polish remover (60 sec.)                                             

                          10        10                                         

     black ink                5         5                                      

     20% caustic      4 hrs.  10        10                                     

     mercurochrome            10        10                                     

     bleach                   10        10                                     

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for coating a substrate which comprises the steps of
PA1  A. applying a fluid coating composition to said substrate, said fluid
      coating composition comprising
PA2  a. from 0.1 to 50 weight per cent of a thermally curable reactive thermoset
      crosslinker selected from the group consisting of:
PA3  i. a polyfunctional epoxide having at least two oxirane units,
PA3  ii. the polyoxirane-containing low molecular weight polymers of (i),
PA3  iii. a urea/formaldehyde resin, or
PA3  iiii. a melamine/formaldehyde resin,
PA2  b. from 0.1 to 50 weight per cent of a radiation and thermally curable
      reactive solvent selected from the group consisting of:
PA3  i. an acrylate or methacrylate of a monofunctional or polyfunctional
      alcohol, or
PA3  ii. an acrylamide or methacrylamide of a monofunctional or polyfunctional
      amine, said solvent having both at least one vinyl polymerizable double
      bond and at least one thermally sensitive hydroxyl, carboxyl, amino or
      oxirane group, and
PA2  c. the balance thereof being a radiation sensitive reactive component of
      the formula
      ##EQU4##
      wherein X is hydrogen or methyl; aryl is phenyl or substituted phenyl; z
      has a value of 1 to 4; when z is 1, Y is monovalent cycloalkyl of 5 to 12
      carbon atoms, cycloalkenyl of 5 to 12 carbon atoms, --C.sub.m H.sub.2m H,
      --C.sub.m H.sub.2m CN, --C.sub.m H.sub.2m Cl, --C.sub.m H.sub.2m NR.sub.2
      ", --C.sub.m H.sub.2m COONR.sub.2 ", --C.sub.m H.sub.2m COOCH.sub.2
      OCH.sub.2 CH.sub.3, or --(C.sub.p H.sub.2p O).sub.r C.sub.p H.sub.2p H,
      when z is greater than 1, Y is --C.sub.q H.sub.2q --, --(C.sub.p H.sub.2p
      O).sub.x C.sub.p H.sub.2p --, --(C.sub.y H.sub.2y COO).sub.x C.sub.y
      H.sub.2y --, --C.sub.q H.sub.2q.sup.-1 --, or --C.sub.q H.sub.2q.sup.-2
      --; R" is hydrogen or alkyl of 1 to 5 carbon atoms; m has a value of 1 to
      10; r has a value of 0 to 4; p has a value of 2 to 4; q has a value of 2
      to 8; x has a value of 1 to 5; and y has a value of 2 to 5;
PA1  B. subjecting said applied coating composition to ionizing or non-ionizing
      irradiation to initiate free-radical polymerization of components (b) and
      (c) and thereafter
PA1  C. subjecting the coated article of step (B) to elevated temperature of
      from 50.degree. to 250.degree.C. to thermally cure components (a) and (b)
      and obtain a solid, dry coating on said substrate.
NUM  2.
PAR  2. A method for coating a substrate as claimed in claim 1 wherein said
      coating composition comprises:
PA1  a. from 0.1 to 50 weight per cent of a thermally curable reactive thermoset
      crosslinker selected from the group consisting of:
PA2  i. a polyfunctional epoxide having at least two oxirane units,
PA2  ii. the polyoxirane-containing low molecular weight polymers of (i),
PA2  iii. a urea/formaldehyde resin, or
PA2  iiii. a melamine/formaldehyde resin,
PA1  b. from 0.1 to 50 weight per cent of a radiation and thermally curable
      reactive solvent selected from the group consisting of:
PA1  i. an acrylate or methacrylate of a monofunctional or polyfunctional
      alcohol, or
PA1  ii. acrylamide or methacrylamide of a monofunctional or polyfunctional
      amine, said solvent having both at least one vinyl polymerizable double
      bond and at least one thermally sensitive hydroxyl, carboxyl, amino or
      oxirane group.
NUM  3.
PAR  3. A method for coating a substrate as claimed in claim 2 wherein said
      coating composition additionally contains (c) a radiation sensitive
      reactive component of the formula:
      ##EQU5##
      wherein X is hydrogen or methyl; aryl is phenyl or substituted phenyl; z
      has a value of 1 to 4; when z is 1, Y is monovalent cycloalkyl of 5 to 12
      carbon atoms, cycloalkenyl of 5 to 12 carbon atoms, --C.sub.m H.sub.2m H,
      --C.sub.m H.sub.2m CN, --C.sub.m H.sub.2m Cl, --C.sub.m H.sub.2m NR.sub.2
      ", --C.sub.m H.sub.2m COONR.sub.2 ", --C.sub.m H.sub.2m COOCH.sub.2
      OCH.sub.2 CH.sub.3, or --(C.sub.p H.sub.2p O).sub.r C.sub.p H.sub.2p H,
      when z is greater than 1, Y is --C.sub.q H.sub.2q --, --(C.sub.p H.sub.2p
      O).sub.x C.sub.p H.sub.2p --, --(C.sub.y H.sub.2y COO).sub.x C.sub.y
      H.sub.2y --, --C.sub.q H.sub.2q.sup.-1 --, or --C.sub.q H.sub.2q.sup.-2
      --; R" is hydrogen or alkyl of 1 to 5 carbon atoms; m has a value of 1 to
      10; r has a value of 0 to 4; p has a value of 2 to 4; q has a value of 2
      to 8; x has a value of 1 to 5; and y has a value of 2 to 5.
NUM  4.
PAR  4. A method for coating a substrate as claimed in claim 1 wherein the
      irradiation in step (B) is non-ionizing high intensity predominantly
      continuum light radiation, said non-ionizing high intensity predominantly
      continuum light radiation having a source intensity of at least 350 watts
      per square centimeter steradian when integrated throughout the entire
      spectral range of said continuum light radiation with a positive amount up
      to 30 per cent of the light radiated having wavelengths shorter than 4,000
      Angstroms and at least 70 per cent but less than all of the light radiated
      having wavelengths longer than 4,000 Angstroms.
NUM  5.
PAR  5. A method for coating a substrate as claimed in claim 1 wherein the
      irradiation in step (B) is non-ionizing radiation of from 2500 Angstroms
      to 4500 Angstroms wavelength range.
NUM  6.
PAR  6. A method for coating a substrate as claimed in claim 1 wherein the
      radiation in step (B) is ionizing radiation.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein component (a) is present at a
      concentration of from 10 to 30 weight per cent and component (b) is
      present at a concentration of from 15 to 25 weight per cent.
NUM  8.
PAR  8. A method for coating a substrate as claimed in claim 1 wherein the
      thermal curing is carried out under an inert atmosphere.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein step (B) is carried out under an
      inert atmosphere.
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PAL  In preparing an electron beam resist film of a copolymer of an olefin and
      SO.sub.2, the steps of removing insoluble particles, drying the films
      under high vacuum and storing them in a moisture-free atmosphere are
      required to prevent cracking of the films during development.
BSUM
PAR  This invention relates to preparation of electron beam resist films. More
      particularly, this invention relates to preparation of films of
      olefin-SO.sub.2 copolymers for use as electron beam resists.
PAC  BACKGROUND OF THE INVENTION
PAR  Photoresists are thin films of light sensitive materials which, when struck
      by a modulated light beam carrying information, change their solubility in
      certain solvents in the exposed region. The films can be developed with an
      appropriate solvent to transfer the information contained in the light
      beam as a surface relief pattern in the resist film. Recently, modulated
      electron beams have partially replaced light beams because they can be
      more highly focused to form higher density patterns, on the order of 1
      micron or less. However, light sensitive resist materials are not
      necessarily sensitive to electron beams and most of them are highly
      complex organic materials. Thus a search for simple organic materials
      which are highly sensitive to electron beams and which can be developed to
      form high density relief patterns has been carried out by many workers.
PAR  Olefin-SO.sub.2 copolymers are known to be useful as positive electron beam
      resists. Investigations have been carried out by L. F. Thompson and M. J.
      Bowden, and reported in, inter alia, Journal Electrochem Society, Volume
      20, No. 12, December 1973, pages 1722-26.
PAR  To prepare resist films of these copolymers, the copolymers are dissolved
      in a suitable solvent and solution cast, or, preferably, spun onto the
      desired substrate to form a uniform film about 0.1 to 0.5 micron thick.
      The solvent is removed, as by baking at 110.degree. C. for about 0.1-0.5
      hours.
PAR  The copolymer films are then exposed to the beam of a scanning electron
      microscope, modulated to produce a relief pattern in the resist upon
      development with a suitable solvent. The polymer films are then post baked
      for 0.5 hour at 110.degree.C.
PAR  However, these copolymers cannot be employed when thicker resist films, on
      the order of 1 micron or more, are required, e.g., when the films are not
      to be developed through to the substrate and etched, because these films
      crack during solvent development. These cracks distort and even nullify
      the information in the developing relief pattern and have limited the use
      of olefin-SO.sub.2 copolymer resists to applications requiring only thin
      films. Further, the elevated temperatures, over 100.degree.C., employed to
      dry thin films cannot be employed when the substrate is sensitive to
      elevated temperatures. Also, prolonged heating, even at lower
      temperatures, e.g., about 50.degree.C., results in deterioration and
      warping of the copolymer films. Thus a method of preparing the films which
      will avoid the use of high temperatures and will prevent cracking of the
      films during development has been sought.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that cracking during development of exposed olefin-SO.sub.2
      copolymer films can be prevented by filtering the copolymer-solvent
      solution prior to applying to a substrate; drying to remove the solvent
      under a high vacuum, i.e., over 10.sup..sup.-6 torr, after applying to the
      substrate; and storing the film in a dry atmosphere until it is to be
      exposed to an electron beam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-4 are photomicrographs of exposed and developed copolymer films
      prepared in accordance with the invention.
PAR  FIG. 5 is a photomicrograph of an exposed and developed copolymer film
      dried in air.
PAR  FIG. 6 is a photomicrograph of an exposed and developed copolymer film
      dried at 50.degree.C.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The olefin-SO.sub.2 copolymers are prepared in known manner as follows:
      SO.sub.2 is condensed in a dry ice/acetone-cooled gas trap and transferred
      to a suitable reaction tube. A free radical initiator such as t-butyl
      hydroperoxide in an effective amount is added to the liquified SO.sub.2,
      the comonomer is added, and the reaction tube is sealed. Polymerization is
      allowed to proceed at temperatures of from about -10.degree. to about
      -80.degree.C. for a period of from about 30 minutes to about 10 hours. In
      preparing the copolymer, an excess of up to about 4 mols of SO.sub.2 per
      mol of comonomer can be employed. The copolymer can be purified in
      conventional manner if desired.
PAR  The olefin-SO.sub.2 copolymers are soluble in various solvents including,
      for example, dimethylsulfoxide, methyl ethyl ketone, toluene, xylene,
      dioxane, chlorobenzene, chloroform, ethyl acetate, dimethylformamide and
      the like.
PAR  The olefin-SO.sub.2 copolymer to be employed as the resist is dissolved in
      a suitable solvent and microfiltered to remove any insoluble or gelled
      copolymer or foreign particles. A filter that removes particles larger
      than about 0.2 micron is suitable.
PAR  The filtered copolymer solution is then applied to the substrate to be
      coated, as by spinning or solution casting. The thickness of the resultant
      film can be adjusted by altering the concentration of the resist in the
      solvent, which alters the viscosity, and by varying the spinning speed.
PAR  The wet film on the substrate is next placed in a vacuum chamber which is
      evacuated to a high vacuum of at least 10.sup.-.sup.6 torr. The time for
      vacuum evaporation of the solvent will vary depending on the boiling point
      of the solvent, the thickness of the film and the like. In general, from
      about 12 to about 18 hours will be required to remove the solvent in films
      having a final thickness of about 0.3 to about 1.5 microns.
PAR  If the dry films are to be stored after removal from the vacuum chamber,
      storage must be in a moisture-free environment. Water is absorbed by the
      films after only a few hours exposure in sufficient amount to cause film
      cracking during development.
PAR  Prior to exposure, an electrically conductive layer must be provided to
      remove the charge after electron beam exposure. In the event that the
      support is nonconducting, a thin conductive film is applied either to the
      support prior to coating with the resist, or, applied to the surface of
      the prepared recording medium. This conductive film can be conductive
      coated glass, such as tin oxide or indium oxide coated glass, glass having
      a conductive metal film thereon and the like. Alternatively, an electron
      permeable conductive layer can be formed on the polymer film by vapor
      deposition of a thin film of copper, nickel, aluminum, chromium or other
      conductive metal or alloy in known manner. The conductive layer is
      suitably from about 50 to 10,000A, preferably 100 to 1000 A, in thickness.
PAR  The recording medium comprising the copolymer film on a support is then
      exposed to a modulated electron beam. A variable speed scanning electron
      microscope is employed in known manner to record the desired information
      in the copolymer film.
PAR  After exposure, the recording medium is developed by immersing in or
      spraying with a suitable solvent developer. The optimum solvent for each
      copolymer film can be determined empirically. Suitable solvents include
      for example acetone, mixtures of acetone with acetonyl acetate, methyl
      ethyl ketone, 2-methylcyclohexanone, 3-methycycylohexanone, cyclohexanone,
      diisobutyl ketone, methanol, propanol, xylene, dioxane, tetrachloroethane,
      dimethylformamide, acetonitrile and mixtures of such solvents. Very fast
      working solvents are preferably diluted with nonsolvents to decrease the
      rate of dissolution and avoid undue dissolution of unexposed portions of
      the resist film.
PAR  The combination of the steps of: filtering the copolymer solution to 0.2
      micron to remove any solid impurities or gel particles prior to depostion
      on the substrate; drying the films under high vacuum; and storing the
      films in a dry atmosphere, are required to prevent cracking of thick
      olefin-SO.sub.2 copolymer films during development. If the copolymer films
      are dried by evaporating at normal or elevated temperatures, the cracking
      problem occurs. Further, even when the films are dried under high vacuum,
      if they are exposed to moisture thereafter, the films crack during
      development. Conventional evaporation at elevated temperature and storage
      in a dry atmosphere without vacuum drying does not eliminate subsequent
      cracking.
PAR  The invention will be further illustrated by the following example.
      However, it is to be understood that the invention is not meant to be
      limited to the details described therein.
PAC  EXAMPLE
PAR  A solution containing 10% by weight of a copolymer having a molecular
      weight of about 175,000 derived from 1-methylcyclopentene and SO.sub.2, in
      cyclopentanone was filtered successively through 5.0, 1.0, 0.5 and 0.2
      micron filters. The filtered solution was spun at 1,000 rpm onto glass
      plates coated with a thin film of chromium-nickel. The resultant copolymer
      films were about 1 micron thick.
PAR  The glass plates were dried by placing in a vacuum chamber which was
      evacuated to a pressure of 10.sup.-.sup.6 torr for 18 hours. The dried
      plates were stored for several days in a desiccator.
PAR  The films were exposed to the beam of a scanning electron microscope at an
      accelerating potential of about 10 kV and a beam current of 3 nA. An
      approximately Gaussian shaped beam having a full width at one-half
      amplitude of about 0.5 micron was scanned to describe rasters on the
      surface of the films at various speeds, thereby varying the total exposure
      of the films to the beam.
PAR  The samples were developed by immersing in 2-methylcyclohexanone for 2
      minutes.
PAR  FIGS. 1-4 are photomicrographs which show the raster patterns developed at
      current densities of 1.3, 2.3, 6.7 and 26 microcoulombs/cm.sup.2
      respectively.
PAR  A comparison was made with a film of the above copolymer which was dried by
      prior art techniques of exposing to air at room temperature. FIG. 5 is a
      photomicrograph of the prior art developed film exposed at a current
      density of 2.0 microcoulombs/cm.sup.2. The extensive cracking is readily
      apparent.
PAR  Another comparison was made with a film of the above copolymer which was
      dried by prior art techniques of heating in air at 50.degree.C. for 3
      hours. FIG. 6 is a photomicrograph of the prior art developed film exposed
      at a current density of 5.6 microcoulombs/cm.sup.2. Warping and
      deterioration of the film are apparent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing an electron beam recording medium comprising a
      film of a copolymer of SO.sub.2 and an olefin on a substrate which
      comprises
PA1  a. dissolving said copolymer in a solvent,
PA1  b. filtering the resultant solution through a filter having apertures on
      the order of 0.2 micron or smaller,
PA1  c. applying a copolymer film from said solution onto said substrate,
PA1  d. drying said film in a vacuum of at least 10.sup.-.sup.6 torr until said
      solvent is removed, and
PA1  e. maintaining said dried film moisture-free until it is exposed to an
      electron beam.
NUM  2.
PAR  2. A method according to claim 1 wherein the copolymer is a copolymer of
      1-methylcyclopentene and SO.sub.2.
NUM  3.
PAR  3. A method according to claim 1 wherein the copolymer film is from about
      0.3 to about 1.5 microns thick.
NUM  4.
PAR  4. A method according to claim 3 wherein drying is continued for from about
      12 to about 18 hours.
NUM  5.
PAR  5. A method of recording information in the form of a relief pattern which
      comprises
PA1  a. dissolving a copolymer of SO.sub.2 and an olefin in a solvent,
PA1  b. filtering the resultant solution through a filter having apertures on
      the order of 0.2 micron or smaller,
PA1  c. applying a copolymer film from said solution onto a substrate,
PA1  d. drying said film in a vacuum of at least 10.sup.-.sup.6 torr until said
      solvent is removed,
PA1  e. maintaining said dried film moisture-free until it is exposed to an
      electron beam,
PA1  f. exposing said film to a modulated beam of electrons, and
PA1  g. developing said film by dissolving the exposed portions in a solvent to
      form said relief pattern.
NUM  6.
PAR  6. A method according to claim 5 wherein said copolymer is a copolymer of
      1-methylcyclopentene and SO.sub.2.
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PAL  Three developer solvents 2-methylcyclohexanone, 3-methylcyclohexanone, and
      a mixture of acetonyl acetate and acetone, improve the resolution of
      electron beam exposed films of poly(1-methyl-1-cyclopentene-SO.sub.2)
      copolymers.
BSUM
PAR  This invention relates to a process for developing electron beam resists.
      More particularly, this invention relates to a process for developing
      certain exposed olefin-SO.sub.2 copolymer electron beam resists to improve
      resolution.
PAC  BACKGROUND OF THE INVENTION
PAR  Photolithographic techniques have long been employed in the
      microelectronics and information industries to transfer information from a
      modulated light beam to a recording medium in the form of a surface relief
      pattern. The recording medium contains a photoresist, which is a material
      that changes its solubility in certain solvents after exposure to light.
      Thus, after exposure, the more soluble portions of the resist can be
      removed by contact with a developer solvent.
PAR  As these industries have become more sophisticated, the need for recording
      information at ever-increasing density has become apparent. Since electron
      beams can be more highly focussed than light beams, they allow for
      increased density of information and their use is supplanting light beams
      for recording. However, since materials which are sensitive to light beams
      are not necessarily sensitive to electron beams, new electron beam
      sensitive materials are being sought.
PAR  Thompson and Bowden, J. Electrochem. Soc., Vol. 120, December 1973, pp.
      1722-1726, have disclosed that copolymers of olefins and SO.sub.2 in film
      form are effective positive-working electron beam resists. These
      copolymers are spun or cast from solution onto a substrate, exposed to a
      modulated, information carrying electron beam and developed by treatment
      with a suitable solvent. As is known, a careful choice of developer
      solvent must be made for each polysulfone to maximize the resolution of
      the developed film. In the case of very fast working solvents
      solvent-nonsolvent mixtures can be employed to reduce undue erosion of the
      unexposed portions of the resist.
PAR  Electron beam recording has been found to be very useful in the preparation
      of masters for a grooved record which carries audio, video and color
      information in the form of a surface relief pattern in the bottom of the
      small groove. Such recording has been disclosed in U.S. Pat. No. 3,842,217
      to Clemens. The requirements for an acceptable positive electron beam
      resist for this application are stringent. The resist must be highly
      sensitive, that is undergo a large change in solubility when struck by
      electrons. In addition, since resist films for this application are
      employed in comparatively thick layers that are not developed through to
      the substrate, as contrasted with thinner resist films employed as masks
      which are developed through to the substrate for subsequent etching of the
      substrate, the present resist films must also be capable of high
      resolution whereby, after development, the surface relief pattern must
      have straight-walled troughs or developed regions. The sharper the
      geometry of the relief pattern, the higher the quality of the recording.
      As a further requirement, it is desired that the unexposed portions of the
      resist be highly insoluble to the developer solvent. When information
      corresponding to both audio and video information, which varies greatly in
      frequency, is recorded in the resist, the height of the unexposed portion
      of the resist should remain constant after development to increase the
      resolution of the recorded information.
PAR  Thus a sensitive electron beam resist which can be applied in comparatively
      thick films, and a process for developing it to form straight-walled
      surface relief patterns of high resolution, without dissolving the
      unexposed resist, has been sought.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that poly(1-methyl-1-cyclopentene-SO.sub.2) copolymer has
      excellent sensititity to electron beams and that it can be developed with
      particular solvents to obtain a highly resolved surface relief pattern of
      excellent geometry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-4 are photomicrographs of 1-methyl-1-cyclopentene-SO.sub.2
      copolymer films exposed and developed with a solvent according to the
      invention.
PAR  FIG. 5 is a photomicrograph of a film of the same copolymer developed with
      a different solvent system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Poly(1-methyl-1-cyclopentene-SO.sub.2) copolymer is prepared in known
      manner by condensing SO.sub.2 in a dry ice/acetone-cooled gas trap, adding
      1-methyl-1-cyclopentene with stirring and a free radical initiator such as
      t-butyl hydroperoxide, and allowing the polymerization to proceed at
      temperatures from about -55.degree. to about -80.degree.C. Alternatively,
      UV-induced polymerization of the olefin and SO.sub.2 can be employed,
      using azobisisobutyronitrile as an initiator. Polymerization is generally
      complete in from about 30 minutes to about 10 hours. The molecular weight
      of the resultant copolymer can be controlled by varying the relative
      amount of olefin and SO.sub.2, by varying the temperature, i.e., reaction
      at higher temperatures produces a lower molecular weight copolymer, and by
      varying the initiator type and concentration. In general, copolymers
      having a molecular weight between about 50,000 and about 1,000,000 are
      suitable as electron beam resists. The preferred molecular weight range
      for SO.sub.2 -1-methyl-1-cyclopentene copolymers is from about 100,000 to
      about 500,000.
PAR  The copolymer obtained as above can be purified by dissolving it in a
      solvent, for example a chlorinated hydrocarbon, and precipitating it with
      a nonsolvent, suitably an alcohol such as methanol.
PAR  The copolymer is cast or spun from solution onto the desired support, as is
      disclosed in a copending application Ser. No. 539,851 filed Jan. 9, 1975
      of Poliniak et al., "Preparation of Olefin-SO.sub.2 Copolymer Electron
      Beam Resist Films", filed concurrently herewith and incorporated herein by
      reference. The copolymer solution is microfiltered so as to remove
      particles larger than about 0.2 micron. When employed to prepare video
      disc masters, a 7% solution is spun at about 400 rpm onto a copper plated,
      grooved master to a thickness of about 1 micron. The coating is dried by
      placing the coated master in a vacuum chamber which is evacuated to a
      pressure of at least 10.sup.-.sup.6 torr for about 12-24 hours. If they
      are not to be used immediately, the films can be stored in a moisture-free
      atmosphere.
PAR  Prior to exposure to an electron beam, an electrically-conductive layer
      must be present to remove the charge after electron beam exposure. In the
      event that the support is nonconducting, a thin conductive film is applied
      either to the support prior to coating of the resist, or, applied to the
      surface of the prepared recording medium. For example, glass substrates
      can be coated with conductive layers of tin oxide or indium oxide, or with
      a conductive metal film of nickel, copper and the like.
PAR  The coated substrate is then exposed to an electron beam of a
      variable-speed scanning electron microscope.
PAR  There are many solvents that will develop or partially develop exposed
      poly(1-methyl-1-cyclopentene-SO.sub.2) films but only three, out of many
      that have been tried, have been found to give maximum resolution to films
      having a minimum of exposure to the information carrying beam of
      electrons; these are 2-methylcyclohexanone, 3-methylcyclohexanone and a
      mixture of acetonyl acetate and acetone. The unexposed
      poly(1-methyl-1-cyclopentene-SO.sub.2) film is highly insoluble in these
      solvents; thus use of these solvents ensures that there is almost no
      dissolution of the unexposed regions of the resist.
PAR  The invention will be further illustrated by the following Example.
      However, it is to be understood that the invention is not meant to be
      limited to the details described therein.
PAC  EXAMPLE
PAR  A cyclopentanone solution containing 10% by weight of a copolymer of
      SO.sub.2 and 1-methyl-1-cyclopentene having a molecular weight of about
      175,000 was filtered successively through 5.0, 1.0, 0.5 and 0.2 micron
      filters. The filtered solution was spun at 1000 rpm onto glass plates
      coated with a thin film of chromium-nickel. The resultant copolymer films
      were about 1 micron thick.
PAR  The coated glass plates were dried by placing in a vacuum chamber which was
      evacuated to a pressure of 10.sup.-.sup.6 torr for 18 hours. The dried
      plates were stored in a desiccator.
PAR  The films were exposed to the beam of a scanning electron microscope at an
      accelerating potential of 10 kV and a beam current of 3nA. An
      approximately Gaussian-shaped beam having a full width at one-half
      amplitude of about 0.5 micron was scanned to describe rasters on the
      surface of the films at various speeds, thereby varying the total exposure
      of the films to the beam.
PAR  The exposed films were developed by immersing in a variety of solvents to
      determine which solvent would give the highest sensitivity. The data is
      summarized below wherein is noted the minimum amount of exposure to the
      beam required to obtain clear, well-defined raster lines. Charge
      densitities of 26, 6.7, 2,6 and 1.3 microcoulombs/cm.sup.2 correspond to
      scanning speeds of 2.5, 10, 25 and 50 cm/second respectively.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Charge Density,                                              

                  Microcoulombs/cm.sup.2                                       

     Developer Solvent                                                         

                    26      6.7      2.6    1.3                                

     ______________________________________                                    

     carbon tetrachloride                                                      

                    X                                                          

     toluene                X                                                  

     xylene         X                                                          

     ethanol        X                                                          

     isopropanol    X                                                          

     butanol        X                                                          

     isobutanol     X                                                          

     isoamyl alcohol                                                           

                    X                                                          

     cyclohexanol   X                                                          

     4-heptanol     X                                                          

     octanol-1      X                                                          

     octanol-2      X                                                          

     docanol        X                                                          

     acetone                         X                                         

     methyl ethyl ketone    X                                                  

     methyl isobutyl ketone                                                    

                    X                                                          

     3-pentanone    X                                                          

     cyclohexanone          X                                                  

     cycloheptanone                  X                                         

     2-methylcyclohexanone                  X                                  

     3-methylcyclohexanone                  X                                  

     4-methylcyclohexanone           X                                         

     pentoxane              X                                                  

     acetal acetone         X                                                  

     methyl acetate         X                                                  

     ethyl acetate          X                                                  

     30% acetonyl acetate-                  X                                  

      (70% acetone)                                                            

     acetonitrile           X                                                  

     nitromethane           X                                                  

     dimethyl sulfoxide              X                                         

     sodium hydroxide                                                          

                    X                                                          

     AZ 1350 developer*                                                        

                    X                                                          

     ______________________________________                                    

      *product of Azoplate Co.                                                 

PAR  Thus only three developer solvents could be employed at a charge density of
      1.3 microcoulombs/cm.sup.2.
PAR  FIGS. 1-4 are photomicrographs of exposed films which were
      evaporation-coated with a layer of gold about 1000 Angstroms thick, using
      2-methylcyclohexanone as the developer solvent. FIG. 1 was exposed at a
      scanning speed of 2.5 cm/second and gave line widths of 1.1 micron. FIG. 2
      was exposed at a speed of 10 cm/second to give line widths of 0.85 micron.
      FIG. 3 was exposed at a speed of 25 cm/second to give line widths of 0.65
      micron. FIG. 4 was exposed at a speed of 50 cm/second to give line widths
      of 0.6 micron.
PAR  Measurement of the film before and after development revealed that no
      erosion of the nonexposed areas of the film occurred.
PAC  COMPARATIVE EXAMPLE
PAR  The procedure of Example 1 was followed substituting other polymers using
      2-methylcyclohexanone as the developer solvent. The results are summarized
      below in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Polymer                Results                                            

     ______________________________________                                    

     2-methyl-1-pentene-SO.sub.2                                               

                       stripped film at all                                    

     copolymer         scanning speeds                                         

     3-methyl-1-cyclopentene-SO.sub.2                                          

                       stripped the film                                       

     copolymer                                                                 

     Cyclopentene-SO.sub.2                                                     

                       no development                                          

     copolymer                                                                 

     1-methyl-1-cyclopentene +                                                 

                       pitted surface of irregular                             

     5% decene-1-SO.sub.2                                                      

                       troughs                                                 

     terpolymer*                                                               

     ______________________________________                                    

      *see FIG. 5                                                              

CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of recording information whereby a modulated beam of
      electrons is scanned across the surface of a film of resist material which
      becomes more soluble in a developer solvent where impinged upon by the
      beam of electrons and the resist material is developed with the developer
      solvent so as to remove the solubilized portions thereof, the improvement
      which comprises employing as the resist material a film of a copolymer of
      SO.sub.2 and 1-methyl-1-cyclopentene and developing with a solvent
      selected from the group consisting of 2-methylcyclohexanone,
      3-methylcyclohexanone, and acetonyl acetate in acetone.
NUM  2.
PAR  2. A method according to claim 1 wherein the developer solvent is
      2-methylcyclohexanone.
NUM  3.
PAR  3. A method according to claim 1 wherein the developer solvent is
      3-methylcyclohexanone.
NUM  4.
PAR  4. A method according to claim 1 wherein the developer solvent contains 30%
      by volume of acetonyl acetate in acetone.
NUM  5.
PAR  5. A method according to claim 1 wherein the resist film is about 1 micron
      thick.
NUM  6.
PAR  6. A method according to claim 1 wherein the copolymer has a molecular
      weight in the range of from about 100,000 to about 500,000.
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ABST
PAL  A transparent image forming sheet and method for forming transparent images
      on the sheet, in which the sheet comprises a transparent film base, an
      opaque conductor layer being formed on one side of the transparent film
      base and a semiconductive layer containing powder of metallic oxide
      semiconductor, a mixture of non-conductive metallic compound and
      conductive substance, or polymeric semiconductor, and the method comprises
      the steps of applying electric voltage between the semiconductive layer
      and the conductor layer through recording stylus and development using
      corrosive liquid and/or dissolving solvent.
PAL  The transparent image sheet can be used for several optical purposes
      including the preparation of a printing plate for photographs without the
      screen process.
BSUM
PAR  This invention relates to the method for producing transparent image on an
      image forming sheet.
PAR  More particularly, the invention relates to method for producing a
      transparent image on a sheet which can be used as the negative or positive
      for several purposes such as photographic printing, photographic copying,
      image forming on photosensitive printing plate or the like.
PAR  By using the transparent image forming sheet of the present invention, the
      electric signal can be directly converted into and recorded as a clear and
      transparent image on the sheet. Therefore, when image informations are
      received from a distant place through wire or wireless transmission, it is
      not necessary to take a process for converting into light in order to
      obtain a visible image. Accordingly, the printing (photographing or press)
      process and the copying process can be improved and simplified.
PAR  The recording sheet for electric discharge, useful as a transparent image
      forming sheet, is well known in the prior art. Such sheet is composed of a
      transparent base sheet and metallic conductive layer onto which an opaque
      dielectric layer is formed. In the course of image formation, the upper
      two layers are ruptured by the heat of the electric discharge and the
      transparent base sheet is exposed at the image line by the heat of the
      electric discharge.
PAR  Further, it is also known that such recording sheet can be used for optical
      copying processes. However, in the above-mentioned conventional method,
      the image formation depends upon the destructive actions to the metallic
      layer and the dielectric layer. Therefore, a relatively high voltage such
      as 70 volts or higher is necessary for the conventional discharge
      recording, in addition to that, there are many other disadvantages that
      unpleasant noises, offensive odors and smoke are produced during the
      recording, and the wear of the recording stylus is considerably large.
      Still further, as the most serious disadvantage, the resolving power of
      the recorded image is not satisfactory, because the image is expanded
      around the contact area of the top portion of recording stylus during the
      electric discharge.
PAR  The object of the present invention is to provide a method for producing
      clear transparent image on the image forming sheet, in which the
      disadvantages caused in the above-mentioned conventional method can be
      removed.
PAR  Further object of the invention is to provide the novel image forming sheet
      which can be used easily and economically without causing any troubles
      such as noise, offensive odor and smoke as the recording signal voltage is
      very low as compared with the known ones and the phenomenon of electric
      discharge does not result.
PAR  Still another object of the invention is to provide the novel image forming
      sheet which can be formed with clear and transparent image having
      excellent resolving power through a quite simple development process.
PAR  Moreover, the present invention has an object to provide a transparent
      image sheet available as a negative for preparation of a printing plate
      for photographs without a half-tone process or a screen process.
PAR  Pursuant to the above objects, the present invention is quite different
      from the above-mentioned conventional method. That is, the image forming
      sheet of the invention comprises a transparent film base, an opaque
      conductor layer being formed on one side of the film base, and a
      semiconductive layer being formed on the opaque conductor layer. The
      semi-conductive layer is applied with an electrode, and in the portion to
      be formed with image, electric signal voltage is supplied between the
      electrode and the conductor layer, thereafter the image portion is made
      transparent selectively by the use of a corrosive liquid or a solvent
      which dissolves the semiconductive layer.
DRWD
PAR  These and other objects and features of the invention will become more
      apparent from the following description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic illustration partly in section of the image forming
      sheet of the invention and the apparatus to form the image;
PAR  FIG. 2 is a schematic sectional view of the image forming sheet of the
      invention showing the change of the image portion by electric image
      formation, in which oxidizable or fusible metal is used as the conductor
      layer and electrolytically reducible metallic oxide powder is used as the
      semiconductive layer;
PAR  FIG. 3 (a) is a schematic sectional view of the image forming sheet after
      the chemical development; and
PAR  FIG. 3 (b) is a schematic sectional view of the image forming sheet after
      the physical development.
DETD
PAR  Now, referring to FIG. 1, the image forming sheet of the invention consists
      of a transparent or translucent film base 1, an opaque conductor layer 2
      and a semiconductive layer 3. The film base 1 is, for example, made of
      transparent plastics, regenerated cellulose, glass and the like. The
      opaque conductor layer 2 is, for example, a thin layer of vapor deposited
      metallic coating, a leaf or foil or metal being adhered to the surface of
      the film base 1, or a layer of conductive coating composition containing
      as the main component conductive particles such as metallic powder,
      conductive carbon black, conductive graphite powder or the like. Further,
      as the semiconductive layer 3, there are three types of components which
      may be used. That is, one of them is a semiconductive material which can
      be formed into a layer, for example, a homogeneous layer of conductive
      polymer. The other one is a semiconductive composition where fine
      particles of semiconductive material which is insoluble in non-conductive
      binder is dispersed in said binder in a concentration that said particles
      electrically contact with each other to form as a whole a semiconductive
      material, for example, a dispersion of semiconductive metallic oxide
      powder. The third one is a semiconductive composition made from a mixture
      of non-conductive fine particles and conductive fine particles in a
      proportion to form as a whole a semiconductive material dispersed in a
      non-conductive binder as hereinafter defined, for example, a dispersion of
      a mixture of non-conductive metallic oxide powder and conductive carbon
      black. A needle electrode or a recording stylus 4 is contacted to the
      surface of the semiconductive layer 3 and moved on the surface, and an
      electrical signal is supplied from an electric power source 6 by the
      action of a switch 5 in response to the image to be formed. The electric
      current is returned to the electric power source 6 through a return
      electrode 7. The positive and negative polarity of the electric power
      source 6 can be reversed and AC power can also be used in place of the DC
      power source 6 which is shown in FIG. 1. The return electrode 7 may be
      connected to the conductor layer 2 directly, however, if the return
      electrode 7 is provided with a sufficiently large contact area as compared
      with that of the recording stylus 4, the circuit can be formed through the
      semiconductive layer 3 as shown in FIG. 1, in which the resistance of the
      circuit in that portion is negligible. Further, only for the case where an
      AC voltage is applied, the return electrode wide enough to cover the whole
      area for image forming may also be contacted to the backside of the
      transparent film base which is dielectric, because there can be formed a
      complete electric circuit due to the capacitance of the film base. That
      is, in the case of using a facsimile apparatus, the metallic support
      cylinder for the recording sheet itself may be used as the return
      electrode.
PAR  In the image forming sheet of the invention as shown in FIG. 2, the
      conductor layer 2 is, for example, a metallic, vapor deposited coating
      such as an aluminum thin layer, and the semiconductive layer 3 is a
      dispersion of semiconductive metallic oxide powder such as doped zinc
      oxide, through which the electric current of transmitted signal is
      applied. Then the semiconductive metallic oxide powder 8 such as doped
      zinc oxide is electrolytically reduced to free metal and forms somewhat
      large particles 9, and the conductor layer 2 is completely or almost
      destroyed because of the passage of the high density electric current and
      the portion becomes transparent or translucent with the exception of the
      position of the free metal particles 9 produced in the semiconductive
      layer 3.
PAR  The image forming sheet in the above-mentioned condition can be applied as
      it is as the negative to some uses where a severe optical contrast is not
      required because the image portion is substantially translucent and the
      non-image portion is opaque to form an optical contrast. Where the
      semiconductive layer is formed of homogeneous conductive polymer, a
      transparent image sheet with good transparency in the image portion can be
      obtained. However, it is generally preferable that such transparent image
      sheet is processed further in order to improve the optical characteristics
      of the sheet. That is, the contrast to the transmitted light is increased
      by improving the transparency of the image portion.
PAR  For increasing the contrast, "development" is carried out. The word
      "development" herein used means the treatment for increasing the
      transparency of the above-mentioned visible translucent image on the sheet
      to make better the contrast. As this development, there are two different
      methods, one of which is chemical etching process and the other is
      physical dissolving and rinsing process.
PAR  In the first place, the chemical development will be explained. After the
      application of electric current to the sheet having the metallic conductor
      layer 2 and the metallic oxide semiconductive layer 3, the sheet is
      immersed into or sprayed a corrosive liquid such as aqueous solution of
      acid, alkali, corrosive metallic salt or chelating agent, thus the
      corrosive liquid permeates into the layers from the side of semiconductive
      layer 3. In the meantime, the anticorrosiveness of the original metallic
      oxide particles 8 and that of the reduced free metallic particles 9 are
      different, and the permeating rates of the liquid into the image portion
      and into the non-image portion are different with respect to each other,
      therefore, the corrosive liquid acts upon the image portion selectively.
      For example as disclosed in the above, doped zinc oxide is used as the
      semiconductive layer 3 and vapor deposited aluminum coating is used as the
      conductor layer 2 of the image forming sheet, and in case the sheet having
      an image formed is developed with using 2% aqueous hydrochloric acid
      solution, the hydrochloric acid solution easily permeates into the image
      portion to reach the conductor layer 2, because the permeability of the
      image portion applied with electric current is increased very much by the
      facts that the binder of the semiconductive layer 3 is partially destroyed
      and the continuity thereof as the film is decreased by the generated heat
      of the electric current, and the zinc oxide is reduced to metallic zinc of
      higher density so as to loosen the texture of the layer 3 and becomes
      chemically activated. Most of the conductor layer 2, in this case aluminum
      coating, has been already destroyed at the image portion. During the
      permeation of the corrosive liquid through the semiconductive layer 3,
      most of the free metal particles 9 are dissolved and only the
      exceptionally large particles remain undissolved to form the reduced
      particles 9'. Thus, the image portion becomes further transparent by the
      chemical development.
PAR  If the sheet is left as it is after the chemical development, the reaction
      will proceed further in excess and the resolving power of the image is
      decreased, in addition to that the sheet will soil other things, therefore
      the sheet must be rinsed with sufficient water immediately after the
      chemical development.
PAR  In the following, the physical development will be explained, which is very
      simple and easy. That is, the image forming sheet after after receiving
      the electric current is immersed into a solvent to dissolve and remove the
      semiconductive layer 3. Accordingly, the semiconductive layer 3 must be
      made of a conductive polymer which dissolves easily in the solvent, or of
      a composition consisting of insoluble fine particle semiconductive
      component such as metallic oxide and a soluble binder. If the residue of
      the opaque conductor layer is still present in the image portion, it can
      be removed together in this physical development by a hydraulic force.
PAR  In the application of the electric current with a high current density, a
      considerable heat generation is caused, thus even though a portion of the
      conductor layer 2 is left as it is, the adherence to the base 1 is and the
      continuity of the layer 2 almost lost. Therefore, when the sheet applied
      with electric current is immersed into a liquid which dissolves the
      semiconductive layer 3 and does not dissolve the conductor layer 2, the
      semiconductive layer 3 is dissolved and removed by the liquid, then the
      remaining opaque conductor layer in the image portion is physically
      removed to form a completely transparent image. In this case, if the sheet
      is shaken or vibrated in the treating liquid to give physical shock, the
      physical removal of the remaining conductor layer 2 may be promoted. As
      for this treating liquid, it is necessary that the liquid does neither
      dissolve nor swell the transparent film base 1 in order to expect the
      excellent resolving power of the obtained sheet.
PAR  In case the thickness of the conductor layer is large and it is relatively
      strong, a considerable part in the direction of the thickness of the
      conductor layer 2 is left as it is after the application of electric
      current, and in such case it is difficult to remove the conductor layer 2
      by the sole dissolving of the semiconductive layer 3. Then, the image
      portion may be etched preferably by the previous development as disclosed
      in the above, and thereafter this physical development may be applied to
      obtain a completely transparent image.
PAR  It is to be noted that each of the chemical development and the physical
      development alone is sufficient although, and the joint treatment of two
      methods may be employed where an extremely high transparency is required
      in the image portion.
PAR  Both development methods have their own characteristics, for example, in
      the chemical development, the semiconductive layer 3 remains on the
      conductor layer 2 and the former layer protects the sheet, therefore it is
      advantageous for handling and preserving. On the other hand, some residual
      matters remain in the image portion, and the transparency of the image
      portion is somewhat reduced though insignificant. Further, while the
      corrosive liquid is employed, the waste thereof must be disposed after
      neutralization or precipitation. While in the physical development, the
      transparency of the image portion is excellent as there is no foreign
      matter in the image portion, and if a volatile solvent is used as the
      treating liquid, the greater part of the waste liquid can be recovered
      only by distillation, therefore any environmental pollution is not caused,
      which are the advantages of this method. On the other hand, the conductor
      layer 2 which is liable to be injured is exposed after the development,
      therefore in order to improve the preservability of the developed sheet,
      the sheet must be protected by any way such as applying transparent
      coating. However, the preservability is not necessary in most cases, and
      if necessary, the preservability can be improved without fail, therefore
      it is not the defect of this method.
PAR  The characteristic of the present invention is the employment of the
      above-mentioned semiconductive layer as the image recording layer.
      Accordingly, a relatively low electric voltage such as from 20 to 70 volts
      may also be of the elimination of electric discharge, noise, offensive
      odor and smoke for the formation of the image, there are not produced
      during the supply of electric current, and there is no fear of soiling of
      the operation room and fires. Still further, the resolving power of the
      obtained transparent image on the sheet is excellent, so that if it is
      used as the original plate for the photosensitive printing plate, the
      obtained printing plate has sufficient clearness for the type-printings
      such as newspapers. Accordingly, the printing plates can be electrically
      transmitted from a distant place, and the printing plates for relief
      printing, intaglio printing or lithography can be prepared immediately,
      therefore the printing process can be simplified. Further, in FIG. 1 and
      its relevant explanation, the example in which the sheet being scanned
      continuously by the recording stylus is shown, however, the use of the
      image forming sheet of the invention is not restricted to such example.
      That is, a conductive article which having a form of the image to be
      printed at the top surface is used as an electrode and electric voltage is
      supplied thereto, then it is contacted to the image forming sheet of the
      invention for an instant, or it is previously contacted to the sheet and
      the electric voltage is supplied for an instant, the clear image may be
      formed on the sheet. For example, it may be conveniently used for
      typewriters, especially for teletypewriters, in which the sheet having
      clear and transparent images can be prepared easily and quickly.
PAR  Further characteristic feature of the present invention is as follows. That
      is, in the case of the image forming sheet where electrolytically
      reducible metallic oxide is used, a transparent image having continuous
      gradation of concentration and akin to the picture of the original
      photograph is reproduced with high fidelity if the electric signal
      (applied voltage) in proportion to the shades of the original image is
      supplied and the controlled chemical development is carried out, because
      the extent of the formation of the free metallic particles by
      electrolytical reduction is directly proportional to the amount of the
      electric current supply which is in close connection with the shade of the
      original image.
PAR  One of the excellent features of the invention is that there is no need of
      preparing a screen negative for the printing of photographs with
      continuoug gradation of concentration. In the conventional art of
      printing, a printing plate for photographs is prepared through the so
      called halftone photography, and the shade of the each part is converted
      into the area of the dots. When the image forming sheet of the invention
      comprising the semiconductive layer composed of reducible metallic oxide
      is run with facsimile apparatus, i.e., the cylinder bearing the image
      forming sheet is rotated at a uniform speed and the recording stylus is
      slided in the direction of the axis of the rotation, the picture is formed
      as an assembly of straight lines parallel and close to each other which is
      composed of free metal produced by electrolytic reduction. If the scanning
      lines are close enough to each other, the stripe disappears and the shade
      of the original image is converted into the distribution of the free metal
      particles 9 in the semiconductive layer 3. Therefore, being developed with
      a controlled condition, the transparent image sheet of the invention is
      used immediately as the substitute of the screen negative for the
      preparation of the printing plates for photographs.
PAR  The sheet having the transparent image of the present invention has several
      advantages as disclosed in the above, thus it can be used for the copying
      by diazotype copy paper, photographic printing, photographic layout, and
      other purposes using the optical process as well as the above-mentioned
      usage for the printing process.
PAR  With regard to the image forming sheet of the present invention, the
      construction and the method for preparing and using have been fully
      explained in the above, and it may be practised according to the
      understanding from such explanations. In order that the invention may be
      more fully understood, further explanations will be given in the
      following.
PAR  As disclosed in the above, several materials can be used as the transparent
      film base 1, while generally, transparent plastic films such as polyester,
      cellulose acetate, polyvinyl chloride, polyvinylidene chloride, rubber
      chloride, polypropylene and polyethylene may be used. Other materials such
      as regenerated cellulose and glass may also be used. The selection of hard
      material or soft material can be determined according to the convenience
      and purpose of the use. The thickness of the film base is preferably small
      as far as it has necessary mechanical strength, and generally the
      thickness may be in the range of 0.01 to 1 mm. If the film base is very
      thick in excess, it is heavy and inconvenient in handling, especially in
      case where it is large excessively, the resolving power is often lost by
      the scattering of the light through the base layer.
PAR  As for the opaque conductor layer 2, several materials can be used. For
      example, a vapor deposited metallic or carbonaceous layer, a metallic foil
      laminated onto the base film or applied coating composition containing
      conductive powdery substance such as metallic powder, carbon black,
      graphite or titanium sesquioxide may be used. The conductive coating
      composition may contain a binder resin like those which will be specified
      later in connection with the semiconductive layer. However, regarding the
      uniformity of thickness, continuance, appearance, stability and ease of
      image forming and developing, the vapor deposited coating of metal is
      generally preferred, and the vapor deposited coating of aluminum is most
      preferable in view of the cost and the convenience of the development of
      image. And in order to shield the light effectively in the non-image
      portion and to carry out the development easily, the thickness of such
      coating may be in the range of 0.01 to 1 micron preferably.
PAR  As mentioned in the above, there are three kinds of the semiconductive
      layer 3, one of which is composed of electrolytically reducible,
      semiconductive metallic compounds. As such compounds, semiconductive
      metallic oxides such as doped zinc oxide and titanium oxide is suitable.
PAR  In order to give semiconductivity to non-conducting metallic oxides, for
      example, impurity elements are doped to the oxide particles. For instance,
      in case of the zinc oxide, 0.001 to 10% by molar ratio of trivalent or
      tetravalent metallic salts such as aluminum, gallium, iron, chromium, tin
      and silicon salts are added to the surfaces of said zinc oxide particles,
      and thereafter it is calcined at 900.degree. to 1300.degree.C. Thereby,
      the semiconductive powder having a volume resistivity of 10.sup.3 to
      10.sup.6 ohm.sup.. cm can be obtained. As the binder which is used in
      combination with the above semiconductive particles, almost all soluble
      polymers may be used except those which react the semiconductive particles
      or the like and the conductive layer. For example, epoxy resin,
      ureaformaldehyde resin, melamine-formaldehyde resin, alkyd resin,
      polyurethane, polyvinyl acetate, polyvinyl chloride, polyamide,
      polybutadiene, acrylic resin, cellulose derivatives, polyester and the
      like can be employed. They are used solely or as a mixture of those which
      are compatible. In the meantime, thermosetting polymers are suitable for
      receiving the chemical development process in order to keep the mechanical
      strength, and thermoplastic polymers which have solubility after forming
      the hardened layer are suitable for receiving the physical development
      process. The ratio of the metallic oxide semiconductor powder to the
      binder may be from 1.5 to 10 times by weight. If necessary, any of other
      solvents, plasticizers, metallic soaps and/or hardening agents can be
      added into the above composition, and thus prepared liquid composition is
      applied to the conductor layer 2 to form the semiconductive layer 3.
PAR  Alternatively, the semiconductive metallic compounds may be substituted by
      a mixture of non-conductive metallic compounds and conductive substances
      such as metallic powder, carbon black or powdery graphite. The particle
      size of the conductive substances should be as fine as several microns or
      less in order to obtain a high resolving power. The nonconductive metallic
      compounds may be selected widely from the pigments for coatings and
      plastics such as zinc oxide, titanium dioxide, lithopon, iron oxide,
      chromium oxide, barite, calcium carbonate or clay. However, inorganic
      chemicals including those not used as pigments which are electrochemically
      denatured and increase corrosive property by developing liquid are used
      preferably. For example, zinx oxide, titanium dioxide, cadmium oxide,
      cadmium sulfide, zinc selenide, antimony oxide, zinc titanate, barium
      titanate, silver oxide, selenium oxide, zirconium oxide. Or vanadium
      pentoxide is used as an electrolytically reducible metallic compound in
      the semiconductive layer. The ratio of the both materials, namely the
      non-conductive inorganic compound and the conductive substance, is such
      that to form a semiconductive layer having a volume resistivity of
      10.sup.3 to 10.sup.6 ohm.sup.. cm. Thus, the mixture is dispersed in a
      suitable binder resin and the conductive substance should form 1 to 30
      weight % of the whole film forming components.
PAR  As the shielding power of the semiconductive layer is not necessary, so
      that it can be very thin, however, if it is excessively thin, the
      resistance value decreases unduly with fear of electric discharge and the
      substantial effect thereof in the developing can not be expected. On the
      other hand, if the layer is excessively thick, higher electric voltage is
      required for forming image and more of time has to be consumed for
      developing. Therefore the dried thickness of the semiconductive layer may
      be 2 to 50 microns, preferably 5 to 25 microns, and the thickness of 8 to
      15 microns is most suitable.
PAR  As the conductive polymers which can be used as the semiconductive layer,
      there are, for example, polyvinyl benzyl quaternary ammonium salts,
      polyvinyl carbazole, polyethyleneimine derivatives, oligostyrene sulfonate
      and polymer or copolymer of ethylenically unsaturated phosphoric ester.
      They are dissolved into a proper solvent and applied to the conductive
      layer 2 to form a coating of 1 to 20 microns in dried thickness as the
      semiconductive layer 3. The surface resistivity of the semiconductive
      layer composed of homogeneous conductive polymer is preferably from
      10.sup.4 to 10.sup.9 ohms.
PAR  As the treating solution for the chemical development, the aqueous
      solutions of corrosive acids, alkalis or corrosive salts such as
      hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, formic
      acid, acetic acid, propionic acid, butyric acid, oxalic acid,
      hydroxysuccinic acid, citric acid, phenolsulfonic acid, sodium hydroxide,
      potassium hydroxide, lithium hydroxide, strontium hydroxide, sodium
      carbonate, ferric chloride, potassium ferrocyanide, ammonium thiocyanide,
      and ammonium phosphates can be used. They are used solely or together
      otherwise they react to each other and the effectiveness is lost. The
      concentration of the solutions may be in the range of 0.1 to 30 % by
      weight, and preferably 0.5 to 10 % by weight, and a certain surfactant
      which is stable and acts effectively in the corrosive liquid, for example
      a non-ionic surfactant of polyethyleneglycol alkyl ether series, may also
      be added into the solution to accelerate the removal of the insoluble
      dregs adhering to the surface of the transparent base film. The
      temperature of the solution is not restricted but generally is the room
      temperature. The time for the development is less than 30 minutes, and is
      1 to 10 minutes in general cases.
PAR  As the treating solutions for the physical development, solvents for the
      conductive polymer or binder resin are used, and taking the rapidity of
      development, drying after the development, fear of catching fire and cost
      into consideration, one or a mixture of methyl isobutyl ketone, methyl
      ethyl ketone, toluene, xylene, tetrahydrofuran, butyl acetate, N,
      N-dimethyl formamide, dimethyl sulfoxide, trichloroethylene,
      perchloroethylene, water and ethyl alcohol can be used.
PAR  In the following, the invention will be explained further with some
      specific examples.
PAC  EXAMPLE 1
PAR  A polyester film of 50 microns in thickness was coated with aluminum by
      vapor deposition in vacuum on one side. Then a semiconductor composition
      containing 80 % by weight of powder of zinc oxide semiconductor against
      the total non-volatile matter was prepared and the composition was applied
      on said aluminum coated surface of the film to form the semiconductive
      layer of 6 microns in dried thickness. Thereby the image forming sheet of
      the invention was obtained. Said powder of zinc oxide semiconductor had a
      volume resistivity of 2.6 .times. 10.sup.4 ohm.sup.. cm and was prepared
      by doping zinc oxide powder with 0.1 % by mole of aluminum. The binder as
      used for the above was composed of three parts by weight of Epikote 1004
      (epoxy resin of Shell Chem. Corp.) and two parts by weight of Versamide
      100 (polyamide resin of General Mills Inc.) as curing component.
PAR  Thus obtained image forming sheet was set to a facsimile apparatus, and the
      resolving power test chart was copied with the electric signal of 30 volts
      scanning speed of 1 m/sec and line density of 20/mm, using a pin electrode
      of 0.15 mm diameter. After that, the sheet was developed by dipping in 2 %
      hydrochloric acid for 1 minute at room temperature, then it was rinsed
      with tap water and dried to obtain the sheet with transparent images. The
      resolving power of thus obtained image was twenty lines per millimeter.
PAC  EXAMPLE 2
PAR  As image forming sheet was prepared in like manner as the foregoing Example
      1 except that Dianal Beads Resin 102 (thermoplastic acrylic resin of
      Mitsubishi Rayon Co., Ltd., Japan) was used as the binder for the
      semiconductive layer. This sheet was fitted to the facsimile apparatus and
      the resolving power test chart was copied with the electric signal of 60
      Volts and scanning speed of 2 m/sec. Then this sheet was developed by
      methyl isobutyl ketone with shaking for several minutes to dissolve off
      the semiconductive layer.
PAR  Then the sheet was dried to obtain the complete sheet having transparent
      images, the resolving power of which was 30 lines per millimeter.
PAC  EXAMPLE 3
PAR  An aluminum foil of 6 microns in thickness was adhered to one side of a
      polyester film of 100 microns in thickness using thermosetting adhesive.
      The aluminum surface of thus obtained laminated sheet was applied with the
      zinc oxide semiconductor composition as used in said Example 2 to form the
      semiconductive layer of 10 microns in dried thickness, thereby the image
      forming sheet of the invention was prepared.
PAR  Thus obtained image forming sheet was contacted with a metal piece of about
      3 cm.sup.2 as the return electrode, and this electrode was connected to
      the negative terminal of 40 volts smoothed DC power source, and a 10 point
      metallic printing types were connected to the other terminal of said power
      source. Then these types were contacted progressively at a moment to the
      sheet where about 50 mA of current flowed, thereby black images like the
      type faces were formed clearly on the sheet.
PAR  Thereafter, this sheet was immersed into an acidic 10 % ferric chloride
      solution for 3 minutes at room temperature, and after rinsing with water,
      the sheet was further immersed into methyl ethyl ketone with vigorous
      shaking for 5 minutes to remove the whole of the semiconductive layer and
      the image portion of the aluminum foil. Thereby, the sheet was formed with
      a clear transparent image.
PAR  This transparent image sheet was then contacted with a photosensitive resin
      plate (Sonne KPM 2000 made by Kansai Paint Co., Ltd., Japan), and was
      irradiated with light from Chemical Lamp (type: SL-20BL made by Tokyo
      Shibaura Electric Co., Ltd., Japan) at 6 cm distance apart for 5 minutes
      to harden the image portion of said photosensitive resin plate. Then the
      plate was sprayed with 0.2 % caustic soda solution, rinsed further with
      water and dried. Thereby, a relief printing plate was obtained and a clear
      printing was carried out by using said printing plate.
PAC  EXAMPLE 4
PAR  The aluminum-deposited polyester film as used in the foregoing Example 1
      was applied with a semiconductive layer of conductive polymer having 3
      microns in thickness. This conductive polymer was polyvinyl benzyl
      quaternary ammonium salt, DOW ECR 34 (a tradename of Dow Chemical Co.,
      USA), and the surface resistivity of this conductive polymer coating was
      2.2 .times. 10.sup.8 ohms.
PAR  Thus obtained image forming sheet was fitted to the facsimile apparatus and
      the resolving power test chart was copied by the electric signal of D.C.
      60 volts with the scanning speed of 1 m/sec, and line density of 20/mm.
PAR  Then the sheet was immersed into a mixture of water and ethyl alcohol in
      the ratio of 1 : 1 by weight and was shaken for several minutes to carry
      out the development.
PAR  The obtained sheet having the transparent image was very excellent and the
      resolving power of which was 10 lines per millimeter.
PAC  EXAMPLE 5
PAR  The image forming sheet obtained in Example 1 was set to a facsimile
      apparatus and a form of a newspaper containing a screen-processed
      photograph (a portrait) and Chinese letters were copied with similar
      recording condition like Example 1, then the sheet was developed by
      dipping into aqueous acid solution containing phosphoric acid and nitric
      acid 3 weight % each, at room temperature.
PAR  A lithographic printing plate for offset printing was prepared using the
      above transparent image sheet as the negative and a presensitized
      photo-lithographic plate (trade name "GNK", manufactured by Fuji Shashin
      Film Co., Ltd., Japan).
PAR  The paper prints obtained by offset printing using the printing plate thus
      prepared were extremely clear as compared with prints obtained using a
      lithofilm from camera work and a photosensitive resin relief plate.
PAC  EXAMPLE 6
PAR  The image forming sheet obtained in Example 1 was set to a facsimile
      apparatus and a photograph (paper print) with continuous gradiation of
      concentration (a portrait) was copied to form a transparent image on the
      sheet followed by developing like in Example 5.
PAR  A photographic pinting paper (trade name "Gekko-V2", manufactured by
      Mitsubishi Seishi Co., Ltd., Japan) was exposed to light through the above
      transparent image sheet used as the negative and developed in normal
      condition.
PAR  Thus obtained photograph was quite akin to the original and the stripes due
      to scanning was not observed.
PAC  EXAMPLE 7
PAR  A lithographic printing plate for offset printing was prepared using the
      transparent image sheet obtained in Example 6 and a similar presensitized
      photolithographic plate like in Example 5.
PAR  Extremely fine paper prints of photograph were obtained using the above
      printing plate despite of elimination of the conventional screen process
      (half-tone process).
PAC  EXAMPLE 8
PAR  A coating composition for the conductor layer of image forming sheets was
      obtained by dispersing 40g of conductive carbon black (trade name "Corax
      L" manufactured by Degussa, West Germany) in 100g at polybutadiene
      (average molecular weight 5,500, trade name "LCB-150" manufactured by
      Nippon Zeon Co., Ltd.) and 1g of triethanolamine as curing agent.
PAR  The above composition was applied to transparent cellulose acetate film 100
      microns in thickness and cured by stoving at 80.degree.C for 1 hour to
      form a conductor layer of about 8 microns dry thickness. The conductor
      layer had volume resistivity of 2 .times. 10.sup.2 ohm.sup.. cm.
PAR  Then the semiconductive composition prepared in Example 1 was applied to
      the above conductor layer and a semiconductive layer of 15 microns dry
      thickness was formed.
PAR  Thus obtained image forming sheet was set to a facsimile apparatus, and the
      resolving power test chart was copied to form a transparent image in
      similar conditions like in Example 1 except that the electric voltage
      applied was 65 volts. Then the sheet was developed with 3 % hydrochloric
      acid containing 0.2 % of non-ionic surfactant (polyethyleneglycol lauryl
      ether).
PAR  The transparent image sheet thus obtained had resolving power of 10
      lines/mm.
PAC  EXAMPLE 9
PAR  Zinc oxide (for coating) 194g, powdery graphite (trade name "G-6",
      manufactured by Chu-etsu Graphite Co., Ltd., Japan) 6g and 24g as resin
      solid of Versamide 400 (polyamide resin of General Mills Inc.) were
      together dispersed using a pebble mill with isopropyl alcohol and toluene
      for viscosity adjustment during 24 hours. Then, 24g as resin solid of
      Epikote 1001 (epoxy resin of Shell Chemical Corp. in solution and 24g of
      zinc stearate are added to form a semiconductive coating composition. The
      volume resistivity of the film prepared from the composition was about 8
      .times. 10.sup.5 ohm.sup.. cm.
PAR  A transparent image forming sheet is prepared applying the above
      composition to a transparent polyester film of 50 microns in thickness
      with a vapor deposited aluminum layer. The dried thickness of the
      semiconductive layer was 10 microns.
PAR  Thus obtained image forming sheet was fitted to a facsimile apparatus, and
      resolving power test chart was copied with a recording condition similar
      to Example 1 except that the applied voltage was 120 volts. The line
      drawing part was further blacker and the aluminum layer was lost
      therefrom.
PAR  The sheet was next immersed in an aqueous acid solution containing
      phosphoric acid and nitric acid 5 weight % each for 1 minute at room
      temperature. As a result, the transparency at the line drawing part was
      extremely intensified, and thus obtained transparent image sheet had high
      resolving power enough for photographic printing on printing paper.
PAC  EXAMPLE 10
PAR  A semiconductive coating composition was prepared in like manner as Example
      5 except that 156g of zinc oxide and 44g of zinc dust as aa substitute of
      powdery graphite were used. The volume resistivity of the film made of the
      composition was 1.2 .times. 10.sup.6 ohm.sup.. cm.
PAR  A similar image forming sheet was prepared and tested like in Example 5 and
      again a favourable result was obtained.
PAC  EXAMPLE 11
PAR  A semiconductive coating composition was prepared in like manner as example
      5 except that 188g of zinc sulfide as a substitute of zinc oxide 12g of
      powdery graphite were used. The volume resistivity of the film made of the
      composition was 2.1 .times. 10.sup.4 ohm.sup.. cm.
PAR  A transparent image forming sheet was prepared in like manner as Example 5
      and a negative was obtained by copying a photograph having continuous
      gradation of concentration (a portrait) on thus obtained image forming
      sheet using a facsimile apparatus without screen process. Then a
      lithographic printing plate for offset printing was prepared with the
      above negative and a presensitized photolithographic plate (trade name
      "GNK" manufactured by Fuji Shashin Film Co., Ltd., Japan)
PAR  The paper prints made by offset printing using thus obtained printing plate
      showed high fidelity of reproduction and stripes by scanning with the
      stylus was not observed.
PAR  Through the above detailed descriptions, the features and advantages of the
      present invention may be fully understood, however, it should be
      emphasized that the specific examples described and shown herein are
      intended as merely illustrative and in no way restrictive of the invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a transparent image on a sheet which comprises the
      steps of: providing a sheet having a transparent film base, an opaque
      conductor layer formed on one side of said transparent film base, and a
      semi-conductive layer formed on said opaque conductor layer having a
      volume resistivity of 10.sup.3 to 10.sup.6 ohm.sup.. cm; applying from 10
      to 70 volts between said opaque conductor layer and a stylus electrode
      contacting the surface of said semi-conductive layer and simultaneously
      rendering transparent or translucent those portions of the semi-conductive
      and conductor layers underlying said stylus forming an image; contacting
      the thus formed image sheet with a liquid for removing said
      semi-conductive layer at least in the image portion, said semi-conductive
      layer being formed from one of (1) a uniform dispersion of semi-conductive
      metal oxide particles in a binder, (2) a uniform dispersion of
      non-conductive particles and conductive substances in a binder, and (3) a
      homogeneous conductive polymer.
NUM  2.
PAR  2. A method for forming a transparent image as claimed in claim 1, in which
      said liquid for removing said semi-conductive layer comprises water or an
      organic solvent selected from the group consisting essentially of methyl
      isobutyl ketone, methyl ethyl ketone, toluene, xylene, tetrahydrofuran,
      butyl acetate, N, N-dimethyl formamide, dimethyl sulfoxide,
      trichloroethylene, perchloroethylene, and ethyl alcohol.
NUM  3.
PAR  3. A method for forming a transparent image as claimed in claim 1, wherein
      said semi-conductive layer has a volume resistivity of 10.sup.3 to
      10.sup.6 ohm.sup.. cm, a thickness of 2 to 50 microns and comprises a
      uniform dispersion of semi-conductive metal oxide particles in a
      non-conductive polymeric organic binder, said particles being reduced to
      free metal by application of said voltage thereby rendering transparent or
      translucent that portion of the semi-conductive layer being contacted by
      said stylus, said liquid is a corrosive liquid for the free metal produced
      in said semi-conductive layer in said image portion which is selected from
      the group comprising aqueous solution of one or a mixture of hydrochloric
      acid, nitric acid, phosphoric acid, sulfuric acid, formic acid, acetic
      acid, propionic acid, butyric acid, oxalic acid, hydroxysuccinic acid,
      citric acid, phenolsulfonic acid, ferric chloride, potassium ferrocyanide,
      ammonium thiocyanate and phosphates of ammonium.
NUM  4.
PAR  4. A method for forming transparent image as claimed in claim 1, wherein
      said opaque conductor layer comprises a vapor deposited coating of
      aluminum.
NUM  5.
PAR  5. A method for forming transparent image as claimed in claim 1, wherein
      said semiconductive layer comprises a polymeric organic binder having
      metallic oxide semi-conductor doped zinc oxide or titanium oxide particles
      which are electrolytically reducible dispersed therein.
NUM  6.
PAR  6. A method for forming transparent image as claimed in claim 1, wherein
      said semiconductive layer comprises a mixture of conductive substances
      comprising metallic powder, carbon black or powdery graphite, and
      non-conductive particles comprising zinc oxide, titanium dioxide,
      lithopon, iron oxide, chromium oxide, barite, calcium carbonate, clay,
      cadmium oxide, cadmium sulfide, zinc selenide, antimony oxide, zinc
      titanate, barium titanate, silver oxide, selenium oxide, zirconium oxide
      or vanadium pentoxide.
NUM  7.
PAR  7. A method for forming transparent image as claimed in claim 1, wherein
      said semiconductive layer is formed from a homogenous conductive polymer
      selected from the group consisting of polyvinyl benzyl quaternary ammonium
      salts, polyvinyl carbazole, polyethyleneimine derivatives, oligostyrene
      sulfonate and polymers or copolymers of ethylenically unsaturated
      phosphoric ester.
NUM  8.
PAR  8. A method for forming transparent image on a sheet comprising a
      transparent film base, an opaque conductor layer being formed on one side
      of said transparent film base, and a semiconductive layer being formed on
      said opaque conductor layer comprising a uniform dispersion of metal
      compound particles in a non-conductive and polymeric organic binder, said
      particles being reduced to free metal by application of electric voltage,
      comprising the steps of:
PA1  A. applying electric voltage from 20 to 70 volts between said opaque
      conductor layer and a needle electrode contacting the surface of said
      semiconductive layer having a thickness of 2 to 50 microns and a volume
      resistivity of 10.sup.3 to 10.sup.6 ohm.sup.. cm where the image is
      formed;
PA1  B. contacting the formed image sheet with a corrosive liquid comprising an
      aqueous solution of a substance selected from the group consisting of
      hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, formic
      acid, acetic acid, propionic acid, butyric acid, oxalic acid,
      hydroxysuccinic acid, citric acid, phenolsulfonic acid, ferric chloride,
      potassium ferrocyanide, ammonium thiocyanate and phosphates of ammonium to
      selectively remove the semiconductive layer and the opaque conductor layer
      in the image portion; and
PA1  C. further contacting the image sheet with water or an organic solvent
      selected from the group consisting essentially of methyl isobutyl ketone,
      methyl ethyl ketone, toluene, xylene, tetrahydrofuran, butyl acetate,
      N,N-dimenthyl formamide, dimethyl sulfoxide, trichloroethylene,
      perchloroethylene, ethyl alcohol to remove the remaining semiconductive
      layer.
NUM  9.
PAR  9. A method for forming transparent image as claimed in claim 1, wherein
      said semiconductive layer has a volume resistivity of 10.sup.3 to 10.sup.6
      ohm.sup.. cm, a thickness of 2 to 50 microns and is comprised of a uniform
      dispersion of a mixture of fine non-conductive metallic compound particles
      and fine conductive particles in a non-conductive and polymeric organic
      binder, said liquid is a corrosive liquid for the free metal produced in
      said semi-conductive layer in said image portion selected from the group
      consisting essentially of aqueous solution of one or a mixture of
      hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, oxalic
      acid, hydroxysuccinic acid, citric acid, phenolsulfonic acid, ferric
      chloride, potassium ferrocyanide, ammonium thiocyanate and phosphate of
      ammonium.
NUM  10.
PAR  10. A method for forming transparent image as claimed in claim 1, herein
      said semi-conductive layer has a surface resistivity of 10.sup.4 to
      10.sup.9 ohms, a thickness of 2 to 50 microns and comprises a homogeneous
      conductive polymer, and said liquid for removing said semi-conductive
      layer is water or an organic solvent selected from the group consisting
      essentially of methyl isobutyl ketone, methyl ethyl ketone, toluene,
      xylene, tetra hydrofuran, butyl acetate, N,N-dimethyl formamide, dimethyl
      sulfoxide, trichloroethylene, perchloroethylene and ethyl alcohol.
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PAL  A process for providing a margin in a metallized resin film for a condenser
      element which is characterized by providing on a dielectric resinous layer
      a water-soluble coating layer having a pattern corresponding to a margin
      pattern, providing a metal deposition layer on the resinous layer
      including a coated part and a non-coated part and removing the
      water-soluble coating layer and the metal deposition layer thereon by
      washing with water. According to the process, a metallized resin film
      having an arbitrary margin pattern and a superior electrical property can
      be readily obtained, with completely eliminating any complexity of the
      procedure and disadvantage in conventional processes for providing a
      margin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparing a metallized resin
      film suitable for a condenser element, particularly to a novel process for
      providing a margin in a metallized resin film for a condenser element.
PAR  As one of common condenser elements, there has been known a metallized
      resin film which consists of a resinous layer as dielectric and a metal
      deposition layer provided on the resinous layer as an electrode. Such a
      metallized resin film has been prepared by the following two methods: one
      method directs to a process for preparing a metallized resin film of which
      thickness is comparatively large, for instance, about more than 4 .mu.,
      which is characterized by depositing a metal on a preformed resin film
      such as polyethyleneterephthalate film. Other method directs to a process
      for preparing a metallized resin film of which thickness is comparatively
      small, for instance, about less than 4 .mu., which is characterized by
      depositing a metal on a resinous coating layer provided on a base film by
      coating method and then peeling off the metal deposition layer and
      resinous coating layer out of the base film.
PAR  On the other hand, as processes for providing a margin (which means a part
      where a metal deposition layer is not present on a resinous layer, for
      instance, an ear part of a metallized resin film) in a metallized resin
      film, there have been adopted tape-masking method, oil-masking method and
      electric-discharging method. In the tape-masking method, the margin is
      formed by masking the surface of a dielectric resinous layer with a film
      or tape in the portion of the resinous layer corresponding to a marginal
      pattern, depositing a metal on the whole surface of the dielectric
      resinous layer partially coated with the film or tape and peeling off the
      film or tape. In the oil-masking method, the margin is formed by coating
      an oil on a dielectric resinous layer in the portion of the resinous layer
      corresponding to a marginal pattern and depositing a metal on the
      dielectric resin film partially coated with the oil (in that case, the
      metal is not deposited to the part coated with the oil). In the
      electric-discharging method, the margin is formed by depositing a metal on
      the whole surface of a dielectric resinous layer and partially eliminating
      the metal deposited in the portion corresponding to a marginal pattern by
      means of electric-discharging.
PAR  However, the tape-masking method and oil-masking method have various
      disadvantages such as the complexity in the procedure of masking the
      surface of a dielectric resinous layer with a film or tape, or an oil so
      that only a part of the surface of the dielectric resinous layer to be a
      margin later is covered and other part of the surface of the dielectric
      resinous layer is not covered, and the unevenness of the metal deposition
      layer on a boundary line between a marginal part and a metal deposition
      part which is hereinafter referred to as "margin edge", which results from
      the peeling of metal deposition layer on the margin edge and the ununiform
      deposition of metal on margin edge. The oil-masking method has a further
      disadvantage of the lowering in a electrical property of the metallized
      resin film due to a oil margin.
PAR  Further, such conventional methods for forming a margin has a common
      disadvantage that a margin can be formed only in the longitudinal
      direction of the film and can not be formed in the transverse direction of
      the film. In the tape-masking method and oil-masking method, generally, a
      tape or oil for masking a dielectric resinous layer is continuously
      applied to the dielectric resinous layer with running the dielectric
      resinous layer at a constant speed. On the other hand, in the
      electric-discharging method, the deposited metal on the dielectric
      resinous layer by electric-discharging is continuously eliminated with
      running the metallized dielectric resinous layer at a constant speed. In
      that case, it is possible to form a margin only in the longitudinal
      direction of the film but it is impossible to form a margin in the
      transverse direction of the film and further a margin having an arbitrary
      pattern. If it is tried to obtain at any cost a metallized resin film
      having a margin consisting of a margin in the longitudinal direction
      thereof and a margin in the transverse direction thereof by conventional
      methods, it would be necessary to stop the running of the film in the
      longitudinal direction thereof during the operation of masking the film
      with a tape or oil in the transverse direction thereof, or of eliminating
      the metal deposition layer on the film in the transverse direction thereof
      by electric-discharging. However, such a procedure is much tedious and
      therefore the operating efficiency is remarkably reduced. Thus, in
      conventional metallized resin films, the marginal pattern thereof was
      restricted to only that formed in the longitudinal direction of the film.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a process for preparing a
      metallized resin film for condenser element by which a margin can be
      readily formed.
PAR  Another object of the invention is to provide a process for preparing a
      metallized resin film of which margin has a sharp edge.
PAR  Further object of the invention is to provide a process for preparing a
      metallized resin film having an excellent electrical property.
PAR  Still further object of the invention is to provide a process for preparing
      a metallized resin film having a arbitrary marginal pattern.
PAR  Still more further object of the invention is to provide a process for
      preparing a metallized resin film suitable for automatic manufacture of a
      condenser.
PAR  These and other objects of the invention will become apparent from the
      description hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 (A) shows a fragmentary top plan view of a metallized resin film
      having only a zonal margin in the longitudinal direction thereof,
PAR  FIG. 1 (B) shows a transverse sectional view taken along line A--A of FIG.
      1 (A),
PAR  FIG. 2 (A) shows a fragmentary top plan view of a metallized resin film
      which has a zonal margin in the longitudinal direction thereof having
      therein discontinuous metal deposition parts,
PAR  FIG. 2 (B) shows a transverse sectional view taken along line A--A of FIG.
      2 (A),
PAR  FIG. 3 (A) shows a fragmentary top plan view of a metallized resin film
      having discontinuous margins in a continuous metal deposition part,
PAR  FIG. 3 (B) shows a transverse sectional view taken along line A--A of FIG.
      3 (A),
PAR  FIG. 4 (A) shows a fragmentary top plan view of a metallized resin film
      having zonal margins in the transverse direction thereof,
PAR  FIG. 4 (B) shows a transverse sectional view taken along line A--A of FIG.
      4 (A),
PAR  FIG. 5 (A), FIG. 5 (B) and FIG. 5 (C) show transverse sectional views
      illustrating an embodiment of the process for preparing the metallized
      resin film shown in FIG. 1 (A) and FIG. 1 (B),
PAR  FIG. 6 (A), FIG. 6 (B), FIG. 6 (C), FIG. 6 (D) and FIG. 6 (E) show
      transverse sectional views illustrating an embodiment of the process for
      preparing the metallized resin film shown in FIG. 1 (A) and FIG. 1 (B),
PAR  FIG. 7, FIG. 8, FIG. 9 and FIG. 10, respectively, show an embodiment of a
      dipolar metallized resin film,
PAR  FIG. 11 (A), FIG. 11 (B), FIG. 11 (C), FIG. 11 (D) and FIG. 11 (E) show
      transverse sectional views illustrating an embodiment of the process for
      preparing the metallized resin film shown in FIG. 9, and
PAR  FIG. 12 (A), FIG. 12 (B), FIG. 12 (C), FIG. 12 (D) and FIG. 12 (E) show
      transverse sectional views illustrating another embodiment of the process
      for preparing the metallized resin film shown in FIG. 1 (A) and FIG. 1 (B)
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now been found that the above-mentioned objects are readily
      accomplished by forming a margin in a metallized resin film according to a
      process comprising the following steps of:
PAR  providing a water-soluble coating layer by applying a water-soluble paint
      on a dielectric resinous layer in the portion of the surface of the
      dielectric resinous layer corresponding to a margin pattern,
PAR  completely covering the dielectric resinous layer including a coated part
      and a non-coated part with a metal deposition layer, and
PAR  removing the water-soluble coating layer and the metal deposition layer
      thereon by dissolving away the water-soluble coating layer with water.
PAR  In the present invention, a metallized resin film is prepared by the
      following either process, depending upon a kind of the dielectric resinous
      layer. In case the resinous layer is a preformed self-supporting resin
      film, a metallized resin film is prepared by a process comprising the
      following steps of:
PAR  providing a water-soluble coating layer by applying a water-soluble paint
      at least on one side of a selfsupporting dielectric resin film in the
      portion of the film corresponding to a marginal pattern,
PAR  completely covering the dielectric resin film including a coated part and
      non-coated part with a metal deposition layer, and
PAR  removing the water-soluble coating layer and the metal deposition layer
      thereon by dissolving away the water-soluble coating layer with water. In
      case the resinous layer is a resinous coating prepared by a coating
      method, a metallized resin film is prepared by a process comprising the
      following steps of:
PAR  providing a dielectric resinous coating on a self-supporting base film by a
      coating method,
PAR  providing a water-soluble coating layer by applying a water-soluble paint
      on the dielectric resinous coating in the portion of the resinous coating
      corresponding to a marginal pattern,
PAR  completely covering the dielectric resinous coating including a coated part
      and non-coated part with a metal deposition layer,
PAR  removing the water-soluble coating layer and the metal deposition layer
      thereon by dissolving away the water-soluble coating layer with water, and
PAR  removing the metallized resinous coating obtained from the base film. The
      former process is hereinafter referred to as "Process A" and the latter
      process as "Process B".
PAR  The above-mentioned Process A directs to a process for preparing a
      metallized resin film having a thickness of more than about 1.5 .mu. and
      the above-mentioned Process B directs to a process for preparing a
      metallized resin film having a thickness of less than about 4 .mu..
      According to Process B, a metallized resin film having a extremely thin
      thickness, for instance, about 0.5 .mu. can be readily prepared because a
      metallized resin film on the way of preparation is always supported by a
      base film having a sufficient mechanical strength.
PAR  According to the process of the present invention, various disadvantages
      associated with conventional processes for forming a margin such as the
      tediousness of masking or covering a dielectric resinous layer (dielectric
      resin film or dielectric resinous coating) in the portion of the resinous
      layer corresponding to a marginal pattern, the peeling of the metal
      deposition layer on the margin edge and the lowering in the electrical
      property of a metallized resin film due to an oil vapor, can be completely
      eliminated.
PAR  In the process of the present invention, an excess of the metal deposition
      layer is eliminated by dissolving away the water-soluble coating layer
      with water. Accordingly, there is no danger that chemicals are involved in
      the metallized resin film so that there is no trouble caused by chemicals
      involved in the metallized resin film in case of employing it as a
      condenser element. Further, such a water treatment does not restrict the
      process of the present invention to a particular kind of resin film
      employed. Furthermore, the water treatment can give a margin having a
      sharp edge.
PAR  As described above, according to the process of the present invention, a
      metallized resin film having a superior mechanical property and electrical
      property can be much readily prepared.
PAR  The further remarkable advantage of the process of the present invention is
      that it is possible to arbitrarily alter the pattern of a margin. As
      described above, in conventional processes, the pattern of a margin is
      restricted to that directed only in the longitudinal direction of the
      film, as shown in FIG. 1 (A) and FIG. 1 (B). FIG. 1 (A) is a fragmentary
      top plan view of a metallized resin film prepared by conventional process
      and FIG. 1 (B) is a transverse sectional view taken along line A-A of FIG.
      1 (A). In FIG. 1 (A) and FIG. 1 (B), 1 is a dielectric resinous layer, 2
      is a metal deposition layer which becomes an electrode of condenser and 3
      is a margin of which pattern is restricted to that directed in the
      longitudinal direction of the film. Such a margin as shown in FIG. 1 (A)
      and FIG. 1 (B) is hereinafter referred to as "a Zonal margin in the
      longitudinal direction of the film". Otherwise, such a metal deposition
      layer as shown in FIG. 1 (A) and FIG. 1 (B) is hereinafter referred to as
      "a continuous metal deposition part in the longitudinal direction of the
      film". However, according to the process of the present invention for
      forming a margin by a process which comprises providing a water-soluble
      coating layer having a pattern corresponding to that of a margin on a
      dielectric resin film (or a dielectric resinous coating) by applying a
      water-soluble paint, providing a metal deposition layer on the dielectric
      resin film including a coated part and non-coated part and removing the
      water-soluble coating layer and the metal deposition layer thereon by
      dissolving away the water-soluble coating layer with water, the pattern of
      a margin is not restricted to that directed in the longitudinal direction
      of the film but a margin of which pattern is not only in the transverse
      direction of the film but also arbitrary can be readily formed. Examples
      of the margin formed by the process of the present invention are as
      follows:
PAR  1. Zonal margin in the longitudinal direction having therein discontinuous
      metal deposition parts which are aligned in the longitudinal direction of
      the film with a separation of a desired distance.
PAR  2. Discontinuous margins in a continuous metal deposition part, which are
      aligned in the longitudinal direction of the film with a separation of a
      desired distance.
PAR  3. Zonal margins in the transverse direction of the film which are aligned
      in the longitudinal direction of the film with a separation of a desired
      distance.
PAR  In FIG. 2 (A) and FIG. 2 (B), there is shown an embodiment of the
      metallized resin film which has a zonal margin in the longitudinal
      direction having therein discontinuous metal deposition parts. FIG. 2 (A)
      is a fragmentary top plan view of the film and FIG. 2 (B) is a transverse
      sectional view taken along line A--A of FIG. 2 (A). In FIG. 2 (A) and FIG.
      2 (B), 1, 2 and 3 are the same as in FIG. 1 (A) and FIG. 1 (B), and 4 are
      discontinuous metal deposition parts having a circular shape, which are
      aligned in the zonal margin 3 in the longitudinal direction thereof with a
      constant separation. In FIG. 3 (A) and FIG. 3 (B), there is an embodiment
      of the metallized resin film having discontinuous margins in a continuous
      metal deposition part. FIG. 3 (A) is a fragmentary top plan view of the
      film and FIG. 3 (B) is a transverse sectional view taken along line A--A
      of FIG. 3 (A). In FIG. 3 (A) and FIG. 3 (B), 1, 2 and 3 are the same as in
      FIG. 1 (A) and FIG. 1 (B), and 5 are discontinuous margins having a
      circular shape which are aligned in the continuous metal deposition part 2
      in the longitudinal direction thereof with a constant separation. When the
      separation between ajacent discontinuous metal deposition parts or between
      adjacent discontinuous margins is taken as the distance corresponding to a
      desired capacity, the metallized resin film can be automatically cut,
      after a desired length of the film is wound, by detecting the position of
      the discontinuous metal deposition part or of the discontinuous margin by
      means of an appropriate detecting device such as a photoelectric device
      and feeding the output of the detecting device to an appropriate cutting
      device. As a result, the operation of winding a metallized resin film to
      make it into condenser can be carried out with a extremely high efficiency
      and the scatter among the capacities of the condensers obtained is greatly
      reduced in comparison with a conventional method employing a conventional
      metallized resin film having only zonal margin in the longitudinal
      direction of the film as shown in FIG. 1 (A) and FIG. 1 (B), in which the
      metallized resin film is manually cut with measuring the length of the
      metallized resin film to be wound by means of a tape meter.
PAR  The shape of the discontinuous metal deposition part in a zonal margin or
      of the discontinuous margin in a continuous metal deposition part is not
      critical and varies arbitrarily as far as the discontinuous metal
      deposition part or discontinuous margin can be detected by an appropriate
      detecting device and the output of the detecting device can operate an
      appropriate cutting device. Generally, in case of employing a
      photoelectric device as a detecting device, shapes such as dot, circle,
      square and rectangle are preferably employed.
PAR  In FIG. 4 (A) and FIG. 4 (B), there is shown an embodiment of the
      metallized resin film having zonal margin formed in the transverse
      direction thereof. FIG. 4 (A) is a fragmentary top plan view of the film
      and FIG. 4 (B) is a transverse sectional view taken along line A-A of FIG.
      4 (A). In FIG. 4 (A) and FIG. 4 (B), 1, 2 and 3 are the same as in FIG. 1
      (A) and FIG. 1 (B) and 6 are zonal margins in the transverse direction of
      the film which are aligned in the longitudinal direction of the film with
      a constant separation. This zonal margin in the transverse direction
      possesses the same effect with the above-mentioned discontinuous metal
      deposition part and discontinuous margin and, in addition, possesses a
      further remarkable effect. That is to say, when the above-mentioned zonal
      margin in the transverse direction is wide in the longitudinal direction
      of the film and the metallized resin film is cut within the width of the
      zonal margin, for instance, at a cutting line 7 as shown in FIG. 4 (A), a
      part where the metal deposition layer is not present remains at the
      terminal end of the metallized resin film wound, which makes it
      unnecessary to add another insulating resin film to the terminal end of
      the metallized resin film wound in order to prevent short-circuit, that
      is, terminal treatment which was inevitably necessary in conventional
      method employing a conventional metallized film as shown in FIG. 1 (A) and
      FIG. 1 (B) becomes unnecessary. Furthermore, as far as a metallized resin
      film is cut within the width of the zonal margin in the transverse
      direction, a metallized resin film having a constant capacity is always
      obtained with eliminating any scatter in the capacity due to the deviation
      in the length of a metallized resin film. Accordingly, it is not
      necessarily required to cut off an exact length of the metallized resin
      film by means of a close-tolerance cutting device as in case of employing
      a conventional metallized resin film. Further the cutting operation can be
      carried out with running a metallized resin film at a higher speed. As a
      result, the efficiency in the operation of winding the metallized resin
      film increases remarkably.
PAR  The width, in the longitudinal direction of the film, of the zonal margin
      in the transverse direction is not critical and varies arbitrarily as far
      as a part where the metal deposition layer is not present remains at the
      terminal end of the metallized resin film wound when the metallized resin
      film is cut within the width of the zonal margin. Generally, the width is
      preferably in a range of 0.5 to 5 c.m.
PAR  The self-supporting dielectric resin films employed in the present
      invention are conventional resin films employed as a dielectric for a
      condenser. The thickness of the dielectric resin films employed is
      preferably in a range of about 1.5 to about 25 .mu. and more preferably in
      a range of about 4 to about 12 .mu.. A dielectric resin film of less than
      about 1.5 .mu. in thickness is not preferable since it is hard to handle
      in preparing a metallized resin film due to its small self-supportability
      as well as it is not available commercially. In case of preparing a
      metallized resin film in which the thickness of a dielectric resin film is
      less than about 1.5 .mu., Process B is superior to Process A. Examples of
      the dielectric resin films include the films made of polyethylene
      terephthalate, polyethylene naphthalate, polypropylene, polycarbonate,
      polystyrene polytetrafluoroethylene, polyamide, polyvinyl chloride or
      cellulose acetates. Among these films, polyethylene terephthalate,
      polyethylene naphthalate, polypropylene, polycarbonate and polystyrene are
      more preferable due to their superior electrical property.
PAR  The base films employed in the present invention are not critical so long
      as they have a sufficient waterproof property and self-supportability.
      Generally, waterproof resin films of about 4 to 50 .mu. in thickness are
      preferably employed. Examples of the base films include the resin films
      made of polyethylene, polycarbonate, polytetrafluoroethylene, polyamide,
      polyvinyl chloride, cellulose acetate, polypropylene, polyethylene
      terephthalate, polyethylene naphthalate or polystyrene.
PAR  THe dielectric resins which are employed to give a dielectric resinous
      coating on the above-mentioned base film are conventional resins suitable
      for the dielectric of a condenser. Examples of the dielectric resin
      include thermoplastic resins cellulose derivatives, for instance, ethyl
      cellulose, cellulose acetate and cellulose acetate butyrate,
      polycarbonate, polystyrene, saturated polyester resin and acrylic resin,
      and thermosetting resins such as melamine resin, urea resin, phenolic
      resin, unsaturated polyester resin, thermosetting-type acrylic resin,
      alkyd resin, epoxy resin and urethane resin. Among these resins, ethyl
      cellulose, acrylic resin, urea resin, epoxy resin and urethane resin are
      preferably employed since they can give a resinous coating having a
      superior electical property and mechanical strength. These resins may be
      employed singly or more than two of them may be employed in combination.
      Usually, these resins are employed in a form of a solution and the
      solution is applied on a base film per se or on a base film covered with a
      release layer by a conventional coating method such as silk screen
      printing, roll printing, gravure printing, reverse roll printing to give a
      dielectric resinous coating having a desired thickness. The thickness of
      the dielectric resinous coating is preferably in a range of about 0.5 to
      about 4 .mu. and more preferably in a range of about 2 to about 3 .mu.. In
      case the thickness of the dielectric resinous coating is in the
      above-mentioned range, a resinous coating free from pin-holes can be
      readily obtained to give a dielectric resinous coating having an extremely
      stable electric property and the metallized resin film obtained can be
      readily peeled out of the base film due the high self-supportability of
      the dielectric resinous coating. In case the thickness of the resinous
      coating is more than about 4 .mu., it is meaningless to employ the
      dielectric resinous coating having a thickness of more than about 4 .mu.
      prepared by a coating method since a preformed dielectric resin film
      having such a thickness is commercially available. In case the thickness
      of dielectric resinous coating is less then about 0.5 .mu., there is a
      great possibility of the formation of pin-holes which damage the electric
      characteristic as a dielectric and it is difficult to peel off the
      metallized resin film obtained from the base film and to wind it into a
      condenser since the metallized resin film obtained has a poor
      self-supportability due to the fine thickness of the dielectric resinous
      coating.
PAR  The water-soluble paints which are applied on the above-mentioned
      dielectric resin film (in Process A) and dielectric resinous coating (in
      Process B) to give a water-soluble coating layer are conventional
      water-soluble or aqueous paints containing as a main component
      watersoluble resins such as casein, starch, glue, gelatin, polyvinyl
      alcohol, polyacrylamide, methyl cellulose, hydroxyethyl cellulose,
      hydroxymethyl cellulose, polyvinyl pyrrolidone, polyvinyl metyl ether,
      copolymer of methyl vinyl ether and maleic anhydride, polyacrylic ester,
      polymethacrylic ester, and carboxymethyl cellulose. Among these
      water-soluble resins, polyvinyl alcohol, starch, methyl cellulose and
      carboxymethyl cellulose are preferably employed since they have a high
      water-solubility and give a paint which have an excellent coating
      property. The water-soluble paint is applied on a dielectric resin film or
      a dielectric resinous coating in the portion of the film surface or
      coating surface corresponding to a desired marginal pattern by a
      conventional coating method such as silk screen printing, roll printing,
      gravure printing and reverse roll printing, and dried to give a
      water-soluble coating layer having a pattern corresponding to that of a
      margin. The thickness of the water-soluble coating layer is preferably in
      a range of about 0.5 to about 3 .mu. and more preferably in a range of
      about 1 to about 2 .mu. since the water-soluble coating layer having a
      thickness in the above range is readily dissolved away by washing with
      water to completely remove the metal deposition layer thereon and thereby
      the margin edge becomes sharp. In case the thickness of the coating layer
      is more than about 3 .mu., the metal deposition layer on the water-soluble
      coating layer is removed but the water-soluble coating layer per se can
      not be completely removed. The remaining water-soluble coating layer
      causes the blocking of the metallized resin film obtained on storage and
      reduces the puncture voltage of the metallized resin film. Further, the
      water-soluble coating layer having a thickness of more than about 3 .mu.
      is not preferable since it generates a great amount of gas during the
      deposition of metal. In case the thickness of the water-soluble coating
      layer is less then about 0.5 .mu., the metal deposition layer on the
      water-soluble coating layer is not completely removed to make the practice
      of the instant process impossible.
PAR  Then, metal deposition layer is provided on the dielectric resin film or
      dielectric resinous coating covered with the water-soluble coating layer
      having a pattern corresponding to that of a margin. The deposition of
      metal is carried out according to a conventional vacuum metallizing
      method. For instance, the pressure in the vacuum chamber is selected from
      the range of about 1 .times. 10.sup.-.sup.2 to about 1 .times.
      10.sup.-.sup.6 Torrs and the temperature of evaporation source is selected
      from the range of about 200.degree. to about 2,000.degree.C, in accordance
      with a kind of metal. The thickness of the metal deposition is selected
      from the range of 30 to 100 m.mu.. The metal deposition layer having a
      thickness of the above range is suitable for an electrode of condenser
      element. Examples of the metals to be deposited include zinc, aluminum,
      copper, silver, gold, tin, and the like. Generally, zinc and aluminum are
      preferably employed.
PAR  Thus obtained integrated film (which consists of dielectric resin film,
      water-soluble coating layer and metal deposition layer with respect to
      Process A and base film, dielectric resinous coating, water-soluble
      coating layer and metal deposition layer with respect to Process B) is
      washed with water and thereby the water-soluble coating layer and the
      metal deposition layer thereon are readily eliminated to give a metallized
      resin film (supported on a base film in Process B) having a desired
      margin. During washing, the dust attached to the film in the preceding
      steps is also eliminated to give a clear metallized resin film. The
      metallized film obtained has a margin of which edge is sharpened and a
      superior electric property.
PAR  According to the process of the present invention, the metallized resin
      films having various construction can be readily prepared.
PAR  The metallized resin film having the construction shown in FIG. 1 (A) and
      FIG. 1 (B) is the most principal metallized resin film among those
      employed as a condenser element. Such a metallized resin film is prepared
      by Process A if it is comparatively thick and by Process B if it is
      comparatively fine.
PAR  Referring to FIG. 5 (A), FIG. 5 (B) and FIG. 5 (C), there is illustrated an
      embodiment of the process for preparing the metallized resin film having
      the construction shown in FIG. 1 (A) and FIG. 1 (B) according to Process
      A. A water-soluble paint is applied to a preformed dielectric resin film 8
      having a thickness of about 1.5 to about 25 .mu. in the portion of the
      film surface corresponding to the marginal pattern and dried to give a
      water-soluble coating layer 9 having a thickness of about 0.5 to about 3
      .mu. on the dielectric resin film 8 as shown in a transverse sectional
      view of FIG. 5 (A). On the partially coated dielectric resin film is
      deposited a metal to give metal deposition layers 2 and 2' having a
      thickness of about 30 to about 100 m.mu. as shown in a transverse
      sectional view of FIG. 5 (B). Thus obtained integrated film is washed with
      water and thereby the water-soluble coating layer 9 and the metal
      deposition layer 2' thereon are eliminated to give a metallized resin film
      having a margin 3 as shown in a transverse sectional view of FIG. 5 (C).
      The metallized resin film obtained is cut at cutting lines 10 in the
      longitudinal direction thereof by means of a cutting device, for instance,
      micro-slitter to give metallized resin films for a condenser element as
      shown in FIG. 1 (A) and FIG. 1 (B).
PAR  Referring to FIG. 6 (A), FIG. 6 (B), FIG. 6 (C), FIG. 6 (D) and FIG. 6 (E),
      there is illustrated an embodiment of the process for preparing the
      metallized resin film having the construction shown in FIG. 1 (A) and FIG.
      1 (B) according to Process B. A solution of a dielectric resin is applied
      to a base film 11 having a thickness of about 4 to about 50 .mu. to give a
      dielectric resinous coating 12 having a thickness of about 0.5 to about 4
      .mu. on the base film 11 as shown in a transverse sectional view of FIG. 6
      (A). Subsequently, the operations described above in Process A are
      repeated in the order of steps as shown in FIG. 6 (B) and FIG. 6 (C) to
      give an integrated film in which a metallized resin film is supported on
      the base film 11 as shown in a transverse sectional view of FIG. 6 (D).
      The integrated film obtained is cut at cutting lines 10 in the
      longitudinal direction thereof into the pieces as shown in a transverse
      sectional view of FIG. 6 (E). The base film 11 is peeled out of the piece
      to give a metallized resin film for a condenser element as shown in FIG. 1
      (A) and FIG. 1 (B). Otherwise, the metallized resin film is cut after
      peeled out of the integrated film to give a metallized resin film for a
      condenser element.
PAR  By modifying Process A and Process B mentioned above, the metallized resin
      films having various constructions as shown in FIG. 7, FIG. 8, FIG. 9 and
      FIG. 10 are also readily prepared.
PAR  FIG. 7, FIG. 8 and FIG. 9, respectively, show a transverse sectional view
      of an embodiment of dipolar metallized resin film. FIG. 10 shows a
      transverse sectional view of an embodiment of dipolar metallized resin
      film of which each pole is multilayered.
PAR  The metallized resin film having the construction as shown in FIG. 8 is
      prepared, for instance, by a process illustrated in the order of steps in
      FIG. 11 (A), FIG. 11 (B), FIG. 11 (C), FIG. 11 (D) and FIG. 11 (E). The
      integrated film shown in FIG. 11 (A) is that produced by the similar
      manner as in the above-mentioned Process B.
PAR  Further, it is possible to make the cutting operation in Process B
      described above unnecessary by providing a dielectric resinous coating on
      a base film with remaining a separating part 13 as shown in FIG. 12 (A)
      and following the successive steps as shown in FIG. 12 (B), FIG. 12 (C),
      FIG. 12 (D) and FIG. 12 (E).
PAR  THe metallized resin films having specific marginal patterns as shown in
      FIG. 2 (A) and FIG. 2 (B), FIG. 3 (A) and FIG. 3 (B), and FIG. 4 (A) and
      FIG. 4 (B) are readily prepared by applying a water-soluble paint on a
      dielectric resin film or a dielectric resinous coating in the portion of
      the film or coating surface corresponding to particular marginal pattern.
PAR  The process of the present invention is more particularly described and
      explained by means of the following illustrative Examples.
PAC  EXAMPLE 1
PAR  On a polyethylene terephthalate film for an electric purpose having a width
      of 24 cm. and a thickness of 6 .mu. was applied a 20% by weight aqueous
      solution of polyvinyl alcohol by a gravure printing and dried to give a
      water-soluble coating layer having a thickness of 2 .mu. as shown in FIG.
      5 (A).
PAR  On the partially coated polyethylene terephthalate film was deposited
      aluminum under a vacuum of 2 .times. 10.sup.-.sup.4 Torrs at an
      evaporation temperature of 1,400.degree.C. to give an aluminum deposition
      layer having a thickness of 70 m.mu. as shown in FIG. 5 (B).
PAR  Thus obtained integrated film was washed with water and thereby the
      water-soluble coating layer and the aluminum deposition layer thereon were
      readily eliminated to give a metallized resin film as shown in FIG. 5 (C).
PAR  The metallized resin film obtained was cut at cutting lines 10 of FIG. 5
      (C) in the longitudinal direction thereof by a micro-slitter to give a
      metallized resin film for a condenser element as shown in FIG. 1 (A) and
      FIG. 1 (B).
PAR  In the metallized resin film obtained, the water-soluble coating layer and
      the aluminum deposition layer thereon was completely eliminated, and the
      aluminum deposition layer on the polyethylene terephthalate film was
      tightly fixed thereto without peeling. Further, the metallized resin film
      had a sharp margin edge and a superior electrical property.
PAC  EXAMPLE 2
PAR  The experiment of Example 1 was repeated except a 8% by weight aqueous
      solution of carboxymethyl cellulose was employed instead of the aqueous
      solution of polyvinyl alcohol.
PAC  EXAMPLE 3
PAR  The experiment of Example 1 was repeated except a 10% by weight aqueous
      solution of methyl cellulose was employed instead of the aqueous solution
      of polyvinyl alcohol.
PAR  In Examples 2 and 3, the water-soluble coating layer and the metal
      deposition layer thereon were also completely eliminated to give a sharp
      margin edge.
PAC  EXAMPLE 4
PAR  The experiment of Example 1 was repeated except a polypropylene film having
      a width of 24 cm. and a thickness of 25 .mu. was employed instead of the
      polyethylene terephthalate film.
PAR  The metallized resin film obtained has a sharp margin edge and a superior
      electrical property.
PAC  EXAMPLE 5
PAR  The experiment of Example 1 was repeated except the aqueous solution of
      polyvinyl alcohol was applied on both sides of the polyethylene
      terephthalate film and aluminum was deposited on the both sides of the
      partially coated polyethylene terephthalate film. The metallized resin
      film shown in FIG. 7 was obtained.
PAC  EXAMPLE 6
PAR  On the whole surface of a polypropylene film for an electric purpose having
      a width of 24 cm. and a thickness of 30 .mu. was applied a solution of 15
      parts by weight of ethyl cellulose in 30 parts by weight of methanol and
      55 parts of by weight toluene by a gravure printing and dried to give a
      dielectric resinous coating having a thickness of 1.5 .mu. as shown in
      FIG. 6 (A).
PAR  On the dielectric resinous coating was applied a 20% by weight aqueous
      solution of polyvinyl alcohol by a gravure printing and dried to give a
      water-soluble coating layer having a thickness of 2 .mu. as shown in FIG.
      6 (B).
PAR  On the partially coated dielectric resinous coating was depositted aluminum
      under a vacuum of 2 .times. 10.sup.-.sup.4 Torrs at an evaporation
      temperature of 1,400.degree.C. to give an aluminum deposition layer having
      a thickness of 40 m.mu. as shown in FIG. 6 (C).
PAR  Thus obtained integrated film was washed with water and thereby the
      water-soluble coating layer and the metal deposition layer thereon were
      readily eliminated to give a metallized resin film supported on the
      polypropylene film as shown in FIG. 6 (D).
PAR  The metallized resin film supported on the polypropylene film was cut by a
      micro-slitter at cutting lines 10 shown in FIG. 6 (D) to give the pieces
      as shown in FIG. 6 (E).
PAR  The base film was peeled out of the piece to give a metallized resin film
      as shown in FIG. 1 (A) and FIG. 1 (B).
PAR  Even if the metallized resin film obtained was extremely thin, it was
      readily prepared since it was being supported by the base film having a
      sufficient mechanical strength during all operations.
PAC  EXAMPLE 7
PAR  The experiment of Example 6 was repeated exept a solution of 35 parts by
      weight of an acrylic resin in 30 parts by weight of toluene, 20 parts by
      weight of ethyl acetate and 15 parts by weight of methyl ethyl ketone was
      employed instead of the solution of ethyl cellulose.
PAC  EXAMPLE 8
PAR  The experiment of Example 6 was repeated except a solution of 25 parts by
      weight of a precondensate of hexamethylene diisocyanate and glycerol (18 :
      7 by weight) in 30 parts by weight of toluene, 20 parts by weight of ethyl
      acetate and 25 parts by weight of methyl ethyl ketone was employed instead
      of the solution of ethyl cellulose to give a dielectric resinous coating
      of an urethane resin.
PAC  EXAMPLE 9
PAR  The experiment of Example 6 was repeated except the solution of 15 parts of
      ethyl cellulose in 30 parts by weight of methanol and 55 parts by weight
      of toluene was applied on the polypropylene film so as to give a
      dielectric resinous coating having a thickness of 0.75 .mu..
PAR  Every metallized resin films obtained in Examples 7 to 9 had a sharp margin
      edge and a superior electrical property.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for producing a metallized resin film for a condenser
      element comprising at least one di-electric resinous layer and at least
      one metal deposition layer, the improvement which comprises forming on
      said resinous layer a margin wherein the metal deposition layer is not
      present by the steps comprising
PA1  1. providing a water-soluble coating layer by applying a water-soluble
      paint to at least one side of the dielectric resinous layer in the portion
      of the resinous layer corresponding to the pattern of margin,
PA1  2. providing a metal deposition layer on the dielectric resinous layer
      partially coated with the water-soluble coating layer, said metal
      deposition layer being applied by means of vacuum metallizing procedures,
      and
PA1  3. removing the water-soluble coating layer and the metal deposition layer
      thereon by dissolving away the water-soluble coating layer with water.
NUM  2.
PAR  2. The process of claim 1, wherein the dielectric resinous layer is a
      self-supporting dielectric resin film.
NUM  3.
PAR  3. The process of claim 2, wherein the dielectric resin film has a
      thickness of 1.5 to 25 .mu..
NUM  4.
PAR  4. The process of claim 2, wherein the dielectric resin film is a member
      selected from the group consisting of the films made of polyethylene
      terephthalate, polyethylene naphthalate, polypropylene, polycarbonate,
      polystyrene, polytetrafluoroethylene, polyamide, polyvinyl chloride and
      cellulose acetate.
NUM  5.
PAR  5. The process of claim 1, wherein the dielectric resinous layer is a
      dielectric resinous coating provided on a self-supporting base film by a
      coating method, said base film is finally removed from the metallized
      resin film.
NUM  6.
PAR  6. The process of claim 5, wherein the dielectric resinous coating has a
      thickness of 0.5 to 4 .mu..
NUM  7.
PAR  7. The process of claim 5, wherein the dielectric resinous coating is made
      of at least one member selected from the group consisting of ethyl
      cellulose, cellulose acetate, cellulose acetate butyrate, polycarbonate,
      polystyrene, saturated polyester resin, acrylic resin, melamine resin,
      urea reain, phenolic resin, unsaturated polyester resin,
      thermosetting-type acrylic resin, alkyd resin, epoxy resin and urethane
      resin.
NUM  8.
PAR  8. The process of claim 1, wherein the water-soluble paint is an aqueous
      solution of at least one member selected from the group consisting of
      casein, starch, glue, gelatin, polyvinyl alcohol, polyacrylamide, methyl
      cellulose, hydroxyethyl cellulose, hydroxymethyl cellulose, polyvinyl
      pyrrolidone, polyvinyl methyl ether, carboxymethyl cellulose, copolymer of
      methyl vinyl ether and maleic anhydride, polyacrylic ester and
      polymethacrylic ester.
NUM  9.
PAR  9. The process of claim 1, wherein the water-soluble coating layer is
      provided on the dielectric resinous layer into a thickness of 0.5 to 3
      .mu..
NUM  10.
PAR  10. The process of claim 1, wherein the metal deposition layer is made of a
      metal selected from the group consisting of aluminum, zinc, copper,
      silver, gold and tin.
NUM  11.
PAR  11. The process of claim 1, wherein the margin consists of a zonal margin
      in the longitudinal direction of the metallized resin film.
NUM  12.
PAR  12. The process of claim 1, wherein the margin consists of a zonal margin
      in the longitudinal direction of the metallized resin film, in which
      discontinuous metal deposition parts are aligned in the longitudinal
      direction of the zonal margin with a constant separation.
NUM  13.
PAR  13. The process of claim 12, wherein the separation between adjacent
      discontinuous metal deposition parts corresponds to the length of a
      metallized resin film per a piece of condenser.
NUM  14.
PAR  14. The process of claim 1, wherein the margin consists of a zonal margin
      in the longitudinal direction of the metallized resin film and
      discontinuous margins which are aligned in a continuous metal deposition
      part in the longitudinal direction of the metallized resin film with a
      constant separation.
NUM  15.
PAR  15. The process of claim 14, wherein the separation between ajacent
      discontinuous margins corresponds to the length of a metallized resin film
      per a piece of condenser.
NUM  16.
PAR  16. The process of claim 1, wherein the margin consists of a zonal margin
      in the longitudinal direction of the metallized resin film and zonal
      margins in the transverse direction of the metallized resin film, which
      are provided with a constant separation.
NUM  17.
PAR  17. The process of claim 1, wherein the margin consists of a zonal margin
      in the longitudinal direction of the metallized resin film, zonal margins
      in the transverse direction of the metallized resin film and discontinuous
      metal deposition parts in the zonal margin or discontinuous margins in the
      continuous metal deposition part.
NUM  18.
PAR  18. A metallized resin film obtained according to claim 1.
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ABST
PAL  A support for electrophotographic material and electrostatic recording
      material which is improved in solvent resistance and electroconductivity
      can be produced by firstly fixing an anionic sizing agent into an
      untreated paper and then fixing a cationic high polymer electroconducting
      agent into thus treated paper or coating the same thereon. Preferably, the
      first step is carried out by size pressing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for producing a support for
      electrophotographic material or for electrostatic recording material which
      is light in weight and excellent in solvent resistance and
      electroconductivity.
PAR  Main characteristics with a support for electrophotographic material or for
      electrostatic recording material (this is referred to as a base paper
      hereinafter) should possess are as follows:
PA1  1. It must be excellent in solvent resistance.
PA1  2. It must have a good electroconductivity.
PA1  3. It must not have adverse effect on electrophotographic layer or
      electrostatic recording layer.
PAR  The property of the above (1) is required for preventing permeation of
      solvent into a base paper to make the coated film homogeneous because
      organic solvents such as toluene, xylene, etc., are often used for coating
      of a recording layer. The property of the above (2) is required for
      sufficient charging and discharging of a recording layer to obtain
      excellent image.
PAR  In order to obtain the above properties (1) and (2), conventionally,
      natural or artificial viscous adhesives have been used as a permeation
      preventing agent and one or more of inorganic salts and polyhydric
      alcohols such as sodium chloride, calcium chloride, iron chloride, etc.,
      and ethylene glycol, glycerine, sorbitol, etc., have been used as an
      electroconducting agent (See Japanese Pat. No. 29316/64). However,
      according to such method, there have been such defects as a high
      dependency of electroconductivity on humidity, low preservability of
      recording paper caused by use of inorganic salts, etc. There have been
      proposed a method for improving electroconductivity and preservability by
      combination of a cationic antistatic agent comprising a quaternary
      ammonium salt of a polymer and an anionic active agent having hydrophilic
      group (Japanese Pat. No. 19195/69). However, according to said method,
      although electroconductivity and preservability can be improved, solvent
      resistance is not improved. For imparting both electroconductivity and
      solvent resistance, there has been a method which comprises impregnating
      or coating paper with an aqueous solution of a mixture of a highly
      saponified styrene/maleic anhydride copolymer of high polymerization
      degree and a highly saponified styrene/maleic anhydride copolymer of low
      polymerization degree or said mixture to which a natural or synthetic
      sizing agent is added (see Japanese Pat. No. 13166/71). However, according
      to this method, there is the possibility of quality of image lowering due
      to shortage in electroconductivity at low humidity in both cases of using
      only styrene/maleic anhydride copolymers different in polymerization
      degree and saponification degree and using said copolymers to which
      glue-like silica, fine grain silica and water soluble polyethylene glycol
      are added.
PAR  Therefore, in order to safisfy said requirements for base paper by these
      conventionally proposed methods, it has been necessary to apply the
      treating materials in a considerably large amount to a support.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to overcome the difficulties in the
      conventional methods. That is, by the present invention,
      electroconductivity and solvent resistance of base paper are improved and
      it is more important that this purpose can be attained by application of
      the materials in a small amount.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to the present invention, a support for electrophotography or
      electrostatic recording material is provided by the first step which
      comprises fixing (A) an anionic sizing agent into a layer of an untreated
      paper substrate by screening, size pressing, tube sizing or impregnation
      and the second step which comprises fixing (B) a cationic high polymer
      electroconducting agent into thus treated paper in the same manner as
      mentioned above or coating the same thereon.
PAR  Examples of the anionic sizing agents (A) which are commercially easily
      available are BASOPLAST-100L (trade name for ammonium salt of copolymer of
      carboxyl groups prepared by Badische Anilin-Soda Fabrik AG), SCRIPSET-500
      (trade name for sodium salt of styrene/maleic anhydride copolymer prepared
      by Monsanto Co., Ltd.), POLYMALON-353 (trade name for sodium salt of
      styrene/maleic anhydride copolymer prepared by Arakawa Rinsan K.K.),
      SIZEUP-411K (trade name for alkyd resins prepared by Arakawa Rinsan K.K.),
      Hamacoat S-No. 5 (trade name for petroleum resins prepared by Hamano Kogyo
      K.K.), Sansizer SA-501 (trade name for acrylic resins prepared by Sanyo
      Kasei K.K.), Polymerset-305 (trade name for polyacrylamides prepared by
      Arakawa Rinsan K.K.), VINYMER 25A (trade name for sodium salt of
      vinylacetate/maleic anhydride copolymer prepared by Arakawa Rinsan K.K.),
      POLYFAC OM (trade name for sodium salt of isobutene/maleic anhydride
      copolymer prepared by Nihon Yushi K.K.), etc. There is no limitation in
      selection of these anionic sizing agents, but use of sodium salts of
      styrene/maleic anhydride copolymer, vinylacetate/maleic anhydride
      copolymer and isobutene/maleic anhydride copolymer can provide conspicuous
      effect of the present invention and furthermore, these can be
      conventionally used in the usual paper making process. Therefore, these
      are especially excellent among those enumerated above.
PAR  As the cationic high polymer electroconducting agents (B), those which are
      of quaternary ammonium salt type such as polyvinylbenzyl trimethylammonium
      chloride disclosed in U.S. Pat. No. 3011918, etc., may be used. As
      commercially available products, ECR-34 (trade name for the product of Dow
      Chemical Co., Ltd.), Chemistat-6200 (trade name for the product of Sanyo
      Kasei K.K.), PQ-1OW-2 (trade name for the product of Soken Kagaku K.K.),
      MCP 16 (trade name for the product of Kyoei K.K.), etc., may be used.
PAR  These materials (A) and (B) may be used singly or jointly at respective
      steps.
PAR  According to the present invention, excellent electroconductivity can be
      obtained by application of the electroconducting agent (B) in a small
      amount. This is attributable to the fact that the electroconducting agent
      (B) has no compatibility with the sizing agent (A) which can provide
      solvent resistance to a support. On the contrary, when a solvent
      resistance imparting agent which has compatibility with the
      electroconducting agent is blended with or coated on the electroconducting
      agent, the electroconductivity of the support is greatly decreased. This
      is considered due to the fact that the electroconducting agent (B) is not
      in the form of a continuous layer.
PAR  It has now become clear by comparative examinations of various materials
      that the anionic sizing agents as enumerated above as typical examples
      have remarkable effect in that they have solvent resistance with a small
      application amount while maintaining the excellent efficiency of the
      cationic high polymer electroconducting agent.
PAR  The characteristic of the present invention resides in that the use of the
      cationic high polymer electroconducting agent in the second step in
      combination with the use of the anionic sizing agent in the first step can
      result in the following effects.
PAR  1. Solvent resistance of the support becomes higher than that of a support
      subjected to only the treatment of the first step.
PAR  2. Electroconductivity of the support becomes higher than that of a support
      subjected to only the treatment of the second step.
PAR  3. By filling the inside of the support and coating the surface of the
      support with compositions containing ionic materials and free salts,
      electrophotographically and electrostatically recorded image which is much
      superior to image obtained by using a support subjected to only either the
      first step or the second step can be obtained.
PAR  Reasons why such unexpected results can be obtained are not clear, but it
      is presumed that an ion cross linking reaction takes place at the
      interface between the anionic sizing agent and the cationic high polymer
      electroconducting agent which have no compatibility with each other and
      which are superposed with each other, thereby to form a uniform film
      having solvent resistance and since the two agents are both ionic
      materials and have water holding property and free pair ions, they have a
      synergistic effect for improving the electroconductivity.
PAR  In the method of the present invention, other water soluble resins,
      emulsions and amines in a necessary minimum amount may be used in
      combination with the cationic high polymer electroconducting agent in the
      second step for preventing flocking, curling and discoloring and fading of
      the recording layer.
PAR  The first and second steps of the present invention may be carried out in a
      continuous on-machine system or off-machine system in the usual paper
      making step and paper finishing step. The positions of the first and
      second steps of the present method have no limitation.
PAR  According to the method of the present invention explained above, a light
      support for electrophotography and electrostatic recording which is
      excellent in solvent resistance and electroconductivity can be obtained
      with application of said agents in a total dried weight of 0.5 to 6.0
      g/m.sup.2.
PAR  Amount of the agents to be applied depends mainly upon solvent resistance
      and electroconductivity of support. When satisfactory solvent resistance
      is attained with the anionic sizing agents (A) having high synergistic
      effect with the cationic high polymer electroconducting agents at the
      first step, an excellent electroconductive continuous layer can be formed
      with application of the electroconducting agent in a small amount at the
      second step. Therefore, from practical and economical viewpoint, 0.4 - 3.0
      g/m.sup.2 of the anionic sizing agent is applied at the first step and 0.1
      - 5.0 g/m.sup.2 of the cationic electroconducting agent is applied at the
      second step.
DETD
PAR  The present invention will be illustrated in the following Examples.
PAC  EXAMPLE 1
PAR  A coating liquid comprising 5 parts of sodium salt of anionic
      styrene/maleic anhydride copolymer (SCRIPSET-500 of Monsanto Co.) and 95
      parts of water was size pressed in an amount of 25 g/m.sup.2  (including
      water) into an untreated paper having a basis weight of 45 g/m.sup.2
      produced by screening a pulp comprising 100 parts of pulp, 1 part of
      melamine resin and 3 parts of aluminum sulfate into a paper and thus
      treated paper was dried. Thereafter, a coating liquid comprising 5 parts
      of a cationic quaternary ammonium salt type high polymer electroconducting
      agent (Chemistat-6200) and 95 parts of water was coated on both sides of
      said treated paper in an amount of 15 g/m.sup.2 per one side (including
      water) with an air knife coater to obtain a base paper for
      electrophotographic and electrostatic recording having a basis weight of
      48 g/m.sup.2.
PAR  On thus obtained base paper was coated the known electrophotographic
      photosensitive coating liquid comprising zinc oxide, an insulating resin,
      sensitizing dye and an organic solvent in a dried weight of 20 g/m.sup.2.
PAR  Thus obtained electrophotographic photosensitive paper had an extremely
      smooth surface, was considerably lighter in weight than the conventional
      electrophotographic paper which used zinc oxide, formed an image excellent
      in density and contrast in a wide humidity range and caused extremely
      little deteriorations due to pre-exposure such as reduction in image
      density, increase in fog, etc., usually caused when a photosensitive paper
      before use was exposed to strong white light for a long time.
PAR  When said base paper was coated with a known electrostatic recording liquid
      comprising an insulating resin, a matting agent, a pigment and an organic
      solvent in a dried weight of 5 g/m.sup.2, thus obtained electrostatic
      recording paper had a smooth surface and produced an excellent image
      having high density and caused little stain of ground.
PAC  EXAMPLE 2
PAR  A coating liquid comprising 5 parts of anionic acrylic sizing agent
      (Sansizer SA-501 of Sanyo Kasei K.K.) and 95 parts of water was size
      pressed in an amount of 20 g/m.sup.2 (including water) into an untreated
      paper which had a basis weight of 50 g/m.sup.2 and which was produced by
      screening a pulp comprising 100 parts of pulp, 5 parts of said sizing
      agent and 1 part of aluminum sulfate at the paper making process and this
      was dried. Thereafter, a coating liquid comprising 5 parts of cationic
      quaternary ammonium salt type high polymer electroconducting agent (ECR-34
      of Dow Chemical Co., Ltd.) and 95 parts of water was coated on both sides
      of said treated paper in an amount of 30 g/m.sup.2 (total of both sides)
      including water and was dried to obtain a base paper having a basis weight
      of 53 g/m.sup.2.
PAR  To the resultant base paper was applied an electrophotographic
      photosensitive layer and an electrostatic recording layer, respectively,
      in the same manner as in Example 1.
PAR  Thus obtained electrophotographic paper and electrostatic recording paper
      were both extremely excellent as those obtained in Example 1.
PAC  EXAMPLE 3
PAR  Both sides of the paper size pressed with the anionic sizing agent as in
      Example 1 were coated with a coating liquid having the following
      compositions in an amount of 7.5 g/m.sup.2 (including water) per one side
      to obtain a base paper having a basis weight of 52 g/m.sup.2.
TBL  ______________________________________                                    

     Clay                       10 parts                                       

     Vinyl acetate emulsion (MOVINYL 565                                       

     produced by Hoechst Gosei K.K.)                                           

                                10 parts                                       

     Cationic quanternary ammonium salt                                        

     type high polymer electroconducting                                       

     agent (MCP-16 produced by Kyoei K.K.)                                     

     [Homopolymer or copolymer of a monomer                                    

     having the following general formula:                                     

     R.sub.1 R.sub.2                                                           

     .vertline.                                                                

     CH.sub.2 =C--C--O--CH.sub.2 --CH.sub.2 --N.sup.+--.angle.R.sub.2 X.sup.-  

     .parallel.                                                                

     OR.sub.3                                                                  

     (wherein R.sub.1 : methyl, R.sub.2 : methyl,                              

     R.sub.3 : .beta.-hydroxyethyl and X: chlorine)]                           

                                10 parts                                       

     Hexamethylenetetramine      0.5 part                                      

     Water                      70 parts                                       

     ______________________________________                                    

PAR  Thus obtained base paper was coated with electrophotographic photosensitive
      layer and electrostatic recording layer, respectively.
PAR  Thus obtained recording papers both had extremely excellent surface and
      formed extremely excellent image and caused little curling and flocking in
      a wide humidity range as in Examples 1 and 2. Thus, applicability to
      practical copying machine is greatly increased.
PAR  Furthermore, in case of the electrophotographic paper, change in
      sensitivity with lapse of time and discoloration and fading of the
      photosensitive layer were conspicuously decreased.
PAC  COMPARATIVE EXAMPLE 1
PAR  A coating liquid comprising 2 parts of polyvinyl alcohol, 3 parts of
      oxidized starch and 95 parts of water was size pressed in an amount of 25
      g/m.sup.2 (including water) into an untreated paper produced in the same
      manner as in Example 1 and dried. Thereafter, to thus coated paper was
      coated the same cationic high polymer electroconducting agent in the same
      manner and in the same amount as in Example 1 to obtain a base paper.
PAR  To thus obtained base papers were applied the electrophotographic
      photosensitive layer and electrostatic recording layer in the same manner
      as in Examples 1, 2 and 3.
PAR  Since the solvent resistances of said base papers were extremely low, the
      recording papers thus obtained had rough surface and did not produce good
      image and when liquid developing process was applied, a large amount of
      developer penetrated into the paper from both sides and when dry
      developing process with tonor was employed, extreme stain of the ground
      with tonor was caused and such recording paper cannot be practically used.
PAR  In case of this Comparative Example, when the cationic high polymer
      electroconducting agent was coated in an extremely large amount, the
      coating surface becomes relatively smooth, but cost for production is
      increased and moreover curling, flocking, etc., are increased.
PAC  COMPARATIVE EXAMPLE 2
PAR  On the papers prepared and subjected to size pressing in the same manner as
      in Example 2 were coated a coating liquid comprising 5 parts of anionic
      styrene/maleic anhydride copolymer sodium salt (POLYMALON 353 produced by
      Arakawa Rinsan K.K.) and 95 parts of water in the same amount and in the
      same manner as in Example 2 and they were dried. Thereafter, the same
      electrophotographic photosensitive layer and electrostatic recording layer
      as in the preceding Examples were provided on said papers.
PAR  Thus obtained two recording papers had smooth surface similar to those
      obtained in Examples 1 and 2, but such phenomena as reduction in density
      of image, base fog, stain of back side, deterioration due to preexposure,
      etc., which are caused by insufficient electroconductivity markedly
      occurred in a low humidity area of less than 40 percent RH.
PAR  In this Comparative Example 2, said defects could not be markedly improved
      even when amount of the anionic sizing agent in the second step was
      increased.
PAR  The presentative characteristics in the above Examples and Comparative
      Examples are enumerated in the following Table to explain the effects of
      the present invention.
TBL  __________________________________________________________________________

                            Surface resisting                                  

            Treating methods and                                               

                            at 20.degree.C, 40 % RH                            

            materials       (.OMEGA./ )   Solvent resistance                   

                                                      Smooth-   Pre-           

                                                      ness Image               

                                                                expo-          

                                   The    The   The   of re-                   

                                                           quality             

                                                                sure           

            The first                                                          

                     The second                                                

                            The first                                          

                                   second primary                              

                                                secondary                      

                                                      cording                  

                                                           at                  

                                                                resis-         

            step     step   step   step   treatment                            

                                                treatment                      

                                                      layer                    

                                                           humidity            

                                                                tance          

     __________________________________________________________________________

                     Coating with                                              

     Example                                                                   

            Size press                                                         

                     air knife                                                 

     1      Anionic sizing                                                     

                     Quaternary                                                

                            7.3 .times. 10.sup.10                              

                                   3.2 .times. 10.sup.7                        

                                          .DELTA.                              

            agent    ammonium                                                  

                     salt                                                      

     Example                                                                   

            Screening                                                          

                     Impregnation                                              

     2      Anionic sizing                                                     

                     Quaternary                                                

                            4.9 .times. 10.sup.11                              

                                   6.4 .times. 10.sup.7                        

            agent    ammonium                                                  

                     salt                                                      

                     Blade coat-                                               

                     ing. Mixture                                              

     Example                                                                   

            Same as in                                                         

                     containing                                                

     3      Example 1                                                          

                     quaternary                                                

                            7.3 .times. 10.sup.10                              

                                   8.5 .times. 10.sup.8                        

                                          .DELTA.                              

                     ammonium                                                  

                     salt                                                      

     Comparative                                                               

            Size press                                                         

     Example                                                                   

            Nonionic sizing                                                    

                     Same as in                                                

                            7.5 .times. 10.sup.12                              

                                   7.2 .times. 10.sup.9                        

                                          .times.                              

                                                .times.                        

                                                      .times.                  

                                                           .times.             

                                                                .times.        

     1      agent    Example 1                                                 

     Comparative     Impregnation                                              

     Example                                                                   

            Same as  Anionic siz-                                              

                            4.9 .times. 10.sup.11                              

                                   9.3 .times. 10.sup.10   .times.             

                                                                .times.        

     2      Example 2                                                          

                     ing agent                                                 

     __________________________________________________________________________

      In the above Table, " " = Good, " " = Somewhat inferior, ".DELTA." = Bad 

      (The base paper may be used under limited conditions) and ".times." =    

      Extremely bad.                                                           

      The solvent resistance was determined in accordance with permeation of   

      xylene.                                                                  

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing a support for electrophotographic materials or
      electrostatic recording material which comprises applying an
      electroconducting agent to an untreated paper, the improvement comprising
      the first step of fixing an anionic sizing agent which is at least one
      member selected from the group consisting of
PA1  a. sodium salts of maleic and derivative copolymers,
PA1  b. ammonium salts of copolymers containing carboxyl groups,
PA1  c. alkyd resin,
PA1  d. petroleum resin,
PA1  e. acrylic resin, and
PA1  f. polyacrylamide resin
PAL  into a layer of the untreated paper and the second step of coating an
      electroconductive quaternary ammonium polymer on the thus treated paper.
NUM  2.
PAR  2. A method according to claim 1, wherein the first step is accomplished by
      screening.
NUM  3.
PAR  3. A method according to claim 1 wherein the total dried weight of the
      anionic sizing agent and the cationic high polymer electroconducting agent
      applied is 0.5 to 6.0 g/m.sup.2.
NUM  4.
PAR  4. A method according to claim 1 wherein the first step is accomplished by
      size pressing.
NUM  5.
PAR  5. A method according to claim 1 wherein the first step is accomplished by
      tub sizing.
NUM  6.
PAR  6. A method according to claim 1 wherein the first step is accomplished by
      impregnation.
NUM  7.
PAR  7. A method according to claim 1 wherein said anionic sizing agent is a
      sodium salt of a maleic acid derivative copolymer, said copolymer being
      selected from the group consisting of (a) styrene-maleic anhydride
      copolymer, (b) vinyl acetate-maleic anhydride copolymer and (c)
      isobutene-maleic anhydride copolymer.
NUM  8.
PAR  8. In a method for producing a support for electrophotographic materials or
      electrostatic recording material which comprises applying an
      electroconducting agent to an untreated paper, the improvement comprising
      the first step of fixing an anionic sizing agent which is at least one
      member selected from the group consisting of
PA1  a. sodium salts of maleic and derivative copolymers,
PA1  b. ammonium salts of copolymers containing carboxyl groups,
PA1  c. alkyd resin,
PA1  d. petroleum resin,
PA1  e. acrylic resin, and
PA1  f. polyacrylamide resin
PAL  into a layer of the untreated paper and the second step of fixing an
      electroconductive quaternary ammonium polymer into the thus treated paper.
NUM  9.
PAR  9. A method according to claim 8 wherein said anionic sizing agent is a
      sodium salt of a maleic acid derivative copolymer, said copolymer being
      selected from the group consisting of (a) styrene-maleic anhydride
      copolymer, (b) vinyl acetate-maleic anhydride copolymer and (c)
      isobutene-maleic anhydride copolymer.
NUM  10.
PAR  10. A method according to claim 8 wherein the first step is accomplished by
      screening.
NUM  11.
PAR  11. A method according to claim 8 wherein the first step is accomplished by
      size pressing.
NUM  12.
PAR  12. A method according to claim 8 wherein the first step is accomplished by
      tub sizing.
NUM  13.
PAR  13. A method according to claim 8 wherein the first step is accomplished by
      impregnation.
NUM  14.
PAR  14. A method according to claim 8 wherein the total dried weight of the
      anionic sizing agent and the cationic high polymer electroconducting agent
      applied is 0.5 to 6.0 g/m.sup.2.
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ABST
PAL  A process for making carrier sheets of paper, treated with aqueous
      solutions of heat-hardenable, aminoplast condensation resins, such as, the
      reaction products of melamine, urea, thiourea, and like aminoplast
      constituents with formaldheyde, in which the treated sheet is stretched,
      as by passing it over broad-drawing rollers while it is in a
      warm-deformable condition (at a temperature between about 80.degree. to
      130.degree.C), transversely with respect to the grain of the paper and, if
      desired, longitudinally with respect to the grain of the paper, and the
      treated stretched sheet is then cooled to a temperature of about
      30.degree.C by blowing with air or passing the same over cooling rollers.
      The treated sheet may be stretched after it has passed through a heated
      drying channel, to dry and procondense the heat-hardenable aminoplast
      condensation resin, and before the temperature has dropped below that at
      which the sheet is no longer in a warm-deformable condition or the sheet
      may be cooled after passage through the heated drying channel and then
      reheated to a warm-deformable condition. The treated, stretched sheets of
      the present invention are pressed on wood panels in a heated hydraulic
      press and preferably in a heated short-cycle press.
BSUM
PAR  The present invention relates to a process for making or preparing carrier
      sheets of paper impregnated and/or coated with aqueous solutions of
      heat-hardenable aminoplast condensation resins, preferably for the surface
      treatment or improvement of wood plates or panels in short-cycle presses.
PAR  For the surface treatment or improvement of wood plates in particular, it
      is known to use aminoplast condensation resins which, since they are not
      adapted to form self-supporting foils, are applied to carrier sheets,
      usually of paper. The term aminoplast condensation resin is understood to
      mean the reaction products of melamine, urea, thiourea, or similar
      aminoplast constituents with formaldehyde. The condensation resins are
      condensed up to a specific compatibility with water and thereupon applied
      as a predominantly aqueous solution onto carrier sheets. These carrier
      sheets are impregnated with the solutions of the condensation resins and,
      depending upon the quantity and concentration of the resin solutions
      employed, are coated either on one side or on both sides thereof, either
      simultaneously or by passing the pre-saturated or pre-impregnated carrier
      sheet through a second impregnating tub. The carrier sheets impregnated in
      this manner and coated, if desired, are passed through a heated drying
      channel in such a manner that the heat-hardenable synthetic resins are
      dried and precondensed, while, however, the capability to flow and the
      chemical reactivity are still maintained. After leaving the drying
      channel, the sheets are cooled by blowing with air or by means of cooling
      rollers, and are rolled up or cut to formats having the desired size. The
      products from this process are semifinished goods and, particularly for
      the surface treatment of wood panels or plates, such as, for example,
      plywood panels, chip plates, and the like, are pressed upon the surfaces
      of these plates at elevated temperature. At that time, the condensation
      resin forms a closed surface while simultaneously becoming bonded to the
      base where it hardens completely.
PAR  Pressing of the carrier sheets containing the heat-hardenable synthetic
      resin onto the upperside and underside of the plates to be treated or
      improved takes place in heatable hydraulic presses.
PAR  It was heretofore customary to compose or stack together, the press
      packages having, for example, the following layering:
PA1  press sheet steel
PA1  one or several layers of carrier sheets containing condensation resin
PA1  wood panel
PA1  one or several layers of carrier sheets containing condensation resin
PA1  press sheet steel
PAL  outside of the press, if desired, with the additional insertion of a press
      cushioning or padding, and then to drive in or introduce them into the
      press, which latter was subsequently heated and placed under pressure.
      After the completion of the hardening reaction, recooling was effected and
      the pressed material removed or driven out.
PAR  In order to shorten the coating process, so-called short-cycle presses have
      been used for some time, in which the press steel sheets are secured to
      the heated press and remain constantly heated and wherein merely the press
      package, having the following stratification:
PA1  one or several layers of carrier sheets impregnated with condensation resin
PA1  wood panel
PA1  one of several layers of carrier sheets impregnated with condensation resin
PAL  is driven into or introduced in the open short-cycle press and deposited on
      the lower heated press steel sheet. At that time, it cannot be avoided
      that the carrier sheets containing resin, which are positioned on the
      lower press steel sheet, will begin to condense, due to the action of the
      heat, before the press is placed under pressure. Simultaneously, it cannot
      be avoided that the lower layer of the resin-carrying carrier sheets come
      into contact with the lower heated press steel sheet for an unevenly long
      period of time since, during the removal of the conveying device, the
      front batches or series of the lower carrier sheet, having been deposited
      on the press steel sheet, remain in contact with the hot press steel sheet
      longer than the batches or series which had been deposited last. The
      consequence thereof is an undesirable premature condensation, particulary
      of the batches or series which were deposited on the steel sheet first.
      Since the condensation takes place without pressure, the resin will foam
      up at the points which are exposed longer. Therefore, there will sometimes
      appear, at the underside of a finished compressed plate, irregularities in
      the opacity which considerably impair the appearance and usability of the
      treated plates. In this connection, it is not necessary that
      irregularities in the outer condition be visible in the unpressed
      resin-carrying carrier sheet.
PAR  The present invention aims at proposing and providing carrier sheets,
      impregnated and/or coated with the afore-mentioned heat-hardenable
      synthetic resins, which do not show these irregularities in the finished
      pressed condition thereof and, when used in short-cycle presses, furnish
      perfect surfaces on the underside of the plates.
PAR  It has now been surprisingly found that the irregularities on the surface
      of the undersides, in short-cycle presses, of treated or improved wood
      panels or plates will not arise if the carrier sheets, impregnated and
      coated with resin, are stretched or elongated transversely, after drying
      and preliminary condensation in the still warm-deformable condition, and,
      if desired, lengthwise to the grain direction and thereafter cooled.
PAR  If desired, a film leaving the drying channel, and whose temperature is
      below the temperature of the warm-deformable stage or condition, may be
      heated in a suitable manner prior to the stretching or elongation.
PAR  It is assumed that stresses in the film, which inevitably arise due to
      irregularities and/or inhomogeneities of the paper during the manufacture
      thereof and when drawing the carrier sheet through the impregnating and
      drying installations, are eliminated due to this stretching or elongation.
PAR  The term warm-deformable state or condition is understood, within the
      framework of the present invention, as that state of a synthetic
      resin-impregnated and/or coated carrier sheet in which the carrier sheet
      still has a temperature at which it is permanently and plastically
      deformable without an essential further condensation of the synthetic
      resin taking place. Generally, the warm-deformable state of the
      resin-carrying carrier sheet exists at a temperature of approximately
      80.degree.C up to, for a short time, 130.degree.C. A temperature range of
      from 90.degree.C to 120.degree.C is preferred. At this temperature, the
      resin-carrying carrier sheets are still in the deformable state, and a
      compensation and rectification of the stresses present in the synthetic
      resin-impregnated and/or coated carrier sheet takes place by virtue of the
      stretching or elongation. Compensation of the stresses in the paper, which
      are caused by a varying fiber distribution, are also eliminated at the
      same time.
PAR  The stretching or elongation of the resin-carrying carrier sheets may take
      place in any desired manner, and the paper and textile technology offers a
      number of possibilities and solutions from which one may choose. For
      example, and preferably, the resin-carrying dried carrier sheets are
      passed over either one or several broad-drawing rollers, known per se,
      such as those conventionally used in the paper and textile industries, and
      these broad-drawing rollers may be used in combination with reversing
      rollers.
PAR  After the elongation, the film is cooled in a manner known per se, by
      blowing with air or by means of cooling rollers, and then stabilized at
      about 30.degree.C, i.e. brought into a storable condition.
PAR  Of course, it is also possible to dry a carrier sheet which had been
      impregnated and/or coated in a customary manner, cool it and roll it, and
      to then heat the resin-carrying carrier sheet in a second working step,
      again to a temperature at which it will pass over or change over into a
      warm-deformable condition, and to thereafter stretch or elongate the thus
      heated carrier sheet, as proposed by the present invention.
PAR  The inventive process will now be further explained, hereinafter, on the
      basis of the accompanying drawing.
DETD
PAR  FIG. 1 shows that, in the process according to the present invention, the
      coated carrier sheet 1 is dried and precondensed in a drying channel 2, by
      blowing with hot air through air nozzles 3. The coated carrier sheet 1 is
      guided over the regulating rollers 4 and the warm-deformable sheet 1 is
      then elongated or stretched by means of broad-drawing rollers 5 and
      engaging rollers 6. The stretched sheet 1 is subsequently cooled to below
      30.degree.C by means of cooling rollers 8, guided over the reversing
      roller 9 and wound onto a roll 10. When the beginning of the film is
      passed through, the engaging rollers are lifted upwardly off the film and,
      when the film has been passed through, they are lowered again.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A prcess for making a carrier sheet of paper treated with an aqueous
      solution of at least one heat-hardenable aminoplast condensation resin,
      comprising passing said treated sheet through a heated zone in which said
      heat-hardenable aminoplast resin is dried and precondensed,
PA1  stretching said treated sheet at a temperature in the range of about
      80.degree.C to about 130.degree.C, and in a direction transverse to the
      grain direction of said sheet,
PA1  and cooling said treated, stretched sheet.
NUM  2.
PAR  2. A process according to claim 1 in which the treated sheet is cooled and
      reheated to the stretching temperature.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein the treated sheet is
      stretched by passing said treated sheet over at least one broad-drawing
      roller.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein the treated sheet is
      stretched by passing said treated sheet over at least one broad-drawing
      roller combined with at least one reversing roller.
NUM  5.
PAR  5. A process in accordance with claim 1 wherein the temperature is between
      about 90.degree. and 120.degree.C.
NUM  6.
PAR  6. A process in accordance with claim 1 wherein the treated sheet is
      stretched longitudinally with respect to the direction of the grain
      direction of the sheet.
NUM  7.
PAR  7. A process in accordance with claim 1 wherein the treated sheet is
      stretched both transversely and longitudinally with respect to the grain
      direction of the sheet.
NUM  8.
PAR  8. A process in accordance with claim 1 wherein the treated, stretched
      sheet is cooled by blowing with air.
NUM  9.
PAR  9. A process in accordance with claim 1 wherein the treated, stretched
      sheet is cooled by passing the same over at least one cooling roller.
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ABST
PAL  There is disclosed the preparation of a liquid crystal containing structure
      by incorporating a liquid crystal substance into a polymeric matrix so as
      to form a thin, layer-like structure of controlled thickness. The
      resulting structure is highly suitable for use in display and/or memory
      devices or other devices utilizing liquid crystal properties.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of copending U.S. Pat. application Ser. No. 331,445,
      filed Feb. 12, 1973, which is a continuation of abandoned U.S. Pat.
      application Ser. No. 121,156, filed Feb. 4, 1971 (now abandoned).
BSUM
PAC  THE INVENTION
PAR  This invention relates to the preparation of electronic devices capable of
      display and/or memory functions and characteristics. More particularly,
      this invention relates to the preparation of a mesomorphic material
      containing structure suitable for use in an electronic display and/or
      memory device.
PAR  Mesomorphic materials, typically referred to as liquid-crystal materials,
      are organic compounds in a transition state between crystalline solid and
      normal isotropic liquid forms. Such materials are well known in the prior
      art. Likewise, it is known in the prior art to use liquid crystals in
      electronic display or memory devices.
PAR  Such devices typically comprise a thin layer of liquid crystals sandwiched
      between two sheets of glass. Normally, the thin layer of liquid crystal
      material is clear, but when an electric field is applied to it, some
      portions or regions of the material become turbulent so as to scatter
      light. By controlling the size and shape of the turbulent regions, images
      can be formed. Primarily, this effect is obtained by use of liquid-crystal
      materials of the nematic type.
PAR  In one particular embodiment, a liquid-crystal material is sandwiched as a
      dielectric in a parallel plate capacitor with one electrode transparent
      and the other electrode either transparent or reflecting. The liquid is
      kept between the electrodes by capillary action, since electrode spacings
      are of the order of 1/2 mil. An applied d.c. or low-frequency (less than
      100 Hz.) field of more than 30,000 volts per centimeter changes the cell
      from transparent to turbulent in a few milliseconds. Depending upon the
      liquid crystal composition, the opaque effect may remain even after the
      field is removed. In other words, an optical signal may be maintained with
      no applied power. The cell can be turned clear again by applying a
      high-frequency (greater than 700 Hz.) signal. The sample remains clear
      after the signal is removed.
PAR  Additional embodiments of liquid-crystal electrooptical devices are
      disclosed and illustrated in U.S. letters Pat. Nos. 3,401,262 and
      3,410,999; Proceedings of the IEEE, Vol. 56, No. 12, Dec., 1968, pages
      2146 to 2149; The Glass Industry, August, 1968, pages 423 to 425; Chemical
      and Engineering News, September 30, 1968, pages 32 and 33; Physics Today,
      July, 1970, pages 30 to 36; Electronics, July 6, 1970, pages 64 to 70;
      U.S. letters Pat. No. 3,322,485 to Williams.
PAR  In accordance with this invention, a liquid-crystal substance is
      incroporated into a polymeric matrix so as to form a thin layer-like
      structure of controlled thickness, which structure is highly suitable for
      use in display devices or other devices utilizing liquid-crystal
      properties.
PAR  In the practice of this invention, the liquid-crystal substance and the
      matrix polymer are so selected such that the liquid-crystal substance
      exists as a dispersed phase within the polymeric matrix; that is, each
      should be chemically and physically inert, and preferably insoluble,
      relative to the other.
PAR  The liquid-crystal substance may be incroporated into the polymeric matrix
      via any convenient procedure including not by way of limitation:
PA1  a. Casting a film from a polymer solution containing liquid crystals;
PA1  b. Blending liquid crystals with molten polymer, , followed by extrusion,
      pressing, casting, coating, ect.;
PA1  c. Application of liquid crystals to the surface of the polymer following
      by heating so as to promote diffusion;
PA1  d. Mixing liquid crystals with a polymerizable monomer or prepolymer
      followed by polymerization;
PA1  e. Use of a polymer (or polymerizable monomer) as the medium (solvent) in
      which liquid-crystal synthesis is carried out.
PAR  In one embodiment hereof, a material capable of forming liquid crystals is
      incorporated in a polymeric binder by dissolving or dispersing the former
      material in a polymer solution or molten polymer, then fabricating the
      polymer by a suitable technique (solution casting, molding, extrusion,
      etc.). Following solvent evaporation and/or cooling of molten polymer, the
      polymer will act as a binder and protective matrix for the liquid
      crystals.
PAR  In certain cases, (e.g., when polymer and mesomorphic material are
      incompatible in the appropriate temperature range) the polymer/liquid
      crystal composite will still possess the useful properties typical of
      liquid crystals. Consequently, such composites should prove useful in such
      applications as display devices, temperature indicators, etc.
PAR  The principles discussed above could also be applied in related ways, such
      as the use of prepolymers which subsequently react to form the polymeric
      binder, or the use of materials in the form of a paint which subsequently
      dries, or cures, to form the desired polymer/liquid crystal composite.
PAR  The practice of this invention comprises using liquid crystals of any
      suitable molecular alignment -- nematic, smectic, and/or cholesteric --
      depending upon the desired use.
PAR  Typical organic classes of liquid crystal forming materials contemplated
      comprise both aromatic and aliphatic organic compounds such as
      benzylideneanilines generally prepared from the reaction of
      para-substituted benzaldehyde and parasubstituted aniline;
      N-(p-alkoxybenzylidene)-p-aminostyrenes prepared from the reaction of the
      appropriate aldehyde with p-aminostyrene; the cholesteric compounds such
      as those derived from cholestene or cholesterol, e.g. esters from reaction
      of cholesterol and inorganic acids; organic esters of cholesterol; ethers
      of cholesterol; carbonates and carbamates of cholesterol; alkyl amides and
      aliphatic secondary amines derived from 3-betaamino delta-5-cholestene;
      derivatives of beta sitosterol; active amyl ester of cyano benzylidene
      amino-cinnamate; P-phenylene containing compounds such as p-phenylene
      p-alkoxybenzoates; aminoacetophenones; amino-propiophenones;
      phenylenediamines; chlorophenylenediamines; terephthals;
      p,p'-disubstituted bibenzyls; p,p'-disubstituted stilbenes;
      p,p'-disubstituted diphenylacetylenes; p,p'-disubstituted azobenzenes;
      p,p'-disubstituted azoxybenzenes; p,p'-disubstituted dibenzalazines;
      p,p'-disubstituted-1,4 -diphenylbutadienes; p,p'-diisubstituted phenyl
      benzoates; substituted phenyl alkyl carbonates and diphenyl carbonates;
      p-n-alkyl benzoic acids; p-n-alkoxy benzoic acids; and Schiff bases
      prepared from p-substituted benzaldehydes and compounds of the following
      types: p-phenylenediamines, 4,4'-diaminobiphenyls, 4-phenylazoanilines,
      naphthylamines, and naphtylenediamines.
PAR  Specific liquid-crystal compounds include ethyl
      p-4-ethoxybenzylideneaminocinnamate; p,p'-azoxybenzoic acid diethyl ester;
      N-(p-methoxybenzylidene)-p-aminostyrene;
      N-(p-butoxybenzylidene)-p-aminostyrene;
      N-(p-octadecyloxybenzylindene-p-aminostyrene; p-azoxyanisole;
      p-hexyloxybenzalazine; p-azoxyphenetole; p-anisylidene-p-biphenylamine;
      p-ethoxybenzylindene-p-biphenylamine; p-anisylidene-p-aminophenyl acetate;
      p-ethoxybenzylidene-p-aminophenyl acetate;
      p-n-hexyloxybenzylidene-p-aminophenyl acetate; deca-2,4, dienoic acid;
      4,4' di-n-heptoxyazoxybenzene; 4,4' di-n-hexoxyazoxybenzene; 4,4'
      di-n-pentoxyazoxybenzene; 4,4' di-n-butoxyazoxybenzene;
      4,4'diethoxyazoxybenzene; undeca 2,4-dienoic acid; nona-2,4-dienoic acid;
      4,4'-dimethoxystilbene; 2,5-di(p-ethoxybenzylidene)cyclopentanone;
      2,7-di-(benzylideneamino) fluorene;
      2-p-methoxybenzylideneaminophenanthrene; 4-methoxy-4"-nitro-p-terphenyl;
      4-p-methoxybenzylideneaminobiphenyl; 4,4'-di(benzylideneamino)biphenyl;
      p-n-hexylbenzoic acid; p-n-propoxybenzoic acid; trans-p-methoxycinnamic
      acid; 6-methoxy-2-naphthoic acid; p-phenylene di-p-anisate; p-phenylene
      di-p-ethoxybenzoate; p-phenylene di-p-n-hexyloxybenzoate; p-phenylene
      di-p-n-heptyloxybenzoate; p-phenylene di-p-n-octyloxybenzoate; 1,4-bicyclo
      [2.2.2.]octylene di-p-anisate; 1,4-bicyclo[2.2.2]octylene
      di-p-n-octyloxybenzoate; trans-1,4-cyclohexylene di-p-anisate;
      trans-1,4-cyclohexylene di-p-n-butoxybenzoate;
      4,4'-di(p-methoxybenzylideneamino)dibenzyl; p,p'-diacetoxystilbene;
      1,2-di(p-methoxyphenyl)-acetylene; p-(p-acetoxyazo)benzoic acid;
      1,4-di-(p-methoxyphenyl)-butadiene; p-anisal-p-anisidine;
      p,p'-dimethoxydibenzal-1,4-naphthalenediamine; p-n-butylbenzoic acid;
      p,p'-di-n-butyldiphenylpyridazine; p-(p-cyanobenzal)anisidine;
      p-(p-methoxybenzoxy)benzoic acid; anisal-p-aminoazobenzene;
      1-(4'-anisalamino)-4-phenylazonaphthalene;
      N-(p-methoxybenzylidene)-p-n-butylaniline;
      N-(p-n-octyloxybenzylidene)-p-n-butylaniline;
      p-anisylidene-p-phenylazoaniline; N,N'-dibenzylidenebenzidine;
      N,N'-di(p-n-hexyloxybenzylidene) benzidine;
      p-bis(heptyloxybenzoyloxy)benzene; p-n-propoxybenzoic acid;
      p-n-butoxybenzoic acid; p-n-amyloxybenzoic acid; p-n-hexyloxybenzoic acid;
      p-n-heptyloxybenzoic acid; p-n-octyloxybenzoic acid;
      butyl-p-(p-ethoxyphenoxycarbonyl)phenyl carbonate;
      p-(p-ethoxyphenylazo)phenyl heptanoate;
      4-[(p-hexyloxycarbonyloxybenzylidene)amino]-1-pentyloxybenzene;
      N-[p-(pentyloxycarbonyloxy)benzylidene] -p-anisidine;
      p-[(p-butoxyphenyl)azo] phenyl butyl carbonate;
      p-(p-ethoxyphenylazo)phenyl hexanoate; p-(p-ethoxyphenylazo)phenyl
      valerate; p-[(p-ethoxybenzylidene)amino] benzonitrile;
      p-[(p-methoxybenzylidene)amino]benzonitrile; ethyl
      p-[(p-methoxybenzylidene)amino]cinnamate; p-(p-ethoxyphenylazo)phenyl
      crotonate; p-[(p-methoxybenzylidene)amino]phenyl p-toluate;
      p-[(p-methoxybenzylidene)amino]phenyl benzoate;
      p-[(p-ethoxybenzylidene)amino]phenyl benzoate;
      N,N'-di(p-methoxybenzylidene).alpha.,.alpha.'-bip-toluidine;
      p-anisalazine; 4-acetoxy-3-methoxycinnamic acid; p-acetoxycinnamic acid;
      4'-[(p-pentyloxycarbonyloxybenzylidene)amino] valerophenone; diethyl
      p,p'-azoxydicinnamate; 4-butoxybenzylidene-4'-aminoacetophenone;
      4-decyloxybenzylidene-4'-aminoacetophenone;
      4-dodecyloxybenzylidene-4'-aminoacetophenone;
      4-heptyloxybenzylidene-4'-aminoacetophenone;
      4-hexyloxybenzylidene-4'-aminoacetophenone;
      4-methoxybenzylidene-4'-aminoacetophenone;
      4-nonyloxybenzylidene-4'-aminoacetophenone;
      4-octyloxybenzylidene-4'-aminoacetophenone;
      4-pentyloxybenzylidene-4'-aminoacetophenone;
      4-propoxybenzylidene-4'-aminoacetophenone;
      4-butoxybenzylidene-4'-aminopropiophenone;
      4-heptyloxybenxylidene-4'-aminopropiophenone;
      4-hexyloxybenzylidene-4'-aminopropiophenone;
      4-methoxybenzylidene-4'-aminopropiophenone;
      4-nonyloxybenzylidene-4'-aminopropiophenone;
      4-octyloxybenzylidene-4'-aminopropiophenone;
      4-pentyloxybenzylidene-4'-aminopropiophenone; 4-propoxybenzylidene
      -4'-aminopropiophenone;
      bis-(4-bromobenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-chlorobenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-n-decyloxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-n-dodecyloxybenzylidene)-2-chloro-1,4  -phenylenediamine;
      bis-(4-n-hexyloxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-methoxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-nonyloxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-n-octyloxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-n-pentyloxybenzylidene)-2-chloro-1,4-phenylenediamine;
      bis-(4-bromobenzylidene)-1,4-phenylenediamine;
      bis-(4-chlorobenzylidene)-1,4-phenylenediamine;
      bis-(4-n-decyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-dodecyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-fluorobenzylidene)-1,4-phenylenediamine;
      bis-(4-n-heptyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-hexyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-nonyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-hexyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-nonyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-octyloxybenzylidene)-1,4-phenylenediamine;
      bis-(4-n-pentyloxybenzylidene)-1,4-phenylenediamine;
      terephthalbis-(p-bromoaniline); terephthalbis-(p-chloroaniline);
      terephathalbis-(p-fluoroaniline); terephthalbis-(p-iodoaniline);
      cholesteryl myristate; cholesteryl oleate; cholesteryl palmitate;
      cholesteryl pelargonate; cholesteryl phenylacetate; cholesteryl stearate;
      p-(4-cyanobenzalamino)-cinnamic acid, active amyl ester;
      N-(p-cyanobenzal)-p-anisidine; 4-cyanobenzoic acid; p-methoxycinnamic
      acid; N,N'-terephthalylidenedi-p-toluidine; cholesteryl bromide;
      cholesteryl nitrate; cholesteryl crotonate; cholesteryl propionate;
      cholesteryl valerate; cholesteryl hexanoate; cholesteryl docosonoate;
      cholesteryl vaccenate; cholesteryl chloroformate; cholesteryl linoleate;
      cholesteryl linolenate; cholesteryl erucate; cholesteryl butyrate;
      cholesteryl caprate; cholesteryl laurate; cholesteryl myristate;
      cholesteryl clupanodonate; cholesteryl decyl ether; cholesteryl lauryl
      ether; cholesteryl dodecyl ether; cholesteryl decyl carbonate; cholesteryl
      methyl carbonate; cholesteryl ethyl carbonate; cholesteryl butyl
      carbonate; cholesteryl docosonyl carbonate; cholesteryl cetyl carbonate;
      cholesteryl oleyl carbonate; cholesteryl heptyl carbamates; cholesteryl
      acetate; cholesteryl acetoacetate; cholesteryl benzoate; cholesteryl
      n-butyrate; cholesteryl caproate; cholesteryl caprylate; cholesteryl
      chloroacetate; cholesteryl chloroformate; cholesteryl cinnamate;
      cholesteryl n-decylate; cholesteryl 2,4-dichlorobenzoate; cholesteryl
      formate; cholesteryl n-heptylate; cholesteryl hydrocinnamate; cholesteryl
      hydrogen phthalate; cholesteryl hydrogen succinate; cholesteryl
      isobutyrate; cholesteryl laurate; cholesteryl nonanoate; cholesteryl
      chloride; cholesteryl 2-ethylhexyl carbonate; cholesteryl p-nonylphenyl
      carbonate; cholesteryl 2-(ethoxyethoxy) ethyl carbonate; cholesteryl
      2-(2-butoxyethoxy)ethyl carbonate; cholesteryl 2-(2-methoxyethoxy)ethyl
      carbonate; cholesteryl geranyl carbonate; cholesteryl dodecyl carbonate;
      cholesteryl 2-butoxyethyl carbonate; cholesteryl octadecyl carbonate;
      cholesteryl 2-propyn-1-yl carbonate; cholesteryl 2-methoxyethyl carbonate;
      cholesteryl 3-methoxybutyl carbonate; cholesteryl 2-methyl-2
      propen-1-yloxycarbonylethyl carbonate; cholesteryl furfuryl carbonate;
      cholesteryl decyl carbonate; cholesteryl methallyl carbonate; cholesteryl
      2-benzyloxy carbonate;
PAR  Materials suitable for use as the polymeric matrix would include the
      following: polyethylene; polypropylene; poly( 1-butene);
      poly(4-methyl-1-pentene); polyisobutylene; polystyrene; polybutadiene;
      polychloroprene; poly(methyl methacrylate); poly(ethyl methacrylate);
      poly(n-butyl methacrylate); poly(vinyl acetate); poly(vinyl alcohol);
      poly(vinyl chloride); poly(vinylidene chloride); poly(vinyl fluoride);
      poly(vinylidene fluoride); poly(caprolactam);
      poly(hexamethyleneadipamide); poly(ethylene terephthalate);
      polyoxymethylene; poly(ethylene oxide); poly(propylene oxide);
      poly(phenylene oxide); Bisphenol A polycarbonate; dimethyl polysiloxane;
      poly(N-vinylpyrrolidinone); alkyd resins; poly(ethyleneimine); ethyl
      cellulose; methyl cellulose; hydroxyethyl cellulose; hydroxypropyl
      cellulose; sodium carboxymethyl cellulose; cellulose nitrate; poly(acrylic
      acid) and its salts; poly(methacrylic acid) and its salts; polyacrylamide;
      polyacrylonitrile; poly(methacrylonitrile); poly(caprolactone); Bisphenol
      A - epichlorohydrin condensates (epoxy resins); ethylene-ethyl acrylate
      copolymers; ethylenepropylene copolymers; ethylene-vinyl acetate
      copolymers; vinyl chloride-vinyl acetate copolymers; styrene-butadiene
      copolymers; styrene-isoprene copolymers; styrene-acrylonitrile copolymers;
      styrene-methyl methacrylate copolymers; polyvinyl formal; polyvinyl
      butyral; poly(methyl acrylate); poly(ethyl acrylate); poly(vinyl
      propionate); ethylene - acrylic acid copolymers and their salts; cellulose
      acetate; cellulose propionate; cellulose acetate butyrate; poly(diallyl
      phthalate); poly(decamethylene adipamide); poly(11-aminoundecanoic acid);
      poly( 12-aminododecanoic acid); poly(methyl vinyl ether); poly(isobutyl
      vinyl ether).
PAR  Another method of incorporation of liquid crystals into polymer matrices
      involves the preparation of a mixture of the liquid crystal and a
      polymerizable monomer or prepolymer, followed by polymerization.
      Incorporation of liquid crystals into most of the aforementioned polymers
      can be accomplished in this way. In addition, this technique permits the
      "embedment" of liquid crystals in matrices of thermosetting plastics,
      including the following classes of materials: phenol-formaldehyde resins;
      urea-formaldehyde resins; melamine-formaldehyde resins; epoxy resins;
      polyurethanes; unsaturated polyesters; thermosetting acrylic resins.
PAR  By careful choice of materials, it should be possible to modify electrical
      and optical properties of the polymer/liquid crystal layer without
      affecting typical liquid crystal phenomena, by adding other materials
      (dyes, additives to increase electrical conductivity, etc.) which are
      compatible with the polymer but not with the liquid crystals, or vice
      versa.
PAR  The resulting liquid-crystal containing structure, prepared in accordance
      with this invention, may be rigid or flexible depending upon the use.
PAR  Typical uses include display/memory panel devices, e.g. of the type as
      described hereinbefore.
PAR  It is further contemplated that the liquid-crystal structure may be used as
      a temperature indicator, especially liquid crystals of the nematic or
      cholesteric type. For example, a sheet or film (rigid or flexible) of the
      composite material could be applied directly to the body of an animal,
      e.g. human skin.
PAR  Another use includes the detection of gases, e.g. air pollutants. Certain
      liquid crystals undergo changes in color, opacity, etc., in the presence
      of certain gases.
PAR  In one particular embodiment hereof, the structure is used as a
      chromatographic stationary phase for the separation of gaseous phase
      materials. Such embodiment comprises positioning the liquid-crystal
      containing structure transversely in a gas stream to determine gas
      transport rates, e.g. solubility factors, etc., and also to separate gases
      in the stream. In the practice of such embodiment, nematic crystals in
      particular may exhibit unusual selectivity factors. For example,
      para-xylene has more affinity for nematic liquid crystals than does
      ortho-xylene.
PAR  Reference is made to the hereinafter EXAMPLE which represents one of the
      best embodiments for practice of this invention.
DETD
PAC  EXAMPLE
PAR  A solution of 0.1 gram of
      N,N'-bis(p-n-octyloxybenzylidene)-2-chloro-1,4-phenylenediamine and 0.1
      gram of poly (ethylene oxide)(Polyox WSR N-10) in 1.0 gram of dry
      methylene chloride was cast onto a glass substrate and allowed to
      evaporate.
PAR  The isolated (pure) liquid crystal undergoes a characteristic
      liquid-crystal isotropic phase transition clearing point at about
      165.degree. - 170.degree.C. Visual observation of a heated sample of the
      resulting film composite indicated that the film had a similar clearing
      point characteristic; the existence of this transition in the film was
      also detected by Differential Thermal Analysis.
PAR  When the film was placed between two conductive transparent tin
      oxide-coated glass plates, warmed to about 60.degree.C., and subjected to
      a voltage difference of 200 volts, a "dynamic scattering effect" was
      visually observed.
PAR  In the practice of this invention, certain operating parameters may be most
      suitable.
PAR  Accordingly, although a broad range of polymeric molecular weights are
      contemplated, a preferred MW range is about 10,000 to 200,000.
PAR  It is contemplated that the liquid-crystal substance may be a homogeneous
      or heterogeneous mixture of two or more components. Likewise, the finally
      prepared structure may be of any suitable planar or solid shape and/or
      configuration as well as flat, layer-like. When the structure is a
      layer-like film, as in an electronic display device, the overall film
      thickness of the active layer (polymeric matrix plus liquid-crystal
      substance) should range from about 0.25 mil to about 2.5 mils.
      Furthermore, the active film layer may be surrounded by adjacently
      positioned structures of any suitable shape, such as one or more
      continuous or discontinuous flat layers.
PAR  Such adjacent structures may be inactive support bodies, such as sealant
      layers or transparent layers, or may be active in the overall operation
      process, such as lenses, circuitry, electrodes, etc. Typical electrode
      configurations include both the continuous and discontinuous types. In one
      preferred embodiment there are used two series of parallel-like electrode
      members, the electrodes of one series being transversely oriented relative
      to those of the other series. In one highly preferred embodiment, two
      polymeric matrices are used as dielectric layers in a gaseous discharge
      device of the types disclosed in U.S. letters Pat. No. 3,499,167 and/or
      British Pat. No. 1,161,832, both of which are hereby incorporated by
      reference.
PAR  The electrodes may be of any suitable material, e.g. metal or metal oxide,
      and may be applied to a substrate of any suitable material, e.g. glass,
      plastic, or ceramic.
PAR  In the broad practice hereof, it is contemplated that the polymer and
      liquid-crystal material may be mixed together in the presence or absence
      of a solvent. The mixture may be stored in a common container and/or
      applied in a liquid or solid form to a substrate. In dry form, the
      resulting mixture may comprise beads, powders, pellets, etc., which may be
      conveniently stored or used as such.
PAR  In the initial formation of the dry or wet mixture, both the polymer and
      the liquid-crystal material may be solid. Likewise, either or both
      components may be used above the corresponding softening or melting
      temperatures.
PAR  The preferred weight ratio of liquid-crystal substance to polymeric matrix
      should range from about 1:4 to about 4:1.
PAR  Other possible applications or uses for the structure of this invention
      include detectors of pressure, structural strain or stress, and
      ultraviolet radiation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a thin, layer-like film structure of controlled
      thickness suitable for use in electronic display devices comprising
      providing a polymeric material film, applying a liquid-crystal material to
      the surface of said polymeric material film and then heating said
      polymeric film to a temperature sufficient to promote diffusion of said
      liquid-crystal material therein to form said film structure containing
      said polymeric material in matrix form with said liquid-crystal material
      as a dispersed phase embedded in said polymeric material film such that
      said liquid-crystal material is in intimate contact with said matrix, said
      polymeric material being chemically and physically inert relative to the
      contained liquid-crystal material.
NUM  2.
PAR  2. The invention of claim 1 wherein the liquid-crystal material is nematic,
      cholesteric, or a mixture of nematic and cholesteric.
NUM  3.
PAR  3. The invention of claim 2 wherein the film structure has a thickness of
      about 0.25 mil to about 2.5 mils.
NUM  4.
PAR  4. The invention of claim 3 comprising the further step of incorporating
      said film structure between adjacent layers, the adjacent layers
      comprising plastic, glass, or ceramic.
NUM  5.
PAR  5. The invention of claim 4 wherein the polymeric matrix has a molecular
      weight of about 10,000 to about 200,000.
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PAL  Pressure-sensitive adhesive compositions having an improved set of physical
      properties especially at elevated temperatures yet having low melt
      viscosity and thus capable of being applied by means of a wipe-off coater
      comprise certain block copolymers, resins compatible with a rubbery phase
      of said copolymers, extender oil and resins compatible with the plastic
      blocks having softening points higher than those of the plastic polymer
      blocks of the copolymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Block copolymers have been formulated to produce a number of types of
      adhesive compositions. The basic patent in this field, Harlan, U.S. Pat.
      No. 3,239,478, shows combinations of block copolymers with tackifying
      resins and oils to produce a wide spectrum of adhesives. While these are
      suitable for many purposes, the prior art compositions are usually
      deficient in one physical property or another leaving something to be
      desired for specific applications. In many cases, the deficiency lies in
      the area of high temperature properties. For example, Russell, U.S. Pat.
      No. 635,861 shows hot melt adhesives comprising block polymer, certain
      resins and oil. However, the high temperature properties of the described
      adhesive compositions are deficient.
PAR  It would be desirable to be able to apply an adhesive to a backing in the
      form of a melt, but if viscosity-reducing components are absent, the melt
      is then of such high viscosity that the equipment normally available for
      this purpose cannot handle the composition. An example of this is shown in
      Korpman, U.S. Pat. No. 3,676,202, which describes a 2-component blend of
      certain block copolymers with a particular type of tackifying resin.
      However, the compositions described by Korpman are clearly oil-free and
      consequently would be difficult to apply to the tape in the form of a
      melt. They could be applied readily in the form of a solution as shown in
      Korpman's working examples. However, solvents add to the expense of the
      operation, increase fire hazards, and require expensive recovery equipment
      to avoid air pollution.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide an improved process for
      applying adhesive compositions. It is a particular object of the invention
      to provide an improved process for applying pressure-sensitive adhesives
      comprising certain block copolymers. It is a further object of the
      invention to provide a particular process for using compositions which
      have a low enough viscosity to be applied in the form of a hot melt but
      which retain or have enhanced pressure-sensitive adhesive properties even
      at elevated temperatures. Other objects will become apparent during the
      following detailed description of the invention.
PAC  STATEMENT OF THE INVENTION
PAR  Now, in accordance with the present invention, a process is provided for
      application of a pressure-sensitive adhesive to a substrate which
      comprises forming a hot melt which comprises the following components and
      applying the melt to a substrate by means of a wipe-off coater:
TBL                         PHR                                                

     ______________________________________                                    

     Block copolymer as described hereinafter                                  

                              100                                              

     Tackifying resin compatible with the                                      

     elastomeric block of the copolymer                                        

                              50-200                                           

     Reinforcing resin having a softening                                      

     point at least 20.degree.C higher than that                               

     of the thermo-plastic blocks of the                                       

     block copolymer          25-100                                           

     Extending oil            25-100                                           

     ______________________________________                                    

DETD
PAR  An example leading to the compositions to be used in the process of the
      present invention is illustrated in FIGS. 1-4 forming a part of this
      specification. FIG. 1 shows a two-component composition comprising a block
      copolymer blended with a tackifying resin. FIG. 2 shows the loss of
      adhesive properties by the addition of an extender oil to the composition.
      FIG. 3 illustrates how the adhesive properties can be restored by the
      addition of a reinforcing resin to the compositions illustrated in FIG. 2.
      FIG. 4 shows the melt viscosities of compositions coming within the scope
      of the present invention.
PAR  While the application of adhesive compositions as an extruded hot melt film
      deposited on a backing has been proposed, difficulties are encountered
      when the composition comprises a substantial proportion of the block
      copolymers described herein. Due to the elastic nature of the
      compositions, phenomena such as neck-in, surging and edge-thickening are
      experienced when ordinary extrusion methods are utilized, such as that
      described in U.S. Pat. No. 3,592,710. Neck-in results in the adhesive
      layer being much more narrow than the extrusion die width and, due to this
      edge retraction, also causes thickening of the final edges. Surging is an
      unstable condition in the film as it comes out of the die. This condition
      causes a variable coating thickness that is unacceptable.
PAR  According to the process of the present invention, the composition
      described herein enables application to a substrate by which the substrate
      is pulled directly across the upturned die lips of a hot melt extruder.
      The rate at which the adhesive composition is fed to the die and the rate
      at which the substrate is pulled across the die face largely determine the
      thickness of the composition.
PAR  A suitable apparatus for carrying out this process is shown schematically
      in FIG. 5.
PAR  According to FIG. 5, the adhesive composition is prepared as a hot melt in
      the premelting or mixing vessel 10. This hot melt is then passed through
      line 11 by means of pump 12 to the upturned coating die 13. A suitable
      substrate, such as a masking tape stock, is unwound from reel 14 and
      heated to a desirable level such as by passage over preheat roll 15. This
      preheated stock is then positioned by die-pressure roll 16 directly above
      the upturned coating die 13 so that it wipes off a layer of the
      composition having a predetermined thickness. The coated stock can be
      laminated between laminating rolls 17 with a release paper fed from a
      source 18, after which the product is sent to a storage roll, preferably
      after passing over chill rolls 20.
PAR  The block copolymers forming the most important component of the present
      compositions have at least two monoalkenyl arene polymer blocks and at
      least one elastomeric conjugated diene polymer block. The number of blocks
      in the block copolymer is not of special importance and the macromolecular
      configuration may be either linear or radial dependent upon the method by
      which the block copolymer was formed. Typical block copolymers of the most
      simple configuration would have the structure
      polystyrene-polyisoprene-polystyrene, and
      polystyrene-polybutadiene-polystyrene. A typical radial polymer would
      comprise one in which the diene block had three or more branches, the tip
      of each branch being directly connected to a polystyrene block. Other
      useful monoalkenyl arenes from which the thermoplastic (non-elastomeric)
      blocks may be formed include alphamethyl styrene, tertiary butyl styrene
      and other ring alkylated styrenes as well as mixtures of the same.
PAR  The average molecular weights of each of the blocks may be varied. The
      monovinyl arene polymer blocks preferably have average molecular weights
      between about 7500 and 50,000, while the elastomeric center blocks may
      have average molecular weights between about 50,000 and 250,000. The
      average molecular weights of the polystyrene end blocks are determined by
      gel permeation chromatography using monodisperse polystyrene standards for
      calibration while the polystyrene content is measured by infrared
      spectroscopy of finished block polymer. The proportion of the
      thermoplastic monovinyl arene blocks should be between about 8 and 55
      percent by weight of the block polymer, preferably between about 10 and 30
      percent by weight.
PAR  The block copolymers useful in the compositions of this invention may be
      hydrogenated either selectively, randomly or completely. Two examples of
      such hydrogenated polymers are polyvinylcyclohexane-hydrogenated
      polyisoprene-polyvinylcyclohexane and polystyrene-hydrogenated
      polyisoprene-polystyrene. Polyvinylcyclohexane describes the polymer
      resulting from fully hydrogenating polystyrene.
PAR  If the block copolymers are combined with a tackifying resin as suggested
      by Korpman, a series of binary compositions may be obtained as illustrated
      in FIG. I. It will be noted according to that Figure that as the
      tackifying resin content is increased the peel adhesion increases to a
      maximum at the point where the resin and block polymer are present in
      about equal proportions. During this time, however, the shear adhesion
      failure temperature progressively falls as the resin content is increased.
      The resin employed for this illustrative example was Wingtack 95, sold by
      Goodyear Tire and Rubber Company. This resin is described in South African
      Pat. No. 700,881 and is understood to be a thermoplastic tackifying resin
      essentially comprising a copolymer of piperylene and 2-methyl-2-butene
      having a softening point of about 95.degree.C which results from the
      cationic polymerization of 60% piperylene, 10% isoprene, 5%
      cyclopentadiene, 15% 2-methyl butene and about 10% dimer.
PAR  Other tackifying resins of the same general type may be employed in which
      the resinous copolymer comprises 20-80 weight percent of piperylene and
      80-20 weight percent of 2-methyl-2-butene. The resins normally have
      softening points (ring and ball) between about 80.degree.C and about
      115.degree.C. Other tackifying resins which are especially suitable for
      use in the compositions of this invention include the following: rosin and
      rosin derivatives including hydrogenated rosins, esters of rosin,
      polyterpenes, terpenephenol resins, and polymerized mixed olefins.
PAR  While these compositions containing only block polymer and tackifying resin
      may be useful as adhesives, their melt viscosities are so high that the
      compositions could not be applied by commercially available equipment as
      hotmelts. Sufficient tackifying resin can be added to bring the viscosity
      of a binary system down to an acdeptable level; however, this is achieved
      at the expense of shear adhesion failure temperature and adhesion.
      Consequently, as shown in FIG. 2, the binary compositions of FIG. 1 were
      modified by a plasticizing (extending) oil which was a rubber extending
      oil of petroleum origin comprising a naphthenic/paraffinic oil having a
      viscosity of about 430 SUS at 100.degree.F, containing about 15 percent of
      aromatics and about 84.6 percent saturates by clay gel analysis.
PAR  As shown in FIG. 2, the addition of even a moderate amount of oil
      drastically reduced the peel adhesion and the shear adhesion failure
      temperature, thus indicating that such compositions would be
      unsatisfactory in many adhesive applications even though the addition of
      oil did, in fact, substantially reduce the viscosities of the hot melts
      derived therefrom.
PAR  Other rubber extending oils may be employed in the compositions of this
      invention. The following table describes suitable extending oils:
TBL                                    TABLE A                                 

     __________________________________________________________________________

     TYPICAL PLASTICIZING OILS FOR THERMOPLASTIC RUBBER                        

                     Polypro- Polybu- Tufflo  Tufflo                           

                                                    Tufflo                     

     Proprietary Name of Oil:                                                  

                     pene-C-60                                                 

                              tene-16 6206    6056  6026   Kaydol              

     __________________________________________________________________________

     Hildebrand Solubility                                                     

     Parameter (8), hildebrands:                                               

                     6.55     6.95    7.06    7.18  7.29   7.34                

     __________________________________________________________________________

     Average Mole Weight:                                                      

                     800      600     660     550   410    480                 

     __________________________________________________________________________

     Carbon-Atom Analysis, %w                                                  

      Aromatic Carbon Atoms:                                                   

                     0        0       0       0     0      0                   

      Naphthenic Carbon Atoms:                                                 

                     0        0       32      31    31     45                  

      Paraffinic Carbon Atoms:                                                 

                     100      100     68      69    69     55                  

     __________________________________________________________________________

     Clay Gel Analysis                                                         

      Asphaltenes:   0        0       0       0     0      0                   

      Polar Compounds:                                                         

                     0        0       0       0     0      0                   

      Aromatics:     0        0       3.3     0.9   0      0                   

      Saturates:     100      100     96.7    99.1  100    100                 

     __________________________________________________________________________

     Specific Gravity, 60/60.degree.F:                                         

                     0.86     0.88    0.88    0.87  0.86   0.89                

     Viscosity, 550 at 100.degree.F:                                           

                     10,600   5,700   1,912   495   165    340                 

     Volatility, 22 hr/225.degree.F,%w                                         

                     0.1      0.1     0.05    0.3   1.0    --                  

     Initial Boiling Point, .degree.F:                                         

                     --       --      602     664   575    712                 

     Aniline Point, .degree.F:                                                 

                     --       --      276     254   233    230                 

     Color:          Colorless                                                 

                              lt.Yellow                                        

                                      Colorless                                

                                              Color-                           

                                                    Colorless                  

                                                           Color-              

                                              less         less                

     UV Aging Resistance:                                                      

                     Good     Good    Good    Good  Good   Good                

     __________________________________________________________________________

     Proprietary Name of Oil:                                                  

                     Polybu-  Tufflo  Tufflo  Tufflo                           

                                                    SHELLFLEX                  

                                                           Tufflo              

                     tene-6   6016    6204    6094  371    6014                

     __________________________________________________________________________

     Hildebrand Solubility                                                     

     Parameter (8), hildebrands                                                

                     7.34     7.51    7.60    7.60  7.60   7.73                

     __________________________________________________________________________

     Average Mole Weight:                                                      

                     315      390     440     410   410    320                 

     __________________________________________________________________________

     Carbon-Atom Analysis, %w                                                  

      Aromatic Carbon Atoms:                                                   

                     0        0       0       0     2      0                   

      Naphthenic Carbon Atoms:                                                 

                     0        31      56      57    44     57                  

      Paraffinic Carbon Atoms:                                                 

                     100      69      44      43    54     43                  

     __________________________________________________________________________

     Clay Gel Analysis                                                         

      Asphaltenes:   0        0       0       0     0      0                   

      Polar Compounds:                                                         

                     0        0       0       0     0.2    0                   

      Aromatics:     0        0       8.1     8.0   13.2   0.1                 

      Saturates:     100      100     91.9    92.0  86.6   99.9                

     __________________________________________________________________________

     Specific Gravity, 60/60.degree.F:                                         

                     0.84     0.85    0.92    0.92  0.90   0.89                

     Viscosity, 550 at 100.degree.F:                                           

                     134      85      1,850   880   429    95                  

     Volatility, 22 hr/225.degree.F,%w                                         

                     10       2.0     0.5     0.8   0.9    12.0                

     In itial Boiling Point, .degree.F:                                        

                     --       561     450     610   710    535                 

     Aniline Point, .degree. F:                                                

                     --       222     221     210   210    191                 

     Color:          Lt.      Color-  Color-  Color-                           

                                                    Lt. Yellow                 

                                                           Colorless           

                     Yellow   less    less    less                             

     UV Aging Resistance:                                                      

                     Good     Good    Good    Good  Moderate                   

                                                           Good                

     __________________________________________________________________________

PAR  The adhesive properties may be restored to the compositions illustrated in
      FIG. 2 by the addition of certain reinforcing resins while still
      maintaining a relatively low hot melt viscosity. The criterion for the
      reinforcing resin is that it be compatible with the monovinyl arene
      polymer blocks and that it have a softening point higher than that of said
      blocks, preferably at least 20.degree.C higher and still more preferably
      having a ring and ball softening point between about 130.degree.C and
      about 160.degree.C. The use of the high softening point end-block
      compatible resin is illustrated in FIG. 3. It will be noted that the
      addition of such a resin restored the peel adhesion and the shear adhesion
      failure temperature so that the compositions were useful as
      pressure-sensitive adhesives even under hot conditions. Furthermore, as
      indicated in FIG. 4, this addition of reinforcing resin did not increase
      the melt viscosity of the compositions which had been modified previously
      with an extender oil. The resin used to illustrate this principle was a
      coumarone-indene resin having a softening point of about 155.degree.C. The
      block copolymer employed in the compositions forming the basis for FIGS
      1-4 had the structure polystyrene-polyisoprene-polystyrene with segmental
      molecular weights of 10,000-125,000-10,000.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An improved process for making a pressure-sensitive adhesive article
      comprising the steps of
PA1  a. mixing 100 parts by weight of a block copolymer of the groups consisting
      of block copolymers having at least two monoalkenyl arene polymer blocks A
      and at least one elastomeric conjugated diene polymer block B, said blocks
      A comprising 8-55 percent by weight of the copolymer and hydrogenated
      derivatives of the same, 50-200 parts by weight of a tackifying resin
      compatible with block B, 20-75 parts by weight of a reinforcing resin
      compatible with blocks A and having a softening point at least 20.degree.C
      higher than that of blocks A, and 25-100 parts by weight of a hydrocarbon
      extending oil;
PA1  b. heating the mixture to a fluid state;
PA1  c. and wiping a moving substrate with the fluidized mixture, said wiping
      action being in the absence of solvents for the mixture and without film
      formation of the mixture prior to contact with the substrate.
NUM  2.
PAR  2. A process according to claim 1 comprising
PA1  a. a block copolymer having the configuration
      polystyrene-polyisoprene-polystyrene;
PA1  b. a tackifying resin which comprises a resinous copolymer of 20-80 percent
      by weight of piperylene and 80-20 percent by weight of 2-methyl-2-butene
      having a softening point of from about 80.degree.C to about 115.degree.C.
PA1  c. a reinforcing resin which comprises a coumarone-indene resin having a
      ring and ball softening point between about 130.degree.C and about
      160.degree.C, and
PA1  d. a rubber extending oil.
NUM  3.
PAR  3. A process according to claim 1 wherein the block copolymer is one in
      which blocks A are polystyrene blocks and block B is a polyisoprene block.
NUM  4.
PAR  4. A process according to claim 1 in which the tackifying resin comprises a
      resinous copolymer of 20-30 percent by weight of piperylene and 80-20
      percent by weight of 2-methyl-2-butene having a softening point of from
      about 80.degree.C. to 135.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein the second resin comprises a
      coumarone-indene resin having a ring and ball softening point between
      about 130.degree.C and about 160.degree.C.
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ABST
PAL  A Method of coating particulate materials (such as silica sand, glass
      beads, seeds and metal particles) with a liquid thermosetting epoxy resin
      which comprises agitating the epoxy resin with the particles in a nonpolar
      liquid, which is immiscible with the epoxy resin, and contains a nonionic
      surfactant having a molecular weight of at least 2,000 to retard the
      tendency of the epoxy coated particles to agglomerate during curing of the
      resin in the non-polar liquid. A suitable liquid for use as the immiscible
      liquid is a paraffinic oil which is aromatic-free and olefin-free.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for coating particulate material with a
      thermosetting resin and the product produced by such method.
PAR  2. Background of the Invention
PAR  Resin-coated particles have been proposed for use in a wide variety of
      operations including molding (resin-coated sand), reinforcing of concrete
      or cement (resin-coated steel fibers), and oil field hydraulic fracturing
      (resin-coated propping agent). The present invention will be described
      mainly in connection with resin-coated particles employed as a propping
      agent in hydraulic fracturing operations; it should be understood,
      however, that the particles coated in accordance with the method of the
      present invention can be used in the operations mentioned above as well as
      other operations which employ free-flowing, resin-coated particulate
      material.
PAR  Hydraulic fracturing is a technique for stimulating the production of
      subterranean formations. The technique normally involves (1) injecting a
      viscous liquid through a well and into the formation at a sufficient rate
      and pressure to overcome the earth stresses and form a crack (fracture) in
      the formation; and (2) placing a particulate material (propping agent) in
      the formation to maintain the fracture in a propped condition when the
      injection pressure is released. The propped fracture thus provides a
      highly conductive channel in the formation. The degree of stimulation
      afforded by the hydraulic fracture treatment is largely dependent upon the
      permeability and the width of the propped fracture.
PAR  Although a variety of particulate materials have been proposed for use in
      hydraulic fracturing, silica sand remains the most common propping agent
      currently used. Sand, however, is not an ideal propping agent. Its
      relatively low compression strength and tendency to fragment greatly
      restrict its effectiveness at closure stresses above about 5000 psi. At
      higher stress levels, the fines produced by particle disintegration plug
      the interstices of the propped fracture, drastically reducing fracture
      permeability.
PAR  Efforts to develop a propping agent which exhibited improved strength and
      less tendency to disintegrate led to the employment of resin-coated
      particles. Tests have shown that permeability retention of these particles
      is far better than sand under the same conditions. However, techniques for
      coating the particles were either unsuited for preferred materials or were
      too expensive, with the result that resin-coated particles have not been
      used extensively as a proppant. The main problem associated with the
      coating process is that of particle agglomeration.
PAR  In one coating technique, a liquid resin is applied to a batch of
      particles. The coated particles are then agitated in a suitable oil bath
      until the resin cures. The agitation tends to prevent the particles from
      sticking together (agglomerating). Tests have shown, however, this
      technique does not work for all resins. With epoxy, for example, the
      particles usually cure into one large agglomerated mass. If sufficient
      agitation is provided to prevent agglomeration, this technique produces
      irregular surface coatings on the particles. These irregularities are
      believed to be due to the manner in which the resin-coated particles are
      cured. Under agitation, the coated particles collide and temporarily bond
      together at contact areas. Agitation however breaks the bond permitting
      each particle to repeatedly collide with and break away from other
      particles. As the resin reaches a tacky condition, the forces tending to
      separate two particles pull or stretch the bond holding particles together
      until the bond breaks. The stretched resin in the partially cured state
      retains its extended form leaving an irregular projection or spike on the
      coating surface. During the curing step, collisions and bond disruptions
      are constantly occurring on each particle with the result that each
      particle has several irregular projections. These projections are
      undesirable mainly because they produce thin coatings on the particle
      between the projections and thereby reduce the mechanical strength of the
      particle. Also, there is increased tendency of such particles to bridge an
      opening which could lead to "sand out" in hydraulic fracturing.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to provide an improved resincoated
      product and an improved method for preparing resin-coated particles which
      lends itself to high-volume, batch production techniques. The particles
      prepared by the present invention are characterized as free-flowing,
      non-sticking particles having hard, uniform, and smooth resin coatings.
      Tests have shown that these particles have compressive strength in excess
      of sand and do not exhibit excessive fragmentation under compressive
      stresses up to 10,000 psi.
PAR  Briefly, the method involves coating particulate material with a liquid
      thermoset resin, preferably an epoxy resin, and agitating the coated
      particles with a liquid immiscible with the resin and containing a
      surfactant capable of retarding particle agglomeration as resin cures to a
      solid state. The preferred surfactant is a nonionic surfactant having a
      molecular weight of at least 2000. The resin is applied in sufficient
      amounts to provide a relatively thick coating preferably constituting from
      about 2 to about 15 weight percent of the coated particle.
PAR  The mechanisms responsible for the improved results afforded by the present
      invention are not fully understood, but are believed to involve the
      concentration of surfactant molecules at the interface of the liquid resin
      (a polar liquid) and the cure liquid (a nonpolar liquid). The molecules
      surrounding the resin coating on each particle provide a protective
      barrier or film which retards the tendency of the resin to agglomerate as
      particles collide. Other mechanisms such as altering interfacial tension
      between the liquid phases may also be present.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention may be employed to coat a variety of particulate
      materials having diverse shapes and sizes. Its preferred application as
      described herein, however, is in the coating of inorganic materials such
      as glass beads or silica sand having a mesh size between about 6 and 100
      based on the U.S. Standard Sieve Series.
PAR  The improved method requires the following steps: (1) coating a particulate
      substrate material with a liquid resin; (2) agitating the coated particles
      with a bath liquid which is immiscible with the resin and containing a
      suitable surfactant until the resin cures; and (3) finally, removing the
      particles from the bath liquid. A novel feature of the method is the use
      of a surfactant in the curing bath.
PAR  The selection of the particulate substrate material and resin employed in
      the method can be by guidelines established in the prior art. The
      substrate material may include silica sand, glass beads, metal pellets or
      fibers, organic materials such as shells or seeds, plastic pellets or
      fibers, or composites of these.
PAR  The liquid resin will be selected for its ability to bond to the substrate
      material and for its mechanical properties and cost. Preferred resins
      include epoxy, urea aldehyde, phenol-aldehyde, and furan resins, or other
      resins capable of bonding to the selected substrate material. The term
      "liquid resin" as used herein embraces any resin-forming mixture including
      resins in pure form, diluted resins, and mixtures of the resin with curing
      agents, coupling agents or other additives.
PAR  The type of surfactant usable will depend on the type of substrate material
      employed and the type of resin coating selected. Preferred surfactants are
      nonionics having a molecular weight greater than about 2000. The nature of
      the high molecular weight surfactants appears to improve the protective
      film between the resin and nonpolar bath liquid described previously.
      Surfactants which have produced satisfactory results in laboratory tests
      are:
PA1  1. condensates of ethylene oxide and propylene oxide with propylene glycol
      (MW between 2000 and 5000), commercially available from Wyandotte
      Chemicals Corporation under the tradenames Pluronic L-62, L-81, and L-121;
PA1  2. condensates of ethylene oxide and propylene oxide with glycerine (MW,
      6500) commercially available from Exxon Chemical Co., U.S.A.;
PA1  3. reaction products of isocyanates and amines (example, toluene 2, 4
      di-isocyanate and .beta.-amine).
PAL  For a particular substrate material and resin, simple laboratory tests can
      be performed to determine suitable surfactants and optimum concentration.
PAR  The surfactant will be dissolved or dispersed in the curing bath liquid at
      a concentration between about 0.2% and about 3% by volume. The bath liquid
      is immiscible with the liquid resin. Preferred liquid for epoxy resin is a
      refined paraffinic oil which is aromatic-free and olefin-free. A
      paraffinic oil that has been successfully used in laboratory experiments
      is a white oil sold as P-355 by Exxon Chemical Company, U.S.A.
PAR  A preferred resin is an epoxy resin which is capable of bonding to a
      variety of substrate materials and appears to significantly improve the
      mechanical strength and permeability retention of materials used as
      propping agents in hydraulic fracturing operations.
PAR  This resin has properties which make it particulary useful in the method of
      the present invention. The low viscosities of the liquid resin and curing
      agents permit it to be handled easily in the coating step of the process;
      the ability of the resin to cure within a relatively wide temperature
      range permits the process to be performed at easily controlled conditions;
      the excellent adhesive properties of epoxy permit it to be used with most
      any substrate material; and finally the high strength of the epoxy
      enhances the load carrying ability of the substrate material as well as
      prevents particle disintegration.
PAR  Epoxy resins are commercially available, prepared from either glycidyl
      materials such as the ethers produced by the reaction of chlorohydrin with
      a phenol or alcohol or epoxides such as the product from the reaction of
      peracetic acid with a linear or cycloaliphatic olefin.
PAR  Suitable epoxy resins can be selected from glycidyl ethers made from
      bisphenol A and epichlorohydrin. These resins are available in liquid form
      having a typical viscosity of 140 poises, and an epoxide equivalent weight
      of 190 and molecular weight of 380. Araldite 6005 sold by Ciba-Geigy Corp.
      has produced particularly good results in the coating process of the
      present invention as performed in laboratory experiments. Also usable are
      glycidyl ethers of novolac resins. A novolac-based epoxy resin that has
      successfully be used to coat sand particles in the laboratory is a liquid
      epoxy novolac resin manufactured by Ciba-Geigy Corp. and sold under the
      tradename EPN 1139.
PAR  For high viscosity epoxy resins, it may be desirable to use a diluent.
      Suitable diluents include butyl glycidyl ether, phenyl glycidyl ether,
      cresyl glycidyl ether, decyl glycidyl ether, vinylcyclohexene dioxide, and
      1, 4 butanediol diglycidyl ether. Also usable are acetone,
      dibutylphthalate and aromatic hydrocarbon oil fractions.
PAR  The liquid resin will normally be used with a curing agent which
      accelerates the transition of the resin from a liquid to a solid state.
      The curing agent (hardener, activator, or catalyst) may be employed with
      the liquid resin or in the bath liquid. If the former, the chemicals
      should be admixed with the particulate material as soon as possible before
      the curing proceeds to a great extent.
PAR  Curing agents for epoxy resins may be selected from a basic group of
      amines, acids, and acid anhydrydes, fatty oils and acids, phenoplasts, and
      aminoplasts. Suitable basic curing agents include diethylene triamine,
      ethylene diamine, triethylene tetramine, dimethylamino propylamine,
      diethylamino propylamine, piperidine, methane diamine, triethylamine,
      benzyldiethylene dethylamino phenol, detrimethylaminoethylphenol, .alpha.
      methylbenzyl dimethylamine, metaphenylene diamine, 4,4 methylene
      dianiline, and mixtures of such amines. Acidic curing agents include
      oxalic acid, phthalic acid, pyromellitic acid, pyromellitic dianhydride,
      dodecenyl succinic anhydride. These curing agents may be used in pure form
      or in suitable solvents. The resin to curing agent ratio (volume) will
      normally be between 20:1 and 3:1.
PAR  The bonding strength between the resin and the substrate material may be
      improved by the use of coupling agents. A small amount of agent may be
      added to the liquid resin. A suitable coupling agent for epoxy resin and
      silica is an organo-functional silane such as 2, aminoethyl-aminopropyl
      silane.
PAR  In carrying out the method of the present invention the particulate
      material should be cleaned thoroughly to remove foreign matter or oxide
      deposits. When using sand as the substrate material, a pretreatment with
      dilute HCl or other acid should be performed to remove iron oxide deposits
      from the sand surfaces.
PAR  The clean particles are placed in a suitable container and from about 2 to
      15 weight percent, preferably 5 to 15 weight percent, of the liquid resin
      including a curing agent and coupling agent (if used) is admixed with the
      particles. The contents of the container are agitated by rolling or
      stirring to uniformly coat the particles. On large scale operations, the
      coating step can be performed in a rotating drum, cement mixer or other
      commercial mixing equipment. Immediately following this operation, which
      requires a short time, the particles are slurried with a liquid immiscible
      with the liquid resin and containing a suitable surfactant for the resin
      curing step. The liquid may be in a separate container, in which case the
      particles coated with the liquid or uncured resin are transferred into the
      container. Or, it may be in the same container in which the coating step
      was performed, in which case the liquid is introduced into that container.
      In either situation, however, the coated particles are agitated to prevent
      agglomeration of the uncured resin. The curing time will depend upon the
      type and amount of resin, the type of curing agent used, and the
      temperature at which the cure occurs. For curing sand coated with about
      10% by weight of epoxy resin with certain amine curing agents, at
      70.degree.F., curing time of about one hour is sufficient to transform the
      epoxy liquid into a hard, tough coat. The curing time can be controlled by
      regulating the cure temperature.
PAR  After the resin has cured, the cure liquid is decanted or drained off and
      the coated particles dumped from the container into a storage bin or
      package. The particles then will normally be washed to remove the cure
      liquid. A post-cure of the resin-coated particles in an oven may be
      desirable with some resins to further toughen the coat. This can be
      performed at a temperature of about 250.degree.F. for several hours.
PAR  A particularly advantageous feature of the particles prepared in accordance
      with the present invention is that they can be handled much in the same
      manner as other particulate material which exhibit the property of
      flowability.
PAR  The following laboratory experiment illustrates the effectiveness of the
      present invention in providing high strength, smooth, free-flowing coated
      particles:
PA1  Resin: a liquid epoxy novolac resin (manufactured by Ciba-Geigy Corporation
      and sold under tradename Araldite 1139)
PA1  Curing Agent: metaphenylene diamine
PA1  Particles: 8-12 mesh silica sand
PA1  Coupling Agent: .beta. 3, 4 epoxycyclohexyl ethyltrimethyoxysilane
      (manufactured by Union Carbide Chemical Co. and sold under the tradename
      A-186)
PA1  Cure Liquid: White Oil (product of Exxon Chemical Co., U.S.A. sold under
      tradename P-355)
PA1  Surfactant: nonionic, condensates of ethyleneoxide and propyleneoxide with
      glycerine (product of Exxon Chemical Co., U.S.A., and sold under tradename
      Antifoam 8560)
PAR  The curing agent, liquid epoxy and coupling agent were mixed together to
      form a composition comprising 91 weight percent resin, 8 weight percent
      curing agent and one weight percent of the coupling agent.
PAR  Five hundred grams of the sand were mixed with 50 grams of the liquid resin
      composition until the particles were thoroughly coated. The particles
      coated with the liquid resin were transferred to a bath of white oil
      containing one volume percent of the surfactant and maintained at
      200.degree.F. The particles were stirred with a spatula during the curing
      step which required about 45 minutes. The particles were removed from the
      bath liquid, washed, and dried. The coated particles weighed 545 grams,
      indicating that 90 weight percent of the resin was deposited on the
      particles. Thus each particle consisted of an average of 92 weight percent
      substrate and 8 weight percent coating.
PAR  During curing, agglomeration or sticking was negligible and the final
      product was characterized as a free-flowing, well-rounded, hard-shelled
      particle. The appearance of the particles was shiny and smooth. In fact,
      there appeared to be less surface irregularities on the coated sand than
      on the uncoated sand.
PAR  Laboratory tests were performed on the coated particles to determine the
      behavior of the coated particles under stress. The tests consisted of
      measuring the conductivity of multi-layers of the coated particles at
      various stress levels. Conductivity is defined as the product of fracture
      permeability (md) and fracture width (inches).
PAR  The test apparatus for determining the conductivity of various samples
      under stress included a pressure cell for containing the samples, platens
      for applying a force on the samples, a system for flowing fluid through
      the cell, and instruments for controlling and measuring the temperature
      and pressure within the cell. About 165 grams of the selected samples were
      placed in the cell in a multi-layer pattern and the conductivity for the
      sample was determined at various stress levels by flowing brine at
      150.degree.F. through the packed cell. The equipment and test procedure
      used in these tests are more fully described in SPE Paper 4117,
      "Conductivity of Fracture Proppants in Multi-Layers", C. E. Cooke, Jr.,
      published by the Society of Petroleum Engineers of AIME.
PAR  The results of the tests for resin-coated sand particles and uncoated
      particles are presented in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                         Fracture Conductivity (md-in)                         

                Particle Size                                                  

                         stress stress stress stress                           

                Mesh (U.S.S.)                                                  

                         1,000 psi.                                            

                                3,000 psi.                                     

                                       5,000 psi.                              

                                              8,000 psi.                       

     __________________________________________________________________________

     Epoxy Coated Sand                                                         

                8-12     492,290                                               

                                293,145                                        

                                       140,031                                 

                                              44,577                           

     Uncoated Sand                                                             

                8-12     422,032                                               

                                123,557                                        

                                        24,953                                 

                                               8,188                           

     __________________________________________________________________________

PAR  Based on the above tests, it is apparent that much higher conductivity is
      obtained with resin-coated particles, particularly at high stress levels.
      At stresses in the 5,000 to 8,000 psi range, the conductivity of the
      resin-coated sand was more than 5 times the conductivity of the uncoated
      sand. The high conductivities are believed to be due to high
      permeabilities through the particles arranged in the multi-layer pattern.
PAR  Additional samples were prepared in the laboratory using the same procedure
      but with different materials. These experiments were performed on 50 grams
      of 8/12 mesh sand using 5 grams of a liquid resin comprising 88 weight
      percent epoxy resin and 12 weight percent curing agent. The curing bath
      was 100 cc of white oil containing one volume percent surfactant and
      maintained at 200.degree.F. The surfactants used in the experiments are
      summarized in Table II.
PAR  Of the 16 samples presented in Table II, only the high molecular weight
      nonionic surfactants (samples 13, 14, 15 and 16) produced coated particles
      without excessive agglomeration. The molecular weight of the nonionic
      surfactants used in samples 1 through 9 were below 2000. It is believed
      that the success with the nonionic surfactants used in samples 13 through
      16 was due, in part at least, to the high molecular weight of these
      surfactants.
PAR  The present invention also can be employed to coat fibrous material to
      protect such material from environmental effects or to increase bonding to
      a matrix. It has specific application in coating metal fibers used as
      reinforcement in concrete. These metal fibers are exposed to the water in
      the cement which tends to corrode them, reducing their effectiveness.
      Moreover, the metal fibers must be stored in dry containers to prevent
      them from corroding and sticking together. By coating the fibers with a
      resin, the particles retain their mechanical strength and are not
      subjected to the corrosive action of the water or environment. The
      reinforced material may include steel fibers between about 0.01 inches and
      .1 in diameter and 0.1 to 1 inch long. The problem of agglomeration here
      is
TBL                                    TABLE II                                

     __________________________________________________________________________

     Sample No.                                                                

            Type Trade Name Supplier     Chemical Description                  

     __________________________________________________________________________

     1      Nonionic                                                           

                 Hallco CPH-31-N                                               

                            C. P. Hall Company                                 

                                         glyceryl monooleate                   

     2      Nonionic                                                           

                 Emulphor EL-620                                               

                            GAF Corporation                                    

                                         P.O.E. castor oil (20 moles EtO)      

     3      Nonionic                                                           

                 Emulphor EL-719                                               

                            GAF Corporation                                    

                                         P.O.E. castor oil (40 moles EtO)      

     4      Nonionic                                                           

                 TWEEN 85   Atlas Chemicals                                    

                                         P.O.E. castor oil                     

     5      Nonionic                                                           

                 Alrosol 0  Ciba-Geigy, Inc.                                   

                                         oleic acid diethanolamide             

     6      Nonionic                                                           

                 Pegosperse 200 ML                                             

                            Glyco Chemical, Inc.                               

                                         monolaurate of P.E.G. 200             

     7      Nonionic                                                           

                 Hallco CPH-43                                                 

                            C. P. Hall Company                                 

                                         monolaurate of polyethylene glycol    

                                         600                                   

     8      Nonionic                                                           

                 Pegosperse 400 DL                                             

                            Glyco Chemicals, Inc.                              

                                         dilaurate of polyethylene glycol 400  

     9      Nonionic                                                           

                 Renex 20   Atlas Chemicals                                    

                                         P.O.E. tall oil (16 mole EtO)         

     10     Cationic                                                           

                 Ethomeen C-12                                                 

                            Armak Company                                      

                                         P.O.E. of cocoamine (2 EtO)           

     11     Cationic                                                           

                 Isothan DL-1                                                  

                            Onyx Chemical Co.                                  

                                         dialkyl dimethyl ammonium bromide     

     12     Nonionic                                                           

                 Victamine C                                                   

                            Stauffer Chemical Co.                              

                                         dodecyl phosphoramide                 

     13     Nonionic                                                           

                 Antifoam 8560                                                 

                            Exxon Chemical                                     

                                         polypropylene glycol (M.W. = 6500)    

                            Company, U.S.A.                                    

     14     Nonionic                                                           

                 Pluronic L-62                                                 

                            Wyandotte Chemicals                                

                                         condensates of ethylene oxide         

     MW = 2500                                                                 

                                         with bases formed by condensing       

                                         propylene oxide with propylene        

                                         glycol                                

     15     Nonionic                                                           

                 Pluronic L-81                                                 

                            Wyandotte Chemicals                                

                                         "                                     

     MW = 2750                                                                 

     16     Nonionic                                                           

                 Pluronic L-121                                                

                            Wyandotte Chemicals                                

                                         "                                     

     MW = 4500                                                                 

     __________________________________________________________________________

PAL  basically the same as that discussed previously in connection with propping
      agents. The reinforcing fibers must be coated with a resin and the resin
      cured with agglomeration. The coating procedure for the metal fibers may
      be the same as that described above.
PAR  The following laboratory experiment describes a specific treatment for
      steel fibers. Materials used were:
PA1  Fibers: 0.010 .times. 0.22 .times. 1.0 inch steel fibers (purchased from
      U.S. Steel Corp.)
PA1  Resin: Epoxy (product of Ciba-Geigy Corp., sold under tradename Araldite
      6005)
PA1  Curing Agent: diethylaminopropylamine
PA1  Bath Liquid: White Oil (product of Exxon Chemical Co., U.S.A. sold under
      the tradename P-355)
PA1  Surfactant: nonionic, condensates of ethyleneoxide and propyleneoxide with
      glycerine (product of Exxon Chemical Co., U.S.A., and sold under tradename
      Antifoam 8560)
PAR  The fibers were heated in an oven (800.degree.F.) for about two hours to
      clean the surfaces of oil. Ten grams of the fibers were mixed with one
      gram of a liquid comprising epoxy resin and curing agent. The white oil
      bath contained one volume percent of the surfactant and was maintained at
      about 200.degree.F. The coated fibers were placed in a beaker containing
      the bath liquid and continuously stirred with a spatula during the curing
      step. The resin cured in about 11/2 hours. The coated particles were
      removed from the bath and washed with a light oil and soap solution. The
      coated fibers were discrete particles and showed no tendency to stick
      together. Examination under the microscope revealed the fibers to be
      thoroughly coated.
PAR  In order to demonstrate the effectiveness of the process in the coating of
      relatively large volume, fifty pounds of sand were coated in a bath
      treatment using a cement mixer. The materials used were:
PA1  Sand: 20-40 mesh silica sand
PA1  Resin: a liquid epoxy novolac resin (manufactured by Ciba-Geigy Corp. and
      sold under tradename Araldite 1139)
PA1  Diluent: acetone
PA1  Curing Agent: metaphenylene diamine
PA1  Coupling Agent: .beta. 3, 4 epoxycyclohexyl ethyltrimethyoxysilane
      (manufactured by Union Carbide Chemical Co. and sold under the tradename
      A-186.)
PA1  Cure Liquid: White Oil (product of Exxon Chemical Co., U.S.A. and sold
      under tradename P-355)
PA1  Surfactant: nonionic, condensates of ethyleneoxide and propyleneoxide with
      glycerine (product of Exxon Chemical Co., U.S.A., and sold under tradename
      Antifoam 8560)
PAR  The liquid resin composition consisted of 2.5 pounds of the liquid epoxy,
      0.35 pounds of the curing agent, 20 volume percent of the diluent, and
      0.025 pounds of the coupling agent. This composition was heated to
      190.degree.F. in the cement mixer. Fifty pounds of the sand was admixed to
      the liquid epoxy. This mixture, maintained at 190.degree.F. was rolled in
      the cement mixer until the particles were thoroughly coated. About five
      gallons of the white oil containing 1% by volume of surfactant was then
      introduced into the cement mixer for the curing step. The cement mixer
      continued operating during the curing step which required about 40 minutes
      at the control temperature of 190.degree.F.
PAR  The sand particles coated with hard infusible epoxy were then removed and
      washed with a detergent in water to remove the bath oil. The final step
      was to further cure the particles in a dry oven at a temperature of
      250.degree.F.
PAR  During the coating process, very little particle agglomeration occurred.
      The final product consisted of coated particles smooth and shiny in
      appearance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming free-flowing resin-coated particles which comprises:
PA1  a. coating the particles of a particular substrate material with a liquid
      thermosetting epoxy resin;
PA1  b. in the presence of a curing agent capable of curing said epoxy resin to
      a solid infusible state, agitating said coated particles in a nonpolar
      liquid immiscible with said liquid resin and containing a nonionic
      surfactant having a molecular weight of at least 2000 which retards
      agglomeration of said resin coated particles until said epoxy resin cures
      to a solid, infusible state; and thereafter
PA1  c. removing the coated particles from said immiscible liquid.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said particles are silica sand.
NUM  3.
PAR  3. A method as defined in claim 1 wherein said particles are metal
      particles.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said metal particles are of a
      ferroalloy.
NUM  5.
PAR  5. A method as defined in claim 1 wherein said immiscible liquid comprises
      a hydrocarbon oil substantially free of aromatics and olefins.
NUM  6.
PAR  6. A method as defined in claim 1 wherein said surfactant is a non-ionic
      surfactant having a molecular weight between 2000 and 10,000.
NUM  7.
PAR  7. A method as defined in claim 1 wherein said surfactant is a condensate
      of ethylene oxide and propylene oxide with glycerine.
NUM  8.
PAR  8. A method as defined in claim 1 wherein said surfactant is a condensate
      of ethylene oxide and propylene oxide with propylene glycol.
NUM  9.
PAR  9. A method as defined in claim 1 wherein said liquid resin contains said
      curing agent.
NUM  10.
PAR  10. A method as defined in claim 1 wherein the liquid resin deposited on
      the particles constitutes from 2 to 15 weight percent of the coated
      particles.
NUM  11.
PAR  11. A method as defined in claim 10 wherein said liquid resin contains an
      organofunctional silane coupling agent.
NUM  12.
PAR  12. A method as defined in claim 2 wherein said silica sand has a particle
      size between about 6 and 100 mesh on the U.S. Standard Sieve Series.
NUM  13.
PAR  13. A method of coating particulate material with a resin to form
      free-flowing, non-sticky, resin-coated particles which comprises:
PA1  a. mixing said particulate material with a liquid thermosetting epoxy resin
      and a curing agent for said epoxy resin to deposit a coating which
      substantially covers each particle;
PA1  b. curing said coated particles in contact with a nonpolar liquid
      immiscible with said resin and a minor amount of a nonionic surfactant
      having a molecular weight of at least 2000 until said resin cures to a
      hard, infusible state, said surfactant having the ability to retard
      agglomeration of said resin-coated particles; and thereafter
PA1  c. removing said bath liquid containing said surfactant.
NUM  14.
PAR  14. A method as defined in claim 13 wherein sufficient liquid resin is
      mixed with said particulate material to deposit a resin coating on said
      particles of between about 5 and about 15 weight percent based on the
      weight of the coated particles.
NUM  15.
PAR  15. A method as defined in claim 12 wherein said nonionic surfactant is
      present in said nonpolar, immiscible liquid in a concentration between
      about 0.2 and about 3.0 weight percent.
NUM  16.
PAR  16. A method as defined in claim 15 and further comprising heating said
      resin-coated particles to temperature sufficient to further cure the
      resin.
NUM  17.
PAR  17. A method as defined in claim 1 wherein said curing agent is contained
      in said nonpolar liquid.
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ABST
PAL  Metal powder is suspended in an aqueous medium containing a
      radical-polymerizable monomer and polymerization is conducted in the
      presence of an acidic sulfite ion to produce a plastic coated metal powder
      which is effectively used for forming conductive plastics, molded articles
      for sintering, pressed powder magnetic cores and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention:
PAR  The present invention relates to a process for preparing plastic coated
      metal powders suitable for forming conductive plastics, molded articles
      for sintering and pressed powder magnetic cores.
PAR  Description of the Prior Art:
PAR  As a process for coating solid particles with a plastic material, there
      have been known various processes such as dispersing the solid particles
      in a polymer solution and changing the polarity of the solution to
      precipitate a part of the polymer on the particles (Japanese Patent
      Publication No. 91291 Sho. 40 (1965)) or dispersing a monomer and solid
      particles in an organic solvent capable of dissolving the monomer but
      incapable of dissolving a polymer of the monomer, and polymerizing the
      monomer in this state (British Pat. No. 1,156,653).
PAR  However, these processes are utilized mainly for coating particles of a
      dye, pigment or metal oxide and they are not suitable for coating metal
      particles with a polymer. Further, since an organic solvent should be
      employed in these processes, they suffer economic disadvantages if they
      are conducted on an industrial scale.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to provide a
      process for easily preparing plastic coated metal powders by homogeneously
      mixing a monomer with a metal powder in an aqueous medium and polymerizing
      the monomer in the presence of an acidic sulfite ion.
PAR  Another object of the present invention is to provide plastic coated metal
      powders that can effectively be used for forming conductive plastics,
      molded articles for sintering and pressed powder magnetic cores.
PAR  Other and further objects, features and advantages of the present invention
      will be more fully apparent from the following detailed description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As a result of our research, it has been found that polymer coated metal
      powders that can effectively be used as materials for forming conductive
      plastics and molded articles for sintering can be obtained in an aqueous
      medium if an acidic sulfite ion is present.
PAR  More specifically, in accordance with the present invention, a polymer
      coated metal powder capable of forming a homogeneous composite of the
      metal powder and polymer can be provided by simple procedures if only the
      metal powder is contacted with a monomer in the presence of an acidic
      sulfite ion.
PAR  According to the process of the present invention, a metal powder is
      suspended in an aqueous solution, aqueous emulsion or aqueous suspension
      containing a radical-polymerizable monomer and the monomer is
      radical-polymerized in the presence of a substance capable of releasing an
      acidic sulfite ion (HSO.sub.3.sup.-) in the presence of water, such as
      aqueous sulfurous acid, sulfur dioxide and hydrogen salts of sulfurous
      acids. In the process of this invention, the order of addition of
      components is not particularly critical. It is possible to pour a monomer
      under agitation into an aqueous suspension containing a metal powder and
      an acidic sulfite ion and then carry out polymerization. It is also
      possible to add a metal powder to an aqueous solution containing a monomer
      and an acidic sulfite ion and then carry out polymerization under
      agitation. Formation of the acidic sulfite ion can be accomplished by
      blowing gaseous sulfur dioxide into the aqueous medium or adding liquid
      sulfur dioxide to the aqueous medium. It is also possible to add to the
      aqueous medium a solution of sulfurous acid or a hydrogen salt of
      sulfurous acid such as ammonium hydrogensulfite and sodium
      hydrogensulfite. An acidic sulfite ion can also be formed in the aqueous
      medium by employing a mixture of a sulfite and an acid.
PAR  Substantially all metals and metal alloys can be used in this invention.
      For example, there can be employed aluminum, iron, copper, nickel,
      chromium, zinc, palladium, silver, platinum, gold, rodium and lead and
      alloys of these metals. These metals are used in the form of powder or
      particles having a size of several millimeters to several microns.
PAR  Any radical-polymerizable monomer can be used for coating these metal
      powders. There can be mentioned, for example, styrene, vinyl acetate,
      vinyl chloride, acrylonitrile, acrylic acid esters, methacrylic acid
      esters, acrylic acid salts, methacrylic acid salts, divinyl benzene,
      N-methylol acrylamide and the like.
PAR  As the polymerization medium, there are employed water and mixed solvents
      of water and hydrophilic organic solvents such as alcohols.
PAR  In the process of the present invention, the monomer is used in an amount
      of 0.05 to 100% by volume based on the metal powder.
PAR  The acidic sulfite ion is present in the aqueous medium in concentration,
      as calculated as HSO.sub.3.sup.-, of 0.001 to mole/1, preferably 0.01 to
      0.1 mole/1.
PAR  When the resulting coated metal powder is to be used as a raw material for
      forming conductive plastics and it is desired that the conductivity is not
      damaged, it is preferred that the amount of the polymer formed be reduced
      by decreasing the amount of the monomer used or lowering the degree of
      polymerization. When the resulting coated metal powder is used as a raw
      material for forming a pressed powder magnetic core and it is desired to
      reduce the electric conductivity, it is preferred that the monomer be used
      in a larger amount and the degree of polymerization be increased to
      thereby increase the amount of the polymer formed.
PAR  In the present invention, it is, therefore, possible to control the degree
      of coating on the metal powder as appropriate to the intended use of the
      product.
PAR  In the process of the present invention, the metal powder to be coated acts
      as a radical polymerization initiator, e.g., a peroxide used in the
      conventional processes need not be added for polymerization of the
      monomer. Of course, in this invention, it is permissible that such
      polymerization initiator may be used in combination. Further, since
      polymerization proceeds smoothly on the surface of the metal powder, the
      powder can be coated sufficiently with a small amount of the polymer. This
      is another advantage of the present invention.
PAR  The polymer coated metal powder obtained according to this invention can be
      used to produce various metal sintered products by heat-molding and then
      sintering. If the polymer coated metal powder is compressed under
      pressure, a molded article such as a pressed powder magnetic core can be
      obtained.
DETD
PAR  This invention will now be illustrated in more detail with reference to the
      following examples, which are not intended to limit the scope of the
      invention.
PAC  EXAMPLE 1
PAR  Gold powder (having a size of 200 mesh and a composition of 98.613% Ag and
      0.693% Cu) was used as the starting metal powder and a gold powder coated
      with poly(methyl methacrylate) was prepared by the following method.
PAR  A 50 ml-volume three-neck flask was placed in a thermostat maintained at
      50.degree.C and the flask was charged with 4.72 g of the above starting
      gold powder, 1.0 g of methyl methacrylate and 20 ml of water. Then, 0.4 ml
      of 2N aqueous sulfurous acid was added under agitation to the charge in
      the flask. Reaction was carried out at 50.degree.C for 4 hours and 20
      minutes and the reaction product was recovered by filtration, washed
      sufficiently with water and dried at 120.degree.C to obtain 4.84 g of a
      composition composed of a polymer and gold. When the resulting product was
      observed under an electron microscope, it was found that the gold
      particles were coated with the polymeric material. In the resulting
      composition, the content of the poly(methyl methacrylate) was 2.5% by
      weight and the degree of polymerization was 11.5%.
PAR  The thus obtained composition was molded at 200.degree.C and 50 Kg/cm.sup.
      2 to obtain a square plate having a size of 10 cm .times. 10 cm .times. 2
      cm. The specific resistance of the resulting molded article was 2.4
      .times. 10.sup.-.sup.5 .OMEGA.cm.
PAC  EXAMPLE 2
PAR  A 2 l-volume three-neck flast was placed in a thermostat maintained at
      50.degree.C and the flask was charged with 400 g of copper powder having a
      size of about 180 mesh, 35 g of methyl methacrylate, 5 g of methyl
      acrylate and 1.6 Kg of water. Then, 100 ml of 1N aqueous sulfurous acid
      was added to the charge of the flask under agitation and reaction was
      carried out at 50.degree.C for 2 hours. The resulting product was
      recovered by filtration, washed sufficiently with water and vacuum dried
      at 100.degree.C to obtain 435 g of a composition composed of a polymer and
      copper. When the product was observed under an electron microscope, it was
      found that the polymeric material had effectively coated the surfaces of
      the copper particles. From the infrared absorption spectrum and NMR
      spectrum, the polymeric material was identified as a copolymer of methyl
      methacrylate and methyl acrylate and the polymer content in the
      composition was 8.3% by weight.
PAR  The reason why the amount of copper in the resulting composition was
      smaller than the charged amount of copper is considered to be that
      impurities contained in the starting copper powder such as CuO was
      dissolved out in the aqueous phase.
PAR  The flexural strength of a molded article obtained by compression molding
      of the above composition at 180.degree.C and 200 Kg/cm.sup.2, and the
      molded article had insulating characteristics.
PAC  EXAMPLE 3
PAR  In the same manner as described in Example 2, a 1 l-volume -volume
      three-neck flask placed in a thermostat maintained at 50.degree.C was
      charged with 100.0 g of copper powder having a size of about 180 mesh, 3.5
      g. of methyl methacrylate, 400 g of water and 25 ml of 1N aqueous
      sulfurous acid, and reaction was carried out at 50.degree.C for 4 hours.
      Then, the resulting product was recovered by filtration, washed with water
      and vacuum dried at 100.degree.C to obtain 102.9 g of a composition
      composed of a polymer and copper. In the resulting composition,
      poly(methyl methacrylate) had effectively coated the copper powder and the
      polymer content was 3.0% by weight. When the thus obtained composition was
      compression molded at 180.degree.C and 200 Kg/cm.sup.2, there was obtained
      a molded article having a flexural strength of 120 Kg/cm.sup.2 and a
      specific resistance of 1.2 .times. 10.sup.-.sup.5 .OMEGA. cm.
PAC  EXAMPLE 4
PAR  In the same manner as in Example 2, 20 ml of an aqueous solution of
      ammonium hydrogensulfite having a concentration of 1 mole/l was added to a
      suspension comprising 100.0 g of electrolytic iron power having a size of
      about 150 mesh, 8.0 g of methyl methacrylate and 400 g of water, and
      reaction was carried out at 50.degree.C for 4 hours under agitation. The
      resulting slurry was filtered and the recovered solid was washed
      sufficiently with water and vacuum dried at 160.degree. C to obtain 104 g
      of a composition composed of poly(methyl methacrylate) and iron, in which
      the polymer content was 4.1% by weight. The presence of a minute amount of
      iron ions was detected in the filtrate. When the thus obtained composition
      was compression molded at 180.degree.C and 200 Kg/cm.sup.2, there was
      obtained a molded article having a flexural strength of 85 Kg/cm.sup.2 and
      a specific resistance of 7.4 .times. 10.sup.-.sup.4 .OMEGA. cm.
PAC  EXAMPLE 5
PAR  Powder of 2-81 molybdenum Permalloy having a particle size of about 150
      mesh and a composition of 2% of Mo, 81% Ni and 17% Fe was employed as the
      starting metal powder, and a polymer-Permalloy composition was prepared
      according to the following method.
PAR  A three-neck flask maintained at 50.degree.C was charged with 400 g of the
      2-81 molybdenum Permalloy powder, 40 g of methyl methacrylate, 1.6 Kg of
      water and 100 ml of 1N aqueous sulfurous acid and the mixture was reacted
      for 4 hours under agitation. The resulting product was recovered by
      filtration, washed sufficiently with water and vacuum dried to obtain 433
      g of a composition composed of a polymer and Permalloy. When this
      composition was observed under an electron microscope, it was found that
      poly(methyl methacrylate) had effectively coated the particles of the
      Permalloy. The polymer content in the composition was about 7.6% by
      weight. When the above composition was compression molded at 180.degree.C
      and 200 Kg/cm.sup.2, there was obtained a molded article having a flexural
      strength of 210 Kg/cm.sup.2 and insulating characteristics.
PAC  EXAMPLE 6
PAR  A 100 cc-volume three-neck flask placed in a thermostat maintained at
      50.degree.C was charged with 10.0 g of electrolytic iron powder having a
      size of about 150 mesh, 2.0 g of methyl methacrylate and 50 g of water,
      and 0.20 g of sodium hydrogensulfite was added to the charge of the flask
      under agitation. Reaction was carried out at 50.degree.C for 6 hours and
      the resulting solid product was recovered by filtration, washed
      sufficiently with water and vacuum dried at 50.degree.C to obtain 10.0 g
      of a solid, in which the content of poly (methyl methacrylate) was 1.2% by
      weight. When the thus obtained solid was observed under an electron
      microscope, it was found that the iron powder was coated with the polymer.
PAC  EXAMPLE 7
PAR  In the same manner as in Example 6, a 100 cc-volume three-neck flask was
      charged with 20.0 g of copper powder having a size of about 180 mesh, 4.0
      g of styrene and 40.0 g of water, and the temperature was elevated to
      90.degree.C and 20 ml of 2N aqueous sulfurous acid was added to the charge
      of the flask under shaking. The charge of the flask was shaken for 4 hours
      in the sealed state. At this time, the styrene monomer was homogeneously
      dispersed on the copper surface. After completion of 4 hours' reaction,
      the product was recovered by filtration, washed with water and vacuum
      dried at 50.degree.C to obtain 20.64 g of a solid, in which the polymer
      content was 3.3% by weight. A part of the copper was dissolved out into
      the aqueous solution phase and the loss of the copper component was due to
      dissolution of impurities such as CuO. When the recovered solid was
      observed under an electron microscope, it was found that the copper powder
      was coated with polystyrene.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing plastic coated metal powder which comprises
      suspending a metal powder in an aqueous medium containing a
      radical-polymerizable monomer and initiating polymerization of said
      monomer with an initiator consisting essentially of acidic sulfite ions in
      the presence of said metal powder.
NUM  2.
PAR  2. A process according to claim 1 wherein said monomer is at least one
      member selected from the group consisting of methyl methacrylate, methyl
      acrylate and styrene.
NUM  3.
PAR  3. A process according to claim 1 wherein at least one member selected from
      the group consisting of aqueous sulfurous acid, ammonium hydrogensulfite
      and sodium hydrogensulfite is added to said aqueous medium to generate the
      acidic sulfite ions present in said aqueous medium.
NUM  4.
PAR  4. A process according to claim 1 wherein said acidic sulfite ion is
      present at a concentration, calculated as HSO.sub.3 .sup.-, of 0.038 to
      0.7 mole/l.
NUM  5.
PAR  5. A process according to claim 1 wherein said aqueous medium is water.
NUM  6.
PAR  6. The process of claim 1 wherein said monomer is an ethylenically
      unsaturated monomer.
NUM  7.
PAR  7. The process of claim 6 wherein said monomer is present in an amount
      equal to about 0.05-100% by volume of said metal powder.
NUM  8.
PAR  8. The process of claim 1 wherein said medium is agitated during said
      polymerization.
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PAL  Wood can be rendered fire resistant by impregnating the wood with a
      solution of a monomer, such as a phenol, and a fire-inhibiting salt,
      drying the wood and thereafter treating the wood with a solution of a
      second monomer, such as formaldehyde, polymerizable with the first
      monomer. Heating to dryness causes polymerization of the monomers. The
      fire resistant properties of wood treated this way are not affected by
      exposure to moisture. Prior to the first impregnation, after the first
      impregnation and after treatment with the second monomer the wood being
      treated is dried to a moisture content below about 4%.
PARN
PAR  This is a continuation of application Ser. No. 296,365, filed Oct. 5, 1972,
      which, in turn is a continuation of Ser. No. 99,382, filed Dec. 18, 1970,
      both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for the fire-inhibiting
      impregnation of wood, preferably in the form of thin wood flakes or
      sheets, e.g. thin veneers or wood chips.
PAR  In the course of time, much effort has been directed to solving the problem
      of imparting fire-inhibiting properties to wood, as well as resistance to
      the growth of fungi, attack by termites and moisture. Efforts have been
      made in particular with a view to imparting fire-inhibiting properties to
      wood. The basic prior art comprises an impregnation of the wood with
      fire-inhibiting salts that are applied in aqueous solution. For example,
      ammonium sulphate, sodium sulphate or magnesium sulphate, monoammonium
      phosphate or diammonium phosphate, borates or the like can be used. The
      fire-inhibiting or flame-proofing effect of such salts may be based on the
      fact that their decomposition is endothermic and that on being heated they
      easily form salts which envelop the inflammable substance, so that same is
      unable to give off combustible gases and carbonizes without any flames
      being formed.
PAR  Normally, no difficulty is encountered in impregnating wood with the salts
      mentioned, which easily penetrate into the pores and intermicellar
      cavities of the wood. On account of the solubility in water of these
      salts, however, they are rather easily washed out of the wood again, and
      not only if the wood comes into direct contact with water, for instance
      with rain, but also if the wood is exposed to moisture in some other way,
      such as the natural humidity in the atmosphere, condensate or similar
      moisture occurrences. The result is that even if the impregnated wood in
      the beginning is resistant to fire, it subsequently becomes just as
      flammable as nonimpregnated wood. It has been tried to use a large excess
      of salt, up to 30% by weight, but no significant improvements have been
      obtained thereby, and, moreover, this is uneconomical. Attempts to mix the
      salts with other agents, e.g. polyethylene glycol, have also failed to
      give entirely satisfactory results.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a method for the fire-inhibiting
      impregnation of wood, by which it is achieved that the fire-inhibiting
      substance is unable to pass out of the wood, which method can be carried
      out in a continuous manner.
PAR  This is achieved by the method according to the invention, which is
      characterized in that a coating of an insoluble, non-flammable or not
      easily flammable polymeric material is applied to the external surfaces of
      the wood and the internal surfaces of the wood in the pores and the
      intermicellar cavities, which material is formed in situ. Thus, the wood
      in a dry and preferably hot state is impregnated with a solution of a
      monomer component and, preferably, a fire-inhibiting compound or salt
      known per se and heat-dried to remove the solvent. In one embodiment, the
      wood is treated with a fire-inhibiting compound prior to said
      impregnation. Thereafter the wood thus treated is treated with a solution
      of another monomer component and heat-treated to remove the solvent and to
      form the said polymeric material.
PAR  Since the polymeric material formed is insoluble, it will not be washed out
      by water or other moisture, as are the above-mentioned, fire-inhibiting
      salts. Moreover, it is present in the wood in an effective state with
      regard to inhibition of fire, whereas the said salts become effective only
      by decomposition or melting under the influence of heat from a possible
      fire. As the polymeric material covers all surfaces, both the external and
      internal ones, it will, in the event of fires, prevent the generation of
      combustible gases from the wood. With regard to both duration and
      effectiveness, the fire-inhibiting effect obtained by the method of this
      invention surpasses that obtained by known methods.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a conventional peeler for forming a veneer strip which
      strip is wound on a roll.
PAR  FIG. 2 shows one plant for the continuous impregnation of wood strip
      veneer.
PAR  FIG. 3 shows another plant for continuous impregnation; and
PAR  FIG. 4 shows a plant having only one drying oven section for
      discontinuously performing the method according to the invention.
DETD
PAR  In each figure a plant is shown with an associated peeler for cutting up
      wood into veneer in the form of a strip which is wound up onto a roll as
      well as with an associated cutter, on which the finished treated strip of
      veneer is cut up into desired lengths.
PAC  DESCRIPTION OF THE INVENTION
PAR  The first monomer component can, as mentioned above, be applied after or
      together with a fire-inhibiting compound or salt known per se, which can
      be one of the salts mentioned above. An increase in the fire-inhibiting
      effect is thereby obtained, even with small quantities of salt compared to
      the quantities used in the known methods, and the increased effect is
      retained since the salt is incorporated in the polymeric material and thus
      prevented from being washed out. In this regard, it has been found that
      the first monomer component, which may be referred to as a
      formaldehyde-reactive monomer, may contain up to about 30% by weight of a
      fire-inhibiting compound.
PAR  Prior to the monomer solutions being applied to the wood in the method
      according to this invention, the wood is heat-dried to a moisture content
      of, for instance, about 4%. In order to achieve a thorough impregnation,
      the monomer solutions may be applied, e.g. sprayed on, under vacuum.
      However, the monomer solutions are preferably applied at atmospheric
      pressure. Desirably, the wood is in a hot state as a result of the
      preceding heat-drying. preferably, the wood has a temperature of about
      160.degree.C when impregnated. Thus, the monomer solutions must have a
      minimum temperature of 80.degree.C. Since the pores in the hot wood are
      open, and since the amount of air in the pores is very small, as the air
      expands on account of the high temperature and decreases in density the
      air is displaced and a subtantially total filling up of liquid in the
      pores and intermicellar cavities of the wood is achieved.
PAR  An expedient embodiment of the method according to the invention consists
      in using phenol, a dihydroxybenzene, urea or melamine or a mixture
      thereof, preferably phenol or resorcinol, as the first monomer component
      and formaldehyde as the second monomer component. While other aldehydes
      can often be used, formaldehyde has been found particularly suitable in
      practice. In the condensation process between these monomer components,
      any fire-inhibiting salt added may in some cases act as a catalyst, and
      for this purpose such salts as boric acid can be added.
PAR  According to the invention, the monomer components are expediently used in
      aqueous solution. The concentration of, for instance, phenol or resorcinol
      in the first monomer solution can be varied to a certain extent, the wood
      being advantageously impregnated with about 50 kilograms of phenol or
      resorcinol per cubic meter of wood. This can be achieved by a
      concentration of phenol or resorcinol of between about 7 and about 70% by
      weight in the solution. A concentration substantially below 7% by weight
      of phenol or resorcinol results in too small an amount of this monomer
      component in the wood. A concentration substantially above 70% by weight
      of phenol or resorcinol results in too large an amount of this monomer
      component in the wood. Wood containing a large excess of this monomer has
      a tendency to crack. The amount of the second monomer component should be
      sufficient to react with the amount of the first monomer component
      incorporated in the wood, and, in practice, it is preferable to use a
      small excess of the second monomer component. The formaldehyde preferably
      used as the second monomer component is provided in an amount of about 15
      kilograms, sufficient to react with 50 kilograms of phenol or resorcinol.
PAR  However, it is preferred to incorporate about 20 kilograms of formaldehyde
      per cubic meter of wood, in which about 50 kilograms of phenol or
      resorcinol have been incorporated. The excess of formaldehyde disappears
      during the condensation process. If less than all of the phenol or
      resorcinol is reacted, it will form crystals which promote combustion and
      thus counteract the intended purpose of the invention.
PAR  As mentioned above, the method of this invention is preferably practiced
      with wood in the form of thin wood flakes or sheets such as thin veneers
      or wood chips, but it may also be used on other forms, such as sawdust.
      Such thin wood flakes or sheets, such as veneers, can be of any convenient
      size and are preferably treated in thicknesses of between 1 and 2.5
      millimeters. A complete impregnation of the wood can thereby be obtained.
      When the treatment has been completed, the wood flakes or sheets can be
      glued together in a conventional manner. In a preferred embodiment, an
      adhesive corresponding to the polymeric material incorporated in the wood
      is used, for producing wood products, such as plywood sheets or other
      laminated wooden sheets, wood chip sheets or the like, possessing
      particularly good fire-inhibiting properties. A phenol formaldehyde or
      resorcinol formaldehyde adhesive is preferably employed, since such
      adhesives retain their adhesive capacity even after coking. Other
      properties, such as the resistance to moisture and the growth of fungi,
      are also significantly improved.
PAR  As mentioned above the method according to the invention can be carried out
      continuously and the invention also relates to a process for continuously
      carrying out the method dealt with, which process is characterized in that
      it comprises means for advancing the wood and, successively in the
      direction of advance, a first drying oven or drying oven section, a first
      apparatus for applying impregnating liquid, a second drying oven or drying
      oven section, a second apparatus for applying impregnating liquid, a third
      drying oven or drying oven section, and a cooling apparatus.
PAR  A preferred embodiment of this invention for impregnating veneer in the
      form of a strip comprises, according to the invention, a drying oven
      divided into three sections, means for advancing the strip of veneer in
      one direction through the first drying oven section, in the opposite
      direction through the third drying oven section, and apparatus for
      applying impregnating liquid by spraying between the first and second and
      between the second and third drying oven sections, respectively, as
      illustrated in FIG. 1.
PAR  By means of this invention, an expedient continuous performance in practice
      of the method dealt with is obtained.
PAR  As shown in FIG. 1, a veneer strip 1 is passed from a peeler 2 onto a roll
      3. The roll 3 is repositioned onto a rack 4 (FIG. 2) and the veneer strip
      1 is passed into a first section 5 of a drying oven divided into three
      sections. In section 5, the veneer strip is dried at about 160.degree.C to
      a moisture content of 4% at the most. After having passed out of the first
      drying oven section, the strip of veneer is passed into a spraying
      apparatus 6 and through two curtains of liquid produced by conventional
      spraying heads 7 and 7. The curtains of liquid consist of a solution which
      can have the following composition:
     resorcinol         10 parts by weight                                     

     borax               4 parts by weight                                     

     boric acid          4 parts by weight                                     

     water              82 parts by weight                                     

PAR  As shown in the drawing, the veneer 1 is passed through the curtains of
      liquid in such a way that it is first sprayed with spraying head 7 on one
      side and thereafter in a wet state, it is bent around a roller (not shown)
      and sprayed with spraying head 7' on the other side. The residual liquid
      which is not absorbed by the veneer, is recovered by conventional
      collecting equipment 8 and 8'. The temperature of the impregnating liquid
      is at least 80.degree.C.
PAR  After this first impregantion, the strip of veneer is passed through the
      second section 9 of the drying oven, wherein the temperature is also
      160.degree.C and wherein the water is evaporated to a remaining moisture
      content of about 4%.
PAR  The strip of veneer, the external surfaces of which and the internal
      surfaces of which in the pores and intermicellar cavities are covered with
      resorcinol at delivery from section 9 of the drying oven, is now passed
      into spraying apparatus 10, which is similar to spraying apparatus 6, and
      through two curtains of liquid produced by spraying heads 11 and 11' of
      the same type as the spraying heads 7 and 7'. The curtains of liquid
      consist of a solution which can have the following composition:
TBL  formaldehyde        4 parts by weight                                     

     water              96 parts by weight                                     

PAR  As shown in the drawing, the veneer is passed through the curtains of
      liquid in such a way that it is first sprayed on one side and thereafter
      in a wet state, bent around a roller (not shown) and sprayed on the other
      side. The residual impregnating liquid, which is not absorbed by the
      veneer, is recovered by conventional collecting equipment 12 and 12".
PAR  After this second impregnation, the strip of veneer is passed into the
      third section 13 of the drying oven, wherein the temperature is also about
      160.degree.C. In the third section 13 the water is evaporated, and
      resorcinol and formaldehyde are polymerized by condensation to form a
      polymeric material insoluble in water that envelopes all the wooden
      substances both externally and internally in the pores and the
      intermicellar cavities.
PAR  After having been passed out of the drying oven section 13, the strip of
      veneer, which has a moisture content of about 4%, is cooled in a cooling
      apparatus 14 to normal working temperature, i.e. about 20.degree.C. As
      previously mentioned the strip of veneer can then be cut by suitable
      cutter means 15 up into suitable pieces 16 due regard being given to the
      curing time of the adhesive which is to be employed for manufacturing
      plywood sheets or other laminated wooden sheets from the treated veneer.
PAR  In the plant as shown in FIG. 3 the corresponding parts are denoted and
      described as in FIG. 2. The strip of veneer 2.01 is treated in a
      corresponding manner as in the plant accoridng to FIG. 2. However in the
      plant according to FIG. 3, separate drying ovens 2.05, 2.09 and 2.13 are
      used, and are arranged in alignment with intermediate apparatus 2.06 and
      2.10 for applying the impregnating liquid. In the apparatus 2.06 and 2.10,
      the strip of veneer is impregnated by immersion into vessels containing
      impregnating liquid, the strip of veneer in these vessels being passed
      under a rotatable roller.
PAR  In the plant shown in FIG. 4 for the discontinuous carrying out of the
      method according to the invention, wherein corresponding parts are denoted
      and described as in FIGS. 2 and 3. 3.05, 3.09 and 3.13 denote the same
      drying oven used for the first, second and third drying, respectively.
      Similarly, 3.06 and 3.10 denote movable impregnating apparatus used for
      successive immersion of the strip of veneer. After the first drying, the
      strip of veneer 3.01 is subjected to impregnation by immersion into the
      apparatus 3.06 and is wound up in a wet state on rolls 3.17 on a movable
      rock 3.18. After the second drying, the strip of veneer is subjected to
      impregnation by immersion into the apparatus 3.10 and is wound up in a wet
      state on rolls 3.19 on a movable rock 3.20. The cooling apparatus 3.14 is
      only used after the third drying. The embodiment shown in FIG. 4 can be
      used when only one drying oven is available.
PAR  With similar plants to those shown in the drawings, it is also possible to
      treat wood flakes or sheets in forms other than veneer. It is possible,
      for instance, to treat wood chips, said chips being transported through
      the plant concerned on a conveyor belt provided with small holes. The
      conveyor belt provided with holes allows spraying of the impregnating
      liquid from both sides of the conveyor belt. It is likewise possible to
      treat sawdust, said sawdust being passed through the plant concerned on
      non-absorbing glass or a nylon fibre conveyor belt.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for rendering wood resistant to fire which comprises:
PA1  heating the wood to dry the same to a mositure content of below about 4%;
PA1  impregnating the heated, dried wood, while still hot, with an aqueous
      solution containing from about 7 to about 70% by weight of a
      formaldehyde-reactive monomer, said solution having a temperature of at
      least 80.degree.C.;
PA1  heating the formaldehyde-reactive monomer-impregnated wood to dry the same
      to a moisture content of below about 4%;
PA1  impregnating the dry, formaldehyde-reactive monomer-containing wood with a
      stoichiometric excess of formaldehyde; and
PA1  heating the now twice impregnated wood to effect a condensation reaction
      between the formaldehyde-reactive monomer and the formaldehyde, and to dry
      the wood to a moisture content of about 4%.
NUM  2.
PAR  2. A method according to claim 1 in which the formaldehyde is present as an
      aqueous solution thereof.
NUM  3.
PAR  3. A method according to claim 1 in which the wood is treated with a
      fire-inhibiting compound prior to the formaldehyde-reactive monomer
      impregnation step.
NUM  4.
PAR  4. A method according to claim 2 in which the formaldehyde-reactive monomer
      solution contains up to about 30% by weight of a fire-inhibiting compound,
      and in which the wood contains about 50 kilograms of the
      formaldehyde-reactive monomer per cubic meter after the first mentioned
      impregnation step.
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ABST
PAL  A hydrophobic polymer is hydrophilized by polymerizing thereon a compound
      having the formula
      ##EQU1##
      where R.sub.5 is hydrogen or lower alkyl, R.sub.4 is hydrogen, lower
      alkyl, halogen of atomic weight 9 to 80, phenyl or cyano, R.sub.6 is
      alkylene or haloalkylene of 2 to 4 carbon atoms, R.sub.7 is alkylene of 3
      to 6 carbon atoms, n is an integer of 1 to 4, m is an integer of 2 to 5
      and R.sub.1, R.sub.2 and R.sub.3 are lower alkyl, phenyl or tolyl and
      thereafter hydrolyzing off the silyl groups. Silylated copolymers can also
      be prepared to form the hydrophilic coating.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 331,093,
      filed Feb. 9, 1973.
BSUM
PAR  Hydrophilization of only slightly polar (hydrophobic) polymers can be
      achieved by several methods, e.g., by coating with a layer of a
      hydrophilic polymer and if possible fixing it to the surface; by
      polymerizing a hydrophilic monomer on a hydrophobic polymer surface to be
      coated, or by grafting.
PAR  Formation of a layer of a hydrophobic material, e.g., a hydrophobic
      polymer, homogeneously with a hydrophilic polymer represents a very
      difficult procedure owing to slight mutual solubility due to the great
      difference in polarity and consequently in thermodynamic behavior, the
      hydrophilic monomers simply do not penetrate hydrophobic polymer
      substrates and it is difficult to coat the hydrophobic polymer.
PAR  It has now been found that this problem has been solved by treating a
      hydrophobic polymer substrate with a certain silylated acrylate or
      methacrylate monomer above or admixed with other copolymerizable
      ethylenically unsaturated monomers, polymerizing the monomer (or monomers)
      and then hydrolyzing under mild conditions to break the siloxy bonds and
      form free hydroxyl groups. The final product represents a material with a
      homogeneous layer of a hydrophilic material strongly adhered to a
      hydrophobic material.
PAR  The silylated monomer is hydrophobic and swells the hydrophobic polymeric
      substrate and penetrates it. When the monomer is polymerized an excellent
      bond and a thoroughly anchored intimate mixture is obtained. The silylated
      monomer is thin and spreads easily on the surface of the hydrophobic
      polymer.
PAR  The hydrolysis can be carried out in acid, e.g., sulfuric acid or acetic
      acid, alkali, e.g., sodium hydroxide, potassium hydroxide, sodium
      carbonate, water or water-solvent mixture.
PAR  By the process there can be made a thin uniform layer of strongly bonded
      hydrophilic coating on the hydrophobic polymer. There can also be prepared
      thick coatings or multiple coatings. The coating can be from submicron in
      thickness to 1 mil or even thicker, e.g., 5 mils.
PAR  The coated articles can be used wherever a hydrophilic coating is desired,
      e.g., in preparing contact lenses, prosthetic devices, catheters, venus
      tubes, common ducts, diaphragms, intrauterine devices, as non-fog
      coatings, blood containers and blood vessel substitutes, blood
      transmission tubes, non-static coatings on fibers, e.g., textiles or
      carpets or on phonograph records, bandages, packaged food containers,
      bristles, flavored drinking straws.
PAR  The hydrophobic materials which can be treated according to the invention
      are those in which the silylated monomers are capable of swelling or
      dissolving. The hydrophobic polymer need only take up 1% (or even less) of
      the silylated monomer. It can take up 3% or more of monomer. Actually,
      there is no maximum on the amount of monomer which can be absorbed or
      taken up by the polymer.
PAR  In some cases, e.g., with rubber, there appears to be a grafting of the
      silylated material to the hydrophobic polymer during the polymerization.
PAR  Examples of suitable hydrophobic polymers are natural rubber, silicone
      rubber (polydimethylsiloxane rubber, for example), polyisobutylene, butyl
      rubber (isoolefin-diolefin copolymers, e.g., isobutylene-butadiene
      copolymer and the other copolymers set forth in Thomas U.S. Pat. No.
      2,356,128), polyethylene, polypropylene, ethylene propylene copolymers
      (e.g., 50:50, 80:20 and 20:80), ethylene-monoolefin copolymers wherein the
      monoolefin has four to 10 carbon atoms and is present in a minor amount,
      e.g., ethylene-butene-1 copolymer (95:5) and ethylene-decene-1 copolymer
      (90:10), styrene-butadiene rubber (SBR rubber), e.g., (75% butadiene, 25%
      styrene) and EPDM rubbers and acrylonitrile butadiene styrene terpolymers
      (ABS).
PAR  As the EPDM rubber there can be employed many of the commercially available
      EPDM rubbers. The EPDM rubber normally contains 30 to 70 molar percent
      (preferably 50 to 60 molar percent) of ethylene, 65 to 20 molar percent
      (preferably 35 to 45 molar percent propylene) and 1 to 15 molar percent
      (preferably 3 to 5 molar percent) of the nonconjugated polyolefin. Usually
      the polyolefin is not over 10 molar percent. The ethylene and propylene
      can each be 5 to 95 molar percent of the composition. The nonconjugated
      polyolefin includes aliphatic nonconjugated polyene hydrocarbons and
      cycloaliphatic nonconjugated polyene hydrocarbons, e.g., endocyclic
      dienes. Specific examples of suitable nonconjugated polyolefins include
      pentadiene-1,4, hexadiene-1,4, dicyclopentadiene, methyl cyclopentadiene
      dimer, cyclododecatriene, cyclooctadiene-1,5,5-methylene-2-norbornene.
PAR  Specifc examples of suitable terpolymers are the Royalenes which contain 55
      mole percent ethylene, 40 to 42 mole percent propylene and 3 to 5 mole
      percent dicyclopentadiene; Enjay terpolymers, e.g., ERP-404 of Enjay and
      Enjay 3509 which contains about 55 mole percent ethylene, 41 mole percent
      propylene and 4 mole percent 5-methylene-2-norbornene; Nordel, a
      terpolymer of 55 mole percent ethylene, 40 mole percent propylene and 5
      mole percent hexadiene-1,4. Another suitable terpolymer is the one
      containing 50 mole percent ethylene, 47 mole percent propylene and 3 mole
      percent 1,5-cyclooctadiene (Dutrel), rubbery butadiene-acrylonitrile
      copolymer, cis-isoprene polymer, polystyrene, styrene-acrylonitrile
      copolymer, polyalkyl acrylates and methacrylates, e.g., poly methyl
      methacrylate, polybutyl methacrylate, poly 2-ethylhexyl acrylate,
      polyvinyl chloride, and vinyl chloride copolymers, e.g., vinyl
      chloridevinyl acetate copolymer, polyvinylidene chloride, vinyl
      chloridevinylidene chloride copolymer, (e.g., 85:15), vinyl
      chlorideacrylonitrile copolymer (e.g., 85:15) polytetrafluoroethylene
      (Teflon), tetrafluoroethylene-hexafluoro-propylene copolymer,
      polytrifluoro-chloroethylene, polyvinylidene fluoride, nylon (e.g., nylon
      6, nylon 6,6), Orlon (polyacrylonitrile), polyesters (e.g., polyethylene
      terephthalate).
PAR  The present invention utilizes silylated monomers of the formulae
      ##EQU2##
      where R.sub.5 is hydrogen or lower alkyl, e.g., 1 to 4 carbon atoms,
      R.sub.4 is hydrogen, lower alkyl, e.g., methyl or ethyl, halogen of atomic
      weight 9 to 80, phenyl or cyano, R.sub.6 is alkylene or haloalkylene of 2
      to 4 carbon atoms, R.sub.7 is alkylene of 3 to 6 carbon atoms, n is an
      integer of 1 to 4, m is an integer of 2 to 5 and R.sub.1, R.sub.2 and
      R.sub.3 are alkyl of 1 to 6 carbon atoms, more preferably 1 to 4 carbon
      atoms, or phenyl or tolyl. Most preferably at least R.sub.1 and R.sub.2
      are both alkyl.
PAR  Examples of such compounds are trimethylsiloxyethyl acrylate,
      trimethylsiloxyethyl methacrylate, trimethylsiloxypropyl acrylate,
      trimethylsiloxypropyl methacrylate, dimethylethylsiloxyethyl acrylate,
      dimethylphenylsiolxyethyl acrylate, trimethylsiloxyethoxyethyl
      methacrylate, trimethylsiloxyethoxyethyl acrylate,
      trimethylsiloxyethoxyethoxyethyl methacrylate,
      trimethylsiloxypropoxypropoxypropyl acrylate,
      trimethylsiloxyethoxyethoxyethoxyethyl methacrylate, trimethylsiloxybutyl
      acrylate, trimethylsiloxybutyl methacrylate, triethylsiloxyethyl acrylate,
      tripropylsiloxyethyl methacrylate, tributylsiloxyethyl acrylate, penta
      (trimethylsiloxy) sorbityl methacrylate, tributylsiloxypropyl
      methacrylate, tris(trimethylsiloxy) neopentyl methacrylate,
      tris(dimethylethysiloxy) neopentyl acrylate,
      dimethylbutylsiloxyethoxyethyl methacrylate, bis(dimethylphenylsiloxy)
      neopentyl methacrylate, trihexylsiloxyethyl acrylate, bis
      (trimethylsiloxy) neopentyl acrylate, triphenylsiloxyethyl acrylate,
      triphenylsiloxyethyl methacrylate, tri-tolylsiloxyethyl methacrylate,
      bis(trimethylsiloxy) neohexyl acrylate, methylethylphenylsiloxyethyl
      acrylate, bis(trimethylsiloxy) neohexyl methacrylate, bis(trimethylsiloxy)
      propyl acrylate, bis(trimethylsiloxy) propyl methacrylate,
      bis(dimethylphenylsiloxy) propyl methacrylate, trimethylsiloxyethyl
      crotonate, triethylsiloxypropyl crotonate, trimethylsiloxyethoxyethyl
      crotonate, trimethylsiloxyethyl phenylacrylate, trimethylsiloxypropyl
      phenylacrylate, trimethylsiloxyethoxyethyl phenylacrylate,
      trimethylsiloxyethyl chloroacrylate, dimethylhexylsiloxyethyl
      chloroacrylate, diethylpropylsiloxyethoxyethyl chloroacrylate,
      trimethylsiloxyethyl fluoroacrylate, triethylsiloxyethoxyethyl
      fluoroacrylate, diethylphenylsiloxypropyl fluoroacrylate,
      trimethylsiloxyethyl bromoacrylate, trimethylsiloxyethyl cyanoacrylate,
      trimethylsiloxyethoxyethyl cyanoacrylate, trimethylsiloxypropoxypropyl
      methacrylate, diemthylphenylsiloxypropoxypropyl acrylate,
      trimethylsiloxy-2-chloropropyl methacrylate, trimethylsiloxy-2-bromopropyl
      acrylate.
PAR  Many hydroxyalkyl acrylates and methacrylates and related compounds as
      normally prepared contain the corresponding diacrylate and dimethacrylates
      as impurities. It is difficult to remove these materials and hence the
      polymers perpared almost invariably contain small amounts of such
      cross-linking agents, e.g., see Chromacek U.S. Pat. No. 3,597,473. By
      polymerizing the silylated materials according to the invention it is
      possible to provide hydrophobic polymers having a linear hydrophilic
      polymer coating by hydrolyzing the silylated polymer to form pure
      polymeric hydroxyalkyl acrylates or methacrylate polymer coating or the
      like devoid of the cross-linking diacrylates or methacrylates.
PAR  After polymerization, e.g., with free radical initiators or irradiation, it
      is possible by hydrolysis to recover easily polymer systems with a
      structure free of silylation.
PAR  The advantage of the temporary blocking of hydroxy groups results in a low
      polarity which, as stated is an important condition in order to have
      compatibility with the weakly polar hydrophobic polymer materials. By
      subsequent hydrolysis, as has been stated, it is possible to convert the
      silylated polymer in the next step into polymers with free hydroxy groups
      and which can have a linear structure if no cross-linking monomer is
      deliberately added.
PAR  The silylated monomers can be prepared by either of two general procedures:
      ##EQU3##
      where X is halogen, usually chlorine or bromine, with a compound of the
      formulae:
      ##EQU4##
PAR  Examples of suitable starting materials of the formula
      ##EQU5##
      are trimethylsilylchloride, triethylsilychloride, tripropylsilyl chloride,
      triisopropylsilyl chloride, tributylsilyl chloride, trihexylsilyl
      chloride, triphenylsilyl chloride, tri-p-tolysilyl chloride,
      trimethylsilyl bromide, triethylsilyl bromide, dimethylethylsilyl
      chloride, dimethylpropylsilyl bromide, diethylpropylsilyl chloride,
      dimethylphenylsilyl chloride, dimethyl phenylsilyl bromide.
PAR  Examples of suitable starting materials of the formula
      ##EQU6##
      are hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl
      acrylate, hydroxypropyl methacrylate, hydroxybutyl acrylate, hydroxybutyl
      methacrylate, hydroxyethoxyethyl acrylate, hydroxyethoxyethyl
      methacrylate, hydroxyethoxyethoxyethyl acrylate, hydroxyethoxyethoxyethyl
      methacrylate, hydroxypropoxypropyl acrylate, hydroxypropoxypropyl
      methacrylate, hydroxyethoxyethoxyethoxyethyl methacrylate,
      hydroxy-2-chloropropylacrylate, hydroxy-2-chloro-propyl methacrylate,
      hydroxy-3-chlorobutyl acrylate, 2,3-dihydroxypropyl acrylate,
      2,3-dihydroxypropyl methacrylate, 1,3-dihydroxypropyl methacrylate,
      trihydroxyneopentyl acrylate (pentaerythritol monoacrylate),
      pentaerythritol monomethacrylate, trimethylolpropane monoacrylate
      (dihydroxyneohexyl acrylate), sorbitol monomethacrylate, sorbitol
      monoacrylate, trimethylolpropane monomethacrylate, trimethyloethane
      monoacrylate, trimethylolethane monomethacrylate, hydroxyethyl
      chloroacrylate, hydroxypropyl chloroacrylate, hydroxyethoxyethyl
      chloroacrylate, hydroxypropoxypropyl chloroacrylate, hydroxyethyl
      fluoroacrylate, hydroxypropyl fluoroacrylate, hydroxyethoxyethyl
      fluoroacrylate, hydroxyethyl bromoacrylate, hydroxyethyl cyanoacrylate,
      hydroxypropyl cyanoacrylate, hydroxyethoxyethyl cyanoacrylate,
      hydroxyethyl phenylacrylate, hydroxypropyl phenylacrylate,
      hydroxyethoxyethyl phenylacrylate, hydroxyethyl crotonate, hydroxypropyl
      crotonate, hydroxyethoxyethyl crotonate, hydroxyethyl hexene-2-oate,
      2,3-dihydroxypropyl fluoroacrylate, 2,3-dihydroxypropyl chloroacrylate,
      2,3-dihydroxypropyl cyanoacrylate, 2,3-dihydroxypropyl phenylacrylate,
      2,3-dihydroxypropyl crotonate, pentaerythritol monofluoroacrylate,
      pentaerythritol monochloroacrylate, pentaerythritol monocyanoacrylate,
      pentaerythritol monophenyl acrylate, pentaerylthritol monocrotonate,
      trimethylolpropane monoacrylate, trimethylolethane monomethacrylate
      trimethylolethane monochloroacrylate, trimethylolpropane
      monofluoroacrylate, trimethylolethane monocyanoacrylate,
      trimethylolpropane monophenylacrylate, hydroxyethyl ethacrylate,
      hydroxypropyl ethacrylate, hydroxyethoxyethyl ethacrylate,
      2,3-dihydroxypropyl ethacrylate, pentaerythritol monoethacrylate,
      hydroxyethyl propacrylate, glycidyl acrylate, glycidyl methacrylate,
      glycidyl fluoroacrylate, glycidyl chloroacrylate, glycidyl crotonate,
      glycidyl cyanoacrylate, glycidyl ethacrylate.
PAR  These compounds can be prepared in conventional fashion by esterifying the
      appropriate unsaturated acid, acid halide or acid anhydride with the
      appropriate polyhydric alcohol.
PAR  Examples of suitable starting materials of the formula
      ##EQU7##
      are methacrylyl chloride, methacrylyl bromide, acrylyl chloride, acrylyl
      bromide, crotonoyl chloride, cyanoacryloyl chloride, fluoroacrylyl
      bromide, chloroacrylyl chloride, ethacrylyl chloride, phenylacrylyl
      chloride.
PAR  Examples of suitable starting materials of the formula
      ##EQU8##
      are methacrylic anhydride, acrylic anhydride, crotonic anhydride,
      fluoroacrylic anhydride, chloroacrylic anhydride, ethacrylic anhydride and
      phenylacrylic anhydride.
PAR  Examples of suitable starting materials of the formula
      ##EQU9##
      are trimethylsiloxyethanol, trimethylsiloxypropanol,
      trimethylsiloxyethoxyethanol, trimethylsiloxyethoxyethoxyethanol,
      trimethylsiloxyethoxyethoxyethoxyethanol, trimethylsiloxypropoxypropanol,
      trimethylsiloxypropan-2,3-diol, trimethylsiloxyneopentanediol,
      trimethylsiloxyneopentanetriol, dimethylethylsiloxyethanol,
      triethylsiloxypropanol, trimethylsiloxyneohexanediol,
      trimethylsiloxyhexanepentaol, dimethylphenylsiloxyethanol,
      dimethylphenylsiloxypropanol, dimethylphenylsiloxyethoxyethanol,
      tributylsiloxyethanol.
PAR  The pH is not critical for hydrolysis of silylated polymers. Thus, the pH
      can be from 1 to 14. Preferably the pH is from 1-5 or 8-14 in order to
      increase the speed of hydrolysis. However, hydrolysis can be accomplished
      even in pure water (pH 7) but the rate of hydrolysis is much slower, e.g.,
      24 hours against 1 hour for the same silylated polymer hydrolyzed at a pH
      of 4 at the same temperature. Hydrolysis can even be accomplished with
      humid air. Hydrolysis can be carried out at room temperature or elevated
      temperature, with an increase in temperature increasing the speed of
      hydrolysis. Thus, hydrolysis occurs very rapidly at the boiling point.
      Hydrolysis can be carried out for example, using water or aqueous
      alcohols, e.g., aqueous methanol, ethanol, isopropanol or propanol.
      Generally the amount of alcohol is 0 to 60% by weight of the water-alcohol
      since above 60% of the alcohol the rate of hydrolysis is very slow.
PAR  For hydrolysis of the polymer there can be used any convenient acid or base
      to provide the appropriate pH. Thus, there can be used acetic acid,
      propionic acid, chloroacetic acid, citric acid, lactic acid, sulfuric
      acid, phosphoric acid, hydrochloric acid, sodium hydroxide, ammonium
      hydroxide, potassium hydroxide, sodium carbonate, triethyl amine,
      ethylamine, butylamine, aniline, trimethylamine, diethylamine,
      benzenesulfonic acid, trichloroacetic acid, p-toluene sulfonic acid, etc.
PAR  Polymerization of the silylated monomers can be carried out in conventional
      manner using conventional free radical initiators, radiation or anionic
      initiators. Thus, there can be used per compounds such as benzoyl
      peroxide, diisopropyl percarbonate, diethyl percarbonate, potassium
      persulfate, ammonium persulfate, methyl ethyl ketone peroxide, cumene
      hydroperoxide, 2,4-dichlorobenzoyl peroxide, dicumyl peroxide, t-butyl
      peroctoate, t-butyl hydroperoxide, peracetic acid as well as redox system,
      e.g., a mixture of dibenzoyl peroxide or diisopropyl percarbonate with
      p-toluene sulfinic acid or potassium pyrosulfite; azo compounds (for
      example any of those mentioned in Hunt U.S. Pat. No. 2,471,909) e.g.,
      azo-bisisobutyronitrile, methyl azo-bis-isobutyrate, ultra violet light,
      gamma rays, and other irradiation, e.g., high energy irradiation to an
      extent of 0.01 megarad or higher, e.g., 2 or 20 megarad, etc.
PAR  Polymerization in the presence of the hydrophobic polymer can be carried
      out to form linear homo or copolymers with 1,2,3,4 or more copolymerizable
      monomers which are solvent soluble or can be carried out in the presence
      of cross-linkers to form branched or three-dimensional insoluble products.
      The starting silylated monomer may also be copolymerized with one or more
      others with similar or different types in order to modify the properties.
      The choice of monomers makes possible the regulation of the hydrophilic
      properties of final polymeric products after hydrolysis. If comonomers are
      employed which give polymers having hydrophobic properties they should not
      be used to such an extent that the hydrophilic properties of the
      hydrolyzed silylated copolymer are lost.
PAR  The copolymers normally contain 0.1 to 50% of the copolymerizable monomer
      or monomers, usually 0.2 to 20% on a molar basis. When a cross-linking
      monomer is present it usually is employed in an amount of 0.1 to 2% but it
      can be employed in an amount of 5% or more. Both linear and cross-linking
      monomers can be present at the same time, e.g., a terpolymer can be made
      from 90% trimethylsiloxyethyl methacrylate, 9.5% methyl methacrylate and
      0.5 % ethylene glycol dimethacrylate by weight. As copolymerizable
      materials there can be used, for example, acrylonitrile,
      methacrylonitrile, (preferably up to 40 mol %), styrene, p-methyl styrene,
      alpha methyl styrene, methyl methacrylate, butyl methacrylate, methyl
      acrylate, ethyl acrylate, butyl acrylate, allyl acetate, 2-ethylhexyl
      acrylate, methacrylic acid (up to 50 mol % for best results), acrylic
      acid, vinyl acetate, vinyl chloride, itaconic acid, maleic anhydride,
      fumaric acid, vinylidene chloride, vinyl pyridine, methoxyethyl acrylate,
      methoxyethyl methacrylate, ethoxyethyl acrylate, ethoxyethyl methacrylate,
      ethoxyethoxyethyl methacrylate, vinyl pyrrolidone, monohydroxyethyl
      maleate.
PAR  As cross-linking monomers there can be used, for example, compounds
      containing a plurality of ethylenically unsaturated double bonds such as
      ethylene glycol diacrylate, ethylene glycol dimethacrylate, butylene
      diacrylate, 1,2-butylene dimethacrylate, diethylene glycol diacrylate,
      diethylene glycol dimethacrylate, triallyl melamine, N,N'-methylene bis
      acrylamide, N,N'-methylene bis methacrylamide, glycerine trimethacrylate,
      pentaerythritol tetraacrylate, trimethylolethane trimethacrylate,
      triethylene glycol dimethacrylate, trimethylolpropane triacrylate, diallyl
      maleate, diallyl monoglycol citrate, allyl vinyl malate, diallyl ether,
      divinyl ether, divinyl sulfone, hexahydro-1,3,3-triacrylyltriazine,
      propylene glycol diacrylate, diallyl tartrate, diallyl itaconate, diallyl
      sucrose, sucrose diacrylate, glucose dimethacrylate, triallyl glucose,
      diallyl benzenephosphonate.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAR  The products of the invention can be employed for the same uses as the
      corresponding hydrophilic linear or cross-linked polymers of Wichterle
      U.S. Pat. No. 2,976,576, Wichterle Reissue U.S. Pat. No. Re. 27,401; Gould
      U.S. Pat. No. 3,400,890; Shepherd U.S. Pat. No. 3,428,043; Shepherd U.S.
      Pat. No. 3,470,883; Wichterle U.S. Pat. N0. 3,476,499; Shepherd U.S. Pat.
      No. 3,488,215; Shepherd U.S. Pat. No. 3,515,579; Shepherd U.S. Pat. No.
      3,520,949; Kliment U.S. Pat. No. 3,551,556; Kliment U.S. Pat. No.
      3,563,925; Shepherd U.S. Pat. No. 3,566,874; Shepherd U.S. Pat. No.
      3,567,118; Shepherd U.S. Pat. No. 3,574,822; Shepherd U.S. Pat. No.
      3,574,826; Shepherd U.S. Pat. No. 3,575,123; Gould U.S. Pat. No.
      3,576,760; Shepherd U.S. Pat. No. 3,577,512; Shepherd U.S. Pat. No.
      3,577,516; Shepherd U.S. Pat. No. 3,577,518; Gould U.S. Pat. No.
      3,596,833; Kugler U.S. Pat. No. 3,597,384; Guttag U.S. Pat. No. 3,615,595;
      Shepherd U.S. Pat. No. 3,618,213; Stol U.S. Pat. No. 3,620,751; Stoy U.S.
      Pat. No. 3,625,741;  Stol U.S. Pat. No. 3,628,988; Chromacek U.S. Pat. No.
      3,632,381; Shepherd U.S. Pat. No. 3,632,416; Guttag U.S. Pat. No.
      3,633,546; Gould U.S. Pat. No. 3,641,237; Shepherd U.S. Pat. No.
      3,660,218; DeLong U.S. Pat. No. 3,669,691; Shepherd U.S. Pat. No.
      3,674,901; Wichterle U.S. Pat. No. 3,679,504; Kliment U.S. Pat No.
      3,689,634; Shepherd U.S. Pat. No. 3,697,643 and Wichterle U.S. Pat. No.
      3,699,089.
PAR  Unless otherwise indicated all parts and percentages in the specification
      and claims are by weight.
DETD
PAC  EXAMPLE 1
PAR  The silylated monomers set forth at the end of the example were prepared by
      the following procedure:
PAR  1 mole of the hydroxyester, i.e. hydroxyethyl acrylate, hydroxyethyl,
      hydroxypropyl acrylate, hydroxypropyl methacrylate, methacrylate,
      hydroxyethoxyethyl acrylate, hydroxyethoxyethyl methacrylate, or
      hydroxyethoxyethoxyethyl methacrylate was mixed with 2.3 moles of
      triethylamine and 200 ml of hexane. The mixture was cooled to
      approximately 10.degree.C. and 1 mole of the trihydrocarbyl silane
      chloride, i.e. trimethylsilane chloride, dimethylethylsilane chloride or
      dimethylphenylsilane chloride was added dropwise with stirring. The
      precipitated amine hydrochloride was filtered off. (While triethylamine
      was used in the working examples, there can be used any other tertiary
      amine, e.g. trimethylamine, tributylamine, N,N-dimethylamiline, as well as
      primary amines, e.g. ethylamine or diethylamine, or other alkaline
      material forming a hydrocarbon insoluble chloride salt). The precipitated
      amine hydrochloride was filtered off, washed with hexane and the combined
      filtrates were washed with ice cold water as fast as possible several
      times. The hexane layer was dried with anhydrous MgSO.sub.4, filtered and
      the hexane evaporated to yield a clear liquid which was vacuum distilled
      and refractionated. Due to the very different boiling point of the
      silylated monomer and that of any cross-linking monomer present, the
      product obtained in each case exhibited a negligible cross-linker peak.
PAR  The compounds recovered were as set forth below in the table.
TBL                Table                                                       

     ______________________________________                                    

     (a)  Trimethylsiloxyethyl acrylate                                        

                                 b.p. 38/0.3 mm                                

     (b)  Trimethylsiloxyethyl methacrylate                                    

                                 b.p. 40/0.3 mm                                

     (c)  Trimethylsiloxypropyl acrylate                                       

                                 b.p. 43/0.1 mm                                

     (d)  Trimethylsiloxypropyl methacrylate                                   

                                 b.p. 44/0.1 mm                                

     (e)  Dimethylethylsiloxyethyl acrylate                                    

                                 b.p. 40/0.3 mm                                

     (f)  Dimethylphenylsiloxy ethyl acrylate                                  

                                 b.p. 78/0.1 mm                                

     (g)  Trimethylsiloxyethoxyethyl                                           

                                 b.p. 72/0.3 mm                                

          methacrylate                                                         

     (h)  Trimethylsiloxyethoxyethyl acrylate                                  

                                 b.p. 68/0.3 mm                                

     (i)  Trimethylsiloxyethoxyethoxyethyl                                     

                                 b.p. 85/0.3 mm                                

          methacrylate                                                         

     ______________________________________                                    

PAR  In examples 1 (a), (b), (c), (d), (g), (h) and (i) there was employed
      trimethylsilane chloride, in example 1(e) there was used
      dimethylethylsilane chloride and in example 1(f) there was used
      dimethylphenylsilane chloride. In examples 1(a), (e) and (f) there was
      used hydroxyethyl acrylate, in example 1(b) hydroxyethyl methacrylate, in
      example 1(c) hydroxypropyl acrylate, example 1(d) hydroxypropyl
      methacrylate, in example 1(g) hydroxyethoxyethyl methacrylate, example
      1(h) hydroxyethoxyethyl acrylate and example 1(i) hydroxyethoxyethoxyethyl
      methacrylate.
PAC  EXAMPLE 2
PAR  The same silylated monomers were prepared as in example 1, but by reacting
      1 mole of the acrylyl chloride or methacrylyl chloride with 1 mole of the
      appropriate trihydrocarbylsiloxyalkanol in benzene in the presence of
      triethylamine.
PAR  In a specific illustration 1 mole of methacrylyl chloride diluted with the
      same volume of benzene was added dropwise to a stirred and cooled (about
      10.degree.C.) mixture of 1 mole of trimethylsiloxyethanol and 2 moles of
      dry triethylamine diluted with the same volume of dry benzene. Stirring
      was continued at room temperature for 2 hours. The separated amine
      hydrochloride was filtered off, and the precipitate washed with benzene
      and the combined filtrates were washed with ice cold water as fast as
      possible several time. The benzene layer was dried with anhydrous
      MgSO.sub.4, filtered, the benzene evaporated to yield a clear liquid,
      which was vacuum distilled and refractionated to give trimethylsiloxyethyl
      methacrylate.
PAC  EXAMPLE 3
PAR  A natural latex article was extracted by chloroform to remove all
      nonpolymeric components, dried to constant weight and immersed into a
      solution of 100 parts of trimethylsiloxyethyl acrylate, containing 0.5
      parts of triglycol diacrylate and 0.5 parts of methyl azo-bis-isobutyrate
      (initiation) for 24 hours. Excess monomer was removed from the surface and
      the article was heated in an inert atmosphere at 80.degree. C for 4 hours
      in the presence of additional monomer with initiator in the vessel to
      eliminate loss of monomer from the article by evaporation. The surface
      layer was hydrolyzed in 5% acetic acid for 24 hours and washed in water
      for 72 hours to give the hydroxyethyl acrylate polymer coated rubber
      article. Illustrative articles which can be used include diaphragms,
      rubber tubing (including catheters) which can be coated either externally,
      internally or both.
PAC  EXAMPLE 4
PAR  A silicon rubber (polydimethyl siloxane) article was extracted by ethanol
      to remove all nonpolymeric components, dried to constant weight and
      immersed into a solution of 100 parts of trimethylsiloxypropyl acrylate
      containing 0.5 parts of ethylene glycol dimethacrylate and 0.5 parts of
      methyl azo-bis-isobutyrate for 4 hours. The article was then treated as in
      Example 3. Thus a silicone rubber gasket could be the article treated.
PAC  EXAMPLE 5
PAR  A polypropylene article was extracted by isopropanol to remove nonpolymeric
      components, dried and immersed into a solution of 100 parts of
      trimethylsiloxyethyl methacrylate containing 0.5 parts of divinyl benzene
      and 0.5 parts t-butyl peroctoate for 8 hours. The article was then treated
      as in Example 3. The initiator was removed by alcohol extraction. The
      product was hydroxyethyl methacrylate polymer coated polypropylene.
      Illustrative articles are polypropylene fibers, films and tubing.
PAC  EXAMPLE 6
PAR  A sheet of clear polystyrene was immersed into a solution of 100 parts of
      trimethylsiloxyethoxyethyl acrylate containing 0.5 parts of ethylene
      glycol dimethacrylate and 0.5 parts of methyl azo-bis-isobutyrate for 12
      hours. It was subsequently exposed at room temperature to long wave UV
      light in a vessel with inert atmosphere and covered with a transparent
      lid. After the polymerization was finished, the sheet was treated as in
      Example 3. There was obtained a sheet of polypropylene having bonded
      thereto a film of hydroxyethoxyethyl acrylate ethylene dimethacrylate
      copolymer.
PAC  EXAMPLE 7
PAR  A sheet of ethylene-propylene copolymer was extracted by isopropanol to
      remove all nonpolymeric components and immersed into a solution of 100
      parts of trimethylsiloxypropyl methacrylate containing 0.5 parts of glycol
      dimethacrylate and 0.5 parts of methyl azo-bis-isobutyrate for 4 hours. It
      was then irradiated by gamma rays in an inert atmosphere for the period of
      time necessary to effect polymerization. In this case polymerization was
      generally much faster than degradation or cross-linking of the substrate.
      The sheet was then treated as in Example 3.
PAR  Coatings of hydrophilic copolymers of any of the hydrolyzed silylated
      acrylates or methacrylates with any of the other monomers mentioned above
      can be prepared in the same manner as Examples 4-7 by replacing the
      comonomer, e.g., ethylene glycol dimethacrylate by a different comonomer,
      e.g., ethyl acrylate, methoxyethyl methacrylate, styrene, vinyl chloride,
      vinylpyrrolidone, etc.
PAR  The hydrophobic polymers which are treated according to the invention are
      solid polymers. Likewise the hydrophilic polymers obtained are solids.
PAR  As used in the claims the term "coating" is generic to graft type coatings
      and non-graft coatings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a hydrophobic polymer substrate having a coating
      thereon of a hydrophilic polymer selected from the group consisting of
      homopolymers and copolymers comprising (A) coating said substrate with
      material selected from the group consisting of (1) a silylated monomer
      having the formula:
      ##EQU10##
      or
      ##EQU11##
      and (2) a mixture of said silylated monomer and a copolymerizable monomer;
      wherein R.sub.5 is hydrogen or lower alkyl; R.sub.4 is hydrogen, lower
      alkyl, halogen of atomic weight 9 to 80, phenyl or cyano, R.sub.6 is
      alkylene or haloalkylene of 2 to 4 carbon atoms; R.sub.7 is alkylene of 3
      to 6 carbon atoms; n is an integer of 1 to 4; m is an integer of 2 to 5;
      and R.sub.1, R.sub.2 and R.sub.3 are lower alkyl, pehnyl, or tolyl; (B)
      hydrolyzing the polymerized monomer or mixtures of monomers to form the
      hydrophilic polymer by replacing the
      ##EQU12##
      groups by hydrogen atoms.
NUM  2.
PAR  2. The product prepared by the process of claim 1.
NUM  3.
PAR  3. The process of claim 1, where R.sub.5 is hydrogen and R.sub.4 is
      hydrogen or methyl.
NUM  4.
PAR  4. The product prepared by the process of claim 3.
NUM  5.
PAR  5. The process of claim 1, wherein the hydrophilic polymer formed is a
      homopolymer.
NUM  6.
PAR  6. The product prepared by the process of claim 5.
NUM  7.
PAR  7. The process of claim 1, wherein the hydrophilic polymer is a copolymer
      prepared by copolymerizing the silylated monomer with 0.1 to 50% on a
      molar basis of a copolymerizable monomer.
NUM  8.
PAR  8. The product prepared by the process of claim 7.
NUM  9.
PAR  9. The process of claim 7, wherein the copolymerizable monomer is present
      in an amount of 0.1 to 20% on a molar basis and is an ethylenically
      unsaturated cross-linking material.
NUM  10.
PAR  10. The process of claim 1, wherein the silylated monomer has formula (1).
NUM  11.
PAR  11. The process of claim 10 wherein R.sub.5 is hydrogen, R.sub.4 is
      hydrogen or methyl, n is 2 to 3 and R.sub.6 is alkylene.
NUM  12.
PAR  12. The process of claim 11, wherein two of the R.sub.1, R.sub.2, and
      R.sub.3 members are from the group consisting of methyl and ethyl.
NUM  13.
PAR  13. The process of claim 1, wherein the hydrophobic polymer substrate is a
      hydrocarbon polymer.
NUM  14.
PAR  14. The product prepared by the process of claim 13.
NUM  15.
PAR  15. The process of claim 13, wherein the hydrocarbon polymer is natural
      rubber, polyisobutylene, polystyrene, polyethylene, polypropylene,
      ethylene-propylene copolymer, ethylene-propylene-non-conjugated polyene
      terpolymer, butyl rubber, butadiene-styrene copolymer or cis-isoprene
      polymer.
NUM  16.
PAR  16. The process of claim 1, wherein the hydrophobic polymer substrate is a
      silicone rubber.
NUM  17.
PAR  17. The product prepared by the process of claim 16.
NUM  18.
PAR  18. The process of claim 1, wherein the hydrophobic polymer substrate is a
      butadiene-acrylonitrile copolymer, a perfluorinated hydrocarbon polymer, a
      polyester, an acrylonitrile polymer, nylon, a vinyl chloride polymer, a
      polymer of an alkyl acrylate or methacrylate.
NUM  19.
PAR  19. The product prepared by the process of claim 18.
NUM  20.
PAR  20. The process of claim 1, wherein the pH is other than 5.5 to 8.5.
NUM  21.
PAR  21. A process according to claim 1 wherein the composition employed for
      said coating consists essentially of said monomer or monomers.
NUM  22.
PAR  22. A process according to claim 21 wherein the composition employed for
      said coating consists of (1) said monomer or monomers and (2) a free
      radical initiator.
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ABST
PAL  Hardboard and other wood articles are made fire resistant by immersing the
      wood in a molten ammonium phosphate salt batn, preferably monoammonium
      phosphate.
PARN
PAR  This is a continuation of application Ser. No. 224,597, filed Feb. 7, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to producing wood and wood fiber products,
      such as plywood or hardboard, having improved resistance to fire; and more
      particularly to a novel method of impregnating wood articles with fire
      resistant ammonium phosphates.
PAR  The building industry has long recognized that the production of wood and
      wood fiber products such as hardboard and plywood that are rendered fire
      resistant broadens their field of use. Many proposals have been made to
      incorporate various fireproofing agents in such products. For example,
      materials such as borax, phosphates, and similar agents have been added
      both during production of wood products and by impregnation of the
      finished product. The prior art methods, however, are not completely
      satisfactory.
PAR  Addition during the production of hardboard occurs prior to the
      conventional pressing operation; and causes problems in pressing due to
      the premature decomposition of the fire retardant materials at press
      temperatures or to interference with the fiber-to-fiber, or lignin, bond.
      Further it is difficult to obtain sufficient retention of the added agents
      to impart any great degree of fire resistance to the product.
PAR  Methods of impregnating the finished product also raise problems. Solvent
      solutions of the treating agent may be used, but give rise to problems of
      solvent flammability and other problems involved in the use of hazardous
      chemicals. Post-manufacture impregnation with water soluble salts, such as
      the monoammonium or diammonium phosphates, pose quite a problem in
      maintaining the smooth pressed surface of the board, since water and
      aqueous solutions tend to raise and roughen wood fiber surfaces as
      discussed in U.S. Pat. Nos. 3,318,725 and 3,505,102. The use of aqueous
      solutions further requires a drying cycle to remove water absorbed into
      the wood fibers during treatment. This necessitates expensive equipment,
      and is time consuming. For example Green et al U.S. Pat. No. 2,766,139
      calls for a drying or baking time in a forced air oven of 12-16 hours. If
      a drying cycle takes too long, the process is uneconomical. Further, if a
      drying cycle is too fast, then the salt tends to migrate to the surface of
      the board, with the consequent formation of bubbles or blisters of
      crystallized salt on the board's surface. Also when aqueous solutions are
      used, the board tends to swell in thickness.
PAR  It is also known to give other treatments to wood which do not relate to
      imparting fire resistance, such as Kobbe U.S. Pat. No. 1,599,135 discloses
      immersing wood into molten sulfur in an open tank to render the wood
      resistant to rot. There is no suggestion that any fire resistance may be
      imparted thereby; and the surface of the wood is either charred to
      charcoal or, to avoid charring, the wood must be immersed at a lower
      temperature for the first five or six hours.
PAR  Stamm U.S. Pat. No. 2,296,316 discloses treating wood to prevent shrinkage
      by heating the wood at temperatures between 500.degree.-600.degree.F and
      eliminating surface oxidation by immersing the wood in a liquid bath of
      molten metal; heated oil; or a fused mixture of sodium and potassium
      acetate. The board is then scrubbed to remove surface metal or fused salt
      and surface char. The process takes considerable time and there is no
      suggestion of any possible fire resistance imparted thereby.
PAR  Gurgiolo U.S. Pat. No. 3,501,339 mentions in column 2, soaking wood in a
      phosphite or phosphonate when it is a liquid; but gives no operable
      embodiments thereof other than as solvent or aqueous solutions.
PAR  The above processes either relate to processes of treating wood, but not
      specifically imparting fire resistance, or suffer various disadvantages
      such as incorporating insufficient quantities of fire retardant material;
      involving too lengthy or complex treatment steps and cycles; involving
      very costly and complex special equipment; or impairing the surface
      appearance and quality of the wood.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a novel method of impregnating wood and
      wood fiber products with molten ammonium phosphates to render them highly
      fire resistant, without marring the smooth surface nor substantial
      charring or depositing of salt crystals on the surface, without swelling
      the product, and without extensive solvent or forced air drying cycles.
PAR  Thus it is an object and advantage of the present invention to produce fire
      resistant wood and wood fiber products by treating the wood with a molten
      ammonium phosphate, without marring the smooth wood fiber surface or
      impart thickness swell.
PAR  A further object is to produce fire resistant wood and wood fiber products
      without requiring extensive process times as to impregnation or drying of
      the impregnated product.
PAR  Still another object is to produce wood and wood fiber products having
      enhanced degrees of fire resistance, a smooth surface, and improved
      strength.
PAC  DESCRIPTION OF THE INVENTION
PAR  In one specific embodiment, the above objects and others are accomplished
      by immersing hardboard in a molten ammonium phosphate salt such as
      monoammonium phosphate, diammonium phosphate or mixtures of monoammonium
      phosphate - diammonium phosphate; under a pressure of at least about 10
      p.s.i.g. It is preferred that the molten salt bath be principally
      monoammonium phosphate. The bath should be maintained at a pH of about
      1.5-6, and preferably about 3-5 such as around 3.5, generally by the
      addition of diammonium phosphate. Impregnation of the board with large
      quantities of the fire retardant salt is accomplished by a single quick
      immersion of the board in the molten salt bath; and then subjecting the
      board to momentary pressure while it is still immersed in the molten salt,
      to give thorough penetration. After impregnation, the board is quite hot
      and may be dipped or immersed in water immediately to wash any excess salt
      from the surface of the board. The water rinse is accomplished in seconds;
      thus the board is still hot and the surface water dissipates within
      seconds eliminating the need for any extensive drying cycle or force air
      drying.
PAR  The invention has been developed primarily in connection with the treatment
      of hardboard; and the hardboard referred to herein includes composition
      and particle boards of lignocellulosic origin of various densities. The
      invention, however, is also applicable to the treatment of other wood
      articles generally, such particularly as solid wooden articles like
      veneers, boards or panels and the like; wood laminates such as veneered
      articles and plywoods and other, and at least slightly porous, woody
      structured articles including composition board and blends of woody fiber
      with other fibrous materials such as mineral, glass and the like fibers.
      Optimum conditions of the wood article for impregnation are related to the
      density of the wood article and also its porosity. Thus for example a low
      density hardboard will absorb more salt then a higher density hardboard in
      the same amount of time under the same pressure. For example, a hardboard
      having a density of about 50 lbs. per cubic foot will absorb approximately
      71% ammonium phosphate in 2 minutes, by weight of dry board, using an air
      pressure of 60 p.s.i.g., compared to about 31% absorption for a hardboard
      having a density of 60 lbs./ft..sup.3 using the same time and pressure.
PAR  The ammonium phosphate may be put into the molten state by, for example,
      heating the crystal form until it melts. Generally monoammonium phosphate
      becomes molten around 400.degree.F; but there is a gradual breakdown of
      the chemical when maintained at this temperature over a period of time,
      and this lowers the temperature at which the mixture of monoammonium
      phosphate and its degredation products will remain in molten condition.
      Thus, for example, monoammonium phosphate may initially become molten at
      about 380.degree.-400.degree.F; however when the molten phosphate is
      cooled and then remelted, it may then melt at a lower temperature. Thus,
      the temperature of the ammonium phosphate, in order to maintain it in the
      molten state, is not critical and may be highly variable depending upon
      the prior history of the ammonium phosphate used in the present process.
PAR  The pH of the molten ammonium phosphates will be on the acid side. It is
      particularly preferred that the pH of the molten phosphate be maintained
      between about 1.5-6; and it is especially preferred that a pH of about 3.5
      be maintained. A lower pH limit has not been established, although it is
      theorized that wood products such as hardboard may become more brittle and
      may break down after very long aging at pHs somewhat below 2. While a pH
      substantially above about 4 may be utilized, this is not particularly
      desirable since at the higher pHs the ammonium phosphates crystallize at
      higher temperatures, necessitating the utilization of higher temperatures
      to maintain the ammonium phosphate in molten condition. The level of the
      pH may be readily maintained by preferably the addition of diammonium
      phosphate to molten momoammonium phosphate; or by addition of gaseous
      ammonia, and the like.
PAR  In actual practice, for carrying out the present invention over long
      periods of time, it is particularly preferred that the bath be
      monoammonium phosphate and that DAP be added thereto to make pH
      adjustments. Either the mono- or the diammonium phosphate may be used as
      the sole fire retardant material.
PAR  The pressure applied to the immersed wood article is not critical and may
      be widely varied. A pressure range of 10-100 p.s.i.g. is preferred, and
      60-80 p.s.i.g. is particularly preferred. The pressure should be at least
      10 p.s.i.g. but the upper limit is a matter of personal preference and may
      be 200 or 300 p.s.i.g. or even more.
DETD
PAR  In order to more fully describe the present method the following
      illustrative specific examples, including comparisons with a prior aqueous
      solution method, are provided.
PAC  EXAMPLE 1
PAR  Lignocellulosic fiber hardboards, 1/4 inch thick and 2 foot by 4 foot, were
      pressure impregnated with a 60% concentrated aqueous solution of a blend
      of monoammonium phosphate and diammonium phosphate at 200.degree.F and
      60-80 p.s.i.g. for 2-3 minutes. Because of the large quantities of water
      from the aqueous solution absorbed into the boards during impregnation,
      the boards had to be oven dried for 2-4 hours to reduce the moisture
      content of the boards to 3% or less.
PAR  Monoammonium phosphate crystals were placed in glass beakers and melted at
      about 425.degree.-450.degree.F. The molten monoammonium phosphate was then
      pressure impregnated using a glass lined container at
      400.degree.-440.degree.F and 60-80 p.s.i.g. pressure into hardboards,
      one-fourth inch and about 1 foot .times. 1 foot, for 2- 3 minutes. After
      impregnation the boards were washed by dipping into water to rinse excess
      salt from the surface. Upon removal, surface water dissipated from the
      about 400.degree.F boards within seconds, and the impregnated boards at
      that time contained less than 3% moisture. No further drying was
      necessary. The elimination of the drying cycle as compared to the aqueous
      solution method according to this example results in increases in
      production rate of about 1000%. Thus it is clear the present invention
      provides a method greatly simplified over those previously known, both in
      reduction in the number of operations, expensive drying equipment
      required, and in the time required to carry out the steps. The finished
      boards by the method of the present invention exhibited little or no
      thickness swell and the surfaces of the boards were smooth and free from
      crystallized salt.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 for the molten monoammonium phosphate was
      repeated using 1/4 inch thick plywood panels instead of the hardboard.
      Results were comparable, The impregnated plywood had a fire rating of
      Class 1 by Heylin Tunnel testing.
PAC  EXAMPLE 3
PAR  A series of smooth on both sides hardboard panels were impregnated with
      ammonium phosphate salts using the following treatment methods:
PA1  Method 1: An aqueous solution of 65% concentration of mono- and diammonium
      phosphates (weight ratio mono-: di- of 3:1) at 200.degree.F and 60
      p.s.i.g. for 2 minutes. The treated boards were bone dried (at least less
      than 1% moisture content) in an oven to remove all moisture gained during
      treatment in order to calculate the amount of phosphates absorbed.
PA1  Method 2: In accordance with the method of the present invention, the
      boards were impregnated with molten monoammonium phosphate at about
      400.degree.F using a pressure cycle of 80 p.s.i.g. for 2 minutes in
      Teflon, ceramic or epoxy lined containers. After impregnation the boards
      were dipped in hot water of 180.degree.F. They were then bone dried to
      determine the amount of salt absorbed.
PAR  All boards were also evaluated for physical characteristics including fire
      resistance. Fire resistancy was determined using a Heylin tunnel, a system
      widely used in the industry, as fully described in an article entitled
      "Use of a Small Flame Tunnel for Evaluating Fire Hazard" in the Journal of
      Paint Technology, vol. 39, No. 511, August 1967, pp. 494-500. The results
      of testing with the Heylin Tunnel, as explained in the article, may be
      correlated with the results obtained by ASTM Method E-84; a Heylin result
      of 22 or less being generally required to equal the 25 or less result of
      ASTM E-84, requisite to an Underwriters laboratories Class 1 fire rating.
PAR  Exemplary results were as set forth in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

                                    Untreated                                  

                  Method 1                                                     

                          Method 2  Control                                    

     ______________________________________                                    

     Initial Board                                                             

     Density -- lbs./                                                          

                    48.5      48.9      48.8                                   

     ft..sup.3                                                                 

     Treated Board                                                             

     Density after  61.8      79.2      --                                     

     drying                                                                    

     % Calculated                                                              

     thickness Change:                                                         

                    +5.4      -0.7                                             

     Untreated to                                                              

     Treated                                                                   

     % Ammonium                                                                

     Phosphates                                                                

     Absorbed       40.1      67.5      --                                     

     Flame Spread                                                              

     --Heylin Tunnel                                                           

                    14.3      11.9      159.6                                  

     Modulus of Rupture                                                        

     --p.s.i.       6,281     10,392    3,882                                  

     Internal Bond                                                             

     --p.s.i.        222        484       91                                   

     Impact Strength                                                           

     inch-pounds    19.0      24.2      21.5                                   

     ______________________________________                                    

PAR  During impregnation by the aqueous method, both water and salt are
      absorbed. In the molten method of the present invention only salt is
      absorbed, and so a board of the same or similar density and porosity will
      absorb more salt, as shown in Table 1. The lower flame spread rating in
      Table 1 for Method 2 is a result of the greater amount of chemical
      absorbed during treatment. The molten salt treatment (Method 2)
      surprisingly improved the strength characteristics of the hardboard --
      modulus of rupture, internal bond strength and impact strength were all
      greatly improved, possibly due to the higher density of the treated board.
      The improved impact strength is very surprising since this property is
      normally adversely affected by fire retardant chemical treatments, as
      indicated in the results with Method 1. The high density and negative
      thickness swell of the boards under Method 2 is characteristic of the
      molten salt treatment of the present invention; the boards may be
      considered in a swollen condition prior to treatment due to the initial
      moisture content of the boards (generally from 2-10%). The temperature of
      the boards following immersion in the molten ammonium phosphates is such
      as to dissipate initial board moisture and any moisture picked up from the
      water rinse. The board surface is essentially unchanged, as to smoothness,
      appearance and receptivity to subsequent finishing operations by treatment
      in accordance with the present invention.
PAC  EXAMPLE 4
PAR  The pH of crystalline monoammonium phosphate dissolved in deionized water
      is about 4.4. However the pH of molten monoammonium phosphate drops
      considerably as it is held for periods of time in the molten state. It is
      particularly preferred that the pH be maintained around 3.5 to avoid
      possible detrimental effects on the treated hardboard and excessive
      corrosion of equipment. This pH can readily be maintained by additions of
      crystalline diammonium phosphate to the molten monoammonium phosphate.
      Table 2 illustrates control of molten monoammonium phosphate pH useable in
      the present method by various additions of diammonium phosphate. In all
      instances the starting phosphate materials were placed into glass beakers
      and heated at 425.degree.F until the chemicals became molten. A
      temperature of 425.degree.F was then maintained throughout. At 1 hour
      periods, pH readings were made. In the series where diammonium phosphate
      was added, the additions were made every hour, just after the pH reading
      was taken. Representative results are set forth in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

                                      pH of MAP*                               

     Time at  pH of MAP*  Amount of   with added                               

     400.degree.F+                                                             

              Control     DAP** Added DAP**                                    

     ______________________________________                                    

     1 hour   3.28        9.0%        3.60                                     

     2 hours  2.60        8.3         4.00                                     

     3 hours  2.40        7.7         4.61                                     

     4 hours  2.21        7.0         5.10                                     

     5 hours  2.08        6.7         5.20                                     

     6 hours  2.01        6.3         5.35                                     

     21 hours 2.00        none***     5.40                                     

     22 hours 1.80        6.0         2.50                                     

     23 hours 1.80        5.5         2.91                                     

     ______________________________________                                    

       *Monoammonium phosphate                                                 

       **Diammonium phosphate                                                  

      ***left overnight at 425.degree.F with no addition of DAP.               

PAR  While the present invention has been described and exemplified with respect
      to certain embodiments, it is not to be considered limited thereto; and it
      is understood that variations and modifications thereto, obvious to those
      skilled in the art, may be made without departing from the spirit or scope
      of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for imparting fire resistance to wood articles within a period
      of 3 minutes which comprises immersing the wood article in molten ammonium
      phosphate substantially free of water under a pressure of at least about
      10 p.s.i.g.
NUM  2.
PAR  2. The method of claim 1 in which the ammonium phosphate is selected from
      the group consisting of monoammonium phosphate, diammonium phosphate and
      mixtures thereof.
NUM  3.
PAR  3. The method of claim 1 in which the molten phosphate is maintained at a
      pH of about 1.5-6.
NUM  4.
PAR  4. The method of claim 1 in which the molten phosphate is monoammonium
      phosphate; and the molten phosphate is maintained at a pH of about 1.5-6
      by the addition of diammonium phosphate.
NUM  5.
PAR  5. The method of claim 3 in which the pH is about 3-4.
NUM  6.
PAR  6. The method of claim 1 in which the pressure is about 10-100 p.s.i.g.
NUM  7.
PAR  7. The method of claim 1 including the steps of removing the wood article
      from the molten salt and washing the surface with water.
NUM  8.
PAR  8. A method for imparting fire resistance to hardboard within a period of
      three minutes which comprises immersing the hardboard in a molten ammonium
      phosphate salt bath substantially free of water; subjecting the immersed
      hardboard to a pressure of at least 10 p.s.i.g.; removing the hardboard
      from the molten salt bath; and washing the treated hardboard with water.
NUM  9.
PAR  9. The method of claim 8 in which the treated hardboard is dipped in water
      and then allowed to air dry.
NUM  10.
PAR  10. The method of claim 8 in which the molten salt is selected from the
      group consisting of monoammonium phosphate, diammonium phosphate and
      mixtures thereof.
NUM  11.
PAR  11. The method of claim 8 in which the pH is about 1.5-6.
NUM  12.
PAR  12. The method of claim 11 in which the pH is about 3.5.
NUM  13.
PAR  13. The method of claim 8 in which the pressure is about 10-100 p.s.i.g.
NUM  14.
PAR  14. The method of claim 8 in which the pressure is about 60-80 p.s.i.g.
NUM  15.
PAR  15. The method of claim 1, wherein the initial temperature of said molten
      ammonium phosphate is in the range of about 380.degree.-400.degree. F.
NUM  16.
PAR  16. The method of claim 8, wherein the initial temperature of said molten
      ammonium phosphate salt is in the range of about 380.degree.-400.degree.
      F.
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ABST
PAL  A sizing for glass fibers, comprising water dispersible epoxy resin,
      polyvinyl acetate copolymer, vinyl ethylene copolymer, an organosilane,
      wax, lubricant, and a fluid silicone emulsion is provided, whereby the
      sized fibers in the form of strands, possess excellent integrity and
      whiteness in color when incorporated into a resinous matrix.
PARN
PAR  This is a continuation of application Ser. No. 81,157, filed Oct. 15, 1970,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to glass structures such as glass fibers in which
      the surface characteristics of the galass structure have been modified to
      enable the glass fibers, in strand form, to be chopped without losing
      their integrity, while possessing other favorable characteristics. Some of
      the other favorable characteristics possessed by the chopped strands
      include: flowability of the chopped strands during processing, mixing,
      handling, conveying and molding within a resinous matrix; low bulk
      density; heat resistance; lightness of color; and the chopped strands
      import high impact strengths to resinous matrices due to a strong bonding
      relationship between the sized chopped strands and the resinous materials,
      whether thermoset or thermoplastic materials.
PAR  Difficulties in the establishment of a chopped glass strand that possesses
      integrity during processing, flowability during processing, lightness in
      color and which imparts high impact strengths to the resinous matrices are
      well known in the art.
PAR  From the time of formation of glass fibers to the more distant point in
      time of their incorporation into a resin matrix to reinforce the same,
      many processing operations will have had to be carried out. Immediately
      after the glass fibers are formed and traveling at linear speeds in excess
      of 10,000 feet per minute a protective coating is applied to the glass
      fibers to prevent mutual abrasion. Subsequently the sized fibers are
      gathered onto a rotating collection package or routed directly to a
      chopping apparatus where the glass strands are chopped into lengths
      ranging from about 1/8 to about 2 inches, or even longer lengths.
PAR  When the strands are gathered onto a package it is preferable to dry the
      package prior to positioning the package on a creel with numerous other
      packages, in order to form a roving which is collected on a roving doff.
      When the strands are fed directly to the chopper, the drying may be prior
      to or subsequent to chopping. When the strands are dried prior to being
      chopped a less integral strand results whereas when the strands are dried
      subsequent to chopping a highly integral strand results. Because of the
      differences in integrity the amount of solids of the sizing on the glass
      fibers may be adjusted accordingly to compensate therefor. Subsequent to
      chopping, the chopped strands may be either packaged for a later use or be
      combined and mixed with a resinous material to form a premix which is used
      as a molding compound. Finally the molding compound may be either packaged
      for subsequent use or may be immediately used in a molding operation to
      form reinforced articles.
PAR  The treatment applied to the glass fibers at forming must be
      multifunctional for the purposes of this invention. It must be capable of
      protecting the individual fibers from mutual abrasion especially when the
      fibers in the form of a strand, are combined to form a roving and the
      roving is subsequently wound onto a collection package. The treatment must
      also be capable of maintaining the glass strands making up the body of the
      roving in an integral unit before, during, and after chopping, so that
      during handling, conveying, mixing, and molding, the chopped strands have
      flowability and are further capable of a strong bonding relationship with
      a resinous matrix that is to be reinforced.
PAR  Difficulties in the establishment of a strong and permanent bonding
      relationship between the surfaces of glass fibers and a resinous material
      have in general become well known in the art. Because of the nonporous
      character of glass fibers, as distinguished from a high degree of porosity
      available in natural fibers such as the fibers of cellulose, wool, cotton,
      hemp and the like, penetration of resinous materials into the fibers is
      not available for use in establishing a bonding relationship between such
      glass fibers in a resinous material. Because glass fibers naturally form
      into elongate rods having very smooth surfaces, as distinguished from the
      rough surface characteristics of natural fibers, a gripping relationship
      or a mechanical bonding is difficult to establish between resinous
      materials and the untreated glass fiber surfaces. Thus a physical
      anchorage of the type relied upon chiefly for the establishment of a
      bonding relationship between natural fibers and resinous materials is not
      capable of being developed with glass fibers. Glass fibers may be etched
      or roughened to present a surface of some porosity but desirable strength
      characteristics of the glass surfaces are simultaneously lost.
PAR  In the absence of the ability to make use of physical forces in bonding, it
      becomes necessary to rely upon the development of a relationship requiring
      chemical bonding or physical-chemical forces based upon molecular or ionic
      attraction and the like. With synthetic resinous fibers e.g. nylon,
      polyester, etc. a strong bonding relationship can be developed with the
      smooth surfaces because such fibrous materials are resinophilic in
      character and therefore preferentially receptive to resinous treating
      materials. In addition, the resinous materials, of which the fibers are
      formed, have the ability of being softened by heat or solvent in a manner
      to enable the development of a desired bonding relationship with the
      applied treating material. Such chemical forces resulting from the
      softening of the synthetic fiber surfaces are not available with glass
      fibers because the glass fibers are inert to heat solvents and because the
      glass fiber surfaces are dominated by groups that are hydrophilic in
      character and therefore receive moisture in preference to resinous
      materials. As as result, only a weak bonding relationship is capable of
      being established in the first instance and even this limited bonding is
      reduced in the presence of moisture or high humidity sufficient to cause a
      moisture film to form and separate the resinous coating from the glass
      fiber surfaces with a moisture interface.
PAR  When a strong bonding relationship cannot be established between glass
      fibers and a resinous material used in combination therewith, maximum
      utilization of the strength properties of the glass fibers connott be made
      available in the products that are formed. Even where a fair bonding
      relationship between glass and resin can be established under extremely
      dry conditions, the strength properties of the glass fiber reinforced
      plastic composite depreciates greatly under high humidity conditions or in
      the presence of moisture.
PAR  When glass fibers are formed into strands, containing many fibers, and the
      strands are subsequently chopped into lengths of preferably from about 1/8
      inch to about 1 inch it is desirable to have the chopped strands possess
      integrity. That is, after chopping it is desired to have a strand in a
      rod-like manner without the many fibers making up the strand separating
      from the rod-like structure. The desirability of this rod-like structure
      is important when a resinous matrix is to be reinforced with glass fibers
      to improve strength and other characteristics. Another desirable
      characteristic of the chopped strands of this invention is that they have
      a high degree of flowability during processing, especially within the
      resinous matrix that is to be reinforced so that the chopped strands have
      a uniform dispersement within the matrix and not be heavily grouped in one
      local concentration and void of chopped strand in another concentration.
      Still another desirable characteristic of the chopped strands of this
      invention is that they possess a high degree and uniform quality of
      whiteness, so that when the strands are incorporated into a resinous
      matrix, there is substantially no fiber prominence, i.e. it is difficult
      to determine visually and physically, such as by touch, that the resinous
      matrix is reinforced with glass fibers.
PAR  Difficulties in the establishment of a reinforced article having little or
      no fiber prominence have in general become well known in the art. Fiber
      prominence may be attributed to discoloration of the treatment on the
      fiber when compared to the color of the resin matrix that is reinforced
      and may also be attributed to the physical surfacing of the fiber to the
      resin surface. Fiber prominence is an undesirable characteristic in
      reinforced articles especially glass reinforced articles. It is thought
      that the discoloration of the fibers occurs during the curing of the
      reinforced article. Many reinforced articles do not have pigment
      coloration therein and for this reason, in the past, undesirable fiber
      prominence characteristics have been a problem.
PAR  It is therefore an object of this invention to produce a treatment for
      glass fibers and to produce glass fibers treated with a material to enable
      the glass fibers, in strand form to be formed into a roving and
      subsequently chopped wherein the chopped strands maintain integrity during
      further processing.
PAR  It is another object of the invention to provide a new and improved coating
      for glass fibers so that the coated fibers when gathered into a strand,
      chopped, and subsequently used as a chopped reinforcement in resinous
      matrices, remain flexible and substantially insoluble in the matrices.
PAR  It is yet another object to produce glass fibers, which when incorporated
      with a resinous matrix, exhibits substantially no fiber prominence within
      the matrix.
PAR  It is yet another object to produce glass fibers, which when chopped,
      possess good flowability characteristics during processing.
PAR  It is still another object to produce glass fibers, which when incorporated
      in a resinous matrix, exhibits a strong bonding relationship with the
      matrix.
PAR  Further objects and advantages of the invention will become apparent to
      those skilled in the art to which the invention relates from the following
      description.
PAR  Processability of the glass strands becomes extremely important during the
      introduction of the treated strands to the chopper. It is desirable to
      obtain chopped strands of uniform length, but this becomes difficult when
      the chopper becomes clogged with previously chopped fibers. Static forces
      are set up on chopping and must be combated.
PAR  A lack of strand integrity during processing is more than a problem. It is
      detrimental to the uniform distribution of chopped strands within a
      resinous matrix because the strands conglomerate or clump together. When a
      thermosetting matrix is to be reinforced, a premix, comprising the chopped
      strands in the resin, is formed. When a thermoplastic matrix is to be
      reinforced, the chopped strands and resin are introduced into an injection
      molding machine as a dried blend via vibration. If filamentation of the
      chopped strands occurs, the strands will tend to stick together through
      physical forces or static forces, and cause a non-uniform distribution of
      the strands into the matirx, or a non-uniform distribution of the strands
      into the injection molding machine.
PAR  The degree of integrity possessed by the chopped strands becomes extremely
      important when the strands are incorporated with a resinous matrix. During
      the incorporation it is desirable to obtain some filamentation of the
      strand sufficient to increase the surface area of available reinforcement,
      but insufficient to be incapable of actual reinforcement. It has been
      found that when the strands have no degree of filamentation upon
      incorporation with a resinous material, strengths of the composite are
      low. The same phenomenon is present when there is no integrity of the
      chopped strand after incorporation of the strand with the resinous matrix.
      Therefore, a compromise between a highly integrated strand and a highly
      filamentized strand must be reached.
PAR  Chemical as well as physical forces contribute to the degree of
      filamentation of the treated strand, after incorporation into a resinous
      matrix.
PAR  The inventive treatment, hereinafter described in greater detail provides
      all of the advantages as above described.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention it has been discovered that impact
      strengths of resinous matrices reinforced by short lengths of glass fibers
      are greatly increased if the short length of fibers are in the form of a
      strand having some degree of filamentation, rather than dispersed
      throughout the resin as individual filaments or small groups of filaments.
      The inventive treatment which bonds the fibers together into a strand is
      of low or intermediate molecular weight, so that it is flexible, but is
      cross-linked to a relatively insoluble degree and capable of holding the
      fibers together in the form of a strand during processing. Residual
      reactivity of the treatment provides a controlled bonding between the
      treatment on the strands and the matrix resin.
PAR  According to the invention the film formers within the treatment are
      capable of partial reaction during the fiber forming operation to form an
      integral strand and they are capable of further reaction when incorporated
      in a resinous matrix, to provide a controlled degree of attachment between
      the surface of the fibers and the matrix resin. The coating on the fibers
      is generally immobile or in a solid state, and the degree of bonding which
      is achieved between the strand coating and the matrix resin is a limited
      or controlled one, which allows the bond between the strand and the matrix
      resin to yield under a concentrated load, such as occurs during impact.
      Concentrated loads cause some of these bonds to be broken to allow the
      strand to move. It appears that some degree of filamentation of the
      treated strand is necessary upon incorporation of the strand with the
      resin matrix so that a synergistic system is developed.
PAR  In a preferred form of the invention, a plurality of individual glass
      fibers are coated at forming with a water dispersion comprising a low or
      intermediate molecular weight polyvinyl acetate copolymer, vinyl ethylene
      copolymer, a water soluble epoxy resin, wax, lubricant, fluid silicone
      emulsion, and an organosilane. After the individual fibers are coated with
      the dispersion, they are gathered together into a strand and collected on
      a package and dried at a temperature which causes the coating to set up
      sufficiently, so that it is flexible but substantially insoluble in a
      solution of matrix resin. The matrix resin may be a styrene solution of a
      cross-linking polyester resin, or may be an organic solution of some other
      unsaturate such as polypropylene, polyethylene, or polystyrene. When the
      coated strand is mixed with the matrix resin and the composite or laminate
      is heated at a temperature above the drying temperature employed at
      forming, a polymerization of the matrix resin is produced, and a limited
      number of bonds are formed between the surface of the strand coating and
      the matrix resin. The coated strands remain white and do not discolor,
      thereby substantially eliminating fiber prominence. The limited number of
      bonds between the solid coating material and the matrix resin becomes
      sequentially broken when subjected to concentrated loads, to allow a
      yielding of the matrix resin relative to the strand, and a consequent
      redistribution of the load over a number of strands. In addition, the
      coated strands are "locked" into the resin matrix mechanically upon
      polymerization of the resin matrix. A considerable improvement in impact
      strength is thereby produced.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE I
PAR  A sizing composition comprising an aqueous dispersion of the following
      materials is prepared as follows:
TBL                              Percent                                       

                                 by                                            

     Material                    Weight                                        

     ______________________________________                                    

     Water soluble epoxy         1.50                                          

     Polyvinyl acetate, N-methylolacrylamide copolymer                         

                                 3.85                                          

     Vinyl acetate ethylene copolymer emulsified                               

                                 3.85                                          

     particles stabilized with acetylated                                      

     polyvinyl alcohol                                                         

     Gamma-methacryloxypropyltrimethoxysilane                                  

                                 0.10                                          

     Glacial acetic acid         0.30                                          

     Wax                         0.10                                          

     Lubricant                   0.30                                          

     Paintable fluid silicone emulsion                                         

                                 0.50                                          

     Deionized water             Balance                                       

     ______________________________________                                    

PAR  The pH of the sizing composition ranges from about 4.0 to about 5.0. The
      solids of the composition ranges from approximately 6.0 to 7.0 and the
      solids on the coated strand are approximately 1.0 to 2.0 percent.
PAC  EXAMPLE II
PAR  An aqueous dispersion is made of the following materials:
TBL  Material                  Percent by Weight                               

     __________________________________________________________________________

     Water soluble epoxy       0.5 - 3.0                                       

     Polyvinyl acetate, N-methylolacrylamide copolymer                         

                               2.0 - 5.0                                       

     Vinyl acetate ethylene copolymer emulsified                               

                               2.0 - 5.0                                       

     particles stabilized with acetylated                                      

     polyvinyl alcohol                                                         

     Gamma-methacryloxypropyltrimethoxysilane                                  

                               0.01- 5.0                                       

     Glacial acetic acid       0.1 - 1.0                                       

     Wax                       0.1 - 1.5                                       

     Lubricant                 0.1 - 1.5                                       

     Paintable fluid silicone emulsion                                         

                               0.1 - 5.0                                       

     Deionized water           Balance                                         

     __________________________________________________________________________

PAR  The pH of the dispersion ranges from about 4.0 to about 5.0. The solids of
      the dispersion falls within a range of from 6.0 to 7.0 and the solids on
      the coated strand range from approximately 1.0 to 2.0 percent. The
      materials were mixed together by combining acetic acid with the water
      soluble epoxy, and mixing thoroughly. To dissolve the water soluble
      epoxy-acetic acid mixture, cool deionized water (60.degree. to
      80.degree.F.) was slowly added to the mixture with thorough and vigorous
      agitation. The resin thickened upon the addition of water. This resin
      mixture inverts similarly to resin emulsions, therefore the inversion
      point is approached slowly. Upon inversion, an additional gallon of water
      is added, and agitated for approximately 10 minutes and further diluted
      with approximately 40 gallons of unheated water. Subsequently the
      polyvinyl acetate copolymer and the vinyl ethylene copolymer are added to
      the mix. Separately, a silane premix is prepared by metering approximately
      20 gallons of cool deionized water into a premix kettle with the agitator
      turned on, and approximately half of the acetic acid requirement is added
      thereto. The organosilane is slowly added to the turbulent water. This
      premix is agitated for approximately 10 minutes and checked for clarity.
      Subsequently this silane premix is added to the above mixture along with
      the wax and lubricant and paintable silicone emulsion. Additional water is
      added to bring the mixture to the desired solids of from about 4.0 to 8.0.
PAR  The water soluble epoxy hereinabove mentioned is prepared by dissolving
      approximately 805 parts by weight of the general type of epoxide indicated
      by the following structure having an n of about 3.6,
      ##SPC1##
PAL  with 345 parts by weight of xylene in a 2 liter Kimax reactor kettle having
      a motor driven agitator therein and surrounded by a Glas Col heated mantle
      controlled by a Variac. The vessel is suitably closed off, and is provided
      with a reflux condenser to prevent the escape of solvents and/or
      reactants. The mixture is heated to 105.degree.C. with stirring to
      thoroughly dissolve the resin and thereafter the temperature is raised to
      120.degree.C. and approximately 65 parts by weight diethanol amine is
      added slowly with continuous mixing. The products are held at
      approximately 120.degree.C. for approximately 1 hour to provide ample time
      to react all of the amine. The material produced by the above reaction is
      essentially that as follows, and contains a preponderance of molecules
      having a single terminal solubilizing group at one end.
      ##SPC2##
PAR  Thereafter a polyglycol monoester, such as polyglycol monooleate, is added
      and reacted with the remaining oxirane groups. Approximately 400 parts by
      weight of a commercially available polyethylene glycol monooleate having a
      molecular weight of about 400 is added to the reaction kettle using about
      2.5 parts by weight of a basic catalyst (as for example potassium
      carbonate), and the mixture heated to maintain 120.degree.C. for 4 hours.
      The resulting material has an epoxy equivalent of 3,000, indicating one
      epoxy equivalent for 3,000 grams of the material. The material produced by
      the above reaction is shown by the following formula showing the
      preponderance of molecules that have terminal solubilizing groups at both
      ends of the molecule:
      ##SPC3##
PAL  wherein x=8 to 10.
PAR  The polyvinyl acetate copolymer is N-methylol acrylamide copolymer emulsion
      and it is commercially available under the designation 25-2828 from
      National Starch Company. The vinyl ethylene copolymer is an emulsion that
      is miscible with water in all proportions and it is commercially available
      under the designation AIRCOFLEX 400 from Airco Chemicals and Plastics
      Company. AIRCOFLEX 400 is an emulsion of ethylene-vinylacetate copolymer
      particles which are stabilized by a partially acetylated polyvinyl alcohol
      protective colloid. The polyvinyl alcohol is partially acetylated by
      polymerizing vinyl acetate with vinyl alcohol. The wax is a polymer of
      polyethylene glycol with an average molecular weight of 950 to 1050 and it
      is commercially available under the designation CARBOWAX 1000 from Union
      Carbide Corporation. The lubricant is a slightly anionic blended product,
      containing an amide/ester antistat, non-ionic emulsifier, and mineral oil,
      commercially available under the designation TWITCHELL 7440 from Emery
      Industries, Inc. The paintable silicone fluid emulsion is commercially
      available under the designation SM 2050 from General Electric Company.
PAR  816 continuous filament glass fibers of approximately 0.00035 to 0.00055
      inches in diameter were produced by attenuating molten streams of glass at
      a rate of approximately 10,000 feet per minute. The glass fibers,
      immediately after solidification, were pulled over a graphite applicator
      that was flooded with the aqueous dispersion given above. The coated
      fibers were brought together into a strand by a gathering device, and the
      strand was then wound on a rotating drum mounted on a revolving spindle
      which pulled the fibers at a rate of approximately 10,000 feet per minute.
      A suitable traverse mechanism moved the strand back and forth across the
      drum to produce a coiled package approximately 12 inches wide, with an
      inside diameter of approximately 8 inches, an outside diameter of
      approximately 12 inches, and tapered sides. The package was removed from
      the spindle and dried in an oven at a temperature of about 265.degree.F.
      Thereafter the strand was unwound from the package combined with a
      plurality of strands from other packages to form a roving. The roving was
      then gathered onto a package for subsequent use. Alternately, the strands
      from the packages may be fed directly to a chopping machine and chopped
      into uniform short lengths.
PAR  According to the invention, glass fibers, used as a reinforcement in a
      sheet molding compound, when coated with the above-described dispersion of
      Examples I and II, demonstrated excellent properties when a laminate
      formed therefrom was compared against competitive laminates. Following is
      a table showing the comparison.
TBL                TABLE                                                       

     ______________________________________                                    

     LAMINATE APPEARANCE RATING                                                

     Laminate                                                                  

             Fiber                        Overall                              

     Identity                                                                  

             Prominence Visual   Micro-Inch                                    

                                          Rating                               

     ______________________________________                                    

     A       1          1        128      1                                    

     B       2          2        200      2                                    

     C       4          4        221      4                                    

     D       2          1        134      1.5                                  

     ______________________________________                                    

PAR  Fiber prominence as used for the comparison is defined as the intensity or
      conspicuousness of the strand in the resin matrix. The rating of the
      laminates is as follows: 1.0 -- excellent, 2.0 -- good, 3.0 -- fair and
      4.0 -- poor.
PAR  To further explain the ratings in the above table, the laminates reinforced
      with glass fibers having the inventive treatment thereon show
      substantially no fiber prominence and were of uniform color, whereas
      laminates reinforced with glass fibers having competitive treatments
      thereon show a good deal of fiber prominence, i.e. the reinforcement
      appeared brown in color within a white resinous matrix.
PAR  All of the laminates contained 30 percent by weight of glass fibers.
      Laminate A had the inventive treatment thereon, whereas laminates B, C and
      D had competitive treatments thereon.
PAR  A sheet molding compound is formed in a continuous manner by applying a
      layer of a resin-filler mixture or paste that contains a curing catalyst
      onto the surface of sheet material, as for example a polyethylene film.
      Glass fibers, preferably in uniformly chopped lengths, which have
      previously been treated with the aqueous dispersion of Example I and
      Example II, are laid on top of the layer of resin-filler paste, and
      another layer of resin-filler paste containing the catalyst is deposited
      over the glass fibers. Thereafter, a second layer of sheet material, as
      for example a polyethylene film is positioned against the second applied
      layer of resin-filler paste, and the composite sandwich is compressed
      together preferably by means of a pair of rolls. The rolling action forces
      the resin-filler paste through the layer of fibers in a manner squeezing
      out most of the air entrained by the fibers. Therafter a plurality of
      needle-like members are forced through at least one layer of the sheet
      material downwardly through the resin-filler paste into the layer of
      fibers to form openings for the removal of entrapped air. Further
      compaction of the composite squeezes out the entrapped air and causes the
      resin-filler paste to fill in the openings formed by the needle-like
      members.
PAR  Also in the preferred embodiments, an alkaline earth metal oxide and/or
      hydroxide and a curing agent are incorporated into the mixture forming the
      resin-filler paste. The alkaline earth metal oxide produces a gelling
      action of the resin-filler paste without the application of heat. The
      polyethylene sheets allow the composite sandwich to be handled or coiled
      into a roll without sticking together. This sandwich later hardens into a
      pliable nontacky state upon aging. The layers of polyethylene can be
      removed from the aged glass fiber containing sheet of molding compound,
      and the sheet of molding compound can thereafter be physically handled in
      conventional molding operations using heat and pressure to form the
      finished molded article.
PAR  The process for forming a sheet molding compound and the sheet molding
      compound are more fully described in application Ser. No. 741,677, filed
      July 1, 1968 now abandoned.
PAR  The resin-filler paste which forms the matrix of a sheet molding compound
      is made of the following materials:
TBL  Materials              Desirable                                          

                                     Preferred                                 

                            % by     % by                                      

                            Weight   Weight                                    

     ______________________________________                                    

     RESIN HAVING CROSSLINKABLE OLEFINIC                                       

     DOUBLE BONDS           25 - 95                                            

     1 mol phthalic anhydride, 1 mol 42.7                                      

     maleic anhydride, 2 mols propylene                                        

     glycol cooked to an acid number                                           

     of 30-35                                                                  

     CATALYST FOR CROSSLINKING DOUBLE BONDS                                    

                            0.1 - 5                                            

     Dicumyl peroxide                0.85                                      

     2, 5-dimethyl hexyl-2,5-di      0.09                                      

     (peroxybenzoate)                                                          

     MOLD RELEASE AGENT     0 - 5                                              

     Zinc Stearate                   1.71                                      

     CELLING AGENT (Alkaline Earth Metal                                       

     Oxide)                 0.2 - 10                                           

     Ca(OH).sub.2                    1.28                                      

     SOLVENT                Optional                                           

     Styrene Monomer                 4.27                                      

     FILLERS                 0 -75                                             

     Resin type (microethylene)      6.4                                       

     Nonresinous filler (CaCO.sub.3) 43.7                                      

     ______________________________________                                    

PAR  The resin-filler paste is prepared by charging the resin to a Cowles type
      mixture. The 2,5-dimethyl hexyl-2,5-di (peroxybenzoate) dissolved in
      approximately half of the styrene is blended with the resin. Thereafter,
      the dicumyl peroxide and mold release agent are added. The resin type
      filler is then blended in, following which the nonresinous filler is
      likewise added and thoroughly dispersed. Immediately before the
      resin-filler paste is to be used in making the sheet molding compound, a
      slurry of the gelling agent in the other half of the styrene is added and
      mixed for approximately 3 minutes.
PAR  The sandwich thus made is stored for 2 to 7 days at room temperature,
      during which time the alkaline earth oxide reacts with acid anhydride
      radicals of the resin to gel the resin and convert it into a handleable
      sheet. This sheet is prepared for molding by cutting sections for the
      roll, which sections contain the desired amount of material. The
      polyethylene sheets are stripped therefrom and the molding compound is
      placed into the cavity of matched dies. The matched dies are brought
      together to cause the molding compound to be displaced throughout the
      cavity, and the compound is cured in the cavity at a temperature of
      approximately 300.degree.F. for 1 to 2 minutes. A completely acceptable
      glass fiber reinforced molded article is thus produced in which the
      molding compound is firmly bonded to the glass fibers.
PAR  Another resin-filler paste which forms the matrix of a sheet molding
      compound is made of the following materials:
TBL  Materials         Desirable %                                             

                                  Preferred %                                  

                       by Weight  by Weight                                    

     ______________________________________                                    

     Propylene maleate unsaturated                                             

     polyester resin   10 - 70    25.8                                         

     Methylmethacrylate copolymer                                              

     dissolved in styrene                                                      

                        0 - 70    17.1                                         

     Calcium carbonate filler (1)                                              

                        0 - 70    10.9                                         

     Calcium carbonate filler (2)                                              

                        0 - 70    43.5                                         

     Tertiary butyl perbenzoate                                                

                       0.25 - 1.0 0.42                                         

     Zinc stearate     0.25 - 3.0 0.99                                         

     Magnesium hydroxide                                                       

                       0.40 - 3.0 1.29                                         

     ______________________________________                                    

PAR  The propylene maleate unsaturated polyester resin is commercially available
      under the trade designation, "P-340" from the Rohm-Haas Company. The
      methylmethacrylate copolymer dissolved in styrene is commercially
      available under the trade designation, "P-681" from the Rohm-Hass Company.
      The calcium carbonate filler (1) and filler (2) are commercially available
      under the trade designation "Suspenso" and "Camelwite" respectively.
PAR  When glass fibers, treated in accordance with the inventive concept, are
      incorporated, preferably in chopped form, into the above sheet molding
      composition, substantially no fiber prominence, either visual or physical
      is present. Furthermore, the treated glass fibers do not disturb the low
      sink (profile) or low shrinkage characteristics of the sheet molding
      compound. In fact, the low shrink sheet molding compound above-described,
      when containing glass fibers treated with the inventive composition,
      exhibits the best overall properties, especially low shrinkage so that no
      depressions are discernable over ribbed sections used to further
      strengthen laminates as compared to glass fibers treated with known
      conventional sizings or compositions.
CLMS
STM  We claim:
NUM  1.
PAR  1. Glass fiber strands having from approximately 1 to 2 percent by weight
      of a dried coating of a sizing composition comprising in percent by
      weight:
TBL  Materials               % by Weight                                       

     ______________________________________                                    

     Water soluble resin mixture given below                                   

                             1.50                                              

     Vinyl acetate, N-methylol-                                                

                             3.85                                              

     acrylamide copolymer emulsion                                             

     Ethylene-vinyl acetate  3.85                                              

     copolymer emulsified                                                      

     particles stabilized by                                                   

     a partially acetylated                                                    

     polyvinyl alcohol protective                                              

     colloid                                                                   

     Gamma-methacryloxypropyl-                                                 

                             0.10                                              

     trimethoxysilane                                                          

     Glacial acetic acid     0.30                                              

     Wax                     0.10                                              

     Lubricant               0.30                                              

     Paintable fluid silicone                                                  

                             0.50                                              

     emulsion                                                                  

     Deionized water         Balance                                           

     ______________________________________                                    

PAL  said water soluble resin mixture being the reaction product of 1 mol of a
      diepoxy with 1 mol of diethanolamine and 1 mol of a polyglycol monoester
      with the preponderance of the diepoxy molecules having one diethanolamine
      molecule reacted with one oxirane group thereof and one polyglycol
      monoester molecule reacted with the other oxirane group thereof.
NUM  2.
PAR  2. The glass fiber strands as claimed in claim 1, wherein the strands are
      of a length of from about 1/8 inch to about 2 inches.
NUM  3.
PAR  3. The glass fiber strands as claimed in claim 1, wherein the strands are
      in the form of a roving.
NUM  4.
PAR  4. Glass fiber strands having from approximately 1 to 2 percent by weight
      of a dried coating of a sizing composition comprising in percent by
      weight:
TBL  Materials               % By Weight                                       

     ______________________________________                                    

     Water soluble resin mixture given below                                   

                             0.5 - 3.0                                         

     Vinyl acetate, N-methylol-                                                

                             2.0 - 5.0                                         

     acrylamide copolymer emulsion                                             

     Ethylene-vinyl acetate  2.0 - 5.0                                         

     copolymer emulsified                                                      

     particles stabilized by                                                   

     a partially acetylated                                                    

     polyvinyl alcohol protective                                              

     colloid                                                                   

     Gamma-methacryloxypropyl-                                                 

                             .01 - 5.0                                         

     trimethoxysilane                                                          

     Glacial acetic acid     0.1 - 1.0                                         

     Wax                     0.1 - 1.5                                         

     Lubricant               0.1 - 1.5                                         

     Paintable fluid silicone                                                  

                             0.1 - 5.0                                         

     emulsion                                                                  

     Deionized water         Balance                                           

     ______________________________________                                    

PAL  said water soluble resin mixture being the reaction product of 1 mol of a
      diepoxy with 1 mol of diethanolamine and 1 mol of a polyglycol monoester
      with the preponderance of the diepoxy molecules having one diethanolamine
      molecule reacted with one oxirane group thereof and one polyglycol
      monoester molecule reacted with the other oxirane group thereof.
NUM  5.
PAR  5. The glass fiber strands as claimed in claim 4, wherein the strands are
      of a length of from about 1/8 inch to about 2 inches.
NUM  6.
PAR  6. The glass fiber strands as claimed in claim 4, wherein the strands are
      in the form of a roving.
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ABST
PAL  A method of electroless plating together with electroless plating solutions
      for plating the substrate of a transition metal capable of forming metal
      peroxides such as molybdenum or tungsten with a layer of metal plate such
      as chromium, cobalt, nickel or rhodium. The plating process features an
      oxidation and reduction reaction in which unstable surface oxides on the
      substrate of the transition metal are replaced by the desired metal plate.
      The method of the invention provides an oxygen impervious plate which
      protects against oxidation of the metal substrate and eliminates oxide
      migration as well as providing an improved metal-to-metal plate bond.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electroless plating on a metal substrate to
      remove and inhibit surface oxides and in particular to a plating process
      for controlling oxides during the plating of transition metals such as
      molybdenum and tungsten.
PAC  BACKGROUND OF THE INVENTION
PAR  Transition metals such as molybdenum and tungsten and generally the metals
      in transition group VI of the periodic table of elements have important
      applications in sophisticated areas of modern technology such as high
      speed impeller blades in turbines and aircraft engines operating at high
      temperatures and in miniature electrical components. Because these metals
      will form surface oxides at room or elevated temperatures and because the
      oxides can impair the use of articles formed of these metals, it has often
      been necessary to encapsulate or coat such metals with a protective metal
      plate.
PAR  Techniques are known for plating these transition metals, but the provision
      of a protective metal plate is complicated by the chemically stable but
      physically unstable state of some of the metal oxides and the tendency of
      some of these chemically stable oxides to migrate to the surface if they
      remain in the interface between the transition metal and the metal plate.
      The migration of the oxides promotes further oxidation of the transition
      metal substrate and deterioration of the surface qualities of the plate
      layer as by a loss of surface smoothness or separation of the protective
      plate from the metal substrate. A failure of vital components formed of
      the plated transition metal may thereby ultimately occur.
PAR  One prior art method for coating molybdenum is disclosed in U.S. Pat. No.
      3,386,896 and seeks to protect the molybdenum with a gold layer. An
      initial, thin gold strike is electroplated on hydrated molybdenum oxides
      followed by a subsequent reduction of the molybdenum oxides with hydrogen
      in a furnace at elevated temperatures to drive off the oxygen. Finally, a
      thicker gold layer is plated onto the initial layer to encapsulate the
      molybdenum against further oxidation. The process employs a sequential
      series of reaction processes that require a separate reduction of
      molybdenum oxides after the initial formation of a thin, electroplated
      gold strike and resultant exposure of the thinly plated molybdenum to the
      atmosphere and possible oxidation between steps.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred form of the present invention, transition
      metals that form metal peroxides, such as molybdenum and tungsten, are
      plated in a single reaction process that provides for the replacement of
      physically unstable surface oxides and the electroless deposition of a
      protective metal plate. The electroless plating reaction may be performed
      to provide oxidation and reduction reactions in a single solution which
      results in the conversion of surface oxides to a chemically stable
      peroxide form, and the replacement of the peroxides by atoms of the
      desired metal on the metal substrate. To the extent the reaction has not
      gone to completion because of insufficient time for the reaction or
      availability of reagents, metal oxides will appear in the peroxide form
      which does not exhibit the difficulties of the physically unstable oxides
      such as migration and promoting further oxidations. Such peroxides may be
      conveniently eliminated by an optional heat treatment without the need for
      further plating.
PAR  The reaction mechanism believed responsible for the elimination of unstable
      oxides and deposition of a protective metal plate is initiated with the
      hydrolysis of physically unstable molybdenum trioxides (MoO.sub.3) to
      molybdenum hydrates (MoO.sub.4 H.sub.2). The molybdenum hydrates on the
      surface of the molybdenum are oxidized with a peroxide to peroxymolybdates
      (MoO.sub.5 H.sub.2 and MoO.sub.6 H.sub.2) whose oxidation is coupled with
      the reduction of a metallic ion to provide a metal plate directly on the
      molybdenum. The reduction of the metallic ion by the peroxymolybdates may
      be simultaneous as where a single solution of metallic ions and peroxide
      is employed or sequential as where the molybdenum substrate is first
      treated with an oxidizing agent to form peroxymolybdates after which a
      metallic ion solution is added and reduced to a free metal plate by the
      peroxymolybdates. In either plating procedure, the reaction of
      peroxymolybdates with metal ions from a metallic ion solution on the
      surface of the molybdenum continues until all of the peroxymolybdates on
      the surface of the metal substrate are replaced or until depletion of the
      metallic ions or until other factors stop the reaction. In either plating
      procedure the unstable trioxides are controlled by their oxidation to
      peroxymolybdates that are either substantially or completely replaced by
      metal plate.
PAR  The present invention provides numerous advantages over conventional
      plating operations as the plated layer does not have to be as thick as
      required in convention operations to prevent or minimize molybdenum oxide
      (MoO.sub.3) migration and further oxidation between the molybdenum metal
      and the metal plate coating. Once the electroless plating of metallic ions
      on the metal substrate is achieved, the whole system is generally
      impervious to harmful oxidation, thereby preventing the degradation of the
      metal substrate by oxygen and separation of the plate from the substrate.
      In addition, as the oxidation and reduction steps may be carried out in a
      single in situ plating bath, there is an elimination of the possible
      formation of additional harmful oxides and the numerous processing steps
      that have heretofore been required in the plating of peroxide forming
      transitional elements in group VI of the periodic table of elements.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides for the electroless plating of transition
      metals of group VI of the periodic table of elements that form
      corresponding metal peroxides so as to prevent the formation of surface
      oxides on the transition metal substrate that would otherwise prevent a
      good metal-to-metal plate bond and result in the failure of plated
      articles. The plating process contemplates the control and elimination of
      surface oxides that have heretofore remained between the transition metal
      and plate to migrate or otherwise impair the metal-to-plate bond.
PAR  The combination of oxide migration and oxide barrier formation between the
      molybdenum and the surface plate may impair the utility of a plated
      molybdenum article so formed. The channels resulting from oxide migration
      expose the molybdenum to further oxidation. The resulting loss of surface
      smoothness impairs the high speed performance of fluid dynamic reaction
      surfaces formed of molybdenum. The same oxide regions or channels may also
      detract from the performance of the plated molybdenum for electrical
      contact in electrical applications of molybdenum components.
PAR  The process together with the plating solutions of the present invention
      may be employed to provide a plated peroxide forming transition metal of
      group VI of the periodic table of elements with the elimination of harmful
      oxides to provide a durable metal-to-metal contact between the metal plate
      and the transition metal. According to this process, the surface oxides of
      such metals are converted to metal peroxides. Such oxidation is coupled
      with the reduction of metallic ions of the solution of metallic ions to
      deposit a metal plate on the metal substrate. An illustrative example is
      shown below using molybdenum as a metal substrate in which a generalized
      plate metal (M) is to be plated. The molybdenum to be plated is generally
      plated or washed in water before plating in a solution of hydrogen
      peroxide and plate metal ions. The simultaneous oxidation of surface
      oxides to peroxymolybdates coupled with the reduction of metallic ions to
      form a tenacious metal plate is believed to occur in accordance with the
      general reaction equation:
EQU  a. MoO.sub.3 + H.sub.2 O .fwdarw. MoO.sub.4 H.sub.2 (hydrolysis)
EQU  b. MoO.sub.4 + H.sub.2 O.sub.2 .fwdarw. MoO.sub. 5 H.sub.2 + H.sub.2 O
      (yellow color)
EQU  1. MoO.sub.5 H.sub.2 + M.sup.+.sup.2 + H.sub.2 O .fwdarw. M + MoO.sub.6
      H.sub.2 + 2H.sup.+
EQU  c. MoO.sub.5 H.sub.2 + H.sub.2 O.sub.2 .fwdarw. MoO.sub.6 H.sub.2 + H.sub.2
      O (red color)
EQU  2. MoO.sub.6 H.sub.2 + M.sup.+.sup.2 + H.sub.2 O .fwdarw. M + MoO.sub.5
      H.sub.2 + O.sub.2 + 2H.sup.+
PAR  Reactions a, b and c will continue until all the oxides are converted to
      peroxymolybdates (MoO.sub.5 H.sub.2 and MoO.sub.6 H.sub.2) with these
      peroxymolybdates reacting as in competing reactions 1 and 2 to reduce the
      metallic ions of the plating solution. The reactions are typically
      concluded when the evolution of gas from the plating bath is concluded and
      the metal substrate is protected by the metallic plate. At this point the
      metal oxides have been oxidized to the peroxide form and many, if not all,
      of these have reduced the plate metal ions to atomic depositions on the
      metal substrate forming an oxygen impervious coating that prevents
      subsequent degradation of the metal-to-metal contact and metal substrate
      properties. Whatever peroxymolybdates may remain do not exhibit the
      difficulties associated with the chemically stable but physically unstable
      trioxides.
PAR  As background to the above reactions, the presence of the molybdenum
      trioxides can generally be assumed to occur naturally on the molybdenum or
      other metallic surfaces in a normal atmospheric environment by reactions
      well known in the art. If completely unoxidized, molybdenum is initially
      inserted into the peroxide oxidizing solution, the trioxide form will
      result according to the following reactions:
EQU  Mo + 2H.sub.2 O.sub.2 .fwdarw. 2H.sub.2 O + MoO.sub.2
EQU  MoO.sub.2 + H.sub.2 O.sub.2 .fwdarw. H.sub.2 O + MoO.sub.3
PAR  The existence of the peroxymolybdates (MoO.sub.5 H.sub.2 and MoO.sub.6
      H.sub.2) in reactions b and c have been verified by the oxidation of
      molybdenum with peroxide and absent the metallic salt with and without
      ammonium hydroxide which ordinarily conceals the red color of MoO.sub.6
      H.sub.2 and the yellow color of MoO.sub.5 H.sub.2 which for reference
      purposes have been included in the general plating reaction. The MoO.sub.5
      and MoO.sub.6 oxides for the plate metal reduction reaction result from
      the presence of the MoO.sub.5 H.sub.2 and MoO.sub.6 H.sub.2 peroxides via
      the reversible reactions:
EQU  MoO.sub.5 H.sub.2 .revreaction. MoO.sub.5 H.sup.- + H.sup.+ .revreaction.
      MoO.sub.5 .sup.= +  2H.sup.+
EQU  MoO.sub.6 H.sub.2 .revreaction. MoO.sub.6 H.sup.- + H.sup.+ .revreaction.
      MoO.sub.6 .sup.= +  2H.sup.+
PAR  After the oxidation-reduction reaction has occurred and the evolution of
      oxygen from the plating bath has ceased, any peroxymolybdates remaining,
      as for example from insufficient reaction time, temperature or
      concentration of plating solution, may be driven off by reduction heat
      treatment in a hydrogen atmosphere in a furnace at about 700.degree.C to
      about 1300.degree.C. This furnace treatment, in addition to eliminating
      any peroxymolybdates, is useful in alloying the plate metal with the
      molybdenum substrate to provide a more uniform transition between the
      molybdenum base metal and the metal plate.
PAR  While not forming a necessary part of the process of the present invention,
      the surface of the molybdenum metal, preferably, is initially acid etched
      in a suitable acid or combination of acids such as phosphoric and/or
      sulfuric acid primarily to degrease and clean the substrate of oils and
      other surface contaminants. Also desirable, but not necessary, the etched
      molybdenum is washed with distilled or de-ionized water or may be quenched
      with ammonium hydroxide and subsequently washed. The presence of ammonia
      in the plating bath is undesirable as the presence of ammonia or ammonium
      hydroxide in the plating bath increases the rate of solubility of
      peroxides into aqueous medium leaving the substrate metal unprotected.
      After the acid etch and washing steps, the metal is immersed in the
      desired plating solution. The plating reaction is preferably carried out
      in a system that is cooled to between 0.degree.C and 60.degree.C with
      control of exothermic reactions as the formation of metal peroxides
      generates heat coupled with the evolution of gas. Care should be exercised
      in the plating reactions as the formation of MoO.sub.6 H.sub.2 is carried
      out with the high generation of heat and oxygen which could result in an
      explosion of the reacting system. The reaction temperature may be
      controlled by any manner known in the art. A temperature of about
      10.degree.C is typical, but the process is not limited to the 0.degree.C
      to 60.degree.C range of necessity. A thermally controlled crucible or ice
      bath having the capacity to control the reaction in the 0.degree.C to
      60.degree.C range is generally sufficient to control the exothermic
      reactions.
PAR  Plating solutions of the present invention are prepared by combining a salt
      of the metal desired to be plated in an aqueous solution of about 0.1 to 3
      moles to and including supersaturated solutions. An oxidizing agent, such
      as hydrogen peroxide, is also included in the single plating solution as
      heretofore described. The metal substrate, up to about 0.1 m.sup.2 per
      liter, is introduced into this electroless plating solution and allowed to
      remain for about 1 to 60 minutes. In particular cases the time may be less
      than a minute, depending upon the conditions under which the reaction is
      carried out. The termination of the evolution of gas typically signifies
      an appropriate time to consider the reaction completed. A feature of the
      electroless plating solutions utilized in the present invention provides
      the elimination of oxides by forming peroxides of the metal substrate
      which are capable of reducing the metallic ions of the desired plating
      metal from their ionic solution to deposit on the surface of the metal
      substrate to a desired metal plate thickness.
PAR  The following examples are given in order to illustrate the process of the
      present invention without intending to limit the scope of the invention:
DETD
PAC  EXAMPLE 1
PAR  Molybdenum metal having a surface area of about 30cm.sup.2 was etched in a
      1 to 1 volume ratio of concentrated phosphoric and sulfuric acids. The
      molybdenum metal was washed in de-ionized water and quenched in diluted 10
      percent ammonium hydroxide solution. The molybdenum was washed in
      de-ionized water and then immersed in 100 mls of about 30-32 percent
      hydrogen peroxide solution to which 200 mls of a supersaturated solution
      of nickel sulfate was added to complete the plating solution. The
      supersaturated nickel sulfate solution was prepared by adding 500 grams of
      nickel sulfate per liter at 25.degree.C. The reaction between the
      molybdenum base metal and the nickel plating peroxide solution was carried
      out at room temperature for about 10 minutes with vigorous agitation of
      the plating solution at which period of time the generation of small
      bubbles significantly decreased. The molybdenum metal was removed from the
      plating solution, washed and examined under a microscope which showed a
      thin visible deposit of the nickel plate. A test for nickel on the plated
      molybdenum was positive. A cross section viewed under a microscope at 400x
      revealed the absence of the dark regions of molybdenum oxides. The deposit
      of nickel was subsequently enriched with an additional electroless nickel
      plate.
PAC  EXAMPLE 2
PAR  Chromium was electrolessly plated on molybdenum parts initially prepared as
      in Example 1 and thereafter the molybdenum parts were introduced into a
      chromium plating solution comprising 150 mls of hydrogen peroxide solution
      of 30-32 percent and 20 mls of chromic acid (CrO.sub.3) solution. The 20
      mls of chromic acid solution were taken from a stock solution of chromic
      acid prepared by adding 600 grams of CrO.sub.3 per liter of water. As the
      plating reaction progressed at room temperature, 50 mls of additional
      hydrogen peroxide was added to the continuously agitated plating solution.
      After the mixture reacted for about 15 to 20 minutes the molybdenum was
      thereafter removed and found to have a chromium plate and the absence of
      harmful oxides. Due to the violent nature of the reaction at room
      temperature, it is suggested that subsequent reactions be carried out at
      about 10.degree.C.
PAC  EXAMPLE 3
PAR  In this experiment, a nickel chromium alloy was plated by adding 20 mls of
      the nickel sulfate stock solution used in Example 1 to 20 mls of the
      chromic acid stock solution as set forth in Example 2. To this nickel
      sulfate-chromic acid solution about 150 mls of hydrogen peroxide (30-32
      percent concentration) was used as an oxidizing agent with the molybdenum
      substrate being prepared as in Example 1. The molybdenum was plated for
      about 20 minutes at about 15.degree.C while the plating solution was
      vigorously agitated after which period the evolution of gas indicated the
      completion of the reaction. The plated molybdenum was then examined under
      the microscope and the analysis of the plate and base metal showed
      deposits of nickel and chromium as peroxides.
PAC  EXAMPLE 4
PAR  In this example, cobalt plating solution was used for about the same area
      of molybdenum substrate as in Example 1 by adding 20 mls of cobalt sulfate
      stock solution to 50 mls of hydrogen peroxide (30-32 percent). The cobalt
      sulfate stock solution was prepared by adding 600 grams of cobalt sulfate
      per liter of water. The molybdenum substrate was prepared as in Example 1
      and plated at room temperature for about 20 minutes while the plating
      solution was vigorously agitated and about 30 mls of peroxide were added
      incremently during the plating reaction. After washing and drying, cobalt
      deposits were found to be even and shiny on some of the molybdenum parts.
PAC  EXAMPLE 5
PAR  In this experiment, rhodium was deposited on about the same area of
      molybdenum substrate as in Example 1 by adding 50 mls of rhodium sulfate
      stock solution to 50 mls of hydrogen peroxide (30-32 percent). The rhodium
      sulfate stock solution was prepared by adding 100 grams of rhodium sulfate
      per liter of water. The molybdenum substrate was prepared as in Example 1
      and plated at room temperature for about 20 minutes while the plating
      solution was vigorously agitated. The molybdenum showed an uneven black
      deposit of rhodium.
PAC  EXAMPLE 6
PAR  In this experiment, nickel was deposited on about 36 cm.sup.2 area of
      tungsten metal. A stock solution of nickel sulfate was prepared by adding
      500 grams of nickel sulfate per liter of water. The nickel plating
      solution was prepared by adding 200 mls of nickel sulfate stock solution
      as prepared in Example 1 to about 100 mls of hydrogen peroxide (30-32
      percent), resulting in a plating solution having a pH of 2.3. The tungsten
      base metal was prepared for plating in the same manner as the molybdenum
      metal of Example 1. The tungsten metal was initially plated at 15.degree.C
      with the temperature thereafter lowered to 12.degree.C with the plating
      reaction continuing for a total time of 5 minutes at which time the
      evolution of gas substantially ceased. The nickel plated tungsten was
      examined and found to have a bright even nickel plate. The nickel plated
      tungsten was thereafter electroplated at 3 amperes for 20 minutes to build
      a thicker deposit.
PAR  The sequence of the addition of solutions and the concentration of the
      metallic ions of the ion to be plated are generally not critical and may
      be varied in particular processes to accommodate the speed of the reaction
      desired. The preferred embodiment of the present invention is the use of
      saturated solutions bearing the metallic ion of the desired metal plate
      and immersing the metal to be plated in a combined oxidizing solution and
      metal ion solution or in the oxidizing solution before the addition of the
      solution containing the metallic ion. This sequence of addition and
      concentration of solutions allows the surface of the base metal to be
      activated to form peroxides on the metal surface for immediate reaction
      with the plating solution containing the metallic ion. Also, in the
      preferred embodiment, the plating solution is vigorously agitated during
      plating thereby particularly adapting the present invention to pumping and
      tumbler plating operations in plating large metal pieces. A furnace
      treatment after the plating reaction is also preferred to remove any
      remaining metal peroxides.
PAR  The invention and its applications are not limited to the examples of the
      preferred embodiment or examples given above. The invention would appear
      to be useful to plate other metals of the periodic table of elements which
      form peroxides that may be replaced with a desired plating solution.
PAR  It will be appreciated that modifications and substitutions of the
      solutions and process of the present invention may be implemented by those
      skilled in the art to suit particular requirements which are within the
      scope of this invention. The scope of the invention is to be limited only
      as shown in the claims below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oxidation-reduction process for electroless plating of a peroxide
      forming transition base metal selected from Group VI of the periodic table
      of elements comprising the steps of:
PA1  a. oxidizing oxides on the surface of said peroxide forming metal with
      hydrogen peroxide to produce metal peroxides of said peroxide forming
      metal; and
PA1  b. reducing in solution ions of a metal plating solution with said metal
      peroxides to deposit a protective metal plate on said peroxide forming
      metal;
PA1  c. said ions including ions selected from the group consisting of nickel,
      chromium, cobalt, rhodium or combinations thereof.
NUM  2.
PAR  2. The process of claim 1 wherein the formation of the metal peroxides and
      the reduction of said peroxides to ions of the plate metal occurs in a
      single plating solution.
NUM  3.
PAR  3. The process of claim 1 further comprising the steps of agitating the
      solution containing the ions of the plate metal during said deposit of a
      protective metal plate on said peroxide forming metal.
NUM  4.
PAR  4. The process of claim 1 further comprising the steps of alloying said
      base metal with the reduced plate metal by heating.
NUM  5.
PAR  5. The process of claim 4 wherein the heating is performed in a reducing
      atmosphere.
NUM  6.
PAR  6. The process of claim 5 wherein said reducing atmosphere is hydrogen.
NUM  7.
PAR  7. The process of claim 1 wherein said peroxide forming metal is
      molybdenum.
NUM  8.
PAR  8. The process of claim 1 wherein said peroxide forming metal is tungsten
      and wherein said metal plating solution includes metal ions selected from
      the group consisting of nickel, chromium, cobalt, rhodium or combinations
      thereof.
NUM  9.
PAR  9. A process for electroless plating of a peroxide forming transition metal
      of group VI of the periodic table of elements by eliminating physically
      unstable oxides and depositing a metal plate in an oxidation-reduction
      reaction comprising:
PA1  a. oxidizing oxides on the surface of said peroxide forming metal with
      hydrogen peroxide to form metal peroxides of said peroxide forming metal;
PA1  b. reducing metal ions of a reducible metallic ion solution with said
      corresponding transition metal peroxides, said ions including ions
      selected from the group consisting of nickel, chromium, cobalt, rhodium or
      combinations thereof;
PA1  c. depositing a metal plate from said reducible metallic ion solution on
      the surface of said peroxide forming metal; and
PA1  d. heating the placed peroxide forming metal to alloy said plate to the
      surface of said peroxide forming metal.
NUM  10.
PAR  10. The process of claim 9 wherein the steps of oxidizing oxides on the
      surface of said transition metal, reducing metal ions of a reducible
      metallic ion solution and depositing free metal are performed in a single
      plating solution.
NUM  11.
PAR  11. The process of claim 9 further comprising the steps of hydrolyzing said
      physically unstable oxides in water to form corresponding metal hydrates
      before oxidizing said hydrates to corresponding metal peroxides.
NUM  12.
PAR  12. The process of claim 9 wherein said heating is accomplished in a
      hydrogen atmosphere.
NUM  13.
PAR  13. The process of claim 9 further comprising the vigorous agitation of the
      plating solution during the deposition of a metal plate on the surface of
      said peroxide forming metal.
NUM  14.
PAR  14. The process of claim 9 wherein said transition metal of group VI is
      molybdenum.
NUM  15.
PAR  15. The process of claim 9 wherein said transition metal of group VI is
      tungten.
NUM  16.
PAR  16. A process for electroless plating of molybdenum by eliminating
      physically unstable oxides and depositing a metal plate in an
      oxidation-reduction reaction comprising the steps of:
PA1  a. oxidizing molybdenum oxides with hydrogen peroxide to form corresponding
      molybdenum peroxides;
PA1  b. reducing metal ions of a reducible metallic ion solution with said
      molybdenum peroxides, said ions including ions selected from the group
      consisting of nickel, chromium, cobalt, rhodium or combinations thereof;
PA1  c. depositing a metal plate from said metallic ion solution on said
      molybdenum; and
PA1  d. alloying said deposit of metal plate to said molybdenum by heat
      treatment of said plated molybdenum in a furnace.
NUM  17.
PAR  17. The process of claim 16 further comprising the steps of hydrolyzing
      said physically unstable oxides in water to form corresponding molybdenum
      hydrates before oxidizing said hydrates to corresponding metal peroxides.
NUM  18.
PAR  18. The process of claim 16 further comprising the agitation of said
      metallic ion solution during said deposition of metal plate on the surface
      of said molybdenum.
NUM  19.
PAR  19. The process of claim 18 wherein said agitation of said metallic ion
      solution is provided by a plate tumbling process.
NUM  20.
PAR  20. The process of claim 16 wherein the steps of oxidizing said molybdenum
      oxides and reducing metal ions of a reducible metallic ion solution is
      performed in a single plating solution.
NUM  21.
PAR  21. The process of claim 16 wherein said hydrogen peroxide is 30-32 percent
      peroxide.
NUM  22.
PAR  22. The process of claim 16 wherein said reducible metallic ion solution is
      selected from the group consisting of nickel sulfate, chromic acid, cobalt
      sulfate, rhodium sulfate or combinations thereof.
NUM  23.
PAR  23. The process of claim 16 wherein said reducible metallic ion solution is
      a supersaturated solution.
NUM  24.
PAR  24. The process of claim 16 further comprising the steps of maintaining the
      temperature of said metallic ion solution in a range of about 0.degree. to
      about 60.degree.C during the step of depositing metal plate from said
      solution.
NUM  25.
PAR  25. The process of claim 16 wherein said alloying step is performed in an
      atmosphere of hydrogen.
NUM  26.
PAR  26. A process for electroless deposition of a metal on molybdenum and
      simultaneously eliminating physically unstable oxides in an
      oxidation-reduction reaction comprising:
PA1  a. removing surface impurities to provide improved plating qualities to the
      surface of the molybdenum metal;
PA1  b. hydrolyzing the surface of the molybdenum metal in water;
PA1  c. oxidizing said hydrolyzed molybdenum metal with a solution of hydrogen
      peroxide to form molybdenum peroxides;
PA1  d. reducing a reducible metal plating solution with said molybdenum
      peroxides during which step metal plate from said reducible metal plating
      solution is deposited on the surface of said molybdenum, the metal plate
      of said metal plating solution including metals selected from the group
      consisting of nickel, chromium, cobalt, rhodium or combinations thereof;
      and
PA1  e. heating the plated molybdenum in a reducing atmosphere to alloy said
      deposition of free metal to said molybdenum.
NUM  27.
PAR  27. The process of claim 26 further comprising agitating the plating
      solution during the depositing of metal on the surface of said molybdenum.
NUM  28.
PAR  28. The process of claim 26 wherein the steps of oxidizing said hydrolyzed
      molybdenum metal and reducing a reducible metal plating solution is
      performed in a single plating solution.
NUM  29.
PAR  29. The process of claim 26 wherein said hydrogen peroxide solution is
      about 30-32 percent peroxide.
NUM  30.
PAR  30. The process of claim 26 wherein said reducible plating solution is a
      solution of at least one metal solution selected from a group consisting
      of nickel sulfate, chromic acid, cobalt sulfate, rhodium sulfate or
      mixtures thereof.
NUM  31.
PAR  31. The process of claim 26 wherein said metal plating solution is about
      0.1 mole to a supersaturated solution.
NUM  32.
PAR  32. The process of claim 26 wherein additional incremental amounts of
      hydrogen peroxide is added during the deposition of metal from said
      reducible metal plating solution on the surface of said molybdenum.
NUM  33.
PAR  33. The process of claim 26 wherein the step of removing surface impurities
      is performed by etching said molybdenum in a one to one volume ratio of
      phosphoric and sulfuric acids.
NUM  34.
PAR  34. The process of claim 26 wherein said heating is in a furnace at about
      700.degree.C to about 1300.degree.C to alloy said deposition of metal
      plate to said molybdenum.
NUM  35.
PAR  35. The process of claim 34 wherein said heating is in a hydrogen
      atmosphere.
NUM  36.
PAR  36. A process for the electroless deposition of a metal on tungsten and
      simultaneously eliminating physically unstable oxides on an
      oxidation-reduction reaction comprising the steps of:
PA1  a. oxidizing tungsten oxides with hydrogen peroxide to form corresponding
      tungsten peroxides;
PA1  b. reducing a reducible metal plating solution with said tungsten peroxides
      during which step metal plate from said metal plating solution is
      deposited on the surface of said tungsten, said metal plating solution
      including metal ions, selected from the group consisting of nickel,
      chromium, cobalt, rhodium and combinations thereof; and
PA1  c. alloying said deposit of metal plate to said tungsten by heating said
      plated tungsten in a furnace.
NUM  37.
PAR  37. The process of claim 36 further comprising the steps of agitating the
      plating solution during the deposition of metal plate on the surface of
      said tungsten.
NUM  38.
PAR  38. The process of claim 36 wherein the steps of oxidizing said tungsten
      oxides and reducing a reducible metal plating solution is performed in a
      single plating solution.
NUM  39.
PAR  39. The process of claim 36 wherein said reducible metal plating solution
      is a solution of at least one metal solution selected from a group
      consisting of nickel sulfate, chromic acid, cobalt sulfate, rhodium
      sulfate or combinations thereof.
NUM  40.
PAR  40. The process of claim 36 wherein said metal plating solution is about
      0.1 mole to a supersaturated solution.
NUM  41.
PAR  41. The process of claim 36 wherein said metal plating solution is nickel
      sulfate.
NUM  42.
PAR  42. The process of claim 36 wherein said alloying is performed in a furnace
      at about 700.degree.C to about 1300.degree.C to alloy said deposition of
      metal plate to said tungsten.
NUM  43.
PAR  43. The process of claim 42 wherein said alloying is performed in a
      hydrogen atmosphere.
NUM  44.
PAR  44. The process of claim 36 further comprising maintaining the temperature
      of said metal plating solution in a range of about 0.degree.C to about
      60.degree.C during the step of depositing metal plate from said metal
      plating solution.
NUM  45.
PAR  45. The process of claim 36 further comprising agitating said plating
      solution during the deposition of metal plate from said metal plating
      solution to the surface of said tungsten.
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ABST
PAL  There is provided a coating process, and compositions for practicing the
      process, wherein organic polymeric substrates, and especially
      polycarbonates and acrylics, are coated with a coating composition which
      is curable in a short period of time to provide the substrate with a hard,
      abrasion-resistant, mar-resistant, chemical resistant and
      acetone-resistant, strongly adhered coating. The coating composition
      employs the use of effective cure promoting amounts of a methanol and
      lower alkyl alcohol-melamine-formaldehyde partial condensate reaction
      products which are added to organopolysiloxanes made from
      methyltrialkoxysilane, wherein the organopolysiloxanes are made by a
      prescribed technique; the alkoxy groups contain one to six carbon atoms
      and the alkyl alcohol is a C.sub.2 to C.sub.4 alkyl alcohol or mixtures
      thereof. Most desirably, the organopolysiloxane is made from
      methyltriethoxysilane and the alkyl alcohol-melamine-formaldehyde partial
      condensate reaction product is an isobutylated and methylated
      melamine-formaldehyde. Clear, solid polycarbonate substrates are
      especially advantageously coated as provided herein to provide a coating
      with the above features and one which has good optical clarity.
PARN
PAR  This is a division of application Ser. No. 340,071, filed Mar. 12, 1973,
      now U.S. Pat. No. 3,868,343.
BSUM
PAC  THE INVENTION
PAR  This invention generally relates to coating compositions, and coating
      methods, for coating solid polymeric substrates for example,
      polycarbonates, acrylics, and polysulfones; more particularly, it relates
      to organopolysiloxane coating compositions having incorporated therein a
      methylated and C.sub.2 - C.sub.4 alkylated melamine-formaldehyde partial
      condensate resin in an amount sufficient to increase the rate by which the
      organopolysiloxane can be cured to a thermoset condition to provide a
      hard, strongly adhered, abrasion-resistant, mar-resistant, chemical
      resistant, and acetone-resistant coating on the polymeric substrate.
PAR  The present invention has as its object the provision of coating
      compositions, and methods for using these compositions for coating organic
      polymeric substrates, wherein the coating composition is possessed of a
      totality of desirable coating features. The coating compositions are
      capable of forming hard, strongly adhered, abrasion-resistant,
      mar-resistant, chemical resistant, and acetone-resistant coatings on
      solid, polymeric substrates, thereby making the substrates capable of
      utilization in wide areas of technology, including protective coatings,
      decorative coatings, and, especially, for example, with regard to
      polycarbonates, coatings for lenses and the like. The coating compositions
      have prolonged shelf-life stability, making it possible for them to exist
      without gellation for periods of 6 to 8 weeks and even longer; thus, in
      contrast to other coating compositions, for example coating compositions
      using gamma-aminopropyltriethoxysilane for purposes of catalyzing the
      curing rate and which have short shelf lives, the present compositions,
      with their long shelf-life stability, represent marked improvements.
      Additionally, the compositions of this invention can be cured to coatings
      having the above-described beneficial properties at an enhanced rate, thus
      increasing the efficiency of the overall coating process and, likewise,
      minimizing the consumption of natural resources required to provide the
      heat energy for curing.
PAR  The benefits of the present invention are attained by adding to prescribed
      types of hydrolyzed and partially condensed, further condensable,
      thermosettable organopolysiloxanes effective cure promoting quantities of
      an alkyl alcohol-melamine-formaldehyde reaction product, wherein the alkyl
      alcohol is methanol and a C.sub.2 to C.sub.4 alcohol to form a coating
      composition. The composition is then applied onto solid polymeric
      substrates, that is, non-porous substrates, and then cured to produce the
      desired coating.
PAR  The organopolysiloxanes employed are not new per se and are made from
      prescribed materials in a prescribed manner. The organopolysiloxanes are
      hydrolysis and partial condensation products of water and
      methyltrialkoxysilane, wherein the alkoxy group contains one to six carbon
      atoms. A highly preferred precursor is methyltriethoxysilane. Generally,
      as will be indicated in more detail hereinafter, these organopolysiloxanes
      are manufactured under controlled conditions, by a process which comprises
      a heating and concentrating step to produce a solution of a hydrolyzed and
      partially condensed organopolysiloxane or by a process which comprises a
      heating, concentrating, and precuring step to produce a solvent-soluble,
      further-curable organopolysiloxane. The latter process may include a
      solidification of the solvent-soluble, further-curable organopolysiloxane
      to produce materials which are solid, thereby allowing for their
      convenient storage and transportation. A particularly preferred
      organopolysiloxane contemplated for use herein as a coating composition is
      prepared by a process consisting essentially of the heating step and a
      concentrating step, i.e., the material employed in the coating composition
      is the hydrolysis and partially condensed product as it exists prior to
      the precuring step.
PAR  In the coating aspect of this invention, all that is required is that an
      organic solvent solution of the coating composition be applied onto the
      solid, polymeric substrate, the solvent then evaporated, and the residual
      coating composition of the organopolysiloxane and the added (methanol and
      alkyl alcohol) melamine-formaldehyde partial condensate resin then be
      heated at a time and for a temperature sufficient to convert it to its
      thermoset condition and thereby form a hard, strongly adhered,
      abrasionresistant, mar-resistant, chemical resistant and acetone-resistant
      coating on the substrate. Inasmuch as the particular organopolysiloxanes
      contemplated herein are reacted in an environment where at least some
      by-product alkanol is retained and acts as a solvent, suitable solvents
      are the lower alkyl alcohols, for example, the C.sub.1 to C.sub.5 alcohols
      like butanol, ethanol and methanol. Those skilled in the art will
      routinely select other appropriate organic solvents, exemplary of which
      may be cited acetone, ethyl acetate, dioxane,
      ethyleneglycolmonomethylether, ethyleneglycolmonoethylether, and the like.
      The concentration of the coating composition will be routinely selected by
      those skilled in the art to obtain the desired results. In general,
      however, excellent results will be obtained by using concentrations of the
      organopolysiloxanes on the order of 15 to 20 percent by weight of total
      organopolysiloxane solids in the organic solvent solution to about 50 or
      55 percent, preferably about 25 to about 35 percent and, most desirably,
      about 30 percent. Preferred coating thicknesses are on the order of about
      0.35 mils to about 0.75 mils.
PAR  Exemplary of the organic polymeric substrates which may be coated to obtain
      quite outstanding products are the solid polycarbonates including both the
      polyalkyl carbonates and polyaryl carbonates, the solid polysulfones and
      the solid acrylics. Other exemplary plastics include solid epoxy
      materials, for example, castings, polystyrene, vinyl polymers and
      copolymers, polyesters, polyamides, acrylonitrile-benzene-styrene
      polymers, polyethylene, and the like. For further particulars on
      substrates which may be employed, reference may be had to U.S. Pat. Nos.
      3,451,838, 3,647,510, 3,650,808 and 3,707,397, all of which are hereby
      incorporated by reference. In order to increase the tenacious adherence of
      the coating to the substrates, conventional priming techniques may be
      employed including not only the application of aminoalkylsilanes or
      thermosettable acrylics but also flame treating, acid etching, and the
      like. It is usually preferred that primers be employed. The latter two
      patents cited immediately above disclose especially suitable primers which
      are quite acceptable for purposes of the present invention.
PAR  Thus, in accordance with one aspect of this invention, there is provided a
      method for making a coating composition which is rapidly convertible to a
      hard, strongly adhered, abrasionresistant, mar-resistant, chemical
      resistant, and acetone-resistant coating which comprises heating
      methyltrialkoxysilane, wherein the alkoxy group contains between about one
      to six carbon atoms, with between about 1.5 to about 10, preferably 1.5 to
      about 5, and, most desirably, about 2 to 3 moles of water per mole of
      total silane in the presence of an effective catalyzing amount of a
      hydrolysis catalyst, for example, a mineral acid like HCl, between about
      40.degree.C. up to and including the reflux temperature, for a period of
      about 1 to 10 hours, so as to produce a substantially gel-free solution,
      which contains a dissolved, hydrolyzed and partially condensed
      organopolysiloxane, and then concentrating the solution containing said
      dissolved, hydrolyzed and partially condensed organopolysiloxane by
      heating to remove some, but not all, volatile material, including alkanol
      by-products and some water, so as to further condense the
      organopolysiloxane and obtain a solution of a hydrolyzed and (further)
      partially condensed organopolysiloxane and then adding to the solution a
      methylated and alkylated melamine-formaldehyde partial condensate,
      reaction product resin so as to form a solution.
PAR  According to another aspect of this invention, the coating composition is
      made by a process wherein the methyltrialkoxysilane is heated with between
      about 1.5 to about 10 moles of water preferably 1.5 to 5, and, most
      desirably, 2 to 3 moles of water per mole of total silane in the presence
      of an effective catalyzing amount of a hydrolysis catalyst between about
      40.degree.C. up to and including the reflux temperature for a period of
      about 1 to 10 hours, so as to produce a substantially gel-free solution
      which contains a dissolved, hydrolyzed and partially condensed
      organopolysiloxane and then concentrating the solution, which further
      condenses the hydrolyzed and partially condensed organopolysiloxane, by
      heating to remove some, but not all, volatile material including alkanol
      by-products and some water so as to obtain a solution of a hydrolyzed and
      (further) partially condensed organopolysiloxane; the latter material is
      precured by heating below the gel point thereof to provide a
      solvent-soluble, further-curable organopolysiloxane by removal of
      volatiles and then there is added to the resulting solvent-soluble,
      further-curable organopolysiloxane a (methanol and alkyl alcohol)
      melamine-formaldehyde partial condensate reaction product resin. As
      indicated hereinbefore, after the precuring step the solvent-soluble,
      further-curable organopolysiloxane may be solidified by spray-drying or by
      cooling, such as, for example, with a flaker, to produce a solid,
      particulate or flaked product, which product may then be dissolved in an
      organic solvent to which there is then added the methylated and alkylated
      melamine-formaldehyde material so as to form a solution of the coating
      composition. Similarly, the precured material, prior to solidification,
      may be dissolved in an organic solvent and the melamine-formaldehyde
      partial condensate added so as to form the coating composition solution.
PAR  The amount of the acid hydrolysis catalyst, for example HCl, may vary over
      a certain range and in general is dependent upon the molar ratio of water
      to silane. In general, it may be stated that several parts per million by
      weight, for example one or two or three, up to about 130, or even as much
      as 700, parts per million by weight based on total weight of water and
      silane will be usually suitable.
PAR  In a particularly highly preferred embodiment of this invention, the
      organopolysiloxane will be prepared from methyltriethoxysilane. When using
      methyltriethoxysilane, it will generally be convenient to effect the first
      heating step at a temperature of about 50.degree.C. to about 90.degree.C.
      and then to do the concentrating step by heating at temperatures generally
      in the range of about 65.degree.C. to about 300.degree.C., preferably
      about 70.degree.C. to 90.degree.C.
PAR  The desired concentration of the heating step to remove some of the
      volatiles but not all, including alkanol by-product and some water, may
      conveniently be done to form a solution containing about 20 to about 75
      percent by weight of organopolysiloxane resin solids. Preferably the
      concentration will be effected for a sufficient period of time to produce
      a solution having an organopolysiloxane resin solid concentration of about
      35 or 40 to about 55 or 60 percent solids by weight and most desirably
      about 45-55. The concentration step effected by the removal of some, but
      not all, volatile materials can be taken to the point where the ultimate
      desired concentration of organopolysiloxane in the coating composition is
      produced or other concentrations may be produced with the solution then
      being appropriately diluted as required for the particular coating
      application.
PAR  In a particularly highly preferred embodiment of this invention, the
      organopolysiloxane is produced by a method which consists essentially of
      heating the silanes as described above, methyltriethoxysilane being most
      preferred, followed by the concentrating step, to remove some but not all
      volatile materials so as to obtain a solution of a hydrolyzed and further
      partially condensed organopolysiloxane and then the melamine-formaldehyde
      resin is added thereto. That is, in a highly preferred embodiment, the
      precuring step is not employed and the material is employed prior to the
      precuring step as a coating composition. Thus, as used in the claims, as
      applied to the process for manufacturing the specific organopolysiloxanes,
      the terminology "consisting essentially of" contemplates the elimination
      of the precuring step in the synthesis and using the material as it exists
      prior to that step in an organic solvent solution along with the alkyl
      alcohol-melamine-formaldehyde partial condensate reaction product resin.
PAR  For further details with respect to the manufacture of the
      organopolysiloxanes, reference may be had to U.S. Pat. No. 3,389,114, and
      with regard to the manufacture of a precured product, reference may be had
      to U.S. Pat. No. 3,634,321, and with reference to the manufacture of a
      solid solvent-soluble, further-curable organopolysiloxane, reference may
      be had to U.S. Pat. Nos. 3,414,540 and 3,383,773, all of which are hereby
      incorporated by reference. Additionally, reference may be had to U.S. Pat.
      Nos. 3,457,323, 3,415,778 and 3,457,221 which disclose additives for these
      organopolysiloxanes, none of which, however, suggest the present
      invention.
PAR  In the coating aspect of this invention, all that is required is that there
      is applied onto the polymeric substrate an organic solvent solution of a
      coating composition prepared as described above, followed by evaporating
      the solvent and then heating the residual composition on the substrate at
      a temperature and for a time sufficient to thermoset the residual coating
      composition and form a hard, mar-resistant, abrasion-resistant, chemically
      resistant, acetone-resistant, strongly adhered coating on the substrate.
      Thus, considering the process wherein the organopolysiloxane is prepared
      by the initial heating step and then the concentrating step, this material
      may, depending on the degree of concentration selected, be diluted with a
      suitable organic solvent and the methylated and
      alkylated-melamine-formaldehyde partial condensate material added either
      prior to or subsequent to the dilution, and then that solution simply
      applied onto a substrate and treated as indicated. If the
      organopolysiloxane is prepared by the process which includes forming the
      precured material, this precured material will generally then be dissolved
      in a suitable organic solvent to an appropriately selected concentration,
      the melamine-formaldehyde material added thereto and then this solution
      employed, as indicated above. Similarly, if the precured product is formed
      into a solid, i.e., flake or particulate mass, the solid will be simply
      dissolved in an organic solvent with the appropriate addition of the
      melamine-formaldehyde material and then that solution employed. The
      coating composition may be applied by any conventional technique
      including, for example, spraying, brushing, dipping or flow coating.
PAR  The final curing step, that is, after the organic solvent of the solution
      has been evaporated, will be effected at temperatures and times routinely
      selected by those skilled in the art.
PAR  It will, of course, be apparent that the heating cycles will be governed
      somewhat by the characteristics and qualities of the substrate employed
      and they will not be so selected as to cause significant deterioration in
      the overall qualities of the substrate. In general, it may be stated,
      however, that high quality coatings of the type indicated above are
      conveniently formed by heating at temperatures ranging from between about
      80.degree.C. to 135.degree.C. and for times generally ranging from about
      1/2 to 24 hours. Other time-temperature heating cycles may, of course, be
      employed.
PAR  The materials which have been found to be effective in promoting the curing
      rate of the organopolysiloxanes described above so as to provide what is
      considered to be a meaningful increase in the curing rate and thereby
      enhancing the rate at which the ultimate desired properties are obtained
      may be described as (methylated and lower-alkylated)-melamine-formaldehyde
      partial condensate reaction product resins. These materials are soluble in
      lower alkyl alcohols and are not per se new and are widely available from
      various commercial suppliers. As is well known, these materials are
      partial condensate resin products obtained from the reaction of melamine
      with formaldehyde and then alkylation with appropriate alcohols. The
      materials which are effective herein are prepared by using methanol and a
      C.sub.2 - C.sub.4 alcohol, preferably isobutanol, in a molar ratio of
      methanol to isopropanol of at least 1:1, preferably about 1:1 or 2:1 to
      about 26:1, and most desirably about 2:1 to 2.5:1. Thus, it may be stated
      that the molar ratio of methyl groups to C.sub.2 - C.sub.4 groups is at
      least 1:1, preferably in the range of 1:1 to 26:1, and most desirably, in
      the range of about 2:1 to 2.5:1.
PAR  Excellent results are obtained, for example, by using a (methylated and
      isobutylated)-melamine-formaldehyde partial condensate resin wherein the
      ratio of methyl groups to isobutyl groups is about 2:1 to 2.5:1. Another
      suitable material will have a molar ratio of methyl to isobutanol of about
      24:1. Additionally, the resins will advantageously have a water tolerance
      in terms of pounds of water per 100 pounds of a standard solution of at
      least 300, and a `hydrocarbon` tolerance, also in pounds per hundred
      pounds of a standard solution, of between about 20-200 and preferably
      35-130. The water tolerance and `hydrocarbon` tolerance, as expressed
      above, is based upon a standard solution containing about 66 to 67 percent
      of the (methylated and C.sub.2 - C.sub.4 alkylated)-melamine-formaldehyde
      partial condensate resin in a solution of a mixture of isobutanol and
      isopropanol wherein the isopropanol and isobutanol are present in a weight
      ratio of about 1:1. The tolerance tests are conventional tests with these
      resins. The `hydrocarbon` employed is a mixture of about 76.4 weight
      percent n-heptane and 23.6 percent by weight toluene. An especially
      suitable material is a methylated and isobutylated-melamine-formaldehyde
      having a water tolerance of about 340-400 pounds and a `hydrocarbon`
      tolerance of about 100-140 pounds based on 100 pounds of the above 66-67%
      standard solution. One such material is available from Koppers Company,
      Inc. as their B-500-15 resin. It is actually supplied as about an 80
      weight percent solution in isobutanol. Its color by Gardner (Delta) Max is
      about 1. It has a viscosity at 25.degree.C. of Z.sub.2 - Z.sub.5, a
      density of about 9.4 lbs. per gallon, and has a xylene tolerance of about
      275 lbs. per 100 lbs. of the 80 percent solution.
PAR  Another suitable methylated and isobutylated melamine-formaldehyde partial
      condensate resin has a molar ratio of methyl to isobutyl of about 24:1.
      The hydrocarbon tolerance in the standard solution as described above is
      between about 35 to 52 and the water tolerance is greater than 3500. The
      material is available from Rohm & Haas and is supplied in an 80 percent by
      weight solution in a solvent of one weight part isobutanol to one weight
      part isopropanol. The material as supplied under the designation MM-83 has
      a xylene tolerance of 40 pounds per 100 pounds of the 80% solution.
PAR  In passing, it should be mentioned that while the methylated and lower
      alkylated melamine-formaldehyde partial condensation products taught
      herein may be generally considered to be amino-plast resins, all
      amino-plasts do not appear to be the full equivalents of the materials
      contemplated herein. Isobutylated urea formaldehyde resins, butylated
      melamine-formaldehyde, and isobutylated melamine-formaldehyde resins, and
      CYMEL-301 hexamethoxymethylmelamine(which is really not a partial
      condensate resin, but is monomeric, or, perhaps, slightly dimeric) are not
      the full equivalents of the (methylated and lower
      alkylated)melamine-formaldehyde partial condensate resins contemplated for
      use herein.
PAR  The amount of the (methylated and lower alkylated)melamine-formaldehyde
      partial condensate resins added to the organopolysiloxanes will be
      routinely selected by those skilled in the art. Preferably, however, the
      amount will be about 3 to about 15 percent by weight of the former based
      on organopolysiloxane resin solids. Above about 15% the coatings tend to
      be brittle. Most desirably, the amount will be about 5 or 6 to about 8 or
      10 percent.
DETD
PAR  While the above has described the invention with sufficient particularity
      to enable those skilled in the art to make and use the same, the following
      will further exemplify in a more detailed fashion the present invention.
      In the following examples, commercially available pure
      methyltriethoxysilane was employed. This methyltriethoxysilane has an HCl
      content of about 0 or 1 parts per million by weight and has a purity as
      measured by gas chromotography in excess of 99 percent and additionally,
      shows an ultraviolet transmission at 320 millimicrons of in excess of 95
      percent and in excess of 50 percent at 267 millimicrons using distilled
      water as a blank.
PAC  EXAMPLE 1
PAR  A solution of a hydrolyzed and partially condensed, further-condensable
      organopolysiloxane was prepared by hydrolyzing and condensing about 267.5
      pounds of methyltriethoxysilane with about 67.5 pounds of distilled water
      having a resistivity of in excess of about 0.8 megohm-cm in a reactor
      equipped with a reflux condenser using about two to three weight parts of
      HCl per million parts of water and silane. The reaction mixture was heated
      with agitation to a temperature of about 50.degree.-52.degree. C., at
      which point a reaction ensued, as exhibited by an exotherm, and the
      reaction mass allowed to reach the refluxing temperature. After the
      exotherm had subsided, as indicated by decreased rate of refluxing, the
      mixture was heated at the reflux temperature for about 4 hours. Initially,
      a two-phase reaction mixture was formed which clarified to a one-phase
      system due to the ethanol liberated in the reaction acting as a solvent.
      After heating at reflux for about 4 hours, the solution of the hydrolyzed
      and partially condensed organopolysiloxane was further heated to remove
      some but not all volatiles, including ethanol by-product and some water,
      so as to produce a substantially gel-free solution containing about 45 to
      50 percent by weight of a hydrolyzed and partially condensed,
      further-condensable, thermosettable organopolysiloxane.
PAR  The solution, as produced above, is then filtered through a one micron pore
      size filter to remove any solid particles which might have been formed and
      the filtered material was then diluted with normal butanol to a
      concentration of about 30 percent by weight organopolysiloxane solids. To
      this solution there was then added an 80 percent solution in isobutanol of
      a methylated and isobutylated melamine-formaldehyde partial condensate
      reaction product resin to form a coating solution. The amount of the
      latter solution which was added produced a coating composition in which
      the methylated and isobutylated melamine-formaldehyde partial condensate
      resin was present in an amount of about 8 percent by weight of the
      organopolysiloxane resin solids, the ratio of methyl to isobutyl being
      about 2:1 to 2.5:1. The material employed had a color, Gardner (Delta) Max
      of about one, a viscosity of the 80 percent solution at 25.degree. C., of
      Z.sub.2 -Z.sub.5, and a xylene tolerance of about 275 pounds of xylene per
      100 pounds of the 80 percent solution. Additionally, this resin in a
      solution of about 66 to 67 percent by weight in a 1:1 weight ratio of
      isopropanol and isobutanol had a water tolerance of about 355 to about 383
      pounds of water per 100 pounds of the 66 to 67 percent solution and a
      hydrocarbon tolerance of about 120 to 122 pounds of hydrocarbon per 100
      pounds of the 66-67 percent solution wherein the hydrocarbon is a mixture
      of 76.4 percent by weight of normal heptane and 23.6 percent by weight of
      toluene. Exemplary of this type material is the well known commercially
      available material B-500-15, which is supplied by Koppers Company, Inc.
PAR  A solid, substantially non-porous polycarbonate, for example, "LEXAN"
      material, was primed by treating it with a 1 percent solution of
      gamma-aminopropyl triethoxysilane in normal butanol, which primed
      polycarbonate after application of the priming solution, was dried for
      about 5 minutes at about 200.degree. F. The primed, solid polycarbonate
      was then dipped into the coating solution as provided above and the
      solvent from the coating solution was allowed to evaporate and then the
      residual coating composition cured by heating at a time and for a
      temperature sufficient to obtain a thermoset, strongly adhered, hard,
      acetone-resistant coating on the material. It will, of course, be
      appreciated that various time-temperature relationships may be employed to
      produce the desired coating. Excellent coatings will typically be produced
      using a temperature of about 120.degree. C. to about 135.degree. C. for a
      period of time of from about one-half hour or 1 hour to about 2 hours.
PAR  The adherence of the film can be measured by numerous conventional
      techniques. Adherence, for example, may be determined by simply
      cross-hatching the coating with a sharp object and placing a piece of tape
      (3M-No. 670) over the hatched marks. The tape is then pulled away from the
      coating and visually examined for any coating which is removed;
      substantially, no removal is excellent. Acetone resistance can be measured
      by placing an acetone saturated cloth, to which is periodically added
      additional acetone to maintain the saturated state, over the coating and
      determining the time required for the acetone to penetrate the coating.
      The hardness of the coating is measured by pencil hardnesses and is a
      conventional technique in the art. While the technique of pencil hardness
      measurement may be subjective from individual to individual, it is
      generally a reliable test when the testing is done by a single individual.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was generally followed except that the
      organopolysiloxane solution after the removal of the volatiles to produce
      the 45-50 percent solution was further treated in the following manner.
      The reactor was sealed and the solution of the hydrolyzed and partially
      condensed organopolysiloxane was heated to build up a pressure of about 20
      psig in the reactor and held at this temperature for about 15 to 18 hours.
      This material, after cooling to about room temperature, was filtered
      through a one-micron filter, to remove any solids which might have formed
      and this material was then precured to produce a solvent-soluble,
      further-curable organopolysiloxane and the latter material was then cooled
      on a drum flaker and converted into flakes. The precuring was effected in
      a wiped film evaporator of the type disclosed in U.S. Pat. Nos. 3,414,540
      and 3,634,321 with the mean residence time in the wiped film evaporator
      being about 20-30 seconds and the wiped film evaporator being operated at
      a wall temperature of about 200.degree. C.
PAR  A 30 percent by weight solution of the flaked, solventsoluble,
      further-curable organopolysiloxane was then prepared in isobutanol and to
      this solution there was then added an 80 percent by weight solution in
      isobutanol of a methylated and isobutylated melamine-formaldehyde, partial
      condensate reaction product, wherein the ratio of the methyl groups to
      isobutyl groups on a mole basis was about 2:1 to about 2.5:1. The specific
      material employed was the same as that employed in Example 1 above, with
      the 80 percent solution being added in an amount sufficient to form a
      solution containing about 8 percent by weight of the methylated and
      isobutylated resin based upon the weight of the organopolysiloxane resin.
PAR  The coating composition as produced in the manner described immediately
      above was then applied as in Example 1 onto a polycarbonate substrate
      which had been primed as in Example 1. The solvent from the solution was
      evaporated, and the residual coating composition then heated at a
      temperature of about 135.degree. C. for 1 hour to thermoset the
      composition and form an adherent film with improved hardness and acetone
      resistance relative to a coating produced without the use of the
      methylated and isobutylated melamine-formaldehyde partial condensate
      reaction product resin.
PAR  In general, testing indicates that the coated product produced in
      accordance with the procedure of Example 1, that is, by using the
      nonprecured organopolysiloxane, is preferred relative to the procedure of
      Example 2, wherein a flaked material was used. The former appears to be
      more reproducible.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for providing a solid organic polymeric surface with a hard,
      strongly adhered, abrasionresistant, mar-resistant, chemically resistant,
      acetone-resistant, coating wherein a thermosettable resin system is cured
      in a short time, said method comprising the steps of:
PA1  1. applying onto said polymeric substrate an organic solvent solution of a
      coating composition prepared by a method which comprises:
PA2  a. heating methyltrialkoxysilane, wherein the alkoxy group contains between
      one and six carbon atoms, with between about 1.5 moles to about 10 moles
      of water per mole of total silane in the presence of an effective
      catalyzing amount of a acid hydrolysis catalyst between about 40.degree.C.
      up to and including the reflux temperature for a period of about 1-10
      hours so as to produce a substantially gel-free solution which contains a
      dissolved, hydrolyzed and partially condensed organopolysiloxane,
PA2  b. concentrating the solution containing said dissolved, hydrolyzed and
      partially condensed organopolysiloxane by heating to remove some but not
      all volatile material, including alkanol by-product and some water, so as
      to obtain a solution of a hydrolyzed and further partially condensed
      organopolysiloxane,
PA2  c. precuring the resultant product by heating below the gel point thereof
      to remove volatiles and produce a solvent-soluble, further-curable
      organopolysiloxane, and
PA2  d. adding in an amount, of between about 3% to about 15% by weight based on
      organopolysiloxane solids, an alkylated melamine-formaldehyde partial
      condensate resin to said solvent-soluble, further-curable
      organopolysiloxane, said alkylated resin being a methylated and C.sub.2
      -C.sub.4 alkylated resin wherein the molar ratio of methylation to C.sub.2
      -C.sub.4 alkylation is at least 1:1 and wherein said resin, based on a
      66-67 weight percent solution in a 1:1 weight mixture of isobutanol to
      isopropanol has a hydrocarbon tolerance of about 20-200 and a water
      tolerance of about at least 300, and
PA1  2. evaporating said solvent, and heating said substrate at a temperature
      and for a time sufficient to thermoset the residual coating composition
      and form a hard, mar-resistant, abrasion-resistant, chemically resistant,
      acetone-resistant, strongly adhered coating consisting essentially of the
      heat cured product of an organopolysiloxane and a methylated and lower
      alkylated melamine-formaldehyde resin, on said substrate.
NUM  2.
PAR  2. The method of claim 1 wherein said substrate is an acrylic substrate and
      wherein said silane is methyltriethoxysilane.
NUM  3.
PAR  3. The method of claim 2 wherein the amount of water employed is between
      about 2 to about 3 moles of water per mole of silane and wherein said
      catalyst is HCl.
NUM  4.
PAR  4. The method of claim 1 wherein said substrate is a polycarbonate.
NUM  5.
PAR  5. The method of claim 4 wherein the amount of water employed is between
      about 2 to about 3 moles of water per mole of silane, said catalyst is HCl
      and wherein said silane is methyltriethoxysilane.
NUM  6.
PAR  6. The method of claim 5 wherein step (1c) further includes the steps of
      solidifying said solvent-soluble, further-curable organopolysiloxane and
      then dissolving said solvent-soluble, further-curable organopolysiloxane
      in an organic solvent.
NUM  7.
PAR  7. The method of claim 6 wherein the concentrating of step (1b) is done for
      a sufficient period of time to produce a solution having about 45-55
      percent solids by weight and wherein said alkylated resin is methylated
      and isopropylated in a mole ratio of about 2:1 - 2.5:1.
NUM  8.
PAR  8. A method of forming a hard, abrasion-resistant, strongly adhered,
      mar-resistant, chemically resistant, acetone-resistant coating on solid
      organic polymeric substrates which comprises:
PA1  1. applying onto said polymeric substrate an organic solvent solution of a
      coating composition prepared by a process which comprises:
PA2  a. heating methyltrialkoxysilane, wherein the alkoxy group contains between
      1 and 6 carbon atoms, with between about 1.5 and 10 moles of water per
      mole of total silane in the presence of an effective catalyzing amount of
      a acid hydrolysis catalyst between about 40.degree.C. up to and including
      the reflux temperature for a period of about 1-10 hours so as to produce a
      substantially gel-free solution which contains a dissolved, hydrolyzed and
      partially condensed organopolysiloxane,
PA2  b. concentrating the solution containing said dissolved, hydrolyzed and
      partially condensed organopolysiloxane by heating to remove some but not
      all volatile material, including alkanol by-product and some water, so as
      to obtain a solution of a hydrolyzed and further partially condensed
      organopolysiloxane,
PA2  c. adding an alkylated, melamine-formaldehyde partial condensate resin to
      said solution of step (b), in an amount of between about 3% to about 15%
      by weight based on organopoly-siloxane solids, said alkylated resin being
      a methylated and C.sub.2 - C.sub.4 alkylated resin wherein the molar ratio
      of methylation to C.sub.2 - C.sub.4 alkylation is at least 1:1 and wherein
      said resin, based on a 66-67 weight percent solution in a 1:1 weight
      mixture of isobutanol to isopropanol has a hydrocarbon tolerance of about
      20-200 and a water tolerance of about at least 300, and
PAR  2. evaporating said solvent, and heating said substrate at a temperature
      and for a time sufficient to thermoset the residual coating composition
      and form a hard, mar-resistant, abrasion resistant, chemically resistant,
      acetone-resistant, strongly adhered coating consisting essentially of the
      heat cured product of an organopolysiloxane and a methylated and lower
      alkylated melamine-formaldehyde resin.
NUM  9.
PAR  9. The method of claim 8 wherein said polymeric substrate is an acrylic.
NUM  10.
PAR  10. The method of claim 9 wherein said silane is methyltriethoxysilane,
      said catalyst is HCl, and wherein the amount of water is between about 2
      to about 3 moles of water per mole of total silane.
NUM  11.
PAR  11. The method of claim 8 wherein said polymeric substrate is a
      polycarbonate.
NUM  12.
PAR  12. The method of claim 11 wherein said silane is methyltriethoxysilane,
      said catalyst is HCl, and the amount of water is between about 2 to about
      3 moles of water per mole of total silane.
NUM  13.
PAR  13. The method of claim 12 wherein said alkylated, melamine formaldehyde
      resin is alkylated with methanol and isobutanol in a mole ratio of about
      2:1 to about 2.5:1 and wherein an 80% solution of said resin in isobutanol
      has a xylene tolerance of about 275.
NUM  14.
PAR  14. A method for forming hard, abrasionresistant, strongly adhered,
      mar-resistant, acetone-resistant, chemically resistant coatings on a solid
      polycarbonate substrate which comprises:
PA1  1. adding in an amount of between about 3% to about 15% by weight based on
      organopolysiloxane solids a methylated and isobutylated
      melamine-formaldehyde partial condensate resin to an organic solvent
      solution of a hydrolyzed and partially condensed thermosettable
      organopolysiloxane so as to form a solution of a coating composition, said
      organopolysiloxane being prepared by the process consisting essentially of
PA2  a. heating methyltriethoxysilane with about 1.5 to about 5 moles of water
      per mole of silane in the presence of an effective catalyzing amount of
      HCl between about 50.degree.C. to about 90.degree.C. for a period of about
      1-10 hours so as to produce a substantially gel-free solution which
      contains a dissolved, hydrolyzed and partially condensed
      organopolysiloxane therein and then,
PA2  b. concentrating the solution containing said hydrolyzed and partially
      condensed organopolysiloxane by heating to remove some but not all
      volatile material, including alkanol by-product and some water, so as to
      obtain a solution of said organopolysiloxane, said methylation and
      isobutylation being in a ratio of about 2:1 - 2.5:1 and an 80% by weight
      solution of said resin in isobutanol having a xylene tolerance of about
      275 and a viscosity at 25.degree.C. of Z.sub.2 - Z.sub.5,
PAR  2. applying said solution of said coating composition onto a solid
      polycarbonate substrate, and
PA1  3. evaporating said solvent and heating said substrate for a time
      sufficient and at a temperature sufficient to thermoset the residual
      coating composition and form a hard, abrasionresistant, strongly adhered,
      mar-resistant, chemically resistant, acetone-resistant coating consisting
      essentially of the heat cured product of an organopolysiloxane and a
      methylated and lower alkylated melamine-formaldehyde resin, on said
      substrate.
NUM  15.
PAR  15. A method for providing a solid polycarbonate substrate with a hard,
      strongly adhered, abrasion-resistant, mar-resistant, chemical-resistant,
      and acetone-resistant coating which comprises:
PA1  1. heating methyltrialkoxysilane, wherein the alkoxy group contains between
      one and six carbon atoms, with between about 1.5 to about 10 moles of
      water per mole of total silane, in the presence of an effective catalyzing
      amount of a acid hydrolysis catalyst, between about 40.degree.C. up to and
      including the reflux temperature for a period of about 1-10 hours so as to
      produce a substantially gel-free solution which contains a dissolved,
      hydrolyzed and partially condensed organopolysiloxane,
PA1  2. concentrating the solution containing said dissolved, hydrolyzed and
      partially condensed organopolysiloxane by heating to remove some but not
      all volatile material, including alkanol by-product and some water, so as
      to obtain a solution of a hydrolyzed and further partially condensed
      organopolysiloxane,
PA1  3. adding to said solution containing said hydrolyzed and further partially
      condensed organopolysiloxane, in an amount of between about 3% to 15% by
      weight based on organopolysiloxane solids, an alkylated melamine
      formaldehyde partial condensate resin which is soluble in said solution,
      wherein alkylation is effected with methanol and a C.sub.2 - C.sub.4
      alkanol in a mole ratio of methanol to said alkanol of at least about 1:1,
PA1  4. applying a solution of the product of step (3) onto a polycarbonate
      substrate, evaporating free volatiles therefrom, and heating said
      substrate at a temperature and for a time sufficient to thermoset the
      residual coating composition and form a hard, abrasion-resistant,
      mar-resistant, chemically resistant, acetone-resistant, strongly adhered
      coating consisting essentially of the heat cured product of an
      organopolysiloxane and a methylated and lower alkylated
      melamine-formaldehyde resin, on said substrate.
NUM  16.
PAR  16. A method for providing a solid organic polymeric surface with a hard,
      strongly adhered, abrasion-resistant, mar-resistant, chemically resistant,
      acetone-resistant coating wherein a thermosettable resin system is cured
      in a short time, said method comprising the steps of:
PA1  1. applying onto said polymeric substrate an organic solvent solution of a
      coating composition prepared by a method which comprises:
PA2  a. heating methyltrialkoxysilane, wherein the alkoxy group contains between
      1-6 carbon atoms, with between about 1.5 moles to about 10 moles of water
      per mole of total silane, in the presence of an effective catalyzing
      amount of a acid hydrolysis catalyst, between about 40.degree.C. up to and
      including the reflux temperature for a period of about 1 to 10 hours so as
      to produce a substantially gel-free solution which contains a dissolved,
      hydrolyzed and partially condensed organopolysiloxane,
PA2  b. concentrating the solution containing said dissolved, hydrolyzed and
      partially condensed organopolysiloxane by heating to remove some but not
      all volatile material, including alkanol by-product and some water, so as
      to obtain a solution of a hydrolyzed and further partially condensed
      organopolysiloxane,
PA2  c. precuring the resultant product by heating below the gel point thereof
      to provide a solvent-soluble, further-curable organopolysiloxane,
PA2  d. adding to said siloxane, in an amount of between about 3 to about 15% by
      weight based on organopolysiloxane solids, an alkylated melamine
      formaldehyde partial condensate resin wherein alkylation is effected with
      methanol and a C.sub.2 -C.sub.4 alkanol in a mole ratio of methanol to
      said alkanol of at least about 1:1,
PAR  2. evaporating said solvent, and heating said substrate at a temperature
      and for a time sufficient to thermoset the residual coating composition
      and form a hard, marresistant, abrasion-resistant, chemically resistant,
      acetoneresistant, strongly adhered coating consisting essentially of the
      heat cured product of an organopolysiloxane and a methylated and lower
      alkylated melamine-formaldehyde resin, on said substrate.
NUM  17.
PAR  17. A method of forming a hard, abrasion-resistant, strongly adhered,
      mar-resistant, chemically resistant, acetone-resistant coating on solid
      organic polymeric substrates which comprises:
PA1  1. applying onto said polymeric substrate an organic solvent solution of a
      coating composition prepared by a process which comprises:
PA2  a. heating methyltrialkoxysilane, wherein the alkoxy group contains between
      one to six carbon atoms, with between about 1.5 to about 10 moles of water
      per mole of total silane, in the presence of an effective catalyzing
      amount of a acid hydrolysis catalyst, between about 40.degree.C. up to and
      including the reflux temperature for a period of about 1-10 hours so as to
      produce a substantially gel-free solution which contains a dissolved,
      hydrolyzed and partially condensed organopolysiloxane,
PA2  b. concentrating the solution containing said dissolved, hydrolyzed and
      partially condensed organopolysiloxane by heating to remove some but not
      all volatile material, including alkanol by-product and some water, so as
      to obtain a solution of a hydrolyzed and further partially condensed
      organopolysiloxane,
PA2  c. adding to said solution containing said hydrolyzed and further partially
      condensed organopolysiloxane, in an amount of between about 3 to about 15%
      by weight based on organopolysiloxane solids, an alkylated melamine
      formaldehyde partial condensate resin which is soluble in said solution
      wherein alkylation is effected with methanol and a C.sub.2 -C.sub.4
      alkanol in a mole ratio of methanol to said alkanol of at least about 1:1,
PAR  2. evaporating said solvent, and heating said substrate at a temperature
      and for a time sufficient to thermoset the residual coating composition
      and form a hard, mar-resistant, abrasion resistant, chemically resistant,
      acetone-resistant, strongly adhered coating consisting essentially of the
      heat cured product of an organopolysiloxane and a methylated and lower
      alkylated melamine-formaldehyde resin.
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ABST
PAL  High molecular weight fluorocarbon polymer is incorporated into arylene
      sulfide polymer coating dispersions by (a) intensive milling of the
      fluorocarbon polymer and a liquid capable of wetting same and (b)
      thereafter adding the arylene sulfide polymer and a pigment or filler and
      subjecting the mixture to additional intensive milling.
PARN
PAR  This is a divisional of copending application Ser. No. 299,065 filed Oct.
      19, 1972 now U.S. Pat. No. 3,856,735.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of arylene sulfide polymer
      coating compositions containing high molecular weight fluorocarbon
      polymer.
PAR  Arylene sulfide polymers are known for their desirable characteristics as
      coating compositions as shown for instance by Ray U.S. Pat. No. 3,492,125.
      It has been found that in some instances it is preferred to incorporate a
      small amount of fluorocarbon polymer with the arylene sulfide polymer
      coating composition. While relatively low molecular weight fluorocarbon
      polymer such as that sold by LNP Corp. under the trademark TL-126 can be
      incorporated into such dispersions relatively easily, it has been found
      that the high molecular weight fluorocarbon polymers are difficult to
      disperse evenly in an arylene sulfide polymer coating composition.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an arylene sulfide polymer
      coating composition containing a high molecular weight fluorocarbon
      polymer.
PAR  It is a further object of this invention to provide a method for
      incorporating high molecular weight fluorocarbon polymers into arylene
      sulfide polymer coating compositions.
PAR  It is yet a further object of this invention to provide a convenient method
      of determining the optimum cure for an arylene sulfide polymer coating
      composition.
PAR  And still yet a further object of this invention is to provide an arylene
      sulfide polymer coating having smooth surface characteristics.
PAR  In accordance with this invention, the high molecular weight fluorocarbon
      polymer is first subjected to intensive milling in a liquid capable of
      wetting same and thereafter mixed with arylene sulfide polymer and a
      pigment or filler, with the resulting mixture being subjected to
      additional intensive milling.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The instant invention is applicable to the incorporation of any high
      molecular weight fluorocarbon polymer into arylene sulfide polymer coating
      compositions. The preferred fluorocarbon polymer is
      polytetrafluoroethylene. The invention makes possible the successful
      incorporation of fluorocarbon polymers having a high molecular weight. By
      high molecular weight is meant polymers of such molecular weight that no
      flow is obtained in the ASTM D 1238 melt viscosity test at 380.degree.C
      using a 5,000 g weight. Probably such polymers have a number average
      molecular weight of greater than 10 million. These are the types of
      polymers generally referred to as extrusion or molding grade polymers.
      Such polymers are sold under trademarks Teflon-5, Teflon-6, Teflon-7, and
      Halon G-80. The preferred polymers pass the FDA specification for
      acceptable PTFE (polytetrafluoroethylene) in food service which requires a
      melt viscosity of at least 10,000 poise at 380.degree.C as determined by
      ASTM D 1238 and a thermal instability index (TII) of less than 50 as
      determined by ASTM D 1457.
PAR  The invention is applicable to the production of dispersions of any arylene
      sulfide polymer although the preferred polymer is polyphenylene sulfide
      having a melting or softening point of at least 300.degree.F, preferably
      400.degree.F to 850.degree.F.
PAR  The intensive milling used in the initial dispersion of the fluorocarbon in
      the liquid and the subsequent milling of this mixture with a pigment and
      arylene sulfide polymer can be accomplished by the use of a conventional
      ball mill, a conventional rod mill, or a vibratory ball mill. The balls or
      rods can be made of steel, ceramic materials such as Burundum (a
      high-fired ceramic), and the like. Both of the operations can be carried
      out in the same mill or separate mills, including the use of different
      types of mills for each of the two steps.
PAR  It is essential that there be some pigment or filler present during the
      second milling step. The ratio of fluorocarbon to pigment can vary from
      0.1 to 3 parts by weight of fluorocarbon polymer per 1 part by weight of
      pigment or filler. Preferably about 0.5 to 2 parts of fluorocarbon polymer
      per 1 part by weight of pigment or filler is utilized.
PAR  The pigment or filler can be any pigment or filler capable of withstanding
      a curing temperature of at least about 300.degree.F, preferably
      600.degree.-850.degree.F. It is preferred to use pigments and the most
      preferred pigments are titanium dioxide or black iron oxide. Particularly
      suitable are combinations of titanium dioxide and iron oxides. Other
      suitable pigments include red iron oxide, brown iron oxide, carbon black,
      and zinc oxide. Suitable fillers include such materials as silica and
      talc.
PAR  The liquid in which the fluorocarbon polymer is milled can be any liquid
      capable of wetting the fluorocarbon. The preferred liquid is water
      containing a surface active agent. Other suitable liquids include ethylene
      glycol, propylene glycol, and mixtures of such liquids with water. Any
      conventional surface active agent can be utilized; however, nonionic
      surface active agents are preferred.
PAR  While the ratio of solids (comprising the arylene sulfide polymer, pigment,
      and fluorocarbon polymer) to liquid can vary depending on the particular
      coating application, it is generally preferred to have a dispersion of
      about 15 to 40 weight per cent solids.
PAR  The initial intensive milling of the liquid and fluorocarbon polymer can be
      carried out for a time of greater than about 4, preferably within the
      range of 8 to 96 hours with the milling time for the subsequent intensive
      milling of the pigment or filler and arylene sulfide polymer with the
      liquid and fluorocarbon polymer being carried out for a time of greater
      than about 2, preferably within the range of 4 to 48 hours, this time
      generally being about one half the time required in the initial milling.
      With a high speed vibrator such as the Vibratom with stainless steel balls
      the first stage intensive milling can be accomplished in 0.5 to 10 hours
      and the second stage of intensive milling can be carried out in 0.5 hour
      to 5 hours.
PAR  The ratio of arylene sulfide polymer to fluorocarbon polymer in the final
      cured coating composition will generally range from 2:1 to 40:1,
      preferably 4:1 to 15:1.
PAR  It is essential that the pigment, fluorocarbon polymer, and arylene sulfide
      polymer be in particulate form. In general, the smaller the particle size
      the better the dispersion which can be produced. A suitable particle size
      for the fluorocarbon polymer is 40 mesh or smaller. The pigment or filler
      can be the same particle size (40 mesh or smaller), the arylene sulfide
      polymer will generally be about 40 mesh or smaller also although
      satisfactory results can be obtained with coarser material, for instance
      30 mesh or smaller. The intensive milling will generally reduce the
      arylene sulfide polymer particle size with the final particle size
      generally being below 100 mesh (Standard U.S. Sieve Series), although for
      the most part the effect of the milling is to break up agglomerates rather
      than to reduce the particle size of the components drastically.
PAR  The final dispersion can be applied to a substrate by any conventional
      means such as spraying, or with a doctor blade or the like.
PAR  The resulting coating can be cured, for instance by heating to a
      temperature of at least 500.degree.F, preferably 600.degree.-850.degree.F
      for at least 5 minutes, preferably 15 minutes to 2 hours. The coatings can
      be cured at the higher temperatures with the shorter times. It is
      particularly desirable in many instances to utilize as the pigment a
      material which will change in color after a temperature treatment which
      corresponds to the point at which the polymer is properly cured. For
      instance black ferric oxide remains jet black after 15 minutes at
      600.degree.F but is dull black after 30 minutes at 600.degree.F and is
      dull brown (or, depending on other ingredients, a brownish hue or a red or
      maroon clearly distinguishable from the original black) after 60 minutes
      at 600.degree.F. This color change can be visually observed and the coated
      article removed at just the right stage of cure. Also this allows a color
      difference when a second coat of the same composition is applied so as to
      give a ready means of determining if the second coat completely covers the
      surface.
DETD
PAC  EXAMPLE I
PAR  A nine gram sample of Teflon-5 powder was ball milled for 24 hours with 300
      ml of water containing six grams of a nonionic wetting agent sold under
      the trademark Triton X-100. The Teflon-5 polytetrafluoroethylene powder
      had an average particle size of 325 microns before milling. To this
      aqueous slurry was then added 60 grams of polyphenylene sulfide having an
      inherent viscosity of about 0.15 as determined by using 0.25 per cent of
      the sample in chloronaphthalene at 206.degree.C. This polyphenylene
      sulfide had a particle size of less than 60 mesh. Also added to the
      aqueous slurry was 9 grams of black iron oxide. The resulting mixture was
      ball milled for 16 hours. This slurry was sprayed through a 100 mesh
      screen onto a 3 .times. 6 .times. 0.020 inch aluminum alloy coupon which
      had been degreased by washing in acetone and blasted with No. 100
      abrasive. The resulting coating was cured for 30 minutes at 700.degree.F
      to give a very smooth coating. The coating color changed from black in the
      uncured coating to a brownish hue in the cured coating. The microknife
      hardness was 250, and the coating had an adhesion rating of less than 4
      (scale 1-15, 1 best, 4 considered very good).
PAC  EXAMPLE II
PAR  Slurries were made by ball milling Teflon-5 with water containing 2 weight
      per cent nonionic wetting agent, octylphenoxypolyethoxy ethanol (Triton
      X-100, Rohm & Haas Co.) for 24 hours before adding the other ingredients
      in ball milling for times as set out hereinbelow.
TBL  ______________________________________                                    

     Composition      Time for Ball-Milling:                                   

     Reference                                                                 

             (Parts/100 PPS)                                                   

                          Teflon  PPS + Pigment                                

                                            Total                              

     ______________________________________                                    

     Example I                                                                 

             15 Fe.sub.3 O.sub.4 /15 T-5*                                      

                          24      16        40 hr                              

     Run 2   15 Fe.sub.3 O.sub.4 /7.5 T-5                                      

                          24      16        40                                 

     Run 3   33 Fe.sub.3 O.sub.4 /15 T-5                                       

                          24      66        90                                 

     Run 5   33 TiO.sub.2 /13 T-5                                              

                          24      66        90                                 

     Run 5   33 TiO.sub.2 /13 T-5                                              

                          24      24        48                                 

     ______________________________________                                    

      *T-5 = Teflon-5, molding grade PTFE having a particle size of about 325  

      microns and believed to be of a molecular weight greater than 10,000,000.

      This polymer exhibited a 0 flow in the ASTM D 1238 melt viscosity test at

      380.degree.F using a 5,000 g. weight.                                    

PAR  All slurries were sprayed through 100 mesh screen with a Binks Model 18B
      spray gun onto aluminum coupons as in Example I and cured at 700.degree.F
      for 30 minutes. In all instances a smooth coating was obtained so that the
      excess milling time used in Runs 3 and 4 was not really required for this
      result.
PAC  CONTROL
PAR  Similar dispersions to those of the Examples were made except the
      polyphenylene sulfide, polytetrafluoroethylene, pigment, and aqueous
      surface active agent solutions were all ball milled together for various
      times up to 7 days. The resulting coatings in each case were rough. An
      identical procedure (all ingredients mixed together) utilizing low
      molecular weight fluorocarbon polymers such as TL-126 which has a melt
      viscosity at 380.degree.C of 4 .times. 10.sup.3 gave a smooth coating.
PAR  While this invention has been described in detail for the purpose of
      illustration it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming a coated article comprising:
PA1  applying to a substrate a dispersion formed by subjecting fluorocarbon
      polymer, in particulate form having a molecular weight sufficient to give
      a melt viscosity flow of 0 at 380.degree.C using a 5,000 g. weight, to
      intensive milling by ball milling or rod milling with a liquid selected
      from water, ethylene glycol, or propylene glycol; and thereafter adding
      thereto poly(arylene sulfide) in particulate form and a pigment or filler
      in particulate form and subjecting the resulting mixture to additional
      intensive milling by ball milling or rod milling; and
PA1  heating said thus applied dispersion at a temperature of at least
      500.degree.F to form a cured coating.
NUM  2.
PAR  2. A method according to claim 1 wherein said fluorocarbon polymer is
      polytetrafluoroethylene.
NUM  3.
PAR  3. A method according to claim 1 wherein a ratio of said fluorocarbon
      polymer to said pigment or filler is within the range of 0.1 to 3 parts by
      weight of fluorocarbon polymer per 1 part by weight of said pigment or
      filler, the ratio of said poly(arylene sulfide) to said fluorocarbon
      polymer is within the range of 2:1 to 40:1, and wherein the total solids
      content is within the range of 15 to 40 weight per cent based on the total
      weight of said dispersion.
NUM  4.
PAR  4. A method according to claim 3 wherein said liquid is water containing a
      surface active agent.
NUM  5.
PAR  5. A method according to claim 1 wherein said poly(arylene sulfide) is
      polyphenylene sulfide said substrate is an aluminum alloy, said
      fluorocarbon polymer is polytetrafluoroethylene, and said filler or
      pigment is black iron oxide.
NUM  6.
PAR  6. A method according to claim 4 wherein said pigment is selected from the
      group consisting of titanium, dioxide, iron oxide, and mixtures thereof.
NUM  7.
PAR  7. A method according to claim 4 wherein said pigment, fluorocarbon
      polymer, and arylene sulfide polymer each have a particle size of less
      than 40 mesh, said substrate is an aluminum alloy and wherein said surface
      active agent is a nonionic wetting agent.
NUM  8.
PAR  8. A method according to claim 5 wherein said intensive milling of said
      liquid and fluorocarbon polymer is done for a time period of greater than
      4 hours and said intensive milling of the resulting mixture with said
      polyphenylene sulfide and said pigment or filler is done for a time of
      greater than 2 hours.
NUM  9.
PAR  9. A method according to claim 1 wherein said thus applied dispersion is
      heated at a temperature within the range of 600.degree. to 850.degree.F
      for a time within the range of 15 minutes to 2 hours in order to effect
      said cure.
NUM  10.
PAR  10. A method according to claim 1 wherein said dispersion is applied by
      means of spraying, said intensive milling being carried out by means of a
      high speed vibrator with stainless steel balls, said intensive milling of
      said liquid and fluorocarbon polymer being done for a time period of 0.5
      to 10 hours and said intensive milling of the resulting mixture with said
      poly(phenylene sulfide) and said pigment or filler being done for a time
      period of 0.5 to 5 hours.
NUM  11.
PAR  11. A method according to claim 10 wherein said composition contains the
      pigment black iron oxide.
NUM  12.
PAR  12. A method according to claim 10 wherein said curing is continued until a
      color change occurs in the coating.
NUM  13.
PAR  13. A coated article prepared by the method of claim 1.
NUM  14.
PAR  14. A method of forming a cured arylene sulfide polymer coating comprising
      forming a dispersion of said arylene sulfide polymer in a liquid selected
      from water, ethylene glycol, or propylene glycol with a pigment which
      changes color on heating, applying said dispersion to a substrate, and
      heating said thus applied dispersion at a temperature of at least
      500.degree.F for a time period sufficient to cause said pigment to change
      color.
NUM  15.
PAR  15. A method according to claim 14 wherein said pigment is black iron oxide
      and said coating is heated until the initial black color changes to a
      brownish hue.
NUM  16.
PAR  16. A method according to claim 14 wherein a second coat of the identical
      composition is applied over the cured first coat.
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ABST
PAL  Method for bonding a room temperature vulcanisable silicone rubber to a
      porous substrate of masonry or wood. The method involves applying to the
      porous substrate a primer composition comprising a cyclised rubber resin,
      an organic solvent and a film-forming polyester resin in a proportion of
      from 0 to 40% by weight based on the weight of cyclised rubber resin. The
      primed surface is dried and a room temperature vulcanisable silicone
      rubber composition of specified type then applied.
BSUM
PAR  This invention relates to a method for improving the adhesion of silicone
      rubbers to porous substrates.
PAR  Room temperature vulcanising silicone rubbers represent a well-known and
      widely employed class of commercial products. Among the applications for
      which they are employed are those involving their use as adhesives,
      sealants and coating materials. Although they perform satisfactorily in
      most such applications they sometimes suffer from a lack of adequate
      adhesion to the substrate to which they are applied. In an attempt to
      improve the bonding of the rubber to the substrate various compositions
      based on silanes have been proposed as primers for the substrate. Known
      primers, however, lead to successful bonding with only a limited number of
      substrate types. In particular the adhesion of certain silicone building
      sealant compositions to porous masonry, especially green (freshly
      hardened) concrete, has left something to be desired.
PAR  We have now found that the bonding of certain room temperature vulcanisable
      silicone rubbers to porous substrates of masonry or wood may be improved
      by employing as a priming coat for the substrate a composition based on a
      cyclised rubber.
PAR  According to this invention there is provided a method of producing a
      porous masonry or wood substrate having bonded thereto a silicone rubber
      which comprises (1) applying to the surface of a porous substrate which is
      of masonry or wood a coating of a primer composition comprising (a) a
      cyclised rubber resin (b) from 0 to 40% by weight, based on the weight of
      (a), of a film forming polyester resin which is compatible with (a), and
      (c) a volatile organic solvent, the solvent (c) comprising from 45 to 80%
      of the total weight of the primer composition, (2) drying the applied
      coating and (3) applying to the primed surface a room temperature
      vulcanisable silicone rubber composition as hereinafter defined.
PAR  The cyclised rubber resins which constitute component (a) of the primer
      compositions used according to this invention are well-known materials.
      They may be described as organic solvent-soluble cyclisation products pf
      natural rubber. As a result of a cyclisation reaction the long chain-like
      molecules of rubber are converted to condensed ring systems. Cyclised
      rubber resins, their properties and methods of preparation are described
      more fully at pages 336 to 340 of Fibres, Films, Plastics and Rubbers by
      W. J. Roff and J. R. Scott, published 1971 by Butterworth and Company.
PAR  The primer composition is applied to the substrate in the form of a
      solution or dispersion in a volatile organic solvent (c). Any solvent for
      the cyclised rubber which is sufficiently volatile to evaporate in a
      reasonable time under the application conditions can be used. Suitable
      solvents include, for example, aromatic and aliphatic hydrocarbons and
      chlorinated hydrocarbons, e.g. xylene, toluene, pentane, hexane, benzene,
      petroleum ether and white spirit. Solvents other than hydrocarbons and
      chlorinated hydrocarbons, for example, methylethyl ketone, may also be
      present. When drying of the primer coating is required to take place at
      normal ambient temperatures and pressures the organic solvent employed
      should preferably have a boiling point below about 125.degree. C at 760
      mm.Hg. Mixtures of two or more organic solvents may be used if desired to
      achieve optimum wetting of the substrate and/or drying of the coating.
PAR  Up to 40%, preferably from 5 to 20%, by weight, based on the weight of (a),
      of a polyester film forming resin (b) may be incorporated into the primer
      composition. In general the incorporation of such a resin is preferred as
      this improves the wetting out and film forming properties of the primer
      composition. Any film forming polyester resin which is compatible with the
      cyclised rubber (a) can be employed. By `compatible with` we mean that the
      resin can be taken into solution with the cyclised rubber to form a
      substantially homogeneous system. Preferred as the compatible polyester
      resins are the air drying alkyd resins especially those modified with
      linseed oil and/or dehydrated castor oil for example DCO/linseed oil
      modified pentaerythritol ester and DCO modified pentamaleic ester. When a
      film forming resin is included in the primer composition it is often
      advantageous to include driers, e.g. cobalt naphthenate and lead
      naphthenate to expedite drying of the applied film. Suitable driers and
      the proportions in which they may be employed to give the desired drying
      time can be readily ascertained by those skilled in the art.
PAR  The organic solvent component should comprise from 45 to 80% of the weight
      of the primer compositon. A preferred composition for use according to
      this invention comprises by weight from 25 to 40% of the cyclised rubber
      (a) and from 3 to 15% of a film-forming alkyd resin (b), the remainder
      being one or more volatile organic solvents, and optionally one or more
      driers for (b). A mixture of xylene and petroleum ether is particularly
      preferred as the solvent component.
PAR  Drying of the prime coating can be carried out, for example, by exposure to
      the atmosphere or may be hastened by the application of heat and/or
      reduced pressure.
PAR  Following the drying step there is applied to the applied coating a room
      temperature vulcanisable silicone rubber composition. This composition
      should be one of the three following types, namely
PAR  A. Vulcanisable organosiloxane compositions based on an organosiloxane
      polymer having in the molecule silicon-bonded oxime radicals, and/or a
      mixture of an organosiloxane polymer having silanol groups and a silane
      having at least 3 silicon-bonded oxime groups. Such compositions are
      well-known in the art and are described, for example, in U.K. Pat. Nos.
      975,603 and 990,107.
PAR  B. Vulcanisable organosiloxane compositions based on an organosiloxane
      polymer having terminal silicon-bonded acyloxy groups, and/or a mixture of
      a silanol-terminated organosiloxane polymer and a silane having at least 3
      silicon-bonded acyloxy groups per molecule. Such compositions are
      well-known in the art and are described for example in U.K. Pat. Nos.
      862,576, 894,758 and 920,036.
PAR  C. Vulcanisable compositions based on an organosiloxane polymer having
      terminal silicon-bonded amido or amino groups, and/or a mixture of a
      silanol-terminated organosiloxane polymer and a silylamine or silylamide.
      Such vulcanisable compositions are described, for example, in U.K. Pat.
      Nos. 1,071,211, 1,078,214 and 1,175,794.
PAR  The vulcanisable organosiloxanes are allowed to cure on contact with the
      primed substrate whereby a porous substrate having a silicone rubber
      composition bonded thereto is obtained. Curing of the vulcanisable
      organosiloxanes may be effected by exposure to moisture, the moisture
      present in the ambient atmosphere normally being sufficient for this
      purpose.
PAR  The process of this invention provides a means of bonding the defined room
      temperature vulcanising compositions to a porous masonry or wood
      substrate. It is of particular interest with regard to improving the
      adhesive bond between silicone rubber sealants and cement or concrete
      surfaces in building structures.
DETD
PAR  The invention is illustrated by the following examples:
PAC  EXAMPLE 1
PAR  A primer composition was prepared by mixing the following materials:
TBL  Cyclised rubber resin (Plastoprene No.1)                                  

                             40%    by weight                                  

     Xylene                  40%    "                                          

     Petroleum ether 40/60   20%    "                                          

PAR  This composition was then applied as a thin film to a new cement surface
      obtained from a 3 : 1 sand/cement mix, and the composition allowed to air
      dry for one hour. To the dried primer film was then applied a layer of a
      vulcanisable organopolysiloxane consisting of a mixture of, by weight,
TBL  Hydroxy-terminated polydimethylsiloxane                                   

      in which about 10% of the total hydroxy                                  

      radicals are replaced with (CH.sub.3).sub.3 SiO-                         

      radicals (12,000 cS at 25.degree.C)                                      

                              100 parts                                        

     (CH.sub.3)Si[ON=C(CH.sub.3).sub.2 ].sub.3                                 

                              7  "                                             

     Silica Filler            10  "                                            

     Dibutyltin dioctoate     0.3 "                                            

PAR  The applied composition was allowed to vulcanise at room temperature
      (20.degree.C) for 7 days. After this period the rubber was found to be
      firmly bonded to the cement.
PAR  When the process was repeated employing an unprimed cement surface the
      adhesion between the rubber and the surface was found to be poor.
PAC  EXAMPLE 2
PAR  A primer composition was prepared by mixing the following materials:
TBL  Cyclised rubber resin 32%      by weight                                  

     (Plastoprene No.1)                                                        

     Xylene                40%      "                                          

     Alkyd resin (66% w/w in xylene)                                           

                           12%      "                                          

     (Vilkyd 201 X66)                                                          

     Petroleum ether 40/60.degree.C                                            

                           16%      "                                          

PAR  This composition was applied to a new cement surface as described in
      Example 1 and allowed to air dry for one hour. To the dried primer was
      then applied a layer of the vulcanisable composition described in Example
      1. Good adhesion was obtained between the vulcanised rubber and the cement
      surface. Failure of the bond occurred as tearing of the rubber.
PAC  EXAMPLE 3
PAR  A primer composition was prepared by mixing by weight
TBL  Cyclised rubber resin   34.5%                                             

     (Plastoprene No.1)                                                        

     Alkyd Resin (66% w/w in xylene)                                           

                             5.8%                                              

     (Vilkyd 201 X66)                                                          

     Xylene                  42.0%                                             

     Petroleum Ether 40/60.degree.C                                            

                             17.3%                                             

     Cobalt naphthenate (6% Co)                                                

                             0.04%                                             

     Lead naphthenate (30% Pb)                                                 

                             0.10%                                             

PAR  Cement test blocks of dimensions 50 .times. 50 .times. 25 mm. were prepared
      according to the method described in DIN 18-540 4.4.1. After preparation,
      curing and drying at 110.degree.C the blocks were wrapped in newspaper and
      stored at normal ambient temperatures until required for use. The concrete
      blocks thus prepared were employed after 4 weeks to produce `H` piece
      assemblies by the method described in BS 4254 : 1967 Appendix C. The
      sealant bead in the test pieces was obtained by applying the vulcanisable
      composition described in Example 1 and allowing the composition to cure by
      exposure to the ambient atmosphere for 7 days. Prior to the application of
      the sealant bead the whole of the appropriate 50 .times. 50 mm. test
      surfaces on the cement blocks to be used in the `H` assembly were coated
      with the primer composition described above in this Example. The primer
      composition was allowed to air dry for about 3 hours before application of
      the vulcanisable composition to the primed surface.
PAR  Several of the `H` assemblies thus prepared were positioned in the jaws of
      a tensile testing machine and the cement blocks pulled apart to extend the
      rubber bead by 100%, that is to a thickness of 24 mm. Spacers of 24 mm.
      thickness were then inserted between the cement blocks to maintain the
      extension at 100%. After 24 hours no cohesive or adhesive failure had
      occurred in the test piece. Using the tensile testing machine other
      similar test pieces were extended until breakage occurred. The failure was
      cohesive, the extension at break averaging approximately 350%.
PAR  The above test procedure was also carried out on `H` assemblies which had
      been subjected to immersion in lime solution at 70.degree.C for 7 days. No
      failure occurred after 24 hours of 100% extension.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method of producing a porous masonry or wood substrate having bonded
      thereto a silicone rubber which comprises (1) applying to the surface of a
      porous substrate which is of masonry or wood a coating of a primer
      composition comprising (a) a cyclised rubber resin, (b) from 0 to 40%,
      based on the weight of (a), of a film forming polyester resin which is
      compatible with (a), and (c) a volatile organic solvent, the solvent (c)
      comprising from 45 to 85% of the total weight of the primer composition,
      (2) drying the applied coating and (3) applying to the primed surface a
      room temperature vulcanisable silicone rubber composition selected from
      the group consisting of (I) compositions based on an organosiloxane
      polymer having in the molecule (A) silicon bonded oxime radicals, (B) a
      mixture of an organosiloxane polymer having silanol groups and a silane
      having at least 3 silicon-bonded oxime groups per molecule, or (C) a
      mixture of (A) and (B), (II) compositions based on (D) an organosiloxane
      polymer having terminal silicon-bonded acyloxy groups, (E) a mixture of a
      silanol-terminated organosiloxane polymer and a silane having at least 3
      silicon-bonded acyloxy groups per molecule, or (F) a mixture of (D) and
      (E), and (III) compositions based on (G) an organosiloxane polymer having
      terminal silicon-bonded amido or amino groups, (H) a mixture of a
      silanol-terminated organosiloxane polymer and a silylamine or silylamide
      or (K) a mixture of (G) and (H).
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the substrate surface is of
      building cement or concrete.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the polyester is an air drying
      alkyd resin.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the primer composition comprises
      by weight from 25 to 40% by weight of the cyclised rubber resin (a) and
      from 3 to 15% by weight of a film-forming alkyd resin (b), the remainder
      being one or more volatile organic solvents and optionally one or more
      driers for (b).
NUM  5.
PAR  5. A method as claimed in claim 4 wherein the organic solvent component
      comprises xylene and petroleum ether.
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PAL  A paint film based on a thermo-setting resin which is applied on an
      aluminum article may be improved in its adhesion properties and resistance
      to chemical and mechanical attacks as well as in its resistance to
      weathering, if the surface of the aluminum article is previously anodized
      to form the oxide surface layer or is treated in boiling water to form the
      boehmite surface layer and if the oxide surface layer, including the
      boehmite layer, is pre-treated with a silane compound prior to the
      application of the coating composition. The application of the paint
      composition is conducted in this invention by means of a known coating
      technique such as dipping, spraying, showering, brushing or
      roller-coating, other than the electro-deposition technique.
BSUM
PAR  This invention relates to a process for coating an article of aluminum or
      an aluminum base alloy.
PAR  It is known that a surface of metallic aluminum can be made resistant to
      corrosion by applying an aqueous solution of a water-soluble
      mono-organosilane immediately on said surface and then heat-curing the
      applied mono-organosilane coating at a temperature of at least
      100.degree.C (see U.S. Pat. No. 3,061,467). In this prior art, the coating
      film of the cured mono-organosilane formed on the aluminum surface merely
      provides a barrier by which the aluminum surface can be prevented from
      contacting with an agent such as acids, bases, salts, oxygen and the like,
      which otherwise would result in the corrosion of the metallic aluminum
      surface. On the other hand, it is well known that the aluminum metal
      surface can be treated by anodizing (namely, anodically oxidizing) the
      aluminum surface in an electrolyte containing sulfuric acid, chromic acid
      or oxalic acid etc., with a direct or alternating electric current, so
      that the aluminum surface is provided with a micro-porous oxide layer
      essentially consisting of gamma-alumina. It is also known that the
      aluminum metal surface can be provided with a micro-porous oxide layer
      consisting of alumina mono-hydrate (boehmite) by treating the aluminum
      metal surface in boiling water which may optionally contain a quantity of
      ammonia or an amine such as triethanolamine. In previous research, we
      found that when an anodized aluminum article provided with the oxide
      (gamma-alumina) surface layer formed through the anodizing treatment is
      pre-treated with an organo-silicone compound and then coated with a paint
      film of a thermo-setting resin by electrodeposition, the properties of the
      resin coating as well as the thickness (film build) of the resin coating
      are improved as compared to when the resin coating is applied to the
      surface of the anodized aluminum article without pretreating with the
      organo-silicon compound. As a result of our further research, we have now
      found that also when the anodized aluminum article is pre-treated with the
      organo-silicon compound and the subsequent application of the
      thermo-setting resin coating is conducted by such techniques as dipping,
      spraying, showering, brushing, bar-coating, roll-coating and
      doctor-knife-coating etc., other than the aforesaid electrodeposition
      technique, the properties of the resin coating applied are improved
      similarly to the case when the electrodeposition technique is employed to
      apply the resin coating. We have further found that this favorable result
      is obtained with success also when the aluminum metal surface to be
      pre-treated with the organo-silicon compound has been provided with the
      boehmite layer by treating the said aluminum surface in boiling water.
PAR  Heretofore, aluminum metal has been used as a substrate material for the
      manufacture of a container for foodstuffs. When a container or foodstuffs
      is manufactured from aluminum metal, a strip of aluminum metal is anodized
      to form a very thin oxide layer at the surface thereof. The anodized
      aluminum strip is then cut into sheets of appropriate size which are then
      moulded into a container of desired shape. The container so shaped is then
      after-processed by washing with water, drying and other procedures,
      immediately followed by coating with a sanitary lacquer. However, such an
      anodized aluminum strip provided with the thin oxide layer which has been
      formed by subjecting the aluminum strip to the anodizing process as the
      priming treatment has substantially not been employed as a substrate
      material for the manufacture of other articles than the food container.
      Besides, the kinds of the food containers which may be manufactured from
      the anodized aluminum strip are restricted. A first reason for this is
      that the kinds of the coating compositions of thermo-setting resin which
      can exhibit a good adhesion to the anodized aluminum surface are few and
      such paint compositions based on a thermo-setting acrylic or
      organo-silicone resin which are commonly used for coating the building or
      constructing materials do not always shows a good adhesion to the anodized
      aluminum surface. The second reason is that the sanitary lacquer-coated
      container for foods which is made of the anodized aluminum strip still has
      a risk that it can be corroded due to the acidity of acidic foods.
      Furthermore, pasteurization of the containers for foods which has usually
      been conducted by steaming or boiling in water is likely to involve a
      stripping or blistering of the resin coating which has been applied on the
      substrate material of the container, as long as the paint film is not well
      adhering to the substrate material.
PAR  An object of this invention is to eliminate the above-mentioned
      difficulties and to provide an improved process for coating an anodized
      aluminum article by which the adhesion of the resin coating applied to the
      surface of the article is very much enhanced and by which there is
      produced such a resin-coated aluminum article which has a resin coating
      highly resistant to mechanical and chemical attacks and hence is suitable
      as a material for manufacturing various kinds of containers and
      constructive materials.
PAR  With respect to the alumina layer which is formed at the aluminum metal
      surface by anodizing this surface, as well as to the boehmite layer which
      is formed at the aluminum surface by treating this surface with boiling
      water possibly containing ammonia or an amine, we have found that the
      alumina layer and the boehmite layer are rich in aluminol of the formula
      AlOH and are of hydrophilic nature. We have also found that when the
      hydrophilic surfaces of the above-mentioned microporous alumina layer or
      boehmite layer are treated with an organo-silicon compound containing such
      reactive functions as hydroxyl group, methoxy group, ethoxy group and the
      like, the organo-silicon compound penetrates into the micro-porous
      structure of the oxide surface layer and the reactive function of the
      organosilicon compound are condensed with the aluminol to give an organic
      compound of aluminum silicate which gives a film extending substantially
      to cover the oxide surface layer of the aluminum substrate material. The
      film of the organic compound of aluminum silicate so formed is able to
      function as an effective primer for various kinds of the known coating
      compositions of thermo-setting resin which are subsequently applied
      thereon. The mechanism for this is as follows: When the oxide surface
      layer, including the boehmite surface layer, is treated with an
      organo-silicon compound containing reactive functions such as amino group,
      hydroxyl group, methoxy group and/or ethoxy group and the like and then
      coated with a known coating composition of a thermo-setting resin,
      followed by heat-curing the resin coating on said oxide or boehmite
      surface layer, some hydroxyl groups or methoxy groups etc., of the
      organo-silicon compound react with the aluminol present in the oxide
      surface layer, while the amino groups aand the remaining hydroxyl groups
      or methoxy groups etc., as well as the other reactive groups of the
      organic silicon compound also react with the organic reactive groups such
      as carboxyl, hydroxyl, methylol, alkoxymethylol and epoxy groups of the
      thermo-setting resin present in the coating composition used, so that the
      organo-silicon compound acts as a coupling or cross-linking agent to make
      the oxide layer and the resin coating integrated with each other.
PAR  We have devised the process of this invention on the basis of the
      above-mentioned findings. According to this invention, therefore, there is
      provided a process for coating an aluminum article, which comprises
      treating with an organo-silicon compound such an aluminum article which
      has been anodically oxidized to form the anodized oxide layer at the
      surface thereof or which has been treated in boiling water to form the
      boehmite layer at the surface thereof, and then coating the aluminum
      article so treated with a known coating composition of a thermo-setting
      resin by a known coating technique other than the electrodeposition
      technique, and finally heat-curing the resin coating on the aluminum
      article.
PAR  According to an embodiment of this invention, there is provided a process
      for coating an aluminum article, which comprises treating an aluminum
      article having the anodized oxide surface layer or the boehmite surface
      layer with a silane compound of the formula:
EQU  [R(CH.sub.2).sub.n ].sub.m --Si--X.sub.4-m
PAL  wherein m is an integer of 1, 2 or 3; n is zero or an integer of 1, 2 or 3;
      R is an alkenyl group of 1-4 carbon atoms such as vinyl and allyl when n
      is zero; but R is amino group, an alkylenediamino group of 1-4 carbon
      atoms such as ethylenediamino, propylenediamino, tetramethylenediamino and
      hexamethylenediamino, an alkanolamino group of 1-4 carbon atoms such as
      diethanolamino, or mono- or di-propanolamino; an
      .alpha.,.beta.-unsaturated lower aliphatic carboxylic acid residue (more
      exactly speaking, .alpha.,.beta.-unsaturated alkyl-carbonyloxy group of
      3-7 carbon atoms) such as acrylic acid residue, methacrylic acid residue
      and crotonic acid residue, an alkoxyl group having an epoxy group and
      containing 1-4 carbon atoms, such as glycidoxy or an cycloalkyl group
      having an epoxy group and containing 3-6 carbon atoms such as
      epoxy-cyclohexyl when n is 1, 2 or 3; X is at least one group which is
      reactive with the aluminol and is selected from the group consisting of
      hydroxyl group, an alkoxy group of 1-4 carbon atoms such as methoxy,
      ethoxy, propoxy and butoxy; a lower alkoxy-alkoxy group of 2-8 carbon
      atoms such as methoxyethoxy, methoxypropoxy and methoxybutoxy; a saturated
      lower aliphatic carboxylic acid residue of 2-5 carbon atoms such as
      acetic, propionic and butyric acid residue; an alkyl group of 1-4 carbon
      atoms such as methyl, ethyl propyl and butyl; and an alkoxy-peroxy group
      of 1-4 carbon atoms, excepting that all the groups represented by X are
      alkyl at the same time; then coating the so treated aluminum article with
      a known coating composition containing a thermo-setting resin as the
      film-forming material by applying said coating composition onto the oxide
      layer surface of the aluminum article by means of a known dipping,
      spraying, showering, brushing, bar-coating or roller-coating or
      doctor-knife-coating or other application technique than the
      electrodeposition technique, and finally heat-curing the resin coating on
      the aluminum article.
PAR  With respect to the silane compound of the formula:
EQU  [R(CH.sub.2).sub.n ].sub.m --Si--X.sub.4-m
PAL  the terminal groups --X are reactive groups which will react with the
      aluminol to form a strong bond with the aluminol, so that the
      organo-silicon compound is strongly anchored to the oxide surface layer of
      the aluminum substrate, whereas the groups [R(CH.sub.2).sub.n ].sub.m --
      are reactive groups which will react with the reactive groups of the
      film-forming resin material of the coating composition used. When n is an
      integer of 1--3, the group --(CH).sub.n -- may be methylene, ethylene or
      trimethylene group. When m is an integer of 2 or 3, the groups
      [R(CH.sub.2).sub.n ].sub.m -- may the same or different from each other.
      When m is an integer of 1 or 2, the groups --X may be the same or
      different from each other. However, such a silane compound of the above
      formula wherein all the groups --X.sub.4.sub.-m represent the same or
      different alkyl groups(s), including the case where m is 3 and the single
      remaining group --X then stands for an alkyl group, is not suitable for
      use in the present process because of its poor reactivity to the
      film-forming resin material of the coating composition. The term
      "aliphatic carboxylic acid residue" referred to in the above formula and
      hereinafter means such a radical which is derived by eliminating the
      hydrogen atom from the carboxyl group of the carboxylic acid. Accordingly,
      the term ".alpha.,.beta.-unsaturated lower aliphatic carboxylic acid
      residue" described in this specification and the claims may also be
      defined as an .alpha.,.beta.-unsaturated alkyl-carbonyloxy group
      containing 3-7 carbon atoms. Examples thereof may be acryloyloxy group
      CH.sub.2 =CH--CO--O--, methacryloyloxy group CH.sub.2
      =C(CH.sub.3)--CO--O-- and crotonoyloxy group CH.sub.3 CH=CH--CO--O-- and
      the like. Similarly, the term "an saturated lower aliphatic carboxylic
      acid residue" described herein may also be defined as an alkanoyloxy group
      of 2-6 carbon atoms, and examples thereofare acetoxyl, propionyloxy,
      butyryloxy and the like.
PAR  Suitable examples of the organo-silicon compound of the above mentioned
      general formula are shown below.
      ##EQU1##
PAR  The silanols which are corresponding to the above-mentioned silane
      compounds, for example, the corresponding aminoalkylsilanols may also be
      suitable examples of the organo-silicon compound available according to
      this invention.
PAR  When the organo-silicon compound as mentioned above is applied to the oxide
      surface layer of the aluminum article to treat said oxide surface layer,
      there is formed a primer layer essentially consisting of an organic
      compound of aluminum silicate which is produced by the reaction of the
      organo-silicon compound with the aluminol present in the oxide surface
      layer. The primer layer so formed exhibits the coupling or cross-linking
      action on both the underlying oxide layer and the top-coat layer (the
      paint film) composed of the coating resinous composition subsequently
      applied, as stated hereinbefore. Therefore, the final resin coating of the
      coated aluminum article which is produced by the process of this invention
      is strongly bonded by the chemical linkage to the aluminum substrate and
      is very much excellent in its adhesive properties and resistance to
      chemicals and weathering properties.
PAR  The process of this invention is now described in more details with respect
      to its respective stages.
PAR  The substrate material for the aluminum article which is used in the
      present process may be either any grade of pure aluminum or an aluminum
      base alloy. The aluminum article made of aluminum metal or aluminum alloy
      which is used in the present process may be of any desired shape such as
      strip, sheet, panel, tube, bar, rod, cast product or forged product.
PAR  The aluminum article which is to be pre-treated with the organo-silicon
      compound according to this invention should be provided either with the
      oxide surface layer which has been produced by anodizing the surface of
      the aluminum article, or the boehmite surface layer which has been
      produced by treating the aluminum surface in boiling water. To produce the
      oxide surface layer of the aluminum article, the anodizing treatment
      (namely, the anodically oxidizing treatment) may be carried out in a known
      manner in the art. As it is necessary to produce the oxide surface layer
      of a highly hydrophilic nature for the purpose of this invention, however,
      it is effective to carry out the anodizing treatment under the following
      electrolysing conditions. Thus, the anodizing treatment may preferably be
      carried out at a current density of 0.3 - 120 A/dm.sup.2, at an
      electrolyte bath temperature of 10.degree.-90.degree.C using as the
      electrolyte an aqueous solution of 10-30% by weight of sulfuric acid. The
      anodizing treatment may continue for such a period of time as to give a
      desired thickness of the oxide layer at the surface of the aluminum
      article which is being anodized. The necessary duration of the anodizing
      treatment naturally varies depending on the desired thickness of the oxide
      layer to be formed, but in general, a longer duration of the anodizing
      treatment is needed at a lower current density and a necessary duration of
      the anodizing treatment is shorter at a higher current density. When 20%
      aqueous sulfuric acid is employed as the electrolyte bath, it is preferred
      to conduct the anodizing treatment for a few seconds at an electrolyte
      bath temperature of 50.degree.-70.degree.C and at a high current density
      of 20-55 A/dm.sup.2, because these anodizing conditions are suitable to
      give a highly hydrophilic oxide layer at the surface of the aluminum
      article. Although the thickness of the oxide surface layer so formed is
      not critical, it is preferable that the thickness of the oxide surface
      layer is smaller, in order that the subsequent operations are facilitated.
      For instance, even a thickness of 0.05 - 0.8 micron or of 0.5-30
      mg/dm.sup.2 for the oxide surface layer is sufficient to achieve the
      purpose of this invention. The highly hydrophilic oxide surface layer may
      also be obtained when at least one of magnesium chloride, citric acid,
      oxalic acid, tri-ethanol amine and sodium sulfate is added at a
      concentration of 0.1-5% by weight to an aqueous solution of sulfuric acid
      which is used as the electrolyte in the anodizing treatment. In addition
      to the electrolyte mainly comprising surfuric acid, an electrolyte mainly
      comprising oxalic acid, chromic acid or organic sulfonic acid of various
      kinds may be employed in the anodizing treatment to give the hydrophilic
      oxide surface layer which is available in the process of this invention.
      The electric current employed in the anodizing treatment may be a direct
      current or an alternating current or even a combination of a direct
      current and an alternating current. Any anodizing conditions and
      procedures which are known and commonly employed in the prior art of the
      anodizing treatment of an aluminum article may be utilized to produce the
      hydrophilic oxide surface layer which is available in the process of this
      invention.
PAR  To produce the boehmite surface layer at the surface of the aluminum
      article, the aluminum surface may be treated with boiling water. When the
      aluminum surface is boiled in de-ionized water, a hydrophilic surface
      layer essentially consisting of the boehmite and rich in the aluminol is
      formed. The formation of the hydrophilic boehmite surface layer is
      promoted when the de-ionized water bath employed has been adjusted to a pH
      of 9-11 by addition of aqueous ammonia thereto. Similar results may be
      obtained also when the de-ionized water bath has been made alkaline by
      adding an amine such as tri-ethanol amine thereto. Because the boehmite
      surface layer so formed is able to act as the equivalent to the oxide
      surface layer which is formed by the anodizing treatment, the
      boiling-water treatment for the boehmite formation may continue for a
      period of time sufficient to give a thickness of 0.05-0.8 micron for the
      boehmite surface layer similarly to the anodized surface layer of the
      aluminum article.
PAR  In the process of this invention, the aluminum article having the so formed
      oxide surface layer, including the boehmite surface layer, is treated with
      the organo-silicon compound in such a manner that a solution or dispersion
      of the organo-silicon compound in water or in aqueous organic solvent such
      as aqueous alcohols, ketones and amines is applied to the outer face of
      the oxide surface layer of the aluminum article. When an aqueous solution
      or an aqueous dispersion of the organo-silicon compound is to be used in
      this treatment, the aluminum article having the oxide surface layer is
      well washed with water to remove the electrolyte material or ammonia which
      is still adhering to and adsorbed by the surfaces of the aluminum article,
      and subsequently the aluminum article so rinsed is applied on the outer
      surface with an aqueous solution or dispersion of the organo-silicon
      compound by dipping the article in the aqueous solution or dispersion or
      by showering or spraying or brushing or roll-coating the aqueous solution
      or dispersion onto the surfaces of the article. It is desirable that the
      aluminum article so treated is then drained to remove the extra liquid and
      is further dried. The drying may be done by means of clean air at ambient
      temperature or at an elevated temperature. When a solution of the
      organo-silicon compound in an organic solvent such as alcohols, esters,
      ketones and aliphatic hydrocarbons is to be used for the treatment, the
      aluminum article with the formed oxide surface layer is at first dried
      prior to the application of the solution of the organic silicon compound.
      In this case, the drying may be done by means of clean air at ambient
      temperature or at an elevated temperature. After the drying, the solution
      of the organo-silicon compound in an organic solvent is applied to the
      surface of the aluminum article by dipping the article in said solution or
      by showering or spraying or brushing said solution onto the surface of the
      article.
PAR  The aluminum article to which the solution of the organo-silicon compound
      has been applied may then be freed from the solvent of said solution which
      is carried by and adhering to the surface of the aluminum article, to
      avoid a risk that any remaining quantity of the solvent would bring about
      any formation of unwanted defects during the subsequent stage of coating
      the aluminum article with the resin film. In order to remove the extra
      solvent for this purpose, a clean air at ambient or elevated temperature
      is blown onto the surface of the aluminum article to evaporate off the
      solvent from the surface. Depending on the nature of the coating
      composition which is to used in the subsequent resin-coating stage,
      however, it is possible to omit the above-mentioned removal of the solvent
      and hence to apply the coating composition immediately onto the surface of
      the alauminum article which is still carrying the solvent of the
      organo-silicon compound solution.
PAR  The solution of the organo-silicon compound in water or an aqueous organic
      solvent or an organic solvent which is used in the present process may
      suitably contain the organo-silicon compound at a concentration of 0.05 -
      5.0% by weight of the solution. If the concentration of the organo-silicon
      compound in the solution is less than 0.05% by weight, the required
      duration of the treatment is uselessly longer and it is more difficult to
      control the concentration of the organo-silicon compound in the treating
      solution used. On the other hand, if this concentration is in excess of
      5%, the gloss of the subsequently applied resin coating is likely to
      increase undesirably over a pre-determined value owing to the presence of
      the excessive amount of the organo-silicon compound at the surface of the
      aluminum article. Besides, the loss of the organo-silicon compound which
      would occur in spraying the solution can be increased unfavorably.
PAR  The organo-silicon compound which has been applied onto the outer face of
      the oxide surface layer of the aluminum article in the above-mentioned way
      forms the primer layer made of the organic compound of aluminum silicate
      which is produced by the interaction between the reactive groups --X of
      the organo-silicon compound and the aluminol present in the oxide surface
      layer. During this interaction, the reactive functions --X which are
      hydroxyl group will immediately react with the aluminol. If the reactive
      functions --X are an alkoxy group such as methoxy or ethoxy, the alkoxy
      group is converted by hydrolysis into hydroxyl group which is, in turn,
      reacted with the aluminol. Although the mechanism of the above interaction
      is not yet fully elucidated, it is presumed that several reactions take
      place in the overall interaction of the organo-silicon compound with the
      oxide surface layer of the aluminum article, for example, according to the
      following reaction equations:
      ##EQU2##
      wherein R' represents the group [R(CH.sub.2).sub.n ]-- as desribed
      hereinbefore.
PAR  In the process of this invention, the outer surface of the primer layer
      which has been formed on the oxide surface layer of the aluminum article
      by treating the oxide surface layer with the organo-silicon compound in
      the previous stage of the process is then coated with a known coating
      composition which contains a thermo-setting resin as the film-forming
      material. The paint composition should be applied to said outer surface of
      the primer layer in the present process by utilizing a known application
      techniques such as dipping, spraying, showering, brushing or roll-coating
      method, other than the electrodeposition technique. The coating
      composition which is available in the process of this invention includes
      any known paint composition containing as the film-forming material a
      thermo-setting resin such as known types of acrylic resins, alkyd resins,
      epoxy resins, ABS resins, melamine resins, phenol resin or mixtures
      thereof, that is, melamine-acrylic resins, melamine-alkyd resins,
      acrylic-epoxy resins, phenol-alkyd resins, phenol-epoxy resins and the
      like; silicone resins, silicone-polyester resins, fluorine resins and
      particularrly vinylidene di-fluoride resins.
PAR  After the coating composition is applied onto the outer surface of the
      primer layer formed in the previous step of the present process, the film
      of the coating composition so applied is then heat-cured in a known manner
      to give the cured resin coating which covers the outer face of the
      aforesaid primer layer. In this heat-curing step, the reactive groups of
      the film-forming resinous material in the coating composition are
      chemically reacted with the reactive functions such as alkenyl groups,
      epoxy groups or amino groups etc., which are the group --R present at the
      terminal of the molecule of the organo-silicon compound which has been
      bonded to the oxide surface layer of the aluminum article through the
      reaction of the aluminol with the reactive functions --X present at the
      opposite terminal of said organo-silicon compound molecule. Occasionally,
      the reactive groups of the film-forming resinous material are chemically
      reacted also with the reactive functions --X of the organo-silicon
      compound which remain unreacted with the aluminol and which possibly have
      been hydrolyzed into hydroxyl groups. In consequence, cross-linkages are
      formed between the aluminol of the oxide surface layer of the aluminum
      article, the organo-silicon compound of the intermediate primer layer and
      the film-forming resinous material of the coating composition which is
      most externally applied, with the result that the paint film is strongly
      bonded to the aluminum substrate of the coated aluminum article.
PAR  The following are some examples of the reactions by which the
      organo-silicon compound is able to be coupled with the film-forming
      resinous component of the coating composition.
PAR  A. In the case where the organo-silicon compound is an epoxysilane:
PAR  1. An epoxysilane reacts with an epoxy resin according to the following
      equation:
      ##EQU3##
      wherein R and R' represent the residue groups of the epoxy resin used.
PAR  2. An epoxysilane reacts with a urea or melamine resin containing amino
      group, according to the following equation:
      ##EQU4##
      wherein R represents the residue groups of the urea or melamine resin
      used.
PAR  3. An epoxysilane reacts with a resin containing an alcoholic hydroxyl
      group, such as phenol resin, phenol-formaldehyde resin,
      melamine-formaldehyde resin and epoxy resin, according to the following
      equation:
      ##EQU5##
      wherein R represents the residue of the phenol or epoxy resin.
PAR  4. An epoxysilane reacts with an acid group according to the following
      equation:
      ##EQU6##
      wherein A stands for the residue of the acid HA.
PAR  B. In the case where the organo-silicon compound is a vinylsilane or
      methacryloyloxysilane:
PAR  1. Vinylsilane or methacryloyloxysilane is copolymerised with a resin
      containing aliphatic unsaturated linkages in the presence of free-radical
      catalyst such as a peroxide.
PAR  C. In the case where the organo-silicon compound is an aminosilane:
PAR  1. An aminosilane reacts with an epoxy resin according to the following
      equation:
      ##EQU7##
      wherein R represents the residue of the aminosilane and R' represents the
      residue of the epoxy resin.
PAR  2. An aaminosilane reacts with a phenol-formaldehyde resin according to the
      following equation:
      ##SPC1##
PAL  wherein R represents the residue of the aminosilane and R' represents the
      residue of the phenol-formaldehyde resin.
PAR  3. An aminosilane reacts with a urea or melamine-formaldehyde resin
      according to the following equation:
      ##EQU8##
      wherein R represents the residue of the aminosilane and R represents the
      residue of the urea or melamine-formaldehyde resin.
PAR  As will be clear from the foregoing description, it is necessary that the
      organo-silicon compound should be selected depending on the nature of the
      film-forming resinous component of the coating composition employed, in
      order to ensure that the organo-silicon compound used can exhibit a most
      effective coupling or cross-linking reactions with the film-forming
      resinous components of the coating composition as well as with the
      aluminol of the oxide surface layer of the aluminum substrate.
PAR  In order to prove that the organo-silicon compound reacts with the aluminol
      of the oxide surface layer on the aluminum substrate to form the new
      multi-covering layers on the aluminum substrate, the following test was
      conducted. Thus, a plate of aluminum of a high purity (99.99%) was
      moderately etched by dipping in an etching bath of an aqueous solution of
      10% sodium hydroxide at 60.degree.C for 2 minutes. The etched aluminum
      plate was then washed with water and neutralized by immersing the plate in
      a bath of 15% nitric acid at ambient temperature for 30 seconds, and the
      plate was again rinsed with water. This aluminum plate was then anodized
      in an anodizing bath of 15% sulfuric acid at 20.degree.C by passing an
      electric current at a current density of 1 A/dm.sup.2 for 30 minutes, so
      that the oxide layer of 8.5 microns thick was formed at the surface of the
      aluminum plate. The anodized aluminum plate was washed with water,
      immediately immersed in an aqueous solution of 3% of N-.beta.
      -(aminoethyl)-.gamma.-aminopropyl tri-methoxy-silane for 2 minutes at
      ambient temperature and again rinsed with water. The aluminum plate so
      treated was then dried by placing in an oven at 135.degree.C. A
      commercially available coating composition (clear lacquer) based on a
      thermo-setting acrylic resin was applied by spraying to the dried aluminum
      plate, and the coated aluminum plate was stoved at 260.degree.C for 60
      seconds to cure the acrylic resin of the coating film on the aluminum
      plate. The resin-coated aluminum plate so obtained was cut to make a test
      panel of 10 mm .times. 20 mm in size. This test panel was placed in a mass
      of a pre-condensate of an epoxy resin which was curable at ambient
      temperature, and the whole mass was then cured to produce a block of the
      epoxy resin in which the test panel was embedded. The block was
      cross-sectioned to cut down the test panel. The cross-section of the cut
      test panel was carefully polished. This cross-section of the test panel
      was examined by means of an X-ray micro-analyzer to determine the
      distribution of the silicon atoms in the cross-section of the oxide
      surface layer which was on the aluminum substrate. It was detected that
      the silicon atoms were present substantially throughout the whole
      cross-section area of the oxide surface layer, and that the aluminum
      silicate was formed even at the walls of the micro-pores in the oxide
      surface layer.
DETD
PAR  The invention is now illustrated with reference to the following Examples
      to which the invention is not limited.
PAC  EXAMPLE 1
PAR  A strip of a commercially available pure aluminum (of a grade "JIS H4000,
      1200") was anodized in an electrolyte bath of 20% aqueous sulfuric acid at
      the bath temperature of 70.degree.C by passing an alternating electric
      current at a current density of 8.0 A/dm.sup.2 for 5 seconds through the
      electrolyte bath. By this anodizing treatment, there was formed the oxide
      layer of a density 4.0 mg/dm.sup.2 on the surface of the aluminum strip.
      This anodized aluminum strip was well washed with water and cut down to
      make test panels of 100 mm .times. 200 mm in size, from which the
      under-mentioned specimens No. 1 and No. 2 were prepared as described
      below.
PAC  Specimen No. 1
PAR  The test panel was dried as such and then coated with a commercially
      available paint based on a thermosetting acrylic resin which had commonly
      been applied as a pre-coat for the aluminum article. The coating was made
      by a usual bar-coating method. The resin coating was stoved at
      260.degree.C for 60 seconds. The thickness of the stoved paint film was
      22.0 microns.
PAC  Specimen No. 2
PAR  The test panel was sprayed on its one surface with an aqueous solution of 1
      % of N-.beta.-(aminoethyl)-.gamma.-aminopropyl trimethoxysilane. The panel
      so treated was then air-dried by a clean air and subsequently heated for
      20 seconds at 150.degree.C to complete the drying. This panel treated with
      the silane compound was then coated with the same paint based on the
      thermo-setting resin as that used in the preparation of the above specimen
      No. 1. The coating was carried out similarly by using the bar-coating
      method. The resin coating applied was then stoved at 260.degree.C for 60
      seconds. The thickness of the stoved paint film was 21.0 microns.
PAC  Specimen No. 3
PAR  A panel of the same pure aluminum material as that used in the preparation
      of the specimen Nos. 1 and 2 was de-greased by immersing in an aqueous
      solution of 15% of H.sub.2 SO.sub.4 additionally containing 0.5% of a
      non-ionic surface-active agent (essentially consisting of a polyethylene
      nonylphenol ether commercially available) at 70.degree.C for 15 minutes.
      The de-greased panel was then treated with the same silane compound and in
      the same way as those used in the preparation of the specimen No. 2. The
      panel so treated was coated with same paint and by the same coating method
      as those used in the preparation of the specimen No. 1. The stoving of the
      resin coating was effected in the same manner, too. The thickness of the
      stoved paint film was 22.5 microns.
PAR  The above-mentioned three specimens were tested to estimate the performance
      of the final paint film. The tests were conducted as follows:
PAR  i. Resistance of the coating to impact was tested according to the Du pont
      procedure wherein a weight of 500 g was dropped from a height onto a short
      steel cylinder of 1/2 inch in diameter placed on the coating film. The
      weight was dropped down from a height onto the steel cylinder to give an
      impact force to the coating, to which was then adhered adhesive Scotch
      tape No. 610. An end of the adhesive tape adhering to the coating was
      pulled away in an attempt to strip off the coating film from the substrate
      along with the adhesive tape pulled away. The impact resistance of the
      coating was the maximum height below which the dropping weight did not
      enable to coating to be stripped by pulling away the adhering tape.
PAR  ii. Resistance of the coating to organic solvent was tested by rubbing the
      surface of the coating with a cotton gauge impregnated with methyl ethyl
      ketone, until the face of the aluminum substrate was exposed. The solvent
      resistance of the coating was the maximum number of the cycles of the
      rubbing strokes.
PAR  iii. Resistance of the coating to bending was tested by over-lapping the
      specimen panel on increasing numbers of additional aluminum panels each of
      the same thickness as that of the specimen panel, clamping the panel
      assembly between the jaws of a hand-operated vice and bending the panel
      assembly by 180.degree.. The bending resistance of the coating was the
      number of the additional aluminum panels when the coating of the specimen
      panel could at least partially be stripped off from the aluminum
      substrate.
PAR  iv. Resistance of the coating to boiling water was tested by immersing the
      panel in boiling water for 5 hours. Visual observation was made to
      estimate whether the coating was blistered.
PAR  v. Secondary properties of the coating were determined in the
      under-mentioned ways after the coated panel was immersed in boiling water
      for 2 hours.
PAR  vi. After the coated panel was immersed in boiling water for 2 hours, the
      resistance of the coating (paint film) to impact was tested by the Du pont
      procedure using a dropping weight of 500 g impinging onto a steel cylinder
      of 1/2 inch in diameter placed on the coating film, as well as adhesive
      Scotch tape No. 610 for stripping off the coating.
PAR  The impact resistance of the coating was the maximum height at which the
      dropping weight positioned initially and below which the dropping weight
      did not enable the coating to be stripped off by pulling away the adhesive
      tape adhering thereonto. vii. Scribelines were made through the paint film
      to the facce of the aluminum substrate. These scribelines were drawn in
      parallel to each other at intervals of 1mm and the additional scribelines
      perpendicularly crossing the first scribelines were also drawn at
      intervals of 1mm, so that 10 .times. 10 paint film squares of 1mm long in
      its one side were formed by these scribelines intersecting at sight
      angles. The panel with the intersecting scribelines was then tested by a
      standard Erichsen film tester. Adhesive Scotch tape No. 610 was then
      adhered onto the surface of the scribed paint film of the panel which had
      been subjected to the action of the Erichsen film tester, and the adhering
      adhesive tape was pulled away from the paint film, causing the paint film
      squares to be stripped off from the aluminum substrate. The number of the
      paint film squares which would not be stripped by the adhesive tape was
      counted per 100 squares.
PAR  viii. Resistance of the coating to mortar cement was tested after the
      coated panel was immersed in boiling water for 2 hours. The coated panel
      was allowed to stand for 24 hours after the boiling water treatment and
      then immersed in a mixture of sand-portland cement-water (2:1:1) for one
      week, after which visual observation was made to estimate whether the
      coating was blistered.
PAR  The results of the tests obtained are shown in Table 1 below.
TBL                TABLE 1                                                     

     ______________________________________                                    

                 No. 1      No. 2     No. 3                                    

                 (com-      (this     (com-                                    

     Specimen    parative)  invention)                                         

                                      parative)                                

     ______________________________________                                    

     Density(mg/dm.sup.2)                                                      

                 4.0        4.0       0                                        

     of the anodized                                                           

     oxide surface layer                                                       

     The treatment with                                                        

                 Not made   Made      Made                                     

     the silane                                                                

     compound                                                                  

     Thickness of paint                                                        

     film (micron)                                                             

                 22.0       21.0      22.5                                     

     Impact resistance                                                         

                 30cm       30cm      30cm                                     

     (test (i))                                                                

     Solvent resistance                                                        

                 28         More than 22                                       

     (test (ii))            100                                                

     Bending resistance                                                        

     (test (iii))                                                              

                 3          3         3                                        

     Boiling water                                                             

                 Paint film Paint film                                         

                                      Paint film                               

     resistance  blistered  unchanged blistered                                

     (test (iv))                                                               

     Secondary                                                                 

     properties                                                                

     (test (v))                                                                

     Impact resistance                                                         

                 Less than            Less than                                

     (test (vi)) 10cm       80cm      10cm                                     

     Erichsen film test                                                        

                 0/100      100/100   20/100                                   

     of scribed paint                                                          

                 (Whole area                                                   

                            (Paint film                                        

                                      (Substanti-                              

     film, followed by                                                         

                 of paint   was not   ally whole                               

     stripping (test                                                           

                 film was   stripped at                                        

                                      area of                                  

     (vii))      stripped)  all)      paint film                               

                                      was stripped)                            

     Mortar resistance                                                         

                 Paint film Paint film                                         

                                      Paint film                               

     (test (viii))                                                             

                 blistered  unchanged blistered                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A plate of a commercially available pure aluminum metal (of a grade "JIS
      H4000, 1200") was moderately etched in immersing in a bath of an aqueous
      solution of 10% sodium hydroxide at 60.degree.C for 2 minutes. The etched
      aluminum plate was then washed with water, neutralized by immersing in a
      bath of an aqueous solution of 15% nitric acid at ambient temperature for
      30 minutes and then was washed with water. The aluminum plate so
      pretreated was subsequently anodized for 8 minutes in an electrolyte bath
      of an aqueous solution of 15% H.sub.2 SO.sub.4 at 20.degree.C using a
      direct electric current at a current density of 1 A/dm.sup.2. The
      thickness of the oxide surface layer formed by this anodizing treatment
      was 2.0 microns. The anodized aluminum plate was cut down to make panels,
      from which the under-mentioned specimens Nos. 4 and 5 were prepared.
PAC  Specimen No. 4
PAR  The panel with the anodized oxide surface layer was well washed with water,
      dried in a clean air and then coated by dipping in a solution of 30% by
      weight of a commercially available vinylidene di-fluoride resin in
      methylisobutylphthalate. The coating film was stoved at 220.degree.C for
      30 minutes. The thickness of the heat-cured paint film was 47 microns.
PAC  Specimen No. 5
PAR  The panel with the anodized oxide surface layer was well washed with water,
      dried in a clean air and then applied with an aqueous solution of 0.2% by
      weight of N-(.beta.-aminoethyl)-.gamma.-aminopropyl tri-methoxysilane by
      immersing the panel in the latter solution for 1 minute. The panel so
      treated with the silane compound was then dried in a clear air and
      dehydrated by heating it an 150.degree.C for 30 minutes.
PAR  The panel so pre-treated was then coated with the same vinylidene
      di-fluoride resin and by the same dipping procedure as those employed in
      the preparation of the specimen No. 4. The coating film was stoved at
      220.degree.C for 30 minutes. The thickness of the heat-cured paint film
      was 47.5 microns.
PAR  The specimen Nos. 4 and 5 were tested according to the Du pont impact test
      method with the dropping weight, the Erichsen film test method with the
      scribed paint film of the panels and a test method of stripping off the
      scribed paint film by means of adhesive tape adhered thereon, in order to
      estimate the adhestion properties of the paint film of these specimens.
      The specimen No. 4 suffered from the stripping off of the paint film in
      all the test methods, whereas the specimen No. 5 did not show the paint
      film stripping off in any of the test methods. It is recognized,
      therefore, that the adhesion properties of the paint film on the specimen
      No. 5 according to this invention was significantly improved as compared
      to those of the paint film of the specimen No. 4 which was a comparative
      sample.
PAC  EXAMPLE 3
PAR  The under-mentioned specimen Nos. 6 and 7 were prepared using the panels
      with the thin anodized oxide surface layer which were cut from the
      anodized aluminum strip made in Example 1.
PAC  Specimen No. 6
PAR  The panel was washed with water and dried, followed by coating with a
      commercially available paint based on a silicone-polyester resin by a
      known spraying method. The paint coating was stoved at 300.degree.C for 60
      minutes. The thickness of the stoved paint film was 22 microns.
PAC  Specimen No. 7
PAR  The panel was washed with water, dried and then pre-treated by immersing
      the panel for 5 seconds in a solution of 2% or .gamma.-glycidoxypropyl
      trimethoxysilane in a solvent mixture of ethylalcohol and ethyl acetate.
      Immediately after the panel was removed from the silane solution, the
      panel was dried by blowing a hot air at 80.degree.C thereonto to evaporate
      the solvent. After this, the panel was coated with the same
      silicone-polyester resin and by the same spraying procedure as those used
      in the preparation of the specimen No. 6. The coating film was stoved at
      300.degree.C for 60 minutes, and the thickness of the stoved paint film
      was 20.5 microns.
PAR  The paint films of the specimen Nos. 6 and 7 were compared with each other
      by different test methods in respect to the performance of the paint film.
      The difference in the performance of the paint films of these two
      specimens was found remarkedly by the boiling water treatment in which the
      specimens were immersed for 2 hours in a boiling bath of de-ionized water.
      Thus, the specimen No. 6 which had undergone the above-mentioned boiling
      water treatment showed a decreased adhesion of the paint film in the Du
      pont impact test, whereas the specimen No. 7 according to this invention
      did not show such a decreased adhesion of the paint film.
PAR  Moreover, the outer face of the paint film of the specimens which had
      undergone the boiling water treatment was further kept in contact with a
      mass of an aqueous solution of 2% of sodium hydroxide for 24 hours, in
      such a way that a short length of a polyvinyl chloride pipe of 1 inch
      diameter was placed to vertically stand on the surface of the paint film
      and the interface between the surface of the paint film and the end face
      of the pipe facing to the paint film was made liquid-tight by sealing with
      a paraffin wax and that the cavity of the vertically standing pipe was
      filled with the solution of 2% of sodium hydroxide while the assembly was
      placed in a thermostatic vessel at 20.degree.C. In this test, fine
      blistering occurred in the whole surface area of the paint film of the
      specimen No. 6, whereas only a slight reduction in the gloss of the paint
      film surface was observed with the paint film of the specimen No. 7.
PAC  EXAMPLE 4
PAR  A test plate of a commercially available pure aluminum metal (of a grade
      "JIS H4000, 1200") was immersed for 30 minutes in an alkaline boiling
      water bath which was prepared by adding aqueous ammonia to pure water to
      adjust to a pH 10.8, so that the boehmite type oxide layer was formed at
      the surface of the aluminum plate. The aluminum plate with the boehmite
      surface layer was cut to make panels, from which the under-mentioned
      specimen Nos. 8 and 9 were prepared.
PAC  Specimen No. 8
PAR  The panel with the boehmite surface layer was coated with a paint based on
      a water-soluble thermosetting acrylic resin (which was prepared by
      neutralizing with tri-ethylamine, an acrylic copolymer formed by the
      interaction of 60 parts by weight of butyl acrylate, 20 parts by weight of
      methyl methacrylate, 10 parts by weight of N-methylol acrylamide and 10
      parts of acrylic acid, mixing the resultant water-soluble acrylic
      copolymer with hexamethoxymethylol melamine in a proportion of 100 parts
      by weight of the acrylic copolymer to 25 parts by weight of the
      hexamethoxymethylol melamine, and then diluting the mixture with
      de-ionized water to a solid content of 20% by weight) by a known dipping
      technique. The coating film was stoved at 180.degree.C for 30 minutes to
      heat-cure the resin. The thickness of the cured paint film was 18 microns.
PAC  Specimen No. 9
PAR  The panel with the boehmite surface layer was immersed in an aqueous
      solution of 0.5% of N-(.beta.-amino-ethyl-.gamma.-aminopropyl
      methyldimethoxysilane for 1 minute and then dried by blowing a clear hot
      air at 80.degree.C thereonto. After this, the dry panel pre-treated with
      the silane compound was coated with the same water-soluble thermo-setting
      acrylic resin paint and by the same dipping method as those employed in
      the preparation of the specimen No. 8. The coating film was stoved at
      180.degree.C for 30 minutes. The stoved paint film was 17 microns in
      thickness.
PAR  The specimen Nos. 8 and 9 were placed out-door in industrialized area of
      Nagoya City, Japan in such a way that each specimen panel was inclined at
      an angle of 45.degree. to the horizontal plan with its paint film faced to
      the south. In these conditions, the specimens were left to be exposed to
      the weathering for 6 months. At the end of this period, the specimen No. 8
      showed a remarked reduction in the gloss of the paint film surface, as
      compared to the specimen No. 9. After this exposure to the weathering, the
      specimens were further tested for the adhesion of the paint film, in such
      a way that intersecting scribelines were cut through the paint film to the
      face of the aluminum substrate and then the paint film was subjected to a
      stripping action by means of an adhesive Scotch tape. In this test, it was
      found that the specimen No. 8 showed a part of the paint film being
      stripped off, while the specimen No. 9 exhibited a good adhesion of the
      paint film.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for coating an aluminum article, which comprises treating an
      aluminum article having an anodized oxide surface layer or a boehmite
      surface layer with a silane compound of the formula:
EQU  [R(CH.sub.2).sub.n ]--Si--X.sub.3
PAL  wherein n is 1, 2 or 3, R is an alkylenediamino group of 1-4 carbon atoms,
      an alkoxy group having an epoxy group and containing 1-4 carbon atoms, X
      is at least one group which is reactive with aluminol and is selected from
      the group consisting of an alkoxy group of 1-4 carbon atoms and an alkyl
      group of 1-4 carbon atoms provided that all of the group X do not
      constitute the alkyl group simultaneously; then coating the so-treated
      aluminum article with a known coating composition containing a
      thermo-setting resin as the film forming material by applying said coating
      composition onto the oxide layer surface of the aluminum article by means
      of a coating technique other than electrodeposition, and finally
      heat-curing the resin coating on the aluminum article.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the silane compound employed is
      N-(.beta.-aminoethyl)-.gamma.-aminopropyl trimethoxysilane.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the silane compound employed is
      N-(.beta.-aminoethyl)-.gamma.-aminopropyl methyldimethoxysilane.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the silane compound employed is
      .gamma.-glycidoxypropyl tri-methoxysilane.
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ABST
PAL  Disclosed herein is a method of reducing crevice corrosion in titanium
      structures having gasketed joints, by the use of rubber gaskets
      characterized by the substantial absence of calcium. Also disclosed is a
      method of electrolysis in a titanium vessel having gasketed titanium
      joints with rubber gaskets substantially free of calcium in the joints and
      crevices.
PARN
PAR  This is a division of application Ser. No. 348,452, filed Apr. 5, 1973, now
      U.S. Pat. No. 3,857,773.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous electrochemical reactions are conducted in titanium vessels. Among
      such industrially significant processes are the electrolysis of dilute
      brines, e.g., as in the desalinization of water and the decomposition of
      water, and the electrolysis of concentrated brines such as in the
      production of alkali metal halates, e.g., sodium chlorate, and the
      production of halogens, such as chlorine.
PAR  In the production of chlorine by the electrolysis of water in a diaphragm
      cell, a brine containing from about 300 to about 325 grams per liter of
      sodium chloride is introduced into the anolyte chamber of the diaphragm
      cell. Chlorine gas, Cl.sub.2, is liberated at the anode within the anolyte
      chamber. The electrolyte, i.e., sodium chloride, then passes through the
      diaphragm to the catholyte chamber. Hydrogen gas, H.sub.2, is liberated at
      the cathode and sodium hydroxide, NaOH is collected in the catholyte
      chamber.
PAR  The anolyte typically has a pH of from about 3.5 to about 5, and typically
      contains from about 250 grams per liter to about 300 grams per liter of
      sodium chloride. The catholyte typically has a pH of from about 12 to
      about 14 and contains from about 120 to about 180 grams per liter of
      sodium chloride, and from about 110 to about 160 grams per liter of sodium
      hydroxide.
PAR  In electrolytic cells, the cell body is fabricated of electrolyte-resistant
      materials. For example, the catholyte body is fabricated of iron, steel,
      nickel, chromium, or other suitable catholyteresistant metals. The anolyte
      chamber body may be fabricated of a valve metal. The valve metals are
      those metals which form a protective oxide coating on exposure to acidic
      media under anodic conditions, such as titanium, tantalum, vanadium,
      niobium, and the like. Usually, in diaphragm cells for the electrolysis of
      brines, the catholyte chamber is fabricated of iron or steel, and the
      anolyte chamber may be fabricated of titanium.
PAR  The anolyte chamber, fabricated of titanium, contains various crevices,
      such as at joints, edges, seals, and the like. Titanium, in these
      crevices, is particularly susceptible to a form of corrosion characterized
      as crevice corrosion. While the exact mechanism of this form of corrosion
      is not fully understood, it is generally found only in thin crevices,
      characterized by a high ratio of metal surface area to electrolyte volume
      within the crevice. It is generally believed that crevice corrosion is
      caused by the diffusion or seepage of electrolyte through gasketing into
      the crevice, establishing a local cell within the crevice. It has been
      found by previous workers that the electrolyte within the crevice is
      highly acidic, generally having a pH of less than 2, for example of 1.5 or
      even as low as 1.0. Within such crevices, the concentration of corrosion
      products is high. Concentrations on the order of more than 10 grams per
      liter and even higher, e.g., as high as 20 or even 30 grams per liter,
      have been reported. Additionally, any iron present in the titanium appears
      to serve as a site for the crevice corrosion of titanium.
PAR  The cathodic side of the local cell within the crevice generally contains a
      titanium hydride or subhydride e.g., TiH.sub.2, phase which is brittle and
      readily flakes away to be hydrolyzed within the local cell. The anodic
      side generally contains incompletely formed suboxides of titanium which
      also flake away to form corrosion products which may be subsequently
      hydrolyzed.
PAR  The electrolyte within the local cell is further characterized in that it
      is oxygen deficient, and contains large amounts of halogen ion.
PAR  There have been various attempts to solve the problem of crevice corrosion;
      for example, various alloys of titanium with nickel such as the 2 percent
      nickel-titanium alloy disclosed in U.S. Pat. No. 3,469,975 to Bertea et
      al. Additionally, attempts have been made to reduce the surface iron
      content of the titanium such as disclosed in commonly assigned copending
      application Ser. No. 239,991 now U.S. Pat. No. 3,836,410 of Donald W.
      DuBois for "Method of Treating Titanium-Containing Structures." Other
      attempts at controlling crevice corrosion have included various coatings
      and have included the application of various surface films and coatings on
      the titanium and various treatments of the titanium surface.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that substantial suppression of crevice corrosion in
      gasketed joints may be effected by the use of gaskets characterized by the
      substantial absence of calcium-containing fillers, pigments, and
      reinforcing agents therein.
PAR  Typical rubber gasket materials include ethylene-propylenediene,
      hereinafter called EPDM, neoprene, and isoprene.
PAR  It has been found that for applications as gaskets in titanium structures
      used for chlor-alkali electrolysis, the particular choice of fillers,
      pigments and reinforcing agents is particularly important, the preferred
      fillers, pigments and reinforcing agents being silicas and carbon.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now been found that crevice corrosion in gasketed crevices of
      titanium structures may be substantially inhibited by the use of rubber
      gaskets where the gasket material is substantially free of calcium.
PAR  The rubber used in fabricating such gaskets is actually a rubber compound,
      compounded from the rubber polymer, sulfur, accelerator remnants,
      inhibitor remnants, anti-oxidants, anti-ozonants, peroxy cross-linking
      agents, and pigments, fillers, and reinforcing agents. The calcium is
      typically introduced into the rubber compound as part of the filler. A
      rubber compound that is substantially free of calcium is one containing
      less than 0.07 weight percent calcium by atomic absorption or less than 10
      weight percent calcium in the ash by emission spectroscopy. Typical
      rubbers useful in this invention are those rubbers resistant to chloride
      brines, and substantially free of calcium, and include
      ethylene-propylene-diene, isoprene, and neoprene.
PAR  Ethylene-propylene-diene rubber contains a polymer having the repeating
      units
      ##EQU1##
      wherein in EPDM rubbers having the desired tensile strength, compressile
      strength, and resiliency, the ratio of the repeating units to each other,
      is well known in the art; R.sub.Q is a hydrocarbon moiety having the
      formula (CH.sub.2).sub.Q where Q is from 0 to about 3 and R.sub.P is a
      hydrocarbon moiety having the formula (CH.sub.2).sub.p (CH.sub.3) where P
      is from 0 to about 3; the molecular weight of the polymer is from about
      20,000 to about 1,000,000. EPDM rubber is further characterized by the
      presence of sulfur, the presence of accelerator remnants and the presence
      of anti-oxidants, anti-ozonants, peroxy cross-linking agents, and
      pigments, fillers and reinforcing agents, as will be more fully described
      hereinafter.
PAR  EPDM rubber contains from about 1 percent to about 3 percent by weight
      sulfur, accelerator remnants such as diazyl remnants and thiuran disulfide
      remnants, anti-oxidants, anti-ozonants, peroxy cross-linking agents, and
      pigments and reinforcing agents.
PAR  Typically, EPDM includes a filler, pigment or reinforcing agent. Whenever
      either the terms "filler," "pigment," or "reinforcing agent" are used
      herein, it will be understood that such terms may be used interchangeably
      when referring to inorganic materials present in the rubber. Typically,
      the pigment content of EPDM rubber is from about 15 to about 50 percent by
      weight based on total weight of the rubber formulation. The pigments and
      reinforcing agents generally used in commercial EPDM rubber include silica
      fibers, amorphous silica, calcium silicate, sodium silicate, magnesium
      silicate, carbon black and the like.
PAR  It has been found, according to our invention, that EPDM rubber
      characterized by the substantial absence of calcium, e.g., calcium
      silicate, calcium chloride or other calcium-containing compounds, is
      particularly satisfactory as a gasketing material for gasketed titanium
      crevices used in electrolytic cells. Such EPDM rubber characterized by the
      substantial absence of calcium and calcium-containing compounds typically
      has as a pigment or reinforcing agent silica or carbon. Particularly
      satisfactory forms of silica include anhydrous silica from about 0.01 to
      about 0.1 micron in diameter, and preferably from about 0.015 to about
      0.08 micron in diameter. Typically, the silica or carbon is present in an
      amount of from about 15 weight percent to about 50 weight percent of the
      total EPDM rubber, including other additives present therein.
PAR  Sufficient silica or carbon filler, pigment, or reinforcing agent should be
      present in the EPDM masterbatch to provide a tensile strength in excess of
      3,000 pounds per square inch gauge and a Practical Shore Hardness of from
      about 45 to about 95.
PAR  The EPDM rubber useful in providing gaskets for titanium vessels for this
      invention typically contains a vulcanizing agent such as sulfur or a
      sulfur-bearing compound, and accelerators such as diazyls, sulfene amides,
      methyldialkythiocarbamates, tetraalkylthiuram disulfides. The rubber also
      includes accelerator activators such as zinc oxide, stearic acid,
      magnesia, and amines; anti-oxidants such as hydroquinonemonobenzylether,
      alkylated diphenylmenes, polybutylated bisphenol A, phenyl-beta-naphthyl
      amine, diphenyl-p-phenylene diamine, p-isopropoxy diphenylamine,
      aldol-alpha-naphthyl amine, di-beta-naphthyl-p-phenylene diamine, and the
      like; anti-ozonants such as paraphenylene diamine derivatives; and peroxy
      cross-linking agents.
PAR  An EPDM rubber useful in fabricating the gasket material useful in the
      electrolytic cells according to this invention is prepared from a
      masterbatch containing from about 0.5 to about 2 parts of
      mercaptobenzothiazide or telerium diethyl dithiocarbamate or tetramethyl
      thiruan disulfide, with from about 4 to about 0.5 parts of an accelerator
      activator such as zinc oxide, from about 1.75 to about 0.5 parts of sulfur
      or sulfur-bearing compound, and 50 to 70 parts anhydrous silica, based on
      100 parts of the monomers.
PAR  Another particularly satisfactory EPDM rubber useful in formulating gaskets
      according to our invention is prepared from a masterbatch containing 100
      parts of ethylene-propylene-diene copolymer, 60 parts of anhydrous silica,
      5 parts of zinc oxide, 20 parts of a naphthenic oil, 1 part of NBT, 2
      parts of TMTM, and 2 parts of sulfur. An ethylene-propylene-diene rubber
      gasket is provided where the ethylene-propylene-diene rubber is reinforced
      with carbon or silica and is substantially free of calcium-containing
      compounds, By "substantially free of calcium-containing compounds," it is
      meant that the EPDM rubber contains less than 0.07 weight percent calcium
      and preferably contains less than about 0.01 weight percent of calcium as
      determined by the atomic absorption; and also that the EPDM rubber
      contains less than about 10 percent calcium when determined by the method
      of emission spectroscopy of an ashed sample.
PAR  Neoprene rubber compounds, useful in providing the gaskets of this
      invention, typically contain the neoprene rubber, metal oxides such as red
      lead, zinc oxide and magnesium oxide, vulcanizates, sulfur, remnants of
      accelerators and retarder-activators, anti-oxidants, and pigments,
      reinforcing agents, and fillers.
PAR  Neoprene itself is a polymer containing the repeating units
      ##EQU2##
      with the cis and trans 1,4 isomers, (--CH.sub.2)(Cl)C = CH(CH.sub.2)
      predominating. In the neoprene rubber compounds useful in providing the
      rubber gaskets of this invention the neoprene polymer has a molecular
      weight of from about 20,000 to about 1,000,000 and most commonly from
      about 100,000 to about 200,000 grams per mole.
PAR  The neoprene rubber useful in providing the gaskets materials herein
      contemplated may contain from 15 to over 150 parts by weight, based on 100
      parts of polymer, i.e., from about 12 to about 60 weight percent, of
      pigment, reinforcing agent, and filler. The pigments, fillers, and
      reinforcing agents used in commercial isoprene rubber include the various
      carbon blacks, clays, whitings, silicas, including silica fibers and
      amorphous silica, silicates including calcium silicate, sodium silicate,
      magnesium silicate, blanc fixe, zinc oxide, titanium dioxide, and the
      like.
PAR  It has been found, according to our invention, that neoprene rubber
      characterized by the substantial absence of calcium, e.g., calcium
      silicate, calcium chloride or other calcium-containing compounds, is
      particularly satisfactory as a gasketing material for gasketed titanium
      crevices used in electrolytic cells. Such neoprene rubber characterized by
      the substantial absence of calcium and calcium-containing compounds
      typically has as a pigment or reinforcing agent silica or carbon.
      Particularly satisfactory forms of silica include anhydrous silica from
      about 0.01 to about 0.1 micron in diameter, and preferably from about
      0.015 to about 0.08 micron in diameter. Particularly satisfactory forms of
      carbon black include the SRF, GPF, HMF, FF, FEF, HAF, ISAF and EPC forms.
      Titanium dioxide may also be used as the pigment, reinforcing agent or
      filler. Typically, the reinforcing agent is present in an amount of from
      about 12 weight percent to about 60 weight percent of the total neoprene
      rubber, including other additives present therein.
PAR  Sufficient pigment, filler, or reinforcing agent should be present in the
      neoprene masterbatch to provide a tensile strength in excess of 3,000
      pounds per square inch gauge and a Practical Shore Hardness of from about
      45 to about 95.
PAR  The neoprene rubber useful in providing gaskets for titanium vessels for
      this invention typically contains a vulcanizing agent such as sulfur or a
      sulfur-bearing compound such as ethylene thiourea, and accelerators such
      as diazyls, sulfene amide, methyldialkythiocarbamates, tetramethylthiuram
      monosulfide, silicylic acid, and tetraalkylthiuram disulfides. The rubber
      compound also includes accelerator activators such as zinc oxide, stearic
      acid, magnesia, and amines; anti-oxidants such as
      hydroquinonemonobenzylether, alkylated diphenylmenes, polybutylated
      bisphenol A, phenyl-beta-naphthyl amine, diphenyl-p-phenylene diamine,
      p-isopropoxy diphenylamine, aldol-alpha-naphthyl amine,
      di-beta-naphthyl-p-phenylene diamine, and the like; anti-ozonants such as
      paraphenylene diamine derivatives; and peroxy cross-linking agents.
PAR  A neoprene rubber useful in fabricating the gasket material useful in the
      electrolytic cells according to this invention is prepared from a
      masterbatch containing about 2 parts of an anti-oxidant, from about 0.5 to
      about 2 parts of mercaptobenzothiazide or telerium diethyl dithiocarbamate
      or tetramethyl thiuran disulfide, with about 5 parts zinc oxide, about 4
      parts magnesium oxide, and 50 to 70 parts anhydrous silica, based on 100
      parts of the rubber.
PAR  Additionally, other chlorine and chloride-resistant rubber compounds,
      substantially free of calcium, i.e., containing less than 0.07 weight
      percent calcium by atomic absorption, or less than 10 weight percent
      calcium in the ash by emission spectroscopy, may be used in providing
      gaskets for titanium vessels according to this invention.
PAR  According to this invention, an electrolytic cell is provided having an
      anode and a cathode in a titanium and steel vessel. The vessel is divided
      into a titanium-bodied anolyte compartment and a steelbodied catholyte
      compartment. The anolyte compartment may have two or more titanium members
      separated by a gasket within a joint, and there are also iron or steel to
      titanium joints, both types of joints being subject to crevice corrosion.
      According to this invention, brine is fed into the anolyte compartment of
      an electrolytic cell. Within the anolyte compartment of the electrolytic
      cell, chlorine is liberated at the anode and the anolyte, under the
      driving force of a hydrostatic head of brine, is caused to pass through a
      diaphram into the catholyte compartment. The anolyte typically has a pH of
      from about 3.5 to about 5.6 and contains from about 250 grams per liter to
      about 300 grams per liter of sodium chloride. The catholyte typically
      contains from about 110 grams per liter to about 160 grams per liter of
      sodium hydroxide and from about 120 grams per liter to about 180 grams per
      liter of sodium chloride. The anolyte compartment and catholyte
      compartment are separated by an electrolyte permeable diaphram. The
      anolyte chamber is fabricated from a plurality of titanium members, with
      crevice corrosion susceptible joints between the titanium members. At
      various points in the cell body there are also iron or steel to titanium
      joints, e.g. where the anolyte chamber is joined to the catholyte chamber.
      The joints are gasketed by a gasket of the type herein contemplated,
      fabricated of a rubber material characterized by the substantial absence
      of calcium and calciumcontaining compounds.
PAR  While the invention has been described with reference to diaphragm cells
      wherein the diaphragm is electrolyte permeable and in the electrolyte,
      from about 25 to about 75 percent of the chlorine is electrolyzed from
      chloride ion to chlorine and liberated in the anolyte chamber, it should
      be understood that the method and apparatus of this invention are also
      useful in electrolytic cells wherein a permionic membrane, i.e., an ion
      permeable, electrolyte impermeable membrane is present between the anolyte
      chamber and the catholyte chamber whereby a part, or substantially all of
      the chloride ion is electrolyzed to elemental chlorine. Additionally, the
      gasketing method of this invention is useful in other chemical process
      apparatus fabricated from individual titanium members wherein crevice
      corrosion may occur. Thus, for example, the gasket and gasketing method of
      this invention may be used in water desalinization cells, chlorate cells,
      storage tanks, water electrolysis cells, heat exchangers, chemical
      reactors, and the like.
DETD
PAR  In order that those skilled in the art may more completely understand the
      present invention and the preferred methods by which the same may be
      carried out, the following specific example is offered:
PAC  EXAMPLE
PAR  Two ethylene-propylene-diene gaskets, one reinforced with anhydrous silica
      and the other reinforced with calcium carbonate, were tested as gaskets
      between the two titanium coupons in an autoclave containing chlorinated
      aqueous sodium chloride.
PAR  A test assembly was prepared for each gasket. Each test assembly was a pair
      of 1 inch by 2 inches by 0.060 inch RMI Grade One titanium coupons bolted
      together with a 1/4 inch type 4 titanium bolt and separated by the gasket
      under test. After assembly, the coupon assembly was inserted in a
      Teflon-lined, steel autoclave fitted with titanium rods which served as
      holders for the test assembly and as electrodes.
PAR  The electrolyte for each of the tests was chlorinated aqueous sodium
      chloride containing 21 weight percent sodium chloride, and 0.04 weight
      percent sodium chlorate, and having a pH of about 2.2 to 2.9. In each
      test, an anodic potential of approximately 2.2 volts versus a standard
      silver/silver chloride electrode was applied to the test assembly. The
      test assembly was maintained at this voltage for 12 days at a temperature
      of 150.degree.C. in the autoclave.
PAC  Run A
PAR  The first gasket tested was a 3/16 inch thick ethylene-propylene-diene
      gasket containing 0.01 weight percent calcium and 0.02 weight percent
      magnesium, determined by the method of atomic absorption spectroscopy, and
      having an emission spectographic analysis of greater than 10 percent
      aluminum and silicon, and from 1 to 10 percent each of iron, titanium, and
      zinc in an ashed sample. After 12 days accelerated testing, the crevice
      showed substantially no corrosion when visually examined.
PAC  Run B
PAR  In the second run, the gasket under test was an EPDM gasket reinforced with
      calcium carbonate. The gasket was a 3/16 inch thick gasket which contained
      0.07 percent calcium, and 0.08 percent magnesium, determined by the method
      of atomic absorption spectroscopy, and an emission spectographic analysis
      of an ashed sample showing calcium and silicon contents of over 10
      percent, a zinc content of 1 to 10 percent, and magnesium and aluminum
      contents of from about 0.1 to about 1 percent. After 12 days of
      accelerated testing as described above, approximately 3/4 of the surface
      area of the titanium within the crevice exhibited signs of crevice
      corrosion upon visual examination.
PAR  It is to be understood that although the invention has been described with
      specific reference to particular embodiments thereof, it is not to be so
      limited since changes and alterations therein may be made which are within
      the full intended scope of this invention as defined by the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a titanium vessel in an electrolytic system having a pair of
      surfaces, at least one of said surfaces being of titanium, said surfaces
      being separated by a gasket with a crevice therebetween subject to crevice
      corrosion, the improvement wherein said gasket comprises a substantially
      calcium free rubber composition resistant to chloride brines containing
      less than 0.07 weight percent calcium as determined by atomic adsorption
      spectroscopy and less than 10 weight percent calcium in the ash by
      emission spectroscopy.
NUM  2.
PAR  2. The vessel of claim 1 wherein the rubber is chosen from the group
      consisting of ethylene-propylene-diene rubber, neoprene rubber, and
      isoprene rubber.
NUM  3.
PAR  3. The vessel of claim 1 wherein said rubber compound comprises a filler
      chosen from the group consisting of carbon black, silica fibers, amorphous
      silica, sodium silicate, and magnesium silicate.
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ABST
PAL  A multiple glazed glass article including two glass panels separated by a
      spacer and held in a marginal frame is disclosed. Two coatings are present
      on one of the glass panels providing the article with useful and esthetic
      reflective and transmission properties. One coating preferably includes a
      metal such as silver, chromium, iron, cobalt or nickel and the other
      coating preferably includes a metal oxide such as iron oxide or copper
      oxide. The metal oxide layer is essentially the oxide of a metal other
      than the metal of the metal layer.
PARN
PAR  This is a division of application Ser. No. 252,803, filed May 12, 1972, now
      U.S. Pat. No. 3,846,152.
BSUM
PAR  This application is related to the applicant's copending application
      "Angled Crossfire Rinses" filed July 6, 1971, Ser. No. 159,746, now U.S.
      Pat. No. 3,793,054 and is related to the commonly assigned applications of
      R. G. Miller, filed July 23, 1970, Nos. 57,451, 57,575 and 57,754.
      Application Ser. No. 57,575 is now abandoned; application Ser. No. 57,451
      is now U.S. Pat. No. 3,723,158 issued Mar. 27, 1973; application Ser. No.
      57,754 is now U.S. Pat. No. 3,674,571 issued July 4, 1972.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multiple coated articles exhibiting selective
      reflectance and transmittance of radiation over an extended spectral
      range, and more particularly relates to visibly transparent articles
      having such selective reflectance. In another embodiment, this invention
      relates to an electroless coating method for producing such articles.
PAR  In the past, multiple layer coatings have been employed which provide
      particular reflectance and transmittance characteristics for the composite
      film. Exemplary of this prior art is the basic work of G. L. Dimmick, for
      example, U.S. Pat. Nos. 2,379,790, 2,412,496, 2,422,954 and 2,624,238.
      Particular coating materials employed in the prior art and disclosed in
      these references are a relatively high index refraction material selected
      from lead molybdate, lead tungstate, lead chromate, titanium dioxide,
      magnesium oxide, lead oxide, bismuth oxide and preferably zinc sulfide and
      a low index of refraction material selected from magnesium fluoride,
      calcium fluoride, calcium silicate, lithium fluoride, aluminum fluoride,
      aluminum oxide and preferably thorium oxyfluoride (cryolite). In the
      application of such layers according to the prior art, it is necessary to
      employ vaporization techniques or other techniques requiring a vacuum. The
      techniques of this prior art are not particularly effective for the
      production of coatings on large substrates, such as those intended for
      viewing closures in buildings or vehicles.
PAR  Other workers in the art have modified the basic concepts of Dimmick to
      include metal films or foil and semimetal films in combination with the
      particular high index of refraction materials taught by Dimmick. Exemplary
      of disclosures relating to these modifications in U.S. Pat. No. 3,516,720
      which discloses the use of two metal films in combination with layers of
      high index of refraction material according to Dimmick where the
      particular metal films are a nickel film and a gold or copper film
      separated by a layer of zinc sulfide. As with the articles and techniques
      of Dimmick, the preparation of these combination films or coatings are
      practically limited to their preparation on small substrates such as the
      sunglasses which are prepared according to this reference.
PAR  In the preparation of metallic films on large substrates, there has been a
      large body of teaching relating to preparation of such coatings by
      electroless techniques which have developed from the art of the
      preparation of mirrors. Exemplary of such teachings are U.S. Pat. No.
      3,457,138 to Richard G. Miller for the preparation of copper films, and
      copending applications for the preparation of iron, cobalt and nickel
      films, Ser. No. 57,451 and Ser. No. 57,754, filed July 23, 1970, which are
      herein incorporated by reference.
PAR  It has also been known in the past to prepare copper coatings on large
      substrates with the outer or exposed portion of the film oxidized so that
      a composite copper oxide/copper film results; see U.S. Pat. No. 3,537,944.
      The copper oxide coatings so produced are not found to provide for a
      variety of products having different characteristics which may be modified
      at will by simple control of the process for forming such coatings. Such
      coatings do not appear to have a sharp plane of demarcation between the
      copper oxide and the copper, but instead appear to have a gradual change
      from copper oxide to copper through their thickness and are not found
      adaptable for providing specific interference colors.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, substrates, in particular transparent
      substrates such as glass, have been provided with multiple coatings to
      provide the articles with selective reflectance and transmittance
      properties for radiation over an extended spectral range. At least two
      coating or film layers are required in accordance with this invention. One
      layer comprises at least one metal, for example, silver, chromium, iron,
      cobalt, or nickel, or mixtures of such metals substantially in a reduced
      metallic state. The metal may be present alone or in the presence of other
      ingredients, such as phosphorous or boron, present in small quantities as
      the result of chemical reduction using compounds containing such elements
      as reducing agents for the metal comprising the principal constituent in
      the coating. Other impurities may also be present depending upon the
      particular method employed to apply the principal metal to the substrate
      or to the surface to which it is attached. Typically, tin or palladium may
      be present in small quantities within the metal coating.
PAR  A second coating or film layer comprising the oxide of at least one metal,
      preferably copper or iron, affixed to the described metal coating. Copper
      has been found to be vastly superior to any other metal for the
      preparation of the oxide coatings of this invention. While it is preferred
      that the metal coating be affixed to the substrate and the metal oxide
      coating disposed over the metal coating, it is also possible to have the
      metal oxide layer adjacent to the substrate and the metallic coating
      disposed over the metal oxide layer. Further, more than two layers may be
      employed in some instances with alternate layers of metal oxide and metal
      films preferred but with the possibility of metal/metal oxide combinations
      in accordance with the preferred embodiments of this invention also being
      conveniently used in combination with other metal or metal oxide films,
      such as protective silica coatings covering the exposed face, whether
      metal or metal oxide, in accordance with the preferred embodiments of this
      invention.
PAR  The articles of this invention may be prepared using any convenient
      material as a substrate which is or may be made receptive to the
      deposition of the contemplated films. Substrates which may be useful for
      particular purposes include metals, porcelain, porcelain and enamel coated
      metals, refractory materials, glass and organic polymeric materials, such
      as plastics. Particularly useful articles are prepared for use as viewing
      closures utilizing glass as a substrate. While any known may be employed
      in this invention, the articles are preferably prepared utilizing common
      soda-lime-silica glasses. In particular, clear glass may be used as a
      substrate, although tinted and heat absorbing glasses may also be used to
      advantage.
PAR  Articles produced according to this invention for employment as windows in
      buildings and the like, preferably are prepared having two layers of film
      with the metal film adjacent the substrate. The thickness of the metal
      film may range from 20 to 1000 Angstroms, and preferably will be from
      about 50 to 200 Angstroms. The metal oxide coating will generally have a
      thickness of from 50 to 1500 Angstroms, and preferably will have a
      thickness from 200 to 900 Angstroms.
PAR  While the articles of this invention, if prepared having the metal oxide
      layer as the exposed coated surface, have been found to be relatively
      durable, in some applications, it is preferred to employ the coated glass
      in a multiple glazed window unit with the coated surface facing the
      interior space between adjacent panels of such multiple glazed units. When
      employing such multiple glazed units in the wall of a building, it is
      preferred to position such units so that the coated glass is disposed
      towards the exterior of the building, for such an arrangement enhances the
      thermal isolation of the interior of the building from the external
      environment under general weather conditions.
PAR  In order to obtain articles having particular reflectance and transmittance
      characteristics and in particular exhibiting desired color characteristics
      when viewed either in reflection or transmittance, the relative thickness
      of metal and metal oxide films is controlled. A wide variety of color
      characteristics are possible utilizing the principles of this invention.
      For example, when viewed from the coated side, articles of this invention
      may be observed to have colors which appear as greenish-silver, bronze,
      gold and gray. Reflectance of such articles from the glass side, when
      employing clear soda-lime-silica glass as a substrate, may vary from blue
      to violet to blue-green and the apparent color of such articles viewed in
      transmission may be silver, gold, brass, yellowish-bronze, or
      yellow-brown. Quantitatively, the colors of articles according to this
      invention may be expressed using the conventions of the conventional
      C.I.E. color system and using the parameters of reflectance, dominant
      wavelength, excitation purity and tristimulus values.
PAR  The preferred two-layer coated articles according to this invention have
      the following quantitative color characteristics: preferably articles
      having two layers of film, one metal and one metal oxide, on a glass
      substrate have a visible light or luminous transmittance of from 85 to 95
      percent. Most preferably, such articles will be prepared using a clear
      soda-lime-silica glass, and the article will have in addition to the
      aforementioned characteristics a luminous reflectance from the glass
      substrate side of from 5 to 35 percent, and a color reflectance from the
      glass substrate side of from 560 to 580 nanometers dominant wavelength,
      from 5 to 35 Y tristimulus value, and from 2 to 20 percent excitation
      purity.
PAR  Measurement of the characteristics of the articles of this invention is
      accomplished using a Beckman Model DK-2A Spectrometer. The "total solar"
      reflectance and transmittance are integrated values for response over the
      spectral range from 300 nanometers to 2100 nanometers. The "luminous"
      reflectance and transmittance are integrated values for response over the
      spectral range from 380 nanometers to 760 nanometers. Transmittance is
      expressed as the percent of light transmitted through the specimen tested
      compared with the light transmitted through air. Reflectance is expressed
      as the percent of light reflected from the specimen tested compared with
      the light reflected from a flat, white, magnesium oxide block.
PAR  Characteristics are determined according to responses calculated for
      illumination by standard Illuminants "B" and "C". Tristimulus Y or
      reflectance, dominant wavelength and excitation purity follow convention.
PAR  The thickness of films or coating layers is determined by standard
      interferometric technique. The interferometer employed is a Sloan M-100
      Angstrometer.
PAR  Considering the present invention in another aspect, a method is provided
      for preparing the multiple layer coated articles described which is
      readily applicable to the preparation of coated articles having large
      surface areas, for example, greater than 12 inches by 12 inches and even
      greater than 10 feet by 10 feet. The method for preparing such articles in
      accordance with this invention does not suffer from the problems attendant
      to the preparation of narrow band filters, such as taught in the prior art
      according to Dimmick and others, which require the deposition of films in
      a vacuum and require the close monitoring of deposition during the
      preparation of such articles. Such problems are also common to the method
      of preparing a copper/copper oxide composite film which is described
      above.
PAR  The metallic film or coating on which a metal oxide coating is to be formed
      may be applied by electroless plating, electrolytic plating, vapor
      deposition, sputtering or any other known technique. For example, a
      metallic coating of chromium may be conveniently applied by vapor
      deposition, while a silver coating may more conveniently be applied by
      electroless coating. The following description indicates a preferred
      method for forming the metallic coating of particular metals by
      electroless plating.
PAR  The metal coating comprising nickel, cobalt, iron or some mixture thereof
      along with other materials in relatively minor amounts is applied to the
      substrate by contacting it with a mixture comprised of two compositions
      which are held separate from one another until immediately before or at
      the time of contacting the substrate. One composition is a solution
      containing the metal to be deposited, preferably as a reducible metal
      salt, soluble or easily dispersible in the medium, preferably water, for
      supplying the reactant; and a second composition, preferably containing a
      boron-containing reducing agent for the metal, though other reducing
      agents will be apparent to those skilled in the art.
PAR  Prior to contacting the substrate with such a composition mixture, the
      substrate will preferably be cleaned in order to enhance the uniformity of
      the resultant coating. Substrates, which are not metallic and are not
      receptive to the deposition of an adherent film, are then contacted with a
      composition to make the surface receptive to coating. Such so-called
      sensitizing compositions customarily contain a tin compound such as a tin
      halide or sulfate, and stannous chloride is the preferred material for
      sensitizing glass surfaces. A further sensitizing step utilizing a noble
      metal, preferably palladium, may also be employed, and, while palladium
      may be supplied as any palladium halide, palladious chloride in
      combination with an equal amount of hydrochloric acid in an aqueous
      solution is preferred for preparing glass surfaces.
PAR  Following one or more contacting steps to provide a film of iron, cobalt,
      or nickel on a glass substrate, the glass substrate is coated with copper
      or iron, preferably copper, by contacting it with a copper-containing
      composition and a reducing agent for the copper. Preferably an alkaline
      copper salt solution, for example, a solution comprising copper sulfate,
      will be used along with a reducing agent, such as formaldehyde, dextrose
      and invert sugar, preferably formaldehyde. A small quantity of nickel or
      cobalt is preferably present as a soluble salt with particularly preferred
      salts being sulfates and tartrates. The method includes contacting the
      glass with a Rochelle salt at a controlled pH to reduce the copper,
      depositing it on a copper film over the metallic silver, iron, cobalt or
      nickel film. Prior to the second coating application the first coating is
      preferably activated by contacting it with a palladium salt as before.
PAR  Following such treatment, the coated article is subjected to heat,
      preferably above about 400.degree.F and below a temperature at which the
      substrate becomes distorted in an oxidizing atmosphere to convert the
      copper layer to copper oxide. As disclosed and claimed herein, the best
      mode for practicing the method of the present invention contemplates
      contacting the film to be oxidized with an adsorbing surfactant prior to
      heat treatment in an oxidizing atmosphere in order to enhance the
      uniformity of oxidation and the apparent uniformity of the resulting film
      as visually observed.
PAR  In another aspect of the present invention, a method is provided for
      preparing a thin metal oxide film on a substrate with the resulting film
      having superior uniformity. Also provided for in this invention is a
      method of oxidizing the surface of the metal article to a controlled depth
      in a manner which provides for uniform oxidation over the surface.
PAR  It has been found that uniformity of oxidation of a metal is enhanced by
      treating the metallic surface to be oxidized with a surfactant material
      which is strongly adsorbed at the metal surface so that the surface is
      made hydrophobic, taht is, non-wetting. It has been found that metal
      surfaces which have been so treated, when heated to 200.degree.F to
      800.degree.F and preferably 300.degree.F to 500.degree.F, in the presence
      of air, are oxidized uniformly over the surface. While it is not fully
      understood why the presence of an adsorbing surfactant promotes the
      uniformity of oxidation, it is thought that the presence of an adsorbing
      surfactant provides a uniformly thin layer of surfactant over the metal
      surface and that the rate of oxidation is thus controlled by the rate of
      oxygen diffusion through the surfactant to the metal surface which is
      thought to be relatively uniform compared to the contact of oxygen with
      the metal surface directly. It is thought that when the bare metal surface
      is exposed to air that inherently some air turbulence exists which causes
      the oxidation rate to be non-uniform over the surfaces. It has been
      observed that metal surfaces treated with an effective adsorbing
      surfactant are hydrophobic even after heat treatment for 20 minutes at
      about 500.degree.F. This indicates that the surfactant is maintained on
      the surface during the oxidation of the underlying metal.
PAR  This method is applicable to the oxidation of metals, such as copper,
      aluminum, zinc, iron, cobalt, nickel, tin, indium and the like, whether in
      solid form or as relatively thin films disposed on other materials. Thin
      metallic films such as films over other articles prepared by either
      plating over opaque articles or prepared by various techniques as thin
      transparent films on transparent substrates may be oxidized in place
      according to this invention.
PAR  The following surfactants are exemplary of those found to be useful in the
      practice of this invention: sorbitan monolaurate, and acetylene glycol
      2,4,7,9-tetramethyl-5 decyne-4,7 diol in ethylene glycol sold under the
      name "Surfinol" by Airco Chemical. Any surfactant which is strongly
      adsorbed at a metal surface and which is stable at temperatures high
      enough to promote oxidation of the metal in air may be employed in the
      present invention. Non-ionic surfactants which have been tested have been
      found to be useful. Sorbitan monolaurate has been found to be particularly
      useful as a surfactant to be employed in the oxidation of copper. In the
      practice of this invention the adsorbing surfactants are applied to the
      metal surface from solution. Either aqueous or organic solutions may be
      employed. While useful surfactants may be applied in full strength, it is
      preferable to apply the surfactants from solution. It is preferred that
      such solutions contain from 0.001 to 20 percent by weight surfactant, and
      solutions containing 0.05 to 5 percent by weight surfactant are more
      preferred, with the concentrations indicated in the examples, which
      follow, being particularly desirable.
PAR  In addition to the surfactants employed in the invention, solutions may
      contain alkali metal salts, for example, alkali metal carbonates,
      sulfates, phosphates, nitrates and the like are contemplated. In
      particular the sodium salts may be effectively used. Preferably the alkali
      metals are present as sodium carbonate, tetra sodium pyrophosphite and the
      like.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a simplified article produced in
      accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view of an alternative embodiment of the
      article of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of an alternative multiple layer
      embodiment of the present invention;
PAR  FIG. 4 is a broken perspective view of an insulating glass unit employing a
      multiple coated glass plate in accordance with this invention;
PAR  FIG. 5 is a sectional view of a laminated glass article in accordance with
      this invention; and
PAR  FIGS. 6 and 7 are plots of transmittance and reflectance characteristics of
      coating versus metal oxide coating thickness for articles comprising the
      preferred embodiments according to this invention, particularly monolithic
      articles including the color characteristics of preferred embodiments
      according to this invention.
DETD
PAR  In the drawings, where like reference numbers indicate similar elements,
      the articles of this invention are shown. A preferred embodiment of a
      monolithic article according to this invention is shown in cross-section
      in FIG. 1. A substrate, 1, preferably transparent and more preferably
      glass, has disposed thereon a coating or film layer, 5, which is
      substantially metallic, which, in turn, has disposed thereon a coating or
      film layer, 7, which is substantially a metal oxide. The relationship of
      the metal layer, 5, and the oxide layer 7, may be altered with respect to
      the substrate, 1, as illustrated in FIG. 2. As illustrated in FIG. 3, the
      number of metal and metal oxide layers may be increased for particular
      effect. An overlayer, 9, may be provided which is metallic or oxide for
      particular optical performance or an overlayer, 9, of silica may be
      provided for protection of the principal coating layers, 5 and 7. A
      preferred article incorporating the combinations of coatings disclosed is
      a multiple glazed unit such as shown in FIG. 4. One panel of glass, 1,
      having coatings according to this invention is mounted in substantially
      parallel relationship and spaced from another glass panel, 3, with a
      marginal frame member, 11, holding the panels, which are held in spaced
      relation by a spacer member, 15, and sealed with material, 13. Laminated
      articles, as shown in FIG. 5 may be prepared utilizing this invention. A
      coated glass piece, 1, is laminated to another piece, 3, and adhered with
      interlayer material, 17, such as polyvinyl butyral or polyurethane.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of this invention comprises a glass substrate
      having one metal coating deposited thereon and one metal oxide coating
      disposed over the metal coating. The preferred metal for the metal coating
      is nickel. The nickel coating contains boron in a minor amount. The metal
      oxide coating is copper oxide. The thickness of each coating varies
      depending upon the particular reflectance and transmittance
      characteristics desired.
PAR  The best method contemplated for preparing the articles of this invention
      follows. Prior to applying any coating to the glass surface, the glass
      surface is cleaned. If the glass to be coated has an imperfect coating
      which must be removed the initial cleaning step comprises contacting the
      glass surface with a strong cleansing agent such as those which are
      conventionally employed for cleaning glass. In particular, chromic acid
      and other strong acids may be used, although it is preferred to employ
      solutions of strong oxidizing agents such as peroxides, perborates or
      permanganates. This initial cleaning, if necessary, is followed by washing
      the glass with water. While tap water may be employed, it is preferable to
      use distilled, deionized or demineralized water. Following the wash, the
      glass surface is blocked or lightly abraded using brushes or felt blockers
      along with a water mixture containing cerium oxide, silica or other common
      light abrasive materials. The glass is then again washed with water and
      rinsed clear.
PAR  The cleaned glasss is then contacted with a sensitizing agent to make the
      glass surface receptive to the deposition of metal and to insure that
      deposited metal will adhere to the glass surface. The preferred method for
      sensitizing a glass surface comprises contacting the surface with a dilute
      aqueous solution of a tin salt. While any soluble or waterdispersible tin
      salt such as stannous bromide, stannous iodide or stannous sulfate may be
      employed, stannous chloride is a preferred source of tin. A stannous
      chloride solution having a preferred concentration of stannous chloride of
      from 0.01 to 0.1 grams per liter is employed, and a solution having a
      stannous chloride concentration of from 0.06 to 0.09 grams per liter has
      been found to be particularly useful. The tin solution may be sprayed or
      permitted to drip onto the glass surface or may be applied using any
      conventional contacting technique. Applying the solution from a pipe
      having orifices disposed along its length and allowing the solution to
      drip onto the glass has been found to be particularly simple and
      troublefree. Following contact of the glass with a tin solution, the glass
      is again rinsed with water. A variety of conventional techniques may be
      employed for spraying rinse water against the glass, although it has been
      found particularly beneficial to employ crossfire rinse applicators to
      direct the spray generally against the direction of glass travel on a
      conveyor while traversing the glass perpendicular to its direction of
      travel. Such an arrangement is the subject of applicant's copending
      application Ser. No. 159,746, filed July 6, 1971, now U.S. Pat. No.
      3,793,054 issued Feb. 19, 1974, which is incorporated herein by reference.
PAR  Following rinsing, the glass surface is contacted with a noble metal
      solution to further prepare the surface for receiving a coating. The
      preferred solution for employment in this step is a palladious chloride
      solution having a concentration of palladious chloride of from 0.005 to
      about 1.0 grams palladium chloride per liter of solution together with an
      equal amount of hydrochloric acid. This solution may be applied to the
      glass by techniques similar to those for application of the tin solution,
      such as spraying or dripping. Following contact of the glass with a
      palladium solution, the glass is again rinsed with a rinse water
      preferably applied using crossfire rinse applicators as before indicated.
PAR  Following the palladium treatment and its accompanying rinse, the glass is
      then contacted with a composition suitable for depositing a nickel coating
      onto the glass surface. The preferred method for depositing nickel is that
      disclosed in the commonly assigned copending application entitled "Wet
      Chemical Method of Producing Transparent Metal Films" to R. G. Miller,
      application Ser. No. 57,754, filed June 23, l970. Briefly, the nickel
      deposition step involves intermixing two separate solutions, one a
      nickel-containing solution, and another, a reducing solution containing a
      boron-containing reducing agent, and contacting the glass with the
      intermixed solution so that the reducing agent reduces the nickel,
      depositing it onto the glass. The preferred separate solutions are
      formulated as follows:
TBL                Nickel Solution                                             

     ______________________________________                                    

     Nickelous acetate                                                         

                    0.5 to 50 grams per liter                                  

     Boric acid     0.5 to 35 grams per liter                                  

     Sodium gluconate                                                          

                    1.0 to 75 grams per liter                                  

     Hydrazine sulfate                                                         

                    0.1 to 5.0 grams per liter                                 

     Ammonium hydroxide                                                        

                    to adjust pH to 7.0 to 10.5                                

     Wetting agent                                                             

     Ethomeen C-20* 0.01 to 1.0 grams per liter                                

     *Sold by Armour & Co. and consisting of:                                  

                (CH.sub.2 CH.sub.2 O).sub.x H                                  

                R--N.angle.                                                    

                (CH.sub.2 CH.sub.2 O).sub.y H                                  

     where R is derived from cocoamine and x + y = 10                          

     Reducing Solution                                                         

     ______________________________________                                    

     Sodium borohydride                                                        

                    0.1 to 25 grams per liter                                  

     Sodium hydroxide                                                          

                    to adjust pH to 10 to 12.5                                 

     Wetting agent                                                             

     Ethomeen C-20* 0.01 to 1.0 grams per liter                                

     *Sold by Armour & Co.                                                     

PAL  Preferably the two solutions are sprayed at equal rates so that the spray
      fans intersect at or near the surface of glass to be coated. After
      spraying the two solutions to intermix at the glass surface, the glass is
      conveyed from under the spray applicators and the reacting composition is
      allowed to remain as a puddle or pool on the top surface of the glass
      while deposition continues. The glass is then rinsed with water as before.
      The nickel deposition step may be repeated until the desired nickel-boron
      film thickness is attained as indicated by visible light transmittance or
      by any other convenient technique. Following a final rinse, the
      nickel-containing coating may be air dried but preferably is allowed to
      remain wet. The nickel surface is then treated with a palladium salt
      solution as described before. It is then rinsed with water.
PAR  The nickel coating surface is then contacted with an aqueous alkaline
      copper filming solution containing a water-soluble or water-dispersible
      copper salt, a reducing agent and an alkaline pH control agent, the salt
      of the metal selelcted from the group consisting of nickel and cobalt. The
      preferred copper solution comprises two solutions, which are described as
      concentrates which are diluted with water immediately before application.
      The first concentrate is a copper salt solution comprising a copper salt
      such as copper sulfate in an amount of from about 50 to 80 grams per
      liter. The second metal salt is nickel sulfate in an amount from about 15
      to 30 grams per liter, along with a reducing agent, such as formaldehyde,
      in an amount of from about 400 to 550 cc. per liter. The second
      concentrate comprises a pH control agent, such as sodium hydroxide, in an
      amount from about 70  to 100 grams per liter and a Rochelle salt in an
      amount from about 250 to 350 grams per liter. These concentrates are
      diluted with water in ratios from about 1 part of copper solution to 1
      part of Rochelle salt solution to 4 parts of water to about 1 part copper
      solution to 1 part Rochelle salt solution to 10 parts of water to provide
      relatively thick copper coatings suitable for oxidation. The preferred
      dilution ratio is from about 1:1:5 to about 1:1:8 and a dilution ratio of
      1:1:6 is most preferred. The copper solution is appplied by dripping from
      a drip pipe as described above for tin application, although other
      application techniques, such as spraying, pouring or brushing, for example
      might also be conveniently employed. Following contact of the article with
      this copper filming composition, the article is again rinsed with water
      and may be dried by air.
PAR  Following this, the copper film is contacted with an aqueous solution
      containing an adsorbing surfactant. This surfactant solution preferably
      contains from about 0.05 to 5 percent by weight of surfactant and sorbitan
      monolaurate is the preferred surfactant. The surfactant solution is
      applied by pouring, spraying or dripping, and may, after a short contact
      time, be rinsed from the plate with a water rinse. The article is then
      dried.
PAR  The coated article is then heated in an oxidizing atmosphere at a
      temperature above about 300.degree.F, preferably between about 400.degree.
      to 600.degree.F, and most preferably about 450.degree.F. The coated
      article is maintained at that temperature for a period from about 5 to 20
      minutes, preferably about 10 minutes. This treatment results in a copper
      oxide coating over a metallic nickel coating disposed on a glass
      substrate. The resulting article observed to selectively reflect and
      transmit light as evidenced by its apparent difference in reflected and
      transmitted color.
PAR  The preferred embodiments of this invention may be more fully understood
      from the examples described below.
PAC  EXAMPLE I
PAR  Plates of clear soda-lime-silica glass, 1/4 inch thick and measuring 54
      inches by 78 inches, were coated with nickel and copper as described
      above, using the following preferred solutions:
     Tin Solution  Preferred Range                                             

     __________________________________________________________________________

     Stannous chloride                                                         

                   0.2 gram  .02 - .4 gram                                     

     Hydrochloric acid (12N)                                                   

                   0.04 milliliter                                             

                             .04 - .06 milli-                                  

                             liter                                             

     Water         added to 1 liter                                            

                             added to 1 liter                                  

     Palladium Solution                                                        

                   Preferred Range                                             

     __________________________________________________________________________

     Palladious chloride                                                       

                   0.02 gram .02 - .04 gram                                    

     Hydrochloric acid (12N)                                                   

                   0.04 milliliter                                             

                             .02 - .04 milli-                                  

                             liter                                             

     Water         added to 1 liter                                            

                             added to 1 liter                                  

     Nickel Solution                                                           

                   Preferred Range                                             

     __________________________________________________________________________

     Nickelous acetate                                                         

                   5 grams   4 - 10 grams                                      

     Boric acid    2.5 grams 2 - 5 grams                                       

     Sodium gluconate                                                          

                   9.0 grams 7 - 18 grams                                      

     Hydrazine sulfate                                                         

                   0.5 grams .4 - 1.0 grams                                    

     Water         added to                                                    

                   1 liter                                                     

     Ammonium hydroxide                                                        

                   added to  pH 7.0 - 7.6                                      

                   pH 7.2                                                      

     Ethomeen C-20*                                                            

                   1 drop per                                                  

                             0 - 2 drops                                       

                   liter of                                                    

                   solution                                                    

     Acetone       .01 gram  0 - 100 grams                                     

     Reducer Solution                                                          

                   Preferred Range                                             

     __________________________________________________________________________

     Sodium borohydride                                                        

                   0.5 gram  .4 - 1.0 grams                                    

     Water         added to  added to 1 liter                                  

                   1 liter                                                     

     Sodium hydroxide                                                          

                   added to  pH 11 - 11.6                                      

                   pH 11.5                                                     

     Ethomeen C-20*                                                            

                   1/2drop   0 - 2 drops                                       

                   per liter                                                   

     __________________________________________________________________________

     *Sold by Armour & Co.                                                     

PAL  The plates were coated with nickel by conveying them along a conveyor while
      sequentially contacting the upper surface of the plate with reactant
      solutions and rinses as described above. The treatment sequence
      corresponded to the treatment described in copending application entitled
      "Wet Chemical Method for Producing Transparent Metal Films" of R. G.
      Miller. The thickness of the nickel films was about 225 Angstroms, and the
      nickel filmglass combination had a visible light transmittance of about 19
      percent.
PAR  Following the nickel coating, the plates were rinsed and conveyed beneath
      the tin and palladium applicator once again. Stannous chloride
      sensitization and palladium chloride activation were the same as before. A
      copper solution prepared from a first concentrate containing 60 grams of
      copper sulfate per liter, nickel sulfate as 20 grams per liter and
      formaldehyde in an amount of 470 cc. per liter and a Rochelle salt
      concentrate containing 88 grams per liter of sodium hydroxide and 290
      grams per liter of Rochelle salt were diluted with water in a ratio of
      1:1:6 and applied to the nickel-coated surface from an oscillating drip
      pipe at a rate of 6,000 milliliters per minute and allowed to contact the
      surface for about 5 minutes. This copper solution was then rinsed off with
      water. Following rinsing, the plate was air dried. At this point in the
      process, the nickelcopper coating combination on the glass appeared copper
      color in reflectance from the coated surface and bluish-gray in
      reflectance from the glass surface. The luminous transmittance was 3 to 4
      percent. A solution of surfactant was dripped onto the metal coating and
      maintained there for one minute. This solution was then rinsed off with
      water and the plate was dried with air. The surfactant was present in this
      surfactant solution as 0.1 percent, and the surfactant employed was that
      sold by Fisher Scientific Company under the name FL-70. This surfactant is
      a non-ionic surfactant comprising a mixture of sodium carbonate, ethylene
      diamine tetraacetic acid, fatty acid-ethoxylated adducts, ethylene glycol
      and a sulfated quaternary ammonium compound. The dried surface was
      observed to be water repellent. Twelve (12) inch by 12 inch samples were
      cut from the plates for further treatment.
PAR  The 12 inch by 12 inch samples were placed in a small furnace and heated in
      air for 20 minutes at 450.degree.F to convert the copper layer on the
      nickel film into a transparent film of copper oxide. The resulting film
      combinations appeared bright bronze to a deep bronze in reflectance from
      the glass side of each of the combinations and bluish-green to green in
      reflectance from the coated side of the combination. The samples were
      bronze in transmittance. The copper oxide layer was determined to be about
      700 and 900 Angstroms in thickness. The copper layer prior to oxidation
      was determined to be about 230 to 300 Angstroms in thickness. The overlaid
      layer of copper oxide was stripped from some of the samples by contacting
      the samples with an aqueous solution of ammonia (5% to 10% by weight). The
      underlying nickel coating was observed to be unchanged with the
      glass-nickel coating combination having a visible light transmittance of
      19 percent, both before application of the coppering solution and after
      removal of the copper oxide film after treatment. For stripping metallic
      copper an aqueous solution of 5% ammonia and 1% hydrogen peroxide was
      employed.
PAC  EXAMPLE II
PAR  Glass plates were coated with nickel and copper as described in Example I,
      except that the copper solution was allowed to contact the substrate for
      1.25 to 1.5 minutes before being rinsed off. The luminous transmittance of
      the glass-metallic nickel-metallic copper combination was 16 to 17
      percent. The glass plates were contacted with surfactant as in Example I
      and were dried with air. Four (4) inch by 4 inch samples were cut from the
      plates and heat treated in air as in Example I for 20 minutes at
      450.degree.F. The resulting articles appeared bright greenish-silver in
      reflectance from the glass side and violet in reflectance from the coated
      side, while being greenish-gray in transmittance. As in Example I, the
      underlying nickel coating was observed to be unchanged when the copper
      oxide coating had been stripped from the articles. The samples had a
      copper oxide layer thickness of about 300 Angstroms and the copper film
      prior to oxidation was about 100 Angstroms thick.
PAC  EXAMPLE III
PAR  Plates were coated as in Examples I and II except that the copper solution
      was permitted to contact the nickel-coated glass for three minutes and
      then rinsed off. The resulting metallic nickel-metallic copper glass
      combination had a luminous transmittance of 7.4 percent. Four (4) inch by
      four inch samples cut from the plates and treated with surfactant were
      heated for 40 minutes at 360.degree.F. The resulting combination appeared
      golden in reflectance from the glass side, blue in reflectance from the
      coated side and golden in transmittance. The luminous transmittance was
      24.5 percent compared to 19.9 percent for the underlying nickel coating in
      combination with the glass. In stripping off the copper oxide from the
      sample as described above indicated that the underlying nickel coating was
      unchanged by the heat treatment. The reflectance from the glass side was
      40.4 percent. The coated samples which appear golden in reflectance from
      the glass side were samples having copper oxide films of 550 to 700
      Angstroms in thickness. The copper films corresponding to these copper
      oxide films had thicknesses of 180 and 230 Angstroms, respectively. It was
      observed that equivalent results could be obtained by heating samples for
      15 minutes at 450.degree.F.
PAR  In accordance with this invention monolithic glass articles having a
      variety of colors may be prepared. In four particularly preferred
      embodiments employing nickel and copper oxide soda-lime-silica glass
      plates are provided with a greenish-silver, a greenish-gold, a gold and a
      bronze appearance in reflection from the glass side. The properties of
      these preferred embodiments are:
     Apparent Color Greenish-Silver                                            

                              Greenish-Gold                                    

                                       Gold     Bronze                         

     __________________________________________________________________________

      Thickness of                                                             

      CuO, A        200 - 350 350 - 500                                        

                                       500 - 700                               

                                                700 - 900                      

     Transmittance                                                             

     Luminous Transmittance, %                                                 

                    23 - 25   21 - 23  12 - 21  7.5 - 12                       

     (Tristimulus-Y)                                                           

     Excitation Purity, %                                                      

                     8 - 21   21 - 35  35 - 40  38 - 44                        

     Dominant Wavelength, nm.                                                  

                    566 - 570  570 - 573.5                                     

                                       573.5 - 576                             

                                                575 - 576                      

     Reflectance from Glass Side                                               

     Luminous Reflectance, %                                                   

                     32 - 35.5                                                 

                              35.5 - 38.5                                      

                                       31 - 40  25 - 31                        

     (Tristimulus-Y)                                                           

     Excitation Purity, %                                                      

                    2.5 - 8    8 - 14  14 - 19  10 - 19                        

     Dominant Wavelength, nm.                                                  

                    465 - 515 515 - 555                                        

                                       555 - 578                               

                                                578 - 590                      

     __________________________________________________________________________

PAR  The characteristics of these preferred embodiments are shown in FIGS. 6 and
      7 with the properties shown as continuous functions. The dominant
      wavelengths for these embodiments are expressed in nanometers, the
      excitation purities in percent and the luminous transmittance (or
      reflectance) or Tristimulus-Y values in percent. The properties are based
      upon glass substrates one-quarter inch thick having a luminous
      transmittance of 88 percent and an underlying nickel-boron layer providing
      a glass-nickel combination transmittance of 19 to 20 percent. The optical
      characteristics of the coated articles are expressed according to
      conventional colorimetric principles and are related to the metal oxide
      coating thickness in angstroms.
PAR  In the preparation of the articles of this invention it is preferred that
      iron, cobalt, or nickel be deposited by electroless plating in accordance
      with the methods described in the related copending applications of R. G.
      Miller. It is preferred that chromium be applied by vacuum vapor coating
      or cathodic sputtering. It is preferred that silver or copper be applied
      by methods in accordance with the teachings of U.S. Pat. No. 3,457,138 to
      R. G. Miller. In the examples which follow several embodiments of this
      invention are described.
PAC  EXAMPLE IV
PAR  Nickel films are deposited on glass plates as in Example I by contacting
      the plates for 60 seconds with nickel salt solution. The films are treated
      with tin chloride solutions as in Example I but not with a palladium salt
      solution as in Example I. The films are then spray contacted with a
      solution identical to the nickel solution except that the nickel salt is
      replaced with an iron salt. Some specimens are contacted for 3 minutes and
      some for 5 minutes. The resulting iron films are treated with an adsorbing
      surfactant as in Example I, and the articles are heated to oxidize the
      iron. The heat treatment is carried out at about 660.degree.F
      (600.degree.F should be the minimum temperature used). The resulting
      articles exhibit interference colors in reflectance from either surface,
      being blue-green to brown depending upon the length of iron salt contact
      time.
PAC  EXAMPLE V
PAR  An iron film is deposited on glass in a manner similar to the deposition of
      nickel in Example I; the iron salt solution is identical to the nickel
      salt solution except for the substitution of an iron salt for the nickel
      salt. The iron film is then activated with palladium, and a layer of
      copper is deposited on the iron film as in Example I. The copper film is
      then treated with an adsorbing surfactant and heated to oxidize the copper
      layer. The resulting article exhibits interference colors in reflectance
      from either surface.
PAC  EXAMPLE VI
PAR  A chromium film is deposited on glass by cathode sputtering in an argon
      atmosphere of about 10 to 40 millitorr using a chrome plated cathode
      operating at about -4Kv. The coated article is subjected to palladium
      activation as in Example I. A copper film is deposited over the chrome
      treated with surfactant and oxidized as in Example I. The resulting
      article exhibits interference colors when viewed toward either surface.
PAC  EXAMPLE VII
PAR  A cobalt film is deposited on glass in a manner identical to the deposition
      of nickel in Example I except for the substitution of a cobalt salt for
      the nickel salt in the metal-containing solution. The cobalt film is
      activated with palladium as in Example I. A copper film is deposited over
      the cobalt, treated with surfactant and oxidized as in Example I. The
      resulting article exhibits interference colors when viewed toward either
      surface.
PAC  EXAMPLE VIII
PAR  Silver films are deposited on glass by reducing silver according to the
      method described in U.S. Pat. No. 3,457,138. The coated specimens have
      light transmittances of 25, 30 and 40 percent. The silver films are
      activated with palladium as in Example I. A copper film is deposited over
      the silver, treated with surfactant and oxidized as in Example I for 1
      hour at about 400.degree.F. The resulting articles exhibit interference
      colors when viewed toward either surface. Colors ranging rather from gold
      to blue are observed in reflection depending upon the thickness of the
      underlying silver film.
PAC  EXAMPLE IX
PAR  Copper films are deposited on glass substrates and the copper oxidized in
      the manner described above. Coated specimens are further coated with
      chromium, nickel, cobalt or iron by cathode sputtering. The resulting
      articles exhibit interference colors.
PAR  When the underlying layer of coating is an oxide, it is preferable to apply
      an overlayer by sputtering or vapor deposition or by reduction using a
      relatively weak reducing agent such as a hypophosphite, borazole, borane
      or borazene in order to avoid reducing the underlayer to metal. When
      employing electroless plating techniques to deposit a metal over a metal
      oxide it is preferable to overcoat iron oxide rather than copper oxide for
      it is easier to maintain the oxide as an oxide without substantial
      reduction at the oxide-metal interface. It has been found that copper
      metal may be applied over iron oxide by electroless plating.
PAR  The thickness of a copper film which is applied may be precisely controlled
      by controlling the concentration of reactants in the copper solution and
      controlling the contact time between the coppering solution and the
      substrate being coated. Since oxidation of the copper film results in a
      film thickness growth of about a factor of three, wide ranges in thickness
      are possible by controlling the deposition of copper, and the precision of
      coppering thickness control is adequate to precisely control the thickness
      of the copper oxide film despite this thickness growth.
PAR  Included within the scope of this invention are articles wherein the oxide
      layer includes elements such as tin, zinc and cadmium which alloy with
      copper. For example tin, zinc or cadmium may be deposited over copper by
      electroless or electrolytic techniques and caused to migrate into the
      copper layer during oxidation.
PAR  While this invention has been described with particular reference to
      preferred embodiments, those skilled in the art will recognize variations
      and modifications which are encompassed by the concepts of this invention
      and by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multiple glazed glass article comprising at least two glass panels
      disposed in substantially parallel relation, and spaced apart by a space
      member disposed between said panels about their margins and held in said
      relation by a marginal frame member, the improvement comprising at least
      two coatings affixed to at least one side of at least one of said panels:
PA1  a. a first coating affixed to the glass said first coating being a
      transparent metal coating consisting essentially of nickel substantially
      in its reduced metallic state; and
PA1  b. a second coating affixed to the first coating said second coating being
      a transparent metal oxide coating consisting essentially of copper oxide
      of from about 50 to about 1500 angstroms.
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ABST
PAL  A method for obtaining a supported turf or carpet-like structure which
      comprises placing a layer of molten plasticized sulfur on a surface and
      then placing synthetic turf or carpet-like material, having its own
      backing, on the layer of plasticized sulfur.
BSUM
PAC  RELATED APPLICATIONS
PAR  The disclosure of my commonly assigned application, titled "Turf", Ser. No.
      474,457, filed May 29, 1974, is related hereto and is incorporated herein
      by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to preparation of a supported turf or
      carpet-like structure particularly wherein the supporting means is
      plasticized sulfur.
PAR  U.S. Pat. No. 2,515,847 discloses a supported carpet-like surface. The turf
      or carpet-like surface of U.S. Pat. No. 2,515,847 is suitable for use as a
      putting green for golf and includes a top layer of rug material having a
      nap, and wherein the rug material is supported on center layers of sponge
      rubber-like material. The supported rug material is placed upon the earth.
PAR  It is also, of course, known to place carpet-like material on concrete and
      wooden surfaces.
PAR  Artificial turf materials have been placed on football fields and the like.
      Usually the artificial turf includes fibers contained in or woven into a
      backing and with a pad attached to the backing. The thus composed
      artificial turf material is usually directly placed on the earth or other
      surface as a unitary product. For example, U.S. Pat. No. 3,332,828
      discloses an artificial turf in FIG. 2 including fibers in a backing and
      with the turf also being attached to a pad. In FIG. 5 of U.S. Pat. No.
      3,332,828 the turf is shown with the backing but without the pad.
PAR  U.S. Pat. No. 3,422,615 also discloses a synthetic turf-like material which
      is referred to as a "pile fabric." Fibers which are indicated as being
      suitable for making the yarns used to make the pile fabric of U.S. Pat.
      No. 3,422,615 are said to include olefins, particularly polypropylene, and
      also other materials such as nylon, vinyl-vinylidene chloride, polyvinyl
      chloride, polyethylene, polyester, polyacrylonitrile, cellulose acetate,
      cellulose triacetate, rayon and glass in filamentary form.
PAR  Plasticized sulfur has been disclosed in various references, for example by
      J. I. Jin in "Chemistry of Plasticized Sulfur," Petroleum Division, A.C.S.
      Symposium, Vol. 19, No. 2,  March 1974, pp. 234-241 and by C. Kinney
      Hancock in "Plasticized Sulfur Compositions for Traffic Marking,"
      Industrial and Engineering Chemistry, Vol. 46, No. 11, November 1954, pp.
      2431-2435. Exemplary patents disclosing plasticized sulfur include U.S.
      Pat. No. 3,316,115 "Marking Composition"; U.S. Pat. No. 3,434,852
      "Plasticized Sulfur Compositions"; U.S. Pat. No. 3,447,941 "Sprayable
      Sulfur Road Marking Compositions"; U.S. Pat. No. 3,459,717 "Sulfur Based
      Plastic Composition"; U.S. Pat. No. 3,560,451 "Plastic and Nonflammable
      Sulfur Composition"; U.S. Pat. No. 3,453,125 "Plasticized Sulfur
      Compositions"; U.S. Pat. No. 3,674,525 "Plasticized Sulfur Compositions";
      and U.S. Pat. No. 3,676,166 "Plasticized Sulfur Compositions". Also Ser.
      No. 286,627, which application has been offered for license by the U.S.
      Bureau of Mines, in the Official Gazette, Apr. 24, 1973, Vol. 909, p. 1179
      discloses plasticized sulfur compositions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method is provided for obtaining
      a supported turf or carpet-like structure which comprises placing a layer
      of molten plasticized sulfur on a surface and then placing synthetic turf
      or carpet-like material, having its own backing, on the layer of
      plasticized sulfur.
PAR  In accordance with a preferred embodiment of the present invention the
      plasticized sulfur layer is allowed to cool sufficiently to solidify
      before the synthetic turf or carpet-like material is placed on the
      plasticized sulfur layer.
PAR  Among other factors the present invention is based on my finding that the
      plasticized sulfur and artificial turf or carpet-like material with
      backing are very effective when used together, particularly as an outdoor
      surface, and in fact have a synergistic effect when used together. When
      using plasticized sulfur by itself there is often a tensile and flex
      strength problem and the plasticized sulfur often breaks or chips to some
      extent under stress of foot traffic. On the other hand when just using
      artificial turf or a lightweight layer of carpeting material on a soil,
      even soil which has been treated for example by aluminum hydroxychloride
      to help consolidate the soil, the carpet is susceptible to being punched
      through by high heels or similar objects. However, using the artificial
      turf or lightweight carpeting on top of a layer of plasticized sulfur
      results in a surface that is not easily punched through and furthermore
      the underlying plasticized sulfur is not easily broken up. Thus
      disadvantages of each by itself are overcome by use of the two components
      together.
PAR  The artificial turf or a carpeting can be used with or without a pad but
      the turf or carpet-like material should have its own backing or ribbing or
      the like holding together the fibers and/or yarns which make up the
      carpeting or turf.
PAR  Another advantage of the present invention is that the surface provided can
      be prepared relatively easily and quickly. Plasticized sulfur can be
      prepared in large quantities and can be easily molded to various contours
      by application in a molten state. On the other hand, when working with
      asphalt to obtain a support for a turf surface there is difficulty in
      placing the asphalt into irregular spaces and it is also more difficult to
      get good adhesion to asphalt than can be accomplished with the components
      of the present invention.
PAR  Also, the curing or solidifying time is quite short for the plasticized
      sulfur compared to curing time of concrete. Furthermore, I have found the
      plasticized sulfur, in combination with the turf, is relatively
      lightweight for a given amount of strength or thickness compared to the
      combination of synthetic turf on concrete.
PAR  Plasticized sulfur compositions contemplated by the present invention
      preferably contain principally sulfur. Preferably the plasticized sulfur
      contains more than 50 weight percent sulfur and more preferably about
      70-90 weight percent sulfur or more.
PAR  Also the plasticized sulfur compositions comtemplated by the present
      invention are ones which will solidify in a relatively short time under
      ambient temperature conditions, for example solidify in less than about 30
      minutes and usually less than about 5 minutes.
PAR  In addition to a method of preparation, the present invention also provides
      a novel product, namely the product produced by the methods as herein
      described and thus comprising a synthetic turf or carpet-like material
      having its own backing and being supported by a layer of plasticized
      sulfur.
DETD
PAR  The product of the present invention is particularly useful as an outdoor
      surface because of the ease of working with the molten plasticized sulfur
      and covering turf-like materials; also because the turf cannot be ripped
      up or rolled up and taken away as can be done with a rubber or latex pad
      of the like. In accordance with a preferred embodiment of the present
      invention the artificial turf is placed on the plasticized sulfur when the
      plasticized sulfur is still molten so that the turf or carpet-like
      material will become substantially integral or rigidly attached to the
      plasticized sulfur. Alternatively the turf or carpet-like structure having
      its own backing can be glued to the plasticized sulfur or it can be
      attached to the plasticized sulfur using conventional methods such as
      tacking it to the plasticized sulfur.
PAR  Preferably the turf or carpet-like structure which is placed on and/or
      attached to the plasticized sulfur contains a backing but it need not
      necessarily contain, in addition to the backing, pad or sponge-like
      material further attached to the turf or carpet-like structure.
PAR  Plasticized sulfur as the term is used herein usually has a lower melting
      point and a higher viscosity than elemental sulfur. Furthermore,
      plasticized sulfur requires a longer time to crystallize; i.e., the rate
      of crystallization of plasticized sulfur is slower than that of elemental
      sulfur. One useful way to measure the rate of crystallization is as
      follows: the test material (0.040 g) is melted on a microscope slide at
      130.degree.C. and is then covered with a square microscope slide cover
      slip. The slide is transferred to a hot-plate and is kept at a temperature
      of 78.degree..+-.2.degree.C., as measured on the glass slide using a
      surface pyrometer. One corner of the melt is seeded with a crystal of test
      material. The time required for complete crystallization is measured.
      Plasticized sulfur, then, is sulfur containing an additive which increases
      the crystallization time within experimental error, i.e., the average
      crystallization time of the plasticized sulfur is greater than the average
      crystallization time of the elemental sulfur feedstock. For the present
      application, plasticizers are those substances which, when added to
      molten, elemental sulfur, cause an increase in crystallization time in
      reference to the elemental sulfur itself. In one set of experiments,
      elemental sulfur required 0.44 minute to crystallize under the above
      conditions, whereas sulfur containing 3.8% of a phenol-sulfur adduct (as
      described in commonly assigned patent application Ser. No. 344,694entitled
      "Cellular Products Produced by Foaming and Cross-Linking Aromatic
      polysulfides," filed Mar. 26, 1973) required 2.9 minutes. Sulfur
      containing 6.6% and 9.9% of the same phenol-sulfur adduct required 5.7 and
      22 minutes, respectively.
PAR  Inorganic plasticizers include iron, arsenic and phosphorus sulfides, but
      the particularly preferred plasticizers are organic compounds which can
      react with sulfur to give sulfur-containing materials, such as styrene,
      alphamethylstyrene, dicyclopentadiene, vinyl cyclohexene, the aromatic
      compound-sulfur adducts of said Ser. No. 344,694 as well as the aromatic
      compounds used to produce these adducts, aromatic or aliphatic liquid
      polysulfides (e.g., those sold under the trade name of Thiokol LP-3 or
      LP-321, and the viscosity control agents described in U.S. Pat. Nos.
      3,674,525, 3,453,125 and 3,676,166. The preferred aromatic plasticizing
      compounds are styrene and the phenol-sulfur adduct of said Ser. No.
      344,694. The preferred aliphatic compound is dicyclopentadiene.
PAR  One preferred plasticized sulfur substance contains dicyclopentadiene,
      sulfur, glass fiber and talc.
PAR  The elemental sulfur may be either crystalline or amorphous and may contain
      small amounts of impurities such as those normally found in commercial
      grades of sulfur. Optimum proportions of sulfur, as well as of the other
      components of the composition may vary considerably. However, proportions
      of sulfur of about 73 to 97%, by weight, are generally satisfactory.
PAR  Dicyclopentadiene is readily available commercially, generally at a purity
      of about 96% or greater. Preferably it is used in the above preferred
      plasticized sulfur composition in an amount of about 1 to 7% by weight.
PAR  The glass fiber of the preferred plasticized sulfur composition is
      preferably employed in the form of milled fibers, with the fibers
      generally ranging from about 1/32 to 1/4 inch in length, preferably with
      an average length of about 1/16. These fibers, which generally consist of
      high-silica glass, are readily available commercially, often coated with a
      starch binder. The type of glass is, however, not critical, as long as it
      provides the resulting composition with adequate shear strength,
      preferably a shear strength of about 400 to 800 psi. The glass fiber
      preferably constitutes about 1 to 5% by weight of the composition of the
      invention.
PAR  The talc used in the preferred dicyclopentadiene-sulfur-glass fiber-talc
      composition preferably is a foliated type, or a compact variety such as
      steatite. Impure varieties such as soapstone can also be used. This
      ingredient is preferably used in an amount of about 1 to 15% by weight of
      the composition, and serves the dual function of providing thixotropy to
      the mixture and of dispersing the glass fiber throughout the composition,
      thereby preventing agglomeration of the fibers.
PAR  The preferred composition is used as a fluid mixture of the ingredients,
      with the sulfur and dicyclopentadiene in molten form and the glass fiber
      and talc distributed throughout the molten material. Thus the composition
      is prepared by homogeneous mixing of the ingredients at elevated
      temperature sufficient to maintain the sulfur and dicyclopentadiene in a
      molten state. A temperature of about 240.degree. to 320.degree.F. is
      satisfactory, with about 275.degree. to 320.degree.F. being preferred. Any
      conventional vessel or reactor capable of providing the required
      temperature and mixing means may be used for preparation of the
      composition.
PAC  DRAWING
PAR  FIG. 1 is a schematic illustration of synthetic turf or carpet-like
      material supported on plasticized sulfur using a pad between the yarns or
      fibers of the turf and the plasticized sulfur.
PAR  FIG. 2 is a schematic illustration wherein no pad is used and the synthetic
      turf with backing rests on or is attached directly to the plasticized
      sulfur.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for obtaining a supported turf or carpet-like structure which
      comprises placing a layer of molten plasticized sulfur on a surface and
      then placing, on the layer of plasticized sulfur, synthetic turf or
      carpet-like material having its own backing, and wherein the synthetic
      turf or carpet-like material is placed backing side down on the layer of
      plasticized sulfur.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the plasticized sulfur layer
      is allowed to cool sufficiently to solidify before the synthetic turf or
      carpet-like material is placed on the plasticized sulfur layer.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the sulfur is plasticized
      with dicyclopentadiene, aliphatic polysulfide, aromatic polysulfide or
      mixtures thereof.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the synthetic turf or
      carpet-like material is placed on molten plasticized sulfur so that the
      turf or carpet-like material becomes rigidly attached to the plasticized
      sulfur when it solidifies.
NUM  5.
PAR  5. A supported turf or carpet-like structure comprising a solidified layer
      of plasticized sulfur and synthetic turf or carpet-like material placed
      thereon and wherein the synthetic turf or carpet-like material has its own
      backing.
NUM  6.
PAR  6. A supported turf or carpet-like material in accordance with claim 5
      wherein the backing of the turf or carpet-like material is bonded to the
      plasticized sulfur by glue or an adhesive.
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ABST
PAL  A decorative covering material and a process for applying said covering
      material to vehicle panels such as the roof panel of automobiles to
      enhance the exterior appearance thereof. The decorative covering material
      comprises a heat-softenable plastic sheet incorporating a coating of a
      heat-activatable adhesive over substantially the entire undersurface
      thereof and which sheet is pretrimmed to a preselected shape and size, and
      incorporates fastening strips along at least a portion of the terminal
      edges thereof for securing the decorative material over the panel to
      prevent movement thereof relative to the panel surface. The decorative
      covering material is further characterized as embodying, in the inner
      central area thereof, a contour and wherein the plastic material
      incorporates a residual memory whereupon a shrinkage of the covering
      materials occurs during a heating thereof to form a smooth and taut
      covering layer over the exterior surface of a panel to which it is
      applied. In its method aspects, the present invention encompasses the
      process of fabricating the pretrimmed and precontoured covering material
      and its installation over vehicle panels and the like.
PARN
PAR  This is a division of application Ser. No. 255,797, filed May 22, 1970, now
      U.S. Pat. No. 3,846,200.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of vinyl and other decorative plastic covering materials on
      automobile roof tops to enhance the aesthetic appearance thereof is well
      known and in widespread use. A large variety of different techniques have
      heretofore been proposed for installing such decorative covering materials
      in an effort to reduce cost and to further assure that the covering
      material after installation is adherent over substantially the entire
      surface of the panel and is devoid of any bubbles, wrinkles or other areas
      of poor fit or surface imperfections. A further problem associated with
      such prior art techniques has been the large number of man-hours required
      in preparing a vehicle for reception of a decorative roof covering, as
      well as the time and number of persons required for the installation of
      the cover and the trimming thereof along the periphery of the panel. Such
      techniques have also required a high degree of precaution to avoid damage
      or marring of other exterior surfaces of the automobile to avoid the cost
      and nuisance of subjecting the vehicle to spot repair or rework to correct
      such damage.
PAR  Typically, the process heretofore employed for applying decorative plastic
      covering materials such as vinyl to automobile roof tops has involved the
      cutting of a rectangular blank of the material of a size in excess of the
      area of the panel to be covered. In those instances in which it is known
      that a vehicle is to be equipped with a vinyl roof, the final finish coat
      of paint is omitted and the primed roof panel is coated with a pressure
      sensitive adhesive in a manner so as to avoid any air entrapment therein.
      This requires a complete masking of the adjacent body panels and windows
      to avoid the deposition of adhesive thereon which, in some instances,
      adversely reacts with the paint finish. The underside of the vinyl
      covering material is also coated with the pressure sensitive adhesive.
PAR  In order to avoid premature bonding of the covering material to the coated
      roof panel, slip sheets are normally interposed between the covering
      material and roof panel to enable a hand-positioning and location of the
      covering material, whereafter the slip sheets are withdrawn and the
      covering material is hand-smoothened and worked into an adherent and
      shape-conforming covering. Thereafter, the terminal edge portions of the
      covering material are trimmed, producing costly scrap, and finally the
      masking material and any oversprayed adhesive are cleaned from the
      adjoining uncovered surfaces of the vehicle.
PAR  It will be apparent from the foregoing that the process constitutes a
      costly and time-consuming operation and also has a tendency to cause
      possible damage to other sections of the vehicle. In accordance with the
      decorative covering material and method comprising the present invention,
      a prefabricated and stretched decorative covering material can be provided
      which can be simply applied and secured along its terminal edges to a
      vehicle panel and thereafter shrunk and bonded in the form of a smooth and
      taut covering without requiring any trimming thereby substantially
      reducing the quantity of scrap produced in the installation of such
      decorative materials.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention are achieved in the
      provision of a decorative covering material comprised of a plastic sheet
      composed of a heat-softenable material, such as a vinyl plastic, for
      example, and having a heat-activatable adhesive film over substantially
      the entire underside surface thereof. The covering material may be
      comprised of a single unitary sheet or, alternatively, may be comprised of
      two or more sections joined to each other to form a pretrimmed assembly of
      a preselected size and shape and including fastening means along at least
      a portion of the terminal edges thereof for securing the covering material
      in appropriate alignment over a vehicle panel to prevent movement of the
      covering material relative to the panel during the assembly operation. The
      covering material is further characterized as being provided with a convex
      contour over at least the central inner area thereof which incorporates
      residual stresses or a memory, whereby a shrinkage of the covering
      material is effected in response to a heating thereof to a temperature at
      which the sheet is plastically deformable.
PAR  In its method aspects, the present invention contemplates the installation
      of a composite pretrimmed covering material, as hereinabove described, by
      accurately locating the covering material on a roof panel and thereafter
      applying heat to the covering material effecting a shrinkage thereof into
      a smooth form-fitting covering which, in response to the activation of the
      adhesive film on the underside thereof, also forms a tenacious bond,
      assuring a durable high-strength assembly. The method further contemplates
      the fabrication of the composite pretrimmed covering material.
DRWD
PAR  Additional benefits and advantages of the present invention will become
      apparent upon a reading of the description of the preferred embodiments
      taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an automobile provided with a decorative
      plastic covering material on the roof panel thereof;
PAR  FIG. 2 is a schematic side elevational view illustrating the coating and
      trimming steps of the process for fabricating the covering material in
      accordance with the method aspects of the present invention;
PAR  FIG. 3 is a plan view of the typical pretrimmed and assembled covering
      material comprised of a plurality of die-cut sections securely fastened to
      each other along longitudinally extending seams;
PAR  FIG. 4 is a transverse vertical sectional view through a vacuum mold
      suitable for imparting a contour to covering materials preparatory to
      installation on a vehicle panel;
PAR  FIG. 5 is a magnified transverse sectional view through a terminal edge
      portion of the covering material as shown in FIG. 3, and taken
      substantially along the line 5--5 thereof;
PAR  FIG. 6 is a magnified transverse sectional view of a seam of the composite
      covering material as shown in FIG. 3, and taken substantially along the
      line 6--6 thereof; and
PAR  FIG. 7 is a fragmentary transverse sectional view taken through the edge of
      the roof section of an automobile body and illustrating, in particular,
      the manner by which the terminal edge portion of the covering material is
      affixed to the drip rail section of the roof panel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings, and as may be best seen in FIG. 1,
      a decorative vinyl covering material 10 is illustrated as applied to the
      roof panel and the exterior faces of the windshield "A" pillar posts 12 of
      a conventional two-door hardtop sedan 14. It will be appreciated that the
      composite pretrimmed covering material and the method of installation are
      equally applicable for use in alternative vehicle design configurations
      including other exterior or interior panels or sections thereof as may be
      desired in carrying out any desired decorative scheme.
PAR  The decorative covering material 10, as best seen in FIG. 5, is comprised
      of a plastic facing sheet 16, which may be composed of any plastic
      material which is of a thermoplastic or pseudo-thermoplastic character,
      enabling a heat-softening thereof at moderate temperatures, and which,
      moreover, is resistant to weather and ultraviolet light, providing for a
      long, useful life. It is important that the facing sheet be possessed of a
      heat-softening temperature above that at which it may normally become
      heated during use, such as may be encountered during the parking of a
      vehicle in direct exposure to the hot sunlight. Heat-softening
      temperatures of above about 200.degree.F., are usually satisfactory for
      the vast majority of automobile exposure situations, whereby the facing
      sheet retains a sufficient degree of strength and abrasion and impact
      resistance to provide for satisfactory service. On the other hand, the
      heat-softening point of the facing sheet should not be excessively high
      since it is desirable, in many instances, to apply the decorative covering
      material to an automobile which, in all other respects, is substantially
      completely finished, and the use of excessively high temperatures at this
      stage of manufacture might result in damage or injury to other trim
      materials and functional components. Generally, heat-softening points of
      less than about 300.degree.F., have been found satisfactory for use in
      conventional automobile assembly operations since the short duration of
      heating required in the practice of the process comprising the present
      invention frequently does not permit other components immediately adjacent
      to the roof panel to attain a temperature approaching that to which the
      decorative covering material is heated.
PAR  Facing sheets comprised of synthetic plastic materials which are possessed
      of the foregoing physical properties or which incorporate suitable
      plasticizers and/or filler agents to modify the physical properties within
      the desired range can be satisfactorily employed for this purpose, of
      which vinyl-type facing sheets are particularly satisfactory. Among such
      vinyl plastics are those designated by the brand name "Naugahyde,"
      obtainable from United States Rubber Company, and by the brand name
      "Fabrilite," available from the DuPont de Nemours Company. Such vinyl
      facing sheets are further characterized as being available in a variety of
      widths and in indefinite lengths and can be further provided with a
      suitable embossed pattern such as a simulated leather graining on one or
      both face surfaces thereof.
PAR  While such vinyl facing sheets can be satisfactorily employed in an
      unsupported condition, it is preferred to employ facing sheets having a
      knitted fabric backing 18, as shown in FIG. 5, which is bonded or
      otherwise interlocked with and to the underside surface of the facing
      sheet. Knitted fabric-backed vinyl facing sheets having a grained exterior
      face surface and having a weight of from about 14 to about 24 ounces per
      square yard have been found particularly satisfactory for forming durable
      and weather-resistant decorative covering materials for exterior
      automobile panels.
PAR  A suitable coating or layer 20 of a heat-activatable adhesive is applied
      over substantially the entire underside surface of the facing sheet
      directly to the fabric backing 18 or, alternatively, over an intervening
      barrier coating or film 22. The use of a barrier coating 22 is desirable
      in some instances to prevent or inhibit undesired migration of
      constituents to and from the adhesive film to the exterior surface of the
      facing sheet 16, which may produce a discoloration or other surface
      imperfection therein. The barrier coating 22 may also serve as a so-called
      tie-coat for enhancing the strength of the initial or final bond of the
      adhesive coating to the underside of the facing sheet. The barrier coating
      may comprise any suitable natural or synthetic base resinous or plastic
      material which may additionally include suitable filler materials, as may
      be desired, that in combination are compatible with the facing sheet and
      the adhesive layer as well as being resistant to the temperatures to which
      the decorative covering material is subjected during fabrication and
      installation.
PAR  The adhesive coating or film 20 is comprised of a heat-activatable
      substance such that the film itself is latent until it is heated to an
      elevated threshold temperature at which it becomes tacky and thereafter is
      adapted to adhesively bond to the underlying substrate. For this purpose,
      the temperature at which the adhesive film is activated is preferably one
      which is above the initial heat-softening point of the facing sheet so as
      to enable an initial heating of the facing sheet to the appropriate
      temperature without incurring any tackifying of the adhesive film,
      permitting freedom of relative movement between the covering material and
      the surface of the panel during the installation. After the covering
      material has been appropriately smoothened and shrunk into a
      contour-fitting taut overlying layer, a further heating of the covering
      material thereafter effects a tackification and subsequent activation of
      the adhesive film, where, upon subsequent cooling, a tenacious bond is
      obtained.
PAR  The heat-activatable adhesive film is usually applied in the form of a
      coating or layer ranging from about 0.002 to about 0.035 inch and, more
      usually, from about 0.003 to about 0.010 inch thick. The composition of
      the adhesive film itself may comprise any heat-responsive material which,
      after being heated above a threshold temperature, heat softens and/or
      tackifies such that upon subsequent cooling and hardening thereof, a
      tenacious, substantially permanent-type bond is formed. Thermoplastic or
      pseudo-thermoplastic materials, including modified polyamide resins,
      ethylene vinyl acetate copolymers, and polyester-type resins having
      heat-softening and tackifying characteristics at temperatures usually
      about 30.degree.F., above the initial heat-softening point of the facing
      sheet, can be satisfactorily employed for this purpose.
PAR  The adhesive film 20 can be applied to the underside of the facing sheet,
      either by a direct film extrusion technique, by casting the film in the
      form of a molten curtainous stream directly on the rear surface, or,
      alternatively, by applying a powdered layer which, upon subsequent
      heating, is fused into a substantially continuous film of uniform
      thickness. In any event, during the storage and shipment of the composite
      pretrimmed covering material, it is frequently desirable to prevent any
      inadvertent adherence between adjacent layers when stacked one upon
      another, whereby it is usually preferred to employ a release liner,
      indicated at 24 in FIG. 5, which overlies substantially the entire face of
      the adhesive film. The release liner may comprise any suitable filmlike
      material including papers incorporating silicon-base release agents and
      waxes which are not adherent to the adhesive film and can readily be
      stripped therefrom prior to installation of the covering material without
      incurring any offsetting of the adhesive film.
PAR  Referring now to FIG. 2 of the drawings, a typical process is schematically
      illustrated in which a supply roll 26 of a suitable fabric-backed facing
      sheet 28 is continuously unwound and is advanced around a roll 29 in a
      substantially horizontal direction through an oven 30 having a coating
      assembly 32 mounted adjacent to the output end thereof. The coating
      assembly 32 is operative to apply a suitable hot melt adhesive film to the
      underside surface of the facing sheet 28, whereafter, upon exiting from
      the oven 30, it is cooled and a suitable release liner 34, supplied in the
      form of a roll 36, is applied by means of a nip roll 38 in overlying
      relationship on the exposed face of the adhesive film. The resultant
      adhesively-coated facing sheet can be wound on a suitable take-up roll 40
      for storage prior to the next processing operation or, alternatively, can
      be continuously advanced between the jaws of a die-cutting apparatus 42 in
      which blanks or sections 44 of an appropriate size and shape are cut in a
      manner to minimize trim scrap.
PAR  In accordance with the foregoing arrangement, a variety of sections of
      different shapes can be successively or simultaneously die-cut from the
      continuous web of facing material, which thereafter can be assembled, as
      is best seen in FIG. 3, into a roof liner 46. The roof liner 46, as shown,
      comprises two side sections 48 and a center section 49. A pair of
      elongated sections 50 are secured to the forward edges of the side
      sections 49 which are adapted to overlie the windshield pillar posts 12 as
      shown in FIG. 1 of the drawings. An arcuate strip 52 is also affixed to
      and extends between the rearward portion of the side sections 48 and is
      adapted to cover that portion of the roof panel immediately below the rear
      window of the vehicle. The joining of the various sections to each other
      can be satisfactorily achieved by utilizing simulated or actual stitching,
      such as represented by te stitching 54 of FIG. 6 by which the edge of the
      center section 49 is joined to the edge of one of the side sections 48. In
      accordance with a preferred practice, the preliminarily sewn seams are
      subsequently dielectrically bonded to form a strong water-proof decorative
      seam.
PAR  In order to facilitate a location and a fastening of the roof liner 46
      along its terminal edges to the roof panel to prevent relative movement
      thereof during installation, elongated resilient plastic strips 56, as
      best seen in FIGS. 3, 5 and 7, are secured along at least a portion of the
      edges of the roof liner. The fastening strips 56 are of a hook-shaped
      cross section and are adapted to overlie and engage a metal drip rail 58
      disposed along the side edges of the roof panel and downwardly along the
      rearward edge of the side window. Preferably, the fastening strips 56 are
      comprised of an extruded vinyl plastic and are dielectrically bonded or
      otherwise adhesively secured to the underside of the edge portions of the
      roof liner. In addition to the fastening strips 56, supplemental fastening
      devices, including staples, double-face pressure sensitive adhesive tapes,
      screws, garnish moldings and the like, can be employed for securing the
      edge portions of the roof liner during its installation on the roof panel
      of an automobile.
PAR  The roof liner 46 is shown in FIG. 3 in a fully-assembled and flat
      condition. After attaining this stage of assembly, the roof liner is
      subjected to a heat stretching operation to impart a convex contour
      therein of a magnitude in excess of the contour of the convex roof panel
      over which it is to be applied. The contour is imparted to the roof liner
      in a manner to leave a residual stress or memory, tending to cause the
      liner to again return to a flat or original configuration upon a reheating
      thereof to a heat-softening point. A convenient manner for imparting a
      contour in at least the central inner area of the roof liner, involves the
      use of a mold arrangement as shown in FIG. 4. As shown, the roof 46 is
      adapted to be clamped along its edges between an overlying frame 60 and a
      flange 62 of a mold 64 defining a contoured cavity 66. The inner mold
      surface 68 is of a generally porous structure including ports 70 which are
      adapted to be disposed in communication with a vacuum chamber 72 connected
      to a vacuum pump 74 for drawing the roof liner down when in a
      heat-softened condition.
PAR  A heating of the roof liner 46 is achieved such as by a bank of heat lamps
      76, which are directed against the rear surface of the roof liner with the
      exterior facing sheet thereof oriented downwardly toward the mold surface
      68. Upon an appropriate heating of the roof liner to a temperature such as
      from about 230.degree.F., to about 275.degree.F., and preferably from
      about 240.degree.F., to about 250.degree.F., in combination with vacuum, a
      convex contouring of the central section of the roof liner occurs,
      whereafter the bank of heat lamps is extinguished. A suitable cooling
      fluid is circulated through conduits 78 disposed adjacent to the mold
      surface, whereby the roof liner is immediately cooled upon coming in
      contact therewith to a temperature below its heat-softening point, thereby
      retaining at least a portion of the contouring therein after a release of
      the vacuum.
PAR  The assembled and contoured roof liner can be stored indefinitely until
      such time it is to be installed and at which time the release liner is
      removed from the underside surface thereof and the liner is applied in
      overlying relationship on a roof panel, such as the roof panel 80 shown in
      FIG. 7. The roof liner is of a size in excess of that required with due
      allowance of the shrinkability of the liner upon again being reheated to
      the heat-softening point. An appropriate location and fastening of the
      terminal edge portions of the liner are achieved such as by the fastening
      strips 56 applied in engagement over the drip roll 58, whereafter a
      chrome-plated garnish molding 82 is secured such as by means of screws 84
      as shown in FIG. 7 securely locking the edges of the roof liner in place.
      Supplemental fastening of edges in sections such as the elongated sections
      50 and the arcuate strip 52 (FIG. 3), can be achieved by staples or
      double-faced pressure sensitive adhesive tape to prevent relative movement
      of the edges during the subsequent heating step.
PAR  With the roof liner in appropriate fastened position on the vehicle roof
      panel, heating of the exterior face sheet is effected such as by means of
      a bank of heat lamps similar to that shown in FIG. 4, whereupon the
      residual stresses or memory in the sheet effects a progressive shrinkage
      thereof to form a smooth and taut shape-conforming covering layer.
      Continued heating of the roof liner effects a further increase in its
      temperature and an activation of the adhesive film on the underside
      thereof which becomes tacky and effects a bonding of the liner to the
      underlying roof panel. Upon removal of the heat and a subsequent cooling
      of the roof panel and liner, the adhesive bond rigidifies, forming an
      integral high-strength and durable assembly.
PAR  While it will be apparent that the invention herein disclosed is well
      calculated to achieve the benefits and advantages as herein above set
      forth, it will be appreciated that the invention is susceptible to
      modification, variation and change without departing from the spirit
      thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A decorative plastic covering material for vehicle roof panel and the
      like comprising a plastic sheet composed of a heat-softenable
      thermoplastic material having a heat-softening point of about 200.degree.F
      up to about 300.degree.F and incorporating a heat-activatable adhesive
      film over substantially the entire underside surface thereof, said
      adhesive film having a heat-activatable temperature at which tackification
      thereof occurs above the initial heat-softening point of said plastic
      sheet, said sheet being of a preselected shape and size and incorporating
      a convex contour over the inner area thereof of a magnitude in excess of
      the convex contour of a rigid vehicle roof panel over which the sheet is
      adapted to be applied, said plastic material in said inner area being in a
      prestretched condition and characterized as incorporating a memory therein
      for effecting a shrinkage of said sheet in response to a heating thereof
      to a temperature at which said sheet becomes plastically deformable, and
      fastening means comprising longitudinally extending clips of arcuate cross
      section secured along at least a portion of the terminal edge portions of
      said sheet for overlying and interlockingly engaging the peripheral edge
      of a vehicle roof panel for locating said sheet in proper registration
      thereover and for securing the terminal edges of said sheet against
      movement relative to a vehicle roof panel in response to a heating and
      shrinkage of said sheet when disposed in overlying relationship on the
      vehicle panel.
NUM  2.
PAR  2. The decorative plastic covering material as defined in claim 1, in which
      said plastic sheet is comprised of a knitted fabric-backed vinyl of a
      weight ranging from about 14 to about 24 ounces per square yard.
NUM  3.
PAR  3. The decorative plastic covering material as defined in claim 1, wherein
      said longitudinally extending clips are composed of a vinyl plastic and
      are dielectrically bonded to said terminal edge portions of said sheet.
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ABST
PAL  A rigid pyrolytic graphite microcomposite material comprising a matrix of
      pyrolytic graphite containing embedded therein codeposited crystalline
      silicon carbide comprising aciculae oriented approximately perpendicular
      to the a-b plane of the crystallite layers of the pyrolytic graphite. The
      SiC comprises at least about 5 volume percent of the microcomposite
      material, preferably at least about 10 volume percent.
PAL  A method for making said microcomposite material comprising pyrolyzing a
      mixture of methyl trichlorosilane and a hydrocarbon gas at temperatures of
      about 2800.degree. F to 4000.degree. F, preferably about 3200.degree. F to
      3800.degree. F and, thereby codepositing pyrolytic graphite and SiC.
PAL  A rigid composite pyrolytic graphite article comprising a matrix of the
      above microcomposite material containing embedded therein at least one
      reinforcing refractory filament or strand layer. The refractory filament
      or strand layer comprises a plurality of unidirectional and substantially
      parallel, laterally spaced, individual, continuous refractory filaments or
      strands. The microcomposite matrix is nucleated from each of the
      individual refractory filaments or strands and interconnected to form a
      continuous matrix phase surrounding and interconnecting the individual
      filaments or strands comprising the embedded filament or strand layer.
PAL  A method for making said rigid pyrolytic graphite article comprising
      winding a continuous, individual, refractory filament or strand around a
      shaped form and simultaneously pryolyzing a mixture of methyl
      trichlorosilane and a hydrocarbon gas onto the filament or strand at about
      the point of winding contact to nucleate pyrolytic graphite and SiC from
      the filament or strand, winding additional turns of the filament or strand
      around the form, each additional turn being spaced from previously wound
      turns and, as each of the additional turns is wound, simultaneously
      pyrolyzing the mixture of methyl trichlorosilane and hydrocarbon gas
      thereon at about the point of winding contact and on the codeposited
      pyrolytic graphite and SiC nucleated from previously wound turns.
PARN
PAR  This is a division of application Ser. No. 65,899, filed Aug. 21, 1970, now
      U.S. Pat. No. 3,738,906, dated June 12, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The superior high temperature and erosion resistant properties of rigid
      pyrolytic graphite materials are well known. These properties make the
      material particularly useful as liners for chambers or vessels subject to
      such conditions, as rocket nozzle inserts, and the like.
PAR  Pyrolytic graphite, however, does have certain disadvantageous properties
      stemming from its particular crystallite structure and from its tendency
      to oxidize, particularly at high temperatures in an oxidizing atmosphere.
PAR  Pyrolytic graphite is normally produced by the pyrolysis of a carbonaceous
      gas, such as methane or propane, onto a heated substrate. Flat, hexagonal
      crystallites oriented parallel to the substrate surface are deposited in
      layers which build up into an essentially laminar structure. The pyrolytic
      graphite crystal is considerably wider in its flat or a-b plane than along
      its thickness dimension or c-axis. As a result, pyrolytic graphite is
      highly anisotropic in many of its properties, including strength, heat
      conductivity and thermal expansion, with attendant difficulties in
      practical use. As an example, the material has an exceedingly high
      coefficient of thermal expansion in the thickness or c-axis direction and
      a relatively low coefficient in the a-b direction. As a result, it is
      exceedingly difficult to match a pyrolytic graphite liner or insert with a
      suitable backing material which can avoid separation during thermal
      cycling. Because of its weakness in the c-direction, due to its flat,
      plate-like and, thereby, laminar microstructure, pyrolytic graphite tends
      to delaminate under high stresses.
PAR  The embedding within the laminar pyrolytic graphite crystallite structure
      of aciculae of crystalline SiC which are oriented in the c-direction, as
      compared to the planar orientation of the layers of the pyrolytic graphite
      in the a-b direction, advantageously reduces the anisotropy of the
      graphite and reduces the tendency of the graphite to delaminate.
      Additionally, it substantially improves oxidation resistance since, unlike
      carbon which oxidizes to a gas, silicon oxidizes to SiO.sub.2 which fuses
      to form a protective coating. Improved oxidation-resistance is
      particularly important if the pyrolytic graphite is exposed to high
      temperature oxidative atmospheres.
PAR  The production of SiC films and coatings, for example, on flexible metal
      filaments such as tungsten, by vapor phase pyrolysis of a silane, such as
      SiH.sub.4, SiCl.sub.4, SiHCl.sub.3, (CH.sub.3).sub.4 Si or CH.sub.3
      SiCl.sub.3 with or without added hydrocarbon gas, is well known, the
      objective generally being the production of pure SiC. The pyrolysis
      temperatures employed are generally below the optimum temperatures for
      producing pyrolytic graphite.
PAR  Seishi Yajima et al, Journal of Materials Science 4 (1969) pp. 416-423 and
      424-431, and Chemical Abstracts, 1970, 7, p. 69, disclose a structure
      comprising flake-like single crystals of SiC dispersed in a matrix of
      pyrolytic graphite and oriented parallel to the planes of the graphite.
      The crystallite size of the SiC was about 200 A thick (c-direction) and
      about 2000 A in diameter (a-b direction). Since the single SiC crystals of
      the Yajima et al structures are essentially flat and oriented in the same
      planar direction as the pyrolytic graphite, they cannot have any
      substantial effect on the anisotropy or delamination characteristics of
      the latter.
PAR  Yajima et al pyrolyzed a mixture of SiCl.sub.4 and propane under vacuum.
      Maximum SiC production of up to 4 weight percent was obtained at
      temperatures of about 1400.degree.C to 1500.degree.C and dropped to as
      little as 0.02 to 0.03 weight percent at temperatures of about
      2000.degree.C. Since SiC is considerably denser than pyrolytic graphite,
      the volume percent of SiC was substantially smaller.
PAR  None of the referenced art discloses the pyrolytic graphite-SiC
      microcomposite of this invention or the process for making it.
PAR  Copending applications Ser. No. 592,846 now U.S. Pat. No. 3,629,049, dated
      Dec. 21, 1971 and 870,948 now U.S. Pat. No. 3,715,253, dated Feb. 6, 1973
      disclose rigid pyrolytic graphite articles comprising a matrix of
      pyrolytic graphite containing embedded therein at least one reinforcing
      layer consisting of a plurality of unidirectional and substantially
      parallel, laterally spaced, individual, continuous carbon strands. The
      matrix comprises crystallite layers of pyrolytic graphite nucleated from
      each of the individual carbon strands and interconnected to form a
      continuous phase surrounding and interconnecting the individual strands
      comprising the embedded strand layers. By conforming the crystallite
      pyrolytic graphite layers to embedded strand surfaces instead of to the
      surface of a conventional base substrate, anisotropy of the pyrolytic
      graphite and its attendant disadvantages are substantially reduced.
PAR  Utilization of the codeposited pyrolytic graphite-SiC microcomposite of the
      present invention in place of the pyrolytic graphite matrix disclosed in
      said copending applications provides further improvement in isotropy and
      improves oxidation resistance.
PAR  The object of the invention is to provide a rigid pyrolytic graphite-SiC
      microcomposite having substantially lower anisotropy than pyrolytic
      graphite and improved oxidation resistance.
PAR  Still another object is to provide a process for making said rigid
      pyrolytic graphite-SiC microcomposite.
PAR  Another object is to provide rigid reinforced composite pyrolytic
      graphite-SiC articles having additionally decreased anisotropy.
PAR  Still another object is to provide a process for making said rigid
      reinforced composite pyrolytic graphite-SiC articles.
PAR  Other objects and advantages will become apparent from the following
      description and drawings.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the invention comprises rigid microcomposite pyrolytic graphite
      materials containing codeposited and embedded therein crystalline SiC
      comprising aciculae, the longitudinal axes of which are oriented
      approximately perpendicular to the a-b or flat plane of the pyrolytic
      graphite crystallite layers. The microcomposite is a two-phase system
      since the pyrolytic graphite and SiC are mutually insoluble.
PAR  The codeposition of aciculae of SiC within a matrix of pyrolytic graphite
      in such manner that the longitudinal axes of the aciculae are oriented
      approximately in the c-direction relative to the a-b plane of the
      pyrolytic graphite provides a substantial dimension in the thickness or
      c-direction which considerably reduces the anisotropy normally
      characteristic of pyrolytic graphite alone. This results in substantially
      increased strength in the thickness dimension and improvement in other
      properties, such as thermal expansion. Additionally, the perpendicularly
      embedded SiC aciculae interrupt the laminar pattern of the pyrolytic
      graphite and thus reduce its tendency to delaminate. Since SiC is
      considerably harder than pyrolytic graphite, the presence of the former in
      the microcomposite also improves erosion-resistance, as well as the
      oxidation resistance of the graphite.
PAR  The composite pyrolytic graphite-SiC material can be prepared by pyrolyzing
      a mixture of methyl trichlorosilane and a hydrocarbon gas onto a heated
      substrate at temperatures of about 2800.degree.F to 4000.degree.F,
      preferably about 3200.degree.F to 3800.degree.F, in a suitable furnace in
      accordance with procedures otherwise well known in the production of
      pyrolytic graphite.
PAR  The invention additionally comprises rigid composite articles comprising
      the aforedescribed pyrolytic graphite-SiC microcomposite containing
      embedded therein at least one reinforcing layer of a plurality of
      unidirectional and substantially parallel, laterally spaced, individual,
      continuous refractory filaments or strands. The pyrolytic graphite-SiC is
      nucleated from each of the individual refractory filaments or strands and
      is interconnected to form a continuous matrix phase surrounding and
      interconnecting the individual filaments or strands comprising the
      embedded filament or strand layer.
PAR  Nucleation and growth of the pyrolytic graphite-SiC microcomposite from the
      embedded plurality of refractory filaments or strands further reduces and
      interrupts the laminar character of the pyrolytic graphite portion of the
      composite material and thereby further reduces anisotropy and delamination
      tendency. Additionally, the reinforcing refractory filaments or strands
      increase the strength of the composite article in the direction of
      filament or strand orientation
PAR  The rigid reinforced composite pyrolytic graphite-SiC articles can be made
      by progressively positioning a continuous, individual refractory filament
      or strand onto a shaped form and simultaneously pyrolyzing a mixture of
      methyl trichlorosilane and a hydrocarbon gas onto the filament or strand
      at about the point of positioning contact to nucleate pyrolytic graphite
      and silicon carbide from the filament or strand, progressively positioning
      additional filament or strand laterally spaced from previously positioned
      filament or strand and, as the additional filament or strand is
      positioned, simultaneously pyrolyzing the mixture of methyl
      trichlorosilane and hydrocarbon gas thereon at about the point of
      positioning contact and on the codeposited pyrolytic graphite and SiC
      nucleated from previously positioned filament or strand. The pyrolysis
      temperature should be about 2800.degree.F to 4000.degree.F, preferably
      about 3200.degree.F to 3800.degree.F.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a photomicrograph at a magnisifcation of 150 of a crosssection of
      a sample of the pyrolytic graphite-SiC microcomposite of the invention.
PAR  FIG. 2 is a photomicrograph of the same section at a magnification of 600.
PAR  FIG. 3 is a schematic illustration of apparatus for practicing this
      invention.
PAR  FIG. 4 is a schematic illustration of a rigid filament- or
      strand-reinforced pyrolytic graphite-SiC composite according to this
      invention.
PAR  FIGS. 5 and 6 are schematic representations of modified apparatus suitable
      for use in preparing the filament- or strand-reinforced composites.
PAR  FIG. 7 schematically illustrates an alternative arrangement of reinforcing
      strands.
DETD
PAC  DETAILED DESCRIPTION
PAR  The amount of SiC should be at least about 5%, preferably at least about
      10%, by volume of the microcomposite. Depending upon the desired
      properties for a particular application, the percent of SiC can be as high
      as 90 or even 95. In general, the preferred range is about 10 to 50 volume
      percent, with the pyrolytic graphite making up the remainder.
PAR  In some applications, it may be desirable to use a microcomposite of graded
      relative pyrolytic graphite and SiC composition. For example, the
      outermost portion of the microcomposite can have a higher SiC content to
      minimize oxidative surface erosion. Such graded variations in the relative
      amounts of the codeposited pyrolytic graphite and SiC can readily be
      achieved by varying respective flow rates of the methyl trichlorosilane
      and hydrocarbon gas and/or other processing variables in the codeposition
      process.
PAR  The photomicrographs of FIGS. 1 and 2 at 150x and 600x magnification
      respectively, clearly show the SiC, a large proportion of which is in the
      form of needle-like aciculae of SiC oriented substantially perpendicularly
      to the codeposited laminar layers of pyrolytic graphite, which forms an
      embedding matrix. The volume percent in the photographed sample is about
      20%.
PAR  The microcomposite can be made by vapor phase pyrolysis of a mixture of
      methyl trichlorosilane and a hydrocarbon gas onto a heated substrate at a
      temperature of about 2800.degree.-4000.degree.F, preferably about
      3200.degree.-3800.degree.F. An inert diluent gas, such as argon, nitrogen,
      helium, hydrogen, and mixtures thereof is generally desirable, with some
      or all of the gas used to aspirate the liquid methyl trichlorosilane.
      Mixtures of hydrogen with argon, helium or nitrogen has been found
      particularly effective in obtaining good aciculae crystalline SiC
      formation. The process can be carried out in a conventional furnace and
      related equipment at reduced or atmospheric pressures. Atmospheric
      pressure is generally preferred because of the excellent results obtained
      and the convenience.
PAR  The relative flow rates of the methyl trichlorosilane and hydrocarbon gas
      vary generally with the desired microcomposite composition. In general,
      the silane may be introduced at a weight percent flow rate of about 5 to
      75%, preferably about 15 to 50% and the hydrocarbon gas at a weight
      percent flow rate of about 25 to 95%, preferably about 85 to 50%.
PAR  The hydrocarbon gas can be any of those generally employed in producing
      pyrolytic graphite by vapor phase deposition, such as the lower alkanes,
      e.g. methane, ethane, and propane; ethylene; acetylene; and mixtures
      thereof. Methane is preferred.
PAC  EXAMPLE I
PAR  A cylindrical graphite substrate was seated in a 4 inch Perenny resistance
      furnace and heated to 3400.degree.F. A mixture of methyl trichlorosilane,
      methane, argon and hydrogen were injected into one end of the graphite
      cylinder. The methyl trichlorosilane was entrained for injection by
      bubbling argon through a container of the liquid methyl trichlorosilane.
      Flow rates were: argon - 13 std. cu. ft/hr; hydrogen - 10 std. cu. ft/hr;
      methane 2.0 std. cu. ft/hr.
PAR  Total methyl trichlorosilane consumed was 85 gm.
PAR  Pyrolytic deposition was continued for 1 hour.
PAR  The thickness of the formed microcomposite and the relative amounts of the
      codeposited pyrolytic graphite and silicon carbide varied with distance
      from the injection nozzle. The thickest portion of the microcomposite
      formed was 26 mils and contained about 25 volume percent of needle-like
      crystalline aciculae of silicon carbide embedded in laminar layers of
      pyrolytic graphite. The volume percent of silicon carbide decreased with
      increasing distance from the injector. The photomicrographs of FIGS. 1 and
      2 were made with a sample taken from a downstream portion having a silicon
      carbide volume percent of about 20.
PAR  The rigid microcomposite cylinder formed by the above procedure was sound
      and showed no signs of delamination after cooling.
PAC  EXAMPLE II
PAR  A run was made under conditions substantially the same as in Example I
      except that the pyrolysis temperature was maintained at 3600.degree.F.
PAR  Results were substantially similar except that at the point of maximum
      deposition, the relative volumes of the SiC aciculae and the pyrolytic
      graphite were 15% and 85% and then decreased with increasing distance from
      the injector.
PAR  The rigid microcomposite cylinder was sound and showed no signs of
      delamination after cooling.
PAC  EXAMPLE III
PAR  A pyrolytic graphite-SiC microcomposite was deposited on a 1 inch diameter
      disc in a manner similar to the procedure used in the preceding examples
      except that no hydrogen was used and a one-inch disc substrate was
      centered at right angles to the injector so that a substantially uniform
      microcomposite was formed over the face of the disc.
PAR  To determine oxidation resistance, the resulting pyrolytic graphite-SiC
      microcomposite disc and a disc of the same size and substrate coated with
      an equal thickness of pyrolytic graphite were heated to about
      3000.degree.F in a highly oxidizing oxyacetylene flame for three minutes.
      The pyrolytic graphite coating was fully penetrated and almost completely
      burned away whereas the pyrolytic graphite-SiC coating eroded only on the
      surface with almost half of the thickness remaining intact.
PAC  EXAMPLE IV
PAR  Several pyrolytic graphite and pyrolytic graphite-SiC microcomposite
      deposition runs were made on ATJ graphite discs which have a higher
      coefficient of thermal expansion than pyrolytic graphite in its a-b plane.
      By cross-sectioning of the deposits, it was determined that all of the
      microcomposites were free from delamination, whereas the pyrolytic
      graphite deposits showed major delaminations between the deposit and the
      substrate.
PAR  The pyrolytic graphite-SiC microcomposites can be reinforced to increase
      strength and further reduce anisotropy of the pyrolytic graphite component
      by embedding at least one layer of a plurality of unidirectional and
      substantially parallel, laterally spaced, individual continuous,
      refractory filaments or strands in the microcomposite by nucleating the
      codeposited pyrolytic graphite and SiC from each of the filaments or
      strands to form a continuous interconnecting matrix surrounding and
      interconnecting the individual filaments or strands.
PAR  The strands or filaments can comprise any suitable refractory material such
      as carbon in any suitable form including, for example, pyrolyzed rayon and
      pyrolytic graphite; SiC-coated metal filaments, such as tungsten; carbon
      alloyed with a metal, such as Th, W, Ta, Mb, or Zr, in amounts, for
      example, up to about 20% by weight; boron filaments, and the like.
PAR  The method can be practiced with apparatus such as that schematically
      illustrated in FIG. 3. As shown therein, a continuous, individual
      refractory filament or strand, as for example carbon strand, 1, is fed
      through a guide tube 2, and connected to a mandrel 3, disposed in chamber
      4. To prevent oxidation of the carbonaceous gas, atmospheric oxygen is
      removed and continuously excluded from the chamber by evacuation and/or
      purging with inert gases such as helium or nitrogen. The strand is heated
      to and maintained at a temperature sufficient to pyrolyze the methyl
      trichlorosilane and hydrocarbon gases by induction, radiant, or resistance
      heating means, not shown. The mandrel is rotated and moved longitudinally
      relative to the strand guide tube 2, by means not shown. In this manner,
      spaced turns of strand are progressively positioned on the mandrel. As the
      strand is wound, the methyl trichlorosilane, hydrocarbon and carrier gas
      mixture are fed through tube 5, to impinge upon the strand at about the
      point of winding contact. Pyrolysis of the methyl trichlorosilane and
      hydrocarbon gas occurs and a pyrolytic graphite-SiC microcomposite matrix
      is nucleated from the heated strand substrate. As winding continues, the
      microcomposite is simultaneously deposited on the strand being wound and
      on the matrix deposited on previously wound strands. Thus, the strands are
      not only individually enveloped in a microcomposite matrix but are
      interconnected and bonded to each other by the matrix. The winding is
      continued to produce a composite article such as schematically illustrated
      in FIG. 4. As shown, the article comprises one or more spaced, reinforcing
      strand layers 6, each of which comprises a plurality of spaced strands 1,
      disposed in and interconnected by a pyrolytic graphite-SiC microcomposite
      matrix 7, composed of graphite crystallite layers 8 containing embedded,
      perpendicularly oriented, codeposited aciculae of SiC.
PAR  As shown, the crystallite layers of the pyrolytic graphite in the
      microcomposite matrix are oriented in conformity to surfaces of the
      strands and are, therefore aligned around the strands and in the direction
      of strand orientation, thereby maximizing strength of the pyrolytic
      graphite component in that direction. Furthermore, the embedded strands
      significantly reinforce the microcomposite-strand composite in the
      direction of strand orientation.
PAR  Since the orientation of the pyrolytic graphite crystallite layers conforms
      to the strand surfaces rather than the base or mandrel substrate surface
      of the composite, the pyrolytic graphite component of the microcomposite
      does not have the continuous laminar structure characteristic of
      conventional pyrolytic graphite. This, together with the embedded
      codeposited SiC aciculae, further tends to prevent propagation of cracks
      and delaminations. Composite strength in the thickness direction is also
      further significantly improved by the increased degree of crystallite
      layer alignment in that direction. In addition, the marked disparity in
      thermal expansion in the a-b and c directions characteristic of
      conventional pyrolytic graphite is further reduced.
PAR  The strands also prevent delamination failures by restricting the thickness
      of laminar pyrolytic graphite component growth units nucleated from these
      strands. It is known that growth units less than 0.05 inches thick are
      less subject to delamination. Since, in the composition of this invention,
      the thickness of laminar pyrolytic graphite component units is generally
      about on-half the distance between the strands; preferred unit size is
      obtained by spacing the strands less than 0.1 inch of each other.
PAR  The process for composite fabrication can be practiced with individual
      strands, as in the embodiment described, or with multi-strand structures,
      such as a plurality of laterally spaced, unidirectionally oriented
      individual strands, or with woven cloths or tapes comprising strands
      oriented in both warp and woof directions. When using multi-strand
      structures to prepare a composite, it is preferred simultaneously to
      impinge the reactive gas mixture on both sides of the strand structure as
      it is progressively laid down to ensure that the gas penetrates between
      the strands to effect the highest degree of lateral bonding. This can be
      accomplished by apparatus such as schematically illustrated in FIG. 5,
      wherein gas injector channels 9, feed gas into contact with spaced strands
      1, or by apparatus as shown in FIG. 6, wherein woven refractory cloth 11
      and gas are both fed through guide channel 10.
PAR  When the method is practiced with woven fabrics, little matrix bond is
      obtained between strands where warp and woof intercross since it is
      difficult for the reaction gas mixture to penetrate between the touching
      strands. It is, therefore, preferred that all strands in each reinforcing
      strand layer in the composite be substantially unidirectionally oriented.
      Such orientation eliminates weaknesses which result from the absence of a
      matrix bond at points of strand to strand contact. In composites having
      multiple reinforcing strand layers, the direction of strand orientation
      can be varied in different reinforcing layers as shown, for example, in
      FIG. 7. Thus composites having desired directional strength
      characteristics can readily be prepared.
PAR  This invention can, of course, be practiced by positioning strand on a
      variety of shaped forms to produce articles having the desired
      configuration. The strand can be progressively positioned on the shaped
      form by any desired technique. However, winding is preferred for reasons
      of simplicity. It will be understood from the foregoing discussion that
      the term "progressively" positioning connotes a gradual laying down of
      strand to continuously and progressively increase the area of strand
      contact with the shaped form rather than effecting overall lateral strand
      contact as by "stacking". This permits matrix formation between strands as
      they are positioned and eliminates the necessity of forcing the feed gas
      mixture between prepositioned strands.
PAR  When the invention is practiced with strands, such as carbon yarns, which
      comprise a multiplicity of fibers which have been spun or otherwise
      incorporated to form the continuous strand, the pyrolytic graphite-SiC
      microcomposite may, in some instances be deposited on fibers or fuzz
      protruding from the strand rather than directly on the base strand.
      Therefore, in order to obtain optimum lateral bonding of strands by the
      matrix, it may be desirable to minimize such protrusions as, for example,
      by mechanically removing them with a scraper blade as the matrix is built
      up or by utilizing strands precoated with pyrolytic graphite to provide a
      smooth surface.
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      the principles of this invention can be embodied in other forms but within
      the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shaped pyrolytic graphite article comprising a matrix containing
      embedded therein at least one reinforcing refractory filament or strand
      layer, said filament or strand layer comprising a plurality of
      unidirectional and substantially parallel, laterally spaced, individual,
      continuous refractory filaments or strands, said matrix comprising
      crystallite layers of pyrolytic graphite containing embedded SiC aciculae
      in which the longitudinal axes of said aciculae are aligned substantially
      in the c-direction relative to the a-b plane of the associated pyrolytic
      graphite crystallite, said SiC aciculae comprising about 5% to about 95%
      by volume of said matrix, said crystallite layers being nucleated from
      each of said individual filaments or strands and interconnected to form a
      continuous matrix phase surrounding and interconnecting each of said
      filaments or strands.
NUM  2.
PAR  2. The article of claim 1 wherein said article comprises a plurality of
      reinforcing layers.
NUM  3.
PAR  3. The article of claim 2 wherein the unidirectional, substantially
      parallel filaments or strands comprising one reinforcing layer are
      oriented in a direction different from the unidirectional, substantially
      parallel filaments or strands comprising another reinforcing layer.
NUM  4.
PAR  4. The article of claim 1 wherein the refractory strand is carbon.
NUM  5.
PAR  5. The article of claim 2 wherein the refractory strand is carbon.
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PAL  An elongated wrapper which is initially flexible and which, when wrapped
      around one or more bodies, is adapted to be stretched and assume a
      substantially rigid condition. The wrapper has an outer, elongated,
      tubular, elastic envelope assembly which is of a generally flat cross
      section and which is adapted to surround one or more bodies while being
      longitudinally stretched and wrapped around the bodies. This envelope
      assembly has an inner surface carrying one of a pair of materials which,
      when they combine, react to assume a hardened condition. The other of
      these materials is situated in the interior of the envelope assembly and
      is separated from the one of the pair of materials by a separating layer
      structure which is located in the envelope assembly between the pair of
      materials separating them from each other to prevent them from combining.
      This separating layer assembly has the property of responding to the
      longitudinal stretching of the envelope assembly when the latter is
      wrapped around one or more bodies to assume a non-separating condition
      placing the materials in contact with each other so that they will then
      combine to assume the hardened condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to wrappers.
PAR  Thus, the present invention relates to wrappers in the form of ribbons,
      tapes, bandages, or the like, which are adapted to be wrapped around one
      or more bodies for a number of different purposes.
PAR  For many different purposes it is desirable to have a wrapper of the above
      general type which is capable of being wrapped around one or more bodies
      and which then is capable of assuming a hardened condition. For this
      purpose it is known, for example, to provide a fleece layer of glass
      fibers impregnated with polyester and situated in a plastic envelope which
      also contains a hardener for the polyester, the hardener being separated
      from the polyester and being situated in its own envelope which is
      ruptured when the wrapper is used so that the hardener is released to
      combine with the polyester.
PAR  Known structures of this latter type have the disadvantage of a non-uniform
      mixing of the hardener and polyester with development of temperatures
      which are too high so that the desirable mechanical properties are not
      achieved with the hardened polymer because of brittleness on the one hand
      and flexibility on the other hand. A further disadvantage of the known
      structures of the above type is that the envelope has no elasticity or
      deformability so that it cannot conform to the configuration of the body
      on which the wrapper is wound.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      wrapper which will avoid the above drawbacks. Thus, it is an object of the
      present invention to provide a wrapper which is in its entirety
      elastically deformable so that it will conform to any configuration of a
      body on which the wrapper is wound.
PAR  Furthermore, it is an object of the present invention to distribute over a
      relatively large area in a uniform manner a hardener coating, on the one
      hand, as well as to provide a uniform distribution of a polymerizable
      material, so that with the wrapper of the invention there will be a
      uniform transfer from the elastic, flexible condition into a mechanically
      rigid condition.
PAR  The elongated wrapper of the present invention, which is initially flexible
      and which when wrapped around one or more bodies is adapted to be
      stretched and to assume a substantially rigid condition, includes an
      outer, elongated, tubular, elastic envelope means having a generally flat
      cross-sectional configuration for surrounding one or more bodies while
      being longitudinally stretched and wrapped around the bodies. This
      envelope means has an inner surface carrying one of the pair of materials
      which when combined with each other react to assume a hardened condition,
      this one material being distributed longitudinally along an inner surface
      of the envelope means while the other of the materials is situated in the
      interior of the envelope means between the opposed longitudinally
      extending wall portions thereof. A separating means is situated in the
      interior of the envelope means between these materials to separate them
      from each other so as to prevent them from combining with each other. The
      separating means has the property of responding to the longitudinal
      stretching of the envelope means, when the latter is wrapped around one or
      more of the bodies for assuming a non-separating condition placing the
      above materials in contact with each other so that they will then combine
      to assume the hardened condition in response to the stretching and
      wrapping of the envelope means around one or more bodies. The various
      materials which are used in the wrapper of the invention are selected so
      as to be adapted to the particular purposes for which the wrapper is
      intended. Thus, in all cases, all the materials have the property of being
      capable of withstanding environmental conditions. Moreover, the outer
      envelope means is impermeable to fluids and is transparent, and in fact
      the entire wrapper is transparent when it assumes its hardened condition.
      However, one of the materials which combine to give the wrapper its
      hardened condition is initially opaque but has the property of becoming
      transparent when the materials combine, so that by becoming transparent a
      visual indication is given of the hardening reaction.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic fragmentary perspective illustration of various
      layers of material which form one embodiment of a wrapper of the
      invention;
PAR  FIG. 2 is a transverse sectional elevation of the wrapper of the invention
      showing in greater detail how the various layers of FIG. 1 coact with each
      other;
PAR  FIG. 3 is a fragmentary longitudinal sectional elevation of the wrapper of
      FIG. 2 showing additional details thereof;
PAR  FIG. 4 illustrates one example of how the wrapper of the invention may be
      used;
PAR  FIG. 5 is a partly sectional elevation of a fastener means which may be
      used with the wrapper of the invention; and
PAR  FIG. 6 is a top plan view of the fastener of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the description which follows the invention is described in connection
      with its use in the field of human or veterinary medicine, but it is to be
      understood that the wrapper of the invention has many additional uses in
      industry where it can be used in the electrical, shipbuilding, aircraft,
      autombile, and other industries at any location where parts are to be
      united or strengthened by a wrapper which is wrapped in such a way that
      after wrapping it will assume a rigid condition.
PAR  Referring first to FIG. 1, there is illustrated therein a storing means 1
      which forms the innermost part of the wrapper of the invention. This
      storing means 1 takes the form of a reinforcing or strengthening material
      composed of a fleece of glass fibers which is thoroughly impregnated with
      a polymerizable material such as an unsaturated polyester resin, with the
      storing means 1 acting in the manner of a sponge for holding the
      polymerizable material in a relatively stable condition uniformly
      distributed within the wrapper of the invention. The unsaturated polyester
      resin which is neither too brittle nor too elastic has mechanical
      stiffness characteristics which are adapted to the particular use for
      which the wrapper is designed.
PAR  The glass fiber fleece layer 1 which is impregnated with the polymerizable
      material is situated within an envelope means 10 which is shown in a
      transverse view in FIG. 2. This envelope means 10 is made up of an inner
      layer 12 of plastic foil and an outer layer 14 of a woven elastic material
      which gives to the foil 12 the required elasticity, in a manner described
      in greater detail below. The plastic foil layer 12 of the envelope means
      10 is made up of a pair of ribbons or strips 2 of plastic foil, these
      bands or ribbons 2 being joined together at their side edges so as to form
      the enclosure in which the storing means 1 is located together with the
      polymerizable material. For this purpose the pair of separate strips 2 are
      welded to each other at their side edges or these side edges may be
      adhered to each other or seamed together in any manner providing the
      envelope means 10 with a structure according to which the space within the
      envelope means is completely enclosed and shut off from the outer
      atmosphere, this envelope means 10 having the property of being
      impermeable to fluids. The elongated envelope means 10 is closed at its
      ends in the same way as at its side edges. The elastic layer 14 of the
      envelope means 10 is made up of a pair of woven elastic sheet material
      layers 4 shown in FIG. 1, these layers being adhered to the exterior
      surfaces of the strips 2 by the adhesive layers 3 indicated in FIG. 1. The
      adhesive coatings 3 serve to elastically fix the woven elastic layers 4 to
      the exterior surface of the foil 2.
PAR  The elastic strips 2 thus form a pair of elongated opposed wall portions of
      the envelope means 10 which has the generally flat configuration shown in
      FIG. 2, and these strips 2 have inner surfaces which carry one of a pair
      of materials which, when combined, react to assume a hardened condition.
      Thus, the inner surfaces of the strips 2 are coated with hardener coatings
      5 which when contacted by the unsaturated polyester resin stored by the
      storing means 1 will provide the polymerization and resulting hardening of
      the structure. Initially, however, the coatings 5 are separated from the
      polymerizable material with which the glass fiber fleece 1 is impregnated
      by a separating means 16 which, as shown in FIG. 2, has a pair of
      separating portions each provided with opposed side edges joined with the
      inner surface of the envelope means 2 so as to define with the latter a
      pair of chambers in which the pair of hardener coatings 5 are respectively
      maintained in a condition separated from the glass fiber fleece 1 and the
      polymerizable material with which the latter is impregnated. As is shown
      particularly in FIG. 1, the separating means is composed of a pair of
      apertured sheet material layers 6 respectively located directly next to
      the hardener coatings 5 at the surfaces thereof opposed to the inner
      surfaces of the strips 2, and by way of an adhesive layer 7 each of the
      apertured strips of sheet material 6 is joined with a covering sheet
      material 8 which serves to cover and close the apertures of the sheet
      material 6, this layer of sheet material 8 having the property of
      rupturing in response to stretching of the envelope means 10.
PAR  The glass-fiber fleece layer 1 is made up of monofilaments each having a
      fiber diameter of substantially less than 18 .mu. (nanometer, nm).
      Preferably the diameter of each monofilament is between 6 and 12 .mu.. The
      individual filaments are coated with an adhesive medium preferably
      containing silan, such as, for example, a silanol. The monofilaments are
      elastically connected to each other with a suitable binder.
PAR  The above-described layer of glass-fiber fleece is impregnated with the
      polymerizable material which preferably is an unsaturated polyester resin
      which is neither too brittle nor too elastic and which corresponds in its
      mechanical stiffness values to the desired purpose. This glass-fiber
      fleece is impregnated with such an amount of the polymerizable material
      that the fleece acts in the manner of a sponge for holding the
      polymerizable material with the ratio of the polymerizable material per
      unit of area of the fleece being maintained constant with respect to the
      amount of hardener coating per unit of area at the inner surface of the
      envelope means.
PAR  A particularly suitable polymerizable material is a physiologically
      compatible polyester, obtained in a known way, and in which different
      diols, which have up to 6 carbon atoms, are esterized with a mixture of
      maleic acid anhydride and phthalic acid anhydride. The refractive indices
      of the glass fiber fleece and the unsaturated polyester are for the most
      part identical so that the desired transparency is assured, with the
      matching of these refractive indices being improved by the addition to the
      polymerizable material of up to 20% of acrylic and methacrylic acid esters
      as well as epoxy resins, to improve the transparency. In order to prevent
      yellowing of the polymerization product an additive capable of absorbing
      ultraviolet rays is desirable. Also it is desirable to provide the
      polymerizable material, particularly the unsaturated polyester, with a
      self-extinguishing or flame-limiting medium such as antimony trioxide,
      chlorinated paraffin, or the like, so that in this way the polyester will
      not be easily ignitable. In addition to the above additives the
      polymerizable material such as unsaturated polyester resin can also
      contain polymerization inhibitors, aromatic and coloring substances, as
      well as fillers of different raw materials and corresponding accelerators,
      preferably on the basis of a tertiary amine.
PAR  The plastic foil 2 which forms the inner layer of the envelope means is
      transparent and is also chemically inert as well as impervious to all
      fluids, and in addition it is physiologically inert and biologically
      stable. This plastic foil 2 has a thickness on the order of 6-12 .mu., and
      it has a high bending index, which is to say it is greatly resistant to
      flexing in opposite directions, and in addition it is highly resistant to
      tearing and impact forces. These requirements are preferably fulfilled by
      a polyester foil which has all of the required properties except
      flexibility which is required for better adapting of the wrapper to the
      surface on which it is wound. The manufacture of the tubular envelope is
      brought about by joining together the side edges of the foil strips 2 by
      welding, gluing, and/or seaming, so that the glass-fiber fleece which is
      impregnated with the polymerizable material is tightly closed on all sides
      off from the surrounding atmosphere. In order to improve the welding of
      the poorly weldable polyester foil, it is desirable to coat the foil on
      the one hand with a polyethylene foil and to provide, on the other hand,
      an adhering of the strips to each other with an adhesive which is
      resistant to the polymerizing, preferably a polyurethane adhesive.
PAR  The adhesive layer 3 is made up of a transparent corresponding
      high-molecular, physiologically compatible and biologically stable
      adhesive having the required adhesive properties with respect to the
      plastic foil and the woven elastic layer 4. Such an adhesive coating can
      advantageously be polyvinylisobutylether in dissolved or dispersed form.
PAR  The woven elastic layer 4 must have the capability of returning to its
      original substantially unstretched condition while being highly
      stretchable longitudinally and of low stretchability transversely, while
      at the same time also being transparent. These requirements are fulfilled
      by a weave in which the warp yarns are made of highly elastic fibers such
      as, for example, polyurethane fibers as well as monofilaments and
      multifilaments of crinkled synthetic fibers such as polyamide and
      polyester fibers. The weft yarn is composed of thin monofilaments,
      preferably dull polyester or polyamide fibers for example in the form of a
      taffeta weave.
PAR  This woven elastic layer with the above-described warp and weft yarns can
      be manufactured in different ways in accordance with the type of weave and
      the density thereof. The construction of the weave, however, is specially
      designed so that shifting of the individual windings of the wrapping with
      respect to each other is avoided. This is brought about by providing the
      yarns with a crinkled configuration having individual loops which
      interlock with each other so that the windings of the wrapping of the
      invention will be prevented from shifting even when placed around a joint
      such as an elbow or a knee where there is a relatively high degree of
      movability. Thus, shifting of the wrapping with respect to the skin is
      avoided. The weft yarns which are situated between the elastomeric warp
      yarns in crinkled form, such as monofilament or multifilament polyamide or
      polyester yarns interlocked with each other because of their looped
      configuration. Thus, the wrapping of the invention is correspondingly
      thin, impervious to moisture and capable of being sterilized while at the
      same time being absolutely inert with respect to human skin and being
      incapable of biological decomposition. Moreover, the wrappings of the
      invention can be used by themselves as fixing elements which will not
      shift with respect to each other.
PAR  In order to render the wrapper of the invention physiologically compatible
      in the field of medicine, it is required that the above-described
      polyurethane, polyamide, and/or polyester fibers have no coatings in the
      form of dyes or finishing materials which will result in allergic or other
      skin-damaging reactions. The physiological inertness of polyester foil and
      the polyester fibers is clear from the fact that this material cannot have
      any components extracted therefrom when heated through a range of up to
      260.degree. C. As already pointed out above, the raw material for the
      foils and fibers are absolutely biologically stable and cannot be
      biologically decomposed. The above-mentioned absolute requirements for
      physiological inertness and biological stability are fulfilled by the
      polyester foils and fibers as a completely polymerized product.
PAR  In accordance with one of the important features of the present invention,
      the woven elastic layer 4 is initially placed in stretched condition on
      the plastic foil 2 which, as described above, is first coated at its
      exterior with a flexible, transparent and physiologically inert adhesive
      layer. This fixing of the elastic layer 4 to the foil 2 with the elastic
      in its stretched condition is required so that the non-flexible and
      non-stretchable foil used for the strips 2 will be longitudinally
      compressed and will assume the crinkled condition illustrated in FIG. 3
      when the tension is released from the elastic layer 4 so that the latter
      contracts to assume its substantially relaxed, unstretched condition while
      the foil itself assumes the condition of crepe. Thus, with the elastic
      woven layer 4, initially adhered to the plastic foil in stretched
      condition, the subsequent release of the tension in the elastic will
      permit the latter to contract while crinkling the foil. In this way the
      foil 2 which otherwise would have no elastic properties is rendered
      flexible and stretchable and is capable of conforming to any configuration
      on a body on which the wrapper is wound. Thus, by way of this expedient
      the elastic layer of the envelope means provides the latter with the
      required elasticity.
PAR  As was pointed out above, the strips 2 are coated at their inner surfaces
      with the hardener layer 5. The hardener layer is composed preferably of
      peroxides preferably benzoil peroxide which is easily dissolved in an
      organic solvent and by way of a peroxide binder which is not oxidizable,
      such as preferably polyvinyl acetate, is adhered and fixed to the inner
      surface of the foil 2 in an amount which has the proper relationship per
      unit of area to the polymerizable material. For this purpose the outer
      edge regions of the separating layer 6 are welded to the inner surface of
      the foil and then the pair of foil strips 2 are welded to each other at
      their side edges to form the tubular envelope, with the free side edges of
      the separating layer 6 being situated beyond the peroxide layer 5 against
      the plastic foil 2.
PAR  The non-oxidizable adhesive layer, preferably polyvinyl acetate, as
      referred to above in addition to adhering the hardener layer 5 to the foil
      2 serves also to desensitize the peroxide and increase its stability and
      in addition serves at the same time as an agent for promoting the
      combining of the peroxide with the polymerizable material while avoiding
      an undesirably high exothermic reaction.
PAR  In order to achieve as uniform as possible a distribution of the peroxide,
      the peroxide is uniformly applied with respect to the entire surface of
      the foil 2 which is coated with the peroxide, with the amount of peroxide
      corresponding to a desired amount per unit of the polyester, and at the
      same time the wide extent of distribution over a large area assures a
      wide-area uniform contact and uniform mixing with the polyester and thus a
      uniformly controlled polymerization and hardening of the polymerizable
      material without developing too much heat as a result of the exothermic
      reaction.
PAR  As a result of the fact that the organic peroxide crystallizes out on the
      inner surface of the adhesive which joins it to the foil, the transparent
      foil 2 becomes non-transparent. However, during use, which is to say after
      rupture of the separating means and release of the polymerizable material
      to flow through the previously closed openings of the apertured layer 6,
      the combining of the hardener 5 with the polymerizable material results in
      mixing of the hardener with the polymerizable material and the regaining
      of the transparent property. As a result of the fact that the structure
      becomes transparent when used, which is to say the separating means
      ruptures in response to stretching of the envelope means to permit the
      peroxide and polymerizable material to combine, the wrapper of the
      invention becomes transparent after being wound onto a body and this
      transfer to the transparent from the non-transparent state gives an
      indication and measure of the completeness of the combining, which is to
      say the dissolving or mixing of the hardener with the polymerizable
      material, so that this reaction can be visually controlled when the
      wrapper is applied to one or more bodies by being stretched and wound
      thereon, and it is even possible to control the action in accordance with
      the visual perception of the transfer from non-transparent to transparent
      condition. Thus, by noting that the wrapper has assumed a transparent
      condition it becomes possible for the user to assure himself that the
      required complete hardening of the polymerizable material has reliably
      occurred.
PAR  Furthermore, the relatively flat configuration of the wrapper which has a
      small thickness and a large surface area assures an intense heat transfer
      to carry away the heat of the exothermic reaction. In order to assure a
      thorough hardening, a corresponding combination of different organic
      peroxides with corresponding accelerators and inhibitors is desirable. In
      particular, the gelling time without reducing the entire hardening time is
      lengthened in such a way that the readily removable, low-molecular
      polyester molecules and styrene molecules of the hardener layer are
      sufficiently active. The amount of additive must have a corresponding
      relationship with respect to the amount of polymerizable material which is
      to be hardened, and this may vary in case to case so as to achieve the
      requirements of a particular application. The above requirements can be
      reinforced if the polyester has a corresponding make-up and utilizes a
      combination of different monomers, the selection of which is not critical.
PAR  The hardener layers 5 are separated from the polyester-impregnated
      glass-fiber fleece layer 1 by the separating means which includes the
      apertured separating sheet material 6 adhered by the adhesive layer 7 to
      the covering sheet material 8, as pointed out above. The types of
      apertures with which the sheet material 6 is provided are not critical. It
      is only necessary to perforate the sheet material 6 in such a way that
      after mechanical rupture of the covering sheet material 8 there will be
      sufficient contact between the hardener and the polymerizable material. In
      order to avoid an undesirable premature contact between the
      polyester-impregnated glass-fiber fleece and the hardener layer 5, the
      perforated or apertured sheet material 6 is welded at its side edges,
      laterally beyond the peroxide layer 5, with the foil 2, or the side edge
      regions of the sheet material 6 can be glued to the inner surface of the
      foil 2 by utilizing an adhesive which is inert with respect to polyester.
      The apertured sheet material 6 which preferably is made of a saturated
      polyester is transparent and resistant to water and chemicals, has an
      extremely small thickness, and is inert with respect to the polymerizable
      material and the hardener. The perforated sheet material 6 is coated with
      the adhesive layer 7 which preferably is polyurethane, which is also inert
      with respect to the polymerizable material and the hardener, so that the
      covering sheet material 8 of the separating means may be fixed with the
      apertured sheet material 6 while remaining inert with respect to the
      polymerizable material. The transparent covering sheet material 8 which is
      inert with respect to the polymerizable material and the hardener and
      which has a suitable mechanical stiffness must be so brittle that as a
      result of the flexible deformability of the foil 2, or in other words of
      the outer envelope means, to the inner surface of which it is fixed
      together with the apertured sheet material 6, the sheet material 8 will
      become mechanically ruptured as a result of the flexible deforming of the
      wrapper of the invention and thus will release or uncover the openings of
      the sheet material 6. For use as the covering sheet material 8 urea
      formaldehyde resin has proved to be particularly suitable, this latter
      material being inert with respect to the hardener and polymerizable
      material. The separating or covering sheet material 8 ruptures in response
      to the flexible deformation of the foil 2 as well as from simple
      hand-pressure and also as a result of the longitudinal stretching of the
      envelope means when the latter is wrapped around one or more bodies. The
      mechanical rupturing of the covering sheet material provides particles of
      the sheet material 8 which become embedded in the product of
      polymerization after polymerizing of the polymerizable material with which
      the glass-fiber fleece 1 is impregnated, without causing in this way any
      loss in the mechanical stiffness or transparency of the polymerized
      product.
PAR  In a special embodiment of the invention the wrapper is provided at its
      exterior surface with a plastic layer 20, shown at the lower part of FIGS.
      2 and 3, composed in a known way of plastic sheets which enclose air
      bubbles so as to form a cushion layer for protecting the skin of an
      individual on to which the wrapper is wound. Thus, when in the field of
      medicine prominent parts of the body are to be protected against rubbing
      and chafing, the wrapper of the invention will maintain the desirable
      transparency while at the same time protecting the skin of the individual
      against injury as a result of the presence of the cushion layer 20. While
      this layer may be first placed over the skin before the wrapper of the
      invention is applied it is also possible to adhere the layer of air
      cushions 20 to the wrapper to form a part thereof with the layer 20 being
      placed in contact with the skin.
PAR  The manufacturing of the wrapper structure of the invention takes place
      with known methods for manufacturing tapes which are applied with
      coatings, while at the same time, of course, providing the requirements
      for the wrapper of the invention.
PAR  The immobilizing wrapper of the invention provides in itself, even at
      thicknesses of only 1 mm such a high degree of mechanical stability that
      circular wrapping of one convolution substantially entirely upon another
      is not required for a body part in the field of medicine. Instead the
      wrapper of the invention can be wound spirally with a relatively small
      amount of overlap from one convolution to the next on parts of the body
      such as joints at the elbow and knee, and the wrapper of the invention
      will prevent build-up of moisture as was undesirably encountered with
      previously known plaster or plastic bandages which because of their
      relatively small degree of mechanical stiffness had to be circularly wound
      a number of times, and thus the wrapper of the invention will avoid any
      maceration or damaging of the covered skin.
PAR  The manner in which the wrapper of the invention is spirally wound on a
      joint such as an elbow is illustrated schematically in FIG. 4. Thus FIG. 4
      shows a wrapper 22 of the present invention spirally wound on an elbow of
      an individual. As a result of this spiral winding there will be several
      convolutions which overlap each other. In order to assure against shifting
      of the winding in a longitudinal direction, which is important in the case
      of vertically arranged windings in the field of medicine, so as to provide
      a sufficient stability and immobilization for the body part, the
      overlapping or crossing windings as well as the ends of the wrapper should
      be fixed to each other. This fixing can be provided with suitable fastener
      means 24, a pair of which are schematically represented in FIG. 4, with
      the details of the fastener means 24 being shown in FIGS. 5 and 6. It will
      be seen that this fastener means 24 has a pushbutton type of construction.
      The entire fastener means 24 is preferably made of transparent polystyrene
      and at one end has a head 26 provided with a relatively stable pointed
      shank 28 which pierces through the wrapper 22 and snaps into a receiver
      portion 30 of the fastener means 24. Thus, the parts 26, 30 are
      interconnected by a springy U-shaped portion 32 which is integral with the
      parts 26 and 30 enabling the part 30 to be placed between the skin and the
      wrapping while the part 26 is located at the exterior of the wrapping to
      be pushed into the receiver 30, snapping into the latter while piercing
      through the wrapping and thus fastening a pair of overlapping wrapper
      portions to each other. Additional fixing of the fastened wrapper portions
      to each other is achieved with this construction in that the monomer
      portion of the polymerizable material such as styrene is released from the
      shank 28 which is made of polystyrene and thus in a manner similar to a
      rivet the shank undergoes a fixed connection with the polymerizable
      material in the interior of the wrapper of the invention. The receiver
      portion 30 and the pushbutton portion 26 close tightly together and
      prevent any running out or leakage of the highly viscous polymerizable
      material during the polymerizing phase, so that there is no undesirable
      leakage of the polymerizable material from the wrapper of the invention.
      Because of the presence of the U-shaped portion 32 it is possible to slip
      the part 30 between the skin and the wrapping to the desired location, and
      the operator can place a finger between the part 30 and the skin as well
      as a thumb over the part 26 pressing the parts 26 and 30 together without
      causing any undesirable pressure on the body part.
PAR  The finished wrapper structure of the invention is protected by being
      placed in a closed container which is impervious to water and ultraviolet
      rays. The cushioning layer 20 also serves to prevent undesirable vibration
      of the wrapper while it is stored and thus a premature rupturing of the
      separating means with premature hardening in the container is avoided. In
      accordance with the particular environmental conditions, certain
      adaptations are made. Thus, in relatively hot climates and in relatively
      cold zones, in order to assure a sufficient polymerizing of the
      polymerizable material it is necessary to vary the amount of hardener with
      respect to the amount of polymerizable material. Thus, in relatively cold
      climates the amount of hardener supplied per unit of polymerizable
      material is greater while in relatively hot climates the amount of
      hardener provided per unit of polymerizable material is less.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an elongated wrapper which is initially flexible and which when
      wrapped around one or more bodies is adapted to be stretched and to assume
      a substantially rigid condition, outer, elongated, tubular, impermeable,
      elastic envelope means having in a transverse direction a width which is a
      relatively small fraction of its length in a longitudinal direction and
      having a generally flat cross sectional configuration for surrounding one
      or more bodies while being stretched in said longitudinal direction and
      wrapped around the bodies, said envelope means having an inner surface
      carrying one of a pair of materials which when they combine react to
      assume a hardened condition, said one material being distributed in said
      longitudinal direction along said inner surface of said envelope means and
      the other of said materials being situated in the interior of said
      envelope means between opposed wall portions thereof which extend in said
      longitudinal direction, and separating means situated in the interior of
      said envelope means between said materials and separating the latter from
      each other for preventing them from combining with each other, said
      separating means including an apertured layer of sheet material and a
      covering sheet material which is relatively brittle and which has the
      property of rupturing in response to stretching of said envelope means in
      said longitudinal direction when said envelope means is wrapped around one
      or more of said bodies, said covering sheet material being adhered to and
      covering said apertured sheet material to close the apertures thereof so
      that upon rupturing of said covering sheet material in response to said
      longitudinal stretching of said envelope means, said separating means will
      assume a non-separating condition placing said materials in contact with
      each other through apertures of said apertured sheet material so that they
      will combine to assume said hardened condition in response to stretching
      of said envelope means in said longitudinal direction and wrapping of said
      envelope means around one or more bodies, said envelope means and
      separating means both being transparent while said pair of materials
      include a material which initially is non-transparent but which becomes
      transparent when said pair of materials combine with each other, so that
      the transparency resulting from the combining of said pair of materials
      gives a visual indication of the hardening reaction and renders visible
      that part of a body which is covered by the wrapper.
NUM  2.
PAR  2. The combination of claim 1 and wherein a storing means extends
      longitudinally along the interior of said envelope means for storing said
      other material therein.
NUM  3.
PAR  3. The combination of claim 2 and wherein said storing means is in the form
      of a layer of glass fibers impregnated with the other of said materials.
NUM  4.
PAR  4. The combination of claim 1 and wherein said opposed wall portions of
      said envelope means each extend transversely between opposed side edge
      regions of said envelope means, and said one material being distributed
      longitudinally along and coating inner surfaces of said opposed wall
      portions to provide a pair of longitudinally extending coatings of said
      one material respectively carried by said inner surfaces of said opposed
      wall portions of said envelope means, said separating means having a pair
      of separating portions respectively connected with said oppposed wall
      portions of said envelope means and defining with the latter a pair of
      elongated chambers in which said coatings are located while being
      prevented from combining with the other of said materials, said other
      material being situated in said envelope means between said portions of
      said separating means.
NUM  5.
PAR  5. In an elongated wrapper which is initially flexible and which when
      wrapped around one or more bodies is adapted to be stretched and to assume
      a substantially rigid condition, outer, elongated, tubular, impermeable,
      elastic envelope means having in a transverse direction a width which is a
      relatively small fraction of its length in a longitudinal direction and
      having a generally flat cross sectional configuration for surrounding one
      or more bodies while being stretched in said longitudinal direction and
      wrapped around the bodies, said envelope means having an inner surface
      carrying one of a pair of materials which when they combine react to
      assume a hardened condition, said one material being distributed in said
      longitudinal direction along said inner surface of said envelope means and
      the other of said materials being situated in the interior of said
      envelope means between opposed wall portions thereof which extend in said
      longitudinal direction, and separating means situated in the interior of
      said envelope means between said materials and separating the latter from
      each other for preventing them from combining with each other, said
      separating means including an apertured layer of sheet material and a
      covering sheet material adhered to and covering said apertured sheet
      material to close the apertures thereof, said covering sheet material
      being relatively brittle and having the property of rupturing when
      responding to stretching of said envelope means in said longitudinal
      direction when said envelope means is wrapped around one or more of said
      bodies for providing for contact of said pair of materials through
      apertures of said apertured sheet material to place said separating means
      in a condition assuming a non-separating condition placing said materials
      in contact with each other so that they will combine to assume said
      hardened condition in response to stretching of said envelope means in
      said longitudinal direction and wrapping of said envelope means around one
      or more bodies, said envelope means including an inner tubular layer of
      plastic foil and an outer layer of elastic material joined to said foil,
      said foil being in a crinkled condition compressed in said longitudinal
      direction while said elastic material yieldably resists elongation of said
      foil in said longitudinal direction to lend elasticity to said foil.
NUM  6.
PAR  6. The combination of claim 5 and wherein said layer of elastic material is
      in the form of a woven layer made up of elastic weft and warp yarns with
      said warp yarns having a greater elasticity than said weft yarns to
      provide said envelope means with a degree of longitudinal elasticity which
      is substantially greater than the degree of transverse elasticity.
NUM  7.
PAR  7. The combination of claim 6 and wherein said yarns of said woven layer of
      elastic material include yarns having loops therein to provide for
      interlocking of the windings of the outer envelope means when the latter
      is wrapped around one or more bodies to prevent slipping of the windings.
NUM  8.
PAR  8. The combination of claim 1 and wherein said envelope means carries at
      its exterior a cushioning layer composed of a layer of plastic material
      enclosing air bubbles therein.
NUM  9.
PAR  9. The combination of claim 1 and wherein said outer envelope means
      includes an inner layer of plastic foil which is impermeable to all fluids
      and which is transparent, said plastic inner layer of said envelope means
      carrying at its exterior a woven elastic layer of substantial longitudinal
      stretchability and relatively small transverse stretchability with said
      elastic layer being adhered to said plastic foil by a transparent,
      highmolecular, elastic adhesive layer of polyisobutylether and said
      plastic foil being in a longitudinally crinkled condition while said
      elastic layer is substantially relaxed so that the latter yieldably
      resists elongation of said plastic foil to lend elasticity thereto.
NUM  10.
PAR  10. The combination of claim 7 and wherein said plastic foil of said outer
      envelope means has said opposed longitudinally extending wall portions
      each of which extends transversely between opposed side edges of said
      envelope means and said longitudinally extending wall portions
      respectively having inner surfaces coated with said one of said pair of
      materials, the other of said pair of materials being a polymerizable
      material while said one material is a hardener, for the polymerizable
      material, and said separating means having a pair of elongated separating
      portions each of which has opposed side edges joined to the inner surface
      of said envelope means and said pair of separating portions defining with
      said plastic foil of said envelope means a pair of longitudinally
      extending chambers in which said hardener coatings are maintained
      separated from said polymerizable material.
NUM  11.
PAR  11. The combination of claim 10 and wherein said hardener coatings are
      adhered to said inner surfaces of said opposed wall portions of said foil
      by a transparent, non-oxidizing material which is easily dissolved in an
      organic solvent medium and which is inert with respect to the
      polymerizable material.
NUM  12.
PAR  12. The combination of claim 10 and wherein said separating means includes
      an apertured sheet material situated next to each coating and made of a
      transparent foil which is inert with respect to the hardener coating and
      polymerizable material, said covering sheet material being made of a urea
      formaldehyde resin which is transparent, relatively brittle and subject to
      rupturing, and inert with respect to the polymerizable material and the
      hardener coating.
NUM  13.
PAR  13. The combination of claim 12 and wherein said covering sheet material
      and said apertured sheet material are adhered to each other by a layer of
      polyurethane.
NUM  14.
PAR  14. The combination of claim 10 and wherein a storing means stores said
      polymerizable material and is in the form of a layer of glass fibers
      impregnated with said polymerizable material and having a refractive index
      substantially the same as the refractive index of said polymerizable
      material to be relatively transparent while said envelope means and
      separating means are also transparent.
NUM  15.
PAR  15. The combination of claim 10 and wherein said polymerizable material is
      an unsaturated polyester resin.
NUM  16.
PAR  16. The combination of claim 15 and wherein said unsaturated polyester
      resin has a diol component composed of glycol up to 6 carbon atoms.
NUM  17.
PAR  17. The combination of claim 15 and wherein said unsaturated polyester
      resin contains an additive of up to 20% selected from the group consisting
      of acrylic acid esters, methacrylic acid esters, and epoxy resins.
NUM  18.
PAR  18. The combination of claim 10 and wherein the polymerizable material
      contains an additive capable of absorbing ultraviolet rays.
NUM  19.
PAR  19. The combination of claim 10 and wherein said polymerizable material
      contains an additive selected from the group consisting of
      self-extinguishing or flame-limiting materials.
NUM  20.
PAR  20. The combination of claim 10 and wherein said polymerizable material
      contains polymerization inhibitors.
NUM  21.
PAR  21. The combination of claim 10 and wherein said polymerizable material is
      combined with an accelerator.
NUM  22.
PAR  22. The combination of claim 10 and wherein said polymerizable material is
      provided with coloring additives.
NUM  23.
PAR  23. The combination of claim 10 and wherein said polymerizable material is
      provided with a filler of raw materials.
NUM  24.
PAR  24. The combination of claim 10 and wherein said polymerizable material is
      maintained in the interior of said envelope means by a storing means in
      the form of a fleece layer of glass fibers which act in the manner of a
      sponge for storing said polymerizable material in a manner distributing
      the polymerizable material uniformly with a given amount of polymerizable
      material being provided for each unit of surface area of said envelope
      means.
NUM  25.
PAR  25. The combination of claim 24 and wherein said glass fiber fleece is
      composed of individual monofilaments which are flexibly and elastically
      fixed to each other.
NUM  26.
PAR  26. The combination of claim 24 and wherein the glass fiber fleece is
      coated with a silane-containing adhesive medium.
NUM  27.
PAR  27. The combination of claim 8 and wherein said elastic layer is woven from
      warp yarns selected from the group consisting of highly elastic
      polyurethane and crinkled, loop-forming, self-interlocking polyamide and
      polyester fibers, and weft monofilaments selected from the group
      consisting of crinkled, looped, self-interlocking polyester and polyamide
      fibers.
NUM  28.
PAR  28. The combination of claim 1 and wherein said other material is a
      polymerizable material while said one material is a mixture of organic
      peroxides.
NUM  29.
PAR  29. The combination of claim 1 and wherein said other material is a
      polymerizable material while said one material is a hardener material
      mixed with a polyvinyl acetate-containing adhesive medium.
NUM  30.
PAR  30. The combination of claim 1 and wherein said envelope means and
      separating means are both transparent while said other material is a
      transparent polymerizable material, said one material being a hardener
      material uniformly distributed witha given amount of hardener material for
      each unit of area and composed of an amount of peroxide which is
      non-transparent until combined with the polymerizable material.
NUM  31.
PAR  31. The combination of claim 1 and wherein said other material is a
      polymerizable material while said one material is a hardener layer joined
      to the inner surface of said envelope means, and said separating means
      including a separating layer extending around said hardener layer and
      having opposed edges welded or adhered to the inner surface of said
      envelope means to define with the latter a chamber in which said hardener
      layer is maintained separate from said other material.
NUM  32.
PAR  32. The combination of claim 1 and wherein said pair of materials are
      respectively, a polymerizable material and a hardener therefor, releasable
      fastener means coacting with windings of the wrapped envelope means and
      the structure therein for fastening them to each other, said releasable
      fastener means including a push member having a pointed shank to pierce
      through the wrapping and a receiving member having a recess for receiving
      the pointed shank, and said shank being made of polystyrene while said
      polymerizable material is a polyester with which said polystyrene becomes
      bonded so that the polymerizable material will be united with said shank.
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ABST
PAL  A decorative object comprises a hollow base of relatively hard, moldable
      material such as ceramic assuming the shape of the object and having a
      plurality of molded grooves in the outer surface thereof in selected
      regions. Selected areas of the base as defined by the grooves are covered
      with an adhered flexible material such as cloth panels whose margins are
      superimposed upon at least a portion of the grooves. The panel margins are
      pressed into the grooves with or without superimposed beading. The
      combination of various panels, imbedded joinders between the panels and
      firm adherence creates a pleasing aesthetic effect and the impression that
      the surface is not covered but that the product is actually fabricated of
      the cloth material. Surface areas of the base not covered with cloth are
      colored using appropriate ceramic dyes. Methods of making a decorative
      object in accordance with the invention comprise forming the base with
      grooves therein, cutting pieces of cloth the approximate size of the
      surface areas of the base to be covered by the cloth using a pattern,
      securing the pieces of cloth to the selected areas of the base using a
      bonding agent, trimming the edges of the cloth as necessary so that the
      edges do not extend beyond the grooves, pressing the edges of the cloth
      back into the grooves and securing beading within the grooves, where
      desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fanciful, three-dimensional art objects,
      and more particularly to such objects which may be hollow on the inside so
      as to serve as a vase or container and which simulate the appearance of a
      particular object in realistic and yet fanciful fashion.
PAR  2. History of the Prior Art
PAR  There are a variety of different ways of forming three-dimensional art
      objects to be used as decorator items, as fanciful holders for various
      items or as vases for flowers and the like. Such objects assume many
      different forms and are often formed to simulate or lend the appearance of
      a particular object.
PAR  It is known to form fanciful objects of the type described above with a
      pattern of surface variations such as a scored pattern as shown for
      example in U.S. Pat. No. D. 17,023 of Tappan and U.S. Pat. No. D. 17,171
      of Hurlbut et al. It is also known to assemble such objects from
      individual parts, the joints of which when assembled form lines resembling
      wrinkles and the like as shown for example by U.S. Pat. No. 2,606,105 of
      Wells in which a fanciful representation of a shoe is formed by joining
      together various different solid pieces.
PAR  Objects fashioned in the manner of the above-described patents, while being
      somewhat pleasing and artful in their appearance, are limited in the
      extent to which the appearance thereof may be made highly fanciful or
      realistic. In particular such objects tend to take on the appearance of
      the basic material of which they are made. For example if the object is
      made of a moldable material such as plastic, ceramic and the like, the
      finished object has the appearance of these basic materials; which in fact
      only imitate or emulate the original and lack a definite sense of realism.
      Thus, where a replica of a lady's  old fashioned shoe is principally made
      of ceramic, it looks like a ceramic imitation of a shoe and nothing more.
PAR  On the other hand use of materials of which the original object is made in
      producing replicas thereof often has serious drawbacks of its own. For
      example, if cloth or leather which are the principal elements of a lady's
      old fashioned shoe are used to make a replica thereof, the result may
      closely simulate the original but will certainly not be capable of holding
      water therein and of serving as a vase or other container of substance.
PAR  In the field of artful and fanciful objects, it is also known to form such
      objects using one material or group of materials to form a base or
      superstructure for the object and a second material which covers the base,
      as shown for example, in U.S. Pat. No. 1,486,705 of Walker. In such
      objects, however, the base usually serves only as a superstructure for the
      object and plays little or no role in the final appearance of the object,
      which appearance is typically dictated by the second material which
      completely covers the base or superstructure.
PAR  It is known in the case of certain objects such as dolls to score a portion
      of the object and then apply pieces of cloth or other covering thereto.
      However such measures are carried out merely to improve the overall
      appearance of the object which itself constitutes a mere attractive object
      and not a vase or similar object of moldable material intended to
      realistically simulate an actual object like a shoe. Such objects, which
      are totally different in their very nature from shoe vases and similar
      containers are void of any suggestion as to how to make a functional
      object look like something it is not.
PAR  Accordingly it would be advantageous to provide a new technique for forming
      artful or fanciful objects which provides for useful objects such as vases
      having a rather unique appearance in terms of realism, fancifulness or
      other factors. It would furthermore be advantageous to provide such an
      object in which the appearance is principally that of a covering added to
      certain portions of the surface of a base of superstructure which
      predominately comprises the object. It would still furthermore be
      advantageous to provide such an object having seams which are very
      realistic and give the appearance of having been machine sewn.
PAC  SUMMARY OF THE INVENTION
PAR  Fanciful objects in accordance with the invention comprise a base made of
      ceramic or similar moldable material which can be worked into a desired
      shape when moist and thereafter allowed to dry or harden. The base is
      formed by causing the material to assume a shape approximating that of the
      fanciful object to be formed and by creating surface grooves in the base
      in locations where apparent seams are to appear between panels in the
      finished object. This procedure may be accomplished using a mold made from
      an original base in which the grooves have been formed. The mold
      facilitates fabrication of the base with the grooves in the proper
      locations. When the base has been hardened, pieces of a flexible covering
      material such as cloth are cut into the approximate shape of selected
      surface areas of the base defined by the grooves. The cloth pieces are
      bonded to the selected areas of the base in conforming fashion. The edges
      or margins are trimmed as necessary to insure that the margins are
      embedded into and terminate within the grooves. Areas of the base which
      are not covered with the pieces of cloth or other covering material may be
      colored using appropriate materials such as ceramic tints in the cases
      where the base is formed of ceramic.
PAR  Because the margins of the surface covering pieces terminate within the
      grooves in the base, the seams and surface covering material create a
      highly realistic impression that the object is fabricated of the material
      itself and not merely covered. Interesting and fanciful effects are
      created by this juxtaposition of unlike materials, e.g., cloth and
      ceramics. Alternatively, the impression of beaded seams can be created by
      inserting braid or beading into the grooves after the edges of the cloth
      covering material have been depressed into the grooves, the braid or
      beading being held in place with an appropriate adhesive.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a vase in the form of a woman's  old
      fashion boot or shoe in accordance with the invention;
PAR  FIG. 2 is an exploded perspective view of the base of FIG. 1 illustrating
      the manner in which the grooved base thereof is formed and the pieces of
      covering material added;
PAR  FIG. 3 is a sectional view of a portion of the base of FIG. 2 illustrating
      one manner in which the base is provided with surface grooves in selected
      locations;
PAR  FIG. 4 is a sectional view of a portion of the base of FIG. 2 indicating
      the manner in which the pieces of covering material of FIG. 2 are bonded
      to the outer surface of the base;
PAR  FIG. 5 is a sectional view corresponding to that of FIG. 4 but with the
      pieces of covering material in place;
PAR  FIG. 6 is a sectional view of a portion of the arrangement of FIG. 2
      showing the manner in which a single edge of covering material is disposed
      within a groove in the base;
PAR  FIG. 7 is a block diagram comprising the successive steps in one preferred
      method of making a fanciful object in accordance with the invention; and
PAR  FIG. 8 is a perspective view of a section of material showing an
      alternative arrangement in which braid or beading can be inserted in a
      groove in the base.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a vase 10 in the form of a woman's  old fashioned shoe
      or boot. However it should be understood that the principles of the
      present invention apply to vases assuming forms other than an old
      fashioned shoe as well as to fanciful and artful objects other than vases.
      Accordingly the present invention is hereafter shown and described in
      terms of a vase forming an old fashioned shoe for purposes of illustration
      only.
PAR  The vase 10 comprises a base 12 forming the basic superstructure of the
      vase 10 and pieces of a covering 14 affixed to selected portions of the
      outer surface of the base 12 in conforming fashion. As described in detail
      hereafter the edges of the pieces of covering 14 are recessed into grooves
      formed in the outer surface of the base 12 to form a plurality of seams
      16. Portions of the outer surface of the base 12 which are not covered by
      pieces of the covering 14 are colored by use of appropriate paints, dyes
      or glazes to achieve the desired artistic effect. In the case of the shoe
      of FIG. 1 the heel 18 and the edges 20 of the sole which are not covered
      by the covering 14 are painted an appropriate leather color. A scalloped
      area 22 in the region underlying a plurality of buttons 24 is left
      uncovered and is instead colored appropriately. The buttons 24 which
      preferably comprise real buttons and which are glued or otherwise affixed
      within indentations formed in the scalloped area 22 of the base 12 serve
      to heighten the realistic appearance of the shoe 10.
PAR  As formed in accordance with the invention the vase 10 of FIG. 1 is
      comprised essentially only of two materials, namely the material of the
      base 12 and the pieces of the covering 14. Yet the finished product has a
      unique and realistic appearance which stems primarily from the presence of
      the covering 14 and the manner in which it is secured to the base 12 to
      form the seams 16. As a result the seams 16 are highly realistic in
      appearance and resemble actual machine sewn seams in the material
      comprising the covering 14. Moreover the covering 14 blends with the
      exposed portions of the base 12 to give the vase 10 an appearance of being
      fabricated of the covering 14 and not the base 12.
PAR  The exploded view of FIG. 2 emphasizes the simplicity of fanciful objects
      in accordance with the invention despite their unique and highly realistic
      appearance. Specifically the vase 10 of FIG. 1 is comprised of the
      integrally formed base 12 and a plurality of pieces of the covering 14. In
      the present example five pieces of the covering 14 are employed although
      any number of covering pieces can be used depending upon the design of the
      fanciful object. As shown in FIG. 2 the three lower pieces 28, 29 and 30
      of the covering 14 are affixed in conforming fashion so as to be
      coextensive with the outer surface of the lower or foot portion of the
      shoe. A pair of opposite upper pieces 32 and 34 are similar in shape and
      cover upper portions of the shoe in the region of the ankle and lower leg.
PAR  The base 12 is integrally formed from moldable material which is soft and
      pliable and thereby easily worked when moist and which can be hardened
      such as by drying and made waterproof to serve as a vase or similar
      object. Ceramic is a preferred material for use in forming the base 12,
      although other appropriate materials such as plastics or plaster may be
      used. An original of the base 12 is first formed of the ceramic or other
      desired material by hand and a plurality of grooves 38 formed in the outer
      surface thereof. A multi-piece plaster mold 40, a small portion of which
      is shown in FIG. 3, is then formed from the original, the mold 40 having
      ridges 42 as a result of the grooves 38 in the original. Thereafter bases
      12 are easily produced using the mold 40 which eliminates countless hours
      of hand scoring which would be necessary if the project were to be done by
      hand. A mixture of liquid ceramic or "slip" is poured into the mold 40 and
      allowed to sit for a selected period of time while the moisture from the
      slip is absorbed by the plaster mold and the slip begins to harden in well
      known fashion. When a desired thickness has been achieved, the remaining
      slip is poured out, the object is left to dry enough to enable removal of
      the mold, and the mold is removed, leaving a base in the form of a hollow
      shell having walls of desired thickness. As shown in FIG. 3 the ridges 42
      on the inside surfaces of the mold 40 leave the grooves 38 of generally
      v-shaped cross-section as the mold is pulled away. Thereafter the formed
      base 12 is typically fired to dry and harden it, following which selected
      portions such as the inside surface may be glazed where desired.
PAR  The grooves 38 form the seams 16 shown in the vase 10 of FIG. 1. In some
      instances the grooves 38 extend along portions of the base 12 so as to
      receive the opposite edges of adjacent pieces of the covering 14 and
      thereby define the juncture between separate pieces of the covering. In
      other instances the grooves 38 receive the edge of a single piece of
      covering to define the juncture between that piece of covering and an
      exposed portion of the base outer surface which is to be painted or
      otherwise treated.
PAR  The pieces of covering 28, 29, 30, 32 and 34 comprise a flexible material
      which is easily secured to the outer surface of the base 12 in conforming
      fashion and which provides the finished vase 10 with a desired appearance.
      In the case of the shoe comprising the vase 10 of FIG. 1 the pieces of
      covering preferably comprise cloth, although other appropriate materials
      such as leather, plastic and vinyl can be used. Cloth is generally
      preferred in the embodiment of FIG. 1 since it corresponds to the material
      actually used in many old fashioned shoes of this type and since it has a
      surface texture which tends to function in conjunction with the seams
      formed at the grooves 38 to provide the vase 10 with an appearance which
      is not only highly realistic but which betrays the small amount of cloth
      actually used in making the vase 10. Specifically the vase 10 appears to
      be comprised primarily of cloth, particularly when the exposed areas of
      the base 12 are appropriately colored, despite the fact that the vase is
      principally comprised of the ceramic or similar material forming the base
      12. In addition materials such as cloth provide surface patterns and
      designs which would otherwise be impossible to recreate except by skillful
      and painstaking hand painting.
PAR  Patterns are established for the covering pieces 28, 29, 30, 32 and 34 to
      facilitate making a number of the shoes 10 in kit-form or otherwise. By
      allowing the hobbyist to use his own cloth, leather or other covering
      material in conjunction with established patterns, a wide variety of
      possibilities is presented.
PAR  The base 12 is formed with a hollow interior 44 opening to the outside at
      the top of the shoe as shown in broken-away fashion in FIG. 2. After
      forming the ceramic material into the base and firing the ceramic to dry
      and harden it, the inside surfaces defining the hollow interior 44 are
      preferably glazed to provide a smooth and hard finish which protects the
      ceramic material against deterioration or damage and enhances the
      waterproof qualities of the vase in the event flowers or other items are
      placed in water inside the vase. The outside surfaces of the base 12,
      however, are not glazed so that the pieces of cloth may better adhere
      thereto. The portions of the outer surface of the base which are not to be
      covered with the pieces of cloth may be dyed or otherwise colored before
      application of the cloth pieces or after the pieces have been secured to
      the base 12, as appropriate. Where ceramic is used to form the base 12 the
      exposed surface portions thereof are preferably colored using tints
      especially intended for coloring ceramics. Paint or other coloring agents
      may also be used where desired.
PAR  As previously noted the pieces of covering 28, 29, 30, 32 and 34 are cut
      out so that the shapes thereof approximate the areas of the base 12 that
      are to be covered. Such pieces are also cut so that any pattern in the
      cloth is appropriately arranged. In the particular vase 10 of FIG. 1, for
      example, the cloth comprising the covering 14 has a striped and checkered
      pattern and the lower pieces 28, 29 and 30 are arranged so as to have the
      patterns thereof oriented somewhat differently from the patterns on the
      pieces 32 and 34.
PAR  The pieces of covering 28, 29, 30, 32 and 34 are secured to the selected
      surface areas of the base 12 using an appropriate bonding agent such as
      adhesive or glue. One preferred technique is illustrated in FIG. 4 in
      which a thin layer or film 46 of glue is first applied to the outer
      surface of the base 12, following which the pieces of covering are pressed
      onto the glue-moistened surfaces. In order for the edges of the pieces of
      covering to fit snugly within the grooves 38 it is desirable that such
      edges not extend beyond the grooves 38 when the pieces of covering are in
      place. Accordingly after the pieces of covering are seated on the
      appropriate surface areas of the base 12 and the edges thereof pressed
      into the grooves 38, the edges are peeled back and any excess is trimmed
      off using a pair of scissors or other appropriate tool. The edges are then
      inserted into the grooves where they are secured by the bonding agent. The
      resulting desired fit is illustrated in FIG. 5 in which the separate edges
      of two adjacent pieces of the covering are shown as inserted into a single
      groove 38 to form a seam 16. The seam 16 of FIG. 5 formed by the edges of
      adjacent pieces of the covering 14 is the type of seam which results when
      the edges of the pieces of covering 28, 29, 30, 32 and 34 are forced into
      common grooves. Where a seam 16 is formed by the edge of a single piece of
      the covering being recessed within a groove 38 such as along the sole of
      the shoe, above the heel of the shoe and along the scalloped area 22, the
      resulting seam 16 is as shown in FIG. 6. The procedure here is the same
      except that a single piece of the covering 14 is bonded to the base 12 and
      the single edge thereof is disposed within the groove 38 which has been
      made narrower than the other grooves.
PAR  FIG. 7 summarizes the process for making fanciful objects in accordance
      with the invention such as the base 10 of FIG. 1. As so illustrated the
      first step is to form the base of ceramic or other appropriate material as
      previously described. Grooves are formed at selected locations in the base
      where seams are to appear in the finished object. After the material
      forming the base has been hardened, selected treatments may be carried out
      such as glazing the inside surface in the case of the particular base 10
      of FIG. 1. Also coloring of certain outside areas of the base which are to
      be exposed and not covered with the covering may alternatively be done at
      this point rather than later in the process. Next the individual pieces of
      covering are cut or otherwise formed from patterns so as to have a shape
      which approximates the areas of the base to be covered. Following this the
      individual pieces of covering are bonded to the base surfaces such as by
      glue or other appropriate means. Any portions of the edges of the covering
      pieces extending beyond the grooves are trimmed back, following which the
      edges are permanently secured within the grooves. If some or all of the
      outer surface areas of the base have not been previously colored, then
      that step is carried out at this point to provide the finished article.
PAR  Although not shown in FIG. 7, it may be desirable in some instances to fill
      the various grooves 38 with braid or beading material to provide the
      resulting seams 16 with a particular appearance. This technique is
      illustrated in FIG. 8 in which a length of beading 48 is secured partly
      within a groove 38 such as by an adhesive after the edges of the adjoining
      fabric panels have been secured within the groove 38.
PAR  It will be appreciated by those skilled in the art that fanciful objects
      made in accordance with the present invention provide an interesting,
      unique and realistic appearance using relatively simple techniques and a
      minimum of talent and materials. Once the grooved base has been formed it
      is only necessary to add pieces of covering material where appropriate and
      to color remaining portions of the base. Accordingly the process of making
      readily lends itself to the use of kits which supply a formed base,
      material and patterns therefor, dyes or paints, and objects such as the
      buttons 24 as well as instructions for assembling. The seams provide a
      three-dimensional or in-depth effect in terms of the appearance of the
      object and not only closely approximate the appearance of real seams but
      also cause the finished object to appear to be primarily fabricated of the
      covering material and not the base. An unlimited variety of prints,
      patterns, textures and colors of the type not ordinarily available in
      ceramic, plastic or plaster articles as such are made available through
      use of fabric or similar materials as a covering. Persons of limited
      artistic ability or talent can easily add the covering material to an
      already formed ceramic base and color the exposed portions to achieve a
      highly professional effect.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fanciful object comprising a base of relatively hard, molded material
      having a selected shape and a plurality of grooves in the surface thereof
      and panels of flexible covering material secured to and conforming to
      selected portions of the surface of the base, the margins of said panels
      being at least partially within and along said grooves, and the panels
      being substantially coextensive with areas defined within said grooves and
      combining with exposed surface areas of the base to give the object an
      appearance of being substantially completely comprised of the flexible
      covering material of the panels rather than the molded material of the
      base, the base being substantially of ceramic composition and the covering
      material being substantially of cloth composition.
NUM  2.
PAR  2. An object comprising a base having an outer surface which is generally
      curved and irregular and which has a plurality of grooves therein, a
      plurality of panels of flexible covering materials secured to and
      conforming to selected portions of the generally curved and irregular
      outer surface of the base, the margins of said panels being at least
      partially within and along said grooves, and the panels being
      substantially coextensive with areas defined within said grooves and
      combining with exposed surface areas of the base between selected ones of
      the grooves to give the object the appearance of being a particular
      fanciful object substantially completely comprised of the flexible
      covering material of the panels rather than the material of the base, the
      base enabling the object to comprise a functional object different from
      said fanciful object, and beading material partly disposed within at least
      some of the grooves.
NUM  3.
PAR  3. A fanciful object comprising a base of relatively hard, molded material
      having an outer surface which is generally curved and irregular so as to
      simulate the outer surface of an object comprised essentially of joined
      pieces of thin, flexible material, the outer surface of the base having a
      plurality of grooves therein which intersect to define a plurality of
      different areas on the outer surface of the base, each of at least some of
      the different areas being covered with a separate piece of flexible
      material having a very small thickness relative to the thickness of the
      base and having outer edges which extend into the grooves defining the
      area, the base and the pieces of flexible material combining to give the
      fanciful object the appearance of being comprised essentially of the
      pieces of flexible material, and the grooves in the outer surface of the
      base combining with the edges of the pieces of flexible material to give
      the appearance that the pieces of flexible material are joined to each
      other at indented seams, the pieces of flexible material comprising cloth.
NUM  4.
PAR  4. A fanciful object comprising a base of relatively hard, molded material
      having an outer surface which is generally curved and irregular so as to
      simulate the outer surface of an object comprised essentially of joined
      pieces of thin, flexible material, the outer surface of the base having a
      plurality of grooves therein which intersect to define a plurality of
      different areas on the outer surface of the base, each of at least some of
      the different areas being covered with a separate piece of flexible
      material having a very small thickness relative to the thickness of the
      base and having outer edges which extend into the grooves defining the
      area, the base and the pieces of flexible material combining to give the
      fanciful object the appearance of being comprised essentially of the
      pieces of flexible material, and the grooves in the outer surface of the
      base combining with the edges of the pieces of flexible material to give
      the appearance that the pieces of flexible material are joined to each
      other at indented seams, the pieces of flexible material comprising
      leather.
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ABST
PAL  An elongated shape or strip from which packing cases may be made is formed
      as a hollow section of plastic material, the secton having outer walls and
      inner interconnecting and strengthening walls. The general form of the
      section may be flat, rectangular, polygonal or triangular, and the inner
      and outer walls may be of differing thicknesses. Preferably the outer
      sides of the shape are smooth or curved, and a packing case may use
      several different sections, all of plastic material or some of wood or
      metal.
BSUM
PAR  This invention relates to hollow extruded shapes in plastic material, to be
      utilized in place of and/or associated with elements made out of wood,
      wood pulp, papier-mache, cardboard or metal for making packing cases.
PAR  Hollow elements extruded in the form of sheets of plastic material are
      known, which have passages between an upper wall and a lower one. The side
      walls of the passages, together with the upper and lower walls, constitute
      the supporting structure of the sheet. Such sheets, sheared in strips of,
      e.g., 3-5 cm width, form the basis of packings, such as crates or cages to
      contain various products, predominantly vegetables, flowers or fruit,
      which are fragile. Such strips, either sheared or sawn, have hollow and
      very sharp sides, which cause damage to the products contained in the
      crates or cages. Furthermore, such strips are easily subject to
      deformation or buckling, thus imparing the packings' solidity and safety.
      Such strips due to shearing or sawing, are particularly weak near their
      sides, where squashing, buckling or bending may easily occur.
PAR  Attempts have been also made to obtain strips from such hollow elements in
      extruded sheet plastic material, by means of hot-shearing, with a view to
      making strips with sealed sides. Such strips also tend to present the same
      drawbacks as the strips described above when obtained by cold-shearing or
      sawing. Hot-shearing or hot-welding of the sides of cold-shearing or
      cold-sawn strips, distorts the molecular orientation of the strips in near
      their sides. While the general molecular orientation of the strips is
      lengthwise, at the sides a distortion of this molecular orientation is
      obtained, the molecules extending normal to the general direction
      prevailing in the strips. This produces buckling and bending of the strips
      subjected to light axial loads. Both processes and equipment for
      manufacturing the above described strips are laborious and expensive.
      Moreover, strips of such type must have walls of considerable thickness,
      in order to be suited to bear the loads they may be subjected to. This
      increases their weight and, consequently, their cost.
PAR  An object of the present invention is to provide hollow extruded shapes in
      plastic material, to be uitlized in place of and/or associated with
      elements made out of wood, wood pulp, paper-mache, cardboard or metal, the
      resultant packings having none of the drawbacks above mentioned.
PAR  Another object of the invention is to provide packings completely or
      partially made up of hollow extruded shapes in plastic material.
PAR  According to the present invention there is therefore provided a hollow
      extruded shape made of plastic material with; outside walls and internal
      longitudinal reinforcing walls; a cross section with an external
      convex-polygonal profile with closed sides; curved edges; and a
      homogeneous molecular orientation of said plastic material in the
      longitudinal direction of said strip.
PAR  Due to the homogeneous molecular orientation existing throughout the shapes
      made by this invention, the inside reinforcing walls may be very thin.
PAR  The hollow extruded shapes of the present invention may have different
      forms. Particularly these hollow extruded shapes may be in the form of
      laterally closed flat strips, of suitable dimensions, in which the larger
      outside walls are flat and substantially parallel and the other smaller
      walls are free from sharp edges and have a curved surface.
PAR  Hollow shapes according to this invention can be easily prepared with
      equipment well known to those skilled in the Art, including an extruder
      for extruding thermoplastic materials, provided with a suitably modified
      die head, as well as devices for handling and cooling the extruded shapes
      thus obtained.
PAR  Out of the wide range of thermoplastic materials, which may be used for
      preparing the extruded shapes according to this invention, the following
      ones may be cited by way of illustrative, but not limitative, example:
      polyolefins, among which polyethylene and polypropylene; polystyrene, and
      styrene copolymers of various kinds.
PAR  It is possible for the manufacturers of packing cases to order extruded
      shapes according to this invention and also the wooden parts, directly
      from the factory, this enabling them to prepare the cases in a quick and
      inexpensive way, in their warehouses, and to immediately fill them with
      the products such cases are intended to carry.
DRWD
PAR  Reference is now made to the accompanying drawings, in which:
PAR  FIGS. 1, 2, 4 and 5 represent perspective part sectional views of extruded
      shapes respectively in form of a flat strip, of an angle strip, and of a
      prism, all with open ends.
PAR  FIG. 3 shows a centre-sectioned perspective view of an extruded flat strip
      with closed ends.
PAR  FIGS. 6, 7 and 8 represent end views of the open ends of some types of
      extruded flat strips.
PAR  FIGS. 9, 10 and 11 show crates, partly or wholly made from extruded shapes
      according to this invention.
DETD
PAR  The attached drawings are of different scales, and equivalent parts have
      like numerical indices. In FIG. 1 the extruded shape is in the form of a
      flat strip and includes two outside walls, an upper one 19 and a lower one
      20, between which walls passages 21 are formed by means of inner walls 22.
PAR  The inner walls 22, together with the curved ends 23, are so formed and
      have such a homogeneous molecular orientation of the ends, and of the
      zones in proximity to the sides that the strip can readily bear high loads
      imposed on the walls 19-20, even when thin walls 22 are used; a very rigid
      structure is thus obtained, which cannot damage the products contained in
      the crates even if the shapes are of small thickness, for example 0.2-0.4
      mm.
PAR  FIG. 2 shows hollow extruded shapes in the form of strips connected by fins
      29; each of such strips consists of an upper wall 19 and a lower wall 20,
      between which passages 21 are formed by means of inside walls 22. The fins
      29 ensure a uniform feed of the strips during their extrusion and
      facilitate their subsequent handling.
PAR  Though the fins can be separated from the extruded shapes by a number of
      methods, it is preferable to shear them before they are thoroughly cooled,
      in order not to distort the molecular orientation of the shapes' sides.
      This substantially prevents structural deformations which would reduce the
      strength of the strips.
PAR  Though not clear from the figure, it is evident that the fins may be of
      very small width; therefore, to separate the shapes from one another, it
      is sufficient to shear at the centre line of each fin, leaving the
      separated parts attached to the shapes, which thus have a reinforcing rib,
      whose sharp edge is located in such a way as not to damage the product to
      be contained in the subsequent packing case.
PAR  The employment of connecting fins between the shapes during extrusion
      ensures that the strips remain in alignment during the cooling down of the
      extruded shapes.
PAR  FIG. 3 represents an extruded shape in the form of a flat strip with
      passages 21 and inside reinforcing walls 22 similar to those of FIG. 1,
      with closed ends 27 thinner than the strip.
PAR  Such ends 27 are connected by means of curve walls 27', with upper wall 19
      and lower wall 20 of the strip, these walls being also connected by
      curvilinear side walls 23".
PAR  Such a shape due to its closed ends is well suited to bear axial stresses,
      its inside being provided with air tight chambers.
PAR  FIG. 4 represents an extruded shape in the form of an angle strip of
      L-form, with outside walls 19-19' and 20-20'. This shape is provided with
      passages 21 having walls 22, and terminates, at the free ends of its
      sides, with curvilinear sidewalls 23". The limbs of said extruded L-shape
      may be of equal or different width as represented by FIG. 4, and may be
      used as side or end members of crates, such for instance as the one shown
      in FIG. 11.
PAR  By using the same L-shape with limbs of different width, it is possible to
      produce crates having side-walls of two different heights, receiving one
      or two layers of products, according to requirements. Such extruded
      L-shapes can be prepared separately from one another or connected by fins
      which are subsequently removed without altering the homogeneous molecular
      orientation of the L shape. The angle between the limbs may be 10.degree.
      and 160.degree..
PAR  FIG. 5 represents an extruded shape in the form of a triangular prism
      section; this is utilized as a corner stanchion of crates or cages. The
      side-walls 30-30'-30"  of this shape enclose passages 21 of triangular
      section separated by walls 22 acting as supports. Said passages 21 may
      also have a polygonal section.
PAR  Such stanchions can be extruded separately from one another, or connected
      by fins subsequently removable from the stanchions in the same way as
      described for the extruded shapes in form of flat or angle strips.
PAR  One of the passages 21 of the stanchion may serve to house the stems of
      pressure pins, as explained hereinafter.
PAR  By assembling four corner stanchions like those of FIG. 5, with two
      extruded L-shapes like those of FIG. 4, and with one or more extruded
      shapes in form of flat strips for each head, the skeleton of a crate is
      obtained, which can then be completed by utilizing further extruded shapes
      in the form of flat strips, as shown in FIG. 11, where 31 indicates metal
      fasteners, 33 the flat strips, 19" the extruded L-shapes, 34 the
      stanchions like that of FIG. 5, and 35 pressure pins, whose stems,
      gripping one another, pass through the central passage of stanchions 34.
PAR  The various elements constituting a crate can be fastened to one another by
      metal fasteners, by welding, or by gluing agents; they can be provided
      with recessings to facilitate assembly by welding or by gluing; they may
      also present holes to simplify assembly by means of pressure pins.
PAR  FIG. 6 shows an end view of an open ended extruded shape in the form of a
      flat strip, in which side walls 23' have a curved surface different from
      that of the strip of FIG. 1, in the sense that said side walls 23'
      terminate the outside (end) passages of the strip, so that they assume an
      approximately trapezoidal section, but without being capable of damaging
      any products which may come into contact with the side walls.
PAR  FIG. 7 shows a view of an open ended extruded shape in the form of a flat
      strip, in which passages 21 are present, some of which are of triangular
      section, others trapezoidal and others quadrangular; such a structure
      shows that the passages' sections may have different configurations.
PAR  In FIG. 7, the walls 22' are thicker than the remaining walls of the
      passages. It is evident, however, that embodiments are possible using
      supports having the same thickness as the upper wall 19 or lower wall 20.
      Alternatively the thicknesses of the walls 22" normal to the upper and
      lower walls 19-20 of the strip can be increased.
PAR  FIG. 7 does not show the strip sides, which are free from sharp edges, and
      curved, with a homogeneous molecular orientation with respect to the whole
      strip.
PAR  It is clear that the thickening of walls 22' or 22" can be achieved in
      particular parts of the width of a strip in order to increase its
      resistance to axial or torsional stress, this directly depending, of
      course, on the thicknesses of the passage walls and on the height, length
      and width of the extruded strip.
PAR  FIG. 8 shows a front view of an open ended extruded shape in the form of a
      flat strip, in which passages 21 have a trapezium section, and a wall 24,
      normal walls 19-20 of the strip, while walls 22 constitute supports
      between the walls 19-20. The sides 23" are similar to the sides 23' in
      FIG. 6. One or more outside or inside walls of the extruded shapes can be
      thicker than the remaining walls. It is also evident that, it is possible
      to make extruded shapes with a central rib thickened along the mean
      longitudinal axis, as well as extruded shapes with two stiffening ribs
      each arranged near the sides, or extruded shapes having only the sides
      thickened with respect to the other walls of the passages, provided that
      the molecular orientation is homogeneous throughout and parallel to the
      longitudinal axis of the strip.
PAR  The extruded shapes illustrated in FIGS. 1 to 8, can be utilized for
      manufacturing crates and cages using both plastic material and wood, or
      consisting of elements of plastic material only.
PAR  Extruded shapes of the invention can be assembled with one another or with
      wooden stanchions by means of metal fasteners, as shown in FIG. 9, where
      the metal fasteners are marked 31, the wooden elements 32 and the extruded
      strips in plastic material with 33.
PAR  FIG. 10 represents a crate prepared from plastic material extruded shapes
      in the form of flat strips 33, using metal fasteners 31 which fix the
      strips on wooden stanchions 36. The lower ends of such wooden stanchions
      are fixed to strips 33 by means of pins 39.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hollow extruded strip having at least one end, made of plastic
      material comprising an outer wall forming a closed triangular shape when
      viewed in cross-section taken transverse to the longitudinal axis of the
      strip, and a plurality of inner walls parallel to the longitudinal axis of
      the strip, formed integral with and connecting opposed portions of said
      outer wall, wherein the homogeneous molecular orientation of said plastic
      material in the longitudinal direction of said strip.
NUM  2.
PAR  2. A hollow extruded strip made of plastic material comprising a plurality
      of outer walls, each outer wall forming a closed geometrical shape when
      viewed in cross-section taken transverse to the longitudinal axis of said
      strip; a plurality of inner walls parallel to the longitudinal axis of the
      strip and formed integral with and connecting opposed portions of each
      outer wall; and a connecting flange formed intregally with and connecting
      adjacent outer walls, the homogeneous molecular orientation of said
      plastic material is in the longitudinal direction of said strip.
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PAL  The invention provides a process for preparing a hollow, rib-reinforced,
      laminated article by:
PA1  A. placing two sheets between opposing mold platens, the sheets being
      aligned such that the sheet surfaces oppose each other, at least one of
      the sheets being a thermoplastic material heated to its thermoforming
      temperature and at least one of the sheets being provided with grooves or
      integral projections which form fluid passageways, and at least one of the
      mold platens being provided with a mold caivty to form a shaped article
      having ribs;
PA1  B. closing the mold platens to contact the sheets; and
PA1  C. introducing a fluid into the fluid passageways to distend the
      thermoplastic sheet into its mold cavity forming a shaped article having
      ribs, while the sheets maintain contact in the nondistended areas.
PARN
PAC  CROSS-REFERENCE TO RELATED CASES
PAR  This application is a continuation-in-part of application Ser. No. 346,164,
      filed March 29, 1973, now abandoned for A Process and Apparatus for
      Preparing a Hollow Rib-Reinforced Laminated Structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for preparing a hollow, rib-reinforced,
      laminated article.
PAR  A general process for making laminated articles by first making a laminate
      preform from two thermoplastic sheets, then heating the preform, placing
      the heated preform between two mold halves, and blow-forming the article
      by introducing a fluid between the sheets to expand the sheets into their
      respective mold cavities, is well known in the art.
PAR  When the sheets are laminated to form a preform, however, they stick
      together and are very difficult to separate without tearing. This tendency
      of the sheets to stick together creates problems in introducing the
      blowing fluid between the sheets and in sheet separation as the blowing
      fluid expands the sheets into the mold cavity.
PAR  U.S. Pat. No. 3,281,301 discloses a method typical of the prior art wherein
      certain preselected areas of the interfacial surface between two laminated
      thermoplastic sheets are treated prior to lamination in such a manner as
      to make them nonadherent to each other. This can be accomplished by using
      a parting membrane such as paper or a layer of talc.
PAR  In addition, a bleeder member, such as a tube, is inserted between the
      sheets and is used to introduce air between the sheets. Air forced in
      between the sheets through the bleeder member follows the path
      progressively through the nonadherent areas distending the sheets in such
      areas.
PAR  In similar processes, see U.S. Pat. Nos. 3,271,846; 3,289,281; and
      3,394,446 as the process appies particularly to thermoforming metal
      sheets.
PAR  These prior art processes have the disadvantage of requiring the use and
      placement of a nonadherent masking material on the sheets, which
      necessitates a separate operation and precludes subsequent sealing of the
      sheets where the masking material has been placed. Moreover, the laminated
      sheets must be precisely registered in the mold in order that the
      nonadherent area conform with the recessed portions of the mold, and a
      bleeder member must be properly aligned with and inserted between the
      laminated sheets for the introduction of air.
PAR  Other related prior art includes processes wherein two thermoplastic webs
      are heated and fed either continuously or incrementally between two
      advancing opposed mold halves which have an opening for the insertion of a
      blow tube. The thermoplastic webs, however, are not laminated prior to or
      during forming but instead are spaced apart to aid in introducing air
      between the sheets.
PAR  In U.S. Pat. No. 3,537,138, for example, the advancing webs are spaced
      apart and brought together only at points forming the edge of the final
      article and at all times leaving an opening, such as the mouth of a bottle
      being formed, where air can be introduced between the sheets to blow the
      sheets apart and into their respective mold cavities.
PAR  In still another related patent, namely, U.S. Pat. No. 3,099,043, the
      advancing webs are spaced apart and brought into contact with two opposing
      and partially opened mold halves. The webs, respectively, are vacuum drawn
      into their corresponding mold half and thereafter the mold halves each
      containing half of a formed article are brought together fusing the edges
      of the article forming the whole article while constantly maintaining
      communication between the atmosphere and the interior of the article being
      formed.
PAR  While many prior art processes are known for thermoforming plastic
      materials, there is a continuing need for a process having a convenient
      method for introducing air between the thermoplastic sheets. The need is
      especially apparent where the thermoformed article has an intricate
      design, such as a hollow rib-reinforced laminated article.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides an improved process for preparing a
      hollow, rib-reinforced, laminated article by:
PA1  a. placing two sheets between opposing mold platens, the sheets being
      aligned such that the sheet surfaces oppose each other, at least one of
      the sheets being a thermoplastic material heated to its thermoforming
      temperature and at least one of the sheets being provided with grooves or
      integral projections which form fluid passageways, and at least one of the
      mold platens being provided with a mold cavity to form a shaped article
      having ribs;
PA1  b. closing the mold platens to contact the sheets; and
PA1  c. introducing a fluid into the fluid passageways to distend the
      thermoplastic sheet into its mold cavity forming a shaped article having
      ribs, while the sheets maintain contact in the nondistended areas.
PAL  In alternate embodiments, the thermoplastic material can contain a filler;
      a preform can be used made up of two or more layers including other layers
      of thermoplastics or coatings; the fluid passageways can be formed by a
      pattern of interconnected or disconnected projections; grooves, embossed
      pits, valleys, or corrugations in one or both of the sheets; the mold can
      be of various configurations, such as one mold half having a smooth
      surface and the other mold half having a ribbed surface, or both halves
      can be shaped to a desired configuration; and fluid can be forced into the
      passageways by positive pressure, or drawn into the passageways as the
      sheet is distended into a vacuum mold, or by a combination of these
      methods. This process is particularly useful in the preparation of
      laminated structures having an intricate design of sealed hollow portions.
PAR  This invention also provides apparatus for carrying out the process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing showing the preparation of a preform useful
      in the present invention.
PAR  FIG. 2 shows an embodiment of a preform wherein the interfacial surface of
      one sheet is embossed with a pattern of parallel, extending,
      rectilinear-shaped lands and grooves. The fluid passageways are not
      interconnected.
PAR  FIG. 3 shows an alternate embodiment of a preform wherein the interfacial
      surface of one sheet is embossed with a pattern of island-like,
      rectangular-shaped protuberances forming interconnected fluid passageways.
PAR  FIG. 4 is still another alternate embodiment of a preform wherein the
      interfacial surface of one sheet is embossed with a pattern of
      island-like, generally circular-shaped proturberances forming
      interconnected fluid passages.
PAR  FIGS. 5 through 8 show various stages in the thermoforming process of the
      present invention. FIG. 5 shows the preform being heated in an oven. FIG.
      6 shows the heated preform placed between two opposing mold cavities. FIG.
      7 shows the mold halves closed on the preform and air under positive
      pressure forced between the laminated layers forming the preform
      distending the preform into the mold cavity. FIG. 8 shows the completion
      of thermoforming process wherein the mold halves are opened and the
      thermoformed article is released from the mold cavity.
PAR  FIG. 9 shows and alternate embodiment of introducing air between the
      laminated preform by forcing air through the marginal edges of the
      preform. In addition, the mold incorporated therein is a two-position mold
      wherein the first position is held to form the product and thereafter the
      mold is closed an incremental amount to pressure fuse the nondistended
      areas of the preform.
PAR  FIG. 10 shows an alternate embodiment of introducing air between the
      laminated preform by drawing a vacuum in the mold cavity which in turn
      draws air in through the marginal edges of the preform, into the
      interfacial surface between the laminated layers through the fluid
      passageways provided in the interfacial surfaces, forcing the laminated
      sheets to separate and conform to the mold cavity. Optionally, the mold
      can be further closed an incremental amount to pressure fuse the
      nondistended areas of the preform.
PAR  FIG. 11 is a fragmented cross section of the preferred preform taken along
      the longitudinal axis of the preform.
PAR  FIG. 12 is a fragmented plan view of a bobbin tray.
PAR  FIG. 13 is a fragmented cross section of the bobbin tray shown in FIG. 12.
PAR  FIG. 14 is a cross section of a heater useful in preheating the preform,
      taken in the vertical plane.
PAR  FIG. 15 is a cross section of an embodiment wherein the mold and preform
      are vertically aligned.
PAR  FIG. 16 is a cross section in the horizontal plane of the mold of FIG. 15
      in the closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be further described in terms of a preferred
      embodiment wherein two thermoplastic sheets are formed into a composite
      preform prior to being heated and positioned for molding. Use of a preform
      is preferred for convenience in handling, process control, and to maintain
      the sheets in proper alignment on with the other.
PAR  The thermoplastic composite preforms can be prepared from any sheet-forming
      thermoplastic that is thermoformable. While at least two sheets are
      contemplated to form the composite, three or more sheets can actually be
      used and each sheet can be made from the same or a different
      thermoplastic. Useful thermoplastics include polyolefins having 2 to 10
      carbons such as polyethylene and polypropylene, polyesters such as
      polyethylene terephthalate, polyamides such as nylon, polysulfones,
      polycarbonates, vinyls such as polyvinylchloride and polyvinyl acetate,
      polystyrene, and cellulosics such as cellulose acetate butyrate and
      cellulose propionate. Also contemplated are thermoplastic materials which,
      after thermoforming, can be thermoset to form articles which maintain
      their shape over wide temperature ranges.
PAR  These thermoplastics can optionally be filled with various types of
      fillers. The particular type and amount of filler chosen for use is
      dependent on the end result desired. For example, asbestos or aluminum
      oxide can be used to provide fire resistance. Fiberglass fillers can be
      used to provide reinforced films. Various colored fillers can be used as
      pigments, such as titanium dioxide. Clays can be used as bulk fillers and
      many other fillers can be used to reinforce the film to add strength or to
      modify other properties of the film such as stiffness, optical properties,
      etc.
PAR  Useful types of fillers include the following: asbestos, fiberglass,
      carbon, calcium phospshate, calcium carbonate, kaolinite clay, silica,
      titanium dioxide, bentonite, talc and mica.
PAR  The amount of filler used can vary from about 1 to 70 weight percent based
      on the weight of the polymer and filler present. It is preferred that the
      filler be present in the amount of about 1 to 60 weight percent based on
      the total weight of polymer and filler present. The preferred type filler
      for use is clay and it is preferred that the clay be present in the amount
      of about 30 to 60 weight percent based on the total weight of the polymer
      and filler present.
PAR  The thermoplastic polymers can be prepared by known methods. When fillers
      are used, they can be added to the thermoplastic polymers during the
      preparation of the polymers according to the conventional methods.
PAR  After the polymer is prepared, it is extruded through an extrusion die into
      a film that is cast onto a quenching drum. While being quenched, the
      surface of the film that will eventually be an interior interface in the
      composite preform structure is embossed, grooved or otherwise marked to
      provide passageways along the surface of the film. Alternatively, the
      passageways can be provided by extruding the film through a serrated die.
      While only one of the contacting surfaces at the interface in the
      composite structure need be provided with passageways, it is sometimes
      desirable that both surfaces at the interface that oppose each other in
      the interior portion of the composite be embossed or grooved to insure and
      provide an increased number of interior passageways. After marking, the
      film can be mechanically stretched to orient the film in order to improve
      strength properties.
PAR  A variety of methods can be employed to form the composite, depending on
      the thermoplastic material and on the desired degree of bonding. The
      bonding, however, must be weak enough that the sheets readily separate as
      they are distended into the mold cavity during thermoforming. Moreover,
      the method of forming the composite must preserve the fluid passageways.
PAR  Ultrasonic spot welding is a convenient method of forming composites of
      clay-loaded polyethylene sheets since the spot welds readily rupture
      during distension. Adhesive bonding can be employed for excellent contact
      bonding or electrostatic bonding can be used for loose bonding by
      providing a high voltage electrical discharge of opposite polarity on the
      exterior of the sheets. Thermal bonding can also be used by passing the
      sheets between heated rollers. If the sheets are susceptible to strong
      thermal bonding, or if strong adhesive bonding is used, the passageways
      should be formed by projections having a width less than the thickness of
      the sheet so that the projections, and not the sheets, rupture as the
      sheets are distended during thermoforming.
PAR  A convenient method of making the film composite preforms will be discussed
      in relation to FIG. 1. Referring to FIG. 1, film-forming extrusion devices
      1 and 2 each extrudes thermoplastic films 3 and 4 that are cast onto
      quenching drums 5 and 6, respectively. The quenching drums 5 and 6 meet in
      nip-forming relationship wherein the nip 7 is a narrow gap with a space
      about equal to the combined thickness of the as-cast films 3 and 4. Roll 5
      rotates clockwise and roll 6 rotates counterclockwise so that both films
      are conveyed into the nip.
PAR  An embossing roll 8 is positioned in nip-forming relationship with
      quenching drum 6 at a convenient location between the extrusion die and
      nip 7. The embossing roll marks that portion of film 4 with an appropriate
      embossing pattern that will form the interior surface of the resulting
      laminate.
PAR  After the films have been cast, and the interior surface of at least one
      film embossed, they pass through the nip formed by the quenching drums
      where they are lightly pressed together forming a continuous film
      composite that can be wound onto a mill roll or forwarded to a cutter and
      chopped into predetermined sheet lengths.
PAR  The fluid passageways can be formed by a number of different patterns on
      the film surface. FIGS. 2, 3 and 4 are examples of projection patterns
      found useful in forming the fluid passages. The term "projection" as used
      herein refers to raised portions of the thermoplastic sheet.
PAR  FIG. 2 shows a laminated preform. The preform is composed of two
      thermoplastic sheets 9 and 10 laminated together. The interior surface 11
      of sheet 9 is smooth and the opposing interior surface 12 of sheet 10 is
      embossed with a pattern which in cross section consists of
      rectangular-shaped protuberances 13 that extend in a continuous parallel
      pattern across the width of the sheet. The fluid passages 14 are formed by
      the open valleys between the proturbences bounded on top by films 11. The
      parallel fluid passageways are not interconnected. This pattern is
      particularly useful when relatively thin sheets are involved and intricate
      molding patterns are required. Where the hollow portions of the molding
      pattern are not interconnected, however, passageways commmunicating with
      each hollow portion must also communicate with the fluid source.
PAR  FIGS. 3 and 4 show other surface patterns with interconnected fluid
      passages that are useful in providing fluid passages between the composite
      sheets. The patterns shown have interconnected fluid passages. FIG. 3
      shows two sheets 15 and 16 as a composite with the interior surface of
      sheet 16 having a pattern of protruding truncated rectangular projections
      17 embossed thereon with fluid passages 18 provided between the
      projections.
PAR  FIG. 4 shows two sheets 19 and 20 laminated together with the interior
      surface of sheet 20 having a pattern of protruding truncated
      cylindrical-like projections 21 embossed thereon with fluid passages 22
      provided between the projections.
PAR  Many other useful patterns, whether regularly or irregularly occurring on
      the interior surface of at least one sheet, are sufficient if they provide
      fluid passages between the sheets.
PAR  Once the film composite is prepared, depending on its physical properties
      such as thickness, flexibility and winding characteristics along with its
      ultimate intended use, it can be wound onto a mandrel or cut into sheets
      that are stacked for further use. For clarity in definitions, the term
      "preform," herein, is used to denote a composite of at least two film
      sheets wherein the interfacial surface of at least one sheet is provided
      with fluid passages.
PAR  Use of the composite preform to make a hollow, ribbed, shaped article will
      now be described with particular reference to FIGS. 5, 6, 7 and 8 of the
      drawings.
PAR  The preform is heated to the thermoforming temperature of the
      thermoplastic. Thermoforming is described as a process of heating a
      thermoformable material, e.g., thermoplastic, to soften the material,
      forming the softened material into a desirable article by forcing the
      material into contact with a shape-forming mold, and quenching the formed
      material whereupon the material permanently takes on the shape of the
      mold.
PAR  The temperature to which the material is heated is called the
      "thermoforming" temperature and is described as that temperature of the
      material (usually a temperature range) wherein the material can be shaped
      to a selected contour and can permanently retain that shape when cooled
      and released from the shaping force.
PAR  The thermoforming temperature range can be empirically determined for a
      given material. The following test has been found useful:
PAR  The lowest forming temperature is that temperature at which a square box
      with fairly sharp and distinguishable corners can be drawn from a sheet of
      the material without any visual damage to the material. The highest
      forming temperature is that temperature at which a sheet of the material
      either gets so soft and fluid that it sags under its own weight (melt sag)
      or changes in appearance, scorches or degrades.
PAR  Some typical values of thermoforming temperature are as follows: branched
      polyethylene, 250.degree.-375.degree.F.; linear polyethylene,
      300.degree.-395.degree.F.; polypropylene, 300.degree.-395.degree.F.;
      unoriented polyethylene terephthalate, 350.degree.-400.degree.F.; oriented
      polyethylene terephthalate, 380.degree.-490.degree.F.; and polycarbonate
      (polybisphenol-A carbonate), 440.degree.-475.degree.F.
PAR  Many different techniques of heating can be used including radiant heating,
      dielectric heating, convection heating, or contact heating as between two
      hot platens. For relatively thin preforms, it has been found desirable to
      heat the preform between two hot platens. The weight of the platens aids
      in keeping the thin sheets from curling or warping. Very thin preforms may
      exhibit a tendency to sag during heating. In such cases it may be
      desirable to hold the preform in the vertical plane to prevent disruption
      of the passageways during heating and while the preform is in the heated
      condition.
PAR  Referring to FIG. 5, a preform 23, made up of two sheets 23 and 24
      laminated together, is heated in an oven 26 to the thermoforming
      temperature of the film. After the preform 23 is heated, it is placed
      between two opposing mold platens 27 and 28 shown in FIG. 6. The mold
      platens are provided with cavities shaped to some desired configuration.
      It is important to note that the portion of the preform to be distended
      into a cavity of the mold does not touch any portion of the mold prior to
      blowing. Therefore, the sheet is not quenched by the mold in such areas
      and they remain relatively close to the original heating temperature
      resulting in excellent blowing characteristics.
PAR  This invention is particularly useful when at least one mold half 28 is
      shaped to reproduce distended portions 29 in the sheet to be blown. In
      this manner, articles such as automobile hoods and automobile paneling can
      be made having one side smooth for visual aesthetic effects and one side
      ribbed to provide improved strength properties.
PAR  The present invention is, however, also useful in making articles having
      shapes on both sides such as a stacking tray where the tray is shaped to
      fit over one article and under another.
PAR  Once the preform is between the mold platens, the mold platens are mated as
      shown in FIG. 7 and a fluid is introduced into the fluid passageways 30
      provided at the interior contact surfaces between two films. The fluid can
      be a gas such as air, which is the most practical fluid for use, but it
      can also be other gases such as nitrogen. In addition, the fluid can be a
      liquid such as water, a molten polymer, a liquid prepolymer, or foam in
      liquid form. Selection of heated air is preferred to avoid premature
      chilling of the preform. When the shaped article has thin walls, the
      heated air should be introduced under pressure to avoid formation of a
      partial vacuum, and possible wall collapse, as the article cools after
      molding.
PAR  The fluid can be forced into the internal passageway under positive
      pressure through one or more ports provided along the perimeter of the
      laminated sheet structure or the fluid can be drawn into the internal
      passageways by vacuum. In addition, the combination of vacuum and positive
      pressure can also be used to introduce the fluid into the fluid
      passageway. This is particularly useful in reducing mold cycle time.
PAR  When the vacuum technique is used, a practical way to apply the vacuum is
      to provide tiny pinholes through the mold platens, drawing a vacuum from
      the interior to the exterior of the mold through these pinholes. When a
      positive pressure is used, care must be taken to evacuate or otherwise
      eliminate the problem of trapping air in a mold cavity. This can be done
      by known techniques including the use of a vent in the bottom of the
      cavity, or lining the cavity with a screen, or roughening the surface of
      the mold cavity.
PAR  FIGS. 6, 7 and 8 show the use of positive pressure to force air into the
      fluid passageways between the two films forming the preform. Air from a
      compressor, not shown, is forced through conduit 31, through passageway 32
      in the mold platen, through holes 33 in film sheet 24 into the fluid
      passageways 30 between the two sheets 23 and 24 forcing the films to blow
      apart and conform to the mold cavity and particularly distending sheet 24
      into the hollow sections 29 of the mold. Hollow sections 29 of the mold
      have a roughened surface. FIG. 8 shows mold halves 27 and 28 parted and
      the article shaped from sheets 24 and 25 partially removed from the mold.
PAR  As fluid enters the internal passageways, it forces the laminated sheets
      apart at the places where a mold cavity exists forcing the sheet to
      conform to the mold cavity. Where the mold cavity exists, the sheets
      distend into the cavity forming a hollow shaped rib. Where a cavity does
      not exist, the sheets remain in contact. These contact points add strength
      and rigidity to the hollow articles being formed. An important aspect of
      this invention is the fact that the fluid passages provide immediate
      distribution of fluid between the sheets. This permits rapid distention of
      the sheets before any significant quenching affects the sheets, thereby
      providing excellent mold replication.
PAR  If it is desired that structural rigidity of the molded article be
      improved, adhesion can be established at the interfacial contact points of
      the sheets. Adhesion is conviently established, when the sheets can be
      thermally bonded, by heat or pressure or both. In this case, the mold can
      be designed with selective heating elements at the contact points on the
      mold and the mold further provided with two positions, one position to
      form the article and one position to seal the article, the article being
      formed with the mold platens slightly apart and subsequently the sealed
      areas formed with the mold platens tightly pressed to each other.
      Alternatively, a temperature activated adhesive can be employed when the
      two sheets will not bond together by high temperature alone. When such an
      adhesive is employed, the article is heated to the activation temperature
      after being molded.
PAR  By the application of sufficient pressure in sealing the article, one can
      also achieve a hermetic seal if desired. For example, the ridges shown in
      FIG. 2, or the projection pattern shown in FIG. 3, will readily flatten
      during the sealing operation to bring the two sheets into intimate bonded
      contact.
PAR  FIG. 9 shows in cross section the use of a two-position mold and a method
      of introducing air into oblique directed passageways of the preform at the
      sheet interface along two edges of the preform. In addition, the preform
      is made of three thermoplastic sheets laminated together with fluid
      passages provided only at the interface between sheets 35, 35a and 36.
      Optionally, sheet 36 could also be laminated to still another
      thermoplastic sheet or sheets 35 and 36 could be coated either prior to or
      after thermoforming.
PAR  Blow forming takes place in a two-step operation whereby in the first step
      the mold halves are first brought together a predetermined amount
      indicated as h in the drawings just prior to the introduction of the
      pressurized fluid. As shown in FIG. 9, the actual gap h separating mold
      halves 34 and 34a is coincident with the combined thickness of the upper
      35 plus 35a (a barrier or gloss layer) and lower 36 preheated film sheets
      in the unblown state. This gap distance h will vary depending on the
      combined thickness of the sheets.
PAR  As soon as the mold halves are brought together, the air is introduced
      through air inlets 37 and 38. The air travels along air passages 39 and 40
      into air gap 41 and 42 and into the interface between sheets 35 and 36
      through air passageways 43. Air in passageways 43 between the film sheets
      (that were preheated to their thermoforming temperature) blows the sheets
      apart to separate and distend them into the predetermined ribforming
      cavity regions 44 and 45. Mold cavity regions 44 and 45 have a roughened
      surface. This is followed immediately by an incremental closing of the
      mold halves 34 and 34a reducing gap height h by an amount sufficient to
      pressure seal or fuse together the existing contact points between sheets
      35 and 36 remaining after the blowing step. To aid in sealing the mold
      chamber and act as a limit stop to keep the mold halves apart, a resilient
      gasket 46 is disposed along the top of a raised rim portion 47 of mold
      half 34. The raised rim portion also functions as a guide to the mating of
      the mold halves.
PAR  The additional movement compresses the layers tightly together causing
      minor deformation of the open grooves and slight expansion or flattening
      of the bonded portions of the protuberances. The net effect of the final
      motion is an increase in the bond area and a stronger final product.
      Thereafter, the mold halves are separated and the finished product
      removed.
PAR  FIG. 10 shows an alternate method of thermoforming using a vacuum technique
      to draw air into the interfacial boundary between the two sheets
      constituting the preform.
PAR  Referring to FIG. 10, mold halves 48 and 49 are shown in mating
      relationship having a preform 50 sandwiched between the molds. Preform 50
      is comprised of two sheets 51 and 52 and the interfacial surfaces of both
      sheets are provided with fluid passages 53 and 54, respectively.
PAR  In operation, a vacuum is drawn in vacuum chambers 55 and 56 which
      evacuates the mold cavity by drawing air through multiple passages leading
      from the mold cavity to the vacuum chambers wherein the passages are
      desginated by numerals 57 and 58. This in turn draws air from the
      atmosphere into the mold through ports 59 and 60 and into the interfacial
      boundary between sheets 51 and 52 through fluid passages 53 and 54 forcing
      the sheets to distend and conform to their respective mold cavity.
PAR  To aid in sealing the mold chamber and act as a limit stop to keep the mold
      halves slightly apart, resilient gaskets 61 and 62 are disposed along the
      top of a raised rim portion of mold half 49.
PAC  EXAMPLE 1
PAR  A preferred embodiment of the present invention will now be described with
      particular reference to FIGS. 11, 12 and 13.
PAR  High-density polyethylene, namely, Alathon 7030 (trademark of E. I. du Pont
      de Nemours & Co. for polyethylene resin), having a density of 0.96 and a
      melt index of 2.8 in the amount of 60 parts by weight is melt blended with
      40 parts by weight of kaolinite clay (Harwick GK Clay) and cast into two
      sheets each 30 mils thick, having dimensions of about 28.5 inches in
      length and 21.5 inches in width.
PAR  One side of one sheet is embossed with a regular pattern of raised ridges
      and valleys. The ridges and valleys run parallel to each other traversing
      the width of the sheet in a line perpendicular to the long axis, i.e., the
      longitudinal axis, of the sheet.
PAR  The ridges and valleys have a general pattern similar to that shown in FIG.
      2 with the exception that the projections do not have squared off corners
      but instead the projections have a cross section in the shape of a
      trapezoid.
PAR  After the sheets have been cast and the surface of one sheet embossed, the
      sheets are placed together with the embossed surface in the interface
      between the two sheets to form a preform.
PAR  The sheets are laminated under light pressure, during the heating step, by
      placing the sheets between two flat-surfaced platens heated to a
      temperature of about 270.degree.F. The sheets are left between the platens
      for a time that can vary from about 3.5 to 4 minutes. Depending on the
      resisdence time, the sheets themselves will be heated to a temperature of
      about 250.degree. to 270.degree.F.
PAR  FIG. 11 is a fragmented cross section of the preform taken perpendicular to
      the ridges and valleys. Referring to FIG. 11, the preform is made up of
      two laminated sheets 63 and 64. Sheet 63 is 30 mils thick and has two
      smooth surfaces and sheet 64 has one embossed and one smooth surface. The
      embossed surface is at the interface between the two sheets.
PAR  Sheet 64 has a thickness of 29 mils in the areas where there are no
      projections and a thickness of 39 mils in the area of the projections 65.
      The projections themselves are 10 mils high and are spaced apart a
      distance of 90 mils center-to-center. The trapezoidal section itself is 10
      mils wide at the top, 21.6 mils wide at the bottom and has a height of 10
      mils.
PAR  The heated preform is placed in a mold that is designed to reproduce a
      bobbin tray. The mold is at room temperature. The mold is closed and a
      vacuum of about 29 inches of mercury is applied to the mold cavity. As the
      mold is evacuated, it draws air into the fluid passages in the preform
      through the marginal edges of the preform. The air in the fluid passages
      separates the sheets distending them into the recesses of the mold cavity.
      Vacuum is applied for about 5 to 8 seconds, the mold halves are separated,
      and the finished article removed.
PAR  The thermoplastic articles of the present invention are comprised of (a) at
      least two laminated thermoplastic sheets wherein the interfacial surface
      of at least one sheet is provided with fluid passageways and (b) distended
      and nondistended areas in the thermoplastic sheets formed by a fluid
      introduced into the fluid passageways between the two sheets to separate
      the sheets and force the sheets into a desired configuration wherein the
      opposing nondistended areas provide contact points to hold the article
      together, the distended areas provide the article with the desired shape
      and the combination of distended and nondistended areas provide integral
      ribs that reinforce and contribute to the structural integrity of the
      article.
PAR  FIG. 12 is a fragmented view of a hollow, rib-reinforced, laminated
      structure in the form of a bobbin tray, representing the preferred
      embodiment. FIG. 13 is a cross section along line 13--13 of FIG. 12. The
      circular portions 66 of the tray provide recesses on both sides of the
      tray to contain one end of a bobbin. With a recessed pattern on both sides
      of the tray, trays containing bobbins can be stacked on top of each other.
      The pattern of island-like recesses 67 and protuberances 68 form ribs that
      add to the strength of the tray which is important during the handling of
      the trays in use. In general, the ribs can be short or elongated, curved
      or straight, and form a pattern in one or multiple directions. These ribs
      add significantly to the structural integrity of the article.
PAC  EXAMPLE 2
PAR  A second embodiment will now be described with particular reference to
      FIGS. 14 through 16.
PAR  Two sheets of clay-loaded polyethylene, having the composition described in
      Example 1, are laminated to form a composite by heating the surface of the
      sheets and bringing them together by means of a nip roll, or by broad area
      ultrasonic bonding. Each sheet is 45 mils thick and 31 inches long by 24
      inches wide. One sheet has an embossed pattern of ridges having a height
      of 10 mils, and the composite has the configuration shown in FIG. 11
      except that the ridges are spaced 100 mils center to center.
PAR  Referring to FIG. 14, the composite 69 is hung from a clamp-air manifold
      mechanism 70 with the ridges in the vertical direction, which mechanism in
      turn is suspended from a conveyor chain (not shown). The clamp-air
      manifold both holds the composite as it is suspended between two banks of
      radiant heaters 71 and serves as an air manifold during the subsequent
      thermoforming operation.
PAR  The heaters are inclined at a slight angle such that the top and bottom of
      the heaters are spaced 12 and 8 inches, respectively, from the composite.
      This spacing helps compensate for a chimney effect in which the bottom of
      the composite tends to cool as the heat rises. Heat distribution is also
      regulated by a modulating screen 72 of wire screening or perforated sheet
      metal placed between the heat source and the composite to shield central
      portions of the laminate from excessive heating. A perforated sheet metal
      screen having about 50% open area, triangular openings which increase heat
      intensity of the vertical and lower horizontal edges of the composite, and
      circular openings which increase heat intensity in a selected narrow band
      adjacent the upper horizontal edge of the composite, has proven effective.
PAR  The composite remains between the radiant heaters for approximately 2
      minutes and is heated to about 250.degree. to 280.degree.F.
PAR  Referring to FIG. 15, the heated composite 69 still gripped by the
      clamp-air manifold mechanism 70 is placed between two mold halves, 73 and
      73a. Mold half 73 is mounted on a stationary mold platen 74 which is
      firmly anchored to a frame (not shown). Mold half 73a is mounted on a
      movable mold platen 74a which is actuated by a hydraulic ram 75. The mold
      halves are designed to produce the bobbin tray of FIG. 12 and are at room
      temperature.
PAR  After the composite has been placed between the two mold halves, a closing
      pressure of 6,000 to 7,000 pounds is applied to mold half 73a by the
      hydraulic ram. This closing pressure causes the mold to close to a first
      position at which there is a gap between the mold halves approximately
      equal to the thickness of the composite. The gap width is regulated by
      control springs 76 disposed along the rim of the stationary mold platen
      which engage the moving platen as the mold closes.
PAR  Pinch bars 77 are provided on the bottom edge and two vertical edges (not
      shown) of the mold halves. The pinch bars are adjacent to and extend about
      7 mils beyond the face of the mold halves so that they seal the bottom and
      two vertical edges of the composite as the mold closes to its first
      position. A sealed vertical edge is shown in FIG. 16 which is a partial
      horizontal cross-section taken through the composite and mold in the first
      position.
PAR  As the mold is closing, a vacuum of about 20 inches mercury is applied to
      the mold cavity through holes provided in the mold. The vacuum draws the
      sheets toward the mold cavity, separating and distending the sheets into
      mold cavity recesses 78, and drawing air into the recesses through the
      composite fluid passageways.
PAR  After the pinch bars have sealed all edges except the upper horizontal
      composite edge held by the clamp-air manifold mechanism, warm air under 15
      to 20 psi pressure is fed from the air manifold, through the composite
      fluid passageways, and into the mold cavity recesses. The warm air
      pressurizes the tray, preventing collapse of hollow portions of the final
      product when cooled. The pressurized air also assists in achieving mold
      replication.
PAR  A closing pressure in excess of 7,000 pounds is then applied to advance
      mold half 73a 10 mils forward toward mold half 73. During this high
      pressure stage the two tray halves are permanently welded together, the
      fluid passageways are eliminated by flattening of the projections, and the
      fourth edge of the composite is sealed.
PAR  The total time required for both the low and high pressure mold states is
      21/2 to 3 seconds, after which the mold is held closed to allow the formed
      tray to cool. The mold halves are then separated and the finished article
      is removed.
PAR  The process of the present invention is particularly adapted for the
      manufacture of thermoformed articles having a complex pattern of hollow
      spaces which rib-reinforce the article. Rapid cylces can be achieved since
      the fluid passageways provided in the composite preform permit use of a
      pressure assist to vacuum drawing. The use of pressurized fluid gives
      better mold replication than that achieved through vacuum drawing alone,
      and permits thermoforming of sheets not formable by vacuum alone.
PAR  The process obviates the need for using a patterned nonadherent material
      (stop-weld) on the interfacial surfaces, eliminating the requirement that
      the preform be precisely registered with the mold. Moreover, the process
      avoids the need to insert a fluid supply means at locations of the hollow
      portions of the thermoformed articles, likewise, eliminating registry
      problems.
PAR  While the process has been described in detail with respect to use of a
      sheet which has been extruded through a serrated die, embossed, or
      otherwise marked to provide the fluid passageways, the passageways can
      also be formed by other methods which form integral projections on the
      sheet, e.g., by melt extruding a continuous or discontinuous pattern of
      polymer onto the sheet, such as patterns shown in FIGS. 2 through 4. By
      "integral" is meant that the projections firmly adhere to the sheet so
      that they are not dislodged before the sheet is thermoformed. When melt
      extruding polymer onto the sheet to form the projections, a polymer is
      generally selected which will thermally bond to the sheet prior to or
      during the thermoforming process.
PAR  The composite preform and rib-reinforced laminated structure are disclosed
      in detail and claimed in coassigned copending patent application Ser. No.
      346,163 of Wyeth and Arnoth, filed on Mar. 29, 1973, now abandoned,
      incorporated herein by reference.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a hollow, ribreinforced, laminated article
      consisting essentially of:
PA1  a. placing two sheets between opposing mold platens, the sheets being
      aligned such that the sheet surfaces are in interfacial contact, at least
      one of the sheets being a thermoplastic material heated to its
      thermoforming temperature and at least one of the sheets being provided
      with grooves or integral projections, on the surface which contacts the
      other sheet, which form fluid passageways, and at least one of the mold
      platens being provided with a mold cavity to form a shaped article having
      ribs;
PA1  b. closing the mold platens to contact the sheets and position the mold
      cavity contiguous to the thermoplastic sheet which is at its thermoforming
      temperature;
PA1  c. introducing a fluid into the fluid passageways to distend the
      thermoplastic sheet into its mold cavity forming a shaped article having
      ribs, while the closed mold platens maintain contact between the sheets in
      the nondistended areas; and
PA1  (d) adhering the sheets in the nondistended areas to form a laminate.
NUM  2.
PAR  2. The process of claim 1 wherein both sheets are a thermoplastic material.
NUM  3.
PAR  3. The process of claim 2 wherein the thermoplastic material is
      polyethylene or polypropylene.
NUM  4.
PAR  4. The process of claim 2 wherein both sheets are distended in step (c).
NUM  5.
PAR  5. The process of claim 2 wherein fluid is introduced into the fluid
      passageways under pressure.
NUM  6.
PAR  6. The process of claim 5 wherein the fluid is heated air.
NUM  7.
PAR  7. The process of claim 6 wherein a vacuum is drawn in the mold.
NUM  8.
PAR  8. The process of claim 2 wherein the projections of the sheet are ridges
      having a width less than the thickness of the sheet.
NUM  9.
PAR  9. The process of claim 1 wherein, in step (d), the mold platens are
      further closed to seal nondistended portions of the sheets.
NUM  10.
PAR  10. The process of claim 9 wherein both sheets are a thermoplastic
      material.
NUM  11.
PAR  11. The process of claim 10 wherein a composite preform of two
      thermoplastic sheets is placed between the mold platens in step (a).
NUM  12.
PAR  12. The process of claim 11 wherein one of the thermoplastic sheets has
      projections and the other thermoplastic sheet is smooth.
NUM  13.
PAR  13. The process of claim 11 wherein both thermoplastic sheets have
      projections.
NUM  14.
PAR  14. The process of claim 11 wherein both sheets are distended in step (c).
NUM  15.
PAR  15. The process of claim 11 wherein fluid is introduced into the fluid
      passageways under positive pressure.
NUM  16.
PAR  16. The process of claim 15 wherein the fluid is heated air.
NUM  17.
PAR  17. The process of claim 11 wherein the preform is heated by placing the
      preform between two opposing hot platens.
NUM  18.
PAR  18. The process of claim 11 wherein the preform is heated by subjecting the
      preform to radiant heat.
NUM  19.
PAR  19. The process of claim 11 including the step of heating the mold platens.
NUM  20.
PAR  20. The process of claim 11 wherein fluid is introduced into the preform
      passageways through at least one marginal edge.
NUM  21.
PAR  21. The process of claim 11 wherein the fluid is introduced into the
      preform passageways by drawing a vacuum in the mold to draw the fluid into
      the passageways through at least one marginal edge.
NUM  22.
PAR  22. The process of claim 21 wherein the fluid is introduced under pressure.
NUM  23.
PAR  23. The process of claim 22 wherein the fluid is heated air.
NUM  24.
PAR  24. The process of claim 11 wherein the opposing mold platens are closed on
      the preform with the mold platens spaced apart a distance equivalent to
      about the thickness of the preform and said mold platens remain in this
      position until the thermoplastic article has been formed by introducing a
      fluid into the fluid passages of the preform whereupon the opposing mold
      platens are closed an incremental amount sufficient to pressure seal the
      nondistended areas of the preform.
NUM  25.
PAR  25. The process of claim 11 wherein the thermoplastic material is
      polyethylene.
NUM  26.
PAR  26. The process of claim 11 wherein the thermoplastic material is
      polypropylene.
NUM  27.
PAR  27. The process of claim 11 wherein the thermoplastic contains an inert
      filler material in the amount of about 1 to 70 weight percent based on the
      total weight of the polymer and filler present.
NUM  28.
PAR  28. The process of claim 11 wherein the thermoplastic contains a filler
      material of clay in the amount of about 30 to 60 weight percent based on
      the weight of the polymer present.
NUM  29.
PAR  29. The process of claim 11 wherein the fluid passages on an interfacial
      surface of the preform is made up of a pattern which in cross section
      consists of trapezoidal-shaped protuberances extending in a continuous
      parallel pattern across the width of the sheet with trapezoidal valleys
      between the protuberances.
NUM  30.
PAR  30. The process of claim 11 wherein the fluid passages in the preform are
      interconnected.
NUM  31.
PAR  31. The process of claim 11 wherein the thermoplastic sheets of the preform
      are adhesively bonded together.
NUM  32.
PAR  32. The process of claim 11 wherein the projections of the sheet are ridges
      having a width less than the thickness of the sheet.
NUM  33.
PAR  33. The process of claim 11 wherein the mole is vertically aligned.
NUM  34.
PAR  34. A hollow, rib-reinforced, laminated article made by the process of
      claim 1.
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ABST
PAL  Retroreflective sheeting is produced by bonding a multiplicity of cube
      corner formations to sheet material, and the cube corner formations are
      formed principally of a first resin formulation providing the body thereof
      and a second resin formulation providing the base thereof and the bonding
      to the sheet material. Cube corner formations are produced on a mold
      having a surface in which is formed an array of minute, contiguous cube
      corner recesses. The resin formulation initially deposited in the recesses
      is solidified substantially and the remaining depth of the recesses is
      filled with a bonding material which serves not only to level the cube
      corner formations, but also to bond them to the sheet material. The
      apparatus utilized is a continuously moving mold surface and has a
      plurality of stations for effecting the several steps of the process.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of U.S. Pat. application Ser. No.
      265,736 filed June 23, 1972 entitled METHOD FOR PRODUCING RETROREFLECTIVE
      SHEETING now U.S. Pat. No. 3,811,983 granted May 21, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  In many instances it is desirable to provide light reflective surfaces on
      various items for safety or decorative purposes, and this is often
      accomplished by the application of reflective coatings or elements having
      specular surfaces, e.g., polished metals or the like. It is also common to
      use sheetlike structures which have upon one or both surfaces any of
      various formations that are capable of reflecting impinging light rays,
      and this may be due principally to the angular relationship between the
      rays and the reflecting surface, or it may be due to the presence of a
      reflective coating on surfaces of the formations.
PAR  There has been a constant demand for retroreflective materials, i.e.,
      materials capable of reflecting the predominate portion of light rays
      impinging thereon in a substantially parallel path toward the source of
      the light. Minnesota Mining and Manufacturing Company has sold a material
      under the trademark SCOTCHLITE which relies upon minute glass spheres
      embedded in a matrix of synthetic resin to provide such retroreflection.
      Another type of retroreflective element has employed molded members of
      cube corner configuration on one surface thereof, such members being of
      glass or synthetic plastic. Indicative of the efforts to use cube corner
      formations for retroreflective structures are Straubel U.S. Pat. No.
      835,648 granted Nov. 13, 1906; Hedgewick et al. U.S. Pat. No. 3,258,840
      granted July 5, 1966; and Jungerson U.S. Pat. No. 2,310,790 granted Feb.
      9, 1943 and No. 2,444,533 granted July 6, 1948.
PAR  Cube corner reflectors molded from glass, and more recently from acrylic
      resins, have commonly been employed as safety devices on bicycles,
      automobiles and other vehicles. Although it has been suggested that the
      cube corner might be of small dimension, generally such formations have
      been relatively large in size, and the nature of the material from which
      the reflector has been fabricated generally resulted in structures of
      relatively rigid character which were not suited either for shaping for
      application to various substrates of nonplanar character or to use as a
      fabric which might be worn. Moreover, as the size of the cube corner
      formations is reduced criticality in control of angles and dimensions
      becomes far more acute, since even a minute deviation will seriously
      impair the ability of the material to retroflect light rays impinging
      thereon.
PAR  Novel composite retroreflective materials having minute, closely spaced
      cube corner formations, which return the great preponderance of light rays
      entering the front surface thereof, have recently been developed. These
      materials may be relatively flexible so as to permit shaping to conform to
      support surfaces of various configurations and to permit utilization as a
      fabric for application to, or formation into, wearing apparel, and they
      may be provided with an adhesive coating for convenient adherence to a
      support surface. It has also recently been proposed to provide a novel
      method for manufacturing such retroreflective material from synthetic
      resins in a manner that permits selection of resins to produce optimum
      characteristics; the method proposed is relatively simple and economical,
      and affords a high degree of control to ensure optimum development of the
      cube corner formations. These recent developments are the subject of
      copending applications for United States Letters Patent that have been
      filed in the names of the same inventor and assignee, now as U.S. Letters
      Pat. No. 3,684,348 granted Aug. 15, 1972 and U.S. Letters Pat. No.
      3,689,346 granted Sept. 5, 1972.
PAR  Typically, some of the resins which may be used for the cube corner
      formations in such sheeting also exhibit relatively high levels of
      shrinkage upon transition from the liquid to the solid state. If not
      accounted for, such shrinkage tends to reduce very slightly the smoothness
      of the surface of the sheeting, which in turn produces a degree of light
      scattering. Use of resins exhibiting shrinkage to provide the cube corner
      formations is desirable in some instances and in other instances it is
      desirable to employ resins for the body of the cube corner formations
      which do not bond well directly to the sheet material by their own
      substance. Therefore, efforts have continued to adapt the processes of the
      aforementioned applications to the use of such materials.
PAR  Accordingly, it is an object of the present invention to provide novel
      retroreflective sheeting of substantially uniform dimensions wherein a
      multiplicity of minute cube corner formations provide a high level of
      retroflectivity and are provided by a composite structure.
PAR  It is also an object to provide such sheeting in which the cube corner
      formations are substantially perfectly formed and in which undesired light
      refraction in the sheeting retroreflectivity. minimized.
PAR  Still another object is to provide such sheeting having cube corner
      formations produced from a relatively shrinkable resin, which has a
      smooth, level front surface and which affords maximum retroreflectivity.
PAR  A further object is to provide novel apparatus for the production of high
      quality and uniform retroreflective sheeting, on a continuous basis.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that a number of the foregoing and related objects
      can be readily attained in retroreflective sheeting comprising a body
      portion having smooth, substantially parallel opposite surfaces, and a
      multiplicity of minute cube corner formations closely spaced thereon and
      projecting from one of the surfaces thereof. Each of the cube corner
      formations has three faces and a base adjacent the body portion, with a
      side edge dimension of not more than about 0.025 inch, and is a composite
      of a first resin formulation providing the body of the cube corner
      formations and a second resin formulation substantially providing the base
      thereof. The body portion is formed separately from the cube corner
      formations, and the cube corner formations are bonded thereto by the
      second resin formulation with the close spacing substantially avoiding any
      smooth areas therebetween. The body portion and cube corner formations are
      fabricated from at least one transparent synthetic resin to thereby
      provide retroreflective sheeting as hereinbefore described. The first and
      second resin formulations used to form the cube corner formations are of
      different composition but have substantially the same refractive indices.
PAR  Preferably, each cube corner formation has one face parallel to one face of
      every other cube corner formation. Most desirably, the formations are
      substantially equal in size and are arranged in a pattern of rows and
      columns in which the center-to-center spacing between the cube corner
      formations in every row and in every column is in accordance with a
      uniform pattern. Most preferably, the apex of each cube corner formation
      is in alignment with the apices of all other formations located in the
      pattern row and column in which it is disposed, and ideally the apex of
      each cube corner formation is aligned with the center of its base. The
      body portion of the retroreflective material may advantageously be
      flexible for facile mounting on surfaces of various configurations. It is
      especially desirable that the resin formulation and the bonding material
      be of substantially the same refractive index suitable "first" and
      "second" resin formulations being selected from the group consisting of
      vinyl halide resins, (alk)acrylic ester resins, ethylenically unsaturated
      nitrile resins, monovinylidene aromatic hydrocardon resins, olefin resins,
      cellulose ester resins, polysulfone resins, polyphenylene oxide resins,
      and polycarbonates. The synthetic resin of the body portion is desirably
      selected from the class consisting of polyvinyl halides, polyethylene
      terephthalate polyesters, polyvinylidene chloride resins, polycarbonates,
      polysulfones, and cellulose ester polymers.
PAR  Additional objects of the invention are attained by the provision of
      apparatus for producing retroreflective sheeting on a continuous basis,
      which includes a frame and a support member having a substantially
      continuous path. The mold surface has formed therein an array of minute,
      contiguous cube corner recesses each with a maximum side edge of dimension
      of less than about 0.025 inch. Along the path of movement of the mold
      surface is provided a first material dispensing station for depositing a
      hardenable fluid synthetic resin formulation during travel of the surface
      thereby. A second material dispensing station is located downstream along
      the path therefrom, and is adapted to deposit a synthetic resin bonding
      material. Further downstream is provided a sheet material applying
      station, which includes pressure means positioned closely adjacent the
      molding surface adapted to urge the sheet material thereagainst and to
      thereby produce a composite structure from the sheet material, resin
      formulation, and bonding material. A stripping station of the apparatus
      effects the removal of the composite structure from the molding surface,
      and drive means is provided to move the molding surface substantially
      continuously along the path past the various stations.
PAR  In preferred embodiments, the apparatus additionally includes first
      treating means along the path downstream of the first material dispensing
      station for producing conditions sufficient to effect substantial
      solidification of the resin formulation. It desirably also includes second
      treating means positioned along the path at an intermediate location
      between the sheet material applying station and the stripping station for
      producing conditions sufficient to effect substantial solidification in a
      hardenable bonding material deposited at the second material dispensing
      station. The apparatus may also include resin formulation distributing
      means downstream along the path from the first material dispensing
      station, which distributing means may comprise a member of release
      material positioned to contact the mold surface during movement thereby.
      Preferably, the release material comprises a film of synthetic resinous
      material which is relatively deformable under the conditions of operation
      to permit conformation thereof to the underlying surface of the resin
      formulation during solidification thereof. Cooling means along the path
      upstream from the stripping station may be used to lower the temperature
      of the composite structure prior to stripping. The support member is most
      desirably a rotatably mounted drum having the mold surface on the
      circumference thereof, and the pressure means of the sheet material
      applying station is a roller having its axis of rotation parallel to that
      of the drum. The circumferential surface of the roller may be in a
      substantially fixed position adjacent to the molding surface to provide a
      nip of substantially constant spacing therebetween in cooperation
      therewith. At least the first treating means of the apparatus is
      appropriately provided by a device for radiating energy, and it will
      usually comprise means to heat at least the resin formulation to an
      elevated temperature above ambient.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially diagrammatical elevational view of apparatus
      embodying the present invention;
PAR  FIG. 2 is a fragmentary view in partial section to an enlarged scale of the
      apparatus of FIG. 1 at the sheet material applying location, illustrating
      the liquid distributing action occurring at the nip between the molding
      drum and the relatively resilient pressure roller;
PAR  FIG. 3 is a fragmentary view to a greatly magnified scale of the rear
      surface of retroflective sheeting embodying the invention;
PAR  FIGS. 4A-E are diagrammatical representations of a cube corner recess in
      the molding drum in the progressive deposition and subsequent hardening
      stages which occur in the resin formulation during the production of a
      cube corner portion; and
PAR  FIGS. 5A-D are diagrammatical representations of the progressive stages of
      the production of retroreflective sheeting in accordance herewith showing
      the release member and sheet material over the cube corner recess.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Turning now in detail to FIGS. 1 and 2 of the drawing, therein illustrated
      is apparatus for producing, on a continuous basis, retroreflective
      sheeting of the type illustrated in FIG. 3. The apparatus includes a
      molding drum 10 mounted upon an axle or shaft 12 for rotation in the
      direction indicated by the arrow (i.e., counterclockwise). The
      circumferential surface portion of the drum 10, generally designated by
      the numeral 14, has formed therein a multiplicity of identical,
      contiguously arranged cube-corner recesses or indentations 16, the
      configuration of which can be readily understood by reference to FIG. 3,
      since the configuration of the sheeting rear surface shown therein is
      complementary to that of the surface portion 14. The portion 14 may
      consist of a multiplicity of metallic plates bonded to the drum 10 by a
      layer of appropriate adhesive, with the plates being disposed entirely
      about the circumference of the drum 10 to provide a molding surface, i.e.,
      that has a substantially continuous array of cube-corner recesses 16
      therein.
PAR  A head assembly, generally designated by the numeral 24, is mounted above
      the drum 10 at one point about its circumference for reciprocal movement
      thereacross on the pair of horizontal rods 25. The assembly 24 consists of
      a coating head 26 and a spray head 28, the purpose of which will be
      explained hereinafter. The heads 26, 28 are supported upon a suitable base
      30, to which feed lines 32 are attached for delivery of the desired
      materials, and each of the heads 26, 28 is provided with a nozzle 34 that
      is suitably configured for its intended function. Downstream from the head
      assembly 24 is a release member assembly, generally designated by the
      numeral 18, consisting of three triangularly disposed rollers 20 and an
      endless belt 22 of release material extending thereabout. The rollers 20
      position the belt 22 in contact with the surface portion 14, and a small
      air knife 23 or comparable device is provided to ensure separation of any
      elements that might adhere to the surface of the belt 22. The element 23
      may also include a doctor blade for cleaning of the belt 22. A second
      coating head 26' having a feed line 32 and a nozzle 34 is mounted for
      horizontal reciprocation upon a rod 25 on the downstream side of the
      release member assembly 18, and supported below the drum 10 (by means not
      shown) is a trough or tank 36 containing a liquid cooling medium 38, such
      as water. The tank 36 is positioned for passage of the circumferential
      portion 14 of the drum 10 through the water 38 during rotation, and two
      sets of heat (or other energy) radiating elements 40 are mounted (also by
      means not shown) at spaced locations adjacent the drum 10 for treatment of
      materials deposited thereon.
PAR  Rotatably mounted film feed and take-up reels 42 and 44 respectively, are
      positioned on opposite sides of the drum 10. In passing from the feed reel
      42 to the drum 10 the film 46 passes first between a set of three tension
      rollers 48 and thereafter about a relatively resilient pressure roll 50,
      the latter being mounted with its surface closely adjacent that of the
      drum 10 and with their respective axes of rotation parallel. A stripping
      roll 52 is similarly mounted on the opposite side of the drum 10, and the
      formed reflective sheeting generally designated by the numeral 54, passes
      about it and to the take-up reel 44. The motor 56 drives the drum 10 in a
      conventional manner, such as through the drive belt 58 provided about the
      shaft 12 and shaft 60 thereof.
PAR  Operation of the apparatus for the production of the sheeting 54 will be
      apparent from the foregoing and the following description, in connection
      with which reference will also be made to FIGS. 3-5. As the drum 10
      continuously rotates, a suitable hardening activator or catalyst 62 is
      sprayed directly upon its surface 14 from the spray head 28 (FIG. 4A); in
      some embodiments the material 62 may be a wetting agent, plasticizer or
      other substance. A hardenable resin formulation or molding material 64 in
      fluid form is then deposited thereupon (FIG. 4B) from the coating head 26,
      and is uniformly distributed thereover by the endless belt 22 of release
      material. The heating elements 40 promote solidification of the
      formulation 64 through the progressive stages of FIGS. 4C-E, such as by
      cross linking or polymerization depending upon the nature thereof, and the
      positions of the belts 22 at the stages of FIGS. 4B and E are shown in
      FIGS. 5A and B. After stripping of the belt 22, the depressions 66
      resulting from shrinkage in the formulation 64 are filled with a bonding
      material 68 dispensed from the coating head 26'. The film 46 is
      continuously withdrawn from the feed reel 42 and applied against the drum
      10 by the pressure roll 50, which cooperates with the drum 10 to provide a
      nip at which the bonding material 68 is uniformly distributed over the
      surface of the drum 10, and at which intimate contact is effected between
      the material 68 and the film 42 (FIG. 5C).
PAR  The freshly applied material 68 and film 42 travel together past the second
      bank of heat lamps 40, whereat hardening of the material 68 and bonding
      thereof to the film 42 are concurrently effected. Thereafter, the cooling
      water 38 in the trough 36 permanently sets the materials 64, 68, which
      together provide cube corner formations 70 (FIGS. 3 and 5D) bonded to the
      film 46. The completed reflective sheeting 54 is then stripped from the
      drum 10 about the roll 52 and finally wound upon the take-up reel 44.
PAR  As has been indicated, a key aspect of the present invention resides in the
      provision of a method and apparatus for the production of sheeting having
      minute cube corner formations which are closely spaced so as to avoid
      substantially any smooth or flat areas therebetween. Although the cube
      corner formations may have a side edge dimension of up to 0.025 inch, the
      preferred structures utilize a side edge dimension of not more than 0.010
      inch and most desirably on the order of 0.004-0.008 inch. The thickness of
      the sheet material in the composite structure may vary somewhat depending
      upon the particular application. However, it will generally have a
      thickness of about 0.002-0.030 inch, and preferably it will be about
      0.003-0.010 inch thick.
PAR  By construction the composite structure from a separate body portion to
      which are adhered the separately formed cube corner formations, it is
      possible to achieve the maximum control over the cube corner formations
      and also to select different resins for those components, which is often
      desirable to achieve an optimum balance of properties. The resin
      formulation and bonding material used to produce the composite cube corner
      formations may also be of different compositions, and this may be
      particularly desirable when the resin formulation is relatively
      non-adherent by its own substance to the body portion. Although it is
      theoretically possible to emboss the cube corner formations into the
      surface of preformed synthetic plastic material, efforts to utilize such a
      technique in the production of the minute cube corner formations used in
      the sheeting of the present invention have proven unsatisfactory. This is
      largely because non-uniform flow of the material into the recesses of the
      embossing member adversely affects the retroreflectivity of the resultant
      product. Moreover, variations in thickness of the sheet material which is
      embossed tend to diminish the precision with which the cube corner
      formations may be developed. Efforts to mold the cube corner formations
      and the body portion of the product simultaneously have also proven
      generally unsatisfactory because of the difficulty in obtaining adequate
      flow of the resin into the recesses of the mold, and in addition such a
      procedure requires that the same resin be employed for all portions of the
      composite structure.
PAR  Thus, the present invention has proven particularly advantageous in
      affording optimum control over the development of the cube corner
      formations and in permitting a selection of distinct resins for the body
      portion and for the cube corner formations. Moreover, application of a
      bonding material permits the use of materials that exhibit relatively
      large decreases in volume upon solidification, while ensuring relatively
      low levels of light scattering and maximized retroreflectivity of the
      sheeting produced. In the apparatus, a substantially continuous mold
      surface is provided which has precisely formed cube corner recesses which
      are so closely spaced as to substantially avoid any smooth areas
      therebetween. Although the mold may be formed from a synthetic resin, the
      preferred mold has a metallic surface to ensure very smooth, precise
      surfaces on the cube corner faces and to minimize the likelihood of
      deterioration during extensive use, as well as of possible adhesion
      between the molding material and the surface of the mold. Accordingly, the
      mold may be fabricated directly from a suitable metal by engraving,
      hobbing or otherwise forming the cube corner recesses therein.
      Alternatively, a suitably engraved or otherwise formed metallic member may
      be used as a master mold for forming the desired mold element by the
      deposition of metal thereon to form a layer of sufficient thickness which
      is then stripped therefrom. These stripped impressions which may be made
      by conventional electroforming procedures are then used as the mold
      elements after mounting upon a suitable support surface to avoid injury
      thereto and the mold surface may then be developed on a suitable support
      member from a multiplicity of such elements. In order to minimize
      corrosion of the metallic surfaces of the mold, it has been found
      desirable to provide a highly inert metallic coating thereon such as may
      be obtained by depositing gold or a gold alloy thereon.
PAR  As illustrated, the support for the mold surface is most desirably provided
      by a rotatably mounted drum, since such a drum facilitates continuous
      application of materials and stripping of the composite product, and also
      provides firm support for the mold elements thereon. Other types of
      support members are also feasible, such as continuous flexible belts or
      even revolving disks; however, disadvantages such as non-linearity in the
      product may render the latter alternative less attractive due to the
      manner in which angularly impinging light rays would be reflected thereby.
      The means by which the mold surface is secured to the support may vary
      considerably depending upon the degrees of permanency and rigidity and the
      heat transfer characteristics desired; for example, they may be bonded
      with appropriate adhesives, or they may be affixed with suitable screws,
      rivets, pins or the like.
PAR  The design of the means for dispensing materials upon the moving surface
      and for stripping the composite therefrom may also vary to a considerable
      degree from those of the illustrated embodiment, depending primarily upon
      the type of support member employed, and different devices appropriate for
      substitution will be apparent to those skilled in the art. In the method,
      efforts are made to minimize any discrepancies in thickness and to
      minimize the thickness of any web portion formed of the molding material
      utilized in the production of the cube corner formations. This is
      conveniently accomplished by use of the release member and by the
      application of pressure at the time that the body member is placed upon
      the mold surface, thereby evenly distributing the deposited material in
      each instance and to some extent expressing or extruding excessive amounts
      outwardly of the interface. Moreover, the application of pressure
      facilitates the flow of the fluid molding material into the recesses of
      the mold surface. Accordingly, it is especially desirable to employ the
      sort of release member assembly illustrated, as well as a member or
      element that cooperatively forms a nip with the mold surface at the
      location at which the sheet material is applied, since in the latter case
      adequate pressure for intimate contact with the molding material and
      uniform distribution thereof over the mold surface and into the recesses
      thereof may thereby be achieved simultaneously.
PAR  Although an endless belt type of release member is shown in the drawing,
      numerous different devices may be substituted with comparable advantage.
      For example, the release member may be provided by a thin film of resinous
      material which is applied in much the same manner as the film which
      provides the body portion of the sheeting, and thereafter stripped and
      discarded. The material from which the release member is fabricated will
      depend upon a number of factors including the nature of the resin
      formulation used for the cube corner portions, the temperature conditions
      employed, the type of system of which the release member is a part, etc.
      The criteria used in the selection of an appropriate release material will
      generally include its level of adhesion to the cube corner portions under
      the conditions of operation and its strength, to ensure relatively facile
      stripping, and its flexibility and/or heat distortion temperature. The
      latter factors are significant due to the fact that it is desirable that
      the release material be capable of slight distortion. This will enable it
      to conform to depressions formed when the resin formulation is of a
      relatively shrinkable type, thereby accommodating the change in contour
      rather than tending to withdraw the cube corner portion from its recess,
      as might produce undesirable structural or dimensional variations. Typical
      of the materials that may be used as the release member under appropriate
      circumstances are the so-called "release papers" known in the industry
      (e.g., silicone-coated paper), films of polyolefins such as polypropylene
      and polyethylene, films of tetrafluoroethylene type polymers, etc. An
      especially desirable manner of operation in this regard is found to result
      from the use of a throw-away film of polyethylene for the production of
      elements from acrylate polymers, since polyethylene affords a desirable
      balance of strength, flexibility and non-adhesion under suitable hardening
      conditions for the acrylate polymer.
PAR  Flow of the molding material into the recesses may also be facilitated by
      the prior application of a solvent, plasticizer, wetting agent or other
      flow promoting agent (herein collectively referred to as "wetting agent")
      to the mold surface. This enhances the fluidity of the molding material
      about the surfaces of the recesses and greatly promotes optimum fillage
      thereof.
PAR  The technique utilized for achieving solidification of the resin
      formulation and bonding material will vary with the particular material
      selected. For example, when a molten synthetic resin is employed
      solidification may be accomplished merely by cooling thereof, and this may
      be accomplished by chilling the mold, by directing cool air against the
      surface, or simply by allowing the heat energy to dissipate by radiation
      therefrom. When the molding material is a "B-stage" or partially
      polymerized resin solidification may be accomplished by the application of
      heat for a period of time sufficient to achieve the desired degree of
      further polymerization. When the material is cross linkable formulation
      solidification may be accomplished by promoting cross linking of the
      component materials through any convenient means, which will depend upon
      the nature of cross linkable material. As is well known in the art, cross
      linking may be effected by use of free radical initiators, heat, high
      energy radiation and the like, and the radiating elements depicted in the
      drawings may therefore comprise any suitable source of energy. Thus, they
      may simply be an infra-red or other heat source, a source of alpha or beta
      particles, gamma or x-ray radiation, photons, etc. Moreover, it will be
      appreciated that the deposited material may be essentially monomeric in
      character and that the solidification thereof may be accomplished by
      polymerization in situ within the cube corner recesses of the mold
      surface; such polymerization may be promoted by heat, free radical
      initiators, or high energy radiation, and the actinic source may be
      internal of the support member if so desired. In still another technique,
      a plastisol formulation may be employed in which the resin is fluxed by
      the plasticizer upon the application of heat. Generally, when the
      hardenable material is uncovered during solidification, such as when no
      release member is used, one of the techniques enumerated which does not
      produce elevated temperatures will be preferred, and in any event
      combinations of two or more techniques may be utilized to obtain the
      desired solidification. It should be understood that, although
      solidification of the resin formulation may occur at virtually any point
      during the method (i.e., prior to, concurrently with, or subsequent to the
      deposits of the bonding material or the sheet material application step),
      it is preferably effected prior to deposition of the bonding material. The
      term "resin formulation" has been employed herein to refer broadly to the
      material deposited as a fluid, regardless of its stage of solidification
      at the point of reference.
PAR  Various synthetic resins may be employed for the cube corner formations and
      for the sheet material including polymers of (alk)acrylic acid esters,
      such as polymethyl methacrylate and polybutyl acrylate, cellulose esters,
      such as cellulose acetate polymer, cellulose acetate/butyrate copolymer,
      and cellulose propionate polymer; vinyl halides such as polyvinyl
      fluoride; vinylidene halides such as polyvinylidene chloride;
      monovinylidene aromatic hydrocarbon polymers such as polystyrene and
      styrene/acrylonitrile copolymers; ethylenically unsaturated nitriles such
      as polyacrylonitrile; polycarbonates; polyesters, such as polyethylene
      terephthalate; polyphenylene oxide; polysulfones; and polyolefins, such as
      polyethylene and polypropylene. Interpolymers of various of the several
      above-mentioned types of monomers, e.g., vinyl chloride/vinyl acetate
      copolymers, may also be employed, as may be mixtures of polymers. The
      particular resin selected for the components of the composite structure
      will vary depending upon the application, the thickness desired for the
      body member, the desire for flexibility, and the need for achieving
      inter-adhesion therebetween. For outdoor applications, materials which are
      moisture resistant, ultraviolet resistant and abrasion resistant are
      particularly advantageously employed at least for the body portion since
      that portion is generally exposed to the atmosphere and requires good
      weathering characteristics. Moreover, it will be appreciated that the
      sheet material may itself be a laminate of films or sheets of two
      different synthetic resins, and it may be provided with coatings of
      appropriate materials. The resins preferably employed for the body portion
      include polyvinyl halide, polyethylene terephthalate, polyvinylidene
      chloride, polycarbonates, polysulfones and cellulose ester polymers.
PAR  The resins preferably employed for the cube corner formations comprise
      (alk)acrylic acid ester resins, acrylic-modified vinyl chloride resins,
      vinyl chloride/vinyl acetate copolymers, ethylenically unsaturated nitrile
      resins, monovinylidene aromatic hydrocarbon resins, olefin resins,
      cellulose ester resins, polysulfone resins, polyphenylene oxide resins and
      polycarbonates. Generally, cross-linkable acrylic monomer systems are
      preferred for stability and optical properties, and these systems may be
      in whole comprised of acrylic monomers or only in part, such as PVC
      containing 10-70 per cent of a cross-linkable acrylic monomer system and
      catalyst. As has been mentioned, the cube corner element and the
      interlayer element need not be of the same composition; however, in such a
      case it will normally be desirable to match as closely as possible the
      refractive indices of the different resins used.
PAR  In selecting the materials employed for the sheeting it should be
      remembered that long lasting properties will require resins which do not
      have readily volatilizable plasticizers or other components, and which
      have an acceptable level of light stability. Thus, stabilized formulations
      are desirably employed when the resin itself is susceptible to light or
      oxygen degradation. By proper selection of the resin systems, the sheet
      material may also provide a valuable degree of protection for the resin of
      the cube corner formation, which may exhibit relatively poor stability
      when the cube corner formations are reflectively coated and further coated
      with a lacquer and/or adhesive. These coatings also may act as protective
      layers since the body portion will, in many applications, serve as a
      barrier layer for ultraviolet radiation, vapor, gases, etc. Moreover, the
      sheet material is desirably fabricated of a resin which affords a high
      degree of abrasion resistance since aberrations in the front surface of
      the composite structure will greatly reduce its retroflectivity.
PAR  It should be appreciated that the selection of different resins for the
      component portions of the product must recognize the need for
      compatibility of the resins involved. For example, one resin must not
      contain a substance which is deleterious to the other and which will
      migrate thereinto across the interface. Moreover, when plasticized
      materials are employed it is desirable to use plasticizers which do not
      readily migrate, and/or to select formulations for both component resins
      in which the plasticizer contents are balanced so as to avoid a degree of
      migration therebetween which might materially affect the properties of the
      component portions.
PAR  It will be readily appreciated that the cube corner formations must have
      smooth faces and that the intersecting faces thereof should provide
      essentially perfect cube corners. Deviation from a perfect cube corner or
      surface irregularity will materially reduce the retroreflectivity of the
      formation, and is desirable only under certain controlled circumstances.
      Although the cube corner array illustrated in FIG. 3 may be preferred,
      different patterns may be produced (such as by an axial shift of the
      formations or by varying spacings to produce square rather than triangular
      faces thereon) without departure from the novel concepts of the invention
      thereof. In addition, while the cube corner formations in the illustrated
      embodiment have a uniform orientation within the array, it is possible to
      employ a pattern in which certain of the cube corner formations are
      disposed in such a manner that their faces are not parallel to any of the
      faces of the adjacent cube corner formations. Moreover, certain of the
      cube formations may be disposed with their apices aligned other than
      vertically over the center of their respective bases.
PAR  By uses of a sheet material of a relatively flexible resin, the composite
      structure may be readily shaped to various support surfaces, such as the
      corners of buildings, the contour of hand rails, etc. Moreover, since the
      composite structure may be very thin and highly flexible, it may be
      readily applied to fabrics used as garments, or it may itself be used in
      such a manner, thus affording a great deal of night-time visibility to the
      wearer. Exemplary uses for safety applications are tabs and stripes on
      jackets and rainwear, tags that may be worn at various points upon the
      body, reflective patches for hats, reflective welting for the production
      of various garments, etc.
PAR  Illustrative of the efficacy of the present invention is the following
      specific example, wherein all parts and percentages are on a weight basis,
      unless otherwise specified and wherein reference is made to the appended
      drawings.
PAC  EXAMPLE ONE
PAC  Part A
PAR  An engraved master plate is formed from aluminum using an appropriate
      cutting tool to generate a pattern or array of cube corner formations
      substantially as illustrated in FIG. 3 of the drawing.  Nickel
      electroforms are prepared from the master plate and are thereafter
      assembled into a larger mold member, a number of which are in turn then
      secured to a support member to develop a mold surface thereon. The cube
      corner recesses of the mold surface are closely spaced and are
      substantially free from smooth areas therebetween; they are about 0.00235
      inch deep and about 0.0056 inch on a side.
PAR  Onto the mold surface is applied a very dilute solution of acetone and a
      peroxide, and the acetone is allowed to evaporate. An acrylic monomer
      formulation containing monomeric acrylic compounds (cross-linkable acrylic
      monomers) is then deposited on the mold surface in an amount sufficient to
      slightly overfill the recesses. A film of about 0.001 inch thick
      polyethylene is then applied thereover with sufficient pressure to produce
      intimate contact and to squeegee away excess resin formulation. The resin
      is then heated to a temperature of about 175.degree. Centigrade for about
      1-3 minutes to effect solidification thereof, after which the polyethylene
      film is stripped from the mold and discarded.
PAR  A second application of the same acrylic formulation and catalyst is then
      made in an amount sufficient to fill the cavities resulting from shrinkage
      during solidification of the initially applied resin. A polyvinyl fluoride
      film, about 0.001 inch in thickness, is then applied against the mold
      surface under sufficient pressure to cause intimate contact between the
      film and the newly deposited resin and to spread and uniformly distribute
      the latter over the mold surface. Upon reheating, again to a temperature
      of about 175.degree. Centigrade and for a period of about 2-3 minutes, the
      second charge of resin formulation is solidified, thereby firmly bonding
      the elements produced from the first deposit of resin to the polyvinyl
      fluoride film; the composite is then quenched in water and stripped from
      the mold surface.
PAC  Part B
PAR  A similar product is produced in substantially the same manner, but with
      the omission of the second resin application step. More particularly,
      rather than covering the first deposit of resin with polyethylene film as
      in Part A, the polyvinyl film is initially applied and bonded to the
      molded elements. This composite is similarly quenched and removed from the
      mold surface.
PAR  Upon testing of the sheeting produced respectively in Parts A and B hereof
      with a controlled light source, each is found to be highly retroreflective
      within a narrow cone over angles of incidence to the front surface of up
      to about 45.degree.; however, the sheeting of Par A is seen to exhibit a
      perceptibly greater level of light reflection than does the product of
      Part B. Microscopic analysis shows the product of Part B to have very
      slight depressions in its front surface, whereas the product of Part A is
      seen to be substantially free therefrom. In each instance, the rear
      surface of the sheeting has minute cube formations bonded thereto in a
      contiguous array conforming to the illustration of FIG. 3, and the product
      is highly flexible and readily adapted for fabric applications.
PAR  Thus, it can be seen that the present invention provides a novel method for
      the production of retroreflective sheeting of substantially uniform
      dimensions, wherein a multiplicity of minute cube corner formations
      provide a high level of retroreflectivity. The cube corner formations are
      substantially perfectly formed, thus minimizing undesired light
      refraction; they may be produced from a relatively shrinkable resin, with
      the novel sheeting nevertheless having a smooth, level front surface and
      affording maximum retroreflectivity. Flexible reflective sheeting having
      such characteristics may be produced relatively inexpensively and with a
      high degree of facility and speed by the present method, and the invention
      also provides novel apparatus for the production of high quality and
      uniform retroreflective sheeting on a continuous basis.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. Retroreflective sheeting comprising a body portion having smooth,
      substantially parallel opposite surfaces, and a multiplicity of minute
      cube corner formations closely spaced thereon and projecting from one of
      said surfaces thereof, each of said cube corner formations having three
      faces and a base adjacent said body portion with a side edge dimension of
      not more than about 0.025 inch and being a composite of a first resin for
      formulation providing the body of the cube corner formation and a second
      resin formulation substantially providing said base, said body portion
      being formed separately from said cube corner formations and said cube
      corner formations being bonded to said body portion by said second resin
      formulation with said close spacing substantially avoiding any smooth
      areas therebetween, said body portion and cube corner formations being
      fabricated from [at least one] transparent synthetic resin and said first
      and second resin formulations of said cube corner formation being of
      different composition and of substantially the same refractive index to
      provide retroreflective sheeting in which those light rays entering
      through the other of said surfaces of said body portion predominately pass
      through said body portion and into said cube corner formations and are
      reflected thereby back through said body portion along paths that are
      substantially parallel to their paths of entry.
NUM  2.
PAR  2. The retroreflective material of claim 1 wherein each cube corner
      formation has one face parallel to one face of every other cube corner
      formation.
NUM  3.
PAR  3. The retroreflective material of claim 1 wherein said cube corner
      formations are substantially equal in size and are arranged in a pattern
      of rows and columns in which the center-to-center spacing between cube
      corner formations in every row and between cube corner formations in every
      column is in accordance with a uniform pattern.
NUM  4.
PAR  4. The retroreflective material of claim 3 wherein the apex of each cube
      formation is in alignment with the apices of all of the cube corner
      formations located in the pattern row and column in which it is disposed.
NUM  5.
PAR  5. The retroreflective material of claim 1 wherein the apex of each cube
      corner formation is aligned with the center of its base.
NUM  6.
PAR  6. The retroreflective material of claim 1 wherein said cube corner
      formations are less than 0.010 inch along the side edges.
NUM  7.
PAR  7. The retroreflective material of claim 1 wherein said body portion is
      flexible for mounting on surfaces of various configurations.
NUM  8.
PAR  8. The retroreflective material of claim 1 wherein said first resin
      formulation is selected from the group consisting of vinyl halide resins,
      (alk)acrylic ester resins, ethylenically unsaturated nitrile resins,
      monovinylidene aromatic hydrocarbon resins, olefin resins, cellulose ester
      resins, polysulfone resins, polyphenylene oxide resins and polycarbonates.
NUM  9.
PAR  9. The retroreflective material of claim 1 wherein said synthetic resin of
      said body portion is selected from the class consisting of polyvinyl
      halides, polyethylene terephthalate, polyvinylidene chloride,
      polycarbonates, polysulfones and cellulose ester polymers.
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ABST
PAL  A unitary composite corrugated board structure of a double layer of
      single-faced corrugated board is fabricated by assembling the boards with
      their corrugated faces in nesting contact and then compressively cutting
      the layers by applying a force in a direction substantially perpendicular
      to the surface of the planar lining sheet of the board. The cutting
      operation crushes the corrugations at the cut edge into interlocking
      reentrant configurations which hold the boards together without the need
      for an adhesive.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 292,774,
      filed Sept. 27, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to corrugated paperboard structures and a
      method for producing the same.
PAR  Corrugated paperboards or, as commonly referred to in the industry,
      "corrugated boards" are used to provide a protective covering for articles
      in transit or as containers for storing articles, particularly articles of
      an amorphous shape. In order to achieve maximum crush resistance with
      minimum weight and volume of material, the prior art teaches nesting and
      uniting of corrugated boards by means of an adhesive, as in Swift U.S.
      Pat. No. 1,032,789 or Wells et al. U.S. Pat. No. 3,292,107. That technique
      requires the use of a suitable adhesive component, an apparatus for
      applying that component to the corrugations, and an apparatus for
      retaining the corrugated panels in adhering relation until the adhesive
      sets. Further, the application and setting of the adhesive is time
      consuming.
PAR  An object of this invention is to provide a fast and economical method for
      fabricating composite structures of corrugated boards without the use of
      an adhesive and associated machinery and without decreasing the crush
      resistant quality of the structures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a corrugated board structure formed from two
      single-faced corrugated boards contacted so that the corrugations of one
      board rest upon the corrugations of the other board and wherein the
      corrugations are in a re-entrant configuration at or adjacent to the
      portion of the perimeter of the structure having the open surfaces of the
      corrugations exposed to view. The corrugated boards are maintained in
      contact with each other due to the re-entrant configuration of the
      corrugations and without the need for an adhesive.
PAR  The corrugated board structures of this invention are formed by first
      placing the corrugations in a nesting relationship and subsequently
      subjecting the corrugations to a compressive force in a direction
      substantially perpendicular to the surface of the planar lining sheet of
      the corrugated boards. The compressive force is applied at or near the
      ends of the edges of the nested boards so as to minimize the length of
      noncompressed corrugation between the edge of the structure and the
      compressed corrugations. By minimizing this length, the chance of
      subsequent separation of the boards by the application of a force at the
      edge is minimized. In a preferred aspect of the invention, the compression
      of the nested corrugated boards is effected while cutting the structure to
      the desired shape with a knife edge that is applied to the nested
      structure in a direction substantially perpendicular to the surface of the
      planar lining sheet of a corrugated board.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  By eliminating the need for adhesive to maintain the corrugated boards in
      contact, the present invention achieves the aforesaid economies in time
      and machinery without reduction of the ability of the corrugated structure
      to resist crush. The method for producing the composite structure of the
      present invention may be conveniently divided into two operations. First,
      two single-faced corrugated boards are brought into contact so that the
      corrugations of one board nest upon the corrugations of the other board.
      The nesting contact is achieved without the use of adhesive. Secondly, the
      nested boards are compressed by the application of a force in a direction
      substantially perpendicular to the surface of the planar lining sheet of a
      corrugated board. This force results in an inelastic deformation of the
      corrugations of the nested boards. The deformation is restricted to a
      finite area immediate to the freshly cut perimeter of the pad. In this
      manner, a composite structure of the desired shape and strength is
      fabricated.
PAR  A novel result of compressively cutting the nested boards is that the
      boards remain in nested contact after the cutting has been completed
      despite the absence of adhesive between the boards. This desirable result
      is due to the nature of the cutting operation and the physical
      characteristics of the corrugated boards. This method and product are in
      contrast to the teachings of the Swift and Wells patents previously
      referred to, which patents depend upon the use of an adhesive to secure
      corrugated boards in contact.
PAR  Surprisingly, it has been found that the desired reentrant configuration of
      the compressed corrugated board can be attained only when the compressive
      force is applied in a direction substantially perpendicular to the surface
      of the planar lining sheet of a corrugated board. For example, when the
      nested corrugated board is to be cut to the desired shape, a rotating
      blade that cooperates with an anvil cannot be employed since the
      corrugations merely are bent in a direction opposite the direction of
      movement of the nested boards into the nip formed by the rotating knife
      and the anvil without formation of the desired reentrant configuration.
      Similar undesirable results are encountered when the nested board is
      passed into the nip formed by two knives in face-to-face relationship
      which exert a shearing cutting force at the nip. The resultant structure
      has an irregular edge with the corrugations not being in a re-entrant
      configuration. In practicing the present invention, the desired
      compression force can be applied easily by means of a flat knife edge
      which cuts through the nested board in a direction substantially
      perpendicular to the surface of a planar lining sheet. When it is desired
      not to cut the nested board while applying the desired compression force,
      the distance of the knife edge from the surface supporting the nested
      board can be adjusted so that the desired compression occurs without
      severing the board. It is desirable to operate in this manner when the
      edge nearest the re-entrant corrugated configuration has been previously
      cut to the desired size and shape.
PAR  This invention is particularly useful in forming box blanks or corner pad
      blanks which are foldable into box structures or corner pad structures.
DRWD
PAR  FIG. 1 is a perspective view of two single-faced corrugated boards about to
      be brought into nested contact to ultimately form a composite pad of
      desired form.
PAR  FIG. 2 is a perspective view of a tool compressively cutting the nested
      boards of FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the boards of FIG. 2 taken along lines
      3--3, after the compressive cutting operation has ended.
PAR  FIG. 4 is a cross-sectional view of the boards of FIG. 2 taken along lines
      4--4, after the compressive cutting operation has ended.
DETD
PAR  A composite pad of the present invention comprises two single-faced
      corrugated boards. Each corrugated board comprises a planar lining sheet,
      adhesive, and a corrugated member.
PAR  Referring to FIG. 1, a top corrugated board 10 comprises planar lining
      sheet 11 and corrugated member 12. Adhesive 13 maintains the member and
      sheet in adhesive contact. Similarly, base corrugated board 14 comprises
      planar lining sheet 15, corrugated member 16 and adhesive 17.
PAR  The boards are brought into nested contact so that the corrugation crests
      18 of board 10 rest upon the corrugation troughs 19 of board 14, and the
      corrugation crests 20 of board 14 support the corrugation troughs 21 of
      board 10.
PAR  Referring to FIG. 2, cutting tool 22 severs boards 10 and 14 along the
      pre-selected path P--P, producing the composite pad of the desired shape.
      When it is desired to compress the nested boards 10 and 14 without cutting
      them, the distance between the knife edge 22a and the supporting surface
      25 can be adjusted accordingly.
PAR  As the cutting tool severs the boards 10 and 14, it exerts a compressive
      force sufficient to inelastically deform the corrugations along the cut
      path P--P into an interlocking Re-entrant configuration illustrated in
      FIG. 3. A die cutter may be used to apply sufficient compressive force to
      achieve the desired re-entrant configuration. In this manner the boards 10
      and 14 are permanently interlocked to form the desired composite pad. In
      particular, the corrugation crests 18 and 20 and corrugation troughs 19
      and 21 broaden under the compressive force of the cutting tool. The
      broadening of the crests and troughs is accompanied by a shifting of the
      corrugation walls 23 as will be noted upon comparison of FIGS. 1 and 3.
      These effects result in an interleaving network of cells. The inner walls
      of one cell consist of the broadened corrugations of the top board 10; the
      inner walls of the adjacent cell consist of the broadened corrugations of
      the base board 14. This composition is repeated throughout the
      configuration.
PAR  However, the inner corrugations of the pad are not deformed by the
      compressive force exerted along the cutting path P--P. These corrugations
      retain their wave-like shape while in nested contact. Consequently, the
      composite pad retains the undiminished ability to resist crush. FIG. 4
      shows unmodified corrugations 12 and 16 in nested contact along an inner
      path I--I of FIG. 3, which is sufficiently distant from cutting path P--P
      so that these corrugations are not deformed.
PAR  It will be recognized that various modifications in the method and product
      may be carried out in accord with generally recognized practices, and
      without departing from the teaching of this invention; for example, the
      composite pad may comprise several layers of nested corrugated boards
      rather than the single layer shown in the drawings, and the composite pads
      may be arranged in an arcuate shape in contrast to the planar construction
      displayed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A corrugated board structure defined by a perimeter comprising two
      corrugated boards each having a planar lining sheet adhered to a
      corrugated member wherein the corrugated members of each board are in
      nesting relationships, the corrugations being exposed to view at locations
      along said perimeter and closely adjacent said perimeter the corrugations
      being inelastically deformed into an interlocking re-entrant
      configuration, and not being deformed from their initial corrugated shape
      elsewhere whereby the structure retains its ability to resist crushing.
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ABST
PAL  A laminated article comprising a magnetic impulse record element secured to
      a vinyl plastic member through an interface of a composition containing
      polyvinyl chloride, polyvinyl acetate and polyvinyl alcohol. The interface
      contributes to the formation of a record element of improved quality when
      the latter is transferred as a magnetic coating from a carrier to the
      vinyl plastic member in a hot stamping operation.
BSUM
PAR  This invention relates to the laminating art and more particularly to an
      improvement in laminated articles comprising a magnetic impulse record
      element secured to a vinyl plastic member.
PAR  The invention is particularly applicable to the manufacture of credit card
      blanks having a magnetic impulse record element, and will be described
      with particular reference thereto. However, it will be appreciated that
      the invention has much broader applicability and will find utility in the
      manufacture of any article which comprises the combination of a vinyl
      plastic member with a magnetic impulse record element.
PAR  In recent years, the credit card industry has directed its attention toward
      increasing the usefulness of credit cards in terms of the quantity and
      type of information that can be carried on the cards. Of ancillary
      interest has been the capability of changing and updating information
      carried by the card without having to issue a new card. Still further, the
      not insubstantial use of credit cards by unauthorized persons has created
      a desire to include on the card, machine readable information which
      identifies the rightful owner of the card.
PAR  In furtherance of these goals, a considerable amount of effort has been
      expended in the development of a credit card combined with a magnetic
      impulse record element. As well known, such elements are capable of
      storing a considerable amount of machine readable information on a very
      small surface area, and the information so stored can be readily erased
      and updated repeatedly without adversely affecting the quality of the
      record.
PAR  One way of utilizing such a credit card is to record on its magnetic
      impulse record element, a dollar credit limit which the credit card issuer
      will honor. Thereafter, as the card is used in purchase transactions, the
      initial credit limit amount would be erased and supplanted with a lower
      dollar amount corresponding to the difference between the starting credit
      limit and the amount of the transaction. In the event that the last
      recorded credit limit is lower than the amount of the proposed
      transaction, the card would not be honored. When the card owner pays his
      bill, the reduced credit limit stored on his card is erased and replaced
      with a new starting credit limit.
PAR  The magnetic impulse record element could also be used to store information
      about the physical characteristics of the rightful card holder. In this
      way, when a merchant places the card in a suitably equipped transaction
      printer, he has an opportunity to read the physical characteristics of the
      card owner and visually check them against the card presenter to see if
      his characteristics match those on the card. Many other uses of a
      composite credit card and magnetic impulse record element will suggest
      themselves to those skilled in the art.
PAR  The early attempts to combine a credit card with a magnetic impulse record
      element involved nothing more than adhesively securing a strip of magnetic
      recording or computer tape to a credit card blank. This proved to be less
      than satisfactory because of delamination problems.
PAR  This difficulty has in large measure been overcome by transferring from the
      magnetic tape only the coating portion which comprises a dispersion of
      magnetic particles in a binder matrix. This is accomplished by a hot
      stamping technique such as that conventionally practiced in stamping
      titles and designs on book bindings, and monograms and initials on
      luggage, etc.
PAR  Because the coating on the magnetic tape only is transferred from its
      carrier or backing strip to the credit card blank, the resulting magnetic
      impulse record element is much thinner than in the case where the magnetic
      tape is laminated to the credit card blank. This reduces the tendency of
      the record element to delaminate.
PAR  The hot stamping method for providing the credit card blank with a magnetic
      impulse record element suffers its own unique disadvantages. First, it
      produces a phenomenon which will be referred to as "cupping". This is
      characterized by a nonuniform concave curvature of the record element and
      the underlying area of the credit card blank. Cupping is believed to be
      caused by the flow of the vinyl plastic, from which the credit card is
      formed, in response to the pressure of the heated platen of the hot
      stamping equipment. The adverse affect it produces is manifested in
      variations in signal strength across the width of the magnetic impulse
      record element. Recording and playback heads are set a fixed distance from
      the record element, and as the latter recedes from the fixed head in
      following the contour of the cupped credit card blank, there is a
      concomitant reduction in signal strength.
PAR  The wider the stripe of magnetic impulse record element, the more severe
      the cupping problem. Experimentation has shown that the amount of cupping
      which accompanies the transfer of a stripe 0.3 inches wide is tolerable
      although improvement would be desirable. The amount of cupping which
      accompanies the transfer of a stripe 0.58 inches wide exceeds 200
      micro-inches per 0.1 inch of stripe width, and this exceeds the tolerance
      limits for at least the recorder head used in the experiment. In each
      case, the heat needed to transfer the magnetic material from its carrier
      to the credit card blank dictated that the hot stamping platen be
      maintained at a temperature in excess of 400.degree.F.
PAR  The second disadvantage of the hot stamping method is that even at platen
      temperatures of 400.degree.F and above, heat stamping directly from a
      magnetic tape to a credit card blank can produce as low as a 50% yield and
      lower of satisfactory magnetic impulse record elements depending on the
      width of magnetic stripe transferred. The wider the stripe, the lower the
      yield. Defects range from small pinholes to large gaping areas caused by
      the coating on the magnetic tape being retained by its carrier and not
      transferred to the credit card blank. Because of the low yield and
      problems created by excessive "cupping", direct heat stamp transfer of the
      magnetic coating from a magnetic tape to a credit card blank is not deemed
      to be commercially practicable at least for stripes on the order of 0.5
      inches and wider.
PAR  It is therefore apparent that there is a need for an improved vinyl plastic
      member such as a credit card blank having a magnetic impulse record
      element and an improved method of making the same. The present invention
      is addressed to filling these needs.
PAR  It has been found in accordance with the present invention that the
      difficulties described above in connection with the hot stamp transfer
      technique can be vastly improved, and substantially obviated by
      interposing between the magnetic impulse record element and the vinyl
      plastic member, such as a credit card blank, a composition comprising
      polyvinyl chloride, polyvinyl acetate and polyvinyl alcohol. The
      employment of such a coating composition permits the use of substantially
      lower stamping temperatures which in turn results in less severe "cupping"
      and yields in the 80 to 90% range even with stripes 0.5 inches wide and
      wider.
PAR  More specifically, and in accordance with one aspect of the present
      invention, there is provided as an article of manufacture, a vinyl plastic
      member having a surface at least a portion of which is provided with a
      coating consisting of the dry residue of a composition comprising, on a
      solid basis, from about 88 to about 94 weight percent polyvinyl chloride,
      from about 2 to about 6 weight percent polyvinyl acetate, and from about 2
      to about 10 weight percent polyvinyl alcohol, and a magnetic impulse
      record element comprising a dispersion of magnetic particles in a binder
      matrix, overlying and bonded to the coating.
PAR  In accordance with another aspect of the present invention, there is
      provided in a method of forming on a surface of a vinyl plastic member, a
      magnetic impulse record element by hot stamp transferring thereto from a
      carrier, a composition comprising a dispersion of magnetic particles in a
      binder matrix, the improvement which comprises providing an interface
      between the record element and the surface of the vinyl plastic member
      consisting of the dry residue of a partially hydrolyzed, vinyl
      chloride-vinyl acetate copolymer, comprising of a solids basis, from about
      88 to about 94 weight percent polyvinyl chloride, from about 2 to about 6
      weight percent polyvinyl acetate and from about 2 to about 10 weight
      percent polyvinyl alcohol.
PAR  It is therefore an object of the present invention to provide an improved
      vinyl plastic member having a magnetic impulse record element formed
      thereon.
PAR  A further object of the invention is to provide a vinyl plastic credit card
      blank with a magnetic impulse record element thereon in higher yields,
      with less "cupping" and at lower stamping temperatures than achieved by
      the prior art.
PAR  A further object of the invention is to provide an article of the type
      described wherein an interface is provided between the vinyl plastic
      member and the magnetic impulse record element consisting of the dry
      residue of a composition comprising polyvinyl chloride, polyvinyl acetate
      and polyvinyl alcohol.
PAR  Still another object of the invention is to provide an improved method of
      manufacturing a vinyl plastic member having a magnetic impuse record
      element formed thereon.
DRWD
PAR  These and other objects and advantages of the invention will become
      apparent from the detailed description thereof when taken into conjunction
      with the accompanying drawing wherein:
PAR  FIG. 1 is a schematic, pictorial representation of a credit card blank
      having a magnetic impulse record element thereon;
PAR  FIG. 2 is a schematic, sectional view taken generally along line 2--2 of
      FIG. 1 with the proportions and dimensions greatly exaggerated for
      purposes of clarity; and,
PAR  FIG. 3 is a schematic, sectional view similar to FIG. 2, but showing a
      modified form of the invention.
DETD
PAR  Turning to the drawings, it will be seen that FIG. 1 pictorially represents
      a credit card, designated generally as 10, to which has been applied
      magnetic impulse record element 12.
PAR  As best seen in FIG. 2, credit card 10 comprises core 14 consisting of a
      rigid, but bendable vinyl plastic sheet, to which is laminated skin 16
      which is an unplasticized vinyl plastic film. In the context of the
      present invention the film is optional, but is included in the preferred
      embodiment because most credit cards are so constructed. The film protects
      the printed matter applied to the vinyl plastic sheet and provides the
      card with a smooth shiny surface.
PAR  For purposes of this disclosure, the term "vinyl plastic" as applied to
      sheet and films is intended to define such materials in which the resin
      ingredient consists essentially of a homopolymer of polyvinyl chloride or
      a copolymer consisting of a major proportion of polyvinyl chloride and a
      minor proportion of polyvinyl acetate. Other ingredients conventionally
      present in vinyl plastic compositions such as fillers, colorants,
      stabilizers, etc. are also contemplated.
PAR  Commercially available vinyl plastic sheet which may be used in the
      practice of the present invention include Emelux V265B-6 manufactured by
      Addressograph-Multigraph Corporation, Nixon 5193 manufactured by
      Nixon-Baldwin Division of Tenneco, Inc., and Union Carbide 3603
      manufactured by Union Carbide Corporation.
PAR  Commercially available vinyl plastic film which may be used in the practice
      of the invention include Emelux V018A-1 manufactured by
      Addressograph-Multigraph Corporation, Nixon 1142 manufactured by
      Nixon-Baldwin Division of Tenneco, Inc., and Union Carbide 0411 and 0414
      manufactured by Union Carbide Corporation.
PAR  Conventional sheet thicknesses will generally be in the range of about 0.01
      inches to about 0.03 inches, while conventional film thicknesses are in
      the range of about 1 to about 3 mils.
PAR  Referring again to FIG. 2, it will be seen that there is interposed between
      magnetic impulse record element 12 and vinyl plastic film 16, coating 18
      which consists of the dry residue of a composition containing polyvinyl
      chloride, polyvinyl acetate and polyvinyl alcohol. In this embodiment,
      coating 18 is generally coextensive in width and length with magnetic
      impulse record element 12. This can be accomplished by applying the
      coating to a localized area of credit card blank 10, or by applying it to
      the surface of the magnetic coating material prior to the hot stamp
      transference of the magnetic material to the surface of the credit card
      blank.
PAR  Referring to FIG. 3, it will be seen that in this modified embodiment
      coating 18 covers the entire surface of credit card blank 10. In the
      practice of this embodiment, coating 18 may be applied either to the
      credit card blank or to the vinyl plastic film, preferably the latter.
PAR  Coating 18 may be applied by any conventional coating method including
      spray, brush, or roller application. In practicing the embodiment
      illustrated in FIG. 2, when the coating is applied to a localized portion
      of the surface of credit card blank 10, it is preferred to use a mask or
      screen to limit the area of application of the coating, but this is not
      essential. Use of a narrow brush or roller is also contemplated.
PAR  The "cupping" phenomenon described above is readily apparent from the
      drawings because the showing is greatly exaggerated. It will be
      appreciated, however, that as a practical matter, cupping provides only a
      slightly concave curvature to the exposed surface of magnetic impulse
      record elements, and to the underlying portions of coating 18, film 16 and
      sheet 14.
PAR  As noted above, magnetic impulse record element 12 may be formed of the
      magnetic coating composition used in magnetic recording and computer
      tapes.
PAR  In general, such magnetic coating compositions comprise a dispersion of
      magnetic particles in a binder matrix. In most conventional tapes, the
      magnetic ingredient in the coating composition consists of acicular
      (needle shaped) particles of gamma ferric oxide. These particles have
      lengths within the range of about 0.2 to about 0.8 microns, preferably 0.3
      to 0.5 microns, and length to breadth ratios within the range of about 2:1
      to about 8:1.
PAR  Other magnetic materials, although more costly, may also be used including
      cobalt doped gamma ferric oxide, chromium dioxide, acicular iron, cobalt
      or nickel particles, and cobalt-phosphorus, nickel-phosphorus and
      cobalt-nickel-phosphorus layers deposited by electroless of electrolytic
      methods.
PAR  The other major ingredient in the magnetic coating composition is a resin
      binder which may consist of one or more of a number of thermoplastic
      resinous binders including vinyl chloride-vinyl acetate copolymers,
      vinylidene chloride/acrylonitrile copolymers, butadiene/styrene rubber
      polymers, and polyurethane elastomers.
PAR  In addition to these ingredients, the magnetic coating compositions
      conventionally contain a conductive agent, mostly commonly the various
      forms of carbon black, which serves the purpose of controlling the
      conductivity of the composition to prevent build up of static charges; a
      dispersant, to assist in wetting out the magnetic particles, such as zinc
      naphthenate, dioctyl sodium sulfosuccinate, the mono-di and tri-esters of
      oleic acid and triethanolamine. Other ingredients which may be included
      are stabilizers, lubricants and plasticizers.
PAR  The thickness of the coating of the magnetic composition on magnetic tapes
      is fairly well standardized at 2.2 mils, 1.7 mils and 0.7 mils. Any of
      these may be used in the practice of the present invention.
PAR  The two most common carriers or supports for the magnetic composition, i.e.
      the tape itself, are films of cellulose acetate and polyester resins. Of
      these two classes of resins, the latter is the most popular, and most
      widely used polyester is polyethylene terephthalate. Much of this is sold
      under the DuPont Trademark Mylar. The thickness of the carrier or backing
      strip is conventionally within the range of 0.0005 to 0.0015 inches.
PAR  Compositions containing polyvinyl chloride, polyvinyl acetate and polyvinyl
      alcohol, which may be used as coating 18, are commercially available. In
      general, it has been found that very satisfactory results are achieved
      with compositions comprising on a solids basis, from about 88 to about 94
      weight percent polyvinyl chloride, from about 2 to about 6 weight percent
      polyvinyl acetate, and from about 2 to about 10 weight percent polyvinyl
      alcohol.
PAR  A suitable commercial composition falling within this range of proportions
      is sold by Union Carbide Corporation under the designation, VAGH. This
      material, described by its manufacturer as a partially hydrolyzed, vinyl
      chloride-vinyl acetate copolymer, is believed to contain about 91 weight
      percent polyvinyl chloride, about 3 weight percent polyvinyl acetate and
      about 6 weight percent polyvinyl alcohol, on a solids basis.
PAR  To be useful in the practice of the invention the partially hydrolyzed
      copolymer should be diluted with a suitable solvent to provide a coating
      composition containing from about 5 to about 18 weight percent solids.
      Compositions containing about 7 weight percent solids are particularly
      satisfactory.
PAR  The particular solvent employed should be selected so that in the time it
      takes for evaporation, it will not have any substantial detrimental effect
      on the vinyl film or vinyl sheet. Further, the solvent should evaporate
      within a reasonable period of time at temperatures not exceeding about
      150.degree.F lest distortion of the substrate occur during drying of the
      coating. Suitable commercially available solvents include ethyleneglycol
      monoethyl ether, and ethyleneglycol monomethyl ether, both sold by Union
      Carbide Corporation under the trademarks Cellosolve and Methyl Cellosolve,
      respectively. Coating thicknesses within the range of about 0.01 to about
      0.03 mils will produce satisfactory results. In general, coatings thicker
      than about 0.03 mils may be used, but are difficult to justify
      economically because they produce no further improvement in results.
PAR  The efficacy of the invention was confirmed by a series of experimental
      runs in which magnetic impulse record elements of 0.58 inches wide were
      formed on large numbers of credit card blanks by a hot stamping transfer
      method.
PAR  In all the runs, the same card stock was employed and the magnetic coating
      was transferred from the same magnetic recording tape stock (manufactured
      by 3M Corporation under the designation MTA 20730). Further, the same hot
      stamping equipment was employed, with the ram force and dwell time being
      held constant throughout. The platen temperature was adjusted, however,
      for reasons explained below.
PAR  In four of the seven runs reported below, coating 18 was omitted, while it
      was included in the remaining three runs.
PAR  The hot stamping operation was conducted on a 8100 special model machine
      manufactured by Franklin Manufacturing Company. The machine feeds a credit
      card blank to a hot stamp work station and indexes a length of magnetic
      recording tape across the portion of the blank at the work station to
      which the magnetic coating on the tape is to be transferred. The tape is
      disposed with the carrier or support portion facing away from the credit
      card blank so that the magnetic coating on the tape is in juxtaposition
      with the credit card blank. The hot stamping platen, preheated to a set
      temperature is lowered under a ram force and maintained in contact with
      the carrier side of the magnetic recording tape for a preset dwell time.
PAR  The credit card blank used throughout the test runs was formed of a vinyl
      plastic sheet 0.0625 inches thick manufactured by Addressograph-Multigraph
      Corporation and sold under the designation Emelux V265B-6. To each surface
      of the sheet was laminated a vinyl plastic film 1.8 mils thick
      manufactured by Addressograph-Multigraph Corporation and sold unnder the
      designation Emelux V018A-1.
PAR  A coating of Union Carbide Corporation partially hydrolyzed copolymer VAGH
      in a solvent was applied to one surface of the vinyl plastic film, prior
      to lamination to the vinyl plastic sheet, providing a dry coating having
      an average thickness of 0.2 mils.
PAR  The platen temperatures, dwell time and ram force at which the hot stamping
      machine was operated are set forth in the table below, together with the
      cupping values and yield percent for each run.
TBL             PARTIALLY                    CUPPING                           

                HYDROLYZED                   Micro Inch/                       

           NO. OF                                                              

                COPOLYMER                                                      

                       PLATEN DWELL TIME                                       

                                      RAM FORCE                                

                                             0.1 Inch                          

                                                     YIELD                     

     RUN NO. CARDS                                                             

           COATING                                                             

                TEMP. (.degree.F)                                              

                       (Milliseconds)                                          

                              (Tons)  Strip Width                              

                                             (%)                               

     __________________________________________________________________________

     1     410  No.    410    80      8      230     41                        

     2     380  No     410    80      8      225     12                        

     3     440  No     410    80      8      265     13                        

     4     480  Yes    330    80      8      95      80                        

     5     490  Yes    340    80      8      185     89                        

     6     480  Yes    330    80      8      170     88                        

     7     550  No     330    80      8      --       0                        

     __________________________________________________________________________

PAR  Cupping values were arrived at by readout of an amplified electrical signal
      generated by a commercially available instrument manufactured by Federal
      Products Corporation and sold under the name Federal Electronic Gage,
      which is comprised of a gauging head which measures distortions in the
      profile of the magnetic impulse record element while moving perpendicular
      to the longitudinal axis thereof.
PAR  The yield values were arrived at by calculation based on a visual
      inspection of every credit card blank in each run for pinholes, voids and
      scratches.
PAR  Comparing runs 1, 2, 3 and 7 with runs 4, 5 and 6, it is apparent that
      employment of hydrolyzed copolymer by the present invention permits the
      use of a lower platen temperature which in turn is probably responsible in
      large measure for the reduction in cupping achieved. Quite surprising was
      the finding that use of the hydrolyzed copolymer increased yields from two
      to seven fold. This was unexpected in view of the fact that Union Carbide
      literature states that coatings of its hydrolyzed copolymer have
      appreciably higher melting points than similar polyvinyl
      chloride-polyvinyl acetate films.
PAR  Run 7 reported in the table confirms that no satisfactory blanks were
      obtained when operating at the reduced platen temperature without the
      hydrolyzed copolymer.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. As an article of manufacture, a vinyl plastic member having a surface at
      least a portion of which is provided with a coating consisting of a dry
      residue of a partially hydrolyzed vinyl chloride-vinyl acetate copolymer
      comprising, on a solids basis, from about 88 to about 94 weight percent
      polyvinyl chloride, from about 2 to about 6 weight percent polyvinyl
      acetate, and from about 2 to about 10 weight percent polyvinyl alcohol
      activatable to an adhesive condition when heated and a transferrable
      magnetic impulse record element greater than 0.3 inches in width carried
      on a separable backing strip comprising a dispersion of magnetic particles
      in a binder matrix overlying and bonded to said coating by a hot stamping
      process, said coating having a thickness in the range of 0.01 to 0.03 mils
      and forming an interface between the record element and the vinyl plastic
      member whereby the amount of cupping which accompanies the transfer of the
      impulse record is less than 200 microinches per 0.1 inch of the record
      element width.
NUM  2.
PAR  2. The article as defined in claim 1 wherein said vinyl plastic member
      comprises a rigid, bendable sheet of vinyl plastic.
NUM  3.
PAR  3. The article as defined in claim 1 wherein said vinyl plastic member
      comprises a core of a rigid, bendable sheet of vinyl plastic having
      laminated to at least one surface thereof a film of vinyl plastic, said
      coating being provided on the exposed surface of said film.
NUM  4.
PAR  4. The article as defined in claim 3 wherein said magnetic impulse record
      element is in the form of a stripe on said vinyl plastic member.
NUM  5.
PAR  5. In a method of providing a surface of a vinyl plastic substrate with a
      magnetic impulse record element greater than 0.3 inches in width by
      transferring to said member from a carrier by a hot stamping process a
      composition comprising a transferrable dispersion of magnetic particles in
      a binder matrix carried on a separable backing strip the improvement
      comprising: coating the vinyl substrate to provide an interface between
      the element and the substrate with a heat responsive coating having a
      thickness in the range of 0.01 to 0.03 mils consisting of the dry residue
      of a partially hydrolyzed vinyl chloride-vinyl acetate copolymer
      comprising on a solids basis from about 88 to about 94 weight percent
      polyvinyl chloride, from about 2 to about 6 weight percent polyvinyl
      acetate and from about 2 to about 10 weight percent polyvinyl alcohol,
      said coating being applied to the substrate prior to the hot stamping
      process whereby the amount of cupping which accompanies the transfer of
      the magnetic impulse record is less than 200 microinches per 0.1 inch of
      element width.
NUM  6.
PAR  6. The method as defined in claim 5 wherein said interface is provided by
      applying a solvent solution of said partially hydrolyzed copolymer to the
      surface of said vinyl plastic member prior to conducting the hot stamp
      transfer step.
NUM  7.
PAR  7. A credit card blank comprising a vinyl sheet member having a surface at
      least a portion of which is provided with a coating having a thickness in
      the range of 0.01 to about 0.03 mils consisting of the dry residue of a
      partially hydrolyzed vinyl-chloride vinyl-acetate copolymer comprising on
      a solids basis from about 88 to about 94 percent polyvinyl chloride, from
      about 2 to about 6 percent polyvinyl acetate and from about 2 to about 10
      weight percent polyvinyl alcohol, a transferrable magnetic impulse record
      element greater than 0.3 inches in width carried on a separable backing
      strip comprising a dispersion of magnetic particles in a binder matrix
      overlying and bonded to said coating by a hot stamping process, said
      coating providing an interface between said sheet member and said record
      element whereby the amount of cupping which accompanies the transfer of
      the impulse record element is less than 200 microinches per 0.1 inch of
      width.
NUM  8.
PAR  8. The credit card blank as defined in claim 7 wherein a film of vinyl
      plastic is laminated to said vinyl sheet member and interposed between
      said vinyl sheet member and said coating.
NUM  9.
PAR  9. The credit card blank as defined in claim 8 wherein said magnetic
      impulse record element is in the form of a stripe.
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ABST
PAL  A transfer sheet for thermal reproduction processes having a discontinuous
      transfer layer defined by a plurality of closely spaced discrete carbon
      regions. In a specific embodiment the transfer surface is defined by a
      substantially uniform distribution of carbon regions of varying diameters
      providing improved continuous tone reproduction through
      temperature-correlated carbon transfer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention generally relates to image duplicating and more
      particularly to thermal duplicating processes and improved transfer sheets
      for use therein.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Various types of thermal duplicating processes, that is, processes which
      involve the thermal transfer of heat-sensitive material, are well known in
      the art. See, for example, those processes described in U.S. Pat. Nos.
      3,122,997 and 3,122,998 issued to Raczynski et al., as well as U.S. Pat.
      Nos. 1,514,677, 2,501,445, 2,611,313, 2,808,777, 2,939,099, 3,809,748,
      3,181,965, 3,260,603, 3,262,386, 3,267,848, 3,283,708 3,293,055,
      3,304,015, 3,384,015 and our U.S. Pat. No. 3,706,276. As further
      background hereto, reference may also be made to U.S. Pat. Nos. 2,191,514,
      2,398,779, 2,408,147, Re. 24,899, 3,010,390, 3,458,336 and 3,476,937.
PAR  Typically, an original to be duplicated is placed in an assembly with a
      transfer sheet substrate carrying a fusible layer of heat sensitive
      material and an image-receiving sheet which has its receiving surface in
      contact with the layer of fusible material. The position and facing of the
      original document sheet relative to the transfer and receiving sheets can
      be varied depending upon whether a right-reading or a laterally reverse
      reading image is desired on the image receiving sheet. The image on the
      original document must be defined by an infrared absorptive material such
      as carbon, heavy metal, or certain organic compounds so that the image
      areas of the original document, upon exposure, will absorb more infrared
      radiation than the surrounding, non-image areas. The absorbed infrared
      radiation is converted to thermal energy forming a thermal pattern in the
      original document which corresponds to the visible image pattern. This
      heat pattern is conducted through the substrate of the transfer sheet to
      the heat sensitive layer. The heat sensitive layer is selectively fused in
      correspondence to the image and the fused material is transferred to the
      image-receiving sheet.
PAR  Following image transfer, depending upon the manner of placement of the
      original document, the image-receiving sheet may serve as a facsimile copy
      of the original document or it may be utilized as a master in a solvent
      duplicating or lithographic printing process. The heat-sensitive layer of
      the transfer sheet should contain, in addition to the fusible material,
      the necessary components for the ultimate application of the transferred
      image. For example, in spirit duplication processes, the heat-sensitive
      layer contains wax, or other fusible substance, mixed with an alcohol
      soluble dye (the combination being known to the art as "carbon") to
      produce the image color in the ultimate copy. The waxy material is
      thermally transferred in reverse reading fashion to the image-receiving
      sheet, normally referred to as a master. The master is placed on the drum
      of a duplicating machine and contacted with a succession of sheets of copy
      paper previously wet with a volatile alcohol solvent for the dye. The
      solvent dissolves part of the dye in the master image and transfers it to
      the copy paper. In another type of solvent duplicating process, the
      transferred image material contains a chemical reagent which reacts with a
      second reagent on the copy paper to yield a color. The second reagent may
      be originally in the copy paper or it may be delivered to the paper in
      duplicator fluid applied prior to contact with the master sheet. In offset
      lithographic printing, the material transferred to the image-receiving
      sheet, normally referred to as a printing plate, defines a right-reading
      image. If a reverse-reading image is initially prepared on an
      image-receiving sheet, it can be transferred to a direct image
      lithographic plate by contacting the thermally produced image with the
      face of the lithoplate and heating, as known to the art.
PAR  Thermal image transfer processes are relatively inexpensive, and effective
      in terms of color density when reproducing high contrast originals.
      However, such processes are generally not suitable for reproducing
      continuous tones as are found in silver photographic prints. When such an
      original is used for thermal reproduction with presently available carbon
      transfer processes, high contrast copies are produced which lack
      intermediate tones.
PAR  The present invention enables the production of continuous tone thermal
      copies. In particular, we provide a thermal transfer sheet having a
      discontinuous transfer layer defined by a plurality of closely spaced but
      discrete carbon regions which serve to "break" the image up into a
      plurality of image regions. In a specific embodiment, there is a
      substantially uniform distribution of carbon regions of varying diameters
      which provide continuous tone reproduction through temperature-correlated
      carbon transfer, as referred to in more detail hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a master sheet-transfer sheet-original
      document thermal transfer assembly;
PAR  FIG. 2 is a schematic detail of a portion of the surface of one type of
      transfer sheet herein;
PAR  FIG. 3 is a schematic detail of a portion of the surface of another type of
      transfer sheet herein; and
PAR  FIG. 4 is a schematic cross-sectional view of a portion of the surface of
      the transfer sheet of FIG. 3, taken along the lines 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  As required, detailed illustrative embodiments of the invention are
      disclosed herein. However, it is to be understood that these embodiments
      merely exemplify the invention which may take many forms radically
      different from the specific illustrative embodiments disclosed. Therefore,
      specific structural and functional details are not to be interpreted as
      limiting, but merely as a basis for the claims which define the scope of
      the invention. Somewhat in this regard, the illustrative embodiments
      herein comprise transfer sheets which are used in the transfer step of a
      spirit duplicating process. However, as hereinbefore indicated, the
      concepts and embodiments of this invention can be utilized in other
      solvent type duplicating process, such as the type involving a chemical
      reaction, or with lithographic printing processes and the like.
PAR  Referring to FIG. 1, a "sandwich" assembly 10 is illustrated which includes
      a base sheet 12 of relatively thick paper and which supports an original
      document 14 to be duplicated, a transfer sheet 16 and an image-receiving,
      master sheet 18. The original document 14 contains continuous tone
      infrared-absorptive indicia or images 20 on its face and is placed face-up
      on the base sheet 12, beneath the relatively thin transfer sheet 16. The
      transfer sheet 16 includes a plastic substrate 22 which carries a thin
      layer of heat-sensitive material 24 on the side opposite the original
      document 14. The master sheet 18 is disposed with its image-receiving
      surface 26 adjacent the transfer sheet layer 24 of heat-sensitive
      material. The top edges of the transfer sheet 16 and master sheet 18 are
      secured by adhesive or the like to the top edge 28 of the base sheet 12.
PAR  The heat sensitive material constituting the transfer layer 24 is commonly
      called "carbon" although elemental carbon is not usually a component
      thereof. In spirit duplication processes, the carbon comprises a
      combination of wax and dye. Waxes such as carnauba wax, bees wax,
      spermacetti wax and the like are used in various combinations with one or
      more dyes such as crystal violet, methyl violet, fuchsine dyes, magenta
      dyes, anthraquinone dyes, aniline dyes, azo dyes and the like. Other
      thermal processes involve a chemical reaction or utilize other materials.
      The particular chemical nature of the material is not a part of the
      present invention but all of the foregoing materials, and including those
      described in the above Raczyinski et al. patents, are meant to be included
      by the term "carbon" or "transfer material" as used herein. The carbon is
      formed on the transfer sheet substrate 22 as a pattern of discrete regions
      as hereinafter described.
PAR  The transfer sheet substrate 22 can be formed of any material usually
      employed for that purpose including Mylar (a transparent, tensilized
      polyethylene glycol terephthalate polyester film) which is sufficiently
      thin, about 0.5 mil, to avoid significant attenuation of the conducted
      heat pattern.
PAR  In use, the usual procedure is followed wherein the assembly 10 of base
      sheet 12, original document 14, transfer sheet 16 and master sheet is
      sandwiched together under pressure so that directly opposing surfaces are
      contiguous with one another. The assembly 10 is then exposed to radiations
      rich in infrared, directed onto the master sheet 18 so as to penetrate the
      master sheet 18 and transfer sheet 16 and impinge onto the original
      document 14. The radiation generates a temperature rise in the image
      portions of the document 14 resulting in a thermal pattern emanating from
      the document 14. As a result, the heat-sensitive carbon 24 is selectively
      fused to a softened condition in regions corresponding to the indicia 20
      and is then transferred to the master sheet surface 26 to produce an image
      which corresponds to the indicia 20 on the original document 14. The
      imaged master 18 may then be removed from the assembly 10 and used as the
      copy or as a master for further reproduction in accordance with usual
      spirit reproduction techniques.
PAR  Referring additionally to FIG. 2, there is shown a schematic detail of the
      surface 24 of the transfer sheet 16. In accordance with the present
      invention, the transfer sheet surface 24 is discontinuous and defined by a
      plurality of closely spaced but discrete carbon regions, such as indicated
      by the numerals 30, 32 and 34. Any pattern of discontinuity is
      contemplated in the broader form of the present invention, the
      discontinuity serving to "break" up the thermal image into a plurality of
      image regions.
PAR  In a specific embodiment, as shown, the carbon regions 30, 32 and 34 are of
      varying widths or diameters substantially uniformly distributed over the
      transfer sheet substrate, the regions 30 being smaller than the regions
      32, which, in turn, are smaller than the regions 34. Such variation in
      diameters provides continuous tone reproduction through
      temperature-correlated carbon transfer; i.e., carbon fusion (and,
      therefore, transfer) is correlated with tonal density of the original
      image. Accordingly, when a continuous tone original image, such as a
      silver photographic print, is exposed to infrared radiation, the tonal
      areas are heated according to their optical densities so that dark areas
      become hotter than light areas. When in contact with the present transfer
      sheet, under appropriate thermal conditions, heat from light tonal areas
      causes transfer of carbon material only from the smaller carbon regions,
      e.g. at 30. Areas of higher optical density generate higher temperatures
      and causes transfer of carbon material from the larger carbon regions 32
      and, if dense enough, 34, as well as from the smaller regions 30. Thus,
      for the most dense or hottest image areas, transfer of carbon takes place
      from all carbon regions, producing the heaviest image; for lighter image
      areas only a partial transfer of carbon takes place. By responding to
      variations in amount of heat received, the transfer sheet provides more
      accurate reproductions of continuous tone images.
PAR  Generally, the transfer sheet will be coated so as to provide a size
      distribution (average diameter of carbon region) of about 1 to about 30
      microns. About 25-75% of the total surface area of the transfer material
      can be constituted by carbon regions having an average diameter of about
      11-30 microns, the remainder having average diameters of about 1-10
      microns. The distance between carbon regions can vary from about 0.1
      micron to about 30 microns.
PAR  A variety of techniques can be usd to form the discontinuous carbon
      surface. In one method, yielding the surface of FIG. 2, a thin uniform
      layer of polymer solution is spread over a smooth Mylar substrate and
      drying thereof is controlled so that instead of a smooth film layer, a
      reticulated surface is produced wherein the surface of the sheet is
      composed of cells of various sizes within the foregoing range and
      distribution. The reticulated surface can then be contacted with the
      carbon surface of a standard thermal carbon sheet, such as sold by Bell
      and Howell Company under the trademark "Ditto". Upon heating to fusion,
      the cells of the reticulated sheet are filled with the transfer material
      to form the transfer sheet of FIG. 2.
PAR  Details of formation of a reticulated surface as above described can be
      found in our U.S. Pat. No. 3,706,276. The extent of reticulation can be
      controlled by choice of polymer, solvent, diluent and drying conditions.
PAR  Generally, as polymer, one can use any organic polymeric material which is
      commonly used to form thin films, such as polyvinyl chloride, ethyl
      cellulose, polystyrene, chlorinated rubber, polymethylmethacrylate,
      cellulose acetate, polyvinylidene polymers, cellulose nitrate,
      condensation resins of melamine-formaldehyde, urea-formaldehyde, and
      diallyl orthophthalate-phenol, and the like. In addition to forming a thin
      film, the polymeric material should be capable of accepting wax or other
      heat-sensitive fusible material commonly used on transfer sheets.
      Additionally, the polymeric material should be relatively non-distortable
      at thermographic temperatures. The choice of material can best be made on
      the basis of well known properties, and where not know, can be readily
      determined. For further description of polymers which may be utilized
      herein, reference can be made to Modern Plastics Encyclopedia,
      McGraw-Hill, Inc., (1968) herein incorporated by reference.
PAR  Optionally, a plasticizer may be utilized in conjunction with the polymeric
      material, plasticizing amounts generally ranging between 25 and 100
      percent by weight of the polymer. Suitable plasticizers include tricresyl
      phosphate, tri(2-ethylhexyl) phosphate, dioctylphthalate,
      di(2-ethylhexyl)tretrahydrophthalate, di(2-ethylhexyl)maleate,
      polyethylene glycol, and the like.
PAR  As carrier, one can utilize any appropriate solubilizing material with or
      without diluent which is sufficiently volatile to form a solid film in
      reasonable time. Suitable materials include xylene, dimethylformamide,
      acetone, toluene, methyl alcohol, tetrahydrofurane, ethyl alcohol, ethyl
      acetate, methylene dichloride, ethyl ether, methyl isobutyl ketone, butyl
      carbitol, butyl cellosolve acetate, dimethyl sulfoxide, and the like, or
      mixtures thereof.
PAR  The coating is formed under conditions which ordinarily would be avoided in
      the preparation of a smooth plastic film. Thus, the coating is formed
      under relatively high humidity conditions, in particular under ambient
      conditions of 50-75 percent relative humidity. Under these conditions,
      continued rapid curing and escape of solvent sets up shrinkage stresses
      and strains that cause the film to wrinkle. Films produced under the
      aforementioned conditions have a reticulated cellular surface structure
      with the cells having diameters distributed within the size range
      hereinbefore stated. Upon filling the cells with transfer material, e.g.,
      as hereinabove described, carbon sites or regions are provided having the
      desired size distribution and range.
PAR  Coating under high humidity conditions is only one method of obtaining the
      required reticulation which can also be obtained by proper choice of
      solvent and drying temperature with respect to a particular polymeric
      material. With some combinations, reticulation can be obtained repeatedly
      without high humidity, while in other cases no practical control is
      possible without highly humid ambient conditions. Furthermore, with many
      polymers, such as polyvinyl chloride, a reticulated structure suitable for
      use herein can be obtained if the otherwise smooth polymer is contacted
      soon after coating with a non-solvent liquid such as water. For further
      methods of forming a textured coating, see "Organic Coatings" by A. G.
      Roberts, Building Science Series 7, February 1968, published by the U.S.
      Department of Commerce (National Bureau of Standards) incorporated herein
      by reference.
PAR  In accordance with a further embodiment herein, inorganic particulate
      material can be added to the organic polymeric material prior to formation
      of the coating. The particulate material is chosen simply on the basis of
      providing a textured coating, rather than for any absorption or adsorption
      characteristics. Suitable particulate materials are the clays, notably the
      silicate pigments, such as kaolin and components thereof such as
      kaolinite. Other materials include alumina, titania, silica, magnesia, and
      the like. In general, a particle size distribution between about 0.1 to
      about 25 microns is preferred. For example, Kaolinite UF, produced by the
      Georgia Kaolin Co., has a particle size distribution from about 1 micron
      down to less than 0.1 micron with an average particle size of about 0.2
      micron.
PAR  Referring to FIGS. 3 and 4, there are schematically illustratred an
      alternative method of providing a transfer sheet with a discontinuous
      surface of discrete carbon regions. In this embodiment, the surface of the
      transfer sheet substrate is printed with a pattern of transfer material,
      the pattern comprised of varying sized regions, e.g. in a specific example
      there are regions 36 of about 3 microns units, regions 38 of about 10
      micron units, regions 40 of about 15 micron units and regions 42 of about
      25 micron units, the total surface area being divided about equally among
      the four size units. Printing can be accomplished with rollers bearing an
      intaglio image of the desired design. Other coating methods can also be
      used.
PAR  The amount of infrared radiation employed in using the transfer sheet in a
      sandwich assembly, as described with respect to FIG. 1, is substantially
      the same as used with usual spirit duplication processes. The usual
      exposure devices have various settings to enable a choice of exposure time
      as determined by the user after a trial run. The same procedures can be
      followed with the present transfer sheet although care should be taken not
      to overexpose so as to obtain the fullest advantage of the tone
      reproducing capability of the transfer sheet.
PAR  The following example will further illustrate the invention.
PAC  EXAMPLE
PAR  Thirty grams of polyvinyl chloride are dissolved in 200 milliliters of a
      solvent blend of a xylene dimethyformamide (2:1 parts by volume). The
      solution is ball-milled for 15 hours and then applied to a 1 mil sheet of
      Mylar. A Bird coating bar is used to apply the solution so as to obtain a
      dry coating thickness of 0.5 mil. The coating is dried under 50-75 percent
      relative humidity conditions with the result that the dried surface is
      reticulated.
PAR  The coated sheet is then placed with its reticulated surface in contact
      with the dye-wax mixture of a transfer sheet sold by Bell & Howell Company
      under the trademark "Ditto Fax Master", type C4 having a "carbon" layer
      0.4-0.5 mil thick. The sandwiched assembly is heated with infrared light
      until fusion and transfer of the carbon material to the reticulated sheet.
      After separation, the reticulated sheet has the appearance schematically
      portrayed in FIG. 2.
PAR  The coated reticulated sheet is then placed in face-contact with a sheet of
      Mylar and assembled as in FIG. 1 with a photographic original. The
      assembly is then inserted into a spirit process exposure and printing unit
      sold by Bell & Howell Company under the tradmark "Ditto Combomatic".
      Exposure is made at a setting of 7.5 (low of 10, high of 1) to obtain a
      master sheet showing intermediate tones. The master sheet can be used in
      the usual manner to produce a plurality of copies having such intermediate
      tones.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the combination of a transfer sheet comprising a substrate and a
      thermally transferable heat-sensitive material thereon, and a master sheet
      for receiving said heat-sensitive material by thermal transfer from said
      transfer sheet, the improvement wherein said heat-sensitive material is in
      the form of a discontinuous layer defined by a substantially uniform
      distribution of a plurality of closely spaced discrete regions.
NUM  2.
PAR  2. The improvement of claim 1 in which said discrete regions are of varying
      widths.
NUM  3.
PAR  3. The improvement of claim 1 in which said regions have an average
      diameter of about 1 micron to about 30 microns, the distance between
      carbon regions being from about 0.1 micron to about 30 microns.
NUM  4.
PAR  4. The improvement of claim 3 in which about 25-75 percent of the total
      surface area of said layer is constituted by carbon regions having an
      average diameter of about 11-30 microns, the remainder having average
      diameters of about 1-10 microns.
NUM  5.
PAR  5. A transfer sheet for use in a thermal transfer process for reproducing a
      thermally detectable original image, comprising a substrate and a
      discontinuous layer thereon in the form of a pattern of a plurality of
      closely spaced discrete carbon regions of thermally transferable
      heat-sensitive material of varying widths substantially uniformly
      distributed over said substrate whereby to enable transfer of said
      heat-sensitive material temperature correlated with the optical density of
      said original image.
NUM  6.
PAR  6. The transfer sheet of claim 5 in which said regions have an average
      diameter of about 1 micron to about 30 microns, the distance between
      carbon regions being from about 0.1 micron to about 30 microns.
NUM  7.
PAR  7. A transfer sheet for use in a thermal transfer process for reproducing a
      thermally detectable original image, comprising a substrate and a
      discontinuous layer thereon in the form of a pattern of a plurality of
      closely spaced discrete regions of thermally transferably heat-sensitive
      material of varying widths substantially uniformly distributed over said
      substrate whereby to enable transfer of said heat-sensitive material
      temperature correlated with the optical density of said original image,
      about 25-75 percent of the total surface area of said layer being
      constituted by carbon regions having an average diameter of about 11-30
      microns, the remainder having average diameters of about 1-10 microns.
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ABST
PAL  The difficulties in using clay minerals as absorbents in articles such as
      diapers, floor mats, utility wiping cloths, etc. is overcome by
      flocculating the clay into granular aggregates. The dry aggregates are
      dispersed into a flexible fibrous support to prepare the absorbent
      products. The aggregates, additionally, show enhanced water absorbing
      properties in many instances.
BSUM
PAC  BACKGROUND
PAR  While clay minerals have been known as absorbents their use in absorbent
      articles such as diapers, floor mats, wiping cloths, etc. has been
      hampered by their natural tendency to form colloidal type dispersions in
      contact with aqueous solutions. Consequently, the clay rapidly migrates to
      the surface and can be readily washed out of the absorbent article. From
      an economic standpoint, clay minerals are ideally suited for throw-away
      (disposable) articles but their colloidal characteristics prevent their
      use in such articles.
PAC  SUMMARY OF THE INVENTION
PAR  This invention not only overcomes the natural tendency of clay minerals to
      form colloidal dispersions but also enhances their water absorbing
      properties in many cases.
PAR  Clay minerals may now be advantageously used in absorbent articles
      according to this invention by first flocculating a dispersion of the clay
      minerals into granular aggregates, separating the aggregate from the
      liquid and drying the aggregates. In this aggregate form the clay minerals
      retain their integrity when in contact with aqueous solutions and in
      addition are capable in many cases of holding more absorbed solution than
      the untreated clay. Consequently novel absorbent articles may be prepared
      having the clay mineral aggregates dispersed therein.
PAC  DESCRIPTION
PAR  Absorbent articles of various kinds may be made according to this
      invention. While it is possible to dry and reuse the article, the articles
      claimed herein are principally intended as disposable (throwaway)
      articles. Typical disposable absorbent articles include diapers, sanitary
      napkins, tampons, dressings, mats, wiping cloths and the like.
PAR  As previously pointed out, clay minerals are economically of interest in
      preparing absorbent articles since they are cheap, readily available and
      absorb aqueous liquids. Their colloidal, dispersive characteristics in the
      presence of such liquids, however, make clay minerals undesirable.
PAR  In the present invention clay minerals may be advantageously used for their
      water absorbing properites without their undesirable colloidal properties.
      This is accomplished by flocculating an aqueous dispersion of a clay
      mineral into aggregates, separating the aggregates from the liquid and
      drying same. The aggregates can be ground if desired. The flocculated
      aggregates are water stable, have enhanced water absorbing properties and
      can be dried and reused.
PAR  By clay minerals it is meant to include herein the hydrous silicates of
      aluminium, iron and magnesium which by mineralogical definition include
      the kaolin, montmorillonite, illite, vermiculite, glauconite, attapulgite
      and like clay minerals. These clay minerals are characterized by extreme
      fineness of particle size, often colloidal in size. Certain
      montmorillonites, called bentonites, are preferred because of their
      greater water absorbing properties.
PAR  Dispersions of the clay minerals may be readily flocculated (aggregated) by
      introducing small amounts of polymeric materials such as polyacrylic acid,
      polyacrylamide, copolymers of acrylamide and acrylic acid,
      polyalkyleneamines, polyethylenimine, polystyrene sulfonate, polymers and
      copolymers of aminoalkyl acrylates and methacrylates and their ammonium
      and quaternary salts thereof. A large variety of polymeric flocculating
      agents are well known, e.g. see U.S. Pat. No. 2,687,374. In addition to
      polymeric agents it is also known to use inorganic salt solutions either
      alone or in conjunction with the polymeric agents. Typical inorganic salts
      include ferric salts, aluminium salts, calcium salts and the like.
PAR  Flocculation may also be enhanced by increasing the ionic strength of the
      water used to disperse the clay minerals. Tap water is preferred over
      distilled or deionized water, for example. Consequently the flocculation
      may be readily performed with most any available source of water.
PAR  After flocculation, the aggregate can be easily filtered to separate it
      from the aqueous solution. The aggregate is then dried and ground if
      considered necessary.
PAR  The present invention relates generally to absorbent articles and more
      particularly to disposable articles having dispersed therein dry,
      flocculated, water stable clay mineral aggregates which imbibe and hold
      several times their own weight of aqueous fluids. By flocculating
      (aggregating) the clay minerals they are converted into a form which is
      water stable and which resist the natural colloidal tendencies of the clay
      minerals. In addition enhanced water absorbing properties are produced in
      many instances.
PAR  One important use for the absorbent articles is to absorb body fluids and
      exudates, e.g. disposable diapers, sanitary napkins, tampons, dressings
      and the like. Another important use is as door mats to absorb water in
      entrance way areas or as wiping cloths for use in wiping counter tops,
      etc. and for other household, commercial or industrial purposes.
PAR  The absorbent article may be constructed in various forms such as by
      spreading the clay mineral aggregate as uniformly as possible onto or into
      a flexible fibrous support. The aggregate may be sandwiched between two or
      more of said fibrous supports. The same effect may be obtained by
      spreading the aggregate uniformly on a fibrous support and winding it on
      itself to form a roll so that the aggregate is confined between the
      windings. Numerous absorbent articles are disclosed in U.S. Pat. No.
      3,670,731 and the latter is incorporated by reference herein to show the
      state of art with respect to the various configurations and constructions
      possible.
PAR  The absorbent article may have a water impermeable barrier film applied to
      one side of the article. Plastic films may completely envelope the article
      and have holes on one or both sides to allow aqueous fluids to penetrate
      into the article. The above are considered to be illustrative of the
      various kinds of articles which may be made but are not to be considered
      limiting.
PAR  The flexible, fibrous support may be a pad or batting of textile fibers,
      wood pulp fibers, cotton linters and mixtures of such fibers or one or
      more sheets of textile fibers, either synthetic or natural fibers or
      mixtures thereof. Generally it is preferred to use a fibrous support which
      itself is capable of absorbing aqueous solutions, e.g. cellulosic fibers
      such as wood pulp, cotton, etc. and hydrophillic synthetic fibers.
PAR  The efficacy of the present invention was illustrated by a simple
      comparative test where two diapers were made from a pad of cellulose
      fibers one containing an untreated clay mineral and one containing a
      flocculated (aggregated) clay mineral. In the first instance when the
      diaper was wetted with a 1.4% NaCl solution, the clay came to the surface
      when the diaper was pressed with the hand. However, in the second case the
      clay mineral aggregates held onto the fluid and did not migrate to the
      surface even when the diaper was pressed repeatedly.
PAR  The enhanced water holding capacity of the clay mineral aggregates was
      shown in another series of tests with a western bentonite clay (a
      montmorillonite) and an illite clay. The clays were separately dispersed
      in a 1.4% NaCl solution and flocculated by the addition of small amounts
      of a polyacrylamide flocculating agent. The flocculated clays were then
      filtered and the amount of absorbed solution determined. In similar manner
      untreated clays were dispersed, filtered and the amount of absorbed
      solution determined. The results are shown below.
TBL  ______________________________________                                    

     Absorbent          Absorbency                                             

     ______________________________________                                    

     Illite Clay        0.60 gms fluid/gm of clay                              

     Flocculated Illite 0.88      do                                           

     Western Bentonite  3.70      do                                           

     Flocculated Bentonite                                                     

                        4.59      do                                           

     ______________________________________                                    

PAR  The above clays were added in the wet form to a diaper to determine if they
      had enough integrity to remain in the diaper. The unflocculated clays
      easily worked their way through the diaper to the outer surface whereas
      the flocculated clays did not migrate.
PAR  The western bentonite clay was flocculated, as above, separated from the
      solution and dried. Upon reimmersing the flocculated bentonite in the
      sodium chloride solution it had an absorbency of 4.44 gms/gm of clay. This
      shows that the flocculated clay retains its absorbency after drying.
PAR  Further tests were made with three different clay minerals -- a kaolin, an
      atapulgite and a vermiculite. A weighed amount of each of the clays was
      dispersed and flocculated with an organic polymeric flocculant (an
      acrylamide, sodium acrylate copolymer). A second dispersion was
      flocculated with CaCl.sub.2. The aggregates were filtered from the
      solution and the weight determined. The aggregates were then dried. The
      percent reswell was then measured by immersing the aggregates and
      determining the wet weight as before. The results are shown in the table.
PAR  In addition to diapers the flocculated clay mineral aggregates may be
      incorporated into other absorbent articles by dispersing them into a
      flexible fibrous support.
TBL  __________________________________________________________________________

                Kaolin         Atapulgite        Vermiculite                   

                C*   O*   I*   C     O     I     C    O    I                   

     __________________________________________________________________________

     Dry Weight 12.7 15.0 14.5 18.2  25.0  21.3  11.9 15.5 13.3                

     Wet Weight 17.2 20.8 28.2 42.4  50.2  46.2  17.2 28.8 21.5                

     % Swell    35   39   94   133   101   119   45   86   62                  

     Reswell Wet Weight                                                        

                17.7 20.5 18.2 28.1  30.7  35.3  15.6 23.0 17.8                

     Reswell %  39   37   26   54    23    66    31   48   34                  

     __________________________________________________________________________

      *C - control (no flocculant)                                             

       O - organic flocculant aggregate                                        

       I - inorganic flocculant aggregate                                      

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article for absorbing aqueous fluids comprising a flexible fibrous
      support having dispersed therein dry, water stable, flocculated clay
      mineral aggregates.
NUM  2.
PAR  2. The article of claim 1 wherein said support is cellulosic.
NUM  3.
PAR  3. The article of claim 1 wherein the clay mineral is a montmorillonite.
NUM  4.
PAR  4. The article of claim 1 wherein the clay mineral is a bentonite.
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ABST
PAL  Heat-sensitive porous substrates such as wood, plywood, plyboard,
      particleboard, fiberboard, cardboard, paper, fiber cement, asbestos
      cement, concrete and natural stone are coated with a synthetic resin by
      mixing an aqueous dispersion of 100 parts by weight of a saturated
      synthetic resin with 2 to 40 parts by weight of an organic liquid
      consisting of a mixture of 70 to 10 percent by weight of at least one mono
      ethylenically unsaturated compound having a boiling point of less than
      190.degree.C. and 30 to 90 percent by weight of at least one ethylenically
      unsaturated compound having a boiling point of at least 190.degree.C. in
      order to swell the resin particles, applying the mixture to the substrate
      to form a film thereon and hardening the film with UV radiation or with
      electron radiation to form a hard smooth surface coating on the substrate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of Ser. No. 194,026 filed Oct.
      29, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been known and customary to produce paints and other coatings
      for decorative and/or protective purposes on the most diverse types of
      substrates from aqueous dispersions of synthetic resins. For this purpose,
      very finely divided aqueous dispersions of thermoplastic or elastomeric
      saturated synthetic resins are applied to the object to be coated and the
      water present in the dispersion is removed by evaporation, soaking up by
      the support or both at the same time, whereby the synthetic resins
      particles now coming into close contact can form a continuous film. For
      this film-forming, a certain plasticity of the synthetic resin is
      required.
PAR  This plasticity can be characterized either by the hardness of the
      synthetic resin material or by the film-forming temperature (minimum
      filming temperature M.F.T.), which means the minimum temperature required
      for forming a continuous, homogeneous film, of the separate synthetic
      resin particles. This temperature can be determined, e.g., according to
      the method of Th. Protzman and G. Brown, Journal of Applied Polymer
      Science 4, 81 (1960.) A further characteristic value is the glass
      transition temperature T.sub.g, that is the temperature above which the
      polymer molecules attain a certain free mobility. It approximately
      corresponds to the temperature at which the polymer softens (softening
      point) and can be determined, in addition to other methods, by means of
      the thermomechanical penetration method. According to this method, T.sub.g
      is derived from the penetration rate of a calibrated probe tip under
      constant load into the coating film heated at a linear rate of 5.degree.C
      per minute. The M.F.T. in a first approximation is a linear function of
      the T.sub.g.
PAR  Synthetic resin dispersions which are to form a continuous film (M.F.T. &lt;
      room temperature) necessarily are to consist of very soft, plastic
      material and therefore also yield soft, not very strong coating of low
      glass transition temperature. If the dispersion is composed of a harder
      synthetic resin (high M.F.T. and high T.sub.g,) the dispersion applied to
      the substrate must be heated to a higher temperature in order to soften it
      above the M.F.T. and thus make possible the forming of a film. The result
      after cooling off is then a film of adequate continuity which is still
      hard enough.
PAR  But in many cases, the temperatures required for this are too high for
      practical application, in particular when the substrates are sensitive to
      heat. Due to the great advantages of dispersions as pain and coating
      media, respectively, (high content of solids -- about 50 percent and high
      molecular weight of the synthetic resin -- from about 10.sup.5 to about
      10.sup.7, at still low viscosity of the total dispersion, which makes for
      an easy and well reproducible application to the substrate; good
      suitability for storage; low combustion hazard; no escaping of solvent
      vapors through the freshly applied coating layer, etc.) it is desirable,
      however, to make possible the application of dispersions in these cases
      also. The film-forming temperature M.F.T. can be influenced at constant
      hardness (constant T.sub.g) of the dispersed synthetic resin by other
      parameters also. The diameter of the dispersed particles, nature and
      amount of the surfactants employed and the type of substrate exert only a
      minor influence; but it is possible to substantially reduce the M.F.T. by
      the addition of so-called plasticizers (coalescing agents.) These agents
      have a dissolving or swelling effect on the synthetic resin and at the
      same time reduce M.F.T. as well as T.sub.g. A multitude of organic
      solvents for this purpose has been suggested in pertinent literature. But
      plastification by the addition of solvents cannot be considered a
      satisfactory solution of this problem, as this can only be done at the
      expense of several of the essential advantages in employing aqueous
      dispersions. The solvents previously added must be removed again after
      film forming in order to obtain a strong film in the end, this requires
      either a very long period of volatilization in air (during which the film
      is still soft and tacky) or further thermal treatment. In addition, the
      weight loss during this volatilization brings about flaws in the uniform
      film structure, financial losses and the forming of undesirable solvent
      vapors.
PAR  An attempt was made, for instance, to apply coatings to a substrate by
      simultaneously spraying onto it a synthetic resin dispersed in an organic
      carrier liquid (i.e. organosol) and a solvent, optionally on monomer
      basis, and to harden them there. The disadvantages of this process consist
      in the fact that on the one hand, technologically complicated devices are
      required for the simultaneous spraying of organosol and solvent and
      application by means of rollers or brushes is impossible and, on the other
      hand, fluctuations in the quantity ratios of the two components bringing
      about irregularities in the properties of the finished coating cannot be
      prevented. Moreover, there is only little time available for the required
      swelling of the synthetic resin particles by means of the solvent.
PAR  Further specified is a process for the production of coatings according to
      which an unsaturated synthetic resin is mixed with a monomer and a
      suspension prepared from these two components is applied to a metal base
      by means of an electric field and there polymerized. The range of
      application of this process is limited to specific types of synthetic
      resins with a certain number of double bonds and acid groups in the
      polymer molecule, which makes for a correspondingly costly and complicated
      production process. Moreover, the substrates are limited to electrically
      conductive media and even in these, technologically elaborate devices are
      required for the application of the coatings.
PAR  Furthermore, it is known to produce articles comprising a metallic
      substrate coated by applying a mixture of an aqueous dispersion of a
      saturated acrylic resin with a diethylenically unsaturated monomer and
      hardening the film obtained from that mixture by thermocatalytic means.
      Obviously, this process cannot be used for the production of articles
      comprising heat-sensitive substrates.
PAC  SUMMARY OF THE INVENTION
PAR  Object of the present invention is to create an article comprising a
      heat-sensitive porous substrate having a hardened synthetic resin coating
      thereon, obtained in a process free of the disadvantages mentioned above
      and by means of simple application methods, which at the same time ensures
      a high quality of the coating under retention of the advantages arising
      from the employment of aqueous dispersions.
PAR  According to the invention, said coated article has been obtained by mixing
      an aqueous dispersion of at least one saturated synthetic resin with a
      polymerizable organic liquid which is a swelling agent for said resin,
      said liquid containing 70 to 10 percent by weight of at least one
      mono-ethylenically unsaturated compound having a boiling point of less
      than 190.degree.C and 30 to 90 percent by weight of at least one
      ethylenically unsaturated compound having a boiling point of at least
      190.degree.C, applying the mixture obtained to said substrate to form a
      film thereon and finally hardening the film by exposure to irradiation
      with electrons or to UV radiation.
PAR  The term "saturated" is intended to mean that the synthetic resins in
      question do not contain polymerizable or, respectively, co-polymerizable
      double bonds incorporated on purpose, such as is the case in the
      unsaturated polyester resins or the unsaturated acrylic resins suitable
      for curing by means of exposure to irradiation by electrons. The presence
      of trace amounts of olefinic double bonds formed as the result of
      impurities, secondary reactions in the production or by the
      disproportionation reaction in bimolecular chain termination in the course
      of the polymerization reaction employed in the production is not precluded
      in this. Moreover, the overall chemical structure of the synthetic resin
      is not to be restricted by this and, vice versa, the presence of a certain
      chemical or structural arrangement is not required.
PAR  Suitable as said polymerizable liquids which are swelling agents for said
      saturated synthetic resin are liquids capable of polymerization, or,
      respectively, graft polymerization onto the synthetic resin of the
      dispersion induced by non-thermal methods. Said polymerizable liquids,
      next to the additives required or favorable for carrying out
      polymerization, such as, for instance, UV-sensibilizers, accelerators,
      chain regulators, etc., comprise said mixture of lower and higher boiling
      ethylenically unsaturated compounds in a ratio as defined above, said
      compounds having at least one activated olefinic double bond in their
      molecule.
PAR  The addition of the polymerizable organic liquid to said aqueous dispersion
      of at least one saturated synthetic resin prior to application brings
      about the desired plastification of the synthetic resin. The stirred-in
      polymerizable liquid first forms an individual phase separate from the
      synthetic resin in the form of small droplets dispersed in water. This
      state is then converted -- more or less fast depending upon the conditions
      -- into more stable states in which the polymerizable liquid is
      incorporated into the particles of said saturated synthetic resin and
      causes these to swell, first on their surfaces but then also internally.
      These swelled states are characterized from the outset by the fact that at
      least the surface of the synthetic resin particles is swelled, and is
      thereby made soft and even tacky, respectively, without seriously
      decreasing the stability of the dispersion. The intimate contact between
      the synthetic resin particles after soaking up of the water present in the
      dispersion layer after application leads to the formation of a continuous
      film. Once that film has formed from the plastified synthetic resin
      grains, plastification can be reversed by conversion of the added organic
      liquid into its polymeric, solid form and thereby, a well-cured coating
      can be produced. This conversion can be effected either by polymerization
      of the organic liquid employed per se or by its graft copolymerization
      onto the polymer structure of said saturated synthetic resin employed, or,
      respectively, by means of both procedures taking place simultaneously.
PAR  If multifunctional monomers are contained within said polymerizable liquid,
      crosslinking of the saturated synthetic resin can also take place. Thus,
      the plastification is not only reversed, but the final coating film
      obtained may be much harder than corresponding to the starting material.
PAR  It has been found by the applicants that the polymerizable liquid to be
      admixed to the aqueous dispersion has to meet certain requirements. As
      already described, a mixture of 70 to 10 percent by weight of at least one
      monoethylenically unsaturated compound having a boiling point of less than
      190.degree.C (i.e. a "low boiling monomer") and 30 to 90 percent by weight
      of at least one ethylenically unsaturated compound having a boiling point
      of at least 190.degree.C (i.e. a "high boiling monomer", which can be
      either a mono- or polyfunctional monomer) is used. It has been discovered
      by the applicants that such mixtures in an optimal manner combine supreme
      plasticizing ability with supreme radiation curability when admixed with
      aqueous dispersions of saturated synthetic resins. The first property
      causes the minimum film forming temperature of the said dispersions to
      decrease very strongly which makes such compositions most suitable for use
      with heat-sensitive substrates and especially with substrates which
      additionally are porous (since the minimum film forming temperature is
      higher on porous substrates than for instance on metal substrates.)
      Diethylenically unsaturated compounds alone are much worse plasticizers
      and furthermore are much more costly than the said mixtures.
PAR  The second property mentioned, namely, the supreme radiation curability of
      the said monomer mixture when added to an aqueous dispersion of a
      saturated synthetic resin, is by no means obvious. It is well known that a
      great number of monomers which are easily curable by thermocatalytic means
      are not curable by radiation. This difference is related to the much
      higher radical concentration present during radiation hardening as
      compared with thermocatalytic hardening. This greatly favors bimolecular
      chain termination as compared to chain propagation. For instance, methyl
      methacrylate, styrene, or a mixture of 20 percent by weight of ethylene
      glycol dimethacrylate and 80 percent by weight of methyl methacrylate
      cannot be polymerized by electron beam irradiation despite being easily
      curable by heat.
PAR  It must be further pointed out that it is well known to mix monomers with
      unsaturated resins to make them radiation polymerizable.
PAR  The existence of numerous processes using said combination proves that
      doubt existed against the possibility of curing a mixture of saturated
      synthetic resins and monomers by UV or electron beam irradiation. These
      doubts have prevented the experts in the art from trying to cure coating
      films obtained from mixtures of polymerizable monomeric liquids and
      aqueous dispersions of saturated synthetic resins by radiation means.
PAR  It is thus most surprising that the mixtures defined by the present
      invention have been found to be radiation curable at any rate.
PAR  The type of procedure described above not only achieves the object of the
      present invention, that is of providing articles with flawless coating
      films having been obtained from aqeuous dispersions of relatively hard,
      saturated synthetic resins applied to heat-senstitive portous substrates,
      but beyond this, it makes possible the production of articles comprising
      heat-sensitive porous substrates having decorative and/or protective
      coatings with new properties not obtainable by any other method. By
      variation of the production conditions, in particular by using different
      kinds of saturated synthetic resins and different kinds of low and high
      boiling monomers, articles having coatings of the most diverse chemical
      compositions and most diverse structure may be obtained, which was not
      possible up to now. This also makes possible the variation of the
      properties of the coated articles within a wide range.
PAR  The advantages inherent in the use of aqueous dispersions are preserved in
      this to a large extent. The processibility of the dispersions is generally
      little or not at all changed by the addition of monomers. The storability
      of aqueous dispersions to which monomers have been added is generally
      quite acceptable. The shelf life can, as has surprisingly been found,
      extend over periods of many months and even more. Where shelf life is
      short, the liquid merely has to be added to the dispersion shortly or
      immediately prior to processing without any disadvantages. The combustion
      hazard of dispersions to which monomers have been added is only slightly
      higher than that of conventional synthetic resin dispersions. Since the
      polymerizable liquid as defined above is not evaporated like a solvent
      after the film has been applied to the substrate, but instead is
      incorporated into the coating, the problem of nuisance arising from
      potential combustible and/or poisonous vapors before hardening is done is
      negligible.
PAR  Finally, the particles of the saturated synthetic resin swollen by the
      mixture of monomers which are present in the aqueous dispersion, also
      retain the property of not penetrating into the substrate; in spite of the
      porosity of the substrate, they form a hard smooth coating on it. Only the
      water contained in the mixture of the aqueous dispersion of the resin and
      the monomers is soaked up by the substrate after applying the mixture. As
      compared to this, a solution of a synthetic resin would penetrate into the
      substrate and effect an impregnation but not a coating.
PAR  The production of the articles according to the present invention having a
      hardened decorative or protective coating thereon therefore represents a
      new process principle of great practical significance.
PAR  A further important and unexpected advantage of the invention consists in
      the fact that the surfaces of the articles obtained become hard and
      tack-free even when curing in the presence of air. It is known that oxygen
      has inhibiting effect in radical polymerization reactions. The surface
      must therefore be protected from air when coating films are produced by
      polymerization of polymerizable or copolymerizable solutions. This type of
      protection is usually offered by curing under an inert protective gas free
      of oxygen or by covering the surface with a paraffinic oxygen barrier such
      as is usual, for instance, in the thermocatalytic polymerization of
      unsaturated polyesters dissolved in styrene. When producing coated
      articles according to the present invention, the influence exerted by
      oxygen on the polymerization rate was surprisingly small. Curing can
      easily be done in air (which has important economic advantages) and the
      surfaces obtained are tackfree and of outstanding quality even when
      hardened in the presence of air.
PAR  The processes for the production of coatings on the articles according to
      the present invention thus possess extreme adaptability to the conditions
      and the properties of the starting materials as well as to the
      requirements to be met by the final products. If the step of separating
      the admixture of the polymerizable organic liquid from the process step of
      application to the substrate to be coated is omitted, that is to say, if
      the aqueous dispersion and the polymerizable organic liquid are sprayed
      onto the substrate simultaneously in one operating procedure, this
      adaptability is completely lost. In addition, the simultaneous application
      of two components in a ratio constant as far as time and spece are
      concerned (over large areas of thin coatings) is difficult to realize in
      actual technical practice.
PAR  After the aqueous dispersion to which the liquid has been added is applied
      to the respective temperature-sensitive substrate according to a known
      method -- such as painting, pouring on, spraying on, -- the water in the
      thin layer applied is removed by letting it be absorbed by the substrate
      and/or by evaporation. There is the possibility, already during this
      process and of course afterwards, up to the time of the complete curing,
      that part of the polymerizable organic liquid added also volatilizes. But
      contrary to water, the organic compounds are present not in the form of an
      individual phase, but dissolved in the saturated synthetic resin and
      therefore have a much lower vapor pressure and a lower evaporation rate
      even when their boiling point is lower than that of water. As a result, if
      the dispersion coating applied to the substrate is quickly freed of water
      (e.g., if the substrate has good absorption properties) and is
      subsequently cured by means of a fast and non-thermal method, i.e. by
      irradiation with ultraviolet light or with electron beams, the amount of
      evaporating organic liquid, even of the monoethylenically unsaturated
      monomers with a boiling point of less than 190.degree.C, is acceptably
      small.
PAR  The last step of the processes for obtaining the articles according to the
      invention, namely, the polymerization or, respectively, graft
      copolymerization of the organic liquid added, is effected according to two
      methods known per se.
PAR  The films applied to the temperature-sensitive substrates are hardened
      quickly and without essential development of heat by means of irradiation
      with UV-light or with high energy electrons. Both methods have the
      advantage that the hardening occurs very quickly, within seconds or even
      fractions thereof. When hardening by means of UV light, the addition of a
      UV sensibilizer is necessary. Known sensibilizers which can be used in
      conjunction with the present invention are: benzoin, its ethers or esters,
      benzophenone, anthraquinone and their derivatives, aromatic disulfides;
      O-alkylxanthates, bis-xanthogen disulfides, alpha-haloketones, haloacetic
      acids and sulfonyl chlorides. UV-induced hardening, however, is restricted
      to coatings whose absorption in the wavelength range used is not so high
      that the undermost parts of the coating applied are not sufficiently
      irradiated. For this reason, only UV-transparent additives, such as, for
      instance, CaSO.sub.4, SiO.sub.2, etc., can be used. The possible thickness
      of the coating is limited for the same reason.
PAR  In irradiating with electrons, these limitations do not apply. No
      sensibilizers need be added, the polymerizable liquids can be added even
      in the inhibited state, which makes the storability of the system
      practically unlimited. The same applies to all limitations with regard to
      temperature during the addition of the liquid and subsequent storage. It
      is also possible to harden strongly filled or pigmented coatings even of
      greater thickness. Particularly advantageous is the use of irradiation by
      electrons with a penetrating capacity sufficient for penetrating the
      coating layer, but not, or at least very little, the substrate underneath.
      For conventional coating thicknesses, this requires average energies of
      about 50 to 500 keV. If required, irradiation can be effected under a
      protective gas free of oxygen instead of in air, but generally this is not
      necessary.
PAR  Polymerization of the organic liquid present in the saturated synthetic
      resin particles in dissolved form is greatly facilitated in comparison to
      polymerization of the pure liquid, due to the gel effect. The high
      viscosity of the system brings about strong increases of the
      polymerization rates, independently of the hardening being done either by
      means of UV or electron irradiation. Besides the polymerization of the
      liquid added per se which leads to a mixture of the synthetic resin
      orginally present with one newly formed, there occurs a graft
      copolymerization of the liquid onto the polymer structure of the synthetic
      resin employed, that is to say, a chemical bond between old and new
      synthetic resin. While the graft copolymerization plays but a secondary
      role in hardening by means of UV irradiation, as it can only occur as the
      result of occasional chain transfers, it is a major reaction in hardening
      by means or irradiation by electrons. For in this case, the chain-starting
      radicals are mainly formed in the polymer chain of the saturated synthetic
      resin used as a starting material and the monomeric units of the organic
      liquid are grafted onto these radical positions. But in addition to this,
      a non-grafting polymerization of the liquid added per se also occurs
      during hardening by means of electrons. IF di- or multifunctional monomers
      are present in the mixture making up the polymerizable liquid, these
      monomers will serve also as cross-linking agents for the starting as well
      as for the newly formed resin. This causes an additional increase in
      hardness and glass transition temperature T.sub.g of the final coating. It
      is possible therefore to start with resins of relatively low T.sub.g
      (which are easy to swell) and nevertheless end up with high quality hard
      and resistant coatings. The percentage of such di- or multifunctional
      monomers in the polymerizable liquid thus may serve as an important
      parameter controlling the hardness of the final coating.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS AND FURTHER OBJECTS OF THE INVENTION
PAR  The required amount of polymerizable organic liquid to be added may be
      varied within a wide range. It is subject, on the one hand, to the extent
      of the desired or required plastifying effect, -- the more the film
      forming temperature of the aqueous synthetic resin employed is to be
      lowered or has to be lowered, respectively, the more liquid must be added,
      -- on the other hand, it depends upon the solubility of the liquid in the
      synthetic resin and the properties of the solid or semi-solid solution
      formed.
PAR  Preferably, said polymerizable organic liquid is added in an amount of 2 to
      40 parts by weight per 100 parts by weight of said saturated synthetic
      resin in said aqueous dispersion.
PAR  When adding lower amounts than that, the effect achieved, generally
      speaking, is negligible, if the amounts added are higher than that, the
      individual synthetic resin particles are converted to liquid droplets and
      the system loses the properties characteristic for a dispersion of solid
      particles.
PAR  According to the preferred embodiment of the invention, there is provided
      an article wherein said aqueous dispersion of said saturates synthetic
      resin is a dispersion containing between 20 and 60 percent by weight of at
      least one saturated synthetic resin selected from the group consisting of
      vinylic, acrylic, styrenic and urethane resins.
PAR  Examples of aqueous dispersions of vinylic resins are dispersions of
      polyvinyl chloride resins (vinyl chloride homopolymers, vinyl
      chloride-vinyl acetate copolymers and other copolymers of vinyl chloride,)
      examples for dispersions of acrylic resins are polymers and copolymers of
      various acrylic or methacrylic compounds, especially of acrylic esters or
      methacrylic esters, examples for dispersions of polystyrene resins are
      polymers and copolymers of styrene, with for instance acrylic esters,
      acrylic acid, etc. But mixtures of two or more different dispersions which
      are further processed after addition of a liquid plastifying both resins
      are also suitable for use.
PAR  But of course the additives conventionally used in a fully compounded
      coating, such as pigments, finely granulated fillers, etc., can be added
      to the aqueous dispersion of the saturated synthetic resin employed, in
      addition to the synthetic resin functioning as a binder, either before or
      after the addition of the polymerizable organic liquid which is a swelling
      agent for said resin. Among those additives are also those which are known
      to change the properties of the coating film in a characteristic manner,
      such as, for instance, silicones which make the film surface impermeable
      to water (such as, e.g., those according to Belgian Patent No. 542,765.)
      The effect of such additives is preserved for being employed in the
      production of articles according to the present invention.
PAR  According to a further preferred embodiment of the invention, an article is
      provided wherein said final hardening of said film is done by exposure to
      irradiation with electrons having an average energy of 50 to 500 keV. Said
      coating can contain at least one pigment or filler. The penetrability of
      electrons in said energy range is sufficient for curing coatings even
      heavily loaded with pigments and/or fillers.
PAR  In the case of employment of UV radiation for final hardening of the film
      applied to the heat-sensitive, porous substrate of the inventive articles,
      said coating contains at least 0.05 percent by weight of a photo initiator
      and, optionally, a UV-transparent filler.
PAR  According to a further preferred embodiment of the invention, an article is
      provided wherein said heat-sensitive porous substrate is a water- or
      humidity-containing material selected from the group consisting of wood,
      plywood, plyboard, particleboard, fiberboard, cardboard, paper, fiber
      cement, asbestos cement, concrete and natural stone. All the substrates
      enumerated above contain varying amounts of water or humidity. When an
      article consists of such water-containing material to which a still humid
      coating is applied, and this article is heated up to the necessary
      temperature for film formation, water is evaporated and frequently, this
      change in water content brings about a change in the structure of the
      substrate, as well. Evaporation of water usually results in dimensional
      changes of the substrate (shrinkage, warping, development of cracks,
      etc.,) said evaporation may also destroy the coating from just being
      formed by the vapor by the vapor stream which has to penetrate that layer.
      It is also known that concrete, fiber cement, asbestos cement and natural
      stone are particularly heat-sensitive in those cases whre large amounts of
      water are present in their pores or where, as in the case of freshly
      prepared concrete, fiber cement or asbestos cement, they still contain the
      preparation water. When employing the aqueous dispersion of at least one
      saturated synthetic resin mixed with the organic liquid defined above, it
      was found that heat-sensitive porous substrates which may be termed "wet",
      such as freshly prepared concrete, fiber cement or asbestos cement, can
      easily be supplied with such a coating without the article to which the
      coating is applied showing any deterioration.
PAR  A further object of the invention is an article comprising a heat-sensitive
      porous substrate having a hardened synthetic resin coating thereon, said
      coating having been obtained by mixing an aqueous dispersion of at least
      one saturated synthetic resin with a polymerizable organic liquid which is
      a swelling agent for said resin containing 70 to 10 percent by weight of
      at least one monoethylenically unsaturated compound selected from the
      group consisting of acrylic, methacrylic, vinylic, stryenic and allylic
      monomers having a boiling point of less than 190.degree.C and 30 to 90
      percent by weight of at least one ethylenically unsaturated compound
      having a boiling point of at least 190.degree.C and selected from the
      group consisting of acrylic and methacrylic esters obtained by partial or
      complete esterification of polyalcohols, allylic esters of polybasic
      acids, maleic-unsaturated acids, maleic-unsaturated acid anhydrides and
      divinyl- or polyvinyl-substituted aromatic hydrocarbons, applying the
      mixture obtained to said substrate to form a film thereon and finally
      hardening the film by exposure to irradiation with electrons or to UV
      radiation.
PAR  Methacrylic, vinylic, styrenic and allylic monomers altogether are
      characterized by containing in their molecules the
      .alpha.,.beta.-unsaturated olefinic group
      ##EQU1##
      activated by at least one substituent R. It is customary to distinguish
      between different subgroups of that group of compounds, depending upon the
      nature of the substituents R.sub.1 and R.sub.2 (although sometimes all of
      these except the allylic monomers are summarized as vinylic monomers.)
PAR  For acrylic or methacrylic monomers, R.sub.1 is the carboxyl group --COOH
      (or a derivative of that group, such as --COOR, --CONH.sub.2, --CN, etc.)
      and R.sub.2 is either the methyl group --CH.sub.3 (for methacrylic
      monomers) or hydrogen (for acrylic monomers.) The group of acrylic and
      methacrylic monomers especially includes acrylic and methacrylic acid,
      acrylonitrile, methacrylonitrile, acrylamide, methacrylamide, and the
      esters of acrylic and methacrylic acid with alcohols.
PAR  Vinyl monomers are characterized as being derivatives of the hypothetical
      compound vinyl alcohol (R.sub.1 = OH, R.sub.2 = H.) They incude especially
      esters of said alcohol with organic or inorganic acids, such as, e.g.,
      vinyl acetate, vinyl propionate, vinyl chloride, etc., as well as other
      derivatives such as, e.g., vinylidene chloride, vinyl sulfonic aicd, etc.
PAR  For styrenic monomers, R.sub.1 must be an aromatic or heteroaromatic ring.
      Examples of such styrenic monomers are styrene, vinyl toluene, vinyl
      carbazole, vinyl pyridine, etc.
PAR  Allylic monomers are characterized by R.sub.1 being a substituted methyl
      group --CH.sub.2 R and R.sub.2 being the hydrogen atom. Examples are the
      ethers and esters of allyl alcohol.
PAR  Maleic-unsaturated compounds, which may form part of the high boiling
      monomers, are characterized by the group --CO--CH =CH--CO--. Examples are
      maleic, fumaric and itaconic acid, maleic anhydride, etc.
PAR  A prominent example for the group of divinyl- or polyvinyl-substituted
      aromatic hydrocarbons is divinyl benzene.
PAR  From this results a large number of potential combinations. The only
      limitation to the number of possible combinations of saturated synthetic
      resin and the polymerizable organic liquid is imposed by the requirement
      of the synthetic resin being sufficiently swelled by the liquid.
PAR  This, in general, is the case (but not only then,) when the liquid consists
      of a mixture of compounds having a chemical structure (not taking into
      account the double bond) which is similar or identical to that of the
      saturated synthetic resin. For this reason, it is of advantage to employ
      mixtures of liquids containing a large amount of styrene for polystyrene
      dispersions and mixtures consisting for the major part of acrylic and
      methacrylic acid esters for acrylic resins. But even when the structural
      similarity between the synthetic resin and the liquid added is lacking,
      there are numerous possibilities for combinations also meeting the
      requirement mentioned above.
PAR  Preferably said polymerizable organic liquid is added in an amount of 2 to
      40 parts by weight per 100 parts by weight of said saturated synthetic
      resin in said aqueous dispersion.
PAR  In order to achieve the above defined object of the invention, it is
      preferred to provide an article wherein said heat-sensitive porous
      substrate is a water- or humidity-containing material selected from the
      group consisting of wood, plywood, plyboard, particleboard, fiberboard,
      cardboard, paper, fiber cement, asbestos cement, concrete and natural
      stone.
PAR  A further object of the invention is an article comprising a
      heat-sensitive, water- or humidity-containing porous substrate selected
      from the group consisting of wood, plywood, plyboard, particleboard,
      fiberboard, cardboard, paper, fiber cement, asbestos cement, concrete and
      natural stone, having a hardened synthetic resin coating thereon, said
      coating having been obtained by mixing an aqueous dispersion of at least
      one saturated synthetic resin selected from the group consisting of
      vinylic, acrylic, styrenic and urethane resins with a polymerizable liquid
      which is a swelling agent for said resins containing 70 to 10 percent by
      weight of at least one monoethylenically unsaturated compound selected
      from the group of acrylic, methacrylic vinylic, styrenic and allylic
      monomers having a boiling point of less than 190.degree.C and 30 to 90
      percent by weight of at least one ethylenically unsaturated compound
      having a boiling point of at least 190.degree.C and selected from the
      group consisting of acrylic and methacrylic esters obtained by partial or
      complete esterification of polyalcohols, allylic esters of polybasic
      acids, maleic-unsaturated acids, maleic-unsaturated acid anhydrides and
      divinyl- or polyvinyl-substituted aromatic hydrocarbons, said
      polymerizable liquid being added in an amount of 2 to 40 parts by weight
      of said saturated synthetic resin in said aqueous dispersion, applying the
      mixture obtained to said substrate to form a film thereon and finally
      hardening the film by exposure to irradiation with electrons or to UV
      radiation.
PAR  In order to achieve the above defined objects of the invention, it is
      preferred to provide an article having a hardened coating thereon wherein
      said final hardening of said film is done by exposure to irradiation with
      electrons having an average energy of 50 to 500 keV. This method of curing
      is applicable also in the case where an article is desirable the coating
      of which contains at least one pigment or filler.
PAR  In the case where a hardening of the film applied to the substrates by
      exposure to UV radiation is desirable, said coating contains at least 0.05
      percent by weight of a photo initiator and optionally a UV-transparent
      filler.
PAR  In order to achieve the above mentioned objects of the present invention,
      it is also preferred to provide an article having a coating thereon
      wherein said aqueous dispersion of at least one saturated synthetic resin
      contains between 20 and 60 percent by weight of saturated synthetic resin.
DETD
PAR  In the following, the nature of the invention is explained in detail by
      means of examples; the range of application of the present invention,
      however, is by no means limited by the choice of these examples.
PAC  EXAMPLE 1
PAR  An aqueous dispersion of methyl methacrylate/ethyl acrylate copolymer
      (weight ratio of two copolymerization components 50 : 50) of a solid
      content of 40 percent by weight was mixed under stirring with 6 percent by
      weight of a mixture of n-butyl methacrylate and ethylene glycol
      dimethacrylate (in weight ratio 1 : 2.) The mixture thus obtained is
      completely stable and storable. After a week, the mixture thus obtained
      was sprayed onto an asbestos cement plate 5 mm thick (10 .times. 15 cm) to
      give a coating of about 75 g/m.sup.2. After an airing period of two
      minutes at room temperature, the sample was irradiated in air with a dose
      of 3 Mrad of fast electrons (acceleration voltage 300 kV, beam current 10
      mA, conveying speed 25 m/min.) The result is an asbestos cement plate
      having a flawless, well adhering, crack-resistant coating. The hardness of
      the coating was determined according to the Konig pendulum hardness method
      (DIN 53 157) and was 103 sec.
PAR  In a comparative test, without the addition of the polymerizable liquid, no
      continuous film was obtained. In a further comparative test without the
      addition of the polymerizable liquid, the film sprayed on was heated with
      the substrate to 60.degree.C. The result was an asbestos cement plate
      covered with a coating film whose pendulum hardness, however, amounts to
      only 70 sec.
PAC  EXAMPLE 2
PAR  Example 1 was repeated, but the polymerizable liquid added consisted of a
      mixture of methyl acrylate and butylene glycol dimethacrylate in a weight
      ratio of 1 : 2 instead of n-butyl methacrylate and ethylene glycol
      dimethacrylate. The result is an asbestos cement plate coated by a
      flawless, strongly adhering, crack-resistant coating with a pendulum
      hardness of 95 sec.
PAC  EXAMPLE 3
PAR  97.8 parts by weight of the dispersion described in Example 1 were mixed
      under stirring with 12.2 parts by weight of a mixture of n-butyl
      methacrylate and ethylene glycol dimethacrylate (in a weight ratio 1 : 2.)
      The mixture thus obtained is completely stable and storable. After a week,
      60 parts of an aqueous dispersion of a polymethyl phenyl siloxane resin
      with a solids contents of 15 percent by weight were added and the mixture
      thus obtained was sprayed on and irradiated as described in Example 1. The
      result is an asbestos cement plate having a flawless smooth, strongly
      adhering and crack-resistant coating with a pendulum hardness of 94 sec.
PAC  EXAMPLE 4
PAR  Example 3 was repeated, but the polymerizable liquid used was a mixture of
      methyl acrylate and butylene glycol dimethacrylate in a weight ratio of 1
      : 2 instead of the mixture of n-butyl methacrylate and ethylene glycol
      dimethacrylate. The result is an asbestos cement plate comprising a
      flawless, smooth, strongly adhering, crack-resistant coating with a
      pendulum hardness of 89 sec.
PAC  EXAMPLE 5
PAR  Example 3 was repeated, but to the mixture of n-butyl methacrylate and
      ethylene glycol dimethacrylate, 10 percent by weight of carbon
      tetrachloride were added and the dimensions of the asbestos cement
      substrate were increased to 120 .times. 54 cm. The result is a flawless,
      strongly adhering, smooth and crack-resistant coating with a pendulum
      hardness of 94 sec. The sample was then divided and further tests were
      carried out on the individual parts. The samples did not show any
      deteriorations either after the boiling test (24 hours in boiling water)
      or after the frost test according to ONORM B 3422 (25 frost-thaw cycles at
      3 hours each at -20.degree.C and 1 hour at +20.degree.C in water.)
PAC  EXAMPLE 6
PAR  An aqueous dispersion of a copolymer consisting of methyl methacrylate,
      ethyl acrylate, acrylonitrile and acrylic acid (in a weight ratio of 73 :
      15 : 10 : 2) with a solids content of 36 percent by weight was mixed under
      stirring with 13 percent by weight of a mixture of methyl acrylate and
      butylene glycol dimethacrylate in a weight ratio of 1 : 2. The mixture
      thus obtained is completely stable and storable. After a week, it was
      applied and irradiated according to Example 1. The result is an asbestos
      cement comprising a flawless, strongly adhering and crack-resistant
      coating with a pendulum hardness of 127 sec.
PAR  In comparative tests without the addition of the polymerizable liquid, no
      coherent films which adhered to their substrates wre obtained even when
      heating the film applied and the substrate to temperatures up to
      150.degree.C.
PAC  EXAMPLE 7
PAR  The dispersion described in Example 1 was mixed with 5 percent by weight of
      a mixture of n-butyl methacrylate and ethylene glycol dimethacrylate (in a
      weight ratio of 40 : 60.) The mixture obtained is completely stable, its
      storability is the same as that of the dispersion used as starting
      material. The mixture thus obtained was spray-coated onto an ashwood
      veneered plywood board of 6 mm thickness (13 .times. 20 cm) to form a wet
      coating of 107 g/m.sup.2. This spray-coating can be done at any time after
      the addition of the acrylic mixture. After about 1 minute, the water is
      soaked up by the wood support and a continuous, uniform, closed but soft
      coating film with a pencil hardness of 2B forms at room temperature. The
      sample was subsequently irradiated in air with a dose of 3 Mrad of fast
      electrons (I.C.T. electron accelerator, 500 keV, 20 mA, conveying speed 30
      m/min.) The result is a high quality plywood board coated with a hard film
      with a pencil hardness of 4H.
PAC  EXAMPLE 8
PAR  The dispersion specified in Example 1 was mixed with 5 percent by weight of
      a mixture of n-butyl acrylate and ethylene glycol diacrylate (in a weight
      ratio of 50 : 50,) and with 0.1 percent of benzoine methyl ether. This
      mixture is as stable and storable as the one produced according to Example
      1. The mixture thus produced was spray-coated onto a solid board of maple
      wood (1 .times. 13 .times. 20 cm) to form a wet coating of 43 g/m.sup.2.
      After 1 minute at room temperature, the water was completely soaked up by
      the substrate and the coated article was subjected for 5 minutes to the UV
      irradiation emitted by a 1000 Watt HTQ-4 UV lamp (Philips) at a distance
      of 10 cm. The result was a film with an open pore structure which could be
      lightly sanded to a decorative finish.
PAC  EXAMPLE 9
PAR  The dispersion specified in Example 1 was mixed with 6 percent by weight of
      a mixture of methyl acrylate and butylene glycol dimethacrylate in a
      weight ratio of 40 : 60. The mixture thus obtained is completely stable
      and storable. After 2 weeks, the mixture thus obtained was sprayed onto a
      1,2 mm cardboard piece (20 .times. 20 cm) to form a wet coating of about
      60 g/m.sup.2. After 2 minutes, the sample was irradiated in air with a
      dose of 3 Mrad of fast electrons (I.C.T. electron accelerator, 500 keV, 20
      mA, conveying speed 30 m/min.) The result is a uniform, well adhering
      coating. The coating is neither detached nor cracked when the cardboard is
      bent with a bending radius of down to 7 cm.
PAC  EXAMPLE 10
PAR  An aqueous dispersion (solids content 50 percent by weight) of a styrene
      resin, obtained by copolymerization of styrene, butyl acrylate acrylic
      acid (in a weight ratio of 73 : 25 : 2) has a minimum film forming
      temperature (M.F.T.) of 69.degree.C. After addition of 8 percent by weight
      of a mixture of styrene and diallyl phthalate (in a weight ratio of 70 :
      30) the M.F.T. is lowered to 17.degree.C. IF the mixture thus obtained is
      spray-coated onto a 3 mm fiberboard (20 .times. 20 cm) up to a wet coating
      of about 120 g/m.sup.2, a homogeneous soft coating film is formed after
      about 90 seconds. After irradiation in air with a dose of 3 Mrad of fast
      electrons (I.C.T. electron accelerator, 500 keV, 20mA, conveying speed 30
      m/min) a tack-free, strongly adhering coating film with a pencil hardness
      of 4H is obtained on top of the fiberboard.
PAC  EXAMPLE 11
PAR  An aqueous dispersion (solids content 46 percent by weight) of a vinyl
      resin, obtained by copolymerization of vinyl chloride, vinyl acetate and
      maleic acid (in a weight ratio of 86 : 13 : 1) has a minimum film forming
      temperature of 36.degree.C. To this dispersion, 6 percent by weight of a
      mixture of of polyethylene glycol diacrylate, butylene glycol diacrylate,
      vinyl acetate and maleic anhydride (in a weight ratio of 30 : 59 : 10 : 1)
      were added. The mixture thus obtained is completely stable and storable.
      After 1 week, the mixture was sprayed onto an ordinary sheet of writing
      paper up to a wet coating of about 25 g/m.sup.2. After 5 minutes' drying
      at room temperature, the sample was irradiated in air with a dose of 2
      Mrad of fast electrons (I.C.T. electron accelerator, 500 keV.) The result
      is a tack-free, strongly adhering, pliable coating.
PAC  EXAMPLE 12
PAR  Example 1 was repeated, but with the additional admixture of 0.1 percent by
      weight of benzoine methyl ether, and replacing the electron irradiation by
      irradiation of the sample for 5 minutes with a 1000 Watt Philips HTQ-4 UV
      lamp. The result is a flawless, well adhering, crack-resistant coating
      with a Konig pendulum hardness of 94 sec.
PAC  EXAMPLE 13
PAR  A coating dispersion produced by mixing 50 parts by weight of the
      dispersion of Example 1, 7 parts by weight of a 15 : 85 weight ratio
      mixture of ethyl acrylate and 2-hydroxyethyl acrylate and 43 parts by
      weight of a pigment dispersion with a solids content of 35% by weight
      containing a mixture of titanium dioxide, iron oxide black and calcium
      carbonate in a 1 : 4 : 2 weight ratio is spray-coated onto a concrete tile
      (40 .times. 30 .times. 2.5 cm) with a wet weight of 50 g/m.sup.2. After a
      drying period of 2 minutes at room temperature, the coated tile is
      irradiated under the same conditions as indicated in Example 1. A hard
      decorative film of a hardness of 4H is obtained.
PAC  EXAMPLE 14
PAR  The dispersion of Example 1 was mixed with 8 percent of a mixture of
      n-butylacrylate and 2-hydroxypropyl methacrylate (in a weight of 10 : 90)
      and applied by spray-coating to a sample of particleboard (20 .times. 60
      cm) of 22 mm thickness to a wet weight of 86 g/m.sup.2. After drying for
      two minutes at room temperature, a soft, dry, homogeneous film is formed.
      The coated sample is exposed to irradiation with electrons to a total
      absorbed dose of 3 Mrad (500 keV, 20 mA.) A smooth, continuous film of a
      pencil hardness of 2H is obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An article, comprising a heat-sensitive porous substrate having a
      smooth, hard resin surface coating thereon, said coating comprising a room
      temperature cured mixture of (a) 100 parts by weight of at least one
      saturated synthetic resin which normally has a minimum filmforming
      temperature higher than room temperature on said porous substrate and (b)
      2 to 40 parts by weight of an organic liquid which is a swelling agent for
      said resin, said liquid consisting of 70 to 10 percent by weight of at
      least one mono-ethylenically unsaturated compound having a boiling point
      of less than 190.degree.C. and 30 to 90 percent by weight of at least one
      ethylenically unsaturated compound having a boiling point of at least
      190.degree.C.
NUM  2.
PAR  2. An article according to claim 1 wherein said coating contains a least
      one member of the group consisting of pigments and fillers.
NUM  3.
PAR  3. An article according to claim 1 wherein said coating contains at least
      0.05 percent by weight of a photo initiator and a UV-transparent filler.
NUM  4.
PAR  4. An article according to claim 1 wherein said heat-sensitive porous
      substrate is a water- or humidity-containing material selected from the
      group consisting of wood, plywood, plyboard, particleboard, fiberboard,
      cardboard, paper, fiber cement, asbestos cement, concrete and natural
      stone.
NUM  5.
PAR  5. An article according to claim 1 wherein said saturated synthetic resin
      is at least one saturated synthetic resin selected from the group
      consisting of vinylic, acrylic, styrenic and urethane resins.
NUM  6.
PAR  6. An article according to claim 1 wherein said coating contains at least
      0.05 percent by weight of a photoinitiator.
NUM  7.
PAR  7. An article comprising a heat-sensitive porous substrate having smooth,
      hard resin surface coating thereon, said coating comprising a room
      temperature cured mixture of (a) 100 parts by weight of at least one
      saturated synthetic resin which normally has a minimum film-forming
      temperature higher than room temperature on said porous substrate and (b)
      2 to 40 parts by weight of an organic liquid which is a swelling agent for
      said resin, said liquid consisting of 70 to 10 percent by weight of at
      least one monoethylenically unsaturated compound selected from the group
      of acrylic, methacrylic, vinylic, styrenic and allylic monomers having a
      boiling point of less than 190.degree.C and 30 to 90 percent by weight of
      at least one ethylenically unsaturated compound having a boiling point of
      at least 190.degree.C and selected from the group consisting of acrylic
      and methacrylic esters obtained by partial or complete esterification of
      polyalcohols, allylic esters of poly-basic acids, maleic-unsaturated
      acids, maleic-unsaturated acid anhydrides and divinyl- or polyvinyl-
      substituted aromatic hydrocarbons.
NUM  8.
PAR  8. An article according to claim 7 wherein said coating contains at least
      one member of the group consisting of pigments and fillers.
NUM  9.
PAR  9. An article according to claim 7 wherein said coating contains at least
      0.05 percent by weight of a photo initiator and a UV-transparent filler
      and wherein said final hardening of said film is done by exposure to UV
      radiation.
NUM  10.
PAR  10. An article according to claim 7 wherein said heat-sensitive porous
      substrate is a water-or humidity-containing material selected from the
      group consisting of wood, plywood, plyboard, particleboard, fiberboard,
      cardboard, paper, fiber cement, asbestos cement, concrete and natural
      stone.
NUM  11.
PAR  11. An article according to claim 7 wherein said saturated synthetic resin
      is selected from the group consisting of vinylic, acrylic, styrenic and
      urethane resins.
NUM  12.
PAR  12. An article according to claim 7 wherein said coating contains at least
      0.05 percent by weight of a photoinitiator and wherein said final
      hardening of said film is done by exposure to UV radiation.
NUM  13.
PAR  13. An article comprising a heat-sensitive, water- or humidity-containing
      porous substrate selected from the group consisting of wood, plywood,
      plyboard, particle-board, fiber-board, cardboard, paper, fiber cement,
      asbestos cement, concrete and natural stone, having a smooth hard resin
      surface coating thereon, said coating comprising room temperature cured
      mixture comprising (a) 100 parts by weight of at least one saturated
      synthetic resin selected from the group consisting of vinylic, acrylic,
      styrenic and urethane resins and which normally has a minimum film
      temperature higher than room temperature on said porous substrate and (b)
      2 to 40 parts by weight of an organic liquid which is a swelling agent for
      said resin, said liquid consisting of 70 to 10 percent by weight of at
      least one monoethylenically unsaturated compound selected from the group
      consisting of acrylic, methacrylic, vinylic, styrenic and allylic monomers
      having a boiling point of less than 190.degree.C and 30 to 90 percent by
      weight of at least one ethylenically unsaturated compound having a boiling
      point of at least 190.degree.C and selected from the group consisting of
      acrylic and methacrylic esters obtained by partial or complete
      esterification of polyalcohols, allylic esters of polybasic acids,
      maleic-unsaturated acids, maleic-unsaturated acid anhydrides and divinyl-
      or polyvinyl-substituted aromatic hydrocarbons.
NUM  14.
PAR  14. An article according to claim 13 wherein said coating contains at least
      one member of the group consisting of pigments and fillers.
NUM  15.
PAR  15. An article according to claim 13 wherein said coating contains at least
      0.05 percent by weight of a photo initiator and a UV-transparent filler
      and wherein said final hardening of said film is done by exposure to UV
      radiation.
NUM  16.
PAR  16. An article according to claim 13 wherein said coating contains at least
      0.05 percent by weight of a photoinitiator and wherein said final
      hardening of said film is done by exposure to UV radiation.
NUM  17.
PAR  17. A process for the preparation of the article of claim 1 comprising
      coating said substrate with a mixture of said organic liquid and an
      aqueous dispersion of said synthetic resin to form a film on said substate
      and exposing said film-coated substrate to UV- or electron-radiation to
      harden said film.
NUM  18.
PAR  18. A process according to claim 17, wherein said aqueous dispersion
      comprises 20 to 60 percent by weight of said synthetic resin.
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ABST
PAL  The disclosure describes an improved tape material for use on a roadway
      pavement to form a traffic regulating strip or other sign thereon. The new
      material has a twin-layer structure including a lower relatively thin
      support layer and an upper principal thicker layer formed of a composition
      having a high internal molecular cohesion and having hard crystalline
      particles and light-reflecting particles embedded therein at various
      levels, the particles having portions which emerge above the upper face of
      the material to impart good anti-skid characteristics and nighttime
      visibility thereto, these properties being maintained as the material is
      progressively worn by the traffic due to progressive emergence of more
      deeply embedded particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. The Field of the Invention
PAR  This invention relates to road surface marking tape materials for use on a
      roadway pavement so as to provide a traffic regulating indicium thereon,
      and more particularly this invention relates to a new and improved tape
      material of the general character described in my prior U.S. Pat. No.
      3,782,843 (U.S. patent application Ser. No. 153,218 filed June 15, 1971),
      corresponding to my French Patent No. 2,097,941, Swedish Patent No.
      361,694, and German Patent Application No. P 2130529, open to public
      inspection.
PAR  B. The prior Art
PAR  According to the above prior art, upon which the present invention provides
      a sharp improvement, there has been suggested and made known a marker for
      use on a roadway pavement, comprising a base compound including a binder
      and having a smooth, substantially planar and highly light-reflective
      surface adapted to face away from said pavement, and a plurality of hard
      crystalline particles, each having a largest dimension between
      substantially 0.1 and 1 millimeters, and at least some of which include an
      upper portion extending outwardly from said surface to impart good
      anti-skid properties to the same surface, while the light reflectivity of
      the marker in use on the road pavement is high due to the small fraction
      of the total area of said surface constituted by said upwardly extending
      upper portions of the hard crystalline particles.
PAR  Further according to said prior art, the said hard particles are firmly
      bound and secured to the marker material base compound, including the said
      binder, by a second binder intimately contacting each individual particle,
      said second binder wetting said particles when contacted therewith and
      being compatible with said first binder.
PAR  Still further according to said prior art, the said very hard particles
      comprise crystals having a hardness substantially higher than 7 on the
      Mohs' Hardness Scale and more particularly corundum crystals, coated with
      epoxy resin before being added to and mixed with the base compound. This
      latter compound preferably consists of a mixture of binder agents, such as
      butadiene-acrylonitrile copolymeric rubber and polyvinyl chloro-acetate
      copolymer, and fillers, such as titanium dioxide, kaolin, calcium
      carbonate and so on, adapted for imparting the desired color to the tape
      material.
PAR  The object of this invention is to provide a new and improved road surface
      marking tape material, generally of the kind and for the use set forth
      above, sharply improved in comparison to the above indicated prior art so
      that the combination of the following principal advantages is attained:
PAR  the new material provides a highly light reflective and anti-skid upper
      surface having an improved wear resistance against traffic, and the
      anti-skid properties of which are substantially maintained even after
      substantial wearing-off of the tape upper layer upon extensive service and
      traffic abuse;
PAR  the new material provides an improved and uniform bond with the generally
      bitumen based underlayer or receiving layer (generally termed "primer"
      layer in the specific art to which this invention appertains)
      preliminarily and commonly freshly formed on the roadway pavement to
      provide an impervious, uniform and smooth surface area on which the
      marking tape material can be laid and adhesively secured;
PAR  the new material is particularly adapted for ready and economical
      manufacture on a mass production basis and does not require the step of
      individually coating the particles which impart the anti-skid properties,
      while the firm bond of even partially embedded particles with the material
      is ensured and even improved;
PAR  the new material may be and preferably is also provided with light
      retro-collimating units or aggregates for improving the nighttime
      visibility of the traffic regulating signs or indicia, the features of the
      new material being such as to ensure the firm bond and the most efficient
      service of said units or aggregates.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Substantially, according to the invention, there is provided a tape
      material designed to be laid on and adhesively secured to the upper face
      of a preliminarily formed and doctored primer layer on a roadway pavement
      to form a traffic regulating sign on said pavement, said tape material
      comprising at least two essentially flexible superimposed and juxtaposed
      layers including an upper and principal layer of thickness greater than
      half of the overall thickness of the tape material and of the largest
      dimension of the particles, units and aggregates embedded therein, and
      forming the exposed face subject to traffic wear, and a lower layer
      adapted to be laid on and adhesively secured to said primer layer, the
      said upper layer consisting of a first composition comprising a polymeric
      binder having a high internal molecular cohesion and which wets said
      particles, units and aggregates when contacted therewith, and the lower
      layer consisting of a second composition compatible both with said first
      composition and with that of said primer layer. Hard and light reflecting
      particles, units and aggregates are embedded at various levels throughout
      the thickness of said primer layer to provide improved anti-skid
      properties and nighttime visibility to said material when secured on a
      roadway pavement.
PAR  These and other features and advantages of the new material will be made
      apparent from a consideration of the following detailed description of
      several nonlimiting embodiments of the invention, reference being made to
      the accompanying drawings.
DRWD
PAC  THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is an enlarged fragmentary vertical sectional view of a first
      example of the material of the invention;
PAR  FIG. 2 is a greatly enlarged view of one aggregate included in the material
      of FIG. 1;
PAR  FIG. 3 is a view similar to that of FIG. 1 and illustrates a modified
      example of the material;
PAR  FIG. 4 diagrammatically illustrates a procedure for forming an improved
      material which includes particles for imparting anti-skid properties at
      various levels in the upper layer thereof;
PAR  FIGS. 5 and 6 diagrammatically illustrate another procedure for forming the
      material and respectively for imparting the desired anti-skid property to
      the freshly formed upper layer;
PAR  FIGS. 8A to 8D diagrammatically illustrate the principal steps and means
      for forming the material by making use of a further procedure, the
      material produced thereby being shown in
PAR  FIG. 9, in fragmentary vertical longitudinal sectional view; and
PAR  FIGS. 10 and 11 diagrammatically illustrate still further means and
      procedures for producing the improved material.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, there is shown a first example of the new
      improved material, as applied on a roadway pavement 10 and, more
      particularly, upon a doctored primer layer 12, preliminarily and freshly
      formed, according to the art, on the said pavement 10 and consisting of an
      impervious generally bitumen based composition.
PAR  The material comprises a lower layer 14 adapted to be adhesively and firmly
      bound to said primer layer, as shown, and acting as a support and
      intermediate binder means for an upper principal layer 18. The lower layer
      14 is of a composition compatible with that of the primer layer 12 for
      ensuring a firm and permanent bond throughout the interface 16, and
      compatible with that of the upper layer 18. One example of such
      composition will be given below. Suitable compositions might however be
      found or devised by those skilled in the art, upon taking into
      consideration the compositions of the adjacent layers.
PAR  The said lower layer 14 is flexible or pliable to enable the entire
      compound material to be coiled up onto bobbins, for storage,
      transportation and manipulation. The said layer 14 might also
      advantageously be used after for imparting a most desirable resistance to
      tension and to elongation to the entire compound material and, therefore
      the said layer 14 can be fiber-reinforced and also, if desired, can
      comprise a reinforcing fabric or canvass impregnated with said
      composition, to provide the desired compatibility at the interfaces with
      the upper component and with the primer layer.
PAR  In view of the fact that the upper and principal layer 18 comprises,
      according to a preferred embodiment of the invention, an essentially
      transparent composition (as discussed below), the said lower layer
      composition comprises further, if combined with an upper layer as above,
      suitably colored fillers, such as whiteners, and opacifiers, to impart the
      required white (or other) color to the traffic regulating sign, such as a
      traffic lane dividing line, for example.
PAR  While the lower layer 14 can be made as thin as possible, within the limits
      necessary for providing the required bond, consistency and, if desired,
      resistance and inextensibility, the upper layer, which forms the portion
      of the material designed to be progressively worn by the traffic while
      providing, until nearly completely worn-off, the most desirable resistance
      to wear as well as the most desirable anti-skid properties, anti-skid
      property and nighttime visibility should be rather thick. The said upper
      layer preferably but not necessarily comprises a transparent composition
      including one or more polymeric binders possessing a high internal
      molecular cohesion, preferably provided by the presence of an oxygen atom,
      such as of carbonyl, adjacent to a hydrogen atom which exerts an
      attraction on the electrons of the outer ring of the oxygen (thus
      providing a hydrogen bond). Examples of polymeric binders possessing such
      high internal molecular cohesion are the polyamide resins, the
      polyurethane resins and the polyterephthalate resins.
PAR  In a freshly manufactured and still unworn tape material according the
      invention, a multiplicity of unitary and/or aggregate elements of size
      generally less than 1 millimeter are embedded in the upper layer 18, with
      some of the elements being completely embedded therein, so that the layer
      18 must necessarily have a thickness greater than the size of some of said
      elements. At least some of the elements comprise a particle of a hard
      substance, having a hardness of at least 6 on the Mohs' hardness Scale.
      Such elements, where partially emeging above the upper exposed surface of
      said upper layer 18, provide a surface roughness which imparts to the sign
      the desired anti-skid property, as each emerging particle forms a hard and
      sharp point P.
PAR  The number of said elements in a given volume of layer 18 is determined, by
      easy experimentation, so as to provide a population of emerging portions
      such that not more than 20 percent of the surface area is covered thereby,
      the density of such population being a function of the nature of such
      elements (their hardness and sharpness, that is their ability to provide a
      more or less firm grip on the vehicles' tires) and of the character and
      the average traffic on the roadway to be marked.
PAR  FIGS. 1 and 2 illustrate an advantageous embodiment of such elements,
      capable of providing the combination of good anti-skid properties and a
      desirable nighttime visibility. Each of such elements, generally indicated
      at 20, comprises a crystalline particle 22 of a hard substance, such as
      corundum, silicon carbide, or some other substance, coated by and bound,
      by means of a resinous layer 24, to a monolayer (or a multiple layer) of
      tiny glass beads 26, the intermediate binder layer 24 being of the nature
      of the composition with which the upper layer 18 is formed, but including
      light-reflecting or light-diffusing fillers, such as tiny aluminum flakes,
      titanium dioxide and so on.
PAR  In the material in service, an upwardly emerging element 20 appears
      essentially as shown in FIG. 2 (note the metric scale for preferred
      dimensions). The beads which originally coat the emerging point P have
      been promptly torn-off by the traffic, or by a preliminary treatment such
      as brushing so as to provide an efficient marker as soon as the material
      has been applied on a roadway pavement, and the said point P provides for
      the anti-skid property, while the ring of beads 26, which partially
      emerges about said point, provides for retro-collimation of the light
      emitted by the vehicle headlamps, that is provides for nighttime
      visibility.
PAR  In the preferred embodiment of the invention, wherein the said upper layer
      18 consists of a transparent or nearly transparent composition, some of
      the beads 26 which are still completely embedded in said layer, can also
      be impinged by said light thus contributing to improved nighttime
      visibility. In such embodiment the said beads 26 are formed of a glass or
      other transparent material the refractive index of which is greater than
      and markedly different from that of said transparent composition.
PAR  It has been unexpectedly found that the emerging points P provide an
      efficient defensive action for the beads against the traffic wear, and
      that beads very near the tips of the emerging crystals remain in place
      even if nearly completely exposed above the surface of the material.
PAR  As shown in FIG. 1, elements 20 are variously positioned at different
      levels throughout the thickness of the layer 18. It is evident that,
      notwithstanding the resistance to wear possessed by the binder composition
      of high internal molecular cohesion, such layer will progressively become
      thinner and thinner under the traffic wear. The consequent loss of
      emerging elements is however compensated for by the emergence of other
      elements, located at lower levels. The improved material, therefore, has
      been proved as capable of maintaining its anti-skid properties and
      nighttime visibility, until its upper layer 18 has been reduced, by wear,
      to a thickness nearly equal to two-thirds, and even down to half, of the
      greatest dimension of the originally embedded elements 20.
PAR  A proper population of emerging elements such as indicated at 20 in FIGS. 1
      and 2, and which elements preferably have a greatest dimension averaging
      from 300 to 400 microns, imparts a coarseness or macro-roughness to the
      surface exposed to traffic. A micro-roughness can be provided by forming
      the gripping points P with the emerging portions of tiny hard crystals 28,
      such as shown in FIG. 3. In said latter embodiment, the nighttime
      visibility can be provided by mixing the composition with said tiny
      crystals and with conventional retro-collimating glass spheres, such as
      indicated at 30, and/or with aggregates such as indicated at 20 and
      described above.
PAR  A material having its desired anti-skid property imparted by said "surface
      micro-roughness" has certain advantages in comparison with a material of
      the former type, shown in FIGS. 1 and 2. While said former type has an
      overall greater efficiency, the latter type might be more economical and
      can comprise particles of substances which are not very hard. For example,
      quartz crystals of average size from 30 to 40 microns can be used in an
      amount of 10 to 30 percent by weight of that of the composition of layer
      18, the greater density of the population of the emerging tips being
      compensated for by the proportionately smaller areas of the individual
      emerging tips. The greater population, density on the other hand, provides
      an improved resistance to wear.
PAR  Further, in an improved material of the above character the anti-skid
      property can be said to be the "primary requirement" (a skiddy area on a
      surface subject to traffic cannot be tolerated) while the nighttime
      visibility can be said to be a very desirable but not truly essential
      requirement. Now, a material such as shown in FIG. 3 might have all of its
      retro-collimating elements 30 lost by wear and still provide a firm grip,
      until the thickness of its upper layer 18 is reduced to less than the
      average size of the tiny crystalline particles. Such modified embodiment
      of the invention can therefore be useful for the marking of secondary
      country roads and the like to ensure a very long life-time at least as far
      as the anti-skid property is concerned.
PAR  Depending upon the particular service requirements, several crystalline
      substances having a hardness of at least 6 on the Mohs' Hardness Scale can
      be used. For example, these range from orthoclase (hardness: 6) to quartz
      (hardness: 7), to aluminum silicofluoride (hardness: 8), to aluminum
      sesquioxide (hardness: 9) and up to silicon carbide (carborundum,
      hardness: 9.5).
PAR  The composition of said principal layer 18 may comprise the following
      components according to the following non-limiting example.
TBL                                    EXAMPLE 1                               

     __________________________________________________________________________

     components                  parts by weight                               

     __________________________________________________________________________

     Polyurethane resin (such as "Desmadur N",                                 

      by Farbenfabriken Bayer)   120                                           

     Hardener therefor (such as "DESMOPHEN 651", same)                         

                                 100                                           

     Solvent for the Hardener, such as methylethylketone                       

                                 66                                            

     Catalyst, such as diazo 2-2-2 dicyclo-octane                              

                                 1                                             

                                 Parts 287                                     

     __________________________________________________________________________

PAL  to the above, there is added from 20 to 100 parts by weight of unitary or
      composite anti-skid and light reflective elements to provide the servicing
      layer.
PAR  Several procedures can be made use of for providing the layer 18 on a
      suitable support layer 14. For example:
PAR  As shown in FIG. 4 a first thin layer 18', of thickness not greater than
      the average size of the particles to be embedded, is formed for example by
      spreading and doctoring a partially polymerized composition on said layer
      14. A proper first quantity of particles 28' is dropped on and, if
      necessary, pressed into said first layer 18'. After nearly complete
      polymerization, promoted for example by infrared heating up to
      100.degree.C, a second layer 18" which, of itself, is also thin, is
      similarly formed and provided with a second quantity of particles 28". A
      third layer 18'" and a third quantity of particles 28'" can be similarly
      provided, and so on, until the desired thickness of the complete layer 18
      is attained, with the particles embedded at various levels and some of
      said particles emerging to provide the gripping points P.
PAR  FIGS. 5 and 6 illustrate that the layer 18 can be formed by extruding a
      composition, which has been preliminarily mixed with the proper quantity
      of hard particles 28 and reflective elements 30, through a conventional
      flat extruder 32. The thus extruded layer 18, as it issues from the
      extruder, contains fully embedded particles and, therefore, immediately
      cannot provide an efficient anti-skid action, that is when sill in the
      condition as shown in FIG. 5. Such efficiency can be provided, for
      example, by causing one ore more gaseous jets, issuing from one or more
      nozzles 34, to impinge on the surface of the still partially polymerized
      composition, to thereby uncover the particles 28 and 30 adjacent said
      surface (FIG. 6).
PAR  A much better nighttime visibility, as obtainable from the use of
      transversely positioned intensely light-reflective small strips secured
      above the tape material at suitably spaced intervals along the length of
      the same material is sometimes desired. This art has been described in my
      prior U.S. Pat. No. 3,587,415. FIG. 7 illustrates how an improved material
      as above can be provided with such upwardly projecting reflective strips,
      one of which is indicated at 36 and consists of a coherent agglomerate of
      reflectorized glass beads and spheres, preferably with a high density of
      reflecting elements, combined and arranged as taught in my other U.S. Pat.
      No. 3,746,425.
PAR  The procedure illustrated in FIGS. 8A to 8D provides an improved material,
      such as illustrated in FIG. 9, wherein an efficiency near that of the
      structure of FIG. 7 can be attained even though the upper surface of the
      tape material is not provided spaced with transverse protrusions. A
      support layer-forming extrusion 114 is caused to issue from an extruder
      132. The partially polymerized extruded stock of FIG. 8A is processed
      under a calendering roller 50 (FIG. 8B) having spaced grooves 52 to form
      reliefs 54 on the upper face of the lower layer. A binder layer 56 (FIG.
      8C) is applied, for example by means of a roller-type wetter 58, on each
      relief 54, and then a proper quantity of beads 62 is caused to drop from a
      supply hopper 60 (FIG. 8D) onto each relief which, therefore, will be
      provided with reflectorized flanks.
PAR  The upper layer 118 (FIG. 9) of a transparent composition, such as
      described above, is then formed upon the thus completed lower layer 114 so
      as to cover the reflectorized reliefs 64, which will be at least partially
      impinged by light passing through the transparent layer thereabove, and
      which will progressively emerge and be "planed off" to the extent that the
      upper layer wears off. The anti-skid property is provided by crystals 128
      embedded in and partially emerging the said upper layer, as above above
      described.
PAR  The extrusion of the upper layer can be performed concurrently with the
      formation of the lower layer and the juxtaposition of the two layers. As
      shown in FIG. 10, the upper layer 218 can be extruded above a lower layer
      214 as this latter layer is formed for example by calendering in a
      conventional apparatus 72. As shown in FIG. 11, the extruder 70 from which
      the upper layer 218 of FIG. 10 issues, is coupled with a second extruder
      74 from which the lower layer 214 concurrently issues.
PAR  A multiplicity of compositions can be made use of for forming the lower
      layer provided that the above indicated requirements of compatibility and
      of a sure bonding are taken into account. A non-limiting composition
      suitable for producing said lower layer is indicated in the appended
      Example 2.
TBL  __________________________________________________________________________

     EXAMPLE 2                                                                 

     components                  parts by weight                               

     __________________________________________________________________________

     Acrylonitrile rubber, such as "CHEMIGUM 600"                              

       (Goodyear)                25                                            

     Methacrylic polymer, such as "VEDRIL" (Montecatini)                       

                                 15                                            

     Styrene rubber or butadiene-styrene rubber with                           

       high styrene content, such as                                           

       "EUROPRENE K 50" (ANIC)   10                                            

     Epoxy resin, such as "EPON 828" (Shell)                                   

                                 5                                             

     Fine mesh cristobalite (SiO.sub.2)                                        

                                 20                                            

     Particulate quartz (0.3 mm. size)                                         

                                 5                                             

     Titanium dioxide            15                                            

     Extra-fine or colloidal silica, such as                                   

       "ULTRASIL VN 3" (Degussa) 5                                             

                                 Parts 100                                     

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. As an article of manufacture, a tape material for securement to primer
      layers provided on roadway pavements so as to form traffic-regulating
      indicia on the latter, comprising a first layer which contains a polymeric
      binder having high molecular cohesion, said first layer having one surface
      adapted to face towards a roadway pavement and another surface adapted to
      be exposed to traffic; a plurality of hard particles having a minimum
      hardness of about 6 on the Mohs' Hardness Scale distributed among various
      levels of said first layer intermediate said surfaces thereof, at least
      some of said hard particles being provided with a sharp tip; and a second
      layer adapted to be secured to a primer layer on the roadway pavement
      bonded to said one surface of said first layer, said second layer being
      compatible with said first layer so that said first and second layers are
      firmly bonded to one another, and said second layer also being compatible
      with the primer layer so as to permit a firm bond to be obtained between
      said second and primer layers when said tape material is placed on the
      primer layer, said tape material being effective for imparting good
      anti-skid properties to a traffic-regulating indicium formed therewith due
      to the presence of said tips of said hard particles which provide gripping
      areas when exposed, and said tape material further being effective for
      maintaining good anti-skid properties during wear of the
      traffic-regulating indicium due to the distribution of said hard particles
      among various levels of said first layer which enables fresh hard
      particles to become exposed as the hard particles next to the latter are
      removed by wear.
NUM  2.
PAR  2. An article as defined in claim 1, wherein light-reflecting elements are
      arranged about at least a portion of at least one of said hard particles.
NUM  3.
PAR  3. An article as defined in claim 1, wherein said tape material is
      flexible.
NUM  4.
PAR  4. An article as defined in claim 1, wherein said other surface of said
      first layer is approximately planar.
NUM  5.
PAR  5. An article as defined in claim 1, wherein said second layer is
      fiber-reinforced.
NUM  6.
PAR  6. An article as defined in claim 1, wherein the thickness of said first
      layer is greater than approximately the largest dimension of said hard
      particles.
NUM  7.
PAR  7. An article as defined in claim 1, said tape material having a
      predetermined thickness; and wherein the thickness of said first layer is
      greater than about one-half of said predetermined thickness.
NUM  8.
PAR  8. An article as defined in claim 1, wherein the concentration of said hard
      particles is such that the hard particles which project from said first
      layer at any time encompass an area which is equal to at most about 20
      percent of the surface area of said first layer.
NUM  9.
PAR  9. An article as defined in claim 1, wherein the average size of said hard
      particles is between about 30 and 40 microns.
NUM  10.
PAR  10. An article as defined in claim 1, wherein the average size of said hard
      particles is between about 300 and 400 microns.
NUM  11.
PAR  11. An article as defined in claim 1, wherein said polymeric binder
      comprises a substance having oxygen atoms arranged adjacent hydrogen atoms
      with the latter exerting an attraction on the electrons of the outer rings
      of said oxygen atoms to provide said high molecular cohesion.
NUM  12.
PAR  12. An article as defined in claim 11, wherein said polymeric binder
      comprises a carbonyl.
NUM  13.
PAR  13. An article as defined in claim 2, wherein a binding agent is arranged
      intermediate said elements and said one hard particle for securing said
      elements about the latter.
NUM  14.
PAR  14. An article as defined in claim 13, wherein a light-reflecting filler is
      provided in said binding agent.
NUM  15.
PAR  15. An article as defined in claim 14, wherein said filler comprises at
      least one member of the group consisting of aluminum flakes and titanium
      dioxide.
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ABST
PAL  A composition for, as well as a method of bonding gold to a ceramic
      substrate and a bonded gold article which includes a composition of gold,
      copper oxide, and cadmium oxide for bonding a gold layer to a ceramic
      substrate. Gold powder, copper oxide particles and cadmium oxide particles
      define a solid composition mixture where the copper oxide has a weight
      percentage in the preferred region between 0.25 and 3.0% and the cadmium
      oxide has a weight percentage in the preferred region between 1.0 and
      5.0%. Organic binder is added to a predetermined amount of the copper
      oxide and cadmium particles and then blended. The gold powder is
      incorporated into the copper oxide, cadmium oxide, and organic binder to
      form a total composition mixture. The organic binder has a weight
      percentage of the total composition mixture within the ranges of 10 to
      95%. The total composition mixture is blended and applied to a ceramic
      substrate. The coated ceramic article is fired within the preferred
      temperature range 950.degree. to 100.degree.C. Copper oxide crystals
      impregnate the ceramic substrate and form a high strength bond between the
      gold layer and the ceramic substrate.
PARN
PAR  This is a division of application Ser. No. 284,014, filed Apr. 27, 1972 and
      now U.S. Pat. No. 3,799,891.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention pertains to compositions and methods for bonding gold
      ceramic substrates. In particular this invention relates to the field of
      bonding gold to ceramic substrates using a combined copper oxide and
      cadmium oxide composition as the major bonding agent. More in particular,
      this invention pertains to the field of ceramic articles of manufacture
      having a gold layer bonded thereto. Still further this invention relates
      to the field of bonding gold layers to ceramic substrates at low firing
      temperatures.
PAR  2. Prior Art
PAR  Compositions, and methods for bonding gold to ceramic substrates are known
      in the art. In addition, ceramic articles of manufacture are known which
      have a gold layer adhered thereto. However, in general, the mechanics of
      bonding gold to ceramic material has included the addition of a
      predetermined percentage of glass frits into the gold. The glass frits are
      usually incorporated in an organic binder and mixed or blended with gold
      powder prior to the application to the ceramic substrate. The composition
      (including the gold, the organic binder, and ceramic article) is heated to
      a temperature approaching the melting temperature of the glass. The glass
      frits then essentially wet the base ceramic surface and the gold and serve
      as a bonding agent.
PAR  In the prior art, where gold or gold alloys are mixed with organic binders
      containing glass frits, it has been found that an acceptable bond strength
      is obtained when the glass frit by weight percentage of the total
      composition reaches approximately 20%. However, the electrical resistivity
      of such compositions may be as high as 0.03 ohms/ square/mil. Since a
      major use of such bonds is in the production of circuit boards, the high
      electrical resistivity is a distinct disadvantage. When the glass frit
      weight percentage is diminished to approximately 2%, a lower electrical
      resistivity of the coating is achieved. However, the low percentage of
      glass frits leads to a low bonding strength, and the coating is easily
      removable. In practice, a trade off study is usually used where a low
      percentage of glass frits with a low bonding strength is traded off
      against a high percentage of glass frits having a high electrical
      resistivity. Very often, prior techniques and compositions called for a
      glass frit composition approaching a weight percentage of 10%. The
      electrical resistivity formed in the coating layer of the present
      invention is approximately the same as pure gold within 2% to 3%. This
      resistivity is substantially lower then the prior art glass frit bonded
      gold.
PAR  Ceramic substrate gold coatings are generally manufactured having a
      thickness range between 200 millionths and 1,000 millionths of an inch.
      This thickness range is necessary in order that a sufficient amount of
      glass be present in the composition in order to affect an acceptable bond.
      In the instant invention, where no glass or inorganic binder is used, the
      gold coating or layer on the ceramic substrate may be reduced to 50
      millionths of an inch while maintaining an acceptable bonding action.
      Where glass frits are used it is evident that the cost of manufacture of
      coated ceramic substrates must by necessity go up while at the same time
      inefficiently using a natural resource.
PAR  With the addition of cadmium oxide to the copper oxide powder of the
      present invention the firing temperature may be significantly reduced in
      order to get a good bonding layer. Without cadmium oxide introduced into
      the mixture composition optimum bonding firing temperatures are found
      within the range of 1020.degree.C. to 1040.degree.C. With the addition of
      cadmium oxide powder the firing temperature can be reduced to
      850.degree.C. with a preferred firing temperature range between
      950.degree.and 1000.degree.C. The ability to lower the firing temperature
      permits the use of ovens which cannot reach the 1000.degree.C level as
      well as permitting the use of ceramic substrates which may suffer a
      structural degradation when their temperature is raised above the
      1000.degree.C. level.
PAR  Where glass frits or other known bonds are used, the thermal conductivity
      of the gold layer has been found to be low. This disadvantage has the
      effect of producing unwanted thermal gradients between the ceramic
      substrate and any mounted circuitry. In the present invention where the
      only constituents of the bonded layer are copper oxide and cadmium oxide
      in combination with the gold, the overall density of the layer
      approximates that of the gold and further has a thermal conductivity
      approaching that of the pure gold.
PAR  In hybrid circuits, in some prior cases, it has been found that the glass
      frits contained in the gold were not compatible with the glass frits in
      the printed resistors. This condition possibly causes formation of bubbles
      and voids between the mating surfaces. From this, inaccurate readings and
      stresses may be built up to change the electrical characteristics of the
      aforementioned resistors. In the instant invention, the gold coating
      remains relatively inert with respect to electrical parameters.
PAR  In other prior art such as U.S. Pat. No. 3,450,545 the bonded layering
      includes between 4% and 35% inorganic powder which may be a glass type
      frit. Where any sizeable percentage of glass type frit/inorganic binder
      powder is used, then the density of the gold necessarily decreases.
PAR  Other prior art, such as that shown in U.S. Pat No. 2,733,167 does bond
      gold to a non-porous ceramic surface for various decorative purposes.
      However, such bonding of gold uses organic compounds of copper and do not
      begin with a copper oxide as in the present invention. Such prior art
      provides and utilizes a glazed ceramic surface or glass base to provide a
      coating which is only a few millionths of an inch in thickness. Such small
      thicknesses of gold bonding are easily removable and not applicable to the
      thicknesses needed in the bonding of integrated or hybrid circuitry.
PAR  Still other prior art, such as U.S. Pat. No. 3,403,043 and No. 3,429,736
      provide refractory powders for ceramic bondings such as tungsten or
      molybdenum which must be fired in a reducing atmosphere. Where such
      refractory powders are fired in the air, as in the instant invention,
      compounds would oxidize and there would no longer be a metal layer on the
      ceramic substrate. In other prior art such as that shown in U.S. Pat. No.
      3,647,534 there is shown the use of cuprous oxide applied to a ceramic
      surface for forming a weldable surface on a ceramic member. However, the
      ceramic is immersed in a nickel solution for depositing a layer a nickel
      on the reacted area and is not applicable to the gold bonded layer as in
      the present invention. Further, this prior art does not show the condition
      of cadmium oxide for incorporation into the cuprous oxide in order to
      lower the firing temperature of the ceramic substrate.
PAC  SUMMARY OF THE INVENTION
PAR  A metalizing composition which comprises an intimate mixture on a weight
      basis of: (A) about 0.1% to 7.0% of at least one copper oxide powder from
      the powder, (C) 78.0 to 99.89% consisting of cuprous oxide and cupric
      oxide (B) about 0.01% to 15.0% of cadmium oxide powder, (C) 78.0 to 99.89%
      of gold powder, the copper oxide powder and the cadmium oxide powder in
      combination with the gold powder defining a solid composition mixture
      where the weight percentages of the copper oxide, the cadmium oxide, and
      the gold powder pertain to the solid composition mixture; and, (D) about
      10.0  to 95.0% of an organic binder devoid of glass frits, where the
      organic binder in combination with the copper oxide powder, the cadmium
      oxide powder and the gold powder define a total composition mixture and
      the weight percentage of the organic binder pertains to the total
      composition mixture.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the invention to be described in the following
      paragraphs there is provided a composition and method for bonding gold to
      an alumina or ceramic substrate utilizing a combination of copper oxide
      and cadmium oxide as the prime bonding agents. As a direct outgrowth of
      the composition and method there is also provided an article of
      manufacture invention which results in a ceramic substrate having a gold,
      copper oxide, and cadmium oxide layer bonded thereto. All of the
      embodiments of the invention as herein described pertain to the bonding of
      gold to a ceramic or alumina substrate. One of the major disadvantages
      found in using prior compositions and methods for bonding gold layers to
      ceramic substrates has been the necessary high firing temperature
      required. The addition of the cadmium oxide to the copper oxide for the
      bonding of gold to a ceramic substrate has permitted the firing
      temperature to be reduced into the range as low as 850.degree.C. Since
      many ceramic substrates show degraded properties when their temperture is
      brought into a higher temperature region, it becomes a distinct advantage
      to maintain all firing temperatures as low as possible. Further, many
      ovens cannot handle extended temperature ranges and the expense and cost
      of maintaining an oven which will give a firing temperature over
      1,000.degree.C may be prohibitive.
PAR  The field of bonded gold layers to ceramic substrates have many uses, one
      of which lies in the field of integrated circuits where semi-conductor
      devices or chips are bonded to various ceramic substrates. Other uses for
      this invention lies in the field of hybrid circuitry where semi-conductor
      devices are bonded to various conductive portions of the circuits of the
      aforementioned ceramic substrates. The invention as herein disclosed
      permits the use of a much thinner coating of gold to be bonded to the
      ceramic substrates then has been previously used. This advantage allows
      the saving of a natural resource and may cut the cost of producing
      integrated circuits and hybrid circuitry to a great extent. The ceramic
      substrates which are referred to in this disclosure are generally composed
      of alumina and beryllium oxide and are commercially available.
PAR  The composition and method for bonding gold to a ceramic substrate in
      accordance with the present invention provides a thin coating of gold on
      the ceramic substrate which is not easily removable. Further, the
      composition, as will be described permits the final coated ceramic layer
      to have a high thermal conductivity coupled with a low electrical
      resistivity. The final coating, in addition, has a density substantially
      equivalent to gold and the bond is found to be insensitive to repeated
      thermal processing such as subjecting the bonded ceramic substrate to
      consecutive temperature cycling within ranges exceeding several hundred
      degrees.
PAR  The metalizing or bonding compositions of the invention comprise intimate
      mixtures, on a weight percentage basis, of (A) 0.1  to 7.0%, preferably
      0.25  to 3.0% of at least one copper oxide additive in powder form from
      the group consisting of cuprous oxide and cupric oxide; (B) 0.01  to
      15.0%, preferably 1.0  to 5.0% of cadmium oxide powder; (C) 78.0  to
      99.89% of gold powder, the weight percentages of copper oxide, cadmium
      oxide, and gold powder defining the weight percentages of a solid mixture
      composition with the weight percentages of the copper oxide, and gold
      powder summing to substantially 100%; and (D) 10.0  to 95.0%, preferably
      15  to 50%, of an organic binder devoid of glass frits, the weight
      percentages of the organic binder defining the weight percentages of a
      total mixture composition including the copper oxide, gold powder, cadmium
      oxide, and organic binder in combination.
PAR  The addition of the organic binder, component (D) has been found to
      significantly improve the quality of bonding gold to ceramic substrates
      when coatings of the compositions are fired onto the aforementioned
      ceramic substrates. The absence of glass frits in component (D) permits
      direct interaction of both components (A) and (B) in combination with
      component (C), to the ceramic substrate. The resulting bond achieved
      relies basically on the copper oxide and cadmium oxide components (A), (B)
      being the adhesive mechanism between the gold component (C) and the
      ceramic substrate. The inventive compositions as herein described
      constitute a preferred group of bonding or metalizing compositions since
      they provide bonding layers having a high joint or tensile loading
      strength or layered thicknesses ranging from 50 millionths to 0.002
      inches. Additionally, the electrical resistance of the bond constituting
      the invention is substantially less then gold pastes containing glass
      frits. Where glass frits are used in the bonding composition, electrical
      resistivities ranging from 0.0015 to 0.030 ohms/square/mil have been
      observed. The use of the cadmium oxide component (B) permits the firing
      temperatures to be lowered into the ranges of 850.degree.C and allows a
      large class of ceramic substrates to be used for these bonding purposes.
      The present composition provides an electrical resistivity in the order of
      0.001 ohm/ square/mil or less which reduces electric power loss when this
      composition is used in the construction of circuitry. Further, low thermal
      gradients occur between the substrate and components attached to the
      bonded layer since the components (A), and (C) have extremely high thermal
      conductivities in the ranges of 224.0 and 169.0 BTU/hr/sq. ft/.degree.F.
      respectively as opposed to the thermal conductivity of glass frits in the
      order of 0.59 BTU/hr/sq. ft./.degree.F. The most preferred compositions of
      the invention are those in which the metal components defining the solid
      composition mixture consist essentially of from 0.25 to 3.0% of copper
      oxide and 1.0 to 5.0% of cadmium oxide with the remaining portion of the
      solid composition mixture being made up of the gold powder where all of
      the percentages refer to weight percentages.
PAR  As is the usual case for bonds or metalizing compositions of this nature,
      such are usually applied to a ceramic substrate through silk screening,
      printing, brushing or some like technique. The application is generally
      performed in an ambient air environment at a temperature approximating
      normal room conditions (i.e. 22.degree.C.), although such is not critical
      to the inventive concept. The coated substrate is fired in an oven between
      the temperature ranges of 850.degree. and 1063.degree.C., with a preferred
      temperature firing range between 950.degree. and 1000.degree.C. The coated
      ceramic substrate is maintained in the oven in an oxidizing atmosphere,
      until the substrate reaches substantial thermal equilibrium with the
      surrounding high temperature atmosphere.
PAR  The cadmium oxide powder or particles used in this composition as well as
      the copper oxide particles (cuprous oxide or cupric oxide generally milled
      or ground to a dimensional size less then one micron in length. The gold
      powder which is commercially bought has a dimensional size in the range
      between 2 to 5 microns. The cadmium powder is commercially available from
      a number of companies in this field such as Fisher Scientific Company,
      Chemical Manufacturing Division, located in Fair Lawn, N.J.
PAR  The method invention for producing a thin, high thermally conductive, low
      electrically resistive bonding layer on a ceramic substrate is disclosed
      in the following paragraphs.
PAR  Copper oxide (cupric oxide, cuprous oxide) particles are mixed with cadmium
      oxide powder in specific weight percentage of the composition mixture. The
      now combined copper oxide and cadmium oxide particulates are then
      incorporated into toluol, benzene, alcohol, acetone or some like
      composition to form a conglomerate mixture. The mixture is all milled or
      passed through some like technique for a time approximating the range
      between 2 and 24 hours. This step breaks down the combined copper oxide
      and cadmium oxide particulates to a fine powder preferably in the
      sub-micron dimensional size range. The time of milling is not critical to
      the inventive concept as herein defined but such milling or grinding
      techniques are maintained until the particulates have substantially
      reached the fine powder texture desired.
PAR  The combined mixture is then dried in a standard oven until the copper
      oxide powder and cadmium oxide powder is substantially devoid of volatile
      material. In practice, the oven has been maintained at a temperature
      approximating 100.degree.C. for between 1 and 5 hours dependent on the
      weight of the combined or conglomerate mixture being dried. The oven or
      other drying mechanism temperature and time of drying for this step is not
      critical to the inventive concept, with the only restriction placed on
      these parameters being that upon termination of this drying step that the
      remaining copper oxide and cadmium oxide powder be substantially free of
      the volatile material used in forming the combined or conglomerate
      mixture.
PAR  The resulting dry cadmium oxide and copper oxide (cupric oxide or cuprous
      oxide) is blended into a commercially available organic binder in
      predetermined weight percentages. The blending step is accomplished in a
      standard paint mill (wet grinder), tumbler or some like mechanism. The
      blending in this manner disburses the copper oxide and cadmium oxide
      powder and substantially breaks up possibly existing agglomerates. The
      combined copper oxide and cadmium oxide is blended into the organic binder
      each of which have weight percentage ranges of between 0.1 to 7.0% and
      0.01 to 15.0% respectively of the solid composition mixture comprising the
      copper oxide, the cadmium oxide, and the gold powder with a weight
      percentage range extending between approximately 78.0 to 99.89%.
PAR  The organic binder used in this step has a weight percentage range between
      10 to 95% of the total mixture composition comprising the copper oxide,
      the cadmium oxide, the gold powder, and the organic binder. In this phase
      of the process step organic binders such as beta terpinol, ethyl,
      cellulose mixture, pine oil, methyl, cellulose or like compositions may be
      used. In actual practice, commercially available organic binders have been
      used including, Ferro Vehicle Corp. Binder H-216, Alpha Metals Corp.,
      Binder Reliafilm No. 5181 and L. Reusche and Co. Binder Medium No. 163-C.
PAR  The blending of the copper oxide and cadmium oxide with the organic binder
      forms an intermediate mixture having weight percentages within the ranges
      previously defined. The gold powder is then mixed into the intermediate
      mixture of copper oxide, cadmium and organic binder. The weight percentage
      of the gold powder as a function of the solid composition mixture herein
      defined has a range between 78.0 and 99.89% with a preferred range between
      92.0 and 98.75%. The inclusion of the gold powder into the intermediate
      mixture forms the total mixture composition now comprising the gold
      powder, copper oxide, cadmium oxide, and organic binder.
PAR  The mixing step is accomplished in a wet grinder, wet three roll grinder,
      paint mill mechanism, or other commercially available mixing mechanisms
      well known in the art. In this step the copper oxide particles are evenly
      disbursed into the surrounding gold powder. The solid particles are
      preferably wetted in an even manner and a substantially homogeneous blend
      is formed of the total mixture composition.
PAR  The total mixture composition is applied to a ceramic substrate through
      silk screening, printing, brushing, hand dipping, or another number of
      methods not important to the inventive concept as herein detailed. The
      application of the total mixture composition to the ceramic substrate is
      accomplished preferably in an ambient atmosphere condition, however, such
      is not important to the invention. In this manner, there is obtained a
      ceramic substrate coated with a total composition mixture.
PAR  The coated ceramic substrate is then introduced into an oven or other
      heating mechanism. The coated substrate is brought to temperature
      equilibrium conditions within a range extending between 850.degree. and
      1063.degree.C., having a preferred temperature range between
      950.degree.and 1000.degree.C. In this manner, the coated ceramic substrate
      is fired and may result in a coating thickness of application ranging
      between 50 millionths and 0.002 inches. The time of firing the coated
      ceramic substrate is not critical to the invention, however, the important
      criteria being that the coated substrate attain substantially thermal
      equilibrium conditions with the surrounding environment within the heating
      mechanism at the prescribed temperature ranges as herein described.
PAR  During the firing step, substantially all of the organic binder is driven
      off into the surrounding environment with possibly only residual amounts
      left in the coating. It has been observed that portions of the copper
      oxide particles impregnate the alumina or ceramic substrate. In the manner
      as described, a highly force resistant bond is formed between the gold and
      the copper oxide and cadmium oxide coating and the ceramic substrate. The
      resulting bond has been found to form a relatively low electrically
      resistive coating, additionally having a relatively high thermal
      conductance.
PAR  The method invention as herein described has enumerated a number of
      procedural steps. In summary, these steps in consecutive order include
      mixing the copper oxide powder and cadmium oxide powder together followed
      by milling or grinding the combined copper oxide and cadmium oxide
      particulates in combination with a medium such as toluol, benzene, or like
      composition. The combined copper oxide and cadmium oxide powder is then
      dried to remove any contained volatiles. The mixture is then further mixed
      with a predetermined weight percentage of organic binder to form the
      previously defined intermediate mixture. Gold powder in previously defined
      weight percentage ranges is added to the intermediate mixture to form the
      total mixture composition. The total mixture composition is then mixed to
      form a homogeneous blend and applied to an alumina or ceramic substrate.
      The coated substrate is fired at a particular temperature within defined
      temperature ranges to form the ceramic substrate bond.
PAR  It is to be understood that the method steps as herein described may be
      taken out of consecutive order in a manner so as to produce substantially
      the same bonding mechanism. In an embodiment of the invention, it is
      apparent to those skilled in the art that initially predetermined
      quantities (in the ranges previously defined) of gold powder, cadmium
      oxide powder, copper oxide particulates (cuprous oxide or cupric oxide)
      and organic binder may be weighed and segregated from each other. The
      copper oxide particles and cadmium oxide may then be reduced in
      dimensional size, preferably to a size wherein the longest dimension is
      below one micron in length. This may be accomplished through ball milling
      or some equivalent technique. Where the copper oxide and cadmium oxide
      have been mixed with a medium such a toluol, benzene or like composition,
      the volatiles are removed in a heated oven.
PAR  In this embodiment of the invention the dried copper oxide, cadmium oxide,
      and gold powder may be blended in the dry state by tumbling, mixing or
      some like mechanism. This blending step forms a relatively coarse mixture
      of gold powder, cadmium oxide powder, and copper oxide in the previously
      described percentage ranges. Organic binders which are commercially
      available may then be mixed into the gold, cadmium oxide and copper oxide
      composition having a weight percentage of the total mixture composition
      ranging between 10 and 95%. The total mixture composition may then be
      incorporated into a wet grinder, wet three rolled grinder, paint mill
      mechanism or other like mechanism for evenly wetting all solid particles
      and forming a substantially homogeneous blend. The purpose of this step
      being to evenly disburse the copper oxide and cadmium oxide particles into
      the surrounding gold powder. The resulting composition is applied to an
      alumina or ceramic substrate through silk screening, printing, brushing or
      other equivalent methods. The coated substrate is fired in an oven at a
      particular temperature within the ranges of 850.degree. and 1063.degree.C.
      the substrate is cooled to ambient conditions and a strong gold bonding is
      observed to adhere to the substrate.
PAR  The composition and method of production as herein detailed results in a
      ceramic article of manufacture. According to the present invention there
      is provided a ceramic article having a fired coating wherein the fired
      coating includes a mixture of gold, cadmium oxide, and copper oxide. The
      ceramic fired coating has a preferred thickness range between 50
      millionths and 0.002 inches. In some applications, the fired ceramic
      coating layer thickness is given limits between 50 millionths and 300
      millionths of an inch, and in some other cases may have a layer thickness
      specification between 75 millionths and 100 millionths of an inch. Firing
      temperatures for the coating range between 850.degree. and 1063.degree.C.
      and in some cases between 900.degree.-1042.degree.C., with a preferred
      temperature range between 950.degree.and 1000.degree.C.
PAR  In the article of manufacture the gold powder, copper oxide, cadmium oxide
      and a commercially available organic binder (devoid of glass frits) are
      mixed together to form a total composition mixture. The weight percentage
      of the organic binder to the total composition mixture has a range between
      10 and 95%. The gold powder, cadmium oxide, and copper oxide in particle
      form, comprise a solid composition mixture. The weight percentage of the
      copper oxide to the solid composition mixture has a range between 0.1 and
      7% with a preferred range betweeen 0.25 and 3.0%. The gold powder having a
      micron size between 2 and 5 has a weight percentage of the solid
      composition mixture between the range of 78.0 and 99.89% with a preferred
      range between 92.0 and 98.75%. The weight percentage of the cadmium oxide
      to the solid composition mixture has a range between 0.01 and 15.0% with a
      preferred range between 1.0 and 5.0%.
PAR  The total composition mixture is applied to a ceramic substrate in
      thicknesses ranging from 50 millionths to 0.002 inches. The application of
      the coating is made through hand dipping, silk screening, or other like
      techniques previously described. The ceramic substrate with the layer
      comprising the total composition mixture is then fired within an oven
      between 850.degree.and 1063.degree.C., with a preferred temperature firing
      range between 950.degree.and 1000.degree.C.
PAR  The resulting ceramic article produced provides a ceramic substrate having
      a strong gold bonded layer with a layer thickness as low as 50 millionths
      of an inch in dimension. The organic binder is substantially burned off in
      the firing step. The observed basic bonding mechanism is seen to possibly
      arise from the growth of crystals of the initially disposed copper oxide
      and the possible alloying of gold, cadmium oxide, and copper oxide which
      impregnate the ceramic to form a strong bond between the ceramic and the
      gold outer layer. The cadmium oxide addition has now permitted the firing
      temperatures to be reduced into a temperature range which easily
      accommodates most ceramic materials without degrading any of their
      properties.
DETD
PAR  The following examples illustrate the use of copper oxide and cadmium oxide
      contained within a gold powder to form a superior bond between a gold
      layer on a ceramic or alumina substrate. Each of the examples set forth
      the basic formulations of the metalizing compositions of the invention. In
      each of the examples the copper oxide was both cuprous oxide and cupric
      oxide. In each of the examples three runs were made for each of the types
      of copper oxide utilizing organic binder weight percentages of 10, 50, and
      95%. Therefore, for each example six test runs were made, three each for
      cuprous oxide and for cupric oxide wherein all other parameters were held
      constant. In all example cases for the cupric and cuprous oxide runs, the
      bonding results were substantially identical. The copper oxide used was
      milled in order that the individual particulates were dimensionally in the
      micron range. The gold powder, of commercial stock, had a micron range
      between 2 and 5. The organic binder used in each of the examples was
      commercially purchased in accordance with the brands previously described.
PAR  The weight percentages defined in each of the examples for the copper oxide
      and gold powder refers to the percentage weight of the solid composition
      mixture comprising the gold powder, cadmium oxide and the copper oxide.
      The weight percentage of the organic binder refers to the weight
      percentage of the total mixture composition comprising the copper oxide,
      cadmium oxide, the gold powder, and the organic binder. The basic
      parameters varied for the examples included firing temperature, and weight
      percentages of copper oxide, cadmium oxide, gold powder, and organic
      binder.
PAC  EXAMPLE 1
TBL                          WTS                                               

     ______________________________________                                    

     Copper Oxide (% solid composition)                                        

                               0.1%                                            

     Cadmium Oxide (% solid composition)                                       

                               0.01%                                           

     Gold Powder (% solid composition)                                         

                               99.89%                                          

     ______________________________________                                    

PAR  The copper oxide (both cupric oxide and cuprous oxide were used in all
      examples) was blended with the gold powder and the cadmium oxide as has
      been previously described. Organic binder was added as shown in the
      disclosure. Three separate tests were run using organic binder weight
      percentages (% of the total composition) of 10.0, 50.0, and 95.0%. The
      various weight percentages were found to have no appreciable effect on the
      bond. The total composition mixture (copper oxide, cadmium oxide, gold
      powder, and organic binder) was applied to a ceramic substrate. The coated
      substrate was fired at a temperature of 850.degree.C. until thermal
      equilibrium conditions were achieved. A bond was achieved, however, it was
      classified as only a fair bond. Particles of gold were distinctly
      discernible and a small percentage of the coating was found to be
      removeable. The low firing temperature resulted in the fact that low
      crystalline growth was observed, however, bonding was found to take place
      between the gold and the ceramic substrate.
PAC  EXAMPLE 2
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.1%                                            

     Cadmium oxide (% solid composition)                                       

                               0.01%                                           

     Gold powder (% solid composition)                                         

                               99.89%                                          

     ______________________________________                                    

PAR  The gold powder, cadmium oxide, copper oxide and organic binder were
      blended into a total composition mixture. In addition to the above weight
      percentages, three separate runs were made using organic binder weight
      percentages (% of the total composition) of 10.0, 50.0, and 95.0%. The
      various organic binder weight percentages were found to have no
      discernible effect on the bond produced. After blending, the total
      composition mixture (copper oxide, cadmium oxide, gold powder, and organic
      binder) was applied to a ceramic substrate. The coated substrate, which
      had substantially the same total composition mixture weight percentages as
      used in Example 1, was now fired at 1063.degree.C. Some bond was achieved,
      however, there were areas of discontinuous adhesion. The gold was found to
      be melted and a low crystalline growth was observed. The bond of the gold
      to the substrate was classified as poor/fair.
PAC  EXAMPLE 3
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               7.0%                                            

     Cadmium oxide (% solid composition)                                       

                               0.01%                                           

     Gold powder (% solid composition)                                         

                               92.99%                                          

     ______________________________________                                    

PAR  The gold powder, cadmium oxide, copper oxide, and organic binder were
      blended into a total composition mixture. As is the case in all of the
      examples herein described, this run was made with both cupric oxide and
      then separately with cuprous oxide. This fact in combination with the
      additional restraint of running this example (as well as all the others
      cited) using organic binder percentages (% of the total composition) of
      10.0, 50.0, and 95.0% resulted in six separate runs for each example. The
      use of cupric oxide or cuprous oxide showed substantially the same bonding
      characteristics. The different organic binder weight percentages were
      found to have no appreciable effect on the bond. In each run of this
      example, the total composition mixture was applied to a ceramic substrate.
      The coated substrate was fired at a temperature approximating
      850.degree.C. As is usual in the firing process, firing continued until
      thermal equilibrium was achieved. Upon cooling, a bond was observed but
      the bond had a low crystalline growth. Particles of copper oxide were seen
      on the upper surface of the coating. A portion of the bond coating was
      removeable and the bond was classified as being in the bond was classified
      as being in the fair range.
PAC  EXAMPLE 4
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               7.0%                                            

     Cadmium oxide (% solid composition)                                       

                               0.01%                                           

     Gold powder (% solid composition)                                         

                               92.99%                                          

     ______________________________________                                    

PAR  The gold powder, cadmium oxide, copper oxide (cupric oxide and cuprous
      oxide) were blended into the total composition mixture. As in the case of
      all examples, six runs were made for this example using both cupric oxide
      and cuprous oxide with the three organic binder weight percentages (% of
      the total composition mixture weight) of 10, 50, and 95% forming the basis
      of each run. As in the case in all examples, the type of copper oxide and
      the different organic weight percentages were found to have no appreciable
      effect on the bond produced. The total composition mixture was applied to
      a ceramic substrate in the standard manner as described previously. The
      application step was followed by firing the coated substrate, however, the
      firing temperature was raised to 1063.degree.C. The coated substrate was
      held in the firing oven during the firing step until the substrate
      achieved the surrounding environmental temperature. Upon cooling it was
      noted that a bond had been achieved, however, it was also observed that a
      portion of the gold had melted. Particles were noted, and believed to be
      cadmium oxide and copper oxide. Some beading was noted on the visible
      surface area. The surface was non-homogeneous but a substantial bond was
      produced resulting in a laboratory classification of fair bond.
PAC  EXAMPLE 5
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.1%                                            

     Cadmium oxide (% solid composition)                                       

                               15.0%                                           

     Gold powder (% solid composition)                                         

                               84.9%                                           

     ______________________________________                                    

PAR  The copper oxide (cupric oxide, cuprous oxide) was blended with gold powder
      and cadmium oxide in the above shown weight percentages of the solid
      composition. This solid composition was then thoroughly mixed with organic
      binder to form a total composition mixture. Three separate runs were made
      for both cupric oxide and cuprous oxide solid compositions using organic
      binder weight percentages (% of the total composition) approximating 10.0,
      50, 95.0%. After blending and mixing, the total composition mixture was
      applied to a ceramic substrate. The coated substrate was fired at a
      temperature of 850.degree.C. until thermal equilibrium was achieved. The
      bonded substrate after cooling exhibited a bond which was classified as
      fair. Low crystalline growth was observed, and some particles of gold were
      visible. A small portion of the coating could be removed with a scraping
      effort. However, fairly extensive bonding was found to take place between
      the gold and the ceramic substrate. As usual, the changing weight
      percentages of the organic binder had no effect on the final bond
      produced.
PAC  EXAMPLE 6
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.1%                                            

     Cadmium oxide (% solid composition)                                       

                               15.0%                                           

     Gold powder (% solid composition)                                         

                               84.9%                                           

     ______________________________________                                    

PAR  The standard six runs were made for this example. With the above weight
      percentages one run was made using each of the following: cupric oxide and
      cuprous oxide (yielding two of the above sets of solid composition), 10.0,
      50, and 95.0% (wt. % of total composition) of organic binder used for each
      of the two sets. Organic binder percentages and the use of cupric or
      cuprous oxide had little effect on the bonded substrate. A solid
      composition mixture was formed by blending together the copper oxide,
      cadmium oxide and gold powder. By adding the organic binder, a total
      composition mixture was formed. The total composition mixture was applied
      to a ceramic substrate. The coated substrate was placed in an oven and
      brought to substantially thermal equilibruim or fired at a temperature
      approximating 1063.degree.C. The high temperature caused a melting of the
      gold. However, there were clearly seen discontinuous areas of adhesion.
      Low crystalline growth was observed due to the low amount of copper oxide
      used. Other particulates were observed which may have been due to the
      large amount of cadmium oxide used. The bond classification was given a
      laboratory rating of fair/poor.
PAC  EXAMPLE 7
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               7.0%                                            

     Cadmium oxide (% solid composition)                                       

                               15.0%                                           

     Gold powder (% solid composition)                                         

                               78.0%                                           

     ______________________________________                                    

PAR  The total composition mixture comprising the above listed weight
      percentages of copper oxide (as always two runs were made, one each for
      cuprous oxide and cupric oxide), cadmium oxide, and gold powder in
      combination with 10.0, 50.0 and 95.0% weight percentages (of total
      composition mixture) of organic binder. Blending was accomplished in
      accordance with the disclosed technique and applied to a ceramic
      substrate. The coated substrate was fired at a temperature approximating
      850.degree.C. Upon the usual cooling, the bonded substrate was observed to
      have very low crystalline growth. Particles of copper oxide was seen on
      the surface of the coating. Other particulates were observed and believed
      to be cadmium oxide particles. A portion of the coating (in particular the
      discrete particles) were found to be removeable with a small scraping
      action. Bonding of the gold to the ceramic substrate was accomplished, but
      did not yield a visible homogeneous surface. The bond was given a
      laboratory classification of only fair/poor.
PAC  EXAMPLE 8
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               7.0%                                            

     Cadmium oxide (% solid composition)                                       

                               15.0%                                           

     Gold powder (% solid composition)                                         

                               78.0%                                           

     ______________________________________                                    

PAR  The copper oxide was blended with the cadium oxide, gold powder and organic
      binder (10.0, 50.0, and 95.0%) as previously disclosed. The total
      composition mixture was applied to a ceramic substrate and fired at
      1063.degree.C. The coated substrate was found to have portions of gold
      melted thereon. Particles of copper oxide were seen and the coating
      appeared to have beads encased within it. Some bonding was achieved,
      however, such was classified as a fair bond since the surface properties
      were found to be visibly non-homogeneous. However, due to the high
      percentage of copper oxide used, the bond that was produced was good and
      although not visibly attractive, still usable. As in all examples, six
      runs were made associated with the different percentages of organic
      binder, cupric oxide and cuprous oxide. The results of all the runs were
      found to be substantially the same as to the bond produced.
PAC  EXAMPLE 9
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.5%                                            

     Cadmium oxide (% solid composition)                                       

                               3.0%                                            

     Gold powder (% solid composition)                                         

                               96.5%                                           

     ______________________________________                                    

PAR  The copper oxide (cuprous oxide as well as curpic oxide were run) was
      blended with the cadmium oxide powder and gold powder as has been
      previously described. Organic binder was added as shown in the disclosure.
      For both cuprous oxide and cupric oxide three separate runs were made
      using organic binder weight percentages (% of the total composition) of
      10.0, 50.0 and 95.0%. The various weight percentages were found to have no
      appreciable effect on the bond. However, a slight amount of residue was
      found on the surface of the coating after firing when 95.0% of organic
      binder was used. This residue was easily removed and did not effect the
      bond. The total composition mixture (copper oxide, cadmium oxide, gold
      powder, and organic binder) was applied to a ceramic substrate. The coated
      substrate was fired at a temperature approximating 950.degree.C. The bond
      produced was excellent. The resulting bond formed was bright metallic in
      finish. The bond strength was found to be very high and not easily
      removeable. Crystalline growth was observed with the copper oxide seen to
      impregnate the ceramic substrate. The runs made using the weight
      percentages of this example produced a uniform, substantially homogeneous
      coating which had a high thermal conductivity coupled with a low
      electrical resistivity. The bond was given a laboratory classification of
      excellent relative to the properties herein described.
PAC  EXAMPLE 10
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.5%                                            

     Cadmium oxide (% solid composition)                                       

                               0.25%                                           

     Gold powder (% solid composition)                                         

                               99.25%                                          

     ______________________________________                                    

PAR  Six runs were made for the above weight percentages. For both cuprous oxide
      and cupric oxide, their separate organic binder weight percentages were
      added: 10.0, 50.0, and 95.0% (% of the total composition). The copper
      oxide, cadmium oxide, gold powder and organic binder were blended in the
      same manner as that shown for example 10 (as well as for all examples
      herein described). The total composition mixture was applied to a ceramic
      substrate. The coated ceramic substrate was inserted into an oven
      maintained at 950.degree.C. As was the case in other examples, the coated
      substrate was permitted to attain thermal equilibrium with the oven
      atmosphere. The substrate was removed from the oven and allowed to cool
      down to ambient thermal conditions. The resulting bond was bright metallic
      in surface finish. Crystalline growth was observed with the ceramic
      substrate being impregnated by the crystals to form an excellent bond.
      Thermal and electrical properties of this bond were found to be similar to
      those found for example 9. Tensile strength of the bond was again found to
      be extremely high.
PAC  EXAMPLE 11
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.75%                                           

     Cadmium oxide (% solid composition)                                       

                               0.25%                                           

     Gold powder (% solid composition)                                         

                               99.0%                                           

     ______________________________________                                    

PAR  The copper oxide particles were blended with the cadmium oxide, gold powder
      and organic binder (10.0, 50.0 and 95.0% of the total composition) in the
      weight percentages enumerated above. The copper oxide weight percentage
      was raised to 0.75% over the 0.5% used in example 10. As usual, separate
      runs were made for cupric oxide and cuprous oxide powders. The specific
      constituents were blended or mixed together as shown in the previous
      description. The total composition mixture was applied to a ceramic
      substrate and fired at 980.degree.C. Upon cooling, the resultant coating
      bond was found to have a high tensile loading strength. The resultant
      coating was bright metallic in finish and showed excellent crystalline
      growth of the copper oxide. Crystalline impregnation of the ceramic layer
      was visible at various coating thickness ranges between 50 millionths and
      0.002 of an inch. Efforts to remove the bonded layer resulted in the
      destruction of the ceramic substrate. The bond was classified as
      excellent.
PAC  EXAMPLE 12
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.9%                                            

     Cadmium oxide (% solid composition)                                       

                               0.1%                                            

     Gold powder (% solid composition)                                         

                               99.0%                                           

     ______________________________________                                    

PAR  The gold powder, cadmium oxide, copper oxide (cuprous oxide and cupric
      oxide used in separate runs) and organic binder were blended into a total
      composition mixture. Three separate runs were made for organic binder
      weight percentages between 10.0 and 95.0% (of total composition). The
      various organic binder weight percentages were found to have no
      discernible effect on the bond produced. After blending, the total
      composition mixture was applied to a ceramic substrate. The coated
      substrate was fired at a temperature approximating 980.degree.C. The bond
      produced had a bright metallic finish and showed even more crystalline
      growth than that observed in example 11. Crystalline impregnation of the
      ceramic layer was again observed. Efforts to forcibly remove the bonded
      layer once again resulted in destruction of the ceramic substrate. The
      runs made using the weight percentages of this example produced a visibly
      uniform substantially homogeneous coating. Thermal conductivity remained
      near that of pure gold. A low electrical resistivity (near that of gold)
      was observed for layer thicknesses between 50 millionths and 0.002 of an
      inch. The resulting bond was classified as excellent with respect to the
      properties herein described.
PAC  EXAMPLE 13
TBL                          WTS                                               

     ______________________________________                                    

     Copper oxide (% solid composition)                                        

                               0.1%                                            

     Cadmium oxide (% solid composition)                                       

                               0.25%                                           

     Gold powder (% solid composition)                                         

                               99.65%                                          

     ______________________________________                                    

PAR  The copper oxide, cadmium oxide, gold powder and organic binder were
      blended together as previously disclosed. As usual, six runs were made for
      three weight percentages of organic binder 10.0, 50.0, 95.0% (% of total
      composition ) as applied separately to both cuprous oxide and cupric
      oxide. The various organic binder weights had no discernible effect on the
      bond produced. The use of cuprous oxide or cupric oxide also produced
      essentially the same bonded coating. The total composition mixture was
      applied to a ceramic substrate. The coated substrate was fired at a
      temperature approximating 980.degree.C. The resulting bond, examined after
      cooling showed a bright metallic finish. High thermal conductivity coupled
      with low electrical resistivity were observed. Tensile strength of the
      bond was excellent and destruction of the ceramic substrate was necessary
      to break the bond. Copper oxide crystalline growth was observed. The bond
      was given a laboratory classification of excellent.
PAR  It is to be understood that the foregoing description including the
      specific examples of this invention is made by way of illustration only
      and is not to be considered as a limitation of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of bonding a gold layer to a ceramic substrate including the
      steps of:
PA1  a. mixing on a weight basis: (A) about 0.1 to 7.0% of at least one copper
      oxide powder from the group consisting of cuprous oxide and cupric oxide;
      (B) about 0.01 to 15.0% of cadmium oxide powder; (C) 78.0 to 99.89% of
      gold powder having a particle size within the approximate range of 2.0 to
      5.0 microns, said copper oxide powder and said cadmium oxide and said gold
      powder defining in combination a solid composition mixture, said weight
      percentages of said copper oxide, said cadmium oxide and said gold powder
      pertaining to said solid composition mixture; and, (D) about 10.0 to 95.0%
      of an organic binder devoid of glass frits, said organic binder in
      combination with waid copper powder, said cadmium oxide powder and said
      gold powder defining a total composition mixture, said weight percentages
      of said organic binder pertaining to said total composition mixture;
PA1  b. applying said total composition mixture to a ceramic substrate to form a
      coated ceramic substrate; and
PA1  c. firing said coated ceramic substrate at a predetermined temperature
      within the approximate temperature range of 850.degree.to 1063.degree.C.
NUM  2.
PAR  2. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 1 wherein the step of mixing includes the steps of:
PA1  a. incorporating said copper oxide powder and said cadmium oxide powder
      into said organic binder; and,
PA1  b. blending said copper oxide powder and cadmium oxide powder and said
      organic binder with said gold powder.
NUM  3.
PAR  3. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein the step of blending includes the step of dispersing said
      copper oxide powder and cadmium oxide powder throughout said total
      composition mixture to form a substantially homogeneous total composition
      mixture.
NUM  4.
PAR  4. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein said organic binder has a predetermined weight percentage
      between 15% and 50% of said total composition mixture.
NUM  5.
PAR  5. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein said cadmium oxide powder has a predetermined weight
      percentage between 0.01% and 15.0% of said solid composition mixture.
NUM  6.
PAR  6. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 5 wherein said predetermined weight percentage of said cadmium oxide
      powder is between 1.0 and 5.0% of said solid composition mixture.
NUM  7.
PAR  7. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein the step of incorporating is preceded by the step of
      dimensionally shaping said copper oxide powder and said cadmium oxide
      powder to a predetermined size less than approximately 1.0 micron in
      length.
NUM  8.
PAR  8. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 7 wherein the step of dimensionally shaping said copper oxide and
      cadmium oxide includes the steps of:
PA1  a. mixing said copper oxide powder and cadmium oxide powder with a wetting
      agent and,
PA1  b. grinding said combination of copper oxide powder, said cadmium oxide
      powder and said wetting agent until a substantial quantity of copper oxide
      and cadmium oxide particles have been reduced to said predetermined size.
NUM  9.
PAR  9. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 8 wherein the step of milling includes the step of reducing a
      substantial number of individual particles of said copper oxide powder and
      said cadmium oxide powder to a length less than one micron in dimension.
NUM  10.
PAR  10. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 8 wherein the step of grinding is followed by the step of drying
      said wetting agent from said copper oxide powder and said cadmium oxide
      powder.
NUM  11.
PAR  11. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 10 wherein the step of drying includes the step of heating said
      combination of said wetting agent and said copper oxide powder and said
      cadmium oxide powder until said wetting agent is substantially removed
      from said combination.
NUM  12.
PAR  12. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 11 wherein the step of heating includes the step of inserting said
      combination into an oven maintained at a predetermined temperature
      sufficient to dry said wetting agent.
NUM  13.
PAR  13. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 12 wherein said oven is maintained at an internal temperature
      approximating 100.degree.C.
NUM  14.
PAR  14. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 13 wherein said wetting agent is toluol.
NUM  15.
PAR  15. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 13 wherein said wetting agent is benzene.
NUM  16.
PAR  16. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein the step of applying said total composition mixture
      includes the step of coating said ceramic substrate with a layer of said
      total composition mixture.
NUM  17.
PAR  17. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 16 wherein the step of coating said ceramic substrate includes the
      step of silk screening said total composition mixture onto a surface of
      said ceramic substrate.
NUM  18.
PAR  18. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 17 wherein said silk screened coating has a fired predetermined
      thickness between 50 millionths and 300 millionths of an inch.
NUM  19.
PAR  19. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 17 wherein said silk screened coating has a fired predetermined
      thickness substantially between 75 millionths and 100 millionths of an
      inch.
NUM  20.
PAR  20. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 16 wherein the step of coating includes the step of dipping said
      ceramic substrate into said total composition mixture for forming said
      layer.
NUM  21.
PAR  21. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 17 wherein said dipped coating has a fired thickness between 50
      millionths and 300 millionths of an inch.
NUM  22.
PAR  22. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 17 wherein said dipped coating has a fired predetermined thickness
      substantially between 75 millionths and 100 millionths of an inch.
NUM  23.
PAR  23. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 16 wherein the step of coating said ceramic substrate includes the
      step of printing said total composition mixture onto a surface of said
      ceramic substrate.
NUM  24.
PAR  24. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 23 wherein said printed coating has a fired thickness between 50
      millionths and 300 millionths of an inch.
NUM  25.
PAR  25. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 23 wherein said printed coating has a fired predetermined thickness
      substantially between 75 millionths and 100 millionths of an inch.
NUM  26.
PAR  26. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 2 wherein the step of firing said ceramic substrate includes the
      step of inserting said coated ceramic substrate into an oven having an
      oxidizing atmosphere.
NUM  27.
PAR  27. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 26 wherein the step of firing said coated ceramic substrate includes
      the step of heating said coated ceramic substrate to a predetermined
      temperature within the range substantially between 900.degree.to
      1042.degree.C.
NUM  28.
PAR  28. The method of bonding a gold layer to a ceramic substrate as recited in
      claim 26 wherein the step of firing said coated ceramic substrate includes
      the step of heating said coated ceramic substrate to a predetermined
      temperature within the range substantially between 950.degree.to
      1000.degree.C.
NUM  29.
PAR  29. A ceramic article having thereon a fired coating of a solid composition
      mixture on a weight basis of: (A) about 0.1% to 7.0% of at least one
      copper oxide powder from the group consisting of cuprous oxide and cupric
      oxide; (B) about 0.01 to 15.0% of cadmium oxide powder; and (C) about 78.0
      to 99.89% of gold powder having a particle size within the approximate
      range of 2.0 to 5.0 microns, said solid composition mixture being fired
      onto a ceramic substrate at a predetermined temperature within the
      approximate temperature range of 850.degree.to 1063.degree.C.
NUM  30.
PAR  30. The ceramic article as recited in claim 29 wherein said copper oxide
      powder is cuprous oxide.
NUM  31.
PAR  31. The ceramic article as recited in claim 30 wherein said weight
      percentage of said cadmium oxide is between 0.05 and 10.0% of said solid
      composition mixture.
NUM  32.
PAR  32. The ceramic article as recited in claim 30 wherein said fired coating
      has a predetermined layered thickness substantially between 50 millionths
      and 300 millionths of an inch.
NUM  33.
PAR  33. The ceramic article as recited in claim 30 wherein said fired coating
      has a predetermined layered thickness substantially between 75 millionths
      and 100 millionths of an inch.
NUM  34.
PAR  34. The ceramic article as recited in claim 30 wherein said coating is
      fired at a predetermined temperature within the approximate range
      900.degree.to 1042.degree.C.
NUM  35.
PAR  35. The ceramic article as recited in claim 30 wherein said coating is
      fired at a predetermined temperature within the approximate range
      950.degree. to 1000.degree.C.
NUM  36.
PAR  36. The ceramic article as recited in claim 29 wherein said copper oxide
      powder is cupric oxide.
NUM  37.
PAR  37. The ceramic article as recited in claim 36 wherein said weight
      percentage of said cadmium oxide is substantially between 0.05 and 10.0%
      of said solid composition mixture.
NUM  38.
PAR  38. The ceramic article as recited in claim 36 wherein said fired coating
      has a predetermined layered thickness substantially between 50 millionths
      and 300 millionths of an inch.
NUM  39.
PAR  39. The ceramic article as recited in claim 36 wherein said fired coating
      has a predetermined layered thickness substantially between 75 millionths
      and 100 millionths of an inch.
NUM  40.
PAR  40. The ceramic article as recited in claim 36 wherein said coating is
      fired at a predetermined temperature within the approximate range
      900.degree. to 1042.degree.C.
NUM  41.
PAR  41. The ceramic article as recited in claim 36 wherein said coating is
      fired at a predetermined temperature within the approximate range
      950.degree. to 1000.degree.C.
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ABST
PAL  A method for treating a surface of a substrate to render it nonfogging and
      the resulting article formed by the treatment. A thin film coating of a
      block copolymer containing alternating blocks of polyurethane and a
      hydrophilic copolyacrylic is adhered to the surface to be made nonfogging.
      The copolyacrylic is a copolymer of a hydroxy substituted acrylate and an
      ethylenically unsaturated acid such as acrylic acid. By varying the weight
      ratio of polyetherurethane/copolyacrylic it is possible to vary the
      flexibility of the coating and hence to widen the range of substrates to
      which the treatment is applicable, e.g., from flexible wrapping material
      to rigid mirrors.
BSUM
PAR  This invention relates to nonfogging coatings and to substrates with
      nonfogging coatings affixed thereto.
PAR  It is well known that in the presence of moisture windows, lenses, mirrors,
      eyeglasses, transparent wrappings and the like can become badly fogged,
      sometimes to the detriment of safety. Such fogging can occur on
      transparent or reflective surfaces formed of glass, plastics or metals. It
      would be very desirable to be able to apply to such surfaces a transparent
      coating capable of rendering them nonfogging while maintaining their
      required surface characteristics such as resistance to abrasion,
      scratching and solvents, as well as smoothness and gloss.
PAR  Transparent nonfogging coatings have been disclosed in U.S. Pat. Nos.
      3,488,215, 3,515,579, 3,520,949 and 3,635,756. These nonfogging coatings
      of the prior art are formed of hydrophilic acrylate or methacrylate
      polymers which may be modified by copolymerization with a monobasic or
      polybasic unsaturated carboxylic acid or partial ester of the acid. The
      polymer may be crosslinked with a polyepoxide.
PAR  The nonfogging coatings of the prior art are relatively brittle when not
      plasticized with absorbed or adsorbed moisture (i.e., when not serving as
      a nonfogging surface) and they undergo a momentary fogging when first
      exposed to moisture before attaining a nonfogged state.
PAR  It is apparent that it would be desirable to have a nonfogging coating
      which can, if desired, exhibit flexibility, which does not undergo a
      preliminary fogging and which still possesses all of the other desirable
      characteristics of a nonfogging surface.
PAR  It is therefore a primary object to provide an improved method for treating
      surfaces to render them nonfogging. It is another object to provide such a
      method which deposits on the surfaces so treated a coating which may be
      formed to have controllable flexibility, which does not undergo a
      preliminary fogging, which is transparent and which exhibits resistance to
      abrasion, scratching, solvent cleaners and washing with water. An
      additional object is to provide a method of the character described which
      deposits on glass, plastic or metal surfaces a coating which exhibits good
      adhesion to all such surfaces.
PAR  It is another primary object of this invention to provide substrates of
      glass, plastic or metal (including metallized surfaces) having adhered to
      at least a portion of its surface a nonfogging coating which is
      characterized by high resistance to abrasion, scratching, solvents and
      water and which does not undergo a preliminary fogging before attaining a
      nonfogged condition when exposed to moisture. A further object of this
      invention is to provide flexible substrates having a flexible nonfogging
      coating. Still another object is to provide substrates of the character
      described to which the nonfogging coating remains tightly adhered over a
      wide range of atmospheric conditions, particularly moisture content and
      temperature. Other objects of the invention will in part be obvious and in
      part be apparent hereinafter.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      article possessing the features, properties, and the relation of elements,
      which are exemplified in the following detailed disclosure, and the scope
      of the invention will be indicated in the claims.
PAR  In the practice of this invention, surfaces of glass, plastics and metals
      (including metallized objects) are made nonfogging by depositing on them a
      thin transparent film of a block copolymer, the blocks of which are
      characterized as being alternately polyurethanes and polyacrylics. The
      polyacrylic blocks are chosen to possess hydrophilic characteristics, and
      it is preferable that the polyurethane blocks also exhibit some
      hydrophilic characteristics without being soluble in or degradable by
      water.
PAR  The urethane-acrylic block polymers suitable for the practice of this
      invention are formed by the methods taught by Tobolsky in U.S. Pat. Nos.
      3,257,476 and 3,291,859. In preparing the block copolymers a prepolymer
      (typically a polyether or polyester) is reacted with an isocyanate or a
      diisocyanate and then the isocyanate-terminated prepolymer is in turn
      reacted with a dual functional free radical initiator such as a
      hydroperoxide or dihydroperoxide and the resulting polymeric
      peroxycarbamate is used to polymerize a vinyl monomer to form the desired
      block copolymer. The formation of these block copolymers is carried out in
      solution. If the polymeric peroxycarbamate is isolated, it is also
      possible to carry out bulk or suspension polymerization. The use of an
      aliphatic diisocyanate and a dihydroperoxide in the synthesis of the
      polymeric peroxycarbamate gives rise to block copolymers of this type
      which are transparent and which have a very low or negligible vinyl
      homopolymer content. (See "Synthesis and Characterization of Some New
      Polymeric Peroxycarbamates" by B. M. Baysal, W. T. Short and A. V.
      Tobolsky in Journal of Polymer Science: Part A-1, Vol. 10, 909-919(1972) )
      This latter method using the aliphatic diisocyanate and dihydroperoxide is
      preferred for forming the block copolymers used in the practice of this
      invention.
PAR  We have found that by forming block copolymers in the manner described by
      Tobolsky using hydrophilic acrylic monomers and isocyanate-terminated
      prepolymers which are of predetermined length to obtain the desired degree
      of flexibility, it is possible to use the resulting block copolymers in
      forming improved nonfogging coatings on surfaces. The nonfogging coatings
      adhere well to all types of surfaces, do not undergo a preliminary fogging
      prior to becoming nonfogging, and they can be formed to remain flexible in
      the absence of any moisture.
PAR  The monomers which are suitable for polymerization as one block of the
      block copolymers are the polymerizable diene and vinyl monomers which form
      hydrophilic polyacrylics. Among such monomers are the hydroxyalkyl
      acrylates such as 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate and
      3-hydroxypropyl acrylate, the hydroxyalkyl methacrylates such as
      2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate and
      3-hydroxypropyl methacrylate, diethylene glycol monoacrylate, dipropylene
      glycol monomethacrylate, diethylene glycol momomethacrylates and the like.
      Acrylamide, methylol acrylamide, methacrylamide and methylol
      methacrylamide may also be used as monomers in forming the block
      copolymers.
PAR  In preparing hydroxyalkyl acrylates and methacrylates a small amount of the
      corresponding diacrylate or dimethacrylate is normally formed. These
      materials need not be removed for they may contribute to the hardness and
      resistance of the coating to abrasions, scratches and solvents as well as
      serve as crosslinking agents. Generally not over 2 % by weight of these
      by-products is desirable.
PAR  A small amount (e.g., up to about 10 percent by monomer weight) of an
      ethylenically unsaturated acid may also be present in the monomer
      polymerized by the polymeric polyperoxycarbamate. Among such ethylenically
      unsaturated acids are acrylic, cinnamic, crotonic, methacrylate, itaconic,
      aconitic, maleic, fumaric, measaconic and citraconic acids. Partial esters
      of these acids may also be added in minor quantities. Exemplary of such
      partial esters are mono-2-hydroxypropyl itaconate, mono-2-hydroxyethyl
      citraconate, mono-2-hydroxypropyl aconitate, monoethyl itaconate and the
      like.
PAR  The prepolymer used in forming the polymeric peroxycarbamate must be one
      which forms a polyurethane block which is not soluble in or degradable by
      moisture. In other words, the polyurethane block must remain stable when
      subjected to moisture, water and cleaning solvents such as ammonia. The
      polyurethane block may be capable of absorbing or adsorbing some moisture,
      a property which is believed to contribute to the nonfogging property of
      the coating film of block copolymer. Generally, polyethers of relatively
      high molecular weights (for example, 2000 and above) are preferred as the
      prepolymer component. However, polyesters which give rise to polyurethane
      blocks meeting the requirement for resistance to water and solvents may
      also be used. Exemplary of the polyethers which are preferred are the
      polyethylene glycols sold by Union Carbide Corporation under the
      Registered Trademark "Carbowax." Exemplary of the polyesters are those of
      adipic acid, such as ethylenepropylene adipate and butylene adipate.
PAR  The amount of polyurethane in any one block copolymer of the type used
      determines to a large extent the flexibility of the nonfogging film
      coating. Since the polyurethane blocks impart flexibility, it follows that
      increased flexibility is attained with increased polyurethane content.
      Since, however, the polyurethanes are generally more susceptible to
      degradation by water or solvents over extended periods of time, the
      optimum amount of polyurethane in the block copolymer must be a balance of
      these two factors for any one use for the resulting treated nonfogging
      surface. For example, if the nonfogging coating is to be applied to
      transparent wrapping material for foods stored at low temperatures, then
      the factor of flexibility is more important than that of long-time
      resistance to water, solvents, abrasion and scratching and a greater
      amount of polyurethane may be incorporated into the block copolymer to
      attain flexibility. If, on the other hand, the nonfogging coating is to be
      applied to an automobile windshield or to a bathroom mirror for example,
      then flexibility is of no importance and resistance to water, cleansing
      agents, solvents, abrasion and scratching is of major importance.
PAR  The amount of polyurethane present in the block copolymer may be controlled
      by the molecular weight of the prepolymer (e.g., polyether) used, the
      reaction conditions and reactants used and most importantly of all by the
      use of chain extenders such as butane diol. The use of such chain
      extenders is known and it is within the skill in the art to adjust the
      chain length of the polymeric peroxycarbamate to obtain a block copolymer
      having the desired quantity of polyurethane blocks. The amount of
      polyurethane in the block copolymer will generally range between about 10
      and 40 weight percent of the block copolymer, the amount depending upon
      the factors discussed.
PAR  If desired, crosslinking of the block copolymer may be accomplished to give
      the finished nonfogging coating additional strength and additional
      resistance to abrasion, wear and cleansing. Before the block copolymer is
      applied to the surface to be rendered nonfogging, any well-known
      crosslinking agent (e.g., ethylene glycol dimethacrylate, divinyl benzene,
      divinyl toluene) may be added up to about 20% by weight of the block
      copolymer. The crosslinking agent should be one which does not detract
      from the transparency or other physical properties of the coating. It is
      also within the scope of this invention to mix a minor amount (i.e., less
      than 50% by block copolymer weight) of a polyepoxide with the block
      copolymer. Cycloaliphatic diepoxides such as vinyl cyclohexane dioxide,
      3,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexane carboxylate, butadiene
      diepoxide, bisphenol A-epichlorohydrin and the like are illustrative of
      the polyepoxides which may be added.
PAR  The block copolymer film coating is conveniently applied in solution to the
      surface to be rendered nonfogging. Suitable solvents include, but are not
      limited to, blends of ethylene glycol monomethyl ether and methylethyl
      ketone, ethyl alcohol, dimethyl formamide, methyl alcohol, blends of the
      ethylene glycol monomethyl ether with acetone and the like. Final coating
      film thicknesses should range between about 0.25 to 10 mils thick, while
      from 1-3 mils is preferred. The final coating film thickness desired will
      determine the solids concentration of the solution or dispersions used.
      Generally, concentration of from about 5 to 20% by weight will be
      satisfactory.
PAR  The coating solution may be applied by any suitable technique such as by
      dipping, spraying, painting, knife-coating or by printing. Subsequent to
      application of the coating liquid, the solvent is removed by heating to
      leave a transparent film tightly adhered to the substrate. As an
      alternative to depositing a film-forming coating liquid to the surface to
      be rendered nonfogging, it is also within the scope of this invention to
      preform the thin film of the blockcopolymer and adhere it with an inert
      transparent adhesive to the surface to be rendered antifogging. Such an
      adhesive may be a cured-in-place monomer, along with a suitable catalyst,
      such as a transparent acrylic monomer.
PAR  The substrate to which the nonfogging film is applied may have a glass,
      plastic or metal (including metallized) surface. Illustrative of the types
      of surfaces which can be made nonfogging are vehicle windows such as those
      in automobiles, buses, aeroplanes and the like, optical lenses (glass and
      plastic) in eyeglasses, photographic equipment and binoculars; mirrors;
      and transparent packaging films.
DETD
PAR  The following examples, which are illustrative and not meant to be
      limiting, are given to provide an additional description of the invention.
PAC  EXAMPLE 1
PAR  Into a flask equipped with an agitator and heated by means of a controlled
      temperature oil bath were charged 292 grams of toluene, 500 grams of a
      polyethylene glycol (molecular weight range of 3000 to 3700), 93.7 grams
      of bis(4-isocyanatocyclohexyl) methane and 0.5 gram of dibutyl tin
      dilaurate.
PAR  The flask was placed under a nitrogen atmosphere and the contents were
      rapidly agitated and heated to 70.degree.C. After 3 hours at 70.degree.C,
      32.7 grams of 2,5-dimethylethyl-2,5-bis-(hydroperoxy) hexane, 2.66 grams
      of dibutyl tin dilaurate and 189 grams of toluene were added. The solution
      was heated and stirred under nitrogen at 50.degree.C for a period of 4
      hours to form a solution of polymeric peroxycarbamate.
PAR  Thirty-five grams of the polymeric peroxycarabamate solution (20 grams on a
      dry solids basis) was charged in a flask equipped with a stirrer and
      heated in an oil bath. To this were added 162 grams of 2-hydroxyethyl
      methacrylate, 18 grams of acrylic acid, and 800 grams of ethylene glycol
      monomethyl ether. The reaction was carried out under CO.sub.2 for six
      hours at 85.degree.C. The reaction was terminated and the block copolymer
      was precipitated in water, filtered, and dried under vacuum at
      45.degree.C. A 90% yield was obtained and the block copolymer was
      approximately 10% mole concentration of urethane and 90% mole
      concentration of acrylic segments.
PAR  The polymer was dissolved at 20% by weight concentration in a 75/25 blend
      of ethylene glycol monomethyl ether and methylethyl ketone. The solution
      was applied to a clean glass plate and dried in a circulating air oven at
      120.degree.C. The resulting coating was light transmitting and optically
      clear, adherent to the glass, and did not fog upon exposure to hot moist
      air.
PAC  EXAMPLE 2
PAR  Ten grams of the block copolymer of Example 1 was dissolved in 70 grams of
      a 75/25 blend of ethylene glycol monoethyl ether/methylethyl ketone. To
      this solution were added 0.27 gram of ethylene glycol dimethacrylate as a
      cross linking agent and 0.02 gram of t-butyl peroctoate as a catalyst. The
      resulting solution was applied to a clean glass plate at 4 mils wet
      thickness and then dried and cured in a circulating air oven for 16 hours
      at 120.degree.C. The resulting film coating was optically clear, adherent
      to the glass, hard and resistant to abrasion and scratching. The film
      coating did not fog when exposed to hot moist air.
PAC  EXAMPLE 3
PAR  An equal amount of cycloaliphatic diepoxide resin (sold as ERL-4221 by
      Union Carbide Corporation) and identified as
      3,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexane carboxylate was
      substituted for the ethylene glycol dimethacrylate in Example 2, but the
      t-butyl peroctoate was eliminated. The resulting solution was applied in
      the same manner as in Example 2. The nonfogging coating deposited on the
      glass plate exhibited essentially the same properties as that formed in
      Example 2.
PAC  EXAMPLE 4
PAR  Into a flask equipped as described in Example 1 were added 500 grams of the
      polyethylene glycol, 93.7 grams of the diisocyanate used in Example 1, 0.5
      gram of dibutyl tin dilaurate and 292 grams of toluene. The reaction was
      carried out under nitrogen for 3 hours at 70.degree.C. At this point, 16.3
      grams of the dihydroperoxide of Example 1, 7.9 grams of butanediol, 2.66
      grams of dibutyl tin dilaurate, and 189 grams of toluene were added and a
      reaction continued at 50.degree.C for a period of 4 hours.
PAR  Into a flask equipped with stirrer and heated in an oil bath were charged
      71 grams of the polymeric peroxycarbamate solution prepared (40 grams of
      the poly(peroxycarbamate) on a dry solids basis), 144 grams of
      2-hydroxyethyl methacrylate, 16.0 grams of acrylic acid, and 800 grams of
      ethylene glycol monomethyl ether. The reaction was carried out under
      CO.sub.2 for 6 hours at 85.degree.C, terminated, and the block copolymer
      was precipitated in water, filtered, and dried under vacuum as in Example
      1. The product block copolymer had a weight ratio of
      polyurethane/polyacrylic of about 20/80.
PAR  The product was dissolved at a concentration of 20% by weight in a 75/25
      blend of ethylene glycol monomethyl ether and methylethyl ketone, applied
      to a clean glass plate and dried in a circulating air oven at
      120.degree.C. The resulting coating was light transmitting, optically
      clear, adherent to the glass, and did not fog under exposure to hot, moist
      air. The coating may be crosslinked as in Example 2 or 3 to enhance its
      durability and resistance to washing in water and detergents.
PAC  EXAMPLE 5
PAR  A flask similar to that used in Example 1 was charged with 500 grams of
      polyethylene glycol having a molecular weight range of 3000 to 3700, 93.7
      grams of bis(4-isocyanatocyclohexyl) methane, 0.5 gram of butyl tin
      dilaurate and 292 grams of toluene. The reaction was carried out under
      nitrogen for 3 hours at 70.degree.C. At this point, 8.1 grams of
      2,5-dimethylethyl-2,5-bis(hydroxperoxy) hexane, 12 grams of butanediol as
      a chain extender, 2.66 grams of butyl tin dilaurate, and 189 grams of
      toluene were added to the flask contents and the reaction continued for 4
      hours at 50.degree.C.
PAR  Into a flask equipped with a stirrer and heated in an oil bath was charged
      142 grams of the above reaction solution (80 grams of
      poly(peroxycarbamate) on a dry solids basis), 108 grams of 2-hydroxyethyl
      methacrylate, 12 grams of acrylic acid, and 800 grams of ethylene glycol
      momomethylether. The reaction was carried out under CO.sub.2 for 6 hours
      at 85.degree.C, terminated and the resulting block copolymer precipitated
      in water, filtered, and dried under vacuum as in Example 4.
PAR  The product block copolymer, which had a polyurethane polyacrylic weight
      ratio of 40/60, was dissolved at 20% concentration by weight in a 75/25
      blend of ethylene glycol monomethyl ether and methylethyl ketone, applied
      as a thin coating to a clean glass plate and dried at 120.degree.C. The
      resulting coating was light transmitting and optically clear and did not
      fog upon exposure to hot moisture. The coating of this example was softer
      and much more flexible than that of Example 4 due to the relatively large
      amount of polyurethane present.
PAC  EXAMPLE 6
PAR  500 grams of poly(butylene adipate), 131 grams of
      bis(4-isocyanatocyclohexyl)methane, 300 grams of toluene and 0.5 gram of
      butyl tin dilaurate were reacted for 3 hours at 80.degree.C under
      nitrogen. Then 23.5 grams of 2,5-dimethylethyl-2,5-bis(hydroperoxy)
      hexane, 11.2 grams of butanediol, 2.7 grams of butyl tin dilaurate and 190
      grams of toluene were added. This solution was heated and stirred under
      nitrogen at 50.degree.C for a period of 4 hours.
PAR  The block copolymer was prepared by reacting 20 grams of the polymeric
      peroxycarbamate prepared, 162 grams of 2-hydroxyethyl methacrylate, 18
      grams of acylic acid in 800 grams of ethylene glycol momomethyl ether
      under CO.sub.2 for 6 hours at 85.degree.C. The reaction was terminated and
      the block copolymer was precipitated in water, filtered, and dried under
      vacuum at 45.degree.C. A 90% yield was obtained. The block copolymer was
      approximately 10% mole concentration of urethane and 90% mole
      concentration of acrylic segments.
PAR  The polymer was dissolved at 20% by weight concentration in a 75/25 blend
      of ethylene glycol monomethyl ether and methylethyl ketone. The solution
      was applied to a clean glass plate and dried in a circulating air oven at
      120.degree.C. The resulting coating was light transmitting and optically
      clear, adherent to the glass, and did not fog upon exposure to hot, moist
      air.
PAR  In using a block copolymer containing alternative blocks of polyurethanes
      and hydrophilic polyacrylics it is possible to form a nonfogging coating
      which in performance is equal to or better than the presently available
      nonfogging coatings and which may be made with a desired degree of
      flexibility.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the article set forth without departing from the scope of the invention,
      it is intended that all matter contained in the above description shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for rendering a surface of a substrate nonfogging, comprising
      the step of adhering to said surface a thin transparent film of a block
      copolymer characterized as containing alternating blocks of a hydrophilic
      polyetherurethane and of a hydrophilic polyacrylic which is a copolymer of
      a hydroxy-substituted acrylate and an ethylenically unsaturated acid, the
      weight ratio of said polyetherurethane to said copolymer ranging between
      about 10 to 90 and about 40 to 60.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said adhering step comprises
      forming a solution of said block copolymer and applying said solution to
      said surface.
NUM  3.
PAR  3. A method in accordance with claim 2 including the step of adding a
      crosslinking agent for said block copolymer to said solution.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said adhering step comprises
      fixing a preformed film of said block copolymer to said surface through a
      transparent adhesive.
NUM  5.
PAR  5. A method in accordance with claim 4 wherein said adhesive is a
      polymerized-in-place monomer.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said polyetherurethane
      blocks in said block copolymer are formed by reacting a polyethylene
      glycol having a molecular weight of at least 2000 with a diisocyanate.
NUM  7.
PAR  7. A method in accordance with claim 6 including the step of adding a chain
      extender to said polyethylene glycol whereby said ratio of
      polyetherurethane/polyacrylic is increased and the flexibility of said
      film of block copolymer is increased.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein said hydroxy-substituted
      acrylate in said copolymer is 2-hydroxyethyl methacrylate.
NUM  9.
PAR  9. A method in accordance with claim 1 wherein said copolymer comprises
      copolymerized 2-hydroxyethyl methacrylate and acrylic acid.
NUM  10.
PAR  10. A method in accordance with claim 1 wherein said thin film ranges in
      thickness between about 0.25 and 10 mils.
NUM  11.
PAR  11. A method in accordance with claim 1 wherein said ethylenically
      unsaturated acid in said copolymer is present in an amount up to about 10%
      by weight of said hydroxy-substituted acrylate.
NUM  12.
PAR  12. An article of manufacture comprising a substrate having on at least one
      surface thereof a nonfogging, transparent coating comprising a thin
      transparent film of a block copolymer, the blocks of which are
      characterized as being a hydrophilic polyetherurethane alternating with a
      hydrophilic polyacrylic which is a copolymer of a hydroxy-substituted
      acrylate and an ethylenically unsaturated acid, the weight ratio of said
      polyetherurethane to said copolymer ranging between about 10 to 90 and
      about 40 to 60.
NUM  13.
PAR  13. An article in accordance with claim 12 wherein said substrate is glass.
NUM  14.
PAR  14. An article in accordance with claim 13 wherein said glass is in the
      form of an optical lens.
NUM  15.
PAR  15. An article in accordance with claim 13 wherein said glass is a
      contoured window.
NUM  16.
PAR  16. An article in accordance with claim 12 wherein said substrate is a
      mirror.
NUM  17.
PAR  17. An article in accordance with claim 12 wherein said substrate is a
      plastic.
NUM  18.
PAR  18. An article in accordance with claim 12 wherein said substrate is a
      metal.
NUM  19.
PAR  19. An article in accordance with claim 12 wherein said substrate is
      flexible.
NUM  20.
PAR  20. An article in accordance with claim 19 wherein said flexible substrate
      is transparent packaging film.
NUM  21.
PAR  21. An article in accordance with claim 12 further characterized in that
      said block copolymer is crosslinked.
NUM  22.
PAR  22. An article in accordance with claim 12 wherein said polyetherurethane
      blocks in said block copolymer are formed by reacting a polyethylene
      glycol having a molecular weight of at least 2000 with a diisocyanate.
NUM  23.
PAR  23. An article in accordance with claim 22 wherein the polyether chain in
      said polyetherurethane block is extended whereby the flexibility of said
      film of block copolymer is increased.
NUM  24.
PAR  24. An article in accordance with claim 12 wherein said hydroxy-substituted
      acrylate in said copolymer is 2-hydroxyethyl methacrylate.
NUM  25.
PAR  25. An article in accordance with claim 12 wherein said copolymer comprises
      copolymerized 2-hydroxyethyl methacrylate and acrylic acid.
NUM  26.
PAR  26. An article in accordance with claim 12 wherein said thin film ranges in
      thickness between about 0.25 and 10 mils.
NUM  27.
PAR  27. An article in accordance with claim 12 wherein said ethylenically
      unsaturated acid in said copolymer is present in an amount up to about 10%
      by weight of said hydroxy-substituted acrylate.
PATN
WKU  039353680
SRC  5
APN  1588249
APT  1
ART  162
APD  19710701
TTL  Vinyl chloride flooring material coated with a hydrophilic acrylic
      polymer
ISD  19760127
NCL  2
ECL  1
EXA  Childs; Sadie L.
EXP  Martin; William D.
NDR  1
NFG  2
INVT
NAM  Weiss; Jonas
CTY  Plainfield
STA  NJ
ASSG
NAM  National Patent Development Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  428337
XCL  427385
XCL  428339
XCL  428520
EDF  2
ICL  B05D  302
ICL  B32B 2708
FSC  117
FSS  16 UT;16 UB;16 UC;138.8 UA
FSC  161
FSS  254
FSC  428
FSS  337;339;520
FSC  427
FSS  385
UREF
PNO  2681897
ISD  19540600
NAM  Frazier et al.
OCL  260 86.1
UREF
PNO  2816852
ISD  19571200
NAM  Banks
OCL  161254
UREF
PNO  2987103
ISD  19610600
NAM  Yakubik
OCL  161254
UREF
PNO  3216852
ISD  19651100
NAM  Goldberg
UCL  117161
UREF
PNO  3249463
ISD  19660500
NAM  Carlee
UCL  117161
UREF
PNO  3296723
ISD  19670100
NAM  Gobel
UCL  117161
UREF
PNO  3311583
ISD  19670300
NAM  Bearden
UCL  117161
UREF
PNO  3361696
ISD  19680100
NAM  Bolgiano et al.
UCL  117161
UREF
PNO  3519527
ISD  19700700
NAM  Crowley
UCL  117161
UREF
PNO  3560237
ISD  19710200
NAM  Miller
UCL  117161
UREF
PNO  3567118
ISD  19710300
NAM  Shepherd et al.
UCL  117161
UREF
PNO  3577311
ISD  19710500
NAM  Reiter et al.
OCL  161254
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A hydrophilic hydroxyalkyl or lower alkoxyalkyl acrylate or methacrylate
      polymer is employed as a protective coating for a vinyl chloride resin or
      polymer flooring material. A glossy surface is produced which can be
      maintained by buffing without waxing. Improved soil and stain resistance
      are also imparted to the flooring.
BSUM
PAR  The present invention relates to flooring materials such as vinyl floor
      tiles and vinyl sheeting.
PAR  Existing flooring materials, such as vinyl floor tiles and vinyl sheeting,
      e.g., from vinyl chloride resins or polymers require protective coatings
      to reduce soiling, staining, and prevent reduction of gloss through
      abrasion. Conventional protective coatings, such as waxes and
      factory-applied finishes, are only partially effective, and in addition
      have very short lifetime in comparison to that of the flooring material,
      necessitating frequent maintenance. The protective coatings described in
      this invention have improved soil-and stain-resistance and cleanability,
      which allows significantly less maintenance. Also, many of the materials
      described are permanent coatings, which require only the usual cleaning,
      but no stripping and reapplication, as in the case of conventional waxes.
      A permanent, glossy surface can be maintained by buffing without waxing.
PAR  The protective coatings of this invention are hydrophilic acrylic polymers
      (including copolymers which also embraces terpolymers, tetrapolymers,
      etc.) These include polymers of hydroxyl-containing lower alkyl acrylates
      or methacrylates, such as hydroxyethyl methacrylate or hydroxy propyl
      acrylate, or lower alkoxy-containing lower alkyl acrylates or
      methacrylates, such as ethoxyethyl acrylate or methoxyethyl methacrylate,
      or carboxyl - containing monomers such as methacrylic acid or acrylic
      acid.
PAR  Additional hydrophilic polymers include polymers of hydroxypropyl
      methacrylate, hydroxy ethyl acrylate, ethoxyethyl methacrylate, and
      methoxyethyl acrylate methoxypropyl acrylate.
PAR  The lower alkoxy groups of the hydrophilic alkoxyalkyl acrylates and
      methacrylates generally having 1 to 2 carbon atoms and the preferred lower
      alkyl groups of the hydroxyalkyl and alkoxyalkyl acrylates and
      methacrylates have 2 to 3 carbon atoms.
PAR  For most purposes, the hydroxyalkyl acrylate and methacrylate polymers are
      preferred, particularly the polymers of 2-hydroxyethyl methacrylate
      (HEMA).
PAR  Hardness and elasticity can be adjusted by copolymerizing with hydrophobic
      monomers that give hard, relatively non-elastic films such as alkyl
      methacrylates such as methyl methacrylate, ethyl methacrylate, propyl
      methacrylate, butyl methacrylate, dodecyl methacrylate, as well as other
      hydrocarbyl methacrylates having up to 12 carbon atoms or more in the
      hydrocarbyl groups, e.g., norbornyl methacrylate.
PAR  On the other hand, softer and more elastic copolymer films can be obtained
      by copolymerizing with methyl acrylate, ethyl acrylate, n-butyl acrylate,
      octyl acrylate, dodecyl acrylate, 2-ethyl hexyl acrylate or other
      hydrocarbyl acrylates having up to 12 carbon atoms or more in the
      hydrocarbyl group, e. g., norbornyl acrylate.
PAR  Sensitivity to water and water-borne stains, and strippability with a basic
      cleaning solution, such as aqueous ammonia, can be adjusted by varying the
      amount of hydrophilic component in the polymer; carboxyl groups especially
      impart sensitivity to basic cleaning solutions. The polymer may be
      crosslinked to form a permanent coating on the flooring, or may be left
      uncrosslinked to give a removable coating. Metal salts, such as ammonium
      dichromate or diepoxide and anhydrides and aminoplasts, may be used to
      crosslink the hydroxyl-containing polymers. Also conventional
      polyethylenically unsaturated crosslinking agents can be used.
PAR  Thus, there can be used 0.25 to 20%, usually 0.5 to 10%, preferably not
      over 2%, of a polyethylenically unsaturated compound such as ethylene
      glycol diacrylate, ethyleneglycol dimethacrylate, diethylene glycol
      dimethacrylate, divinyl benzene, divinyl toluene, triallyl melamine, N,
      N'-methylene-bis-acrylamide, glycerine trimethacrylate, diallyl maleate,
      divinyl ether, diallyl mono ethylene glycol citrate, allyl vinyl maleate,
      ethylene glycol vinyl allyl citrate, diallyl itaconate, ethylene glycol
      diester of itaconic acid, propylene glycol dimethacrylate, propylene
      glycol diacrylate, divinyl sulfone, hexahydro-1,3,5-triacryltriazine,
      triallyl phosphite, diallyl ester of benzene phosphonic acid, polyester of
      maleic anhydride with triethylene glycol, diethylene glycol diacrylate,
      polyallyl sucrose, polyallyl glucose, e. g., diallyl sucrose and triallyl
      glucose, sucrose diacrylate, glucose dimethacrylate, pentaerythritol
      diacrylate, sorbitol dimethacrylate.
PAR  As the aminoplasts there are used condensation products of an aldehyde,
      preferably formaldehyde, with a urea (i. e., urea per se or substituted
      ureas) or aminotriazine, e. g., urea, thiourea, ethylene urea,
      dicyandiamide, melamine, benzoguanamine, acetoguanamine, formoguanamine,
      ammeline, ammelide, 2,4,6-triethyl triamino  1,3,5-triazine,
      2,4,6-triphenyl triamino 1,3,5-triazine as well as the other amino
      triazines disclosed in Widmer U.S. Pat. No. 2,197,357 for example. The
      aminoplast is normally present as a solvent dispersion of a solvent
      dispersible, fusible, thermosetting, aminoplast resin forming reaction
      product of the urea or aminotriazine and the aldehyde. The aminoplast is
      normally soluble in water and/or alcohol. It can be a low molecular weight
      resin or a monomer such as dimethylolurea, sesquimethylol urea,
      trimethylol melamine, dimethylol melamine, hexamethylol melamine,
      trimethylol melamine trimethyl ether, hexamethylol melamine hexamethyl
      ether or trimethylol benzoguanamine for example. The use of melamine or
      other aminotriazines is preferred to urea.
PAR  The aminoplasts are used in minor amount, e. g. 0.1 to 10% of the weight of
      the hydrophilic polymer, and the ammonium dichromate is normally used in
      an amount of 0.02-1% by weight of the hydrophilic polymer.
PAR  As epoxides this can be used with a polyepoxide containing at least two
      vicinal epoxy groups. Illustrative examples of such a polyepoxide include
      cycloaliphatic diepoxide such as vinyl cyclohexene dioxide,
      3,4-epoxycyclohexylmethyl-3' ,4'-epoxycyclohexane carboxylate (Unox 221);
      3,4-epoxy - 6 - methyl cyclohexylmethyl -3',4'- epoxy - 6 -
      methylcyclohexamine carboxylate (Unox 201); limonene dioxide, 3,4-epoxy
      cyclohexyl -2'4'-dioxy-6',7'-epoxy-spiroindane; butadiene diepoxide,
      Bisphenol A-epichlorhydrin. The ratio of polyepoxide to copolymer in the
      mixture can vary over a wide range. The ethylenically unsaturated acid
      when employed can be used in an amount of 0.01 to 10% of the total
      copolymer. When hydrophobic monomers are included in making the copolymer,
      they can be used in an amount as little as 0.1% or as much as 90%.
      Preferably, the hydrophilic monomer, e. g., hydroxyalky acrylate or
      methacrylate or lower alkoxy, lower alkyl acrylate or methacrylate is
      present in an amount of at least 50 % of the total monomers.
PAR  The floor tile or sheeting can be made from either pure vinyl chloride
      resin (polymer) or vinyl chloride resin (polymer), containing asbestos as
      is well known in the art. Usually, the vinyl chloride resin is made from
      monomers consisting of vinyl chloride alone or a mixture of monomers
      comprising at least 70% vinyl chloride by weight. The comonomer can be as
      little as 1% of the monomers. As copolymerizable materials with the vinyl
      chloride, there can be used 1 to 30%, of a copolymerizable ethylenically
      unsaturated material such as vinyl acetate, vinyl butyrate, vinyl
      benzoate, vinylidene chloride, diethyl fumarate, diethyl maleate, other
      alkyl fumarates and maleates, vinyl propionate, methyl acrylate,
      2-ethylhexyl acrylate, butyl acrylate and other alkyl acrylates, methyl
      methacrylate, ethyl methacrylate, butyl methacrylate and other alkyl
      methacrylates, methyl alpha chloroacrylate, styrene, trichloroethylene,
      vinyl ethers such as vinyl ethyl ether, vinyl chloroethyl ether and vinyl
      phenyl ether, vinyl ketones such as vinyl methyl ketone and vinyl phenyl
      ketone, 1-fluoro-1-chloroethylene, acrylonitrile, chloroacrylonitrile,
      allylidene diacetate and chloroallylidene diacetate. Typical copolymers
      include vinyl chloride-vinyl acetate (96:4 sold commercially as VYNW),
      vinyl chloride-vinylacetate (87.13), vinyl chloride-vinyl acetate-maleic
      anhydride (86:13:1), vinyl chloride-vinylidene chloride (95:5), vinyl
      chloridediethyl fumarate (95:5), vinyl chloride-trichloroethylene (95:5),
      vinyl chloride-2-ethylhexyl acrylate (80-20).
PAR  The vinyl resin can be stabilized as is conventional art. Thus, there can
      be used organotin stabilizers such as dibutyltin dilaurate or dibutyltin
      oxide, bariumcadmium laurate, calcium stearate, barium 2-ethyl hexoate,
      zinc stearate, organic phosphites, e.g., triphenyl phosphite, phenyl
      didecyl phosphite, diphenyl decyl phosphite, tris decyl phosphite, dibasic
      lead phosphite, etc.
DRWD
PAR  The invention will be understood best in connection with the drawings,
      wherein:
PAR  FIG. 1 is a plan view of a vinyl chloride resin floor tile having a coating
      according to the invention, and
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1.
PAR  Referring more specifically to the drawings, there is provided a vinyl
      chloride polymer tile 2, and there is applied to the upper surface a thin
      coating 4 of a 2-hydroxyethyl methacrylate polymer to impart improved soil
      and stain resistance and cleanability.
PAR  The vinyl chloride resin floor tile or floor sheeting, e.g., calendered
      sheeting or pressed sheeting, generally has a thickness of 10 mils to 500
      mils usually 1/16 to 1/8 inch.
PAR  Typical formulations for making vinyl chloride floor tile (including vinyl
      chloride-asbestos flooring) are set forth in formulae A to C.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAC  FORMULA A
TBL  Polyvinyl chloride, Number average molecular weight                       

     50,000 specific viscosity 0.40 (0.4 g. in                                 

     100 ml. of cyclohexanone at 75.degree.C.                                  

                                 27.50%                                        

     barium - cadmium laurate    0.95                                          

     triphenyl phosphite         0.35                                          

     dipropylene glycol dibenzoate                                             

                                 11.00                                         

     epoxidized soybean oil      1.10                                          

     clay                        32.80                                         

     -325 mesh calcium carbonate 25.30                                         

     stearic acid                0.19                                          

     paraffin wax                0.81                                          

                                 100%                                          

PAC  FORMULA B
TBL  Polyvinyl chloride specific viscosity                                     

     1.80 (1% in cyclohexanone at 30.degree.C.),                               

     Number average Molecular weight 73,000                                    

                                 25.0%                                         

     diisodecyl phthalate        5.0                                           

     clay                        35.0                                          

     butyl cyclohexyl phthalate  3.5                                           

     epoxidized soybean oil      1.0                                           

     -325 mesh calcium carbonate 25.0                                          

     polymerized rosin           1.0                                           

     paraffin wax                0.5                                           

     stearic acid                0.25                                          

     rosin - modified glycol ester alkyd resin                                 

                                 21.0                                          

     barium - cadmium laurate    1.25                                          

     phenyl didecyl phosphite    0.5                                           

PAC  FORMULA C
TBL  vinyl chloride -- vinyl acetate copolymer                                 

     (87:13) number average molecular                                          

     weight 25,000                 15%                                         

     alpha methyl sytrene polymer  2                                           

     dioctyl phthalate             5                                           

     hydrocarbon oil (extender plasticizer)                                    

                                   1                                           

     epoxidized soybean oil        1                                           

     barium - cadmium laurate      1                                           

     asbestos (short 7R fibers)    28                                          

     limestone filler              43                                          

     pigment, e. g. titanium dioxide                                           

                                   4                                           

PAR  The protective coatings of the present invention can also be used with
      vinyl chloride floorings of special types such as the tessellated surface
      products of Almy U.S. Pat. No. 3,170,808, the terrazo effect products of
      Slosberg U.S. Pat. No. 3,017,714, the light transmitting reflecting floor
      covering of Smith U.S. Pat. No. 3,049,459. The entire disclosures of Almy,
      Slosberg and smith are hereby incorporated by references.
DETD
PAR  Examples of hydrophilic protective coatings according to the invention are
      given below:
PAC  EXAMPLE 1
PAR  Hydroxyethyl methacrylate (12 parts), methyl methacrylate (8 parts) and
      2-methoxy ethanol (80 parts) are heated in an inert atmosphere to
      50.degree.C. Di-isopropyl peroxydicarbonate (0.08 parts) is then added and
      the temperature brought to 61.degree.C. where it is held until the percent
      solids reaches 18. After cooling, denatured alcohol (10.8 parts),
      2-methoxy ethanol (8 parts), Raybo anti-silking compound No. 3 (a dilute
      solution in xylene of polymethyl siloxane grease) (0.27 part) and a 20%
      aqueous solution of ammonium dichromate (0.8 part) are added. This
      solution is applied to clean flooring material, e.g., tile of Formulation
      A, B or C using a knife applicator or a curtain-coating machine. The
      coating is dried, and cured by exposure to ultraviolet light or by heating
      at 150.degree.C. for 15 minutes. It forms a hard clear film which resists
      soiling and staining and maintains a gloss under abrasion conditions.
PAC  EXAMPLE 2
PAR  Hydroxypropyl acrylate (9 parts) methyl methacrylate (10 parts),
      methacrylic acid (1 part) and 2-methoxy ethanol (80 parts) are heated in
      an inert atmosphere to 70.degree.C. Azo-bis-(isobutyronitrile) (0.08 part)
      is added and the temperature brought to 82.degree.C. When the percent
      solids reaches 18, the solution is diluted to 15% solids with additional
      ethanol (solvent). It is applied to a flooring product, e.g., 2-methoxy
      tile of Formulation A, and allowed to dry. It forms a tough, flexible,
      waterproof film which is removable with aqueous ammonia.
PAC  EXAMPLE 3
PAR  The same procedure as in Example No. 1 is followed except that
      2-ethoxyethyl acrylate is substituted for methyl methacrylate. The result
      is a flexible coating material which is applied to rolled sheet polyvinyl
      chloride flooring.
PAC  EXAMPLE 4
PAR  Hydroxyethyl methacrylate (16 parts), methyl methacrylate (4 parts) and
      ethyl alcohol (80 parts) are heated in an inert atmosphere to 70.degree.C.
      t-Butyl peroxyoctoate (0.06 part) is added and the reaction heated at
      reflux until a conversion of at least 90% is reached. After cooling, Raybo
      compound No. 3 (0.54 part) and a 10% aqueous chromic acetate solution (1.6
      parts) are added. The solution is applied to clean flooring material of
      Formulation C, dried, and heated at 135.degree.C. for 30 minutes. The
      result is a permanent, hard, glossy surface.
PAC  EXAMPLE 5
PAR  Hydroxyethyl methacrylate (2.5 parts), methyl methacrylate (2.5 parts),
      methyl acrylate (2.5 parts), 2-methoxy ethanol (76.5 parts), denatured
      ethyl alcohol (8.5 parts) and azo-bis-isobutyronitrile (0.03 part) are
      heated in an inert atmosphere to 80.degree.C. After 30 minutes, an
      additional 2.5 parts of each of the three monomers and an additional 0.03
      part of the initiator are added. The reaction is continued until the
      conversion to polymer reaches 90%. Triethylene diamine (0.08 part), maleic
      anhydride (0.25 part) and diepoxide ERL 4221 (3, 4-epoxycyclohexylmethyl
      3, 4-epoxycyclohexane carboxylate) (0.95 part) are dissolved in xylene (3
      parts) and added to the above reaction mixture. After coating on floor
      tiles of Formulation A, the solvent is air-dried and the coating is baked
      with infrared lamps to a tough, flexible finish.
PAC  EXAMPLE 6
PAR  The same procedure is followed as in Example No. 5, except that the ratio
      of monomers is 60 hydroxyethyl methacrylate: 20 methyl methacrylate: 20
      methyl acrylate. The resulting coating is harder and less flexible than in
      the preceding example.
PAC  EXAMPLE 7
PAR  Hydroxyethyl methacrylate (7.5 parts), 2-ethoxyethyl acrylate (7.5 parts),
      2-methoxyethanol (76.5 parts), ethyl alcohol (8.5 parts) and t-butyl
      peroxyoctoate (0.06 part) are heated to 80.degree.C. under an inert
      atmosphere. After the reaction is completed, (Cymel 301) trimethylol
      melamine (0.375 part) and zinc chloride (0.0075 part) are dissolved into
      the solution. After application to a flooring material, e.g., Formulation
      C, the coating is baked at 150.degree.C. for 30 minutes to form a hard,
      abrasion-resistant surface.
PAC  EXAMPLE 8
PAR  Hydroxyethyl methacrylate (10 parts) ethoxyethyl methacrylate (8 parts),
      hydroxypropyl acrylate (2 parts) and 2-methoxyethanol (80 parts) are
      heated in an inert atmosphere to 70.degree.C. Azo-bis-isobutyronitrile
      (0.06 part) is added and the reaction mixture heated at 80.degree.C. until
      no more conversion to polymer occurs. Denatured ethyl alcohol (6 parts),
      2-methoxyethanol (4.5 parts), Raybo compound No. 3 (0.15 part), xylene
      (2.6 parts), maleic anhydride (0.24 part), diepoxide ERL-4221 (0.9 part)
      and stannous octoate (0.08 part) are added. The hydrophilic polymer is
      applied to polyvinyl chloride tile of Formulation A and the coated product
      is air-dried and baked at 150.degree.C. to give a permanent, flexible,
      protective coating.
PAC  EXAMPLE 9
PAR  Sodium lauryl sulfate (0.75 part) and potassium persulfate (0.05 part) are
      added to deionized water (100 parts), and purged with carbon dioxide.
      2-Ethoxyethyl methacrylate (35 parts) and 2-methoxyethyl methacrylate (15
      parts) are added while stirring well. The mixture is heated to
      65.degree.C. with constant stirring and the reaction continued until
      conversion to polymer ceases. The resulting water-based latex can be
      applied to flooring materials such as Formulation A, B and C to form a
      stain-resistant protective finish.
PAC  EXAMPLE 10
PAR  The same procedure as in Example No. 9 is followed, except that the
      monomers used are 2-ethoxyethyl acrylate (25 parts), 2-ethoxyethyl
      methacrylate (20 parts) and 2-hydroxyethyl acrylate (5 parts). A similar
      latex, useful for a protective floor coating is formed.
PAR  Application of the coating to the vinyl tile or sheeting can also be
      accomplished by spraying. The hydrophilic coating of the present invention
      can be quite thin. Thus, it normally has a thickness of 0.05 to 1 mil. In
      the examples, the thickness was about 0.3 mil.
PAR  As used in the present claims, the term "homopolymer" does not exclude the
      presence of the trace amounts of ethylene glycol dimethacrylate units
      normally present in hydroxyethyl methacrylate "homopolymers" or similar
      trace amounts of the glycol diacrylates and methacrylate units present in
      polymers from the other hydroxyalkyl hydrophilic monomers mentioned.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vinyl chloride polymer flooring material, in the form of tile or
      sheeting, having a thickness of 10 to 500 mils and having a protective
      outer coating consisting essentially of a hydrophilic acrylic polymer
      selected from the group consisting of homo polymers of hydroxyethyl
      acrylate, hydroxypropyl acrylate, hydroxyethyl methacrylate, hydroxypropyl
      methacrylate, methoxyethyl acrylate, ethoxyethyl acrylate, methoxyethyl
      methacrylate and ethoxyethyl methacrylate.
NUM  2.
PAR  2. Flooring material according to claim 1, wherein the hydrophilic acrylic
      polymer is polymerized hydroxyethyl methacrylate.
PATN
WKU  039353699
SRC  5
APN  412362&
APT  1
ART  162
APD  19731102
TTL  Methods of manufacturing an insulated conductor and product produced
      thereby
ISD  19760127
NCL  9
ECL  1
EXP  Lusignan; Michael R.
NDR  2
NFG  6
INVT
NAM  George; Emanuel John
CTY  Atlanta
STA  GA
INVT
NAM  Salter; Joseph Lane
CTY  Lutherville
STA  MD
INVT
NAM  Sauer; Earl Salvator
CTY  Baltimore
STA  MD
INVT
NAM  Tidd, Jr.; Charles Edward
CTY  Baltimore
STA  MD
ASSG
NAM  Western Electric Company, Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  428379
XCL  427120
XCL  427318
EDF  2
ICL  C08G 4504
FSC  117
FSS  132 BE;132 C;137;232
FSC  260
FSS  836
FSC  427
FSS  120;318
FSC  428
FSS  379
UREF
PNO  2564194
ISD  19510800
NAM  de Nie et al.
OCL  260 45.8
UREF
PNO  2609355
ISD  19520900
NAM  Winkler
OCL  260 45.8
UREF
PNO  3141850
ISD  19640700
NAM  Lybeck
XCL  117232
UREF
PNO  3291857
ISD  19661200
NAM  Howerton
OCL  260836
UREF
PNO  3508963
ISD  19700400
NAM  Izumi et al.
OCL  117232
UREF
PNO  3513222
ISD  19700500
NAM  Speitel et al.
OCL  260836
UREF
PNO  3579608
ISD  19710500
NAM  DeCoste
OCL  260837
UREF
PNO  3623940
ISD  19711100
NAM  Gladstone et al.
XCL  117 93.31
UREF
PNO  3657381
ISD  19720400
NAM  Speitel et al.
OCL  260836
UREF
PNO  3804669
ISD  19740400
NAM  Bockstie
XCL  117232
LREP
FR2  Somers; E. W.
ABST
PAL  A priorly used three layer insulation covering for conductors forming a
      drop wire for connecting aerial distribution cables to a subscriber's
      premises is replaced with a single layer insulation of a plasticized
      polyvinyl chloride composition.
PAL  It has been found that the temperature of preheat of the conductors must
      fall with a critical range to control the adhesion of the composition to
      the conductors to be within a desired range of values. The adhesion of the
      composition to the conductors is important from the standpoint of the
      manner of installation and of strippability. The adhesion must be
      sufficient to facilitate support of the drop wire by a clamp customarily
      attached to the subscriber's premises. However, the adhesion must not be
      excessively high in that the forces required to strip the insulation from
      the conductors may damage the surfaces of the conductor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to methods of manufacturing an insulated conductor
      and the article produced thereby, and, more particularly, to methods of
      applying a plastic covering to an electrical conductor to provide a
      plastic covered conductor having a controlled adhesion of the plastic
      covering to the conductor.
PAR  2. Prior Art and Technical Consideration
PAR  Insulated electrical conductors, such as those employed in telephone
      installations, are often subjected to outdoor use or to conditions that
      expose the insulation to the deteriorating influences of light, weather,
      and possibly abrasion. With respect to telephone drop wire, which is the
      familiar black overhead wire comprised of two parallel spaced conductors
      that brings telephone service from the telephone pole to the home, it has
      been customary to enclose the conductors with an extruded rubber
      insulation covered by a cotton serving, and jacketed with a neoprene
      compound. Although such protective coatings have been in widespread use
      for many years and have proven satisfactory from most standpoints, there
      has been a long felt desire to develop an alternative, less expensive,
      insulation.
PAR  Of course, any alternative covering must have specific properties to fill
      the requirements of this type of wire. For example, it is important that
      the plastic covered drop wire be covered with an insulation material which
      has adequate properties to withstand exposure to the elements, as well as
      adequate low temperature flexibility, impact resistance, and abrasion
      resistance.
PAR  Each end portion of the wire is inserted into a metallic clamp. One of the
      clamps is attached to a subscriber's premises and the other one to a
      telephone pole prior to the electrical connection of the drop wire to
      wiring run inside the subscriber's premises and aerial distribution
      cables, respectively. At both the subscriber and the pole end of the drop
      wire, the retention of the wire in engagement with the clamp is effected
      by reactive forces exerted by the clamp on the insulation. If this is not
      transferred from the insulation to the conductors by the adhesion
      therebetween, the insulation may pull from the conductors and the entire
      weight of the drop wire would be held by the terminal connection. This may
      very well lead to a disconnection of the circuit.
PAR  On the other hand, if the adhesion between the composition and the
      conductors is too great, there may be problems in attempting to strip the
      covering from the conductors. Too great an adhesion could require an
      excessive scraping activity that would remove some of the metallic
      material from the surface portion of the conductors thereby increasing the
      electrical resistance and changing the conductivity thereof. Excessive
      scraping also unduly reduces the cross-sectional area of the wire or
      knicks it thereby reducing the strength properties of the wire to the
      detriment of its weight-supporting capability.
PAR  Drop wires have been manufactured in which coverings other than the three
      layer covering hereinbefore described have been used and which possess the
      requisite properties which includes optimum adhesion. These have generally
      involved the precoating of conductors with an adhesive followed by the
      final plastic insulation. This disadvantageously involves an extra
      manufacturing step.
PAR  A composition of matter for producing a plastic covered drop wire was
      disclosed and claimed in U.S. Pat. No. 3,579,608 issued on May 18, 1971 to
      John B. DeCoste. In that application, there was shown an
      abrasion-resistant insulating coating which included a plasticized
      polyvinyl chloride in combination with a brominated epoxy resin. It was
      disclosed that the composition possessed superior abrasion-resistant
      properties and adhered directly with the surface of a heated conductor.
      This avoided the necessity in prior art processes of applying a suitable
      adhesive to the conductor surface prior to the application of the
      insulation material thereover.
PAR  In the above-identified patent, it was disclosed that the conductors over
      which the plastic material is deposited should be preheated within the
      range of 200.degree. to 250.degree.C (392.degree. to 482.degree.F) prior
      to entering the cross head die of an extruder. It was disclosed in that
      patent that preheating the conductor to temperatures less than
      200.degree.C resulted in weak bonding of the coating to the wire whereas
      temperatures in excess of over 250.degree.C adversely affected the
      properties of the plastic composition.
PAR  It has been found that in order to obtain an optimum permanent adhesion of
      the plastic composition to the conductor, certain changes to the process
      disclosed in the above-identified patent are necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the invention, methods are provided
      for covering a metallic strand material with a composition to provide a
      covered strand material in which the adhesion of the composition to the
      metallic strand material is controlled and is within aa specified range of
      values.
PAR  A method for covering a conductor with a composition which includes a
      plasticized polyvinyl chloride, an epoxy resin, a metallic stabilizer, a
      filler system, a flame retardant constituent and a carbon black
      constituent includes the step of preheating a bare conductor to a
      temperature within the range of 525.degree. to 675.degree.F such that the
      extrusion of the composition on the conductor causes the composition to
      undergo reactions, with byproducts of the reactions causing the requisite
      adhesion of the composition to the conductor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various features of the invention will be more readily understood from
      the following detailed description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a drop wire covered with an insulating
      composition and manufactured in accordance with the principles of this
      invention;
PAR  FIG. 2 is a cross-sectional view of conductors having a three layer
      covering and representing the prior art drop wire;
PAR  FIG. 3 is a perspective view showing a typical installation of the drop
      wire to a subscriber's premises;
PAR  FIG. 4 is an enlarged view of the circled portion of the subscriber's
      premises shown in FIG. 3 and for purposes of clarity illustrating the
      details of the provisions for supporting one end of the drop wire adjacent
      the subscriber's premises;
PAR  FIG. 5 is a view of an apparatus for applying the composition to the wire
      in accordance with the principles of this invention; and
PAR  FIG. 6 is a graph using Cartesian coordinates and showing a plot of
      adhesion versus wire preheat temperature and showing a critical range for
      achieving an optimum range of adhesion values.
DETD
PAC  DETAILED DESCRIPTION
PAR  A strand material in the form of a conductor 10 to be insulated with a
      composition such as that disclosed in U.S. Pat. No. 3,579,608, or in
      accordance with the composition disclosed and claimed in this application,
      is an electroformed conductor having a diameter of approximately 0.038
      inch. The conductive element of the conductor 10 is a copper-clad steel
      strand material.
PAR  A typical overhead transmission line for connecting the subscriber's
      premises to aerial distribution cables may be manufactured in accordance
      with the principles shown in U.S. Pat. No. 2,686,859, issued Aug. 17, 1954
      in the names of Alvin N. Gray and Guy E. Murray. In order to provide the
      transmission member with strength, a high tensile strength steel core is
      used. According to recognized electrical principles, maximum conductivity
      should exist in the surface portion of an overhead transmission line. To
      insure such conductivity, a copper coating is applied over the steel core.
      A variation of this construction is shown in a patent issued in the name
      of Alvin Gray, U.S. Pat. No. 2,689,399 issued on Sept. 21, 1954.
PAR  Two of the conductors 10--10 having the hereinbefore described construction
      are covered with a composition of matter which forms an insulative
      covering 11. (see FIG. 1). The insulation covering 11 is extruded
      simultaneously over a spaced pair of spaced conductors 10--10 to form the
      configuration shown in FIG. 1 which is commonly referred to as a drop
      wire, designated generally by the numeral 12.
PAR  The drop wire 12 which includes electroformed conductors 10--10 covered
      with the insulation 11 replaces the priorly used three layer drop wire,
      designated generally by the numeral 16 and shown in FIG. 2. In that
      construction, electroformed conductors 10--10 each included a copper
      covered steel core and outer brass layer with a layer of lead interposed
      between the brass and the copper. The conductors 10--10 were enclosed
      first with a rubber covering 17 followed by a textile serving layer 18 and
      an outer covering 19 made of neoprene. A chemical reaction occurs between
      a sulphur constituent of the rubber and the brass in order to promote
      adhesion between the composition and the conductors 10--10. The lead layer
      was necessary to prevent the sulphur from also reacting with the copper
      which could impair the conductivity thereof. As should be apparent, the
      plastic covered drop wire 12 may be manufactured advantageously with less
      operations than the prior art drop wire 16 shown in FIG. 2. Moreover, line
      speeds may be increased since the slower process involving the
      vulcanization of the neoprene and the serving of textiles has been
      eliminated.
PAR  The drop wire 12 is used to bring telephone service from overhead aerial
      distribution cables 21--21 strung between telephone poles 22--22 to
      subscriber's premises. (see FIG. 3). One end of the drop wire 12 is
      supported from a wedge-shaped clamp 23 attached to a pole 22 and then
      connected to the cable 21 while the other end is supported from a similar
      clamp attached to the subscriber's homes (see FIG. 4). From there an
      electrical connection is made to conductors which are now inside the
      premises to the telephone handsets or other subscriber equipment.
PAR  The drop wire 12 forms generally a catenary between the two wedge-shaped
      clamps 23. The load due to the weight of the length of the drop wire in
      the catenary causes forces to be exerted between the clamps and the ends
      of the drop wire. The clamp 23 engages with the outwardly facing surface
      of the insulation 11. It should be apparent that if there is insufficient
      adhesion between the inwardly facing surface of the insulation 11 and the
      conductors 10--10, the reaction of the clamp 23 on the drop wire 12 could
      cause the insulation layer to be pulled therefrom and the drop wire to be
      undesirably supported solely by the terminal connections. It follows that
      the composition as applied to the conductors 10--10 must form a drop wire
      12 having at least a sufficient minimum adhesion of the wire to the
      insulation.
PAR  There are also considerations which mitigate against an overly high
      adhesion. For example, excessive adhesion would render the drop wire
      extremely difficult to strip during interconnection operation overcoming
      the adhesion to remove the insulation, an installer could knick the
      conductors 10--10. This may affect adversely the electrical properties of
      the conductors 10--10 as well as penetrate the copper cladding thereby
      exposing the steel core to possible corrosion. Hence, there is a critical
      upper limit of adhesion values as well as a critical lower limit thereof
      because of the use to which the drop wire 12 is subjected.
PAR  Lastly, the composition as applied to the conductors 10--10 must have
      requisite physical and electrical properties and must not degrade during
      the processing thereof. For example, the composition must be tough, have
      adequate low temperature flexibility, acceptable resistance to
      compression, ultra-violet resistance, acceptable weatherability and
      adequate flame-retardance because of the installation adjacent
      subscriber's premises.
PAR  The composition which is used to form the insulation covering 11 includes a
      polyvinyl chloride resin material, a homopolymer, (hereinafter referred to
      as PVC). The PVC resin has all the characteristics associated with the
      homopolymer, which includes some abrasion resistance, but which in and of
      itself is unstable. However, when the PVC resin is caused to soften during
      processing, which is necessary to process the composition, resistance to
      abrasion is reduced. Further, the PVC must be a suitable electrical grade
      homopolymer.
PAR  Commercial PVC polymers which may contain up to 20 percent, or preferably
      up to a maximum of 10 percent, by weight of comonomers or other admixed
      materials such as propylene may be used. For example, PVC vinyl acetate or
      PVC polypropylene may be used without significant adverse effect.
PAR  The PVC resin may be any of a number of PVC resins well known in the art
      for use in electrical insulation. In accordance with the ASTM Standard for
      1966, several PVC resins may be classified as within the range of from
      GP4-00003 to GP6-00003, inclusive. Definition of these characteristics are
      set forth in the ASTM Standard under designation D1755-66.
PAR  Briefly, the designations GP designate a general purpose resin. The first
      numerals (4 through 6) represent a polymer molecular weight in terms of
      dilute solution viscosity and the last digit 3, indicates the usual
      preference for electrical conductivity less than 18 ohms per centimeter
      per gram. This electrical characteristic is, of course, not a basic
      requirement from the standpoint of the inventive teaching. The bar under
      or the bar over a numeral indicates a value less than or more than,
      respectively, the numeral. The four ciphers in the designations indicate
      that the properties of particle size, apparent bulk density, plasticizer
      absorption and dry flow may be any ASTM designated level, i.e., 1-9, and,
      therefore, these properties are not critical for the inventive purposes.
PAR  It is convenient to discuss concentrations in terms of parts by weight
      based on 100 parts of the polymeric material. The term polymeric material
      is defined as the PVC or the total admixed PVC. Concentrations so
      designated, therefore, result in compositions having greater than 100
      parts.
PAR  Combined with the polyvinyl chloride is a brominated epoxy resin which is
      the diglicidyl ether of brominated Bisphenol A obtained by reacting
      epichlorohydrin with Bisphenol A and sodium hydroxide in the presence of
      bromine. The desired brominated epoxy resin is evidenced by a bromine
      content of from 18 to 48 percent and an epoxy equivalent ranging from 200
      to 520, such ranges being dictated by practical considerations.
PAR  In carrying out the process of this invention for the preparation of the
      composition for covering the copper-clad steel conductor, it has been
      found that from 3 to 10 parts by weight of the brominated epoxy resin per
      100 parts, by weight, of polyvinyl chloride are required. If less than 3
      parts of the brominated epoxy resin are used, there is insufficient
      adhesion between the insulation and the copper-clad steel conductors
      11--11. The upper limit of the range of the amount of brominated epoxy
      resin is set by economic considerations. If more than 10 parts are used,
      the gain in adhesion of the insulation 12 to the conductors 12--12 is
      disproportionately low compared to the increase in cost.
PAR  A brominated epoxy resin, designated Epi-Rez 5163, as manufactured by the
      Celanese Corporation has been found to be adequate for purposes of this
      invention. This constituent is based on a tetrabromobisphenol A that is
      suitable for composition requiring a higher degree of flame resistance. It
      is a low melting solid resin that can be used in solvent free systems at
      moderately elevated temperatures or in solvent systems at room
      temperature. The Epi-Rez 5163 also has a very high bromine content, in the
      vicinity of 48 percent.
PAR  Combined with the PVC homopolymer resin and the brominated epoxy resin, is
      a phthalate plasticizer which is included to impart specific physical
      properties to the composition. The plasticizer provides a suitable degree
      of low-temperature flexibility to the composition. This is necessary to
      render the drop wire useable in a wide variety of environmental
      conditions. The plasticizer also facilitates the processing of the
      compound in the mixing thereof and in the application to the conductors
      10--10.
PAR  The phthalate plasticizer in a preferred concentration is added to the
      polyvinyl chloride in about 55-65 parts by weight, per 100 parts by weight
      of the polymeric material. If less than 55 parts by weight are employed,
      the composition would have unacceptably low temperature flexing
      properties. If this constituent is added to the composition in an amount
      greater than 65 parts by weight per 100 parts by weight of the polymeric
      material, the electrical properties of the insulation 11 are impaired as
      is the compressive strength thereof. The insulation 11 becomes softer
      which is an unacceptable feature of a drop wire. A suitable phthalate
      plasticizer is one which is designated PX-318 as marketed by U.S. Steel
      Chemicals.
PAR  Combined with the PVC resin, the phthalate plasticizer, and the epoxy resin
      is a stabilizer constituent. The stabilizer is added into the composition
      in order to provide the composition with heat stability during the
      extrusion thereof. Without a heat stabilizer, the composition may undergo
      thermal degradation during the processing thereof, causing the resulting
      drop wire 12 to be unacceptable.
PAR  A metallic stabilizer has been found to provide adequate heat stability for
      this composition. A preferred concentration of the metallic stabilizer has
      been found to be about 3 to 7 parts by weight per 100 parts by weight of
      the polymeric material.
PAR  If less than three parts by weight are used, the heat stability of the
      composition during mixing and at the extruder is reduced with subsequent
      reduction in processing time. This causes unsatisfactory processing with
      degraded material being applied to the conductors 10--10. On the other
      hand, an increase beyond seven parts by weight produces slight gains in
      heat stability at disproportionate increase in composition cost.
PAR  It has beeen found that a metallic stabilizer as marketed by the N. L.
      Industries, Inc. under the designation Tribase E-XL is satisfactory for
      purposes of this composition.
PAR  Combined with the PVC resin, the epoxy resin, the phthalate stabilizer and
      the metallic stabilizer is a filler system. The system acts as an extender
      for the composition. The filler system may include any one of or all of
      ingredients such as calcium carbonate, fumed silica and a calcined clay.
      The calcium carbonate, which was the only filler disclosed in the
      composition patented by J. B. DeCoste, may detract somewhat from the low
      temperature flexibility of the composition and the impact resistance
      thereof. In order to diminish this potential adverse effect, the calcium
      carbonate has been reduced and supplemented by the other above-identified
      fillers.
PAR  A preferred concentration of the filler system is approximately 5 to 35
      parts by weight per 100 parts by weight of the polymeric material. If the
      filler system constitutes less than 5 parts by weight, the filler system
      becomes ineffective with the electrical properties of the composition
      being sacrificed. The higher the filler concentration, the lower the
      plasticizer concentration and generally the better are the electrical
      properties. On the other hand, if more than 35 parts by weight of the
      filler system are used, the low temperature flexibility and impact
      properties of the composition are affected adversely.
PAR  While only one of the fillers may be used, it would be advisable to use a
      combination of the three to obtaian optimum physical and electrical
      properties. At the very least, calcium carbonate should not be used as the
      sole constituent of the filler system because of the above-mentioned
      problems. A calcium carbonate suitable for purposes of this composition is
      manufactured by Harry T. Campbell Sons Company, under the designation
      Camel-Wite, or one marketed by Georgia Marble Company. A suitable fumed
      silica constituent is one manufactured by the Cabot Corporation under the
      designation Cab-O-Sil M-5. Finally a suitable calcined clay is one
      marketed by Burgess Pigment Company and designated as 30P or a P33
      calcined clay marketed by Freeport Kaolin Company.
PAR  Combined with the PVC resin, the epoxy resin, the phthalate plasticizer,
      the metallic stabilizer, and the filler system is a flame retardant
      constituent. The flame retardant constituent is necessary to impart
      adequate flame retardant properties to the drop wire especially since the
      drop wire is connected to subscriber's premises. The flame retardant
      constituent also acts as an additional filler to the composition.
PAR  A suitable flame retardant material is antimony trioxide, pigment grade. It
      has been found that a preferred concentration of the antimony trioxide is
      approximately 3 to 5 parts by weight per 100 parts by weight of the
      polymeric material. Less than three parts reduces the flame retardance of
      the composition to unacceptably low levels while a concentration in excess
      of five parts fails to provide a substantial improvement in flame
      retardance at excessive costs.
PAR  Added to the PVC resin, the epoxy resin, the phthalate plasticizer, the
      metallic stabilizer, the filler system and the flame retardant
      constituent, is a carbon black constituent. The carbon black constituent
      adds ultra-violet light and weather resistance to the composition as well
      as providing additional filling properties.
PAR  A preferred concentration of the carbon black constituent has been found to
      be approximately 1 to 3 parts by weight per 100 parts by weight of the
      polymeric material. Less than one part by weight causes insufficient
      protection against degradation of the drop wire due to ultra-violet light
      and heat exposure while greater than three parts by weight are unnecessary
      to protect the composition against these forces.
PAR  The weathering properties of the polyvinyl chloride composition are
      improved substantially by the inclusion of the carbon black constituent.
      It has been found that maximum protection is obtained by using a finely
      divided channel or furnace black with a maximum particle size of 25 .mu.m.
      The carbon black must be well dispersed throughout the composition in
      order to be most effective.
PAR  It has been found that a suitable carbon black material for use in this
      composition is one designated Superba 999, as manufactured by the Cities
      Service Company.
PAC  EXAMPLES
PAR  The following examples illustrate various compositions prepared in
      accordance with the invention and applied to electroformed conductors in
      accordance with the principles of this invention to produce plastic
      covered drop wire. The examples are set forth in tabular form. For
      comparison purposes, all examples set forth were carried out using the PVC
      homopolymer described hereinbefore. All amounts are in parts by weight per
      100 parts by weight of the PVC homopolymer.
TBL                TABLE I                                                     

     ______________________________________                                    

                      EXAMPLES                                                 

     RANGES  CONSTITUENT    A       B    C     D                               

     ______________________________________                                    

     100    PVC resin       100     100  100   100                             

      3-10  Brominated epoxy resin                                             

                            7       3    10    5                               

     55-65  Phthalate plasticizer                                              

                            64.5    55   60    65                              

     3-7    Metallic stabilizer                                                

                            5       7    3     5                               

      5-35  Filler - CaCo.sub.3                                                

                            0       10   15    20                              

                 fumed silica                                                  

                            5       0    0     5                               

                 calcined clay                                                 

                            5       5    5     10                              

     3-5    Antimony trioxide                                                  

                            3       5    4     3                               

     1-3    Carbon black    2.5     3    1     2                               

     ______________________________________                                    

PAR  All of the example compositions of Table I result in an acceptable
      composition which when applied to the conductors 10--10 result in a
      plastic covered drop wire having the required degree of adhesion of
      composition to the conductors 10--10.
PAC  Methods of Applying the Composition
PAR  The principles of the methods of this invention are used to apply the
      composition to metallic strand material in the form of the conductors
      10--10 such that there is an optimum adhesion between the conductors and
      the composition. This must be determined from a consideration of several
      factors.
PAR  A certain value of permanent adhesion of the composition to the conductors
      10--10 is necessary in the environment of the clamp used for supporting
      one end of the drop wire 12 adjacent the subscriber's premises. An
      adhesion of the composition to each conductor in the neighborhood of
      approximately 15-25 pounds is preferred with limits of 12-28 pounds being
      permitted. If the adhesion of the insulating composition to each conductor
      10 is less than 12 pounds, then the clamp 23 may cause the insulation to
      pull away from the wire.
PAR  On the other hand, if the adhesion is greater than approximately 28 pounds,
      then it becomes very difficult to strip the insulation from the conductors
      10--10. In that event it is possible that an installer could inadvertently
      scrape the conductors 10--10 thereby increasing the electrical resistance
      and changing the conductivity of the conductors. This could also result
      undesirably in an exposure of the steel core.
PAR  The conductor preheat temperatures taught in the prior art did not result
      in an insulated conductor having the desired permanent adhesion
      characteristics of insulation to metal. It was believed that if a
      temperature in excess of 482.degree.F, a maximum value quoted in the prior
      art, was used, that there would be adverse effects on the final product.
      For example, it was felt that a temperature in excess of 482.degree.F
      would degrade the compound and would cause unwarranted porosity in the
      composition adjacent to the conductor. Any porosity in the composition
      adjacent to the conductor would theoretically contribute to weakening the
      adhesion between the conductor and the composition.
PAR  Experimentation was also conducted with other compounds. There, when higher
      temperatures were used, porosity of the composition in and about the
      interface with the conductor was obtained. With this in mind and knowing
      that the composition of the DeCoste patent of 482.degree.F did not yield
      desired adhesion values, there was serious doubt as to which avenue the
      development should take in order to obtain an acceptable plastic covered
      drop wire.
PAR  Alternatives to a single layer plastic composition drop wire were
      considered. In order to obtain a desired degree of adhesion, other
      companies in this technical area are known to use a precoat of an adhesive
      material on the outwardly facing surface of the conductors 10--10. Then an
      insulation composition is extruded over the precoat and the problem of
      obtaining adequate adhesion is avoided. However, using the precoat method
      disadvantageously limits the line speed over that which can be obtained by
      simply coating one composition over the conductors 10--10. The
      disadvantages of the precoat method led to the continued inquiry into a
      method of applying a single coating to the bare conductors 10--10. By
      using the principles of the method of this invention, a line speed of
      several times that which may be used in a precoat method may be realized.
PAR  In practicing the method embodying the principles of this invention, a pair
      of copper covered steel conductors 10--10 are advanced along a
      manufacturing line, designated generally by the numeral 31 (see FIG. 5) in
      spaced parallel relationship to be enclosed in a plastic composition. The
      composition is to be applied to the conductors 10--10 as they are advanced
      through a dual passageway core tube (not shown) of an extruder 32.
PAR  Prior to the entry of the wires 10--10 into the extruder 32, the wires are
      preheated to a temperature in the range of 525.degree. to 675.degree.F.
      The preheating of the wires 10--10 may be accomplished by any number of
      conventional preheating facilities, designated generally by the numeral
      33, including inductive-resistance heating. In order to prevent heat
      losses in the conductors 10--10, the conductors are advanced through an
      insulated chamber 34 interposed between the preheating facilities 33 and
      the extruder 32.
PAR  In the process of preparing the composition for application to the wires
      10--10 in accordance with the principles of this invention, the PVC
      admixed with a brominated Bisphenol epoxy resin and other compounding
      ingredients heretofore disclosed are fed through a hopper (not shown) and
      a feed port (not shown) into the extruder 32.
PAR  The composition is then admitted to the extruder barrel which has been
      preheated to a temperature slightly above the softening point of the
      polymers, typically in the range of 302.degree. to 392.degree.F, wherein
      it is thoroughly worked and fed along by the screw. Temperatures may vary
      from the softening point of the material to the ecomposition temperature
      thereof, permitting wide latitude in the selection of operating
      conditions. Further, the process is independent of the time in the
      extruder and practical consideration dictates selection of specific
      temperatures.
PAR  An extruder screw (not shown) is driven to move the PVC composition from
      the feed port through the barrel, which is heated by electric resistance
      heaters (not shown). During this period of time, the mixture is formed
      into intimate and substantially sliding contact with the barrel walls and
      is also sheared and worked. The combined effects of the heated barrel and
      the heat due to internal friction in the material causes the thermal
      plastic mass to be molten by the time it has traveled approximately
      one-fourth of the length of the extruder barrel. The molten mixture then
      continues through the barrel and proceeds toward the breaker plate which
      restricts its flow and creates back pressure.
PAR  The molten composition is forced through a breaker plate assembly (not
      shown) and then conducted to the wire guide core tube which is shaped so
      that the composition flows around either side of it and joins again on the
      side remote from the supply. The complete annulus of material then flows
      toward a die 36 and ultimately toward engagement with the conductors
      10--10 passing through the die. It will be recalled that a definite
      preheat has been imparted to the conductors 10--10 which are moved
      continuously through the crosshead die 36. In this way, the composition is
      extruded over the preheated conductors which are moved continuously
      through the die 36 and which act as an internal forming mandrel.
PAR  The engagement of the composition with conductors 10--10 preheated to
      within the specified range apparently causes a reaction to occur within
      the composition in order to promote adhesion between the composition and
      the wire. It is theorized that the preheated conductors 10--10 cause the
      polyvinyl chloride to degrade at the interface of the copper-clad steel
      conductor and the covering composition. Hydrochloric acid is one of the
      byproducts of the degradation of the PVC. The hydrochloric acid is
      believed to act as a catalytic curing agent for the brominated epoxy resin
      giving an instant set at the interface of the conductor 10 and the
      composition thereby promoting adhesion between the composition and the
      wire. A very hard crust is formed at the interface with a conjugated
      double bond form of a hard organic material being formed. The hydrochloric
      acid degradation product is an efficient curing agent and minimizes the
      so-called pot life, i.e. the time the epoxidized constituent requires to
      cure.
PAR  There is a corollary theory for the success of the method of manufacturing
      drop wire in accordance with the principles of this invention. The
      presence of a lubricant dispersed uniformly throughout the composition may
      interfere with the adhesion of the composition to the conductors 10--10.
      The lubricant may exist in the form of a surface coating or be present in
      the stabilizer constituent, the filler system or as a sole constituent.
PAR  Where the lubricant engages the conductor 10, the adhesion is reduced. At
      the lower preheat temperatures specified in the prior art, there is
      insufficient hydrochloric acid liberated to react chemically with the
      epoxy resin to overcome the detrimental effect of the lubricant. At the
      temperatures specified in practicing this invention, the degradation of
      the PVC is such that sufficient hydrochloric acid is produced to react and
      cure the epoxy resin thereby minimizing the effect of the lubricant.
      Therefore, in order to obtain a controlled adhesion at sufficient contact
      sites on the surfaces of the conductor 10, the conductor must be preheated
      to a temperature such that the temperature thereof when the composition is
      extruded thereover is approximately 525.degree. to 675.degree.F.
PAR  It has been found that even with a stabilizer which does not include a
      lubricant that the lower temperature ranges will not result in successful
      adhesion of the composition to the wire. While the use of the upper limit
      of the temperature range stated in the above-identified DeCoste patent may
      result in adhesion of the wire to the composition which borders in the
      range of 8-12 pounds, the results are erratic and cannot be depended upon
      or in-line production control. In order to achieve a consistent
      conductor-to-composition adhesion of at least 12 pounds, it was
      unexpectedly found necessary to go to higher temperature ranges.
PAR  Also it has been found that the adhesion of the composition to the
      conductor 10 manufactured in accordance with the principles of this
      invention improves with aging. Upon aging, the bond between the conductor
      and the plastic composition becomes stronger thereby giving the required
      adhesion characteristics to the drop wire 12. Approximately fifteen
      minutes after the extrusion of the composition over the spaced conductor
      pair, it has been found that the adhesion of the composition to the wire
      is approximately 15 pounds. Approximately twenty-four hours later, the
      adhesion increases to 18-23 pounds. It is believed that the adhesion
      between the composition and the conductor 10 increases until an
      equilibrium condition within the composition is reached.
PAC  TESTING
PAR  The composition for producing plastic covered drop wire and the wire
      produced thereby must possess specified properties, some of which have
      been described hereinbefore. The following table, Table II, indicates the
      properties of a drop wire 12 insulated with a preferred composition,
      designated Example A in Table I.
TBL                                    TABLE II                                

     __________________________________________________________________________

     TEST RESULTS FOR EXAMPLE A                                                

     __________________________________________________________________________

     Preheat Temp. of                                                          

     Wire (.degree.F)                                                          

               525 550 575  600  625 650 675                                   

     Adhesion of Com-                                                          

     position to Wire                                                          

               12.3                                                            

                   15.8                                                        

                       18.9                                                    

                           (16.5)*                                             

                                 25.9                                          

                                     23.3                                      

                                         18.5                                  

     (lbs.)                 20.5                                               

     Property                                                                  

     Compressive strength                                                      

                 800 to 1100 lbs.                                              

     Elongation  in excess of 300%                                             

     Insulation resistance                                                     

                 200-1200 megaohms - 1000 ft.                                  

                 corrected to 60.degree.F                                      

     Mutual capacitance                                                        

                 0.040 microfarads per 100 ft.                                 

     Clamp holding test                                                        

                 satisfactory                                                  

     __________________________________________________________________________

      *It is believed that the value of 16.5 lbs. first achieved at a          

      temperature of 600.degree.F is untypical and may have been caused by the 

      surface condition of the conductor 10. A subsequent run produced the valu

      of 20.5 lbs. at this temperature.                                        

PAR  A plot of the adhesion values of each conductor 10 to the composition is
      shown in FIG. 6. Referring now to FIG. 6, it can be seen that the adhesion
      varies with respect to the conductor preheat temperature. Not only is
      there a critical lower limit below which the adhesion may be unacceptably
      low, but there is also an upper limit of temperature beyond which a
      decrease in values occurs. The temperature readings to which the adhesion
      values shown in FIG. 6 and in Table II correspond were taken adjacent the
      core tube of the extruder 32 with a line speed of approximately 450 feet
      per minute.
PAR  In order to test the adhesion of the composition to the conductors 10--10,
      the plastic covered drop wire 12 is subjected to what is referred to as a
      slip-off test. A portion of the wire 12 having a length of approximately 6
      inches is split along the longitudinal centerline thereof to form two
      individual insulated conductors. A circumferential cut of the insulation
      is made 4 inches from the end of each conductor and then 4 inches of
      insulation are stripped from the one end of each of the conductors. From
      the circumferential cut of the insulation of each of the two conductors, a
      distance of three-eighths inch is measured off toward the other end and
      the conductor severed. In this way, conductors 43/8 inches in length with
      three-eighths inch of insulation on one end thereof are formed. The bared
      portion of the conductor is clamped in a moveable test head (not shown) to
      move the bared portion through a measured orifice (not shown) having a
      diameter about 0.0010 inch larger than the diameter of the bared
      conductor. The force applied parallel to the axis of the conductor 10 and
      required to pull the 3/8-inch length of insulation from the other end of
      the conductor is measured. The applied force at which the insulation is
      "popped off" the conductor is recorded and is determined to be the
      magnitude of adhesion of the composition to the conductor.
PAR  It should be observed from FIG. 6 that after a wire preheat temperature of
      approximately 625.degree.F, the adhesion of the insulation to the
      conductor decreases. Apparently, conductor preheat temperatures in excess
      of 625.degree.F causes the bonding process hereinbefore described to
      become less effective. If the epoxy resin constituent is subjected to this
      excessive heat upon engaging the conductor 10, the bond between the
      conductor and the insulation can become degraded.
PAR  The drop wire 12 is also subjected to a compression test wherein it must
      withstand an 850 pound minimum crushing load. The insulation must also
      conform to specific elongation requirements. Any length of insulation
      removed from the drop wire 12 must be such that the elongation at break
      shall be 250% minimum when tested in accordance with ASTM D 470, except
      that the test temperature shall be 73.4 .+-. 2.degree.F.
PAR  The drop wire 12 must also meet specific low temperature flexibility
      requirements. A sample of the drop wire 12 is wound flatwise around a test
      mandrel (not shown) having a maximum diameter of three-eighths inch at a
      temperature of -30.degree. .+-. 2.degree.F without cracking of the
      insulation. The mandrel and the sample shall be maintained at the test
      temperature for not less than 4 hours prior to the test.
PAR  Another important test is a so-called static load or clamp holding test. A
      sample of the drop wire 12 is held between two of the clamps 23--23 and
      subjected to a dead weight tension load of 290 pounds minimum for a
      minimum time of 24 hours without rupture of the insulation. After the load
      has been removed, the drop wire 12 shall withstand 10,000 volts (rms)
      minimum for five seconds between conductors and each one of the clamps
      23--23.
PAR  Acceptable drop wire 12 shall also withstand an impact test without
      disclosing cracks in the insulation. With a test fixture and specimen at a
      test temperature of -20.degree. .+-. 2.degree.F for a minimum of 4 hours,
      a weight (not shown) is released in a guideway (not shown) at a height to
      provide a minimum specified gravitational potential energy to impact the
      surface of the drop wire 12.
PAR  It is to be understood that the above described arrangements are simply
      illustrative of the invention. Other arrangements may be devised by those
      skilled in the art which will embody the principles of the invention to
      fall within the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of covering a conductive member with a composition which
      includes a plasticized polyvinyl chloride, an epoxy resin, a stabilizer, a
      filler system, a flame retardant constituent, and a carbon black
      constituent, which includes the steps of:
PA1  advancing the conductive member along a path;
PA1  preheating the conductive member to a temperature within a specified
      temperature range of approximately 525.degree. to 675.degree.F; and
PA1  extruding the composition over the conductive member while the temperature
      thereof is substantially within the specified temperature range, the
      temperature being sufficiently high to cause a sufficient chemical
      reaction of at least one of the constituents of the composition which
      causes the composition to develop an unexpectedly superior permanent
      adhesion with the outwardly facing surface of the conductive member, the
      magnitude of the adhesion being determined at least partially by the
      temperature to which the conductive member is preheated, further the
      magnitude of the adhesion being controlled to be consistently within a
      specified range.
NUM  2.
PAR  2. The method of claim 1, wherein the conductive member is constructed of
      copper covered steel.
NUM  3.
PAR  3. The method of claim 1, wherein the adhesion of the composition to the
      conductive member is consistently within the range of 12 to 28 pounds.
NUM  4.
PAR  4. The method of claim 3, wherein the composition includes 100 parts by
      weight of a polymeric material; 3 to 10 parts by weight, per 100 parts by
      weight of the polymeric material, of a brominated epoxy resin; 55 to 65
      parts by weight, per 100 parts by weight of the polymeric material of a
      phthalate plasticizer; 3 to 7 parts by weight, per 100 parts by weight of
      the polymeric material, of a metallic stabilizer; 5 to 35 parts by weight,
      per 100 parts by weight of the polymeric material, of a filler system; 3
      to 5 parts by weight, per 100 parts by weight of the polymeric material,
      of a flame retardant constituent; and 1 to 3 parts by weight, per 100
      parts by weight of the polymeric material, of a carbon black constituent.
NUM  5.
PAR  5. The method of claim 3, wherein the composition includes 100 parts by
      weight of a polyvinyl chloride resin homopolymer; 7 parts by weight, per
      100 parts by weight of PVC, of a brominated epoxy resin; 64.5 parts by
      weight, per 100 parts by weight of PVC of a phthalate plasticizer; 5 parts
      by weight, per 100 parts by weight of PVC, of a metallic stabilizer; 5
      parts by weight, per 100 parts by weight of PVC, of a fumed silica filler;
      5 parts by weight, per 100 parts by weight of PVC, of a calcined clay; 3
      parts by weight, per 100 parts by weight of PVC, of an antimony trioxide;
      and 2.5 parts by weight, per 100 parts by weight of PVC, of carbon black.
NUM  6.
PAR  6. An elongated transmission member having at least one copper covered
      steel conductor covered with an insulation composition which is applied in
      accordance with the method of claim 1.
NUM  7.
PAR  7. The elongated transmission member of claim 6, the adhesion between the
      conductor and the composition being consistently within the specified
      range of 12-28 pounds.
NUM  8.
PAR  8. The elongated transmission member of claim 7, wherein the composition
      includes 100 parts by weight of a polymeric material; 3 to 10 parts by
      weight, per 100 parts by weight of the polymeric material, of a brominated
      epoxy resin; 55 to 65 parts by weight, per 100 parts by weight of the
      polymeric material, of a phthalate plasticizer; 3 to 7 parts by weight,
      per 100 parts by weight of the polymeric material, of a metallic
      stabilizer; 5 to 35 parts by weight, per 100 parts by weight of the
      polymeric material, of a filler system; 3 to 5 parts by weight, per 100
      parts by weight of the polymeric material, of a flame retardant
      constituent; and 1 to 3 parts by weight, per 100 parts by weight of the
      polymeric material, of a carbon black constituent.
NUM  9.
PAR  9. The elongated transmission member of claim 7, wherein the preferred
      composition includes 100 parts by weight of a polyvinyl chloride resin, 7
      parts by weight, per 100 parts by weight of the polyvinyl chloride resin,
      of a brominated epoxy resin; 64.5 parts by weight, per 100 parts by weight
      of the PVC, of a phthalate plasticizer; 5 parts by weight, per 100 parts
      by weight of PVC, of a metallic stabilizer; 5 parts by weight, per 100
      parts by weight of PVC, of a fumed silica filler; 5 parts by weight, per
      100 parts by weight of PVC, of a calcined clay; 3 parts by weight, per 100
      parts by weight of PVC, of an antimony trioxide; and 2.5 parts by weight,
      per 100 parts by weight of PVC, of carbon black.
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ABST
PAL  Flock fibers suitable for use in the manufacture of pile fabrics and
      materials by electrostatic flocking are treated to improve the electric
      conductivity of the fibers as well as enlarging the range of humidity in
      which the fibers retain good conductivity, flow, gliding and spring
      capacity characterstics. The process comprises treating the fibers, such
      as polyamides, polyesters, polyacrylonitriles and cellulose triacetate,
      with an aqueous solution containing a water-soluble alum, and tannin. In a
      preferred embodiment, the treating solution also includes a water-soluble
      alkali- or ammonium salt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparation of flock fibers
      suitable for use in the manufacture of pile materials by electrostatic
      flocking. The inventive process comprises treating man-made flock fibers
      with an aqueous solution containing tannin, a water-soluble alum, and
      preferably also a water-soluble-alkali- or ammonium salt.
PAR  The manufacture of plush, velvet, suede, and the like by the application of
      short fibers, called flock, to an adhesive-coated base under the influence
      of a high tension electrostatic field is a well-known process, described
      for example in U.S. Pat. Nos. 2,173,032 and 2,173,078. To obtain a dense
      and uniform pile, it is necessary to use flock fibers of distinct
      qualities. The fibers must have good flow and gliding properties allowing
      an easy supply from a hopper and a smooth passage through any sieves in
      the flocking apparatus, and they must possess a good spring capacity in an
      electric field, i.e. the fibers must be able to spring quickly from the
      supplying electrode to the adhesive-coated base acting as a receiving
      electrode. For good gliding properties and especially for a good spring
      capacity in a high tension electrostatic field the electric conductivity
      of the flock fibers is of greatest importance.
PAR  It is known that synthetic fibers made from polymers, such as polyamides,
      polyesters or polyacrylonitriles have a poor electric conductivity. If
      unprepared flock fibers of these polymers are used for electrostatic
      flocking, the fibers tend to cling to each other and to the electrodes,
      and they spring only slowly or not at all; frequently they also form
      thick, hard clusters of fibers which cannot pass through the sieves. It is
      therefore known that synthetic fibers require a preparation with chemical
      agents in order to obtain the necessary electric conductivity and a good
      spring capacity in a high tension electrostatic field.
PAR  Various chemical agents have been suggested for this purpose. U.S. Pat. No.
      3,203,821 describes the use of a combination consisting of an
      anti-electrostatic agent, a ferro-electric substance, and an agent to
      improve gliding properties. As examples of antistatica, sodium salts of
      condensation products of fatty acids and sarcosin, phosphoric acid esters,
      or anion-active derivatives of polyvinyl alcohol are mentioned, and as
      ferro-electricum, potassium sodium tartrate, and as agents to improve
      gliding properties, boric acid or sodium sulphate are recommended.
PAR  German Pat. No. 1,098,913 proposes treatment of the fibers with
      anti-electrostatic agents, such as polyglycol esters or phosphoric acid
      esters with addition of potassium and sodium salts. U.S. Pat. No.
      3,345,980 discloses the use of amphoteric compounds containing both a
      sodium sulphonate group and a tertiary amine group, and U.S. Pat. No.
      3,498,816 recommends the use of quaternary ammonium compounds and of urea
      with the addition of wetting agents and acrylic polymers.
PAR  U.S. Pat. No. 3,322,554 describes a process for treatment of the fibers
      with tannin and potassium antimonyl tartrate, eventually followed by a
      treatment with anionic finishing agents and alkali- or ammonium salts or
      preceded by a treatment with an alum. Flock fibers prepared according to
      this process possess the required conductivity and show a good spring
      capacity in an electrostatic field.
PAC  BRIEF SUMMARY OF INVENTION
PAR  Surprisingly, it has now been found that fibers treated with an aqueous
      solution containing only tannin, a water-soluble alum, and preferably also
      a water-soluble alkali- or ammonium salt, possess qualities which
      considerably surpass those of fibers prepared according to the process
      disclosed by U.S. Pat. No. 3,322,554.
PAR  Thus, the average conductivity of fibers treated according to this
      invention with tannin and an alum is 2 .times. 10.sup..sup.-10
      (ohm-cm.).sup..sup.-1 as compared with a conductivity of 1-2 .times.
      10.sup..sup.-11 (ohm.-cm.).sup..sup.-1 of fibers treated with tannin,
      potassium antimonyl tartrate, and, conditionally, alum. Especially
      suitable, however, for use in electrostatic flocking are fibers prepared
      according to this invention with tannin, alum, and a water-soluble alkali-
      or ammonium salt. Such fibers have the excellent electric conductivity of
      1-2 .times. 10.sup..sup.-8 (ohm.-cm.).sup..sup.-1 and very good flow and
      gliding properties. Furthermore, they retain all these properties within
      the wide range of 30-80% of relative air humidity, and also, when they are
      heated for a short time up to 150.degree.C. and are cooled down again to
      room temperature. Fibers prepared according to U.S. Pat. No. 3,322,554 do
      not possess these valuable properties as shown in the Comparison Example
      below.
PAR  The resistance of the treated fibers to different air humidities and to
      temporary heating makes the inventive fibers very useful for application
      in electrostatic flocking. Because of climate differences, change of
      seasons, and weather conditions, relative air humidity shows great
      fluctuations. There are places with a relative air humidity of up to 80%
      during the greater part of the year, while in temperate zones, the
      relative air humidity may vary between about 75% in summer and 30-40% in
      heated rooms in winter. To give good results, the fibers used hitherto for
      electrostatic flocking required a rather narrow range of about 55-65% of
      relative air humidity, and this could only be realized by the installation
      of air conditioning devices. The use of the inventive fibers, which retain
      their good properties within the wide range of 30-80% of relative air
      humidity, therefore, provides an easier application and greater freedom
      from technical difficulties.
PAR  The second advantage of the inventive fibers already mentioned is their
      resistance to temporary heating. Following the application of the fibers
      to an adhesive-coated base in an electrostatic field, the flocked
      materials are passed through a zone heated up to 120.degree.-150.degree.C.
      for the purpose of drying. After this operation, those fibers which are
      not properly fixed are sucked off. While the fibers made according to U.S.
      Pat. No. 3,322,554 lose their antistatic properties when heated to
      temperatures above 70.degree.C. and cannot be used again, the inventive
      fibers retain their properties even when heated for a short time and are
      ready for re-use in electrostatic flocking.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As a water-soluble alum, potassium aluminum sulphate is preferred, since it
      is colorless, cheap, and easily obtainable. As a water-soluble alkali- or
      ammonium salt, potassium-, sodium-, or ammonium chloride or sulphate may
      be used; preferably ammonium sulphate is employed. The pH of the solution
      should be about 3.5-4.5; if an adjustment is required, this can be done
      with acetic acid. The following quantities of the inventive agents have
      proved to be suitable:
TBL  Tannin             0.3 - 1.0 grams per liter                              

     Potassium aluminum sulphate                                               

                        1.0 - 2.0 grams per liter                              

     Ammonium sulphate  3.0 - 15 grams per liter                               

PAR  The weight ratio between fibers and solution should vary between about 1 to
      15 and 1 to 25; usually 1 part of fibers require about 20 parts of
      solution. It is recommended, prior to treatment, to remove any oily or
      fatty sizes adhering to the fibers. This can be done by washing the fibers
      in a warm bath containing some soap, soda, or a synthetic detergent.
PAR  The fibers are then dispersed in water at about 60.degree.C., the inventive
      agents dissolved in a little water are added, and the dispersion is
      stirred for 20 minutes keeping the temperature constant at 60.degree.C. To
      remove the adhering solution, the fibers are then centrifuged for 10
      minutes, and finally dried at room temperature.
PAR  By appropriate modification of concentration of the solution and time of
      treatment, the process can also be used to treat a tow consisting of a
      multitude of continuous filaments. After treatment, the tow is then cut
      into short fibers, either wet or dry.
PAR  The inventive process is especially suitable for fibers of polyamides,
      polyesters, polyacrylonitriles, polyvinylchloride, or cellulose
      triacetate. The fibers may be dyed or undyed; dyeing is preferably carried
      out before the inventive treatment.
DETD
PAR  Examples 1-4 describe in detail the application of the inventive process,
      while the Comparison Example describes treatment and properties of fibers
      made according to U.S. Pat. No. 3,322,554. All indications about the
      specific electric conductivity of the fibers refer to tests at
      20.degree.C. and 60% of relative air humidity.
PAC  EXAMPLE 1
PAR  50 Grams of polyhexamethylene adipamide fibers of 1.0 mm length and a titre
      of 3.3 decitex are stirred for 20 minutes in 1 liter of an aqueous
      solution of 60.degree.C. containing 0.5 g tannin and 1.0 g potassium
      aluminum sulphate. The pH of the solution is 3.8. To remove the adhering
      solution, the fibers are centrifuged, and finally dried at 22.degree.C.
      The fibers have a specific electric conductivity of 2 .times.
      10.sup..sup.-10 (ohm.-cm.).sup..sup.-1. They possess good flow and gliding
      properties and have a good spring capacity in an electrostatic field at
      50-80% relative air humidity.
PAC  EXAMPLE 2
PAR  50 G of polyhexamethylene adipamide fibers of 1.0 mm length and a titre of
      3.3 decitex are stirred for 20 minutes in 1 liter of an aqueous solution
      of 60.degree.C. containing 0.5 g tannin, 1.0 g potassium aluminum
      sulphate, and 10 g ammonium sulphate. The pH of the solution is 4.0. The
      fibers are centrifuged and dried at 22.degree.C. They have a specific
      electric conductivity of 2.5 .times. 10.sup..sup.-8
      (ohm.-cm.).sup..sup.-1. The fibers possess good flow and gliding
      properties and a very good spring capacity in an electrostatic field at
      30-80% relative air humidity. When heated for 10 minutes to 150.degree.C.
      and cooled again to room temperature, flow and gliding properties and the
      spring capacity of the fibers in an electrostatic field are as good as
      before.
PAC  EXAMPLE 3
PAR  50 G of polycaprolactam fibers of 2.0 mm length and a titre of 22 decitex
      are stirred for 20 minutes in 1 liter of an aqueous solution of
      60.degree.C. containing 0.5 g tannin, 1.0 g potassium aluminum sulphate,
      and 10 g ammonium sulphate. The pH of the solution is 4.0. The fibers are
      centrifuged and dried at 22.degree.C. They have a specific electric
      conductivity of 1 .times. 10.sup..sup.-8 (ohm.-cm.).sup..sup.-1. The
      fibers possess good flow and gliding properties and very good spring
      capacity in an electrostatic field at 30-80% relative air humidity. When
      heated for 10 minutes to 150.degree.C. and cooled again to room
      temperature, flow and gliding properties and the spring capacity of the
      fibers in an electrostatic field are as good as before.
PAC  EXAMPLE 4
PAR  50 G of polyethylene terephthalate fibers of 0.75 mm length and a titre of
      3.3 decitex are stirred for 20 minutes in 1 liter of an aqueous solution
      of 60.degree.C. containing 1.0 g tannin, 2.0 g potassium aluminum
      sulphate, and 15 g ammonium sulphate. The pH of the solution is 4.1. The
      fibers are centrifuged and dried at 22.degree.C. They have a specific
      electric conductivity of 1 .times. 10.sup..sup.-8 (ohm.-cm.).sup..sup.-1.
      The fibers possess good flow and gliding properties and a very good spring
      capacity in an electrostatic field at 30-80% relative air humidity. When
      heated for 10 minutes to 150.degree.C. and cooled again to room
      temperature, flow and gliding properties and the spring capacity of the
      fibers in an electrostatic field are as good as before.
PAC  COMPARISON EXAMPLE
PAR  This Example describes, for the purpose of comparison, treatment and
      properties of fibers made according to U.S. Pat. No. 3,322,554;
PAR  a. 50 g of polyhexamethylene adipamide fibers of 1.0 mm length and a titre
      of 3.3 decitex are stirred in 1 liter of an aqueous solution of
      60.degree.C. containing 0.5 g tannin and 0.2 g 80% acetic acid. After 10
      minutes, 0.25 g of potassium antimonyl tartrate are added and stirring is
      continued for another 10 minutes. The fibers are centrifuged and then
      dried at 22.degree.C. They have a specific electric conductivity of 1
      .times. 10.sup..sup.-11 (ohm.-cm.).sup..sup.-1.
PAR  If the solution contains, in addition, 1.0 g of potassium aluminum
      sulphate, or if the fibers are pre-treated with 1 liter of an aqueous
      solution containing 1.0 g of potassium aluminum sulphate, the specific
      electric conductivity of the fibers is 2.5 .times. 10.sup..sup.-11
      (ohm.-cm.).sup..sup.-1.
PAR  The spring capacity in an electrostatic field of the fibers made with or
      without use of potassium aluminum sulphate is restricted to a range of
      55-65% relative air humidity.
PAR  b. 50 g of polyhexamethylene adipamide fibers of 1.0 mm length and a titre
      of 3.3 decitex are stirred in 1 liter of an aqueous solution of
      60.degree.C. containing 0.5 g tannin and 0.2 g 80% acetic acid. After 10
      minutes, 0.25 g of potassium antimonyl tartrate are added and stirring is
      continued for another 10 minutes. The fibers are centrifuged and then
      stirred for 25 minutes in 1 liter of an aqueous solution of 50.degree.C
      containing 3 g of a mixture of cetyl alcohol and cetyl ammonium sulfonate
      and 10 g of ammonium sulphate. The fibers are again centrifuged and then
      dried at 22.degree.C. They have a specific electric conductivity of 5
      .times. 10.sup..sup.-10 (ohm.-cm.).sup..sup.-1.
PAR  The fibers have a good spring capacity in an electrostatic field which is
      however restricted to a range of 55-65% relative air humidity. When heated
      for 10 minutes to 90.degree.C. and cooled again to room temperature, the
      fibers have lost their spring capacity.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for preparing flock fibers suitable for use in the manufacture
      of pile materials by electrostatic flocking which comprises treating flock
      fibers made of polymers selected from the group consisting of polyamides,
      polyesters, polyacrylonitriles, polyvinyl chloride, and cellulose
      triacetate with an aqueous solution consisting essentially of tannin and a
      water-soluble alum, wherein the preparation of said flock fibers excludes
      any pre-treatment or post-treatment with an aqueous solution containing
      potassium antimonyl tartrate.
NUM  2.
PAR  2. Process according to claim 1 wherein said aqueous solution is adjusted,
      if necessary, to a pH of about 3.5 to 4.5 with acetic acid.
NUM  3.
PAR  3. Flock fibers prepared by the method of claim 1.
NUM  4.
PAR  4. Process according to claim 1, in which the water-soluble alum is
      potassium aluminum sulphate.
NUM  5.
PAR  5. Process according to claim 4 wherein said aqueous solution contains
      about 0.3 to 1.0 grams per liter of tannin and 1.0 to 2.0 grams per liter
      of potassium aluminum sulphate.
NUM  6.
PAR  6. Flock fibers prepared by the method of claim 4.
NUM  7.
PAR  7. Process for preparing flock fibers suitable for use in the manufacture
      of pile materials by electrostatic flocking which comprises treating flock
      fibers made of polymers selected from the group consisting of polyamides,
      polyesters, polyacrylonitriles, polyvinyl chloride, and cellulose
      triacetate with an aqueous solution consisting essentially of tannin, a
      water-soluble alum and a water-soluble alkali- or ammonium salt, wherein
      the preparation of said flock fibers excludes any pre-treatment or
      post-treatment with an aqueous solution containing potassium antimonyl
      tartrate.
NUM  8.
PAR  8. Flock fibers prepared by the method of claim 7.
NUM  9.
PAR  9. Process according to claim 7, wherein the water-soluble alkali- or
      ammonium salt is selected from the group consisting of the chlorides of
      potassium, sodium and ammonium, and the sulphates of potassium, sodium and
      ammonium.
NUM  10.
PAR  10. Flock fibers prepared by the method of claim 9.
NUM  11.
PAR  11. Process according to claim 7, in which the water-soluble alkali- or
      ammonium salt is ammonium sulphate.
NUM  12.
PAR  12. Process according to claim 11 wherein said aqueous solution contains
      about 3.0 to 15 grams per liter of ammonium sulphate.
NUM  13.
PAR  13. Flock fibers prepared by the method of claim 11.
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ABST
PAL  An apparatus for heat treatment, i.e., annealing or softening, of metal
      materials in the nature of coiled rod, wire, strip sheet, and the like,
      utilizes a conventional batch-type furnace with a controlled atmosphere
      heated by an electric arc source, i.e., a plasma generator.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of copending application Ser. No. 332,919,
      filed Feb. 16, 1973, entitled "Method of Converting a Fuel Burning Batch
      Annealing Furnace to a Gas Plasma Heat Source" (amended title), and which
      makes cross-reference to other related applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention is related to electric arc devices and particularly to batch
      furnace apparatus using long arc column forming plasma generators for
      heating gases used in annealing or softening coiled rod, wire, strip and
      similar metals. The invention further relates to converting conventional
      radiant tube or direct-fired batch annealing furnaces to plasma arc
      operation.
PAR  2. Description of the Prior Art:
PAR  It is a well-known practice in the production of ferrous and non-ferrous
      sheet, rod and wire to subject the product to heat treatment for varying
      lengths of time and under varying atmospheric conditions. Such heat
      treatment may be adapted to effect certain physical changes as in
      normalizing and annealing, or by heating the product in the presence of a
      controlled reactant atmosphere to effect certain solid-state chemical
      changes as in carburizing, decarburizing, nitriding, denitriding,
      oxidizing, reducing, etc.
PAR  The practice of annealing low carbon sheet or strip steel, for example, has
      included continuous as well as batch-type methods of annealing. In
      continuous annealing, a steel strip is annealed while passing as a single
      strand through a furnace. The furnace atmosphere may or may not be
      "controlled". The degree of softening obtained is governed by the maximum
      temperature of the strip. The maximum temperature of the strip in turn
      depends on the energy radiated from heat sources, the thickness of the
      strip, and the rate of transit through the furnace. A continuous
      normalizing furnace without atmosphere control may use burners whose
      products of combustion play directly on steel sheet but produce a scale
      that can be tolerated. It has not been known, however, so far as
      applicants are informed, to use such products of combustion and at the
      same time to obtain a scale-free steel. Because transit time through the
      furnace limits the temperature to which the strip can be heated and hence
      limits the strip thickness, and because the relatively rapid cooling of a
      continuously annealed strip imparts higher hardness and a quench aging
      tendency than does batch-type annealing, the continuous annealing process
      is limited to light gauge product of restricted use. The major portion of
      present ferrous sheet and strip heat treating is, therefore, carried out
      in batch-type furnaces.
PAR  The conventional and widely used batch-type furnace comprises one or more
      stationary "diffuser bases" which house a recirculating fan and on which
      the charge to be annealed or otherwise heat treated is supported. A
      cylindrical removable steel inner cover encloses the charge, and an outer
      refractory lined cover is lowered over the assembly. The outer refractory
      lined cover serves as a thermal barrier during heating and permits a
      controlled cooling cycle. The relativelly thin inner cover dissipates and
      transfers heat rapidly, confines the controlled atmosphere during heating
      and preserves the controlled atmosphere during cooling until the
      temperature of the charge is sufficiently low to prevent scaling when
      exposed to ambient air. The strip steel is usually tightly wound around a
      vertical mandrel and the resulting "hard wound" coils may be stacked on
      top of each other. Rod is wound around a similar mandrel and several such
      coils may be placed adjacent one another on the diffuser base.
PAR  In an alternate batch-type heat treating practice, sheet steel is loosely
      wound around a vertically disposed mandrel, each lap being separated from
      adjacent lap by a wire or nylon cord separator. Because the entire surface
      of such an "opened" coil is exposed to a gas of known and controllable
      composition, annealing practices, for example, have also included changing
      the chemical composition of the coil by solid state reactions during the
      "annealing" process by admitting certain reactant gases, e.g., moistened
      hydrogen, to the treating chamber.
PAR  In either case of hard coil or open coil batch-type annealing, the lift-off
      cover is in place about the inner cover during the heat-up, during the
      soak period, and during a portion of the cooldown cycle, if uncovering of
      the inner cover at the end of the soak period would result in too rapid a
      cooling rate or dangerous exposure of the surroundings to excessive heat.
      At the end of the cooling cycle, the inner cover is kept over a steel
      charge until the inside temperature has dropped sufficiently to ensure an
      oxide-free steel surface on exposure to ambient air. It is to be noted
      that the same high convection protective atmosphere batch-type annealing
      equipment is in widespread use in the rod and wire industry. Also, note
      that some batch annealing furnaces have stationary outer covers and raise
      and lower the hearth floor to place the inner cover and and charge within
      the outer cover.
PAR  In batch furnaces according to the prior art there is supplied a controlled
      atmosphere gas to the volume enclosed by the inner cover which in turn is
      heated by gas-fired radiant tubes or direct-fired or semi-direct-fired
      burners which line the interior lift-off cover and heat the inner cover.
      The thermal energy required to heat the charge from ambient to a selected
      high temperature must pass through the annular space between the outer
      cover and the inner cover, through the wall of the inner cover where it is
      transferred to the controlled atmosphere gas, and then to the charge.
      Convection, radiation and conduction heat transfers are involved. Much
      energy is lost in the above process. It is widely known that in
      conventional batch furnaces thermal efficiencies, i.e., the fuel energy
      that reaches the charge, are limited to about 50% even when using radiant
      gas-fired tubes which have been reported to be the most efficient source
      of heat energy in furnaces of this kind. Due to the relatively inefficient
      method of heating the charge, a substantial thermal head must be
      maintained in conventional annealing furnaces. By this is meant that the
      temperature at the radiant tubes must be maintained substantially higher
      than the temperature in the inner cover. Annealing practice in batch
      furnace operation calls for a furnace control period during which the
      charge is brought up to work temperature. As an example, a radiant tube
      gas temperature in excess of 1800.degree. Fahrenheit is normally required
      to heat the inner cover atmosphere to a work temperature of 1275.degree.
      Fahrenheit. The time varies between furnaces and different charges, but
      generally requires 10-20 hours. Thus, a substantial amount of furnace time
      is involved in heating the inner cover atmosphere in conventional
      annealing batch furnaces, prior to the soak in the temperature cycle.
PAR  U.S. Pat. No. 3,109,877 is directed to an apparatus for heat treating
      loosely wound metal coils. A gas-fired tube or electrical resistance heat
      source heats a volume of controlled atmosphere gas which is fan driven
      into an open coil treating chamber. While open coil heat treatment of
      ferrous sheet is widely used in the steel-making industry in conjunction
      with lift-off batch furnaces of the above described class, such as
      apparatus for heating the controlled atmosphere gas, as disclosed in the
      above U.S. patent has not been commercially successful for a number of
      practical reasons but primarily due to the substantially low thermal
      efficiencies which are obtained from heating the controlled atmosphere gas
      with conventional gas burners and electrical resistance coils.
PAR  Related to tha above discussion, it should also be recognized that the
      steel industry has used batch-type furnaces since the early 1930's but
      there has been no substantial change in the methods and apparatus used to
      heat and control the annealing atmospheres in the inner covers of the
      batch furnaces. In other area of steelmaking concerned with reduction and
      melting processes, it has long been known to use an electric arc as a heat
      source. See, for example, U.S. Pat. No. 1,479,662. A more recent
      innovation in the steel industry in the United States, Germany, Russia and
      Japan has been the introduction of furnace wall or internally mounted
      plasma arc generators for use in melting and refining wherein the plasma
      electric arc has been employed as a source of heat in melting and in
      liquid state refining processes. In this connection, reference should be
      made to previously cited copending applications, to German Pat. No.
      1,206,531 having an "Anmeldetag" date of May 28, 1963, and U.S. Pat. Nos.
      3,422,206; 3,496,280; and 3,524,006. The employment of a plasma generator
      within a vessel for vessel space preheating has also been recognized in
      the previously referred to copending application Ser. No. 283,514 in which
      the space heated has no relation to a controlled atmosphere. None of these
      references or any other known references dealing with employment of
      electric arcs and more specifically with plasma arcs have suggested any
      application of an externally mounted plasma generator in connection with
      heating and controlling an atmosphere in a batch-type annealing furnace
      for solid-state heat treatment and chemical modification. More
      specifically, none of such references has suggested the possibility of
      converting conventional batch furnaces from fossil-fired fuel operations
      in which the inner cover atmosphere in indirectly heated over a long
      period of time to a system in which a plasma gas is heated externally of
      the furnace and the same gas is used both to sustain the plasma arc and to
      provide an atmosphere treating gas which can be introduced and brought up
      to a temperature near the working temperature in the inner cover within a
      matter of minutes as compared to the hours of time heretofore required.
PAR  The invention in one aspect directs itself to a method of converting a
      conventional fossil fuel fired batch furnace. Therefore, it is appropriate
      to recognize that others in the prior art have converted fossil fuel fired
      heating apparatus to electrically heated apparatus and in this regard
      reference is made to U.S. Pat. No. 3,691,344. However, neither this
      reference nor any other similar reference known to applicants makes any
      reference to the specific subject matter of this invention; namely, that
      of converting a fossil fuel fired batch-type annealing furnace for
      treating metals in a solid state to a furnace utilizing direct heated
      plasma gas as the atmosphere gas. The overall subject of batch furnaces
      has been widely reported as well as the critical features concerned with
      furnace atmospheres. Reference is made to the publication "Recent
      Developments in Annealing," Special Report 79, published in England, 1963,
      by the Iron and Steel Institute. This publication discusses the practices
      of the industry in batch annealing as of this date and such practices have
      generally not changed since such date. The many critical features
      concerned with furnace atmospheres are described in the publication
      "Furnace Atmospheres and Carbon Control", published by the American
      Society for Metals in 1964.  A sales Bulletin LW1255, published by the Lee
      Wilson Engineering Company, Inc., of Cleveland, Ohio, shows in some detail
      typical batch furnaces being employed for rod and wire annealing.
      Controlled atmosphere furnaces of various kinds are also described in a
      sales leaflet identified as Form No. SC-97 published by the Surface
      Combustion Corporation, Toledo, Ohio, and entitled "The ABC's of Prepared
      Atmospheres." Another useful reference to illustrate typical conventional
      batch furnace operation when directed to open coil annealing is to be
      found in the article entitled "Use of Open Coil Process to Change
      Composition and Improve Sheet Steels" to be found in the publication "Iron
      and Steel Engineer", May 1961. United States patent references dealing
      with the subject of batch or box annealing include U.S. Pat. Nos.
      2,602,034; 2,603,577; and 3,127,289.
PAR  From the foregoing description of the prior art, those skilled in the art
      will recognize that batch furnace constructions and methods of operation
      have basically remained static since their introduction in the 1930's and
      even though electric arc and plasma generated arcs have made their
      appearance in other phases of steel-making there has been no recognition
      or suggestion, prior to the present invention, that plasma arc gases can
      be used both as an atmosphere gas for annealing as well as a gas to
      sustain the plasma arc and that an external mounted plasma generator can
      be used as a basis for converting conventional fossil fuel fired batch
      furnaces to an entirely different mode of operation. The known and well
      recognized disadvantages of batch furnaces include the difficulty of
      maintaining uniform temperature, hot spot overheating, refractory
      maintenance, inner cover maintenance, low fuel efficiency, ignition
      explosions, limited inner cover life, and disposing of combustion
      products. Yet, since the early 1930's there has been no substantial way of
      avoiding or minimizing these problems and disadvantages and such becomes
      the object of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is broadly directed to using a gas which sustains an electric
      arc to both heat and provide a controlled atmosphere within the inner
      cover of a batch-type annealing furnace. More specifically, the invention
      in a preferred embodiment employs a plasma arc generator in such a furnace
      configuration. A long arc column type plasma generator such as described
      in U.S. Pat. No. 3,673,375 is preferred. The temperature of the atmosphere
      within the inner cover is controlled by sensing such temperature at the
      bottom and top of the charge as well as the temperature of the plasma
      heated treating gas before it enters the inner cover. These sensed
      temperatures are used to electrically control the amounts of plasma
      treating gas which enter and bypass the plasma generator. An electrically
      controlled proportioning valve performs this function. An increase in
      plasma treating gas passed through the generator increases the atmosphere
      temperature within the inner cover whereas an increase in the amount of
      plasma treating gas which bypasses the plasma generator results in a
      decrease in the inner cover atmosphere temperature. The sensed
      temperatures may also be used to electrically control the plasma generator
      power supply and the energy supplied to the plasma generator as a means of
      controlling the inner cover atmosphere temperature.
PAR  Provision is made for employment of an auxiliary gas supply which can be
      used in conjunction with the plasma treating gas to obtain desired end
      results in the overall annealing process. The invention is also directed
      to the method of converting a conventional batch furnace from a fossil
      fuel fired operation to a plasma arc generator operation and from an
      indirect type of heating the inner cover atmosphere to a direct system of
      heating.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generalized block diagram of the preferred invention
      embodiment.
PAR  FIG. 2 is a cross-sectional side view of a long arc plasma generator in
      operative arrangement with a movable external electrode, used in the
      preferred embodiment of the instant invention.
PAR  FIG. 3 is a cross-sectional side view of a long arc plasma generator in
      operative arrangement with a manifold structure used in an alternate
      invention embodiment.
PAR  FIG. 4 is a cross-sectional side view of plural long arc plasma generators
      in operative arrangement with a manifold structure used in another
      invention embodiment.
PAR  FIG. 5 is a perspective view showing the plural long arc plasma generator
      and manifold arrangement of FIG. 4.
PAR  FIG. 6 represents a set of time-temperature curves for a conventional prior
      art batch furnace.
PAR  FIG. 7 represents a set of time-temperature curves for the apparatus of the
      invention.
PAR  FIG. 8 represents shelfing cycle curves according to the invention and
      prior art practices.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Once the overall concept of using at least a portion of a plasma sustaining
      arc gas as an atmosphere gas for the inner cover of a batch furnace is
      revealed to those skilled in the art there will appear a substantial
      number of practical configurations which might employ this broad concept.
      Therefore, the example which follows should be taken as being exemplary
      and representative of a wide variety of possible configurations as well as
      possible methods of employing a plasma generator in this manner. Also,
      while it is contemplated that other types of electric arc and plasma
      generated arcs might be found to suit the purposes of the invention, a
      much preferred system is based on employment of a long arc column plasma
      generator such as described in U.S. Pat. No. 3,673,375. Only the broad
      details of such a plasma generator are revealed in the drawings and
      description to follow since the prior art references may be used to
      amplify any necessary detailed information. Also, only the broad physical
      arrangement of the batch furnace is shown since the same prior art
      references reveal the more detailed construction features. Also, no
      attempt has been made in the drawings to distinguish between a batch
      furnace used for open coil annealing as distinguished from closed coil
      annealing and the drawings and description to follow are based on closed
      coil annealing. The addition of a plenum chamber for open coil annealing
      and other changes that may be required for annealing rod, wire, and the
      like, will be readily apparent to those skilled in the art from the
      information which is given.
PAR  Referring to FIG. 1, the apparatus and method of the preferred embodiment
      utilizes a conventional batch annealing furnace apparatus, generally
      designated 10, comprising a floor 12, a so-called "diffuser base" 14
      mounted on said floor and which supports a charge 15 to be heat treated.
      Here the charge is represented as a closed or "hard" sheet coil merely as
      an example. A fan 18 is centrally located in diffuser base 14 and is
      driven by a suitable motor 20. A removable cylindrical steel inner cover
      21 having an open lower end and a closed top end is lowered over the
      charge and base assembly by means of appropriate lifting eyes 22. Inner
      cover 21 defines a "treating chamber" in which the atmosphere gas is
      contained. The bottom edges 23 of such inner cover 21 are sealed by oil
      25, sand, deformable rubber, or other suitable means, to create a
      substantially airtight volume beneath the inner cover. A refractory-lined
      cylindrical outer cover 28 having a closed top end and an open bottom end,
      i.e., a bell-like or open-ended box shape, is lowered over inner cover 21
      by means of lifting eye 19. Outer cover 28 provides a heat barrier as
      previously described in the prior art description and it is preferred,
      though not necessary, that the usual radiant tube heaters or direct-fired
      burners (not shown) be removed from the interior of outer cover 28. While
      it is recognized that inner cover 21 and lift-off cover 28 may be combined
      into a single lift-off cover, it is contemplated that both will continue
      to be used and particularly since they each serve useful purposes
      previously described. Further, the problem of converting to the system and
      method of the present invention is greatly simplified.
PAR  According to the invention, an externally mounted plasma generator 30 is
      adapted to be operated on a gas which is used to form the plasma arc
      column, is heated in such arc forming and is then passed to the inner
      cover 21 as the heated controlled atmosphere. In the preferred embodiment
      shown in FIG. 1, a variable portion of the treating gas becomes the plasma
      gas and is conducted to plasma generator 30 via conduit 27 and the
      remainder of the treating gas bypasses plasma generator 30 via conduit 29.
      The amount of treating gas passed through plasma generator 30 is regulated
      by operation of an electrically controlled proportioning valve 34 as one
      means to control the temperature of the heated atmospheric gas within
      inner cover 21. In an automatic temperature regulating mode thermocouples
      37 and 38 are secured to top and bottom portions of the charge 15 and,
      through a suitable temperature actuated electric control, control the
      proportioning or ratio valve 34 in a predetermined manner, e.g., if more
      heat is required in the atmosphere within inner cover 21, more treating
      gas is passed through plasma generator 30 and if less heat is required
      less gas is passed through. A supply of treating gas, generally designated
      31, may be obtained from any suitable source. Since temperature controls,
      proportional valves, and the like, are well-known, no further detailed
      description is deemed necessary.
PAR  The composition of the plasma and treating gas 31 may be substantially any
      atmosphere gas useful in heat treating a charge 15. Typically, such
      treating gas may comprise the exothermic or hydrogen-nitrogen types. If
      the composition of a particular treating gas is found to have corrosive
      effects on the internal parts of plasma generator 30 when being used to
      form the plasma column, an auxiliary gas inlet 42 may be used to supply an
      inert and treating plasma forming gas such as argon to plasma generator
      30. Such auxiliary inert gas when used enables substantially all or part
      of the corrosive treating gas to bypass plasma generator 30. In this case,
      the auxiliary gas becomes both the plasma gas and a heat carrier gas
      forming part of the atmospheric gas fed to the treating chamber formed by
      inner cover 21. In addition, a reactant gas inlet 45 is provided for
      admitting certain reactant gases, steam, methane, ammonia, etc., into
      inner cover 21 at a predetermined stage of the heat treatment process.
PAR  What becomes particularly significant is that this invention recognizes
      that a vast number of gases which are suited to forming long arc plasma
      columns are also suited to use as a heated atmospheric gas for annealing.
      Thus, the invention method and apparatus readily adapts to the prepared
      treating atmospheres in common use in industry: exothermic, endothermic,
      nitrogen, hydrogen-nitrogen, and dissociated ammonia. The same gas may
      thus serve as a plasma gas, a heat carrier, and as a treating gas for
      modifying the chemical composition of the charge in solid-state reactions.
PAR  In a simplified method of the invention based on the apparatus shown in
      FIG. 1 after a charge 15 is placed on diffuser base 14, thermocouples 37
      and 38 inserted, inner cover 21 and outer insulated cover 28 lowered into
      position, the inner cover volume, i.e., the treating chamber, is purged at
      room temperature with a noncombustible controlled atmosphere gas which is
      admitted from gas source 31 and thence through bypass conduit 29 and
      through manifold conduits 68 to reduce oxygen content within the inner
      cover 21 to non-scaling and non-explosive limits. Typically, with an inner
      cover free volume of 650 cubic feet and a flow of 3250 cubic feet per hour
      of an oxygen free purging gas, e.g., an exothermic gas of composition:
      86.0% nitrogen, 10.5% carbon dioxide, 1.5% carbon monoxide, 1.2% hydrogen,
      0.8% water vapor, the oxygen content within the inner cover will be
      reduced to less than 0.2% in approximately 1 hour. An appropriate gas
      outlet 48 allows purged oxygen rich gas to escape during the above cycle.
      Circulation is in the direction indicated by arrows 16. Outlet 48 is also
      used to bleed the controlled atmospheric gas from inner cover 21 during
      annealing at the same rate as it is introduced. An alternate to disposing
      of the controlled atmosphere through outlet 48 as waste product is to
      route this gas through appropriate cleansing apparatus 35 (FIG. 1)
      preceding its reuse as a plasma and heat treating gas.
PAR  After purging the treatment chamber formed by inner cover 21, the
      temperature control 39 is set to the temperature control setting required
      for the specified heat treatment. A constant flow of gas is established at
      source 31. The plasma generator cooling system is started. The plasma arc
      is struck in generator 30. Control of the relative quantities of the gas
      stream passing through conduits 27 and 29 are in this mode of operation
      automatically controlled by the temperature controlled proportioning valve
      34 according to the temperature desired. When either the temperature
      spread between thermocouples 37 and 38 exceed a predetermined margin, say
      100.degree. F., or when either said thermocouple reaches the set treating
      temperature, say 1280.degree. F., a sufficient amount of treating gas is
      caused to bypass plasma generator 30 in order to maintain the desired
      treating temperature within the chamber formed by inner cover 21. The
      heated gas mixture, i.e., the controlled atmospheric gas, formed by the
      heated plasma gas and any unheated gas added thereto is, of course,
      admitted to inner cover 21 through as short a path as possible to minimize
      heat losses and pipe friction. In FIG. 1, gas entry through floor 12 into
      inner cover 21 makes use of a manifold type of piping 68. FIG. 1 is
      intended to indicate a plural peripheral spacing of the gas inlets into
      cover 21. In whatever application, it is desirable that the spacing X,
      FIGs. 2 and 3, by at least equal to three to four generator nozzle
      diameters to ensure that the extreme central line heat of the arc does not
      play on the diffuser, the fan, or the like, to cause overheating. That is,
      the heated plasma should not come into direct contact with furnace parts
      until the plasma has traveled enough distance to provide temperature
      equalization throughout the plasma. Either a single, closely coupled floor
      entry as in FIGS. 2, 3, 4 and 5 or a multiple, more remotely coupled,
      floor entry as depicted in FIG. 1 may be used according to the
      application.
PAR  Referring next to FIG. 2, in one embodiment the instant invention utilizes
      an externally mounted long arc column forming plasma generator 30 of the
      general type previously described in the above cited U.S. Pat. No.
      3,673,375. This patent teaches the utilization of an external, fixedly
      positioned, ring-shaped electrode in combination with a long arc column
      plasma generator to generate a long arc plasma column therebetween. An
      external water-cooled, ring-shaped electrode 52 is fixedly mounted forward
      of and in axial alignment with plasma generator 30. Plasma generator 30 is
      positionable with respect to forward electrode 52 by appropriate lifting
      means 53 enabling striking of a long arc column in accordance with the
      teachings of the cited patent. Remote control of lifting means 53 to
      control the annealing gas temperature may be employed as is schematically
      shown in FIG. 2. A cylindrical manifold 55 having a plurality of air vent
      apertures 57 is adapted to reside in proximity to the long plasma arc
      column 60 such that radiant energy from the arc column 60 is absorbed by
      manifold 55 which in turn transmits heat to treating gas 59 forced through
      vent apertures 57. Note direction of arrows 61. Plasma generator 30,
      electrode 52, manifold 55 and appropriate gas and water couplings 63, 64
      are suitably enclosed in a cylindrical housing 65 adapted to couple with a
      gas inlet aperture 68' in the hearth floor 12. Note that the plasma
      generator embodiment shown in FIG. 2 utilizes a treating gas inlet at 71
      corresponding to conduit 27 of FIG. 1, to heat the gas by passing it
      through apertures 57 in manifold 55, and a bypass inlet 70 corresponding
      to conduit 29 of FIG. 1 to shunt unheated gas around manifold 55, in order
      to control the temperature of the treating chamber. Auxiliary gas inlet 75
      enable plasma generator 30 to operate from the same supply of treating
      gas, or, if such gas is of a corrosive nature with respect to internal
      plasma generator components, from an auxiliary supply of inert gas, e.g.
      argon (not shown).
PAR  Referring now to FIG. 3 in still another embodiment, the invention utilizes
      a long arc column forming plasma generator of the type previously shown
      and described in the above cited copending application Ser. No. 283,514.
      Such application teaches a long arc plasma generator 30 having a
      ring-shaped non-consumable forward electrode 81 which is positionable with
      respect to the plasma generator nozzle. In the embodiment shown in FIG. 3,
      gas inlet 82 provides treating gas to plasma generator 30. In this
      particular embodiment, the elongated external electrode structure 89
      having the ring-shaped tip portion 81 resides forward of and in spaced
      axial alignment with the forward or "nozzle end" 72 of plasma generator 30
      and is adapted for rectilinear movement along the plasma generator axis by
      appropriate hydraulic or gear driven positioning apparatus 94. Electrode
      89 is preferably water cooled to prevent tip portion 81 from being
      consumed by the heat of the arc column. Plasma generator 30 and movable
      electrode 89 in this embodiment are supported by a cylindrical
      water-cooled housing 95 which serves as a plenum chamber for directing
      heated treating gas, a component of the long arc column, upward through
      floor aperture 68" and into the treating chamber. Appropriate water inlet
      and outlet couplings 97 are provided for cooling housing 95.
PAR  FIG. 3 diagrammatically illustrates how positioning apparatus 94 may be
      temperature controlled to control arc length and thereby control the
      annealing gas temperature.
PAR  It is important to note that all embodiments require a predetermined
      minimum quantity of treating gas flowing at a given velocity based on
      vortex chamber and nozzle dimensions in order that the long arc column 60
      can be successfully maintained. Thus, the lower bound of gas flow through
      plasma generator 30 should not be diminished any more than necessary by
      whatever pipe and valve arrangement is used in order to avoid
      extinguishing the arc.
PAR  Referring now to FIGS. 4 and 5 which respectively show side and cutaway
      perspective views of a third plasma generator embodiment for heating a
      volume of plasma gas suited to being a treating gas in accordance with the
      instant invention, a plurality of plasma generators 30A, 30B and 30C are
      radially positioned around a central cylindrical graphite electrode 102
      supported by appropriate support members 107, 108 which are secured to a
      subfloor 105. A gas manifold 111, similar to manifold 55 of FIG. 2, is
      provided for each plasma generator and various manifolds are coupled to a
      central vertically disposed conduit 112 to form a treating gas plenum
      chamber 113 which is adapted to extend upward through a floor aperture
      68'" in hearth floor 12. Graphite electrode 102 is connected to the plasma
      generator electrical circuit, not shown, which is most suitably a
      three-phase AC wye, and serves as a common external electrode for the
      three plasma generators utilized 30A, 30B and 30C. In a preferred mounting
      configuration of this embodiment, plasma generators 30A, 30B and 30C are
      located at 120.degree. intervals around graphite electrode 102 and, in
      addition, are mounted at varying horizontal levels A, B and C, best shown
      in FIG. 4, to minimize interaction of the long arc columns; that is,
      objectionable attraction of adjacent arcs. Appropriate remotely
      controllable plasma generator positioning apparatus 109 is provided
      enabling remotely actuated temperature controlled positioning, not shown,
      and remotely actuated stricking of the long arc columns, Such remote
      striking of a long arc column has been previously set forth in the above
      cited U.S. Pat. No. 3,673,375 and copending application Ser. No. 283,514,
      and therefore warrants no further elaboration herein.
PAR  Temperature regulation of the invention embodiment shown in FIGS. 4 and 5
      is accomplished in a manner similar to that previously described.
      Referring specifically to FIG. 4, a treating gas inlet 115 is provided for
      each manifold 111 and each manifold 111 includes a plurality of apertures
      114 which enable a volume of treating gas to be fed through the manifold
      and heated, and then be fed through conduit 112 into the treating chamber
      formed by inner cover 21. Heating of the gas passing through each manifold
      111 is accomplished by direct radiation of each arc column 60, and by
      conductive and convective heat transfer associated with the heated
      manifold 111. In accordance with the invention, a variable amount of the
      total volume of treating gas is adapted to bypass such manifold 111 and
      enter the treating chamber through a bypass inlet 103. Such bypassed
      treating gas is continuously mixed with the heated volume of treating gas
      to control the temperature of the treating gas which is admitted to the
      treating chamber formed by inner cover 21. As in the case of previously
      described embodiments, a reactant gas inlet 104 is also provided for
      admitting a selected reactant gas such as steam, ammonia, etc., during a
      specified stage of a heat treating process. Since such reactant gas,
      purging gas, and the like, are normally available at the furnace, a
      conversion to the present invention apparatus would only require that they
      be connected to the invention apparatus. While not shown in FIGS. 4 and 5,
      it should also be noted that the embodiment of FIGS. 4 and 5 enables each
      plasma generator 30A, 30B or 30C to utilize either a portion of the
      treating gas supply or an auxiliary gas supply exclusively as the plasma
      arc forming gas. In any event, the atmospheric gas reaching the interior
      of inner cover 21 will include the plasma gas from each of the generators
      30A, 30B and 30C.
PAR  In each of the foregoing described plasma generator embodiments forming a
      portion of the present invention heat treating method and apparatus,
      accurate temperature regulation of the treating chamber temperature within
      inner cover 21 is accomplished by dividing a volume of treating gas into
      separate volumes, the relative quantities of which are continuously
      regulated. One such volume is heated directly by passing through a plasma
      generator or through a heated manifold associated with such generator
      while another such volume bypasses the plasma generator or associated
      manifold and is not heated directly but mixes with the heated gas to yield
      a treating gas of desired treating temperature. Regulation of the
      respective volumes of gas is accomplished by temperature actuated
      proportioning valve means only generally described but well-known to those
      skilled in the art. A specific means, as best shown in FIG. 1, for
      automatically operating such valve means is to couple a temperature
      actuated proportioning valve to appropriate thermocouple means residing at
      top and bottom temperature measuring points on the charge, thermocouples
      37, 38.
PAR  In another mode of the invention illustrated in FIG. 1, however,
      temperature regulation of the treating chamber temperature within inner
      cover 21 is accomplished by suitable arc voltage and current regulation.
      Thus, as illustrated in FIG. 1, the temperature actuated control 39 may be
      used to control the plasma generator power supply 41. One such method is
      by introducing variable reactance, considered well-known in the art, into
      the arc circuit. Alternately, by varying the arc length of the long arc
      column by either of the above described plasma generator or external
      electode positioning means, voltage and current are easily incresed or
      decreased causing a corresponding increased or decreased temperature of
      the arc column and of the treating gas directly or indirectly heated by
      such arc column. Thus, the treating chamber temperature may be regulated
      accordingly. Since power controls for plasma generators are known for
      other applications, no detailed disclosure or discussion of such circuitry
      is given. The control 39 may, of course, be programmed so as to use gas
      bypass as a temperature control technique within certain portions of the
      cycle or at certain temperatures and use generator power supply regulation
      or arc length control in other stages. Further, it is desired to have a
      thermocouple 36 (FIG. 1) placed in the treating gas path at a point after
      it has been heated but before it enters the furnace and couple this
      thermocouple to control 39. The sensed temperature of the heated gas
      entering the chamber thus provides another electrical reference which may
      be used for temperature control of the annealing gas.
PAR  As will be best understood by those skilled in the art, the method of
      converting a conventional direct-fired, semi-direct-fired or radiant tube
      batch type annealing furnace to operate according to the embodiment of the
      invention shown in the drawings involves the following basic steps:
PA1  1. remove such conventional fuel burning equipment as is necesary to
      complete the conversion;
PA1  2. install a plasma generator, including any necesary cooling equipment,
      externally of the furnace and in proximity to its hearth floor;
PA1  3. form apertures in the hearth floor within the inner cover boundary and
      connect the same to receive heated gas from the plasma generator;
PA1  4. install and connect to the plasma generator an appropriate supply of a
      gas of a type which can be used both as a plasma gas and as a treating
      gas;
PA1  5. install and connect an appropriate power supply to the plasma generator;
PA1  6. install and connect an appropriate temperature control arranged to sense
      the furnace treating temperature and use the sensed values to control the
      temperature of the heated gas fed to the treating chamber portion of the
      furnace; and
PA1  7. install and connect any appropriate reactant and auxiliary gas supplies
      to the plasma generator and to the hearth apertures as required with the
      feed controls therefor being appropriately connected to the temperature
      control as required.
PAR  In most cases very little removal or alteration of existing fuel equipment
      will be required. Room is normally available below the hearth floor in
      which to install the apparatus of the invention, install and connect gas
      supplies, power supplies, coolants temperature controls, and the like. The
      conventional gas outlets 48 are contemplated as being compatible with the
      fluid dynamics of the invention apparatus though the outlets may in some
      instances be formed as standpipes within the inner cover 21 to minimize
      heat losses. Thus, a very wide range of batch furnace installations can be
      converted at minimum expense and by making use of the existing inner and
      outer covers. Of course, individual installations may call for variations
      on the basic steps set forth above.
PAR  In operation, the method of operation would basically follow the following
      steps:
PA1  1. place the charge on the hearth floor;
PA1  2. install appropriate temperature sensors proximate the charge;
PA1  3. place the inner and outer covers;
PA1  4. purge the treating chamber, i.e., the inner cover, with an appropriate
      purging gas;
PA1  5. start a plasma generator mounted externally of the furnace and sustain
      its arc column with a supply of gas suited to being used both as the
      plasma column sustaining gas and at least as a portion of the controlled
      atmospheric gas;
PA1  6. start the flow of any required gasses auxiliary to the plasma generator
      gas;
PA1  7. combine the heated plasma gas and the auxiliary gas, if any, in required
      proportions and pass the same through the hearth floor to the inner cover
      interior;
PA1  8. monitor the gas temperature within the inner cover and employ such
      temperature to control the temperature of the gas mixture entering such
      cover to maintain some predetermined time-temperature cycle; and
PA1  9. allow gas from said inner cover to exit during the time-temperature
      cycle at substantially the same rate as it is introduced thereto.
PAR  The basic plasma generator assembly 30 cools immediately to hand-touch when
      shut down which requires only that the power supply be turned off and
      appropriate adjustments be made to the gas and cooling supplies. Quick
      electrical, gas, and coolant disconnects, not shown, enable generator 30
      to be disconnected and moved from one hearth floor and reconnected at
      another hearth floor immediately after the end of the soak period. After
      gas heating stops and during the cooling period, the flow of the
      atmospheric gas from source 31 is customarily maintained and proportioning
      valve 34 may be set during this period to bypass all of the plasma gas.
      Thus, one plasma generator can be used to provide heat for more than one
      batch furnace on a planned schedule.
PAR  The description next refers to FIGS.6, 7, and 8 which show and compare
      various time-temperature curves of the prior art with those obtainable
      with the invention. FIG. 6 represents a typical or generalized set of
      time-temperature curves for a batch-type annealing furnace based on single
      stack annealing of a five-coil-high charge of 20-gauge steel (hard coils)
      of total weight 72,000 pounds. T.sub.3 represents the temperature within
      the outer cover but outside the inner cover as measured near the outer
      cover radiant tubes. T.sub.1 represents the temperature of the charge
      itself measured at the top of the charge and T.sub.2 the temperature of
      the charge measured at the bottom of the charge. The T.sub.1 and T.sub.2
      thermocouples are conventionally wedged within the coil laps as
      illustrated in FIG. 1 by thermocouples 37 and 38. Several factors should
      be noted in FIG. 6: The outer cover space temperature requires about three
      hours to reach 1600.degree. F., the set point of the tube control
      temperature. The outer cover space temperature must be substantially
      higher than the inner cover space temperatures until near the end of the
      work control period, i.e., it must have a temperature "head." The "work
      control period" cannot be started until about 16 hours after operations
      commence. The soak period in the example of FIG. 6 takes place when the
      difference between top and bottom coil temperatures T.sub.2, T.sub.3 is
      within 50.degree. F. Also, in the FIG. 6 example the energy input control
      to the radiant tubes is taken over by the thermocouple which is measuring
      the top charge temperature, i.e., T.sub.2, when such temperature reaches
      the annealing temperature of 1275.degree. F. The thermal efficiency of
      such a heat treating process is in the order of 50 percent, whereas the
      thermal efficiency of a process according to the present invention is
      inherently substantially higher.
PAR  FIG. 7 is a generalized set of curves representing a heat treating system,
      operated according to the invention for comparison with the prior art
      system on which FIG. 6 is based. In FIG. 7, T.sub.1 ' represents the coil
      temperature at the top of the stack (see thermocouple 37 in FIG. 1) and
      T.sub.2 ', the coil temperature at the bottom of the stack (see
      thermocouple 38 in FIG. 1). T.sub.3 ' represents the temperature of the
      heated gas mixture entering the inner cover 21 (see thermocouple 36 in
      FIG. 1) which temperature is essentially equal to the space temperature
      within inner cover 21.
PAR  With respect to FIG. 7, note that the temperature T.sub.3 ', the inner
      cover space temperature, rises almost instantly to 1400.degree. F., an
      arbitrary but generally typical temperature for the invention system. This
      instantaneous rise should be compared to the time of 3 hours required to
      reach 1600.degree. F. in the prior art system of FIG. 6. In this regard,
      note also that the temperature "head" between T.sub.3 ' and T.sub.1 ' in
      FIG. 7 is less than the head between T.sub.3 and T.sub.1 in FIG. 6 during
      the furnace control period. Note also that in FIG. 7 the work control
      period is shown as being reached in 10 hours as compared with 16 hours in
      FIG. 7. Mention is again made that FIGS. 6 and 7 are not intended to be
      accurate or specific as to time or temperature but are shown to point out
      the very basic and distinct differences in the time-temperature cycles
      between the prior art and invention processes.
PAR  Other advantages of the invention are revealed in the fact that the plasma
      generator can be made to respond almost instantly to the temperature
      control. That is, the treating chamber heat within inner cover 21 can
      follow the measured control temperatures with essentially no lag. In
      comparison, radiant tube heaters may require from one-fourth to one-half
      hour to respond to a change in a sensed control temperature. Such fast
      response in the invention system opens up the possibility for may new
      kinds of time-temperature cycles not heretofore obtainable.
PAR  To supplement what has just been said, reference is made to FIG. 8 in which
      the curve labeled A represents a time-temperature curve for a furnace
      charge that is much desired in the rod and wire industry in what is called
      spheroidizing annealing. That is, it is desired to drop quickly and
      smoothly from an elevated charge temperature to a lesser charge annealing
      temperature. This is often called "shelfing". Because of the temperature
      control time lag previously mentioned, the temperature of the charge in a
      typical radiant tube or direct-fired batch furnace attempts to drift as
      shown by curve B in FIG. 8 when shelfing is attempted. Thus, the typical
      practice is to compromise by following a slowly changing curve,
      represented by curve C in FIG. 8, to avoid the drifting problems of curve
      B. In comparison, because of the almost instantaneous response of the
      plasma generator to charge temperature changes and because of the heated
      atmosphere within inner cover 21 not depending upon heat transfer from
      radiant tubes to outer cover space, through the inner cover and then on
      convection, etc., as in the conventional batch furnace, the
      time-temperature shelfing curve A of FIG. 8 is more readily obtainable by
      the process of the present invention.
PAR  It should be understood that what has been described offers various modes
      of operation. For example, the annealing process can be accomplished by
      maintaining relatively constant power to the plasma arc generator and
      proportioning the amount of treating gas routed through the plasma
      generator as a means of controlling the charge temperature. Alternatively,
      the amount of plasma gas routed through the plasma generator may be kept
      constant and the energy input to the plasma generator varied according to
      charge temperature. Power supply control and arc length regulation have
      both been described. Where energy input to the plasma generator is used
      for control the proportioning arrangement shown in FIG. 1 may not be
      needed. Of course, plasma gas bypassing and plasma generator energy input
      control may be used together or independently, or one form of control may
      be used in one part of the time-temperature cycle and another form of
      control may be used in another part of the time-temperature cycle. Also,
      cleansing of the gas exhausted through outlets 48 and operation in a
      closed loop may be employed.
PAR  In summary, the invention in its various aspects has been described as a
      novel arc heated gas annealing apparatus and as a novel method of
      converting a conventional radiant tube or directfired fuel burning batch
      furnace to a radically different arc heated gas mode of operation. There
      has also been described a novel method of arc heating an annealing gas as
      well as a novel process of annealing with such arc heated gas in a batch
      furnace, with the long arc column plasma generator being the preferred
      source of such arc in all aspects of the invention.
PAR  Those skilled in the art will immediately see many and various types of
      plasma arc and gas control systems, plasma arc generator configurations
      and applications of the invention. Also, those skilled in the art will see
      that the invention adapts both to the type of batch annealing furnace
      having a fixed hearth floor over which the inner and outer covers are
      lowered as well as those types of batch annealing furnaces in which the
      hearth floor is raised into and lowered from a fixed cover configuration.
      Thus, the present description has not sought to deal with such variations
      as they will be readily apparent. From the description, it will now be
      seen that not only have the numerous previously enumerated problems of the
      conventional batch furnace been eliminated or lessened but there is now
      given to the art a new apparatus and new method not previously known.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modified batch-type annealing furnace converted to plasma arc
      operation comprising in combination:
PA1  a. a basic furnace construction comprising a hearth floor, an inner
      box-like cover having a closed upper end and a sealable open bottom end
      adapted to rest about the floor and to provide a treatment chamber to
      enclose the charge to be annealed, an outer box-like cover having a closed
      upper end and an open bottom end and a refractory lining therein and being
      adapted to rest surrounding said inner cover;
PA1  b. conduit means providing gas entry paths through said floor and to and
      from said inner cover chamber;
PA1  c. a plasma generator assembly located proximate and external of said
      furnace construction and including a plasma generator, an electrical power
      and any necessary cooling supply and a plasma gas supply therefor, the
      plasma gas output of said generator being connected to said conduit means
      entry path;
PA1  d. temperature control means connected to sense the temperature within said
      chamber and to control the operation of said assembly whereby upon
      energization of said generator and the feeding of plasma gas from said
      supply thereto, a controlled flow of said plasma gas is heated, directed
      to said chamber and made useful therein as a temperature controlled
      annealing atmosphere surrounding said charge; and
PA1  e. a bypass pipe and valve arrangement connected between said generator
      plasma gas supply and said generator and controlled by said temperature
      control means such that said chamber temperature may be controlled by the
      amount of said plasma gas bypassed around said generator.
NUM  2.
PAR  2. A modified furnace as claimed in claim 1 wherein said temperature
      control means is arranged to selectively control either said generator
      power supply or the volume of plasma gas fed to said generator as a means
      of controlling said chamber temperature.
NUM  3.
PAR  3. A modified furnace as claimed in claim 1 including an auxiliary gas
      supply and means to mix the gas from said auxiliary supply with the heated
      gas provided by said generator in predetermined proportions.
NUM  4.
PAR  4. A modified furnace as claimed in claim 1 wherein said plasma generator
      comprises a plural group of plasma arc sources arranged to collectively
      receive and heat said plasma gas.
NUM  5.
PAR  5. A modified furnace as claimed in claim 1 wherein said plasma generator
      comprises a long arc column generator.
NUM  6.
PAR  6. A batch heat treatment apparatus for treating materials in a solid state
      by exposing such materials to a heated controlled atmosphere, in
      combination:
PA1  a. a treating chamber providing a confined substantially gas tight space
      into which materials to be treated may be placed and having treating gas
      inlet and outlet flow paths;
PA1  b. a source of treating gas connected to provide a substantially continuous
      flow of heated treating gas to said chamber inlet path and having means to
      heat said gas by passing at least a portion of such gas through an
      electric arc generator whose arc is sustained by such gas passage and
      heats said gas with said arc; and
PA1  c. temperature control means comprising:
PA2  1. a temperature sensor positioned inside of said chamber; and
PA2  2. a bypass pipe and valve arrangement connected between said source of
      treating gas and said generator and controlled by said temperature sensor
      such that the chamber temperature may be controlled by the amount of said
      treating gas bypassed around said generator.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 wherein said electric arc generator
      comprises a long arc column plasma generator.
NUM  8.
PAR  8. A modified batch-type annealing furnace converted to plasma arc
      operation comprising, in combination:
PA1  a. a basic furnace construction comprising a hearth floor, an inner
      box-like cover having a closed upper end and a sealable open bottom end
      adapted to rest about the floor and to provide a treatment chamber to
      enclose the charge to be annealed, an outer box-like cover having a closed
      upper end and an open bottom end and a refractory lining therein and being
      adapted to rest surrounding said inner cover;
PA1  b. conduit means providing gas entry paths through said floor and to and
      from said inner cover chamber;
PA1  c. a plasma generator assembly located proximate and external of said
      furnace construction and including a plasma generator, an electrical power
      and any necessary cooling supply and a plasma gas supply therefor, the
      plasma gas output of said generator being connected to said conduit means
      entry path; and
PA1  d. temperature control means connected to sense the temperature with said
      chamber and to control the operation of said assembly whereby upon
      energization of said generator and the feeding of plasma gas from said
      supply thereto, a controlled flow of said plasma gas is heated, directed
      to said chamber and made useful therein as a temperature controlled
      annealing atmosphere surrounding said charge, said temperature control
      means being arranged to selectively control either said generator power
      supply or the volume of plasma gas fed to said generator as a means of
      controlling said chamber temperature.
NUM  9.
PAR  9. A modified bath-type annealing furance converted to plasma arc operation
      comprising, in combination:
PA1  a. a basic furnace construction comprising a hearth floor, an inner
      box-like cover having a closed upper end and a sealable open bottom end
      adapted to rest about the floor and to provide a treatment chamber to
      enclose the charge to be annealed, said charge being supported above said
      hearth floor so as to provide paths for circulation of gas therethrough
      and thereabout, an outer box-like cover having a closed upper end and an
      open bottom end and a refractory lining therein and being adapted to rest
      surrounding said inner cover;
PA1  b. conduit means providing gas entry paths through said floor and to and
      from said inner cover chamber;
PA1  c. a plasma generator assembly located proximate and external of said
      furnace construction and including a plasma generator, an electrical power
      and any necessary cooling supply and a plasma gas supply therefor, the
      plasma gas output of said generator being connected to said conduit means
      entry path, whereby the arc of said generator is drawn externally of said
      furnace construction and maintained without contact with the charge
      thereby enabling a source of heated plasma gas to be generated external of
      said furnace and to be conveyed to said treatment chamber for circulation
      through and about said charge; and
PA1  d. temperature control means connected to sense the temperature within said
      chamber and to control the operation of said assembly whereby upon
      energization of said generator and the feeding of plasma gas from said
      supply thereto, a controlled flow of said plasma gas is heated, directed
      to said chamber and made useful therein as a temperature controlled
      annealing atmosphere surrounding said charge.
NUM  10.
PAR  10. A batch heat treatment apparatus for treating materials in a solid
      state by exposing such materials to a heated controlled atmosphere, in
      combination:
PA1  a. a treating chamber providing a confined substantially gas tight space
      into which materials to be treated may be placed and having treating gas
      inlet and outlet flow paths;
PA1  b. a source of treating gas connected to provide a substantially continuous
      flow of heated treating gas to said chamber inlet path and having means to
      heat said gas by passing at least a portion of such gas through an
      electric arc generator whose arc is sustained by such gas passage and
      heats said gas with said arc; and
PA1  c. temperature control means connected to sense the temperature within said
      chamber and to control the operation of said apparatus whereby upon
      energization of said generator and the feeding of treating gas from said
      source thereto, a controlled flow of said treating gas is heated, directed
      to said chamber and made useful therein as a temperature controlled
      annealing atmosphere surrounding said charge, said temperature control
      means being arranged to selectively control either said generator power
      supply or the volume of plasma gas fed to said generator as a means of
      controlling said chamber temperature.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 wherein said electric arc generator
      comprises a long arc column plasma generator.
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ABST
PAL  An improved circuit modification method is provided for wire-wrapped
      electrical back planes such that changes in the back plane circuitry may
      be accomplished in areas remote from a production facility where wire-wrap
      equipment and highly skilled technicians may not be available, such method
      involving the preparation of a slip-on, post-terminal-compatible printed
      circuit board at the production facility, delivery of the printed circuit
      board to the remote area, and the slip-on attachment of the printed
      circuit board onto the post terminals of the back plane by a repairman who
      may be unfamiliar with the intricacies of the back plane and its
      wire-wrapped interconnections, said slip-on printed circuit board being
      inherently provided with whatever guidance may be required by the
      repairman in effectuating its installation on the back plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the assembling of electrical circuitry and more
      particularly to the installation of electrical connections between
      selected post terminals of a wire-wrapped back plane.
PAR  2. Prior Art
PAR  The back plane to which the present invention particularly applies is
      generally provided with a plurality of plug-in type modules mounted in a
      frame, one side of the back plane and modules being provided with
      symetrically arranged receptacles for receiving the flatted or planar
      terminals of printed circuit cards, and the other side of the back plane
      and modules being provided with a plurality of integrally formed post
      terminals which are variously interconnected by wires the ends of which
      have been wrapped therearound by means of automatic wire-wrapping
      equipment.
PAR  Whenever such a wire-wrapped back plane located at a remote point or on a
      users premises required modification, such as to accommodate a new or
      changed feature of the electronic circuitry of which the back plane formed
      a part, it was heretofore necessary either to ship the back plane to a
      production facility or to a well-equipped modification center for the
      incorporation of the required wiring changes, or to send a highly skilled
      technician to the users premises for the manual and laborious
      incorporation of such changes, the first named alternative normally
      entailing considerable expense, delays, and interruptions in service to
      the user, and the last named alternative being particularly susceptible to
      error by reason of the extreme difficulty of locating and identifying the
      precise post terminals to be interconnected.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      and simplified method for incorporating new features and changed
      characteristics in a wire-wrapped back plane, and for making the post
      terminal interconnections required thereby.
PAR  It is a further object of the present invention to eliminate from the wire
      changing process the time-consuming task of locating and identifying the
      precise post terminals in the back plane that require interconnection.
PAR  It is still another object of the present invention to greatly reduce the
      high incidence of error that has heretofore attended the manual
      incorporation of wiring changes in a wire-wrapped back plane.
PAR  It is yet another object of the present invention to so simplify the
      wire-changing process that a technician of ordinary skill might effect the
      required post terminal interconnections without first familiarizing
      himself with the detailed intricacies of the particular back plane.
PAR  Still another object of the present invention is to provide an improved
      wire-changing method that inherently affords segregation as between a
      particular back plane modification and the back plane wiring as it was
      originally produced, such that an outmoded modification might be readily
      removed from the back plane as a precedent to the incorporation of a
      subsequent change.
PAR  In carrying out the objects of the invention, a printed circuit board
      having apertures corresponding to the post terminals of the back plane has
      been provided, the printed circuit on the face of the board comprising at
      least a portion of the post terminal interconnections that are to be made
      in the back plane, and the apertures formed in the board permitting
      slip-on connection of the printed circuit board onto the post terminals of
      the back plane, the printed circuit board, upon said slip-on installation,
      providing either all of the post terminal interconnections that are
      required of the modification, or graphic instructions to the technician
      whereby jumper wires connected at one end to the printed circuit on the
      board may be connected to graphically identified post terminals of the
      back plane to complete the required post terminal interconnections.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, advantages and meritorious features of the invention
      will become more fully apparent from the following specification, appended
      claims and accompanying drawing sheets.
PAR  The features of two specific embodiments of the invention are illustrated
      in the drawing, in which:
PAR  FIG. 1 shows a portion of a wire-wrapped back plane;
PAR  FIG. 2 shows one embodiment of the invention wherein a printed circuit
      board having apertures corresponding to the post terminals of the back
      plane of FIG. 1 is provided with a printed circuit that interconnects a
      pair of circuit terminals to which are connected a pair of jumper wires
      capable of being connected to a pair of post terminals requiring
      interconnections;
PAR  FIG. 3 shows the printed circuit board of FIG. 2 inserted over the post
      terminals of the back plane of FIG. 1; and
PAR  FIG. 4 shows another embodiment of the invention wherein a printed circuit
      board installed on a back plane is provided with circuit segments which
      are connected by plated through holes, the plated through holes serving to
      complete the interconnection of selected post terminals.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 4 by the characters of reference there is
      illustrated a method and apparatus for carrying out the objects of the
      invention. The apparatus of the invention consists of a printed circuit
      board 10 having apertures 20 corresponding to the post terminals 30 of a
      wire-wrapped back plane 40 which is to be modified in some predetermined
      manner, the board 10 being provided with the desired printed circuits 50,
      circuit terminals 60 fixed to the circuits 50, end anchored jumper wires
      80 including SNAP-ON or slip-on terminal connectors 100, jumper wire
      anchorings 90, and graphically illustrated jumper wire pathways 70. The
      first step of the method of the invention, then, is the selection of a
      board 10 and the formation of a matrix of apertures 20 therein
      corresponding to the post terminals 30 of the back plane 40. A second step
      of the method of the invention is the application or formation of the
      desired printed circuit 50 on the printed circuit board 10, as by a
      subtractive process such as etching or other conventional method including
      additive or subtractive processes. Determination of the pattern of the
      printed circuit 50 would of course be based upon the character and
      configuration of the original wire-wrapping of the back plane 40, and upon
      the nature of the wiring changes that are required to be made therein. The
      printed circuit terminals 60 for any given segment of the printed circuit
      50 may be disposed inwardly adjacent a pair of apertures 20 corresponding
      to a pair of post terminals to be connected, as is the case in the
      preferred embodiment, or may be disposed in coincidence with said pair of
      apertures as subsequently described in connection with another embodiment
      of the invention. In the event the circuit terminals 60 are to be disposed
      inwardly adjacent the apertures 20, the above described second step of the
      method would include the application of graphically illustrated jumper
      wire pathways 70 leading from the circuit terminals 60 to the apertures 20
      corresponding to the post terminals to be connected, such pathways being
      in the nature of broken or dotted lines as illustrated in FIGS. 2 and 3. A
      provisional third step of the method would accordingly be the attachment
      of the circuit terminals 60 to the terminal ends of each segment of the
      printed circuit 50, as by soldering, and by establishing the jumper wire
      anchorings 90 by soldering one end of a jumper wire 80 to each of the
      circuit terminals 60, each of the jumper wires 80 being provided with a
      slip-on terminal connector 100 prior to its soldering to a circuit
      terminal 60.
PAR  A fourth step of the preferred method of the invention, then, includes the
      installation of the printed circuit board 10 onto the post terminals 30 of
      the back plane 40, as illustrated in FIGS. 3 and 4, and the forceable
      attachment of the slip-on terminal connectors 100 of the jumper wires 80
      to the post terminals 30 disposed at the termination points of the
      graphically illustrated jumper wire pathways 70. Once the printed circuit
      board 10 is installed onto the post terminals 30 of the back plane 40, the
      frictional force between the post terminals 30 and the walls of apertures
      20 will serve to hold the printed circuit board 10 in place, such holding
      force being augmented by the forceably attached slip-on terminal
      connectors 100 should said terminal connectors 100 be of greater outer
      diameter than the inner diameter of the apertures 20.
PAR  Another embodiment of the apparatus and method may be provided by modifying
      the second step application of the printed circuit 50 such that each
      segment of the printed circuit 50 extends to a rim-abutting relationship
      with the pair of apertures 20 corresponding to the pair of post terminals
      to be connected, and by adding thereafter the subordinate step of
      plating-through each such pair of apertures 20, the circuit terminals 60
      for each circuit segment in such case being coincidably disposed relative
      to the pair of apertures 20 interconnected by the segment, and consisting
      of the plated-through apertures which are mechanically and electrically
      connected to the terminal ends of the circuit segment. This modified
      method would eliminate the need of the jumper wires 80 and of the jumper
      wire pathways 70, the desired interconnection of the post terminals 30 of
      the back plane 40 being accordingly accomplished by the various segments
      of the printed circuit 50 and of the plated-through apertures 20 that are
      received by the post terminals 30 requiring interconnection, such post
      terminals being receivably and contractably disposed within the plated
      through apertures 20 after installation of printed circuit board 10 onto
      the post terminals of the back plane.
PAR  Included among the many advantages of the present apparatus and method are:
      (1) a particular modification of a wire-wrapped back plane may
      conveniently be removed upon the occurrence of its obsolescence, by simply
      reversing the steps of the method enumerated above; (2) individual wiring
      modifications that have been made on a back plane will be readily
      reorganizable by a technician, in that they will be physically segregated
      from the original back plane wiring; and (3) the development of the
      printed circuit boards required for future back plane modifications will
      be facilitated in that each future modification may emanate from the
      original and uncontaminated state of the back planes wiring configuration,
      with complete disregard to the intricacies of intervening modifications,
      it being recognized that all or any part of a preceding modification may
      be incorporated in the printed circuit board that is developed at the
      production facility for any particular new modification.
PAR  While the above referenced embodiments of the invention have been described
      in considerable detail, both with respect to the apparatus and method
      thereof, it will be appreciated that other modifications and variations
      therein may be made by those skilled in the art without departing from the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of effecting wiring changes in the interconnection of the
      post terminals in a back plane, to thereby modify the operational
      characteristics of the back plane, said method comprising the steps of:
PA1  a. forming a matrix of apertures in a board suitable for receiving a
      printed circuit, said matrix corresponding to the plurality of post
      terminals on the back plane,
PA1  b. forming a printed circuit on the surface of said board including a
      plurality of circuit segments, each of said circuit segments partially
      spanning the distance between a pair of selected apertures corresponding
      to a pair of post terminals requiring interconnection,
PA1  c. forming a pair of circuit terminals at the terminal ends of each of said
      circuit segments,
PA1  d. applying a pair of graphic pathways on the surface of said board for
      each of said circuit segments, each of said pairs of graphic pathways
      leading from the circuit terminals of a circuit segment to the said pair
      of selected apertures partially spanned thereby, each of said pairs of
      graphic pathways terminating at and serving to identify a pair of selected
      apertures corresponding to a pair of post terminals requiring
      interconnection,
PA1  e. affixing one end of a jumper wire to each of said circuit terminals,
PA1  f. mounting said board with said printed circuit, said jumper wires and
      said graphic pathways onto the post terminals of the back plane with each
      aperture of said matrix of apertures being received over its corresponding
      post terminal of the back plane, and
PA1  g. electrically connecting the free end of each of said jumper wires to the
      post terminal receivably disposed within the selected aperture identified
      by the graphic pathway leading from the circuit terminal to which it is
      affixed.
NUM  2.
PAR  2. The method defined in claim 1 wherein said step of forming a printed
      circuit and the circuit segments thereof on the surface of said board is
      accomplished by an etching process.
NUM  3.
PAR  3. The method defined in claim 1 wherein the graphic pathways leading from
      said circuit terminals to the selected apertures partially spanned by said
      circuit segments are produced by an etching process in the form of broken
      or dotted lines.
NUM  4.
PAR  4. The method defined in claim 1 wherein the step of affixing one end of a
      jumper wire to each of said circuit terminals is effected by soldering
      said one end thereto.
NUM  5.
PAR  5. The method defined in claim 1 wherein said step of electrically
      connecting the free end of each of said jumper wires to the post terminal
      receivably disposed within the selected aperture identified by the graphic
      pathway leading from each of said circuit terminals is effected by:
PA1  a. connecting a slip-on terminal connector to each of said free ends of
      said jumper wires, and
PA1  b. forceably attaching said slip-on terminal connectors to the post
      terminals receivably disposed within said selected apertures identified by
      said graphic pathways.
NUM  6.
PAR  6. Apparatus for use in effecting wiring changes in the interconnection of
      the post terminals in a back plane to thereby modify the operational
      characteristics thereof, said apparatus comprising:
PA1  a. a printed circuit board having a matrix of apertures corresponding to
      the post terminals of the back plane, said printed circuit board including
      a plurality of circuit segments each partially spanning a pair of selected
      apertures corresponding to a pair of post terminals that require
      interconnection,
PA1  b. a pair of circuit terminals connectably disposed at the terminal ends of
      each of said circuit segments,
PA1  c. a plurality of graphic pathways leading from said circuit terminals and
      terminating at and identifying selected apertures corresponding to the
      post terminals to be connected thereto, and
PA1  d. a plurality of jumper wires attached at one end to each of said circuit
      terminals and having at their free ends a slip-on terminal connector,
      whereby upon installation of said printed circuit board on the post
      terminals of the back plane and the forceable attachment of each of said
      slip-on terminal connectors to the post terminals receivably disposed
      within said selected apertures identified by said graphic pathways, the
      interconnection of the post terminals requiring interconnection according
      to the desired modification of the operational characteristics of the back
      plane will have been made.
NUM  7.
PAR  7. A printed circuit board effective for modifying the operational
      characteristics of a wire-wrapped back plane by effecting wiring changes
      therein relative to the post terminals thereof, said printed circuit board
      comprising:
PA1  a. a matrix of apertures corresponding to the post terminals of the
      wire-wrapped back plane,
PA1  b. a plurality of circuit segments each partially spanning a pair of
      selected apertures corresponding to a pair of post terminals that require
      interconnection,
PA1  c. a pair of circuit terminals connectably disposed at the terminal ends of
      each of said circuit segments,
PA1  d. a plurality of graphic pathways leading from said circuit terminals and
      terminating at and identifying selected apertures corresponding to the
      post terminals to be connected thereto, and
PA1  e. a plurality of jumper wires attached at one end to each of said circuit
      terminals and having at their free ends a slip-on terminal connector,
      whereby upon installation of said printed circuit board on the post
      terminals of the wire-wrapped back plane and the forceable attachment of
      each of said slip-on terminal connectors to the post terminals receivably
      disposed within said selected apertures identified by said graphic
      pathways, the wiring changes required of a desired modification in the
      operational characteristics of a wire-wrapped back plane will have been
      made.
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ABST
PAL  An insert for the ends of a splice case providing a sealed passageway which
      may be used, subsequent to installation of the splice case, for providing
      an access hole for receipt of additional cables and the like. The insert
      includes a first resilient tube having a rigid metal sleeve positioned
      thereabout and an end seal at a first end thereof. A second resilient tube
      extends from about the first resilient tube at a second end of said tube.
      The insert is positioned through an end member of a splice case during
      fabrication of the end member. The end seal may be cut at a later time
      when an access passageway leading into the splice case is required.
BSUM
PAR  The present invention is directed to an improved splice case for
      underground electrical installations and more particularly to an access
      insert for such a splice case.
PAR  In recent years, telphone communication technology has reached the point
      where a large number of individual telephone conversations can be carried
      simultaneously on the same metallic pair of wires. To accomplish this,
      certain apparatus cases with stub cables are hooked into the main
      telephone cable at cable splices. These apparatus cases may be hooked to
      the main telephone cables as the need arises for greater telephone
      capacity. Thus, reentry into telephone cable splice cases has been found
      necessary. This results in the destruction of the various seals resulting
      from the dismantling of the splice case to accommodate the additional
      apparatus cases.
PAR  The present invention is directed to a means for providing easy access to
      the interior of these splice cases without requiring the dismantling of
      the splice case so that provision may be made for the additional stub
      cable. One or more inserts are positioned in the end portions of the cable
      splice during fabrication of these end portions. These inserts are
      completely sealed and need not be used immediately. Rather, at some later
      time, the splice case may be opened and the seal cut from the insert. In
      this way, stub cables may be fed through the end of the splice case and
      spliced to the main cable without requiring the on-the-job fabrication of
      an access hole for the stub cable. The insert is provided with a rigid
      sleeve to prevent collapse of the resilient body during prefabrication of
      the foamed plastic case end. Further, a larger diameter tube is provided
      at one end of the insert to accept the stub cable with a ring of mastic. A
      hose clamp then is used to compress this larger portion of the tube to
      force the mastic into a sealing arrangement.
PAR  Accordingly, it is an object of the present invention to provide an
      improved splice case for telephone equipment and the like.
PAR  It is a further object of the present invention to provide an access insert
      for use with telephone splice cases to facilitate the installation of
      apparatus cases and the like in the field.
DRWD
PAR  Thus, a simple, inexpensive and easily employed splice case insert is
      disclosed providing easy access for the addition of apparatus cases to a
      splice case. Other and further objects and advantages will become apparent
      hereinafter.
PAR  FIG. 1 is an exploded perspective view of a typical telephone splice case
      including the present invention.
PAR  FIG. 2 is an end view of a splice case.
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a detailed end view of an access insert of the present invention.
PAR  FIG. 5 is a cross-sectional side view taken along line 5--5 of FIG. 4.
DETD
PAR  Turning in detail to the drawings, FIG. 1 illustrates a splice case,
      generally designated 10, used with telephone cables. Such a splice case is
      disclosed in Smith, Alignable End Seals For a Splice Case, U.S. Pat. No.
      3,692,926, issued Sept. 19, 1972, and assigned to the assignee of the
      present invention, the disclosure of which is incorporated herein by
      reference. The splice case 10 includes two side members 12 and 14 which
      are bolted together or otherwise fastened using holes 16. The splice case
      10 also includes two end members 18 and 20 which are symmetrically split
      for acceptance of the main telephone cable 22, as can best be seen in FIG.
      2. Located between the end members 18 and 20 is a splice 24 on cable 22.
      Rods 26 and 28 provide rigid placement of each end member 18 and 20
      relative to one another. Two apparatus cases 30 and 32 are schematically
      illustrated as being attached to the splice 24 by stub cables 34 and 36.
PAR  Looking to end member 20 as best illustrated in FIGS. 2 and 3, the end
      member is split into two pieces 38 and 40 each forming a semicircular
      portion of the cylindrical end member and having provision for the
      incoming main cable 22 by virtue of two semicircular notches 42. The end
      pieces 38 and 40 are held together by fasteners 44. Each end piece 38 and
      40 includes a hard thin shell 46 defining the outer surface of each end
      piece except for the mating surfaces between end pieces. An arcuate metal
      channel 48 extends about each semicircular end piece and forms the base
      for the restraining fasteners 44. The shell 46 is filled with a body 50 of
      foamed plastic such as polyurethane. It has been found most convenient to
      foam the polyurethane within the shell 46. The shell 46 is sealed during
      the foaming operation in order that the density of the resulting foamed
      polyurethane will be relatively high.
PAR  Access inserts, generally designated 52, are positioned through each end
      piece 38 and 40 where desired. The access inserts are introduced prior to
      the foaming of the base 50. When the base 50 is foamed, the inserts 52 are
      then held in position and sealed by the base material. FIGS. 4 and 5
      illustrate access inserts according to the present invention and FIG. 3
      illustrates their employment in an end piece to a splice case.
PAR  Each access insert 52 includes a main body of molded neoprene and a rigid
      metallic sleeve. The main body of molded neoprene is divided into a first
      resilient tube 54 and a second resilient tube 56. The first resilient tube
      54 has an inner diameter 58 slightly larger than that of a standard stub
      cable 36. This allows easy passage of the cable through the access insert
      52. At one end of the first resilient tube 54, there is provided a minor
      inner diameter 60 which is roughly equal to the nominal diameter of the
      stub cable in order that some sealing effect may be obtained with the stub
      cable 36 in place. At the extreme first end of the first resilient tube 54
      there is an end seal 62. The end seal consists of a membrane of the
      neoprene material extending across the end of the tube 54 to provide a
      complete seal. The first resilient tube 54 may be easily cut to remove the
      end seal as seen in FIG. 3. Until such time as a stub cable 36 is to be
      positioned through the access insert 52, this end seal 62 provides a
      complete barrier to moisture and other intruding elements.
PAR  The second resilient tube is of larger diameter than the first resilient
      tube and can be said to extend over one end of the first resilient tube
      54. The inner diameter 64 of the second resilient tube 56 is larger than
      the inner diameter 58 in order that the stub cable 36 with a ring of
      mastic may be positioned therein. A shoulder 66 is provided between
      diameters 64 and 58.
PAR  Extending about a portion of the first resilient tube 54 is a rigid sleeve
      68. The rigid sleeve is of steel having a wall thickness of 0.060 inches
      (.024 centimeters) in the present embodiment. The resilient sleeve does
      not extend to cover the entire length of the first resilient tube 54 in
      order that the end seals 62 may be conveniently cut therefrom. However,
      the resilient sleeve 68 extends from one side to the other of the end
      piece 40 to prevent the collapse of the access insert 52 during the
      pressurized foaming of the base 50.
PAR  To install the access insert 52 in the shell 46, a hole equal to the outer
      diameter of the first resilient tube is cut through the inner side
      thereof. A second hole having a centerline coincident with the centerline
      of the first hole is cut through the outer side of the shell 46. This
      second hole has a diameter equal to the outer diamter of the second
      resilient tube 56. Thus, when the access insert 52 is positioned in the
      shell 46, the rigid sleeve 68 will come to rest against the inner side of
      the inside wall of the shell 46. The second resilient tube will seal off
      the second hold through the shell 46 and the foamed base material 50 may
      then be added.
PAR  To assemble a stub cable 36 through the access insert 52, the end seal 62
      is removed as previously discussed. A ring of mastic, commonly uncured
      butyl rubber is positioned about the stub cable and the stub cable 36 is
      then inserted through the access insert 52. The ring of mastic 70 is
      forced into the inner diameter 64 of the second resilient tube 56 to
      generally fill the space between the stub cable 36 and the inside wall of
      the second resilient tube 56. A conventional hose clamp 72 is then
      tightened about the second resilient tube 56 until it distorts the mastic
      70 to fill all portions of the cavity. The hose clamp 72 also rigidly
      holds the stub cable 36 in place. The hose clamp 72 is positioned at a
      distance from the shoulder 66 as can best be seen in FIG. 3. This allows
      the ring of mastic 70 to flow toward the shoulder 66 when the hose clamp
      72 is tightened. This longitudinal spacing between the hose clamp 72 and
      the shoulder 66 thereby provides a more efficient seal once the mastic has
      been plastically deformed.
PAR  Thus, an access insert for a splice case is provided which is simple,
      provides an excellent seal before use and is easily prepared for receipt
      of a stub cable at such time as an additional apparatus case is desired.
      The use of such access inserts thereby reduce the complexity and time of
      assembly of an additional apparatus case to an existing splice case and
      help assure an efficient seal of the splice case once assembled. While
      embodiments and applications of this invention have been shown and
      described, it would be apparent to those skilled in the art that many more
      modifications are possible without departing from the inventive concepts
      herein described. The invention, therefore, is not to be restricted except
      by the spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An access insert for a splice case comprising
PA1  a first resilient tube;
PA1  a rigid sleeve positioned about at least a portion of said first resilient
      tube;
PAR  a closed end at a first end of said first resilient tube; and
PA1  a second resilient tube, said second resilient tube extending from about a
      second end of said first resilient tube.
NUM  2.
PAR  2. The insert of claim 1 further including
PA1  a shoulder depending from the inside wall of said second resilient tube
      formed by said second end of said first resilient tube; and
PA1  a hose clamp positioned about said second resilient tube and spaced
      longitudinally from said shoulder.
NUM  3.
PAR  3. The insert of claim 1 wherein said first resilient tube extends beyond
      said rigid sleeve to said end, said first resilient tube being easily cut
      to remove said closed end.
NUM  4.
PAR  4. The insert of claim 1 wherein said first resilient tube and said second
      resilient tube are one continuous piece of material.
NUM  5.
PAR  5. The insert of claim 1 wherein the inner diameter of said first resilient
      tube is of sufficient dimension to slidably accommodate a standard stub
      cable from an apparatus case and the inner diameter of said second
      resilient tube is of a greater diameter than the diameter of said first
      resilient tube and of sufficient dimension to slidably accommodate a
      standard stub cable from an apparatus case with a ring of mastic
      positioned about the stub cable.
NUM  6.
PAR  6. A splice case access assembly comprising
PA1  a splice case end member having a rigid shell and a foamed plastic body;
PA1  at least one access insert, said access insert including a first resilient
      tube positioned in said splice case end member, a first end of said first
      resilient tube extending from a first side of said splice end case member,
      an closed end at said first end of said first resilient tube, a second
      resilient tube, said second resilient tube extendinig from about said
      first resilient tube and extending from a second side of said splice case
      end member, a rigid sleeve positioned about a portion of said first
      resilient tube and extending from said first side to said second side of
      said splice case end member.
NUM  7.
PAR  7. The splice case access assembly of claim 6 further including
PA1  a shoulder depending from the inside wall of said second resilient tube
      formed by said second end of said first resilient tube; and
PA1  a hose clamp positioned about said second resilient tube and spaced
      longitudinally from said shoulder.
NUM  8.
PAR  8. The splice case access assembly of claim 6 wherein the inner diameter of
      said first resilient tube is of sufficient dimension to slidably
      accommodate a standard stub cable from an apparatus case and the inner
      diameter of said second resilient tube is of a greater diameter than the
      diameter of said first resilient tube and of sufficient dimension to
      slidably accommodate the standard stub cable with a ring of mastic
      positioned about the standard stub cable.
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ABST
PAL  The mechanical properties of laminate sheathed cables are improved by using
      as the shielding layer a laminate tape prepared by coating a metallic foil
      with an ethylene-glycidyl-methacrylate-vinyl acetate terpolymer
BSUM
PAR  This application is a companion to copending application Ser. No. 359,944
      filed May 14, 1973 and application Ser. No. 360,248 filed May 14, 1973,
      both of which are directed to a laminate sheathed cable and a laminate
      tape.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a laminate sheathed cable, more
      particularly, it relates to a laminate sheathed cable having a shielding
      tape or layer prepared by coating a metallic foil with a specific resin
      having a good adhesive property not only for the metallic foil but also
      polyethylene used as an outer jacketing or protective layer.
PAR  2. Description of the Prior Art
PAR  A resin used for lamination in laminate sheathed cables is required to have
      good processing and mechanical properties during production of the cable,
      for example, high abrasion resistance to tape forming apparatus, etc., and
      good adhesion for both metallic foil and a jacketing compound, such as
      polyethylene.
PAR  Aluminum is usually used for such a metallic foil, and the reason why the
      laminate resin is required to have good adhesion for the metallic foil and
      the polyethylene which is usually used as the jacketing layer is partially
      to improve the moisture resistance, that is, the laminate resin must serve
      to prevent moisture permeation as well as to improve the mechanical
      strength such as bending property, etc., in a unitized sheath (jacketing
      layer) by strongly laminating the metallic foil to the polyethylene
      jacketing layer and must also help to control the shrinkage of the sheath
      (a plastic sheath has stress therein at extrusion and thus shrinks due to
      the heat cycle upon exposure to the open air) by the metallic foil.
PAR  As the resin for the laminate, polyethylene has ordinarily been used, as
      shown in British Pat. No. 886,417, but polyethylene is lacking in bonding
      strength to the aluminum foil.
PAR  This defect of polyethylene is partially overcome by the invention
      described in U.S. Pat. No. 3,233,036 wherein a resin or polymer containing
      a carboxyl group is employed to improve the bonding strength to an
      aluminum foil, but the proposed resin has the defect that a sufficient
      bonding strength for polyethylene as the jacketing layer is not obtained.
PAR  An attempt to overcome the aforesaid two defects is also disclosed in U.S.
      Pat. No. 3,586,756, which teaches a so-called two-layer or multi-layer
      laminate tape, having at the side to be brought into contact with a
      metallic foil, such as aluminum foil, a layer of an ethylene copolymer
      having a carboxyl group capable of being chemically bonded to the metallic
      foil and, at the opposite side of the aforesaid ethylene copolymer, a
      layer of resin which does not have an effective bonding strength for the
      metallic foil as does the ethylene copolymer, but which has a higher
      bonding strength for the jacketing layer than the ethylene copolymer.
PAR  When a laminate tape of this kind is used the mechanical properties of the
      laminate sheathed cable are excellent, but since the laminate tape has a
      two-layer or multi-layer structure the production of the laminate tape is
      complicated and the production costs become high, which results in
      increasing the cost of the cable.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a laminate sheathed cable having
      excellent mechanial properties as a cable with high economic advantage by
      employing a resin composition which has a sufficient bonding strength for
      both the metallic foil and the polyethylene jacketing layer in such a
      laminate sheathed cable and which avoids complicated steps of producing a
      laminate tape as in the above-indicated prior art. The above object of
      this invention can be attained by employing an
      ethylene-glycidyl-methacrylate-vinyl acetate terpolymer as the laminate
      resin for the metallic foil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view showing a conventional laminate sheathed
      cable.
PAR  FIG. 2 is a series of schematic views showing a bonding strength test
      method for laminate tapes of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The above-mentioned terpolymer used in this invention may be prepared by
      various means. For example, the copolymer may be prepared by
      copolymerizing ethylene and the other comonomers at temperatures of from
      40.degree. to 300.degree.C and under a pressure of from 40 to 5,000
      Kg/cm.sup.2 in the presence of catalysts capable of forming free radicals.
      At the copolymerization of the terpolymer, a chain transfer agent such as
      ethane, propane, propylene, etc., can be added to the reaction system, if
      desired.
PAR  When the aforesaid resin is used for the lamination of a metallic foil, the
      resin shows an excellent bonding strength for both the metallic foil and
      the jacketing polyethylene layer, providing a laminate tape having
      excellent mechanical strengths as well as good processability during the
      production of the laminate sheathed cable.
PAR  FIG. 1 of the accompanying drawings shows a cross sectional view of a
      conventional laminate sheathed cable. A laminate sheathed cable is
      generally composed of cable cores 1, a laminate foil layer 4 consisting of
      a metallic tape 2 having laminated thereon a resin layer 3 and a jacketing
      layer 5 composed of a synthetic resin.
PAR  The merits of the resin composition used in this invention will be
      illustrated in detail by referring to the following specific examples. In
      addition, since aluminum foil is ordinarily used as the metallic layer in
      laminate sheathed cables, an aluminum foil was used as the metallic layer
      in the following examples and comparison examples.
TBL                                    Table 1                                 

     __________________________________________________________________________

     (Fundamental properties of Resin)                                         

     Resin                                                                     

         Melt Index                                                            

                  Tensile Strength                                             

                            Elongation                                         

                                   Abrasion                                    

         ASTM-1238                                                             

                  JIS K-6760                                                   

                            JIS K-6760                                         

                                   Coefficient*                                

     __________________________________________________________________________

     E.sub.1                                                                   

         12.4 g/10 min.                                                        

                  1.48 Kg/mm.sup.2                                             

                            550%   0.50                                        

     E.sub.2                                                                   

          2.8     1.80      614    0.45                                        

     A.sub.1                                                                   

          5.7     1.62      768    0.70                                        

     A.sub.2                                                                   

          1.7     2.59      763    0.68                                        

     S    3.5     2.92      478    0.56                                        

     P    7.2     1.27      512    0.40                                        

     G.sub.1                                                                   

          2.0     1.72      615    0.46                                        

     G.sub.2                                                                   

          2.0     1.76      638    0.48                                        

     G.sub.3                                                                   

          2.0     1.67      622    0.48                                        

     G.sub.4                                                                   

          6.0     1.71      661    0.54                                        

     G.sub.5                                                                   

          2.0     1.75      650    0.45                                        

     G.sub.6                                                                   

         12.0     1.60      670    0.55                                        

     __________________________________________________________________________

      *abrasion coefficient to copper surface                                  

PAR  The compositions of the terpolymers G.sub.1 to G.sub.6
      (ethylene-glycidylmethacrylate-vinyl acetate copolymers) were as follows:
TBL  Resin      GMA           VA         Ethylene                              

     ______________________________________                                    

     G.sub.1    0.6           8          balance                               

     G.sub.2    2.4           8          balance                               

     G.sub.3    6.0           6          balance                               

     G.sub.4    12.0          6          balance                               

     G.sub.5    2.4           4          balance                               

     G.sub.6    15.0          2          balance                               

     ______________________________________                                    

     GMA : glycidyl methacrylate                                               

     VA : vinyl acetate                                                        

     Units : weight percent                                                    

     Other resin compositions:                                                 

     E.sub.1 -E.sub.2 : ethylene-vinyl acetate copolymers.                     

     A.sub.1 -A.sub.2 : ethylene-acrylate copolymers.                          

     S : a copolymer of ethylene and a comonomer containing a                  

     carboxyl group.                                                           

     P : polyethylene.                                                         

TBL                                    Table 2                                 

     __________________________________________________________________________

     (Adhesive Property and Other Properties of the Resins)                    

     Resin  (A)        (B)    (C)                                              

                                 (D)                                           

            Sheet                                                              

                Laminate                                                       

                       Sheet (3)*                                              

                              (4)*                                             

                                 (5)*                                          

            (1)*                                                               

                Tape (2)*                                                      

                       (Kg/cm)                                                 

            (g/cm)                                                             

                (g/cm)                                                         

     __________________________________________________________________________

     E.sub.1                                                                   

             341                                                               

                341    4      bad                                              

                                 observed                                      

     E.sub.2                                                                   

             394                                                               

                320    4      good                                             

                                 not observed                                  

     A.sub.1                                                                   

            1613                                                               

                433    4      bad                                              

                                 observed                                      

     A.sub.2                                                                   

            1068                                                               

                421    4      bad                                              

                                 observed                                      

     S      1559                                                               

                1055   0      good                                             

                                 not observed                                  

     P       159                                                               

                 50    5.5    good                                             

                                 not observed                                  

     G.sub.1                                                                   

            2000                                                               

                700    4      good                                             

                                 not observed                                  

     G.sub.2                                                                   

            "   "      "      good                                             

                                 not observed                                  

     G.sub.3                                                                   

            "   "      "      good                                             

                                 not observed                                  

     G.sub.4                                                                   

            "   "      "      good                                             

                                 not observed                                  

     G.sub.5                                                                   

            "   "      "      good                                             

                                 not observed                                  

     G.sub.6                                                                   

            "   "      "      good                                             

                                 not observed                                  

     2-layer                                                                   

     tape (6)*                                                                 

            --  520    --     good                                             

                                 not observed                                  

     __________________________________________________________________________

      (A): Adhesive strength between aluminum foil and the laminate resin; (B):

      Adhesive strength between laminate resin and polyethylene; (C):          

      Processability to cable; (D): Blocking or sticking of laminate tape. (--)

      Not tested.                                                              

      (1)*: A sheet of the resin having a thickness of 1.0 mm was attached to a

      soft aluminum sheet having a thickness of 0.2 mm by pressing the resin   

      sheet onto the aluminum sheet at 180.degree.C and then cooling the       

      assembly to room temperature. (The adhesive strength was measured by     

      peeling the aluminum sheet and the resin sheet at an angle of 180.degree.

      at a peeling rate of 100 mm/min.                                         

      (2)*: Resin of a thickness of 0.05 mm was laminated on a soft aluminum   

      sheet having a thickness of 0.2 mm by means of an extruding machine. (The

      test method of the adhesive strength is described in (1) above.)         

      (3)*: A sheet of the resin having a thickness of 1.0 mm was attached to a

      jacketing polyethylene sheet (low density polyethylene) having a thicknes

      of 1.0 mm by pressing the polyethylene sheet onto the resin sheet at     

      160.degree.C and then cooling the assembly to room temperature. (The test

      method of the adhesive strength is described in (1) above.)              

      (4)*: The surface of the resin film was abraded or grazed by a laminate  

      tape forming apparatus, etc., as occurs in the case of producing cable.  

      The extent of the abrasion depended upon the mechanical properties of the

      resin or the kind and the content of the comonomer or comonomers in the  

      resin.                                                                   

      (5)*: The rolled laminate tape caused blocking during preservation. The  

      extent of the blocking depended upon the kind and the content of the     

      comonomer or comonomers, and the melt index of the resin.                

      (6)*: The laminate tape prepared by the method described in U.S. Pat. No.

      3,586,756.                                                               

PAR  As is clear from the results shown in Table 1 and Table 2, the
      ethylene-vinyl acetate copolymers (Resin E.sub.1 and Resin E.sub.2) were
      particularly weak in their adhesion to aluminum foil and the
      ethylene-acrylic acid ester copolymers (Resin A.sub.1 and Resin A.sub.2)
      were good in their adhesion to the aluminum foil but were poor in
      processability during cable manufacture and blocking resistance of the
      laminate tape.
PAR  Moreover, when polyethylene Resin P) was used as the laminate resin, the
      adhesion to the aluminum foil was weak and when the carboxyl
      group-containing resin (Resin S) was used as the laminate resin the
      adhesion to the jacketing layer was weak.
PAR  Accordingly, Resins E.sub.1, E.sub.2, Aa.sub.1, A.sub.2, P and S are
      unsatisfactory in one or more properties for use as the laminate material
      for cable.
PAR  From the above examples and comparison examples shown in the tables, it can
      be seen that the resin used in the present invention, that is the
      ethylene-glycidylmethacrylate-vinyl acetate terpolymer, was superior to
      conventional resins in all points, that is, in adhesive strength to
      aluminum foil and jacketing polyethylene layer and in processability to
      cable.
PAR  In addition, laminate sheathed cables were prepared by using the resins
      shown in Table 1 as the laminate resin, and the bending property of the
      cable and the adhesive strength of the resins to the aluminum foil and the
      jacketing polyethylene layer of each cable were measured, the results of
      which are shown in the following table.
TBL                Table 3                                                     

     ______________________________________                                    

     (Properties of Cable)                                                     

     Resin  Adhesive Strength                                                  

                           Number of bending When Crack                        

            (Kg/cm.sup.2)  Appears in the Aluminum Foil                        

     ______________________________________                                    

     P       0.95          10-15 times                                         

     S       1.55          20-25 times                                         

     E.sub.1 1.65          20-25 times                                         

     G.sub.1 3.01          30-35 times                                         

     G.sub.2 3.30          35-40 times                                         

     G.sub.3 3.44          35-40 times                                         

     G.sub.4 3.62          35-40 times                                         

     G.sub.5 3.25          35-40 times                                         

     G.sub.6 3.40          35-40 times                                         

     2-layer 3.05          30-35 times                                         

     tape                                                                      

     ______________________________________                                    

PAR  In the above table, the adhesive strength was measured as in Table 2 and
      the bending test was conducted by bending the cable at a bending angle of
      180.degree. over a mandrel having a diameter 12 times the diameter of the
      cable. One two directional bending motion was counted as one bending
      number.
PAR  As in shown in Table 3, the cables of this invention had almost the same
      properties as those of the cable prepared using the two-layer laminate
      tape. Thus, it will be understood from those results that the cable of
      this invention are excellent in mechanical properties as well as excellent
      from the economic view point.
PAR  The preferred terpolymers of the present invention comprises 0.5 to about
      20 weight % GMA, 0.5 to about 20 weight % VA and balance ethylene (all
      weight % being based on total weight of GMA, VA and ethylene). Preferred
      terpolymers illustrate a melt index of 0.5 to about 20 (ASTM-1238).
PAR  Lesser and greater, especially greater, amounts of GMA and VA can be used,
      but generally optimum terpolymer properties are suitably achieved by
      terpolymers having a composition within the above range.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirt and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laminate sheathed cable having as the shielding layer a laminate
      sheath tape composed of a metallic foil, an outer jacket, and a resin
      layer therebetween, the improvement wherein said resin for the laminate
      sheath tape is an ethylene-glycidyl methacrylate-vinyl acetate terpolymer,
      said terpolymer comprising 0.5 to about 20 weight % glycidyl methacrylate,
      0.5 to about 20 weight % vinyl acetate, and about 60 to about 99 weight %
      ethylene, said weight percentages being based on the total weight of
      glycidyl methacrylate, vinyl acetate and ethylene.
NUM  2.
PAR  2. The cable of claim 1 where said metallic foil is aluminum.
NUM  3.
PAR  3. The cable of claim 1 where said outer jacket is polyethylene.
NUM  4.
PAR  4. The cable of claim 1 where said terpolymer illustrates a melt index of
      0.5 to about 20.
NUM  5.
PAR  5. A laminate tape of a metallic foil and a terpolymer resin coated on one
      or both surfaces of said metallic foil, said resin consisting of an
      ethylene-glycidyl methacrylate-vinyl acetate terpolymer wherein said
      glycidyl methacrylate is used in amounts of 0.5 to about 20 weight %, said
      vinyl acetate in amounts of 0.5 to 20 weight %, and said ethylene in
      amounts of about 60 to about 99 weight %, said weight percentages being
      based on the total weight of glycidyl methacrylate, vinyl acetate and
      ethylene.
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ABST
PAL  A terpolymer, consisting essentially of (a) a first component of ethylene,
      (b) a second component selected from an (1) unsaturated glycidyl ester of
      the following formula (I) and (2) an unsaturated glycidyl ether of the
      following formula (II), and (c) a third component selected from an alkyl
      acrylate, an alkyl methacrylate and vinyl acetate, is coated on one or
      both surfaces of a metal foil to make a laminate tape.
      ##EQU1##
      wherein R represents a hydrocarbon residue containing an ethylenically
      unsaturated bond.
PAL  The laminate tape is used for preparing a laminate sheathed cable. The
      terpolymer resin may contain an antioxidant.
BSUM
PAR  This application is a companion to copending application Ser. No. 315,965
      filed Dec. 18, 1972 and application Ser. No. 360,248 filed May 14, 1973,
      both of which are directed to a laminate sheathed cable and a laminate
      tape.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a laminate tape composed of a metal foil
      and a terpolymer resin coated on one or both surfaces of the metal foil,
      as well as to a laminate sheathed cable composed of a cable core and the
      laminate tape which is used as a masking layer to sheathe the core. More
      particularly, the invention relates to a laminate tape coated with a
      terpolymer resin of good adhesive properties not only for the metal foil
      but also for the polyethylene of a jacket layer, as well as to a laminate
      sheathed cable formed from said laminate tape.
PA2  2. Description of the Prior Art
PAR  Resins which are used as a coating layer for preparing laminate sheathed
      cables must have various characteristics, for example, they must have
      adhesive property which ensures they adhere not only to a metal foil but
      also to a jacketing compound, for example, polyethylene, they must be
      easily workable in the manufacture of a cable, for example, must have
      abrasion resistance in tape forming apparatus, and the like.
PAR  The reason for the necessity of the adhesiveness of the resin to the metal
      foil and to the polyethylene of the jacket layer is that any contraction
      of the polyethylene sheath is to be suppressed to improve not only the
      moisture resistance (that is, the prevention of moisture permeation from
      the outside) but also the mechanical strength (that is, the bending
      strength and the like) of the laminated or united sheath (or protective
      layer). This contraction is primarily because of inner strain generated in
      the plastic sheath, during the extrusion thereof, and resultant
      contraction due to the exposure of the polyethylene to the temperature
      cycle of the outside air.
PAR  As resins for forming such laminates, polyethylene has been used (see
      British Pat. No. 886,417). However, the conventional polyethylene resins
      are defective in that the adhesive power to an aluminum tape is weak.
PAR  In U.S. Pat. No. 3,233,036 a resin containing carboxyl groups is used to
      improve the adhesive strength to the aluminum tape. However, this prior
      art is also defective in that sufficient adhesive strength cannot be
      obtained due to the difference in polarity between the resin and the
      polyethylene of the protective jacket layer.
PAR  Japanese Patent Publication No. 23257/70 discloses a further improvement
      which is free from the two defects of low adhesive strength and mechanical
      properties, and provides a laminated tape of the so-called two-layer or
      multi-layer construction wherein an ethylene copolymer containing a
      carboxyl group which forms a chemical bond with a metal is coated on the
      surface which is to contact a metal foil (for example, an aluminum foil)
      and a resin which does not bind to the metal foil as effectively as the
      copolymer but which adheres to the jacket layer more firmly than the
      copolymer is applied to the surface which is not to be in contact with the
      metal foil.
PAR  When this kind of laminate tape is used, although the mechanical properties
      of the resulting cable are excellent, various faults are encountered in
      the preparation of laminate tapes, such as the manufacturing steps are
      complicated, the manufacturing cost is high and the cost of the resulting
      cables is high. This is because the thus prepared laminate tapes are
      composed of two layers or multiple layers.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to economically provide a laminate
      sheathed cable of improved mechanical strength using a resin composition
      which sufficiently adheres to a metal layer and a protective jacket
      polyethylene layer. The use of the resin composition results in the
      elimination of complicated steps in the manufacture of the laminate tape.
PAR  The present invention is therefore characterized by the use of a copolymer
      consisting essentially of an ethylene component which is compatible with
      the protective polyethylene jacket and other components of the cable and
      which contains reactive groups of good adhesiveness with a metal.
PAR  More particularly, the object of the present invention is to provide a
      laminate tape and a laminate sheathed cable in which a terpolymer
      consisting of (a) ethylene, (b) an unsaturated glycidyl ester or an
      unsaturated glycidyl ether, and (c) an alkyl acrylate, an alkyl
      methacrylate or vinyl acetate, is used as a coating resin.
PAR  Another object of the present invention is to provide a laminate tape and a
      laminate sheathed cable where a resin of improved heat stability
      containing 100-10,000 ppm of an antioxidant in addition to the terpolymer
      component is used.
DRWD
PAC  BRIEF EXPLANATION OF DRAWINGS
PAR  FIG. 1 shows a cross-cut section of a known laminate sheathed cable where a
      laminate foil of a metal tape and a resin coated on one surface thereof is
      used.
PAR  FIG. 2 shows testing methods of the adhesive strength of laminate tapes.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The terpolymers used in the present invention can be prepared according to
      various methods. One preparation method is to polymerize a mixture of
      ethylene and other comonomers in the presence of a free radical catalyst
      under polymerization conditions, e.g., a pressure of 40-5,000 Kg/cm.sup.2
      and a temperature of 40.degree.-300.degree.C. Another preparation method
      is to add, in the polymerization step, a chain transfer agent such as
      ethane, propane, propylene or the like, to prepare the copolymer.
PAR  When the resin is used for coating a metal foil, the adhesiveness thereof
      to the metal foil and the protective polyethylene and the mechanical
      strength thereof are good, and accordingly, not only is the adhesive
      strength of the resulting tape improved, but also the workability of the
      laminate tape in the preparation of a cable is also improved.
PAR  With reference to FIG. 1 which shows a cross-cut section of a known
      laminate sheathed cable where a laminate tape consisting of a metal foil
      and a resin coated on one surface of the metal is used, 1 is a cable core
      4, is a laminate tape layer (consisting of a metal foil 2 and a resin
      layer 3 laminated on the foil 2), and 5 is a jacket layer of a synthetic
      resin.
PAR  The effect of the resin compositions used in the present invention will now
      be further clarified by means of various examples. In general, an aluminum
      foil is used as the metal layer of a laminate sheathed cable, and in the
      following examples and comparative examples aluminum was used as the metal
      foil layer.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Basic Characteristics of Resins                                           

     Resin                                                                     

         Melt Index                                                            

                Tensile Strength                                               

                          Elongation                                           

                                 Coefficient of                                

         (g/10 min)                                                            

                (Kg/cm.sup.2)                                                  

                          (%)    Static Friction                               

         ASTM 1238                                                             

                JIS-K-6760                                                     

                          JIS-K-6760                                           

                                 (against sur-                                 

                                 face of copper)                               

     __________________________________________________________________________

     E.sub.1                                                                   

         12.4   1.48      550    0.50                                          

     E.sub.2                                                                   

         2.8    1.80      614    0.45                                          

     A.sub.1                                                                   

         5.7    1.62      768    0.70                                          

     A.sub.2                                                                   

         1.7    2.59      763    0.68                                          

     S   3.5    2.92      478    0.56                                          

     P   7.2    1.27      512    0.40                                          

     G.sub.1                                                                   

         2.0    1.69      610    0.45                                          

     G.sub.2                                                                   

         2.0    1.72      605    0.48                                          

     G.sub.3                                                                   

         12.0   1.55      572    0.56                                          

     G.sub.4                                                                   

         8.0    1.62      598    0.50                                          

     G.sub.5                                                                   

         2.0    1.73      635    0.48                                          

     G.sub.6                                                                   

         2.0    1.70      645    0.48                                          

     G.sub.7                                                                   

         5.0    1.58      602    0.51                                          

     G.sub.8                                                                   

         3.0    1.68      612    0.49                                          

     G.sub.9                                                                   

         2.0    1.74      659    0.46                                          

     G.sub.10                                                                  

         2.0    1.68      630    0.48                                          

     G.sub.11                                                                  

         3.0    1.58      610    0.50                                          

     G.sub.12                                                                  

         2.0    1.65      597    0.50                                          

     V.sub.1                                                                   

         2.0    1.69      610    0.48                                          

     V.sub.2                                                                   

         2.0    1.74      642    0.46                                          

     V.sub.3                                                                   

         2.0    1.70      624    0.45                                          

     V.sub.4                                                                   

         5.0    1.61      587    0.51                                          

     V.sub.5                                                                   

         2.0    1.75      619    0.46                                          

     V.sub.6                                                                   

         3.0    1.67      621    0.45                                          

     V.sub.7                                                                   

         3.0    1.59      574    0.47                                          

     V.sub.8                                                                   

         6.0    1.59      577    0,48                                          

     __________________________________________________________________________

PAR  The components of the terpolymers shown in Table 1 are as follows (% by
      weight):
TBL  grade                                                                     

         GMA  GA   AGE  MA  EA  MMA EMA ethylene                               

                                             VA                                

     __________________________________________________________________________

     G.sub.1                                                                   

         2.4  --   --   8   --  --  --  balance                                

                                             --                                

     G.sub.2                                                                   

         6.0  --   --   6   --  --  --  "    --                                

     G.sub.3                                                                   

         12.0 --   --   4   --  --  --  "    --                                

     G.sub.4                                                                   

         6.0  --   --   --  --  8   --  "    --                                

     G.sub.5                                                                   

         --   2.5  --   --  10  --  --  "    --                                

     G.sub.6                                                                   

         --   6.0  --   --  6   --  --  "    --                                

     G.sub.7                                                                   

         --   10.0 --   --  4   --  --  "    --                                

     G.sub.8                                                                   

         --   6.5  --   --  --  --  5   "    --                                

     G.sub.9                                                                   

         --   --   3.5  10  --  --  --  "    --                                

     G.sub. 10                                                                 

         --   --   6.5  3   --  --  --  "    --                                

     G.sub.11                                                                  

         --   --   12.0 2   --  --  --  "    --                                

     G.sub.12                                                                  

         --   --   5.0  --  --  6   --  "    --                                

     V.sub.1                                                                   

         --   2.5  --   --  --  --  --  "    8                                 

     V.sub.2                                                                   

         --   2.5  --   --  --  --  --  "    6                                 

     V.sub.3                                                                   

         --   6.0  --   --  --  --  --  "    4                                 

     V.sub.4                                                                   

         --   12.0 --   --  --  --  --  "    2                                 

     V.sub.5                                                                   

         --   --   2.0  --  --  --  --  "    8                                 

     V.sub.6                                                                   

         --   --   6    --  --  --  --  "    8                                 

     V.sub.7                                                                   

         --   --   10.0 --  --  --  --  "    4                                 

     V.sub.8                                                                   

         --   --   12.5 --  --  --  --  "    2                                 

     __________________________________________________________________________

     GMA:                                                                      

         glycidyl methacrylate                                                 

     GA :                                                                      

         glycidyl acrylate                                                     

     AGE:                                                                      

         allyl glycidyl ether                                                  

     MA :                                                                      

         methyl acrylate                                                       

     EA :                                                                      

         ethyl acrylate                                                        

     MMA:                                                                      

         methyl methacrylate                                                   

     EMA:                                                                      

         ethyl methacrylate                                                    

     VA :                                                                      

         vinyl acetate                                                         

PAR  The resins of Table 1 are as follows:
TBL  E.sub.1 - E.sub.2                                                         

           : ethylene-vinyl acetate copolymers                                 

     A.sub.1 - A.sub.2                                                         

           : ethylene-acrylate copolymers                                      

     S     : copolymer of ethylene and a comonomer containing a carbo-         

             xyl group                                                         

     P     : polyethylene                                                      

     G.sub.1 - G.sub.3                                                         

           : ethylene-glycidyl methacrylate-methyl acrylate terpolymers        

     G.sub.4                                                                   

           : ethylene-glycidyl methacrylate-methyl methacrylate                

             terpolymer                                                        

     G.sub.5 - G.sub.7                                                         

           : ethylene-glycidyl acrylate-ethyl acrylate terpolymer              

     G.sub.8                                                                   

           : ethylene-glycidyl acrylate-ethyl methacrylate ter-                

             polymer                                                           

     G.sub.9 - G.sub.11                                                        

           : ethylene-allyl glycidyl ether-methyl acrylate terpolymer          

     G.sub.12                                                                  

           : ethylene-allyl glycidyl ether-methyl methacrylate ter-            

             polymer                                                           

     V.sub.1 - V.sub.4                                                         

           : ethylene-glycidyl acrylate-vinyl acetate terpolymer               

     V.sub.5 - V.sub.8                                                         

           : ethylene-allyl glycidyl ether-vinyl acetate terpolymer            

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Adhesive Property and Other Properties of Resins                          

     Resin Adhesive Strength                                                   

                      Adhesive                                                 

                            Worka-                                             

                                Block-                                         

                                     Adhesive Strength                         

           Between Aluminum                                                    

                      Strength                                                 

                            bility                                             

                                ing  Between Alu-                              

           Foil and Laminat-                                                   

                      Between                                                  

                            of  of   minum Foil and                            

           ing Resin (g/cm)                                                    

                      Laminat-                                                 

                            Cable                                              

                                Lami-                                          

                                     Laminating                                

                      ing Resin                                                

                            *(4)                                               

                                nate Resin (g/cm)                              

     sheet       laminate                                                      

                      and Poly- Tape                                           

     method      method                                                        

                      ethylene  *(5) high-                                     

     *(1)        *(2) (Kg/cm)        temperature                               

                      sheet          laminate                                  

                      method         method                                    

                      *(3)           *(6)                                      

     __________________________________________________________________________

     E.sub.1                                                                   

           341   341  4 or  bad occur-                                         

                                     --                                        

                      more      red                                            

     E.sub.2                                                                   

           394   320  "     good                                               

                                did not                                        

                                     --                                        

                                occur                                          

     A.sub.1                                                                   

           1613  433  "     bad occur-                                         

                                     --                                        

                                red                                            

     A.sub.2                                                                   

           1068  421  "     "   "    --                                        

     S     1559  1055 0     good                                               

                                did not                                        

                                     --                                        

                                occur                                          

     P     159    50  5.5   "   "    --                                        

     G.sub.1                                                                   

           2000 or                                                             

                 600 or                                                        

                      4 or  "   "    419                                       

           more  more more                                                     

     G.sub.2                                                                   

           "     "    "     "   "    423                                       

     G.sub.3                                                                   

           "     "    "     "   "    339                                       

     G.sub.4                                                                   

           "     "    "     "   "    411                                       

     G.sub.5                                                                   

           "     "    "     "   "    429                                       

     G.sub.6                                                                   

           "     "    "     "   "    441                                       

     G.sub.7                                                                   

           "     "    "     "   "    402                                       

     G.sub.8                                                                   

           "     "    "     "   "    452                                       

     G.sub.9                                                                   

           "     "    "     "   "    433                                       

     G.sub.10                                                                  

           "     "    "     "   "    408                                       

     G.sub.11                                                                  

           "     "    "     "   "    394                                       

     G.sub.12                                                                  

           "     "    "     "   "    447                                       

     V.sub.1                                                                   

           "     "    "     "   "    421                                       

     V.sub.2                                                                   

           "     "    "     "   "    438                                       

     V.sub.3                                                                   

           "     "    "     "   "    437                                       

     V.sub.4                                                                   

           "     "    "     "   "    445                                       

     V.sub.5                                                                   

           "     "    "     "   "    430                                       

     V.sub.6                                                                   

           "     "    "     "   "    427                                       

     V.sub.7                                                                   

           "     "    "     "   "    440                                       

     V.sub.8                                                                   

           "     "    "     "   "    444                                       

     two-lay-                                                                  

           --    520  --    "   "    --                                        

     er type                                                                   

     tape *(7)                                                                 

     __________________________________________________________________________

      -- not tested                                                            

      Remarks:                                                                 

      *(1) A soft aluminum (thickness: 0.2 mm) and a resin sheet (thickness: 1.

      mm) were adhered together under heat (180.degree.C) and pressure and then

      cooled to room temperature. The method of testing the adhesive strength i

      shown in FIG. 2, (a).                                                    

      *(2) A resin (thickness: 0.05 mm) was laminated on a soft aluminum       

      (thickness: 0.2 mm) by extrusion. The extrusion temperature was          

      230.degree.C and the lamination speed was 10 m/min. The method of testing

      the adhesive strength is shown in FIG. 2, (b).                           

      *(3) A protective polyethylene (low density polyethylene, 1.0 mm thick)  

      and a resin sheet (thickness: 1.0 mm) were adhered together under heat   

      (160.degree.C) and pressure, and then cooled to room temperature. The    

      method of testing the adhesive strength is shown in FIG. 2, (c).         

      *(4) In the preparation of cable, the surface of the resin film is abrade

      and develops many fine splits. The susceptibility to abrasion and the    

      generation of fine splits depends upon the mechanical properties of the  

      resin as well as upon the kind of comonomers and the content thereof.    

      *(5) Blocking occurs in the laminate tape rolled in the form of a coil   

      during the storage thereof. Blocking depends upon the kind of comonomer  

      and the content thereof as well as the melt index of the resin.          

      *(6) A resin (thickness: 0.05 mm) was laminated on a soft aluminum       

      (thickness: 0.2 mm) by extrusion. The extrusion temperature was          

      265.degree.C or greater, and the lamination speed was 10 m/min. The metho

      of testing the adhesive strength is shown in FIG. 2, (b).                

      *(7) This is a laminate tape manufactured by the method described in     

      Japanese Patent Publication No. 23257/70.                                

PAR  As is apparent in Tables 1 and 2, the adhesive strength of the
      ethylene-vinyl acetate copolymers (E.sub.1, E.sub.2) is weak, particularly
      to the aluminum foil. With respect to the ethylene-acrylate copolymers
      (A.sub.1, A.sub.2), the adhesive strength thereof is strong, but the
      workability in cable manufacture and the blocking property of the laminate
      tape are bad.
PAR  When polyethylene (P) is used as the laminating resin, the adhesive
      strength to the aluminum tape is weak, and when the resin containing a
      carboxyl group (S) is used, the adhesive strength to the polyethylene
      jacket layer is weak.
PAR  Accordingly, these resins (E.sub.1, E.sub.2, A.sub.1, A.sub.2, P, S) are
      unsuitable in using as materials for laminates.
PAR  In the above examples and comparative examples, it was substantiated that
      the ternary copolymers of the present invention consisting of (a)
      ethylene, (b) an unsaturated glycidyl ester or an unsaturated glycidyl
      ether and (c) an alkyl acrylate, an alkyl methacrylate or vinyl acetate
      are excellent in every point, that is, in adhesiveness to the aluminum
      foil and to the polyethylene of the jacket layer and in their workability
      in the formation of cables, as compared to conventional resins.
PAR  The above examples show some embodiments of the present invention using the
      terpolymers of this invention. According to studies of the inventors, it
      was further found that when the total concentration of the comonomer
      components except ethylene exceeds about 25% by weight, and when the melt
      index exceeds about 15, it becomes difficult to form a laminate tape
      around a cable core.
PAR  As shown in Table 2, the terpolymers of the present invention are excellent
      in adhesive strength to the aluminum foil when the laminate tapes are
      formed by means of a press-sheet method -- *(1) -- or by means of an
      extrusion-laminate method under the laminating conditions of 230.degree.C
      and 10 m/min. However, the properties of the laminate tapes of the present
      invention prepared by means of a high-temperature extrusion-laminate
      method -- *(6) -- where an extruder is used under the extrusion-lamination
      conditions of a temperature of 265.degree.C or more are not so different
      from those of conventional laminate tapes, and, in particular, the
      adhesive strength of the high-temperature extrusion laminate tapes is
      inferior to that of the laminate tapes prepared at a temperature of
      230.degree.C.
PAR  Observing the thickness of the laminated resin layer, the inventors found
      that there was at most a 10% thickness fluctuation in the tapes prepared
      by extrusion at 230.degree.C and that there was about a 28% thickness
      fluctuation in those at 265.degree.C.
PAR  The inventors prepared various extrusion-laminate tapes under high
      extrusion temperatures to try to improve the adhesive strength between the
      aluminum foil and the resin layer, to increase the lamination speed and to
      make the thickness of the resin layer uniform, and at last the inventors
      succeeded in the preparation of such improved laminate tapes under the
      high-temperature extrusion-condition.
PAR  More precisely, the preparation of the improved laminate tapes was attained
      by adding 100-10,000 ppm of an antioxidant into the above described
      terpolymer of the present invention. The effective results due to the
      addition are shown in Table 3. The effects are excellent and cannot be
      attained with conventional laminating materials, as is shown in following
      Table 3.
PAR  The inventors actually tested various kinds of antioxidants as shown in
      Table 4, and in Table 3 the results of some typical ones are shown. In
      general, any antioxidants desclosed in Table 4 have the same effects as
      those in Table 3. In addition, the workability into cables and the
      blocking property of the laminate tape were also tested with the
      combination of the terpolymer of the present invention and the
      antioxidant, and it was substantiated that the properties were also good,
      as in the case where the antioxidant was not present.
PAR  With respect to the content of the antioxidant, the heat stability effect
      can be attained in the resulting tape when the antioxidant is present in
      an amount of 100 ppm or more, and, more preferably, the effect is more
      remarkable when the amount is 300 ppm or more. Related tests were
      conducted with up to 10,000 ppm of antioxidant, and the same effects were
      confirmed.
PAR  However, it was found that if the content of the antioxidant is increased
      too much, the antioxidant undesireably migrates to the surface of the
      tape. Accordingly, the preferred antioxidant content range is 300-5,000
      ppm.
PAR  Due to the addition of the antioxidant, the lamination speed can be
      extremely increased, and the thickness fluctuation of the resin layer
      formed decreased to about 10%.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Adhesive Strength of Resin Containing Antioxidant                         

     Resin                                                                     

         Antioxidant                                                           

                 Amount of                                                     

                        Adhesive Strength Between                              

                 Antioxidant                                                   

                        Aluminum Foil and resin (g/cm)                         

                 (ppm)  laminate method *(2)                                   

     __________________________________________________________________________

     E.sub.1                                                                   

         Antigen WX                                                            

                 1000   355                                                    

     E.sub.2                                                                   

         "       "      334                                                    

     A.sub.1                                                                   

         "       "      460                                                    

     A.sub.2                                                                   

         "       "      430                                                    

     S   "       "      1026                                                   

     P   "       "      55                                                     

     G.sub.1                                                                   

         "        100   499                                                    

     "   "        300   578                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   "       10000  "                                                      

     "   Irganox 1010                                                          

                  100   522                                                    

     "   "        300   592                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   "       10000  "                                                      

     G.sub.4                                                                   

         Antigen WX                                                            

                  300   576                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   560                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     G.sub.5                                                                   

         Antigen WX                                                            

                  300   610                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   545                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     G.sub.8                                                                   

         Antigen WX                                                            

                  300   583                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   565                                                    

     "   "       1000   698                                                    

     "   "       5000   700      or more                                       

     G.sub.9                                                                   

         Antigen WX                                                            

                  300   551                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   573                                                    

     "   "       1000   682                                                    

     "   "       5000   700      or more                                       

     G.sub.12                                                                  

         Antigen WX                                                            

                  300   584                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   549                                                    

     "   "       1000   700      or more                                       

     "   "       5000   "                                                      

     V.sub.1                                                                   

         Antigen WX                                                            

                  100   489                                                    

     "   "        300   578                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     "   "       10000  "                                                      

     "   Irganox 1010                                                          

                  100   502                                                    

     "   "        300   595                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     "   "       10000  "                                                      

     V.sub.3                                                                   

         Antigen WX                                                            

                  300   573                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   556                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     V.sub.5                                                                   

         Antigen WX                                                            

                  100   481                                                    

     "   "        300   543                                                    

     "   "       1000   594                                                    

     "   "       5000   600      or more                                       

     "   Irganox 1010                                                          

                  100   479                                                    

     "   "        300   567                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     V.sub.7                                                                   

         Antigen WX                                                            

                  300   532                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     "   Irganox 1010                                                          

                  300   552                                                    

     "   "       1000   600      or more                                       

     "   "       5000   "                                                      

     __________________________________________________________________________

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Antioxidant Used                                                          

     No.                                                                       

        Antioxidant                                                            

     chemical name                trade name                                   

     __________________________________________________________________________

     1  4,4'-thiobis-(6-tert.butyl-3-methylphenol)                             

                                  Antigen WX                                   

     2  4,4'-butylidene-bis-(6-tert.butyl-3-cresol)                            

                                  Samilizer BBM                                

     3  high molecular weight phenol type                                      

                                  Topanol CA                                   

     4  mercaptobenzimidazole     Antigen MB                                   

     5  zinc salt of 2-mercaptobenzthiazole                                    

                                  Soxinol MZ                                   

     6  seleniumdiethyldithiocarbamate                                         

                                  Soxinol SE                                   

     7  polymer of 2,2,4-trimethyl-1,2-dihydro-                                

                                  Antigen RD                                   

        quinoline                                                              

     8  reaction product of 1,1-bis(4-hydroxyphenyl)-                          

                                  Antigen WA                                   

        cyclohexane and organic amine                                          

     9  N,N'-di-beta-naphthyl-p-phenylenediamine                               

                                  Antigen F                                    

     10 phenyl-alpha-naphthylamine                                             

                                  Antigen PA                                   

     11 phenyl-beta-naphthylamine Antigen D                                    

     12 triazine derivative       Irganox 565                                  

     13 triazine derivative       Irganox 858                                  

     14 high molecular weight hindered phenol                                  

                                  Irganox 1010                                 

     15 high molecular weight hindered phenol                                  

                                  Irganox 1076                                 

     __________________________________________________________________________

PAR  The bending strength of the cable and the adhesive strength between the
      aluminum foil and the polyethylene jacket layer via the laminating resin
      are shown in Tables 5 and 6, where some typical resins as shown in Table 1
      were used as the laminating resin. Table 5 gives the results for
      embodiments containing an antioxidant and the Table 6 gives the results
      for embodiments which do not contain an antioxidant.
PAR  The cable used for this experiment has the structure as shown in FIG. 1
      (No. 26 AWG, 100 pairs, aerial cable of 0.4 mm diameter).
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Properties of Cable (with antioxidant)                                    

     Resin                                                                     

         Amount of Antioxidant                                                 

                     Adhesive Strength                                         

                                Bending Repeti-                                

         (ppm)       Between Aluminum                                          

                                tion (up to Forma-                             

                     Foil and Jacket                                           

                                tion of Cracks in                              

                     Layer (Kg/cm)                                             

                                Aluminum)                                      

     __________________________________________________________________________

     P   Antigen WX                                                            

                 3000                                                          

                     0.95       10-15                                          

     S   "       "   1.55       20-25                                          

     E.sub.1                                                                   

         "       "   1.65       20-25                                          

     G.sub.1                                                                   

         "       "   3.24       35-40                                          

     "   Irganox 1010                                                          

                 "   3.52       35-40                                          

     G.sub.4                                                                   

         Antigen WX                                                            

                 "   3.19       35-40                                          

     "   Irganox 1010                                                          

                 "   3.42       35-40                                          

     G.sub.5                                                                   

         Antigen WX                                                            

                 "   3.33       30-35                                          

     "   Irganox 1010                                                          

                 "   2.97       30-35                                          

     G.sub.8                                                                   

         Antigen WX                                                            

                 "   3.46       30-35                                          

     "   Irganox 1010                                                          

                 "   3.09       30-35                                          

     G.sub.9                                                                   

         Antigen WX                                                            

                 "   3.14       35-40                                          

     "   Irganox 1010                                                          

                 "   3.38       35-40                                          

     V.sub.1                                                                   

         Antigen WX                                                            

                 "   3.42       35-40                                          

     "   Irganox 1010                                                          

                 "   3.35       35-40                                          

     V.sub.7                                                                   

         Antigen WX                                                            

                 "   3.29       35-40                                          

     "   Irganox 1010                                                          

                 "   3.32       34-40                                          

     two-                                                                      

     layer                                                                     

         --          3.05       30-35                                          

     type                                                                      

     tape                                                                      

     __________________________________________________________________________

TBL                TABLE 6                                                     

     ______________________________________                                    

     Properties of Cable (without antioxidant)                                 

     Resin Adhesive Strength Bending Repetition (up                            

           Between Aluminum Foil                                               

                             to formation of cracks                            

           and Jacket Layer (Kg/cm)                                            

                             in aluminum)                                      

     ______________________________________                                    

     P     0.98              10-15                                             

     S     1.66              20-25                                             

     E.sub.1                                                                   

           1.73              20-25                                             

     G.sub.1                                                                   

           1.54              20-25                                             

     G.sub.4                                                                   

           1.68              20-25                                             

     G.sub.5                                                                   

           1.83              20-25                                             

     G.sub.8                                                                   

           1.72              20-25                                             

     G.sub.9                                                                   

           1.70              20-25                                             

     G.sub.12                                                                  

           1.59              20-25                                             

     V.sub.1                                                                   

           1.62              20-25                                             

     V.sub.3                                                                   

           1.71              20-25                                             

     V.sub.5                                                                   

           1.58              20-25                                             

     V.sub.7                                                                   

           1.78              20-25                                             

     ______________________________________                                    

      Remarks:                                                                 

      1) The resin used and the method of testing the adhesive strength were th

      same as in Table 2.                                                      

      2) Bending Test: The bending strength was tested according to the mandrel

      test method where a mandrel of a diameter 12 times of that of the cable  

      tested was used and bending to a straight angle was repeated. One repeate

      bending is counted as one time, and the number of such bendings are given

      in Tables 5 and 6.                                                       

PAR  As is seen in Tables 5 and 6, the cables of the present invention have
      excellent properties similar to those of a cable formed with a two-layer
      type tape. From such results, it is apparent that the cables of the
      present invention are excellent from the view-point of mechanical strength
      and are economical.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laminate sheathed cable including a laminate tape composed of a metal
      foil and a terpolymer resin coated on one or both surfaces of the metal
      foil, the terpolymer resin having a metal index of below about 15 and
      consisting of (a) a first component of at least 25 weight percent
      ethylene; (b) a second component selected from glycidyl methacrylate,
      glycidyl acrylate and allyl glycidyl ether; and (c) a third component
      selected from an alkyl acrylate and an alkyl methacrylate, said laminate
      tape being formed on a cable core in the form of a tube such that both
      ends of the laminated tape are united.
NUM  2.
PAR  2. A laminate sheathed cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      methacrylate; and (c) methyl acrylate.
NUM  3.
PAR  3. A laminate sheathed cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      methacrylate; and (c) methyl methacrylate.
NUM  4.
PAR  4. A laminate sheathed cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      acrylate; and (c) ethyl acrylate.
NUM  5.
PAR  5. A laminate sheated cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      acrylate; and (c) ethyl methacrylate.
NUM  6.
PAR  6. A laminate sheathed cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) allyl
      glycidyl ether; and (c) methyl acrylate.
NUM  7.
PAR  7. A laminate sheathed cable as claimed in claim 1, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) allyl
      glycidyl ether; and (c) methyl methacrylate.
NUM  8.
PAR  8. A laminate sheathed cable as claimed in claim 2, wherein said terpolymer
      resin consists of (a) at least 25 weight percent ethylene; (b) allyl
      glycidyl ether; and (c) vinyl acetate.
NUM  9.
PAR  9. A laminate sheated cable as claimed in claim 1 wherein an antioxidant is
      added to the terpolymer resin in an amount of 100-10,000 ppm on said basis
      of the resin in the preparation of the laminate tape.
NUM  10.
PAR  10. A laminate sheathed cable including a laminate tape composed of a metal
      foil and a terpolymer resin coated on one or both surfaces of the metal
      foil, the terpolymer resin having a melt index of below about 15 and
      consisting of (a) a first component of at least 25 weight percent
      ethylene; (b) a second component selected from glycidyl acrylate and allyl
      glycidyl ether; and (c) a third component of vinyl acetate, said laminate
      tape being formed on a cable core in the form of a tube such that both
      ends of the laminated tape are united.
NUM  11.
PAR  11. A laminate tape of a resin and a metal foil adapted to be formed on a
      cable core in the form of a tube, both ends of said laminate tape capable
      of being united, characterized in that a terpolymer resin having a melt
      index below about 15 and consisting of (a) a first component of at least
      25 weight percent ethylene; (b) a second component selected from glycidyl
      methacrylate, glycidyl acrylate and allyl glycidyl ether; and (c) a third
      component selected from an alkyl acrylate and an alkyl methacrylate, is
      used as the resin, said resin being coated on one or both surfaces of the
      metal foil.
NUM  12.
PAR  12. A laminate tape as claimed in claim 11 wherein an antioxidant is added
      to said terpolymer resin in an amount of 100-10,000 ppm, on the basis of
      the resin.
NUM  13.
PAR  13. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      methacrylate; and (c) methyl acrylate.
NUM  14.
PAR  14. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      methacrylate; and (c) methyl methacrylate.
NUM  15.
PAR  15. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      acrylate; and (c) ethyl acrylate.
NUM  16.
PAR  16. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) glycidyl
      acrylate; and (c) ethyl methacrylate.
NUM  17.
PAR  17. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) allyl glycidyl
      ether; and (c) methyl acrylate.
NUM  18.
PAR  18. A laminate tape as claimed in claim 11, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) allyl glycidyl
      ether; and (c) methyl methacrylate.
NUM  19.
PAR  19. A laminate tape as claimed in claim 13, wherein said terpolymer resin
      consists of (a) at least 25 weight percent ethylene; (b) allyl glycidyl
      ether; and (c) vinyl acetate.
NUM  20.
PAR  20. A laminate tape of a resin and a metal foil adapted to be formed on a
      cable core in the form of a tube, both ends of said laminate tape capable
      of being united, characterized in that a terpolymer resin having a melt
      index below about 15 and consisting of (a) a first component of at least
      25 weight percent ethylene; (b) a second component selected from glycidyl
      acrylate and allyl glycidyl ether; and (c) a third component of vinyl
      acetate, is used as the resin, said resin being coated on one or both
      surfaces of the metal foil.
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ABST
PAL  A ceramic insulator having sidewalls, a front wall and a back wall with an
      outwardly extending mounting shoulder at the upper end of the front and
      back walls; a passageway extending between the sidewalls of the insulator
      to form an open interior portion within the insulator which receives a
      ribbon heating element and a slot in the front wall connecting with the
      open interior portion of the insulator for insertion of a ribbon heating
      element into the open interior portion; a bearing surface within the open
      interior portion to support a ribbon heating element; and an elongated
      radiused rib extending outwardly from each sidewall below the bearing
      surface to provide curved contact surfaces for a ribbon heating element.
BSUM
PAR  Our invention relates generally to high temperature, electrical insulators
      and, more particularly, to ceramic insulator supports suitable for use in
      ribbon-type electrical resistance heaters.
PAR  Generally, electrical resistance heaters employ either coiled wire heating
      elements or ribbon type heating elements. Both types of heating elements
      naturally expand during heating and contract when the current is shut off.
      The coil type heating elements compensate for this expansion and
      contraction due to their spring-like configuration. The ribbon heating
      elements of the type to which our invention is directed, on the other
      hand, must be strung in the cold state under tension so as to avoid undue
      sagging caused by thermal expansion during heating. The ribbon heating
      element is strung under tension on laterally opposed insulator supports or
      hooks across the face of the heater. Due to the high operating temperature
      and high electrical current present in the heaters, ceramic has generally
      been employed as an insulator support material. Ceramics such as unglazed
      steatite are generally employed since they exhibit good thermal,
      electrical and mechanical strength properties at a relatively low cost.
      The insulators of the prior art do, however, present problems due to the
      inherent abrasiveness of the ceramic employed and the physical
      configuration of the insulator used. These prior insulators generally
      possess sharp edges which tightly bear against the ribbon heating element
      when it is tensionally strung thereon. We have found that these prior
      insulator hooks have caused ribbon breakage problems due to the abrasive
      wear resulting from the sharp edges of the insulator acting on the ribbon
      as it expands and contracts during operation.
PAR  Our invention solves the ribbon breakage problems heretofore encountered by
      providing an economical, unglazed ceramic insulator which minimizes
      abrasive wear of the ribbon element. Our invention also provides an
      insulator body which has improved strength properties in both the unfired
      and fired conditions resulting from the outwardly extending radiused ribs
      thereon. The radiused support ribs, likewise, minimize objectionable
      warpage of the insulator body during the firing operation.
PAR  Briefly, our invention provides a ceramic insulator body, preferably of
      steatite, which includes shoulder means outwardly extending therefrom for
      mounting the insulator within the heater. The insulator body has opposed,
      generally parallel sidewalls and an open interior portion extending
      between the sidewalls and communicating with a slot to permit the
      insertion of the ribbon element within the open portion. A bearing
      surface, preferably flat, extends within the interior portion terminating
      adjacent the side walls. A pair of radiused, support ribs each outwardly
      extend from an opposed side wall adjacent the bearing surface and
      generally offset downwardly and parallel thereto. In use, the ribbon
      heating element is strung through the open interior of the insulator body
      and is supported under tension on the bearing surface and the radiused
      ribs. The outwardly extending radiused ribs supportingly engage the ribbon
      element and present a smooth, curved surface upon which the ribbon may
      rest. The smoothly curved, radiused ribs thus minimize abrasive wear to
      the ribbon during thermal expansion and contraction thereof.
PAR  For a better understanding of the invention, reference is made to the
      drawings and the following detailed description.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of one presently preferred embodiment of the
      insulator of this invention showing the ribbon heating element positioned
      thereon;
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1; and
PAR  FIG. 3 is a perspective view of the insulator of FIGS. 1 and 2.
DETD
PAR  Referring now to the specific details of the drawings, one presently
      preferred embodiment of the insulator and support element of this
      invention is designated generally by the numeral 10. Insulator 10 is
      constructed of a heat resistant material having good dielectric
      properties, preferably a steatite ceramic. Insulator 10 is generally
      rectangular in shape including a pair of spaced apart, opposed sidewalls
      18 generally parallel to each other, a front wall and a back wall.
      Insulator body 10 is adapted to be mounted in a ribbon type resistance
      heater and, therefore, includes mounting shoulders 11 outwardly projecting
      from the upper end of the front and back walls. Shoulders 11 are adapted
      to be received within a mounting channel of the heater (not shown). In
      order to facilitate the mounting of insulator 10 within the heater, each
      shoulder 11 may also include an inwardly sloping tapered portion 12.
      Tapered portions 12 provide a lead to assist in the insertion of insulator
      10 within the mounting channels of the heater, however, they are not
      absolutely necessary since a straight shoulder is also operable.
PAR  A passageway through insulator body 10 forms an open interior portion 13
      extending between opposed sidewalls 18. A slot 14 is formed in body 10 and
      communicates with open interior portion 13 to permit the insertion of
      ribbon heating element 5 therein. Slot 14 may also be provided with
      tapered portions 16 flaring outwardly therefrom to facilitate the
      insertion of ribbon 5 therethrough.
PAR  A flat bearing surface 17 is located within open interior portion 13 and
      forms the bottom of the passageway through insulator body 10. A
      longitudinally extending, radiused rib 20 extends outwardly from each
      sidewall 18 adjacent bearing surface 17. The longitudinal axes of radiused
      support ribs 20 are parallel to and offset downwardly from the plane
      defined by flat bearing surface 17. In this regard, it can be seen in
      FIGS. 1 and 3 that the line 21 defined by the intersection of radiused rib
      20 and sidewall 18 is also parallel to the plane of bearing surface 17. As
      can be seen in FIG. 2, support ribs 20 outwardly extend from sidewalls 18
      a distance substantially equal to their full radius of curvature.
PAR  The upper edges 21 of support ribs 20 may be flush with bearing surface 17,
      however, in order to increase the strength it is preferable to increase
      the thickness of the insulator body in its bottom section at 15. In this
      regard, we have found it advantageous to utilize beveled surfaces 25 which
      taper downwardly and outwardly from opposite edges of bearing surface 17
      to sidewalls 18 immediately above support ribs 20. Bevels 25 permit a
      thicker cross section at 15, as shown in FIG. 2, and provide greater
      strength for the unfired pressed pieces and further minimize warpage
      during bulk firing. We have, likewise, found that by extending radiused
      ribs 20 the full width of insulator 10 along sidewalls 18, the strength in
      both the unfired and fired body is enhanced and further the tendency to
      warp during firing is minimized.
PAR  FIG. 1 and 2 show the ribbon heating element 5 as it would appear when
      mounted within insulator 10. In FIG. 1 it can be seen that the width of
      flat bearing surface 17 is greater than the width of ribbon element 5.
      Likewise, longitudinally extending support ribs 20 are parallel in
      relation to flat bearing surface 17 throughout its width. This feature
      permits movement of ribbon element 5 across the width of bearing surface
      17 during ribbon assembly and thus permits slight variation in tolerances
      and misalignment within the heater. Even though slight misalignment may be
      present, the ribbon element 5 at all times rests against flat bearing
      surface 17 and against parallel ribs 20 to maintain alignment. Thus, the
      ribbon element 5 will not be pinched or crimped as is sometimes the case
      in prior insulator hooks.
PAR  As can be seen in FIG. 2, outwardly extending support ribs 20 present a
      smoothly curved, radiused surface upon which ribbon element 5 is
      supported. Due to the fact that radiused ribs 20 extend outwardly from
      sidewalls 18 a distance at least as great as their full radius, they
      bearingly support ribbon 5 along a substantial surface thereof and as such
      support most of the tensional forces within ribbon 5. The radiused ribs 20
      possess a smooth and fully radiused surface which presents no sharp edge
      contact with ribbon element 5 and, therefore, minimize the abrasive wear
      resulting from the expansion and contraction of ribbon element 5 during
      operation.
PAR  We have thus found that the radiused ribs 20 minimize the wear problems
      encountered in the past and permit the manufacturer of ceramic insulators
      to utilize an economical, unglazed steatite ceramic body eliminating the
      necessity of an expensive secondary glazing operation. In addition to
      minimizing the abrasive wear on the ribbon element, ribs 20 also increase
      the strength of the unfired, pressed piece and the strength and stability
      of the fired piece.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ceramic insulator for supporting a ribbon heating element within an
      electric resistance heater; said insulator having spaced sidewalls, a
      front wall and a back wall; a pair of mounting shoulders located at the
      upper end of said insulator for supporting said insulator in a heater, one
      of said mounting shoulders extending outwardly from the front wall of said
      insulator and the other of said mounting shoulders extending outwardly
      from the back wall of said insulator; a passageway extending through said
      insulator between said spaced sidewalls to form an open interior portion
      within said insulator adapted to receive a ribbon heating element; said
      front wall of said insulator having a substantially horizontally extending
      slot formed therein connecting with said open interior portion of said
      insulator to provide access to said open interior portion for insertion of
      a ribbon heating element into said open interior portion; a flat bearing
      surface located between said spaced sidewalls and forming the bottom of
      said passageway, said bearing surface located in a plane below a plane
      including the bottom of said slot, said bearing surface adapted to support
      a ribbon heating element extending through said open interior portion of
      said insulator; each of said spaced sidewalls having an elongated radiused
      rib extending outwardly therefrom, the longitudinal axis of each of said
      ribs being parallel to and located below said plane including said bearing
      surface, each of said ribs extending along one of said spaced sidewalls
      from said front wall to said back wall of said insulator, the curved
      surface of each of said ribs providing a rounded contact surface located
      below said plane including said bearing surface, whereby a ribbon heating
      element extending through said open interior portion of said insulator and
      supported by said bearing surface contacts a portion of said rounded
      surface of each of said ribs to minimize abrasive wear between said
      insulator and the ribbon heating element during expansion and contraction
      of the ribbon heating element.
NUM  2.
PAR  2. An insulator as set forth in claim 1 including a beveled surface
      extending downwardly and outwardly from each side edge of said flat
      bearing surface to the adjacent sidewall at the upper edge of the rib
      extending along said sidewall.
NUM  3.
PAR  3. An insulator as set forth in claim 1 including outwardly flaring tapered
      portions at the horizontal edges of said slot located at said front wall,
      whereby said slot is larger at said front wall of said insulator than at
      the junction with said open interior portion of said insulator to
      facilitate insertion of a ribbon heating element into said open interior
      portion of said insulator.
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ABST
PAL  An electrical bushing characterized by a cup-shaped ceramic shell and a
      conductor extending longitudinally therethrough. A non-porous epoxy resin
      occupies the shell and adheres to the conductor. The conductor and the
      epoxy resin have corresponding coefficients of thermal expansion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates generally to insulating electrical devices, and,
      more particularly, to terminal bushings for transformers.
PAR  2. Description of the Prior Art:
PAR  Secondary bushings for use on outdoor transformers have customarily
      consisted of porcelain and a metal conductor which are locked together
      mechanically and sealed with gaskets. The sealing requirement has added
      considerably to the cost of the bushing. Various attempts have been made
      to achieve a more economical product without sacrificing a suitable
      operating bushing. For example, replacement of the porcelain member with
      an epoxy resin cast around the conductor proved unsatisfactory, because a
      required compromise in the resin composition to achieve a coefficient of
      expansion comparable to that of the conductor resulted in a reduction of
      the arc and track resistance. U.S. Pat. No. 3,433,893 generally discloses
      an electrical bushing of the type involved herein.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found in accordance with this invention that the foregoing
      problem may be overcome by providing an electrical bushing comprising a
      cup-shaped ceramic shell having a central opening, a conductor extending
      longitudinally through the shell and the central opening, a non-porous
      epoxy resin occupying the shell and adhering to the conductor which resin
      has a coefficient of thermal expansion substantially corresponding to that
      of the conductor.
PAR  The advantage of the bushing of this invention is that it provides an
      electrical bushing having a ceramic outer surface with satisfactory arc
      and track resistance and having an interior resin component having a
      coefficient of thermal expansion comparable to that of the conductor,
      whereby a more durable bushing is provided.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention reference is made to the
      single FIGURE of the drawing which is a vertical sectional view through an
      electrical bushing which is mounted on the tank of a distribution
      transformer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawing an electrical bushing is generally indicated at 10 and it
      comprises a shell 12, a conductor or stud 14, and a body 16 of resinous
      material. The bushing 10 is shown mounted in an opening 18 of a housing or
      tank 20 of a distribution transformer.
PAR  The shell 12 is preferably a cylindrical member including an end wall 22
      having an aperture 24. The shell 12 also includes an end 26 opposite the
      end wall 22. The shell 12, being an insulator, is composed of a ceramic
      material, such as porcelain, to provide the desirable characteristics of
      arc and track resistance in a manner well known in the art.
PAR  The conductor 14 is an elongated metallic member preferably composed of a
      material of good electrical characteristics, such as copper or aluminum.
      Although the conductor 14 is predominately round and has a threaded inner
      end portion 28, the outer end 30 is flattened and preferably includes an
      aperture 32 for conveniently connecting thereto. The inner end portion 28
      of the conductor is likewise flattened and provided with suitable
      fastening means, such as a hole 34. To improve the sealing joint between
      the end 26 of the shell and the outer surface of the tank, an annular
      gasket 38 is preferably provided. The inner end portion 28 of the
      conductor 14 is connected to a conductor (not shown) within the
      transformer which extends to a transformer coil in a conventional manner.
PAR  The body 16 is composed of an insulating material different from the
      porcelain of the shell 12. It is preferably composed of an epoxy resin,
      such as an anhydride cured bisphenol resin, that is filled with a graded
      particle sized fused silica. The resin formulation closely matches the
      coefficient of expansion of the conductor 14 and has very good room
      temperature and high temperature strength. The body 16 of resin is formed
      by casting the resin into the shell so that after the curing of the body
      16, it is readily placeable in the opening 18 of the tank 20. The body 16
      adheres tightly to the surface of the conductor 14. Although it adheres
      also to the inner surface of the shell 12, the latter is preferably
      provided with areas, such as an annular band 40, of a gritty material,
      such as sand, by which the body 16 is locked in place and prevents
      subsequent detachment or loosening of the body 16 from the shell 12, such
      as by twisting during installation. The outer surface of the body 16 may
      include threads 41 molded therein which cooperate with a spring grip nut
      36 for clamping the bushing 10 tightly in place against the housing 20.
PAR  In accordance with this invention the porcelain shell 12 protects the
      exposed portion of the resinous body 16 and eliminates the requirement of
      that body for a high degree of arc and track resistance. However, the body
      16 is readily formulated to provide the property of the coefficient of
      expansion comparable to that of the material of the conductor 14. That
      property is necessary because the body 16 of resin necessarily adheres
      tightly to the intermediate portion of the conductor.
PAR  As shown in the drawing, the aperture 24 of the shell 12 is slightly
      greater than the diameter of the conductor 14 to prevent their adherence
      such as by binding which may subsequently cause the porcelain shell 12 to
      rupture in response to extreme contractions or expansion of the metallic
      conductor 14. At the inner end of the opening 24 an adhesive or gasket
      ring 42 is provided and is composed of a silicone material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical bushing adaptable for insertion through an aperture in the
      casing of electrical apparatus comprising, a cup-shaped ceramic shell
      having a central opening, a conductor extending longitudinally through the
      shell and the central opening, the conductor having a smaller diameter
      than the central opening, a body of epoxy resin occupying the interior of
      the shell and adhering to the conductor and to the shell, the resinous
      body including a portion extending out of the side of the shell opposite
      the central opening and around the conductor, the combination of said
      portion and the conductor being insertable through the aperture and into
      the casing of electrical apparatus, the conductor and the epoxy resinous
      body have corresponding coefficients of expansion, and means on said
      portion for detachably mounting the bushing in place.
NUM  2.
PAR  2. The electrical bushing of claim 1 in which the epoxy resinous body is
      non-porous.
NUM  3.
PAR  3. The electrical bushing of claim 2 in which the epoxy resin is an
      anhydride cured bisphenol resin filled with a graded particle size fused
      silica.
NUM  4.
PAR  4. The electrical bushing of claim 2 in which a portion of the inner
      surface of the shell is covered with a gritty material, whereby the
      resinous body is interlocked within the shell.
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PAL  A stand-off insulator for supporting conductors or the like so that they
      will be maintained in spaced relation to a supporting structure which
      carries the insulator. The insulator is in the form of a one-piece body of
      electrically non-conductive material having an elongated portion provided
      with a pair of opposed free end regions at one of which the elongated
      portion has a structure for fixing to this one free end region an article
      such as a clamp, bracket, or the like, while the elongated portion has at
      its other free end region a structure for mounting the body on a support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to insulators of the type used to support
      electrical conductors or the like in such a way that they will be
      incapable of contacting a supporting structure on which the insulator is
      mounted.
PAR  Insulators of this type have a wide variety of applications. For example, a
      modern aircraft requires extremely complex eletrical circuitry, and this
      circuitry in turn requires many conductors which must extend, for example,
      along the interior of the fuselage of the aircraft while being supported
      in such a way that these conductors will not contact or rub against the
      wall of the fuselage. Of course, such insulators are required in many
      different installations to carry conductors so that they will not rub
      against or otherwise contact supporting structures. Thus such insulators
      find a use in many different types of vehicles as well as in static
      structures.
PAR  At the present time insulators of this type, known as stand-off insulators,
      require a number of components which must be assembled together, so that
      the structure of such insulators is undesirably complex and expensive. In
      addition, the conventional insulators of this type do not reliably support
      conductors in such a way that they will be reliably maintained out of
      contact with a supporting structure. On the one hand if the conventional
      insulators are made sufficiently robust to withstand bending as a result
      of vibrations, inertia forces, and the like, they cannot maintain the
      conductors at the required distance from the supporting structure. On the
      other hand if such insulators are made of a length sufficient to locate
      the conductors at the required distance from the supporting structure,
      then they are easily bendable as a result of vibration or inertia forces
      or the like, and for this reason cannot reliably maintain the conductors
      out of contact with the supporting structure. In addition, the
      conventional insulators are undesirably heavy and large so that on the one
      hand they take up too much space and on the other hand add too much weight
      to a vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      structure which will avoid the above drawbacks.
PAR  Thus, it is an object of the present invention to provide a stand-off
      insulator which is far simpler than conventional insulators of this type,
      requiring no more than a single one-piece body.
PAR  Furthermore, it is an object of the present invention to provide an
      insulator of this type which while being capable of maintaining conductors
      reliably out of contact with a supporting structure at the same time are
      light and compact and nevertheless have the required rigidity to withstand
      vibrational and inertia forces or the like, while at the same time being
      relatively inexpensive.
PAR  According to the invention, the stand-off insulator consists in its
      entirety of a simple one-piece body of electrically non-conductive
      material having an elongated portion provided with a pair of opposed free
      end regions at one of which is a means for fixing to this one free end
      region an article such as a clamp, bracket, or the like, while the other
      free end region of the elongated portion carries a means for fixing the
      body to a suitable support.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a side view of one embodiment of a stand-off insulator according
      to the invention, the insulator being shown in FIG. 1 fastened to a
      fragmentarily illustrated supporting structure;
PAR  FIG. 2 is a view of the structure of FIG. 1, as seen from the left of FIG.
      1;
PAR  FIG. 3 is an end elevation of the structure of FIG. 1 as seen from the top
      of FIG. 1;
PAR  FIG. 4 is a side elevation, corresponding to FIG. 1, of another embodiment
      of a stand-off insulator according to the invention;
PAR  FIG. 5 is an end view, corresponding to FIG. 3, of a further variation of
      insulator according to the invention;
PAR  FIG. 6 is a side view of the insulator of FIG. 5;
PAR  FIG. 7 is a perspective illustration of one possible manner in which the
      insulators of FIGS. 1-6 may be used;
PAR  FIG. 8 is a side view of another embodiment of a stand-off insulator
      according to the invention;
PAR  FIG. 9 is an end view of the insulator of FIG. 8 as seen from the top of
      FIG. 8; and
PAR  FIG. 10 is a perspective illustration of another manner in which any of the
      insulators of the invention may be used.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3, the stand-off insulator 30 illustrated
      therein consists in its entirety of a single one-piece body made of an
      electrically non-conductive material. Preferably the insulator 30 is made
      of nylon which is filled with glass fibers. The insulator 30 has an
      elongated portion 32 which is straight and formed along its central axis
      with an elongated bore 34 which extends completely through the elongated
      portion 32. At its top end, as viewed in FIGS. 1 and 2, the elongated
      portion 32 has a means 36 for fixing to the top free end region of the
      portion 32 an article such as a bracket, clamp, or the like, as will be
      apparent from the description below. This fixing means 36 at the top free
      end region of the elongated portion 32 in the illustrated example takes
      the form of a part of the bore 34 which is internally threaded. As is
      apparent from FIG. 3, the elongated portion 32 is circular in cross
      section, and the same is true of the bore 34. Inwardly of the threaded
      portion 36 a transverse inspection hole 38 may be provided.
PAR  At its other free end region, namely the bottom free end region of portion
      32, as viewed in FIGS. 1 and 2, this portion 32 has a means 40 for
      mounting the portion 32 on aa supporting structure 42. The fragmentarily
      illustrated supporting structure 42 may be considered as forming part of
      the interior of the fuselage of an aircraft, for example.
PAR  The mounting means 40 takes the form of a substantially L-shaped flange
      having one wall 44 which is fixed directly to the portion 32 and projects
      substantially perpendicularly therefrom, this one wall 44 being situated
      in a plane normal to the axis of the elongated portion 32. The wall 44 of
      the flange which forms the mounting means 40 is fixed to a second wall 46
      which is flat and formed with a pair of bores 48 through which suitable
      fastening screws 50 or the like may extend for fastening the wall 46 of
      the mounting means 40 directly to the supporting structure 42. In the
      illustrated example the walls 44 and 46 include between themselves an
      angle on the order of 70.degree. so that the part 32 makes an angle of
      20.degree. with respect to a vertical line extending parallel to the wall
      46. The wall 44 has a pair of concavely curved edges 52 (FIG. 3) extending
      from opposed sides of the elongated portion 32 inwardly of the extremity
      of the bottom free end region thereof, as viewed in FIGS. 1 and 2. These
      curved edges 52 are symmetrical and are joined to the exterior surface of
      the elongated portion 32 at a plane which contains the central axis of the
      portion 32, as is apparent from FIG. 3.
PAR  In addition, this structure is provided with a strengthening fin 54 which
      is perpendicular to and extends from both of the walls 44 and 46, this fin
      54 being situated in a plane which contains the axis of the elongated
      portion 32 and extending from the extremity of the bottom free end region
      thereof, as viewed in FIGS. 1 and 2, up to the wall 44. As was pointed out
      above, all of this structure of the insulator 30 is in the form of a
      single one-piece body of electrically non-conductive material.
PAR  The embodiment of the invention which is illustrated in FIG. 4 is identical
      with that of FIGS. 1-3 except that the mounting means 40 includes a
      fastening wall 56 which is perpendicular to the wall 44. Otherwise this
      embodiment is identical with that of FIGS. 1-3. Thus with the embodiment
      of FIG. 4 the axis of the elongated portion 32 is parallel to the wall 56
      of the L-shaped flange of the mounting means 40.
PAR  The embodiment of FIGS. 5 and 6 is identical with that of FIG. 4 except
      that the wall 58, which corresponds to the wall 44, does not have the
      concave edges 52. Instead this wall 58 has edges 60 which extend in
      opposite directions from opposed side surfaces of the elongated portion
      32, these edges 60 being located along a common straight line which
      extends perpendicularly across the axis of the elongated portion 32.
      Except for this difference the embodiment of FIGS. 5 and 6 is identical
      with that of FIG. 4.
PAR  FIG. 7 illustrates one possible manner in which the structure described
      above may be used. Thus the free end region of elongated portion 32 which
      has the fixing means 36 may receive a screw 62 which extends through
      washers 64 between which a bracket 65 is located. Any suitable conductors
      may be connected with this bracket, so that in this simple way the
      structure of the invention is capable of supporting conductors or the like
      at a suitable space from a supporting structure such as the structure 42.
PAR  A further embodiment of the invention is illustrated in FIGS. 8 and 9.
      Thus, the stand-off insulator of this embodiment includes an elongated
      portion 66 which is identical with the elongated portion 32 and has at its
      free end region, as viewed in FIG. 8, a fixing means 68 identical with the
      fixing means 36.
PAR  The bottom free end region of the elongated portion 66 also has a mounting
      means 70. However, in this case the mounting means 70 is in the form of a
      simple flange 72 which extends perpendicularly with respect to the axis of
      the bore 74 which extends completely through the elongated portion 66.
      This flange 70 has bores 76 through which fastening screws may extend.
      Also it has a number of strengthening fins 78 which are distributed
      circumferentially about the elongated portion 66 and which are of
      triangular configuration as illustrated.
PAR  Thus, with all of the embodiments described above it will be noted that
      although the elongated portion of the insulator has a considerable length
      and is relatively long and slender, nevertheless the entire structure is
      rendered quite rigid because of the mounting means and the strengthening
      fins, so that while the structure is of a light weight and small and
      compact, nevertheless it is capable of supporting conductors at a
      considerable distance from a support in such a way that the conductors
      will reliably be maintained out of contact with the supporting structure.
      The light weight of the structure is achieved in part as a result of the
      bore which passes completely through the elongated portion, this bore in
      addition facilitating the provision of the thread which forms the fixing
      means.
PAR  FIG. 10 illustrates a further example of a manner in which the structure of
      the invention may be used. Thus as may be seen from FIG. 10, the elongated
      portion 32 receives at its fixing means 36 a fastening screw 80 which
      extends through a washer 82 and bores at one end of a circular clamp or
      eye 84. Suitable conductors can pass through this clamp which thus can be
      fixed very readily to the fixing means at the one end region of the
      elongated portion of the insulator of the invention. Of course this
      structure which is shown in FIG. 10 can also be used with the embodiment
      of FIGS. 8 and 9.
PAR  Thus it is clear that with the present invention a one-piece body of
      insulating material provides a stand-off insulator which is inexpensive
      since it can readily be molded in one piece, while at the same time it is
      rugged and robust, capable of being readily mounted on a suitable support,
      for extending at the elongated portion at a desired angle with respect to
      the support. Thus in the case of FIGS. 8 and 9 the elongated portion will
      simply extend perpendicularly from the supporting structure, while in the
      case of FIGS. 4-6 the elongated portion of the insulator will extend
      parallel to while being maintained spaced from the supporting structure,
      and in the embodiment of FIGS. 1-3 the elongated portion is positioned at
      a predetermined angle with respect to the supporting structure. In all
      cases it is a simple matter to fasten to the outer free end region of the
      elongated portion of the insulator any suitable article such as the clamp
      of FIG. 10 or the bracket of FIG. 7, thus enabling conductors or other
      articles to be reliably supported in spaced relation with respect to a
      supporting structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stand-off insulator, consisting of a one-piece body of electrically
      non-conductive material having an elongated portion provided with a pair
      of opposed free end regions at one of which said body has a means for
      releasably fixing to said one free end region an article such as a clamp,
      bracket, or the like, and at the other of which said body has a means for
      mounting said body on a support with said elongated portion extending in a
      given direction with respect to said support, said mounting means
      including a flange of substantially L-shaped configuration having one wall
      projecting from said elongated portion at said other free end region
      thereof inwardly of an extremity of said other free end region so that
      said elongated portion extends past and beyond said one wall of said
      flange up to said extremity of said other free end region of said
      elongated portion, said flange having a second wall extending angularly
      from said one wall thereof to be directly fastened to a support.
NUM  2.
PAR  2. The combination of claim 1 and wherein said one free end region of said
      elongated portion is formed with an internally threaded bore which forms
      the means for fixing to said one free end region an article such as a
      clamp, bracket, or the like.
NUM  3.
PAR  3. The combination of claim 1 and wherein said mounting means at said other
      free end region of said elongated portion includes at least one
      strengthening fin extending between said flange and an exterior surface of
      said elongated portion at said other free end region thereof.
NUM  4.
PAR  4. The combination of claim 3 said elongated portion being straight and
      having a central axis, said one wall projecting in opposite directions
      from said elongated portion at one side thereof and being situated next to
      said elongated portion in a plane normal to said axis, and said
      strengthening fin being perpendicular to and extending from both of said
      walls while being situated in a plane which contains said axis and
      extending between said extremity of said other free end region of said
      elongated portion of said one wall of said flange.
NUM  5.
PAR  5. The combination of claim 4 and wherein said second wall of said flange
      is perpendicular to said one wall thereof and situated in a plane which is
      parallel to said axis.
NUM  6.
PAR  6. The combination of claim 4 and wherein said second wall is situated in a
      plane which forms an acute angle with a plane which contains said one
      wall.
NUM  7.
PAR  7. The combination of claim 4 and wherein said one wall has a pair of
      symmetrical concave edges extending from opposed sides of said elongated
      portion at said free end region thereof.
NUM  8.
PAR  8. The combination of claim 4 and wherein said one wall has a pair of
      symmetrical edges projecting from opposed sides of said elongated portion
      at said free end region thereof and situated along a common line which
      passes perpendicularly through the axis of said elongated portion.
NUM  9.
PAR  9. The combination of claim 1 and wherein said body is made of nylon filled
      with glass fibers.
NUM  10.
PAR  10. The combination of claim 1 and wherein said elongated portion is formed
      with a bore extending completely therethrough.
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PAL  The transmission requirements for digital information representing images,
      such as radar displays produced by radar video returns and business
      letters, are reduced by encoding successive sets of duplicate data in the
      form of N-bit words which represent the data, each suffixed by an M-bit
      portion of a K-bit word representing the number of duplicate N-bit words.
      The output words, consisting of the M and N bit portions, are generated
      until all non-zero portions of the K-bit words are accounted for. The
      number of output words adapt to the run length of duplicate data words and
      provide for data compression; thus reducing transmission bandwidth
      requirements.
BSUM
PAR  The present invention relates to digital data encoding systems and
      particularly to an adaptive run length encoding system for reducing the
      transmission requirements for data resulting from image signals.
PAR  The invention is especially suitable for use in reducing the transmission
      bandwidth of radar information such as moving target indicator (MTI) radar
      returns, weather radar data and business letters. The invention however,
      is also applicable for use in connection with any digital sensor for
      encoding uniquely the number of consecutive digital words produced by such
      sensors so as to compress sensor data and reduce the bandwidth and/or
      transmission time requirements thereof.
PAR  A principal feature of this invention is to provide an improved run length
      encoding technique. In ordinary run length encoding systems data is
      encoded for each run of duplicative data into a number representing the
      length of the run together with a code representing the value of the
      signal at the beginning of the run. Thus, instead of providing a different
      word for each signal element (viz., each picture element or pixel) only a
      pixel word and the number of pixels, which are identical thereto until the
      pixel changes (viz., the tone or light value of the picture element to
      which it corresponds) are transmitted. Such systems have been found to
      provide a reasonable amount of data compression. Reference may be had to
      the following United States patents for further information respecting
      known run length encoding techniques: U.S. Pat. Nos. 2,909,601; 2,922,840;
      2,963,551; 2,978,535; 3,185,823; 3,185,824; 3,213,268; 3,344,231;
      3,378,641; 3,502,806; 3,560,639; 3,584,145; 3,588,364; and 3,711,650.
PAR  In spite of the effectiveness of run length encoding to compress data and
      to improve the effectiveness of utilization of a transmission link such as
      a radio channel or telephone line, such techniques often have not been
      used because of the complexity of the encoding and decoding circuitry
      which has been required. It has been found in accordance with the
      invention that run length encoding may be carried out with no loss of
      input information when the runs are encoded into one or more words each of
      equal length (viz., the same number of bits). The number of such words is
      adaptive to the length of the run; more words being provided for longer
      runs. Equal length words may be provided in accordance with the invention
      by circuitry which is readily implemented at low cost. Similarly the
      circuitry for decoding the equal run length words may also be implemented
      at low cost. The information density of the encoded output data is
      increased as in conventional run length encoding, without increasing error
      rates, and yet in a manner to facilitate the implementation of the
      encoding and decoding circuitry. By information density is meant the
      average amount of usable information per bit of data. Compressed data
      therefore has higher information density than data which is not
      compressed, as through the use of a run length encoding technique as
      provided by the present invention.
PAR  Accordingly, it is an object of the present invention to provide an
      improved method of and system for run length data encoding which reduces
      data transmission requirements.
PAR  It is a further object of the invention to provide an improved data
      compression system which is adaptive in response to changes in the data to
      provide words which are of equal length, but are more numerous for longer
      distances between changes in data than for shorter distances between such
      changes.
PAR  It is a still further object of the present invention to provide an
      improved method of and system for run length encoding where runs
      duplicative of data are encoded into segments of equal length each of
      which represents the data and a different portion of the lengths over
      which the data is duplicative.
PAR  It is a still further object of the present invention to provide an
      improved system for and method of pulse code modulation for image signals
      which reduce the transmission requirements for such signals by reducing
      the number of bits required to transmit such signals over a transmission
      link.
PAR  It is a still further and perhaps a most advantageous object of the present
      invention to provide an improved run length encoding system which can be
      implemented simply and at low cost.
PAR  It is a still further object of the present invention to provide an
      improved system for and method of encoding digital data representing image
      or picture elements by means of which the information density of the data
      is increased.
PAR  Briefly described, the invention involves the comparison of consecutive
      digital signals which represents consecutive elements of the image to be
      encoded. The number of consecutive elements is counted until a change in
      the data is detected. Upon occurrence of a data change, the number of
      consecutive signals which have previously been counted is translated into
      one or more digital words of equal length, each word including bits
      representing the signal before the data change and bits of successively
      higher order portions of a number representing the count of identical
      consecutive signals. Only so many words are generated as to account for
      all non-zero portions of the count. The number of words generated is
      therefore adaptive to the length of duplicative data. Nevertheless the
      words have the same number of bits and can be encoded and decoded with
      digital circuitry which may be readily implemented.
DRWD
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more readily apparent from a reading of the
      following description in connection with the accompanying drawings in
      which:
PAR  FIG. 1 is a functional block diagram illustrating an encoding system
      embodying the invention;
PAR  FIG. 2 is a table which illustrates the encoding method provided by the
      invention and the operation of the system shown in FIG. 1;
PAR  FIG. 3 is a more detailed block diagram of an encoding system of the type
      generally illustrated in FIG. 1; and
PAR  FIG. 4 is a block diagram of a system for decoding the data encoded by a
      system of the type shown in FIG. 3.
DETD
PAR  Referring to FIG. 1, the encoder system shown therein consists of a
      comparator 10, a last pixel register 12, a K-bit counter 14, an output
      word generator 16 and a buffer register 18. Input words are obtained from
      a digital sensor which may be the sensor of a facsimile machine which
      scans business letters or other images, such as finger print cards and
      which are digitized into digital words containing one or more bits. The
      number of bits in these words are indicated generally as N; the words
      occurring consecutively, N.sub.1 followed by N.sub.2 followed by N.sub.3
      and so forth. The input word may also be derived by digitizing the video
      signals such as radar returns, particularly MTI or weather radar returns.
      Such digital sensors may be sampling circuits, threshold gates or analog
      to digital converters, which, since they are known in the art and are
      described in some of the patents referenced above, are not discussed in
      detail herein.
PAR  Each of the words is derived from a successive image element as may be
      located consecutively along a line extending across the image; the image
      being scanned after a raster of these lines is traversed in accordance
      with conventional facsimile techniques. Accordingly the words are referred
      to as pixel or picture element words. The first of a pair of consecutive
      pixel words, N.sub.1, is stored in and appears at the output of the last
      pixel register 12 while the next pixel word N.sub.2 appears at the input
      of the register 12. The words of each consecutive pair are then applied at
      the inputs of the comparator 10 to provide the first output when the words
      are the same (viz., N.sub.1 equals N.sub.2) and a second output when there
      is a change in the input data (viz., N.sub.1 is not equal to N.sub.2). The
      comparator may for example be an integrated circuit of the type which is
      available and provides outputs when the pair of words applied thereto are
      the same and other outputs when they are not the same (viz., one word has
      a value greater than or less than the other). Each time the words are the
      same, the first output is applied to the counter 14 advancing it one
      count. The counter has the capacity to store K-bits where K is equal to or
      greater than the number of picture elements per line. Accordingly, the
      number which is stored in the counter 14 represents the length of the run
      of consecutive words (viz., duplicative data) in the input word stream.
PAR  When a change in data occurs the second output provides a transfer pulse
      which transfers the counter word, which of course has K-bits, to the
      output word generator 16 and resets the counter 14. The output word
      generator 16 includes digital logic for producing output words each
      containing the word corresponding to the input words which existed before
      the data changed (e.g., N.sub.1) plus a different portion of the counter
      word. The counter word has several portions each having M-bits. The bits
      of the lower order portion of the counter word are indicated as M.sub.1
      and of the successively higher order portions of the counter word M.sub.2,
      M.sub.3 and so forth. These words are transferred to the buffer register
      18 because the output bit rate of the word generator is time varying while
      the transmission link should desirably receive the bits at a fixed rate.
      The buffer register 18 therefore provides storage for the output words
      until they can be transmitted. If the buffer becomes empty, a buffer empty
      signal is applied to the line which carries the second output and operates
      the encoder as if there was a data change. In other words, data change
      occurs whenever there is a change in the shade of grey. In most instances,
      as where business letters are being encoded there are only two shades of
      grey, black and white, and the input words need only have one bit. For
      other data such as radar returns the input words may have several bits;
      e.g., eight bits. Output words are therefore generated asynchronously each
      time there is a change in the shade of grey. Line sync words and frame
      sync words may also be added in the buffer register 18 by conventional
      multiplexing logic, not shown.
PAR  The chart in FIG. 2 illustrates the case where the pixels are two bit
      words, N = 2; the counter length is 4 bits (K = 4); the counter portion or
      segment length is 2 bits (M = 2) and the output words are 4 bits in length
      (N + M = 4). Four runs are shown. In run (a) there are three consecutive
      words consisting of the bits 01 before a change to a 10 bit in the next
      run (b) occurs. Three output pulses are then counted in the counter 14 and
      the counter word represents the number three in binary form. When the
      counter word changes, the word generator generates an output word 01
      suffixing, an M-bit, in this case two bit, portion of the counter word.
      This M-bit portion is indicated as M.sub.1 and consists of the two lowest
      order bits of the counter word. Output words corresponding to the zero bit
      portions of the counter word need not be transmitted and only one output
      word N + M.sub.1  is therefore transmitted for the first run.
PAR  The second run (b) contains 6 ten words. The counter then stores a binary
      number corresponding to decimal six and there are two non-zero M-bit
      portions of the counter word indicated as M.sub.1 for the lower order bits
      and M.sub.2 for the higher order bits. In this example two output words
      are transmitted, the first being N + M.sub.1 and the second N + M.sub.2.
PAR  The next run consists only of a single word containing the bits 11. The
      counter word represents decimal one in binary form. Only the first or
      M.sub.1 2-bit segment of the counter word is considered and the output
      word consists of the pixel word N which is binary 11 followed by the
      M.sub.1 bits 01.
PAR  The next run consists of three 00 pixel words. The operation is similar to
      that described in run (a) and only one output word consisting of binary 00
      suffixed by binary 11 is provided. It will therefore be seen that output
      words of equal bit lengths are generated and the number of output words is
      adaptive to run lengths.
PAR  FIG. 3 illustrates an encoding system where N is one bit, K is twelve bits,
      and M is three bits. The comparator 10 is provided by a JK flip-flop 21,
      an exclusive OR gate 23 an AND gate 25, and an inverter input 24. The last
      pixel register 12 is provided by a flip-flop 22. The image signal level,
      which may either be high or low depicting the two shades of grey, is
      applied to the J input of the flip-flop 21 and clocked in by clock pulses.
      The next clock pulse transfers the first signal word N.sub.1 to the
      register flip-flop 22. Consecutive pairs of signal words (N.sub.1 and
      N.sub.2, N.sub.2 and N.sub.3, N.sub.3 and N.sub.4, et seq.) are applied to
      the exclusive OR gate 23.
PAR  When consecutive words are the same the inverter 24 allows the clock to be
      passed through the AND gate 25 and increment a twelve bit counter 26. When
      consecutive words are different the output of the exclusive OR gate 23
      triggers a ONE-SHOT multivibrator 27 which generates a load pulse to
      enable loading the accumulated counter word into a sixteen bit shift
      register 28.
PAR  The register word is shifted out of the shift register 28 by a clock with
      frequency higher, say sixteen times the frequency of the clock which
      drives the flip-flop 21 or the line clock which reads out a line buffer
      register 29. The number of bits shifted into the line buffer 29 is
      determined by the encoding circuitry shown in FIG. 3. The three most
      significant bits of the counter 26 are combined in NOR gates 30 and 31,
      and their output is applied via an inverter 32 to an AND gate 33. If any
      of the three most significant bits of the counter 26 are non-zero, then
      the data word from the flip-flop 22 is passed through the AND gate 33 into
      the 16 bit shift register 28. The next three significant bits in the
      counter 26 are combined in NOR gates 34 and 35. The output of these gates
      34 and 35 is combined with the output from the gates 30 and 31 in an OR
      gate 36. If any of the six most significant bits in the counter 26 is
      non-zero, the data from the flip-flop 22 is allowed to pass through the
      AND gate 37 into the 16 bit shift register 28. The next three significant
      bits in the counter 26 are similarly combined in NOR gates 38 and 39. If
      any of the nine most significant bits in the counter 26 is non-zero, the
      output of the NOR gates 40 and 41 will be low, causing the output of an
      inverter 42 to be high. This output allows the data from the flip-flop 22
      to be passed through an AND gate 43 and into the shift register 28.
PAR  If any of the three most significant bits in the counter 26 is non-zero,
      the output of the inverter 32 will be high, causing a 4-bit (i.e., divide
      by 16) counter 44 to be preset to 15. If any of the next three significant
      bits in the counter 26 is non-zero, the input to an inverter 45 will be
      low. Then the output of an AND gate 46 is high and the counter 44 is
      preset to eleven. The next three significant bits in the counter 26 are
      similarly encoded in the gates 47, 48 and 49. If any of these bits is
      non-zero and all of the six more significant counter bits are zero, the
      counter 44 is preset to seven. If only the three least significant bits
      contain a non-zero entry, the output of an AND gate 50 is high and the
      counter 44 is preset to three. NOR gates 51 and 52 combine the bits in the
      counter 44 to drive an inverter 53. If any of the bits in the counter 44
      is non-zero, the output of the inverter 53 is high; thus allowing the high
      frequency clock to be passed through an AND gate 54. Accordingly the
      number of output words (N.sub.1 + M.sub.1, N.sub.1 + M.sub.2, N.sub.1 +
      M.sub.3, N.sub.1 + M.sub.4) depends upon the length of the run (viz., the
      counter 26 word).
PAR  Decoding may be accomplished by means of the system shown in FIG. 4. Data,
      which has been encoded as by the system shown in FIG. 3, is applied to the
      J input of a flip-flop 61 and also to the K input thereof through an
      inverter 62. The flip-flop 61 is driven by the line clock. The two outputs
      of a two bit counter 63 are combined in an OR gate 64 to disable the line
      clock from passing through an AND gate 65 every fourth pulse from the line
      clock. This causes the clock driving three tandem connected flip-flops 66,
      67 and 68 to be disabled every fourth line clock pulse and allows only the
      bits which are derived from the counter 26 of FIG. 3 to be passed to a 12
      bit shift register 69.
PAR  Every fourth bit is a level word, N, which represents one or more pixel
      words depending upon the run length of pixel words of the same shade of
      grey level, and is passed through a flip-flop 70 by a clock with frequency
      equal to one-fourth the line clock frequency. Successive level words (each
      fourth bit) are compared in the exclusive NOR gate 71. When the level
      words are the same the 1/4 clock is allowed to pass through an AND gate 72
      and increments a three bit counter 73. When successive level words are
      different the output of an inverter 74 is high, and a ONE-SHOT 75 is
      triggered to load a four bit counter 76.
PAR  The counter 76 is preset to either zero, three, six or nine by decoding the
      count stored in the counter 73. AND gates 77, 78, and 79 and inverters 80
      and 81 provide the decoder. The counter 76 is driven by a clock with
      frequency twelve times higher than the line clock frequency. Thus, the
      counter 76 is preset to nine, when only one level word of the same value
      is received by the flip-flop 61 (viz., N.sub.1, N.sub.2 is 10 or 01). The
      bits in the shift register 69 are then shifted to the right 9 times. If
      two successive level words are the same (viz., N.sub.1, N.sub.2 is 00 or
      11) the counter 76 is preset to six and the bits in shift register 69 are
      shifted to the right six times and so forth for three and four successive
      level words. The clock controlling the shift register is decoded by NOR
      gates 82 and 83, an inverter 84 and an AND gate 85.
PAR  When the counter 76 has counted down to zero, the output of the gates 82
      and 83 passes and triggers a ONE-SHOT 86 which applies a load pulse to a
      twelve bit counter 87. This counter 87 is counted down by a clock with
      frequency 2.sup.12 times the frequency of the line clock. This clock also
      enables loading of level word data from the flip-flop 70 into a first-in
      first-out buffer register 88. The 2.sup.12 clock is controlled by
      combining the bits of the twelve bit counter 87 in NOR gates 89-94 and
      applying clock, enable/disable levels through an inverter 95 and an AND
      gate 96. Accordingly, the consecutive N words which are represented by
      their suffixing M bit portions will be provided as output data for a
      printer or display. If analog line data is required an integrator, which
      for the single bit data word case operates as a digital to analog
      converter, may be used to provide an image signal level for the display.
PAR  From the foregoing description it will be apparent that there has been
      provided an improved method of and system for run length encoding which
      increases the information density of digital signals which transmit image
      information. While preferred embodiments of the system and method have
      been described herein, it will be appreciated that variations and
      modifications of the hereindescribed method and systems will undoubtedly
      suggest themselves to those skilled in the art. Accordingly, the foregoing
      description should be taken as merely illustrative and not in any limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of increasing the information density of digital data which
      represents an image, comprising the steps of:
PA1  a. comparing consecutive pairs of digital signals which represent different
      pixels of said image,
PA1  b. counting the number of said consecutive pairs, each of the signals of
      which are identical, and
PA1  c. upon occurrence of each of said consecutive pairs which is constructed
      of signals which are different, encoding the number which is counted
      before said occurrence into
PA2  i. a first digital data word having a given number of digits representing
      the first signal of the consecutive pair which is constituted of different
      signals and a portion of said counted number which is actually a part
      thereof, and
PA2  ii. into additional digital words for any remaining portions of said last
      named number which are also actually parts thereof and which are greater
      than zero, which additional words each having said given number of digits
      and representing said first signal and different ones of said remaining
      portions.
NUM  2.
PAR  2. The invention as set forth in claim 1, wherein said number is counted in
      binary digits and said digital signals are also binary digits, and wherein
      said encoding step includes separating said counted number into said
      portions each of which is constituted of a plurality of said digits which
      is of consecutively higher order, and arranging said plurality of said
      digits of lowest order and said binary digits of said first signal to
      provide said first digital word and said first signal and each said
      pluralities of digits of consecutively higher order and said first signal
      digits to provide said additional digital words.
NUM  3.
PAR  3. The invention as set forth in claim 2, wherein said counted number has K
      binary digits, said digital signal has N binary digits and said portions
      each have M binary digits, and wherein said encoding step includes
      arranging said digital word with said M digit portions suffixing said N
      digits portions.
NUM  4.
PAR  4. The invention as set forth in claim 3, further comprising storing said
      digital words in order of corresponding to the order of the M digit
      portions, and reading out only the one of said stored digital words of
      highest order which has an M digit portion at least one of the digits of
      which is a binary "1" and the digital words of lower order thereto.
NUM  5.
PAR  5. A system for encoding digital signals representing consecutive elements
      of an image, which system comprises
PA1  means for comparing different pairs of said signals which represent said
      consecutive elements to provide first outputs when said signals in each
      pair are the same and second outputs when said signals are different,
PA1  means for counting said first outputs and responsive to said second outputs
      for providing a count number having a plurality of binary digits, said
      number being equal to the number of said first outputs preceding said
      second outputs, and
PA1  means operative upon occurrence of said second outputs for generating
      output words, each of which have a like number of digits and each
      consisting of the digits of a first of said signals in said pair which
      provides said second outputs and a group of the digits of said number
      which are actual parts thereof, each of said groups including a plurality
      of successively higher order digits of said number, the last of which
      groups includes a digit which represents a binary "1".
NUM  6.
PAR  6. The invention as set forth in claim 5 wherein said element signals are
      binary digits having N bits, said counting means includes a counter having
      storage for K bits and wherein each of said groups has M bits, where K is
      greater than M.
NUM  7.
PAR  7. The invention as set forth in claim 5 wherein said counting means is a
      counter having capacity to count to a total number at least equal to the
      number of elements of which a line of said image is constituted.
NUM  8.
PAR  8. The invention as set forth in claim 7 wherein said word generating means
      includes a register having capacity to store the bits of said total number
      and a plurality of additional bits, means responsive to said second
      outputs for transferring to said register said digits of said counter
      number and the digits of said first signal number with said first signal
      digits interleaved between different ones of said groups of counter
      digits, and means for reading out said register.
NUM  9.
PAR  9. The invention as set forth in claim 7 wherein said word generating means
      includes a register, and said comparing means includes means for storing
      said first signal digits, means operated by said second output for
      transferring the bits of said counter number into said register, and logic
      means for transferring the highest order bit group of said number in said
      counter, which contains a binary "1" bit, and each of said bit groups of
      lower order into said register, said logic means also including means for
      transferring said first signal digits to said register in positions
      suffixing each of said bit groups which is transferred to said register.
NUM  10.
PAR  10. The invention as set forth in claim 9 wherein said register is a shift
      register and further comprising logic means responsive to the bits of the
      number in said counter for enabling a number of shift pulses equal to the
      number of bits transferred to said register to be applied to said
      register.
NUM  11.
PAR  11. The invention as set forth in claim 10 further comprising an output
      buffer register connected to the output of said register.
NUM  12.
PAR  12. The invention as set forth in claim 5 including a system for decoding
      said output words, which decoding system comprises means for comparing
      signals representing the first digits of successive ones of said output
      words to provide third outputs when said first digit signals in each of
      said successive words are the same and fourth outputs when said first
      digit signals are different,
PA1  means for counting said third outputs and responsive to said output words
      for providing a count number having a plurality of binary digits, said
      number being equal to the number of said first outputs preceding said
      second outputs, and
PA1  means operated by said count number and said first digit representing
      signals for generating output data words, each consisting of a succession
      of said first digit signals equal in number to said count number.
NUM  13.
PAR  13. The invention as set forth in claim 12 wherein said counting means
      comprises a down counter having capacity to count to a total number at
      least equal to the number of elements of a line of said image, and means
      responsive to said output words for presetting said down counter to a
      number corresponding to the number represented by successive groups of
      digits of said output words suffixed by said first digits which are the
      same.
NUM  14.
PAR  14. The invention as set forth in claim 13 wherein said presetting means
      includes a second register having capacity to store the bits of said total
      number, and means responsive to said third outputs for transferring the
      digits of output words to said second register.
NUM  15.
PAR  15. The invention as set forth in claim 14 wherein said third output
      responsive transferring means includes counter means for counting said
      third outputs, means operated by said counter means for transferring the
      bits of said output words into said second register, and logic means
      responsive to said fourth output for transferring the contents of said
      second register to said down counter for presetting said down counter.
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ABST
PAL  A closed circuit TV surveillance system for retail and industrial
      establishments in which one or more cameras are movable along a rail
      assembly suspended from the ceiling which enables the cameras to be
      selectively trained on any area of interest within the establishment.
      Employing two cameras, one may be both tilted and horizontally trained to
      observe any location within the line of sight of the camera and the other
      one particularly tilted and trained to observe the amount showing on a
      cash register.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to surveillance systems, and particularly to a
      TV-type surveillance system adapted to be employed in a retail sales
      establishment having a number of checkout stations and in industrial
      businesses having multiple shipping and receiving docks.
PAR  2. General Description of the Prior Art
PAR  The business need of surveillance of retail and industrial sales
      establishments to prevent losses is well established. Thievery in such
      establishments is estimated to total at least three billion dollars per
      year in the United States alone. This in turn results in greater costs of
      merchandise to everyone. In recognition of this problem, television
      cameras have been mounted at strategic locations within an establishment
      and have proved beneficial at reducing thievery. The difficulty with
      existing such systems is that they lack the versatility to fully
      effectively monitor store operations. At this point, it is well to note
      the expanded need for surveillance which goes beyond shoplifting and
      includes monitoring of employees entering and leaving; employee
      performance and efficiency; thefts through rear doors of an establishment
      by employees, delivery people and others; and perhaps most urgently needed
      is surveillance of checkout operations to ascertain that proper amounts
      are registered for merchandise. For example, it is estimated that in a
      12-register "front end" where each register has a weekly volume of $8,000
      and a gross volume of $384,000 per year, that there will occur a startling
      "shrink loss," as it is called, by virtue of failure to fully charge for
      merchandise, of $5,760. This is based upon a national average of 11/2
      percent loss.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved closed circuit television surveillance system which provides for
      operation which goes far beyond that previously available from such
      systems, largely shoplifting, and to enable coverage of other vital areas
      of concern.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a TV camera assembly is mounted on a
      transporter and the transporter is in turn supported by a linear rail
      assembly extending over a selected distance. The assembly is mounted on
      the ceiling of an establishment, typically being positioned on the "in"
      side of checkout stations and positioned so that cameras may be
      selectively positioned to observe each checkout station without being
      observed. A semi-circular, semi-opaque cover extends along the bottom of
      the assembly, enabling the cameras to be masked from view. As one feature
      of the invention, one camera would be horizontally trainable and
      vertically tiltable for extensive observation throughout the
      establishment, and a second camera would be tilted at a fixed angle and
      have a focal length adjustment of its lens adapted to observe amounts
      registered on a cash register at the same time the other camera is adapted
      to take in a wider field of view to include the clerk operating a cash
      register. In this fashion, the correctness of transactions may be readily
      monitored and at the same time the effectiveness and demeanor of the clerk
      may be viewed. Recording means adapted to record discrete frames at
      selectively spaced periods enable effective monitoring of relatively long
      periods of time with relatively short actual recording periods, and thus
      enable the operation to be most efficiently and effectively accomplished.
      For example, it has been found that by operating the recorder to record a
      frame per second sufficient data may be recorded. In this manner up to 48
      continuous hours of business operations may be recorded on a conventional
      TV recorder and then reviewed in only one hour.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a principal portion of an embodiment
      of the invention.
PAR  FIG. 2 is a perspective view of the arrangement of the principal components
      of the invention.
PAR  FIG. 3 is a schematic diagram of the overall system of the invention.
PAR  FIG. 4 is a partially perspective and diagrammatic view of a monitored
      display as contemplated by the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 particularly illustrates the placement of surveillance unit 10 with
      respect to checkout stations 12 of a business establishment, and FIG. 2
      illustrates the arrangement of components of the assembly, being actually
      a sectional portion of the overall assembly illustrated in FIG. 1. In
      practice, the system is made in sections, as illustrated by sections 14,
      16, and 18 in FIG. 1 to enable ready construction of surveillance
      assemblies of any given length. As shown in FIG. 1, camera 20 is adapted
      to view a complete checkout area 12 and camera 22 adapted to view a
      readout 24 of a cash register 26. Surveillance assembly 10 includes a pair
      of oppositely positioned channel members 28 and 30 which are connected by
      supporting strips 32 and these members are adapted to be attached to a
      ceiling of an establishment (not shown). A pair of guide rails 34 and 36
      (FIG. 2) are connected to the inboard sides of channels 28 and 30,
      extending the length of the surveillance assembly. These guide rails
      provide a track for casters 38 which support carriage 40 and thus enable
      it to be transported along the length of the surveillance assembly.
      Carriage 40 is driven by an endless cable 42 which is in turn connected
      through pulley 44 to reversible drive motor 46 supported by end plate 48.
      Cable 42 is supported at the opposite end 50 by idler pulley 52 in turn
      supported by end plate 53. Cable 42 is attached to carriage 40 by bracket
      54 which thus enables movement of carriage 40 upon operation of motor 46.
PAR  Camera 20 is mounted on motor assembly 56 in turn supported by U-shaped
      bracket 58 on carriage 40. It is rotatable by means of a reversible rotor
      of motor assembly 56 causing rotation about its vertical axis, and camera
      20 is tiltable by means of a reversible tilt motor included in motor
      assembly 56 which produces rotation of arms 59 to which camera 20 is
      attached. Camera 20 is equipped with a zoom-type lens 60 which is remotely
      controlled from the console as shown in FIG. 3. A second TV camera 22 is
      supported by vertically disposed brackets 62 beneath platform 64 of
      carriage 40 and to the sides of camera 22. Typically, the focal length of
      lens 66 of camera 22 is manually adjusted for a desired field of view, a
      cash register readout as illustrated in FIG. 1.
PAR  The bottom region of surveillance assembly 10 is covered by a
      semi-circular, semi-opaque cover 68 which is connected by means of
      turned-out flanges 70 mating with turned-in flanges 72 attached to the
      ends of channels 28 and 30. This cover enables essentially one-way
      viewing, that is, the cameras can look outward through the cover but it is
      difficult for one to view the cameras from outside, and thus personnel
      cannot readily determine whether or not the cameras are positioned to view
      them, such as being positioned as shown in FIG. 1 opposite a checkout
      station 12 or positioned elsewhere as, for example, to view one of the
      other checkout stations. As a further aid is masking the viewing of the
      cameras, camera 20 includes a semi-circular shield 74 covering the back
      and sides of the camera, and camera 22 is covered by a shield 76, the
      latter being mounted on carriage 40 and the former being supported to
      motor assembly 56 by brackets 78. End covers 80 (FIG. 1) have a similar
      opacity to that of cover 68 and are secured over end plates 48 and 53.
PAR  The overall system of the invention is shown in FIG. 3. The system is
      controlled by a control console 82 which would be operated by an operator
      who would view TV monitor 84 and determine desired surveillance. Control
      console 82 contains conventional circuitry to apply by means of controls
      85 the indicated output control signals to the devices they control. Thus,
      control 86 enables the operator to control the operation of carriage drive
      motor 46 to position carriage 40 and cameras 20 and 22 at a desired
      location as, for example, to view a particular checkout 88, as illustrated
      in FIG. 4. Pan control 90 reversibly controls motor assembly 56 to cause
      camera 20 to be trained to the left, to the right, or to the rear. Tilt
      control 92 operates motor assembly 56 to reversibly vary the tilt of
      camera 20. Zoom control 94 controls the focal length control of camera 20
      to vary the magnitude of the area or field to be viewed. Camera 22 is
      typically set at a fixed angle and left with a fixed focal length adjusted
      to enable it to view digital readout 96 of a cash register 98 (FIG. 4).
      The outputs of cameras 20 and 22 are conventionally combined in a video
      mixer 100 to provide as an output a composite of the camera outputs as
      illustrated in FIG. 4 wherein the large presentation 88 is representative
      of the output of camera 20, and the small presentation 102 is
      representative of the output of camera 22. Date-time generator 104
      contains a date-time clock and provides in a conventional fashion a
      further input to video mixer 100, resulting in a presentation on monitor
      84, and in the lower left hand corner of FIG. 4, date-time digits. Video
      recorder 106 is fed the same information as monitor 84 and may be operated
      continuously to accumulate information or to be selectively turned on to
      record selected presentations. In order to provide effective monitoring
      over relatively long periods of time which may be presented on monitor 84
      in a shorter time, means are provided to operate recorder 106
      intermittently to thus, for example, record single frames at some selected
      relatively slow rate, say one frame per second. This, for example, thus
      enables playback of these same frames in a much shorter time, enabling,
      for example, the monitoring of 48 hours of actual surveillance in
      approximately one hour.
PAR  Open door sensor 108 is responsive to a door, typically a back door, being
      opened and provides a signal to control console 82 which automatically
      causes the pan and tilt signal to operate motor assembly 56, to train
      camera 20 on that door and to operate the zoom mechanism of camera 20 to
      adjust the focal length of camera 20 to a desired magnitude of field of
      view. This aspect of the system enables the observation, for example, of a
      rear door to keep track of merchandise being brought into or leaving an
      establishment.
PAR  From the foregoing, it will be appreciated that the present invention
      provides a new concept and system of surveillance of business
      establishments. Camera 20 may be moved, trained horizontally, tilted and
      zoomed to examine an extremely wide area of an establishment. At the same
      time it, together with camera 22, enables detailed surveillance of
      checkout operations to thus very substantially reduce losses which
      presently occur by incorrect, often fraudulently, charges. The system
      further provides for effective monitoring of employee activity in general
      which enables effective analysis of such things as personnel efficiency,
      stock replenishment, merchandise flow from storage to counter, and in
      general the effectiveness of personnel in their jobs. These features thus
      clearly distinguish the present system over previous ones wherein the
      primary task was to detect and hopefully frustrate shoplifting and
      employee pilferage in limited areas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surveillance system for viewing a plurality of spaced, in-line
      stations comprising:
PA1  an elongated carriage track positioned along a line parallel to the line of
      said stations;
PA1  a carriage adapted to be supported by and be movably operated on said
      track;
PA1  drive means for selectively positioning said carriage along said track;
PA1  a television camera supported by said carriage;
PA1  first training means for rotating said camera horizontally and second
      training means for tilting said camera;
PA1  display means for displaying the output of said camera;
PA1  control means for selectively operating said drive means and for operating
      said first and second training means whereby said camera may be positioned
      to selectively view said stations; and
PA1  a semi-circular partially opaque, but otherwise transparent, cover
      extending from end to end of said system and covering said camera and
      carriage as they are moved end to end.
NUM  2.
PAR  2. A surveillance system as set forth in claim 1 further comprising a
      second television camera having an output coupled to said display means
      and supported by said carriage and being fixed positioned to scan a
      selected region along a direction generally normal to the direction of
      movement of said carriage, whereby said first-named television camera may
      scan a selected area generally and said second television camera may be
      employed to scan a particular portion of that area.
NUM  3.
PAR  3. A surveillance system as set forth in claim 2 wherein said stations
      comprise cash registers including digital readouts and said second camera
      is positioned and adapted to selectively view a said digital readout.
NUM  4.
PAR  4. A surveillance system as set forth in claim 3 further comprising a
      semi-circular shield surrounding a rear and side portion of said
      first-named television camera, and said system including means for moving
      said shield as a said camera is moved, whereby the back and sides of said
      camera are further masked from view.
NUM  5.
PAR  5. A surveillance system as set forth in claim 3 wherein said control means
      further comprises:
PA1  means for controlling said first-named camera focal length; and
PA1  video recording means including means for spaced-in-time frame recording of
      the output of said cameras.
NUM  6.
PAR  6. A surveillance system as set forth in claim 5 further comprising a
      date-time generator coupled to the input of said video recording means.
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ABST
PAL  An electronic control system for changing the image size produced by solid
     tate sensors such as the Reticon sensor array, charged coupled devices,
      etc. The image size is increased or decreased by varying the horizontal
      and vertical scanning rate with respect to standard TV timing. The
      scanning rate is controlled by controlling the frequency of the horizontal
      and vertical clock pulses applied to the solid state sensor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a conventional vidicon camera, there are two known methods used to
      produce an image size change with respect to a television frame display.
      One is the use of an optical zoom lens. The optical image is focused on
      the vidicon face plate and the zoom lens changes the optical image size on
      the face plate. Consequently, the electric image size produced by the
      vidicon changes accordingly. The second method is by electronically
      changing the rate of change of the vidicon camera sweep voltage with
      respect to the rate of change of the sweep of the TV monitor voltage as
      shown in U.S. Pat. No. 3,497,614.
PAR  There are no known electronic means for changing the image size in solid
      state sensor systems. However, optical zoom lens can be employed to fit
      the image size change. Generally zoom lens are bulky, large in size, heavy
      in weight and expensive. They are not adaptable to microminiaturization
      and cannot be integrated with the solid state sensors. They are
      susceptible to mechanical vibrations due to their mass and are subject to
      misalignment of the optical axis because of the number of optical elements
      within the zoom lens.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a system which can produce from a class of
      solid state sensors an electronic image, whose size can be changed with
      respect to a television monitor display. The class of solid state sensors
      consist of those that require digital clock pulses to serially or
      parallelly read out the video signal. This differentiates from the type of
      sensors that require an analog sweep voltage to read out video signals.
      Examples of the solid state's sensors include Reticon sensor array,
      charge-couple devices etc. The present invention provides a means for
      controlling the readout rate of the sensor by varying the frequency of the
      horizontal and vertical clock pulses.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is a provision of a system which performs an
      electronic zoom of the image for solid state sensors.
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a more detailed diagram of the embodiment of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of the embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In general a solid state array sensor requires a two phase clock pulse to
      serially switch the sensing of each photo diode or serially to transport
      the charge from one sensing element to the other until all charges are
      moved out. In a 32 .times. 32 sensor array, each line requires 32 clock
      pulses, and there are 32 lines. Total, 1,024 clock pulses are needed to
      read out all photo diode sensing elements. To have the video thus derived
      to be displayed in a TV monitor, the video must come in proper step in
      time synchronized with respect to the line and field synchronized pulses.
      How far advanced or delayed, with respect to the line and field
      synchronized pulses, the video begins to enter the monitor determines
      picture position with the TV frame. Video signals must occur in step with
      the clock pulses. Therefore control of the picture position within the TV
      frame is by controlling the clock pulses with respect to line and field
      synchronized pulses. If each of 32 clock pulses had a small period such as
      100 nanoseconds the total 32 clock pulses occupy in time 3.2 microseconds.
      The resultant video in a line occupies 3.2 microseconds. A TV line of 525
      lines system requires 63.5 microseconds. Therefore on a line basis, the
      video appears in a very small portion in a TV line; approximately 1/21th
      of the line. Similarly, if the video only covers 26 lines, on the frame
      basis the video occupies a small portion of the heighth; approximately
      120th of the 525 lines in the TV frame.
PAR  Referring now to FIG. 1 there is shown a solid state sensor 10 which may be
      a Reticon sensor array, for example, which has horizontal and vertical
      clock pulses applied from clock pulse generator 12 to read out the video
      information and provides a video output at output terminal 14. Clock
      pulses generated in clock pulse generator 12 are controlled by a variable
      gate generator 16. Variable gate generator 16 controls the number of clock
      pulses supplied from a master clock (not shown) to clock pulse generator
      12. Variable gate generator 16 is controlled by adaptive positioner 18 in
      a manner hereinafter described below. N line counter 20 and N bit counter
      22 provide feedback signals to variable gate generator 16 to stop the
      clock pulses at the end of the TV frame. In practice N line and N bit
      counters 20 and 22 are contained on the same chip of the Reticon sensor.
      However they would be external to a charged coupled device sensor.
PAR  Referring now to FIG. 2, adaptive positioner 18 is shown as delay circuits
      26 and 28 in the field sync signal input line and line syc input line
      respectively. The amount of delay depends upon a programmed RC time
      constant of a one shot multivibrator in the conventional manner. The
      output of delay 26 is the start of the vertical gate and triggers a
      flip-flop circuit 30 to provide a vertical gate signal out that is fed to
      AND gate circuit 32. Counter 34 selects the line on the raster on which
      the sensor 10 will be scanned. The output of counter 34 will be in the
      form of a selected line sync pulse. The selected line sync pulse is
      delayed by delay circuit 28 and is fed to AND gate circuit 32 which will
      provide an output pulse which is the enabled line gate triggering signal.
      The triggering signal is fed to a flip-flop circuit 36 which generates the
      output line gate that is fed to AND gate 38. The input pulses from the
      master clock, not shown, is fed to a divide by x counter 40 which is used
      to generate clock pulses at a frequency which is 1/2, 1/3, 1/4, etc. of
      the master clock frequency. These clock pulses are fed to AND gate 38 and
      will pass through as long as the line gate persist at the output of
      flip-flop 36. The clock pulses from AND gate 38 are fed to a divide by 35
      circuit 42 to provide the start pulse for the sensor 10. The output pulses
      from gate 38 are also fed to another flip-flop circuit 44 for generating a
      two phase clocks that are required to drive the Reticon sensor 10.
      Generally a two or three phase clocks will be required to drive a charged
      coupled device sensor. Referring to the schematic diagram of FIG. 3 where
      the circuit of FIGS. 1 and 2 is shown in more detail, the line and field
      sync pulses are provided from the standard TV timing circuits 50. As
      described above solid state sensor 10 requires two phase clocks to read
      out the video. These 180.degree. phased clock pulses are provided at
      terminals Q1 and Q2 of sensor 10 by means of driver circuits 50 and 52.
      The driver circuit 50 is driven from the Q output of flip-flop circuit 44
      while driver circuit 52 is driven from the inverted Q output of flip-flop
      44. The waveform pulses of opposite phase are derived by feeding the clock
      pulses from AND gate 38 to the clock terminal of flip-flop circuit 44 and
      provides two output pulses of opposite polarity having the frequency of
      the input clock pulses from gate 38. Flip-flop circuit 44 will be reset on
      every 35th pulse which is received from the inverted carrier pulse from
      counter 56. The start pulse for sensor 10 is provided by once every 35th
      pulse by the same carry pulse from counter 56. The output pulse from
      counter 56 triggers flip-flop 58 to provide the start pulse at terminal S.
PAR  Clock pulses from a master clock 43 are fed to counter 40 which is
      programmed by means of a code selection input to permit output pulses at
      the carry terminal every second, third or fourth pulse to appear. The
      clock pulses from counting circuit 40 are fed to AND gate 38 which is
      controlled by the line gate pulse from flip-flop 36. The line gate pulse
      is generated by simultaneously applying a vertical gate and a
      synchronizing pulse to AND gate 32. The line gate pulse is turned off by
      the end of line pulse signal fed from the solid state sensor 10 through
      the emitter follower circuit 53 and pulse forming circuit 55. The vertical
      gate is formed by feeding the vertical signal from the standard TV timing
      circuits 50 through delay circuit 26 to pulse forming network 28 which is
      fed to flip-flop circuit 34. The vertical gate pulse is turned off by the
      end of line pulse signal fed from sensor 10 through emitter follower 57
      and pulse forming network 59.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic control system for generating scanning clock signals to
      control the scanning rate of a solid state sensor to read out the video
      information and control the image size reproduced on a TV monitor
      comprising:
PA1  a. s source of clock frequencies,
PA1  b. timing circuit means for providing a field synchronizing pulse output
      and a line synchronizing pulse output;
PA1  c. first counter circuit means coupled to said source of clock frequencies
      to provide a scanning clock signal of a predetermined frequency determined
      by a desired picture size,
PA1  d. delay circuit means coupled to said timing circuit means for delaying
      the field and line synchronizing pulses a predetermined time delay,
PA1  e. variable gate generator circuit means coupled to said delay circuit
      means and to said first counter means for gating a predetermined number of
      clock pulses to said solid state sensor corresponding to the size of the
      sensor array,
PA1  f. feedback circuit means coupled from said sensor to said variable gate
      generator circuit means for providing a feedback signal to turn off said
      variable gate at the end of said predetermined time.
NUM  2.
PAR  2. The control system of claim 1 wherein said delay circuit means includes
      a first delay circuit coupled to the field sync output of said timing
      circuit means and a second delay circuit coupled through a divide by x
      counter to the line sync output of said timing circuit means for providing
      delayed line and vertical sync pulses to establish the position of the
      start of the horizontal and vertical scan respectively.
NUM  3.
PAR  3. The control system of claim 2 wherein said variable gate generator
      circuit means includes:
PA1  a. a first flip-flop circuit coupled to the output of said first delay
      circuit for providing a vertical gate signal,
PA1  b. a first AND gate having a first input coupled to the output of said
      first flip-flop circuit and a second input coupled to the output of said
      second delay circuit for providing an output gate signal,
PA1  c. a second flip-flop circuit having a first input coupled to the output of
      said first AND gate for providing an output gate signal,
PA1  d. a second AND gate having a first input coupled to the output of said
      second flip-flop circuit and a second input coupled to the source of clock
      pulses for gating said clock pulses as long as a gate signal is generated
      by said second flip-flop circuit.
NUM  4.
PAR  4. The control system of claim 3 wherein feedback circuit means are coupled
      from said sensor to said first and second flip-flop circuit means for
      providing a feedback signal to turn off said flip-flops at the end of the
      scan of the frame of said sensor.
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ABST
PAL  An infrared imaging system (thermograph) that electronically forms an
      optical display of an object as viewed in the infrared portion of the
      spectrum wherein a given brightness level of the optical image may be set
      to correspond to a particular object temperature. A reference object
      (target) within the thermograph is periodically imaged simultaneously with
      the electronic video circuits being reset to a reference voltage
      proportional to the absolute temperature of the target. Temperature
      variations of the target during a period use of the thermograph thus does
      not affect the brightness level of the optical images, and the optical
      image brightness becomes a measure of the absolute temperature of the
      optical image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is an improvement in the infrared scanning system
      described and claimed in prior U.S. Pat. application Ser. No. 232,015,
      filed Mar. 6, 1972, now U.S. Pat. No. 3,798,366 issued Mar. 19, 1974. This
      prior application describes an existing thermograph product of the common
      assignee of the prior and this application, Spectrotherm Corporation of
      Santa Clara, Calif.
PAR  Such a thermograph instrument utilizes electromechanical optics to scan a
      two dimensional object (most commonly a human patient under medical
      diagnosis) across a point infrared sensitive detector. The detector output
      is a single time varying electrical signal proportional to the infrared
      intensity variations of the object as it is scanned line by line in a two
      dimensional raster pattern analogous to that utilized in typical
      television systems. This electrical signal is then processed and applied
      to a video monitor. A visual picture is thus reproduced from the processed
      electronic signal on the face of the video monitor showing light and dark
      intensity variations of an image of the object corresponding to high and
      low temperature areas, respectively, of the object being imaged. Such a
      thermograph device has become widely accepted as a medical diagnostic tool
      for, among other applications, detecting the existence of cancerous growth
      below the skin of human patients.
PAR  In order to reduce the bandwidth capability required of the video
      processing circuits and to prevent horizontal shading effects, a reference
      target is provided within the thermograph that is imaged thereby at the
      beginning of each line scan across the object. At the same time that the
      reference target is being imaged, the signal level in the video processing
      circuits is referenced to a particular voltage, namely ground potential in
      a specific thermograph instrument. This technique eliminates the necessity
      of carrying the electronic bandwidth to a very low frequency and serves to
      overcome some errors introduced into the system by drifting of components,
      charge accummulation, etc.
PAR  This technique is satisfactory to assure that the optical images remain
      stable for a short period of time but over a longer period of use of the
      thermograph the temperature of the reference target is likely to slowly
      rise. Thus, the brightness of the optical image formed on the video
      monitor for a given object temperature will change over time as the
      reference target temperature changes. To overcome this, an automatic
      brightness control is provided as part of the video processing circuitry
      in the existing thermograph identified above. Such a circuit references
      the brightness of the reconstructed image points to the brightest point of
      the object being scanned. This technique is satisfactory in many
      circumstances but has a disadvantage in others that the cool features of
      the object may be lost in the very dark portions of the optical image.
      Furthermore, no absolute comparison of object temperatures is possible
      from the optical reconstructions themselves since each optical image of a
      different object will be referenced to a different brightness level
      depending on the characteristics of that object.
PAR  Another thermograph instrument has solved this problem by maintaining its
      reference target at a constant temperature no matter what is happening to
      the temperature of the environment or that within the thermograph
      instrument. Each video picture reconstructed is thus referenced to a
      common reference temperature detected from the reference target. However,
      the maintenance of the target at a constant temperature is extremely
      cumbersome and complex.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved technique for absolute temperature reference in an infrared
      imaging instrument.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, an improvement of the present invention over the existing
      thermograph instrument as identified above with respect to a prior patent
      application is the addition of a mechanism for measuring the temperature
      of the reference target and developing a signal proportional to that
      temperature, this signal being utilized in the video processing circuits
      as the reference potential, thereby to compensate for variations in the
      video signal obtained through the infrared detector when the reference
      target is being imaged. Thus, variations in the temperature of the
      reference target during a period of use of the thermograph does not cause
      artificial brightness variations among optical images formed at different
      times on the video monitor. An additional control circuit is provided in
      conjunction with this for setting a bias voltage at the input to the video
      processing circuits which determines the object temperature which will
      give a certain optical image brightness, such as, for example, a maximum
      brightness (white).
PAR  Additional objects, advantages and detailed features of the present
      invention will become apparent from the following description of its
      preferred embodiment which should be taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of principal elements of a thermograph
      incorporating the improvement of the present invention;
PAR  FIGS. 2a and 2b illustrates two voltage waveforms of the circuit of FIG. 1;
      and
PAR  FIG. 3 is a detailed circuit diagram of a block of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a front panel 11 of a thermograph instrument has an
      opening 13 through which an optical system within the thermograph views an
      object 15 of interest. An electro-optical system including a rotating
      polygon mirror 17, a rocking mirror 19 and a lens 21 scan a two
      dimensional area of the object 15 across a point infrared detector 23. The
      mirror element 17 rotates about an axis 25 at a constant angular velocity
      and includes a plurality of planar mirrors. The example shown in FIG. 1
      includes six such mirrors of the rotating scanner 17 that are connected
      together to form a symmetrical hexagon in a projection onto a plane
      perpendicular to its axis 25. The polygon mirror element 17 scans
      individual horizontal lines of the object while the rocking mirror 19
      scans the object image in its vertical direction across the detector 23.
      For one complete cycle of the rocking mirror 19, the horizontal scanning
      polygon mirror 17 will scan a large number of individual picture lines,
      thereby forming at the output of the detector 23 an electronic signal
      proportional to one frame of image information. The detector 23 is kept
      cool by attachment to the bottom of a Dewar container 27.
PAR  The detector 23 is chosen to be primarily sensitive to the infrared region
      of the electromagnetic energy spectrum. Since such a thermograph has been
      described as a primary utility of medical diagnostic work, it is desirable
      that this sensitivity include electromagnetic radiation emitted from the
      human body, which is about 10 microns in wavelength. An appropriate
      detector for this application is a mercury-cadmium-telluride detector that
      is commercially available. This type of detector is a semiconductor which
      changes its resistance in proportion to the intensity of infrared
      radiation incident thereon. These resistance changes are applied as a time
      varying electrical signal to an amplifier circuit 29 which preferably
      includes two cascaded amplifiers, the first of which is a carefully
      shielded pre-amplifier for increasing the weak level of the signal from
      the detector 23 to a level that is not so sensitive to any noise that may
      exist in the thermograph instrument. The output of the amplifier stage 29
      is adjustable by means of a potentiometer 31.
PAR  A coupling capacitor 33 is utilized in series with the potentiometer 31 for
      coupling the infrared detector signal to subsequent stages. The output of
      the capacitor 33 is connected through a resistance 35 to a reference
      potential point 37. This resistance 35 is connected in parallel with an
      FET switch 39 with a gate control lead 41 whose voltage determines whether
      the FET switch 39 is held in a conductive or non-conductive state. When in
      a conductive state, the FET 39 connects the output of the capacitor 33
      directly to the reference potential point 37. This occurs at selected
      times in synchronism with the scanning electro-optical system by
      synchronizing circuits 43. The circuits 43 include as a primary element a
      digital counter that is controlled by a clock line 45. A clock pulse in
      the line 45 is derived from a light detector 47. The light detector 47
      receives a light beam 49 reflective from a polygon mirror from a light
      source 51. The detector 47 and light source 51 are stationary with respect
      to the axis 25 of the rotating mirror element 17. Therefore, such a pulse
      is generated in the line 45 once each horizontal line scan of the object
      by the polygon mirror 17. This pulse is utilized to synchronize the
      circuits within the block 43 in time relationship with the optical field
      scanning by the polygon mirror 17.
PAR  Referring to FIG. 2a, the voltage waveform existing in the line 53 has a
      function of time as illustrated. A portion 55 of this voltage waveform
      illustrates the time during one horizontal line scan that some portion of
      the object 15 is being imaged onto the detector 23. Because of the limited
      field of view of the thermograph illustrated in FIG. 1, the electronic
      system is performing its imaging function for only about 25% of the time.
      Immediately preceding the scanning of the object 15 in one line
      thereacross by one of the mirrors of the assembly 17, that same mirror
      scans a reference temperature target 57 and projects an image of the
      target (although not necessarily in focus) onto the detector 23. The
      signal in the line 53 developed from scanning across the reference target
      57 is illustrated in the portion 59 of the signal of FIG. 2a. For the
      remainder of the time period for a single horizontal line scan signal as
      represented by FIG. 2a, a given one of the planar mirrors on the side of
      the polygon mirror assembly 17 is scanning the inside of the thermograph
      instrument. This extraneous information is deleted by video processing
      circuits (not shown) from that information used in forming the optical
      image. One horizontal line scan signal is illustrated in FIG. 2a. Other
      horizontal lines are repetitively scanned across the object 15.
PAR  The pulse waveform of FIG. 2b illustrates the timing of a pulse in the line
      41 with respect to the information signal of FIG. 2a. When the pulse of
      FIG. 2b occurs in the line 41 (FIG. 1), the FET switch 39 is closed and
      the resistance 35 is thus substantially shorted out. For the duration of
      the pulse of FIG. 2b, therefore, the line 53 is connected to the reference
      potential point 37. Therefore, for the duration of the pulse of FIG. 2b
      the voltage across the capacitor 33 is related to the difference in the
      signal generated as proportional to the temperature of the reference
      target 57 and the reference potential at the point 37. In order that this
      charge voltage is independent of the absolute temperature of the reference
      bar 57, its temperature is monitored by a thermistor 61 physically
      connected therewith. The thermistor 61 is electrically connected by a line
      63 to reference circuits illustrated by a block 65. The output of the
      reference circuits 65 is the voltage level at the point 37. The reference
      circuits 65 cause the voltage at the reference point 37 to increase by the
      same amount per degree change in temperature of the reference bar 57 as
      appears in the line 53 from the detector 23 when viewing the reference
      target 57. Thus, the voltage across the capacitor 33 is independent of any
      temperature variations of the reference target 57 when the reference
      target 57 is being viewed.
PAR  The capacitor 33 is given a residual charge each scanning line interval
      when the reference target 57 is being imaged onto the detector 23. The
      subsequent picture information 55 (FIG. 2a) as a line of the object is
      scanned is thus affected (biased) by the reference voltage held by the
      capacitor 33. This picture signal in the line 53 is passed through a
      buffer amplifier 67 of unity gain and then to a sensitivity control 69 in
      the form of a selective voltage divider. The output of the control 69 is
      applied to a non-inverting input of an operational amplifier 71 with the
      amplified output being applied in a line 73 to a video processing
      electronic circuit 75. The signal output of the circuit block 75 is
      applied to a video monitor 77 for presentation of an optical image of the
      object 15 as viewed in infrared energy. This image is either viewed
      directly or photographed for a permanent record. Detailed circuits and
      techniques utilized in the blocks 75 and 77 may be had by reference to the
      aforementioned prior patent application. Additionally, an automatic
      brightness control circuit 79 may also be utilized with an input from the
      output of the sensitivity control 69 and an output applied through a
      switch 81 to an inverting input of the amplifier 71. This automatic
      brightness control circuit 79 may be the same as that disclosed in FIG. 4
      of the aforementioned prior patent application. When the switch 81 is
      closed, the brightness control 79 references a picture information signal
      in the line 73 to the brightest spot of the prior frame image, as
      described in detail in the aforementioned patent application.
      Alternatively, the automatic brightness control circuit 79 may be omitted
      from the thermograph shown in FIG. 1.
PAR  Reference target 57 is preferably made of aluminum with its thermistor 61
      imbedded near the middle thereof. Referring to FIG. 3, a schematic diagram
      showing the connection of the thermistor 61 with the circuits of the block
      65 of FIG. 1 is illustrated. The thermistor 61 is placed in series with
      resistances 83 and 85 across a potential difference. Therefore, the
      temperature changes detected by the thermistor 61 cause voltage variations
      in a line 87 which is connected to a non-inverting input of an operational
      amplifier 89. The output of the amplifier 89 is passed through a series
      resistance 91 to a summing junction 93. The summing junction 93 is
      connected to the non-inverting input of an operational amplifier 95 that
      is connected with its output directly to an inverting input of the
      amplifier, thereby giving a unity gain buffer amplifier circuit. The
      output of the amplifier 95 is connected directly to the reference
      potential point 37 of FIG. 1.
PAR  A feedback circuit of the amplifier 89 between its output and its inverting
      input is made to include passive electrical elements having a non-linear
      characteristic to compensate for the non-linear characteristics of the
      thermistor 61. That is, a feedback circuit 97 of the amplifier 89 is
      chosen so that the output of the amplifier 89 is a voltage that varies
      linearly as the temperature to which the thermistor 61 is subjected.
PAR  The feedback network 97 includes a resistor 99 that is permanently
      connected between the output and the inverting input of the amplifier 89.
      In parallel with the resistor 99 is a series combination of another
      resistance 101 and a diode 103. The diode 103 effectively connects the
      resistance 101 into the circuit at low voltages in the line 87 to reduce
      the gain of the amplifier 89 at these low voltages. Similarly, a
      resistance 105 is connected between the inverting input of the amplifier
      89 and ground potential in a permanent manner. In parallel therewith is a
      resistance 107 that is connected in series with two diodes 109 and 111.
      The diodes 109 and 111 connect the resistance 107 into the circuit at high
      voltage levels in the input line 87 thereby to increase the amplifier gain
      at such high levels. In this manner, the high and low voltage ends of the
      thermistor characteristic curve are compensated.
PAR  A plurality of resistors are connected in series to form a manually
      operable voltage divider 113 connected at one end to a negative voltage
      supply and another end to a positive voltage supply. A switch selecting
      arm 115 may be connected to a metal terminal 117 that is maintained at
      ground potential or may be connected to any of the other terminals that
      are maintained at various precise voltages displaced from ground
      potential. The voltage selected by the switch arm 115 is directed through
      a buffer amplifier 119 of unity gain and then through a series resistance
      121 to the summing junction 93. This manual adjustment provides a
      selectable biasing level which moves the signal from the detector 23 that
      is in the line 53 up and down with respect to a "window" of the video
      circuits 75. For example, the lowest temperature of the object 15 which
      will give the brightest reconstruction of the optical image on the video
      monitor 77 is set by the switch 115. Every object that is imaged for a
      given setting of the switch 115 will cause the respective image brightness
      image area for all object points that are the same temperature to be the
      same. The magnitude of the reference temperature selected by the switch
      115 is displayed by a LED device (not shown) located on the video monitor
      in a position to be viewed or photographed along with the optical image.
PAR  Referring to FIG. 2a, the effect upon the signal in the line 53 is also
      shown that results from an increase of the temperature of the reference
      target 57. The signal 59' shows the effect of the reference target 57
      increasing its temperature above that temperature resulting in the signal
      level 59. Because of the temperature reference techniques herein, such a
      variation in the reference target temperature does not affect the rest of
      the FIG. 2a signal.
PAR  It will be noted that two parallel signal paths exist in a feed-forward
      servo during the interval that the switch 39 is turned on and the point 37
      is thus a summing junction combining the outputs of the two paths. One
      path starts with the detector 23 and the other path with the thermistor
      61, both of which measure the temperature of the target 57 during the
      interval that the switch 39 is conductive and produce temperature
      proportional voltages that are combined at the summing junction 37.
PAR  When the automatic brightness control 79 of FIG. 1 is utilized by closing
      the switch 81, the selector 115 is also moved to a position 123 at one end
      of the voltage divider. This connects the non-inverting input of the
      amplifier 119 to ground potential and thus permits the circuits in the
      block 79 (FIG. 1) to set the reference voltage level automatically from
      the brightest point of an image constructed during the last video frame,
      as described above and in the aforementioned prior application. It is
      preferred that the switch 81 and the wiper 115 be mechanically "ganged" so
      that the wiper 115 is connected to the terminal 123 simultaneously with
      the switch 81 being closed. In any other position of the wiper 115, the
      switch 81 should be opened to thus disconnect the automatic brightness
      control circuit block 79 from the circuit.
PAR  Specific parameters of the absolute temperature measurement control
      circuits described will now be outlined as one specific example. The
      thermistor 61 that is chosen is part number UUA 35J1 manufactured by the
      Fenwal Electronics, Inc., Framingham, Mass. The components in the feedback
      circuit 97 of FIG. 3 are chosen so the amplification of the amplifier 89
      is about two. In any event, it is desired that the contribution of the
      output of the amplifier 89 to the voltage at the summing junction 93 be
      0.2 volts per degree centigrade (.degree.C). Each of the steps of the
      voltage divider 113 is made to be 0.2.degree.C, thereby providing a step
      of 1.degree.C change in reference temperature between steps of the voltage
      divider 113. The amplifier circuits 29 and the other components associated
      with the infrared detector 23 are adjusted so that the voltage in the
      output line 53 also changes at the same incremental rate of 0.2
      volts/.degree.C. The voltage divider resistance 31 is manually adjusted so
      that 0 volts exists at an absolute temperature being monitored by the
      detector 23 of 25.degree.C. Thus, the manually selected base temperature
      is 25.degree.C when the wiper 115 is connected to the middle grounded
      position 117 of the voltage divider 113 (FIG. 3). In the specific example
      being described, the video circuits 75 operate over a "window" of from
      zero volts to 0.8 volts of the input signal at the line 73. Only that part
      of the signal in the line 73 within this window will be displayed with
      varying intensity depending upon the voltage. Any signal level outside of
      the window will be displayed as either black or white depending upon
      whether the signal voltage is below zero volts or above 0.8 volts,
      respectively. Thus, the manual selection by movement of the switch 115
      permits a thermograph operator to select the temperature of the object 15
      corresponding to the zero volt value of the input "window" to the video
      monitor 75 as the darkest portion of a representation of the object 15.
      Any areas of the object 15 above this temperature will show a brighter
      portion of the image.
PAR  In this specific embodiment, certain component values may be stated. The
      diodes 103, 109 and 111 of FIG. 3 are each type 1N914. The FET switch 39
      of FIG. 1 is a type 2N5653 and the resistance 35 is given a value of 470K
      ohms. Each of the summing resistances 91 and 121 of FIG. 3 are 1000 ohms
      each. The resistance 99, 101, 105 and 107 of FIG. 3 are 15K ohms, 38.2K
      ohms, 4.99K ohms and 9.31K ohms, respectively.
PAR  Although the various aspects of the present invention have been described
      with respect to a preferred embodiment thereof, it will be understood that
      the invention is entitled to protection within the full scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a thermograph instrument that is characterized by a reference
      temperature target adjacent an optical field to be viewed, means for
      scanning and detecting an infrared energy component of the optical field
      in two dimensions with a portion of the reference target periodically
      being scanned and detected thereby, electronic video processing circuits
      receiving a time varying output of said detector means that is
      proportional to the infrared intensity of the optical field, and means
      synchronized with said scanning and detecting means for referencing a
      portion of said video processing circuits to a reference potential
      simultaneously with said reference target being scanned and detected, the
      improvement comprising means independent of said scanning and detecting
      means and responsive to the absolute temperature of said reference target
      for developing said reference potential proportional to the target
      absolute temperature.
NUM  2.
PAR  2. The improved thermograph instrument of claim 1 wherein said improvement
      additionally comprises means including a manual adjustment for setting a
      biasing voltage component to said reference potential, whereby said
      referenced potential is set both by the temperature of the target and the
      manual adjustment.
NUM  3.
PAR  3. The improved thermograph instrument of claim 1 wherein the video signal
      level appearing from the detecting means at the periodically referenced
      portion of the video circuits changes the same amount per unit temperature
      change of the reference target when viewed by the scanning and detecting
      means as does the reference potential.
NUM  4.
PAR  4. In a thermograph instrument that is characterized by a reference
      temperature target adjacent an optical field to be viewed, means for
      scanning and detecting an infrared energy component of an optical field in
      two dimensions with a portion of the reference target periodically being
      scanned and detected thereby, electronic video processing circuits
      receiving a time varying output of said detector means that is
      proportional to the infrared intensity of the optical field, a
      pre-amplifier receiving the output of said detecting means and forming an
      amplified version thereof at its output, a capacitor coupled at one side
      thereof to the output of said pre-amplifier, and means synchronized with
      said scanning and detecting means for referencing a portion of said video
      processing circuits to a reference potential simultaneously with said
      reference target being scanned and detected, said reference potential
      connectable to an opposite side of said coupling capacitor at times when
      said reference temperature target is being imaged onto said detector, the
      improvement comprising means including a thermistor physically attached to
      said reference temperature target for developing said reference potential
      that is proportional to the temperature of said reference target.
NUM  5.
PAR  5. In a thermograph instrument that is characterized by a reference
      temperature target adjacent an optical field to be viewed, means for
      scanning and detecting an infrared energy component of an optical field in
      two dimensions with a portion of the reference target periodically being
      scanned and detected thereby, electronic video processing circuits
      receiving a time varying output of said detector means that is
      proportional to the infrared intensity of the optical field, means
      synchronized with said scanning and detecting means for referencing a
      portion of said video processing circuits to a reference potential
      simultaneously with said reference target being scanned and detected, the
      improvement comprising means including a thermistor physically attached to
      said reference target and electrically connected to develop a signal
      non-linearly proportional in level to the target temperature, and means
      receiving said thermistor signal for compensating for the thermistor
      nonlinearity to form an output signal substantially linearly proportional
      to the temperature of said reference target, said output signal thereby
      setting said reference potential.
NUM  6.
PAR  6. An apparatus for electronically clamping an infrared sensitive video
      system, comprising:
PA1  an infrared sensitive detector,
PA1  a reference temperature target,
PA1  means for alternately scanning an object and said target in a two
      dimensional line raster pattern with said detector in order to develop a
      time varying electronic signal thereof,
PA1  means independent of said detector for measuring the absolute temperature
      of said reference target and producing a voltage proportional thereto, and
PA1  means receiving both said time varying electronic signal and the reference
      target temperature voltage for electronically summing them, whereby a
      resulting summation voltage signal contains object information from
      detector that is unaffected by temperature variation of the reference
      target.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said reference target temperature
      measuring means includes a temperature transducer physically attached to
      said reference target.
NUM  8.
PAR  8. The apparatus of claim 6 wherein all of said detector, target, scanning
      means, measuring means and summing means are contained within a single
      instrument case.
NUM  9.
PAR  9. The apparatus of claim 6 wherein said reference target temperature
      measuring and voltage proportional means includes means compensating an
      electrical signal developed by the target temperature measuring means in a
      manner that said voltage proportional to the target temperature varies at
      said summing means at the same rate per unit change in target temperature
      as does said time varying electronic signal from said detector at said
      summing means.
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PAL  A television camera which scans an image provides a camera video signal
      having an amplitude representative of light received from an element of
      the image being scanned. Prior to a scan a sync pulse is generated which
      increments a raster counter. Accordingly, the roster counter provides a
      signal representation of a cumulative number of scans of the image. During
      the scanning, clock pulses increment a horizontal deflection counter which
      provides a signal representation of a horizontal deflection number
      corresponding to the horizontal coordinate of the line of sight. When the
      cumulative number of scans equals the horizontal deflection number, a
      comparator provides a gating signal which causes a sample and hold circuit
      to store a sampled video signal having an amplitude equal to the amplitude
      of the camera video signal. The sampled video signal is provided to the
      input of an analog to digital converter for conversion to digital signals
      which may be stored in a digital computer. A succession of sampled video
      signals is representative of the image when the cumulative number of scans
      exceeds a maximum horizontal deflection number.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to data processing and more particularly to storing
      signals representative of an image.
PAR  2. Description of the Prior Art
PAR  Recently there has been a plethora of scientific activity directed to
      processing an input image to provide, for example, a processed image which
      is comprised of desired features of the input image. A signal
      representation of the input image may be stored in a digital computer
      which provides a signal representation of the processed image. The input
      image is usually provided on an image bearing medium, such as a film.
PAR  When a television camera scans an image, an array of closely spaced
      parellel lines, known as a raster, may be regarded as being successively
      traced on the film by a line of sight therefrom to the camera. The camera
      provides a video signal having an amplitude representative of an element
      of the input image on the film at an intersection thereof with the line of
      sight. The video signal is provided to an analog to digital converter
      which is connected to the computer.
PAR  In response to the video signal, the converter provides a group of digital
      signals collectively representative of the amplitude of the video signal.
      Accordingly, the video signal is converted to digital signals whereby a
      signal representation of the element is provided to the computer for
      storage therein.
PAR  A digital signal may have one of two values, referred to as ONE and ZERO,
      respectively. ONE is typically represented by approximately five volts
      whereas ZERO is typically represented by approximately zero volts. It
      should be appreciated that the digital computer can only store digital
      signals (not video signals).
PAR  It should be understood that the video signal is one of a multiplicity of
      video signals provided by the camera during the tracing of the raster. The
      multiplicity of video signals are respectively representative of
      substantially all elements comprising the input image. Each one of the
      multiplicity of video signals is converted to a group of digital signals
      by the converter whereby the computer stores groups of digital signals
      representative of the input image.
PAR  Typically, the multiplicity of video signals is provided to a television
      monitor display. In response to the multiplicity of video signals the
      monitor display provides a visual representation of the input image.
PAR  In commercial television, it is a standard practice to trace in one
      sixtieth of a second a raster comprised of raster lines which are each
      traced in 53 microseconds. It is usually desirable to provide a display
      representative of at least 450 elements along a raster line. To
      successively provide groups of digital signals respectively representative
      of the 450 elements along a standard raster line, the converter operates
      rapidly. The rapid operation causes the converter to be complex, expensive
      and unreliable.
PAR  When the raster is traced at a rate slower than one sixtieth of a second,
      the converter operates at a correspondingly slower rate. However, the
      visual representation (on the monitor display) may appear to flicker.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to represent an image with digital
      signals which may be stored in a computer.
PAR  Another object of the present invention is to represent an image with
      digital signals which may be stored in a computer and concurrently provide
      a visual representation of the image which does not appear to flicker.
PAR  Another object of the present invention is to provide digital signals
      representative of elements of an image scanned by a television camera in
      accordance with standard television practice, the logic signals being of a
      type which may be stored in a computer.
PAR  According to the present invention, when a video generator scans an image,
      input video signals are provided which are representative of respective
      elements of said image along a line thereof; in response to said input
      video signals, a network provides for a desired duration a sampled video
      signal representative of a selected element; when a known number of
      rasters are traced, sampled video signals are provided which are
      representative of said image.
PAR  The invention may be utilized to provide a sampled video signal during a
      time greater than the time for the tracing of a raster line in accordance
      with standard television practice, where the sampled video signal is
      representative of an element of an image. Sampled video signals
      respectively representative of elements of the image are thereby provided
      at a rate suitable for conversion to groups of digital signals which may
      be stored in a computer.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of a
      preferred embodiment thereof as illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of a preferred embodiment of the
      present invention;
PAR  FIG. 2 is a timing diagram of waveforms, all on a common time base, of
      signals associated with a horizontal deflection of a line of sight in the
      embodiment of FIG. 1; and
PAR  FIG. 3 is a timing diagram of waveforms, all on a common time base, of
      signals associated with a vertical deflection of the line of sight in the
      embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a television camera 20 has an optical input 22
      which receives light along a line of sight 24 from an element of an image
      on a film 26. When the camera 20 scans the image the line of sight 24 may
      be regarded as being deflected to trace rasters on the film 26 whereby the
      camera 20 provides a video signal representative of an element on a raster
      line being scanned.
PAR  For illustrative purposes, and in order to enable the teaching of the
      principles of the invention without unduly complicating the details
      thereof, in an exemplary embodiment disclosed herein, a raster is
      comprised of sixteen raster lines. As explained hereinafter, an image is
      represented by ten elements thereof along each raster line.
PAR  In accordance with the invention, groups of digital signals respectively
      representative of one element along each raster line are successively
      provided to a computer during a first scan of the image. Groups of digital
      signals respectively representative of another element along each line are
      successively provided during a second scan of the image. In a similar
      manner, digital signals representative of eight other elements on each
      raster line are provided to the computer during successive scans of the
      image.
PAR  The camera 20 scans the image in response to horizontal and vertical
      deflection voltages provided to a horizontal input 28 and to a vertical
      input 30, respectively, of the camera 20. The input 28 is connected to the
      output of a horizontal deflection aplifier 32 through a signal line 32a.
      The input 30 is connected to the output of a vertical deflection amplifier
      34 through a signal line 34a. The amplifiers 32, 34 have inputs connected
      to a sync pulse generator 36 through signal lines 38, 40, respectively.
PAR  The generator 36 provides sync pulses which cause the amplifiers 32, 34 to
      provide the deflection voltages referred to hereinbefore. The sync pulses
      and the deflection voltages are described hereinafter.
PAR  The generator 36 includes a clock pulse source 42 which alternately
      provides ONEs and ZEROs at a clock rate. ONE provided by the clock 42 is
      referred to as a clock pulse. The clock 42 is connected to a horizontal
      deflection counter 44 at an input thereof whereby clock pulses are
      provided to the counter 44. Clock pulse sources are well known in the art.
PAR  The counter 44 stores logic signals representative of a horizontal
      deflection number (referred to as a stored horizontal deflection number)
      which is within a range, 0-10. When the stored horizontal deflection
      number is within a range, 0-9, the number, one, is added thereto in
      response to a clock pulse. However, the stored horizontal deflection
      number, ten, is changed to the stored horizontal deflection number, zero,
      in response to a clock pulse.
PAR  A horizontal sync pulse output 45 of the counter 44 provides ONE when the
      stored horizontal deflection number is ten, ZERO being provided when the
      stored horizontal deflection number is in the range, 0 - 9. The provision
      of ONE by the output 45 is referred to as a horizontal sync pulse. It
      should be understood that horizontal sync pulses are provided at a
      constant horizontal sync rate because the clock pulses are provided at the
      clock rate.
PAR  The output 45 is connected to the amplifier 32 through the line 38 whereby
      the horizontal sync pulses are provided to the amplifier 32.
PAR  Referring now to FIG. 2, illustration (a) is a representation of clock
      pulses 100 - 110 which cause the counter 44 to the store signal
      representations of the horizontal deflection numbers, 0 - 10,
      respectively. Illustration (b) includes a representation of a horizontal
      sync pulse 46 which occurs in response to the clock pulse 110.
PAR  FIG. 2, illustration (c) is a representation of the horizontal deflection
      voltage having a trace portion 48 which is initiated in response to a
      trailing edge 50 of the pulse 46 (illustration (b) ). In this embodiment,
      the trailing edge 50 occurs when the stored horizontal deflection number
      changes from ten to zero.
PAR  The portion 48 is terminated in response to a leading edge 52 of a
      horizontal sync pulse which occurs after the pulse 46. In this embodiment,
      the leading edge 52 occurs when the stored horizontal deflection number
      changes from nine to ten.
PAR  The portion 48 is a linearly increasing voltage which causes the line of
      sight 24 (FIG. 1) to be deflected from the left side to the right side of
      the film 26 at a constant horizontal deflection rate. Because the clock
      pulses are provided at the clock rate, and the horizontal deflection of
      the line of sight 24 is at the horizontal deflection rate, the stored
      horizontal deflection number corresponds to the horizontal coordinate of a
      location of an element intersected by the line of sight 24. Therefore, the
      horizontal deflection numbers collectively represent horizontal
      coordinates of locations of elements which are successively intersected by
      the line of sight 24.
PAR  When the stored horizontal deflection number is ten, a retrace portion 54
      of the horizontal deflection voltage causes a rapid deflection of the line
      of sight 24 from right to left across the film 26 whereby the line of
      sight 24 is conditioned to start a trace of a raster line.
PAR  The output 45 is additionally connected to a counter 56 at an input thereof
      through the line 38 whereby the horizontal sync pulses are provided to the
      counter 56.
PAR  The counter 56 stores a logic signal representation of a vertical
      deflection number (referred to as a stored vertical deflection number)
      which is within a range, 0-16. When the stored vertical deflection number
      is within a range, 0-15, the number, one, is added thereto in response to
      a horizontal sync pulse. However, the stored vertical deflection number,
      sixteen, is changed to the stored vertical deflection number, zero, in
      response to a horizontal sync pulse.
PAR  A vertical sync pulse output 57 of the counter 56 provides ONE when the
      stored vertical deflection number is sixteen, ZERO being provided when the
      stored vertical deflection number is in the range, 0-15. The provision of
      ONE by the output 57 is referred to as a vertical sync pulse. It should be
      understood that vertical sync pulses are provided at a constant rate
      because the horizontal sync pulses are provided at the constant horizontal
      sync rate.
PAR  The output 57 is connected to the amplifier 34 through the line 40 whereby
      the vertical sync pulses are provided to the amplifier 34. As explained
      hereinafter, a vertical sync pulse is provided prior to the tracing of a
      raster.
PAR  Referring now to FIG. 3, illustration (a) is a representation of horizontal
      sync pulses 200 - 216 which cause the counter 56 to store the signal
      representations of the vertical deflection numbers, 0 - 16, respectively.
      Illustration (b) includes a representation of a vertical sync pulse 58
      which occurs in response to the horizontal sync pulse 216.
PAR  FIG. 3, illustration (c) is a representation of the vertical deflection
      voltage where a trace portion 60 is initiated in response to a trailing
      edge 62 of the pulse 58 (FIG. 3, illustration (b) ). The trailing edge 62
      is concurrent with the counters 44, 56 providing signal representations of
      horizontal and vertical deflection numbers which change from ten to zero
      and sixteen to zero, respectively.
PAR  The portion 60 is terminated in response to a leading edge 64 of a vertical
      sync pulse which occurs after the pulse 58.
PAR  The portion 60 is a linearly increasing voltage which causes the line of
      sight 24 (FIG. 1) to be deflected from the top to the bottom of the film
      26 at a constant vertical deflection rate during the tracing of a raster.
PAR  When the stored vertical deflection number is sixteen, a retrace portion 66
      of the vertical deflection voltage causes a rapid deflection of the line
      of sight 24 from the bottom to the top of the film 26 whereby the line of
      sight 24 is conditioned to start a trace of a raster. Accordingly, prior
      to the tracing of a raster, a vertical sync pulse is provided by the
      counter 56.
PAR  The output of the counter 56 is connected to a raster counter 68 (FIG. 1)
      through a signal line 40. The counter 68 provides a signal representation
      of a stored raster count equal to the number of vertical sync pulses
      provided by the counter 56. From the explanation given hereinbefore, the
      raster count equals the number of times the camera 20 scans the image.
PAR  Outputs of the counter 68 are respectively connected to a comparator 70 at
      a first group of inputs thereof through a plurality of signal lines 72
      whereby the signal representation of the stored raster count is provided
      to the comparator 70. The comparator 70 has a second group of inputs
      respectively connected to the counter 44 through a plurality of signal
      lines 74 whereby the signal representation of the stored horizontal
      deflection number is provided to the comparator 70.
PAR  The comparator 70 is a type which provides ONE at an output thereof in
      response to respectively similar patterns of logic signals being provided
      to the first and second groups of inputs. Therefore, the comparator 70
      provides ONE when the stored horizontal deflection number equals the
      stored raster count.
PAR  During the tracing of a first exemplary raster when the stored raster count
      equals the number, zero, the comparator 70 provides ONE in response to the
      line of sight 24 intersecting an element having a horizontal coordinate
      corresponding to the horizontal deflection number, zero. Since each of the
      sixteen raster lines has one element having a horizontal coordinate
      corresponding to the horizontal deflection number, zero, the comparator 70
      provides sixteen ONEs, a ONE being provided during the intersecting of one
      element on each raster line.
PAR  After the tracing of the first exemplary raster, a vertical sync pulse
      causes the raster number to equal the number, one and a second exemplary
      raster is traced. During the tracing of the second exemplary raster, the
      comparator 70 provides ONE in response to the line of sight 24
      intersecting an element having a horizontal coordinate corresponding to
      the horizontal deflection number, one. Since each of the sixteen raster
      lines has one element having a horizontal coordinate corresponding to the
      horizontal deflection number, one, the comparator 70 provides sixteen
      ONE's, a ONE being provided during the intersecting of one element of each
      raster line.
PAR  In a similar manner, the comparator provides ONE during the tracing of
      elements having other horizontal coordinates. It should be understood that
      the comparator 70 provides successive ONE's with a time interval
      therebetween slightly greater than the time for the tracing of a raster
      line (referred to as a line time).
PAR  The output of the comparator 70 is connected to a sample and hold circuit
      76 at a gate input thereof through a signal line 78. Additionally
      connected to the sample and hold 76 at a video input thereof is the output
      of the camera 20 through a signal line 80 whereby the video signal is
      provided to the sample and hold 76.
PAR  In response to the comparator 70 providing ONE to the gate input, the
      sample and hold 76 stores a sampled video signal having an amplitude
      substantially equal to the amplitude of the camera video signal. Because
      the comparator 70 provides ONEs with an interval therebetween equal to the
      line time, the sampled video signal remains unchanged for a duration equal
      to the line time. Sample and hold networks are well known to those skilled
      in the art.
PAR  In accordance with the explanation given hereinbefore, in response to the
      image being scanned ten times by the camera 20, the sample and hold 76
      successively stores sampled video signals respectively representative of
      ten elements on each raster line.
PAR  The sample and hold 76 is connected to an analog to digital converter 82 at
      an input thereof whereby the sampled video signals are applied to the
      input of the converter 82. The converter 82 provides a group of converter
      digital signals representative of the amplitude of an applied input
      signal. The converter digital signals are provided after a conversion time
      following the application of the input signal.
PAR  According to the present invention, because a sampled video signal remains
      unchanged for a duration equal to the line time, the converter 82 may have
      a conversion time equal in duration to the line time.
PAR  The converter 82 is connected to a computer 84 whereby the converter
      digital signals are provided to the computer 84.
PAR  The computer 84 successively stores the converter digital signals thereby
      storing a signal representation of the image on the film 26.
PAR  The video signal, the horizontal sync pulses, and the vertical sync pulses
      may be provided to a television monitor display 86 through the lines 80,
      32a, 34a, respectively. The display 86 is utilized to provide a visual
      representation of the image on the film 26.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that changes and omissions in the form thereof may be made therein
      without departing from the spirit and the scope of the invention.
CLMS
STM  Having thus described a typical embodiment of my invention, that which I
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. In apparatus for providing groups of digital signals respectively
      representative of elements of an image on an image bearing medium being
      scanned by a video generator which generates a video signal having an
      amplitude representative of an element being scanned, said scanning being
      in response to deflection signals provided to said generator by a
      deflection circuit which stores digital signals representative of a
      coordinate of the location of said element being scanned, the improvement
      comprising:
PA1  a raster counter connected to said deflection circuit for providing count
      signals representative of a number of times said generator scans said
      image;
PA1  comparison means connected to said deflection circuit and to said raster
      counter for providing a gating signal when said count signals have a known
      relationship to said coordinate;
PA1  storage means connected to said comparison means and said generator for
      storing the video signal representative of said element being scanned when
      said gating signal is provided; and
PA1  an analog to digital converter having an input connected to said storage
      means, said converter providing a group of said digital signals in
      response to the video signal representative of said element being scanned.
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PAL  A low cost network for use in a television receiver for receiving a video
      signal and generating therefrom both a control signal for modulating the
      scan velocity of a CRT electron beam and a delayed video signal for
      intensity modulating the CRT electron beam with picture information. The
      network uses only one delay line for generating the control signal and the
      delayed video signal. A video signal is applied to an impedance means
      followed by a delay means coupled to a reflecting termination. The
      impedance of the impedance means is substantially equal to the
      characteristic impedance of the delay means. An output terminal from which
      the control signal is taken is included at a point between the impedance
      means and the delay means. The delayed video signal is generated by means
      responsive to the signal received by the reflecting termination from the
      delay means. The network may also be used to generate preshoot and
      overshoot peaking components for peaking the delayed video signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to television receivers and is
      specifically directed to a network for use in improving the apparent
      resolution of images displayed by television CRT's (cathode ray tubes) by
      modulating the scan velocity of the CRT electron beam.
PAR  The sharpness and crispness of a television image is dependent on factors
      such as the bandwidth of the transmitted signal, the bandwidth of the
      receiver circuitry, and the resolution capabilities of the image
      reproducing device. In the case of television receivers using cathode ray
      tubes as image reproducing devices, the spot size of the scanning electron
      beam is an important parameter in determining overall resolution
      capability.
PAR  In most cathode ray tubes, the spot size of the electron beam increases
      significantly as the beam current is increased. Therefore, when a large
      black-to-white video transition occurs, i.e., when a TV image includes a
      white area immediately following a black area, the spot size of the beam
      grows concurrently with the increase in the luminance signal. To a
      television viewer, the overall effect is that, in the case of a white
      stripe on a black field, for example, the edges of the stripe will appear
      to be blurred because of the fact that the electron beam spot is scanning
      and varying in size simultaneously. The white area will generally appear
      expanded and the black area correspondingly reduced in size. In the case
      of commercial color television programming, the net effect of spot size
      variance with luminance transitions is a television image which is less
      crisp than is desirable. This is particularly true where the picture
      contains many highlights, in which case the spot size of the scanning
      electron beam may grow to be as large as 1/4 inch and completely obscure
      some video detail.
PAR  In an attempt to improve the crispness of television images, the prior art
      has improved the bandwidth of television circuitry, improved electron guns
      so as to produce electron beams having smaller spot size, included
      "peaking" circuitry in the luminance channels of the receivers to generate
      steeper luminance transitions, and developed image enhancement systems for
      increasing the sharpness of television images by modulating the scan
      velocity of the CRT electron beam.
PAR  Examples of such image edge enhancement systems are disclosed in U.S. Pat.
      Nos. 2,678,964 and 3,830,958, for example. Briefly, one of the methods
      disclosed therein consists of processing the luminance signal to develop
      therefrom a control signal which corresponds to a derivative of the
      luminance signal. The control signal is then used to modulate the scan
      velocity of the CRT electron beam. The variance in the scan velocity of
      the beam can, as pointed out in the above-mentioned patents, result in a
      reproduced video image which has sharper edges, particularly on large
      black-to-white or white-to-black transitions.
PAR  As shown in the U.S. Pat. No. 3,830,958, for example, a control signal
      which corresponds to the derivative of the video signal, can be generated
      with a network which includes two delay lines. Such a network also
      provides a delayed video signal for use in intensity modulating the CRT
      electron beam with picture information. Delaying the video signal before
      applying it to the CRT is necessary to provide the correct timing
      relationship between the control signal and the video signal used to
      generate the video image.
PAR  Although the two delay line network is an effective means for generating
      the required signals, the use of two delay lines makes it an expensive
      network, particularly in view of the fact that most television receivers
      already include circuitry (video peaking circuitry) for enhancing the
      sharpness of the television images. Consequently, the improvement in
      resolution which is afforded by modulating the scan velocity of the CRT
      electron beam has not been incorporated into consumer television
      receivers. A network capable of generating the control signal and the
      delayed video signal and which does not require two delay lines would
      lower the cost of the network and hasten the entry of this form of image
      edge enhancement into the consumer market.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide a network for
      generating a control signal for modulating the scan velocity of a
      television CRT electron beam so as to enhance the sharpness of the
      television image.
PAR  It is a more specific object of this invention to provide such a network
      which is less expensive than prior art networks which generate a similar
      control signal.
PAR  It is a further object of this invention to provide such a network which is
      capable of generating both of the control signal and a delayed video
      signal for use in such an edge enhancement scheme with the use of only one
      delay line.
PAR  It is yet another object of this invention to provide a one delay line
      network capable of generating not only the control and delayed video
      signals, but also capable of generating a peaking signal for application
      to and peaking of the delayed video signal, thereby further lowering the
      effective cost of the network.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 depicts a set of waveforms useful in describing how the sharpness of
      a television image can be improved by modulating the scan velocity of the
      CRT electron beam;
PAR  FIG. 2 is a schematic illustration of a prior art network for generating a
      control signal for modulating the scan velocity of a CRT electron beam and
      a delayed video signal for intensity modulating the CRT electron beam;
PAR  FIG. 3 depicts a series of waveforms useful in understanding the prior art
      network of FIG. 2;
PAR  FIG. 4 depicts a network for generating the control signal and the delayed
      video signal in accordance with this invention;
PAR  FIG. 5 depicts a series of waveforms useful in understanding the operation
      of the FIG. 4 network;
PAR  FIG. 6 depicts an embodiment of this invention which includes means for
      generating preshoot and overshoot peaking components for peaking the
      delayed video signal;
PAR  FIG. 7 depicts another embodiment of this invention which has an output
      consisting of a video signal which has been both delayed and peaked;
PAR  FIG. 8 depicts an amplifier for amplifying the control signal developed by
      this invention and for applying it to auxiliary electron beam deflection
      plates; and
PAR  FIG. 9 depicts a color cathode ray tube having a pair of auxiliary
      deflection plates for receiving the amplified control signal and for
      modulating the scan velocity of the electron beam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before proceeding to a discussion of the present invention, a brief
      explanation will be given of how modulating the scan velocity of a CRT
      electron beam enhances the crispness of the television image and how the
      prior art generated the control signal for this beam modulation.
PAR  Referring to FIG. 1, there is shown an exemplary video waveform 10 which,
      it will be assumed, is used to intensity modulate a CRT electron beam. As
      shown, video waveform 10 begins at a black level, rises quickly to a white
      level at which it remains for an interval, and then quickly returns to the
      black level. It has a finite rise time and fall time, due in part to the
      bandwidth of the television system. Because of the finite and sometimes
      undesirably slow rise time of such video waveforms, the image which they
      generate on the CRT is less sharp than is desired. Many receivers include
      peaking circuitry for generating preshoot and overshoot peaking components
      for addition to the video signal in order to effect a more crisp and
      pleasing television image.
PAR  As pointed out above, the television image may also be given a more crisp
      appearance by modulating the scan velocity of the CRT electron beam with a
      control signal which corresponds to the derivative of the video signal
      which is simultaneously intensity modulating the CRT electron beam. The
      derivative of video signal 10 is shown as waveform 12 in FIG. 1.
      Derivative waveform 12 should have a time correspondence to the video
      signal as indicated in FIG. 1; that is, the peaks of the derivative
      waveform should occur near the central portions, A and B, of the rise and
      fall times of the video signal.
PAR  When derivative waveform 12 is applied to an auxiliary electron beam scan
      device, one of which will be described below, the scan velocity of the
      electron beam will be modified as follows. When leading edge 14 of
      waveform 12 reaches the auxiliary scan device, a field will be set up
      within the CRT which causes the electron beam scan to be accelerated above
      its normal scan rate so that the beam moves ahead to a location which
      corresponds to that point on the CRT at which the sharp image edge is to
      be established. This point preferably corresponds to the midpoint of the
      rise time of the video waveform, such as point A in FIG. 1. Trailing edge
      16 of waveform 12 then causes the electron beam to be deaccelerated below
      its normal scan rate so that the electron beam spot is maintained for a
      somewhat longer time at a position on the CRT which corresponds to the
      point where the sharp image is to be established. The effect of speeding
      up the electron beam and the subsequent slowing down thereof is to cause
      that area of the CRT which immediately proceeds the sharp video transition
      to be somewhat darker than normal since the electron beam spends less time
      there. Since the electron beam is slowed down at a point on the screen
      where the sharp edge is to be established, that area of the screen will
      seem somewhat brighter than normal. The effect is to create a much sharper
      image edge at the point on the screen which corresponds to the midpoint of
      the video signal rise.
PAR  In the case of a video signal such as 10 in FIG. 1, which may correspond to
      a white stripe on a black field, the effect of the above describes
      modulation of the electron beam scan rate will be to narrow the white
      stripe and cause it to more nearly correspond to an image which a signal
      having a much faster rise time should produce.
PAR  When video waveform 10 is falling from a white level to a black level,
      derivative waveform 12 goes negative. Edge 18 of waveform 12 causes the
      scan velocity of the electron beam to decrease and to form a bright, sharp
      image at a point on the screen which preferably corresponds to point B of
      waveform 10. Edge 20 of waveform 12 then causes the scan velocity of the
      electron beam to increase to make up for the time lost by the action of
      edge 18.
PAR  Referring now to FIG. 2, there is shown a prior art network for generating
      a waveform similar to derivative waveform 12 shown in FIG. 1. This network
      includes an input terminal 22, a first delay line 24, a delayed video
      output terminal 26, a second delay line 28, an adder 30 and a control
      signal output terminal 32. The control signal which is available at
      terminal 32 is, as will be shown, similar to the derivative waveform 12 of
      FIG. 1.
PAR  An exemplary video input waveform, waveform A, is shown in FIG. 3 along
      with other waveforms which occur at other points in the network of FIG. 2.
      The video input which is applied to terminal 22 is delayed by an interval
      .tau. by delay line 24. The once-delayed video waveform, waveform B of
      FIG. 3, is available at terminal 26 and constitutes that video signal
      which is used to intensity modulate the CRT electron beam with picture
      information. The video input waveform is then delayed again by an interval
      .tau. by delay line 28 so that a waveform delayed by two .tau., as shown
      in FIG. 3, waveform C, constitutes one input to adder 30. The other input
      to adder 30 is the video input signal which has not been delayed.
PAR  The control signal which modulates the scan velocity of the CRT electron
      beam is the output of adder 30 and is available at terminal 32. As shown
      in FIG. 3, waveform D, this control signal is similar to the derivative
      waveform shown in FIG. 1. Note that the peaks of the control signal, at
      points t.sub.a and t.sub.b in FIG. 3, correspond to the midpoint of the
      rise and fall times of the once-delayed video signal. If the video signal
      which is used to intensity modulate the CRT electron beam were not delayed
      as it is in the FIG. 2 network, the required correspondence between it and
      the control signal would not exist. Thus, any network which delays the
      video signal to generate the type of control signal discussed herein must
      also delay the video signal which has the picture information in order to
      generate the necessary time correspondence between the two signals.
PAR  As pointed out above, a problem with the FIG. 2 prior art network is that
      two delay devices are required to generate the delayed video signal and
      the control signal. According to one aspect of this invention, both such
      signals can be generated by a network which uses only one delay device.
      Such a network will now be discussed.
PAR  Referring to FIG. 4, there is shown a network which uses only one delay
      device but which, nevertheless, is able to generate the necessary signals
      required to develop both the correction signal and the delayed video
      signal. FIG. 5 is a waveform diagram showing a number of waveforms which
      appear at various points in the FIG. 4 network.
PAR  As shown, the FIG. 4 network includes impedance means 34 which has an input
      port 34A and an output port 34B. Impedance means 34 and the other
      components of the FIG. 4 network are shown in a generalized form as being
      four-terminal, two-port networks for purposes of generality to illustrate
      the broader aspects of this invention. Specific embodiments of this
      invention which will be described below do not necessarily include the
      type of four-terminal networks shown in FIG. 4. However, since the broader
      aspects of this invention encompass the use of four-terminal networks as
      well as more conventional two-terminal elements, the invention will first
      be described in terms of four-terminal, two-port networks.
PAR  As shown, a voltage generator 35 applies a video signal to the input port
      34A of impedance means 34. In response to the voltage applied at port 34A,
      a current I.sub.A is generated at the output port of impedance means 34.
PAR  Impedance means 34 is coupled in cascade to delay means 36; that is, the
      output port 34B of impedance means 34 is coupled to the input port 36A of
      delay means 36. (As used herein and in the appended claims, the term
      "cascade" refers to an electrical connection whereby the output port of
      one element or network is connected to the input port of the next
      succeeding element or network.) Delay means 36 is shown as consisting of a
      delay line since that is the preferred construction of delay means 36.
      However, other delay means such as acoustic delay lines may also be used.
      In any case, delay means 36 has a characteristic impedance Z.sub.O
      associated with it. For proper operation of the network, the impedance
      appearing at output port 34B of impedance means 34 should be equal to the
      characteristic impedance Z.sub.O of delay means 36. Generally, the
      characteristic impedance of delay means 36 will have both a real and a
      reactive component. Thus, impedance means 34 will usually include a linear
      resistance and one or more reactive components.
PAR  Delay means 36 has its output port 36B coupled to the input port 37A of
      reflecting termination 37. Termination 37 must reflect the signals
      received by it from delay means 36 back through delay means 36. The
      signals will then be absorbed by the impedance presented at the output
      port 34B of impedance means 34.
PAR  Although termination 37 is drawn as a two port network, it may take the
      form of a one port network which consists of a short circuit termination
      through which a current I.sub.B flows, as indicated in FIG. 4. While the
      short circuit is a preferred embodiment of the termination, it is
      necessary only that the termination used be reflective of signals received
      from delay means 36 in the frequency range of the video signal.
PAR  In the case where termination 37 takes the form of a short circuit, the
      control signal for modulating the scan velocity of the CRT electron beam
      is available at a point between impedance means 34 and delay means 36. An
      output terminal 38 is provided for gaining access to the control signal.
PAR  FIG. 5 illustrates the input voltage, V.sub.in, applied to input port 34A.
      In this case, only the leading edge of the waveform is shown since that is
      all that is deemed necessary to explain the operation of this network. The
      remaining waveforms shown in FIG. 5 are drawn with the assumption that
      termination 37 of FIG. 4 is a short circuit.
PAR  When the input voltage, V.sub.in, at port 34A begins to rise at time
      t.sub.1, the current I.sub.A in impedance means 34 also begins to rise.
      Because of the delay .tau. associated with delay means 36, the current
      I.sub.B in termination 37 will not yet have begun. I.sub.A rises with
      V.sub.in and approaches a level equal to V.sub.in /2Z.sub.O. At t.sub.2,
      after an interval of two .tau., the input signal has travelled through
      delay means 36 and has been reflected back to a point between impedance
      means 34 and delay means 36. Since there is a phase reversal in the
      reflected wave, the voltage at the terminal marked "control signal" begins
      to drop to zero and I.sub.A then climbs to a new level equal to V.sub.in
      /Z.sub.O.
PAR  Note that after an interval .tau., when the input voltage V.sub.in, has
      travelled through both impedance means 34 and delay means 36, the current
      I.sub.B flowing in termination 37 begins to rise toward its steady state
      level, V.sub.in /Z.sub.O.
PAR  The waveform labelled "control signal" in FIG. 5 shows the voltage which
      appears at terminal 38. As shown, the control signal rises concurrently
      with V.sub.in. However, after an interval of two .tau., V.sub.in is
      reflected back through delay means 36 to terminal 38. But since the
      reflected waveform is 180 degrees out of phase with V.sub.in, it tends to
      cancel V.sub.in at terminal 38 and force the voltage there to fall toward
      a zero level. Note that the control signal has the shape of a waveform
      which is similar to the derivative of V.sub.in. Therefore, the signal
      available at terminal 38 can be used as the control signal for modulating
      the scan velocity of the CRT electron beam. The signal available at
      terminal 38 is, in fact, identical to the control signal available at
      terminal 32 of the FIG. 2 network.
PAR  Note that the current I.sub.B in termination 37 has been delayed by an
      interval .tau. from the input signal V.sub.in. Also, the peak of the
      control signal is coincident with the midpoint of the rising slope of the
      current I.sub.B. Therefore, the current I.sub.B may be used as the delayed
      video signal which is used to intensity modulate the CRT electron beam.
      Thus, by taking advantage of the possibilities inherent in a delay device
      such as a delay line, the network shown in FIG. 4 can be used to generate
      both the delayed video signal and the control signal.
PAR  According to another aspect of this invention, the currents generated in
      the FIG. 4 network may also be used to generate peaking components for
      peaking the delayed video signal before its application to the CRT. Note
      the waveform labelled I.sub.A -I.sub.B in FIG. 5. Point A on the I.sub.A
      -I.sub.B waveform corresponds to a preshoot component of a peaking signal
      while point B of that waveform corresponds to an overshoot component. If
      the current I.sub.B is combined with a fraction of the I.sub.A -I.sub.B
      current, a signal corresponding I.sub.B -K (I.sub.A -I.sub.B) may be
      generated. Such a signal is shown in FIG. 5. Note that this video signal
      now has a preshoot as well as an overshoot component and thus is peaked so
      as to enhance the crispness of the image which it generates. Thus, not
      only in the FIG. 4 network capable of generating both a delayed video
      signal and a control signal for image edge enhancement, it is also capable
      of generating peaking components for application to and peaking of the
      video waveform which is used to generate the television image.
PAR  As pointed out above with reference to FIG. 4, it is necessary only that
      termination 37 for delay device 36 be reflective of signals in the
      frequency range of the video signal. The invention has thus far been
      described, however, only in terms of a termination which effectively
      appears as a short circuit at the output of the delay device. It is
      possible, however, to generate the required reflection of the delayed
      signal by allowing termination 37 to take the form of an open circuit. In
      that case, the control signal for modulating the scan velocity of the CRT
      electron beam takes the form of a current rather than a voltage and is
      that current which flows in the loop formed by output port 34B of
      impedance means 34 and input port 36A of delay means 36. The current
      flowing in that loop can be detected and used to generate the required
      control signal. The voltage which appears at the open circuit termination
      of delay means 36 can be used as the delayed video signal for intensity
      modulating the CRT electron beam. The above described peaking signal takes
      the form of the difference between two voltages V.sub.1 and V.sub.2 where
      V.sub.1 is the voltage across output port 34B and V.sub.2 is the voltage
      across the open circuit termination of delay device 36.
PAR  In many cases the video input signal applied to input port 34A of the FIG.
      4 network may contain 3.58 MHz color subcarrier components. Such
      components are undesirable in the control signal for modulating the
      electron beam scan velocity. A method by which these unwanted 3.58 MHz
      components may be eliminated from the control signal is to insure that the
      delay .tau. of delay means 36 is substantially equal to one half the
      period of 3.58 MHz color subcarrier signal. In this way, all 3.58 MHz
      components will be cancelled at output terminal 38.
PAR  As pointed out above, the current I.sub.B (FIG. 4) may be used as the
      delayed video signal. However, in many applications it is desirable to
      convert I.sub.B to a proportional voltage for application to a CRT control
      electrode. Therefore, a device is needed which is responsive to the
      current I.sub.B in termination 37 for generating a voltage which is
      substantially proportional to I.sub.B for use as the delayed video signal.
      Also desirable is a means for generating another current which is
      proportional to I.sub.A so that the currents I.sub.A and I.sub.B may be
      matrixed to generate the preshoot and overshoot components desired to peak
      the delayed video signal.
PAR  Referring now to FIG. 6, there is shown a network which is a preferred
      embodiment of the FIG. 4 network and which converts the current I.sub.B to
      a proportional voltage and which generates new currents which are
      proportional to the currents I.sub.A and I.sub.B for generating a peaking
      signal.
PAR  As shown, the FIG. 6 network includes a first transistor 44 which receives
      the video input signal at its base. The emitter of transistor 44 is
      coupled to a resistor 46 in series with an inductance 48. Resistor 46 and
      inductance 48 constitute the impedance means 34 of FIG. 4. Together, the
      impedance of elements 46 and 48 equals the characteristic impedance of
      delay line 50 to which they are coupled. The control signal is taken at a
      point between inductance 48 and delay line 50.
PAR  A second transistor 52 has a DC bias applied to its base terminal. The
      emitter of transistor 52 is coupled to delay line 50 and to resistor 54
      which may be returned to a voltage reference level such as ground as is
      done here. The impedance seen by delay line 50 looking into the emitter of
      transistor 52 is low enough to simulate the short circuit reflecting
      termination needed to properly terminate the delay line.
PAR  Transistor 44 is responsive to the current I.sub.A through resistor 46 and
      inductance 48 and generates a collector current I.sub.1 through its
      collector branch which is proportional to current I.sub.A. Transistor 52
      is responsive to the current I.sub.B flowing out of delay line 50 and
      generates a current I.sub.2 in its collector branch which is proportional
      to the current I.sub.B. The current I.sub.2 flows through resistor 55 and
      develops across it a voltage which is proportional to the current I.sub.2.
      The voltage at terminal 56 is the delayed video signal which is applied to
      the CRT to intensity modulate the electron beam.
PAR  Transistor 58 has a DC bias voltage applied to its base and has its emitter
      tied to the collector branches of both transistor 44 and transistor 52.
      Currents I.sub.1 and I.sub.2 both flow through the collector branch of
      transistor 58 and develop across resistor 60 a voltage which is
      proportional to I.sub.A -I.sub.B and is the peaking signal which is
      required to properly peak the delayed video output signal available at
      terminal 56.
PAR  In some cases it is desirable to generate an already peaked and delayed
      video signal within the control signal generating network. An example of a
      simple means by which this may be accomplished is shown in FIG. 7. As
      shown, the FIG. 7 network is similar to that of FIG. 6 except for the
      differences in the collector branches of transistors 44 and 52. As shown
      in FIG. 7, the collector branches of transistors 44 and 52 are coupled to
      resistors 62 and 64 across which is available the delayed and peaked video
      output signal. Resistor 62 has been shown as variable in order to vary the
      amount of peaking which is applied to the delayed video signal.
PAR  Having now described the invention, apparatus for applying the generated
      control signal to the CRT to modulate the scan velocity of the electron
      beam will now be illustrated. Referring to FIG. 8, there is shown a
      schematic diagram of a network for amplifying the control signal before
      application thereof to an auxiliary electron beam scan device. As shown,
      the control signal is applied to the base of transistor 66 which amplifies
      it and applies it to emitter follower transistor 68. The emitter of
      transistor 68 is tied to a potentiometer 70 for varying the amplitude of
      the control signal which is applied to the subsequent stages of
      amplification.
PAR  The control signal which appears at the tap on potentiometer 70 is applied
      to amplifier 72, shown within the dashed lines. Amplifier 72 is an
      ordinary differential amplifier which supplies differential outputs to
      amplifier 74. Amplifier 74 further amplifies the differential control
      signal and applies the amplified control signal in push-pull fashion to a
      pair of auxiliary deflection plates 76. The amplitude of the control
      signal applied to plates 76 is approximately 300 volts peak to peak.
PAR  The auxiliary deflection plates 76 which are shown schematically in FIG. 8
      are shown in a perspective view in FIG. 9. As shown, plates 76 are mounted
      within the neck of a CRT 78 and immediately forward of an otherwise
      conventional electron gun 80.
PAR  Deflection plates 76 are positioned to apply an electric field to the
      electron beams which emerge from electron gun 80 so as to generate an
      auxiliary deflection field which accelerates and de-accelerates the
      electron beam scan in its normal direction of scan. These deflection
      plates are shown and explained in more detail in copending application
      Ser. No. 519,980 entitled "Edge Enhancement for Television Images" and
      assigned to the assignee of this invention.
PAR  The control signal is coupled to the deflection plates through the neck of
      CRT 78 by applying the signal to conductive coating 82 which appears on
      the outer surface of CRT 78. Another conductive coating 83 lies on the
      inner surface of the neck of CRT 78 and in alignment with coating 82.
      Together, the inner and outer conductive coatings form a capacitor through
      which the control signal passes. Once through the neck of the CRT, the
      control signal is conducted to an auxiliary deflection plate through
      snubber spring contact 84 which has one end rigidly attached to an
      auxiliary deflection plate 76 and the other end spring biased onto inner
      conductive coating 83.
PAR  As shown in FIG. 9, each deflection plate 76 is serrated to reduce eddy
      currents induced by the yoke field which would otherwise degrade
      convergence. Note also that the ends of each deflection plate 76 are bent
      inwardly in order to maintain a uniform field across the space between
      them.
PAR  Auxiliary deflection plates 76 may be constructed without serrations
      provided that they are made of a material which is not so conductive as to
      short out part of the horizontal deflection field. For example, plates
      constructed of tin oxide on glass or AQUADAG on glass are suitable.
PAR  The invention described above is deemed to be one which will reduce the
      cost of the electronics required in image edge enhancement systems and
      hasten the entry of such enhancement systems into the consumer market.
      While this invention has been described in conjunction with several
      specific embodiments, many alterations, modifications and variations will
      be apparent to those skilled in the art in light of the teachings herein.
      Accordingly, it is intended to embrace all such alterations, modifications
      and variations which fall within the spirit and scope of this invention as
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a television receiver, a network for receiving a video signal and
      generating therefrom both a delayed video signal for intensity modulating
      a CRT electron beam with picture information and a control signal for
      modulating the scan velocity of the CRT electron beam so as to enhance the
      sharpness of the television image, said network comprising, in cascade:
PA1  impedance means having an input port and an output port;
PA1  delay means having an input port and an output port with its input port
      coupled to the output port of said impedance means, the impedance means
      having an impedance at its output port which is substantially equal to the
      characteristic impedance of the delay means;
PA1  a reflecting termination coupled to the output port of said delay means,
      which termination is reflective of signals received from said delay means
      and in the frequency range of the video signal;
PA1  means for applying the video signal to the input port of said impedance
      means;
PA1  an output terminal at a point between said impedance means and said delay
      means from which the control signal is taken; and
PA1  means responsive to the signal received by the reflecting termination from
      said delay means for generating a signal for use as the delayed video
      signal which is substantially proportional to the signal received by the
      reflecting termination.
NUM  2.
PAR  2. A network as set forth in claim 1 which includes means responsive to the
      current in the output port of said impedance means and to the signal
      received by the reflecting termination from said delay means for
      generating first and second currents which are proportional to the current
      in the output port of said impedance means and to the signal received by
      the reflecting termination, respectively, and for matrixing said first and
      second currents to generate preshoot and overshoot peaking components for
      peaking the delayed video signal.
NUM  3.
PAR  3. A network as set forth in claim 1 wherein the delay associated with said
      delay means is substantially equal to one half the period of 3.58 MHz
      color subcarrier signal so as to cause the control signal appearing at
      said output terminal to be substantially free of 3.58 MHz signal
      components.
NUM  4.
PAR  4. In a system for enhancing the sharpness of television images on a CRT, a
      network for receiving a video signal and generating therefrom a control
      signal for modulating the scan velocity of the CRT electron beam, a
      delayed video signal for intensity modulating the CRT electron beam with
      picture information, and preshoot and overshoot peaking components for
      peaking the delayed video signal so as to further enhance the sharpness of
      the television image, said network comprising:
PA1  impedance means having an input port and an output port;
PA1  delay means having an input port and an output port with its input port
      coupled to the output port of said impedance means, the impedance means
      having an impedance at its output port which is substantially equal to the
      characteristic impedance of the delay means;
PA1  a reflecting termination coupled to the output port of said delay means,
      which termination is reflective of signals received from said delay means
      and in the frequency range of the video signal;
PA1  means for applying the video signal to the input port of said impedance
      means;
PA1  an output terminal at a point between said impedance means and said delay
      means from which the control signal is taken;
PA1  means responsive to the current in the output port of said impedance means
      for generating a current I.sub.1 proportional thereto;
PA1  means responsive to the signal received by the reflecting termination for
      generating a current I.sub.2 proportional thereto;
PA1  means receiving the current I.sub.2 for generating a voltage which is
      proportional to I.sub.2 for use as said delayed video signal; and
PA1  means receiving the currents I.sub.1 and I.sub.2 for generating a peaking
      signal proportional to (I.sub.1 -I.sub.2), said peaking signal consisting
      of preshoot and overshoot peaking components for application to and
      peaking of the delayed video signal.
NUM  5.
PAR  5. In a system for enhancing the sharpness of television images on a CRT, a
      network for receiving a video signal and generating therefrom a control
      signal for modulating the scan velocity of the CRT electron beam, a
      delayed video signal for intensity modulating a CRT electron beam with
      picture information, and preshoot and overshoot peaking components for
      peaking the delayed video signal so as to further enhance the sharpness of
      the television image, said network comprising:
PA1  a first transistor having a base terminal, an emitter terminal and a
      collector terminal, with the base terminal receiving said video signal;
PA1  a first collector circuit branch coupled to the collector terminal of said
      first transistor, through which the collector current, I.sub.1, of said
      first transistor flows;
PA1  impedance means coupled to the emitter terminal of said first transistor;
PA1  a delay line having an input terminal and an output terminal, with its
      input terminal serially coupled to said impedance means, the impedance
      means having an impedance equal to the characteristic impedance of the
      delay line;
PA1  a second transistor having a base terminal, a collector terminal and an
      emitter terminal, with the emitter terminal serially coupled to the output
      terminal of said delay line;
PA1  an output terminal at a point between the impedance means and the delay
      line from which the control signal is taken;
PA1  a resistance element connected between the emitter terminal of said second
      transistor and a reference voltage level;
PA1  a second collector circuit branch coupled to the collector terminal of said
      second transistor, through which the collector current, I.sub.2, of said
      second transistor flows, said second collector circuit branch including a
      substantially linear resistance element serially coupled to the collector
      terminal of said second transistor and across which is developed a voltage
      for use as said delayed video signal; and
PA1  means coupled to said first and second collector circuit branches for
      matrixing the currents I.sub.1 and I.sub.2 to develop a peaking signal
      proportional to (I.sub.1 -I.sub.2), said peaking signal consisting of
      preshoot and overshoot peaking components for application to and peaking
      of the delayed video signal.
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ABST
PAL  Several forms of multiplexing circuit are disclosed in which any selected
      one of a number of process responsive signal transmitters can be connected
      to a common measuring impedance by means of electronic switching devices
      individually associated with said transmitters. All transmitters are
      maintained energized at all times, whether or not they are addressed, to
      permit higher sampling speed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of Ser. No. 472,905, filed May 23, 1974
      and now abandoned, which was a continuation of Ser. No. 309,704, filed
      Nov. 27, 1972 and also now abandoned.
BSUM
PAR  The invention relates to a multiplex circuit in which each of a number of
      process responsive signal transmitters can be connected to a common
      measuring impedance by means of a switching device.
PAR  In multiplex circuits of this kind a measuring point is associated with
      each switching position of the switching device. The measuring points can
      therefore be interrogated individually and the measured value reproduced
      with the aid of a common measured value receiver, which is generally a
      measuring impedance.
PAR  Multiplex circuits are known in which the signal transmitters (generally
      thermoelements, various piezoelectric pressure devices, and voltage
      transducers) supply a voltage directly as the measurement signal, whereas
      others supply a voltage indirectly by using a bridge circuit. This means
      that during switching over from one measuring point to another, voltages
      must be switched over and applied to the measured value receiver. Since
      the measured voltage represents the condition (e.g. temperature, pressure
      or humidity) detected at the measuring point, considerable demands are
      made upon the switching device since it is very important to avoid voltage
      drops along the line between the signal transmitter and the measured value
      receiver. For this purpose, use is often made of relays having gold
      contacts which are, however, expensive and relatively slow and lose their
      positive properties in the course of time. It is, however, very important
      to keep the contact resistance as small as possible. In those cases where
      a high switching speed is required, use has also been made of special
      semiconductor switching elements, such as for example field effect
      transistors. However, voltage drops also occur in these and this leads to
      a false measured value.
PAR  It is also known to use a voltage responsive current value as the measuring
      signal. A voltage responsive current signal of this kind can be produced
      by means of known two wire measurement transducers in which a specific
      signal current is generated for each measured value in the normal working
      range, this current being dependent upon the resistances occurring in the
      circuit (line resistance, contact resistance and others). A two wire
      measurement transducer of this kind is normally supplied from a central
      supply system; it could, however, also have its own supply system at the
      measuring point, the signal lines then only having to transmit the
      measurement currents. However, when a central supply system is used
      certain advantages are achieved, in particular, automatic monitoring of
      the signal lines. In these cases, the current is composed of a constant
      basic component of, for example, 4 mA which is used for operating the
      signal current transmitter, and a variable component dependent upon
      measured value, variable in the range 0 - 16 mA, so that the total signal
      current varies in the range 4 - 20 mA.
PAR  The object of the present invention is to provide a multiplex circuit of
      the initially stated kind in which high accuracy of measurement can be
      achieved.
PAR  According to the invention, a multiplex circuit of this kind is achieved by
      using as the signal transmitters, signal current transmitters which in a
      predetermined working range are independent of voltage, by at least one
      switching element with an associated control circuit being associated with
      each signal current transmitter, by connecting a first connection of the
      measuring impedence to one of the poles of a central voltage supply unit,
      the second pole of which is connected to the first pole of all the signal
      current transmitters, by connecting the second pole of each signal current
      transmitter to one of the sides of the associated switching element, and
      by the other side of all the switching elements leading to the second
      connection of the measuring impedance.
PAR  Thus, only that signal current which derives from an individual signal
      current transmitter addressed through a switching element passes through
      the measuring impedance by way of the addressed switching element. In such
      system the unavoidable volume drops in the switching element and in the
      rest of the circuit are unimportant. Furthermore, it is possible for only
      a single signal current transmitter to be energised at a given moment, so
      that the voltage or energy supply source requires to be rated for feeding
      only one signal current transmitter at a time.
PAR  The fact that such signal current transmitters can be rendered independent
      of voltage within certain limits offers considerable freedom in the choice
      of switching elements. Thus, for example, normal relays can be used
      without fear of the abovementioned errors in measurement.
PAR  Furthermore, semiconductor elements for example the commercially available
      inexpensive bipolar transistor, can be used with advantage in which the
      collector emitter gap forms a switching path. Voltage drops occurring in
      semiconductor elements of this kind do not result in any incorrect
      measurements in the multiplex circuit of the invention.
PAR  In addition, a permitted drop in voltage of this kind can be used for
      energising the switching element through its control circuit, so that an
      external control current is unnecessary for such energization. An external
      control current would possibly have an adverse effect upon the accuracy of
      the measured values. In a further form of the invention, the control
      current required for energizing the control circuit of the switching
      elements may be part of the signal current which passes through the
      measuring impedance in the `on` condition, i.e. during measuring, and
      bypasses the measuring impedance in the `off` condition.
PAR  If transistors are used as the switching elements, it is advantageous if
      the control circuit for a switching transistor incorporates a resistor
      connected between the base and a connection point between the switching
      transistor and the associated signal current transmitter, and if a diode
      is connected between the base and a switching point of a control signal
      source, and is so poled that its conductive direction, viewed from the
      base, is the same as that of the base emitter path.
PAR  When a switching transistor is energised, part of the signal current is
      passed to the base of the transistor through a resistor and is returned to
      the measuring signal conductor by way of the base emitter path and then
      flows through the measuring impedance. Thus, part of the signal current is
      used for energizing the transistor without adversely effecting the
      measurement.
PAR  In a circuit of this kind it is often advantageous if in each case a
      further diode is connected between the measuring impedance and the
      adjacent pole of at least one switching transistor and is so poled that
      the signal current in a conducting transistor flows through the diode in
      the conductive direction. Protection is thus afforded should the voltage
      across the emitter base path exceed the permitted reverse voltage.
PAR  Switching transistors and similar switching elements result in the
      operating voltage being applied to a signal current transmitter only when
      a switching element is addressed. Since, however, a short time elapses
      before the signal current transmitter is ready for operation and is able
      to send a well defined measuring signal, an upper limit is set to the
      rapidity with which scanning between several measuring points can take
      place. This phenomenon results from the fact that several resistors and
      condensers are incorporated in the signal current transmitter which give
      rise to time constants. If considerably faster scanning is required, the
      signal current transmitters must remain conductive continuously. In the
      case where a central supply system is used, this is achieved by using
      switching diodes as the switching elements. In a practical embodiment,
      each switching diode is connected to a control diode and, viewed from the
      signal current transmitter, each of the two associated diodes is poled in
      the same conductive direction, the control diodes being connected at each
      switching point to a control signal source, and the switching element
      diodes being connected to the common measuring impedance. If it is
      required to address a signal current transmitter, the first potential of
      the voltage supply is applied to the corresponding switching point;
      because of the voltage drop at the signal current transmitter, the control
      diode is blocked, and the signal current then flows through the switching
      diode and the measuring impedance to the second pole of the voltage
      supply. The switching point for the signal current transmitters that are
      not addressed are at the same time connected to the second pole of the
      voltage supply, and because of the voltage drop at the measuring
      impedance, the corresponding switching diodes are blocked. The measuring
      signal sent by the signal current transmitters that are not addressed is
      in each case returned through the control diode to the second pole of the
      voltage supply, thus bypassing the measuring impedance. With this type of
      circuit the voltage supply must be rated at a high level, as compared with
      that for a circuit comprising switching transistors, such that it is
      capable of powering all the signal current transmitters that can be in
      operation.
PAR  It is very advantageous if a central voltage supply is provided for the
      signal current transmitters and if each switching point for receiving a
      control signal can be connected to one or other of the poles of this
      central voltage supply through, for example, a logic circuit. The central
      voltage supply then also provides the control signal for the switching
      elements. The logic circuit can be controlled, for example, by binary
      signals.
DRWD
PAR  The invention will now be described in greater detail by reference to the
      arrangements illustrated in the drawing, in which:
PAR  FIG. 1 shows diagrammatically a basic form of current multiplex circuit in
      accordance with the invention,
PAR  FIG. 2 illustrates a second form of current multiplex circuit in accordance
      with the invention, in which the switching elements are transistors,
PAR  FIG. 3 shows a similar multiplex circuit for a larger number of signal
      current transmitters, and
PAR  FIG. 4 shows a further form of current multiplex circuit in accordance with
      the invention, in which the switching elements are diodes.
DETD
PAR  FIG. 1 shows a measuring impedance with connections 1 and 2 and four
      measurement sensors P.sub.0, P.sub.1, P.sub.2 and P.sub.3, each of which
      is associated with a measurement transducer M.sub.0, M.sub.1, M.sub.2 and
      M.sub.3, each constituting a signal current transmitter 3. The sensors may
      be of several different forms; for example, the measurement sensor P.sub.0
      is a simple switch, P.sub.1 a variable resistor -- for example a
      temperature-responsive resistor, P.sub.2 a variable self inductance, and
      P.sub.3 a variable capacitance -- for example a pressure sensor. The
      transducers are two wire signal current transmitters, the first pole 4 of
      each of which is connected to a positive pole X of a central voltage
      supply, which also provides the energy for each signal current
      transmitter. Some of the signal current transmitters may also have their
      own energy supply unit at the measuring point, their first pole 4 being
      connected to the pole of such energy supply unit. The second pole 5 of
      each signal current transmitter is connected to one side 6 of a
      corresponding switching element X, the other side 7 of which is in each
      case connected to the connection 2 of the measuring impedance Z, the
      connection 1 of which is connected to the negative pole Y of the voltage
      supply. The drawing shows only four signal current transmitters 3;
      however, a larger number of signal current transmitters 3 and a
      corresponding number of contact element K can be used. To the left of the
      line O is shown a central part of the measurement system, and to the right
      of the line an outer part of the system.
PAR  It will be understood that FIG. 1 illustrates the simplest form of basic
      circuit in accordance with the invention, and in the following description
      it is assumed that a central voltage supply SF is used at all points.
PAR  The signal current transmitters are of a known construction in which, while
      measurements are being carried out, a signal current flows which is made
      up of a constant basic part and of a variable measurement part, e.g. a
      signal current in the range 4-20 mA, which is dependent upon the measured
      value. Higher signal currents, for example of 10-50 mA, can of course be
      used. In circuits of this kind monitorinig of the entire signal circuit is
      achieved by the basic part of the signal current of, for example, 4 mA
      magnitude.
PAR  If it is desired to carry out a measurement, one of the switching elements
      K is energised, and a current flows from the positive pole of the energy
      supply to the addressed signal current transmitter and from there back to
      the negative pole of the energy supply through the switching element X and
      the measuring impedance. Since the above-mentioned two wire signal current
      transmitters are to some extent independent of voltage and therefore
      transmit a current which is independent of voltage but dependent upon the
      measured condition, smaller voltage drops in the signal circuit, e.g. in
      the switching element, are of no importance. The requirements as regards
      contact resistance in the switching elements are therefore not so
      stringent, so that these elements may be either semiconductors or
      mechanical switching contacts.
PAR  The circuit therefore permits use of, for example, inexpensive bipolar
      transistors, the poles of the switching contacts being formed by the
      collectors and emitters.
PAR  FIG. 2 shows an arrangement of this kind, where the switching elements are
      transistors and the associated control circuits. A transistor T.sub.0,
      T.sub.1, T.sub.2 or T.sub.3 is associated with each measuring point, so
      that the measuring impedance, the collector emitter path of each
      transistor, and a signal current transmitter are connected in series with
      each other. The collector and base of each transistor are interconnected
      through a resistor R.sub.0, R.sub.1, R.sub.2 or R.sub.3. Furthermore, each
      base is connected to a switching point S.sub.0, S.sub.1, S.sub.2 or
      S.sub.3 through a diode D.sub.0, D.sub.1, D.sub.2 or D.sub.3 connected in
      opposition to the conductive direction of the base emitter path. Also, a
      further diode D.sub.4, D.sub.5, D.sub.6 or D.sub.7 is connected in series
      with each emitter in the conductive direction of the collector emitter
      path. The switching points can be optionally connected to the positive
      supply lead or the negative supply lead. The simplest way of achieving
      this is by the use of normal change over switches or, if rapid scanning of
      the measurement points is required, by logic circuits.
PAR  If the switching point S.sub.0 is connected to the positive lead of the
      supply source, the diode D.sub.0 is blocked, since a certain drop in
      voltage occurs in the signal current transmitter N.sub.0. Since the base
      voltage is somewhat higher than the emitter voltage as a result of the
      voltage drop across the transistor, the latter becomes conductive.
      Consequently, the signal measuring current of the transmitter M.sub.0 is
      divided into a base emitter current and a collector emitter current, which
      current parts are summated in the emitter and are passed together to the
      measuring impedance Z. It will be seen from this that the energy for
      controlling the semiconductor switching element is tapped from the signal
      measuring current, and that the necessary control current which provides
      the control energy is returned without causing an error in the value
      measured. The desired measurement, for example in the form of a voltage,
      can be tapped off from the measurement impedance Z. In the figure the
      voltage across the measurement impedance is evaluated by the apparatus B.
PAR  When the switching point S.sub.0 is connected to the positive conductor X,
      the other switching points S.sub.1, S.sub.2 and S.sub.3 should be
      connected to the negative pole Y of the supply. A current then flows from
      the positive pole X to the negative pole Y through, for example, the
      signal current transmitter M.sub.1, the resistor R.sub.1 and the diode
      D.sub.1. The base of the transistor D.sub.1 is, therefore, at a lower
      potential than the emitter, and the transistor is non-conducting. The
      resistor R can be so rated that the current flowing through it is low
      enough to keep the losses small. For example, this current can be
      considerably lower than the basic part of the signal current. Thus, the
      currents from the signal current transmitters M.sub.1, M.sub.2 and M.sub.3
      that are not addressed, bypass the measuring impedance Z and do not affect
      the result of the measurement.
PAR  FIG. 3 shows how, in the case of an existing multiplex circuit, the number
      of groups with connected signal current transmitters (and thus the number
      of these connected transmitters) can be increased by means of a further
      switching element; only four transmitters per group are shown in the
      figures, but the number may be greater. The switching transisters T.sub.0
      to T.sub.3 shown in the right-hand portion are the same as those of FIG. 2
      as regards construction and method of switching. The measuring points and
      the measurement transducers have been emitted from FIG. 3 for the sake of
      simplicity.
PAR  The output conductor O.sub.00 is in this case not directly connected to the
      common measuring impedance Z, but to the collector of a further switching
      transistor T.sub.00. This transistor operates in the same way as the
      switching transistors T.sub.0 to T.sub.3  and is controlled by a logic
      circuit similar to those used in connection with the latter transistors.
      Accordingly, a resistor P.sub.00, a diode D.sub.00 and a switching point
      S.sub.00 are provided. Further groups of measuring points can be connected
      to the switching transistors T.sub.10, T.sub.20 or T.sub.30 through the
      output conductors G.sub.10, G.sub.20 and G.sub.30, the conductors leading
      to each of the measuring points H.sub.00, H.sub.10, H.sub.20 and H.sub.30
      and being connected to the positive pole X of the voltage supply system.
      Each individual measuring point is therefore addressed by controlling two
      switching points, for example S.sub.2 and S.sub.00. In this case these two
      switching points are connected to receive positive voltage, whereas
      negative voltage is applied to all the other switching points.
PAR  In a corresponding manner, the multiplex circuit can be designed for
      connecting any required number of measuring points, control being
      effected, for example, by means of logic switching elements.
PAR  Relatively rapid scanning between the individual measuring points can be
      achieved with the above-mentioned circuit. This speed is, however, limited
      by the fact that when switching on, the currents and voltages in each
      signal current transmitter must first settle to stable values, which
      requires a certain minimum time on account of the resistors and condensers
      incorporated in the transmitters. FIG. 4 shows a circuit in which the
      signal current transmitters always carry the full signal current
      irrespective of whether they are addressed or not. In the illustrated
      example which shows four signal current transmitters, one pole of each
      transmitter is connected in the normal manner directly to the positive
      lead of the voltage supply. The second pole of each signal current
      transmitter is connected to two diodes, i.e. one of the switching element
      diodes D.sub.8, D.sub.9, D.sub.10 or D.sub.11 and one of the control
      diodes D.sub.0, D.sub.1, D.sub.2 or D.sub.3. These, seen from the signal
      current transmitters, are connected in the same conductive direction, and
      each switching element diode leads directly from the output of each signal
      current transmitter to a common measuring conductor which is connected to
      one of the connections of the measuring impedance Z, the other connection
      of which, as before, is connected directly to the negative conductor Y of
      the voltage supply. The output of each signal current transmitter is
      connected directly to a switching point S.sub.0 to S.sub.3 by way of a
      switching diode D.sub.0 to D.sub.3. If it is required, for example, to
      address the signal current transmitter M.sub.0, the point S.sub.0 is
      connected to the positive conductor, the control diode D.sub.0 being
      blocked as a result of the voltage drop across the signal current
      transmitter M.sub.0. The diode D.sub.8 on the other hand because
      conducting, since a higher potential is applied to its anode than to its
      cathode, which is connected through the measuring impedance Z to the
      negative pole Y of the voltage supply. The diode switching points S.sub.1,
      S.sub.2 and S.sub.3 should be connected to the negative pole Y at the same
      time, so that the currents from the signal current transmitters M.sub.1,
      M.sub.2 and M.sub.3 are returned by way of the diodes D.sub.1, D.sub.2 and
      D.sub.3 to the negative pole Y of the voltage supply. The potential at the
      anodes of the switching element diodes D.sub.9, D.sub.10 and D.sub.11 is
      thus lower than the potential at their cathodes on account of the drop in
      measuring voltage across the measuring impedance Z caused by the signal
      current from the transmitter M.sub.0. The diodes D.sub.9, D.sub.10 and
      D.sub.11 are therefore blocked.
PAR  This circuit enables the individual measuring points to be scanned
      considerably more rapidly than a circuit as illustrated in FIGS. 2 and 3.
      However, for the purpose of operating all of the signal current
      transmitters simultaneously, the supply source must be large enough to
      supply all of the connected transducers.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiplex circuit comprising a plurality of signal-current
      transmitters each of which in a predetermined working range is
      substantially independent of voltage and each of which has first and
      second terminals, a measuring impedance common to all said transmitters
      and having first and second terminals, a central voltage source having
      first and second poles, said first pole being connected to said first
      terminal of said impedance and said second pole being connected to said
      first terminal of each of said transmitters, and switching means
      comprising for each said transmitter a respective switching circuit having
      a first terminal connected to said second terminal of said transmitter and
      a second terminal connected to said second terminal of said impedance,
      each said switching circuit having a respective control means connected to
      said first terminal of the switching circuit and provided with a switching
      signal input terminal, each said control means being responsive to a first
      control signal applied to said input terminal thereof to close said
      switching circuit to cause a signal current to flow through said voltage
      source, the associated transmitter, the switching circuit and said
      impedance, and responsive to a second control signal applied to said input
      terminal thereof to open said switching circuit to cause a signal current
      to flow from said second pole of said voltage source, through the
      associated transmitter and direct from said first terminal of said
      switching circuit to said first pole of said source, whereby said signal
      current does not flow through said impedance.
NUM  2.
PAR  2. A multiplex circuit according to claim 1 wherein each said switching
      circuit comprises a bipolar switching transistor.
NUM  3.
PAR  3. A multiplex circuit according to claim 2 wherein each said control means
      is adapted to itself direct the signal current direct from said first
      terminal of said switching circuit to said first pole of said source when
      said second control signal is applied to said switching signal input
      terminal.
NUM  4.
PAR  4. A multiplex circuit according to claim 3 wherein each said transistor
      has base, collector and emitter electrodes, said collector and emitter
      electrodes constituting said first and second terminals of said switching
      circuit, and each said control means comprises a resistor connected
      between said base and said first terminal of said switching circuit and a
      diode connected between said base and said switching signal input terminal
      and poled in opposition to the conductive direction of the base-emitter
      junction of said transistor.
NUM  5.
PAR  5. A multiplex circuit according to claim 4 wherein a respective further
      diode is connected between each said emitter and said second terminal of
      said impedance and poled so that said signal current when flowing in said
      transistor flows in the conducting direction in said further diode.
NUM  6.
PAR  6. A multiplex circuit according to claim 1 wherein each said switching
      circuit comprises a switching diode.
NUM  7.
PAR  7. A multiplex circuit according to claim 6 wherein each said control means
      comprises a further diode, said switching diode and said further diode
      each having similar poles connected to said first terminal of said
      switching circuit.
NUM  8.
PAR  8. A multiplexer circuit comprising:
PA1  a voltage source having first and second poles, a common measuring
      impedance having first and second terminals, said first terminal of said
      impedance being connected to said first pole of said source, and a
      plurality of switching circuits each having first and second terminals,
      said second terminals of all of said switching circuits being connected to
      said second terminal of said impedance, each said switching circuit having
      a respective control means connected to said first terminal of the
      switching circuit and each said control means having a switching signal
      input terminal;
PA1  said source, said impedance and said switching circuits all being disposed
      at a central location;
PA1  a plurality of signal-current transmitters each disposed remote from said
      central location and each having first and second terminals, each said
      transmitter being responsive to application of a DC energizing voltage
      across said first and second terminals to transmit through said terminals
      a small DC signal current which is substantially independent of said
      energizing voltage within a predetermined working range, said current
      comprising a fixed magnitude component and a component which varies in
      magnitude in accordance with the magnitude of a small DC voltage; and
PA1  a plurality of wires extending from said central location to said
      transmitters, said wires connecting said first terminals of all of said
      transmitters to said second pole of said voltage source and each of said
      second terminals of said transmitters to the first terminal of a
      respective switching circuit;
PA1  each said control means being responsive to a first control signal applied
      to said switching signal input terminal thereof to close the associated
      switching circuit whereby said energizing voltage is supplied to the
      associated transmitter by said source and said signal current flows
      through said impedance, and responsive to a second control signal applied
      to said switching signal input terminal to open the switching circuit and
      to cause said signal current to flow direct from said first terminal of
      the switching circuit to said first pole of said source whereby said
      energizing voltage is supplied to the transmitter by said source and said
      signal current does not flow through said impedance.
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ABST
PAL  Digital logic apparatus for synthesizing a phase-modulated carrier wave
      wherein phase shifts between successive carrier-wave segments encode data
      elements. Carrier-wave segments having different phases are stored in the
      form of digitally encoded samples in a memory. A digital-to-analog
      converter is connected to convert sequentially read samples of selected
      segments into the phase-modulated carrier wave. A combinational logic
      circuit selects each segment to be addressed according to an applied data
      element and the phase of the previously selected segment. Means are
      provided to overlap and blend successively addressed segments to provide
      smooth phase transitions in the synthesized wave.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to modulators, and more specifically to digital
      modulators for synthesizing phase-modulated carrier waves.
PAR  2. Description of the Prior Art
PAR  Apparatus that transmits digital data over communications channels by means
      of phase modulation techniques is well known in the art. For example, a
      transmitter for generating a phase-modulated carrier wave according to
      applied digital data is disclosed in U.S. Pat. No. 3,128,342 issued to P.
      A. Baker on Apr. 7, 1964. This transmitter comprises both digital and
      analog circuit elements. Specific analog elements disclosed are filters,
      envelope modulators, and summing amplifiers.
PAR  It is known to represent complex analog waves by a series of digitally
      encoded samples, for example, as in a pulse-code-modulation telephone
      system. It is also known to store sets of such digitally encoded samples
      in memory means for later retrieval and reconstruction of the original
      complex wave. For example, voice synthesis systems have been constructed
      in which spoken words are stored in memory as sequences of digitally
      encoded samples, and an analog voice signal is synthesized by sequentially
      applying the samples for selected words to a digital-to-analog converter.
PAR  In many applications, the recent development of low-cost digital integrated
      circuit elements has made possible the replacement of analog circuit
      elements with combinations of digital circuit elements. Digital circuit
      elements are typically more reliable, smaller, less costly, and use less
      power than the prior art analog elements. Thus, it is desirable to provide
      digital circuits to replace the prior art analog circuits, such as those
      described in the Baker patent, in modulators for generating
      phase-modulated carrier waves.
PAR  Prior art systems for digitally synthesizing analog waves have typically
      assembled sequences of digitally encoded samples representing selected
      stored wave segments, such as samples comprising words in the voice
      synthesis system referred to above. It might be considered that a system
      similar to that used for voice synthesis could be used in which carrier
      waves having different phases are simply substituted for the words.
      However, a satisfactory phase modulator should be capable of blending one
      carrier-wave segment into the next without the change in phase being too
      abrupt. Further, a satisfactory phase modulator must be capable of
      selecting the phase of each carrier-wave segment according to applied data
      so that the correct phase shift is generated in the carrier wave to encode
      each data element. The digital modulator contemplated by this invention
      includes digital means for blending successive carrier-wave segments, and
      digital means for selecting the phase of each carrier-wave segment
      according to the applied data elements.
PAC  SUMMARY OF THE INVENTION
PAR  Digital apparatus for synthesizing a phase-modulated carrier wave according
      to applied digital data elements includes a memory storing a number of
      carrier-wave segments. Each segment has a unique phase, and is stored as a
      set of digitally encoded samples. A digital-to-analog converter is
      connected to convert sequentially read samples of selected segments into
      the phase-modulated carrier wave. A combinational logic circuit selects
      the next segment to be read according to the current data element and the
      phase of the previously selected segment. In one embodiment, samples from
      overlapped segments are read alternately and components resulting from the
      sampling process are removed by a filter to blend the overlapped segments.
      In other embodiments, samples from overlapped segments are added.
PAR  These and other aspects of the invention will become apparent from the
      following detailed description and the attached drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block schematic diagram of a modulator for synthesizing a
      phase-modulated carrier wave according to the invention;
PAR  FIGS. 2A and 2B are graphical representations of carrier-wave segments
      encloded as digital samples and stored in a memory shown in FIG. 1;
PAR  FIG. 3 is a graphical representation illustrating relationships among
      several carrier-wave segments in synthesizing the phase-modulated carrier
      wave;
PAR  FIG. 4 is a graphical representation illustrating one method of combining
      samples from two overlapped carrier-wave segments;
PAR  FIGS. 5 and 6 are timing diagrams relating to the operation of the
      modulator of FIG. 1;
PAR  FIG. 7 is a block schematic diagram of an alternate embodiment of a
      modulator according to the invention including two memories and a binary
      adder;
PAR  FIG. 8 is a block schematic diagram of another alternate embodiment of the
      invention including a single memory, intermediate registers, and a binary
      adder; and
PAR  FIG. 9 is a block schematic diagram of a modification of the modulator of
      FIG. 8 wherein 2's complements of selected samples are formed instead of
      1's complements.
DETD
PAC  DETAILED DESCRIPTION
PAR  The digital modulator of the invention will be described mainly in terms of
      an embodiment for generating a phase-modulated carrier wave whose phase
      shifts of 45.degree., 135.degree., 225.degree., and 315.degree. encode
      data elements having the respective bit configurations 11, 10, 00, and 01
      applied to the modulator by an external data source. Such a modulator can
      be termed a four-phase digital modulator. It will be understood that this
      description is exemplary only, and is for purposes of explanation, not
      limitation. It will be readily appreciated by one skilled in the art that
      the inventive concept is applicable to other digital modulators.
PAR  Referring now to FIG. 1, modulator 20 is a four-phase digital modulator,
      according to the invention, for generating a phase-modulated carrier wave
      whose phase shifts of 45.degree., 135.degree., 225.degree., and
      315.degree. encode data elements having the bit configurations 11, 10, 00,
      and 01, respectively.
PAR  Memory 21 stores digitally encoded samples of differently phased
      carrier-wave segments. These segments are selected sequentially according
      to digital input data received by shift register 22, and the samples of
      the selected segments are applied by memory 21 through complement circuit
      23 to the input of digital-to-analog converter 24. Thus, the output of
      converter 24 is a carrier wave, synthesized from the carrier-wave segments
      stored in memory 21, wherein the phase shifts between segments encode the
      applied digital data. The output from converter 24 is filtered by low-pass
      filter 25 to remove unwanted frequency components resulting from the
      sampling process.
PAR  The addresses of selected carrier-wave segments are loaded into either
      segment address register 26 or segment address register 27 by segment
      selector 28. Selector 28 is a combinational circuit having a first input
      from shfit register 22 via leads 30, a second input from either register
      26 or register 27 via leads 31, and a third input from the 600 Hz signal
      via lead 29.
PAR  Timing generator 32, which provides timing signals to the various elements
      of modulator 20, comprises 38.4 KHz square-wave oscillator 33, counter 34,
      inverters 35 and 36, pulse generating circuits 37, 40, and 41, and delay
      circuits 42 and 43. Each of pulse generating circuits 37, 40, and 41
      generates a single output pulse when the input thereto changes from 0 to
      1. Each of delay circuits 42 and 43 generates an output pulse a short
      time, e.g., 1 microsecond, after an input pulse thereto occurs. Such pulse
      and delay circuits are well known in the art. Several timing signals are
      taken directly from the outputs of the stages of counter 34, which divides
      the 38.4 KHz signal down to square-wave signals having frequencies of 19.2
      KHz, 9.6 KHz, 4.8 KHz, 2.4 KHz, 1.2 KHz, and 600 Hz. Inverters 35 and 36
      generate 38.4 KHz and 600 Hz signals, respectively.
PAR  Segment selector 28 comprises full adders 44 and 45, exclusive-OR gate 46,
      and inverter 47. AND-gates 50 direct output signals from register 27
      through OR-gates 52 via leads 31 into adders 44 and 45 when the 600 Hz
      signal is 1. AND-gates 54 direct the output signals from register 26
      through OR-gates 52 via leads 31 into adders 44 and 45 when the 600 Hz
      signal is 1.
PAR  The serial bit stream on input lead 56 is clocked at 2400 bits per second
      by the 2.4 KHz timing signal provided to the external data source on lead
      57. Shift pulses are generated by pulse circuit 37 on lead 60 at 2400
      pulses per second. These pulses shift the data on lead 56 into shift
      register 22. Thus, a new 2-bit data element, called a dibit combination,
      is stored in shift register 22 1200 times per second.
PAR  AND-gates 61 direct output signals from register 26 through OR-gates 63
      into the 128-weight address input of memory 21 and via lead 68 to the
      ENABLE input of complement circuit 23. Similarly, AND-gates 65 direct
      output signals from register 27 through OR-gates 63 into the 128-weight
      address input of memory 21 and the ENABLE input of complement circuit 23.
PAR  Complement circuit 23, when enabled, forms the 1's complement of the binary
      word applied to it by memory 21. Complement circuit 23 comprises a number
      of exclusive-OR gates, such as gate 67; one gate for each data lead from
      memory 21. These gates complement the signals on the leads from memory 21
      when the signal on lead 68 is 1.
PAR  Digital-to-analog converter 24 can be any of the conventional circuits well
      known in the art. Low-pass filter 25 is a conventional circuit designed to
      attenuate frequencies in the range of the rate at which samples are
      applied to the filter, which in this embodiment is 38.4 KHz, and harmonics
      thereof.
PAR  Four carrier-wave segments are stored in memory 21, each comprising 64
      samples encoded as 6-bit words. Samples of two overlapping segments are
      addressed alternately, that is, a sample from the second half of one
      segment is addressed, then a sample from the first half of a following
      segment is addressed, and so on. The four carrier-wave segments have
      phases of 0.degree., 45.degree., 90.degree., and 135.degree. with respect
      to an arbitrary reference. By complementing the samples representing these
      segments, four more segments having phases of 180.degree., 225.degree.,
      270.degree., and 315.degree. with respect to the arbitrary reference can
      be generated. These eight segments suffice to synthesize all necessary
      phase shifts for this embodiment.
PAR  FIGS. 2A and 2B are graphical representations of the amplitudes of the
      samples stored in memory 21 that represent the 0.degree., 45.degree.,
      90.degree., and 135.degree. wave segments. Note that each wave segment is
      a sinusoid modulated by an envelope function, namely, a raised cosine
      function indicated by dotted lines 70 and 71. The modulation, which
      facilitates blending overlapped wave segments, is achieved by scaling the
      amplitudes of the samples to fit both the sinusoid and the envelope
      function. Addresses of the samples comprising the wave segments are
      indicated along the horizontal axis of each segment. Note that the samples
      for the 45.degree. segment and the 135.degree. segment are stored so that
      the sample at the midpoint of the segment is stored at the lowest-numbered
      address. This facilitates address generation for overlapping segments, as
      will become evident below.
PAR  In this embodiment, each segment comprises 64 6-bit samples, each sample
      having an amplitude in the range from -31 (binary 100000) to +31 (binary
      011111). Clearly the number of bits per sample, or the number of samples
      in each segment could be changed, if desired.
PAR  FIG. 3 shows graphically how the samples of the selected carrier-wave
      segments are combined by addition to form the output wave. Wave 72
      comprises an exemplary sequence of samples addressed in turn by register
      26, and wave 73 comprises an exemplary sequence of samples addressed in
      turn by register 27. Wave 74 comprises a sequence of samples that are the
      algebraic sums of corresponding samples in waves 72 and 73. The amplitude
      of a segment in wave 72 is maximum when the amplitude of a correspondingly
      addressed segment in wave 73 is minimum, and vice-versa. Thus, for
      example, in region 75 of wave 74 the 225.degree. segment from wave 73 is
      dominant, and in region 76 of wave 74 the 0.degree. segment from wave 72
      is dominant. Because of the envelope modulation of the samples comprising
      each segment, the transition in phase between successive overlapped
      segments is effected gradually.
PAR  The overlapped segments can be combined by algebraically adding samples of
      each segment that correspond in time, as indicated in FIG. 3, and as will
      be described later in conjunction with descriptions of alternate
      embodiments. In this embodiment, however, the same result is achieved by
      alternately addressing samples of the overlapped segments and suppressing,
      with low-pass filter 25, the large sampling frequency component that
      results in the output of converter 24. This principle is illustrated in
      FIG. 4, in which wave 80 is the output of converter 24, and wave 81 is the
      resulting output of filter 25. In wave 80, alternate samples relate to
      samples taken respectively from waves 72 and 73 in region 77 of FIG. 3;
      samples from wave 72, such as sample 84, are indicated by open bars; and
      samples from wave 73, such as sample 85, are indicated by shaded bars.
      Because the samples are applied to converter 24 at a sampling rate of 38.4
      KHz, a 38.4 KHz component predominates in wave 80, which is attenuated by
      the action of filter 25 to produce wave 81.
PAR  Referring back to FIG. 3, memory addresses of some of the constituent
      samples of the illustrated segments can be compared. For example, the
      memory address of sample 82 of the 270.degree. segment (which comprises
      the complemented samples of the 90.degree. segment) in wave 72, is 128,
      and the address of sample 83 of the first 45.degree. segment in wave 73,
      which corresponds substantially in time with sample 82, is 64. These
      addresses are written in binary notation as 10000000 and 01000000,
      respectively.
PAR  The six least significant bits of the addresses of samples in waves 72 and
      73 that correspond substantially in time are identical, for example, as in
      the addresses of samples 82 and 83 above. These six address bits are
      supplied to memory 21 directly from counter 34, as shown in FIG. 1, so
      that the 64 samples comprising a given carrier-wave segment are addressed
      sequentially as the six stages of counter 34 are cycled through their 64
      states.
PAR  The four segments stored in memory 21 are selected according to the states
      of the 64-weight and 128-weight address bits, and their complements are
      selected according to the state of the ENABLE input of 1's complement
      circuit 23. Table I shows the correspondence between the possible states
      of these signals and the segment selected by each state.
TBL                TABLE I                                                     

     ______________________________________                                    

     1's Complement                                                            

                128-weight 64-weight   Segment                                 

     ENABLE     address bit                                                    

                           address bit Selected                                

                           (38.4 KHz)                                          

     ______________________________________                                    

     0          0          0            0.degree.                              

     0          0          1            45.degree.                             

     0          1          0            90.degree.                             

     0          1          1           135.degree.                             

     1          0          0           180.degree.                             

     1          0          1           225.degree.                             

     1          1          0           270.degree.                             

     1          1          1           315.degree.                             

     ______________________________________                                    

PAR  Referring back to FIG. 1, note that the 64-weight address bit for memory 21
      is determined by the 38.4 KHz signal, the 128-weight address bit is
      determined by the contents of stage 1 of one of select registers 26 and
      27, and the ENABLE input of 1's complement circuit 23 is determined by the
      contents of stage 2 of one of select registers 26 and 27. Thus, when the
      38.4 KHz signal is 0, the contents of register 26 select either the
      0.degree., 90.degree., 180.degree., or 270.degree. segments, and when the
      38.4 KHz signal is 1, the contents of register 27 select either the
      45.degree., 135.degree., 225.degree., or 315.degree. segments.
PAR  Table II shows the relationships among the input and output signals
      necessary for segment selector 28. It can be shown by using well-known
      analytical techniques that the combinational logic circuit shown for
      selector 28 implements the relationships shown in Table II. It will also
      be clear that these relationships could also be obtained by using other
      combinational circuits, or such means as a read-only memory wherein the
      inputs in Table II are the memory addresses and the outputs in Table II
      are the data stored in the addressed locations.
TBL                                    TABLE II                                

     __________________________________________________________________________

                            Outputs From                                       

     Inputs to Segment Selector 28                                             

                            Segment Selector 28                                

     Reg. 22    Reg. 26                                                        

                      Reg. 27                                                  

                            Reg. 26                                            

                                  Reg. 27                                      

     Stages     Stages                                                         

                      Stages                                                   

                            Stages                                             

                                  Stages                                       

     __________________________________________________________________________

     2  1  600 Hz                                                              

                2  1  2  1  2  1  2  1                                         

     0  0  0    0  0              1  0                                         

                0  1              1  1                                         

                1  0              0  0                                         

                1  1              0  1                                         

     0  1  0    0  0              1  1                                         

                0  1              0  0                                         

                1  0              0  1                                         

                1  1              1  0                                         

     1  0  0    0  0              0  1                                         

                0  1              1  0                                         

                1  0              1  1                                         

                1  1              0  0                                         

     1  1  0    0  0              0  0                                         

                0  1              0  1                                         

                1  0              1  0                                         

                1  1              1  1                                         

     0  0  1          0  0  1  1                                               

                      0  1  0  0                                               

                      1  0  0  1                                               

                      1  1  1  0                                               

     0  1  1          0  0  0  0                                               

                      0  1  0  1                                               

                      1  0  1  0                                               

                      1  1  1  1                                               

     1  0  1          0  0  1  0                                               

                      0  1  1  1                                               

                      1  0  0  0                                               

                      1  1  0  1                                               

     1  1  1          0  0  0  1                                               

                      0  1  1  0                                               

                      1  0  1  1                                               

                      1  1  0  0                                               

     __________________________________________________________________________

PAR  FIGS. 5 and 6 are timing diagrams that relate the various signals in the
      apparatus shown in FIG. 1. FIG. 5 shows certain signals over a period
      encompassing several dibit intervals; FIG. 6 shows certain signals over a
      period from shortly before to shortly after pulse 90 in FIG. 5.
PAR  Referring to FIG. 5, the 2.4 KHz and 600 Hz signals are shown for
      reference. A sample portion of a serial bit stream is shown wherein the
      transitions coincide with the 1-0 transitions in the 2.4 KHz signal.
      However, it will be clear that these transitions may vary somewhat in
      actual practice, depending on the characteristics of the external data
      source. Pulses comprising the SHIFT signal correspond to the 0-1
      transitions of the 2.4 KHz signal, by the action of pulse circuit 37 in
      FIG. 1. The contents of stages 1 and 2 of shift register 22 lag the serial
      bit stream because of the delaying action of shift register 22.
PAR  Pulse 91 in the register 27 LOAD signal occurs a time d after the 0-1
      transition in the 600 Hz signal, by the action of pulse circuit 40 and
      delay circuit 42 in FIG. 1. Thus, pulse 91 causes register 27 to be loaded
      with the output of segment selector 28; which, at this point in time, is
      being presented with input 00 from register 26, via gates 50 and 52, dibit
      combination 00 from register 22, and 0 from the 600 Hz signal. Referring
      to Table II, it can be seen that such an input combination results in an
      output of 10, which is then loaded into register 27 by pulse 91. The delay
      d preceding pulse 91 should be long enough, for example, 1 microsecond, to
      allow the output of selector 28 to settle after the preceding 0-1
      transition in the 600 Hz signal.
PAR  Pulse 90 similarly causes register 26 to be loaded with the output of
      segment selector 28; which, at this point in time, is being presented with
      input 10 from register 27, via gates 54 and 52, dibit combination 01 from
      register 22, and 1 from the 600 Hz signal. Referring again to Table II,
      the output of segment selector 28 for this particular combination of
      inputs is 10, which is then loaded into register 26 by pulse 90.
      Subsequently, register 27 is loaded with 11 by pulse 92, and register 26
      is loaded with 01 by pulse 93.
PAR  The carrier-wave segments selected by the successive words stored in
      registers 26 and 27 are indicated in the appropriate regions; the sequence
      of segments selected is 0.degree., 225.degree., 180.degree., 315.degree.,
      and 90.degree., with succeeding segments overlapping.
PAR  Referring now to FIG. 6, the period from shortly before to shortly after
      pulse 90 is shown in more detail. Specifically shown in FIG. 6 are the
      address signals for memory 21, the ENABLE signal for 1's complement
      circuit 23, and the LOAD signal, containing pulse 90, for register 26.
      Below the representations of these signals is a table listing, for each
      sample being read from memory 21, the decimal equivalent of the address
      signals, the output of memory 21 for each address, and the output of 1's
      complement circuit 23.
PAR  As an example of the functioning of this embodiment of the invention, the
      addressing and processing of the samples shown in columns 94 and 95 will
      be described. The dotted lines extending vertically in these columns aid
      in relating the states of the various signals to the entries in the table.
      Referring to column 94, the binary address is 00111011, the equivalent of
      decimal 59 shown in the table. The binary equivalent of -2 is stored in
      location 59. Since the ENABLE signal is 0, the corresponding output of
      complement circuit 23 is also -2.
PAR  Similarly, the binary address in column 95 is 01111011, the equivalent of
      decimal 123 shown in the table; the binary equivalent of 19 is stored in
      location 123; and since the ENABLE signal is 1 in column 95, the output of
      complement circuit 23 is the 1's complement of 19, i.e., -20. Note that
      the ENABLE signal alternates between 1 and 0 before pulse 90, reflecting
      the different state of stages 1 of registers 26 and 27 during this period;
      and that the ENABLE signal remains 0 after pulse 90, since both stages 1
      of registers 26 and 27 are 0 during this period. Note also that the
      128-weight signal remains 0 throughout the entire exemplary period shown
      in FIG. 6, since stages 2 of both registers remain 1 throughout.
PAR  FIG. 7 is a block schematic diagram of an alternate embodiment of a
      modulator, according to the invention. Referring to FIG. 7, modulator 100
      comprises essentially the elements of modulator 20, with the memory in two
      sections 21A and 21B, and with the addition of binary adder 101, and two
      1's-complement circuits 23A and 23B. Multiple-lead paths are indicated as
      shown for path 102. For convenience and for comparison purposes, the
      embodiment shown as modulator 100 will be described as generating the same
      four-phase carrier wave specified for modulator 20, so that the multi-lead
      paths generally contain the same numbers of leads as in modulator 20 in
      FIG. 1. However, it will be clear that modulator 20 and modulator 100 can
      also be used for similar phase modulation schemes wherein different
      numbers of leads are appropriate in the multi-lead paths.
PAR  Memories 21A and 21B each store segments that are selected by registers 26
      and 27, respectively. One stage in each of registers 26 and 27 is
      connected via leads 68A and 68B to the ENABLE inputs of complement
      circuits 23A and 23B.
PAR  Samples from the two selected segments are addressed simultaneously by
      signals supplied by timing generator 32 to both memories 21A and 21B in
      parallel via path 102 Since two samples are addressed simultaneously in
      modulator 100, not alternately as in modulator 20, the 38.4 KHz timing
      signals used in modulator 20 are not needed in modulator 100. Therefore,
      path 102 contains six leads carrying the 19.2 KHz, 9.6 KHz, 4.8 KHz, 2.4
      KHz, 1.2 KHz and 600 Hz signals to both memories 21A and 21B.
PAR  The simultaneously addressed samples from memories 21A and 21B are applied
      to binary adder 101, which comprises a plurality of full adder stages
      similar to full adders 44 and 45 in FIG. 1. Adder 101 adds the two samples
      and applies the sum to digital-to-analog converter 24. Thus, the output
      from converter 24 comprises a sequence of analog samples forming
      essentially the synthesized carrier wave.
PAR  Referring back to FIG. 3, waves 72 and 73 can be thought of as graphical
      examples of inputs to adder 101, and wave 74 can be thought of as a
      graphical example of the output from adder 101.
PAR  Since the wave at the output of converter 24 in modulator 100 comprises
      added samples instead of alternated samples, as in modulator 20, the
      incremental change from one sample to the next is typically less in
      modulator 100 than in modulator 20. Therefore, the magnitude of the
      sampling frequency that must be removed by low-pass filter 25 is less in
      modulator 100, so that the requirements for filter 25 are less stringent.
      If the synthesized carrier wave is to be transmitted over a typical voice
      telephone circuit, having enough high-frequency attenuation to suppress
      the sampling frequency, filter 25 can be omitted.
PAR  The symbols 50, 52, and 54 each represent a plurality of gates, one gate
      for each lead in the data paths from registers 26 and 27 to segment
      selector 28. The operation of these gates, shift register 22, and segment
      selector 28 in loading registers 26 and 27 is identical to that of similar
      numbered elements in FIG. 1.
PAR  FIG. 8 is a block schematic diagram of another embodiment of a modulator
      according to the invention. Referring to FIG. 8, modulator 110 comprises
      similar elements to modulator 100 described above, except that memory 21
      is once again a single memory, registers 111 and 112 are included, and
      timing generator 32 is modified to include pulse circuits 113 and 114 and
      delay circuits 115 and 116. Pulse circuit 113 and delay circuit 115 act to
      generate a pulse on lead 120 a time d' after a 0 to 1 transition in the
      38.4 KHz timing signal. Similarly, pulse circuit 114 and delay circuit 116
      act to generate a pulse on lead 121 a time d' after a 0 to 1 transition in
      the 38.4 KHz timing signal. The time d' is long enough to allow the state
      of the circuitry to settle before the pulses on leads 120 or 121 load
      registers 111 or 112, e.g., 1 microsecond.
PAR  Memory 21 again stores samples of all the segments necessary to synthesize
      the carrier wave, for example, four segments for the four-phase carrier
      wave described above. Registers 111 and 112 temporarily store individual
      six-bit samples.
PAR  In operation, samples are read alternately from segments addressed by
      registers 26 and 27, as in modulator 20 shown in FIG. 1. When the 38.4 KHz
      signal is 1, the segment is selected by the contents of register 26. A
      time d' after a 0-1 transition in the 38.4 KHz signal, a pulse generated
      on lead 121 by the action of circuits 114 and 116 loads register 111 with
      the output of memory 21, complemented or not depending on the signal on
      lead 68. Then, when the 38.4 KHz signal becomes 1, the segment address is
      determined by the contents of register 27, and a time d' after the 0-1
      transition in the 38.4 KHz signal, the pulse generated on lead 120 by the
      action of circuits 113 and 115 loads register 112 with the output of adder
      101. Thus, register 112 becomes loaded with the sum of the currently
      addressed sample and the preceding sample temporarily stored in register
      111, and the sequence of outputs of register 112 is substantially
      equivalent to the sequence of outputs of adder 101 in modulator 100 shown
      in FIG. 7.
PAR  In the embodiments of the invention described so far, pairs of segments
      that are 180.degree. out of phase have been generated by storing samples
      representing one of the segments of such a pair and taking the 1's
      complement of each sample of the stored segment to obtain the other
      segment of the pair. As has been described, the 1's complement of a binary
      number is obtained by simply inverting each bit of the number. However,
      the 1's complement of a binary number is not quite the exact negative of
      the number, but is one unit less than the exact negative, which thus can
      be formed by adding 1 to the 1's complement. Forming the 1's complement is
      straightforward, requiring an exclusive-OR gate for each bit in the number
      being complemented, as described above. Forming the 2's complement
      requires an adder to augment the 1's complement by 1. In embodiments of
      the invention such as modulator 20, forming the 2's complement would
      require the inclusion of an adder. However, where an adder is used to add
      samples as in modulator 110, a slight rearrangement makes possible the use
      of the same adder both to add successive pairs of samples and to augment
      the 1's complement to form the 2's complement. This rearrangement is
      accomplished as shown in FIG. 9.
PAR  Referring to FIG. 9, the output of 1's complement circuit 23 is connected
      directly to one of the inputs of adder 101. The output of adder 101 is
      connected to both registers 111 and 112 so these registers can be loaded
      with the output of adder 101 by the pulses on leads 120 and 121. The 38.4
      KHz signal is connected to AND-gates 122, which serve to apply the
      contents of register 111 to the other input of adder 101 when the 38.4 KHz
      signal is 1. Lead 123 connects lead 68 to the CARRY IN input of adder 101,
      which was not used in modulators 100 and 110, described above.
PAR  In operation, alternate samples read from memory 21 are routed differently,
      according to the 38.4 KHz and 38.4 KHz signals. After a 0-1 transition in
      the 38.4 KHz signal, a pulse on lead 121 loads register 111. At this time,
      the 38.4 KHz signal is 0, so gates 122 are not enabled. If the 2's
      complement of the current sample is to be formed, the signal on leads 68
      and 123 is 1, enabling 1's complement circuit 23 and the CARRY IN input of
      adder 121. Thus, circuit 23 forms the 1's complement of the sample and the
      enabled CARRY IN input causes adder 101 to add 1 to the 1's complement,
      thereby forming the 2's complement. After the next 0-1 transition in the
      38.4 KHz signal, gates 122 are enabled, so that the sample stored in
      register 111 is added by adder 101 to the next sample from memory 21, and
      after a time d', a pulse on lead 120 stores this sum in register 112. If
      the 2's complement of the next sample is to be formed, indicted by a 1 on
      leads 68 and 123, circuit 23 forms the 1's complement of the output of
      memory 21 and adder 101 adds 1 to the sum of the output of circuit 23 and
      the contents of register 111. The digital contents of register 112 are
      again converted to analog form by converter 24 to form the synthesized
      carrier wave.
PAR  The choice of whether to form the 1's complement or the 2's complement
      depends on how much quantizing error can be tolerated in the synthesized
      carrier wave. Since the 1's complement is 1 unit away from the 2's
      complement, the unit magnitude determines what the quantizing error will
      be. The more bits used to represent each sample, the less the unit
      magnitude. Thus, where each sample comprises a larger number of bits, the
      1's complement circuit will be more likely to suffice than where each
      sample comprises a smaller number of bits. In the embodiments described
      above in which 6-bit samples are used to synthesize the carrier wave, the
      1's complement circuit has been found satisfactory.
PAR  Many modifications could be made in the modulators described above without
      departing from the teachings of the invention; for example, modifications
      to register 22 for receiving data in parallel form, instead of in serial
      form, modifications throughout for synthesizing a carrier wave having
      other than four phase shifts, modifications to segment selector 28 for
      using alternate methods of relating succeeding data elements to succeeding
      carrier-wave segments, and the elimination of complementing means if the
      relative phases of the carrier-wave segments are not grouped in pairs
      having 180.degree. phase differences. Apparatus for implementing such
      modifications would be readily apparent to one skilled in the art, given
      the teachings of the invention.
PAR  It will also be clear that the carrier frequency and the frequencies of the
      various timing frequencies described above are exemplary, and relate only
      to the specific embodiments described. The apparatus of the invention can
      be used in any modulators that would not be limited by the speed of
      operation of the necessary logic circuits. Thus, while the modulator
      embodiments described above synthesize carrier waves for transmission over
      low-bandwidth voice communications channels, the teachings of the
      invention can easily be applied by one skilled in the art to embodiments
      for synthesizing carrier waves requiring much greater bandwidth than a
      voice channel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for synthesizing a phase-modulated carrier wave according to
      digital data elements sequentially applied thereto, comprising:
PA1  a memory for storing a plurality of predefined carrier-wave segments, each
      segment having a unique phase and being represented by a set of a
      plurality of digitally encoded samples;
PA1  means for selecting, according to the current data element and the phase of
      the last selected carrier-wave segment, the next carrier-wave segment to
      be read from the memory;
PA1  means for addressing the memory to sequentially read the samples
      representing each selected carrier-wave segment; and
PA1  means connected to the output of the memory for combining at least some of
      the samples of the last selected carrier-wave segment with at least some
      of the samples of the next selected carrier-wave segment to generate the
      phase-modulated carrier wave at the output of the combining means as
      successive samples are applied by the memory thereto.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the selecting means comprises:
PA1  an input register for storing the latest digital data element;
PA1  at least one address register for storing the address of a selected
      carrier-wave segment; and
PA1  means, responsive to the contents of the input register and the address
      register, for generating the address of a carrier-wave segment to be read,
      and for loading the generated address into the address register after the
      last sample of the preceding segment addressed thereby is read.
NUM  3.
PAR  3. Apparatus according to claim 2 which further comprises:
PA1  a complement circuit connected between the memory and the combining means,
      and
PA1  means for enabling the complement circuit during the reading of one of the
      samples from the memory according to a portion of the address in the
      address register.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the complement circuit comprises
      means for forming the 1's complement of the output of the memory.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein the complement circuit comprises
      means for forming the 2's complement of the output of the memory.
NUM  6.
PAR  6. Apparatus for synthesizing a phase-modulated carrier wave according to
      digital data elements applied thereto, comprising:
PA1  first and second memories for storing a plurality of carrier-wave segments,
      each segment having a unique phase and being represented by a set of
      digitally encoded samples;
PA1  a parallel adder having a first input connected to the output of the first
      memory and a second input connected to the output of the second memory;
PA1  a digital-to-analog converter connected to the output of the adder;
PA1  means for selecting, according to the current data element and the phase of
      the last selected carrier-wave segment, the next carrier-wave segment to
      be read from either the first or second memory; and
PA1  means for addressing the first and second memories to sequentially read the
      samples of each selected wave segment and to read at least some samples
      simultaneously from the first and second memories, to thereby add the
      simultaneously read samples in the parallel adder to generate the
      phase-modulated carrier wave at the output of the digital-to-analog
      converter as the successive samples are applied by the adder to the
      converter.
NUM  7.
PAR  7. Apparatus of claim 6 wherein the selecting means comprises:
PA1  an input register for storing the latest digital data element;
PA1  first and second address registers, associated respectively with the first
      and second memories, for storing addresses of selected carrier-wave
      segments;
PA1  means, responsive to the contents of the input register and alternately to
      the first and second address registers, for generating the address of the
      next carrier-wave segment to be read; and
PA1  means for loading the generated address alternately into the second and
      first address registers after the last sample of the previous segment
      addressed thereby is read.
NUM  8.
PAR  8. Apparatus according to claim 7 which further comprises:
PA1  a first complement circuit connected between the first memory and the first
      input of the parallel adder,
PA1  means for enabling the complement circuit during the reading of one of the
      samples from the first memory according to a portion of the address in the
      first address register,
PA1  a second complement circuit connected between the second memory and the
      second input of the parallel adder, and
PA1  means for enabling the second complement circuit during the reading of one
      of the samples from the second memory according to a portion of the
      address in the second address register.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein the first and second complement
      circuits each comprise means for forming the 1's complement of the output
      of the memory to which it is connected.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein the first and second complement
      circuits each comprise means for forming the 2's complement of the output
      of the memory to which it is connected.
NUM  11.
PAR  11. Apparatus of claim 6 wherein the digitally encoded samples of each wave
      segment are scaled according to an envelope function to facilitate
      blending overlapped segments together.
NUM  12.
PAR  12. Apparatus for synthesizing a phase-modulated carrier-wave according to
      digital data elements applied thereto, comprising:
PA1  a memory for storing a plurality of carrier-wave segments, each segment
      having a unique phase, and being represented by a set of digitally encoded
      samples;
PA1  an intermediate register;
PA1  means for loading the intermediate register from the output of the memory;
PA1  an adder having a first input connected to the output of the memory, and a
      second input connected to the output of intermediate register;
PA1  an output register;
PA1  means for loading the output register from the output of the adder;
PA1  a digital-to-analog converter connected to the output register;
PA1  first and second address registers for storing addresses of selected
      carrier-wave segments;
PA1  means for alternately
PA1  a reading from the memory the next sample of the carrier-wave segment
      addressed by the first address register and enabling the means for loading
      the intermediate register, so that the next sample of the carrier-wave
      segment addressed by the first address register is loaded into the
      intermediate register, and
PA1  b reading from the memory the next sample of the carrier-wave segment
      addressed by the second address register and enabling the means for
      loading the output register so that the sum of the next sample of the
      carrier-wave segment addressed by the second address register and the next
      sample of the carrier-wave segment addressed by the first address
      register, previously stored in the intermediate register, is loaded into
      the output register;
PA1  the phase-modulated carrier wave being generated at the output of the
      digital-to-analog converter as the successive samples are applied thereto
      from the output register.
NUM  13.
PAR  13. Apparatus of claim 12 wherein the digitally encoded samples of each
      wave segment are scaled according to an envelope function to facilitate
      blending overlapped segments together.
NUM  14.
PAR  14. Apparatus according to claim 12 which further comprises:
PA1  an input register for storing the latest digital data element;
PA1  means, responsive to the contents of the input register and alternately to
      the first and second address registers, for generating the address of the
      next carrier-wave segment to be read; and
PA1  means for loading the generated address alternately into the second and
      first address registers after the last sample of the previous segment
      addressed thereby is read.
NUM  15.
PAR  15. Apparatus according to claim 14 which further comprises:
PA1  a complement circuit connected between the memory and the connections to
      the intermediate register loading means and to the first input of the
      adder; and
PA1  means for enabling the complement circuit during the reading of a given
      sample from the memory, according to a portion of the address in the
      address register selecting the given sample.
NUM  16.
PAR  16. Apparatus according to claim 15 wherein the complement circuit
      comprises means for forming the 1's complement of the output of the
      memory.
NUM  17.
PAR  17. Apparatus according to claim 15 wherein the complement circuit
      comprises means for forming the 2's complement of the output of the
      memory.
NUM  18.
PAR  18. Apparatus for synthesizing a phase-modulated carrier-wave according to
      digital data elements applied thereto, comprising:
PA1  a memory for storing a plurality of carrier-wave segments, each segment
      having a unique phase and being represented by a set of digitally encoded
      samples;
PA1  a 1's complement circuit having an input connected to the output of the
      memory, and an enabling input;
PA1  an adder having a first input connected to the output of the 1's complement
      circuit, a second input, and a carry input;
PA1  an intermediate register;
PA1  means for loading the intermediate register from the output of the adder;
PA1  means for gating the contents of the intermediate register into the second
      input of the adder;
PA1  an output register;
PA1  means for loading the output register from the output of the adder;
PA1  a digital-to-analog converter connected to the output register;
PA1  first and second address registers for storing addresses of selected
      carrier-wave segments,
PA1  means for alternately
PA2  a reading from the memory the next sample of the carrier-wave segment
      addressed by the first address register and enabling the means for loading
      the intermediate register so that the next sample of the carrier-wave
      segment addressed by the first address register is loaded into the
      intermediate register, and
PA2  b reading from the memory the next sample of the carrier-wave segment
      addressed by the second address register and enabling both the means for
      loading the output register and the gating means so that the sum of the
      next sample of the carrier-wave segment addressed by the second address
      register and the next sample of the carrier-wave segment addressed by the
      first address register, previously stored in the intermediate register, is
      loaded into the output register;
PA1  means, responsive to the contents of the input register and alternately to
      the first and second address registers, for generating the address of the
      next carrier-wave segment to be read; and
PA1  means for loading the generated address alternately into the second and
      first address registers after the last sample of the previous segment
      addressed thereby is read;
PA1  means for enabling both the 1's complement circuit and the carry input of
      the adder during the reading of a given sample from the memory, according
      to a portion of the address in the address register selecting the given
      sample;
PA1  the phase-modulated carrier wave being generated at the output of the
      digital-to-analog converter as the successive samples are applied to the
      converter by the output register.
NUM  19.
PAR  19. Apparatus of claim 18 wherein the digitally encoded samples of wave
      segments are scaled according to an envelope function to facilitate
      blending overlapped segments together.
NUM  20.
PAR  20. Apparatus for synthesizing a phase-modulated carrier wave according to
      digital data elements applied thereto, comprising:
PA1  a memory for storing a plurality of carrier-wave segments, each having a
      unique phase and comprising a set of digitally encoded samples;
PA1  a digital-to-analog converter connected to the output of the memory;
PA1  first and second address registers for storing addresses of selected
      carrier-wave segments;
PA1  means for alternately
PA2  a reading from the memory the next sample of the wave segment addressed by
      the first register, and
PA2  b reading from the memory the next sample of the wave segment addressed by
      the second register;
PA1  a low-pass filter, connected to the output of the digital-to-analog
      converter, for attenuating wave components having frequencies at or
      greater than the rate at which samples are applied to the
      digital-to-analog converter;
PA1  an input register for storing the latest digital data element;
PA1  means, responsive to the contents of the input register and alternately to
      the first and second address registers, for generating the address of the
      next carrier-wave segment to be read; and
PA1  means for loading the generated address alternately into the second and
      first register after the last sample of the previous segment addressed
      thereby is read;
PA1  the phase-modulated carrier wave being generated at the output of the
      low-pass filter as the successive samples are applied to the
      digital-to-analog converter from the memory.
NUM  21.
PAR  21. Apparatus of claim 20 wherein the digitally encoded samples of each
      wave segment are scaled according to an envelope function to facilitate
      blending overlapped segments together.
NUM  22.
PAR  22. Apparatus according to claim 21 which further comprises:
PA1  a complement circuit connected between the memory and the digital-to-analog
      converter, the complement circuit being enabled or disabled during the
      reading of a given sample from the memory, according to a portion of the
      address in the address register selecting the given sample.
NUM  23.
PAR  23. Apparatus according to claim 22 wherein the complement circuit
      comprises means for forming the 1's complement of the output of the
      memory.
NUM  24.
PAR  24. Apparatus according to claim 22 wherein the complement circuit
      comprises means for forming the 2's complement of the output of the
      memory.
NUM  25.
PAR  25. Apparatus for synthesizing a phase-modulated carrier wave according to
      digital data elements sequentially applied thereto, comprising:
PA1  a memory for storing a plurality of carrier-wave segments, each segment
      having a unique phase and being represented by a set of a plurality of
      digitally encoded samples;
PA1  means for selecting, according to the current data element and the phase of
      the last selected carrier-wave segment, the next carrier-wave segment to
      be read from memory;
PA1  means for addressing the memory to alternately read digital samples
      representing the last selected carrier-wave segment and digital samples
      representing the next carrier-wave segment to produce a serial output of
      the two overlapping carrier-wave segments, the digital samples of each of
      the carrier-wave segments being interleaved with the digital samples of
      the other; and
PA1  means connected to the output of the memory for combining successive
      digital samples of the serial output on a sample-by-sample basis to
      generate the phase-modulated carrier-wave.
NUM  26.
PAR  26. Apparatus according to claim 25 wherein the means for combining the
      successive digital samples includes a digital-to-analog converter
      connected to the output of the memory and a lowpass filter connected to
      the output of the digital converter for attentuating wave components
      having frequencies at or greater than the rate at which the samples are
      applied to the digital-to-analog converter.
NUM  27.
PAR  27. Apparatus according to claim 25 wherein the selecting means comprises:
PA1  an input register for storing the latest digital data element;
PA1  at least one address register for storing the address of a selected
      carrier-wave segment; and
PA1  means, responsive to the contents of the input register and the address
      register, for generating the address of a carrier-wave segment to be read,
      and for loading the generated address into the address register after the
      last sample of the preceding segment addressed thereby is read.
NUM  28.
PAR  28. Apparatus according to claim 25 wherein the means for combining the
      successive digital samples includes an intermediate register;
PA1  an adder having a first input connected to the output of the memory; and a
      second input connected to the output of the intermediate register;
PA1  an output register; and
PA1  means for alternately
PA2  a loading the digital samples of one of the overlapping segments from the
      memory into the intermediate register and
PA2  b loading the digital samples of the other of the overlapping segments from
      the memory simultaneously with the previously read digital samples from
      the intermediate register into the output register via the adder;
PA1  a digital-to-analog converter connected to the output of the output
      register for converting the contents of the output register to the
      phase-modulated carrier.
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ABST
PAL  A TV pulse generator for generating television synchronizing and blanking
      signals and a chrominance subcarrier gating signal. The switchable
      generator is formed with a clock pulse generator having a frequency which,
      for the CCIR and the RTMA standards, is 80 times the line frequency. In
      addition to auxiliary pulses of field frequency, circuits of frequency
      dividers formed with JK flip-flops and pulse generators also generate
      auxiliary pulses of line frequency and of double the line frequency. The
      edges in the synchronizing and blanking signals and in the PAL or NTSC
      chrominance subcarrier gating signal generated by signal generators are
      accurately determined by trigger signals derived from the clock pulses.
PARN
PAR  This is a continuation, of application Ser. No. 122,973, filed Mar. 10,
      1971 now abandoned.
PAR  Such a pulse generator is described in German published patent application
      no. 1,807,612. The pulse generator in this application is used for
      generating a series of synchronizing pulses and a series of blanking
      pulses for television purposes. The series of television synchronizing
      pulses is built up from line synchronizing pulses occurring at the line
      frequency and equalizing pulses and field synchronizing pulses occurring
      at the double line frequency. The series of blanking pulses consists of
      line and field blanking pulses. For constituting inter alia a so-called
      front porch and a back porch between the comparatively long line blanking
      pulses and the comparatively short line synchronizing pulses, the two
      pulse series are closely coupled together. This coupling between the pulse
      series and the duration of the various pulses in a series lie between
      limits which have been laid down in various television standards such as,
      for example, the CCIR, the OIRT and the RTMA standards.
PAR  In the pulse generator according to the said patent application the edges
      of the pulses in the series are derived from the clock pulse edges
      directly as possible or through the frequency dividers. Thereby it is
      attempted to achieve that the instants of occurrence of the pulse edges
      are laid down in a uniform and stable manner within the standard imposed
      by the television standard for which some values have been mentioned in
      the CCIR and the OIRT standards in an otherwise not quite correct manner.
      A clock pulse generator has been mentioned whose frequency is four times
      the line frequency, that is to say, its period is one fourth of a line
      period of 64 .mu.s. The circuit of frequency dividers is built up after a
      2-to-1 divider from a parallel circuit of a further 2-to-1 divider and a
      5-to-1 divider in series with a 125-to-1 divider.
PAR  The 125-to-1 divider drives three pulse generators each of which generates
      a pulse of field frequency having the duration of the field synchronizing
      period, the equalizing and field synchronizing period and the field
      blanking period, respectively.
PAR  The second 2-to-1 divider is followed by a delay circuit having a delay
      period of 4 .mu.s connected in series with a pulse generator which thereby
      provides a leading edge of a pulse of line frequency after the delay
      period. A reset input of the said pulse generator is also connected
      directly to the clock pulse generator, so that after one clock pulse
      period of 16 .mu.s the pulse generator provides the trailing edge of the
      generated pulse. In this manner a blanking pulse of approximately 12 .mu.s
      of line frequency is generated which is combined with the field blanking
      pulses in the blanking signal generator so that this generator provides
      the composite blanking signal.
PAR  The first 2-to-1 divider is connected to a second delay circuit having a
      delay period of approximately 5 .mu.s which is connected to the
      synchronizing signal generator. This second delay circuit determines inter
      alia the leading edge of the line synchronizing and equalizing pulses. The
      synchronizing signal generator may be a monostable multivibrator having a
      variable time constant for determining the trailing edges of the various
      pulses to be generated with different duration. The two delay circuitsmmay
      be formed as monostable multivibrators having an adjustable delay period.
PAR  It is found that the so-called front porch which is given by the time
      difference between the leading edges of the line blanking and the line
      synchronizing pulses is determined by the time difference between the
      delay times of two monostable multivibrators. Apart from the fact that the
      time of 1 .mu.s mentioned in the patent application does not meet the
      given standards, i.e. a period of 1.55 .+-. 0.25 .mu.s, the front porch is
      determined in an inaccurate and unstable manner. In fact, both delay
      circuits formed as multivibrators each have a delay period which may be
      influenced by variations in supply voltage and temperature. The resultant
      arbitrary variation of the delay periods results in an inaccurate
      determination of time. In that case the multivibrators should be provided
      with adjusting points for the purpose of re-adjustment. The
      above-mentioned drawback is obviated by delay circuits embodying a delay
      line, but this has the drawback of large dimensions and comparatively high
      costs.
PAR  Apart from the previous possibility of selection it may be noted that when
      using the 5 .mu.s pulse for generating the field synchronizing pulses the
      standard, which is 4.7 .+-. 0.2 .mu.s for the CCIR and OIRT standards, is
      certainly not satisfied. When adapting the said pulse to the standard, the
      result is that either the line blanking pulse or the front porch falls
      beyond the standard.
PAR  An object of the present invention is to provide a very simple and cheap
      pulse generator with which without a delay line one or more pulse series
      are generated in which the edges occur at very accurate and stable fixed
      instants, while entirely satisfying requirements laid down in, for
      example, television standards. To this end, a pulse generator according to
      the invention is characterized in that the clock pulse generator is a
      generator having a clock pulse period which is equal to or an integral
      part of the highest Common Factor of the required different pulse periods
      in the pulse series of the signal generator, the shortest repetition
      period of the pulses in the series being an integral multiple of the clock
      pulse period.
PAR  One embodiment for generating the two pulse series which are coupled
      together such as the synchronizing and blanking pulses is characterized in
      that the clock pulse generator is a generator having a clock pulse period
      which is equal to or an integral part of the highest Common Factor of the
      required different pulse periods in and the time differences between the
      said pulse series of the signal generators, the shortest repetition period
      of the pulses in a series being an integral multiple of the clock pulse
      period.
PAR  The invention is based on the recognition of the fact that the pulse edges
      may be determined substantially directly by the clock pulses with the aid
      of a clock pulse generator having a clock pulse frequency which is high
      relative to the line frequency in television, while it is possible to use
      digital circuit elements such as JK flip-flops for use in computers, etc.
      and manufactured in practice with great accuracy and in large quantities.
PAR  One embodiment relates to a pulse generator suitable for use in a colour
      television system in accordance with the PAL standard.
PAR  The synchronizing information for the colour display is given by an
      unmodulated chrominance subcarrier. Of this subcarrier, a series of ten
      periods (burst) with a phase alternation per series is transmitted during
      part of a line period. To this end a PAL gate pulse of ten subcarrier
      periods is to be generated with the aid of the pulse generator. The
      transmission must be prevented for approximately nine line periods
      substantially about the equalizing and field synchronizing period. To this
      end, a pulse lasting nine line periods must be generated for blocking
      purposes in a pulse generator suitable for the PAL standard, the instants
      of commencement and termination of said pulse exhibiting a shift per field
      in a cycle of four field periods.
PAR  To generate the said gate and blocking pulses the pulse generator is
      characterized in that it is provided with a PAL chrominance subcarrier
      gating signal generator to which for the purpose of pulse edge
      determination of pulses occurring at the line frequency in the gating
      signal the clock pulse generator and a circuit of frequency dividers
      dividing to the line frequency are connected, said gating signal generator
      including a blocking signal generator for providing a blocking pulse
      lasting nine line periods and occurring at the field frequency, at a phase
      shift in a cycle of four fields, said blocking signal generator being
      connected for the purpose of its frequency determination to a circuit of
      frequency dividers dividing to the field frequency and a pulse generator
      coupled thereto, and being formed for the purpose of determining its pulse
      edges with an auxiliary pulse generator providing auxiliary pulses of half
      the line frequency.
PAR  An object of one embodiment is to provide a pulse generator suitable for a
      plurality of television standards and being switchable therebetween,
      particularly a switchable pulse generator suitable for the CCIR and the
      RTMA standards for monochrome and colour television.
PAR  To obtain a simple switching possibility in the pulse generator, the pulse
      generator is characterized in that the frequency of the clock pulse
      generator for each standard amounts to the same number of times multiplied
      by the different line frequencies, while a circuit of frequency dividers
      dividing to the different field frequencies is switchable in dividend, a
      circuit of frequency dividers dividing to the line frequency and having
      the same dividend for each standard being formed in a switchable manner so
      as to obtain a displacement of pulse edges.
DRWD
PAR  In order that the invention may be readily carried into effect, some
      embodiments thereof will now be described in detail, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a block diagram of a television pulse generator according to the
      invention,
PAR  FIG. 2 shows the pulse generator of FIG. 1 in greater detail,
PAR  FIGS. 3 and 4 show the relation of time between signals occurring in the
      pulse generator,
PAR  FIG. 5 serves to explain the generation of signals with pulses of field
      frequency,
PAR  FIGS. 6 and 7 serve to explain the generation and the influence of a signal
      with auxiliary pulses occurring at the line frequency and at the double
      line frequency,
PAR  FIG. 8 shows the pulses occurring in a blanking signal generator of the
      pulse generator of FIGS. 1 and 2,
PAR  FIG. 9 relates, similarly as FIG. 8, to a synchronizing signal generator in
      the pulse generator,
PAR  FIG. 10 shows a detail of a pulse generator according to the invention
      suitable for generating a PAL chrominance subcarrier gating signal,
PAR  FIG. 11 serves to explain the generation of the PAL gating signal occurring
      at the line frequency,
PAR  FIG. 12 shows a few auxiliary pulses,
PAR  FIG. 13 serves to explain the generation of a field-shifted PAL blocking
      signal of nine line periods,
PAR  FIG. 14 shows a block diagram of a pulse generator switchable between a
      plurality of television standards according to the invention, shown in the
      position for the RTMA standard (R),
PAR  FIG. 15 shows the pulse generator according to FIG. 14 in greater detail,
PAR  FIG. 16 serves to determine the relationship between a few signals laid
      down in accordance with the RTMA standard for colour television and
      generated with the aid of the pulse generator according to FIGS. 14 and
      15,
PAR  FIGS. 17 and 18 show the time relation between signals occurring in the
      pulse generator according to FIGS. 14 and 15,
PAR  FIG. 19 serves to explain the generation of signals with pulses of field
      frequency,
PAR  FIGS. 20 and 21 serve to explain the generation and the influence of a
      signal with pulses occurring at the line frequency and at the double line
      frequency,
PAR  FIG. 22 shows the pulses for the RTMA standard occurring in a blanking
      signal generator of the pulse generator according to FIGS. 14 and 15,
PAR  FIG. 23 shows, similarly as FIG. 22, a synchronizing signal generator in
      the pulse generator,
PAR  FIG. 24 shows in greater detail a generator which can be connected to the
      pulse generator according to FIGS. 14 and 15, and which is suitable for
      generating an NTSC or PAL chrominance subcarrier gating signal for the
      RTMA or CCIR standard,
PAR  FIG. 25 serves to explain the generation of the NTSC gating signal
      occurring at the line frequency and of an auxiliary pulse to be used for
      generating the PAL gating signal,
PAR  FIG. 26 shows the time relation between signals in the pulse generator
      according to FIGS. 14 and 15, used in the position for the CCIR standard
      (C), and
PAR  FIG. 27 serves to explain the generation of signals with pulses of field
      frequency for the CCIR standard.
DETD
PAR  In FIG. 1 the reference A denotes a clock pulse generator an input of which
      is connected to a phase discriminator B for the purpose of
      synchronisation. A generator is denoted by the general reference G. An
      output of the clock pulse generator A is connected to a circuit of
      frequency dividers D, E and F. The frequency divider F which provides a
      signal f at a frequency of .nu..sub.H which represents the line frequency
      in a television system is connected to an input of the phase discriminator
      B to another input of which an external synchronizing signal of the
      frequency .nu..sub.H (not shown) is applied. For a choice of the clock
      pulse frequency of 80 .nu..sub.H, which choice has been made in accordance
      with an aspect of the invention, the signal a provided by the generator A
      undergoes a division by 5, 8 and 2, respectively, by the frequency
      dividers D, E and F, respectively.
PAR  An output of the divider E conveying a signal at double the line frequency
      is connected to a circuit of frequency dividers L and M having a dividend
      of 5 and 125, respectively. For a 625-line system employing interlacing
      the frequency divider M provides a signal of a frequency .nu..sub.V which
      represents the field frequency. The dividers L and M are provided with an
      input to which an external synchronizing signal s.sub.VES may be applied
      for purposes of synchronisation. In the signals shown in FIG. 1 a line
      period T.sub.H and a field period T.sub.V are shown in the signals
      occurring at the line and field frequencies, respectively.
PAR  Outputs of the frequency dividers L and M consisting of divider stages are
      connected to pulse generators denoted by the references, X, Y and Z, which
      are also mutually coupled. Under the influence of output signals from the
      dividers L and M, which signals will be further referred to hereinafter,
      the pulse generators X, Y and Z provide signals x, y and z including
      pulses occurring at the field frequency and having a pulse duration of 20
      T.sub.H, 7.5 T.sub.H and 2,5 T.sub.H, respectively. These pulse periods in
      the signals x, y and z laid down in the so-called CCIR standard provide
      approximately the field blanking period, the equalizing and field
      synchronizing period and exclusively the field synchronizing period,
      respectively.
PAR  The signals y and z and the signal x are applied to a synchronizing signal
      generator P and to a blanking signal generator W, respectively, other
      inputs of which are coupled to divider stages of the frequency dividers in
      the circuit D, E, F. The outputs of the generators P and W convey signals
      p and w which correspond to a different pulse series including pulses of
      different duration and repetition period.
PAR  In addition to a certain choice of coupling the circuits D, E, F and L, M
      with the pulse generators X, Y, Z and the signal generators P and W, the
      pulse generator according to FIG. 1 is provided, in accordance with an
      aspect of the invention, with a pulse generator I forming part of the said
      coupling. The pulse generator I provides a signal i shown in FIG. 1, (and
      the inverse thereof i) which beyond the equalising and field synchronizing
      period of 7.5 T.sub.H laid down by signal y has auxiliary pulses occurring
      at the line frequency, which auxiliary pulses occur within this period at
      double the line frequency.
PAR  To explain the importance of the choice of the frequency of 80 .nu..sub.H
      of the clock pulse generator A and of the choice of coupling comprising
      the pulse generator I, FIG. 1 will be further described in combination
      with the detailed embodiment according to FIG. 2, and the signals shown in
      the following Figures. In FIG. 2 some components of FIG. 1 are not shown,
      whereas other components, such as for example the divider stages of the
      frequency dividers of the circuits D, E, F and L, M are shown separately.
      In FIG. 1 the direction of signal transmission in a general sense is
      denoted by a single arrow head, whereas, as will be apparent, signal paths
      giving an important trigger action on the generators X, Y, X, I, P and W
      are provided with double arrow heads. On the other hand the corresponding
      signal paths giving a trigger action are shown in FIG. 2 with single arrow
      heads for the sake of simplicity.
PAR  Generator Z shown in FIG. 1 is formed in FIG. 2 as a NAND gate and the
      frequency dividers D, E, F, L and M, and the generators X, Y, I, P and W
      are formed with JK flip-flops in FIG. 2. These digital circuit elements
      are bulk-manufactured and have a great accuracy and a long lifetime as is
      required for use in computers. In the description of FIG. 2 the flip-flop
      indication will be used instead of the divider and generator indication.
      For the chosen type all single-fold inputs and outputs of the flip-flop Y
      are used, so that this will be described in general in order to explain
      the operation of a JK flip-flop. As used in an embodiment of the pulse
      generator of FIG. 2, two JK flip-flops may be constitute one component
      such as, for example, in the type FCJ 121 one flip-flop of which is
      denoted by 1/2 FCJ 121. The JK flip-flop Y has a command input denoted by
      the reference T and an arrow head and two preparatory inputs denoted by
      the references J and K and determining whether the flip-flop changes over
      or does not change over. A reset input is denoted by the reference
      S.sub.2. Two outputs Q.sub.1 and Q.sub.2 convey inverse sig noted by y and
      y, respectively, for the flip-flop Y. Two combined flip-flops in one FCJ
      121 have only the reset input S.sub.2 in common. The inputs J and K may
      alternatively be formed in a multifold manner through an AND gate such as
      is shown for the J inputs J.sub.1 and J.sub.2 of the flip-flops I and W
      and in which there applies that J = J.sub.1. J.sub.2.
PAR  Generally the following applies for a JK flip-flop while starting from the
      so-called positive logic having a high potential corresponding to a logic
      1 and a low potential corresponding to a logic O, while an unconnected
      input conveys a logic 1 through internal couplings.
PAR  If a logic 1 is impressed on the S.sub.2 input of the flip-flop Y or if it
      is not connected (S.sub.2 (Y) = 1), then it does not exert influence. If a
      variation from a logic 1 to 0 (S.sub.2 (Y) 1 .fwdarw.o) at the S.sub.2
      input or if there is a logic 0 (S.sub.2 (Y) = 0), the Q.sub.1 output must
      pass from the logic 1 to 0 (Q.sub.1 (Y) 1.fwdarw.0) or the Q.sub.1 output
      remains 0 (Q.sub.1 (Y) = 0). For the inverse Q.sub.2 output it follows
      that Q.sub.2 (Y) 0.fwdarw.1 or Q.sub.2 (Y) = 1.
PAR  The JK flip-flop Y changes over under the influence of the signals at the J
      and K inputs only when a logic 1 becomes a 0 at the T input (T (Y) =
      1.fwdarw.0). For a logic 0 at the T input (T (Y) = 0) the signals at the J
      and K inputs do not exert influence and may vary arbitarily.
PAR  For a logic 1 at the T input (T (Y) = 1) the signal at the J and K inputs
      constitute the basis for causing the flip-flop to either change over or
      not when T (Y) 1.fwdarw.0, in which a logic 1 is predominant relative to a
      0, that is to say, a logic 1 occurring for a short instant at the J or K
      input during T (Y) = 1 determines if the flip-flop either changes over or
      not rather than does a logic 0 which is present for a long period.
PAR  Taking the foregoing into account and using the introduced notation, the
      following applies generally for a JK flip-flop.
TBL                TABLE 1.                                                    

     ______________________________________                                    

     For T 1.fwdarw.0                                                          

     J      K           Q.sub.1         Q.sub.2                                

     ______________________________________                                    

     0      0        Q.sub.1 remains Q.sub.1                                   

                                     Q.sub.2 remains Q.sub.2                   

     0      1        0               1                                         

     1      0        1               0                                         

     1      1        Q.sub.1 changes over                                      

                                     Q.sub.2 changes over                      

     ______________________________________                                    

PAR  In the description of FIG. 9 and Table 5 reference will be made to the
      flip-flop P having 3 J and K inputs (type FCJ 201) which may alternatively
      serve as command or trigger inputs when T = 1.
PAR  The inputs and outputs which are connected to other outputs and inputs are
      shown for the JK flip-flops of FIG. 2. For connections which are important
      for the invention, FIGS. 1 and 2 show the output signals which are partly
      plotted as a function of time in FIGS. 3 - 9. Since the inverse signals of
      the Q.sub.2 outputs only differ in polarity from the signals of the
      Q.sub.1 outputs, only the latter are plotted in FIGS. 3 and 4.
PAR  Starting from the clock pulse signal a, FIG. 3 shows the signals d1, d2 and
      d3 of the 5-to divider D consisting of 3 flip-flops D1, D2 and D3, the
      signals e1, e2 and e3 of the 8-to-1 divider E consisting of 3 flip-flops
      E1, E2 and E3 and the signal f of the flip-flop F acting as a 2-to-1
      divider. Furthermore FIG. 3 shows a few signals including pulses occurring
      at the line frequency and at the double line frequency which are in a
      close relation with the clock pulses in the signal a such as: in the
      signal i the auxiliary pulses occurring at the line frequency and during
      the 7.5 T.sub.H period at the double line frequency; a line synchronizing
      pulse shown in signal s.sub.HP, two equalizing pulses occurring at the
      double line frequency shown in signal s.sub.EP ; two raster serrations
      occurring in signal s.sub.VS at the double line frequency and a line
      blanking pulse occurring in signal s.sub.HW.
PAR  FIG. 2 shows by way of the instant t.sub.o a commencing instant of one line
      period and t.sub.80 shows the end which corresponds to the instant t.sub.0
      of a subsequent line period. 80 Clock pulses occur in the signal a between
      t.sub.0 and t.sub.80 so that the difference between two successive
      instants (t.sub.0, t.sub.1, t.sub.2... t.sub.80) corresponds to one clock
      pulse period. FIG. 2 shows that the clock pulses of signal a are applied
      to the T input of the flip-flops D1 and D2, that is to say, to both inputs
      T(D1) and T(D2). B.sub.V Negatively directed edges in the signal a and
      other signals which are active as trigger edges and cause a flip-flop to
      change over the partially provided with arrow heads. To explain the
      operation of the 5-to-1 divider D including the 3 flip-flops D1, D2 and D3
      and to give the mutual connections a Table 2 follows in which the
      variations shown in the signals d.sub.1, d.sub.2 and d.sub.3 of FIG. 3 are
      derived with the aid of Table 1.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Frequency divider D                                                       

              D1       D2         D3                                           

              K = 1    J = 1      J = K = 1                                    

     __________________________________________________________________________

             (J = 0.fwdarw.                                                    

                  Q.sub.1 = 0                                                  

                       K = 0.fwdarw.                                           

                             Q.sub.1 = 1                                       

     Table 1.fwdarw.                                                           

             (J = 1.fwdarw.                                                    

                  change-                                                      

                       K = 1.fwdarw.                                           

                             change-                                           

                                  change-over                                  

                  over       over                                              

     __________________________________________________________________________

     signal                                                                    

          T   J  Q.sub.1                                                       

                    Q.sub.2                                                    

                       K  Q.sub.1                                              

                              Q.sub.2                                          

                                  T  Q.sub.1                                   

                                        Q.sub.2                                

      t.dwnarw.                                                                

          a   d3 d1 d1 d1 d2  d2  d2 d3 d3                                     

     __________________________________________________________________________

     t.sub.O -.DELTA.t                                                         

          1   1  0  1  1  0   1   0  1  0                                      

     t.sub.O                                                                   

          1.fwdarw.0                                                           

              1  1  0  0  1   0   1  1  0                                      

     t.sub.1                                                                   

          1.fwdarw.0                                                           

              1  0  1  1  1   0   1  1  0                                      

     t.sub.2                                                                   

          1.fwdarw.0                                                           

              0  1  0  0  0   1   0  0  1                                      

     t.sub.3                                                                   

          1.fwdarw.0                                                           

              0  0  1  1  1   0   1  0  1                                      

     t.sub.4                                                                   

          1.fwdarw.0                                                           

              1  0  1  1  0   1   0  1  0                                      

     t.sub.5                                                                   

          1.fwdarw.0                                                           

              1  1  0  0  1   0   1  1  0                                      

     t.sub.6                                                                   

          1.fwdarw.0                                                           

              1  0  1  1  1   0   1  1  0                                      

     t.sub.7                                                                   

          1.fwdarw.0                                                           

              0  1  0  0  0   1   0  0  1                                      

     t.sub.8                                                                   

          1.fwdarw.0                                                           

              0  0  1  1  1   0   1  0  1                                      

     t.sub.9                                                                   

          1.fwdarw.0                                                           

              1  0  1  1  0   1   0  1  0                                      

     t.sub.10                                                                  

          1.fwdarw.0                                                           

              1  1  0  0  1   0   1  1  0                                      

     __________________________________________________________________________

PAR  In Table 2 delays occurring in the flip-flop D1, D2 and D3 are not taken
      into account. For the purpose of further explanation of Table 2 the
      following applies: The reference t.sub.0 - .DELTA. t denotes an instant
      which lies just before the instant t.sub.0. At the instant t.sub.0 -
      .DELTA. t the signal a has the value 1. It is desirable for the 5-to-1
      divider D that at the instant t.sub.0 when there applies that T (D1) =
      T(D2) 1.fwdarw.0, the flip-flop D1 and D2 change over so that t.sub.0 -
      .DELTA. t J(D1) = 1 and K(D2) = 1. It follows therefrom that at t.sub.0 -
      .DELTA.t Q.sub.2 (D1) = K(D2) = 1 and Q.sub.1 (D3) = J(D1) = 1. To ensure
      that D3 certainly does not change over at the instant t.sub.0, T (D3) = 0
      = Q.sub.1 (D2) at t.sub.0 - .DELTA. t. The rows and columns shown in Table
      2 can subsequently be derived in a simple manner by considering for a
      certain instant the value of J (D1) = d.sub.3 of a previous instant.
PAR  Table 2 shows that the rows at the instants t.sub.0, t.sub.5, t.sub.10
      .....; t.sub.1, t.sub.6 ......etc. are the same. In FIG. 3 it can be seen
      from signal d.sub.3 that the divider D thus dividing by five is active as
      an asymmetrical divider, while the edges are indicated over one arbitary
      period at the instants, t.sub.2, t.sub.4 to t.sub.7.
PAR  In Table 2 it has been stipulated that delays in the JK flip-flops D1, D2
      and D3 have not been taken into account. It is found from data in the
      Handbooks that a JK flip-flop FCJ 121 has an average propagation delay
      time t.sub.pd of 105 ns at a maximum between a T input and a Q output.
      Measurements yielded at t.sub.pd of 70 ns at an average. For the sake of
      simplicity FIG. 3 mentions the propagation delay time t.sub.pd as t.sub.Q.
      As a reference value, relative to which the successive propagation delay
      times of the JK flip-flops will be considered, the edges in the signals
      d.sub.1 and d.sub.2 are taken which coincide with the instants t.sub.0,
      t.sub.1, t.sub.2, t.sub.3, etc. As a result the trigger edges, which are
      sometimes denoted by arrow heads, occur in the signal a in FIG. 3 at a
      time t.sub.Q before the instants t.sub.0, t.sub.1, t.sub.2, etc. As is
      indicated at the instant t.sub.9 in signal d.sub.3, the pulse edges in
      this signal have a delay time t.sub.Q.
PAR  After the detailed description of the frequency divider D including the
      flip-flops D1, D2 and D3 only the following connections are given for the
      following asymmetrical or symmetrical frequency dividers E, F. L and M:
PA1  T (e1) = q.sub.2 (d.sub.1) j (e1) = k (e1) = q.sub.2 (d3)
PA1  t (e2) = q.sub.1 (e1) t (e3) = q.sub.1 (e2)
PA1  t(f) = q2(e3)
PA1  t(l1) = t (l2) = q.sub.1 (e3) k (l1) = q2 (l2) d1 Q.
PA1  J(l2) = q1 (l3) k (l2) = q.sub.1 (l1)
PA1  t(l3) = q.sub.2 (l1) t (m1) = q.sub.2 (l2)
PA1  t(m2) = q.sub.2 (m1) t (m3) = q.sub.2 (m2)
PA1  t(m4) = q.sub.1 (m3)....t(m7) = q.sub.1 (m6)
PA1  s.sub.2 (m1) = s.sub.2 (m2) = q.sub.2 (m7) via differentiation.
PAR  Some important points are the following: As there applies for the JK
      flip-flop E1 that T(E1) = D1 the signal e1 only has a delay time of
      1t.sub.Q while the subsequent successively connected flip-flops E2, E3 and
      F have a delay time of 2t.sub.Q, 3t.sub.Q and 4t.sub.Q.
PAR  FIG. 4 shows the result of the connection of the divider E3 with a trigger
      signal e3 to the 5-to-1 divider L (FIG. 1) consisting of 3 JK flip-flops
      L1, L2 and L3. The signals m1 to m7 inclusive are also shown, which
      signals are associated with 7 JK flip-flops M7 to M7 inclusive which
      constitute the 125-to-1 divider M.
PAR  The propagation delay times then range from 3t.sub.Q to 11t.sub.Q
      inclusive. The propagation delay time corresponds to a sequential number
      of the JK flip-flop calculated on the flip-flops D1 and D2 which determine
      the time scale t.sub.0 ..... t.sub.80 and are therefore also calculated on
      the clock pulse generator A.
PAR  In the signal e3 of FIG. 4 a line period T.sub.H has been shown from an
      instant t.sub.0 occurring periodically at the line frequency (the delay
      time 3t.sub.Q is left out of consideration). For obtaining in a similar
      manner a time scale of field frequency an instant t.sub.100 is shown at
      the signal m1 which gives the periodical instant of commencement of a
      field time scale calculated on the signal m1. The edges occurring in the
      signal e3 determine approximately the successive instants t.sub.101,
      t.sub.102...... t.sub.110... t.sub.120......t.sub.130,
      t.sub.131.......t.sub.1350 = t.sub.100 which apply to two different time
      scales for the signals e3, 11, 12, 13and ml..... m7.
PAR  Since the divider M consisting of 7 divider stages of FIG. 2 would divide
      further steps by 2.sup.7 = 128 instead of to 125, the output Q.sub.2 (M7)
      with the signal m7 is coupled for an internal resetting at the instant
      t.sub.740 to the reset inputs S.sub.2 (M1) and S.sub.2 (M2). This coupling
      is effected through a differentiating circuit which includes a capacitor
      C.sub.1 and two resistors R.sub.1 and R.sub.2 arranged in series between
      ground and a potential U. The junction of the resistors R.sub.1 and
      R.sub.2 is coupled through a diode T.sub.1 blocking the internal reset
      pulse to the reset inputs of the flip-flops L1, L2, L3, M3 ..... M7, the
      purpose (synchronizing purposes) being further referred to hereinafter.
      Either the complete potential U or a portion thereof corresponds to the
      already mentioned logic 1 while the ground potential corresponds to the
      logic 0.
PAR  As in FIG. 1, FIG. 4 shows the signals x, y and z, but in relation to the
      signals e3, l1....l3, m1...m7. The external synchronizing signal s.sub.VES
      is also shown.
PAR  Starting from the values already given for the pulse duration in the
      signals x, y and z for a certain television standard, namely the CCIR
      standard, these values may be produced with the connections shown in FIG.
      2 by means of two JK flip-flops X and Y and one NAND gate Z, while FIG. 5
      shows the signal variation.
PAR  FIG. 2 shows that the T input of flip-flop X is connected to the Q.sub.1
      output of flip-flop M.sub.2 and that the J input is connected to the
      Q.sub.1 output of M4.
PAR  The K input of flip-flop X is connected to a differentiating circuit
      including a resistor R.sub.3 to ground and a capacitor C.sub.2 to the Q2
      output of flip-flop M7. The signals shown in FIG. 5 occur at the inputs of
      flip-flop X, in which T = m2, J = m4 and K =  m7'. The index notation
      relates to a differentiated signal.
PAR  In FIG. 5 the propagation delay times (a number of times t.sub.Q) shown in
      FIG. 4 are included in the graphic representation. As compared with the
      time scale with the instant t.sub.100 calculated on the signal m1, the
      edges of signals m2, m4 and m7 have a delay time of 1t.sub.Q, 3t.sub.Q and
      6t.sub.Q. At the instant t.sub.100 + 6t.sub.Q the signal m7' has the logic
      1 for a short moment, which value as given with reference to the general
      description and Table 1 of the JK flip-flop Y is predominant relative to
      the logic 0. The flip-flop X therefore assumes the state at which J(X) =
      0, K(X) = 1, so that it follows with the aid of Table 1 that the Q.sub.1
      output of X must convey the logic 0 after the instant t.sub.120 + t.sub.Q
      at which T(X) 1.fwdarw.0. At the instant t.sub.120 + 2t.sub.Q, the
      flip-flop X changes over and the logic 1 information on the K input is
      lost due to internal couplings. A subsequent trigger edge in the signal m2
      occurs shortly after the instant t.sub.160. Then, however, J (X) = K (X) =
      0 and the flip-flop X remains in the same state. For the trigger edge
      shortly after the instant t.sub.200 the J input of flip-flop X has gone
      from the logic 0 to 1. At the instant t.sub.200 + 1t.sub.Q there applies
      that J(K) = 1 and K(X) = 0 so that the Q.sub.1 output must convey the
      logic 1. For the remaining period of a field period T.sub.V there
      continues to apply that K(X) = 0 while J (X) may be either 0 or 1. It
      follows from Table 1 that when Q.sub.1 (X) = 1, the flip-flop X no longer
      changes over. The negatively directed edge in the singal m7 (not shown)
      occurring at the instant t.sub.740 (see FIG. 4) has no influence on the
      flip-flop X; the logic 0 remains present.
PAR  According to FIG. 2 the connections for the flip-flop Y are as follows:
PAR  T(Y) = Q.sub.2 (L.sub.2), J(Y) = Q.sub.1 (M.sub.2) and K(Y) to ground while
      the S.sub.2 input is connected to the Q.sub.1 output of the flipflop X
      through a differentiating circuit which comprises two resistors R.sub.4
      and R.sub.5 arranged in series between ground and the potential U, and a
      capacitor C.sub.3.
PAR  The signals shown in FIG. 5 occur at the inputs of the flip-flop Y at which
      T = 12, J = m2, K = 0 and S2 = x' (signal x differentiated). Likewise as
      in the signals associated with the flip-flop X, a few propagation delay
      times are mentioned.
PAR  It follows with the aid of Table 1 for the flip-flop Y that for K = 0 and J
      = 0 or 1, the stable state of the flip-flop corresponds to a logic 1 on
      the Q.sub.1 output. At the instant t.sub.120 + 2 t.sub.Q an edge
      1.fwdarw.0 appears in the signal x' at the S.sub.2 input so that in
      accordance with the description with reference to Table 1 the Q.sub.1
      output must assume the logic 0. At the instants t.sub.130 and t.sub.140
      negatively directed edges occur at the T input neither of which edges
      influence the state of the flip-flop Y. Particularly at the instant
      t.sub.140 - 1t.sub.Q there is shown that for J = K = 0 the flip-flop does
      not change over. At the instant t.sub.150 - 1t.sub.Q, however, J = 1, K =
      0 so that at the instant t.sub.150 the Q.sub.1 output conveys the logic 1.
      The flip-flop Y remains in this state until an edge 1.fwdarw.0 active as a
      trigger edge occurs in the signal x' during a subsequent field period
      T.sub.v.
PAR  FIG. 2 shows the NAND gate Z whose inputs are connected in a manner not
      shown to Q.sub.2 (M1) and Q.sub.2 (Y). The output of the gate Z thus
      conveys a signal z = y.m1 = y + m1 which is shown in FIG. 5. Before
      further describing the generation of the signal i (FIG. 3) including
      auxiliary pulses occurring at the line frequency and at the double line
      frequency, the requirements which are imposed on the signals generated by
      a pulse generator which is suitable for the CCIR standard according to the
      embodiment shown in FIGS. 1 and 2 will first be dealt with so as to
      explain certain choices made in accordance with the invention. Already
      shown are a field synchronizing period of 2.5 T.sub.H (signal z) an
      equalizing and field synchronizing period of 7.5 T.sub.H (signal y) and a
      field blanking period of approximately 20 T.sub.H (signal x). In this case
      it is prescribed that 5 equalizing pulses of the double line frequency
      must precede and follow 5 field synchronizing pulses of the double line
      frequency. The duration of the field blanking period in the composite
      blanking signal must then be 20 T.sub.H .+-. 2 T.sub.H + 1 line blanking
      pulse duration. Furthermore, the requirements mentioned in the following
      Table 3 apply, which requirements are derived from the signals shown in
      FIG. 3. TABLE 3. (FIG. 3).
TBL                CCIR-Standard.                                              

     ______________________________________                                    

     Signal S.sub.HP, line synchronising pulse                                 

       duration:             4.7 .+-. 0.2                                      

                                        .mu.s.                                 

     Signal s.sub.EP, equalizing pulse duration:                               

                             2.3 .+-. 0.1                                      

                                        .mu.s                                  

     Signal S.sub.VS, roster serration duration:                               

                             4.7 .+-. 0.2                                      

                                        .mu.s                                  

     Signal s.sub.HW, line blanking pulse                                      

                             12.05 .+-. 0.25                                   

                                        .mu.s                                  

     Front porch = time difference pulse                                       

       leading edges in signals s.sub.HW and s.sub.HP :                        

                             1.55 .+-. 0.25                                    

                                        .mu.s                                  

     ______________________________________                                    

PAR  Such a number of requirements may be met in a simple manner by the
      embodiment of a pulse generator according to the invention shown in FIGS.
      1 and 2. Here the recognition becomes manifest to determine the Highest
      Common Factor (H.C.F.) of the different pulse periods and time differences
      between the pulse leading edges and to relate the H.C.F. to the smallest
      pulse repetition period. As a result a few correctly chosen edges of the
      pulses in the frequency divider stages connected to the clock pulse
      generator A can determine in a direct manner the pulse edges accurately
      laid down in the standard in the signals to be generated.
PAR  A H.C.F. of the numbers 1.55; 2.3; 4.7 and 12.05 or an approximation
      thereof is to be found which H.C.F. must be divisible by the smallest
      pulse repetition period, which is half a line period 1/2T.sub.H = 32
      .mu.s. The reason thereof is that the smallest pulse repetition period
      imposes the most stringent requirements on a smooth periodicity in the
      generation of signals. Starting from the number 32 the H.C.F. must be an
      integral multiple of the number 2. It follows that the number 0.8
      reasonably satisfies as a H.C.F. while finding for the relevant numbers:
      1.6; 2.4; 4.8 and 12.0. A period of 0.8 .mu.s and a frequency of 1.25 MHz
      corresponds thereto for the clock pulse generator A. Other possible values
      could be 0.4; 0.2; 0.1 .... .mu.s with a frequency of 2.5; 5; 10 .... MHz.
PAR  Both in Table 3 and in practice stringent requirements are imposed on the
      accuracy of the line synchronizing pulse duration in the signal s.sub.HP
      and particularly the equalizing pulse duration in the signal s.sub.EP. By
      using the propagation delay time t.sub.pd (= t.sub.Q in the Figures)
      occurring in the JK flip-flops of FIG. 2 and being 70 ns at an average,
      this time may be deducted from the pulse duration in the generated
      signals. Table 4 shows the pulse periods prescribed by the CCIR standard
      and reached in practice in a pulse generator according to the invention.
      TABLE 4
TBL  ______________________________________                                    

               CCIR Standard                                                   

                            in practice                                        

     ______________________________________                                    

     s.sub.HP    4.7 .+-. 0.2 .mu.s                                            

                                4.73                                           

     s.sub.HP    2.3 .+-. 0.1 .mu.s                                            

                                2.33                                           

     s.sub.VS    4.7 .+-. 0.2 .mu.s                                            

                                4.80                                           

     s.sub.HW    12.05 .+-. 0.25 .mu.s                                         

                                12.00                                          

     Front porch 1.55 .+-. 0.25 .mu.s                                          

                                1.00                                           

     ______________________________________                                    

PAR  To determine a few pulse edges the signal i is generated which includes
      auxiliary pulses of line frequency and double line frequency. FIG. 2 shows
      the JK flip-flop 1 for which the associated signals are shown in FIG. 6.
PAR  In FIG. 2 the T input of the flip-flop I is connected to Q.sub.2 (D.sub.2)
      and the K input is connected to Q.sub.1 (E2). A J.sub.1 input of the J
      input formed in a twofold manner through an AND gate is connected to the
      output of a NAND gate N.sub.1 whose inputs are connected to Q.sub.1 (F)
      and Q.sub.1 (Y) A J.sub.2 input of flip-flop I is coupled through a
      differentiating circuit including a resistor R.sub.6 to ground and a
      capacitor C.sub.4 to Q.sub.2 (E3).
PAR  In FIG. 6 the signals T = d2, J.sub.1 = f+y are shown for the flip-flop I,
      for J.sub.1 = f.y = f + y, J.sub.2 = e3' and K = e2. In the first instance
      it is assumed that y = 1, that is to say, the operation of flip-flop I
      will be considered outside the equalizing and field synchronizing period
      of 7.5 T.sub.H. The J.sub.1 input then conveys the signal f (solid lines).
      The time scale t.sub.0.....t.sub.80 is derived from the signal d2. The
      edges in the signals f, e3' and e2 have delay times 4t.sub.Q, 3t.sub.Q and
      2t.sub.Q. Further reference is made to Table 1 for the explanation of the
      operation of the JK flip-flop I.
PAR  At the instant t.sub.0 of FIG. 6 the J input has a logic 0 because J.sub.2
      = 0. For K = 1 there applies for the stable state that Q.sub.1 = i = 0. At
      the instant t.sub.3 a negatively directed edge occurs on the T input.
      Meanwhile the J.sub.2 input as received a logic 1 so that for J.sub.1 =
      J.sub.2 = 1 = J and K = 0 there applies that Q.sub.1 must assume a logic
      1. At the instant t.sub.3 + 1 t.sub.Q, Q.sub.1 has become = 1. The
      negatively directed edges in the signal T = d2 at the instants t.sub.5,
      t.sub.8 and t.sub.10 do not result in variations of the flip-flop I
      because for K = e2 = 0 there applies that Q.sub.1 = i = 1 is a stable
      state even when J.sub.1 and J.sub.2 vary between 0 and 1. At the instant
      t.sub.13, however, a trigger edge occurs when K has already previously
      become e.sub.2 = 1. It follows that the flip-flop I must change over which
      happens at the instant t.sub.13 + 1t.sub.Q and at which Q.sub.1 has become
      i = 0.
PAR  Due to the choice of K = e2 with a guaranteed delay time of 2t.sub.Q
      relative to the edges in signal T = d2, it has been achieved that at the
      instant t.sub.10 the flip-flop I certainly cannot change over, while it
      changes over as soon as possible after the instant t.sub.13.
PAR  Certain requirements are to be imposed on the signal e3' for the J.sub.2
      input. Due to the choice of e3 it has been achieved by the delay time 3
      t.sub.Q after the instant t.sub.0 that the flip-flop I at the instant
      t.sub.0 is certainly not changed over. The differentiated pulse in signal
      e3', which pulse is shown in a flattened manner and which may extend
      without any consequence to well above the value indicated by the logic 1,
      must not stop before the instant t.sub.2, for the predominant logic 1 is
      to occur between the instants t.sub.2 and t.sub.3 when T = d2 =  1. Before
      the instant t.sub.15 the pulse in signal e3' must have disappeared so as
      to avoid the predominant influence after the instant t.sub.15. The pulse
      in the signal e3' may thus vary between the broken lines in FIG. 6.
PAR  At the instant t.sub.20 a negatively directed pulse in the signal J.sub.2 =
      e3 occurs, which signal continues to represent the logic 0 and which does
      not exert influence on the action of a flip-flop I.
PAR  Shortly after the instant t.sub.40 a following pulse occurs in the signal
      J.sub.2 = e3'. However, the signal f at the J.sub.1 input has the logic 0
      so that for J = 0 and K = O or 1 there applies that Q.sub.1 = i = 0 is the
      stable state.
PAR  The action of the flip-flop I in FIG. 2 during the equalizing and field
      synchronizing period of 7.5 T.sub.H may be explained by way of a combined
      consideration of FIGS. 6 and 7.
PAR  In FIG. 7a the signal y is shown in relation to the field time scale
      t.sub.100 ..... t.sub.1350 given in FIG. 4. FIGS. 7b and 7c apply for two
      successive fields, while FIG. 7b applies for a field ending at a half line
      and FIG. 7c for a field ending at a full line. The signal f and for the
      flip-flop I the signals J.sub.1 = f + y, J.sub.2 = e3' and Q.sub.1 = i are
      shown. The negatively directed pulses without any influence in the signal
      J.sub.2 = e3' of FIG. 6 have been omitted in FIGS. 7b and 7c for the sale
      of simplicity.
PAR  For FIG. 7b there applies that the instant t.sub.120 corresponds to the
      instant t.sub.40 + 5t.sub.Q in FIG. 6. In FIG. 6 it has already been
      explained what happens before the instant t.sub.120 in FIG. 6b. At the
      instant t.sub.120 + 3t.sub.Q in FIG. 7b, which is the instant t.sub.40 + 8
      t.sub.Q in FIG. 6, the edge occurs which is shown in a broken line in FIG.
      6. In the same manner as described in FIG. 6 for the pulse in signal
      Q.sub.1 = i occurring between the instants t.sub.3 + 1t.sub.Q and t.sub.13
      + 1t.sub.Q, a pulse shown in a broken line is generated in the signal
      Q.sub.1 = i between the instants t.sub.43 + 1t.sub.Q and t.sub.53 +
      1t.sub.Q. It is found that during the 7.5 T.sub.H period the pulses in the
      signal i are generated atvthe double line frequency. All this has also
      been shown for the signal i in FIG. 3.
PAR  After the description of FIG. 7b, FIG. 7c is self-evident.
PAR  The influence of the auxiliary pulses in the signal i is found in a simple
      manner with reference to the description of the action of the JK flip-flop
      W in FIG. 2. the signals for the flip-flop W which as a signal generator
      must provide the signal with a series of line and field blanking pulses
      are shown in FIG. 8. FIG. 8a shows the signals which are the same for each
      field and FIGS. 8b and 8c show in accordance with FIGS. 7b and 7c the
      signals which are different for successive fields.
PAR  In FIG. 2 the connections of the inputs of the flip-flop W are as follows:
PAR  T (W) = Q.sub.1 (D3), J.sub.1 (W) Q.sub.1 (E3) J.sub.2 (W) = Q.sub.1 (X)
      and K(W) = Q.sub.1 (I).
PAR  In FIG. 8a the signal T = d3 is partially indicated on two scales which are
      both derived from the time scale t.sub.O ...... t.sub.80 and which
      relative thereto have a delay time of 1t.sub.Q which is left out of
      consideration in FIG. 8. For the two-fold J input having an AND gate
      function the signal J follows from the signals J.sub.1 = e3 with delay
      time 3t.sub.Q and J.sub.2 = x with delay time 7t.sub.Q.
PAR  In FIG. 8b the signal K = i is shown for one field in relation to FIG. 8a.
      The period denoted by 7.5 T.sub.H (y = 0) is considered to end during the
      period of the time axis being shown interrupted. At the instant t.sub.2 a
      negatively directed edge occurs in the signal T = d3. In that case J = K =
      0 so that in accordance with Table 1 the flip-flop W does not change over.
      If prior to the instant t.sub.2 it were allowed that J varies between 0
      and 1, while as a result thereof the flip-flop W should not change over
      even once, then it follows from Table 1 that at this stable state the
      Q.sub.1 output must have the logic 1. This is the starting point.
PAR  At the instant t.sub.7 a subsequent negatively directed edge occurs in the
      signal T = d.sub.3. Meanwhile the signal K = i has received the logic 1 at
      the instant t.sub.3 so that for J = 0, K = 1, the flip-flop W changes over
      the Q.sub.1 = w changes from the logic 1 to the logic 0. A negatively
      directed edge in the signal T = d3 at the instant t.sub.12 does not exert
      influence on the flip-flop W. At the instant t.sub.13 the signal K = i
      changes back from the logic 1 to the logic 0. A negatively directed edge
      occurring at the instant t.sub.17 in the signal T = d.sub.3 has for J = 0
      and K = 0 no influence on the flip-flop W. At the instant t.sub.20 the
      signal J.sub.1 = e3 receives the logic 1 and hence the signal J. At the
      negatively directed edge occurring at the instant t.sub.22 in the signal T
      = d.sub.3 there applies that J = 1, K = 0 whereafter the Q.sub.1 output
      must start to convey the logic 1. In that case J may change between 0 and
      1 for K = 0 without the negatively directed edges in the signal T =
      d.sub.3 causing the flip-flop W to change over. This state was taken as a
      starting point.
PAR  In FIG. 8b the reference s.sub.HW indicates a second pulse following the
      described pulse in the signal Q.sub.1 = w which second pulse is also
      generated in the manner described.
PAR  The generation of the pulse in the signal Q.sub.1 = w and denoted by the
      reference s.sub.HW follows in the same manner for the signal K = i shown
      in FIG. 8c. To emphasize the fact that FIG. 8c is shifted relative to 8b
      over half a line period T.sub.H/2, a few instants t.sub.40,..... t.sub.80
      = t.sub.0,....... t.sub.7,.....t.sub.22 have been indicated.
PAR  The auxiliary pulses in the signal i occurring at the line frequency
      determine in one field or in the other field approximately the position of
      the line blanking pulses s.sub.HW to be generated in the signal w
      according to FIGS. 8b and 8c. The exact position of the edges of the line
      blanking pulses s.sub.HW in the signal w are determined by the trigger
      edges in the signal d.sub.3. In FIG. 3 the instants t.sub.7 + 2t.sub.Q and
      t.sub.22 + 2t.sub.Q are shown for the signal s.sub.HW for the edges. The
      line blanking pulses in the signal s.sub.HW are found to have a pulse
      duration of 15 .times. 0.8 .mu.s = .mu.s and fall within the limits
      imposed by the CCIR standard. (Tables 3 and 4)
PAR  In FIG. 8a an instant t.sub.40 is indicated in the signal J.sub.1 = e3 with
      the signal having the logic 0 at the instant t.sub.40 + 3t.sub.Q which
      value becomes manifest in the signal J. At the instant t.sub.40 + 7t.sub.Q
      the logic 0 occurs in the signal J.sub.2 = x from which instant the period
      20T.sub.H begins. What has been described with reference to the instants
      t.sub.2 and t.sub.7 now applies for the instants t.sub.42 and t.sub.47
      because in the signal K = i of FIG. 8b the first auxiliary pulses
      occurring at the double line frequency begins at the instant t.sub.43. The
      previous auxiliary pulse in the signal K = i is then considered to be the
      last pulse normally occurring at the line frequency.
PAR  With respect to FIG. 8c there applies that the first auxiliary pulse in the
      signal K = i after the instant when J.sub.2 = x receives the logic 0
      appears as the last pulse occurring normally at the line frequency.
PAR  After the logic 0 has been obtained in the signal Q.sub.1 = w the signal J
      of FIG. 8a is found to maintain the logic 0 during a period of
      approximately 20 T.sub.H while K changes between 0 and 1. It is found from
      Table 1 that the signal Q.sub.1 = w of FIGS. 8b and 8c maintains the logic
      0 because this represents the stable state.
PAR  The flip-flop W changes over at the first negatively directed edge in the
      signal T = d3 after the signal J receives the logic 1 under the influence
      of the signal J.sub.1 = e3. The subsequent occurrence of an auxiliary
      pulse in signal K = i of FIGS. 8b or 8c provides the opportunity for some
      negatively directed edges in the signal T = d3 of FIG. 8c to cause the
      line blanking pulses s.sub.HW to be generated by the flip-flop W. The
      flip-flop W generates a field blanking pulse at a duration of 20 T.sub.H
      plus one line blanking pulse duration (t.sub.22 - t.sub.7 and t.sub.62 -
      t.sub.47).
PAR  The JK flip-flop P of FIG. 2 generates a signal Q.sub.1 = p shown in FIG.
      9, which includes a series of line synchronizing pulses s.sub.HP,
      equalizing pulses s.sub.EP and field synchronizing pulses s.sub.VP. The
      number of field synchronizing pulses s.sub.VP is constituted by a single
      long field pulse which is cut into pieces by means of the said raster
      serrations s.sub.VS.
PAR  The flip-flop P deviates from the type (FCJ 121) described so far and is a
      JK flip-flop of the type FCJ 201 which is formed with three J and K inputs
      having and AND gate function on which a trigger action may be performed.
PAR  The connections of the flip-flop P (in FIG. 2) are as follows: T (P) =
      Q.sub.2 (D1), J1(P) = Q.sub.1 (E1), J.sub.2 (P) = Q.sub.2 (D3), J.sub.3
      (P) = Q.sub.1 (I) and K.sub.1 (P) = Q.sub.1 (E2). The input K.sub.2 (P) is
      connected to the output of a NAND gate N2 with Q.sub.1 (I) and Q.sub.1 (Y)
      being connected to inputs thereof. The input K.sub.3 (P) is connected to
      the output of the NAND gate Z. The input S.sub.2 (P) is coupled to Q.sub.2
      (I) through a differentiating circuit including a capacitor C.sub.5 and
      two resistors R.sub.7 and R.sub.8 arranged in series between the potential
      U and ground.
PAR  In addition to the Table 1 for the trigger action on the input T(P) and the
      description given with reference thereto a Table 5 also applies for the JK
      flip-flop P of the type FCJ 201 in which Table for T(P) = 1 a trigger
      action on the J and/or K-input may be performed in case of a transition
      from the logic 1 to the logic 0.
TBL                Table 5.                                                    

     ______________________________________                                    

                                   For T = 1.                                  

     J      K        Q.sub.1       Q.sub.2                                     

     ______________________________________                                    

     1.fwdarw.0                                                                

            0 or 1   1             0                                           

     o or 1 1.fwdarw.0                                                         

                     0             1                                           

     1.fwdarw.0                                                                

            1.fwdarw.0                                                         

                     Q.sub.1 changes over                                      

                                   Q.sub.2 changes over                        

     ______________________________________                                    

PAR  The influence of the input signals according to FIG. 9 may be explained
      with the aid of Tables 1 and 5.
PAR  FIG. 9 relates to 19 half line periods T.sub.H /2 occurring in and near the
      equalizing and field synchronizing period. The periods of time 1, 2, 3, 4;
      7, 8, 9; 12, 13 and 17, 18, 19 are shown for the numbered half line
      periods. Only the first 16 .times. 0.8 .mu.s = 12.8 .mu.s are shown for
      each half line period T.sub.H /2 of 32 .mu.s. The time axis in the signal
      J.sub.1 = e1 is interrupted after the instant t.sub.16 so as to show that
      the signal has the same periodical character after this instant. The time
      axis in the signal J.sub.3 = i is shown in a broken line after the instant
      t.sub.16 so as to show that the signal can occur once at a maximum during
      one of the periods of time 1......19, considering the fact that the signal
      i has pulses of line frequency and double line frequency. The signal
      J.sub.2 = d3 is shown near the signal J so as to emphasize that the
      signals J.sub.1 = e1 and J.sub.3 = i exert an inaccurate place-determining
      influence while an edge in the signal J.sub.2 = d3 has an
      accuracy-determining influence. Due to the periodicity of the two
      television fields the time scale t.sub.0,.....t.sub.40,,,,t.sub.80 =
      t.sub.0 given with signal J may alternatively be considered as
      t.sub.40.....t.sub.80 = t.sub.0.....t.sub.40.
PAR  The signal K.sub.3 = z is shown in an uninterrupted manner so as to clarify
      that it includes a pulse of field frequency which has the logic 0 during
      the periods of time 8.....12 (2.5 T.sub.H). In the signal K.sub.2 = i . y
      = i + y the same applies for the periods of time 3.....17 (7.5 T.sub.H) in
      which the signal y has the logic 1. The total signal K is constituted
      through an AND function together with the signal K.sub.1 = e2.
PAR  Analogously to the signal J.sub.3  = i, signal S.sub.2 = i' (signal i
      differentiated is shown. The signal T = d1 and the signal S.sub.2 = i' may
      be found to have an accuracy-determining influence while the signal K only
      has a choice influence.
PAR  During the periods of time 1, 2 and 18, 19 the signals J.sub.3 = i and J,
      K.sub.2 = i + y and K, and the signal S.sub.2 = i' are shown with portions
      consisting of broken lines and chain-link lines as well as the portions in
      the signal Q.sub.1 = p resulting therefrom due to the action of the
      flip-flop P. The reason thereof resides in the periodicity of the two
      television fields. The chain-link line portion in the periods of time 1, 2
      and 18, 19 is associated with the field which ends with a full line prior
      to the equalizing and field synchronizing period, as has been described
      with reference to FIGS. 7c and 8c. The broken line portion corresponds to
      the state described with reference to FIGS. 7b and 8b.
PAR  The consideration of the period of time 1 with the chain-link line portion
      in the signals of FIG. 9 leads to the following: around the instant
      t.sub.0, J = 0 and K may have the logic 1 or 0. It follows from Table 1
      that for the stable state of flip-flop P the requirement is that Q.sub.1
      has the logic 0. It follows from Table 5 that with a variation of K from 1
      to 0 for T = 1, the stable state also occurs for Q.sub.1 = 0. It is found
      that without a variation in J the flip-flop P cannot change over.
PAR  At the instant t.sub.3 the logic 1 occurs in the signal J.sub.3 = i,
      whereafter the signal J.sub.1 = e1 follows at the instant t.sub.5. The
      result is that a logic 1 in the signal J.sub.2 = d3 becomes manifest
      between the instants t.sub.7 and t.sub.9 in the signal J. At the instant
      t.sub.9 an edge going from the logic 1 to 0 occurs in the signal J while
      at the same time the signal T = d1 has the value 1. It follows from Table
      5 that the flip-flop P will change over because the signal Q.sub.1 = p
      must assume the logic 1.
PAR  The reset pulse at the instant t.sub.3 occurring in signals S.sub.2 = i'
      does not exert any influence because the signal Q.sub.1 = p has the logic
      0 at t.sub.3.
PAR  After the instant t.sub.9 the signal K may exert influence on the flip-flop
      P. At the instant t.sub.13 the signal K assumes the logic 1 under the
      influence of the then occurring logic 1 in the signal K.sub.2 = i + y.
PAR  After the instant t.sub.9 two negatively directed edges occur in the signal
      T = d1, the instant t.sub.12 being denoted at the second edge. At the
      instant t.sub.12 there applies that J = K = 0 so that it follows from
      Table 1 that the flip-flop P does not change over. The subsequent
      negatively directed edge in the signal T = d1 occurs at the instant
      t.sub.15. Now, however, J = 0 and K = 1 so that according to Table 1 the
      output Q.sub.1 (P) must convey the logic 0 so that the flip-flop P changes
      over at the instant t.sub.15.
PAR  During the rest of the period of time 1 and the entire period of time 2, J
      remains 0 which follows from the chain-link line portion in the signal
      J.sub.3 = i. As a result the flip-flop P remains in the same state as has
      been shown at the instant t.sub.0.
PAR  Comparison of FIGS. 3 and 9 shows that the periods of time 1 and 2 in FIG.
      9 correspond to the 2 half line periods T.sub.H /2 of FIG. 3. The signal
      s.sub.HP in FIG. 3 corresponds to the pulse s.sub.HP in FIG. 9. It is
      found from FIG. 9 that a trigger edge in the signal J.sub.2 = d3 (having a
      delay time of 1t.sub.Q relative to the time scale t.sub.0......t.sub.80)
      determines the leading edge of the pulse s.sub.HP while the trailing edge
      is determined by the trigger edge in the signal T = d1 (without delay time
      relative to the time scale t.sub.0.....t.sub.80). The result is shown in
      FIG. 3 in which the leading edge in the signal s.sub.HP is located at the
      instant t.sub.9 + 2 t.sub.Q while the trailing edge is located at the
      instant t.sub.15 + 1t.sub.Q. The line synchronizing pulse s.sub.HP
      therefore has an accurately determined pulse duration of 6 .times.  0.8
      .mu.s minus approximately 70 ns, that is to say, 4.73 .mu.s.
PAR  What has been described for the period of time 1 in FIG. 9 likewise applies
      to the period of time 2 for the signals which are shown by means of broken
      lines so that a detailed description is omitted.
PAR  It is to be noted that the signal J.sub.3 = i has a keying function for
      generating or not generating line synchronzing pulse s.sub.HP during half
      a line period. The presence of the signal i in the signal K.sub.2 = i +y
      becomes manifest in the signal K by giving an edge at the instant t.sub.13
      instead of an edge at t.sub.10 under the influence of K.sub.2 = e2. The
      edge in the signal K occurring at the instant t.sub.10 does not exert any
      influence on the generation of the pulses s.sub.HP occurring at the line
      frequency.
PAR  During the periods of time 3....17 of FIG. 9 constituting the equalizing
      and field synchronizing period (7.5 T.sub.H) the auxiliary pulses occur
      each period of time in the signal J.sub.3 = i and then provide in signal J
      the pulse keyed from the signal J.sub.2 = d3. The signal K is determined
      in the periods of time 3.....7 and 13.....17 by the signal K.sub.1 = e2
      because only the component y = 1 becomes manifest in the signal K.sub.2 =
      i + y. During the periods of time 8........12 (the field synchronizing
      period of 2.5 T.sub.H) the signal K.sub.3 = z = 0 is predominant in the
      signal K.
PAR  Analogously as described with reference to the period of time 1, the
      flip-flop P changes over during the period of time 3 at the instant
      t.sub.9. Subsequently, at the instant t.sub.10, a negatively directed edge
      occurs in the signal T = d1. At the instant t.sub.10 the signal K still
      has the logic 0 whereafter it obtains the logic 1 at the instant t.sub.10
      + 2t.sub.Q due to the signal K.sub.1 = e2. The subsequent negatively
      directed edge in the signal T = d1 at the instant t.sub.12 causes the
      flip-flop P to change over. The same is effected during the periods of
      time 4.....7 and 13.....17. The result is that the equalizing pulses
      s.sub.EP is generated in the signal Q.sub.1 = p. The edges of the
      equalizing pulse s.sub.EP are determined in the same manner as those in
      the line synchronizing pulse s.sub.HP. In FIG. 3 two equalizing pulses
      occurring at double the line frequency are shown in signal s.sub.EP. The
      pulse duration of the first pulse ranges from t.sub.9 + 2t.sub.Q to
      t.sub.12 + 1t.sub.Q, that is to say, 3 .times. 0.8 .mu.s minus
      approximately 70 ns makes 2.33 .mu.s which value also applies to the other
      pulse.
PAR  During the period of time 8 of FIG. 9 the flip-flop P changes over at the
      instant t.sub.9 analogously as described with reference to the period of
      time 1. The signal K.sub.3 = z results in the signal K having the logic 0
      during theperiods of time 8......12. It follows from the foregoing that
      consequently the signal K during these periods of time does not exert
      influence on the state of the flip-flop P. From the instant t.sub.9 the
      signal Q.sub.1 = p continues to convey the logic 1 throughout the period
      of time 8 and even up to the period of time 9.
PAR  During the period of time 9 a reset pulse going from the logic 1 to 0
      occurs at the instant t.sub.3 in the signal S.sub.2 = i'. It follows from
      Table 1 that this reset pulse gives the output Q.sub.1 (P) the logic 0.
      Subsequently the signal J results in a change-over of the flip-flop P at
      the instant t.sub.9. The same is repeated in the periods of time 10, 11
      and 12. A pulse generated in this manner in the signal Q.sub.1 = p is
      denoted by s.sub.VS. The pulse s.sub.VS occurring at the double line
      frequency and being denoted at a raster serration has its leading edge at
      the instant t.sub.3 determined by the signal i and its trailing edge at
      the instant t.sub.9 is determined by the signal d3. In FIG. 3 the instants
      t.sub.3 + 2t.sub.Q and t.sub.9 + 2 t.sub.Q are denoted in the signal
      s.sub.VS and the pulse duration is 6 .times. 0.8 .mu.s = 4.8 .mu.s.
PAR  During the period of time 13 of FIG. 9 the flip-flop P is reset to the
      input S.sub.2 (P) of FIG. 2 at the instant t.sub.3 whereafter the
      equalizing pulses are generated during the periods of time 13.....17 as
      described with reference to the periods of time 3....7.
PAR  It is to be noted that during the period of time 13 an edge 1.fwdarw.0
      occurs at the instant t.sub.0 + 2t.sub.Q in the signal K.sub.1 = e2.
      Subsequently, an edge 0.fwdarw.1 occurs at the instant t.sub.0 + 5t.sub.Q
      in the signal K.sub.3 = z. The result is that the signal K certainly
      maintains the logic 0 until the instant t.sub.10 + 2t.sub.Q. This result
      has been achieved by the choice that the K.sub.1 and K.sub.3 inputs of the
      flip-flop P are connected to the flip-flop E2 and through the NAND gate Z
      to the flip-flop M1 each hacing a different added propagation delay time
      (2t.sub.Q relative to 5t.sub.Q). This added propagation delay time depends
      on the sequential number of the JK flip-flop calculated relative to the
      clock pulse generator A or, considering the introduced time scale of line
      frequency, relative to the flip-flops D1 and D2. Such a choice ensuring
      satisfactory operation has also been made for other connections in the
      pulse generator according to FIG. 2 such as has been described with
      reference to FIG. 6 at the instant t.sub.10 for the flip-flop J with K (J)
      = Q.sub.1 (E2) (delay time 2t.sub.Q) and T(J) = Q.sub.2 (D2) (no delay
      time).
PAR  The description of the periods of time 18 and 19 corresponds to that of the
      periods of time 2 and 1, respectively, so that this description is
      omitted.
PAR  In the pulse series generated by the flip-flops P and W of FIG. 2 the line
      synchronizing pulse in one series occurs inter alia in the signal s.sub.HP
      of FIG. 3 and the line blanking pulse in the other series occurs in the
      signal s.sub.HW of FIG. 3.
PAR  The front porch is the time difference between the instants when the
      leading edges of the pulses occur in the signals s.sub.HW and s.sub.HP,
      that is to say, between t.sub.9 + 2 t.sub.Q and t.sub.7 + 2t.sub.Q which
      is a time difference of 2 .times. 0.8 .mu.s = 1.6 .mu.s.
PAR  It is found that pulse series can be generated with the pulse generator
      according to FIGS. 1 and 2 which series include pulses of different
      duration and having a determined time difference between the series which
      satisfy the limits given in Table 4 for the CCIR standard.
PAR  In FIG. 1 the phase discriminator B is shown for synchronizing the clock
      pulse generator A at the line frequency. The 5-to-1 dividers and the
      125-to-1 dividers L and M may be synchronized at the field frequency by
      the external field synchronizing signal s.sub.VES if this is present. In
      FIG. 2, a synchronizing circuit is shown in detail for the signal
      s.sub.VES which will be described in combination with the signals given in
      FIG. 4.
PAR  The external field synchronizing signal s.sub.VES is applied through an
      isolating capacitor C.sub.6 and a resistor R.sub.9 in series to the base
      electrode of an npn-transistor T.sub.2, which base electrode is connected
      through a resistor R.sub.10 to the potential U. The base electrode of a
      second npn-transistor T.sub.3 is connected to the collector electrode of
      the transistor T.sub.2 while the two emitter electrodes are connected to
      ground. The collector electrode of transistor T.sub.3 is directly
      connected to the S.sub.2 inputs of the flip-flops L1....L3, M3.....M7 and
      is indirectly connected through the diode T.sub.1 to the inputs of the
      flip-flops M1 and M2. The collector electrode of transistor T.sub.2 is
      connected to ground through a capacitor C.sub.7 and to the output of a
      NAND gate N.sub.3 through a resistor R.sub.11. The inputs of the gate
      N.sub.3 receive the signals m1 and y so that the output conveys a
      potential corresponding to the signal z of FIG. 4.
PAR  Starting from the assumption that the supply for the synchronizing circuit
      (T.sub.2, T.sub.3) is provided through the gate N.sub.3 and that the
      signal s.sub.VES is absent or that no synchronizing pulse occurs in the
      signal s.sub.VES, the transistor T.sub.2 is conducting. Approximately the
      ground potential is impressed on the base electrode of the transistor
      T.sub.3 so that transistor T.sub.3 is cut off. The S.sub.2 inputs of the
      flip-flops L1......L3, M1.....M7 convey the logic 1 due to internal
      couplings and due to the resistor R.sub.2 being connected to potential U.
PAR  If in the presence of the supply through the gate N.sub.3 a negatively
      directed edge of a synchronizing pulse occurs in the signal s.sub.VES, the
      transistor T.sub.2 is cut off while transistor T.sub.3 becomes conducting
      so that the ground potential occurs at its collector electrode. As a
      result a pulse going from the logic 1 to the logic 0 occurs at the S.sub.2
      inputs of the flip-flops L1....L3, M1......M7. The result is that all
      Q.sub.1 outputs of the flip-flops L1......L3, M1.......M7 should convey
      the logic 0. A consideration of the signal s.sub.VES in relation to the
      signals l1.....l3, m1......m7 of FIG. 4 leads to the conclusion that the
      negatively directed resetting edge in the signal s.sub.VES can only occur
      between the instants t.sub.136 and t.sub.138 without exerting influence,
      which corresponds to the synchronized state. If the resetting edge occurs
      in the signal s.sub.VES beyond the instants t.sub.136 and t.sub.138, the
      circuit of frequency dividers including the flip-flops L1......L3,
      M1......M7 is brought in the said synchronized state. The time difference
      between the instants t.sub.136 and t.sub.138 corresponds to a half line
      period within which the synchronisation is ensured by the phase
      discriminator B of FIG. 1.
PAR  The supply of the transistor T.sub.2 through the gate N.sub.3 whereby the
      signal z of FIG. 4 is impressed on the collector electrode results in the
      supply dropping out during the period between the instants t.sub.130 and
      t.sub.140 in the synchronized state of the circuit of frequency dividers
      including flip-flops L1.....L3, M1....M7. The transistor T.sub.3 of FIG. 2
      then remains cut off, even when the resetting edge occurs in the signal
      s.sub.VES. It has been achieved that in the synchronized state the then
      superfluous signal s.sub.VES does not result in needless switching on the
      S.sub.2 inputs of the flip-flops L.sub.1....L.sub.3, M1....M7 and through
      the resistor R.sub.2 on potential U.
PAR  In a practical embodiment the pulse generator of FIG. 2 is formed as
      follows:
PAR  In a twofold JK flip-flop of the type FCJ 121 the combinations: D1-D2,
      D3-E1, E2-E3, F-I, L1-L2, L3-W, M1-M2, M3-M4, M5-M6, X-Y; M7 1/2 FCJ 121.
      A JK flip-flop of the type FCJ 201 for P. A fourfold NAND gate of the type
      FCH 191 for the gates Z, N.sub.1, N.sub.2 and N.sub.3. A diode BAX 13 for
      T.sub.1. Two transistors BSY 39 for T.sub.2 and T.sub.3. A potential U of
      + 6V.
PA1  R.sub.1, r.sub.4, r.sub.7 = 2.2 k .OMEGA.
PA1  R.sub.2, r.sub.5, r.sub.8 = 3.9 k .OMEGA.
PA1  R.sub.3, r.sub.6 = 1 k .OMEGA.
PA1  R.sub.9 = 330 .OMEGA.
PA1  r.sub.10 = 10 k .OMEGA.
PA1  R.sub.11 = 4.7 k .OMEGA.
PA1  C.sub.1, c.sub.5, c.sub.6 = 1 nF.
PA1  C.sub.2, c.sub.3 = 2.2 nF
PA1  C.sub.4 = 4.7 nF
PA1  C.sub.7 = 10 nF.
PAR  In the combination of the flip-flops X and Y it is noted that the S.sub.2
      input which is common for both flip-flops influences with the signal x'
      the action of Y but not the action of the flip-flop X, which may be
      derived from FIG. 5.
PAR  It will be evident that the invention is not restricted to the embodiment
      of a pulse generator suitable for the CCIR standard and shown in FIGS. 1
      and 2. The H.C.F. of the pulse periods in and the time differences between
      the synchronizing and blanking signals in relation to a half line period
      may be determined for any other television standard. The connections for
      the generator I of the auxiliary pulses of line frequency and double line
      frequency may be chosen in a simple manner dependent on the desired pulse
      period with its keying influence.
PAR  FIG. 10 shows a PAL chrominance subcarrier gating signal generator formed
      with five JK flip-flops denoted by the references FF.sub.1 to FF.sub.5.
      Arrow heads are shown for a few T, J, K and S.sub.2 inputs of the
      flip-flops FF.sub.1.....FF.sub.5 on which a trigger action is performed.
      For some inputs of the flip-flops FF.sub.1.....FF.sub.5 signals are shown
      which occur in the pulse generator which is shown in detail in a
      block-schematic diagram in FIGS. 1 and 2. These signals are derived from
      the circuits of frequency dividers (D, E, F or L, M) dividing to the line
      or field frequency, the pulse generators I and Y and the clock pulse
      generator A. The time relation between the different signals follows from
      the time diagrams given in FIGS. 3 to 7. The flip-flops FF.sub.1 and
      FF.sub.2 of FIG. 10 will be described in combination with the signals
      shown in FIG. 11 after the commencing instant t.sub.0 of a line period
      T.sub.H. As indicated in FIG. 11, the starting point in this case is the
      state at which the S.sub.2 input of the flip-flop FF.sub.1 has the logic 1
      (S.sub.2 = 1).
PAR  The signal i is applied through a capacitor C.sub.8 to the J-input of the
      flip-flop FF.sub.1 coupled to ground through a resistor R.sub.12. The
      capacitor C.sub.8 and the resistor R.sub.12 constitute a differentiating
      circuit whose action follows from the signal J = i' shown in FIG. 11. The
      connected K input which is further not shown has the logic 1 (K = 1) due
      to internal couplings. The T input of the flip-flop FF.sub.1 receives the
      signal d1.
PAR  With the aid of Table 1 regarding the action of a JK flip-flop, the signal
      Q.sub.2 of FIG. 11 follows at the output Q.sub.2 (FF.sub.1). For J = 0 and
      K = 1 it follows that Q.sub.2 = 1 provides the stable state of the
      flip-flop FF.sub.1. A negatively directed edge in the signal J = i' at the
      instant t.sub.3 does not have any influence, the logic 0 remains present.
      After the instant t.sub.13 a positively directed edge occurs at a
      propagation delay time of 1t.sub.Q in the signal J = i'. The logic 1
      occurs in the signal J = i' until after the instant t.sub.15 when the
      signal T = d1 has an edge 0.fwdarw.1. At the instant t.sub.16, with an
      edge 1.fwdarw.0 in the signal T = d1, there consequently applies that J =
      K = 1 so that the flip-flop FF.sub.1 must change over. (Table 1). At the
      instant t.sub.16 + 1 t.sub.Q the signal Q.sub.2 has the logic 0. In the
      signal T = d1 a subsequent negatively directed edge occurs at the instant
      t.sub.18 for which applies that K = 1 and J = 0 or 1. It follows from
      Table 1 in both cases that the flip-flop FF.sub.1 changes over again. The
      signal J = i' is accompanied by the tolerance within which the trailing
      edge of the possibility directed pulse should be located, namely from and
      including the instant t.sub.15 up to before the instant t.sub.20.
      Negatively directed edges in the signal T = d1 occurring after the instant
      t.sub.20 therefore do not exert influence on the flip-flop FF.sub.1. A
      pulse having the logic 1 appears at the Q.sub.2 output of the flip-flop
      FF.sub.1 between instants t.sub.16 + 1 t.sub.Q and t.sub.18 + 1t.sub.Q.
PAR  The Q.sub.2 output of flip-flop FF.sub.1 is connected to the S.sub.2 input
      of the flip-flop FF.sub.2. The input T(FF.sub.2) receives the signal a.
      The K input is connected to ground and the J input is floating so that K =
      0, J = 1. For J = 1, K = 0 it follows from Table 1 that Q.sub.1 = 1 and
      Q.sub.2 = 0 is the stable state of the flip-flop FF.sub.2 before the
      signal Q.sub.2 of flip-flop FF.sub.1 exerts a trigger action at the
      instant t.sub.16 + 1t .sub.Q on the input S.sub.2 (FF.sub.2). As a result
      the output Q.sub.1 (FF.sub.2) obtains the logic 0 at the instant t.sub.16
      + 2t.sub.Q. During the pulse in the signal Q.sub.2 of the flip-flop
      FF.sub.1 the signal T = a does not exert influence on the flip-flop
      FF.sub.2, but the first occurring negatively directed edge at the instant
      t.sub.19 - 1t.sub.Q causes the flip-flop FF.sub.2 to change over to the
      stable state. The output Q.sub.1 (FF.sub.2) therefore conveys a signal
      having a pulse ranging from the instant t.sub.16 + 2t.sub.Q to t.sub.19
      which is indicated by means of signal Q.sub.1 = s.sub.CC in FIG. 11.
PAR  The signal s.sub.CC generated by means of the flip-flops FF.sub.1 and
      FF.sub.2 has a duration of (t.sub.19 - t.sub.16) -2t.sub.Q = 3 .times. 0.8
      .mu.s - 2 .times. 70 ns = 2.26 .mu.s. The leading edge at the instant
      t.sub.16 + 2 t.sub.Q is located 7 .times. 0.8 .mu.s = 5.6 .mu.s later
      relative to the leading edge of the line synchronizing pulse s.sub.HP
      shown in FIG. 3 (occurring at the instant t.sub.9 + 2t.sub.Q). The signal
      s.sub.CC is therefore the chrominance subcarrier gating signal described
      in the PAL standard which must start 5.6 .mu.s after the leading edge of
      the line synchronizing pulse and has a duration of 10 periods of the
      chrominance subcarrier signal at a frequency of 4 433 618.75 Hz being 2.26
      .mu.s. The PAL gating signal s.sub.CC generated by the flip-flops FF.sub.1
      and FF.sub.2 may be applied to a gating circuit (not shown) another input
      of which may be connected to a chrominance subcarrier oscillator.
PAR  Without further steps a gating signal generator including only the
      flip-flops FF.sub.1 and FF.sub.2 would generate a gating pulse for each
      line period T.sub.H in the signal s.sub.CC. However, the PAL standard
      stipulates that the gating pulse must not occur over a duration of nine
      line periods around the equalizing and field synchronizing period. The
      instant of beginning and ending of this blocking duration is different for
      successive fields and has a cycle of four field periods. This cycle will
      become clearly apparent from the following description. The action of the
      flip-flops FF.sub.1 and FF.sub.2 may be blocked by applying the required
      blocking pulse with the logic 0 to the S.sub.2 input of the flip-flop
      FF.sub.1. During the pulse duration (logic 0) of the blocking signal
      indicated by a signal s.sub.C at the input S.sub.2 (FF.sub.1) the output
      Q.sub.2 (FF.sub.1) maintains the logic 1 as well as Q.sub.1 (FF.sub.2).
PAR  The PAL blocking signal signal s.sub.C is generated at the Q.sub.1 output
      of the flip-flop FF.sub.3. The flip-flop FF.sub.3 is of the type using
      multiple formed command J and K inputs. The inputs J.sub.1 and K.sub.3
      receive the signals y and l2, respectively, of FIG. 4. The J.sub.2 and
      J.sub.3 inputs of the flip-flop FF.sub.3 are connected to the Q.sub.2
      outputs of the flip-flops FF.sub.4 and FF.sub.5, respectively. The K.sub.1
      and K.sub.2 inputs of the flip-flop FF.sub.3 are connected to the Q.sub.1
      outputs of the flip-flops FF.sub.4 and FF.sub.5, respectively. The
      flip-flops FF.sub.4 and FF.sub.5 serve for generating auxiliary pulses for
      the flip-flop FF.sub.3 and all three flip-flops combined constitute a
      blocking signal generator (FF.sub.3, FF.sub.4, FF.sub.5). The
      interconnected J and K inputs of the flip-flop FF.sub.4 receive the signal
      f and the T input receiver the signal i. The input T (FF.sub.5) receives
      the signal m1. The input J (FF.sub.5) is connected to ground through a
      resistor R.sub.13 and receives the signal m7 (m7') through a capacitor
      C.sub.9, which signal is differentiated.
PAR  In FIG. 12 the signals are shown for the flip-flop FF.sub.4 around the
      commencement of an equalizing and field synchronizing period. This is
      apparent from a comparison of the signal T = i with the signals of FIG. 7,
      particularly of FIG. 7c. For the signal J = K = f with the logic 1 it
      follows from Table 1 that the negatively directed edge in the signal T = i
      which is active as a trigger edge at the periodically occurring instants
      t.sub.13 causes the flip-flop FF.sub.4 to change over. An edge 1.fwdarw.0
      in the signal T = i when J = K = f has the logic 0 has no influence as is
      shown in FIG. 12 at the instant t.sub.53. The signal J = K = f has a
      keying function while the signal T = i gives exactly the instants of the
      edges. The flip-flop FF.sub.4 which is active as an auxiliary pulse
      generator generates an auxiliary signal Q.sub.1 = ff.sub.4 shown in FIG.
      12, which signal is a blocking signal of half the line frequency.
PAR  In FIG. 12 the signals for the flip-flop FF.sub.5 are shown after the
      instant of commencement t.sub.100 of a field period T.sub.V. The signals T
      = m1 and J = m7' follow from FIG. 4. At the instant t.sub.100 a positively
      directed edge 0.fwdarw.1 occurs in the signal T = m1. Subsequently, an
      edge 0.fwdarw.1 occurs at a time difference of 6t.sub.Q in the signal J =
      m7'. As has been described with reference to the flip-flop X in FIG. 5 for
      K (X) = m7', the result is that due to the negatively directed edge
      1.fwdarw.0 in the signal T = m1 at the instant t.sub.110 the flip-flop
      FF.sub.5 changes over because J = K = 1. After the instant t.sub.110 there
      applies that J = 0 and K = 1 so that the next edge 1.fwdarw.0 causes the
      flip-flop FF.sub.5 to change over to its stable state at the instant
      t.sub.130 in the signal t = m1. The flip-flop FF.sub.5 generates a signal
      Q.sub.1 = ff.sub.5 which shows a pulse at the field frequency between the
      instants t.sub.110 and t.sub.130 (+1t propagation delay time).
PAR  The operation of the flip-flop FF.sub.3 follows from the time diagrams of
      FIG. 13. In FIG. 13 the beginning of a field period T.sub.V is shown from
      the instant t.sub.100 during fourteen line periods T.sub.H. For the signal
      K.sub.3 = 12 a few periodically occurring instants t.sub.0....t.sub.80 =
      t.sub.0 .... t.sub.40.......etc of the line frequency time scale are
      shown. A delay time of 4t.sub.Q relative to this time scale is not shown,
      but the delay of 2t.sub.Q of the edges in the signal K.sub.2 = ff.sub.5 is
      shown relative to that in the signal K.sub.3 = 12. In the signals J.sub.1
      = y and J.sub.3 = ff.sub.5 the edges of the pulses occurring at the field
      frequency are also shown.
PAR  For the 625-line standard employing interlacing there applies that a field
      period T.sub.V corresponds to 312.5 line periods T.sub.H. The signal
      K.sub.3 = 12 has a period of 2.5 T.sub.H so that in each field period
      T.sub.V 312.5/2.5 = 125 periods of the signal K.sub.3 = 12 occur. In FIG.
      12 the auxiliary signal Q.sub.1 = ff.sub.4 is shown for the flip-flop
      FF.sub.4 as a blocking signal having a period which is equal to two line
      periods T.sub.H. In a field period T.sub.V 312.5/2 = 156.25 periods of the
      signal ff.sub.4 consequently occur so that the signal ff.sub.4 exhibits a
      phase shift in a cycle of four field periods T.sub.V. In FIG. 13 the
      signals K.sub.1 = ff.sub.4 and J.sub.2 = ff.sub.4 are shown in a cycle of
      four field periods T.sub.V by means of V.sub.1, V.sub.2, V.sub.3 and
      V.sub.4 . Calculated on the time scale determined at the signal K.sub.3 =
      12 the edges in the signals K.sub.1 = ff.sub.4 and J.sub.2 = ff.sub.4 are
      found to occur at the instants t.sub.53 and t.sub.13 in successive fields
      V.sub.1, V.sub.2 etc. The signal Q.sub.1 = ff.sub.4 of FIG. 12 corresponds
      to the signal K.sub.1 = ff.sub.4 of the flip-flop FF.sub.3 in FIG. 13 for
      the field V2.
PAR  The signals at the multifold J and K inputs of the flip-flop FF.sub.3 are
      combined through an AND gate function to form a signal J and a signal K,
      the fields V1, V2, V3, V4 being indicated. It is found from the signal K
      that the signal K.sub.2 = ff.sub.5 has a keying function while the edges
      in the signal K are determined by the signals K.sub.1 = ff.sub.4 and
      K.sub.3 = 12. The same applies to the signal J with the signal J1 = y and
      the signals J.sub.2 = ff.sub.4 and J.sub.3 = ff.sub.5.
PAR  The T input (not shown) of the flip-flop FF.sub.3 is not connected and
      conveys a logic 1. For the operation of the flip-flop FF.sub.3 Table 5
      applies with reference to the action of a JK flip-flop having a command J
      and K inputs for T = 1.
PAR  It is found that prior to the instant t.sub.110 there applies for all
      fields V1..V4 that K = 0 and that J varies between 1 and 0. A stable state
      Q.sub.1 = 1 (Table 5) is associated therewith such as is shown for the
      signal Q.sub.1 = s.sub.C with fields V1, V2, V3 and V4. After the instant
      t.sub.110 pulses appear in the signal K up till the instant t.sub.130
      while the signal J has the logic 0. For J = 0 and K 1.fwdarw.0 there
      follows that Q.sub.1 must start to convey the logic 0. The first occurring
      edge 1.fwdarw.0 in the signal K is supplied for the fields V1, V2 and V3
      by the signal K.sub.1 = ff.sub. 4 (t.sub.53, t.sub.13) and is supplied for
      the field V4 by the signal K.sub.3 = 12 (t.sub.0).
PAR  Up till the instant t.sub.150 (signal J.sub.1 = y) the signal J maintains
      the logic 0. After the instant t.sub.150 J pulse appear in the signal. For
      K = 0 and J 1.fwdarw.0 there follows that Q.sub.1 must convey the logic 1
      so that the firsy occurring edges 1.fwdarw.0 cause the flip-flop FF.sub.3
      to change over. All these trigger edges are supplied by the signal J.sub.2
      = ff.sub.4 with fields V1, V2, V3 and V4 and instants t.sub.13 and
      t.sub.53.
PAR  It is found that the signal Q.sub.1 = s.sub.C conveys a pulse having a
      duration of 9 T.sub.H in the fields V1, V2 and V3 and of 9.16 T.sub.H in
      the field V4. This difference of 0.16 T.sub.H caused by (t.sub.13 -
      t.sub.0) has no detrimental influence on the signal path in a PAL colour
      television system and may therefore be allowed. The instant of
      commencement varies in a cycle of 4 fields in a manner as stipulated in
      the PAL standard for blocking over 9 line periods the series of
      chrominance subcarrier periods to be transmitted for burst purposes. The
      flip-flop FF.sub.3 in FIG. 10 applies the PAL blocking signal s.sub.C to
      the S.sub.2 input of the flip-flop FF.sub.1 so that it must convey the
      logic 1 at the Q.sub.2 output during the period 9 T.sub.H from an instant
      t.sub.13 for, for example, the field V2. As a result no gating pulse
      (t.sub.16......t.sub.19) will occur in the signal Q.sub.1 = s.sub.CC of
      FIG. 11 after this instant t.sub.13 in connection with the predominance of
      the signal at the S.sub.2 input of the flip-flop FF.sub.1.
PAR  The gating signal s.sub.CC generated by the PAL chrominance subcarrier
      gating signal generator (FF.sub.1.....FF.sub.5) must have edges which are
      determined as accurately as possible. To this end it is favourable to take
      trigger signals for the flip-flops FF.sub.1 and FF.sub.2 at the highest
      possible frequency. Starting from the signal a provided by the clock pulse
      generator A as a trigger signal T = a for the flip-flop FF.sub.2, the
      signal d1 directly derived from the signal a is taken for the flip-flop
      FF.sub.1 so that for the gating pulse in the signal Q1 =s.sub.CC a most
      accurately determined duration of 3 clock pulse periods minus 2
      propagation delay times of the JK flip-flops FF.sub.1 and FF.sub.2
      follows.
PAR  A practical embodiment of the PAL chrominance subcarrier gating signal
      generator according to the invention shown in FIG. 10 is as follows.
PA1  Ff.sub.1, ff.sub.2, ff.sub.4, ff.sub.5 = 1/2 fcj 131
PA1  ff.sub.3 = fcj 201
PA1  c.sub.8, c.sub.9 = 2.2 nF.
PA1  R.sub.12, r.sub.13 = 1 k.OMEGA..
PAR  In the pulse generator according to FIGS. 14 and 15 the greater part of the
      components shown is denoted in a similar manner as in FIGS. 1 and 2. The
      block schematic diagram according to FIG. 14 will be described in
      combination with the detailed circuit diagram according to FIG. 15. In
      FIG. 14 the direction of the signal transmission in a general sense is
      denoted by a single arrow head; signal paths having a considerable trigger
      action on generators still to be described are provided with double arrow
      heads.
PAR  An output of a clock pulse generator A in FIG. 14 provides a signal a at a
      frequency of 80 .nu. .sub.H to a circuit of frequency dividers D, E and
      F11. The frequency divider F11 provides a signal f11 of the frequency
      .nu..sub.H to a phase discriminator B to which also an external
      synchronizing signal of the frequency .nu..sub.H is applied, while an
      output signal thereof synchronizes the clock pulse generator A. For the
      CCIR standard .nu..sub.H is the line frequency of 15,625 Hz and for the
      RTMA standard for colour and monochrome television .nu..sub.H is equal to
      15,734.265.... Hz. Dependent on the external synchronizing signal applied
      to the discriminator B for the CCIR or RTMA standard, the generator A is
      synchronized. When, as is shown in FIG. 15 for the sake of simplicity,
      there is no external synchronisation, the generator A provided with two
      outputs may supply the signal a at the frequency of 80 .nu..sub.H for the
      RMA or CCIR standard at an output indicated by R or C. The standard may be
      chosen by means of a selector switch not further shown. In FIGS. 14 and 15
      more selector switches having an R and a C position are shown and on and
      off-switches R and C are shown. Since FIGS. 14 and 15 will be described in
      the first instance for the RTMA standard, the switches which are mutually
      coupled mechanically or in a different manner are shown in the position R
      applying to this standard. Further Figures, which provide signals
      occurring particularly in the RTMA or CCIR position of the pulse generator
      or are of importance are likewise denoted by R or C.
PAR  The frequency dividers D and E of FIG. 14 are together active as a 40-to-1
      divider which is built up from a 3-to-1 divider D and a 14-to-1 divider E
      from which the 40-to-1 divider is obtained by means of a feedback. For the
      positions R and C a different switchable feedback is realized. As is shown
      in greater detail in FIG. 15, the 3-to-1 divider D consists of two divider
      stages D11 and D12 and the 14-to-1 divider E consists of four divider
      stages E11, E12, E13 and E14. Each divider stage is formed as a JK
      flip-flop. For the RTMA standard the stage of flip-flop E13 is fed back to
      D11 and for the CCIR standard E14 is fed back to D12.
PAR  An output of the divider E conveying a signal e14 at double the line
      frequency is connected to a circuit of frequency dividers L and M
      employing a dividend of 21 for the divider L for the RTMA standard, or 25
      for the CCIR standard and a fixed dividend of 25 for the divider M. For
      the RTMA standard employing 21 .times. 25 = 525 interlaced lines the
      frequency divider M provides a signal of the field frequency .nu..sub.V.
      For synchronisation purposes an external synchronizing signal s.sub.VES is
      applied to the dividers L and M.
PAR  The divider L is built up from a 3-to-1 divider, a 2-to-1 divider and a
      5-to-1 divider together including six divider stages which are denoted by
      means of JK flip-flops L11....L16 in FIG. 15. the 21-to-1 divider is
      obtained by feeding back the flip-flop L16 to the flip-flops L13 and L14,
      so that the 3-to-1 divider is combined with a 7-to-1 divider. The 25-to-1
      divider is obtained by feeding back the flip-flop L13 to L11 so that two
      5-to-1 dividers are combined. The divider M consists of an 8-to-1 divider
      and a 3-to-1 divider consisting of five flip-flops M71....M15, the
      flip-flop M11 being switches in a particular manner and receiving at a
      blocking input an auxiliary pulse y of field frequency for realizing the
      25-to-1 divider.
PAR  Outputs of the circuit of frequency dividers L and M are connected to pulse
      generators X, Y, Z and ZZ which provide signals x, y, z and zz or inverse
      values thereof (for example zz). The signals x, y, and z are already given
      for the CCIR standard and in that case they include pulses occurring at
      the field frequency at a pulse duration of 20T.sub.H, 7.5 T.sub.H and 2.5
      T.sub.H, respectively, in which T.sub.H is the line period in the CCIR
      standard. It will be apparent that the additional signal zz in the CCIR
      standard also has a 2.5 T.sub.H pulse of field frequency which, however,
      occurs at an earlier instant in a field period T.sub.V than the pulse in
      the signal z. The pulse generator ZZ is of importance for generating the
      PAL gating signal and is also used for generating the signals x and y.
PAR  For the RTMA standard the pulse generators X, Y, Z and ZZ provide signals
      x, y, z and zz having pulses occurring at the field frequency at a pulse
      duration of 20 T.sub.H, 9T.sub.H, 3T.sub.H and 1.5 T.sub.H, in which
      T.sub.H is the line period in the RTMA standard. These signals are shown
      inter alia in FIG. 18.
PAR  The pulse generators Y, Z and ZZ are controlled by the frequency dividers L
      and M without the interposition of change-over switches; in the generator
      X two coupled change-over switches having positions R and C are required.
PAR  A synchronizing signal generator P and a blanking signal generator W
      receive the signals y and z and the signal x respectively, while they are
      both connected to outputs of the circuit of frequency dividers D and E.
      The generator according to FIGS. 14 and 15 is provided with a pulse
      generator I1 controlled by the circuit D, E, F11, which generator applies
      a signal i1 and/or i1 to the generators P and W which exhibits auxiliary
      pulses occurring at the line frequency beyond the equalizing and field
      synchronizing period of 9 T.sub.H (RTMA) or 7.5 T.sub.H (CCIR) determined
      by the signal y, while the auxiliary pulses occur at the double line
      frequency within this period.
PAR  Prior to describing the signal path in the pulse generator switched on
      according to FIGS. 14 and 15 for the RTMA standard with the aid of FIGS.
      17 to 23, the requirements which are imposed on the blanking and
      synchronizing signals according to the RTMA standard will be described
      first with the aid of FIG. 16.
PAR  Unlike the CCIR standard the steepness of the pulses are taken into account
      for the RIMA standard. The steepness of the edges must be smaller than or
      may be equal to 0.004 T.sub.H at most. In practice a steepness of the edge
      of 0.002 T.sub.H occurs generally. The pulse periods are then given
      between points on the edges which are located at 10% and 90% of the signal
      amplitude. For the sake of simplicity of FIG. 16 the 0 and 100% values are
      taken in this case. Starting from infinitely steep edges shown in solid
      lines during and around the line blanking period. FIG. 16 shows the
      possible steep edges by means of broken lines. The times laid down in the
      RTMA standard are shown by solid distance lines, while the chain-link
      distance lines indicate the times obtained in practice with the aid of the
      generator. The instants which are laid down in the generator and are also
      shown in FIGS 17 are denoted by means of cresses.
PAR  For the RTMA standard there applies a field synchronizing period 3T.sub.H
      (signal z), an equalizing and field synchronizing period of 9T.sub.H
      (signal y) and a field blanking period of approximately 20 T.sub.H (signal
      x). In this case it has been prescribed that 6 equalizing pulses of the
      double line frequency must precede and follow 6 field synchronizing pulses
      of the double line frequency. The duration of the field blanking period in
      the composite blanking signal must then be 20 T.sub.H .+-. 1 T.sub.H + 1
      line blanking pulse duration. Furthermore the requirements imposed in the
      following Table 6, which requirements are derived from the signals shown
      in FIGS. 16 and 17, apply. TABLE 6 (FIG. 16, 17)
PAC  RTMA-standard (colour)
PAR  1. Line blanking pulse duration, signal s.sub.HW : 0.18 T.sub.H.
PAR  2. Front porch: .gtoreq.0.02 T.sub.H.
PAR  3. Line synchronizing pulse duration, signal s.sub.HP : 0.075 .+-. 0.005
      T.sub.H.
PAR  4. Back porch to chrominance subcarrier gating signal: .gtoreq.0.006
      T.sub.H.
PAR  5. Chrominance subcarrier gating signal (burst gate), signal s.sub.CR :
      .gtoreq.8 periods of chrominance subcarrier = 0.0352 T.sub.H.
PAR  6. Synchronizing pulse up to and including gating signal: .ltoreq.0.125
      T.sub.H.
PAR  7. Synchronizing pulse up to and including blanking pulse: .gtoreq.0.145
      T.sub.H.
PAR  8. Raster serration duration, signal s.sub.VS : 0.07 .+-. 0.01 T.sub.H.
PAR  9. Equalizing pulse duration/line synchronizing pulse duration: 0.45 to
      0.50 T.sub.H  in which there applies: chrominance subcarrier frequency
      3579545 .+-. 10 Hz. Line frequency .nu..sub.H : 2/455 . 3579545 = 15734.
      265...... Hz. Line period T.sub.H : 63.55.....mu.s.
PAR  Starting from the method of finding the Highest Common Factor H.C.F. for
      the determined pulse periods and the smallest pulse repetition period of
      1/2T.sub.H, a lowest clock pulse frequency of 80 .nu..sub.H is found to be
      satisfactory also for the RTMA standard. The clock pulse generator A then
      has a frequency of 12588441.2 Hz and a period of 0.79446 .mu.s .apprxeq.
      795 ns.
PAR  With reference to FIGS. 16 and 17 in which a time scale of line frequency
      t.sub.0, t.sub.1.... t.sub.80 = t.sub.0, t.sub.1... derived from the clock
      pulse periods in the signal a is shown, in which t.sub.Q indicates in
      accordance with the Handbooks the propagation delay time t.sub.pd
      occurring in the JK flip-flops of FIG. 15, a Table 7 is given. In this
      case a clock pulse period is equal to T.sub.H /80 = 0.0125 T.sub.H and a
      number thereof is given while t.sub.Q is rounded off to 0.001 T.sub.H
      (63.5 ns) and the maximum steepness of the edges of 0.004 T.sub.H is
      taken.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

                RTMA-    In practice                                           

                                    Edge                                       

                standard            steep-                                     

                                    ness                                       

     __________________________________________________________________________

     1 s.sub.HW .ltoreq.0.18T.sub.H                                            

                         14.times.0.0125=0.175T.sub.H                          

                                    +0.004T.sub.H                              

     2 Front porch                                                             

                .gtoreq.0.02T.sub.H                                            

                         2.times.0.0125=0.025T.sub.H                           

                                    -0.004T.sub.H                              

     3 s.sub.HP 0.075.+-.0.005T.sub.H                                          

                         6.times.0.0125-0.001=                                 

                                    -0.004T.sub.H                              

                         0.074T.sub.H                                          

                                      0.004                                    

     4 Back porch to                                                           

                &gt;0.006T.sub.H                                                  

                         1.times.0.0125-0.001=                                 

                                    -     T.sub.H                              

                                      2                                        

       gating signal     0.0115T.sub.H                                         

     5 s.sub.CR &gt;8 periods                                                     

                         3.times.0.0125=0.0375x                                

                          455                                                  

                             = 8.5 per.                                        

                          2                                                    

                                      0.004                                    

     6 Sync. to gating                                                         

                .ltoreq.0.125T.sub.H                                           

                         10.times.0.125-0.002=                                 

                                    +     T.sub.H                              

                                      2                                        

       signal incl.      0.123 T.sub.H                                         

     7 Sync. to blank-                                                         

                &gt;0.145T.sub.H                                                  

                         12.times.0.0125=0.15T.sub.H                           

       ing signal incl.                                                        

     8 s.sub.VS 0.07.+-.0.01T.sub.H                                            

                         6.times.0.0125=0.075T.sub.H                           

                                    -0.004T.sub.H                              

                          3.times.0.0125-0.001                                 

     9 equal./sync.                                                            

                0.45 - 0.50                                                    

                          6.times.0.0125-0.001                                 

                         = 0.494                                               

     __________________________________________________________________________

PAR  It is found that even with the maximum steepness of the edges all
      requirements are still satisfied, with the values of the synchronizing
      pulse and the synchronizing pulse up to and including the gating signal
      reaching the allowed limit values as mentioned under points 3 and 6 of
      Table 7. For the edge steepness of 0.002 T.sub.H occurring in practice the
      requirements imposed are amply satisfied.
PAR  In a manner analogous to that of FIG. 3, FIG. 17 shows as a function of
      time a few signals having a logic 0 and 1 during one line period T.sub.H
      which signals are associated with the generator according to FIG. 15 in
      the RTMA position. The signals a, d11, d12, e11, e12, e13, e14 and f11
      follow with the aid of the description of Table 1 for the operation of a
      JK flip-flop in a simple manner from the circuit diagram according to FIG.
      15 with:
PA1  T(d11) = t(d12) = a
PA1  k(d11) = q.sub.1 (d12) k(d12) = q.sub.2 (d11)
PA1  t(e11) = t(e12) = t(e13) = q.sub.2 (d12)
PA1  j(e11) = q.sub.1 (e12)
PA1  k(e11) = j(e12) = q.sub.2 (e13) k(e12) = t(e14) = q.sub.1 (e11)
PA1  k(e13) = q.sub.2 (e12) j(e13) = q.sub.2 (e11).q.sub.2 (e12)
PA1  j(e14) = k(e14) = q.sub.1 (e13)
PA1  t(f11) = q.sub.2 (e14).
PAL  in the RTMA position S.sub.2 (D11) receives the signal e13' because Q.sub.2
      (E13) is connected through a capacitor C.sub.10 and a resistor R.sub.14 to
      ground to an input of a NAND gate N.sub.4 a further input of which is free
      and conveys a logic 1 due to internal couplings, while the output is
      connected to the reset input S.sub.2 of the flip-flop D11. If the free
      arranged input of the gate N.sub.4 had been connected through a switch to
      ground with the logic 0, the output would convey a logic 1 independent of
      the signal e13' applied to the other input; the gate N.sub.4 would then be
      blocked.
PAR  The line frequency time scale t.sub.0. . . .t.sub.40. . . . t.sub.80 =
      t.sub.0. . . . . shown in FIG. 17 is calculated on the edges in the
      signals d11 and d12. The edges in the signal a therefore occur 1t.sub.Q
      earlier, while successive JK flip-flops each introduce an additional
      propagation delay time 1t.sub.Q.
PAR  When considering the 40-to-1 divider D, E over half a line period T.sub.H
      /2 it is found that negatively directed edges occur in the signal e13 at
      two instants t.sub.19 + 1 t.sub.Q and t.sub.39 + 1 t.sub.Q (or t.sub.59 +
      1t.sub. Q and t.sub.79 + 1t.sub.Q) which are active in the signal e13' at
      the reset input S.sub.2 (D11). The result is that at these instants the
      divider D and the subsequent divider E go one pulse further, that it to
      say, they count one more pulse so that the circuit of dividers D, E adapts
      a cycle of 40 pulses instead of having its own cycle of 42 pulses without
      feedback.
PAR  Due to a pulse edge displacement obtained the certain choice of the
      feedback is of importance for generating the trailing edge of the line
      blanking pulse in the signal s.sub.HW at the instant t.sub.21 + 2t.sub.Q.
      As is shown in FIGS. 14 and 15, edges may occur in the signal e11 as
      trigger edges for the blanking signal generator of flip-flop W. As will be
      apparent from the description of FIG. 22 these are the edges at the
      instants t.sub.7 + 2t.sub.Q and t.sub.21 + 2t.sub.Q, the latter being
      obtained by the special feedback. Without the previously occurring
      feedback and the pulse edge displacement, the edge would have occured at
      the instant t.sub.22 + 2t.sub.Q  (as is necessary for the CCIR standard
      and as is apparent from FIG. 3).
PAR  FIG. 17 shows a few signals described with reference to FIGS. 16 and Table
      7 in a time relationship with the circuit of dividers D, E, F11 dividing
      to the line frequency. In addition to the signal s.sub.HW the line
      synchronizing pulse occurring at the line frequency from t.sub.9 +
      2t.sub.Q to t.sub.15 + 1t.sub.Q in the signal s.sub.HP and the chrominance
      subcarrier gating pulse occurring from t.sub.16 to t.sub.19 are shown in
      the signal s.sub.CR. For generating the signal s.sub.CR the pulse
      generator shown in FIGS. 14 and 15 is to be provided with an additional
      pulse generator which is shown in FIG. 24 and which will be further
      described hereinafter.
PAR  Furthermore FIG. 17 shows pulses occurring at the double line frequency,
      namely the equalizing pulse from t.sub.9 + 2t.sub.Q to t.sub.12 + 1t.sub.Q
      in the signal s.sub.EP and the raster serration from t.sub.3 + 2t.sub.Q to
      t.sub.9 + 2t.sub.Q in the signal s.sub.VS. Outside the equalizing and
      field synchronizing period of 9T.sub.H the signal i1 has a pulse occurring
      at the line frequency from t.sub.3 + 1t.sub.Q to t.sub.9 + 1t.sub.Q and a
      pulse occurring at double the line frequency within this period from
      t.sub.43 + 1t.sub.Q to t.sub.49 + 1t.sub.Q. As compared with the auxiliary
      pulse in the signal i described with reference to FIG. 3, the pulse in the
      signal i1 has been chosen to be shorter so that, as will be apparent from
      the description of FIG. 23, this pulse directly provides the raster
      serrations in the signal s.sub.VS.
PAR  The signal e14 of the circuit of dividers D, E is applied to the circuit L,
      M. In the signal e14 negatively directed edges which are active as trigger
      edges for the divider L occur at the instants t.sub.1 + 2t.sub.Q and
      t.sub.41 30  2t.sub.Q of each line period T.sub.H.
PAR  Apart from connections of the reset input S.sub.2, the circuit diagram for
      the JK flip-flops L11. . . . . L16 in the divider L is as follows:
PA1  T(l11) = t(l12) = q.sub.1 (e14)
PA1  k(l11) = q.sub.2 (l12) j(l12) = q.sub.2 (l11)
PA1  t(l13) = q.sub.1 (l12)
PA1  t(l14) = t(l15) = q.sub.2 (l13)
PA1  k(l14) = q.sub.2 (l15) j(l14) = q.sub.2 (l16)
PA1  t(l16) = q.sub.1 (l15) j(l15) = q.sub.2 (l14).
PAR  in the RTMA standard S.sub.2 (L13) and S.sub.2 (L14) receive the signal
      116' in a feedback because Q.sub.1 (L16) is connected through a capacitor
      C.sub.11 and a resistor R.sub.15 to ground to an input of a NAND gate
      N.sub.5 another input of which is free and conveys a logic 1 due to
      internal couplings, while the output is connected to the reset inputs
      S.sub.2 of the flip-flops L13 and L14.
PAR  The inputs S.sub.2 (L13) and S.sub.2 (L14) are connected to the anode of a
      diode T.sub.4, while S.sub.2 (L11) and S.sub.2 (L12) are connected to the
      anode of a diode T.sub.5 whose interconnected cathodes are connected to
      S.sub.2 (L15) and S.sub.2 (L16). The diode T.sub.4 (and T.sub.5 for the
      CCIR position to be described) blocks the negatively directed pulse
      obtained by the feedback so that it acts only on the inputs S.sub.2 (L13)
      and S.sub.2 (L14).
PAR  The divider M following the divider L has the following connection diagram:
PA1  T(m11) = q.sub.1 (l14)
PA1  j.sub.1 (m11) = q.sub.2 (l16) and J.sub.2 (M11) = Q.sub.1 (Y)
PA1  T(m12) = q.sub.1 (m11) t(m13) = q.sub.1 (m12)
PA1  t(m14) = t(m15) = q.sub.1 (m13)
PA1  j(m14) = q.sub.2 (m15) j(m15) = q.sub.1 (m14).
PAR  all reset inputs S.sub.2 are interconnected and are connected to S.sub.2
      (L15) and S.sub.2 (L16) and to the collector electrode of an
      npn-transistor T.sub.3 whose emitter electrode is connected to ground.
PAR  Transistor T.sub.3 forms part of an external synchronizing circuit which is
      formed in the same manner as the circuit described with reference to FIG.
      2, so that a further description thereof is not necessary. Normally the
      transistor T3 is cut off during synchronization and the logic 1 is
      impressed on all the said S.sub.2 inputs due to internal couplings.
PAR  In FIG. 18 the signal path is shown by means of two time scales in the
      circuit of frequency dividers L, M dividing to the field frequency and the
      signals zz, x, y, z and s.sub.VES are shown for giving the time relation.
PAR  The signal e14 has a trigger edge at each line period T.sub.H at the
      instants t.sub.1 + 2t.sub.Q and t.sub.41 + 2t.sub.Q from which theh
      signals l11. . . . . . .l16 follow.
PAR  In FIG. 4 a time scale t.sub.100 etc. of field frequency is introduced
      which has been derived from pulse edges having a propagation delay time of
      5 t.sub.Q and, as seen in one line period, commencing at the instant
      t.sub.0 = t.sub.100 at which t.sub.20 = t.sub.101, t.sub.40 = t.sub.102,
      t.sub.60 = t.sub.103, t.sub.80 = t.sub.0 = t.sub.104 etc. up to t.sub.1350
      = t.sub.100. In FIG. 18 a time scale of field frequency is introduced in a
      similar manner, but a time index notation has been used only to emphasize
      that, as seen in one line period, the scale begins at t.sub.1 under the
      influence of the signal e14. The instant t.sub.100 ' of a field period
      T.sub.V is the instant t.sub.1 of a line period T.sub.H in which t.sub.104
      ' is one line period later, etc. up to t.sub.1150 ' = t.sub.100 ' for the
      end of a field period T.sub.V in the RTMA standard employing 262.5 lines
      per field.
PAR  In the signal l 16 a few edges are denoted by way of arrow heads which
      influence the signals l 13 and l14 directly through the signal 116' (now
      shown) on the inputs S.sub.2 (L13) and S.sub.2 (L14).
PAR  The divider M controlled by signal l14, which divider is formed with the
      8-to-1 divider M11, M12, M13 and 3-to-1 divider M14, M15 is active as a
      25-to-1 divider due to the signal J (M11) = y.116. It has been achieved
      with this signal combination that the input J(M11) between the instants
      t.sub.116 ' and t.sub.152 ' (y = 0) has and maintains the logic O. The
      flip-flop M11 will therefore not change over when t.sub.152 ' a negatively
      directed edge occurs in the signal l14. The input J (M11) serves as a
      blocking input for the divider M so that an increase in the dividend is
      achieved. One pulse is skipped, as it were, in the signal l14 during
      counting, that is to say, the divider M is stopped during one pulse so
      that the counter or the divider M has a cycle of 8 times 3 + 1 = 25
      pulses.
PAR  As has been explained in the description of the external synchronizing
      signal S.sub.VES with reference to FIG. 2, the negatively directed trigger
      edge in the signal s.sub.VES in the synchronized state of the pulse
      generator can only occur around the instant t.sub.137 ' (from t.sub.136 '
      to t.sub.138 ') because then only all signals l11....l16, m11....m15 have
      the logic 0. If there were no synchronisation, the dividers L and M would
      be forced to take up this state.
PAR  FIG. 19 serves for illustrating the manner in which flip-flop ZZ, Y, Z and
      X of FIG. 15 are active.
PAR  The connection diagram of the flip-flop ZZ follows from FIG. 15
PAR  T(ZZ) = Q.sub.2 (L15) J(ZZ) = 1, K(ZZ) = 0 and S.sub.2 (ZZ) is connected to
      Q.sub.1 (M15) through a differentiating circuit which includes two
      resistors R.sub.16 and R.sub.17 arranged in series between ground and
      potential U, and a capacitor C.sub.12.
PAR  It follows from Table 1 regarding the action of a JK flip-flop in general
      that for J = l and K = 0 the flip-flop ZZ in the stable state conveys the
      logic 1 at the Q.sub.1 output and conveys the logic 0 at the inverse
      Q.sub.2 output. The stable state means that a negatively directed edge at
      the T input which edge may be active as a trigger edge does not change
      over the flip-flop. As in the generator according to FIGS. 14 and 15 only
      the signal Q.sub.2 = zz is used, this signal is shown in FIG. 19.
PAR  At the instant t.sub.100 ' the flip-flop ZZ is in its stable state with the
      logic 0 in the signal Q.sub.2 = zz. It follows from FIG. 18 that at the
      instant t.sub.110 ' + 4t.sub.Q a negatively directed edge occurs in the
      signal m15 which, while occurring in the signal S.sub.2 = m15' causes the
      flip-flop ZZ, to change over. The signal Q.sub.2 = zz has obtained the
      logic 1 at the instant t.sub.110 ' + 5t.sub.Q. Since the condition J = 1,
      K = 0 has not changed, the result is that the next negatively directed
      edge (t.sub.116 ') in the signal T = 115 causes the flip-flop ZZ to change
      back again. At the instant t.sub.116 '+ 1t.sub.Q the logic 0 is present
      again in the signal Q.sub.2 = zz, which 0 is maintained until the next
      field period with a new cycle. A signal zz has been generated with a pulse
      lasting 1.5 line periods T.sub.H and occurring after 2.5 line periods
      T.sub.H from the commencement of a field period T.sub.V.
PAR  The connection diagram for the flip-flop Y is: T(Y) = Q.sub.2 (L16), J(Y) =
      1, K(Y) = 0 and S.sub.2 (Y) connected to Q.sub.2 (ZZ) through a
      differentiating circuit which includes two resistors R.sub.18 and R.sub.19
      arranged in series between ground and potential U, and a capacitor
      C.sub.13.
PAR  The same stable state as described for the flip-flop ZZ applies to the
      flip-flop Y with J = 1 and K = 0 so that the signal Q.sub.1 = y has the
      logic 1 at the instant t.sub.100 '. After the instant t.sub.110 ' the
      signal S.sub.2 = zz' has a positively directed edge and at the instant
      t.sub.116 '+ 1t.sub.Q it has a negatively directed edge to the logic 0 so
      that the flip-flop Y changes over. From the instant t.sub.116 ' + 2t.sub.Q
      until the instant of occurrence of the next negatively directed edge
      (t.sub.152 '+ 1t.sub.Q) in the signal T = 116 the signal Q.sub.1 = y
      maintains the logic 0. In the signal Q.sub.1 = y a pulse appears from
      t.sub.116 + 2t.sub.Q to t.sub.152 ' + 2t.sub.Q which pulse thus lasts 152
      - 116 = 9 line periods T.sub.H and commences a 4 line periods T.sub.H
      after the commencement of a field period T.sub.v.
PAR  The generator Z in FIG. 15 is formed as a NAND gate whose inputs are
      connected to Q.sub.2 (Y) and Q.sub.2 (L15). The output of the gate Z
      therefore conveys a signal z = y. l15 = y + l15. The signal z has a pulse
      lasting three line periods T.sub.H which is desired as is shown in FIG.
      18, and which pulse lasts from t.sub.128 ' to t.sub.140 ' but has an
      unwanted additional pulse in FIG. 19, but as will be apparent this
      additional pulse is harmless for the action of the pulse generator. Since
      a negatively directed edge occurs in the signal l15 at the instant
      t.sub.152 ', while in the signal y the positively directed edges does not
      occur until the instant t.sub.152 ' + 2t.sub.Q, a narrow pulse of 2t.sub.Q
      (for example, of 140 ns) appears in the signal z.
PAR  The generator X in FIG. 14 is formed with switchable inputs to which end a
      few NAND gates are applied for the flip-flop X in FIG. 15. Two inputs of
      two NAND gates N.sub.6 and N.sub.7 are interconnected which are free for
      the position R, but are connected to ground through a change-over switch
      in the position C. In the position R the gates N.sub.6 and N.sub.7 pass
      the signal l11 and m11 applied to another input onto the inputs T(X) and
      J(X), respectively.
PAR  For the position R the effective connection diagram of the flip-flop X, in
      which the inverting action of the gates N.sub.6 and N.sub.7 is taken into
      account, would be:
PAR  T(X) = Q.sub.1 (L11), J(X) = Q.sub.1 (M11), K(X) = 0 and S.sub.2 (X)
      connected to Q.sub.2 (ZZ) through the differentiating circuit (R.sub.18,
      R.sub.19 and C.sub.13).
PAR  Since in the signal J = m11 of FIG. 19 the logic 1 occurs until the instant
      t.sub.110 ' and K = 0, the signal Q.sub.1 = x in the stable state of the
      flip-flop X has the logic 1 before this instant. The logic 0 appearing in
      the signal J = m11 does not give the negatively directed edges in the
      signal T = l11 any opportunity to change over the flip-flop X because for
      J = 0 and K = 0 the flip-flop X is never changed over through signals on
      the T-input. At the instant t.sub.116 ' + 1t.sub.Q the flip-flop X changes
      over under the influence of the negatively directed pulse in the signal
      S.sub.2 = zz'. As long as the signal J = m11 maintains the logic 0, the
      flip-flop X in the signal Q.sub.1 = x also maintains the logic 0. In the
      signal J = m11 the logic 1 occurs at the instant  t.sub.194 ' + 2t.sub.Q
      so that the edge in the signal T = 111 occurring at the instant t.sub.196
      ' - 2t.sub.Q is active as a trigger edge so as to bring the flip-flop X in
      the stable state associated with J = 1 and K = 0. A signal x is generated
      with a pulse of 20 line periods T.sub.H and occurring from t.sub.116 ' +
      2t.sub.Q until t.sub.196 '- 1t.sub.Q.
PAR  For the flip-flop I in FIG. 15 there applies that:
PAR  T(I1 = Q.sub.2 (D11), K(I1) = Q.sub.2 (E12), J.sub.1 (I1) connected to
      Q.sub.2 (E14) through a differentiating circuit including a resistor
      R.sub.20 to ground and a capacitor C.sub.14, and J.sub.2 (I1) connected to
      the output of a NAND gate N.sub.8 whose inputs are connected to Q.sub.1
      (F11) and Q.sub.1 (Y).
PAR  In FIG. 20 the signals T = d11, J.sub.1 = e14', J.sub.2 = f11.y = f11 + y
      and K = e12 are shown for the flip-flop I1. These signals are comparable
      with those given in FIG. 6 because the action of the flip-flop I1 is in
      principle not different, even if a different signal choice has been made.
      A considerable difference is, however, that in the signal Q.sub.1 = i1 the
      pulses are shorter than in the case of the pulse generator according to
      FIGS. 1 and 2 which is of importance for the signals present at the
      synchronizing signal generator P.
PAR  Since the pulses in the signal i1 have the same number of clock pulses of
      the signal a, in the RTMA and CCIR standards, which clock pulses are,
      however, of different duration the R-notation in FIG. 20 has been omitted.
PAR  Briefly, the following applies to the signals in FIG. 20:
PAR  During each line period T.sub.H the signal J.sub.1 = o14' has two pulses
      with the logic 1 obtained by differentiation, the first pulse occurring
      from t.sub.1 + 2t.sub.Q to t.sub.2 at a minimum and t.sub.11 at a maximum
      and the second pulse occurring from t.sub.41 + 2t.sub.Q, etc. Beyond the
      equalizing and field synchronizing period with y = 1, the signal f11 in
      the signal J.sub.2 = f11 + y only has the logic 1 during the first pulse
      so that only this first pulse in the signal J.sub.1 = e14' provides the
      logic 1 at the input J(I1). For J = 0 or 1, caused by the signal K = e12,
      the stable state of the flip-flop I1 is that the Q.sub.1 output conveys
      the logic 0 as is shown at the instant t.sub.O.
PAR  After the logic 1 has appeared at the input J(I1) in the signal J.sub.1 =
      e14' at t.sub.1 +2t.sub.Q the next negatively directed edge in the signal
      T = d11 causes the flip-flop I1 to change over at t.sub.3. A subsequent
      negatively directed edge in the signal T = d11 at the instant t.sub.6 does
      not have any influence because for K = 0 and J = 1 or 0 the Q.sub.1 output
      conveys the logic 1 in the stable state. Before the edge in the signal T =
      d11 at t.sub.9 the condition K = 1 is given by the signal K = e12 while J
      = 1 or 0. For K = 1 and J = 1 a change-over is effected at each trigger
      edge while for K = 1 and J = 0 there applies for the stable state that the
      Q.sub.1 output must convey the logic 0. In both cases a changeover of the
      flip-flop I1 is effected and a pulse is thus generated in the signal
      Q.sub.1 = i1 between the instants t.sub.3 + 1t.sub.Q and t.sub.9 +
      1t.sub.Q.
PAR  During the equalizing and field synchronizing period with y = 0 during
      9T.sub.H both pulses in the signal J.sub.1 = e14' become manifest at the
      input J(I1) and a pulse between the instants t.sub.43 + 1t.sub.Q and
      t.sub.49 + 1 t.sub.Q is generated during the second half of one line
      period T.sub.H in the signal Q.sub.1 = i1.
PAR  For the sake of simplicity of FIG. 20 the pulses produced by
      differentiation in the signal J.sub.1 = e14' at the instants t.sub.21 and
      t.sub.61 which continue to represent the logic 0 and do not exert any
      influence on the flip-flop I1 are only shown incompletely in broken lines.
PAR  FIG. 21 serves for illustrating the operation of the flip-flop I1 at and
      near the equalizing and field synchronizing period of 9T.sub.H for the
      RTMA standard. FIG. 21a shows the signal y in relation to the field time
      scale t.sub.100 ' ,...t.sub.1150 ' given in FIG. 18. FIGS. 21b and 21c
      apply to two successive fields in which FIG. 21b applies to the field
      ending in a full line and FIG. 21c applies to the field ending in a half
      line. The signals f11, J.sub.2 = f11 + y, J.sub.1 = e14' (without the
      superfluous negatively directed pulses) and Q.sub.1 = i1 are shown for
      both fields. FIGS. 21b and 21c are self-evident, certainly after what has
      been described with reference to FIG. 7.
PAR  Starting from the definition for a so-called first field for which there
      applies that the last occurring line synchronizing pulse occurs over an
      integral number of line periods before the commencement of the field
      synchronizing period. FIG. 21b is associated with the first field in
      accordance with the RTMA standard, while FIG. 7b is associated with the
      first field in accordance with the CCIR standard.
PAR  The operation of the blanking signal generator or flip-flop W of FIG. 15 is
      illustrated by way of FIG. 22 in which FIG. 22a shows the signals which
      are the same for each field and FIGS. 22b and 22c show signals which are
      different for successive fields.
PAR  For the connection diagram of the flip-flop W in FIG. 15 active as a
      blanking signal generator there applies that
PA1  T(w) = q.sub.1 (e11), k(w) = q.sub.1 (i1),
PA1  j.sub.1 (w) = q.sub.1 (e13) and J.sub.2 (W) = Q.sub.1 (X).
PAR  In FIG. 22a the signal T = e11 is shown on two scales and partly only
      negatively directed edges are shown occurring with a delay of 1t.sub.Q
      after the instants t.sub.1, , t.sub.7, t.sub.21, t.sub.27, T.sub.41,
      t.sub.47, t.sub.61 and t.sub.67. For the J input a signal J follows from
      the signals J.sub.1 = e13 also having a delay time of 1t.sub.Q and J.sub.2
      = x at an instant t.sub.41 + 7 t.sub.Q for the leading edge and t.sub.41 +
      4t.sub.Q for the trailing edge of the pulse lasting 20 T.sub.H.
PAR  The signal K = i1 in FIGS. 22b and 22c follows from FIGS. 21b and c with
      the signal Q.sub.1 = i1. Since there is a shift of half a line period
      T.sub.H between FIGS. 22b and 22c a few instants are shown in these
      Figures in which t.sub.o, ..... in one Figure corresponds to t.sub.40,
      ...... in the other.
PAR  For the flip-flop W there applies that for K= 0 and J = 1 or 0 the Q.sub.1
      output conveys the logic 1 in the stable stae as may be derived from Table
      1. When considering FIG. 22c it is found that a pulse with the logic 1
      occurs in the signal K = i1 between the instants t.sub.3 and t.sub.9 while
      a negatively directed edge occurs at the instant t.sub.7 in the signal T =
      e11, which edge is active as a trigger edge. The signal Q.sub.1 = w has
      obtained the logic 0 at the instant t.sub.7 + 2t.sub.Q. At the instant
      t.sub.13 the signal t = e11 obtains the logic 1 while the logic 0 then
      occurs in the signal K = i1 and the logic 1 occurs in the signal J.
      Associated therewith is a stable state with the logic 1 in the signal
      Q.sub.1 = w. Although under the influence of the signal e13 of FIG. 17 the
      logic 0 appears in the signal J at the instant t.sub.19, the logic 1
      information is maintained in the flip-flop W so that the negatively
      directed edge in the signal T = e11 causes the flip-flop W to change over
      at the instant t.sub.21. This mechanism is denoted by means of a dot in
      the signal J. The result is that a line blanking pulse denoted by s.sub.HW
      appears in the signal Q.sub.1 = w which pulse appears between t.sub.7 +
      2t.sub.Q and t.sub.21 + 2t.sub.Q, that is to say, a duration of 14 clock
      pulse periods of the signal a, hence 14 .times.0.0125 = 0.175 T.sub.H.
PAR  For FIG. 22b there applies that the signal K = i1 approximately determines
      the position of the leading edge in the same manner and the signal J.sub.1
      = e13 determines the position of the trailing edge, while the edges of the
      line blanking pulses s.sub.HW are exactly determined by the signal T =
      e11.
PAR  In FIGS. 22b and 22c the first pulse in the signal K = i1 occurring after
      the signal J.sub.2 = x in the signal J has given the logic 0 causes the
      flip-flop W to change over at the instant t.sub.7 or T.sub.47.
      Subsequently, the logic 0 in the signal J is maintained during
      approximately 20 line periods T.sub.H. During the first 9 line periods
      T.sub.H with y = 0 pulses of double line frequency occur in the signal K =
      i1 and during the rest of the time with y = 1 pulses of line frequency
      occur only so that K = 1 or 0. For J = 0 and K = 1 or 0 the flip-flop W is
      in the stable state with the signal Q.sub.1 = w conveying the logic 0.
PAR  At the end of the 20 line periods T.sub.H the next pulse with the logic 1
      in the signal J.sub.1 = e13 becomes manifest in the signal J. Due to the
      condition J = 1 and K = 0 the next negatively directed edge in the signal
      T = e11 occurring at the instant t.sub.61 (FIG. 22a) causes the flip-flop
      W to change over. The flip-flop W thus generates a field blanking pulse
      which in FIG. 22b lasts from t.sub.7 + 2t.sub.Q to t.sub.21 +2t.sub.Q and
      in FIG. 22c from t.sub.47 + 2t.sub.Q to t.sub.61 + 2t.sub.Q plus 20 full
      line periods T.sub.H. The field blanking pulse thus lasts 20 line periods
      T.sub.H and 14 clock pulse periods of the signal a, that is to say, one
      line blanking period (s.sub.HW).
PAR  Subsequently, the auxiliary pulses in the signal K = i1 of FIGS. 22b and
      22c provide the opportunity for the negatively directed edges in the
      signal T = e11 of FIG. 22a to generate the line blanking pulses s.sub.HW
      by means of the flip-flop W, while these edges are active as trigger
      edges.
PAR  For the connection diagram of the flip-flop P of FIG. 15 active as a
      synchronizing signal generator there applies that: T(P) = Q.sub.2
      (D11),J3(P) = Q.sub.1 (E13) K = 0, S.sub.1 (P) = Q.sub.2 (I1), S2(P)
      connected to Q.sub.1 (I1) through a differentiating circuit having two
      resistors R.sub.21 and R.sub.22 arranged in series between ground and the
      potential U, and a capacitor C.sub.15 ; J.sub.2 (P) connected to the
      output of a NAND gate N.sub.9 to inputs of which Q.sub.2 (E11) and Q.sub.1
      (Y) are connected, and J.sub.1 (P) connected to the output of the NAND
      gate Z.
PAR  For the input S.sub.1 of the JK flip-flop not yet used in the description
      there applies that for S.sub.1 = 0, Q.sub.1 must be 1. As already noted
      there applies for the reset input S.sub.2 that for S.sub.2 = 0, Q.sub.1
      must be 0.
PAR  FIG. 23 shows the signals for the flip-flop P and relates to 22 half line
      periods T.sub.H /2 occurring during and near the equalizing and field
      synchronizing period. The periods of time 1, 2, 3; 8, 9, 10; 14, 15, 16
      and 20, 21, 22 are shown for the numbered half line periods. Due to the
      periodicity of the signals in the half line periods, the time scale
      t.sub.O....t.sub.40 is taken for each half line period T.sub.H /2.
PAR  Since there applies for the flip-flop P that K==0, the signal J is of
      importance so as to give the negatively directed edges in the signal T =
      d11 the possibility to be active as trigger edges. For K = 0 and J = 0
      there applies that the signal T = d11 can never make the flip-flop P
      change over. If J = 1 when K = 0, there applies that Q.sub.1 = 1 for the
      stable state of the flip-flop P; if this state is not present, a
      changeover to this state is effected.
PAR  The signal J in FIG. 23 causes the flip-flop P to generate other pulses in
      the (synchronizing) signal Q.sub.1 = p during the field synchronizing
      period, the equalizing period and the period beyond these intended for the
      line synchronisation. The signal J.sub.1 = z provides the logic 0 during
      the field synchronizing period of 3T.sub.H in the signal J so that the
      edges in the signal T = d11 do not exert any influence. The signal J.sub.2
      = e11 + y together with y = 1 causes the signal J.sub.3 = e13 to become
      manifest in the signal J during the equalizing and field synchronizing
      period of 9 T.sub.H. Outside the period of 9 T.sub.H a combination of the
      signals e11 (of the signal J.sub.2 = e11 + y with y = 0) and J.sub.3 = e13
      becomes manifest in the signal J, the leading edges of the pulses in the
      signal J being determined by e11 (t.sub.13 relative to t.sub.10).
PAR  The signals S.sub.1 = i1 and S.sub.2 = i1' and the signal Q.sub.1 =  p
      derived therefrom are partly shown in solid, broken and chain-link lines
      so as to indicate the periodicity results of the two television fields in
      one Figure. In FIGS. 21 and 22 the FIGS. 21b, 21c and 22b, 22c are given
      for this purpose. When a pulse denoted by chain-link lines occurs in the
      signal S.sub.1 = i1 as corresponds to FIGS. 21b and 22b during the period
      of time 1 of FIG. 23 as well as in the signal S.sub.2 = i1', the following
      is effected: starting from the stable state of the flip-flop P with
      Q.sub.1 = 1 for the condition that K = 0 and J = 1 or 0, the pulse with
      the logic 0 occurring from t.sub.3 + 1t.sub.Q to t.sub.9 + 1t.sub.Q in the
      signal S.sub.1 = i1 will not cause the flip-flop P to change over because
      Q.sub.1 is 1 already. After the instant t.sub.9 a pulse with the logic 0
      obtained by differentiation occurs in the signal S.sub.2 = i1' for which
      there applies that Q.sub.1 = 0; the flip-flop P changes over and the logic
      0 appears in the signal Q.sub.1 = p. The next negatively directed edge in
      the signal T = d11 occurs at the instant t.sub.12. The signal J has the
      logic 0 at the instant t.sub.12 under the influence of the signal e11 in
      J.sub.2 = e11 + y. Since the condition K = 0 and J = 0 applies, the
      flip-flop P cannot be changed over by the signal T =d11. In the signal J a
      logic 1 occurs due to the signal e11 at the instant t.sub.13 + 1t.sub.Q. A
      second negatively directed edge in the signal T = d11 at the instant
      t.sub.15 causes the flip-flop P to change over to the stable state with
      Q.sub.1 =  1 in case of the condition J = 1 and K = 0.
PAR  The same description applies to the period of time 2 for the pulses shown
      in broken lines and associated with the signals of FIGS. 21c and 22c.
PAR  The result is that in the signal Q.sub.1 = P line synchronizing pulses
      s.sub.HP are generated which last from t.sub.9 + 2t.sub.Q to t.sub.15 +
      1t.sub.Q, that is to say, 6 .times. 0.0125 T.sub.H -0.001T.sub.H =
      0.074T.sub.H as already given with reference to FIGS. 16 and 17 and Table
      7.
PAR  During the period of time 1 a time variation .delta. t has been given for
      the signals S.sub.1 = i1 and S.sub.2 = i1' between the instant t.sub.9 and
      the exact instant of occurrence of the negatively directed edge in the
      signal S.sub.2 = i1' while the positively directed edge occurs in the
      signal S.sub.1 = i1 within the time variation .delta.t. Up till now the
      propagation delay time t.sub.Q has been given to correspond with a
      propagation delay time t.sub.pd of a JK flip-flop. There are flip-flops
      which have a difference in propagation delay time between an input and the
      two outputs Q for a positively or negatively directed edge occurring. The
      time t.sub.pd is then distinguished in t.sub.pdr (rise propagation delay
      time) and t.sub.pdf (fall propagation delay time) in which t.sub.pdr is
      generally smaller than t.sub.pdf. The positively directed edge then
      commences at an earlier instant than the negatively directed edge which
      has, however, a steeper slope and which reaches the final value at a
      quicker rate than the positively directed edge, but relative to a
      measuring reference potential of 1.5 V the positively directed edge having
      a more gentle slope reaches this final value earlier than the negatively
      directed edge. For a JK flip-flop I1 of the type FCJ 121 the practical
      measurement was that t.sub.pdr = 50 ns and t.sub.pdf = 70 ns = .delta.t in
      FIG. 23. The difference of 20 ns guarantees that the signals S.sub.1 = i1
      and S.sub.2 = i1' having an opposite action at the instant t.sub.9 do not
      yield any uncertainty for the flip-flop P, while this effect will be used
      in a positive manner in the field synchronizing period of 3 T.sub.H.
PAR  During the periods of time 3.....8 the signal J.sub.3 = e13 becomes
      completely manifest in the signal J because the logic 1 is present in both
      signals J.sub.1 = z  and J.sub.2 =  e11 + y. During the period of time 3 a
      short pulse of 1t.sub.Q having the logic O occurs in the signal J.sub.2 =
      e11 + y because the negatively directed edge in the signal e11 occurs at
      t.sub.1 + 1t.sub.Q and the positively directed edge in the signal y occurs
      at t.sub.1 + 2t.sub.Q ; this pulse does not appear in the signal J.
PAR  When commencing with the period of time 3, the signal S.sub.2 = i1' causes
      the flip-flop P to change over as has been described with reference to the
      period of time 1. Since a positively directed edge given by the signal
      J.sub.3 = e13 occurs in the signal J, at the instant t.sub.10 + 1t.sub.Q,
      the next negatively directed edge in the signal T = d11 causes the
      flip-flop P to change over at t.sub.12. In this manner an equalizing pulse
      is generated in the signal Q.sub.1 = p in each of the periods of time
      3.....8, which equalizing pulse is denoted by s.sub.EP. The equalizing
      pulses s.sub.EP last from t.sub.9 + 2t.sub.Q to t.sub.12 + 1t.sub.Q
      (Figure 17), that is to say, 3 .times. 0.0125 T.sub.H - 0.001 T.sub.H =
      0.0365 T.sub.H. Thus the calculation given in Table 7 under item 9 is
      satisfied by the six generated equalizing pulses s.sub.EP.
PAR  During the periods of time 9.....14 the signal J.sub.1 = z with the logic 0
      passes on this logic 0 to the signal J. For the condition K = O and J = O
      none of the negatively directed edges in the signal T = d11 can be active
      as a trigger edge. The flip-flop P changes over at the instant t.sub.9
      under the influence of the signal S.sub.2 = i1' . During the remaining
      part of each of the periods of time 9.....14 the signal Q.sub.1 = p
      maintains the logic O. At the instant t.sub.3 in a next period of time,
      for example, period of time 10 relative to period of time 9, the
      negatively directed edge of the pulse with the logic O occurs in the
      signal S.sub.1 = i1 so that the Q1 output of P must convey the logic 1.
      The subsequent pulse with the logic O in the signal S.sub.2 = i1' at the
      instant t.sub. 9 causes the flip-flop P to convey the logic O again at the
      Q.sub.1 output. The result is that the signals S.sub.1 = i1' provide the
      raster serrations s.sub.VS in the signal Q.sub.1 = p from t.sub.3 +
      2t.sub.Q to t.sub.9 + 2t.sub.Q (FIG. 17) so that six field synchronizing
      pulses denoted by s.sub.Vp appear in the field synchronizing period of
      3T.sub.H. The raster serrations s.sub.VS have a duration of six clock
      pulse periods, that is to say, they are 6 .times. 0.0125 T.sub.H = 0.0075
      T.sub.H.
PAR  When generating the raster serrations s.sub.VS and the field synchronizing
      pulses s.sub.Vp  use was made of the property already mentioned that at
      the instant t.sub.9 the positively directed edge in the signal S.sub.1 =
      i1 at an earlier instant (approximately 20 ns) than the negatively
      directed edge in the signal S.sub.2 = i1' so that at this instant t.sub.9
      there is no uncertainty about the state of the flip-flop P. To this end
      the flip-flop I1 is formed as an FCJ 121 having different propagation
      delay times from the pulse edges to the inverse outputs.
PAR  During the periods of time 15.....20 six equalizing pulses are generated in
      the signal Q.sub.1 = p in an analogous manner as described with reference
      to the periods of time 3.....8. The following applies for the transition
      between the periods of time 14 and 15. The signal J.sub.1 = z maintains
      the logic O until the instant t.sub.1 in the period of time 15. However,
      it is required for the logic O in the signal J to be maintained until
      shortly after the instant t.sub.9. Due to the choice of the signal J.sub.3
      = e13 with the logic O from t.sub.39 + 1t.sub.Q in the period of time 14
      to t.sub.10 + 1t.sub.Q in the period of time 15 it is ensured that this
      requirement is satisfied.
PAR  The periods of time 21 and 22 correspond to the periods of time 1 and 2.
      For the period of time 21 in particular there applies that the short pulse
      of 2t.sub.Q described with reference to FIG. 19, occurs in the signal
      J.sub.1 = z after the instant t.sub.1. It is found that this impulse has
      no influence on the signal J.
PAR  In FIG. 18 it is indicated that relative to FIG. 4, the field time scale is
      one clock pulse period of the signal a later (0.795 .mu.s). It is found
      that this does not make any difference for the generated pulses of line
      frequency and double line frequency, and the difference is negligibly
      small relative to the pulses occurring at the field frequency.
PAR  It is found that the pulse generator according to FIGS. 14 and 15 in the
      RTMA position generates some of the signals shown in FIGS. 16 and 17 and
      in Table 7, the front porch following from the time difference between the
      leading edges of the pulses s.sub.HW (t.sub.7 + 2t.sub.Q) and s.sub.HP
      (t.sub.9 + 2t.sub.Q).
PAR  For generating the said NTSC chrominance subcarrier gating signal (burst
      gate) s.sub.CR, FIG. 24 shows in detail a generator which can be connected
      to the pulse generator according to FIGS. 14 and 15, which generator
      includes in principle one flip-flop FF.sub.16. The other flip-flops shown
      in FIG. 24 are required for generating a PAL-chrominance subcarrier gating
      signal s.sub.CC. FIG. 15 shows the signals associated with the flip-flop
      FF.sub.16.
PAR  In FIG. 24 the flip-flop FF.sub.16 receives the signal a at the T input,
      the signal d12 at the K input and the signal y at the S.sub.2 input. The J
      input is connected to the collector electrode of an npn-transistor T.sub.6
      which is connected through a resistor R.sub.23 to a terminal of potential
      U. The emitter electrode of transistor T.sub.6 is connected to ground and
      the base electrode is connected through a resistor R.sub.24 to the
      potential U and through a capacitor C.sub.16 to a terminal to which the
      synchronizing signal p is applied. The transistor T.sub.6 is normally
      conducting with J = O applying for the flip-flop FF.sub.16. A positively
      directed edge in the signal p does not influence the transistor T.sub.6, a
      negatively directed edge of a pulse renders the transistor T.sub.6
      instantaneously non-conducting for a duration which is determined by the
      time constant of the resistor R.sub.24 and the capacitor C.sub.16 which
      act as a differentiating circuit.
PAR  FIG. 25 shows a signal p derived from FIG. 23 which provides the possibly
      occurring pulses over one line period T.sub.H. Solid lines denote a line
      synchronizing pulse s.sub.HP, fat broken lines denote two equalizing
      pulses s.sub.EP and thin broken lines partially show two field
      synchronizing pulses s.sub.VP. Negatively directed edges in the signal p
      applied to transistor T.sub.6, which edges correspond to positively
      directed edges in signal p provide a pulse having the logic 1 in the
      signal J = p' to the J input of FF.sub.16. Starting from the fact that the
      flip-flop FF.sub.16 was in its stable state at the instant t.sub.o in case
      of the condition J = O and k = 1 or O, the Q.sub.1 output conveys the
      logic O as is shown in the signal Q.sub.1 = s.sub.CR. Since no gating
      signals must be generated during the equalizing and field synchronizing
      period of 9 T.sub.H with y = O, the signal y is applied to the input
      S.sub.2 (FF.sub.16). In FIG. 25 the signal S.sub.2 = y is denoted by a
      solid (1) and a broken line (0) and it follows that for y = O the
      predominant S.sub.2 input maintains the output Q.sub.1 at the logic O
      irrespective of what occurs at the T, J and K inputs.
PAR  Outside the equalizing and field synchronizing period, a flip-flop FF.sub.6
      may be changed over, because a pulse caused by the trailing edge of the
      pulse s.sub.HP appears with the logic 1 at the instant t.sub.15 + 1
      t.sub.Q in the signal J = p' while a negatively directed edge in the
      signal T = a occurs at the instant t.sub.16 - 1t.sub.Q. In this case K may
      be 0 or 1. The signal Q.sub.1 = s.sub.CR has the logic 1 at the instant
      t.sub.16.
PAR  In the signal K = d12 the reference K.sub.R denotes the signal which occurs
      in case of the RTMA standard. At the instants t.sub.17 - 1t.sub.Q and
      t.sub.18 - 1t.sub.Q having negatively directed edges in the signal T = a,
      K = O so that for J = 1 or O the Q.sub.1 output maintains the logic 1. At
      the instant t.sub.18 K.sub.R in the signal K = d12 obtains the logic 1 so
      that the edge in the signal T = a at the instant t.sub.19 - 1t.sub.Q may
      be active as a trigger edge for the condition K = 1, J = 1 or 0. At the
      instant t.sub.19 the logic 0 has appeared in signal Q.sub.1 = s.sub.CR.
      After the instant t.sub.19 the logic 0 is to occur in the signal J = p' in
      order that the flip-flop FF.sub.16 does not change over again.
PAR  It is found that the flip-flop FF.sub.16 generates the chrominance
      subcarrier gate signal (burst gate) s.sub.CR already shown in FIGS. 16 and
      17 from the instant t.sub.16 to t.sub.19, that is to say, at a duration of
      three clock pulse periods of the signal a, being 3 .times. 0.0125 T.sub.H
      = 0.0375 T.sub.H. This corresponds to 455/2 0.0375 = 8.5 periods of the
      chrominance subcarrier.
PAR  The times given in Table 7 and shown in FIG. 16 are self-evident.
PAR  So far the switchable pulse generator shown in FIGS. 14 and 15 has only
      been described as one acting for the RTMA standard. To achieve that the
      switchable generator according to FIGS. 14 and 15 can also be active for
      the CCIR standard, three switching operations are carried out as follows:
PAR  1. The flip-flop D11 in FIG. 15 receives a logic 1 at the S.sub.2 input
      because an input of the NAND gate N.sub.4 is connected to ground with the
      logic o; the gate N.sub.4 is blocked. Subsequently the signal e14' is
      applied to the reset input S.sub.2 of the flip-flop D12 because Q.sub.1
      (E14) is connected through a capacitor C.sub.17 and a resistor R.sub.25 to
      ground to an input of a NAND gate N.sub.10 another input of which is free
      and conveys a logic 1 due to internal couplings while the output is
      connected to S.sub.2 (D12).
PAR  2. The flip-flops L13 and L14 receive the logic 1 at the S.sub.2 input
      through the NAND gate N.sub.5 with an input connected to ground with the
      logic 0. The signal l13' is applied to the reset input S.sub.2 of the
      flip-flop L11 because Q.sub.1 (L13) is connected through a capacitor
      C.sub.18 and a resistor R.sub.26 to ground to an input of a NAND gate
      N.sub.11 another input of which is free and the output of which is
      connected to S.sub.2 (L11).
PAR  3. The T and j inputs of the flip-flop X are switched over. To this end an
      input of the gates N.sub.6 and N.sub.7 is connected through a change-over
      switch to ground with the logic O, position C, so that two other NAND
      gates N.sub.12 and N.sub.13 are released. Gate N.sub.12 having an input
      connected to Q.sub.1 (L16) has its output connected to T(X) and gate
      N.sub.13 having an input connected to Q.sub.2 (Y) has its output connected
      to J(X).
PAR  Although the output of the gate N.sub.11 is connected to both S.sub.2 (L11)
      and S.sub.2 (L12), the flip-flop L11 only is influenced by the feedback.
      The reason for the interconnection of S.sub.2 (L11) and S2(L12) is that
      the flip-flops L11 and L12 can in practice be formed as one twofold
      flip-flop FCJ 121 having one interconnected input S.sub.2.
PAR  To explain the simple switchability of the pulse generator according to
      FIG. 15 and to illustrate a few important signal differences occurring
      between the R and C positions, a few signals are partially plotted in FIG.
      26, which signals are associated with the frequency dividers D, E F11 and
      L, and in FIG. 27 associated with the generators ZZ, Y, Z and X. FIGS. 26
      and 27 correspond for the position C to FIGS. 17, 18 and 19 for the
      position R.
PAR  The clock pulse period of the signal a of the 80 -fold line frequency
      .nu..sub.H is 800 ns in FIG. 26. Until the instant t.sub.19 when the
      feedback is effected with the signal el3'  in FIG. 17 for the position R,
      the signals d11, d12, e11, e12 , e13, e14 and f11 in FIG. 26 are identical
      to those in FIG. 17. In this case the difference in the clock pulse period
      (795 relative to 800 ns) has been left out of consideration as well as in
      the calculated time scale t.sub.0.....t.sub.40..... t.sub.80 = t.sub.0. In
      the position C the feedback with the signal e14' in FIG. 26 is effected at
      the instant t.sub.22 + 2t.sub.Q. In the signal d12 a pulse having a
      duration of 3t.sub.Q occurs. The result is that the dividers D and E now
      count two successive pulses more or skip them so that the original 42-to-1
      divider becomes a 40-to-1 divider. It is of importance that in the signal
      e11 which may perform a trigger action on the flip-flop W for supplying
      the line blanking signal (T(W) = Q.sub.1 (E11) according to FIG. 15) a
      negatively directed edge active as a trigger edge occurs at the instant
      t.sub.22 + 1 t.sub.Q. This is in contrast with the trigger edge in the
      signal T + e11 at the instant t.sub.21 + 1 t.sub.Q in FIG. 22 for the
      position R. As is evident from FIG. 3, a line blanking pulse in the signal
      s.sub.HW is to be generated for the CCIR standard from t.sub.7 + 2t.sub.Q
      to t.sub.22 + 2t.sub.Q at a duration of fifteen clock pulse periods, while
      for both standards the line synchronizing pulse in the signals s.sub.HP,
      the equalizing pulse in the signal s.sub.EP and the raster serration in
      the signal s.sub.VS have the same number of clock pulse period at the same
      relative instants.
PAR  The signal e14 with trigger edges at the instants t.sub.1 and t.sub.41
      determines the signal l11....l 16 of which the signal i13' provides the
      feedback to the flip-flop L11. The field frequency time scale calculated
      thereon is plotted for the signal l15 in which, as in FIG. 18, the instant
      of commencement is t.sub.100 ' and in which t.sub.101 ' is one fourth line
      period T.sub.H later etc. until t.sub.1350 ' = t.sub.100 '.
PAR  Analogous to FIG. 19, the result of the flip-flops ZZ, Y, X and the NAND
      gate Z is given in FIG. 27. Starting from the signals 115 and l16 and the
      signal m15 of the divider M (FIG. 18) shown in FIG. 26 in which at the
      instant t.sub.110 ' a negatively directed edge occurs, there simply follow
      the signals Q.sub.2 = zz, Q.sub.1 = y and z having a pulse duration of 2.5
      T.sub.H, 7.5 T.sub.H and 2.5 T.sub.H, respectively.
PAR  For the flip-flop X with K = O FIG. 27 shows the signals T = l16, J = y,
      S.sub.2 = zz' and Q.sub.1 = x. The negatively directed pulse in the signal
      S.sub.2 = zz' at the instant t.sub.120 ' causes the flip-flop X which is
      in the stable state with Q.sub.1 = 1 at the condition K = O, J = O or 1,
      to change over so that at the instant t.sub.120 ' + 2t.sub.Q the logic O
      appears in the signal Q.sub.1 = x. The next negatively directed edge in
      the signal T = l16 occurs at the instant t.sub.150 ' = 1t.sub.Q in which
      for K = 0 and the logic O in the signal J = y the flip-flop X is not
      changed over. At the instant t.sub.150 '= 2t.sub.Q, the logic 1 occurs in
      the signal J = y so that the next negatively directed edge in the signal T
      = l16 at the instant t.sub.200 ' + 1t.sub.Q causes flip-flop X to change
      over to its stable state with Q.sub.1 = 1 for K = O and J = 1.
PAR  In the CCIR standard the signal i as described in FIG. 20 with reference to
      the RTMA standard is generated in substantially the same manner. In fact,
      until the instant t.sub.19 the signals d11, e14', f11 and e12 are
      identical in shape for both standards except for the difference incclock
      pulse period. Beyond the equalizing and field synchronizing period
      auxiliary pulses of line frequency and of double line frequency occurring
      therewithin during the 7.5 T.sub.H period with y = O are generated in the
      signal Q.sub.1 = i1.
PAR  The flip-flop W active as a blanking signal generator operates in the same
      manner for both standards, the only considerable difference being that a
      trigger edge occurs in the signal T = e11 at the instant t.sub.22 for the
      CCIR standard instead of at t.sub.21 for the RTMA standard.
PAR  Apart from the different number of various pulses in the line synchronizing
      signal Q.sub.1 = p generated by the flip-flop P, this operates in the same
      manner for both standards for generating the pulses s.sub.HP, s.sub.EP,
      s.sub.VP and s.sub.VS.
PAR  It is found in the pulse generator according to FIGS. 14 and 15 that there
      is only little to switch for use with the RTMA or CCIR standard. The
      switching of the dividend of the circuit of frequency dividers L, M,
      dividing to the field frequency is evident. The choice of the clock pulse
      frequency of the generator A being the same number of times the line
      frequency in both positions, with the example of 80 .nu..sub.H, obviates a
      switching of the dividend of the circuit of dividers D, E, F11 dividing to
      the line frequency. A pulse dipsplacement by switching in the divider D,E
      is found to be necessary so as to generate the line blanking pulses
      s.sub.HW of relatively different duration (14 relative to 15 clock
      pulses). A very simple pulse edge displacement is realized by forming the
      divider D, E, not as a 40-to-1 divider which is adaptable by means of
      switching, but in principle as a 42-to-1 divider the dividend of which is
      reduced to 40 by means of a switchable feedback while the desired pulse
      edge displacement is effected at the same time.
PAR  FIG. 17 shows the NTSC chrominance subcarrier gating signal s.sub.CR for
      the RTMA standard whose generation is described with reference to FIGS. 24
      and 25. For a corresponding PAL chrominance subcarrier gating signal
      s.sub.CC for the CCIR standard, two differences are of importance. In the
      first place, the instant of commencement and the pulse duration are
      different, namely for the CCIR standard 5.6 .mu. after the leading edge of
      the line synchronizing pulse s.sub.HP and a duration of 10 periods of the
      chrominance subcarrier signal at a frequency of 4433618.75 Hz being 2.26
      .mu.s. In the line time scale this corresponds to an instant of
      commencement of t.sub.9 + 2t.sub.Q (leading edge s.sub.HP ) plus 5.6/0.8 =
      7 clock pulse periods, that is to say, up to t.sub.16 + 2t.sub.Q. At a
      final instant t.sub.19 the duration is (t.sub.19 -t.sub.16)- 2t.sub.Q =
      3.times.0.8 .mu.s-.times. 2.times.70 ns = 2.26 .mu.s is required.
PAR  In the second place it is not sufficient, as in the RTMA standard, to
      discontinue the generation of the gating signal in the equalizing and
      field synchronizing period, but according to the PAL system a
      phase-shifted suppression of nine line periods is to be effected in a
      cycle of four fields. All this has already been described with reference
      to FIGS. 10......13.
PAR  For the explanation of the operation of the generator shown in FIG. 24 for
      generating the PAL chrominance subcarrier gating signal s.sub.CC reference
      is made to FIGS. 11, 12 and 13. As regards their operation the flip-flops
      FF.sub.12, FF.sub.13 and FF.sub.14 shown in FIG. 24 correspond to the
      flip-flops FF.sub.2, FF.sub.3 and FF.sub.4, respectively, of FIG. 10. The
      flip-flop FF.sub.16 shown in FIG. 24 and described with reference to
      generating the NTSC gating signal s.sub.CR will be used when generating
      the PAL gating signal s.sub.CC. To this end the input T of a flip-flop
      FF.sub.17 is connected to Q.sub.2 (FF.sub.16). The input J (FF.sub.17) is
      connected to Q.sub.1 (FF.sub.13). The flip-flops FF.sub.13 and FF.sub.14
      are active as a blocking signal generator for generating a blocking pulse
      of nine line periods in the signal s.sub.C occuring phaseshifted in a
      cycle of four lines, while beyond this period there applies that Q.sub.1
      (FF.sub.13) =  s.sub.C = 1. The signal d12 of FIG. 26 is applied to the
      input S.sub.2 (FF.sub.17). The output Q.sub.2 (FF.sub.17) is connected to
      S.sub.2 (FF.sub.12). For the flip-flop FF.sub.12, J = 1, K = O and T
      (FF.sub.12) receives the signal e of FIG. 26. In the position C of the
      pulse generator according to FIGS. 14 and 15, the output Q.sub.1
      (FF.sub.12) conveys the PAL chrominance subcarrier gating signal s.sub.CC.
PAR  For the stable state of the flip-flop FF.sub.17  with S.sub.2 = d12 = 0 or
      1, there applies that Q.sub.2 = 1. For the stable state of the flip-flop
      FF.sub.12 in which J = 1, K = 0 and S.sub.2 = Q.sub.2 (FF.sub.17) = 1
      while T = a there applies that Q.sub.1 = s.sub.Cc = 1.
PAR  In the position C of the pulse generator according to FIGS. 14 and 15 there
      apply the signals shown in FIG. 25 for the flip-flop FF.sub.16 in which
      for K = d12 the signal K.sub.C occurs. Since the signals, K.sub.R and
      K.sub.C are more or less identical in shape up to the instantt t.sub.20,
      the flip-flop FF.sub.16 generates a signal at the Q.sub.2 output which
      signal is the inverse of the shown signal Q.sub.1 = s.sub.CR. During each
      line period outside the equalizing and field synchronisation of 7.5 line
      period T.sub.H a negatively directed edge occurs once at the input T
      (FF.sub.17) at the instant t.sub.16. At the instant t.sub.16, S.sub.2 =
      d12 = 1 and J = K = 1 so that the flip-flop FF.sub.17 is changed over so
      that at t.sub.16 + 1t.sub.Q the logic O appears at the output Q.sub.2
      (FF.sub.17) with the result that the flip-flop FF.sub.12 is also changed
      over through the connection S.sub.2 (FF.sub.12) = Q.sub.2 (FF.sub.17). in
      the signal S.sub.CC at the output q.sub.1 (FF.sub.12 1 the logic 0 has
      appeared at the instant t.sub.16 + 2t.sub.Q. A pulse having the logic 0
      begins at the input S.sub.2 (FF.sub.17) in the signal d12 at the instant
      t.sub.18 so that flip-flop FF.sub.17 is changed back and conveys the logic
      1 again at the Q.sub.2 output after the instant t.sub.18 + 1 t.sub.Q. The
      next negatively directed edge active as a trigger edge at the input T
      (FF.sub.12) at the instant t.sub.19 - 1t.sub.Q will cause the flip-flop
      FF.sub.12 to change over to the stable state associated with the condition
      J = 1, K = 0. At the, instant t.sub.19 the logic 1 has appeared at the
      output Q.sub.1 (FF.sub.12). The signal s.sub.CC has a gate pulse from
      t.sub.16 + 2t.sub.Q to t.sub.19 as is required.
PAR  If a pulse with the logic 0 is generated in the signal s.sub.C by the
      flip-flops FF.sub.13 and FF.sub.14 and if this pulse is supplied to the
      input J (FF.sub.17), the negatively directed edge will not cause the
      flip-flop FF.sub.17 to change over at the instant t.sub.16 at the T input.
      For the condition that J = 0, K = 1 and S.sub.2 = 0 or 1, the logic 1 is
      associated with the output Q.sub.2 (FF.sub.17) in the stable state.
PAR  In the flip-flop FF.sub.14 the signal i1 is applied to the T input and the
      signal f11 is applied to the interconnected J and K inputs. The operation
      of the flip-flop FF.sub.14 is analogous to that of the flip-flop FF.sub.4
      of FIG. 10, the signals being given in FIG. 12. The flip-flop FF.sub.14
      generates a square-wave signal ff.sub.14 and ff.sub.14 at the outputs
      Q.sub.1 and Q.sub.2 at half the line frequency, in which dependent on the
      field the edges are located near the instant t.sub.9 or t.sub.49 under the
      influence of the trailing edge of the pulses in the signal i1.
PAR  The application of the signals at the inputs of the flip-flop FF.sub.13 is
      as follows: J.sub.1 signal y, J.sub.2 signal ff.sub.14, J.sub.3 signal
      l14, K.sub.1 signal l13, K.sub.2 signal ff.sub.14 and K.sub.3 signal zz.
      The signals ff.sub.14 and ff.sub.14 may be interchanged as has been done
      in FIG. 10 which is changed for the sake of a simpler drawing.
PAR  In FIG. 13 the signals are given for the flip-flop FF.sub.3 which with
      small modifications also applies to the flip-flop FF.sub.13 of FIG. 24. A
      survey of the modifications is as follows:
     FF.sub.3         FF.sub.13                                                

     K.sub.1 = ff.sub.4                                                        

                      K.sub.2 = ff.sub.14 (or ff.sub.14)                       

     Edges at t.sub.13 and t.sub.53                                            

                      Edges at t.sub.9 and t.sub.49                            

     K.sub.2 = ff.sub.5                                                        

                      K.sub.3 = zz                                             

     Pulse t.sub.110 to t.sub.130                                              

                      Pulse t.sub.110 ' to t.sub.120 '                         

     K.sub.3 = 12     K.sub.1 = 113                                            

     Edges at t.sub.8 and t.sub.40                                             

                      Edges at t.sub.1 and t.sub.41                            

     K                K                                                        

     Pulses to t.sub.130                                                       

                      No pulses after t.sub.120 '                              

     J.sub.2 = ff.sub.4                                                        

                      J.sub.2 = ff.sub.14 (or ff.sub.14)                       

     See K.sub.1      See K.sub.2                                              

     J.sub.3 = ff.sub.5                                                        

                      J.sub.3 = 114                                            

     Pulse t.sub.110 to t.sub.130                                              

                      Pulse t.sub.110 ' to t.sub.140 '                         

     J.sub.1 = y      J.sub.1 = y                                              

     Pulse t.sub.120 to t.sub.150                                              

                      Pulse t.sub.120 ' to t.sub.150 '                         

     Q.sub.1 = s.sub.C                                                         

     3 Fields one 9T.sub.H -pulse from                                         

     t.sub.13 or t.sub.53                                                      

                      t.sub.9 or t.sub.49                                      

     4th Field a longer pulse from                                             

     t.sub.8 to t.sub.13                                                       

                      t.sub.1 to t.sub.9                                       

            13                        8                                        

     9T.sub.H +   T.sub.H = 9.16T.sub.H                                        

                                9T.sub.H +                                     

                                          T.sub.H = 9.1T.sub.H                 

            80                        80                                       

PAR  The slightly longer duration of the pulse in the blocking signal s.sub.C in
      the fourth field is allowed.
PAR  The pulse generator shown in FIG. 24 or FIG. 10 is easily connectable to a
      known PAL coder. This coder is provided with a so-called PAL switch so as
      to achieve that the polarity of the (R-Y) vector is changed every other
      line. It follows from the PAL standard that the position of the PAL switch
      must be such that the phase of the first formed burst of the chrominance
      subcarriers after the PAL gating signal s.sub.C of 9 T.sub.H is
      135.degree. relative to the +(B-Y) vector. To this end the switch must be
      driven at half the line frequency. Since in the signal s.sub.C the gating
      pulse of 9T.sub.H is determined by the signals ff.sub.14 and ff.sub.14 of
      half the line frequency, a uniform relationship between these signals is
      guaranteed. The signals ff.sub.14 and ff.sub.14 may be used with this
      guarantee for switching the PAL switch in a coder.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for generating a television pulse series having pulses of
      different durations and repetition periods, said circuit comprising a
      clock pulse source means for supplying pulses having a frequency equal to
      or an integer multiple of eighty times a selected line frequency, said
      clock pulse period being substantially to or an integral multiple of the
      highest common factor of said different pulse periods, the shortest
      repetition period of said pulses of said series being an integral multiple
      of said clock pulse period, a plurality of frequency dividers coupled to
      said clock, a plurality of pulse generators each coupled to at least one
      of said dividers for control of said generators, a first signal generator
      having a plurality of inputs coupled to said pulse generators and dividers
      and an output means for supplying at least part of said pulse series.
NUM  2.
PAR  2. A circuit as claimed in claim 1 further comprising a second signal
      generator means for generating a different series from said first
      generator and synchronized therewith, said clock pulse source having a
      period equal to or an integer multiple of the highest common factor of the
      time difference between the pulse series of said first and second signal
      generators.
NUM  3.
PAR  3. A circuit as claimed in claim 1 wherein some of said frequency dividers
      provide line frequency signals, said signal generator comprising means for
      generating synchronizing and blanking pulses directly coupled to said line
      frequency divider for control of the edges of said pulses.
NUM  4.
PAR  4. A circuit as claimed in claim 1 wherein said dividers comprise line and
      field frequency dividers; and further comprising means for providing a
      long field frequency pulse; a gate having inputs coupled to said long
      pulse generator and said field frequency dividers, and an output means for
      supplying a short field frequency pulse.
NUM  5.
PAR  5. A circuit as claimed in claim 1 wherein said dividers, pulse generators,
      and first signal generator each comprise at least one J-K flip-flop
      circuit.
NUM  6.
PAR  6. A circuit as claimed in claim 5 wherein said flip-flops having a
      propagation delay time and are sequentially arranged, at least one of said
      flip-flops having two inputs coupled to said clock source and to the
      outputs of other flip-flops respectively, said other flip-flops having a
      different sequential number.
NUM  7.
PAR  7. A circuit as claimed in claim 5 wherein at least one flip-flop in each
      of the dividers and pulse generators has a propagation time delay and two
      trigger action inputs, one of said inputs being coupled to said clock
      pulse source and one of the sequentially subsequent flip-flops in the
      divider and pulse generator respectively, the remaining input being
      coupled to the output of a flip-flop that succeeds the clock pulse source.
NUM  8.
PAR  8. A circuit as claimed in claim 5 wherein the J-K flip-flop in said signal
      generator has J,K, command and reset inputs, all of said inputs having a
      trigger action.
NUM  9.
PAR  9. A circuit as claimed in claim 5 further comprising an auxiliary pulse
      generator means for providing auxiliary pulses at the line frequency and
      double said line frequency, said auxiliary generator comprising a J-K
      flip-flop having a pair of inverse signal outputs with different
      propagation time delays coupled to the set and reset inputs of said signal
      generator flip-flop.
NUM  10.
PAR  10. A circuit as claimed in claim 5 wherein said dividers comprise line and
      field frequency dividers; and further comprising means for providing an
      NTSC chrominance subcarrier gating signal comprising a J-K flip-flop
      having a command input coupled to said clock pulse source, a first and
      second preparatory inputs, said first input being coupled to said line
      frequency dividers, and a reset input; a differentiating circuit coupled
      between said second input and said signal generator; and means for
      generating auxiliary field frequency pulses coupled to said reset input.
NUM  11.
PAR  11. A circuit as claimed in claim 1 wherein said frequency dividers
      comprise line and field frequency dividers, first switching means coupled
      to said field frequency dividers for switching the dividend, and a second
      switching means coupled to said field frequency dividers for displacing
      the field pulse edges, the divisor remaining a constant whereby said
      circuit can be used with different television standards.
NUM  12.
PAR  12. A circuit as claimed in claim 11 wherein said line frequency dividers
      have a greater than necessary divisor and comprise switchable feedback
      means coupled thereto for reducing said divisor to the proper value and
      for pulse edge displacement.
NUM  13.
PAR  13. A circuit as claimed in claim 11 further comprising means for
      increasing the divisor of one of said field frequency dividers comprising
      means for coupling the output of one of said signal generators to a
      blocking input of said one divider.
NUM  14.
PAR  14. A circuit as claimed in claim 1 wherein said dividers comprise line and
      field frequency dividers and further comprising a PAL chrominance
      subcarrier gating generator coupled to said line frequency dividers and
      said clock pulse source, said gating generator comprising a blocking
      generator means coupled to said field frequency dividers and to one of
      said signal generators and providing a blocking pulse having a period
      equal to nine line periods and occurring at the field frequency, said
      blocking generator having an auxiliary pulse generator means for supplying
      pulses of one half of the line frequency for pulse edge determination of
      said blocking generator.
NUM  15.
PAR  15. A circuit as claimed in claim 14 wherein said gating generator
      comprises first and second J-K flip-flops each having a command and reset
      inputs, and an output, said command inputs being coupled to said clock
      source and said line frequency dividers respectively, said first output
      being coupled to said second reset input, said first reset input being
      coupled to said blocking signal generator, and said second output means
      for providing said gating signal.
NUM  16.
PAR  16. A circuit as claimed in claim 14 wherein said gating signal generator
      comprises a first J-K flip-flop having a preparatory input coupled to said
      blocking generator, a command input coupled to said auxiliary pulse
      generator, a reset input coupled to said line frequency dividers, and an
      output; and a second J-K flip-flop having a reset input coupled to said
      first flip-flop output, a command input coupled to said clock source, and
      an output means for providing said gating signal.
NUM  17.
PAR  17. A circuit as claimed in claim 14 wherein said auxiliary generator
      comprises a J-K flip-flop having a pair of outputs, and said blocking
      generator comprises a J-K flip-flop having a pair of trigger action
      preparatory inputs coupled to said auxiliary flip-flop outputs
      respectively.
NUM  18.
PAR  18. A circuit as claimed in claim 1 wherein said dividers comprise line and
      field frequency dividers, said field frequency dividers comprise an input
      means adapted to receive a field frequency signal for synchronization of
      said field frequency dividers, said circuit further comprising a phase
      discriminator having two inputs for receiving the line frequency signal
      from said line dividers and a line frequency synchronizing signal, and an
      output means coupled to said clock pulse source for synchronization of
      said clock pulse source.
NUM  19.
PAR  19. A circuit as claimed in claim 18 further comprising a field
      synchronizing circuit coupled to said field synchronizing input and
      wherein one of said pulse generators comprises a field frequency generator
      coupled to said field synchronizing circuit.
NUM  20.
PAR  20. A circuit as claimed in claim 1 wherein at least two of said frequency
      dividers supply line and field frequency signals respectively, and wherein
      one of said pulse generators comprise an auxiliary pulse generator means
      coupled to said line and field dividers for control of said auxiliary
      generator and for generating pulses of the line frequency and double the
      line frequency, said auxiliary generator also being coupled to control
      said signal generator, said signal generator comprising means for
      generating synchronizing and blanking signals.
NUM  21.
PAR  21. A circuit as claimed in claim 20 wherein said auxiliary generator is
      directly connected to the line frequency divider and wherein at least one
      of said generators comprises means for generating a pulse lasting one
      equalizing and one field synchronizing period coupled between said
      auxiliary generator and said field frequency divider for controlling the
      frequency of said auxiliary generator.
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ABST
PAL  The invention provides a circuit for centrally generating the horizontal
      and vertical sweep frequencies in a TV receiver. A central oscillator
      provides a frequency which is divided to obtain the horizontal frequency.
      A periodic counter with adjustable final counting value divides the
      central oscillator frequency to establish a vertical sweep signal. Phase
      comparators and gate circuits are used to gate the oscillator signal to
      the periodic counter to synchronize the vertical sweep with the
      transmitted vertical sync signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a circuit arrangement for synchronizing a
      television receiver.
PAR  2. Description of the Prior Art
PAR  It is known from television transmitter circuit engineering, for example,
      to derive the necessary frequencies, such as horizontal frequency and
      vertical frequency, from a centrally generated frequency by division.
      Since the transmitters, as compared with the television receivers,
      represent highly centralized units on which stringent requirements are
      placed regarding their operational features, the expense necessary to
      derive the individual frequencies by dividing a so-called multifrequency
      is considered justifiable.
PAR  Television receivers, however, are mass-produced articles and should be as
      simple as possible. Therefore, it has so far been impossible to apply the
      technique commonly used with the transmitter to the receiver circuitry.
      Today's television receivers have separate oscillators for generating the
      horizontal and vertical sweep frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is characterized in that the horizontal frequency can be
      derived by dividing the frequency of the central oscillator at the ratio
      of 2:1, that the correct phase position is obtained by comparing said
      horizontal frequency with the horizontal sync pulse derived from the
      received signal, that a periodic counter with adjustable final counting
      value is provided to whose input the pulses of the central oscillator,
      generated with the double line frequency, are applied via a gate circuit,
      that the counter, after reaching the adjusted final counting value,
      provides at its output an output signal frequencydivided by the final
      counting value, that, with the final counting value adjusted, the
      frequency of the output signal can be varied by inhibiting the gate
      circuit for certain periods of time and thus blanking input pulses, that
      an item of information generated by comparing the phase of the
      transmitter's vertical sync signal with that of the signal appearing at
      the output of the periodic counter can be fed as a control signal to the
      gate circuit, and that, in case of phase coincidence between the
      transmitter's vertical sync signal and the counter output signal, the
      final counting value is adjustable so that the frequency of the output
      signal is equal to that of the transmitter's vertical sync signal.
PAR  It is therefore the object of the invention to provide a circuit
      arrangement of the kind referred to by way of introduction which permits
      the use of a central oscillator in a simple manner.
PAR  Another advantage of the invention lies in the fact that the adjusting
      operations, which are undesirable during production, are necessary for one
      oscillator only.
PAR  In addition, the circuit is especially suited for construction in
      integrated technology because mainly digital circuit elements are used.
PAR  Another advantage is that a module presently incorporated in many
      television receivers (e.g. Intermetall's JC TBA 940) is suitable for the
      generation of the double line frequency by halving the
      frequency-determining capacitance.
PAR  It is worth mentioning that line interlacing is automatically achieved by
      this interconnection of line and frame frequency.
PAR  One embodiment of the invention is characterized in that the final counting
      value is adjusted so that the frequency of the counter output signal lies
      above that of the vertical sync signal, that in case of a phase departure
      of 0.degree.-180.degree. of the two signals to be compared, the gate
      circuit is open, and that in case of a phase departure of
      180.degree.-360.degree. the gate circuit is periodically closed for at
      least such a time that the signal appearing at the output of the periodic
      counter has a lower frequency than the vertical sync signal.
PAR  The advantage of this embodiment lies in the fact that the picture locks
      toward the correct side within the shortest possible time, i.e, depending
      on whether, in case of a phase error, the bar of the vertical blanking is
      in the upper or lower half of the screen, the picture will lock toward the
      top or bottom.
PAR  Further details of the invention will be apparent from the following
      description and from the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram showing the basic functions of the
      present invention.
PAR  FIG. 2 is a block diagram showing the circuit portions needed to control
      the frequency division for obtaining the vertical frequency.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the central oscillator for generating the double line frequency
      is designated 1. Fed to this central oscillator are the composite video
      signal coming from the transmitter and the horizontal flyback pulse for
      fixing the correct phase relation. This design is advantageous if, for
      example, the aforementioned commercially available integrated modules are
      used.
PAR  The output signal of block 1 with a frequency of 31.25 kHz is fed, on the
      one hand, to a divider circuit 2 for generating the horizontal sweep
      frequency, which circuit also forms the pulse shape necessary for the
      deflection circuit.
PAR  The output signal of the block 1 with a frequency of 31.25 kHz and the
      transmitter's 50-Hz vertical sync signal, selected from the composite
      video signal, are fed to a phase search circuit 3, to which is also fed,
      via the circuit 7, the signal obtained by division in the periodic counter
      4. The phase search circuit derives from the comparison of the applied
      signals an item of information for controlling the periodic counter 4. The
      output signal of the frequency divider is fed to a circuit 7 where it is
      brought to a given pulse shape or duration. The signal, controlled in this
      way, is fed to the vertical deflection circuit.
PAR  A phase identification circuit distinguishes between the conditions, such
      as coincidence or not, between the transmitter signal and the signal
      generated in the receiver and, in response thereto, controls a frequency
      changeover switch 6 which determines the final counting value of the
      periodic counter 4.
PAR  As shown in FIG. 2, the pulses of 31.25 kHz, generated in the block 1 of
      FIG. 1, are fed through a gate TOR 1 to the periodic counter with the
      division factor 620:1. This means that the following monoflop MF1 is
      triggered after each 620th pulse. The pulse duration is, e.g., 320 .mu.s,
      according to the duration of 10 pulses of the input frequency. These
      pulses leave the monoflop MF1 at a frequency of 50.4 Hz, so that, referred
      to the 50-Hz transmitter pulse, the picture rolls down. This beat
      frequency of +0.4 Hz (referred to the 50-Hz transmitter frequency) is,
      however, permitted only if the pulse generated in the receiver and not
      having the correct phase relation is in the lower half of the picture. If
      the pulse is in the upper half of the picture, a negative beat frequency
      (or lower than 50 Hz) is to cause the picture to roll up. Thus, in case of
      incorrect phase relation, coincidence between the two pulses to be
      compared is to be achieved within the shortest possible time instead of
      having to wait until almost an entire frame roll has taken place as has so
      far been necessary in the worst case.
PAR  The frequency needed for the shortest search is identified and generated as
      follows.
PAR  The output pulse of the monoflop MF1 is compared with the output pulse of
      the monoflop MF2. The latter is triggered by the 50-Hz transmitter pulse
      derived from the composite video signal. The pulse duty factor is set at
      1:1 so that after one-half field period = 10 ms the output Q of the
      monoflop goes high.
PAR  If the output of MF1 lies in the lower half of the picture, the output
      state of the gate TOR 2 (high) enables the gate TOR 1 so that all arriving
      pulses of the frequency 31.25 kHz can pass and the periodic counter is
      driven as described above. The output frequency is 50.4 Hz, and, as
      mentioned hereinbefore, this causes the picture to roll down so that
      coincidence is achieved quickly.
PAR  If the output pulse lies in the upper half of the picture, the inverted
      pulse of the monoflop MF1 appears at the output of gate TOR 2 so that gate
      TOR 1 is turned off for the duration of the pulse. As mentioned, the pulse
      duration is 320 .mu.s, i.e., gate TOR 1 is turned off for 320 .mu.s;
      referred to the 31.25 kHz frequency this means that exactly 10 pulses are
      blanked. Thus, a pulse appears at the output of the divider only after the
      duration of 630 pulses, which is equivalent to an output frequency of 49.6
      Hz. Hence, the picture on the screen rolls up.
PAR  All that remains to be done now is to achieve coincidence, i.e., the
      correct phase relation.
PAR  It is assumed that the output pulse of the monoflop MF1 lies in the upper
      half of the picture with incorrect phase postion. Through the
      above-described blanking of the 10 pulses the divider provides a frequency
      &lt;50 Hz so that the picture is shifted upwards in the direction of the
      correct phase position. Looking at the output of gate TOR2, referred to
      the 50-Hz transmitter pulse, an approximation of the pulse of the monoflop
      MF1 to the transmitter pulse up to overlapping will be perceived. With the
      same measure of overlapping the blanking pulse at the gate TOR 1 becomes
      narrower. With each additional pulse at the divider, however, the output
      frequency increases. The pulses overlap to such an extent that only 5
      pulses (160 ms) are blanked, for example. After 625 pulses a pulse now
      appears at the output of the divider; this corresponds to a frequency of
      exactly 50 Hz. Thus, the picture is stable.
PAR  The coincidence of the two 50-Hz pulses, achieved in this way, must now be
      considered under two aspects. If, for example, the two leading edges do
      not coincide, the picture flyback will be initiated with a delay of, e.g.,
      21/2 lines. Secondly, the 50-Hz frequency at the output of the periodic
      counter is unstable inasmuch as each interference pulse in the
      transmitter's composite video signal can immediately change the monoflop
      MF2 to the unstable state, which automatically results in a new search.
      Both disadvantages can be avoided if the divider can be permanently
      switched to 625:1  50 Hz after coincidence has been achieved. Then, both
      leading edges coincide exactly, and due to the fact that the 50 Hz are
      tied to the double line frequency, all interference pulses which do not
      disturb the central oscillator directly have no effect.
PAR  The switching information for the periodic counter is obtained from the
      phase identification circuit 5 (FIG. 1), which consists of the two timing
      elements Z1 and Z2 and the Schmitt triggers ST1 and ST2. If there is no
      coincidence and the 50-Hz sync pulse from the transmitter's composite
      video signal is present, the output of the gate TOR 4 is low, so that in
      the periodic counter the division factor 620:1 is turned on and a search
      begins. When conicidence is achieved, the output of gate TOR 4 goes high,
      and the division factor 625:1 is turned on; through the negation of this
      switching information the division factor 620:1 is turned off and the
      output of the gate TOR 3 goes high whereby any interference pulses
      reaching the monoflop MF2 produce no effect. The function of the second
      timing element with the Schmitt trigger ST2 is to prevent, in cooperation
      with ST1, the possible absence of a few sync pulses in the transmitter
      signal from being not detected and the periodic counter from not being
      turned on.
PAR  This circuit arrangement achieves for the vertical deflection an
      elimination of interference which is always as good as that for the line
      frequency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synchronizing circuit, for providing synchronized horizontal and
      vertical deflection control signals in a television receiver in a TV
      system of the type wherein a composite video signal including horizontal
      and vertical sync pulses is received by the receiver, comprising the
      combination of:
PA1  an oscillator providing a signal at a frequency equal to a multiple of the
      frequency of the horizontal deflection of the video signal, said
      oscillator being synchronized by the horizontal sync pulses;
PA1  a frequency dividing means for receiving said oscillator signal, dividing
      its frequency by said multiple and providing said horizontal deflection
      control signal;
PA1  a periodic counter connected to receive the oscillator signal and provide
      an output when a final count is reached, said output being a vertical
      deflection control signal and having a frequency equal to the frequency of
      the oscillator signal divided by the final count value of the counter;
PA1  blanking gate means for comparing the vertical deflection control signal
      with the received vertical sync signal and providing a blanking gate
      control signal to said periodic counter in response thereto; and
PA1  switch gate means to compare the vertical deflection control signal and
      vertical sync pulses to switch the periodic counter into one of two final
      counting conditions, whereby the blanking and switch gate means enable the
      frequency and phase of the vertical deflection control signal to be
      synchronized with the received vertical sync signal.
NUM  2.
PAR  2. A synchronizing circuit as described in claim 1, wherein the final count
      of the periodic counter may be switched to either a first or a second
      predetermined final count and the circuit additionally comprises, means
      for detecting phase coincidence between the vertical sync signal and the
      vertical deflection control signal and providing an output in response
      thereto, said periodic counter being responsive to the output of the phase
      coincidence detecting means to switch to the second predetermined final
      count at which frequency the vertical deflection control signal equals the
      frequency of the vertical sync signal.
NUM  3.
PAR  3. A synchronizing circuit as described in claim 1, wherein the oscillator
      provides a signal at a frequency equal to twice the frequency of the
      horizontal deflection of the video signal.
NUM  4.
PAR  4. A synchronizing circuit as described in claim 3, wherein the oscillator
      frequency equals 31.25 kHz, the vertical sync signal has a frequency of 50
      Hz, the first final count equals 620, the second final count equals 625
      and the frequency dividing means divides said oscillator signal by a
      factor of 2.
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ABST
PAL  A telephone answering apparatus has a forward drive time delay relay which
      causes a tape bearing a series of messages to advance for approximately 30
      seconds subsequent to the reproduction of the last message in the series.
      The forward drive time delay relay cooperates with a recording amplifier
      so as to prevent recording of information on the advanced portion of the
      tape. The relay also cooperates with an erase circuit to cause recorded
      information on the advanced portion of tape to be erased to thereby create
      a no-signal or silent portions of tape. The advanced portions of the tape
      are detectable by a no-signal detector during rewind of the tape which
      automatically stops rewind when a no-signal portion is detected. A method
      is disclosed for generating silent portions on a tape and for
      automatically stopping rewind in a telephone answering apparatus at
      points, prior to complete rewind, where the no-signal portions are
      detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an automatic telephone answering apparatus
      which has provision for playing back the recorded messages transmitted
      over the telephone lines in response to receipt of a coded signal over the
      telephone lines, and in particular to an automatic telephone answering
      apparatus in which only the series of messages between successive coded
      signals transmitted over the telephone lines are selectively played back.
PAR  In telephone answering apparatus of the prior art, the ringing of the
      telephone at the subscriber's station initiates a normal answering cycle
      during which a pre-recorded message is first reproduced over the telephone
      line, and thereafter a recording device is actuated so as to receive a
      message over the telephone line. In addition, such a prior art device has
      provision for playing back previously recorded messages over the telephone
      line in response to a coded signal initiated by the subscriber from a
      point remote from his telephone station. Telephone answering apparatus is
      already known which prevents the machine from continuously playing back
      until all the recording tape is used up. An apparatus which has means for
      terminating the play-back of the recorded messages is described in U.S.
      Pat. No. 3,508,004.
PAR  However, prior art telephone answering apparatus have had the disadvantage
      that each time a coded signal is received over the telephone lines, the
      apparatus rewinds the entire tape to the beginning thereof prior to
      play-back. Consequently, the user who transmits the coded signal must
      listen to all the recorded messages on the entire initial portion of the
      tape. However, this is a time consuming inconvenience, especially when the
      user has called in one or two times previously. In such a case, the user
      must hear both the more recent messages as well as those which he has
      heard earlier when he previously called in.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      telephone answering apparatus which is not possessed of the above
      disadvantages associated with comparable prior art apparatus.
PAR  It is another object of the present invention to provide an automatic
      telephone answering apparatus which is simple in construction and
      economical to manufacture.
PAR  It is still another object of the present invention to provide an automatic
      answering apparatus as described above which advances the tape after the
      last recorded message is played back.
PAR  It is yet another object of the invention to provide an answering apparatus
      of the type under discussion which forms detectable tape portions after
      the last recorded message is played back which are detectable during
      rewind of the tape to stop rewind when such a tape portion is detected.
PAR  It is a further object, with respect to the last mentioned object, to make
      the detectable tape portions silent tape portions.
PAR  It is still a further object of the present invention to provide an
      automatic telephone answering apparatus as above described which only
      plays back, in response to a remotely transmitted coded signal over the
      telephone lines, those messages which have been recorded since the last
      coded signal was transmitted by the user.
PAR  It is yet a further object of the present invention to provide an automatic
      telephone answering apparatus which does not rewind the entire tape when a
      remotely transmitted coded signal is transmitted over the telephone lines
      for the purpose of playing back a most recent series of recorded telephone
      messages.
PAR  It is an additional object of the present invention to provide a method for
      generating detectable portions on a tape at the end of a series of
      messages which are detectable during rewind of a telephone answering
      apparatus.
PAR  It is still an additional object, in connection with the last-mentioned
      object, to provide a method to stop rewind when a detectable portion is
      detected during rewind of a telephone answering apparatus.
PAR  In order to achieve the above objects, as well as others which will become
      obvious hereafter, the apparatus in accordance with the present invention
      is utilized in association with a telephone answering apparatus coupled to
      telephone lines having recording means for recording a series of messages
      on a tape. The recording apparatus also includes rewind means for
      rewinding the tape, and play-back means for reproducing the series of
      messages subsequent to rewinding of at least a portion of the tape bearing
      the messages. According to the present invention, advancing means are
      incorporated in the telephone answering apparatus for advancing the tape a
      predetermined distance starting substantially within the region of the
      trailing portion of the last message in the series.
PAR  According to a presently preferred embodiment conditioning means are
      provided for conditioning the advanced portion of the tape to thereby make
      said portion detectable during rewinding of the tape. Said conditioning
      means can conventiently comprise erasing means for erasing information
      recorded on said advanced portion and generating a silent tape portion.
      Detecting means are provided for detecting the conditioned portions of the
      tape during rewinding of the latter and for terminating further rewinding
      of the tape in response to detection of the conditioned portion of the
      tape.
PAR  According to the presently preferred embodiment, said advancing means
      includes a forward drive means for advancing the tape. Also, forward
      time-delay means cooperate with the forward drive means forr energizing
      the latter for a time period corresponding to said predetermined distance.
PAR  The method in accordance with the present invention, wherein a series of
      messages are recorded on a tape, comprises the step of advancing the tape
      a predetermined distance starting substantially within the region of the
      trailing portion of the last message in the series. According to a
      presently preferred embodiment, the method includes the further step of
      conditioning the advanced portion of the tape to thereby make that portion
      detectable during rewinding of the tape. Said conditioning step
      advantageously comprises of the step of erasing the advanced tape portion.
      The method preferably further comprises the step of detecting the
      conditioned portions of the tape during rewinding of the latter to thereby
      terminate further rewinding of the tape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described and illustrated in the
      accompanying drawings of a preferred embodiment in which:
PAR  FIG. 1 is a partial schematic of an automatic telephone answering apparatus
      with remote play back and incorporating the rewind limiting means in
      accordance with the present invention;
PAR  FIG. 2 is a schematic representation of a tape recorded on a prior art
      automatic telephone answering apparatus, showing the arrangements of
      successive messages; and
PAR  FIG. 3 is a view similar to that shown in FIG. 2, showing the arrangement
      of messages in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A telephone answering apparatus pursuant to the present invention is based
      upon telephone answering and recording apparatus of conventional design
      and well known in the prior art. Consequently, only those portions of such
      prior art apparatus which are necessary for understanding the present
      invention are illustrated and described. Various components of the
      answering apparatus pursuant to the present invention, such as the ringing
      response and actuating means, and so on, are each well known in the prior
      art, and are fully illustrated and described in the U.S. Pat. Nos.
      3,127,474; 3,501,592 and 3,508,004.
PAR  FIG. 1 utilizes the detached contact type of notation. In this form of
      notation, the normal unoperated condition of relay contacts is designated
      by .vertline..vertline. if open (make contact) and by   if closed (brake
      contacts). The foregoing type of notation is illustrated and described in
      detail in an article entitled "An Improved Detached Contact Type of
      Circuit Drawing", by F. T. Meyer, appearing in the A.I.E.E. Transactions,
      for September 1955, Volume 74, Pages 505-513.
PAR  In FIG. 1, the telephone answering apparatus is generally designated by
      reference numeral 10 and is shown to be direct coupled to telephone lines
      12 by means of a coupling transformer 14 through a normally closed switch
      FDR-4, whose function will be described hereafter. However, for the
      purposes of the present invention, it is not critical whether the
      telephone answering apparatus is direct coupled or coupled acoustically,
      inductively or in any other fashion to the telephone lines. Connected to
      the coupling transformer 14 is a coding tone tuned circuit 16. The tuned
      circuit 16 may be in the form of a filter which permits the passage of the
      coded signals transmitted over the telephone lines 12 by a user who wishes
      to commence a normal answering cycle during which pre-recorded messages
      are reproduced over the telephone lines. The main function of the tuned
      circuit 16 is to selectively pass only the coded signals while preventing
      the passage of other signals which may appear on the telephone lines 12,
      including voice signals. In this manner, it is insured that the answering
      apparatus is only triggered by coded signals and is not falsely triggered
      by other spurious signals.
PAR  The tuned circuit 16 is connected to a switching amplifier 20. A timing
      circuit, comprising a capacitor 17 and a resistor 18 is connected at the
      input of the switching amplifier 20 -- the timing circuit preventing an
      instantaneous rise in potential at the input to the switching amplifier 20
      on the initial appearance of a coded signal. The switching amplifier 20
      may be of any conventionally known design. Advantageously, the switching
      amplifier 20 switches states when the D.C. level at its input rises to a
      predetermined level. For example, D.C. switching amplifiers, Schmitt
      triggers as well as flip-flops can be utilized as switching amplifiers.
PAR  The output of the switching amplifier 20 is connected to a rewind relay 22
      at one terminal, the other terminal of the rewind relay being connected to
      a circuit ground through a normally closed switch NSR-1.
PAR  Subsequent to a brief time delay, determined by the time constant of the
      capacitor 17 and the resistor 18, the switching amplifier is caused to
      switch states to thereby energize the rewind relay 22, which may comprise
      a relay coil. A normally open switch RR-1, forming part of the rewind
      relay 22, is connected between a negative potential -V and the ungrounded
      side of the rewind relay. The switch RR-1 serves to latch the rewind relay
      22 once it is energized. Thus, when the rewind relay 22 is energized,
      switch RR-1 closes and the negative potential -V is applied directly
      across the rewind relay 22. So long as the switch NSR-1 remains closed,
      the rewind relay 22 remains energized.
PAR  The telephone answering apparatus includes recording means, rewind means
      and play-back means all conventional and known in the prior art. A full
      description of these standard means are described in U.S. Pat. No.
      3,508,004. However, the portions of these means which are directly
      pertinent for the purposes of the present invention will now be described.
PAR  A rewind drive means 30 is provided which cooperates with a tape spool 32
      and conventionally comprises a motor. However, any other drive means may
      be utilized. When the rewind drive means 30 is energized, the tape spool
      32 is caused to turn in one direction which causes the tape 38 to rewind
      onto the spool 32.
PAR  Similarly, a forward drive means 34 is provided which cooperates with a
      tape spool 36. When the forward drive means is energized, the tape 38 is
      caused to move in the other direction so as to wind the tape about the
      spool 36.
PAR  A portion of the exposed tape 38, which is not wound on either of the
      spools, is caused to pass a region where an erase head 40 and a play and
      record head 42 are positioned. As well known to those skilled in the art,
      messages may be recorded on the tape 38 while the latter is moving in the
      forward direction by transmitting suitable signals through the head 42.
      Also, when the tape 38 moves in a forward direction, information recorded
      on the tape may be played back by sensing the recorded signals on the tape
      38 by the head 42. When it is desired to erase information which is
      recorded on the tape 38, a suitable signal may be transmitted to the erase
      head 40 while the tape is moving past the latter. All the just described
      procedures and steps are well known to the art and need not be further
      elaborated in the present application.
PAR  A recording amplifier 50 is connected to the play or recording head 42
      through a normally closed switch FDR-2. Thus, when the switch FDR-2 is
      closed and the forward drive means 34 is energized, signals are applied to
      the recording head 42 to thereby record signals on the tape 38 -- the
      signals being fed into the recording amplifier by conventional means (not
      shown). It should be noted at this point, although further elaboration
      will follow hereafter, that even when recording information is not fed
      into the recording amplifier by, for example, a microphone, noise signals
      which appear at the input of the amplifier are nevertheless amplified and
      appear at the recording head 42. Thus, even when no recording signals are
      impressed on the recording amplifier 50, it is still possible for stray
      signals, such as noise and miscellaneous pickup signals, to be recorded on
      the tape 38.
PAR  Also connected to the recording and play head 42 is a play amplifier 60
      which is adapted to receive the weak signals which are generated in the
      play head 42 when the tape 38 passes in the region thereof and amplify the
      same. For the purposes of the present invention, the play-head 42 is
      preferably arranged to pick up signals from tape 38 both during forward as
      well as reverse or rewind movement. It is common in the art to select the
      reverse and forward driving means 30, 34, respectively, so that the tape
      38 rewinds at a much faster rate than it moves forward. However, the range
      at which the tape 38 moves in one direction or the other does not prevent
      the play-head 42 from picking up signals associated with recorded
      information on the tape. The play amplifier 60 amplifies both the signals
      induced in the play-head 42 during forward as well as rewinding movement.
PAR  Connected to the output of the play amplifier 60 is a no-signal detector
      62. The no-signal detector 62 is adapted to detect a no-signal condition
      on the tape 38. Such detectors are already known to the art. One such
      detector is described in U.S. Pat. No. 3,665,117. The purpose of the
      no-signal detector 62 will be described hereafter. However, when the
      no-signal detector 62 detects a no-signal condition on the tape 38, it is
      adapted to energize a no-signal relay 64. It should be noted, that
      normally closed switch NSR-1 forms part of the no-signal relay 64 and
      opens only upon the energization of the latter.
PAR  A play-back relay 66, which may be in the form of a relay coil, is
      connected between a negative potential -V to the circuit ground through a
      network of switches. The play-back relay 66 is connected to ground firstly
      through a normally opened switch NSR-2. The play-back relay 66 is also
      connected to the circuit ground through another parallel switch circuit
      comprising series connected normally opened switch PBR-1 and normally
      closed switch ITR-5. A capacitor 68 is connected in parallel with the
      play-back relay 66 to prevent instantaneous changes in potential across
      the relay. The normally opened switch PBR-1 forms a part of the play-back
      relay 66 and closes only when the latter is energized. A normally opened
      switch PBR-2, forming part of the relay 66, is interposed between the
      negative potential -V to the forward drive means 34. A normally opened
      switch RR-2 is interposed between the negative potential -V and the
      reverse drive means 30. The switch RR-2 is associated or forms a part of
      the rewind relay 22.
PAR  It is contemplated that the present invention may be utilized with an
      automatic telephone answering apparatus with remote control play-back
      means which records an index tone on the tape when a coded signal is
      transmitted over the telephone lines by a user wishing to play-back
      recorded messages. Such an automatic telephone answering apparatus is more
      fully described in U.S. Pat. No. 3,508,004. The manner of recording the
      index tones will be more fully described hereafter. However, when a
      recorded index tone appears on the tape 38, the amplified index tone is
      transmitted through the play amplifier 60 to an index tone tuned circuit
      70. The index tone tuned circuit 70 may be similar in construction to the
      coding tone tuned circuit 16. Both tuned circuits serve the same function
      of passing the selected tones while preventing the passage of signals
      other than the selected tones. Similarly to the coding tone tuned circuit
      16, the tuned circuit 70 has its output connected to a switching amplifier
      72 for controlling an index tone relay 74.
PAR  To summarize, the circuitry connected to the play and record head 42
      operates to energize a no-signal relay 64 when a no-signal appears on the
      tape 38 while the latter is moved in the forward or reverse mode, while
      energizing the index tone relay 74 when an index tone is recorded on the
      tape 38 and detected by the record and play head 42.
PAR  The switch NSR-2 forms a part of the no-signal relay 64 and closes only
      when the latter is energized. The normally closed switch ITR-5 forms a
      part of the index tone relay 74 and opens only when the latter is
      energized.
PAR  The present invention will now be described in connection with an automatic
      telephone answering apparatus which includes means for eliminating
      recorded index tones which are recorded at the end of the last message in
      a series. The means for accomplishing this function is provided by a
      kick-back relay 80 in conjunction with a capacitor 82. The ungrounded
      terminal of the capacitor 82 is connected to a negative potential -V
      through a normally open switch ITR-1. The latter switch forms part of the
      index tone relay 74 and closes only when the latter is energized. The
      kick-back relay 80 is connected in parallel across the capacitor 82
      through a normally closed switch ITR-2. The latter switch forms part of
      the index tone relay 74 and opens only when the latter is energized. The
      kick-back relay 80 has a normally open kick-back relay switch KBR-2 which
      is interposed between a source negative potential -V and the reverse drive
      means 30. The circuitry associated with the kick-back circuit is described
      in great detail in U.S. Pat. No. 3,508,004.
PAR  An important and novel feature of the present invention consists in the
      provision of a forward drive relay 90, which may be in the form of a relay
      coil. The forward drive relay 90 is connected in series with a resistor 94
      and a normally closed switch KBR-1 and normally closed switch ITR-4. The
      switch KBR-1 forms a part of the kick-back relay 80 and opens only when
      the latter is energized. The normally closed switch ITR-4 forms part of
      the index tone relay 74 and opens only when the latter is energized. The
      forward drive relay 90, and its associated series connected elements are
      all connected in parallel with a capacitor 92. The parallel combination is
      connected at one side to the circuit ground while the other side is
      connected to a negative potential through a normally open switch ITR-3.
      The switch ITR-3 forms part of the index tone relay 74 and closes only
      when the latter is energized.
PAR  In order to facilitate a description of the operation of the circuit shown
      in FIG. 1, reference is first made to FIG. 2 wherein a tape 100 is shown
      to have recorded thereon a series of nine sequential messages respectively
      designated by the reference numerals 102-110. The tape 100 schematically
      illustrates the positions of the various messages recorded on appropriate
      telephone answering apparatus with remote tape play-back of the type
      described in U.S. Pat. No. 3,508,004. The first two messages 102-103 form
      a first series or, more accurately, a sub-series of messages. Messages 3-6
      designated by reference numerals 104-107 represent a second sub-series of
      messages, while the messages 7-9, designated by reference numerals
      108-110, designate a third sub-series of messages. With the prior art
      answering apparatus, for example, if a user transmits a coded signal on
      the telephone lines to play-back the recorded messages subsequent to the
      second message 103, the coded signal is recorded as index tone signal 120
      on the tape prior to the rewinding of the same to the beginning of the
      first message 102. After total rewind, the first two messages are played
      back. The tape continues to play-back for a period corresponding to a
      distance 115 -- this being equal to the portion of tape on which the
      signal 120 is recorded -- corresponding to approximately 2-3 seconds of
      recording time. In the region of the end of the signal 120, kick-back or
      retracting means including relay means comparable to kick-back relay 80 is
      effective to cause the rewind drive means to rewind the tape a distance of
      approximately equal to the distance 115 so as to bring the record and
      erase heads in the region of the end of the second message 103. At this
      time, the answering machine stops movement of the tape and remains in a
      stand-by mode awaiting further messages to be transmitted over the
      telephone lines which are to be recorded. When the third message 104 is
      received by the answering machine, this message 104 commences in the
      region of the end of the second message 103 and is recorded in a
      conventional manner by the record amplifier 50. Simultaneously, the
      previously recorded message and the index tone 120 are erased by the erase
      head 40 in cooperation with the erase circuit (not shown) in a manner well
      known to those skilled in the art. For this reason, the signal 120 is
      fully erased. However, the distance 115 has been arbitrarily selected to
      correspond to the length of the third and fourth messages. This is not
      critical and the tone 120 need not be related in any manner to the length
      or duration of the recorded messages. The third through the sixth message
      104-107 in the second series are next sequentially recorded until the user
      of the answering device again transmits a coded signal on the telephone
      lines. The coded signal is recorded as a signal tone and designated by the
      reference numeral 122. Simultaneously, the rewinding means, responding to
      the transmitted tone, causes the tape to rewind to the beginning of the
      first message and commence play-back. It is clear, that the user must
      again listen to the messages in the first sub-series -- namely the first
      and second messages 102, 103 -- even though he has already heard the same.
      At the end of the play-back of the sixth message 107, the signal tone 122
      is retraced, as described above, so that the record and erase heads are
      positioned in the region of the end of the sixth message 107. As before,
      the transmission of the third sub-series of messages -- namely the seventh
      through ninth (7-9) messages - simultaneously records the new messages
      while erasing the signal tone 122. Insofar as the answering apparatus is
      concerned, the tape consists of a series of messages 1-9 which are
      effectively sequentially recorded. There is no information contained on
      the tape which shows the points defining the ends of previous sub-series
      and which could prevent rewinding of the tape each time to the beginning
      so that the user need not repeatedly listen to the same messages which
      belong to previous sub-series as defined or separated by the user's
      transmitted signal code.
PAR  It is clear, however, that a user normally does not want to hear over and
      over again the messages which belong to previous sub-series recorded prior
      to previously transmitted coded signals on the telephone lines.
PAR  The operation of the circuit shown in FIG. 1, will now be described in
      connection with FIG. 3. A tape 100' is shown to have two messages
      respectively designated by the reference numerals 102, 103. The means for
      recording the voice messages on the tape 100' are conventional and are not
      shown in FIG. 1. It will now be assumed that a user transmits a coded
      signal on the telephone lines 12 for the purpose of playing back the
      messages recorded on the tape 100'. The coded signal is coupled through
      the normally closed switch FDR-4 and through the transformer 14 to the
      coding tone tuned circuit 16. The tuned circuit 16 passes the index tone
      and the latter appears at the output of the tuned circuit 16. As with the
      prior art apparatus, the index tone is recorded on a portion of a tape
      designated by the reference numeral 115. The length of the portion is a
      function of the time constant of the capacitor 17 and the resistor 18. The
      time during which the coding tone is recorded may conveniently be selected
      to be equal to 2-3 seconds. The latter time interval is not critical for
      the purposes of the present invention and any other time interval,
      consistent with detectability of the coding and index tone, may be
      utilized. Also, it should be pointed out that the index tone signals 120
      are not shown to scale and the length of the recorded index tone signal
      may be a smaller or greater than that of each of the messages. Also, all
      the messages have been shown to be equal in length. This has only been
      shown in this manner for purposes of convenience and simplicity -- the
      different messages being capable of having different time durations.
PAR  The switching amplifier 20 does not cause the rewind relay to be energized
      immediately upon the appearance of a coding tone as a result of the timing
      circuit comprising the capacitor 17 at the resistor 18. However, after the
      capacitor 17 has charged sufficiently, the switching amplifier 20 changes
      states and energizes the rewind relay 22. As soon as the rewind relay
      becomes energized through a normally closed switch NSR-1, the normally
      opened switch RR-1 simultaneously closes and the rewind relay 22 becomes
      latched as a result of the negative potential applied directly
      thereacross.
PAR  When the rewind relay 22 closes, normally opened contacts RR-2 close --
      this placing a negative potential -V directly across the rewind drive
      means 30. This commences the rewind cycle and the tape 38 is caused to
      move back to the beginning of the tape -- here assumed to be the beginning
      of message number 1. Conventional means may be utilized at the beginning
      of the tape to stop the rewind operation and commence play-back. This
      involves circuitry (not shown) which unlatches the energized rewind relay
      22 and energizes the play-back relay 66.
PAR  When the play-back relay 66 is energized, the normally opened switch PBR-1
      closes and the play-back relay 66 becomes latched by having a negative
      potential -V placed thereacross through normally closed switch ITR-5. It
      should be pointed out, at this time, that the application of the potential
      -V across the relay 66 causes a capacitor 68 to charge to the potential
      -V.
PAR  The normally opened switch PBR-2, forming a part of the play-back relay 66,
      closes upon the energization of the latter and causes a potential -V to be
      applied across the forward drive means 34. Consequently, the tape 38
      starts to move forward and the first two messages are picked up by the
      play head 42 and played back through the play amplifier 60. The answering
      apparatus continues to play back the tape 38 until the recorded index tone
      120 appears at the play head 42. At such time, the recorded index tone 120
      is passed through the index tone tuned circuit 70 -- this causing the
      switching amplifier 72 to energize the index tone relay 74.
PAR  Upon the energization of the index tone relay 74, a series of simultaneous
      events occur. Firstly, normally closed switch ITR-5 opens and causes the
      latched play-back relay 66 to become deenergized by opening its ground
      connection. However, because of the charge on the capacitor 68, the
      play-back relay 66 remains energized for a time determined by the time
      constant of the capacitor 68 and the play-back relay 66 coil. In essence,
      the capacitor 68 discharges through the play-back relay 66 for a
      predetermined time subsequent to the initial detection of the index tone
      by the switching amplifier 72. The time constant of the play-back relay
      circuit, including the capacitor 68, is so selected so that play-back
      continues for a time which permits the tape to move forward a distance
      approximately corresponding to the distance 115. Once the play head 42 is
      disposed opposite the end of the portion 115, the capacitor 68 is
      discharged and the play-back relay 66 becomes deenergized.
PAR  The deenergization of the play back relay 66 causes the normally open
      switches PBR-1 and PBR-2 to reopen. The reopening of the switch PBR-2
      removes the potential -V placed across the forward drive means 34 to
      thereby deenergize the same. Accordingly, the tape drive stops and the
      tape 38 no longer moves forward.
PAR  When the index tone relay 74 is energized, normally open switches ITR-1 and
      ITR-3 close. Simultaneously, normally closed switches ITR-2 and ITR-4
      open. The opening of ITR-2 and ITR-4 opens the respective circuits of the
      kick-back relay 80 and of the forward drive relay 90. With ITR-1 closed,
      the capacitor 82 has a potential -V applied thereacross and this capacitor
      charges for the duration of time during which the index tone relay is
      energized. Similarly, for the time that the index tone relay 74 is
      energized, the switch ITR-3 is closed -- this placing a potential -V
      across the capacitor 92 to thereby charge the latter. The duration of time
      for which the index tone relay 74 is energized is determined by the time
      during which the play head 42 picks up the tone 120 on the tape 100'. As
      described earlier, the play-back amplifier 60 continues to receive the
      index tone from the play head 42 so long as the play-back relay 66 remains
      energized -- this being a function of the size of the capacitor 68 which
      discharges through the play-back relay 66. Accordingly, the value of the
      capacitor 68 is selected to insure that the play-back relay, and therefore
      switch PBR-2, remain activated for a time sufficient to charge capacitors
      82 and 92 to a predetermined desired value. As soon as the capacitor 68 is
      sufficiently discharged so as to release the play-back relay 66, or as
      soon as the entire tone 120 has been played back, whichever occurs
      earlier, this causes the index tone relay to become deenergized.
PAR  When the index tone relay 74 becomes deenergized, switches ITR-2 and ITR-4
      again close or return to their normal state. As soon as this occurs, the
      capacitor 82 is placed directly across the kick-back relay 80 through the
      now closed switch ITR-2 and the kick-back relay 800 is energized for a
      time which is a function of the amount of charge stored in the capacitor
      82. When the capacitor 82 discharges through the kick-back relay 80,
      normally closed switch KBR-1 opens and normally opened switch KBR-2
      closes. The opening of the switch KBR-1 retains the circuit of the forward
      drive relay 90 open so that the now charged capacitor 92 cannot discharge
      as yet through the forward drive relay 90. an
PAR  The closing, however, of the switch KBR-2 places the potential -V across
      the reverse drive means 30 to thereby cause a rewinding of the tape 38 for
      a time which is substantially equal to the time the kick-back relay 80 is
      energized. Accordingly, the size of the capacitor 82, as well as the time
      during which it is charged, is so controlled so that the time during which
      the kick-back relay 80 is energized due to the discharging of the
      capacitor 82 corresponds to a rewind distance approximately equal to
      portion distance 115. Thus, subsequent to the playing of the index tone
      120, the reverse drive means is kicked back or retraces the index tone
      portion 115.
PAR  When the capacitor 82 has discharged sufficiently to permit the kick-back
      relay 80 to again become deenergized, two events occur simultaneously.
      Firstly, the normally closed switch KBR-1 closes again -- this closing the
      circuit of the forward drive relay 90. Now, the capacitor 92 is permitted
      to discharge through the forward drive relay 90 by way of a resistor 94.
      Secondly, the normally open switch KBR-2 opens again -- this removing the
      potential -V from across the reverse drive means 30 to thereby stop
      further rewinding of the tape 38. At this time, the erase and recording
      heads 40, 42, respectively, are approximately positioned or disposed near
      the region of the beginning of the index tone 120.
PAR  When the capacitor 92 discharges through the forward drive relay 90, the
      latter becomes energized for a period of time which is substantially
      determined by the time constant defined by the capacitor 92 and the
      resistor 94 as well as the resistance of the forward drive relay. When the
      forward drive relay 90 is energized, the normally open switch FDR-1 closes
      -- this placing a negative -V potential across the forward drive means 34.
      This initiates the forward means 34 and causes the tape 38 to move in the
      forward mode. Simultaneously, the normally closed switch FDR-2 opens to
      thereby isolate the record amplifier 50 from the recording head 42. This
      insures that no signals, impressed or noise, are recorded on the tape 38
      while the forward drive relay 90 is energized. Also, simultaneously, the
      normally open switch FDR-3 closes -- this connecting the erase head 40 to
      the erase circuit (not shown). This step is taken so as to insure that any
      recorded material on the tape 38 which passes the heads 40-42 during the
      time that the forward drive relay 90 is energized is erased. In addition
      to erasing previously recorded information, the index tone 120 is
      similarly erased. Lastly, energization of the forward drive relay opens
      the normally closed switch FDR-4 --  this opening or releasing the
      telephone lines from the answering machine. The dropping or releasing of
      the telephone lines at the beginning of the formation of a silent portion
      serves two functions. Firstly, opening the switch FDR-4 frees the
      telephone lines -- this being especially important where the forward drive
      relay is energized for a long period of time, as when very rapid rewind
      speeds are used. Secondly, opening the switch FDR-4 prevents telephone
      line noise from being coupled into the answering machine and being
      recorded on the tape during formation of the silent portion thereon. Such
      recording is further prevented by opening the switch FDR-2 at such time of
      silent tape portion formation.
PAR  The time duration during which the forward drive relay remains energized is
      selected in accordance with the presently preferred embodiment to be
      approximately 30 seconds. However, this time is not critical and any other
      interval 135 may be utilized. Only one important criteria exists for the
      selection of the time interval during which a silent portion is generated.
      This criteria is that the silent portion must be sufficiently long so as
      to be detectable during rapid rewind. Subject to that limitation, any
      other suitable time interval 135 may be used. As described above, the time
      interval 135 can be controlled by controlling the values of the resistor
      94 and the capacitor 92.
PAR  When the capacitor 92 has discharged sufficiently so that the forward drive
      relay 90 again becomes deenergized, the switch FDR-1 again opens -- this
      removing the potential -V from the forward drive means 34 and the tape 38
      comes to a stop. At this time, the recording head 42 is positioned or
      interposed in the region of the beginning portion of the third message
      104'. At this time, the answering machine is again in a stand-by mode for
      receiving and recording messages which may be telephones over the
      telephone lines to be recorded on the tape 100'. It is assumed that the
      third through the sixth messages 104'-107' are recorded prior to the user
      again transmitting a coded index tone over the telephone line 12 in order
      to play-back the sub-series of messages recorded in the time since the
      last play-back cycle.
PAR  As described above, in connection with the play-back messages 1 and 2, an
      index tone 122 is recorded for a time interval 115. When the capacitor 17
      has charged sufficiently, the rewind relay 22 is again energized and the
      reverse drive means 30 is activated as a result of the closing of the
      switch RR-2.
PAR  Another important feature of the present invention, is the monitoring of
      the rewinding tape by the play amplifier 60. As long as message signals
      are detected by the no-signal detector 62, the no-signal relay 64 remains
      deenergized. Consequently, the tape continues to rewind. However, when the
      tape 100 has rewound sufficiently, so that the play head 42 detects a
      no-signal tape portion, i.e., when the play head 42 is disposed adjacent
      the silent portion 130, the no-signal detector 62 causes the no-signal
      relay 64 to become energized.
PAR  Upon the energization of the no-signal relay 64, the normally closed switch
      NSR-1 opens to thereby release the latched rewind relay 22. This action
      causes the switch RR-2 to reopen and the potential -V is removed from
      across the reverse drive means 30. Consequently, the rewind operation
      stops upon the sensing of the silent portion 130. Simultaneously, the
      energization of the no-signal relay 64 closes the normally open switch
      NSR-2. This places a potential -V across the play-back relay 66, the
      latter latching through the switch ITR-5 upon the closing of the switch
      PBR-1. Consequently, as soon as the silent portion 30 is detected,
      rewinding stops and play-back is resumed. It will be appreciated that the
      messages which are now played back to the user are only the messages
      contained in the latest sub-series and which consist of messages 3-6. The
      tape is not rewound to the beginning of the tape as with the prior art
      embodiments described in connection with FIG. 2, and the messages in a
      previous sub-series, namely messages 1 and 2, are not replayed each time a
      coding tone is transmitted by the user over the telephone lines. After the
      second sub-series, namely messages 3-6, have been played back, the
      kick-back relay 80, after the play-back relay 66 has been released as
      described above, will cause a retracing over the distance 115.
      Subsequently, the forward drive relay 90 will cause the forward drive
      means 34 to advance the tape 100' a distance 145 in a manner described
      above. When the tape 38 stops advancing at the end of the distance 145,
      the answering apparatus is again in a stand-by mode awaiting to receive a
      third sub-series of messages 7-8 and so on. In effect, the circuit of FIG.
      1, limits rewind in each case to the latest sub-series of recorded
      messages. Prior sub-series are not rewound and thereby not played back.
PAR  It should be apparent from the above description, that the portions 135 and
      145 between adjacent sub-series of message permits the stopping of the
      rewind at the beginning of the latest sub-series due to the presence of
      detectable information, such as silent portions 135, 145. It is clear,
      however, that any other detectable information or scheme may be utilized
      to accomplish the same result. Thus, specially coded signals or tones may
      be utilized to replace the silent portions 135, 145, and so on. However,
      depending on the nature of the mechanism used, the information must be
      detectable by a suitable detector means which may replace the no-signal
      detector 62. The no signal relay 64, or An equivalent thereof, is still to
      be utilized. For example, if a special high frequency tone is recorded at
      the end of each sub-series, an equivalent of the no-signal detector 62
      must be capable of detecting this high frequency recorded tone during
      rewinding of the tape 38 so that a relay corresponding to no-signal relay
      64 may open switch NSR-1 and close NSR-2. In all other respects, the
      principle of operation is identical. Another possible arrangement is the
      utilization of coded signals or tones may be utilized to replace the
      silent portions 135, 145, and so on. However, depending on the nature of
      the mechanism used, the information must be detectable by a suitable
      detector means which may replace the no-signal detector 62. The no signal
      relay 64, or an equivalent thereof, is still to be utilized. For example,
      if a special high frequency tone is recorded at the end of each
      sub-series, an equivalent of the no-signal detector 62 must be capable of
      detecting this high frequency recorded tone during rewinding of the tape
      38 so that a relay corresponding to no-signal relay 64 may open switch
      NSR-1 and close NSR-2. In all other respects, the principle of operation
      is identical. Another possible arrangement is the utilization of a double
      track tape wherein a signal is recorded on a second track on the advanced
      portion of the tape. In this case, a play head may be provided to sense
      the signal on the second track during rewind to thereby energize an
      equivalent of a no-signal detector 62. Such an arrangement is advantageous
      for several reasons. Firstly, as described above, stray signals may always
      exist and be recorded on the tape. Secondly, it is possible for a person
      to initiate the answering machine by calling and not speaking into the
      machine. In the first case, a "silent portion"  is not really silent,
      whereas in the second case, a message portion may appear to look to the
      machine as a silent portion. As to the first case, the opening of FDR-2
      eliminates the recording of stray signals and noise which can be recorded
      on the silent portions. In the second case, a feature may be provided,
      conventional in the art, which automatically turns off the machine when a
      caller does not speak into it for a predetermined short time duration. In
      the latter case, the time duration is generally sufficiently short so that
      it is not detected upon rapid rewind. However, the use of a double track,
      as suggested above, may have the advantage in that it is more reliable
      since it no longer depends on silent portions for its operation but on
      affirmative or existent signals which may in many instances be more easily
      detected.
PAR  It should also be mentioned that although the invention has been described
      as used with a remotely transmitted coding tone over the telephone lines,
      it is clear that the telephone answering apparatus as shown in FIG. 1 may
      easily be modified to incorporate manually controllable means which serve
      the same function as the transmitted coding tone. With such a modified
      apparatus, it is also possible for a user to periodically, for example,
      come into an office and play-back that sub-series of messages recorded
      subsequent to a previous play-back earlier in the day without rewinding
      the entire tape and hearing the earlier messages numerous times.
PAR  The scope of the invention also includes other systems of remote coding
      (not using coding tones) and other systems for terminating the playback
      mode of the recorded messages. These other systems are not limited to
      index tone detection for terminating the playback mode. These alternate
      systems are all well known to those skilled in the state of the art.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a telephone answering apparatus coupled to telephone lines having
      recording means for recording a series of messages on a tape, rewind means
      for rewinding the tape, and play-back means for reproducing the series of
      messages subsequent to rewinding of at least a portion of the tape bearing
      the messages, the combination comprising advancing means for advancing the
      tape a predetermined distance starting substantially within the region of
      the trailing portion of the last message in the series; conditioning means
      for conditioning the advanced portion of the tape to be detected during
      rewinding of the tape; detecting means for detecting the conditioned
      portions of the tape during rewinding of the latter and for terminating
      further rewinding of the tape in response to detection of a conditioned
      portion of the tape; wherein the telephone apparatus recording index tones
      at the end of the last message of a series, and kick-back means for
      causing the tape to rewind an amount corresponding to the duration of the
      recorded index tone, wherein said advancing means cooperates with said
      kick-back means to commence advancement of the tape subsequent to
      kick-back.
NUM  2.
PAR  2. In a telephone answering apparatus coupled to telephone lines having
      recording means for recording a series of message on a tape; rewind means
      for rewinding the tape, and play-back means for reproducing the series of
      messages subsequent to rewinding of at least a portion of the tape bearing
      the messages, the combination comprising advancing means for advancing the
      tape a predetermined distance starting substantially within the region of
      the trailing portion of the last message in the series, said advancing
      means including forward drive means for advancing the tape, and forward
      time delay means cooperating with the forward drive means for energizing
      the latter for a time period corresponding to said predetermined distance,
      the recording means including a recording amplifier for recording
      information on the tape, and wherein said forward time delay means
      cooperates with the recording amplifier to prevent the latter from
      recording any information on the tape during advancement of the tape;
      conditioning means for conditioning the advanced portion of the tape to be
      detected during rewinding of the tape; and detecting means for detecting
      the conditioned portions of the tape during rewinding of the latter and
      for terminating further rewinding of the tape in response to detection of
      a conditioned portion of the tape.
NUM  3.
PAR  3. The combination as defined in claim 2, further comprising a normally
      closed switch means associated with said forward time delay means for
      disconnecting the telephone answering apparatus from the telephone lines
      during energization of said forward drive means.
NUM  4.
PAR  4. In a telephone answering apparatus coupled to telephone lines having
      recording means for recording a series of messages on a tape, rewind means
      for rewinding the tape, and play-back means for reproducing the series of
      messages subsequent to rewinding of at least a portion of the tape bearing
      the messages, the combination comprising advancing means for advancing the
      tape a predetermined distance starting substantially within the region of
      the trailing portion of the last message in the series, said advancing
      means including forward drive means for advancing the tape, and forward
      time delay means cooperating with the forward drive means for energizing
      the latter for a time period corresponding to said predetermined distance,
      said time delay means comprising a relay coil, and energy storing timing
      means associated with said relay coil for energizing the latter for a
      predetermined time period corresponding to said predetermined distance;
      conditioning means for conditioning the advanced portion of the tape to be
      detected during rewinding of the tape; and detecting means for detecting
      the conditioned portions of the tape during rewinding of the latter and
      for terminating further rewinding of the tape in response to detection of
      a conditioned portion of the tape.
NUM  5.
PAR  5. The combination as defined in claim 4, wherein said time delay means
      comprises a resistor-capacitor circuit.
NUM  6.
PAR  6. The combination as defined in claim 4, wherein the time constant of said
      time delay means is selected to be in the range of approximately twenty to
      thirty seconds.
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ABST
PAL  Telephone answering and message recording apparatus is disclosed which
      includes an outgoing message delivery system for delivering several
      messages to each caller, the messages to each caller being separated in
      time by intervening incoming message recording intervals, and the length
      of the intervening message recording intervals being determined by
      voice-operated circuits which determine, for each such interval, whether
      (a) the caller has started speaking, and whether (b) after commencing to
      speak, the caller has paused for more than a predetermined interval. After
      (a) and (b) have occurred, a circuit responsive to the voice-operated
      circuits initiates circuit action to commence the transmission of the next
      outgoing message to the caller. The disclosed apparatus includes circuitry
      for restoring the apparatus to its "awaiting call" condition if the caller
      remains silent for a predetermined interval after any outgoing message.
      Preferably, no non-speech signals (e.g., "beep tones") are transmitted to
      the caller (except during remote playback, or where required, e.g., by FCC
      or state telecommunications laws or regulations). At least some of the
      outgoing messages are questions addressed to the caller to elicit, one at
      a time, specific items of information, such as the caller's telephone
      number, the caller's name, his business, and the like. The disclosed
      apparatus also includes a circuit which responds to the lifting of the
      handset of any telephone connected to the same telephone line as the
      disclosed apparatus by suppressing further outgoing messages and
      subsequently resetting the apparatus to receive the next incoming call.
      The disclosed apparatus may also include a monitoring speaker and
      associated circuit whereby both the incoming and outgoing messages may be
      contemporaneously monitored by the user of the apparatus, and an
      automatically reset squelch circuit including a pushbutton which may be
      depressed to squelch the monitoring of any incoming call, the squelch
      circuit automatically resetting itself so that the next incoming call can
      be monitored without releasing or otherwise manipulating the pushbutton. A
      novel ring discriminator circuit is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to automatic telephone answering and message
      recording apparatus, and more particularly, but not by way of limitation,
      to improvements in such apparatus whereby the effect upon the caller is
      that of a conversation with a pleasant, courteous human being (rather than
      that of interrogagion by a machine, which signals the caller to commence
      speaking by issuing an abrupt, non-human "beep tone"), thus putting the
      caller at his ease, and eliciting more information than prior art devices,
      to which callers often refuse to respond.
PAR  2. Description of the Prior Art
PAR  The prior art includes numerous automatic telephone answering and message
      recording devices. (See, for instance, U.S. Pat. Nos. 2,525,763;
      2,816,167; 3,376,390; 3,569,630; and 3,649,762). Some prior art patents
      relating to automatic telephone answering and message recording devices
      (e.g., U.S. Pat. No. 3,715,506, and U.S. Pat. No. 3,728,487) refer to the
      "customer" being able to "carry on a complete conversation with a
      machine," or to a "conversation . . . of several pre-recorded questions
      and several answers," but do not disclose any means for simulating
      conversation with a human called party or telephone receptionist. For
      instance, both of the immediately above-cited patents employ a "beep tone"
      or "buzzer" signal to signal the caller to speak after the initial
      outgoing message has been delivered. Further, both of these patents
      disclose telephone answering and message recording means in which the time
      for the caller to record an incoming message is terminated after a
      predetermined, fixed interval of time; and in which only two outgoing
      messages, one before the incoming message recording interval and one after
      the incoming message recording interval are transmitted to the caller. In
      other words, the telephone answering and message recording means disclosed
      in both of the immediately previously cited patents provide one and only
      one incoming message recording interval.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered, however, that many callers will not leave a message with
      a telephone answering device which manifests machine-like characteristics,
      such as the "beep tone" or "buzz" just mentioned, or transmits to the
      caller only an initial announcement, thus requiring the caller to frame
      his response without assistance, and leaving the caller to wonder how soon
      his recording time will expire, and whether the machine is "listening" at
      all.
PAR  I have also discovered that a telephone answering and message recording
      device which delivers no non-speech signals to the caller, and presents
      the caller with a series of questions directed to specific items of
      information, one at a time, is far more effective in extracting full
      information from each caller than machines of the just described type.
PAR  I have also determined that this effectiveness is considerably increased
      when the delivery of these intermediate questions is conditioned upon the
      caller's response to the previous question, rather than being determined
      by a fixed time base, and thus leaving considerable intervals during which
      the caller must, but often will not, wait for the next intermediate
      question, or interrupting the caller before he has completed his response.
PAR  Therefore, it is an object of my invention to provide telephone answering
      and message recording apparatus which is capable of delivering a plurality
      of separate outgoing messages, exclusive of initial and terminal outgoing
      messages, to the caller, but does not deliver to the caller any non-speech
      signals indicating that the caller should immediately commence speaking
      (i.e., delivers to the caller only such non-speech signals as are required
      by federal and state telecommunications laws and regulations).
PAR  It is yet a further object of my invention to provide telephone answering
      and message recording apparatus in which at least some of the outgoing
      messages may be questions directed to the caller to elicit, one by one,
      specific items of information, thus relieving the caller of the task of
      mentally composing a multi-aspect message.
PAR  It is another object of my invention to provide telephone answering and
      message recording apparatus equipped with means for preventing the
      delivery of an outgoing message to the caller so long as the caller is
      speaking.
PAR  It is yet another object of my invention to provide automatic telephone
      answering and message recording apparatus in which the delivery of a
      subsequent outgoing message is prevented, and the apparatus is restored to
      its "awaiting call" condition, if a caller remains silent for a
      predetermined period of time after the delivery to the caller of an
      outgoing message.
PAR  It is still a further object of my invention to provide automatic telephone
      answering and message recording apparatus in which an outgoing message
      after the first is delivered to the caller if and only if the caller has
      spoken after the end of the previous outgoing message and has subsequently
      ceased speaking for a predetermined interval of time.
PAR  It is yet a further object of my invention to provide automatic telephone
      answering and message recording apparatus in which the times of delivering
      each of a series of messages to the caller, following an initial message
      to the caller, are not predetermined, but are determined in accordance
      with at least one characteristic of the previous incoming message from the
      caller.
PAR  It is an additional object of my invention to provide automatic telephone
      answering and message recording apparatus in which monitoring means is
      provided for contemporaneously audibly reproducing both the incoming and
      outgoing portions of incoming calls.
PAR  It is another object of my invention to provide telephone answering and
      message recording apparatus of the type described in the previous
      paragraph, which is also equipped with momentary pushbutton squelch means
      for silencing said monitoring means for the remainder of any call after
      the actuation of the pushbutton, and only for the remainder of the call.
PAR  It is yet another object of my invention to provide automatic telephone
      answering and message recording apparatus which responds to the lifting of
      the handset of any telephone connected to the same telephone line as the
      apparatus, by suppressing all further outgoing messages, and preparing the
      apparatus to receive the next incoming call at the termination of the
      user's conversation with the caller.
PAR  Other objects of my invention will in part by obvious, and will in part
      appear hereinafter.
PAR  My invention, accordingly, comprises the features of construction,
      combinations of elements, and arrangements of parts which are exemplified
      in the constructions hereinafter set forth, and the scope of my invention
      will be indicated in the appended claims.
PAR  For a full understanding of the nature and objects of my invention,
      reference should be had to the following detailed description, taken in
      conjunction wih the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the line supervisor circuit of the
      preferred embodiment of my invention;
PAR  FIG. 2 is a schematic diagram of the outgoing message transport control
      circuit of the preferred embodiment of my invention;
PAR  FIG. 3 is a schematic diagram of the signals recorded upon the outgoing
      message tape loop of the apparatus of the preferred embodiment of my
      invention;
PAR  FIG. 4 is a schematic diagram of the transmit/receive control and
      transmit/receive tone record control circuits of the preferred embodiment
      of my invention;
PAR  FIG. 5 is a schematic diagram of the syllable detector circuit of the
      preferred embodiment of my invention;
PAR  FIG. 6 is a schematic diagram of the outgoing message tape home position
      detector circuit of the preferred embodiment of my invention;
PAR  FIg. 7 is a schematic diagram of the master clock circuit of the preferred
      embodiment of my invention;
PAR  FIG. 8 is a schematic diagram of the incoming message transport motor
      control circuit of the preferred embodiment of my invention;
PAR  FIG. 9 is a schematic diagram of the voice amplifier of the preferred
      embodiment of my invention;
PAR  FIG. 9A shows a schematic symbol used to represent the voice amplifier
      circuit of FIG. 9;
PAR  FIG. 10 is a schematic diagram of the voice amplifier and tape head circuit
      of the preferred embodiment of my invention; and
PAR  FIG. 11 schematically represents a typical ringing signal impressed on the
      ringing signal terminals of the preferred embodiment of my invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Before describing the circuit of the preferred embodiment of my invention
      in detail, it should be noted that the mechanical parts thereof, such as
      the mechanical parts of the incoming and outgoing message storage and
      delivery means, including tape transports, tape heads, and the like, and
      the frame, cabinet, etc., are not described in detail, because such
      well-known elements will be provided by those having ordinary skill in the
      art without the exercise of invention.
PAC  CONVENTIONS, SYMBOLOGY, AND TERMINOLOGY
PAR  For convenience and clarity of understanding, the following conventions,
      symbols, and terminology are adopted herein.
PAR  In order to facilitate the study of the circuit of the preferred
      embodiment, which cannot be shown in a single figure, and so is shown in a
      plurality of figures (1, 2, 4, 5, 6, 7, 8, 9, and 10), each
      interconnection (i.e., interconnection having negligible impedance)
      between two points located in different figures is specified herein by the
      following conventions.
PAR  1. From each of such points there extends a lead which terminates near an
      edge of the figure in which the point lies. (See, for example, circuit
      point 126 and the lead having the legend 1T3 above it in FIG. 1).
PAR  2. Each subcircuit figure is assumed to have four edges (top, bottom, left,
      and right) as viewed from the normal position of reading the legend
      "FIG.".
PAR  3. These edges are respectively designated T (Top), B (Bottom), L (Left),
      and R (Right).
PAR  4. Any lead terminating at an edge of a subcircuit figure is considered to
      be, and is sometimes called, a terminal of that figure.
PAR  5. Each terminal of a subcircuit figure is uniquely identified by a code
      designation, or home number, located immediately above it. (E.g., 1T3 in
      FIG. 1.)
PAR  6. The middle or alphabetic term of each home number is the letter
      designating the edge of the figure at which the terminal having that home
      number is identified. (E.G., the alphabetic term of every home number at
      the top of a subcircuit figure is T; at the left side of every subcircuit
      figure is L, etc.)
PAR  7. The first numerical term of every home number is the number of the
      figure in which that home number is located above a lead. (See terminal
      1R4, FIG. 1; and 6T1, FIG. 6.)
PAR  8. The last numerical term of every home number represents the order in
      which the corresponding terminal is located on its edge of its subcircuit
      figure (from left to right on the top and bottom edges; and from top to
      bottom on the left and right edges.)
PAR  9. The home numbers of one or more other terminals will be found below many
      of the terminals of the subcircuit figures. These are remote terminal home
      numbers, and indicate the terminals of other sheets to which the
      particular terminal (indicated by the home number above the same terminal)
      is directly, short-circuitedly connected. Thus, going to FIG. 6, it can be
      seen that terminal 6T1 thereof is directly, short-circuitedly connected to
      terminals 1T1, 2L2, and 4T2 of FIGS. 1, 2, and 4.
PAR  10. The arrowheads located near these remote terminal numbers indicate the
      direction of logical signal flow, and not the direction of current flow.
PAR  All movable relay contacts are shown in their "relay de-energized"
      positions; and where a relay is designated by a pair of letters which also
      designate the relay positions, the first letter in the relay designation
      corresponds to the "relay de-energized" position, e.g., the T/R relay is
      closed through its fixed T contact when de-energized.
PAR  In the conventional manner a connection between two leads crossing each
      other is indicated by a superimposed dot (280, FIG. 2); whereas two leads
      which cross each other without a superimposed dot are not interconnected.
      Also, all leads meeting in a T-intersection are interconnected, whether
      dotted or not.
PAR  Appropriate direct current power supplies (not shown) are indicated only by
      lozenges representing their ungrounded output terminals, these lozenges
      containing the polarity and approximate voltage of the associated power
      supply. Circuits indicated only by graphic symbols (e.g., 90, 115, 130,
      180) are assumed to be connected to appropriate power supplies and ground
      terminals, as a matter of ordinary skill in the art.
PAR  The expression "L1" denotes a "logical one" signal, which in the preferred
      embodiment is a positive direct current voltage lying between
      approximately 2.4 and 5.0 volts.
PAR  The expression "L0" denotes a "logical zero" signal, which in the preferred
      embodiment is a positive voltage lying between approximately 0.0 and 0.8
      volts.
PAR  The following expressions are sometimes represented by the designations set
      thereafter in parentheses. Incoming Message (IM). Outgoing Message (OM).
      Outgoing Message Tape Erase Head (OME). Outgoing Message Tape Recording
      and Playback Head (OMH). Incoming Message Tape Erase Head (IME). Incoming
      Message Tape Recording and Playback Head (IMH). Outgoing Message Tape
      Drive Motor (OMM). Incoming Message Tape Drive Motor (IMM).
PAR  The word "user" as employed herein denotes any person who listens to
      incoming messages which have been recorded, or who monitors via the
      built-in speaker incoming messages which are being recorded, by the device
      of the preferred embodiment, or who physically manipulates the device of
      the preferred embodiment (e.g., to prepare an outgoing message tape).
PAC  CONSTRUCTION
PAR  Referring now to FIG. 1 there is shown the line supervisor circuit of the
      preferred embodiment of the present invention. At the left edge of FIG. 1
      there are shown the telephone line terminals 10, 12, 14, 16, and 18 of the
      device of the preferred embodiment, connected to lines 1L5 (RED), 1L4
      (YELLOW), 1L3 (GREEN), 1L2 (WHITE), and 1L1 (BLACK), respectively, of
      telephone subscriber line circuit 19. The voice signal input to the device
      of the preferred embodiment is received on lines 1L5 and 1L3, connected
      across telephone line terminals 10 and 14. The ringing signal is received
      by the device of the preferred embodiment on lines 1L5 and 1L4, connected
      across telephone line terminals 10 and 12. Lines 1L1 and 1L2, connected to
      terminals 16 and 18, respectively, are auxiliary lines of the kind
      commonly found in telephone practice, which, for instance, are used to
      operate indicator lights in multiple line telephone installations. It will
      be understood by those having ordinary skill in the telephone art that
      other line arrangements and colors than those indicated in FIG. 1 are
      commonly found in telephone practice. For example, in installations
      wherein the voice signals and ringing signals are carried by the same
      conductor, terminals 12 and 14 will be directly connected together. The
      device of the present embodiment is readily adaptable to most domestic
      telephone circuits.
PAR  Connected across terminals 10 and 12 is a ring discriminating network
      comprising resistor 20, capacitor 22, and gaseous discharge device 24.
      Resistor 20 may typically have a value of 100,000 Ohms, and capacitor 22 a
      value of 0.05 Microfarads. Gaseous discharge device 24 may, for instance,
      be an NE-2 neon lamp. This network serves to discriminate ringing signals
      from other signals which may occur on the telephone line, such as talking
      signals, switching transient signals, and dialing pulses which are
      generated when any telephone connected to subscriber line 19 is dialed.
PAR  As is well-known to those having ordinary skill in the telephone art, and
      schematically illustrated in FIG. 11, the ringing signal received at
      terminals 10 and 12 will, typically, consist of a series of separate wave
      trains. When a ringing signal wave train (FIG. 11) is received across
      terminals 10 and 12, capacitor 22 is repeatedly charged through resistor
      20 to a voltage level which causes lamp 24 to fire, thus producing a
      current pulse in the primary winding 25 of line transformer 26. One or
      more of such current pulses in primary winding 25 of line transformer 26
      is produced by each wave of said series of wave trains. Each time lamp 24
      fires, capacitor 22 is partially discharged, the voltage across lamp 24
      falls below extinction potential, and lamp 24 is extinguished, whereby
      this network is conditioned for producing the next current pulse in
      primary winding 25 of line transformer 26.
PAR  Going to terminal 14, it will be seen that an armature contact 28 of the
      line seizure relay 30 of the device of the preferred embodiment is
      connected thereto. The coil of line seizure relay 30, also designated as
      LS RLY herein, is shown in the upper right hand corner of FIG. 1. Armature
      28 of line seizure relay 30 coacts with fixed contact 32 to close the
      talking circuit of subscriber line circuit 19 through the internal direct
      current path described hereinbelow when the coil of relay 30 is energized.
PAR  In accordance with the convention used throughout the present disclosure,
      armature 28 is shown in its "relay deenergized" position.
PAR  When LS RLY contacts 28 and 32 are closed, resistor 34 and the primary
      winding of line transformer 26 together form an internal direct current
      path between terminals 10 and 14 of impedance comparable to that of an
      ordinary telephone instrument. Capacitor 36 provides a shunt for voice
      signals, across resistor 34.
PAC  RING-IN CIRCUIT
PAR  As will be evident to those having ordinary skill in the art, the secondary
      winding 27 of line transformer 26 is interconnected with diodes 38 and 40
      into a full wave rectifier network, the center tap of the secondary
      winding being grounded, as shown.
PAR  The lower end of the secondary winding 27 of transformer 26 is connected to
      other parts of the circuit of the present embodiment by way of the lead
      above which is found the legend 1B1. The legend 10L1 below this lead
      indicates that lead 1B1 is directly, short-circuitedly connected to the
      uppermost (No. 1) terminal found at the left hand edge of FIG. 10.
PAR  The signal occurring at point 42 consists of negative-going excursions
      corresponding to the positive and negative excursions of the signal
      appearing across the secondary winding of transformer 26.
PAR  Resistors 44 and 46 and capacitor 48 function as a filter network to
      eliminate high-frequency components from the rectifier output signal at
      point 42. Resistors 44 and 46 may, for instance, have values of 150,000
      Ohms and 330,000 Ohms, respectively, and capacitor 48 may have the value
      of 0.01 Microfarads. The output signal from this filter network is applied
      to input terminal 50 of operational amplifier 52. Also, as hereinafter
      explained, additional signals are sometimes supplied to terminal 50 via
      lead 1B2, capacitor 48 serving as an a.c. coupling capacitor for these
      additional signals.
PAR  Switch contact sets 60, 62, and 64 may be used to prevent input signals
      from reaching amplifier terminal 50, for reasons which will be made
      evident hereinafter. Each of these contact sets is part of a different
      switch or relay assembly, all of which different assemblies will be
      described in detail hereinafter.
PAR  The non-inverting input terminal 70 of the Ring/Disconnect Amplifier 52 is
      biased by the network comprising potentiometer 72 and resistor 74, which
      are connected between the negative five volt supply and ground. As
      described hereinafter, a signal may sometimes be supplied to terminal 70
      via capacitor 76, which may, for instance, have a value of 0.1
      Microfarads.
PAR  When the device of this embodiment is receiving ringing signals, which
      appear as negative-going signals at input terminal 50, as described above,
      amplifier 52, which is connected as a comparator, produces positive-going
      signals whenever the signals at terminal 50 become more negative than the
      bias voltage impressed on terminal 70.
PAR  In general, then, it will be seen that a positive-going signal of
      substantially fixed amplitude (corresponding to the positive saturation
      output voltage of amplifier 52) will be produced at terminal 78 each time
      a negative-going signal exceeding the voltage at terminal 70 is impressed
      on input terminal 50. Otherwise, the output voltage at terminal 78 is
      substantially equal to the negative saturation output voltage of amplifier
      52.
PAR  Going to the upper portion of FIG. 1, the ring-in circuit of the present
      invention will now be described.
PAR  Considering slider 80 of potentiometer 82 to be the input terminal of the
      ring-in circuit, it will be seen in FIG. 1 that the input signal to the
      ring-in circuit is supplied from output terminal 78 of the aforementioned
      amplifier 52 via diode 84 and resistor 86.
PAR  Diode 84 serves to prevent negative-going signals from reaching the ring-in
      circuit. Resistor 86, which may, for instance, have a value of 1,000 Ohms,
      serves to limit the current to the slider 80.
PAR  Operational amplifier 90 is connected as an inverting integrator, to invert
      and integrate the signal received at its input terminal 92 directly from
      the upper terminal of potentiometer 82. Capacitor 94 serves to determine
      the integration constant of the integrator circuit including amplifier 90,
      in the well-known manner. Capacitor 94 may, for instance, have a value of
      10 Microfarads. Diode 96 serves as a clamp to prevent the output of the
      integrator from becoming positive. Resistor 98 serves to compensate for
      the effects of the input offset current characteristic of amplifier 90, in
      the well-known manner.
PAR  Operational amplifier 100 is connected in circuit with resistors 102, 104,
      106, and 108 as a voltage comparator (with hysteresis), of the type
      well-known to those having ordinary skill in the art. It is a property of
      this hysteritic comparator network (having circuit point 110 as its input
      terminal, and circuit point 112 as its output terminal) that whenever the
      signal at point 110 becomes more negative than a first threshold level,
      the potential at point 112 changes from the negative saturation output
      level to the positive saturation output level of amplifier 100. It is an
      additional property of this hysteritic comparator network that once the
      output at point 112 has changed to positive saturation value, as described
      immediately above, then it will remain at that level until the voltage at
      input terminal 110 becomes less negative than a second threshold level
      which is less negative than said first threshold level. This property of
      this comparator network is a type of circuit characteristic which is known
      to ordinary workers in the art as "hysteresis."
PAR  The positive feedback connection including resistor 114 serves to force the
      output of the integrator network including amplifier 90 to slowly drift
      toward one of its output voltage limits: toward its negative output
      voltage limit when point 112 is positive, and toward its positive output
      voltage limit when point 112 is negative. Resistor 114 may, for example,
      have a value of 10 Megohms.
PAR  The just described circuit including amplifiers 90 and 100 serves to
      provide a positive-going output signal at point 112 which occurs only
      after a predetermined number of ringing signal wave trains have been
      received at telephone line terminals 10 and 12. The number of ringing
      signal wave trains which must be received in order to produce said
      positive-going signal at point 112 may be adjusted by adjustment of slider
      80 of potentiometer 82.
PAR  The output signal at point 112 is applied to the lower input terminal of
      NAND gate 115 via resistor 116. Resistor 116 limits the current out of
      NAND gate input terminal 118 when point 112 is negative, as described
      above. As may be seen in FIG. 1, input terminal 120 of NAND gate 115 is
      connected to terminal 6T1 of FIG. 6 of the present drawings. As described
      hereinbelow the signal on interconnection line 1T1-6T1, i.e., the signal
      at terminal 120 of NAND gate 115, is at L1 level when the outgoing message
      tape of the device of the present embodiment is at its home position,
      i.e., is prepared for an incoming call. During the cycling of the outgoing
      message tape the signal at input terminal 120 is at the L0 level of the
      device of the present invention. Thus, it may be seen that the ringing
      status information derivable from the signal at point 112 cannot be passed
      to point 122 unless the outgoing message tape loop of the device of the
      present embodiment is standing at its home position.
PAR  Assuming, then, for purposes of the present discussion, that the signal at
      input terminal 120 is L1, the signal at point 122 is an L1 signal when
      point 112 is negative, and is an L0 signal when point 112 is positive.
PAR  The signal at point 122 serves, inter alia, to reset the master clock
      circuit shown in FIG. 7. More particularly, the master clock circuit is
      reset whenever an L0 signal appears at point 122. This condition occurs at
      the beginning of each answer cycle, after the number of ringing signal
      wave trains predetermined by the setting of potentiometer 82 have been
      received, and only then. This resetting action continues until the ring-in
      circuit returns to its rest state, as hereinafter described.
PAR  Inverter 124 inverts the logical signal occurring at point 122.
PAR  The signal at point 126, connected via interconnection 1T3-2L5 to the
      outgoing message transport control of FIG. 2, serves to start the outgoing
      message tape transport drive motor whenever it goes to its L1 state, i.e.,
      at the beginning of each ordinary answering cycle, i.e., when the number
      of ringing signal wave trains predetermined by the setting of
      potentiometer 82 has been received.
PAR  The signal at point 126 also serves to switch the line seizure flip-flop
      130 (sometimes herein designated LS FF) to its set state, thereby causing
      the closing of relay contacts 28 and 32, and the seizing of the telephone
      line, in the following manner.
PAR  Referring to the upper right-hand corner of FIG. 1, it will be seen that
      transistor 132 controls the energizing current through line seizure relay
      coil 30.
PAR  Whenever the Q terminal 134 of flip-flop 130 is in its L1 state, i.e., at
      about 2.5 volts positive, relay coil 30 is energized. Thus, relay coil 30
      is energized whenever flip-flop 130 is in its set state. It will thus be
      seen that when flip-flop 130 is in its set state, contacts 28 and 32 are
      closed. When contacts 28 and 32 are closed, a direct current path is
      provided through resistor 34 and the primary winding of transformer 26,
      between terminals 10 and 14, thus "seizing the line," i.e., providing a
      signal at the telephone company's central office denoting that the
      telephone line to which the device of the invention is connected is in
      use. At the same time the additional line seizure relay contact pair
      connected across terminals 16 and 18 is closed.
PAC  NO-DISCONNECT INTERVAL
PAR  It will now be seen that the receipt of a predetermined number of incoming
      ringing signal wave trains has caused flip-flop 130 to be set, and thus
      brought about the seizure of the telephone line. This being so, the
      ring-in circuit need no longer be maintained in its activated or incoming
      call indicating state. Therefore, the ring-in circuit can be, and is,
      utilized to perform a second function, that of determining a brief time
      interval (e.g., 3 seconds) during which disconnection from the telephone
      line cannot occur. This no-disconnect interval allows for the completion
      of switching at the telephone company central office, which switching
      might generate transient voltages which could otherwise cause
      disconnection of the device of the present embodiment.
PAR  The commencement of this no-disconnect interval is brought about by the
      setting of flip-flop 130. That is to say, the appearance of the L0 signal
      at Q terminal 136 of flip-flop 130 causes the output of integrator
      amplifier 90 (at point 110) to go to 0 volts, as follows.
PAR  The connection from the Q terminal of flip-flop 130 by means of which the
      abovesaid no-disconnect interval is initiated comprises line 138, resistor
      140 (e.g., 270,000 Ohms), resistor 142 (e.g., 120,000 Ohms), and diode
      144, all connected as shown in FIG. 1.
PAR  As may be seen by those having ordinary skill in the art, informed by the
      present disclosure, whenever the Q terminal of flip-flop 130 is at L1
      potential circuit point 146 is positive, due to the voltage divider action
      of resistor pair 140, 142. When point 146 is positive diode 144 is
      reverse-biased and does not conduct, and thus the feedback circuit
      including line 138 does not effect the operation of the above-described
      ring-in circuit.
PAR  When, however, the Q terminal of flip-flop 130 is at L0 potential, circuit
      point 146 is negative, and conduction through diode 144 takes place. For
      this reason, current flows out of input terminal 92 of integrator
      amplifier 90, through diode 144 and resistor 142, thus causing the
      integrator circuit to integrate toward zero output voltage. When the
      voltage at output terminal 110 of integrator amplifier 90 passes the
      above-described second threshold voltage of said hysteritic comparator
      circuit, then the output of said hysteritic comparator amplifier at point
      112 switches from a positive value to a negative value. Thus ending the
      above-described no-disconnect interval, as will now be shown.
PAR  Referring now to diode 150 (near the center of FIG. 1), it will be seen by
      those having ordinary skill in the art that so long as the circuit point
      112 remains positive, diode 150 conducts, and thus terminal 50 of
      ring/disconnect comparator amplifier 52 remains positive. Whenever
      terminal 52 is at positive potential ring/disconnect comparator amplifier
      52 is disenabled from producing output signals corresponding to ringing
      signals received from the telephone line (or disconnect signals, as will
      be explained hereinafter).
PAR  As pointed out hereinabove, circuit point 112 is made positive whenever the
      ring-in circuit has received a predetermined number of ringing signal wave
      train signals (from output terminal 78 of comparator 52). Circuit point
      112 remains positive until the end of said no-disconnect interval,
      whereupon point 112 becomes negative, at which time diode 150 ceases to
      conduct, and comparator 52 is enabled to produce positive pulses
      corresponding to received ringing or disconnect signals. (It will, of
      course, be recognized by those having ordinary skill in the art that
      ringing signals are not received during line seizure, i.e., are not
      supplied by the telephone company central office while the line is in
      use.)
PAR  Going now to the right-hand edge of FIG. 1, there is shown a flip-flop 154
      (sometimes called the CALL FF). This flip-flop functions to operate call
      light 156 via transistor 158, in order to indicate that at least one
      telephone call has been answered by the device of the present embodiment.
PAR  When the Q terminal of flip-flop 154 is at L1 potential transistor 158 is
      caused to conduct, thereby lighting lamp 156. Resistor 160 may, for
      instance, have a value of 1,000 Ohms, serving to limit the base current to
      transistor 158. Resistor 162, which may have a value of 270 Ohms, is a
      "keep alive" resistor, whereby current is maintained in the filament of
      lamp 156 even during its "off" state of operation. This current is, of
      course, less than is required to cause lamp 156 to produce visible light.
PAR  Inverter 164 is provided to reset flip-flop 154 whenever an L0 signal
      appears on interconnection 1R3-4B1. This resetting action occurs when the
      user of the device of the preferred embodiment commences to play back the
      incoming messages which have been recorded by the device.
PAC  AUTOMATIC BREAK-IN RESET AND CALLING PARTY DISCONNECT
PAR  In accordance with a particular feature of the present invention, provision
      is made in the device of the preferred embodiment to disconnect the device
      from the telephone talking circuit (terminals 10 and 14) whenever (a) a
      calling party disconnect signal is received from the telephone company
      central office, indicating that the caller has hung up, or (b) the user of
      the device of the preferred embodiment lifts the handset of any telephone
      connected to the same telephone line as the device.
PAR  (Disconnection from the talking circuit is also accomplished in response to
      internal disconnect signals generated within the device. These internal
      disconnect signals will be discussed hereinafter.)
PAC  CALLING PARTY DISCONNECT
PAR  As is well known to those having ordinary skill in the telephone art, many
      telephone companies provide calling party disconnect signals to the called
      party telephone line (the voice circuit). These signals generally take the
      form of brief voltage pulses of greater magnitude than the voice signals.
      In the device of the present embodiment these disconnect signals are
      coupled through line transformer 26 and are rectified by diodes 38 and 40,
      resulting in a negative-going pulse at point 42. (It will be recognized by
      those having ordinary skill in the art that both negative-going and
      positive-going calling party disconnect signals applied to the primary
      winding 25 of transformer 26 will result in negative-going pulses at point
      42.)
PAR  In the manner described hereinabove, negative-going pulses at point 42
      result in negative-going pulses at input terminal 50 of comparator 52, the
      high frequency components having been attenuated as by the filter network
      comprising resistors 44 and 46 and the capacitor 48, as described
      hereinabove. As is well-known to those having ordinary skill in the art,
      said calling party disconnect signals are of considerably greater
      amplitude than the voice signals occurring in the same circuit. Thus, the
      threshold of comparator amplifier 52 set by the potential of point 70 is
      able to discriminate between voice signals and calling party disconnect
      signals. In general, the voice signals at point 50 of the device of the
      preferred embodiment will be less than about 0.2 volts in maximum
      amplitude, whereas calling party disconnect signals received at point 50
      will be of greater magnitude than 0.2 volts. In the event that actual line
      conditions obtaining in a given installation do not provide voice and
      calling party disconnect signals within these ranges, potentiometer 72 may
      be manipulated to change the potential at point 70, i.e., the threshold
      voltage of comparator amplifier 52, to compensate.
PAR  Thus it may be seen that the device of the preferred embodiment is adapted,
      or may be adjusted, to provide positive-going pulse signals at point 78
      when calling party disconnect signals are received, but not when voice
      signals are being received or transmitted.
PAR  When a calling party disconnect signal produces a positive-going pulse at
      terminal 78, the pulse is applied to the reset terminal of flip-flop 130,
      via resistor 170 (which may have a value of 2,700 Ohms), thereby resetting
      flip-flop 130 and terminating the current through coil 30 of the line
      seizure relay, thus causing contacts 28 and 32 to open, and releasing the
      telephone line.
PAR  The just described action of the circuit of the preferred embodiment
      discriminates not only against very low amplitude incoming voice signals,
      but also discriminates against considerably higher amplitude outgoing
      voice signals.
PAC  AUTOMATIC BREAK-IN RESET
PAR  According to a particular feature of the present invention, the device of
      the preferred embodiment shown and described herein is so constructed and
      arranged that an automatic answering cycle which is in progress is
      automatically and immediately terminated, and the device reset to its
      ready-to-receive-call state, whenever the handset of any telephone
      connected to the same telephone line is lifted.
PAR  By this means the user of the answering device of the invention who is
      monitoring incoming messages by means of a loudspeaker provided as part of
      the device, need only lift the handset of the extension telephone nearest
      to him and commence speaking to the caller; the disconnecting and
      resetting of the answering device being accomplished automatically.
PAR  By contrast with the devices of the prior art, the telephone device of the
      present invention frees the user from the necessity of manipulating manual
      controls in order to interrupt the answering cycle and prepare the
      telephone answering device for the next incoming call.
PAR  It will be understood, after fully considering the present disclosure, that
      the automatic break-in reset feature of the present invention is
      particularly advantageous in telephone answering devices incorporating the
      pseudo-conversational operating mode feature of the present invention,
      which is described in detail hereinafter. In accordance with the
      pseudo-conversational mode of operation, the telephone answering device of
      the present invention directs a series of questions to the caller,
      eliciting such information as the caller's purpose in calling, the
      caller's name, and to whom the caller wishes to speak; allowing the caller
      to respond to each question, and only putting the next question after a
      predetermined pause in the caller's response.
PAR  The user of the device of the invention can, if he chooses, monitor this
      entire "question-and-answer" process by means of an auxiliary loudspeaker,
      and will thus often find it desirable to break into incoming calls.
PAR  Thus, it will be clear that in order to fully take advantage of the
      conversational effect achieved by the device of the preferred embodiment
      the automatic break-in reset feature of the invention is highly desirable,
      so that none of the outgoing questions which might otherwise be
      transmitted after the break-in will be transmitted.
PAR  The automatic break-in reset feature of the present invention is
      accomplished in the preferred embodiment as follows.
PAR  Before discussing the structure by which automatic break-in reset is
      carried out, however, it is desirable to refer to the electrical state of
      the telephone line during use, as brought about by the telephone company
      central office equipment.
PAR  When the associated telephone line is seized by the device of the preferred
      embodiment, as described hereinabove, a direct current flows through a
      path consisting of line seizure relay contacts 28 and 32 (closed),
      resistor 34, and the primary winding of line transformer 26. This current
      flow is the result of a potential applied to the line at the telephone
      company central office, in accordance with the usual practice in telephone
      art. For the purposes of the present occasion this potential will be
      called the "line voltage."
PAR  The D.C. voltage at the terminals of the subscriber's line will, of course,
      depend, among other things, upon the resistance connected thereacross.
      When the device of the preferred embodiment is connected across the
      telephone line the line voltage across terminals 10 and 14, typically,
      will be about 8 volts.
PAR  As will be evident to those having ordinary skill in the telephone art, the
      steady state direct current through primary winding 25 or line transformer
      26 will not by itself produce a signal in secondary winding 27. When the
      magnitude of this current through primary winding 25 is altered, however,
      a transient pulse is produced in secondary winding 27. Such a change in
      the magnitude of the current through primary winding 25 is produced when
      the handset of a telephone instrument connected to the same line as the
      device of the preferred embodiment is lifted, thus placing the resistance
      of that instrument in shunt with the input resistance of the device of the
      preferred embodiment, comprised of the series combination of resistor 34
      and the primary winding 25. This shunting of the input resistance of the
      telephone answering device of the invention necessarily reduces the direct
      current flowing through primary winding 25, which change in current
      magnitude produces the said pulse in the secondary winding 27. This pulse,
      herein called the "break-in pulse"  will in general be of lower amplitude
      than the aforedescribed calling party disconnect pulse (at circuit point
      42). However, the break-in pulse will, characteristically, be of somewhat
      greater amplitude than the pulses at point 50 due to transmitted or
      received voice signals.
PAR  The threshold setting of comparator amplifier 52 also serves in large part
      to discriminate between the break-in pulse and the voice signal pulses.
PAR  Because of these discriminating effects terminal 50 of comparator amplifier
      52 will respond to break-in pulses, but not to said voice signal pulses.
PAR  As discussed hereinabove, comparator amplifier 52 produces at output
      terminal 78 a positive-going pulse whenever it receives a negative input
      signal exceeding its threshold. As further described hereinabove a pulse
      occurring at point 78 serves to reset flip-flop 130, thereby disconnecting
      the device of the preferred embodiment from the talking circuit of the
      associated telephone line. It will be evident to one having ordinary skill
      in the art, upon review of the present disclosure, that the pulse at point
      78 resulting from a break-in pulse, or any other disconnect signal
      received at terminal 50, will be transmitted to the input of the ring-in
      circuit. It will be further understood by those having ordinary skill in
      the art, however, that the integrator circuit including operational
      amplifier 90 will not produce a significant output at terminal 110 by
      virtue of having received only one or two pulses from terminal 78, as
      opposed to a series of 10 or more pulses in an incoming ringing signal.
      Thus, it will be understood that a break-in pulse or other disconnect
      signal pulses will not invoke operation of the ring-in circuit.
PAC  MAXIMUM TIME DISCONNECT CIRCUIT
PAR  Referring now to FIG. 1 there is shown capacitor 48 which serves to couple
      to input terminal 50 of ring/disconnect amplifier 52 a negative-going
      pulse from the master clock of the device of the preferred embodiment.
      (FIG. 7). This pulse causes disconnection of the voice circuit and
      resetting of the telephone answering device of the preferred embodiment to
      the ready-to-receive-call state, after the lapse of a predetermined time
      interval (e.g., 4.5 minutes) which time interval commences with the start
      of an automatic answering cycle.
PAR  As will hereinafter be explained in detail, said time interval can be
      selected by the user of the device (between, say, for values) by
      manipulation of the switch connected to terminal 7R1 of FIG. 7. Upon
      receipt of this pulse at terminal 50 the ring/disconnect comparator
      amplifier produces a positive-going pulse at its output terminal 78, which
      pulse serves to disconnect the device of the embodiment from the talking
      circuit of the telephone line, and also initiates the resetting of the
      device to its ready-to-receive-call state, in the manner described
      hereinabove.
PAC  NO RESPONSE DISCONNECT CIRCUIT
PAR  As is well-known to those having ordinary skill in the art, the central
      office equipment of some telephone companies does not provide a calling
      party disconnect signal of the type described above to the called party
      circuit when the calling party hangs up. For this reason means are
      provided in the device of the preferred embodiment whereby the device is
      disconnected from the talking circuit and reset to its
      ready-to-receive-call state if at any time during the answering cycle no
      voice signals occur in the talking circuit of the telephone line for a
      predetermined period (e.g., 8.5 seconds). This period is determined by
      counter 180 (FIG. 1). This counter may, for instance, be a TTL integrated
      circuit, Type 7493, four-stage binary counter (divide-by-sixteen counter),
      made by the Fairchild Semiconductor Corporation. The clock input terminal
      182 of this counter receives a square wave signal of about one cycle per
      second repetition rate by way of interconnection 1R4-7B2 from the master
      clock of FIG. 7, this square wave being continuously received by counter
      180 so long as the power switch of the device of the embodiment is on.
      Direct connection 184 serves to connect the independent stage of the 7493
      counter circuit with the three intercoupled stages, resulting in a
      four-state counter and a total frequency division of 16. Common terminal
      connection 186 serves to reset counter 180 to its zero count state
      whenever an L1 pulse is received from the syllable detector (FIG. 5) via
      interconnection 1R5-5T2. As will be explained hereinafter, the syllable
      detector emits an L1 pulse each time a signal having the approximate
      electrical characteristics of a speech syllable is received from the voice
      circuit of the telephone line. If none of these L1 pulses is received
      during the time required for counter 180 to reach its maximum count, then
      the voltage at terminal 188 switches from L0 to L1. This voltage change is
      coupled through capacitor 76 as a positive-going pulse to non-inverting
      input terminal 70 of comparator amplifier 52. Such a positive-going pulse
      received at terminal 70 has the same effect as a negative-going pulse
      received at terminal 50, i.e., the emission of a positive-going pulse from
      output terminal 78. That is to say, when terminal 70 becomes more positive
      than terminal 50, which, normally is at ground potential, then output
      terminal 78 becomes positive. This positive pulse at terminal 78 brings
      about the disconnection of the device of the preferred embodiment from the
      associated telephone line talking circuit, and initiates the resetting of
      the device to its ready-to-receive-call state, as explained hereinabove.
PAC  OUTGOING MESSAGE CONTROL
PAR  Referring now to FIG. 2, the operation of preferred embodiment at the start
      of an answering cycle will be explained. As explained above an L1 signal
      is provided on interconnection 1T3-2L5 after a predetermined number of
      ringing signal wave trains has been detected by the ring-in-circuit (FIG.
      1), provided that the outgoing message tape loop is at its home position.
      The time of occurrence of this L1 signal will hereinafter be taken to be
      the start of the answering cycle. As described above, the L1 signal is
      maintained for a brief period, e.g., 3 seconds, after which
      interconnection 1T3-2L5 returns to its normal L0 level.
PAR  When this L1 signal appears at terminal 200 of FIG. 2 (i.e.,
      interconnection 1T3-2L5) diode 202 conducts, thereby raising circuit point
      204 (FIG. 2) to its L1 level. This occurrence in turn sets flip-flop 206
      (sometimes referred to as OMM FF, or the outgoing message motor
      flip-flop). At the time of the setting of flip-flop 206 terminal 208 (Q)
      goes to its L1 level, thereby turning on transistor 210, which in turn
      energizes the outgoing message motor (OMM), i.e., the motor which drives
      the outgoing message tape transport mechanism. The starting of outgoing
      message motor 212 commences the transmission to the caller of the first
      outgoing message from the device of the preferred embodiment; the first
      outgoing message being denoted in FIG. 3 by reference character 222.
PAC  THE OUTGOING MESSAGE TAPE LOOP
PAR  Referring now to FIG. 3 there is shown schematically the information
      recorded on the outgoing message tape 220 of the device of the preferred
      embodiment. While an endless tape loop is used for convenience in the
      preferred embodiment, it is to be understood that the present invention
      embraces telephone answering devices in which other means of storing the
      outgoing messages and control information are used.
PAR  As may be seen from FIG. 3, the outgoing message tape loop 220 is impressed
      with a plurality of separate outgoing messages 222, 224, 226, and 228. As
      indicated by break lines 229, 231, the device of the preferred embodiment
      is not necessarily limited to the provision of four outgoing messages,
      rather, any number of outgoing messages may conveniently be recorded on
      the outgoing message tape by the user of the device in the manner
      hereinafter described.
PAR  In accordance with a principal feature of the present invention, at least
      some of this series of messages may be queries directed to the caller in a
      pleasant voice, requesting successive items of information desired of the
      caller. It is a characteristic feature of the preferred embodiment of the
      present invention that no beep or other non-speech signals are transmitted
      to the caller, other than those which may be required by state or federal
      law.
PAR  As further shown in FIG. 3, a tone signal is provided at the end of each
      outgoing message, these tone signals being designated by the reference
      numerals 230, 232, 234, and 236. These tone signals are sometimes referred
      to herein as transmit/receive control tone signals or T/R tone signals. As
      will be shown in detail hereinafter, means are provided in the preferred
      embodiment whereby these tone signals are prevented from reaching the
      caller.
PAR  Typically, each of these tone signals may be a continuous tone of about
      4,200 cycles per second, having a duration of about two seconds. The
      detailed utilization of these signals will be described hereinafter.
PAR  As will further be seen in FIG. 3, pauses are provided, wherein there are
      no signals on the tape, between the termination of said T/R signals and
      the commencement of each immediately following message. These pauses 238,
      240, 242, and 244, are provided in order to allow for deceleration and
      acceleration of outgoing message tape loop 220, in preparation for
      transmission of each outgoing message. Home position sensing means 246 may
      be, for instance, a metallic foil cemented to the tape loop 220, which is
      sensed by the photoelectric home position sensing means of FIG. 6. The
      circuit of FIG. 6 produces a signal which serves to stop the tape loop 220
      at its home position, i.e., when sensing means 246 is approximately
      adjacent the sensing phototransistor of FIG. 6, as will hereinafter be
      described in detail.
PAR  Other message termination signal means and home position signal means may
      be provided by those having ordinary skill in the art without the exercise
      of invention.
PAR  As may be seen in FIG. 3, the T/R tone signal 236 following the last
      recorded outgoing message (228) is recorded on the outgoing message tape
      loope continuously between the end of the last outgoing message 228 and
      the sensing means 246.
PAC  TRANSMIT /RECEIVE CONTROL
PAR  Referring to FIG. 4, the transmit/receive control circuit of the preferred
      embodiment will not be discussed.
PAR  T/R tone signal detector 250 serves to produce at output terminal 252 an L1
      signal whenever and as long as a T/R tone signal is being received at
      input terminal 254; the signal at output terminal 252 being at all other
      times at the L0 level. Circuits for fulfilling this function, such as a
      phase-locked loop tone detector, will be provided by those having ordinary
      skill in the art without the exercise of the invention.
PAR  Said signal at terminal 252 is directly applied to the set (S) terminal of
      flip-flop 256 (sometimes called the T/R FF herein). When flip-flop 256 is
      set by said signal at point 252 relay 258 (sometimes called the T/R RLY)
      is energized via transistor 260. As will be hereinafter described relay
      258 serves to energize the incoming tape transport drive motor. Relay 258
      also serves to reconnect the voice amplifier VA (FIG. 10) so as to amplify
      received speech from the telephone line for recording on the incoming
      message tape of the device of the preferred embodiment.
PAR  It will be recognized that at the beginning of the T/R tone signal the
      voice amplifier circuitry is switched so as to receive incoming messages,
      rather than transmit outgoing messages. Therefore, the T/R tone recorded
      on the outgoing message tape is not transmitted to the caller. The brief
      time period which the T/R tone signal detector requires to detect the T/R
      tone signal is not sufficient for the caller to perceive the presence of
      the tone before switching occurs. Thus, all control tones are prevented
      from being perceived by the caller.
PAR  As may be seen by comparison of FIGS. 4 and 2 the T/R logic signal at point
      252 impressed upon input terminal 262 of NOR gate 264 (FIG. 2) via
      interconnection 4T1-2L4.
PAR  As will now be described in detail, the T/R logic signal, subject to the
      condition imposed by gate 264, serves to reset flip-flop 206, and thus
      stop the outgoing message transport when the T/R logic signal at point 262
      returns to its L0 level, i.e., when the end of the T/R tone signal arrives
      at the tape head coacting with the outgoing message tape.
PAR  Said condition imposed by gate 264 is represented by the signal impressed
      upon terminal 266. As may be seen by following interconnection 2L3-1R2 to
      FIG. 1, this signal is derived from the Q terminal flip-flop 130 via
      manually operated switch 270, which will be assumed to be set to its A or
      "answer" position for the purposes of this discussion. It can be seen,
      then, in light of the discussion of flip-flop 130 hereinabove, that the
      signal on gate terminal 266 is at L0 level whenever the telephone line is
      seized and is at its L1 level whenever the telephone line is not seized.
PAR  Referring now to FIG. 2, it can be seen that the signal an output terminal
      272 of NOR gate 264 will be at L0 level except when the telephone line is
      seized and the T/R logic signal at point 252 is L0. Putting the matter in
      alternative form, the signal at terminal 272 is L1 only when the telephone
      line is seized and the tone detector does notindicate the presence of a
      T/R tone signal.
PAR  The network consisting of resistor 274; capacitor 276, and diode 278
      functions to produce a position-going pulse at point 280 when and only
      when a transition from L0 to L1 occurs at output terminal 272 of NOR gate
      264. It will be evident to those having ordinary skill in the art from the
      above discussion that said pulse at point 280 occurs only at the trailing
      edge 282 of a T/R tone signal (as received at the tape head coacting with
      the outgoing message tape), and when, at the same time, the telephone line
      is seized. As may be seen from FIG. 2, this pulse resets flip-flop 206,
      and thereby de-energizes the outgoing message tape transport drive motor.
PAR  It will be recognized by those having ordinary skill in the art that
      resistor 284 (FIG. 2) serves to maintain the reset input to flip-flop 206
      at L0 except when point 280 is forced to L1, as by the aforedescribed
      signal from the output of the network comprised of resistor 274, capacitor
      276, and diode 278. Resistor 286 functions in a similar manner to maintain
      the set terminal of flip-flop 206 at L0 except when forced to L1.
PAR  Considering a pulse to have just occurred at point 280, during line
      seizure, thereby stopping the outgoing message tape transport drive motor,
      and the incoming message tape drive motor to have been previously started,
      as described above, and the incoming message circuits also conditioned to
      receive and record incoming messages from the calling party, the further
      operation of the device of the preferred embodiment will now be described.
PAR  It is a characteristic feature of the preferred embodiment of the present
      invention that in the state of operation just described (i.e., machine
      ready to receive incoming message) the calling party must speak within a
      predetermined interval of time (e.g., 8.5 seconds) or the device will
      disconnect itself from the talking circuit of the telephone line and reset
      itself to receive the next incoming call.
PAR  This function is carried out in response to a signal produced by the
      no-response timer shown in FIG. 1, working in conjunction with the
      Syllable Detector of FIG. 5, as will now be described.
PAC  SYLLABLE DETECTOR
PAR  Referring now to FIG. 5, it should first be noted that the input signal at
      input terminal 290 of the syllable detector of FIG. 5 is derived from the
      output of voice amplifier VA, which amplifies all voice signals, both
      incoming and outgoing.
PAR  The band pass filter network 292, consisting of diode 294, resistors 296
      and 298, capacitors 300 and 302, and resistor 304 serves to pass the
      syllabic frequencies of incoming voice signals, while rejecting higher
      frequency components and constant tones. The syllabic frequencies are
      typically of the order of 1 to 10 cycles per second. Thus, the signal
      appearing at input terminal 306 of operational amplifier 308 is an AC
      signal having peaks which generally correspond in time to the syllables of
      the voice signal received at terminal 290.
PAR  Non-inverting terminal 310 of operational amplifier 308 is normally biased
      to some slightly negative voltage. By means of the adjustable voltage
      divider consisting of potentiometer 312 and resistor 314. It may be seen
      from FIG. 5 that operational amplifier 308 is connected as an open loop
      comparator. Thus, the output signal at output terminal 316 of operational
      amplifier 308 remains negative except when the voltage at input terminal
      306 becomes more negative than the threshold voltage applied to input
      terminal 310. When the voltage at input 306 exceeds (negatively) the
      voltage at terminal 310, the output at terminal 316 switches to the
      positive output saturation level of operational amplifier 308. When the
      threshold determined by potentiometer 312 is correctly set, substantially
      each syllable of the incoming voice signal at terminal 290 results in a
      positive-going pulse at operational amplifier output terminal 316.
      Resistor 318 serves to limit the current flowing from terminal 316.
PAR  An additional feature of the syllable detector of FIG. 5 is the connection
      including capacitor 320. By means of this connection a positive-going
      signal received via interconnection 5T1-1R1 (from FIG. 1) when line
      seizure takes place is converted to a positive-going pulse by capacitor
      320, and then applied to non-inverting input terminal 310 of operational
      amplifier 308. This pulse acts as a "false syllable," producing a
      positive-going output signal at point 316, and thereby resetting the
      non-response timer 180 of FIG. 1 to zero at line seizure, i.e., early in
      each answering cycle.
PAR  As will be recalled from the above discussion of the no-response timer
      (FIG. 1), the no-response timer emits a signal which results in the
      disconnection of the device of the preferred embodiment, and its resetting
      to receive the next incoming message, after a predetermined interval
      (e.g., 8.5 seconds), unless during that interval the no-response timer is
      reset by an L1 pulse signal from the output  of the syllable detector
      (5T2-1R5). Thus it may be seen that by the coaction of the no-response
      timer (FIG. 1) and the syllable detector (FIG. 5) the device of the
      preferred embodiment incorporates the condition that if the calling party
      is continuously silent for more than a present interval, say, 8.5 seconds,
      at any time when the device is conditioned to receive incoming messages,
      the device will disconnect itself from the talking circuit of the
      telephone line, and reset itself to receive the next incoming call.
PAC  CALLER PAUSE CIRCUIT
PAR  In accordance with a further feature of the preferred embodiment of the
      present invention a caller pause circuit is provided, which monitors
      incoming messages from the caller to determine when a pause of
      predetermined duration, e.g., 2 seconds, occurs; which pause is taken by
      the device of the preferred embodiment to be an indication that the caller
      has completed his response to the previous outgoing message.
PAR  Means are incorporated in the pause circuit whereby it can operate only
      after the caller has made an initial response to the previous outgoing
      message (as detected by the above-described syllable detector circuit) and
      when there are outgoing messages remaining on the outgoing message tape to
      be transmitted to the caller.
PAR  When the caller pause circuit has detected a pause in the incoming message
      from the caller, as described immediately above, it causes the device of
      the preferred embodiment to deliver the next outgoing message to the
      caller.
PAR  The caller pause circuit generally comprises (FIG. 4) initial response
      flip-flop 340, caller pause/tone timer 342, and gates 344, 346, 350, and
      352.
PAR  Referring now to initial response flip-flop 340 it will be seen (FIG. 4)
      that reset terminal 354 thereof is connected to the aforesaid point 252,
      which is the output of the T/R tone signal detector. By this means initial
      response flip-flop 340 is reset each time the device of the preferred
      embodiment is made ready to receive an incoming message from the caller.
      Capacitor 356 in said connection serves to transmit only momentary pulses
      to the reset terminal of flip-flop 340 from point 252. Resistor 358
      serves, in the well-known manner, to maintain the reset terminal of
      flip-flop 340 at L0 level except when an L1 pulse is received from point
      252 via capacitor 356.
PAR  As may be seen in FIG. 4, the set terminal of flip-flop 340 is connected to
      interconnection 4L2-5T2. By reference to FIG. 5 it will be seen that the
      signal received at terminal 360 is the output signal from the
      above-described syllable detector. The syllable detector output signals
      applied to the set terminal 360 of the initial response flip-flop 340
      drive the flip-flop to its set state. Thus it may be seen that the first
      syllable of an incoming message sets the initial response flip-flop, which
      remains set until after the device of the preferred embodiment has
      transmitted the next outgoing message, and is readied to receive the
      subsequent incoming message from the caller.
PAR  As may be seen in FIG. 4, the upper terminal 362 of NOR gate 344 receives
      the output signals from the syllable detector, and the lower terminal 364
      of NOR gate 344 receives signals from the Q terminal of initial response
      flip-flop 340.
PAR  The construction of NOR gate 344 is such that its output terminal 366 will
      manifest an L0 signal when and only when either or both of its input
      terminals 362 and 364 are at L1, i.e., if the caller has not yet spoken
      since the device of the preferred embodiment was prepared to receive a
      particular incoming message or if the caller is currently speaking.
PAR  As will be explained hereinbelow, terminal 368 of NAND gate 346 is at L1
      during the recording of an incoming message from a caller. Thus, during
      the recording of an incoming message, the output signal at output terminal
      370 of gate 346 is the inverse of the signal at input terminal 366, i.e.,
      L0 when the input signal is L1, and L1 when the input signal is L0.
PAR  Thus it will be seen that the signal at terminal 370 will be at L1 level if
      the caller has not yet responded after the device of the preferred
      embodiment has been conditioned to receive a particular incoming message
      or if the caller is currently speaking in response.
PAR  Going now to caller pause/toner timer 342, which in the preferred
      embodiment is a TTL four-stage binary integrated circuit counter of the
      7493 type, it will be known to those having ordinary skill in the art that
      it is a property of the 7493 integrated circuit counter that the counter
      is reset to its zero count state, and remains in that state, if both
      integrated circuit terminals 2 and 3 (terminals 370 and 372) are and
      remain at L1.
PAR  As will be described in detail hereinbelow, terminal 372 of counter 342
      remains at L2 throughout all incoming message recording intervals.
PAR  Thus, it will be seen that whenever terminal 370 is at L1, counter 342 will
      be held in the reset (zero count) state.
PAR  Counter 342 is supplied with clock pulses from the master clock of FIG. 7
      via input terminal 374. These clock pulses occur in the preferred
      embodiment at a substantially fixed repetition rate, e.g., 4 pulses per
      second.
PAR  As will be recognized by those having ordinary skill in the art, short
      connection 376 serves to interconnect the independent stage and the three
      coupled stages of the 7493 integrated circuit counter into a single
      four-stage binary counter.
PAR  The output signals of counter 342 are produced at integrated circuit
      terminal 11 (terminal 378).
PAR  It will be evident to those having ordinary skill in the art that if
      counter 342 is not reset to its zero count stage during any continuous
      time interval equal to the time required to receive eight incoming clock
      pulses at terminal 374, then the output signal at terminal 378 will switch
      from L0 to L1. This output signal brings about the transmission of the
      next outgoing message from the outgoing message tape to the caller, if any
      outgoing messages remain to be transmitted.
PAR  Going now to the NOR gate 348 (FIG. 4) it will be seen that the signal on
      input terminal 252 of this gate is the aforedescribed output signal of the
      T/R tone signal detector, which is L1 whenever a T/R tone signal is being
      detected. Terminal 380 receives its signal from the output of the outgoing
      loop home position detector of FIG. 6, via interconnection 4T2-6T1. This
      signal is at L1 level when and only when the outgoing message tape loop is
      at its home position.
PAR  As will be seen by those having ordinary skill in the art of logical
      circuits, the output of NOR gate 348 will be at L1 level only when both of
      its input terminals are at L0 level, i.e., when the outgoing message tape
      is not at its home position and when no T/R tone signal is being detected.
PAR  Going now to NAND gate 350, the output terminal 384 of which is at L0 only
      when both input terminals 382, 386 are at L1 level, it may be seen that
      output terminal 384 will be at L0 only when the outgoing message tape is
      not in its home position, when there is no T/R tone signal being detected,
      and when the caller pause/tone timer 342 indicated by the L1 state of its
      output terminal that the caller has commenced speaking during an incoming
      message receipt interval, but has subsequent paused continuously for more
      than the predetermined pause interval (e.g., 2 seconds).
PAR  It will be evident from the above disclosure that this condition will come,
      in general, only when the outgoing message tape loop is at rest and the
      outgoing tape head is positioned at the beginning of the next outgoing
      message, i.e., within one of the intervals designated as 238, 240, 242,
      and 244 in FIG. 3.
PAR  Going now to gate 352 (FIG. 4) it will be seen that the input terminal 388
      thereof receives its signal from the output of gate 390. As will be
      described hereinbelow, the output signal of gate 390 remains at L1
      throughout the automatic answering cycle, which includes all of the
      incoming message receipt intervals.
PAR  Thus it will be seen that the output of gate 352, at terminal 392, will
      switch to L1 whenever the input at terminal 384 (during an answering
      cycle) switches to L0. It follows that terminal 392 goes to L1 (during an
      incoming message interval) only when the outgoing message tape is
      positioned so that the tape head is at the beginning of an outgoing
      message and the caller has made some response to the previous outgoing
      message but has paused for a continuous period which exceeds said
      predetermined pause interval.
PAR  As will be seen in FIG. 4 the output signal from gate 352 is applied to the
      reset terminal of the aforedescribed flip-flop 256. Thus it will be seen
      that flip-flop 256 will be reset when the output signal at terminal 392
      goes to L1.
PAR  At the resetting of flip-flop 256 relay 258 will be deenergized by the
      turning off of transistor 260, whereby the voice amplifier circuit of FIG.
      10 will be conditioned to transmit the next outgoing message..
PAR  At the same time (by the fact that the Q terminal of flip-flop 256 goes to
      L0) a L0 signal is produced on interconnection 4T5-2L1. Reference is now
      had to FIG. 2, terminal 2L1, which is also input terminal 394 of NOR gate
      396.
PAR  The other input 398 of NOR gate 396 is connected to the output of the
      outgoing message tape home position sensor (FIG. 6) which provides an L1
      signal whenever the outgoing message tape loop is at its home position.
PAR  It will be evident to those having ordinary skill in the logic circuit art,
      as taught by the above disclosure, that the output signal at terminal 400
      of NOR gate 396 will go from its L0 to its L1 state whenever the outgoing
      message tape is in its home position and the flip-flop 256 switches from
      its set state to its reset state. This will occur when it is appropriate
      to transmit the next outgoing message, as indicated by the immediately
      previously described conditions.
PAR  Upon occurrence of this transistion at terminal 400 an L1 pulse is produced
      at the set terminal 204 of flip-flop 206 by the network consisting of
      resistor 402, capacitor 404, and diode 406. This pulse sets flip-flop 206,
      thus energizing the output message tape transport drive motor in the
      manner hereinabove described.
PAR  As will be evident to those having ordinary skill in the art from
      consideration of the above disclosure, the above described alternation of
      outgoing and incoming messages will be carried out repeatedly until (a)
      the last outgoing message has been transmitted to the caller, or (b) the
      caller hangs up, or (c) the present maximum answering cycle time has
      elapsed, or (d) the user breaks into the automatic answering cycle as
      described above, or (e) the caller remains silent instead of responding to
      an outgoing message, whichever occurs first.
PAR  As may be seen from FIG. 3 T/R tone signal 236 is recorded on the outgoing
      message tape continuously from the end of the last outgoing message to the
      home position indicating means 246. As described above, this T/R tone
      signal results in the input terminal 252 of gate 348 (FIG. 4) being in the
      L1 state, which in turn prevents flip-flop 256 from being reset, by means
      of gates 348, 350, and 352, thus preventing the voice amplifier from being
      switched from its receive state to its transmit state, and also prevents
      the outgoing message transport drive motor from being stopped. It follows
      that after the last recorded outgoing message the outgoing tape will be
      transported to its home position without interruption and the
      transmit/receive control circuit will ignore any pause in the caller's
      incoming message which would ordinarily cause the transmission of the
      following outgoing message. Once the outgoing message tape is at its home
      position the home position detector causes an L1 signal to be present on
      terminal 380 (4T2-6T1) which similarly prevents T/R flip-flop 256 from
      being reset.
PAR  In the abovesaid condition (b), i.e., caller hangs up before the last
      outgoing message is transmitted, a calling party disconnected signal is
      produced as described above, and the device of the preferred embodiment
      disconnected from the talking circuit of the telephone line, and reset to
      receive the next incoming call.
PAR  The resetting of the device of the preferred embodiment in preparation for
      receiving the next incoming message will now be described.
PAR  As has been previously described, the resetting of flip-flop 130 (FIG. 1)
      in response to a disconnect signal causes the Q output terminal (terminal
      136) to go to L1.
PAR  The signal at terminal 136 is directly coupled through switch 270 (FIG. 1)
      during automatic answering, via interconnection 1R2-4T3, to input terminal
      408 of gate 390 (FIG. 4). When this terminal (408) goes to L1 the output
      at terminal 388 goes to L0, and thus, via gate 352, causes the resetting
      of flip-flop 256, which in turn de-energizes relay 258 and restarts the
      outgoing message tape drive motor, as hereinabove described, unless the
      outgoing message tape is already in its home position. Once started, the
      outgoing message tape continues to run until it reaches home position,
      whereupon the output of the home position detector (FIG. 6) goes to L1.
      This output signal is applied to point 410 via interconnection 2L2-6T1
      (FIG. 2). The network ocmprising resistor 412, capacitor 414, and diode
      416 serves to produce an L1 pulse at point 418 whenever the signal at
      point 410 goes from L0 to L1.
PAR  This L1 pulse resets flip-flop 206, and thus stops the outgoing message
      tape drive motor, as hereinabove described.
PAR  It should be noted that when the device of the preferred embodiment is
      reset to its ready-to-receive-call state before all of the recorded
      outgoing messages have been transmitted the T/R control circuit of FIG. 4
      must be adapted to ignore tone signals (e.g., 234, 236) reproduced in
      passing from the outgoing message tape as it is driven to its home
      position. This capacity to ignore these T/R tone signals is brought about
      as follows.
PAR  As pointed out above, an L1 disconnected signal applied and maintained on
      terminal 4T3-1R2 results in applying and maintaining an L1 signal at the
      reset terminal 392 of flip-flop 256. Flip-flop 256 is a TTL RS flip-flop,
      which may be provided by interconnecting two suitable NOR gates in the
      well-known manner. It is a property of such a flip-flop that if both its
      set and reset terminals are simultaneously in the L1 state, then both of
      its output terminals, i.e., its Q and Q terminals, will be at L0 level.
PAR  Since, as just indicated, the reset terminal of flip-flop 256 is maintained
      at L1 during disconnect, it follows that L1 signals impressed on the set
      terminal of this flip-flop flop as a result of T/R tone signals, as
      previously described, will have no effect on the output at the Q terminal
      of this flip-flop. Since this Q terminal is already in its L0 state it
      will remain in this state dispite incoming signals from the T/R tone
      signal detector 250, which would otherwise bring about a transition to the
      L1 level and thus energize relay 258, inappropriately starting the
      incoming message tape transport motor, and also inappropriately preparing
      the device to receive incoming messages.
PAR  As described above, the outgoing message tape drive motor is stopped at the
      trailing edges 282 (FIG. 3) of the T/R tone signals during the normal
      progress of the answering cycle. After disconnection from the talking
      circuit of the telephone line has occurred, however, and while the
      outgoing message tape is being reset to its home position, it is necessary
      to avoid this stopping of the outgoing message tape transport drive motor.
PAR  As described above, the stopping of the outgoing tape transport drive motor
      occurs during the normal answering cycle as a result of a transition from
      an L1 signal to an L0 signal applied to input terminal 262 of gate 264
      (FIG. 2). The transistor occurs at the trailing edges 282 of the T/R tone
      signals, as described above. However, after disconnection has occurred
      input 266 to gate 264 is maintained at the L1 level because terminal 2L3
      is connected via interconnection 2L3-1R2 and switch 270 to the Q terminal
      136 of flip-flop 130. With one of its terminals (i.e., 266) maintained in
      the L1 state the output of gate 264 is maintained in its L0 state, thereby
      preventing the generation by network 274, 276, 278 of a pulse signal which
      would reset flip-flop 206, and thereby stop the outgoing message tape
      transport drive motor.
PAR  Returning now to the disconnect-and-reset-causing conditions (c), (d), and
      (e), described above, it will be understood from the above disclosure that
      each of these conditions results in a disconnect signal, as does condition
      (b). It follows that the above discussion relating to the disconnection
      and resetting of the device of the preferred embodiment under conditions
      (b) applies also in the case of conditions (c), (d), and (e).
PAC  THE OUTGOING MESSAGE TAPE HOME POSITION DETECTOR
PAR  Referring now to FIG. 6 it will be seen that the outgoing message home
      position detector referred to hereinabove comprises a phototransistor 430
      (which may be of the well-known type) and inverter 432 of the type
      described hereinabove, and a resistor 434. Phototrasistor 430 is so
      disposed with respect to the outgoing message tape and a light source (not
      shown) as to receive only light reflected from the outgoing message tape.
      When the home position marking means 246 (FIG. 3) (e.g., highly reflective
      metallic foil cemented to the outgoing message tape) comes into such
      position that light from said light source is reflected by it onto
      phototransistor 430, the light flux falling on phototransistor 430 is
      greatly increased, the tape itself being of a dark color. and thus the
      current carried by phototransistor 430 is itself greatly increased. This
      increase in the current passed by phototransistor 430 results in a
      transition to an L1 signal at the output terminal 436 of inverter 432. The
      signal at point 436 is applied, via interconnection 6T1-1T1, etc., to the
      circuits shown and described above for the purposes there set out. Other
      home position sensing circuits and means will occur to those having
      ordinary skill in the art without the exercise of invention.
PAR  Also shown in FIG. 6 is the ready light circuit comprising resistor 438,
      transistor 440, resistor 442, and a lamp 444. This circuit serves to light
      lamp 444 whenever the outgoing message tape is in its home position, and
      thus to inform the user of this device of this fact.
PAR  FIG. 7 shows the master control clock of the device of the present
      embodiment. The clock circuit comprises type 7493 integrated circuit
      counters 450, 452, 454, and 456, each of which is caused to operate as a
      four-stage binary counter by means of short circuit connections 458, 460,
      462, and 464. These counters are interconnected in the well-known manner
      to provide a sixteen-stage binary counter 470, which generally provides
      timing signals for other circuits of the device of the preferred
      embodiment.
PAR  Counter 470 is driven by the 60-cycle per second line frequency derived
      from 6.3 VAC terminal 462. A pulse-shaping network comprising resistor
      474, capacitor 476, diodes 478 and 480, and resistor 482 serves to shape
      incoming 60 cycle per second sine waves from terminal 472 into suitable
      input impulses to drive counter 470 via input terminal 484. The reset
      terminals of all of the counters 450, 452, 454, and 456 are connected
      together at point 486 for resetting of the counter by pulse signals
      appearing at point 486.
PAR  As previously pointed out, counter 470 is reset at the time of each line
      seizure by the device of the preferred embodiment.
PAR  At this time an L0 signal is applied to terminal 488 of NAND gate 489 via
      interconnection 7L1-1T2. Terminal 490 of NAND gate 489 is maintained at
      the L1 level by contact set 491 of the A/P relay throughout the answering
      cycle of the device of the preferred embodiment. During the playback mode
      referred to hereinbelow terminal 490 of gate 489 is maintained in the L0
      condition. It will be evident to those having ordinary skill in the art
      that an L0 signal appearing either at terminal 488 or at terminal 490 of
      gate 489 will result in an L1 signal at terminal 486, thereby resetting
      counters 450, 452, 454, and 456, and maintaining them in the rest
      condition throughout the duration of the L1 signal appearing at terminal
      486. Thus it will be seen that the master clock is reset at the beginning
      of each answering cycle, and is reset and maintained reset throughout
      operation in the playback mode.
PAR  Also shown in FIG. 7 is a switch 492 by means of which one of several
      signals characterized by different repetition rates may be selected. As
      discussed, the selected signal is used to determine the maximum duration
      of the answering cycle, and this duration may be varied by means of switch
      492.
PAR  Referring again to FIG. 7, it will be seen that terminal 7B1 is supplied
      with output pulses of an intermediate repetition rate (e.g., 4 cycles per
      second), these pulses are utilized as described hereinabove.
PAR  Similarly, terminal 7B2 is supplied with pulses of a lower intermediate
      repetition rate (e.g., 1 pulse per second), which pulses are utilized as
      described hereinabove.
PAR  FIG. 9 shows a voice signal amplifier of a type suitable for use in the
      device of the preferred embodiment.
PAR  Voice signals received at terminal 9L1 are amplified by operational
      amplifier 500. The network comprising resistors 502, 504, and 506, and
      capacitors 508 and 510, serves to control the gain of operational
      amplifier 500 as a function of the input signal frequency in the
      well-known manner. It is to be noted, however, that transistor 512,
      constituting a part of said network, serves as a swtich to disconnect the
      combination of resistor 506 and capacitor 510 from the remainder of this
      network, thus altering the gain versus frequency characteristics of
      operational amplifier 500. This change in amplifier characteristics is
      necessary in order to allow for the well-known difference in gain versus
      frequency characteristics as between magnetic tape recording and magnetic
      tape reproduction.
PAR  Resistors 514, 516, and 518 together provide a biasing network by means of
      which transistor 512 is biased to its non-conducting state when terminal
      9T1 is maintained at L0, and transistor 512 is biased to its conducting
      state when terminal 9T1 is maintained at L1.
PAR  It will thus be evident to those having ordinary skill in the tape
      recording art that when terminal 9T1 is maintained at the L0 level, thus
      maintaining transistor 512 in its off or non-conducting state, amplifier
      500 will be conditioned for amplifying signals to be used for recording on
      magnetic tape. Conversely, when terminal 9T1 is maintained at the L1 level
      transistor 512 is maintained in its conducting state, and amplifier 500 is
      conditioned for amplifying voice signals reproduced from magnetic tape.
PAR  Capacitor 520 serves to couple the first amplifying stage (including
      operational amplifier 500) to a second amplifying stage (including
      operational amplifier 522).
PAR  The network comprising resistors 524 and 526, and capacitor 528, is a
      feedback network which determines the gain versus frequency characteristic
      of operational amplifier 522. In addition, the network comprising elements
      530, 532, 534, 536, 538, 540, 542, 544, and 546 constitutes an automatic
      gain control network. This automatic gain control network is highly
      desirable because incoming voice signals on the telephone line may vary
      greatly in power level.
PAR  FIG. 9A shows a schematic symbol which represents the voice amplifier
      circuit of FIG. 9, the corresponding terminals of FIG. 9 being indicated
      in parentheses in the drawing.
PAR  FIG. 8 shows the relay circuit by which the incoming message tape transport
      drive motor 550 (IMM) is proximately controlled. As will be understood by
      those having ordinary skill in the art, it is indicated by this figure
      that the energization of either relay 552 of 554 (i.e., the T/R relay or
      the A/P relay) will result in energizing motor 550.
PAR  Referring now to FIG. 10 there is shown the voice amplifier of the
      preferred embodiment, its associated switching network, and the tape heads
      of the device of the preferred embodiment.
PAR  It will be understood that the triangle 560 containing the expression VA
      represents the voice amplifier circuit shown in FIG. 9.
PAR  As pointed out above, the switching network associated with voice amplifier
      560 serves to adapt voice amplifier 560 for either (a) amplifying voice
      signals to be supplied to tape head 562 or tape head 564, or (b)
      amplifying voice signals derived from tape head 562 or tape head 564.
PAR  Before discussing this switching network in detail it should be noted that
      the switching contact sets 566, 568, and 570 of relay 574 (the
      "answer/playback relay" also sometimes called the A/P RLY) are used only
      in switching from the automatic answering mode of operation of the device
      of the preferred embodiment to playback mode of operation of the device of
      the preferred embodiment, which allows the user to retrieve and review
      previously recorded incoming messages. Since the playback mode of
      operation of the device of the preferred embodiment does not constitute a
      part of the present invention, it will be assumed in the following
      discussion that relay 574 remains de-energized, i.e., that the moving
      contacts of all of the relay contact sets 566, 568, 570, and 572 remain
      the contact with the fixed contacts marked A, which are associated with
      the automatic answering mode of operation.
PAR  The speaker amplifier 578 is an audio-amplifier the provision of which is
      within the scope of the one having ordinary skill in the art. Output
      terminal 580 of speaker amplifier 578 is connected to supply driving
      current to the internal loudspeaker 582 of the device of the preferred
      embodiment. The signal supplied to speaker amplifier 578 by terminal 583
      is a logic signal. When this logic signal is at L1 level speaker amplifier
      578 is rendered inoperative, and when this logic signal is at LO the
      speaker amplifier 578 is operative.
PAR  Such a squelch means as is connected to terminal 583 within amplifier 578
      to accomplish the function described immediately above will be provided by
      those having ordinary skilled in the art without the exercise of
      invention. Said logic signal on terminal 583 is derived from the Q
      terminal of line seizure flip-flop 130 (FIG. 1), via switch 270, and thus
      it will be seen that this signal serves to render amplifier 578
      inoperative except when an automatic answering cycle is in progress and
      the monitor squelch circuit (see below) has not been invoked, or when the
      user of the device is checking an output tape, in the manner hereinafter
      described.
PAC  MONITOR SQUELCH CIRCUITS
PAR  In accordance with a further feature of the present invention a monitor
      squelch circuit is provided, which serves, upon momentary closure of a
      suitable manually operated switch by the user of the device of the
      preferred embodiment, to silence the output loudspeaker 582 only during
      the course of the automatic answering cycle during which said switch is
      manually closed, the operation of the output speaker 582 being
      automatically restored for the next answering cycle.
PAR  The monitor squelch circuit principally comprises flip-flop 584, also
      sometimes called the MS FF, switch 585, diode 585.1, and resistor 585.2,
      all shown in FIGS. 10.
PAR  As may be seen in FIG. 10, and L1 signal is supplied via interconnection
      10R2-1T3 at the start of each answering cycle, in the manner previously
      described, serving to reset the monitor squelch flip-flop 584. This action
      causes an LO signal to be applied to circuit point 583, thereby activating
      speaker amplifier 578, in the manner previously described. If during the
      course of an automatic answering cycle the user of the device of the
      preferred embodiment desires to suppress or squelch the audible output
      from loudspeaker 582, he need merely momentarily close which 585, thereby
      causing an L1 signal to appear on the set terminal of flip-flop 584,
      causing its Q terminal to go to its L1 state. Said L1 signal (at the Q
      terminal of flip-flop 548) is transmitted via relay contact set 642, and
      switch contact set 585.3, speaker amplifier squelch terminal 583, thereby
      rendering the speaker amplifier 578 inoperative, in the manner hereinabove
      described. It will be recognized that, as described above, flip-flop 584
      will be reset automatically at the beginning of the next automatic
      answering cycle, thus again rendering the speaker amplifier operative.
      Additionally, flip-flop 584 is set by means of an L1 signal transmitted
      via interconnection 10R1-1R2 from the Q terminal of line seizure flip-flop
      130 (FIG. 1) at the termination of each automatic answering cycle. Diode
      585.1 serves to prevent an L1 signal from appearing on interconnection
      10R1--1R1 when switch 585 is closed by the user of the device of the
      preferred embodiment. Resistor 585.2 serves to maintain the set terminal
      of flip-flop 584 in its LO state unless forced to L1, as previously
      described. A/C switch contact set 585.3 serves to enable or render
      operative the speaker amplifier 578 during the mode of operation in which
      the user checks the information recorded on the outgoing message tape
      loop. Similarly, relay contact set 642 serves to render the speaker
      amplifier operative when the user is playing back or retrieving previously
      recorded incoming messages. It will be understood by those having ordinary
      skill in the art that a plurality of remote speakers, each provided with
      an on-off switch and a volume control, and a monitor squelch circuit
      similar in operation to the just-described switch 585, may be provided by
      those having ordinary skill in the art without the exercise of invention.
PAR  The contact sets 586, 588, 590, (FIG. 10), 591 (FIG. 4), and 60 (FIG. 1) of
      the manually operated Answer/Make switch of the device of the preferred
      embodiment (sometimes denoted by the expression A/M SW) are mechanically
      ganged for simultaneous operation.
PAR  A/M SW switch permits the user of the device to switch from the automatic
      answering mode of operation to the outgoing message tape making mode of
      operation, i.e., a mode of operation of the device in which the user may
      record new outgoing messages and associated control tones (i.e., T/R tone
      signals) on the outgoing message tape loop. It will be assumed for
      purposes of the present discussion that the Answer/Make switch is in the A
      (answering cycle) position, in which the moving contact of each of said
      contact sets is in contact with the A fixed terminal.
PAR  Bias/Erase oscillator 596 provides an AC bias signal to the recording heads
      562 and 564 during recording operations, and also provides an AC signal to
      the tape erase heads 598 and 600 during the same recording operations, in
      the well-known manner.
PAR  Relay contact sets 602 and 604 of the Transmit/Receive relay shown in FIG.
      4 will for the next portion of this discussion be considered to be in the
      relay de-energized position, in which the moving contacts are in contact
      with the fixed contacts marked T. Further, it will be assumed that an
      automatic answering cycle is in progress. It will be recognized by those
      having ordinary skill in the art, informed by the present disclosure, that
      when the just recited conditions obtain the device of the preferred
      embodiment is conditioned to transmit outgoing messages.
PAR  It may then be seen from FIG. 10 that the voice amplifier input terminal
      606 is deriving its signal from outgoing message tape head 564 via relay
      contact set 602. (Switch 586, as assumed above, is in its A position; and
      relay contact set 566, as assumed above, is in its A position.)
PAR  As has been explained above, an LO signal is now provided at terminal 10T1,
      which signal is derived from the Q terminal of T/R flip-flop 256 (FIG. 4).
PAR  Before discussing the effect of this LO signal at terminal 10T1 it should
      be noted that the anodes of diodes 608 and 610 are joined at a common
      point 612. It follows that if either terminal 10T1 or terminal 10T2 is at
      LO level, then point 612 will be at LO level. Otherwise point 612 will be
      at some higher positive voltage as determined by the voltage divider
      network comprising resistors 514, 516, and 518. (FIG. 9).
PAR  Referring now to FIG. 4 and particularly to contact sets 591 and 614, which
      are connected to terminal 10T2 via interconnection 10T1-4B1, it will be
      seen that during any automatic cycle contact sets 591 and 614 will be in
      their respective A positions (i.e., terminal 4B1 not grounded) and,
      therefore, terminal 4B1, and terminal 10T2, will be maintained at L1
      level, by reason of the connection of terminal 4B1 to the plus 5 volt
      supply via resistor 616. It will be evident from the above discussion that
      terminal 612 of voice amplifier 560 (FIG. 10) will be at the LO level
      throughout the outgoing message transmission intervals of any automatic
      answering cycle. It will further be evident from the discussion of FIG. 9
      that when terminal 612 is at its LO level the gain versus frequency
      characteristic of amplifier 560 will be suitable for reproduction of voice
      signals from magnetic tape heads.
PAR  Interconnection 10T3-5L1 provides an output signal from the output terminal
      620 of voice amplifier 560 to the syllable detector circuit of FIG. 5.
PAR  The output signal at terminal 620 is also connected, via contact sets 568,
      588, and 604, and via interconnection 10L1-1B1 to secondary winding 27 of
      line transformer 26, thereby coupling the output signal from voice
      amplifier 560 to the talking circuit of the telephone line with which the
      device of the preferred embodiment is associated.
PAR  It will be recalled from the above discussion that at the end of an
      outgoing message the telephone answering device of the invention is then
      automatically conditioned by energization of the T/R relay coil 258 (FIG.
      4) to receive incoming messages from the caller. Assuming, therefore, that
      the T/R has been energized, it will be understood that the moving contacts
      of contact sets 602 and 604 are now in contact with their fixed contacts
      marked R.
PAR  It will now be seen that the secondary winding 27 of line transformer 26
      (FIG. 1) is connected via interconnection 1B1-10L1, through contact sets
      602, 586, and 566, to input terminal 606 of voice amplifier 560. Further,
      the signal at terminal 10T1 will now be at L1 level as a result of its
      connection via interconnection 10T1-4T5 to the Q terminal of flip-flop 256
      (FIG. 4). This being so, the voice amplifier 560 is conditioned for the
      recording of voice signals on magnetic tape.
PAR  In this state of operation of the T/R relay (energized), wherein the moving
      contacts thereof are in contact with fixed contacts R, and thus voice
      amplifier 560 is connected for receiving incoming messages, the output of
      voice amplifier 560 is connected as before by interconnection 10T3-5L1 to
      the input of the syllable detector of FIG. 5. As seen by inspection of
      FIG. 10, it is connected via contact sets 568, 588, and 604 to input
      terminal 622 of the network comprising resistor 624 and capacitor 626,
      which network serves as a record equalization network, in the well-known
      manner. The output at terminal 628 of this network is directly connected
      to the incoming message tape head 562. Also connected to incoming message
      tape head 562 is capacitor 630, which serves to supply an AC bias signal
      to the tape head (562) during recording. This bias signal is derived from
      the bias/erase oscillator 596 via contact set 570 and 590.
PAR  Simultaneously, the AC bias signal is applied, through capacitor 632, to
      the incoming message erase head 598, which serves to erase previously
      recorded messages from the incoming message tape.
PAR  It will be seen from FIG. 10 that the output terminal 620 of the voice
      amplifier 560 connected via contact sets 568 and 588 to the input terminal
      634 of speaker-amplifier 578 during any automatic answering cycle. This
      allows the user of the device to monitor the progress of any answering
      cycle by means of loudspeaker 582. Since the user can thus monitor all
      incoming calls being received by the device, he will be prepared to
      intercept or break into any incoming call, at an appropriate position
      which he may select as a result of thus monitoring.
PAC  INCOMING MESSAGE PLAYBACK
PAR  While a commercial version of the device of the preferred embodiment is
      equipped with means for remotely, by telephone, playing back, in response
      to predetermined voice signals, and listening to all incoming messages
      previously recorded on the incoming message tape, this remote playback
      system does not constitute a part of the present invention, and so is not
      shown and described herein. Rather, only the means for playing back and
      reviewing the recorded incoming messages at the site of the device of the
      preferred embodiment will be described herein, as follows. It is to be
      understood, however, that while the operation of said remote playback
      system may involve the transmission of non-speech (e.g., "beep" tone)
      signals to the caller, the device of the preferred embodiment does not
      transmit non-speech signals to the caller during its answering mode of
      operation.
PAR  Referring to FIG. 10 it will be seen that the coil 574 of the
      Answer/Playback (A/P) relay may be energized by closing manual switch 636.
      When this is done the device is conditioned to play back the incoming
      messages which have previously been recorded. In addition, mechanical
      means (not shown) are provided as part of the device of the preferred
      embodiment, whereby the user may rewind and otherwise control the movement
      of the incoming message tape in the playback mode. As may be seen in FIG.
      8, contact set 554 will be in its P circuit-closed state when the A/P
      relay coil is energized, thereby providing power to the incoming message
      tape transport drive motor (IMM) 550, making it possible to control this
      motor, and the movement of the incoming message tape, by way of said
      mechanical means.
PAR  It will be seen from FIG. 1 that contact set 64 of the A/P relay serves to
      ground the input terminal 50 of the ring/disconnect amplifier 52 during
      operation in the playback mode, thus preventing the ring-in circuit from
      being activated by an incoming telephone call during playback.
PAR  It will also be seen from FIG. 10 that the input terminal 606 of voice
      amplifier 560 will be connected, during playback, via contact set 556, to
      the incoming message head 562. Also, during playback, as may be seen from
      FIG. 4, terminal 10T1 of FIG. 10 will be maintained at LO by virtue of
      connection to ground through contact set 614 of the A/P relay. This being
      so, it will be recognized that amplifier 560 will be conditioned for
      reproducing voice signals from magnetic tape, i.e., its gain versus
      frequency characteristic will be thus conditioned.
PAR  Output terminal 620 of voice amplifier 560 will, during playback, be
      connected by means of contact set 568 of the A/P relay to the input
      terminal 634 of speaker amplifier 578.
PAR  It will also be seen from FIG. 10 that during playback the squelch terminal
      583 of speaker amplifier 578 is maintained at ground potential by the
      action of contact set 642 of the A/P relay.
PAR  Thus it can be seen that previously recorded messages on the incoming
      message tape will be heard over loudspeaker 582 during playback.
PAR  It should also be noted that contact set 570 of the A/P relay serves to
      disconnect the bias/erase oscillator 596 from the tape heads.
PAC  MAKING THE OUTGOING MESSAGE TAPE
PAR  The device of the preferred embodiment of the present invention is provided
      with means whereby the user of the device may himself produce an output
      message tape of the kind shown schematically in FIG. 3.
PAR  In order to produce an outgoing message tape the user of the device must
      first manipulate the A/M switch to its M state (i.e., the state in which
      the moving contacts of contact sets 586, 588, 590, 591, (FIG. 4) and 60
      (FIG. 1) are in contact with the six contacts marked M), and also open
      switch 636 (FIGS. 10), if closed, thereby assuring that A/P relay coil 574
      is de-energized.
PAR  It will be observed that microphone 650 is now (with the A/M switch in its
      M position) connected via contact set 566 to the input terminal 606 of
      voice amplifier 560. Additionally, it will be noted that the output of T/R
      tone signal generator 652 (FIGS. 4) is connected, by means of
      interconnection 4R3, 10L2, and contact sets 586 and 566, to the input
      terminal 606 of voice amplifier 560.
PAR  Also it will be observed that contact set 591 (FIG. 4) causes an LO signal
      to be impressed upon terminal 10T2 via interconnection 4B1-10T2, thus
      conditioning the voice amplifier 564 for recording voice signals on
      magnetic tape.
PAR  Output terminal 620 of voice amplifier 560 is connected by means of contact
      sets 568 and 588 to input terminal 564 of the network comprising resistor
      656 and capacitor 685, said network serving to provide equalization of the
      output signal from the voice amplifier 560 appropriate for application to
      the outgoing message tape head 564. Additionally connected to outgoing
      message tape head 564 via capacitor 660 and contact sets 590 and 570 is an
      AC bias signal from bias/erase oscillator 596. The output signal from the
      bias/erase oscillator is also connected via capacitor 662 to outgoing
      message erasing head 600 for the purpose of erasing previously recorded
      information or signals from the outgoing message tape during the making of
      a new outgoing message tape.
PAR  Means are provided whereby the user of the device of the invention may, by
      manipulating a single switch (670-FIG. 4), control the operation of the
      outgoing message tape transport during the preparation of an outgoing
      message tape, and automatically record the proper T/R tone signals (230,
      232, 234, 236, FIG. 3).
PAR  Referring now to FIG. 4, and assuming that the user has conditioned the
      device of the preferred embodiment for making an outgoing message tape as
      described above, the user may then close microphone switch 670 and begin
      speaking his first out going message (222-FIG. 3) into the microphone. (It
      is, of course, assumed that the outgoing message tape loop 220 (FIG. 3)
      was in its home position at the time of closing microphone switch 670;
      which condition the user was able to check by determining that ready 444
      was illuminated.)
PAR  It will be seen by reference to FIG. 4 that when switch 670 was in the open
      position input terminal 672 of NAND gate 674 was maintained at L1 level by
      current flowing through resistor 676 (typically, 10,000 Ohms) from the
      plus five volt power supply.
PAR  Upon closure of switch 670, however, input terminal 672 of gate 674 will be
      taken to LO level (grounded).
PAR  Additionally it may be seen that input terminal 678 of gate 674 was also
      maintained at L1 level through the action of the voltage divider network
      comprising resistors 680 (typically, 10,000 Ohms) and 682 (typically
      12,000 Ohms).
PAR  Therefore, by reason of the well-known action of NAND gates, the output
      terminal 684 of gate 674 will be switched from LO to L1 upon closure of
      microphone switch 670. The output signal of NAND gate 674 is connected to
      the input terminal of inverter 686.
PAR  Thus it may be seen that when the output terminal of NAND gate 674 switches
      from LO to L1 the output terminal 688 of inverter 686 switches from L1 to
      LO. Capacitor 690 (typically, 10 Microfarads), is connected to output
      terminal 688 of inverter 686, and serves to complete a negative-going
      (i.e., LO) pulse to input terminal 678 of NAND gate 674 whenever the
      output at terminal 688 of inverter 686 switches from L1 to LO.
PAR  Said negative-goin (LO) pulse continues to exist at terminal 678 until
      capacitor 690 becomes charged to L1 level by current flowing through
      resistors 680 and by current flowing out of input terminal 678 of NAND
      gate 674. Typically, th duration of the L) pulse may be 50 milliseconds.
PAR  In view of the above it will be seen that the output at terminal 684 of
      NAND gate 674 will remain at the L1 level for the duration of said LO
      pulse, occurring at terminal 678, even though the contacts of microphone
      switch 670 may open momentarily during that period. Such momentary switch
      openings, immediately following closure, are the well-known result of
      contact bounce, which may produce one or more false logic signals. It will
      be recognized that the just-described circuit serves to eliminate the
      effects of contact bounce.
PAR  It may also be seen form FIG. 4 that if the contacts of microphone switch
      670 are opened after the termination of said LO pulse at terminal 678, the
      input terminal 672 of NAND gate 674 will go to the L1 level, whereupon the
      output signal at terminal 684 will go from the L1 state to the LO state;
      it being recognized that input terminal 678 has previously gone to the L1
      state, at the end of said LO pulse.
PAR  When terminal 684 goes to LO, terminal 688 goes to L1 by virtue of the
      action of inverter 686. A positive-going pulse then appears at point 678,
      the positive-going pulse then appears at point 678, the positive-going
      pulse is prevented from exceeding the maximum allowable voltage at input
      terminal 678 of NAND gate 674 by the action of diode 691.
PAR  Having thus described in detail the action of the contact bounce
      suppression circuit, it will now be seen that when microphone switch 670
      is closed an L1 signal is applied to point 692 (FIG. 2) via
      interconnection 4R1-2T2, from the output terminal 684 of NAND gate 674.
PAR  Referring, then, to FIG. 2, it will be seen that said transition from LO to
      L1 at point 692 (terminal 2T2), by virtue of the action of the network
      comprising resistor 694 (typically, 2.7 Megohms), capacitor 696
      (typically, 0.005 Microfarads), and diode 698, results in a positive-going
      (i.e., L1) pulse at set terminal 204 of flip-flop 206 (the OMN flip-flop).
PAR  Said positive-going pulse sets said flip-flop, resulting in the
      energization of the outgoing message tape transport drive motor 212, as
      previously described.
PAR  Reviewing the above discussion, it will be seen that the user of the device
      has closed microphone switch 670, and may now commence to speak the first
      outgoing message into the microphone 650 (FIG. 10).
PAR  The user continues to maintain microphone switch 670 in its closed state
      while finishing his recitation of the first outgoing message to the
      microphone 650.
PAR  It will be seen that when the A/M switch was placed in the M state input
      terminal 368 of NAND gate 346 (FIG. 4) went to LO level as a result of the
      action of switch contacts 591. By reason of the well-known action of NAND
      gates, the output terminal 370 of NAND gate 346 thereupon went to its L1
      state; thus maintaining integrated circuit terminal 2 (i.e., one of the
      reset terminals of timer 342) at L1 level. This condition is maintained so
      long as the A/M switch is in its M position. It will be recalled that it
      is a property of type 7493 integrated circuit counters that both of their
      two reset terminals (i.e., integrated circuit terminals 2 and 3 of
      integrated circuit timer (counter) 342) must be in the L1 state in order
      for a reset action to take place.
PAR  It may further be seen from FIG. 4 that whenever microphone switch 670 is
      closed, thereby maintaing an L1 signal at terminal 684 of NAND gate 674,
      reset terminal 372 of timer 342 is maintained at L1 level by means of the
      diode 700, which is connected between terminal 684 and terminal 372.
PAR  Thus it will be recognized that timer 342 is maintained in its reset or
      zero count state so long as and whenever microphone switch 670 is closed
      during the making of an outgoing message tape.
PAR  Having completed his delivery of the first outgoing message to microphone
      650, the user of the device immediately opens microphone switch 670,
      whereupon, as previously described, the output signal at terminal 688 of
      inverter 686 goes from LO to L1. This transition is coupled by means of
      capacitor 702 (typically, 0.005 Microfarads) to the set terminal of
      flip-flop 704, thereby causing setting of flip-flop 704. It will be noted
      that resistor 706 serves to maintain the set terminal of flip-flop 704 in
      its LO state except when such a transition occurs at terminal 688.
PAR  The Q terminal 708 of flip-flop 704 goes to LO when flip-flop 704 is set,
      and thus initiates the production of an output tone signal by T/R tone
      signal generator 652.
PAR  T/R tone signal generator 652 may, for instance, be a conventional audio
      signal generator having output frequency of, say, 4200 cycles per second,
      which is energized by the LO signal level at 710, and thus produces a
      suitable output tone signal at terminal 4R3 so long as and only so long as
      the LO level is maintained at terminal 710.
PAR  Said output signal from T/R tone signal generator 652 is coupled by
      interconnection 4R3-10L2, and the circuit of FIG. 10, as previously
      described, to the outgoing message tape head, thereby recording this tone
      on the outgoing message tape whenever T/R tone signal generator 652 is
      energized.
PAR  Going now to point 372 it will be seen that resistor 712 serves to maintain
      an LO signal at point 372 (by virtue of its connection to circuit ground),
      unless an L1 signal is impressed through either diode 700 or diode 714, or
      both.
PAR  It will also be seen in FIG. 4 that when microphone switch 670 is open NAND
      gate 674 output terminal 684 goes to the LO level.
PAR  It will also be remembered that the Q terminal 708 of flip-flop 704 is
      switched to LO upon the opening of microphone switch 670.
PAR  It follows, that, since the anodes of diode 700 and 714 are both impressed
      with LO signals, reset terminal 372 of timer 342 is at LO. This being so,
      timer 342 is allowed to count up in the manner previously described.
PAR  After timer 342 receives a total of eight drive pulses at its input
      terminal 374, i.e., after approximately two seconds, the output terminal
      378 goes from LO to L1.
PAR  Output terminal 378 is coupled directly to reset terminal 720 of flip-flop
      704, and thus flip-flop 704 is reset at the termination of said counting
      interval, i.e., when terminal 378 of timer 342 goes to L1.
PAR  When flip-flop 704 is reset (a) the T/R tone signal generator is
      de-energized, thereby terminating the T/R tone signal, which has been
      recorded on the outgoing message tape (230-FIG. 3), (b) timer 342 is reset
      to its zero count state, by means of the L1 signal impressed on reset
      terminal 372 from Q terminal 708 of flip-flop 704 by means of diode 714,
      (c) an L1 signal is transmitted by interconnection 4R2-2R1 to point 722
      (FIG. 2), which is the input terminal of the network comprised of resistor
      724 (typically, 2.7 Megohms), capacitor 726 (typically, 0.005
      Microfarads), and diode 728. The transition from LO to L1 at point 722
      produces a positive-going (i.e., L1) pulse at point 280, which is
      connected to reset terminal 418 of flip-flop 206, thereby resetting
      flip-flop 206, and de-energizing output message tape transport drive motor
      212.
PAR  It should be noted that the user of the device must release the microphone
      switch 670 for at least the duration of the counting period of timer 342
      (FIG. 4), since otherwise, if the user closes the microphone switch during
      this counting period, timer 342 will be reset, thus extending the time
      duration of the T/R tone signal as recorded on the outgoing message tape.
PAR  Assuming that the user keeps microphone switch 670 open for this time
      period, the first outgoing message, followed by its associated T/R tone
      signal has now been recorded on the outgoing message tape, and the
      outgoing message tape drive motor will have been de-energized, and thus
      the outgoing message tape loop stopped, in readiness for the recording of
      another outgoing message.
PAR  The user may thereafter, by repeating the above manipulations of the single
      switch 670, and delivering additional outgoing messages to microphone 650,
      record as many outgoing messages as he chooses, within the limitations of
      the outgoing message tape loop length.
PAR  At the termination of the last such outgoing message 228 (FIG. 3) it will
      be seen that it is necessary to fill any remaining portion of the outgoing
      message tape loop with recorded T/R tone signals.
PAR  To accomplish this, microphone switch 670 is opened as before, immediately
      following the delivery of the last outgoing message to microphone 650.
      However, immediately after being opened, microphone switch 670 must be
      reclosed. (This reclosure must occur within the full counting period of
      timer 342, (e.g., 2 seconds.) As described above, so long as microphone
      switch 670 remains closed timer 342 is inhibited from counting by means of
      an L1 signal at its reset terminal 372, thereby preventing the resetting
      of flip-flop 704 and the subsequent termination of the T/R tone signal,
      and de-energization of the outgoing message motor 212.
PAR  The microphone switch remaining closed, the outgoing message tape
      continuous to be driven by the outgoing message tape transport drive motor
      212, and the T/R tone signal continues to be recorded on the outgoing
      message tape until the home position sensing means 246 arrives in coacting
      relationship with the home position detector (FIG. 6), at which time a
      reset signal arrives (via interconnection 2L1-6T1) at the reset terminal
      418 of flip-flop 206, in the manner previously described, stopping the
      outgoing message tape transport drive motor.
PAR  In the manner described above, the arrival of the outgoing message tape
      loop at its home position results in the illumination of ready light 444,
      signalling to the user that the outgoing message tape recording process
      has been completed. At this time the user may open microphone switch 670
      and return the A/M switch to its A state.
PAC  Checking the Outgoing Message Tape
PAR  Means are also provided for checking the content and operation of the
      outgoing message tape loop. To do this the user moves the A/C
      (Answer/Check) switch (FIG. 1), comprising contact sets 270 and 62, to its
      C position. Contact set 62 serves to prevent the ring-in circuit from
      being activated by incoming telephone calls while the outgoing message
      tape is being checked. This action is accomplished, as seen in FIG. 1, by
      grounding input terminal 50 of the ring/disconnect amplifier 52, as
      hereinabove described.
PAR  Contact set 270 serves to maintain an LO signal at terminal 1R2 of FIG. 1
      when the outgoing message tape is being checked. This LO signal at 1R2
      simulates the automatic answering cycle condition without connection to
      the telephone line.
PAR  Manual start switch 740 is closed momentarily when it is desired to start
      the outgoing message transport drive motor, and thus initiate playback of
      the first outgoing message on the outgoing message tape. Said first
      outgoing message is then heard by means of loudspeaker 582 (FIG. 10), as
      previously described. At the end of the first outgoing message the T/R
      tone signal 230 causes setting of flip-flop 256 and energization of relay
      258, as hereinabove described. The trailing edge 282 of said first T/R
      tone signal recording reaching the outgoing message head resets the
      outgoing message tape transport drive motor flip-flop 206, by means of the
      T/R tone signal detector and interconnection 2L4-4T1, in the manner
      previously described.
PAR  As hereinabove described, the outgoing message tape transport drive motor
      212 is stopped, and the circuit conditioned to receive incoming messages
      (if a call were in progress). The user can now manually restart the
      outgoing message tape transport drive motor, by means of the manual start
      switch 740, and listen to the second outgoing message. In this connection
      it will be seen that when the manual start switch is closed, it not only
      sets the OMM flip-flop 206, as previously described, but it also resets
      the T/R flip-flop 256, via interconnection 2T1-4T4, and gates 390 and 352.
PAR  This manipulation of manual start switch 740 may be repeated by the user
      until all outgoing messages have been reviewed and the outgoing message
      tape loop has reached its home position, as indicated by the lighting of
      the ready light 444, whereafter the Answer/Check switch (A/C), including
      contact sets 270 and 62 may be returned to its A position, and the device
      of the preferred embodiment then used for automatic answering.
PAC  OPERATION
PAR  As may be seen from the above, the operation of the preferred embodiment is
      substantially automatic. After installation, adjustment, and outgoing
      message tape preparation, the device of the preferred embodiment
      automatically delivers a series of messages and/or questions to each
      caller unlss (a) the caller hangs up prematurely, or (b) the caller fails
      to speak within, e.g., 8.5 seconds, after any outgoing message, or (c) the
      handdset of a telephone connected to the same line is lifted, or (d) the
      preset maximum answering cycle time (e.g., 4 minutes) has elapsed.
PAR  Manual control means of the kind well-known in the tape recorder art are
      provided for reviewing previously recorded incoming messages. As described
      above, manually operable means are also provided for recording outgoing
      message tapes. As also described above the user may break into any
      incoming call without manipulating manual, or even being near the device,
      by simply lifting the handset of any telephone connected to the same line.
      A manual control (pushbutton is provided, momentary depression of which
      will silence the monitor speaker for the remainder of the call during
      which it is depressed.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above construction without
      departing from the scope of my invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative only, and not in a limiting sense.
PAR  It is particularly noted that although the invention has been disclosed as
      employing plural magnetic recording tapes, other multi-channel recording
      and reproducing arrangements may be employed, such as those shown and
      described in U.S. Pat. Nos. 2,989,585 and 3,131,937.
PAR  Additionally, one characteristic of an incoming message may be used to
      bring about the delivery of the next outgoing message, rather than two
      characteristics, as in the preferred embodiment. Thus, in an alternative
      embodiment, a caller pause detector may be used alone, this detector being
      disenabled for a predetermined interval after the delivery of each
      outgoing message.
PAR  Alternatively other characteristics of incoming messages, or combinations
      thereof, may be employed, with or without the two characteristics employed
      in the preferred embodiment, to bring about delivery of the next outgoing
      message.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A telephone answering and recording device adapted to be operated in a
      conversation mode with the caller and to be connected to a telephone line
      comprising:
PA1  a ring detector circuit operably connected to a telephone line to receive
      signals therefrom;
PA1  a first logic circuit connected to said ring detector circuit including a
      switching means operable to initiate operation of said device when it
      receives signals from said ring detector circuit and to deactivate said
      device when it receives a deactivation signal;
PA1  a pulse detecting means connected to receive voice signals form said
      telephone line when operation of said device has been initiated and
      operable to generate a timing reset signal each time a predetermined pulse
      level is received;
PA1  a second logic circuit connected to said pulse detecting means and adapted
      to pass said timing reset signal generated by said pulse detecting means,
      and operable to generate a continuous timing reset signal until at least
      one timing reset signal is received for each voice-receive cycle;
PA1  a first clock means connected to said second logic circuit to receive said
      timing reset signal when passed by said second logic circuit; said first
      clock means being operable to generate a first switching signal after a
      given timing cycle;
PA1  mode switching means connected to said telephone line and including a third
      logic circuit operable to alternately connect circuits associated with
      said mode switching means to said telephone line, said circuits associated
      with said mode switching means including a voice transmitting circuit
      containing a sequence of pre-recorded voice signals and control signals
      connected to said mode switching means and a voice recording circuit
      operable to record incoming voice signals connected to said mode switching
      means whereby said voice transmitting circuit or said voice recording
      circuit will alternately be connected to said telephone line through the
      operation of said third logic circuit respectively by said first switching
      signal or a second switching signal;
PA1  a control signal detector circuit means connected to said voice
      transmitting circuit and adapted to generate said second switching signal
      upon detection of one of said pre-recorded control signals of said voice
      transmitting circuit, said control signal detector circuit being connected
      to said third logic circuit to apply said second switching signal
      generated thereby to said third logic circuit, said first switching signal
      generated by said first clock means will cause said third logic circuit to
      switch said mode switching means to connect said voice transmitting
      circuit to said telephone line and said second switching signal generated
      by said control signal detector circuit will cause said third logic
      circuit to switch said mode switching means to connect said voice
      recording circuit to said telephone line thereby allowing a conversation
      to occur between said device and a caller based upon pauses in the voice
      signals causing said voice transmitting circuit to send each of said
      pre-recorded voice signals of said sequence over said telephone line at
      intervals determined by the presence of and lack of voice signals on said
      telephone line provided that the caller responds to some of said
      pre-recorded voice signals of said sequence of pre-recorded voice signals
      when said device is operating.
NUM  2.
PAR  2. The device as defined in claim 1 including a second clock means
      connected to the first logic circuit and to the pulse detecting means,
      said second clock means operable to generate a disconnect signal after a
      pre-determined time if not reset by a reset timing signal received from
      said pulse detecting means, said pre-determined time of said second clock
      means being longer than the timing cycle of the first clock means.
NUM  3.
PAR  3. The device as defined in claim 1 wherein the control signals have a
      frequency greater than 3,000 cycles per second.
NUM  4.
PAR  4. The device as defined in claim 1 wherein a monitoring and amplifying
      circuit is operably connected to the telephone line when the device is
      operating whereby the conversation occurring between the device and the
      incoming caller is audibly reproduced.
NUM  5.
PAR  5. The device as defined in claim 1 wherein a disconnect circuit means is
      included which is connected to the telephone line which is operable to
      sense changes in the direct current level on said telephone line, said
      disconnect circuit means operable to generate a disconnect signal upon
      detecting said changes and connected to the first logic means whereby the
      device is disconnected from the telephone line upon the detection of said
      changes in direct current level.
NUM  6.
PAR  6. The device as defined in claim 5 wherein said disconnect means includes
      circuits which are operable to sense the small changes in DC level when a
      telephone connected in parallel with said device is actuated, whereby the
      device will be rendered inoperable when such a telephone is actuated due
      to the disconnect signal generated by the disconnect circuit means.
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ABST
PAL  An automatic telecommunication switching system is disclosed for switching
      TDM speech signals and data signals between calling and called parties.
      The system includes auxiliary circuits. Such circuits may include a
      monitor or comparator to detect the presence of a particular code. They
      may include a code converter for receiving a code of one variety and
      transmitting one of another variety or for changing the speed between
      reception and transmission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an automatic telecommunication switching center
      in which connections are set up in time division multiplex (TDM) manner
      and includes means functioning as a line scanner. The system includes
      auxiliary circuits to monitor code signals used, to detect codes, to
      convert one code to another, to adjust the speed between received and
      transmitted codes and/or to store and forward code signals.
PAR  2. Summary of the Invention
PAR  According to the invention there is provided an automatic telecommunication
      switching center, in which connections between communication channels are
      set up in TDM manner with each said channel allocated a time slot in the
      TDM cycle, in which the channels are all terminated at a storage array
      housing a storage compartment per channel served, in which each of said
      storage compartments has an "in" section and an "out" section, in which
      intelligence incoming to the center over one of the channels is recorded
      directly into that channel's "in" section, in which when a connection is
      set up between a first and a second channel each of these channels' "in"
      sections has recorded in it the storage address of the other of those
      channels plus the intelligence to be sent to that other channel, in which
      when the compartment for said first channel is scanned during said
      connection the intelligence in that channel's "out" section is read out to
      that channel and the contents of that first channel's "in" section is
      extracted and transferred to the second channel's "out" section under
      control of the address in that "in" section, in which the intelligence
      thus extracted from said first channel's "in" section is replaced by
      intelligence newly received from said first channel, in which when the
      compartment for said second channel is scanned during said connection the
      intelligence in that channel's "out" section is read out to the said
      second channel and the contents of that second channel's "in" section is
      extracted and transferred to the first channel's "out" section under
      control of the address in the second channel's "in" section, and in which
      the intelligence thus extracted from said second channel's "in" section is
      replaced by intelligence newly received from said second channel.
PAR  Further, the invention provides for the connection of an auxiliary circuit
      in parallel with the circuit between channels A and B, which auxiliary
      circuit may be used in various ways. For example, it may be used to
      connect a comparator into the system so that a particular code may be
      detected when it occurs in the normal transmission of information. Such a
      requirement is encountered in the case of data connections which are
      alternative to speech connections, so that a connection may be set up in
      the speech mode, but may be terminated in the data mode by some form of
      coded signal. In this case a monitor detects the presence of such an end
      signal and clears the connection accordingly.
PAR  Another application is to the conversion of the code which might be
      received in one variety and transmitted in another, while retaining the
      same basic character rate. In this case the information is not directly
      connected through from A to B and vice versa, but via the auxiliary
      circuit and through the auxiliary circuit into the code converter and back
      with the converted code to the direction concerned.
PAR  Similarly, in the case of code conversion involving a speed change or for
      store and forward facilities where storage is involved, the system can
      carry out a similar function to that outlined for code conversion, the
      information received on channel A being transferred via the auxiliary
      circuit to the appropriate converter-speed changer and retransmitted from
      the converter in the appropriate direction. The intelligence is handled in
      a delta modulation form, which is a variant of PCM in which intelligence
      is sent to each time slot as a bit of one polarity or a bit of the
      opposite polarity, depending upon whether the signal is increasing or
      decreasing. However, the invention can equally be used where the
      intelligence handled is in conventional PCM or other forms of coding.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described with reference to the
      accompanying drawings in which FIG. 1 is a schematic diagram of a
      switching center according to the invention, with special reference to the
      connection of an auxiliary circuit. FIG. 2 shows schematically how the
      switch of FIG. 1 can be realized by the use of storage units, FIG. 3 shows
      a system such as that of FIG. 2 in more detail, and FIG. 4 is an
      explanatory table which relates to system functions when using a
      non-destructively read but changeable store.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, lines Ll and Ln are of the "4-wire" type and are
      connected through switches SW1, SW2, which are under the control of a set
      switch S3 or a counter C1. These switches are shown diagrammatically as if
      they were electromechanical ones, but in fact in a preferred embodiment
      they will be electronic switches which are set on a multiplex basis, as
      will be described, It will be seen that information received from line Ll
      is transferred to the receive side of line Ln, while information sent from
      line Ln is transferred to the receive side of line Ll. Further, there is
      an auxiliary circuit AC connected to both sides of the connection, so that
      information stored in counter C2 can also be stored in the store S1 of the
      auxiliary circuit. Hence the auxiliary circuit may handle intelligence in
      parallel with its transfer to the associated party, and it is so arranged
      that it may be "looking" (i.e, acting as a line finder) by means of its
      counter C2 to find a line which is calling. When detected, the loop
      condition of the line is detected by the loop detector LD, which prevents
      the count from proceeding further, and enables the auxiliary circuit AC to
      remain connected to that particular time position, which may be t.sub.1 in
      the present example, which found a calling loop. Thus the auxiliary
      circuit is assigned to the particular calling line, and if it is assumed
      that the call is intended for line Ln, then a "connection" is set up
      between time positions t.sub.l and t.sub.n with the auxiliary circuit in
      parallel.
PAR  It is now assumed that the party decides to send data instead of speech. In
      this case data flows between lines Ll and Ln and vice versa, and at the
      end of data transmission a coded end-of-message signal is transmitted,
      which is detected by the monitor circuit which has been scanning the
      connection for this purpose. The monitor circuit then recognizes an
      "end-of-message" and clears the connection. The monitor circuit is
      connected via the leads RLl/RLn, under control of electronic switches ASA
      (shown for simplicity as contacts), which are operated by a central
      processor (not shown) when an auxiliary circuit has been connected to
      enable data handling.
PAR  Another use of an auxiliary circuit which has been mentioned is where the
      party switching to data may decide to work with a code which differs from
      that used at the receiving party. In this case he would signal to the
      control to connect a code converter, and the code converter connected to
      the auxiliary circuit would mean that the auxiliary circuit found the
      particular calling condition and stopped at the particular time position
      associated with this. Hence further signals from line Ll would be
      transferred via the code converter to line Ln by the stores in the
      auxiliary circuit. This connection is effected by the electronic switches
      ASB.
PAR  Similarly, if it is necessary for the connection to change speed instead of
      code, this is done by introducing through the auxiliary circuit AC the
      speed and/or code converter SCC shown, which enables the message to be
      transmitted from Ll via the tape machine back to Ln and vice versa. SCC is
      connected in via a further set of electronic switches ASC. This facility
      of storage and retransmission is similar to that involved in
      store-and-forward working, so the same sort of circuit can be used for the
      handling of store-and-forward arrangements. In the latter two cases of a
      code converter and a speed change, the peripheral equipment is inserted in
      series with the transmitted information while in the first application,
      that of monitoring, it is in parallel.
PAR  The realization of this in "more electronic" form may be appreciated more
      fully from FIG. 2. Here the switches in FIG. 1 are replaced by stores on a
      per line basis, each store consisting of at least three parts, the line
      involved in the connection, the auxiliary circuit to be used in the
      connection, and a store to convey intelligence between the various points
      in the system. The auxiliary circuit is part of the same storage assembly,
      but has an additional store so that it is possible to store both the
      information from the calling party and from the called party. The store is
      multiplexed under the control of a counter which is driven at clock rate
      or under the control of the read-out from the store relating to the lines
      and auxiliary circuits involved, so that the appropriate input is fed to
      the control of the store to establish the direct connection needed for the
      function of the system.
PAR  FIG. 3 shows the system of FIG. 2 in electronic "hardware." The embryonic
      stores of FIG. 2 each consist of 64 bit stores such as CS1 arranged in 64
      time positions, and repeated 16 times thus affording each time position a
      16 bit word. This is in effect a 16 bit store for each of the lines and
      thus for each of the 64 time positions. This store assembly is controlled
      separately by the binary counter (Multiplexer) BC, which permits 64 to be
      counted with the aid of master pulses P4. The output from the store
      assembly CS1 is placed in the register RS1 so that, at the appropriate
      time, the store may be set either by the counter BC or by the register RS1
      as determined by the operation.
PAR  The condition (looped or unlooped) of each line is examined in turn at P1
      time, the multiplexer stepping on at each P4 time. When a first calling
      line condition is detected, the mark bistable BM operates to 1, causing
      the marking into the store associated with that particular line of the
      wanted line number, when this has been determined by the control, at
      P.sub.2. The identity of the auxiliary circuit allocated by the control is
      marked in at P.sub.3, for instance if line Ll is to be connected to line
      Ln then at time t1 which is the equivalent of line Ll, the store will have
      inserted in the first 6 bits the code description of the line Ln, and in
      the second 6 bits the code description of the auxiliary circuit involved.
      Simultaneously, the record of the line Ll and line Ln concerned in the
      connection is inserted into the store row associated with the auxiliary
      circuit m. The operation will be understood more easily with reference to
      FIG. 4, which shows the functions involved in the system when using a
      nondestructive read store but whose contents are changed as required to
      enable its function. In the present case a semi-conductor store is used,
      which may be written into when required, but may be read without
      destroying the stored information.
PAR  Consider now that the multiplex counter BC has reached the line Ll position
      i.e. t1. It is driven there by the pulse P4 which occurs once per
      multiplex time position so that when the next P1 pulse occurs, the
      contents of the C store (the right-hand four last places of the store CS1)
      is read into the line Ll, so that information is transferred from this
      store to the Ll line. It will be seen later that this information was
      acquired from line Ln so that, the Ln information is being sent to the Ll
      terminal. When P2 occurs the selection is controlled by the register which
      was previously set by the read-out of the Ln code, so P2 causes writing
      from line Ll into the C store of line Ln. When P3 occurs the second 6 bits
      of the register cause the selection of the appropriate store row, that of
      auxiliary m and cause the writing of the condition of the Ll line into the
      Cl store. P4 clears the register and steps the multiplex counter. The
      operation proceeds until the counter BC reaches the condition for line Ln,
      when P1 reads the contents of the Ln store C into line Ll, thus
      transferring the information from Ln to Ll. Simultaneously the contents of
      the first 12 bits of the store are read into the register RS so that the
      register now has the Ll code and the auxiliary m code stored therein. At
      P2 the system selects the row described by the contents of the first 6
      bits of the register, i.e., Ll, and hence writes into the C store of line
      Ll the information from line Ln. At P3 the second 6 bits of the register
      sets the selector to the auxiliary m row, to write the condition of the
      line Ln into the store Cn. At P4 the register is cleared and the multiplex
      counter BC steps. When the counter reaches the auxiliary m time position
      P1 reads the Cl of Cm stores to the monitor which checks against its
      required code framework to see if this should clear the system or not.
PAR  Pulses P2 and P3 occur but are not used in the particular time slot. P4
      causes the register to be cleared and the multiplex to step.
PAR  Considering the code conversion function, the operation is slightly
      different. When the multiplex counter BC reaches the line Ll time position
      and P1 occurs, the C content is read to line Ll as before while the code
      description of line Ln and the auxiliary m circuit are read into the
      register as before. The P2 pulse is ineffective in this case but P3 sets
      the selector to be under the control of the second 6 bits of the register
      as before, allowing the auxiliary m store slot to be accessed, permitting
      the writing of the condition of line Ll in Cl. P4 causes the register to
      clear and the multiplex to step on.
PAR  When line Ln is reached P1 causes the contents of this C store to be read
      to line Ln while transferring the contents of the first 6 and the second 6
      bits into the register as before. At P3 the slot is selected according to
      the register setting of the second 6 bits so that the auxiliary m slot is
      selected and the condition of Ln is written into the store Cm. P4 clears
      the register and stops the multiplex.
PAR  When the multiple counter reaches the auxiliary m position and P1 occurs
      the contents of both Cl and Cn are read to the code converter while the
      contents of the first and second 6 bits, in this case the Ll and the Ln
      lines as before, are read into the register, so that when P2 occurs the
      register may choose line Ll and enable the writing of the contents of the
      code converter into the store C. At P3 line Ln is chosen and the contents
      from the code converter for that particular direction is written into its
      C store. Finally P4 clears the register and BC is stepped.
PAR  The function is really identical for the speed and/or code converter or
      store and forward function.
PAR  It will be seen that the major parts of this circuit may be realized in
      standard available integrated circuits.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic telecommunication switching center comprising, means
      coupling lines to a storage array, said lines carrying communication
      channels set up in TDM manner with each said channel allocated a time slot
      in the TDM cycle, said storage array including a storage compartment per
      channel served, each of said storage compartments including an "in"
      section and an "out" section in which intelligence incoming to the center
      over one of the channels is recorded directly into that channel's "in"
      section, in which when a connection is set up between a first and a second
      channel each of those channels' "in" sections has recorded in it the
      storage address of the other of those channels plus the intelligence to be
      sent to that other channel, in which when the compartment for said first
      channel is scanned during said connection the intelligence in that
      channel's "out" section is read out to that channel and the contents of
      that first channel's "in" section is extracted and transferred to the
      second channel's "out" section under control of the address in that "in"
      section, in which the intelligence thus extracted from said first
      channel's "in" section is replaced by intelligence newly received from
      said first channel, in which when the compartment for said second channel
      is scanned during said connection the intelligence in that channel's "out"
      section is read out to the said second channel and the contents of that
      second channel's "in" section is extracted and transferred to the first
      channel's "out" section under control of the address in the second
      channel's "in" section, and in which the intelligence thus extracted from
      said second channel's "in" section is replaced by intelligence newly
      received from said second channel.
NUM  2.
PAR  2. A switching center as claimed in claim 1, including auxiliary circuits
      and means to connect an auxiliary circuit in parallel with the connection
      set up through the switching center to connect two of said channels.
NUM  3.
PAR  3. A switching center as claimed in claim 2, in which at least one said
      auxiliary circuit is a comparator arranged to detect when a particular
      code combination occurs during a said connection.
NUM  4.
PAR  4. A switching center as claimed in claim 3, in which the center can handle
      both speech connections and data connections, in which a connection is
      initially set up as a speech connection, whereafter if one of the parties
      to the connection desires a data connection he sends a special code, and
      in which the detection by a said comparator of said special code causes
      the existing connection to be altered so that it can handle data.
NUM  5.
PAR  5. A switching center as claimed in claim 2, in which at least one said
      auxiliary circuit is a code converter, whereby intelligence can enter the
      center in one form and leave the center in a different form, and in which
      in such case the intelligence passes through the converter instead of
      through the path in the center which would otherwise be used for that
      connection.
NUM  6.
PAR  6. A switching center as claimed in claim 1, in which the intelligence is
      handled in a delta modulation form.
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ABST
PAL  Apparatus and method for detecting the occurrence of a dial pulse signal in
      a telephone circuit. Transient signals within the frequency range of
      possible dial pulse signals are detected, and the amplitude of the
      detected signals are compared with a predetermined amplitude level. A
      first time period and a second time period are initiated in response to a
      first detected signal which exceeds a certain initial reference amplitude,
      with the duration of the first time period being less than the interval
      between the two consecutive transient pulse signals to be expected of a
      true dial pulse signal. The duration of the second time period is
      substantially equal to the period of a true dial pulse signal. A received
      signal resembling a dial pulse signal is detected during the first period
      only if the amplitude of such signal exceeds a second reference amplitude
      which is greater than the initial reference amplitude. A second apparent
      dial pulse transient signal condition, occurring after the termination of
      the first time period but before the termination of the second time
      period, is interpreted as the occurrence of a true dial pulse signal, in
      response to which a corresponding dial pulse output signal is produced. A
      second apparent dial pulse transient signal condition occurring in the
      first time period, however, merely extends the duration of the first time
      period and provides no dial pulse output signal. An amplitude comparison
      circuit automatically adjusts the reference amplitude in response to the
      signal level of the circuit providing input signals to the apparatus.
BSUM
PAR  This invention relates in general to a pulse detection apparatus and
      method, and in particular to apparatus and method for detecting telephone
      dial pulse signals.
PAR  It is frequently desired to be able to transmit digital information over a
      conventional telephone circuit without the need for any special-purpose
      digital input equipment or any equipment other than a conventional dial
      telephone. Those skilled in the art will recognize many applications for
      direct input of data on a dialled telephone circuit. For example, it is
      already known to effect remote control of equipment through the use of
      dialled digits to which are assigned certain corresponding operational
      commands to be followed by the equipment. A specific example of the
      foregoing is found in certain types of remote dictation equipment which is
      connected to a subscriber's telephone circuit to accept dictation from
      anyone calling that circuit. The command control functions associated with
      conventional dictation equipment, such as "dictate," "reverse," "listen,"
      and "stop" are obtained by inputting the appropriate corresponding unique
      digits assigned to each of these (and possibly other) functions.
PAR  Many other types of equipment are known or can be suggested which are
      operable in response to relatively simple input signals, and which are
      thus adaptable for operation by digital signals accurately transmitted
      over telephone lines. By way of further example, it is presently suggested
      that various consumer banking functions could be accomplished by dialled
      interface with the bank's computer, properly programmed for response to
      appropriate input signals.
PAR  Still another application calling for the accurate transmission of digital
      signals over telephone circuits is found in so-called "dial-through"
      telephone equipment which is connected to a subscriber's first telephone
      circuit and which is operative, in response to a ringing input signal on
      the first telephone circuit to connect that circuit to a second telephone
      circuit, so that the calling party can dial a second number which is
      received on the first circuit and automatically dialled-out on the second
      circuit to call a desired party.
PAR  Telephones of the type frequently referred to as Touchtone telephones,
      generate a unique tone frequency or combination of tone frequencies for
      each individual dialled digit, and these frequencies are readily detected
      and identified by conventional frequency-separation circuits, connected to
      a dialled subscriber telephone, for utilization. The majority of
      telephones currently in use, however, utilize the conventional rotary dial
      to generate dial pulses for operation of the telephone switching
      equipment. The conventional rotary dial is a make-break device which
      sequentially opens and closes a direct-current circuit in the telephone
      line a number of times corresponding to a dialled digit. The make-break
      action of the rotary dial transmits a series of direct-current dial pulse
      conditions along the telephone line to the central office, whereat the
      direct-current pulses are utilized for switching purposes.
PAR  Those skilled in the art will recognize that a direct-current transmission
      path does not exist between two subscriber telephones interconnected by
      conventional central office equipment. The direct-current dial pulses are,
      instead, presented at the receiving end of a telephone transmission
      network as repetitive transient signal conditions resulting from the
      approximate square-wave nature of the original direct-current pulses. The
      conventional rotary dial, when released from a dialled number N, breaks
      the telephone line N times, with each break lasting 60 milliseconds (ms)
      followed by a "make" lasting for 40 ms. Each "make" and "break" generates
      transient signals within the speech-frequency transmission capability of
      the telephone circuit, and so the telephone circuit transmits the
      transient signal pulse bursts of the breaks and the makes so that the
      received signal is a series of transient pulse bursts approximately 60 ms
      apart, occurring every 100 ms.
PAR  It can be seen that a rotary dial pulse can be recognized by detecting
      these bursts of transient pulses spaced approximately 60 ms apart. In
      actual practice, however, the dial pulse signals tend to be buried in the
      general background noise of the telephone circuit. The dial pulse bursts
      tend to be distorted from their original state because the
      higher-frequency components of the square-wave pulses cannot be
      transmitted over the conventional telephone circuit.
PAR  Prior art attempts have been made to provide equipment which detects dial
      pulses. Such equipment, sometimes referred to as "click counters," has
      been generally unable to detect dial pulses in a dependable and repeatable
      manner. Such prior-art dial pulse detection equipment has been
      particularly unsatisfactory for use as a component of dial-through
      equipment, since a dial pulse burst which is lost, or a noise burst which
      is misidentified as a dial pulse, will result in a misdialled number in
      the dialthrough operation. The operational deficiencies of prior-art dial
      pulse detection equipment have generally resulted from a number of
      problems, including the inability of the equipment to be relatively
      insensitive to randomly-occurring transient noise signals which are not
      true dial pulses but which nevertheless resemble a dial pulse transient
      pulse burst in frequency and duration, as well as the inability of such
      equipment to adjust itself automatically to the various ambient signal
      levels which are present on different telephone circuits and/or at
      different times.
PAR  Accordingly, it is an object of the present invention to provide improved
      apparatus and method for dial pulse detection.
PAR  It is another object of the present invention to provide dial pulse
      detection apparatus and method which is relatively insensitive to noise
      conditions resembling dial pulse transient signals.
PAR  It is yet another object of the present invention to provide dial pulse
      detection apparatus and method which automatically adapts to changeable
      input circuit conditions.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more readily apparent from the following description of an illustrative
      embodiment thereof, including the drawing in which:
PAR  FIG. 1 shows a block diagram of a disclosed embodiment of apparatus
      illustrating the present invention;
PAR  FIG. 2 is a schematic drawing showing an amplitude comparator as depicted
      in FIG. 1; and
PAR  FIG. 3 is a schematic diagram of a timing and detection circuit as depicted
      in FIG. 1.
DETD
PAR  Stated in general terms, dial pulse conditions are detected according to
      the present invention by being sensitive to the detection of a first
      transient signal which resembles a dial pulse burst and which may be the
      first of a pair of pulse bursts caused by and corresponding to a true dial
      pulse, and then being relatively insensitive to similar pulse bursts for a
      portion of the period of time which separates the aforementioned two pulse
      bursts of a true dial pulse. If another transient signal resembling a dial
      pulse signal occurs and is detected during this time period, at least one
      of the pulses is spurious and is rejected as not corresponding to a true
      dial pulse signal. After the time period expires, signals having the
      amplitude and frequency characteristics of a dial pulse signal, if
      detected in proper time, result in the generation of an output signal
      signifying the detection of a true dial pulse. The amplitude of incoming
      signals is compared with an average amplitude determined by telephone line
      signal conditions, and the time constant of the amplitude comparison
      circuit is controlled in response to detection of initial possible dial
      pulse condition.
PAR  The apparatus and method of the present invention are better understood
      with reference to the disclosed illustrative embodiment as depicted in the
      Figures. Referring first to FIG. 1, there is shown an embodiment of
      apparatus according to the present invention and including a bandpass
      filter and amplifier indicated at 10, an amplitude comparator circuit
      indicated at 11 and connected to receive the output of the bandpass filter
      and amplifier 10, and a timing detection circuit 12 connected to receive
      the output of the amplitude comparator. A feedback circuit 13 extends from
      the timing and detection circuit 12 to the amplitude comparator circuit
      11. The bandpass filter and amplifier 10 is connected to receive input
      signals from a conventional telephone line 14, and the connection may
      include a conventional transformer 15 to isolate the present apparatus
      from the telephone line. Where dial pulse detection apparatus of the type
      described herein is used in association with a dial-through system, for
      example, it will be understood that the telephone line 14 is provided by
      signal connection with a subscriber's telephone circuit which would
      include the elements of a conventional telephone set; such conventional
      elements form no part of the present invention and are not described
      herein.
PAR  The bandpass filter and amplifier 10 provides the dual function of
      amplifying the signals received from the telephone line 14, including
      possible dial pulse signals, and limiting the signals to a particular pass
      band in which occurs a substantial portion of the spectrum of energy in
      each dial pulse transient pulse burst. Although higher-frequency
      components may exist in the dial pulse burst, the use of a bandpass filter
      provides a more consistent waveform on which the remaining circuits of the
      apparatus can operate, and additionally eliminates transient noise
      conditions occurring outside of the pass band. It has been found that a
      pass band of approximately 300-500 hz is acceptable in apparatus
      constructed according to the present invention. A particular example of a
      bandpass filter and amplifier 10 is provided by a conventional operational
      amplifier bandpass filter of design known to those skilled in the art.
      Such a filter, designed for use in the present invention, can have the
      aforementioned passband along with a gain of about 12 db. It should be
      understood that the foregoing values of amplification gain and passband
      are set forth herein by way of example only, and are not intended to limit
      the present invention to a bandpass filter and amplifier having the
      specific stated values.
PAR  The amplitude comparator 11 accepts the amplified and filtered signals from
      10 and provides a comparison of instantaneous input signal level with an
      average reference signal level which is also determined, in part, by
      signals received from the bandpass filter and amplifier. The amplitude
      comparator 11, as shown in FIG. 2, includes a reference capacitor 20 which
      is connected to receive positive pulses from the filter-amplifier 10 by
      way of the diode 21, and to receive negative signal pulses by way of the
      operational amplifier 22 and the diode 23. The diode 24 provides an open
      feedback path to positive pulses. It can be seen that the diode 21, the
      operational amplifier 22, and the diode 23 function as a full wave
      rectifier to charge the capacitance 20 in response to signals supplied
      from the filter-amplifier 10.
PAR  The input of the operational amplifier 27 is connected to the reference
      capacitance 20 and to signals from the filter-amplifier 10, to provide an
      output signal on the line 28 whenever the instantaneous amplitude of a
      signal from the filter-amplifier exceeds the reference voltage on the
      reference capacitance. The reference capacitance 20 initially is charged
      to a nominal reference voltage which is established by the resistances 29
      and 30. A pulse of M volts (for example) from the filter-amplifier 10 will
      cause the reference voltage on the reference capacitance 20 to momentarily
      change to M volts less one diode drop. This additional increment of
      reference voltage charge on the reference capacitance 20 will discharge
      through the resistance 31 back to the nominal reference voltage, assuming
      the absence of additional signals from the filter-amplifier, with a time
      constant determined by the values of the reference capacitance 20 and the
      resistance 31.
PAR  The time constant of the circuit including the reference capacitance 20 is
      selectively changed by the parallel circuit including the resistance 32
      and the transistor switch 33. The transistor switch 33 is operated in
      response to a signal on the feeback circuit 13, in a manner described
      below. It will be seen that the transistor switch 33, when operated to
      provide a closed circuit, places the resistance 32 in parallel with the
      resistance 31 and thereby reduces the time constant of the RC circuit
      including the reference capacitance 20. An actual embodiment of apparatus
      according to the present invention utilizes a reference capacitance 20 of
      1 mfd, a resistance 31 of 100,000 ohms, and a resistance 32 of 12,000
      ohms, providing a time constant of 100 ms with the transistor 33 in the
      "off"  or open-circuit state and a time constant of 10.7 ms with the
      transistor switch 33 in the "on" or closed-circuit state.
PAR  It can be seen from the foregoing description that the operational
      amplifier 27 provides an output of the amplitude comparator only when the
      instantaneous amplitude of signals received from the filter-amplifier 10
      exceed the reference signal amplitude on the reference capacitance 20.
      This reference signal amplitude is a function of the nominal reference
      signal provided by the resistances 29 and 30, along with an additional
      increment of reference amplitude determined by capacitance charging with
      signals from the filter-amplifier 10. It will be seen, accordingly, that
      the reference capacitance 20 maintains a reference voltage which is
      determined by the average amplitude of signals arriving on the telephone
      line 14. The amplitude comparator 11 provides an output signal only in
      response to received signals which exceed the reference signal, and so it
      is seen that the amplitude comparator circuit 11 provides a self-adjusting
      reference signal which adjusts to variations in signal and noise amplitude
      present on the telephone line 14. When an input signal on the telephone
      line, as amplified and filtered at 10, exceeds the reference signal on the
      capacitance 20 at that time, an output signal is applied on the line 28
      and the capacitance 20 becomes charged to a higher level determined by the
      amplitude of the received input signal. The increased charge on the
      reference 20 returns to the nominal reference level, or to a greater level
      determined by subsequent input signals, at a rate determined by the state
      of the transistor switch 33.
PAR  Turning next to the timing and detection circuit 12 as shown in FIG. 3, it
      is seen that output signals supplied on the line 28 by the amplitude
      comparator circuit 11 are connected to trigger a pair of one-shot circuits
      37 and 38. The one-shot 37 has a normal operating time of 100 ms and the
      one-shot 38 has a normal operating time of 40 ms, but either of these
      operating times may be shortened by a signal applied to the respective
      reset inputs of the one-shots. The operating time of the 40 ms one-shot 38
      may be extended by preventing the corresponding timing capacitance 39 from
      becoming fully charged, as explained below.
PAR  The 100 ms output pulse from the one-shot 37 is delayed by a delay circuit
      which, in the disclosed embodiment, is provided by the resistance 40 and
      the capacitance 41 connected to integrate the output of the one-shot 37.
      The delayed output of the one-shot 37 is applied as one input to the AND
      gate 42.
PAR  The 40 ms output of the one-shot 38 is differentiated by the capacitance 43
      and the resistance 44, and this differentiated output is applied as a
      second input to the AND gate 42. The undifferentiated output from the 40
      ms one-shot 38 is also applied to the feedback circuit 13 to control the
      operation of the transistor switch 33 in the amplitude comparator circuit
      11.
PAR  The AND gate 42 is operative, in response to coincident input signals
      applied to its two input circuits, to trigger operation of the 30 ms
      one-shot circuit 48. The output of the one-shot circuit 48 provides a
      signal which is applied on the line 49 as a dial pulse output,
      corresponding to the detection of a "true" dial pulse. The output of the
      one-shot circuit 48 is also inverted and supplied along the line 50 to the
      reset input of the 100 ms one-shot 37.
PAR  The reset input of the 40 ms one-shot 38 is connected by the line 51 to
      receive the output of the 100 ms one-shot 37 as a reset signal. The timing
      capacitance 39 associated with the 40 ms one-shot 38 is connected through
      the diode 52 to receive signals present on the line 28.
PAR  The operation of the disclosed embodiment is now considered. A pulse burst
      signal which occurs on the telephone line 14 and which falls within the
      passband of the filter-amplifier 10 is amplified and applied to the input
      of the amplitude comparator circuit 11. If this input signal exceeds the
      reference signal seen by the operational amplifier 27, as described above,
      an output signal appears on the line 28 and triggers both the 100 ms
      one-shot 37 and the 40 ms one-shot 38. This first pulse from the amplitude
      comparator 11 is considered a "maybe" pulse, and the timing and detection
      circuit 12 will not output a "true" dial pulse unless a second pulse burst
      (also resembling a dial pulse) occurs after a 40 ms "quiet period" and
      within 100 ms of the "maybe" pulse.
PAR  Triggering of the 40 ms one-shot 38 immediately applies a signal on the
      feedback line 13, which signal is inverted at 34 (FIG. 2) to turn the
      transistor switch 33 "off." The reference capacitance 20, which received
      an incremental charge signal in response to the pulse burst signal
      corresponding to the "maybe" pulse, now discharges at the relatively slow
      rate controlled by the 100 ms time constant and thus substantially
      maintains the increased reference charge signal for the duration of the 40
      ms time period of the one-shot 38. It will be seen that the increased
      reference signal on the reference capacitance 20 provides a "quite period"
      during which the operational amplifier 27 is prevented from being
      triggered by signals having an amplitude less than the amplitude of the
      first apparent dial pulse signal, so that "ringing" signals from the first
      pulse will be ignored by the apparatus.
PAR  The 40 ms pulse from the one-shot 38 is immediately differentiated by the
      capacitance 43 and the resistance 44 to provide an input to the AND gate
      42, while the 100 ms output from the on-shot 37 is delayed by resistance
      40 and capacitance 41. Because of the delay and differentiation, the AND
      gate 42 fails to receive coincident input signals and the one-shot 48 is
      not triggered. It will be seen, accordingly, that the occurrence of the
      first apparent dial pulse burst sets the timing and detection circuit 12
      to a "maybe" state.
PAR  Assuming that no signal exceeding the increased reference charge on the
      reference capacitance 20 is received from the filter-amplifier 10 during
      the 40 ms pulse of the one-shot 48, the termination of this pulse allows
      the transistor switch 33 to be turned "on" so that the increased reference
      charge on the capacitance 20 is allowed to fall relatively rapidly. If the
      first apparent dial pulse burst was in fact generated by a dial pulse, the
      second pulse burst will occur approximately 60 ms after the first apparent
      pulse burst and this second pulse burst will again trigger the 40 ms
      one-shot 38. The AND gate 42, which by this time is receiving the delayed
      output of the 100 ms one-shot 37, now also receives the differentiated 40
      ms signal and provides a trigger signal to the 30 ms one-shot 48 in
      response to the coincident of inputs. The 30 ms signal applied on the line
      49 provides a "true" square-wave dial pulse output for appropriate
      utilization. This 30 ms signal is also applied to the reset input of the
      100 ms one-shot 37 and, hence, blanks the timing and detection circuit 12
      for 30 ms.
PAR  If, following termination of the 40 ms pulse triggered by the first
      apparent dial pulse burst, no subsequent pulse is received which exceeds
      the reference signal of the amplitude comparator 11, the system remains in
      a "maybe" state until termination of the 100 ms period of the one-shot 37.
      Upon termination of the 100 ms period without receipt of a second apparent
      dial pulse burst following the 40 ms "quiet period," the timing and
      detection circuit reverts to its initial state to await a new "maybe"
      pulse.
PAR  If a first apparent dial pulse burst is prematurely followed, less than 40
      ms later, by another apparent dial pulse burst which exceeds the increased
      reference signal on the reference capacitance, the signal applied to the
      line 28 by this premature subsequent signal causes the timing capacitance
      39 of the one-shot 38 to become discharged through the diode 52, thereby
      extending the timing duration of the one-shot 38. Since the occurrence of
      a pulse burst during the 40-ms "quiet period" is obviously too soon to be
      the second pulse burst of a true dial pulse, the timing and detection
      circuit 12 ignores this spurious apparent dial pulse.
PAR  From the foregoing description of the illustrative embodiment, it can be
      seen that the dial pulse detection apparatus and method of the present
      invention provides a "true" dial pulse indication only in response to
      pulse bursts which fit the timing criteria of legitimate dial pulses. The
      reference signal of the amplitude comparator automatically adjusts to
      varying telephone line ambient level conditions, so that the dial pulse
      detection apparatus of this invention can be connected to various
      telephone circuits without requiring individualized adjustment to
      accommodate the conditions of a particular circuit, and without being
      confused by fluctuations of the ambient signal level. The present dial
      pulse detection method and apparatus functions so that N legitimate
      serially-received dial pulses generate N serial true dial pulses.
PAR  Although the foregoing is set forth as a full and complete description of a
      disclosed embodiment of the present invention, it will be apparent to
      those skilled in the art that numerous alterations and modifications may
      be made therein without departing from the spirit and the scope of the
      present invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting the occurrence of a dial pulse signal which
      consists of first and second signal portions separated by a known period
      of time and having characteristic transient signal conditions, comprising:
PA1  means for receiving input signals which may include as dial pulse signal
      and operative in response to each input signal which exhibits such
      characteristic transient signal conditions to provide an enabling signal
      condition which denotes the occurrence of what may be one of such dial
      pulse signal portions;
PA1  first means responsive to said enabling signal condition to provide a first
      control signal condition which commences a delayed time after said
      enabling signal condition occurs and which continues for a first time
      period substantially equal to a complete dial pulse signal;
PA1  second means responsive to said enabling signal condition to provide a
      second signal condition for a second time period equal to at least a
      portion of such known separation time between the first and second signal
      portions of a dial pulse signal; and
PA1  coincidence means responsive to the initiation of a said second control
      signal condition at a time when a said first control signal condition is
      present to provide an output signal condition corresponding to the
      occurrence of a dial pulse, so that such output signal conditions can
      occur only when a second control signal condition provided in response to
      a second such signal portion is initiated during the period of a first
      control signal condition provided in response to a first such signal
      portion.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein said means for receiving input signals
      is operative in response to the absence of said second control signal
      condition to provide a said enabling signal condition in response to an
      input signal which exhibits said characteristic transient signal
      conditions and which exceeds a first minimum amplitude, and is operative
      in response to the presence of said second control signal condition to
      provide a said enabling signal condition only in response to an input
      signal which exhibits said characteristic transient signal conditions and
      which exceeds a second minimum amplitude greater than said first minimum
      amplitude.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein said second means is operative in
      response to a said enabling signal condition which occurs during a said
      second time period to extend the duration of that said second time period.
NUM  4.
PAR  4. Apparatus as in claim 1, further comprising third means responsive to
      said output signal condition to render said first means and said second
      means inoperative for a certain period of time.
NUM  5.
PAR  5. Apparatus as in claim 1, wherein:
PA1  said coincidence means comprises differentiation circuit means operative to
      provide a pulse of momentary duration in response to the initiation of
      each said second control signal condition;
PA1  said first means includes integration circuit means operative to provide
      said delayed commencement of said first control signal condition after the
      momentary duration of said momentary pulse; and
PA1  said coincidence means is responsive to the concurrent occurrence of a said
      momentary pulse and a said delayed first control signal to provide said
      output signal condition corresponding to the occurrence of a dial pulse.
NUM  6.
PAR  6. Apparatus as in claim 1, wherein:
PA1  said means for receiving input signals includes a reference voltage circuit
      and is operative to provide a said enabling signal condition whenever an
      input signal which exhibits said characteristic transient signal
      conditions exceeds a reference voltage determined by said reference
      voltage circuit;
PA1  said reference voltage circuit is operative to maintain a nominal reference
      voltage in the absence of such an input signal and is responsive to such
      an input signal which exceeds said nominal reference voltage to assume an
      increased reference voltage which is determined by the amplitude of said
      input signal;
PA1  said reference voltage circuit including circuit means selectively
      operative to adjust said increased reference voltage to said nominal
      reference voltage at either a first rate or at a second rate; and
PA1  said circuit means being responsive to said second control signal condition
      to adjust said reference voltage at said second rate during said second
      time period.
NUM  7.
PAR  7. Apparatus as in claim 6, wherein said circuit means is operative at said
      second rate to substantially maintain said increased reference voltage for
      the duration of said second time period.
NUM  8.
PAR  8. Method of detecting the occurrence of a dial pulse characterized by
      first and second signal portions separated by a known period of time and
      having characteristic transient oscillatory signal conditions, comprising
      the method steps of:
PA1  detecting the occurrence of a first input signal which exhibits said
      characteristic transient oscillatory signal condition and which may be the
      first one of such dial pulse signal portions;
PA1  detecting the occurrence of a premature second input signal which exhibits
      said characteristic transient oscillatory signal condition and which may
      be the second one of such dial pulse signal portions and which occurs
      during less than said known period of time after said detection of the
      first such input signal;
PA1  detecting the occurrence of a true second input signal which exhibits said
      characteristic transient oscillatory signal conditions and which may be
      said second one of such dial pulse signal portions and which occurs after
      said known period of time after said detection of the first such input
      signal; and
PA1  providing a detected dial pulse output signal if said detection of said
      true second input signal follows said detection of said first input signal
      without the intervening detection of said premature second input signal.
NUM  9.
PAR  9. The method as in claim 8, comprising the additional step of being
      nonresponsive to any input signal occurring during a predetermined period
      of time after said detected pulse output signal is provided.
NUM  10.
PAR  10. The method as in claim 8, wherein a premature second input signal is
      detected only if such premature input signal exceeds a second minimum
      amplitude which is greater than a minimum amplitude for detection of said
      first input signal.
NUM  11.
PAR  11. The method as in claim 10, wherein said second minimum amplitude is
      directly proportional to the amplitude of said detected first input
      signal.
NUM  12.
PAR  12. The method as in claim 8, wherein a premature second input signal is
      detected during less than said predetermined period of time only if such
      premature input signal exceeds a minimum amplitude which is greater than a
      minimum amplitude for detection of said first input signal; and
PA1  a true second input signal is detected if such true second input signal
      exceeds a minimum amplitude which is less than said minimum amplitude for
      said premature second input signal.
NUM  13.
PAR  13. Apparatus for detecting the occurrence of a dial pulse signal
      characterized by a pair of signal portions separated by a known period of
      time and having identifiable characteristic signal conditions, comprising:
PA1  means for receiving input signals which may include a dial pulse signal and
      operative in response to each input signal which exhibits such
      characteristic signal conditions to provide an enabling signal condition
      which denotes the occurrence of what may be one of such dial pulse signal
      portions;
PA1  first timing means operative in response to a first said enabling signal
      condition to provide a first control signal condition for a first time
      period which extends for at least said known separation time between the
      signal portions of a dial pulse signal;
PA1  second timing means operative in response to said enabling signal condition
      to provide a second control signal condition for a second time period
      which is less than said known separation time;
PA1  first means responsive to said first and second control signal conditions
      to provide a detected dial pulse output signal condition in response to a
      second control signal condition provided by a second said enabling signal
      condition which occurs coincident with said first time period and after
      termination of said second time period; and
PA1  second means responsive to a second said enabling signal condition which
      occurs coincident with said first and second time periods to prevent
      occurrence of a detected dial pulse output signal, so that no dial pulse
      signal is detected notwithstanding the occurrence of said first enabling
      signal condition.
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PAL  The symmetrical line loop evaluating circuit included in this signalling
      system and used to pass or to block interrogating pulses to examine the
      closed or open condition of a subscriber line includes a first circuit
      comprising a diode the anode and cathode of which are capacitively coupled
      to the output and input of an interrogating and receiving circuit
      respectively and a second or gating circuit which prevents surge voltages
      from reaching the input of the receiving circuit in the case of an open
      line loop. The system will be manufactured in the thick-film version.
BSUM
PAR  The present invention relates to a line condition signalling system
      including:
PAR  AT LEAST ONE LINE;
PAR  A LINE LOOP FORMING MEANS;
PAR  A SIGNAL SOURCE GENERATING INPUT SIGNALS;
PAR  A DETECTION CIRCUIT TO DETECT THE CONDITION OF SAID LINE;
PAR  A LINE LOOP EVALUATING CIRCUIT PASSING OR BLOCKING SAID INPUT SIGNALS
      DEPENDING ON THE CONDITION OF SAID LINE AND INCLUDING A FIRST AND A SECOND
      CIRCUIT, SAID FIRST CIRCUIT HAVING INPUTS COUPLED TO SAID LINE AND TO SAID
      SIGNAL SOURCE RESPECTIVELY AND AN OUTPUT COUPLED TO SAID DETECTION CIRCUIT
      AND SAID CIRCUIT HAVING AN INPUT COUPLED TO SAID LINE AND AN OUTPUT
      COUPLED TO SAID DETECTION CIRCUIT, SAID SECOND CIRCUIT PREVENTING SPURIOUS
      SIGNALS ON SAID LINE FROM REACHING ITS OUTPUT.
PAR  Such a system is known from the U.S. Pat. No. 2,892,370  and more
      particularly from FIG. 3 thereof. In this known system the first circuit
      of the loop condition evaluating circuit is a gate including a diode which
      is coupled to a line which is a telephone subscriber line. This diode
      enables and prevents the passage of input or interrogating pulses when the
      subscriber has not hooked off and has hooked off his telephone,
      respectively. The second circuit of the loop condition evaluating circuit
      is constituted by inhibiting means preventing spurious voltage signals
      induced on both wires of the telephone line loop from reaching the
      detection circuit when the above diode is normally blocked, i.e. when the
      called subscriber has taken his telephone handset off the hook. To this
      end the inhibiting means include a resistance capacitance network coupled
      to both ends of the above diode so that heavy voltage surges on the line
      find a low impedance path to ground before reaching the detection circuit.
      If these spurious voltage signals are low frequency signals the
      capacitances of the capacitors of the resistance capacitance network have
      to be sufficiently large to short-circuit these signals. Such large
      capacitors may be disadvantageous when use is made, for instance, of thin
      film techniques. Another disadvantage of the known system is that in order
      to isolate the cathode of the above diode from battery voltage a
      decoupling capacitor is inserted in the link connecting this cathode to
      the wire of the line which is coupled to battery. If low frequency
      spurious voltage signals are induced on both wires of the line loop during
      the open condition of the line loop, i.e. when the subscriber has not yet
      hooked off, the decoupling capacitor introduces a supplementary voltage
      drop so that the voltages do not increase with an equal amount and the
      above diode may become blocked. In this case the interrogation pulses are
      erroneously not allowed to reach the detection circuit.
PAR  It is an object of the present invention to provide a system which does not
      present the above drawbacks and wherein more particularly no relatively
      large capacitors are required.
PAR  The invention is characterized in that said second circuit is constituted
      by gating means which are coupled between said output of said first
      circuit and said detection circuit and which cooperate with said first
      circuit to pass or block said input signals.
PAR  The above mentioned and other objects and features of the invention will
      become more apparent and the invention itself will be best understood by
      referring to the following description of an embodiment taken in
      conjunction with the accompanying drawing which is a schematic view of a
      line condition signalling system according to the present invention. This
      line condition signalling system which forms part of an automatic
      telecommunication switching system includes a telephone line loop
      condition evaluating circuit LC, a telephone subscriber station TS with
      hook switch contact h, and, connected via a telephone line a, b to a first
      input of the line loop condition evaluating circuit LC, a signal source SC
      and a detection circuit RC. This line loop evaluating circuit LC includes
      a first and a second circuit. The first circuit comprises the series
      connection of a capacitor C1, a diode D1 and a capacitor C2. The cathode
      of the diode D1 being connected to ground via the series connected
      resistors R3 and R1 while its anode is connected to battery via the series
      connected resistor R4 and R2. The junction points A and B of these series
      connected resistors R1, R3 and R2, R4 are connected to the a and b wires
      of the above telephone line respectively. The second circuit is a gating
      circuit which includes a diode D2 negatively biased via resistor R5 at a
      voltage -V determined by the tapping point of a potentiometer R6, R7.
PAR  The above mentioned automatic telecommunication system includes a plurality
      of circuits such as LC and the elements, such as C1, D1, C2, D2 and R5, of
      each such circuit are arranged in a matrix M. Hereby it should be noted
      that the potentiometer R6, R7 is common to all these circuits. The
      vertical leads such as v of this matrix M are each connected to an
      individual signal source such as SC. This signal source SC includes an NPN
      transistor TR1 the base of which constitutes the input terminal IN of the
      signal source SC. The collector of this transistor is grounded, while its
      emitter is connected on the one hand to the vertical lead v and on the
      other hand to a -48 Volts battery via resistor R8. Normally, the
      transistor TR1 is blocked, but means (not shown) are provided to operate
      the signal sources such as SC in succession by bringing the corresponding
      transistors TR1 to saturation and thus applying a voltage pulse of
      approximately 48V in succession to each of the vertical leads of the
      matrix M. The horizontal leads such as h of the above matrix M are each
      connected to an individual detection circuit such as RC. This detection
      circuit RC includes an earthed emitter NPN transistor TR2 the base of
      which is connected to the horizontal lead h via resistor R11 on the one
      hand and to battery via resistor R9 on the other hand. A diode D3 poled as
      shown is branched across the base-to-emitter junction of this transistor.
      Its collector is connected to the output terminal OUT of RC on the one
      hand and to a voltage +V' via resistor R10 on the other hand. Normally,
      the transistor TR2 is cut-off since its base is maintained at a slightly
      negative potential with respect to its emitter due to diode D3 being
      connected to battery via the resistor R9.
PAR  From the above it follows that the line loop evaluating circuit LC includes
      a first and a second circuit. The first circuit has a first input
      connected to the line a, b, a second input connected to the signal source
      SC and an output connected to the input of the second circuit the output
      M1 of which is connected to the detection circuit RC.
PAR  In the two following cases the system operates as described below:
PAC  1. On-hook condition of the hook switch contact h in the subscriber station
      TS
PAR  In case the subscriber has not taken his telephone handset off the hook,
      the switch contact h and therefore the line loop a, h, b both are open.
      The diode D1 is blocked since it is reversely biased between battery and
      ground via resistors R2, R4 and R1, R3 respectively. The capacitor C1 is
      not charged while the capacitor C2 is charged between ground and the
      negative voltage -V which is present at the junction point of the
      resistors R6, R7. Now, when transistor TR1 of signal source SC is
      saturated by a short pulse applied at its base input IN a pulse with a
      peak voltage at 0 volt and a voltage value 48V is applied to the anode of
      the diode D1, the cathode of which is at earth potential. This pulse is
      unable to pass through the diode D1 and the transistor TR2 of the
      detection circuit RC remains in its non-conductive state.
PAR  Currents induced by external sources and appearing on both wires a, b raise
      or lower the potential at the anode and cathode of the diode D1 in
      approximately equal amounts so that the operation of the diode D1 is
      unaffected. The negative bias on the diode D2 of the above second circuit
      prevents spurious voltage pulses appearing at the wire a and hence at the
      anode of the diode D2 from passing through this diode D2 and appearing at
      the output M1.
PAC  2. Off-hook condition of the hook switch h in the subscriber station TS
PAR  In case the subscriber has taken his telephone handset off the hook, the
      switch contact h and the line loop a, h, b both are closed. Due to the DC
      current flowing in the closed line loop from ground to negative battery
      via the resistors R1 and R2 the potentials VA and VB of the junction
      points A and B decrease and increase with respect to the potentials of
      these points in the above considered on-hook condition, respectively.
      Consequently the diode D1 is negatively biased and the capacitor C1 is
      charged since the voltage at its right hand plate (junction point B'
      between C1 and D1) is more positive than the battery voltage at its left
      hand plate. The capacitor C2 is first discharged and then charged
      positively when the potential of junction point A' decreases below the
      potential -V at the tapping point of the potentiometer R6, R7. When an
      input or interrogating voltage pulse with a peak voltage at 0 volt and a
      voltage value of 48 V is applied to the vertical conductor v by the signal
      source SC, this pulse passes through the capacitor C1 so that the
      potential at the junction point B' between C1 and D1 increases and becomes
      equal to VB + 48V. Since VB + 48V is larger than VA the diode D1 becomes
      conductive during the time interval of the above voltage pulse. Neglecting
      the voltage drop across the diode D1, the potential at the junction point
      A' between D1 and C2 becomes equal to VB + 48V and since the capacitor C2
      is charged at -V-VA the potential VJ at the junction point J between C2
      and D2 becomes equal to VB + 48V - VA - V. When this voltage is more
      positive than the voltage at the base of transistor TR2 which is held at
      approximately -1 Volt the diode D2 becomes conductive and current flows to
      battery and ground via the resistors R11, R9 and the conductive diode D3
      respectively. Due to this current the potential at the base of transistor
      TR2 increases and when it becomes larger than its base-to-emitter cut-in
      voltage the transistor TR2 becomes conductive. The base-to-emitter cut-in
      voltage is the positive base-to-emitter voltage above which the npn
      transistor TR2 becomes conductive.
PAR  Preference values of the constituent elements of the above circuit are as
      follows:
PA1  -V = -22V negative battery voltage = -48 V
PA1  Vb = -32 v
PA1  va = -16 v
PA1  vj = -32 v+48 v+16 v-22 v = +10 v
PA1  r1 = r2 = 2 kiloohms line resistance = 2 Kiloohms
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A line condition signalling system including at least one line;
PA1  a line loop forming means;
PA1  a signal source generating input signals;
PA1  a detection circuit to detect the condition of said line;
PA1  a line loop evaluating circuit passing or blocking said input signals
      depending on the condition of said line and including a first and a second
      circuit;
PA1  said first circuit comprising a series connection of a first capacitor, a
      diode and a second capacitor;
PA1  means including first and second terminals coupling said diode to said line
      to enable bias of the diode in accordance with the conditions of the line;
PA1  means coupling the first capacitor to said signal source,
PA1  means coupling the second capacitor to an input of said second circuit,
PA1  means coupling the output of said second circuit to said detection circuit,
      and
PA1  gating means in said second circuit for preventing spurious signals on said
      line from reaching its output, whereby
PA1  said gating means, in cooperation with said first circuit and said
      detection circuit, passes said input signals when the line is closed and
      blocks said input signals when the line is open.
NUM  2.
PAR  2. A line condition signalling system according to claim 1, in which said
      gating means includes a reversely biased asymetric conductive means.
NUM  3.
PAR  3. A line condition signalling system according to claim 2, in which said
      asymmetric conductive means is constituted by a diode reversely biased by
      having its anode connected via a resistor to a tapping point of a
      potentiometer which is common to a plurality of said line loop evaluating
      circuits.
NUM  4.
PAR  4. A line condition signalling system according to claim 1, in which said
      signal source includes a transistor connected as an emitter follower with
      an earthed collector.
NUM  5.
PAR  5. A line condition signalling system according to claim 1, in which said
      detection circuit includes a transistor across the base-to-emitter
      junction of which an oppositely poled diode is branched.
NUM  6.
PAR  6. A line condition signalling system including at lease one line; a line
      loop forming means; a signal source generating input signals; a detection
      circuit to detect the condition of said line; a line loop evaluating
      circuit passing or blocking said input signals depending on the condition
      of said line and including a first and a second circuit; said first
      circuit including inputs connected to said line and to said signal source
      respectively and an output connected to an input of said second circuit;
      said first circuit including a reversely biased diode, the anode and
      cathode of which are connected on the one hand to said signal source and
      to said gating means each via a capacitor and are connected on the other
      hand to a first and a second wire of said line loop via a first and a
      second resistor respectively; said second circuit having its input
      connected to said line as well as to said first circuit, and an output
      coupled to said detection circuit; said second circuit including gating
      means preventing spurious signals on said line from reaching its output;
      and means coupling said gating means between the output of said first
      circuit and the input of said detection circuit to cooperate with said
      first circuit and pass or block said input signals.
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PAL  A system is disclosed for selecting and establishing connections through a
      two-stage concentrator network utilizing path selection circuitry adapted
      to minimize blocking. This circuitry operates to select a path through the
      second-stage switch which is the least congested (i.e., has the most idle
      output lines). More specifically, "congestion" information is generated
      from "outlet" information specifying the idle/busy status of the outlets
      or terminals of the second-stage switches. This congestion information is
      logically combined with link information, specifying the idle/busy status
      of link paths interconnecting the stages, to ascertain if a path is
      available through one of the least congested second-stage switches. If a
      path is available, an idle outlet is selected on a least-congested
      second-stage switch, and then a connection is completed to the selected
      idle outlet.
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to selecting and establishing paths through
      connecting networks and, more specifically, to arrangements for
      controlling the establishment of paths through two-stage concentrator
      networks.
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  When a system ascertains that a connection must be established from a
      communication path through a network, it is desirable if the connection is
      completed over a path which tends to minimize the blocking potential for
      future connections. It is apparent that each time one connection is
      completed through the network, this increases the probability that future
      connections will be blocked. However, certain path selection and routing
      arrangements tend to minimize this blocking and thereby, tend to increase
      the capacity of a network.
PAR  Conceptually, there are two distinct phases in the completion of a
      connection through a network. The first phase is known as a path hunt. In
      the path hunt phase, all accessible idle paths through the network are
      ascertained. In other words, all paths which could be utilized to complete
      a connection are ascertained. The second phase is known as routing and
      entails the selection of one of the available paths ascertained in the
      first phase. The connection is then established through the network over
      the one selected path.
PAR  In prior art systems, several routing techniques have been utilized. One
      technique is known as "random-selection" routing and, in this technique, a
      selected path is chosen at random from all available usable paths. This
      technique is effective in that it tends to equalize the wear of equipment
      in the network.
PAR  In another prior art routing technique, herein termed a "most-busy"
      technique, connections are completed through the most-congested switches
      or nodes which can handle the connection. For a discussion of this
      technique see, for example, page 1373 et seq. of the November, 1966, issue
      of Bell System Technical Journal. This technique is intuitively based upon
      the supposition that since the probability of completing a call through a
      highly congested switch is very low, if a path is now available through
      such a switch, the path should be utilized because for a succeeding call
      the probability of using this switch is also very low.
PAR  Still another prior art routing technique is known as "sequential hunt" or
      "packing" and entails the selection of the first available usable route in
      a predetermined sequence of all possible routes.
PAR  It is an object of this invention to optimally route and establish
      connections through a two-stage concentrator network in a manner to
      minimize blocking for future connections.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that connections can be optimally established to minimize
      blocking in a two-stage concentrator network by utilizing the paths
      through the least congested second-stage switches. The least-congested
      switches are defined to be those with the greatest number of idle outlets
      or terminals.
PAR  More specifically, in accordance with this one illustrative embodiment of
      my invention, each stage of the two-stage network comprises a plurality of
      switches which are interconnected by links. A link map is generated which
      specifies the idle links associated with each of the first-stage switches.
      A second outlet map is generated which specifies the idle outputs for each
      of the second-stage switches. A "congestion" map is also generated which
      indicates the number of idle outlets for each second-stage switch.
PAR  When a service request is detected over a communication line terminated in
      the network, information is obtained specifying the idle-busy status of
      the links connected to the first-stage switch on which this line is
      terminated. This obtained information is then logically compared with
      congestion information retrieved from the congestion map to ascertain the
      least congested second-stage switch over which the connection cannot be
      established. More specifically, a logical comparison is instituted to
      ascertain if the connection can be established over the second-stage
      switches with N idle outlets, in which N denotes the number of outlets on
      each second-stage switch. If not, a second logical comparison is
      instituted to ascertain if the connection can be established over the
      second-stage switches with N-1 idle outlets. If necessary, further
      successive comparisons are instituted until finally a comparison is
      instituted to ascertain if the connection can be established over the
      second-stage switches with one idle outlet. Upon ascertaining that a
      "least congested" second-stage switch can be utilized, an idle outlet on
      that switch is then selected.
PAR  Based upon information identifying the first-stage switch, the derived
      information specifying the selected least-congested second-stage switch
      and the derived information specifying the selected outlet on the selected
      second-stage switch, the network is controlled to physically establish the
      connection through the network.
PAR  In accordance with a feature of my invention, connections are established
      through the least-congested second-stage switches of a two-stage
      concentrator to minimize blocking.
PAR  In accordance with another aspect of my invention a congestion map is
      derived from a map specifying the idle outlet status of the second-stage
      switches.
PAR  In accordance with another aspect of my invention a sequence of logical
      comparisons are instituted to identify the class of second-stage switches
      with the most idle outlets having idle usable links connected thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing as well as other objects, features, and advantages of my
      invention will be more apparent from a description of the drawing in
      which:
PAR  FIG. 1 is a block diagram illustrating the environment in which the
      concentrator network is utilized and controlled;
PAR  FIG. 2 illustrates in greater detail the various switches and links in the
      concentrator network illustrated in FIG. 1;
PAR  FIG. 3 illustrates three network maps which are utilized in my path
      selection and routing system;
PAR  FIG. 4 schematically illustrates map generation circuitry and circuitry
      which implements my path selection system; and
PAR  FIG. 5 illustrates the anticipated improved blocking performance utilizing
      my "least-busy" path selection arrangement.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates the environment in which the two-stage concentrator
      network CN is utilized and controlled.
PAR  More specifically, the concentrator network is an additional switching
      network which is added to a telephone system known as TSPS No. 1, which
      system is utilized to provide centralized automated operator service
      primarily on long-distance telephone calls. TSPS No. 1 is comprehensively
      described in the December 1970, issue of the Bell System Technical
      Journal. More specifically, the communication bus system illustrated in
      FIG. 1 corresponds to FIG. 1 on page 2563 of the above-mentioned BSTJ.
PAR  To elaborate, processor SPC in FIG. 1 comprises duplicated processing units
      for operating in accordance with a stored program to service telephone
      calls. Processor SPC indirectly receives dialed digits and controls trunk
      position network TPN to establish connections from telephone trunks
      associated with calling stations to operator positions which are not
      illustrated. Translator CBT in FIG. 1 provides logic for decoding orders
      from the SPC received over the CBT bus and for providing them to network
      controller TPN1 and network controller CN1 for controlling the
      establishment of connections in the network associated with each of these
      controllers. The circuitry of the network controllers may correspond to
      that shown on page 2576 of the above-mentioned BSTJ. These are well-known
      controllers including pulsers for controlling the operation of ferreed
      switches to establish network connections.
PAR  Concentrator network CN is a two-stage network which has been added to the
      1-out-of-N bus of the TSPS No. 1 System. Controller CN1 controls the
      establishment of connections in the concentrator network in accordance
      with commands received from processor SPC and translator CBT.
PAR  FIG. 2 illustrates in greater detail the topology of concentrator network
      CN. Network CN comprises 32 first-stage switches designated S1-01 to
      S1-32. The second digit which is a 1 indicates that these are first-stage
      switches and the two digits following the hyphen identify the particular
      first-stage switch. Thus designation Si-o2 identifies first-stage switch
      number two. Network CN also comprises eight second-stage switches
      designated S2-1 to S2-8. Network CN is utilized to establish connection
      from a communication path terminated on a first-stage switch to an idle
      outlet on a second-stage switch. This is known as a "point-to-group"
      connection.
PAR  Each of the stages comprises well-known individual reed switches comprised
      of individual contacts known as ferreeds. Each of the first-stage switches
      includes 128 (i.e., 16 .times. 8) ferreeds for selectively establishing
      connections from any of sixteen input lines such as P1-P16 to any of 8
      interstage links terminated thereon such as L01-1 to L01-8. Each
      second-stage switch comprises 256 (i.e., 32 .times. 8) ferreeds for
      selectively establishing connections from any of 32 links to any of 8
      output leads. For example, switch S2-1 can be controlled to establish
      connections from any of 32 links L01-1, L02-1...L32-1 to any of the 8
      outputs D1-1 to D1-8. It is seen that a single link is provided between
      each of the first-stage switches S1- and each of the second-stage switches
      S2-. In other embodiments of my invention, it is anticipated that more
      than one link may interconnect each of the first- and second-stage
      switches.
PAR  FIG. 5 illustrates the improved blocking performance which is obtained in
      network CN utilizing my "least-busy" path selection as compared with the
      priorly utilized "most-busy" and random path selections. These graphs were
      prepared based upon monte carlo simulation techniques.
PAR  Turning now to FIG. 3, three maps are illustrated. Map A indicates the idle
      or busy status of each of the links associated with each of the
      first-stage switches. In this map, a 1 indicates an idle link and an 0
      indicates a busy link. For example, for first-stage switch S1-01, links
      L01-1, L01-2, and L01-8 are busy and links L01-3 and L01-7 are idle.
PAR  Map B indicates the idle or busy status of the outlets associated with the
      second-stage switches. For example, outlet D8-1 associated with
      second-stage switch S2-8 is busy, whereas each of the other labeled
      outlets of this switch are idle. Maps A and B are well-known network map
      tables and similar maps are utilized in the TSPS processor for selecting
      paths and for controlling the establishment of connections in network TPN
      as described on page 2572 et seq. of the above-mentioned BSTJ. Similar
      network maps are also described in S. S. Karp Pat. No. 3,613,089, issued
      Oct. 12, 1971, and K. S. Dunlap et al. U.S. Pat. No. 3,281,539, issued
      Oct. 25, 1966. Maps A and B are updated in the course of normal call
      processing to reflect the actual busy-idle status of the hardware elements
      specified in these maps.
PAR  In accordance with this one preferred embodiment of my invention, a third
      map is generated to indicate the congestion level or the number of idle
      outlets of the second-stage switches. This congestion map is shown as map
      C in FIG. 3. The generation of this map will be described in detail
      hereinafter; however, this map can be easily generated by hardware or
      software by counting the number of 1s in each row of map B. The count for
      each row indicates the number of idle outlets in the switch associated
      with the row. For example, we will assume that switch S2-1 as indicated in
      map B has six idle outlets (i.e., six 1s). Thus, in map C, a 1 is inserted
      in the column labeled S2-1 in the row which indicates switches with 6
      outlets idle. Thus each vertical column only has a single one inserted
      therein.
PAR  Reading map C, it is apparent that none of the second-stage switches have 8
      outlets idle, but switches S2-3 and S2-8 each have 7 outlets idle. In
      accordance with the principles of my invention, if possible, either switch
      S2-3 or S2-8 will be utilized to establish the next connection. If,
      however, these two switches cannot be utilized, then those switches with 6
      idle outlets will be considered. Sequentially each of the other
      second-stage switches is considered in its order of congestion, such that
      those switches with one idle outlet are considered last.
PAR  To summarize the above, a congestion map is generated and iteratively and
      least congested switches are considered for establishing a desired
      connection. Thus, as a first choice, the second-stage switches with eight
      outlets idle are utilized. As a second choice those second-stage switches
      with seven idle outlets are utilized and so on, reading down the rows of
      map C until finally those second-stage switches with only one idle outlet
      are considered.
PAR  FIG. 4 illustrates one circuit which generates map C from map B and also
      illustrates one circuit utilized to implement my least-busy routing
      arrangement. The information generated by the circuitry of FIG. 4
      specifies a second-stage switch and outlet in that switch, which are to be
      utilized for establishing the desired connection. This information is
      conveyed to processor SPC which generates the appropriate control
      information. This control information is conveyed to controller CN1 in
      FIG. 1 for controlling concentrator network CN to establish the desired
      connection. Controller CN1 operates in a manner substantially identical to
      controller TPN1 whose operation is described in the above-mentioned BSTJ.
PAR  Initially all registers and counters shown in FIG. 4 contain Os. Each time
      a connection in network CN is established or broken-down, processor SPC
      enables clock C1. The clock provides a periodic HIGH signal in the form of
      a square wave on lead C1-A to register AR1 which is also a 3-bit binary
      counter. In response to the first HIGH signal over lead C1-A, register AR1
      counts and therefore now contains the binary address 001 which is conveyed
      to memory MRY. In a well-known manner the addressed word, which is the
      first row of information in map B, is inserted into register MOR1. Thus,
      register MOR1 now contains the following binary information: 001...11.
      Clock C1 also provides periodic output signals over lead C1-B at much
      greater frequency than over lead C1-A. These signals cause the information
      in register MOR1 to be consecutively shifted out and applied to gate 41.
      The signals received over lead C1-B also energize gate 41 to strobe the
      information in the form of binary is into eight-stage shift register
      counter SRC. Each time a binary 1 is output from register MOR1, a binary 1
      is inserted in register SRC. However when a 0 is output from register
      MOR1, a 1 is not inserted in register SRC, and the contents of register
      SRC are not shifted. After lead C1-B has gone HIGH eight times, each of
      the 8 bits in register MOR1 have been inserted, and register SRC now
      contains a number of is equal to the number of 1s in the original word in
      register MOR1.
PAR  Turning to FIG. 3, and assuming that each of the bit positions not shown in
      map B in the row labeled S2-1 are 1s (in other words assuming row S2-1
      contains six 1-s and two 0s) then six 1s would have been shifted into
      register SRC. Register SRC would then provide HIGH outputs on the first
      six output leads to the rightmost one detector circuit RMD. Thus leads
      SRC1-SRC6 would be HIGH and leads SRC7 and SRC8 would be LOW. Circuit RMD
      comprises wellknown logic for detecting the rightmost 1 in a word and for
      providing a HIGH output on the single output lead associated with the
      detected rightmost 1. Thus, circuit RMD provides a HIGH output over lead
      6ID. This lead indicates that the particular second-stage switch
      associated with the word retrived from map B has 6 idle outputs. The
      output leads 1ID-8ID respectively correspond to the 1-to-8 possible idle
      outlets for a given switch. Here lead 6ID associated with eight-by-eight
      crosspoint array CAY is energized.
PAR  To generate map C, shown in FIG. 3, the second-stage switch identity must
      also be known so that a 1 can be inserted in the proper column of the map.
      Binary-to-1-out-of-8 detector 8DR converts the binary address 001 in
      register AR1 to a 1-out-of-8 code and provides a HIGH signal only on lead
      8DR1. The HIGH signal on lead 8DR1 energizes a vertical selection lead of
      crosspoint array CAY. Only the memory element having its vertical and
      horizontal selection leads concurrently energized will store a 1. Thus,
      since leads 8DR1 and 6ID are energized a 1 will be inserted in the first
      column of the third row of crosspoint array CAY. Turning again to FIG. 3,
      the inserted 1 is the 1 in the column designated S2-1 and the row
      designated "6 outlets idle."
PAR  This same procedure is repeated for each of the other rows of map B so that
      is are inserted in the appropriate locations of map C.
PAR  More specifically, clock C1 again enables lead C1-A and counter AR1 again
      increments its count so that the register now contains the binary word
      010. Now the second row, associated with switch S2-2, is read out of map B
      into register MOR1. As described previously, the bits of the word in
      register MOR1 are consecutively shifted out and counted by register SRC.
      Detector RMD then provides the appropriate HIGH output which indicates the
      number of idle outputs associated with switch S2-2. This HIGH signal
      energizes the proper horizontal selector lead of array CAY. Decoder 8DR
      decodes the binary address 010 in register AR1 and provides a HIGH signal
      on output lead 8DR2 which enables the proper vertical selection lead of
      array CAY. Thus, for example, a 1 is inserted in the memory element at the
      intersection of the second column and third row of array CAY.
PAR  The preceding has described how the circuitry of FIG. 4 devices map C from
      map B. After each of the eight rows of map B has been addressed, output,
      and processed to generate map C, processor SPC then disables clock Cl and
      resets register AR1 to all 0s.
PAR  When a scanner (not shown) associated with processor SPC detects a service
      request on one of the communication lines terminated on a first-stage
      switch, the scanner indicates to the processor the identity of the calling
      line and the identity of the first-stage switch on which that line is
      terminated. Assume, for example, that a call is detected over
      communication line or path P1 of switch SL-01 in FIG. 2. At this time,
      processor SPC enables clock C2 and, concurrently, loads register AR3 with
      a binary word 0001 which indicates that the calling line is terminated on
      switch S1-01. IF switch S1-08 had been indicated, the binary word 0100
      (i.e., binary 8) would have been loaded into register AR3.
PAR  Responsive to the loading of binary word 0001 into register AR3, the first
      row of map A is retrieved from memory MRY in a well-known fashion. The
      word 001...10 (FIG. 3, map A, fist row) is output into memory output
      register MOR3. As mentioned above, clock C2 was concurrently enabled and
      this clock provides a HIGH input to address register AR2 which is also a
      binary counter. Thus, register AR2 now contains the binary word 001, and,
      accodingly, the first row of map C in array CAY is output into register
      MOR2. Register MOR2 now contains the binary word 000...00 (FIG. 3, map C,
      first row). The binary words in register MOR3 and MOR2 are now compared on
      a bit-by-bit basis to ascertain if an idle link is available to one of the
      least-congested second-stage switches. More specifically, the first bit in
      each of the words in register MOR3 and MOR2 are ANDed together by gate G1,
      and each of the other bits in each register is respectively ANDed by gates
      G2-G8. Thus a logical product is formed between the words 001...10 and
      000...00, which logical product is 000...00. Thus gates G1-G8 each
      provides LOW output indicating that no second-stage switches with eight
      idle outlets can be utilized.
PAR  Clock C2 now provides another HIGH signal to register AR2 which increments
      its present count to 010. Now, the second row of map C is output into
      register MOR2, and the logical product is formed between binary words
      001...10 (register MOR2) and 001...01 (register MOR3). Gate G3 provides a
      HIGH output to indicate that the desired connection can be completed
      through switch S2-3. Gates G1-G8 respectively correspond to switches S2-1
      to S2-8. Leftmost one detector logic LDL is a well-known circuit for
      detecting the leftmost 1 in a word input thereto, and for generating an
      output word with a 1 only in the bit position corresponding to the
      leftmost 1. Thus logic LDL provides LOW outputs on all its output leads
      except lead LDL3. IF more than one second-stage switch, with the same
      number of idle outlets had been available, then two or more is would have
      been input into logic LDL. By choosing the leftmost 1, logic LDL operates
      to choose among available second-stage switches having the same
      congestion. Of course, a random selection or other selection of
      second-stage switches having the same congestion could also be utilized.
PAR  The HIGH output of gate G3 also causes OR gate G10 to generate a HIGH
      output signal to stop clock C2. Thus, the other rows of map C are not
      consecutively output.
PAR  As described above, the rows of map C are output in order of increasing
      congestion and compared with the appropriate row output from map B only
      until a match occurs which indicates that a path is available through a
      second-stage switch.
PAR  Now that logic LDL has provided a HIGH output over lead LDL3, indicating
      the connection that can be established via switch S2-3, an idle outlet on
      this switch must now be chosen. More specifically, one-out-of-8-to-binary
      logic 1BL translates the word output from logic LDL into the binary output
      word 011, which output word is applied to register AR1 over cable C11.
      Thus the binary word 011 is inserted in register AR1, and, accordingly,
      the third row of map B is output into register MOR1. Thus the binary word
      111...01 is now stored in register MOR1. Since the 1s indicate idle
      outlets, this call could be completed by establishing a connection over
      either outlets D3-1; D3-2; D3-3; or D3-8, but could not be completed over
      outlet D3-7 which is busy. Leftmost-one detector LMO detects the leftmost
      1 and provides an output word having a 1 corresponding to the leftmost
      detected 1. Thus detector LMO provides the following output word 100...00
      to processor SPC indicating that outlet D.sub.- -1 has been selected. The
      word 010...00 would have indicated that outlet D.sub.- -2 had been
      selected.
PAR  Since processor SPC already knows the identity of the calling line (p1),
      and the corresponding first-stage switch S1-01) and was informed of the
      selected second-stage switch (S2-3) by logic 1BL, and was also informed of
      a selected idle outlet on that switch (D3-1) by detector LMO, processor
      SPC then generates the appropriate order to control controller CN1 to
      establish the desired connection through network CN.
PAC  Illustrative Software Embodiment
PAR  As mentioned previously, maps A, B, and C can be updated under program
      control, and moreover, the selection of a path through a least congested
      second-stage switch can also be performed by a software arrangement. The
      following subroutines are written in PL/I, a well-known programming
      language which is, for example, extensively described in A Guide to PL/I,
      by Pollack and Sterling and published in 1969 by Holt, Rinehart and
      Winston, Inc. The operation of each subroutine is self-explanatory in view
      of its preamble which identifies all variables used therein, and the
      function performed thereby.
PAR  UPDATE-MAPS: PROCEDURE(S1NUMBER,S2NUMBER,DNUMBER,ACTION):
PA0  Subroutine to update the three maps corresponding to a two stage
      concentrator consisting of thirty-two 16.times.8 first-stage switches and
      eight 32.times.8 second-stage switches. the subroutine is entered with the
      first-stage switch number (s1number), the second-stage switch number
      (s2number), the outlet number (dnumber), and a variable (action)
      indicating whether a connection has been made (action=`1`b) or broken
      (action=`0`b). the subroutine updates the first-stage map (mapa) the
      second-stage map (mapb), and the congestion map (mapc).
PAR  declare (sinumber,s2number,dnumber)   binary fixed;
PAR  declare (mapa(32),mapb(8),mapc(8))   external bit (8);
PAR  declare action   bit(1);
PAR  declare r(8) initial (`1`b,`01`b,`001`b,`0001`b,
PA1  `00001`b,`000001`b,`0000001`b,
PA1  `00000001`b)   bit(8);
PAR  if action
PA1  then mapa(s1number)=mapa(s1number) .epsilon. -r(s2number);
PA1  else mapa(s1number)=mapa(s1number) .vertline. r(s2number);
PAR  if action
PA1  then mapb(s2number)=mapb(s2number) .epsilon. -r(dnumber);
PA1  else mapb(s2number)=mapb(s2number) .vertline. r(dnumber);
PAR  n=9; do i=1 to 8;
PA1  If mapb(s2number) .epsilon. r(i) then n=n-1;
PA1  end;
PAR  if n&lt;9 then mapc(n) = mapc(n) .vertline. r(s2number):
PAR  if action
PA1  then mapc(n-1) = mapc(n-1) .epsilon. -r(s2number);
PA1  else mapc(n+1) = mapc(n+1) .epsilon. -r(s2number);
PAR  return: end update-maps;
PAR  hunt-and-route: procedure(s1number,s2number,dnumber);
PAR  subroutine to path hunt (ascertain all accessible idle paths) and route
      (select one of these paths) connections through a two-stage concentrator
      consisting of thirty-two 16.times.8 first-stage switches and eight
      32.times.8 second-stage switches. the subroutine is entered with the
      first-stage switch number (s1number) and returns with the second-stage
      switch number (s2number) and the outlet number (dnumber) of the path
      selected. if no path is available, the subroutine returns with s2number=0.
PAR  declare (sinumber,s2number,dnumber)   binary fixed:
PAR  declare (mapa(32),mapb(8),mapc(8))   external bit(8);
PAR  declare (x,y)   bit(8);
PAR  x = mapa (s1 number); do i=1 to 8;
PA1  y = x .epsilon. mapc(i);
PAR  if y then do;
PA1  s2number = index(y,`1`b);
PA1  dnumber = index(mapb(s2number),`1`b);
PA1  return
PA1  end
PAR  end s2number = 0; return: end hunt-and-route;
PAL  the results of these subroutines provide path hunting and routing
      information which are utilized by processor SPC in a well-known manner to
      generate commands to network controllers to establish a connection to the
      selected outlet (DNUMBER) of the selected second stage switch (S2NUMBER).
PAC  SUMMARY
PAR  In summary, a routing system is disclosed for establishing connections
      through the least-congested second-stage switches of a concentrator to
      minimize call blocking. A congestion map is generated and the information
      in this congestion map is compared with other information indicating the
      idle accessible links. After a successful comparison, a least-congested
      second-stage switch which can be utilized is thereby chosen, and then an
      idle outlet on the selected switch is selected. With this information the
      processor generates the appropriate orders to establish the desired
      connection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system having a two-stage network with a plurality of links
      connected between stages, each said stage comprising a plurality of
      switches, and said system also having a memory, logic circuits, and a
      network controller responsive to control information for controlling said
      network to establish a path through said network,
PA1  the method of selecting, controlling, and establishing a path through said
      network comprising the steps of
PA1  retrieving from said memory link information specifying accessible idle
      links,
PA1  operating said logic circuits to generate congestion information specifying
      the congestion of each of said second stage switches,
PA1  operating said logic circuits to logically combine said link information
      and said congestion information to generate path selection information
      specifying one of the least congested second-stage switches having an
      accessible idle link connected thereto,
PA1  operating said logic circuits in accordance with said path selection
      information to generate control information, and
PA1  applying said generated control informaton to said network controller to
      establish the path through said network via a first-stage switch, said
      specified one least-congested second-stage switch and said accessible idle
      link connected thereto.
NUM  2.
PAR  2. In a system having a memory, registers, logic circuits, a two-stage
      network, and a network controller; said stages having links connected
      therebetween and each said stage comprising a plurality of switches; said
      network controller being responsive to control information for controlling
      said network to establish a path therethrough, and said memory storing
      current outlet information specifying the idle or busy condition of the
      outlets of the second-stage switches,
PA1  the method of selecting, controlling and establishing paths in said network
      comprising the steps of
PA2  storing in one of said registers the identity of a first-stage switch
      through which a connection is to be established,
PA2  storing in one of said registers link information specifying the idle or
      busy condition of links associated with said identified first-stage
      switch,
PA2  retrieving said current outlet information from said memory,
PA2  operating said logic circuits in accordance with said retrieved current
      outlet information to generate congestion information based upon the
      number of idle outlets on said second-stage switches, those second-stage
      switches having the greatest number of idle outlets being the least
      congested,
PA2  logically comparing said link information with said congestion information
      utilizing said logic circuits to identify a least-congested second-stage
      switch having an idle link connected thereto and also connected to said
      identified first-stage switch,
PA1  further operating said logic circuits in accordance with the identity of
      said least-congested second-stage switch to generate control information,
      and
PA1  applying said generated control information to said network controller to
      establish a path through said identified first-stage switch to said
      identified least-congested second-stage switch.
NUM  3.
PAR  3. In a system having a memory, registers, logic circuits, a two-stage
      network, and a network controller; said stages having links connected
      therebetween and each said stage comprising a plurality of switches; said
      network controller being responsive to control information for controlling
      said network to establish paths therethrough, and said memory storing
      current outlet information specifying the idle or busy condition of the
      outlets of the second-stage switches;
PA1  the method of selecting, controlling and establishing paths in said network
      comprising the steps of
PA2  storing in one of said registers the identity of a first-stage switch
      through which a path is to be established,
PA2  storing in one of said registers link information specifying the idle or
      busy condition of the links associated with said identified first stage,
PA2  retrieving said current outlet information from said memory,
PA2  operating said logic circuits in accordance with said retrieved current
      outlet information to generate congestion information specifying the
      number of idle outlets on each of said second-stage switches,
PA2  logically comparing said link information in a predetermined sequence with
      said congestion information utilizing said logic circuits, to identify a
      second-stage switch with the greatest number of idle outlets and also
      having an idle link connected thereto, which link is connected to said
      identified first-stage switch
PA2  further operating said logic circuits in accordance with the identity of
      said identified second stage switch to generate control information, and
PA2  applying said generated control information to said network controller to
      establish a path through said identified first-stage switch to said
      selected idle outlets via an idle link and said identified second-stage
      switch.
NUM  4.
PAR  4. In a communication system having a two-stage concentrator network and a
      processor with memory for controlling the establishment of connections in
      said network, said stages having links connected therebetween and each
      said stage comprising a plurality of switches, said memory including a
      first portion specifying the idle-busy condition of said links and also
      including a second portion specifying the idle-busy condition of the
      outlets on said second-stage switches; the method of controlling the
      establishing of a connection through said network comprising the steps of
PA1  generating from said second portion, congestion information specifying the
      number of idle outlets on each of said second-stage switches,
PA1  storing the identity of a first-stage switch through which a connection is
      to be established,
PA1  retrieving from said first portion, link information specifying the
      idle-busy condition of the links connected to said identified first-stage
      switch,
PA1  logically comparing said congestion information with said retrieved link
      information to identify one second-stage switch having the greatest number
      of idle outlets and connected to an idle link which is also connected to
      said identified first-stage switch,
PA1  retrieving from said second portion, outlet information specifying the
      idle-busy condition of the outlets on said identified one second-stage
      switch,
PA1  selecting an idle outlet on said identified one second-stage switch based
      upon said retrieved outlet information, and
PA1  providing control information for controlling said network to establish a
      connection through said identified first-stage switch to said selected
      idle outlet via an idle link and said identified one second-stage switch.
NUM  5.
PAR  5. In a communication system havingn a two-stage network, said stages
      having links connected therebetween and each of said stages comprising a
      plurality of switches, apparatus for selecting and controlling the
      establishment of connections in said network comprising
PA1  means for generating congestion information specifying the number of idle
      outlets on each of said second-stage switches, those second-stage switches
      with the greatest number of idle outlets being the least congested,
PA1  means for storing the identity of a first-stage switch,
PA1  means for retrieving link information specifying the idle-busy condition of
      the links connected to said identified first-stage switch,
PA1  means for logically comparing said link information and said congestion
      information to identify one of the least-congested second-stage switches
      having an idle link connected thereto and also connected to said
      identified first-stage switch,
PA1  means for selecting an idle outlet on said one identified second-stage
      switch, and
PA1  means for providing control information for controlling said network to
      establish a connection from said one identified first-stage switch to said
      selected idle outlet.
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ABST
PAL  A selective digital signal receiver is disclosed in which the time
      distances between zero crossings of the input voltages are measured with a
      counter which is controlled at a clock frequency higher than the signal
      frequency. Each measurement covers a predetermined number of cycles. The
      greater the number of cycles chosen, the less the bandwidth must be
      widened for the zero-crossing shifts caused by noise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a selective signal receiver for use in
      telecommunications and particularly in telephone systems. With the present
      invention, the time distances between zero crossings of the input voltage
      are measured with a counter which is controlled at a clock frequency
      higher than the signal frequency to be determined, and the input voltage
      is evaluated as a signal only if the measured value lies between a lower
      and an upper count determining the bandwidth.
PAR  2. Description of the Prior Art
PAR  Such signal receivers are disclosed in German Printed Applications Nos.
      2,145,886 and 2,156,123, by way of example. In these known signal
      receivers, the counter determines during each measurement the time
      distance between two adjacent zero crossings or between the zero crossings
      at the beginning and at the end of a single cycle of the input voltage.
      With this prior art problems arise since, in addition to the signal
      frequencies, interfering signals frequently appear at the inputs of signal
      receivers. These interfering signals may shift the zero crossings of the
      input voltage to such an extent that the known digital signal receivers
      cannot make an accurate signal recognition.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a selective signal
      receiver of the kind referred to by way of introduction which permits
      accurate signal recognition despite existing interfering signals and, in
      particular, requires only a relatively narrow bandwidth. The invention is
      characterized in that each measurement covers a plurality of cycles whose
      number is predetermined and is counted with a zero-crossing counter, and
      that the lower count and the upper count of the clock-frequency counter
      are chosen depending on the predetermined number of cycles, on the
      predetermined tolerances of the signal frequencies, and on permissible
      interference-voltage components.
PAR  In an improvement of the invention, the predetermined number of cycles is
      chosen depending on the predetermined signal-to-noise ratio. In this
      manner, the signal recognition also takes into account the amplitude of
      the interfering signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be explained with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a block diagram of a signal receiver for a twogroup code in
      accordance with the invention;
PAR  FIG. 2 is a schematic diagram of a portion of an evaluating circuit as
      shown in FIG. 1 which portion is essential to the invention;
PAR  FIG. 3 is a voltage diagram showing waveforms of a signal voltage, of an
      interference voltage, and of the sum voltage from these voltages;
PAR  FIG. 4 is a vector diagram of the voltages of FIG. 3, and
PAR  FIG. 5 is a diagram which gives the bandwidth of the signal receiver as a
      function of the number of half cycles measured.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The signal receiver of FIG. 1 serves as a dial code signal receiver in
      telephone systems. During dialling, each dialled digit is formed by
      generating and transmitting signals at two different frequencies one of
      which belongs to a first frequency group, while the second belongs to a
      second frequency group.
PAR  The frequencies of signals in the first frequency group may have values
      such as 697, 770, 852 and 941 Hz, for example, while signals in the second
      frequency group may consist of the frequencies 1,209, 1,336, 1,477, and
      1,633 Hz. The twofrequency signals are generated in the subscriber sets by
      means of signal generators. Because of the signal-generator tolerances,
      each signal frequency lies within a range of f.sub.o + .DELTA. f.sub.o /2
      . The signal received at the input E is first amplified in an input
      amplifier v, then passed when the switch WA is open as shown through a
      dial-tone fitter WF, and subsequently applied to the group filters
      GF.sub.1, GF.sub.2 where the signals comprising the two frequency groups
      are separated. If the received signal is composed of two dial code
      frequencies, the separation of the two frequencies is effected by means of
      these group filters. Each of the signal voltages associated with these
      frequencies is used to control a limiter B1, B2, which converts the
      sinusoidal signal voltage to a square-wave voltage. One square-wave
      voltage is applied (via one input I1) to an evaluating circuit A1, and the
      other square-wave voltage is fed to an evaluating circuit A2. The
      evaluating circuits determine whether the frequency of the received signal
      lies within predetermined ranges allotted to the code dial frequencies.
      The result of the evaluating circuit is transferred via the four outputs
      (01) of each evaluating circuit A1, A2 to a signal output circuit ZA which
      checks whether a signal frequency is present in each frequency group. If
      that is the case, the code signal is delivered via the output A.
PAR  FIG. 2 shows a schematic diagram of a portion of an evaluating circuit,
      e.g. of the evaluating circuit A1 of FIG. 1. The square-wave voltage is
      fed through the input I1, to which additional circuits for improving
      speech immunity (not shown) are connected, to a zero detector ND which
      delivers a spike each time the square-wave voltage passes through zero.
      These spikes are counted by a zero-crossing counter NZ whose counting
      capacity is adjustable. When the adjusted end position of the
      zero-crossing counter NZ is reached, the latter provides a reset pulse R
      and resets itself and other circuits at the reset inputs R.
PAR  The first spike of the zero-crossing detector ND also sets a flip-flop NF,
      which then opens an AND-circuit TU for the passage of clock pulses
      arriving at the input T. The clock pulses, coming from a clock generator
      (not shown), have a relatively high frequency as compared to the signal
      frequencies to be determined and are counted by a clock-pulse counter TZ
      until resetting is effected by the zero-crossing counter NZ.
PAR  The clock-pulse counter TZ has a number of outputs. For each code signal
      frequency a lower count and an upper count can be tapped. It is assumed,
      for example, that an output Z1 allotted to the lower count and an output
      Z2 allotted to the upper count are provided for the frequency f.sub.1. The
      output Z1 is connected to the set input of a flip-flop F1, whose reset
      input is connected to the output Z2. Analogously, a flip-flop F2 allotted
      to the frequency f.sub.2 and two additional flip-flops (not shown) are
      connected to associated outputs of the clock-pulse counter TZ. The outputs
      of these flip-flops are connected, respectively, to one input of
      individually associated AND-circuits U1, and U2. . ., whose other inputs
      are connected to the reset output R of the zero-crossing counter NZ. The
      outputs of these AND-circuits are connected to the signal output circuit
      ZA as is indicated by the output O1 of the AND-circuit U1 in FIGS. 1 and
      2.
PAR  If the value counted during the time between the setting of the flip-flop
      NF and the resetting of the zerocrossing counter NZ lies between the
      values Z1 and Z2, the flip-flop F1 is in its "on" state. Then, as an
      indication that the frequency F.sub.1 has been determined, an output
      signal is delivered via the output O1 when the end position of the
      zerocrossing counter NZ has been reached and the output R thus having been
      marked. According to the invention, each measurement covers a plurality of
      cycles of the alternating voltage applied to the input I1. The number of
      cycles is predetermined by the selection of the end position of the
      zero-crossing counter NZ. The lower count Z1 and the upper count Z2 as
      well as the analogous counts for the other frequencies are chosen
      depending on the predetermined number of cycles, on the predetermined
      tolerances of the signal frequencies, and on permissible
      interference-voltage components. This proportioning rule will now be
      explained with the aid of FIGS. 3, 4 and 5.
PAR  The effect of an interference voltage on the signal voltage at the input E
      (FIG. 1) is apparent from FIG. 3. An interference voltage U.sub.S
      influences a signal voltage U.sub.Z in such a manner that zero crossings
      of the sum voltage U.sub.Z + U.sub.S are shifted with respect to zero
      crossings of the signal voltage U.sub.Z by the angle .alpha. . The maximum
      shift follows from the vector representation of the voltages U.sub.Z,
      U.sub.S AND U.sub.Z + U.sub.S in FIG. 4, with the vector U.sub.S rotating
      around the head of the vector U.sub.Z, and is: If each measurement covers
      a plurality of cycles, the absolute error turns out to be constant at 2
      .alpha..sub.max, while the relative error decreases as a function of the
      number of cycles and is:
PAL  For the limit values of the bandwidth:
PAL  where f.sub.o is the nominal signal frequency, .DELTA.f.sub.o is the
      permissible frequency-variation range related to the nominal signal
      frequency and essentially dependent by the permissible tolerance of the
      signal-frequency generators, .delta..sub.max is the zero shift angle, and
      P.sub.H is the number of half cycles of the input voltage to be measured.
PAR  FIG. 5 shows the bandwidth curves of two adjacent signal frequencies as a
      function of the number of half cycles p.sub.H per measurement, with
      predetermined values for f.sub.o, .DELTA.f.sub.o and .delta..sub.max taken
      as a basis. If, for example, the signal frequencies f.sub.1 = 697 Hz and
      f.sub.2 = 770 Hz are the adjacent signal frequencies, .DELTA. f.sub.1 and
      .DELTA.f.sub.2 are chosen to be 1.8.10.sup.-.sup. 2 f.sub.1 and
      1.8.10.sup.-.sup. 2 f.sub.2, respectively, and, assuming a typical
      signal-to-noise ratio of 12 db so that
PAL  it will be apparent from FIG. 5 that, if only six half cycles per
      measurement are taken as a basis, a bandwidth sufficient for frequency
      determination is achieved. If the number of half cycles increases, a
      smaller bandwidth can be achieved and/or a smaller signal-to-noise ratio
      can be permitted; on the other hand, the distance between the adjacent
      frequencies f.sub.1, f.sub.2 could be reduced as well.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A selective signal receiver for use in telecommunication and
      particularly telephone systems wherein the time distances between zero
      crossings of the input voltage are measured with a counter which is
      controlled at a clock frequency higher than the signal frequency to be
      determined, and wherein the input voltage is evaluated as a signal only if
      the measured value lies between a lower and an upper count determining the
      bandwidth, wherein the improvement comprises a zero crossing detector
      coupled to provide a pulse each time the input voltage crosses zero, a
      zero crossing counter coupled to the zero crossing detector to count a
      predetermined number of said pulses indicating zero crossings of an input
      signal and the zero crossing counter providing a reset signal when that
      number is reached, a clock pulse counter coupled to start when the pulse
      including the first zero crossing occurs, where the lower count and the
      upper count of the clock pulse counter are chosen depending on the
      predetermined number of cycles, on the predetermined tolerances of the
      signal frequencies, and on permissible interference-voltage components.
NUM  2.
PAR  2. A selective signal receiver according to claim 1, in which the
      predetermined number of cycles is chosen depending on the predetermined
      signal-to-noise ratio (e.g. 12 db).
NUM  3.
PAR  3. A selective signal receiver for use in telecommunication and
      particularly telephone systems comprising a zero detector for receiving
      input voltages and providing zero-crossing pulses, first counter means
      coupled to the zero detector for measuring the time distances between
      selected zero crossings of an input voltage, second counter means coupled
      to receive signals from said zero detector and to receive clock signals at
      a frequency higher than the signal frequency to be determined, and means
      for evaluating the input voltage as a signal only if the measured time
      distance lies between a lower and an upper count, each measurement
      covering a predetermined number of cycles counted with the first counter
      means, the lower count and the upper count of the second counter being
      chosen depending on the predetermined number of cycles, on the
      predetermined tolerances of the signal frequencies, and on permissible
      interference-voltage components.
NUM  4.
PAR  4. The invention as claimed in claim 3, in which the zero detector is
      responsive to the input signal to provide a spike in response to each zero
      crossing and the receiver includes means applying each said spike to the
      first counter to cause it to operate.
NUM  5.
PAR  5. The invention as claimed in claim 4, and including flip-flop means
      responsive to a spike from said zero detector to enable the second counter
      to receive said clock signals.
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ABST
PAL  Disclosed is a key telephone system using a line concentrator and a form of
      TDM signalling. A single data and supervisory control pair of wires
      connects a station instrument to the system to effect all switching and
      supervisory controls for all lines to which the station has access,
      regardless of the number of these lines. Each station instrument also has
      a pair of speech wires which are switched within a station-line matrix
      under the control of a memory unit as directed by the data transmitted.
      Lines are grouped into groupings of up to five lines accessible to each
      station, there being a matrix and memory for controlling the switching of
      the matrix within each grouping. More than five lines may be accessible
      from a station instrument, such instrument having connections to multiple
      groups through a station circuit individual to that station. Within the
      system, many added features, such as speech pair security, restrictions on
      allowed service, and the like may be readily incorporated.
PARN
PAR  This is a continuation, of application Ser. No. 362,915 filed 5/23/73 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, key telephone systems are used where a particular
      telephone station instrument or subset is to have the capability of direct
      access or connection to a plurality of lines or trunks included within the
      key system. In the older systems, this capability is attained by
      terminating all the line conductors for each of these lines directly at
      the station set and providing a key or button for each line. The
      particular lines to be used by the telephone station instrument is
      accessed by depressing the key for that line to directly connect the
      station instrument conductors to that line. An extra key is provided for
      placing a line in a hold condition when a second line is to be connected
      to the station instrument conductors to complete a call over the second
      line without disrupting the connection to the first line. Many other
      special services may also be provided, such as intercom, conference
      calling, priority levels, etc.
PAR  In the known systems, each line physically terminates directly at the
      station subset with its plurality of conductors so that as many as 50
      conductors have to be cabled to a subset to control a standard six-button
      set, in which five buttons are utilized, one for each of five lines and
      the sixth button performs the hold control. For sets with greater number
      of line terminations, the number of conductors required may be particular
      multiples of the number of conductors required for a five line set.
PAR  In an attempt to reduce the number of these conductors, systems have been
      disclosed wherein only two speech conductors are actually connected to
      each station set, regardless of the number of buttons. In the known ones
      of these systems, at least four additional conductors are connected to the
      instrument for transmitting and receiving data to and from the station
      instrument to a line concentrator. Such systems frequently employ a
      central control which may be a data processor or computer, to cooperate
      with a concentrator in the form of a memory and a switching network to
      keep track of the states of the various lines and buttons and set up the
      connection through the network as required for key system operation.
PAR  Other known systems have been organized on a per line basis, with each line
      having two speech conductors, two data-in conductors and two data-out
      conductors. In one such known system, the conductors of each station have
      an appearance at one alignment on a crosspoint network, the trunks or
      lines having appearances along the other alignment. A control effects the
      switching of all conductors to complete a speech path and a signalling
      path through the crosspoint network.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a key telephone system in which a subset
      may have access for direct connection to as few as five lines or even less
      if desired, (also called trunks herein), or to as many other lines as it
      is practical to provide, keeping in mind that a key or button must be
      provided at the station for each line. Regardless of the number of lines
      accessible from a station, only four conductors are required, two to
      provide the speech pair, the other two to provide a switching and
      supervisory control pair called herein a data pair.
PAR  With a system of the type shown herein, many new features may be added,
      features not generally available on key telephones, such as secured
      telephones, override, PABX recall, service restrictions and combinations
      of audible signalling.
PAR  The present invention uses a form of time division multiplex signalling
      with the signalling information coded on its signalling pair of conductors
      to control a space switching of the speech or voice pair. A computer or
      data processor could readily be used to control the system, the computer
      replacing certain of the central control circuits shown herein.
PAR  In the present system, five-line groups are used as the building blocks or
      modules. A station may have access to up to five lines by employing a
      single matrix module and access to lines in multiples of five lines.
      Information regarding the status of the lines is stored in a memory, the
      memory controlling the switching of the speech path between a station and
      a line in response to depression of the line key at that station.
PAR  The system, as shown, could be used in a number of ways. One way would be
      to use the system as a small capacity key system for example, at a small
      office, with less than five lines accessible at the few stations. Another
      way the system could be used would be to control a plurality of small key
      systems (up to 20 small systems) within a large PABX, as might be desired
      for a large factory having many internal departments. A still further
      approach available would be to provide a large system with ten to twenty
      lines available at some or all of the station sets.
PAR  It is, therefore, an object of this invention to provide a key telephone
      system which requires two speech conductors and only two data conductors
      terminating at each station set.
PAR  It is a further object of this invention to provide a key telecommunication
      system in which the particular ones and the number of lines accessible at
      each station may be varied greatly.
PAR  A still further object of this invention is to provide a key communication
      system in which only the speech pair of conductors is switched, the
      supervisory and switching control being performed by a time sharing or
      multiplexing of the lines and stations over a data pair of conductors.
PAR  It is still a further object of the invention to provide a
      telecommunication system using TDM principles to provide one or more key
      telephone groupings.
PAR  Other objects, features and advantages of the invention will become
      apparent from the following detailed description viewed in conjunction
      with the drawings described below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a system employing our invention;
PAR  FIG. 2 is a block diagram, in greater detail, of an exemplary Subset
      Circuit of FIG. 1;
PAR  FIG. 3 is a block diagram of a Station Circuit of FIG. 1;
PAR  FIG. 4 is a block diagram of a Receive Control Circuit of FIG. 1;
PAR  FIG. 5 is a block diagram of a Transmit Control Circuit of FIG. 1;
PAR  FIG. 6 is a block diagram of a Trunk Circuit of FIG. 1;
PAR  FIGS. 7a and 7b shows a more detailed showing of a representative Line
      Group Subset Circuit as shown in FIG. 2;
PAR  FIG. 8 is a more detailed showing of the memory and matrix units of FIG. 1;
      and
PAR  FIG. 9 is a timing chart to aid in understanding the operation of the
      disclosed system.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Some general comments regarding the operation of the system should be made
      before turning to the specific circuits disclosed.
PAR  It should be noted that each station subset has one button per line to
      which it has access plus functions buttons such as hold, exclusion and
      recall, and a bell control switch and suitable volume control. Associated
      with each line button is a visual indicator in the form of a suitable lamp
      or the like, which indicates the status of the line to the user -- line
      busy, awaiting answer, hold, etc.
PAR  The exclusion button also has an associated visual indicator to show the
      security status of a call. This will be referred to as the non-secure
      warning lamp. The hold and recall buttons and the bell control switch do
      not require an associated visual indicator.
PAR  It is important to note that the line, hold, exclusion and recall buttons
      are all non-locking and in all cases require only momentary operation.
PAR  The steps in originating a call will now be noted briefly:
PAR  a. A station wishing to initiate a call goes off hook, lifting his handset.
PAR  b. He then visually extablishes that the desired line is free by noting
      that the lamp of the desired line is out. He then operates the line
      button.
PAR  By depression of the line button, the appropriate code is transmitted over
      the data pair from the station to the central control. The code
      information is then stored for that line. The line is now busy and this
      condition is indicated to all telephone stations that have access to that
      line by means of the line lamp being on. During the proper time slot
      interval, the speech pair is switched through from the calling station to
      the trunk represented by the depressed line button.
PAR  If the telephone station has previously been connected to another line, it
      would not have been necessary to go on-hook (hang-up) before originating a
      call on the new line. Upon operating the line button of the required line,
      any previous connection is automatically broken.
PAR  Further, if required, the line button may be operated before lifting the
      handset in order to facilitate operation of the instrument one-handed. By
      means of a memory in the control circuits, the required connection will be
      established if the handset is lifted within ten seconds of the line button
      operation.
PAR  It is not possible to connect a telephone station speech pair to more than
      one line at one time, except through the use of conferencing equipment
      (which is not within the scope of the invention shown herein).
PAR  On an incoming call, the call is indicated by a flashing lamp at all
      telephone stations that have access to that line, i.e., if the call is on
      line 3 then line lamp 3 will flash at all stations that have access to
      line 3, at the rate of 1/2 second on, 1/2 second off.
PAR  An audible signal is generated at those stations having their audible
      signalling receiver set to signal on incoming calls, as is well known in
      the art in principle.
PAR  To answer a call, the handset is picked up and the line button of the
      calling line is depressed. Upon answer, the calling condition changes to a
      busy condition (steady lamp and no audible signals).
PAR  To hold a line at a station while the same station is to be used for a call
      on another line, the hold button is activated. This very-well-known
      feature is used where the station wishes to make a consultation call
      either on another line, or by means of the intercom internally to call
      another telephone within the key system, or to answer an incoming call on
      another line, or to transfer that call to another station within the key
      system. In any of these events, the hold facility is activated by
      operation of the hold button. The line to which the station had been
      connected immediately prior to the actuation of the hold button will
      automatically go into the hold condition and the connection between the
      station and that line is broken. The telephone is now free to be used for
      any other normal purpose, as indicated previously.
PAR  The held line condition is indicated by a visual signal in the form of a
      "wink off" every 1/2 second, for a wink duration of approximately 50 msec.
      Thus, if line 2 is on hold then line lamp 2 will "wink off" every 1/2
      second at all stations having access to line 2. A "wink off" signal is
      defined as a lamp interruption of approximately 50 msec., with the lamp
      being normally on.
PAR  Any telephone that has access to the held line may connect to it,
      cancelling the hold condition, by following exactly the same procedure
      used for originating a call. From the foregoing, it can be seen that call
      transfer simply involves informing the appropriate person to pick-up the
      held line. Any one call may be placed on hold for consultation or transfer
      as many times as required. Any one station can be used to place any or all
      of the lines appearing at that station onto hold.
PAR  In general, switching and supervisory control is effected by half-duplex
      data transmission between subset and central control (receive and transmit
      control) to convey from the subset the information regarding the state of
      the line buttons and the function buttons such as HOLD, RECALL, EXCLUSION,
      CONFERENCE, etc. Information is sent to the subset to control the
      condition of the line lamps, exclusion lamp, and to operate the two
      audible signal generators.
PAR  The function and operation of the speech and dialling path remains the same
      as that of the ordinary telephone.
PAR  The central control (which includes the receive and transmit control
      circuits) transmits a 16 bit word to each subset accessible to a line
      grouping, the data being in diphase code. The first 8 bits comprise the
      address for a particular five line group in the subset, and the second 8
      are the lamp and audible indications for that group. Having received this
      information successfully, the subset transmits a 16 bit word which is a
      highly redundant code based on 8 bits derived from scanning the state of
      the push buttons. The central control, on receipt of this information,
      decodes it and updates the appropriate memory elements. The memory for
      each grouping of five lines in the system is scanned in this way once
      every 100 msec.
PAR  It is worth noting that it is more important to detect errors in the signal
      transmitted from the subset than in that sent to it. The former can change
      the status of a call whereas the latter merely changes a lamp indication
      for a period of 100 msec. Information to be transmitted from the subset is
      initially set up as an 8 bit word. The status of the five line buttons is
      coded in 2 out of 4 code. The state of the hookswitch is conveyed by digit
      5. The six permissible code combinations of digits 6, 7 and 8 convey the
      state of the other buttons, such as hold and recall, etc. Pushing two or
      more buttons at the same time will set up a nonpermissible code which will
      be detected by the central control. The 8 bits are then transmitted as 16
      bits in a highly redundant code.
PAR  In transmission from the control to the subset it is important that the
      address of the five lines in the grouping is correctly received. The
      chance of error in this address is minimized by again using a highly
      redundant code. The maximum number of five line groupings per subset is
      arbitrarily limited to 16. A counter in the subset is updated each time a
      grouping of five lines is interrogated and the state of the counter must
      coincide with the received address, otherwise transmission is inhibited.
      This counter is synchronized to the first grouping of five lines by a
      unique address code.
PAR  All data received by the subset is checked to ensure that the information
      received has been properly coded in diphase code, as will be explained
      more fully. As far as the information to operate the lamps is concerned, a
      simple diphase code check is the only check that is made. If an address or
      other code error is detected in any of the information received then the
      entire information is rejected -- no attempt is made to correct errors.
PAR  Turning now to the drawings, in FIG. 1, we show a block diagram of a system
      employing our invention. Shown there are a plurality of station
      instruments 12, six of which are shown (two in greater detail). Each
      station instrument has line and function push buttons or keys 14,
      preferably being of the type which are translucent and each of which has a
      lamp, or preferably a light emitting diode, visible through the
      translucent button body (as is well known). The push buttons 14 are of the
      nonlocking type and each, on depression thereof, momentarily closes a pair
      of contacts, as will be described in detail later. Each such station
      instrument also has the usual station elements such as receiver,
      transmitter, dial and hookswitch in conjunction with its speech path
      conductors.
PAR  While we have shown in FIG. 1 stations which have access to five or less
      lines, the principle shown herein is applicable with stations having
      access to as many as thirty lines, as will be described. The usual number
      of lines accessible at one station would include at least one line button
      for each line to which the station has access, in addition to having
      function or supervisory buttons.
PAR  As can be seen with respect to station C in FIG. 1, each station has two
      pairs of conductors; one a speech pair 20 and the other the data pair 22.
      The speech pair from each station terminates at an appearance on one
      alignment of a crosspoint matrix 30, there being one matrix 30 for each
      grouping of five lines to which that subset has access. The data pair 22
      terminates at a station circuit 32, individual to that station instrument.
      From the station circuit 32, a pair of data conductors is connected to a
      group memory 34, there being a separate group memory for each grouping of
      five lines accessible from a station. For each such five line grouping,
      the group memory 34 controls the functioning of the matrix.
PAR  Each matrix 30 comprises a crosspoint arrangement along one alignment of
      which appear the speech pairs from the station instruments and along the
      other alignment within the matrix are individual speech pair appearances
      for each line or trunk unit 40 to which that subset has direct access.
      Along one alignment of each matrix, there are a maximum of five line
      appearances, and along the other alignment are positioned connections to
      one station for each 1.times.5 matrix unit. At each crosspoint, there may
      be any suitable switching member, such as a reed relay switch, silicon
      controlled rectifier, or the like, reed relay being shown herein. In
      addition, each matrix has digital circuitry to decode information from its
      memory group.
PAR  As mentioned above, the matrices are comprised of basic 1.times.5 units. In
      a basic unit, one station has access to five lines. If two stations are to
      have access to the five lines, then two basic units must be employed to
      provide for the ten possible choices available. In the circuit of FIG. 1,
      three stations are shown having access to the five line groups 1 and 2,
      thus, each group must have three 1.times.5 matrices to provide for the
      possible connections. As shown in FIG. 1, Station A is shown having access
      to lines 1 and 5, Station B has access to lines 1 and 6, and Station C to
      lines 1, 6 and 10. In Group 2, Station S has access to lines 6 and 10,
      Station T to lines 5 and 10, and Station U to line 10 only.
PAR  The firing, or operation, of each crosspoint is determined by the memory 34
      for the same line grouping. Shown in FIG. 1 are two groups labeled Group
      No. 1 and Group No. 2, each group having five lines or trunks 40 connected
      thereto. The memory 34 includes a plurality of memory elements, arranged
      in groups of five. Each memory group is related to a grouping of specific
      lines in a subset. The number of memory groups related to a subset forms a
      memory circuit. The memory stores the information regarding the address
      and connection of any line of any subset to a trunk circuit, and controls
      the matrix and activates the trunk circuits accordingly.
PAR  Within the group memories, every memory element is scanned sequentially
      from the control during a frame period. The memory element includes a
      latch, with some auxiliary gating to provide correct time sharing inputs
      and outputs. It can be set from the control only during its own time slot,
      and cleared -- either from the control or from the station circuit --
      during the active period of the memory circuit to which it belongs. The
      memory provides a steady output to the matrix element (group binary code
      may be used to decrease the number of connections) and a time shared
      output signal to the prewired trunk circuit.
PAR  The five memory elements of a memory grouping represent directly the five
      lines accessible from a particular subset. Each memory element consists of
      a latch and associated gating elements to control the "SET" and "RESET" of
      the latch, as will be described later relative to FIG. 8.
PAR  The output from the latch drives a relay, only via a buffer stage. Also,
      the latch output is gated with the memory element scanner to provide the
      trunk triggering signal. The relay will be operated as long as the
      associated latch is in the "SET" condition. The appropriate one of the
      five latches is operated from the control when a request for the
      particular line is received from the subset.
PAR  Common to the key system disclosed is a receive control unit 42 and a
      transmit control 44. These units are tied into the lines (trunks), memory
      and station circuits by means of bus lines to the three groups of
      circuits.
PAR  In addition, a scanner sequentially enables each of the memory elements of
      the system and within a group of five memory elements also enables the
      appropriate station circuit. The resultant output from the memory elements
      triggers the line (or trunk) to which it is connected.
PAR  The trunk thus triggered will send data to the transmit control which data
      is representative of the status of that trunk. When the transmit control
      has received from the five trunks (maximum) of the group, the status of
      the five trunks is transmitted to the station circuits. The station
      circuit identified by the scanner will transmit this data to the subset.
PAR  The subset responds by transmitting data representative of the buttons and
      hook switch status to the receive control via the station circuit
      identified by the scanner.
PAR  The memory element scanner now scans the same five memory elements again.
      During this second scan the control may update the memory. Also during
      this scan the memory output is restricted to the active memory element
      (one maximum) only. Thus, only the trunk to which the subset is switched
      is triggered at this time.
PAR  The trunk thus triggered is enabled to receive data from the receive
      control. This data contains the hook switch status of the connected subset
      and command codes such as HOLD, SECURITY STATUS, etc.
PAR  From the foregoing, it can be seen that the grouping of up to five lines
      accessible to a station is the keystone of the system. Groupings of the
      lines also determine the number and groupings of the memory units and
      matrix units. Within the subset, circuits are organized into five line
      modules, a single module sufficing if only five lines are to have access
      to a station.
PAR  Turning from the description of the specific apparatus shown in FIG. 1, it
      may be advisable to next view briefly the general multiplexing sequence
      for the system, as viewed best in FIG. 9. In the multiplexing chart of
      FIG. 9, we show a frame comprised of up to 100 memory groups, each memory
      group, as mentioned previously, representing five lines or trunks 40. Each
      such memory group comprises a sub-frame within the timing network. Each
      sub-frame includes a plurality of time slots, each such slot being set out
      in the intermediate line of FIG. 9. The slots are each capable of
      processing eight bits of information. At the start of each sub-frame there
      appears, in sequence, a time slot for each of the lines appearing in that
      group. Next, there appear some supervisory slots, followed by a second
      appearance for each line of that group, followed by slots representing
      other supervisory or control functions.
PAR  Concurrent with each sub-frame is a series of lesser duration timing slots
      for controlling the transfer of data within the system. Thus, during the
      concurrence of signals in a time slot representing a line of a group and
      representing a particular control function, the indicated transfer of
      control will be effected for that line. The functioning of this system
      will be described further in this specification.
PAR  In FIG. 2, we show the control circuitry at a typical station instrument or
      subset 12. The station instrument is shown with three groupings of five
      lines being accessible from the station instrument; thus the station
      instrument, equipped with the circuitry of FIG. 2, (and suitable buttons,
      etc.), would be accessible to or connectable to a maximum of fifteen
      lines.
PAR  To provide this number of lines, there are provided three separate line
      group subset circuits 70, these feeding data into a group address counter
      and decoder 72. Where a station only had access to a single group of five
      lines, only one line group subset circuit 70 would be required, and group
      address counter 72 could be deleted. Address counter 72 provides the
      following functions:
PAR  1. Finding the correct line group addressed; and
PAR  2. Combining audible and security signals for the subset.
PAR  Within each station instrument there is a crystal oscillator 74 feeding the
      subset circuits and through the subset circuits the group address counter
      72. All crystal oscillators are set to the same basic frequency.
PAR  The instruction to initiate the tone caller in the subset is sent over the
      data pair as one of two possible codes, A or B. Trunk lines may be
      programmed at the central equipment to sent out only code A or only code B
      (or both) depending on the users requirement.
PAR  The subsets have a 3-position switch which controls which signal the subset
      will respond to: A only, B only, or either A or B. Thus, a line which is
      programmed to send out signal A only will not cause ringing at a subset
      with the switch in position B. If that subset has access to that line,
      then only the lamp indication will be displayed.
PAR  The station instrument also has an audible signalling speaker 80 driven by
      a two-tone oscillator 82. A volume control 86 allows the volume to be set.
PAR  The input and output to the station circuit is over the data pair 22 which
      receives, in addition to the signalling and supervisory control data,
      power in the form of 50 volt DC from the station circuit 32. Within the
      station circuit, a DC converter or power supply 90 provides suitable 5
      volt bias for powering the internal station circuits.
PAR  Input data received on data pair 22 is transmitted through transformer 92
      to a comparator 94 connected to one transformer secondary and logic 96.
      The other transformer secondary is connected to line driver 93 which is
      inserted between the subset circuits 70 and logic 96.
PAR  As can be seen, each of the line group circuits has direct connections
      through line driver 93 to the data pair to receive information directly
      and to process that information, as will be described more fully relative
      to FIG. 7.
PAR  Line driver 93 is a tri-state differential line driver used for feeding the
      diphase signal onto the line. This is done via a simple RC low pass filter
      which has the function of reducing near-end crosstalk.
PAR  The line receiver 93, comparator 94 and logic 96 comprise two differential
      voltage comparators connected to the line in parallel. One is offset to
      detect only signals greater than the preset level. The output from the
      zero crossing detector is then sampled at the appropriate rate determined
      by the timing generator. Eight successive bits of true diphase must be
      received before the subset control updates the counter to the next line
      group; otherwise the signal is disregarded. In this way, noise spikes and
      bursts of noise during the standby period will not upset the system.
PAR  The crystal oscillator 74 operates at approximately 1 MHz to provide the
      basic timing. The arrival of a signal in excess of the threshold of the
      offset comparator 94 switches the oscillator output into a divider chain.
      Decoded outputs from the divider provide signals for the various logic
      functions in the subset.
PAR  The diphase signal is comprised of one cycle of 70 KHz for a logical 1 and
      one 1/2 cycle of 35 KHz for a logical zero. The received signal must,
      therefore, be sampled at 140 KHz, the first sampling pulse occurring some
      14 microseconds after the offset comparator is triggered. This ensures
      sampling in the middle of each time slot. The use of the relatively high
      basic clock rate means that variation in the position of the sampling
      pulse is not more than 1 microsecond.
PAR  In FIG. 3, we show a block schematic diagram of a station circuit 32. Each
      station circuit is directly connected to its own individual matrix
      switching control memory 34 circuit through a data pair 22. The station
      circuit 32 is basically an interface between the subset 12 and the central
      control, and includes three main blocks, each one performing a particular
      function.
PAR  These blocks are:
PAR  1. The "Line Coupler," which contains the line driver and receiver 110, and
      allows the transmission of information between the subset and the control
      circuitry. It also supplies the power for the subset over the transmission
      leads 111.
PAR  2. The "Hook Switch Timer 106," which receives information from the
      control, and has the function of clearing the memory circuit and allowing
      the prime-line-pick-up mode of operation.
PAR  3. The "Memory Group Counter 101," which updates the subset on the
      particular line group to be processed.
PAR  The station circuit is used to provide power for the station subset
      circuits over the data pair as previously described. The station circuit
      provides overload protection and, as previously mentioned, power for
      control circuitory, lamp illumination and audible signalling by means of a
      tone at the subset. The station circuit provides a hook switch memory and
      an address code counter or memory group counter 101. The hook switch
      memory is comprised of two components, a hook switch detection or
      indicator circuit 104, and a timing counter 106.
PAR  The station circuit 32 has a single isolation coil 102 which is configured
      so that the signalling input to the coil from the station instrument must
      be of sufficient amplitude or the signal will not be processed by the
      central control. Feeding the coil 102 is a line driver and receiver 110
      acting through select gates 112, the select gates controlling the two
      signalling conductors.
PAR  In addition, there are shown gating member 116. Gate member 116 is
      responsive to the hook switch control and will clear the memory after a
      timed period of non-operation of the hook switch with no other activity at
      the station which has gone on-hook.
PAR  In FIG. 4, we show a schematic block diagram of the receive control circuit
      42. This circuit receives information from the station circuit in diphase
      code. The information received is demodulated in demodulator 130 and is
      transmitted through error control network 132 to the main subset condition
      register 134. The subset condition register stores information received
      from the subset. This information storage performs two functions. As to
      the first function, the register feeds the group memories through a memory
      control register 136, the memory controlling register performing the
      address function for controlling the transmission to the correct group
      memory. Input to the memory control register is through a decoder 138.
PAR  The second function of the subset condition register is to provide
      information to the data in register over bus 60 by way of the trunk update
      register 140. Thus, the circuit 42 receives coded information from the
      subset, stores this information and transmits it as necessary to the
      memory for matrix control and also provides information to the trunk.
PAR  The functions of receive control circuit 42 and transmit control circuit 44
      could readily be programmed into a data processor or computer since the
      functions of these circuits are restricted to data processing functions.
PAR  Transmit control circuit 44 is shown in block schematic form in FIG. 5.
      Data from the trunk or line is received in the trunk status register 150
      and stored therein. Output from the trunk status register is fed in two
      directions.
PAR  Signals in a first direction pass over a path through encoder 152 and line
      status register 154 to the receive control over bus 60. The use of the
      line status register maintains a degree of security on the station to
      enable the station to control the ability of other stations to join the
      conversation on a speech path once switched through.
PAR  The second path from the trunk status register also passes through an
      encoder 162 to a visual and audible signal register 164 for transmission
      of information to the station circuit through gate 166 and diphase
      modulator 168. The gate circuit 166 also receives information from a line
      location identity register 168. This register 168 receives information
      from the station circuits to coordinate the transmission of information.
PAR  In FIG. 6, we show a block schematic of a trunk or line circuit 60. The
      term trunk or line used herein includes outside lines, conference
      circuits, intercom circuits and also includes other functional circuits
      such as junctors for special purposes. Each of these is treated in
      essentially the same way in attempting to signal and select stations and
      in being accessed from a station seeking service.
PAR  The sample trunk of FIG. 6 is used as a two-way line to a central office or
      the like. There are provided a pair of conductors referred to as 180, to
      provide the connection to the external office. These lines feed a ring
      detector 182.
PAR  Information from the ring detector is processed into the data or signalling
      system through encoder 184 and data out register 186 to the transmit
      control circuit 44 over conductor 187. This path is used to process data
      incoming into the key system of lead 186 to receive control circuit 42.
PAR  Information to be transmitted out of the system is received over data line
      189 to the data in register 190 for transmission to memory store 192 and
      decoder 194.  From the decoder this information is processed to either
      hold circuit 196, recall circuit 198 or conference access 199, depending
      on the particular functions to be achieved.
PAR  In FIG. 7, we show in greater detail the circuit within a line group subset
      circuit 70. The subset line group circuit can be broken into two general
      areas; the first being the generation of control signals as shown in FIG.
      7A, and the response circuit to activate at the subset as indicated by
      FIG. 7B.
PAR  In FIG. 7A, we show a timing generator 201 which is normally inactive
      through the use of latch 202. Latch 202 has a connection to line data lead
      204 to sense the presence of incoming information based on internal
      activity at the subset to trigger the timing generator 201 into activity.
PAR  The outputs of the timing generator are fed into various gating and coding
      chains 206 for use within the activity receiving circuit of FIG. 7B. A
      further output of the timing generator is fed through demodulator 208 in
      eight bit shift register 210 to a large network 212. The output of this
      large network is fed to a group address counter and is important only when
      more than one group is accessible at a specific subset.
PAR  In FIG. 7B, we show across one side of the figure, a plurality of keys
      totaling 10 in number, and a hook switch. As indicated, lines 1-5 each has
      its own line pickup key or button 220. The closure of a line key provides
      ground on a particular lead to a logic gating network performing as a key
      condition encoder 222 which feeds an eight bit latching arrangement
      generically referred to as latch group 224. From latch group 224, the
      encoded information is coordinated with information from the generator
      gating chain 206 and is further processed into an eight-bit parallel shift
      register 226.
PAR  Output of the shift register is dual in nature. Information is transmitted
      in a number of parallel outputs to control the line lamp 230 through
      individual AND gates 232. A similar arrangement is provided for the keys
      6-10, which provide functions such as hold, security, recall and other
      desired services. These keys referred to generically as 232 also feed a
      key condition encoding network 234, latch group 236 and the register 226.
PAR  The parallel output of register 226 is processed through gates 238 to
      control security lamp 240 and audible signal leads 242. It should be noted
      that leads 242 may be connected to the oscillator 82 to control the
      audible output tone.
PAR  Also fed into the register 226 is hook switch information derived from the
      station hook switch 250 and processed through buffer 252 and gate 254.
PAR  The serial output of the register 226 is transmitted through diphase
      modulator 256 to data pair 22 and transmitted to the station circuits for
      processing.
PAR  In FIG. 8, we show schematically a 1.times.5 group matrix 30 with its
      memory 34. The switching matrix has at one end a pair of speech leads 302
      to a station such as Station A. Within this matrix, the speech pair is
      connected in multiple to individual conductor pairs each of one trunk
      speech pair for each of the five trunks accessible from that station. Each
      trunk conductor pair such as 304, has a normally open contact set 306 and
      308, one contact set for each conductor of the pair. Each pair of contact
      sets such as 306 and 308 is controlled by a relay 310 individual to that
      pair of contact sets. The trunk pairs are connected to the respective
      trunks 40 as shown in FIG. 1.
PAR  Within the control memory is a five position scanner 320 activated from the
      timing generator and from the control. The scanner actuates individual
      gate networks 322, one for each trunk. A further input-in multiple to the
      gate network inputs is connected from the output of an OR gate 324, the
      gate 324 having a multiple-group control input and a control update input.
      The gate networks each have two outputs, one to the trunk permanently
      associated therewith.
PAR  Another output from each gate network connects to a latch network 330 for
      the trunk pair, the latch networks controlling the operation of the
      respective speech pair control relays. Thus, each group scanner is
      actuated during its subframe, with the respective trunk appearances being
      scanned in sequence. A specific relay is activated during trunk triggering
      period (as will be explained more fully) to close the speech pair of that
      trunk.
PAR  Turning now to the multiplexing chart of FIG. 9, in greater detail we see
      the memory groups, up to one hundred in number, which make up a frame, the
      frames being successively recurring. The memory elements, five in number,
      within successive group memories 34 are scanned in the order shown.
PAR  The intermediate and lowest levels represent the segments of a frame, the
      frame having been selected being that designated as Memory Group 3, for
      example, as indicated by the brackets from Memory Group 3 in FIG. 9.
PAR  The intermediate level represents the period during which the information
      stored in memory 34 and the order in which the memory elements within the
      memory are scanned. Each memory element has an associated trunk which,
      when scanned, transfers eight bits of data. As the memory group is
      scanned, the first eight bits represent the status of line 1, the next
      line 2 . . . line 5. During the transfer control period designated as TA
      on the bottom line of FIG. 9, the trunk data LT1 - LT5 are scanned for
      nine possible conditions: (a) Incoming call, (b) Audible signal A, (c)
      Audible Signal B, (d) Busy, (e) Held, (f) Active, (g) Exclusion, (h)
      Parallel connection or (i) Secure line.
PAR  This data is assembled into a single eight bit code representing eight
      possible reactions: (a) Line lamp 1, (b) Line Lamp 2, (c) Line lamp 3, (d)
      Line lamp 4, (e) Line lamp 5, (f) Exclusion Lamp, (g) Audible signal A or
      (h) Audible signal B. The secure line information is transferred to the
      receive control to block access to that line.
PAR  During the transfer control period TB the last-mentioned code is
      transmitted to the station instruments within the key system regarding the
      line group just having been scanned to control the visual and audible
      signals at the station.
PAR  During the next extended transfer control period RA, information concerning
      the subset response is generated and sent to the receive control. This
      information is generated by the operation of a button at the subset as
      described relative to FIG. 7B. These information generating functions
      include the operation of one of five line buttons, the operation of the
      hook switch and the operation of any of the miscellaneous buttons - Hold,
      Exclusion, Recall or Conference.
PAR  In the coder of the subset, the information sent during period RA is
      inverted bit by bit and the inverted code is sent during transfer control
      period RB.
PAR  Following the end of the RB period, the line button operation detected in
      the receive control will send a clear signal to the memory during the
      first segment designated CLR-A of the action period. Following the clear
      signal the memory element scanner again scans the memory elements of the
      lines LO1-LO5 of Memory Group 3 being scanned. Resulting from this second
      memory element scan, if one element is active, the associated trunk is
      triggered by a signal through a gating controlled by the memory element
      involved. The trigger signal operates a latch in the trunk circuit to
      prepare the trunk circuit to receive data during the next or HA time slot.
      This information concerns the condition of the miscellaneous station
      buttons and the hook switch.
PAR  A final memory clear signal is sent in the CLR-B time slot. It is used to
      clear the memory group in such cases as trunk hold or conference access
      where it is necessary to send the appropriate code to the trunk (HA time
      slot) before breaking the connection. The memory group scanner now passes
      on to the next multiplexing memory group in the example noted.
PAR  The system has been explained as to general principles of operation and
      primarily through block diagrams in a manner considered to explain the
      system sufficiently for the general reference level of one skilled in the
      art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are definded as follows:
NUM  1.
PAR  1. A time division key telephone system including a plurality of groups of
      key-equipped stations, a plurality of telephone lines and control
      apparatus for controlling the signalling of the condition of one of said
      lines to all stations of a group, the invention comprising: an individual
      station circuit for each of said stations, a pair of data conductors
      extending between each station and its station circuit for the
      bi-directional transfer of all control data to and from said station, a
      pair of speech conductors at each station, a switching network at said
      control apparatus terminating speech conductors from stations of said
      group for connection to one of said lines responsive to signals from said
      control apparatus, and network control means including latch means
      individual to each station, a memory element representing each such latch
      means, each said latch means responsive to signal data from a respective
      one of said station circuits for causing a memory element to store a
      condition of a station indicated by the latch means individual thereto,
      and means responsive to a scan of said memory elements for controlling the
      switching network to complete the connection of the speech conductors of
      said one station to a line.
NUM  2.
PAR  2. A system as claimed in claim 1, wherein each said memory element also
      represents one station of each group, and in which there are means for
      scanning the elements of a group to determine the status of the station
      represented by the element, said scanning means operative to scan each of
      said elements of a group a second time to determine the status of each
      station.
NUM  3.
PAR  3. A system as claimed in claim 2, wherein there is means for controlling a
      timed multiplex cycle, said cycle including a timed interval for each
      group of stations, and sub-intervals for the transfer of information.
NUM  4.
PAR  4. A key telephone system using time division multiplexing for a group of
      stations having access to a telephone line, multiplex control means for
      transferring multiple bit signal control data sequentially to the plural
      stations of said group during one time interval and for sequentially
      transferring multiple bit signal data concerning the plural stations of
      said group during a second interval, means at each station for responding
      to conditions at said station and for encoding data representing said
      condition for transmission over a single data pair of conductors
      individual to said station to said control means during a third time
      interval, a speech pair of conductors coupled from each station to a
      switching network having access to said line, network control means
      operative responsive to signals received from a station during an interval
      allotted to that station for causing switching of said network to couple
      said station to said line.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein there are a plurality of groups
      of stations and a time period allotted to each of said groups of stations
      and in which there are means for scanning said network control means twice
      during each time period and in which there are group memory means for
      receiving and storing group connection data.
NUM  6.
PAR  6. A key telephone system using time division multiplex signalling and
      comprising a plurality of telephone stations having access to a telephone
      line, switching means responsive to a closed loop condition at one station
      for closing a path from said station to said line, memory means for
      storing the condition of said stations and said line, scan means for
      scanning said memory for the condition of said line, means for
      transferring a multiple bit indication of said line status to control
      apparatus, means operative to transfer said multiple bit status indication
      from said apparatus to said one station over a data pair of conductors,
      means at said one station for sensing the response of said one station and
      for transferring multiple bit response information from said one station
      to said control over said data pair of conductors.
NUM  7.
PAR  7. A system as claimed in claim 6, wherein said scan means is operated
      during a first sub-interval of the multiplex cycle, said transfer to said
      control apparatus of said data is completed during a second sub-interval
      spaced in time from said first interval, the transfer of data to said
      station occurring during a third sub-interval spaced in time from said
      second interval, and said transfer to said control is completed during a
      fourth sub-interval spaced in time from said third interval.
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PAL  An electrostatic loudspeaker element including a diaphragm positioned
      between a pair of acoustically transparent wire grid electrode assemblies.
      In the preferred embodiment, each electrode assembly comprises a flat
      rectangular frame having a plurality of wire guiding slots on both sides.
      A wire whose diameter equals the depth of the slots is wound continuously
      around the frame in a helical pattern, and a dielectric spacer is
      adhesively attached to the frame across the slots to maintain the critical
      distance between the wire grid and the diaphragm. The frame is made of a
      material having a coefficient of thermal expansion equal to the wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains generally to electrostatic sound
      reproducers, and more particularly to an improved structure for a wire
      grid electrode electrostatic loudspeaker element, which results in
      improved performance and lower production costs.
PAR  In the art of high fidelity sound reproduction, the electrostatic
      loudspeaker has received wide recognition because of its excellent sound
      quality and smooth and faithful response over wide frequency ranges. In
      such speakers, a flexible sound producing diaphragm is positioned near an
      electrode, or in the case of a push-pull arrangement, a pair of
      electrodes, one on either side of the diaphragm. A DC polarization
      potential is applied between the diaphragm and the electrodes, and the
      audio signal is superimposed thereupon, causing the diaphragm to move in
      response thereto. Of course, in a push-pull arrangement, it is necessary
      that one or both of the electrodes be acoustically transparent so that the
      sound produced by the diaphragm can radiate outwardly through the
      electrode to the listening area. Usually some type of conductive screen or
      grid is used for the electrode. The individual conductive elements are
      close enough together to collectively define an electrostatic plane, and
      the spaces between the elements of the screen or grid provide apertures
      for the passage of sound produced by the diaphragm.
PAR  One important type of electrode construction is the wire grid electrode,
      wherein a plurality of spaced parallel wire segments supported by a frame
      form the electrode. Although the wire grid electrode has many advantages
      from a performance and manufacturing point of view, certain problems must
      be overcome in design and manufacture if the full performance of the
      electrostatic speaker is to be realized. One of these problems involves
      controlling the critical distance between the plane of the wire grid and
      the diaphragm, as this distance affects the relative sound output of the
      finished unit. Since the wires are inherently somewhat flexible, any slack
      or buckling of the wires could cause them to touch the diaphragm, which
      would result in severe distortion, and possibly dielectric breakdown of
      the wire insulation. Another problem involves allowing for thermal
      expansion of the various components so that the wires are not allowed to
      become too tight or too slack when temperature changes occur.
PAR  One proposed solution to these problems is set forth in U.S. Pat. No.
      2,896,025, issued July 21, 1959. In that patent, a wire grid electrode is
      made up of a plurality of insulated wires lying in slots cut in a
      generally rectangular plane which has a plurality of web members defining
      sound passing apertures. One end of each of the wires is electrically
      connected to a common bus bar, while the other end of each wire is free.
      The insulation on each length of wire is glued to the wire guide slots,
      but the wire is free to move axially of the insulation due to temperature
      effects.
PAR  Although the structure described in the aforementioned patent does provide
      a high quality electrostatic loudspeaker element, it is subject to a
      number of problem areas which are overcome by the present invention. One
      problem is the difficulty of accurate control of the critical distance
      between the electrostatic plane defined by the wires, and the diaphragm.
      In the prior art apparatus represented by U.S. Pat. No. 2,896,025, it has
      been found that significant variations in this critical distance occur in
      manufacturing, causing variations in the sound output level from one unit
      to another, thus necessitating individual testing and matching. Another
      problem is that if any of the glue used to attach the wire insulation
      sheaths to the frame should happen to touch the free ends of the wires,
      the wire will be unable to slide back and forth during temperature
      changes, and this could cause the wire to buckle and touch the diaphragm.
      Another problem is that a number of the manufacturing steps, such as
      individually soldering the wire elements to the bus bar, and applying glue
      to the wires in the slots take an undue amount of time and result in a
      high production cost.
PAR  The present invention provides an improved wire grid electrostatic speaker
      element which overcomes these and other problems existing in the prior
      art. In the present invention, the frame is molded from a carefully chosen
      material having thermal expansion which equals that of the wire. The wire
      is thus wound continuously around the frame without any need for cutting
      or soldering to a bus bar. Accurate temperature compensation and reduced
      production costs are thereby achieved. Further, a dielectric spacer
      element is positioned between the wire grid and the diaphragm to
      accurately control the critical distance therebetween. In the preferred
      embodiment, the spacer element is double coated with a pressure sensitive
      adhesive for ease in assembly. In addition to lower production costs, the
      present invention provides an electrostatic dust shielding effect which
      keeps dust out of the diaphragm area.
PAC  SUMMARY OF THE INVENTION
PAR  Accoroding to the present invention there is provided a wire grid electrode
      assembly for an electrostatic loudspeaker comprising an acoustically
      transparent frame having a plurality of wire guiding slots. A wire is
      wound continuously around the frame in the slots to form a wire grid. A
      dielectric spacer member is attached to the frame across the wire guiding
      slots to confine the wire within the slots, and to control the spacing
      between the wire grid and an electrostatic diaphragm against which the
      electrode assembly may be placed. The frame is made from a material having
      a coefficient of thermal expansion equal to that of the wire, so that
      buckling or change in tension of the wires as a function of temperature is
      prevented.
PAR  The present invention also provides an electrostatic loudspeaker element
      made up of a pair of these wire grid electrode assemblies, with a flexible
      diaphragm placed between the dielectric spacer members of the two
      electrode assemblies, to form a completed, push-pull unit.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective of an electrostatic loudspeaker element
      according to the present invention;
PAR  FIG. 2 is a sectional view taken generally along a line 2--2 of FIG. 1 in
      the assembled position;
PAR  FIG. 3 is an enlarged fragmentary detail of a portion of FIG. 2; and
PAR  FIG. 4 is a sectional view taken generally along a line 4--4 of FIG. 1 in
      the assembled position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electrostatic loudspeaker element shown in FIG. 1 is designed to
      reproduce the mid-range and high frequency portions of the audio spectrum.
      Although the structural principles according to the present invention are
      applicable to loudspeaker elements having various sizes and shapes to
      cover any desired frequency range, the preferred embodiment shown in the
      drawings is designed to reproduce sounds from several hundred hertz to
      beyond the upper limit of high fidelity sound reproduction, at about
      twenty kilohertz. The assembled unit of FIG. 1 measures approximately five
      inches square, and may be used with an array of several identical units
      facing in slightly different directions to provide optimum sound
      dispersion. Such an array of electrostatic elements is suitable to provide
      mid-range and high frequency reproduction, when mounted in a speaker
      cabinet which contains a conventional cone-type loudspeaker for
      reproducing the lower end of the audio spectrum.
PAR  As shown in the exploded view of FIG. 1, the electrostatic loudspeaker
      element basically comprises a flexible diaphragm 11 which is sandwiched
      between a pair of wire grid electrode assemblies to form a push-pull
      electrostatic element. In FIG. 1, the two electrode assemblies are those
      elements respectively above and below the diaphragm 11. Since these two
      electrode assemblies are identical, the description which follows is
      directed towards the upper electrode assembly, but is equally applicable
      to the lower one. Corresponding parts in the lower electrode assembly are
      given primed numbers corresponding to the upper electrode numbers for the
      same parts.
PAR  A generally flat, square frame 12 is provided for the electrode assembly.
      Frame 12 has an outer border portion 13 and a plurality of interior web
      members, two of which are numbered 14 and 15, by way of example. A number
      of the web members are parallel to web 14, and the remainder are parallel
      to web 15, the two sets of web members being mutually perpendicular. For
      convenience, all web members running parallel to web member 14 will be
      given the reference number 14, and all web members parallel to web member
      15 will be referred to by reference number 15. A plurality of wire guiding
      slots, one of which is given reference number 16, are formed along two
      edges and along the web members 15. These wire guiding slots are formed on
      both sides and two edges of the frame to form a continuous helical path,
      as can be seen with reference to frames 12 and 12'. Preferably, the frames
      are molded so that the two frames are identical, and frame 12' is inverted
      with respect to frame 12 in FIG. 1, so that the same side of both frames
      will face towards the diaphragm 11. A plurality of knobs or widened spots
      are provided in web members 14, one of which is indicated by reference
      number 17. These knobs are used in the molding process which forms the
      frame by providing surfaces for ejecting the finished frame from the mold.
      Otherwise, they perform no other function in the construction and
      operation of the loudspeaker element.
PAR  It will be observed that the web members 14 and 15 define a plurality of
      sound passing apertures therebetween. These apertures make frame 12
      acoustically transparent which of course is necessary in order that the
      sound produced by diaphragm 11 may radiate outwardly to the listening
      area. The web members 14 are made slightly smaller in height than the
      slotted web members 15, so that the web members 14 will not interfere with
      the wire which is to be placed in the wire guiding slots. This clearance
      also prevents a buzzing sound that could arise from slight motions of the
      wire causing slapping against member 14. The wire guiding slots 16
      comprise notch portions separated from one another by flange portions.
      These slots are configured to provide a generally continuous helical path
      around the frame from one end to the other.
PAR  An insulated wire 20 is wound continuously around the frame 12, in a
      general helical path. In the exploded view of FIG. 1, wire 20 is shown for
      purposes of clarity off to the side of frame 12. In making the electrode
      assembly, the winding process may be done, for example, by machine, as is
      well known in the prior art. One end of the wire may be secured in the
      beginning slots 21 by suitable means such as melting some of the plastic
      of the frame over the end of the wire with a soldering iron. Winding of
      the wire then proceeds around frame 12 through all the slots, ending at
      the final slot 22, where the end of the wire may be likewise secured.
      During the winding process, the wire should be kept taut so that it lies
      straight across the face of the frame and bends smoothly around the edges.
PAR  Since the wire 20 is wound completely around frame 12 a number of times, it
      is important that the temperature expansion and contraction
      characteristics of the frame and the wire are very closely matched.
      Otherwise, differential expansion or contraction could cause the wires to
      go slack or to buckle which might allow them to touch the diaphragm,
      creating audible distortion and the possibility of high voltage breakdown.
      In order to meet this objective, the frame 12 is preferably molded from a
      mixture comprising 60% polystyrene and 40% glass.
PAR  A dielectric spacer member 30 is provided between electrode frame 12 and
      diaphragm 11. Spacer 30 is preferably the same outside size as frame 12,
      and it has a plurality of elongated openings 31 which are separated by a
      plurality of strips 32. The openings 31 align with the sound passing
      apertures in the frame 12, and the strips 32 are aligned with the web
      members 15 which contain the wire guide slots.
PAR  The spacer element is coated on both sides with a pressure sensitive
      adhesive. One adhesive coating which has been found to work well is
      coating No. 467 of the 3M Company. The spacer is pressed in place against
      frame 12, across the wire guiding slots to confine the wires in place.
PAR  The spacer element performs two functions: it provides a precise spacing
      between diaphragm and electrodes, and it assists in assembly because the
      pressure sensitive adhesive holds the diaphragm 11 in its stretched
      condition to the frame 12, and holds the wire 20 captive in the slots.
      From an electrical standpoint, the spacer acts as a dielectric since it
      appears between the two speaker grids, which are in effect capacitor
      plates. The dielectric constant of the material used for spacer element 30
      should be kept as low as possible to reduce the shunting effect of the
      dead capacitance, or non-sound producing areas, such as under or between
      the margins of the frame and along web members 15. Suitable materials for
      spacer element 13 are polyethylene, polypropylene and polystyrene.
PAR  The material used for diaphragm 11 should have high flexibility or
      compliance, good chemical and mechanical stability with age, and low mass,
      since this affects the high frequency cut off point. A number of materials
      are useable for diaphragm 11. One material is Saran film made by Dow
      Corning, and made conductive by rubbing the film with graphite. Mylar and
      polypropylene coated with a vacuum deposited aluminum film several
      millionths of an inch thick also works well. Polypropylene and
      polyethylene have about the lowest specific gravity. A film one-quarter
      mil thick will provide high frequency response to nearly 50 kilohertz.
PAR  After the spacer 30 is attached to the wound electrode frame 12 to form a
      completed electrode assembly, the diaphragm 11 is placed under tension
      prior to attachment to the other adhesive face of spacer 30. Proper
      tensioning of the diaphragm can be accomplished by starting with a
      diaphragm larger than needed, which can later be trimmed to the finished
      size. The diaphragm is stretched in a frame in the presence of an acoustic
      field of about 50 to 60 hertz produced by a loudspeaker. The tension is
      adjusted until the diaphragm resonates in response to this acoustic field.
      The diaphragm is then secured to the adhesive coating on spacer 30, and
      any excess size of the diaphragm may be trimmed. Also at this time a pair
      of notches indicated by dotted lines 35 may be cut out, so that bolts 42
      and 44, which are assembled later, will not contact the diaphragm. The
      other electrode assembly comprising frame 12', wire 20', and spacer 30' is
      then adhered to the other side of diaphragm 11 to form the completed unit.
      The cross-sectional view of FIG. 2 shows the relationships of the various
      components in the final assembly. FIG. 2 is taken across the wire guiding
      slots so as to show a zone in which the diaphragm is clamped between the
      spacers 30 and 30'. However, it will be appreciated that the slotted web
      members 15 and the strips 32 will effectively divide diaphragm 11 into a
      plurality of elongated zones which are individually free to vibrate under
      influence of the applied electric field to thereby produce the sound.
      These elongated zones, which have a length-to-width ratio of about eight
      to one are for insuring static stability of the diaphragm, so that it will
      not collapse into an electrode under an applied voltage.
PAR  In FIG. 2, the wire guiding notches 16 on both surfaces of frame 12, and
      also of frame 12', are more clearly seen. The successive turns of wire 20
      define two separate wire grids, one along the upper surface of frame 12,
      and another along the lower surface, near the diaphragm. The wrapping of
      wire 20 around the end of the frame is indicated by the dotted lines.
      Dielectric spacer member 30 is shown lying across the wires and the slots,
      and the diaphragm 11 is held in place between spacers 30 and 30'. FIG. 3
      even more clearly shows the relationships near the diaphragm. In FIG. 3,
      it is seen that each wire guiding slot comprises a notch portion 16a and a
      flange portion 16b which separates successive notch portions. The wire 20
      has an inner copper conductor 20b and an insulative coating 20a. The width
      of the notch 16a or the height of the flange portion 16b is substantially
      equal to the outside diameter of the wire insulation 20b. The corners of
      the flanges are slightly rounded so that the wire will not hang up on a
      sharp edge during high speed winding. If there are to be variations due to
      manufacturing tolerances, it is preferable that the wire diameter be
      slightly larger than the flange 16b, so that the wire will be in contact
      with the adhesive coating on the spacer. The spacer 30 has a first
      adhesive coating 33 which is seen to contact the flange portions 16b of
      the wire guiding slots, and also the outer insulation 20b of the wires
      themselves. The other side of spacer 30 has a coating 34 which attaches to
      the diaphragm 11. Thus, it will be seen that the individual turns of wire
      20 are held securely in place within the wire guiding slots, and the
      critical distance between the wire 20a and the diaphragm 11 is precisely
      controlled by the spacer member.
PAR  In the preferred embodiment, the diaphragm is one-quarter mil thick
      metalized polypropylene. The spacer is 0.0075 inches thick, and the
      thickness of each adhesive layer on the spacer is 0.0025 inches. The wire
      is No. 28 gauge solid tinned copper, 12.5 mils in diameter. The wire
      insulation is six mils thick. The insulation is controlled leakage
      polyvinyl plastic. The insulation must have somewhat "leaky"
      characteristics in order to be able to get rid of charge that is pulled
      into its molecular lattice structure during exposure to extremely high
      electric fields. If this charge were not immediately removed, it would
      create a counter-bias resulting in a temporary loss of sensitivity until
      the charge leaks off. In the preferred embodiment, the leakage of the wire
      insulation is such that the charge will leak off in about 0.05 seconds.
      Very high insulation materials might require up to an hour to leak off.
PAR  Referring again to FIG. 1, after the two electrode assemblies and the
      diaphragm 11 are assembled together, a plurality of rivets 40 may be
      inserted through holes 41 and 41' which were previously molded in the
      frame members. The rivets are punched through the spacer members and
      diaphragm and secured at the other end to provide additional strength and
      compression on the wires, spacers and diaphragm to maintain them in proper
      relationship. Bolts 42, 43 and 44 are inserted through holes provided for
      that purpose at the other end of the frames to perform the dual function
      of holding the assembly together, and providing electrical contact
      terminals for the two wire grids and the diaphragm. The head of bolt 42
      sets in a recess at the widened end of an enlarged slot which connects to
      point 22 at the end of the winding. As shown in FIG. 4, the end of wire 20
      lies in this elongated slot and is held in place by the melt of plastic at
      point 22, as previously explained. The end of wire 20 is soldered to a
      clip 23 which fits under the head of bolt 42 to provide the electrical
      connection to wire 20. A nut 45 is threaded onto bolt 42 and seats in a
      matching recess provided in frame 12'. The protruding end of bolt 42 may
      be used as the electrical terminal for the wire grid electrode.
PAR  In similar manner, wire 20' is held in place at point 22' and is soldered
      to a clip 23' on the other electrode. This clip is held in electrical
      contact by bolt 44 and nut 46. The protruding end of bolt 44 provides the
      electrical terminal for the other wire grid electrode. Bolts 42 and 44 do
      not make electrical contact with diaphragm 11, since portions indicated by
      dotted lines 35 were previously cut away near the bolt holes.
PAR  Washers 48 and 49, which had previously been placed in slight recesses in
      frames 12 and 12', provide the electrical contact with diaphragm 11. Bolt
      43 is inserted through washers 48 and 49, punching out the small central
      portion of the diaphragm, and is secured by washer 50 and nut 47. The
      extended end of bolt 43 provides the electrical connection to the
      diaphragm. It will be noted that due to the recessed hex nut sockets,
      one-handed assembly of all three bolts is possible, thus resulting in
      further simplified assembly.
PAR  Referring again to FIG. 2, the wires 20 and 20' each define two different
      wire grids. The inner wire grids lie in planes generally designated 25 and
      25'. The outer wire grids lie in planes generally designated 26 and 26'.
      Of course it is the inner wire grids lying in planes 25 and 25' which,
      together with diaphragm 11, provide the high voltage electrostatic field
      for operation of the speaker. The outer wire grids lying in planes 26 and
      26' are too far away from the diaphragm to have any such effect, but it
      has been found that they provide an additional advantage. In operation,
      when the diaphragm is charged positively and wires 20 and 20' are charged
      negatively, it has been found that the outer wire grids lying in planes 26
      and 26' form electrostatic dust shields which effectively prevent dust
      from entering the sound passing apertures and settling on the diaphragm.
      This electrostatic dust shield effect assumes that the dust in the air is
      negatively ionized, which is usually the case. Most actual dust
      accumulation occurs when the speaker is not reproducing sound -- that is
      when the DC supply is on but no AC signal is applied. Therefore, the DC
      bias supply to the wire grids is preferably made negative so that dust
      will be repelled. In practice, a nominal DC bias of minus 1200 volts is
      preferred. The magnitude of this bias is greater than the largest peak of
      the AC signal which is to be applied, so that the wire grid never goes
      positive. This insures that the negatively charged grid will continue to
      repel negatively ionized dust particles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatic loudspeaker element, comprising:
PA1  a. first and second electrode assemblies, each having:
PAR  1.  a frame having a generally planar face and having a plurality of web
      members defining sound passing apertures therebetween, said frame having a
      plurality of generally parallel wire guiding slots formed in said web
      members along the face of said frame;
PA2  2. a wire wound around said frame in said wire guiding slots to form a wire
      grid electrode along the plane of the face of said frame;
PA2  3. said frame made of material having a coefficient of thermal expansion
      substantially equal to that of said wire;
PA2  4. a dielectric spacer member attached to the face of said frame and having
      openings aligned with the apertures in said frame and having strip
      portions aligned with said web members and in contact therewith to confine
      said wire to said slots;
PA1  b. a diaphragm; and
PA1  c. means for positioning said diaphragm between said first and second
      electrode assemblies adjacent said spacer members, whereby said spacer
      members maintain constant spacing between said wire grid electrodes and
      said diaphragm, and maintain said wires in position along the planes of
      the faces of the respective first and second electrode assembly frames.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said frame is generally planar in
      configuration having slots on both sides and including means for fastening
      the ends of said wire to said frame.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said frame is made of
      glass-filled polystyrene.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said diaphragm is made of
      metalized polypropylene.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said dielectric spacer members
      have pressure sensitive adhesive coatings on both sides for attachment to
      said frame and to said diaphragm.
NUM  6.
PAR  6. Apparatus according to claim 1 further including electrical terminals on
      the two said frames, along the edge thereof, and electrically connected to
      said wires and said diaphragm.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said wire is insulated, and
      wherein the depth of said wire guiding slots is substantially equal to the
      outside diameter of the wire insulation.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said wire insulation comprises
      limited leakage poly-vinyl.
PATN
WKU  039353982
SRC  5
APN  1618253
APT  1
ART  232
APD  19710712
TTL  Transducer with improved armature and yoke construction
ISD  19760127
NCL  3
ECL  1
EXA  Stellar; George G.
EXP  Claffy; Kathleen H.
NDR  1
NFG  6
INVT
NAM  Carlson; Elmer V.
CTY  Prospect Heights
STA  IL
INVT
NAM  Mostardo, Jr.; August F.
CTY  Norridge
STA  IL
INVT
NAM  Diblick; Alex V.
CTY  Elmhurst
STA  IL
ASSG
NAM  Industrial Research Products, Inc.
CTY  Elk Grove Village
STA  IL
COD  02
CLAS
OCL  179114A
XCL  179119A
ICL  H04r 1100
FSC  179
FSS  114 A;115 A;119 A;179 R
UREF
PNO  3076062
ISD  19630100
NAM  Fener
OCL  179119A
UREF
PNO  3249702
ISD  19660500
NAM  Carlson
OCL  179115R
UREF
PNO  3432622
ISD  19690300
NAM  Sebesta et al.
OCL  179115R
UREF
PNO  3588383
ISD  19710600
NAM  Carlson et al.
OCL  179119A
UREF
PNO  3617653
ISD  19711100
NAM  Tibbetts et al.
OCL  179114A
UREF
PNO  3632904
ISD  19720100
NAM  Mauz
OCL  179119R
FREF
PNO  1,146,542
ISD  19630400
CNT  DT
OCL  179115A
LREP
FR2  Aubel; Leo J.
FR2  Stone; Wilfred S.
ABST
PAL  An electroacoustical transducer of the magnetic armature type having an
      efficient electromagnetic configuration with the armature being formed
      integrally with a support yoke. The yoke includes a base from which two
      arms extend generally parallel to the armature, the two arms engage pole
      pieces formed of laminations, and the vibrating end of the armature is
      positioned in the plane of the diaphragm and is connected thereto. The
      armature may include a boss or gusset adjacent to the contilever end of
      the armature to stiffen it and thereby raise the resonant frequency of the
      transducer. A casing is included which is spaced from the yoke and serves
      as a magnetic shield.
BSUM
PAR  This invention relates to electro-acoustic transducers and more
      particularly to microphones and receivers for use with hearing aids. The
      motor assembly of the transducer contains a uniquely and integrally
      constructed armature and yoke assembly, a pole piece stack formed of
      laminations, and a diaphragm positioned such as to enable the drive end of
      the armature to be directly connected to the armature. The magnetic
      configuration of the inventive transducer provides an efficient
      interaction of the steady state or d.c. flux path and the alternating or
      a.c. flux path, and, both the d.c. and a.c. flux paths have a relatively
      low reluctance.
DRWD
PAR  The features and advantages of the invention will be apparent from the
      following more particular description of a preferred embodiment of the
      invention as depicted in the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the inventive transducer with the cover and
      part of the casing broken away to show the motor assembly of the
      transducer;
PAR  FIG. 2 is a perspective view of the armature of the invention;
PAR  FIG. 3 is a top view of the armature;
PAR  FIG. 4 is a top view of the transducer showing the positioning of the motor
      assembly within the case;
PAR  FIG. 5 is a side view of the motor assembly to show the relative
      longitudinal positioning of the coil assembly, the pole pieces and the
      diaphragm; and,
PAR  FIG. 6 is an end view showing the magnets mounted in the enclosed section
      of the pole piece and the armature in its balanced or neutral position in
      the air gap formed between the magnets.
DETD
PAR  Referring to the various Figures, the inventive transducer 11 comprises a
      rectangularly shaped casing 13, having upstanding side walls generally
      labeled 14 and a cover 15, all of which may be formed of flux conductive
      material. The cover 15 is secured to the interior surface of walls 14 of
      the casing 13 and is suitably affixed as by cementing. An aperture 17
      which may be formed on an end wall 14, as indicated by dotted lines in
      FIG. 1, establishes an acoustic coupling to the interior of casing through
      the coupling member 20, as indicated by the dotted lines 22 in FIG. 5. As
      is common, an aperture 17 may be formed on a side wall rather than the end
      wall, and thence coupling member 20 is affixed to wall 14 at that point.
PAR  The motor assembly 21 of the transducer 11 includes an electrical coil 23
      having leads 25 which pass through apertures 27 in end wall 14 to connect
      to circuitry externally of casing 13. In assembly, apertures 27 are sealed
      with suitable cement 28, see FIG. 4 which affix leads 25 in position.
PAR  The coil 23 is mounted adjacent to a pole piece stack 29, see also FIG. 5.
      Pole piece stack 29 is comprised of a series of thin laminations, (shown
      in exaggerated thickness in FIGS. 1, 4 and 5). The use of laminations for
      the pole piece stack 29 provides the feature of decreasing eddy current
      losses. As shown in the end view of FIG. 6, pole piece stack 29 is in the
      form of a rectangular frame having a relatively large central opening or
      channel forming an enclosure 31 in which a pair of permanent magnets 33
      and 35 are mounted in spaced relation to form an air gap 37 therebetween.
PAR  A diaphragm assembly 39 is positioned adjacent pole piece 29. Note, that
      the coil 23, pole piece 29 and diaphragm 39 are positioned adjacent or
      contiguous to one another in a series or in-line relation. Diaphragm
      assembly 39 comprises a cup shaped member 41 generally rectangular in
      shape, with upstanding flanges 43, see FIG. 1. The open side of the cup is
      closed by a vibratable diaphragm 45. A surround 47 formed along the edge
      of diaphragm 45 is affixed to the open top of the cup 41 and a
      substantially rigid plate 49 is affixed to the center of the surface of
      diaphragm 45.
PAR  An aperture 18 on a flange 43 of cup shaped member 41 is positioned in line
      with aperture 17 on casing wall 14 and couples to the interior of cup
      member 41 which forms one sound cavity 51 for the transducer 11, see FIG.
      5. The other sound cavity 53 is provided between the diaphragm 45 and the
      cover 15 and is essentially bounded by the casing wall 14.
PAR  The vibratable end 57 of a cantilevered reed armature 60 is affixed as by
      cementing to plate 49. The end 57 is reduced in width to reduce the mass
      at that end of the armature. As will be explained, the magnetic flow paths
      do not extend through the end 57 which extends forward of magnets 33 and
      35, see FIG. 5, so such reduction in armature width at end 57 has little
      effect in its magnetic characteristics. The armature 60 extends through
      the air gap 37 formed between magnets 33 and 35 and through the center of
      coil 23 and the cantilever end of the armature is formed integrally with a
      yoke 61.
PAR  Referring now particularly to FIGS. 2 and 3, the yoke 61 comprises a
      U-shaped band member of a suitable magnetically conductive material having
      a relatively broad surface and being relatively thin in cross section.
      Yoke 61 includes a base 63 and a pair of arms 65 and 67. The armature 60
      is formed integrally with the base 63 to extend substantially parallel to
      arms 65 and 67, and with the broad surface of the armature 60 being normal
      to the broad surface of arms 65 and 67. Armature 60 also includes a boss
      or gusset 64 adjacent to the cantilever end of armature 60 which stiffens
      the armature and raise the resonant frequency of transducer 11. The size
      of the boss or gusset 64 may be adjusted to control the resonant
      frequency.
PAR  Armature 60 extends from approximately the center or midposition of base 63
      for convenience in centering the armature in coil 23 and in pole piece
      stack 29. Base 63 is also notched as at 68 to provide a convenient
      passageway for the coil leads 25.
PAR  Referring also now to FIGS. 1 and 4, the arms 65 and 67 of yoke 61 are
      positioned to straddle the motor assembly 21 and the ends of arms 65 and
      67 are affixed to the external surface of pole piece stack 29. The yoke 61
      and arms 65 and 67 are spaced from the casing walls 14, and the casing 13
      is not part of the flux path for the motor assembly; and thus, the
      magnetic flux paths are within the casing 13.
PAR  An advantage of the construction of the inventive transducer is that the
      unit can be made to have a minimal height (see FIG. 5) since the coil
      assembly 23, the pole piece stack 29 and the diaphragm assembly 39 are all
      positioned in essentially the same line, and the vibrating end of armature
      60 as affixed directly to flat plate 49 on the surface of diaphragm 45.
PAR  Referring to FIG. 6, the d.c. flux paths indicated by the dotted lines 32
      may be traced from permanent magnet 33 to the upper horizontal member of
      yoke 29 down the vertical members, through the lower horizontal member to
      magnet 35 and across air gap 37 back to magnet 33. An a.c. flux path may
      be traced from coil 23 through armature 60, permanent magnet 35, the upper
      member of yoke 29, the two arms 65 and 67 of yoke 61, and base 63 back to
      armature 60 and coil 23. Likewise, a second a.c. flux path may be traced
      from coil 23 through armature 60, permanent magnet 33, the lower member of
      yoke 29, the two arms 65 and 67 of yoke 61, and base 63 back to armature
      60 and coil 23.
PAR  Note that the casing 13 is spaced from arms 65 and 67, see FIG. 4, and
      hence, does not provide a portion of either a.c. or d.c. flux paths,
      Rather, casing 13 serves as a magnetic shield for the motor assembly 21 as
      well as a protection against mechanical damage and as an acoustic
      enclosure.
PAR  Another feature of the inventive transducer is that an efficient magnetic
      configuration is obtained with the magnetic return flow path being
      provided by the U-shaped yoke 61 which is made of a soft magnetic material
      with low magnetic reluctance. The armature 60 is formed integrally with
      the base 63 of yoke 61 and of a strip cut-out or bent approximately
      90.degree. out of the plane of the base 63. In such construction the
      reluctance between the armature and the yoke is also minimal. Accordingly,
      an efficient transducer having good acoustical response characteristics is
      obtained.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electroacoustic transducer of the magnetic armature type comprising a
      casing having walls, pole piece means forming an enclosed section, magnets
      positioned in spaced relation to one another within said enclosed section
      to form an air gap therebetween, a U-shaped band yoke having a base and
      two similar arms with the free ends of the arms being connected to said
      enclosed section, a band armature having one end cantilevered from the
      base of said yoke to minimize reluctance between said armature and said
      yoke, the broad surfaces of said armature being transverse to the broad
      surfaces of said base and arms, a coil, portions of said armature
      positioned in said coil and in said air gap and the a.c. magnetic flux of
      said transducer extending through said arms to thereby provide an a.c.
      flux path having minimum reluctance, said arms being positioned in spaced
      relation to said walls to separate the casing from the magnetic paths of
      the transducer, the magnetic paths being within the casing whereby the
      casing functions as a magnetic shield for the transducer, as a protection
      against mechanical damage and as an acoustic enclosure.
NUM  2.
PAR  2. An electroacoustic transducer as in claim 1 wherein said pole piece
      means are formed of laminations.
NUM  3.
PAR  3. An electroacoustic transducer as in claim 1 wherein said armature
      includes a boss formed adjacent the cantilever end of said armature to
      stiffen the armature and raise its resonant frequency.
PATN
WKU  039353990
SRC  5
APN  4238966
APT  1
ART  232
APD  19731212
TTL  Loud speakers
ISD  19760127
NCL  7
ECL  1
EXP  Blakeslee; Ralph D.
NDR  1
NFG  2
INVT
NAM  Lian; Ragnar
STR  Cortinavej
CTY  8363 Stilling
CNT  DK
PRIR
CNT  DK
APD  19721227
APN  6465/72
CLAS
OCL  1791155VC
EDF  2
ICL  H04R  900
FSC  179
FSS  115.5 R;115.5 PC;115.5 VC;120
FREF
PNO  824,433
ISD  19370700
CNT  IT
OCL  179115.5VC
LREP
FRM  Craig & Antonelli
ABST
PAL  A loud speaker of the oscillating coil type including a voice coil
      associated with a loud speaker membrane and a magnetic circuit having an
      annular air gap in which the coil is located in such a manner that in its
      neutral, non-energized condition the coil projects axially from the air
      gap substantially uniformly to both sides thereof so as to be able to
      oscillate substantially symmetrically about the middle plane of the air
      gap, a cylindric element of an electrically conducting material being
      rigidly associated with the magnetic circuit concentrically with the coil
      and extending into the air gap from one side thereof, characterised in
      that the cylindric element is extended so as to additionally project
      outwardly from the air gap to the other side thereof. It is obtained
      hereby that the voice coil is inductively short circuited in all working
      positions thereof, whereby it responds rapidly to changes of the input
      voltage and thus causes the sound to be reproduced with a minimum of
      distortion.
BSUM
PAR  The present invention relates to a loud speaker of the oscillating coil
      type including a voice coil associated with a loud speaker membrane and a
      magnetic circuit having an annular air gap in which the coil is located in
      such a manner that in its neutral, non-energized condition the coil
      projects axially from the air gap substantially uniformly to both sides
      thereof so as to be able to oscillate substantially symmetrically about
      the middle plane of the air gap, a cylindric element of an electrically
      conducting material being rigidly associated with the magnetic circuit
      concentrically with the coil and extending into the air gap from one side
      thereof.
PAR  In modern loud speakers the magnetic circuit normally comprises a flat iron
      disc at the middle of which there is mounted a projecting rod magnet, the
      outer end of which carries a disc-shaped pole piece of slightly larger
      diameter than that of the rod magnet. At the periphery of the base iron
      disc there is mounted an iron cylinder projecting concentrically with the
      rod magnet and carrying it at its outer end an annular iron disc situated
      in level with the pole shoe whereby the annular air gap is defined between
      the outer periphery of the inner pole piece and the periphery of the
      central opening of the annular iron disc. Thus, in the air gap there will
      exist a radial magnetic field in which the voice coil is present, whereby
      the coil will reciprocate in the gap according to the oscillations of a
      tone frequent signal current fed to the coil, and a corresponding sound
      will be produced by the loud speaker membrane.
PAR  The rod magnets normally used are made of a material from the surface of
      which material slivers may crack off from time to time and since the
      tolerance between the coil and the gap defining pole surfaces should be
      very small, the occurrence of such slivers in the air gap may highly
      disturb the operation of the loud speaker. It is a usual measure,
      therefore, to encapsulate the magnet or both the magnet and its associated
      pole disc in a thin-walled cylinder, whereby the loose slivers are
      maintained within the cylinder and prevented from getting access to the
      air gap.
PAR  It is already known that the use of such a shield cylinder involves an
      electro-acoustic advantage if the cylinder is made of an electrically
      conducting material, viz, as follows:
PAR  As known, due to self-induction, when a voltage applied to a coil increases
      or decreases electromotive forces will be induced which tend to counteract
      the change of the electric state of the coil, i.e. a momentary increase of
      the voltage will not give rise to a correspondingly momentary increase of
      the current in the coil, and since the displacement of the coil in the
      magnetic field is due to the coil current, the coil and therewith the loud
      speaker membrane will not react momentarily to the voltage changes or
      oscillations of the input signal to the coil. The sound will be
      reproduced, therefore, with a certain distortion relatively to the
      electric input signal. When the electrically conducting cylinder is used
      this cylinder will be inductively coupled to the coil and act as a single
      winding, i.e. the cylinder will act as a short circuit winding in a
      transformer and thus reduce the self-induction of the coil and enable
      rapid current changes therein in response to corresponding voltage changes
      of the input signal. This means that the coil and the membrane may
      accelerate rapidly and oscillate in improved accordance with the input
      signal, whereby the sound distortion is reduced.
PAR  However, the coil extends axially to both sides of the air gap and
      oscillates between an inner position, in which the outer end of the coil
      is situated in the air gap, and an outer position, in which the inner end
      of the coil is situated in the air gap, and since the conducting cylinder
      is located inwardly from the air gap the improved acceleration capability
      of the coil will be more expressed in or adjacent the inner position of
      the coil than in or adjacent the outer position thereof, and for this
      reason the coil will generally oscillate slightly non-symmetrically about
      the middle plane of the air gap. The inductive coupling between the coil
      and the cylinder is low in the outer position of the coil, because only
      the inner end of the coil cooperates with the cylinder, and the improved
      response of the coil, therefore, is obtained only in coil positions
      adjacent the said inner position of the coil. The total sound distortion,
      therefore, is reduced, but certainly not eliminated.
PAR  It is the purpose of this invention to provide a loud speaker in which the
      voice coil will have a low inductance independently of its position
      relatively to the air gap, i.e. in which the coil may accelerate rapidly
      in the entire working range thereof so as to eliminate or considerably
      reduce the sound distortion.
PAR  According to the invention there is provided a loud speaker of the type
      referred to in which the cylindric element is extended so as to
      additionally project outwardly from the air gap to the other side thereof.
      In this loud speaker the voice coil will in all its positions be
      inductively coupled to the cylindric element along the entire length of
      the coil, i.e. the inductance of the coil will be small in all positions,
      and consequently the coil current can change rapidly also when the coil
      assumes an outer position. Thus, the coil may oscillate symmetrically
      about the middle of the air gap and accelerate rapidly from all positions
      whereby the sound distortion will be kept at a minimum.
PAR  In a loud speaker of the usual basic construction the invention can be
      realized in an extremely simple manner, since the additional cylindric
      element can be provided as a direct prolongation of the cylinder
      surrounding the rod magnet.
PAR  By way of example the invention is described in more detail in the
      following with reference to the accompanying drawing wherein FIG. 1 is a
      sectional view of a loud speaker according to an embodiment the invention
      and FIG. 2 is a sectional view of a loud speaker according to another
      embodiment of the invention.
PAR  The loud speaker as shown in FIG. 1 comprises in the usual manner a
      magnetic circuit including a circular base disc 2 at the middle of which
      there is placed a projecting rod magnet 4, the outer end of which carries
      a disc shaped pole piece 6. An exterior iron ring member 8 is placed on
      the base disc 2 so as to extend coaxially with the rod magnet 4 and having
      the same axial extension. The outer end of the ring member 8 carries an
      annular disc 10 having a central circular hole 12, the edge of which is
      situated concentrically with the periphery of the pole disc 6 slightly
      spaced therefrom, so that between these parts there is defined an annular
      air gap 13. In this gap is positioned a cylindric voice coil 14 connected
      with a loud speaker membrane 16. In a conventional manner which need no
      further illustration the membrane is reciprocally suspended in a loud
      speaker chassis so as to center the coil in the air gap. Optimally the
      coil should project the same distance to both sides of the air gap.
PAR  Due to the concentrated radial magnetic field in the air gap the coil will
      oscillate when it is passed by an alternating current, whereby a sound
      frequent voltage fed to the coil will cause the coil and therewith the
      membrane 16 to oscillate for reproduction of the sound signal.
PAR  Inside the coil 14 there is mounted a stationary circular cylindric tube 18
      surrounding the rod magnet 4 and its associated pole disc 6 and consisting
      of an electrically conducting material of small thickness, preferably
      copper.
PAR  According to the invention this tube extends beyond the pole disc 6, the
      outer portion thereof being designated 19. The axial extension of the
      outer portion 19 is sufficient to ensure that the coil 14 even in its
      outermost position shown in dotted lines remains entirely within the outer
      end of the tube portion 19. Thus, in any position of the coil there will
      be a full inductive coupling between the coil and the tube 18, and as
      mentioned the tube 18 acts as an inductive short circuiting of the coil,
      whereby the resulting inductance of the coil becomes low and independent
      of the position of the coil. The coil current, therefore, will always vary
      in rapid response to the variations of the voltage of the input signal,
      and consequently the sound distortion is kept at a minimum. The improved
      reproduction quality is audible, but can also be demonstrated by
      registering the sound pressure in front of the loud speaker when a
      so-called square wave signal is fed to the coil; a high quality loud
      speaker according to the invention reproduces the square wave signal with
      a low degree of distortion of the curve shape of the signal, this not
      being obtainable with conventional loud speakers.
PAR  Preferably the tube 18 is made as a drawn bowl member having a collar 20
      enabling it to be secured to the base disc 2 in a simple manner, e.g. by
      means of rivets or screws, one of which is labeled 22 in the figure.
PAR  A secondary effect of the extended cylinder or tube 18 is that to an
      increased degree it reduces the modulation of the magnetic field in the
      air gap caused by the coil current and thereby reduces the so-called
      second harmonics distortion.
PAR  The invention is not limited to the embodiment shown, e.g. since for the
      electric effect of the tube 18 it is not imperative that the tube 18 be
      mounted inside the coil 14; it may as well be placed adjacent the edge of
      the hole 12 in the annular pole disc 10 so as to surround the voice coil
      14 as shown in FIG. 2. In loud speakers in which the central elements 4
      and 6 need not be encapsulated in a cylindric element and have
      electrically conducting surface portions it may be sufficient to add to
      these elements the outer portion 19 of the electrically conducting
      cylinder element, whether solid or hollow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loud speaker of the oscillating coil type including a voice coil
      associated with a loud speaker membrane and a magnetic circuit having an
      annular air gap in which the coil is located in such a manner that in its
      neutral, non-energized condition the coil projects axially from the air
      gap substantially uniformly to both sides thereof so as to be able to
      oscillate substantially symmetrically about the middle plane of the air
      gap, the magnetic circuit including a central member delimiting the inner
      side of the air gap and disposed in a region extending within the outer
      end of the voice coil, a cylindric element made of a non-magnetic material
      of good electrical conductivity being rigidly associated with the magnetic
      circuit concentrically with the coil and extending into the air gap from
      one side thereof, characerized in that said cylindric element is extended
      so as to additionally project outwardly from the air gap to the other side
      thereof beyond the forward end of the voice coil and the forward end of
      the central member thereby enabling substantially symmetrical oscillation
      of the voice coil about the middle plane of the air gap and reduction of
      sound distortion.
NUM  2.
PAR  2. A loud speaker of the oscillating coil type including a voice coil
      associated with a loud speaker membrane and a magnetic circuit having an
      annular air gap in which the coil is located in such a manner that in its
      neutral, non-energized condition the coil projects axially from the air
      gap substantially uniformly to both sides thereof so as to be able to
      oscillate substantially symmetrically about the middle plane of the air
      gap, a cylindric element made of a non-magnetic material of good
      electrical conductivity being rigidly associated with the magnetic circuit
      concentrically with the coil and extending into the air gap from one side
      thereof, characterized in that said cylindric element is extended so as to
      additionally project outwardly from the air gap to the other side thereof,
      and in that the cylindric element is mounted inside the voice coil around
      a central rod shaped portion of the magnetic circuit, this rod portion
      projecting from a base disc which along its periphery is connected with
      one end of a ring member, the other end of which is connected with an
      outer edge portion of an annular disc member, the central opening of which
      is situated radially concentrically spaced from the outer end portion of
      said central rod portion so as to define the said air gap therebetween,
      characterized in that the cylindric element is at one end secured to the
      said base disc and therefrom projects outwardly around the central rod
      portion so as to have its outer end portion situated spaced outside the
      outer end of the central rod portion.
NUM  3.
PAR  3. A loud speaker acccording to claim 2, wherein said cylindric element is
      shaped as a tube.
NUM  4.
PAR  4. A loud speaker according to claim 2, wherein said cylindric element is
      shaped as a bowl member.
NUM  5.
PAR  5. A loud speaker according to claim 1, wherein said material is copper.
NUM  6.
PAR  6. A loud speaker according to claim 2, wherein said material is copper.
NUM  7.
PAR  7. A loud speaker according to claim 1, wherein said cylindric element is
      mounted outside said voice coil.
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PAL  A speaker assembly comprising a dome shaped diaphragm, the cross section
      along the plane containing the base of the diaphragm having an oval
      contour; a voice coil connected to the diaphragm; magnetic means
      operatively associated with the voice coil; and support means for
      supporting the diaphragm, voice coil and magnetic means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to speakers and, in particular, to speakers having a
      dome-shaped diaphragm.
PAR  2. Discussion of the Prior Art
PAR  In most conventional dome type speakers, the dome has a diameter not
      greater than 60 mm. Such speakers usually include a circular-shaped voice
      coil mounted on an outer peripheral portion of a circular dome type
      diaphragm. As a consequence, conventional dome type speakers suffer from
      various drawbacks as noted below:
PA1  A. A satisfactory oscillation area for improving directivity cannot be
      obtained. In addition, when the Q of the low-pass resonance region of the
      oscillation system is designed to provide a uniform regeneration band to
      cover the low-pass region, efficiency is decreased, and if it is designed
      to increase efficiency, the Q decreases in value, resulting in a narrow
      regeneration band.
PA1  B. Generally stated, in dome type speakers, the voice coil functions to
      drive the outer peripheral portion of the dome-shaped diaphragm, and for
      this reason, transfer of high-pass components in the diaphragm, in a split
      band, occurs in a closed path at top of the diaphragm to generate a
      standing wave in the diaphragm to decrease energy loss therein. This
      causes a deviation in phase between the top of the diaphragm and the outer
      peripheral portion by the voice coil to produce "peak-dip" or dip in the
      frequency characteristic. In order to improve this, an equalizer may be
      used; however, the use thereof provides no essential improvement in the
      poor movement of the diaphragm.
PA1  C. If loss in the diaphragm is increased, energy is not sufficiently
      transmitted to the top of the diaphragm, and although the peak-dip of the
      frequency characteristic may be improved, the efficiency in the high-pass
      region is decreased. Thus, there is a merit in the operational principle
      of a piston motion, but there is a significant disadvantage in terms of
      the physical characteristic in a split oscillation band.
PA1  D. If a diaphragm of larger diameter is used to increase the efficiency,
      the upper limit of the high-pass region of the regeneration bandwidth is
      lowered, and if a further attempt is made, in order to improve the
      aforementioned drawback, to provide a sharp angle at the junction formed
      between the coil bobbin and the diaphragm, the equivalent mass of the
      diaphragm, particularly in the high-pass region, is increased, thereby
      resulting in a shortage of energy in this region.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the various disadvantages noted above with
      respect to prior art dome type speakers, and has its object to improve
      various characteristics and the tone quality of such speakers.
PAR  It is a further object of this invention to provide a dome type speaker
      having an oval configuration.
PAR  It is a further object of this invention to provide a speaker of the above
      type having an oval voice coil associated therewith.
PAR  Other objects and advantages of this invention will be apparent from a
      reading of the following specification and claims taken with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of an illustrative embodiment of an oval dome type
      speaker in accordance with the invention.
PAR  FIG. 2 is a schematic sectional view taken on line A--A of FIG. 1.
PAR  FIG. 3 is a schematic sectional view taken on line B--B of FIG. 1.
PAR  FIG. 4 illustrates comparative frequency characteristic curves of a 45
      mm.phi. circular dome diaphragm and an oval dome diaphragm having the
      length of long axis of 90mm, the length of short axis of 45 mm and the
      same area as that of a 70 mm.phi. circular dome diaphragm.
PAR  FIG. 5 illustrates comparative frequency characteristic curves for a 70
      mm.phi. circular dome diaphragm and an oval dome diaphragm having same
      area as that of the former.
PAR  FIGS. 6 and 7 illustrate the directivities of the diaphragm of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-3, a dome-shaped diaphragm 1 is shown. As can be
      seen in FIG. 1, a cross section along the plane containing the base of
      dome-shaped diaphragm 1 would have an oval-shaped contour. The term "oval"
      as used in the specification and claims applies not only to oblong
      contours with rounded ends as shown in FIG. 1 but also elliptical contours
      (from which ellipsoids may be generated) and oblongs, the contours of
      which are entirely curvilinear. In no instance is the term oval applicable
      to a circular contour.
PAR  A voice coil 2 is connected to the outer peripheral portion of the
      diaphragm and is also oval and surrounds the diaphragm. The speaker also
      comprises a top plate 3, a permanent magnet 4, a back plate 5, a center
      pole 6, and a magnetic pole gap 7, which gap also has an oval
      configuration. Thus, the speaker of the present invention is operatively
      different from conventional elliptical cone type speakers in which a
      circular voice coil is connected to an elliptical cone. The speaker also
      includes an edge portion 8 functioning as a suspension, lead wires 9,
      terminals 10, means for absorbing back pressure 11 such as glass wool, a
      sound absorbing material 12 (such as glass wool) filled in a bore formed
      in center pole 6, a sound absorbing material 13 mounted at the rear of
      center pole 6, and a back cavity 14.
PAR  It should be noted that with diaphragm 1, directivity in the horizontal
      direction shown in FIG. 1 is important when using a systematized form, and
      therefore the diaphragm has its short axis in the horizontal direction to
      provide the directivity in this direction. Generally speaking, the short
      axis corresponds to a first axis (not shown) extending between one side of
      the base of the diaphragm and the side opposite thereto and a second axis
      (the long axis) orthogonal to the first axis extends from another side of
      the base to the side opposite thereto. Satisfactory results may be
      obtained when the ratio of the length of the long axis to that of the
      short axis extends from about 1.2 to about 3.
PAR  In accordance with the present invention, if the ratio of the length of the
      short axis to the length of the long axis is, for example, 1 : 2, the area
      of diaphragm 1 will be approximately two and a half times that of a
      circular-shaped dome diaphragm having the same diameter as the length of
      the short axis. As a result, displacement of the diaphragm is increased by
      approximately two and a half times to increase the efficiency in the
      low-pass region and the regeneration band is decreased by approximately
      one octave. As can be seen in FIG. 4, when the value of Q in minimum
      resonance frequency of an oval dome diaphragm having the same area as that
      of the 70 mm.phi. circular dome diaphragm was set to the same as that of a
      45 mm.phi.  circular dome diaphragm, the efficiency was increased by
      approximately 4 db where FIG. 4 illustrates characteristic curves of sound
      pressure vs. frequency for the two diaphragms.  In particular, FIG. 4
      illustrates results of tests conducted on a diaphragm of the circular dome
      type having a diameter of 45 mm and on a diaphragm of the oval dome type
      having the length of long axis of 90 mm, the length of short axis of 45 mm
      and the same area as that of the 70 mm.phi. circular dome type diaphragm.
PAR  Characteristic curves of sound pressure vs. frequency are also shown in
      FIG. 5 and they give a comparison between a 70 mm.phi. circular dome type
      diaphragm and an oval dome type diaphragm of the same area. As is apparent
      from these characteristic curves, the oval dome type diaphragm increases
      the upper limit of the high-pass region to thereby provide a speaker which
      is wide in band width.
PAR  Further, directivities of a circular dome type speaker and an oval dome
      type speaker, both of which have the same diaphragm area, are illustrated
      in FIGS. 6 and 7, respectively. In the oval dome type speaker shown in
      FIG. 7, the short axis is in the horizontal direction. According to these
      curves, it can be seen that the directivity of the oval dome type speaker
      in the horizontal direction is better than that of the other for both
      30.degree.  and 60.degree. . p When using a circular speaker having a low
      energy loss diaphragm, a wide dip appears in the characteristic curve in
      the medium and high-pass regions with a peak in the high-pass limit. With
      an oval diaphragm, however, less resonance is produced at a specific
      frequency so that the resonance energy in the split oscillation band may
      be dispersed whereby no wide dip occurs and hence there is a narrow
      resonance band.
PAR  Further, since the diaphragm has an oval shape, the edge portion 8 thereof,
      of course, has a shape corresponding thereto, and the results of an actual
      operating test demonstrate that the edge portion operates excellently as a
      suspension, producing less resonance in the edge with hardly any rolling
      or the like occurring.
PAR  Therefore, the dome type speaker according to the present invention has
      various advantages; the speaker is high in efficiency; wide in
      regeneration band; low energy loss diaphragms may be used without the
      provision of an equalizer; dips in the frequency characteristic may be
      considerably reduced; and the suspension of the oscillation system may be
      stabilized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speaker assembly comrising
PA1  a dome shaped diaphragm, the cross section along the plane containing the
      base of said diaphragm having an oval contour;
PA1  a voice coil connected to said diaphragm;
PA1  magnetic means operatively associated with said voice coil; and
PA1  support means for supporting said diaphragm, voice coil and magnetic means.
NUM  2.
PAR  2. A speaker assembly as in claim 1 where a first axis extends from one
      side of the base of said diaphragm to the side opposite thereto and a
      second axis orthogonal to said first axis extends from another side of
      said base of the diaphragm to the side opposite said another side, said
      second axis being longer than said first axis; and
PA1  where said supporting means so supports said diaphragm that said first axis
      is horizontally disposed to thereby improve the horizontal directivity of
      said assembly.
NUM  3.
PAR  3. A speaker assembly as in claim 2 where the ratio of the length of said
      second axis to that of said first axis extends from about 1.2 to about 3.
NUM  4.
PAR  4. A speaker assembly as in claim 1 where said contour is elliptical.
NUM  5.
PAR  5. A speaker assembly as in claim 1 where said contour is oblong and
      entirely curvilinear.
NUM  6.
PAR  6. A speaker assembly as in claim 1 where said voice coil surrounds and is
      connected to the periphery of said diaphragm approximately at said base
      thereof, said coil also having an oval configuration corresponding to that
      of said base of the diaphragm.
NUM  7.
PAR  7. A speaker assembly as in claim 6 where said magnetic means includes an
      air gap having an oval configuration, said coil being disposed in said
      gap.
NUM  8.
PAR  8. A speaker assembly as in claim 1 where said diaphragm includes an edge
      portion connected between said base of the diaphragm and said support
      means, said edge portion having an oval configuration corresponding to
      that of the base of the diaphragm and suspending said diaphragm with
      respect to said support means.
NUM  9.
PAR  9. A speaker assembly as in claim 1 where said magnetic means is a
      permanent magnet.
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PAL  An earpiece having a tubular hub for receiving a sound-transmitting tube
      has a flange on an end of the hub about a central passage, comprising
      radiating ribs which are mutually separated by radiating slots or by webs.
      More particularly, the webs slope and the ribs adjoining the slots have
      marginal webs that are staggered in relation to each other, all as viewed
      in circular cross-section centered about the central passage. Still
      further, a tubular projection extends the central passage beyond the
      flange.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to acoustic headsets, and more particularly to
      earpieces for such headsets.
PAC  BACKGROUND OF THE INVENTION
PAR  Acoustic headsets having sound-transmitting tubes are fitted with earpieces
      designed to engage the wearer's outer ear. Such earpieces have a central
      hub that receives the acoustic tube, and a flange projecting symmetrically
      from the hub which is intended to seal against the outer ear in the region
      of the ear canal, and to become deformed as the wearer adjusts the center
      of the earpiece into position communicating effectively with the ear
      canal. While the purpose is well conceived, the result has been poor. Few
      users are able to adjust the central passage of the earpiece opposite the
      ear canal, because the flange, despite its supple quality, nevertheless
      resists placement of the earpiece to the desired sound-coupling position.
PAC  SUMMARY OF THE INVENTION
PAR  In the novel earpiece, the flange is at least weakened at places, by
      radiating slots or by webs or by slots at some places and webs elsewhere,
      so that extreme deformation of the flange at one region can occur without
      imposing needless distortion on the rest of the flange. Anyone who has
      embraced an egg with his fingers and tried to crush the seemingly frail
      eggshell has been impressed with the enormous resistance of the shell in
      relation to circular compressive forces that develop in the shell. The
      material of the shell is well suited to resist such stresses. The flange
      of an earpiece of conventional design is circularly symmetrical, and
      despite its soft material, it is a symmetrical figure of revolution of
      uniform thickness, and each region develops surprising resistance to
      deforming stresses developed when prominent deformation is imposed
      elsewhere. By using thinned regions, or sloping webs amounting to
      corrugations, or slots, or combinations of these, one region of the flange
      is encouraged to wrinkle or to shrink so as to allow the central passage
      of the earpiece to be moved opposite a wearer's ear canal and yet the
      remainder of the flange can stand out and become conformed reasonably to
      the wearer's outer ear, acting with reasonable effectiveness to exclude
      ambient sounds.
DRWD
PAR  The illustrative embodiments of the invention described in detail below are
      shown in the accompanying drawings, wherein:
PAR  FIG. 1 is an enlarged rear view of a novel earpiece embodying features of
      the invention;
PAR  FIG. 2 is a cross-section of the novel earpiece viewed at the plane 2--2 in
      FIG. 1;
PAR  FIG. 3 is a fragmentary cross-section of the earpiece of FIG. 1 as viewed
      along the cylindrical surface 3--3 in FIG. 1;
PAR  FIG. 4 is an enlarged view of the earpiece of FIGS. 1-3 in position
      opposite a wearer's outer ear shown diagrammatically in phantom lines and
      including portions of the headset that bears the earpiece, such portions
      also being shown in phantom lines;
PAR  FIG. 5 is a fragmentary view of a portion of an earpiece distorted in the
      region of section line 5--5 in FIG. 4;
PAR  FIG. 5A is another view similar to FIG. 5, showing another flange portion
      of a distorted earpiece; and
PAR  FIG. 6 is a modified earpiece viewed in cross-section similar to FIG. 2.
DETD
PAR  The earpiece 10 includes a tubular hub 12 and a flange 14. A through axial
      passage 16 has a cylindrical portion ending with an annular abutment 18
      for the end of a pliable acoustic tube T of a stereo headset carried by a
      light plastic frame F. Passage 16 extends from the reduced-diameter
      portion adjacent abutment 18 to a flared opening 19 formed by flange 14.
PAR  Flange 14 includes many relatively thick portions or ribs 20 (eight ribs in
      the form illustrated) extending outward from the tubular hub 12, in a
      generally conical configuration. When placed against a person's ear, the
      slight weight of the stereo headset forces the lower ribs to bend. Being
      spaced apart initially, the ribs move readily toward one another, allowing
      the earpiece to become aligned with the ear canal of the wearer, and then
      to support the headset. If the ribs were part of a soft wall of uniform
      thickness, this action could not occur. This is because, in the case of
      the uniform wall, the wall cannot be compressed in a circular direction
      (e.g. along line 3--3) to a comparable extent by such light forces, and
      required deformation of the flange in one region is resisted to a
      remarkable degree by the rest of the flange. In the case of earpieces that
      depend upon deformation of such a flange, it is difficult to find the
      right fit, such that the passage of the earpiece and the wearer's ear
      canal are aligned.
PAR  As shown, ribs 20 are divided and separated by notches 22 at some points.
      Webs 24 and 26 are provided for excluding ambient sound. Thin webs 24
      extend from rib to rib. Such webs readily form folds when the ribs are
      bent, as represented by web 24' in FIGS. 4 and 5. Webs 26 may become
      overlapped as shown in FIG. 5A. While not readily apparent in the drawing,
      webs 24 extend well into the transition region 19 between flange 14 and
      tubular portion 12. By like token, thinned webs may extend inward radially
      from the inner ends of notches 22. Webs 24 do not lie along an imaginary
      conical outer surface of flange 14, nor do they lie along an inner
      imaginary conical surface of flange 14. (This statement applies
      correspondingly where flange 14 is not conical but some other shape, as a
      figure of revolution about a central axis.) As viewed in circular
      cross-section (FIG. 3, and see line 3--3 in FIG. 1), webs 24 slope or
      slant and thus promote the formation of folds such as folded web 24'.
      Furthermore, as shown in FIG. 3, webs 26 at the lateral edges of notches
      22 are disposed in different "planes", or staggered or mutually offset, as
      shown in FIG. 3. This promotes the overlapped configuration of FIG. 5A
      whereas, were the webs 26 "coplanar" or aligned, they would tend to become
      abutting and so resist localized collapse of the flange in the circular
      direction when the wearer attempts to align through passage 16 with his or
      her ear canal.
PAR  A modification is shown in FIG. 6, including a tubular extension 30 of the
      hub 12' which, in FIGS. 1-5, ends at flange 14. The tubular extension at
      once complements the rest of the earpiece in sound transmission into the
      ear canal of the user and excluding ambient sound, and in assuring proper
      location of the passage through the earpiece opposite the ear canal. The
      rest of the earpiece of FIG. 6 is not described here. It is in all
      respects (except as already noted) the same as that of FIGS. 1-5.
PAR  The described and illustrated embodiments of the invention are evidently
      amendable to varied modification, and therefore the invention should be
      construed in accordance with its full spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An earpiece for an acoustic headset proportioned for cooperating with
      the wearer's outer ear at the ear canal, said earpiece comprising a
      tubular portion having a through passage for sound transmission and for
      receiving an acoustic tube and having a flange portion on an end of the
      tubular portion, said flange portion being subdivided so as to comprise a
      plurality of ribs radiating from the tubular portion, the ribs being
      normally separated by radiating regions of at least reduced thickness.
NUM  2.
PAR  2. An earpiece in accordance with claim 1, wherein at least certain of said
      ribs are interconnected by webs.
NUM  3.
PAR  3. An earpiece in accordance with claim 2, wherein the interconnecting webs
      slope as the flange is viewed in circular cross-section.
NUM  4.
PAR  4. An earpiece in accordance with claim 1, wherein at least certain of the
      radiating ribs are separated along at least part of their lengths by
      radiating slots.
NUM  5.
PAR  5. The earpiece in accordance with claim 4, wherein the separated ribs are
      of reduced thickness along their margins to form narrow marginal webs.
NUM  6.
PAR  6. The earpiece in accordance with claim 5, wherein the marginal webs at
      the edges of a slot are staggered.
NUM  7.
PAR  7. The earpiece in accordance with claim 1, wherein groups of at least two
      of said radiating ribs per group are separated by radiating slots, and
      wherein each rib of each group is connected to the adjacent rib of the
      group by a web.
NUM  8.
PAR  8. The earpiece in accordance with claim 7, wherein the ribs which are
      separated by slots have marginal webs that are staggered in relation to
      each other as viewed in circular cross-section.
NUM  9.
PAR  9. The earpiece in accordance with claim 8, wherein said interconnecting
      webs slope as the flange is viewed in a circular cross-section about its
      center.
NUM  10.
PAR  10. The earpiece in accordance with claim 1, further including a resilient
      tubular projection that extends the through passage beyond the flange.
NUM  11.
PAR  11. An earpiece for an acoustic headset proportioned for cooperating with
      the wearer's outer ear at the ear canal, said earpiece comprising a
      tubular portion adapted at one end thereof for connection to an acoustic
      tube and having a through passage for sound transmission, said earpiece
      also comprising a flange at a position spaced from said one end thereof,
      said flange being divided by regions of at least reduced thickness into a
      plurality of elements extending outward relative to said tubular portion.
NUM  12.
PAR  12. An earpiece in accordance with claim 11, wherein in the condition of
      the earpiece when not worn, said flange extends from said tubular portion
      progressively outward and toward the plane of said one end thereof.
NUM  13.
PAR  13. An earpiece in accordance with claim 11, wherein said flange has webs
      interconnecting said elements at least at certain of said regions.
NUM  14.
PAR  14. An earpiece in accordance with claim 11, wherein at least certain of
      said regions comprise slots extending outward in relation to said tubular
      portion.
NUM  15.
PAR  15. An earpiece in accordance with claim 11, wherein at least certain of
      said regions comprise slots, each pair of elements divided by a slot
      having webs that are staggered in relation to each other as viewed in
      circular cross-section about the axis of the tubular portion for becoming
      overlapped when the elements are deformed in use.
NUM  16.
PAR  16. An earpiece in accordance with claim 11, wherein said tubular portion
      extends beyond the flange in the direction remote from said one end
      thereof.
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ABST
PAL  A loudspeaker voice coil assembly having improved power handling capability
      is disclosed. The voice coil is wound of rectangular cross section
      aluminum wire having flexible anodized coating. A thin anodized aluminum
      retaining cylinder is adhered to the winding of the voice coil with a thin
      coating of a cement. The anodization serves not only to electrically
      insulate the turns one from another and from the aluminum, heatradiating
      retainer, but also serves to enhance the efficiency of the cement bonding.
      Voice coils capable of continuously dissipating 150 watts rms audio power
      have successfully been fabricated.
BSUM
PAR  This invention relates to transducer windings and more particularly to the
      type of winding useful in the voice coils of loudspeakers or other
      apparatus for transforming electrical current signals into mechanical
      motion. In the usual loudspeaker, the mechanical motion of the voice coil
      is translational. The translational motion of the voice coil is imparted
      to the bobbin, usually of paper, on which the voice coil is mounted and
      the bobbin imparts its motion to the loudspeaker cone. Motion of the voice
      coil assembly when excited by audio frequency currents drives the
      loudspeaker cone to produce sound in the audible range.
PAR  It is an object of the present invention to provide a voice coil of
      sufficient power handling capacity to drive a loudspeaker cone of the type
      disclosed in Lincoln Walsh Pat. No. 3,424,873 issued Jan. 28, 1969. It is
      a characteristic of the Walsh loudspeaker cone that it transmits the audio
      signal as an ultrasonic transmission line, that is, the sound travels
      through the cone of the Walsh speaker at a velocity higher than that of
      the sound radiated to the air so that each incremental slant length of the
      Walsh speaker cone emits in-phase sound and so that a "coherent" sound
      source is produced. This type of loudspeaker requires a voice coil capable
      of launching a comparatively powerful mechanical impulse to the
      loudspeaker cone. In addition, certain other high power audio speakers
      would benefit from the use of a voice coil having improved power handling
      capabilities and it is to the satisfaction of this need as well as that of
      providing a high power coil for ultrasonic transducers that my invention
      is principally directed.
PAC  BACKGROUND OF THE PRIOR ART
PAR  A loudspeaker voice coil is conventionally a multilayer solenoid winding
      that is positioned in the air gap of the loudspeaker magnet. Varying audio
      frequency currents applied to the voice coil interact with the magnetic
      field in the air gap and cause the coil to undergo mechanical
      translational movement at an audio frequency rate. The movement is back
      and forth in the direction of the coil axis. Conventionally, the voice
      coil winding is made of rather small diameter copper wire that is glued to
      the outside of a thin paper cylinder or bobbin. One end of the cylinder is
      centered in the annular air gap between the pole pieces of the speaker
      magnet and the other end is centered at the apex of the felted paper
      composition loudspeaker cone. When the voice coil undergoes its
      translational motion that motion is imparted to the loudspeaker cone thus
      producing audible sound in the air.
PAR  Somewhat more recently, the demand for high powered loudspeakers has led to
      improvements in the design and construction of voice coil assemblies. For
      example, R. A. Gault, Patent No. 3,358,088 of December 12, 1967 shows that
      a somewhat higher power dissipation voice coil can be made by gluing a
      thin foil of aluminum to the opposite surface of the bobbin to which the
      winding is adhered. Gault states that while it has been suggested to make
      the bobbin of the voice coil of a metallic material having a sufficient
      thickness so as to be self-supporting, considerable difficulty has been
      experienced, in adhering the turns of the magnet wire forming the winding
      of the voice coil to the metallic material and, in that the possibility of
      shorting of the turns forming the winding is increased when the winding is
      bonded directly to the metallic material. Gault's solution was to employ a
      laminated paper bobbin consisting of a layer of metallic foil and a layer
      of paper for supporting and insulating the turns of the magnet wire. The
      Gault structure employed the "turns of magnet wire forming a wire on one
      side of a bobbin and an aluminum foil on the other side of the bobbin
      bonded to the bobbin for rapidly dissipating the heat generated by the
      voice coil."
PAR  While the Gault patent device does in fact yield a voice coil having
      improved thermal dissipation over that achievable with voice coils wound
      on conventional paper bobbins, its thermal dissipation capacity is still
      limited because of the need to employ paper and an enamel-insulated wire
      in the voice coil assembly. The need for paper was, of course, thought to
      be required by the need to prevent the aluminum foil from short-circuiting
      the turns of the voice coil winding. I have discovered, however, that an
      improved voice coil may be made without employing any paper in the voice
      coil assembly and voice coils embodying my invention have been made with
      many times the wattage rating of voice coils heretofore obtainable, either
      with the Gault structure or with other prior art arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that a voice coil having extremely high thermal
      dissipation and which is therefore capable of handling the output of high
      wattage audio amplifiers may be made by employing rectangular cross
      section, flexibly-anodized aluminum wire or ribbon that is edge wound on
      the inside of an aluminum bobbin, the turns being bonded to each other and
      to the inner cylindrical surface of the bobbin with interdigitated epoxy
      or polyamide cement. The rectangular cross section of the wire gives the
      resultant solenoid greater free-standing strength and a greater
      metal-to-cement ratio in the area of contact between the winding 3 and the
      heat transferring retainer 6, than would round diameter wire copper. The
      use of aluminum wire having an anodized coating rather than the
      conventional enameled copper wire means that the thermal dissipation is
      limited only by the melting point of the aluminum conductor rather than by
      the thermal destruction point of enamel. Conventional insulating enamel
      employed on copper wires will carbonize or otherwise fail at about
      250.degree. C., whereas the anodized surface of the aluminum wire of my
      invention retains its insulating characteristics to temperatures so high
      as to be unmeasurable and the voice coil fails only when the aluminum wire
      itself melts. I have found that while the edge wound anodized aluminum
      voice coil winding may also be wound on the external periphery of the
      aluminum cylinder, placing the winding inside the cylinder allows the
      surface of the aluminum cylindrical bobbin to act as a more efficient heat
      radiator, and also gives better thermal mechanical stability since the
      retainer 6 then maintains the winding 3 in compression. Practical voice
      coil windings capable of dissipating 150 rms audio watts continuously or
      250 watts programmed have been successfully built and have withstood coil
      operating temperatures in excess of 250.degree. C. Three-inch diameter
      voice coils have been constructed weighing less than four grams in and
      have been installed in Walsh patent-type transducers having a flat
      frequency response throughout the audio range to well beyond 25 kHz.
      Further, the dimensional stability of the voice coil arrangement of my
      invention is assured from room temperature to over 250.degree. C. because
      both the voice coil winding conductors and the heat dissipating bobbin are
      made of the same material and hence have the same coefficient of
      expansion.
PAR  While the most important commercial application of the transducer winding
      of my invention is presently in the high fidelity loudspeaker market, the
      need for electromechanical transducers of high power dissipation is
      expected to benefit from my invention inasmuch as my construction produces
      a coil that is weather and even salt water resistant, impervious to
      moisture penetration and fungus. Electromechanical transducers built with
      the coils of my invention may be air, water, or oil cooled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of my invention may become
      more apparent by referring now to the detailed description and drawing in
      which:
PAR  FIG. 1 shows an isometric view of the voice coil assembly of my invention;
      and in which
PAR  FIG. 2 shows a cross section of a portion of the voice coil assembly.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIG. 1, there is shown a cut away view of the voice coil
      assembly of my invention. An anodized aluminum wire 1, advantageously
      having a rectangular cross-section, is wound on its narrow edge 8 about a
      mandrel (not shown) until the desired number of turns have been
      accumulated as a winding 3. A suitable cement 5 is applied to the outside
      surface of the winding 3 and then an anodized aluminum strip 6 is wound
      over the cemented portion of the winding to maintain the turns 3 in
      compression. The cement 5 is allowed to dry and then the winding 3 and
      attached aluminum retainer bobbin 6 are removed from the mandrel. After
      removal from the mandrel, the ends 7, 7' are dipped in an alkali
      preparation such as "Easy-Off Oven Cleaner" to remove the anodizing and
      the ends 7, 7' are then tinned with a conventional 60-40 solder having
      aluminum flux. Copper leaders (not shown) may then be attached to the ends
      7, 7' by conventional soldering.
PAR  It is one aspect of my invention that no additional insulation such as the
      conventionally-employed paper bobbin need be used to insulate the turns of
      the winding 3. The anodizing 1' (shown in cross-section detail in FIG. 2)
      of the aluminum wire 1 serve to insulate electrically each of the turns
      from its neighbor. The anodizing 1' of the winding 3 serves to
      electrically insulate the winding 3 from the aluminum retainer strip.
      However, because the anodized coating is thin, approximately 1 micron in
      the illustrative embodiment, there is good heat transference from the
      winding 3 to the retaining strip 6 which functions both as a heat radiator
      as well as a heat conductor when assembled to the metallic cone,
      advantageously titanium, of the Walsh-type loudspeaker. Such assembly may
      advantageously utilize polyamide cementing of the anodized retainer strip
      6 to the metallic speaker cone. The strip 6 may, of course, be mounted
      internally to winding 3 with some degradation in heat radiating
      efficiency. The aluminum retainer strip 6 is also shown with anodized
      surfaces 6'. The cement 5 used to adhere the retaining strip 6 is believed
      to actually penetrate the surface anodization 1' of the wire 1 as well as
      the surface anodization of the retaining strip 6 and thus forms a very
      firm, interdigitated bond.
PAR  Referring now to FIG. 2, there is shown a greatly magnified and
      out-of-scale schematic illustrated cross-sectional view taken through the
      lower portion of voice coil winding 3. Both the individual turns of the
      aluminum wire 1 as well as the aluminum retainer strip 6 are anodized, the
      anodized external surfaces bearing the primed number designations 1' and
      6', respectively.
PAR  In one illustrative embodiment, which has successfully been employed as the
      voice coil of a Walsh patent-type loudspeaker, the voice coil assembly has
      been fabricated with 0.006 by 0.023 rectangular anodized aluminum wire
      conductor. The surface anodization of this wire is of the commercially
      available "flexible" anodizing similar to the type used for aluminum
      beverage cans and aluminum foil capacitors. The winding 3 was wound on a
      3-inch diameter mandrel 35 turns of which exhibited a dc resistance
      between the coil ends 7 and 7' of approximately 3.4 ohms. The aluminum
      retaining strip 6 was made of anodized aluminum ribbon of 0.004-inch
      thickness and had an axial length L of approximately 1 inch. A
      commercially available epoxy, polyamide cement 5 was employed.
PAR  The bobbin 6 of the voice coil so constructed was affixed to a titanium
      Walsh patent loudspeaker cone (not shown) and the coil ends 7, 7' were
      connected to a high fidelity, high power audio amplifier. The coil
      assembly successfully dissipated 150 watts rms continuously installed in
      the structure of the speaker. During testing, the voice coil continuously
      withstood operating temperatures in excess of 250.degree. C. with no
      noticeable degradation in performance. Voice coils have also been built
      using ceramic cement which has been oven cured as well as the
      aforementioned air drying type of cement. Although I have illustrated a
      voice coil which has been wound on its edge and surrounded by an external
      retaining strip or bobbin former, it should be understood that it may be
      desirable in certain applications to wind the voice coil of rectangular
      wire edge-to-edge rather than "cheek to cheek" as shown in the drawing.
      Further and other modifications may be employed by those skilled in the
      art without departing from the spirit and scope of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loudspeaker voice coil comprising a winding of anodized rectangular
      cross section aluminum wire intimately bonded to the inside of an anodized
      aluminum bobbin for radiating the heat of voice currents applied to said
      coil.
NUM  2.
PAR  2. A loudspeaker voice coil according to claim 1 wherein said winding is
      bonded to said bobbin by a polyamide cement which undergoes a surface
      penetration of the anodized surfaces of said wire and of said bobbin.
NUM  3.
PAR  3. A high power, high fidelity winding for the electromechanical transducer
      of a loudspeaker, comprising, in combination,
PA1  a plurality of turns of flexibly anodized rectangular aluminum wire
      edge-wound in the form of a solenoid,
PA1  an anodized aluminum cylindrical retainer in intimate thermally conductive
      contact with a cylindrical external surface of said edge-wound turns of
      said solenoid, said retainer mechanically constraining the turns of said
      solenoid against motion with respect to each other and forming a radiating
      surface to dissipate heat generated by the passage of excitation currents
      through said turns, and
PA1  a high-temperature cement binder interdigitated between said turns of said
      solenoid and said retainer.
NUM  4.
PAR  4. An electromechanical transducer according to claim 3 wherein said cement
      binder undergoes some surface penetration of the anodized portion of said
      aluminum wire and of said aluminum cylindrical retainer.
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ABST
PAL  The invention comes within the branch of digital data transmission on a
      telephone line having four wires comprising echo suppressors. In order to
      be able to neutralize these suppressors during a simultaneous bilateral
      data transmission, a neutralization signal is developed in a purely
      digital device basically using a PCM coder, counting the changes in sign
      of the line signal. The use of digital filters to identify the
      characteristic frequency preceding the transmission is thus avoided.
BSUM
PAR  The invention concerns a device for developing a neutralizing signal for an
      echo suppressor, necessary for the transmission of data on a telephone
      line having four wires, each data transmission being preceded by an
      identification signal at a given frequency.
PAR  Telephone communications over long distances are made by means of lines
      having four wires, whereas connection with subscribers is made with lines
      having two wires. The transformation between the two systems is effected
      by means of a differential transformer.
PAR  Lines used for communications over long distances have an impedance of 600
      ohms. The impedance of extension lines for circuits towards subscribers is
      variable, both from one line to another and as a function of the
      frequency. Differential transformers cause, when that impedance is not
      equal to 600 ohms, return currents which are superimposed on the
      conversation currents and sometimes bring about a considerable hindrance.
      That hindrance increases with the amplitude of the currents and the time
      taken by those currents to pass through the reaction loop, that is, the
      propagation time for the outgoing current and the return current. If that
      time reaches 100 milliseconds, the return currents are received as genuine
      echos. To ensure good communications, it is necessary to fit the circuits
      on which the propagation time for the outgoing current and the return
      current exceeds 70 milliseconds with two half-echo suppressors,
PAR  Nevertheless, if it is required to transmit digital data in both directions
      simultaneously on a circuit having four wires fitted with an echo
      suppressor, the echo suppressor must previously be neutralized, otherwise,
      the carrier is weakened in one transmission direction, this being
      detrimental to the signal-to-noise ratio of the data transmission and thus
      increasing the proportion of errors. The holding in the rest position of
      each half-echo suppressor is provided for by a device called a
      neutralizer.
PAR  The operation of the neutralizer is subject to conversations which have
      been approved by the C.C.I.T.T. and registered in the special report of
      the C.C.I.T.T., volume III, notice G161.
PAR  According to that notice, the identification signal preceding a data
      transmission is emitted at the frequency of 2100 c/s .+-. 15 c/s at the
      level of -12  .+-. 6 dBmO (that indication showing the weakening in dB in
      relation to a signal of 1 milliwatt in a line having an impedance of 600
      ohms). The duration of the identification signal is 400 milliseconds.
      Because of the gains and losses due to the transmissions, the neutralizer
      must operate under the effect of a signal having a frequency of 2100 c/s
      .+-. 21 c/s at a level comprised between 0 and -31 dBmO. Neutralization is
      tolerated for a signal comprised between 1900 and 2350 c/s at a level
      comprised between 0 and -35 dBmO. The neutralizer must function after a
      time equal to 300 .+-. 100 milliseconds.
PAR  On ordinary telephone circuits, the neutralizers designed according to that
      international notice use the analog filtering technique. On the other
      hand, the inserting of these neutralizers at a point where the signal is
      in digital form requires the use of other methods. That generally used,
      namely, the simple transposition of the analog techniques, leads to the
      use of digital filters which are slow devices (and hence do not enable a
      multiplexing of a very high order) and are expensive.
PAR  The invention concerns a device for developing a neutralization signal for
      an echo suppressor which no longer has the defects observed in known
      devices. That device according to the invention is characterized in that
      it comprises a first counter producing a first neutralization condition
      when the time between two zeros of the line signal does not exceed a
      pre-established value, in that it comprises a second counter which counts
      the changes in sign during a predetermined period and produces a second
      neutralization condition when the state of the counter at the end of the
      said period is between two predetermined limits and in that it comprises a
      circuit for triggering a flip-flop providing the neutralizing signal, that
      circuit combining the said two conditions and comprising a shift register
      which triggers the flip-flop only when the neutralization conditions are
      combined several times in succession.
PAR  To great advantage, that device comprises, moreover, a monostable circuit
      which is triggered when the line signal exceeds a predetermined minimum
      level and which resets the flip-flop supplying the neutralization signal
      to zero when it returns to the stable state.
PAR  Due to the fact that the device is, to a great extent, digital, it is an
      advantage to combine it with an analog-to-PCM converter which supplies in
      binary terms the passes through zero and the minimum level of the line
      signal as well as a basic clock used for defining the various periods.
PAR  The invention will be disclosed by means of the following detailed
      description which concerns a preferred example of embodiment of the
      invention, with reference to FIGS. 1 to 7.
DRWD
PAR  FIG. 1 shows a general diagram of the device according to the invention.
PAR  FIG. 2 shows the typical line signal and the sampling instants of that
      signal.
PAR  FIG. 3 shows three pulse trains by means of which the various operations of
      the device are synchronized.
PAR  FIGS. 4 to 7 finally show in greater detail certain sub-assemblies of the
      device according to FIG. 1.
DETD
PAR  As has been mentioned above, the device according to the invention is
      combined with an analog-to-digital convertor which transforms the analog
      line signal into binary terms sending out at each sampling instant (whose
      period is chosen as 125 microseconds) a binary word having eight bits
      comprising a sign bit and seven amplitude bits. It is therefore possible
      to evaluate the neutralization signal by logic means and, through binary
      values indicating the change in sign, the required value of the signal and
      different periods.
PAR  The device according to the FIG. 1 fulfills the four conditions necessary
      for the triggering of the neutralization signal: the neutralization signal
      must be triggered if the number of passes through zero of the line signal
      in a period of 50 milliseconds is comprised between 208 and 212, if the
      number of successive samples having the same sign does not exceed 3, if
      the level of the signal is greater than -34 dBmO and if the three
      preceding conditions are complied with during a period comprised between
      200 and 285 milliseconds.
PAR  The neutralization signal must be stopped when the level of the signal
      remains for at least 230 milliseconds below the value of -34 dBmO. That
      time is called the holding time.
PAR  With reference to FIG. 1, it will be seen that the line towards the
      subscriber comprises two unidirectional circuits 11 and 12 respectively on
      which the line signal is transmitted in analog code and at low frequency.
      The figure does not show the half-echo suppressor comprising a
      neutralization input to enable the simultaneous transmission of the
      digital data on the two circuits. That figure does not show, either, the
      line equipment units and the switching devices. Nevertheless, it shows two
      analog-to-digital and digital-to-analog convertors respectively 13 and 14
      enabling the transposing of the analog signal into a PCM (pulse code
      modulation) and vice-versa.
PAR  The device according to the invention comprises, in the example described,
      several logic blocks 15 to 21 a first of which, 15, develops a binary
      signal at the sampling instant when the line signal changes signs. That
      signal is applied to two other blocks, 16 and 17, the first of which
      effects a counting of the change in signs during the 50-millisecond period
      and the second of which checks that the change of sign signal is applied
      at least once every three sampling instants.
PAR  The outputs of the two blocks 16 and 17 are then applied together to a
      block 18 comprising a shift register and sending out a neutralization
      signal when the sub-conditions developped in the blocks 16 and 17 are
      combined together during four successive cycles of 50.125 milliseconds. In
      that case, it sets a flip-flop in its "neutralization" position in which
      an output 22 connected to the neutralization input of an echo suppressor
      is actuated. That flip-flop is reset to the rest position by the signal
      leaving a monostable element 20 whose instability period corresponds to
      the above-mentioned holding time. That monostable element is therefore
      triggered by the outputs of the converter 13 corresponding to a level of
      the line signal below -34 dBmO.
PAR  Before describing in detail the various blocks mentioned, a few
      characteristics of the analog-to-digital conversion in PCM should be set
      forth for reference. A characteristic input signal of such a convertor is
      shown in FIG. 2. The frequencies existing in that signal are comprised
      between 300 and 3400 c/s. Sampling is effected at the frequency of 8000
      c/s and the amplitude at each sampling instant is converted into a binary
      byte comprising seven amplitude bits and a sign bit. It has been adopted
      as a convention to combine, at the level of -46 dBmO, the seven bits (from
      M1 up to M7) 0001000 and, at the value of -34 dBmO, the seven bits
      0100000. All the values below -46 dBmO and only those latter are coded in
      zero on the bits M1 to M4. All the values below -34 dBmO and only those
      latter are coded by zeros on M1 and M2. Those two levels therefore lend
      themselves particularly well to binary decoding.
PAR  For the purposes of the invention, it is sufficient to take into account
      the changes in sign only when it is connected with an amplitude of the
      signal exceeding the value of -46 dBmO. The periods T1 and T2 do not
      therefore correspond exactly to the periods i1, i2, etc. between two
      changes in sign. They are sometimes, because of the sampling, shifted in
      relation to the true period between two passes through zero and sometimes
      they are very much longer because of the fact that the passes through zero
      are neglected when the amplitude between two zeros is too slight.
PAR  The sampling instants are defined by a clock which supplies two pulse
      trains of 8 kc/s each, the second of which, H2, is slightly delayed with
      respect to the first, H1 (see FIG. 3). These pulse trains are applied in
      the device according to the invention to the block 21 which deduces
      therefrom a pulse train H3 (FIG. 3) having a periodicity of 50.125
      milliseconds. The pulses H3 are synchronised with the trailing edge of the
      pulses H2 and their duration is limited by the front edge of the train H2.
      The block 21 comprises, therefore, a counter having a periodicity of 401
      counting units or of 401/8 = 50.125 milliseconds. The three pulse trains
      H1, H2 and H3 are used for co-ordinating and controlling the operations of
      the other blocks of the device.
PAR  On referring to FIG. 4, which shows in greater detail the contents of the
      block 15 in FIG. 1 and which has as its function the developing of the
      signal indicating any change in sign, it will be seen that those signals
      which are sent out by the convertor 13 on the lines S0, M1, M2, M3 and M4
      are used as input signals. The signal indicating the sign is applied
      through an AND gate 23 to an input of a bistable element 24 and through an
      invertor 25 and another AND gate 26 to the other input of that same
      bistable element. The bistable element changes states only in synchronism
      with the clock H2 and it triggers at each change in sign. An EXCLUSIVE OR
      gate 27 connected up between an input and an output of the said flip-flop
      checks any triggering and sends out at its output CS a pulse for each
      change in sign.
PAR  If, however, the change in sign is connected with a level of the line
      signal which is too weak, that is, below -46 dBmO, that is not noted, for
      the two AND gates 23 and 26 as well as an AND gate 37 connected up between
      the bistable element and the EXCLUSIVE OR gate are blocked. That blocking
      is obtained by an OR gate 28 bringing together the four bits having the
      highest values of the output of the convertor 13, which will all be zeros
      when the level of the signal is too slight.
PAR  FIG. 5 shows in greater detail the contents of the block 16 according to
      FIG. 1. It should be stated for reference that this block has the function
      of accumulating the number of passes through zero or changes in sign
      during a period of 50 milliseconds and of sending out a first
      neutralization condition N2 when the number of changes in sign is
      comprised between 208 and 212. For that purpose, that block comprises
      mainly a counter having eight bits 29 which receives in synchronism with
      the clock H1 the pulses leaving, at CS, the gate 27, according to FIG. 4.
PAR  To make the decoding of the two critical states of the counter easier, it
      is not reset to zero after each counting period, but to the state
      corresponding to 42 (gate 30). The counter 208 is then reached at the
      state of the counter 250 and an AND gate 31 sends out a signal when the
      counter exceeds that state. A second AND gate 32 decodes the last state of
      the counter, the state 255, which corresponds to the two hundred and
      thriteenth change in sign of the line signal. The outputs of the two gates
      are connected to the two extra inputs of a bistable element 33 which is
      synchronized by the clock H2 and which sends out the neutralization
      condition N2, when, during a period of 50 milliseconds, the number of
      changes in sign is comprised between 208 and 212. At the end of each
      counting period, that bistable element is reset to zero at the same time
      as the counter is reset to 42.
PAR  The block 17 in FIG. 1 is shown in detail in FIG. 6. That block has the
      function of supervising the number of successive changes in sign and of
      sending out a neutralization condition N1 only if at least among three
      successive samples there is one change in sign. The corresponding logic
      circuit therefore comprises three flip-flops 34 to 36 which are connected
      together as a shift register whose shift rhythm is indicated by the clock
      H1. The pulses of the changes in sign are applied to the register through
      an AND gate 38 which transmits, in normal cases, these pulses. If,
      however, three successive samples pass without a change in sign, all the
      flip-flops comprise zeros and a negative AND gate 39 which supervises the
      state of the register, sends out a blocking signal for the gate 38 and
      thus blocks the register in that state until the next pulse H3. The
      neutralization condition N1 is therefore not complied with during that
      period, but at the beginning of the following period, the first flip-flop
      34 of the register is reset, through an OR gate 40, to its second state,
      thus enabling the unblocking.
PAR  It has been stated, at the beginning, that the identification signal lasts
      400 milliseconds and that the operating time of the device according to
      the invention must be at least 200 milliseconds to trigger the
      neutralizer. The block 18 in FIG. 1 whose contents are shown in FIG. 7 has
      the function of supervising four successive periods of 50 milliseconds and
      sends out a triggering signal N for the flip-flop 19 (see FIG. 1) only if
      the neutralization conditions are complied with during four successive
      periods. For that purpose, that block comprises another shift register
      having four flip-flops 41 to 44 which, this time, are synchronized by the
      front edge of the pulse H3. If, at the time of the appearance of that
      edge, the two conditions N1 and N2 are complied with, a pulse is sent out
      by a gate 45 combining those conditions and the first flip-flop of the
      register 41 is set in the state ONE. The whole register is set in that
      state only if the neutralization conditions were complied with four times
      in succession. Only in that case can an AND gate 46 send out at the output
      N a pulse to trigger the neutralization. That pulse is, however, sent out
      only if, at that time, the line signal is at least equal to -34 dBmO, this
      corresponding to a binary state ONE in at least one of the bits M1 and M2
      (OR gate 47). That extra condition is therefore added in the AND gate 46
      to the shift register filling condition.
PAR  The device described hereinabove constitutes only an example of embodiment
      of the invention complying with the standards of the C.C.I.T.T. inasmuch
      as concerns echo suppressors and pulse code modulation. It is possible to
      check regularly the proper operation of the device by means of a test
      sequence generator 48 which is shown in FIG. 1. That generator may be fed
      by the clock H1 of the convertor 13 and it produces different test
      sequences which may, by means of a switch 49, be sent into the convertor
      13 and thus simulate particularly critical line signals inasmuch as
      concerns the triggering of the neutralization. That generator comprises,
      consequently, a counter which sends out successively the various
      sequences. As this is necessary only intermittently, it may be designed
      for several lines, operating in multiplex just like the analog-to-PCM
      convertor. The test sequence generator can send out on a second output
      (not shown) a signal which should correspond exactly to the signal at the
      output 22 of the device.
PAR  It is evident that the present invention is not limited to the structure
      used for the implementing of the various blocks. In practice, the negative
      logic system is indeed often used instead of the positive logic system,
      the latter lending itself, however, more easily to the presenting of the
      operation.
CLMS
NUM  1.
PAR  1.  Device for developing a neutralization signal for an echo suppressor,
      necessary for the transmission of data on a telephone line having four
      wires, each transmission of data being preceded by an identification
      signal at a given frequency, said device comprising first counter means
      for producing a first neutralization condition when the time between two
      zeros of a line signal does not exceed a preestablished value, second
      counter means for counting changes in sign of said line signal during a
      predetermined period, said second counter means producing a second
      neutralization condition when the state of said second counter means at
      the end of said period is between two predetermined limits, and circuit
      means for triggering a flip-flop providing a neutralizing signal, said
      circuit means combining said two neutralization conditions, and said
      circuit means comprising shift register means for triggering said
      flip-flop only when said neutralization conditions are combined several
      times in succession and said line signal is at a level greater than a
      predetermined minimum value.
NUM  2.
PAR  2. Device according to claim 1, wherein monostable circuit means are
      included for resetting said flip-flop, said monostable circuit means being
      triggered when said line signal exceeds said predetermined minimum level
      and wherein said monostable circuit means resets said flip-flop supplying
      said neutralizing signal to zero when said monostable circuit means
      returns to a stable state.
NUM  3.
PAR  3. Device according to claim 2, further comprising analog/PCM convertor
      means for supplying in binary terms the passes through zero and said
      minimum level of said line signal and clock means for defining various
      time periods.
NUM  4.
PAR  4. Device according to claim 1, further comprising test sequence generator
      means for checking at regular intervals the proper operation of the
      device.
NUM  5.
PAR  5. Device according to claim 4, wherein said test sequence generator means
      is multiplexed with a plurality of transmission lines having devices for
      developing a neutralization signal.
NUM  6.
PAR  6. Device according to claim 1, wherein means are included for developing a
      binary signal representative of said change in sign of said line signal,
      said binary signal being applied to said first and second counter means.
NUM  7.
PAR  7. Device according to claim 6, further comprising analog/PCM convertor
      means for providing said line signal in binary terms, wherein said means
      for developing said binary signal representative of said change in sign of
      said line signal is operatively connected to the output of said analog/PCM
      convertor means.
NUM  8.
PAR  8. Device according to claim 6, wherein said means for developing said
      binary signal includes logic circuit means for providing said binary
      signal representative of said change of sign of said line signal only when
      the level of said line signal exceeds a predetermined value.
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ABST
PAL  A device for randomizing the operation of an electrical switch such that it
      can be used to switch electrical devices at random time intervals. This
      device uses a mechanism which periodically disconnects a drive train from
      a motor, randomizes the position of the drive train, and uses the
      resultant position of the mechanism to trip an electrical switch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an operating mechanism for an
      electrical switch and more specifically to a device which is operative to
      periodically alter the time of operation of said switch in a random
      fashion.
PAR  There are many applications where a random time interval may be useful. For
      example, in complex systems wherein the occurrance of random events may
      impinge to deleteriously alter the results of the system operation, a
      randomly switched signal may be useful for test purposes. Another use of a
      random switching mechanism is in the control of lights in an unoccupied
      building to give the illusion that the lights are being operated by the
      occupants, thereby discouraging burglary attempts.
PAR  Prior art motor driven switch operating mechanisms are well known in the
      art. Residential light switching devices having a timer mechanism are
      commercially available. However, all such prior art devices operate on a
      fixed interval basis. That is, when set, the lights are turned on at a
      given time each evening and turned off at a given time each morning, or at
      some other previously determined fixed interval. Typical of such prior art
      is the invention described in the Gruber Pat. No. 3,748,490.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention differs from the prior art in that the switch control
      mechanism serves to activate the switch at random time intervals rather
      than at fixed intervals.
PAR  In accomplishing this result, the device utilizes a motor coupled to a
      randomizing drive element which is periodically disconnected from the
      motor and switch at fixed time intervals and permitted to rotate to a
      random position. The drive element will only trip the switch at one point
      in its rotation and as a consequence of the randomizing sequence, the
      interval between switch closings and openings is also made random.
PAC  OBJECTS
PAR  It is accordingly the principal object of the present invention to provide
      a new and improved device for controlling the on-off state of an
      electrical switch.
PAR  Another object of the present invention is to provide a switch operating
      mechanism operative to cause activation of the switch at random rather
      than fixed intervals.
PAR  Still another object of the invention is to provide a random time interval
      switch opening and closing mechanism readily adapted to the operation of
      lighting circuits to give the illusion of human occupancy of unoccupied
      buildings as a burglary deterrent.
PAR  A further object of the present invention is to provide a new random
      interval switch operating mechanism using a device which is extremely
      simple in design, easy to use, with a minimum of moving parts, and which
      is accordingly economical and easy to manufacture and possesses a long and
      safe operational life.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of the invention will become
      apparent to those skilled in the art from a reading of the following
      detailed description when considered in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a top view of the preferred embodiment;
PAR  FIG. 2 is the left side view of the device;
PAR  FIG. 3 is the front view of the device;
PAR  FIG. 4 is a sectional view as indicated on FIG. 2;
PAR  FIG. 5 is a sectional view as indicated on FIG. 4;
PAR  FIG. 6 is a detail of the view of FIG. 4 with gear rotated to a new
      position;
PAR  FIG. 7 is the sectional view taken along the line 7--7. in FIG. 6; and
PAR  FIG. 8 is a combined circuit diagram and mechanical interaction diagram.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the top view of the preferred embodiment showing
      the supporting structure, motor and drive train is presented. In the
      following description, up, down, right, and left refer to the relative
      position on the drawings when viewed in the normal upright position. The
      terms, in and out, refer to the surface of the mechanism itself. The
      random switch is indicated generally by the numeral 2. It includes a rear
      supporting plate 4 and forward supporting plate 6 which are separated and
      maintained parallel by four spacers 8, only two of which show in FIG. 1.
      The plates may be secured to the spacers 8 by screws 10 or other suitable
      fasteners (FIG. 2).
PAR  A motor 12 drives a gear 14, which is attached to the motor's shaft and
      which, in turn, extends through a hole provided in plate 4. Gear 14, in
      turn, drives a gear 16. Gear 16 is secured to and drives a shaft 18. Shaft
      18 has a gear 20 mounted on its opposite end. Shaft 18 is mounted for
      rotation in opposing holes in plates 4 and 6. Gear 20 drives a gear 22
      which is mounted on a shaft 24 but passes through a central aperture
      therein so that gear 22 is free to rotate about shaft 24 as an axle.
PAR  Shaft 24 has a flate circular end cap 26 affixed to it or formed integrally
      thereon. A spring 28 is coiled coaxially about shaft 24 and is constrained
      by the end plate 26 and a flate leaf spring 30. Spring 30 has a hole
      passing therethrough to allow the shaft 24 to pass through it. A retainer
      ring 32 affixed to the shaft 24 bears against the leaf spring 30. The
      structure permits linear movement of the shaft 24 along its axis. This
      motion is essential to the operation of the random switch and will be
      covered in detail later.
PAR  Shaft 24 rotates freely and can slide axially within the central hole in
      gear 22. Gear 22 has a cylindrical projection which extends from the front
      face thereof and which is adapted to pass through a bushing 34 mounted in
      the plate 6.
PAR  A drive spring 36 is affixed at one end to and surrounds the cylindrical
      projection of gear 22 which exits through the plate 6. Spring 36 is coiled
      about the cylindrical projection of gear 22 and is anchored at one end to
      the gear which serves to hold gear 22 against plate 6. The other end of
      the spring has a short segment bent outward at right angles to the axis of
      the coil. A disk 38, is provided which has a central aperture through
      which shaft 24 can freely pass. The disk 38 is therefore free to rotate
      about shaft 24 unless the shaft is in the axial position shown in FIG. 5.
      Shaft 24 terminates in a flate C-ring type retainer 25 and has a second
      similar retainer 27 immediately inward from the disk. These two retainers
      constrain the disk 38 to move with the axial motion of the shaft but
      permit the disk to rotate about the shaft. Formed integrally on the inward
      pointing surface of disk 38 are a plurality of vane like projections 40.
      When the disk 38 is in the axial position shown in FIG. 5 the outwardly
      extending segment of drive spring 36 engages one of the vanes 40. It is to
      be noted that the vanes 40 are disposed at an angle with respect to the
      shaft 24. A pin 42 mounted near the periphery of the disk 38 is adapted to
      engage a star wheel 44 (FIG. 3) when the shaft 24 is in the axial location
      shown in FIG. 5. Pin 42, however, becomes disengaged from the star wheel
      44 when shaft 24 is moved outward axially as will be explained.
PAR  As can best be seen in FIG. 1, the star wheel 44 is affixed to and drives a
      shaft 46 which is mounted through opposing holes in support plates 4 and
      6. A rectangular cam 48, is secured to the shaft 46 by a pin 49 and is
      rotated by this shaft. One of the four faces of this rectangular cam 48
      bears against a switch 50 by means of a switch following arm 52. The fact
      that this cam is rectangular permits forcing the position of switch
      following arm 52 into two different positions as will be later explained.
PAR  FIGS. 2 and 7 show the left side view of the random switch 2. In these
      views it can be seen that leaf spring 30 has a triangular shaped
      projection 54 which normally bears against the inside of gear 22 and
      thereby holding this gear against plate 6. Spring 30 is secured to the
      plate 6 at the end opposite the triangular projection by two sets of nuts
      and bolts 56. Leaf spring 30 is preferrably made of spring steel which
      permits it to be flexed. With the spring 30 held in the flexed position
      shown in FIG. 2 by projection 54, spring 28 is compressed and bears
      against end cap 26, thus moving shaft 24 inward, i.e., to the left in FIG.
      5. As mentioned previously with shaft 24 in this inward axial position the
      projection of drive spring 36 is engaged between two adjacent vanes 40 and
      the pin 42 is engaged between adjacent arms on the star wheel 44.
PAR  FIG. 3 illustrates a front view of the random switch 2 with the disk 38
      partially cut away to reveal the cooperation of the pin 42 with the arms
      of the star wheel 44. As the disk 38 rotates in the clockwise direction,
      the pin 42 will engage one of the arms of star wheel 44 and rotate the
      star wheel and shaft 46 approximately 90.degree.. Each successive rotation
      of disk 38 will cause the pin 42 to engage the next arm of the star wheel
      44 and rotate it another 90.degree..
PAR  FIG. 4 is a sectional view showing a different view of the relationship of
      the leaf spring 30 with the gear 22 and the rectangular cam 48 with the
      actuator arm of the switch 50. In this view it can be seen that gear 22
      has an opening 58 formed in the rear surface thereof which covers an angle
      of approximately 45.degree.. In this view projection 54 of leaf spring 30
      is not opposite opening 58 but is bearing against the inside surface of
      gear 22. In this location the shaft 24 is withdrawn and the disk 38 is
      forced against the bearing surface 34 thereby aligning the projection of
      drive spring 36 with the vanes 40.
PAR  The relationship of rectangular cam 48 to switch 50 can also be seen in
      FIG. 4. When star wheel 44 is successively rotated ninety degrees by the
      operation of pin 42, the shaft 46 and rectangular cam 48 are also rotated
      by the same amount. This brings successive faces of cam 48 into contact
      with switch following arm 52. This following arm is spring loaded and, as
      such, it acts as an indexing device to assure that the cam 48 rotates
      precisely 90.degree.. With the cam 48 in the position indicated by the
      solid outline, the switch following arm 52 is depressed less than when the
      cam 48 is in the position 90.degree. later as indicated by the dashed
      outline. In this second position arm 52 is depressed a greater amount.
      Switch 50 is preferrably a miscroswitch with an external plunger 57. Thus,
      the operation of arm 52 alternately depresses and releases plunger 57
      which, in turn, changes the internal electrical connections between
      elements 60, 62 and 64 on the switch.
PAR  FIG. 5 is a detailed side view of the random switch mechanism 2 with the
      leaf spring 30 deflected by the bearing of the projection of spring 30
      against the inner surface of gear 22. This is the same relationship as
      that shown in FIG. 1 and FIG. 2. Disk 38 is held against bearing 34 by
      retainer 25 because shaft 24 is held to the left by spring 30. In this
      position drive spring 36 engages one of the vanes 40 and pin 42 is
      opposite the star wheel 44 is a position to engage the wheel. Note that if
      disk 38 were moved to the right, then drive spring 36 would be disengaged
      from vanes 40 and pin 42 would not mesh with star wheel 44.
PAR  FIG. 6 and 7 show the relationship when gear 20 rotates gear 22 such that
      projection 54 is aligned with opening 58 formed in the rear surface of
      gear 22. It can be seen that projection 54 is within opening 58 in the
      rear face of gear 22. Note that opening 58 has a face which is shear with
      respect to the projection 58 and a second face which is inclined with
      respect to this projection. With the projection 54 in this position within
      opening 58, spring 28 and spring 30 will both urge shaft 24 to the right
      by bearing upon retainer 32. This moves vane 40 rightward from drive
      spring 36 and also moves pin 42 on disk 38 rightward and out of alignment
      with star wheel 44.
PAR  FIG. 8 is a circuit diagram of the random switch 2 which shows the
      mechanical and electrical interaction. Here cam 48 operates switch
      following arm 52 which in turn bears upon plunger 57. Plunger 57 in turn
      operates the arm contact 61 of the switch 50. When plunger 57 is withdrawn
      then spring 63 holds arm 61 against the contact 64 and when the plunger is
      depressed, the arm is connected to contact 60. Note that this mechanism
      could be simplified in that the switch following arm 52 could itself be
      the arm contact of the switch 50 and provide the switching action
      directly. in FIG. 8 line voltage is applied at all times to the motor 12
      and to the arm contact 62 of switch 50. With the rectangular cam 48 in the
      position shown, arm 61 is connected to contact 64 and thence to light 68.
      When cam 48 rotates 90.degree. then the switch will be closed in the
      opposite direction which will open the connection between contact 61 and
      64 and thus deenergize light 68. This same operation will close the
      connection between contact 62 and contact 60 and thereby energize light
      66.
PAR  In the operation of this random switch 2, the overall sequence of
      operations is as follows. Assuming that initially the circuit is energized
      and that motor 12 is slowly driving gear 22 through gear 20, shaft 18,
      gear 16 and gear 14 and that projection 54 is bearing against the rear
      surface of gear 22, as is shown in FIGS. 2, 4, and 5. In this relationship
      disk 38 will bear to the interior of the random switch 2 and drive spring
      36, which is being driven by gear 22, will be engaged with one of the
      vanes 40, causing disk 38 to rotate with shaft 24. As disk 38 is rotated,
      whenever pin 42 engages star wheel 44, shaft 46 will be rotated
      90.degree.. This rotation will present the next side of the rectangular
      cam 48 to switch following arm 52 which will in turn change the state of
      switch 50 in that if light 68 were energized and light 66 were
      deenergized, then light 68 would be denergized and light 66 energized. If
      on the other hand light 68 were deenergized and light 66 energized then
      the opposite energizing sequence would occur.
PAR  As gear 22 is driven by the motor 12 it will finally reach the angle of
      rotation such that the opening 58 will be opposite projection 54 as shown
      in FIGS. 7 and 8. When this occurs, projection 54 will drop abruptly into
      the opening 58 due to the sheer face on the opening relative to the
      projection. This abrupt motion of spring 30 forces shaft 24 rapidly to the
      right (FIG. 7). This rapid motion to the right quickly disengages drive
      spring 36 from its matching vane 40 and also at the same time moves pin 42
      out of alignment with star wheel 44. This rapid disengagement of drive
      spring 36 from vane 40 imparts a rotary motion to disk 38 because of the
      skewed vanes, which now has no impediment to its free rotation. Disk 38
      will rotate freely on shaft 24 until friction brings it to a stop in some
      random position. The disk 38, vane 40 and pin 42 are all effectively one
      unit and rotate together and all these parts are balanced carefully so
      that the final position of the disk will not be affected by gravity.
PAR  The disengagement of the vanes 40 from drive spring 36 and the rotation of
      the disk 38 and the disk's gradual stop is rapid compared to the rotation
      of gear 22 which is driven at a slow speed by the motor 12. After the disk
      38 comes to rest the inclined surface of opening 58 will be driven against
      projection 54 by the rotation of gear 22 and will slowly lift the
      projection out of the opening. Projection 54 is moved to the left by this
      operation is viewed as shown in FIG. 7. This motion will in turn move
      shaft 24 to the left and will reengage drive spring 36 with one of the
      vanes 40 and will realign pin 42 with the star wheel 44 such that the pin
      can engage a star wheel arm. This will cause the drive spring 36 to again
      drive the disk 38 and the pin 42 and whenever the pin 42 is driven against
      an arm of the star wheel 44 the switch 50 will again be driven to a new
      state.
PAR  The important result of the disengagement of the vanes 40, disk 38 and pin
      42 and their free rotation to a new random position is that the resulting
      location of pin 42 is randomized by this operation. Since the disk 38 can
      come to a rest at any position when the drive spring 36 reengages the
      vanes 40, the location of pin 42 bears no relationship to its location
      immediately before the disengagement. This means that the operation of the
      switch 2 is random even though the operation of the randomizing mechanism
      occurs at a regular time interval. This randomizing will occur every time
      that opening 58 is driven opposite projection 54 by the operation of the
      motor 12 through the gear trains. The net result is that switch 50 will
      change its state at unpredictable random intervals which will never occur
      in a pattern. Since the location of the disk 38 relative to the drive
      spring 36 is random there is the possibility that the vanes 40 will
      precisely straddle the drive spring projection. In such a case, as the
      drive spring 36 projection is deflected by the movement of the disk 38 and
      vanes 40 inwardly the projection would tend to move into one or the other
      of the vane openings straddling the projection. If a solid arm were used
      instead of a spring projection this would be less likely to occur.
PAR  While the instant invention has been shown and described herein in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is therefore not to be limited to the details disclosed
      herein, but is to be accorded the full scope of the appended claims. As
      examples of other mechanizations, the single-pole, double-throw switch
      used here can be replaced by a single-throw, single-pole switch and only
      one circuit be controlled in a random manner rather then two circuits in a
      complementary fashion, or a multipole switch could be used to control a
      number of circuits. Also the mechanism for disengagement could comprise
      one gear train having a shaft which could move relative to a second shaft
      which is driven, each having meshing gears such that when one shaft is
      moved relative to the other, the gears would become disengaged and a rapid
      rotary motion given to the free shaft, in the same manner as is
      accomplished by the disclosed embodiment.
PAR  Accordingly, the scope of the invention is to be determined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for operating an electrical switch in a random fashion
      comprising in combination;
PA1  a. first and second mounting plates maintained in a parallel and spaced
      relationship with one another.
PA1  b. a motor mounted on said first plate with its rotor extending through a
      hole in said plate;
PA1  c. a first shaft passing through said second plate and journaled for
      rotation and translation therethrough;
PA1  d. a gear rotatably mounted on said first shaft between said first and
      second plates, said gear having an aperture formed in the surface thereof
      opposite to said first plate;
PA1  e. a gear train coupling the rotor of said motor to said gear for driving
      said gear at a constant rotational speed;
PA1  f. a leaf-spring mounted at one end to said second plate and having a
      projection at the other end for normally maintaining said leaf-spring in a
      flexed condition except when said projection mates with said aperture in
      said gear, said leaf spring being coupled to said first shaft to cause
      said shaft to assume a first translational position when said spring is in
      a flexed condition and a second translational position when said spring
      projection mates with said aperture in said gear;
PA1  g. a disc rotatably mounted on the portion of said first shaft extending
      through said second plate, said disc. having a pin located at a
      predetermined radial distance from the axis of said first shaft;
PA1  h. means coupling said gear to said disc when said shaft is in its first
      translational position for imparting rotational motion to said disc as
      said gear is driven by said gear train;
PA1  i. a cam mounted for rotation on a second shaft between said first and
      second plates and having a portion of said second shaft extending through
      a hole in said second plate;
PA1  j. a star-wheel affixed to said portion of said second shaft and normally
      oriented in the orbital path traversed by said pin as said disc is
      rotated; and
PA1  k. a microswitch mounted on said second plate having its actuator arm
      cooperating with said cam.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein the projection on said leaf spring is on
      a dimension greater than the length, of said pin such that when said
      projection enters said aperture, said first shaft is displaced a distance
      sufficient to ensure that said pin will no longer be in the orbital path
      coincident with said star-wheel.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said means coupling said gear to said
      disc comprises;
PA1  a. a coil spring secured at one end to said gear and having a predetermined
      length of wire at the other end bent outward at an angle with respect to
      the axis of said coil spring;
PA1  b. a plurality of vanes integrally formed on one surface of said disc, said
      predetermined length of meshing with said vanes except when said
      projection on said leaf spring is positioned within said aperture in said
      gear.
NUM  4.
PAR  4. A device for producing random operations of an electrical switch
      comprising in combination.
PAR  a. a electrical switch having mechanically operated toggling means for
      reversing the on-off state thereof;
PA1  b. a motor;
PA1  c. a rotatable disk mounted on an axially movable shaft, said disk having a
      projection extending from a predetermined point on the disk face;
PA1  d. means for mounting said switch with respect to said disk such that said
      toggling means is in the path of said disk projection when said shaft is
      in a first axial position and said disk is rotated;
PA1  e. a gear train connected to said motor;
PA1  f. a gear rotatably mounted on said shaft and connected to said gear train,
      said gear having an aperture in one face thereof at a predetermined radial
      location;
PA1  g. a normally flexed leaf spring connected to said shaft, said leaf spring
      having a projection extending in radial coincidence with said aperture
      location such that as said gear is rotated by said gear train the
      projection on said leaf spring snaps into the aperture and imparts a
      sudden axial motion to the shaft to cause the shaft to move out of its
      first axial position; and
PA1  h. clutch means for coupling said gear rotating motion to said disk when
      said shaft is in its first axial position.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said axial motion of said shaft orients
      said projection on said disk in a second path out of engagement with said
      toggling means.
NUM  6.
PAR  6. Apparatus as in claim 5 and further including means responsive to said
      sudden axial motion of said shaft to impart a sudden rotational motion to
      said disk.
NUM  7.
PAR  7. An apparatus for producing random operations of an electrical switch,
      comprising:
PA1  a. toggling means connected to said switch for alternately selecting one of
      two switch operational states;
PA1  b. a drive motor;
PA1  c. a disk attached to a shaft, said disk having a raised projection on a
      disk face at a predetermined radial position, said shaft being positioned
      so as to enable said raised projection to actuate said toggling means at a
      first disk angular and axial position.
PA1  d. a clutch drive mechanism engageable against said disk, said clutch drive
      mechanism mounted about said shaft and having disk disengagement means for
      imparting a rotational energy impulse to said disk, and having disk
      engagement means for imparting a steady rotational movement to said disk;
PA1  e. a gear train connected between said drive motor and said clutch drive
      mechanism to cause rotation of said clutch drive; and
PA1  f. control means for engaging and disengaging said clutch drive mechanism,
      said control means including a cam surface on said clutch drive and a
      spring loaded cam follower connected to said shaft to impart axial
      movement thereto and thereby move said disk into and out of said first
      axial position.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said toggling means further comprises
      an actuating lever connected to said switch; a rectangular cam surface
      contacting said actuating lever: and a rotatable star wheel connected to
      said rectangular cam surface, said star wheel being rotatably movable by
      said disk raised projeciton.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said disk raised projection further
      comprises a pin attached to said disk face.
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ABST
PAL  A mouth held switch assembly which is adapted to be connected to an
      electrically actuated surgical implement. The switch assembly is designed
      to be operated only by a clamping movement of the front incisors of the
      user. The switch assembly includes an elongated, thin walled, L-shaped,
      tubular housing, one end of which fits into the mouth of the user. A pair
      of electrical contacts formed on spaced blades are sealed in the leg of
      the housing which is insertable in the user's mouth. The contacts are
      connected to electrical leads extending out of one end of the housing. A
      portion of the housing is weakened adjacent the contacts with the weakened
      portion being protected by guards which permit only the incisor teeth of
      the user to contact the weakened portion of the housing, when the housing
      is inserted in the user's mouth. When the user bits down on the weakened
      portion of housing, the contacts are closed, thereby actuating the
      surgical implement.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a mouth held electrical switch assembly
      and more particularly with an electrical switch assembly that can be
      actuated only by a clamping action of the front incisors of the user.
PAR  An object of this invention is a mouth held electrical switch assembly for
      an electrically actuated surgical implement.
PAR  Another object is a mouth held electrical switch that is difficult, if not
      impossible, to actuate accidentally.
PAR  Another object is a mouth held switch for actuating an electrically
      operated surgical instrument which is particularly adaptable for use with
      electrical high frequency cutting implements used in surgical procedures
      in the human body.
PAR  Other objects and advantages of this invention may be found in the
      following specification, claims and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated more or less diagrammatically in the following
      drawings wherein:
PAR  FIG. 1 is a side elevational view of the mouth held electrical switch
      assembly of the invention with some portions broken away and other
      portions shown in cross-section;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a top plan view of the electrical switch assembly of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A mouth held electrical switch assembly 11 embodying the novel features of
      this invention is shown in the drawings. The switch assembly includes a
      housing 13 having insulated electrical conductors or leads 15 extending
      from one end of the housing and an electrical connector 17 attached to the
      ends of the insulated conductors. In the preferred form of the invention,
      and as shown in the drawings, the connector 17 is of the push-fit female
      type. However, it should be understood that other types and designs of
      connectors may be used. The insulated conductors 15 are insulated with
      either plastic or rubber compositions, as manufacturing and operating
      considerations dictate. Since the switch assembly of this invention is
      intended to be connected to an electrically actuated surgical implement
      and particularly to a high frequency cutting implement, the connectors 17
      will be designed to properly connect to an implement of this type..
PAR  The housing 13 is a hollow elongated tube in the shape of an L and having a
      generally circular cross-section. The housing preferably is formed of a
      suitable flexible, resilient plastic. The L shaped housing includes an
      actuating portion 23 which fits in the mouth of the user and a handle
      portion 25 extending at right angles to the mouth portion. An arcuate
      depression 29 is formed by cutting away a piece of the mouth portion 23
      with the depression being located a predetermined distance from the free
      end of the mouth portion. This arcuate depression extends only partially
      around the circumference of the housing. Ribs 31 and 33 are formed in the
      housing on opposite sides of the depression. The ribs function as guards
      for the depression.
PAR  An electrical switch 41 is positioned inside the mouth portion 23 of the
      housing. The electrical switch includes elongated blades 43 and 45 of the
      electrical conductive material which are mounted on opposite sides of a
      compressible, resilient, insulating material 47. An opening 49 extends
      through the insulating material and contacts 51 and 53 located
      respectively on blades 43 and 45 are positioned to extend into the opening
      49 in alignment with each other. The contacts 51 and 53 are also aligned
      with the depression 29 in the housing 13. The blades 43 and 45 are
      oriented relative to the depression 29 so that forces applied to the
      depression will move the blades towards each other and bring about an
      engagement of the contacts 51 and 53.
PAR  As is shown most clearly in FIG. 2, the contacts 51 and 53 may be
      projections formed as integral parts of the blades 43 and 45. Electrical
      wires 55 are connected to the blades 43 and 45, and extend through the
      handle portion 25 of the housing where they exit from the housing and
      become the insulated leads 15. The housing 13 is filled with a suitable,
      flexible insulating material such as rubber 59. The free ends of the mouth
      portion 23 and the handle portions 25 are closed in any suitable manner to
      seal the housing and thereby render it waterproof and shockproof.
PAR  The use, operation and function of this invention are as follows:
PAR  In recent years more and more surgeons have been using high frequency
      electrodes to do the actual cutting during surgical procedures. Most of
      the surgical procedures are performed inside a body cavity and, therefore,
      precision is extremely important. Presently, the most common device for
      controlling the actuation of the high frequency electrodes is a foot
      switch, although finger actuated switches are also used. However, a foot
      switch presents many disadvantages. For example, when the surgeon is
      required to use a foot switch for actuating high frequency electrodes, he
      is off balance because, in effect, he is standing on only one foot. This
      unbalancing can lead to a lack of precision in his cutting technique and
      could result in serious error and injury to the patient. Additionally,
      because the surgeon must use his foot to actuate the switch, the response
      of the cutting implement is not as immediate as is necessary in some
      precision cutting operations inside the body cavity. Also, when using a
      foot switch, the surgeon may be inconvenienced by the necessity to search
      for the switch with his foot so that he will be able to keep his eyes
      focused on the cutting area. Further, both foot and finger actuated
      switches are subject to accidental actuation.
PAR  The switch assembly 11 of this invention overcomes many of the
      disadvantages and drawbacks of foot and hand operated switches for
      controlling electrically operated surgical instruments, especially high
      frequency electrodes used for surgery. The switch assembly 11 permits the
      surgeon to accurately and rapidly energize and de-energize an electrically
      operated surgical instrument. In use, the mouth portion 23 of the housing
      13 is inserted in the surgeon's mouth. When he wishes to actuate the
      electrode of his surgical instrument, he bites down with his front
      incisors on the depressed portion 29 of the housing. This clamping action
      of the teeth and jaw of the surgeon moves the blades 43 and 45 and their
      contacts 51 and 53 together to complete an electrical circuit through the
      electrical wires 55 and the electrical leads 15, thereby actuating
      whatever surgical implement is connected to the connector 17.
PAR  The ribs 31 and 33 perform the dual function of indicating to the surgeon
      where he should position his incisor teeth to actuate the switch and also
      protects against accidental actuation of the switch. The switch can be
      actuated only by moving the blades 43 and 45 towards each other. Thus,
      only forces exerted along an axis normal to the plane of the blades will
      be effective to bring the contacts 51 and 53 into circuit closing
      engagement. Thus, actuating force to close the switch can only be applied
      along an axis extending through the arcuate depression 29 formed in the
      housing. The ribs 31 and 33 limit the direction of the forces applied on
      this axis to a plane located between the ribs and essentially to that
      plane located on a diameter normal to axis of the housing. Since the
      depression 29 is limited in its arcuate extent, the portion of the plane
      through which forces can be effectively applied to actuate the switch 41
      is quite limited. The arcuate depression 29 not only forms a portion of
      weakness in the housing which permits forces applied thereto to act upon
      the blades 43 and 45, but it also functions to indicate to the user the
      position to apply his incisors to actuate the switch 41. The handle
      portion 25 of the housing 21 enables the surgeon to pick up and properly
      position the switch assembly in his mouth. The switch assembly 11 is
      completely sealed by the rubber-like filler material 59 and, therefore, is
      shock and waterproof.
PAR  Whereas, a preferred form of the invention has been shown and described, it
      should be understood that there are many modifications, changes and
      alterations which can be made to the preferred embodiment without
      departing from the spirit of the invention. Therefore, the scope of the
      invention should limited only by a broad interpretation of the claims
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mouth held switch assembly for actuating an electrically operated
      surgical instrument, which switch can be operated only by clamping
      movement of the front incisors of the user, said switch assembly
      including:
PA1  an elongated tubular housing having a handle portion and a actuating
      portion,
PA1  electrical leads extending out of said handle portion of said housing,
PA1  connecting means at the free ends of said electrical leads for connection
      to a surgical instrument,
PA1  an electric switch having a pair of blades is positioned in said actuating
      portion of said housing and extends lengthwise thereof with each of said
      blades connected to an electrical lead of said switch assembly,
PA1  said blades being mounted in spaced relationship to each other for movement
      towards and away from each other,
PA1  contacts carried by the blades and engagable with each other upon movement
      of the blades toward each other,
PA1  a transversely extending weakened area formed and located in said actuating
      portion of said housing adjacent said contacts to permit force applied to
      said weakened area of said housing to move said conductors towards each
      other,
PA1  said weakened area of said housing being spaced from the end of the
      actuating portion of said housing a distance such that the front incisors
      of the user can engage said weakened area when said actuating portion is
      held in the user's mouth, and
PA1  guards formed as parts of said actuating portion and located on opposite
      longitudinal sides of said weakened area,
PA1  said guards being spaced apart a sufficient distance to permit access to
      said weakened area of said housing only by the front incisors of said user
      when the actuating portion of housing is positioned in the user's mouth.
NUM  2.
PAR  2. The switch assembly of claim 1 in which said tubular housing is formed
      in the shape of an L and in which the handle portion of the housing forms
      one leg of the L and the actuating portion forms the other leg of the L.
NUM  3.
PAR  3. The switch assembly of claim 1 in which said guards are ribs formed
      integrally with said actuating portion of said housing.
NUM  4.
PAR  4. The switch assembly of claim 1 in which said ribs extend
      circumferentially of said actuating portion of said housing.
NUM  5.
PAR  5. The switch assembly of claim 1 in which said blades are held in spaced
      relation to each other by a resilient, compressible insulator.
NUM  6.
PAR  6. The switch assembly of claim 1 in which said electric switch is enclosed
      in rubber which fills said tubular housing.
NUM  7.
PAR  7. The switch assembly of claim 1 in which said weakened area is obtained
      by cutting away a portion of said housing.
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ABST
PAL  A vacuum interrupter includes a small sized, rigid exciting coil disposed
      immediately behind at least one main electrode so as to be connected at
      one end to a current carrying rod and at the other end to the main
      electrode, and consisting of a plurality of sectoral-shaped unit exciting
      coils arranged adjacent to each other in a plane substantially parallel to
      the surface of the main electrode and having the same polarity, in which,
      when electric currents branched from a main electric current are flowed
      through the respective unit exciting coils, magnetomotive forces generated
      due to the electric currents flowing radially of the unit exciting coils
      are cancelled with respect to each other and only the electric currents
      flowed through the arcuate sections of the unit exciting coils induce
      electromotive forces effective to produce magnetic fields in a direction
      perpendicular to the main electrode.
BSUM
PAR  This invention relates to a vacuum interrupter having behind each main
      electrode a plurality of unit exciting coils for generating a magnetic
      field in a direction perpendicular to the main electrode, under the
      influence of which an arc occurring between the main electrodes is
      rendered stabled and uniformly distributed.
PAR  A pair of main electrodes are generally kept in contact with each other
      when electric current is being flowed through a vacuum interrupter. Where
      at this time the main electrodes are moved away from each other by a
      suitable operating mechanism, there occurs an arc between the main
      electrodes which is maintained by a plasma emitted from a cathode. In an
      ordinary case, the occurrence of plasma is stopped at a point of time when
      electric current comes to a zero. Therefore, an arc can not be maintained
      and electric current is interrupted. Where, however, large electric
      current is flowed, an intense arc occurs. In this case, a resultant
      magnetic field resulting from a magnetic field created by the arc per se
      and magnetic field created by the other circuits (for example, exterior
      conductors to which each of a pair of current carrying rods is connected)
      acts on the arc per se to render it unstable. This causes the arc to be
      localized at the outer periphery, or its neighborhood, of the electrode
      surface, causing the corresponding electrode surface to be locally
      overheated to produce a large amount of plasma. As a result, a vacuum
      within a receptacle is lowered and thus an interrupting capability is
      lowered.
PAR  To avoid such disadvantages attempts have been made to make the surface of
      a main electrode wider to cause the density of electric current to be
      lowered or to provide spiral cuts in the surface of the main electrode to
      cause arc to be moved outward along the spiral groove. In the former case,
      there is still the possibility that arc will be localized at the
      peripheral surface of the main electrode, while in the latter case arc
      cannot be uniformly distributed over the entire surface of the main
      electrode. In either case, it is impossible to obtain a stable, uniformly
      distributed arc.
PAR  Where plasma escapes outward from between the main electrodes and no plasma
      sufficient to maintain the arc in a stable way is obtained, the surface of
      the main electrode is locally overheated with the resultant localized
      fusion. Namely, when plasma present between the main electrodes escapes,
      arc voltage is increased so as to maintain electric current. Since a
      greater amount of energy is supplied to the main electrode, the main
      electrode is locally overheated with the resultant localized fusion.
PAR  To prevent such phenomenon, it is known to apply magnetic field in a
      direction perpendicular to the surface of the main electrode. It is said
      that electrons, neutral atoms and ionized atoms are emitted at a ratio of
      about 100:10:1 from a cathode spot of arc. Out of these the electron and
      ionized atoms are primarily served to maintain an arc. A magnetic field
      applied in a direction perpendicular to the surface of the main electrode
      traps electrons along the magnetic field to prevent them from being
      dispersed outward from between the electrodes.
PAR  When electrons are so trapped between the main electrodes, electrons
      escaping outward from between the main electrodes are decreased to render
      arc stable. The movement of electrons causes the travel of electrons to
      the anode to be extended. During the travel of electrons to the anode the
      probability that the electrons will cause neutral atoms to be ionized is
      increased, thus replenishing deficient plasma to render arc stable. The
      magnetic field also acts on the ionized atoms to cause them to be trapped
      within between the electrodes. In this way, arc is confined, under the
      influence of magnetic field, within between the electrodes.
PAR  In an attempt to apply a magnetic field in a direction perpendicular to the
      surface of the main electrode, an exciting coil is provided around the
      outer periphery of a vacuum vessel and connected to the current carrying
      rod coupled to the main electrode, or the portion of the current carrying
      rod is wound in the form of a coil within a vacuum vessel and is connected
      to the main electrode. In the former case, however, it is difficult to
      obtain a magnetic field exhibiting a sufficient effect, since the exciting
      coil and electrode are spaced far away from each other. Furthermore, a
      fairly large-sized exciting coil is required, resulting in an expensive,
      bulky and weighty vacuum interrupter. In the latter case, the current
      carrying rod is complicated in construction and difficult to manufacture.
      Moreover, an inner construction becomes bulky and a vacuum interrupter as
      a whole becomes weighty and large-sized.
PAR  A primary object of this invention is to provide a vacuum interrupter in
      which a high interrupting capability is exhibited by causing an arc
      occurring between main electrodes to be uniformly and stably distributed
      over the surface of the main electrodes.
PAR  Another object of this invention is to provide a vacuum interrupter having
      within a vacuum vessel a small, rigidly constructed exciting coil in which
      a magnetic field is formed in a direction perpendicular to the surface of
      each main electrode so as to cause an arc occurring between the main
      electrodes to be uniformly and stably distributed over the surface of the
      main electrode.
PAR  To attain this object, there is provided a vacuum interrupter comprising a
      vacuum vessel; a pair of current carrying rods extending in an airtight
      fashion from the vacuum vessel and connected to an exterior electrical
      path to permit electric current to be passed therethrough; a pair of
      electrode units each mounted to the forward end of the respective current
      carrying rod with the electrode surfaces of the respective electrode units
      arranged opposite to each other and each having a main electrode admitting
      of the passage of electric current; a driving means by which at least one
      of the electrode units is moved into or out of engagement with the other
      electrode unit so as to cause the electric current to be flowed or
      interrupted; and an exciting coil mounted to at least one of said
      electrode units, consisting of a plurality of unit exciting coils arranged
      closely adjacent to each other in a plane substantially parallel to the
      surface of the main electrode, and having one end connected to the current
      carrying rod and the other end connected in parallel to the main
      electrode, in which said exciting coil includes a plurality of first arms
      connected to the current carrying rod and extending at an angle in a plane
      parallel to the main electrode and radially of the current carrying rod, a
      plurality of second arms connected to the main electrode, arranged close
      to the respective first arms and extending in a parallel, underlapped
      relation to the respective first arms with a space therebetween and a
      plurality of arcuate sections arcuately and integrally extending from the
      forward end of the first arm to the forward end of the second arm disposed
      close to the next first arm, whereby magnetomotive forces generated by
      branched electric currents flowed through the first and second arms are
      substantially cancelled with respect to each other and magnetic fields are
      created in a plane perpendicular to the surface of the main electrode by
      the branched electric currents flowed through the arcuate section.
PAR  The respective magnetic field created by the respective unit exciting coils
      act on the surface of the main electrode as a magnetic field to cover the
      entire surface of the main electrode. The respective magnetic fields not
      only prevent an escape of arc by trapping a plasma for maintaining the arc
      occurring between the main electrodes, but also serve to cause electrons
      present in the plasma to be moved toward an anode during which there is a
      chance that neutral atoms are ionized by the electrons, thus facilitating
      the generation of plasma. As a result, arc is rendered stable and
      uniformly distributed over the surface of the main electrode. According to
      this invention, therefore, a vacuum interrupter having a high interrupting
      capability is obtained without involving any overheat or thermal welding
      due to the arc being localized at the peripheral surface, or its
      neighborhood, of the main electrode.
PAR  An increase or decrease in number of units exciting coils permits the
      strength of magnetic field created over the entire surface of the exciting
      coil to be decreased or increased. When the magnetic field created over
      the electrode surface is so selected as to have a value near to that most
      appropriate for current interruption, a vacuum interrupter having a high
      interrupting capability can be obtained without the necessity of making
      the device too large. In this case, a magnetic field of the exciting coil
      is substantially equal to a magnetic field created by causing a branched
      electric current flowed through each unit exciting coil to be flowed
      through an imaginative coil of one turn which is obtained by connecting
      the respective arcuate sections together.
PAR  Where a contact having a relatively high vapor pressure and admitting of
      difficult welding is mounted at the forward end of the main electrode, arc
      is concentrated on the contact in the neighborhood of a zero point of arc
      current and under the influence of a magnetic field the arc can be
      substantially uniformly distributed over the surface of the contact.
PAR  Where a plurality of slits are provided in the main electrode in a manner
      to extend non-rectilinearly from near the center of the main electrode and
      be open at the outer periphery of the main electrode, arc is moved outward
      along the slits and an eddy current developed at the main electrode by the
      magnetic field of the exciting coil is decreased. As a result, arc can be
      rendered more stable and more uniformly distributed due to the presence of
      the contact and under the influence of magnetic field.
PAR  Where a magnetic field created by the exciting coil relatively weakly acts
      on the central portion of the contact and arc is localized at this
      portion, a through bore is provided in the central portion of the contact
      to avoid the localization of arc.
DRWD
PAR  This invention is further explained with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a view showing the construction of a vacuum interrupter according
      to this invention;
PAR  FIG. 2 is a cross-sectional view of an electrode unit used in the vacuum
      interrupter;
PAR  FIG. 3 is a perspective view of the electrode unit;
PAR  FIG. 4 is a plan view of a contact-equipped main electrode in which a
      plurality of slits are provided;
PAR  FIG. 5 is a side view showing the main electrode of FIG. 4;
PAR  FIG. 6 is a plan view showing a main electrode similar to that of FIG. 4,
      in which a through bore is provided in a contact; and
PAR  FIG. 7 is a side view of the main electrode of FIG. 6.
DETD
PAR  FIG. 1 is an explanatory view showing a diagrammatic construction of a
      vacuum interrupter according to one embodiment of this invention. A vacuum
      vessel 10 of the vacuum interrupter has an insulating cylindrical body 12
      closed by cap members 14, 16. The vessel 10 houses a pair of similar
      electrode units 18, 20 arranged opposite to each other. The electrode
      units 18 and 20 are mounted to the ends of current carrying rods 22 and
      24, respectively. The current carrying rod 24 and thus the electrode unit
      20 are reciprocably moved up and down by an operating mechanism not shown.
      The vacuum interrupter is opened and closed by the up and down movement of
      the current carrying rod 24. A bellows 26 is provided to permit the
      current carrying rod 24 to be moved up and down in an airtight fashion. 28
      is a shield provided to enclose the electrode units 18 and 20.
PAR  The electrode unit 18 has a main electrode 30 and an exciting coil 34,
      while the electrode unit 20 has a main electrode 32 and an exciting coil
      36. When the electrode units 18 and 20 are contacted with each other, the
      vacuum interrupter is rendered conductive to cause main electric current
      to be passed through the current carrying rods 22, electrode unit 18,
      electrode unit 20 and current carrying rod 24. To cut off the main
      electric current, one current carrying rod and corresponding electrode
      unit mounted to the current carrying rod are moved away from the other
      current carrying rod and corresponding electrode unit so that the main
      electrodes 30 and 32 are spaced apart from each other. Through the
      exciting coils 34 and 36 the main electric current is passed to create
      magnetic field in a direction perpendicular to the surface of the main
      electrodes 30 and 32.
PAR  FIG. 2 shows a cross-sectional view of the electrode unit 18 mounted to the
      current carrying rod 22. The electrode unit 20 is identical in
      construction to the electrode unit 18 and explanation is, therefore,
      restricted only to the electrode unit 18.
PAR  FIG. 3 shows the exciting coil 34 and main electrode 30 included in the
      electrode unit 18. A space between the exciting coil 34 and the main
      electrode is exaggerated for ease in understanding.
PAR  As shown in FIG. 2 the electrode unit 18 has the exciting coil 34 and main
      electrode 30. 38 shows a contact included in the main electrode 30. The
      contact 38 may be omitted if current interruption requirements permit. The
      exciting coil 34 has first and second coil conductors 40 and 42 as well as
      an intermediate member 44 and connecting conductor 46 disposed between the
      first and second coil conductors 40 and 42 and adapted to connect the
      first and second coil conductors 40 and 42 in a spaced apart relation.
PAR  When main electric current is flowed through the current carrying rod 22,
      it is passed from the current carrying rod 22 through the first coil
      conductor 40, connecting conductor 46 and second coil conductor 42 to the
      main electrode 30 and then directly, or through an arc, to the other main
      electrode 32. When the main electric current is passed through the
      exciting coil 34, a magnetic field perpendicular to the surface of the
      main electrode 30 is created under the magnetomotive force of the electric
      current. The intermediate member 44 disposed between the first and second
      coil conductors 40 and 42 is used to support the first and second coil
      conductors at their center in an electrically separated, but mechanically
      integrated fashion.
PAR  In the exciting coil 34 shown in FIG. 3, the first coil conductor 40
      comprises a first central conductor 48 fitted over the current carrying
      rod 22, four first arms 50 radially and equiangularly extending from the
      first central conductor in a plane perpendicular to the current carrying
      rod 22 and having an equal length, first arcuate sections 54 extending
      from the forward end of the first arm toward the forward end of the
      adjacent first arm in a manner to describe an arc with a suitable gap left
      between the free end of the arcuate section and the forward end of the
      adjacent first arm. The first arcuate sections 54 each extend in the same
      direction from the forward end of the first arm. In FIG. 3 the first
      arcuate sections 54 all extend in a clockwise direction when viewed from
      atop of the Figure. The second coil conductor 42 has a second central
      conductor 56 at its center which is connected through the intermediate
      member 44 to the first central conductor 48. The intermediate member 44 is
      usually made of a high resistance metal such as, for example, stainless
      steel. The member 44 may be made of a rigid insulating material. From the
      second central conductor 56, four second arms 58 extend in a parallelly
      underlapped, spaced-apart relationship to the respective four first arms
      50 and have a length the same as that of the first arms 50. From the
      forward ends of the second arms 58, second arcuate sections 62
      respectively extend counter-clockwise viewed from atop of FIG. 3 in a
      parallelly underlapped, spaced-apart relation to the first arcuate
      sections 54, leaving a suitable gap 60 between the free end of the second
      arcuate section and the forward end of the adjacent second arm. The first
      and second arcuate sections 54 and 62 and the connecting conductor 46
      disposed between the first and second arcuate sections are integrally
      connected together so that they can be rendered conductive.
PAR  The main electrode 30 having a contact 38 fixed as desired at its end is
      mounted to the second coil conductor 42.
PAR  Let us now explain the case where electric current is cut off by moving the
      main electrode unit 20 away from the main electrode unit 18.
PAR  When the main electrode unit 20 is moved away from the main electrode unit
      18 using an operation mechanism (not shown), an arc is generated between
      the main electrodes 30 and 32. A flow of arc current from the current
      carrying rod 22 to the current carrying rod 24 will be explained by
      reference to FIG. 3. Arc current is flowing from the current carrying rod
      22 into the first central conductor 48 where it is flowed through the four
      first arms i.e. branched in four directions as indicated by an arrow A.
      That is, the branched current is flowed, along the direction indicated by
      arrows A, B, C, D and E, through a unit exciting coil 64 of one turn
      consisting of the first arm 50, first arcuate section 54, connecting
      conductor 46, second arcuate section 62 and second arm 58; meets at the
      second central conductor 56; and is further flowed from the main electrode
      30 through an arc into the other electrode unit 20. Each electric path
      through which the branched current is passed is usually made of a low
      resistance material such as, for example, copper or copper alloy. In
      contrast, the intermediate member 44 is made of a high resistance
      material. Therefore, less current is flowed through the intermediate
      member 44 and most of current is flowed through the unit exciting coil 64.
PAR  In a unit exciting coil 66 adjacent to the unit exciting coil 64 the
      branched current is flowed in a direction indicated by arrows F, G, H, I
      and J and magnetic field is generated in the same direction as that of the
      unit exciting coil 64.
PAR  Thus, all the unit exciting coils included in the exciting coil 34 each
      generate a magnetic field perpendicular to the surface of the main
      electrode 30. Since each unit exciting coil has the first and second arms
      50 and 58 underlapped with respect to each other, magnetomotive forces
      developed at the first and second arms are substantially cancelled with
      respect to each other, and magnetomotive forces developed at four arcuate
      conducting portions each consisting of the first and second arcuate
      sections 54 and 62 and connecting conductor 46 contribute to the formation
      of the above-mentioned magnetic field. The magnetic field of the exciting
      coil 34 is substantially equal to a magnetic field created by causing a
      branched current flowed through each unit exciting coil to be flowed
      through an imaginative coil of one turn which is obtained by connecting
      the respective arcuate sections together.
PAR  The exciting coil 34 is provided one on the electrode unit 18 and one on
      the electrode unit 20. Where, however, a weak magnetic field is allowed,
      the exciting coil is provided on only one of the two electrode units 18
      and 20.
PAR  In FIG. 3 the exciting coil 34 consists of the four unit exciting coils 64
      and 66. When the unit exciting coils are provided in numbers of 2, 3, 6 .
      . . n, a branched current flowed through each unit exciting coil will
      become 1/2, 1/3, 1/6 . . . 1/n, respectively, of arc current, and the
      magnetic field to be induced will have an intensity corresponding to 4/2,
      4/3, 4/6 . . . 4/n times, respectively, as compared with that of the
      magnetic field obtained from the arrangement of FIG. 3. The
      cross-sectional area of the respective unit exciting coils 64 and 66 is
      suitably selected dependent upon the magnitude of the branched current.
      The strength of magnetic field can be varied by forming the exciting coil
      34 as mentioned above.
PAR  FIGS. 4 and 5 show spiral slits provided in a manner to pierce through the
      main electrode 30. Where the contact 38 is mounted to the main electrode,
      the spiral slit is formed in a manner to extend through the main electrode
      30 and contact 38 as shown in FIG. 4. The spiral slit causes arc to be
      moved therealong and restricts an eddy current generated at the main
      electrode 30 by the magnetic field of the exciting coil to cause a
      suitable axial magnetic field to be induced to permit the arc to be
      substantially uniformly distributed over the surface of the main electrode
      30, thereby preventing the main electrode 30 from being locally overheated
      or thermally welded. One experiment proves that, when the main electrodes
      30 and 32 are spaced apart from each other, arc is distributed within a
      few milliseconds over the entire surface of the main electrode 30.
PAR  The contact 38 is made of material, for example, a ternary alloy consisting
      of Cu, Te and Se, having a relatively high vapor pressure as compared with
      the main electrode 30 and admitting of difficult welding. The contact 38
      permits most of arc to be generated from its surface at a point near to a
      zero point of arc current, and the arc is substantially uniformly
      distributed over the surface of the contact 38 by magnetic field created
      by the exciting coil 34. Therefore, the arc is made stable and the surface
      of the main electrode 30 is not locally injured.
PAR  When a through bore 70 is provided in the central portion of the contact 38
      as shown in FIGS. 6 and 7, the main electrode 30 can be prevented from
      being locally overheated or thermally welded at the corresponding central
      portion. Namely, though the contact 38 is made of an easily ignitable
      material, it has a through bore at its central portion. As a result, arc
      is prevented from being concentrated on the central portion of the contact
      38, where the magnetic field of the exciting coil 34 is weak.
PAR  If the main electrode 30 is all made of such a material as used for the
      contact 38, a better effect is obtained. However, a material suitable for
      the contact 38 is usually hard and brittle and difficult to be machined,
      and the contact 38 is subject to limitation on its size and shape.
      Therefore, the contact 38 of a suitable size is mounted to the front
      surface of the main electrode 30. If the size and shape of the main
      electrode 30 permit, the main electrode 30 may be formed of a material
      suitable for the contact 38.
PAR  With the vacuum interrupter according to this invention, a small-sized,
      strong exciting coil 34 consisting of a plurality of unit exciting coils
      64, 66 is provided behind at least one of the pair of main electrodes 30
      and 32, as explained above, and a magnetic field of suitable magnitude is
      created perpendicular to the surface of the main electrodes 30 and 32
      without rendering the vacuum interrupter weighty and largesized. The
      magnetic field not only prevents an escape, from between the main
      electrodes, of plasma which defines an arc when the main electrodes 30 an
      32 are moved away from each other, but also facilitates the generation of
      plasma and maintains the arc stably, thereby causing the arc to be
      distributed uniformly over the surface of the main electrodes 30 and 32.
      Thus, the surface of the main electrode is prevented from being locally
      overheated or thermally welded due to the non-uniform distribution of arc
      or excessively localized arc, whereby the interrupting capability of the
      vacuum interrupter is enhanced. The uniform distribution of arc as well as
      the stabilization of arc is further facilitated by mounting the contact 38
      to the surface of the main electrodes 30 and 32, providing, for example,
      the spiral slits in a direction perpendicular to the surface of the main
      electrodes 30 and 32, and providing the through bore 70 at the central
      portion of the contact 38. As a result, it is possible to provide a vacuum
      interrupter having a high interrupting capability.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A vacuum interrupter comprising a vacuum vessel; a pair of current
      carrying rods extending in an airtight fashion from the vacuum vessel and
      connected to an exterior electrical path to permit a main electric current
      to be passed therethrough; a pair of electrode units, each mounted on the
      forward end of the respective current carrying rod with the electrode
      surfaces of the respective electrode units arranged opposite to each other
      and each having a main electrode carrying the electric current, at least
      one of said electrode units being movable into or out of engagement with
      the other electrode unit so that the main electric current is conductive
      or interrupted by a suitable driving means; and an exciting coil mounted
      to at least one of said electrode units, consisting of a plurality of unit
      exciting coils arranged adjacent to each other in a plane substantially
      parallel to the surface of the main electrode, and having one end
      connected to the current carrying rod and the other end connected in
      parallel to the main electrode, said unit exciting coils including a
      plurality of first arms connected to the conducting rod and extending at
      an angle in a plane parallel to the main electrode and radially of the
      current carrying rod, a plurality of second arms connected to the main
      electrode, arranged close to the respective first arms and extending in a
      parallel, underlapped relation to the respective first arms with a space
      therebetween and a plurality of arcuate sections arcuately and integrally
      extending from the forward ends of the first arms to the forward ends of
      the second arms, disposed close to the next first arm, whereby
      magnetomotive forces generated by branched electric current flowing
      through the first and second arms are substantially cancelled with respect
      to each other and magnetic fields are created in a plane perpendicular to
      the surface of the main electrode by the branched electric currents flowed
      through the arcuate sections.
NUM  2.
PAR  2. A vacuum interrupter according to claim 1 in which said plurality of
      arcuate sections are a plurality of first arcuate sections each arcuately
      extending in one direction from the forward end of the first arm toward
      the forward end of an adjacent first arm with a gap left between the free
      end of the arcuate section and the forward end of the adjacent first arm,
      a plurality of second arcuate sections, each arcuately extending in a
      direction opposite to that of the first arcuate section from the forward
      end of the second arm toward the forward end of an adjacent second arm
      with a gap left between the free end of the arcuate section and the
      forward end of the adjacent second arm, and a plurality of connecting
      conductors each disposed between the first and second arcuate sections and
      electroconductively connected to the first and second arcuate sections to
      form an arcuate section of the unit coil.
NUM  3.
PAR  3. A vacuum interrupter according to claim 1 in which said main electrode
      has a contact mounted at its end.
NUM  4.
PAR  4. A vacuum interrupter according to claim 3 in which said main electrode
      has a plurality of slits provided in a manner to pierce through a main
      electrode, said slits extending non-rectilinearly from near the central
      portion of the main electrode and being opened at the peripheral surface
      of the main electrode.
NUM  5.
PAR  5. A vacuum interrupter according to claim 4 in which said contact has a
      through bore provided at its central portion to prevent localization of
      arc.
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ABST
PAL  A multiphase under load transfer switch of the Jansen-type for tapped
      regulating transformers. The main contacts and the switch-over contacts of
      the transfer switch are formed by vacuum switches. The vacuum switches are
      operated by a common drive mechanism for all of the vacuum switches of all
      three phases of the transfer switch. The required sequence of the
      operation of the vacuum switches is achieved by interposition of lost
      motion connection means between said common drive mechanism and pairs of
      aligned operating rods for pairs of superimposed vacuum switches. A
      special common drive mechanism for said pairs of aligned operating rods
      for operating pairs of superimposed vacuum switches includes a
      squirrel-cage-like system of helical compression springs which are loaded
      by pivotable cam means and operate, when subsequently expanding, said
      pairs of vacuum-switch-operating rods by the intermediary lost motion
      connection timing means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to load tap changers for tapped regulating
      transformers, and more particularly to load tap changers of the Jansen
      type. Such devices include a selector switch used to select a desired tap
      on a tapped transformer winding, and a transfer switch used to effect tap
      changes without complete interruptions of the flow of the load current.
      Selector switches do not make and break, and transfer switches make and
      break, energized electric circuits.
PAR  The invention relates more specifically to polyphase Jansen-type transfer
      switches as shown, for instance, in U.S. Pat. No. 3,396,254 to A.
      Bleibtreu, Aug. 6, 1968 for ARRANGEMENT FOR AVOIDING EDDY CURRENT LOSSES
      IN TRANSFER SWITCH AND SELECTOR SWITCH UNITS WITH INTERPOSED GEAR DRIVE.
PAR  It is known or prior art to substitute in Jansen-type transfer switches
      vacuum switches for the conventional main contacts and switch-over
      contacts thereof, the latter being shown, for instance, in the above
      referred-to patent. In these prior art switches the operating rods of the
      vacuum switches are operated by positive cam action.
PAR  A three phase transfer switch requires a total of 12 vacuum switches to
      function as main contacts and switch-over contacts, and tends to be
      extremely bulky and limited to low power applications. It is, therefore,
      one of the principal objects of the invention to arrange the constituent
      vacuum switches of a transfer switch in such a way as to minimize space
      requirements, and to provide the constituent vacuum switches of a transfer
      switch with common drive means, and to achieve the desired sequence of
      operations of the vacuum switches with extremely compact spring operated
      lost motion connection devices.
PAR  Another object of the present invention is to provide three phase transfer
      switches including 12 compactly arranged vacuum switch elements wherein
      the latter are arranged in such a way as to allow extremely simple wiring
      thereof.
PAR  Other objects of the invention will become apparent from what follows
      below:
PAC  SUMMARY OF THE INVENTION
PAR  A transfer switch embodying this invention includes 12 vacuum switches
      forming two groups each of six situated at two different levels. The
      constituent vacuum switches of each group are arranged in circular coaxial
      patterns. The vacuum switches in one of said levels are arranged in
      registry with the vacuum switches in the other of said levels. Transfer
      switches embodying this invention further include pairs of aligned
      operating rods movable in a direction longitudinally thereof arranged
      between registering pairs of vacuum switches at different levels for
      operating said pairs of vacuum switches at different levels. Transfer
      switched embodying this invention further include a drive mechanism having
      a common power driven element for said pairs of operating rods movable in
      the direction of the axis of said circular coaxial patterns in which the
      vacuum switches of the aforementioned two groups of vacuum switches are
      arranged. Said drive mechanism includes a drive shaft arranged along an
      axis defined by the centers of said two groups of vacuum switches.
      Transfer switches embodying this invention further include lost motion
      connection means interposed between said driving element of said drive
      mechanism and said pairs of aligned operating rods to impart predetermined
      sequences to the operation of said vacuum switches. A plurality of helical
      compression springs extends parallel to said drive shaft and is arranged
      generally in a cylindrical surface surrounding said drive shaft. The
      structure further includes cam means and abutment means both jointly
      pivotable with said drive shaft for loading and unloading said plurality
      of helical compression springs in response to predetermined angular
      motions of said drive shaft and allowing said plurality of helical
      compression springs to expand upon angular motions of said drive shaft in
      excess of said predetermined angular motions thereof. Transfer switches
      embodying this invention further include an annular driving element
      surrounding said drive shaft, operated by said plurality of helical
      compression springs and operating said lost motion connection means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing the circuitry of one single phase of a
      three phase load transfer switch embodying the present invention;
PAR  FIG. 2 is an isometric view of a three phase load transfer switch embodying
      the present invention;
PAR  FIG. 3 is an isometric view of the spring drive, or spring operated
      mechanism, for operating transfer switches embodying the present
      invention;
PAR  FIG. 4 shows the mechanical tie means for tying together two juxtaposed or
      registering vacuum switches;
PAR  FIGS. 5A to 5E show diagrammatically five successive phases involved in an
      operation of the spring operated driving mechanism of a load transfer
      switch embodying the present invention; and
PAR  FIGS. 6A to 6H show diagrammatically the opening operation and the closing
      operation of two juxtaposed vacuum switches forming part of the structure
      of FIG. 2, these vacuum switches serving as main contacts and as auxiliary
      contacts, or switch-over contacts, in the structure of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, each phase of a transfer switch includes four vacuum
      switches US1,UH1 and US2,UH2. Vacuum switches US1 and US2 are main vacuum
      switches, and vacuum switches UH1 and UH2 are auxiliary vacuum switches,
      or tap-changing switch-over vacuum switches. Vacuum switches US1 and US2
      may be shunted by low resistance currentcarrying switches UD1 and UD2. The
      presence of switches UD1 and UD2 is optional rather than mandatory. Phase
      winding U of a transformer is provided with two taps N1 and N2. Selector
      contacts K1, K2 are shown to engage tap N1. Contacts K1, K2 are adapted to
      be moved from tap N1 into physical engagement with tap N2. In the stable
      conditions, i.e. when current is drawn from either of the two taps N1, N2
      only, both selector contacts K1, K2 engage the same tap. This has been
      shown in FIG. 1 in regard to tap N1 and selector contacts K1, K2. During a
      switch-over operation, or tap-changing operation, contact K1 engages only
      tap N1, and contact K2 engage only tap N2. As soon as a tap-changing
      operation is completed, both selector contacts K1, K2 are brought into
      engagement with the same tap. To be more specific, when switching from tap
      N2 to tap N1, selector contact K2 is ultimately moved from tap N2 to tap
      N1, as shown in FIG. 1, i.e. when the tap-changing operation is completed
      and the load current is derived from tap N1 both contacts K1, K2 engage
      tap N1. When switching from tap N1 to tap N2, selector contact K1 is in
      engagement with tap N1 and selector contact K2 is in engagement with tap
      N2. When the tap-changing operation is completed and the load current is
      derived from tap N2 only, selector contact K1 parts from tap N1 and moves
      into engagement with tap N2. By virtue of this arrangement and mode of
      operation of selector contacts K1, K2, the voltage prevailing between taps
      N1, N2 is applied to the change-over switch or transfer switch only during
      periods of tap-changes.
PAR  Contact K1 is connected by lead U1 directly to vacuum switch US1, and by
      the same lead and the intermediary of switch-over resistor UR1 to vacuum
      switch UH1. In like fashion contact K2 is connected by lead U2 directly to
      vacuum switch US2, and by the same lead and the intermediary of
      switch-over resistor UR2 to vacuum switch UH2. Leads U1, U2 and resistor
      UR1, UR2 form part of the transformer side of the transfer switch
      circuitry. All contacts of switches US1, UH1, UH2, US2 remote from
      transformer winding are connected to the common line Y. This is also true
      as to the contacts of current-carrying switches UD1, UD2 shunted across
      switches US1 and US2.
PAR  Considering a tap change from tap N1 to tap N2, this operation involves the
      following sequential steps: Current carrying switch UD1 opens and contact
      K2 moves from tap N1 to tap N2; vacuum switch US1 opens; vacuum switch UH2
      closes; vaccuum switch UH1 opens and vacuum switch US2 closes;
      current-carrying switch UD2 closes and contact K1 moves from tap N1 to tap
      N2. The sequence of operational steps of switches US1, UH1, UH2, US2 is
      prior art, and there are many prior art mechanisms to achieve the required
      sequence of switching steps. However, new means for achieving the required
      sequence of switching steps will be described below.
PAR  Referring now to FIG. 2, the transfer switch shown therein includes 12
      vacuum switches which are arranged in a cylindrical pattern in spaced
      parallel columns. FIG. 2 shows 8 of the aforementioned vacuum switches,
      the remaining four vacuum switches being covered up by those shown in FIG.
      2. The vacuum switches intended to be connected to one tap of a tapped
      transformer winding are arranged at a relatively high level, and the
      vacuum switches intended to be connected to another contiguous tap of a
      tapped transformer winding are arranged at a relatively lower level than
      the first mentioned vacuum switches. Thus the vacuum switches for phase U
      designated by the reference characters US1 and UH1 in FIG. 2 which
      correspond to the vacuum switches US1 and UH1 shown in FIG. 1 intended to
      be normally connected to tap N1 of FIG. 1 are arranged at a relatively
      high level. The vacuum switches for phase U designated by the reference
      characters US2 and UH2 in FIG. 2 which correspond to the vacuum switches
      US2 and UH2 shown in FIG. 1 intended to be normally connected to tap N2 of
      FIG. 1 are arranged at a relatively low level. It will further be noted
      from FIG. 2 that the pair of vacuum switches US1, UH1 are angularly
      displaced relative to the pair of vacuum switches US2, UH2. FIG. 2 further
      shows vacuum switches VS1, VS2 and VH2 pertaining to phase V of a three
      phase circuit, the fourth vacuum switch VH1 pertaining to phase V not
      being visible in FIG. 2. Of the four vacuum switches WS1, WH1, WS2, WH2
      pertaining to phase W of a three phase circuit U, V, W only the vacuum
      switch WH1 is shown in FIG. 2 which corresponds to the vacuum switch UH1
      of FIG. 1. The vacuum switches WS1, WH2 and WS2 which correspond to the
      vacuum switches US1, UH2 and US2 of FIG. 1 do not appear in FIG. 2. The
      drive shaft or operating shaft 1 for all the aforementioned vacuum
      switches is arranged along the axis of the cylindrical pattern formed by
      the vacuum switches. Shaft 1 operates the vacuum switch operating
      mechanism generally indicated by reference character 2 in FIG. 2 and shown
      in detail in FIG. 3. Operating mechanism 2 will be described below in
      detail in connection with FIG. 3.
PAR  As shown in FIG. 2 the aforementioned vacuum switches are supported by a
      pair of circular coaxial plates 3, 4 maintained in fixed spaced relation
      by spacer strips 5. Plates 3, 4 support on the axially outer end surfaces
      thereof switch-over resistors VR1, UR1, WR1 and UR2, VR2, WR2, Resistors
      UR1 and UR2 correspond to the resistors shown in FIG. 1 to which the same
      reference characters have been applied. Resistors VR1, VR2 pertain to
      phase V and are connected in the same fashion as the resistors UR1, UR2
      pertaining to phase U. Resistors WR1, WR2 pertain to phase V of a three
      phase circuit and are connected in the same fashion as resistors UR1, UR2
      pertaining to phase U. FIG. 2 further shows the leads U1, U2 also shown in
      FIG. 1 for connecting vacuum switches US1, UH1, UH2 and US2 to the taps
      N1, N2 of FIG. 1. The leads for the vacuum switches pertaining to phase V,
      W (not shown) are arranged in the same fashion as the leads U1, U2 for
      phase U. It will be apparent that leads U1, U2 are arranged along parallel
      lines and are narrowly spaced and project transversely through plate 4. As
      mentioned before, the two vacuum switches UH2, US2 and the two vacuum
      switches UH1, US1 pertaining to the same phase U are angularly displaced,
      the axis of angular displacement being shaft 1. This applies also to the
      vacuum switches of phases V and W. This displacement allows the passage in
      parallel pairs through plate 4 of the leads to all vacuum switches as
      shown in FIG. 2 as to leads U1, U2. The aforementioned arrangement of
      leads is also conducive to a desirable voltage distribution inside of the
      transfer switch and is made possible because there is normally no
      difference in potential between leads U1, U2 on account of the fact that
      both contacts K1, K2 of FIG. 1 normally engage the same tap N1 or N2,
      respectively. The angle between immediately adjacent vacuum switches may
      be referred-to as angular pitch, and the angular displacement of columns
      US1, UH1 and US2, UH2 is equal to that angular pitch. The leads V1, V2 and
      W1, W2 (not shown in FIG. 2) are angularly displaced 120.degree. relative
      to each other and relative to leads U1, U2. FIG. 2 further shows the lead
      Y also shown in FIG. 1 connected to a pair of conductor rings 11, 12
      arranged adjacent the axially inner ends of the vacuum switches forming
      part of the transfer switch. As shown in FIG. 2 conductor rings 11, 12 are
      arranged in coaxial relation and at different levels and form the neutral
      of a Y connected electric polyphase system.
PAR  In FIG. 2 reference numerals 101, 102 have been applied to indicate
      electrical connectors for establishing the circuitry of FIG. 1. Reference
      numeral 103 has been applied to indicate flexible conductors between
      conductive operating rods 61, 71, 62, 72 for the movable contacts of
      vacuum switches US1, UH2, UH1, US2 operated by the aforementioned
      operating rods. These rods are, in turn, conductively connected to the
      movable contacts of the vacuum switches which are operated by them. FIG. 2
      shows but the flexible connections between annular conductor 12 and
      operating rods 62, 72, while similar flexible connections between annular
      conductor 11 and operating rods 61, 71 do not appear in FIG. 2. As
      mentioned above, annular conductors 11, 12 may form the neutral point of a
      Y connected polyphase system. As shown in FIG. 2 annular conductors 11, 12
      are conductively connected to line Y which extends transversely through
      base plate 4.
PAR  The operating rods 61, 62, 71, 72 for the vacuum switches of the transfer
      switch are arranged parallel to drive shaft 1 and movable in a direction
      longitudinally thereof. The operating rods are arranged in coaxial pairs
      such as 61, 62 and 71, 72 and these pairs are tied together by the
      mechanisms such as 8, 9 shown in detail in FIG. 4. As shown in FIG. 4
      helical clamping springs 37 are interposed between the axially inner ends
      of rods 61, 62 and between the axially inner ends of rods 71, 72.
PAR  In FIG. 4 and FIGS. 6A-6H reference characters 38, 38', 39 and 39' have
      been applied to indicate helical springs for transmitting movements of
      operating plate 10 in a direction longitudinally of shaft 1 to operating
      rods 61, 62 and 71, 72. Operating plate 10 is positively fixedly secured
      to spring housing parts 8 and 9 in FIGS. 2 and 4 so that parts 8 and 9 are
      moved jointly upwardly and downwardly with operating plate 10. Part 8 is
      provided with an upper flange 81 against which spring 38 abuts and a lower
      flange 82, and plate 40 is interposed between the lower end of spring 38
      and flange 82 (see also FIG. 6A). In like fashion part 9 is provided with
      an upper flange 91 and a lower flange 92. Spring 38' rests with its lower
      end against flange 92 and the upper end of spring 38' rests against plate
      40'. Reference numerals 41, 42 have been applied to indicate a pair of
      discs arranged inside of part 8 and fixedly spaced by spacers 50. In like
      fashion a pair of discs 41', 42' is arranged inside of part 9 and fixedly
      spaced by spacers 50'. The ends of springs 39 rest against discs 40 and 42
      and the ends of springs 39' rest against discs 40' and 42' (see also FIG.
      6A). The juxtaposed axially inner ends of rods 61 and 62 are of increased
      diameter. These portions receive the axially outer ends of the
      aforementioned damping spring 37 and form abutments cooperating with discs
      41, 42. Rods 71, 72 have juxtaposed axially inner ends of increased
      diameter. These ends of portions of increased diameter receive the axially
      outer ends of a damping spring 37 and form abutments cooperating with
      discs 41', 42'.
PAR  Assuming that operating plate or driving element 10 is moved in downward
      direction as seen in FIGS. 4 and 6A. As a result member 8 is moved in
      downward direction and flange 81 thereof moves the upper end of spring 38
      in downward direction. Disc 40 supported by flange 82 and under the action
      of spring 38 is likewise moved downwardly. This motion of parts 10 and 8
      is initially a lost motion inasmuch as it has no effect upon operating
      rods 61, 62. When disc 40 engages, or abuts against, disc 41 the motion of
      disc 40 is transmitted to operating rod 62 by the intermediary of the unit
      41, 50, 42. As shown in FIG. 6A there is a small clearance between the
      enlarged axially inner ends of operating rods 61, 62 and discs 42, 41.
      Upon a joint motion of parts 41, 50, 62 equal to that clearance operating
      rods 61, 62 are moved in downward direction.
PAR  Referring now to the right part of FIG. 4, when operating disc 10 is moved
      in downward direction, the member 9 is likewise moved in downward
      direction since parts 9 and 10 are fixedly tied together. The flange 91 of
      tie member 9 performs a lost motion before the motion of tie member 9 has
      any effect upon operating rods 71, 72. This lost motion of tie member 9
      comes to an end when flange 91 thereof abuts against part 40'. In order to
      achieve the required sequence of operations, the lost motion between parts
      91 and 40' exceeds the lost motion between parts 40 and 41 shown in the
      left portion of FIG. 4. During the lost motion between parts 91 and 40'
      spring 38' is allowed to exapnd. After the flange 91 of the member 9
      engages disc 40' and carries the latter with it, spring 39 is compressed.
      As a result of the compression of spring 39 disc 41' is moved in downward
      direction. Since discs 41' and 42' are fixedly tied together by spacers
      50', disc 42' follows the movement of disc 41'. There is a clearance
      between the enlarged ends 73, 74 of operating rods 71, 72 and as a
      consequence of that clearance rods 71, 72 are operated only upon movement
      of unit 41', 50', 49' a distance equal to said clearance.
PAR  FIGS. 6A-6H show in sequence the steps involved in operating rods 61, 62
      and 71, 72 by tie members 8, 9 and operating disc 10 and the lost motions
      involved in operating the rods 61, 62 and 71, 72.
PAR  The current-carrying contacts UD1, UD2 shown in FIG. 1 are not shown in
      FIG. 2, their presence being optional rather than mandatory. If the
      presence of such contacts is desired in the structure of FIG. 2, they may
      readily be arranged in the space between shaft 1 and the upper vacuum
      switches or the lower vacuum switches. As an alternative, current-carrying
      contacts such as the contacts, UD1, UD2, may be arranged at the axially
      outer surfaces of plates 3 and 4 adjacent the switch-over resistors
      present at this location.
PAR  Referring now to FIG. 3 showing the operating mechanism for rods 61, 62,
      71, 72, reference characters 13 and 14 have been applied to indicate a
      pair of substantially cylindrical cams affixed to shaft 1 and jointly
      pivotable with shaft 1. A pair of spaced rings 15 and 16 is arranged in
      coaxial relation to shaft 1. Rings 15 and 16, are spring biased by helical
      compression springs 17 surrounding spring-supporting rods 18. Thus rings
      15, 16 spring-supporting rods 18 and compression springs 17 form a
      squirrel-cage-like structure of which some parts are broken away in FIG.
      3. Each ring 15, 16 has two supports 19 and 20 affixed to it. FIG. 3
      showing but one of the two supports 19, the other being hidden behind a
      plate 23. Each of supports 19 forms a bearing for a roller 21, and each of
      supports 20 forms a bearing for a roller 22. Rollers 21 engage cam 13, and
      rollers 22 engage cam 14. Therefore, when shaft 1 and cams 13, 14 are
      jointly pivoted, rollers 21, 22 and their supports 19, 20 as well as rings
      15, 16 may be moved in a direction longitudinally of shaft 1.
PAR  The structure of FIG. 3 further includes a top disc or end plate 23 and a
      bottom disc or end plate 24 both slidably mounted on shaft 1 and tied
      together by a plurality of tie rods 25. Discs 23, 24 and tie rods 25 are a
      rigid squirrel-cage-like structure forming a housing for a driving
      mechanism which is arranged inside of it. The abover referred-to drive
      disc 10 is affixed to the rods 25 and arranged about midway between the
      ends of rods 25. Drive disc 10 operates the aforementioned tie members 8
      and 9 for operating rods 61, 62; 71, 72 as set forth above. Drive disc 10
      is slidably mounted on guide rods 26 of which one is shown to the left and
      another to the right of FIG. 3. Preferably the structure includes 3 guide
      rods 26 which are angularly displaced 120.degree..
PAR  Discs or end plates 23 and 24 forming part of the aforementioned
      squirrel-cage-like housing for the driving mechanism are each provided
      with two supports 27, 28 forming bearings for rollers 29 and 30,
      respectively. The supports 27, 28 on discs 23, 24 are arranged inside of
      supports 19, 20 on rings 15 and 16 in such a way that rollers 21, 29 and
      22, 30 are approximately juxtapposed but arranged along different radii.
      Each of rollers 29 and 30 may engage a locking disc 31 and 32,
      respectively. Locking discs 31 and 32 are tied to cams 13, 14 and form
      integral units with said cams 13, 14. Each locking disc 31, 32 is provided
      with cut-outs or recesses 33, 34, 35. The axially outer end surfaces of
      cylindrical cam bodies 13, 14 and the axially inner end surfaces of
      locking discs 31, 32 are coplanar.
PAR  It will be apparent from the above that rotation of shaft 1 in the
      direction of the arrow of FIG. 3, i.e. in clockwise direction, results in
      a rotary motion of cams 13 and 14. During that rotary motion roller 29
      shown in the upper left portion of FIG. 3 rolls along the upper surface of
      locking disc 31 and roller 21 is pushed downwardly by the action of cam
      13. This downward motion of roller 21 results in compression of helical
      springs 17. When roller 29 arrives at the location of slot 33 in locking
      disc 31, springs 17 are again free to expand and expand. As a result of
      the fact that roller 29 looses its support by locking plate 31 when roller
      29 is free to drop through slot 33 in that plate, the structural unit 23,
      24, 25 including drive disc 10 is driven by expanding spring 17 in donward
      direction as soon as roller 29 drops into slot 33.
PAR  Referring now to the structure shown in the lower portion of FIG. 3, as the
      above rotary motion of shaft 1, cams 13, 14 and locking discs 31, 32
      progresses in clockwise direction, the cut-out or slot 35 in locking disc
      32 moves into registry with roller 30. As a result, roller 30 may drop
      into cut-out or slot 35 in locking disc 35 when springs 17 expand and the
      unitary structure 23, 24, 25, 10 is moved in downward direction.
PAR  Assuming now that the rotary motion of shaft 1 is either continued in
      clockwise direction, or that the direction of the rotary motion of shaft 1
      is reversed, i.e. that shaft 1 is now caused to perform a rotary motion in
      counterclockwise direction. Then roller 30 moves along the axially outer
      end surface of locking disc 32 and roller 22 is moved in upward direction
      by the slanting surfaces of cam 14. This, in turn, results in re-loading
      of helical springs 17. During that pivotal motion a cut-out 322 in locking
      disc 32 is moved into registry with roller 30, as a result of which
      helical energy storage springs 17 are again free to expand, and do expand.
PAR  As shown in FIG. 5A, pairs of cut-outs 33, 332 and 331,321 are arranged in
      locking discs 31, 32 to allow, irrespective of the direction of pivotal
      motion, expansion of energy storage springs 17 before the intermediate
      position between the two end portions of the structure of FIG. 3 is
      reached. The operation of the structure of FIG. 3 is diagrammatically
      illustrated in FIGS. 5A to 5E. In these figures the positions of rollers
      29 and 30, respectively, correspond to the position of driving disc 10,
      also shown in FIGS. 5A - 5E.
PAR  FIG. 5A shows diagrammatically the mechanism of FIG. 3 in one of its two
      limit positions. When shaft 1 is pivoted clockwise as indicated by an
      arrow in FIG. 3, the upper locking disc 31 moves under the roller 29 of
      top disc 23 and maintains the latter in position. Thereafter the slanting
      surface 131 of cam 13 (see also FIG. 3) engages roller 21 and pushes the
      same in downward direction. This position of the constituent parts of the
      mechanism is shown in FIGS. 5B and 5e. The downward motion of roller 21
      results in compression of the compression springs 17 shown in FIG. 3, and
      diagrammatically represented in FIGS. 5A-5E by a single spring 17. The
      squirrel-cage-like structure 23, 24, 25, 10 (of which only part 10 has
      been shown in FIGS. 5A-5E) remains stationary, i.e. it does not follow the
      downward movement of roller 21 and ring 15 since it is retained by roller
      29 which rolls along locking disc 31. Only when the position of roller 29
      registers with the cut-out of slit 33 in locking disc 31 -- which position
      of parts is shown in FIG. 5D -- is it possible for compressed spring or
      springs 17 to expand again. When spring or springs 17 expand again, the
      squirrel-cage-like structure 23, 24, 25, 10 is moved downwardly and so is
      drive disc 10 since it is a part of that structure. As explained above,
      the drive disc 10 operates the aforementioned various vacuum switches
      which form part of the transfer switch embodying this invention. The
      spring-operating mechanism of FIGS. 5A - 5E then moves from the position
      of FIG. 5D to that of FIG. 5.5 and is then ready for the next tap-changing
      operation.
PAR  FIGS. 6A-6H illustrate the sequence of steps involved in the operation of
      pairs of vacuum switches UH1, US1 and UH2, US2, respectively. The vacuum
      switch VS2 corresponds to the vacuum switch US2 of phase U as far as
      timing of its operation is concerned.
PAR  FIG. 6A shows a stationary position of the transfer switch in which vacuum
      switches UH1 and US1 are closed, and vacuum switches UH2, VS2 are open. It
      is apparent from FIG. 6A that tie means 8 and 9, respectively, have lost
      motions of different extent, or degree, for operating rods 61, 62 and 71,
      72, respectively. FIG. 6B shows the position of tie means 8 and rods 61,
      62 upon completion of the lost motion of that structure, i.e. when the gap
      between parts 40 and 41 has become zero and part 40 abuts against part 41.
      FIGS. 6C and 6D show how, as a result of continued downward motion of
      parts 10 and 8, the contacts of vacuum switch US1 driven by rod 61 begin
      to part and the contacts of vacuum switch UH2 driven by rod 62 are
      gradually brought into engagement. FIG. 6D shows the position of parts
      when the contacts of vacuum switch US1 have fully parted and the contacts
      of vacuum switch UH2 are fully engaged. FIG. 6D further shows the relative
      position of tie means 9 when the latter has just completed its lost motion
      relative to the operating rods 71, 72 of vacuum switches UH1, VS2. As is
      apparent from the above description of tie means 9, of the parts which go
      into it and the operation thereof, the lost motion of this structure comes
      to an end when the spacing between flange 91 and part 40' is down to zero,
      part 40' abutting against flange 91. This specific position of parts is
      shown to the right of FIG. 6D. As shown in FIG. 6E the contacts of vacuum
      switch UH1 just begin to part and the spacing between the contacts of
      vacuum switch VS2 begins to decrease. According to FIG. 6F the spacing of
      the contacts of vacuum switch VS2 is virtually down to zero and the
      spacing between the contacts of vacuum switch UH1 has almost reached its
      maximal value. FIG. 6G shows the contacts of vacuum switches US1, UH2, UH1
      and VS2 virtually in their final positions upon completion of a
      tap-changing operation. Now the contacts of vacuum switches US1 and UH1
      are fully open and the contacts of vacuum switches UH2 and VS2 are fully
      closed. Continued slight motion of parts 10, 8, 9 results in increasing
      the pressure between the engaged contacts of vacuum switches UH2 and VS2
      and in the adjustment of the springs of tie devices 8, 9 so as to achieve
      the required degree of lost motions during a subsequent operation of the
      structure shown in FIGS. 6A-6H. The position of preparedness for a
      subsequent tap-changing operation is shown in FIG. 6H.
PAR  It will be apparent from the above, and particularly from FIG. 2, that all
      vacuum switches are supported by a pair of spaced parallel plates or discs
      3, 4 and are arranged at two different levels in circular patterns. There
      are six vacuum switches at each level. The six vacuum switches at each
      level are arranged in pairs, each such pair encompassing a range of
      120.degree.. Four vacuum switches are provided for switching each phase of
      a three phase circuit, two of said four vacuum switches are arranged at a
      relatively high level and two of said vacuum switches are arranged at a
      relatively low level. The vacuum switches pertaining to one and the same
      phase are arranged at each level in contiguous pairs. Thus FIG. 2 shows
      for the phase U of a three phase circuit two contiguous vacuum switches
      US1 and UH1 arranged at a relatively high level and two contiguous vacuum
      switches US2 and UH2 arranged at a relatively low level. The pair of
      vacuum switches US2, UH2 arranged at the relatively low level is angularly
      displaced 60 degrees relative to the pair of vacuum switches US1, UH1
      arranged at the relatively high level. It will be further apparent from
      the above that some vacuum switches pertaining to different phases are
      operated by the same operating tie means. Thus the vacuum switches UH1 and
      VS2, pertaining to different phases U and V of an electric circuit are
      operated by the common tie means 9.
PAR  A comparison of FIGS. 1 and 2 reveals that tie means 8 does not jointly
      operate vacuum switches US1 and US2, but vacuum switches US1 and UH2. In
      like fashion, tie means 9 does not jointly operate vacuum switches UH1 and
      UH2 but is a joint operating means for vacuum switches UH1 and VS2. The
      aforementioned angular displacement of 60.degree. of the constituent
      vacuum switches arranged at two different levels is also reflected in
      FIGS. 6A- 6H. As far as the sequence of operating steps is concerned,
      whether one considers vacuum switch US2 or VS2 is immaterial.
PAR  The aforementioned angular displacement of 60.degree. allows to arrange the
      lines U1, U2 of FIG. 1 parallel and close to each other as shown in FIG.
      2, provided that there is no difference in potential between said lines
      during the stationary operation of the system. This can readily be
      achieved as explained in connection with FIG. 1 by moving both contacts
      K1, K2 into engagement with the same tap -- i.e. either tap N1 or tap N2
      -- following completion of a tap-changing operation.
PAR  It will further be apparent from the above that a three phase transfer
      switch embodying this invention includes 12 vacuum switches US1, UH1, UH2,
      US2; VS1, VH1, VH2, VS2; WS1, WH1, WH2, WS2. The 12 vacuum switches are
      arranged in two groups of six at two different levels. The upper level
      includes vacuum switches US1, UH1; Vs1, VHl; WS1, WH1; of which vacuum
      switches VH1 and WS1 are hidden from sight in FIG. 2. The lower level
      includes vacuum switches US2, UH2; VS2, VH2; WS2, WH2; of which vacuum
      switches WS2 and WH2 are hidden from sight in FIG. 2. The constituent
      vacuum switches of each said two groups of vacuum switches are arranged in
      circular patterns. Juxtaposed pairs of vacuum switches such as, for
      instance, US1 and UH2, or UH1 and VS2, are operated by pairs of aligned
      operating rods 61, 62 and 71, 72, respectively. These pairs of operating
      rods are movable by a common drive mechanism which includes the annular
      driving element 10. As a result of the provision of said common drive
      means for all vacuum switches the latter would be operated synchroneously
      unless there are means for imparting the proper sequence of operation to
      the constituent vacuum switches of the transfer switch. These means are
      formed by the lost motion connection means 8, 9 interposed between annular
      driving element 10 and operating rods 61, 62; 71, 72. The preferred common
      drive mechanism shown in FIG. 3 includes drive shaft 1 arranged along an
      axis defined by the centers of the aforementioned  groups of vacuum
      switches arranged at different levels and a plurality of helical
      compression springs 17 arranged generally in a cylindrical surface
      surrounding drive shaft 1. The aforementioned drive mechanism further
      includes cam means 13, 14 and abutment means 31, 32, both jointly
      pivotable with drive shaft 1 for loading springs 17 in response to
      predetermined angular motions of shaft 1 and allowing spring 17 to expand
      upon angular motions of shaft 1 in excess of said predetermined motions
      thereof. Annular member 10 is operated by springs 17 and operates the lost
      motion connection tie means 8, 9. The cam means are formed by a pair of
      axially spaced substantially cylindrical cam bodies 13, 14 having slanting
      surfaces 131 for controlling rollers 21, 22 and axially outer end
      surfaces. The aforementioned abutment means are formed by a pair of plates
      31, 32 arranged on said axially outer end surfaces of cam bodies 13, 14
      and having peripheral cut-outs 33, 34, 35. Springs 17 are positioned by a
      squirrel-cage-like structure including a plurality of guide rods 18 each
      arranaged inside one of springs 17. This squirrel-cage-like structure
      includes the spring-compressing end members 15, 16 provided with roller
      means 21, 22 under the control of cam means 13, 14. Annular driving
      element 10 forms part of an additional squirrel-cage-like structure
      provided with roller means 29, 30 engaging, and under the control of,
      plates 31, 32. The aforementioned lost motion connection means include a
      plurality of housings affixed to annular driving element 10 and each
      located between juxtaposed pairs of vacuum switches arranged at different
      levels as, for instance, the pair of vacuum switchs US1, UH2, or the pair
      of vacuum switches UH1, VS1. Reference numerals 8 and 9 have been applied
      to indicate the aforementioned housings as such as well as these housings
      plus the lost motion connection parts contained therein. As shown in FIGS.
      4 and 6A-6H each housing 8, 9 houses abutment means for operating rods 61,
      62; 71, 72 which abutment means are formed by discs 41, 42; 41', 42'
      spacers 50, 50' integrating one bottom disc 41, 41' and one top disc 42,
      42' into a structural unit 41, 50, 42 and 41', 50', 42' respectively. The
      units 41, 50, 42 and 41', 50', 42', respectively, operate rods 61, 62 and
      71, 72 respectively in response to movements of annular driving element 10
      in the direction of drive shaft 1. Housings 8 contain annular spring
      supports 40 and housings 9 contain annular springs supports 40'. Spring
      support 40 supports two of the ends of a pair of coaxial helical springs
      38, 39 arranged in housings 8. The other end of spring 38 rests against
      flange 81 of housing 8 and the other end of spring 39 rests against disc
      42 and abutment means 41, 50, 42. In like fashion spring support 49' in
      housing 9 supports two ends of a pair of coaxial helical springs 38', 39'
      arranged in that housing. The other end of spring 38' rests against flange
      41' of housing 9 and the other end of spring 39' rests against disc 41' of
      abutment means 41', 50', 42'.
PAR  While FIG. 2 shows but a pair of parallel contiguous conductors U1, U2
      projecting transversely through base plate 4, it will be apparent from the
      fact that this is a three phase transfer switch, that the switch includes
      a total of three such pairs of parallel contiguous conductors angularly
      displaced about 120.degree. which project transversely through base plate
      4.
PAR  It will be noted from FIG. 2 that one of conductor rings 11 forming the
      neutral point of a Y connected three phase system is arranged in a plane
      situated between the higher level vacuum switches US1, UH1, etc., and last
      motion connection means 8, 9, while the other of conductor rings 12
      forming the neutral point of a Y connected three phase system is arranged
      in a plane situated between the lower level vacuum switches UH2, US2, etc.
      and lost motion connection means 8, 9. Rings 11, 12 which are conductively
      interconnected by conductor Y are an extremely simple means for
      establishing a neutral point in a transfer switch of the kind under
      consideration.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A three phase transfer switch for tapped regulating transformers
      including
PA1  a. 12 vacuum switches forming two groups each of six situated at two
      different levels, the constituent vacuum switches of each said groups
      being arranged in circular coaxial patterns and the vacuum switches on one
      of said levels being arranged in registry with the vacuum switches on the
      other of said levels;
PA1  b. pairs of aligned operating rods movable in a direction longitudinally
      thereof arranged between registering pairs of vacuum switches at different
      levels for operating said pairs of vacuum switches at different levels;
PA1  c. a drive mechanism having a common power driven driving element for said
      pairs of operating rods movable in the direction of the axis of said
      circular coaxial patterns, said drive mechanism including a drive shaft
      arranged along an axis defined by the centers of said two groups of vacuum
      switches;
PA1  d. lost motion connection means interposed between said driving element and
      said pairs of aligned operating rods to impart a predetermined sequence to
      the operation of said vacuum switches;
PA1  e. a plurality of helical compression springs extending parallel to said
      drive shaft and arranged generally in a cylindrical surface surrounding
      said drive shaft;
PA1  f. cam means and abutment means both jointly pivotable with said drive
      shaft for loading said plurality of helical compression springs in
      response to predetermined angular motions of said drive shaft and allowing
      said plurality of helical compression springs to expand upon angular
      motions of said drive shaft in excess of said predetermined angular
      motions thereof; and
PA1  g. an annular driving element surrounding said drive shaft operated by said
      plurality of helical compression springs and operating said lost motion
      connection means.
NUM  2.
PAR  2. A three phase transfer switch as specified in claim 1 wherein said lost
      motion connection means include
PA1  a. a plurality of housings positively affixed to said annular driving
      element and each located between registering pairs of vacuum switches
      arranged at different levels;
PA1  b. abutment means for each of said pairs of operating rods each arranged
      inside one of said plurality of housings for operating one of said pairs
      of operating rods in response to movements of said annular driving element
      in the direction of said drive shaft; and
PA1  c. an annular spring support and a pair of coaxial helical compression
      springs in each of said plurality of housings, each of said pair of
      coaxial helical compression springs having one end resting against said
      annular spring support, one of said pair of coaxial helical compression
      springs having an end resting against said housing and the other of said
      pair of coaxial compression springs having an end resting against said
      abutment means.
NUM  3.
PAR  3. A three phase transfer switch as specified in claim 1 wherein
PA1  a. said vacuum switches are supported by a pair of parallel plates
      maintained in spaced relation by spacers extending parallel to said drive
      shaft; and wherein
PA1  b. each of said different levels includes a pair of contiguous vacuum
      switches for each phase jointly encompassing an angle of about
      120.degree..
NUM  4.
PAR  4. A three phase transfer switch as specified in claim 3 wherein
PA1  a. each pair of contiguous vacuum switches for one phase on one of said
      different levels is angularly displaced about 60.degree. relative to each
      pair of contiguous vacuum switches for the same phase on the other of said
      different levels; and wherein
PA1  b. three pairs of contiguous substantially parallel conductors project
      transversely through one of said pair of parallel plates, each of said
      three pairs of conductors being angularly displaced about 120.degree..
NUM  5.
PAR  5. A three phase transfer switch as specified in claim 1 including a pair
      of annular conductively interconnected conductor rings for forming the
      neutral point of a Y connected three phase system, one of said pair of
      conductor rings being arranged in a plane situated between said vacuum
      switches at one of said two different levels and said lost motion
      connection means, and the other of said pair of conductor rings being
      arranged in a plane situated between said vacuum switches at the other of
      said two different levels and said lost motion connection means.
NUM  6.
PAR  6. A three phase transfer switch as specified in claim 1 wherein
PA1  a. said cam means are formed by a pair of spaced substantially cylindrical
      cam bodies having slanting roller-control surfaces and axially outer end
      surfaces;
PA1  b. said abutment means are formed by a pair of plates arranged on said
      axially outer end surfaces of said substantially cylindrical cam bodies
      and having peripheral cut-outs;
PA1  c. said plurality of helical springs are positioned by a squirrel-cage-like
      structure including a plurality of guide rods each arranged inside of one
      of said plurality of helical springs;
PA1  d. said squirrel-cage-like structure further includes spring compressing
      end members provided with roller means under the control of said cam
      means; and
PA1  e. said annular driving element forms part of an additional
      squirrel-cage-like structure provided with roller means under the control
      of said pair of plates arranged on said axially outer end surfaces of said
      pair of substantially cylindrical cam bodies.
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ABST
PAL  An improved heating means is provided for heating the gas in a high-voltage
      gas-type circuit-interrupter of the type utilizing an arc-extinguishing
      gas, which may be subject to the disadvantage of liquefaction during
      relatively moderate temperatures. The construction is such that primary
      and secondary heating means are associated with a convection chamber, the
      primary heating means being responsive to a probe monitoring the actual
      gas temperature provided within the convection chamber and maintains the
      gas temperature within the convection chamber to a predetermined
      temperature.
PAL  Preferably, a secondary heating bank is additionally provided, assuming the
      form, for example, of one or more separate heater elements, which are
      turned on and off by the external atmospheric ambient temperature.
PAL  For certain applications, the convection chamber is tilted, or slanted with
      respect to the arc-extinguishing assemblage, the latter extending upwardly
      at an angle with respect to the lower-disposed heating chamber. Thus, by
      the provision of a plurality of holes provided in the heating chamber, gas
      is encouraged to flow up the high physical side of the upstanding casing
      assemblage; and the cooler gas is returned down along the lower physical
      side of the casing assemblage for encouraging a convection flow.
PAL  Additionally, a plurality of circularly-arranged fins may be provided,
      affixed to the bottom of the heating chamber, for providing a greater heat
      surface area to the gas, and in accordance with the aforesaid convection
      principle, the heating fins may be disposed only at the upper physical
      side of the heating chamber.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  In U.S. patent application filed Sept. 13, 1972, Ser. No. 288,843, now U.S.
      Pat. No. 3,852,550, issued Dec. 3, 1974 to Bertolino et al., and assigned
      to the assignee of the instant application, there is illustrated and
      described an improved circuit-breaker construction in which an insulating
      sleeve-like partition member is provided around the high-voltage conductor
      tube within the high-pressure storage chamber. Small filter elements are
      provided in the high-voltage conductor tube to equalize the pressure
      conditions on the inside and the outside of the aforesaid sleeve-like
      insulating member, yet to prevent the entrance of insulating or metallic
      particles into the annular region surrounding the high-voltage conductor
      tube and constituting a high-pressure chamber.
PAR  Also, U.S. patent application filed Mar. 9, 1971, Ser. No. 122,453, now
      U.S. Pat. No. 3,814,879, issued June 4, 1974 to Cookson et al., and
      assigned to the assignee of the instant application, illustrates the
      theoretical background for the problem encountered when insulating, or
      metallic particles enter a high-pressure region, and tend to precipitate
      high-voltage breakdown between members at widely-different voltage levels.
PAR  Reference may additionally be made to U.S. patent application filed Dec.
      21, 1973, Ser. No. 427,279 by M. J. Taylor, et al., and assigned to the
      assignee of the instant application, for a description of a
      particle-collection chamber, which may be additionally used as the heating
      chamber referred to in the instant patent application.
PAC  BACKGROUND OF THE INVENTION
PAR  In the aforesaid U.S. Pat. No. 3,814,879 there is illustrated and described
      various means for preventing relatively small particles entering into
      regions of high electrical field stress. Also, the aforesaid U.S. Pat. No.
      3,852,550 sets forth the problem, which is encountered in high-voltage
      compressed-gas circuit-interrupters, where an effort is made to prevent
      relatively small insulating or metallic particles entering into the
      high-pressure gas-storage regions, where electrodes are present at
      widely-different voltage levels from each other, for example, approaching
      200 K.V. in magnitude.
PAR  Since the opening and closing circuit breaker operations with heavy impact
      forces involved, of the metallic separable contacts tend to generate small
      metallic particles, which thereby tend to roam about in the gaseous
      region, it is necessary to prevent these small metallic or insulating
      particles from entering into the high-pressure gas-storage regions, where
      the conducting high-voltage parts are closely spaced together, and where,
      obviously, high electrostatic fields are generated between such
      close-spaced high-voltage metallic members. It has been proven by test
      that small particles, either insulating or conducting, will tend to
      precipitate a voltage breakdown between such high-voltage members, which
      are at widely-different voltage levels.
PAR  In U.S. patent application filed July 7, 1972, Ser. No. 269,691, now U.S.
      Pat. No. 3,792,218, issued Feb. 12, 1974 to Cromer et al., and assigned to
      the assignee of the instant application, there is illustrated a perforated
      support cone in FIG. 1 of said patent application, which permits free
      communication between the high-pressure gas within the interrupting area
      and the high-pressure region within the lower U-shaped high-pressure gas
      storage chamber, and electrical heaters, designated by the reference
      numeral 75 in said U.S. Pat. No. 3,792,218, heat the gas to prevent
      liquefaction of the gas; and the thus heated gas freely enters upwardly
      past the high-pressure region, and through the perforated support cone and
      into the contact interrupting region. The hazard results that small
      metallic particles will enter the perforated cone, as set forth in FIG. 1
      of said patent application, and drop downwardly into the lower
      high-pressure U-shaped gas storage region, so as to create the hazard in
      the U-shaped high-pressure gas storage region of possible breakdown or
      flashover therein.
PAR  Also, reference may be made to U.S. Pat. No. 3,596,028 issued July 27, 1971
      to Kane et al., and assigned to the assignee of the instant application,
      for a description of the general type of interrupting structure, also
      utilizing a perforated support cone, and which is subject to the same
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an improved heating
      arrangement for heating the gas within a high-voltage high-power gas-type
      circuit-interrupter, in which an annularly-arranged heating chamber is
      provided around the high-voltage conductor, and heating means is
      associated with said chamber to heat the gas provided therein.
PAR  In accordance with another feature of the present invention, there is
      provided a primary heating means responsive, as by means of a probe, or
      the like, monitoring the temperature within the heating chamber, to
      maintain the heating of the gas within the heating chamber at a
      predetermined value. Additionally, if desired, a secondary bank of heaters
      may be provided, associated with said heating chamber, and being
      responsive to the temperature of the external atmospheric ambient
      temperature surrounding the circuit-breaker installation.
PAR  The primary and secondary heating banks thus prevent the liquefaction of
      the arc-extinguishing gas.
PAR  In addition, and preferably desired, although not absolutely necessary, a
      plurality of heating fins may be utilized to provide greater heat surface
      area to the gas within the heating chamber, and, preferably, said heating
      fins are disposed at an upper physical relationship with the heating
      chamber, for example, the latter being tilted, or slanted, so that greater
      heating surface area is provided at the high physical side of the heating
      chamber, and gas will thus pass upwardly by convection flow interiorly
      within the upstanding arc-extinguishing assemblage and return along the
      lower physical side of the heating chamber.
PAR  Further objects and advantages will readily become apparent upon reading
      the following specification, taken in conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevational view, partially in section, of an improved
      high-voltage gas-type circuit-interrupter embodying the principles of the
      present invention, the contacts being shown closed;
PAR  FIG. 2 is an enlarged sectional view taken substantially along the line
      II--II of FIG. 1 looking in the direction of the arrows;
PAR  FIG. 3 is a fragmentary side elevational view of the lower high-pressure
      gas U-bend member provided in the circuit-interrupter of FIG. 1 to store
      high-pressure gas therein;
PAR  FIG. 4 is an enlarged fragmentary sectional view illustrating the general
      type of contact interrupting structure provided in the circuit-interrupter
      of FIG. 1, and illustrating the top portion of the unperforated support
      member or cone, the contact structure again being illustrated in the
      closed-circuit position;
PAR  FIG. 5 is an enlarged sectional fragmentary view showing the unperforated
      support cones, the two grounded and collecting chambers of a
      circuit-breaker, where two interrupting assemblages are provided for the
      higher ratings, and the gas-pipe connections therefor;
PAR  FIG. 5A is a perspective view, in one-quarter section, of the microporous
      filter element used in FIG. 5;
PAR  FIG. 6 is an enlarged vertical sectional view taken through one of the
      collecting chambers of FIG. 5;
PAR  FIGS. 7, 8 and 9 are sectional views taken along the corresponding lines,
      indicated by the respective Roman numerals in FIG. 6, to further
      illustrate the heating and return apertures provided in the collecting
      chamber and the circular heating-fins provided therein;
PAR  FIGS. 10 and 11 illustrate side-elevational views of the kidney-shaped
      secondary heating strips utilized adjacent the lower base portion of the
      collecting chamber for heating the gas;
PAR  FIG. 12 illustrates the collecting chamber and the upper portion of the
      U-bend having insulation material disposed thereabout, and showing the
      location of the primary and secondary heating strips;
PAR  FIG. 13 is a sectional plan view of the collecting chamber of FIG. 12 taken
      along the line XIII--XIII of FIG. 12, illustrating the location of the
      kidney-shaped secondary heating strips constituting secondary heating
      means for heating the enclosed gas, and also showing the surrounding
      primary heating coils;
PAR  FIG. 14 shows a breakdown characteristic curve for sulfur-hexafluoride
      (SF.sub.6) gas;
PAR  FIG. 15 shows a set of capacitor plates with an interposed particle to
      illustrate the principles of the present invention;
PAR  FIG. 16 shows a set of capacitor plates with an interposed particle;
PAR  FIG. 17 shows a set of capacitor plates with interposed charged particles
      and electrical field lines; and,
PAR  FIG. 18 shows a set of capacitor plates with a metallic grid particle trap
      to illustrate the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and more particularly to FIGS. 1-4 thereof, it
      will be observed that there is provided a high-voltage gas-type
      circuit-interrupter, designated by the reference numeral 1, and for the
      lower-voltage ratings, utilizing a single arc-extinguishing assemblage 3
      on one side of the structure, and a terminal-bushing structure 5 on the
      other side of the structure, as shown in FIG. 1. However, for the
      higher-voltage and current ratings, two such arc-extinguishing assemblages
      3, may be provided on both sides of the circuit-breaker structure 1, and
      one of these arc-extinguishing assemblages 3, will, of course, take the
      place of the left-hand terminal-bushing structure 5, as actually
      illustrated in FIG. 1, which shows a lower voltage and current rating
      breaker. Reference may be directed to FIGS. 18-20 of U.S. Pat. No.
      3,596,028 for the concept of utilizing a plurality of arc-extinguishing
      assemblages 3 for the higher ratings, or only one arc-extinguishing
      assemblages 3, taken in conjunction with a terminal-bushing structure 5,
      as set forth in FIGS. 18-20 of U.S. Pat. No. 3,596,028 issued to Kane et
      al., and assigned to the assignee of the instant application.
PAR  With attention being directed to FIG. 4, it will be observed that there is
      provided a separable contact structure 7 having a moving contact 9, which
      is attached, at its upper end, as at 9a, to the lower threaded end 11a of
      an upper operating rod 11, the latter projecting upwardly into a dome
      portion 13 of the arc-extinguishing assemblage 3 (FIG. 1), wherein a
      suitable high-voltage operating mechanism 15, such as a
      piston-and-cylinder arrangement, may be provided to effect upward opening
      motion of the movable contact 9, or downward closing motion of the same.
      Reference may be made to U.S. Pat. No. 3,590,189 issued June 29, 1971 to
      Fischer et al. for a detailed description of the high-voltage operator 15,
      which is disposed interiorly within the upper dome portion 13 of the
      extinguishing assemblage 3. Also, if desired, reference may be made to
      U.S. Pat. No. 3,596,028 issued to Kane and Reese, and assigned to the
      assignee of the instant application, for a detailed description of the
      operation of the circuit-interrupter 1, and the method of controlling
      gas-flow during extinction of the arc (not shown) established between the
      moving main contact 9 and the stationary main contact structure 17 of FIG.
      4 of the drawings.
PAR  In order to understand the present invention, however, it is only necessary
      to know that high-pressure gas 19, for example, sulfur-hexafluoride
      (SF.sub.6) gas, say at 260 p.s.i., exists in the region 21 exteriorly of
      the separable main contact structure 7, and is available at all times at
      high pressure to effect arc extinction when the moving main contact 9 is
      moved upwardly by the aforesaid operator 15 away from the lower main
      stationary contact structure 17 of FIG. 4.
PAR  To halt the upward and downward exhausting gas-flow through the hollow
      movable contact 9 and the hollow stationary contact 17, suitable secondary
      blast-valve structure 23 is provided, which is latched and governed so as
      to close following extinction of the arcing (not shown). Thus, in the
      open-circuit position of the interrupter 1, not shown, high-pressure gas
      19 exists not only in the region 21 but also in the regions interiorly of
      both movable and stationary contact structures 9, 17, as at 25 and 27 in
      FIG. 4.
PAR  Reference may be had to U.S. Pat. No. 3,665,133 by Reese et al., and
      assigned to the assignee of the instant application, for a description of
      the operation of the main separable contact structure 7 illustrated in
      FIG. 4 of the instant drawings, and the teachings in said U.S. Pat. No.
      3,665,133 are incorporated herein by reference. The high-voltage operator
      15, referred to hereinbefore, is set forth in FIG. 2 of said patent
      application, and the operation of the separable contact structure 7 is set
      forth in FIGS. 3, 5, 6 and 7 of said patent application.
PAR  As stated hereinbefore, the prior art, as exemplified by the aforesaid U.S.
      Pat. No. 3,596,028, shows in FIG. 5A a perforated support cone
      (unnumbered), which permits the roaming of small particles downwardly into
      the U-bend gas storage structure, designated by the reference numeral 71
      in FIG. 5B of the drawings of U.S. Pat. No. 3,596,028. This is undesirable
      for small particles may precipitate high-voltage breakdown in even a
      high-pressure chamber 117, where the conducting members 29, 71 of said
      U.S. Pat. No. 3,596,028 are spaced closely together. A possible remedy for
      the aforesaid situation is set forth in U.S. Pat. No. 3,852,550.
PAR  Since it remains necessary to heat the sulfur-hexafluoride (SF.sub.6) gas
      19 within the region 21 interiorly of the column structure 8 (FIG. 1), and
      since the heaters 72 of U.S. Pat. No. 3,596,028, around the lower U-bend
      gas storage region 33, are no longer usable, since the insulating support
      cone 31 is made non-perforate, it becomes necessary to heat the
      high-pressure gas 19 within the columns 8 by some other means. We prefer
      to heat the gas 19 within the collecting chambers 37 shown in FIG. 5. This
      collecting or heating chamber 37 is pneumatically connected to the column
      8 by several ports 51, 53. The heating chamber 37 has several holes 51, 53
      that communicate the gas 19 between the column 8 and the heating or
      convection chamber 37. These holes allow for natural convection to occur
      when the heat is applied to the heating chamber 37. The heaters 60, 61
      (FIG. 12) are applied around the side and on the bottom 24 of the heating
      chamber 37, and the heat is transferred to the gas 19 through the walls of
      the chamber and through the curved heating fins 20 welded in place inside
      of the heating or collecting chamber 37. This warm gas then rises through
      the holes 51 to effectively heat the column 8, and the cold gas 19, that
      has lost its heat, then returns down through the holes 53 into the
      collecting or heating chamber 37, and again becomes warm. Thermal
      insulation 69 is supplied around the outside of this heating chamber 37
      and the U-bend storage region 33, as shown in FIG. 12, to reduce the heat
      losses to the external atmospheric air. However, this insulation 69 cannot
      be attached around the upper portion of the column 8 adjacent the contacts
      9, 17 due to voltage limitations. Therefore, the heat loss at this area
      cannot be reduced and the heat must be supplied to the column 8 to keep it
      warm. The reason that the column 8 must be kept warm is that the gas 19
      (which may be SF.sub.6, for example) will liquefy, and turn to a liquid at
      a temperature below 50.degree.F. To maintain this minimum temperature,
      heat is therefore supplied into the heating and collecting chamber 37, and
      by natural convection circulated to the column 8 to maintain the gas
      temperature within the column structure 8 at about the aforesaid minimum
      50.degree.F. This heating arrangement, with the primary heater 59
      supplied, maintains this temperature over all environmental conditions
      from a minus 40.degree.F. up to, and above 50.degree.F., which allows for
      wind effects and electrical current flow to pass through the breaker 1,
      and allows the column 8 to not overheat, that is, become hotter than
      80.degree.F. The column assemblage 8 is at a 20.degree. angle, for
      example, as shown more clearly in FIG. 1. This places the high physical
      side 63 of the column 8 slightly physically higher than the low physical
      side 67 of the collecting chamber 37. Inasmuch as the gas 19 rises, when
      heated, the hot gas 19 from the higher side 63 of the heating chamber 37
      moves up the high physical side of the column 8, and the cold gas 19,
      being cooler, goes down to the lower physical side 67 of the column 8, and
      the returns down to the bottom 67 of the low side of the heating chamber
      37 through the return holes 53. This allows for natural convection of the
      gas 19 to occur uniformly and to continuously maintain a uniform heat
      distribution throughout the upstanding column structure 8.
PAR  The circuit-interrupter 1, described herein, is, for example, a 362 K.V.
      circuit-breaker capable of interrupting 40,000 amperes, and also capable
      of carrying 3,000 amperes continuously. This heater-control scheme 59
      provides sufficient heat to permit the upstanding column 8 to operate
      properly down to an ambient temperature of -40.degree.F. The high pressure
      at 70.degree.F., within column structure 8, is 240 lbs. per square inch.
      The low pressue in the circuit-interrupter gas-system is normally at 5
      lbs. per square inch. The insulation pressure normally is about 25 lbs.
      per square inch. The only gas 19, that needs to be heated, is the gas at
      high pressure, or at 240 p.s.i., for example. The low-pressure gases do
      not liquefy for temperatures down to a -40.degree.F. The heat is supplied
      to this heating chamber 37 by the two banks of heaters 60 and 61. The
      primary bank of heaters is located around the outside of the collecting
      chamber 37, being designated by the reference numeral 60. This primary
      bank 60 is controlled by a probe (not shown) monitoring the actual gas
      temperature within region 55 of the collecting chamber 37. This always
      maintains the gas temperature within the collecting chamber 37 to
      70.degree.F.
PAR  The second, or secondary heating bank 61 is located beneath the bottom 24
      of the heating, or collecting chamber 37, and constitutes, for example,
      separate kidney-shaped heater elements 61a, 61b. These heater elements
      61a, 61b are turned on and off by the external ambient temperature, in
      that there is a known amount of heat that will be lost, under all
      conditions, to the external atmosphere for a given external ambient
      temperature of the outside atmosphere. The heat is then supplied at this
      minimum rate depending upon the primary heaters, 60 located around the
      outside 49 of this collecting cylinder 37 to make up the difference, such
      that the proper temperature of the gas 19 is always maintained.
PAR  The metallic heating fins 20 are welded to the bottom 24 of the heating or
      collecting chamber 37. They are welded to provide good thermal connection
      to the bottom 24 of the collecting or heating chamber 37, where the
      heaters 61a, 61b are also located. The metallic fins 20 supply additional
      surface area within the heating or collecting chamber 37 to transfer the
      heat to the gas 19 in region 55 to thus warm up the gas 19 within the
      collecting chamber 37. These fins 20 are located at, for example, a total
      circumferential angle of 270.degree., with only the lower physical portion
      30 being vacant of these fins 20. The reason for the location of the fins
      20 is that more heat is supplied to the high physical side 63 of the gas,
      at the higher side 63 of the column 8, such that it generates and assists
      the natural convection flow of gas. The heating chamber 37 and the
      internal fins 20 are all fabricated of aluminum.
PAR  The heating chamber 37 is heated by the two kidney-shaped secondary heater
      elements 61a, 61b located at the bottom 24 of the collecting chamber 37.
      These kidney-shaped secondary heater elements 61a, 61b are fabricated in
      the following manner: An outside supplier makes two arc-shaped rod-pieces
      of heater elements, or strips 32, which are subsequently cast into this
      cast-aluminum heater-element 61a or 61b, more clearly set forth in FIGS.
      10 and 11. These two arc, or kidney-shaped heater pieces 32 are first
      placed in a mold, and then hot aluminum metal is poured around these
      elements 32 and into the mold to effect a complete cast enclosure of these
      two heaters strip rods 61a, 61b. The bottom 34 of the cast kidney-shaped
      element 61a, or 61b is then machined off flat, such that an effective
      interface secondary heat transfer can then occur to the bottom 24 of the
      heating chamber 37 by the contiguous or abutting relationship, and thereby
      allow for minimal temperature-drop across the interface 24 between the
      cast-heater elements 61a and 61b and the lower surface 24 of the
      collecting chamber 37.
PAR  The present invention is particularly concerned with an improved means of
      compartmentalizing, or partitioning the high-pressure gaseous regions 21,
      29 within the circuit-breaker structure 1, so that the interrupting
      region, herein designated as region 21, is separated or partitioned away
      from the high-pressure storage region, designated by the reference numeral
      29 in FIGS. 1 and 4. To achieve this end, it will be noted that the
      insulating support cone 31, as partly illustrated in FIG. 4, and as more
      clearly illustrated in FIG. 5, is non-perforate, and provides a separate
      and independent high-pressure region 29 divorced from gaseous
      communication with the high-pressure region 21 adjacent the separable main
      contact structure 7. It is, of course, desirable to effect a gaseous
      pneumatic communication between the two regions 21 and 29. For this
      purpose, the collecting chamber, generally designated by the reference
      numeral 37, and then shown more clearly in FIGS. 6-9, is provided. It will
      be noted, with particular reference being directed to FIG. 6, that a pair
      of apertures 39, 40 are provided in upper and lower support plates 42, 43,
      through which an insulating operating tube 45 extends, and in the interior
      of which a reciprocally-operable valve-operating rod, designated by the
      reference numeral 47 in FIG. 5, is provided. As set forth in U.S. Pat. No.
      3,596,028, this reciprocally-operable valve-operating rod 47 effects
      pneumatic operation of the high-voltage operator 15 disposed within the
      upper high-voltage operating dome region 13 of FIG. 1. Also, the
      collecting chamber 37, as constituted by the flange plates 42, 43 and the
      outer cylindrical portion 49, includes a plurality of holes 51, 53
      affording gaseous intercommunication between the region 55 within the
      collecting chamber 37 and the upper high-pressure region 21 within the
      interrupting chamber 57 adjacent the contacts. This is more readily
      visualized by an inspection of FIGS. 5 and 6 of the drawings. It will be
      noted that there is provided pneumatic intercommunication between the
      high-voltage interrupting chamber 57 and the chamber 55 within the
      collecting chamber 37, as afforded by the openings or holes 51, 53 of
      FIGS. 8 and 9. In addition, suitable heating means 59, constituting the
      primary heating source 60 (FIG. 12), and the secondary heating source 61
      (FIG. 12) are provided associated with the collecting chamber 37 to heat
      the gas 19, such as sulfur-hexafluoride (SF.sub.6) gas, for example, and
      cause the hot gas 19 to flow upwardly by convection flow through the upper
      physical side 63 (FIG. 1) of the collecting chamber 37 within the
      upwardly-extending arc-extinguishing casing structure 65 (FIG. 1), and
      causing its return convection flow through the relatively small holes 53
      provided at the lower end 67 (FIG. 1) of the collecting chamber 37.
PAR  As illustrated in FIGS. 12 and 13, insulation material 69 surrounds both
      the primary an secondary heating strips 60, 61 so as to prevent the heat
      loss from the heating strips 60, 61 to the outside external ambient air or
      atmosphere, which may, conceivably, be at a low-ambient temperature
      condition, say 40.degree. below 0.degree.F., for example.
PAR  It is to be noted, however, that the primary heating source 60 is
      responsive to the actual gas temperature, as measured by a probe (not
      shown), which is inserted into the high-pressure gas region 55 within the
      collecting chamber 37. On the other hand, the secondary heating source 61,
      constituted, for example, by the pair of kidney-shaped cast heating strips
      61a, 61b, is controlled by the outside ambient temperature conditions.
      Suitable means, well known by those skilled in the art, could provide such
      heating measurements and control, this is one responsive to the gas
      temperature within the collecting chamber 37, and a second
      temperature-responsive means measuring the external atmospheric air
      ambient temperature.
PAC  THEORY OF PARTICLE MOVEMENT
PAR  Referring now to the drawings, and to FIG. 14 in particular, a
      sulfur-hexafluoride gas insulation breakdown characteristic 70 is depicted
      wherein alternating breakdown voltage in kilovolts (rms) is measured on
      the ordinate 71, and pressure in pounds per square inch gauge is measured
      on the abscissa 72. Plot or curve 73 shows the breakdown characteristics
      between two spaced electrodes for sulfur-hexafluoride insulating gas with
      virtually no particles immersed or present in it. On the other hand, plot
      or graph 74 shows the breakown characteristics between the same two spaced
      electrodes for sulfur-hexafluoride gas which has one-half inch long by
      0.004 inch diameter cylindrical particles immersed in it. As can be seen
      by inspecting characteristics or graph 70, sulfur-hexafluoride insulating
      fluid with particles immersed in it breaks down at a relatively much lower
      voltage than the same gas without particles immersed in it. In the
      improved type of circuit-interrupter 1, as disclosed in FIGS. 1-4,
      sulfur-hexafluoride insulating fluid 19 is maintained at a pressure of
      approximately 225 lbs. per square inch gauge. At this pressure, the
      sulfur-hexafluoride gas 19 acts not only as an insulating medium for live,
      or high-voltage electrical components within the circuit-breaker 1, but
      also is employed in a blasting arrangement to assist in extinguishing an
      arc which occurs when the circuit-breaker or circuit-interrupter 14 is
      actuated to open an electrical current-carrying circuit 18. However,
      unless the sulfur-hexafluoride gas 19 is relatively particle-free, as is
      seldom the case, the breakdown voltage of the protected electrical
      insulated circuit-breaker is approximately 100 kilovolts at 225 lbs. per
      square inch gauge pressure. This is shown graphically at point 75 on curve
      74 of breakdown characteristic 70 of FIG. 15. However, circuit-breakers
      employing sulfur-hexafluoride gas at this pressure are usually required to
      withstand a voltage of approximately 230 kilovolts or greater.
      Consequently, a contaminated sulfur-hexafluoride gas insulating medium
      maintained at a pressure of 225 lbs. per square inch will not provide
      adequate electrical insulation.
PAR  The reason that the pressurized sulfur-hexafluoride gas insulating medium
      19 with contaminating particles immersed in it does not properly insulate
      may be understood by referring to FIGS. 15 and 16. In FIG. 15, a
      parallel-plate capacitor arrangement 80 having a high-voltage capacitor
      plate or conductor 81 and a low-voltage capacitor plate or conductor 82 is
      shown. Interposed between plates 81 and 82 is a particle 83. Particle 83
      may be dielectric or insulating or, alternatively, metallic in nature. In
      other words, it may be either an electrically insulating or an
      electrically conducting particle. In FIG. 15 particle 83 is shown in a
      position proximate or close or parallel plate or conductor 81, whereupon
      it is thought that a small electrical discharge may take place between the
      particle 83 and the conductor 81. The discharge 85 may cause an avalanche
      discharge 87 to continue from particle 83 to negative conductor or
      capacitor plate 82, thus causing a complete electrical breakdown between
      capacitor plates 81 and 82. This operation demonstrates the "trigatron"
      effect.
PAR  A second possible theory is demonstrated graphically in FIG. 16, wherein a
      similar parallel-plate capacitor arrangement is shown. A similar particle
      82 is shown attached to, or abutting against plate 81. It is thought in
      this instance that the protrusion caused by particle 83 jutting or
      projecting from plate 81 creates a point where there is a relatively high
      concentration of potential stress, and from where a voltage breakdown, as
      indicated by jagged line 90, may easily occur. Regardless of which theory
      explains the breakdowns described, it is clear that the presence of
      particles 83, as shown in FIGS. 15 or 16, respectively, is a significant
      cause of electrical breakdown between conductors at different potentials.
PAR  Referring now to FIG. 17, another parallel-plate capacitor arrangement 93
      is shown having a positive electrically conducting plate 81 and negative
      electrically-conducting plate 82. Interposed between plates 81 and 82 is a
      plurality of particles 94, 95 and 96. Some particles, such as particle 96,
      have no charge and float randomly in insulating fluid 97. Other particles,
      such as particle 94, have a negative charge and are thus attracted to
      positively-charged capacitor plate or electrode 81, while a third type of
      particle, such as particle 95, has a positive charge, and is attracted to
      the negatively-charged capacitor plate 82. These charged particles 94 and
      95 are accelerated due to the influence of an electrical field 98 between
      plates 81 and 82. As can be seen by reference to FIGS. 15 and 16, as the
      charged particles 94 and 95 in FIG. 17 migrate or move to the plates of
      the respective opposite polarities, the "trigatron" effect or the
      "abutting electrical particle" effect may occur causing a discharge or
      breakdown between plates 81 and 82. Of course, it may also be possible for
      the particles 94 and 95 to migrate to the respective plates of opposite
      polarity 81 and 82 and merely discharge without causing a breakdown
      between capacitor plates 81 and 82. In this case, the respective particles
      94 and 95 will merely acquire the charge of the plates 81 and 82,
      respectively, to which they have migrated and begin to move towards the
      oppositely-charged plates 82 and 81 respectively. This phenomena could
      possibly continue independently, only occasionally causing a breakdown in
      the gaseous insulation 97, discussed previously.
PAR  Referring now to FIG. 18, a proposed well-known method for preventing
      voltage breakdowns, due to migrating charged particles, such as 99 and
      100, is shown in the capacitor comination 101, which includes a pair of
      oppositely charged electrodes, or plates 81 and 82 and a metallic grid or
      screen 103, which is grounded or connected to one electrode 82 by a
      conductor 105. In this case, particles 99 and 100, corresponding to
      particles 94 and 95 in FIG. 17, migrate, as previously described. However,
      the electrical field, shown by lines 98, extends only to the metallic grid
      103, since it is at the same potential or voltage level as plate or
      conductor 82. Consequently, any particle, such as particle 107, which has
      filtered through the grid or screen 103 finds itself in a zero electrical
      field, or field-free region 110, wherein no accelerating forces exist to
      cause the particles 107 to migrate or move to the oppositely-charged plate
      81. U.S. Pat. No. 3,515,939 to J. G. Trump, issued June 2, 1970, explains
      more of the theory of the functioning of the metallic screen 103.
PAR  The filter element 28, illustrated in FIG. 5, is used to keep dirt and
      particles from reaching the U-bend gas storage area 35. The filter 28 is
      more clearly illustrated on an enlarged scale in FIG. 5A. The filter
      element 28 is supplied by the Circle Seal Products Company, Inc., located
      at Circle Seal Center, Post Office Box 366, Anaheim, California 92803.
      This company manufactures microporous in-line filters, being their 4200
      series. The filter element 28 filters out contaminated particles as small
      as 2 microns (10 absolute). The filter element 28 may be easily cleaned by
      back-flushing with solvent, or other cleaning methods to readily restore
      the useful life of the filter 28. Precision manufacture of micronic
      wire-cloth insures a determinable maximum pore size. The element 28 is
      free from media migration. Continuous strands of high-strength
      stainless-steel wire in the filter element 28 cannot get loose and wash
      through the systems downstream of the filter.
PAR  Tests have indicated that particles as small as a 16th of an inch, when
      allowed to set on the inner high-voltage electrode 115 of FIG. 5, could,
      under some circumstances, cause flashover; and the dynamic characteristics
      of falling particles show that even particles smaller than this could
      cause flashover in this high-pressure chamber region 35. Thus, the main
      reason or motivation for providing a separating means and a collecting
      means 37 for the debris is not to allow it to get into the high-pressure
      gas storage chamber 29. The line-to-ground voltage between the inner
      high-voltage electrode 115 and the outer grounded electrode 117 for a 345
      K.V. circuit-breaker, for example, would be 200 K.V. The highest voltage
      gradient occurs on the outer surface 115a of the inner electrode 115.
PAR  The particles are created in the interrupter portion 14 of the breaker 1 by
      various means. One cause of their formation is during assembly operations
      at the factory during the bolting-together processes of the various parts;
      secondly, their formation is caused by interruption particles, such as
      conducting and insulating particles, created during the mechanical
      interruption of the breaker 1; thirdly, by just mechanical operation of
      the breaker, often embedded particles, aluminum filings, etc. are broken
      loose from the contacts, and thereby fall by natural gravity down to the
      bottom portion 33 of the breaker 1.
PAR  Prior to this invention, the circuit-breaker construction 1 employed a
      cast-epoxy cone 31 with large openings or apertures provided in the side
      wall of the cone 31, which were required in order to heat the gas within
      the breaker. Unfortunately, this allowed the falling debris to enter the
      resulting open high-pressure gaseous region 29 of the breaker, thereby
      sometimes causing electrical breakdown therein.
PAR  A communciating pipe 26 communicates the high-pressure gas 19 from the
      region 55 within the convection chamber 37 externally through piping 6 and
      through a filter 28 to the high-pressure gaseous region chamber 29 of the
      circuit-breaker 1. A compressor 12 (FIG. 5) compresses low-pressure gas 10
      to a high pressure and supplies the high-pressure gas 19 through piping 36
      to the region 21. The fitler 28 (FIG. 5A), which is a pleated, stainless
      steel filter element, has a filtration capability of 2 microns nominal, 15
      microns absolute; thereby, the only communication between the insulating
      high-pressure chamber 29 and the interrupting high-pressure area 21 of the
      circuit-breaker 1 is through this filter 28. Thus, no particles larger
      than 15 microns can get into the high-pressure chamber 29 of the
      circuit-breaker.
PAR  The micronic filter 28 (FIG. 5A) does not permit any particle larger than
      15 microns to pass through it into the high-pressure chamber region 33 of
      the circuit-breaker 1. One micron equals 1-1 millionth of an inch, or a
      thousand microns is equivalent of approximately 1 millimeter.
PAR  The grounded convection chamber 37 is provided in conjunction with the
      sealing non-perforated, insulating support cone 31, and it is a
      particle-collecting compartment, which is annular to the outer electrode
      117 and open to the gas 21 in the interrupting area 7 above it. It serves
      two purposes--first, replacing the direct convection path which the
      unperforated cone 31 has now closed off, whereby heat may be applied to
      the particular gas 19 so that the temperature of the gas 19 in the
      interrupting area 21 can be maintained, and, secondly, it also provides a
      grounded collecting place where falling particles can settle undisturbed,
      shielded from electrostatic forces until such time as it is convenient to
      remove them. The heating function, as mentioned, is provided by the strip
      heaters 60, 61. This heating arrangement is utilized, for example, on the
      345 K.V. type "SFV" circuit-breaker 1 for maintaining the SF.sub.6 gas
      temperature above the condensation temperature. Heat is supplied to the
      convection chamber 37 via conduction through the metallic wall 49 by means
      of a circumferential primary strip-heater band assembly 60 of 1500 watts,
      for example, and secondly by cast-in secondary heater pads 61a, 61b of
      2,000 watts, for example, which are attached to the base portion 24 of the
      chamber 37. This conduction is augmented by the additional surface area
      provided by circular 270.degree. aluminum fins 20, which are welded
      internally to the base 24 of the chamber 37.
PAR  Heaters 60, 61 are disposed, preferably, only to the high physical side of
      the interrupter column 8, as shown in FIG. 1, such that a maximum heat
      flow is maintained across the diameter of the convection chamber 37,
      thereby permitting hot gas to flow up the column 8 on the high physical
      side of the canted column structure 8, and somewhat cooler gas to return
      to the chamber 37 along the low physical side 67 of the canted column 8,
      providing thereby natural convection circulation of the SF.sub.6 gas 19.
      This construction was verified in the cold room tests on an interrupter
      column 8 with 3,500 watts of auxiliary heat via the strip heaters 60, 61
      applied to the extinguishing column 8. The column gas temperature 19 in
      region 21 was uniformly maintained at +10.degree.C. for an external
      ambient atmospheric condition of -40.degree.C. The conduction efficiency
      of the cast-in secondary heaters 61a, 61b was also verified by tests
      showing only a 14.degree.C. drop between external wall temperature and the
      internal gas temperature with 1 kilowatt of heat applied.
PAR  From the foregoing description it will be apparent that there has been
      provided an improved particle-trapping construction for a dual-pressure
      high-voltage circuit-interrupter 1 in which the high-pressure region 21
      adjacent the separable contact structure 7 is separated, or
      compartmentalized from the high-pressure storage chamber 35, so that small
      insulating or metallic particles 83, 94, 95, 96, etc. may not wander from
      the separable contact area 21 down into the high-pressure U-bend gas
      storage region 29 to precipitate voltage breakdown therein, that is,
      between the inner conductor 115 at high-voltage and the outer grounded
      conductor 117. Also, it will be observed that there has been provided a
      particle collecting chamber 37, which is at ground potential and provides
      an electrostatic field-free space 55 within the collecting chamber 37 to
      trap therein small particles 83, 94, 95, 96 etc. and render them inactive
      and unsusceptible to influence by electrostatic fields 98. The theory, set
      forth in Trump U.S. Pat. No. 3,515,939, is again pertinent in this
      connection.
PAR  Although there has been illustrated and described a specific structure, it
      is to be clearly understood that the same was merely for the purpose of
      illustration, and that changes and modifications may readily be made
      therein by those skilled in the art, without departing from the spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high-voltage circuit-interrupter of the gas-blast type including
      separable contact means separable to establish an arc, blast-valve means
      for causing a blast of gas to flow against the arc to effect the
      extinction thereof, operating means to effect the separation of said
      separable contact means, an elongated high-voltage conductor leading to
      one of the separable contacts, an annular grounded metallic collector
      chamber (37) of relatively short length surrounding said high-voltage
      conductor yet spaced outwardly therefrom, conduit means providing
      gas-communication between said annular grounded relatively-short metallic
      collector chamber (37) and the gaseous region adjacent said separable
      contact structure, heating means associated with said grounded metallic
      collector chamber of relatively short length to heat the gas therein, and
      means for feeding high-pressure gas directly into said metallic collector
      chamber.
NUM  2.
PAR  2. The combination of claim 1, wherein the heating means includes an
      encircling heating coil encompassing said annular grounded metallic
      collector chamber.
NUM  3.
PAR  3. The combination according to claim 2, wherein a secondary heating means
      is provided to heat the bottom of said collector chamber.
NUM  4.
PAR  4. The combination according to claim 1, wherein one or more metallic fins
      are affixed to the bottom of the annular grounded metallic collector
      chamber to assist in heating the gas provided therein.
NUM  5.
PAR  5. The combination according to claim 1, wherein the annular grounded
      metallic collector chamber is canted, and the heating means is somewhat
      concentrated on the high physical side (63) of the annular grounded
      metallic collector chamber.
NUM  6.
PAR  6. The combination according to claim 1, wherein the conduit means includes
      apertures (51) on the high physical side (63) of the collector chamber
      which are larger than the apertures provided on the low physical side of
      the collector chamber for taking advantage of normal convection currents.
NUM  7.
PAR  7. The combination according to claim 1, wherein the heating means includes
      a secondary heating means responsive to the ambient temperature
      surrounding the circuit-breaker.
NUM  8.
PAR  8. The combination according to claim 7, wherein the heating means includes
      additionally a primary heating means responsive to a prove measuring the
      temperature of the gas contained within the collector chamber.
NUM  9.
PAR  9. The combination in a high-voltage compressed-gas circuit-interrupter of
      an upstanding columnar arc-extinguishing assemblage, casing means
      associated with said columnar arc-extinguishing assemblage including a
      pair of separable contact means separable to establish an arc, blast-valve
      means for causing a blast of gas to flow against the arc when established
      to effect the extinction thereof, operating means to effect the separation
      of said separable contact means, a high-voltage conductor at least a
      portion of which is generally upstanding leading to one of the separable
      contacts, an annular grounded metallic collector chamber (37) of
      relatively short length surrounding said high-voltage conductor yet spaced
      outwardly therefrom, gas-communicating means provided between the region
      adjacent said separable contacts and the interior of said relatively short
      collector chamber, heating means associated with said collector chambers
      to heat the gas provided therein, and means for feeding high-pressure gas
      directly into said metallic collector chamber.
NUM  10.
PAR  10. The combination according to claim 9, wherein the arc-extinguishing
      assemblage is canted, and apertures are provided on the high physical side
      of the collector chamber which are larger than the apertues provided on
      the low physical side of the collector chamber.
NUM  11.
PAR  11. The combination according to claim 9, wherein the heating means
      comprises a secondary heating coil encircling the collector chamber and
      responsive to the ambient temperature, and a primary heating means is
      associated with the bottom of said collector chamber and is responsive to
      the temperature of the gas provided within said collector chamber.
NUM  12.
PAR  12. The combination according to claim 11, wherein the secondary heating
      means comprises one or more heater pads provided in contiguous
      relationship with the bottom of the collector chamber.
NUM  13.
PAR  13. The combination according to claim 9, wherein surface heating fins are
      provided and are circular and are provided only on a partial
      circumferential disposition on the high physical side of the collector
      chamber.
NUM  14.
PAR  14. The combination according to claim 10, wherein the heaters are provided
      only on the high side of the interrupter column to encourage the hot gas
      to flow up the high side of the column and to permit the cooler gas to
      return to the collector chamber along the low physical side of the column
      to encourage natural convection circulation of the gas.
NUM  15.
PAR  15. A high-voltage circuit-interrupter of the gas-blast type including
      separable contact means separable to establish an arc, blast-valve means
      for causing a blast of high-pressure gas to flow against said arc to
      effect the extinction thereof, operating means to effect the separation of
      said separable contact means and also to effect blast-valve operation, an
      elongated high-voltage metallic conductor leading to one of said separable
      contacts, a surrounding grounded metallic tubular member surrounding said
      elongated high-voltage conductor and forming an annular space therearound,
      said annular space constituting a high-pressure gas-reservoir chamber
      (29), an outwardly-extending relatively-short metallic annular grounded
      container-chamber having its inner metallic wall constituting a portion of
      the wall of said previously-mentioned grounded tubular surrounding member,
      said metallic container-chamber having a lower closure portion and an
      upper closure portion, means for feeding high-pressure gas into said lower
      closure portion by a high-pressure feed pipe which extends into said
      annular metallic container-chamber an appreciable extent therewithin to
      avoid particle contamination by aspiration into the gas, said upper
      closure portion of said annular metallic container-chamber having at least
      a pair of apertures provided therein, pneumatic gaseous communication
      means provided between said apertures disposed at said upper closure
      portion of said metallic annular container-chamber and the region around
      said separable contacts, and gas-heating means associated with said
      annular metallic container chamber to heat the high-pressure gas therein
      to prevent the liquification thereof.
NUM  16.
PAR  16. The combination according to claim 15, wherein said heating means
      comprises a first primary heating means (60) responsive only to the actual
      temperature of the high-pressure gas disposed within said
      container-chamber, and said heating means additionally comprising a
      secondary heating means (61) responsive only to the surrounding ambient
      temperature externally of the circuit-interrupter.
NUM  17.
PAR  17. The combination according to claim 16, wherein the primary heating
      means at least partially encircles the vertical sides of said
      container-chamber, and said secondary heating means comprises one or more
      heating elements abutting the lower closure member of said annular
      metallic container-chamber.
NUM  18.
PAR  18. The combination according to claim 15, wherein the container-chamber
      includes a plurality of upstanding metallic fins affixed in heat-transfer
      relationship to said lower closure portion of the container-chamber to
      facilitate heat transfer to the contained high-pressure gas by convection.
NUM  19.
PAR  19. The combination according to claim 15, wherein an upstanding insulating
      casing structure is provided enclosing the separable contacts and contains
      high-pressure gas therein at an elevated pressure about said separable
      contacts.
NUM  20.
PAR  20. The combination according to claim 15, wherein the separable contacts
      constitute a primary valve means so that when the separable contacts are
      separated, the high-pressure gas will flow radially inwardly into at least
      one of said separable contacts for arc-extinction purposes.
NUM  21.
PAR  21. The combination according to claim 18, wherein the high-voltage inner
      conductor, the outer surrounding metallic grounded elongated tubular
      member and the annular container-chamber are canted, and the metallic
      heat-transfer fins (20) are disposed on the high physical side (63) of the
      container-chamber for facilitated gas-covection flow.
NUM  22.
PAR  22. The combination according to claim 15, wherein a particle filter is
      provided, an pneumatic gas-flow means interconnects the annular
      high-pressure gas-storage region surrounding the inner high-voltage
      conductor through said particle filter to said high-pressure feed pipe
      extending into the container-chamber.
NUM  23.
PAR  23. A high-voltage compresses-gas circuit-interrupter including separable
      contact means separable to establish an arc, blast-valve means for causing
      a blast of high-pressure gas to flow against the established arc to effect
      the extinction thereof, operating means to effect the separation of said
      separable contact means and also to effect blast-valve operation, means
      defining a high-pressure gas-reservoir chamber, and heating means for said
      high-pressure gas-reservoir chamber comprising a first primary heating
      means (60) responsive only to the actual temperature of the high-pressure
      gas disposed within said high-pressure gas reservoir, chamber, and said
      heating means additionally comprising a secondary heating means (61)
      responsive only to the surrounding ambient temperature externally of the
      circuit-interrupter structure.
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ABST
PAL  An electric circuit breaker includes thermal magnetic trip means for
      causing circuit interruption upon the occurrence of overload and minor
      short-circuit conditions, and also provides current limiting action under
      major short-circuit conditions by providing two pairs of engageable
      contacts, wherein one contact of each pair is movable to a circuit
      interrupting position by the circuit breaker operating mechanism and the
      other contact of each pair is magnetically attracted to a circuit
      interrupting position in response to short-circuit currents exceeding a
      predetermined magnitude.
PARN
PAR  This is a division of application Ser. No. 195,739, filed May 18, 1962, now
      U.S. Pat. No. 3,813,619.
BSUM
PAR  Electric circuit breakers in accordance with the prior art have included
      means for causing automatic opening of the contacts upon the occurrence of
      predetermined sustained overload current conditions, such means usually
      comprising thermally responsive means such as a bimetallic strip. In
      addition, prior art circuit breakers have included means for causing more
      rapid opening of the circuit breaker contacts upon the occurrence of high
      overload or minor short-circuit current conditions, such opening means
      normally comprising magnetically operable means for or causing automatic
      opening of the circuit breaker.
PAR  While prior art circuit breakers have included means for causing automatic
      opening on the occurrence of either of the aforesaid two types of abnormal
      current conditions, such circuit breakers have not been capable of
      providing a current-limiting action on the occurrence of extremely high
      short-circuit currents.
PAR  As used herein, the term "current-limiting" is used to mean that the
      electric current is not permitted to rise to the levels to which it would
      otherwise rise if the only impedance elements in the circuit were the
      source impedance and the normal impedance of the circuit breaker itself.
      Such level may be referred to as the peak of the "prospective"
      short-circuit current. Thus, for example, when a "dead short-circuit"
      condition exists in a circuit incorporating an electric circuit breaker,
      the only elements tending to limit the rise of electric current in the
      circuit are the impedance of the source, the impedance of the lines
      connecting the source to the circuit breaker, and the impedance of the
      circuit breaker itself, including the impedance, if any, of arcs drawn by
      the circuit breaker in the time which the current requires to rise to its
      potentially highest value.
PAR  Electric circuit breakers of known prior art construction include automatic
      opening means which involves parts having a mass or weight such that
      movement thereof at a speed sufficiently high to introduce a true
      current-limiting action is not possible.
PAR  This is especially true of circuit breakers of medium and high current
      capacity, such as 800-1,000 amperes or more, which require high contact
      pressure, with correspondingly large and heavy operating mechanisms.
PAR  It is an object of the present invention to provide an electric circuit
      breaker of medium or high capacity including thermal and magnetic means
      for causing automatic opening of the circuit breaker upon the occurrence
      of overload current conditions of predetermined magnitude and of
      electrical short-circuit conditions of predetermined magnitude, and also
      including means providing a "current-limiting" action upon the occurrence
      of predetermined short-circuit current conditions above a predetermined
      magnitude.
PAR  It is another object of the invention to provide an electric circuit
      breaker including contacts which are movable upon the occurrence of
      extremely high short-circuit current conditions without requiring movement
      of other mechanism parts having an extremely high inertia.
PAR  In accordance with the invention, an electric circuit breaker is provided,
      including relatively movable contacts and manually operable operating
      mechanism for operating such contacts between "open" and "closed" tripping
      circuit conditions. Current-responsive means is also provided for moving
      the contacts to "open" position upon the occurrence of either sustained
      minor overload conditions or minor short-circuit conditions. In addition,
      there is provided, in accordance with the invention, means for
      instantaneously causing relative opening movement of such contacts upon
      the occurrence of high short-circuit conditions. Such opening movement,
      moreover, is accomplished by movement of one or more of such contacts per
      se, without requiring movement of the main operating mechanism.
PAR  In accordance with a further aspect of the invention, the contact so moved
      is mechanically held in its instantaneously opened position at least until
      the main operating mechanism has had time to move to its automatically
      opened position following operation of its current-responsive tripping
      means.
PAR  The invention will be more fully understood from the following detailed
      description, and its scope will be pointed out in the appended claims.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a side elevation view, partly in section, of an electric circuit
      breaker in accordance with the invention, shown in the normal "off"
      condition;
PAR  FIG. 2 is a view similar to FIG. 1, the parts being shown in "on" position;
PAR  FIG. 3 is an elevation view of a portion of the circuit breaker of FIG. 1,
      the parts being shown in a transient position, illustrating the
      current-limiting action, and
PAR  FIGS. 4 and 5 are representations in graph form of current conditions which
      may be expected to exist in circuit breakers in accordance with the prior
      art, and in circuit breakers incorporating the present invention, under
      "short-circuit" conditions.
DETD
PAR  Referring to FIG. 1, the invention is shown as incorporated in an electric
      circuit breaker comprising an insulating enclosure having a base 10 and a
      cover 11. An incoming or "line" lug or cable connector 12 is fixedly
      mounted on the base 10 by suitable means, not shown, and is conductively
      connected to an elongated line terminal strap 13. The line terminal 13 has
      an upright conductive member 14 attached thereto adjacent its inner end,
      having an extension 15 extending parallel to the terminal strap 13. The
      extension 15 is connected by a flexible conductor member 16 to a first
      movable contact arm 17, having a first movable contact member 18 supported
      on a contact support 18A.
PAR  The movable contact 18 is adapted to engage a second movable contact member
      19 carried by a bridging contact carrier 20. The contact carrier 20 has a
      third movable contact member 21 mounted thereon and adapted to engage a
      fourth movable contact 22. The movable contact 22 is supported by a
      contact support 22A on a second contact arm 23. The contact arm 23 is
      connected by a flexible conductor 24 to a conductive member 25, shown
      partially broken away, which is connected to an upright conductive member,
      not shown, which in turn is connected to an outgoing terminal strap 27.
      The outgoing terminal strap 27, at its outer end, is connected to an
      outgoing or load terminal member 28.
PAR  The flexible conductor 16 connecting the contact arm 17 and the conductive
      member 15 is shunted by a pair of contacts 29, 30, which in the closed
      condition of the circuit breaker serve to carry a portion of the current
      in parallel with the conductor 16 in a manner to be described. Similarly,
      the flexible conductor 24 has a pair of contacts 31, 32 in parallel
      therewith and serving to carry a portion of the current from the contact
      arm 23 to the connective member 25 in closed condition of the circuit
      breaker. The provision of the supplementary contacts 31, 32 and 29, 30,
      makes possible the use of lighter flexible connectors 24, 16, respectively
      than would otherwise be required, since a large portion of the current is
      carried by the contacts rather than the flexible conductor. At the same
      time, arcing between the contacts 31, 32, when opening, is avoided by the
      presence of the flexible connectors conductors 16 and 24.
PAR  The movable contact carrier 20 is movable in straight-line reciprocal
      fashion vertically between the "OFF" position as shown in FIG. 1 and the
      "ON" position as shown in FIG. 2. The contact carrier 20 is biased to the
      upward, "OFF" position as shown in FIG. 1 by a suitable means such as by a
      compression spring 33.
PAR  For the purpose of manually moving the contact carrier 20 from the "OFF"
      position as shown in FIG. 1 to the "ON" position as shown in FIG. 2,
      mechanism is provided including a pivotally supported manually engageable
      handle member 34 rigidly carried by a handle support member 35 pivotally
      supported in the cover 11 on a pivot pin 36 in the cover 11. The handle
      support member 35 has an actuating cam member 37 pivotally supported
      thereon at 38 at one end, and having a releasable engagement with a
      pivotally supported latch member 39 at the other end. The latch member 39
      is supported on a pivot pin 40 on the handle support member 35, and is
      constantly biased to the latching position as shown in FIG. 1 by suitable
      spring means, not shown.
PAR  As the handle member 34 is moved in clockwise direction as viewed from the
      "OFF" position as shown in FIG. 1, the cam member 37 engages a roller
      member 41 supported at 42 on the contact carrier 20, and cams the contact
      carrier 20 downwardly against the force of the compression spring 33.
PAR  The movable contact arm 23 is resiliently and floatingly supported, being
      guided laterally by suitable guide portions, and pivotally supported on a
      pivot pin 43, extending through an elongated slot 44 in the contact arm. A
      compression spring 45 is seated in a recess 46 in the base 11 and urges
      the left-hand end of the contact arm 23 upwardly. A second compression
      spring 47, seated in a recess 48, engages the forward end of the contact
      arm 23 and urges it upwardly against a stop portion 49 of a catch member
      50 pivotally supported on a pin 51 in the base 11, for a purpose to be
      described.
PAR  The movable contact arm 17 is similarly pivotally supported on a pivot pin
      52 extending through an elongated slot 53 in the contact arm. A
      compression spring 54 is seated in a recess 55 of the base 11 and urges
      the right-hand portion of the contact arm 17 upwardly as shown. A second
      compression spring 56 is seated in a recess 57 and urges the left-hand end
      of the contact arm 17 upwardly as shown.
PAR  The contact arm 17 is adapted to be held in a depressed condition by means
      of a lever 61 which is pivotally supported on a pivot pin 58, and which is
      urged in a clockwise direction by a strong compression spring 61B. The
      right-hand end 61A of the lever 61 engages the left-hand end of the
      movable contact 17 and depresses it to the position shown when the contact
      carrier 20 is in the upward position. A latch member 59 is also provided,
      likewise pivoted on the pin 58, and having a first shoulder portion 60
      adapted to overly the end of the contact arm 17 when the arm 17 is in
      depressed condition as shown in FIG. 1.
PAR  For the purpose of releasably restraining the contact carrier 20 in closed
      circuit position as shown in FIG. 2, in a manner to be described, an
      elongated pivoted latch member 62 is provided, pivotally supported at 63
      on a support bracket 64 rigidly attached to the base 11 by suitable means
      such as by bolt 65. The latch 62 is resiliently biased to vertical,
      latching, position as shown in FIG. 1 by means of a compression spring 66.
      The contact carrier 20 is provided with a catch projection 69 for
      cooperation with the latch 62.
PAR  For the purpose of retracting the latch member 62 upon the occurrence of
      predetermined electrical conditions in the circuit, in a manner to be
      described, an elongated tripping rod 67 is provided, slidably engaging a
      projection 68 on the latch member 62.
PAC  MANUAL CLOSING
PAR  In operation, the parts are moved from the "OFF" position as shown in FIG.
      1 to the "ON" position as shown in FIG. 2 in the following manner. The
      handle member 34 is moved clockwise from the position shown in FIG. 1,
      causing the cam 37 to engage the roller 41 of the contact carrier 20,
      thereby depressing the contact carrier 20 against the force of the
      compression spring 33.
PAR  During this movement, the movable contact 21 first engages the contact 22.
      It will be observed, however, that no complete circuit exists at this
      time, due to the fact that the movable contact 18 is retained in depressed
      condition by its engagement with the shoulder 60 of the latch member 59.
PAR  In its continued movement, the contact carrier 20, through the agency of a
      projection 70, engages the end of the lever 61, depressing it against the
      force of the spring 61B, and lifting the right-hand end 61A away from the
      movable contact member 17. The movable contact member 17, however, remains
      in depressed position, due to the fact that its end portion is in latched
      engagement with the shoulder 60 of the latch member 59.
PAR  As the contact carrier is moved downwardly, the catch 69 passes below the
      retaining lip of the latch member 62. On further travel of the handle
      member, the leg 39A of the pivoted latch member 39 engages a stationary
      pin 72, causing the latch member 39 to be retracted from the cam member
      37. The contact carrier 20 thereupon commences a reverse, upward,
      movement, due to the compression spring 33. This movement, however,
      continues only until the catch member 69 engages the overhanging lip of
      the latch member 62. At this point, the parts, with the exception of the
      handle assembly and the contact arm 17, are substantially in the position
      as shown in FIG. 2.
PAR  The circuit breaker has not yet closed at this point. A further amount of
      remaining clockwise travel of the handle 34 causes a projection 35A of the
      handle support 35 to engage an end of a lever 73 pivotally supported at 74
      in the casing cover 11. The lever 73 has an engagement, at an intermediate
      point thereof, with a vertically extending rod 75 slidably supported in a
      bracket 76 carried by the cover 11. Depression of the lever 73 thereby
      causes depression of the rod 75, which acts upon the latch member 59,
      rotating it in a clockwise direction, thereby withdrawing the shoulder 60
      from the contact arm 17. This permits the spring 57 to quickly move the
      left-hand end of the contact arm 17 upwardly, together with the movable
      contact 18, to closed circuit position, as shown in FIG. 2, completing the
      circuit through the circuit breaker.
PAC  MECHANISM TRIPPING MEANS -- THERMAL
PAR  For the purpose of causing automatic opening of the mechanism upon the
      occurrence of predetermined current conditions in the circuit, tripping
      means is provided, including a generally ring-shaped magnetic core member
      80 through which the load terminal strap 27 projects. The core 80 carries
      a "short-circuited" turn or loop 81 of highly conductive material such as
      copper. A thermally responsive bimetallic strip 82 is rigidly attached to
      the member 81 at one side thereof by suitable means such as by brazing,
      and carries an adjusting or calibrating screw 83 at the outer end thereof.
      The terminal strap 27 acts as a primary winding for the magnetic core 80,
      and the member 81 acts as a short-circuited secondary winding on the same
      core 80. A high current through the terminal strap 27, therefore induces
      currents in the secondary turn 81. The current in the secondary turn 81
      causes heat therein, which is transmitted by conduction to the bimetallic
      strip 82. The bimetallic strip 82 is disposed and arranged to warp toward
      the right as viewed in FIG. 1 upon the occurrence of predetermined high
      current conditions through the circuit breaker, and to engage the upper
      end of a trip bar 84 pivotally supported at 85 in the casing cover 11.
      This rotates as armature portion 86 of the trip bar clockwise as shown,
      causing it to engage a headed portion 87 of the trip rod 67, moving the
      rod 67 to the left, and withdrawing the latch member 62 from latched
      position, thereby causing opening of the circuit.
PAC  MECHANISM TRIPPING MEANS -- MAGNETIC
PAR  For the purpose of obtaining more rapid tripping on the occurrence of high
      current conditions, such as short-circuit conditions, the magnetic core
      member 80 is provided with a pair of pole extensions 90, only one shown.
      The pole extensions 90 include secondary extensions 91 which serve as a
      stop to limit counter-clockwise rotation of the armature portion 86. The
      secondary extensions 91 also serve as "back drag" magnetic poles, serving
      normally to retain the armature 86 in the position shown in FIG. 1 until
      certain predetermined high current conditions occur. Upon the occurrence
      of predetermined high short-circuit current conditions, the armature 86 is
      attracted to the main pole portions 90, thereby rotating in a clockwise
      direction about the pivot 85, and moving the trip rod 67 to the left as
      viewed, causing tripping.
PAC  CURRENT-LIMITING ACTION
PAR  For the purpose of providing ultra-rapid opening action of the contacts in
      response to exceptionally high short-circuit conditions, so as to provide
      a current-limiting action, there is provided, in accordance with the
      invention, means for causing an initial separation of the contacts prior
      to movement of the main contact carrier 20. For this purpose, there is
      provided, surrounding each of the movable contact arms 17 and 23
      respectively, a stationary magnetic core member 95, 96, respectively. The
      contact arm 17 is provided with an armature member 97 rigidly attached
      thereto by suitable means, not shown. Similarly, the contact arm 23 is
      provided with an armature member 98 rigidly attached thereto by similar
      means.
PAR  Upon the occurrence of extremely high short-circuit current conditions,
      each of the armatures 97 and 98 is drawn to its corresponding magnetic
      core member 95, 96, thereby moving the corresponding contact arm 17, 23,
      downwardly, moving the movable contacts 18 and 22 to a downwardly
      retracted open position, as shown in FIG. 3. When the contact arms 17 and
      23 are drawn downwardly in this manner, they are engaged and latched in
      depressed position by the latches 59 and 50, respectively. This action
      takes place irrespective of, and ordinarily precedent to, automatic
      opening of the main mechanism, including the movable contact member 20.
PAR  It will be observed that by means of the arrangement shown, each of the
      magnetic assemblies is provided with two turns energizing it. Thus, for
      example, with reference to the magnetic core member 95, it will be
      observed that the terminal strap 13 extends through the magnetic member
      95, and from thence the current path is through the vertical member 14 to
      the horizontal member 15 through the flexible conductor 16 to the contact
      arm 17, which again passes through the magnetic member 95. Thus two
      energizing turns are provided between the magnetic field piece 95 and the
      armature 97.
PAR  Since the mass of the contact arms 17 and 23, together with the movable
      contacts 18 and 22 and their supporting posts 18A and 22A is relatively
      small compared to the mass of the tripping mechanism comprising the
      contact carrier 20 and the associated tripping mechanism, these parts can
      respond much more quickly to the magnetic action caused by a short-circuit
      current.
PAR  Following movement of the contact arms 17 and 23 to the downward, latched,
      position as shown in FIG. 3, and operation of the trip rod 67, the main
      contact carrier 20, being unlatched, moves to its upward or tripped
      position, as shown in FIG. 1. When the contact arms 17 and 23, and their
      associated contacts 18 and 22, are drawn downwardly as shown in FIG. 3,
      electric arcs are drawn between the pairs of contacts 18, 19, and 21, 22.
PAR  This action takes place with such rapidity that the impedance of the
      aforementioned arcs is inserted in the circuit within approximately 2
      micro-seconds after incidence of a short-circuit, as indicated graphically
      in FIG. 4, and before the main contact bar has had time to move upwardly.
PAR  This was confirmed by actual time measurements. Thus measurements were made
      upon a circuit breaker of the type shown, with sensing electrodes
      positioned so as to produce, on an oscillogram, an indication of the exact
      time of (a) the beginning and duration of the short-circuit current, (b)
      the beginning of downward movement of the retractable current-limiting
      contacts, (c) the end of downward movement of the retractable contacts,
      (d) the beginning of upward movement of the bridging contact carrier 20,
      and (e) the end of upward movement of the bridging contact carrier 20. The
      corresponding time intervals measured are listed in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

                          Time in                                              

                          micro-seconds                                        

     Event                  Test 1   Test 2                                    

     ______________________________________                                    

     Beginning of short-circuit current                                        

                            0.000    0.000                                     

     Armature No. 1                                                            

                Begin movement  1.668    1.338                                 

                Complete movement                                              

                                7.220    6.825                                 

                Total time of movement                                         

                                5.552    5.487                                 

     Armature No. 2                                                            

                Begin movement  1.850    1.613                                 

                Complete movement                                              

                                6.740    6.250                                 

                Total time of movement                                         

                                4.890    4.637                                 

     Bridging   Begin movement  2.33     3.46                                  

     Contact    Complete movement                                              

                                32.9     29.99                                 

     Member     Total time of movement                                         

                                30.57    26.53                                 

     ______________________________________                                    

TBL                      Current in Amperes                                    

                         Test 1   Test 2                                       

     ______________________________________                                    

     Pick-up current: Armature 1                                               

                           4085       4884                                     

     Pick-up current: Armature 2                                               

                           4530       5760                                     

     Pick-up current: Bridging Contact                                         

     Arm Releasing Means   8020       9800                                     

     Peak Short Circuit Current                                                

                           11,000     11,000                                   

     ______________________________________                                    

PAR  The graph of FIG. 4 shows typical current conditions during interruption of
      a full-symmetrical short-circuit. The graph of FIG. 5 shows typical
      current conditions during interruption of a full-symmetrical
      short-circuit.
PAR  Curve A in each of these graphs represents the value of actual current
      which may be expected to occur when the interruption is by means of
      conventional prior art circuit breaker. Curve B in each of these graphs
      represents the value of actual current when the interruption is by means
      of a current-limiting circuit breaker in accordance with the present
      invention.
PAR  As indicated in the graphs, the total circuit opening time, in the case of
      a conventional circuit breaker, may be expected to be anywhere from 16 to
      28 micro-seconds. In the case of the current-limiting circuit breaker,
      such arcing time is reduced to from 8.33 to 14 micro-seconds. More
      significantly, total arcing time is proportionally reduced.
PAR  Because of the current-limiting action described, the breaker may be used
      in a power system which has a short-circuit capacity greater than the
      interrupting capacity of the basic breaker, i.e., the breaker without the
      current-limiting feature.
PAC  RETENTION OF HANDLE IN "ON" POSITION
PAR  When the handle 34 reaches its extreme clockwise or "on" position, as shown
      in FIG. 2, the roller member 35B becomes engaged with a shoulder portion
      100 of a retaining member 101 pivotally supported at 102 in the cover 11.
      This serves to hold the handle assembly in its "on" position, against the
      bias of a handle return spring, not shown, which constantly tends to
      return the handle 34 to its initial counter-clockwise position.
PAR  When tripping occurs, and the contact carrier 20 moves upwardly, a
      projecting portion 20B thereof engages the toe portion 102 of the member
      101, thereby rotating this member in a counterclockwise direction, and
      moving the retaining portion 100 away from the roller 35B. This permits
      the handle-return spring of the handle 34 to return the handle to the
      "OFF" position as shown in FIG. 1. When this occurs, a return spring 37A
      on the cam member 37 returns this member to its latched position as shown
      in FIG. 1.
PAC  MANUAL OPENING
PAR  In order to go from the "ON" position shown in FIG. 2 to the "OFF" position
      shown in FIG. 1 by manual operation, the handle member 34 is moved in
      counter-clockwise direction. During this movement the roller member 35B is
      moved over the shoulder 100 of the member 101 against the bias of the
      spring 101A. Further counter-clockwise movement of the handle 34 causes
      the roller 35B to engage the shoulder portion 110A of the lever 110. This
      causes the lower end of the lever 110 to engage the head portion of a
      plunger 111. The plunger 111 engages a bell-crank 112 which includes a
      portion engaging a stop 113 carried by the trip rod 67. This moves the
      trip rod 67 to the left, and moves the latch member 62 to disengaged
      position, permitting the contact carrier 20 to move to open-circuit
      position under the influence of the compression spring 33. The parts
      thereupon move to the "OFF" position as shown in FIG. 1.
PAC  RECLOSING FOLLOWING SHORT CIRCUIT INTERRUPTION
PAR  Following a short-circuit interruption as described above, the parts are in
      the condition as shown in FIG. 3, in which the contact arms 17 and 23 are
      locked in a depressed condition by the latch members 50 and 59. In order
      to reclose the circuit breaker, the handle member must first be moved to
      reset position. To do this, the handle member 34 is moved to the fully
      counter-clockwise position, permitting the cam member 37 to be reset on
      the latch member 39. To reclose the breaker, the handle is again rotated
      in clockwise direction, forcing the contact carrier 20 downwardly against
      the bias of the spring 33. As the contact carrier 20 moves downwardly, the
      projecting portion 20A engages the portion 50A of the latch member 50 and
      rotates the latch member 50 in a counter-clockwise direction, thereby
      releasing the end of the contact arm 23. This permits the contact arm 23
      to be moved upwardly by the compression spring 27 to closed position of
      the contacts 21, 22. It will be observed, as previously noted, that the
      contacts 18 and 19 are not yet closed, however. Further rotation of the
      handle member 34 in counterclockwise direction causes the latch member 69
      to become engaged with the latch retaining member 62, and also causes the
      projection 70 of the contact carrier 20 to engage the lever 57, rotating
      this to a non-obstructing position with respect to the contact arm 17.
      Upon further rotation of the handle member 34 the latch member 39 is moved
      to release position freeing the cam member 37, and allowing the contact
      carrier 20 to be held by the latch member 62 alone. Finally the last
      portion of the rotation of the handle member 34 causes the extension 35A
      to engage the lever 73, which in turn depresses a rod 75 which engages the
      latch member 59 rotating it clockwise and releasing the contact arm 17 to
      permit it to move to closed circuit position.
PAR  It will be seen that I have provided a circuit breaker mechanism in which
      means is provided for causing initial ultra-rapid separation of the
      movable contacts upon the occurrence of extremely high short-circuit
      current conditions, so as to introduce a current-limiting action, before
      the conventional tripping mechanism has time to operate, together with
      means for retaining such contacts in this open condition until the main
      mechanism has opened.
PAR  While the invention has been shown in only one particular embodiment, it
      will be appreciated that many modifications may readily be made. I
      therefore intend, by the appended claims, to cover all such modifications
      as fall within the true spirit and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by letters patent of the United
      States is:
NUM  1.
PAR  1. An electric circuit breaker comprising:
PA1  a an insulating enclosure,
PA1  b a movable contact member movable between open and closed circuit
      positions,
PA1  c an operating member movable between open and closed circuit positions
      corresponding to said open and closed circuit positions of said movable
      contact member,
PA1  d said operating member comprising a first portion movably supported in
      said enclosure,
PA1  e a cam member pivotally supported on said first portion of said operating
      member,
PA1  f latch means movably mounted on said operating member and disposed to
      engage said cam member during at least a portion of the movement of said
      operating member from said open to said closed circuit position,
PA1  g said latch means when in engagement with said cam member serving to
      retain said cam member in a position in which said cam member is operable
      upon said movable contact member, and
PA1  h means operable upon movement of said operating member a predetermined
      amount to release said latch means from said cam member.
NUM  2.
PAR  2. An electric circuit breaker comprising:
PA1  a an insulating enclosure,
PA1  b a movable contact member movable between open and closed circuit
      positions,
PA1  c a manually operable operating member movable between open and closed
      circuit positions corresponding to said open and closed circuit positions
      of said movable contact member,
PA1  d said operating member comprising a first portion pivotally supported in
      said enclosure,
PA1  e a cam member pivotally supported on said first portion of said operating
      member,
PA1  f latch means movably mounted on said operating member and disposed to
      engage said cam member during at least a portion of the movement of said
      operating member from said open to said closed circuit position,
PA1  g said latch means when in engagement with said cam member serving to
      retain said cam member in a position in which said cam member is operable
      upon said movable contact member, and
PA1  h means carried by said enclosure for engaging said latch means upon a
      predetermined amount of pivotal movement of said first portion of said
      operating member to release said latch means from said cam member.
NUM  3.
PAR  3. An electric circuit breaker comprising:
PA1  a an enclosure,
PA1  b a first movable contact movably supported in said enclosure for movement
      between open and closed circuit positions,
PA1  c a second movable contact movably supported in said enclosure and adapted
      to be contacted by said first movable contact when said first movable
      contact is in said closed circuit position,
PA1  d a manually operable operating member movably supported in said enclosure
      and movable between open and closed circuit positions corresponding to
      said open and closed circuit positions of said first movable contact,
PA1  e force-transmitting means between said operating member and said first
      movable contact member, said force transmitting means being effective to
      transmit force from said operating member to said first movable contact
      member during a first portion of said movement of said operating member
      from open to closed circuit positions and being ineffective to transmit
      force from said operating member to said first movable contact during a
      second portion of said movement of said operating member from open to
      closed position,
PA1  f means for releasably holding said movable contact member in a position to
      which it has been moved by said operating member following said first
      portion of said movement of said operating member from open to closed
      circuit positions,
PA1  f means biasing said second movable contact to a first position in which it
      is adapted to be contacted by said first movable contact when said first
      movable contact is in said closed circuit position,
PA1  h means restraining said second movable contact in a retracted position
      against the bias of said biasing means during said first portion of said
      movement of said operating member, and
PA1  means for releasing said restraining means following said first portion of
      said movement of said operating member from said open to said closed
      position,
PA1  j whereby said second movable contact is biased into engagement with said
      first movable contact by said biasing means and said first movable contact
      member is releasably held in position to be contacted by said second
      movable contact independently of said operating member.
NUM  4.
PAR  4. An electric circuit breaker as set forth in claim 3 wherein said
      force-transmitting means comprises a cam member pivotally supported on
      said operating member, latch means carried by said operating member for
      restraining said cam member in force-transmitting condition, and means
      carried by said enclosure for engaging and releasing said latch means upon
      completion of said first portion of movement of said operating member.
NUM  5.
PAR  5. An electric circuit breaker as set forth in claim 3, said circuit
      breaker also comprising means operable by said operating member upon
      movement thereof to said open circuit position for causing release of said
      releasable holding means for said movable contact member.
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ABST
PAL  Switch actuator having a base adapted to be mounted adjacent a switch and
      an elongated lever hingedly mounted on the base to make it possible to
      operate the switch by means other than the fingers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the problems presented by physical disability is that of actuating
      electrical switches. In almost every case, the operation of an electrical
      switch is performed by use of the fingers. In many cases, however,
      physical disability due to shock, arthritis, and the like does not permit
      the use of the fingers to perform delicate operations of that type. This
      is particularly true of button-type switches which are operated by placing
      a finger on a slidable button and pressing it inwardly. Such switches are
      difficult to actuate even by an able-bodied person, particularly if the
      room is dark and the switch is located under a cabinet, so that it cannot
      be directly observed by a normal person standing upright. These and other
      difficulties experienced with the prior art devices have been obviated in
      a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      switch actuator which permits the operation of a switch without the use of
      the fingers.
PAR  Another object of this invention is the provision of a switch actuator
      which allows the operation of a switch by a person suffering a physical
      disability which prohibits the use of the fingers for that purpose.
PAR  A further object of the present invention is the provision of a switch
      actuator to assist in the operation of a switch which is mounted in a
      location that is normally dark, or which is hidden from the direct view of
      the user.
PAR  It is another object of the instant invention to provide a switch actuator
      which can be quickly applied to existing switches without the services of
      an electrician.
PAR  A still further object of the invention is the provision of a switch
      actuator making use of an elongated lever for its operation, wherein the
      lever can be readily changed to operate the switch either by pulling or by
      pushing, and wherein it can be mounted at any level or angle.
PAR  It is a further object of the invention to provide a switch actuator which
      is simple in construction, which is inexpensive to manufacture, and which
      is capable of a long life of useful service with a minimum of maintenance.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consists of a switch actuator for use with a
      switch which has a threaded stem, a plunger, and a nut which is mounted on
      the stem. The actuator is provided with base which is adapted to lie
      against the surface from which the switch protrudes. It has a pair of ears
      extending from the base and a lever is pivotally mounted on a pivot pin
      which extends between the ears. The lever contacts the switch at a
      position substantially spaced from the pivot pin.
PAR  More specifically, the base is bifurcated to provide two spaced, parallel
      legs which lie on either side of the switch and are held in place by the
      nut. Means is provided for holding the lever against the plunger of the
      switch at all times, so that only a small motion of the lever is necessary
      to operate the switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view of a switch actuator incorporating the
      principles of the present invention,
PAR  FIG. 2 is a bottom view of the actuator,
PAR  FIG. 3 is a vertical sectional view of the invention taken on the line
      III-III of FIG. 1, and
PAR  FIG. 4 is a front elevational view of the actuator rearranged in a
      different operative condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the invention, the switch actuator, indicated generally by the reference
      numeral 10, is shown as having a flat base adapted to lie against a
      surface from which a switch 20 extends. A pair of spaced vertical ears 12
      and 13 extend downwardly from the base and a lever 14 is pivotally on a
      pivot pin 15 which extends between the ears. A lever 14 contacts the
      switch 20 at a position substantially spaced from the said pivot pin.
PAR  FIG. 2 shows the manner in which the base 11 is bifurcated to provide two
      spaced, parallel legs 16 and 17 which lie on either side of the stem of
      the switch 20. The switch 20 consists of a threaded stem 18 from which
      protrudes a plunger 19, there being a nut 21 threaded on the stem. This
      nut operates with the threaded stem to clamp the legs of the base 11
      against the surface.
PAR  The base 11 and the ears 16 and 17 are integrally formed from sheet metal,
      while the lever 14 is formed of plastic. The lever is of elongated form
      and the pivot pin 15 extends through an intermediate portion of the lever.
      One end of the lever engages the switch plunger 19, while the other end of
      the lever is adapted to be engaged by the user.
PAR  A portion of the lever 14 of the pivot pin 15 to the said other end is
      heavier, because of its length, than the portion of the lever from the
      pivot pin to the said one end which contacts the plunger 19. This means
      that the said one end is maintained at all times in contact with the
      switch plunger. The action is assisted by a light torsion spring 24 which
      is wrapped around the pivot pin, the lever, and the ears. The pivot pin 15
      consists of a bolt 22 and a nut 23. It is, therefore, readily removable
      and replaceable to permit reversal of the lever 14 from the first-degree
      lever operation (shown in FIG. 1) to the second-degree lever operation
      (shown in FIG. 4). The switch is operated by pulling the lever away from
      the surface when the lever is in the first-degree condition and the switch
      is operating by pushing the lever toward the surface when the lever is in
      the second-degree lever condition.
PAR  The operation of the invention will now be readily understood in view of
      the above description. The base 11 is attached to the switch 20 by placing
      the bifurcation and the legs 16 and 17 under the nut 21 and tightening the
      nut. The handle 14 lies with its short end (as shown in FIG. 1) against
      the plunger 19 of the switch. A string may be attached to the other end
      for its operation or it may be operated simply by pulling downwardly. The
      weight of the outboard portion of the lever 14 holds its short end against
      the plunger and in addition the light torsion spring 24 performs the same
      operation. If it is desirable to operate the switch by pressing on the
      lever 14, (rather than pulling), it is a simple matter to remove the nut
      23 and the bolt 22 and reverse the lever so that it operates as a
      second-degree lever, as shown in FIG. 4. In that case, pressing upwardly
      on the end will actuate the switch. In this case, it is particularly
      important that the torsion spring 24 be at least strong enough to hold the
      handle 14 close to the plunger 19 at all times.
PAR  It can be seen, then, that the present device is a simple attachment that
      may be used with plunger-type switches to permit their operation by
      persons having a degree of physical disability. The accessory can be
      arranged to provide for the operation either pulling downwardly on the
      lever 14 or pushing upwardly, the mode of operation selected being that
      which is best suited to the physical disability of the user. The accessory
      can be removed and applied to any desired switch and has the further
      capability of assisting even non-disabled persons to operate switches that
      are relatively inaccessible, either because of darkness or because of the
      location being out of the sight of the user. This latter situation exists,
      for instance, quite often when a strip light is mounted on the underside
      of kitchen cabinets.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by letters Patent is:
NUM  1.
PAR  1. Switch actuator, comprising:
PA1  a. base adapted to lie against a surface from which a switch protrudes, the
      base being bifurcated to provide two spaced, parallel legs which lie on
      either side of the switch and are clamped in place by a portion of the
      switch,
PA1  b. a pair of ears extending from the base, and
PA1  c. a lever pivotally mounted on a pivot pin extending between the ears, the
      lever contacting the switch at a position substantially spaced from the
      pivot pin.
NUM  2.
PAR  2. Switch actuator as recited in claim 1, wherein the switch comprises a
      threaded stem which is embraced by the said legs, a plunger which is
      contacted by the lever, and a nut which is threadedly mounted on the stem
      and serves to clamp the base against the said surface.
NUM  3.
PAR  3. Switch actuator as recited in claim 2, wherein the base and ears are
      integrally formed from sheet metal, and wherein the lever is formed of
      plastic.
NUM  4.
PAR  4. Switch actuator as recited in claim 3, wherein the lever is elongated,
      wherein the pivot pin extends through an intermediate portion of the
      lever, and wherein one end of the lever engages the switch plunger and the
      other end of the lever is adapted to be engaged by an operator.
NUM  5.
PAR  5. Switch actuator as recited in claim 3, wherein the portion of the lever
      from the pivot pin to the said other end is heavier than the portion of
      the lever from the pivot pin to the said one end, that the said one end is
      maintained in contact with the switch plunger.
NUM  6.
PAR  6. Switch actuator as recited in claim 1, wherein the said pivot pin is
      readily removable and replaceable to permit reversal of the lever from
      first-degree lever operation to second-degree lever operation.
NUM  7.
PAR  7. Switch actuator as recited in claim 6, wherein the switch is operated by
      pulling the lever away from the surface when the lever is in first-degree
      lever condition, and wherein the switch is operated by pushing the lever
      toward the surface when the lever is in the second-degree lever condition.
PATN
WKU  039354113
SRC  5
APN  4287061
APT  1
ART  217
APD  19731227
TTL  Toggle switch
ISD  19760127
NCL  2
ECL  1
EXP  Smith, Jr.; David
NDR  6
NFG  16
INVT
NAM  Ford; Anthony R.
CTY  West Covina
STA  CA
ASSG
NAM  Airpax Electronics Incorporated
CTY  South El Monte
STA  CA
COD  02
CLAS
OCL  200 67G
EDF  2
ICL  H01H 2104
FSC  200
FSS  67 G;68;6 R;6 BA;6 BB
UREF
PNO  2782279
ISD  19570200
NAM  Heusser
OCL  200  6BA
UREF
PNO  3329784
ISD  19670700
NAM  Rogero
OCL  200 67G
UREF
PNO  3529109
ISD  19700900
NAM  Cross
OCL  200  6R
LREP
FRM  LeBlanc & Shur
ABST
PAL  A toggle switch housed in a body and including a generally rectangular
      conductive blade pivotally mounted on a central conductive terminal post
      provided with fulcrum support means including one or two fulcrum supports,
      the blade being capable of assuming two or three operative positions
      relative to a pair of conductive terminal posts flanking the central post,
      depending upon pivotal swinging of the blade about the fulcrum support
      means, which contacts the blade centrally of its width. A dielectric
      actuator tip, pivotally mounted centrally in the body, is resiliently
      biased toward the blade and includes a bifurcated portion terminating in a
      pair of spaced toes slidably contacting the blade along parallel paths
      spaced on opposite sides of the fulcrum support means.
BSUM
PAC  BACKGROUND AND FIELD OF THE INVENTION
PAR  This invention relates generally to electrical switches, and more
      particularly to a toggle switch having a pivotally mounted actuator tip
      resiliently biased into longitudinal slidable contact along a generally
      rectangular conductive blade pivotable about fulcrum support means
      disposed centrally of the blade width, formed in a central common input
      terminal post. Switches of this type make or break contact between the
      blade and one of a pair of output terminal posts flanking the central
      post, at the moment when the actuator slides past the fulcrum support
      means.
PAR  The actuator in such switches must inherently have at least one stable
      position and may, depending on its configuration, have two or even three
      stable positions. A switch having two stable positions, each corresponding
      to contact by the blade with one of the output terminals, has a
      configuration of ON-NONE-ON, the word "NONE" signifying that the central
      position is unstable. Adding to such a switch of a central stable position
      would produce a configuration of ON-OFF-ON. A switch having only a single
      central stable position, and movable therefrom in either direction, is
      said to have a configuration of (ON)-OFF-(ON), the parentheses indicating
      contact which is momentary in the sense that such contact lasts only so
      long as the user applies digital force to the actuator. Desired
      permutations may be made by appropriate shaping of the blade and of the
      fulcrum support means. In prior toggle switches, each fulcrum support of
      the fulcrum support means includes a pair of spaced elements which
      contactingly support the blade at a pair of points at opposite edges of
      the blade.
PAR  In accordance with the present invention, the fulcrum support means, which
      may include one or two fulcrum supports, is disposed in a laterally
      central strip portion of the blade, and the actuator includes an actuator
      tip which is downwardly bifurcated to provide a pair of spaced toes for
      slidably contacting the upper surface of the blade along parallel
      longitudinal paths straddling the central strip. This arrangement
      substantially simplifies the design and economizes the construction of the
      fulcrum support means as compared with the prior toggle switches above
      mentioned.
PAR  Accordingly, a principal object of the invention is to provide and disclose
      a novel toggle switch. Additional objects are to disclose such a switch
      including a generally rectangular conductive blade pivotally supported by
      fulcrum support means disposed in a laterally central strip portion of the
      blade; to provide, in such a switch, a resiliently biased actuator having
      bifurcated toes for slidable movement longitudinally of the blade along a
      pair of paths straddling the fulcrum support means; and for other and
      additional purposes as will be understood from the following description
      of illustrative forms of the invention, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of an ON-NONE-ON switch embodying the
      present invention.
PAR  FIG. 2 is a sectional view taken along the arrows II--II of FIG. 1.
PAR  FIG. 3 is an exploded perspective view of the actuator tip and shank, and
      the movable blade of the switch of FIG. 1.
PAR  FIG. 4 is a vertical sectional view of the switch of FIG. 1, with the
      actuator and blade moved to their positions opposite those shown in FIG.
      1.
PAR  FIG. 5 is a fragmentary sectional view taken on the arrows V--V of FIG. 4.
PAR  FIG. 6 is a sectional view taken on the arrows VI--VI of FIG. 4.
PAR  FIG. 7 is a fragmentary vertical sectional view of a switch in accordance
      with the present invention of the (ON)-NONE-ON configuration, the actuator
      and blade being in their ON positions.
PAR  FIG. 8 is a fragmentary vertical sectional view of the switch of FIG. 7
      with the actuator and blade in their (ON) positions.
PAR  FIG. 9 is a perspective view of the blade of the switch of FIGS. 7 and 8.
PAR  FIG. 10 is a fragmentary vertical sectional view of a switch in accordance
      with the invention of the ON-ON-NONE configuration, the actuator and blade
      being shown in one of their ON positions.
PAR  FIG. 11 is a fragmentary vertical sectional view of the switch of FIG. 10,
      with the actuator and blade in the other of their ON positions.
PAR  FIG. 12 is a perspective view of the blade of the switch of FIG. 10 and 11.
PAR  FIG. 13 is a fragmentary vertical sectional view of a switch in accordance
      with the invention of the (ON)-OFF-(ON) configuration, the actuator and
      blade being shown in the OFF or center position.
PAR  FIGS. 14 and 15 are fragmentary sectional views of the switch of FIG. 13,
      with the actuator and blade in contact, respectively, with the right
      terminal post and the left terminal post.
PAR  FIG. 16 is a sectional view taken on arrows XVI--XVI of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawings, in FIG. 1 there is indicated
      generally at 20 a switch of the ON-NONE-ON type or configuration in
      accordance with the present invention. Switch 20 includes a body or
      housing indicated generally at 22 of dielectric material such as a
      suitable plastic, and has formed therein a cavity for receiving the
      operative portions of the switch to be later described. Housing 22 has
      fixed thereto a metallic cover indicated generally at 24, provided with an
      upstanding central boss indicated generally at 26, having formed therein a
      central bore 27. The upper portion 28 of the bore is narrowed as shown,
      forming an annular shoulder 29 of concave spherical contour, serving as a
      seat for a correspondingly shaped portion of an actuator assembly to be
      now described.
PAR  The actuator assembly is indicated generally at 30, and includes a casing
      or sleeve 31 having a downwardly open bore 32 therein. Sleeve 31 is
      generally cylindrical in external contour, except for an enlarged
      spherical portion 33 approximately midway of the length of the sleeve. The
      radius of curvature of the spherical portion 33 is substantially equal to
      the radius of curvature of the concave spherical portion 29 of boss 26, so
      that smooth sliding contact is provided between the two parts during
      pivotal motion of the sleeve relative to the boss 26. Within the lower
      portion of bore 32 there is slidably received a cylindrical plunger or
      shank 35, which is biased downwardly as seen in FIG. 1 by resilient means
      here shown as spring 36 received in the upper portion of bore 32. The
      lower end of plunger 35 projects downwardly out of sleeve 30, and the
      lower shank portion 37 is desirably provided with opposed flattened
      sidewalls 38. The lowermost portion of shank 37 is embedded in an actuator
      tip indicated generally at 40, and made of a dielectric, smooth surfaced
      material such as nylon, teflon or the like.
PAR  With reference now to the lower portion of FIG. 1, a pair of spaced
      parallel terminal posts 48 and 49 have upper portions embedded in the
      bottom wall 51 of housing 22, and posts 48 and 49 terminate upwardly in
      terminals 52 and 53 respectively, within the interior of housing 22.
PAR  Between terminal posts 48 and 49 is a central terminal post 55 whose upper
      portion is embedded in lower wall 51 of the housing, and which terminates
      upwardly in a laterally enlarged portion indicated generally at 60,
      provided with an upwardly directed fulcrum portion 62. Each of the pair of
      terminal posts 48, 49 and central terminal post 55 is made of conductive
      metal such as copper, and each has a width substantially greater than its
      thickness (compare FIG. 5). The central terminal post 55 is disposed so
      that its relatively narrow thickness extends laterally of the switch body
      22, and the pair of posts 48, 49 are disposed so that their width extend
      laterally of the switch body.
PAR  Within the housing body 22 and pivotally mounted on fulcrum 62 is a contact
      blade indicated generally at 70 of conductive material such as copper. The
      length of blade 70 is sufficient that its end portions are contactable
      with either terminals 52 and 53 respectively. As best seen in FIG. 3, the
      width of the blade 70 is substantially greater than its thickness, so that
      its end portions may make electrical contact with substantially the entire
      width of terminals 52 and 53 during operation of the switch. Substantially
      centrally of blade 70 there is formed an opening therethrough 72 for
      receiving the upper portion of fulcrum 62. The opening may be formed by
      deforming from the plane of blade 70 a strap 74, and fulcrum 62 may bear
      upon the inner concave apex of strap 74.
PAR  With reference to FIGS. 1, 2 and 3, actuator tip 40 has a downwardly open
      channel 42 therein, thus bifurcating the lower portion of the tip and
      forming a pair of laterally spaced legs 43, 44. The width of channel 42,
      as seen in FIG. 2, is substantially greater than the lateral extent of
      fulcrum 62 and strap 74, so that the actuator legs 43, 44 are in a
      straddling relationship with the fulcrum and strap during operation of the
      switch. The legs 43, 44 terminate downwardly in slightly rounded toes 45,
      46 respectively, which slide smoothly along spaced parallel paths
      longitudinally of blade 70 during operation.
PAR  Operation of the present toggle switch from its one position to the other
      will be understood by reference to FIGS. 1 and 4, showing the two
      positions of the switch. Thus, in FIG. 1, electrical contact is made
      between the central or common terminal 55 and terminal post 49 by reason
      of the electrical contact formed between the right end portion of blade 70
      and the upwardly projecting portion 53 of terminal post 49. It will be
      noted that that contact is under pressure by reason of the downward force
      imposed by spring 36 on plunger 35 and thence through actuator tip 40 to
      the upper surface of blade 70.
PAR  Pivotal motion of the upper portion of the actuator assembly from its FIG.
      1 position to its FIG. 4 position forces the actuator toes 45, 46, to
      slidably move leftwardly as seen in FIG. 1, the actuator spring 36 being
      simultaneously compressed somewhat by that movement. As the actuator toes
      pass the central point indicated by the opening 72 of blade 70, the
      actuator forces the blade suddenly to its FIG. 4 position, making
      electrical contact between central terminal 55 and the upper portion 52 of
      the left terminal post 48. It will be especially noted that the
      relationship of the parts and the force of spring 36 causes the parts to
      be unstable in the central position of travel between the positions of
      FIGS. 1 and 4. Thus the actuator assembly is driven by the force of spring
      36 either leftwardly or rightwardly from the center until the lower
      portion of actuator sleeve 31 abuts the lower part 25 of inner wall 27,
      establishing the limits of angular travel of the assembly.
PAR  In FIG. 7, 8 and 9 there is shown a switch in accordance with the present
      invention of the (ON)-NONE-ON configuration. All component parts of the
      switch of FIG. 7, 8 and 9 are identical to those of the switch of FIGS.
      1-6 except the upper portion of the central terminal post and the movable
      blade. Thus, in FIG. 7, the central terminal post 155 is provided in the
      left part of its upper portion with an enlargement 156 and an upwardly and
      rightwardly extending projection 157. The right edge 158 and the sloping
      upper edge 159 of the enlarged portion 156 intersect at 160, which
      constitutes the fulcrum around which the movable blade in this form of the
      invention will pivot during operation.
PAR  The movable blade is indicated generally at 170 and, as best seen in FIG.
      9, has formed therein, centrally of the width of the blade, an opening
      172, through which projection 157 extends when the parts are assembled as
      seen in FIGS. 7 and 8. Also formed in blade 170, centrally of its width,
      is a larger opening 174, which serves to prevent mechanical interference
      with shoulder 161 of central terminal post 155 when the parts are in their
      positions seen in FIG. 7. The right hand end of blade 170 includes an
      upwardly offset marginal portion 176, whose lower face makes electrical
      contact with the upper surface of projection 53 of terminal post 49, when
      the parts are in their positions of FIG. 7. The central portion of blade
      170 is configured so that its upper surface provides an upwardly concave
      camming ramp 178, terminating leftwardly in a downwardly extending leg 179
      and an outwardly extending foot 180.
PAR  In moving the switch from its FIG. 7 position to its FIG. 8 position, it
      will be seen that clockwise pivotal motion of the actuator assembly will
      force the actuator tip 40 to move leftwardly as seen in the figures up the
      ramp 178, against the force of the actuator spring 36. As the actuator tip
      passes the fulcrum point 160, the blade 170 is caused to move rapidly from
      its earlier position into the position seen in FIG. 8, with leg 180 in
      electrical contact with the upper surface of terminal projection 52.
      Because the force of the actuator spring urges the actuator tip
      downwardly, it will be seen by reference to FIG. 8 that the actuator tip
      is urged rightwardly down the ramp 178. Thus, the (ON) position of FIG. 8
      will be maintained only so long as the operator holds the actuator
      assembly in its extreme clockwise position.
PAR  In FIGS. 10, 11 and 12 there is shown a switch in accordance with the
      present invention of the ON-ON-NONE configuration. The movable blade
      indicated generally at 270 differs in construction from blades 70 and 170,
      but all remaining parts of the switch, including central terminal post
      155, are identical to those shown and described in connection with FIGS.
      7, 8 and 9. As best seen in FIG. 12, blade 270 is provided with an opening
      272 disposed centrally of the width of the blade, and this opening serves
      to receive therethrough upper projection 157 of the central terminal post
      155, as in the case of the switch of FIGS. 7, 8 and 9. Rightwardly of
      opening 272 blade 270 is configured to provide an upwardly open V-shaped
      portion 273; the right leg 274 of the V extends upwardly and rightwardly
      for a substantial distance, as shown, and terminates in a downwardly
      extending leg 275 having at its lower end an outwardly turned foot 276.
      The other end of blade 270 is flat or substantially so, terminating in a
      marginal end portion 278.
PAR  Comparison of FIGS. 10 and 11 will clarify the operation of the switch
      between its two positions there shown. When actuator tip 40 is moved
      leftwardly from its position of FIG. 10, it rises along the left leg of
      V-shaped portion 273 until it passes the fulcrum 160. At that moment, the
      blade snaps from its position of FIG. 10 to its position of FIG. 11, so
      that marginal end portion 278 of blade 270 is forced into tight electrical
      contact with the upper surface of projection 52 of terminal post 48. It
      will be noted that the position of FIG. 11 is a stable one by reason of
      the spring-biased downward force imposed on actuator tip 40. It is further
      to be noted, with reference to FIG. 10, that actuator tip 40 cannot be
      moved rightwardly from its position there shown, by reason of the
      steepness and extent of the right leg 274 of V 273.
PAR  In FIGS. 13-16 there is shown a switch in accordance with the present
      invention of the (ON)-OFF-(ON) configuration. Except for the central
      terminal post and the movable blade, all parts of this switch are
      identical to those previously described. Central terminal post 255 is
      provided with an enlarged upper portion 256 having a pair of upwardly
      extending projections 257 and 258, symmetrically disposed relative to the
      center of terminal post 255.
PAR  The movable blade indicated generally at 370 is symmetrical about its
      longitudinal center, and includes a central V-shaped portion whose lowest
      point 371 serves as the rest position for the actuator toes 45 and 46 when
      the actuator is in its stable center position seen in FIG. 13. The upper
      surfaces of legs 372 and 373 of the V are upwardly concave and serve as
      camming ramps for the actuator tip during operation. Symmetrical openings
      380 and 381 receive projections 257 and 258. Outwardly of legs 372 and
      373, there are provided down-turned legs 374 and 375 respectively,
      terminating in outwardly extending feet 376 and 377 respectively.
PAR  Movement of the actuator assembly counterclockwise to its position of FIG.
      14 causes the actuator to rise against the force of its spring as the
      actuator travels upwardly along the ramp of leg 373. As the actuator
      passes the fulcrum 260 at the base of projection 258, blade 370 is forced
      into its position of FIG. 14, with foot 377 in electrical contact with the
      upper surface of terminal post projection 53. It will be noted that this
      position will be maintained only so long as the operator continues to
      apply force to the actuator assembly in a counterclockwise direction,
      since the downwardly directed spring biased force exerted on actuator tip
      40 urges the tip downwardly and centrally along the upper surface of leg
      373.
PAR  Actuation of the switch to its position of FIG. 15 is accomplished in the
      same manner as just described in connection with FIG. 14, except that the
      actuating force applied to actuator assembly is clockwise about its
      pivotal axis. In this situation, the movable blade 370 pivots about
      fulcrum 261, at the base of projection 257. By reason of the symmetry of
      the parts, it will be seen that the position of the parts in FIG. 15 will
      be maintained only so long as the operator continues to apply clockwise
      force to the actuator assembly.
PAR  It will be understood that other configurations of the switch are within
      the contemplation of the invention, all characterized by the fact that the
      operative toes of the actuator in sliding contact with the blade are
      spaced apart so that they straddle the portions of the blade or of the
      central terminal post which project upwardly into the path of movement of
      the actuator and constitute the fulcrum means around which the blade
      pivots.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toggle switch comprising:
PA1  a housing body having a cavity formed therein;
PA1  a central common input terminal post projecting into the cavity and
      terminating upwardly in fulcrum support means;
PA1  a generally rectangular conductive blade supported on the fulcrum support
      means for pivotal movement about an axis extending in a lateral direction
      substantially normal to the long axis of said rectangular blade;
PA1  a pair of output terminal posts projecting into the cavity and terminating
      in a pair of upwardly directed contact surfaces, each contactable by an
      opposite blade end portion;
PA1  an actuator assembly pivotally mounted on the body, including a downwardly
      biased actuator tip in the cavity provided with a pair of laterally spaced
      actuator legs slidable longitudinally along the upper surface of the blade
      along spaced paths extending parallel to the axis of said rectangular
      blade and along respective lateral opposite sides of the fulcrum support
      means;
PA1  said fulcrum support means including an upwardly extending projection, said
      blade having formed therein an opening for receiving the projection
      through the opening, said actuator legs contacting the blade along the
      respective laterally opposite sides of said projection when said actuator
      assembly is pivoted past said projection, said opening being offset from
      the longitudinal center of the blade, the pivotal axis of said blade lying
      below said blade and below the upper end of said projection.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein the fulcrum support means
      includes a second upwardly extending projection disposed symmetrically
      relative to the first named projection, and the blade has formed therein a
      second opening for receiving the second projection therethrough.
PATN
WKU  039354121
SRC  5
APN  4721799
APT  1
ART  213
APD  19740522
TTL  Induction heated vapor source
ISD  19760127
NCL  8
ECL  1
EXP  Reynolds; Bruce A.
NDR  3
NFG  5
INVT
NAM  McDonough; George W.
CTY  Cupertino
STA  CA
INVT
NAM  Schatz; Douglas S.
CTY  Santa Clara
STA  CA
INVT
NAM  Anderson; Emmett R.
CTY  Los Gatos
STA  CA
ASSG
NAM  Applied Materials, Inc.
CTY  Santa Clara
STA  CA
COD  02
CLAS
OCL  219 1049
XCL   13 27
XCL  219 1079
EDF  2
ICL  H05B  518
FSC  219
FSS  10.49;10.77;10.67;10.43
FSC   13
FSS  27;4
UREF
PNO  1748706
ISD  19300200
NAM  Esmarch
OCL   13 27
UREF
PNO  1852214
ISD  19320400
NAM  Northrup
OCL   13 27
UREF
PNO  1995811
ISD  19350300
NAM  Long
XCL  219 10.49
UREF
PNO  2848566
ISD  19580800
NAM  Limpel
OCL  219 10.49
UREF
PNO  3551115
ISD  19701200
NAM  Jamieson et al.
XCL  219 10.49
UREF
PNO  3703601
ISD  19721100
NAM  Babel
XCL  219 10.49
UREF
PNO  3739067
ISD  19730600
NAM  Stahr
OCL  219 10.49
FREF
PNO  191,578
ISD  19640900
CNT  SW
OCL  219 10.43
LREP
FRM  Flehr, Hohback, Test, Albritton & Herbert
ABST
PAL  Induction heated vapor source particularly suitable for vacuum deposition
      of thin films utililzing a flat wound work coil fabricated of a solid
      conductor enclosed in a hermetically sealed chamber. A cooling medium is
      circulated through the chamber about the coil, and the coolant is passed
      to and from the chamber through fittings which also serve to carry
      electric power to the coil. A crucible for holding the material to be
      vaporized is mounted on an adjustable pedestal outside the sealed chamber
      in the field produced by the coil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to apparatus for coating materials with a
      vapor and more particularly to an induction heated source for vaporizing
      metals and other materials to be deposited in a vacuum.
PAR  Induction heated vapor sources heretofore provided for use in vacuum
      deposition of thin films commonly have utilized heating coils fabricated
      of a hollow conductor through which a coolant is circulated. The coil is
      energized with a radio frequency current to produce a magnetic field which
      induces a secondary current in the load or succeptor thus supplying heat
      to the material, and the amount of heat produced is dependent upon both
      the amount of current and the number of turns in the coil as well as the
      frequency of the current, nature of the material and the relative geometry
      of the coil and load.
PAR  With heating coils fabricated of hollow conductors, the number of turns
      that can be used in a given space is generally limited, and consequently a
      relatively high current is required to produce a given amount of heat. The
      higher current requires larger connecting cables and fittings, and with
      large currents the connecting cables are frequently water cooled hollow
      conductors which are difficult to install and work with.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The vapor source of the invention utilizes a flat wound work coil
      fabricated of a solid conductor enclosed in a hermetically sealed chamber.
      A cooling medium is circulated through the chamber in contact with the
      outside surface of the coil, and the coolant is passed to and from the
      chamber through fittings which also serve to carry electric power to the
      coil. A crucible for holding the material to be vaporized is mounted
      within the field of the coil on an adjustable pedestal outside the sealed
      chamber.
PAR  It is in general an object of the invention to provide a new and improved
      vapor source suitable for use in the deposition of thin films in a vacuum
      chamber.
PAR  Another object of the invention is to provide a new and improved vapor
      source of the above character in which a given amount of heat is produced
      with a minimum of current in a work coil of given size.
PAR  Another object of the invention is to provide a vapor source of the above
      character utilizing a flat wound work coil of a solid conductor.
PAR  Another object of the invention is to provide a vapor source of the above
      character in which the heating coil is enclosed in a hermetically sealed
      chamber through which a cooling medium is circulated.
DRWD
PAR  Additional objects and features of the invention will be apparent from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of one embodiment of a vapor source according to
      the invention.
PAR  FIG. 2 is a cross sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is an elevational view of the vapor source of FIG. 1 with the coil
      housing removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The vapor source includes a base 10 which, in the embodiment illustrated,
      is fabricated of a suitable material such as sheet metal and formed to
      include a generally planar top wall 11, depending side walls 12 and 13,
      and a depending curved rear wall 14. A front wall 16 extends between the
      lower portion of the side walls at the front of the base, and an opening
      17 is formed between the top, side and front walls. An additional opening
      18 is formed in the side of the base between side wall 12 and rear wall
      14, and a portion of top wall 11 is cut away, as indicated at 19.
PAR  Surmounted on base 10 is a housing assembly 21 in which a hermetically
      sealed chamber 22 is formed. The housing assembly is fabricated of a high
      temperature RF insulative material such as alumina or other suitable
      ceramic, and it includes a cover 23 and a base 24. The cover includes an
      inner side wall 26, an outer side wall 27, and annular top wall 28. Side
      walls 26 and 27 are generally cylindrical, and they are disposed coaxially
      of each other. Housing base 24 includes a raised central portion 31, in
      which an axial opening 32 is formed, and an annular outer portion 33 which
      serves as a bottom wall for chamber 22. Base 24 also includes an
      internally threaded cylindrical lip 34 in which the outer wall of the
      housing cover is threadedly received. O-rings 36 and 37 extend about the
      inner and outer edges of base portion 33 to form hermetic seals with side
      walls 26 and 27 when cover 23 is tightened in base 24.
PAR  A flat wound work coil 41 is mounted in the sealed chamber 22 within
      housing 21. This coil is fabricated of a generally flat, solid strip
      conductor, such as copper ribbon having a thickness of 0.085 inch and a
      width of 0.285 inch. The conductor is covered by a suitable insulative
      material such as a fiberglass wrapped formvar coating. The coil comprises
      a plurality of closely spaced windings wound about a vertical axis 42,
      with the flat surfaces of the conductor facing axially of the coil.
PAR  Means is provided for holding a material to be vaporized at a predetermined
      position with the work coil. This means includes a crucible 46 which rests
      on a pedestal 47 having a platform 48 and an axially extending stem 49.
      This stem extends through opening 32 into the region bounded by base 10
      where it is accessible through opening 18. Annular spacers 51 are disposed
      coaxially of stem 49 between platform 48 and the raised portion 31 of
      housing base 24 to support the crucible and pedestal in a desired axial
      position. The number and size of the spacers are chosen to position the
      crucible as desired.
PAR  In the preferred embodiment, crucible 46 is fabricated of a dielectric
      material so that the energy from coil 41 will heat the material to be
      vaporized rather than the crucible. However, if desired, the crucible can
      be fabricated of any suitable material, including carbon, vitreous carbon
      and other electrically conductive materials. Pedestal 47 and spacers 51
      are fabricated of a high temperature insulative material such as alumina
      or another suitable ceramic.
PAR  A cup-shaped heat shield 52 having an axial opening 53 is disposed
      coaxially of crucible 46 between the crucible and the inner wall 26 of
      housing 21. The heat shield is preferably fabricated of a low density
      ceramic material such as a refractory metal oxide, and it serves to
      reflect heat radiated by the material in the crucible back to the
      crucible. In addition, it provides means for containing the molten metal
      in the event that the crucible should fail.
PAR  Means is provided for circulating a cooling medium such as water through
      chamber 22 to cool coil 41 and housing 21. This means includes fluid inlet
      and outlet feedthrough fittings 56, 57 which extend through openings 58,
      59 in the bottom wall 33 of the housing. These fittings are secured to the
      housing base by nuts 61, 62 and sealed by O-rings 63, 64. As will appear
      more fully hereinafter, inlet fitting 56 communicates with the region of
      the chamber between coil 41 and inner housing wall 26, and outlet fitting
      57 communicates with the region between coil and outer housing wall 27 so
      that the coolant circulates fully about the coil.
PAR  Means is provided for directing the circulation of coolant within the
      chamber. This means includes a cylindrical baffle 66 which is disposed
      eccentrically of inner housing wall 26, with inlet fitting 56 disposed
      within the baffle and outlet fitting 57 outside the baffle. The lower edge
      of baffle 66 engages the upper surface of bottom wall 33 and forms a
      generally fluid tight seal therewith. A generally annular baffle 67 is
      mounted on top of baffle 66 and engages the lower portion of coil 41.
      Baffle 67 is sealed to both baffle 66 and and coil 41, and the inner
      diameter of baffle 67 is made larger than the diameter of wall 26 to form
      an annular passageway 68 between the baffle and this wall. An upper
      annular baffle 71 is mounted on the top of coil 41 and positioned to abut
      against the lower surface of top wall 28 when housing cover 21 is
      tightened into housing base 24. Baffle 71 is formed to include a spirally
      extending groove 72 which cooperates with top wall 28 to form a flow
      passageway when the housing is assembled. The passageway formed by groove
      72 communicates with the regions inside and outside coil 41 through
      openings 73 and 74 at the inner and outer ends of the groove. Baffles 66,
      67 and 71 are fabricated of suitable insulative materials such as
      polypropolene and fiberglass.
PAR  A drain tube 76 fabricated of an electrically insulative material is
      connected to outlet fitting 57 and extends through chamber 22 outside coil
      41. The top of the drain tube abuts against the lower surface of top wall
      28, and a drain opening 77 is formed in the upper portion of the tube.
PAR  Feedthrough fittings 56 and 57 are fabricated of an electrically conductive
      material, and the electrical connections to work coil 41 are made through
      these fittings. At the lower end of the coil, the conductor which forms
      the coil passes through an opening in baffle 67 and is formed into a loop
      79 which is affixed to the upper portion of fitting 56. The conductor at
      the top end of the coil is twisted 90.degree. and brought back to the
      bottom of the coil in the form of an edge wound helical winding outside
      the main portion of the coil. At the bottom of the coil, the conductor
      from the top is formed into a loop 83 which is affixed to fitting 57. The
      helical return lead has been found to be effective in eliminating
      non-uniformities in the field which might be present with a straight
      return lead.
PAR  Electrically conductive terminals 86, 87 are connected to fittings 56, 57
      in base 10 and secured thereto by nuts 88, 89. These terminals are
      supported in spaced relation from the top wall 11 of the base by stand-off
      insulators 91, 92, and the free ends of the terminals extend through
      opening 17 for connection to a source of RF energy.
PAR  Fluid connections to fittings 56, 57 are also provided in base 10. In this
      regard, elbow fittings 96, 97 are connected to the feedthrough fittings,
      and feedthrough connectors 98, 99 are mounted in the front wall 16 of the
      base for connection to external flow lines. A tube 101 fabricated of an
      electrically insulative material such as quartz or pyrex extends between
      fittings 86 and 96, and a short electrically conductive tube 102 extends
      between fittings 87 and 97.
PAR  Operation and use of the vapor source can be described briefly. It is
      assumed that terminals 86, 87 are connected to a suitable source of RF
      energy for energizing the work coil and that connectors 98, 99 are
      connected to coolant inlet and return lines, respectively. The material to
      be vaporized is placed in crucible 46 where it is heated and vaporized by
      the field produced by the energized coil. When the source is deenergized
      and cooled, the crucible can be removed by reaching through opening 18 in
      the base and lifting pedestal 47 by its stem.
PAR  The coolant from inlet connector 98 flows through feedthrough fitting 56
      and annular passageway 68 into the region of chamber 22 between coil 41
      and inner housing wall 26. At the top of this region, the fluid passes
      through opening 73 into the spiral passageway formed by groove 72, and
      from this passageway it flows through opening 74 to the region between
      coil 41 and outer housing wall 27. The spiral passageway imparts a
      circular flow to the coolant on both sides of the coil. The swirling
      coolant fills the region outside the coil and exits from the top of the
      region through drain opening 77 in tube 76. From this tube, the coolant
      passes through inlet fitting 57 and outlet connector 99 to the coolant
      return line.
PAR  The invention has a number of important features and advantages. The flat
      wound work coil has about three times as many turns as a conventional
      heating coil of the same size fabricated of a hollow conductor, and the
      flat wound coil requires only about one-third as much current as a
      conventional coil for a given heat output. The smaller current requirement
      permits the use of smaller connecting cables and fittings which are
      relatively economical and easy to use. The coil is enclosed in a
      hermetically sealed housing, and the source is particularly suitable for
      use in a high vacuum chamber.
PAR  It is apparent from the foregoing that a new and improved vapor source has
      been provided. While only the presently preferred embodiment has been
      described, as will be apparent to those familiar with the art, certain
      changes and modifications can be made without departing from the scope of
      the invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an induction heated source for vaporizing a material:
PA1  A. a base;
PA1  B. a helically wound work coil surmounted on the base and comprising a
      plurality of closely spaced windings of a generally flat, solid electrical
      conductor oriented with its flat surfaces facing axially of the coil;
PA1  C. a housing having radially spaced apart inner and outer side walls
      disposed coaxially of the coil, said housing and coil forming an inner
      chamber between the inner periphery of the coil and the inner wall of the
      housing and an outer chamber between the outer periphery and the outer
      wall of the housing;
PA1  D. means for supporting the material to be vaporized in a predetermined
      position in the region defined by the inner wall of the housing;
PA1  E. a flow inlet communicating with the inner chamber and adapted for
      connection to a source of liquid coolant;
PA1  F. means forming a spirally extending flow passageway between the inner and
      outer chambers at one end of the coil for carrying the coolant from the
      inner chamber to the outer chamber and imparting a swirling movement to
      the coolant; and
PA1  G. a flow outlet communicating with the outer chamber for passing the
      coolant from the chamber.
NUM  2.
PAR  2. The source of claim 1 wherein the means for supporting the material to
      be vaporized includes
PA1  A. a crucible for holding the material;
PA1  B. an axially movable pedestal having a platform on which the crucible
      rests and an axial stem depending from the platform;
PA1  C. a spacer disposed coaxially of the stem between the base and the
      platform for supporting the crucible and pedestal in a predetermined
      position.
NUM  3.
PAR  3. The source of claim 2 wherein the stem extends into the region of the
      base and the base has a cut-away portion permitting access to the lower
      portion of the stem for raising the pedestal and crucible from the
      predetermined axial position.
NUM  4.
PAR  4. The source of claim 2 further including a heat shield disposed between
      the crucible and the inner wall of the housing.
NUM  5.
PAR  5. The source of claim 1 wherein the flow inlet and outlet include
      electrically conductive members through which electrical connections are
      made to the coil.
NUM  6.
PAR  6. The source of claim 1 wherein first and second electrical connectors
      extend through the lower wall of the housing, the lower end of the coil is
      connected to the first connector, and a conductor extends helically in the
      outer chamber from the upper end of the coil to the second connector.
NUM  7.
PAR  7. In an induction heated source for vaporizing a material:
PA1  A. a base;
PA1  B. a housing mounted on the base having generally cylindrical inner and
      outer side walls disposed coaxially of a generally vertical axis and
      annular top and bottom walls extending between the side walls to form a
      hermetically sealed chamber;
PA1  C. an electrically energizable work coil wound about the generally vertical
      axis and disposed between the side walls of the housing, said coil
      comprising a plurality of closely spaced windings of a generally flat,
      solid conductor oriented with the flat surfaces of the conductor facing
      axially;
PA1  D. a crucible disposed coaxially of the coil and within the inner wall of
      the housing for holding the material to be vaporized;
PA1  E. an axially movable pedestal supporting the crucible;
PA1  F. means for holding the platform and crucible in a predetermined axial
      position;
PA1  G. fluid inlet and outlet means communicating with the chamber for
      circulating a cooling medium about the coil, said fluid inlet means
      communicating with the chamber in a first region between the coil and one
      of the side walls of the housing and said fluid outlet means communicating
      with the chamber in a second region between the coil and the other side
      wall; and
PA1  H. means forming a spirally extending flow passageway at one end of the
      coil for carrying the cooling medium between the first and second regions.
NUM  8.
PAR  8. The source of claim 7 further including a heat shield disposed between
      the crucible and the inner wall of the housing.
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ABST
PAL  Apparatus comprising a rotary supporting table for moving circumaxial
      series of work holders in a predetermined circular path. Each work holder
      comprises an upright pin adapted to receive on and about itself a coil
      spring and a base member. The base member takes the form of an
      electrically conductive electrode part. At a loading station, springs are
      deposited successively on the pins and the table is indexed to move the
      pins and springs to a stress relieving station. Prior to the stress
      relieving station, a rotary brush engages the springs and indexes them
      about their pins to bring an end surface of an end coil into engagement
      with a small vertical abutment on the base member. The base members have
      inclined seating surfaces for the side surfaces of the end coils of the
      springs. At the stress relieving station, an upper electrode is moved into
      engagement with an upper-most coil of the spring to set the spring
      slightly and a second part of a lower electrode is moved into engagement
      with the electrically conductive base member or first electrode part. The
      spring is then resistance heated for stress relief and thereafter passes
      through a cooling tunnel having an air blower associated therewith. At a
      spring setting station, a vertically reciprocable ram engages each spring
      at an upper portion and compresses the spring about its supporting pin
      whereby to set the same. An unloading device is provided at an unloading
      station and comprises a caliper type spring gripping device which is
      slidable vertically and swingable horizontally through approximately
      90.degree.. The gripping device engages a spring and lifts the same from
      its supporting pin to thereupon swing it horizontally for discharge into
      an appropriate discharge chute.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various stress relieving techniques have been employed in the past and
      stress relief of springs has been accomplished through electrical
      resistance heating. In the latter instance, the springs have been relieved
      while still attached to a spring coiler and prior to cut-off operation.
      That is, an electrode is engaged with a forward end coil of a spring and
      part of the spring coiler is employed as an opposite electrode. Such
      devices have not been wholly satisfactory in production operations.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide a stress
      relieving apparatus adapted for continuous and automatic operation and
      which is particularly suited to use in conjunction with a spring coiler to
      effect a continuous and integrated spring making process.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic perspective view of the stress relieving
      apparatus of the present invention employed with a spring coiling machine.
PAR  FIG. 2 is a plan view of the stress relieving apparatus.
PAR  FIG. 3 is an enlarged vertical section taken generally as indicated at 3--3
      in FIG. 2 and illustrating a stress relieving station.
PAR  FIG. 4 is an enlarged vertical sectional view taken generally as indicated
      at 4--4 in FIG. 2 and illustrating a spring setting station.
PAR  FIG. 5 is an enlarged vertical sectional view taken generally as indicated
      at 5--5 in FIG. 2 and illustrating a spring unloading device.
PAR  FIG. 6 is a view of a sleeve forming a part of the unloading device of FIG.
      5.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring particularly to FIG. 1, it will be observed that a spring coiler
      is indicated generally at 10 in association with the stress relieving
      apparatus of the present invention indicated generally at 12. A delivery
      chute 14 extends from the spring coiler 10 and has a small flapper member
      16 at a lower or delivery end thereof. The flapper 16 is operated by a
      fluid cylinder 18 successively to deliver springs from the coiler to the
      apparatus of the present invention at a loading station A, FIG. 2. A
      stress relieving station is provided at B, FIGS. 1 and 2, and a spring
      setting station at C. At D, an unloading station is provided and it will
      be apparent that all of said stations are positioned in a predetermined
      path of movement of a series of similar spring holders 20, 20. Said
      predetermined path of movement takes a circular form in accordance with
      the presently preferred practice and the holders 20, 20 are accordingly
      disposed atop a rotary supporting and indexing table 22. A first spring
      indexing means is provided at 24 in advance of the stress relieving
      station B and, preferably, a second spring indexing means is provided at
      26 in advance of the spring setting station C. In the embodiment of the
      invention shown, a cooling means 28 is provided between the stress
      relieving station B and the spring setting station C. A stress relieving
      device is indicated generally at 30 at the station B, a spring setting
      device at 32 at the station C, an unloading device 34 at the station D and
      a discharge chute 36 also at and extending from the station D.
PAR  Referring more particularly to FIG. 3, each of the holders 20, 20 comprises
      a base member 38 of electrically conductive material and which forms a
      part of a lower electrode and the stress relieving station B. Further, the
      holders comprise electrically nonconductive upright pins 40, 40 for
      receiving and supporting coil springs atop the base members 38, 38.
      Preferably, upper portions of the pins are cone-shaped to provide for ease
      of downward introduction of the coil springs thereto. As best illustrated
      at the left-hand base member 38 and in FIG. 3, an inclined seating surface
      42 is provided on each of the base members 38 for engagement with a side
      surface of a lower-most coil 44 of a coil spring mounted on and about the
      pin 40. Further, a small vertical abutment 46 is provided adjacent the
      inclined surface 42 for engagement with the end surface of said lower-most
      coil 44. As will be apparent, a spring such as the spring 48 in FIG. 3 may
      be rotatably indexed to bring the end surface of its lower-most coil into
      engagement with the vertical abutment 46 and to seat the side surface of
      the said coil on the inclined surface 42.
PAR  The spring indexing devices 24 and 26 may vary widely in form but
      preferably each of said devices comprises a rotary element engageable with
      and operable to rotate springs such as 48 on the pins 40, 40. As best
      illustrated in FIG. 3, said elements take the form of rotary brushes, one
      shown, supported for rotation on vertical axes and driven by electrical
      motors such as the motor 52. The brushes 50, 50 are appropriately
      positioned to engage springs 48, 48 on the pins 40, 40 and to rotate the
      same in the desired direction. Any dislodgement of springs 48, 48 in
      passage through the cooling means 28 will be attended to by the second
      indexing means 26.
PAR  With a spring properly positioned after indexing as illustrated in FIG. 3,
      its lower surface, the side surface of the lower-most coil 44 engages the
      electrically conductive base member 38 and an upper electrode 54 may be
      lowered into engagement with an upper-most coil 56 of the spring. The
      electrode 54 is mounted by a suitable bracket 58 on a slide 60 which is
      vertically reciprocable and which carries a lower auxiliary slide 62. A
      spring connection between the two slides is provided for at 64 in the form
      of an override spring seated at an upper end on the slide 60 and at a
      lower end on the auxiliary slide 62. The auxiliary slide 62 carries a
      second part 66 of a lower electrode which cooperates with the first part
      or base member 38 of the lower electrode. That is, the electrode 66 is
      movable horizontally into and out of engagement with the base members 38
      as they are indexed to the stress relieving station B. As will be
      apparent, downward movement of the slide 60 will bring the electrode 54
      into engagement with an upper coil 56 and the spring may be slightly set
      for good electrical contact. Thereafter, continued downward movement of
      the slide 60 will cause the auxiliary slide 62 to urge the electrode 66
      rightwardly under the influence of inclined complementary surfaces 68, 70
      on the slide and the electrode. Rightward movement of the electrode 66
      will bring the right-hand surface thereof into firm engagement with the
      base member 38 whereby to establish electrical contact. Electrical power
      and control means of a conventional type may be employed with the
      electrodes 54, 66 and 38, electrical connections being indicated
      schematically at 72 and 74. For an example, an appropriate transformer and
      a resistance welder-type controller may be utilized. When resistance
      heating and stress relief of the spring 48 is complete, the slide 60 is
      moved upwardly whereby to disengage the electrode 54 from the upper end
      coil 56 of the spring and the electrode 66 is withdrawn leftwardly by
      means of a pin slot device 76, 78.
PAR  Various conventional drive means may be employed for the slide 60, etc. and
      an illustrative means may comprise a cam 80 on a cam shaft 82 and having
      an associated follower 84 carried at an upper end portion of the slide 60.
      The cam shaft 82 is driven from a pulley 86 via a belt 88 and a second
      pulley 90. The pulley 90 is in turn rotatably driven by a shaft 92 which
      may extend from the spring coiler when the apparatus of the present
      invention is employed in direct association with such a coiler.
PAR  Gear means at 94, 96 and 98 also associated with the shaft 92 extend to a
      lower drive shaft 100 which in turn extends to a rotary indexing means 102
      for the aforementioned table 22. The rotary indexing means 102 may be a
      conventional commercially available unit.
PAR  As mentioned above, a cooling means may be provided for stress relieved
      springs and a preferred means 28 comprises a cooling tunnel which has an
      associated air blower indicated in broken line form at 104, air inlets
      106, 106, and a spring inlet end 108. The spring inlet end 108 is disposed
      adjacent the stress relieving station B and the tunnel is of arcuate
      configuration so as to provide for the passage of the springs therethrough
      in their arcuate path to the spring setting station C. In an illustrative
      example of stress relief and cooling, the springs leave the stress
      relieving station B in the neighborhood of 700.degree.F and exit from the
      cooling tunnel 28 in the neighborhood of 200.degree.F.
PAR  At the spring setting station C, a vertically reciprocable ram 110 is
      provided above a spring 48 disposed on and about a pin 40 atop a base
      member 38. The ram 110 has an associated override spring 112 and a drive
      rod 114 fixed in a slide 116 in turn vertically movable in upper and lower
      guideways 118, 120. The slide 116 is driven from a suitable cam 122 having
      a follower 124 at the left-hand end of an oscillable arm 126 in turn
      pivotally connected at a right-hand end 128 with the slide 116. The cam
      122 may be mounted on the aforementioned cam shaft 82.
PAR  Referring again to the ram 110, it will be observed that the said ram is of
      tubular construction with a hollow interior at 130. Thus, in its downward
      travel the ram is adapted to slide about the pin 40 whereby to compress
      and to set the spring 48. Further, an inclined lower surface 132 is
      preferably provided for conformity with an upper or side surface of an
      upper-most spring coil 56.
PAR  When a spring has been set at the station C, counterclockwise movement of
      the table 22, FIG. 2, carries the same to the unloading station D
      mentioned above. In accordance with the invention, an unloading device at
      the station D comprises a spring gripping device indicated generally at
      134 and which preferably takes the form of a scissors-like device having
      lower gripping members 136 and upper operating members 138 connected about
      a pivot point 140. A small air cylinder 142 is operatively associated with
      the members 138, 138 to move the gripping members 136, 136 into and out of
      engagement with a spring therebeneath. A member 144 carrying the gripping
      device 134 is adapted for vertical reciprocable movement and for swinging
      movement in a horizontal plane about an angle of approximately 90.degree.
      from the full line position shown in FIG. 2 to an unloading position above
      a discharge chute 146, FIG. 2. Supporting linkage 148 for the member 144
      is mounted on a slide rod 150 which is rotatable through an angle of
      90.degree. and which is vertically slidable at the urging of a piston rod
      152 connected thereto by a linkage 154. The piston rod 152 is operated by
      a fluid cylinder 156 and a guide rod 158 carries the linkage 154 for
      vertical movement. Thus, it will be apparent that the cylinder 156 may be
      operated to urge the rod 152 upwardly and to carry the rod 150, the member
      144 and the spring gripping device 134 upwardly. As the rod 150 moves
      upwardly, a small pin 160 mounted thereon travels along a slot 162 in a
      sleeve 164 about the rod. As will be apparent in a comparison of FIGS. 5
      and 6, the slot 162 extends vertically upwardly but at an upper end
      portion turns arcuately through approximately 90.degree.. Thus, as the rod
      moves upwardly, it is rotated through 90.degree. whereby to swing the
      member 144 and the gripping device 134 to a position above the discharge
      chute 146. Subsequent operation of the small cylinder 142 releasing a
      spring 44 to the discharge chute completes the operation of the apparatus
      of the present invention.
PAR  From the foregoing, it will be apparent that a desirably simple and yet
      efficient spring stress relieving apparatus has been provided. The
      apparatus may be rendered wholly automatic through the provision of
      conventional limit switches, controls, etc. and a continuous and
      integrated manufacturing operation from the coil of spring wire, through a
      spring coiler, and including stress relieving and setting can be provided
      for.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for stress relieving springs and the like comprising a loading
      station, a device for delivering springs in succession to said loading
      station, a series of similar spring holders movable in a predetermined
      horizontal path which includes said loading station, each of said spring
      holders taking the form of an upright pin on and about which a coil spring
      may be deposited by said delivery means, and each of said holders also
      comprising an electrically conductive base member upon which a lower end
      portion of a coil spring rests when the spring is deposited on the pin,
      each said base member having an inclined seating surface and an associated
      short vertical abutment surface adjacent the lower end of the associated
      upright pin, said inclined surface being engageable with a side surface of
      a lower-most end coil of a spring supported on the pin, and said abutment
      surface being engageable with an end surface of such a coil, means for
      intermittently moving said holders along said path so that springs are
      successively deposited on said upright pins of said holders at said
      loading station, a stress relieving station in said predetermined path of
      movement, a spring indexiing device adjacent said predetermined path of
      movement between said loading and stress relieving stations, said device
      comprising an element engageable with and operable frictionally to rotate
      springs on said upright pins as they pass said device, the direction of
      rotation being such as to seat each spring with the side surface of the
      lower-most end coil in engagement with said inclined seating surface on
      said base member and with the end surface of said coil in engagement with
      the vertical abutment surface on said member, a pair of electrodes at said
      stress relieving station one of which comprises a spring holder base
      member at the station and both of which are engageable with a spring
      supported by a holder at the station, electrical power supply and control
      means connected with said electrodes and operable to effect resistance
      heating and thus to stress relieve a spring engaged by the electrodes, an
      unloading station in said predetermined path of movement, and a spring
      unloading device engageable with springs at said station and operable
      successively to remove the same from said holders.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 and including spring cooling means
      operable subsequent to said stress relieving operation and prior to
      unloading of the springs.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said cooling means comprises
      an air moving device and a communicating cooling tunnel arranged in said
      predetermined path of movement and having an entrance end downstream in
      said path from said stress relieving station for passage of holders and
      springs therethrough.
NUM  4.
PAR  4. Apparatus as set forth in claim 1 and including a spring setting device
      at a spring setting station in said predetermined path of movement, said
      device comprising a ram movable toward and away from a spring on a holder
      at said station, said ram being engageable with a spring in its movement
      toward the spring and operable to compress and set the same.
NUM  5.
PAR  5. Apparatus as set forth in claim 1 wherein said spring rotating element
      takes the form of a vertically mounted rotary brush engageable along a
      side surface of a spring and operable frictionally to rotate the same as
      aforesaid.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein a spring setting device is
      provided at a spring setting station in said predetermined path of
      movement, said device comprising a vertically reciprocable ram disposed
      above and movable downwardly into engagement with a spring on a pin at
      said station, said ram being tubular in form to slide downwardly about an
      upper portion of said pin to compress and set said spring.
NUM  7.
PAR  7. Apparatus as set forth in claim 6 wherein said unloading device
      comprises a spring gripping device movable into and out of engagement with
      a spring at said unloading station and operable to lift a spring from its
      pin and thus to discharge the same.
NUM  8.
PAR  8. Apparatus as set forth in claim 7 wherein said unloading device
      comprises a vertically slidable member carrying said spring gripping
      device and which is rotatable through an angle of approximately 90.degree.
      to and from a position above the spring and pin, and wherein said rotation
      is provided for by a rotatable slide rod supporting said member and a pin
      and arcuate slot means for rotating said rod.
NUM  9.
PAR  9. Apparatus as set forth in claim 8 wherein a sleeve is provided about
      said slide rod and includes said arcuate slot, said rod being provided
      with a cooperating pin.
NUM  10.
PAR  10. Apparatus as set forth in claim 9 wherein said predetermined path of
      movement takes a circular form, and wherein a rotary table supports said
      base members and upright pins in a circumaxially spaced series.
NUM  11.
PAR  11. Apparatus as set forth in claim 1 wherein said pair of electrodes at
      said stress relieving station comprises a vertically slidable upper
      electrode engageable with an upper-most coil of a spring disposed on a pin
      therebeneath, and a two-part lower electrode, said electrically conductive
      base member forming one part thereof as aforesaid and a second part
      comprising a horizontally movable electrically conductive member
      electrically engageable with said one part when said upper electrode
      engages a spring.
NUM  12.
PAR  12. Apparatus as set forth in claim 11 wherein said upper electrode is
      carried on a vertically reciprocable slide and said second part of said
      lower electrode is carried on an auxiliary vertical slide supported
      beneath and operable with said vertically reciprocable slide, said two
      slides being spring connected and said auxiliary slide being operable in
      downward movement to urge said second part of said lower electrode into
      electrical engagement with said first part as aforesaid.
NUM  13.
PAR  13. Apparatus as set forth in claim 12 wherein said second part of said
      lower electrode and said auxiliary slide have complimentary surfaces
      inclined from the vertical and operable to move said part into engagement
      with said first electrode part on downward slide movement, said slide and
      second electrode part also having a pin-slot connection for horizontal
      retraction of the part on upward slide movement.
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ABST
PAL  Automatic fixed position pipe welding is carried out by gas-shielded
      electric arc welding with a novel flux-cored electrode wire having a
      low-carbon sheel sheath containing a core filling of, by weight, 16-17
      percent ferro manganese, 10-11 percent ferro silicon, 1-4 percent
      manganous oxide, 1/2-1 percent potassium aluminum fluoride, and the
      balance rutile. The wire exterior is shiny and metallic-appearing, and the
      wire is configured to have folded-in edges.
BSUM
PAR  This application is related to our concurrently-filed copending
      application, Ser. No. 514,195, which latter is a continuation-in-part of
      an earlier-filed copending application, Ser. No. 250,240, filed May 4,
      1972 (now abandoned), which in turn is a continuation-in-part of a still
      earlier patent application, Ser. No. 53,016, filed July 7, 1970 (now
      abandoned).
PAR  This invention relates to the automatic electric arc welding of
      fixed-position pipes using flux-cored wire electrodes.
PAR  Fluid-carrying pipelines are often constructed by arc welding together
      strings of pipe sections directly at the installation site. Automatic
      welding is advantageously applied when the pipe sections can be rotated
      past stationary electode holders, but when the pipe confurations due to
      size or complexity do not make this practical or possible efforts have
      been expended to develop suitable automatic welding apparatus wherein the
      pipe sections or workpieces can be maintained in fixed-position, while a
      mechanism moves the electrode holder or holders around the circumference
      of the annular joint. Such mechanisms are known in which plural electrode
      holders encircle the fixed joint depositing weld metal in the joint in one
      or more passes. In some instances, the electrode holders are made to
      travel in opposite directions to deposit weld metal over equal or unequal
      arc segments of the circular joint dependent upon the particular apparatus
      design. No matter what the design, throughout a large part of the circular
      path so-called out-of-position welding is employed, i.e., the weld puddle
      is in a vertical or overhead position with regard to the electrode, rather
      than in the simpler flat or horizontal position. To effectuate sound
      out-of-position welds requires careful control of the weld puddle fluidity
      and fast freezing to avoid puddle drip or loss. The situation is
      aggravated by the fact that the preferred technique, to save time, is to
      use the same electrode for the entire circumferential weld. This requires
      an electrode construction capable of making satisfactory welds in all
      positions, that is, flat, horizontal, vertical and overhead. Moreover, to
      simplify the apparatus, it is desirable that it not be necessary to alter
      the welding conditions, such as electrode-workpiece spacing, voltage,
      current, shielding gas flow rate, electrode feed rate through the holder,
      or electrode travel speed around the workpiece, during the time the
      elelectrode or electrodes traverse or encircle the fixed joint. This
      places additional severe requirements on an appropriate wire electrode
      construction capable of satisfactory performance under such a variety of
      welding conditions.
PAR  A further complication is present in those instances where the pipes are to
      be installed in locations where they will be subjected to subzero
      temperature environments. The welded joints of pipes in this severe
      environment must satisfy requirements not only of good tensile strength
      but also of high notch toughness (ability to withstand impacts at a
      stress-concentrating notched section, usually measured by Charpy V Notch
      Values [CPV] in a standard test at various temperatures).
PAR  Our invention is a flux-cored electrode wire that has proved itself
      unusually well suited for use in automatic welding of fixed-position pipe
      sections wherein the electode holder or holders traverse part or all of a
      circumferential path involving horizontal, vertical and overhead
      positioning of the weld puddle without altering the welding conditions
      during the traverse and capable of producing sound, reliable welds
      characterized by good tensile strength and high notch toughness at subzero
      temperatures. In accordance with our invention, the flux-cored electrode
      wire comprises a steel sheath of low carbon content which contains within
      its core a novel fluxing and alloying welding mixture comprising a low
      content of deoxidizing, steel hardening agents, a small critical amount of
      a fluoride, a small critical amount of manganous oxide, and a high content
      of rutile. More specifically, the novel welding mixture comprises, by
      weight of the mixture, 16-17 percent of ferro manganese, 10-11 percent of
      ferro silicon, 1-4 percent of manganous oxide, 1/2-1 percent of a fluoride
      added as potassium aluminum fluoride, and the balance rutile. The core
      mixture constitutes 14-17 percent by weight of the completed electrode
      wire. Our novel electrode wire is intended for welding mild and low alloy
      steels in a gas-shielded arc welding process, that is, under the
      protection of a conventional shielding gas, such as CO.sub.2, a, CO.sub.2
      +A mixtures, and He, with CO.sub.2 +A preferred as the shielding gas.
PAR  In accordance with a further feature of our invention, the welding mixture
      is incorporated in a sheath having a configuration in which the sheath
      edges at the seam are folded inward to contact one another over extended
      outer surface portions of the sheath edges, and the sheath exterior
      surface is characterized by a shiny and metallic appearance due to the
      absence of baking following the final drawing operation through lubricated
      dies.
PAR  We do not fully understand the unique coaction that is present between the
      various substances present in our completed electrode wire, but we believe
      the following explanation, which is not intended to be limiting, may
      account for the unusually good performance of our novel flux-cored
      electrode in automatic fixed-position pipe welding by gas-shielded
      electric arc welding.
PAR  In the manufacture of conventional flux-cored welding wire, it is known to
      introduce the flux and alloying ingredients or welding mixture within the
      core of a hollow steel sheath, and draw down the sheath to a small
      diameter by pulling same through lubricated drawing dies. To remove
      drawing compound residues on the completed wire, and to remove any
      entrained moisture, it is conventional to bake the completed wire. A
      typical baking cycle is 4 hours at 600.degree.F. The appearance of the
      wire, which is shiny and metallic prior to baking, changes to a
      characteristic dull, dark look indicative of the presence of a thin oxide
      coating on the steel sheath. This oxide coating interferes with
      establishing a good, solid electrical connection from the holder to the
      wire electrode during continuous feeding of the wire electrode in
      automatic welding. The drawing operation cannot be avoided, because it is
      essential for automatic welding, especially allposition automatic welding,
      that the wire electrode exhibit high uniformity, dense packing of the core
      material, and be free of voids, in the absence of which it will not be
      possible to establish a smooth continuous flow of current and uniformity
      of deposition rate and efficiency, essential requisites for automatic
      welding. These considerations accent the need for multiple drawing
      operations to ensure a dense, uniform, thorough packing of the core
      mixture.
PAR  Thus, the completed wire electrode that emerges from the final drawing
      stage will have on its surface drawing compound residues and exhibit a
      shiny, smooth, metallic appearance. Contrary to the earlier practice, we
      do not bake the wire to remove the drawing compound residues and any
      moisture present, because of the inevitable thin oxide coat that results.
      With our unbaked wire in the as-drawn condition, we find continuous
      electrical conductivity from the holder contact tip to the electrode
      surface is established even as the wire is continuously fed through the
      electrode holder providing a smooth continuous flow of current from the
      contact tip to the wire surface to initiate and maintain continuous
      welding. However, these drawing compound residues present on the wire can
      interfere with obtaining a sound weldment. It is our belief that the small
      amount of fluoride present as well as the manganous oxide in the ranges
      indicated above prevent any detrimental effects of these drawing compound
      residues.
PAR  To achieve good tensile strength and high notch toughness at subzero
      temperatures, we use a sheath steel whose carbon content is maintained
      low, below 0.1 percent. In addition, we also maintain the content of the
      ferro manganese and ferro silicon relatively low. The ferro manganese and
      ferro silicon are well known deoxidizers, but also act as alloying,
      hardening agents for the weld. Keeping the latter content low, however,
      increases the possibility of insufficient deoxidizing action, with the
      result of unsound, porous weldments. We believe that the high rutile
      content which is the primary slag-former, the manganous oxide, and the
      fluoride, which may function as a super-deoxidizer, all contribute to
      keeping oxygen out of the weld puddle or tying it up before it can combine
      with the carbon present to generate gas. Moreover, it is essential that
      the welding be carried out under the protection of a conventional
      shielding gas, such as carbon dioxide.
PAR  Still further, for out-of-position welding, where low puddle fluidity and
      fast-freezing is essential, it is essential that the fluoride content be
      maintained small within the range of 1/2-1percent. In this case, we prefer
      to use as our fluoride, potassium aluminum fluoride. As a result of the
      foregoing, we find that welds made with our electrode wire exhibit very
      high notch toughness at subzero temperatures, while retaining satisfactory
      tensile strength.
DRWD
PAR  The following examples are illustrative of our invention but not limiting
      thereof, reference being made to the accompanying drawing wherein:
PAR  FIG. 1 schematically illustrates one method of making a flux-cored
      electrode wire in accordance with our invention;
PAR  FIG. 2 is a schematic, side view of the sheath at the flux mixture filling
      state,
PAR  FIG. 3 is a cross-sectional view of the completed electrode wire of our
      invention.
PAR  To make up the welding mixture, the starting ingredients (rutile, ferro
      manganese, fero silicon, manganous oxide, and the fluoride) in the
      proportions desired (examples given in the table following below) are
      ground, screened to a mesh size between 50-325 mesh, and thoroughly mixed.
      The wire sheathing, obtained in strip form, is of plain carbon steel. A
      preferred composition is AISI 1008 (whose maximum carbon content is 0.10
      percent) though other low carbon types such as AISI 1010 (max. carbon
      content 0.13 percent), AISI 1006 (max. carbon content 0.08 percent, and
      AISI 1005 (max. carbon content 0.06 percent) are suitable. Either rimmed
      or killed steel can be used, but we prefer rimmed steel as it appears to
      give better results, and is also less expensive. The strip, designated 1
      in FIG. 1, is initially passed through contour-forming dies 2 to form a
      generally U-shaped configuration or trough 3, into which the dry
      finely-powdered welding mixture (no binder is used) is introduced in
      measured amounts to constitute 14-17 percent by weight of the completed
      electrode.
PAR  The introduction stage is shown at 4 in FIG. 1, and in more detail in a
      schematic side view in FIG. 2. The finely-powdered welding mixture 5 is
      provided in a hopper 6 from which it is dispensed onto the top surface of
      a continuous moving belt 7 which carries the powdered mixture over and
      into the open ends of the sheath trough 3. The belt speed and hopper
      dispensing rate, together with the strip 1 feed rate, are readily
      controlled to provide a uniform filling of the strip trough within the
      weight percentages desired. The open end of the U-strip is then closed
      tight by forming dies, as shown at 8, to form a sheath configuration 9 in
      which the edges rather than just abut are folded inward to contact one
      another over extended areas of the outer edge surfaces to make for a
      tighter seam with less risk of drawing compound entrapment (since no
      baking step is used to remove any entrapped compound or moisture), and to
      improve the electrical contact and uniformity of current distribution over
      the wire cross-section of the finished electrode. Though FIG. 3 is a
      cross-section of the finished electrode, it can also be regarded as a
      reasonably accurate view of the electrode wire cross-section at the
      completion of the filling operation and closing of the sheath prior to
      drawing, though of course the wire diameter at this stage, prior to
      drawing, is approximately three times larger than the finished wire
      diameter. Following the filling and closing operation, the flux-filled
      wire is drawn through a series of drawing dies to the finished wire
      diameter, conventional drawing compounds being used to lubricate the wire.
PAR  At 10 and 11 are shown two initial drawing stages comprising dies 12 before
      which is located a lubricant holder 13 which contains lubricant 14 through
      which the wire is drawn just before entering the dies 12. We prefer to use
      during the initial drawing stages where the major size reduction occurs
      standard dry stearate-type drawing compounds 14, which is basically fatty
      acids and their salts containing C, H and O. However, for the final
      drawing stage to finished wire diameter, shown schematically at 15, with
      die 16 and lubricant holder 17, we prefer to use a conventional,
      synthethic, water-base wax drawing compound 18 in a wet (paste) condition.
      We believe the latter removes some of the stearate residues from the
      earlier drawing stages, though both dry stearate and wax residues remain
      on the exterior surfaces of the finished wire. The resultant wire 19 is
      wound up into a continuous coil or onto spools 20 and sold to the user in
      the as-drawn condition without subsequent cleaning, polishing or baking
      steps, thus reducing the manufacturing cost considerably.
PAR  The cross-section of the finished wire 19 is depicted in FIG. 3. Reference
      numeral 21 designates the plain carbon sheath whose edges, designated 22,
      are folded in so as to contact one another over extended outer surface
      areas, shown at 23. The compacted welding mixture in the core is
      designated 24.
PAR  Weld tests were performed with 1/16 inch and 0.052 inch diameter wires of
      our invention at 220 and 180 Amperes, respectively, at 25-26 volts with a
      shielding gas coverage of 75 argon plus 25 carbon dioxide at 35-45 cfh. In
      Table I are reported results on depositing butt welds on ASTM A36
      structural steel with various surface conditions, such as "as received"
      from the mill, i.e., having mill scale surfaces. The table sets forth
      various flux compositions in weight percent of the welding mixture of the
      wire electrode.
TBL                TABLE I                                                     

     ______________________________________                                    

     Flux Example No. 1        2        3                                      

     ______________________________________                                    

     Ferro Manganese  17       16       17                                     

     Ferro Silicon    11       10       11                                     

     Rutile           69.25    71.5     67.5                                   

     Manganous oxide  2.0      2.0      4.0                                    

     Potassium aluminum                                                        

     Fluoride         0.75     0.5      0.5                                    

     Tensile Strength, psi                                                     

                      85,700   93,400   86,200                                 

     Yield Strength, psi                                                       

                      76,800   82,500   75,500                                 

     Elongation, %    28.5     25.5     28.5                                   

     CPV Toughness, Ft-lbs.                                                    

     at 0.degree. F   70.8     36.8     58.0                                   

     " -20.degree. F  55.7     26.3     38.8                                   

     " -50.degree. F  52                                                       

     ______________________________________                                    

PAR  In the examples of Table I, the core content ranged between 14-17 percent
      by weight of the electrode wire. In all instances it was found that the
      welds were sound, free of porosity, and exhibited excellent mechanical
      properties, especially high notch toughness at sub-zero temperatures.
      Moreover, the pipe welding which included an out-of-place welding
      operation was easy to carry out and involved fewer difficulties than when
      using the known flux compositions, especially in maintaining stability of
      the puddle and fast freezing thus avoiding puddle drip and loss.
PAR  summarizing, our novel electrode wire for the application described above
      offers the following advantages:
PAR  1. the shiny, metallic-appearing exterior surface of the wire permits good
      electrical contact to be maintained at all times,
PAR  2. the flux mixture non-hygroscopic, and whatever  drawing compound
      residues that remain prevent corrosion of the exterior surface, affording
      long shelf life,
PAR  3. the physical characteristics of the wire are outstanding, as the core
      material is densely packed, the mechanical confinement is excellent, and
      no flux voids are encountered, resulting in a smooth, continuous, and well
      distributed current flow at all times,
PAR  4. sound reproducible welds having excellent mechanical properties, such as
      good strength, high notch toughness at subzero temperatures, and good
      appearance are easily obtained,
PAR  5. fixed position pipe welding is readily accomplished to yield sound welds
      with good mechanical properties,
PAR  6. deposition rates and efficiency are high and the resultant slag is
      easily removed.
PAR  While our invention has been described in connection with specific
      embodiments thereof, those skilled in the art will recognize that various
      modifications are possible within the principles enunciated herein and
      thus the present invention is not to be limited to the specific
      embodiments disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flux-cored electrode wire for use in gas-shielded electric arc welding
      of fixed position pipes comprising a drawn steel sheath having a core and
      a welding mixture contained within the core and constituting 14 percent -
      17 percent by weight of the wire, said welding mixture consisting
      essentially of, by weight of said mixture, 16-17 percent ferro manganese,
      10-11 percent ferro silicon, 1-4 percent manganous oxide, 1/2-1 percent of
      potassium aluminum fluoride, and the balance rutile, the sheath exterior
      surface being shiny and metallic-appearing with unremoved drawing compound
      residues.
NUM  2.
PAR  2. A flux cored electrode wire as claimed in claim 1 wherein the steel
      sheath has a carbon content below 0.1 percent, and a configuration wherein
      the sheath edges are folded inward to contact each other over extended
      areas of their exterior surfaces.
NUM  3.
PAR  3. A flux-cored electrode wire as claimed in claim 2 wherein the welding
      mixture consists essentially of 17 percent ferro manganese, 11 percent
      ferro silicon, 2 percent manganous oxide, 0.75 percent of the fluoride,
      and the balance rutile.
NUM  4.
PAR  4. A flux-cored electrode wire as claimed in claim 2 in which the welding
      mixture consists essentially of 16 percent ferro manganese, 10 percent
      ferro silicon, 2 percent manganous oxide, 0.5 percent potassium aluminum
      fluoride, and the balance rutile.
NUM  5.
PAR  5. A method of fixed position welding of steel pipes by establishing an
      electric arc between the steel pipes and an electrode wire as claimed in
      claim 1 while passing a shielding gas around the arc.
NUM  6.
PAR  6. A flux-cored electrode wire for use in gas-shielded, automatic
      fixed-position pipe, electric-arc welding comprising a low carbon steel
      sheath having a core and a welding mixture contained in the core and
      constituting 14 percent - 17 percent by weight of the wire, said welding
      mixture consisting essentially, by weight of said mixture, of 16-17
      percent ferro manganese, 10-11 percent ferro silicon, 1-4 percent
      manganous oxide, 1/2-1 percent of potassium aluminum fluoride, and the
      balance rutile.
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ABST
PAL  An electromagnetic oven supplies differing quantities of electromagnetic
      heating energy to a variety of load items or the like all of which are
      located within the oven cavity. In one embodiment, a food bearing tray has
      a first region substantially shielded from the electromagnetic heating
      energy by means of a conductive shield which cooperates with a shaped
      interior wall of the oven to provide a desired nonuniform distribution of
      electromagnetic energy over those regions of the tray which are not
      shielded. A much higher energy concentration is developed, for example, at
      a region near a distended wall so that a food item located in that region
      is heated to a higher temperature than other food items upon the tray and
      in other regions.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of application Ser. No. 300,763
      filed Oct. 25, 1972.
BSUM
PAR  A control system designed for use with the present invention is disclosed
      in application Ser. No. 380,187 filed on the same day as the present
      application by the present applicants which issued on Dec. 10, 1974 as
      U.S. Pat. No. 3,854,022. A mechanical mechanism for controlling the
      operation of the shielding box is disclosed in an application of the
      present applicant and William E. Leyers application Ser. No. 380,188 filed
      on the same day as the present application which issued on Dec. 10, 1974
      as U.S. Pat. No. 3,854,021. The present application and all of the above
      applications are assigned to a common assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electromagnetic energy heating systems,
      and more particularly, to microwave systems which heat in a single
      operation a plurality of items not all of which are to be heated to the
      same temperature.
PAR  In institutions, such as hospitals, it is desirable to provide a means
      whereby a complete meal may be brought up to serving temperature in a
      single, quick operation. If this can be done, meals may be prepared in an
      assembly-line fashion on weekdays and during normal working hours. The
      meals may then be kept refrigerated until the time when they are to be
      served.
PAR  The temperature at which food items are to be served varies according to
      custom and taste but generally water for a hot beverage should be near its
      boiling point. A thick soup may be served at about 160.degree. F. whereas
      a thin soup or broth is perferably somewhat warmer, for example, at about
      170.degree. F. The temperature of an entree is controlled, to some extent,
      by its type since certain meats and vegetables do not tolerate heat as
      well as others. Potatoes and beef, for example, should be in a range of
      140.degree. F. to 160.degree. F., but chicken is satisfactory as warm as
      190.degree. F. A starch dish, such as potatoes, is preferably heated to
      about 170.degree. F.
PAR  In recent years, microwave ovens and other electromagnetic heating devices
      have come into widespread use for the quick cooking or reheating of food
      items. These ovens typically include a rectangular oven chamber having a
      door through which food items may be placed into the chamber for cooking
      or heating. Such ovens normally include a timer which may be set to
      control the length of the time during which electromagnetic energy is
      supplied to food items placed within the oven chamber. Such an oven is not
      normally suitable for heating a complete meal in a single operation
      because all of the food items present within such an oven are heated to
      about the same temperature.
PAR  Many attempts have been made to devise means whereby the amount of energy
      supplied to the various food items within the oven chamber may be
      controlled so that an entire meal can be brought to serving temperature in
      a single heating operation. The prior art is replete with various systems
      for achieving this end which involve either the shielding of food items
      from electromagnetic radiation or the incorporation into the food of some
      energy-absorbing item which subjects particular food items to additional
      heating. For example, Peter N. Stevenson discloses in his U.S. Pat. Nos.
      3,547,661 and 3,615,713 the technique of enclosing food items which are to
      be completely shielded from radiation in a conductive wrapper or the like
      and wrapping items which are to receive less heat in conductive wrappers
      containing perforations which allow greater or lesser amounts of energy to
      reach the various food items in accordance with their nature. This
      technique for controlling the heating of the various items is relatively
      expensive to implement, since it requires the various food items to be
      individually wrapped in a rather specialized manner or, alternatively,
      requires the provision of specially constructed metallic shields for the
      food trays which are to be heated. As another example, U.S. Pat. No.
      3,353,968 discloses a method of using dielectric material to supply more
      heating energy to certain items than to others. U.S. Pat. No. 3,302,632
      discloses a food tray having separate compartments for different food
      items under which compartments are buried metallic grids which reduce the
      amount of energy reaching the food items in the corresponding
      compartments. Numerous other such arrangements are known, but in general
      they all require the use of either a very special form of tray having
      shielding or energy concentrating elements embedded therein or else the
      selective wrapping and packaging of the food items which are to be placed
      upon the tray. All of these arrangements increase the cost of prepackaging
      meals and, consequently, are undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is therefore the achievement of
      an electromagnetic heating system which heats complete loads to desired
      temperatures and which supplies differing quantities of energy to load
      items located in different regions of the heating cavity. The distribution
      of energy within any given region is relatively uniform so that the
      positioning of load items within a region is not critical.
PAR  Another object of the present invention is the provision of an
      electromagnetic heating system which heats complete meals to serving
      temperature and which supplies differing quantities of energy to food
      items located in different regions of the heating cavity.
PAR  Another object of this invention is the provision of an apparatus for
      simultaneously heating, without individual shielding, a main food dish to
      a temperature from about 140.degree. to 170.degree. F. and beverage water
      to about 210.degree. F.
PAR  The invention includes a method for heating items with microwave energy in
      a cavity comprising the steps of locating the items in a predetermined
      array within the cavity, developing a non-uniform but predictable
      distribution of energy within the cavity, and heating the objects to a
      nonuniform temperature in accord with the selected energy distribution and
      object placement.
PAR  In one embodiment the invention includes a method of directing energy to a
      ferrite sensor and terminating the heating step after the ferrite sensor
      has reached a temperature above its Curie Point.
PAR  The oven comprises a microwave oven having electrically conductive walls
      defining a generally rectangular heating chamber into which microwave
      energy at 2,450 mH.sub.z is fed from a suitable microwave power source.
PAR  Food items are generally grouped into regions upon the tray in accordance
      with the quantity of energy they are to receive. Items which are to be
      served cold are preferably grouped together in a first region, and items
      which are to be heated moderately are grouped together in a second region.
      Items which are to be heated to the highest temperature are positioned in
      a third, preferably smaller region of the tray that is somewhat removed
      from the other two regions. Within each general region, the food items may
      be arbitrarily positioned to improve the asthetic appearance of the meal.
PAR  The first region is covered with an electrically conductive shield which
      cooperates with the electrically conductive oven floor to substantially
      prevent electromagentic radiation from reaching items in the first region.
      In one embodiment of the invention the floor of the shield comprises an
      electrically conductive lamination in the tray. In a preferred embodiment
      of the invention, the shield covers slightly less than half of the tray's
      surface area and is located over one corner of the tray.
PAR  The remaining non-shielded surface area of the tray is the L-shaped region
      which surrounds the shielded region. Items which are to moderately heated
      are placed upon a region of the tray which corresponds to the longer leg
      of the L-shaped region, and items which are to be subject to maximum
      heating are placed upon a region of the tray which occupies the shorter
      leg of the L-shaped region.
PAR  In order to supply more energy to those items located along the shorter leg
      of the L-shaped region, the internal geometry of the oven chamber is
      preferably modified from a generally rectangular cavity so as to create an
      energy focusing or concentrating effect at a selected region. The
      conductive oven wall adjacent this region is brought inwards more at the
      bottom of the oven than at the top and desirably is brought closer to the
      tray at the back of the tray than at the front to provide an extending
      edge.
PAR  In accordance with another aspect of the present invention it is
      contemplated that each tray has attached to it a sensor responsive to
      microwave energy. The energy sensor, in combination with other oven
      control system elements, adjusts the length of time that a meal is heated
      in accordance with the size and initial temperature of the meal. When used
      in the oven of this invention which has a nonuniform energy distribution,
      the amount of energy which the sensor receives may be adjusted by
      repositioning the sensor within the cavity to a region of higher or lower
      energy concentration.
PAR  It is contemplated that different configurations of regions upon a tray
      than those described may require different configurations of the oven
      interior so as to supply the desired amount of energy to the various food
      items. These and other modifications apparent to those skilled in the art
      are within the scope of the invention. Additional features, objects and
      advantages of the invention are presented in the detailed description
      which follows. The features of novelty which characterize the invention
      are pointed out with particularity in the claims annexed to and forming a
      part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, frequent references will be
      made to the drawings wherein:
PAR  FIG. 1 is a front perspective view of a microwave oven constructed in
      accordance with the teachings of the present invention;
PA1  Fig. 2 is an isometric view of a shield which is located to protect certain
      food items resting upon the tray shown in FIG. 3;
PAR  FIG. 2A is a front, elevational view of the shield shown in FIG. 2;
PAR  FIG. 3 is an isometric view of a tray for use in the oven shown in FIG. 1,
      additionally adapted to engage the shield shown in FIG. 2 and also to
      carry a ferrite oven control sensor;
PAR  FIG. 4 is an oblique view of a detector assembly.
PAR  FIG. 5 illustrates the relative positions of a magnet, a reed switch, and
      the tray-mounted ferrite sensor when a tray is placed within the oven
      shown in FIG. 1;
PAR  FIG. 6 illustrates a modified tray suitable for use in an oven similar to
      that shown in FIG. 1 which includes a shield that may be manually placed
      upon or removed from the tray;
PAR  FIG. 7 is an exploded view of a radiation opaque tray construction;
PAR  FIG. 8 is an exploded perspective view of a sensor assembly used with the
      tray shown in FIG. 7;
PAR  FIG. 9 is an enlarged fragmentary plan view of a metal grid used in the
      tray shown in FIG. 7;
PAR  FIG. 10 is an enlarged sectional view taken along the line 15--15 in FIG. 7
      assuming that the tray components are assembled;
PAR  FIGS. 11 and 12 illustrate the dimensions of the oven, shield, tray, and
      distended oven wall; and
PAR  FIG. 13 illustrates the dimensions of an insert which may be placed within
      a rectangular oven cavity to create a nonuniform energy distribution
      pattern.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the invention is a modified version of a
      conventional microwave oven. A suitable oven is a system 70/80 MenuManster
      oven sold by the Atherton Division of Litton Industries, Inc.,
      Minneapolis, Minnesota, but other conventional microwave ovens may also be
      used in constructing the invention.
PAR  Referring now to the drawings, therein is illustrated an oven 100 (FIG. 1)
      having electrically conductive walls to accept food items distributed over
      a tray as described below. The rear wall 101 of the oven has sockets 102
      and 104 between which extends a movable tongue 106. The floor 108 of the
      oven 100 is constructed from an electrically conductive non-magnetic
      material. The oven floor 108 and rear wall 101 cooperate with a shield 200
      (FIG. 2) to form a substantially closed, electrically conductive
      enclosure.
PAR  An angle 109 secured to the floor 108 and extending up and across the rear
      wall 101 acts as a guide for a tray 300 and aids in sealing the shield
      200.
PAR  The portion 110 of the oven wall is distended into the heating cavity or,
      alternatively, an insert illustrated in detail in FIGS. 11-13 may be
      placed within the oven cavity and secured in electrically conductive
      relation to the wall. This distended portion 110 covers about 50 percent
      of the surface area of the wall and comprises substantially planar
      sections. The distended portion 110 creates a non-uniform energy
      distribution pattern within the oven and, especially in cooperation with
      the shield 200 that is implaced on the tray 300 as is discussed below,
      creates a high energy concentration adjacent itself and the shield 200.
      Dotted lines at 924 and 926 indicate elements of the control mechanism
      which cooperate with a sensor that is carried by the tray 300 to control
      oven operation. Indicator lights 116, 118 and 119 disclose the condition
      of the oven operating sequence. Microwave energy is supplied by two
      magnetrons arranged to be operated singly or in unison.
PAR  FIG. 2 depicts the shield 200 which includes rearwardly extending fingers
      202 and 204 which engage the corresponding sokcets 102 and 104 on the rear
      wall 101 of the oven. A bracket 208 secures the shield to the tongue 106.
      A leaf spring 206 depends within the shield 200 and, in part, lowers the
      shield when a tray is in the oven. The shield 200 covers about 30 percent
      of the oven floor area and fills about 15 percent of the oven volume. The
      shield 200 is spaced from the distended portion 110 by a distance equal to
      about one wavelength.
PAR  The shield 200 has its lower edges 212 coated with an electrical insulator
      210, e.g., Teflon tape to prevent arcs from forming between the shield 200
      and the angle 109, the upstanding flanges 310 and 312 on the tray 300, or
      the strip 318 on the tray 300 (FIG. 3). The shield 200 is so arranged
      within the oven 100 that when lowered into position over a tray, it
      creates a region shielded from the electromagnetic radiation that is
      developed within the oven 100.
PAR  Portions of the shield corners 214 and 216 are provided with contours which
      compliment the edges of the tray against which it is located in the
      protecting position. In alternate embodiments, a plurality of leaf springs
      of similar configuration to the leaf spring 206 may assist in lowering the
      shield. The bracket 208 may be formed integrally with the top of the
      shield.
PAR  The tray 300, shown in a preferred embodiment in FIG. 3, has an upper side
      301 and edges 301A. An L-shaped conductive strip 318 on its upper side 301
      supports a pair of conductive, upstanding flanges 310 and 312 which in
      part define regions 302, 303, 304 and 306 within which load items may be
      placed. The strip 318 also provides coupling to the cavity floor for
      microwave energy. Since the flanges 310 and 312 engage the shield 200 on
      opposite surfaces, it is necessary to have the two flanges 310 and 312
      separated from one another by a notch 322.
PAR  The flanges 310 and 312 and the strip 318 have dimensions, including radii,
      which are selected to reduce field concentrations and to effect an
      electromagnetic energy seal with the floor of the oven and with the front
      and side walls of the shield 200. The body of the tray 300 is constructed
      from polyester fiber glass which has excellent mechanical strength but
      only fair dielectric properties. A barrier 319 serves to direct load items
      to locations where they will not interfere with the lowering of the shield
      200. In a preferred embodiment, a ferrite sensor 308 is cemented or
      otherwise attached to each tray 300 and is part of the oven control
      system. a cover 314 overlies the sensor 308 to provide mechanical
      protection in addition to regulating the amount of microwave energy which
      reaches the sensor 308.
PAR  FIG. 6 of the drawings illustrates another form of tray assembly indicated
      generally at 140 which may be used in an oven 100 that is not equipped
      with an automatically positionable shield 200. The tray assembly 140
      includes a tray base 142 made, for example, of a fiber glass material
      having a flanged edge portion 142A. Disposed within the flange edge
      portion 142A on the bottom wall of the tray base 142 is an preferred layer
      144 of electrically conductive material, such as aluminum, which renders
      the tray assembly 140 substantially opaque to radiation. Disposed on the
      wall or layer 144 is a base or frame 146 of electrically conducting
      material such as aluminum angle which locates and positions on the tray
      140 a removable cover or enclosure 148 that is also made of electrically
      conductive material such as aluminum. As in the case of the tray 300,
      those items that are not to be heated are disposed in random positions
      within the base 146, and the cover or enclosure 148 is then disposed on
      the base 142 in a position determined by engagement with the lower portion
      of the cover 148 nesting around the base 146. Since the tray 142 is made
      opaque to radiation by the layer or sheet 144, no significant radiation is
      received by those food items disposed within the cover 148. Electrical
      connection between the cover 148 and the base 146 prevents any arcing
      which may result in deterioration of the tray assembly 140. Alternatively,
      the edges of the cover 148 may be coated with an insulating layer such as
      that shown on the shield 200 in FIG. 2.
PAR  Mounted upon the tray 142 is an aluminum cup 150 in which is disposed a
      sensor assembly such as that illustrated in FIG. 8 and described
      hereafter. A conductive or dielectric tuning element 152 may be disposed
      in a desired position relative to the cup 150 to control the amount of
      radiation received by the sensor within the cup 150 so as to effect
      control over the heating and equalizing cycle to which the food components
      on the tray assembly 140 may be subjected. A plastic or transparent cup or
      glass holder 154 may also be mounted on the tray aligned with an opening
      156 in a control module cover 158 so that when the cover 158 is placed
      over the components 150, 152 and 154, the opening 156 is aligned with the
      holder 154. This permits a container of, for example, water or coffee to
      be positively located on the tray assembly 140. This is desirable when the
      cup of water is close enough to the cup 150 so as to affect the control
      action exerted by the sensor within the cup 150.
PAR  FIGS. 7 through 10 of the drawings illustrate an improved tray construction
      which is indicated generally as 160 and which can be used, for example, as
      a tray 300. The tray construction 160 is of a laminated construction
      including a tray base 162 formed, for example, of fiber glass having a
      dished or flanged and tapered outer edge 162A. Disposed on the bottom wall
      of the tray base 162 is an electrically conductive cup 166 open at its
      upper end for receiving the remaining components of a sensor assembly that
      is depicted in FIG. 8. A metal grid 164 can comprise, for example, an
      aluminum material having a thickness of around 0.02 inches. Superimposed
      upon the tray base 162 and the metal grid 164 is a tray cover 168 with a
      flanged and reentrant edge 168A for receiving the edge portion of the
      flange 162A on the tray base. The tray cover 168 also includes an opening
      170 aligned with and through which extends a sensor-receiving cup 166. The
      cover 168 can be formed, for example, of polystyrene. The components 162,
      164 and 168 are suitably secured together as by the use of adhesive
      material.
PAR  In the assembly of the tray 160, a glass fiber spacer 171 is placed in the
      bottom of the cup 166, which cup is electrically connected to the grid
      164. An annular ferrite body 172 is placed on the spacer 171, and another
      glass fiber spacer or washer 174 is placed on top of the annular ferrite
      body 172. An electrically insulating cover 176 is placed over the cup 166
      and secured thereto to complete the assembly of the sensor.
PAR  The fiber glass material of the base 162 provides mechanical stability and
      electrical insulation of the metal grid 164 from the metal oven deck. The
      metal grid 164 in turn provides a fixed ground plane for the disher and
      also for the metal cup 166 containing the ferrite body 172, which ground
      plane does not change spacing as the tray assembly 160 is warped or
      becomes bent. The polystyrene material of the tray cover 168 has
      sufficient dielectric strength and low loss to accomodate the high
      voltages experienced, particularly with metal food containers. This
      material prevents high currents and arcing problems which frequently are
      encountered when metal containers rest lightly upon a conducting surface.
      In addition, the flanged edge portions 162A, 168A of the tray assembly 160
      may be angled inwardly with the tray guide panels in the microwave oven
      angled accordingly to insure that the tray assembly can be inserted into
      the oven only with the particular orientation that places the ferrite body
      or sensor 172 in proper position relative to the oven control 920 shown in
      FIG. 4.
PAR  FIGS. 11, 12 and 13 set out the dimensions of the oven 100, the shield 200,
      the tray 300, and the distended portion 110 of the oven wall which, in a
      preferred embodiment of the invention, is formed by an insert placed into
      an otherwise rectangular oven cavity. This insert is preferably
      constructed from a material identical to that from which the oven walls
      are constructed and is desirably welded to the oven walls. Alternatively,
      the oven wall itself may be formed to the desired shape.
PAR  By way of example and not by way of limitation, the following dimensions
      are applicable to FIGS. 11, 12 and 13 and further describe the preferred
      embodiment of the invention. All dimensions given below are in inches. In
      those cases where the dimensions are not in precise accord with the
      figures as drawn, the dimensions are controlling. For example, the
      dimensions GG and HH indicate correctly that the edge of the distended
      portion 110 adjacent the tray is not precisely parallel to the side wall
      of the oven. In the figures, this edge is drawn parallel to the side wall
      of the oven. Slight deviations from the precise dimensions given below
      will not normally interfere with the functioning of the invention. It will
      be apparent to those skilled in the art that these dimensions may be
      modified without departing from the spirit of the invention.
TBL  ______________________________________                                    

     1.   Oven chamer                                                          

     A       --     24         (FIG. 11)                                       

     B       --     14         (FIG. 11)                                       

     C       --     10         (FIG. 12)                                       

     2.   Shield 200                                                           

     D       --     14-3/4     (FIG. 12)                                       

     E       --     4-1/8      (FIG. 12)                                       

     F       --     3-7/8      (FIG. 12)                                       

     W       --     7-7/8      (FIG. 11)                                       

     3.   Tray 300                                                             

     G       --     13-7/8     (FIG. 11)                                       

     H       --     17-7/8     (FIG. 11)                                       

     4.   Ferrite sensor 308 coordinates with re-                              

          spect to tray                                                        

     I       --     2-1/4      (FIG. 11)                                       

     J       --     3-1/4      (FIG. 11)                                       

     5.   Insertable distended portion 110 (FIG. 13)                           

     K       --     8-12       (Front view)                                    

     L       --     9-1/8      (Front view)                                    

     M       --     10-5/8     (Front view)                                    

     N       --     3/4        (Front view)                                    

     O       --     6          (Right-hand side view)                          

     P       --     6-5/16     (Right-hand side view)                          

     Q       --     3/4        (Right-hand side view)                          

     R       --     3-1/16     (Right-hand side view)                          

     S       --     3/4        (Right-hand side view)                          

     T       --     3/16       (Right-hand side view)                          

     U       --     3/4        (Right-hand side view)                          

     V       --     1/4 radius (Bottom view)                                   

     GG      --     3          (Bottom view)                                   

     HH      --     2-3/16     (Bottom view)                                   

     II      --     1-1/8      (Right-hand side view)                          

     6.   L-shaped strip 318 (FIG. 11)                                         

     X       --     1-1/4                                                      

     Y       --     7/8                                                        

     Z       --     3/8                                                        

     AA      --     1-1/4                                                      

     BB      --     1-1/4                                                      

     CC      --     1/2 radius                                                 

     DD      --     1 radius                                                   

     EE      --     1-1/4 radius                                               

     7.   Height of upstanding flanges 310, 312                                

          (FIG. 17)                                                            

     FF      --     11/16                                                      

     ______________________________________                                    

PAR  The ferrite sensor rests in an aluminum open-top cup 320 (FIG. 5) that is
      1-1/4 inch in diameter and 1/2 inch high having walls 0.01 inches thick.
PAR  The above dimensions have proved satisfactory in an oven that is supplied
      with microwave energy at a frequency of about 2,450 mH.sub.z from two
      magnetrons both of which feed energy down into the oven chamber from
      above.
PAR  FIGS. 4 and 5 of the drawings illustrate the structural details of the
      detector assembly which is indicated by elements 924 and 926 in FIG. 1 and
      which is identified generally as 920 in FIG. 4. The detector assembly 920
      includes a non-magnetic or brass supporting plate 922 secured to the
      underside of the oven's electrically conductive non-magnetic floor 966. A
      permanent magent 924 is carried by the supporting plate 922. Spaced
      laterally from the permanent magent 924 but within the influence of its
      magnetic field is a sealed-magnetic-reed-switch detector 926 of
      conventional construction. The detector 926 is a reed switch model
      MSRR-2-185 sold by Hamlin, Incorporated, of Lake Mills, Wisconsin (53551).
      This reed-switch detector rests on a plastic plate 928 which, in turn,
      rests on a magnetically premeable field-focusing plate or element 930. The
      plates 928 and 930 are suitably mounted on the supporting plate 922, and
      the reed switch detector 926 is electrically connected by wires (not
      shown) to an oven control circuit which is fully described in the
      concurrently-filed application of the present inventor that is cited at
      the beginning of this specification. The reed-switch detector 926 is
      disposed in position to be located beneath the ferrite sensor 308 which is
      carried by a tray 300 when such a tray is present within the oven cavity.
PAR  When the ferrite sensor is either absent or above its Curie Point, the
      permanent magnet 924 causes the contacts of the reed-switch detector 926
      to be closed. When, however, the cool ferrite sensor 308 is disposed in
      its proper position relative to the reed-switch detector 926 on insertion
      of a tray 300 into the oven cavity, the magnetic field of the permanent
      magnet 924 is sufficiently shunted and the reeds within the detector 926
      are moved to their normal spaced position.
PAR  According to this invention, the shield 200 creates a long channel around
      which food may be placed. The shield cooperates with the contours of the
      oven wall to concentrate energy within that channel and to produce regions
      within the oven into which items may be placed in accordance with their
      heating requirments. The resulting energy distribution pattern is
      surprisingly stable and is not particularly sensitive to the point at
      which energy is fed into the oven. The distribution is also relatively
      insensitive to the presence or absence of food items in the various
      regions. The oven 100 may thus be used to re-heat a wide variety of
      different food combinations.
PAR  The following experiments illustrate the characteristics of the microwave
      heating system of this invention. In a preliminary series of experiments
      it was empirically determined that in the presence of heating quantities
      of microwave energy, an entree was simulated by 5 ounces of salt water in
      a china dish and "soup" was simulated by 6.2 ounces of salt water in a
      bowl of foamed plastic; beverage water comprised 6.8 ounces of water which
      stood to a depth of 3 inches in a ceramic mug. On a tray as shown in FIG.
      3, the "entree" was placed in the heating zone 304 and the beverage in the
      region 306. After the tray and the "food items" were brought to a uniform
      temperature of about 70.degree. F., a shield was set over the region 303,
      the assembly was then placed into an oven of the typed illustrated in FIG.
      1, and both of the oven magnetrons were operated for a timed interval of
      30 seconds. The tray was withdrawn and the "entree" was found to have a
      temperature 170.degree. F. and the beverage a temperature of 190.degree.
      F. The experiment was repeated with "soup" in the heating region 304 and
      the beverage in the heating region 306. After 30 seconds of heating, the
      "soup" was found to have a temperature of 172.degree. F. and the beverage
      water was found to be 200.degree. F.
PAR  In a controlled experiment in which the tray and items were arranged as
      described above but the oven was not fitted with the distended wall
      portion 110, heating the "entree"-beverage pair developed a temperature of
      185.degree. F. in the entree and 170.degree. F. in the beverage. Thus, the
      "entree" was too hot and the beverage was too cool. The "soup"-beverage
      pair, when heated, resulted in a beverage temperature of 190.degree. F.
      and a "soup" temperature of 180.degree. F. These are not desirable
      relative temperatures for serving these foods.
PAR  In another experiment the "entree" and beverage were located as described
      above and placed into an oven having a distended wall portion 110 and a
      shield covering the region 303. Only one oven magnetron was operated for
      60 seconds. When the tray was removed from the oven, the temperature of
      "entree" was about 165.degree. F. and the beverage was about 200.degree.
      F. After the experiment was repeated with the "soup" and beverage present
      on the tray, the soup had a temperature of about 160.degree. F. and the
      beverage was at its boiling point.
PAR  The heating of the following meals further illustrates the apparatus and
      method of this invention.
PAR  The following items of prepared food and accessories were arranged on a
      tray of the type illustrated in FIG. 3. A single dish containing pot roast
      and gravy, mashed potatoes, and carrots was located in the region 302; a
      bowl of Scotts' broth was located in the region 304; and a mug of beverage
      water was located in the region 306 in the corner near the sensor. Within
      the region 303 defined by the flanges 310 and 312 were located a salad,
      iced tea, pie, metal tableware, a napkin, and packets of salt, pepper and
      sugar.
PAR  The tray carrying the food and the ferrite sensor 308 was stored at
      40.degree. F. After removal from the refrigerator, a moist wash cloth was
      placed on the tray adjacent to the beverage mug. The tray was inserted
      into the oven, a shield was positioned over the protected region 303 and
      the door was closed and the oven activated. The initial heating interval
      of 1 minute, 51 seconds was followed by an equalizing interval of 17
      seconds and a heating interval of 15 seconds, all of which intervals were
      controlled by the ferrite element and an associated oven control system.
      At the end of the second heating interval, the oven was opened, the tray
      was withdrawn, and the temperatures of the various food items were
      measured with a dial thermometer. The food in the entree dish was at about
      160.degree. F., the broth was at about 195.degree. F., the water was at
      about 210.degree. F., the wash cloth was at about 160.degree. F. The items
      within the shielded region 303 had not changed temperature noticeably.
PAR  Another meal was prepared for serving as follows. A single plate containing
      baked chicken, whipped potatoes and peas and pimento was located in the
      region 302 (FIG. 3), a bowl of Scotts' broth was located at about the
      middle of the tray in the region 304, and a cermic mug of water for a
      beverage was located in the region 306. The protected region 303 contained
      a salad, a roll, butter, metal tableware, condiments and napkin. The food,
      along with the tray and its sensor, were initially refrigerated to
      40.degree. F. After the tray was removed from the refrigerator, an
      insulated cup of ice cream was placed into the cold region 303. The tray
      and its contents were then inserted into the oven, a shield was lowered
      over the protected region 303, the oven door was closed, and the heating
      cycle was initiated. An initial heating interval of one minute, 45 seconds
      was followed by an equalizing interval of 21 seconds and a second heating
      interval of 15 seconds. The length of all these intervals were controlled
      by a ferrite sensor element that was also present on the tray. After the
      second heating interval, the oven door was opened, the tray was withdrawn,
      and the shield was removed. The baked chicken was at 190.degree. F., the
      whipped potatoes and vegetables were at 160.degree. F., the Scotts' broth
      was at 185.degree. F., and the beverage water was at 210.degree. F. The
      ice cream and the other items in the protected region were practically
      unchanged in temperature.
PAR  The ability of the present invention to achieve a non-uniform distribution
      of energy to heat complete meals in a single operation is advantageously
      combined with the ability of a ferrite sensor to automatically adjust the
      length of heating intervals to compensate for the number and type of food
      items that are present within the oven. The resultant combination is a
      fully automated heating system. A tray loaded with food items is placed
      into the oven, and the oven door is closed. When the items have been fully
      heated, the "serve" lamp 119 signals that the items may be removed from
      the oven. There is no need to set a timer or to compensate for the
      quantity or initial temperature of the items upon the tray. Items
      positioned in the heating regions 302, 304, and 306 each receive the
      desired amount of energy relative to the other items and to the sensor. In
      an institutional environment where a variety of differing meals are to be
      served, use of the present invention reduces the training needed by
      personnel for oven operation and eliminates the possibility of under-or
      overheating a meal.
PAR  The oven 100 and its various accessories are described above in conjunction
      with the heating of food. The same or a similar arrangement may be used to
      heat other types of loads. As an example, articles to be heated may
      comprise plastic, rubber or pharmaceutical items that are to be thawed or
      warmed and timer control or manual control may be substituted for the
      ferrite sensor disclosed herein.
PAR  Although the present invention has been described with reference to a
      number of illustrative embodiments thereof, it should be understood that
      numerous other modifications and embodiments may be devised by those
      skilled in the art that fall within the scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by letters Patent of the
      United States is:
NUM  1.
PAR  1. A system for selectively heating items in a microwave oven comprising:
PA1  a chamber having conductive walls and a conductive floor;
PA1  means for supplying microwave energy to the interior of said chamber;
PA1  a tray positioned within said chamber;
PA1  a shield located over a portion of said tray and cooperating with said
      conductive floor to shield a portion of said tray from microwave energy,
PA1  said shield defining an unshielded L-shaped area on said tray; and
PA1  an energy-focusing inwardly directed wall of said chamber which cooperates
      with said shield to define a channel having conductive walls, said channel
      being adjacent one branch of said unshielded L-shaped area on said tray,
      thereby to concentrate microwave energy in said one branch of said
      L-shaped area.
NUM  2.
PAR  2. The combination of claim 1, wherein said inwardly directed wall slopes
      downwardly to concentrate microwave energy in said one branch of said
      L-shaped area.
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PAL  A desirable relative positional relationship between an inductor and a
      workpiece to be heated is detected by an electrical circuit which is
      closed upon relative movement of the inductor and workpiece to the desired
      relative position. The detecting circuit includes a contact positioned
      relative to the inductor and engagable with the workpiece upon relative
      movement of the inductor and workpiece in one direction. Upon such
      engagement a circuit is completed to stop relative movement in the one
      direction.
BSUM
PAR  This application relates to the art of induction heating and, more
      particularly, to induction heating and quench hardening of metal members.
PAR  The present invention is particularly applicable to the induction heating
      and quench hardening of shafts or shaftlike members, such as axle shafts,
      and will be discussed in detail with regard thereto. However, it will be
      appreciated that the invention has broader applications and may be used
      for inductively heating other metal members.
PAR  It is well known to inductively heat and harden a workpiece such as an axle
      shaft by supporting the workpiece at its opposite ends and displacing the
      workpiece relative to an inductor to progressively heat the workpiece from
      one end thereof towards the other. In apparatus of the type to which the
      present invention is directed, the workpiece and inductor are supported
      for relative scanning displacement and, prior to energization of the
      inductor, the workpiece and inductor are relatively displaced along a
      linear path to a predetermined relative position in which induction
      heating is to be initiated. The inductor and workpiece are relatively
      displaced in one direction toward the predetermined position by a suitable
      drive motor, and when the position is reached the drive motor is
      de-energized. Generally, the motor is reversible and manual or automatic
      controls are provided to reverse the motor so that the inductor and
      workpiece are relatively displaced in the opposite direction.
      Simulataneously, the inductor is energized and the workpiece is
      progressively heated during the ensuing relative movement therebetween.
      The workpiece is rotated about its axis during the relative scanning
      displacement, and quenching liquid is sprayed onto the heated workpiece
      behind the inductor with respect to the direction of scanning movement.
PAR  Often, the axle rod or other workpiece has an outwardly extending flange at
      the end thereof at which induction heating is to be initiated. The flange
      has a surface facing the shaft portion, and a fillet area joins the flange
      surface and the shaft portion. In order to inductively heat and quench
      harden the fillet area and flange, it is necessary to induce current in
      the flange as well as the shaft portion. In order to make the induced
      current in the flange of an optimum value, it is necessary that the flange
      be accurately positioned closely adjacent to the inductor when induction
      heating is initiated.
PAR  Various systems and devices such as fixed stops, limit switches and
      pneumatic position detecting arrangements have been employed heretofore in
      an effort to achieve desired relative positioning between the workpiece
      and inductor in this respect. Such prior systems and devices have not
      performed satisfactorily in use and/or have not been capable of prolonged
      use under the extremely high temperatures to which they are exposed. In
      this respect, for example, limit switches and fixed stops are necessarily
      pre-positioned and are not capable during operation of the apparatus of
      compensating for either an error in the positioning thereof or variances
      from design parameters in the workpiece. With regard to the latter, the
      upper surface of the flange of the workpiece or the fillet area, often has
      a high point in the direction of the axle shaft. With a pre-positioned
      limit switch or fixed stop arrangement, the optimum position of the
      inductor to the flange cannot be obtained and often, the inductor actually
      contacts the high point and this, of course, is extremely undesirable. The
      same undesirable effects can and do also occur as a result of errors in
      initially positioning the stops and switches, or deviations from the
      initial positions resulting from repeated use.
PAR  Still further, prior systems such as the pneumatic position detector
      disclosed in U.S. Pat. No. 3,757,072 issued Sept. 4, 1973 are operable
      only to sense the spacing between the inductor and workpiece flange along
      a linear path intersecting the workpiece flange at a given point. Thus, if
      a high point on the flange is not in the path of air flow, the end result
      is the same regarding undesirable positioning and possible inductor
      contact with the workpiece. Accordingly, such prior art devices do not
      enable obtaining and/or maintaining an optimum positional relationship
      between inductor and workpiece. The end result is non-uniformity between
      treated workpieces, loss or workpieces, and loss of production rate
      resulting from down time required to maintain or replace components of the
      apparatus.
PAR  It accordingly becomes desirable not only to achieve accuracy with respect
      to a predetermined positional relationship between the inductor and
      workpiece prior to initiating the induction heating operation but also to
      assure repeated accurate positioning even if variations from design
      parameters exist in the workpiece. Moreover, it is desirable to provide
      for such positioning to be achieved in a manner which maximized the
      capability of detecting a high spot on the workpiece flange regardless of
      the location thereof circumferentially with respect to the workpiece axis.
      These advantages are achieved in accordance with the present invention.
      More particularly, in accordance with a preferred embodiment, a position
      detector arrangement is provided which includes an electrical contact
      positioned relative to the inductor for direct engagement with the
      workpiece flange upon relative displacement of the workpiece to the
      desired position relative to the inductor. Upon engagement of the contact
      with the workpiece a circuit is completed to stop the drive motor by which
      the workpiece support and inductor are relatively displaced. Thereafter,
      the drive motor is reversed and the inductor energized to achieve
      workpiece heating during relative displacement in the opposite direction.
PAR  By providing a contact arrangement of the foregoing character the motor
      control is directly responsive to engagement of the contact with the
      workpiece, and the contact can be accurately positioned relative to the
      inductor to assure de-energization of the motor to achieve precise
      inductor-workpiece positioning. Moreover, in the preferred arrangment the
      contact circumferentially engages the workpiece flange, thus to increase
      the capability of achieving proper inductor-workpiece positioning
      regardless of the specific location of a high spot circumferentially of
      the flange. In this respect, the preferred contact is a copper ring
      coaxial with and closely adjacent one end of an inductor coil and adapted
      to extend around the workpiece stem. The ring is circumferentially
      interrupted to prevent undesirable heating thereof by induced current
      therein, and the ring is positioned to engage the flange of the workpiece
      in or adjacent the fillet area between the stem and flange. Preferably,
      the contact ring is mounted on a quench ring coaxial with the inductor
      coil. The contact is axially displaceable relative to the quench ring and
      inductor upon engagement with the workpiece, preferably through a spring
      arrangement by which the contact ring is mounted on the quench ring.
PAR  It is an outstanding object of the present invention to provide an improved
      device for inductively heating workpieces.
PAR  Another object of the present invention is to provide apparatus of the
      foregoing character with an improved arrangement for sensing the
      positional relationship between relatively displaceable workpieces and
      inductor components.
PAR  A further object is the provision of improved apparatus for inductively
      heating a radially flanged workpiece and which includes a position sensing
      or detecting electrical contact arrangement which is effective
      circumferentially with respect to the flange and workpiece axis.
PAR  Yet another object is the provision of apparatus of the foregoing character
      including a control circuit which closes upon engagement of an electrical
      contact with the workpiece to stop a drive motor by which the inductor and
      workpiece are relatively displayed into position for induction heating.
DRWD
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in conjunction with the description of
      a preferred embodiment of the invention illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is an elevation view induction heating apparatus having the position
      detecting arrangement of the present invention incorporated therein;
PAR  FIG. 2 is an enlarged detail elevation view of a portion of the apparatus
      illustrated in FIG. 1 and showing the inductor and control circuit contact
      in the positions thereof when the contact engages the workpiece; and,
PAR  FIG. 3 is a plan view of the contact ring looking in the direction of line
      3--3 in FIG. 2.
DETD
PAR  Referring now in greater detail to the drawings wherein the showings are
      for the purpose of illustrating a preferred embodiment of the invention
      only and not for the purpose of limiting the invention, FIG. 1 shows
      apparatus for inductively heating a workpiece A. In the embodiment shown,
      workpiece A is an axle shaft including an elongated generally cylindrical
      shaft portion 10 having a radially outward extending circular flange 12 at
      one end thereof. Flange 12 has a surface 14 facing shaft portion 10 and
      joined therewith by an axially concave fillet area 16. Flange 12 extends
      generally perpendicular to the longitudinal axis of shaft portion 10, and
      surface 14, fillet 16 and the outer surface of shaft portion 10 define the
      workpiece surfaces to be inductively heated and hardened.
PAR  Workpiece A is supported by a C-shaped support member B having a vertical
      leg 18, a horizontal leg 20 at the lower end of leg 18, and a horizontal
      leg 22 at the upper end of leg 18. Leg 20 supports a chuck C for rotation
      relative to support member B and, in this respect, the lower end of the
      chuck is mounted in a bearing 24 on leg 20. A motor D is mounted on the
      outer end of upper leg 22 and is provided with a driven centering spindle
      26 engaging the corresponding end of workpiece A. Chuck C is provided with
      a centering spindle 28 engaging the corresponding end of workpiece A.
      Motor D preferably is an electric motor and is adapted to be energized
      from a suitable power source, not shown, through a pair of leads 30 and 32
      and a relay switch 34, or other suitable control device, in one of the
      leads. It will be appreciated that energization of motor D causes
      workpiece A to rotate about its axis relative to support member B.
PAR  Vertical leg 18 of support member B is in the form of a rack provided with
      teeth 36, and support member B and thus workpiece A are adapted to be
      vertically reciprocated by means of a pinion 38 driven by a reversible
      electric motor E. Motor E is connected to a three-phase power supply, not
      shown, through leads 40, 42 and 44 and a motor control device F which is
      operable to selectively energize motor E for rotation of pinion 38 in
      opposite directions. Any suitable motor control device can be used for
      this purpose, such devices being well known and not forming a part of the
      present invention.
PAR  An inductor G is provided for inductively heating workpiece A. Inductor G
      may take many different forms and in the embodiment illustrated is a two
      turn tubular coil having an open center through which shaft portion 10 or
      workpiece A may extend. Inductor G is supported by mounting members H
      attached to a transformer I which is electrically connected to inductor G
      in a well known manner. Transformer I and thus inductor G are rigidly
      supported in a fixed position relative to workpiece support member B. As
      is well known, inductor G is comprised of tubular conductor material such
      as copper, and the opposite ends of the inductor are connected to a
      suitable source of cooling water, not shown, which is circulated through
      the inductor coil for cooling purposes.
PAR  In this embodiment shown, an annular tubular quenching conduit J surrounds
      workpiece A in coaxial relationship therewith. The quenching conduit
      surrounds inductor G so that the plane of the lower end of the conduit is
      slightly above the plane of the lower turn of the coil. It will be
      appreciated, however, that this positional relationship is not absolutely
      necessary. Quench conduit J is suitable supported in fixed relationship
      with respect to the inductor coil and includes a lower wall 45 which is
      apertured to direct cooling water downwardly and radially inwardly against
      workpiece A and beneath coil G. Conduit J is connected to a suitable
      source of water, not shown, by means of a water line 46 and a suitable
      solenoid operated flow control valve or the like 48.
PAR  In use of the apparatus as thus far described, workpiece support member B
      is moved to the position illustrated in FIG. 1 and a workpiece A is
      mounted on the support member as shown. Motor E is then energized through
      a suitable start switch or the like to displace support member B and
      workpiece A upwardly relative to inductor G and quench ring J to position
      flange 12 of the workpiece adjacent the inductor. As described more fully
      hereinafter, when the workpiece support member reaches a desired elevation
      relative to the inductor corresponding to the position of the components
      in which induction heating is to be initiated, motor E is stopped.
      Thereafter the motor is reversed through suitable controls to displace
      support member B and workpiece A downwardly. Simultaneously, inductor G
      and motor D are energized and induction heating proceeds. Upon sufficient
      displacement of flange 12 from inductor G, quenching liquid flows into the
      quench ring and is sprayed onto the heated workpiece to quench harden the
      workpiece.
PAR  In the embodiment shown, a limit switch 52 is supported adjacent leg 18 of
      support member B in a position to be engaged by a stop member 54 on leg 18
      when the support member reaches the position illustrated in FIG. 1
      designating the end of the induction heating and hardening operation.
      Switch 52 is operable through suitable control circuitry, not shown, to
      deenergize motors D and E, inductor G and quench ring control valve 48,
      and the quench hardened workpiece is then removed from the support member
      and another workpiece is mounted thereon for treatment in the foregoing
      member.
PAR  In accordance with the present invention, a unique arrangement is provided
      for the purpose of stopping workpiece support drive motor E when the
      flange of the workpiece reaches a predetermined position relative to the
      inductor at which induction heating is to be initiated. In the preferred
      embodiment, as best seen in FIGS. 2 and 3 of the drawing, the desired
      control is achieved by means of an electrically conductive contact member
      56 and an electrical control circuit K which includes contact 56. Contact
      56 is a ring of conductive material, preferably copper, having its
      opposite ends 60 and 62 circumferentially spaced apart for the purpose set
      forth hereinafter. Contact 56 closely surrounds shaft portion 10 of
      workpiece A in coaxial relationship therewith and is in the form of a flat
      plate of dished or conical configuration with respect to the axis of the
      opening therethrough. Preferably, the contact plate is of rectangular
      cross section, and the dished configuration provides for the wider
      dimensions of the plate to define top and bottom surfaces 64 and 66,
      respectively, and for the narrower dimensions to define radially inner and
      outer surfaces 68 and 70, respectively. The diameter of the opening
      through ring 56 and the dished configuration preferably provide for edge
      69 between surface 66 and 68 to engage the lowermost point of concave
      fillet area 16, as shown in FIG. 2, thus to position inductor G as close
      as possible to flange 12.
PAR  Contact ring 56 is supported relative to inductor G and in a position to
      engage fillet area 16 of the workpiece when the workpiece support member
      is displaced in the direction to move flange 12 toward the inductor. In
      the embodiment disclosed, contact ring 56 is disposed beneath inductor G
      and quench ring J is mounted on inner sidewall 71 of the quench ring by
      means of a plurality of springs 72 and corresponding rods 73 having upper
      ends connected to sidewall 71 such as by welding. The lower ends of the
      rods extend through openings in mounting flanges 74 on contact ring 56 and
      are threaded to receive nuts 75. Washers 76 are attached to rods 73, and
      springs 72 are disposed between flanges 74 and washers 76 to bias the
      contact plate axially downwardly with respect to quench ring J and thus
      with respect to inductor G. Thus, the contact ring is displaced axially
      upwardly relative to the inductor upon engagement of ring edge 69 with the
      workpiece. This enables relative movement between the inductor and contact
      ring and between the inductor and workpiece following de-energization of
      motor E, thus to provide for such movement caused by coasting of the motor
      to a complete stop. Ring 56 is spaced from inductor G a distance
      sufficient for such coasting movement to take place without contact
      between ring 56 and the inductor, and the threaded rod and nut arrangement
      provides for this distance to be adjustable. Springs 72, rods 73, flanges
      74, nuts 75 and washers 76 are of suitable non-magnetic material such as
      bronze.
PAR  As mentioned above, movement of workpiece support member B upwardly, as
      viewed in FIG. 1, results in engagement of contact ring edge 69 with the
      upper surface of fillet area 16 of workpiece flange 12. The annularity of
      edge 69 assures contact with the highest point of area 16 therebeneath
      should the fillet area be of non-uniform contour. Such engagement of the
      ring and workpiece denotes the predetermined relative location between the
      inductor and workpiece at which the induction heating and hardening
      operation is to be initiated, and electrical control circuit K functions
      upon engagement of contact ring 56 with the workpiece to at least
      de-energize workpiece support drive motor E and stop upward displacememt
      of the workpiece relative to inductor G. For purposes of illustration,
      control circuit K in the embodiment shown is operable to achieve certain
      control functions in addition to stopping motor E. In this respect,
      circuit K includes a first series circuit including a source of low
      voltage direct current designated B+, a relay switch 82 having a coil 84,
      a normally open switch 86, ring contact 56 described above, and a ground
      connection 88 to chuck C. Control circuit K further includes a second
      series circuit including a source of low voltage alternating current 90,
      switch contact 92 of relay switch 82, and a control device 94 producing an
      output signal or signals when energized by power source 90. If desired, an
      indicator light 96 can be included in the second series circuit to
      indicate circuit energization.
PAR  Switch 86 in the first series circuit is a normally open switch suitably
      supported in a fixed position relative to workpiece support member B and
      which serves the function set forth hereinafter. Switch 86 includes a
      suitable actuator 98 adapted to be engaged by a stop member 99 on chuck C
      prior to engagement of contact ring 56 with the workpiece so as to close
      the circuit between the contact ring and relay coil 84. Accordingly, when
      contact ring 56 engages fillet area 16 of flange 12, as illustrated in
      FIG. 2, a circuit is completed from the B+ source through coil 84, switch
      86, contact 56 and chuck C to ground 88, whereby relay coil 84 is
      energized. Relay switch 82 is normally open, and energization of coil 84
      closes the switch, whereby a circuit is completed through power source 90,
      switch contact 92, indicator light 96 and control device 94. Upon such
      energization, control device 94 produces an output signal or signals to
      control desired functions of the apparatus. Most importantly, as
      schematically illustrated in FIG. 1, control device 94 transmits a control
      signal through line 100 to motor control F, which signal actuates motor
      control F to de-energize electric motor E. After a brief pause, control F
      operates or is operated to reverse motor E.
PAR  In the embodiment shown, control device 94 also transmits a control signal
      through line 102 to motor control device 34 which controls energization of
      motor D, transmits a control signal through line 104 to achieve
      energization of inductor G, and transmits a control signal through line
      106 to flow control valve 48 which controls quenching liquid flow into
      quench ring J. It will be appreciated that the control functions following
      de-energization of motor E can be achieved other than through control
      device 94 and that in any event these control functions will be
      coordinated to provide for the controlled function to take place at the
      desired time with respect to energization of motor E to achieve movement
      of workpiece support B downwardly following engagement of contact 56 with
      the workpiece. In this respect, energization of inductor G and motor D are
      substantially simultaneous with energization of motor E in the reverse
      directon, and the flow of quench liquid is slightly delayed following
      movement of workpiece support B in the downward direction.
PAR  When workpiece support member B descends relative to inductor G, fillet
      area 16 of workpiece flange 12 moves out of engagement with contact 56.
      Further, switch actuator 98 disengages stop member 99, whereby switch 86
      opens. Upon disengagement between contact 56 and fillet area 16 relay coil
      84 is de-energized, switch 82 opens and the circuit through control device
      94 opens. The openings of switch 86 advantageously prevents any induced
      current from flowing into the first series circuit portion of the control
      circuit following displacement of the workpiece flange from contact ring
      56.
PAR  The circumferentially open structure of contact ring 56 advantageously
      avoids induction heating and consequent burn-out of the contact ring by
      the inductor. In this respect, inductor G will induce current flow in ring
      contact 56 along a path as indicated by arrows 108. Since ring 56 is
      circumferentially interrupted, the induced current flows in
      circumferentially opposite directions with respect to the contact ring and
      has a cancelling effect which minimizes heating of the contact ring.
      Moreover, cooling of the contact ring can be achieved through quench ring
      J to further avoid undesirable heating thereof.
PAR  While considerable emphasis has been placed herein on a specific structural
      embodiment of the present invention, it will be appreciated that many
      embodiments as well as modifications of the embodiment disclosed can be
      made without departing from the principles of the present invention. In
      this respect, for example, workpiece support structures other than the
      structure illustrated and described can readily be employed as can a wide
      variety of inductor configurations and quenching liquid devices. Still
      further, it will be appreciated that the present invention can readily be
      employed in connection with the induction heating of a workpiece without
      liquid quenching, whereby the quench ring is not a necessary component of
      the structure. Further in this respect, it will be appreciated that many
      arrangements can be devised for supporting the contact ring relative to
      the inductor and for the desired relative displacement of the contact
      relative to the inductor upon engagement thereof with the workpiece. While
      the prefered embodiment provides for the workpiece support and thus the
      workpiece to be displaced relative to a fixed position inductor, it will
      be appreciated that arrangements can be devised for supporting the
      inductor for displacement relative to a longitudinally fixed workpiece
      support. It will be appreciated too that the contact ring can engage the
      workpiece flange other than in the fillet area, and that the inductor and
      workpiece positioning function can be employed in conjunction with a
      workpiece which does not have a radial flange engaged by the contact. In
      the latter respect, for example, a component of the workpiece support
      member could be positioned to be engaged by the contact ring to close the
      electrical control circuit. Still further, it will be appreciated that
      many circuit arrangements can be devised for achieving a desired control
      of the apparatus upon engagement of the contact with the workpiece or
      support and that, in the circuit disclosed, an alterating current power
      supply could replace the direct current supply shown and described.
PAR  Many embodiments, and modifications of the preferred embodiment disclosed,
      will be obvious to those skilled in the art upon reading and understanding
      the foregoing description of the preferred embodiment and, accordingly, it
      is to be distinctly understood that the descriptive matter herein is to be
      interpreted merely as illustrative of the present invention and not as a
      limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An induction heating device comprising support means for an elongated
      metal workpiece including a stem having an axis and a radial flange at one
      end of the stem, an inductor coil for axially heating a workpiece
      supported by said support means, said coil being coaxial with said stem,
      electrical drive means for relatively displacing said workpiece support
      means and induction coil along a linear path parallel to said axis and in
      the direction to move said coil and flange toward one another, and
      electrical circuit means including energizable means for delivering a
      control signal to said drive means upon movement of said workpiece flange
      and inductor coil to a predetermined axially spaced position in said
      direction, said circuit means including an electrical contact ring
      positioned axially between said inductor coil and workpiece support means,
      said contact ring being supported relative to said inductor coil and in
      surrounding coaxial and radially spaced relationship with the stem of a
      workpiece on said support means, a power supply, and means connecting said
      contact ring and said workpiece support means in series across said power
      supply, said contact ring engaging said workpiece flange upon movement of
      said flange and inductor coil into said predetermined position, thus to
      close said circuit means and energize said means for delivering a control
      signal.
NUM  2.
PAR  2. The device according to claim 1, and means supporting said electrical
      contact ring for axial displacement toward and away from said inductor
      coil.
NUM  3.
PAR  3. The device according to claim 2, wherein said contact ring supporting
      means includes means biasing said contact ring in the direction away from
      said inductor coil.
NUM  4.
PAR  4. The device according to claim 1, wherein said electrical contact ring is
      a circular element having circumferentially spaced apart ends.
NUM  5.
PAR  5. The device according to claim 1, and quenching means fixed relative to
      said inductor coil for delivering quenching liquid toward said workpiece.
NUM  6.
PAR  6. The device according to claim 5, wherein said electrical contact ring is
      mounted on said quenching means for displacement toward and away
      therefrom, and means biasing said contact ring away from said quenching
      means.
NUM  7.
PAR  7. The device according to claim 6, wherein said quenching means is an
      annular member coaxial with said workpiece stem, and said contact ring is
      a circular element having circumferentially spaced apart ends.
NUM  8.
PAR  8. The device according to claim 1, wherein said contact ring is a circular
      plate having circumferentially spaced apart ends, said plate inclining
      axially to provide a circumferentially extending contact edge line facing
      in the direction of said workpiece flange.
NUM  9.
PAR  9. An induction heating device including an inductor means for heating a
      workpiece having a stem and a radial flange on one end of said stem, said
      inductor means being a coil coaxial with said stem, workpiece support
      means, means supporting said workpiece support means for axial
      displacement relative to said coil to move the flange of a workpiece
      supported thereby toward and away from said coil, electrical drive motor
      means for displacing said workpiece support means, and electrical control
      circuit means for said motor means and operable to deenergize said motor
      means when said workpiece flange and inductor coil move into a
      predetermined axially spaced position, said control circuit means
      including a relay control circuit comprising a source of direct current,
      an electrical contact ring axially between said coil and the flange of a
      workpiece on said support means, said contact ring being supported
      relative to said inductor coil and in surrounding relationship with
      respect to the stem of a workpiece on said workpiece support means, a
      relay coil connected in series between one side of said source and said
      contact ring, and means grounding said workpiece support means, said
      contact ring engaging said workpiece flange to establish an electrical
      coupling with said workpiece support means upon movement of said workpiece
      flange and coil into said axially spaced position, whereby said relay coil
      is energized, said control circuit means further including means actuated
      in response to energization of said relay coil to de-energize said motor
      means.
NUM  10.
PAR  10. The device according to claim 9, including normally open switch means
      in said relay circuit between said contact ring and relay coil, and means
      actuable in response to movement of said workpiece support means for
      closing said normally open switch means when said workpiece and inductor
      means reach said predetermined position.
NUM  11.
PAR  11. The device according to claim 9, and means including spring means
      supporting said contact ring for displacement between first and second
      axial positions relative to said inductor coil.
NUM  12.
PAR  12. The device according to claim 11, wherein said contact is an annular
      element having circumferentially spaced apart ends.
NUM  13.
PAR  13. The device according to claim 12, and normally open switch means in
      electrical series between said contact ring and relay coil, and said
      normally open switch means being in a fixed position with respect to said
      inductor coil and having displaceable actuating means, and means on said
      workpiece support means to displace said actuating means to close said
      normally open switch upon movement of said workpiece and inductor coil
      into said relative position.
NUM  14.
PAR  14. The device according to claim 12, and means surrounding said workpiece
      and coaxial with said inductor coil and contact ring for directing
      quenching liquid toward said workpiece.
NUM  15.
PAR  15. The device according to claim 12, wherein said means supporting said
      contact ring includes quenching liquid conduit means surounding said
      workpiece and coaxial with said inductor coil and contact ring for
      directing quenching liquid toward said workpiece.
NUM  16.
PAR  16. The device according to claim 9, wherein said contact ring is a
      circular plate having circumferentially spaced apart ends, said plate
      inclining axially to provide a circumferentially extending contact edge
      line facing in the direction of said workpiece flange.
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ABST
PAL  A method for welding copper or a copper base alloy and iron or an iron base
      alloy characterized in that an element for enhancing the mutual
      miscibility of copper and iron and an element for refining the crystal
      grains of the weld metal is added to weld metal in a total amount of 1 to
      25 percent by weight based on the weld metal, thereby preventing the
      welded portion from crack formation and segregation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for welding copper or a copper base
      alloy and iron or an iron base alloy to obtain a weld metal which is free
      from cracks and less in segregation at the welded portion.
PAR  According to the prior art method for the welding of copper or a copper
      base alloy and iron or an iron base alloy, there has been such drawback
      that the welded portion tends to form cracks and is marked in segregation
      to become low in corrosion resistance. Further, the welding of copper and
      iron to form a weld metal having a welded portion free from cracks and
      high in corrosion resistance has come to be required, like in the welding
      of a copper-made conductive section and a steel-made high strength section
      as seen in, for example, U.S. Pat. No. 3,564,316 (Composite Commutator
      Bars). In the prior art attempts, there have been utilized such processes
      that nickel or a high nickel alloy known as Inconel is welded on an iron
      type base material and then the padding and a copper type base material
      are welded together by use of a welding rod of copper type base material,
      or nickel or the high nickel alloy is welded on a copper base material and
      then the padding and an iron type base material are welded together.
      Recently, there have been adopted such processes that a mild steel and
      copper are welded using butt beveling by electron beam welding, or Inconel
      600, aluminum or a copper-nickel alloy known as Monel metal is
      incorporated into the weld metal, thereby preventing the formation of
      cracks at the welded portion by the electron beam welding. According to
      these processes, however, the growth of column-like crystals in the weld
      metal is so marked that cracks are liable to be formed at the welded
      portion. Further, the segregation of copper and iron in the weld metal is
      so great that the welded portion is low in corrosion resistance. These
      drawbacks become serious problems in the case of welding of, for example,
      the aforesaid commutator bars.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a novel method for welding
      copper or a copper base alloy and iron or an iron base alloy to give a
      weld metal free from cracks at the welded portion.
PAR  Another object of the invention is to provide a novel method for welding
      copper or a copper base alloy and iron or an iron base alloy to give a
      weld metal, in which not only the formation of cracks at the welded
      portion is prevented but also the segregation of copper and iron in the
      weld metal is minimized or made substantially nil to prevent the welded
      portion from degradation in corrosion resistance.
PAR  A further object of the invention is to provide a method for welding copper
      or a copper base alloy and iron or an iron base alloy to give a weld
      metal, which is prevented from segregation of copper and iron and from
      formation of cracks by incorporating thereinto suitable amounts of a metal
      element capable of pulverizing crystal grains of the weld metal and a
      metal element capable of enhancing the mutual miscibility of copper and
      iron in the weld metal.
PAR  In order to accomplish any or all of the above-mentioned objects, the
      present invention provides a method for welding copper or a copper base
      alloy and iron or an iron base alloy to obtain a weld metal wherein the
      state of molten metals can be observed directly, the welding being
      performed without the use of a flux, characterized in that the weld metal
      is incorporated with suitable amounts of a metal element capable of
      pulverizing crystal grains of the weld metal and a metal element capable
      of enhancing the mutual miscibility of copper and iron in the weld metal,
      thereby obtaining a sound welded portion. In a preferred embodiment of the
      present invention, the two elements are incorporated in a total amount of
      1 to 25 percent by weight.
DRWD
PAR  The above-mentioned objects, and other objects, characteristics and
      advantages of the present invention will become apparent from the detailed
      explanation made below with reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional photograph (20 magnifications) of the welded
      portion of a weld metal obtained by a welding pure copper and mild steel
      according to the conventional electron beam welding.
PAR  FIG. 2 is a cross-sectional photograph (20 magnifications) of the welded
      portion of a weld metal incorporated with only titanium.
PAR  FIG. 3 is a cross-sectional microphotograph (135 magnifications) of the
      welded portion of a weld metal incorporated with proper amounts of
      titanium and nickel.
PAR  FIG. 4 is a cross-sectional microphotograph (135 magnifications) of the
      welded portion of a weld metal incorporated with excess amounts of
      titanium and nickel.
PAR  FIG. 5 is a cross-sectional photograph (20 magnifications) of the welded
      portion of a weld metal incorporated with proper amounts of titanium and
      nickel which was obtained by using electron beam welding to I-shaped butt
      joint.
PAR  FIG. 6 is a microphotograph (135 magnifications) of the weld metal shown in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The welded portion shown in FIG. 1 is that of a weld metal obtained by lap
      welding by the known electron beam welding method wherein base metal
      joints of pure copper 1 and mild steel 2 are stacked. As seen in FIG. 1,
      considerable cracks and segregation are observed in the weld metal 3.
PAR  The present inventors considered that crack formation and segregation at
      the welded portion of a weld metal obtained by welding copper or a copper
      base alloy and iron or an iron base alloy were ascribable to such points
      as mentioned below. (The copper base alloy referred to in the present
      invention is not an alloy containing a large amount of lead, zinc or the
      like element which becomes a cause for crack formation, but is an alloy
      containing less than 10 percent by weight of nickel, silver or the like
      element which does not become a cause for crack formation, and the iron
      base alloy referred to in the present invention is an alloy containing
      more than 50 percent by weight of iron).
PAR  The melting point of iron (1,535.degree.C.) is far higher than that of
      copper (1,083.degree.C.), and when a melt of two metals is cooled, initial
      crystals of the iron deposit. Moreover, copper and iron scarcely form a
      solid solution, so that column-like crystals of iron are developed. On the
      other hand, copper forms a film-like liquid phase at grain boundaries of
      the column-like crystals, which liquid phase cannot withstand the
      shrinking stress at the time of coagulation, with the result that cracks
      are formed. It is therefore considered that if the column-like crystals
      are inhibited in growth and are pulverized to globules, the shrinking
      stress is alleviated (and the copper liquid phase at the crystal
      bounderies would form a solid solution together with a certain element
      incorporated into the melt of copper and iron) so as to form no cracks.
PAR  From the above consideration, the inventors thought out the incorporation
      into the weld metal an element capable of pulverizing into globules the
      crystal grains of a material composed mainly of iron. The inventors
      conducted the welding of metal joints while incorporating into the weld
      metal 8 percent of titanium as an element considered to have such action
      as mentioned above to obtain the welded portion 4 as shown in FIG. 2. The
      base metal joints used in the above-mentioned welding were the same as
      those used in the case of FIG. 1, but were welded while interposing a
      titanium foil of 0.3 mm. in thickness between the copper joint 1 and the
      iron joint 2 so that 8 percent of titanium was incorporated into the weld
      metal. In this case, the crystal grains had surely been pulverized, but
      considerable segregation was stll observed. In order to prevent this
      segregation, the inventors incorporated into the weld metal a proper
      amount of nickel as an element for enhancing the mutual miscibility of
      copper and iron. As the result, the inventors were successful in obtaining
      such an excellent weld metal free from cracks and segregation as shown in
      FIG. 3. The welding materials used in this case were the same as those
      used in the case of FIG. 1, but a nickel foil of 0.3 mm. in thickness was
      interposed between the joints in addition to a titanium foil of 0.2 mm. in
      thickness.
PAR  According to many experiments carried out by the present inventors, there
      have been clarified the amounts of the crystal grain-pulverizing element
      and the miscibility-enhancing element which are to be incorporated into
      the weld metal. The amounts of the elements to be incorporated vary
      depending on the proportions of copper and iron contained in the weld
      metal. If the amount of iron is smaller than that of copper, sensitivity
      of crack occurrence of the weld metal becomes small, so that the amounts
      of the additive elements may be made smaller, while if the amount of iron
      is relatively larger than that of copper, the amounts of the elements are
      required to be increased.
PAR  The weld metal according to the present invention is not essentially
      limited in composition, but is preferably composed of 10 to 70 percent by
      weight of copper and 90 to 30 percent by weight of iron, in view of such
      object as the prevention of crack formation and segregation. In this case,
      the total amount of the aforesaid elements to be incorporated into the
      weld metal is preferably in the range from 1 to 25 percent by weight. In
      case the proportion of copper in the weld metal is smaller than that of
      iron, the elements may be incorporated in a larger amount, while in case
      the proportion of copper is larger than that of iron, the elements may be
      incorporated in a smaller amount within the range. If the total amount of
      the additive elements is less than 1 percent by weight, crystal grains of
      the weld metal cannot sufficiently be pulverized into globules nor
      prevented from segregation and the welded portion becomes inferior in
      crack resistance and corrosion resistance. If the total amount of the
      additive elements is more than 25 percent by weight, segregations become
      to be recognizable and such metal compounds as Cu-Ti or Fe-Ti are formed
      to bring about a cause for crack formation.
PAR  According to the studies of the present inventors, it has been found that
      an element, which is higher in melting point than iron can easily form an
      oxide sufficiently higher in melting point than iron such as Ti, Nb, Al,
      Ta or Zr, is suitable as the crystal grain-pulverizing element, and that
      an element, which can easily form a solid solution together with copper
      and iron and which forms no intermetallic compounds, such as nickel,
      silver, palladium or platinum, is suitable as the miscibility-enhancing
      element. It has also been found that when the above-mentioned crystal
      grain-pulverizing element is used in an amount larger than a certain
      limit, not only the crystal grains can be pulverized but also copper and
      iron in the weld metal can be enhanced in mutual miscibility. Even in this
      case, however, the crystal grain-pulverizing element is not sufficient in
      miscibility-enhancing action, so that it is most preferable to use the two
      elements in combination as mentioned above. Titanium among the crystal
      grain-pulverizing elements, and nickel among the miscibility-enhancing
      elements, display the most prominent effects.
PAR  If the amount of the crystal grain-pulverizing element is excessively
      larger than that of the miscibility-enhancing element, copper and iron in
      the weld metal are segregated or cracks are formed due to formation of the
      aforesaid compounds, as shown in FIG. 4. The welding method employed to
      obtain such welded portion as shown in FIG. 4 was the same as in the case
      of FIG. 3, except that the nickel and titanium were controlled in
      thickness to 0.3 mm. and 0.05 mm., respectively, so that 18 percent of
      titanium and 3 percent of nickel could be incorporated into the weld
      metal. If the amount of the miscibility-enhancing element is excessively
      larger than that of the crystal grain-pulverizing element, no segregation
      is caused, but the crystal grains cannot be pulverized to bring about the
      danger of crack formation. According to the experiments carried out by the
      present inventors, it has been found that the amount of the
      miscibility-enhancing element is preferably 0.5 to 3 times the weight of
      the crystal grain-pulverizing element, i.e. the amount of the former is
      preferably 0.2 to 17 percent by weight and that of the latter is
      preferably 0.8 to 8 percent by weight.
PAR  The present invention is suitable for application to electron beam welding,
      plasma welding, TIG welding, MIG welding and laser welding. These welding
      methods are performed without using flux and the condition of molten
      metals can be observed directly. Therefore, electro-slag welding and the
      like method are not included in this concept. Among the above-mentioned
      welding methods, the electron beam welding and laser welding are high in
      heat energy concentrating ability and give only a small thermal affected
      zone to the base material, so that the present invention is most suitable
      for application to these methods. The present invention is applicable also
      to plasma welding, TIG welding and MIG welding, so far as these methods
      are enhanced in utilization of heat energy by devicing the shapes of
      joints and the likes.
PAR  The present invention is illustrated in detail below with reference to
      Examples, in which all percentages of metal compositions are by weight.
PAL  I. materials used:
PA1  1. Copper joint material: Oxygen free copper (99.9 % Cu)
PA1  2. Iron joint material:
PA2  a. Experiment No. 1: 0.3% C, 0.25% Si, 0.75% Mn, .ltoreq.0.03% P,
      .ltoreq.0.035% S, bal. Fe
PA2  b. Experiment No. 2: 0.15% C, 0.5% Si, 1% Mn, 12.3% Cr, .ltoreq.0.04% P,
      .ltoreq.0.03% S, bal. Fe
PA2  c. Experiment Nos. 3, 4 and 5: 0.14% C, 0.08% Si, 0.78% Mn, .ltoreq.0.026%
      P, .ltoreq.0.016% S, bal. Fe
PA2  d. Experiment Nos. 6, 8 and 11 - 18: 0.24% C, 0.23% Si, 0.8% Mn,
      .ltoreq.0.035% P, .ltoreq.0.04% S, bal. Fe
PA2  e. Experiment No. 7: 0.06% C, 0.74% Si, 1% Mn, 8.52% Ni, 18.4% Cr,
      .ltoreq.0.024% P, .ltoreq.0.0205% S, bal. Fe
PA2  f. Experiment No. 9: 0.02% C, 52.38% Fe, 29.56% Ni, 18.02% Co,
      .ltoreq.0.02% P, .ltoreq.0.03% S
PA2  g. Experiment No. 10: 0.01% C, 0.16% Si, 0.09% Mn, .ltoreq.0.009% P,
      .ltoreq.0.007% S, bal. Fe
PAL  Ii. manner of incorporation of the elements:
PAR  a. In welding of lap joint and I-shaped joint, the additive elements in the
      form of foils were inserted between the two joint materials.
PAR  b. In welding of edge joint according to TIG welding, the additive elements
      in the form of foils were inserted between the two joint materials.
PAR  c. In welding of specific butt joint according to TIG welding, lip-shaped
      extrusions were formed on the butt, the additive elements in the form of
      foils were inserted between the extrusions, and an arc was applied to the
      edges of the extrusions.
PAR  d. In welding of edge joint according to plasma welding, the additive
      elements in the form of foils were inserted between the ends of the two
      joint materials, and a plasma was applied along the edges of the two joint
      materials.
PAR  e. In welding of butt joint according to plasma welding, the elements in
      the form of foils were inserted between the two joint materials.
PAR  f. In welding of butt joint according to MIG welding, the additive elements
      were formed into a Cu-Ni-Ti alloy, which was then used as a filler wire.
PAR  g. In welding of lap joint according to laser welding, the additive
      elements in the form of foils were inserted between the upper and lower
      joint materials.
PAL  Iii. welding conditions:
PA1  a. Experiment Nos. 1 and 3: Electron acceleration voltage 150 K, beam
      current 17 mA, upper focus, welding speed 1.0 m/min, deflection frequency
      1000 Hz, Amplitude 1.5 mm.
PA1  b. Experiment No. 2: Beam current 23 mA, other conditions were the same as
      in Experiment Nos. 1 and 3.
PA1  c. Experiment No. 4: Welding current 50 A, welding speed 0.3 m/min.
PA1  d. Experiment No. 5: Flow amount of center plasma gas 1.0 liter/min,
      current 80 A, welding speed 0.4 m/min.
PA1  e. Experiment No. 6: Welding current 150 A, welding speed 0.2 m/min.
PA1  f. Experiment Nos. 7 and 8: Beam current 15 mA, other conditions were the
      same as in Experiment Nos. 1 and 3.
PA1  g. Experiment No. 9: Beam current 13 mA, other conditions were the same as
      in Experiment Nos. 1 and 3.
PA1  h. Experiment No. 10: Welding speed 0.2 m/min, other conditions were the
      same as in Experiment No. 4.
PA1  i. Experiment No. 11: Flow amount of center plasma gas 3.0 liter/min,
      current 150 A, welding speed 0.3 m/min.
PA1  j. Experiment No. 12: Flow amount of center plasma gas 1.5 liter/min, other
      conditions were the same as in Experiment No. 11.
PA1  k. Experiment No. 13: Beam current 25 mA, welding speed 0.5 m/min, other
      conditions were the same as in Experiment Nos. 1 and 3.
PA1  1. Experiment No. 14: Welding speed 0.5 m/min, other conditions were the
      same as in Experiment Nos. 1 and 3.
PA1  m. Experiment No. 15: Welding speed 0.5 m/min, other conditions were the
      same as in Experiment No. 7.
PA1  n. Experiment Nos. 16 and 18: Beam current 20 mA, welding speed 0.5 m/min,
      other conditions were the same as in Experiment Nos. 1 and 3.
PA1  o. Experiment No. 17: Laser power 10 KW, welding speed 0.5 m/min.
PAL  Iv. weld metal composition (the composition of weld metal varies depending
      on the portion of the weld metal; each composition shown below is an
      average value at the central portion of the weld metal as measured
      according to X-ray microanalysis):
PA1  a. Experiment No. 1: 67% Fe, 22.7% Cu, 3%Ti, 6% Ni, others C, Si, Mn, P and
      S
PA1  b. Experiment No. 2: 62% Fe, 21% Cu, 0.9% Ti, 2.1% Ni, about 6% Cr, others
      C, Si, Mn, P and S
PA1  c. Experiment No. 3: 43.0% Fe, 36% Cu, 5% Ti, 15% Ni, others C, Si, Mn, P
      and S.
PA1  d. Experiment No. 4: 50% Fe, 47.5% Cu, 0.5% Ti, 1.0% Ni, others C, Si, Mn,
      P and S
PA1  e. Experiment No. 5: 53% Fe, 44% Cu, 0.5% Ti, 1.5% Ni, others C, Si, Mn, P
      and S
PA1  f. Experiment No. 6: 53% Fe, 40.7% Cu, 1.5% Ti, 3.5% Ni, others C, Si, Mn,
      P and S
PA1  g. Experiment No. 7: 50.5% Fe, 23% Cu, 5.0% Ti, 12.0% Ni, 9.0Cr, others C,
      Si, Mn, P and S
PA1  h. Experiment No. 8: 68% Fe, 22.7% Cu, 3.0% Ti, 5.0% Ni, others C, Si, Mn,
      P and S
PA1  i. Experiment No. 9: 38.0% Fe, 24.3% Cu, 2.5% Ti, 22.5% Ni, 12.0% Co,
      others C, Si, Mn, P and S
PA1  j. Experiment No. 10: 45% Fe, 50.2% Cu, 2.0% Ti, 2.5% Ni, others C, Si, Mn,
      P and S
PA1  k. Experiment No. 11: 45% Fe, 40% Cu, 6% Ti, 9% Ag
PA1  l. Experiment No. 12: 41.5% Fe, 38.5% Cu, 13% Ni, 6.5% Nb, others C, Si,
      Mn, P and S
PA1  m. Experiment No. 13: 64.0% Fe, 18.5% Cu, 8.5% Ni, 8.0% Ta, others C, Si,
      Mn, P and S
PA1  n. Experiment No. 14: 41.0% Fe, 40.0% Cu, 12.0% Ni, 6.0% Zr, others C, Si,
      Mn, P and S
PA1  o. Experiment No. 15: 45% Fe, 44% Cu, 5.5% Ti, 4.5% Al
PA1  p. Experiment No. 16: 61.5% Fe, 30.0% Cu, 3.7% Ti, 4.0% Nb, others C, Si,
      Mn, P and S
PA1  q. Experiment No. 17: 65% Fe, 27% Cu, 3.0% Ti, 3.5% Ta
PA1  r. Experiment No. 18: 67% Fe, 22.5% Cu, 5.0% Ti, 4.5% Zr, others C, Si, Mn,
      P and S
PAR  The above-mentioned welding methods and results of the experiments were as
      summarized in the following table:
TBL                           Bead                                             

                                  Penetra-                                     

     Experiment    Type of                                                     

                        Additive                                               

                              width                                            

                                  tion   State of weld                         

     No.   Welding method                                                      

                   joint                                                       

                        elements                                               

                              (mm)                                             

                                  depth (mm)                                   

                                         metal                                 

     __________________________________________________________________________

      1    Electron beam                                                       

                   Lap  Ti + Ni                                                

                              2.0 3.8    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      2    Electron beam                                                       

                   Lap  Ti + Ni                                                

                              2.5 3.7    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      3    Electron beam                                                       

                   Butt Ti + Ni                                                

                              2.0 4.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      4    TIG welding                                                         

                   Edge Ti + Ni                                                

                              2.0 1.5    No cracks nor                         

                   joint                 segregation                           

                                         observed                              

      5    Plasma  Edge Ti + Ni                                                

                              2.0 1.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      6    MIG welding                                                         

                   Butt Ti + Ni                                                

                              6.0 4.0    No cracks nor                         

                   joint                 segregation                           

                                         butt                                  

      7    Electron beam                                                       

                   Lap  Ti + Ni                                                

                              2.0 5.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      8    Electron beam                                                       

                   Lap  Ti + Ni                                                

                              2.0 3.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

      9    Electron beam                                                       

                   Lap  Ti + Ni                                                

                              1.8 3.5    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

     10    TIG welding                                                         

                   Specific                                                    

                        Ti + Ni                                                

                              4.0 1.5    No cracks nor                         

                   but                   segregation                           

                   joint                 observed                              

     11    Plasma  Butt Ti + Ag                                                

                              3.0 5.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

     12    Plasma  Butt Nb + Ni                                                

                              3.0 5.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

     13    Electron beam                                                       

                   Lap  Ta + Ni                                                

                              3.5 8.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

     14    Electron beam                                                       

                   Butt Zr + Ni                                                

                              3.0 5.0    No cracks nor                         

           welding joint                 segregation                           

                                         observed                              

     15    Electron beam                                                       

                   Butt Ti + Al                                                

                              2.5 5.0    Cracks and - welding joint    segregat

                                         ion                                   

                                         observed                              

     16    Electron beam                                                       

                   Lap  Ti + Nb                                                

                              2.5 7.5    Cracks and                            

           welding joint                 segregation                           

                                         observed                              

     17    Laser welding                                                       

                   Lap  Ti + Ta                                                

                              3.0 5.0    Cracks and                            

                   joint                 segregation                           

                                         observed                              

     18    Electron beam                                                       

                   Lap  Ti + Zr                                                

                              2.5 7.5    Cracks and                            

           welding joint                 segregation                           

                                         observed                              

     __________________________________________________________________________

PAR  In the case Experiment No. 10, the copper and iron joint materials of 4 mm.
      in thickness were used and lip-shaped edge type bevelings of 1 mm. in
      thickness were formed at the end of each joint material, and each element
      in the form of a foil of 0.1 mm. in thickness was inserted between the lip
      bevelings.
PAR  FIG. 5 shows a cross-sectional photograph of the weld metal obtained in
      Experiment No. 1, and FIG. 6 shows a microphotograph of the weld metal
      obtained in Experiment No. 7. From these photographs and table, it is
      understood that according to the present invention, an extremely sound
      weld metal free from cracks and segregation can be obtained.
PAR  While the present invention has been illustrated in detail above with
      reference to a limited number of examples, it is needless to say that the
      scope of the invention is not limited to these examples.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for welding copper or a copper base alloy and iron or an iron
      base alloy wherein the welding is performed without the use of a flux and
      a molten metal can be observed directly, characterized in that a copper
      joint material containing at least 90 percent of copper and an iron joint
      material containing at least 50 percent of iron are welded together by
      melting closely adjacent portions of the copper joint material and the
      iron joint material into a weld metal and by incorporating into said weld
      metal a first element for pulverizing the crystal grains of the weld
      metal, said first element being at least one member selected from the
      group consisting of titanium, aluminum, zirconium, niobium, and tantalum,
      and a second element for enhancing the mutual miscibility of copper and
      iron in the weld metal, said second element being at least one member
      selected from the group consisting of nickel, silver, paladium and
      platinum, wherein said first element is added in an amount of from 0.8 to
      8 percent by weight and said second element is added in an amount of from
      0.2 to 17 percent by weight, based on the weight of the weld metal.
NUM  2.
PAR  2. A method according to claim 1, wherein the first element is titanium and
      the second element is nickel.
NUM  3.
PAR  3. A method according to claim 1, wherein said welding is performed by
      electron beam welding and the copper joint material and the iron joint
      material are arranged in direct contact with members of the first element
      and of said second element being interdisposed between said joint
      materials.
NUM  4.
PAR  4. A method according to claim 3, wherein said members of said first
      element and of said second element are in the form of thin foils.
NUM  5.
PAR  5. A method according to claim 1, wherein said welding is performed by
      plasma welding and the copper joint material and the iron joint material
      are arranged in direct contact with members of the first element and of
      said second element being interdisposed between said joint materials.
NUM  6.
PAR  6. A method according to claim 1, wherein said welding is performed by TIG
      welding and the copper joint material and the iron joint material are
      arranged in direct contact with members of the first element and of said
      second element being interdisposed between said joint materials.
NUM  7.
PAR  7. A method according to claim 1, wherein said welding is performed by
      laser beam welding and the copper joint material and the iron joint
      material are arranged in direct contact with members of the first element
      and of the second element being interdisposed between said joint
      materials.
NUM  8.
PAR  8. A method for welding copper or a copper base alloy and iron or an iron
      base alloy wherein the welding is performed without the use of a flux and
      a molten metal can be observed directly, characterized in that a copper
      joint material containing at least 90 percent of copper and an iron joint
      material containing at least 50 percent of iron are welded together by
      melting closely adjacent portions of the copper joint material and the
      iron joint material into a weld metal and by incorporating into said weld
      metal a first element for pulverizing the crystal grains of iron matrix in
      the weld metal, said first element being at least one member selected from
      the group consisting of titanium, aluminum, zirconium, niobium and
      tantalum, and a second element for enhancing the total miscibility of
      copper and iron in the weld metal, said second element being at least one
      member selected from the group consisting of nickel, silver, palladium and
      platinum, wherein said first element is added in an amount of from 0.8 to
      8 percent by weight and said second element is added in an amount of from
      0.2 to 17percent by weight, based on the weight of the weld metal
      containing 10 to 70 percent by weight of copper and 90 to 30 percent by
      weight of iron.
NUM  9.
PAR  9. A method according to claim 8, wherein the first element is titanium and
      the second element is nickel.
NUM  10.
PAR  10. A method according to claim 8, wherein said welding is performed by
      electron beam welding and the copper joint material and the iron joint
      material are arranged in direct contact with members of the first element
      and of said second element being interdisposed between said joint
      materials.
NUM  11.
PAR  11. A method according to claim 10, wherein said members of said first
      element and of said second element are in the form of thin foils.
PATN
WKU  039354180
SRC  5
APN  4614828
APT  1
ART  213
APD  19740417
TTL  Plasma gun including external adjustable powder feed conduit and
      infrared radiation reflector
ISD  19760127
NCL  11
ECL  1
EXA  Peterson; G. R.
EXP  Goldberg; Elliot A.
NDR  1
NFG  5
INVT
NAM  Stand; Mille
CTY  New York
STA  NY
INVT
NAM  Davis; Stephen U.
CTY  New Rochelle
STA  NY
ASSG
NAM  Sealectro Corporation
CTY  Mamaroneck
STA  NY
COD  02
CLAS
OCL  219121P
XCL  219 76
EDF  2
ICL  B23K  500
FSC  219
FSS  121 P;76;74;75;137;85 B;85 BM;349
FSC  117
FSS  47 H;93.1 PF
FSC  313
FSS  231.3
UREF
PNO  2698812
ISD  19550100
NAM  Schladitz
XCL  219 76
UREF
PNO  2861166
ISD  19581100
NAM  Cangill, Jr.
OCL  219 68
UREF
PNO  3015013
ISD  19611200
NAM  Laszlo
XCL  219349
UREF
PNO  3179783
ISD  19650400
NAM  Johnson
OCL  219 76
UREF
PNO  3179784
ISD  19650400
NAM  Johnson
OCL  219 76
UREF
PNO  3347698
ISD  19671000
NAM  Ingham, Jr.
OCL  117 47
UREF
PNO  3374531
ISD  19680300
NAM  Bruce
OCL  219 85BM
UREF
PNO  3573090
ISD  19710300
NAM  Peterson
OCL  117 93.1
UREF
PNO  3648015
ISD  19720300
NAM  Fairbairn
OCL  219121P
UREF
PNO  3830999
ISD  19740800
NAM  Yoshizumi et al.
OCL  219137
LREP
FR2  Casella; Anthony J.
ABST
PAL  A plasma spray gun having an arc space within the gun housing for heating
      and ionizing an inert gas propelled therethrough includes an external,
      adjustable powder feed conduit so that the powder may be applied to the
      flame of the gun after it has left the gun nozzle. The plasma gun also
      utilizes a concave reflector attached to the gun to reflect the infrared
      radiation and direct it to a limited area on the substrate where most of
      radiant heat is absorbed.
BSUM
PAC  CROSS REFERENCES TO RELATED PATENTS
PAR  This invention is related to U.S. Pat. No. 3,627,204, issued Dec. 14, 1971,
      and to U.S. Pat. No. 3,676,638 issued July 11, 1972, of which this
      invention is, in part, an improvement, and which patents are incorporated
      herein by reference. Both of the above identified patents and this
      application are assigned to the same assignee.
PAC  BACKGROUND OF INVENTION
PAR  Plasma spray guns have played an important part in many spray coating
      operations and have aided in coating substrates with Teflon, powdered
      paint, and some metals. Plasma spraying has been useful because the
      coatings have been more uniform, easier to apply, and easier to control.
      Experience with coatings of various types has indicated that, if the spray
      technique is to be applied to many other powdered materials, increased
      substrate temperatures and increased coating thicknesses must be made
      possible. This is particularly important when the spray methods are used
      in mass production applications.
PAR  Some materials, such as epoxies, which have a low melting point viscosity,
      flow out quickly to form a liquid film and permit a fast cooling rate.
      Other materials, such as Ultra-High Density Polyethylene, have a high
      melting point viscosity and require a slower coating rate in order to
      assure a proper film formation.
PAR  The area covered by a moving plasma spray gun depends upon the dimensions
      of the spray cone and the distance it is held from the work piece. The
      lower the melting point of the powder deposited, the farther the gun may
      be held from the work piece, resulting in a larger cross-section of the
      spray cone on the substrate surface. On the other hand, the higher the
      melting point of the powder deposited, the closer the gun must be held to
      the work piece.
PAR  It is well known that the high temperature existing in the plasma flame is
      due to the ionization caused by the electrical arc inside the gun housing
      and the subsequent recombination of the electrons and ions in the flame
      itself. This ionization produces a large amount of infrared radiation, in
      addition to the thermal energy resulting from the motion of the ions and
      electrons interacting with the streaming gas. If nitrogen is used at the
      degree of ionization typical of the operation of plasma guns as described
      in U.S. Pat. Nos. 3,676,638 and 3,627,204, most of the radiant energy
      generated is in the infrared region.
PAR  With respect to said patents, it has been found that the rate of deposition
      and the quality of the coating of various plastics and other dry powder
      coating materials on metallic and other substrates can be markedly
      improved by the use of a reflector, and also by placing the powder feed
      tube or tubes externally of the spray gun and supported by the spray gun
      so that the angle of entry of the powder onto the plasma jet can be
      varied, depending on which material is being sprayed. As referred to
      hereinabove, the improved quality of the coatings relates to uniformity of
      coating thickness, ease of control of obtaining a specified coating
      thickness, and increased speed of applying such coating to a given
      thickness requirement. All of these quality improvements are necessary and
      desirable if the plasma gun is to achieve its maximum utility,
      particularly in mass production spray coating applications.
PAR  Accordingly, it is the primary object of the present invention to provide a
      new and improved plasma spray gun which includes an adjustable powder feed
      conduit mounted externally of the gun so that powder may be applied to the
      flame after it has left the gun nozzle. The invention also provides a
      curved reflector attached to the gun for reflecting and focussing the
      infrared radiation and directing it to a limited area on the substrate
      where most of the radiation is absorbed and transformed into heat.
PAR  Another object of the present invention is the provision of the use of
      adjustable powder feed tubes for applying powder to the plasma flame to
      insure that the powder particles will be melted but not vaporized when
      they are applied to the substrate work piece.
PAR  Still another feature of the invention is the use of a curved concave
      reflector surrounding the plasma flame after it reaches the space between
      the nozzle and the substrate work piece. The reflector increases the
      temperature of the surface of the work piece and produces a more even
      coating.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a plasma spray gun which ejects a plasma flame from
      a nozzle to deposit powdered material onto a substrate work piece. A
      reflector is mounted on the gun adjacent to the nozzle for reflecting the
      infrared rays generated in the plasma flame and focussing said rays on the
      substrate work piece. The reflector may have a concave reflecting area for
      collecting and converging the rays toward a limited area on the substrate
      work piece where the infrared heat rays are absorbed. One or more
      adjustable conduits are provided for providing powder to the plasma flame
      at a desired position between the nozzle and the substrate.
DRWD
PAR  Additional details of the invention will be disclosed in the following
      description, taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the subject invention showing the
      adjustable powder tubes, the position of an ellipsoidal reflector, and the
      general spreading pattern of the melted particles.
PAR  FIG. 2 is a perspective view of the plasma gun of the subject invention
      including a cylindrical reflector directed at a substrate in the form of a
      bottle.
PAR  FIG. 3 is a front view of the plasma gun without the reflector, showing
      four powder conveying conduits.
PAR  FIG. 4 is a cross sectional view of an ellipsoidal reflector, the plasma
      flame, and a substrate.
PAR  FIG. 5 is a perspective view of another embodiment of the subject invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning to FIGS. 1 and 4, the plasma spray gun of the subject invention
      includes a housing 10 to which is attached a handle 11 and a nozzle 12,
      with two powder conveying conduits 13 being provided to apply powder to
      the flame 14 for delivery to substrate 15. As illustrated in the figures,
      the powder conveying conduits 13 are disposed externally of the housing
      10. An electric arc inside the housing ionizes the gas molecules and
      creates the flame 14. Details of the construction of the housing 10 and
      the arc are shown in the U.S. Pat. No. 3,676,638, referred to above.
      However, in the present case there are no internal powder tubes and thus
      the nozzle may be considerably shorter. Electrical lead 16 connects the
      arc within the gun to a source of electrical power (not shown) at a
      convenient external location.
PAR  Conduits 13 convey the powder to the flame, and are adjustably secured to
      blocks 17 fastened to the side of the housing 10. Manually operable
      clamping screws 18 are provided for holding the conduits 13 in place. The
      mounting of tubes 13 insures that the tubes may be adjustable along the
      axial length of the flame 14, as well as being angularly adjustable
      relative to the flame. As noted above, the area of substrate 15 that is
      covered with each pass of the plasma spray gun depends on the area of the
      spray cone, and also on the distance of the spray gun from the substrate.
      The lower the melting point of the powder, the farther the gun may be held
      from the substrate resulting in a larger cross section of the spray cone
      on the surface of the substrate. The same effect can be accomplished by
      changing of the angle of the powder feed tubes 13 with respect to the
      plasma flame 14, and the point at which the powder reaches the plasma,
      i.e. the distance from where the plasma flame 14 emerges from the nozzle.
      As noted above the mounting of the powder tubes 13 enables the tubes to be
      adjusted relative to the plasma flame so as to obtain optimum spray
      conditions.
PAR  FIG. 1 shows in dashed lines the general placement of an infrared reflector
      20 which collects the infrared radiation generated by the plasma gun, and
      applies it to the substrate 15. After leaving the flame 14, the powdered
      particles spread out to cover a circular area 21, but the angular
      deviation of circular area 21 can be varied considerably by adjusting the
      gas pressure, the arc current, and the shape of the nozzle.
PAR  By means of the reflector 20, the infrared radiation generated by the
      plasma flame 14 can be focussed on to the object to be coated. Thus by
      utilizing the total available energy more efficiently, a number of
      benefits can be obtained, such as, a reduction in electrical power
      requirement, and a faster coating rate, in addition to a better quality
      coating. It is also noted that as a result of the lower power of the
      plasma jet and less residence time of the dry powder coating particles
      crossing the plasma flame 14, thermal degradation is reduced to
      practically zero, thereby achieving a better and stronger coating film
      with no discoloration.
PAR  Typically, the reflector may have an elliptical configuration, and may be
      either attached to the plasma gun or in a fixed position enabling the gun
      to move inside the reflector. Referring to FIG. 2, a generally cylindrical
      reflector 22 is secured to the housing 10 for directing the infrared
      radiation toward a cylindrical work piece 15, in this case a glass bottle.
      It is noted that the longitudinal axis of the work piece 15 is aligned
      with the longitudinal axis of the reflector in order to achieve maximum
      coating of the bottle with each pass of the plasma gun. As shown in FIG.
      2, the cylindrical reflector 22 includes an axially extended slot 25 in
      which the plasma gun is movably mounted. By this arrangement, the gun may
      be moved in a generally vertical direction so as to vary the vertical
      displacement of the spray cone, if necessary. It is noted that a coating
      of Polyethelene on the bottle 15 can reduce damage, when the bottle is
      broken, by restraining the shattered pieces and holding all fragments in a
      restricted space.
PAR  Referring to FIG. 3, the plasma spray gun may be provided with four
      adjustable powder conveying conduits 13, each adapted to provide powder to
      the plasma flame 14. It has been found that, for certain applications, the
      heat content of the plasma is greater than the amount required to melt and
      fuse the quantity of powder coming out of only two feed tubes, using,
      therefore, more than two powder conveying conduits 13, will increase the
      coating rate thereby making the gun more productive and utilizing the
      available energy even more efficiently. Of course, where required, more
      than four powder conveying conduits may be provided.
PAR  FIG. 4 shows the elliptical reflector 23 secured to the housing 10 with its
      inner reflecting surface receiving the infrared rays from the flame 14 on
      one focal space and focussing the rays onto a limited area 24 on substrate
      15. It should be noted that the reflector of the subject invention, in
      addition to providing the beneficial effects of reflecting the infrared
      radiation, protects the operator and shields his hands from radiation
      which, of course, could produce burns.
PAR  FIG. 5 illustrates another embodiment of the subject invention in which an
      elliptical reflector 26 is secured to the plasma gun housing 10, with its
      longitudinal axis being disposed transversely so as to be generally
      aligned with an elongated substrate 15. If desired, a longitudinal slot
      may be provided in reflector 26 in order to enable the plasma gun to be
      movable in a transverse direction.
PAR  Although the reflector has been illustrated as comprising an elliptical
      configuration, and being either attached to the plasma gun or in a fixed
      position so as to enable the gun to be moved inside the reflector, it is
      obvious that depending on the coating material to be used and the objects
      to be coated, the reflector surface may be of a parabolic, or other
      similarly curved surfaces so as to achieve the desired reflection of the
      infrared rays. Furthermore, depending on the spray cone, and the distance
      of the work piece from the spray gun, the curvature of the reflector may
      be varied to insure that the reflected radiation alights approximately
      upon the substrate to be coated.
PAR  Accordingly there is provided a new and improved plasma spray gun provided
      with one or more external powder feed tubes that may be adjusted relative
      to the plasma flame in order to achieve optimum spray conditions.
      Furthermore, by means of an appropriate reflector, the infrared radiation
      generated concomitant with the thermal energy resulting from the plasma
      flame may be focussed onto the object to be coated thereby utilizing the
      total available energy more efficiently so as to achieve a reduction of
      the electrical power requirement for the gun, and a faster coating rate,
      in addition to a better quality coating.
PAR  While there has been described and illustrated several embodiments of the
      invention, it would be obvious that various changes and modifications can
      be made therein without departing from the spirit of the invention which
      should be limited only by the scope of the appended claims.
CLMS
STM  The embodiments of the invention, in which an exclusive property or
      privelege is claimed, are defined as follows:
NUM  1.
PAR  1. In a plasma gun having a flame ejected from a nozzle for depositing
      powdered material onto a substrate located at a distance spaced from the
      end of said flame, said flame comprised of three thermal components,
      namely, conductive, convective and radiative, with said conductive and
      convective components being carried forward with the streaming plasma gas,
      the improvement comprising:
PA1  at least one adjustable powder conveying conduit for applying powdered
      fluent material to the plasma flame, said conduit secured to said gun; and
PA1  a reflector mounted on said gun for utilizing the radiative thermal
      component, said reflector having a concave reflecting area, said plasma
      flame disposed at the focal point of the reflector so that the reflector
      focusses the radiative thermal component toward the substrate for
      assisting in the melting of the powdered material and increasing the
      temperature of said substrate to facilitate the deposition of the powdered
      material.
NUM  2.
PAR  2. A plasma gun according to claim 1 wherein said reflector has an
      elliptical cross section.
NUM  3.
PAR  3. A plasma gun according to claim 1 wherein said reflector is a portion of
      a cylinder.
NUM  4.
PAR  4. A plasma gun according to claim 1 in which said reflector includes an
      elongated slot, and wherein said plasma gun is slidably mounted in said
      elongated slot of the reflector.
NUM  5.
PAR  5. A plasma gun according to claim 1 wherein said reflector has a parabolic
      cross section.
NUM  6.
PAR  6. A plasma gun according to claim 1 wherein the configuration of said
      reflector is a truncated ellipsoid.
NUM  7.
PAR  7. A plasma gun according to claim 1 wherein said adjustable powder
      conveying conduit is fastened to the gun by a manually operated clamp.
NUM  8.
PAR  8. A plasma gun according to claim 1 wherein two of said adjustable powder
      conveying conduits are provided for applying powdered fluent material to
      the plasma flame, said conduits being mounted on opposite sides of the
      nozzle.
NUM  9.
PAR  9. A plasma gun according to claim 1 wherein said conduit is adjustable for
      delivery of powder to the varying positions along the length of the flame.
NUM  10.
PAR  10. A plasma gun according to claim 1 wherein a plurality of adjustable
      powder conveying conduits are secured to the gun.
NUM  11.
PAR  11. In a plasma gun having a flame and infrared heat rays ejected from a
      nozzle for depositing powdered material onto a substrate located at a
      distance spaced from the end of the flame, the improvement comprising:
PA1  a plurality of powder conveying conduits for applying powdered fluent
      material to the plasma flame, each of said conduits being adjustably
      mounted on the plasma gun; and
PA1  a reflector mounted on said gun and having a concave reflecting area, said
      plasma flame disposed at the focal point of the reflector so that the
      latter focuses the infrared heat rays onto the substrate thereby
      increasing the temperature thereof to facilitate the deposition of the
      powdered material, said reflector including an elongated slot along which
      said plasma gun is slidably mounted.
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PAL  In the severing of bodies of glass or vitrocrystalline materials by the
      application of a laser beam, the severing operation is improved by
      employing a beam of which at least the predominent wavelength is such that
      at least 10% of the beam energy penetrates the body to a depth of at least
      0.2 mm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of severing a body of vitreous or
      vitrocrystalline material by irradiating the body with at least one laser
      beam. The invention also relates to an apparatus for the performance of
      the method.
PAR  It is known to sever glass by means of a laser beam. The use of a laser
      beam has been the subject of research by prominent glass manufacturers.
      The teaching resulting from this research is that the laser beam should
      have a wavelength such that the energy absorption by the glass is as high
      as possible. Such teaching is provided, for example, by United Kingdom
      Patent Specification No. 1,246,481. More specifically, the prior teaching
      proposes the use of a CO.sub.2 --CO.sub.2 --N.sub.2 --He laser producing a
      radiation wavelength of 10.6 microns.
PAR  In the case of thick vitreous sheet material, it has been found that when
      attempting to use a CO.sub.2 --N.sub.2 --He laser, the material is often
      not severed or is not cleanly severed along the intended line, the severed
      edges exhibiting irregularities or jagged portions. The failure to
      reliably and consistently achieve a clean severance is particularly
      notable in the case of vitreous sheet material having a thickness in
      excess of 5 mm.
PAR  One of the factors which influences the results when irradiating the
      vitreous sheet material by means of a laser beam is the amount of
      radiation which is incident upon each point of the material along the
      intended line of severance. In order to cut relatively thick sheets, one
      would accordingly expect that the poor results above referred to were
      attributable to an insufficient energy absorption concentration at each
      irradiated point. Attempts have therefore been made to improve the results
      by increasing the energy of the laser beam.
PAR  It has been found that the required results cannot be achieved in this way.
      A clean severance of the vitreous sheet material does not take place. With
      an increase in the energy of the radiation incident upon a sheet of given
      thickness above 5 mm there is increasing tendency for the severance, when
      it occurs, to create chipped or jagged fragile edges. Moreover, in the
      case of very thick sheets the energy of the incident radiation has to be
      increased to such an extent that the first noticeable effect of the
      irradiation is a softening of the surface layer of glass, which of course
      precludes all possibility of the clean severance which it is desired to
      achieve.
PAR  Quite apart from the fact that the use of higher radiation dosages does not
      give the desired results, it is undesirable because it involves either
      more power consumption or a slower relative speed between the laser beam
      and the sheet material. In the flat glass production industry the need is
      for rapid cutting of the glass. This is notably so in the cutting of a
      ribbon of drawn sheet glass as it leaves the drawing machine. In the
      drawing of sheet glass by the Pittsburgh process, for example, the drawing
      speed may be of the order of 30 m per hour for glass 6 mm in thickness and
      the speed at which the ribbon continuously cut to remove its thick margins
      has to keep pace with this drawing speed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to sever, using a laser beam,
      sheet material having a wider range of thicknesses than could be severed
      by the methods hitherto proposed.
PAR  According to the present invention, there is provided a method of severing
      a body of vitreous or vitrocrystalline material by irradiating the body
      with at least one laser beam, wherein the laser beam has at least a
      predominant wavelength such that at least 10 percent of the energy of such
      laser beam penetrates the body to a depth of at least 0.2 mm.
PAR  The term "vitrocrystalline material" as used herein denotes a material
      obtained by thermally treating glass to induce the formation of one or
      more crystalline phases therein.
PAR  The method according to the invention involves a radical departure from the
      previous teaching in this art. Underlying the invention is the discovery
      that in order to achieve the required results, the maximum energy
      absorption at the surface of the vitreous material which is advocated by
      the previous teaching in this branch of technology should be avoided. The
      method according to the invention makes use of a laser beam to which the
      glass is appreciably less absorbent. By using radiation to which the
      vitreous material is more transparent, a severing method is realized which
      is of a much greater potential application.
PAR  In particular the method according to the invention enables vitreous or
      vitrocrystalline sheet material having a thickness far in excess of that
      for which the prior method is suitable, to be cleanly severed by means of
      a laser. The method according to the invention is moreover applicable for
      high speed cutting, as is required for example when cutting ribbons of
      drawn sheet glass. These advantages can be achieved with an electrical
      power consumption which is not, or is not significantly, higher than that
      involved in the prior method.
PAR  In carrying out the invention, the wavelength of the or each laser beam,
      its energy and the speed at which the laser beam traces along the required
      line of severance are, for best results, selected with due regard to the
      thermomechanical properties of the vitreous or vitrocrystalline material
      and the thickness of this material. These however are factors which can
      easily be selected, on the basis of simple tests, to give the required
      results.
PAR  In general, the composition of the vitreous or vitrocrystalline material is
      not critical. The method can be employed for severing any glass with a
      positive coefficient of thermal expansion. The invention is primarily but
      not exclusively intended for use in the severance of ordinary soda-lime
      glass. Generally speaking, operative conditions, including the laser beam
      wavelength, which are suitable for severing such a glass are likewise
      suitable for severing other types of glass.
PAR  Advantageously, the laser beam, or at least one of the laser beams, with
      which the body is irradiated has a wavelength or a predominent wavelength
      such that at least 50 percent of the energy of such laser beam penetrates
      to a depth of at least 0.2 mm.
PAR  In preferred embodiments of the invention, the method is applied for
      severing a body of vitreous or vitrocrystalline material having a
      thickness equal to or greater than 5 mm. The advantages of the method are
      particularly notable in work of this kind because it is work for which the
      prior method is entirely unsuitable, even in situations in which severed
      edges of only moderate quality would be acceptable. In particularly
      valuable embodiments of the invention, the body of material being severed
      has a thickness in the range 5 to 25 mm. That thickness range corresponds
      to the thickness range in which vitreous and vitrocrystalline sheet
      material is industrially manufactured. It is remarkable that bodies of
      this thickness can be efficiently severed. The term "thickness," as used
      herein in reference to a body of vitreous or vitrocrystalline material,
      denotes the dimension of the body measured normal to an irradiated face
      thereof.
PAR  Preferably, the laser beam, or at least one of the laser beams, with which
      the body is irradiated produces radiation having a wavelength in the range
      from 0.5 to 6 microns. Lasers of such wavelength are particularly
      effective for inducing breaking stresses in bodies of a thickness equal to
      or greater than 5 mm.
PAR  In one embodiment of the invention, the laser beam, or at least one of the
      laser beams, with which the body is irradiated is a DYE laser, YAG laser,
      CO laser, Ga-As laser, or HF laser.
PAR  As is known in the art, a YAG laser is a Nd-doped Yttrium-Aluminium-Garnet
      laser. Such a laser produces a wavelength centered on 1.06 microns.
      Radiation of that wavelength penetrates significantly into the vitreous or
      vitrocrystalline material. For example, for a sheet of glass 20 mm thick,
      more than 50 percent of the incident radiation is absorbed in the interior
      layers of the material. It is obviously an advantage that the invention
      can be carried out using commercially available laser generators.
PAR  Some other specific lasers which can be used in lieu of or in addition to
      YAG lasers, are: the DYE lasers, which are a family of organic lasers
      having a wavelength which is also centered at or approximately at 1.06
      microns; the carbon monoxide laser having a wavelength centered on 5
      microns; semiconductor lasers, e.g. a Gallium-Arsenide laser having a
      wavelength centered on 0.85 microns; and a HF (Hydrofluoric acid) laser
      having a wavelength centered on approximately 2.9 microns.
PAR  In carrying out the invention, the vitreous or vitrocrystalline body may be
      irradiated with two or more laser beams acting at different sections along
      an intended line of severance. The different laser beams may be of
      identical wavelength. By using two or more laser beams in that way the
      severance can be effected more rapidly.
PAR  In certain embodiments of the invention, the body is irradiated with two or
      more such laser beams of different wavelengths such that the body has
      different degrees of transparency to the different beams. This feature
      promotes a more favorable energy stress distribution through the thickness
      of the body and enables true, chip-free separated edges to be even more
      easily obtained.
PAR  Advantageously, the body is irradiated with a laser beam having a
      wavelength above 6 microns. The results obtainable by such a method are
      extremely good over a wide range of sheet material thicknesses ranging
      from 5 mm to 25 mm, and even above that range.
PAR  In certain embodiments of the invention, the vitreous or vitrocrystalline
      body is severed solely by the action of the one or more laser beams having
      a wavelength, or a predominant wavelength, such that at least 10 percent
      of the energy of such beam penetrates to a depth of at least 0.2 mm. Such
      embodiments have the merit of simplicity in that there is no need to
      provide mechanical means for weakening or stressing the body to assist the
      severance thereof.
PAR  It is to be understood, however, that the invention does not exclude
      methods in which some force other than the thermal stresses induced by the
      irradiation with the said laser beam or beams is imposed on the body to
      assist division of it along the required line of severance. For example,
      the action of such laser beam or beams may be supplemented by some
      mechanical force applied while the material is irradiated to assist the
      division.
PAR  The body of material may be irradiated with at least one laser beam, e.g. a
      CO.sub.2 laser beam, having a wavelength to which the material has a
      coefficient of absorption above 400 cm.sup.-.sup.1 simultaneously with the
      irradiation of the body with one or more laser beams which are more
      penetrating in that they produce penetration of at least 10 percent of the
      energy to a depth of at least 0.20 mm.
PAR  When using a laser beam of penetrating radiation in accordance with the
      invention, the advantageous results hereinbefore described are apparently
      attributable to the absorption of radiant energy in layers of the material
      which are at a greater depth than the depth to which a CO.sub.2 laser can
      penetrate. A CO.sub.2 laser beam has a wavelength of 10.6 microns and the
      transmissivity of ordinary glass with respect to such radiation is
      practically zero. Actually, about 90 percent of the radiation energy is
      absorbed in the first tenth of a millimeter of thickness of the glass so
      that there is a high risk of the laser spoiling the surface of the glass
      without inducing the required breaking stresses unless the radiation
      dosage at each irradiated point is sufficiently restricted.
PAR  However, by supplementing the action of the more deeply penetrating laser
      or lasers by a CO.sub.2 laser or by some other laser to which the glass is
      more absorbent, a more favorable energy stress distribution depthwise of
      the material can be realized. This is of advantage in particular for
      severing thick bodies, for example bodies having a thickness in excess of
      10 mm. Such a combination of lasers of different wavelengths is also
      advantageous however for severing vitreous and vitrocrystalline bodies of
      lesser thickness.
PAR  Advantageously, at least two laser beams of different wavelengths are
      directed so that they simultaneously irradiate the body along the line of
      severance. This procedure causes the method to be less sensitive to
      variations in the thickness of a body along the line of severance, i.e.
      variations in thickness of the body can more easily be accommodated
      without loss of quality of the separated edges.
PAR  In preferred embodiments of the invention, a continuous relative movement
      is produced between the laser beam or beams and the body of material to
      cause the body to be progressively irradiated with such beam or beams
      along the line of severance. In this way it is possible to bring about
      severance along a line of any length by means of a beam or beams which
      irradiate one point on the material at a time. A nicely controlled
      progressive separation of the body along the required line of severance
      can be brought about. The body to be severed is preferably irradiated at
      every point along the intended line of severance. However this is not in
      all cases essential.
PAR  For example, a pulsed laser beam may be used while continuously relatively
      displacing the laser beam source and the body of material to be severed.
      It appears that in some cases higher laser beam energies can be used for
      severing a body of a given thickness if the laser beam is pulsed. The
      intensity of the or each laser beam is preferably selected so that it is
      at, or about, the lowest value which will be effective at the selected
      speed of the relative movement. In that case, unnecessarily high energy
      concentrations at or near the surface of the sheet material are avoided,
      which is a factor of importance for the quality of the separated edges.
PAR  Preferably the laser beam, or at least one of the laser beams, diverges in
      the direction in which it enters the body to be severed. This feature
      makes it possible to compensate to some extent for the exponential
      decrease in the energy absorption with increasing depth of penetration of
      the body.
PAR  The invention includes methods in which the body of material is scored
      along the required line of severance and the or at least one such laser
      beam is directed onto the body at the score line.
PAR  By scoring the body, the line of severance can be even more reliably
      predetermined. The course of the score line can be easily and accurately
      controlled. Another advantage of such methods is that the severing
      operation is insensitive or less sensitive to mechanical stresses
      preexisting in the body. More particularly, if the intended line of
      severance, along which the body is scored, crosses a fault in the body,
      the fault at most presents a local imperfection in the separated edges of
      the body and does not cause fracturing stresses to be randomly propagated
      away from the intended line of severance. The fracture follows the score
      line, if not through the fault, then at least up to the boundary or
      boundaries of the fault intersected by such line. For example, it is
      possible by the method according to the invention to bring about fracture
      of a ribbon of sheet glass, formed by a conventional drawing process,
      along a transverse line extending through the edge-roll beadings at the
      ribbon edges.
PAR  Another advantage of methods involving scoring of the body is that
      severance of a given vitreous or vitrocrystalline body can be achieved
      with a laser beam of lesser energy than would otherwise be required.
PAR  In preferred methods involving a scoring step as above referred to, the
      body of material is traversed along the line of severance by a tool which
      scores the material, and by the laser beam or beams which follow the tool
      in a tandem manner. Such embodiments of the method are advantageous from
      the point of view of time saving. Moreover, it is much easier when
      proceeding in that way to ensure that the line traced out on the body by
      the laser beam or beams strictly coincides with the line traced by the
      scoring tool.
PAR  The invention includes methods in which the vitreous or vitrocrystalline
      body is in continuous movement during the laser beam irradiation thereof.
      Generally speaking, it is more convenient and satisfactory to displace the
      body continuously during the irradiation. The body may for example be
      severed while travelling along part of a production or treatment line.
      Sheet glass can for example be severed while being continuously conveyed
      from an annealing lehr.
PAR  The invention is of particular importance as applied to the severance of a
      continuous glass ribbon. Thus the invention can be applied for severing a
      continuous glass ribbon at the outlet of an annealing lehr into
      predetermined lengths and/or for severing such ribbon along its edges.
PAR  The invention includes apparatus for use in severing a body of vitreous or
      vitrocrystalline material by a method according to the invention as above
      defined, the apparatus being characterized in that it includes means for
      creating a relative displacement between a body of vitreous or
      vitrocrystalline material and at least one laser beam produced by a DYE
      laser, a YAG laser, a CO laser, a Ga-As laser or a HF laser, for severing
      the body along a predetermined line of severance. This apparatus has the
      advantage that vitreous and vitrocrystalline bodies of a wide range of
      thickness, e.g. sheet material having a thickness in excess of 5 mm, can
      be easily severed.
PAR  The invention also includes apparatus for use in severing a ribbon of glass
      as it leaves a forming machine, e.g. a glass drawing machine, the
      apparatus including a laser beam generator for emitting a laser beam
      having a wavelength, or a predominant wavelength, such that at least 10
      percent of the energy of such beam penetrates the ribbon to a depth of at
      least 0.2 mm.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of apparatus according to
      the invention.
PAR  FIG. 2 is a side elevational view of another embodiment of apparatus
      according to the invention.
PAR  FIG. 3 is a view similar to that of FIG. 1 of another embodiment of the
      apparatus according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment illustrated in FIG. 1, a ribbon of glass 1 having a
      thickness of 8 mm and leaving a horizontal annealing lehr 2 is conveyed by
      conveying rollers 3, 4, 5 and 6 beneath a gantry 11 bridging the ribbon
      path. The gantry supports two YAG laser generators 7 and 8. The positions
      of the generators can be adjusted along guides 13 and 14 by adjustment
      means (not shown). The laser generators have respective focusing devices 9
      and 10 for focusing the laser beam onto the glass ribbon. The laser
      generators have conventional energy supply and cooling systems (not
      shown).
PAR  By the illustrated apparatus the method according to the invention can be
      carried out for continuously severing the glass ribbon longitudinally, as
      indicated at 15 and 16, for removing the edge portions of the ribbon where
      its thickness profile is not of the required standard. The ribbon edges
      tend in particular to be of inferior quality in the case of sheet glass
      drawn by the Libbey-Owens process, but edge cutting is also practiced in
      the case of sheet glass drawn by other processes, e.g. by the Pittsburgh
      vertical drawing process. The laser beams are brought to a focus at a
      certain depth below the top face of the glass ribbon and as the ribbon
      advances the ribbon is cut by the lasers strictly along the lines traced
      by the laser beams thereon.
PAR  The gantry 11 can be mounted so that it can be moved relative to the
      annealing lehr to compensate for sudden temporary variations in the ribbon
      drawing speed, or to allow a laser beam to act for a few moments on a
      given spot on the ribbon where it proves to be more resistant to breakage.
PAR  According to a modification of the embodiment illustrated in FIG. 1, an
      optical device is provided in the path of the laser beam in order to give
      the beam a divergent path so as to compensate for the decrease in the
      energy absorption. This feature makes it possible to reduce the power of
      the laser.
PAR  It will be easily apparent how apparatus may be devised for applying the
      method according to the invention for cutting a continuous ribbon of glass
      simultaneously at different places.
PAR  FIG. 2 shows an apparatus which is particularly suitable for cutting
      figured, or patterned, glass. Ribbons of figured glass exhibit thickness
      variations which are in some cases substantial. The variations result from
      the surface configuration of the patterned roll which acts on the upper
      surface of the ribbon of glass. On leaving the annealing lehr 18, the
      ribbon 19 of figured glass has an overall thickness of between 6 and 7 mm
      and an average surface indentation depth of about 2 mm. The ribbon is
      advanced over a conveyor composed of ribbon supporting rollers 20.
PAR  The apparatus includes a laser source 21 emitting a laser beam of a
      wavelength such that the laser beam is partly absorbed within the
      thickness of the glass ribbon. The source 21 may for example be a YAG
      laser source, the laser beam having a wavelength of 1.06 microns. The
      laser source is situated at a convenient position, in this case above the
      exit end of the annealing lehr 18. The laser beam is emitted parallel to
      the glass ribbon and is reflected by a mirror 23 onto the glass ribbon at
      a location such that the beam traces along the required cutting line
      during the advance of the ribbon in the direction indicated by the arrow.
      The apparatus also includes a second laser source 24. This source emits a
      laser beam 25 having a wavelength exceeding 4 microns. This laser may for
      example be a CO.sub.2 laser having a wavelength centered on 10.6 microns.
      The laser beam 25 is very strongly absorbed by the glass. The beam 25 is
      likewise emitted parallel with the glass ribbon and is reflected by a
      mirror 26 onto the glass ribbon. The mirrors 23 and 26 are arranged so
      that the spots on the glass ribbon on which the beam 22 and 25 impinge are
      conincident or are very close to each other.
PAR  By virtue of the use of two laser beams, one of which is very strongly
      absorbed by the glass and the other of which penetrates into the interior
      layers of the glass, the glass ribbon can be very cleanly cut
      notwithstanding the marked variations in its thickness from one point to
      another. If the CO.sub.2 laser were to be used alone it would not cut the
      glass at the location where the glass has its maximum thickness of 6-7 mm,
      i.e.., at the locations of the crests in the profile of the top face of
      the ribbon. When using the illustrated apparatus, the glass is cleanly cut
      at those locations by the action of the YAG laser, whereas the CO.sub.2
      laser is wholly or mainly responsible for creating the severing stresses
      in the glass at those locations where the glass is of substantially lesser
      thickness, i.e., at the locations of the hollows in the profile of the top
      face of the ribbon. At those locations the glass has a thickness in the
      region of 3-4 mm.
PAR  The apparatus shown in FIG. 2 therefore makes it possible to obtain a
      continuous and clean severance along a predetermined line, notwithstanding
      the variations in the thickness of the glass ribbon.
PAR  The apparatus according to FIG. 2 can also be used for cutting ribbed glass
      along lines which run across the lines of the ribs. Such glass cannot be
      cut by the previously known method using a CO.sub.2 laser. When using the
      apparatus shown in FIG. 2 employing a CO.sub.2 laser and a YAG laser as
      above described, the ribbed glass can be easily and cleanly cut in any
      required direction.
PAR  In another embodiment of the invention a ribbon of soda-lime glass having a
      thickness of 14-15 mm was cut along a predetermined line by irradiating
      glass along that line with a Ga-As semiconductor laser having a radiation
      wavelength of 0.85 microns. At least 10 percent of the energy of the laser
      penetrated to a depth of at least 0.2 mm from the face of the glass onto
      which the laser was directed. The absorbed radiations induced
      thermo-mechanical stresses in interior layers of the glass.
PAR  The glass was simultaneously irradiated by a CO.sub.2 laser which was
      directed so as to impinge on the glass at a spot immediately behind the
      spot irradiated by the Ga-As laser. In other words, the Ga-As and CO.sub.2
      lasers traced in tandem along the required line of severance.
PAR  The glass was accurately severed along the required line and the separated
      pieces of glass exhibited clean severed edges. It was found that by using
      the CO.sub.2 laser in addition to the Ga-As laser the energy of the Ga-As
      laser could be made considerably less than is necessary for obtaining
      comparable results when using a Ga-As laser alone.
PAR  In a further embodiment of the invention, a ribbon of glass having a
      thickness of 14-15 mm was severed by irradiating it with a Ga-As laser and
      a CO.sub.2 laser as above described, but the irradiation of each spot
      along the intended line of severance was preceded by mechanical scoring of
      the glass along that line. In that case the same good results could be
      achieved with laser beams of lesser energy.
PAR  Such an embodiment is illustrated in FIG. 3 which shows apparatus including
      all of the structure of FIG. 1 together with a mechanical scoring unit
      composed of a gantry 33 similar to gantry 11 and bridging ribbon 1 in
      front of gantry 11, relative to the direction of advance of glass ribbon
      1. Gantry 33 carries a guide 32 supporting scoring tools 28 and 29. Each
      scoring tool carries a respective scoring wheel 30, 31. Tools 28 and 29
      are positioned to be in line with laser beam generators 7 and 8 so as to
      score the glass ribbon along severance lines 34 and 35 before the ribbon
      is irradiated by the beams from generators 7 and 8 along the same lines.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for severing a body of soda-lime glass having a thickness of
      at least 5 mm by irradiating the body with at least one laser beam
      producing energy which is absorbed by the body to induce breaking stresses
      therein, the improvement comprising irradiating the body with at least two
      laser beams of respectively different wavelengths with respect to which
      the body has respectively different degrees of transparency and giving at
      least one of the laser beams at least a predominant wavelength such that
      at least 10 percent of the energy of such laser beam penetrates the body
      to a depth of at least 0.2 mm.
NUM  2.
PAR  2. A method according to claim 1 wherein the at least one laser beam with
      which the body is irradiated has at least a predominant wavelength such
      that at least 50 percent of the energy of such laser beam penetrates to a
      depth of at least 0.2 mm.
NUM  3.
PAR  3. A method according to claim 1 wherein at least one laser beam with which
      the body is irradiated has a wavelength in the range from 0.5 to 6
      microns.
NUM  4.
PAR  4. A method according to claim 1 wherein at least one laser beam with which
      the body is irradiated is produced by a DYE laser, YAG laser, CO laser,
      Ga-As laser, or HF laser.
NUM  5.
PAR  5. A method according to claim 1 wherein one of the laser beams has a
      wavelength in one of the ranges from 0.85 to 1.2 microns and from 2.5 to 4
      microns and a second of the laser beams has a wavelength above 6 microns.
NUM  6.
PAR  6. A method according to claim 1 wherein the body is severed along a given
      line solely by such irradiation.
NUM  7.
PAR  7. A method according to claim 1 wherein the at least two laser beams of
      respectively different wavelength are directed so that they simultaneously
      irradiate the body along the line of severance.
NUM  8.
PAR  8. A method according to claim 1 further comprising producing a continuous
      relative movement between the laser beams and the body of material to
      cause the body to be progressively irradiated with such beam along the
      line of severance.
NUM  9.
PAR  9. A method according to claim 1 comprising causing at least one of the
      laser beams to have the form of a divergent beam where it enters the body.
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PAL  An improved means for guiding the welding unit of an automatic welding
      apparatus along the joint line between workpieces to be welded together,
      said workpieces being previously joined together by welding bridges
      mutually spaced along the joint line, the automatic welding apparatus
      being of the type having a longitudinally extending beam on which a
      carriage is arranged for longitudinal movement, said carriage supporting a
      transverse beam extending substantially at right angles to the
      longitudinal beam, the transverse beam supporting a laterally moveable
      carriage to which a welding unit is attached, said guiding means
      comprising a guide member arranged to move on the joint line between two
      workpieces to be welded together and to guide the welding unit laterally,
      a support member arranged to move behind the guide member and to engage at
      least one of said workpieces and to support the welding unit, which
      welding unit is movable vertically independent of the support member so as
      to control the height of the welding unit above the joint line, said guide
      member being arranged to be moved vertically without affecting the height
      of the welding unit above said joint line during longitudinal movement of
      said welding unit during welding operation and furthermore being arranged
      on a rod which is vertically movable in a pivotable structure and held in
      an outwardly extended position by means of a pressure spring, said rod
      being arranged to be moved into a sleeve member when the guide member is
      placed on the joint line, and wherein said rod is provided with an
      operating means so arranged that, when the rod occupies its retracted
      position in said sleeve, the operating means is out of engagement with a
      switch means and, when the rod is fully extended said operating means
      actuates said switch means so as to activate welding unit retaining means
      arranged to prevent said unit from falling down when the support member
      passes over the end edge surface of the work pieces as well as an
      automatic welding apparatus.
BSUM
PAR  The present invention relates to means for guiding the welding unit of an
      automatic welding apparatus along the joint line between work-pieces which
      are to be welded together, said welding unit being arranged for
      longitudinal and lateral movement relative to said joint line.
PAR  There are known to the art automatic welding apparatus of the type
      comprising a beam which extends in the longitudinal direction of the
      welding apparatus and on which a carriage is arranged for movement in the
      long direction of the beam. The welding unit of the apparatus is attached
      to the carriage, so that a weld can be made between two adjacent
      workpieces when the carriage is moved along the beam. Prior to welding the
      workpieces together, said workpieces are adjusted so that the electrode of
      the welding unit is located above the line along which the weld is to be
      made, this line being referred to hereinafter as the joint line. During a
      welding operation, the carriage is moved at a convenient speed along the
      beam and the welding unit is made to follow a path parallel with the beam
      to provide a continuous weld.
PAR  One disadvantage with automatic welding apparatus of this type is that the
      workpieces must be very accurately aligned, so that the joint to be welded
      lies exactly parallel with the beam. If there is any divergence between
      the beam and the joint line, the weld will not be placed exactly in the
      joint, thereby greatly impairing the quality of the weld joint.
PAR  To eliminate this disadvantage, it has been necessary hitherto to manually
      superintend the working of such automatic welding apparatus, so that the
      necessary adjustance can be made manually to the welding unit in all
      planes during a welding operation. This greatly increases the cost of a
      welding operation.
PAR  The main object of the present invention is to provide means for guiding
      the welding unit of automatic welding apparatus along the joint line
      between workpieces to be welded together, whereby the task of manually
      supervising the welding operation is obviated.
PAR  It is previously known, for example from the U.S. Pat. No. 2,749,421, to
      use guide wheels for following the joint line between workpieces to be
      welded together, the guide wheels being arranged to adjust the position of
      the welding unit so that said unit follows the joint line even when said
      line deviates slightly from the longitudinal direction of the welding
      apparatus. With the arrangement disclosed in the U.S. Pat. No. 2,749,421,
      the actual welding unit is pivotally mounted and hinged in a manner such
      that a certain displacement of the guide means causes the welding unit to
      be swung outwardly in either direction, thereby compensating the position
      of the welding unit for the deviation in direction of the joint line
      relative to the longitudinal beam. Such an arrangement, however, is only
      capable of making corrections for small deviations in the direction of the
      joint line. Further, the quality of the weld joint is also affected by the
      oblique positioning of the welding apparatus. Since it is necessary to
      suspend the welding unit so that it can be pivoted in all directions, the
      suspension arrangement is also complicated and expensive, without
      achieving a fully satisfactory mode of operation of said arrangement. A
      further disadvantage with joint line following devices having a single
      wheel running in the joint line is that the welding unit is lifted each
      time the width of the joint line decreases beneath a certain minimum value
      or when the joint disappears completely, which happens occasionally owing
      to the fact that the adjacently lying edge surfaces of the work pieces are
      not completely straight, and each time a previously arranged welding
      bridge is passed. Welding bridges are normally arranged at uniformly
      spaced intervals along the workpieces, to position the workpieces relative
      to each other in preparation for making the continuous weld there along.
      The distance between the weld bridges is normally 3- 5 dm, which means
      that the welding unit during its movement along a joint line, which may
      have length of from 1 to 2 meters, will be lifted a number of times,
      whereby the quality of the weld joint will vary along the joint line or
      the welding unit will fail to make a weld at places along the workpieces,
      owing to the fact that the electrode of the welding unit is moved to such
      a distance from the workpieces that the light arc is distinguished.
PAR  A further object of the invention is therefore to provide a guide means
      which operates in a manner such that the weld unit is not affected, or
      only slightly affected as the welding unit passes the aforementioned,
      pre-made weld bridges, and which permits large deviations between the
      direction of the joint and the long direction of the automatic welding
      apparatus without the quality of the weld being impaired.
DRWD
PAR  So that the invention will be more readily understood and other features
      thereof made apparent, a guide means constructed in accordance with the
      invention will now be described with reference to the accompanying
      drawing, in which
PAR  FIG. 1 is a diagrammatic, horizontal view of an automatic welding apparatus
      incorporating the guide means of the invention and having a carriage
      arranged to move longitudinally and a carriage arranged to move
      transversely.
PAR  FIG. 2 illustrates an embodiment of the invention, comprising a joint
      following guide means having guide wheels and supporting wheels,
PAR  FIGS. 3-7 show different embodiments of the guide wheels and support wheels
      of the guide means shown in FIG. 2 for welding different types of weld
      joints.
DETD
PAR  The automatic welding apparatus shown diagrammatically in FIG. 1 comprises
      a longitudinally extending beam 10 on which a carriage 11 is arranged for
      longitudinal movement. The longitudinally extending beam 10 of the
      automatic welding apparatus is supported by two spaced-apart vertically
      movable frame arms 12, 13. A transverse beam 14 is arranged on the
      carriage 11 substantially at right angles to the long beam. Arranged for
      transverse movements on the transverse beam 14 is a carriage 15 provided
      with a driving motor. The carriage 15 supports the welding unit 16.
PAR  When a weld is to be made automatically between two workpieces by means of
      the illustrated automatic welding apparatus, the workpieces are first
      positioned adjacent each other in the desired manner on the working table
      of said apparatus. In this respect it is normally necessary to first
      position the workpieces in relation to each other by means of a number of
      spaced apart weld bridges and to align the joint line so that it lies
      approximately parallel with the longitudinal beam of the welding
      apparatus. When this preparatory work is completed, the longitudinally
      movable carriage 11 is brought to its starting position and the
      transversely movable carriage 15 is moved on the transverse beam 14 until
      the electrode of the welding unit 16 is located centrally above the joint
      line. Since the joint line need not be positioned exactly parallel with
      the longitudinal direction of the transverse beam and since the welding
      unit can be moved laterally, the work which must be carried out to prepare
      the workpieces for a welding operation is much simpler and less time
      consuming than with previously known automatic welding apparatus. FIG. 2
      is a sectional view through the joint-line following means of the present
      invention. With the illustrated embodiment, the joint line following means
      is attached to the welding unit and includes a guide wheel 17 arranged to
      roll in the joint line during an automatic welding operation. The guide
      wheel is rotatably mounted on a shaft 18 arranged on a vertically movable
      rod 19. The frame is mounted to a structure 20 capable of being pivoted
      around two pins 43, 44, and is provided with a shoulder 21 against one end
      of which a pressure spring 22 is arranged to abut. The other end of the
      pressure spring is arranged to abut a bearing sleeve 23 for the rod 19
      inserted in the structure 20, the arrangement being such that the rod is
      normally held in its lowermost, fully outwardly extended position by a
      force of certain magnitude, in which position a plate 24 attached to the
      rod abuts a stop surface 25 on the pivotable structure 20. While the guide
      wheel 17 rolls in the joint line during a welding operation, part of the
      rod 19, however, is located in the structure 20, so that as the guide
      wheel passes the end of the workpieces the rod 19 will be projected
      further out of the structure 20.
PAR  If the width of the joint line is too small to accomodate the wheel 17
      during its passage along the joint line, or the wheel 17 meets a welding
      bridge, the wheel will be urged upwards, whereupon the rod 19 carrying the
      wheel is pushed into the structure 20 against the action of the spring 22.
      Subsequent to the wheel passing the welding bridge or when the width of
      the joint line is sufficient to accomodate the wheel, the rod 19 is moved
      out of the structure 20 by means of the spring 20, so that the wheel is
      returned into the joint line and continues to roll along the same.
PAR  As previously mentioned, the rod 19 supporting the wheel 17 is so arranged
      that said rod is moved out of the pivotable structure to a certain extent
      by the spring at the end of the joint line, at the end of the workpieces.
      The upper end of the rod 19 is provided with a plate 26 which during a
      joint-line following operation lies remote from an electric switch 27
      stationarily arranged on one side of the rod 19. When the guide wheel 17
      passes the end edges of the workpieces, the rod 19 is extended by the
      spring to its maximum extent, whereby the plate 26 on the rod 19 actuates
      the switch 27. The switch 27 is connected in an electric-current circuit,
      which is arranged so that actuation of the switch can be used to lock the
      welding unit securely to the carriage 15, via a relay or like device, so
      that the welding unit does not fall against the workpieces when a further
      supporting wheel 28, hereinafter described, passes the end edges of the
      workpieces. The fact that locking of the welding unit subsequent to the
      guide wheel leaving the joint line renders it impossible to move said unit
      vertically or laterally does not constitute any particular disadvantage,
      since the remaining portion of the joint to be welded is very short.
PAR  When seen in the movement of direction of the welding apparatus, there is
      arranged, preferably but not necessarily behind the guide wheel 17a
      further guide wheel 28. The guide wheel 28 is arranged to engage at least
      one, and preferably both workpieces during a welding operation. The
      support wheel 28 is mounted for rotation on a shaft 29, which is
      journalled between the legs of a bifurcate member 30a, which is attached
      to a supporting portion 30, which in turn is mounted on the welding unit
      16. The welding unit is arranged on the transversely movable carriage 15
      and is mounted for vertical movement by means of a plain bearing, so that
      the support wheel 28 will guide the welding unit vertically over the joint
      line. The welding unit 16 together with the weld electrode 16a has been
      shown with dash-dot lines in FIG. 2, the pivotable structure 20 and the
      switch 27 are also mounted on the support member 30.
PAR  The bifurcate member 30a is provided with a downwardly projecting plate 31,
      which is arranged to support an asbestos plate 32. The lower portion of
      the plate 31 is angled, so that the end of the plate projects into the
      space formed between the support wheel 28 and the workpieces and welding
      nozzle respectively. The lowermost end of the plate 31 has a U-shaped edge
      31a and is provided at a position above said edge 31a with an outwardly
      projecting arm 33 having a curved edge 34 at its free end. As will be
      understod, a new asbestos plate 32 can be readily inserted between the
      U-shaped lower edge 31a and the curved upper edge 34 when required. The
      purpose of the asbestos plate is to prevent splashes from the weld
      electrode 16a during a welding operation from striking the support wheel
      28 and adhering thereto, while at the same time protecting the support
      wheel and its bearings from heat radiating from the weld. A special
      advantage afforded by the asbestos plate is that it does not constitute a
      surface against which splashes occurring from the weld electrode could, as
      would a metal plate. The ease in which the asbestos plate can be replaced
      also enables the operator to insert a new asbestos plate with the minimum
      of time loss. The protective asbestos plate is particularly advantageous,
      since in order to afford optimum vertical guidance of the weld unit, the
      support wheel should be located close to the weld electrode 16a.
PAR  FIG. 3 shows diagrammatically a guide wheel 17 located in a joint line
      between two workpieces 35 and 36. The shape of the guide wheel can be
      chosen according to the shape of the joint being made.
PAR  With the embodiment shown in FIG. 4, the support wheel, here designated 28,
      has the form of a cylinder with two outwardly projecting flanges 28a and
      28b arranged one at either end thereof. The cylinder is so dimensioned
      that the two flanges 28a and 28b lie on either side of the joint line
      between the workpieces 35 and 36, as shown in the Figure. In this way
      there is ensured positive abutment between the support wheel and the
      workpieces. The cylinder is mounted for rotation in a bifurcate portion
      30a connected with the support member 30. The support member 30, and
      therewith also the welding unit, will thus follow the workpieces at a
      determined and manually adjustable distance above the joint to be welded.
      The distance of the welding unit above the joint line during a welding
      operation is thus not affected by any deviations in width of the joint
      line, neither is it affected by the occurrence of welding bridges between
      the two workpieces.
PAR  FIG. 5 shows an embodiment having a support wheel 37 for effecting a weld
      in the external angle between two obliquely positioned plates 38 and 39.
      FIG. 6 shows an embodiment having a support wheel 40 for effecting a weld
      at the internal connection between two plates 41 and 42 placed angularly
      with respect to each other. FIG. 7 shows a modified embodiment of the
      guide wheel 17 for effecting a weld of the type shown in FIG. 6.
PAR  As before mentioned, the rod 19 supporting the guide wheel 17 is arranged
      in a structure 20 which is pivotally mounted around two pins 43 and 44, so
      that said structure can pivot around the axes of said pins. The pivoting
      movement of the structure 20 is utilized to guide a servo means (not
      shown) arranged to control an electric drive motor for the transversely
      movable carriage 15, so that said carriage can be moved on the transverse
      beam 14 in a direction such as to compensate pivoting movement of the rod.
PAR  Although the joint-line following means of the present invention has been
      described solely with reference to one embodiment thereof, it will be
      understood that the said means can be modified and changed in a number of
      ways within the scope of the inventive idea. For example, it is possible
      to arrange more than one support wheel on each side of the joint line, and
      the support wheel can be replaced by a runner-like slide means, in the
      slide surfaces of which can be arranged balls or rollers for reducing the
      friction between said slide surfaces and the workpieces. It is also
      conceivable to use one support wheel on only one side of the joint line,
      in which case said support wheel should only be arranged to support the
      whole weight of the welding unit. The design of the support member may be
      adapted to the weld to be made. Further, it is convenient to suspend the
      support member in a manner such that it can be readily replaced. This is
      also applicable to the guide wheel, which should be readily replaceable so
      that said means can be adapted to different types of welds and chamfers on
      the edges of the workpieces. It is also conceivable to replace the guide
      wheel with a guide pin or a guide plate arranged to follow the joint line.
      If the welding unit is light or the weight of said unit is balanced, the
      aforementioned servo control may optionally be excluded and the guide
      member may be arranged to effect the desired displacement of the welding
      unit during a jointline following operation by a direct mechanical
      connection with said welding unit. It is also conceivable to fixedly
      arrange the guide member and to exclude the servo control means, and
      instead to permit the guide member to move the positioned workpieces so
      that the requisite alignment of the joint line relative to the welding
      unit is obtained. This latter alternative, however, is conceivably only
      possible when the workpieces are relatively light or when special
      provision is made to enable ready displacement of the workpieces. The
      electrical contacts may also be positioned and arranged in many different
      ways to obtain the desired energizing and deenergizing of said means when
      the guide member is moved to its fully extended position.
CLMS
STM  I claim:
NUM  1.
PAR  1. Means for guiding the laterally and vertically movable welding unit of
      an automatic welding apparatus along the joint line between workpieces to
      be welded together, said workpieces being previously joined together by
      welding bridges mutually spaced along the joint line, the automatic
      welding apparatus being of the type having a first beam, a first carriage
      carried by said first beam and displaceable along the same, a second beam
      attached to said first carriage and extending substantially perpendicular
      to said first beam, a second carriage carried by said second beam and
      displaceable along the same, and a welding unit supported by said second
      carriage, said welding unit comprising a support member resting upon at
      least one of said workpieces during welding, the welding unit being
      movable vertically solely dependent upon the vertical position of the
      support member, electrical locking means operable for preventing vertical
      movement of said welding unit, and a joint line follower structure
      positioned in front of said support member, said last mentioned structure
      comprising a joint line following means, a rod having a lower exposed end
      supporting said following means, a pivot structure pivotable in a
      direction mainly perpendicular to said joint line and comprising means
      slidingly supporting said rod for restricted vertical movement of the
      same, upper and lower stop means defining the upper and lower limits,
      respectively, for said vertical movement, a pressure spring urging said
      rod downwards to press said following means against the joint line, a
      switch controlling the operation of said electrical locking means, and a
      switch operating means fastened to said rod, the mutual spacing and
      arrangement of said switch and said operating means being such that the
      switch is unaffected by the operating means when said following means is
      in contact with a joint line, but is operated by said operating means to
      activate said locking means to prevent the welding unit from falling down
      when said support member is going to pass over an end edge surface of the
      work pieces.
NUM  2.
PAR  2. An automatic electric welding apparatus comprising a joint line follower
      for guiding a laterally and vertically movable welding unit along the
      joint line between workpieces during welding, a support member positioned
      behind the joint line follower and resting upon at least one of said
      workpieces during welding, the welding unit being movable vertically
      solely in dependence upon the vertical position of the support member, and
      a plate-like protecting means positioned between the support member and
      the electrode of the welding unit for preventing weld splash from
      fastening to the support member during welding and protecting the support
      member from heat radiation from the weld joint, said protecting means
      extending into the space between the support member and the workpieces and
      comprising a replaceable asbestos plate inserted between two curved edges
      of a holder projecting downwardly from the welding unit.
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ABST
PAL  A novel flux-cored welding wire for gas-shielded electric arc welding is
      described characterized by a shiny, metallic-appearing surface on a low
      carbon steel sheath and containing within its core as essential flux
      ingredients 6-20% ferro manganese, 6-20% ferro silicon, 1-20% manganous
      oxide, 1/2-5% of a flouride compound, and the balance rutile. The wire is
      especially useful in out-of-position welding to produce sound welds
      combining good strength and high notch toughness at subzero temperatures.
PARN
PAR  This application is a continuation-in-part of our prior copending
      application Ser. No. 250,240, filed May 4, 1972 (now abandoned), which in
      turn is a continuation-in-part of our still earlier patent application,
      Ser. No. 53,016, filed July 7, 1970 (now abandoned).
BSUM
PAR  This invention relates to flux-cored welding wire for use in gas-shielded,
      consumable, electric arc welding.
PAR  It is known to introduce the flux and alloying ingredients or welding
      mixture within the core of a hollow steel sheath, and draw down the sheath
      to a small diameter by pulling same through lubricated drawing dies. To
      remove drawing compound residues on the completed wire, and to remove any
      entrained moisture, it is conventional to bake the completed wire. A
      typical baking cycle is 4 hours at 600.degree. F. The appearance of the
      wire, which is shiny and metallic prior to baking, changes to a
      characteristic dull, dark look indicative of the presence of a thin oxide
      coating on the steel sheath. This oxide coating interferes with
      establishing a good, solid electrical connection to the wire electrode
      during the welding process, especially with a continuous electrode for
      semiautomatic or automatic welding.
PAR  Another welding problem frequently encountered is the position of the
      workpiece requiring out-of-position (vertical or overhead) welding,
      wherein the weld puddle can not be maintained in a flat or horizontal
      position. For this application, control of the flux ingredients to provide
      a stable puddle of low fluidity and which rapidly freezes is essential to
      prevent puddle drip and other detrimental actions.
PAR  Still another welding problem is to obtain a weld of reasonable tensile
      strength yet possessing good notch toughness (ability to withstand impacts
      at a stressconcentrating notched section, usually measured by Charpy V
      Notch Values [CPV] in a standard test at various temperatures) at subzero
      temperatures. To satisfy this requires careful control of the content of
      those substances which act as hardening cleansing and refining agents for
      the steel weldment.
PAR  Another problem often encountered in practical welding is the welding of
      heavily rusted or scaled, and primed (corrosion preventing coated, for
      example zinc compound or epoxy resin) steel plates. The heavy rust or
      priming if not removed tends to result in less sound or porous weldments.
      Removing the rust or priming eliminates the problem, but the cost for
      doing so is high.
PAR  One object of the present invention is a flux-cored welding wire for use in
      gas-shielded electric arc welding which is characterized by a shiny
      metallic exterior surface through which good electrical contact can be
      established and maintained during a semi-automatic or automatic welding
      process.
PAR  Another object of the present invention is a flux-cored welding wire
      suitable for use in out-of-position gas shielded electric arc welding.
PAR  Still another object of the invention is a flux-cored welding wire for use
      in gas-shielded electric arc welding and capable of producing sound welds
      in which the weldment exhibits good tensile strength and high notch
      toughness at sub-zero temperatures.
PAR  A further object of the invention is a flux-cored welding wire for use in
      gas-shielded electric arc welding for producing sound welds on heavily
      rusted or primed steel plates.
PAR  Still a further object of the invention is a flux-cored welding wire for
      use in gas-shielded arc welding which simultaneously satisfies several of
      the above-mentioned objects.
PAR  These and other objects and advantages as will appear hereinafter are
      achieved with a flux-cored welding wire characterized by a steel sheath of
      low carbon content whose exterior surface is shiny and metallic in
      appearance due to absence of baking following the final drawing operation
      through lubricated dies, and which contains within its core a novel flux
      or welding mixture comprising a low content or deoxidizing, steel
      hardening and refining agents, a small critical amount of a fluoride, and
      a high content of rutile. More specifically, the novel welding mixture
      comprises, by weight of the mixture, 6-20% of ferro manganese, 6-20% of
      ferro silicon, 1-20% of manganous oxide, 1/2-5% of a fluoride compound,
      and the balance rutile. Preferably the rutile content, which is the
      primary slag former, is maintained at 50- 70percent by appropriate
      adjustment of the proportions of the other ingredients, mainly the ferro
      manganese and ferro silicon. The fluoride compound is preferably selected
      from the group comprising solium fluoride, sodium silica fluoride, calcium
      fluoride, lithium fluoride, potassium aluminum fluoride, and potassium
      titanium fluoride. The metallic sheath is a plain carbon steel with a
      carbon content of 0.1 percent or less, and the core mixture constitutes
      12- 20 percent by weight of the completed wire. Our novel electrode wire
      are primarily intended for welding mild and low alloy steels.
PAR  We do not fully understand the unique coaction that is present between the
      various substances present in our finished electrode wire, but we believe
      the following explanation, which is not intended to be limiting, may
      account for the unusually good performance of our novel flux-cored
      electrode.
PAR  The completed wire electrode that emerges from the final drawing stage
      still has on its surface drawing compound residues and exhibits a shiny,
      smooth, metallic appearance. Contrary to the earlier practice, we do not
      bake the wire to remove the drawing compound residues and any moisture
      present, because the resultant baked wire will have a thin oxide coating
      which can interfere with establishing and maintaining proper electrical
      contact thereto. With our unbaked wire in the as-drawn condition,
      continuous electrical conductivity from the contact tip to the electrode
      surface is established even as the wire is continuously fed through the
      electrode holder providing a smooth continuous flow of current from the
      contact tip to the wire surface to initiate and maintain continuous
      welding. However, these drawing compound residues present on the wire can
      interfere with obtaining a sound weldment. It is our belief that the small
      amount of fluoride present as well as the manganous oxide in the ranges
      indicated above prevent any detrimental effects of these drawing compound
      residues. It is also believed that these two ingredients perform an
      essential function in the welding of heavily rusted or primed steel
      plates, the rust and priming when present also having detrimental effects
      on the weld soundness overcome by the fluoride and manganous oxide
      constituents. For this latter application, it is preferred that the
      fluoride content be at the upper end of the specified range, i.e., 3-5
      percent.
PAR  To achieve good tensile strength and high notch toughness, we use a sheath
      steel whose carbon content is maintained low, below 0.1 percent. In
      addition, we also maintain the content of the ferro manganese and ferro
      silicon relatively low. The ferro manganese and ferro silicon are well
      known deoxidizers, but also act as alloying, hardening agents for the
      weldment. Keeping the latter content low, however, increases the
      possibility of insufficient deoxidizing action, with the result of
      unsound, porous weldments. We believe that the high rutile content, the
      manganous oxide, and the fluoride, which may function as a
      super-deoxidizer, all contribute to keeping oxygen out of the weld puddle
      or tying it up before it can combine with the carbon present to generate
      gas. Moreover, it is essential that the welding be carried out under the
      protection of a conventional shielding gas, such as carbon dioxide, argon,
      carbon-dioxide-argon mixtures, helium, or argon-oxygen mixtures (oxygen
      content usually below 3 percent). As a result of the foregoing, we find
      that welds made with our electrode wire exhibit very high notch toughness,
      even at subzero temperatures, while retaining satisfactory tensile
      strength.
PAR  For out-of-position welding, where low puddle fluidity and fast-freezing is
      essential, we prefer compositions wherein the fluoride content is
      maintained small within the range of 1/2-1%. For those applications which
      require out-of-position welding combined with good mechanical properties
      of the finished weld, we prefer the other ingredients of the welding
      mixture to be in the proportions of 14-20% ferro manganese, 8-15% ferro
      silicon, 1-5% manganous oxide, with 50-70% rutile. In this case, we prefer
      to use as our fluoride, potassium aluminum fluoride. The combined content
      of the ferro silicon and ferro manganese is preferably maintained at 24-34
      percent.
DETD
PAR  The following examples are illustrative of our invention but not limiting
      thereof.
PAR  To make up the welding mixture, the starting ingredients (rutile, ferro
      manganese, ferro silicon, manganous oxide, and the fluoride) in the
      proportions desired (examples given in tables following below) are ground,
      screened to a mesh size between 50-325 mesh, and thoroughly mixed. The
      wire sheathing, obtained in strip form is of plain carbon steel. A
      preferred composition is AISI 1008 (whose maximum carbon content is 0.10
      percent) though other low carbon types such as AISI 1010 (max. carbon
      content 0.13 percent), AISI 1006 (max. carbon content 0.08 percent, and
      AISI 1005 (max. carbon content 0.06 percent) are suitable. Either rimmed
      or killed steel can be used, but we prefer rimmed steel as it appears to
      give better results, and is also less expensive. The strip is initially
      passed through contour-forming dies to form a generally U-shaped
      configuration, or trough, into which the finely-powdered welding mixture
      is introduced in measured amounts to constitute 12-20 percent by weight of
      the completed electrode. The open end of the U-strip is then closed tight
      by forming dies and the compacted flux-filled wire drawn through a series
      of drawing dies to the finished wire diameter, conventional drawing
      compounds being used to lubricate the wire. We prefer to use during the
      initial drawing stages where the major size reduction occurs standard dry
      stearate-type drawing compounds, which is basically fatty acids and their
      salts containing C, H and O. However, for the final drawing stage to
      finished wire diameter, we prefer to use a conventional, synthetic,
      water-base wax drawing compound in a wet (paste) condition. We believe the
      latter removes some of the stearate residues from the earlier drawing
      stages. Though any sheath configuration is suitable, we prefer to use a
      sheath configuration in which the edges rather than just abut are folded
      inward to contact one another over extended areas of the outer edge
      surfaces to make for a tighter seam with less risk of drawing compound
      entrapment (since no baking step is used to remove any entrapped compound
      or moisture), and to improve the electrical contact and uniformity of
      current distribution over the wire cross-section. The resultant wire is
      wound up into a continuous coil or onto spools and sold to the user in the
      as-drawn condition without subsequent cleaning, polishing or baking steps,
      thus reducing the manufacturing cost considerably.
PAR  Weld tests were performed with 3/32 inches 5/64 inches, and 1/16 inch
      diameter wires of our invention at 420, 400 and 350 Amperes, respectively,
      at 29-30 volts with a shielding gas coverage of carbon dioxide at 35-45
      cfh. In Table I are reported results on depositing butt welds on ASTM A36
      structural steel plates with various surface conditions, such as "as
      received" plates from the mill, i.e., having both mill scale surfaces and
      heavily rusted surfaces, and primed surfaces, such as zinc chromate, zinc
      silicate, and epoxy resin type painted surfaces. The table sets forth
      various flux compositions in weight percent of the welding mixture of the
      wire electrode.
TBL                TABLE I                                                     

     ______________________________________                                    

     Flux Example No.                                                          

                     1           2                                             

     ______________________________________                                    

     Ferro Manganese 19          19                                            

     Ferro Silicon   12.5        12.5                                          

     Rutile          53          56                                            

     Manganous oxide 12.5        12                                            

     Fluoride        3 (as NaF)  0.5 (as LiF)                                  

     Tensile Strength, psi                                                     

                     82,000      89,800                                        

     Yield Strength, psi                                                       

                     73,500      81,300                                        

     Elongation, %   27.5        27                                            

     CPV Toughness, Ft-lbs.                                                    

     at 0.degree. F  64          50.2                                          

       " -20.degree. F                                                         

                     58                                                        

     ______________________________________                                    

PAR  As noted above, with primed or heavily rusted surfaces, we prefer a
      composition with a higher fluoride content, such as No. 1 above. No. 2
      Flux composition is useful for welding lightly scaled plates.
PAR  In Table II below are reported results under the same conditions described
      above for out-of-place welding of mild steel members.
TBL                TABLE II                                                    

     ______________________________________                                    

     Flux Example No.                                                          

                    3         4         5                                      

     ______________________________________                                    

     Ferro Manganese                                                           

                    17        20        17                                     

     Ferro Silicon  11        14        11                                     

     Rutile         67.5      61.5      69.25                                  

     Manganous oxide                                                           

                    4         4         2                                      

     Fluoride (as KAlF)                                                        

                    0.5       0.5       0.75                                   

     Tensile Strength, psi                                                     

                    86,000    97,000    85,700                                 

     Yield Strength, psi                                                       

                    76,000    85,500    76,800                                 

     Elongation, %  27        25        28.5                                   

     CPV Toughness Ft. lbs.                                                    

     at 0.degree. F 59        28        70.8                                   

       " -20.degree. F                                                         

                    41        40        55.7                                   

       " -40.degree. F                                                         

                    43                  52                                     

     ______________________________________                                    

PAR  In the examples of Table II, the core content ranged between 14-17 percent
      by weight of the electrode wire. In all instances it was found that the
      welds were sound, free of porosity, and exhibited excellent mechanical
      properties, especially high notch toughness at sub-zero temperatures.
      Moreover, the out-of-place welding operation was easy to carry out and
      involved fewer difficulties than when using the known flux compositions,
      especially in maintaining stability of the puddle and fast freezing thus
      avoiding puddle drip and loss.
PAR  As is clear from the foregoing, for the particular applications described
      above the essential ingredients of the flux of the electrode of our
      invention are the ferro manganese, ferro silicon, rutile, manganous oxide
      and fluoride in the ranges specified. Within the scope of our invention
      other, primarily inert, ingredients can be added to make up the balance
      where it is preferred to keep the rutile content lower. An example is the
      addition of iron powder to the flux. It does not act as a deoxidizer but
      to provide a higher percentage of iron to the weld to increase deposition
      rate and efficiency. Similarly, as is well-known, electrolytic manganese
      can be substituted in part for the ferro manganese, with or without the
      added iron powder. In addition a small amount of alumina (up to 20%) can
      be added if desired to control the puddle surface tension. We prefer
      however not to include magnetite in the flux, as we have found that its
      presence in significant amounts with the lower fluoride content tends to
      contribute to more porous welds, and so increases fluidity as to make the
      electrode unsuitable for out-of-place welding.
PAR  Summarizing, our novel electrode wire offers the following advantages:
PAR  1. the shiny, metallic-appearing exterior surface of the wire permits good
      electrical contact to be maintained at all times,
PAR  2. the flux mixture is non-hygroscopic, and whatever drawing compound
      residues that remain prevent corrosion of the exterior surface, affording
      long shelf life,
PAR  3. sound reproducible welds having excellent mechanical properties, such as
      good strength, high notch toughness at subzero temperatures, and good
      appearance are easily obtained,
PAR  4. sound welds on heavily rusted and primed steel are readily obtained,
PAR  5. out-of-position welding is readily accomplished to yield sound welds
      with good mechanical properties,
PAR  6. deposition rates and efficiency are high and the resultant slag is
      easily removed,
PAR  7. from the foregoing advantages it is evident that the welding wire is
      especially adapted for semi-automatic and automaatic welding.
PAR  While our invention has been described in connection with specific
      embodiments thereof, those skilled in the art will recognize that various
      modifications are possible within the principles enunciated herein and
      thus the present invention is not to be limited to the specific
      embodiments disclosed.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. A flux-cored welding wire for use in gas-shielded electric arc welding
      comprising a drawn steel sheath having a core and a welding mixture
      contained within the core and constituting 12-20 percent by weight of the
      wire, said welding mixture consisting essentially of, by weight of said
      mixture, 6-20% ferro manganese, 6-20% ferro silicon, 1-20% manganous
      oxide, 1/2-5% of a fluoride compound selected from the group consisting of
      sodium fluoride, sodium silica fluoride, calcium fluoride, lithium
      fluoride, potassium aluminum fluoride and potassium titanium fluoride, and
      the balance rutile and constituting at least 50 percent of the mixture,
      the sheath exterior surface being shiny and metallic-appearing with
      unremoved drawing compound residues.
NUM  2.
PAR  2. A flux-cored welding wire as claimed in claim 1 in which the welding
      mixture constitutes 14-17 percent of the wire.
NUM  3.
PAR  3. A flux-cored welding wire as claimed in claim 1 wherein the combined
      weight percent of ferro manganese and ferro silicon is 24-34.
NUM  4.
PAR  4. A flux-cored welding wire as claimed in claim 1 in which the fluoride
      compound is 1/2-3/4% potassium aluminum fluoride.
NUM  5.
PAR  5. A flux-cored welding wire as claimed in claim 1 in which the welding
      mixture consists essentially of 17% ferro manganese, 11% ferro silicon,
      67.5% rutile, 4% manganous oxide and 0.5% potassium aluminum fluoride.
NUM  6.
PAR  6. A method of welding steel members having primed or rusted surfaces by
      establishing an electric arc between the members and a welding wire as
      claimed in claim 1 while passing a shielding gas around the arc, the
      fluoride content of said wire being from 3-5 percent.
NUM  7.
PAR  7. A flux cored welding wire for use in gas-shielded electric arc welding
      comprising a drawn steel sheath having a carbon content below about 0.1
      percent and a core and a welding mixture contained within the core and
      constituting 12 - 20% by weight of the wire, said welding mixture
      consisting essentially of, by weight of said mixture, 6-20% ferro
      manganese, 6-20% ferro silicon, 50-70% rutile, 1-20% manganous oxide,
      1/2-5% of a fluoride compound selected from the group consisting of sodium
      fluoride, sodium silica fluoride, calcium fluoride, lithium fluoride,
      potassium aluminum fluoride and potassium titanium fluoride, and the
      balance inert ingredients, the sheath exterior surface being shiny and
      metallic-appearing and contaminated with drawing compound residues.
NUM  8.
PAR  8. A flux-cored welding wire as claimed in claim 7 wherein the welding
      mixture consists essentially of 14-20% ferro manganese, 8-15% ferro
      silicon, 50-70% rutile, 1-5% manganous oxide, and 1/2-1% of the fluoride
      compound.
NUM  9.
PAR  9. A method of out-of-position welding of steel members by establishing an
      electric arc between the members and a welding wire as claimed in claim 4
      while passing a shielding gas around the arc.
NUM  10.
PAR  10. A method of making between steel members a weld possessing high tensile
      strength and high notch toughness at sub-zero temperatures, comprising
      establishing an electric arc between the steel members and a welding wire
      as claimed in claim 4 in the presence of a shielding gas.
NUM  11.
PAR  11. A flux-cored welding wire for use in out-of-place continuous
      electric-arc welding comprising a low carbon steel sheath having a core
      and a welding mixture contained in the core and constituting 12-20 percent
      by weight of the wire, said welding mixture consisting essentially, by
      weight of said mixture, of 6-20% ferro manganese, 6-20% ferro silicon,
      50-70% rutile, 1-5% manganous oxide, and 1/2-1% of a fluoride compound
      selected from the group consisting of sodium fluoride, sodium silica
      fluoride, calcium fluoride, lithium fluoride, potassium aluminum fluoride
      and potassium titanium fluoride.
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ABST
PAL  An electrically heated laminate including a flexible heater fabric, wherein
      the heater fabric comprises a woven glass fabric having a layer in contact
      with electrodes of an electrically conductive mixture comprising a
      vinylidene chloride polymer and carbon to provide the desired watt density
      and an outer coating of a vapor barrier of a vinylidene chloride polymer.
      A fabric softener layer may also be provided between the glass fabric and
      the conductive coating to impart greater flexibility to the heater fabric.
PARN
PAR  This is a division, of application Ser. No. 441,817 filed Feb. 12, 1974,
      now U.S. Pat. No. 3,876,968.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a heater fabric and method of making the
      same.
PAR  For many years the only satisfactory source of a semi-flexible heater
      material was a product known as a heater cable. By arranging these heater
      cables in equally spaced configurations it was possible to provide a large
      flat area of radiant heat source. These heater cables were all made by
      insulating an alloy resistance wire, such as Chromel (Trademark of Haskins
      Mfg. Co. for a series of Ni-Cr alloys) and then encasing the insulated
      heater wire in a metallic sheath.
PAR  More recently, there have been many attempts to develop other types of
      flexible heater products, such as woven graphite fibers, sheets of
      conducting material sandwiched between a film or fabric coated with
      conducting compounds and enclosing in insulating film. See U.S. Pat. Nos.
      3,146,340 and 3,400,254.
PAR  In all cases, when these products were put in service it was necessary to
      encase them in protective film to protect them from moisture and from the
      hazardous contact with the surface of the "live" electric circuit.
      However, the presence of this film is a serious deterent to its use in
      many applications, such as molded ceiling tile, plaster board, etc.
PAR  U.S. Pat. No. 2,473,183 teaches coating a woven fabric with a vinyl resin
      containing conducting carbon black, plus an over coating of a
      non-conductive material, such as plasticized vinyl resin to protect a
      person from getting electrical shock when touching the surface.
PAR  The insulating coating of this patent being a plasticized vinyl resin will
      not sufficiently protect the conducting coating since a 3 mil vinyl
      coating would have a moisture vapor transmission of from 0.5 to 1.0 perms.
PAR  U.S. Pat. No. 3,112,985 teaches the bonding of a film of polyvinylidene
      chloride to paper for the purpose of making it greaseproof and resistant
      to the passage therethrough of water vapor.
PAR  U.S. Pat. No. 3,359,525 teaches coating glass fabric with a conductive
      coating of polyimide resin and conducting carbon black followed by an
      insulating coating of a polyimide resin. This provides an insulating
      coating over the conductive coating, but not a good vapor varrier. This
      product is designed to operate at 600.degree.F.
PAR  None of these products has proven satisfactory, as witnessed by the fact
      that the Underwriters' Laboratories, Inc. do not include any such heater
      devices on its list of approved radiant heat sources.
PAR  The heater cable is still the only recognized and approved source of
      radiant heat for installation in homes, driveways, etc.
PAR  It is the object of this invention to produce a flexible heat source that
      will satisfactorily overcome all the previous objections and provide a
      reliable heat source in the range of 10 to 70 watts per square foot. Such
      a product would be suitable for a large variety of end uses, such as home
      heating in the form of a ceiling tile or ceiling board, preventing ice on
      bridges, roadways, and airport runways, heated plant beds, matress pads,
      heated storage tanks, etc.
PAC  SUMMARY OF THE INVENTION
PAR  A heater fabric, and a method of fabrication are provided wherein the
      heater fabric comprises a woven glass fabric coated with a layer of a
      conductive mixture comprising a vinylidene chloride polymer and carbon to
      provide the desired watt density and an over coating of vapor barrier of a
      vinylidene chloride polymer. A fabric softener layer may be provided
      between the glass fabric and the conductive coating to impart greater
      flexibility to the heater fabric.
PAR  The vapor barrier of the vinylidene chloride polymer protects the
      conducting layer from moisture and accidental contact with the live
      circuit.
PAR  Unexpectedly it has been found that the vapor barrier coating serves
      further to bond the conducting particles in the base coat more compactly
      together giving the product a more uniform resistance. The vapor barrier
      coating also improves the flex properties of the heater fabric.
PAR  Another unexpected feature of the glass heater fabric of the present
      invention is that cutouts, such as needed for a lamp fixture, can be made
      without affecting its ability to continue to operate as a heat source.
PAR  An advantage of the present invention is the ease with which the heater
      fabric can be incorporated in an article of manufacture, as for example, a
      plaster board.
PAR  Plaster boards with a heater cable as an integral part of the board for
      radiant ceiling heating are known. This product is made for example by
      routing out a trench in the plaster board, inserting an insulated heater
      cable, filling the trench with plaster, and facing the board with paper.
PAR  The glass heater fabric which will be used according to the present
      invention for incorporation into such articles as plaster board, ceiling
      tile, etc. is an open weave construction having openings approximately
      1/16 inch square. Because each individual yarn in the fabric is surrounded
      by the vapor barrier coating and insulated and protected from moisture,
      the glass heater fabric can be molded in the wet plaster slurry in a
      simple operation. The wet plaster slurry will key through the openings in
      the heater fabric and the heater fabric will become an integral part of
      the structure. Not only will the glass heater fabric serve as a heat
      source, but it will also reinforce the plaster board. In contrast, with a
      conventional heater fabric enclosed in a plastic film, the plaster will
      not stick to the film, and subsequent delamination will occur.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semi-log graph of the resistance of a heater fabric versus the
      carbon/PVDC ratio of the conducting layer in the heater fabric;
PAR  FIG. 2 is a schematic cross section of a heater fabric according to the
      present invention;
PAR  FIG. 3 is a cross section of a ceiling tile incorporating a heater fabric
      of the present invention;
PAR  FIGS. 4 and 5 are plan views of a heater fabric showing the indicated
      temperature testing positions and removed portions;
PAR  FIG. 6 is a plan view of a plaster board incorporating a heater fabric and
      a light fixture with the indicated temperature testing positions;
PAR  FIG. 7 is a cross section of the removed portion for the light fixture in
      FIG. 6; and
PAR  FIG. 8 is a plan view similar to FIG. 5 for a laminate with a heater fabric
     .
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The heater fabric of the present invention comprises a woven glass fabric
      treated with a conductive mixture of carbon and a vinylidene chloride
      polymer to provide the desired watt density and then coated with a
      vinylidene chloride polymer vapor barrier having a moisture vapor
      transmission of 0.02 perms or less. The vapor barrier serves to protect
      the conducting mixtures from attack by moisture and at the same time
      eliminates the hazard of contact with the "live" electric circuit.
PAR  One type of heater fabric according to the present invention is shown in
      FIG. 2 where the various layers are shown schematically rather than in
      their relative proportions. The glass fabric 10 is coated in sequence with
      a conductive layer 14 of carbon and a polymer of vinylidene chloride, such
      as polyvinylidene chloride (PVDC) and then an outer vapor barrier layer 16
      of PVDC. Copper or other suitable metal electrodes are provided to
      dissipate the heat to the conductive layer 14 by weaving the glass fabric
      with the electrodes as shown by 18 or by attaching the electrodes 20 to
      the coated fabric before the vapor barrier 16 is added.
PAR  A fabric softener 12 may be app.ied to the glass fabric 10 to impart more
      flexibility to the heater fabric.
PAR  The form of the carbon suitable for the conductive layer is not important
      for the heater fabric operation so long as the carbon particles are of a
      sufficient size to be embedded in a continuous coating when mixed with the
      vinylidene chloride polymer. Carbon black is one preferred from. Another
      is Vulcan XC-72 which is specifically made for use as a conducting medium
      and has excellent conductivity characteristics. Vulcan XC-72 has an ASTM
      D2516 classification of N472, an average particle size of 35 millimicrons,
      N.sub.2 surface areas of 254 square meters per gram and its DBP absorption
      is 200 cc/100g. The amount of carbon in the conductive coating varies over
      a wide range of concentrations depending on the desired watt density of
      the heater fabric and coating thickness. For most practical applications,
      the weight ratio of carbon to vinylidene chloride polymer is in the range
      of 20:80 to 80:20. Carbon is calculated as 100 percent solids and
      vinylidene chloride polymer is calculated as 62 percent solids present in
      the emulsion.
PAR  The vapor barrier has a moisture vapor transmission of 0.02 perms or less
      and is formed from polymers of vinylidene chloride. By the terms "polymers
      of vinylidene chloride" or "vinylidene chloride polymers" it is meant to
      include not only the homopolymer but also various high vinylidene chloride
      content copolymers, terpolymers, etc.
PAR  Two of the important characteristics of polymers of vinylidene chloride
      (CH.sub.2 = CCl.sub.2) are thermal stability and impermeability to gases
      and vapors. Various polymers of vinylidene chloride which may be employed
      in the present invention are known and subsequently described in Volume
      14, pages 540-579 of Encyclopedia of Polymer Science and Technology, 1971,
      John Wiley and Sons, Inc., which is hereby incorporated by reference.
PAR  The usefulness of polymers of vinylidene chloride depends on the
      permeability of the polymer which in turn depends on the density and
      crystallinity of the polymer. The homopolymer of vinylidene chloride has a
      lower impermeability than most other copolymers of vinylidene chloride and
      is therefore best suited for the vapor barrier. However, availability and
      fabrication problems arise in the use of PVDC and therefore various
      copolymers of vinylidene chloride may also be employed. Polar comonomers
      and plasticizers increase the permeability of the polymer film as compared
      to PVDC and therefore use of such films depends on the requirements of the
      vapor barrier.
PAR  The preferred copolymers are those which comprise at least 50 molar percent
      of vinylidene chloride with the balance comprising another vinyl monomer
      such as styrene, vinyl chloride, acrylonitrile, methyl acrylate, methyl
      methacrylate, ethyl acrylate and vinyl acetate. Terpolymers or polymers
      comprising four or more comonomers may also be employed so long as
      sufficient vinylidene chloride is present to impart the necessary
      impermeability to the polymer film. Various graft copolymers of vinylidene
      chloride are also suitable for the present invention.
PAR  Commercially available vinylidene chloride polymers are Saran A
      (homopolymer), Saran B (vinylidene chloride-vinyl chloride copolymer),
      Saran C (vinylidene chloride-acrylonitrile copolymer) and Saran F
      (vinylidene chloride-acrylonitrile copolymer), all available from Dow
      Chemical.
PAR  The polymer type in the conductive coating is not as important as the vapor
      barrier polymer since only the high thermal stability of vinylidene
      chloride polymers is involved whereas the vapor barrier requires a coating
      of low permeability. Generally, however, the same type of polymers
      suitable for the vapor barrier are also suitable for the conductive
      coating with the homopolymer of vinylidene chloride being preferred for
      both the conductive coating and the vapor barrier.
PAR  The conductive coating thickness varies over a wide range depending on the
      desired use of the heater fabric and the required watt density. Generally,
      because of the increasing resistance of a lower limit of 0.01 oz/sq. yd.
      is maintained with an upper limit being determined by economics, overall
      thickness requirements and required watt densities. Therefore, a preferred
      range is 0.01 to 3 oz/sq. yd. and a more preferred range is 0.20 to 0.60
      oz/sq. yd. It is obvious that various coating weights can be varied
      depending on the carbon/PVDC ratio for a given resistance. Thus, by
      varying the ratio of conducting carbon to polyvinylidene chloride and the
      coating weight, the electrical resistance can be varied over a wide range;
      i.e., from 5 ohms per square foot to 5000 ohms per square foot.
PAR  The manufacture of the heater fabric of the present invention is a
      multi-step process which may be carried out as follows:
PAR  1. Weave glass fabric with copper wires (electrodes) spaced at selected
      distances across the width of the fabric.
PAR  2. Gently heat clean the woven fabric, as for example according to the
      process outlined in U.S. Pat. No. 2,970,934, which is hereby incorporated
      by reference, to remove the residual or original starch and oil binder
      applied during the manufacture of the glass yarns without adversely
      affecting any of the copper electrodes so that a clean glass surface is
      available on which to bond a conductive coating.
PAR  3. Coat the fabric with a formula consisting of a polymer of vinylidene
      chloride mixed in different ratios of carbon to give the desired
      electrical resistance, dry and cure this coating at temperatures of
      250.degree. to 450.degree.F for a period of 1/2 to 2 minutes. Drying
      temperatures between 250.degree.F and 450.degree.F show no effect on the
      electrical resistance of the glass heater fabric.
PAR  4. Apply 1,2, or 3 coats of a vinylidene chloride polymer vapor barrier
      coating to obtain a moisture vapor transmission rating of 0.02 perms or
      less, and at the same time insulate the conducting surface against
      accidental contact with the electrical circuit.
PAR  As an alternate to steps 1, 2, and 3, the glass fabric could be woven in
      the conventional manner without the copper electrodes, heat cleaned as in
      step 2, and coated with the conducting coating, as in step 3. The copper
      electrodes would then be placed on the fabric by sewing or with a pressure
      sensitive adhesive. Following the attachment of the copper electrodes, the
      vapor barrier coatings would be applied to the fabric as outlined in step
      4 above.
PAR  The following table is a list of the materials used in the examples with
      their corresponding composition.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Material          Composition                                             

     ______________________________________                                    

     Vulcan XC-72    highly reinforcing furnace                                

     (G. L. Cabot Inc.)                                                        

                     carbon black                                              

     Tamol SN        anionic, polymeric tanning                                

     (Rohm & Haas Co.)                                                         

                     and dispersing agents                                     

     TSPP            anhydrous tetrasodium                                     

                     pyrophosphate                                             

     Polidene M3-120 polyvinylidene chloride                                   

                     copolymer emulsions                                       

     Polycryl 7-F-1  acrylic polymers and                                      

                     copolymers polymerized                                    

                     in a solvent medium and                                   

                     supplied in 40-50% solutions                              

                     in toluene, MEK and other                                 

                     solvents                                                  

     Glass fabric    woven glass fabric                                        

     style 7628                                                                

     Glass fabric    open weave leno style                                     

     style 1562/38   glass fabric                                              

     ______________________________________                                    

PAR  The following examples will serve to further illustrate the present
      invention:
PAC  EXAMPLE 1
PAR  Glass fabric style 7628 was heat cleaned to remove the oil and starch
      binder and then treated as follows:
TBL  Solution A        Solution B                                              

     ______________________________________                                    

     Water    --    500    grams Solution                                      

                                        --  100   grams                        

                                 A                                             

     Tamol SN --    15     grams Polidene                                      

                                        --  31.4  grams                        

                                 M3-120                                        

     TSPP     --    5      grams                                               

     Vulcan XC-72                                                              

              --    60     grams                                               

     ______________________________________                                    

PAR  The fabric was given 1, 2 and 3 applications of Solution B and dried at
      350.degree.F for 1 minute between each application of Solution B. The
      following electrical resistance was obtained:
PA0  Single Treatment -- 4000 ohms resistance -- weight 0.22 oz. sq./yd.
PA0  Double Treatment -- 833 ohms resistance -- weight 0.44 oz. sq./yd.
PA0  Third Treatment -- 441 ohms resistance -- weight 0.55 oz. sq./yd.
PAR  As shown by this example, the resistance can be controlled by the coating
      weight when the ratio of carbon and polyvinylidene chloride is constant.
PAR  When the above samples were treated with a polyvinylidene chloride vapor
      barrier coating, the resistance did not change appreciably.
PAC  EXAMPLE 2
PAR  Glass fabric style 7628 was heat cleaned to remove the starch and oil
      binder and treated as follows:
     Solution A        Solution B                                              

     ______________________________________                                    

     Water    --    900    grams Solution                                      

                                        --  100   grams                        

                                 A                                             

     Tamol SN --    45     grams Polidene                                      

                                        --  24.0  grams                        

                                 M3-120                                        

     TSPP     --    15     grams                                               

     Vulcan XC-72                                                              

              --    180    grams                                               

     ______________________________________                                    

PAR  The glass fabric was given three applications of Solution B and dried at
      350.degree.F for 1 minute between each application.
PAR  The fabric had an electrical resistance of 316 ohms per square foot.
PAR  One-half inch wide copper electrodes were sewn on opposite sides of a 10
      .times. 10 inch fabric sample and the fabric sample was given two coats of
      the polyvinylidene chloride vapor barrier. This sample was connected to
      110 volts A.C. A beaker containing 100 grams of water was placed on top of
      the heater fabric and the temperature of the water rose from 65.degree.F
      to 130.degree.F.
PAC  EXAMPLE 3
PAR  Glass fabric style 7628 was heat cleaned to remove the starch and oil
      binder and treated as follows:
     Solution A                                                                

     ______________________________________                                    

     Water    --    500    grams Solution                                      

                                        --  100   grams                        

                                 A                                             

     Tamol SN --    15     grams Polidene                                      

                                        --  23.6  grams                        

                                 M3-120                                        

     TSPP     --    5      grams                                               

     Vuncan XC-72                                                              

              --    60     grams                                               

     ______________________________________                                    

PAR  The fabric was treated three and four times with solution B and dried at
      350.degree.F for 1 minute between each treatment. Following this the
      polyvinylidene chloride vapor barrier treatment was applied.
PAR  The following electrical resistance was obtained:
PA0  3 treatments -- 425 ohms per sq. ft.
PA0  4 treatments -- 316 ohms per sq. ft.
PAR  By comparing examples 1, 2 and 3 at the third treatment level, the
      following summary can be made:
TBL          Formula          Resistance                                       

     ______________________________________                                    

     Example 1                                                                 

              60     parts Vulcan XC-72                                        

                                      441                                      

              102    parts Polidene M3-120(                                    

                                      ohms/sq. ft.                             

     Example 2                                                                 

              120    parts Vulcan XC-72                                        

                                      316                                      

              102    parts Polidene M3-120(                                    

                                      ohms/sq. ft.                             

     Example 3                                                                 

              80     parts Vulcan XC-72                                        

                                      425                                      

              102    parts Polidene M3-120(                                    

                                      ohms/sq. ft.                             

     ______________________________________                                    

PAR  It has been found that there is a maximum and minimum ratio of carbon to
      polyvinylidene solution in order to make a satisfactory heater fabric in
      the range of 10 to 60 watts per square foot. These ratios are shown in
      FIG. 1. Greater or lesser ratios may be employed to achieve different
      power rated fabric heaters.
PAR  From the curves shown in FIG. 1, information can be extracted concerning
      the minimum and maximum ratios for a given resistance. For example, for a
      resistance of 2500 ohms per square foot and a coating weight of 1.0
      oz./sq. yd., the minimum ratio of carbon to polyvinylidene solution is 40
      to 60, and the maximum ratio is 58 to 42 for a fabric heater ration of 10
      to 60 watts per square foot.
PAC  EXAMPLE 4
PAR  Glass fabric style 7628 was heat cleaned to remove the starch and oil
      binder and knife coated on one side only with the following formula:
TBL  Water            --    324.0     grams                                    

     Tamol SN         --    25.2      grams                                    

     TSPP             --    8.4       grams                                    

     Vulcan XC-72     --    100.8     grams                                    

     Polidene M3-120  --    344.0     grams                                    

PAR  The coating was dried at 300.degree.F for 1 minute.
PAR  The electrical resistance of the one-side coated fabric was 700 ohms per
      square foot.
PAR  The uncoated side of the above sample was then knife coated with the same
      solution, dried at 300.degree.F for 1 minute. The electrical resistance
      was now 360 ohms per square foot.
PAC  EXAMPLE 5
PAR  A sample of heat cleaned style 7628 glass fabric was treated with a 20%
      aqueous solution of Polycryl 7-F-1 and dried 1 minute at 300.degree.F.
      This sample was then coated as in Example number 4 with the following
      results:
PA0  Polycryl with 1-side knife coated -- 860 ohms per square foot
PA0  Polycryl with 2-side knife coated -- 315 ohms per square foot
PAR  The polycryl made the finished heater fabric more flexible. Other types of
      fabric softeners could also be used to impart flexibility to the glass
      heater fabric.
PAC  EXAMPLE 6
PAR  A plant trial was run on two styles of glass fabric, 1562/38 and 7628/50.
      The test schedule was operated as follows:
TBL  YARDS    100 -- 7628/50                                                   

               50 -- 1562/38                                                   

     HEAT CLEANING:                                                            

               50 yds. 7628/50 -- I-537                                        

              (50 yds. 7628/50 -- keep in greige)                              

               50 yds. 1562/38 -- batch oven                                   

     FINISHING:                                                                

            COATING                                                            

            FORMULA:                                                           

                  50   gals.                                                   

                           Water                                               

                  21   lbs.                                                    

                           Tamol SN                                            

                  7    lbs.                                                    

                           TSPP                                                

                  83.4 lbs.                                                    

                           Vulcan XC-72                                        

                  126.8                                                        

                       lbs.                                                    

                           Polidene M-3-120                                    

            MIXING PROCEDURE:                                                  

             Using a Eppenback mixer, water,                                   

             Tamol SN, and TSPP were mixed until                               

             the Tamol and TSPP dissolved.                                     

             Vulcan XC-72 was added and mixed                                  

             until dispersed.                                                  

             Then Polidene M-3-120 was added and                               

             mixed until a uniform mixture was                                 

             obtained.                                                         

            RUNNING CONDITIONS                                                 

             Run A:                                                            

                  Coronize 50 yards of 7628/50                                 

                  greige at 1250.degree.F and 20 yards                         

                  per minute. Apply above                                      

                  formula in three dips, using                                 

                  submerged rolls, at 10 lbs. pad                              

                  pressure, and dry between each                               

                  dip at 300.degree.F.                                         

             Run B:                                                            

                  Take 50 yards 7628/50 I-537 and                              

                  50 yards 1562/38 batch oven and                              

                  apply above formula in three dips,                           

                  using submerged rolls, at 10 lbs.                            

                  pad pressure, and dry between                                

                  each dip at 300.degree.F. Speed 20                           

                  yards per minute.                                            

PAR  After processing the glass style 1562/38 as outlined in Runs A & B, copper
      electrodes were attached and the sample was coated with the polyvinylidene
      chloride vapor barrier coating. The resistance of this sample was 700 ohms
      per square foot. When 110 volts A.C. were connected to the electrodes, the
      sample produced 17.3 watts per square foot. The sample was then connected
      to 220 volts A.C. and the wattage output of the sample was 69.0 watts per
      square foot.
PAC  EXAMPLE 7
PAR  A representative sample of Run B from Example 6 was made with glass fabric
      style 1562. The resulting resistance of the fabric with electrodes spaced
      12 inches apart was 700 ohms per square foot.
PAR  To test the effectiveness of the vapor barrier, the center of the fabric
      (equal distance between the electrodes) was immersed in salt water and the
      resistance measured between the salt water and the electrodes. The
      resistance was found to be in excess of 5 million ohms (5 megohms). The
      same sample prior to application of the vapor barrier coating had a
      resistance of 200 ohms.
PAR  This shows that the vapor barrier coating is protecting the conducting
      coating from moisture and from accidental contact with the "live" circuit.
PAR  To show the unexpected result of the vapor barrier coating on the
      uniformity of resistance and flex properties, a 1 inch wide sample of
      heater fabric 12 inches long was flexed over a 1/4 inch diameter rod with
      the following results:
TBL  Resistance of a 1".times.12" Strip                                        

     ohms/square foot                                                          

     ______________________________________                                    

                  Sample without                                               

                             Sample with                                       

                  Vapor Barrier                                                

                             Vapor Barrier                                     

     ______________________________________                                    

     Original       666          1165                                          

     Flexed 25 times                                                           

                    1164         1335                                          

     Flexed 50 times                                                           

                    2164         1584                                          

     Flexed 75 times                                                           

                    4000         1665                                          

     Flexed 100 times                                                          

                    8333         1665                                          

     % Change in Resistance                                                    

                    1090.0       42.9                                          

     ______________________________________                                    

PAR  The sample without the vapor barrier showed a much larger change in
      resistance upon flexing than the sample with the vapor barrier coating. It
      is also important to note that the sample with the vapor barrier coating
      showed no further change in resistance after 75 flexes.
PAC  EXAMPLE 8
PAR  The glass heater fabric described in this invention can be used to make a
      heated ceiling tile in a relatively simple manner as described in this
      example.
PAR  A sample of style 1562 open weave glass fabric was made according to the
      process of Example 6 and electrodes attached 12 inches apart. The
      resistance of this sample was 605 ohms/square foot. When 110 volts A.C.
      were connected to the electrodes, the sample produced 20 watts per square
      foot of heat. This sample was incorporated into a ceiling time in the
      manner shown in FIG. 3.
PAR  This entire assembly was placed in a press and molded under pressure of 25
      lbs. per square inch and a temperature of 450.degree.F for 1 minute. The
      resultant product was a rigid structure intimately bonded together with a
      thickness of approximately 1/4 inch, having excellent acoustical
      properties and appearances. When 110 volts A.C. were connected to the
      electrodes, the surface of the facing fabric was warm to the touch, and
      after a short period of time reached a temperature of 135.degree.F.
PAR  To test the effectiveness of the vapor barrier coating, an area of 4 square
      inches in the center of the panel was saturated with salt water and the
      resistance measured to the electrodes. The resistance was found to be 5
      megohms, indicating that the vapor barrier coating was acting both as a
      protection aganinst moisture and insulating the electric circuit.
PAC  EXAMPLE 9
PAR  A heater fabric sample of glass fabric style 1562 made, according to the
      process of Example 6, with electrodes spaced 12 inches apart demonstrates
      that cutouts or removed portions do not affect the heater fabric's ability
      to operate as a heat source.
PAR  With 110 volts A.C. connected to this sample, the surface temperature was
      measured with a surface pyrometer at the positions shown in FIG. 4
      according to the following table. The resistance of the fabric was 230
      ohms per square foot which gave a watt density of 55 watts per square
      foot.
TBL                TABLE II                                                    

     ______________________________________                                    

     Location         Temperature -- .degree.F                                 

     ______________________________________                                    

     1                162                                                      

     2                162                                                      

     3                152                                                      

     4                170                                                      

     5                160                                                      

     6                162                                                      

     7                170                                                      

     8                158                                                      

     9                168                                                      

     ______________________________________                                    

PAR  Next the same sample, as shown in FIG. 4, was cut to remove a 3 inch
      diameter hole in the center to produce the sample shown in FIG. 5. A
      voltage of 110 volts A.C. was again connected to the sample and the
      surface temperature measured, as shown in FIG. 5 according to the
      following table. The resistance of the sample with the cutout was 260 ohms
      per square foot which gave a watt density of 50.8 watts per square foot.
TBL                TABLE III                                                   

     ______________________________________                                    

     Location         Temperature -- .degree.F                                 

     ______________________________________                                    

     1                138                                                      

     2                150                                                      

     3                148                                                      

     4                130                                                      

     5                XXX                                                      

     6                130                                                      

     7                150                                                      

     8                152                                                      

     9                150                                                      

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  Again using heater fabric made according to the process of Example 6, a
      plaster board was constructed with the heater fabric being incorporated
      into the wet plaster slurry. After drying, a cutout was made and a lamp
      fixture mounted on the board. The following table gives the temperature
      profile of the plaster board according to the plaster board of FIGS. 6 and
      7.
TBL                TABLE IV                                                    

     ______________________________________                                    

     TEMPERATURE PROFILE STUDY                                                 

     PLASTER BOARD WITH HEATER FABRIC AND NO INSULATION                        

     Board Size - 16" .times. 32" .times. 3/8"                                 

     1     128.degree.F                                                        

                     16      128.degree.F                                      

     2     128.degree.F                                                        

                     17      128.degree.F                                      

                                     HEATER FABRIC                             

     3     128.degree.F                                                        

                     18      128.degree.F                                      

                                     SIZE - 14" .times. 31"                    

     4     128.degree.F                                                        

                     19      128.degree.F                                      

     5     130.degree.F                                                        

                     20      128.degree.F                                      

                                     R=330 OHMS                                

     6     131.degree.F                                                        

                     21      128.degree.F                                      

     7     130.degree.F                                                        

                     22      131.degree.F                                      

                                     E=240 VOLTS                               

     8     131.degree.F                                                        

                     23      135.degree.F                                      

     9     115.degree.F                                                        

                     24      138.degree.F                                      

                                     I=0.727 AMPS                              

     10    115.degree.F                                                        

                     25      128.degree.F                                      

     11    117.degree.F                                                        

                     26      128.degree.F                                      

                                     WATTS=174.5                               

     12    119.degree.F                                                        

                     27      130.degree.F                                      

     13    120.degree.F                                                        

                     28      135.degree.F                                      

                                     WATTS/SQ.FT = 57.7                        

     14    150.degree.F                                                        

     15    131.degree.F                                                        

     ______________________________________                                    

PAR  The heater fabric continued to operate on a satisfactory basis.
PAC  EXAMPLE 11
PAR  Another temperature profile study was conducted on a polyester-glass
      laminate with the heater fabric made according to the process of Example 6
      as part of the structure. The effects of cutouts on the surface
      temperature were measured with the results as follows. The laminate which
      is shown in FIG. 8 is a 12 .times. 11 inches polyester glass laminate with
      glass heater fabric having 12 plies polyester and 1 ply heater fabric
      under the following conditions:
PA1  R=700 ohms
PA1  e=115 volts
PA1  1=0.149
PA1  watts=17.13
TBL                table v                                                     

     ______________________________________                                    

     position        Temperature                                               

     ______________________________________                                    

      1              110                                                       

      2              110                                                       

      3               95                                                       

      4              110                                                       

      5              115                                                       

      6              110                                                       

      7              120                                                       

      8              115                                                       

      9              110                                                       

     10              110                                                       

     11              108                                                       

     12              100                                                       

     13              109                                                       

     14              108                                                       

     15              108                                                       

     16              110                                                       

     17              110                                                       

     18              110                                                       

     19              105                                                       

     20              110                                                       

     21              120                                                       

     22              115                                                       

     23              120                                                       

     24              110                                                       

     25              110                                                       

     26              115                                                       

     27              110                                                       

     28              105                                                       

     29              100                                                       

     30              100                                                       

     ______________________________________                                    

PAR  The heater fabric continued to operate on a satisfactory basis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrically heated ceiling tile comprising in a layer sequence a
      glass wool backing, a flexible heater fabric and a woven glass fabric as
      an electrically decorative face sheet, said flexible heater fabric
      comprising a woven glass cloth having a layer of a conductive mixture to
      provide a desired watt density comprising carbon and a vinylidene chloride
      polymer, electrical means in contact with the conductive mixture for
      applying an electrical potential and a vapor barrier of a vinylidene
      chloride polymer to protect the conductive mixture from moisture and
      accidental electrical contact.
NUM  2.
PAR  2. A plaster board comprising a flexible heater fabric incorporated into a
      plaster binder, said heater fabric comprising a woven glass cloth having a
      layer of an electrically conductive mixture to provide a desired watt
      density comprising carbon and a vinylidene chloride polymer, electrical
      means in contact with the conductive mixture for applying an electrical
      potential and a vapor barrier of a vinylidene chloride polymer to protect
      the conductive mixture from moisture and accidental electrical contact.
NUM  3.
PAR  3. An electrically laminate comprising at least one layer of a polyester
      material and a flexible heater fabric comprising a woven glass cloth
      having a layer of an electrically conductive mixture to provide a desired
      watt density comprising carbon and a vinylidene chloride polymer, means in
      contact with the conductive mixture for applying an electrical potential
      and a vapor barrier of a vinylidene chloride polymer to protect the
      conductive mixture from moisture and accidental electrical contact.
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ABST
PAL  A hairdressing device comprises an elongate circular cross-section
      cylindrical body having a relatively small diameter adapted to the size of
      a hair curl, and a gripping handle extending from one end of the body. A
      first rectilinear row of comb teeth extends radially from the body, and
      second and third rectilinear rows of comb teeth extend from the body in
      opposite sides of the first row and spaced symmetrically relative to the
      first row. A relatively thin pliers or pressure member is articulated to
      the body adjacent the handle, and has an operating portion adjacent the
      handle and an active portion extending in alignment with the first row of
      comb teeth and movable toward the body to press the hair against the body.
      The active portion of the pliers or pressure member has an elongated slot
      therein through which the comb teeth of the first row extend when the
      active portion is substantially engaged with the body. The body is heated
      uniformly throughout its length, for example by electrical heating
      elements or by a stream of hot air and the comb teeth are also heatable.
      By virtue of the provision of the three rows of teeth, with the first row
      extending through the slot in the active portion of the pliers or pessure
      member, the device may be used equally as a heated hair curler or as a
      heated comb.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to hairdressing devices, and more
      particularly to hairdressing devices for brushing, combing, and heating
      hair or wigs.
PAR  2. Description of the Prior Art
PAR  Conventional methods of hairdressing are long and laborious. The first
      stage in the operation is to wash the hair. According to the method
      employed, to the type of hair, or to the result desired, the second stage
      can involve setting the hair before drying by appropriate devices.
      Alternatively, the second stage can involve drying the hair by means of a
      "hair-drier" while the desired style is formed using a comb or brush. In
      the third and final stage, when the hair has dried and the various tools
      which were used to give the style its preliminary shape have been removed,
      the operation is completed by means of a comb or bursh.
PAR  The present invention aims to eliminate some stages of the method, to
      reduce the times of the remaining stages, and to facilitate the obtaining
      of results that cannot be obtained by the conventional methods hitherto
      described.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a hair-dressing device
      comprising an elongate heated body, having a gripping handle, a row of
      comb teeth extending from the body, and a pliers member articulated to the
      body, the pliers member having an operational portion in correspondence
      with the handle, and an active portion, portion lying in front of the row
      of teeth, and being arranged to move towards the body whereby to press the
      hair against the body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described, by way of example
      only, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a hairdressing device in accordance with the
      invention; and
PAR  FIGS. 2 and 3 are veiws taken on lines II--II and III--III, respectively of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRRED EMBODIMENT
PAR  The hairdressing device shown in the drawings is in the form of a brush
      comprising a body 1 of metal or other suitable material, the body 1 being
      of cylindrical or other suitable shape. The body 1 is provided with a
      longitudinal row of radial teeth 3A of variable length and shape, the
      teeth 3A being slightly tapered for structural requirements. Additional
      rows of radial teeth 3B and 3C can be provided at each side of the row of
      teeth 3A. A grip or handle 5 is integral with the body 1.
PAR  A pliers or pressure member 9 is articulated on the body 1 at 7, and has an
      operational or handle portion 9A lying at the side of the handle 5, and an
      active or jaw portion 9B lying in front of the row of teeth 3A. The active
      portion 9B is provided with a longitudinal slot 9C, which is aligned with
      the teeth 3A such that the teeth extend through the slot 9C when the
      active portion 9B is moved towards the body 1.
PAR  With the device described, one may engage the hair between the body 1 and
      the section 9B, in such a manner that the hair is pressed against the
      surface of the body 1 and is combed by means of the teeth. For
      advantageous results, it is preferred that the teeth are arranged in three
      rows, as indicated by 3A, 3B and 3C, but satisfactory results can also be
      obtained using the single row of teeth 3A, which vary in number and
      distance. The pliers member 9 is movable in such a manner that it enables
      ease of insertion into the hair, and permits a large or small frictional
      pressure to be exerted between the body 1 and the hair.
PAR  The interior of the body 1 contains means -- for example electrical
      resistance heating elements fed by a cable 10 -- which effect heating of
      the surface of the body, and thus of the hair. Heating may also be
      obtained by means of air-stream discharged through perforations or other
      holes in the surface of the body. Means can be provided to obtain
      different temperatures, although it is possible for the device to operate
      at a single temperature, according to the results desired.
PAR  The combined effects of the heat, the pressure exerted by the pliers member
      and the combing action provided by the teeth 3A (and the teeth 3B and 3C
      if present) lead to efficient action of the device.
PAR  More particularly, the hair, clamped with a variable pressure between the
      body 1 and the active portion 9B of the pliers member and retained by the
      brush teeth, is shaped as desired by the hairdresser, without the need for
      an additional tool. This is permitted by the teeth with which the device
      is provided, since in this manner the hair cannot escape from the device
      and is combed during the treatment. This "trapping" effect of the hair is
      important because it allows a large number of different hair-styles to be
      created. Without the action of the pliers member on the toothed support,
      this would not be possible.
PAR  The device particularly described provides the following advantages:
PAR  1. When setting waves in the hair the use of conventional tools such as
      pincers or rollers is eliminated, thus reducing the time required and the
      labor involved;
PAR  2. The time required to dry the hair is reduced since the device is heated;
PAR  3. Whereas using conventional methods, an assistant may be required to hold
      a hair-drier while the hairdresser combs the hair, the device described
      enables the hairdresser to work alone;
PAR  4. The hair-shaping which imparts the final shape to the hair-style can be
      effected quicker and with better results than by using conventional
      brushes or combs;
PAR  5. The hair-style obtained will last substantially a longer duration than a
      style obtained by conventional methods;
PAR  6. The hair automatically assumes an accentuated brightness, due to the
      heating action.
CLMS
STM   What is claimed is:
NUM  1.
PAR  1. A hairdressing device comprising, in combination, an elongated circular
      cross-section cylindrical body having a relatively small diameter adapted
      to the size of a hair curl; heating means in said body operable to heat
      said body uniformly throughout its length; a gripping handle secured to
      one end of said body; a first longitudinally extending rectilinear row of
      comb teeth projecting radially from said body; second and third
      longitudinally extending rectilinear rows of comb teeth projecting
      radially from said body on opposite sides of said first row and spaced
      symmetrically relative to said first row to define therewith a hair brush;
      said comb teeth being in heat exchange relationship with said body so as
      to be heatable by said heating means; and a relatively thin pliers member
      articulated to said body, and having an operating portion adjacent said
      handle and an elongated active portion extending in alignment with said
      first row of comb teeth and movable toward engagement with said body to
      press the hair against said body for curling of the hair between said
      active portion and said body; said active portion having a width less than
      the spacing of the second and third teeth rows from each other so as to be
      movable into the space between said second and third teeth rows and having
      an elongated slot therein through which the comb teeth of said first row
      extend when said active portion is substantially engaged with said body,
      said three rectlinear rows of comb teeth providing for said device to be
      used to brush the hair with heated comb teeth.
NUM  2.
PAR  2. A hairdressing device, as claimed in claim 1, in which said relatively
      thin pliers member is pivoted, intermediate its operating and active
      portions, on a pivot pin extending diametrically of said body adjacent
      said handle; said operating and active portions being located, relative to
      said pivot pin, on respective opposite sides of said handle and said body.
NUM  3.
PAR  3. A hairdressing device, as claimed in claim 1, in which the comb teeth of
      said second and third rows are staggered longitudinally relative to the
      comb teeth of said first row.
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PAL  A flash fusing apparatus for fusing toner images onto flexible support
      material in which the support material is transported in a cylindrical
      path encircling the flash fusing lamp which is positioned along
      longitudinal axis of the path. The cylindrical path is defined a
      cylindrical member encircling the flash fusing lamp. One or more disc
      members positioned along the cylindrical path are used to advance the
      support material along its path with the toner images facing inwardly
      toward the lamp to receive uniform radiation upon pulsing of the lamp
      which is activated by a sensing device.
BSUM
PAR  This invention relates generally to flash fusing and in particular to
      methods and apparatus for fusing toner images onto flexible support
      materials. More specifically this invention relates to a xerographic flash
      fusing apparatus and methods for rapidly and efficiently producing uniform
      image fixing on a flat support material.
PAR  In the xerographic process, a plate, generally comprising a conductive
      backing upon which is placed a photoconductive insulating surface, is
      uniformly charged and the photoconductive surface then exposed to a light
      image of an original to be reproduced. The photoconductive surface is
      caused to become conductive under the influence of the light image so as
      to selectively dissipate the electrostatic charge found thereon to produce
      what is developed by means of a variety of pigmented resin materials
      specifically made for this purpose which are known in the xerographic art
      as "toners". The toner material is electrostatically attracted to the
      latent image areas on the plate in proportion to the charge concentration
      found thereon. Areas of high charge concentration become areas of high
      toner density while correspondingly low charge image areas become
      proportionally less dense. The developed image is transferred to a final
      support material, typically paper, and fixed thereto to form a permanent
      record or copy of the original.
PAR  Many forms of image fixing techniques are known in the prior art, the most
      prevalent of which are vapor fixing, heat fixing, pressure fixing or a
      combination thereof as described in U.S. Pat. No. 3,539,161. Each of these
      techniques, by itself or in combination suffer from deficiencies which
      make their use impractical or difficult specific xerographic applications.
      In general, it has been difficult to construct an entirely satisfactory
      heat fuser having a short warm up time, high efficiency, and ease of
      control. A further problem associated with heat fusers has been their
      tendency to burn or scorch the support material. Pressure fixing methods,
      whether hot or cold have created problems with image off-setting,
      resolution degradation and producing consistently a good class of fix. On
      the other hand, vapor fixing, which typically employs a toxic solvent has
      proven commercially unfeasible because of the health hazard involved.
      Equipment to sufficiently isolate the fuser from the surrounding ambient
      air must by its very nature be complex and costly.
PAR  With the advent of new materials and new xerographic processing techniques,
      it is now feasible to construct automatic xerographic reproducing
      apparatus capable of producing copies at an extremely rapid rate. Radiant
      flash fusing is one practical method of image fixing that will lend itself
      readily to use in a high speed automatic process as described in U.S. Pat.
      No. 3,529,129. The main advantage of the flash fuser over the other known
      methods is that the energy, which is propagated in the form of
      electromagnetic waves, is instantaneously available and requires no
      intervening medium for its propagation. As can be seen, such apparatus
      does not require long warm up periods nor does the energy have to be
      transferred through a relatively slow conductive or convective heat
      transfer mechanism.
PAR  Although an extremely rapid transfer of energy between the source and the
      receiving body is afforded by the flash fusing process, a major problem
      with flash fusing as applied to the xerographic fixing art, has been
      designing apparatus which can fully and efficiently utilize a
      preponderance of the radiant energy emitted by the source during the
      relatively short flash period. The toner image typically constitutes a
      relatively small percentage of the total area of the copy receiving the
      radiant energy. Because of the properties of most copy materials, as for
      example, paper most of the energy incident thereon is wasted by being
      transmitted through the copy or by being reflected away from the fusing
      area. Another disadvantage associated with the prior art flash fusing
      apparatus has heretofore been the non-uniformity of image fixing produced.
      This phenomena is primarily due to the fact that it is difficult to
      produce high uniform irradiance on a large receiving surface as for
      example a sheet of paper, from a relatively small source such as a flash
      lamp.
PAR  While considerable effort has been expended in providing schemes for
      enhancing the efficiency and uniformity of fix of electrographic flash
      fusing systems, most efforts have been directed toward the provision of
      specially contoured reflecting surfaces which are designed to at least
      partially surround the flash lamp and thereby conserve energy via multiple
      reflections as set forth in U.S. Pat. No. 3,529,129. In addition to being
      costly to fabricate, such reflecting surfaces tend to become contaminated
      by loose toner particles and thereby necessitate frequent cleaning
      operations.
PAR  It is therefore an object of this invention to improve flash fusing of
      xerographic toner images.
PAR  Another object of the invention is to accomplish fusing of electrostatic
      images with a single flash.
PAR  Another object of the invention is to enable highly efficient fusing of
      toner images onto flexible support material.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following description of
      the invention to be read in conjunction with the drawings wherein:
PAR  FIG. 1 is a schematic diagram illustrating xerographic apparatus embodying
      the fusing apparatus of the invention; and
PAR  FIG. 2 is a detailed side view of the preferred embodiment of the flash
      fusing apparatus of the invention.
DETD
PAR  Referring now to FIG. 1, there is illustrated a schematic representation of
      an automatic xerographic reproducing machine employing the flash fusing
      apparatus of the present invention. It should be noted that while the
      apparatus of the present invention will be explained in conjunction with
      the reusable xerographic process; however, it should be clear to one
      skilled in the art that the apparatus of the present invention is not so
      limited and that the invention has wider application in any environment
      where it is desirous or necessary to permanently fix resinous toner
      particles onto a flexible support material.
PAR  Because the xerographic copying process is well known and used in the art,
      the processing steps herein employed will only be briefly described in
      reference to FIG. 1. Basically, the heart of the machine involves a
      photosensitive plate 10 which is formed in a drum configuration. The drum
      is mounted upon a horizontally aligned support shaft 12 and caused to
      rotate in direction indicated so that the photosensitive plate passes
      sequentially through a series of processing stations. The drum shaped
      plate basically consists of an outer layer 13 of photoconductive material,
      such as selenium or the like that is placed over a grounded substrate 14.
PAR  In operation, the plate is initially charged to a uniform potential at a
      charging station A by means of a corona generator 15. The uniformly
      charged plate surface is then moved into an imaging station B wherein a
      flowing light image of the original document, which is supported upon a
      viewing platen 17 is projected onto the photoconductive plate surface by
      means of a moving scanning lens element 18 and a pair of mirrors 19 and
      20. As a result of the imaging process a latent electrostatic image
      containing the original subject matter is recorded on the photoconductive
      plate surface.
PAR  The latent image is next transported on the drum through a developing
      station C wherein the latent image is rendered visible by the application
      of specially prepared charged toner particles which are cascaded over the
      image plate surface. The now visible toner image is then transported into
      the next subsequent processing station, an image transfer station D,
      wherein a sheet of final support material is fed from either one of two
      supply tray areas, an upper supply tray 24 and a lower supply tray 25, via
      a sheet registering and forwarding mechanism 30 in synchronous moving
      contact with the visible image carried on the plate surface. The support
      sheet and the charged toner image on the drum surface are moved together
      under a transfer corona generator 27 which serves to electrostatically
      transfer the toner images in image configuration from the drum surface
      onto the contacting side of the support sheet. The imaged sheet is then
      stripped from the drum surface by means of a pick off finger 28 and
      directed along a stationary vacuum transport 29 towards fusing station F
      where the flash fusing apparatus of the invention generally designated 50
      for high efficiency rapid fusing of the toner image onto the support sheet
      as will be explained more fully hereinafter.
PAR  As noted above, the automatic copying device has the capability of
      producing either single sided copy, that is, copy bearing a toner image on
      one side thereof or double sided copy. In a single sided mode of
      operation, the final support sheets are fed from either one of the two
      supply trays directly into the image transfer station via the sheet
      forwarding and registering mechanism 30. Upon the accomplishment of the
      transfer step, the image sheet is passed through and forwarded directly
      into a copy tray 29 where the copies are stored and held until such time
      as the machine operator removes them. On the other hand, when a two sided
      copying mode of operation is selected, movable transport 26 within the
      circular paper path, is lowered to the dotted line position as shown in
      FIG. 1 and the upper supply tray, which has previously been emptied of all
      support material is automatically prepared to accept a copy sheet directed
      therein. The copy sheets are then fed from the lower support tray to the
      image transfer station and the image fusing station directly into the
      upper support tray area where the sheets are stored until the machine is
      further programmed for a second run. Upon the initialization of the second
      copy run, the movable transport 26 is once again raised to solid line
      position as shown in FIG. 1 and the once imaged copy sheets are fed again
      directly from the upper supply tray through the transfer and fusing
      stations wherein a second image is created on the opposite or previously
      non-image side of the sheet. After fusing, the two sided copy sheets are
      fed directly into a copy tray in the manner herein described above.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to show the general operation of a xerographic
      reproducing machine. For a more detailed explanation of the components,
      reference is made to U.S. Pat. No. 3,645,615 entitled Copying Apparatus.
PAR  Referring now to FIG. 2 in accordance with the present invention, loose
      toner particles carried on flexible support sheet S are fused thereto by
      cylindrically curling the support sheet about the axis of an elongated
      source of radiant energy in the form of a flash lamp 52. The support sheet
      S which is made out of a sheet of copy paper is transported along a
      circular path formed by cylindrically curved elements 55 by means of
      continuously moving disc members 57 which are rotated in a direction
      indicated by the arrows and which are positioned on the periphery of the
      cylindrically formed support sheet path. Desirably, the length of the path
      around flash lamp 52 is approximately equal to the length of sheet S. It
      will be appreciated that sheets of copy paper are moved along a circular
      path such that the toner bearing surface of the support sheet is untouched
      and continuously faces toward the center of curvature of the path where
      flash fusing lamp 52 is situated. It will be further appreciated that
      flash fusing apparatus 50 has a configuration which is circular or
      cylindrical such that uniform irradiance is insured to all points on the
      cylindrical surface from the flash lamp positioned along the central axis
      thereof. In this manner, the cylindrical configuration of a small diameter
      can be used then would be necessary to fuse the images onto a support
      sheet in piece meal fashion by energizing the lamp a number of times as
      different portions of the toner bearing sheet are transported past the
      flash lamp.
PAR  Flash lamp 52 is energized by a sensing member 60 which is positioned to
      sense the leading edge of the sheet S before completing the circular path
      defined by cylindrical elements 55. Alternatively the lamp can be
      energized by a timing circuit as is known by those skilled in the art. It
      has been found that a xenon flash lamp operating at power levels between
      600 and 1200 Joules produces very good toner fusion. Pulse durations
      between 0.25 and 1.5 milliseconds were found to provide acceptable fusing
      with pulses between 0.5 and 1.2 milliseconds giving better fusing results.
      It has also been found that longer pulses of energy are required as the
      power level increases. Power input to the flash lamp 50 is provided by any
      suitable power supply such as a DC source with an adjustable voltage.
PAR  It will be appreciated that the energy described would be the power input
      to the flash fusing lamp itself and not the energy that actually strikes
      the paper. The energy to fuse toner in this case would be about 3.5
      Joules/in.sup.2 incident on the paper. Thus for a 9 .times. 12 inch area
      this would be 378 Joules. In other words, the lamp is typically about 60%
      to 70% efficient bringing the power to 600 Joules. Therefore, 600 Joules
      normally has to be supplied to the lamp.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved flash fusing apparatus for fusing toner images onto a copy
      sheet comprising:
PA1  an elongated flash lamp,
PA1  a cylindrically shaped member circling said flash lamp along the
      longitudinal axis thereof, and
PA1  means for positioning a copy sheet bearing toner images along the
      cylindrical member to form a circular path around said flash lamp
      whereupon energizing said lamp uniform direct radiation is imparted to the
      sheet to fuse the toner particles at a reduced power output.
NUM  2.
PAR  2. Apparatus according to claim 1 including sensing means for detecting the
      lead edge of sheet to provide a signal to energize the flash lamp.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein at least one disc member is
      positioned along the path of the sheet to impart movement thereto.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the length of the circular path
      is substantially the length of the copy sheet.
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ABST
PAL  A hand-held mechanized electrically heated windshield cleaner for removing
      snow, ice and other material from a motor vehicle windshield includes a
      hollow pistol-like housing having a gripping portion and a barrel portion
      extending at right angles thereto. A bearing member at the front of the
      barrel portion slidably supports an outwardly extending driving shaft. A
      scraper blade of resilient rubber-like material is secured to the outer
      end of the shaft. An electric motor in the gripping portion
      reciprocatingly drives the shaft through an arrangement including a disk
      rotated by the motor and eccentrically connected to the shaft by means of
      a connecting rod. An electric heating coil is provided in the blade
      adjacent the edge thereof. The heating coil and motor are energized by an
      electric cable adapted to be plugged into the vehicle cigarette lighter
      socket.
BSUM
PAR  Snow removal devices for motor vehicle windshields, such as cars and
      trucks, are ubiquitous on the roads of this country, especially during the
      winter or spring seasons, when windshields tend to be covered with snow,
      ice and/or mud. The most common snow-removal devices found in automobiles
      are simple hand-held devices having a scraper blade and/or brush on one or
      both ends of the handle. Specifically designed for removing hardened ice
      from a windshield are heater devices generally comprising an electrical
      coil, generally encased in a rod or other protective element. See, for
      example U.S. Pat. No. 3,711,679. The melted ice is then scraped off, for
      example, using a squeezer or soft rubber blade.
PAR  Generally, the hand-held devices tend to require a great deal of effort and
      are extremely slow in removing material, especially a thick incrustation
      of hardened snow, for example, from a large, full-size automobile
      windshield. The heater devices are of only slightly greater efficiency,
      especially when a thick layer of snow is present rather than a thin layer
      of hardened ice.
PAR  This invention provides mechanical means for removing snow, ice, mud and
      other caked detritus from motor vehicle windshields. The device comprises
      a handle; a driving rod extending therefrom and slidably mounted therein;
      a blade secured to the driving rod; driving means within the handle
      operatively connected to the driving shaft and thus to the blade for
      driving the blade reciprocatingly in a direction perpendicular to the axis
      of the blade. The driving means are preferably electrical in nature, such
      as battery means, and are preferably designed and adapted to be connected,
      to a source of power, such as the electrical system of a motor vehicle.
PAR  There is also provided in accordance with this invention a heating element,
      situated in the blade of the mechanized device, above, for melting any
      frozen ice or snow formed on the windshield.
PAR  The apparatus of this invention is exemplified by the following specific
      examples of preferred embodiments thereof. These embodiments merely
      reflect preferred species and are intended to exemplify the advantages and
      objects of the present invention. They are not intended to be exclusive of
      the full scope of this invention which is defined by the claims appended
      below.
DRWD
PAR  FIG. 1 is a sketch in perspective showing the windshield cleaner of the
      present invention in operation.
PAR  FIG. 2 is a side view in cross-section of the windshield cleaner of the
      present invention.
PAR  FIG. 2a is a simple schematic diagram showing the parallel circuit
      connection of the motor and heating element.
PAR  FIG. 3 is a view in cross-section along lines 3--3 of FIG. 2.
DETD
PAR  Referring to the drawings, the windshield cleaner of the present invention
      comprises a handle, or casing, adapted to be held like a pistol (see FIG.
      1), containing therewithin an electrical motor 12 connected via two-wire
      electrical cable 14 to the cigaret lighter of an automobile.
PAR  A rotating axle 16 protrudes from the electrical motor 12 and is connected
      to disc 18. Crank rod 20 is pivotally connected at one end to disc 18 at a
      point intermediate the axle 16 and the circumference of the disc 18. The
      second end of crank rod 20 is pivotally connected to one end of driving
      shaft 22. The crank rod 20 is connected to disc 18 by pin 21 and to
      driving shaft 22 by pin 23.
PAR  Driving shaft 22 extends beyond the end of the case 10 through the journal
      bearing 24. Blade head 26 is attached to the second end of driving shaft
      22, the head 26 is generally in the shape of a triangular prism. As
      illustrated, the head 26 is connected to the shaft 22 by threaded bolt 27
      passing through the head 26 and into a threaded insert in shaft 22.
PAR  Referring to FIG. 2, there is optionally provided a heating 30 embedded in
      blade head 26 and connected via wires 31 to the source of electrical
      power. The wires 31 pass through a central opening in shaft 22 into the
      interior of the case 10 and to a contact point on the electric motor 12.
      The coil 30 is preferably operated in parallel electric circuit to the
      motor 12, as shown in the schematic diagram of FIG. 2a.
PAR  The blade head 26 is preferably formed of a resilient material which has a
      rubber-like surface, such that it will not scratch the glass windshield of
      an automobile or other motor vehicle. Useful such materials include
      elastomers, such as natural rubber, synthetic rubber, including
      styrene-butadiene rubber (SBR), butyl rubber, neoprene, polysulfide
      rubbers, polyurethano rubbers, polybutadiene rubbers and polyisoprene.
      Other useful materials include other polymers, especially the
      thermoplastic polymers such as polyethylene, polypropylene, polyvinyl
      chloride and polycarbonates. When the optional heater coil is embedded in
      the blade, the blade body must be formed of a material which is heat
      resistant and which can withstand the temperatures to which it will be
      raised by the action of the coil. Best for such purposes are high
      temperature rubber-like materials or polycarbonates. Further, if desired,
      rubber-coated metals can be used, wherein the rubber is coated on the
      point of the blade head so as to prevent chipping or scratching of a
      windshield glass.
PAR  The electric motor 12 is a conventional single-phase fractional horsepower
      motor, generally operated by the direct current from a 6- or 12-volt
      automobile battery.
PAR  In operation, the cord 14 is connected via a plug 17 to the cigaret lighter
      socket of an automobile, immediately starting off the electric motor 12.
      Alternatively, if desired, an electrical switch can be connected in-line
      in electrical cord 14.
PAR  The motor 12 causes rotation of disc 18 which in turn causes the
      oscillating movement of crankrod 20, the first end of which moves in a
      generally circular pattern, following the movement of pin 21 on disc 18.
      The second end of crankrod 20, pivotally pinned to the end of shaft 22,
      moves in a longitudinal direction causing reciprocating movement of shaft
      22 and in turn of blade head 26. Thus the rotating movement of disc 18 is
      converted to reciprocating movement of blade-head 26.
PAR  The movement of blade head 36 is along a line perpendicular to the
      direction of a line defined by the edge 40 of the blade-head, as shown in
      the drawing of FIGS. 1 and 3.
PAR  The blade head 26 is applied against the snow or ice on the windshield and
      proceeds to scrape or chop away the accumulation thereon.
PAR  The short reciprocating strokes of the blade-head 26 combined with a large
      sweeping movement of a blade-head across the surface of the windshield,
      generated by movement of the arm of the user, creates an extremely
      effective means for swiftly and completely cleaning a windshield surface.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hand-held mechanical device adapted for removing snow, ice, mud and
      other caked detritus from a motor vehicle windshield; the device
      comprising a housing of generally onepiece construction having a hollow
      pistol-like handle portion for gripping and another hollow portion
      connected thereto and extending therefrom generally at a right angle to
      said hollow handle portion; bearing means removably secured to the forward
      end of said other hollow portion of said housing and having a sleeve
      element forming a central bearing bore; a driving shaft extending from the
      forward end of said other hollow portion and being slidable supported by
      said central bearing bore of said sleeve element; a blade secured to said
      driving shaft and being formed of a resilient rubber-like material;
      electric motor means within said handle portion of said housing, a
      rotatable shaft extending from the motor means, a disc mounted for
      rotation by the rotatable shaft, a connecting rod means connecting the
      disc to the driving shaft, one end of the rod being pivotably connected to
      said driving shaft, the other end of the rod being pivotably connected
      eccentrically to the rotatable disc, whereby upon rotation of the disc by
      said motor means, the driving shaft is driven in a reciprocating manner;
      an electrical heating coil embedded in the blade generally adjacent the
      edge thereof and in parallel electrical circuit connection with the
      electric motor means, and means for supplying electrical power to said
      motor means and heating coil for operating same.
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ABST
PAL  A compact, versatile voting machine is disclosed having adaptability for
      use with various vote registering devices such as tally counters and punch
      card apparatus. The voting machine includes a selector mechanism having a
      series of parallel columns housing voter operated key slides. A vertical
      interlock mechanism includes ball housing blocks which are alternately
      disposed between the key slides and house displaceable interlock balls in
      a tool line. The cam blocks are adjustable to limit the effective length
      of the tool line to establish groupings of candidates from which a single
      selection can be made. A magazine at the top of each column is adjustable
      to permit multiple selections from a grouping. Actuation of a key cams the
      interlock balls into the tool line, and when a predetermined number of
      voter selections have been made no additional keys can be actuated as they
      are blocked by the tool line. A row of adjacent horizontal keys can also
      be interlocked to established selection groups as typically found on a
      general election ballot. A bar is moveable to horizontally interlock
      adjacent columns by introducing locking pins into a position to be cammed
      by actuation of a key. A drive mechanism associated with each column
      permits the voter to vote straight party and clears the machine to ready
      it for another voter. The drive mechanism includes cam controlled clutches
      that operate four-bar linkage elements to depress or return the key
      slides. A judge controlled mechanism locks the machine between voters. For
      various voting requirements, judge operated cam arrangements are
      cooperable with the horizontal locking pins and the four-bar linkage to
      selectively lock out partial or entire columns or rows of key slides. The
      key slides are provided with a voter viewable button that registers a
      visible, luminescent X when a key is voted.
PARN
PAR  This is a division of application Ser. No. 309,174, filed Nov. 24, 1972,
      now U.S. Pat. No. 3,866,826.
BSUM
PAR  This invention relates to voting machines and more particularly is directed
      to improved voting machines of the general construction described in prior
      U.S. Pat. Nos. 3,168,240 and 3,524,969.
PAR  A large number and variety of mechanical voting machines can be found in
      the prior art. Machines most commonly found in use today are of the type
      as shown in the U.S. Pat. No. 3,408,002 and the patents referred to
      therein.
PAR  These machines are generally referred to as "lever-type" voting machines
      and have found general acceptance and are widely used. In lever machines,
      multiple horizontal or vertical rows of selector levers are interconnected
      by cranks or similar mechanisms to counter mechanisms which register the
      number of votes cast for a particular candidate or issue.
PAR  Machines of this general type have a number of disadvantages. One of the
      foremost disadvantages of the lever-type machines is their extreme size
      and weight, often in excess of 500 pounds. Because of the weight, a single
      machine requires the effort of several men to transport the machine from
      its place of storage to the polls. Further, the large size requires an
      extreme amount of storage space when it is considered that a city of, for
      example, one million people may own or lease several thousand voting
      machines. Transportation and storage of the machines during periods of
      non-use can constitute a major financial burden on a governmental unit.
PAR  Aside from the above-mentioned problems of storage and transportation, the
      lever-type machines require complex procedures on the part of the
      custodian to prepare the machine for voting, particularly when the machine
      is to be used in primary elections. In primary elections it is common that
      one or more candidates will be selected by the voter from a larger group
      running for the office and, accordingly, the columns must be broken down
      into subgroups of the correct number of candidates. The subgroups are
      established by various interlock arrangements which usually require that
      grouping pins or compensators be inserted in the columns to serve as
      barriers to permit only a selected number of voting keys to be depressed
      within the column. This can be a difficult operation requiring skill and
      much preparation time on the part of reelection officials in order to
      insure proper machine functioning.
PAR  Another disadvantage of the lever-type voting machine is that the
      accompanying ballot is often confusing and difficult for the voter to
      understand because it does not duplicate the format of the traditional
      paper ballot. This is especially true of machines having horizontal
      selection rows which require a specialized ballot format to adapt to the
      machine. It is generally accepted practice for conventional paper ballots
      to display the candidates in a vertical rather than a horizontal
      arrangement.
PAR  It is the primary object of the present invention to provide a simple to
      operate, console type voting machine of substantially reduced size and
      weight to facilitate handling and storage. The present invention employs a
      very efficient, compact selector mechanism using displaceable steel balls
      arranged in columns which permit lists of candidates for more than one
      office to be placed in a single column. Further, the columns can be set so
      that one or more selections from that list can be made by the voter. Such
      an arrangement would be typically used in a primary election. The voting
      machine of the present invention also permits adjacent vertical columns to
      be mechanically interlocked so that the selection groups on the ballot can
      be arranged horizontally as is necessary in a general election.
PAR  The present invention further has provision for straight party, write-in,
      and random voting procedures and insures that the voter cannot
      disenfranchise himself by casting two opposing votes. The voting machine
      of the present invention also makes chain voting impossible. A unique
      clutch mechanism performs multiple functions including a clearing and
      locking function after each voting cycle and when a straight party
      selection is made.
DRWD
PAR  The present invention also permits insertion of a computer compatible card
      into the machine on which card is recorded the voter's selections. This
      card may then be processed by computer to expedite computation of the
      election results and minimize decoding and transcription. The machine
      adapts to the requirements of almost any election and the ballot can be
      arranged in a format familiar to most voters. The buttons are depressed
      and the voted buttons are easily identifiable to the voter by an X
      appearing at the voted button. In summary, the present invention provides
      a voting machine having improved interlock systems to render the machine
      simple, efficient, lightweight, and yet at the same time highly versatile
      and applicable to a variety of voting procedures and adaptable to the
      various voting laws and requirements in effect in the various
      jurisdictions throughout the country. These and other objects of the
      present invention will become apparent from the following drawings and
      descriptions in which:
PAR  FIG. 1 is a perspective view of the voting machine of the present invention
      with a representative ballot in place;
PAR  FIG. 2 is a front view of the voting machine with the ballot removed;
PAR  FIGS. 3, 4 and 5 are elevational views of a voting key;
PAR  FIGS. 6 and 7 are enlarged detail views of the end of the voting key;
PAR  FIG. 8 is an enlarged detail view of the voting key and associated button;
PAR  FIG. 8A is a perspective view of the button shown in FIG. 8;
PAR  FIGS. 9 and 10 are opposite side elevational views of the individual voting
      machine columns, FIG. 10 being inverted;
PAR  FIG. 11 is an enlarged partial sectional view taken along lines 11--11 of
      FIG. 9;
PAR  FIG. 12 is a partial sectional view showing the end of the lockout bar
      mechanism;
PAR  FIG. 13 is a partial detail view showing a cam arrangement;
PAR  FIG. 14 is a top perspective view of a ball housing block and cam;
PAR  FIG. 15 is a bottom perspective view of the ball housing block of FIG. 14;
PAR  FIG. 16 is a partial detail view showing the relationship of a key
      overlying a ball housing block;
PAR  FIG. 17 is a sectional view taken along lines 17--17 of FIG. 16;
PAR  FIG. 18 is a sectional view taken along lines 18--18 of FIG. 16;
PAR  FIG. 19 is a view of the drive assembly as seen from the top end of FIG. 2;
PAR  FIGS. 20 to 22 are detail views of drive assembly clutches;
PAR  FIG. 23 is a sectional view taken along lines 23--23 of FIG. 19 with the
      mechanism shown in a locked position;
PAR  FIG. 24 is a view similar to FIG. 23 but with the mechanism shown in a
      voted position;
PAR  FIG. 25 is a sectional view taken along lines 25--25 of FIG. 19 with the
      straight party mechanism in a non-voted position;
PAR  FIG. 26 is a view similar to FIG. 25 but with the straight party mechanism
      in a voted position;
PAR  FIG. 27 is a detail view of a part of the straight party mechanism;
PAR  FIG. 28 is a sectional view of a portion of the column assembly as seen
      along lines 28--28 of FIG. 19;
PAR  FIG. 29 is a partial sectional view taken along lines 29--29 of FIG. 19;
PAR  FIG. 30 is a view similar to FIG. 29 but with the main voting button
      mechanism shown in an alternate position;
PAR  FIG. 31 is a partial sectional view generally taken along lines 25--25 of
      FIG. 19 with structure removed to more clearly illustrate the motor
      control switch;
PAR  FIG. 32 is a view similar to FIG. 31 showing the motor control switch in an
      actuated position;
PAR  FIG. 33 is a partial sectional view generally taken along lines 25--25 of
      FIG. 19 with structure removed to more clearly illustrate the actuation of
      the motor control switch in the straight party cycle;
PAR  FIG. 34 is a view similar to FIG. 33 showing the switch in an actuated
      position;
PAR  FIG. 35 is a flow chart representation of the clear cycle operation; and
PAR  FIG. 36 is a flow chart representation of the straight party cycle.
DETD
PAR  The voting machine is shown in FIG. 1 and is generally designated by the
      numeral 10. The machine would generally be incorporated in an appropriate
      voting machine cabinet, not shown, when placed in use. The cabinet would
      provide for either a vertical or horizontal mounting of the mechanism for
      voter access depending on preference and voting requirements. The machine
      10 generally has a basic frame structure comprising opposite side members
      12 and 13 and opposite end members 14 and 15. A top panel 16 is carried by
      the frame structure and has provision for mounting of the ballot 20. The
      ballot is divided into a series of eight vertical selection columns
      identified 18a through 18i. It should be noted, as used throughout this
      description, the term "horizontal" means a plane parallel to ends 14 and
      15 of the machine. The term "vertical" refers to a plane parallel to sides
      12 and 13.
PAR  Ballot 20 is not a typical ballot one would find when voting but rather is
      a representative ballot to illustrate the operation of the machine. Left
      hand columns 18a, 18b, 18c and 18d are set up in a format corresponding to
      that used in most general and some city elections in which several
      political parties offer candidates for the same offices as are listed in
      column 18A. As shown, the voter would make a choice for the office of
      president from either columns 18b, 18c, or 18d and, once having voted one
      of the selections, is not permitted by the interlock system of the present
      invention to make another selection for that office. Column 18h
      illustrates a typical primary election ballot wherein one selection is
      chosen from several candidates to be the particular party's candidate in
      the general election. It will be appreciated that any other number of rows
      could as well be provided. At the top of each of columns 18b to 18d is a
      straight party button 21 which, as will be more fully explained hereafter,
      when depressed will cause all the voting keys in the associated vertical
      column to be depressed, clearing all other buttons on the machine. A slot
      25 in the upper right hand of the machine is provided to accept a data
      processing card which is punched in response to the voting operation. A
      resetting lock 26 is used to lock or release the mechanism after each vote
      is recorded preparing the machine for the next voter. Lock 28 operates the
      column lockouts to lock out of operation certain selected columns or
      partial columns. The keys for lock 26 and 28 are retained by the election
      judge or official on duty at the election location. When the voter has
      completed making selections, main vote button 44 initiates the machine
      through its operative cycle. A tray 30 accessible through front 15
      contains the tally counters and a public counter. One tally counter is
      provided to correspond to each of the voting buttons on the machine. For a
      more complete description and understanding of the operation of the
      candidate counters and the card insert and card punching mechanism, please
      refer to commonly assigned co-pending application entitled "Punch Assembly
      and Method of Making Same", U.S. Ser. No. 309,192, and commonly assigned
      U.S. Pat. No. 3,821,522, granted June 28, 1974, entitled "Counter", both
      filed concurrently herewith.
PAR  FIG. 2 illustrates a machine of the present invention with the ballot 20
      and cover plate 16 removed to expose the basic components of the machine.
      The rectangularly arranged frame members 12, 13, 14, and 15 support eight
      vertical column members 31 through 38. Each of the columns 31 to 38 are
      similar in construction and each is generally elongate and provided with a
      vertical row of slots 39 therein which slidably receive the end key slides
      40. Slot 146 provides access to a cam device for setting up vertical
      selection subcolumns. The details of the key slides are shown in FIGS. 3
      through 6 and are discussed in the following paragraphs. The purpose of
      the present brief description is to outline the interaction of the main
      components so that the operation of the voting machine will be more easily
      understood. To make a selection, key slides 40 are manually depressable
      through a voting button 23 extending through the panel 16 and ballot 20.
      Tray 30 containing the tally counters is horizontally positioned subjacent
      columns 31 to 38 and depression of a key slide 40 will engage a
      corresponding counter in the tray 30 through plunger 54 at the terminal
      end of slide 40. The counters may be of the well known star wheel type or
      similar to those disclosed in the co-pending application referenced above.
PAR  Also operatively engaging each of the key slides is a rod 48 which extends
      transversely of the columns and is received in punch bank selector 42.
      Rods 48 are horizontally displaced to the right by actuation of the
      corresponding key slide by cam surfaces 55 on the slides 40. Rightward
      movement of a transverse bar 48 into the punch bank selector 42 will block
      a corresponding punch selector bar 49 so that upon actuation of the voting
      cycle by main voting button 44, the card inserted in slot 25 of card
      punching mechanism 43 will be perforated in a pattern corresponding to the
      voter's choice. Clearing of the machine and actuation of the straight
      party cycle is by virtue of the multiple clutch drive mechanism 50 shown
      at the upper portion of the machine. An electric motor 45 powers the
      mechanism through the clearing and straight party cycles as will be
      explained. Provision can be included for manually driving the machine by a
      crank in case of a power failure.
PAR  The foregoing is just a brief description of the various main components to
      the machine so that their relative location and interrelationship may be
      appreciated. The operation and mechanism of the counter assembly and the
      punch mechanism form no part of the present invention but rather are the
      subject of the separate aforementioned patent applications. The present
      invention concerns itself with the voter selection mechanism and more
      particularly with the interlock arrangement for setting up and limiting
      voting selections and the clutch-drive mechanism for clearing the machine
      and for voting a straight party ticket.
PAR  Referring now to FIGS. 3 through 6, the voting key slide 40 is shown in
      detail. The key slide 40 comprises an essential part of the machine which
      is operative to register the voter's selections. Key 40 extends laterally
      in slots 39 in each of the columns and each is manually depressable
      through button 23 by the voter. Each key 40 includes an upper generally
      rectangular shank portion 52 and a lower extension 51 having opposite
      sides 77 and 78. Opposite transverse slots 65 and 66 extend across the
      intermediate portion of the key 40. Angular cam surfaces 55 are provided
      on one edge of the key. The cam surface 55 on each slide is associated
      with the end of transverse punch actuator bars 48. The longitudinal
      position of cam surfaces 55 along extension 51 varies with the column in
      which the key slide 40 is located. For example, cam surfaces 55 on the key
      slides located in column 38 are immediately adjacent the shank 52 and the
      location of the corresponding cam surfaces 55 is displaced downwardly for
      the slides in each leftwardly successive row. In this way, all rods 48
      that are associated with the keys in a horizontal row of key slides are in
      vertical alignment beneath the columns. The rods 48 are configured to
      avoid interference with the adjacent key slides.
PAR  Inward of the lower end of the key 40 a shoulder 59 projects laterally.
      Shoulder 59 is adapted to be engaged by a clear bar of the drive mechanism
      50 to return the key to a non-actuated position. Extending from the
      opposite side of the key is projection 58 which is adapted to be engaged
      by a bar in drive 50 to pull the associated key 40 downwardly when a
      straight party button 21 is actuated on the machine. The clear and
      straight party mechanism is actuated by drive mechanism 50, as will later
      be explained.
PAR  An important feature of this invention is the vertical interlock
      arrangement which limits the number of voting buttons a voter can depress
      within a column by blocking the remaining slides when the predetermined
      number of selections has been made. The vertical interlock is achieved by
      camming accurate steel balls in a tool line extending through the columns
      along a cam surface on the keys 40. Each key is provided with cam means 56
      including adjacent circular bores 67 and 68 extending through the shank of
      the key slide. A semicircular camming surface 69 extends approximately at
      a 30.degree. angle from the edge of hole 67 at surface 77 toward the edge
      of bore 68 at surface 78. Axial slot 70 extends between bores 68 and 69
      through the intermediate cam surface 69.
PAR  The vertical interlock mechanism permits the election official to set up
      the machine in vertical selection column as, for example, would be
      necessary in a primary election. Other elections may require that the
      machine be programmed horizontally as in a general election. Accordingly,
      an important feature of the present invention includes means to
      selectively interlock adjacent horizontal keys to define a selection group
      and so that only one key can be voted within the group. As best seen in
      FIGS. 6 and 7, a cam 79 is provided on the upper end of the slide 40 in
      opposite sides which cooperate with horizontal locking pins to prevent
      actuation of more than one key within a group. The cam means include bore
      71 that extends transversely through the shank portion 52 of the slide 40.
      Cam 79 includes generally V-shaped surfaces 72 and 73 which intersect bore
      71 at the longitudinal centerline of the shank portion. As best seen in
      FIG. 7, surfaces 72 and 73 diverge outwardly to oppositely arranged lands
      74 and 75, respectively, which are all commonly defined within recess 76
      in the opposite edges of the key 40.
PAR  FIGS. 9 to 11 and 16 to 18 best show the relationship of the slides 40 in
      the columns. Keys 40 are all received in adjacent vertical columns 31 to
      38 aligned vertically and horizontally. Each column contains a selected
      number of keys. The following description is with reference to column 33
      which is typical. Column 33 is a generally elongated rectangular section
      and has an aligned series of slots 82 which receive the main body portion
      of keys 40. Enlarged slots 39 aligned with slots 82 extend to the surface
      of the column. A shoulder 84 at the bottom end of each slot 39 serves as a
      stop to engage outwardly extending flange portion 60 of the associated
      key. Thus, looking at FIG. 11, which is a sectional view through a portion
      of adjacent columns, key 40 is shown in a normal unactuated position; when
      actuated it will be moved inwardly until flange 60 contacts shoulder 84 at
      the bottom of slot 39. An over center toggle pin, not shown, may be
      associated with each key slide 40 to give the key a positive action. Cross
      bore 85, approximately corresponding in diameter to the cross bore 71 in
      the shank portion of key slide 40, intersects column slot 82 and
      terminates in rectangular slot 86 which extends longitudinally in column
      33. Horizontal interlock bar 90 is slidable in slot 86. Another
      longitudinal channel 91 extends the length of column 33 perpendicular to
      the axis of key slide 40 and intercepts slot 82 and houses vertical
      interlock ball housing blocks 110 which, as will be described later, are
      interposed between and cooperate with vertically adjacent keys 40 in the
      vertical interlock mechanism.
PAR  As seen in FIG. 11, a pair of plungers 92 and 93 in the form of pins having
      rounded ends are positioned in cross bore 85. The pins are dimensioned so
      that pin 92 extends from the center line of the slide key at the apex of
      the cam surfaces 72 and 73 to the edge 89 of the column 33 next adjacent
      column 34. Similarly, plunger 93 extends leftwardly from the center line
      of slide 40. Column 32 next abuts column 33 at edge 88 having bore 85a in
      direct alignment with slot 86 of column 33. Similarly, at side 89,
      adjacent column 34 has its interlock bar 90b in direct alignment with bore
      85 of column 33. The subscripts a, b, etc., here and throughout the
      specification, designate identical or similar elements.
PAR  Interlock bar 90 extends the vertical length of column 33 in slot 86. A
      number of cross bores 95 are provided in bar 90 and are spaced so that the
      distance between bores 95 is half the distance between adjacent vertical
      cross bores 85 in the columns. Every other bore 95 houses a compression
      spring 96 forming a socket 97. A slidable plunger 94 extends in bores 95
      not housing a spring.
PAR  Referring to FIGS. 11 and 12, the interlock bar 90 is vertically shiftable
      relative to the associated column to move either a plunger 94 or a spring
      socket 97 in axial alignment with column cross bores 85. An actuating
      handle 100 is connected to the lower end of bar 90 and projects into
      recess 101 in the column. Manually moving actuator handle 100 will
      displace bar 90 to position the bar in accordance with the election
      requirements.
PAR  It will thus be understood, referring to FIG. 11, that as key 40 is
      depressed in response to a voter operation, the cam surface 79 will be
      urged between adjacent plungers 92 and 93 parting them in opposite
      directions. If it is desired to horizontally interlock adjacent vertical
      columns, as for example when the machine is set up as shown in ballot
      columns 18b, 18c and 18d of figures, actuator 100 in column 33 is moved to
      position interlock bar 90 to align plungers 94 in the bar with bores 85 of
      the column. The interlock bars in columns 32 and 34 are similarly
      positioned. For example, when a key 40 in column 33 is depressed,
      associated plunger 93 will move leftwardly urging adjacent plunger 94 in
      bar 90 leftwardly into engagement with pin 92a located in the adjacent
      column. Pin 92a in adjacent column 32 will be moved into blocking
      engagement beneath the apex of associated cam 79a of the key slide in that
      column.
PAR  Column 34 located immediately adjacent side 89 of column 33 has been preset
      having its interlock bar 90b positioned with spring sockets 97b in axial
      alignment with cross bores 84 of column 33. Upon depression of a key slide
      40 in column 33, pin 92 will simply move into engagement in socket 97b
      causing spring 96b to be depressed. The axial motion of plunger 92 will
      not be transferred across interlock bar 90b to prevent the actuation of
      the key slides in column 34. Therefore, looking at an arrangement of FIG.
      1, it will be seen that by selectively positioning interlock bar 90,
      horizontal listings of candidates may be made and the selection limited to
      one candidate from the preselected row or group across the columns. The
      interlock bar between adjacent columns can be positioned to either
      interlocking or isolate the columns, as the case may be. An entire or
      partial horizontal row of key slides 40 may be locked out by virtue of
      cams 102 as seen in FIG. 13. Cams 102 are rotatively mounted on cam shaft
      103 immediately adjacent column 38. Each cam aligns with cross bore 85i in
      that column. To lock out a horizontal row of keys, associated cam 102 is
      rotated into engagement with pin 92i to move the horizontal interlock pins
      92 in each column into blocking engagement with the keys 40. A partial
      horizontal row can be locked out by interrupting the movement of pins 92
      by moving interlock bar 90 to align spring sockets 97 with the pins 92.
      The horizontal lock is particularly useful in accommodating more unusual
      election requirements. The operation of cam shaft 103 is controlled by the
      election judge.
PAR  The present invention also has provision for selectively interlocking the
      voter selections in a vertical column and for establishing subcolumns or
      groups. As seen in FIG. 9, a series of ball housing blocks 110 are
      received in channel 91 and form part of a vertical interlock system that
      limits the selections that can be made in a column. Blocks 110 are
      alternately interposed between adjacent key slides 40. The construction of
      the individual ball housing 110 is best seen in FIGS. 14 and 15.
PAR  Each block 110 consists of a main body portion 111 which is generally
      rectangular having flanged portions 112 and 113 extending at right angles
      from top surface 114 and bottom surface 116, respectively. Flanges 112 and
      113 are each of a depth approximately 1/2 of the width of the keys 40. A
      slot 115 extends along one side of the block to receive a corresponding
      transverse flange in column channel 91 to serve as a guide for lateral
      adjustment of blocks 110. Projecting from the back of block 110 are legs
      118, 119, 120 and 121. A U-shaped opening 122 is defined between upper
      legs 118 and 120 and a similar opening 123 is defined between legs 119 and
      121. Transverse slots 124 and 125 extend in the opposite sides of the
      block between the upper and lower legs.
PAR  Biasing spring 128 extends from the center of the front face 129 of the
      block. A bore 130 vertically extends between top side 114 and bottom 116
      of the block. Spaced from bore 130 is a socket or blind bore 131. Bore 130
      and blind bore 131 are of the same diameter. Socket 131 houses a biasing
      spring 134 which is compressible to accept a single interlock ball.
      Parallel guide members 132 and 133 at one edge of surface 114 are
      respectively aligned with the center of bores 130 and 131. At the other
      edge adjacent the bores 130 and 131, keeper members 135 and 136 are biased
      outwardly by virtue of a spring, not seen, acting within a receiving bore
      in the block. Keepers 135 and 136 serve to maintain alignment in the row
      of interlock balls as will be more fully appreciated.
PAR  Slots 124 and 125 at the end of cam housing block 110 receive cam member
      140 which carries cam 142. Eccentric actuator shaft 144 adapted the cam
      for manual actuation. As seen in FIG. 11, cam 140 is positioned with shaft
      144 supported in slot 124 and 125 so that cam member 142 abuts block end
      147. Shaft 144 extends parallel to the keys 40 in holes 146 in each of the
      columns. Cam 140 is adjustable by insertion of a tool into hole 146 to
      rotate the cam through shaft 144.
PAR  Ball housing blocks 110 are sequentially arranged and oriented in the
      columns so that face 114 of a block 110 abuts surface 77 of a key slide 40
      and opposite surface 78 engages the surface 116 of the next adjacent block
      110 with the longitudinal axis of slide 40 transverse to block 110. Spring
      128 extending from the ball housing blocks engages side wall 89 of the
      next column to bias the blocks into channel 105. Thus, it will be observed
      that block 110 can laterally be displaced by rotation of shaft 144,
      causing cam 142 to bear against surface 147 moving the block against the
      force of biasing spring 128.
PAR  In the normal position, blocks 110 are oriented with hole 67 of key slide
      40 in line with bore 130 of the cam blocks 110. Projection 133 on the side
      114 of the adjacent ball housing block 110 aligns with slot 70 on the
      surface 77 of the key slide 40. Thus, in the assembled position, there is
      a pattern as disclosed in FIGS. 16 to 18 with a continuous column or tool
      line 150 assembled with identical steel balls 151 extending vertically
      through the column. The outer hole 68 in each key slide 40 also contains a
      steel ball 152 identical to balls 151 contained within the tool line 150.
PAR  By laterally displacing a ball housing block 110 relative to the associated
      key 40, a column can be divided into several subcolumns. As is the case in
      many primary elections, a single candidate is to be selected from a number
      of primary candidates. One voting key slide 40 would be associated with
      each of the candidates for the particular office. A subcolumn would be
      indexed by moving the cam block 110 adjacent the keys defining the group
      in the subcolumn to a blocking position relative to the associated key
      slide 40. For example, looking at FIGS. 17 and 18, upper and lower blocks
      110 and 110c have been moved to separate a subcolumn of candidates for a
      particular office. To accomplish this, cam shaft 144 was rotated
      180.degree. by an appropriate tool causing cam member 142 to bear against
      surface 147 of the cam block and urge the block against the bias of spring
      128 to the position relative to the respective keys shown in FIG. 18. In
      this blocking position, socket 130 of ball housing block 110 and 110c now
      align with tool line 150. This establishes a three candidate subgroup with
      a voter being able to select one of the three keys 40, 40a and 40b.
PAR  To understand what occurs when a key in a subcolumn is voted, assume that
      the voter has made a selection on the voting machine causing key slide 40b
      to be depressed. As the key slide 40b is moved inwardly, ball 151b in hole
      67b of key slide 40b will be forced or cammed upwardly by cam 56b into
      bore 130a of the next upper adjacent ball housing block 110a. When the key
      40b is fully depressed ball 152b will have been introduced into the tool
      line 150 causing the tool line to advance upwardly by one ball diameter
      against the action of spring 134 in socket 131 in the upper terminal ball
      housing block 110. Spring 134 in the terminal ball housing block will not
      allow the tool line to advance more than one diameter into the socket 131,
      so that it is impossible for more than one additional ball to be
      introduced into the tool line. Ball 152b in bore 68b of the key slide will
      now occupy a position in the tool line. Should the voter attempt to
      actuate another key slide, such actuation will be resisted as there is not
      room in the tool line for any additional balls, hence only one key can be
      moved in each series or subcolumn.
PAR  If it is desired to vote for more than one candidate out of a series, as
      for example in an election for city council, the upper end of the columns
      are used to index a subcolumn. Referring to FIG. 9, a receiver assembly
      160 is provided to permit multiple selections to be made. A number of
      adjacent ball housing blocks corresponding to the number of candidates are
      positioned having their bores 67 in alignment so that a continuous column
      of balls extends in the tool line. Receiver passageway 161 aligns with
      bores 67. A guide passageway 162 extends in the column parallel to the
      receiver passageway. A slider 164 has a tubular stop 165 in passage 161
      and tubular guide member 166 in passage 162. Web 166 interconnects the
      tubular members. The inner end of stop 165 engages the uppermost ball in
      tool line 150. Slider 164 is spring biased by spring 170. Adjusting pin
      168 abuts the upper end of slide 164. Pin 168 is inserted into vertically
      spaced grouping holes 169. By vertically adjusting the position of pin
      168, the effective length of the tool line can be changed so that a
      predetermined number of balls can be introduced into the tool line. For
      example, if it is desired that three candidates be selected from the
      series, pin 168 is moved upwardly a corresponding number of grouping holes
      169 to permit slider 164 to be displaced upwardly to admit three
      additional balls 151 into tool line 150. As explained above, each time the
      voter depresses the voting key, the action of the associated cam surface
      56 will cause an additional ball to be moved into the tool line. When
      three candidates have been voted, a continuous column of balls will be
      formed in the tool line extending between the lower terminal ball housing
      block and slider 164 of the receiver 160. No additional selector keys can
      be depressed as they will be opposed by a solid chain of balls. It will be
      noted that the arrangement of the present invention has several advantages
      in that if a voter changes his mind he may simply pull the voting key out
      of its original position which will effectively remove one ball from the
      tool line thus permitting another selection to be made. Similarly, since
      the actuation of any one key in the series does not block the tool line at
      that position, the selections do not have to be made in any order. That
      is, the voter does not or is not required to vote for a number of
      candidates in ascending or descending order as was necessary with certain
      prior art types of vertical interlocks.
PAR  Clutch drive system 50 of the voting machine controls the registering
      operation of the machine and clears or depresses predetermined voting keys
      in accordance with the operational mode. Functionally, the drive system
      cooperates with the keys in the individual voting columns to perform the
      following functional operations:
PAR  1. Prevents actuation of the main voting button until at least one key in
      any of the columns has been depressed;
PAR  2. Automatically depresses all the keys under a party heading if the voter
      selects a straight party ticket;
PAR  3. Clears all previously depressed selector keys when a straight party
      button is actuated;
PAR  4. Automatically locks all voting keys and all remaining straight party
      buttons during a straight party voting cycle;
PAR  5. Clears all voting keys on the machine and restores them to an up
      position at the completion of the voting cycle;
PAR  6. Automatically locks out all voting keys in the machine after the
      completion of each voting cycle;
PAR  7. Provides a key controlled lock to be operated by the election judge to
      release all buttons to prepare the machine for the next voter; and
PAR  8. Permits selected columns or partial columns to be completely locked out
      by the election judge in accordance with the requirements of the
      particular ballot.
PAR  The mechanism of the main drive system 50 will best be understood by
      understanding operational sequence of events that occur in the voting
      cycle. When inactive, before the beginning of an operational voting cycle,
      the voting machine is in a locked condition which does not permit
      operation by a voter until the machine is placed in a ready condition by
      an appropriate election official or judge outside the voting booth.
PAR  All the voting keys are locked in an up position by means of the clear
      mechanism, a bar which extends the full length of each vertical column and
      engages each of the voting keys. The clear bar, as will be explained in
      more detail hereafter, is actuated by a clutch mechanism in drive 50. The
      bar and clutch assemblies are locked at the end of each voting cycle and
      are held in the up position by a common stop which can be released only by
      an election official using an appropriate key in lock 26 at the side of
      the machine.
PAR  In addition, each individual bar and clutch assembly can be locked by a
      selective lockout device also actuable by an election judge using an
      appropriate key. These individual controls can be set to the requirements
      of the individual election before the election official moves the master
      control from a locked to voting position.
PAR  The return or clear bars remain in the up locked position until the voter
      presses at least one button on the panel making a voting selection. This
      operation depresses the clear bar in the column in which the selection is
      made. The main voting mechanism is locked mechanically until one of the
      clear bars is depressed by the voter making one selection. The main vote
      button 44 can then be depressed to register the voter's selections on the
      counters and punch card in the machine. Thus it will be seen that the
      clear bar performs multiple functional operations to insure the integrity
      and security of the voting operation performed on the voting machine.
PAR  The sequence of events outlined above are illustrated in FIG. 36 which is a
      system operation flow chart of the clear cycle. It will be seen from this
      flow chart that the drive mechanism 50 operates to lock the machine at the
      beginning and at the completion of the voting cycle. Further, the main
      vote button is not cleared until at least one voter selection is made on
      the voting panel. After the voter's selections have been properly
      registered on the counters and punch card in the machine, the clear bar
      will return all voting keys to their normal up position.
PAR  The drive and clear bar mechanism is best seen in FIGS. 19, 24 and 28. The
      mechanism is essentially the same for each of the columns and therefore
      description as applied to one column will apply equally to all. The drive
      mechanism 50 is located at the upper end of the columns 31 to 38. A series
      of vertical frame elements 193 separates the mechanisms of the individual
      columns. Electric drive motor 45 is secured to frame element 193
      associated with right hand column 38. The output of the electric motor is
      connected by suitable gearing 191 to main clutch shaft 192 which extends
      through frame elements 193 horizontally across the width of the column
      assembly. Carried on the main clutch shaft 192 at each column is a clear
      clutch 205 which has driver gear member 206 splined to shaft. Spaced apart
      from clutch driver 206 is driven member 208. Clutch members 206 and 208
      have teeth adapted for engagement. Member 208 is biased away from member
      206 by a spring, not shown, intermediate the clutch members 206 and 208.
      Driven clutch member 208 is not keyed to main drive shaft 192 so that
      shaft 192 is free to turn within member 208 when clutch 205 is disengaged.
      A peripheral flange 210 extends from clutch driven member 208.
PAR  Parallel to the main drive shaft 192 and extending laterally to the columns
      through frame elements 193 is clear clutch yoke shaft 215. One end of the
      yoke shaft 215 engages cam surface 216 on main cam 194. Yoke member 217 is
      secured to shaft 215 at each of the columns to engage flange 210 of clear
      clutch member 208. As seen in FIGS. 19 to 21, yoke 217 has a collar 226
      with arms 234 and 235 oppositely extending in a general c shape. The ends
      of arms 234 and 235 are notched at 236 to accept the flange 210 on the
      driver clutch member 208. Arm 235 is provided with an internal stepped
      bore which carries pin 237 which is normally biased to the extended
      position shown in FIG. 20 by a spring. The outer end of pin 237 extends
      beyond the terminal end of arms 235 and when force is applied to the end,
      the pin will be caused to move into engagement with shaft 215. Thus shaft
      215 is free to move laterally within collar 226 until locking engagement
      occurs by virtue of inward displacement of locking pin 237.
PAR  Lateral leftward movement of yoke 217 with shaft 215 will bring clutch
      members 206 and 208 into engagement to clear the keys in that column when
      a voting button has been depressed. Yoke shaft 215 is biased toward cam
      194 by springs, not shown, and will follow cam 194 and will laterally
      shift in accordance with the rotative position of cam surface 216.
PAR  The clear bar 202 is part of a four bar parallel linkage generally
      indicated 201 that extends the length of each column adjacent shoulder 59
      on the lower end of keys 40. The lower end of the clear bar is privotally
      connected to link 203 which in turn pivots about shaft 211 which extends
      laterally across the columns and is secured to the frame elements 193. The
      opposite end of the clear bar adjacent the drive mechanism is pivotally
      connected to link 204 of pivot 213. A crank 212 extends from pivot point
      213 on the four bar linkage to a stub shaft 214 extending from the face of
      driven clutch member 208 opposite the gear teeth. Abutment 220 is carried
      on crank 212 and is adapted to be rotatively moved into engagement with
      yoke pin 237 upon depression of a key 40 as seen in FIG. 24. This
      operation locks yoke 217 to shaft 215 and is shown in FIG. 25. The
      operational sequence of the clearing operation will be described in more
      detail hereafter.
PAR  Referring also to FIGS. 29 and 30, main vote button 44 which serves to
      energize the drive motor 45 upon completion of voting selection has a
      member 301 that extends into the drive 50 in column 38. When member 301 is
      blocked the main voting button cannot be depressed and the voting cycle
      cannot be initiated. An abutment member 306 physically engages section 305
      of the member 301 to prevent actuation except when a voter selection has
      been made in one of the columns on the machine. Abutment 306 is connected
      to pivotal square shaft 222. Shaft 222 extends laterally across the
      columns pivotally engaging crank arms 204, as seen in FIG. 24 at shoulder
      225 formed at the upper end of crank 204. After the machine has been
      cleared and prior to any voting operation, all of the clear bars 202 will
      be in the up position as will all the voting keys as seen in FIG. 29. Upon
      the making of a selection at any column, the associated clear bar 202 in
      that column will be forced downwardly by shoulder 59 on key slide 40
      causing crank 204 in that column to accordingly pivot to the position seen
      in FIG. 30. The pivoting action of the crank will impart a slight rotation
      to square shaft 222 through shoulder 225 to cause shaft 222 and member 306
      to be swung out of its interfering position with member 301 of the voting
      key, leaving the voting key free to be depressed. If the voter should try
      to actuate the main voting button prior to making a selection, it will be
      obvious that the machine cannot be activated and nothing will happen. This
      insures that the voter cannot disenfranchise himself by operating the
      machine through a voting cycle without having actually made one or more
      voting selections.
PAR  Referring again to FIGS. 19 and 23 and 24, all of the voting columns are
      locked in a nonoperational condition at the completion of the voting cycle
      by means of lockout shaft 228 which extends transversely across the
      columns through frame elements 193 in a location below the main drive
      shaft 192. A lockout pawl 230 having a pawl arm 231 and flange 232 is
      provided in each of the columns. The pawl arm 231 pivots with shaft 228
      from an unlocked position below crank 212, as seen in FIG. 24, to a locked
      position, as seen in FIG. 23, with the end of pawl arm 231 bearing against
      the underside of crank 204. It will be obvious that in this latter
      position, pawl arm 231 will prevent movement of clear bar 202 by the
      depression of a voting key. Therefore, pawl 230 serves through clear bar
      202 to lock the voting keys in a nonactuated position. Pawl shaft 228 is
      connected through appropriate gearing and cable 319 to lock 26 on the side
      of the machine. After the completion of the voting cycle, the lockout
      shaft is rotated in a locked position by the election official by means of
      lock 26, thereby preventing depression of any of the column keys. To
      prepare the machine for the next voter, an election judge or official
      would simply insert a key into locking mechanism 26 and rotate it to an
      unlocked position which will rotate lockout shaft 228 and pawl arm 231 to
      an unlocked position in preparation for the next voter.
PAR  Looking at the system operation flow chart shown in FIG. 35 as well as
      FIGS. 19 to 24 and 29 and 30 which show in detail the clear mechanisms
      described above, the operation of the voting machine through the clearing
      cycle would be as follows: Several operations must be performed prior to
      placing the machine in an operational condition. The voting official or
      attendant will insert a key in lock 26 and rotate the key to move from a
      locked to vote condition. This will cause lockout shaft 228 to rotate
      lockout pawl arms 231 out of engagement with the underside of cranks 212
      on the columns. The voter must now insert a data processing ballot card in
      the slot 25 in the upper right hand of the machine. Proper positioning of
      the card releases an interfering solenoid armature that prevents
      depression of the main voting key. The machine is in the ready condition
      for the voter to make his selections. The voter proceeds with voting
      operations, making the desired selections by pushing down selected buttons
      which will cause the corresponding key slides 40 to be depressed. Once the
      first selection is made by the voter, the corresponding key 40 by virtue
      of shoulder 59 will displace clear bar 202 in the column in which the
      selection is made downwardly causing square lockout bar 222 to rotate
      abutment 306 out of an interfering position with abutment 305 of main
      voting button member 301. Thus, at any time after a single selection has
      been made, the voting cycle can be initiated by the voter pushing the main
      button 44. The voter continues to make the selections of his choice with
      the column interlock system described above preventing a voter from
      overvoting. After the voter has completed his selections and is satisfied
      with his choices, he presses the vote button 44 and the machine punches
      the data card and registers the votes on the tally counters
      simultaneously. In those columns in which voter choices were made, the
      yoke 217 is engaged with shaft 215 by virtue of pin 237 abutting shoulder
      220 of crank 212. Drive motor 45 rotates main shaft 192 and associated
      main cam 194 to a position where clear clutch yoke shaft 215 is cammed to
      cause clear clutch member 208 to contact member 206 to cause the clear
      clutch 205 to engage. Rotation of main drive shaft 192 will be imparted
      through driven member 208 and crank 212 to the clear bar 202 of the four
      bar linkage to return the keys 40 to an up position by engagement at
      shoulder 59. At the completion of the clear cycle and rotation of the
      clutch members, the cam surface on main cam 194 will drive the yoke shaft
      to its nonactuated position opening clear clutch 205. At this point the
      vote cycle is completed, all the voting buttons having returned to their
      up position with the tally counters and data card properly registered.
      Rotation of clutch member 206 will bring cam lobe 229 into contact with
      cam surface 302 on main voting member 301 to return the main vote button
      44 to an up position.
PAR  FIGS. 31 and 32 are views similar to FIGS. 29 and 30 and additionally show
      the components for actuation of the motor by switch 310 which is in the
      motor control circuit, not shown, when vote button 44 is depressed. Switch
      310 is a normally closed micro-switch actuable to an open position by
      lever 311 acting to depress plunger 312. Switch 310 is mounted on the end
      of switch arm 313 which is pivotal about shaft 314. Member 330 carries
      abutment 331 which is adapted to engage lever 311 when arm 313 is in the
      horizontal position. Locking pin 345 projects from switch arm 313. Arm 313
      is connected to arm 340 of member 306 by tension spring 335. Pawl 315 has
      arms 316 and 317 and is rotatable about shaft 326. Locking member 320
      includes arm 322 having a notch 324 near its terminal end and pawl 321
      rotative about shaft 228. Pawl 321 is provided with flange 336. Pawl arm
      321 and arm 322 are joined to common pivot 346. The arms are urged to the
      relative positions shown in FIG. 31 by torsion spring 323 located at pivot
      346. Actuating arm 302 of vote button body member 301 is configured to
      project adjacent switch 310 having foot 304 engaging lever 313 and foot
      member 303 engaging arm 316 in a non-actuated position.
PAR  FIG. 31 shows the motor switch 310 in a non-actuated position. Member 306
      has been pivoted downwardly by square shaft 222 by virtue of one or more
      voting selections having been made. At the completion of the voting cycle,
      button 44 is depressed which through member 304 pivots arm 313 downwardly
      about shaft 314. Locking arm 322 is disengaged from pin 345 by pawl arm
      317 which is rotated into position engaging the underside of arm 322 by
      foot member 303. The movement of arm 313 disengages switch lever 311 from
      abutment 331 permitting plunger 312 to release to close the switch 310
      energizing motor 45 to actuate the drive mechanism 50 through the clear
      cycle as described above.
PAR  Upon completion of the clear cycle, member 301 and button 44 are returned
      to the up position by cam 229 which engages roller 341. Clearing of the
      machine will move link 204 to cause member 306 to be returned to its
      vertical position as seen in FIG. 32 tensioning spring 335. Spring 335, in
      a tensioned condition, will exert sufficient form to return arm 313 into a
      non-actuated position wih lever 311 engaged at abutment 331 with pin 345
      in notch 303. Should any column not be cleared, as for example due to the
      non-engagement of a clear clutch 205, member 306 will not be returned to
      the vertical position; spring 335 is not tensioned in this position of
      member 306 and switch arm 313 will remain in the down, switch-on position
      until all columns are cleared and member 306 returns to the vertical
      position.
PAR  It will be understood that drive motor 45 can be used to power the punch
      operation prior to the initiation of the clearing cycle. In such case the
      clearing operation is not commenced until these tallying operations are
      completed. This may be accomplished by appropriately configuring cam
      surface 216.
PAR  At the completion of the clearing cycle lockout shaft 228 will rotate to
      bring pawl arms 231 into engagement with cranks 212. The voting cycle is
      completed and the machine is in a locked condition with clear bar 202
      engaging the shoulders 59 on key slides 40 thereby interfering with the
      downward actuation of any of the voting keys until the machine is released
      by an official.
PAR  The present voting machine also has provision for straight party voting.
      Referring back to FIG. 1, it will be seen that a button designated by
      numeral 21 is provided at the top of each column. This button initiates
      the straight party cycle. If the voter in a general election wishes to
      vote for all of the candidates of a single party, he depresses the
      straight party button in the appropriate column. For example, depression
      of key 21 at the top of column 18c as seen in FIG. 1 would initiate the
      automatic cycle of operations shown in FIG. 36 which depresses all the
      vote buttons in a selected column causing a vote to be cast for each of
      the Republican candidates. The energization of the motor circuit will be
      described later.
PAR  Referring to FIGS. 19, 25, 26 and 28, straight party yoke shaft 243 extends
      laterally across the columns the drive unit adjacent clear clutch shaft
      215. Straight party clutch assembly 240 is mounted on main clutch shaft
      192 adjacent the clear clutches 205. Straight party clutch assembly 240
      includes driver member 241 having teeth on one face. Driven clutch member
      242 is adjacent member 241 and has teeth oppositely arranged to cooperate
      with the teeth on clutch member 241. Driven member 242 is engaged by yoke
      218 mounted on yoke shaft 243. Yoke 218 is similar to yoke 217 and has a
      pair of oppositely extending arms 244 which are notched to receive annular
      flange 245 of member 242. Moveable pin 238 extends in pin block 247 having
      an outer end adapted to depress the pin inwardly. The inner end of pin 237
      is adapted to contact shaft 243 when the outer end is depressed to engage
      yoke 218 and yoke shaft 243. Pin 238 is depressed by the action of the
      straight party button 21. The straight party clutch components are
      identical in structure to the clear clutch components shown in FIGS.
      20-22, to which reference may be made.
PAR  Straight party button 21 includes assembly 249 having elongated shaft
      portion 254 extending into the drive 50 connected to a body member 255
      adjacent the straight party yoke 218. Roller cam 251 is carried on body
      257 and aligned to engage pin 238 when depressed. Foot member 256 extends
      from member 257 in alignment with flange 232 of pawl 230. A keeper 248 is
      spring biased to a position engaging shaft 258 as seen in FIG. 25. A
      compression spring 255 exerts a downward force on assembly 244 resisted by
      the engagement of keeper 248 at shaft 258. Depression of straight party
      button 21 will, by virtue of a linkage not shown for clarity, pivot keeper
      248 out of engagement with shaft 258. Spring 255 will drive assembly 249
      downwardly so that cam 251 contacts pin 238 and foot 256 engages pawl
      flange 232.
PAR  The straight party cycle is effectuated by means of another four bar
      mechanical linkage generally designated 259. A straight party linkage bar
      260 is disposed on the side of the voting keys opposite the clear bar
      immediately below porjection 58 at the terminal end of the blade. Links
      261 and 262 are pivotally connected to opposite ends of bar 260 at pivot
      points 213 and 269. A crank 263 is pivotally connected between pin
      connection 213 on bar 260 and clutch element 242 at stub shaft 266. It
      will be obvious that when straight party clutch 240 is engaged, pin
      connection 266 will be rotated causing straight party bar 260 to move into
      engagement with shoulder 58 thereby depressing all the voting keys in that
      column.
PAR  Actuation of the straight party button 21 initiates the following sequence
      of events which are represented in FIG. 36. Motor 45 is started by switch
      310, as seen in FIGS. 33 and 34, which show the motor switch 310 in
      cooperation with member 249 of straight party button 21. The switch
      actuation components have been described above in detail with reference to
      FIGS. 31 and 32. Depression of a straight party button 21 moves extension
      249 downwardly causing member 256 to engage flange 336. Locking arm 322 is
      pivoted, remaining in an engaged position at pin 345 causing switch arm
      313 to move downwardly away from abutment 331 to close switch 310 and
      start drive motor 45. Torsion spring 323 permits member 320 to extend to
      follow pin 345. The machine is first cleared. Main cam 194, which controls
      the sequence of operation, cams the clear clutch yoke shaft 215 so that
      the clear clutches 205 in the columns in which any individual selections
      have been previously made are cleared by means of the clear bar linkage
      201. The clear cycle is necessary to return any other selections to a
      non-voted position when a straight party ballot is indicated to prevent
      any cancellation or improper voting procedure. Description of the clear
      cycle will not be set forth in detail here as it has been discussed above.
      After rotation of the clear clutches, the clear yokes 217 will disengage
      the clutches 205 and the straight party cycle begins. Completion of one
      clear cycle and return of member 306 to its vertical position at the
      completion of the clear cycle will not, at this time, return switch arm
      313 to its non-actuated position since arm 313 is held down by locking
      member 320. Keeper 258, in the column voted, is pivoted away from
      engagement with shaft 258 permitting spring 255 to drive straight party
      assembly 249 downwardly. Lockout pawl arm 231 will be held in a disengaged
      or unlocked position by end 256 of straight party assembly 249. At the
      same time, roller cam 251 will engage pin 238 causing yoke 218 to become
      keyed to shaft 243. Cam 194 at the end of the clutch shaft 192 cams
      straight party yoke shaft 243 so that the straight party clutches 240
      clutches in the columns in which selections have been made are closed. The
      clutches are rotated and by means of four bar linkage 259 described above,
      the straight party bar 260 is displaced depressing all the buttons in that
      column against shoulder 58 of the keys. At the end of this stroke, cam
      surface 227 on the driver clutch 241 engages roller 251 and clears the
      straight party assembly 249 returning it to an up position with keeper 248
      in locked engagement at shaft 258. As the straight party button is cleared
      the lockout pawl 230 rotates, releasing all columns and completing the
      cycle by returning main cam 194 to its index position. Motor 45 continues
      to operate until the completion of the straight party cycle, when member
      249 is returned to an up position by cam 227 engaging roller 251. This
      permits spring 335 to return the switch arm to the non-actuated position
      seen in FIG. 33 and shuts off motor 45. Upon depression of the main voting
      button, the voter's straight party selections will be tabulated on the
      tally counters and punch card inserted in the machine and the clear cycle
      described above will be initiated. The machine will be returned to a
      locked position ready to accept another voter.
PAR  The voting machine of the present invention is highly adaptable to various
      ballot requirements. For example, in many elections, a number of
      candidates or issues less than the total capability of the machine may be
      presented to the voter. In this case, it will be necessary to lock out the
      unused columns so that the voter cannot intentionally or inadvertently
      actuate the selector buttons in the unused columns.
PAR  As seen in FIGS. 19, 23 and 24, a column lockout shaft 279 extends across
      the columns and is supported in frame elements 193. Lockout lever 271 is
      pivotally connected to shaft 279 in each of the columns. Lever 271 has
      latching end 277 which is adapted to engage a portion of the clear crank
      arm 204 at end 225 so that the clear bar is held in engagement with
      shoulder 59 on the individual keys preventing keys 40 from being
      depressed. A cam shaft 273 extends parallel to the column lockout shaft
      279 and carries a cam 278 in each of the columns. Cam shaft 273 is
      connected by a flexible cable 318 to lock 28 on the side of the frame.
      Lock 28 receives a key and has multiple positions which in turn
      correspondingly position cam shaft 273. Cams 278 on shaft 273 are
      configured to engage an actuating arm of lever 271 in selected positions
      of cam shaft 273. Therefore by employing different positions in
      conjunction with multiple position key lock 28, many combinations of
      columns can be locked in or out of use.
PAR  The column lockout mechanism described above is particularly useful when
      using the voting machine for primary elections in jurisdictions where the
      voter must declare his party preference prior to voting. The lockouts can
      then be actuated to vertical columns established for the parties other
      than the voter's particular party. In this way, the machine can accomodate
      multiple primary elections with the election official on duty having only
      to turn key lock 28 to prevent the voter from voting for candidates in any
      columns than the column corresponding to the voter's party.
PAR  Again referring to FIG. 1, it will be seen that ballot column 18i is
      provided to permit the voter a write-in choice candidate. For example, if
      the voter wishes to cast his ballot for a write-in candidate for the
      office of senator, he would depress the write-in button in Colunn 18i
      horizontally aligned with that office. Upon completion of the voting
      operation after the vote button has been depressed and the voter's
      indication is registered on the punch card, the card would be removed from
      the slot. The voter can then write the names of the candidates he wishes
      to vote for on the ballot card itself providing a permanent record thereon
      in the voter's handwriting. Appropriate blanks for each office could be
      provided on the data card to facilitate write-in voting. Generally when
      provision for write-in voting is made in column 38 corresponding to ballot
      column 18i, the straight party mechanism may be omitted from the machine
      as being unnecessary.
PAR  Another unique feature of the present invention allows a voter to easily
      determine which voting he has previously selected. This is accomplished by
      a luminescent X becoming visible in the top of the voting button when the
      voting button is depressed. Referring to FIG. 8, it will be seen that the
      outer end of voting key 40 is provided with a circular flange 60 and a
      projecting conical section 61. Annular groove 64 extends around the base
      of conical section 61 adjacent flange 60. Concentric blind bore 289
      extends in the outer end of conical section 61. Diametral slot 63 extends
      axially along conical section 61. The outer end of slide 40 is capped by
      vote button 23 which is generally cylindrical shaped having its inner open
      end surrounding flange 60 of slide 40. A compression coil spring 291 is
      engaged in annular slot 61 and extends circumferentially along the
      interior of vote button 23 and is engaged with interior shoulder 297 of
      vote button 23. When vote button 23 is pushed, the force will be
      transferred to the flange 60 of slide 40 causing slide 40 to
      correspondingly be depressed. Spring 291 serves to give some resiliency to
      the voting operation and also serves to protect the voting machine by
      absorbing any shock that may be imposed on the voting button by unusual
      voting tactics resulting from voter frustration and anger. A smaller coil
      spring 292 extends axially within vote button 23 and seats on the bottom
      of blind bore 262. Spring 292 terminates short of the end of button 23 and
      is provided on its outer end with a small cylindrical cap 293. Cap 293 is
      provided with an X indicator 294 on its outer surface. Cap 293 is
      preferably of a bright luminescent color having light gathering
      characteristics. In this way no special lighted or external illumination
      is needed for the voting button. This eliminates expensive and complicated
      electrical circuitry. A retainer 295 extends from the lower end of coil
      spring 292 in slot 63 along the shank of voting key 40. With voting key 40
      in position in a voting column, retainer wire 295 is secured to shoulder
      84 in bore 39 of the column. Similarly, the exterior surface of vote
      button 23 is snugly fit within bore 39 in the column. Button 23 is
      transparent and is preferably of a clear plastic material having end
      surface 298 frosted to diffuse light passing through. Thus it will be seen
      that when the vote button is in a nonactuated position, cap 293 is
      positioned away from the inner end 296 of vote button 23. The X on the end
      of cap 293 is thus not visible to the voter as the light is diffused at
      surface 298. When a voter depresses button 23, relative movement between
      button 23 and cap 293 will occur causing end 296 to come into close
      contact with the end of cap 293. The light diffusion is reduced on the X
      on the outer end of cap 293 highly visible to the voter through the
      surface 298 of the vote button. The luminescent color of cap 293 further
      improves the visibility of the X on the voted buttons. Thus, the voter can
      easily visually determine which button he has selected by simply locating
      those buttons on which the X is visible. Also, as a further indication to
      the voter, the physical displacement or depression of the button serves to
      indicate a voted selection.
PAR  Thus, the present invention provides a compact mechanically operated voting
      machine which records each voter's choice simultaneously on mechanical
      counters and on conventional data cards for computer completion. The
      voting panel is arranged similar to a conventional paper ballot providing
      space for candidates and issues. Vertical and horizontal interlock devices
      provide almost an infinite number of voting arrangements including
      straight ticket, split ticket, and selective voting in accordance with the
      requirements of almost any election or jurisdiction. Lockout devices
      insure the integrity and security of the voting operation. It will be
      noted that no one person can alter the election judge since such would
      require the concerted action of the judge operating the key locks, the
      person responsible for the tally counting, as well as tampering with the
      computer checked results. Such concert of action would be easily detected
      and therefore is not likely, adding to the security of the system. The
      straight party mechanism permits the voter to choose to vote a straight
      party ticket with ease and accuracy. It will be noted that the machine was
      described as being powered in the drive system by an electric motor. It
      will be obvious to those skilled in the art that the main drive system can
      be operated by means of a hand crank, for example, mechanically connected
      at gears 191. With this option, the voting machine of the present
      invention is totally mechanical pemitting voting operations to be
      effectively carried on during periods when electric power is not available
      or if electric service is interrupted.
PAR  Although preferred embodiments of the invention have been described in
      detail, it is to be understood that various changes, substitutions, and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voting machine comprising:
PA1  a plurality of aligned columns of voting keys, said keys being moveable
      from a non-voted to a voted position;
PA1  abutment means carried on said keys;
PA1  linkage means at each column of keys including a pivotally mounted bar
      extending along said column of keys, said linkage means having a first
      position corresponding to the position assumed by the keys in a non-voted
      position and moveable by actuation of said keys to a voted position;
PA1  selective column lockout means associated with said columns, said column
      lockout means including latch means at each column of keys having a first
      position engageable with said linkage means to prevent displacement of
      said linkage means and a second non-latching position; and
PA1  cam means associated with each of said latch means operable to position
      said latch means in said first or second position, said cam means
      including means for selectively positioning said cam means to lock a
      predetermined number of said aligned columns out of operation
NUM  2.
PAR  2. The voting machine of claim 1 wherein said cam means are positioned on a
      common shaft and wherein said positioning means includes key controlled
      multi-positionable lock means for moving said cam shaft.
NUM  3.
PAR  3. A selection machine comprising:
PA1  a plurality of aligned columns of selection keys, said keys being moveable
      from a non-selected to a selected position;
PA1  abutment means carried on said keys;
PA1  linkage means at each column of keys including a pivotally mounted bar
      extending along said column of keys, said linkage means having a first
      position corresponding to the position assumed by the keys in a
      non-selected position and moveable by actuation of said keys to a selected
      position;
PA1  selective column lockout means associated with said columns, said column
      lockout means including latch means at each column of keys having a first
      position engageable with said linkage means to prevent displacement of
      said linkage means and a second non-latching position; and
PA1  cam means associated with each of said latch means operable to position
      said latch means in said first or second position, said cam means
      including means for selectively positioning said cam means to lock a
      predetermined number of said aligned columns out of operation.
NUM  4.
PAR  4. The selection machine of claim 3 wherein said cam means are positioned
      on a common shaft and wherein said positioning means includes manually
      operable lock means for moving said cam shaft.
NUM  5.
PAR  5. A selection machine comprising:
PA1  an elongate selection column,
PA1  a plurality of selector keys each having associated slide means moveable
      relative to said column from a first position to a second position.
PA1  abutment means on said keys for limiting movement of said keys, and
PA1  lockout means associated with said column for selectively contacting said
      abutment means on said keys to prevent movement of said keys between said
      first and second positions, said lockout means including pivotally mounted
      linkage means for contacting said abutment means on said keys, said
      linkage means being pivotable between a first blocking position to prevent
      movement of said keys between said first and said second position and a
      second nonblocking position, and means at each column of keys for
      selectively engaging said linkage means in said first blocking position.
NUM  6.
PAR  6. The selection machine of claim 5 wherein said lockout means further
      comprises manually operable means for selectively operating said moveable
      linkage means between said first blocking position and said second
      nonblocking position.
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ABST
PAL  In automatic diagnosis equipment for automobiles, it is essential for
      proper results that the datacarrier which carries the coded vehicle
      specifications corresponds with the vehicle to be tested. The present
      invention provides a system for checking correspondence between the
      datacarrier and the car to be tested which comprises a code-key in which
      the car characterizing code is recorded, said code corresponding with a
      code recorded on the datacarrier, and means for reading out the code on
      the code-key and the code on the datacarrier, for comparing them and for
      signaling and/or blocking the test program in the event of absence of
      agreement.
BSUM
PAR  The invention relates to a system for checking whether or not a
      datacarrier, used in an automatic diagnosis-system, is in fact in the one
      which corresponds with the car to be tested.
PAR  In the modern automatic diagnosis-systems for cars as, for instance,
      described in the German publication AUTOHAUS, July 22nd, 1970,
      datacarriers are used on which the specifications of a certain motor
      vehicle are recorded in a suitable code.
PAR  As, at present, nearly every motor vehicle is made in many different models
      having different engines, front axle specifications, etc., it is
      inevitable that automatic diagnosis apparatus, which sometimes is suited
      only for treating cars of one single make, must use a great number of
      different datacarriers or program cards. This number will certainly
      increase in the coming years, the more so as a result of the mean lifetime
      of motor vehicles and the model policy of the carmakers. This leads to the
      real problem that when a wrong datacarrieris used, for testing a motor
      vehicle, the test can be of no value.
PAR  The invention aims to obviate this drawback and to provide for a system
      which ensures that during the test of a motor vehicle, the correct
      datacarrier always is used.
PAR  According to the invention, the car is combined with a code-key in which
      the car characterizing code is recorded, said code corresponding with a
      code recorded on the datacarrier, means being provided to readout the code
      on the code-key and the code on the datacarrier, to compare them, and to
      signal and/or block the progress of the test program in the event of
      absence of agreement.
PAR  It is clear that these measures make it totally impossible to test a
      vehicle in the event that the wrong datacarrier is used for the intended
      test of the motor vehicle.
PAR  The code-key can be a separate element, supplied with the car, or can be
      fixed to the car. Preferably the code-key consists of a bridging plug
      provided in the car which can also be used to provide the electric
      connections between the diagnosis apparatus and measuring points in the
      car in which the vehicle characterizing code is recorded by means of
      interconnections according to a certain pattern between contact elements.
PAR  In those cases in which the carmaker already uses such a bridging plug, the
      same can be used; when there are, for instance eight contact pins, of
      which seven might, or might not, be connected with the eighth, 2.sup.7 =
      256 vehicles can be characterized.
PAR  It is also possible that the code-key consists of an element made from
      sheet material in which the code characterizing the vehicle is recorded by
      a certain pattern of cut-outs or surface irregularities.
PAR  The cut-outs can be formed along at least one edge of the code-key element.
PAR  The claimed invention also includes a datacarrier to be used in a system as
      described above and provided with code-markings corresponding with the
      vehicle, characterizing code, as well as a code-key to be used in a system
      as mentioned above.
PAR  The invention will be explained in connection with the drawings, which
      depict an illustrative embodiment thereof.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic view of an embodiment in which the vehicle
      characterizing code is recorded in a bridging plug.
PAR  FIG. 2 is a schematic diagram of the read-out- and comparing means.
PAR  FIG. 3 is a schematic side view of another illustrative embodiment in which
      the code-key is a plate-like element.
PAR  FIG. 4 is a plan view of a third illustrative embodiment of the code-key.
PAR  FIG. 5 is a side view of a fourth illustrative embodiment of the code-key.
DETD
PAR  FIG. 1 shows schematically the two parts 1 and 2 of a plug such as is used
      in many modern vehicles for making the connections between the vehicle and
      an automatic diagnosis apparatus. The female part 1 of the plug is, for
      instance by means of a lug 3, fixed to the vehicle and has two rows of
      socket contacts 4 and 5. Of the row 4, the sockets 4a and 4f are used for
      connections between the terminals of certain measuring points of the
      vehicle and the diagnosis apparatus; the sockets 4g to 4l are used to
      record, in combination with the sockets 5h to 5l the code, which
      characterizes the vehicle, in binary form. Of the row 5, the sockets 5a to
      5f also are connected with certain measuring points in the vehicle.
PAR  The male part 2 of the plug has the rows of contact pins 6 and 7,
      respectively comprising the contact pins 6a to 6l, and 7a to 7l. The
      contact pins 6a to 6f cooperate with the sockets 4a to 4f; the pins 7a to
      7f cooperate with the sockets 5a to 5f. These pins, as understood by those
      skilled in the art are connected to the multiple cable 8 leading to the
      various elements of the diagnosis apparatus.
PAR  The code, which is characterized by the interconnections between the socket
      5g on the one hand and some of the other sockets 4g..4l, 5h on the other
      hand is read-out in the diagnosis apparatus by ascertaining between which
      of the corresponding pins interconnections exist. This must correspond
      with the code recorded on the datacarrier if the latter correctly matches
      the vehicle to be tested.
PAR  It is assumed, for instance, that an interconnection corresponds with a
      binary 1, and that the absence of an interconnection corresponds with a
      binary 0. The code then is read from left to right: 100101. The
      datacarrier which belongs to the vehicle must also show the code 100101.
      This code is, as usual, the binary representation of a certain number. In
      the embodiment shown in FIG. 1, which utilizes a six binary digit code,
      the total possible number of variations is 2.sup.6 = 64. Thisnumber can be
      increased by including the sockets 5h...5l into the coding.
PAR  The datacarrier to be used in the diagnosis system is schematically shown
      in FIG. 2 and indicated by the reference numeral 10. The code is recorded
      thereon by means of a number of compartments 11 which are either white or
      filled-in black. A black compartment corresponds with a binary 1 and a
      white compartment with a binary 0. The card is introduced into the
      code-reader 12, which is for example of the type made in Germany by
      Ramstetter and identified as the RAMSTETTER S 474.
PAR  The outputs 13g to 13l of the code-reader 12 are connected to the inputs
      15g to 15h of the digital comparing circuit 14, for example, a PHILIPS FCH
      281. The other set of inputs thereof, 16g to 16l is connected with the
      respective pins 6g to 6l of the plug; a suitable voltage is supplied to
      the pin 7g through the connection 17.
PAR  When correspondence exists between the code which is read out of the
      datacarrier 10 by the code-reader 12, and is represented by voltages on
      the inputs 15g to 15l, with the through connections between the pins
      6g...6l, on the one hand, 7g on the other hand, the output 18 of the
      comparing circuit 14 is in a first state and the test may proceed; in any
      other case the output 18 is in a second state and controls the alarm
      circuit 19 and the test is blocked.
PAR  FIG. 3 is a schematic view of a very simple illustrative embodiment of a
      code-key. This embodiment comprises a plate 20 which is supplied
      separately with the vehicle or can be fixed at a suitable position
      thereto, as for example in the motor compartment of the car.
PAR  The vehicle code with six positions is recorded by the presence or absence
      of cut-outs along the upper edge 22 of the plate 20. A cut-out
      characterizes a binary 1, and the absence of a cut-out characterizes a
      binary 0. Here, again, the recorded code is 100101 in the illustration of
      FIG. 3.
PAR  The code in the plate 20 is scanned by a code scanner 23 which comprises a
      frame 24 which carries six presswitches 25g to 25l of the type with
      normally closed contacts, cooperating with the springloaded pins
      26g...26l. When the code-scanner 23 is positioned on the plate 20 the pins
      26g...26l will, dependent upon the presence or the absence of a cut-out
      opposite thereto, be pressed upwards or not. In the illustrated embodiment
      the switches 25h, 25i, 25k will be opened and the switches 25g, 25j and
      25l will remain closed, corresponding with the code 100101. The switches
      can be used with a digital comparing circuit such as the one shown in FIG.
      2.
PAR  FIG. 4 shows schematically a code-key 30 in which the code is recorded by
      providing openings on a number of the code positions 31g...31l. FIG. 4
      shows that an opening is present on the code positions 31h, 31i and 31k;
      the other positions are closed. This corresponds with the code 100101.
      Such a plate can be scanned by a scanner with a photocell or by a
      mechanical scanner.
PAR  FIG. 5 shows a side view of a plate-shaped code-key 35 in which the code is
      represented by local pressed-out parts on one of the six code-positions
      36g...36l. In the positions 36h, 36i and 36k the plate is pressed out; the
      other code positions are flat. The presence of a pressed-out part
      corresponds with a binary 0 so that here again the recorded code is
      100101.
PAR  It is clear that the illustrative embodiments described above are only some
      of many possibilities which are included within the scope of the present
      invention. It also is clear that the provision of the simple and cheap
      code-key according to the invention does not increase the price of the
      car. Those skilled in the art will appreciate that the read-out- and
      comparing circuits can be constructed very cheap with modern electronic
      techniques.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for checking correspondence between datacarrier, to be used in
      an automatic automative diagnosis apparatus, and the car to be tested,
      characterized in that the car is provided with a code-key in which the car
      characterizing code is recorded, said code corresponding with a code
      recorded on the datacarrier, means to read-out the code on the code-key
      and the code on the datacarrier, means to compare the code read-out from
      the datacarrier, and means to provide a signal in the event of absence of
      agreement between the code on the code-key and the code on the data
      carrier to indicate that the test program for the car should be stopped.
NUM  2.
PAR  2. A system according to claim 1, characterized in that the code-key is
      secured to the car.
NUM  3.
PAR  3. A system according to claim 1, characterized in that the code-key
      consists of a bridging plug provided in the car which can also be used to
      provide the electric connections between the diagnosis apparatus and
      measuring points in the car in which the vehicle characterizing code is
      recorded by means of interconnections according to a certain pattern
      between contact elements.
NUM  4.
PAR  4. A system according to claim 1, characterized in that the code-key
      consists of an element, made from plate-material, in which the vehicle
      characterizing code is recorded by a pattern of cut-outs or
      surface-irregularities.
NUM  5.
PAR  5. A system according to claim 4 characterized in that the cut-outs are
      formed along at least one edge of the element.
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ABST
PAL  A card reader system particularly adapted for use by public transportation
      vehicles and including detachable mounting means and featuring easily
      replaceable functionally discrete components to eliminate downtime of the
      vehicle due to malfunctions within the card reader system is disclosed.
BSUM
PAR  The present invention relates to tabulating and recording systems and, more
      particularly, to systems for tabulating and recording the number and
      category of passengers utilizing a public transportation vehicle.
PAR  In recent years, the urban sprawl characteristic of every major city in the
      country, the increasingly complex road system and the increasing number of
      private vehicles have rendered public transportation systems economic
      liabilities. Hence, many municipalities have eliminated or substantially
      curtailed their support of extensive intracity bus or rail systems.
      Consequently, many persons who depend upon a public transportation system
      to convey them to and from work, shopping and entertainment centers have
      been economically and socially disenfranchised.
PAR  The relatively recent revitalization of downtown metropolitan areas,
      coupled with the state and Federal pleas for limiting usage of the
      personal automobile, has given new impetus to existing public
      transportation systems. Further, many municipalities have come to
      recognize that a public transportation system cannot be reasonably
      expected to show a profit while providing adequate facilities and
      satisfying the scheduling needs of the populace. Hence, subsidization,
      whether state and/or Federal, of public transportation systems are
      becoming the norm, rather than the exception.
PAR  With the acceptance of a subsidized public transportation system,
      communities have also recognized that certain classes of persons, namely
      the elderly, the young and the handicapped can be rightfully and
      legitimately given special consideration due to their generally
      impecunious financial situation. Pursuant thereto, many municipalities
      issue passes to these persons at no cost or at a modest cost.
PAR  When a pass is presented, the driver must visually verify the accuracy and
      correctness of the pass. This function distracts the driver from his
      primary purpose of operating the vehicle and causes delays and
      inconvenience during boarding of the bus. For record keeping purposes, and
      particularly where Federal subsidization is obtained and, is based upon
      the usage thereof by special category older persons, the physically
      imfirm, or the young, the driver must keep accurate records of such
      passengers. This chore is extremely time consuming and detracts from the
      efficient operation of the vehicle.
PAR  It is therefore a primary object of the present invention to provide an
      apparatus which accurately records and tabulates the type and number of
      pass carrying passengers utilizing public transportation systems.
PAR  Another object of the present invention is to provide a means for
      eliminating the need for the driver to personally verify the viability of
      a bus pass.
PAR  Still another object of the present invention is to increase the efficiency
      of tabulating the fare in public transportation systems.
PAR  Yet another object of the present invention is to eliminate the downtime of
      a public transportation vehicle due to malfunction of the passenger
      recording and tabulation unit.
PAR  A further object of the present invention is to provide rapidly replaceable
      malfunctioning passenger recording and tabulating units.
PAR  A still further object of the present invention is to provide a means for
      making in field replacement of one or more components of a passenger
      recording and tabulating unit.
PAR  A yet further object of the present invention is to provide an efficient
      passenger recording and tabulation unit.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with greater specificity and clarity
      with reference to the following drawings, in which:
PAR  FIG. 1 illustrates an exploded view of the present invention.
PAR  FIG. 2 illustrates a partial cut away side view of the present invention.
PAR  FIG. 3 illustrates a partial rear view of the present invention.
PAR  FIGS. 4a and 4b illustrate elements embodied within the present invention.
PAR  FIG. 5 illustrates a cross-sectional view taken along lines 5--5, as shown
      in FIG. 1.
PAR  FIG. 6 illustrates a cross-sectional view taken along lines 6--6, as shown
      in FIG. 5.
PAR  FIG. 7 is a representation of the function of the present invention.
PAR  FIG. 8 is an electrical schematic diagram of the operation of the
      Energization invention.
PAR  FIG. 9 illustrates a variant of the present invention.
DETD
PAR  Referring to FIG. 1, there is shown a card reader unit responsive to
      magnetically encoded pass cards. The card reader unit, upon insertion of a
      pass card therein decodes the magnetically encoded information and
      provides a visual output at one or more counters. These counters not only
      tabulate the number of passengers but also discriminate between passengers
      of different categories and can cumulatively record the information. The
      card reader unit also has the capability of determining whether or not a
      pass card has expired, whether the pass card contains a certain
      predetermined minimum amount of information, or perform other checks. A
      failure of the pass card to satisfy the predetermined criteria is noted by
      the card reader unit by failing to generate an audible tone. Thus, the
      card reader unit provides an immediate check on the correctness and
      viability of the inserted pass card.
PAR  The card reader unit is self contained, except for a source of electrical
      power, and is enclosed within a housing 1. If the card reader unit is used
      within a bus, as intended by the preferred embodiment, the housing 1 is
      mounted upon a post 2 extending from a pedestal 3 located on the floor of
      the vehicle. A card reader 4 is mounted upon side 8 of housing 1 and
      includes a slot 5 for receiving a card 6. One or more counters 7 are
      mounted in side 9 to cumulatively record any predetermined encoded
      information presented by card 6.
PAR  It is well known that any mechanical or electrical machine will malfunction
      at one time or another. Where, as with the present invention, a
      malfunction can cause unwanted and irritating delays for the passengers of
      a public transportation vehicle, the malfunction is best cured by quickly
      replacing the malfunctioning unit. Referring jointly to FIGS. 1, 5 and 6,
      the support means for detachably mounting housing 1 upon post 2 will be
      described.
PAR  A flange 15 is threadedly secured to the upper extremity of post 2 and
      serves as the primary supporting surface for the attached housing. A
      removable disc 16 is located adjacent the upper surface of the flange. A
      male connector 38 is mounted within a centrally disposed aperture in disc
      16 and secured thereto by screws engaging press nuts 36 and 37. The male
      connector provides electrical power to the card reader unit. An electrical
      conduit 34 extends downwardly from male connector 38 through post 2 and
      flange 3 to a supply of electrical power within the vehicle. A circular
      pad 17 is placed intermediate disc 16 and base 41 of housing 1 to protect
      the card reader unit against shock and vibration.
PAR  Guide means, such as a pair of guide pins 20 and 21, extend upwardly from
      flange 15 through mating apertures 28 and 29 in disc 16, through apertures
      31 and 33 in pad 17 and mate with bushings 48 and 49 attached to base 41.
      Thereby, guide pins 20 and 21 retain the mounting elements and housing 1
      in alignment with one another. Housing 1 is drawn toward flange 15 by
      attachment means, such as a pair of captive screws 22 and 23. The captive
      screws 22 and 23 extend through the respective ones of apertures 26 and 27
      in disc 16, apertures 30 and 32 in pad 17 and threadedly engage anchor
      nuts 42 and 43, mounted on the interior surface of base 41. A female
      connector 40 is centrally mounted within base 41 to mate with male
      connector 38.
PAR  From the above description it becomes readily apparent that housing 1 can
      be easily and rapidly replaced by simply unthreading captive screws 22 and
      23 and lifting housing 1. The upward movement of housing 1 will
      automatically disconnect the electrical connectors 38 and 40. Thus, both
      the mechanical and electrical disconnection of the card reader unit is
      rapidly performed. A replacement card reader unit may be similarly rapidly
      attached by aligning the card reader unit such that bushings 48 and 49
      mate with guides 20 and 21 and pushing housing 1 downwardly. The downward
      movement of the housing will automatically electrically connect male and
      female connectors 38 and 40. Simultaneously, the captive screws 22 and 23
      will be aligned with their respective anchor nuts and the screws can be
      tightened without further alignment measures. As will be appreciated by
      those skilled in the art, replacement of a defective card reader unit can
      be accomplished in less than a minute.
PAR  To facilitate repair of the card reader unit by low grade technicians, each
      of the functionally distinct units have been configured as segregable and
      replaceable components. In the following description of the removability
      of the individual components, reference will be made primarily to FIGS. 2,
      3, 4a and 4b. In example, counter 7 is detachable from side 9 of housing 1
      unscrewing screws 11 and 12. These screws extend through appropriately
      sized holes within side 9 and engage threaded apertures within the counter
      itself. The counter is wired to card reader 4 through a disconnectable
      plug (not shown) such that electrical disconnection can be made with ease.
PAR  The below described disconnect means retains the card reader 4 within
      housing 1. A retainer 50, having a U-shaped channel 51 and a pair of
      laterally extending flanges 52 and 53 is affixed to the inner surface of
      side 10 of housing 1 by a plurality of rivets 54. A support 60 is
      rotatably mounted within aperture 55 of channel 51 and retained therein by
      annular flange 61. A longitudinally oriented cavity 62, which cavity is at
      least partially internally threaded, is disposed within the shaft of
      support 60. Engagement means, such as a hexagonal receptacle 64, oriented
      about the longitudinal axis of support 60, is disposed within the flanged
      end of the support. When the support is mounted within retainer 50, as
      shown in FIGS. 2 and 3, receptacle 64 is essentially coincident with an
      aperture 56 in side 10 to provide access to the receptacle within an Allen
      wrench.
PAR  Card reader 4 is inserted within housing 1 through an aperture in side 8
      until face plate 13 is adjacent the side. During insertion, aligning studs
      14, extending inwardly from face plate 13, mate with corresponding key
      ways 18 within side 8 to vertically and laterally position the card
      reader. A threaded stud 69 extends rearwardly from card reader 4 and a
      locking nut 70 may be threadedly mounted thereon. Stud 69 is in general
      alignment with threads 63 of cavity 62 in support 60 whereby clockwise
      rotation of the support by means of an Allen wrench will draw the stud
      into cavity 62 and secure the card reader in place.
PAR  The above discussed tone generator 46 is mounted internal to housing 1 on
      side 10. A knob 47 may extend therefrom to permit the driver of the
      vehicle to vary the volume of the tone commensurate with the ambient
      noise. A fuse 45 is also mounted upon side 10, which fuse performs the
      normal function of preventing electrical burn out. The electrical wires
      interconnecting the card reader, counter, tone generator and fuse are not
      shown as such connections are highly variable and readily apparent to
      those skilled in the art. Each of the elements may be interconnected
      through electrical plugs to simplify individual replacement.
PAR  The operation of the present invention will be briefly described with
      respect to FIG. 7. A passenger having a pass card 6 inserts it through a
      slot in card reader 4. The card is magnetically encoded to convey certain
      information such as in identification of the category of the passenger,
      expiration date, fare structure applicable to the passenger, etc. If the
      information decoded by the card reader indicates that the passenger is
      authorized to ride the public transportation vehicle, verification means,
      or tone generator 46, is activated to provide the driver with an audible
      affirmation. Simultaneously, one or more counters 7 cumulatively record
      predetermined segments of the encoded information contained in each card
      6.
PAR  FIG. 8 illustrates a representative schematic of an electrical circuit
      useable with the present invention. Power supply 71, usually a part of
      vehicle itself, provides electrical power to the card reader system
      through electrical conduits 34. Fuse 45 is inserted in line with
      electrical conduit 34 and serves to prevent electrical damage in the event
      of a malfunction, in the usual manner. On insertion of a pass card 6
      within the card reader 4, the magnetically encoded information will cause
      one or more of switches 73 and switch 74 within bank of switches 72 to
      close. Each closed switch 73 will cause electrical current to flow through
      and energize the respective one of coils 75 in counter 7. energization of
      one of coils 75 will provide a commensurate output within the associated
      counter. Switch 74 is actuated each time any pass card 6 is inserted
      within card reader 4 whereby the respective coil 76 is energized to
      provide a commensurate count within counter 7. Thereby, switch 74 records
      the total number of pass cards employed without distinction as to category
      of the user. Closing of switch 74 also provides a flow of current through
      tone generator 46 each time a pass card 6 is inserted within the card
      reader. It is to be appreciated that additional circuitry may be employed
      whereby certain combination of switches must be closed in order to provide
      a flow of current through tone generator 46. If more complex circuitry is
      employed, various additional checks can be automatically performed to
      verify the currency and validity of the inserted pass card.
PAR  FIG. 9 illustrates a variant housing for the present invention wherein a
      plurality of counters 7a are employed to provide a recorded visual
      accounting of a plurality of different categories of passengers. Housing
      1a includes a card reader 4a having a card input slot 5a similar to that
      described above.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, elements, materials, and components, used in the practice of
      the invention which are particularly adapted for specific environments and
      operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. An easily replaceable electrically powered pass card operated card
      reader unit having replaceable components, said card reader unit being
      mountable within a public transportation vehicle for tabulating and
      recording information presented by the pass cards, said card reader unit
      comprising:
PA1  a. a multi apertured housing;
PA1  b. support means for detachably mounting said housing, said support means
      including guide means for attachably positioning said housing onto said
      support means and attachment means for retaining said housing in place;
PA1  c. a card reader located within an aperture at the front of said housing;
PA1  d. disconnect means for detachably mounting said card reader within the
      front aperture of said housing to permit in situ replacement of said card
      reader, said disconnect means being internal to said housing and operable
      through another aperture of said housing;
PA1  e. a removable counter located within a further aperture in said housing
      for providing a visible count of the pass cards inserted within said card
      reader; and
PA1  f. verification means for verifying the viability of the pass cards.
NUM  2.
PAR  2. The unit as set forth in claim 1 wherein said disconnect means
      comprises:
PA1  a. a threaded stud extending rearwardly of said card reader;
PA1  b. a support having a threaded cavity disposed within one end for engaging
      said stud;
PA1  c. a retainer extending inwardly from the side of said housing for
      rotatably retaining another end of said support; and
PA1  d. engagement means accessible through the other aperture of said housing
      for receiving a tool to rotate said support into and out of engagement
      with said stud; whereby said card reader can be drawn to firmly mount said
      card reader within said housing.
NUM  3.
PAR  3. The unit as set forth in claim 2 wherein said support comprises:
PA1  a. a cylindrical shaft, said threaded cavity being in alignment with the
      longitudinal axis of said shaft; and
PA1  b. an annular flange extending from said other end of said support and
      engaging said retainer.
NUM  4.
PAR  4. The unit as set forth in claim 3 wherein said retainer comprises:
PA1  a. a U-shaped channel, said channel having a base of a width sufficient to
      receive said annular flange;
PA1  b. an opening disposed within the base of said channel for receiving said
      shaft; and
PA1  c. a pair of laterally extending flanges, said flanges being secured to the
      inside surface of the side of said housing.
NUM  5.
PAR  5. The unit as set forth in claim 4 wherein said engagement means comprises
      a hexagonal receptacle.
NUM  6.
PAR  6. The unit as set forth in claim 5 wherein said support means comprises:
PA1  a. a flange;
PA1  b. a disc disposed adjacent said flange for supporting an electrical
      connector;
PA1  c. a pad juxtaposed with said disc to provide a resilient seat for said
      housing, said guide means extending from said flange through said disc and
      said pad for mating with said housing; and
PA1  d. a pair of captive screws retained by said flange and extending through
      said disc and said pad into said housing for drawing said housing toward
      said flange.
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ABST
PAL  A process and apparatus are provided for controlling a document inserting
      machine having a plurality of operating stations therein, one of which
      includes a high speed feeder for feeding documents bearing control
      function indicia thereon. The process involves detecting the leading edge
      of the document and generating time signals in accordance with the speed
      of the document through the feeder. The control function indicia are
      scanned for generating control function data bits therefrom which are
      stored and recycled on the occurrence of a first data bit, thereby
      converting the time measurement to a distance measurement which provides a
      means for producing accurate distance measurements between the occurrence
      of a first data bit and subsequent data bits based on the control function
      indicia on the document. Scanning zones or windows are formed under the
      control of the distance measurement between the first data bit and
      subsequent data bits, which windows provide outputs on the occurrence of a
      data bit occurring in a particular window, which signals may be used to
      provide control functions for the plurality of operations of the
      apparatus. One form of apparatus is illustrated for carrying out the
      aforesaid process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and apparatus suitable for controlling
      the operation of a multiple station document handling machine, for
      example, a mail inserting machine.
PAR  Multiple station inserting machines, for example of the model 3100 series
      manufactured by Pitney Bowes, Stamford, Conn., perform the function of
      feeding a plurality of enclosures from different feeders and inserting
      them into an envelope. When combined with a mailing machine and a power
      stacker, the machine automatically prepares an envelope for mailing by
      inserting all the contents into the envelope, sealing the flap of the
      envelope, and meter stamping the required postage and stacking stuffed
      envelopes so assembled. For many applications a special high-speed feeder
      is provided in place of one of the standard feeders for providing the
      capability of feeding many enclosures during each cycle of the machine.
      The special high-speed feeder has documents fed therethrough which contain
      control function indicia thereon, which are scanned to provide control
      function signals to insure the proper machine timing and control
      functions. The control function indicia may be printed on one or more
      rows, the position of the indicia being determined by the row and by the
      distance from the lead edge of the document which, when scanned,
      represents a bit weight or specific control function. For example, the
      appearance of control function indicia on the document at predetermined
      locations thereon can provide select control feed from feeder Nos. 1, 2,
      3, etc., provide for the selection of an even number of pages from the
      high speed feeder, provide a stop-and-lock function, provide indication of
      the end of a zip code group and that the envelope which designates the end
      of the group will be offset on an associated stacker, etc. The control
      function indicia are accurately spaced from the lead edge of the control
      function indicia bearing document, as well as accurately spaced with
      respect to each other. Although all of the control function indicia are
      accurately printed with respect to one another, and the lead edge of the
      document, broad tolerances may exist from the lead edge of the document
      which are caused by poor registration of the document to the printer
      mechanism which imprints the indicia on the document, improper bursting or
      uneven edge of the document after printing, poorly folded documents or
      documents skewed through the feeder in cases where the lead edge of the
      edge detection circuitry is not in line with the direction of feed of the
      control function indicia on the document. Of course, the aforesaid
      problems could produce errors in reading the control function indicia. In
      reading the control function indicia, scanning zones or data windows are
      generally provided to read predetermined data bits within given time
      intervals. Traditionally, data windows are provided by timing the document
      through the high-speed feeder, by printing a timing track adjacent to the
      data bit, or by generating a series of sequential lead edge detectors to
      coincide with the data bits. Timing the document through the feeder has
      the disadvantage of variation in time caused by the tolerance and the
      ambient conditions on the timing circuits and the change in speed caused
      by the speed variations in the feeder itself. The printing timing track is
      a very accurate method of determining bit windows, but has the
      disadvantage of requiring additional computer print time, regardless of
      the presence of data, since every line of print must be made by the line
      printer. The printed timing track also requires an extra and costly
      reader. Sequential edge detection is a relatively low cost technique, but
      requires critical adjustment in alignment of the edge detectors, and makes
      no allowances for print distance variations from the edge of the document.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      process and apparatus for controlling an inserting machine which is
      accurate, and overcomes the disadvantages of processes and apparatus
      previously used.
PAR  A further object of this invention is to provide a new and novel process
      and apparatus for a multiple station inserting machine which accurately
      provides specific control function information from a document having
      control function indicia thereon, even though such a document is poorly
      folded, skewed when fed through a feeder, improperly bursted or subject to
      varying tolerances due to the poor registration of the document on which
      the control function indicia is prepared.
PAR  Still another object of this invention is to provide a new and improved
      process and apparatus for a multistation inserter which derives control
      function information from control function indicia appearing on a document
      fed through the feeder of an inserter, control functions being generated
      by converting time into distance, and relating all measurements to a first
      data bit derived from the indicia and the inhibiting of the inserter if
      control functions are generated where none should exist, all of which
      prevents errors in translating the control function indicia.
PAR  In carrying out this invention in one illustrative embodiment thereof, a
      process and apparatus are provided for controlling a mail inserting
      machine having a plurality of operating feed stations therein, including a
      high speed feeder for feeding documents bearing control function indicia
      thereon. The process involves detecting the leading edge of the document
      as it moves in the high speed feeder, and generating timing signals in
      accordance with the speed of travel of the document through the feeder.
      The control function indicia on the document are scanned, generating data
      bits therefrom in accordance with such indicia. The data bits are stored
      and used to recycle timing signals on the occurrence of a first data bit,
      thereby converting the timing signals to distance signals, and providing
      an accurate distance measurement between the occurrence of the first data
      bit and subsequent data bits which are detected on the control function
      indicia on the document. Zones or data windows are formed under control of
      the distance signals for providing control function outputs therefrom on
      the occurrence of a data bit in a particular window. The absence of a
      first data bit sets up an error window which looks for data bits which
      should not occur. On the occurrence of a data bit during an error window,
      a control function signal is generated for inhibiting the operation of the
      inserting machine.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a multiple station document inserting machine combined with a
      mailing machine and a power stacker illustrating the type of equipment to
      which the present invention pertains.
PAR  FIG. 2 is a front elevational view of a high speed feeder which may be
      utilized in the present invention.
PAR  FIG. 3 is an isometric view of one form of document bearing control
      function indicia thereon which may be fed to the feeder shown in FIG. 2
      and utilized in the present invention.
PAR  FIG. 4 is a top view taken along the line indicated by the arrows on the
      feeder station of FIG. 2.
PAR  FIG. 5 illustrates one form of encoder disk which may be utilized in the
      high speed feeder shown in FIG. 2.
PAR  FIG. 6 is a schematic block diagram illustrating one form of circuitry
      which may be utilized to provide control function information from control
      function indicia appearing on a document of the type shown in FIG. 3 in
      accordance with the process and apparatus embodied in the present
      invention.
PAR  FIG. 7 is a schematic diagram of one form of circuitry which may be
      employed by the zone functions illustrated in block form in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a multiple station document inserting machine having a
      plurality of feeder stations 20, 21, 31, 41, and 55 combined with a
      mailing machine 65 and a power stacker 75. The inserting machine may be in
      the Model 3100 series, the mailing machine a Model 4255, and the stacker a
      Model VPS Power Stacker, all manufactured by Pitney Bowes of Stamford,
      Conn. The aforesaid equipment functions to feed documents from the feeders
      20, 21, 31 and 41 in a controlled predetermined sequence to be inserted in
      an envelope fed from envelope feeder 55. The envelopes are sealed, meter
      stamped with the required postage by mailing machine 65 and stacked by
      power stacker 75. In the present invention, the special high speed feeder
      20 shown in FIG. 1 is utilized in place of one of the standard feeders in
      the aforesaid inserting machine. The inserting machine, so modified,
      performs the same functions as standard machines, except that the
      capability of feeding many enclosures during each machine cycle is
      provided.
PAR  Referring now to FIG. 2, which illustrates one type of high speed feeder
      which may be utilized in the present invention, the high speed feeder
      being designated with the reference numeral 20, the high speed feeder 20
      has a feed deck 22 positioned thereon which carries a plurality of
      record-bearing mediums or documents 25, for example of the type shown in
      FIG. 3. The documents 25 are deflected by a separator stone 29 which in
      cooperation with a separator or main feeder roller 30 supplies the
      documents 25 one at a time to a demand roller 34. As will best be seen on
      FIG. 4, the demand roller 34 is mounted for rotation on a split (not
      illustrated) demand roller shaft 36 which is driven by a pulley 44 via a
      timing belt 46 and pulley 48 mounted on a motor shaft 51 of a motor 50.
      The split demand roller shaft 36 also carries a magnetic clutch 40 and a
      magnetic brake 42 along with the gear 35. When the magnetic clutch 40 is
      energized, the gear 35 drives the gear 33 (FIG. 2) mounted on a split (not
      illustrated) separator shaft 32 for driving shaft 32 and the separator
      roller 30 which, as previously stated, feeds individual documents 25 to
      the demand roller 34. The brake 42 insures that no motion occurs when the
      clutch 40 is de-energized.
PAR  As best seen in FIG. 4, the motor 50 drives the motor shaft 51 which also
      carries an incremental encoder disk 52 of the type shown in FIG. 5. The
      incremental encoder disk 52 has a plurality of openings 54 around the
      periphery thereof. An encoder reader 56 having at least one interrupter 58
      mounted thereon is positioned around the periphery of the incremental
      encoder disk 52, the encoder reader 56 generating pulses pursuant to the
      rotation of the encoder disk 52. The encoder reader 56 may include two
      interrupters, for example of the type GE H-13-A-1, which generate pulses
      having a quadrature relationship. If the disk 52 has twice as many
      openings, only a single interrupter would be required. Since the
      incremental encoding disc 52 is mechanically coupled via the belt 46 to
      the high speed feeder 20's demand roller 34, the encoder reader 56
      produces pulses at a rate equivalent to the demand roller's surface speed.
      These pulses are continuous during a machine cycle of operation in which
      the demand roller 34 is continually turning. The function of these pulses
      will be described hereinafter.
PAR  Returning to FIG. 3, the record-bearing medium or document 25 is
      illustrated in folded form having a leading folded edge 24. It will be
      apparent that other forms of documents, such as cards or non-folded
      documents may be employed. The control function indicia 26 is illustrated
      as dash marks in a plurality of rows which form vertical columns 27 and 28
      thereon. The control function indicia 26 in the form of dash marks are
      accurately positioned with respect to the leading edge 24 and with respect
      to each other. The position of the dash mark as determined by row and by
      distance from the lead edge 24 of the document 25 represents bit weight or
      specific control function data. The control function indicia 26 may be
      printed, mechanically punched (folded or depressed), or magnetically or
      electrostatically marked. The type of marking utilized will determine the
      type of detection which is utilized in deriving control signals from the
      control function indicia 26.
PAR  Returning now to FIG. 2, a leading edge 24 of document 25 is detected by an
      edge detector shown schematically by the block 60 in FIG. 2 while the
      document 25 is in the bite of the demand roller 34. Edge detection may be
      accomplished by a wide variety of devices from the simplest of switches to
      the most complex optical devices. One form which might be utilized would
      be a phototransistor and light-emitting diode pair which would be
      activated by the leading edge 24 of the document 25. If the document 25
      has small holes in it, the edge detector should be constructed to ignore
      the small holes, and this may be achieved by a large foot on a limit-type
      switch, by an electrical filter, etc. After edge detection, the control
      function indicia 26 is scanned by a scan reader shown schematically in
      FIG. 2 as block 62. The nature of the scan reader 62 will be defined by
      the type of control function indicia 26 which are employed on the document
      25. For example, if dash marks are used for the control function indicia
      26, as shown on FIG. 3, a pair of split fiber optical readers may be used
      to gather reflected light from the columns 27 and 28. The split fiber
      functions to illuminate one portion thereof and pick up a signal change
      from the scattering of the light in another portion thereof, the signal
      change indicating the presence of a mark. As was pointed out, a large
      variety of devices may be used to gather data, depending on the type of
      control function indicia on the document. For example, if magnetic marks
      are used, a magnetic pickup would be utilized to scan and generate signals
      on the presence of a magnetic mark.
PAR  Before proceeding further with a description of additional apparatus and
      circuitry, a general review of the process involved in the present
      invention will first be undertaken, so that further descriptions of
      apparatus and structure will be more meaningful. The control function
      indicia 26 on the document 25 must be accurately read and interpreted to
      provide the proper control function signals which are used to control the
      inserting of other documents by the inserting machine shown in FIG. 1. As
      has been previously pointed out, various problems exist in accurately
      reading the indicia, for example, inaccurate document edge, variations in
      feeding speed of the document through the feeder, etc. In accordance with
      the present invention, timing pulses from the encoding reader 56 are
      stored in a counter which counts the timing pulses and provides decimal
      decoded outputs from them. The decimal decoded outputs are directly
      derived from the distance of travel of the document 25 on the demand
      roller 34, thus effectively converting the timing signals to distance
      signals which are used to program predetermined data windows or scanning
      zones. These zones are utilized to identify data bits from the control
      function indicia 26 on the document 25. A first data window is opened
      under the control of the counter on the detection of the leading edge 24
      of the document 25, as it moves through the feeder 20. The detection of
      the first data bit from the scanner reader 62 resets the counter to zero,
      inhibits the first data window and an error window, and enables subsequent
      data windows to open and close in a predetermined programmed sequence as
      the document moves under the scanner 62. The data windows are under
      program control of the counter. In effect, the sequential opening of
      subsequent data windows is accurately spaced from the first data bit
      whereby the timing pulses have been converted to an accurate distance
      measurement between the occurrence of a first data bit and all subsequent
      data bits. If no data bit occurs in the first data window, a large error
      window opens which scans for data bits where none should be present. On
      occurrence of a data bit in the error window, a signal is generated to
      inhibit the machine's operation, because no data bit should be present and
      an error has been made. On the closing of the last data window or error
      window, the counter is disabled, and the machine is readied for the next
      machine cycle. The next machine cycle is initiated when the leading edge
      of the next document is detected.
PAR  One way of carrying out the aforesaid process is illustrated in FIG. 6. The
      encoder reader 56 generates two square wave signals in quadrature which
      are applied to a pair of Schmitt triggers 64 for resquaring the signals
      applied thereto, and thus insuring noise immunity of the circuits which
      follow. The two signals are applied to an exclusive OR gate 66, thereby
      doubling the incoming pulse rate which is applied and stored in a counter
      70. The counter 70 is illustrated as comprising a unit decimal counter 72
      and a ten decimal counter 74. The counter 70 counts the encoder output
      pulses and provides a decimal decoded output to terminals 76, indicated by
      boxes (six per row). The decimal decoded outputs at terminals 76 of the
      counters 72 and 74, respectively, are used to control the opening and
      closing of data windows, as will be described hereinafter.
PAR  The edge detector 60 is coupled to a one-shot multivibrator 80, which is
      coupled to a set-reset flipflop 82. The set-reset flipflop 82 is coupled
      to the enable terminals of counters 72 and 74, and to one input of a
      two-input NOR gate 86. When a document in transit in the feeder 20
      activates the edge detector 60, the one-shot multivibrator 80 fires,
      producing a start pulse which sets the set-reset flipflop 82 and resets
      the counters 72 and 74.
PAR  The scanner reader 62 is coupled to a one-shot multivibrator 84 which is in
      turn coupled to the NOR gate 86. The output from the scanner reader 62 is
      also coupled to a plurality of zones 1 - 12, and an error zone 102, which
      all provide data windows for identifying and categorizing data bits
      produced from the scanner reader 62. Each of the zones is provided with
      input control means 104. The input control circuit 104 has two inputs
      which are connected by program jumpers to the counter's decimal output
      terminals 76, with one zone input connecting to the unit counter 72 and
      the other to the tens counter 74. Accordingly, each zone 1 - 12 may be
      sequentially opened and closed under control of the counter 70. In one
      aspect of the present invention, however, the error zone 102 is opened
      under control of zone 1 and closed under the control of the counter for
      reasons which will be explained hereinafter. Error zone 102 has an EX
      output terminal, and zone 12 has an NX output terminal. The output at EX
      and NX terminals indicates the closing of those zones. The NX and EX
      output terminals are coupled to terminal 105 of the flipflop 82 for the
      resetting of the flipflop, and accordingly, for disabling the counter 70
      to prevent a second cycle. This ends the scan cycle of the machine.
PAR  In operation, before a first data bit is detected by the scanner reader 62,
      and after the document in the feeder 25 has actuated edge detector 60,
      zone 1 is programmed ON by the connection between the counter 70 and the
      zone 1 input control 104. If a data bit has been detected by the scanner
      reader 62 and applied to the data window established by zone 1, the first
      data window has an output which can be stored and utilized for a control
      function operation of the inserter machine. At the same time, the first
      data bit, which is stored externally in another circuit (not shown), fires
      one-shot multivibrator 84, which resets the counter 70 to zero. The first
      data window is closed, and subsequent data windows are allowed to open as
      directed by the re-zeroed counter 70. As the document 25 proceeds under
      the scanner reader 62, additional windows are opened and closed in turn,
      each window being accurately measured from the first data bit and not from
      an inaccurate document edge. When the last window of zone 12 closes, or
      the last used zone closes (12X or NX), the counter is inhibited, and the
      scan cycle is complete. If, on the other hand, no data bits are detected
      in zone 1, the first data window is closed as programmed by the counter,
      as distinguished from being inhibited by the first data bit. The
      programmed close of the first data window opens a special large window
      which is an error window provided by error zone 102. This allows the
      scanner reader 62 to scan for data bits where none should appear. The
      subsequent occurrence of a data bit during the error window (which in fact
      is an error), produces an output from the error zone 102. This may be
      utilized to provide machine stoppage. If no bits occur during the error
      window on program close from the counter 70, the output from the EX
      terminal of the error zone 102 inhibits the counter 70 as the scan cycle
      is complete.
PAR  FIG. 7 illustrates one form of circuitry for providing data windows and
      scanning for data bits which is illustrated in block form in FIG. 6. The
      zone control circuit 104 has a pair of input terminals 111 which are
      jumpered to the proper counts of the counter 70, and applied to a
      two-input NAND gate 106. Inputs 111 of circuit 104 are likewise applied to
      a two-input NAND gate 107. The outputs of NAND gates 106 and 107 are
      coupled to zone 1 which includes a two-input NOR gate 113, one input of
      which is coupled to the output of NAND gate 106 and an input 108 coupled
      to line 99 which couples data bits from the scanner reader 62. A two-input
      NOR gate 115 has one input thereof coupled to the output of NAND gate 107
      and an input 110 coupled to line 99. The output of NOR gates 113 and 115
      are coupled to a set-reset flipflop 116 which includes NOR gates 117 and
      118. One output of the flipflop 116 provides a zone output from which
      detected data bits are fed, and another output is applied through a
      transistor 120 to a light-emitting diode 122, which functions to indicate
      when zone 1 is in operation. The error zone 102 consists of a NOR gate 126
      having an input 125 coupled to line 99 and another input coupled to NAND
      gate 124. Since the error zone 102 is automatically opened by the program
      closure of zone 1, the program opening of the error zone is not provided,
      but program closing is provided by E terminals which are connected to the
      counter 70 and to a NAND gate 124 whose output is coupled to the NOR gate
      126. The error zone includes a flipflop 130 comprised of NOR gates 131 and
      132. Flipflop 130 is coupled to the flipflop 116 via an input terminal of
      NOR gate 132, and is also coupled to NOR gate 126 by NOR gate 131, which
      has one input terminal 129 coupled to line 99. A closure EX output
      terminal is also provided on the error zone 102. Input terminal 129 of NOR
      gate 131 is also coupled to a NAND gate 134 which functions to inhibit the
      remaining zones 2 - 12 while zone 1 or the error zone 102 is functioning.
      A capacitor 135 is connected to the output of NAND gate 134 for a purpose
      to be described hereinafter. Other than the capacitor 135, the remaining
      input control circuitry 104 and zones 2 - 12 may be the same as that
      illustrated for zone 2.
PAR  Merely as an example for the operation of the circuit shown in FIG. 6,
      terminals 111 and 111 of the zone 1 input control circuit 104 are
      connected to predetermined decimals of units and tens counters 72 and 74,
      respectively. Before a data bit appears via line 99 from the scanner
      reader 62, the 108, 110, 125 and 129 inputs of NOR gates 113, 115, 126 and
      131, respectively are low (no inhibit). When the selected count fed to
      terminals 111 from the counter 70 is reached, both inputs to NAND gate 106
      go high, opening zone 1 and setting flipflop 116 via NOR gate 113.
      Transistor 120 conducts, and lights LED 122, indicating that zone 1 is in
      operation. Zone 1 provides a data window to allow a data collection
      circuit (not shown) to scan for the first data bit contained in the
      control function indicia 26 on the document 25. If no data bit is detected
      by the scanner reader 62, zone 1 closes when the counter 70 advances to
      the number (distance) programmed for zone 1 close, and applied at 111
      inputs. NAND gate 107 goes high, and flipflop 116 is reset via gate 115.
      Also, flipflop 130 of the error zone 102 is set, lighting LED 133 to
      indicate that the error zone 102 is active. Accordingly, count control
      close of zone 1 automatically opens error zone 102, which is used to scan
      for data bits where none should appear. If a data bit occurs during the
      error window, the output from the error zone 102 may be used to stop the
      machine because an error has occurred. In the case described above, namely
      no occurrence of a first data bit, zone 1 and error zone 102 are not
      inhibited, but all other zones are inhibited by NAND gate 134.
PAR  However, if a first data bit is detected when the first data window is
      opened during the "on" time of zone 1, the counter is reset to zero and
      zone 1 is inhibited. Since the program close of zone 1 is never reached,
      error zone 102 will not open, and at any rate error zone 102 is inhibited.
      After a short time delay caused by the capacitor 135 coupled to the output
      of NAND gate 134, all other zones are allowed to function as programmed
      from the counter 70. These zones 2 - 12 will open and close as dictated by
      the program provided thereto by the counter 70. Data bits from the data
      windows formed by the zones as they are selectively opened and closed are
      gathered and utilized to control the operation of the other feeders of the
      inserting machine shown in FIG. 1. As is shown in FIG. 6, jumpers are
      connected from the error zone close EX and the last zone used, labelled NX
      (where N is the number of zones utilized), to input 105 of set-reset
      flipflop 82 for disabling the counter 70 to prevent a second scan cycle
      and thus end one cycle of operation and ready the apparatus for the
      detection of the next leading edge 24 of a document 25 as it is fed from
      the feeder 20.
PAR  A process and apparatus have thus been provided for accurately identifying
      control function indicia printed on a document regardless of the problems
      associated with the spacing of the indicia from the leading edge of the
      document. Once the first data bit has been identified, all subsequent data
      information is related to the distance from the first data bit,
      eliminating a host of problems associated with the detection and
      recognition of control function indicia on a document.
PAR  Since other modifications and changes, varied to fit particular operating
      requirements and environments, will be apparent to those skilled in the
      art, the invention is not considered limited to the examples chosen for
      purposes of illustration, and covers all changes and modifications which
      do not constitute a departure from the true spirit and scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an inserting machine having a high speed feeder with a demand roller
      for feeding therefrom documents having control function indicia thereon,
      the improvements comprising
PA1  a. edge detector means for detecting the edge of a document in the demand
      roller of said feeder,
PA1  b. encoder reader means operatively coupled to said demand roller for
      generating timing signals in accordance with the surface speed of said
      demand roller,
PA1  c. storage means receiving said timing signals from said encoder reader
      means which is operatively coupled thereto, said storage means storing and
      converting said signals into distance signals in accordance with the
      movement of said document through said high speed feeder,
PA1  d. means for coupling said edge detector means to said storage means for
      enabling said storage means when a document is detected by said edge
      detecting means,
PA1  e. scanner reader means for scanning the control function indicia on said
      documents and generating data bit outputs in accordance with the control
      function indicia on said documents,
PA1  f. a plurality of data window means coupled to and controlled by said
      storage means, said scanner reader coupled to said plurality of data
      window means, and
PA1  g. means for coupling a first data bit output of said scanner reader means
      to said storage means for resetting said storage means on the occurrence
      of said first data bit after said edge detector means is enabled, whereby
      the programming control of any subsequent data windows is based on the
      distance from said first data bit.
NUM  2.
PAR  2. The structure set forth in claim 1 wherein said plurality of data
      windows include a large error window, means for opening said large error
      window on the programmed close of a first data window for said plurality
      of data error windows without the occurrence of a data bit therein, said
      error window coupled to said storage means for the programmed close
      thereof.
NUM  3.
PAR  3. The structure set forth in claim 1 wherein said storage means comprises
      a resettable counter means.
NUM  4.
PAR  4. The structure set forth in claim 1 wherein said encoder reader comprises
      a motor-driven encoder disk having interrupter means mounted adjacent
      thereto for generating said timing signals, said motor being coupled to a
      shaft for driving said demand roller whereby said timing signals are
      produced in accordance with the speed of said demand roller.
NUM  5.
PAR  5. The structure set forth in claim 4 wherein said storage means comprises
      a resettable counter.
NUM  6.
PAR  6. In an inserting machine having a high speed feeder with a demand roller
      for feeding documents therefrom having control function indicia thereon,
      the improvements comprising
PA1  a. encoder reader means coupled to said demand roller for generating timing
      pulses in accordance with the speed of said demand roller,
PA1  b. counter means having said timing pulses applied thereto for providing
      decimal decoded output signals therefrom thereby converting said timing
      pulses from a time measurement to a distance measurement represented by
      said decimal decoded output signals,
PA1  c. edge detector means coupled to said counter for detecting the edge of a
      document in said demand roller and resetting said counter means on the
      detection of said edge,
PA1  d. scanner reader means for scanning the control function indicia on said
      documents and generating data bit outputs in response to said control
      function indicia,
PA1  e. a plurality of data window means including a first data window means
      coupled to and programmed to open and close in accordance with the decimal
      decoded output signals coupled thereto from said counter means,
PA1  f. means for coupling the data bit outputs from said scanner reader to said
      plurality of data window means, and
PA1  g. means coupled to said counter means in response to a first data bit
      output from said scanner reader means for resetting said counter means
      whereby the programming of all of said plurality of data window means
      subsequent to said first data window means are measured from the time of
      said first data bit.
NUM  7.
PAR  7. The structure set forth in claim 6 including an error window means
      coupled to said first data window means and said counter means, means for
      opening said error window means in the absence of a first data bit
      occurring during the time interval of said first data window, and means
      coupled to said counter means for resetting said counter means on the
      programmed close of said error window means.
NUM  8.
PAR  8. The structure set forth in claim 6 including means for coupling the
      close of the last of said plurality of data window means to said counter
      for resetting said counter at the end of a cycle of operation.
NUM  9.
PAR  9. The process of controlling a mail inserting machine having a plurality
      of operating stations therein including a high speed feeder for feeding
      documents bearing control function indicia thereon, comprising the steps
      of
PA1  a. detecting the leading edge of said document bearing control function
      indicia thereon,
PA1  b. generating timing signals in accordance with the speed of travel of said
      document through said high speed feeder,
PA1  c. scanning the control function indicia on said document after detecting
      the leading edge of said document and generating data bits in accordance
      with said control function indicia,
PA1  d. storing and recycling said timing signals on the occurrence of a first
      data bit thereby converting said timing signals to distance signals and
      providing an accurate distance measurement between the occurrence of said
      first data bit and subsequent data bits, and
PA1  e. forming a plurality of programmed data windows under the control of said
      distance signals and providing control function outputs therefrom on the
      occurrence of a data bit in a given data window.
NUM  10.
PAR  10. The process set forth in claim 9 including the steps of forming a large
      error window after the programmed close of the first data window which is
      automatically closed by said distance signals after a predetermined
      interval.
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ABST
PAL  The method or system of indexing cards for visual or machine filing and
      retrieval includes an index card having a plurality of notch areas located
      along at least a portion of the card edge with each of the notch areas
      being assigned at least two values and being adapted to receive a
      plurality of superimposable, separately identifiable notches to separately
      designate each notch area value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to card exhibiting and more particularly
      concerns a method or system of indexing cards and the index card and notch
      configurations used therein.
PAR  2. Prior Art
PAR  The number and complexity of records which must be kept in business has
      created a very real need for a compact, yet simple record keeping system.
      Complex computer systems have limitations on their use and rather then
      providing the solution in many areas, have merely served to accentuate the
      problems. There have been many attempts to meet these expanding needs,
      however, none possess the compactness, simplicity and the many advantages
      of this invention wherein a plurality of variously configured
      superimposable notches in a multi-valued reference area serve to clearly
      and accurately designate individual values. Thus, the idea of indexing
      cards by notching a card at a particular multi-valued reference
      designation located along a card edge is shown to be old, for example, by
      the U.S. Pat. No. 821,602 and the French Patent 1,046,381. While these
      examples have many fine features, yet they lack the compactness,
      simplicity, and adaptability which is characteristic of the present
      invention. In each case in the prior art the multi-valued reference area
      can only be notched or marked to designate one value.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages and shortcomings of the prior art are overcome by my
      notch and file system and card wherein a plurality of superimposable,
      separately identifiable notches are cut in multi-valued card reference
      areas to allow designation of each value. Contrary to the prior art
      teachings, I have found that the same notch area on an index card can be
      used to designate more than one value if different types of notches are
      used that do not block each other out, but are readily distinguishable
      from each other when they are superimposed.
PAR  As a result of my invention the use of index cards having multi-valued
      reference areas may be increased by the number of values assigned to each
      reference area. By this means the capacity of card index systems is, at
      the very least doubled and readily tripled, quadrupled, etc., as far as
      the cards, notches and other designations will permit. The corresponding
      reduction in the volume of records permits significant savings in
      equipment, floor space and manpower.
PAR  According to my invention the reference or notch areas are positioned along
      an edge on one side of a card and extend for at least a portion of the
      length of the edge. Although I have found a rectangular card to be
      compatible with present business systems records, my invention is not so
      limited as it is equally applicable to cards of almost any shape. With a
      rectangular card it is contemplated that reference or notch areas having a
      plurality of value designations or indicia will be provided along any of
      the four edges and on either side as desired. Each notch area may be said
      to have a depth extending inwardly from the card edge with each reference
      area being sub-divided along its depth into a plurality of zones which may
      each represent or designate a different value or reference. These values
      or references may take any form, such as numerals, letters of all kinds,
      symbols etc., in any combination or arrangement. It is an important object
      of this invention that for each designation assigned to each notch or
      reference area, there be a separate, readily distinguishable notch
      therefor. For example, where the notch area is sub-divided into first,
      second and third zones, each representing a different value, the zones
      will form first, second and third sets of digits, letters or symbols. For
      each set a separate superimposable, readily distinguishable notch will
      identify the digit, letter or symbol selected. A standard order of notch
      and set designation facilitates interpretation. Thus, the first notch
      means may identify the value from the respective first, second and third
      sets and be placed in order, one, two, three.
PAR  Where the notches are distinguished from each other manually as by viewing,
      for example, it is important that the characteristics distinguishing the
      notches from each other usually will be those visible from above so that
      cards in a drawer may be readily identified. However, where the cards are
      to be distinguished mechanically, as for example, by machine, this
      limitation on the distinguishing characteristics may not be as important.
      In fact, for a machine readable card various hole configurations may be
      similarly effective in identifying different values in each set. In the
      example of a system having first, second and third notches, they may be
      distinguished on the basis that the first notch will be wider than the
      second or third notches; the second notch will be wider than the third;
      the third notch will be deeper than either of the first or second notches
      and the second notch will be deeper than the first. My invention
      contemplates a particular notched index card, a notch file system of index
      cards and the methods of notching the cards and implementing the system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure and in which:
PAR  FIG. 1 illustrates a portion of a card edge having reference areas and
      notches thereon to indicate, by way of example, the value 805;
PAR  FIG. 2 is an illustration according to the invention wherein the reference
      areas and notches in a card edge portion serve to indicate the set of
      values 572757;
PAR  FIG. 3 illustrates an embodiment of the invention as applied to a
      rectangular shaped index card; and
PAR  FIG. 4 illustrates an application of the system herein as applied to a
      drawer of index cards.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to the embodiment of the invention as set forth in FIG. 1, a
      portion of an index card generally indicated at 8 includes an edge 9 along
      which there are suitably marked a plurality of reference or notch areas 11
      through 21. While the particular size, configuration and indicia of these
      areas 11 through 21 may be various and variable to suit different needs, I
      have achieved satisfactory results from a rectangular configuration having
      a depth such as illustrated by way of example, at 11y and a width such as
      illustrated at 11x. When the areas 11-21 are adjacent to each other as
      shown, they may conveniently each have the same depth and width. The depth
      and width dimensions have not been separately designated in FIG. 1 but
      will be understood by those skilled in the art.
PAR  Each of the areas 11 through 21 will be appropriately marked and identified
      with a plurality of values and/or references. As illustrated in FIG. 1
      each of the areas 11 through 21 is sub-divided along its length into a
      plurality of zones which each represent or designate a different value or
      reference. These values or references may take any form, such as numerals,
      letters of all kinds, symbols, etc., in any arrangement or combination. As
      shown, each of the areas is divided into a first zone having the suffix
      (a), a second zone having the suffix (b), and a third zone having the
      suffix (c). Further sub-division may be made as required. The value
      marking for each of the zones may be effected in any convenient manner.
      Thus, as shown in FIG. 1 each of the zones may be separately marked. In
      FIG. 2 a single indicia extends through all zones and in FIG. 3 the zones
      themselves have no marking but their value is taken from reference indicia
      in correspondingly arranged zones below the zones. It is of course
      possible that no indicia may appear on the card but rather could be placed
      solely on the file drawer, and appropriately spaced divider or other
      reference means.
PAR  Identification of the individual zones for a selected set of designated
      reference areas is made possible according to my invention by the
      provision of a separate, readily distinguishable notch for each zone of
      the reference areas 11 through 21. Thus, where each of the areas 11
      through 21 are sub-divided into first, second and third zones indicated by
      the suffix a, b, c to the area reference numeral, the zone identification
      means will comprise a first notch 25, a second notch 27 and a third notch
      29. Each is of a different configuration so as to be readily
      distinguishable from the other. In this arrangement I have found it
      advantageous to have the first notch means 25 of a wide and shallow
      configuration generally conforming to the size and shape of the first zone
      which in this case is 19a.
PAR  The second notch means 27 advantageously extends into the second zone 11b
      and is distinguishable from the first notch means 25 by the fact that it
      is narrower and deeper. Similarly the third notch means 29 may be seen
      extending into the third zone 16c. The third notch means 29 is
      distinguishable from the first notch means 25 and the second notch means
      27 by the fact that it is both narrower and deeper than either of these
      notch means. These distinctions between the notch means 25, 27 and 29 will
      hold true when they are superimposed upon each other in one reference area
      as will be shown in a later example.
PAR  In this example each of the areas 11 through 21 and each of the first,
      second and third zones in each area, have been assigned a particular
      reference value ranging from zero (0) to nine (9) respectively. The zones
      of each area have the same value and each zone is separately marked with a
      symbol of its value. The total number of the first zone of each of the
      reference areas 11 through 21 may be said to constitute a first set of
      symbols or values. Here the first set may be seen to comprise 11a through
      20a and for purposes of explanation is generally indicated by the
      reference number 31. Similarly, the second zones 11b through 20b form a
      second set generally indicated at 32 and the third zones 11c through 20c
      form a third set generally indicated at 33. The composition of each set,
      the type and range of symbols or values assigned to it and the number of
      sets cooperating to produce a result may be varied to suit the
      circumstances in each case. The examples herein will be understood to be
      for purposes of illustration only.
PAR  A superimposable, readily distinguishable notch means separately identifies
      each set. Thus, in FIG. 1, the first notch 25 identifies the symbol or
      value selected from the first set 31, the second notch means 27 identifies
      the symbol or value selected from the second set 32, and the third notch
      means 29 identifies the symbol or value selected from the third set 33.
      With the notch arrangement according to the present invention any
      combination of values may be represented. Thus, where it is desired to
      designate the number 805 the first number may be selected from the first
      set 31 by providing the notch 25 in the area 19a. The identification of
      the second value, zero (0) will be made from 11b of the second set 32 by
      the second notch 27. In similar fashion the value "5" will be identified
      in the third set 33 by the notch means 29. This system of superimposable
      notches which may be readily distinguished from each other even when they
      occupy the same notch area provides a very compact indexing system wherein
      any number of digits may be indicated in any order. The words
      "superimposed" and "superimposable" must be interpreted in a description
      of this invention as meaning that they may be placed "on top of"  or after
      one another with each occupying a common space but yet not being
      completely coextensive with one another so that one notch could block out
      or obscure another notch. It is thus the uncommon areas between the
      notches which distinguishes them one from the other.
PAR  Referring to FIG. 2 it may be seen that the principles of this invention
      may be carried forward to two groups of reference areas along the same
      edge of a card to increase the number of values which may be identified.
      Thus, a portion of a card generally indicated at 36 has an edge 37 along
      which are positioned a first group of notch or reference areas 38 and a
      second group of notch or reference areas 39. In this case the edge area of
      the card is divided into notch or reference areas 40 through 61. The first
      group 38 of reference areas includes reference areas 40 through 49 while
      the second group 39 includes reference areas 51 through 60. The first
      group 38 has a first set of reference values or symbols 71, a second set
      72 and a third set 73. Similarly, the second group 39 has a first set 75,
      a second set 76 and a third set 77. As before, each set includes the
      respective zone portion of each of the reference areas in the group. Each
      set of values or symbols will have a separate, superimposable notch
      identifying the value or symbol selected therefrom. With each of the two
      groups 38 and 39 having three sets of digits it follows that six separate
      digits may be readily identified. The order in which the digits are
      identified may be in any convenient manner. Thus, with the single group of
      reference areas in FIG. 1 divided into three sets, the numerals 805 were
      taken from the first, second and third sets respectively. In the example
      shown in FIG. 2 the numerals 572757 were identified or designated by a
      first notch 80 in set 71, a first notch 81 in set 75, a second notch 82 in
      set 72, a second notch 83 in set 76, a third notch 84 in set 73, and a
      third notch 85 in set 77, respectively. It is equally as possible to
      identify or designate the numbers in order from the sets 71, 72, 73, 75,
      76, 77 respectively.
PAR  A very significant feature of the present invention is illustrated by the
      fact that notches 81, 83 and 85 may all be superimposed upon each other in
      the same reference area 58 and still be clearly and readily
      distinguishable from each other. Moreover, they are distinguishable from
      one another regardless of the particular combination of notches or order
      in which the notches are put in the edge. While only two groups of
      reference areas 38, 39 have been described, it will be understood that the
      invention is not so limited, but in fact contemplates any number of such
      groups of areas, any number of reference areas in each group, any number
      of sets in each group, any number of zones in each area, and any type of
      designation for each area.
PAR  FIG. 3 illustrates another application of the invention to one side of a
      rectangularly shaped business card 90. In this case a first group 91 of
      letters extends along a portion of a first edge 90a, a second group 92 of
      digits extends along a second side 90b, a plurality of groups 93a, 93b,
      93c, of digits extends along a third side 90c, and a fourth group 94 of
      digits extends along a fourth side 90d. Each of these groups may have any
      number of sets so that if each of the six groups 91, 92, 93a, 93b, 93c,
      and 94 have just three sets apiece the total number of letters, digits,
      symbols, etc., which may be identified on that card would be 18. If the
      group 91 comprised three separate digit sets such as 93a, 93b, 93c it may
      be seen that the number of groups on the card could be expanded to 9. By
      varying the number of groups on each card and the number of sets in each
      group it will be understood that great flexibility is possible in the
      amount of information which may be stored on each card. In addition each
      card may incorporate other identifying means such as multiple card, edge
      and symbol colors, interior holes of the same or various configurations
      and other printed matter.
PAR  A great flexibility of use is provided by the notches on the card. For
      example, the notch information in one area may be related to the notch
      information in another area, thus, in the card of FIG. 3 one or more of
      the various groups 91, 92, 93 and 94 may be inter-related with each other.
      Specifically the flexibility is such that the notches 101 through 117 may
      be "read" in any order.
PAR  Index cards such as illustrated at 90 in FIG. 3 may be conveniently stored
      in a drawer such as shown at 110 in FIG. 4 whereby the upper edge 90a and
      the appropriate notches therein will be visible along with the notches in
      the side edges 90b and 90d. In this case the notches in the edge 90c may
      be optically identified as with tilting the drawer upwardly or by means of
      ribs in the bottom of the drawer extending between sub-divided segments of
      the drawer. The notch configurations for each of the card sides need not
      be the same so that where the edge 90c cooperates with ribs on a drawer
      bottom perhaps a fewer number of identifying notches with a larger
      configuration may be provided. With a 4 by 6 card I have found that a
      reference area of 4.75 millimeters by 4.5 millimeters provides
      satisfactory results. The 4.5 millimeter depth may be divided into three
      zones each 4.75 millimeters wide by 1.5 millimeters deep. The identifying
      indicia may be imprinted in each of the zones, may be set to extend
      through all of the zones, or may be printed below the zones in an area
      approximately 4 millimeters deep. These index cards may be symmetrical
      about a centerline so that the areas presented for punching will be the
      same regardless of the way in which the card lies. In the example of the 4
      by 6 card above having three zones, there may be provided a first notch
      1.5 millimeters deep by 4.75 millimeters wide, a second notch 3
      millimeters deep by 3 millimeters wide, and a third notch one millimeter
      wide by 4.5 millimeters deep. In this case the first notch will completely
      remove the first zone whereas the second and third notches will remove
      only a portion of the zone which they identify. The second and third
      notches may be positioned anywhere in-between the 4.75 millimeter width of
      the reference area. I have found that a centering of the second and third
      notches produces satisfactory results.
PAR  While the bottom edge of a card, as for example 90c in FIG. 3, may contain
      three or more independent sets of numbers giving a total of nine or more
      values, I have found that the bottom notches may advantageously serve as
      "large number" separations e.q. by three number series, in a file drawer
      equipped with preset raised bottom guides. Thus, in the example preset
      raised guides in a drawer 110 having a configuration generally mating with
      that of the notches 101, 102, 103 would allow the card 90 to be filed in a
      drawer only with cards of the 942 series. Cards of other series would ride
      on the guides so that their misfiling would be prevented or readily
      detected. The particular notches to be used as filing guide could be
      varied to suit the filing needs. By using guides cooperative with notches
      101, 104 and 107 the cards of the 948 series could be segregated in the
      drawer.
PAR  From the above description of my invention it may be seen that I have
      provided a notch and file system and card wherein a plurality of
      superimposable, separately identifiable notches are cut in multi-valued
      index card reference areas to allow designation of each value. By being
      able to effectively use each reference area to provide a plurality of
      values the capacity of index cards is greatly increased with the result
      that the space required to store a given number of records may be greatly
      decreased. Each drawer may contain a greater number of records and
      therefore a clerk filing records will be required to open a fewer number
      of drawers, make fewer motions, travel less and hence increase her
      efficiency. Moreover, by virtue of the invention herein there will be a
      reduction or outright elimination of refile errors with the further result
      that the accompanying problem of lost documents is solved. A similar
      improved efficiency holds true where the cards are being sorted by a
      machine.
PAR  The notch and file system of the present invention also provides the
      advantages that a misplaced card may be quickly identified upon a glance
      at a drawer and hence the accuracy of filing is greatly increased. Because
      of the many advantages of the present invention great economies may be
      effected in record keeping.
PAR  Although minor modifications might be suggested by those versed in the art,
      it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A notch and file card comprising superimposable notches along a portion
      of an edge thereof, said notches being of different configurations so that
      when said notches are superimposed upon each other they may be visibly
      distinguished from each other, said notches including first, second and
      third notches, each of said notches having a depth and a width, said first
      notch being wider than said second or third notches and said second notch
      being wider than said third, said third notch being deeper than said first
      or second notch and said second notch being deeper than said first notch.
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ABST
PAL  An apparatus for the storage and reading of data combined from binary
      characters, comprising a data carrier having adjacently arranged separate
      signal conductor tracks incorporating intermediate spaces extending along
      the columns and separating the conductor tracks, bridge elements provided
      for the data carrier for the one binary character in the intermediate
      spaces between the conductor tracks at predetermined intersection points
      of the columns and lines. The bridge elements interconnecting at the
      intersection points both of the conductor tracks of a relevant column with
      one another. The bridge elements are reversibly activatable from a first
      condition which can be detected via the conductor tracks of the columns
      through an external action into a second condition portraying a binary
      character and detectable via the conductor tracks, and for the other
      binary character the conductor tracks at the relevant other intersection
      points of the columns and lines are selectively either not interconnected
      with one another or interconnected by such bridge elements. Means are
      provided for rendering ineffectual from the outside the external action of
      such other bridge elements for retaining the same permanently in the first
      condition portraying this other binary character. A reader is provided
      having means for generating the action in a region corresponding to a line
      of the data carrier, a feed mechanism for moving relative to one another
      the data carrier and the means generating the action in order to bring
      about a line-by-line scanning of the data carrier, an evaluation device,
      and a detector operatively connected with the evaluation device for
      producing output signals for the evaluation device for determining the
      state of the bridge elements of the data carrier via its conductor tracks.
      The detector including a control device for the columnwise connection of
      pairs of conductor tracks determining the individual columns, said
      detector being designed such that its output signals in the case of bridge
      elements activated by the external action and connected therewith via a
      pair of conductor tracks possesses a first signal value portraying the one
      binary character and otherwise a second signal value portraying the other
      binary character.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for the storage and reading
      of data combined from binary numbers, incorporating a data carrier as
      storage, especially in the form of a card, which possesses at cross-over
      or intersection points of lines and columns means for portraying the
      binary characters by binary signal values, and a reader for the data
      carrier which is constructed for generating binary signals portraying the
      stored data by a line-by-line sampling of the data carrier and evaluation
      of the binary signals.
PAR  Data carriers in the form of cards are used for different purposes, for
      instance for programming small computers, controlling machines, as
      identification for individuals and so forth. The data carriers are
      generally constructed for a mechanical, magnetic or optical scanning or
      sampling. Mechanically scannable data carrier-cards are provided with
      recesses, cam-shaped raised portions or perforations for the application
      of the binary data, by means of which there can be actuated electrical
      contacts in the reader during the scanning operation. Most frequently
      there are used the generally known perforated or punched cards. Such
      perforated cards also can be optically scanned, wherein a bundle of light
      rays directed upon a photoelectric transducer is either unobstructed or
      interrupted by the perforated card. In the case of other optically
      scannable data carriers there are used for the portrayal of the binary
      characters light absorbing and light reflecting markers, also fluorescent
      markers which illuminate upon being radiated with ultraviolet rays. The
      mechanical scannable data carrier and most of the optically scannable data
      carriers can be read without readers or other auxiliary aids. The magnetic
      scannable data carriers in card form possess a magnetic layer which is
      appropriately magnetized in the one or other magnetization direction at
      the intersection points of the lines and columns of the binary characters.
      The writing and reading of the data occurs by means of magnetic heads.
PAR  For some special applications the prior art devices with card-shaped data
      carrier and associated reader are unsatisfactory. If, for instance, the
      data carrier should serve as identification or code, then it has been
      found that the generally advantageous simple constructions in these
      special situations is particularly disadvantageous, since for instance
      reproductions and falsifications can be undertaken without any great
      difficulties, and without there being able to be ascertained or detected
      at the original data carrier that copying has been undertaken. Also a
      change of the applied data with the known data carriers is either too
      simple or too cumbersome: it is too simple when the change of the applied
      data for falsification purposes is undertaken by an unauthorized person,
      and too cumbersome when the data carrier, apart from containing fixed
      data, also should contain flexible data which must be changed from time to
      time.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an apparatus for the
      storage and reading of binary portrayed data with a data carrier,
      especially in card form, and a reader by means of which the data applied
      to the data carrier cannot be readily recognized and the data carrier can
      accommodate both fixed data as well as also flexible or variable data, and
      wherein the fixed data is safeguarded against manipulations by
      unauthorized personnel and changes of the flexible data can be carried out
      with a minimum of effort and expenditure.
PAR  The apparatus, data carrier and reader, according to a further object of
      the invention, additionally should be fabricated economically and at least
      not be considerably more expensive than known equipment of this type.
PAR  The solution of these objectives, as contemplated by the invention, resides
      in the fact that the data carrier contains adjacently arranged, separate
      conductor tracks with intermediate spaces extending along the columns and
      separating the conductor tracks. In the data carrier for the one binary
      character there is provided bridge elements in the intermediate spaces
      between the conductor tracks at the corresponding intersection points of
      the columns and lines. The bridge elements at the intersection points in
      each case connect with one another both of the conductor tracks of the
      relevant column. The first condition detectable from one of the columns
      via the conductor tracks is reversibly activatable through an external
      influence or action into a second condition or state portraying a binary
      character and detectable via the conductor tracks, and for the other
      binary character the conductor tracks at the corresponding other
      cross-over points of the columns and lines are not connected or else
      through such bridge elements, which however by the agency of means
      rendered ineffectual to the external action and are permanently maintained
      in the first state portraying this other binary character. Further, the
      reader contains means for producing the influence or action at a region
      corresponding to a line of the data carrier, a feed mechanism in order to
      move relative to one another the data carrier and the means producing the
      action to enable a line-by-line sampling or scanning of the data carrier.
      Further, there is provided a detector device for producing an output
      signal for an evaluation device for detecting the state of the bridge
      elements of the data carrier via its conductor tracks with a control
      device for the columnwise connection of the pair of conductor tracks
      determining the individual columns. The detector device is designed such
      that its output signal, with a bridge element activated by the action, by
      means of a pair of conductor tracks connected therewith, possesses a first
      signal value portraying the one binary character and the remaining time a
      second signal value portraying the other binary character.
PAR  The data carrier can possess a section encompassing one or more lines for
      the application of fixed data and a section encompassing one or more lines
      for the flexible data, wherein in each instance for the portrayal of the
      one binary character, for instance the logic value "1" there is employed a
      bridge element which can be activated by the influence or action and for
      the portrayal of the other binary character, for instance the logic value
      "0" for the flexible value there is used a bridge element having means for
      rendering ineffectual the action, for instance a screen, and for the fixed
      data there is used an intentionally destroyed bridge element or even no
      bridge element. During fabrication it can be advantageous to provide the
      data carrier at all cross-over points or intersections of the columns and
      lines with bridge elements and then in sections for the fixed data at the
      cross-over points, at which there should appear the binary character 0, to
      destroy the bridge elements or completely remove the same, and in the
      section for the flexible data to provide a "screen" rendering ineffectual
      the action and located at the cross-over points, the screen having
      "windows" at which there should appear the binary character 1, and which
      can be easily exchanged. The data carrier also can be provided with a
      nontransparent cover layer which covers the conductor tracks and the
      bridge elements as well as the screen, which however does not considerably
      impair the influence or action, so that the construction of the data
      carrier is not visible from the outside without damaging the same, and
      there also cannot be ascertained the methods or techniques used for the
      reading operation.
PAR  The bridge elements can be electrical elements, which under an external
      influence or action, such as pressure, tension, magnetic or electrical
      field, light and so forth, change their resistance or their conductivity
      respectively, or produce an electromagnetic force. The conductor tracks
      then can be galvanic conductors which are practically insensitive to the
      influence or action, however also other constructions are possible, such
      as pneumatic.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a schematic illustration of an apparatus for the storage and
      reading of binary data with a data carrier containing conductor tracks and
      bridge elements and a reading device or reader according to the invention,
      and in which illustration the principle construction of the apparatus is
      visible;
PAR  FIG. 2 is a section taken along the line of a data carrier with
      mechanically actuatable contact pairs as bridge elements for the fixed
      data of the data carrier;
PAR  FIG. 3 is a section along a line for flexible data taken through the data
      carrier of FIG. 2;
PAR  FIG. 4 schematically illustrates a section through a line of a data carrier
      equipped with field sensitive electrical components as bridge elements;
PAR  FIG. 5 schematically illustrates in plan view a portion of a data carrier
      equipped with inductances as bridge elements;
PAR  FIG. 6 schematically illustrates in plan view a portion of a data carrier
      equipped with thermoelements as bridge elements;
PAR  FIG. 7 schematically illustrates in sectional view a data carrier with
      temperature sensitive resistors;
PAR  FIG. 8 is a plan view of two columns of a data carrier with continuous
      bridges between the conductor tracks;
PAR  FIG. 9 schematically illustrates in plan view a part of a data carrier with
      pneumatic bridge elements;
PAR  FIG. 10 is a block circuit diagram of an advantageous embodiment of a
      detector device of an apparatus with electrically scanned bridge elements
      in the data carrier; and
PAR  FIG. 11 is a sectional view of a reader for the data carrier.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, FIG. 1 illustrates in schematic view the
      principle construction of an apparatus for the storage and reading of
      binary portrayed data according to the invention. The apparatus
      encompasses the data carrier 1 and the reader 2.
PAR  Although different embodiments are possible, the data carrier 1, as shown
      in FIG. 1, has the form of a rectangular card. The data carrier 1 contains
      a number of conductor tracks or paths 13 parallel to the lengthwise edges
      of the card, and such conductor tracks, for instance, can be galvanic
      conductors for conducting electrical currents. As for instance is
      conventional with perforated or punched cards there are provided on the
      card lines, in FIG. 1, the lines Z.sub.0 . . . Z.sub.8, and columns, in
      FIG. 1, the columns S.sub.0 . . . S.sub.3. The columns S.sub.0 . . .
      S.sub.3 are associated with the intermediate spaces of the conductor
      tracks 13, so that each column is defined by a pair of conductor tracks
      13. The data carrier 1 depicted in FIG. 1 accordingly contains five
      conductor tracks 13 and at each line Z.sub.0 . . . Z.sub.8 there can be
      stored a four bit word. The binary characters 0 and 1 to be arranged at
      the cross-over or intersection points of the lines and columns are
      realized by means of bridge elements 14. The conductor tracks 13 and the
      bridge elements 14 should satisfy the following requirements: the bridge
      elements 14, in accordance with a given parameter detectable via the
      conductor tracks 13, through an external action should be reversibly so
      changeable that the parameter value (a condition or state) of an element
      with sufficiently pronounced action is still distinguishable from the
      multiplicity of the parameter corresponding to the number of lines without
      the action and the influence of the action upon the conductor tracks 13
      during the detection of the parameter value is negligibly low. The nature
      of the bridge elements, the influence or action, the conductor tracks and
      the means for the detection of the parameter values are independent of one
      another and in any event must be appropriately selected. There are a
      multiplicity of suitable combinations, some of which will be considered
      more fully hereinafter. Initially, for the explanation of the apparatus
      portrayed in FIG. 1 there has been given, purely by way of example, one
      such combination, to wit: the bridge elements 14 can be photoresistors,
      the ohmic resistance or conductivity (parameter) of which changes with the
      illumination intensity (action or influence). The resistance (parameter)
      of the photoresistors as concerns their magnitude is detected by a current
      measurement, wherein the conductor tracks 13, for instance, are copper
      conductors, the conductivity of which for the electrical current is
      practically independent of the illumination.
PAR  The bridge elements 14 are provided in the data carrier 1 at the cross-over
      points or intersections of the lines and columns as the connections of
      neighboring conductor tracks 13.
PAR  The data carrier 1 shown in FIG. 1 possesses a first section A with the
      lines Z.sub.0 . . . Z.sub.5 and a second section B with the lines Z.sub.6,
      Z.sub.7 and Z.sub.8. The section A encompasses the fixed data of the data
      carrier and the section B the flexible data. At all intersection points of
      the lines and columns at which the data to be stored should correspond to
      the one binary character, for instance the binary character 1, there is
      inserted an element 14. In the section A for the fixed data there are not
      present such bridge elements 14 at all remaining cross-over points, i.e.
      at the cross-over or intersection points of the lines and columns at which
      there is to appear the data to be stored according to the other binary
      character, in this case the binary value 0, and both conductor tracks 13
      of the relevant columns are separated from one another at the region of
      the individual lines. In the section B for the flexible data, on the other
      hand, there is also present at each cross-over or intersection point for
      the binary character 0 one such bridge element 14, which, however, is
      equipped with means 15 which prevents an influence of the action upon the
      bridge element. In the case of photoresistors as the bridge elements the
      means 15 preventing the action or influence consists, for instance, of a
      light impervious layer which covers the entire section B of the data
      carrier and at the region of those bridge elements 14 which are exposed to
      the action for the portrayal of the binary character 1, possess windows
      16. These means 15 which prevent the action or influence are constructed
      to be easily exchangeable, so that the flexible data can be changed with
      ease. Due to the arrangement of the photoresistors in the section A there
      are thus determined the fixed data and due to the arrangement of the
      windows 16 in the screen or mask 15 there is determined the flexible data.
      Advantageously there are employed first of all at all cross-over points of
      the columns or lines bridge elements 14 and then for the writing-in of the
      data in the section A of a data carrier 1 the elements 14 are removed from
      the cross-over points having the binary character 0 or the bridge elements
      at such cross-over points destroyed.
PAR  For reading the data the data carrier 1 is subjected line-by-line to the
      action in the reader or reader device 2. The reader 2 contains means 3 for
      producing the action or influence and constructed such that the action is
      limited to a region corresponding to a line of the data carrier 1. If the
      bridge elements 14 are photoresistors, then the means producing the action
      or influence can consist of a light source which illuminates a band
      corresponding to a line of a data carrier 1. In order to expose the data
      carrier 1 to the action line-by-line there is provided in the reader 2 a
      feed mechanism 4 by means of which the data carrier 1 is preferably moved
      stepwise relative to the means 3 producing the influence or action. A line
      is always then read when it is exposed to such action. The reading occurs
      by means of a detector 5 which is constructed in accordance with the
      technique prescribed for the detection of the bridge element parameter.
      With the selected exemplary embodiment with photoresistors as the bridge
      elements 14, as already previously mentioned, there is provided, for
      instance, a current measurement. The detector 5 then contains, for
      instance, a direct-current source and a current measuring device, which is
      constructed as a threshold value device and, for instance, closes a signal
      current circuit when the current intensity has reached a certain value. In
      addition to such peak measuring device there is also provided for the
      detector 5 a control device, by means of which whenever a line of the data
      carrier is exposed to the action, the pairs of conductor tracks 13
      determining the successive columns S.sub.0 . . . S.sub.3 are connected in
      series to the peak measuring device.
PAR  In FIG. 1 the line Z.sub.0 of the data carrier 1 is exposed to the action.
      The line Z.sub.0 possesses at the columns S.sub.0 and S.sub.3 a respective
      bridge element. Initially for the column S.sub.0 both of the first
      conductor tracks 13 are connected with the detector 5. The illuminated
      photoresistor at the intersection or cross-over point Z.sub.0, S.sub.0
      will possess a relatively low resistance, whereas the resistance of the
      non-illuminated photoresistors at the remaining intersection or cross-over
      points of the column S.sub.0 will be high, so that the peak measuring
      device of detector 5 responds and the output signal will have a high
      signal value portraying the binary value 1. In the next step for the
      column S.sub.1 the second and the third conductor tracks will be connected
      with the detector 5. No bridge element is present at the cross-over point
      Z.sub.0, S.sub.1 which is exposed to the influence or action. The bridge
      elements 14 provided at the remaining cross-over points of the column
      S.sub.1 are not exposed to the action, the resistance of the
      photoresistors provided at such locations accordingly will be high, so
      that owing to the only weak current the peak measuring device will not
      respond. The output signal will then have a signal value portraying the
      binary value 0. The same conditions prevail at the column S.sub.2. The
      column S.sub.3 again contains an illuminated bridge element 14 and
      accordingly the output signal will possess the signal value 1. With the
      scanning or sampling of the line Z.sub.0 there will be obtained a signal
      portraying the binary character combination 1001, which is delivered to an
      evaluation device 6.
PAR  The evaluation device 6 is constructed in accordance with the momentarily
      desired evaluation of the information detected from the data stored in the
      data carrier 1 and can be of conventional construction. It can be, for
      instance, a visual indicator device, a decoder circuit, a control device
      or, as indicated in FIG. 1, a printer which prints the binary characters 1
      and 0 upon a paper band or tape. For the reader 2 there can be used as the
      evaluation device 6 any one of the known devices which process signals
      portraying binary data, wherein in any event there is to be provided a
      signal transformer between the detector 5 and the evaluation device, such
      signal transformer transforming the output signals of detector 5 for
      processing in the evaluation device 6. The feed mechanism or feeder 4, as
      a mechanical component, and as concerns its mode of operation and
      construction, is dependent upon the external configuration of the data
      carrier 1 and the momentary arrangement of the columns and lines which
      need not be absolutely lines located to intersect at right angles to one
      another. Such feeders or feed mechanism 4 are known or can be easily
      constructed without difficulties for special applications. The
      construction of the detector 5 is essentially determined by the nature of
      the momentarily selected bridge elements 14 of the data carrier 1, wherein
      the techniques usable with the different bridge elements for determining
      the bridge element-state with the action present and absent via the
      conductor tracks and for obtaining appropriate output signals constitute
      part of the general knowledge in the art. The same is also true as
      concerns the construction of the means 3 producing the momentarily desired
      influence or action. For each given special data carrier 1 there
      accordingly can be constructed the associated reader 2 without
      difficulties by any person skilled in this particular field of technology.
      It is for this reason that in the description to follow there will be
      primarily described exemplary embodiments of data carriers.
PAR  As the bridge elements for the data carriers there are of particular
      significance electrical components which, under the effect of an external
      influence or action, change their impedance or open or close a current
      path or deliver an electromagnetic force. Such components can be sensitive
      to pressure or tension, to magnetic fields, to electromagnetic radiation,
      especially in the infrared, visible or ultraviolet regions, to heat and so
      forth. In the case of electrical bridge elements the conductor tracks 13
      are galvanic conductors which are appropriately applied as a function of
      the course of the columns of the data carrier to a carrier plate,
      preferably formed of electrically insulating plastic, for instance by
      means of a printing- or vaporization technique, or embedded in the form of
      wires in the carrier plate.
PAR  An exemplary embodiment of a data carrier 1 with electrical contacts as
      bridge elements is shown in FIGS. 2 and 3, and specifically roughly
      schematically illustrating in FIG. 2 a section through the data carrier
      along a line in the section A for the fixed data (FIG. 1), and FIG. 3 in
      the same illustration a section through the data carrier along a line in
      the section B for the flexible data. The data carrier possesses, for
      instance, a rectangular carrier plate 7 formed of electrically insulating
      plastic at which there are arranged in spaced relationship from one
      another the conductor tracks 13 consisting of narrow sheet metal copper
      strips. The contact-bridge elements are formed of resilient contact
      lamellae 12 which extend from below along the lines Z.sub.0 . . . Z.sub.8
      of FIG. 1 for a conductor track 13 and for the following conductor track
      from above into the intermediate spaces between the individual conductor
      tracks 13, so that at each intersection point of the columns and lines
      there is present one such contact-bridge element. For storing the fixed
      data in the section A at each cross-over point, at which the binary
      character 0 should be inscribed, the upper contact lamellae are removed,
      for instance pinched off, as such is apparent in FIG. 2 for the columns
      S.sub.2 and S.sub.3. The carrier plate 7 with the conductor tracks 13 and
      the contact lamellae 12 is covered with a cover plate 8 of electrically
      insulating plastic which possesses a bore at each cross-over point or
      intersection of the columns and lines. It is possible to actuate through
      the bores 9 the contact-bridge elements located therebelow. For actuating
      the contact-bridge elements there is provided a cam plate 10 at which
      there are provided at a flexible plastic foil first of all, for all
      cross-over points cams or dogs 11 which extend into the bores 9 of the
      cover plate 8. For inscribing the flexible data in the section B, as
      illustrated in FIG. 3 for the columns S.sub.1 and S.sub.2, the cams 11 are
      removed from the plastic foil at the cross-over points at which there
      should appear the binary character 0. The three plates 7, 8 and 10 are,
      for instance, bonded together and produce a data carrier in the form of a
      plastic card in which at one side there are only visible connection
      locations of the conductor tracks 13 for connection with detector 5. The
      means 3 (FIG. 1) of the reader 2 and producing the influence or action at
      the region of a line of the data carrier for this data carrier consist,
      for instance, of an upwardly and downwardly movable punch 31 extending
      over the line length and which carries at the lower lengthwise side for
      each column S.sub.0 . . . S.sub.3 a punch cam 32, and a fixed counter
      support 33 at which bears the data carrier. When the punch 31 is placed on
      a line of a data carrier then all of the intact contact-bridge elements of
      the line are closed for which there is provided a cam 11 in the cam plate
      10.
PAR  For such data carriers containing contact-bridge elements there are
      possible the most different constructions. The data carriers can be, for
      instance, constructed such that the intact contacts of the individual
      lines are closed at the region of each line by bending the data carrier. A
      data carrier which is to be mechanically loaded can contain, instead of
      the contact elements, also other known electrical components sensitive to
      pressure or tension. Thus, the bridge elements interconnecting the
      conductor tracks 13 for instance can consist of, an elastic, electrically
      conductive material (conductive rubber), the conductivity of which, upon
      being compressed together, becomes greater, the known strain gauge strips,
      piezoelectric transmitters and so forth. In the case of data carriers with
      relatively few lines the bridge elements also can be small capacitors in
      which the plate spacing can be changed for instance by pressure. For
      electrical components as bridge elements, as mentioned, the conductor
      tracks are galvanic conductors which are connected columnwise to the
      detector in that there is established either a direct galvanic connection
      of the conductor tracks with the input terminals of the detector, for
      which purpose, as previously already mentioned, at the data carrier the
      ends of the conductor tracks are freely exposed, or there is established a
      capacitive connection of the conductor tracks with the detector inputs. A
      capacitive connection has the advantage that is can occur through a cover
      sheet, so that the data carrier does not possess any freely exposed
      electrical contact connections or terminals, the contact terminals thus
      cannot be contaminated or damaged, and additionally at the data carrier
      there is not visible the number of conductor tracks (columns) it contains
      and where such are arranged. For a capacitive connection the conductor
      tracks 13 are chosen to be as wide as possible at the expense of the
      intermediate spaces located therebetween, in order that the connection of
      the conductor tracks of a data carrier with the detector, upon inserting a
      data carrier in the reader, is positively established and independent of
      possible positional errors. Additionally, wide conductor tracks with
      otherwise unchanged geometric data of the data carrier permit the
      realization of large coupling capacitances.
PAR  Although data carriers with mechanical, for instance, bridge elements
      activated by pressure, provide completely satisfactory results, their
      construction for fixed and flexible data still is rather complicated and
      their manufacture requires, especially in the case of data carriers with
      relatively many lines, a certain precision so that at each column, in
      which all of the bridge elements are connected in parallel, there is
      obtained a clear logic 1 signal by means of the bridge element activated
      by the influence or action.
PAR  The use of "field sensitive" components, i.e. electrical components, which
      are sensitive to a magnetic field, to electromagnetic radiation,
      especially in the short-wave infrared range of a wave length in the order
      of about 1 .mu.m, and to heat, renders possible simply constructed and
      easy to fabricate data carriers.
PAR  FIG. 4 shows in cross-section a data carrier equipped with field-sensitive
      components as bridge elements and from which there will be apparent the
      principle construction.
PAR  Upon for instance a rectangular base plate 17 formed of electrically
      insulating material there are adhesively bonded, vapor deposited or
      printed conductor tracks 13 in the form of flat, strips of good electrical
      conductivity. At the lines between the conductor tracks 13 there are
      located the field sensitive bridge elements 14a, each of which
      interconnects two conductor tracks 13. Such field sensitive bridge
      elements can be constructed to be very flat in conventional manner. The
      application of the fixed data occurs by punching away or burning away the
      bridge elements, preferably automatically with special devices. The base
      plate 17 with the conductor tracks 13 and the bridge elements 14a is
      covered with a preferably non-transparent cover plate 18 which, at the
      region A for the fixed data of the data carrier, does not constitute any
      hinderance for the action, and in the section B for the flexible data of
      the data carrier is prepared such that the influence or action, i.e. that
      the field activating the bridge elements only can be effective in the
      region of that bridge element by means of which there is to be portrayed
      the binary character 1. To this end the cover plate 18 in the section B of
      the data carrier, as shown in FIG. 1, is covered with a layer or foil 15
      screening the field and in which there are provided the windows 16 for the
      bridge elements to be activated. For an electrostatic screening there can
      be used, for instance, a cover plate 18 which does not screen the field
      and upon which at regions corresponding to the bridge elements there are
      printed or sprayed conductive layers. For the cover plate there also can
      be used a material which is rendered pervious or impervious to the field
      by means of a thermal treatment.
PAR  A data carrier with bridge elements which can be activated by
      electromagnetic radiation preferably contains as the bridge elements
      either photoresistors or photoelements which are sensitive for instance to
      short-wave infrared radiation and upon being irradiated possess an
      increased conductivity or deliver an electromagnetic force respectively.
      The cover 18 can consist of a dyed plastic which is non-transparent for
      the eye and pervious for the infrared radiation, and which in the section
      B for the flexible data is covered with a layer which is impervious to
      infrared radiation and possessing the windows or window means. Naturally,
      there also can be used photoresistors or photoelements which are sensitive
      to the visible and/or the ultraviolet spectrum range, but in this case
      then it is more difficult to obtain a cover plate which is non-transparent
      for the eye. For the cover plate there also can be used polarized
      materials, wherein, for instance, in a cover which is pervious for
      polarized radiation there are formed windows which do not permit passage
      of the radiation. The means 3 generating the influence or action and
      provided in the reader 2 consist of a light source which illuminates a
      region corresponding to a line of the data carrier. The light source can
      be designed for delivering alternating or chopped light of sufficiently
      high frequency, so that there is possible, apart from a galvanic, also a
      capacitive coupling of the data carrier-conductor tracks 13 with the
      detector 5. With photoresistors as bridge elements the detector 5 is
      designed for applying a voltage to the conductor tracks 13 and in the case
      of photoelements for measuring the photovoltage, i.e. for taking up a
      voltage.
PAR  In the case of an embodiment of data carrier sensitive to a magnetic field
      the bridge elements 14a (FIG. 4) consist of a material with pronounced
      Hall effect. The bridge elements 14a are oriented such that without the
      influence of a magnetic field they have a high resistance and under the
      influence of a magnetic field a lower resistance. For generating the
      magnetic field the reader 2 advantageously contains a strong magnet, the
      ledge-shaped constructed pole shoes of which enclose the data carrier. The
      section B for the flexible data of the data carrier consists of a soft
      magnetic foil in which there are punched holes as windows. To increase the
      effectiveness there are advantageously applied to both sides of the data
      carrier one such foil.
PAR  Another embodiment of data carrier sensitive to a magnetic field contains
      as the bridge elements inductances 14b (FIG. 5), which can be vapor
      deposited or printed according to known techniques upon the carrier plate
      17 at the intersection points or locations of the columns and lines. At
      the intersection points determined by the data the inductances 14b  are
      supplemented by a magnetic element 14c in the form of a highly permeable
      foil. For the foil there is used a material, the permeability of which
      changes quite markedly under the action of an external magnetic field. In
      the case of bridge elements at which there acts or does not act
      respectively, a sufficiently strong magnetic field, the permeability of
      the magnetic foil is of different strength or intensity and thus also its
      inductive resistance of different magnitude. The measurement of the
      resistance between two neighboring conductor tracks 13 occurs in this case
      by means of an alternating-current of appropriately high frequency.
PAR  In order to obtain data carriers which are sensitive to an electric field
      there are used as the bridge elements 14a (FIG. 4) semiconductors of the
      type wherein under the action of an electric field their conductivity
      strongly changes. Such known semiconductor devices are, for instance,
      field-effect transistors and field-sensitive diodes. The electric field
      required for this purpose is advantageously produced by two electrodes
      engaging about the data carrier. The section B of the data carrier
      containing the flexible data possesses an electrical screen which, for
      instance, can be applied via a capacitive connection to the ground
      potential of the reader. The field-sensitive semiconductor devices are
      generally current rectifier or converter elements, so that with the
      columnwise sampling of a line from column to column the applied voltage
      must be reversed in polarity.
PAR  Also different exemplary embodiments are possible for data carriers
      sensitive to heat. Simple heat-sensitive data carriers, with the
      construction shown in FIG. 4, contain as the bridge elements 14a, for
      instance temperature-sensitive resistors, such as thermistors, the
      conductivity of which becomes greater with increasing temperature. To
      activate the bridge elements there is advantageously employed an infrared
      radiation device.
PAR  Another embodiment of a heat-sensitive data carrier contains as the bridge
      elements thermoelements. An advantageous embodiment of such data carrier
      has been schematically shown in plan view in FIG. 6. Conductor tracks 13
      are applied to an electrically insulating base plate 17, the conductor
      tracks consisting of the materials used for the thermoelement 14d, and
      specifically the uneven conductor tracks of the one material and the even
      conductor tracks of the other material. In order to form the
      thermoelements 14d the conductor tracks are provided at each cross-over
      point with overlapping tongues 13a which for instance are welded. With
      such construction there is insured that the cold soldered locations of a
      thermoelement which, for instance, is momentarily heated by infrared
      radiation is at lower temperatures. As mentioned, there is advantageously
      used for the activation of the bridge elements an infrared radiation
      device and the covering in the section B for the flexible data of the data
      carrier possesses regions which are pervious and impervious to infrared
      radiation.
PAR  A further embodiment of a heat-sensitive data carrier contains as the
      bridge elements temperature sensitive resistors 14f (FIG. 7), for instance
      thermistors, which are encased by a dielectric 14e which heats-up rather
      intensely in a high-frequency radiation field. The high-frequency
      radiation field is produced by two electrodes enclosing the data carrier
      at the region of a line. The screening in the section for the flexible
      data of the data carrier consists of a foil with windows and screens the
      high-frequency radiation field. Instead of such encased or sheathed
      resistance elements there also can be employed temperature-dependent
      resistors which directly heat-up in the high-frequency radiation field,
      for instance film resistors with a material component which heats up in
      the high-frequency radiation field.
PAR  Previously there were only described a number of exemplary embodiments of
      data carriers. A number of other physical effects can be utilized for the
      construction of the bridge elements 14, the activation field and the
      screening. The selection of the practical usable technique is therefore
      undertaken more in accordance from the standpoint of the economies. In
      this regard there are to be preferred techniques which permit the base
      plate of the data carrier, in a continuous fabrication process, to be
      provided with the conductor tracks and the bridge elements, for instance
      by vapor deposition or printing. It is advantageous for the fabrication of
      data carriers with bridge elements sensitive to an external field,
      especially such which change their conductivity or which under the action
      of an external field change their delivered electromagnetic force, not to
      provide at the cross-over points of the columns and lines individual
      bridge elements rather, as shown in FIG. 8, to connect the conductor
      tracks 13 of the individual columns S.sub.0 . . . S.sub.8 with continuous
      bridges 14g which change their properties under the action of an external
      field exactly as the individual bridge elements. For applying the
      information there is for instance punched-out at the cross-over points or
      intersections of the lines and columns regions 54a, 54b of the continuous
      bridges 14g, so that at the corresponding locations the connection of the
      conductor tracks 13 is interrupted. As long as no information is applied,
      then with an applied external field there results a constant signal which
      does not change upon forward feed or advance of the data carrier. In the
      cycle column S.sub.0 of FIG. 8 there is punched out at each intersection
      point of such column and the lines Z.sub.0 . . . Z.sub.6 a region 54a of
      the continuous bridge 14g. In the remaining columns, of which in FIG. 8
      only the column S.sub.8 has been shown, the applied information is
      appropriately punched-out at certain intersection points of the columns
      and lines at regions 54b of the continuous bridges 14g, wherein the
      regions 54b are advantageously somewhat larger in their lengthwise
      expansion or extent than the regions 54a of the cycle column. Upon
      displacement of a data carrier 1 transverse to the region of a line
      encompassed by an external field, there is obtained a signal at the
      conductor tracks 13 of the clock column S.sub.0 which periodically
      fluctuates with the individual lines, whereas the signal obtained from the
      conductor tracks of the information column S.sub.8 does not change at the
      paths between the punched-out regions 54b, for example between lines
      Z.sub.2 and Z.sub.5. Advantageously, under the influence of a signal from
      the conductor tracks of the clock column, there is checked, for instance
      the conductivity or the electromagnetic force between the conductor tracks
      of the information columns. With such checking at the column S.sub.8 of
      FIG. 8 in the lines Z.sub.1, Z.sub.2 and Z.sub.5 there is no change in the
      conductivity or electromagnetic force owing to the there present
      punched-out portions, on the other hand in the lines Z.sub.0, Z.sub.3,
      Z.sub.4, Z.sub.6, in which no punching operation was carried out, there
      can be detected a change.
PAR  As already mentioned a capacitive coupling of the conductor tracks with the
      detector 5 is more advantageous than a galvanic coupling. With all
      embodiments where such is possible, therefore there is used as the
      measurement voltage, which is applied by the detector 5 at two neighboring
      conductor tracks 13, an alternating-current voltage and as the activating
      field an alternating-current field respectively.
PAR  It can be readily recognized that a data carrier does not absolutely
      possess identical bridge elements and for the bridge elements, for the
      activation, there must be provided a single predetermined field. Different
      combinations are readily possible. Thus, for instance, in the case of a
      data carrier individual bridge elements or the bridge elements of
      individual lines can possess a clearly different sensitivity to the action
      of the prescribed activating field, so that the activated bridge elements
      deliver voltages of different amplitudes or possess different resistance
      values which can be detected or recognized by the detector 5. The data
      carrier can also however contain different types of bridge elements which
      are activated by one and the same field, such as for instance in a column
      photoresistors and in another column photoelements. Finally, there also
      can be used different activation fields which are used for the individual
      lines simultaneously or in succession. In the most cases of such
      combinations there is required for the detector 5 a synchronous
      switch-over which, however, can be readily carried out with the knowledge
      available at the present time.
PAR  As a further exemplary embodiment reference is made to FIG. 9 which
      schematically shows in plan view a data carrier for a pneumatic data
      processing device. The conductor tracks 13b of the data carrier are
      constructed in the form of relatively wide tubes and the bridge elements
      14h possess very narrow tubes of high throughpass resistance. The tube
      system is filled with a magnetic or electric thixotropic liquid 19, the
      viscosity or tenacity of which changes markedly under the influence of a
      magnetic field or electric field. Instead of this there can be used also a
      liquid whose viscosity changes very markedly with temperature. For the
      application of the fixed date the bridge element tubes at the relevant
      cross-over points of the columns and lines are continuously squeezed
      together by a mechanical action. The activation of the bridge elements
      occurs by means of a magnetic or electric field or for instance by
      infrared radiation, depending upon the employed liquid, and the screening
      in the section for the flexible data of the data carrier is accordingly
      constructed. For the columnwise sampling of the bridge elements there is
      satisfactory a slight shifting of the liquid, which is generated by the
      detector and evaluated. In order that no liquid exchange occurs between
      the detector and the data carrier the conductor track tubes 13b are closed
      by membranes 20.
PAR  FIG. 10 illustrates a block circuit diagram of an advantageous construction
      of a detector device 5 of an apparatus with electrically scanned bridge
      elements in the data carrier.
PAR  The detector device 5 contains sampling or scanning conductors 21 which are
      connected with the individual conductor tracks 13 of the data carrier 1
      inserted into the reader. The scanning conductors, with the exception of
      the first conductor 21a, lead to a program switch 22. The program switch
      22 contains for each connected scanning conductor 21 an electronic
      reversing switch 23 and for the reversing switch 23 a control device which
      carries out an automatic program by means of the control pulses delivered
      to its clock input 24. Whereas the pairs of conductor tracks 13 of the
      data carrier 1 which portray in rapid sequence in each case the successive
      columns S.sub.1 . . . S.sub.n are connected via the corresponding scanning
      lines or conductors 21 to the collector lines 25 and thus to the measuring
      unit 27. The control device is of known construction and therefore not
      particularly shown in FIG. 10. Depending upon whether in the line of the
      data carrier exposed to the action at the cross-over points of the line
      with the columns there is or is not present a bridge element activated by
      the action, then the measuring device 27 delivers at its output the logic
      signal 1 or 0. This signal value is stored via the distributor switch 29
      in the storage 30 which is constructed as a matrix storage and of
      conventional design.
PAR  The first scanning conductor 21a is connected to the one input of a clock
      generator 26, the other input of which is coupled with the second scanning
      conductor. The column S.sub.0 determined by the corresponding conductor
      track 13 of the data carrier 1 constitutes the clock column and at all of
      its intersection or cross-over points with lines there is arranged a
      respective bridge element 14 (FIG. 1) activatable by the influence or
      action and delivering the control pulses for the clock generator. As the
      clock column there also can be used any other random column of the data
      carrier. The output of the clock generator 26 is connected with the clock
      input 24 of the program switch 22.
PAR  The clock pulses delivered by the clock generator 26 for the purpose of
      further switching the reversing switch 23 of the program switch 24 are
      also delivered to the distributor switch 29, which controlled by the clock
      pulses insures for a correct distribution of the binary signal values
      obtained from the measuring device 27 at the storage places of the matrix
      storage 30. The information prevailing in the storage 30 are available via
      their output 35 for further processing by the evaluation device 6 (FIG. 1)
      of the reader 2.
PAR  The synchronism brought about in this way between the forward indexing of
      the distributor switch 29 and the relative movement of the data carrier to
      the means 3 producing the influence or action has, in contrast to other
      methods, such as for instance the monitoring of the movement of the data
      carrier by mechanical-electrical measurement value transformers and
      control of the clock generator by the measurement value transformer, the
      advantage that the synchronization is independent of the position
      tolerances of the lines of the data carrier with regard to its front edge
      and rear edge and thus there is rendered possible producing many data
      carriers in the form of a coherent band and then to cut the band into
      individual data carriers without thereby endangering the positive reading
      of the applied data.
PAR  A reader for such data carrier advantageously contains a device which
      prevents that data carriers which are not intended to be accepted by the
      relevant reader, i.e. in the case of externally similar appearance of the
      data carriers which are not intended for the reader rejects the same, in
      order to avoid erroneous measurements and to detect falsifications. To
      that end the first line detected by the reader is uniformly coded with
      bridge elements for all data carriers belonging to the relevant reader.
      The first line therefore does not carry any individual information for the
      later display or indication, rather a group feature which is approximately
      comparable to the characterization of the "type of card" in the perforated
      card technology. Upon the introduction of the data carrier into the reader
      the distributor switch assumes the position shown in FIG. 10, in other
      words does not apply the signal values obtained from the measurement
      device 27 to the input of the storage 30, rather to the input 36 of a code
      checker 37. This code checker or tester 37 contains, for instance, a
      storage for a line of binary data of the data carrier. The binary data
      applied into the storage is compared with the fixed binary data in the
      code checker and upon coincidence there is triggered, for instance, a
      signal which acts via the output line 38 of the code checker upon
      electromagnetic devices of the reader, such as for instance a blocking
      device preventing the introduction of the data carrier or a motor
      automatically introducing the data carrier. Such code testers or checkers
      are well known in the art. The code checker also can be designed such that
      it is capable of reading different checking codes according to the nature
      of a general code data carrier. The code checker 37 also can be employed
      for the purpose of influencing electromechanical units of the reader and
      via such to bring about, for instance, a repetition of the reading
      operation, to fixedly hold the data carrier in the reader until it can
      again be removed by a manual action, to trigger a signal and so forth.
PAR  A reader device for data carriers, which preferably serve as identification
      cards, has been schematically shown in FIG. 11 in sectional view. The
      reader should be designed for a data carrier which, for instance, contains
      in its first line, the recognition line, by bending the data carrier
      activatable bridge elements and otherwise as bridge elements Hall probes
      which can be activated by a magnetic field.
PAR  The housing 39 of the reader possesses an introduction slot 40 by means of
      which the data carrier can be introduced into the reader. The manual
      infeed of the data carrier is continued for such length of time until the
      data carrier finds a stop in the slot of an entrainment means 41. This
      entrainment means or entrainment member 41 is laterally guided in guides
      which have not been here shown and secured to two conveyor bands 42 which
      are driven by a motor 44 via the drive roll 43. The conveyor bands are
      endless and extend at the front portion of the reader over a deflecting
      roller which has likewise not been shown but may be of conventional
      structure. After the introduction of a data carrier its conductor tracks
      13 (FIG. 1) are located opposite an appropriate number of scanning or
      sampling electrodes 45 which are pressed by springs 46 against the data
      carrier. The scanning electrodes 45 are galvanically insulated from the
      conductor tracks 13 of a data carrier by means of its cover plate 18 (FIG.
      4). The conductor tracks 13 are therefore capacitively coupled with the
      program switch 22 (FIG. 10), which is installed with the other components
      of the detector device in the lower compartment 47 of the reader.
PAR  The slot of the entrainment member 41 is slightly inclined towards the
      conveyor band. In this way there is insured for a positive entrainment of
      the data carrier, and, since the data carrier contains at its first line,
      as mentioned, bridge elements which can be actuated by bending the data
      carrier, hence upon the insertion of the data carrier there is
      simultaneously activated the first bridge element line and, as previously
      mentioned, checked by the code tester or checker (FIG. 10). The slight
      inclination of the entrainment slot additionally brings about a contact of
      the data carrier against the scanning electrodes 45.
PAR  In this insertion position the second line of the data carrier, which is
      equipped with Hall probes, is still outside of the region of the pole
      shoes 48 of a powerful permanent magnet which in this case represents the
      means producing the action, and the code checker 37 (FIG. 10) places into
      operation the motor 44 by means of a signal via its output line 38. By
      means of the conveyor band 42 driven by the motor 44 the entrainment
      member 41, with the inserted data carrier, is drawn in the direction of
      the arrow 49 into the reading. In so doing the second and the further
      lines of the data carrier successively arrive in the magnetic field
      between the poles shoes 48 so that via the bridge elements the clock track
      controls the clock generator 26 (FIG. 10) and the stored data is detected
      by the measuring unit 27. If the code of the first line is incorrect,
      then, for instance, from the code checker via a switch it is possible to
      reverse the rotational sense of the drive motor 44. Also after completion
      of the reading operation it is possible to reverse the rotational
      direction of the drive motor, for instance controlled via the distributor
      switch 29, so that the data carrier is automatically returned.
PAR  The space 50 of the reader in the case of portable units serves to house a
      battery which can be recharged by a plug arranged in such space 51. In
      this space or compartment 51 there can also be provided a plug which
      permits connecting a printing device for plotting the data stored in the
      data carrier. The upper space or compartment 52 in the reader, and which
      space 52 is closed towards the outside by a window 53, contains an
      indicator device for the indication of the read data.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
PAR  Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the storage and reading of data combined from binary
      characters, comprising a data carrier serving as a storage, said data
      carrier having columns and lines, means provided at intersection points of
      the columns and lines for portraying the binary characters in the form of
      binary signals, a reader for the data carrier which serves to generate
      binary signals portraying the stored data by means of a line-by-line
      scanning of the data carrier and evaluation of the binary signals, the
      improvement comprising: said data carrier having adjacently arranged
      separate signal conductor tracks incorporating intermediate spaces
      extending along the columns and separating the conductor tracks, bridge
      elements provided for the data carrier for the one binary character in the
      intermediate spaces between the conductor tracks at predetermined
      intersection points of the columns and lines, said bridge elements
      interconnecting at the predetermined intersection points both of the
      conductor tracks of a relevant column with one another, said bridge
      elements being reversibly activatable from a first condition which can be
      detected via the conductor tracks of the columns through an external
      action into a second condition portraying a binary character and
      detectable via the conductor tracks, and for the other binary character
      the conductor tracks at other intersection points of the columns and lines
      are selectively either not interconnected with one another or
      interconnected by such bridge elements, and means for rendering
      ineffectual from the outside the action at such other bridge elements for
      retaining the same permanently in the first condition portraying this
      other binary character, and wherein the reader incorporates means for
      generating the action in a region corresponding to a line of the data
      carrier, a feed mechanism for moving relative to one another the data
      carrier and the means generating the action in order to bring about a
      line-by-line scanning of the data carrier, an evaluation device, a
      detector operatively connected with the evaluation device for producing
      output signals for the evaluation device for determining the state of the
      bridge elements of the data carrier via its conductor tracks, said
      detector including a control device for the columnwise connection of pairs
      of conductor tracks determining the individual columns, said detector
      being designed such that its output signals in the case of bridge elements
      activated by the external action and connected therewith via a pair of
      conductor tracks possesses a first signal value portraying one binary
      character and otherwise a second signal value portraying the other binary
      character.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein the data carrier is a card.
NUM  3.
PAR  3. The apparatus as defined in claim 1, wherein the data carrier contains a
      section encompassing one or more lines for the application of fixed data
      and a further section encompassing one or more lines for the application
      of flexible data, and wherein in both sections for the portrayal of the
      one binary character there is a bridge element activatable by the external
      action and for the portrayal of the other binary character in the first
      section for the fixed data there is used an intentionally destroyed bridge
      element or no bridge element and in the other section for the flexible
      data a bridge element provided with means rendering ineffectual the
      action.
NUM  4.
PAR  4. The apparatus as defined in claim 3, wherein the data carrier in the
      other section for the flexible data at all intersection points of the
      columns and lines contains a respective bridge element which can be
      activatable by the external action, and said means rendering ineffectual
      from the outside the action being exchangeable.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein the data carrier is
      provided with a non-transparent cover layer which covers the conductor
      tracks, the bridge elements and the means rendering ineffectual the
      external action, but does not essentially impair such external action.
NUM  6.
PAR  6. The apparatus as defined in claim 1, wherein the bridge elements are
      electrical components which close under the external action a current path
      and selectively change its resistance or conductivity or produce an
      electromagnetic force, and that the conductor tracks are galvanic
      conductor means which are insensitive to the action.
NUM  7.
PAR  7. The apparatus as defined in claim 6, wherein the bridge elements
      comprise electrical components which are selectively sensitive to a
      mechanical action transmitted via the data carrier, to pressure or
      tension, and the means producing the action of the reader serve for
      exerting the mechanical action at the region of a line of the data
      carrier.
NUM  8.
PAR  8. The apparatus as defined in claim 7, wherein there are used as the
      bridge elements of the data carrier contact pairs which can be closed
      under the influence of the external action.
NUM  9.
PAR  9. The apparatus as defined in claim 7, wherein there are used as the
      bridge elements of the data carrier electrical resistance elements the
      resistance of which changes due to the action.
NUM  10.
PAR  10. The apparatus as defined in claim 7, wherein there are employed as the
      bridge elements of the data carrier capacitors whose capacitance changes
      under the mechanical action.
NUM  11.
PAR  11. The apparatus as defined in claim 5, wherein the bridge elements are
      photoelectric components in the form of photoresistors or photoelements,
      and the means of the reader for generating the action are constructed to
      illuminate a region corresponding to a line of the data carrier, and the
      means rendering the action ineffectual comprises a light impervious layer.
NUM  12.
PAR  12. The apparatus as defined in claim 5, wherein the bridge elements are
      heat-sensitive electrical components, and wherein the means of the reader
      generating the action serve to heat a region corresponding to at least the
      bridge elements in a line, and the means rendering ineffectual the action
      are heat shields.
NUM  13.
PAR  13. The apparatus as defined in claim 12, wherein the bridge elements are
      thermistors.
NUM  14.
PAR  14. The apparatus as defined in claim 12, wherein the bridge elements are
      temperature-sensitive resistors and each resistor is enclosed by a
      material which heats up in a high-frequency electrical field, and further
      wherein the means of the reader for generating the action comprises a
      high-frequency generator and electrodes for limiting the radiation field
      to a region corresponding to a line of the data carrier.
NUM  15.
PAR  15. The apparatus as defined in claim 12, wherein there are employed as the
      bridge elements temperature-sensitive resistors composed of a material
      that can be heated by inductive heating, and the means of the reader
      generating the action serve for the inductive heating of a region
      corresponding to a line of the data carrier.
NUM  16.
PAR  16. The apparatus as defined in claim 12, wherein the bridge elements are
      thermoelements.
NUM  17.
PAR  17. The apparatus as defined in claim 16, wherein the conductor tracks of
      the data carrier in the columnwise sequence alternately consist of one
      thermometal and another thermometal, and the thermoelements consist of
      welded together ends of transverse tongues of the conductor tracks.
NUM  18.
PAR  18. The apparatus as defined in claim 5, wherein the bridge elements
      comprise semiconductor devices sensitive to an electrical field, said
      semiconductor devices serving to cause the means of the reader generating
      the action to produce an electrical field in a region corresponding to a
      line of the data carrier, and the means rendering ineffectual the action
      comprise electrical conductive layer means.
NUM  19.
PAR  19. The apparatus as defined in claim 5, wherein said bridge elements are
      electrical components sensitive to a magnetic field and which serve to
      cause the means of the reader producing the action to generate a magnetic
      field, and wherein the means rendering ineffectual the action comprises
      magnetic screening means.
NUM  20.
PAR  20. The apparatus as defined in claim 19, wherein said bridge elements
      comprise Hall elements.
NUM  21.
PAR  21. The apparatus as defined in claim 19, wherein the bridge elements
      comprise alternating-current resistors constituted by inductances with
      magnetic core means composed of a material, the permeability of which is
      dependent upon the intensity of a magnetic field.
NUM  22.
PAR  22. The apparatus as defined in claim 6, wherein the bridge elements of the
      data carrier comprise alternating-current resistors in the form of
      inductances with magnetic core means consisting of a material the magnetic
      properties of which change with temperature, and wherein the means of the
      reader generating the action serve for producing a temperature change in a
      region corresponding to a line of the data carrier.
NUM  23.
PAR  23. The apparatus as defined in claim 1, wherein there are used as the
      bridge elements in the data carrier electrical components which with a
      corresponding external action and a corresponding construction of the
      detector deliver for the binary values direct-current or direct-current
      voltage signals, and for a galvanic coupling of the conductor tracks to
      the detector the data carrier possesses freely exposed portions of the
      conductor tracks.
NUM  24.
PAR  24. The apparatus as defined in claim 1, wherein there are used as the
      bridge elements in the data carrier electrical components which with an
      appropriate action from the outside and an appropriate construction of the
      detector deliver for the binary values alternating-current or
      alternating-current voltage signals, and wherein the conductor tracks of
      the data carrier are completely covered with an insulating layer and the
      reader possesses electrodes by means of which there can be established a
      capacitive coupling of the conductor tracks of the data carrier with the
      detector.
NUM  25.
PAR  25. The apparatus as defined in claim 1, wherein there are used electrical
      components as the bridge elements in the data carrier, the two states of
      which upon the influence of the external action and without such action
      can be detected via an alternating-current voltage, and that the detector
      is connected with the conductor tracks at the latter.
NUM  26.
PAR  26. The apparatus as defined in claim 24, wherein the means for generating
      the action is designed to produce an action which changes in amplitude,
      frequency or phase, and as the bridge elements there are employed in the
      data carrier electrical components which permit a determination of their
      state by the alternately external action by means of the detector.
NUM  27.
PAR  27. The apparatus as defined in claim 1, wherein the reader incorporates a
      clock generator which is controlled by signals delivered by a clock track
      of the bridge elements activated from the outside and wherein the
      connection of the conductor tracks of the data carrier with the detector
      as well as the evaluation device is controlled by the clock pulses of the
      clock generator.
NUM  28.
PAR  28. The apparatus as defined in claim 27, wherein the reader comprises a
      code tester which checks the signals obtained from the bridge elements of
      the first line of the data carrier upon the presence of an external
      action.
NUM  29.
PAR  29. The apparatus as defined in claim 1, wherein the data carrier contains
      bridge elements composed of different electrical components, and further
      wherein the means for producing the external action and the detector are
      constructed for the activation and reading respectively, of said different
      components.
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ABST
PAL  An improved label is provided for use in a system for the identification of
      objects wherein the label is affixed to an object to be identified. The
      label comprises an array of modules of colored elements arranged in a code
      to define data unique to the object and means on the label for altering
      the color of at least a portion of one of the modules in response to a
      condition to which the object is subjected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to object identification systems and in
      particular to an improved label for use in such systems wherein the coding
      on the label is adapted to vary in response to a change in conditions to
      which the object being identified is subjected or within the object.
PAR  In U.S. Pat. No. 3,225,177 which is commonly assigned with the present
      application, a system for the automatic identification of objects is
      disclosed. The commercial form of the invention is marketed under the
      trade name KARTRAK by the Servo Corporation of America of Hicksville, N.Y.
      The KARTRAK system is the American Association of Railroads approved form
      of railroad car identification and, accordingly, virtually every freight
      car in the United States is furnished with a KARTRAK label.
PAR  The label comprises a plurality of stripes formed of retroreflective
      material arranged in a two-position, base four code. At various sites,
      such as freight yards, terminals, etc. scanners are provided which, in
      effect, "read" the labels to decipher alpha-numeric data identifying the
      cars. In this manner, automated surveillance can be maintaind of the
      millions of railroad cars across the country.
PAR  The KARTRAK labels comprise a vertical array of modules of parallel,
      horizontal stripes, each module having two horizontal stripes. The fields
      are colored blue, orange, or black (the absence of blue or orange) and
      white (the presence of both blue and orange). The modules are coded to
      contain information as to the car identification number, carrier
      identification code and equipment code as well as control modules which
      generate a start signal, a stop signal, and parity check code. The
      standard KARTRAK label contains 13 color coded modules.
PAR  In addition to their use on railroad cars, the KARTRAK labels are also used
      on containers, truck trailers and the like. Indeed, such color coded
      labels can be and are used in many other types of object identification
      systems. One of the principal advantages of the KARTRAK and similar
      systems is that the object may be moving while its label is being scanned
      and decoded.
PAR  Oftentimes, the environment within or about an object to which a label is
      affixed is critical. A dramatic example of this is the common refrigerator
      car where it is essential that the temperature within the car be
      maintained below a certain temperature. To this end, the car is equipped
      with the necessary refrigeration equipment. Similarly, there are other
      cars wherein the temperature must be maintained above a certain
      temperature; wherein the pressure must be maintained above or below
      certain critical values; wherein the container must be maintained airtight
      or constant air circulation must be maintained, etc.
PAR  The principal object of the present invention is to provide an improved
      label of the type discussed above which not only contains basic
      identification information but additionally provides constant monitoring
      of the object and generates a signal to an associated scanning station
      indicative of an abnormal condition within or associated with the object.
      A further object is to provide such a system which is compatible with the
      existing KARTRAK system and equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing an improved label for
      use in a system for the identification of objects wherein the label is
      affixed to an object to be identified. The label comprises an array of
      modules of colored elements arranged in a code to define data unique to
      the object and means on the label for altering the color of at least a
      portion of one of the modules in response to a changed condition within
      the object.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a diagrammatic representation of the improved system and label of
      the present invention on associated railroad cars;
PAR  FIG. 2 is a front elevational view of a label in accordance with the
      present invention;
PAR  FIG. 3 is a side elevational view of the label of FIG. 2; and,
PAR  FIGS. 4 and 5 are schematic representations of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As stated, the present invention comprises an improvement on the automatic
      identification system set forth in U.S. Pat. No. 3,225,117 and the details
      and disclosure of that patent are incorporated herein by reference.
      Suffice it to say, the basic system consists of three major components: a
      label 10 which attaches to the object to be identified; a scanner 12 which
      reads the label; and a decoder (not shown) which interprets the
      information from the scanner so as to provide useful information as to the
      identity of a railroad car 14 or other object passing before the scanner.
PAR  As discussed in detail in the above noted patent, the label 10 comprises an
      array of modules of fields of colored elements arranged in code to define
      data unique to the object. The AAR approved label is 10 inches wide by
      22.5 inches high and contains 13 modules 16 arranged vertically one on top
      of the other and extending horizontally across the label. Each of the
      modules consists of two horizontal stripes 18 and 20 which may be colored
      blue, orange, white (blue and orange) or black (neither blue nor orange).
      The stripes are formed of a retroreflective material. In addition to
      carrying coded car identification equipment, each of the labels includes
      control information comprising a start signal module 22, a stop signal
      module 24 and a validity check module 26.
PAR  Scanner 12 is also discussed in detail in the above cited patent. Suffice
      it to say for the present application, the scanner contains a lamp and a
      rotating mirrored wheel which causes a light beam from the lamp to scan
      the label on a passing car vertically from bottom to top. Because of the
      retroreflective nature of the label modules, the reflected light is
      directed back to the scanner where it is split by a dichroic mirror and
      passed through red and blue filters to impinge on photodetectors. The
      photodetectors generate a train of pulses which are subsequently fed to
      the decoding equipment for deciphering as to the identity of the passing
      car.
PAR  As stated before, there are at least three modules that are fixed on all
      labels. Namely, the start, stop and validity check modules. In the AAR
      approved label, reading from bottom to top, the start module is orange and
      blue, the stop module is blue and orange, and the validity check module is
      white and black.
PAR  In accordance with the present invention, it is proposed that means be
      provided for monitoring the object being identified for a particular
      condition. For example, the temperature within refrigerator car 14 may be
      critical or the pressure within pressurized car 15 may be critical and
      their conditions are monitored by means of a thermostat or other
      appropriate sensor. If the critical condition is met, the color of at
      least a portion of at least one of the modules is changed from its normal
      color so that when the scanner detects the changed condition, an alarm
      signal can be generated. While theoretically any color stripe on any
      module of a label can be utilized for this monitoring purpose, in the
      following description the blue stripe of the stop module will be used. It
      should be realized, however, that each of the modules can take on any one
      of 16 combinations. Since only 10 of the combinations are utilized (to
      represent the digits 0 through 9) each module has six spare combinations
      which can be used for purposes of the present application.
PAR  An aperture 28 is cut in the label 10 in the chosen module or modules. In
      the first embodiment of the present invention, a nonretroreflective
      colored filter 30 is positioned over the aperture. The color of the filter
      30 is chosen opposite from the color of the portion of the module
      containing the aperture. Thus, for example, if the aperture is cut in the
      orange portion 20 of the stop module 24, a blue filter 30 would be
      positioned over the aperture. A lamp 32 is provided behind the aperture.
      The lamp is connected through a power supply 34 to a sensor 36 adapted to
      detect the condition being monitored. Thus, in the example illustrated in
      FIG. 1, the sensor 36 may comprise a thermostat within the refrigerated
      car. In the event the temperature within the car exceeds a certain limit,
      the contacts of the thermostat will close causing lamp 32 to glow.
      Therefore, when the scanner 12 reads module 24 on label 10 it will see it
      as one blue stripe and one white stripe rather than a blue stripe and
      orange stripe module. The associated decoder would thus be programmed to
      generate an appropriate alarm signal in response to the blue stripe, white
      stripe signal for module 24 instead of the normal signal generated for
      this module. If conditions within the car are proper, the scanner 12 would
      not pick up any blue light added to the organe field 20 of module 24 (thus
      making it appear as white to the scanner) since filter 30 is not
      retroreflective. Thus, in the event of normal conditions, the scanner
      would read module 24 as being blue and orange -- the normal colors for
      this module. Thus, each time the scanner reads the label for
      identification information, it also makes a determination that conditions
      within the car are normal. In a successful practice of the invention, a 1
      .times. 1/2 inch aperture was cut in an orange module of a conventional
      KARTRAK label. A blue filter -- identical with the filter within the
      scanner was placed over the aperture and a 60 watt bulb was positioned
      behind the aperture. With the bulb off, the KARTRAK equipment read the
      module as orange. With the blub on, the KARTRAK equipment read the module
      as white (orange and blue combined).
PAR  The above described embodiment requires a power source to energize lamp 32.
      Normally, this is not a problem in the railroad industry since most cars
      that carry critical loads, such as refrigertor cars, are provided with
      power. However, the need for an outside power supply may pose a problem in
      non-railroad usages. This problem is solved in an alternate embodiment of
      the present invention depicted in FIG. 5.
PAR  In this alternate embodiment, a label 10 is provided with an aperture 28 as
      before. A solar cell 38 is positioned behind the aperture connected to a
      light emitting diode 40 and the load monitoring switch 42. The diode 40 is
      so constructed as to emit on a specific wavelength that adds the proper
      amount and color of light to make the color alteration discussed above.
      Accordingly, an orange light emitting diode would be provided on a blue
      portion of a module while a blue light emitting diode would be provided on
      the orange portion of the module. When conditions being monitored are
      normal, switch 42 remains open and diode 40 emits no light. If an abnormal
      condition develops, switch 42 closes. When the light from scanner 12
      impinges on diode 38, electrical power is generated which causes diode 40
      to emit light resulting in the alteration of at least a portion of the
      module color. This alteration is detected by the scanner and decoder as
      before. A clear filter 44 may be provided across the aperture to collect
      dust and dirt to ensure that the light from the diode 40 decays evenly
      with the retroreflected light from the remainder of the label as dirt and
      grime build up on the car.
PAR  While the above discussion is directed at an AAR approved KARTRAK label, it
      should be realized that the basic principle of the present application can
      apply equally as well to other optical to electronic translating object
      identification systems. Accordingly, the present invention should not be
      limited to the disclosed embodiment but rather should be construed in
      accordance with the appended claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a system for the identification of objects wherein the system is of
      the type comprising: a label affixed to each object to be identified, said
      label comprising an array of modules of colored elements arranged in a
      code to define data unique to the object and a scanning station including
      optical to electronic translating means adapted to scan each element of
      said array and generate an electronic signal in response to the color of
      each module scanned, the improvement comprising: means on said label for
      altering the color of at least a portion of one of said modules in
      response to a condition within said object and means at said station for
      detecting said altered module.
NUM  2.
PAR  2. The system in accordance with claim 1 wherein said at least one module
      is of a first color and said means includes an aperture in said module, a
      light source of a second color positioned behind said aperture, sensing
      means within said object for determining said condition, and means
      interconnecting said light source and sensing means completing a circuit
      therebetween.
NUM  3.
PAR  3. The system in accordance with claim 1 wherein said label array of
      modules is arranged in a base four code comprising a first color, a second
      color, both said first and second colors and neither of said first nor
      second colors.
NUM  4.
PAR  4. The system in accordance with claim 3 wherein said scanner generates a
      first signal corresponding to the color of said one module when said means
      are not activated and a second signal corresponding to the presence of
      both said first and second colors when said means are activated.
NUM  5.
PAR  5. The system in accordance with claim 1 wherein said label modules are
      formed of retroreflective material.
NUM  6.
PAR  6. The system in accordance with claim 5 including at least one module of a
      first color, an aperture in said one module, a nonretroreflective light
      source of a second color positioned behind said aperture, a power source,
      sensing means within said object for determining said condition, and means
      interconnecting said light source and power source responsive to said
      sensing means.
NUM  7.
PAR  7. The system in accordance with claim 1 wherein said scanner is of the
      type adapted to direct light on said label and said altering means
      includes first means for connecting said light into electrical energy and
      second means powered by said energy.
NUM  8.
PAR  8. The system in accordance with claim 7 wherein said labels are formed of
      retroreflective material and said second means includes an aperture in
      said one module, a nonretroreflective light source of a second color
      positioned behind said aperture, sensing means within said object for
      determining said condition, and means interconnecting said light source
      and sensing means completing a circuit therebetween.
NUM  9.
PAR  9. The system in accordance with claim 8 wherein said light source
      comprises a light emitting diode.
NUM  10.
PAR  10. A label for use in a system for the identification of objects, said
      label being affixed to an object to be identified and comprising: an array
      of modules of colored elements arranged in a code to define data unique to
      the object and means on said label for altering the color of at least a
      portion of one of said modules in response to a condition within said
      object.
NUM  11.
PAR  11. The label in accordance with claim 10 wherein said at least one module
      is of a first color and said means includes an aperture in said module, a
      light source of a second color positioned behind said aperture, and means
      for interconnecting said light source with sensing means within said
      object for determining said condition.
NUM  12.
PAR  12. The label in accordance with claim 10 wherein said array of modules is
      arranged in a base four code comprising a first color, a second color,
      both said first and second colors and neither of said first nor second
      colors.
NUM  13.
PAR  13. The label in accordance with claim 12 wherein said module appears to an
      associated scanner as being of a first color when said altering means are
      not activated and said module appears to an associated scanner as being of
      both said first and second colors when said altering means are activated.
NUM  14.
PAR  14. The label in accordance with claim 10 wherein said modules are formed
      of retroreflective material.
NUM  15.
PAR  15. The label in accordance with claim 14 including at least one module of
      a first color, an aperture in said module, a nonretroreflective light
      source of a second color positioned behind said aperture and means for
      interconnecting said light source with a power source in response to
      sensing means within said object for determining said condition.
NUM  16.
PAR  16. The label in accordance with claim 10 wherein said altering means
      includes first means for converting incident radient energy into
      electrical and second means powered by said electrical energy.
NUM  17.
PAR  17. The label in accordance with claim 16 wherein said modules are formed
      of retroreflective material and said second means includes an aperture in
      said one module, a nonretroreflective light source of a second color
      positioned behind said aperture and means for interconnecting said light
      source and sensing means within said object for completing a circuit
      therebetween.
NUM  18.
PAR  18. The label in accordance with claim 17 wherein said light source
      comprises a light emitting diode.
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ABST
PAL  An improved remote register is provided with a novel locking device for
      prevention of rotation of the digital counter upon removal of the register
      cover. The cover includes an integral cam positioned to disengage the lock
      upon replacement of the cover. The remote register further includes
      integral mounting brackets and an electromagnetic relay having a unitary
      pawl and armature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to remote registers and more
      particularly to a remote register used in combination with a fluid-flow
      meter such as a conventional water meter. Normally, a water meter is found
      in the basement or garage of a private home or building and, as such, is
      not readily available for periodic readings. To eliminate this
      inconvenience, water meters are provided with an impulse generator, the
      impulse generator being adapted to transmit an electrical impulse to a
      remote register located at an outside position. The electrical impulse is
      generated in response to predetermined amounts of fluid flowing through
      the meter, as for example, 10, 100 or 1,000 gallons. At each actuation of
      an impulse, the remote register indicates the appropriate numerical
      information. Numerous generators are applicable for the present invention
      which periodically generates an electrical impulse in response to a
      predetermined volume of flow.
PAR  Remote registers referred to above are known in the art and generally
      comprise a casing in which is mounted an electromagnetic counting
      mechanism having a plurality of numbered wheels mounted coaxially on a
      shaft and operable by means of interacting transfer pinions to register a
      numerical value.
PAR  Heretofore, numerous problems have been associated with the known types of
      remote registers. Of primary importance is the fact that the numbered
      wheels may be inadvertently rotated when the cover is removed for
      inspection or maintenance. This obviously leads to subsequent incorrect
      readings. In order to negate the aforesaid, it is an object of the present
      invention to provide a remote register unit having a locking mechanism
      which automatically prevents rotation of the numbered wheels when the
      register cover is removed.
PAR  It is a further object of the invention to provide a remote register having
      integral construction.
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art upon a further reading of the specification.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a remote register is provided
      which comprises a base and removable cover, the base member includes
      integral means for mounting an electromagnetic relay and a counter system
      comprising a plurality of numbered wheels coaxially and rotatably mounted
      on a shaft, one of the numbered wheels including a ratchet wheel, transfer
      pinions coaxially mounted to a shaft to operatively engage the numbered
      wheels; locking means normally biased to engage and lock the transfer
      pinions, the locking means comprising a bar mounted parallel to the
      transfer pinion shaft and including an actuating extension; the cover
      including an integral cam positioned to engage the extension, whereby upon
      positioning the cover on the base, the extension and bar are forced away
      from engagement with the transfer pinions.
PAR  The base and cover may be of any desired size and generally are of
      rectangular configuration. As in standard devices, the cover includes a
      generally rectangular window thus to permit viewing of the top-most
      numbers of each numbered wheel. These numbers may optionally indicate rate
      or volume of fluid flow.
PAR  There has thus been broadly outlined the more important features of the
      invention in order that the detailed description thereof that follows may
      be better understood, and in order that the present contribution to the
      art may be better appreciated. There are, of course, additional features
      of the invention that will be described hereinafter and which will form
      the subject of the claims appended hereto. Those skilled in the art will
      appreciate that the conception upon which this disclosure is based may be
      utilized as a basis for the designing of other structures for carrying out
      the several purposes of the invention. It is important, therefore, that
      the claims be regarded as including such equivalent constructions as do
      not depart from the spirit and scope of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of the remote register of the invention;
PAR  FIG. 2 is a side elevation view illustrating the locking mechanism when the
      cover is in place;
PAR  FIG. 3 is a view similar to FIG. 2 but partially in phantom illustrating
      the locking mechanism when the cover is partially removed;
PAR  FIG. 4 is a plan view of the biasing element for the locking device; and
PAR  FIG. 5 is a view taken along line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, the remote register of the invention comprises a
      base generally indicated by the numeral 10, and a cover generally
      indicated by the numeral 12, the base and cover have mating edges forming
      a watertight seal and are retained in closed relationship by means of
      spring clips 14. The cover 12 and base 10 are constructed of any suitable
      material and preferably are of plastic. As stated above, the cover
      includes a window (not shown) through which a person may view the numerals
      registered on numbered wheels 16, 17, 18, 19 and 20, the arrangement of
      which will be discussed hereinafter.
PAR  For mounting the various elements of the register, integral structure is
      provided with the base member 10, and to this end, it is preferred to form
      the entire base 10 and supporting elements of plastic which can be readily
      manufactured, for example, by a suitable molding process. The integral
      nature of the base and mounting members lends to the effectiveness of the
      invention by reducing the number of individual elements and thus
      materially negating the possibility of failure and repair.
PAR  Integrally provided with base 10 are a pair of support posts 22 and 24 each
      having identical retention means for mounting the locking bar 26, transfer
      pinion shaft 28 and numbered wheel shaft 30. The base 10 further includes
      an integral mounting block 32 to which is secured, by any suitable means
      such as screws 34, a relay mechanism generally indication by the numeral
      36.
PAR  The relay mechanism comprises a winding 38 and a C-shaped core having
      generally parallel arms 40 and 42. Arm 40 is bifurcated for reciprocally
      mounting armature 44 thereon as is more clearly illustrated in FIG. 2. To
      this end, the armature 44 is formed with an intermediate step 45 and is
      thus generally S-shaped in longitudinal cross section. Step 45 of armature
      44 loosely fits within the bifurcation of core arm 40, thus permitting
      limited pivoting of armature 44. Armature 44 is normally biased into a
      non-contact position by compression spring 47 which in turn is mounted on
      base 10 on an integral post 48. Armature 44 further includes, as an
      extension on one end thereof, a stepping pawl 46.
PAR  It is preferred that the stepping pawl 46 be constructed of a
      non-conductive material such as plastic. Accordingly, the stepping pawl 46
      is connected to armature 44 by any securing means such as by rivets. As
      shown in FIG. 2, one of the rivets may provide cooperating retention means
      for compression spring 47.
PAR  Referring now to the counter assembly, the numbered wheels 16 through 20
      are coaxially mounted on shaft 30 and the latter is mounted to posts 22
      and 24 and retained thereon by springs 31. Each wheel carries a series of
      numbers from 0 to 9 progressing in clockwise manner whereby upon clockwise
      rotation thereof a progressively higher number is shifted to a position
      opposite the viewing window of the cover. Numbered wheel 16 indicates the
      lowest digits such as 1's, 10's, or 100's and includes a ratchet wheel 48
      (FIG. 2) which cooperates with stepping pawl 46 for sequential rotation.
      Numbered wheels 17 through 20 are sequentially rotated in known manner by
      means of transfer pinions 50 coaxially mounted on shaft 28 which is
      secured in posts 22 and 24 by press fit. The sequential rotation of the
      numbered wheels by means of the transfer pinions is well known and,
      therefore, will not be described in detail. Simply stated, each wheel
      carries a cog (not shown) which engages a transfer pinion 50 upon a full
      rotation of that wheel. The transfer pinion acts to shift the next wheel
      one position for each full rotation of the preceding wheel.
PAR  Shafts 28 and 30 of transfer pinions 50 and numbered wheels 17-20 are
      uniquely coupled by springs 31, as shown. Such arrangement allows for
      simplicity of assembly as the shaft 30 carrying numbered wheels 17-20
      merely snaps into slots 33 of fixed posts 22 and 24. Such arrangement
      allows for relaxation of the tolerances and provides a floating
      characteristic to the assembly. Moreover, resetting of the numbered wheels
      is accomplished with facility and setting of the wheels may be done
      individually.
PAR  Also fixed to posts 22 and 24 is a locking member. The locking member
      includes a bar 26, preferably terminating in L-shaped end extensions 52,
      54 for mounting within retention holes 56,58 of posts 22 and 24 and thus
      providing for pivotal movement of bar 26. Locking bar 26 further includes
      a generally U-shaped section 60 which acts in cooperation with a cam in a
      manner to be described hereinafter. Biasing means are provided in
      association with the locking bar to normally urge the bar in a direction
      away from base 10. As is shown clearly in FIGS. 4 and 5, the biasing means
      preferably is a torsion spring 58 having one arm engaging the base 10 and
      the other arm engaging locking bar 26, thus adapted to normally force the
      locking bar 26 away from the plane of the base 10 and toward the transfer
      pinions 50. Although the locking bar arrangement has been described herein
      with reference to a torsion type spring and a specific configuration, it
      is to be understood that any type of biasing means and configuration is
      appropriate for the invention as long as the bar is pivotal along an axis
      substantially parallel to the base and transfer pinions and is biased in a
      direction generally away from the base and towards the transfer pinions to
      engage the same.
PAR  The locking operation will now be described with reference to FIGS. 2 and
      3. As shown in these figures, cover 12 includes, as an integral part, at
      least one inwardly directed cam 62 which is positioned to engage an
      actuating extension 60 of locking bar 26. Thus, when cover 12 is closed,
      as shown in FIG. 2, cam 62 engages extension 60, forcing locking bar 26
      away from transfer pinions 50 and this position corresponds to the
      unlocked or operative position which permits free rotation of transfer
      pinions 15 and numbered wheels 16-20 by action of stepping pawl 46.
      However, when cover 12 is removed, as shown in FIG. 3, cam 62 disengages
      extension 60 thereby permitting locking bar 26 to move in its normally
      biased direction away from base 10 by the action of spring 58. At its
      fully extended position, locking bar 26 engages transfer pinions 50 thus
      preventing rotation thereof as shown in FIG. 3. In such manner transfer
      pinions 50 as well as the numbered wheels 16-20 are effectively locked
      against inadvertent rotation while cover 12 is removed.
PAR  Although not forming a part of the invention herein described, one skilled
      in the art will appreciate that the remote register described herein
      includes suitable electrical contact leads directed from relay 36 to a
      pulse generator (not shown) at the cite of a standard metering device.
PAR  From the foregoing it will be appreciated that the remote register of the
      invention fulfills the objects hereof in providing for locking of the
      counter mechanism upon removal of the cover and further in providing a
      device of unitary construction subject to less likelihood of breakage and
      repair.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a remote register comprising a base and cover, relay means including
      an armature, a stepping pawl and a plurality of numbered wheels coaxially
      mounted on a shaft for sequential rotation, said wheels being operatively
      interconnected by transfer pinions rotatably mounted on a shaft, one of
      said numbered wheels including a ratchet wheel engageable by said stepping
      pawl, the improvement which comprises:
PA1  locking means including a bar pivotally mounted along an axis parallel to
      said base and said transfer pinion shaft, said locking means including an
      actuating member;
PA1  biasing means arranged to normally urge said locking bar into engagement
      with said transfer pinions; and
PA1  cam means operatively associated with said cover and positioned to engage
      said actuating member and to force said locking means against the action
      of said biasing means out of engagement with said transfer pinions when
      said cover is positioned on said base and to release said locking means
      when said cover is removed from said base whereby upon removal of said
      cover, said cam disengages said actuating member and said locking bar is
      urged into engagement with said transfer pinions to prevent said transfer
      pinions and numbered wheels from rotation.
NUM  2.
PAR  2. A remote register according to claim 1 wherein said base includes a pair
      of integral mounting posts having retention means for mounting said
      numbered wheel shaft, said transfer pinion shaft and said locking means
      thereon.
NUM  3.
PAR  3. A device according to claim 1 wherein said base includes an integral
      mounting block to which said relay means is mounted.
NUM  4.
PAR  4. A device according to claim 1 wherein said relay means comprises a
      winding, a C-shaped core, one arm of which is bifurcated and an armature
      pivotally positioned on said bifuracted arm.
NUM  5.
PAR  5. A device according to claim 4 wherein said armature is integral with
      said stepping pawl.
NUM  6.
PAR  6. A device according to claim 2 wherein said locking bar is characterized
      by L-shaped ends pivoted in said mounting posts, an elongate locking
      section, and a U-shaped actuating member.
NUM  7.
PAR  7. A device according to claim 6 wherein said biasing means comprises a
      torsion spring having one arm engaging said base and another arm engaging
      said elongate locking section.
NUM  8.
PAR  8. A device according to claim 1 wherein said cam comprises an integral
      post within said cover.
NUM  9.
PAR  9. A remote register which comprises in combination:
PA1  a base including integral mounting posts and mounting block;
PA1  a cover dimensioned to close upon said base and including an integral
      inwardly disposed cam;
PA1  electrical relay means mounted to said mounting block and including a
      winding and a U-shaped core, one arm of said U-shaped core being
      bifurcated, an integral armature and stepping pawl pivotally mounted to
      said bifurcated arm;
PA1  a plurality of numbered wheels coaxially mounted to a shaft; said shaft
      being mounted to said mounting posts, one of said wheels including a
      ratchet wheel operatively engaging said stepping pawl;
PA1  a plurality of transfer pinions coaxially mounted on a shaft, said shaft
      being mounted to said mounting posts, said transfer pinions operatively
      engaging said numbered wheels for sequential rotation thereof; and
PA1  locking means comprising a bar including L-shaped ends mounted pivotally to
      said mounting posts and a U-shaped actuating member positioned to engage
      said cam, a torsion spring normally urging said bar into engagement with
      said transfer pinions to prevent rotation thereof, whereby upon removal of
      said cover, said locking bar engages and fixes said transfer pinions and
      upon placement of said cover, said cam forces said actuating member and
      locking bar out of engagement with said transfer pinions.
NUM  10.
PAR  10. A device according to claim 9 wherein said integral armature and
      stepping pawl includes an intermediate step dimensioned for reception and
      mounting on said bifurcated arm.
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ABST
PAL  This invention relates to a control system for a motion picture film
      printer and more particularly relates to a system for initiating and
      controlling various printer operations.
BSUM
PAR  In the printing of a positive motion picture film from a negative, it is
      necessary to operate the printer in different manners for different
      portions of the film. For example, it is sometimes necessary that less
      printing light be used for some scenes than for others or that scenes be
      faded, dissolved or deleted. These various printer operations are referred
      to herein as printer functions. The time at which these changes in printer
      operation are to occur are predetermined by the film editors or other
      experts who review the negative and chronologically list the changes in
      printer functions and the negative frame at which they are to be
      initiated.
PAR  Generally, a printer function controller is provided with suitable control
      information encoded on cards or a tape and acts to alter the operation of
      the printer in accordance with this information. In presently available
      systems, the operation of the printer function controller is controlled or
      initiated by cuing devices formed on the negative film being printed. Such
      cuing devices commonly take the form of notches cut in the edge of the
      negative which operate an electrical switch, conductive ink marks on the
      negative which complete a circuit, or a conductive or inductive metal tape
      or rivet mounted on the negative whose encoded information triggers an
      electrical circuit. In each case the cuing devices actuate the controller
      to change printer operation and advances the tape or card in the printer
      function controller so that a new set of encoded information is sensed or
      read by the controller and used to vary printer operation upon the
      occurrence of the next cuing signal.
PAR  The cuing systems just discussed all have disadvantages which limit the
      desirability of their use. The use of notches seriously weakens the
      mechanical strength of the negative and thus subjects it to frequent
      tearing with the consequent disruption of the printing process. Moreover,
      the notches once cut are permanent, and hamper any attempt to re-edit the
      negative as is often desired. The conductive ink loses conductivity over a
      period of time and is subject to removal during the handling of the
      negative. Such conductive cue marks are also subject to failure due to
      corrosion which causes loss of contact. The metal tapes are difficult to
      secure to the film, and usually must be designed for an optimum printing
      rate in order to properly operate the cue sensing device. In practice, the
      printing rate varies over a considerable range, causing the cue sensing
      device to fail, especially with the inductive type pickups. The various
      electrical type cuing devices, like the notches, are also unsatisfactory
      because of the difficulties they present when it is desired to re-edit the
      negative. The number of operations that can be handled by such systems is
      limited by the physical characteristics of the negative. A system using
      notches, for example, is limited to controlling only two operations, as
      only two notches, one on each edge of the negative, can be provided.
PAR  According to the present invention, an improved cuing system has been
      provided which does not require that the negative itself be in any way
      involved in producing the cuing signal. The cuing signals are provided on
      a separate information storage medium which is provided with information
      relating to both the function which is to occur and the frame at which
      time it is to occur. This information can then be used in conjunction with
      a negative frame counter at the printer to produce signals for actuating
      the function controller in the proper manner. The invention thus enables
      the printing process to proceed without damage to the negative and
      provides a permanent record of the manner in which the negative was
      printed. If it is desired to re-edit the negative, this can easily be done
      on a separate storage medium and this medium then used to control the
      printer. The same negative may thus be used to provide a plurality of
      different positive prints, such as are required for movie theater and
      television use. Furthermore, since the cuing information is contained on a
      separate storage medium, there is no physical limitation to the amount of
      information that may be used, and thus any desired number of printer
      operations may be handled by this system.
PAR  Although reference is made to printing a positive from a negative, it is
      readily apparent that insofar as the printer is concerned, the operation
      could be printing a negative from a positive, or making matrices for use
      in an imbibition process. The terms negative and positive should be
      considered interchangeable for the purpose of this invention.
PAR  It is therefore an object of the present invention to provide a control
      system for a motion picture film printer.
PAR  It is also an object of the present invention to provide a method for
      printing a motion picture film.
PAR  It is another object of the present invention to provide a cuing system for
      controlling the operation of a motion picture film printer.
PAR  It is a further object of the present invention to provide a method of
      cuing a motion picture film printer so that it performs a desired sequence
      of operations.
PAR  It is a still further object of the present invention to provide a cuing
      system for a motion picture film printer in which the cuing information is
      contained on an information storage medium other than the negative.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent upon reference to the accompanying description and drawings
      in which:
PAR  FIG. 1 is an electrical block diaphragm of a system for encoding cuing
      information on a tape;
PAR  FIG. 2 is an electrical block diaphragm of a system for controlling a
      motion picture film printer by means of the encoded tape of FIG. 1; and
PAR  FIG. 3 is a plan view of a typical tape which may be used in the present
      invention and the manner in which the cuing information is stored thereon.
DETD
PAR  Referring now to FIG. 1, the negative film 12 is wound on a suitable reel
      14 and is passed through a negative frame counter 16 to a pickup reel 18.
      The pickup reel 18 is usually hand driven by a crank and gear assembly to
      permit visual inspection by the operator and to allow the film to be
      stopped at the preselected cue points. The negative frame counter 16 has a
      first output, which may be electrical or mechanical, and which is fed to a
      count display 20 as is conventional. The count display 20 indicates to the
      operator a number corresponding to the sequential number of the frame
      located at an index point on the editing table.
PAR  The negative frame counter 16 has a second output which is fed to a decimal
      to binary converter 22 which converts the counter output to binary form.
      If desired, of course, the decimal to binary converter 22 can be
      incorporated as a part of the negative frame counter 16. The output of the
      decimal to binary converter 22 is fed to a conventional tape punch 24.
      When a desired frame number is registered, the operator actuates the tape
      punch 24 and it makes suitable holes in the tape indicative of the
      negative frame number counted from a fixed index at the lead end of the
      reel. The tape punch is also actuated at this time to establish on another
      area of the tape the type of function which the printer is to perform, as
      previously determined by the film editors. The tape 26 may be constructed
      of paper, plastic, or any of the other well known materials used in the
      manufacture of tapes of this type.
PAR  Referring now to FIG. 2, there is shown a system for controlling a printer
      in response to the information encoded on the tape by the system of FIG.
      1. The negative 12 is fed through a negative frame counter 32 located in
      or adjacent to a printer 34. A positive film 36 is also fed to the printer
      which produces an undeveloped positive print corresponding to the negative
      12. The negative frame counter 32 has an electrical output which is fed to
      a first input of a count coincidence detector circuit 40. This detector
      circuit may take the form of one of the suitable circuits disclosed in the
      book Waveforms, published in 1949 by the McGraw-Hill Co. as Volume 19 of
      the "Radiation Laboratory Series", in the chapter beginning at page 364.
PAR  The encoded tape 26 is fed into a tape reader and advance 42 of the type
      well known in the art for producing an output signal in response to
      information contained on a tape, for example, one utilizing a source of
      light, and photosensitive detectors for reading punched holes in a tape.
      As the tape has two independent sets of information established thereon,
      two separate reading elements are necessary. The reader thus producing two
      output signals, the first signal 44 being indicative of the negative frame
      number and the second signal 46 being indicating of the printer function.
PAR  The first output 44 of the tape reader 42 is fed to a binary to decimal
      converter 48, the output of which is fed to a second input of the count
      coincidence detector circuit 40. A first output of the count coincidence
      detector circuit 40 is applied to the gating input of a gate 50. In a
      typical example, gate 50 consists of a plurality of relays actuated by the
      coincidence detector circuit 40 and tape reader output 46 to transmit the
      signal representing the selected printer function or functions to
      controller 52. Multiple gating arrangements of this and other types are
      well known in the prior art. A second output of the count coincidence
      detector circuit 40 is fed back to the tape reader and advance 42 to cause
      the encoded tape 26 to be advanced to its next position.
PAR  The second output 46 of the tape reader 42 is fed to the input of the
      normally closed gate 50. Upon the occurrence of an output signal from the
      coincidence circuit 40, however, the gate 50 is opened, and the output 46
      of the tape reader 42 is passed to the input of a printer function
      controller 52 which utilizes the information to produce an output signal
      which is used in the conventional manner to control the operation of the
      printer 34.
PAR  The manner in which the tape 26 may be encoded is shown in FIG. 3. In this
      figure, the tape is shown to have three encoded sections, indicated at A,
      B and C. In actual practice, of course, the tape could be provided with
      any desired number of encoded sections, each section containing two sets
      of information, the first relating to the negative frame number and the
      second relating to the printer function. The Section A shows the tape with
      all possible holes punched. As can be seen, there are three rows of holes,
      each row having eight holes. In a typical application, four of the holes
      in the first row and all of the holes in the second and third rows are
      used for negative frame number information and the remaining four holes in
      the first row are used for printer function information. In the type of
      binary counting system used and shown, if a punched hole indicates a one
      and no hole a zero, zero is represented by 0000, the number one by 1000,
      two by 0100, three by 0010, four by 1100, five by 0110, six by 1110, seven
      by 0001, eight by 0011 and nine by 1111. By use of this system up to
      99,999 frames may be counted by use of the decade representation
      illustrated in FIG. 3.
PAR  The four holes indicating printer function information may be coded in any
      suitable fashion. For example, if a hole indicates a one and no hole a
      zero, a light change may be indicated on the tape as 0000, a fade as 1000,
      a scene deletion as 0100, a zero cut as 1100, a light change and fade as
      1010 and so forth. Thus, in FIG. 3, the section B contains the information
      that a fade is to take plate at the 722nd frame, while section C calls for
      a light change and fade at the 878th frame.
PAR  In the operation of the system of FIG. 2, the encoded tape 26 is threaded
      into starting position in the tape reader 42. The tape 26 is positioned in
      the tape reader so that the holes encoding the first frame count at which
      a printer function is scheduled to occur are read by a first set of
      photoelectric reading elements and the holes encoding the printer function
      information are read by a second set of reading means. Thus, before the
      printer is started, the tape reader has a first binary output representing
      a frame count, and a second binary output 46 representing the printer
      function. The negative 12 is then threaded into the printer 34 and is
      positioned so that the negative frame counter 32 reads zero.
PAR  The frame count from the negative frame counter 32 is fed to the
      coincidence detector 40 which also receives the output 44 from the tape
      reader 42, as converted to a decimal signal by the converter 48. Thus,
      when the printer is ready to start, the coincidence detector 40 contains a
      zero frame count from the negative and a first frame count from the tape
      26, the coincidence circuit 40 has no output, and the gate 50 is closed.
      The printer is now started.
PAR  When the negative frame counter 32 produces a frame count equal to the
      count in the coincidence detector 40 from the tape reader 42, the
      coincidence detector produces an output signal which is applied to the
      gate 50,, opening the gate. The information cntained in the output signal
      46 may now pass to the printer function controller 52 which operates in
      response to this signal to alter the operation of the printer 34 in the
      preselected manner. The coincidence detector 40 also produces an output
      signal to the tape reader and advance 42 which causes it to advance the
      encoded tape 26 to the next encoded section on the tape. As the two inputs
      to the coincidence detector 40 are now dissimilar, the gate 50 is closed
      and information cannot pass to the printer function controller 52 until
      the next coincidence occurs.
PAR  From the foregoing description it can be seen that an improved system and
      method has been provided for cuing a printer function controller. The
      present system and method requires no mutilation or alteration of the film
      negative and thus greatly reduces the amount of handling that the negative
      is subject to, thereby eliminating a common cause of damage to the
      negative. The cuing information is contained on a completely independent
      medium, and thus any number of different control patterns may be
      established for a single negative. The various patterns may be easily and
      quickly substituted by relatively unskilled personnel so that a number of
      differently edited films may be printed from the same negative without the
      negative itself being touched.
PAR  While FIG. 1 shows a decimal to binary converter, if frame counter 16 has a
      binary output as well as digital count display, no converter is necessary.
      Likewise in FIG. 2, converter 48 would not be needed if frame counter 32
      provided a binary output.
PAR  While the present invention has been illustrated and described in
      connection with a punched tape and photoelectric tape reading means, it
      should be understood that any suitable information storage medium and
      reading or decoding device could be used. The medium could, for example be
      a magnetic tape, magnetic numbers in digital form on tape, printed numbers
      which are optically scanned, or a stack of encoded cards, each card
      containing one or more sets of information. The invention may be embodied
      in other specific forms not departing from the spirit or central
      characteristics thereof. The present embodiments are therefore to be
      considered in all respects as illustrative and not restrictive, the scope
      of the invention being indicated by the appended claims rather than by the
      foregoing description, and all changes which come within the meaning and
      range of equivalency of the claims are therefore intended to be embraced
      therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for cuing and actuating a controller by means of information
      relating to a printer function and the negative frame number at which it
      is to occur encoded on a storage medium, said controller controlling the
      functioning of a motion picture printer printing a positive print from a
      negative, the combination comprising:
PA1  means for passing said negative through said printer;
PA1  a counter for counting the negative frames entering said printer and
      producing an output signal indicative of the number thereof;
PA1  first means coupled with said storage medium for producing an output signal
      indicative of the negative frame number information encoded thereon;
PA1  a coincidence detector coupled to said counter and said first means and
      responsive to the output signals therefrom to produce an output signal
      upon a coincidence thereof;
PA1  second means coupled with said storage medium for producing a control
      signal indicative of the printer function information encoded thereon; and
PA1  a gate having first and second inputs and an output, said first input being
      coupled with the output of said coincidence detector, said second input
      being coupled with the output of said control signal producing means, said
      output being connected to said controller, said gate being operative to
      pass said control signal to said controller upon the occurrence of a
      signal at said first input.
NUM  2.
PAR  2. In a system for cuing and actuating a controller by means of information
      relating to a printer function and the negative frame number at which it
      is to occur encoded on a storage medium, said controller controlling the
      functioning of a motion picture printer printing a positive print from a
      negative, the combination comprising:
PA1  means for passing said negative through said printer;
PA1  a counter for counting the negative frames entering said printer and
      producing an output signal indicative of the number thereof;
PA1  first reading means coupled with said storage medium for producing an
      output signal indicative of the negative frame number information encoded
      thereon;
PA1  a coincidence detector having a first input coupled to said counter and a
      second input coupled to said first reading means, and an output, said
      detector being responsive to a coincidence of said counter output signal
      with said signal produced by said first reading means for producing a
      signal at the output thereof;
PA1  second reading means coupled with said storage medium for producing a
      control signal indicative of the printer function information encoded
      therein; and
PA1  a normally closed gate circuit having first and second inputs and outputs,
      said outputs being coupled to said controller, said second input being
      coupled to said second reading means, and said first input being coupled
      to the output of said coincidence circuit, said gate circuit normally
      blocking the passage of said control signal from said second reading means
      to said controller, said gate circuit being operative in response to an
      output signal from said coincidence detector to permit passage of said
      control signal from said second reading means to said controller.
NUM  3.
PAR  3. In a system for cuing and actuating a controller by means of sets of
      information relating to a plurality of printer functions and the number of
      the negative frames at which they are to occur encoded on a tape, said
      controller controlling the functioning of a motion picture printer
      printing a positive print from a negative, the combination comprising:
PA1  means for passing said negative through said printer;
PA1  a counter for counting the negative frames entering said printer and
      producing an output signal indicative of the number thereof;
PA1  a tape reader for reading said tape, said tape reader having first reading
      means for producing an output signal indicative of the negative frame
      number encoded in a first set of information on said tape and second
      reading means for producing a control signal indicative of the printer
      function encoded in said first set of information on said tape;
PA1  a coincidence detector having a first input coupled to said counter and a
      second input coupled to said first reading means, and an output, said
      detector being responsive to a coincidence of said counter output signal
      with said signal produced by said first reading means for producing a
      signal at the output thereof; and
PA1  a gate circuit having a first input coupled to said second reading means
      and an output coupled to said controller whereby said control signal can
      be passed from said second reading means to said controller, said gate
      circuit having a second input coupled to the output of said coincidence
      detector, said gate circuit being operative to block passage of said
      control signal from said second reading means to said controller when no
      signal is present at the output of said coincidence detector and being
      operative to pass said control signal when a signal is present at the
      output of said coincidence circuit.
NUM  4.
PAR  4. The system of claim 3 wherein means are provided for advancing said tape
      in said tape reader to a second set of information in response to an
      output signal from said coincidence detector.
NUM  5.
PAR  5. Apparatus for printing on rawstock from a length of pre-print film
      constituted by a series of scenes each having a preferred printing light
      level, said apparatus comprising means for exposing the rawstock to the
      pre-print film and including a controllable printing light source to
      adjust the strength of exposure, a source of information relating to said
      pre-print film, said information identifying the length of each scene on
      the pre-print film and the preferred printing light level for each scene,
      film transport means to transport the pre-print film through the first
      said means, signal generating means responsive to said film transport
      means to generate signals from which can be determined the amount of film
      transported through the first said means, scene detecting means coupled to
      said source of information and to said signal generating means to
      determine the completion of a scene and the beginning of the next scene,
      and control means coupled to said scene detecting means and to said source
      of information and utilizing said information upon a change in scene to
      control said printing light source to select the preferred printing light
      level for the next scene and to effect the latter said level for the
      length of the latter said scene.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said source of information
      includes a tape having two zones of information respectively related to
      scene length and scene lighting.
NUM  7.
PAR  7. A method of printing on rawstock from a pre-print film comprising
      preparing a record of scene lengths relative to the pre-print film and of
      preferred printing light level relative to each scene, the scene lengths
      being recorded in respect of number of frames, and exposing the rawstock
      in a zone of exposure to the pre-print film with a controlled printing
      light level, the pre-print film being driven at a rate which is used to
      generate pulses numerically corresponding to the number of frames driven
      through the zone of exposure, counting said pulses and comparing the count
      with the record of scene lengths to determine the end of one scene and the
      beginning of the next scene, and adjusting printing light level in
      accordance with the record of preferred light level at the beginning of
      each scene.
NUM  8.
PAR  8. A method as claimed in claim 7, wherein said pulses are generated
      independently of any information on said pre-print file.
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ABST
PAL  An automatic gasoline dispenser receiving tokens from customers and paying
      out change to the nearest penny for gasoline purchased but not dispensed.
      A dispenser with an accuracy of one four hundredth of a gallon and
      indicating volume dispensed to one four hundredth of a gallon. An
      automatic dispenser deliverying gasoline to the last full cent when the
      total amount purchased is taken by the customer.
PARN
PAR  This is a division of application Ser. No. 427,579, filed Dec. 26, 1973,
      now U.S. Pat. No. 3,871,503.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automatic fluid dispensing systems such as are
      used in the gasoline pumping installations and at automobile stations.
      However, it will be readily recognized that the system of the invention
      can be utilized for dispensing other fluids in other environments.
PAR  A typical gasoline dispenser includes a remotely positioned fluid pump, one
      or two flow control valves, a hose with nozzle for insertion into the
      vehicle tank with a flow control on the nozzle, and one or more manually
      operated switches for starting and stopping the system. Fluid flow through
      the outlet line is measured, the volume of material dispensed is
      calculated and displayed, the price or monetary amount of the sale of
      material is calculated and displayed, and the unit price of the material
      is displayed.
PAR  The present invention is directed to automatic fluid dispensers wherein the
      customer makes an initial deposit, with the dispenser providing payout of
      change of the customer in the event that the customer does not take all of
      the fuel initially paid for. The customer may make a deposit by inserting
      tokens or coins or bills into the dispenser, or by dealing with an
      attendant who will introduce the deposit data into the system by
      electrical or mechanical means.
PAR  A variety of automatic gasoline dispensers with change making capability
      are described in the prior art and a number of them have been placed in
      service. Typical systems are disclosed in the following U.S. Patent Nos.
      and the art of record therein: 3,550,743; 3,605,973; 3,666,928 and
      3,731,777. The first two patents describe improved electromechanical
      systems and the latter two patents disclose more advanced solid-state
      systems. The present invention is a digital solid-state electronic
      dispensing system that is an improvement on the prior art systems
      providing increased accuracy, performance and reliability.
PAC  SUMMARY OF THE INVENTION
PAR  The dispensing system of the invention may use a conventional pump, flow
      meter, valves and nozzle for handling the fluid dispensed, and
      conventional coin or token receiving and paying mechanisms, with new and
      improved computing and control. One important feature of the invention is
      the provision of separate isolated compartments for the gasoline flow path
      and for the electronics, with fiber optic lines running between the
      electronics and the flow meter and nozzle motion detector, eliminating
      switches and electrical lines in the gasoline handling compartment.
      Another feature is the increased accuracy of measurement and display, with
      one embodiment providing for delivery of gasoline to 1/400.sup.th of a
      gallon and display indication to 1/400.sup.th of a gallon. A further
      feature is a computation and logic system which provides a display of
      price/gallon, number of gallons dispensed, amount of money or tokens
      deposited, dollar amount of gasoline delivered, and dollar amount of
      change due the customer. A further feature is a logic circuit which
      assures the customer of receiving the correct amount of gasoline to the
      last half cent.
PAR  These and other objects, advantages, features and results will more fully
      appear in the course of the following description where a preferred
      embodiment of the present invention is given by way of illustration or
      example.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of a gasoline dispenser with cover panels removed
      and incorporating the presently preferred embodiment of the invention;
PAR  FIG. 2 is a block-diagram of the gasoline dispenser of FIG. 1;
PAR  FIGS. 3a and 3b are an electrical diagram of the price and gallonage logic
      of FIG. 2;
PAR  FIG. 4 illustrates the seven segment numerals of the displays of FIG. 2;
PAR  FIG. 5 illustrates and identifies certain of the logic symbols used in
      FIGS. 3, 6 and 7;
PAR  FIGS. 6a and 6b are a diagram of the credit, sale and change logic of FIG.
      2;
PAR  FIGS. 7a and 7b are a diagram of the oscillator, generator, control and
      resolution of FIG. 2; and
PAR  FIG. 8 is a timing diagram for the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the operation of the dispenser illustrated in the drawings, the customer
      removes the nozzle from the nozzle receptacle and places it in the fuel
      tank and then deposits one or more dollar tokens in the slot of the token
      acceptor. The word token is used herein but the system is equally
      applicable with coins or paper money or other items. In an alternative
      configuration, the deposit may be made by pushing a button or actuating a
      switch or by remote control, it only being necessary that an electrical
      signal representing the monetary amount be introduced into the system. The
      customer then pushes the start button and gasoline is dispensed into the
      vehicle tank. When all of the gasoline purchased has been delivered, the
      system shuts off automatically, after which the customer replaces the
      nozzle and drives away. If the vehicle tank is filled before all of the
      gasoline paid for is dispensed, the automatic shutoff on the nozzle will
      stop fluid flow. The customer can then replace the nozzle in the nozzle
      receptacle and change to the exact penny will be delivered to the
      customer. If for any reason, the customer wants to terminate gasoline
      dispensing before receiving all that he has paid for, he can push the stop
      button and replace the nozzle in the receptacle, after which change will
      be dispensed to the exact penny for the amount of fuel purchased but not
      delivered. The operation of the system as described above is the same as
      some of the prior art systems, but the internal construction and operation
      of the present system differs from the prior art systems.
PAR  The dispenser illustrated in FIG. 1 has a lower compartment 10 for piping,
      valves and the like, and an upper compartment 11 for token handling
      mechanisms and electronics. In the view of FIG. 1, the side panels are
      removed, with the internal components shown diagrammatically. The upper
      compartment 11 is isolated from the lower compartment 10 by the bottom
      plate of the upper compartment.
PAR  A motor driven pump 13 provides gasoline through line 14, fluid flow meter
      15, fast flow valve 16 and slow flow valve 17, swivel coupling 18 and hose
      19 to a nozzle 20. The valves 16, 17 are operated by solenoids 16', 17',
      respectively. The flow meter 15 may be a conventional fluid flow meter
      having an output shaft 23 which rotates as a function of fluid flow
      through the meter. A clear plastic disk 24 having 100 equally spaced black
      or opaque segments thereon is mounted on the shaft 23. When not in use,
      the nozzle 20 rests on a bracket 25 with the end in a receptacle 26. A
      crank arm 27 pivoted at 28 is rotated clockwise to the position shown in
      FIG. 1 when the nozzle is returned to the receptacle. A reel 32 with cable
      33 may be mounted in the compartment 10 for supporting the hose 19.
PAR  Signals are transmitted from the compartment 10 to the compartment 11 by an
      optical system. A light source 35 provides light on fiber optic lines 36,
      37, 38 and 39. The line 38 goes directly to a light sensor unit 40 which
      provides an electrical output signal indicating whether or not the light
      source 35 is operating. Line 39 goes to a bracket 41 in the lower
      compartment 10, with another line 42 leading from the bracket 41 to the
      sensor unit 40. The bracket 41 and disk 24 are positioned so that the
      opaque segments of the disk interrupt the light path from the light source
      35 to the sensor unit 40 as the flow meter shaft 23 rotates. In the
      particular embodiment disclosed herein, 400 segments pass the light guide
      per gallon of fluid flow through the flow meter, providing an electrical
      output of 400 pulses per gallon. The light source, fiber optic lines, and
      light sensors may be standard components.
PAR  Fiber optic line 37 runs into the lower compartment 10 to a bracket (not
      shown) adjacent the crank arm 27, with another fiber optic line 44 running
      from the bracket to the sensor unit 40. When the nozzle is in the
      receptacle as shown in FIG. 1, the light path through lines 37, 44 is
      blocked. When the nozzle is removed from the receptacle, light may pass
      from the source through lines 37 and 44 to the sensor unit. A token
      acceptor 46 is mounted in the upper compartment 11 and has its own light
      sensor 47. Line 36 terminates adjacent the sensor 47 so that the light
      path from the source 35 to the sensor 47 is interrupted each time a valid
      token is accepted by the token acceptor 46. The isolation between the
      compartments 10, 11, with the optical signal coupling from compartment 10
      to compartment 11 enables the electrical system to be removed from the
      hazardous area within the compartment 10 and eliminates the need for
      explosion proof containers for the metering system.
PAR  The overall electrical system is illustrated in FIG. 2, with the price and
      gallonage logic system shown in greater detail in FIGS. 3a and 3b, the
      credit, sale and change logic system shown in greater detail in FIGS. 6a
      and 6b, and the control and resolution system with oscillator and
      generator shown in greater detail in FIGS. 7a and 7b. The price per gallon
      for gasoline may be set by manually adjustable switches 50, and this price
      is displayed at the price display 51. Various types of indicators and
      displays are available and the preferred displays for the present
      embodiment are liquid crystal displays with 7 segment numerals. The
      segment identification for a 7 segment numeral is set out in FIG. 4, with
      the segments identified by the letters a through g and with the decimal
      point indicated by dp. The system disclosed herein is a decimal system
      using cents and dollars, and change is made in pennies, nickels and
      quarters. However it will be readily understood that the system of the
      invention is equally applicable to other monetary systems and to other
      coin values.
PAR  The displays are at a face of the upper compartment 11, with the price per
      gallon being displayed in tenths of a cent. The amount of fuel dispensed
      during a transaction is displayed in hundredths of a gallon at the
      gallonage display 52. The amount of dollar tokens deposited is displayed
      in dollars at the deposit display 53. The sale price of the gasoline being
      dispensed is displayed in dollars and cents at the sale display 54, and
      the amount of change due to a customer is displayed in dollars and cents
      at the change display 55. The customer starts fuel flow by pushing start
      button 58 and may stop fuel flow by stop button 59. Change is paid out to
      the customer by a change mechanism 60 operating in response to control
      signals from the control and resolution system. The change mechanism may
      be a conventional unit, and provides an out of change signal on line 61 to
      the control and resolution system when the supply of any coin falls below
      a predetermined limit. Power for operating the valve solenoid and the pump
      motor are provided by control relays at 62, with the relays being
      controlled in turn by control signals from the control and resolution
      system. A bank of accumulators 63 may be used to receive and register
      signals representing monetary amounts deposited and monetary and volume
      amounts dispensed to provide various records for management and control of
      a service station utilizing the dispensing system. Interconnections
      between the various components of FIG. 2 are indicated by lines, and
      corresponding legends are found in FIGS. 3, 6 and 7.
PAR  Standard logic symbols are used in FIGS. 3, 6 and 7, and are illustrated in
      FIG. 5. An example of a component for each item is set out in parenthesis
      adjacent the symbol. 65 is an inverter, 66 is a buffer amplifier, 67 and
      69 are nand gates, 68, 70 and 71 are nor gates, and 72 is a flip flop.
PAC  PRICE AND GALLONAGE LOGIC FIGS. 3a and 3b.
PAR  The price and gallonage system contains the price computation and display
      and the gallonage delivered display. Binary coded decimal information from
      the price setting switches 50 is fed to the liquid crystal display decoder
      drivers U1, 2 and 3 (4055) and the presettable up/down counters U4, 5 and
      6 (4029). The price computation system works as follows: A low signal from
      the flow meter system on line 75 causes flip flop U21, pin 1 to go high.
      U21, pin 12 will then go low when a 250 khz master clock signal on line 76
      goes high, causing gate U22 to be opened at pin 1 in preparation for the
      next low going master clock, and releasing the preset enable imputs to U4,
      5 and 6, which now contain a count equivalent to the price. Computed
      clocks are now generated on line 77 until U4, 5 and 6 count down to zero
      at which time the Carry Out terminal at U4, pin 7 will go low causing U21
      flip flops to reset and block the input to gate U22. At this time, U22,
      pin 1 going high actuates the preset enable pins of U4, 5 and 6 causing
      the counters to be reloaded with the price in preparation for the next
      meter pulse. Therefore, assuming a price of 39.9 cents/gallon, for every
      meter pulse of one four-hundredth of a gallon, 399 computer clocks will be
      generated on line 77.
PAR  One four-hundredth of a gallon meter pulses are also fed from U21 to the
      divide by four counters U25 and 26. This results in one one-hundredth of a
      gallon pulses appearing at U26, pin 13 and U25, pin 2. U24 (1/2 14518)
      further divides these pulses by 10 to produce one-tenth gallon pulses for
      accumulation purposes. U24 and 26 do not reset after each customer
      transaction so that an accurate accumulation of total dispenser gallonage
      delivered can be maintained. U25 resets after every transaction so that
      the gallonage display is an accurate representation of gallonage delivered
      to the customer.
PAR  LED1 and LED2 are light emitting diodes positioned adjacent the gallonage
      display 52 and used for dispenser calibration purposes. They provide a
      binary indication of zero, one, two and three 400th of a gallon. This
      results in a gallonage display accuracy of better than 1/400 of a gallon.
      The table below shows the four states of LED1 and LED2 and what they
      represent.
TBL  ______________________________________                                    

     LED1           LED2           GALLONAGE                                   

     ______________________________________                                    

     Off            Off              0                                         

     On             Off            .0025                                       

     Off            On             .005                                        

     On             On             .0075                                       

     ______________________________________                                    

PAR  Binary coded decimal counters and decoders U15 through U18 (4033) count the
      number of 1/100th gallon pulses delivered and via display drivers U7
      through U14 (14507) cause this information to be displayed on the liquid
      crystal gallonage display 52.
PAC  CREDIT, SALE AND CHANGE LOGIC FIGS. 6a AND 6b
PAR  This logic system contains displays showing dollars deposited, amount of
      sale, and change due.
PAR  Computed clocks from the price and gallonage logic of FIGS. 3a, 3b are
      received on line 80, each clock being representative of one
      four-thousandth of a penny. Counter U9 (14518) divides by 100, U11 (4018)
      divides by 10 and U12 (4018) divides by 4 resulting in 1 cent pulses at
      U12, pin 6; however, the first pulse at U12, pin 6 occurs after the first
      two thousand pulses and every 4000 thereafter. This results in clocking at
      the half cent point for a plus or minus half cent accuracy. The output at
      U12, pin 11 occurs at the 4000 count (full penny) and is used at the end
      of a full credit delivery sale to ensure that the full credit sale is
      delivered. This is accomplished by detecting the last penny of credit in
      the control and resolution system (FIGS. 7a and 7b) and using this
      information to activate the flip flops U1 and switch the information at U2
      from the half cent to the 1 cent point. Therefore, on a full credit sale
      the customer receives his full credit gallonage, but on a sale resulting
      in the delivery of change the amount of change delivered is to the nearest
      penny, .+-. 1/2 cent.
PAR  Value counters U3, 5 and 6 (same as U9, 11 and 12) also divide by 4000 to
      produce 1 cent pulses for the accumulators. A 10 cent pulse is also
      produced via the divide by 10 counters U4 (1/2 14518). The value counters
      do not reset after each transaction and therefore produce an accumulated
      true price .times. gallonage dollar value, whereas the $ sale pulse
      counter chains are reset after transaction and therefore produce an
      accumulated $ sale figure. The difference between the sale and value
      accumulations is therefore representative of the system inaccuracies due
      to giving change to the nearest penny.
PAR  Credit entry is by the use of tokens of one dollar value which are entered
      via the mechanical token acceptor 46 and if valid, sensed by
      photo-transistor 47 in conjunction with light source 35 coupled by fiber
      optic line 36. The accepted token breaks a light beam from light source to
      sensor. This signal is amplified and shaped by conventional circuits and
      an accepted token produces a pulse on line 81. A high frequency token
      pulse is produced by U13 in accordance with HFT3 and HFT4 timing. HFT1
      through HFT4 are sequential four phase clocks produced in the timing and
      control system of FIGS. 7a and 7b, these clocks being continuously
      generated in sequence 1 through 4. Therefore, a token is only accepted
      during the HFT3 and HFT4 periods. U13 switching at this time causes U20,
      pin 1 to go low and clock U23 (1/2 14518) at pin 10, a decimal counter
      used to store unit dollar credits. U17 (1/2 14518) with input at pin 10 is
      a further decimal counter used to store credits in tens of dollars. Thus,
      credit capability of $99 is displayed via U24 (4055) and U18 (4055) which
      are liquid crystal display decoder drivers. U14 (4019) is a quad and/or
      select gate which is used to change the outputs of U17 credit information
      to U18 from all zeros to all ones to produce leading zero blanking of the
      display. This is accomplished by detecting all zeros at U14, pins 2, 3, 4
      and 5 and switching U14 from the and to or state by the detected high at
      U15, pin 1 and low at U20, pin 4. This causes the output of U14 to switch
      from normal inputs at pins 6, 2, 15 and 4 to the VDD inputs at pins 1, 3,
      5 and 7.
PAR  Dollar credits are also registered by the dollar digits of the change
      display. The change display during gasoline delivery counts down from the
      credit value and therefore since tokens must be accepted at any time
      during delivery, the dollar and tens of dollars display must be capable of
      counting up and down. This is accomplished by flip flop U19 which changes
      state at HFT2 and HFT4. At HFT2, U19 sets and places U45 (4029) and U40
      (4029) in the up count state for token deposit. At HFT4, U19 resets and
      returns U45 and U40 to the down count condition. Thus credit information
      is always entered at a fixed time separate from debit information.
PAR  Computed penny pulses enter the change display down counters U43 (4029) and
      U38 (4029) at pins 15, and dollar debit information which appears at U38,
      pin 7 is timed between HFT1 and HFT2 by flip flops U7. Dollar debit
      information is also produced on line 82 from the timing and control system
      of FIGS. 7a and 7b. This information is counted by the lower numbered
      sections of U23 and U17. When the contents of these two counters are equal
      to that of their higher numbered counterparts, all outputs of exclusive-or
      gates U16 (14507) and U22 (14507) are low producing a low `in balance`
      signal at line 83. This is used to inform the resolution unit that there
      are no more full dollar credits on the system.
PAR  Amount of sale information is displayed via counter/decoders U31, 25, 34,
      and 28 (4033) and their associated liquid crystal display drivers U32, 33,
      26, 27, 35, 36, 29 and 30 (14507).
PAC  LAMP INDICATIONS FIG. 7a
PAR  Four lamps are positioned on the front panel of the dispenser (FIG. 2).
      These indicate to the customer the state of the dispenser and what to do
      next. They are labeled as follows: (1) Insert Nozzle, (2) Deposit Tokens,
      (3) Push "Start", and (4) Fill Tank.
PAR  The criteria for illumination of these lamps are:
PAR  Insert nozzle: This lamp is lit when the dispenser is reset, the nozzle has
      not been removed from the dispenser and the change mechanism is not out of
      change.
PAR  Deposit tokens: This lamp will light as soon the nozzle is removed from the
      dispenser provided the dispenser has reset and is not out of change. This
      lamp will then remain illuminated until the customer has returned the
      nozzle to the dispenser.
PAR  Push "start": This light will come on only if the nozzle has been removed
      from the dispenser and at least one token deposited.
PAR  Fill tank: This light will be illuminated if the nozzle has been removed,
      at least one token deposited and the start button pressed. The light will
      then go out either when the nozzle is replaced or the customer has no
      credit remaining.
PAR  If during delivery the customer presses the Stop button, the Push Start
      light will be re-illuminated. From the time the customer replaces the
      nozzle to the completion of the reset cycle, the deposit lock-out solenoid
      in the token acceptor 46 is released to inhibit token acceptance. A token
      deposited at this time will automatically be returned to the customer.
      Deposit lock-out is also actuated if the dispenser is out of change.
PAC  TIMING AND CONTROL FIGS. 7a AND 7b
PAR  The timing and control system serves several functions, namely: generation
      of system timing pulses, generation of signals to dispense change,
      detection of customer actuated switches, generation of signals to cause
      gasoline flow, generation of `state of dispenser` lamp indications and
      deposit lock-out signals, and to produce system reset.
PAC  TIMING GENERATION FIGS. 7a AND b
PAR  An oscillator 85 produces a 250 khz master clock square wave (FIG. 8).
      Master clock pulses are fed to a 4 bit shift register U5 (1/2 4015) which
      in conjunction with its associated gate U6 produces positive going four
      phase 62.5 khz clocks HFT1 through HFT4.
PAR  These clocks are used to control the dollar credit and debit timing. U13
      (14520) then divides the 62.5 khz clocks by 16 .times. 16 to produce a
      frequency of 244 hz at U14 (1/2 14520), pin 10. At U14, pin 13 the input
      at pin 10 is further divided by 8 to produce a 30.5 hz strobe which is
      used to produce the a.c. waveform necessary to drive the liquid crystal
      displays. Four gates, U19, are used in parallel to ensure that the strobe
      is capable of drawing the large currents used. The output at U14, pin 11
      is half the frequency of the input of U14, pin 10 which results in a
      frequency of 122 hz at U7 (1/2 4015), pin 9. LFT1 through LFT4 are
      produced by this section of U7 in the same manner as the HFT four phase
      pulses are produced.
PAC  CONTROL AND RESOLUTION LOGIC FIGS. 7a AND 7b
PAR  In the following explanation of the control and resolution logic it is
      assumed that change is in the tubes of the change mechanism 60, the
      customer follows the correct sequence to obtain gasoline, and the
      dispenser is in the reset state. At this time, the nozzle switch has not
      been operated and nozzle switch input on line 86 is low. U23, pin 4 and
      U20, pin 5 are high and U20, pin 3 and U20, pin 6 are also high causing
      the Insert Nozzle lamp to be illuminated. Actuating the nozzle switch by
      removing the nozzle from the dispenser causes U23, pins 2 and 5 to go high
      causing U23, pin 4 and U20, pin 5 to go low, and U23, pin 11 and U20, pin
      8 to go high. This extinguishes the Insert Hose and illuminates the
      Deposit Token lights. Upon deposit of a token the $ Credit input on line
      87 will pulse low causing U28, pin 3 to switch to the high state enabling
      gate U27 to go low at pin 6 and illuminate the Push Start lamp. At this
      time, the Reset signal at line 88 is removed by resetting U31 at pin 10
      and gate U27 is enabled at pin 11 in preparation to commence flow when the
      Start button is pressed. Pressing the Start button actuates gate U27 at
      pin 12 and results in both the slow and fast flow valves being actuated.
      Flow will now commence as soon as the customer operates the nozzle.
PAC  RESOLUTION CIRCUIT FIGS. 7a AND 7b
PAR  The resolution unit basically consists of three counters, U17 (4018), a
      divide by five counter for pennies, U16 (4018), a divide by five counter
      for nickels, and U15 (4018), a divide by four counter for quarters. These
      counters were initially set to their zero state by the system reset. The
      first 1 cent Pulse received on line 89 causes all these counters to go to
      their maximum counts, 4, 4 and 3 respectively and produces a $ Debit pulse
      at line 90 which if only one dollar was deposited, will produce a balance
      signal at line 91 from the Credit, Sale and Change system of FIG. 6. Flow,
      if allowed by the customer, will now continue until the three counters
      return to their zero state which will be after the 100th 1 cent pulse. At
      this time, gate U22 will be enabled by all zero inputs from the counters,
      resulting in a high signal at U22 output. This will de-actuate the $
      credit latch at U28, pin 9 in conjunction with an HFT1 clock at pin 8. The
      HFT1 timing is necessary to ensure that the deactivation of this latch is
      not coincident with activation caused by further token deposits.
PAR  Fast flow shut off occurs at a programmed point 4 cent or 9 cent prior to
      the end of full credits. The outputs of U16 are connected to program
      points, one of which is connected to the input of U30 at pin 9. Pin 8 of
      U9 will go low when the programmed point is reached. This causes U29, pin
      8 to go low and stop fast flow.
PAR  Deactuation of the $ credit latch U28 at pin 6 causes U27, pin 11 to go low
      thus extinguishing the Fill Tank light and terminating slow flow. If
      another token is now deposited both slow flow and fast flow will be
      actuated.
PAR  If, at any point during flow, the customer presses the Stop button, latch
      U29 is deactivated by the low signal at U29, pin 1 causing a low at U27,
      pin 12 and resulting in both slow and fast flow being terminated, and the
      Push Start lamp to be reilluminated. Pressing the Start button again will
      recommence flow by reactivation of the U29 latch.
PAC  CHANGE CYCLE FIGS. 7a AND 7b
PAR  If the customer returns the nozzle to the dispenser with credits remaining
      on the system, a change cycle is initiated. Nozzle latch U23 will be
      deactivated upon return of the nozzle and U23, pin 9 will go high. U23,
      pin 10 will go low and lock latch U23 at pin 1 such that removal of the
      nozzle from the dispenser will not reactivate the latch. U25 (14520), a
      divide by 256 counter, will be enabled by the low at pin 1 and will count
      up until pin 14 goes high which will occur at a count of 128 LFT2 pulses,
      which is approximately 4.2 seconds after replacing the nozzle. At this
      time U25 will cease to count and remain locked with pin 9 being inhibited
      by the high at pin 14. U14 (1/2 14520) is now enabled at pin 1 and change
      pulses at a rate of 2 per second are generated at output pin 5. Change
      will now be delivered to the customer in sequence, pennies, nickels, and
      quarters according to the credit remaining in the system.
PAR  If penny credits are remaining in U17, U10, pin 11 will be low enabling U11
      at pin 8 which when a high change pulse at pin 9 occurs will cause the
      penny change latch U11 to operate and send a penny change pulse signal to
      the change mechanism via line 93. U11, pin 4 will go low and subtract a
      penny from U17 at input pin 14. Penny change pulses will continue until
      U10, pin 11 goes high at which time U11 will be inhibited at pin 8 and U1
      enabled at pin 12. Upon completion of the final penny change pulse U11,
      pin 4 will go high enabling U1 at pin 13 which will cause U10, pin 5 to go
      low and pin 4 to go high if nickel credits remain on the system. Nickel
      change pulses will then be generated until U10, pin 10 goes high and upon
      completion of nickel change, gate U2 will be enabled, enabling the quarter
      change pulse logic. Quarter change pulses will then be generated until
      U10, pin 3 goes high and there is a dollar balance signal at line 91 to
      inhibit U8 at pin 8.
PAC  RESET CYCLE FIGS. 7a AND 7b
PAR  Upon completion of change delivery, U22 will be enabled at three inputs
      causing U22, pin 6 to go high resulting in the deactivation of the dollar
      credit latch U28. Deactivation of this latch causes U30, pin 5 to go low
      and U30, pin 4 to go high, removing the reset and enabling the clock
      enable inputs to U26 (14520) which is a divide by 256 counter. Following
      128 LFT1 pulses (approximately 4 seconds), U33, pin 11 will go high
      clocking flip flop U33 and causing U33, pin 12 to go low. Four seconds
      later, U33, pin 12 will return to the high state and clock U33 at pin 3
      causing U33, pin 2 to go low and via U32 generating a high at Reset Pulse
      line 94. This reset pulse at 94 will remain high until U33 is reset by
      LFT3 at which time U33, pin 2 will return to the high state and terminate
      the reset pulse. The duration of the reset pulse is approximately 0.065
      second and is used to reset the credit and change counting system. U32,
      pin 11 going high also U31 at pin 11 resulting in pin 12 going low and
      producing a Reset signal at line 88 which resets all other counting logic
      in the system. Token deposit which was inhibited during the change and
      reset cycles is now reenabled at U20, pin 2 by unlocking the nozzle latch
      at U23, pin 8 from the resetting of flip flop U31 at pin 4. The dispenser
      is now ready for use by another customer. A Power Reset pulse is provided
      at line 97 for initially resetting the system when system power is turned
      on.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a calculator for a fluid dispensing system providing an output
      display in hundredths of a unit for customer indication and an additional
      output display in quarters of a hundredth of a unit for system
      calibration, the combination of
PA1  a volume pulse generator producing volume pulses at a rate of four hundred
      pulses per unit of volume of fluid dispensed;
PA1  a volume accumulator including means for counting input pulses and
      displaying the count state for indicating the volume of fluid dispensed in
      decimal digits in hundredths of a unit for normal dispensing operation;
PA1  first and second divide-by-two circuits connected in series between said
      volume pulse generator and said volume accumulator and having a first
      output for two hundredths of a unit and a second output for one hundredths
      of a unit, with said second output connected to said volume accumulator as
      an input;
PA1  a first on-off indicator having said first output connected thereto; and
PA1  a second on-off indicator having said second output connected thereto, with
      said first and second indicators indicating the volume of fluid dispensed
      in quarters of a hundredth of a unit for calibration of the dispensing
      system.
NUM  2.
PAR  2. In a calculator for a fluid dispensing system providing an output
      display for customer indication in a predetermined portion of a unit of
      volume and an additional output display for system calibration in quarters
      of the predetermined portion, the combination of:
PA1  a volume pulse generator producing volume pulses at a rate of N pulses per
      unit of volume of fluid dispensed;
PA1  a volume accumulator including means for counting input pulses and
      displaying the count state for indicating the volume of fluid dispensed in
      digits in 1/M units for normal dispensing operation;
PA1  a divide-by-N/M circuit connected in series between said volume pulse
      generator and said volume accumulator and having a first output for 2/M
      units and a second output for 1/M units, with said second output connected
      to said volume accumulator as an input;
PA1  a first on-off indicator having said first output connected thereto; and
PA1  a second on-off indicator having said second output connected thereto, with
      said first and second indicators indicating the volume of fluid dispensed
      in 0.25/M units for calibration of the dispensing system.
NUM  3.
PAR  3. In a fluid dispensing system having a fluid flow meter, the combination
      of:
PA1  means for generating a flow signal varying as a function of fluid dispensed
      through the flow meter;
PA1  price means for generating a unit price signal for the fluid;
PA1  computer means having said flow signal and said unit price signal as inputs
      and providing as an output, monetary pulses as a function of fluid
      dispensed;
PA1  means for connecting flow and unit price signals to said computer means;
PA1  a sale accumulator including means for counting monetary pulses and
      displaying the count state for indicating the monetary amount of a sale of
      fluid;
PA1  means for connecting monetary pulses to said sale accumulator;
PA1  means for generating deposit pulses;
PA1  a deposit accumulator including means for counting deposit pulses and
      displaying the count state for indicating the monetary amount deposited by
      a customer;
PA1  means for connecting deposit pulses to said deposit accumulator;
PA1  a change accumulator including means for counting deposit pulses in an
      upward mode and for counting monetary pulses in a downward mode and for
      displaying the count state for indicating the monetary amount due to a
      customer at all times during a transaction; and
PA1  means for connecting monetary and deposit pulses to said change
      accumulator.
NUM  4.
PAR  4. In a fluid dispensing system having a fluid flow meter,
PA1  means for generating a flow signal varying as a function of fluid dispensed
      through the flow meter,
PA1  price means for generating a unit price signal for the fluid,
PA1  computer means having said flow signal and said unit price signal as inputs
      and providing as an output, first monetary pulses as a function of fluid
      dispensed, and
PA1  means for connecting flow and unit price signals to said computer means,
      the improvement comprising in combination:
PA1  a first logic circuit having said first monetary pulses as an input and
      providing first and second signals for every price increment of fluid
      dispensed through the flow meter, with said first signal generated at the
      half increment and said second signal generated at the full increment;
PA1  means for connecting first monetary pulses to said first logic circuit;
PA1  means for generating a third signal when a customer has one price increment
      of credit remaining;
PA1  a second logic circuit having said first, second and third signals as
      inputs and providing a second monetary pulse as an output for each first
      signal, except when said third signal is present, and then providing a
      second monetary pulse for said second signal;
PA1  means for connecting first, second and third signals to said second logic
      circuit;
PA1  means for generating deposit pulses;
PA1  a change accumulator including means for counting deposit pulses and for
      counting second monetary pulses for indicating the monetary amount due to
      a customer during a transaction; and
PA1  means for connecting second monetary pulses to said change accumulator.
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ABST
PAL  A digital, abridged spectrophotometer with a detecting head defining a
      roughly spherical, reflective inner surface broken by a viewing port and a
      light source port with a number of filtered photodiodes mounted in the
      head for each receiving light from a sample or standard in the viewing
      port. A standard sheet of vitrolite is mounted on the housing for movement
      with a plunger, which trips a switch, to cover the viewing port, while a
      standard black sheet can be pivoted to cover the viewing port for the
      calibration which precedes each reading. A digital computer calculates the
      tristimulus values from the signals produced by the photodiodes and
      provides signals for a display of the color values.
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PAC  BRIEF DESCRIPTION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  The invention relates to a high speed digital, abridged specrophotometer.
PAR  Many industries producing colored items, such as textiles and plastics, are
      finding themselves burdened with ever-increasing numbers of articles which
      must be classified or sorted according to their color. Within the textile
      industry the emphasis on quality control and automation have intensified
      the need for fast response color monitoring devices capable of controlling
      a continuous process.
PAR  At present much of the shade sorting is done visually. Visual shade sorting
      has some physical limitations. Metamerism cannot be detected unless the
      material being sorted is examined several times under different types of
      light. The color descriptors are nonnumerical, and are made with reference
      to one of the samples being sorted, complicating the task of keeping
      permanent records for future comparison. In addition, there is a shortage
      of qualified colorists. Regardless of its shortcomings, visual shade
      sorting is widely used in industry, as there are now no commercially
      available color measurement systems fast and accurate enough to compete
      successfully with their human counterparts.
PAR  Many of the basic color measurement instruments being marketed today were
      developed over two decades ago. These instruments, which are mechanically
      actuated, are inherently slow. When they were designed, digital computers
      were not available, and the reflectance data was reduced manually. Since
      the manual data reduction was time consuming, the data acquisition time of
      the instrument was not important. By linking a conventional
      spectrophotometer to a digital computer, reflectance data which takes the
      instrument several minutes to acquire can be reduced in a fraction of a
      second. The faster commercially available instruments require from 18
      seconds to two minutes to acquire the reflectance data. This speed is
      limited by the mechanical nature of the instrument.
PAR  Many different color notation and specification systems have been suggested
      in the part. Of these systems, the most generally used and therefore the
      most completely documented is the Commission Internationale de l'Eclairage
      (CIE) System. The well-known CIE color notation system uses three unique
      color stimulus specifications which are generally referred to as
      tristimulus values. These tristimulus values represent a mathematical
      transformation from the inconvenient mixed relationships of a set of three
      primaries, and the tristimulus values, usually denoted as X, Y and Z, can
      be used to accurately specify any desired color.
PAR  The U.S. Pat. to Ward No. 3,531,208 describes a colorimeter system in which
      a logic network is used to analyze electrical signals derived from a
      number of photocells, each receiving light reflected from a sample over a
      band of frequencies generally defined as the equal energy spectrum to
      quickly produce the tristimulus values. Reed relays and solid state
      switches are employed to configure analog signals into summations and
      ratios as needed for the tristimulus equations. Further, switches are used
      to clock and count integration time and thereby provide means for
      digitally indicating tristimulus voltage levels.
PAR  The present invention relates to a color measuring system somewhat similar
      to that described in Ward and having a number of unique aspects. The
      system includes a unique detector assembly including a housing defining a
      roughly spherical, reflective internal surface with a viewing port over
      which a sample or standard is placed, and a light source for illuminating
      the interior of the housing.
PAR  Inside the housing is a detector head containing sixteen solid state
      photodiodes which each detect light reflected from a sample or standard in
      the viewing port, and convert this light energy into an appropriate
      electrical signal. In front of each photodiode is an interference filter
      which removes all but a given, for example twenty nanometer, band of
      wavelengths in the vicinity of its center wavelength. The center
      wavelengths of the 16 interference filters are evenly spaced over the
      visible spectrum, for example one every 20 nanometers from 400 to 700
      nanometers, allowing each photodiode to detect a small segment of the
      visible spectrum. The detector head is centered normal to the viewing port
      enabling each photodiode to detect reflected light from approximately the
      same area of the specimen.
PAR  The sample to be measured is placed over the viewing port, and a plunger
      mounted over the port is depressed. As the plunger reaches the end of its
      travel, pressing the sample against a cover over the viewing port, it
      trips a switch, which initiates the reading. Light reflected from the
      sample at the bottom of the plunger passes through the interference
      filters to the photodiodes. Sixteen electrical signals are generated
      containing the spectral information of the light reflected from the
      material on the cover over the viewing port. The signals result from
      connecting the photodiodes to an operational amplifier designed to operate
      the diodes in a current mode. Up to this point, the signals have been
      generated simultaneously rather than sequentially. It is this parallel
      operation that is largely responsible for the extremely short measurement
      time attained by the system. The signals are multiplexed and converted to
      a form acceptable to a digital control unit by a conventional analog to
      digital convertor. To improve the signal to noise ratio approximately 120
      readings are taken and averaged by the digital unit. This average is then
      processed by the digital control unit which is preferably a small computer
      to calculate the desired color quantifiers, and display them via a visual
      display panel and/or a teletype or the like.
PAR  To reduce the amount of maintenance required to keep the system
      operational, the minimum amount of analog and mechanical auxiliary
      equipment is used. A small computer is used to compensate and update
      parameters, thus eliminating the complicated mechanical and optical
      apparatuses and moving parts associated with conventional
      spectrophotometers. Because a pre-programmed digital control unit is an
      integral part of the system, all of the balancing, nulling, and other
      operator routines commonly associated with spectrophotometers have been
      eliminated. The system is automatic and no special long-term training is
      required to operate it.
PAR  The plunger mounted atop the spherical housing also functions to move a
      standard sheet of vitrolite or the like from a rest position above the
      viewing port to a position in intimate contact with the clear glass pane
      covering that port. A further glass sheet of, for example, a black
      standard can also be pivoted from a position mounted on the housing to a
      position over the viewing port and thereafter shifted vertically into a
      position also in intimate contact with the cover over the viewing port.
PAR  One difficulty which has been encountered with this type of color measuring
      system in the past is that the system tends to drift rapidly from a
      calibrated condition, thus causing inaccurate results. This problem is
      obviated according to one aspect of this invention by requiring the
      calibration of the unit prior to each and every measurement and providing
      apparatus for quickly carrying out that calibration.
PAR  In the embodiment of the invention described below, manually depressing the
      plunger to push the vitrolite glass sheet into contact with the clear
      glass cover over the viewing port without the interposition of any smaple
      trips a switch which begins a measuring cycle. The voltage signals derived
      from the photodiodes with the vitrolite sheet in contact with the cover
      over the viewing port are then read by the computer. After the plunger is
      released to return to its rest position, the sheet of standard black is
      then manually pivoted by a second handle into a position over the viewing
      port. The signals derived from these two measurements are then used by the
      computer to calibrate the system for the subsequent measurement of a
      sample which is accomplished by manually pushing the plunger down so that
      the vitrolite sheet forces the sample onto the cover over the viewing port
      and excludes as many stray light as possible. The computer allows a brief
      time, for example 10 seconds to complete calibration and measurement after
      the initial tripping of the switch.
PAR  One of the most significant attributes of this invention is its speed.
      Excluding operator time for inserting the sample, it requires 0.64 seconds
      system time per measurement. Using a high speed output device such as a
      line printer or magnetic tape unit, the system can measure samples at the
      rate of 12 per minute, assuming about 4 seconds of operator time per
      sample. By employing an automatic sample feeding mechanism, the full
      potential of the machine, as high as 100 samples a minute, can be
      realized.
PAR  Many other objects and purposes of the invention will become clear from the
      following detailed description of the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cut-away view of the novel detector assembly of this
      invention.
PAR  FIG. 2 shows an exploded view of the two members which form the roughly
      spherical housing.
PAR  FIG. 3 shows a top view of the detector assembly without the top bracket
      and illustrating the cooling fins.
PAR  FIG. 4 shows a side view of the assembly of FIG. 3.
PAR  FIG. 5 shows a bottom view of the assembly of FIG. 3.
PAR  FIG. 6 shows a plan view of a blower arrangement for cooling the detector
      assembly while in use.
PAR  FIG. 7 shows a schematic of circuitry for analyzing the electrical signals
      provided by the photoresponsive devices in the detector assembly.
PAR  FIG. 8 shows a flow diagram of the method carried out by the computer to
      calculate and display the hue, saturation and brightness for a sample
      using the reflectance values.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to FIG. 1 which shows a cut-away view of the unique
      detector assembly which forms a part of the unique system of this
      invention. As discussed briefly above, the detector assembly includes a
      pair of hemispherical members 20 and 22 which are shown exploded in FIG.
      2, and which fit together and are connected together by rivets or any
      other suitable means to define a roughly spherical, internal surface which
      is reflective and which is broken by three ports 24, 26 and 28. A light
      assembly 30 is mounted adjacent port 26 for illuminating the roughly
      spherical internal surface defined by member 20 and 22. Assembly 30
      includes a lamp 32, which, for example, can be a 120 volt, 500 watt,
      Quartz-line projector lamp. A pair of filters 34 and 36 are provided to
      remove infrared radiation. Lamp 32 is mounted by any suitable means within
      a reflector 38 which is surrounded by a heat dissipating fin 42 which aids
      in cooling lamp assembly 30.
PAR  The detector assembly also includes a further assembly 50 which is used for
      presenting both samples and standards for measurement and calibration.
      Assembly 50 includes a bracket 52 which is mounted on member 22 in any
      suitable fashion. Cooling fins 54 are provided on bracket 52 for aiding in
      heat dissipation. A further bracket 60 is mounted rigidly on bracket 52
      and has mounted pivotably therein a shaft 62 having an arm 64 which holds
      a glass sheet of standard black material 66. Arm 64 and black sheet 66 can
      be pivoted by means of handle 68 from a rest position to the position
      illustrated with the black sheet 66 over port 24 in hemispheric member 22.
      When the black sheet 66 is over port 24, handle 90 can then be depressed
      so that vitrolite 89 comes in contact with arm 64. Further movement of
      handle 90 will bring black tile 66 into intimate contact with glass cover
      72, whic ocvers opening 24 and defines a roughly circular opening two
      inches in diameter. Black sheet 66 is used in the calibration operation,
      as discussed in detail below.
PAR  A further member 80 if mounted on bracket 52 by means of set screw 82 and
      cap 84. Member 80 has a bore in which shaft 86 can be moved downward
      against the urging of spring 88 to similarly force a sheet of glass
      material 89, such as vitrolite, into contact with clear glass cover 72
      over port 24. Manually pushing down on handle 90 causes that handle to
      move downward against the urging of spring 88 until vitrolite 89 has come
      into intimate contact with clear glass cover 72. Then handle 90 continues
      to travel against urging of spring 92 until pin 94 has reached its
      uppermost limit of travel. A retaining ring 100 moves downward with shaft
      86 and in its uppermost position contacts C ring 102 which stops the
      upward travel of retaining ring 100, and accordingly shaft 86.
PAR  A conventional switch assembly 106 is also mounted within a bore in member
      80. Switch 106 is held at an appropriate position in that bore by means of
      a stop 108 which is mounted on a threaded bolt 110 to be vertically
      adjustable, so that, when vitrolite sheet 89 is intimately in contact with
      clear glass cover 72, switch 106 is tripped to begin the measurement cycle
      as discussed in detail below.
PAR  The detector assembly shown in detail in FIG. 1 also includes a detector
      head 120. Head 120 is comprised of a hollow bracket 122 in which are
      mounted symmetrically about axis B-B' a number of semi-conductor devices
      of the type having a characteristic which changes with the intensity of
      incident light. In the particular embodiment illustrated in FIG. 1,
      sixteen Schottky Barrier, solid state diodes 124 were employed. Each of
      these diodes is mounted as shown to receive incident light over an area A
      of the opening 24 such that all diodes receive light reflected from
      essentially the same area of any specimen or standard in viewing port 24.
      Sixteen narrow band interference filters 126 are disposed respectively
      over the photodiodes and each of these conventional filters functions to
      remove light except in a narrow band about predetermined frequencies. A
      range of 4000.degree.A to 7000.degree.A by 200.degree.A separations has
      been found quite satisfactory. If desired, fiber optics tubes can be used
      to transmit received or source light.
PAR  A conventional heater 128 is mounted within bracket 122 to maintain the
      temperature of the photodiodes at a constant level. A Dale type 10-100 RH
      watt, 10 ohm 11 percent resistive heater has been found satisfactory for
      this purpose. The power to this heater is preferably controlled by a
      thermister temperature controller such as Yellow Springs Instrument Model
      63 RC Thermistemp which senses the detector head temperature with a 15 K
      ohm thermister 130 located inside detector head 120.
PAR  The detector assembly depicted in FIG. 1 is preferably mounted as shown on
      a table top 140 by means of a bracket 142 which can be seen best in FIG.
      4.
PAR  FIGS. 3-5 illustrate detector assembly showing the cooling fins 150 which
      are preferably provided on the exterior of members 20 and 22 to assist in
      maintaining the interior of the detector assembly and accordingly
      photodiodes 124 at a constant temperature.
PAR  FIG. 6 illustrates one simple arrangement for assisting in removing hot
      ambient air from a region about the detector assembly and from light
      assembly 38. In this arrangement, a blower 198 is mounted beneath table
      140 adjacent to the detector assembly. Blower 198 draws air from the
      region of the detector assembly as indicated by the arrows B and forces
      that air away from the assembly via conduit 148, passing over lamp 32
      which is in light assembly 38. Thus, the warm air surrounding the detector
      assembly is drawn away from it and fresh air, as indicated by arrows C,
      rushes in to draft the detector assembly.
PAR  Reference is now made to FIG. 7 which illustrates in block diagram
      circuitry for analyzing color information derived from a sample or a
      standard material presented to the detector assembly shown in FIG. 1. The
      signals derived from each of the sixteen photodiodes are transmitted to
      amplifier unit 200, which includes sixteen separate sensor current input
      amplifiers, each connected to one of the photodiodes. In the embodiment
      shown in FIG. 7, each of the sensor amplifier circuits employs a standard
      field effect transistor input operational modular amplifier.
PAR  The sensor amplifiers (Philbrick-Nexus 1009 ) included in amplifier unit
      200 are current controlled and present a low impedence to the photodiodes.
      These amplifiers provide an output voltage proportional to the photodiode
      current which is in turn proportional to the radiant power absorbed by the
      active area of the diode. The sensor signals provided to the amplifier
      unit 200 are amplified, for example, to a level from -10 to +10 volts, to
      proivde an acceptable signal to the conventional analog to digital
      converter 202. A DEC ADO1-AN analog to digital converter was used in the
      specific embodiment constructed.
PAR  The digital output of conventional converter 202 is applied to a general
      purpose, small digital computer 204 which operates to control the
      automatic measurement and to provide the necessary computations. Digital
      computer 204 provides signals both to a conventional visual display unit
      206 and to a teletype unit 208.
PAR  In the specific embodiment which was constructed, the digital control unit
      204 consisted of a PDP8-E computer with 4K of core memory, a DEC KM8-E
      memory extension control for an additional 4K of memory, a DEC DK8E real
      time clock for referencing the system functions to real time, and a DEC
      KL8-E serial line interface for the teletype unit 208. In conjunction with
      this particular computer, a DEC KA8-EA positive I/O interface, which
      allows data transfer between the central processor and the peripherals
      including digital converter 202 and display 206, was also employed.
PAR  While this particular computer unit functions quite satisfactorily any of a
      number of different types and models of computers now available on the
      marketplace can, of course, be alternatively employed. The operation of
      this particular computer unit is discussed in much greater detail in a
      volume available from the Digital Equipment Corporation and entitled PDP
      8/E SMALL COMPUTER HANDBOOK. The contents of this book are explicitly
      incorporated herein by reference.
PAR  The particular display device which was used in the model constructed
      utilized three sets of Sperry-Rand Model SP-733, 3 numeral, 7-segment,
      neon gas discharge tubes, nine Motorola MC747P5 Quad bistable latches,
      nine Sperry Rand Model DL-730 decoder drivers, and a DEC Model M103device
      selector card for displaying three color descriptors calculated from the
      reflectance data of the sample being measured as discussed below. Any
      other displays providing an appropriate communication of the information
      produced by computer 204 can be employed.
PAR  As discussed briefly above, one of the problems which has been found to
      exist with units of this type in the past has been the tendency of the
      units to very quickly drift away from a calibrated condition. To overcome
      this problem according to one aspect of this invention, the system is
      constructed to carry out a two point calibration or standardization prior
      to each and every measurement. According to this system, measurement is
      initiated by first bringing, either manually or automatically, vitrolite
      glass sheet 89 into intimate contact with the glass cover 72. Just before
      contact is made, switch 106 provides an initial signal to computer 204 as
      shown schematically in FIG. 7. Computer 204 then reads the amplified
      voltages on each of the sixteen diodes provided by converter 202 and
      relates the sampled vitrolite voltage values to the expected or known
      computer stored reflectance values for vitrolite sheet 89 which serves as
      a standard color or tile for one of the calibration points. The relation
      therebetween is an equation modifier which is stored in the computer for
      each channel and modified if necessary at such subsequent reading of the
      vitrolite. The same is done for the black standard, i.e., the standard
      black sheet 66 is then brought into position over viewing port 24 onto
      cover 72 to provide a second set of calibrating signals for computer 204,
      and between the two modifiers the computer automatically operates on a new
      two point line from which the determination of the color of cloth or the
      like can be effected.
PAR  Immediately following tripping of switch 106, digital computer 204 sets an
      internal timer which provides a short time interval for the operator to
      pivot black sheet 66 into place and thereafter to place a sample of
      material on cover 72 and again depress handle 90 until sheet 89 presses
      the sample firmly against cover 72 to prevent any stray light from
      entering the detector assembly through viewing port 24.
PAR  As an alternative and according to another embodiment developed, the
      calibration or standardization procedure before each measurement can be
      limited to a reading of vitrolite sheet 89 and correction in accordance
      with that reading. At the time of warm-up and periodically thereafter, for
      example, each 30 minutes, sample measurements are interrupted to perform a
      full calibration using at least two different standards, for example, both
      vitrolite sheet 89 and black sheet 66.
PAR  Reference is now made to FIG. 8 which shows a flow diagram of the program
      carried out by digital computer 204, such program being reproduced in its
      entirety below. As shown, the computer first checks to determine whether
      the short time interval which is provided to carry out the measurement
      after tripping of the initiation button or switch 106 has been exceeded.
      If it has not, the readings are accepted from the analog to digital
      converter, and at least 120 interleaved readings are taken from each of
      the 16 sensor outputs. Taking a large number of readings, which can be
      done in a very short time, reduces the 60-cycle and high frequency noise
      which are averaged out over the group of samples. Next a check is made to
      ascertain if the voltages produced by A/D converter 202 are excessive. For
      this purpose, each channel output from each of the photodiodes is usually
      added in an accumulator to provide a net sum which is compared with a
      stored value. If the total voltage is acceptable, the computer then checks
      to ascertain whether the system has yet been calibrated for this
      particular measurement. If it has not, the calibration is carried out and
      the above steps repeated according to the flow diagram. After calibration
      is completed, the computer proceeds to calculate the various color
      quantifier values desired and to produce the signals which are coupled to
      the display or teletypewriter for providing the desired color information.
PAR  The following is the complete computer program for carrying out the
      functions described above. It is written in the conventional and well
      known PAL III language.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
      ##SPC22##
      ##SPC23##
      ##SPC24##
      ##SPC25##
      ##SPC26##
      ##SPC27##
      ##SPC28##
      ##SPC29##
      ##SPC30##
PAR  The following values define the well known CIE chromaticity diagram and are
      stored in computer memory in the usual floating point format. The
      chromaticity diagram is further discussed in Billmyer and Saltzman,
      Principles of Color Technology, 1966. The first set of columns define for
      each of the four quadrants the cosine of the angle between a line through
      the well known point for illuminant C extending parallel to the x axis and
      a line through the illuminant point C and the point of the curve. The
      numbers in the first column represent the exponent while the numbers in
      the second and third columns represent the mantissa. The second set of
      columns define the distance from C to the point on the chromaticity curve.
      ##SPC31##
      ##SPC32##
      ##SPC33##
      ##SPC34##
      ##SPC35##
      ##SPC36##
      ##SPC37##
      ##SPC38##
      ##SPC39##
      ##SPC40##
      ##SPC41##
      ##SPC42##
      ##SPC43##
      ##SPC44##
      ##SPC45##
      ##SPC46##
      ##SPC47##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital, abridged spectrophotometer comprising:
PA1  a detecting head with a housing defining a roughly spherical, reflective
      internal surface, a light source mounted for illuminating said internal
      surface, a viewing port for receiving a sample image to be analyzed, a
      plurality of photo-responsive devices each mounted for receiving light
      over the whole of said sort, a plurality of light filters each removing
      incident light except from a different band and each mounted so that
      output light is incident on one of said photoresponsive devices, and
PA1  digital computer means for determining the electrical conditions of said
      photo-responsive devices and calculating color values.
NUM  2.
PAR  2. A spectrophotometer as in claim 1 wherein said detecting head further
      includes a movable member means, means mounting said movable member means
      for movement between an off port position and a port covering position,
      said member including a sheet of standard color material mounted on said
      member means for covering said viewing port when said member means is
      immediately over said viewing port in said port covering position.
NUM  3.
PAR  3. A spectrophotometer as in claim 2 wherein said detecting head further
      includes means for urging said member means toward said off port position.
NUM  4.
PAR  4. A spectrophotometer as in claim 2 wherein said detecting head further
      includes switch means mounted adjacent said movable member means for
      operating said computer means while said member means is in said port
      covering position.
NUM  5.
PAR  5. A spectrophotometer as in claim 4 wherein said movable member means
      includes a plunger having a handle portion for engaging said switch means,
      a further portion being axially movable with respect to said handle
      portion, a first spring urging said further portion away from said viewing
      port, and a second spring urging said handle portion away from said
      viewing port.
NUM  6.
PAR  6. A spectrophotometer as in claim 2 wherein said detecting head includes a
      pivotably mounted member mounted on said housing for movement to a
      position over said viewing port and then down covering said viewing port,
      a standard second color sheet mounted on said pivotably mounted member,
      and spring means urging said pivotably mounted member away from said
      viewing port and wherein said first sheet is vitrolite and said second
      sheet black.
NUM  7.
PAR  7. A spectrophotometer as in claim 2 wherein said viewing port includes a
      clear glass pane.
NUM  8.
PAR  8. A spectrophotometer as in claim 2 wherein said detecting head includes
      means for mounting said photo-responsive devices in said housing
      concentrically about an axis which substantially perpendicularly
      intersects the center of said viewing port.
NUM  9.
PAR  9. A spectrophotometer as in claim 8 wherein said detecting means includes
      heating means mounted in said photo-responsive devices mounting means.
NUM  10.
PAR  10. A spectrophotometer as in claim 2 wherein said housing has a light port
      for receiving light from said source and wherein said detecting means
      includes means for mounting said light source adjacent said light port.
NUM  11.
PAR  11. A spectrophotometer as in claim 10 wherein said light source mounting
      means includes a plurality of fins for cooling.
NUM  12.
PAR  12. A spectrophotometer as in claim 10 further including means for
      circulating air through said light source mounting means and past said
      housing for cooling.
NUM  13.
PAR  13. A spectrophotometer as in claim 2 wherein said housing is provided with
      cooling fins.
NUM  14.
PAR  14. A spectrophotometer as in claim 2 wherein said housing includes means
      for mounting said housing on a table.
NUM  15.
PAR  15. A spectrophotometer as in claim 2 further including means for
      displaying color values.
NUM  16.
PAR  16. A spectrophotometer as in claim 2 wherein said photo-responsive devices
      are photodiodes.
NUM  17.
PAR  17. A spectrophotometer as in claim 16 wherein said photo-diodes span the
      color band between 4000 and 7000 Angstroms with separators of 200
      Angstroms.
NUM  18.
PAR  18. A spectrophotometer as in claim 2 wherein said standard sheet is
      vitrolite.
NUM  19.
PAR  19. A spectrophotometer as in claim 2 wherein said movable member means
      includes a standard second color sheet and means for selecting one or the
      other of the first mentioned and second standard color sheets to cover
      said viewing port when said movable member means is in said port covering
      position.
NUM  20.
PAR  20. A spectrophotometer as in claim 19 wherein one of said standard sheets
      is black and the other is of a substantially different color.
NUM  21.
PAR  21. A spectrophotometer as in claim 19 wherein one of said standard color
      sheets is black and the other is vitrolite.
NUM  22.
PAR  22. A digital abidged spectrophotometer as in claim 1 wherein said computer
      means includes means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading, means for providing a given time after calibration for sample
      reading and means for calculating reflectance and color quantifier values
      from the signals received from said photo-responsive devices during a
      sample reading.
NUM  23.
PAR  23. A digital, abridged spectrophotometer comprising:
PA1  a detecting head having a housing providing a viewing port for receiving a
      sample to be color analyzed,
PA1  means, including substantially more than five photo-responsive devices each
      having light receiving means mounted inside said housing to receive
      incident light from said port with said devices being responsive to a
      different color band, for simultaneously providing exteriorly of said
      housing a corresponding number of output signals varying as a function of
      the respectively received incident light,
PA1  standardizing means including at least one standard color sample,
PA1  means for moving said standardizing means between a sample off port
      position and a sample port covering position, and
PA1  digital computer means for interrogating each of said photo-responsive
      devices and determining the color values of material over said viewing
      port including recalibration means responsive to each of said output
      signals for calculating the present reflectance equations respectively for
      said different color bands after said standardizing means has been moved
      to said port covering position and means operative automatically then on
      the basis of said present reflectance equations for determining in
      response to the instant output signals then received from
      said-photo-responsive devices the reflectance and color quantifier values
      of an unknown color sample of material covering said port.
NUM  24.
PAR  24. A spectrophotometer as in claim 23 wherein said moving means includes a
      movable member means, and means mounting said movable member means for
      movement between said sample off port and sample port covering positions.
NUM  25.
PAR  25. A spectrophotometer as in claim 24 wherein said detecting head further
      includes means for urging said member toward said off port position.
NUM  26.
PAR  26. A spectrophotometer as in claim 24 wherein said detecting head further
      includes switch means mounted adjacent said movable member means for
      operating said computer means while said member means is in said port
      covering position.
NUM  27.
PAR  27. A spectrophotometer as in claim 26 wherein said movable member means
      includes a plunger having a handle portion for engaging said switch means,
      a further portion being axially movable with respect to said handle
      portion, a first spring urging said further portion away from said viewing
      port, and a second spring urging said handle portion away from said
      viewing port.
NUM  28.
PAR  28. A spectrophotometer as in claim 24 wherein said detecting head further
      includes a pivotably mounted member mounted on said housing for mvoement
      to a position over said viewing port and then down covering said viewing
      port, a standard second color sheet mounted on said pivotably mounted
      member, and spring means urging said pivotably mounted member away from
      said viewing port, and wherein said first sheet is vitrolite said second
      sheet black.
NUM  29.
PAR  29. A spectrophotometer as in claim 24 wherein said viewing port includes a
      clear glass pane.
NUM  30.
PAR  30. A spectrophotometer as in claim 24 wherein said detecting head includes
      means for mounting said photo-responsive devices in said housing
      concentrically about an axis which substantially perpendicularly
      intersects the center of said viewing port.
NUM  31.
PAR  31. A spectrophotometer as in claim 30 wherein said detecting means
      includes heating means mounted in said photo-responsive devices mounting
      means.
NUM  32.
PAR  32. A spectrophotometer as in claim 31 wherein said light source mounting
      means includes a plurality of fins for cooling.
NUM  33.
PAR  33. A spectrophotometer as in claim 31 further including means for
      circulating air through said light source mounting means and past said
      housing for cooling.
NUM  34.
PAR  34. A spectrophotometer as in claim 24 wherein said housing has a light
      port for receiving light from said source and wherein said detectig means
      includes means for mounting said light source adjacent said light port.
NUM  35.
PAR  35. A spectrophotometer as in claim 24 wherein said housing is provided
      with cooling fins.
NUM  36.
PAR  36. A spectrophotometer as in claim 24 wherein said housing includes means
      for mounting said housing on a table.
NUM  37.
PAR  37. A spectrophotometer as in claim 24 further including means for
      displaying color values.
NUM  38.
PAR  38. A spectrophotometer as in claim 24 wherein said photo-responsive
      devices are photo-diodes.
NUM  39.
PAR  39. A spectrophotometer as in claim 38 wherein said photo-diodes span the
      color band between 4000 and 7000 Angstroms with separators of 200
      Angstroms.
NUM  40.
PAR  40. A spectrophotometer as in claim 24 wherein said standard sheet is
      vitrolite.
NUM  41.
PAR  41. A spectrophotometer as in claim 23 wherein said one standard color
      sample is of one color and said standardizing means includes a second
      different colored standard color sample which is black,
PA1  said moving means being operative to move one of said standard samples and
      then the other to said port covering position,
PA1  said recalibration means being responsive to the plurality of outputs
      signals resulting from both of said standard samples being successively in
      said port covering position for calculating the said present reflectance
      equations for each said different color band based on the present amount
      of incident light received by said photoresponsive devices while both of
      said standard samples are successively covering said port,
PA1  said moving means being operative to move said standardizing means to said
      port covering position with said unknown color sample being between said
      port and one of said standard samples for the determination by said
      determinng means of the reflectance and color quantifier values of said
      unknown color sample.
NUM  42.
PAR  42. A spectrophotometer as in claim 41 wherein said white one standard
      color sample is vitrolite and said recalibration means includes means for
      pre-storing reflectance values for each of said different color bands for
      each of said standard color samples and means for relating the
      photo-responsive device output signals resulting from the sampled
      vitrolite and black samples to the stored reflectance values respectively
      to effect the said present reflectance equations.
NUM  43.
PAR  43. A digital abridged spectrophotometer for determining color values of
      material of unknown color comprising:
PA1  detecting means including a detecting head having a viewing port for
      receiving said material to be color analyzed,
PA1  said detecting means including source means for providing light over the
      visible spectrum inside said head and substantially more than five
      photo-responsive devices each having light receiving means mounted inside
      said head for receiving incident reflected light from said port with said
      devices being responsive over all said spectrum respectively to a
      different color band for simultaneously providing exteriorly of said head
      a corresponding number of signals varying as a function of the
      respectively received incident light,
PA1  standardizing means including two differently colored standard samples,
PA1  means for alternately moving each of said samples between a sample off port
      position and a sample port covering position during calibrating times and
      for moving one of said samples to said port covering position with said
      material therebetween during color analyzing times,
PA1  control means for interrogating each of said photoresponsive devices
      including digital computer means for calibrating from signals derived by
      said photo-responsive devices effectively viewing said standard samples
      alternately once for each color analyzing time,
PA1  means for alternately establishing said calibrating and analyzing times,
      and
PA1  means in said digital computer for calculating the color values from the
      signals received from said photoresponsive devices during said color
      analyzing times.
NUM  44.
PAR  44. A spectrophotometer as in claim 43 wherein said detecting head further
      includes a housing, movable member means, means mounting said movable
      member means on said housing for movement between said sample off port and
      sample port covering positions.
NUM  45.
PAR  45. A spectrophotometer as in claim 44 wherein said detecting head further
      includes means for urging said member toward said off port position.
NUM  46.
PAR  46. A spectrophotometer as in claim 44 wherein said detecting head includes
      a pivotably mounted member mounted on said housing for movement to a
      position over said viewing port and then down covering said viewing port,
      and spring means urging said pivotably mounted member away from said
      viewing port, and wherein one sample is vitrolite and the other sample
      black.
NUM  47.
PAR  47. A spectrophotometer as in claim 44 wherein said viewing port includes a
      clear glass pane.
NUM  48.
PAR  48. A spectrophotometer as in claim 44 wherein said housing has a light
      port for receiving light from said source and wherein said detecting means
      includes means for mounting said light source adjacent said light port.
NUM  49.
PAR  49. A spectrophotometer as in claim 44 further including means for
      displaying color values.
NUM  50.
PAR  50. A spectrophotometer as in claim 44 wherein one of said standard samples
      is vitrolite and the other is black.
NUM  51.
PAR  51. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, a sheet of standard color material mounted on said movable member
      means for covering said viewing port when said member means is
      immediately, over said viewing port, and switch means mounted adjacent
      said member for operating said control means when said standard sheet is
      covering said viewing port.
NUM  52.
PAR  52. A spectrophotometer as in claim 51 wherein said member includes a
      plunger having a handle portion for engagig said switch means, a further
      portion being axially movable with respect to said handle portion, a first
      spring urging said further portion away from said viewing port, and a
      second spring urging said handle portion away from said viewing port.
NUM  53.
PAR  53. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, a sheet of standard color material mounted on said movable member
      means for covering said viewing port when said member means is immediately
      over said viewing port, and means for mounting said photo-responsive
      devices in said housing concentrically about an axis which substantially
      perpendicularly intersects the center of said viewing port.
NUM  54.
PAR  54. A spectrophotometer as in claim 53 wherein said detecting means
      includes heating means mounted in said photo-responsive devices mounting
      means.
NUM  55.
PAR  55. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading
PA1  wherein said detecting head further includes a housing, movable member
      means on said housing for movement from a rest position to a position
      immediately over said viewing port, and a sheet of standard color material
      mounted on said movable member means for covering said viewing port when
      said member means is immediately over said viewing port,
PA1  wherein said housing has a light port for receiving light from said source,
      said detecting head includes means for mounting said light source adjacent
      said light port, and
PA1  said light source mounting means includes a plurality of fins for cooling.
NUM  56.
PAR  56. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident ligh over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      includng means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading.
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, and a sheet of standard color material mounted on said movable
      member means for covering said viewing point when said member means is
      immediately over said viewing port,
PA1  wherein said housing has a light port for receiving light from said source
      and wherein said detecting means includes means for mounting said light
      source adjacent said light port, and
PA1  further including means for circulating air through said light source
      mounting means and past said housing for cooling.
NUM  57.
PAR  57. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading,
PA1  and means for calculating the color values from the signals received from
      said photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, and a sheet of standard color material mounted on said movable
      member means for covering said viewing port when said member means is
      immediately over said viewing port, and said housing is provided with
      cooling fins.
NUM  58.
PAR  58. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output siganl varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, and a sheet of standard color material mounted on said movable
      member means for covering said viewing port when said member means is
      immediately over said viewing port, and said housing includes means for
      mounting said housing on a table.
NUM  59.
PAR  59. A digital abridged spectrophotometer comprising:
PA1  a detecting head including a plurality of photoresponsive devices each
      mounted for receiving incident light over a different color band and
      providing an output signal varying as a function of received light,
PA1  control means for interrogating each of said photoresponsive devices
      including means for calibrating from signals derived by said
      photo-responsive devices viewing a standard sample prior to each sample
      reading,
PA1  means for providing a given time after calibration for sample reading, and
PA1  means for calculating the color values from the signals received from said
      photo-responsive devices during a sample reading,
PA1  wherein said detecting head further includes a housing, movable member
      means, means mounting said movable member means on said housing for
      movement from a rest position to a position immediately over said viewing
      port, and a sheet of standard color material mounted on said movable
      member means for covering said viewing port when said member means is
      immediately over said viewing port, and
PA1  wherein said photo-responsive devices are photo-diodes.
NUM  60.
PAR  60. A spectrophotometer as in claim 59 wherein said photo-diodes span the
      color band between 4000 to 7000 Angstroms with separations of 200
      Angstroms.
NUM  61.
PAR  61. A method of measuring the color of a sample comprising the steps of:
PA1  calibrating by color analyzing a standard sheet of material,
PA1  establishing a predetermined time window following said calibration,
PA1  calculating the color values for a sample only if the sample is analyzed
      within said time window.
NUM  62.
PAR  62. A method as in claim 61 wherein said step of calibrating includes
      analyzing first and second sheets of material.
NUM  63.
PAR  63. A method as in claim 61 further including displaying color values
      derived from the reflectance values.
NUM  64.
PAR  64. A digital, abridged spectrophotometer comprising:
PA1  a detecting head having a housing providing a viewing port,
PA1  a plurality of photo-responsive devices each mounted in said housing for
      receiving incident light and being responsive to a different color band
      for providing an output signal varying as a function of the received
      light,
PA1  a sheet of standard color material,
PA1  means mounted on said housing for moving said standard sheet from a rest
      position to a position immediately over said port,
PA1  said moving means including a manually operated plunger member and means
      mounting said plunger member for movement from a rest position to a
      position immediately over said viewing port, and
PA1  digital computer means for interrogating each of said photo-responsive
      devices and determining the color values of material over said port.
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ABST
PAL  A signal processor enables the examination of the spectral content of an
      input signal within a selected analysis bandwidth f.sub.a about an
      adjustable reference frequency f.sub.r. A multi-segment digital filter in
      the processor provides sharply reduced levels outside the selected
      analysis bandwidth by first multiplying the effective data rate in a
      multiple-register integrating filter and then restoring the data rate in
      subsequent digital filters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The invention relates to signal processing and, more particularly, to
      digital processing of analog signals. The invention is especially useful
      in connection with frequency spectrum analyzers.
PAR  B. Prior Art
PAR  Signal processors in general transform an input signal of one kind into an
      output signal of another kind. In the past this processing had been done
      most generally in the analog domain, but in recent years has been
      increasingly performed in the digital domain. Because of the high speeds
      of such processing where frequency-translation operations are to be
      performed on the input data, it is necessary to filter the modulation
      products to extract only the desired side bands for subsequent processing.
      When only a narrow portion of the input band of the input data signal is
      to be analyzed, very narrow band filters are required and the filter
      design problem for either type of processing for (analog or digital)
      becomes severe.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A. Objects of the Invention
PAR  Accordingly, it is an object of the invention to provide an improved signal
      processor.
PAR  Further, it is an object of the invention to provide a signal processor
      capable of examining a selected narrow band portion of an input signal
      applied thereto.
PAR  Further, it is an object of the invention to provide a signal processor
      capable of examining a narrow band portion of selected bandwidth of the
      input signal centered around a selectable reference frequency.
PAR  Still a further object of the invention is to provide an improved digital
      filter for a signal processor.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an analog input signal is sampled at a
      sampling frequency f.sub.s and digitized and then digitally modulated by a
      sampled reference frequency signal. This reference signal, whose frequency
      is selectable within a specified range, is preferably weighted prior to
      modulation by a cosine-squared weighting function having the frequency
      f.sub.a. The weighting function assists in subsequent filtering of the
      modulation products by minimizing spectral components at the extreme edges
      of the band centering on the reference frequency. The resultant weighted,
      modulated input data is applied to a multi-segment digital filter
      comprising an integrating filter followed by one or more digital equiband
      filters. The combination of weighting with the cascaded integrating and
      equiband filters provides a flat response within the passband together
      with sharp cutoff outside the passband and good rejection of out of band
      components.
PAR  In contrast with conventional integrating filters, the integrating filter
      in the present processor utilizes a number of parallel accumulators to
      which the modulated data is applied. For each input data point, a number
      of weighting factors are generated. The weighting factors are equally
      spaced in phase. Thus, if four integrating accumulators are used, four
      samples of the cos.sup.2 function are generated in time sequency (i.e.,
      they are multiplexed) and are spaced 90.degree. apart at the weighting
      frequency f.sub.a. These weighting factors are multiplied in sequency by
      each input data point P.sub.n and the products are applied to the
      respective integrating filter accumulators. The first product P.sub.n cos
      k 2.pi. f.sub.r /f.sub.s cos.sup.2 k2.pi. f.sub.a /f.sub.s, (k = 0, 1, 2,
      -- ) is applied to the first accumulator, the second product P.sub.n cos k
      2.pi. f.sub.r /f.sub.s cos.sup.2 (k2.pi.f.sub.a /f.sub.s - .pi./2)
PAL  is applied to the second accumulator, etc. The next data point
      P.sub.n.sub.+1 is applied to the cos.sup.2 weighting generator to generate
      four more time multiplex weighted products and these are again distributed
      among the accumulators as before. Thus, the first accumulator contains the
      sum of the products of each data point and a weighting factor of a given
      phase, the second accumulator register contains the sum of the products of
      each data point and the weighting factor of that phase shifted by
      -90.degree., the third register contains the sum of the products of each
      data point and a weighting factor of that phase shifted by -180.degree.,
      and the last register contains the sum of the products of each data point
      and a weighting factor of that phase shifted by -270.degree..
PAR  The accumulator registers are then read out in interleaved sequency. Each
      register accumulates its sum for a period T.sub.i = 1/f.sub.a. These sums
      are read out at times separated by T.sub.i /4; this multiplies the number
      of data points processed by a factor of four. The output of the
      integrating filter is then applied to two cascaded equiband filters, each
      of which effectively reduces the number of data points processed by a
      factor of two, to thereby restore the original number of data points.
      However, because an apparently larger number of data points has been
      applied to them by the integrating filter, the overall filter cutoff is
      substantially sharpened.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The foregoing and other and further objects and features of the invention
      will be more readily understood from the following detailed description of
      the invention when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a block and line diagram of the data filter of the present
      invention;
PAR  FIG. 2 shows illustrative waveforms of various portions of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a detailed block and line diagram of the integrating filter and
      equiband filter of FIG. 1; and
PAR  FIG. 4 is a diagram of the frequency response of the filter of the present
      invention.
DETD
PAR  The analog signal to be processed is applied to a low pass analog filter 10
      which limits the bandwidth of the input signal and prevents spurious
      signals arising from "aliasing" when the signal is later sampled. The
      output of the filter 10 is applied to an analog-to-digital converter 12
      which samples the filtered signal at a sampling rate f.sub.s. The output
      of the converter 12 is applied to first and second multipliers 14 and 16,
      respectively, where it is modulated by a reference signal at a frequency
      f.sub.r from multipliers 18 and 20. The multipliers 18 and 20 provide a
      weighted reference frequency signal in the form of A sin.omega..sub.r t
      and A cos.omega..sub.r t, respectively, where .omega..sub.r = 2.pi.f.sub.r
      is the (angular) reference frequency and A is a weighting factor which
      assists in improving subsequent filtering. The generation of the weighted
      reference signal will be described shortly.
PAR  The outputs of the multipliers 14 and 16 are applied to digital filters 22
      and 24, respectively. The filter 22 is formed from an integrating filter
      26 and two digital equiband filters 28 and 30. The filter 24 is similary
      constituted and will not be described in further detail. The outputs of
      the filters 22 and 24 comprise filtered data samples translated in
      frequency by the selected reference frequency, f.sub.r. The processor
      effectively has two channels, namely, a first channel comprising
      multipliers 14 and 18 and filter 22 and a second channel comprising
      multipliers 16, 20 and filter 24. The first channel processes the
      imaginary component A sin .omega..sub.r t . f(t) of the modulated data
      signal f(t) and the second channel processes the real component A cos
      .omega..sub.r t . f(t) of the data signal. The processing is the same in
      each channel.
PAR  The reference frequency applied to the multipliers 14 and 16 is derived as
      follows:
PAR  The desired reference frequency is applied to the signal processor by, for
      example, dialing the frequency into a series of thumbwheel switches in a
      selector unit 40. These switches conveniently display the desired
      frequency in decimal digital form. The setting of these switches is
      converted by a converter 42 which generates a binary digital string
      representative of the reference frequency f.sub.r dialed into the unit 40.
      This digital string is applied to a phase accumulator (counter) 44 which
      steps through counts corresponding to 360.degree. at a rate f.sub.s, in
      increments corresponding to phase increments of magnitude f.sub.r /f.sub.s
      .times. 360.degree.. Thus as the accumulator 44 cycles from the count of O
      to T, its content correspond to a progressive phase angle from 0.degree.
      to 360.degree..
PAR  The contents of phase accumulator 44 are applied to a read-only memory 46
      which has stored in it factors of e.sup.j.sup..omega. r.sup.t, where
      .omega..sub.r t is the angle generated by phase accumulator 44. The
      factors e.sup.j.sup..omega. r.sup.t are stored in memory 46 in the form of
      sine and cosine values which are applied to the multipliers 18 and 20 over
      leads 48 and 50, respectively.
PAR  Weighting factors for the reference frequency are also applied to the
      multipliers 18 and 20 from a phase accumulator (counter) 52 and a
      read-only memory 54. The memory 54 contains values of the weighting
      function for each different value of the argument supplied to it. In the
      present case, the weighting function is a cos.sup.2 function. The argument
      applied to the memory 54 is generated in a phase accumulator 52 comprising
      a binary counter which cycles through counts corresponding to 360.degree.
      at a rate of f.sub.s in increments determined by the selected bandwidth
      f.sub.a. For reasons to be described later, the memory 54 supplies four
      values of the function cos.sup.2 for each argument presented to it; these
      values differ by factors of 90.degree. and are given as cos.sup.2 .alpha.,
      cos.sup.2 (.alpha.-90.degree.), cos.sup.2 (.alpha.-180.degree.), cos.sup.2
      (.alpha.-270.degree.), where .alpha. is the argument presented by
      accumulator 52. In the present case, the increments applied to the
      accumulator proportional to f.sub.a /f.sub.s .times. 360.degree.  that is,
      the bandwidth about the selected reference frequency over which the system
      output is to extend. This facilitates detailed examination of the spectrum
      of an applied analog signal. The selected analysis bandwidth not only
      determines the counting increment for the accumulator 52 but also sets the
      integration time of the integrating filters as will be described
      subsequently in more detail.
PAR  In FIG. 2A the operation of the weighting phase accumulator 42 is
      represented in more detail. The phase of the accumulator 52 is represented
      as sawtooth wave which increases linearly from an angle of 0.degree. to
      360.degree.. The phase is incremented every 1/f.sub.s seconds. The size of
      the increment, as previously noted, is determined by the analysis
      bandwidth and, in particular, is given by BW/f.sub.s .times. 360.degree.,
      where BW is the analysis bandwidth. The accumulator 52 recycles for
      operation as a modulo 360.degree. counter. Accordingly, the analysis
      bandwidth determines the slope of the phase-time curve and thus its
      period. The period of the curve is seen to be given by 1/BW and, for
      reasons shortly to be explained, this is also the integration time of the
      integrating filters.
PAR  In order to sharpen the filtering, each integrating filter comprises a
      group of four separate integrate-and-dump filters. These are implemented
      by means of accumulators which add the digital signals presented thereto
      over the integration time, dump them on command, and resume adding.
PAR  More specifically, as shown in FIG. 3, filter 26 is formed from four
      accumulators, 60, 62, 64 and 66, respectively. Each such accumulator has
      an input terminal such as terminal 60a and an output terminal such as
      terminal 60b. Data is applied to the input terminal at a first rate and is
      read from the output terminal at a second rate. This data is distributed
      to the registers 60 - 66 by means of an input distributor 70 controlled by
      distributor controller 72 and is received in sequence from the output
      terminals of the respective accumulators by means of an output distributor
      74 controlled by distributor controller 76. The input distributor 70 is
      controlled by the timing of four-phase outputs from the memory 54. The
      distributor control signals, as shown in FIG. 2B, are sequential in time
      and non-overlapping. They occur at four times the sampling rate, i.e.
      4f.sub.s. These signals are very simply generated by means of a four-phase
      binary counter operating at four times the sampling rate, i.e., f.sub.s.
PAR  The output distributor 74 is controlled so as to read out the contents of
      the accumulators 60 - 66 in sequency. Each accumulator is read out at the
      end of successive integration times given by T.sub.i = BS. Further, the
      read out of each accumulator occurs at a time T.sub.i /4 seconds after the
      readout of the immediately preceding register. After all four accumulators
      are read out, the distributor 74 recycles to the first register and again
      proceeds down the chain. The readout signals 78 which accomplish this are
      shown in FIG. 2C. These signals are generated in controller 76 which
      comprises a four-phase counter whose counting cycle is set equal to the
      reciprocal of the analysis bandwidth f.sub.a.
PAR  The filter 26 effectively multiplies the number of data samples by a factor
      of 4 and interweaves similar strings of data samples. In order to recover
      the original number of data samples, it is necessary to divide the
      multiplied sample string by 4. This is accomplished in the equiband
      filters 28 and 30 (FIG. 1) and their counterparts in the filter 24. The
      equiband filter 28 is shown in detail in FIG. 3; the filter 30 is
      identical to the filter 28 and need not be described in detail.
PAR  The filter 28 has an input buffer register 80 followed by a chain of
      registers 82, 84, 86, 88, each of which stores two data words. The
      registers 80 - 88 are conventional shift registers. The first register 80
      is a buffer register which assembles in sequency the outputs of the
      accumulators 60 - 66 in filter 26.
PAR  In addition, a register 90 stores a single word. The number of registers
      connected in the chain is dependent on the desired filter response. In the
      present case, the register length may be considered sufficient to
      accommodate 19 words (nine two-word registers and one one-word register)
      and one buffer sufficient to accommodate the sequential readouts from the
      filter registers 60 - 66.
PAR  The contents of the register 80 are passed to the register 82 one bit at a
      time. The register 82, in turn, shifts its contents one bit at a time and
      supplies them to the next register in the sequence. An output tap is
      provided at the end of every register, and these taps are thus located two
      words apart. The register 90 is connected so that its output is the middle
      of the sequence. The bits output available at the respective taps are
      added together in pairs, such that the output of the buffer register 80 is
      added to the output of the last register 88, the output of the first
      register 82 is added to the output of the second last register (not
      shown), and so forth. Thus, if the register sequency 82 - 88 comprises
      nine two-word registers, with x.sub.o representing the output of the last
      register and x.sub.18 representing the word applied to the first register
      82, the outputs are added serially as x.sub.o + x.sub.18, x.sub.2 +
      x.sub.16, x.sub.4 + x.sub.14, etc. x.sub.9 is not summed with another
      output. These sums are formed in summers 92, 94, etc. and are then
      multiplied by weighting co-efficients C.sub.1 in multipliers 96, 98, 100,
      etc. The sum of the resultant products is formed in a summer 102 and is
      then applied by a lead 104 to the following equiband filter.
PAR  In order to halve the number of data points which are passed on to the
      filter 30, the filter 28 sums only every other word in the sequence
      applied to it by the filter 26. This is accomplished by operating the
      summers 92, 94, 102, etc. only when every other word appears at the output
      of the registers 80 - 88.
PAR  As noted previously, the filter 30 is identical to the filter 28.
      Accordingly, it further divides the data rate connected to it by a factor
      of 2. The effect of this is to recover the original integrate and dump
      rate of the separate accumulators in the integrating filter prior to the
      expansion of this data rate in the multipliers 14 and 16 and integrating
      filters 26.
PAR  A practical signal processor constructed in accordance with the present
      invention samples signals having frequency components up to 40 kHz at a
      sampling rate of 163.84 kHz. 1024 data samples are accumulated in each
      accumulator register of the integrating filters during each integration
      time. Analysis bandwidths f.sub.a ranging from 8 Hz to 32 KHz are
      selectable by the operator. This gives spectral resolutions R which
      ideally range from R = f.sub.a /1024 .congruent. .008Hz to 32Hz. The
      resolutions are somewhat less than this due to non-ideal filtering and
      thus range from approximately .01 Hz to approximately 40.0 Hz. The
      integrating filter in each channel was followed by two cascaded equiband
      filters using eleven words (five pairs of "even" words and are odd word)
      implementing the equation shown in FIG. 4 and achieved over 40 dB of
      in-band spurious rejection of 40 dB of attention of frequencies greater
      than 1250 R as shown in FIG. 4.
PAC  CONCLUSION
PAR  From the foregoing it will be seen that I have provided an improved signal
      processor. The processor enables the examination of the spectral
      components within an arbitrary band about a selected reference frequency.
      The components outside the selected analysis band are sharply reduced in
      amplitude by the use of a multiple-accumulator digital integrating filter
      which effectively multiplies the sampled data rate. The integrating filter
      is followed by several equiband digital filters which restore the data
      rate by effectively dividing the rate of the data presented to them by
      factors of two. The response of this filter is even further improved by
      weighting the reference frequency with a cos.sup.2 factor prior to
      frequency translation of the input data.
CLMS
STM  Having illustrated and described the preferred embodiment of the invention,
      I claim:
NUM  1.
PAR  1. A digital signal processor for isolating different spectral segments of
      an analog signal applied thereto, said processor comprising
PA1  A. means for providing digital samples of said analog signal,
PA1  B. means for generating a selected reference frequency signal,
PA1  C. means for multiplying said digital samples by said reference frequency
      signal to thereby translate the spectrum of said analog signal to a band
      around a predetermined frequency,
PA1  D. filter means including a multi-register digital integrating filter
      having a selected integration period for accumulating said
      reference-frequency-multiplied samples in separate registers over said
      integration period, each multiplied input sample being applied to each
      register, and
PA1  E. means for reading out the contents of said registers at the end of each
      integration period at times separated by submultiples of the integration
      period.
NUM  2.
PAR  2. A digital signal processor according to claim 1 in which the selected
      reference frequency signal generating means includes,
PA1  A. means for selecting a desired reference frequency,
PA1  B. an accumulator responsive to said selection means to increment the
      contents thereof by the selected reference frequency,
PA1  C. means for energizing said accumulator at a first rate and
PA1  D. storage means responsive to the contents of said accumulator to provide
      an output proportional to e.sup.j.sup..alpha., where .alpha. is the
      contents of said accumulator.
NUM  3.
PAR  3. A digital signal processor according to claim 2 in which said
      accumulator is energized at a rate corresponding to the rate at which said
      digital samples are provided.
NUM  4.
PAR  4. A digital signal processor according to claim 1 which includes weighting
      means for weighting the selected reference frequency signal prior to
      translation of the analog signal spectrum, comprising
PA1  A. means generating a linearly varying phase angle at a rate proportional
      to the reciprocal of the integration time of said integrating filter,
PA1  B. means generating a weighting factor from said angle, and
PA1  C. means multiplying the reference frequency signal by said weighting
      factor prior to translation of the analog signal spectrum.
NUM  5.
PAR  5. A digital signal processor according to claim 4 in which the weighting
      factor generating means comprises a pre-loaded read-only memory having
      stored therein the cos.sup.2 values of the phase angles generated by said
      angle generator.
NUM  6.
PAR  6. A digital signal processor according to claim 1 in which said filter
      means includes a plurality of equiband filters in cascade and receiving
      the output of said integrating filter.
NUM  7.
PAR  7. A digital signal processor according to claim 6 in which the number of
      equiband filters in cascade equals log.sub.2 n, where n is the number of
      accumulator registers in said integrating filter.
NUM  8.
PAR  8. A digital filter for a digital signal processor, said filter comprising
PA1  A. a multi-register digital integrating filter for accumulating data
      samples supplied thereto in separate registers over a predetermined
      integration period,
PA1  B. means for applying successive data samples to successive ones of said
      registers in sequence,
PA1  C. an intermediate storage register,
PA1  D. means for reading out the contents of each of said filter registers into
      said intermediate storage register in sequence and at intervals spaced
      apart by submultiples of the integration period of said filter to thereby
      form an overlapped sequence of accumulated data, and
PA1  E. digital filter means connected to process only selected segments of the
      data sequence in said intermediate storage register for recovering
      therefrom a number of filtered samples proportional in number to the
      number of samples applied to each of said separate registers.
NUM  9.
PAR  9. A digital filter according to claim 8 in which said digital filter means
      includes a plurality of equiband filters in cascade to receive the output
      of said integrating filter for further filtering of the output of said
      integrating filter.
NUM  10.
PAR  10. A digital filter according to claim 9 in which the number of equiband
      filters is log.sub.2 n, where n is the number of registers in the
      integrating filter.
NUM  11.
PAR  11. Apparatus for selecting a predetermined band of frequencies of an
      incoming signal centered about a selected reference frequency prior to
      fourier processing comprising
PA1  means for providing a digital signal corresponding to an analog input
      signal;
PA1  means for shifting the spectra of the frequencies represented by said
      digital signal down by an amount equal to said reference frequency by
      complex multiplication of predetermined digital quantities in said digital
      signal by other complex digital quantities, thereby to produce a complex
      data signal capable of having both positive and negative frequency
      components; and
PA1  means for filtering said data signal to remove spectral components of said
      data signal outside said predetermined band.
NUM  12.
PAR  12. The apparatus of claim 7 wherein said filter means includes an
      integrator and dump means, the integration period determining said
      bandwith, whereby high frequency signals integrate out at a substantially
      zero signal level while low frequency signals are passed at a non-zero
      level.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said integrator and dump means
      includes means for increasing the number of data points without increasing
      said bandwidth.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said data point increasing means
      includes means for reading out said multiple integrator means and for
      reducing the number of data points to the original number by reading out a
      number of bits less than the total number of bits available, on a periodic
      basis.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said readout means includes equiband
      filter means coupled to the output of said filter means for more highly
      defining the band defined by said first mentioned filter means.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said equiband filter means includes a
      number of shift registers connected in series, means for sequentially
      coupling the outputs of said multiple integration means to the inputs of
      said series connected shift registers, means for summing the outputs of
      selected pairs of registers, and means for multiplying the output of
      selected summed pairs with selected weighting factors.
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ABST
PAL  A decimal adder has plural arithmetic stages, each for generating one new
      bcd digit, and a controller for all stages. Each stage has three,
      four-stage binary adders one as input receiver for one input bcd digit,
      one main adder and one as output corrector. The input adder adds six to
      that one input bcd digit for a true addition, the output adder adds ten
      (or subtracts 6) selectively under various conditions. The second bcd
      digit for a stage is either passed directly to the main adder or its 16-
      complement; the second input for the main adder is the output of the input
      adder. The output of the main adder is either fed directly or its 16-
      complement to the output adder. The controller controls selectivity of
      operation of input adders and complement input formation in all stages in
      response to equal or unequal sign bits. The controller controls formation
      of complement of the output of all main adders when the overall result is
      negative but not because both sign bits are negative. The add-ten of the
      output adder in each stage is controlled on the basis of the carry bit
      generated by the main adder in the particular stage and in response to the
      sign of the overall result. The carry in - carry out chain from stage to
      stage is closed in a loop through the controller, generating a carry-in
      bit for the subtract operation when the resultant sign is positive. This
      loop represents the sign of overall result in case of subtraction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in decimal, parallel adders
      and more particularly, the invention relates to such adders wherein each
      decimal position has an input adding stage, a main adding stage and a
      correcting stage behind the main adding stage.
PAR  Parallel adders are used generally for decimal (bcd) or straight forward
      binary addition or substraction wherein digits in corresponding positions
      are processed in parallel rather than serially. The main purpose of a
      parallel adder is saving of time as compared with serial adders. Of
      course, parallel adders are quite expensive so that their use has been
      limited e.g., to high speed computers.
PAR  THe development of integrated circuits has reduced the cost for hardware to
      such an extent that the more involved circuitry of a parallel adder adds
      only little to the cost of any device in which the adder is to be
      incorporated. As a consequence, parallel adders are not being used more
      frequenty. A typical parallel adder is described, for example, in "Control
      Engineering", Oct. 1972 issue, pages 48, 49. This adder has two input
      adding stages and one main adding stage and a correcting stage, for each
      decimal position. As shown in FIG. 2 of that publication, a complement
      forming stage is provided for each input digit so that the adder can
      provide for substraction as well.
PAR  This particular adder, though rather involved, is still not capable of some
      important arithmetic operations. For example, such an adder cannot
      substract numbers having in their higher decimal positions zeros. This is
      a significant drawback as it is frequently desirable to fill all positions
      with numbers, whereby leading zeros are used in the higher
      nonparticuipating positions for the numbers. Rarely are adders used to
      capacity of its format, and the highest significant digit of any number
      quite frequently does not occupy the highest available position. Also, a
      subtraction of a larger number from a smaller one is not possible, but
      will result in the respective ten complement. Still furthermore, one
      cannot add negative numbers. In other words, these last mentioned
      operations, if needed, (and they always are) must be provided for by still
      additional circuitry. These drawbacks are, therefore, quite significant.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to improve adders of the type
      referred to in the introduction so that the aforementioned limitations are
      obviated.
PAR  In accordance with the preferred embodiment of the present invention it is
      suggested to construct the individual arithmetic stages (generating one
      decimal output digit) in that each such arithmetic stage receives a digit
      of a first number via the input adder stage and a digit of corresponding
      position of a second number via a complement forming stage. Both numbers
      are then fed to the main adder stage and the output of the latter passes
      to a correcting stage via another complement forming stage. The correcting
      stage is controlled from the inverted transfer carry of the main adder
      stage and/or from a controller for purposes of corrections.
PAR  More specifically, two bcd digits entered in such a arithmetic stage
      (defined as unit processing one decimal position) are processed in that
      either "six" is added to one digit while the other remains unmodified, or
      the binary complement is formed of one digit while the other remains
      unmodified. The so processed two bcd digits are added in a binary adder
      with or without inclusion of a carry from a stage below and resulting in
      either case in a bcd digit with or without production of a carry. The
      result of that adder either remains as is or is inverted and in the
      correcting stage the number ten is or is not added (equivalent to a
      subtraction of six). The selection of these functions is under control of
      a controller responding to the sign bits of the numbers entered and
      further responding to a carry-overflow bit from the stage of highest
      significance.
PAR  Aside from forming the resultant sign bit, the controller controls in
      mutually exclusive fashion the adding of six and complement formations of
      one of the inputs. The controller controls also the formation of the
      complement of the output of the respective adder in all stages in
      dependance upon the sign bits and the recycled highest stage carry. The
      adding of 10 to the output in any stage is controlled in dependance upon
      any carry formed in that stage and in further dependance upon inversion of
      the output of the main adder in the stage.
PAR  It is significant that the transfer carry connection from the controller to
      the latest significant arithmetic stage, from stage to stage, and from the
      stage for the highest significant decimal digit back to the controller,
      does not only have regular arithmetic carry-borrow functions but
      participates in the distinction between complement formation by
      subtracting a number from fifteen, and control of generating a modulo 16
      operation.
PAR  As a result of these provisions, straight forward addition of two digits is
      carried out by adding six and again ten which gives the sum of the digits
      in an overall modulo 16 operation. The same is true if a carry is added
      from a stage below. If the two digits exceed 10, then the internal
      operation provides for the adding of 6, but the main adder already
      provides for modulo 16 operation, and ten is not added so that the sum of
      the digits minus ten is formed under production of a carry for the next
      stage. The addition of two negative numbers treats them as positive
      numbers which are added in the same fashion, but under formation of a
      negative sign bit for the output by the controller.
PAR  On subtraction, one number is inverted which amounts to formation of
      fifteen minus that number. Moreover, if the overall result is positive, a
      carry is forced into all arithmetic stages causing modulo 16 in the main
      adder of each stage. "Ten" is or is not added depending on whether or not
      the subtraction of two digits requires a borrow. Whereby, selective borrow
      operation may interrupt the chain of carries, but operation of the stage
      or stages processing highest significant digits ensures proper
      continuation of carry or no-carry propagation. If the overall result is
      negative, no carry is forced into the stages, but the output of the main
      adder in each stage is inverted again so that fifteen is first added and
      then again subtracted. Depending on the need for a borrow, ten is or is
      not added.
PAR  The formation of transfer carry bits in the one of the highest stages and
      its recycling permits that all higher, nonparticipating stages may receive
      zeros, and the resulting digit will be zero while the carry bit from the
      highest participating stage is permitted to propagate through (or, if
      there is no carry bit none will be produced by the nonparticipating
      stages).
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointed out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages theeof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the principle layout of an adder in accordance
      with the preferred embodiment of the invnetion;
PAR  FIG. 2 shows the circuit for one decimal position; and
PAR  FIG. 3 shows the circuit of a controller used in the adder.
DETD
PAC  GENERAL LAYOUT
PAR  Proceeding now to the detailed description of the drawings, FIG. 1 shows n
      arithmetic stages 1 through n of a parallel adder permitting the addition
      of two numbers with up to n decimal positions each. The ascending order of
      stage identification signifies also digital significance, stage 1
      operating on least significant digits, stage n operating on the digits of
      highest significance. Each arithmetic stage generates one new decimal
      digit in response to two input digits. Accordingly, each stage has two
      inputs or input channels A and B with high indices used for identifying
      the stage to which such input pertains. High indices are used throughout
      for identifying an input or output line or signal from a particular stage.
PAR  Each input channel has four lines to receive decimal digits in the form of
      bcd signals.
PAR  Each stage has a transfer output line Ua respectively connected to a
      transfer input line Ue of the next higher stage. Thus, line Ua.sup.1 of
      stage 1 connects to Ue.sup.2 of stage 2 etc., line Ua.sup.n.sup.-1 of
      stage n-1 connects to line Ue.sup.n. The signals transferred via these
      n-lines are carry bits.
PAR  Reference numeral 10 denotes the controller for the adder having as primary
      inputs the sign bits for each of the two numbers to be processed. The sign
      bits and their controller inputs are indentified by A- and B-. The
      transfer input line Ue.sup.1 of stage 1 connects to a particular output
      line U.sup.o of the controller, while line Ua.sup.n of highest stage n
      connects to an input line Un of controller 10, thereby closing, in effect,
      a transfer loop.
PAR  Each stage has additionally three control inputs S, d and N with high
      postscript used to indentify the stage. These control inputs are bussed
      and are connected to branch off common outputs S, D and N of controller
      10. Thus, these control lines are applied to all arithmetic stages in
      unison while the respective signals are generated in the controller.
PAR  The bcd, four line outputs of each arithmetic stage are denoted by
      character C again with high postscripts identifying the respective
      generating stage. The output line C- of controller 10 represents the sign
      of the resulting number.
PAC  ARITHMETIC STAGES AND CONTROLLER
PAR  All arithmetic stages are constructed similarly, only controller 10 differs
      from them. The individual arithmetic stages will now be described in
      detail and with respect to FIG. 2; stage identifier subscripts have been
      omitted as unnecessary for that purpose. Summarily, such a stage has an
      input adding network 15 connected to lines A; a complement network 16
      connected to lines B; a main adding stage 17 connected to the outputs of
      15 and 16; a complement forming network 18 connected to the outputs of
      stage 17; and a correcting network 19 connected to 18.
PAR  The input adder 15 is a four stage, straight forward binay adder which will
      never be called to generate a sum exceeding fifteen. The four input lines
      for bcd signals representing the one digit are denoted A.sub.1, A.sub.2,
      A.sub.3 and A.sub.4, and they are connected to one input each of the four
      stages of adder 15. The respective other inputs of the highest and of the
      lowest substages are connected to a common line 0 which thereby sets the
      second inputs of the highest and lowest binary stages in adder 15 to zero.
      Line O connects also to the carry input of that adder.
PAR  The two stages in adder 15 are connected to receive the signal on line S
      from controller 10. That signal is high (1) or low (0). When high, adder
      15 adds in effect, the decimal number six to the A input digit. When S is
      low, zeros are added so that the A digit passes adder 15 unmodified.
PAR  The corresponding four lines B.sub.1, B.sub.2, B.sub.3, B.sub.4
      representing also four bcd signals of the digit of the second number,
      connect to four exclusive Or-gates of stage 16 each receiving in addition
      the control signal on line D from the controller. The control signal on
      line D in fact defines whether the output of each exclusive Or-gate is
      equal to or the complement of its respective B input bit. One can also say
      that for each four-bit input B, stage 16 forms (15 - B) when D is high.
PAR  The four outputs of adder 15 and the four outputs of inverter 16 are
      combined in pairs as inputs for the four adding stages of binary adder 17.
      The adder has a carry input which connects to input u.sub.e of that
      particular arithmetic unit. When the carry bit is one, a "one" is added to
      the least significant stage of adder 17. The adder 17 is a straight
      forward binary adder whose output is the sum of its inputs modulo 16.
      Whenever the output exceeds 15, adder 17 provides a carry bit to output
      line Ua.
PAR  Adder 17 has four outputs, one per adding stage, which are respectively
      connected to one input each of four exclusive Or-gates in assembly 18. The
      respective second input of all of these gates connects to the control line
      N from controller 10. The signal in line N determines whether impliment or
      complement of the outputs of adder 17 are to be provided by the outputs of
      the four exclusive Or-gates of 18. It will be seen that this will depend
      on whether the overall output is positive or negative when the two input
      numbers have oposite sign.
PAR  The signal in line N is also applied to an exclusive Or-gate 20 which
      receives as a second input the inverted signal on carry-out line Ua
      (inverter 21). The output of exclusive or gate 20 is connected to two of
      the four adding stages in the correcting unit 19. Unit 19 is again a
      straight forward binary adder which also operates on a modulo 16 basis.
      However, a carry-out bit is not taken from adder 19. Also, its carry input
      is set to zero by connection to low-biased line 0.
PAR  Each of the four adding stages in 19 receives one bit from one of the
      exclusive Or-gates 18. The output of exclusive Or-gate 20 connects to the
      second input of the highest and of the second least significant adder
      stages in 19, while the two other stages have their second input connected
      to line 0. Thus, when the output of exclusive Or-gate 20 goes high, a
      decimal 10 is added by adder unit 19 to the number as derived from the
      outputs of exclusive Or-gates 18 which is equivalent of a subtraction of 6
      by virtue of the modulo 16 operation of adder 19.
PAR  The four output lines C.sub.1, C.sub.2, C.sub.3, C.sub.4 from stage 19
      represent the output digit of the respective operation, again in bcd
      format. It should be mentioned at this point, that the bcd digits A and B
      as applied and the bcd digit C generated by such an arithmetic stage
      operates as if these numbers were positive. The sign of any input number
      affects such operation indirectly only through the control signals S, D,
      and N and through the carry bit formation process.
PAR  Turning now to the controller 10, it provides command and control signals
      to lines S, D, U.degree. and N in response to sign bit signals A-, and B-
      as well as in further response to the highest stage carry output U.sup.n.
      In addition to control signals for the adder stages, controler 10 forms
      the sign bit C- of the result.
PAR  Specifically, an And-gate 26 responds to coincidence of two bits indicating
      negative sign of both input numbers to produce a negative sign bit via one
      input of a regular Or-gate 30 whose output is the sign bit C-. This
      straight forward formation os a negative sign bit C- out of two negative
      sign bits A-, B- occurs only when both input numbers are indeed negative.
      If only one input is negative, the sign of the result is directly
      determined by signal N constituting the second input for the sign bit
      forming Or-gate 30.
PAR  It should be mentioned here that upon implementation the more common nand
      and nor logic will be used, but straight forward and/or logic facilitates
      understanding of the invention, and the change in logic presents no
      problem.
PAR  The two symbols are, additionally, fed to an exclusive Or-gate 25 whose
      output controls the common line D. One can readily see that the line D is
      e.g., high for unequal sign bits only and low for similar sign bits of the
      two numbers, representing positive or negative signs as the case may be.
      An inverter 27 is also connected to the output of exclusive Or-gate 25 and
      it can readily be seen that the outputs, as controlled by inverter 27 is
      the complement of D. S is high when the sign bits are equal (positive or
      negative) and low when they are unequal; signal D has opposite
      characteristics.
PAR  It can thus be seen, that either exclusive Or-gates 16 in all arithmetic
      stages form the complement of the input digits B, or six is added to each
      input digit A, because one of the other of D and S is high while the
      respective other one is low.
PAR  The output of exclusive Or-gate 25 is connected additionally to one input
      each of two And-gates 28 and 29, the former furnishing the carry signal
      U.degree. to be applied as carry to the least significant stage 1 while
      gate 29 provides the control signal for line N. Both gates are enabled
      only when the sign bits differ; the signals U.degree. and N are both low
      by necessity when the input numbers have similar sign bits.
PAR  The signal gates through by gate 28 when open on unequal sign bits is the
      carry signal from the highest stage, U.sup.n. An inverter 31 provides the
      complement of that highest stage carry signal to feed it as second input
      to gate 29. Thus, signal U.degree. follows the highest stage carry
      U.sup.n, and N is complementary thereto, but only when the input numbers
      have unequal sign bits, otherwise U.degree. and N are both low regardless
      of that highest stage carry.
PAR  As stated above, the output of gate 29, i.e., the signal in line N serves
      as alternative input for Or-gate 30 and thus establishes the alternative
      sign bit for the output. It will be recalled, that the first input of gate
      30 determines the sign bit C- as a negative only when both input numbers
      are negative. In any other cases, signal N determines the sign bit of the
      resulting number.
PAC  OPERATION (ADD)
PAR  The operation of the adder will be explained next with reference to
      specific examples, applied to a single arithmetic stage first. For adding
      two decimal digits A and B under the assumption that this sum C is smaller
      than 10, the respective stage realizes the following operation:
EQU  C = (A + 6) + B - 6 = A + B
PAL  This means, that input adder 15 adds 6 to digit A and stage 17 adds B
      thereto. Since A + B &lt; 10, it follows that A + B + 6 &lt; 16 so that no carry
      is produced by 17. It is further presumed that the numbers to which these
      digits pertain (or constitute) are positive so that the outputs of both
      gates 25, 26 are low, D, U.degree. and N are low accordingly but S is
      high. Whether or not the digits pertain to numbers whose sum is larger
      than the format permits is unimportant as only the overflow indicator will
      respond to a U.sup.n carry; controller 10 will not respond. C- is low as
      both N and the output of 26 are low.
PAR  Since S is high, input adder 15 adds the number 6 to the decimal digit A as
      applied in bcd format to lines A.sub.1, A.sub.2, A.sub.3, A.sub.4. Since D
      is low exclusive Or-gates 16 pass B unmodified and adder 17 forms the sum
      (A + 6)+ B. The four bit format (decimal number 15) could be exceeded in
      adder 17 only if there is a carry U.sub.e. Assuming this not to be the
      case, the output of 21 will be high and, N being low, gate 20 is high so
      that correcting stage 19 adds the 16- complement of 6, i.e., 10, to the
      output of exclusive Or-gates 18 which is the equivalent of subtracting 6
      from the number A + B + 6 as provided by stage 18. Exactly the same
      operation will ensue if A + B + 1 (i.e., carry U.sub.e being applied from
      a lower stage to the arithmetic stage is considered) is still smaller than
      10. The output lines C.sub.1, C.sub.2, C.sub.3, C.sub.4 will hold the sum
      A + B or A + B + 1 in bcd notation, and a low C- denotes positive sign.
PAR  It may now be assumed that a carry results from adding the two digits A and
      B with or without a carry U.sub.e being applied from a lower stage so that
      A + B (or A + B + 1) is equal to or larger than 10. Since we still
      consider just addition, both A- and B- are low, so that S is high and D is
      low; stages 16 and 15 operate as before accordingly and 17 forms A + B + 6
      (+ 1), under the assumption that this sum is larger than 15.
PAR  The operation carried out on this number as provided by adding stage 17 is
      the subtraction of 16 as 17 is a modulo 16 adder, so that the result will
      be
EQU  C = ((A + 6) + B) - 16 = A + B - 10. In other words, adder 17 does already
      provide that number C and stage 18 merely transfers it. Since U.sub.a has
      gone high, the output of 21 is low (N is also low) so that indeed nothing
      is added in stage 19, and the number A + B - 10 (+ carry Ue if any)
      appears at C, which is indeed correct. The suppressed 10 is transferred to
      the next arithmetic stage as carry signal U.sub.a.
PAR  The operation as outlined above is also applicable for A = B = 0 resulting
      in C = 0, so that higher stages, not in fact being used, generate zero
      output digits. This concludes all possibilities as to straight forward
      addition of possitive numbers.
PAC  OPERATION (SUBTRACT)
PAR  In the case of subtraction, one has four possibilities. A - B .gtoreq. O, A
      - B &lt; O as to individual digits, at a positive sign of the resultant
      difference number, or for a negative sign of the resultant difference. The
      most simple case A - B.gtoreq. O with positive overall result presents
      itself as follows. B- is high, so that 25 and D are high, S is low, and
      both, 28 and 29 are enabled by exclusive Or-gate 25. Since we assume at
      first that the overall result of the subtraction is positive, N must be
      low and U.degree. and U.sup.n must be high. That the latter is indeed true
      will be vertified later.
PAR  Now, with S low and D high, digit A passes adder 15 without augmentation (6
      is not added) while stage 16 forms the complement or B. Additionally, it
      was assumed that U.degree. = U.sub.e is high so that stage 17 forms (A +
      B) + 1. Strictly speaking that applies only to the first arithmetic stage
      whose carry input is connected to receive U.degree.. That the same is true
      for higher stages will be vertified shortly. B is actually 15 - B, as
      generated by these four exclusive Or-gates 16. Moreover, it must be born
      in mind that + means arithmetic plus and is not a Boolean algebra symbol.
      Thus, stage 17 is called to perform the addition A + 15 - B + 1. Since A
      .gtoreq. B was assumed, overflow is definitely produced in stage 17 so
      that carry bit U.sub.a goes up. Thus, the carry input of the next
      arithmetic stage will definitely receive a carry bit so that indeed these
      arithmetic operations are presently developed may apply to all cases. That
      the resulting carry-out signal U.sub.a from at least one of the arithmetic
      stages will in fact propagate through all stages of the adder will be
      shown shortly, to show that ultimately U.sup.n is high, which in turn
      causes U.degree. to go high and N to go low as is presently assumed.
PAR  Since N is low, stage 18 transfers the output of adding stage 17 to adding
      stage 19. Since 15 + 1 is zero in a modulo 16 adder (as is the case in a
      four stage binary adder), the output of 17 is, in effect A -B. Since
      U.sub.a goes up, the output of 21 is low, so is N and the number added to
      A - B in 19 is zero, so that indeed A - B appears at output C.
PAR  It must now be vertified why U.sup.n is high in this operation. Since the
      overall is to be positive, the digits of highest significance must satisfy
      thee condition A .gtoreq. B (or even, A .gtoreq. B + 1, if there was a
      borrow from below), and the highest participating arithmetic stage does
      produce a carry bit U.sub.a accordingly. The next higher stages up to n
      receive zeros at their A.sub.1, A.sub.2, A.sub.3, A.sub.4 and B.sub.1,
      B.sub.2, B.sub.3, B.sub.4 inputs.
PAR  Since S is low and D is high the respective input adders 15 transmit all
      zeros, stage 16 transmits all ones (or 15). Since the respective input
      U.sub.e receives a carry signal from the proceding arithmetic stage, adder
      17 performs a 15 + 1 addition which results in zero output at the C-
      terminals concurring with a carry on the respective output U.sub.a which
      becomes the carry input for the next arithmetic stage whose A and B inputs
      receive also all zero bits etc. until the last stage produces U.sup.n
      closing the loop through the controller. This however, means that
      U.degree. is dependant on a high U.sup.n so that it must be shown that at
      least one adding stage 17 will produce a high U.sub.a (thereby starting
      the chain of carry propagation) irrespective of a U.sub.e value at its
      carry input. As will be shown shortly, the failure of a stage to receive a
      U.sub.e bit is due to a borrow from the stage below.
PAR  Going back to the operation of adder 17, it was presumed that for A - B
      .gtoreq. O, but adder 17 is effect performs A + 15 - B if there is no
      carry from below, this then can be restated as A + 16 - (B + 1) or A - (B
      + 1) as far as the C output is concerned. A carry U.sub.a will be produced
      by that arithmetic unit, even if there is no high carry U.sub.e (=
      U.degree.o), as long as A - B .gtoreq. 1'. That situation must exist in at
      least one arithmetic stage if the difference between two milti digit
      numbers is to be positive. That one stage is, therefore, the initiator of
      the carry bit that transfers throughout the circuit and set U.degree.  = 1
      and N = 0.
PAR  There remains, therefore, only the situation that the two numbers to be
      subtracted from each other are identical, that A = B in all arithmetic
      stages. If A = B in a stage then 17 will (in the absence of a carry)
      produces four ones and no carry. Since U.degree. is low, N will now be
      high, 21 goes high in all stages. Thus, stage 18 will convert the four
      ones of stage 17 into four zeros to which nothing is added in 19 so that C
      is all zero output.
PAR  None of the other stages receives a carry either, but again that does not
      matter as now 17 will also produce the number 15 in each case (or four
      ones). Since N is high in this case (no carry being produced anywhere),
      inverter 18 converts these four ones of stage 17 into four zero in each
      instance, to which nothing is added. Thus, for A = B an all zero output is
      produced, whereby for this particular case, no carry is produced but N
      does go up. Thus, an all zero output is indicated by a negative sign bit
      which is actually of advantage as it indicates that the all zero output is
      the result of a substraction and not because of all zero inputs of an
      addition.
PAR  The next operation to be considered is the subtraction A - B&lt;0, but still
      under the assumption that the overall result is positive. Hence, we
      continue to presume that N is low and U.degree. is high.
PAR  Since B- is high and A- is low, D is high and S is low. Thus, nothing is
      added to A by adder 15 while 16 does form 15 - B. The carry input U.sub.e
      is high either because of its connection to U.degree. , or because it
      receives a carry from below, i.e., from a stage whose inputs satisfied the
      condition A - B .gtoreq. O. The case of no carry input will be considered
      also.
PAR  Adder 17 forms A + 15 - B + 1. For A&lt;B, the addition in 17 cannot produce
      an overflow so that U.sub.a will not be produced. If the stage does not
      receive a carry input, 17 forms A + 15 - B and that is even smaller than
      15. Thus, in either case, no carry-out U.sub.a will be produced.
      Consequently, the output of 21 goes up and, N being low, exclusive Or-gate
      20 passes a signal to adder 19 representative of adding 10 to the number
      applied by exclusive Or-gates 18 to 19. Since N is low the exclusive
      Or-gates 18 serve only as transfer stages for output from 17 which, as
      stated above, is A - B + 16 or (A - B + 15), so that 19 now forms A - B +
      16 + 10. As that number is positively in excess of 16 (16 being 0 in this
      binary adder); the signal at C is A - B + 10, or A - (B + 1) + 10
      consistent with a borrow from the arithmetic stage below. Hence, a borrow
      is an absence of a carry, and presently the stage produces such a borrow
      as a U.sub.a = 0.
PAR  It should be noted again, that this situation does not produce a transfer
      signal U.sub.a, while U.sup.n must be high. This is still consistent as
      B&gt;A cannot possibly occur in the highest decimal position for a
      subtraction with positive result. That requires for the highest stage A
      .gtoreq. B and, as was outlined above, such a subtraction does produce a
      transfer carry U.sub.a which then propagates through the highest stages as
      will be shown shortly.
PAR  Now we turn to the second group of substract operations, where the overall
      result is negative. The controller 10 has to maintain a condition wherein
      N is high for the production of the negative sign bit (the special case of
      both numbers being negative will be considered later). N can be high only
      for unequal sign bits and for a low transfer carry U.sup.n. Also, a high N
      means low U.degree. . As before we shall verify later the fact that
      U.sup.n is indeed low in this case.
PAR  Again we consider first the situation of A .gtoreq. B for zero carry input
      U.sub.e (or A + 1 .gtoreq. B if there is a carry input U.sub.e). Since
      again S is low and D is high, stage 16 provides 15 - B and adder 17
      provides A - B + 15 (or A - B + 1 + 15 if there is a carry). Now, since N
      is high, exclusive Or-gates 18 provide the complement or 15 - A - 15 + B =
      B - A, or B - (A + 1) if there was a carry from below. If 17 does provide
      a carry, then A .gtoreq. B with N high and U.sub.a high (output of 21 low)
      exclusive Or-gate 20 controls correcting stage 19 to add 10 to the result,
      so that the output at C is 10 + B - A or 10 + B - (A + 1) if there was a
      carry from below.
PAR  It is clear that the condition A .gtoreq. B or even A .gtoreq. B + 1 is not
      possible for the highest digits of a subtraction when the overall result
      is to be negative. This requires A&lt;B, or at least A&lt;B + 1 depending on the
      carry-borrow situation in the stage below. Assuming first that a carry was
      produced by the stage below, then adder 17 receives and forms 15 - B + A +
      1. If a carry was not produced in the stage below, adder 17 forms 15 - B +
      A. In order to establish the condition of a negative resultant sign bit,
      an overflow must not occur in 17, i.e., 15 - B + A or 15 - B + A + 1 must
      not exceed 15. Then and only then will there be no carry U.sub.a issued
      from the highest participating arithmetic stage. That this absent carry
      bit will propagate as such through the not participating stages (A = B =
      0) so that U.sup.n = 0 be maintained will be shown shortly.
PAR  Continuing with the forth case, A&lt;B and overall negative result, N is high
      everywhere and U.sub.a is low in the particular stage considered; 21 is
      also high and exclusive Or-gate 20 will not produce an output. Thus,
      exclusive Or-gates 18 will form the complement of the output of adder 17
      but adder 19 will not add anything thereto. The output C now produced by
      the arithmetic stage is 15 - 15 + B - A (or 15 - 15 + B - A - 1 if there
      was a carry situation from the stage below). The result is, therefore, C =
      B - A or B - 1 - A which is indeed correct in either case.
PAR  Finally, it must be verified that no carry from stages below (U.sub.e = 0)
      and A = B = will not result in a U.sub.a = 1, so that higher
      nonparticipating stages receiving only zeros as inputs will in fact
      produce, finally U.sup.n = 0 which is the necessary condition for
      establishing N = 1. A = B = 0 and U.sub.e = 0 puts decimal number 15 into
      adder 17 with no overflow incurred. Hence, U.sub.a = 0 as required. Stage
      18 provides all zeros and high 21, high N blocks exclusive Or-gate 20 so
      that nothing is added at 19. The outputs C will all be zeros.
PAR  Finally we come to the specific addition of two negative numbers. A- = B- =
      1 so that 26 provides the negative sign bit (through Or-gate 30) C-.
      Exclusive Or-gate 25 provides zero output just as in the case of addition
      so that S is high and D is low. Since the output of 25 is low, U.degree.
      and N are low. Thus, as far as the control of the arithmetic stages by the
      controller is concerned, they just add the numbers and the situation is
      exactly as described above with regard to addition. The production of a
      carry in each stage is of significance only in the next stage. A carry in
      U.sup.n is only an overflow indication. Thus, the result of -A -B is
      represented as A + B on the C outputs, but sign bit C-  indicates that it
      is in fact a negative resultant number.
PAR  It should be mentioned, that the circuit as described thus far will also
      process -A + B, but the result will have the incorrect sign. This is not a
      detriment as one can readily avoid this case and put the number to be
      subtracted always into the second decimal number position B. However, it
      can readily be seen, that -A + B can also be provided for; it is merely
      necessary to form the complement of N for this case. In other words, and
      in Boolean terms, the controller may have another And-gate feeding a third
      input of Or-gate 30 by the logic signal A.B.N., while the input N for gate
      30 as illustrated will be replaced by a gated signal termed A.B.N.
      Alternatively, one could switch the input connections between the A and B
      lines on one hand, and the units 15, 16 around and obtain the same result.
      Obviously, that is considerably more involved hardware-wise.
PAR  It can readily be seen, that the adder is capable of performing all decimal
      additions and subtractions in parallel without limitations and is, thus
      universally employable. Using this network in and as part of an
      arithmetic-logic unit is quite possible; And-gating of all-zero outputs to
      determine the logic function of equality-inequality; detection of sign for
      a larger/ smaller comparing funtion; forming the decimal complement of a
      number through additional control of N; adding one to a number or to a sum
      through additional control of U.degree. , are all merely augmentations of
      the controller to respond to logic commands in the indicated fashion.
PAR  Another point to be considered is the following. Each arithmetic stage has
      one input in which selectively the complement is formed or not, while the
      other input has or has not 6 added. These two input modifiers are mutually
      exclusive so that both of them could be conducted on one and the same
      input e.g., the A's input, while lines B feed directly to adder 17.
      However, that is more involved hardware-wise and the illustrated circuit
      is clearly preferred.
PAR  Another modification can be seen directly in the following. The adders
      including 17 are constructed from bistable units e.g., flip-flops. Hence,
      each stage in adder 17 does already provide the complement. Thus, in lieu
      of exclusive Or-gates 18 one can uses N and N - "and" gating of complement
      and direct outputs of these adder stages.
PAR  It should be mentioned finally, that the term "adder" as used here,
      particularly for input and output adders 15 and 19 could be understood
      also as hard wired subtractors because in one instance (15) one could
      subtract 10 and 19 could subtract 6 when called for. These operations are
      deemed strictly equivalent on the basis of the modulo 16 operation these
      adders will perform in either case.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. A decimal parallel adder comprising:
PA1  a plurality of arithmetic stages, one each for forming a new decimal digit,
      each such stage having a first binary adder for receiving signals
      representing a first and a second digit to be added;
PA1  circuit means in each said stage connected for feeding said signals to said
      adder and selectively and mutually exclusively providing the bit by bit
      complement of one digit and adding a particular number to one of the two
      digits;
PA1  a second adder in each said stage connected so that its output provides
      said new decimal digit;
PA1  second circuit means in each said stage for selectively passing direct or
      complement of the output of said first adder as one input to said second
      adder;
PA1  third circuit means in each said stage for selectively passing or
      suppressing signals representing a fixed number to said second adder and
      equivalent to a subtraction of the number as added by operation of the
      first circuit means;
PA1  circuit means for connecting the carry output of each first adder to the
      carry input of the first adder of the stage forming the next higer
      significant decimal digit; and
PA1  a controller common to all stages and connected to be responsive to the
      sign bits of numbers whose digits are fed to said stages and providing
      control signals for control of the selectivity of said first circuit means
      and further providing other control signals for control of the selectivity
      of said second circuit means, the controller additionally providing a sign
      bit for the number as assembled by operation of all said stages.
NUM  2.
PAR  2. A decimal adder as in claim 1, wherein the adders perform addition
      modulo a number which is the sum of said particular number and of said
      fixed number.
NUM  3.
PAR  3. A decimal adder as in claim 2, said third circuit means being controlled
      in response to production of an overflow - carry bit by said first adder.
NUM  4.
PAR  4. A decimal adder as in claim 3, said third circuit means being controlled
      additionally by said controller when responding to sign bits signifying
      addition of two positive or of two negative numbers, to obtain the
      addition of the fixed number in the second adder when the first adder
      produces said carry bit, said first circuit means being controlled to
      obtain addition of said particular number.
NUM  5.
PAR  5. A decimal adder as in claim 3, said third circuit means being controlled
      additionally by said controller when responding to sign bits signifying
      subtraction and an overall negative result to obtain the addition of the
      fixed number when the first adder produces said carry bit, the first
      circuit means being controlled so that the particular number is not added.
NUM  6.
PAR  6. A decimal adder as in claim 31, said third circuit means being
      controlled additionally by said controller when responding to sign bits
      signifying subtraction and an overall positive result to suppress addition
      of the fixed number when the first adder produces said carry bit, the
      first circuit means being controlled so that the particular number is not
      added.
NUM  7.
PAR  7. A decimal adder as in claim 1, wherein the particular number is six, the
      fixed number is ten, each adder being a binary adder with four stages.
NUM  8.
PAR  8. A decimal adder as in claim 1, said controller controlling the first and
      second circuit means in response to a subtraction with negative result for
      the respective formation of complements.
NUM  9.
PAR  9. A decimal adder as in claim 8, the third circuit means in each stage
      being controlled in response to the carry produced by the first adder in
      the stage and in further response to complement forming of the output of
      the first adder as provided for all stages by the controller.
NUM  10.
PAR  10. A decimal adder as in claim 1, said controller connected for receiving
      the carry output of the stage of highest significance and including a
      circuit forming the negative sign bit of the overall result concurrently
      with a control signal for all the second circuit means to obtain
      production of the complement of the output of the first adder.
NUM  11.
PAR  11. A decimal adder as in claim 10, said controller feeding a complement of
      said control signal to the carry input of the stage of least significance.
NUM  12.
PAR  12. A decimal adder as in claim 1, said first circuit means of all stages
      being controlled by said controller to obtain the adding of the particular
      number when the sign bits received by the controller are equal, the first
      circuit means of all stages being controlled by said controller to obtain
      complement forming of the one input number when the sign bits received by
      the controller are unequal.
NUM  13.
PAR  13. A decimal adder as in claim 1, wherein the controller receives a carry
      bit of the stage forming the digit of highest significance, the controller
      providing a carry bit to the carry input of the stage forming the least
      significant digit;
PA1  means in the controller for setting the latter carry bit as provided by the
      controller to zero on the response to equal signs received by the
      controller; and
PA1  means in the controller for causing the carry bit as provided by the
      controller to be the complement of a particular one of the control
      signals, the particular control signal being applied to all said second
      and third circuit means to respectively control the selectivity of
      operation of the second circuit means, the third circuit means in each
      stage being controlled as to passing or suppressing by the particular
      control signal and in further response to production or no production of
      carry bit by the first adder of the respective stage.
NUM  14.
PAR  14. A decimal adder with one stage for each bcd digit to be generated from
      the bcd digit of two numbers applied to the decimal adder for the
      generation of a resultant number in accordance with a specified arithmetic
      operation, comprising:
PA1  a controller responsive to the sign bits of the numbers fed to the adder
      and generating a sign bit for the resultant number;
PA1  a binary adder in each stage for adding two bcd numbers and a carry bit
      when received to each other and providing the sum of its inputs as well as
      carry bit;
PA1  an input circuit for the adder in each stage receiving two bcd numbers and
      feeding them as two input numbers to said adder, and including means for
      generating selectively the 16-complement of one of the numbers;
PA1  a correcting stage in each arithmetic stage and connected for providing for
      the selective addition of ten to a number received and generating a bcd
      digit as output digit of the arithmetic stage, the output digit being a
      digit of the resultant number;
PA1  first circuit means in each arithmetic stage and being selectively operated
      for passing the output or its 16-complement of the adder to said
      correcting stage as number received;
PA1  second circuit means in the stage for controlling the selectivity of the
      selective addition in the correcting stage in response to the carry
      generated by the adder and in further response to the signs of the numbers
      as received by the controller;
PA1  third circuit means including the controller connected for controlling the
      selectivity of the first circuit means in response to the generation of
      the resultant sign bit from unequal signs bits as received by the
      controller; and
PA1  further circuit means in the controller for controlling the input circuit
      means of all stages in response to in-equality of the sign bits of the
      numbers received the controller.
NUM  15.
PAR  15. A decimal adder as in claim 14, wherein said third circuit means is
      responsive to the carry bit produced by the stage of highest significance
      participating in a subtraction, to control the sign bit for the resultant
      number in response thereto, and to provide a control signal to the first
      circuit means in each arithmetic unit to control the selectivity thereof
      in direct dependance upon the generation of the value of the resultant
      number sign bit.
NUM  16.
PAR  16. A decimal adder as in claim 15, wherein the response to the signs by
      the second circuit means in each stage is carried out by the controller,
      said controller including means for responding (a) to said sign bits, and
      (b) to said carry bit of the stage of highest significance, said means for
      responding providing a control signal for controlling all of said first
      and second circuit means, the control signal being combined in each stage
      with the carry bit generated in the respective arithmetic stage for
      controlling the selective addition of ten by the correcting stage in each
      arithmetic stage.
NUM  17.
PAR  17. A decimal adder as in claim 16, wherein the control signal as
      indicating generation of a negative sign bit of the resultant number and
      the carry bit generated in each stage as overflow of the respective adder
      therein are combined as exclusive or function for obtaining the addition
      of ten.
NUM  18.
PAR  18. A decimal adder as in claim 14, wherein the second means controls the
      correcting stage so that for an addition, ten is in fact substracted from
      the numbers added together by the binary adder when producing a carry.
NUM  19.
PAR  19. A decimal adder as in claim 18, wherein the input circuit provides an
      addition of six when the further circuit does not cause the generation of
      a 16-complement, the second circuit means as responding to the carry
      provided by the binary adder causing the addition of ten in the correcting
      circuit only when a carry is not produced in the case of addition
      identified by equal sign bits.
NUM  20.
PAR  20. A decimal parallel adder comprising a plurality of arithmetic stages,
      one stage each for forming a new decimal digit, comprising:
PA1  first circuit means in each stage connected to receive signals representing
      first and second bcd digits and modifying the signals by selectively
      providing operation representing adding six to one of the digits or
      forming the difference between fifteen and one of the digits;
PA1  a first, four stage binary adder in each stage with carry input and carry
      output, the carry output of the first adder in a stage being connected to
      the carry input of the first adder in the stage forming a digit of next
      higher significance, the first adder in each stage connected to receive
      from the first circuit means of the stage signals representing the two
      digits as selectively modified by the first circuit means and providing
      signals representing the sum modulo sixteen thereof;
PA2  second circuit means in each stage connected to selectively produce, as an
      output, signals representing fifteen minus the sum as produced by the
      first adder or pass the signals representing the sum unmodified as output;
PA2  a second adder connected to receive said output of said second circuit
      means;
PA2  third circuit means in each stage connected to feed signals representing
      the number ten to said second adder; and
PA2  control means connected to be responsive of sign bits for controlling the
      selectivity of said first, and second and circuit means in response to the
      sign bits received and in further response of the carry from the stage of
      highest significance.
NUM  21.
PAR  21. A decimal adder as in claim 20, the control means including a circuit
      connected to be responsive to equality of the sign bits for controlling
      the first circuit means in all stages to provide for said adding of six,
      and for controlling said first circuit means in response to sign bit
      in-equality to provide for said forming-of-the difference operation
      thereof.
NUM  22.
PAR  22. A decimal adder as in claim 21, wherein the control means includes
      means to provide a control signal in response to unequal sign bits and in
      further response to representation indicative of the sign of the result,
      the control signal being fed to the second circuit means in all stages for
      controlling selectivity thereof, further being fed to the third circuit
      means to control selectivity thereof in further response to the carry
      output of the first adder in the stage.
NUM  23.
PAR  23. A decimal adder as in claim 22, wherein the control means responds to
      the carry signal from the highest stage as representation indicative of
      sign of the result, the control means further providing the complement of
      the control signal to the carry input of the least significant stage for
      unequal sign bits.
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ABST
PAL  A variable tap weight convolution filter comprised of charge transfer
      devices which may be charge coupled devices, bucket brigade devices or a
      combination of the two, for performing convolutions of an input signal
      with tap weights from a second input signal, said tap weights varying as a
      function of time.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to charge transfer devices, including charge coupled
      devices (CCD) or bucket brigade devices (BBD), and which are employed for
      cross-correlation or convolution of two signals, both of which vary with
      time.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well-known in the art to employ various devices for the processing of
      two signals through convolution. However, fixed tap weights are used as
      weighting coefficients for performing the convolution between the two
      signals, the operation being performed digitally. In analog applications,
      a digital filter requires the transforming of the analog signal to a form
      usable by a digital device, as well as requiring a large number of
      arithmetic operations to perform the convolution between two signals.
PAR  Accordingly it is a feature of this invention to provide an electronic
      device which directly receives analog signals and which performs a
      convolution between said analog signals with a minimum of time and
      apparatus required.
PAR  Other objects and features of the invention will become apparent to one
      skilled in the art upon consideration of the specification including the
      claims and the drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a convolution is to be performed
      between two analog signals with semiconductor devices. The apparatus of
      the instant invention employs charge transfer device shaft register for
      accepting the input signals.
PAR  The convolution tap weights may be made to vary as a function of time
      continuously updating such tap weights. The update is accomplished by
      displacing the old tap weights held in the tap weight shift register with
      newly sampled values of the tap weight signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a variable tap weight convolution filter.
PAR  FIG. 2 is a schematic diagram of a charge coupled device shift register
      with amplifiers for receiving outputs therefrom.
PAR  FIG. 3 shows clock pulse and signal waveforms pertinent to operation of
      FIG. 2.
PAR  FIG. 4 is a schematic diagram of a bucket brigade device shift register
      with amplifiers for receiving outputs therefrom.
PAR  FIG. 5 is an illustration of apparatus embodying the invention for handling
      positive and negative weighting coefficients.
PAR  FIGS. 6 and 7 are block diagrams of other embodiments of apparatus
      embodying the invention for handling positive and negative weighting
      coefficients.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As set forth above, the present invention employs charge transfer devices,
      which include charge coupled devices and bucket brigade devices, for
      performing a convolution of two signals, utilizing variable tap weights.
      Such devices are used as shift registers in the convolution filter of the
      present invention, one shift register functioning to store tap weights
      from a time-variable input signal, and another shift register for
      receiving the signal to be convolved. Being fashioned from charge transfer
      devices, the shift registers are less complex than conventional shift
      registers and accordingly allow more economical applications.
PAR  In general a CCD stores charges proportional to analog input signals in
      potential wells, beneath electrodes disposed at and insulated from a
      semiconductor surface, moving these wells from electrode to electrode in
      order to transfer the charge with the resulting shift register function
      occurring.
PAR  A BBD commonly comprises a row of insulated gate field effect transistors
      (IGFETS) having their channels in series and storage capacitance provided
      between the gate and drain of each transistor. In integrated circuit form,
      a common doped region provides the drain for one transistor and the source
      for the next succeeding transistor, as well as providing an
      interconnection between them. The gate electrodes of the transistors are
      extended to overlap the respective drain regions sufficiently to provide
      the required gate-drain capacitances. The BBD transfers charge by
      providing a potential difference between storage capacitors at the site
      from which and the site to which the charge is to be transferred. When the
      potential difference is large enough the charge transfers from one
      capacitor to the next.
PAR  It is understood that any combination of CCD's or BBD's may be used for the
      input shift registers of the present invention.
PAR  Essentially a device according to the present invention is illustrated by
      the block diagram of FIG. 1.
PAR  Two charge transfer device shift registers SR1 and SR2 are provided; these
      may both be CCD or BBD shift registers; alternatively one may be a CCD and
      the other a BBD shift register. Analog signals V.sub.1 and V.sub.2 are
      sampled and clocked into shift register SR1 and SR2 respectively and
      propagated along those shift registers in conventional manner. The sampled
      values of V.sub.2 provide tap weights for the convolution operation to be
      performed. Signal levels stored at corresponding stages of each shift
      register are non-destructively detected and applied as inputs to
      multipliers M which provide outputs proportional to the products of the
      sampled values at each shift register stage. The outputs of the
      multipliers M are simultaneously summed or accumulated by a summation
      amplifier SA to provide a convolved output signal. The convolution of
      V.sub.1 and V.sub.2 is indicated by the symbols V.sub.1 x V.sub.2.
PAR  FIG. 2 illustrates in greater detail a portion of a system as shown in FIG.
      1 using CCD shift registers SR1 and SR2. Associated clock pulse timing
      diagrams are illustrated by FIG. 3. The CCD shift registers SR1 and SR2
      are illustrated in FIG. 2 as 3-phase registers with the transfer
      electrodes connected to clock pulse phase lines as shown. However, any
      polyphase CCD shift register system could be used, the choice being
      determined by the particular application involved. In both shift
      registers, each stage incorporates a floating gate amplifier for
      non-destructive detection or sampling of the signal level stored at that
      stage. Thus, in each stage of the shift registers SR1 and SR2, a floating
      electrode FE (i.e., an electrode not connected to a clock pulse phase) is
      located between the .phi..sub.2 and .phi..sub.3 phase transfer electrodes.
      Considering A of shift register 1 and shift register 2, the floating
      electrodes FE thereof are connected to (or extended to form) the gate
      electrodes of respective IGFETs Q.sub.1 and Q.sub.2, the source of
      transistor Q.sub.1 being connected to the drain of transistor Q.sub.2 with
      an output taken from the source of transistor Q.sub.2 so that transistors
      Q.sub.1 and Q.sub.2 function as a source follower amplifier. Respective
      preset IGFET transistors Q.sub.3, Q.sub.4 have their sources connected to
      the gates of transistors Q.sub.1 and Q.sub.2, the gate of each transistor
      Q.sub.3 being connected to receive preset pulses .phi.PS. For clarity,
      FIG. 2 illustrates a structural configuration and a circuit schematic for
      the floating gate amplifier just described.
PAR  The drains of transistors Q.sub.1 of all the stages of the shift register
      SR1 are connected to a common drain supply V.sub.DD while the sources of
      transistors Q.sub.2 of all the stages of shift register SR.sub.2 are
      connected as a common input to a current summation amplifier SA having an
      output terminal OT.
PAR  Operation of the system illustrated by FIG. 2 may be explained as follows.
      With clock signal .phi..sub.2 on, signal sample related charges are stored
      beneath the .phi..sub.2 electrodes in shift registers SR1 and SR2. During
      a portion of the on period of clock pulse .phi..sub.2 that does not
      overlap the associated .phi..sub.1 pulse period, a short precharge pulse
      .phi.PS is applied to the gates of transistors Q.sub.3 and Q.sub.4 to
      precharge the floating gate nodes N1A and N2A of shift registers SR1 and
      SR2 to a predetermined voltage. When clock pulse .phi..sub.2 switches to
      an off condition, charges corresponding to the signal levels previously
      stored beneath the phase .phi..sub.2 electrodes are transferred to beneath
      the floating gate electrodes FE in the respective shift registers SR1 and
      SR2, giving rise to corresponding gate voltages V.sub.Si at transistor
      Q.sub.1 and V.sub.Gi at transistor Q.sub.2. The resulting current I.sub.i
      through the transistors Q.sub.1 and Q.sub.2 is thus proportional to the
      product V.sub.Gi x V.sub.Ii. The nodes N1A and N2A may be reset to a
      reference potential prior to occurrence of the next .phi..sub.1 pulse. It
      is not necessary to reset every clock period, however.
PAR  The product current I.sub.i for all of the stages of the shift registers
      are applied as a common input to the current summing amplifier SA to
      produce a convolved output signal at the output terminal OT.
PAR  In FIG. 3, the same waveform is shown for nodes N1A and N2A for the sake of
      simplicity; however, it will be appreciated that the actual voltages of
      these nodes will normally differ, depending on the respective values of
      signal related voltages V.sub.Si and V.sub.Gi.
PAR  When floating gate amplifiers are fabricated with two levels of conducting
      material (double level process) a part or all of the floating gate may lie
      beneath clock electrodes.
PAR  In place of a floating gate amplifier as described with reference to FIG.
      2, a floating diffusion amplifier may be used. In that case, doped (e.g.,
      diffused) regions would be formed in the semiconductor substrate at
      locations corresponding to the floating electrodes FE which would be
      omitted. The doped regions would extend beyond the transfer electrodes in
      a direction laterally of the signal propagation direction along the shift
      registers, and the gate electrodes of transistors Q.sub.1 and Q.sub.2
      would be extended to ohmically connect with the corresponding doped
      regions in the shift registers SR1 and SR2 respectively.
PAR  FIG. 4 shows an embodiment of the invention utilizing BBD shift registers
      SR1 and SR2 in conjunction with floating diffusion amplifiers for signal
      detection at the shift register stages. In the shift registers SR1 and
      SR2, each stage is defined by two IGFETS Q.sub.X and Q.sub.Y with
      associated gate-drain capacitances C.sub.X and C.sub.Y. Application of
      .phi..sub.1 phase clock pulses to the gates of transistors Q.sub.X
      transfers signal related charge to the associated capacitances C.sub.X
      from the capacitances C.sub.Y of the transistors Q.sub.Y of the respective
      preceding stages. During a .phi..sub.2 phase clock pulse applied to
      transistors Q.sub.Y (non-concurrently with .phi..sub.1) charge is
      transferred to capacitances C.sub.X of transistors Q.sub.X from the
      capacitances C.sub.Y of the transistors Q.sub.Y of the respectively
      succeeding stages corresponding to signal propagation from C.sub.Y to
      C.sub.X. For convenience, FIG. 4 shows representative shift register
      stages in structural format and in circuit schematic format, and the
      stages would be continued to the right to provide a desired number of
      stages in each shift register.
PAR  Considering stages A of shift registers SR1 and SR2, the drain regions D of
      transistors Q.sub.X are extended laterally of the direction of charge
      propagation along the shift registers. Transistors Q.sub.1 and Q.sub.2
      have gate electrodes G ohmically connecting with the extensions of the
      drain regions D of transistors Q.sub.X in shift registers 1 and shift
      register 2 respectively. The source of transistor Q.sub.1 is connected
      with the drain of transistor Q.sub.2 and these two transistors function as
      a linear source follower amplifier with the drains of transistors Q.sub.1
      of each stage connected to a common supply voltage V.sub.DD, while the
      sources of the transistors Q.sub.2 of each stage are applied as a common
      input to a current summation amplifier SA.
PAR  The operation of the system may be explained as follows. Input signals
      V.sub.G are applied to the shift register SR2 to store required tap weight
      signals in the respective stages of that shift register. An analog signal
      V.sub.S to be convolved is sampled and clocked into the shift register
      SR1. A charge stored at the node N.sub.A1 of shift register SR1 having a
      magnitude depending on the associated sample of the input voltage V.sub.S,
      gives rise to a corresponding gate voltage V.sub.Si at transistor Q.sub.1
      of stage A. Likewise, a gate voltage V.sub.Gi is applied to the transistor
      Q.sub.2 of stage A as a result of the tap weight related charge stored at
      node N2A of shift register 2. The resultant current I.sub.i flowing
      through transistors Q.sub.1 and Q.sub.2 is then proportional to the
      product V.sub.Si x V.sub.Gi. These product currents are summed by the
      current summation amplifier SA to provide an output convolution signal at
      the terminal OT.
PAR  At this point, it is important to consider the manner in which the currents
      I.sub.i are combined. In sampling an input signal to be utilized as the
      tap weight function, the fact of its being time-variable indicates that
      both positive and negative weighting coefficients may be encountered.
PAR  In general, positive and negative weighting coefficients are connected
      respectively to positive and negative summing buses, with the signals
      being combined through a differential amplifier. There are two basic
      methods which may be employed to accomplish this.
PAR  First, only the magnitude of the input signal V.sub.G would be applied to
      the shift register SR2. This may be accomplished by full wave
      rectification of the signal, with the arithmetic sense of the signal being
      retained by a digital shift register. The sources of transistors Q.sub.2
      would then not all be connected in common to a single summation amplifier
      SA, but would be selectively connectable to either a positive or a
      negative current summation amplifier, dependent on the sign of the
      corresponding tap weights, under control of the digital sense shift
      register.
PAR  Alternatively, one could use two shift registers in the place of former
      shift register SR2. The tap weight signal V.sub.G would be applied to the
      first shift register SR2A, the inverse of the tap weight signal applied to
      the second shift register SR2B, with only the positive voltages activating
      the load transistor Q.sub.2 in each transistor. The negative voltages
      would correspond to a zero weighting coefficient and therefore would not
      be used.
PAR  This technique would also require the use of two summing buses, one for
      each shift register, SR2A, SR2B, which are connected to the appropriate
      inputs of a differential amplifier.
PAR  There is a third apparatus which may be employed in accord with the present
      invention to solve the problem of handling positive and negative weighting
      coefficients. Specifically, the tap weight input signals V.sub.G into
      shift register SR2 (FIG. 5) are offset from their normal value by the
      addition of a d-c component (B) so that a zero value of weighting
      coefficient would be represented by a voltage which gives a load
      conductance midway between its minimum and maximum value. A positive
      weighting coefficient would then be represented by a larger conductance
      (than the median value) and a negative coefficient would be represented by
      a smaller conductance (than the median value). Under these conditions the
      weighting coefficients of the signals at the i th stage of the shift
      register SR2 will be
EQU  H.sub.i (t) = V.sub.Gi (T.sub.di -t) + B
PAL  where
EQU  H.sub.i = ith weighting coefficient
EQU  V.sub.Gi = amplitude of the sampled signal stage i
EQU  T.sub.di = delay time between the input of a signal to the shift register
      and the sampling of such signal at stage i.
PAL  The convolution signal V.sub.OA, then depends on V.sub.S x (V.sub.G +B).
PAR  It now becomes necessary to cancel the term Bx V.sub.5 from the output
      signal V.sub.OA. As shown in FIG. 5, this is accomplished by applying the
      input signal V.sub.S to shift registers SR1A and via an inverter INV to
      shift register SR1B.
PAR  A unit 50, which may be a shift register storing constant tap weight
      signals, or which may be conventional weighting means applies fixed tap
      weight coefficients having the value B to the signals sampled at the
      stages of the shift register SR1B which receives the inverse of input
      signal V.sub.S. Thus, the convolved signal on line V.sub.OB is dependent
      on [- V.sub.S x B]. The signals on lines V.sub.OA and V.sub.OB are applied
      as non-inverting inputs to a current summation amplifier CSA which
      produces an output signal V.sub.out proportional to V.sub.S x V.sub.G,
      i.e., the d.c. component B has been canceled.
PAR  FIG. 6 is a block diagram form represents a further embodiment which may be
      utilized in the cancellation of the constant term B, which has been added
      to the top weighting signal V.sub.G. The weighting coefficient
      h.sub.i.sup.A from the combination of the tap weight signal V.sub.Gi + B
      from the ith stage of the shift register SR1A for the signal V.sub.Si from
      the ith stage of shift register SR2 appears as:
EQU  h.sub.i.sup.A (t) = V.sub.Gi (T.sub.di - t) + B
EQU  T.sub.di = delay time between the analog sample being inputted to the shift
      register SR1A and the detection thereof at the ith stage
EQU  h.sub.i.sup.A (t) = weighting function at a time t at the i th stage
EQU  B = the constant component added to the signal
PAR  Consequently, the convoluted signal at V.sub.OA is R.SIGMA..sub.1 [V.sub.Si
      V.sub.Gi + BV.sub.Si ]
PAR  Similarly, the convoluted signal at V.sub.OC is R.SIGMA..sub.i [-V.sub.Si
      V.sub.Gi + BV.sub.Si ] where R is a gain factor and the time dependence of
      V.sub.Si and V.sub.Gi is implicit. Application of the signals V.sub.OA and
      V.sub.OC are non-inverting and inverting inputs, respectively to the
      current summation amplifier CSA provides an output signal V.sub.out = 2R
      .SIGMA..sub.i V.sub.Si .times. V.sub.Gi which is equivalent to the
      convolution operation 2RV.sub.S x V.sub.G.
PAR  In another embodiment shown at FIG. 7, a CTD shift register SR2 receives a
      tap weight signal V.sub.G offset by a constant d.c. component B. Shift
      register SR2 generates weighting signals for convolution with analog input
      signal V.sub.S inputted to CTD shift register SR1. In a separate
      operation, the input signal samples of V.sub.S are weighted by the
      constant d.c. component B, e.g., using a shift register SR3 having
      constant level signals stored at each stage thereof or using conventional
      weighting means.
PAR  The tap weights applied from the i th stage of shift register SR2 is thus
      h.sub.i.sup.A (t) = V.sub.Gi (T.sub.di - t) + B. and the tap weight from
      the i th stage of shift register SR3 is
EQU  h.sub.i.sup.C (t) = B
PAR  The resultant convoluted signals on output lines V.sub.OA and V.sub.OC are
      applied, respectively, as non-inverting and inverting inputs to current
      summing amplifier SCA to produce an output signal
EQU  V.sub.out .alpha. V.sub.S x V.sub.G.
PAR  The modification of a shift register SR1 as shown in FIG. 2 or FIG. 4 to
      function as illustrated by FIG. 7 is straight forward and will not be
      described in detail.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Analog signal processing apparatus comprising:
PA1  a first analog charge transfer device for receiving sampled values of a
      first analog signal and storing said sampled values at charge storage
      sites of said charge transfer device;
PA1  a second analog charge transfer device for receiving sampled values of a
      second analog signal and storing said sampled values at charge storage
      sites of said charge transfer device;
PA1  each of said first and second analog charge transfer devices including a
      like plurality of stages each including a plurality of charge storage
      sites, at each said stage a plurality of electrodes for receiving
      multi-phase clock pulses to transfer said analog signal samples along said
      charge transfer device; analog signal multiplier means for corresponding
      pairs of said first and second analog charge transfer devices, for
      producing an output signal proportional to the product of first and second
      analog signal samples stored at the said corresponding stages of said
      first and second charge transfer devices, said analog signal multiplier
      means including first and second input electrodes electrically coupled to
      said corresponding stage of said first and second charge transfer devices
      for nondestructive detection of amplitudes of analog signal samples stored
      at said respective corresponding stages to apply analog pulse inputs to
      said first and second input electrodes; and
PA1  means for summing the outputs of said multiplier means.
NUM  2.
PAR  2. The device of claim 1, wherein said charge transfer devices are charge
      coupled devices.
NUM  3.
PAR  3. The device of claim 1, wherein said charge transfer devices are bucket
      brigade devices.
NUM  4.
PAR  4. The device of claim 1, wherein said charge transfer devices comprise a
      combination of charge coupled devices and bucket brigade devices.
NUM  5.
PAR  5. Analog signal processing apparatus, according to claim 1, wherein said
      signal multiplier means for each of said corresponding pairs of stages
      includes first and second insulated gate field effect transistor amplifier
      structures having channels connected in series between a supply voltage
      line and a common output signal line, means electrically coupling the gate
      of said first transistor to a predetermined charge storage site of said
      stage of said first charge transfer device for non-destructive detection
      of the amplitude of a signal sample stored at said particular storage site
      to apply an analog input pulse to said first transistor; and means
      electrically coupling the gate of said second transistor to a particular
      charge storage site of the corresponding stage of said second charge
      transfer device for non-destructive detection of a signal sample stored at
      said corresponding particular storage site to apply an analog input pulse
      to said second transistor; and means for connecting said common output
      signal line to said means for summing the output of said multipliers.
NUM  6.
PAR  6. The device of claim 5, wherein said charge transfer devices are charge
      coupled devices and said field effect transistor amplifiers are floating
      gate amplifiers, portions of the floating gates of said first transistor
      amplifier and of said second transistor amplifier being located adjacent
      respective individual first and second charge coupled device shift
      register electrodes for receiving a predetermined phase of said
      multi-phase clock pulses, and including means for applying a predetermined
      reference pulse level to said floating gates during said predetermined
      phase of said multi-phase clock pulses.
NUM  7.
PAR  7. The device of claim 5, wherein said charge transfer devices are charge
      coupled devices and said field effect transistor amplifiers are floating
      diffusion amplifiers.
NUM  8.
PAR  8. The device of claim 5, wherein said charge transfer devices are bucket
      brigade devices and said field effect transistor amplifiers are floating
      diffusion amplifiers.
NUM  9.
PAR  9. The device of claim 5, wherein one of said charge transfer devices is a
      charge coupled device and the other of said charge transfer devices is a
      bucket brigade device, and wherein the particular charge storage site of
      each stage of said charge coupled device includes a floating gate coupled
      to the gate of one of said first and second transistors of the signal
      multiplier means coupled to that stage and including means for applying a
      predetermined reference pulse to said floating gates when an analog signal
      sample is stored at the said particular storage sites of said charge
      coupled device shift register.
NUM  10.
PAR  10. The device of claim 5, wherein one of said charge transfer devices is a
      charge coupled device and the other of said charge transfer devices is a
      bucket brigade device, and wherein the particular charge storage site of
      each stage of said charge coupled device includes a floating diffusion
      electrically coupled to the gate of one of said first and second
      transistors of said signal multiplier means coupled to that stage.
NUM  11.
PAR  11. The device of claim 5, wherein one of said charge transfer devices is a
      charge coupled device and the other of said charge transfer devices is a
      bucket brigade device and wherein the particular charge storage site of
      each stage of said bucket brigade device includes a floating diffusion
      coupled to the gate of one of said first and second transistors of said
      signal multiplier means coupled to that stage.
NUM  12.
PAR  12. Analog signal processing apparatus comprising:
PA1  a first charge transfer device analog shift register for receiving a first
      analog signal (V.sub.G) added to a non-zero d.c. reference level (B) to
      provide a unipolar signal input to said analog shift register and for
      storing a plurality of sampled values of said unipolar signal input at
      charge storage sites of said first shift register;
PA1  inverter means for inverting said unipolar signal input, said inverter
      means connected in parallel with said first charge transfer device;
PA1  a second charge transfer device analog shift register for receiving a
      second analog signal and for storing a plurality of sampled values of said
      second analog signal at charge storage sites of said second charge
      transfer device;
PA1  a third charge transfer device analog shift register for receiving said
      inverted unipolar signal input from said inverter means;
PA1  each of said charge transfer device shift registers including a like
      plurality of stages each having a plurality of charge storage sites, at
      each said stage a plurality of electrodes for receiving multi-phase clock
      pulses to transfer said signal samples along said charge transfer device;
PA1  first analog signal multiplier means for corresponding pairs of stages of
      said first and second charge transfer devices, for producing an output
      signal proportional to the product of first and second signal samples
      stored at the said corresponding stages of said first and second charge
      transfer devices, said first signal multiplier means including first and
      second input electrodes electrically coupled to said corresponding stages
      of said first and second charge transfer devices for non-destructive
      detection of amplitudes of signal samples stored at said corresponding
      stages to apply analog pulse inputs to said first and second input
      electrodes;
PA1  second analog signal multiplier means for corresponding pairs of stages of
      said second and third charge transfer devices, for producing an output
      signal proportional to the product of second and third signal samples
      stored at the said corresponding stages of said second and third charge
      transfer devices, said second signal multiplier means including first and
      second inputs electrically coupled to said corresponding stages of said
      second and third charge transfer devices for non-destructive detection of
      amplitudes of signal samples stored at said corresponding stages to apply
      analog pulse inputs to said first and second input electrodes; and
PA1  signal summation means for algebraically summing the outputs of said first
      and second signal multiplier means to eliminate said d.c. reference level
      (B) added to said first analog signal and for producing an output signal.
NUM  13.
PAR  13. The device of claim 12, wherein said charge transfer devices are charge
      coupled devices.
NUM  14.
PAR  14. The device of claim 12, wherein said charge transfer devices are bucket
      brigade devices.
NUM  15.
PAR  15. The device of claim 12, wherein at least one of said charge transfer
      devices comprise a charge coupled device and the or each other said charge
      transfer device comprises a bucket brigade device.
NUM  16.
PAR  16. Analog signal processing apparatus comprising:
PA1  a first charge transfer device analog shift register for receiving a first
      analog signal (V.sub.G) having a predetermined non-zero d.c. reference
      level (B) to provide a unipolar signal input and storing a plurality of
      sampled values of said unipolar signal input (V.sub.G + B) at charge
      storage sites of said first shift register;
PA1  a second charge transfer device analog shift register for receiving a
      second analog signal (V.sub.S) and storing a plurality of sampled values
      of said second analog signal at charge storage sites of said second shift
      register;
PA1  each of said first and second charge transfer devices including a like
      plurality of stages each including a plurality of charge storage sites, at
      each said stage of plurality of electrodes for receiving multi-phase clock
      pulses to transfer said analog signal samples along said charge transfer
      device;
PA1  means for applying to said stored sampled values of said second analog
      signal, a constant weighting coefficient equal to said constant d.c.
      reference level (B) applied to said first analog signal and for producing
      correspondingly amplitude weighted analog signals;
PA1  signal multiplier means for corresponding pairs of stages of said first and
      second charge transfer devices, for producing an output signal
      proportional to the product of first and second analog signal samples
      stored at the said corresponding stages of said first and second charge
      transfer devices, said signal multiplier means including first and second
      input electrodes electrically coupled to said corresponding stages of said
      first and second charge transfer devices for non-destructive detection of
      amplitudes of signal samples stored at said corresponding stages to apply
      analog pulse inputs to said first and second input electrodes; and
PA1  means for algebraically summing the outputs of said signal multiplication
      means with said amplitude weighted analog signals and for eliminating said
      d.c. reference level to produce an output signal.
NUM  17.
PAR  17. The device of claim 16, wherein said charge transfer devices are charge
      coupled devices.
NUM  18.
PAR  18. The device of claim 16, wherein said charge transfer devices are bucket
      brigade devices.
NUM  19.
PAR  19. The device of claim 16, wherein at least one of said charge transfer
      devices is a charge coupled device and the or each remaining charge
      transfer device is a bucket brigade device.
NUM  20.
PAR  20. Analog signal processing apparatus comprising:
PA1  a first charge transfer device analog shift register for receiving a first
      analog signal (V.sub.S) and storing a plurality of sampled values of said
      first analog signal at charge storage sites of said shift register;
PA1  signal inverter means for receiving said first analog signal (V.sub.S),
      said inverter means connected in parallel with said first charge transfer
      device;
PA1  a second charge transfer device analog shift register for receiving a
      second analog signal (V.sub.G) having a predetermined non-zero d.c.
      reference level (B) to provide a unipolar input signal, and storing a
      plurality of sampled values of said unipolar input signal at charge
      storage sites of said second charge transfer device;
PA1  analog signal inverter means for receiving said first analog signal
      (V.sub.S), said inverter being connected in parallel with said first
      charge transfer device;
PA1  a third charge transfer device analog shift register for receiving said
      inverted first analog signal from the output of said inverter means and
      for storing a plurality of sampled values of said inverted first analog
      signal at charge storage sites of said third charge transfer device;
PA1  means for applying to said stored sampled values of said inverted first
      analog signal, a constant weighting coefficient equal to said d.c.
      reference level (B) applied to said second analog signal and for producing
      correspondingly amplitude weighted analog signals;
PA1  each of said first, second, and third transfer devices including a like
      plurality of stages each including a plurality of charge storage sites, at
      each said charge storage site a plurality of electrodes for receiving
      multiphase clock pulses to transfer said signal samples along said charge
      transfer device;
PA1  analog signal multiplier means for corresponding pairs of stages of said
      first and second charge transfer devices, for producing an output signal
      proportional to the product of samples of said first analog signal and
      said unipolar signal stored at the said corresponding stages of said first
      and second charge transfer devices, said analog signal multiplier menas
      including first and second input electrodes electrically coupled to said
      corresponding stages of said first and second charge transfer devices for
      non-destructive detection of amplitudes of signal samples stored at said
      corresponding stages to apply analog pulse inputs to said first and second
      input electrodes; and
PA1  signal summation means for summing said amplitude weighted first analog
      signal samples and the output from said signal multiplier means
      algebraically to eliminate said d.c. reference level and said constant
      weighting coefficient.
NUM  21.
PAR  21. The device of claim 20, wherein said charge transfer devices are charge
      coupled devices.
NUM  22.
PAR  22. The device of claim 20, wherein said charge transfer devices are bucket
      brigade devices.
NUM  23.
PAR  23. The device of claim 20, wherein at least one of said charge transfer
      devices comprises a charge coupled device and the or each remaining charge
      transfer device comprises a bucket brigade device.
NUM  24.
PAR  24. A variable tap weight convolution filter comprising:
PA1  1. first and second charge transfer device analog shift registers including
      a plurality of stages each defining at least one charge storage site, said
      shift registers each having input means for receiving samples of
      respective first and second analog signals for storage at said storage
      sites; each of said charge transfer devices further including a like
      plurality of electrodes for receiving multiphase clock pulses to transfer
      said analog signal samples along the stages of said charge transfer
      device;
PA1  2. for each storage of said first shift register and a corresponding stage
      of said second shift register, signal multiplication means comprising:
PA2  a. first and second insulated gate field effect transistors connected to
      define a source follower amplifier;
PA2  b. means coupling the gate of said first transistor to said stage of said
      first shift register for non-destructive detection of a signal sample
      stored at said stage and for applying a related gate bias voltage to said
      first transistor;
PA2  c. means coupling the gate of said second transistor to said corresponding
      stage of said second shift register for non-destructive sampling of a
      signal sample stored at said corresponding stage and to apply a related
      gate bias voltage to said second transistor; and means connecting said
      source follower amplifiers between a supply voltage line and a common
      output line, whereby each said source follower amplifier produces an
      output signal proportional to the product of the amplitudes of said gate
      bias voltages applied thereto; and
PA2  3. signal summation means connected to said common output line for
      producing a convolution output signal.
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ABST
PAL  A servo-control circuit for use in an electro-hydraulic system capable of
      mulating dynamic conditions for a controlled load vs. time history.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates generally to servo-control circuits and, more
      particularly, to such circuits for use in electrohydraulic systems capable
      of simulating dynamic conditions for a controlled load vs. time history.
PAR  2. Description of the Prior Art.
PAR  A need has existed for some time for a system to simulate the dynamic
      effects on aircraft members during a typical catapult launch from an
      aircraft carrier. Such a system would enable scientists and engineers to
      experiment with such aircraft in a laboratory environment under controlled
      conditions. The present invention fills this long felt need.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a circuit for driving a servo-amplifier
      which in turn drives a mechanical linkage mechanism attached to an
      aircraft member. The circuit electronically simulates a controlled load
      vs. time history for an aircraft holdback fitting fracture when the
      required catapult load is reached.
PAR  Accordingly, one object of the present invention is to simulate a
      controlled load vs. time history.
PAR  Another object of the present invention is to simulate the dynamic effects
      on an aircraft member during a typical catapult launch.
PAR  Another object of the present invention is to reduce response time.
PAR  One other object of the present invention is to decrease expense and
      increase reliability.
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures thereof and
      wherein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a schematic diagram of a specific embodiment of the
      present invention.
PAR  FIG. 2 illustrates a plurality of signals generated by the circuit of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1 where simulator circuit 10 is illustrated, a one Hertz
      clock-pulse generator 12 is connected to a three-bit binary counter 14 via
      line 16. Three bit binary counter 14 is connected to NAND gate 18 via
      lines 20, 22, and 24. The driver signal output from NAND gate 18 on line
      26 is illustrated in FIG. 2b while the clock signal on line 16 is
      illustrated in FIG. 2a. It is noted that the driver signal on line 26 is a
      seven second pulse of amplitude A followed by a one second zero voltage
      level.
PAR  The driver signal on line 26 is connected to summing signal generator 28
      via line 30. Summing signal generator 28 includes inverter 32, inverter
      34, potentiometer 36, integrator 38, limiter 40 and integrator reset
      circuit 42 as well as interconnection lines 44, 46, 48, 50, 52, 54, 56, 58
      and 60. Line 62 comprises the output of summing signal generator 28 upon
      which the summing signal illustrated in FIG. 2(f) appears. It is noted
      that the first seven seconds of the signal on line 30 (FIG. 2b) causes
      integrator 38 to develop a ramp output signal on line 60. The slope of the
      ramp output signal on line 60 may be adjusted by varying potentiometer 36.
      Limiter 40 is preset to limit the output on line 62 to a specific d-c
      voltage level. Thus, as illustrated in FIG. 2f potentiometer 36 adjusts
      the slope of the ramp signal output on line 60 so that the ramp signal
      reaches the specific d-c voltage level set by limiter 40 after four
      seconds. Then the output is limited on line 62 to the specific d-c voltage
      level set by limiter 40. The trailing edge of the seven second pulse of
      the driver signal on line 30 (FIG. 2b) causes integrator reset circuit 42
      to reset integrator 38 back to a zero voltage. This is also illustrated in
      FIG. 2f.
PAR  The trailing edge of the seven second pulse of the driver signal on line 64
      (FIG. 2b) also fires monostable multivibrator 66 for a time period of 120
      milliseconds. The output of monostable multivibrator 66 appears on line 68
      and is illustrated in FIG. 2c.
PAR  The driver signal on line 68 (FIG. 2c) inputs monostable multivibrator 70
      via line 72. The trailing edge of the driver signal on line 68 (FIG. 2c)
      fires monostable multivibrator 70 for a time period of 500 milliseconds.
      This five hundred millisecond pulse is inverted by inverter 74 and appears
      as a summing signal on line 76. This summing signal appearing on line 76
      is illustrated in FIG. 2e. Monostable multivibrator 70 is connected to
      inverter 74 via line 78.
PAR  The driver signal on line 68 also inputs pulse shaper filter 80 via line
      82. Pulse shaper filter shapes the 120 millisecond square pulse on line 68
      into a spike or steep ramp function pulse. This spike pulse appears on
      line 84. Line 84 inputs potentiometer 86 which may be utilized to adjust
      the spike pulse level. The level adjusted spike pulse appears as a summing
      signal on line 88 and is illustrated in FIG. 2d.
PAR  Potentiometer 92 may be utilized as a d-c voltage offset adjustment. The
      output of potentiometer 92 appears on line 94 as a summing signal.
PAR  Summing junction 90 sums the summing signals appearing on lines 76, 62, 88,
      and 94 with the sum appearing on line 96 which inputs output amplifier 98.
      Output amplifier 98 outputs a servo-driver signal on line 100 which is
      illustrated in FIG. 2g. The signal on line 100 drives a servo-amplifier
      (not shown) which in turn actuates a mechanical linkage that is attached
      to an aircraft member.
PAR  The signal illustrated in FIG. 2g is utilized to simulate the dynamic
      effect on the aft fuselage structure of an A4 aircraft during a typical
      catapult launch. In particular, to simulate the holdback fitting fracture
      which occurs when the required catapult load is reached.
PAR  FIG. 2g illustrates the load vs. time history for the holdback fitting
      fracture. First, a slow four second ramp to 12,500 pounds is developed.
      Then, a holding time of three seconds follows terminated by a 120
      millisecond pulse to reach the nominal breakaway failing load of 28,500
      pounds. The final event is to simulate the actual breaking of the fitting
      by commanding an instantaneous zero load. This is accomplished by actually
      developing a negative load. This negative load is not actually felt by the
      aircraft member since the mechanical linkage will not support a
      compression load. The signal in FIG. 2g develops a high negative load to
      give the servo amplifier a large negative error signal.
PAR  It is noted that the clock pulse signal illustrated in FIG. 2a is a one
      Hertz signal. However, for different applications different frequencies
      may be utilized. Also, the time periods associated with monostable
      multivibrators 66 and 70 are mere matters of design choice. Such time
      periods may vary for other applications.
PAR  From an inspection of FIG. 2, it is noted that for every eight cycles of
      the clock pulse signal (FIG. 2a) the servo driver signal (FIG. 2g) is
      repeated.
PAR  It will be appreciated by those skilled in the art that the complete
      circuit diagram of FIG. 1 includes such suitable and necessary biasing
      voltage sources as are usually provided in simulator circuits. Such
      biasing is not shown in FIG. 1.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit for developing a required load vs. time signal to simulate the
      breakaway fitting load during a typical catapult launch comprising:
PA1  a. means for providing a clock pulse signal, said signal having a first
      amplitude,
PA1  b. means connected to said clock signal providing means for generating a
      first driver signal, said first driver signal being said first amplitude
      for a time period equal to seven cycles of said clock pulse signal
      followed by a second amplitude for a time period equal to one cycle of
      said clock pulse signal, said first amplitude being greater in value than
      that said second value, said first driver signal repeating once every
      eight cycles of said clock signal,
PA1  c. means connected to said first driver signal generating means for
      generating a first summing signal, said first summing signal being a ramp
      function starting at said second amplitude and terminating at a third
      amplitude with a time period equal to four cycles of said clock signal,
      followed by said third amplitude for a time period equal to three cycles
      of said clock signal, followed by said second amplitude for a time period
      equal to one cycle of said clock signal, said third amplitude being less
      than said first amplitude but greater than said second amplitude, said
      first summing signal repeating once every eight cycles of said clock
      signal,
PA1  d. means connected to said first driver signal generating means for
      generating a second driver signal, said second driver signal being said
      second amplitude for a time period of seven cycles of said clock signal
      followed by said first amplitude for a time period of less than one cycle
      of said clock signal, followed by said second amplitude for the remainder
      of the eights cycle of said clock signal a time period of less than one
      cycle of said clock signal, said second driver signal repeating once every
      eight cycles of said clock signal,
PA1  e. means connected to said second driver signal generating means for
      generating a second summing signal, said second summing signal being said
      second amplitude for a time period equal to seven cycles of said clock
      signal, followed by a spike pulse signal of amplitude equal to said first
      amplitude for a time period of less than one cycle, followed by said
      second amplitude for a time period of less than one cycle, said second
      summing signal repeating once every eight cycles of said clock signal,
PA1  f. means connected to said second driver signal generating means for
      generating a third summing signal, said third summing signal being said
      second amplitude for a time period equal to more than seven cycles of said
      clock signal but less than eight cycles of said clock signal followed by a
      fourth amplitude for a time period equal to less than one cycle of said
      clock signal, said fourth amplitude being less than said second amplitude,
      said third summing signal repeating once every eighth cycle of said clock
      signal, and
PA1  g. summing means connected to said first, second, and third summing signal
      generator means for summing said first, second, and third summing signals,
      said summing means having an output upon which appears said load vs. time
      signal, said load vs. time signal repeating once every eight cycles of
      said clock signal.
NUM  2.
PAR  2. The circuit of claim 1 further comprising a means for providing a fourth
      summing signal, said fourth summing signal being an adjustable d-c level
      for a time period of eight cycles of said clock signal, said fourth
      summing signal being inputted to said summing means and summed with said
      first, second, and third summing signals.
NUM  3.
PAR  3. The circuit of claim 1 wherein said first driver signal generating means
      comprises:
PA1  a. a three-bit binary counter inputted by said clock pulses, said counter
      having three outputs, and
PA1  b. a NAND gate inputted by said three counter outputs, said NAND gate
      having an output upon which said first driver signal appears.
NUM  4.
PAR  4. The circuit of claim 1 wherein said first summing signal generating
      means comprises:
PA1  a. a first inverter having an input connected to receive said first driver
      signal, said first inverter having an output,
PA1  b. a second inverter having an output and an input, said second inverter
      input being connected to said first inverter output,
PA1  c. a slope adjustment potentiometer having an input and an output, said
      potentiometer input being connected to said second inverter output,
PA1  d. an integrator having an output and a first, second and third input, said
      second integrator input being connected to said potentiometer output, said
      first summing signal appearing on said integrator output,
PA1  e. an integrator reset circuit connected between said first inverter output
      and said first integrator input, said integrator reset circuit resetting
      said integrator every seventh cycle of said clock signal, and
PA1  f. a limiter circuit connected between said third integrator input and said
      integrator output, said limiter circuit holding said first summing signal
      at said third amplitude when said ramp function segment reaches said third
      amplitude.
NUM  5.
PAR  5. The circuit of claim 1 wherein said second driver signal generating
      means comprises a first monostable multivibrator having an output, said
      first monostable multivibrator input being connected to receive
PA1  said first driver signal, said second driver signal appearing on said first
      monostable multivibrator output.
NUM  6.
PAR  6. The circuit of claim 1 wherein said time period of less than one cycle
      of said clock signal at said first amplitude is one-hundred and twenty
      milliseconds.
NUM  7.
PAR  7. The circuit of claim 1 wherein said second summing signal generating
      means comprises:
PA1  a. a pulse shape filter having an input and an output, said input being
      connected to said first monostable multivibrator output, and
PA1  b. a pulse level adjustment potentiometer having an input and an output,
      said potentiometer input being connected to said filter output, said
      second summing signal appearing on said potentiometer output.
NUM  8.
PAR  8. The circuit of claim 1 wherein said third summing signal generating
      means comprises:
PA1  a. a second monostable multivibrator having an input and an output, said
      second monostable multivibrator input being connected to receive said
      second driver signal,
PA1  b. a third inverter having an input and an output, said third inverter
      input being connected to said second monostable multivibrator output, said
      third summing signal appearing on said third inverter output.
NUM  9.
PAR  9. The circuit of claim 1 wherein said time period of less than one cycle
      of said clock signal at said third amplitude is five-hundred milliseconds.
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PAL  Apparatus for maintaining image definition and intensity in optical image
      processing operations. The apparatus comprises an improved photosensitive
      device responsive to an applied radiation image pattern for establishing
      internal electric fields each of which are representative of the intensity
      of different portions of the applied pattern. Associated with the
      photosensitive device are a plurality of transparent, conductive targets
      or conductors aligned to receive the different portions of the applied
      radiation pattern and to establish discrete internal fields in the device
      which are uniform over the area of each target notwithstanding any
      non-uniformities that might exist in the intensity distribution of any of
      the portions of the applied pattern. The apparatus is especially suitable
      for use in conjunction with parallel optical digital processing systems in
      which digital data is represented by an array of radiation image bits of
      differing intensity and is directed through an optical circuit to be
      processed in a desired manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to improvements in digital optical
      processing apparatus. More particularly, the present invention relates to
      apparatus for maintaining image definition and intensity throughout a
      multiple step parallel optical digital data processing operation.
PAR  2. Description of the Prior Art
PAR  In commonly assigned U.S. Pat. application Ser. No. 415,584 of Peter
      Nisenson, filed on Nov. 14, 1973, and entitled PARALLEL DIGITAL DATA
      PROCESSING SYSTEM, a parallel optical digital processing system is
      described wherein digital data is directed through an optical circuit and
      subjected to the standard logical manipulations of ANDing, ORing, shifting
      and inverting so as to enable the subject matter represented by the
      digital data to be processed in some desired manner. In an operative
      embodiment of the system, the digital data is transmitted through the
      circuit in the form of optical images consisting of two-dimensional arrays
      of light and dark areas representing binary ones and zeros, respectively.
      The circuit itself consists of a large number of electro-optic
      photosensitive storage devices coupled together by means of a variety of
      standard optical components such as mirrors, lenses and the like and
      responsive to the image arrays applied to them to establish internal
      electric fields representative of the intensities of the different bits of
      the arrays. By proper control over the circuit and the storage devices,
      one or more image arrays may be directed through the circuit along
      prescribed paths to enable the desired processing operations to be carried
      out.
PAR  In a typical processing operation, it is frequently necessary to read image
      arrays into and out of a large number of these storage devices, and,
      because of the need for these many iterations, some problems have arisen.
PAR  Specifically, it has been found that each time an image array is read into
      and out of a storage device, some degradation in the quality of the image
      results, and, after a series of iterations have been performed,
      deterioration can reach a point that errors may arise in the processing
      operation. This image deterioration is caused by several factors which
      will be described in some detail hereinafter, but basically it can be
      attributed to inherent non-uniformities in the intensity distribution of
      the light beams used to read data into and out of the storage devices,
      diffraction effects and system noise. The overall effect of these factors
      are to cause originally square image bits which make up the image array to
      assume non-uniform Gaussian shapes, to cause adjacent data bits to tend to
      overlap one another, and generally to reduce the overall intensity of the
      image. Put another way, in the operation of the processing system, the
      originally square bits of binary image data gradually lose their digital
      qualities and become more analog in nature with variations from point to
      point over the area of the data bit. This is obviously not a desirable
      condition in a digital system and makes accurate processing more difficult
      to obtain especially in long and detailed processing applications.
PAC  SUMMARY OF THE PREFERRED EMBODIMENT
PAR  By the present invention, substantially improved results have been obtained
      by providing structure which effectively and automatically restores image
      definition and intensity every time that an image array is read into a
      storage device. In accordance with a presently preferred embodiment, this
      is accomplished by modifying the electro-optic photosensitive storage
      devices employed in the preferred processing system to have a pattern of
      transparent conductive segments or targets applied to one or both sides of
      the device to receive the image array. In the presently most preferred
      embodiment, wherein the device comprises a wafer of Bi.sub.12 SiO.sub.20
      (Bisox), this pattern may comprise an array of generally square-shaped
      transparent conductor elements of In.sub.2 O.sub.3 having a size
      approximately equal to that of one data bit (e.g., from about 10.mu.m to
      about 50.mu.m on a side) and spaced from one another by a distance of from
      about 5.mu.m to about 50.mu.m.
PAR  By utilizing this construction, the image deterioration encountered in the
      processing system is substantially eliminated for the following reasons.
      Initially, notwithstanding any non-uniformities which may exist in the
      intensity distribution of the light beam used to read an image data bit
      into the storage device, the field established within the Bisox wafer to
      represent the data bit will be caused to spread out uniformly over the
      area of the associated conductor element and, therefore, automatically
      reestablish the digital properties of the latent image stored in the
      device. Furthermore, since the square conductor elements are slightly
      spaced from one another, the stored field patterns will be maintained
      somewhat isolated from one another to minimize interference between them.
      In addition, by providing the conductor array, it becomes possible to
      illuminate the wafer with a somewhat greater intensity illumination than
      would otherwise be possible so as to ensure that the intensity of the
      images can be maintained at a high level at all times notwithstanding any
      losses that may occur due to system noise or other causes.
PAR  A further advantage provided by the above-described system is that it
      becomes possible to read out a stored bit of data with a single very
      narrow beam of light directed through the wafer at any point over the area
      of a particular conductor element. This is possible because the internal
      field adjacent any particular conductor will be uniform over its entire
      area, and, therefore, the same information will be obtained irrespective
      of where on that image conductor readout is performed. In the prior art
      system wherein a Gaussian field pattern is established, it is necessary to
      read out a data bit at the center of the appropriate field to get any kind
      of accuracy because it is only in that area that intensity remains at a
      substantially high level. This, therefore, requires extremely precise
      alignment of the readout equipment and careful monitoring of it. This
      extreme precision is no longer required with the present invention.
PAR  In general, with the present invention, structure has been provided whereby
      an array of initially square radiation image bits will be maintained
      square throughout multiple step processing operations and, wherein the
      intensity of the images can be maintained at a maximum level at all times.
      The conductor array can be applied to the wafer in a relatively simple
      manner without significantly adding to the cost of the system. Although
      there will be some loss of resolution due to the fact that the square
      conductor elements are slightly spaced from one another, this loss is not
      significant, and, can readily be compensated for, if desired, by employing
      larger wafers or several wafers mounted together in a matrix. A clearer
      understanding of the foregoing as well as further features of the
      invention will be set forth hereinafter in conjunction with the detailed
      description of the presently most preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates an electro-optic photosensitive storage
      device modified in accordance with a presently preferred embodiment of the
      invention.
PAR  FIGS. 2A, 2B and 2C are provided to graphically illustrate the improved
      characteristics provided by the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates in somewhat schematic cross-sectional form an improved
      electro-optic photosensitive storage device as might be effectively
      utilized in conjunction with a parallel optical digital data processing
      system to receive, store and read out an array of digital image data
      (although it should be understood that it is not intended to limit the
      invention to this application). In accordance with a preferred embodiment
      of the invention, the device, generally referred to by reference number
      10, includes a wafer 12 which exhibits both the characteristic of
      photosensitivity and the electro-optic characteristic of induced
      birefringence. In accordance with the presently most preferred embodiment,
      for example, wafer 12 comprises a crystal of Bi.sub.12 SiO.sub.20 (Bisox),
      the conductance of which may be varied as a function of the radiation
      incident upon it and the birefringence of which may be varied as a
      function of the electric field applied across it. Wafer 12 is contained,
      together with a dichroic reflector 13, in a parylene insulating layer 14,
      while transparent electrodes 16 and 17 are coated onto both faces of the
      insulating layer. Electrical leads 18 and 19 are also provided to couple
      the electrodes to a battery 21.
PAR  The operation and characteristics of the storage device 10 are set out in
      detail in the above referred to U.S. Pat. application Ser. No. 415,584 to
      Peter Nisenson as well as in U.S. Pat. No. 3,517,206 to D. S. Oliver and
      need not be repeated here, and, for the most part, is not essential to a
      clear understanding of the present invention. For the present invention,
      suffice it to say that when radiation to which device 10 is sensitive is
      applied to it as indicated by arrows 20, the photosensitivity of wafer 12
      will cause its conductance to vary as a function of the intensity of the
      incident radiation. When the incident radiation is of relatively high
      intensity, wafer 12 will become highly conductive and the field across it
      imposed by electrodes 16 and 17 coupled to battery 21 will decrease
      substantially. When, on the other hand, the incident radiation is of
      relatively low intensity the conductance of the wafer will be increased
      only slightly and the field across it will be decreased only slightly.
      From this, if the intensity of the incident radiation varies from place to
      place over the surface of the wafer, the conductance of the wafer will
      also vary from place to place in like manner as will the electric field
      across the wafer.
PAR  From the above, it should be apparent that if radiation of one intensity is
      arbitrarily assigned a value of binary 1 and if radiation of a second (or
      zero) intensity is assigned a value of binary 0, a binary imaging system
      can be established in which binary data can be optically presented to the
      device 10 to be stored therein in the form of variations in the internal
      electric field for later retrieval. In the processing system to which the
      present invention is primarily directed, this binary system is established
      by applying to the storage device a two-dimensional image array made up of
      a large number of discrete radiation image bits of high or low intensity
      to establish a corresponding electrical field pattern in the wafer 12.
      This binary image array can be set up in several different ways. For
      example, by one technique, a transparency can be provided having an array
      of transparent and substantially opaque areas arranged over its surface.
      By then illuminating the storage device through the transparency, the
      desired electrical field distribution can be established in wafer 12. By
      an alternative technique, a laser or other light beam can be scanned
      across the surface of device 10 and turned on and off at the appropriate
      times to establish the same image array. At this point, it should be
      emphasized that the language "high intensity" and "low intensity" used
      herein are intended to include high and low exposures as well. For
      example, substantially identical high intensity images can be established
      by illuminating the wafer with high intensity radiation for a relatively
      short period of time or by illuminating the wafer with lower intensity
      radiation for a relatively longer period of time.
PAR  Once the digital data has been effectively stored in the device it can be
      read out by exposing the device to radiation illustrated by arrows 22.
      This radiation will pass through the wafer 12, be modulated by the
      internal electric fields, and reflect back off of dichroic reflector 13
      and, after threshholding to distinguish between intensities above and
      below a specified level will provide a new binary radiation image array
      representative of the field pattern that was stored in wafer 12. This new
      radiation image array can then be directed to further storage devices as
      needed to permit desired processing operations to be carried out as
      explained in the above-mentioned patent application.
PAR  For a processing system of this type to be of maximum effectiveness, it is
      evident that the electrical field pattern established in the wafer 12 must
      retain the discrete digital qualities of the applied radiation image bits
      and that the radiation image array provided upon readout from the device
      should accurately reproduce the stored binary information. Unfortunately,
      however, it has been found that after an image is directed through a
      series of iterations involving a plurality of storage devices, the
      discrete digital image bits tend to lose their digital qualities and
      become analog in nature varying over their area. The causes of these
      problems can best be understood with reference to FIGS. 2A, B and C.
      Ideally in a binary system there are two possible states; 1 or 0. In our
      optical system, a binary 1 is represented by a high intensity radiation
      image bit of, for example, generally square shape as obtained by shining
      light through a transparent area on a transparency or by turning a light
      beam on at the appropriate time as it is scanned across the surface of
      device 10. A binary 0 is represented by a low intensity area (preferably
      zero intensity) formed by an opaque area on the transparency or by turning
      the scanning light beam off at the appropriate time. This ideal condition
      is illustrated in FIG. 2A which is a graph of intensity versus distance x
      (e.g. length or width of a data bit). In FIG. 2A are shown three adjacent
      radiation image bits 31, 32 and 33 wherein bits 31 and 33 are of
      relatively high intensity and represent binary 1 and bit 32 is of
      substantially zero intensity and represents binary 0. If the radiation
      images applied to storage device 10 were as precise as illustrated in FIG.
      2A, with the intensity of each data bit being uniform across its entire
      length and over its entire area, the corresponding internal electric
      fields established within the storage device would be also uniform at all
      positions.
PAR  Unfortunately, however, the intensity of each radiation image bit read into
      the storage device is not so uniform. This is because the intensity
      distribution across a light beam is, inherently, of Gaussian shape with
      the maximum intensity being in the center of the beam and with somewhat
      reduced intensity around the edges of the beam. Furthermore, in addition
      to this inherent Gaussian intensity distribution in light beams, there are
      also diffraction effects involved in our imaging operation which become
      significant because of the extreme smallness of the image bits being
      processed. Accordingly, instead of applying radiation image bits which are
      of uniform intensity at all positions over their area, what will be
      applied to the storage device are radiation image bits whose intensities
      vary in an irregular manner as illustrated in FIG. 2B. As can be seen,
      intensities 31a, 32a and 33a are no longer uniform across the length of
      the data bits but are of somewhat bell shape with maximum intensity at the
      center of the bit and with reduced intensity around the edges.
      Furthermore, it can be seen that some overlapping or spreading out of the
      data bits are present with data bit 31a overlapping the area that should
      be occupied by data bit 32a and so forth. Since the intensity distribution
      of the illuminating radiation is in the form illustrated in FIG. 2B, the
      electric field pattern established in the wafer 12 will be of similar
      shape.
PAR  Further, as shown in FIG. 2B the maximum intensity 34 and 35 of data bits
      31a and 33a, respectively, are also somewhat less than the ideal maximum
      intensity shown in FIG. 2A and also somewhat irregular. This is due to
      inherent noises present within the system caused by material and device
      non-uniformities. For example, any scratches or other imperfections on the
      various surfaces of the storage device 10 will cause a certain amount of
      light to be scattered which will affect the intensity of the image. Also,
      to some extent, migrating charges within the wafer 12 will become blocked
      or otherwise become improperly oriented within the wafer. These noise
      effects will gradually reduce the intensity of the image and introduce
      localized non-uniformities in all areas of the image.
PAR  When the degraded image is directed through a whole series of iterations
      involving reading it into and out of a whole series of storage devices 10,
      the quality of the image bits will gradually degrade to greater extents as
      illustrated in FIG. 2C and bits 31c, 32c and 33c will become even more
      non-uniform and irregular and the discreteness between them will be
      lessened.
PAR  In general, it can be seen from FIGS. 2A, 2B and 2C that the initially
      discrete digital image bits gradually lose their digital qualities and
      become analog in nature, varying over their area to a greater and greater
      extent such that eventually the fields representing a binary one and the
      fields representing a binary zero become indistinguishable from one
      another, at least in some portions of the fields, and inaccurate output
      data can be obtained. This is obviously an undesirable condition.
PAR  At this point it should be emphasized that FIGS. 2B and 2C only graphically
      explain what can happen to the data bits. In operation, all data bits are
      not necessarily degraded uniformly or by the same amounts. For example,
      wherein the image array is applied with a single beam illuminated through
      a transparency, peripheral bits of the array will be degraded to a greater
      extent than centrally located bits. Also, high intensity bits will degrade
      to a greater extent than low or substantially zero intensity bits. In
      general, however, the effects of the Gaussian intensity distribution,
      diffraction, and noise will affect the image and become significant after
      a series of iterations.
PAR  The present invention provides structure which is effective in obviating
      these problems by automatically redefining or redigitizing the radiation
      bits of the image array every time that it is read into a storage device.
      The structure is illustrated in FIG. 1, and comprises an array of
      generally square shaped highly conductive transparent conductor elements
      or targets 26 which is preferably applied to both sides of the wafer as
      shown but may be applied to only one side if desired. Specifically, each
      of these conductor squares are designed to be approximately equal in size
      to one radiation image bit from about 10.mu.m to about 50.mu.m, e.g., on a
      side (although exact precision is not essential) and are spaced from one
      another by a slight distance 27, e.g. from about 5.mu.m to about 50.mu.m.
      The conductor elements are arranged in an array similar to that of the
      radiation image array (e.g., two-dimensional) so that each square will
      correspond to and be a target for an image bit. If the image bits are of
      other than square shape, for example, hexagonal or triangular, the
      conductors will be of corresponding shape.
PAR  By including these square conductor elements in the storage device 10, the
      above-described problems are substantially avoided. Specifically, when the
      device is illuminated with an image array, each radiation image bit will
      pass through its associated conductor element and modify the internal
      electric field of the wafer adjacent that conductor element as a function
      of the intensity of the radiation. Since, however, the conductor elements
      are very highly conductive, charges will automatically spread out
      uniformly over the area of the conductor to make the internal electric
      field representing each radiation image bit uniform throughout its area.
      This will happen notwithstanding any non-uniformities in the intensity
      distribution of the applied radiation image bit which might exist.
PAR  Furthermore, since the plurality of conductor squares are spaced from
      another by a slight amount, the internal fields within the wafer will be
      effectively isolated from one another so that charges will not be able to
      spread, to any extent, to adjacent conductors. Any charges that do spread
      out, in any event, will not cause any serious problems because they will
      also spread out over the area of the adjacent conductors, and, therefore,
      only have a minor effect on the intensity of adjacent fields and, in any
      event, not affect their uniformity. Also, since in reading out the array,
      threshholding between intensity levels is performed for rebinarization of
      the image array as explained in the referred to patent application, these
      minor intensity variations will be cancelled out in the readout process
      and will not be sufficient to affect the accuracy of the readout.
PAR  Because the internal field associated with a particular data bit is uniform
      over its entire area, it becomes possible to read out the data it
      represents at any point over its area. In the system described previously,
      for readout it was necessary to illuminate a data bit with readout light
      adjacent the center of the field where the intensity was at least
      relatively accurate. In the present invention, since the field is uniform,
      throughout, the data can be read out anywhere over the area of the field
      and the same information will be obtained. This means that the readout
      equipment need not be as precisely aligned as before. Also, the chances of
      the readout being rendered inaccurate by stray charges are minimized.
PAR  In the presently preferred embodiment of the invention the conductor
      element 26 preferably comprise squares of In.sub.2 O.sub.3 since it is
      highly transparent, conductive (&lt;10.sup.6 ohms/square) and matches the
      refractive index of the Bisox wafer very well. If desired, however, other
      materials such as indium tin oxide or tin oxide could also be used. The
      In.sub.2 O.sub.3 squares can be applied by several well known techniques
      but the preferred manner is by conventional photoresist techniques. For
      example, it can be applied by depositing a uniform In.sub.2 O.sub.3 layer
      onto the Bi.sub.12 SiO.sub.20 wafer, or onto the dichroic reflector, (by
      sputtering, for example), coating that layer with a suitable photopolymer
      layer and finally, by conventional photoresist techniques removing
      portions of the In.sub.2 O.sub.3 layer to establish the square. The
      conductor squares may be, for example, 10.sup..sup.-5 cm thick to provide
      a sheet conductance of less than 10.sup.6 ohms per square conductor
      element.
PAR  Preferably the square conductor array is applied to both sides of the
      Bi.sub.12 SiO.sub.20 wafer so as to make the device reversible, although
      this is not essential and only one side need be coated if desired.
PAR  To read out the data stored within the wafer, a mask similar to the
      conductor array can be constructed so that a plurality of readout light
      beams aligned with each of the conductor squares can be provided. As
      mentioned previously, extreme accuracy is not required because each beam
      can read out the data at any position over the area of the conductor
      square.
PAR  A further advantage provided by the present invention is that it becomes
      possible to illuminate the storage device with somewhat higher intensity
      radiation or for a longer period of time than is possible in the prior art
      system without danger of over-exposure. Accordingly, it becomes possible
      to overcome the gradual reduction in image intensity due to system noise
      or other causes so that the images may be maintained at a maximum
      intensity throughout the processing operation. An increase in the
      intensity of about 10% is adequate for this purpose.
PAR  In conclusion, therefore, what has been provided is an improved storage
      device construction that automatically maintains the digitization of a
      radiation image array notwithstanding any non-uniformities in the
      intensity of the light beams employed in the system. The invention permits
      accuracies to be maintained throughout a long and detailed processing
      operation. Although there is a slight loss in resolution due to the fact
      that the conductor squares are spaced from one another by a slight amount,
      this loss is more than compensated for by the increased accuracy and, in
      any event, can be minimized by using larger wafers or a plurality of
      wafers mounted together.
PAR  Although what has been described is a presently preferred embodiment of the
      invention, it should be recognized that the invention may take other forms
      and various additions, omissions and modifications can be made without
      departing from the spirit of the invention. It should be understood,
      therefore, that the invention should be limited only as required by the
      scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an imaging apparatus including a photosensitive device responsive to
      applied radiation for establishing internal electric fields representative
      of the intensity of different portions of said applied radiation; the
      improvement comprising:
PA1  a two-dimensional array of radiation transmissive electrically conductive
      targets associated with said device, each of said targets in said array
      being electrically isolated from one another and being aligned to receive
      a different one of said portions of said applied radiation for
      establishing a plurality of discrete internal electric fields, each of
      which are representative of the intensity of one of said radiation
      portions, and each of which are substantially uniform over the area of the
      targets due to the high conductivity thereof notwithstanding any
      non-uniformities that might exist in the intensity distribution of any of
      said radiation portions.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein each of said targets in said
      array are spaced from one another.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein said two-dimensional arrays of
      targets are applied to at least one face of said device.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein two-dimensional arrays of
      targets are applied to two opposed faces of said device.
NUM  5.
PAR  5. Apparatus as recited in claim 3 wherein said targets are of a
      substantially square shape.
NUM  6.
PAR  6. Apparatus as recited in claim 5 wherein said photosensitive device
      comprises a wafer of Bi.sub.12 SiO.sub.20.
NUM  7.
PAR  7. Apparatus as recited in claim 5 wherein said targets are from about
      10.mu.m to about 50.mu.m in length.
NUM  8.
PAR  8. Apparatus as recited in claim 3 wherein said targets are spaced from one
      another by a distance of about 5.mu.m to about 50.mu.m.
NUM  9.
PAR  9. Apparatus as recited in claim 3 wherein said targets comprise elements
      of In.sub.2 O.sub.3.
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ABST
PAL  A photoflash lamp array comprising a plurality of flash lamps having
      lead-in wires connected to a circuit board carrying switching circuitry
      for sequentially firing the flash lamps. An electrically conductive
      reflector unit is positioned between the lamps and the circuit board. A
      conductive clip is clipped to the reflector unit and touches against an
      electrical ground point on the circuit board, whereby the reflector unit
      functions as an electrical shield for the circuitry.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Ser. No. 448,671, filed Mar. 6, 1974, Kurt H. Weber, "Multiple Flash Lamp
      Unit", assigned the same as this invention.
PAR  Ser. No. 485,459, filed July 3, 1974, Richard Blount, "Multiple Flash Lamp
      Unit", assigned the same as this invention.
PAR  Ser. No. 485,422, filed July 3, 1974, Paul T. Cote, "Multiple Flash Lamp
      Unit", assigned the same as this invention.
PAR  Ser. No. 485,460, filed July 3, 1974, Paul T. Cote, "Protective Terminal
      for Multiple Flash Lamp Unit", assigned the same as this invention.
PAR  Ser. No. 499,316, filed Aug. 21, 1974, Paul T. Cote, "Connector for
      Photoflash Array", assigned the same as this invention.
PAR  Ser. No. 508,334, filed Sept. 23, 1974, Richard Blount, "Photoflash Array
      Construction", assigned the same as this invention.
PAR  Ser. No. 509,411 now U.S. Pat. No. 3,894,226, James M. Hanson, filed
      concurrently herewith, "Photoflash Lamp Array Having Means for Preventing
      Electrical Shorting", assigned the same as this invention.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of multiple photoflash lamp units, such as
      planar arrays.
PAR  The above-referenced patent applications disclose multiple flash lamp
      arrays comprising a plurality of flash lamps having their lead-in wires
      connected to a circuit board provided with switching circuitry for causing
      sequential flashing of the lamps, and reflectors are positioned between
      the lamps and the circuit board. As is particularly disclosed in the first
      two above-referenced Cote patent applications, the reflectors for the
      lamps can be made as a single reflector member or unit shaped to provide
      multiple individual reflectors for the lamps. The reflector member
      preferably is electrically conductive, such as by being made of metal or
      metal-coated plastic, and is electrically connected to an electrical
      "ground" portion of the circuitry on the circuit board. Thus, the
      reflector member functions as an electrical shield and increases the stray
      capacitance to ground of the electrical "ground" of the circuitry,
      reducing the possibility of accidental flashing of lamps by electrostatic
      voltage charge on a person or object touching the array, which accidental
      flashing is particularly prone to occur if the lamps are high voltage
      types requiring a firing voltage of 1000 or 2000 volts, for example, at
      low current.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the invention are to provide an improved flash array
      construction and to provide an improved electrical connection between a
      reflector member and a circuit board that is feasible and economical to
      manufacture.
PAR  The invention comprises, briefly and in a preferred embodiment, a multiple
      flash lamp array containing a plurality of flash lamps having lead-in
      wires connected to a circuit board carrying circuitry for flashing the
      lamps. An electrically conductive reflector unit is positioned between the
      lamps and the circuit board. An electrically conductive clip is clipped to
      the reflector unit and touches against an electrical ground point on the
      circuit board, whereby the reflector unit functions as an electrical
      shield and increases the stray capacitance to ground of the electrical
      ground of the circuitry, reducing the possibility of accidental flashing
      of lamps by electrostatic voltage charge on a person or object touching
      the array. Preferably, the array is provided with a group of connector
      terminals for electrically connecting the circuitry of the array to a
      camera socket, one of these terminals being electrically connected to
      electrical ground of the array and being shaped and arranged to be more
      readily touchable than the other terminals of the group when the array is
      handled. The array can include features disclosed in the above-referenced
      patent applications, including lamp arrangement and connections so that
      the array can be attached to a camera in different orientations in each of
      which only a group of lamps relatively far away from the camera lens axis
      will be flashed, thereby reducing the likelihood of an undesirable
      "red-eye" effect which causes a person's pupils to appear red if the
      flashing lamp is close to the lens axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a multiple flash lamp array in accordance
      with a preferred embodiment of the invention.
PAR  FIG. 2 is an exploded view of the array of FIG. 1 showing the internal
      parts.
PAR  FIG. 3 is a perspective view of the back of the array.
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A multiple flash lamp unit 17 of the planar array type and containing a
      plurality of electrically fired flash lamps is provided with a plug-in
      connector tab 18 at the lower side or end thereof, adapted to fit into a
      socket of a camera or flash adapter as shown and described in the
      above-referenced patent applications. The lamp array 17 is provided with a
      second plug-in connector tab 18' at the top side or end thereof, whereby
      the array 17 is adapted to be attached to the camera socket in either of
      two orientations, i.e., with either the tab 18 or the tab 18' plugged into
      the socket. The array 17 is provided with an upper group 21 of flash lamps
      22, 23, 24, and 25, and a lower group 26 of flash lamps 27, 28, 29, and
      30, the lamps being arranged in a planar configuration. Reflectors 22',
      etc., are disposed behind the respective flash lamps, so that as each lamp
      is flashed its light is projected forwardly of the array 17. The lamps are
      arranged and connected so that when the array is connected to a camera by
      the connector 18, only the upper group 21 of lamps will be flashed, and
      when the array is turned end for end and connected to the camera by the
      other connector 18', only the then upper group 26 of lamps will be
      flashed. By this arrangement, only lamps relatively far from the lens axis
      are flashable, thus reducing the undesirable red-eye effect, as is more
      fully described in the above-referenced patent applications.
PAR  The construction of the array, also disclosed in the last above-referenced
      Blount application, comprises front and back housing members 36 and 37,
      which preferably are made of plastic and are provided with interlocking
      members 38 which can be molded integrally with the housing members and
      which lock the housing members together in final assembly to form a
      unitary flash array structure. FIG. 4 shows a pair of interlocking members
      38a carried at the rear of the side of the front housing member 36
      interlocked with a pair of interlocking members 38b of the back housing
      member 37. In the preferred embodiment shown, the front housing member 36
      is a rectangular concavity and the back housing member 37 is substantially
      flat and includes integral extensions 39 and 39' at the ends thereof which
      partly surround and protect the connector tabs 18 and 18' and also
      function to facilitate mechanical attachment to the camera socket.
      Sandwiched between the front and back housing members 36 and 37, in the
      order named, are the flash lamps 22, etc., a unitary reflector member 41
      (preferably of aluminumcoated plastic) shaped to provide the individual
      reflectors 22', etc., a printed circuit board 42 provided with integral
      connector tabs 18 and 18', and an indicia sheet 43 which may be provided
      with instructions, information 44, trademarks 46, and other indicia such
      as flash indicators 47 located behind the respective lamps and which
      change color due to heat and/or light radiation from a flashing lamp, thus
      indicating at a glance which of the lamps have been flashed and not
      flashed.
PAR  The indicia sheet 43 may be of paper or thin cardboard and provided with
      openings where the flash indicators 47 are desired, and flash indicator
      material, such as a sheet-like heat-sensitive plastic material, for
      example biaxially oriented polypropylene, which shrinks or melts when
      subjected to heat or radiant energy from an adjacent flashing lamp thus
      effectively changing the color of the openings in the indicia sheet 43.
      For example, the plastic material can be colored green on its back side by
      ink or other suitable means, and the green disappears and the opening
      becomes a different color (dark, for example) when the plastic shrinks or
      melts away due to heat from an adjacent flashing lamp. The front of the
      plastic (toward the lamps) should be coated with dark ink so as to absorb
      heat more readily. A single flash indicator sheet 48 may be arranged over
      all of the flash indicator openings. Openings 51 are provided through the
      reflector unit 41 and the circuit board 42 to facilitate radiation from
      flashing lamps reaching the flash indicators 47. The rear housing member
      37 is transparent (either of clear material or provided with window
      openings) to permit viewing of the indicia on the indicia sheet 43. The
      front housing member 36 is transparent at least in front of the lamps 22,
      etc., to permit light from flashing lamps to emerge frontwardly of the
      array, and may be tinted to alter the color of light from the flash lamps.
PAR  The height and width of the rectangular array are substantially greater
      than its thickness, and the heights and widths of the reflector member 41
      and circuit board 42 are substantially the same as the interior height and
      width of the housing member 36, to facilitate holding the parts in place.
PAR  The tab 18, which is integral with the circuit board 42, is provided with a
      pair of electrical terminals 31 and 32, and similarly the tab 18' is
      provided with a pair of terminals 31' and 32', for contacting terminals of
      a camera socket for applying firing voltage pulses to the array. Each tab
      is provided with a third terminal 33 and 33', respectively, which
      functions to electrically short the circuitry of the inactive lower group
      of lamps, when the array is plugged into a socket, as is described in the
      first above-referenced Blount patent application. The terminals 31 and 31'
      are shown as having a lateral "T-bar" configuration for temporarily
      shorting the socket terminals while the array is being plugged in, to
      discharge any residual voltage charge in the firing pulse source and also
      to reduce the likelihood of lamps being accidentally flashed by
      electrostatic voltage when the array is handled, as is disclosed in the
      above-referenced Cote patent application Ser. No. 485,460.
PAR  The circuit board 42 has a "printed circuit" thereon, as will be described,
      for causing sequential flashing of the lamps by firing voltage pulses
      applied to the terminals 31, 32 or 31', 32'. The top and bottom halves of
      the printed circuitry preferably are reverse mirror images of each other.
      The lead wires 22a, 22b, etc., of the lamps 22, etc., may be attached to
      the circuit board 42 in various ways, such as by means of metal eyelets
      22a', 22b', etc., placed through openings in the board. The lead wires
      22a, 22b, etc., pass through openings 52 in the reflector member 41 and
      into or through the respective pairs of eyelets 22a', 22b', etc., and the
      ends of the eyelets are crimped or bent to hold the lead wires and make
      electrical contact thereto and also to hold the eyelets in place with
      their heads in electrical contact with the circuit of the circuit board.
PAR  In accordance with the invention, clip 56 is clipped onto the reflector
      member 41, which reflector preferably is made of metal-coated plastic, and
      the rear of the clip 56 rests in touching contact against an area 57 of an
      electrical ground circuit run 58 on the board and which includes the
      terminals 31 and 31' and which makes contact with one of the connector
      eyelets 22a' or 22b', etc., for each of the lamps 22, etc., whereby the
      reflector unit 41 additionally functions as an electrically grounded
      shield, as will be described.
PAR  Areas 59 on the transparent front housing member 36 may be made opaque or
      partly opaque, such as by making the surface roughened at these areas, to
      fully or partly conceal the lamp lead-in wires 22a, 22b, etc., and/or the
      lower portions of the lamps, for improved appearance of the array.
PAR  The circuit board terminal 32 is part of a conductor run that is
      electrically connected to lead-in wire 24a of lamp 24 at the eyelet 24a'
      and terminates at radiation switches 61, 62, and 63 respectively
      positioned near lamps 24, 25, and 23. A circuit board conductor run 64 is
      connected electrically to the remaining lead wire of flash lamp 25 at
      eyelet 25a' and terminates at the radiation switch 61. A circuit board
      conductor run 65 is connected to the remaining lead-in wire of flash lamp
      23 at eyelet 23a' and terminates at the radiation switch 62. Similarly, a
      circuit board conductor run 66 is connected to the remaining lead-in wire
      of flash lamp 22 at eyelet 22b' and terminates at radiation switch 63.
PAR  The radiation switches 61, 62, and 63 are respectively in contact with and
      bridge across the circuit runs that are connected to them. The material
      for the radiation switches may be suitable material initially having an
      open circuit or high resistance, the resistance thereof becoming zero or a
      low value when the material receives radiation in the form of heat and/or
      light from a respective adjacent lamp, upon the lamp being flashed. For
      this purpose, each of the radiation switches is respectively positioned
      behind and near to a flash lamp 24, 25, 23. Windows in the form of
      transparent sections or openings 69 may be provided in the reflectors in
      front of the switches as shown in FIG. 2 to facilitate radiation transfer.
      A suitable material for the radiation switches is silver oxide dispersed
      in a binder such as polyvinyl resin. Each of these radiation switches,
      upon receiving heat and/or light radiation from the adjacent lamp when it
      is flashed, changes from an open circuit or high resistance to a closed
      circuit or low resistance between its switch terminals on the circuit
      board.
PAR  As has been explained, the lower portion of the circuit board contains a
      substantially reverse mirror image of the same circuit shown in the upper
      part of the circuit board, and therefore will not be described in detail.
      It will be noted that the circuit runs from the plugged-in terminals 31
      and 32 at the lower part of the circuit board extend upwardly so as to
      activate the circuitry in the upper half of the circuit board. Similarly,
      when the unit is turned around and tab 18' is plugged into a socket, the
      circuit board terminals 31' and 32' will be connected to and activate the
      lamps which then will be in the upper half of the circuit board, and hence
      in the upper half of the flash unit 17. This accomplishes, as has been
      stated, the desirable characteristic whereby only the group of lamps
      relatively farthest away from the lens axis will be flashed, thereby
      reducing or eliminating the undesirable red-eye effect.
PAR  The circuit on the circuit board 42 functions as follows. Assuming that
      none of the four lamps in the upper half of the unit 17 have been flashed,
      upon occurrence of a first firing pulse applied across the terminals 31,
      32, this pulse will be directly applied to the lead-in wires of the
      first-connected flash lamp 24, whereupon the lamp 24 flashes and becomes
      an open circuit between its lead-in wires. Heat and/or light radiation
      from the flashing first lamp 24 causes the adjacent radiation switch 61 to
      become a closed circuit (or a low value of resistance), thereby connecting
      the circuit board terminal 32 electrically to the lead-in wire of the
      second lamp 25 at eyelet 25a'. By the time this occurs, the firing pulse
      has diminished to a value insufficient to cause the second lamp 25 to
      flash. When the next firing pulse occurs, it is applied to the lead-in
      wires of the second lamp 25, via the now closed radiation switch 61,
      whereupon the second lamp 25 flashes, thereby causing radiation switch 62
      to assume zero or low resistance, and the second lamp 25 now has an open
      circuit or high resistance between its lead-in wires. When the next firing
      pulse occurs, it is applied via now closed radiation switch 62 to the
      third lamp 23, thereby firing the lamp which becomes an open circuit, and
      the radiation from it causes the radiation switch 63 to become essentially
      a closed circuit across its terminals. Thus, the next firing pulse will be
      applied, via now closed radiation switch 63, to the lead-in wires of the
      fourth flash lamp 22, thereupon causing the lamp to flash. Since this lamp
      is the last lamp in the active circuit, it does not matter whether its
      lead-in wires are an open or closed circuit after flashing. Additional
      flash lamps, radiation switches, and electrical conductors can be
      employed, if desired, using the just described principles. When the flash
      unit is turned around the other connector tab 18' attached to the camera
      socket, the group of lamps that then become uppermost and relatively
      farthest away from the lens axis will be in an active circuit and will be
      flashed in the same manner as has been described. In a preferred
      embodiment, the lamps 22, etc., are high voltage types, requiring about
      2000 volts for example, at low current, for flashing, and they can be
      fired by impacting or stressing a piezoelectric element in the camera, as
      disclosed in U.S. Pat. Nos. 2,972,937 and 3,106,080 to C. G. Suits.
PAR  Now again referring to the electrical connector clip 56 of the invention,
      the clip preferably is generally U-shaped, with the legs 71 and 72 thereof
      curved convexly toward each other so as to grip and clip onto the sides of
      a vertical web 73 formed in the reflector unit 41 by means of openings
      through the reflector unit flanking the web 73 and also functioning as
      openings 52 through the reflector unit for the lead-in wires of lamps 24,
      25, 27, and 28. The web 73 may have double walls as shown in FIG. 4. The
      clip 56 may be shaped to form one or more rearwardly extending loops 74
      which resiliently press against the electrical ground area 57 of the
      circuit board in the final assembly to insure good electrical contact. The
      reflector unit 41 may be of plastic with a metal coating on only its front
      surface (consisting primarily of the individual reflectors 22', etc.) and
      the sides of the web 73, whereby the clip 56 is electrically connected to
      the front surface of the reflector unit.
PAR  It has been found that the invention achieves its objective of providing an
      electrical connection between the reflector unit 41 and circuit board 42
      and is feasible and economical to manufacture. This connection, as
      disclosed in the first two above-referenced Cote patent applications,
      electrically connects the conductive reflector unit 41 to the more readily
      touchable electrical ground terminals 31 and 31' of the array, so that
      when these terminals are touched by an electrostatically charged person or
      object, the reflector unit functions as a shield (connected to the
      terminals 31 and 31') having relatively large stray capacitance to ground,
      whereby a relatively large amount of the electrostatic voltage will be
      dissipated to ground rather than flowing through the primers or other
      flash ignition means of the lamp 22, etc.
PAR  While preferred embodiments of the invention have been shown and described,
      various other embodiments and modifications thereof will become apparent
      to persons skilled in the art, and will fall within the scope of the
      invention as defined in the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A multiple flash lamp array comprising a plurality of electrically fired
      flash lamps each having a pair of lead-in conductors, a circuit board
      containing thereon circuitry for sequentially firing said flash lamps,
      means electrically connecting said lead-in conductors of the flash lamps
      to said circuitry, and an electrically conductive reflector unit
      positioned between said lamps and said circuit board and shaped to reflect
      light from said lamps when flashed, said circuitry including a conductive
      area on said circuit board, said reflector unit including a web, a
      U-shaped conductive clip positioned between and in electrical contact with
      said conductive reflector unit and said conductive area on the circuit
      board and arranged so that the legs thereof are clipped against said web,
      said web and said conductive area being relatively aligned one behind the
      other and the base of said U-shaped clip extending against said conductive
      area on the circuit board.
NUM  2.
PAR  2. An array as claimed in claim 1, in which the legs of said clip are
      curved convexly toward each other.
NUM  3.
PAR  3. An array as claimed in claim 1, in which the base of said U-shaped clip
      includes at least one loop extending toward and resiliently against said
      conductive area on the circuit board.
NUM  4.
PAR  4. An array as claimed in claim 1, in which said web is a double-wall web
      having two spaced apart mutually parallel walls, said legs of the clip
      being against the outer surfaces of said two walls, respectively.
NUM  5.
PAR  5. An array as claimed in claim 1, in which said web includes sides and is
      flanked by openings extending through said reflector unit from front to
      back thereof, said reflector unit being made of plastic material coated
      with an electrically conductive material at least over the front surface
      thereof and over the sides of said web.
NUM  6.
PAR  6. An array as claimed in claim 1, in which said array is provided with a
      group of connector terminals positioned and arranged so that one of said
      connector terminals is more readily touchable than the rest, and means
      electrically connecting said more readily touchable connector terminal to
      said conductive area on the circuit board.
NUM  7.
PAR  7. An array as claimed in claim 1, in which said conductive area on the
      circuit board is electrically connected to a lead-in wire of each of said
      flash lamps.
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PAL  An animal collar of translucent plastic material including a plurality of
      electric lamps secured along a predetermined length of the collar
      including a battery circuit means for supplying electric energy to the
      lamps. A translucent leash having spaced lamps therein and terminating at
      one end in a battery equipped supply handle and a snap means for engaging
      a ring on the collar. An alternate form of collar shows a lamp source of
      illumination connected to a plurality of translucent tubing of various
      lengths, containing light transmitting optical fiberglass filaments for
      radiating light from the collar including a connection for a battery
      energy supply.
BSUM
PAR  This invention relates in general to an illuminated animal collar, more
      often for dogs, including a leash therefor and more particularly a collar
      and leash supplied with electric illumination from a small dry cell
      battery source whereby both the collar and leash would be clearly visible
      reasonable distances in partial or total darkness. It is apparent that the
      use of the illuminated collar and/or leash will provide protection against
      a vehicle or other impact accidents occurring in darkness.
PAR  Prior attempts to illuminate animal collars depended upon luminous
      substances applied to the collar which produced no warning except in the
      presence of partial light.
PAR  The present invention is effective in partial or total darkness and is
      effective over a relatively long period of time when long life batteries
      are used.
PAR  A further advantage of the invention resides in the low cost molding of a
      plastic collar as compared with the well known leather types, which have a
      relatively short life.
DRWD
PAR  These and other objects and advantages in two embodiments of the invention
      are described and shown in the following specification and drawings, in
      which:
PAR  FIG. 1 is an outside plan view of the first form of electric lighted collar
      in reduced scale.
PAR  FIG. 2 is a fragmentary bottom view of a life size collar with a portion
      thereof broken away.
PAR  FIG. 3 is an enlarged cross sectional view taken through section line 3--3,
      FIG. 1.
PAR  FIG. 4 is a fragmentary perspective view of the battery case attached to
      the collar shown in FIG. 1.
PAR  FIG. 5 is a side elevation of the collar when normally buckled.
PAR  FIG. 6 is a fragmentary view of an electric illuminated leash assembly
      connected to a battery retainer handle with the leash shown in linear and
      buckled position.
PAR  FIG. 7 is a fragmentary front end view of the leash assembly secured to the
      handle.
PAR  FIG. 8 is a cross sectional view taken through section line 8--8, FIG. 6.
PAR  FIG. 9 is an outer plan view of an alternate collar with a portion thereof
      broken away.
PAR  FIG. 10 is a fragmentary side veiw of the collar shown in FIG. 9 including
      the lamp casing.
DETD
PAR  Referring to FIG. 1, a main collar band 1 is molded from a flexible
      transparent or translucent plastic material, such as one of the well known
      vinyl or methacrylate compounds. The pointed outer end of the collar band
      is provided with a plurality of buckle adjustment holes 2. The opposite
      end of the collar band contains a well known buckle assembly 3 and a leash
      ring 4 secured by a pair of rivets 5. A battery container 6 contains a
      terminal for connecting the battery to a lamp circuit and is provided with
      a removable cover 7 and dimensioned to contain either a single or multiple
      cell battery.
PAR  FIG. 2 shows a fragmentary enlarged view having a broken away portion,
      illustrating a plurality of miniature filament lamps 8 connected in
      parallel to common conductors 9 and 10, which are also connected to the
      battery terminals in container 6.
PAR  FIG. 3 illustrates the elongated flexible plastic collar band member 11
      which as displaceable mating corners 12-12 for retaining miniature lamps 8
      forced securely in spaced recesses along the central groove portion of
      member 11.
PAR  FIG. 4 illustrates the collar band 1 and member 11 and a rectangular
      mounting portion 13 for retaining the battery container 6 which in this
      illustration is adapted to receive a pair of batteries in order to provide
      approximately three volts to the lamps, which will have greater life than
      a small single battery.
PAR  FIG. 5 illustrates the collar assembly engaged with the buckle assembly 3
      including leash ring 4 secured by rivets 5--5. This view also shows the
      integral rectangular portion 13 for retaining battery container 6, as well
      as the spaced lamps 8, which in this embodiment total seven. It is also
      apparent that the batteries, not shown, are connected to lamps 8 by
      conductors 9 and 10.
PAR  It is to be noted that a small multi-cell dry battery, such as one
      providing approximately nine volts and the parallel circuit to the lamps
      changed to a simple series circuit or a divided series parallel circuit to
      the battery, will result in extended hourly periods of illumination as
      compared to the circuit shown in FIG. 2.
PAR  Referring to FIG. 6, an illuminated flexible plastic tubular leash assembly
      14 is preferably formed from a transparent or translucent round plastic
      tube and contains a plurality of spaced electric lamps 15 which may be
      connected in series, parallel, or both, by a dual conductor 16-17 which
      terminates in a plug 18 which is adapted for insertion in a mating socket
      in a housing 19, which contains one or two lamps 20.
PAR  The outer end of the leash assembly 14 is formed around a loop in the
      swivel snap assembly 21 and retained by rivet 22. It is apparent that the
      snap assembly 21 may be manually attached to ring 4. The opposite end of
      the assembly 14 is secured to a clevis member 23 of an offset extension 24
      of a container 25 which is adapted to receive one or more series connected
      batteries with a control on-off switch 26 conveniently positioned thereon.
PAR  Referring to FIGS. 6, 9, and 10, a main collar band 27 preferably made of
      flexible plastic material is secured to the buckle assembly 3 with the
      opposite end provided with the usual holes for adjustable engagement
      therewith.
PAR  FIGS. 9 and 10 illustrate the main collar band 27 on which is secured by
      suitable adhesive a plurality of two opposite like translucent oval tubes
      28a, b, c, and d, of different lengths, the inner ends of which enter
      opposite ends of housing 19 and expose to one or a pair of lamps 20, as
      shown. It is to be noted that each of the tubes 28 are snugly filled with
      optic conductive fiberglass filaments 29, illustrated by FIG. 8. The
      filament is retained in the tubes by compatible adhesive which is also
      used to secure the tubes 28 to the collar band 27.
PAR  In operation and referring to the collar shown in FIG. 1, it is apparent
      that when the battery is secured in the container 6, a circuit will be
      completed to all lamps 8 and thus the collar when secured to a dog or
      other animal will be clearly visible in darkness.
PAR  Referring to the collar and leash shown in FIG. 6, the container 25 is of
      typical flashlight variety and would receive one or more batteries in
      series connection and a plurality of lamps would be subject to voltage
      supplied by battery or batteries supplied by conductors 16-17.
PAR  Since one end of all the optical fiberglass filaments terminate in close
      proximity to lamps 20--20, the light rays therefrom will be carried along
      the optical fiberglas filaments and present four oval pairs of bright
      light areas spaced along each half of the collar band 27.
PAR  Thus it is apparent from FIGS. 1 and 9 that the collar may be used in
      connection with the same electric energy used to illuminate the leash
      shown in FIG. 6 without the collar battery by providing a socket in
      container 6 for plug 18.
PAR  Referring to FIG. 9, the light conducting filament type collar shown will
      operate with sufficient intensity with a single lamp instead of two lamps
      particuarly if a multi-cell battery and a lamp of corresponding voltage is
      utilized.
PAR  It is also apparent that a two or three cell series connected battery may
      be used in a larger housing 19, shown in FIG. 10, for operation and use of
      a conventional leash.
PAR  It is also obvious to those skilled in the electric art that rechargeable
      batteries may be more economical and greatly extend the hourly use of each
      of the collars.
PAR  The leash shown in FIG. 6 may be made without lamps therein but including a
      pair of conductors substituted and connected to housing 19 with a plug 18
      at one end thereof, with the opposite end terminating in a connection in
      the offset extension 24 of container 25.
PAR  It is to be understood that the words "transparent" and "translucent" are
      to be considered equivalents.
PAR  It is also to be understood that certain modifications in construction are
      intended to come within the teachings and scope of the above specification
     .
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. An illuminated animal collar and leash assembly comprising:
PA1  a flexible collar having electrically-energized light source means therein;
PA1  an elongated, flexible leash connected at one end to said collar and having
      electrically-energized light source means therein providing localized
      illumination spots along the length of the leash;
PA1  and battery means connected to said light source means in the leash and
      said light source means in the collar for energizing the same.
NUM  2.
PAR  2. A collar and leash assembly according to claim 1, wherein said collar
      comprises an elongated band of light-transmitting material, and said light
      source means in the collar comprises a plurality of lamps mounted in said
      band at different locations spaced apart along its length.
NUM  3.
PAR  3. A collar and leash assembly according to claim 2, wherein said battery
      means comprises one or more batteries mounted directly on said collar and
      connected to said plurality of lamps in the collar.
NUM  4.
PAR  4. A collar and leash assembly according to claim 1, wherein said light
      source means in the collar comprises lamp means and a plurality of
      elongated optical fibers positioned to be illuminated at one end by said
      lamp means and terminating away from the latter at different locations
      along the length of the collar.
NUM  5.
PAR  5. A collar and leash assembly according to claim 4, and further
      comprising:
PA1  a handle connected to the opposite end of the leash from collar and holding
      said battery means;
PA1  electrical wiring extending between said battery means in the handle and
      said light source means in the leash and extending to said collar;
PA1  and a plug-and-socket detachable connector between said wiring in the leash
      and said lamp means on the collar for electrically connecting said lamp
      means on the collar to said battery means in the handle.
NUM  6.
PAR  6. A collar and leash assembly according to claim 5, wherein said leash
      comprises an elongated tube of flexible, light-transmitting material
      having a plurality of openings spaced apart along its length, and said
      light source means in the leash comprises a plurality of lamps mounted
      respectively at said openings in the tube and providing said localized
      illumination spots on the leash.
NUM  7.
PAR  7. A collar and leash assembly according to claim 1 and further comprising:
PA1  a handle connected to the opposite end of the leash from the collar and
      holding said battery means;
PA1  electrical wiring extending between said battery means in the handle and
      said light source means in the leash and extending along the leash to said
      collar;
PA1  and a plug-and-socket detachable connector between said wiring in the leash
      and said light source means in the collar for electrically connecting said
      light source means in the collar to said battery means in the handle.
NUM  8.
PAR  8. A collar and leash assembly according to claim 1, wherein said leash
      comprises an elongated tube of flexible, light-transmitting material
      having a plurality of openings spaced apart along its length, and said
      light source means in the leash comprises a plurality of lamps mounted
      respectively at said openings in the tube and providing said localized
      illumination spots on the leash.
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ABST
PAL  A polarizer structure for a headlight includes an interference-type
      polarizer followed by an absorption-type polarizer. The interference-type
      polarizer in one form of the invention is constituted by rectangular plate
      polarizing sections in a zigzag arrangement, so that the apex angle formed
      by adjacent polarizing sections is always 90.degree. while the angle of
      each polarizing section to the optic axis is 45.degree.. In another form
      of the invention, the polarizer sections are arranged in a diverging
      louvre arrangement provided with reflecting layers between the polarizing
      sections, both the polarizing sections and the reflecting layers at an
      angle of 45.degree. with the optic axis.
BSUM
PAR  This invention relates to a polarized light headlight for a motor vehicle
      with an interference-type polarizer in which the light beam, after passing
      through the interference-type polarizer is subjected to a second polarizer
      system to improve the polarization of the beam, the second polarization
      system consisting essentially of a selective absorption-type polarization
      filter.
PAR  Polarized light headlights of this general type have already been proposed.
      Those heretofore proposed have the disadvantage that their physical
      dimensions in the direction of the optic axis are relatively large.
PAR  It is an object of the present invention to provide a polarized light
      headlight with a physical dimension in the direction of the optic axis
      which is as small as possible.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, an interference-type polarizer is provided that consists of
      several plate-like polarizing sections disposed with a zigzag profile in
      such a way that the apex angle formed by adjacent polarizing sections is
      always 90.degree., while the angle of each polarizing section to the optic
      axis is 45.degree. .
PAR  In another form of the invention, the interference-type polarizer is
      constituted by polarizer sections arranged in 45.degree. louvre fashion
      about the optic axis, diverging on each side of a plane passing through
      the optic axis, and furthermore provided with reflecting layers between
      the polarizing sections so that polarizing sections alternate with
      reflecting layers, in each case at an angle of 45.degree. with the optic
      axis and, so that the projection of the polarizing sections and of the
      reflecting layers in the direction of the optic axis cover each other
      without gaps. Finally, the projections of the areas of the polarizing
      sections and of the reflecting layers in a direction perpendicular to the
      optic axis (and to the aforesaid plane therethrough) are congruent and
      essentially define a rectangle.
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PAR  The invention is described in further detail by way of illustration with
      respect to the annexed drawings, in which:
PAR  FIG. 1 is a cross-section of a first embodiment of a vehicle headlight in
      accordance with the invention;
PAR  FIG. 2 is a cross-section of a second embodiment of a vehicle headlight in
      accordance with the invention;
PAR  FIG. 3 is a cross-section of a third embodiment of a vehicle headlight in
      accordance with the invention;
PAR  FIG. 4 is a cross-section of a fourth embodiment of a vehicle headlight in
      accordance with the invention;
PAR  FIG. 5 is a plan view of two stepped prisms of an interference-type
      polarizer for use in embodiments of the invention, including a sealing
      ring for containing an immersion fluid, and
PAR  FIG. 6 is a cross-section along line VI--VI of FIG. 5.
DETD
PAR  In FIG. 1 a light source 11 is shown at the focus of a parabolic mirror 10.
      The light from the light source 11 incident on the parabolic mirror 10 is
      relfected from the mirror in a direction parallel to the optic axis. In
      the path of the beam of the light thus incident upon the parabolic mirror
      an interference polarizer 12 is provided consisting of several polarizing
      sections 121,122, ... 132, a cross-section of which, in a plane passing
      through the optic axis, shows up as a zigzag line. The apex angle formed
      by each pair of successive polarizing sections is 90 degrees, whereas the
      angle at which each polarizing section is set to the optic axis is either
      +45.degree. or -45.degree.. An absorption polarizing filter P is provided
      to "clean up" the output of the interference polarizer 12, which is a thin
      layer polarizer and has a strong polarizing effect, but allows a certain
      amount of unpolarized light to get through.
PAR  The interference-type polarizer 12 can, furthermore, be immersed or
      embedded in a medium having an index of refraction greater than 1 and
      having boundary surfaces perpendicular to the optic axis, for example in
      an immersion liquid, as indicated at 9 in FIG. 1. The degree of
      polarization obtainable in the interference-type polarizer 12 can thus be
      substantially improved. FIG. 1 also shows a transparent separating wall 8
      that can be made of glass and serves, along with the component P which is
      actually the "clean up" filter, to contain the space which is to be filled
      with the immersion fluid 9.
PAR  FIG. 2 shows the second illustrative embodiment of the invention in which
      the polarized light headlight is a rectangular headlight of small depth
      dimension. The light source 11 is here again located at the focus of a
      parabolic reflector 10. A composite prism plate 13 is disposed in front of
      the parabolic reflector 10 and has a thickness equal to one fourth of the
      diameter D of the parabolic reflector 10 in the plane of the cross-section
      through the focus shown in the drawing. The peripheral edge of the prism
      plate 13 is oblique, giving a trapezoidal cross-section in the illustrated
      plane. The prism plate 13 contains both an interference-type polarizer 12
      and reflecting surfaces 14, the latter serving to deflect the path of rays
      reflected from the interference-type polarizer 12. The interference-type
      polarizer 12 consists of four polarizing sections 12a, 12b, 12c and 12d
      which diverge fanwise from the optic axis all at the same angle, namely
      45.degree., to the optic axis, in the manner of a louvre diverging from a
      central plane. The polarizing sections 12a and 12c  in FIG. 2 accordingly
      run from the upper left to the lower right and the polarizing sections 12b
      and 12d run, in the plane of the drawing, from the lower left to the upper
      right. The two polarizing sections 12a and 12b together form a V with the
      apex on a plane through the optic axis.
PAR  Between the polarizing sections 12a and 12c and parallel to both of them is
      a surface 14a functioning as a reflecting layer. Similarly, between the
      polarizing sections 12b and 12d and parallel to both of them is a
      reflecting surface 14b. Finally, below the polarizing section 12c, as seen
      in the plane of the drawing, is another reflecting surface 14c and,
      similarly, also a reflecting surface 14d above the polarizing section 12d.
      The arrangement of the polarizing sections and reflecting surfaces is such
      that light beamed parallel to the optic axis by the reflector 10 falls
      partly on the polarizing sections 12a and 12b and partly on the reflecting
      surfaces 14a and 14b and none passes without encountering one of these
      elements.
PAR  The bundle of rays falling on the polarizing sections 12a and 12b is
      transmitted through these sections in part and is in part reflected, in
      the illustrated case, upwards or downwards as the case may be. Both the
      transmitted and reflected bundles of rays are to a great extent linearly
      polarized. In the case of the bundle of rays transmitted further in the
      original direction, the vector of the electrical field is parallel to the
      plane of the drawing. In the case of these reflected bundles of rays the
      vector of the electric field strength is perpendicular to the plane of the
      drawing. These two portions of the original bundle of rays are reflected
      back into the direction parallel to the optic axis by the respective
      reflecting surfaces 14a and 14b. The two bundles of rays from the
      reflector 10 that fall on the respective reflecting surfaces 14a and 14b
      are reflected off the rear side of these surfaces onto the respective
      polarizing sections 12c and 12d. They are, again, partly reflected and
      partly transmitted by these polarizing sections. In the case of the
      reflected portion of these rays the vector of the electric field strength
      is again perpendicular to the plane of the drawing, whereas the
      transmitted portion of the ray bundle has its vector of electrical field
      strength parallel to the plane of the drawing. The two transmitted ray
      bundles are then reflected by the respective reflecting surfaces 14c and
      14d and thereby brought into the direction parallel to the optic axis.
PAR  In the above-described manner all the light projected by the reflector 10
      is spread out over the double length 2D (i.e. twice the diameter of the
      parabolic reflector) and the vector of electrical field strength is
      ultimately parallel and perpendicular to the plane of the drawing. In
      order to provide a unitary direction of polarization for the light coming
      out of the prism plate 13 and at the same time to turn the direction of
      polarization uniformly to an orientation 45.degree. to the horizontal, in
      front of each of the described regions of output of the prism plate that
      within themselves deliver light of the same direction of polarization,
      there are provided halfwave plates F.sub.1, F.sub.2, F.sub.3, F.sub.4 and
      F.sub.5 of the corresponding orientation to bring about the result just
      stated. Halfwave plates, so-called, are well known devices for rotating
      the plane of polarization and need not be further described here.
PAR  Since the interference-type polarizers do not polarize the light to a great
      enough extent to meet the requirements of an anti-glare headlight system,
      the light issuing to the right of the previously described elements
      10,11,12,13 and 14 of the headlight system, as shown in FIG. 2, still
      contains a disturbing unpolarized component. In order to suppress this
      undesired component, the entire beam is passed through an absorption-type
      polarizing filter P just after passing through the halfwave plates
      F.sub.1, F.sub.2, F.sub.3, F.sub.4 and F.sub.5. The selected polarization
      direction of the absorptiontype polarizing filter corresponds to the
      intended direction of polarization of the light coming out of the halfwave
      plates.
PAR  The embodiment illustrated in FIG. 3 differs from that shown in FIG. 2 by
      the provision of a baffle or mask 15 for the light source 11 and the
      further provision of a mirror surface on the face of the polarizing prism
      assembly 13, which faces the light source, opposite the masking baffle 15.
      The slight light loss resulting from this structure is to be compared with
      the still smaller physical depth of the prism structure 13, which now is
      only one sixth of the diameter D of the parabolic mirror 10.
PAR  FIG. 4 shows still another embodiment of the invention constituting a
      further development of the embodiment of FIG. 2. The prism plate 13 is
      here dispensed with. The polarizing sections 12a, 12b, 12c and 12d and the
      reflecting layers 14a, 14b, 14c and 14d, which are disposed relative to
      each other and to the light source in the same manner as in FIG. 2, are
      constituted in the embodiment of FIG. 4 of transparent plates or films
      held in a frame not shown in the drawing. The entire polarizing system,
      including the aforesaid polarizing sections and reflecting layers and also
      the halfwave plates F.sub.1, F.sub.2, F.sub.3, F.sub.4 and F.sub.5 and the
      absorptiontype polarizing filter P are placed in a cuvette 17 filled with
      a liquid transmission medium 9 having an index of refraction so chosen
      that the desired Brewster angle of 45.degree. is obtained in the use of
      the polarizing section 12a, 12b, 12c and 12d.
PAR  Since the thermal expansion coefficient of the liquid transmission medium
      may deviate substantially from the thermal expansion coefficient of the
      cuvette 17 under certain circumstances, the cuvette 17 is accordingly
      preferably provided with a connection 31, which may be in part flexible,
      fitting into a bore 32 and leading to an expansion vessel 33.
PAR  Instead of the liquid transmission medium 9, stiffly hardening transmission
      medium can be poured into the cuvette 17, allowing the cuvette structure
      to be removed after hardening of the transmission medium. The advantage is
      thus obtained that all optical parts are cast into the transmission medium
      and that disturbing reflections from the surfaces are reduced to a
      minimum. The cast prism, furthermore, has highly polished plane surfaces
      and requires no subsequent machining.
PAR  In the embodiments above described in which the interference polarizer is
      embedded in a solid medium having an index of refraction greater than 1,
      difficulties frequently arise if the assembly is held together by an
      adhesive, because the interference polarizer may not always withstand the
      mechanical tension and shear forces which may arise during initial
      assembly by adhesion and in operation. In these cases, it has been found
      desirable to bind together the two components 19 and 20 made of material
      with a high refractive index with a liquid transmission medium 9, as shown
      in FIGS. 5 and 6. Thus, the component 19 may carry the interference
      polarizer 12 as a layer, as seen in cross-section in FIG. 6.
PAR  The two components 19 and 20 made of material of high refractive index can
      in such case be constituted as step-prisms. The liquid transmission medium
      9 is prevented from leaking out by the sealing ring 18 and can expand into
      the space 21 when the temperature rises.
PAR  Although the invention has been described with respect to particular
      embodiments, it is to be understood that variations are possible within
      the inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polarized light headlight for a vehicle, comprising:
PA1  an interference-type polarizing means (12) comprising polarizing sections
      (12a, 12b, 12c, 12d) disposed in diverging louvre fashion about a
      longitudinal median plane of an incident light beam and a set of
      reflecting layers (14a, 14b, 14c, 14d) alternating between adjacent and
      similarly directed polarizing sections,
PA1  said polarizing sections and said reflecting layers each being set at an
      angle of 45.degree. to said median plane, said polarizing sections and
      said reflecting layers being so constituted that no part of the incident
      beam reaching said interference-type polarizer fails to impinge either on
      one of said polarizing sections or on one of said reflecting layers,
PA1  said polarizing sections and reflecting layers being of such contours that
      the projection of each of them perpendicularly on said median plane is
      substantially a rectangle and all said rectangles are substantially
      congruent.
NUM  2.
PAR  2. A polarized headlight as defined in claim 1 in which said polarizing
      sections and reflecting layers are so spaced that their respective
      projections parallel to the axis of the projected light beam upon a plane
      perpendicular to said axis are substantially rectangles fitting together
      without substantial overlap or gaps to form a larger rectangle.
NUM  3.
PAR  3. A polarized light headlight as defined in claim 1, in which said
      polarizing sections (12a, 12b, 12c, 12d) and said reflecting layers (14a,
      14b, 14c, 14d) are all provided as components of a composite prism plate
      (13).
NUM  4.
PAR  4. A polarized light headlight as defined in claim 3, in which halfwave
      plates (F.sub.1, F.sub.2, ... F.sub.5) are provided at the light exit side
      of said prism plate (13) comprising said polarizing sections and said
      reflecting layers, said halfwave plates being disposed so as to equalize
      the different polarization directions of the different bundles of rays
      issuing from said plate prism and bringing their directions of
      polarization all into the same plane.
NUM  5.
PAR  5. A polarized light headlight as defined in claim 1, in which at least the
      polarizing sections (12a, 12b, 12c, 12d) and the reflecting layers (14a,
      14b, 14c, 14d) are immersed in a liquid transmission medium, and in which,
      further, a cuvette (17) is provided for containing said liquid medium.
NUM  6.
PAR  6. A polarized light headlight as defined in claim 5, in which said cuvette
      (17) is connected to an expansion vessel for relieving the pressure of
      thermal expansion of said liquid medium.
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ABST
PAL  A vehicle light, in particular a motorcycle taillight, having a housing
      with a light bulb and its socket assembly completely enclosed therein. One
      side of the housing is normally closed by a lens plate which can be
      removed to permit the removable installation of the socket assembly within
      the housing by forcing a base plate of the socket assembly between a pair
      of closely spaced retention members in a friction fit therewith. A wall of
      the housing opposite the lens side of the housing is completely flat and
      has apertures therein to permit the flush mounting of the light against a
      portion of a vehicle.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to a light, primarily intended for use on
      vehicles, which is particularly characterized by the completely enclosed
      and protected mounting of a light bulb socket assembly within a housing
      adapted for flush mounting on a support device on a vehicle.
PAR  These basic advantages are accomplished by providing a solid housing having
      an access opening on one side thereof which is normally covered by a
      removable lens and a flat mounting wall on the opposite side thereof
      through which mounting apertures for fasteners extend. A light bulb socket
      assembly is removably held and contained within the housing between fixed
      retention means inside of the housing and a hold-down element projecting
      from the inside face of the lens. With the socket assembly completely
      contained within the housing, it is protected from the corrosive effects
      of weather, as well as from damage by foreign objects.
PAR  In a preferred embodiment of the invention, the aforesaid fixed retention
      means for the socket assembly comprises a pair of closely spaced retention
      members projecting inwardly from the inside face of the flat mounting wall
      of the housing towards the access opening side; and the socket assembly
      includes a base plate to which a bulb socket is secured, the base plate
      being removably inserted between the aforesaid retention members in light,
      frictional engagement therewith. With the lens plate removed, the socket
      assembly can be readily removed through the access opening side of the
      housing by pulling it outwardly from the retention members. The hold-down
      element on the inside face of the lens plate is of a predetermined length
      such that it will firmly bear against one edge of the socket base plate to
      assist in holding it in place when the lens plate is secured to the
      housing over the access opening.
PAR  The aforesaid socket assembly is further secured in place against
      displacement or vibration within the housing by a pair of elongated ribs
      extending transversely of the housing between the lens side and the
      oppositely disposed flat, mounting wall, the base plate of the socket
      assembly being snuggly contained between said ribs. The aforesaid ribs are
      spaced apart adjacent opposite walls of the housing, and advantageously
      serve a dual function by being tapped on their outer ends adjacent to said
      access opening side of the housing to receive threaded fasteners utilized
      to removably attach the lens to the housing.
PAR  These and other objects and advantages of my invention will become readily
      apparent as the following description is read in conjunction with the
      accompanying drawings wherein like reference numerals have been used to
      designate like elements throughout the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the light of this invention, showing parts
      thereof in exploded relation to the light housing;
PAR  FIG. 2 is a elevation view of the light of FIG. 1 with the lens broken away
      to show the interior of the housing;
PAR  FIG. 3 is a vertical section view of the light taken along lines 3--3 of
      FIG. 2;
PAR  FIG. 4 is a fragmentary, vertical section view taken along lines 4--4 of
      FIG. 3; and
PAR  FIG. 5 is a fragmentary, perspective view showing a modified version of the
      light of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, I have shown in FIGS. 1 through 4 a
      preferred form of the light structure of this invention. A solid housing
      for the light, generally indicated by reference numeral 1, defines an
      enclosure within which a light bulb and its associated socket assembly is
      completely contained. Housing 1 may obviously take various forms. For
      illustrative purposes, I have shown a commercial embodiment of the light
      structure having a generally rectangular shaped housing 1 with top and
      bottom walls 2, 4, and arcuate end walls 6, 8. One side of housing 1 has
      an access opening 10 therein which is defined by the adjacent edges of top
      and bottom walls 2, 4 and side walls 6, 8. Access opening 10 of housing 1
      is normally closed by a lens plate 12 removably attached to housing 1 in
      covering relation to the access opening. On the opposite side of housing 1
      from access opening 10 and lens plate 12 is a planar mounting wall 14
      which is flat over its entire surface. This permits the flush mounting of
      housing 1 on a vehicle utilizing attachment means for fasteners
      hereinafter set forth.
PAR  Extending completely around the periphery of open face 10 of housing 1 is a
      shoulder 16 against which lens plate 12 is seated. Lens plate 12 is
      removably attached to housing 1 by means of threaded fasteners 18
      extending therethrough into outer, threaded apertures 20 formed in four
      corner ribs on the inside of housing 1. These ribs, only three of which
      are shown at 22a, 22b and 22c, are formed integrally with housing 1, which
      is preferably die cast zinc. As is illustrated with respect to ribs 22a
      and 22 b, these ribs extend transversely of housing 1 between the open,
      lens side thereof and opposite mounting wall 14 in a direction generally
      perpendicular to the plane of access opening 10. The outer ends of these
      elongated ribs are tapped to provide threaded apertures 20 adjacent to
      lens side opening 10 to receive screws 18 after lens plate 12 is
      positioned over opening 10 in seating shoulder 16.
PAR  It is to be noted that in the embodiment of the vehicle light shown in
      FIGS. 1 through 4, the light structure is designed for use as a taillight
      -- brake light combination on a vehicle, with lens plate 12 also
      functioning as a reflector.
PAR  For the purpose of mounting housing 1 on a bracket or support structure on
      a vehicle, mounting wall 14 is provided with a pair of threaded apertures
      24, 26, which preferably extend into and through a pair of mounting bosses
      28 and 30 which project inwardly from mounting wall 14 into the interior
      of housing 1. By virtue of this mounting arrangement, mounting wall 14 is
      flat over substantially its entire surface, as may be noted with respect
      to FIG. 3, in order to permit a flush mounting of housing 1 against a
      mounting bracket or support device on a vehicle of any kind. For example,
      when used as a tail light, housing 1 may be supported in a flush mounting
      arrangement directly against the upright bars of a back rest for a
      motorcycle seat with flat wall 14 abutting against the upright bars of the
      back rest, or of any other desired support portion of the vehicle. A
      mounting bracket may be utilized to hold housing 1 in place, with mounting
      bolts extending through the bracket and into threaded apertures 24, 26 of
      mounting bosses 28, 30 in mounting wall 14. An additional opening 32
      extending through mounting wall 14 and having an insulating grommet 34
      therein is used to direct the lead wires from a light source mounted
      within housing 1 to an external electric connection.
PAR  When mounted as a taillight, housing 1 will be oriented generally
      horizontally as shown in FIGS. 1 and 2 with lens -- reflector plate 12
      facing rearwardly. A window 36 fastened over an opening in bottom wall 4
      of housing 1 by means of screws 38 permits the passage of light from a
      bulb within housing 1 externally to illuminate a license plate which may
      be mounted under housing 1.
PAR  In FIG. 1 there is shown a light bulb socket assembly generally indicated
      by reference numeral 40, which is comprised of a bulb socket 42 and a base
      plate 44. Base end 42a of socket 42 extends through base plate 44 and is
      securely attached thereto by being crimped over against the rear face of
      base plate 44, as is indicated in FIGS. 2 and 3. Socket 42 receives a
      light bulb 46. A conventional bayonet type socket 42 is illustrated, with
      one or more locating and retaining lugs 50 on bulb base 48 being received
      within socket slots 52. Slots 52 are so positioned and shaped that as bulb
      46 is twisted to lock lugs 50 therein, contacts on the bottom of bulb base
      48 will be properly aligned with and in engagement with corresponding
      contacts in the bottom of socket 42, in a known manner. A combination
      taillight -- stop light socket is preferably used when the light of this
      invention is employed as a vehicle taillight.
PAR  As may best be understood by reference to FIG. 1, socket base plate 44 has
      a hole 54 therein, through which lead wires 56 from the bottom end of
      socket 42 may be extended from the rear side of plate 44, forwardly into
      housing 1. As noted above, lead wires 56 are directed outside of housing 1
      through opening 32 in mounting wall 14.
PAR  In order to removably secure socket assembly 40 within housing 1, I have
      provided friction fit retaining means, which may take various forms. In
      the embodiment illustrated in FIGS. 1 through 4, the retaining means
      comprisies two pairs of closely spaced retaining members 58a, 60a and 58b,
      60 b. Retaining lugs 58a,58b, as well as retaining pins 60a, 60b protect
      inwardly into the the interior of housing 1 from points of attachment to
      mounting wall 14, and are preferably cast integrally therewith. Both pairs
      of elongated retention members 58a, 60a and 58b, 60b project from wall 14
      towards open, lens side 10 of housing 1, so that socket base plate 44 may
      be placed into housing 1 through access opening 10. One end of base plate
      44 is slidably inserted between the closely spaced pairs of retention
      members 58a, 60a and 58b, 60b, the spacing between these members being
      predetermined so that they will maintain frictional engagement with the
      opposite faces of base plate 44 along one end thereof. A light, friction
      fit between base plate 44 and the two pairs of retention members 58a, 60a
      and 58b, 60b is preferred, so that plate 77 may be forced therebetween,
      and removed as desired through access opening 10 by gripping plate 44 and
      pulling it outwardly from the retention members.
PAR  Base plate 44 of the socket assembly is further guided and contained within
      housing 1 by means of elongated ribs 22a and 22b. These two ribs are
      spaced apart vertically by a distance substantially equal to the height of
      base plate 44. Thus, as socket assembly 40 is inserted into housing 1,
      with base plate 44 oriented vertically as shown in a direction
      substantially normal to lens plate 12, its opposite longitudinal, top and
      bottom edges will be slidably received between elongated ribs 22a and 22b.
      In this manner, ribs 22a and 22b function as positioning and containing
      members, and restrain base plate 44 against displacement in a direction
      normal to the direction of longitudinal extent of these ribs.
PAR  For the purpose of further tightly securing the socket assembly 40 within
      housing 1, a hold-down pin 62 is provided on lens plate 12. As may be
      noted most clearly by reference to FIGS. 1, 3 and 4, hold-down pin 62 is
      affixed to the inside face of lens plate 12 at a predetermined position
      and extends inwardly therefrom at substantially right angles with lens
      plate 12 so that it will be in alignment with base plate 44. Hold-down pin
      62 is of a predetermined length such that it will firmly bear against
      upright edge 44a of base plate 44 facing towards the lens side of housing
      1 when lens plate 12 is fastened in place over access opening 10 of
      housing 1. With lens plate 12 so secured in place, after socket assembly
      40 has been positioned within housing 1 in the aforesaid manner, base
      plate 44 will be firmly held in place between retention members 58a, 60a
      and 58b, 60b at one end thereof, and hold-down pin 62 bearing against its
      opposite end. With socket assembly 40 so mounted within housing 1, base
      plate 44 will extend within a direction substantially normal to lens plate
      12. FIG. 4 clearly illustrates the engagement of hold-down pin 62 with
      outer edge 44a of base plate 44.
PAR  Lens plate 12 is made as a molded plastic part. I have found it
      particularly desirable from a manufacturing and cost standpoint to mold
      hold-down pin 62 integrally with lens plate 12. This provides a solid
      attachment of pin 62 to lens plate 12, and permits the accurate
      controlling of the positioning of pin 62 by the design of the mold.
PAR  It will be appreciated that the removable mounting of the entire socket
      assembly 40 and light bulb 46 completely within housing 1 provides several
      advantages. First of all, with this type of socket mounting arrangement,
      there will be no portion of a light socket protruding externally of
      housing 1, as is normally the case with vehicle lights of known design. In
      the case of taillights for motorcycles, the light socket has
      conventionally projected from the wall of a housing, rearwardly opposite
      the lens face. Since the rear wall through which the socket projected
      would normally be the mounting wall, it was impossible to obtain a flush
      mounting. With the socket assembly entirely contained within housing 1,
      and a completely flat mounting wall 14, it is possible to obtain a tight,
      flush mounting of housing 1 against an upright support of a vehicle, such
      as the back rest of a motorcycle, or a fender mounting bracket. Moreover,
      the internal mounting of socket assembly 40 within housing 1 substantially
      precludes corrosive damage to the light socket and its contacts from
      moisture; and since no portion of socket 42 extends outside of housing 1,
      the possibility of damage to the light socket from foreign objects is
      substantially eliminated. If it is necessary to replace or clean socket
      42, this can be readily accomplished by removing lens plate 12 and pulling
      socket assembly 40 out of housing 1 by gripping base plate 44. Even the
      replacement of light bulb 46 can more easily be accomplished by removing
      socket assembly 40 in this way, since the space for manipulating a light
      bulb within housing 1 is quite limited.
PAR  In FIG. 5 I have shown an alternative embodiment of the vehicle light of
      this invention. The same structural concept of flush mounting, and
      entirely, self-contained socket assembly mounting are achieved in this
      embodiment also. The housing, generally indicated by reference numeral 64
      has top and bottom walls 66, 68 and end walls 70 defining an enclosure
      within which a socket assembly comprised of the same base plate 44 and
      socket 42 is removably secured. Open side 72 of housing 64 defining an
      access opening is normally covered by a lens plate 74, secured in place in
      the same manner as disclosed above with respect to FIGS. 1 through 4. A
      hold-down lug 76 is provided on the inside face of lens plate 74 and
      projects inwardly therefrom in the same manner as does hold-down pin 62 of
      lens plate 12. Attached to a planar, mounting wall 78 and extending
      therefrom into the inside of the housing are a pair of elongated
      positioning and containing members in the form of bars 80 and 82 spaced
      apart vertically by a distance equal to the height of socket base plate
      44. These bars 80 and 82 function in the same manner as do elongated ribs
      22a and 22b of the housing shown in FIGS. 1 through 4 to position and
      slidably contain base plate 44. Additionally, first and second pairs of
      closely spaced retention members 84, 86 and 88, 90 affixed to mounting
      wall 78 and projecting inwardly therefrom towards the lens side of housing
      64 grip and hold socket base plate 44 in a friction fit therewith. Housing
      64 is substantially narrower or shallower than is housing 1, and the
      retention members 84, 86 and 88, 90 as well as positioning bars 80 and 82
      extend from mounting wall 78 almost all of the way to the open side 72 of
      housing 1. In this manner, good frictional engagement of the retention
      members is achieved on socket base plate 44 along substantially its entire
      width. When lens plate 74 is attached to housing 1 over open side 72
      thereof, hold-down lug 76 affixed thereto bears against the forward edge
      44a of socket base plate 44 to assist in holding it firmly in place within
      housing 1.
PAR  Although I have described and shown my improved vehicle light with respect
      to particular, preferred embodiments thereof, I anticipate that various
      changes may be made in the size, shape and construction of the light
      assembly disclosed herein without departing from the spirit and scope of
      my invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light for external mounting on vehicles comprising:
PA1  a housing having walls defining an enclosure, said enclosure having an
      access opening on one side thereof;
PA1  a translucent lens removably attached to said housing in covering relation
      to said access opening;
PA1  a light bulb socket completely contained and enclosed within said housing;
PA1  an opening in a wall of said housing for the passage of lead wires from
      said socket therethrough;
PA1  a base plate on which said socket is fixedly secured to provide a socket
      assembly;
PA1  locating and retention means within said housing for holding said socket
      assembly therein comprising at least one pair of closely spaced retention
      members secured to the inside of said housing, with said socket base plate
      held between said retention members in a forced fit therewith; and
PA1  a hold-down element projecting from the inside face of said lens, said
      hold-down element being of a predetermined length such that it will firmly
      bear against said socket assembly, thereby securing said socket against
      displacement in a direction toward said lens side of said housing when
      said lens is attached thereto.
NUM  2.
PAR  2. A vehicle light as defined in claim 1 wherein:
PA1  said lens is molded plastic and said hold-down element is molded integrally
      therewith.
NUM  3.
PAR  3. A vehicle light as defined in claim 1 wherein:
PA1  said retention members are elongated and extend in friction contact with a
      portion of the length of said base plate from a wall of said housing
      opposite said one, lens side thereof, said retention members projecting
      inwardly from said wall towards said lens side of said housing; and
PA1  said socket base plate is slidably received between said retention members
      in a friction fit therewith and extends in a direction between said lens
      side of said housing and said wall to which said retention members are
      attached, said lens being movable to permit the installation of said
      socket assembly within said housing by the insertion of said base plate
      between said retention members.
NUM  4.
PAR  4. A vehicle light as defined in claim 3 wherein:
PA1  said socket base plate is further retained by a pair of spaced apart,
      elongated ribs extending transversely of said housing between said lens
      side and said wall thereof to which said retention members are attached,
      said base plate being snuggly contained between said ribs with opposite
      longitudinal edges of said base plate restrained against displacement by
      said ribs.
NUM  5.
PAR  5. A light for external mounting on vehicles comprising:
PA1  a housing having walls defining an enclosure, said enclosure having an
      access opening on one side thereof;
PA1  a light bulb socket completely contained and enclosed within said housing;
PA1  an opening in a wall of said housing for the passage of lead wires from
      said socket therethrough;
PA1  a base plate on which said socket is fixedly secured to provide a socket
      assembly, said base plate having opposite longitudinal edges;
PA1  locating and retention means within said housing for holding said socket
      assembly therein comprising at least one pair of closely spaced retention
      members secured to the inside of said housing, with said socket base plate
      held between said retention members in a force fit therewith;
PA1  a pair of spaced apart, elongated ribs extending transversely of said
      housing perpendicular to said access opening, said base plate being snugly
      contained between said ribs with said opposite longitudinal edges
      restrained against displacement by said ribs, said elongated ribs having
      outer ends adjacent said access opening and said outer ends having
      threaded apertures defined therein; and
PA1  a translucent lens mounted over said access opening, said lens including
      threaded fasteners extending therethrough and received within said
      threaded apertures to removably secure said lens to said housing.
NUM  6.
PAR  6. A vehicle light comprising:
PA1  a housing having walls defining an enclosure, said housing having an access
      opening on one side thereof;
PA1  a lens removably attached to said housing in covering relation to said
      access opening;
PA1  a socket assembly completely contained and enclosed within said housing,
      said socket assembly including a bulb receiving socket;
PA1  retention means within said housing with which said socket assembly is
      frictionally engaged in a light, friction fit, whereby said socket
      assembly may be removably installed within said housing in frictional
      engagement with said retention means by removing said lens from said one
      side of said housing; and
PA1  a hold-down element attached to said lens and projecting inwardly therefrom
      into said access opening, said hold-down element being of a predetermined
      length such that it will firmly bear against a portion of said socket
      assembly when said lens is in place on said housing.
NUM  7.
PAR  7. A vehicle light as defined in claim 6 wherein:
PA1  said socket assembly includes a base plate to which said socket is securely
      attached, and said base plate is positioned generally perpendicular to
      said lens side of said housing; and
PA1  said hold-down element bears against one edge of said base plate when said
      lens is attached to said housing.
NUM  8.
PAR  8. A vehicle light as defined in claim 6 wherein:
PA1  said socket assembly includes a base plate to which said socket is securely
      attached; and
PA1  a pair of elongated positioning and containing members extending
      transversely of said housing in a direction generally normal to said
      access opening side of said housing to which said lens is attached, said
      positioning and containing members being spaced apart by a distance
      substantially equal to the height of said socket base plate, said base
      plate being slidably contained between said positioning and containing
      members against displacement in a direction normal to the direction of
      longitudinal extent of said containing members.
NUM  9.
PAR  9. A vehicle light as defined in claim 8, wherein:
PA1  said housing has a planar mounting wall on the side thereof opposite said
      access opening side; and
PA1  a plurality of mounting apertures in said mounting wall.
NUM  10.
PAR  10. A vehicle light comprising:
PA1  a housing having walls defining an enclosure, said housing having an access
      opening in one side thereof;
PA1  a translucent lens removably attached to said housing in covering relation
      to said access opening;
PA1  a flat mounting wall on the opposite side of said housing from said access
      opening side, said mounting wall having a plurality of apertures defined
      therein for receiving fasteners for the flush mounting of said housing
      against a support portion of a vehicle with said flat mounting wall flush
      thereagainst, said mounting wall having an inside face;
PA1  a socket assembly including a bulb socket completely contained and held
      within said housing;
PA1  fixed retention means within said housing for securing said socket
      assembly, said retention means comprising a pair of closely spaced
      retention members between which a portion of said socket assembly is held
      in frictional engagement therewith, said retention members being secured
      to the inside face of said flat mounting wall of said housing and
      projecting inwardly therefrom in a direction toward said access opening;
PA1  a hold-down element projecting toward said socket assembly from said lens
      and abutting said socket assembly to further secure same; and
PA1  a window extending between said mounting wall and said access opening side
      of said housing through which light emitted from a bulb in said socket may
      pass to illuminate a license plate.
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ABST
PAL  An array of radiation sensing devices each including a pair of closely
      coupled conductor-insulator-semiconductor cells, one a row line connected
      cell and the other a column line connected cell, is provided on a common
      semiconductor substrate. The potential well associated with the row
      connected cell is deeper than the potential well associated with the
      column connected cell. Read out of a row of devices is accomplished by
      lowering the absolute potential of the row line to cause charge stored in
      the row connected cells to transfer to column connected cells of the row.
      The voltage on each of the column lines is sensed in sequence to provide a
      video signal. Subsequent to sensing the column line potentials can be
      lowered to inject the stored carriers into the substrate or the row line
      potential may be reestablished to return the stored charge to the
      potential wells associated with the cells connected to the row lines and
      thus permit repeated read out.
BSUM
PAR  The present invention relates in general to apparatus including devices and
      circuits therefor for sensing radiation and developing electrical signals
      in accordance therewith. The present invention relates in particular to
      such apparatus which senses and stores charge produced by electromagnetic
      radiation flux and which provides an electrical readout of the stored
      charge.
PAR  This application relates to improvements in the apparatus of U.S. Pat. No.
      3,805,062 assigned to the assignee of the present application, which
      patent is incorporated herein by reference thereto.
PAR  The radiation sensing apparatus specifically disclosed in the
      aforementioned patent comprises a substrate of semiconductor material of
      one conductivity type having a plurality of storage sites arranged in a
      plurality of rows and columns for storage of radiation generated minority
      carriers therein. Each of the storage sites includes a row oriented
      conductor-insulator-semiconductor capacitive cell and a closely coupled
      column oriented conductor-insulator-semiconductor capacitive cell. Each of
      the row-oriented conducting members or plates of a row of sites are
      connected to a respective row conductor line. Each of the column-oriented
      conducting members or plates of a column of sites are connected to a
      respective column conductor line. Switching means are provided for
      periodically connecting and disconnecting the substrate from ground or
      point of reference potential. Means are provided for charging the row and
      column conductor lines to predetermined potentials in relation to the
      potential of the point of reference potential to establish depletion
      regions in the substrate underlying each of the first and second
      conductive plates with the depletion regions underlying adjacent first and
      second conductive plates being coupled. Selective read out of charge
      stored in a row of sites is accomplished by changing the potential on the
      row line to cause flow of charge stored in the row-oriented storage cells
      thereof into the column-oriented storage cells thereof. The read out of
      charge stored in column-oriented cells is accomplished by changing the
      potential on each of the column lines in sequence to cause injection of
      carriers stored therein into the substrate in sequence and concurrently
      disconnecting the substrate from ground or reference potential during each
      such injection of carriers. Each such injection produces a respective
      current flow in circuit with the substrate which is sensed across an
      integrating capacitance which includes the inherent capacitance of the
      conductor lines and conducting members connected thereto in relation to
      the substrate. Means are provided for periodically sampling the variation
      in voltage developed on the integrating capacitance to provide an
      electrical output varying in time in accordance with the variation in
      amplitude of the samples.
PAR  As the number of storage sites in an array is increased the total inherent
      capacitance of the substrate in relation to ground or a point of reference
      potential increases and hence the signal voltage developed across the
      capacitance decreases. As a result, in arrays having a large number of
      pairs of storage cells the signal level can become quite small. In
      addition, injection of charge in each of the column oriented cells in a
      row in sequence is time consuming and limits the speed of scan of the row
      and hence the entire array. Furthermore, in such apparatus and mode of
      operation thereof only a single read out of the stored charges is
      possible.
PAR  The present invention is directed to overcoming limitations such as those
      outlined above in radiation responsive apparatus of the kind described
      above.
PAR  Accordingly an object of the present invention is to provide improved
      surface charge storage devices and method of operating such devices.
PAR  Another object of the present invention is to provide large arrays of
      radiation sensing elements of the kind described above which may be
      scanned at high speeds.
PAR  A further object of the present invention is to provide arrays of radiation
      sensing elements of the kind described above from which repeated read-out
      can be obtained.
PAR  In carrying out the invention in one illustrative embodiment thereof there
      is provided a substrate of semiconductor material of one conductivity type
      having a major surface. A plurality of first conductive plates are
      provided, each overlying and in insulated relationship to the major
      surface and forming a first conductor-insulator-semiconductor capacitor
      with the substrate. A plurality of second conductive plates are provided,
      each adjacent a respective first conductive plate to form a plurality of
      pairs of plates, the pairs of plates being arranged in a matrix of rows
      and columns, each of the second conductive plates overlying and in
      insulated relationship to the major surface and forming a second
      conductor-insulator-semiconductor capacitor with the substrate. Each
      second conductor-insulator-semiconductor capacitor is coupled to a
      respective first conductor-insulator-semiconductor capacitor so as to
      permit the transfer of stored charge between them. A plurality of row
      conductor lines are provided, the first conductive plates in each of the
      rows are connected to a respective row conductor line. A plurality of
      column conductor lines are provided, the second conductive plates in each
      of the columns are connected to a respective column conductor line. A
      first voltage means provides a first voltage between the row conductor
      lines and the substrate to deplete respective first portions of the
      substrate lying thereunder of majority charge carriers and provides a
      surface potential of a first value therein. A second voltage means
      provides a second voltage between the column conductor lines and the
      substrate to deplete respective second portions of the substrate lying
      thereunder of majority charge carriers and provides a surface potential of
      a second value therein. The second value of potential being substantially
      less than said first value of potential. Means are provided for exposing
      the substrate to radiation whereby charge is stored in the first portions
      of said substrate. A first means is provided for collapsing and
      reestablishing the first voltage on each of the row conductor lines in
      sequence during a respective first period of time. As a consequence charge
      stored in each of the first portions of the substrate moves to a
      respective second portion thereof. Means are provided for sensing in
      sequence the voltage on each of the column lines and deriving a video
      signal therefrom.
DRWD
PAR  The novel features which are believed to be characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention itself, both as to its organization and method of operation,
      together with further objects and advantages thereof may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of an array or assembly of a plurality of radiation
      responsive cells useful in the system of the present invention shown in
      FIG. 5.
PAR  FIG. 2 is a sectional view of the assembly of FIG. 1 taken along section
      lines 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view of the assembly of FIG. 1 taken along section
      lines 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view of the assembly of FIG. 1 taken along section
      lines 4--4 of FIG. 1.
PAR  FIG. 5 is a block diagram of a system in accordance with the present
      invention including the image sensing array of FIGS. 1--4.
PAR  FIGS. 6A through 6V are diagrams of amplitude versus time of voltage
      signals occurring at various points in the system of FIG. 5. The diagrams
      of FIGS. 6A-6K are drawn to a common time scale and depict two lines of
      scan. The diagrams of FIGS. 6L-6V are drawn to another expanded common
      scale and depict a single line of scan. The point of occurrence of a
      signal of FIGS. 6A-6V in the block diagram of FIG. 5 is identified in FIG.
      5 by a literal designation corresponding to the literal designation of the
      figure.
DETD
PAR  Before proceeding to describe the radiation sensing apparatus of FIG. 5
      embodying the present invention the radiation sensing array used in the
      apparatus will be described. While a specific form of the array fabricated
      using a specific technology is shown and described, it will be understood
      that the array utilized in the apparatus may take on other forms and that
      any of the commonly used technologies for charge transfer devices may be
      used in the fabrication thereof. Reference is now made to FIGS. 1-4 which
      show an image sensing array 20 of radiation sensing devices 21, such as
      the device described in FIGS. 2A, 2B and 2C, of aforementioned U.S. Pat.
      No. 3,805,062 arranged in four rows and columns. The array includes four
      row conductor lines, each connecting the row-oriented plates of a
      respective row of devices, and are designated from top to bottom X.sub.1,
      X.sub.2, X.sub.3 and X.sub.4. The array also includes four column
      conductor lines, each connecting the column-oriented plates of a
      respective column of devices, and are designated from left to right
      Y.sub.1, Y.sub.2, Y.sub.3 and Y.sub.4. Conductive connections are made to
      lines through conductive landings or contact tabs 22 provided at each end
      of each of the lines. While in FIG. 1 the row conductor lines appear to
      cross the column conductor lines, the row conductor lines are insulated
      from the column lines by a layer 24 of transparent glass as is readily
      apparent in FIGS. 2, 3 and 4. In FIG. 1 the outline of the structure
      underlying the glass layer 24 is shown in solid outline for reasons of
      clarity.
PAR  The array includes a substrate or wafer 25 of semiconductor material of
      N-type conductivity over which is provided an insulating layer 26
      contacting a major face of the substrate 25. A plurality of deep recesses
      27 are provided in the insulating layer, each for a respective device 21.
      Accordingly, the insulating layer 26 is provided with thick or ridge
      portion 28 surrounding a plurality of thin portions 29 in the bottom of
      the recesses. In each of the recesses is situated a pair of substantially
      identical conductive plates or conductive members 31 and 32 of rectangular
      outline. Plate 31 is denoted a row-oriented plate and plate 32 is denoted
      a column oriented plate. The plates 31 and 32 of a device 21 are spaced
      close to one another along the direction of a row and with adjacent edges
      substantially parallel. In proceeding from the left hand portion of the
      array to the right hand portion, the row-oriented plates 31 alternate in
      lateral position with respect to the column oriented plates 32.
      Accordingly, the row-oriented plates 31 of pairs of adjacent devices of a
      row are adjacent and are connected together by a conductor 33 formed
      integral with the formation of the plates 31. With such an arrangement a
      single connection 34 from a row conductor line through a hole 39 in the
      aforementioned glass layer 24 is made to the conductor 33 connecting a
      pair of row-oriented plates. The column-oriented conductor lines are
      formed integrally with the formation of the column-oriented plates 32. The
      surface adjacent portion of the substrate 25 underlying the space between
      the plates 31 and 32 of each device 21 is provided with a P-type
      conductivity region 36. The glass layer 24 overlies the thick portion 28
      and thin portion 29 of the insulating layer 26 and the plates 31 and 32,
      conductors 33 and column-oriented conductor lines Y.sub.1 --Y.sub.4
      thereof except for the contact tabs 22 thereof. The glass layer 24 may
      contain an acceptor activator and may be utilized in the formation of the
      P-type region 36. A ring shaped electrode 38 is provided on the major
      surface of the substrate opposite the major surface on which the devices
      21 were formed. Such a connection to the substrate permits rear face as
      well as front face interception of radiation from an object to be sensed.
PAR  The image sensing array 20 and the devices 21 of which they are comprised
      may be fabricated using a variety of materials and in variety of sizes in
      accordance with established techniques for fabricating integrated circuits
      as described in the aforementioned U.S. Pat. No. 3,805,062.
PAR  Referring now to FIG. 5, there is shown a block diagram of radiation
      detection system including the image sensing array 20 of FIG. 1 which
      provides a video signal in response to radiation imaged on the array by a
      lens system (not shown), for example. The video signal may be applied to a
      suitable display device (not shown) such as a cathode ray tube as
      described in the above-referenced U.S. Pat. No. 3,805,062 along with sweep
      voltages synchronized with the scanning of the array to convert the video
      signal into a visual display of the image.
PAR  The system will be described in connection with FIGS. 6A-6V which show
      diagrams of amplitude versus time of signals occurring at various points
      in the system of FIG. 5. The point of occurrence of a signal of FIGS.
      6A-6V is referenced in FIG. 5 by a literal designation corresponding to
      the literal designation of the figure reference.
PAR  The system includes a clock pulse generator 51 which develops a series of
      regularly occurring Y-axis pulses 52 of short duration shown in FIG. 6A,
      occurring in sequence at instants of time t.sub.1 -t.sub.8 and
      representing a half scanning cycle of operation of the array. The output
      of the clock pulse generator 51 is applied to a first counter 53 which
      divides the count of the clock pulse generator by four to derive X-axis
      clock pulses 54, such as shown in FIG. 6B. The output of the first counter
      53 is also applied to a second counter 55 which further divides the count
      applied to it by four to provide frame synchronizing pulses 56 to the
      array.
PAR  The sensing array 20, which is identical to the image sensing array of FIG.
      1 and is identically designated, includes row conductor lines X.sub.1 thru
      X.sub.4 and column conductor lines Y.sub.1 thru Y.sub.4. The drive
      circuits for the row conductor lines X.sub.1 -X.sub.4 and for the column
      conductor lines Y.sub.1 -Y.sub.4 of array 20 are included on the same
      substrate 50 as the array to minimize the number of external connections
      which are required to be made for connection of the array 20 into the
      system.
PAR  To enable selective read out of a row of devices a plurality of row-enable
      switches 61-64 are provided. The row-enable switches 61-64 are in the form
      of MOSFET transistor devices formed integrally on the substrate, each
      having a source electrode, a drain electrode and a gate electrode. Each of
      the drains of devices 61-64 is connected to one end of a respective one of
      the row conductor lines X.sub.1-X.sub.4 and each of the sources of the
      devices 61-64 is connected to row enable terminal 65. The output 66 of the
      row enable generator 67, shown in FIG. 6F, is applied to terminal 65. The
      inputs to the row enable generator are the X-axis clock pulses of FIG. 6B.
      The gate electrodes of the transistors 61-64 are connected to successive
      output terminals of the row shift register 68, numbered respectively 1, 2,
      3 and 4. The outputs 1 and 2 of the row shift register are shown,
      respectively, in FIGS. 6D and 6E. The outputs at terminals 3 and 4 are
      similar to output of terminal 1 except appropriately delayed in time to
      occur during the third and fourth line scan periods, respectively. The
      input to row shift register 68, referred to as frame sync is the pulse
      obtained at the output of the second counter 55. One frame sync pulse
      occurs for every sixteen Y-axis clock pulses. Oppositely phased clock
      drive pulses for the row shift register are derived from the X-axis clock
      pulses. The oppositely phased drive line pulses are applied to each of the
      stages of the row shift register to produce the indicated outputs at the
      terminals 1-4 thereof. The row shift register 68 may be any of a number of
      shift registers known to the art. The elements of the shift register 68
      may be concurrently formed on the substrate at the same time that the
      devices of the image sensing array 20 are formed.
PAR  To reestablish storage voltage on all of the row lines and, in particular
      on the row just read out, row reset switches 71-74 are provided. The reset
      switches 71-74 are in the form of MOSFET transistors integrally formed on
      the substrate 50, each having a drain electrode connected to the other end
      of a respective one of the row conductor lines X.sub.1 -X.sub.4 and each
      having a source electrode connected to a row line biasing terminal 75,
      which in the operation in the system is connected to the negative terminal
      of a -20 volt source 76, the positive terminal of which is connected to
      ground. Each of the gate electrodes of the transistors 71-74 is driven by
      a common drive signal 77 shown in FIG. 6I obtained from the output of the
      row Vg generator 78. The inputs to the row Vg generator 78 are the X-axis
      clock pulses.
PAR  To reestablish storage potential on all of the column lines after read out
      of a row of devices column reset switches 81-84 are provided. The reset
      switches are in the form of MOSFET transistors integrally formed on the
      substrate 50, each having a source electrode, a drain electrode and a gate
      electrode. Each of the sources of the devices 81-84 is connected to one
      end of a respective one column lines Y.sub.1 -Y.sub.4 and each of the
      drains is connected to column drain terminal 85. The output 86 of the
      column Vd generator 87 shown in FIG. 6K is applied through a single pole
      double throw mode switch 88 to terminal 85. The inputs to the column Vd
      generator 87 are the X-axis clock pulses. With the arm of the switch 88 in
      the other position the terminal 85 is connected to the negative terminal
      of a -10 V column line source 90 the positive terminal of which is
      connected to ground.
PAR  Also integrally formed on the substrate 50 are a plurality of column line
      signal switches in the form of MOSFET transistors 91-94. Each of the
      transistors 91-94 has a drain electrode connected to the other end of a
      respective one of column conductor line Y.sub.1 -Y.sub.4. The source
      electrodes of transistors 91-94 are connected to signal line 95. The gate
      electrodes of the transistors 91-94 are connected to successive output
      terminals of the column shift register 96, numbered respectively 1, 2, 3
      and 4. The outputs 1, 2, 3 and 4 of the column shift register are shown,
      respectively, in FIGS. 60-6R. The inputs to column shift register,
      referred to as line sync, are the X-axis clock pulses obtained from the
      output of the first counter 53. Oppositely phased clock drive pulses for
      the column shift register are derived from the Y-axis clock pulses. The
      oppositely phased drive pulses are applied to each of the stages of the
      column shift register to produce the indicated outputs at the terminals
      1-4 thereof. Resetting of voltage on the signal line 95 before sensing the
      voltage on a column line is provided by signal line reset switch 97. The
      reset switch is in the form of a MOSFET transistor integrally formed on
      the substrate 50, and having a source electrode, a drain electrode and a
      gate electrode. The drain is connected to the signal line 95, the source
      is connected to the negative terminal of the signal line reset source 98
      or reference, the positive terminal of which is connected to ground. The
      gate is connected to the output of reset switch pulse 99, the input of
      which is connected to the source of Y-axis clock pulses. The output of the
      reset switch pulser is shown in FIG. 6M. The pulse obtained from the reset
      switch pulser gates the transistor 97 to set the signal line 95 to the
      value of reset source 98 prior to actuation of each of the switches 91-94
      thereby enabling the voltage on the column lines to be sensed in sequence
      as shown in FIG. 6S.
PAR  As the voltages sensed on the column lines are relatively small and as it
      is desirable to keep capacitance loading of the signal line small,
      amplification is provided on the substrate 50 in the form of a MOSFET
      transistor 101 integrally formed on the substrate and connected to circuit
      elements located off the substrate collectively designated as amplifier
      102. The transistor 101 is shown having the gate electrode connected to
      the signal line 95 and sources and drain connected respectively to
      terminals 104 and 105 which in turn are connected to amplifier 102.
PAR  The video channel in addition to amplifier 102 includes a restorer circuit
      106, a buffer amplifier 107, a sample and hold circuit 108 and a video
      output amplifier 109. The restorer circuit functions to eliminate offsets
      in the amplified signal line voltage and includes a capacitor 111
      connected between the output of amplifier 102 and the input of buffer
      amplifier 107, and a transistor 112. The drain of the transistor is
      connected to the input of the amplifier 107 and the source is connected to
      ground. The gate is connected to the output of restorer generator 113 the
      input of which is driven by Y-axis clock pulses. The waveform and time of
      occurrence of the restorer generator output is shown in FIG. 6N. The
      restorer circuit functions to remove any offset voltage from the amplified
      signal line voltage including the uncertainty of the voltage on line 95
      caused by operation of the reset switch 97, which is commonly called KTC
      noise. The sample and hold circuit 108 includes transistor 115 having a
      drain 116, a source 117 and a gate 118 and a capacitor C.sub.1. The source
      to drain current flow path of the transistor 115 is connected between the
      output of the amplifier 107 and one terminal of capacitor C.sub.1, the
      other terminal of which is connected to ground. The gate 118 is connected
      to sample pulse generator 120 which is driven by the Y-axis clock pulses
      and provides the train of sampling pulses 121 shown in FIG. 6U. Each of
      the pulses 121 are of short duration and are equally spaced along the time
      axis. One sampling pulse occurs for every Y-axis clock pulse. Each of the
      pulses 121 are phased to occur during the occurrence of a signal level at
      the output of amplifier 102 corresponding to a voltage level on a column
      line as sensed on the signal line.
PAR  In the operation of the system, the voltage of row line source 76, which is
      shown as -20 volts, establishes the charge storage capability of the row
      connected or oriented cells of each of the devices of the array and the
      voltage of the column line source 90, which is shown as -10 volts, (in the
      case of non-destructive read out) or the voltage derived at the output of
      the column Vd generator as shown in FIG. 6K establishes the charge storage
      capability of the column connected or oriented cells of each of the
      devices of the array. A requirement of the operation of the system of the
      present invention is that the storage capability of the row connected cell
      be greater than the column connected cell of each device. This is achieved
      by applying higher voltages to the row connected plates than to the column
      connected plates. Of course, the same result could be achieved by using a
      thicker layer of oxide under the column connected plate than the row
      connected plate and utilizing the same voltages on the column and row
      lines. Under the control of the clock pulse generator, frame synchronizing
      pulses, such as shown in FIG. 6C, are applied to the row shift register.
      Line interval gating pulses, two of which are shown for lines X.sub.1 and
      X.sub.2, in FIGS. 6D and 6E respectively are derived at the output points
      1-4 in response to line rate clocking of the row shift register by the
      X-axis clock pulses. The line rate pulses are utilized to gate in sequence
      the row enable switches 61-64 to apply in sequence the row enable pulses
      of FIG. 6F to the row lines X.sub.1 -X.sub.4.
PAR  With the row enable pulse applied to line X.sub.1, the potential of line
      X.sub.1 changes from -20 volts to zero and causes the charge stored in the
      row connected cells of the row to transfer to the column connected cells
      of the row.
PAR  Under the control of the clock pulse generator, line synchronizing pulses,
      shown in FIG. 6B, are applied to the column shift register 96. Device or
      element gating pulses such as shown in FIGS. 60-6R are derived
      respectively at the output points 1-4 in response to the element rate
      clocking of the column shift register by the Y-axis clock pulses. The
      element rate pulses are utilized to gate in sequence the column line
      switches 91-94 connecting in sequence to the column lines Y.sub.1 -Y.sub.4
      to the signal line 95. Prior to such connection the signal line 95 is
      preset to the reference voltage of source 98 by the gating of reset switch
      97 by the reset switch pulser 99. The pulser is synchronized with the
      Y-axis clock pulses and a pulse occurs prior to occurrence of each of the
      outputs of the column shift register. Upon the occurrence of an output at
      terminal no. 1 of the column shift register, for example, the voltage on
      the signal line 95 rises until equilibrium is established at level 131 and
      holds thereat, as illustrated in FIG. 6S, until a reset pulse occurs at
      which time the signal line 95 is dropped to -10 volts. The level 131
      represents a measure of charge stored in the device in response to
      radiation received by the device located in the first row and in the first
      column of the array. Similarly, the levels 132-134 represent charge stored
      respectively in the second, third and fourth devices in the first row of
      the array. The voltage pulses on the signal line are amplified by
      amplifier 102, as shown in FIG. 6T, d-c restored by restorer circuit 106
      and then sampled by sample and hold circuit 108.
PAR  Sampling pulses synchronized with the Y-axis clock pulses are timed to
      occur during the occurrence of the levels 131-134. During this interval
      the transistor 117 is turned on and permits the capacitor C.sub.1 to
      charge to the voltages corresponding to these levels. Accordingly a video
      signal of the first row scan, such as shown in FIG. 6V, is obtained at the
      output of video amplifier 109 in which the signal shifts from one video
      level to another at the sampling interval in accordance with the voltage
      on the signal line 95 during the sampling interval.
PAR  After the devices on a row have been scanned and while the row line is at
      zero volts, the column gate pulse of FIG. 6J from column Vg gen 69 is
      applied to the gates of the column reset switches 81-84. With mode switch
      88 in position to connect the output of column Vd generator 87 to terminal
      85 the column lines are dropped to zero volts for a short interval of time
      as shown in FIG. 6K to cause charge stored in the column connected cells
      of row X.sub.1 to be injected into the substrate (destructive read out)
      and the potential of the column lines to be reset at -10 volts. With the
      mode switch 88 in the other position connecting the drains of the reset
      switches 81-84 to the column line source 90, the column lines are reset at
      -10 volts and the charge stored in row X.sub.1 is retained and may be
      reread, if desired, or charge could be allowed to accumulate and read on
      the next cycle of scan (non-destructive read out).
PAR  After the occurrence of the column gate pulse of FIG. 6J the row gate pulse
      of FIG. 6I occurs and acutates the gates of row reset switches 71-74 to
      reset the voltage level of the row lines X.sub.1 -X.sub.4 to -20 volts.
      The other rows X.sub.2 -X.sub.4, of the array are scanned and read out in
      sequence in exactly the same way and provides the video signal appearing
      at the output of the amplifier 109.
PAR  While in the exemplary embodiment of the invention the potentials applied
      to row lines is twice the potential applied to the column lines, other
      ratios of potentials may be utilized provided the potential utilized for
      the row lines is sufficiently greater than the potential utilized for the
      column lines so that charge stored in a device in response to received
      radiation may be stored entirely in the row connected cell of the device.
PAR  While in the exemplary embodiment read out of a row of devices is
      accomplished by collapsing the potential on the row lines to the potential
      of the substrate, such a requirement is not essential. A small bias may be
      maintained between the row line being addressed and the substrate to
      maintain a bias charge in the row connected cell to avoid the adverse
      effects of emptying and filling the surface states of semiconductor
      substrate. Of course, when the column lines are collapsed to inject charge
      into the substrate, the collapsing of the column lines could be to the
      same bias potential. In addition to avoiding adverse effects such as
      produced by the existence of surface states in the substrate, the bias
      charge in the cells of the device facilitates transfer of charge between
      the row connected and column connected cells of a device. This mode of
      operation is illustrated and explained in the aforementioned U.S. Pat. No.
      3,805,062 in connection with FIGS. 9A-9E thereof.
PAR  While the invention has been described in connection with an array of
      sixteen devices, it is apparent that the invention is particularly
      applicable to arrays including devices many orders of magnitude greater in
      number than sixteen. Also, the devices may be organized in arrangements
      other than shown.
PAR  While the invention has been illustrated in a simple array, it is apparent
      that it is readily applicable to more complex array, wherein interlace
      scanning of rows or columns of devices is desired, such as described in
      U.S. patent application Ser. No. 441,054 filed Feb. 11, 1974 and assigned
      to the assignee of the present invention.
PAR  While the invention has been described in connection with an array
      constituted of an N-type conductivity substrate, a P-type conductivity
      substrate could as well be used. Of course, in such a case the applied
      potentials would be reversed in polarity.
PAR  While the invention has been described in specific embodiments, it will be
      appreciated that modifications, such as those described above, may be made
      by those skilled in the art, and it is intended by the appended claims to
      cover all such modifications and changes as fall within the true spirit
      and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In combination,
PA1  a substrate of semiconductor material having a major surface,
PA1  a plurality of first conductive plates, each overlying and in insulated
      relationship to said major surface and forming a first
      conductor-insulator-semiconductor capacitor with said substrate,
PA1  a plurality of second conductive plates, each adjacent a respective first
      conductive plate to form a plurality of pairs of plates, said pairs of
      plates being arranged in a matrix of rows and columns, each of said second
      conductive plates overlying and in insulated relationship to said major
      surface and forming a second conductor-insulator-semiconductor capacitor
      with said substrate, each coupled to a respective first
      conductor-insulator-semiconductor capacitor,
PA1  a plurality of row conductor lines, the first conductive plates in each of
      said rows connected to a respective row conductor line,
PA1  a plurality of column conductor lines, the second conductive plates in each
      of said columns connected to a respective column conductor line,
PA1  a first voltage means for providing a first voltage between said row
      conductor lines and said substrate to deplete respective first portions of
      said substrate lying thereunder of majority charge carriers and provide a
      potential of a first value therein,
PA1  a second voltage means for providing a second voltage between said column
      conductor lines and said substrate to deplete respective second portions
      of said substrate lying thereunder of majority charge carriers and
      providing a potential of a second value therein, said second value being
      less than said first value,
PA1  means for exposing said substrate to radiation whereby charge is stored in
      said first portions of said substrate,
PA1  first means for collapsing and reestablishing said first voltage on each of
      said row conductor lines in sequence during a respective first period of
      time, whereby charge stored in each of said first portions of said
      substrate moves to a respective second portion thereof,
PA1  means for sensing in sequence the voltage on each of said column lines
      during said first period and deriving a video signal therefrom.
NUM  2.
PAR  2. The combination of claim 1 including second means for collapsing and
      reestablishing said second voltage on said column rows after sensing the
      voltages thereon during said first period to cause charge stored in said
      second portions of the devices of said row to be injected into said
      substrate.
NUM  3.
PAR  3. The combination of claim 2 including means for reestablishing said first
      voltage on said row lines after reestablishing said second voltage on said
      column lines.
NUM  4.
PAR  4. The combination of claim 1 including means for floating said row lines
      after said first voltage is provided thereon and means for floating said
      column lines after said second voltage is provided thereon.
NUM  5.
PAR  5. The combination of claim 1 in which said first voltage and said second
      voltage are approximately in the ratio of two to one.
NUM  6.
PAR  6. The combination of claim 1 in which said sensing means includes means
      for connecting said column lines in sequence to a signal line on which is
      established a reference voltage prior to each connection and deriving
      signal level based on the difference of reference voltage on column line
      voltage.
NUM  7.
PAR  7. The combination of claim 1 in which said sensing means includes means
      for establishing voltage levels in sequence on a capacitance in accordance
      with the voltage levels of said column lines.
NUM  8.
PAR  8. The combination of claim 8 including means for periodically sampling the
      voltage on said capacitance to provide an electrical output varying in
      time in accordance with the variation in amplitude of the samples.
NUM  9.
PAR  9. In combination,
PA1  a substrate of semiconductor material having a major surface,
PA1  a plurality of first conductive plates, each overlying and in insulated
      relationship to said major surface and forming a first
      conductor-insulator-semiconductor capacitor with said substrate,
PA1  a plurality of second conductive plates, each adjacent a respective first
      conductive plate to form a plurality of pairs of plates, said pairs of
      plates being arranged in a row, each of said second conductive plates
      overlying and in insulated relationship to said major surface and forming
      a second conductor-insulator-semiconductor capacitor with said substrate,
      each coupled to a respective first conductor-insulator-semiconductor
      capacitor,
PA1  a row conductor line, the first conductive plates in said row connected to
      said row conductor line,
PA1  a plurality of column conductor lines, the second conductive plates in each
      of said columns connected to a respective column conductor line,
PA1  a first voltage means for providing a first voltage between said row
      conductor line and said substrate to deplete respective first portions of
      said substrate lying thereunder of majority charge carriers and provide a
      potential of a first value therein,
PA1  a second voltage means for providing a second voltage between said column
      conductor lines and said substrate to deplete respective second portions
      of said substrate lying thereunder of majority charge carriers and provide
      a potential of a second value therein, said second value being less than
      said first value,
PA1  means for exposing said substrate to radiation whereby charge is stored in
      said first portions of said substrate,
PA1  first means for collapsing and reestablishing said first voltage on said
      row conductor line during a first period of time, whereby charge stored in
      each of said first portions of said substrate moves to a respective second
      portion thereof,
PA1  means for sensing in sequence the voltage on each of said column lines
      during said first period and deriving a video signal therefrom.
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ABST
PAL  An apparatus for automatically detecting angular motion of a test object,
      such as a clutch output, utilizing photoelectric devices in combination
      with helically apertured light shutters, the electric outputs of the
      photoelectric devices being interpreted by analog logic. Provision is made
      for a predetermined number of warm-up rotations of the test object to
      assure normal working conditions, for a predetermined reference threshold
      of detected motion, for controlled sequencing of the test object for
      testing for motion at various predetermined angular positions, and for
      determining malfunctioning of the test sequencing control.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a division of copending application Ser. No. 396,783 filed Sept.
      13, 1973, which is a continuation of application Ser. No. 196,844 filed
      Sept. 1, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to automatic motion test systems in general and more
      particularly to photoelectric systems employing analog monitoring means
      with a reference threshold to detect angular motion at a sequenced series
      of test positions.
PAR  Prior art discloses several types of systems used to detect the angular
      motion of an object. A typical example would be represented by a system
      using electromechanical means such as sequentially arranged brush or
      contact arms which are displaced by a moving object so that electrical
      contacts are either opened or closed, these contacts being electrically
      coupled to various types of indicators, both electrical and mechanical.
      Another example, more closely related to the present invention, would be a
      system using optical means such as photoelectric devices in place of the
      electromechanical means previously described. Each of these systems is
      limited in varying degrees by the digital nature of the detecting means.
      Such systems are capable of detecting only specific increments of motion.
      The effective resolution of such a system may be increased past a given
      value only by using prohibitively expensive, precision components.
PAR  Analog-type detecting means are also represented in the prior art by
      systems using mechanical means such as arms or levers disposed in the
      anticipated path of travel of, or attached to, the object being monitored,
      those mechanical devices being physically linked to movable indicators.
      This type of system has obvious limitations with all but the most
      expensive apparatus due to a lack of precision. More sophisticated
      analog-type motion-detecting systems, devices again more closely related
      to the present invention, typically use electrical elements having a
      mechanically variable impedance, capacitance, or inductance, or use
      electrical repeating elements such as servo motors. While these systems
      have a much higher degree of precision than do the strictly mechanical
      analog types, they have the disadvantages of being considerably more
      costly to construct and maintain and of being subject to subsequent losses
      of accuracy due to mechanical wear and deterioration.
PAR  It is also known in the art to employ rotatable optical gratings having
      radial straight lines cooperating with a stationary optical grating also
      having radial straight lines for modulating light directed therethrough
      onto a photocell for use in a phase comparator circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to improve angular motion
      detection systems by monitoring the motion of a test object on a
      continuous, analog basis rather than merely on an incremental digital
      basis.
PAR  It is a further object of this invention to increase the precision in
      detection of angular motion of a test object.
PAR  It is yet a further object of this invention to reduce the construction and
      maintenance cost of angular motion test apparatus while retaining high
      precision detection.
PAR  It is another object of this invention to improve the reliability of
      angular motion test apparatus.
PAR  These and other objects are achieved in the disclosed angular motion test
      apparatus utilizing a pair of helically apertured members interacting in a
      path of light between photoelectric devices whose output is interpreted by
      analog logic to precisely detect angular motion of a test object
      sequentially intermitted at various angular positions by test apparatus
      which includes monitors and logic for determining malfunctioning of the
      test apparatus itself and error indicators.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, aspects and advantages of the invention will be
      more clearly understood from the following description when read in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a side view, partially fragmented, of an automatic motion test
      system embodying features of the invention;
PAR  FIG. 2 is an enlarged top view of a portion of the motion test system
      illustrating the effective engagement of a solenoid-controlled pawl with a
      typical, ratchet-controlled, spring-type clutch and showing also the
      relative disposition of an input monitor device, the view being taken
      along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged, top view of one of a pair of identical, optically
      apertured disks which together form an optical shutter;
PAR  FIG. 4 is an enlarged, top view taken along the line 4--4 of FIG. 1 of a
      portion of the test system showing an output monitor and its associated
      adjustment mechanism;
PAR  FIG. 5 is a diagram of start, reset and stop logic used in the motion test
      system;
PAR  FIGS. 6 and 7 show details of the automatic control circuit used with the
      disclosed invention.
DETD
PAR  The logic elements depicted in the drawings are standard NAND gates,
      negated OR gates, inverters, drivers, amplifiers, delay multivibrators and
      flip flops.
PAC  DETAILED MECHANICAL DESCRIPTION OF THE INVENTION
PAR  The automatic motion test system shown in FIG. 1 has a support structure or
      frame, generally indicated at 10, a light projector generally indicated at
      12, a light detector 14, a first optically apertured member or disk 16, a
      second optically apertured member or disk 18 and a mounting member
      generally indicated at 20. The light projector 12 and detector 14 are
      mounted on the frame in effective apposition to each other; and the first
      disk 16 is secured to the frame 10 therebetween, the second disk 18 being
      rotatably mounted cooperatively adjacent the first disk. The mounting
      member 20 is rotatably secured to the frame and is coaxial with the second
      disk 18.
PAR  The frame 10 has a base plate 22 which supports a pair of upright, lower
      side plates 24--24 and a lower back plate 25. Resting on the lower side
      and back plates is a horizontal median plate 26, and extending upwardly
      therefrom are a pair of upper side plates 28--28 and an upper back plate
      29. Supported on the upper side and back plates is an upper horizontal
      plate 30.
PAR  The light projector 12 has a lamp 32 mounted in a housing 34 affixed to one
      of the lower side plates 24. An aperture 36 in the plate 14 opposite the
      lamp 32 permits the path of light emitted by the latter to pass through
      the plate in a leftward, horizontal direction, as shown in FIG. 1. Mounted
      in the median horizontal plate 26 is the light detector 14, it being any
      one of a number of well-known, photoelectric devices, its effective axis
      intersecting at right angles the path of light traveling from the light
      projector 12. A light reflecting member or mirror 38 is effectively
      disposed in the path of light such that it reflects the path of light at
      right angles, directing it toward the light detector 14. The mirror is
      affixed to a bracket 39, which is secured to the base plate 22.
PAR  The first optically apertured member or disk 16 is affixed to a block 41
      depending from the horizontal median plate 26 and is positioned such that
      the path of light reflected toward the light detector 14 by the mirror 38
      will pass through a predetermined portion of the disk. The disk 16 has
      similar and alternately spaced apart optically opaque and light permeable
      areas, the preferred embodiment shown by FIG. 3 having opaque and
      light-permeable areas which increase width from the axis of the disk
      outward and are disposed in a helically radiating pattern whereby a
      plurality of the helical light permeable and opaque areas intersects an
      imaginary straight line radiating from the axis. The mounting member 20
      has a rotatable mounting shaft 40, an upper mounting sleeve 42, a lower
      mounting sleeve 44 and a disk mounting sleeve 46. The shaft is journaled
      through the median horizontal plate 26, passing centrally through the
      first disk 16. The upper mounting sleeve 42 is secured to the end of the
      shaft 40 extending above the plate 30; and the lower mounting sleeve 44 is
      secured to the end of the shaft 40 extending therebelow, the disk mounting
      sleeve 46 being affixed to the shaft between the plate and the lower
      mounting sleeve. The second disk 18 is secured to the disk mounting sleeve
      46 such that the disk 18 coaxially underlies the first disk 16, the second
      disk being rotatable with respect thereto upon rotation of the mounting
      shaft. The path of light from the projector 12 passing through a portion
      of the first disk 16 will pass through a corresponding portion of the
      second disk 18 having a pattern substantially identical to the first disk
      16 pattern and radiating in the same direction.
PAR  An electric motor 48, which may be any one of a number of well-known,
      constant-speed motors and of which only a portion is shown, is mounted on
      the base plate 22. It is coupled via a horizontal drive shaft 50 and an
      angle drive 52 to a vertical input shaft 54 journaled in the frame 10. The
      input shaft 54 is operatively coupled to an input coupling shaft 56 by an
      input transmission 58, only a portion of which is shown, the transmission
      internally comprising a set of sprockets (not shown) affixed respectively
      to the upper ends of the input shaft 54 and the input coupling shaft 56
      and a chain (also not shown) operatively coupling the sprockets in a 1:1
      ratio.
PAR  An object that might be tested by this device would typically be a
      spring-type, ratchet-controlled clutch 60 having an input hub or rotary
      input mechanism 62, a control ratchet or rotary control mechanism 64 and
      an output shaft or rotary output mechanism 66. The input hub control
      ratchet and output shaft members of such a clutch are intermittently
      coupled by a helical spring (not shown) which is typically affixed to one
      member and frictionally coupled to the other member, the frictional
      coupling being released upon restraining the rotation of the control
      ratchet with respect to that of the input hub. A clutch of this type being
      tested would be positioned as shown by FIG. 1. The upper mounting sleeve
      42 has an aperture in its uppermost end to receive the output shaft 66.
      The output shaft has a chordal flat at its distant end which is angularly
      abuttable with a complementary flat formed within the apertured sleeve 42
      such that, once the shaft is properly seated in the sleeve, any angular
      displacement of the former will cause a similar displacement of the
      latter. A ring 68 is pressed over the input hub 62. A mounting collar 70
      is slidably mounted on the input coupling shaft 56 and has a pair of drive
      pins (not shown) extending downwardly into associated apertures in the
      ring to ensure the dependent rotation thereof. Once positioned, the collar
      is held downwardly against the ring by a mounting pin 72 which extends
      radially outward from the shaft 56 through a T-shaped locking slot 74 in
      the collar.
PAR  Pivotally mounted on the upper horizontal plate 30 is a retractable pawl
      76, best shown by FIG. 2, which normally engages a tooth of the clutch
      control ratchet 64. Also mounted on the plate 30 is an electrically
      actuatable solenoid 78 having an armature 80, the free end of which
      engages one end of the pawl 76 such that an actuation of the solenoid will
      pivot the pawl, thereby retracting the abutting end thereof away from
      engagement with the control ratchet teeth. The plate 30 has an aperture 79
      adjecent the pawl 76. The aperture 79 is exposed when the pawl 76 is
      engaged with the teeth of the control ratchet 64 for intermitting rotation
      of the rotary control mechanism or ratchet but is covered by the pawl
      whenever the latter is pivoted away from the control ratchet by the
      solenoid 78. Mounted beneath the plate and aligned with the aperture 79
      therethrough is a pawl monitor lamp 81 (FIG. 6), and mounted effectively
      above the aperture and the pawl is a pawl monitor light detector 82 (FIG.
      6), it being any one of a number of well-known photoelectric devices. The
      lamp 81 and detector 82 are disposed such that light from the former will
      pass through the aperture 79 in the plate and be detected by the latter
      whenever the pawl 76 engages the control ratchet teeth, the passage of
      light being blocked when the pawl is disengaged. While only one pawl and
      solenoid combination is shown for the sake of illustration, it should be
      understood that a second such combination could also be disposed on the
      plate 30 to provide for controlling clutches operatively rotatable in a
      direction opposite to that of the clutch as shown.
PAR  Coaxially affixed to the input shaft 54 is an input monitor disk 83 having
      a number, in this particular embodiment, four, of symmetrically spaced
      apertures 85 disposed therein. Mounted atop the upper horizontal plate 30
      is an input monitor bracket 84 having a pair of arms spanning the disk,
      the arm underlying the disk supporting an input monitor lamp 86 and the
      overlying arm supporting an input monitor light detector 88, it being any
      one of a number of well-known, photoelectric devices, in effective
      apposition such that the apertures 85 will pass sequentially therebetween
      as the input monitor disk 83 is rotated.
PAR  Coaxially affixed to the mounting shaft 40 is an output or rotary control
      mechanism monitor disk 90 having a number of symmetrically spaced,
      radially directed slots 91 marginally disposed therein. The number of
      slots 91 in the disk 90 corresponds to the number of teeth on the clutch
      control ratchet 64, in this particular embodiment, twelve. Mounted atop
      the horizontal median plate 26 and pivotally about the axis of the
      mounting shaft 40 is an output monitor bracket 92 having a pair of arms
      spanning the disk 90, the arm underlying the disk 90 supporting an output
      monitor lamp 94 and the overlying arm supporting a control mechanism
      monitor light detector 96, it also being any one of a number of
      well-known, photoelectric devices, in effective apposition such that the
      radial slots 91 will pass sequentially therebetween as the output or
      rotary control mechanism monitor disk 90 is rotated.
PAR  A manual adjustment, best shown by FIG. 4, is provided for aligning the
      control mechanism monitor means via positioning the output monitor bracket
      92. The adjustment has an arm 98 slidably guided in a slot 100 in the
      median horizontal plate 26 and also has an adjusting screw 102 threaded
      into the plate 26. The arm is pivotally attached at one of its ends to the
      bracket 92 and is attached at its other end to the adjustment screw 102
      such that the latter may be rotated to pivot the bracket, thereby
      revolving the output monitor lamp 94 and light detector 96 curvilinearly
      along the path defined by the revolving slots 91 in the output monitor
      disk 90.
PAR  Also coaxially affixed to the mounting shaft 40 and overlying the output
      monitor disk 90 is a visual index collar 104 having numeric characters
      peripherally displayed thereon corresponding to the teeth on the clutch
      control ratchet 64. A pointer 106 is secured atop the median horizontal
      plate 26 and is directed toward the numeric characters on the collar to
      provide visual verification of the angular output position of the clutch
      60.
PAR  The mounting shaft 40, as mentioned previously, has a lower mounting sleeve
      44 secured to its lowermost end. This serves to couple the shaft to a drag
      mechanism 108, which is affixed to the base plate 22. This mechanism is a
      frictional device which serves to minimize any rotational overshoot by or
      spurious oscillations in the mounting shaft 40.
PAC  OPERATION OF THE INVENTION
PAR  The automatic motion test system is shown by FIG. 1 as having a
      spring-type, ratchet-controlled clutch 60 disposed therein for testing. To
      position a clutch of this type in the test system, the mounting collar 70
      is rotated until the slot 74 is aligned with the mounting pin 72 and is
      then slid upwardly along the input coupling shaft 56. A clutch, having had
      a ring 68 previously pressed over its input hub 62, may then be mounted by
      inserting its output shaft 66 into the aperture in the top of the upper
      mounting sleeve 42, seating the shaft so that the chordal flat at its
      distant end is in angular abutment with the complementary flat formed
      within the apertured sleeve. When the output shaft is properly seated, the
      upper mounting sleeve will rotate therewith. The mounting collar 70 is
      then lowered, its depending pair of drive pins being received by
      associated apertures in the ring 68 such that the two will rotate
      together. The collar is then rotated with respect to the input coupling
      shaft 56 so that the mounting pin 72 radially extending from the latter
      rests in the appropriate arm of the T-shaped slot 74 as shown.
PAR  When power is first applied to the device, the signal CLR/ will be
      generated by way of the resistor 110, the capacitor 112 and the gates 114
      and 116 as shown by FIG. 5. At the same time, signal RE.CTR.1 is formed by
      way of the additional gates 118 and 120 and signal RE.CTR.2 is formed by
      way of the gates 118 and 122. This ensures that the counters and
      flip-flops will all be reset to their respective initial states.
PAR  With the test clutch 60 in place and angularly disposed such that the pawl
      76 abuts one of the teeth of the control ratchet 64, the adjusting screw
      102 may be manually turned, pivoting the output monitor bracket 92 until
      the path of light traveling from the output monitor lamp 94 to the output
      monitor light detector 96 is aligned with one of the slots 91 on the
      output monitor disk 90. When the detector 96 is exposed to the light from
      the lamp 94, the input of an associated cell amplifier 124 (FIG. 7) is
      driven low. The resulting high output from the amplifier is inverted by a
      gate 126 and again inverted by another gate 128 before being applied to a
      lamp driver 130 to actuate a SET-UP ZERO indicator lamp 132. This
      indication provides visual evidence that the apparatus is in proper
      disposition to begin a testing sequence.
PAR  When the momentary-contact START switch 134 (FIG. 5) is pressed the
      automatic sequencing begins as the flip-flop 136, which is usually held in
      its set state by a low level applied to its set input through a first set
      of contacts of the switch, will be reset by a low level applied to tis
      reset input through a second set of switch contacts. When the flip-flop
      136 resets, a low level appears on its set output, triggering the
      2-millisecond delay multivibrator or DMV 138. The DMV 138 emits a
      positive, 2-millisecond CLR signal. This pulse is inverted by the gate 140
      to form the signals CLR/, RE.CTR.1 and RE.CTR.2. When the output of DMV
      138 again goes low after 2-milliseconds, the 1-millisecond DMV 142 is
      triggered, providing a positive, 1-millisecond pulse, SET START/.
PAR  When the 1-millisecond SET START/pulse goes low, a START flip flop 144,
      shown by FIG. 6, will be set, its set output going high, energizing a
      motor control relay 146 through a gate 148 and a solenoid driver 150. A
      MOTOR ON indicator lamp 152 is also energized through a lamp driver 154 to
      provide visual evidence that the motor has been energized. The high set
      output of the flip flop 144 also enables one leg of the gate 156.
PAR  When the motor control relay 146 is energized, the motor 48 (FIG. 1) will
      be supplied with electrical power; and the horizontal drive shaft 50, the
      input shaft 54 and the input coupling shaft 56 will be thereby rotated, as
      will also be the clutch input hub 62 through the mounting collar 70. At
      this point, the solenoid 78 is not energized; and the pawl 76 is in
      engagement with and intermitting rotation of the clutch control ratchet
      64, thus preventing the clutch output shaft 66 from being rotated.
PAR  As the input shaft 54 is rotated, the input monitor disk 83 mounted thereon
      also rotates, its four apertures being revolved effectively between the
      input monitor lamp 86 and the input monitor light detector 88. Each time
      an aperture passes therebetween and exposes the detector to light from the
      lamp, the detector completes a circuit from a ground potential to the
      input of a cell amplifier 158 (FIG. 6). This signal is inverted by that
      amplifier and again by a gate 160 before it is fed to a 50-millisecond DMV
      162. When the input to the DMV goes low, its output emits a positive,
      50-millisecond pulse which enables the remaining leg of the gate 156. The
      resulting low pulse from this gate is applied to the binary count to
      decimal (BCD) 12 counter 164.
PAR  When the input monitor disk 83 has completed three complete rotations, an
      angular displacement employed to provide a uniform distribution of
      lubricant within the clutch 60, the counter 164 will have reached a count
      of 12. At this point its 4-count and 8-count outputs will both be high,
      enabling both inputs to a gate 166, the resulting low output from which
      will set a 12-COUNT flip flop 168. The resulting high set output from the
      flip flop 168 will enable one leg of a gate 170 and provide the signal
      INPUT CTR. = 12.
PAR  The reset outputs of a REL. ERROR flip flop 172 and of an 11-COUNT flip
      flop 174 (FIG. 7), both outputs being high at this time since the
      respective flip flops are reset, are fed to a gate 176. The resulting low
      output from this gate is inverted by a gate 178, the high output from
      which enables the remaining leg of the gate 170. The resulting low output
      from this gate is fed through and doubly inverted by a pair of series
      gates 180 and 182, and the solenoid 78 is energized by the solenoid driver
      184.
PAR  The low output from the gate 170 is also applied to both a 45-millisecond
      DMV 186 and also to a 50-millisecond DMV 188. The output of the DMV 186
      provides a low pulse which is applied to the reset input of a SOL. PICK
      flip flop 190 holding it reset for 45 milliseconds to ensure that any
      spurious pawl movements will not generate erroneous signals. The output of
      the DMV 188 provides a high pulse, which is applied to the input of a
      100-microsecond DMV 192. When this pulse goes low after 50 milliseconds,
      the DMV 192 provides a high pulse at its output which enables one leg of a
      gate 194 for 100-microseconds.
PAR  When the solenoid 78 is energized, its armature 80 should pivot the pawl 76
      out of engagement with the clutch control ratchet 64 and into the path of
      light passing from the pawl monitor lamp 81 to the pawl monitor light
      detector 82. When the light is interrupted, the input to a cell amplifier
      196 to which the detector 82 is connected goes high, the output of the
      amplifier 196 going low, this low signal being applied to the set input of
      the SOL. PICK flip flop 190 after being doubly inverted by the gates 198
      and 200 connected in series therebetween.
PAR  If the pawl 76 has indeed disengaged from the clutch control ratchet 64
      before the 50-millisecond DMV 188 triggers the 100-microsecond DMV 192 to
      apply its high output pulse to one leg of the gate 194, the SOL. PICK flip
      flop will be set, its reset output applying a low to the remaining leg of
      the gate 194, keeping it disabled during the 100-microsecond pulse time.
PAR  If the pawl fails to disengage during the allotted time, the SOL. PICK flip
      flop will remain reset and the gate 194 will be enabled, setting the REL.
      ERROR flip flop 172 with its low output. When this flip flop is set, the
      resulting high on its set output will provide a RELEASE ERROR signal and
      light a RELEASE ERROR indicator lamp 202 through an inverting lamp driver
      204. This indication provides visual evidence that the apparatus has
      detected a test apparatus malfunction.
PAR  When the RELEASE ERROR signal goes high, a gate 206 (FIG. 5) is enabled,
      its resulting low output constituting a RE. START signal which resets the
      START flip flop 144. It should also be noted at this time that manually
      closing the STOP switch 208 will also provide a low level to reset the
      START flip flop 144. When this flip flop 144 is reset, its set output will
      go low, resetting the 12-COUNT flip flop 168 and thereby de-energizing the
      solenoid 78, dropping the motor control relay 146 and thereby stopping the
      motor 48, and extinguishing the MOTOR ON indicator lamp 152.
PAR  If there is no release error, the sequence of operation will continue. Once
      the solenoid 78 (FIG. 1) has been actuated, the clutch 60 will engage; and
      its control ratchet 64 and output shaft 66 will begin to rotate with its
      input hub 62. The output monitor disk 90, operatively coupled thereto,
      will also rotate, its slots 91 being revolved between the output monitor
      lamp 94 and the output monitor light detector 96. When a slot passes
      therebetween, exposing the detector to the light from the lamp, the input
      of the associated cell amplifier 124 is driven low. The resulting high
      output from the amplifier is inverted by the gate 126 and is applied to
      the input of a 12-millisecond DMV 210.
PAR  The high pulse appearing at the DMV 210 output enables one leg of a gate
      212. Since the 12-COUNT flip flop 168 (FIG. 6) has been set, the signal
      INPUT CTR. = 12 will be high, enabling the remaining leg of the gate 212.
      The resulting low output from this gate is applied to the BCD 11-counter
      214. Each time a slot on the output monitor disk 90 exposes the output
      monitor light detector 96 to light from the output monitor lamp 94, the
      11-counter will be similarly provided with a 12-millisecond input pulse.
PAR  When eleven such pulses have been applied to the 11-counter 214 input,
      signifying that the clutch output shaft 66 and control ratchet 64 have
      been rotated through 11 of their 12 angular positions, a low appears at
      its output. A 20-millisecond DMV 216 to which this low output is applied
      provides at one of its outputs a high pulse, 11-COUNT, which is inverted
      by a gate 218 to provide a low pulse, RE. S.T. CTR., which is applied to
      the reset input of a BCD 2-counter 220. This signal is also provided
      through a gate 222 when the START switch 134 is first closed.
PAR  At another of its outputs, the DMV 216 provides a low pulse to set the
      11-COUNT flip flop 174. When this flip flop sets, its high, set output
      enables one leg of a gate 224, the remaining leg of which is enabled each
      time a slot 91 in the output monitor disk 90 passes between the output
      monitor lamp 94 and light detector 96. The resulting low output pulse of
      the gate 224 is applied to the set input of the BCD 2-counter 220, which
      records its arrival.
PAR  The low, reset output of the flip flop 174 is doubly inverted by the gates
      176 and 178 (FIG. 6) and disables one leg of the gate 170. The resulting
      high output of this gate is doubly inverted by the gates 180 and 182 and
      de-energizes the solenoid 78, allowing the pawl 76 to once again engage a
      tooth on the clutch control ratchet 64. The tooth engaged should be the
      eleventh from the one last engaged.
PAR  If the control ratchet 64 continues to rotate more teeth past the pawl than
      the allowed 11, another slot 91 on the output monitor disk 90 will pass
      between the output monitor lamp 94 and light detector 96, enabling the
      gate 224 a second time. The second low output pulse from this gate will be
      applied to the BCD 2-counter 220. When the counter 220 thus reaches a
      count of two, a high will appear at its output. This high is inverted by a
      gate 226 and returned to the input of the counter 220 to hold it in its
      present state. The high output is also inverted by a gate 228 to form the
      signal RE.OSC.FF, which is applied to the reset input of an OSC.ERROR flip
      flop 230 to hold it in a reset state. The output from the counter 220 also
      actuates a S.T. ERROR indicator lamp 232 by way of a lamp driver 234. This
      indication provides visual evidence that the apparatus has malfunctioned
      and detected a skipped-tooth error.
PAR  The 2-counter output also enables a gate 236 (FIG. 5), the low output of
      which also forms the signal RE.START, which resets the START flip flop 144
      (FIG. 6). When this flip flop is reset, its set output will go low,
      resetting the 12-count flip flop 168 and thereby de-energizing the
      solenoid 78, de-energizing the motor control relay 146 and thereby
      stopping the motor 48, and extinguishing the MOTOR ON indicator lamp 152.
PAR  When the pawl 76 engages a tooth of the control ratchet 64 of a clutch
      being tested, the output of the clutch should cease to rotate. The second
      disk 18 should remain stationary; and the light detectro 14 after passing
      through the first and second disks, 16 and 18 respectively, should be
      constant.
PAR  Any angular displacement of the clutch output will result in an identical
      displacement of the second disk 18, varying the amount of light received
      by the detector 14. The output of the detector 14 is applied to a
      differential amplifier 238, the output of which is fed to a pair of
      differential amplifiers 240 and 242. The amplifier 238 serves to amplify
      the signal provided by the detector 14 in response to variations in the
      light received thereby. The amplifier 238 also blocks the DC component of
      that output.
PAR  The low, reset output of the 11-COUNT flip flop 174 is also applied to the
      input of a 300-millisecond DMV 244. A high, 300 millisecond pulse appears
      at the output of the DMV 244, which forms a signal, OSC.STB.DLY. This
      signal is applied to the input of an inverter 246, the output of which
      energizes a relay 247. The inputs of the amplifiers 240 and 242 are held
      low for 300-milliseconds through the contacts of this relay.
PAR  The amplifier 242 accommodates the positive-going signals received from the
      amplifier 238, and the amplifier 240 accommodates the negative-going
      alternations of the signal therefrom after the 300-millisecond delay. The
      outputs of the amplifiers 240 and 242 are applied to the inputs of a
      differential amplifier 248, wherein the difference between the input
      levels is amplified. The resulting signal, being a function of any change
      in angular displacement of the clutch output after the 300-millisecond
      delay, is applied to a comparator amplifier 250 wherein it is compared to
      a reference level. If the input signal is less than the reference level,
      thereby indicating that clutch output rotation or change in angular
      displacement was below an allowable amount, the output of the amplifier
      250 will remain low.
PAR  If, however, the comparison indicates the change in angular displacement of
      the clutch output was above the allowable level, the output will go high.
      At the end of the 300-millisecond, OSC.STB.DLY. pulse, a 250-millisecond
      DMV 252 to which that pulse is applied will generate a high pulse. This
      pulse enables one leg of a gate 254 for 250-milliseconds. If the clutch
      output has moved an undesirable amount during this period, the detection
      of which has just been described, the remaining leg of this gate will also
      be enabled by the high output of the amplifier 250.
PAR  The resulting low output from the gate 254 sets the OSC.ERROR flip flop
      230, the high, set output of which constitutes a signal, OSC. ERROR. This
      signal is applied to a gate 256 (FIG. 5), the low output of which also
      forms the signal RE.START, which resets the START flip flop 144 (FIG. 6).
      When this flip flop is reset, its set output will go low, resetting the
      12-count flip flop 168 and thereby de-energizing the solenoid 78,
      de-energizing the motor control relay 146 and thereby stopping the motor
      48, and extinguishing the MOTOR ON indicator lamp 152. The high, set
      output of the OSC.ERROR flip flop 230 also actuates an OSC.ERROR indicator
      lamp 258 by way of a lamp driver 260.
PAR  Also connected to the output of the 250-millisecond DMV 252 is a
      100-microsecond DMV 262, which emits a pulse when the 250-millisecond
      search pulse goes low. This pulse enables one leg of a gate 264, the
      remaining leg of which is enabled by the high, reset output of the
      OSC.ERROR flip flop 230 when there is no oscillation error. The resulting
      low output pulse from the gate 264 constitutes the RE. 11-COUNT FF pulse,
      which resets the 11-COUNT flip flop 174 after every successful clutch
      position test.
PAR  Each time the clutch output is stopped after rotating through 11 of its 12
      positions, the low, reset output of the 11-COUNT flip flop 174 will store
      a count in the BCD 13-counter 266. When the count of the counter has
      reached 13, indicating that all 12 of the positions of the clutch have
      been tested, a low will appear at the output of the counter, setting a
      13-COUNT flip flop 268. The low, reset output of this flip flop is doubly
      inverted by a pair of gates 270 and 272 to also form the signal RE.START.
      As previously described, this signal resets the START flip flop 144 (FIG.
      6). When this flip flop is reset, its set output will go low, resetting
      the 12-count flip flop 168 and thereby de-energizing the solenoid 78,
      de-energizing the motor control relay 146 and thereby stopping the motor
      48, and extinguishing the MOTOR ON indicator lamp 152. The high, set
      output of the 13-COUNT flip flop 268 actuates an END OF TEST indicator
      lamp 274 by way of a lamp driver 276.
PAR  A RESET switch 286 is also provided so that the signals CLR/, RE.CTR.1 and
      RE.CTR.2 may be generated at any time by manually actuating the
      momentary-contact switch. When the contacts of this switch are closed, a
      low level is applied to the output of the gate 140, this level
      constituting CLR/ and being doubly inverted by the gates 118 and 120 to
      form the signal RE.CTR.1 and also being doubly inverted by the gates 118
      and 122 to form the signal RE.CTR.2.
PAR  Provision is also made to run the drive motor to test the internal spring
      torque of a clutch manually without involving the majority of the logic of
      the device. A MOTOR RUN switch 278 (FIG. 6) is incorporated which, when
      closed, provides low level signals CLR/ and MSR to hold the logic flip
      flops reset and actuate the motor control relay 146 respectively, the
      latter action energizing the drive motor 48. With the motor running, the
      clutch may be advanced one position by pressing the momentary-contact
      START switch 134. As previously described, this action generates a
      2-millisecond CLR pulse (FIG. 5). This pulse is applied to a gate 280
      (FIG. 6), the resulting low output of which triggers a 12-millisecond DMV
      282. The DMV produces a high pulse which is inverted by a gate 284 to
      energize the solenoid 78 for 12-milliseconds by way of the solenoid driver
      184. Suitable means may be applied to the clutch output to measure the
      internal spring torque. When the MOTOR RUN switch 278 is returned to its
      normal position as shown, a low level is applied to the output of the gate
      280, disabling the associated motor run logic.
PAR  While the motion test system has been shown and described in considerable
      detail, it should be understood that many changes and variations may be
      made therein without departing from the spirit and scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for detecting angular motion of a rotatable member, said
      apparatus including means for providing a path of light emissions, and
      light detecting means responsive to said path of light emissions for
      providing an electrical output corresponding to the detected emissions,
      the improvement comprising:
PA1  stationary optically apertured means disposed in said path of light
      emissions said stationary optically apertured means having a pattern
      radiating helically from a point on said stationary optically apertured
      means outward of alternating light permeable and opaque areas; and
PA1  rotatable optically apertured means disposed in said path of light
      emissions and coupled to said rotatable member for rotation therewith,
      said rotatable optically apertured means having a pattern radiating
      helically from the axis of rotation of said rotatable optically apertured
      means outward of alternating light permeable and opaque areas, said
      helical patterns interacting in said path of light emissions for
      continuously varying the amount of light from said path detected by said
      light detecting means in response to rotation of said rotatable optically
      apertured means relative to said stationary optically apertured means.
NUM  2.
PAR  2. In the apparatus of claim 1, the further improvement wherein said
      stationary optically apertured means and said rotatable optically
      apertured means are substantially parallel disks having identical patterns
      radiating outward in the same direction and wherein said light permeable
      and opaque areas increase in width from said axis of rotation of said
      rotable disk and from said point on said stationary disk.
NUM  3.
PAR  3. In the apparatus of claim 1 the improvement further comprising:
PA1  analog logic means for comparing the electrical output from said light
      detecting means to a predetermined electrical level corresponding to a
      predetermined acceptable magnitude of angular motion of said rotatable
      member.
NUM  4.
PAR  4. In the apparatus of claim 3, the further improvement wherein said light
      detecting means includes means for producing positive-going electrical
      output signals upon rotation of said rotatable optically apertured means
      in a first direction, and negative-going electrical output signals upon
      rotation of said rotatable optically apertured means in a second direction
      opposite said first direction; first amplifier means for individually
      amplifying said positive-going electrical output signals; second
      amplifying means for individually amplifying said negative-going
      electrical output signals; means for differentially amplifying both said
      individually amplified positive-going and negative-going electrical output
      signals for providing an amplified difference signal representative of
      angular oscillation of said rotatable member and means for comparing said
      amplified difference signal to said predetermined electrical level for
      producing a digital output signal whenever said amplified difference
      signal exceeds said predetermined electrical level.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said analog means further comprises
      means for delaying said comparing means for a predetermined stabilization
      time period.
NUM  6.
PAR  6. The apparatus of claim 5, wherein the improvement further comprises
      means responsive to digital output from said comparing means for
      indicating angular oscillation of said rotatable member greater than said
      acceptable magnitude after said stabilization time period.
NUM  7.
PAR  7. In the apparatus of claim 1, the further improvement wherein a plurality
      of said alternating light permeable and opaque areas of said stationary
      optically apertured means intersect an imaginary straight line radiating
      outward from said point on said stationary optically apertured means.
NUM  8.
PAR  8. In the apparatus of claim 7, the further improvement wherein a plurality
      of said alternating light permeable and opaque areas of said rotatable
      optically apertured means intersect an imaginary straight line radiating
      outward from the axis of rotation of said rotatable optically apertured
      means.
NUM  9.
PAR  9. In the apparatus of claim 8, the further improvement wherein said
      stationary optically apertured means and said rotatable optically
      apertured means both include identical patterns radiating helically
      outward in the same direction.
NUM  10.
PAR  10. In the apparatus of claim 9, the further improvement wherein said light
      permeable and opaque areas of said stationary optically apertured means
      increase in width from said point and wherein said light permeable and
      opaque areas of said rotatable optically apertured means increase in width
      from said axis of rotation of said rotatable optically apertured means.
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ABST
PAL  An optical scanning system has a dirigible head of generally spherical
      shape mounted on a support body for scanning through a substantially
      hemispherical field of view, and optical lenses, a scanner rotor and drive
      motor therefor, and a cryogenically-cooled detector element array are all
      mounted within the confines of the dirigible head. The head has a primary
      objective lens in its outer shell and further lenses are mounted within
      the head in an adjustable holder enabling different lenses to be brought
      into alignment with the objective lens. The scanner rotor is generally
      annular and rotates about an axis oblique to the optical axis of the
      objective lens; it comprises a multi-faceted reflector receiving the image
      beam from the lens system and reflecting it laterally on to the detector
      array.
BSUM
PAR  This invention relates to optical scanning systems. In co-pending patent
      application Ser. No. 495,208 of James Arthur Crowhurst filed Aug. 6th 1974
      and assigned to the same assignee as the present invention there is
      disclosed apparatus for directing and controlling a dirigible scanning
      head with reference to a support member on which such head is mounted,
      said scanning head carrying the optical and associated elements of a
      system for scanning a field of view.
PAR  The present invention is concerned with the realization of such apparatus
      in which the elements of a further scanning system for recording or
      display of the optical information are mounted within the geometrical
      confines of the optical scanning head.
PAR  According to the present invention, there is provided an optical scanning
      system, comprising a dirigible head of generally spherical form having an
      objective lens set in its outer shell, an optical assembly mounted within
      the confines of said head and having one or more further lenses in axial
      alignment with said objective lens, and a substantially annular scanner
      rotor also mounted within the confines of said head to rotate about an
      axis which is oblique to the optical axis of said lenses said rotor
      including a multi-faceted reflector to receive an image beam from said
      further lenses and reflect it laterally on to means for processing the
      optical information it contains to provide a record or display.
PAR  In preferred form, said further lenses are mounted on a holder within the
      dirigible head which holder is angularly adjustable to bring different
      alternative lenses or lens combinations into alignment with the objective
      lens.
DRWD
PAR  In order to give a better understanding of the invention one arrangement in
      accordance therewith will now be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows in sectional elevation, the general layout of a line-scan
      system,
PAR  FIG. 2 is a view in section on the line B--B of FIG. 1 and
PAR  FIG. 3 is a view of the scanner rotor on the line C -- C of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown an optical head 2 of generally
      spherical form which may be mounted on a support member (not shown) for
      displacement over a hemispherical field of view in the manner described in
      co-pending patent application Ser. No: 495,208 supra.
PAR  Mounted for partial rotation about the geometrical centre of the scanning
      head 2 is lens assembly 3, comprising a lens holder 4 in which are
      contained lenses 5, 6 and 7, lenses 5 and 6 being mounted with their axes
      coincident in the horizontal plane, while lens 7 is mounted with its axis
      vertical. As shown, lenses 5 and 6 are in alignment with a lens 8 which is
      a primary objective lens fixed in the substantially spherical outer casing
      or shell 9 of the scanning head 2.
PAR  Referring to FIG. 2, this shown a section through bearings 10 and 11 on
      which lens holder 4 is rotatably mounted. On actuation of a lever 12 the
      holder 4 can be rotated through 90.degree. to select the combination of
      lenses 8, 5 and 6 or 8 and 7 as required to give the desired magnification
      of an image directed behind the lens holder 4 on to a mirror 13. A shade
      21 is provided which is designed to prevent excess light entering the
      primary objective lens 8 from bypassing the lens holder 4. Mirror 13 is of
      the multifaceted type (as shown in FIG. 3) and is built into a
      substantially annular acanning rotor 30 with screening vanes 31 between
      the facets. The scanning rotor is mounted for rotation about an axis ZZ'
      oblique to the optical axis of the lens 8 and serves to reflect an image
      laterally on to a multi-element photo-electric, e.g. infra red, detector
      array shown generally at 14, this detector array being cooled by cryogenic
      means shown generally at 15.
PAR  Rotation of the scanning rotor 30 is by means of a drive motor 16 mounted
      with its axis parallel to the axis of rotation of the rotor and having a
      shaft pinion engaging a peripheral gear 17 on the rotor. Driven from motor
      16 by further gearing 18 is a shaft 19 at the end of which is carried a
      shutter blade 20, the arrangement being such that blade 20 blands off the
      beam reflected from the scanner mirror 13 to the detector array 14 at
      predetermined intervals so giving a blank reference to the detector array.
PAR  In this arrangement, the speed of rotation of the mirror 13, the number of
      detectors in the detector array and their arrangement, and the shutter
      speed is such that the signals produced by the detector array are readily
      processable for a 625 line television display.
PAR  While the foregoing description has been confined to a particular mounting
      and arrangement of the optics and detector array of a line scanning
      display system, the invention is not so limited and alternative means of
      processing the optical information may be mounted and contained within the
      geometrical circumference of the optical scanning head. For example, a
      camera for tracking and filming a scene may be provided. An electrical
      power source for the scanning head may also be provided within its
      geometrical confines, or alternatively the power drive to move the
      scanning head may be externally supplied as in co-pending application Ser.
      No. 495,208 supra.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An optical scanning system comprising a head of generally spherical form
      having an objective lens set in its outer shell, an optical assembly
      mounted within the confines of said head and having at least one further
      lens in axial alignment with said objective lens, and a substantially
      annular scanner rotor and drive motor therefore also mounted within the
      confines of said head said rotor rotating about an axis which is oblique
      to the optical axis of said lenses and including a multi-faceted reflector
      the facets of which face inward toward said oblique axis to receive an
      image beam from said lenses and reflect it laterally on to means for
      processing the optical information it contains to provide a record or
      display.
NUM  2.
PAR  2. A system according to claim 1, wherein said further lens is mounted on a
      holder within the head which holder is angularly adjustable to bring
      different alternative lens means into alignment with the objective lens.
NUM  3.
PAR  3. A system according to claim 1 wherein the means for processing the
      optical information comprises an array of photoelectric detector elements
      also mounted within the confines of the head at a position to receive the
      image beam reflected by the scanner reflector.
NUM  4.
PAR  4. A system according to claim 3 wherein the drive motor for the scanner
      rotor is mounted with its axis parallel to the oblique axis of rotation of
      the scanner rotor and drives the rotor by means of a peripheral ring gear
      on the rotor.
NUM  5.
PAR  5. A system according to claim 4, wherein the drive motor also drives a
      shutter blade that periodically blanks off the image beam falling on the
      detector array.
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ABST
PAL  The present invention relates to a method for use in liquid scintillation
      measurements to feed an accurately determined amount of radioactive
      substance to a fluid scintillation system for a calibration measurement.
      According to the invention an accurately determined amount of radioactive
      substance is adsorbed to a carrier, which is introduced into the fluid
      scintillation system. The invention also relates to a carrier for use in
      the method.
BSUM
PAR  The present invention relates to a method to feed at a calibration
      measurement in a liquid scintillation counter an accurately determined
      amount of radioactive substance into a fluid scintillation system, the
      radioactive substance used being soluble in the scintillation system, as
      well as a carrier for use in the method.
PAR  In liquid scintillation measurements it is generally of interest to
      calculate the total radiation from the sample which is subject to
      measurement. This absolute efficiency can be calculated from the number of
      light pulses, which are detected by a photomultiplicator, for instance, if
      the extent of quenching, caused by optical and chemical effects in the
      sample, is known. Therefore, in order to compensate appropriately a
      measurement result obtained in measurement of the radioactivity in a
      sample in a liquid scintillation counter a calibration measurement has to
      be carried out. This calibration measurement is performed with an
      accurately known amount of radioactive substance, and with the remaining
      measurement conditions being in as close agreement as possible with the
      conditions during the measurement of the sample. Usually the calibration
      measurement is carried out in that way that a so called quenching curve is
      drawn. The quenching is most often expressed by means of the so called
      channel ratio method, based on the fact that the quotient between the
      number of counts within two amplitude intervals (channels) is a function
      of the quenching degree of the sample. A calibration curve thus shows the
      ratio of the quenching to the channel ratio. Such a curve is achieved by
      means of a number of standard samples each containing a certain amount of
      radioactive substance and a quenching liquid to varying amounts. As the
      amount of radioactive material is known in each sample, the quenching can
      be calculated in each sample, and a calibration curve showing the
      quenching and the function of the channel ratio can be drawn.
      Alternatively a calibration curve can be obtained in the way shown in the
      U.S. Pat. No. 3,763,371. In these methods of obtaining a calibration
      curve, accurately determined amounts of radioactive substance have to be
      added to one or more standard solutions. Then the radioactive substance
      can be dosed in the laboratory in connection with the calibration
      measurement. It is however difficult to obtain in that way an amount of
      radioactive substance, in exact agreement throughout the whole sample
      series. Further, great care is required when working with radioactive
      substances in the laboratory, which applies also if radioactive substance
      should be added only to one sample. Therefore this method is
      timeconsuming. On the contrary, commercially available sample series could
      be used in the calibration measurement, containing a certain amount of
      radioactive substance as well as scintillator and solvent to a certain
      volume, and containing varying amounts of a quenching material. The
      disadvantage of this method is that the measurement conditions in such a
      commercially available sample series may diverge more or less from the
      conditions of the sample, the radioactivity of which should be determined.
      It may for instance be desirable to perform the measurement of the sample
      in a volume or with a scintillator other than in the commercially
      available sample series. The accuracy of the calibration curve obtained
      will fall off accordingly.
PAR  The purpose of the present invention is to provide a method by means of
      which an accurate dosing of radioactive substance rapidly, safely and with
      great accuracy can be carried out in one or more calibration samples. It
      is also an object of the present invention to provide a carrier to be used
      in the method.
PAR  It is also a purpose of the present invention to provide a method by means
      of which an accurately determined amount of radioactive substance can be
      measured out automatically on an industrial scale, followed by dosing
      adapted to individual measurement conditions.
PAR  The characteristics of the invention are obvious from the claims following
      the specification.
DRWD
PAR  The invention will now be further explained with reference to the attached
      drawing showing a carrier for use in the method according to the invention
     .
DETD
PAR  In the FIGURE, 1 denotes a carrier, which preferably consists of a
      cylinder, closed in one end, but which may be designed in some other way.
      The carrier has such dimensions that it can be introduced into a
      measurement vial, used in the measurement. 2 denotes the radioactive
      substance, adsorbed onto the carrier. The carrier is designed as a bowl,
      the bottom of which is denoted by 3 and the edge of which is denoted by 4.
      The radioactive substance is suitably applied to the carrier, dissolved to
      an accurately determined concentration in a solvent, the solution being
      added to the carrier in an accurately determined volume. The solution
      volume desired is suitably dosed by means of an automatic pipette. After
      the solution has been dosed into the carrier the solvent which suitably
      consists of a volatile liquid, is allowed to evaporate leaving the
      radioactive substance, which is preferably of low volatility, on the
      carrier in a thin layer, preferably adsorbed on its bottom 3 and the lower
      parts of its edge 4. The design of the carrier allows several carriers to
      be placed one above the other in storage and transport, for instance in a
      package tube, the edge 4 then preventing the radioactive substance from
      getting into contact with the carrier, situated next above. In preparation
      of a calibration sample for a series of calibration samples the accurately
      determined amount of radioactive substance is supplied to the fluid
      scintillation system, in that way that the carrier having the radioactive
      substance adsorbed to it, is immersed into the scintillation system,
      whereby the radioactive substance is dissolved. The term "fluid
      scintillation system" is in this connection directed towards solvent,
      scintillator or primary solute, wave-length shifter or secondary solute
      and quenching agent, where appropiate. During the measurement, the
      scintillation system is contained in a measurement vial. The dosing is
      suitably performed directly into the measurement vial intended for the
      calibration measurement, in which the fluid scintillation system first can
      be added into the measurement vial, after which the carrier with its
      adsorbed substance is introduced into the measurement vial and immersed
      into the fluid scintillation system. Alternatively the carrier with
      adsorbed radioactive substance is introduced into the measurement vial
      after which a desired amount of fluid scintillation system is supplied. It
      is preferred that the carrier remains in the measurement vial during the
      calibration measurement.
PAR  A prerequisite for the forming of the method according to the present
      invention is that the radioactive substance is soluble in the fluid
      scintillation system. If the calibration measurement is related to
      measurement of the radioactivity of a water soluble sample and the fluid
      scintillation system consequently is adapted thereto, a preferred
      radioactive substance is radioactively marked saccharose. If the
      calibration measurement is related to measurement of the radioactivity of
      a sample soluble in a non-polar solvent and the scintillation system
      consequently is adapted thereto, preferred radioactive substances are
      radioactively marked tripalritate and tristearate.
PAR  The carrier used in the method according to the present invention can be
      made of glass, plastic or metal. The carrier is suitably made of a
      transparent material, preferably glass.
PAR  The method and carrier according to the present invention thus permit that
      the measuring out of an accurately determined amount of radioactive
      substance can be performed automatically and on an industrial scale, after
      which the accurately determined radioactive doses are distributed to the
      user, who simply and rapidly performs the dosing at the calibration
      measurement, in which the measurement conditions can be individually
      adapted according to that sample the measurement of which the calibration
      measurement is related to. This entails an essential advantage, compared
      to the known art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method for feeding an accurately determined amount of radioactive
      substance to a fluid scintillation system for a calibration measurement in
      a liquid scintillation counter, the method comprising the steps of feeding
      of a carrier to said fluid scintillation system, said carrier having the
      radioactive substance adsorbed to it, and allowing said radioactive
      substance to dissolve in said fluid scintillation system.
NUM  2.
PAR  2. Method for feeding an accurately determined amount of radioactive
      substance to a fluid scintillation system for a calibration measurement in
      a liquid scintillation counter, the method comprising the steps of
      supplying of a fluid scintillation system into a measurement vial,
      introducing into said measurement vial a carrier having adsorbed to it a
      radioactive substance of a type soluble in said fluid scintillation
      system, immersing said carrier into said fluid scintillation system and
      allowing said radioactive substance to dissolve in said fluid
      scintillation system.
NUM  3.
PAR  3. Method according to claim 2 where said fluid scintillation system is
      based on water as solvent, in which said radioactive substance is
      radioactively marked saccharose.
NUM  4.
PAR  4. Method according to claim 2 where said fluid scintillation system is
      based on a non-polar solvent, in which said radioactive substance is
      radioactively marked tripalmitate.
NUM  5.
PAR  5. Method according to claim 2 where said fluid scintillation system is
      based on a non-polar solvent, in which said radioactive substance is
      radioactively marked tristearate.
NUM  6.
PAR  6. Method for feeding an accurately determined amount of radioactive
      substance to a fluid scintillation system for a calibration measurement in
      a liquid scintillation counter, the method comprising the steps of
      introducing into a measuring vial a carrier having a radioactive substance
      adsorbed to it, supplying into said measurement vial a fluid scintillation
      system of a type in which said radioactive substance is soluble, and
      allowing said radioactive substance to dissolve in said fluid
      scintillation system.
NUM  7.
PAR  7. Method according to claim 6 where said fluid scintillation system is
      based on water as solvent, in which said radioactive substance is
      radioactively marked saccharose.
NUM  8.
PAR  8. Method according to claim 6 where said fluid scintillation system is
      based on a non-polar solvent, in which said radioactive substance is
      radioactively marked tripalmitate.
NUM  9.
PAR  9. Method according to claim 6 where said fluid scintillation system is
      based on a non-polar solvent, in which said radioactive substance is
      radioactively marked tristearate.
NUM  10.
PAR  10. Method for feeding an accurately determined amount of radioactive
      substance to a fluid scintillation system for a calibration measurement in
      a liquid scintillation counter, the method comprising the steps of dosing
      of an accurately determined amount of a solution to a carrier, said
      solution comprising a volatile solvent and a radioactive substance of low
      volatility, followed by evaporation of said solvent, introducing said
      carrier having said radioactive substance adsorbed to it, together with a
      fluid scintillation system into a measurement vial and allowing said
      radioactive substance to dissolve in said fluid scintillation system.
NUM  11.
PAR  11. Carrier for use in a calibration measurement when feeding to a fluid
      scintillation system an accurately determined amount of radioactive
      substance, said carrier comprising a bowl-shaped element having said
      radioactive substance adsorbed to part of its concave inner surface.
NUM  12.
PAR  12. Carrier according to claim 11, consisting of a cylinder, closed at one
      end.
NUM  13.
PAR  13. Carrier according to claim 11, consisting of a transparent material.
NUM  14.
PAR  14. Carrier according to claim 12, consisting of glass.
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ABST
PAL  A device is described which is adaptable for use in aligning an X-ray
      diffraction camera to maximize the intensity of the X-rays contacting a
      substance undergoing diffraction analysis. Said device is comprised of an
      elongated housing adapted for placement in a port in said camera, a
      fluorescent material, such as .beta.-zinc sulfide, disposed laterally
      within said housing, and a conductive photo-cell, such as a
      cadmium-selenide cell, disposed laterally in said housing immediately
      behind said fluorescent material. When such device is disposed in the
      camera port, X-rays entering said camera through an oppositely positioned
      port bombard said fluorescent material which fluoresces and excites said
      photo-cell. The resistance of such an excited photo-cell, changing
      inversely with the intensity of said fluorescence, is measured by passing
      electric current from an external source through said photo-cell.
PAL  The camera is aligned by adjusting it to the position where an ammeter
      indicates the maximum flow of such current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for converting X-ray energy into
      resistance to the passage of a steady electric current and a method for
      utilizing such resistance to align an X-ray diffraction camera. More
      specifically this invention comprises a device which is adapted for use
      with an X-ray diffraction camera wherein a fluorescent material is
      disposed in said device in a position where X-rays entering said camera
      contact said fluorescent material, excite fluorescence therein which in
      turn excites a conductive photo-cell disposed adjacent to said fluorescent
      material wherein the resistance of said photo-cell to the passage of a
      steady electric current is altered and utilized to indicate the position
      of said camera, with respect to said X-rays, whereat the maximum intensity
      of said X-rays will contact a substance placed within said camera for
      X-ray diffraction analysis.
PAR  2. Prior Art
PAR  X-ray diffraction analysis of crystalline substances has been a recognized
      analytical tool for a long time. Such an analysis is highly useful for
      determining the degree or percentage of crystallinity of a substance or
      for measuring the sameness of the crystals in a sample which may be
      composed of more than one substance.
PAR  An X-ray diffraction camera is generally designed as a rather wide but
      shallow cylinder. The cylinder has two oppositely positioned ports in the
      sides thereof. A means is provided in the longitudinal center of the
      cylinder to place a small sample in a position that is both vertically and
      horizontally aligned with the two aforementioned ports. A means is
      provided to rotate said sample. The cylinder is closed on both ends, but
      the closure on one end is in the form of a door which can be opened and
      closed to position the sample and an unexposed photographic film in said
      cylinder. The photographic film is disposed around the interior perimeter
      of the cylinder.
PAR  In operation, the X-ray diffraction camera is positioned adjacent to a
      source of X-ray emission so that said X-rays can enter through one of the
      ports described above. The X-rays bombard the sample which is slowly
      rotated and are diffracted at an angle which is characteristic for the
      crystals being bombarded, and the X-rays contact the unexposed
      photographic film and cause an exposure of such film where the contact is
      made. Exposed film is compared with a standard film exposed from the
      bombardment of known crystals and an analysis can be computed therefrom.
PAR  In order to make full use of the precision and reliability of X-ray
      diffraction analysis it is important to maximize the intensity of the
      bombardment of each sample with direct (as contrasted with deflected)
      X-rays. The closer each sample comes to a uniform intensity, the greater
      the reliability and preciseness of the comparison of the X-ray diffraction
      pattern with a known standard.
PAR  In the past the X-ray diffraction camera has been aligned for maximum
      intensity of the X-rays contacting the sample by placing, in the port in
      the cylinder opposite the port through which the X-rays enter the camera,
      a device therein which comprises an elongated housing in which there is
      laterally disposed a fluorescent substance. Behind such fluorescent
      substance there is a piece of leaded glass through which the fluorescence
      of such substance can be observed. The room has been darkened, the X-ray
      generation begun and the camera manually manipulated to a position wherein
      the fluorescence has appeared to the eye to be the brightest. In practice
      it was found by consecutive analyses of identical samples that the
      adjustment of the intensity of the X-ray bombardment could vary as much as
      60 percent when the same operator observed the brightness of the
      fluorescence. The result has been a loss in precision and reliability of
      the X-ray diffraction analyses.
PAR  Accordingly, it is an object of this invention to provide a device for
      quantitatively measuring the intensity of the direct X-rays to which a
      sample of material undergoing X-ray diffraction analysis is exposed in a
      diffraction camera, said device differentiating the relative intensity of
      such X-rays.
PAR  Another object of this invention is to provide a device which will convert
      X-ray energy to resistance to the passage of a steady electric current in
      a linear relationship in which the quantum of such resistance is inversely
      dependent upon the intensity of the X-rays entering the device.
PAR  Still another object of this invention is to provide a method for adjusting
      an X-ray diffraction camera in which the useful device described herein is
      utilized to maximize the intensity of the X-ray bombardment of a sample of
      material undergoing X-ray diffraction analysis in said camera.
PAC  SUMMARY
PAR  Now it has been discovered that by replacing the leaded glass in the device
      previously used to visually observe the fluorescence generated when X-rays
      contacted a fluorescent material with a conductive photo-cell positioned
      immediately adjacent to said material, and by measuring the resistance of
      the photo-cell by passing a steady electric current from an external
      source through said photo-cell, changes in the resistance of said
      photo-cell can be read out on an ammeter. The quantum of resistance being
      inversely proportional to the intensity of the X-rays striking the
      fluorescent material and exciting a fluorescence in said material, the
      highest reading on said ammeter at any steady current flow signifies a
      maximum intensity of X-rays entering said device. By adjusting the
      position of the X-ray diffraction camera in relation to the source of the
      X-rays as indicated by the maximum amperage observed assures the
      maximization of the X-ray intensity contacting the sample of material
      which is to undergo X-ray diffraction analysis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the partially disassambled device which
      converts X-ray energy to resistance to the passage of a steady electric
      current for use in focusing an X-ray diffraction camera.
PAR  FIG. 2 is a cross-sectional view of the assembled device shown in FIG. 1.
PAR  FIG. 3 is a schematic diagram of the circuitry utilized in the method for
      focusing an X-ray diffraction camera employing the device shown in FIG. 1.
PAR  FIG. 4 is a profile view of the assembly of an X-ray diffraction camera and
      a source of X-rays.
PAR  FIG. 5 is a profile view of an X-ray diffraction camera indicating the
      relative position of the sample undergoing analysis in relation to the
      beam of X-rays.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following detailed description of the embodiments of this invention,
      reference is made to the accompanying drawings.
PAR  One embodiment of the instant invention is a device used in a method for
      aligning an X-ray diffraction camera. Such a device is comprised of: (a) A
      housing adapted to be disposed in a second port in an X-ray diffraction
      camera, said second port being located in said camera in the same
      horizontal and vertical planes as a first port through which X-rays enter
      said camera, said first and second ports being positioned at 180.degree.
      from each other, said housing having a hollow tube which extends from the
      point of entry into the camera to a point adjacent to the vertical center
      line of said camera and a chamber axially positioned and cooperating with
      said tube and disposed external to said point of entry into said camera.
      (b) A fluorescent material disposed laterally in said chamber, said
      material extending across the diameter of said chamber immediately
      adjacent to the opening of said tube into said chamber. And, (c) a
      conductive photo-cell disposed in said chamber immediately adjacent to
      said fluorescent material and on the side thereof opposite to the opening
      of said tube into said chamber.
PAR  Referring to FIG. 1, there is seen a partially disassembled device adapted
      for use in aligning an X-ray diffraction camera. The rendering shows a
      typical configuration. The housing 1 has an elongated tube to the left as
      the drawing is veiwed and a bulbous chamber on the right. The external
      flange of a photo-cell 2 is visible, and leads 3 and 4 from the photo-cell
      are shown exiting from the flange. A ground wire 5 is connected to the
      flange of the photo-cell. A cannon cap 6 is shown removed from the housing
      1 to disclose the photo-cell 2 and the leads therefrom. The three-wire
      cable 7 is shown exiting from the cannon cap 6.
PAR  The cannon cap 6 constitutes no part of the instant invention as it is
      employed merely to protect the fragile leads from the photo-cell. The
      device performs the same without such protection.
PAR  This invention is more clearly seen in FIG. 2 which is a cross-sectional
      view of the device of FIG. 1 with the cannon cap in place.
PAR  The hollow tube 11 of the housing 1a is seen on the left, with an open end
      12. In this illustration the hollow tube 11 is tapered, becoming
      increasingly larger in diameter as it advances from the opening 12 to its
      connection with the chamber 11a wherein there are disposed the fluorescent
      material 9 and the photo-cell element 8. Wadding 10 is disposed between
      the large end of the hollow tube 11 and the fluorescent material 9. The
      photo-cell is identified as 2, and the leads therefrom are shown as 3 and
      4. The ground wire 5 and the cannon cap 6 complete the assembly.
PAR  The hollow tube 11 need not be tapered, but can be a simple cylinder. The
      tube 11 is designed to extend into the camera 16 (shown in FIGS. 4 and 5)
      to a point adjacent to the position in the camera where the sample which
      is to undergo X-ray diffraction analysis is placed. The diameter of tube
      11 at the opening 12 should be about the same as the size of the sample to
      be placed in the camera after the focusing is completed. The extension of
      tube 11 into the camera avoids picking up scattered X-rays and
      consequently the X-rays reaching the fluorescent material are
      quantitatively about the same as will bombard the sample after the latter
      is placed in the camera.
PAR  The chamber 11a in which the fluorescent material and the photo-cell are
      disposed can be of any reasonable diameter and depth. The housing 1a shown
      in FIGS. 1 and 2 is similar to an existing prior art design utilized in
      visually aligning the camera.
PAR  The wadding 10 can be any material that is pervious to X-rays and
      unaffected by them. Filter paper is especially well-suited for use as
      wadding. Other wadding material which can be used include felt, both
      cotton and wool, synthetic fibers, both matted and woven, wood discs, such
      as balsa, and the like. The wadding serves to retain the fluorescent
      material 9 in the chamber 11a of housing 1a.
PAR  The fluorescent material 9 is generally a fine powder and is tightly packed
      in the chamber 11a. Larger particles such as small granules can be
      successfully employed, but powder is preferred. Among the fluorescent
      materials which are known to fluoresce when bombarded by X-rays are such
      well known substances as beta-zinc sulfide, cadmium tungstate, barium
      platinous cyanide, mesothorium, and tetracyanoplatinate, beta-zinc sulfide
      being preferred.
PAR  The conductive photo-cell 2 is disposed in the chamber 11a of housing 1a
      immediately adjacent to the fluorescent material and on the side thereof
      opposite the side receiving the X-ray bombardment. The element of the
      photo-cell 2 is shown as 8. The preferred element is cadmium-selenide.
      Other elements which would operate satisfactorily in this invention are
      cadmium sulfide and lead sulfide.
PAR  Those skilled in the art will recognize that light-sensitive electrical
      current generating elements can be adapted to the principle of this
      invention. Among these types are listed silicon or selenium photovoltaic
      cells and photo emissive photo sensors. And, photo-conductive
      junction-type cells can also be employed, but are not as sensitive as the
      photo-conductive bulk-type cells described herein. The spirit of the
      instant invention contemplates a scope which embraces all of these
      elements.
PAR  Exiting from the photo-cell 2 are electric current carrying leads 3 and 4,
      and a ground wire 5 which is attached to the casing of the photo-cell,
      which in turn is in intimate contact with housing 1a, proving a ground for
      the device.
PAR  In operation the X-rays which would bombard the sample undergoing X-ray
      diffraction analysis if such sample were in place in the camera enter tube
      11 through opening 12 and travel the length of such tube. The X-rays
      leaving tube 11 penetrate the wadding 10 and are in part absorbed by the
      fluorescent material 9. On impingement with said material 9, such material
      fluoresces emitting optical energy. The degree of fluorescence is in
      direct proportion to the quantity of X-rays striking such material and
      consequently the quantity of optical energy produced is directly
      proportional to the quantity of X-rays which reach the fluorescent
      material. The photo-cell element is excited by the optical energy to which
      it is exposed, and the resistance of such element is altered inversely to
      the quantum of optical energy to which it is exposed. Passing a steady
      electric current through the photo-cell wherein the resistance varies with
      intensity of the optical energy provides a means for precisely and
      consistently aligning an X-ray diffraction camera to assure the
      concentration of the maximum quantity of X-rays on a sample unergoing
      analysis in such a camera.
PAR  Another embodiment of this invention comprises a method in which the device
      described hereinbefore is utilized in aligning an X-ray diffraction camera
      wherein the position of such a camera with respect to the source of X-rays
      is adjusted to concentrate the quantity of direct X-rays reaching a sample
      undergoing X-ray diffraction analysis in such camera to a maximum. Such a
      method is comprised of the following steps: (a) A device for converting
      X-ray energy to resistance to the passage of steady electric current is
      disposed in a second port in such camera, said second port being located
      in the same horizontal and vertical planes as a first port through which
      the X-rays enter such camera said first and second ports being positioned
      180.degree. from each other. Such a device is comprised of: (1) A housing
      adapted for disposing in said second port, said housing having a hollow
      tube extending from the point of entry into said camera to a point
      adjacent to the vertical center line of said camera, and a chamber axially
      positioned and cooperating with said tube and disposed external to said
      entry port. (2) A fluorescent material disposed laterally in said chamber,
      said material extending across the diameter of said housing. And, (3) a
      conductive photo-cell disposed in said chamber immediately adjacent to
      said fluorescent material and on the side thereof opposite to the opening
      of said tube into said chamber. (b) Said photo-cell is connected into a
      circuit wherein its resistance to the passage of steady electric current
      is indicated on an ammeter. (c) A stream of X-rays is introduced into said
      first port of said camera. (d) The fluorescent material in said device is
      contacted with said X-rays causing said material to fluoresce. (e) The
      fluorescence of said fluorescent material excites the element in said
      photo-cell. (f) The resistance of said photo-cell is varied inversely with
      changes in such fluoresence. (g) The inversely varying resistance of said
      photo-cell is indicated by passing a steady electric current therethrough
      and detecting variations in such resistance by deflections in an ammeter,
      said steady electric current being supplied from an external source. And,
      (h) the horizontal and vertical alignments of said camera are adjusted to
      a position where the minimum resistance to the passage of a steady
      electric current through said photo-cell is observed, such occurring when
      the maximum amperage is measured with no change in the steady electric
      current.
PAR  The circuit into which the photo-cell is connected for the determination of
      the resistance thereof is shown in FIG. 3. The photo-cell element 8 is
      connected at 13 into a variable resistor 12 and into one side 14 of an
      ammeter 27. A source of electrical energy 24 is connected into said
      variable resistor and in parallel into the other pole of said ammeter 27.
      A switch 25 operates to close the circuit.
PAR  In operation, the photo-cell 8 is excited altering the resistance thereof.
      Switch 25 is closed and the variable resistor 12 is shunted so that a
      total current is flowing in the circuit sufficient to register about 50-75
      percent of the scale of the ammeter 27. As the resistance of photo-cell
      element 8 changes the indication on the ammeter 27 moves to reflect such
      change, no modification of the setting of the variable resistor 12 being
      made.
PAR  If the initial setting of the variable resistor 12 was made when the
      resistance of the photo-cell element 8 was high, it may be necessary to
      re-set the variable resistor 12 to bring the ammeter 27 reading into the
      middle range on the scale.
PAR  The fluorescent material disposed in the device used in the novel method of
      this embodiment is selected from the same group as detailed hereinbefore.
      Again beta-zinc sulfide is the preferred material.
PAR  Similarly, the conductive photo-cell employed in this useful method can be
      selected from the group of elements detailed above, with the cadmium
      selenide element being perferred.
PAR  It was discovered that a 671/2 volt battery was a convenient source of
      external electrical energy for use in this method and a variable resistor
      having a maximum resistance of 10,000 ohms worked well with such a
      battery.
PAR  Other voltages of direct current can be utilized and other variable
      resistors having different resistances can be combined with such alternate
      electrical energy sources to successfully operate the useful method of
      this embodiment. Those skilled in the art will know of such combinations.
PAR  With the battery source of direct current described above and the variable
      resistor associated therewith, a micro-ammeter is eminently satisfactory.
PAR  A profile of the arrangement and association between an X-ray source and an
      X-ray diffraction camera is shown in FIG. 4, and that of the camera above
      is detailed in FIG. 5.
PAR  The source of the X-rays is shown as 15. The X-ray diffraction camera is
      16, and the first port therein is 17. The second port in such camera is
      18, and the dashed line 19 illustrates the path of the X-ray emissions
      from 15 through port 17 and out port 18.
PAR  In FIG. 5, 23 locates the position where the sample is placed for X-ray
      diffraction analysis. The device 1 shown in FIG. 1 is disposed in port 18
      shown in FIGS. 4 and 5. The hollow tube 11 extends into the camera 16 to a
      point adjacent to the position 23 of the sample.
PAR  The plate 20 on which camera 16 is disposed can be moved in three planes to
      effect alignment of said camera 16 to accommodate the maximum flow of
      X-rays into port 17 along the line 19. Adjustment bolt 22 raises and
      lowers the camera 16 in a vertical plane. Adjustment bolt 21 can be used
      to alter the inclination of the camera 16. An adjustment bolt (not shown)
      moves the camera 16 in a horizontal plane.
PAR  With the device 1 disposed in port 18 of camera 16 and X-ray emissions
      entering port 17, the horizontal, vertical and inclination adjustments are
      made to the position of the camera until the ammeter 27 reading is
      maximized at a particular setting of the variable resistor 12. When this
      is accomplished, the device 1 is removed from port 18, and an X-ray stop
      plug inserted therein. The camera 16 is then opened and the sample and
      film positioned therein, the camera closed and the X-ray diffraction
      conducted according to accepted procedures not a part of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for use in aligning an X-ray diffraction camera having first
      and second ports located in the same horizontal and vertical planes and
      positioned 180.degree. from each other and a means for holding a sample
      for X-ray analysis disposed about midway between said ports and in axial
      alignment therewith comprising:
PA1  a. a hollow tube adapted to be disposed in said second port, said hollow
      tube being designed to extend from the point of entry into said camera to
      a point adjacent to said sample holding means, and an axially disposed
      chamber connected to and cooperating with said tube and designed to be
      positioned externally to said camera when said tube is disposed therein;
PA1  b. a fluorescent material disposed in said chamber adjacent to said tube,
      said material being tightly packed completely across said chamber; and
PA1  c. a conductive photo-cell disposed in said chamber immediately adjacent to
      said fluorescent material and on the side thereof opposite said tube.
NUM  2.
PAR  2. The device of claim 1 wherein the fluorsecent material disposed within
      said chamber is selected from the group of such materials consisting of
      beta-zinc suflide, cadmium tungstate, barium platinous cyanide,
      mesothorium and tetracyanoplatinate.
NUM  3.
PAR  3. The device of claim 1 wherein the fluorescent material disposed within
      said chamber is beta-zinc sulfide.
NUM  4.
PAR  4. The device of claim 1 wherein the photo-cell disposed within said
      chamber is characterized as having an element selected from the group
      consisting of cadmium selenide, cadmium sulfide, and lead sulfide.
NUM  5.
PAR  5. The device of claim 1 wherein the photo-cell disposed within said
      chamber is characterized as having a cadmium selenide element.
NUM  6.
PAR  6. A method for aligning an X-ray diffraction camera having first and
      second ports located in the same horizontal and vertical planes and
      positioned 180.degree. from each other and a means for holding a sample
      for X-ray analysis disposed about midway between said ports and in axial
      alignment therewith comprising the steps of
PA1  disposing in said second port a device which converts X-ray energy to
      optical energy which in turn is utilized to inversely vary the resistance
      to the passage of steady electric current, said device comprising:
PA2  1. a hollow tube adapted to be disposed in said second port, said hollow
      tube being designed to extend from the point of entry into said camera to
      a point adjacent to said sample holding means, and an axially disposed
      chamber connected to and cooperating with said tube and designed to be
      positioned externally to said camera when said tube is disposed therein;
PA2  2. a fluorescent material disposed in said chamber adjacent to said tube,
      said material being tightly packed completely across said chamber, and
PA2  3. a conductive photo-cell disposed in said chamber immediately adjacent to
      said fluorescent material and on the side thereof opposite said tube;
PA1  b. connecting said photo-cell into an electrical circuit wherein variations
      in the resistance of said photo-cell is measured;
PA1  c. introducing a stream of X-rays into said first port of said camera;
PA1  d. contacting said fluorescent material with said X-rays causing said
      material to fluorence;
PA1  e. exciting said photo-cell with the fluorescence of said fluorescent
      material;
PA1  f. varying inversely the resistance of said photo-cell to the passage of a
      steady electric current as the fluorescence changes;
PA1  g. indicating the inversely varying resistance of said photo-cell on an
      ammeter; and
PA1  h. adjusting the horizontal and vertical alignment of said camera with
      respect to said stream of X-rays to a position where the minimum
      resistance of said photo-cell to the passage therethrough of a steady
      electric current is observed when the maximum amperage is measured with no
      change in the steady electric current.
NUM  7.
PAR  7. The method of claim 6 wherein the fluorescent material disposed in said
      chamber is selected from the group consisting of beta-zinc sulfide,
      cadmium tungstate, barium platinous cyanide, mesothorium, and
      tetracyanoplatinate.
NUM  8.
PAR  8. The method of claim 6 wherein the fluorescent material is beta-zinc
      sulfide.
NUM  9.
PAR  9. The method of claim 6 wherein the photo-cell disposed in said chamber is
      characterized as having an element selected from the group consisting of
      cadmium selenide, cadmium sulfide, and lead sulfide.
NUM  10.
PAR  10. The method of claim 6 wherein the photo-cell is characterized as having
      a cadmium selenide element.
NUM  11.
PAR  11. The method of claim 6 wherein the electrical circuit into which said
      photo-cell is connected is comprised of an external source of steady
      electric current, a variable resistor for modulating such current and an
      ammeter for measuring the current flowing in the circuit.
NUM  12.
PAR  12. The method of claim 11 wherein the source of steady electric current is
      a 671/2 volt battery, the variable resistor has a maximum resistance of
      10,000 ohms, and the current is measured on a microammeter.
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ABST
PAL  Method and apparatus for separating selectively ionized particles of one
      isotope type from the background environment of charged and neutral
      particles. In particular, a particle flow is generated which contains
      neutral particles of plural isotope types, as well as a number of ions of
      the various isotope types. It is desired to selectively ionize and
      separately collect only those particles of one isotope type and for this
      purpose, an acceleration is produced in the ions of the background
      environment prior to selective ionization of the desired isotope
      particles. After selective ionization, a further acceleration, in an
      opposite direction, is produced upon the charged particles which results
      in a deflection of the selectively ionized particles towards collection
      surfaces and restores to generally normal flow velocity and charge
      distribution, the ions from the background environment.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my previously filed U.S.
      patent application, Ser. No. 328,954, filed Feb. 2, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to isotope separation and in particular to a system
      for separating selectively ionized particles of one isotope type from a
      background environment of neutral and charged particles.
PAC  BACKGROUND OF THE INVENTION
PAR  A technique for isotope separation, specifically enrichment of the uranium
      U.sub.235 isotope, is shown in copending application Ser. No. 25,605,
      filed Mar. 25, 1970 and in corresponding French patent 71.14007, Jan. 10,
      1971, both incorporated herein by reference. The system therein disclosed
      operates by generating a vapor of uranium metal which expands as a
      predetermined particle flow. The U.sub.235 isotope is selectively ionized
      by application of a narrow bandwidth, precisely tuned laser radiation to
      selectively excite and ionize only the U.sub.235 isotope without
      substantial ionization of the other isotopes. Once the particles of the
      desired U.sub.235 isotope have been ionized, they are accelerated toward
      collection surfaces and out of the general particle flow by, typically,
      crossed-field magnetohydrodynamic forces.
PAR  The efficiency and effectiveness of the system depends upon gathering at
      the collection surfaces a maximum of U.sub.235 particles and a minimum of
      all other components in the vapor flow. By using a narrow bandwidth,
      suitably tuned laser radiation for the selective ionization, a very great
      increase in the proportion of ionized U.sub.235 particles as contrasted to
      laser ionized particles of other isotope types can be achieved.
      Nevertheless, background ions existing in the particle flow prior to laser
      ionization will typically reflect the normal distribution between
      U.sub.235 and other uranium particles and will accordingly be composed
      primarily of U.sub.238 particles. These particles will, of course, be
      accelerated by the same MHD forces which accelerate the selectively
      ionized particles and will accumulate on the collection surfaces along
      with the U.sub.235 particles to reduce the efficiency of the separation
      process.
PAR  Where elemental uranium is employed as a source from which the particle
      flow is generated, substantial energy must be imparted to the solid
      uranium to raise it to the vapor state. The presence of this and other
      energy will operate through phenomena such as particle collisions, or
      thermal distributions to create a substantial number of ionized particles
      of uranium in the vapor flow prior to the application of ionizing laser
      radiation. As a result, the loss in separation efficiency through
      collection of the background ions can be significant. BRIEF SUMMARY OF THE
      INVENTION
PAR  In accordance with the present invention, a system is disclosed for
      distinguishing between background ions and selectively ionized particles
      for specific isotope separation and collection.
PAR  In the preferred embodiment of the present invention for uranium
      enrichment, a uranium vapor flow is created by vaporizing from the surface
      of a mass of elemental uranium metal. The radially expanding vapor flow is
      sequentially pulsed with a magneto-hydrodynamic force to accelerate the
      background charged particles in a first direction, then selectively
      ionized by applied laser radiation to excite particles of the desired
      isotope type into the ion state and finally pulsed with a further
      magnetohydrodynamic force to decelerate the accelerated background ions
      and to accelerate the selectively ionized particles of the desised iostope
      type onto trajectories for impact on collection plates. These plates are
      typically oriented so as not to intercept the general particle flow but
      only the deflected particles of the desired isotope type.
PAR  As a result of the process and apparatus of the present invention, a
      substantial improvement is realized in the efficiency of the enrichment
      system. In addition, the particles which accumulate on the collection
      plates, being of a higher purity in the desired isotope, tend to
      accumulate at a slower rate and, therefore, the plates do not require
      cleaning and replacement as frequently. In addition, the system of the
      present invention permits the generation of electrical current in regions
      other than where ionizing radiation is applied without having an average
      non-zero component that might disturb the charged particle distribution
      responsible for providing conductivity in the MHD system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more fully
      described below in a detailed description of the preferred embodiment,
      presented for purposes of illustration and not by way of limitation, and
      in the accompanying drawings of which:
PAR  FIG. 1 is a diagrammatic view of an overall separation system for use with
      the present invention;
PAR  FIG. 2 is an internal sectional diagram of a portion of FIG. 1 apparatus
      showing further details of the separation system incorporating apparatus
      of the present invention;
PAR  FIG. 3 is a waveform diagram useful in explaining the operation of the
      apparatus of the present invention;
PAR  FIG. 4 is an expanded presentation of a portion of the FIG. 2 structure
      useful in illustrating the operation of the invention and showing a
      modification; and
PAR  FIG. 5 is a diagram of further details of apparatus for practicing the
      invention; and
PAR  FIG. 6 is an internal sectional diagram of a portion of FIG. 1 apparatus
      showing modified details of a separation system according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention in its preferred embodiment contemplates a method and
      apparatus for collecting selectively ionized particles apart from a
      background environment of neutral particles, as well as ions resulting
      from effects other than selective ionization. While the application of the
      present invention is contemplated for use with particles of either
      molecular or atomic nature in any physical state, the preferred embodiment
      is operative for isotope separation of elemental uranium particles in a
      vapor flow. In addition, while selective ionization may be achieved
      through several techniques, the preferred embodiment employs laser radiant
      energy (one or more frequencies of radiation) which is tuned to excite and
      ionize particularly the U.sub.235 isotope.
PAR  A fuller description of the present invention is presented below in the
      context of a system for separation of the U.sub.235 isotope of uranium and
      for that purpose reference is made to FIG. 1 showing an overall
      diagrammatic view of preferred U.sub.235 separation apparatus. As shown
      there, a first laser system 12 comprises a lasing medium 14 which may
      typically be a dye solution. Tuning apparatus 16 is employed with the
      medium 14, for example a resonant cavity of mirrors, to select a
      predetermined narrow bandwidth of laser radiation corresponding to a
      transition for the U.sub.235 isotope, typically from the ground energy
      level, to an intermediate energy level below ionization. The tuning system
      16 may additionally include frequency selective elements such as prisms,
      gratings and/or etalon filters serving to more narrowly define the photon
      energy in the output of laser system 12. An excitation system 18 is
      provided to pump the medium 14 to a lasing condition by creating a
      population inversion. For this purpose, an additional laser or flash lamp
      may be employed for excitation system 18. A laser pulse initiating system
      20 is provided to activate the excitation system 18 or to control the
      medium 14 as is desired.
PAR  The entire laser system 12 may comprise one of the Dial-A-Line lasers of
      the Avco Everett Research Laboratory, Everett, Massachusetts, having in
      addition, as desired, an etalon filter or other means for bandwidth
      definition as well as one or more stages of amplification as found
      desirable.
PAR  The first laser system 12 provides each pulse of laser radiation, having a
      typical duration of a few nanoseconds to a significant fraction of a
      microsecond, in a beam 22 which is directed through a dichroic mirror 24
      to be combined with the output beam 26 of a second laser system 28. In
      typical application, the radiation in the beam 26 has a sufficient photon
      energy to raise selectively excited U.sub.235 particles to the ionized
      state. Generally speaking, it is desirable to have a high photon density
      in the beam 26 because of the relatively lower cross-section of the
      ionization transition and, therefore, it will be preferable to select
      photon energies for the beams 22 and 26 such that a relatively high power
      laser may be employed for the laser system 28. While two distinct
      radiations are shown in FIG. 1, it is contemplated that more than two may
      be employed where it is found desirable or, indeed, a single photon energy
      corresponding to an autoionization transition for the desired isotope may
      be selected.
PAR  Where two radiations are employed, an appropriate frequency for the first
      or excitation radiation may be selected from available tabulations, while
      the ionizing second radiation is then to have a photon energy sufficient
      to ionize the excited particles. Typically, the voltage in the radiation
      beams 22 and 26 are simultaneously generated by a timer system 30 which
      applies signals to the initiate systems 20 in each laser system 12 and 28.
      For continuous isotope separation, the pulses of laser radiation will be
      provided periodically at a typical repetition rate up to 50 KH.sub.z,
      using, if necessary, plural laser systems.
PAR  The radiant laser energy in beams 22 and 26 is combined into a composite
      beam 32 which is applied to an evacuated, selective ionization and
      separation chamber 34 through a window 36, typically optical quartz, on a
      long pipe 38 to remove the location of window 36 from the contaminating
      atmosphere within the chamber 34. The beam 32 exists from the chamber 34
      through a window 40 on a further pipe 42 and may be applied to one or more
      similar chambers for more complete use of the photon energy in the beam
      32.
PAR  In passing through the chamber 34, the beam 32 passes through an ion
      separator 44 where uranium vapor generated by a vapor source 46 is exposed
      to each pulse of radiation in beam 32 to produce selective ionization
      typically of the U.sub.235 isotope. The repetition rate of radiation
      pulses in beam 32 is typically selected to provide exposure of all
      portions of the vapor in sequential radiation bursts.
PAR  In order to accelerate charged particles within the uranium vapor, either
      pre-existing ions or selectively ionized particles, a set of magnet field
      coils 48, coaxial to beam 32, are excited with current from a current
      source 50 to produce a magnetic field within the region of the ion
      separator 44 generally in a direction parallel or anti-parallel to the
      direction of beam 32. The magnetic field produced by the set of coils 48
      cooperates with an electric field generated within the ion separator 44 by
      excitation from a voltage source 52 to produce cross-field
      magnetohydrodynamic forces on the charged particles. These forces are
      mathematically described as j .times. B forces resulting from applying a
      specific potential to a magnetic field environment in order to create the
      requisite j current for the j .times. B forces.
PAR  A vacuum system 54 is provided to maintain a low pressure within the
      chamber 34 to prevent atmospheric or other components from interfering
      with the separation process as, for example, by particle collision,
      combustion or otherwise.
PAR  The details of the ion separator 44 and the vapor source 46 within the
      chamber 34 may be best understood by reference to FIG. 2 which is a
      diagram of a section of the chamber 34 in FIG. 1. The vapor source 46 is
      shown there to comprise a crucible 56 having a plurality of cooling ports
      58 and containing a mass 60 of uranium metal. An energetic electron beam
      62 produced by an electron beam source 64 is focused to a line on the
      surface of the uranium mass 60 by the magnetic field 66 (typically a few
      hundred gauss) resulting from current in the coils 48. A radially
      expanding vapor flow 68 results from heating of the surface of the uranium
      mass 60 by the electron beam 62. The expanding flow of uranium particles
      enters the ion separator 44 shown in FIG. 2 to comprise a plurality of
      chambers 70 which are formed by collection plates 72 that extend the
      length of the ion separator 44 into and out of the page, and a single, or
      plural, rear collection plate 74 formed as a cylindrical section. Plates
      72 and 74 may be electrically joined as shown in FIG. 2, or separated with
      separate electrical connections maintained thereto.
PAR  Within each chamber 70, there is disposed a central electrode plate 76
      which also runs as a thin strip the length of the ion separator 44. The
      plates 72 and 76 are typically supported at their ends and oriented
      generally parallel to the radially expanding vapor flow so as to intercept
      a minimum of flowing particles before accelerating forces are applied to
      them. The rear plate 74 will typically collect all unaccelerated portions
      of the vapor flow. All plates 72, 74 and 76 may be composed of, or
      surfaced with, elemental uranium.
PAR  The voltage source 52 is shown in FIG. 2 and includes a common terminal 78
      which is connected to the cylindrical plate 74 and, in turn, to the plates
      72. One voltage source 80 of typically several hundred volts is connected
      to terminal 78 to apply a positive voltage to a first contact 82 of a
      switch 84. A second voltage source 86 of similar or identical voltage
      magnitude is connected to terminal 78 to provide a negative voltage to a
      second contract 88 of switch 84. The pointer 90 of switch 84 is controlled
      by the timer 30 to make electrical connection to either contacts 82 or 88
      or neither, and to apply the voltage thereof to each of the central
      electrode plates 76. It is to be understood that in actual implementation
      as will be described in FIG. 5, the components of the voltage source 52
      will be typically an electronic switching circuit electrically controlled
      by timer 30, the present form having been described for clarity of
      illustration.
PAR  The sequence of applied electric potentials and laser radiation for the
      preferred embodiment of the present invention can be visualized by
      reference to the timing waveforms of FIG. 3 which are generated under the
      control of the timer 30. Waveform 92 represents one cycle of the repeating
      pattern of electrical potential applied to the electrode plates 76 with
      respect to the common terminal 78. Initially, the pointer 90 is connected
      to the contact 88 to provide a pulse 94 of negative potential to the
      electrodes 76 during a first interval to produce an acceleration in each
      chamber 70 before the subsequent application of laser radiation to the
      vapor particles. Directly subsequent to the termination of the negative
      potential pulse 94, a pulse 96 of laser radiation is provided in the beam
      32 to create selective ionization of the U.sub.235 isotope in the uranium
      vapor flow. Again, directly subsequent to the pulse 96, a positive
      electric potential pulse 100 is applied to the plates 76 by pointer 90
      being connected to the contact 82.
PAR  The significance of this sequence can be best understood by reference to
      the remaining waveforms of FIG. 3. In particular, waveform 102 represents
      the ion density in the vapor flow and is shown to have a magnitude 104
      prior to the pulse 96 of laser radiation which is increased to a magnitude
      106 during the pulse 96 at a substantially linear rate. It can be seen
      from waveform 102 that the total ion density 106 after selective
      ionization will include a substantial number of pre-existing ions in the
      density 104, which because of the overwhelming abundance of the U.sub.238
      isotope will be predominantly U.sub.238. The result is a substantial
      reduction in the purity of U.sub.235 ions in the vapor.
PAR  This contamination of the selectively ionized U.sub.235 by backgrouond
      U.sub.238 ions is eliminated or substantially reduced by the sequence of
      voltage and radiation pulses 94 and 96 and 100 indicated above. As shown
      in FIG. 3 in waveform 108, the ions resulting from selective ionization
      will, as a result of the foregoing sequence, achieve an average velocity
      110 after the application of pulse 100. As shown in waveform 112, however,
      the preexisting background ions at the same time point have an average
      velocity of zero which results from their first having been accelerated in
      one direction to a velocity magnitude 114 by the voltage pulse 94, and
      then accelerated in an opposite direction by voltage pulse 100. Only the
      selectively ionized U.sub.235 particles will have a distinct velocity
      different from the other particles of the vapor flow 68. As can be seen
      from the FIG. 3 representations, it is important to maintain the time
      integral of the voltage level in the pulses 94 and 100 substantially equal
      in order to return the pre-existing ions to a zero velocity. Usually equal
      magnitudes and durations will be used for this purpose. If the magnitude
      of one of the voltage sources 80 or 86 is different, as represented by the
      dotted portion 116, then the effect of the sequential voltage pulses 94
      and 100 will not be to return the pre-existing ions to a zero average
      velocity condition, but to leave a residual velocity 118 which may reduce
      the efficiency of separation achieved with the system of the present
      invention.
PAR  While it is possible to leave a finite residual velocity such as velocity
      118, the advantage of a zero residual velocity is the maintenance of
      normal charge distribution to permit normal plasma conductivity for
      application of the j .times. B accelerating forces.
PAR  Additionally, the duration of the entire cycle of FIG. 3 is preferably
      about one microsecond to minimize effects of charge exchange reactions on
      the separation efficiency.
PAR  By reference to FIG. 4, the physical reactions induced in the uranium vapor
      flow in accordance with the present invention are illustrated in an
      expanded view of one chamber 70 including a modification in plate 76
      structure. Particles 120 are shown to represent the pre-existing
      background ions in the environment of the uranium vapor flow. These will
      be affected by the voltage pulse 94 prior to selective laser ionization
      and will generally be accelerated toward the plates 72 and 74 away from
      the central electrode 76 by the polarity of that applied voltage pulse.
      Directly subsequent to the pulse 94, the pulse 96 of laser radiation will
      generate selectively ionized particles 122 of U.sub.235. The subsequent
      application of the voltage pulse 100 will accelerate the U.sub.235 ions
      122 towards the central plate 76 for collection there and will decelerate
      the particles 120 so they retain only their normal vapor flow velocity as
      illustrated. During the acceleration of the particles 120 and 122 by the
      applied electric pulses 94 and 100, the electrons existing in the uranium
      vapor flow will be caused to drift around the electrodes 76 on a closed
      orbital path which has a direction depending upon the polarity of the
      applied voltage. This indiuced electron circulation helps to prevent the
      generation of unwanted voltages within the system in manner similar to
      that disclosed in my copending U.S. patent application Ser. No. 328,954,
      filed Feb. 2, 1973, which is specifically incorporated herein by
      reference.
PAR  Optionally, an electron emitting filament 126, shielded by masking edges
      128 of the plates 76, may be used to supply electrons to the plasma region
      as charge carriers to provide electrode contact and prevent insulating
      sheaths from developing.
PAR  Further details of the voltage source 52 are shown in FIG. 5. As
      represented there, the plates 76 are pulsed in accordance with the
      waveform diagram 92 by signals from a high voltage pulse transformer 130
      having first and second primary windings which are respectively connected
      to the plates of pulse tubes 132 and 134 on opposite polarity terminals. A
      2.5 Kv plate supply voltage is connected to the other primary terminals.
      The cathode circuits of tubes 132 and 134 are connected in common and the
      grids are biased and separately pulsed by a pulse generator 136 so as to
      induce conduction by the tubes 132 and 134 in accordance with the pulses
      94 and 100 in FIG. 4. The pulse generator 136 may include a Data Pulse
      Model 101A signal generator and the vacuum tube circuitry may include a
      Cobar Pulser.
PAR  With reference now to FIG. 6, there is shown modified separation apparatus
      for use in the present invention. In particular, the crucible 56 is
      connected to the common terminal 78 of the voltage source 52, while
      pointer 90 of the switch 84 is connected through a current equalizing
      transformer 140 to provide two equal current outputs to first and second
      separation chambers 142 and 144, representative of a set of separation
      chambers which are fanned about the vapor flow 68. Each chamber 142 and
      144 is defined by a rear partially cylindrical collection plate 146 and
      protruding enriched collection plates 148 which extend from the rear plate
      146 toward the source of uranium vapor. These plates 146 and 148 are
      electrically floated while the equalized currents from the transformer 140
      are applied to first and second heated, electron emitting filaments 150
      and 152 within their respective chambers 142 and 144. The filaments 150
      and 152 are located close to the plate 146 and shielded on their opposite
      sides from uranium in the flow 68 by respective shields 154 and 156.
      Typically, the shields 154 and 156 will be electrically connected to the
      filaments 150 and 152. The entire structure of the plates 146 and 148, as
      well as the filaments 150 and 152 and shields 154 and 156, extend
      substantially the axial length of the separation chamber in a manner
      similar to the structure of FIG. 2. As before, photoionizing laser
      radiation is applied to the chambers 142, 144, etc. to produce selectively
      ionized particles of uranium U.sub.235 in the preferred embodiment. In the
      case of the FIG. 6 system, however, the magnetohydrodynamic forces are
      created as the result of an applied current in the presence of a magnetic
      field as opposed to an applied electrical potential in the presence of a
      magnetic field, as is the case in FIG. 2. The current is drawn between the
      filaments 150 and 152 (along with the shields 154 and 156) and the uranium
      vapor source 46. The currents will also be drawn in opposite directions
      through the chambers 142 and 144 in response to opposite currents applied
      to the transformer 140 from the voltage source 52 in correspondence with
      the pulses 94 and 100 in the waveform 92 of FIG. 3. The filaments 150 and
      152 provide a source of electrons to sustain this current, particularly
      when the electron current is emanating from the chambers 142 and 144. The
      uranium source 46 also acts as a source of electrons, particularly for
      current in the opposite direction. While it is preferable to use filaments
      150 and 152, operation according to the invention may be possible without
      them.
PAR  The currents are represented in FIG. 6 as arrows j1 and j2, representing
      the pulses 94 and 100 respectively. In this case, the pre-existing,
      background or general ions represented by particle 158, will be
      accelerated first toward one side of the chambers 142, 144, etc. and then
      returned to a neutral flow velocity as represented by vector 160.
      Particles 162 representing selectively photoionized particles will,
      however, be affected only by the pulse 100 (j2) and will be deflected
      toward the right in the diagram toward one of the plates 148 for
      collection. Where several of the chambers 142, 144 are employed, it will
      be preferable to employ a set of transformers 140 arranged in a ladder
      network to provide equalization of currents throughout the entire set of
      chambers.
PAR  The systems of FIG. 2 and FIG. 6 provide the similar result of selective
      ionization and separate collection of selectively ionized particles
      without corresponding collection of general background ions. While both
      using magnetohydrodynamic acceleration techniques, the FIG. 2 MHD
      acceleration results from the application of crossed electric and magnetic
      fields, while in FIG. 6 the acceleration results from the application of a
      current orthogonal to a magnetic field and results in an electric field
      responsible for attracting ions to the side of the chambers.
PAR  Having described above a preferred embodiment of the present invention, it
      will be apparent to those skilled in the art that alternatives and
      modifications can be employed within the spirit of the invention.
      Accordingly, it is intended to limit the scope of the invention only as
      indicated in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for separating ions produced at different times in a region
      defining an environment of particles of plural isotope types, comprising
      the steps of:
PA1  applying a first accelerating force in a first direction to the generally
      ionized particles of said environment;
PA1  selectively ionizing additional particles of a predetermined isotope type
      in said enviroment after the application of said first accelerating force,
      including the step of photoexciting the additional particles;
PA1  applying a second accelerating force of different direction to the charged
      particles of said environment after said ionizing step; and collecting the
      secondly accelerated ionized particles.
NUM  2.
PAR  2. The method of claim 1 further including applying said second
      accelerating force in a direction generally opposite to said first
      accelerating force.
NUM  3.
PAR  3. The method of claim 2 wherein said ionizing step includes the step of
      applying radiant energy to the photoexcited particles of said one isotope
      type.
NUM  4.
PAR  4. The method of claim 2 wherein said steps of applying first and second
      accelerating forces include the steps of applying crossed-field
      magnetohydrodynamic forces to the charged particles of said environment.
NUM  5.
PAR  5. The method of claim 4 including in said step of applying said
      crossed-field forces the step of applying crossed electric potential lines
      and magnetic field lines in order to achieve a j .times. B relationship.
NUM  6.
PAR  6. The method of claim 2 wherein said steps of applying first and second
      accelerating forces include the steps of applying magnetohydrodynamic
      forces to the charged particles of said environment by drawing a current
      through said environment in the presence of a magnetic field.
NUM  7.
PAR  7. The method of claim 6 including in said step of applying said
      magnetohydrodynamic acceleration the step of producing an electric field
      from the j .times. B relationship to accelerate charged particles in said
      environment.
NUM  8.
PAR  8. The method of claim 2 wherein said steps of applying said first and
      second accelerating forces further include the steps of applying pulses of
      an electric field in opposite polarities in a region of a magnetic field,
      the applied electric fields being substantially orthogonal to the applied
      magnetic field.
NUM  9.
PAR  9. The method of claim 8 wherein said electric and magnetic fields are
      operative to produce said crossed-field forces as j .times. B forces.
NUM  10.
PAR  10. The method of claim 9 wherein said ionizing step further includes the
      steps of applying ionizing radiant energy to said environment intermediate
      the application of said first and second accelerating forces.
NUM  11.
PAR  11. The method of claim 8 wherein said ionizing step further includes the
      step of applying ionizing radiant energy to said environment intermediate
      the application of said first and second accelerating forces.
NUM  12.
PAR  12. The method of claim 2 wherein said steps of applying said first
      accelerating forces further include the steps of applying pulses of
      electric current in opposite directions in a region of a magnetic field,
      the applied electric current being substantially orthogonal to the applied
      magnetic field.
NUM  13.
PAR  13. The method of claim 12 wherein said applied current and magnetic field
      results in an electric field separation force on photoionized particles of
      said environment.
NUM  14.
PAR  14. The method of claim 13 wherein said ionizing step further includes the
      step of applying ionizing radiant energy to said environment intermediate
      the application of said first and second accelerating forces.
NUM  15.
PAR  15. The method of claim 12 wherein said ionizing step further includes the
      step of applying ionizing radiant energy to said environment intermediate
      the application of said first and second accelerating forces.
NUM  16.
PAR  16. The method of claim 2 wherein the interval defined by the period of
      application of said first and second accelerating forces is short with
      respect to the charge exchange reaction time of said environment.
NUM  17.
PAR  17. The method of claim 16 wherein said interval is in the order of
      magnitude of a microsecond.
NUM  18.
PAR  18. The method of claim 2 wherein the magnitude of the first and second
      applied accelerating forces are equal.
NUM  19.
PAR  19. The method of claim 2 wherein the durations of the first and second
      applied accelerating forces are equal.
NUM  20.
PAR  20. The method of claim 2 wherein the time integrals of the magnitudes of
      the first and second applied accelerating forces are equal.
NUM  21.
PAR  21. The method of claim 1 wherein said ionizing step includes the step of
      applying at least first and second laser radiations to said environment,
      said first laser radiation having an isotopically selective photon energy.
NUM  22.
PAR  22. The method of claim 21 wherein said particles include particles of
      uranium.
NUM  23.
PAR  23. The method of claim 1 further including the step of generating a vapor
      flow of said particles to define said environment.
NUM  24.
PAR  24. The method of claim 1 further including the step of sequencing said
      applying and ionizing steps in an interval short with respect to the
      charge exchange time for ionized particles in said environment.
NUM  25.
PAR  25. A method for separating ions produced at different times in a region
      defining an environment of particles comprising the steps of:
PA1  generating said environment as a vapor flow of particles of plural isotope
      types by application of thermal energy to the particles;
PA1  the flowing particles of said plural isotope types having a plurality of
      ions of generally plural isotope types in said environment;
PA1  directing said vapor flow into a region for selective photoionization;
PA1  applying a first accelerating force in a first direction to the ionized
      particles of said environment to induce a motion thereon distinct from
      said vapor flow;
PA1  photoionizing particles of a predetermined isotope type in said vapor flow
      subsequent to the application of said first accelerating force; and
PA1  applying a second accelerating force in a second direction to the general
      ions of said environment and selectively ionized particles;
PA1  said first and second directions of acceleration being substantially
      opposite; and
PA1  collecting the accelerated selectively ionized particles apart from the
      accelerated generally ionized particles.
NUM  26.
PAR  26. The method of claim 25 including the step of sequencing said
      acceleration applying and photoionizing steps in an interval which is
      short with respect to the period for charge exchange of ionized particles
      in said environment.
NUM  27.
PAR  27. Apparatus for separating ions produced at different times in a region
      defining an environment of particles of plural isotope types comprising:
PA1  means for applying accelerating forces to the generally ionized particles
      of said environment;
PA1  means for selectively photoionizing particles of a predetermined isotope
      type in said environment;
PA1  means for activating said accelerating means prior to photoionization to
      apply a first accelerating force in a first direction to the generally
      ionized particles of said environment and a second accelerating force
      subsequent to said photoionization in a second direction; and means for
      collecting the secondly accelerated ionized particles.
NUM  28.
PAR  28. The apparatus of claim 27 wherein said activating means includes means
      for producing said first and second accelerating forces in substantially
      opposite directions.
NUM  29.
PAR  29. The apparatus of claim 7 wherein said activating means further includes
      means for applying said first and second accelerating forces and the
      intermediate isotopically selective photoionization in an interval which
      is short with respect to the charge exchange time for ionized particles in
      said environment.
NUM  30.
PAR  30. The apparatus of claim 27 further including as said means for applying
      accelerating forces means for applying crossed-field magnetohydrodynamic
      forces as the result of orthogonal electric and magnetic fields to produce
      a j .times. B acceleration on said ionized particles of said environment.
NUM  31.
PAR  31. The apparatus of claim 27 wherein the time integrals of the magnitude
      of the first and second accelerating forces are equal.
NUM  32.
PAR  32. A system for separating ions produced at different times in a region
      defining an environment of particles comprising:
PA1  means for generating said environment as a vapor flow of particles of
      plural isotope types by application of thermal energy to the particles;
PA1  the flowing particles of said plural isotope types having a plurality of
      ions of generally plural isotope types in said environment;
PA1  said generating means directing said vapor flow into a region for selective
      photoionization;
PA1  means for applying a first accelerating force in a first direction to the
      ionized particles of said environment to induce a motion thereon distinct
      from said vapor flow;
PA1  means for photoionizing particles of a predetermined isotope type in said
      vapor flow subsequent to the application of said first accelerating force;
      and
PA1  means for applying a second accelerating force in a second direction to the
      general ions of said environment and selectively ionized particles;
PA1  said first and second directions of acceleration being substantially
      opposite; and
PA1  means for collecting the accelerated selectively ionized particles apart
      from the accelerated generally ionized particles.
NUM  33.
PAR  33. The apparatus of claim 27 further including as said means for applying
      accelerating forces means for drawing a current in the presence of an
      orthogonal magnetic field through said environment.
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ABST
PAL  The present invention relates to an atmospheric pressure quadrupole
      mobility spectrometer for detecting and identifying trace amounts of
      various molecular species present in a gas. The invention includes an
      outer housing comprising forward and rear sections which define forward
      and rear chambers. The gas under analysis is caused to flow into the inlet
      part of the forward section where ionizers mounted around the
      circumference of the forward chamber convert a portion of the molecular
      species present in the gas into stable molecular ions suitable for
      analysis. Towards the center portion of the forward chamber a carrier gas
      is mixed with gas and ions so formed. Four parallel, cylindrical
      electrodes symmetrically positioned about the longitudinal axis of the
      rear chamber are connected in opposing pairs to a bipolar power supply
      which supplies a predetermined repetitive voltage waveform to the
      electrodes thereby creating a generally hyperbolic electric field between
      the electrodes. The gas under analysis containing the molecular ions and
      the carrier gas flow between the electrodes where the molecular ions
      interact with the electric field. The electric field is such that only
      molecular ions of the predetermined "mobility" will undergo stable
      trajectories through the electric field and emerge to strike a detector
      located adjacent to the outlet side of the rear chamber. All other
      molecular ions undergo unstable trajectories as they pass through the
      electric field and eventually strike one or other of the electrodes and
      are discharged before reaching the detector.
BSUM
PAR  The present invention relates to an atmospheric pressure quadrupole
      mobility spectrometer for use in detecting and identifying trace amounts
      of elements or compounds present in gases and more particularly it
      provides a non-chemical method of analyzing atmospheric gases in a
      quantitative manner. As such the present invention may be employed to
      analyze the atmosphere for pollutants and contaminants, both natural and
      man-made, as a tool in geochemical surveys and to detect contraband. In
      addition, certain medical and psychological disorders have odours
      associated with them that have been identified as due to specific
      compounds manufactured by the body. For example, the characteristic odour
      associated with the breath of a diabetic has been identified as due to the
      presence of ketone bodies including acetone. The present invention can be
      used as a diagnostic tool providing a sensitive method for the direct
      detection of such odours.
PAR  Presently available methods of non-chemical quantitative atmospheric
      analysis ordinarily require the use of instruments which employ high
      vacuums such as a vacuum mass spectrometer. For example, gas
      chromatography can be employed to achieve the temporal separation of gases
      in a sample based on differences in the structure of the various molecular
      species present in the gas sample. However, the results require careful
      interpretation since the mass of each species is not directly measured but
      rather a transport property related to mass, called the diffusion
      constant, is measured. A more directly interpretable measurement can be
      made by performing a routine vacuum mass spectrometer analysis. The vacuum
      mass spectrometer may be one of a variety of types available although
      magnetic deflection, time of flight, monopole or quadrupole instruments
      are usually selected. However, the high vacuum pumping required by such
      instruments is accompanied by the disadvantages of high cost, complexity
      and weight.
PAR  An alternate transport property useful for mass identification of a
      molecule is the "ion mobility" of the molecule as it passes through a gas.
      Although "ion mobility" is functionally related to the size of a molecular
      ion rather than its mass the uniqueness of mass identification from
      mobility data is much better than predicted by early theoretical work.
      More recent theoretical and experimental analysis indicates that a good
      correlation exists between "ion mobility" and mass for relatively heavy
      molecular ions, particularly where a specific class of molecules is
      concerned.
PAR  A relatively new technique known as plasma chromatography has been shown to
      be sensitive to gas molecular concentrations of less than 0.1 parts per
      billion. This technique creates primary ions in a reactant gas containing
      a sample of the gas and trace organic molecular species under analysis by
      means of an ionizing .beta.-ray radiation source. The primary ions
      initiate a sequence of ion molecular reactions rapidly yielding several
      molecular ions which react with the trace impurities in the reactant gas
      to form stable molecular ions suitable for analysis. This technique
      utilizes a uniform axial electric field provided by a plurality of
      precision stacked rings which form a drift tube. The stable molecular ion
      forms of the various molecular species are directed into one end of the
      drift tube where under the influence of an axial electric field they drift
      through a carrier gas present in the drift tube. At the other end of the
      drift tube the molecular ions are collected at a detector. The transit
      time for each species of molecular ion is a function of its interaction
      with the carrier gas and the electric field in drift tube. The transit
      time of the various molecular ions related to the mobility by the
      following mathematical expression:
EQU  K= .upsilon./E
EQU  = .chi./.tau..E
PAR  where
PA1  K= molecular ion mobility in cm.sup.2 /volt -second
PA1  .upsilon.= drift velocity in cm/second
PA1  E= axial electric field intensity in VOLTS/CM
PA1  .chi.= transit distance in cm
PA1  .tau.= transit time in seconds
PAR  The molecular ions produced in the reaction zone must be introduced to the
      drift tube by means of an electrical shutter. The electrical shutter is
      held at a high potential during the drift interval in order to repel the
      molecular ions which have entered the drift tube. Either positive or
      negative ions, but not both, may be admitted into the drift tube by
      employing the appropriate voltage polarity on the shutter. Since the
      number of molecular ions admitted into the drift tube during the interval
      that the shutter is open is quite small and becomes dispersed with respect
      to arrival time at the downstream detector and continuous sampling is
      hindered by the need for an electrical shutter, discreet analysis is
      usually required. Consequently, many injectiondrift cycles are required
      during a scan necessitating a relatively long scan time and data storage.
      Data storage is expensive and furthermore results in an inherent
      limitation in resolution.
PAR  The present invention provides an alternative method for obtaining
      molecular species separation based on differences in molecular ion
      mobilities. Employing the quadrupole field principle, a transverse
      electric field is applied to the molecular ions in a gas sample and the
      apparatus is electrically tuned to obtain a stable oscillatory trajectory
      for a particular unique value of molecular ion mobility. Consequently
      molecular ions having a mobility other than the selected mobility will not
      pass through the apparatus to the detector.
PAR  Accordingly, in one of its aspects the present invention provides a
      spectrometer of reduced mechanical and electrical complexity for
      quantitative, non-chemical analysis of trace compounds in gases.
PAR  According to another aspect of the present invention a spectrometer is
      provided for analyzing trace compounds in gases in which the mass
      resolution of the apparatus is not limited by data storage, is
      continuously variable and can be held constant during a mobility scan.
DRWD
PAR  These and other aspects of the present invention will be more readily
      understood by reference to the accompanying description and drawings,
      wherein:
PAR  FIG. 1 is a diagrammatic sectional side view of an atmospheric pressure
      quadrupole mobility spectrometer according to the present invention;
PAR  FIG. 2 is a vertical sectional view taken on lines 2--2 of FIG. 1; and
PAR  FIG. 3 is a diagrammatic view of the electrical circuitry necessary to the
      operation of the present invention.
DETD
PAR  In order to make the detailed description of the present invention more
      readily understandable a general explanation of the basic theory of the
      present invention will first be given.
PAR  Functionally a mobility spectrometer is an apparatus adapted to detect and
      identify specific molecular species in a gas at atmospheric pressure
      without the need for high vacuums. To accomplish this result the mobility
      spectrometer makes use of the relationship which exists between the mass
      and the mobility of a molecular ion form of a molecular species. In a
      simple form a mobility spectrometer includes four parallel, cylindrical
      electrodes symmetrically placed about a longitudinal axis and electrically
      connected in opposite pairs to a bipolar power supply. The power supply
      provides an output voltage waveform adapted to create a predetermined
      transverse hyperbolic electric field pattern between the electrodes. The
      trace amounts of the molecular species in the gas under analysis are
      ionized by .beta.-ray radiation to form stable molecular ions. The
      molecular ions are next introduced into the region between the electrodes
      with an initial axial speed which carries some of them through the inner
      electrode region to a detector. The detector may be unipolar or bipolar
      depending on whether positive or negative molecular ions or both positive
      and negative molecular ions are being analyzed.
PAR  The electric field causes the molecular ions to oscillate in a transverse
      direction with respect to the electrodes. The molecular ions can follow an
      oscillatory trajectory which may be a stable one in which the molecular
      ions execute oscillations with a restricted amplitude. On the other hand
      the molecular ion trajectories may be unstable in which case the molecular
      ions undergo oscillations of ever increasing amplitude until they collide
      with one or another of the field electrodes and discharge. For a given
      electric field only the specific mobility of the molecular ion determines
      whether the path is stable or unstable. In general the point of injection
      and the direction and magnitude of the initial injection speed have no
      bearing on the issue of whether or not a particular molecular ion species
      will follow a stable or unstable trajectory in the inner electrode space.
PAR  The field electrodes must be long enough to permit the molecular ions to
      execute a sufficiently large number of oscillations during the transit
      through the electric field. This is necessary in order to ensure that
      unstable molecular ions are discharged and hence do not reach the
      detector. By altering the power supply waveform in a predetermined manner
      the mobility spectrometer can in effect be tuned to eliminate all
      molecular species but the one having the desired "mobility". Thus, a
      positive means of identifying molecular species in a gas is provided.
PAR  Referring to FIG. 1, a mobility spectrometer 10 includes a hollow, thin
      walled, generally cylindrical outer housing 12 having an open ended
      forward section 14 and a relatively smaller diameter open-ended rear
      section 16 joined by a reducing section 18. Forward section 14 and rear
      section 16 define forward and rear chambers 20 and 22 respectively. A
      portion of housing 12 adjacent to the front end of section 14 is
      moderately flared to allow the smooth entry of gases into chamber 20 as
      will be described. Reducing section 18 is contoured to avoid causing
      turbulence in the gas flow as the gas under analysis flows into the
      central axial region of chamber 20.
PAR  Rear section 16 encloses four conductive electrodes 24, 26, 28, 30 (see
      also FIG. 2) positioned symmetrically around the longitudinal axis of
      section 16 in a quadrupole configuration. In the preferred embodiment of
      the present invention the electrodes are cylindrical in shape, have a
      predetermined length and diameter and are positioned at a predetermined
      distance r.sub.o (see FIGS. 2 & 3) from the longitudinal axis of section
      16. In addition, a detector 32 is located in cavity 22 adjacent to the
      exit end of rear section 16.
PAR  A gas 34 containing trace amounts of the various molecular species under
      analysis is caused to flow continuously into the entry end of section 14,
      as indicated by arrows 36, with an initial axial speed. Gas 34 may be
      atmospheric air or any appropriate gas, such as flue gas or natural gas
      containing trace amounts of various molecular species to be analyzed. If
      the mobility spectrometer is being employed to analyze atmospheric gases
      and is mounted on a moving vehicle, such as an aircraft or automobile, the
      initial axial speed of gas 34 may be provided by a passive flow force such
      as laminar flow duct (not shown) which makes use of the ram effect
      provided by movement through the atmosphere. Alternatively, an active flow
      force employing a closed cycle aspirator or the like (not shown) may be
      employed. The latter means for providing a positive axial gas flow,
      although not absolutely essential, is preferable since it allows the axial
      speed of gas 34 to be made independent of the vehicle's motion.
      Furthermore, the use of an active flow force becomes a necessary
      requirement when the mobility spectrometer is employed in stationary
      ground applications. However, it is emphasized that the axial speed of gas
      34 need not be uniform with regard to either the molecular species or time
      since it is the transverse motion rather than the axial motion of the
      molecular ions formed from the trace molecular species in gas 34 that is
      of importance. The basic limitation on the axial speed of gas 34 is
      established by the laminar flow requirements for the gas as it flows into
      outer housing 12.
PAR  Upon entering chamber 20 gas 34 is ionized by .beta.-rays from ionizers 38.
      In the preferred embodiment of the present invention four ionizers are
      located symmetrically around the inner circumference of forward section 14
      adjacent to its entry end. In their simplest form, ionizers 38 may be a
      radioactive form of nickel or tritium which emit .beta.-rays of a
      predetermined energy. The ionizing effect of the radiation results in a
      portion of the trace compound contained in gas 34 being converted into
      stable molecular ions suitable for subsequent analysis.
PAR  A carrier gas represented by arrow 40 in FIG. 1, preferably dry air or an
      inert gas, is directed from a storage container (not shown) into chamber
      20 via one or more inlet ports 42 in communication with chamber 20. The
      carrier gas mixes with the molecular ion species now present in gas 34 and
      the mixture flows into chamber 22 as indicated by arrows 44. Other methods
      for introducing the carrier gas will be apparent to those skilled in the
      art. For example, the carrier gas could be introduced into chamber 20
      ahead of ionizers 38. In this case the carrier gas may include a high
      ionizable reactant material which subsequent to ionization readily gives
      up most of its charge to the trace molecular species in gas 34 thereby
      aiding in the formation of stable molecular ions.
PAR  The use of a carrier gas either with or without an added reactant material
      is not absolutely essential to the operation of the mobility spectrometer.
      However, the presence of a carrier gas is desirable for a number of
      reasons. First, the carrier gas provides a controlled, known medium having
      relatively well defined properties through which the molecular ions move
      while in chamber 22. A second reason for employing a carrier gas is
      related to the transfer of charge from the molecular ions to free water
      vapour present in gas 34. The presence of a dry carrier gas tends to
      reduce the degree of charge transfer by reducing the free water vapour
      concentration in chamber 22. Consequently, a greater number of molecular
      ions reach detector 32 significantly improving the sensitivity of the
      mobility spectrometer. Alternatively, in some applications heating or
      cooling may be employed to reduce the water vapour concentration in gas
      34. However, in other applications where the maximum degree of sensitivity
      is not required the carrier gas may be omitted.
PAR  Reference is next made to FIG. 2. The carrier gas molecular ion mixture is
      carried into chamber 22 by the axial flow of gas 34. The mixture is
      directed into an inner electrode region 46 by means of an orifice formed
      at the entry side of chamber 22 by an inwardly projecting flange 48. The
      electric field in the inner electrode region is created by applying a
      predetermined voltage waveform generated by a bipolar power supply 56 to
      electrode pairs 24, 26 and 28, 30.
PAR  The power supply 56 is connected to electrode pairs 24, 26 and 28, 30 by
      leads 58 and 60 respectively. The transverse hyperbolic electric field
      thus created is periodic in time, symmetrical with respect to the z-axis
      50 and depends quadratically on the distance from the x-axis 52 and the
      y-axis 54. Consequently the electric field produced at or near the z-axis
      can in approximation be expressed mathematically as:
      ##EQU1##
PAR  where
PA1  .PHI.(x, y, z, t) is an electric field potential function in volts
PA1  f(t) is a voltage waveform having an arbitrary periodic form with time in
      volts
PA1  x is the distance along the x-axis in cms.
PA1  y is the distance along the y-axis in cms.
PA1  r.sub.o is one-half the diametrical distance between electrodes in cms.
      (see FIGS. 2 and 3).
PAR  The basic equation of motion of a molecular ion present in an electric
      field of the general form .PHI.(x, y, z, t) can be expressed as:
EQU  .upsilon. = K.E
EQU  = -K. .DELTA. .PHI. (x, y, z, t)                           (2)
PAR  In the preferred embodiment of the present invention a voltage waveform
      f(t) is generated by power supply 56 and is a sinusoidal voltage
      superimposed on a ramp voltage and can be expressed as:
EQU  f(t) = U'.t + U.sub.m sin.omega..sub.m t                   (3)
PAR  where
PA1  U' is a constant in volts/second
PA1  t is time in seconds
PA1  U.sub.m is the peak amplitude of the sinusoidal voltage in volts
PA1  .omega..sub.m is the frequency of the sinusoidal voltage in radians/second
PAL  The generalized equations of motion along each coordinate axis can thus be
      expressed by the following differential equations:
      ##EQU2##
PAR  The solution of differential equations (4), (5) and (6) yields a trajectory
      stability requirement dependent on molecular ion mobility. Therefore, in
      order for any molecular ion species to have a stable trajectory through
      inter-electrode region 46 the molecular ion species may characterized by
      the following mathematical relationship:
      ##EQU3##
PAR  Another important parameter of a mobility spectrometer is its resolution.
      The resolution of mobility spectrometer relates to its ability to restrict
      the passage of molecular ions through the inner electrode space to a
      particular value or range of values of molecular ion mobility. In this
      respect a mobility spectrometer can be analogized to a mass filter which
      can in effect be tuned to allow only those molecular ions having a
      predetermined mass to pass through. In a mobility spectrometer stable
      molecular ion trajectories will ordinarily exist only for either a single
      value or a relatively small range of values of molecular ion species
      masses depending on the manner in which the mobility spectrometer is used.
      Only those molecular ions whose mobility corresponds to the required
      mobility or range of values of mobility will pass through inner electrode
      space 46 and strike detector 32. The resolution depends mathematically on:
      ##EQU4##
PAR  Where R.sub.m is a dimension less parameter which defines the resolution of
      a mobility spectrometer and U', U.sub.m and .omega..sub.m have been
      previously defined.
PAR  It is apparent from equation (8) that R.sub.m may be made electronically
      variable by altering U', U.sub.m or .omega..sub.m. Resolution is a
      function of R.sub.m. A theoretical estimate is
      ##EQU5##
PAR  Thus in theory, resolution is infinite when R.sub.m .fwdarw. (R.sub.m) max.
      Thus, if U', U.sub.m and .omega..sub.m are selected so that R.sub.m =
      0.167 a stable molecular ion trajectory will exist for only one particular
      value of molecular ion mass. Only molecular ions having this particular
      mass will pass through the inner electrode space to strike detector 32. If
      R.sub.m is greater than 0.167 no stable trajectories will exist for any
      value of mass and consequently no molecular ions will emerge from the
      inner electrode space to strike detector 32. On the other hand if R.sub.m
      is less than 0.167 more than one value of molecular ion mass will have a
      stable trajectory and will emerge to strike detector 32. Consequently, by
      varying R.sub.m the mass resolution of a mobility spectrometer can be
      varied as desired.
PAR  It has been observed that the value of molecular ion mobility k generally
      decreases monotonically with a power law slightly less than unity with
      respect to molecular ion size and that the molecular ion size bears an
      almost direct relationship to molecular ion mass. Thus not only by analogy
      is
      ##EQU6##
      but if
      ##EQU7##
      then it is mathematically so. Consequently, a repetitive amplitude scan of
      U.sub.m in time, at constant .omega..sub.m, while maintaining a fixed
      value for R.sub.m, will yield a quasi-linear mass scan at constant
      resolution throughout the range of molecular ion masses being examined.
      The ability to perform a mass scan at a constant value of mass resolution
      represents a very important feature of the mobility spectrometer.
PAR  For selected values of r.sub.o, U.sub.m and .omega..sub.m and a fixed value
      for R.sub.m of less than or equal to 0.167 molecular ions will emerge from
      the inner electrode space 46 into region 62 (see FIGS. 1 & 3) having a
      specific molecular ion mobility and hence a specific mass. All other
      molecular ions will have executed unstable trajectories while in the inner
      electrode region 46 and hence will be discharged by colliding with one or
      other of the four electrodes, 24, 26, 28 and 30. The emerging molecular
      ions eventually will collide with detector 32, preferably an electrometer
      or similar type detector, where they are collected and directed by a lead
      64 to detection electronics 66. The detection electronics serves to
      amplify, process and display the signal, created when the emerging
      molecular ions strike detector 22. The display is in effect a signature of
      the molecular specie, present in gas 34.
PAR  The theory and apparatus according to the present invention as described
      may now be applied to a practical apparatus in order to determine the
      required parameters of electrodes 24, 26, 28 and 30 and power supply 56.
      The voltage f(t) as defined by equation (3) represents a ramp waveform
      with a slope U' upon which is superimposed a sinusoidal waveform of
      frequency .omega..sub.m and amplitude U.sub.m. In a practical mobility
      spectrometer the ramp waveform U't must be bounded particularly if
      repetitive mass scanning is employed. As a result a ramp waveform having a
      finite amplitude U and a slope U' may be employed. If the fall time of the
      ramp waveform is very rapid the displacement of the molecular ions in
      inner electrode region 46 during the fall time will be negligible and can
      be ignored. Consequently, a ramp voltage having a sinusoidal oscillation
      superimposed upon it can be used to closely approximate the theoretically
      derived form of f(t).
PAR  If the frequency of the sawtooth waveform is .omega..sub.1 then
      ##EQU8##
      A mobility scan is achieved by varying U.sub.m as described above from a
      predetermined lower value to a predetermined maximum value while
      maintaining R.sub.m constant.
      ##EQU9##
      the mass resolution can be held constant by varying U as well as U.sub.m
      while at the same time keeping the ratio of their values constant.
PAR  In order to achieve adequate molecular ion species separation the molecular
      ions which pass through the mobility spectrometer to detector 32 should
      undergo typically 100 oscillations while in inner electrode space 46.
      Considering the limitation of 600 inches per second imposed on the axial
      speed of gas 34 to ensure laminar flow in outer housing 12 this implies
      electrode lengths measured in inches. This in turn results in the
      fundamental operating frequency .omega..sub.m being  7 .times. 10.sup.4
      radians per second.
PAR  In the preferred embodiment of the present invention r.sub.o = 0.2 cm. In
      order to obtain a satisfactory approximation to the hyperbolic electric
      field in inner electrode region 46 as defined by equation (2) while
      employing cylindrical electrodes an electrode/diameter of approximately
      0.5 cm. is required. Considering that the apparatus as defined by the
      present invention will be employed to measure a maximum molecular ion mass
      of approximately 1,000 atomic mass units, k may be typically at 0.5
      cms..sup.2 / volt-second. Equation (7) can be used to compute the maximum
      value of U.sub.m assuming a typical value for .omega..sub.m of 3 .times.
      10.sup.4 radians per second. As a result, the maximum value required for
      U.sub.m during a mass scan covering a mass range of up to 1000 atomic mass
      units is approximately 400 volts. The maximum value of the ramp amplitude
      U can be computed from the equation:
      ##EQU10##
      For simplicity the ramp frequency .omega..sub.1 may be set equal to
      .omega..sub.m. However, it should be emphasized that .omega..sub.1 may
      take on other values and furthermore, whether or not .omega..sub.1 is set
      equal to .omega..sub.m no phase relationship between the two frequencies
      is required. The result is that U has a peak value of approximately 400
      volts and U' therefore is approximately equal to 2 .times. 10.sup.6 volts
      per second.
PAR  Having specified the peak amplitude levels and frequencies of the ramp and
      sinusoidal voltages forming f(t) power supply 56 has been essentially
      defined. Because the mobility spectrometer requires relatively low
      voltages and frequencies power supply 56 may be a commercially available
      programmable DC power supply. The sawtooth voltage fall time being at
      least 10 times faster than the ramp slope U' does not present a problem
      since the power requirement of the mobility spectrometer is virtually nil
      involving only the charging and discharging of electrodes 24, 26, 28 and
      30.
PAR  The response time of the mobility spectrometer may be defined as the time
      required to reliably detect the particular species of molecular ion
      passing through the apparatus. The response generally depends on the time
      constant of detector 32 and the concentration of molecular ion species
      involved. Considering a beta source of 10.sup.-.sup.7 amperes and
      typically expected ion concentrations and employing an electrometer for
      detector 32 a typical response time would be in the range of 0.1 to 25
      seconds.
PAR  It will be appreciated by those skilled in the art that the mobility
      spectrometer described and illustrated in the foregoing description and
      drawings represents a preferred embodiment of the present invention.
      Modifications and changes may be made therein without the departing from
      the spirit of the present invention. Specifically, the electrode
      dimensions and spacings may be altered to suit different classes of
      molecular ion species and the voltage waveform f(t) may be similarly
      altered in terms of the peak voltages employed and the frequencies used.
      Furthermore, both positive and negative ions can be analyzed by employing
      a bipolar form of detector 32.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of analyzing predetermined molecular species present in a gas
      based on differences in molecular ion mobility of said molecular species
      comprising: ionizing said molecular species to form stable charged
      molecular ions, producing a flow of a carrier gas, causing said ions and
      carrier gas to flow in a stream, producing a transverse hyperbolic
      electric field in a region having a longitudinal axis, said field varying
      in time and quadratically with distance from said longitudinal axis and
      said field being defined by the sum of a sawtooth waveform having a
      predetermined amplitude and frequency and a sinusoidal waveform having a
      predetermined amplitude and frequency, directing said molecular ions
      through said region symmetrically about said longitudinal axis and
      detecting molecular ions which have passed through said region, whereby
      upon entry into said region the molecular ions undergo oscillatory
      trajectories, said trajectories being stable only for molecular ions of
      predetermined mobility and predetermined amplitudes and frequencies of
      said sawtooth and sinusoidal waveforms.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said region is defined by four
      parallel electrodes of predetermined length each spaced a distance r.sub.0
      from said longitudinal axis, and wherein the motion of said stable ions
      through said region is defined by the formula
      ##EQU11##
      where K = molecular ion mobility
PA2  U.sub.m = peak amplitude of the sinusoidal function, and
PA2  .omega..sub.m = frequency of the sinusoidal function
NUM  3.
PAR  3. An apparatus for analyzing predetermined molecular species present in a
      gas based on the differences in molecular ion mobility of said molecular
      species comprising;
PA1  a. means for ionizing said molecular species to form ions,
PA1  b. means for producing a flow of a carrier gas,
PA1  c. means for causing the carrier gas and the ions to flow in a stream,
PA1  d. means for producing a transverse hyperbolic electric field in a region
      having a longitudinal axis,
PA1  e. means for directing said ions through said region,
PA1  f. said electric field being defined by the sum of a voltage having a
      sawtooth waveform of predetermined amplitude and frequency and a voltage
      having a sinusoidal waveform of predetermined amplitude and frequency,
PA1  g. means for detecting molecular ions after they have passed through said
      region,
PA1  h. whereby upon entry into said region said molecular ions undergo
      oscillatory trajectories, said trajectories being stable for molecular
      ions of predetermined mobility and for predetermined amplitudes and
      frequencies of said sawtooth and sinusoidal waveforms.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein said electric field producing
      means comprises four mutually parallel generally cylindrical electrodes of
      predetermined length and diameter each based from said longitudinal axis
      by a distance r.sub.0, wherein opposite ones of said electrodes are
      electrically interconnected to form two opposing pairs of electrodes, and
      a bipolar power supply electrically connected to said opposing pairs of
      electrodes for energizing said electrodes with a voltage having a waveform
      characterized by a sawtooth voltage of predetermined peak amplitude and
      frequency upon which is superimposed a sinusoidal voltage of predetermined
      amplitude and frequency, the motion of said stable ions in the region
      between said electrodes being defined by the formula:
      ##EQU12##
      where K = molecular ion mobility
PA2  U.sub.m = peak amplitude of the sinusoidal function, and
PA2  .omega..sub.m = frequency of the sinusoidal function
NUM  5.
PAR  5. Apparatus as claimed in claim 4 including means for adjusting the
      amplitude of said sinusoidal voltage to permit ions of different
      predetermined mobility to pass through said region.
NUM  6.
PAR  6. Apparatus as claimed in claim 4 including means for adjusting the
      amplitudes of said sinusoidal and sawtooth voltages periodically between
      predetermined upper and lower limits while keeping the ratio of said
      voltages constant.
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PAL  A mass spectrometry apparatus, a quadrupole field mass analyser, is
       discld together with a novel method of investigating ions in or for mass
      spectrometry. The apparatus and method employ multiple-channel quadrupole
      mass filter devices to which the ions are fed via a relatively large entry
      aperture afforded preferably by a transverseley-split spherical or
      cylindrical capacitance analyser arranged in conjunction with a stop
      aperture device to remove ions having energies which are not within a
      predetermined energy band. The ions are accelerated into the first half of
      the capacitance analyser, decelerated to pass into the filter devices, and
      then reaccelerated to the ion detection device.
BSUM
PAR  This invention relates to quadrupole field mass analysers.
PAR  Quadrupole mass filters, for example those disclosed in the publication by
      W. Paul and H. Steinwedel, z.Naturforsch. 8a (1953) 448-450, are
      distinguished by their simple construction as compared to mass
      spectrometers operating with magnetic fields. They are frequently used for
      performing surface and solid state analysis by means of secondary ion
      emission or sputtering, and mass analysis of the secondary ions.
PAR  The ions pass through the quadrupole mass filter without any loss only when
      these ions are emitted from the ion source within a small solid angle
      about the axis of the quadrupole mass filter, and if the entry energy of
      the ions does not exceed a certain value. In fact, ions having excess
      energy traverse the quadrupole mass filter too quickly in order to be able
      to perform the necessary number of oscillations in the quadrupole field to
      experience a satisfactory separation on the basis of mass.
PAR  The emission distribution of secondary ions detached by sputtering follows
      approximately a cosine law the average energies lying between 5 eV and 30
      eV. This latter value corresponds approximately to the maximum energy at
      which quadrupole mass filters of handy length are still able effectively
      to separate on the basis of mass. That portion of the ions possessing
      higher energies must be removed by an energy filter, consisting in general
      of an electrostatic deflecting field arranged either before or following
      the mass filter.
PAR  It is an object of the present invention to provide a quadrupole field mass
      analyser for ions possessing markedly different amounts of energy, the
      analyser having a substantially higher entry aperture and therefore also a
      correspondingly higher detection sensitivity than is possessed by the
      known types of quadrupole field mass analysers.
PAR  Accordingly, the invention provides a quadrupole field mass analyser
      comprising first electrode means for accelerating ions to be analysed, an
      annular entry slot for said ions, second electrode means for deflecting
      the ions coming through said entry gap into the form of a hollow parallel
      beam of annular cross-section, third electrode means for sub-dividing the
      hollow beam of ions into a plurality of component ion beams and for
      focussing said component ion beams in a plane substantially normal to
      their direction of travel, an energy diaphragm which passes only ions
      whose energies lie within a predetermined energy range, a plurality of
      sets of quadrupole field electrodes aligned with respect to the component
      ion beams and an ion detecting means for detecting ions emerging from the
      quadrupole fields.
DRWD
PAR  In the following there will be explained in more detail a practical example
      of the invention with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a schematic perspective view of an electrode assembly of a simple
      prior art quadrupole mass filter,
PAR  FIG. 2 is a diagram for explaining the acceptance relationship in the known
      quadrupole mass filter and the quadrupole mass analyser according to the
      invention;
PAR  FIG. 3 is a simplified shortened axial section of a quadrupole field mass
      analyser according to one constructional example of the invention;
PAR  FIG. 4 is an axial view of an electrode of an electrostatic sector lens,
      which can be employed in the quadrupole field mass analyser according to
      FIG. 3;
PAR  FIG. 5 is an axial view of an electrode arrangement for producing a
      plurality of quadrupole fields, which are traversed in parallel by the
      ions which are to be analysed.
DETD
PAR  FIG. 1 shows schematically a simple quadrupole mass filter with four
      electrodes, a, b, c, and d of rod or cylinder shape, which are distributed
      symmetrically about an axis 10. Each pair of opposite electrodes a, b, and
      c, d respectively are connected together to opposite poles of a source of
      high frequency voltage V and a unidirectional voltage U.
PAR  From the theory of the quadrupole mass filter one can derive the following
      expressions for the high frequency voltage V, the unidirectional voltage
      U, and the high frequency power P:
EQU  V = k.sub.1 Mf.sup.2 r.sub.o.sup.2                         (1)
EQU  U = k.sub.2 V                                              (2)
EQU  P = k.sub.3 CM.sup.2 f.sup.5 r.sub.o.sup.4                 (3)
PAL  In the above:
PA1  k.sub.1, k.sub.2 and k.sub.3 are apparatus constants,
PA1  M is the effective mass transmitted by the mass filter,
PA1  f is the frequency of the high frequency voltage V,
PA1  c is the capacitance of the one pair of electrodes a, b with reference to
      the other pair of electrodes c, d,
PA1  r.sub.o is the spacing of the electrodes from the axis.
PAR  The ions of mass M pass through the mass filter only without loss if they
      enter within a definite acceptance region about the axis 10 of the
      quadrupole field. The acceptance region is defined by a surface of
      circular section having a radius r.sub.e, which must be traversed by the
      ions, and a limiting angle of inclination a.sub.e of the path of the ions
      with reference to the axis.
PAR  With reference to FIG. 2 there will now be investigated the conditions
      obtained at the surface of a sample 12 from which, by means of a fine beam
      of primary ions, secondary ions are released whose mass is to be
      determined. The emission distribution of the detached ions follows
      approximately a cosine law as is represented in FIG. 2. The secondary ion
      stream coming from the sample surface amounts to n.sub.o ions per second.
      Only a small proportion of these dn/n.sub.o = .alpha..sup.2 come into the
      solid angle about the normal z taken at the surface of the sample and
      bounded by a right cone having a small apex angle .alpha.. This is the
      fraction of the emission which is capable of being focussed under
      conditions of optimum matching into the acceptance region of the
      quadrupole mass filter represented in FIG. 1 (e.g. dn/n.sub.o = 1/400 for
      a = 2.9.degree.). An increase in the analysed ion current in the
      arrangement according to FIG. 1 is possible only by increasing the
      acceptance, i.e. by increasing r.sub.o. According to equations (1) and (2)
      the required voltages increase in proportion to r.sub.o.sup.2, so that the
      field strength at the electrodes therefore increases with r.sub.o. Any
      increase of the acceptance region by increasing r.sub.o will very soon
      encounter a limit imposed by the breakdown field strength.
PAR  If one now considers the solid angle, which corresponds to a hollow cone
      having a mean apex angle of .phi. the result is a fraction dn/n.sub.o = 2
      sin 2 .phi. . .alpha..
PAR  For .phi.= 45.degree., this gives dn/n.sub.o = 2 .alpha.. For the above
      stated value .alpha. = 2.9.degree., the value of dn/n.sub.o = 1/10, that
      is to say 40 times the above stated value.
PAR  In the quadrupole field mass analyser according to the invention, an
      increase of the transmission, and therefore of the sensitivity with
      simultaneous limitation of the energy range of the ions is achieved by the
      use of an annular entry slot corresponding to the conditions explained
      with reference to FIG. 2, and the incoming hollow ion beam is distributed
      over a plurality of quadrupole fields, which are arranged in parallel
      connection equidistant from a central axis. In this case certain
      electrodes are simultaneously employed for the production of two adjacent
      electrical quadrupole fields.
PAR  The energy limitation (energy filtering) is effected by an electrostatic
      deflecting field in combination with a suitable disphragm ("energy
      diaphragm"), which only admits the ions of a desired energy range.
      Preferably the energy filter which is used is an energy analyser of a
      halved cylindrical mirror analyser type symmetrical about a central axis
      of rotation (see for example H. Z. Sar-el, Rev.Sci.Instr. 38 (1967)
      1210-1216), in which the ions are emitted by the sample within a hollow
      conical shell and pass through the entry diaphragm, these ions being so
      deflected that they leave the energy analyser upon paths, which are
      substantially parallel to the central axis. By means of an arrangement of
      lenses, these ions are then focussed upon the entry region of the
      individual quadrupole fields corresponding to the respective radius
      r.sub.e (FIG. 1).
PAR  The ions of the selected effective mass M admitted by the parallel
      connected quadrupole fields can then be detected by a suitable number of
      individual detecting arrangements, by a detecting arrangement of large
      surface area, or preferably by a single detecting device upon which the
      various bundles of ions are focussed.
PAR  Instead of using the bisected cylindrical mirror analyser it is also
      possible to use a spherical condenser (see for example E. M. Purcell,
      Phys. Rev. 54 (1938) 818).
PAR  In the practical example of the invention represented in FIGS. 3 to 5, the
      sample 12 is bombarded with a beam of primary ions, which is generated by
      means of a primary ion source 16 and an associated focussing arrangement
      18. The secondary ions sputtered from the surface of the sample 12,
      connected to earth, within a hollow cone having a mean apex angle .phi. =
      45.degree., are reaccelerated by an amount eU.sub.1 through an electrical
      field between hemi-spherical grids 24, 26 concentric to the emission
      region of the sample 12, and these secondary ions then pass through an
      annular entry slot 20 in a cylindrical inner electrode 22 of a cylindrical
      mirror analyser 28. Between the inner electrode 22 and the outer electrode
      30 of the cylindrical mirror analyser there is set up an electrostatic
      field, in which the hollow ion beam 32 is deflected forward so that the
      ions leave the cylindrical mirror analyser as a hollow beam of annular
      cross-section substantially parallel to the axis z. The radius r.sub.1 of
      the inner electrode is 0.516 r.sub.m (r.sub. m = the radius from the axis
      to the centre of the axially parallel hollow beam, and the axial distance
      z.sub.1 amounts to 1.08 r.sub.m measured between the centre of the ion
      beam at the position of the entry slot 20 and the exit plane at the end of
      the cylindrical mirror analyser 28. At the exit end the cylindrical mirror
      analyser contains a relatively short, thin walled, cylindrical metal
      electrode 34, which has the same distance from the hollow beam as the
      outer electrode 30, and possesses a potential U.sub.2, which potential
      will exist at this radius without the presence of the said electrode. In
      this way the stray field at the exit end of the ion beam is maintained
      small.
PAR  Connected to the cylindrical mirror analyser 28 is an electrostatic lens 36
      comprising three electrodes 37, 38 and 39 having the cross section
      represented in FIG. 4. The lens is therefore symmetrical about the axis
      and consists of a plurality of sectors, numbering twelve in the example
      here shown. By means of the lens 36 the cylindrical hollow beam is divided
      into a number of component beams corresponding to the number of sectors
      and these are focussed into a plane perpendicular to the axis z, in which
      there is situated an energy diaphragm with a circular opening, or a number
      of individual openings, for example circular openings, corresponding to
      the number of sectors, and so dimensioned that ions are only admitted
      whose energy lies within the permitted energy range. Ions possessing
      energy in excess of this amount are focussed at positions having a greater
      spacing than r.sub.m (FIG. 4) from the central axis z and are therefore
      not able to pass through the diaphragm aperture, or apertures. By suitable
      choice of the voltage U.sub.1, the energy dispersion can be so adjusted
      that only ions having an energy below the permissible maximum for full
      mass separation can pass through the energy diaphragm 40.
PAR  The ion stream consisting of bundles of ions coming from the energy
      diaphragm 40, which now contain only ions having the acceptable energy,
      now pass into an electrode arrangement 42, which allows the formation of a
      number of quadrupole fields equal to the number of ion bundles. The
      electrode arrangement 42 comprises axially parallel round rods of
      dimensions usual in quadrupole filters. The round rods are so arranged
      that there can be generated, at a spacing distance r.sub.m from the
      central axis z, a number of quadrupole fields equal to the number of ion
      bundles, whose axes 10a, 10b, and so on, are placed at a distance r.sub.m
      from the central axis z and are aligned with the axes of the respective
      ion bundles. The manner of connection of the rod shaped electrodes is
      visible from FIG. 5. The rod shaped electrodes 43 having the greatest
      radial spacing from the central axis z and the rod shaped electrodes 45
      radially aligned with the latter and having the smallest radial spacing
      from the central axis z, are connected together and to the negative pole
      of the unidirectional voltage source, whilst the rod shaped electrodes 44
      arranged at an intermediate radial spacing from the axis, and which in the
      circumferential direction are situated in gaps between the adjacent pairs
      of electrodes 43-45, are connected together and to the positive pole of
      the unidirectional voltage source. The rod shaped electrodes 44 connected
      to the positive pole each serve as a common electrode for two electrode
      sets situated adjacent each other in the peripheral direction, each of
      said sets serving for the generation of a quadrupole field.
PAR  Upon entering the quadrupole field mass filter constituted by the electrode
      arrangement 42, the ions are retarded to the initial energy which they
      possessed before being accelerated between the grid electrodes 24 and 26,
      and upon leaving the arangement 42 the ions having the transmitted
      effective mass are reaccelerated by means of a plane grid electrode 46, so
      that proceeding in paths approximately parallel to the z axis they enter a
      second cylindrical mirror analyser 48, which is constructed in an
      analogous manner to the cylinder mirror analyser 28 and which serves to
      deflect the selected ions admitted by all of the quadrupole channels
      through an exit gap in the inner cylindrical electrode of the cylindrical
      mirror analyser 48 into a single ion detection device 52 arranged on the z
      axis.
PAR  The ion detecting device can be in the form of a simple collector, or a
      secondary emission electrode with a following secondary electron
      multiplier, or, as shown in simplified form in FIG. 3, it can be a tubular
      ion-electron converter with a following scintillator and photomultiplier
      (see for example J.Vac.Sci. Techn.8 (1971) 384-387).
PAR  By the use of the described arrangement it is possible when practising
      surface or solids analysis by means of secondary ions and the use of
      quadrupole mass filters, to achieve, as compared with previously
      conventional arrangements, an increase in the transmission, and therefore
      in the sensitivity, by between 1 and 2 orders of magnitude. The presently
      described quadrupole field mass analyser can also serve for the analysis
      of sputtered neutral particles if these are ionised by an electron stream
      in the field-free space between the sample 12 and the grid electrode 24.
PAL  Numerical Example
PAR  Application: Analysis of positive secondary ions having a means initial
      energy eV.sub.o = 10 eV.
PAL  Cylindrical Mirror Analyser 28
PAR  Dimensions: .phi. = 45.degree.; r.sub.m = 5.0 cm; r.sub.1 = 2.58 cm;
      z.sub.1 = 5.4 cm; r(34) = 6.0 cm; r(30) = 4.0 cm.
PAR  Voltages: U.sub.1 = - 500 V; U(34) = -335 V; U(30) = -180 V.
PAL  Lens 36
PAR  Dimensions: Length 6 cm; inner and outer radius of the three electrodes
      (37, 38, 39) 3.7 cm and 6.3 cm.
PAR  Voltages: U(37, 39) = -250 V; U(38) variable from 0 to -250 V (fine
      adjustment).
PAL  Quadrupole Field Mass Filter 42
PAR  Dimensions: Length 20 cm; r.sub.m = 5.0 cm; Diameter of the rod shaped
      electrodes (43, 44, 45) = 14.3 mm; Spacing (r.sub.o) from the axis (10a,
      10b) = 6.22 mm.
PAR  Voltages: Unidirectional voltage U variable from 0 to 1000 V;  High
      frequency voltage V, 2 MHz, variable from 0 to 6 kV;  coupled variation of
      U and V so that in all cases U/V = 0.168;  mass range up to 260.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quadrupole field mass analyser comprising first electrode means for
      accelerating ions to be analysed, an annular entry gap for said ions,
      second electrode means for deflecting the ions coming through said entry
      gap into the form of a hollow parallel beam of annular cross-section,
      third electrode means for sub-dividing the hollow beam of ions into a
      plurality of component ion beams and for focussing said component ion
      beams in a plane substantially normal to their direction of travel, an
      energy diaphragm which passes only ions whose energies lie within a
      pre-determined energy range, a plurality of sets of quadrupole field
      electrodes aligned with respect to the component ion beams, and an ion
      detecting means for detecting ions emerging from the quadrupole fields.
NUM  2.
PAR  2. A quadrupole field mass analyser according to claim 1, in which the axes
      of the sets of quadrupole field electrodes lie upon a circle and in which
      one electrode is common to each two sets of adjacent quadrupole field
      electrodes.
NUM  3.
PAR  3. A quadrupole field mass analyser according to claim 1, in which the
      third electrode means comprises an electrostatic lens with sector shaped
      electrodes.
NUM  4.
PAR  4. A quadrupole field mass analyser according to claim 1, in which the
      energy diaphragm is arranged at the focal plane of the third electrode
      means.
NUM  5.
PAR  5. A quadrupole field mass analyser according to claim 1, further including
      fourth electrode means for deflecting the ions emerging from the
      quadrupole fields towards a single ion detecting means.
NUM  6.
PAR  6. A quadrupole field mass analyser according to claim 1, in which the
      second electrode means comprises a bisected cylindrical mirror analyser.
NUM  7.
PAR  7. A quadrupole field mass analyser according to claim 6, in which at the
      end of the cylindrical mirror analyser adjacent the sets of quadrupole
      field electrodes there is arranged a short cylindrical auxiliary electrode
      which has the same radial spacing from the hollow ion beam as an outer
      cylindrical electrode of the cylindrical mirror analyser.
NUM  8.
PAR  8. A quadrupole field mass analyser according to claim 6, in which the
      annular entry gap is formed by a gap in a cylindrical inner electrode of
      the cylindrical mirror analyser.
NUM  9.
PAR  9. A quadrupole field mass analyser according to claim 1, in which the
      first electrode means comprises two hemi-spherical net electrodes.
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ABST
PAL  An electron spectrometer including a high pass filter, an electron
      multiplier and a reflection chamber is improved by placing a planar grid
      in the reflection chamber between the high pass filter and the electron
      multiplier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to an electron spectrometer for analyzing the energy
      distribution of electrons having different kinetic energies. More
      specifically, the invention relates to an electron collector in the
      spectrometer which has a cylindrical reflection chamber and an electron
      multiplier and is improved by the addition of a positively charged planar
      grid in the cylindrical reflection chamber.
PAC  Prior Art and Summary
PAR  Electron spectroscopy for chemical analysis (ESCA) which is used to analyze
      the chemistry of surfaces is a comparatively new procedure. Briefly, it is
      the study of the energy distribution of secondary electrons emitted by a
      sample surface upon irradiation of the surface from a primary energy
      source such as a beam of x-rays. Electron spectrometers and more
      particularly spherical grid retarding potential (SGRP) analyzers have been
      used to collect the emitted secondary electrons because of their well
      known superior luminosity and throughput. One such spectrometer is
      described in U.S. Pat No. 3,749,926, to Lee. The spectrometer disclosed by
      Lee includes a reflecting low pass spherical grid filter and a retarding
      high pass spherical grid filter which cooperate to allow electrons in a
      narrow energy band to pass and a collector which receives the passed
      electrons. The collector is a metallic cylindrical reflection chamber
      which is enclosed at one end by one spherical grid of the retarding high
      pass filter and has a small opening in the other end with an electron
      multiplier adjacent to the opening which detects electrons. Electrons pass
      from the spherical grid into the reflection chamber at all angles. Those
      not directed straight at the electron multiplier strike the walls of the
      reflection chamber and are reflected. Of the reflected electrons some are
      reflected to the electron multiplier and others continue reflecting until
      they lose energy and are absorbed by the surface of the reflection
      chamber. The efficiency of the collector is not optimized because the
      electrons absorbed are lost and not counted.
PAR  The present invention addresses itself to this problem and provides an
      improvement to the collector which increases its efficiency twofold. The
      improvement is the addition of a positively charged planar grid inside the
      cylindrical reflection chamber between the spherical grid and electron
      multiplier. The positively charged planar grid accelerates and redirects
      electrons emanating from the spherical grid deeper into the reflection
      chamber to give them a greater statistical chance of being reflected to
      the electron multiplier. Since the grid is planar, it is easy to construct
      and inexpensive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic longitudinal sectional view of apparatus
      for analyzing the energy distribution of electrons having different
      kinetic energies.
PAR  FIGS. 2A and 2B are exploded sectional views showing the prior art and
      improved electron collectors respectively of the apparatus of FIG. 1.
PAR  FIG. 3 is a diagrammatic illustration which shows the response curves for
      the prefilter, reflecting low pass filter, and retarding high pass filter
      of FIG. 1, together with the energy curve for secondary emission electrons
      from the reflecting low pass filter.
PAR  FIG. 4 is a diagrammatic view corresponding to FIG. 2B showing paths of
      electrons leaving the retarding spherical grid and being detected.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principal components of the spectrometer in which the improvement of
      this invention has been incorporated are shown in FIG. 1. The components
      include x-ray source 10, electron condensing element 12, prefilter 14,
      reflecting low pass spherical grid filter 16, apertured metallic plate 18,
      retarding high pass spherical grid filter 20 and collector 22.
PAR  X-ray source 10 provides x-rays through an aluminum window 24 mounted on a
      tube 26 to a sample 28 mounted within tube 26 at one end. The latter tube
      26 is divided into two sections one of which is grounded and the other of
      which is connected to a main tubular enclosure 29 which is at voltage
      V.sub.3. Electron condensing element 12 at voltage V.sub.1 is interposed
      between the sections and focuses electrons emitted from sample 28 to
      prefilter 14 lying at the open end of tube 26. Prefilter 14 is composed of
      an entrance grid 30 located adjacent the opening in tube 26, an exit grid
      32 opening into the interior of main tubular enclosure 29, a repeller
      plate 34 having a voltage V.sub.2, guard bars 36 having staggered
      intermediate potentials between V.sub.2 and V.sub.3, a shield 37 connected
      to main tubular enclosure 29. Adjacent to exit grid 32 is plate 18 which
      contains a semicircular entrance aperture 38 for passing electrons coming
      from prefilter 14 and an oppositely oriented semicircular exit aperture 39
      which passes electrons reflected from reflecting low pass filter 16. The
      latter reflecting low pass filter 16 is composed of a concave spherical
      aluminum element 40 having a voltage V.sub.4 and a spherical grid 42 which
      is connected to main tubular enclosure 29. Between plate 18 and reflecting
      low pass filter 16 is a conventional quadrupole lens 44 made up of a pair
      of vertical arcuate plates 46 and a pair of horizontal arcuate plates 48
      which serve to a lign the reflected electrons for passage through the
      semicircular exit aperture 39 in plate 18.
PAR  At the opposite end of main tubular enclosure 29 is retarding high pass
      filter 20 which is composed of spherical grids 50 and 52. The end of main
      tubular enclosure 29 is slightly offset such that the exit aperture 39 in
      plate 18 serves as the center of the radius of curvature of spherical
      grids 50 and 52. Spherical grid 50 is connected to main tubular enclosure
      29 and spherical grid 52 encloses one end of metallic cylindrical
      reflection chamber 54 which is at voltage V.sub.5. Reflection chamber 54
      is one component of collector 22 which also includes electron multiplier
      56 and the planar grid 58 of this invention. The end of reflection chamber
      54 not enclosed by spherical grid 52 has a small opening which electron
      multiplier 56 lies adjacent to. Electron multiplier 56 is grounded. Planar
      grid 58 is fabricated from wire mesh and is located between spherical grid
      52 and electron multiplier 56 and is at voltage V.sub.6.
PAR  FIG. 2A shows the structural details of spherical grid 52 and collector 22
      of the prior art. FIG. 2B shows the improvement to collector 22 which is
      the addition of planar grid 58.
PAR  FIG. 3 shows a graph with the kinetic energy of electrons plotted as a
      function of amount of transmission. Curves A, B, C on the graph are the
      response curves for prefilter 14, reflecting low pass filter 16 and
      retarding high pass filter 20 respectively. The overlapping portion of
      curves B and C, area D, represents a narrow band of electrons which are
      passed by both the reflecting low pass filter 16 and the retarding high
      pass filter 20. Curve E is the energy curve for secondary emission
      electrons emitted from reflecting low pass filter 16.
PAR  FIG. 4 illustrates the paths of electrons leaving spherical grid 52 at all
      angles, the latter electrons being either detected directly by electron
      multiplier 56 or being reflected from the sides of reflection chamber 54
      and then detected by electron multiplier 56.
PAR  In operation, x-rays from source 10 are directed through window 24 to
      sample 28 which is grounded causing a beam of electrons of different
      kinetic energies to be emitted from the sample. The beam of electrons
      passes along tube 26 and is focused by electron condensing element 12, at
      0 V to -1200 V along the second section of tube 26 to entrance grid 30 of
      prefilter 14. The second section of tube 26 and main tubular enclosure 29
      are at V.sub.3, which is a selectable voltage between -200V and -1200V.
      The level of the voltage selected determines the kinetic energy of
      electrons leaving sample 28 which the spectrometer will detect. The
      selected kinetic energy level may be chosen from a wide spectrum of
      kinetic energy levels at which the spectrometer is capable of collecting
      electrons. During a single measurement the spectrometer will normally
      sweep through all of the kinetic energy levels to give an electron
      collection reading for each level. All other voltages in the spectrometer
      are measured with respect to V.sub.3. Prefilter 14 is a low pass filter
      which passes all electrons below a specified energy level as illustrated
      in curve A of FIG. 3 and rejects all those above the level. The reason for
      having prefilter 14 will be examined in detail hereinafter. The electron
      beam entering prefilter 14 is incident on a deflecting electric field set
      up by repeller grid 34 negatively charged to V.sub.2, which is -53 V with
      respect to V.sub.3. The electrons below the cut off level of curve A of
      FIG. 3 are deflected through an angle of approximately 90.degree. and pass
      through the exit grid 32. The electrons above the cut off level have
      enough energy to penetrate through the field and are absorbed by repeller
      plate 34 or guard bars 36 and are lost from the electron beam.
PAR  The electron beam leaving exit grid 32 passes through semi-circular
      entrance aperture 38 of plate 18 and is dispersed over the entire area of
      reflecting low pass filter 16. Concave spherical aluminum element 40 of
      reflecting low pass filter 16 is negatively charged to V.sub.4, which is
      -75V with respect to V.sub.3, while spherical grid 42 is at V.sub.3, thus
      creating an electrical field which acts as a low pass energy filter which
      reflects electrons below a specified energy level back toward retarding
      high pass filter 20. Those electrons in the beam having energies above the
      specified level pass through the electric field and are absorbed by
      aluminum element 40 and are lost from the beam. Curve B of FIG. 3
      illustrates the response of reflecting low pass filter 16. The latter
      reflecting low pass filter 16, since it is spherical, focuses the
      reflected electron beam to exit aperture 39 in plate 18. Additionally,
      quadrupole lens 44 aids in positioning the reflected electron beam to exit
      aperture 39. The electron beam passes through aperture 39 and is dispersed
      over the entire area of retarding high pass filter 20. Spherical grid 52
      is negatively charged to V.sub.5 which is -74.8V with respect to spherical
      grid 50 which is at V.sub.3, thereby creating an electric field which is a
      retarding field. Only those electrons having an energy greater than a
      predetermined energy cutoff level will pass through the electric field to
      collector 22. Those having less energy are reflected and are lost. Curve C
      of FIG. 3 illustrates the response of retarding high pass filter 20.
PAR  In FIG. 3 the cut off energy level for reflecting low pass filter 16 shown
      in curve B is slightly greater than the cut off energy level for retarding
      high pass filter 20 shown in Curve C. The overlapping area D of the two
      curves represents a narrow energy band of electrons which are passed by
      both filters to collector 22. It is to be noted that curve A of FIG. 3
      which illustrates the response of prefilter 14 has a cutoff higher than
      overlapping area D and eliminates secondary emission electrons created
      from high energy electrons striking aluminum element 40 as shown in curve
      E.
PAR  The electrons leaving spherical grid 52 of retarding high pass filter 20
      leave at all angles as shown in FIG. 4 and those leaving tangentially
      would normally have less of a chance to be detected than those directed
      straight at electron multiplier 56. Planar grid 58 which is the subject of
      the present invention corrects this by redirecting and accelerating the
      tangentially directed electrons deeper into reflection chamber 54 where
      they stand a better chance of detection. To accomplish this, planar grid
      58 which is at V.sub.6, -55V with respect to V.sub.3, creates an
      accelerating electric field between itself and spherical grid 52 which is
      at V.sub.5, -75V with respect to V.sub.3. The electric field redirects and
      accelerates the electrons deeper into reflection chamber 54 where a small
      positive electric field created by electron multiplier 56 either directly
      attracts the electrons or attracts them after they are reflected from the
      sides of reflection chamber 54. The reflection chamber 54 is essentially
      field free except for the fields created by planar grid 58 and electron
      multiplier 56. Planar grid 58 has in addition to its accelerating field a
      decelarating field which it creates with reflection chamber 54.
PAR  The spectrometer may be used for example to analyze the surface of a
      fluoropolymer and the change that occurs to the surface when it is treated
      with a solution of sodium in ammonia. The untreated surface when analyzed
      exhibits peaks of kinetic energy at 297 eV and 697 eV which indicate that
      high energy type carbon and fluorine are present in the surface. After the
      surface is treated the peaks indicating the presence of the high energy
      type carbon and fluorine disappear and new peaks appear at 285 eV, 287 eV,
      289 eV and 535 eV which indicate that the surface contains hydrocarbons of
      the carbonyl and carboxyl type groups. Apparently the chemical effect of
      the treatment of the surface is to convert the fluorocarbon surface to a
      partially oxidized hydrocarbon surface. The analyzer provides means for
      establishing a chemical explanation of why this treatment effectively
      increases the surface energy and promotes adhesion to fluoropolymer
      surfaces.
PAR  The present invention has been described in a preferred embodiment but it
      will be clear to those skilled in the art that modifications and
      variations of this invention are possible within the teaching of this
      disclosure. All such modifications and variations are intended to be
      within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for analyzing the energy distributor of electrons, said
      apparatus including an electron collector providing an otherwise field
      free region for the collection and detection of electrons, a source of
      electrons to be analyzed, a low pass filter for directing a selected
      portion of said electrons having kinetic energies below a first level
      toward said collector, and a high pass filter, having an exit electrical
      potential, for passing those of said electrons having a kinetic energy
      exceeding a second level less than said first level interposed between
      said low pass filter and said collector, said collector being a tubular,
      metallic reflecting chamber having an exit opening with an electron
      detector positioned thereat, the improvement wherein:
PA1  a grid is positioned within said chamber between said detector and said
      high pass filter at a higher electrical potential than said chamber,
      thereby to provide both accelerating and decelerating fields for said
      electrons.
NUM  2.
PAR  2. The apparatus set forth in claim 1 wherein said grid is planar.
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ABST
PAL  A method of recording an electrostatic charge pattern representing
      information to be recorded and generated in the interior of an air-tight
      envelope or chamber comprising a target towards which charged particles
      are projected, characterized in that the electrostatic charge pattern is
      produced within the envelope on an electrically insulating surface of a
      charge receiving material and (1) according to a first mode the charge
      pattern from such surface is transferred through an array of closely
      spaced solid conductors, held a solid electrically insulating matrix, to
      an uncharged electrically insulating surface of an other charge receiving
      material removably positioned at the outer side of the envelope or (2)
      according to a second mode the charge pattern from such surface is
      transferred through said conductors to an oppositely charged electrically
      insulating surface of a charge receiving material removably positioned at
      the outer side of the envelope forming according to the second mode a
      charge pattern in accordance with the un-neutralized area of the exterior
      insulating surface.
BSUM
PAR  This invention relates to a process for forming developable electrostatic
      charge patterns and devices for producing such patterns.
PAR  From German patent specification No. 1,497,093 an imaging technique is
      known in which a photocathode is used to produce an electrostatic charge
      pattern on a non-photosensitive insulating material. In this technique an
      air-tight chamber is filled with an ionizable gas e.g. a mixture of argon
      and monobromotrifluoromethane (1:5) and is provided with a photocathode
      and an anode, the latter being covered by an insulating recording
      material, e.g. insulating resin sheet. Simultaneously with X-ray exposure,
      which is modulated by the subject being X-rayed a direct current potential
      is applied accross the electrodes so that photoelectrons, which are
      ejected image-wise from the photocathode, are strongly intensified by an
      avalanching action occuring in the ionizable gas. The electrons are
      collected on the insulating material in an image pattern corresponding to
      the intensity of the imaging radiation absorbed by the photocathode.
PAR  The above described technique is particularly attractive for the recording
      of X-ray images. According to this system, the X-rays liberate electrons
      from a photocathode, which electrons are accelerated by the electric field
      applied. Due to the accelerating effect the electrons collide strongly
      with the gas molecule of the ionizable gas and produce more electrons and
      ions that are received as a charge pattern on the insulating material. By
      this avalanching effect a considerable increase in speed in obtained so
      that the necessary X-ray dose can be considerably reduced.
PAR  In the execution of this concept the distance between the electrodes ranges
      from 0.3 to 3 mm and the interspace between the electron emitting
      electrode and the charge receiving insulating material is preferably
      filled with an ionizable bas kept under an over-pressure of a few Torr
      e.g. 3 to 5 Torr. To prevent self-sustaining electric discharge, a
      quenching additive is added to the ionizable gas or gas mixture which may
      be e.g. ethanol vapour or a haolgen.
PAR  A particularly useful gas mixture consists of argon and
      monobromotrifluoromethane (CF.sub.3 Br) in the ratio 1:5.
PAR  When using in the gas mixture a fluoromethane such as carbon tetrafluoride,
      monochlorotrifluoromethane or monobromotrifluoromethane, a separate
      discharge quenching additive is not required, since the electron
      avalanching stops almost simultaneously with the termination of the
      emission of the image-wise generated electrons.
PAR  A DC voltage is applied on both electrodes so that between them preferably
      a voltage is maintained of a magnitude from 1 to 5 % above the breakdown
      voltage of the gas or gas mixture in a homogeneous electric field.
PAR  In the recording apparatus described in the above German Patent
      Specification a polyester foil is used as the charge receiving insulating
      sheet. At the sides the polyester sheet is pressed on sealing strips in
      order to keep the interspace filled with the ionizable gas. Each
      electrostatic image is obtained on a separate insulating sheet and is
      tonerdeveloped on said sheet. Such procedure requires for each recording
      operation that air be admitted into the interspace filled with ionizable
      gas consequently, it is necessary to remove a sufficient amount of that
      air and replace it with by the desired ionizable gas before the production
      of the next print can start.
PAR  From Belgian Pat. No. 792,334 is known a process for the production of an
      electrostatic image which is characterized by the steps of (1) placing a
      dielectric sheet between an anode and a cathode, (2) allowing to be
      absorbed in the interspace between the anode and cathode in which
      interspace a gas with an atomic number of at least equal to 36, preferably
      xenon, is kept at a pressure above atmospheric pressure, forming by the
      X-ray absorption electrons and positive ions, (3) attracting the electrons
      towards the anode and the positive ions to the cathode by applying a
      potential difference between the electrodes to deposit one of the types of
      the charged particles onto the dielectric sheet.
PAR  In the process as examplified by the FIG. 1, 5 and 6 of such Belgian Patent
      a cassette is used which has to be opened and filled with the ionizable
      gas before the production of a new print can start.
PAR  This makes the production of several subsequent prints rather time
      consuming, and makes it difficult to avoid the loss of the rather
      expensive ionizable gas.
PAR  It is one of the objects of the present invention to provide a process for
      producing an electrostatic charge pattern in an ionizable gas medium or
      high vacuum medium in which the charge pattern is transferred outside the
      ionizable gas or vacuum medium without substantially changing the pressure
      and gas composition of the medium in which the charge pattern is formed.
PAR  It is a special object of the present invention to produce that charge
      pattern with photo-electrons emitted inan ionizable gas under reduced
      pressure in order to obtain electron multiplication by the electron
      avalanching effect.
PAR  It is a further special object of the present invention to produce that
      charge pattern under high vacuum conditions with photo-electrons
      multiplied by secondary emission in a special matrix from which the
      electrons in substantial configuration with the photo-exposed area of a
      photocathode are projected onto an insulating target.
PAR  It is another special object of the present invention to produce that
      charge pattern in an ionizable gas medium at a pressure equal to or above
      atmospheric pressure and to use therefor an ionizable gas having a hgh
      inherent X-ray absorption.
PAR  A still further object of the present invention is to provide devices for
      achieving the above objects.
PAR  Still further objects, features and advantages of the present invention
      will become apparent upon consideration of the following disclosure.
PAR  According to the present invention a method of recording an electrostatic
      charge pattern representing information to be recorded and generated in
      the interior of an air-tight envelope or chamber comprising a target
      towards which the charged particles e.g. electrons are projected, is
      characterised in that the electrostatic charge pattern is produced within
      the envelope on an electrically insulating surface of a charge receiving
      material and (1) according to a first mode the charge pattern from the
      surface is transferred through an array of closely spaced solid conductors
      held in a solid electrically insulating matrix, to an uncharged
      electrically insulating surface of an other charge receiving material
      removably positioned at the outer side of the envelope or (2) according to
      a second mode said charge pattern from such surface is transferred through
      the array of conductors to an oppositely charged electrically insulating
      surface of a charge receiving material removably positioned at the outer
      side of the envelope, whereby a charge pattern corresponding with the
      un-neutralized area of the exterior insulating surface.
PAR  According to a preferred embodiment charge transfer through the conductors
      is improved applying a potential difference of the same field direction as
      the internally produced charge pattern. The field is applied across the
      insulating material inside the envelope (called hereinafter "internal
      insulating material") and the insulating material outside the envelope
      called hereinafter "external insulating material".
PAR  Although in the present disclosure reference is made to "charges" resulting
      from electrons (both photoelectrons and secondary emission electrons) this
      term is not intended to be limited thereto, since the "charges" may be
      built up by electrons and/or ions formed in the envelope.
PAR  The basic elements of a particular recording apparatus of the present
      invention are illustrated by the accompanying schematic drawing wherein
      FIG. 1 is a cross-sectional representation of a recording system structure
      of the present invention in which an ionizable gas is used, FIGS. 2 and 4
      are cross-sectional representations of photoelectron-emitting devices
      useful in the process of the present invention and FIG. 3 is a
      cross-sectional representation of an imaging structure useful in
      combination with a scanning exposure system.
PAR  It should be understood that in these figures certain dimentions of the
      layers, photocathode, optionally used micro-channel plate, insulating
      target, etc., have been greatly exaggerated to show the details of
      construction.
PAR  No inferences should, therefore, be drawn as to the relative dimensions of
      the layers or spacings separating the various elemental parts of the
      imaging apparatus.
PAR  The reproducing system illustrated in FIG. 1 employs a insulating charge
      receiving material 1 supplied as a web or film from a supply reel 2. The
      web is taken off the supply reel 2 and moved to the left, as shown by the
      arrow, around a guiding roller 3 and introduced between a conductive
      backing plate 4 and a pin-matrix 5 in which the conductors are fine wires
      6 or fibres of conductive material which are substantially uniformly
      spaced from each other, are in parallel relation to each other and are
      aligned perpendicular to the major plane of the wall. They are
      hermetically sealed to each other by an insulating material 7, e.g. glass
      or insulating resin.
PAR  Inside the gas tight envelope 15 a photocathode 8 is deposited as a layer
      onto a conductive coating 9 which is e.g. a material providing good
      adherence for the photocathode material. For a photocathode (photoemitter)
      having a base of antimony, Ni-chrome is a suitable backing material. X-ray
      sensitive photocathodes are e.g. made of lead or uranium. Parallel with
      the photocathode 8 an internal insulating charge receiving web 10 is
      arranged in the form of an endless belt that can be moved with two
      magnetically or electrically driven supporting rollers 11.
PAR  The interal charge receiving web 10 is at rest during the exposure of the
      photocathode 8 and moves after the exposure in the direction of the pin
      matrix 5 in order to allow the transfer of the charge pattern of the web
      10 onto the external charge receiving web 1. A guiding plate 12 keeps the
      web 10 perfectly flat in the exposure stage and a guiding plate 13 ensures
      a good contact ot the charge carrying surface of the web 10 with the
      input-ends of the conductive wires 6.
PAR  Between the conductive guiding plate 12 and the backing layer 9 of the
      photocathode a DC potential difference is maintained during the exposure
      of the photocathode 8. The positive pole of the DC potential source (not
      shown in the drawing) is connected to the guiding plate 12 and the
      negative pole to the backing layer 9.
PAR  During the charge transfer a DC potential is applied between the internally
      positioned guiding plate 13 and the externally positioned guiding plate 4
      in order to improve the charge transfer.
PAR  In order to make possible the formation of successive electrostatic charge
      patterns on the charge receiving web 10, the rub 10 is also constituted
      that it can be made electrically conductive upon non-information-wise
      (overall) irradiation with electromagnetic radiation (photons), in other
      words the charge receiving member is photoconductive. It may also be so
      constituted that it can be made electrically conductive upon
      non-information-wise (overall) photon-excitation (effecting molecular
      and/or atomic vibration) e.g. through infra-red irradiation, in other
      words in that case the charge receiving member is thermoconductive.
PAR  In the apparatus illustrated in FIG. 1 an exposure source 14 emitting
      electro-magnetic radiation increasing the conductivity of the web 10 is
      arranged outside the envelope 15 which has a window 16 that is transparent
      for the emitted radiation. The residual charges are carried off to the
      ground through the roller 11 which is electrically conductive. The web 10
      is e.g. an organic polymeric photoconductor web coated at the rear side
      with a conductive layer e.g. vacuum evaporated aluminium (not shown in the
      drawing) or is a flexible belt coated with an organic or inorganic
      photoconductor e.g. a flexible selenium belt as described in Phot.Sci.
      Eng., 5 (1961) 90.
PAR  The envelope 15 is filled with an ionizable gas or gas mixture in admixture
      with a discharge quenching substance e.g. ethanol as described e.g. in the
      German patent specification No. 1,497,093. The filling gas is
      advantageously kept under an over pressure of only a few Torr, e.g. 5
      Torr. A useful gas mixture consists e.g. of argon and
      monobromotrifluoromethane (CF.sub.3 Br) in the weight ratio 1:5. When
      using the above fluoromethane a separate quenching additive is not
      required. The applied DC voltage is preferably not more than 5 % above the
      breakdown voltage of the gas.
PAR  The distance between the photocathode 8 and the web 10 is preferably in the
      range of 0.3 to 3 mm. Such distance and the potential difference between
      the photocathode and the rear side of the insulating web material 10 forms
      an accelerating field acting upon the electrons and determine together
      with the kind of ionizable gas and its pressure the degree of the electron
      avalanching effect.
PAR  According to a special embodiment the photocathode is provided with a
      screen having minute holes for preventing the divergence of the electrons
      and improving image sharpness.
PAR  According to an embodiment described in the German patent specification No.
      1,497,093 the minute holes of the screen, the diameter of which may be
      e.g. 0.2 mm and the depth e.g. 0.8 mm can be made in a plastic material or
      metal screen. By means of a screen having above hole dimensions, the
      photo-electrons which, when liberated by X-rays, are emitted in all
      directions from the heavy metal layer are directed in such a way that the
      ones diverging by more than 15.degree. from the perpendicular on the plane
      of the electrode become absorbed. On one side of the screen the hole sides
      are connected with the electrode, on the other side the holes are covered
      with a thin, e.g. 0.01 mm thick aluminium foil.
PAR  The aliminium foil covering the openings of the screen serves as an
      electrode and the electrons emitted therefrom interact with the ionizable
      gas particles and effect the avalanching process. The sideways spreaded
      electrons present in the electron-multiplying avalanche are not removed by
      the above defined screen and still impair the image sharpness. Thus, the
      above described embodiment, which is valuable for eliminating electrons
      that are obliquely emitted from the photocathode does not remedy for image
      unsharpness resulting from the sideways electron spreading in the electron
      multiplicating avalanche in the ionizable gas medium.
PAR  Therefor, according to another embodiment, described in more details in our
      copenging United Kingdom patent application No. 24,169/73 filed on May 21,
      1973 and entitled "Electrostatic Imaging Device and Process Using Same"
      which is to be read in conjunction herewith a photocathode having a
      plurality of narrow passages is placed in the ionizable gas medium and is
      directed with its windowless output-openings toward the charge receiving
      target.
PAR  The electron image need not necessarily be produced with a photocathode as
      it may be produced in various ways. For example, use can be made of an
      information-wise modulated scanning electron beam which optionally is
      projected onto a source of secondary electron emission from which
      secondary electrons are projected as an electron image, onto the target.
      In other words use may be made of a cathode ray type appliance comprising
      a removable insulating target sheet or ribbon on which the electrostatic
      charge pattern can be produced. Particulars about cathode ray tubes used
      in electrostatic recording are described e.g. in the Journal of Applied
      Physics Vol. 30, Dec. (1959) pages 1870-1873 and in the U.S. Pat. No.
      3,007,049.
PAR  According to an embodiment which has been illustrated in FIG. 1, the
      electron image is produced with a photocathode by information-wise
      exposing such cathode to a pattern of radiant energy representing the
      information to be recorded thereby causing the emission of photoelectrons
      in a pattern corresponding with the pattern of radiant energy.
PAR  In the envelope the ionizable gas may be present under reduced pressure
      e.g. 0.1 to 10 Torr or when applying the recording techniques described in
      the German patent specification No. 1,497,093 or in the published GErman
      patent application No. 2,231,954 may be present under an over-pressure of
      say 5 Torr above atmospheric pressure (760 Torr).
PAR  When using the device for X-ray recording, the solid state photocathode may
      be omitted when using in the envelope an ionizable gas having a high X-ray
      absorption power, preferably having an atomic number of at least 36, which
      is kept at a pressure above atmospheric pressure. For such a type of
      recording technique in which electrons and positive ions are produced
      reference is made to the Belgian patent specification No. 792,334 and to
      the method of producing a fluorescopic image described by A. Lansiart et
      al. in Nuclear Instruments and Methods 44 (1966), 45-54.
PAR  The present invention includes the above X-ray recording techniques to
      produce an electrostatic charge pattern on the internal insulating
      material.
PAR  The present invention includes not only embodiments in which the
      electron-multiplication results from gas ionisation and an optional
      electron avalanching effect but likewise includes those embodiments in
      which electron multiplication is the result of secondary emission or in a
      solid material.
PAR  According to a special embodiment the information-wise emitted electrons
      are guided in microchannels in which secondary emission takes place by the
      collision of such electrons with the inner walls of a microchannel plate.
      In that case however, the channel plate must have innerwalls that are
      sufficiently electrically resistive and have secondary emissive
      characteristics e.g. as described in the United Kingdom patent
      specification Nos. 954,248, 1,064,072, 1,064,073, 1,064,074 and 1,064,075
      and Advances in Electronics and Electron Physics Vol. 28 (1969) pages
      471-486, and in Philips Technical Review Vol. 30 (1969) pages 239-240. The
      gas pressure in the envelope is then preferably below 5 .times.
      10.sup.-.sup.4 Torr in order to avoid a self-sustaining discharge
      resulting from ionic feedback (see Advances in Elctronics and Electron
      Physics Vol. 28 (1969) page 503).
PAR  Very good electron multiplication can be obtained by combining secondary
      electron transmission multiplication material with a channel plate
      intensifier as described in the U.S. Pat. No. 3,660,668.
PAR  In FIG. 2 a photocathode structure with electron-multiplying channel plate
      is illustrated. Such structure is built into the imaging device of FIG. 1
      and replaces therein the photocathode 8 and the conductive backing 9.
PAR  In FIG. 2 the photocathode is represented by the layer 20, the microchannel
      plate by the apparatus part 21. The insulating charge receiving web of
      FIG. 1 is here the element 22. This web is coated at its rear side with a
      conductive layer 23 e.g. a vacuum coated aluminium layer. The microchannel
      plate 21 is in close proximity to the photocathode 20 e.g. its input
      openings are at a distance less than 0.3 mm of the photocathode 20. The
      photocathode 20 is of the type described in the German patent
      specification No. 1,497,093 e.g. is a 1.5 micron layer of lead or a 1.0
      micron layer of uranium applied on an aluminium sheet 24. During the
      information-wise X-ray exposure of the photocathode 20 a DC-potential
      difference is applied by means of the potential source 25 between the
      input and output ends of the microchannel plate 21. These ends are covered
      (e.g. by vapour-deposition), without blocking the openings of the
      individual microchannels, with the electroconductive layers 26 and 27. The
      DC-potential source 25 is connected with the minus pole to the conductive
      layer 26, which is facing the photocathode 20, and with the plus pole to
      the conductive layer 27, which is directed to the insulating web 22.
PAR  The microchannel plate 21 is supported and held in parallel position to the
      photocathode 20 by the rectangular annular clamp 28 which clamp ensures
      the electrical contact of the coatings 26 and 27 with the potential source
      25. The clamp is electrically insulated from the envelope 29 by the
      material 31. Between the electroconductive layer 27 and the conductive
      coating 23 of the insulating charge receiving web 22 (the internal
      insulating material) a potential difference is applied for attracting the
      electrons leaving the microchannel output openings onto the web 22. The
      plus pole of the potential source 30 is connected to the conductive layer
      23 of the insulating web 22. Variable resistors (not shown) make it
      possible to adapt the voltage of the potential sources 25 and 30 in view
      of the desired electron gain. Optionally, between the rear side of the
      photocathode 20 i.e. the conductive backing 24 and the input-openings of
      the microchannel plate 21 a potential difference is applied with a DC
      voltage source (not shown) in order to accelerate them towards the
      microchannel plate 21. Before the photoexposure, the envelope in which the
      web 22 is present is evacuated to a reduced pressure smaller than
      10.sup.-.sup.3 Torr.
PAR  According to a modified embodiment of the imaging apparatus represented in
      FIG. 2 the microchannel plate is provided on its conductive input opening
      ends with an electrically insulating solid material which does not block
      the channel openings. The microchannel plate contacts the photocathode or
      is sealed to the photocathode through this electrically insulating solid
      material. The insulating solid material contacting the photocathode may be
      a second microchannel, which can be secondarily emissive or not as
      desired, but lacks conductive end coatings and has its openings arranged
      in registration with the openings of the channel plate that is connected
      with its ends to the potential source 25. According to a preferred
      embodiment the openings of the first insulating channel plate are much
      larger than those of the channel plate to which a potential difference
      between input and output openings is applied, e.g. the ratio of the
      diameter of their openings is e.g. 5:1. The risk of damaging the channel
      plate is strongly reduced by the use of a channel plate that is supported
      by the photocathode.
PAR  In the present imaging process the material of the photocathode may be any
      type of photo-electron emitting substance or composition known in the art.
      For example, it may be directly sensitive to .gamma.-rays, X-rays, visible
      light and/or ultra-violet or infra-red radiation.
PAR  A non-limitative survey of photocathode material is given by H. Bruining in
      his book Physics and Applications of secondary Electron Emission -
      Pergamon Press Ltd. - London (1954).
PAR  Examples of photocathodes used in various vacuum operated electronic image
      tubes, such as image intensifier tubes, are e.g. photocathodes of the
      silver-oxygen-caesium type (S.sub.1) for near infra-red conversion or of
      the antimony-sodium-potassium-caesium type (S.sub.20) for visible light
      applications (see Philips Technical Review, Vol. 28, (1967) page 169).
PAR  These photocathodes are sensitive to atmospheric conditions and are
      therefor only applied in high vacuum (less than 10.sup.-.sup.3 Torr) or
      inert gas electronic devices that need not be demounted or opened. An
      example of the use of such photocathodes in an X-ray image amplifier tube
      has been given in The Physical Basis of Electronics of J. G. R. Van
      DyckCentrex Publishing Company - Eindhoven (1964) page 209. In such tubes
      the photocathode system consists of a photocathode which is sensitive to
      light emitted by a fluorescent layer that fluoresces when struck by X-rays
      and that receives photoelectrons emitted by a lead layer applied to an
      aluminium support carrying the fluorescent layer.
PAR  The microchannel device used in the present invention as explained in
      connection with FIG. 2 may be defined as a resistive matrix including
      narrow passages arranged in substantially parallel relationship to each
      other with their end openings constituting the input and output faces of
      the matrix, such input and output faces being each coated with an
      electrically conductive layer, the conductive layer on the input face of
      the matrix serving as an input electrode, and a separate conductive layer
      on the output face of the matrix serving as an output electrode, the
      distribution and cross-section of the narrow passages (microchannels) and
      the resistivity and the secondary-emissive properties of the matrix being
      such that the resolution and electron multiplication characteristic of any
      one channel unit area of the device is substantially similar to that of
      any other channel unit area in order to avoid image distortion.
PAR  In the operation of the channel electron multiplier device a suitable
      DC-potential difference e.g. 0.5 -5 kV is applied over the input and
      output opening electrode materials so as to set up an electric field to
      accelerate the electrons (photo-electrons and secondary emission
      electrons), thereby establishing a potential gradient over and a current
      flowing through the electron-emissive material present on the inside
      surface of the channels or, if such channel inner coating is absent,
      through the bulk material of the matrix.
PAR  Secondary-emissive multiplication takes place in the channels and the
      output electrons may be acted upon by a further accelerating field which
      may be set up between the rear of the insulating target sheet and the
      output openings of the microchannels.
PAR  Between the photocathode and the electrode on the input openings of the
      microchannel plate an electric field may be applied. When that field is so
      strong that the photoelectrons are travelling along straight lines, i.e.
      nearly parallel to the tube axis at the input, no multiplication or only
      poor multiplication takes place, for an insufficient number of collisions
      is produced. It is possible to correct for this by tilting the channels of
      the plate e.g. in the range of 1 to about 10.degree. with respect to the
      perpendicular on the photo-electron-emitting surface.
PAR  Secondary-emissive electron multiplier devices of the type of the
      microchannel plate described in connection with FIG. 2 of the present
      invention are described e.g. in the United Kingdom patent specification
      Nos. 950,640, 1,064,072, 1,064,073, 1,064,074, 1,064,075 and 1,137,018 and
      in the Canadian patent specification Nos. 750,037, 779,996 and 866,923.
PAR  The length-to-diameter ratio of the narrow passages or microchannels of the
      microchannel plate is preferably in the range of 100:1 to 50:1. The
      diameter of the channels determining the image resolution of the system is
      preferably not larger than 200 microns. Mirco-channels of 40 microns
      diameter are commercially available in the form of a disc specified as
      channel electron multiplier plates G 40-25 and G 40-5 by Industrial
      Electronic Division, Mullard Ltd., Mullard House, Torrington Place,
      London, W.C. 1 E 7 HD.
PAR  If the channels do not have resistive inner surfaces, the bulk material of
      the matrix preferably has a resistivity in the range 10.sup.9 -10.sup.11
      ohm.cm; the actual value is determined by the maximum output current that
      will be drawn from the device.
PAR  The manufacturing techniques for channel plates are quite similar to those
      used for fibre optics (see United Kingdom patent specification No.
      1,064,072, KAPANY, N.S., "Fibre Optics : principles and applications",
      Academic Press, New York 1967), and G. Eschard and R. Polaert, Philips
      Technisch Tijdschrift 30, (1969) pages 257-261.
PAR  Tubing of poorly conductive glass is drawn to the required diameter in one
      or more stages. Channels of already small diameter e.g. 500 microns are
      assembled and then the bundle is drawn down to the required size e.g. 40
      microns. The individual channels or multiple units (bundles) when large
      plates are made e.g. of 30 cm .times. 40 cm may be adhered or fused
      together to make up the required area. Small bundles are sliced, large
      bundles are ground and/or polished to obtain the required area. The input
      and/or output area of the plate may be curved, but in order to avoid image
      distortion the curvature should be the same for both window faces.
PAR  In order to obtain secondary electron emission the inner surface of the
      thin glass tubes is covered with a substance having secondary electron
      emission properties (see Physics and Applications of Secondary Electron
      Emission by H. Bruining - Pergamon Press Ltd., London (1954) page 17).
PAR  In the Journal of Scientific Instruments (Journal of Physics E) 1969,
      Series 2, Volume 2, pages 825-828, channel electron multipliers have been
      described in which the inner surface of the glass tubes is coated with
      lead or vanadium oxide. The inner surface of the tubes is prepared before
      or after reaching the final diameter.
PAR  The individual electron multiplying channels are connected electrically in
      parallel by evaporating e.g. a thin NI-chrome film at an oblique angle
      onto the two open channel window faces of the plate, but leaving each
      multiplier channel open. A peripheral ring electrode may be pressed
      against each face of the plate to establish the electrical contact.
PAR  The open area of suitable plates is preferably not smaller than 60 % and at
      present reaches 80 %.
PAR  The channels may contain some amount of gas molecules. In operation
      residual gas molecules near the output of the plate are accelerated back
      down the channels and may start additional cascades by striking the
      channel wall near the input. The incidence of ionic feedback depends on
      the residual gas pressure and the electron density. As already explained
      at sufficiently high pressures and gains, an undesirable a self-sustaining
      discharge can occur. With pressures below 10.sup.-.sup.5 mm Hg channel
      electron multiplier plates can be operated with gains in excess of
      10.sup.5 without trouble, while at 10.sup.-.sup.3 mm Hg plates have been
      operated successfully with gains of several thousands (see Mullard
      Technical Communications No. 107, Nov. 1970, p. 170-176).
PAR  An element appropriate for the multiconductor wall section of the envelope
      of the imaging device is available under the trademark "Multilead" from
      Corning Glass Works, Industrial Bulb Sales Department, Corning, N.Y. It is
      available with a number of different conductor materials and sizes and a
      number of different spacings between the conductors. The "Multilead"
      material comes in sheet or strip form and can be incorporated into the
      envelope wall 15 (see FIG. 1) by a suitable glass fusion technique.
PAR  A process for producing fibres containing a metal core is described in the
      United Kingdom Pat. No. 1,064,072. According to this technique,
      metal-cored glass fibres are drawn down till a sufficient length of
      200-300 micron fibre is obtained. A bundle of fibres is made by sealing
      the fibres together and is then cut into lengths of say, 10 cm. Each of
      these lengths of bundle is then drawn down in the same way as the original
      tube, equipped with an external cladding of thin insulating glass and
      drawn down till it is about 50 micron in diameter. This glass fiber
      containing a metal wire e.g. copper is quite easy to handle. According to
      that technique 10 .mu. fibres that are assembled in bundles or plates can
      be made. See for such a technique also Philips Technisch Tijdschrift
      (1969) No. 8/9/10, page 259.
PAR  The wires or pins in the matrix should be preferably short and the
      dielectric constant of the binder material low so as to obtain high charge
      transfer speed and maximum image resolution.
PAR  The transfer of the electrostatic images may proceed by conduction of
      electrical charges across a gas or air gap or by direct charge transfer
      when a gas or air gap is not present or eliminated.
PAR  Image sharpness is practically unaffected by charge transfer or contact.
      This requires, however, a close and direct contact of the ends of the
      conductive wires with the insulating charge carrying material. Such
      intimate contact is obtained in practice by operating with very smooth
      surfaces that are placed together under pressure.
PAR  In order to avoid image distortion as much as possible the member on which
      the charge image inside the imaging envelope is produced is in the form of
      rigid plates that are arranged on an endless carrier belt or are connected
      to each other in the form of an endless belt with hinges or flexible
      joints. In the exposure stage each plate is positioned in contact with an
      electrically insulating ring surrounding the photocathode. The height of
      the ring is such that the distance between the photocathode or other
      electron emitter and the charge receiving plate ensures optimal electron
      multiplication At the charge transfer stage each plate is pressed against
      the input side of the matrix block containing the charge transferring
      wires.
PAR  With the apparatus of the present invention all kind of reproduction and
      copying work can be done e.g. document copying, micro-film enlargement,
      fac-simile, X-ray photography and even cinematography e.g. by operating at
      6 to 16 image frames per second. In connection with document copying and
      facsimile attention is directed to the embodiment represented in FIG. 3 in
      which the production of the charge pattern proceeds scanning-wise with a
      photocathode strip and the transfer of the carge pattern optionally
      proceeds with a wire-matrix block containing a single row of wires
      positioned between the insulating charge receiving material inside the
      imaging envelope and the removable charge receiving material outside said
      envelope.
PAR  The reproducing system illustrated in FIG. 3 is partly the same as the one
      described in FIG. 1. It employs a web-like insulating charge receiving
      material 41 supplied from a supply reel 42. The web 41 is taken off the
      supply reel 42 and moved to the left, as shown by the arrow, around a
      guiding roller 43, and introduced between a conductive backing plate 44
      and an insulating wire matrix 45 containing a single row of substantially
      parallel conductive pins 46 embedded in an insulating material 47. The
      length of the row of pins is somewhat smaller than the width of the
      receiving web 41. The pins 46 penetrate the envelope face and permit the
      charge of the insulating web 48 to be transferred to the web 41. The
      charge pattern is produced line-wise by progressive line-wise exposure
      with e.g. visible light of the photocathode 49 which is in the form of a
      layer strip having the width of the charge receiving insulating web 48.
      The photocathode material, e.g. made of photoemissive cesium-antimony is,
      applied on a transparent conductive electrode strip 50, e.g. vacuum
      deposited aluminium, on the transparent wall 51, e.g. made of glass
      transparent to visible light. NESA glass (which is tin oxide coated glass)
      is perfectly suited for producing the elements 50 and 51. The walls or
      envelope material of the vacuum or low pressure chamber are electrically
      insulating. By employing a very close spacing between the photoelectron
      emitting surface and the charge receiving web 48, the use of magnetic or
      electrostatic focussing coils and the like is made unnecessary. However,
      relatively simple magnetic or electrostatic focussing systems may be
      employed.
PAR  In order to obtain electron multiplication the photocathode chamber 52 may
      contain the already described ionizable gas or gas mixture or a single row
      or plurality of rows of secondary emissive microchannels (not shown in the
      drawing) having the input and output electrodes thereof kept e.g. at 1 kV
      by a DC voltage source, the negative pole being connected to the input
      ends and the positive pole to the output ends. Between the conductive
      backing 50 and the guiding plate 53 a potential difference is applied for
      driving the emitted electrons towards the insulating web 48. The
      photocathode strip 49 is progressively linewise exposed according to a
      technique known in office copying apparatus e.g. as described in the
      article of K. H. Arndt "Wie funktioniert ein elektrophotographischer
      Kopierautomat" - Photo-Techniek und Wirtschaft Nr. 6 -1971) page 191
      dealing with the GEVAFAX X-10 office copier (GEVAFAX is a trade name of
      Agfa-Gevaert N.V., Belgium). In FIG. 3 the element 54 represents a mirror
      having the width of the photocathode strip 49. The light beam 55
      originates from a scanning system (not shown in the drawing) applied in
      the GEVAFAX X-10 apparatus.
PAR  The charge receiving web 48 is arranged in the form of an endless belt and
      is moved by two supporting rollers 56 that from outside the envelope are
      magnetically driven. The charge-receiving web 48 mores synchronously with
      the progressive linewise exposure and so likewise does the external charge
      receiving web 41. A guiding plate 57 ensures a good contact of the charge
      carrying surface of the web 48 with the input ends of the conductive wires
      46.
PAR  In the apparatus illustrated in FIG. 3 the charge receiving web 48 has a
      photoconductive layer, e.g. is a selenium layer or photoconductor layer
      based on poly-N-vinyl carbazole, applied to a flexible endless belt metal
      support. An exposure source 58 emitting electromagnetic radiation e.g.
      ultra-violet light which increases the conductivity of the photoconductor
      layer of the web 48 is arranged outside the vacuum or reduced pressure
      chamber envelope walls 59. The envelope has a window 60 that is
      transparent for the emitted radiation. The residual charges are carried
      off to the ground through the roller 56 which is electrically conductive.
PAR  Depending on the type of electron multiplication the room inside the
      envelope walls is evacuated up to say 10.sup.-.sup.4 to 10.sup.-.sup.5
      Torr in order to allow the use of the secondary emissive microchannels or
      is filled with an ionizable gas for obtaining gas ionization and
      optionally the described electron avalanching effect.
PAR  According to a special embodiment both systems of electron multiplication,
      the one with secondary emission in a solid matrix and the one based on gas
      ionization and electron avalanching are combined. In FIG. 4 a
      cross-sectional view of such a device suitable for use in the present
      invention is illustrated. The device is represented in FIG. 4 in the form
      of an "exposure-head" that is suited for linewise progressive exposure of
      the photocathode as explained in connection with FIG. 3.
PAR  FIG. 4 represents an "exposure head" in which the photocathode 61 is
      arranged in a housing 62 consisting of two parallel insulating plates e.g.
      glass plates 63 that are provided at the front and rear side (parallel
      with the plane of the drawing) with two closing plates. At the top of the
      housing a glass strip 64 (transparent for visible light) coated with a
      transparent conductive layer 65 e.g. a NESA-glass coating (NESA is a
      trademark of Pittsburgh Plate Glass Co. -- U.S.A.) is applied in gas tight
      fashion. A microchannel plate 66 containing a single row or a row of a
      plurality of secondary emissive microchannels 67 is applied at 2 to 5 mm
      from the photocathode 61. The microchannel plate 66 is carried by and
      fixed to the housing by an insulating clamp 68 containing leads connecting
      the input electrode ends 69 to the minus pole of a DC potential source 70
      and the positive pole to the output electrode ends 71 of the microchannel
      plate 66. A DC-voltage source 81 is connected to the layer 65 and the
      electrode 69.
PAR  A second insulating microchannel plate 72 which does not necessarily have
      secondary emissive walls is arranged below the microchannel plate 68. The
      input opening ends of plate 72 are provided with an electrode layer 82
      that does not block the input-openings. The output openings of plate 72
      are blocked or covered with a window 73 of electron beam penetrative
      nature. For example the window 73 is a thin film of a metal (aluminium,
      nickel, etc.) or of metal oxide (Al.sub.2 O.sub.3) or a semiconductor
      whose thickness lies within a range of a fraction of 1 micron to several
      microns (for a detailed description of electron-beam penetrative windows
      see U.S. Pat. No. 3,611,418). An electron beam whose energy is in the
      order of several ten keV(kiloelectronvolt) e.g. 40 keV can easily pass
      through a film window with the specified thickness.
PAR  The electrons pass through the thin film window 73 by the voltage applied
      with the DC-source 74. After penetrating the window 73 they impinge
      against gas particles present in the envelope 75 which is closed with the
      wall 76 (partly shown). The ionized gas particles emit one or more
      electrons and a cumulative electron emission takes place resulting in the
      so-called electron avalanching effect. The voltage across the distance
      between the electrode 82 and the charge receiving insulating endless belt
      part 77 (partly shown in the drawing) depends on the pressure residing in
      the envelope 75. For the relation between the gas pressure P, the strength
      of the electric field E and the first Townsend's coefficient, reference is
      made to FIG. 4 of the U.S. Pat. No. 3,611,418, to the breakdown voltage
      versus pressure curves of M. Knoll, F. Ollendorff, and R. Rampe,
      Gasentladungstabellen Springer Verlag, (1935) p. 84, and to the breakdown
      voltage at minimum of Paschen curve for various gases described by A. von
      Engel, Ionized Gases, Clarendon Press, Oxford (1955) p. 172.
PAR  The insulating layer 77 is carried by a conductive web e.g. flexible steel
      belt 78 or aluminium belt that is kept substantially flat by the guiding
      plate 79. This plate is electrically connected to the conductive input
      electrode 82 of the microchannel plate 72 through a DC voltage source 80.
PAR  The exposure of such an "exposure-head" proceeds e.g. with a flying spot
      scanner attached with its screen window to the covering plate 64. For the
      use of a "flying spot scanner-cathode ray tube" in rapid access continuous
      tone recording (CRT) reference is made to Phot.Sci.Eng. 5, 137 (1961).
PAR  In the housing 62 containing the secondary emissive microchannel plate, a
      vacuum of 10.sup.-.sup.4 to 10.sup.-.sup.5 is created before assembling
      the exposure head with the walls 76.
PAR  The photocathode is formed and assembled with the walls 63 e.g. according
      to the so-called "Transfer Technique" described in Philips Technisch
      Tijdschrift, (1969) no. 8/9/10, p. 238-240. The assembly of the window on
      which the photocathode is deposited by vacuum evaporation is affixed to
      the plates 63 by cold welding under pressure (see FIG. 1 of said article)
      while for assembling the microchannel plate with the Lenard window 72 at
      the bottom side of the plates 63 the same procedure of cold welding under
      high vacuum conditions may be applied.
PAR  The invention is not limited by the type of development of the
      electrostatic charge pattern on the removable insulating material.
PAR  The development of the electrostatic charge image proceeds preferably with
      finely divided electrostatically attractable material that is sufficiently
      non-transparent to visible light, but may proceed by surface deformation
      by a technique known as "Thermoplastic Recording", see e.g. Journal of the
      SMPTE, Vol. 74, p. 666-668.
PAR  According to a common technique the development proceeds by dusting the
      insulating film or film layer bearing the electrostatic image with finely
      divided solid particles that are image-wise electrostatically attracted or
      repulsed so that a powder image in conformity with the charge density is
      obtained.
PAR  The expression "powder" denotes here any solid material e.g. finely divided
      solid material in liquid or gaseous medium, and that can form a visible
      image in conformity with an electrostatic charge image. Well-established
      methods of dry development of the electrostatic latent image include
      cascade, power-cloud (aerosol), magnetic brush, and fur-brush development.
      These are all based on the presentation of dry toner to the surface
      bearing the electrostatic image where coulomb-forces attract or repulse
      the toner so that, depending upon electric field configuration, it settles
      down in the electrostatically charged or uncharged areas. The toner itself
      preferably has a charge applied by triboelectricity. The powder image is
      e.g. fixed by heat or solvent treatment.
PAR  The present invention, however, is not restricted to the use of dry toner.
      Indeed, it is likewise possible to apply a liquid development process
      (electrophoretic development) according to which dispersed particles are
      deposited by electrophoresis from a liquid medium.
PAR  The dispersed toner particles may be any powder forming a suspension in an
      insulating liquid. The particles acquire a negative or positive charge
      when in contact with the liquid due to the zeta potential built up with
      respect to the liquid phase. The outstanding advantages of these liquid
      developers are almost unipolarity of the dispersed particles and their
      appropriateness to very high resolution work when colloidal suspensions
      are applied.
PAR  Suitable electrophoretic developers are described e.g. in the U.S. patent
      specification No. 2,907,674 and the United Kingdom patent specification
      No. 1,151,141.
PAR  The electrostatic image can likewise be developed according to the
      principles of "wetting development" e.g. as described in the United
      Kingdom patent specifications Nos. 987,766, 1,020,505 and 1,020,503.
PAR  According to a particular embodiment the charge pattern is developed in
      direct relation to the quantity of charge, instead of to the gradient of
      charge (fringe effect development). Therefor the developer material is
      applied while a closely spaced conductor is situated parallel to the
      insulating charge receiving member. In that embodiment the conductor is
      e.g. through a potential source, electrically connected to the conductive
      backing layer of the insulating member (see for such type of development
      e.g. PS&E, Vol. 5, 1961, page 139).
PAR  The transferred charge pattern may be formed on any type of electrographic
      recording material. For example a recording web consisting of an
      insulating coating of plastic on a paper base having sufficient
      conductivity to allow electric charge to flow from the backing electrode
      to the paper-plastic interface. For a particular electrographic paper,
      reference is made to the U.S. Pat. No. 3,620,831.
PAR  As substances suited for enhancing the conductivity of the rear side of a
      transparent resin web or sheet are particularly mentioned antistatic
      agents preferably antistatic agents of the polyionic type, e.g. CALGON
      CONDUCTIVE POLYMER 261 (trade mark of Calgon Corporation, Inc. Pittsburgh,
      Pa., U.S.A.) for a solution containing 39.1 % by weight of active
      conductive solids, which contain a conductive polymer having recurring
      units of the following type:
      ##EQU1##
      and vapour deposited films of chromium or nickel-chromium about 3.5
      micrometer thick and that are about 65 to 70 % transparent in the visible
      range.
PAR  Cuprous iodide conducting films can be made by vacuum depositing copper on
      a relatively thick resin base and then treated with iodine vapour under
      controlled conditions (see J. Electrochem.Soc., 110-119, Feb. 1963). Such
      films are over 90 % transparent and have surface resistivities as low as
      1500 ohms per square. The conducting film is preferably overcoated with a
      relatively thin insulating layer as described e.g. in the Journal of the
      SMPTE, Vol. 74, p. 667.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of recording information as a pattern of electrostatic charges
      carried by an insulating charge receiving medium which comprises:
PA1  a. exposing to a pattern of X-ray, .gamma.-rays, or the like an imaging
      chamber enclosing a pair of spaced imaging electrodes and containing an
      ionizable gas having an atomic number of at least 36, which chamber is
      adapted to produce upon such exposure electrostatic charges therein in a
      corresponding pattern, while maintaining said gas during said exposure
      under superatmospheric pressure;
PA1  b. arranging interior dielectric charge receiving material within said
      chamber in a charge receiving position in the space between said
      electrodes;
PA1  c. applying a DC potential across said electrodes to bias said charge
      pattern onto a surface of said dielectric material;
PA1  d. displacing the charge-carrying dielectric material from said
      charge-receiving position to a charge-transferring position within said
      chamber, in which transferring position said charge-carrying dielectric
      surface is disposed in close proximity to the interior ends of an array of
      discrete closely spaced conductors extending from the interior to the
      exterior of said chamber; and
PA1  e. arranging an exterior dielectric charge-receiving material outside said
      chamber in close proximity to the exterior ends of said conductor array,
      whereby said charge pattern is transferred to said exterior dielectric
      material by way of said conductor array.
NUM  2.
PAR  2. A method according to claim 1, wherein said gas is xenon.
NUM  3.
PAR  3. A method according to claim 1, wherein the charge pattern formed on said
      removable receiving material is developed with an electrostatically
      attractable material.
NUM  4.
PAR  4. A method according to claim 1 wherein one of said imaging electrodes is
      a photocathode and said charged particle pattern is generated by imagewise
      exposing said photocathode to a pattern of radiant energy representing the
      information to be recorded.
NUM  5.
PAR  5. A method according to claim 4, wherein the photocathode is covered with
      a fluorescent coating that when struck by said rays emit electromagnetic
      rays having wavelengths for which the photocathode is sensitive.
NUM  6.
PAR  6. A method according to claim 1 wherein said charge transfer is
      facilitated by applying a DC potential across a pair of transfer
      electrodes arranged one within and the other outside the chamber in close
      proximity to the oppositely facing surfaces of the respective dielectric
      materials.
NUM  7.
PAR  7. A method according to claim 6 wherein the polarity of the interior
      electrode is the same as that of the charges on the dielectric material
      proximate thereto.
NUM  8.
PAR  8. A method according to claim 1 wherein said interior dielectric
      charge-receiving material is moved cyclically between said positions for
      sequential exposure and including the step of removing residual charges
      from said material before the same is returned to said charge-receiving
      position.
NUM  9.
PAR  9. A method according to claim 8 wherein said dielectric material is
      photoconductive and said residual charges are removed therefrom by passing
      said material through a light exposure position to uniformly expose the
      same to light intermediate said charge-transferring and charge-receiving
      positions.
NUM  10.
PAR  10. A radiographic system for operation with a source of X-rays which
      comprises:
PA1  a. an imaging chamber enclosing a spaced pair of imaging electrodes;
PA1  b. means in said chamber for emitting a pattern of electrostatic charges
      when exposed to an X-ray image and including an ionizing gas medium;
PA1  c. a dielectric material disposed in said chamber in a charge-receiving
      position adjacent one of said electrodes;
PA1  d. means for applying an electrical potential across said electrodes for
      biasing said pattern of electrostatic charges towards said dielectric
      material in said charge-receiving position on a surface of said material;
PA1  e. an array of discrete closely spaced conductors disposed in the wall of
      said chambers at a locus spaced from said imaging electrodes, said array
      having one end of the conductors thereof in said chamber and the other end
      outside said chamber and extending through the chamber wall;
PA1  f. means for displacing said charge-receiving material from said
      charge-receiving position to a charge-transferring position with the
      charge-carrying surface thereof in close proximity to the interior ends of
      said conductors; and
PA1  g. means for maintaining an exterior dielectric charge-receiving material
      in close proximity to the exterior ends of said array, whereby said charge
      pattern is transferred from the interior to the exterior dielectric
      material through said array.
NUM  11.
PAR  11. An imaging system according to claim 10 wherein said imaging electrodes
      include a photocathode.
NUM  12.
PAR  12. An imaging system according to claim 10, wherein said gas is xenon gas.
NUM  13.
PAR  13. An imaging system according to claim 10 including a pair of transfer
      electrodes, one within and the other without said imaging chamber in close
      proximity to the surfaces of the respective dielectric material facing
      away from said array.
NUM  14.
PAR  14. An imaging system according to claim 10 including means for feeding a
      web of dielectric material past the exterior ends of said array.
NUM  15.
PAR  15. An imaging system according to claim 10 wherein said interior
      dielectric material is an endless web and including means for moving said
      web cyclically between said positions.
NUM  16.
PAR  16. An imaging system according to claim 15 wherein said interior
      dielectric web is photoconductive and including means for exposing said
      web uniformly to light while moving from said charge-transferring to said
      charge-receiving position to remove residual charges therefrom prior to
      recharging.
NUM  17.
PAR  17. An imaging system according to claim 10 wherein said chamber contains
      under high vacuum conditions (1) an imaging photocathode, (2) a secondary
      emission multiplier including a plurality of electron-multiplying narrow
      passages arranged in substantially parallel relationship to each other and
      in which electrons emitted by the photocathode can be accelerated in an
      electric field.
NUM  18.
PAR  18. An imaging system according to claim 17, wherein the passages have a
      diameter not larger than 200 microns.
NUM  19.
PAR  19. An imaging system according to claim 17, wherein the length-to-diameter
      ratio of the passages is in the range of 100:1 to 50:1.
NUM  20.
PAR  20. An imaging system according to claim 17, wherein the secondary emission
      multiplier is a resistive matrix including narrow passages arranged in
      substantially parallel relationship and whose end openings constitute the
      input and output faces of the matrix, the two surfaces of said matrix
      where the passages open out being coated with an electrically conductive
      layer, the conductive layer on the input face of the matrix serving as an
      input electrode, a separate conductive layer on the output face of the
      matrix serving as an output electrode, the distribution and cross-sections
      of the narrow passages and the resistivity and the secondary-emissive
      properties of the matrix being such that the resolution and electron
      multiplication characteristic of any one channel unit area of the device
      is substantially similar to that of any other channel unit area.
NUM  21.
PAR  21. An imaging system according to claim 20, wherein the secondary emission
      multiplier is made of glass tubes that are assembled together in
      substantial parallel relationship and in which the inner surface of the
      tube is covered with a substance having secondary electron emissive
      properties.
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ABST
PAL  A processor for developing films and more particularly films of the diazo
      type in which the film and material to be copied are wrapped around a
      transparent drum and the film is developed by a light of the proper
      wavelength whose energization is periodically controlled.
PARN
PAR  This is a continuation of application Ser. No. 115,813, filed Feb. 16,
      1971, now abandoned.
BSUM
PAR  There presently exists a class of film of the so-called diazo type which
      comprises a sheet of a thermoplastic vehicle containing record forming
      cavities, or bubbles, and essentially invisible decomposition products of
      a sensitizing substance capable of generating gas sources upon exposure to
      radiation. The vehicle is usually water-inert and has great diffusivity
      and permeability properties which at a given exposure temperature below a
      given developing temperature and below the disintegrating temperature of
      the sensitizing substance promote formation of the cavities. Such types of
      films, for example, are manufactured by Kalvar Manufacturing Company of
      New Orleans, Louisiana, and are disclosed, for example, in U.S. Pat. No.
      2,911,299 issued Nov. 3, 1959 to A. Biril, Jr. et al. and entitled "System
      of Photographic Reproduction" and U.S. Pat. No. 3,032,414 issued May 1,
      1962 to R. W. James et al. and entitled "System of Photographic
      Reproduction."
PAR  The present invention relates to a machine for developing film of the
      foregoing type in a rapid and efficient manner. More particularly, the
      film to be developed is located adjacent a photographic material which is
      to be copied on said film and wrapped around a rotating transparent drum.
      A light source of the proper wavelength and sufficient energy potential is
      located within said drum and operated periodically to expose the film.
      After exposure, the film is passed through a heat roller for developing
      and fixing and the developed film and the photographic record material
      copied are separated and wound upon separate drums.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings in which:
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the machine;
PAR  FIG. 2 is an elevational view in section showing a portion of the drum.
DETD
PAR  Referring to FIGS. 1 and 2 the dizao type film 1 to be developed and fixed
      is wound on a spool 10 mounted by suitable shaft and bearing assembly 12
      on the upper portion of a pair of brackets 14. The spool 10 is driven by a
      motor 16 mounted on one of the brackets 14 through a drive belt 18 and
      pulleys 18a and 18b on the spool 10 and motor 16. The film record 2 to be
      copied which can be for example a photographic film is wound on a record
      spool 20 mounted on a shaft and bearing assembly 22 located on the bottom
      portion of the brackets 14. The film record spool 20 is driven by a motor
      26 through a belt drive 28 and the pulleys 28a and 28b on the spool 20 and
      motor 26.
PAR  The film record web 2 passes under a first idler roller 30 mounted on a
      bracket 31. The bracket 31 is held to a fixed base 7 by any suitable means
      and may be spring biased if desired. The details of the roller bracket
      mounting are not shown, for the sake of clarity. Roller 30 is made of
      rubber or other suitable material. The film 1 to be developed passes
      beneath a second idler roller 32 of the roller assembly 31 and it is
      located beneath the film record 2 at the bottom of roller 32.
      Consequently, on the output or upper side of the idler roller 32 the two
      films are sandwiched together with the film 1 to be developed being on the
      outside.
PAR  The sandwich of the film 1 and film record 2 curve upwardly to lie on the
      face of a transparent, circular drum 40. The cylindrical face of drum 40
      may be made of PYREX, LUCITE, or any other suitable type of material with
      good light transmitting characteristics for the particular wavelength of
      energy to be used. The film 1 to be developed is spaced from the outer
      surface of the drum 40 by the film record 2. This sandwich of film 1 and
      film record 2 is held around the periphery of the drum 40 by a shroud 44,
      preferably of opaque material, such as a dark canvas. The shroud 44 is
      fixed at one end to a stationary mounting bar 46 located on a mounting arm
      75 which is attached to a rear mounting plate 65 which is in turn
      connected to base 7. The other end of the shroud has a hook 47 or other
      suitable fastening device for fastening to a mounting rod 49' for holding
      the shroud tight when it is positioned around the drum 40. The mounting
      rod 49', as is the roller holder 31, is attached to a vertical mounting
      plate (not shown) which is mounted to the base 7.
PAR  Since the sandwich of film and film records 1 and 2 will be moving around
      the periphery of the drum 40, the drum is also made rotatable preferably
      by mounting it at its center on end wall 43 on rotatable bearings (not
      shown). A flanged ring 45 holds the transparent cylinder portion of the
      drum to the end wall 43.
PAR  A motor (not shown) mounted in front of the open side of the drum 40 on a
      T-shaped mount 47 has an output shaft 46 on which is mounted a drive tire
      46a. The drive tire 46a engages a drive tire 48a mounted on a rotatable
      shaft 48b on which a second drive tire 48 is mounted. Shaft 48b is held by
      suitable bearing on the mounting plate 47. The drive tire 48 engages a
      pair of shafts 49a on which are mounted drive tires 49. The shafts 49a can
      be held in bearings connected to an extension of the mounting plate 47.
      The rotatable drive tires 49 engage the inner surface of the drum
      cylindrical wall to rotate the drum to provide a small amount of motion to
      the drum to overcome any inertia forces. The drum rests on a pair of idler
      rollers 50 having flanges 50a located on each side of the drum (only one
      flange being shown). The flanges 50 engage the drum edges to provide
      lateral stability so that it does not rock or decay about its axis.
PAR  All of the components for rotating the drum 40 are of suitable material
      such as rubber, TEFLON and/or nylon for the various drive tires, etc.
      These components are mounted beneath a heat shield 51 within the drum.
PAR  An elongated light source 55 is mounted within a socket 52, located outside
      of the drum. The socket 52 has connections (not shown) to the lamp power
      supply (FIG. 2). The lamp 55 is stabilized by a collar 53.
PAR  The lamp 55 is an elongated lamp producing ultraviolet energy, or energy of
      any other wavelength, suitable for exposing the diazo film 1, which spans
      the width of the drum 40 over which the film 1 and film record 2 are to
      pass. It is operated on a pulsed basis by a suitable power supply (not
      shown) to provide a pulse of light of a duration sufficient to "stop" the
      motion of the film and film record as they move continuously around the
      drum 40. This in effect makes the printing aperture extremely narrow. This
      eliminates any registration problem, or problems of movement between the
      film and film record. This gives good resolution on the film 1 of the
      information to be copied from the film record 2.
PAR  The film, when exposed, should not exceed a predetermined temperature,
      which is in the order of 120.degree.F. Since the infrared energy radiated
      by the flash lamp 55 may raise the film to this temperature, a heat shield
      or filter 200 is interposed between the lamp 55 and the printing cylinder
      40. The head shield 200 has a fully cylindrical, or partially cylindrical,
      shape to correspond to the area of the printing drum to be exposed. It is
      preferred that the heat shield transmit the ultra-violet energy while
      reflecting the infrared energy. Thus, it may be of the dichroic type. A
      suitable heat shield is available from Corning Glass Company of Corning,
      New York which passes about 86 percent of the radiated energy from 3600 to
      4000A and absorbs or reflects the energy from 8500A to 10 m.mu..
PAR  A mirror type coating 44a of the dichroic glass is also preferably formed
      on the inside of the drums 44. This coating is of the same type referred
      to above, that is, it passes ultra-violet energy while reflecting or
      absorbing infrared energy. The combination of the heat shield and the
      coating 44a ensure that very little, if any, of the infrared energy
      reaches the film. This keeps the temperature of the film below that which
      might be harmful.
PAR  The power supply (not shown) for the lamp 55 can be of any suitable type.
      For example, it can be a thyratron or SCR operated supply or of the
      capacitor storage type. Also, if it is desired to reduce the dwell time
      between flashes of the lamp 55, several power supplies can be used and
      their operation multiplexed. Similarly, it is also possible to mount
      several lamps within the drum 40 and to flash the lamps simultaneously or
      sequentially. In any case, the flashing of the lamp or lamps is done to
      "stop" the motion of the film and film record.
PAR  A photocell sensor 36 is shown mounted adjacent the drum 40. The sensor is
      used to sense the spacing between the frames of the film record 2 to be
      copied or other marks on the film record. The light source for the
      photocell 36 is not shown, for the sake of simplicity. The sensor 36
      triggers the lamp source to cause the lamp to flash each time a frame mark
      passes. The wiring between the sensor 36 and the power supply itself are
      conventional and are not shown.
PAR  The interior of the drum 40 is preferably cooled by forced convection
      provided by fans (not shown). To accomplish this, the rear wall of the
      drum can be cut out or a spoke arrangement can be used. Further, a
      transparent infrared coating can be used on the interior of the drum to
      reduce the heat on the cylindrical wall. Fans or other cooling means can
      be used on other parts of the machine, as desired.
PAR  After passing over the transparent drum 40 where the film 1 is exposed by
      lamp 55, the sandwich of the film 1 and the film record 2 is moved to the
      developing and take-up side of the machine. The sandwich passes beneath an
      idler roller 60 mounted on the end of an extending arm 62 of a stationary
      roller bracket 64 which is mounted on a back plate 65. The roller 60 is
      located closely adjacent the drum 40 to maintain tension on the sandwich
      to provide a tight wrap around the drum. The sandwich passes beneath a
      second idler roller 66 which is mounted on a bracket 69 on the other side
      of the bracket 64. The film record is separated from the sandwich at the
      bottom of roller 66 and passes to a take-up spool 80. The take-up spool 80
      is mounted at the bottom of a bracket pair 84 which is connected to the
      fixed base 7 or some other stationary member. The spool 80 is held in the
      bracket pair 84 by a shaft and bearing assembly 82. The spool is driven by
      a motor 86 mounted on one of the brackets 84 through a drive belt 88 and a
      pair of pulleys 88a and 88b mounted to the spool and motor, respectively.
PAR  The exposed film 1 to be developed passes beneath the idler roller 60
      adjacent the drum and then around and over the idler roller 66 beneath a
      curved guide member 70. Another idler roller 68 is mounted to the back
      plate 65 and the guide member 70 is mounted at ends of the shaft 71 for
      roller 68. Roller 68 is preferably mounted, or biased, down against roller
      66 so that the film 1 is engaged by both rollers to provide a point
      against which the film can be pulled to provide tension.
PAR  The film 1 then passes through the heat roll developer assembly 72. This
      assembly includes a drum 73, which is preferably of a highly polished,
      heat conductive material. Suitable electrical heater elements (not shown)
      are located within the drum. These elements are preferably
      thermostatically controlled and also adjustable to provide a constant
      desired developing temperature for the drum 73. The drum 73 is preferably
      rotated on a shaft by a motor (not shown) mounted on the rear of plate 65.
PAR  To adjust the tension of the film on the heater drum 73, a control knob 74
      is mounted on the L-shaped frame arm 75 whose end is fastened to the back
      plate 65. As shown, the fastener 46 for the shroud 44 is mounted on top of
      the frame 75. The control knob 74 rotates a shaft 74a carrying a gear
      segment 76 between the frame 75 and the end of the heat drum. The teeth of
      gear segment 76 mesh with a rotatable pinion gear 77 mounted on the inner
      face of the frame 75. The pinion gear meshes with the teeth on the inner
      face of a sector gear 78 of about 150.degree.-180.degree.. The ends of the
      sector gear are connected to the diverging arms 79a and 79b of a bracket
      plate 79. A respective roller 81 and 83 is mounted on each arm 79a and 79b
      of the bracket plate and between the corresponding arms of a similar
      bracket plate (not shown) adjacent the rear mounting plate 65. The bracket
      plate 79 is mounted for rotation around shaft 74a but does not rotate
      therewith. The corresponding rear bracket plate (not shown) for the other
      end of each of roller 81 and 83 is also rotatably mounted on a suitable
      shaft, such as the shaft for heater drum 73, but it also does not normally
      rotate.
PAR  As shown in FIG. 1, the exposed film 1 passes over roller 71 and under the
      roller 83 of the tensioning assembly. The film then passes over and
      partially around the drum 73 and then beneath a roller 85 mounted on a
      holder 87 which in turn is mounted on back plate 65. To adjust the tension
      of the film around the heater drum, it is only necessary to rotate control
      knob 74 which rotates the bracket plate 79 (and the corresponding back
      bracket plate) and consequently the position of roller 83, through the
      gears 76, 77 and 78. For example, moving the roller 83 clockwise increases
      the tension and the surface contact of the film with the heater drum. The
      gear arrangement keeps the desired degree of tension. The roller 81 is an
      auxiliary roller over which the film can be passed, if desired. This
      reduces the contact area of the film over the heater drum 73 which may be
      desirable in some cases. As should be apparent, the exposed film is
      developed by the heater drum 73 as is consistent with the development of
      diazo type films. The degree of development is determined by the heater
      drum temperature and the degree of contact of the film thereover, both of
      which can be controlled.
PAR  The heat developed film is wound up on a take up spool 100 which is mounted
      by a suitable shaft and bearing assembly 102 on the upper end of the
      bracket pair 84. The take-up spool 100 is driven by a motor 106 mounted on
      one of the brackets 84 through a drive belt 108 and pulleys 108a and 108b
      mounted on the spool and the motor respectively. The speed of all four
      motors 16, 26, 86 and 106 are preferably made variable so that the speed
      and tension of the two webs 1 and 2 can be further controlled at various
      points. As explained previously, the drum 40 rotates only to overcome
      inertia and, therefore, the movement of the film and film record is
      primarily due to the take-up motors 80 and 100.
PAR  As should be apparent from the foregoing description, the film record 2
      which is to be copied is copied on the film 1 which moves continuously
      about the rotating drum 44. The light energy is periodically pulsed as
      tripped by the photocell sensing mechanism 36, which insures that there is
      exposure of the film 1 at predetermined intervals. Thus, the film record 2
      to be copied is essentially "stopped" by the periodically flashed light
      source 55 so that the record is exposed directly onto the film 1. There
      may be several exposures of any given frame of the film record 2 onto the
      film 1 as it travels around the drum 40 from between the idler roller 32
      and the idler roller 60. The flashing of the energy source 55 is
      determined by the spacing of the frames on the photographic film record 2
      when the automatic light energization system 36 is used. Of course,
      several flashes can be used per frame, that is, for example, sensing of a
      frame mark will trigger one flash and then another after the film has
      moved half a frame. The lamp 55 also can be energized every second, third,
      etc. frame by the provision of a suitable counter device at the output of
      the photocell sensor 36 or pulsed periodically at predetermined times. It
      is preferred that the system be automatically operated to energize the
      lamp 55. However, manual control can be utilized, if desired. In any
      event, the film is processed on a continuous basis.
PAR  While a preferred embodiment of the invention has been described above, it
      will be understood that this embodiment is illustrative only and the
      invention is to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for exposing and developing at relatively high speed elongated
      web-type diazo type film to record information stored on an elongated
      web-type record carrier in segments which are defined by boundary markings
      comprising a transparent rotatable cylinder, means for feeding said film
      and said record carrier from separate locations to said cylinder to form a
      sandwich on said cylinder extending over an area of at least about
      180.degree. of the cylinder circumference to be moved with the cylinder as
      the cylinder is rotated, an elongated source of ultraviolet radiation
      within said cylinder, said lamp being of a length at least substantially
      equal to the width of said film rotating with said cylinder and mounted to
      transmit light to the entire portion of the sandwich of film and record
      carrier resting on said cylinder, means for rotating said cylinder without
      impeding the ultraviolet radiation transmitted from the source to the
      portion of the sandwich rotating with the cylinder, means for sensing the
      presence of at least one of said segments of information present on said
      record carrier which entire segment is located on said cylinder in a
      position to be exposed by ultraviolet radiation from said source, means
      responsive to said sensing means for operating said source to produce a
      pulse of ultraviolet radiation for a duration sufficient to substantially
      "stop" and to expose the entire segment of film rotating with said
      cylinder with the information on the record carrier, means for applying
      heat to said exposed film to develop said film, and means for guiding only
      said exposed film to said heat applying means after both said record
      carrier and said film leave the cylinder.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said heat developing means comprises a
      heater drum and means for guiding the exposed film over the heater drum.
NUM  3.
PAR  3. Apparatus as in claim 2 further comprising means for supplying a
      predetermined amount of tension to the film passing over the drum.
NUM  4.
PAR  4. Apparatus as in claim 1 further comprising first means interposed
      between said radiation source and said film for reducing heat from said
      radiation produced by said source reaching said film while transmitting
      radiation in the ultraviolet range.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said first means comprises a coating on
      the surface between the energy source and the film.
NUM  6.
PAR  6. Apparatus as in claim 1 further comprising a light shroud means on the
      outside of said sandwich of film and record carrier.
NUM  7.
PAR  7. Apparatus as in claim 1 wherein said film and said record carrier are
      webs which are in respective rolls located spaced from said cylinder, said
      feeding means including means for unwinding said webs from the respective
      rolls and bringing them into an adjacent relationship on said cylinder.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said heat developing means comprises a
      heater drum and means for guiding the exposed film over the heater drum.
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ABST
PAL  A dosimeter having a dielectric material such as sapphire wherein the
      efficiency as measured by mean drift distance and trapping efficiency is
      increased by making use of a dielectric material in which the total active
      impurity does not exceed 50 ppm and in which any one active impurity does
      not exceed 10 ppm.
GOVT
PAR  The invention described herein was made in the course of work under a grant
      or award from the Department of Health, Education, and Welfare and NSF
      Grant No. GH-34585 awarded by the National Science Foundation.
BSUM
PAR  This invention relates to radiation dosimetry and to other fields of use
      where it is desired to measure or observe radiation and it relates more
      particularly to improved materials used in radiation dosimetry and methods
      of preparation of same.
PAR  Radiation dosimetry systems are employed monitoring the environment, and in
      hospitals, clinics, laboratories and other establishments where x-rays,
      gamma rays, beta rays and other forms of penetrating radiation are used,
      to guard against the possibility that workers in the establishment may be
      exposed accidentally to unsafe amounts of such radiation. Radiation
      dosimetry systems are also employed in connection with therapeutic use of
      x-rays, gamma rays and other forms of penetrating radiation in the
      treatment of patients, to monitor and record the amount of radiation which
      is employed in the treatment of each patient.
PAR  Various radiation dosimetry systems are known. One common system involves
      the use of film badges or tags which are worn by persons who may possibly
      be exposed to penetrating radiation. Such film badges contain photographic
      film which is surrounded by opaque material so that the film is protected
      from exposure to light. X-rays or other penetrating radiation will pass
      through the opaque material and will cause darkening of the film when it
      is developed. Periodically the film is removed from each badge and is
      developed and inspected to determine whether the film has been exposed to
      penetrating radiation. This dosimetry system has the disadvantage that the
      procedures involved in developing and checking the films are time
      consuming and costly. moreover this system is not well adopted for
      accurately measuring the dosage of penetrating radiation to which each
      film has been exposed.
PAR  Another system involves the thermoluminescence (TL) which is produced in
      certain materials when they are exposed to x-rays, gamma rays and other
      forms of ionizing radiation. Examples of such materials are lithium
      fluoride and calcium fluoride. In this dosimetry system, each worker or
      patient wears a badge or the like containing a small piece or sample of
      such thermoluminescent material. Periodically, each sample is checked for
      thermoluminescence by heating it while observing and measuring any light
      which may be emitted by the sample. The light may be measured by using an
      optical system to focus it upon a photo-multiplier tube, employed in
      conjunction with the associated electronic amplifiers and electrical
      measuring equipment. If the sample has been exposed to x-rays or other
      ionizing radiation, it will emit light as it is heated through certain
      characteristic temperature ranges. If the emitted light is plotted against
      the temperature, one or more peaks will be observed at characteristic
      temperatures. The magnitude of these peaks is a measure of the amount of
      radiation exposure. This dosimetry system has the disadvantage that
      elaborate and highly sensitive measuring equipment is required to measure
      the thermoluminescence. Electrical noise impairs the accuracy of the
      measurements at low levels of thermoluminescence, for which the signal to
      noise ratio is low. It is difficult to achieve reproducible results
      because the results are affected by the optical quality of the sample.
      Moreover, it is hard to standardize the adjustment of the optical system.
PAR  Ionizing radiation absorbed in a dielectric solid generates pairs of mobile
      electrical charges, electrons and holes. Within a very short time,
      typically 10.sup.-.sup.9 and 10.sup.-.sup.6 seconds, some fraction of
      these recombine restoring the material to its original condition, and the
      remaining charges become trapped and immobilized at binding sites in the
      material. To avoid verbal complexity, the following descriptions speak of
      the electrons as the dynamically active charges. In a particular material,
      in a particular temperature range, however, the positively charged holes
      may, in reality, be the dynamically active charges.
PAR  Radiation induced thermally activated current (RITAC) dosimetry devices
      operate on the following phenomena: Long after irradiation, the stably
      trapped electrons may be thermally remobilized by heating the material. As
      a consequence of this thermal remobilization, the electrons ultimately
      recombine or retrap at energetically deeper binding sites of greater
      thermal stability. If an electrical voltage is applied across the material
      during heating, then the period of thermal remobilization of the electrons
      is detected as a transient electrical current flowing in the external
      circuit leads. The total electrical charge transported, or the peak
      current at a known reproducible heating rate, yields a measure of the
      total dose of ionizing radiation absorbed.
PAR  The RITAC effects can be employed in various ways for the measurement of
      the amount and type of radiation to which a material has been exposed.
PAR  In the copending application Ser. No. 290,726, filed Sept. 20, 1972 and now
      abandoned, description is made of an extremely sensitive dosimetry method
      and materials, having very favorable signal to noise ratios involving the
      use of radiation induced thermally activated depolarization (RITAD) which
      can be produced in a large number of different dielectric materials.
      Examples of such materials are calcium fluoride, strontium fluoride,
      barium fluoride, lithium fluoride, sodium fluoride, aluminum oxide,
      magnesium oxide, and beryllium oxide. It is believed that virtually any
      dielectric material may be employed if it is refined to a sufficient
      degree of purity and if the remaining impurities are sufficiently
      controlled.
PAR  In the RITAD method of the present invention, a sample of the dielectric
      material is given an electrostatic bias polarization so that internal or
      local electrostatic fields are produced within the sample. This is
      preferably done by providing a pair of electrodes on opposite sides of the
      sample, heating the sample to a more or less elevated temperature,
      impressing an external voltage between the electrodes to subject the
      sample to an external electrostatic field, and cooling the sample so as to
      freeze in the bias polarization which is produced by the external
      electrostatic field. The voltage is maintained during the cooling
      operation and is then removed so that the sample may be placed in a badge
      or other holder. After the voltage has beeen removed, the electrodes are
      preferably short circuited to prevent the accumulation of static charges
      on the electrodes. The sample is then carried by a worker or patient, or
      is otherwise used in a situation where it may be exposed to the
      penetrating radiation which is to be measured.
PAR  Exposure to radiation causes depolarization with corresponding changes in
      the polarization of the sample. Periodically, each sample is checked for
      such polarization by connecting the electrodes into a measuring circuit
      which includes a sensitive ammeter, capable of measuring any small
      currents which may flow through the circuit between the electrodes. The
      sample is then heated so as to raise its temperature in a progressive
      manner, preferably at a more or less constant rate. It has been found that
      if the sample has been exposed to x-rays, gamma rays or other ionizing
      radiation, one or more current peaks will be observed at characteristic
      temperatures. Such current peaks are not observed if the sample has not
      been exposed to radiation. The magnitude of the observed current peaks is
      a measure of the radiation dosage.
PAR  If the sample is heated to a sufficiently high temperature, the bias
      polarization will be neutralized, which will cause another current peak.
      This peak is observed whether or not the sample has been exposed to
      radiation. However, the magnitude of this peak decreases gradually with
      increasing radiation dosage, particularly at extremely high levels of
      radiation dosage.
PAR  The electrical current signals due to the RITAD effect are strong and easy
      to measure and are remarkably free from noise. Thus, the signal to noise
      ratio is high. The sample can be reused repeatedly.
PAR  In the copending application Ser. No. 346,720, filed Apr. 2, 1973,
      description is made of another mode for utilization of thw RITAC effect
      for the measurement of exposure to radiation. This mode, which involves
      radiation induced thermally activated polarization (RITAP), makes use of
      any of the materials which are suitable for RITAD dosimetry. In this
      method, the dielectric body is not given an initial bias depolarization,
      but is left unpolarized.
PAR  The initially unpolarized dielectric body is exposed to the dosage of
      radiation which is to be measured. The electrodes on the opposite sides of
      the dielectric body are then connected into a circuit which includes a
      current measuring instrument and a source of unidirectional voltage. The
      energy level of the dielectric body is then progressively increased,
      preferably by heating the body so as to increase its temperature. As the
      body is heated, a polarization current peak is observed. This current peak
      is not present if the body has not been exposed to radiation. The
      magnitude of the polarization current peak is a measure of the radiation
      dosage.
PAR  After the polarization current peak has been observed, it is preferred to
      remove the voltage source from the circuit so that the current measuring
      instrument is connected directly across the electrodes on opposite sides
      of the dielectric body. With further heating of the dielectric body, one
      or more depolarization current peaks are observed and measured. The
      direction of the depolarization current is opposite from the direction of
      the polarization current. The magnitude of the depolarization current
      peaks is also a measure of the radiation dosage. Generally, the
      depolarization current peaks correspond to the depolarization current
      peaks which are observed in carrying out the RITAD method, as previously
      described.
PAR  It has now been found that these RITAC effects can be employed efficiently
      and effectively in an electrical conductance mode, hereinafter referred to
      as thermally stimulated conductance (TSC).
PAR  TSC phenomena, due to optical irradiation of photoconductors, have been
      studied since the middle 1950's, and for x-ray, gamma-ray, and charged
      particle irradiation since the early 1960's. These effects have not, to
      the best of our knowledge, previously been used on or proposed for
      sensitive radiation dosimetry applications. The reason is that the minimum
      detectable dose had heretofore been very large, typically 10.sup.3 to
      10.sup.6 rad.
PAR  For certain uses, TSC has a number of advantages and is preferred:
PA1  a. with pure TSC, the dosimeter can be used many successive times without
      high temperature annealing and without having to calculate a recalibration
      factor caused by polarization buildups from previous exposure;
PA1  b. electrode selection and attachment designed to produce TSC mode may
      result in a more mechanically reliable device configuration;
PA1  c. a (TAP/D) advantage is that it will work with any kind of dosimeter
      fabrication such as active powders in inert matrices, sintered or ceramic
      constructions which do not possess electrical conductance integrity.
PAR  It is an object of this invention to identify and to provide a method for
      selecting RITCA materials which can be used in RITAP, RITAD and TSC modes
      whereby routine measurements can be made of dosages less than
      10.sup.-.sup.3 rads.
PAR  Before proceeding with a description of the invention, it will be helpful
      to define, as explicitly as possible, terms to be used which are relevant
      to the process of charge trapping, storage, and transport in solid
      dielectrics. For convenience, reference is made to electrons as the
      dynamically active charge species, although in a particular case it might
      actually be the holes. It is desirable to avoid verbal confusion since,
      for example, the site which we call a "recombination-center" for an
      electron is also a "trapping-center" for a hole.
PAR  1. A first requirement is that some fraction of the electrons and holes
      generated by ionizing irradiation must be trapped into an immobile state
      which is thermally metastable at the irradiation temperature of the
      device. Furthermore, electrons must be thermally remobilized from these
      states at higher temperatures, but not so high that the material itself
      structurally decomposes or becomes electrically conductive due to other
      mechanisms. These trapping sites are referred to as "metastable traps."
      Examination has been made of two different kinds of such traps. In one,
      the metastable traps are impurity centers in the host material, and in the
      other, the metastable traps are intrinsic distortions of the material,
      self-generated by the transient radiation-induced presence of the mobile
      charges.
PAR  2. The fraction of electrical charges which do not trap disappear via
      recombination of the electron-hole pairs. This recombination may occur via
      an intrinsic state (excitonic recombination) or it may occur at large
      recombination cross-section impurity sites in the material. The latter is
      referred to as recombination centers. A well known example is thallium in
      sodium iodide.
PAR  3. In addition to the recombination process, some charges might become
      unavailable for operation of the device because they trap at very
      energetically deep trapping sites. Remobilization from these deep traps
      typically requires such high temperatures that the device material has
      become conductive through mechanisms unrelated to radiation exposure,
      e.g., impurity related or intrinsic ionic conductivity. Another aspect of
      these deep traps is that, although they may originally compete only
      negligibly with the metastable traps, they do play a role as retrapping
      centers once the electrons are thermally remobilized from the metastable
      traps. Because of this, they are referred to as "retrapping centers."
PAR  4. Finally, there are other thermally activated electrical charge transport
      processes in solids which are essentially independent of radiation. Most
      frequently, these are induced by certain grown-in impurity states in the
      host material. If these effects are large and if they occur in temperature
      ranges close to those characterizing the RITAC readout, they produce a
      background signal which can obscure the desired RITAC signal generated at
      small doses. These states are referred to as the "background centers."
PAR  The foregoing is a skeletal description involving four kinds of states in
      the host material which are relevant to utilization of the RITAC effect.
      The actual situation in certain particular materials may involve
      additional complexities. For example, what has been called simply
      "retrapping" may be an indirect process actually involving intermediate
      recombination. Physically, however, the result is the same, and
      considerable intricacy can be avoided by speaking in terms of the
      conceptually simpler mechanisms.
DETD
PAC  Initial Trapping Efficiency
PAR  To produce a single electron-hole pair in a typical solid, about 10-20 eV
      of energy must be absorbed from the ionizing radiation. Only some fraction
      of those become metastably trapped. The radiation sensitivity of RITAC
      devices is proportional to concentration of metastably trapped charges.
      Previous experimentation on nominally high purity dielectrics show that
      the observable metastably trapped fraction is extremely small. Reference
      can be made to the recent work by Wagner and Mascarenhas [Physical Review
      Letters, 27, 1514 (1971)]. Their work shows that CaF.sub.2, even when
      doped to .about.500 ppm with cerium to give strong electron metastable
      trapping, yields one metastably trapped electron for each 10.sup.3 -
      10.sup.4 eV of absorbed energy. It has long been presumed that the small
      metastable trapping efficiencies were observed because the material's
      intrinsic recombination was overwhelming. Thus, to increase trapping
      efficiency, the materials are doped to very high levels with metastable
      trapping centers.
PAR  We have discovered that this heavy doping is not necessary to promote
      useful fractions of metastably trapped charges. It appears that intrinsic
      recombination is actually very small. The overwhelming effect seems to be
      impurity-induced recombination. Even in nominal high purity samples
      (.about.0.999), there are still .about.10.sup.3 ppm of various impurities
      which provide large cross-section recombination. If, instead of doping
      with metastable traps, one purifies the material to remove recombination
      centers, one can achieve good trapping efficiency. In actual experiments,
      it has been found that, if the impurity level is reduced below
      approximately 10 ppm in CaF.sub.2, then we can obtain a metastably trapped
      charge pair for about 30-45 eV of absorbed energy. This trapping
      efficiency is 25-30 percent, and is much more than adequate for sensitive
      RITAC effect dosimetry.
PAR  Thus either heavy doping with metastable traps while leaving the
      recombination center concentrations large, or selective purification to
      reduce recombination center concentrations while leaving only trace
      concentrations of metastable traps can be effective in yielding large
      charge trapping fractions. If it were not for the recombination centers, a
      maximum value of 10 ppm of metastable traps would assure that the device
      would reach .about.10.sup.3 rad. before saturating the system. The
      normally used heavy doping procedure is ineffective in promoting high
      RITAC sensitivity for the following reasons:
PAC  Mean Drift Length
PAR  When an electron is thermally remobilized in the RITAC effect, it begins to
      drift in an electric field applied to the device. The charge transport
      signal contributed to the externally observed electrical current is
      proportional to the mean drift distance of the electron before either
      recombining or retrapping. If the attempt is made to improve trapping
      efficiencies by heavily doping with trapping centers, then the tendency is
      equally to increase the probability that an electron will trap spatially
      close to a hole. As a result of the strong electrostatic attraction
      between the electron and hole, such preferentially close spacing promotes
      very rapid recombination upon thermal remobilization. Thus, although the
      trapping efficiency increases in proportion to the heavy doping of
      nominally pure materials, the mean drift distance is inversely
      proportional to the metastable trap doping. Since the RITAC signal is
      proportional to the product of these two quantities, its sensitivity
      remains at the same small value, characterizing the nominal high purity
      solid, independent of increased doping levels. This is not the case for
      dosimetry techniques (e.g. TL) whose readout occurs upon recombination.
PAR  On the other hand, by selective purification of the recombination centers,
      in accordance with the concepts of this invention, we increase the
      trapping fraction and decrease the probability for highly spatially
      correlated trapped electrons and holes. In this event, the mean drift
      distance and the trapping effiency are simultaneously enhanced; very high
      RITAC sensitivity results. As little as 1 ppm of metastable traps is
      sufficient for 25-30 percent trapping efficiency provided that
      recombination center concentrations are reduced to about 10 ppm. Of
      course, retrapping as well as recombination limits the mean drift
      distance. Mean drift distances of 10.sup.-.sup.5 - 10.sup.-.sup.4 cm are
      more than adequate for sensitive RITAC readout. It has been found that
      this can be achieved by reducing the retrapping center concentrations also
      below .about.10-20 ppm by selective purification.
PAC  Background Conductance and Polarization
PAR  As one increases the voltage applied during RITAC readout, the measured
      signal increases. At some point, the RITAC signal becomes substantially
      greater than noise injected by the measuring ammeter; typically this
      occurs at an applied electric field of about 10.sup.2 volts/mm. A further
      increase in voltage does not actually increase the useful sensitivity.
      This is because there always exist radiation independent background
      currents. These limit the smallest detectable dose and, like the RITAC
      signal itself, increase in proportion to the applied voltage.
PAR  Even in an ideal perfect dielectric, intrinsic ionic conductivity will
      begin to manifest itself at high temperatures. To minimize this
      background, the host material itself should be chosen for its low ionic
      conductance. This implies a dielectric of very high molecular binding
      energy which, in turn, implies a high melting point. Examples are the
      alkaline earth oxides, BeO, MgO, etc., or trivalent metal oxides, such as
      Al.sub.2 O.sub.3 or La.sub.2 O.sub.3. Another intrinsic conduction is due
      to edge currents at the periphery of the device. These, however, are
      easily eliminated by employing a three terminal (guard ring) RITAC
      geometry.
PAR  Of greater concern than intrinsic high temperature conductance, is
      impurity-induced ionic conductance. Ionic impurity complexes can
      dissociate and contribute relatively mobile ions at temperatures well
      below that where intrinsic conductances become important. Besides acting
      as an undesirable background, these ionic currents seem to perform a
      useful function. The electrical transport which they provide can be the
      mechanism by which electrons and holes, occupying deep trap or retrapping
      sites, are neutralized. Thus they may play an important role in the high
      temperature, preexposure, annealing process which erases all memory of
      previous irradiations of the sample. Usually this is important for
      dosimeter re-use once accumulated exposures prior to annealing rise to the
      level of .about.10.sup.3 rad.
PAR  Consequently, the impurity levels contributing to high temperature
      background conductance should be sufficiently low that they do not
      interfere at the RITAC readout temperature, but sufficiently high that the
      sample may be rapidly annealed at some reasonably elevated temperature. We
      have found that ionic conductance generated by impurities will be
      satisfactory in relation to intrinsic conductances if the impurity level
      is reduced below 10-20 ppm in typical materials.
PAR  Another background signal comes from impurity radicals or molecules which
      possess a local electrical dipole moment. Rather than dissociating at high
      temperatures, these local-dipole impurities become thermally reorientable.
      This produces a thermally activated polarization or depolarization
      background signal. Over the thermal breadth of a RITAC readout peak, one
      part per million of these dipolar impurities yield a background charge
      transport of 10.sup.-.sup.14 to 10.sup.-.sup.13 coulombs per cm.sup.2 at
      an applied field of 10.sup.2 volts/mm. A sensitive RITAC peak itself
      yields something like 10.sup.-.sup.10 coulombs per cm.sup.2 per rad at the
      same field, 10.sup.2 volts/mm. As a general rule, the RITAC signal at
      minimum detectable dose should be at least 10 percent of background for
      personnel dosimetry applications. The minimum dose may be assumed to be
      about 10.sup.-.sup.3 rad, which corresponds to about 10.sup.-.sup.13
      coulombs. Thus the local-dipole polarization background signal should be
      no larger than 10.sup.-.sup.12 coulombs, which corresponds to about 10 ppm
      of the dipolar impurity complexes.
PAR  The preceding paragraph assumed RITAC readout by a continuous thermal scan.
      There are other possibilities; for example, a rapid scan up to but
      stopping at approximate temperature of the RITAC peak followed by
      isothermal readout of the RITAC signal. This procedure seems relatively
      cumbersome and inconvenient compared with a constant rate temperature
      scan, but it will largely eliminate most dipolar-impurity background
      signals. Since all the other active impurities, however, must also be
      removed to the 10 ppm level, similar purification for the local-dipolar
      entities does not add much, if any, additional materials refining.
PAC  Materials Purification and Monitoring
PAR  From the foregoing, it can be seen that each of the several active impurity
      states should exist at levels no greater than about 10 ppm. This implies
      total impurity levels of less than about 50 ppm; such materials classify
      as ultra-high purity solids rather than nominally high purity solids.
      Multiple zone refining can give much better than the 50 ppm purity.
      Practically speaking, it is very probable that simple multiple pulling of
      the solid from the molten state while retaining only the first pulled half
      is a sufficient refining procedure for the 50 ppm levels desired.
PAR  It is helpful, however, to have tests by which each of the active impurity
      states may be monitored for a quality control in material refining. Such
      tests are also helpful for already existing commercially available
      ultra-high purity materials so they may be pre-selected for usefulness in
      sensitive RITAC dosimetry.
PAR  A. For background impurity states, electrical measurements are most direct.
      Criteria are based on the assumption that the desire is for a dosimeter
      stable for several month's storage at room temperature before readout. For
      this purpose, sapphire has been found to give most desirable results. This
      is believed to be the first use made of sapphire as a RITAC material and
      its usage in the purified state represents one of the important inventive
      concepts described and claimed in this application. For sapphire (Al.sub.2
      O.sub.3), the most sensitive RITAC peak occurs at approximately
      220.degree.C. A good rule in monitoring ionic conductance is to increase
      the temperature about 120.degree.-130.degree.C above that for the RITAC
      peak utilized. At this temperature, and for an applied field of a few
      hundred volts per millimeter, the ionic current should not exceed about
      10.sup.-.sup.12 amperes per cm.sup.2. (See E. B. Podgorski, Rh. D thesis,
      University of Wisconsin, June 1973, for procedures for monitoring for
      ionic conductance effects). If it is much greater, then the ionic complex
      impurities generating the ionic conductance must be further refined out to
      achieve lower levels.
PAR  B. The background levels due to local-dipole impurities may be sensitively
      and simply monitored by the ionic thermo-current (ITC). In brief, one
      heats the sample to just below the onset of ionic conductivity. A voltage
      is applied (.about.100 v/mm) while the sample is rapidly cooled below
      .about.100.degree.K (i.e. -170.degree.C) in a liquid nitrogen cyrostat.
      The sample electrodes are shorted through a sensitive ammeter and a return
      thermal scan to high temperatures initiated. A number of thermally
      activated depolarization (TAD) charge release peaks may be observed. A
      total TAD charge release of 2 .times. 10.sup.-.sup.12 coulombs/cm.sup.2
      corresponds to a dipole impurity concentration of about 1 ppm. Thus, if
      the charge release exceeds about 10.sup.-.sup.11 coulombs/cm.sup.2 (10 ppm
      local-dipole impurities), the material must be further purified to insure
      that the RITAC readout will be at least 10 percent of background for a one
      millirad dose. Any TAD charge release peaks which occur well above
      (&gt;100.degree.C) the RITAC peak temperature will not contribute interfering
      backgrounds.
PAR  C. To monitor the levels of the recombination centers and retrapping
      centers, a number of techniques may be employed. Perhaps the most general
      is to measure the optical absorption of the sample in the near u.v. at
      wavelengths just below that of the fundamental first exciton absorption
      edge. The first exciton state is a highly pair-wise correlated
      electron-hole state. If there are recombination centers they will, by
      definition, interact strongly with the excitonic state and, at the very
      least, enhance the long wavelength tails of its optical absorption band.
      Similarly, deep traps (retrapping centers) should also interact strongly
      with electrons or holes and therefore perturb the fundamental optical
      absorption.
PAR  The way the unperturbed optical absorption tails should fall off with
      increasing wavelength is calculatable from an empirical rule, well known
      as Urbach's Law. The percentage by which the integrated optical absorption
      in the tails is enhanced above the total first exciton absorption yields
      directly the percentage of recombination and trapping centers. Our rule is
      that the aggregate should be reduced below about 30 ppm; i.e., 3 .times.
      10.sup.-.sup.4 percent.
PAR  Another rule for the excitonic perturbation is that the impurity-linked
      optical absorption structure will show an optical density of 1
      cm.sup.-.sup.1 over a 1000 A wavelength band for approximately 1 ppm.
      Thus, if the wavelength integrated optical absorption structure is greater
      than about 3 .times. 10.sup.4 (A/cm), then the material concentration of
      recombination and trapping centers exceeds 30 ppm. The material should be
      further refined.
PAR  D. Some recombination centers and some retrapping centers can often be
      specifically identified. Frequently these impurity atoms are paramagnetic.
      Electron paramagnetic resonance (EPR) spectra on the material at low
      temperatures can easily detect paramagnetic atom levels of tenths of
      hundredths of a part per million. EPR monitoring can serve a dual role.
      First, prior to irradiation as described above, it may be employed as a
      backup to the optical measurements to monitor aggregate impurity levels of
      the paramagnetic species. Second, after a test irradiation, low
      temperature EPR can reveal trapped electrons and holes, both of which are
      paramagnetic. The trapped electron and hole concentrations should be at
      least 10.sup.14 cm.sup.-.sup.3 for a 10.sup.3 rad dose. If not, then
      recombination center concentrations are too large and should be reduced by
      additional refining. Furthermore a series of pulse annealing (isochronal)
      experiments (referenced in G. E. Fuller, Ph.D Thesis, University of
      Wisconsin, October 1973) will show whether the trapping is dominated by
      the desired metastable traps or by an overabundance of the undesired deep
      trap retrapping centers.
PAR  E. We have discovered that all active impurity levels should be reduced to
      about the same value, i.e. around 3-10 ppm. This is true for the
      retrapping centers, recombination centers, local-dipole background
      centers, ionic conductance background impurities, and the metastable
      traps. In addition, the metastable traps should not be reduced much below
      a few ppm to avoid early dose saturation of the device. This implies equal
      levels of each of the active impurities, the aggregate level being less
      than 30-50 ppm. Thus the most simple refining appears to be one of the
      non-specific segregation techniques. In brief, one starts with a nominally
      pure large crucible of melt and pulls out about 50 percent in the solid
      form. This 50 percent is remelted, and 50 percent of it pulled. At some
      point, depending upon the refining facility cleanliness, the aggregate
      impurity levels will be reduced below 30-50 ppm.
PAR  Then the most simple and sensitive way to monitor for low active impurity
      levels is actually to do a RITAC dosimetry experiment on a sample of the
      batch.
PAR  In regard to the background signals, we have found the source of one of the
      significant ones. It appears that a dirty interface between electrode and
      dielectric generates substantial background. Therefore, in addition to
      cleaning up the bulk material of the dielectric, it is desirable also to
      clean up the surfaces carefully, prior to electrode evaporation. For
      example, a simple alcohol rinse leaves background limiting low-dose to
      .about.10-20 millirad. Multiple rinses with surface heating and a final
      distilled water rinse removes microscopically observed residues and
      reduces background by a factor of 50 to give lower dose limits of
      .about.100 microrad.
PAC  Improving sensitivity under non-optimum impurity levels
PAR  In some cases it may prove, unfortunately, that impurity related metastable
      traps which have the appropriate thermal remobilization temperature either
      will not enter easily into the host or else have a very small capture
      cross-section. The general type of impurities required to give appropriate
      remobilization temperatures may be estimated once the host material is
      selected. Within the broad category, however, the specific impurity should
      be arrived at by empirical trial.
PAR  The RITAC sensitivity may be too small for practical uses, even after the
      other impurity levels are reduced to an economically feasible level. It is
      highly probable that a further processing step might increase the
      sensitivity above background signals to a practical level.
PAR  The basic idea is that the sensitivity increases proportionally to the mean
      drift distance at a given applied field. It is known that, for 25 percent
      initial trapping efficiency, a mean drift distance of 10.sup.-.sup.5 -
      10.sup.-.sup.4 cm at 100 v/mm is adequate for millirad level dosimetry.
      Furthermore, the mean drift distance under those circumstances is limited
      by retrapping centers. The concentration of active retrapping centers can
      be reduced either by additional purification or by pre-filling them with
      charge carriers.
PAR  Consequently, the procedure would be to heat the sample to a temperature
      just above the desired RITAC peak readout and to pre-irradiate. This
      produces free charges which would selectively fill up the retrapping
      centers. If it does not also produce enhanced recombination, then one will
      have greatly increased the mean drift distance. Until the sample is
      annealed at very high temperatures it should exhibit an enhanced low dose
      sensitivity.
PAR  The following is an example of the preparation of material having the
      desired purity level, prepared from sapphire (Al.sub.2 O.sub.3).
PAR  The sapphire is heated in a crucible to a temperature of
      2100.degree.-2150.degree.C. After all of the material has been reduced to
      the molten state, the material is slowly allowed to cool.
PAR  When 50 percent of the melt has been solidified, the solid portion is drawn
      off and the removed solid portion remelted in a clean crucible by heating
      back to a temperature of 2100.degree.-2150.degree.C.
PAR  This procedure is repeated through three complete cycles at which time the
      active impurities in the drawn off solid phase will be well below 50 ppm
      with no active impurity exceeding 10 ppm. The active impurities fall
      generally within the range of about 30-35 ppm with the individual active
      impurities falling within the range of 3-5 ppm.
PAR  The prepared material, when used as the active material in a dosimeter, is
      characterized by extremely high sensitivity.
PAR  The aforementioned copending applications are incorporated herein by
      reference of examples of RITAP and RITAD modes of radiation dosimetry,
      utilizing the high purity material described and claimed therein.
PAR  It will be understood that changes may be made in the details of
      construction, arrangement and operation, without departing from the spirit
      of the invention, especially as defined in the following claims.
CLMS
STM   We claim:
NUM  1.
PAR  1. In the measurement of radiation, a dosimeter which makes use of a
      dielectric material in which the level of active impurities total less
      than 50 ppm, and in which the level of any one active impurity does not
      exceed 10 ppm.
NUM  2.
PAR  2. A dosimeter as claimed in claim 1 in which the level of active
      impurities in the dielectric material is within the range of 30-50 ppm and
      in which the level of any one active impurity is within the range of 3-10
      ppm.
NUM  3.
PAR  3. A dielectric material for use in a dosimeter employed in the measurement
      of radiation by absorption comprising an inorganic oxide selected from the
      group consisting of an alkaline earth metal oxide and a trivalent metal
      oxide in which the level of active impurities total less than 50 ppm, and
      in which the level of any one active impurity does not exceed 10 ppm.
NUM  4.
PAR  4. A dielectric material as claimed in claim 3 in which the total active
      impurities is within the range of 30-50 ppm and in which any individual
      active impurity is within the range of 3-10 ppm.
NUM  5.
PAR  5. A dielectric material as claimed in claim 3 in which the inorganic oxide
      is selected from the group consisting of beryllium oxide, magnesium oxide,
      aluminum oxide, and lanthanum oxide.
NUM  6.
PAR  6. A dielectric material for use in the measurement of radiation by
      absorption comprising sapphire having a level of active impurity which
      does not exceed 50 ppm and in which the level of any one such active
      impurity does not exceed 10 ppm.
NUM  7.
PAR  7. A dielectric material as claimed in claim 6 in which the total of active
      impurities in the sapphire is within the range of 30-50 ppm.
NUM  8.
PAR  8. A dielectric material as claimed in claim 6 in which the level of any
      one active impurity is within the range of 3-10 ppm.
NUM  9.
PAR  9. A dosimeter for the measurement of radiation, in which the dosimeter
      makes use of a dielectric material in which at a temperature of
      120.degree.-130.degree.C above that for the RITAC peak utilized and an
      applied field of a few hundred volts per millimeter, the ionic current
      does not exceed 10.sup.-.sup.12 amperes per cm.sup.2.
NUM  10.
PAR  10. A dosimeter for the measurement of radiation in which the dosimeter
      makes use of a dielectric material in which the radiation independent
      background charge release associated with impurity states does not exceed
      10.sup.-.sup.11 coulombs/cm.sup.2.
NUM  11.
PAR  11. A dosimeter for the measurement of radiation in which the dosimeter
      makes use of a dielectric material in which the wavelength integrated
      optical absorption structure produced by impurities in the material does
      not exceed 3 .times. 10.sup.4 A/cm.
NUM  12.
PAR  12. A dosimeter for the measurement of radiation in which the dosimeter
      makes use of a dielectric material in which the trapped electron and hole
      concentration is at least 10.sup.14 cm.sup.-.sup.3 for a 10.sup.3 rad
      dose.
NUM  13.
PAR  13. A dosimeter for the measurement of radiation in which the dosimeter
      makes use of a dielectric material in which at a temperature of
      120.degree.-130.degree.C above that for the RITAC peak utilized and an
      applied field of a few hundred volts per millimeter, the ionic current
      does not exceed 10.sup.-.sup.12 amperes per cm.sup.2, in which the
      background signal charge release does not exceed 10.sup.-.sup.11
      coulombs/cm.sup.2, in which the wavelength integrated optical absorption
      structure from impurities does not exceed 3 .times. 10.sup.4 A/cm, and in
      which the trapped electron and hole concentration is at least 10.sup.14
      cm.sup.-.sup.3 for a 10.sup.3 rad dose.
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PAL  Described herein is a method of monitoring surface resistivity distribution
      resulting from vacuum deposition of thin, transparent metal films on
      moving plastic film or other transparent substrates. The process comprises
      applying to the metallized film electromagnetic radiation and detecting a
      band width of electromagnetic radiation transmitted through or reflected
      from the metallized film in the near-infrared region, more particularly
      within the wavelength range of about 1.5 to 3.0 microns. The detected band
      width permits excellent correlation between emanant radiation and local
      conductivity or, reciprocally, resistivity of vacuum deposited gold,
      silver, and copper. Vacuum deposition can occur, e.g., by vacuum
      evaporation or sputtering. The metallized films are useful in the
      production of electrically heated transparent closures such as for
      automobile windshields.
PARN
PAR  This is a continuation, of application Ser. No. 58,305, filed July 27,
      1970, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process of monitoring surface resistivity
      distribution of vacuum deposited metals.
PAC  BACKGROUND OF THE INVENTION
PAR  Vacuum deposited metal thin film coatings have found widespread application
      as transparent resistance heaters for deicing and demisting transparent
      enclosures such as windshields. Typically, such enclosures comprise a thin
      transparent plastic carrier film or substrate upon which has been
      deposited a thin conductive metallic film which can be powered by busbars
      normally attached at the edge portions thereof. Ultimately, the metallized
      substrate is laminated between rigid, transparent plies as of glass in
      order to form a safety glass-type construction.
PAR  In order that upon energizing power be dissipated in an optimal manner for
      the particular deicing function of the ultimate laminated transparency,
      and to preserve the optical properties required in windshield and like
      employments, resistivity distribution of the deposited metallic film must
      be closely controlled. In the past, local resistivity has been determined
      by measuring the overall (bus to bus) resistance of the final part and
      then normalizing the value determined to a square area configuration. This
      requires physical contact to a finished part already equipped with
      busbars. However, it is frequently desirable to determine resistivity of a
      metallized substrate film prior to the application thereto of busbars or
      other means of electrical attachment. In U.S. Pat. No. 3,086,889 to
      Strong, it is proposed that electrical resistance of a continuously
      deposited metallic coating be monitored by balancing a bridge circuit
      against resistance measured between electrical contacts which engage the
      metallic coated side of a dielectric sheet material. Unfortunately, where
      the metallic film whose resistance is to be measured is so thin as is the
      case where transparency is required, then the fragility of the metallic
      coating is highly susceptible to disruption by such contact methods of
      measurement. When the metallized film is subsequently energized,
      disruptions in the fragile coating give rise to localized regions of high
      current density which can lead to failure. Accordingly, a need has existed
      for a means of non-destructively describing the local resistivity of
      vacuum-deposited thin metal films.
PAR  In U.S. Pat. No. 3,397,672 to Dykeman, et al., it is proposed at column 3,
      lines 2-5, to measure the thickness of vapor-deposited aluminum by
      detection of radiation emanant from the coating upon application of
      x-rays. The equipment required for x-ray generation is generally highly
      expensive and to the economic disadvantages of that proposal must be added
      the danger to operators and maintenance personnel inevitably inhering in
      x-ray operation.
PAR  In determining what form of radiation will be employed and detected in
      monitoring resistivity of vacuum-deposited metals, however, more is
      involved than straightforward considerations of economy and safety. There
      is required a wavelength interval which when detected provides a
      relatively steep and linear curve of transmission or reflectance against
      resistivity. Moreover, where transmission is to be measured, a spectral
      region must be chosen wherein transmission of the bare substrate is high,
      i.e., a window.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention there if provided a process of monitoring
      surface resistivity distribution of vacuum-deposited silver, gold, and
      copper on transparent plastic carrier film substrates to form transparent
      metallized plastic film. The process comprises applying to the metallized
      film electromagnetic radiation comprised of radiation having a wave length
      within the range of about 1.5 to 3.0 microns, and detecting a band width
      of radiation transmitted through or reflected from said metallized film
      and within the wavelength range of about 1.5 to 3.0 microns.
PAR  One object of the invention is to provide a manner of non-destructively
      describing the local resistivity of vacuum deposited metals.
PAR  Another object of the invention is to provide a method of sensing surface
      resistivity distribution of vacuum deposited gold, silver, and copper
      wherein the information sensed reasonably linearly correlates with actual
      resistivity values.
PAR  Yet another object of the invention is to provide a means of
      non-destructively monitoring surface resistivity distribution without
      resort to harmful radiation.
PAR  A further object of the invention is to monitor resistivity of metals
      vacuum deposited on substrate films employing a spectral region where the
      bare substrate transmission is high.
DRWD
PAR  These and other objects and advantages of the invention will become
      apparent from the detailed description which follows and from the
      accompanying drawings in which:
PAR  FIG. 1 schematically represents a vacuum deposition apparatus environment
      in which the process of the invention can be practiced;
PAR  FIG. 2 schematically depicts one detection system with which the invention
      can be practiced; and
PAR  FIG. 3 graphically correlates percent transmission of various band widths
      of radiation with resistivity of vacuum deposited metal on a particular
      substrate.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Turning now to the drawings, with particular reference to FIG. 1, there is
      shown an electron beam gun 10 positioned below a moving substrate 11. The
      electron beam of the gun is focused onto an evaporant metal 12 located in
      a crucible 13 recessed into electron gun 10. Evaporant metal 12 is stored
      in the form of wire on a spool 15. The wire is fed to crucible 13 by feed
      mechanism 16.
PAR  The film substrate 11 is transported from a supply reel 17 over the
      electron gun 10 to a take-up reel 18 by a friction roller 19 acting on
      driving roller 20. The friction roller 19 is connected by chains and a
      gear set to a reversible universal motor (not shown).
PAR  Resistivity of the metal deposit applied to substrate 11 is monitored by
      measuring electromagnetic radiation having a band width within the range
      from about 1.0 to 3.0 microns emanant from the metallized film 21. For
      purpose of illustration an AC energized radiation source 22 and radiation
      detector 23 are shown placed on either side of the metallized film 21 at a
      point downstream from the deposition area for measuring transmission of
      selected band widths of radiation. The radiation source and detector may
      be provided with masks to obviate the effect of stray radiation.
PAR  The vacuum deposition apparatus is contained in a vacuum chamber 24 and a
      wall 25 having opening 26 therein for equalization of pressure may be
      provided to delineate an evaporation chamber from the remainder of the
      vacuum chamber. Wall 25 is provided with slit 26a which can be designed to
      allow insertion of masks that control the size of the slip opening as to
      both length and width (not shown). Suitable size of the slit opening is
      determined by the distance between the substrate and evaporant metal 12.
      Slit opening length (in the direction of film travel) can be determined by
      the angle swept out by considering the evaporant beam to originate from a
      point source in the center of the crucible 13 and defining the limits as
      the lines tangent to driving roller 20. The width of the slip can be
      determined in a similar manner using as the limit the edge or width of the
      plastic film. Glow discharge electrodes 27 and 27' are desirably provided
      for surface treatment of the substrate 11 in conventional manner.
      Preferably, all of the substrate 11 is glow discharged prior to
      commencement of metal evaporation.
PAR  As will be recognized by the art skilled, deposition rate is influenced by
      the rate of metal evaporation, speed of film travel, nature of glow
      discharge treatment, source to substrate distance, and system pressure at
      evaporation. In the embodiment shown, glow discharge treatment occurred at
      50 microns pressure of argon with power input of 1.4 KV AC and film travel
      speed of 6 inches per minute. For deposition, film speed was set at
      approximately 2 feet per minute with evaporator power setting of 0.2 kw.
      Source to substrate distance was fixed at 8 inches, and evaporations run
      at a pressure of two to five times 10.sup.-.sup.5 torr.
PAR  The techniques and apparatus for implementation of the measurement
      contemplated by this invention are known to those familiar with the art,
      but in the preferred embodiment employ an AC operated source of radiation
      such as an incandescent bulb having a brightness temperature greater than
      about 800.degree. centigrade with a modulated driver or an optical
      chopper, optics directing the AC radiation through the part to be
      measured, and a suitable photo detector, rectifier, amplifier, and
      read-out device. FIG. 2 schematically illustrates one suitable system,
      wherein signal generator 28 supplies a signal amplified by element 29 to
      radiation source 30. The AC radiation is directed through the metallized
      substrate (not shown) and the radiation transmitted by the substrate is
      received by a suitably biased photo detector 31. Preferably a lead sulfide
      detector is employed for the band widths used in this invention, and
      radiation emanant from the metallized film is passed through an optical
      interference, band-pass filter prior to impingement upon the lead sulfide.
      The signal generated by detector 31 is applied through element 35
      containing a filter and a 2-pole, narrow-pass pre-amplifier to a full wave
      rectifying power amplifier 32. At 32, the received signal is compared with
      a reference signal supplied by line 34 and the resulting information
      displayed by recorder 33.
PAR  Substrates employed in this invention are preferably transparent plastic
      carrier films which most preferably range in thickness from about 0.00025
      to about 0.015 inch. Preferred films are cellulose triacetate, cellulose
      acetate, fluorinated ethylene-propylene copolymers, and polyethylene
      terephthalate polyester films. Among the wide variety of other suitable
      candidates for substrate film employment may be mentioned: cellulose
      acetate butyrate, cellulose propionate, ethyl cellulose,
      polymethylmethacrylate, polytrifluorochlorethylene copolymer,
      polyvinylfluoride, polycarbonate, vinylidene chloride-vinyl chloride
      copolymer, polyvinylchloride, vinyl chloride-acetate copolymer, and
      regenerated cellulose films. Of course, substrates other than transparent
      plastic carrier films can be employed, e.g., rigid, transparent, substrate
      plies as of glass, stretched polymethylmethacrylate, polycarbonate, etc.
      Preferably such rigid plies range in thickness from about 0.02 to 0.25
      inches. The metals deposited on the substrate films are selected from the
      group consisting of silver, gold, and copper and are generally deposited
      in thicknesses within the range from about 100 to 500 angstroms. The
      resulting resistivity of the deposited metal generally is within the range
      from about 10 to about 25 ohms per square.
PAR  Both the substrate film and the metal coating deposited thereon are
      transparent in the sense that visible light is transmitted therethrough
      without appreciable scattering such that objects beyond are clearly
      visible. Preferably, the metallized film exhibits luminous light
      transmission greater than about 20 percent, and most preferably greater
      than about 70 percent.
PAR  As has been noted hereinabove, detected wavelengths within the range from
      about 1.5 to 3.0 microns have been discovered to provide a high level of
      correlation with resistivity of vacuum-deposited gold, silver, and copper.
      At wavelengths less than about 1.5 micron the requisite slope and relative
      linearity of the percent transmission-resistivity curve is seldom
      obtained. Detector respose falls off rapidly between 3 and 4 microns, and
      the metal films at greater wavelengths appear to exhibit uniform
      reflection regardless of resistivity. Best results have been obtained when
      operating at wavelengths between about 1.5 and 2.0 microns, most
      preferably 1.8 microns. FIG. 3 depicts the relationship of percent
      transmission of various detected band widths to resistivity of gold
      vacuumdeposited on a fluorinated ethylene-propylene film. Curve 36
      represents percent transmission of white light as detected by a cadmium
      sulfide detector as a function of resistivity. Curves 37, 38, and 39,
      respectively, illustrate transmission as a function of resistivity for
      detected band widths centered about 1.0, 1.5, and 2.0 microns. The latter
      three curves were drawn from data taken by spectrophotometer readings.
      Curves 36, 37, 38, and 39 were constructed by (1) measuring the IR
      transmission through substrate films bearing metal coatings of various
      densities and (2) cutting square portions of the coated substrate which
      include the IR measured region, attaching busbars thereto, and measuring
      resistance directly with a DC ohm-meter. The correlative advantage to be
      gained by practice of the invention in terms of linearity and slope of the
      transmission-resistivity curve will be apparent from FIG. 3. The
      criticality of the wavelength interval employed in this invention will
      become apparent when it is considered that curve 37 throughout much of its
      length exhibits slope no greater than that for white light,
      notwithstanding that the wavelength detected for curve 37 is but 0.5
      micron less than that for curve 38. With gold deposited on a cellulose
      triacetate substrate, transmission versus resistivity curves have been
      obtained which are linear between 8 and 20 ohms per square with a slope,
      in this range, of 0.83 percentage point of transmission per ohm per
      square, i.e., 12 percent to 20 percent transmission corresponding to from
      8 to 20 ohms per square. With polyethyleneterephthalate polyester film
      transmission versus resistivity slope of 1.72 percentage point per ohm per
      square over a range of 9 to 20 ohms per square corresponding to 23 to 42
      percent transmission has been obtained by detection of a band width
      transmitted radiation at a wavelength interval centered at 1.8 microns. In
      that wavelength interval, transmission of the bare substrate is extremely
      high, i.e., 92 percent transmission in vacuum.
PAR  In the preferred embodiment, the radiation detected is radiation
      transmitted through the metallized substrate. Of course, the art-skilled
      will recognize that the invention can also be practiced by detecting
      reflected radiation, in which instance the included angle of reflection
      should be as narrow as possible in view of the demonstrated tendency of
      all wave lengths of radiation to be reflected at low grazing angles.
      Indeed, resort can be had to conventional optical arrangements to provide
      that the included angle of reflection be zero degrees. While the invention
      can be employed to detect reflected radiation, preferably the detected
      radiation is transmitted radiation. Slight torsional movement of the film
      during transport, with resultant deviation of reflected radiation, can
      displace the signal beam from the view of the detector, falsely simulating
      variations in the intrinsic reflectivity of the coated film. For this
      reason, systems operating in the reflective mode require more elaborate
      detector optics, such as field lens systems, to assure uniform irradiation
      of the detector during torsional substrate film movement and attendant
      signal beam deviation.
PAR  The invention has been described hereinabove with particular reference to
      vacuum evaporation techniques of metal deposition. Of course, the
      art-skilled will recognize that other means of deposition can be employed.
      As an example of other suitable methods can be mentioned sputtering,
      wherein residual gases contained in a vacuum chamber are ionized by
      application of high voltage. The ions are accelerated toward an electrode
      comprised of the metal to be deposited. When the accelerated ions strike
      the electrode, their accumulated energy dislodges metal particles from the
      electrode which are subsequently deposited on the substrate film. In the
      light of this specification, of course, other means of metal deposition
      will occur to the art skilled.
PAR  Similarly, the art skilled will recognize that DC detection systems can be
      employed in lieu of the AC system exemplified above. With DC detector
      systems, expensive signal generators and amplifiers are supplanted by
      inexpensive batteries and DC voltmeters. However, the DC detector system
      is subject to a temperature drift effect, so that cooling or other
      suitable means of alleviating this effect should be provided.
PAR  From the foregoing, it will be clear to the art skilled that the method of
      this invention is suitable for diverse employments. For example, the
      invention can be employed as a quality control or inspection process with
      discrete coated parts. Alternatively, the method of the invention can be
      employed to monitor batch coating of individual parts so that deposition
      is permitted to proceed until a predetermined value of resistivity has
      been achieved, at which time the deposition apparatus can be switched off
      automatically and prepared for removal of the coated part and installation
      of the next part to be coated. Similarly, the invention is applicable to
      continuous or semicontinuous vacuum metallizing processes wherein the
      metallic deposit is applied to a moving substrate, such as a film web,
      which moves continuously or semi-continuously past the point of
      deposition. In this configuration, radiation transmitted through or
      reflected from the metallized film is monitored at a point immediately
      following that of deposition and the value of the detected radiation, or
      monitor signal, can be compared with a predetermined set point or standard
      value to generate an error signal. The error signal can be employed to
      control rate of film transport, power to the electron gun, rate of feed to
      the electron gun crucible, or otherwise control evaporation or deposition
      rate in order to achieve an extended deposit having local resistivity
      values within specified limits.
PAR  Having fully described the invention, it is intended that it be limited
      only to the legal scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process useful in monitoring the surface resistivity distribution of
      the deposit obtained by the vacuum deposit of a metal selected from the
      group consisting of silver, gold and copper on a transparent plastic film
      carrier to form a metallized plastic film having luminous light
      transmission greater than about 20 percent comprising applying
      electro-magnetic radiation comprised of radiation within the wavelengths
      of about 1.5 to 3.0 microns to the metallized film, detecting a signal
      corresponding to a wavelength interval of electro-magnetic radiation
      within the range of about 1.5 to 3.0 microns transmitted through said film
      and deposit, and correlating the value of the detected signal to the
      surface resistivity of the film.
NUM  2.
PAR  2. The process of claim 1 wherein the carrier film has a thickness within
      the range of about 0.00025 to 0.015 inch and wherein the said deposit
      exhibits resistivity in the range from about 5 to 50 ohms per square.
NUM  3.
PAR  3. The process of claim 2 wherein the said deposit exhibits resistivity in
      the range from about 10 to 25 ohms per square.
NUM  4.
PAR  4. The process of claim 3 wherein the source of applied radiation is an
      incandescent source having a brightness temperature greater than about
      800.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein the carrier film is selected from the
      group consisting of cellulose acetate, cellulose triacetate, fluorinated
      ethylene-propylene copolymer, and polyethylene terephthalate-polyester
      films.
NUM  6.
PAR  6. The process of claim 5 wherein the carrier film is polyethylene
      terephthalate polyester film.
NUM  7.
PAR  7. The process of claim 6 wherein the vacuum deposited metal is gold.
NUM  8.
PAR  8. The process of claim 7 wherein the detected radiation is radiation
      having a wave length of about 1.8 microns.
NUM  9.
PAR  9. The process of claim 5 wherein the metalized plastic film has integrated
      visible light transmission greater than about 70 percent.
NUM  10.
PAR  10. The process of claim 9 wherein the metalized plastic film has
      integrated visible light transmission greater than about 70 percent.
NUM  11.
PAR  11. A process according to claim 1 wherein the percent transmission of the
      applied radiation through the film and deposit is determined from the
      value of the detected signal and the percent transmission correlated to
      the surface resistivity of the film.
NUM  12.
PAR  12. A process according to claim 11 wherein the carrier film has a
      thickness range of about 0.00025 to 0.015 inch and wherein the said
      deposit exhibits resistivity in the range from about 5 to 50 ohms per
      square.
NUM  13.
PAR  13. A process according to claim 1 wherein the detected signal is compared
      with a reference signal and the resulting information displayed on a
      recorder.
NUM  14.
PAR  14. A process of determining surface resistivity of the deposit formed by
      vacuum deposition of a metal selected from the group consisting of silver,
      gold and copper on a transparent substrate to form a transparent metalized
      member having luminous light transmission greater than about 20 percent
      which process comprises applying to the metalized member electromagnetic
      radiation comprised of radiation within the wave length of about 1.5 to
      3.0 microns, detecting a signal corresponding to a wave length interval of
      electromagnetic radiation transmitted through said substrate and deposit
      and within the range of about 1.5 to 3.0 microns, determining the percent
      transmission of the applied radiation through the film and deposit from
      the value of the detected signal and correlating the percent transmission
      to the surface resistivity of the deposit.
NUM  15.
PAR  15. In a process for the preparation of transparent metalized film having
      luminous light transmission greater than 20 percent, by the vacuum
      deposition of a metal selected from the group consisting of silver, gold
      and copper on a transparent plastic carrier film, the improvement
      comprising monitoring of the surface resistivity distribution of the
      deposit formed on the film by applying electromagnetic radiation within
      the wave length of about 1.5 to 3.0 microns to the film and deposit,
      detecting a signal comprising a wave length interval of electromagnetic
      radiation within the range of about 1.5 to 3.0 microns transmitted through
      the film and deposit, and correlating the value of the signal to the
      surface resistivity distribution of the deposit on the film.
NUM  16.
PAR  16. A process according to claim 15 wherein the deposition of the metal on
      the carrier film proceeds until a predetermined value of resistivity has
      been achieved.
NUM  17.
PAR  17. The process according to claim 15 wherein the metal is deposited on a
      moving transparent film and the electromagnetic radiation is applied at a
      point immediately following that of deposition of the metal.
NUM  18.
PAR  18. The process according to claim 17 wherein the value of the detected
      signal is compared with a predetermined value to generate an error signal.
NUM  19.
PAR  19. A process according to claim 18 wherein the error signal is employed to
      control the amount of metal deposited on the film so as to achieve
      resistivity value from about 10 to 25 ohms per square.
NUM  20.
PAR  20. A process according to claim 18 wherein the error signal is employed to
      control the rate of deposition of metal of the film in order to achieve an
      extended deposit having local resistivity values within specified limits.
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PAL  The automatic output zeroing apparatus includes an energy storage device
      and a differential operational amplifier. The energy storage device, which
      is connected to one input of the differential operational amplifier, is
      charged to a voltage representing the free air voltage generated by the
      exhaust emission analyzer. The other input of the differential operational
      amplifier receives the pollution-indicating voltage generated by the
      exhaust emission analyzer. The differential operational amplifier produces
      a modified pollution-indicating voltage, representing the difference
      between the generated pollution-indicating voltage and the free air
      voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an apparatus and method for
      automatically zeroing an output and, more particularly, to an automatic
      output zero for an exhaust emission analyzer and a method of use.
PAR  The presently known exhaust emission analyzers include a probe which is
      inserted into the exhaust pipe of the automobile to be tested. Once the
      probe is inserted, the pollution analyzer generates a pollution-indicating
      voltage which produces an output meter deflection, indicating the level of
      pollution in the exhausted air.
PAR  In many instances, the generated pollution-indicating voltage is
      inaccurate. For various reasons, such as the accumulation of dirt and dust
      particles in the optical path and aging of the infrared source of the
      analyzer, the generated pollution-indicating voltage can include a "free
      air" component, representing the voltage generated by the analyzer during
      analysis of open environmental air, i.e., with the probe exposed to clean
      atmospheric air. As such, the generated pollution-indicating voltage
      represents the sum of the true pollution-indicating voltage and free air
      voltage. The result is an erroneous pollution level indication.
PAR  The presently known analyzers include a potentiometer which is adjusted by
      the operator to zero the output meter just prior to the pollution test.
      The requirement of a manual adjustment, however, directly introduces human
      error into the compensating or zeroing process. Clearly, if the meter is
      not properly adjusted, the indicated pollution level remains inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  In a principal aspect, the present invention comprises an automatic output
      zeroing apparatus and method of use wherein the generated
      pollution-indicating voltage is modified to suppress the effect of the
      free air voltage component. The modified pollution-indicating voltage
      represents the difference between the generated pollution-indicating
      voltage and the free air voltage.
PAR  More particularly, the automatic output zero includes means for retrievably
      storing or memorizing the free air voltage and means for summing the
      generated pollution-indicating voltage and free air voltage to produce the
      modified pollution-indicating voltage. Switch means, operable in at least
      two states, connect the storing or memorizing means to the input during
      free air analysis, i.e., generation of the free air voltage alone, and
      disconnect the storing means therefrom during analysis of exhausted air.
PAR  In utilizing the automatic output zero described above, the operator of the
      exhaust emission analyzer initially exposes the probe to the open
      environment, thereby generating the free air voltage and charging the
      storing means. After disconnecting the storing means from the exhaust
      emission analyzer, the operator then inserts the probe in the exhaust pipe
      of the automobile to be tested. The pollution-indicating voltage, thus
      generated, is opposed by the stored free air voltage to produce a modified
      and substantially more accurate pollution-indicating voltage.
PAR  It is thus an object of the present invention to provide an automatic
      output zero for an exhaust emission analyzer and a method of use therefor.
PAR  It is a further object of the present invention to provide an automatic
      output zero and method of use whereby the effect of the free air voltage
      generated by the exhaust emission analyzer is substantially suppressed and
      minimized.
PAR  It is also an object of the present invention to provide an automatic
      output zero and method of use wherein the generated pollution-indicating
      voltage is opposed by the free air voltage to produce a modified, or
      corrected, pollution-indicating voltage.
PAR  These and other objects and advantages of the present invention will become
      apparent in the following detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be described, in detail, with reference to the
      drawing wherein:
PAR  FIG. 1 is a circuit diagram showing a preferred embodiment of the present
      invention; and
PAR  FIG. 2 is a schematic diagram showing an exhaust emission analyzer
      including the preferred embodiment of the present invention shown in FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  A preferred embodiment of the present invention is shown in FIG. 1 and
      generally designated as an automatic output zeroing apparatus 2. The
      circuitry of the automatic output zero 2 includes a diode 4, an output 6,
      a pair of biasing voltage sources 8, a zeroing switch 10, resistors 12-48,
      amplifiers 50-54, potentiometers 56-58, and a memory capacitor 60,
      connected as shown.
PAR  As shown in FIG. 2, the automatic output zero 2 is interconnected between
      an exhaust emission analyzer 3 and an output meter 5, and the apparatus 2
      is used to zero the reading on the output meter 5. The apparatus 2,
      however, could be readily used in conjunction with the other output
      devices, such as a computer, printer, or multiplexer.
PAR  The exhaust emission analyzer 3 is representative of the "Exhaust
      Performance Analyzers" presently produced and manufactured by the Sun
      Electric Corporation of Chicago, Ill. The analyzer 3 includes a probe 7
      and an output 9. With the probe 7 inserted in the exhaust pipe 11 of an
      automobile 13, the analyzer 3 generates a pollution-indicating voltage.
PAR  As previously discussed, the generated pollution-indicating voltage
      includes an error component representing the free air voltage generated by
      the analyzer. To substantially suppress and minimize the effect of the
      free air voltage, it is necessary to initially determine and store, or
      memorize, the magnitude of this free air voltage.
PAR  To accomplish determination and storage, the operator (not shown) of the
      exhaust emission analyzer 3 closes the zeroing switch 10 and exposes the
      probe 7 to the environment. The zeroing switch 10 is closed by depression
      of a button (not shown) on the exhaust emission analyzer 3. The zeroing
      switch 10 is spring biased to a normally open state.
PAR  Closing of the zeroing switch 10 connects the memory capacitor 60 to the
      output 9 through the operational amplifier 50. As such, the memory
      capacitor 60 is charged to a voltage proportional to the free air voltage.
      The proportionality constant is the gain factor of the amplifier 50.
PAR  In the preferred embodiment shown, the gain factor of the amplifier 50 is
      21. The free air voltage is amplified prior to storage to substantially
      avoid a significant percentage drop in the voltage across the memory
      capacitor 60 due to various leakages in the circuitry. That is, for a
      given amount of current leakage, the percent drop in the memory capacitor
      60 voltage, due to leakage, is substantially reduced by amplification
      prior to storage.
PAR  Having stored the free air voltage, the operator opens the zeroing switch
      10, disconnecting the memory capacitor 60 from the output 9, and inserts
      the probe 7 into the exhaust pipe 11 of the automobile 13 being tested.
      The generated pollution-indicating voltage is now received by an input
      terminal 62 of the summing amplifier 54, a differential operational
      amplifier.
PAR  The other input terminal 64 of the summing amplifier 54 is connected to the
      memory capacitor 60 through a voltage divider, generally designated 66,
      comprising resistors 32, 34, and the high impedance operational amplifier
      52. The operational amplifier 52 has an output 68. The gain factor of the
      amplifier 52 is this preferred embodiment of the automatic meter zero 2 is
      1.05. The significance of the amplifier 52 is discussed in detail below.
PAR  The voltage divider 66 effectively cancels the two previous amplifications
      of the free air signal. That is, the voltage at the input terminal 64 of
      the summing amplifier 54 is substantially equal to the free air voltage
      generated by the exhaust emission analyzer 3.
PAR  The output of the summing amplifier 54 is a modified pollution-indicating
      voltage representing the difference between the generated
      pollution-indicating voltage and the free air voltage. Thus, by opposing
      the generated pollution-indicating voltage with the stored free air
      voltage, the adverse effect of the free air voltage is substantially
      avoided.
PAR  After each pollution test, the operator again closes the zeroing switch 10
      to "update" the voltage on the memory capacitor 60. The magnitude of the
      free air voltage, however, will not vary significantly over a short period
      of time, e.g., several hours, and thus, the "updating" procedure need not
      be meticulously followed.
PAR  A significant function of the operational amplifier 52 is to transfer the
      free air voltage to the voltage divider 66 and the summing amplifier 54,
      without unduly loading the memory capacitor 60. Additionally, the
      amplifier 52, in cooperation with the potentiometer 58 and diode 4,
      charges, or more appropriately recharges, the memory capacitor 60 to
      compensate for current leakage.
PAR  Leakage occurs in the memory capacitor 60 itself, the amplifier 52, and the
      printed circuit board (not shown). The leakage includes two components,
      i.e., a voltage variable component dependent on the memory capacitor 60
      voltage and a temperature variable component dependent upon the
      temperature sensitivity of the operational amplifier 52.
PAR  Basically, the greater-than-one gain of the amplifier 52 compensates for
      the voltage variable leakage. As shown, the output 68 of the amplifier 52
      is connected through a feedback loop 70 to the memory capacitor 60,
      thereby recharging the memory capacitor 60 through the resistor 24.
PAR  The amount of voltage variable feedback current is regulated by the
      potentiometer 58. The potentiometer 58 is adjusted with the memory
      capacitor 60 charged to a predetermined voltage and the zeroing switch 10
      open. Adjustment is made until the voltage at the output 68 remains
      constant. At that point, the recharging current is substantially equal to
      the current leakage or draw on the memory capacitor 60.
PAR  The adjustment of the potentiometer 58 is a once-a-lifetime adjustment.
      However, readjustment will be necessary whenever parts of the automatic
      meter zero 2 are repaired or replaced.
PAR  With the potentiometer 58 set, a voltage variable feedback current is
      established. The diode 4 regulates this feedback current as a function of
      temperature to compensate for the temperature sensitivity of the amplifier
      52. That is, a decrease in temperature will increase the leakage current
      through the amplifier 52. The feedback current, however, will also
      increase due to the temperature sensitivity of the diode 4, and thus, the
      memory capacitor 60 voltage is maintained at a substantially constant
      level during a pollution test.
PAR  The feedback circuitry is a significant feature of the automatic meter zero
      2 because it permits the use of inexpensive operational amplifiers. As
      indicated, the feedback circuitry maintains the voltage across the memory
      capacitor 60, despite amplifier leakage, and expensive, non-leaking
      amplifiers are, therefore, unnecessary.
PAR  The potentiometer 56 provides a constant current feed to compensate for the
      total offset of the three operational amplifiers 50, 52, 54. The
      potentiometer 56 is also adjusted only once during the lifetime of the
      automatic meter zero 2. The adjustment is accomplished with the output 9
      shorted and the zeroing switch 10 closed. Adjustment is made until the
      deflection of the output meter is zero.
PAR  A single preferred embodiment of the present invention has been shown and
      described in detail. It is to be understood, however, that various changes
      and modifications of the automatic meter zero 2 can be made without
      departing from the true spirit and scope of the present invention, as
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic output zeroing apparatus for an exhaust emission analyzer
      having output means, said exhaust emission analyzer generating a free air
      voltage during analysis of open environmental air and a
      pollution-indicating voltage during analysis of air exhausted from an
      automobile, comprising, in combination:
PA1  means for retrievably storing a first voltage proportional to said free air
      voltage;
PA1  switch means operable in a first state for connecting said storing means to
      said exhaust emission analyzer and operable in at least a second state for
      disconnecting said storing means from said exhaust emission analyzer, said
      switch means being operated in said first state during analysis of said
      open environmental air and in said second state during analysis of said
      exhausted air; and
PA1  means for summing a second voltage proportional to said
      pollution-indicating voltage and said first voltage to produce an output
      signal, said output means being responsive to said output signal, said
      output signal representing the difference between said second voltage and
      said first voltage, said summing means being responsive to said exhaust
      emission analyzer and said storing means.
NUM  2.
PAR  2. An automatic output zero as claimed in claim 1 wherein said summing
      means includes a differential operational amplifier.
NUM  3.
PAR  3. An automatic output zero as claimed in claim 1 wherein said storing
      means includes an energy storage device.
NUM  4.
PAR  4. An automatic output zero as claimed in claim 3 wherein said energy
      storage device is a capacitor.
NUM  5.
PAR  5. An automatic output zero as claimed in claim 3 further comprising means
      for charging said energy storage device with a feedback current to
      substantially counterbalance the load on said energy storage device,
      whereby the voltage across said energy storage device remains
      substantially equivalent to said free air voltage.
NUM  6.
PAR  6. An automatic output zero as claimed in claim 5 wherein said charging
      means includes means for amplifying said stored free air voltage, said
      amplifying means having an output, and means for connecting said output
      and said energy storage device.
NUM  7.
PAR  7. An automatic output zero as claimed in claim 5 wherein said charging
      means includes means for regulating said feedback current as a function of
      temperature.
NUM  8.
PAR  8. An automatic output zero as claimed in claim 7 wherein said
      temperature-sensitive regulating means includes a diode.
NUM  9.
PAR  9. An automatic output zero as claimed in claim 5 wherein said charging
      means includes variable resistance means for regulating said feedback
      current.
NUM  10.
PAR  10. An automatic output zero as claimed in claim 1 further comprising means
      for amplifying said free air voltage to produce said first voltage.
NUM  11.
PAR  11. An automatic output zero as claimed in claim 10 wherein said summing
      means includes means for attenuating said first voltage prior to
      summation.
NUM  12.
PAR  12. An automatic output zero as claimed in claim 11 wherein said
      attenuating means is a voltage divider.
NUM  13.
PAR  13. In an exhaust emission analyzer having an output means, said exhaust
      emission analyzer being of the type which generates a pollution-indicating
      voltage during analysis of air exhausted from an automobile, said
      pollution-indicating voltage including an error component representing the
      free air voltage generated by said exhaust emission analyzer during
      analysis of open environmental air, the improvement comprising, in
      combination:
PA1  means for memorizing the magnitude of said free air voltage;
PA1  switch means operable in a first state during analysis of said open
      environmental air for connecting said memorizing means to said exhaust
      emission analyzer and operable in at least a second state during analysis
      of said exhausted air for disconnecting said memorizing means from said
      exhaust emission analyzer; and
PA1  summing means for producing a modified pollution-indicating voltage, said
      summing means being responsive to said exhaust emission analyzer and said
      memorizing means, said modified pollution-indicating voltage being
      proportional to the difference between said pollution-indicating voltage
      and said free air voltage, said output means being responsive to said
      summing means.
NUM  14.
PAR  14. An improvement as claimed in claim 13 wherein said memorizing means
      includes a capacitor, said capacitor being charged to a voltage
      substantially proportional to said free air voltage during first state
      operation of said switch means.
NUM  15.
PAR  15. An improvement as claimed in claim 14 further comprising means for
      charging said capacitor during second state operation of said switch means
      to compensate for current drawn from said capacitor, whereby said
      capacitor voltage remains substantially equal to said free air voltage.
NUM  16.
PAR  16. A method for automatically zeroing an exhaust emission analyzer for an
      automobile having an exhaust pipe, said analyzer having a probe, voltage
      generating means, output means, and storing means, comprising the steps
      of:
PA1  interconnecting said storing means and said voltage generating means;
PA1  exposing said probe to the free environmental air, whereby said analyzer
      generates a free air voltage;
PA1  continuing to interconnect said storing means and said voltage generating
      means until said storing means is charged to a first voltage proportional
      to said free air voltage;
PA1  disconnecting said storing means and said voltage generating means;
PA1  inserting said probe in said exhaust pipe, whereby said analyzer generates
      a pollution-indicating voltage; and
PA1  opposing said pollution-indicating voltage and said first voltage to
      produce a modified pollution-indicating voltage, said output means
      responding to said modified pollution-indicating voltage.
NUM  17.
PAR  17. A method as claimed in claim 16 wherin said opposing step includes
      summing said pollution-indicating voltage and said first voltage, said
      modified pollution-indicating voltage being proportional to the difference
      between said pollution-indicating voltage and said first voltage.
NUM  18.
PAR  18. A method as claimed in claim 16 further comprising the step of
      recharging said storing means, whereby said first voltage remains
      substantially constant during operation of said analyzer.
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ABST
PAL  An atomspheric turbulence detection system for use in an aircraft
      comprising a scanning radiometer for continuously providing a plurality of
      independent and distinct temperature measurement signals within a given
      field of view ahead of the aircraft; means for deriving consecutive first
      signals indicative of the average of all of the temperature measurement
      signals within the field of view; means for deriving consecutive second
      signals indicative of the difference between the temperature measurement
      signals in two vertically displaced regions within the field of view;
      means for combining the first and second signals to derive consecutive
      third signals; means for storing consecutively derived third signals for a
      predetermined period of time and for continuously deriving a fourth signal
      indicative of the average of the stored third signals; and means for
      comparing each newly derived third signal with the fourth signal and
      generating a turbulence warning upon the occurrence of a predetermined
      difference therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to processing apparatus for clear air
      turbulence detection and, more particularly, to apparatus for processing
      the temperature measurement signals from a dual beam radiometer so as to
      provide a turbulence warning with a high detection probability and a low
      false alarm rate.
PAR  2. Description of the Prior Art
PAR  Atmospheric turbulence is an environmental condition which effects both
      passenger safety and comfort and may be physically destructive to
      aircraft. Most atmospheric turbulence is located at the edge of jet
      streams and in mountain waves in the atmosphere, although turbulence is
      also associated with jet streams overrunning convection cold fronts and
      cold or warm vertical currents between thunderstorms. Since most of such
      turbulence is not in or adjacent to visible convection activity and is not
      visible on airplane weather radar, pilots usually have no indication prior
      to encountering such turbulence.
PAR  The National Transportation Safety Board conducted a special study on
      non-fatal passenger and flight attendant injuries associated with air
      carrier accidents from 1968 through 1971 caused by turbulence, evasive
      maneuvers, and self-initiated injuries (personal carelessness). Of the 79
      accidents that were investigated in the study, 23 were attibuted to clear
      air turbulence. The study also revealed that a major operation factor that
      directly effected both the probability and the severity of injuries was
      the amount of warning time the pilot was able to provide to flight
      attendants and passengers. In other words, if the pilot has sufficient
      warning time to check passenger seat belts, prepare the cabin and galley
      for turbulence, secure himself in his seat, and, in some cases, take
      evasive action to avoid the most intensive patches of turbulence, both the
      probability and the severity of injuries will be substantially reduced.
PAR  With the above in mind, there have been several techniques investigated for
      detecting atmospheric turbulence. However, no system to date has
      successfully provided the long range capability of detecting atmospheric
      turbulence with a sufficiently high detection probability and a
      sufficiently low false alarm rate to justify an operation system.
PAR  A Survey of Clear Air Turbulence Detection Methods was presented by Paul W.
      Kadlec at the USSR/US Aeronautical Technology Symposium co-sponsored by
      the American Institute of Aeronautics and Astronautics and the USSR State
      Committee for Science and Technology in Moscow in July, 1973. As reported
      by Mr. Kadlec, ground based systems include multi-wavelength radars with
      steerable antennas utilized to observe fluctuations in water vapor and
      temperature that occur in stratified stable layers in the clear atmosphere
      and the use of optical or lasar radars to observe the structure of the
      atmosphere or to identify aerosol concentrations in conjunction with areas
      of turbulence. Programs to develop an airborne system have concentrated
      primarily on the remote measurement of atmospheric temperature gradients
      and aerosol motion as possible indicators of clear air turbulence.
PAR  The most promising detection technique for an airborne detector utilizes a
      passive infrared radiometer which senses atmospheric turbulence at
      distances averaging up to 32 miles ahead of an aircraft. Flight tests with
      infrared systems have been conducted for many years utilizing both
      government and commercial aircraft. Such systems measure the infrared
      energy emitted in certain spectral bands. Since carbon dioxide (CO.sub.2)
      is known to maintain very nearly constant proportions throughout the
      troposphere and the lower stratosphere, radiometers have been designed to
      measure its emission/absorption properties. The strong carbon dioxide
      absorption band centered at 15 microns in the near infrared spectrum has
      been selected for investigation in all airborne infrared sensors.
PAR  Atmospheric data recorded over hundreds of thousands of miles of airline
      transport routes and studies of dozens of cases of turbulence have
      indicated that there are infrared signals generated in the proximity of
      turbulence. These infrared signals are caused by horizontal temperature
      gradients ahead of the aircraft and vertical temperature lapse rates.
      Turbulence has been found to be associated with torn cirrostratus clouds
      when a jet stream overran a cold front at approximately 90.degree. in
      direction and south of a deep low pressure cell. In such a case, clear air
      openings, approximately 8 miles wide, in dense cirrostratus clouds
      appeared approximately 24 to 32 miles from moderate turbulence. These
      cloud openings are found on the west wide of the turbulence on an
      eastbound aircraft with a thermal wave on the east side. Where turbulence
      occurred, there was a radiation change associated with it. On the polar
      side of a jet stream core, the major turbulence is found above and below
      the core and both thermal horizontal waves and vertical lapse changes
      occur. On the other hand, flying through the polar side of a jet stream at
      the core level, the major thermal signal is a vertical lapse change on the
      inside of the jet stream and not a horizontal wave.
PAR  It therefore becomes obvious that a reliable infrared passive system to
      warn a pilot in advance of penetration of turbulence must be able to
      detect horizontal thermal waves, vertical thermal lapse changes, and
      openings in dense cirrostratus clouds. However, flight tests conducted
      into and out of clouds at constant temperature have also determined that
      changes in radiation occur when going into and out of clouds and that this
      signal must be reduced from the system output to be compatible with the
      thermal horizontal wave and to provide an anomaly threshold signal with a
      high rate of detection and low false alarm rate.
PAR  The results of flight tests have indicated that the cloud to clear air
      difference in voltage at 13.8 microns wavelength is twice that at 14.15
      microns. Both of these beam outputs were tested at the same calibration
      against a black body reference. Therefore, two beams from 14.15 and 13.8
      microns can be combined with their sensitivities adjusted for equal ice
      effect. Then, when the beam output voltages are subtracted, the result
      will be a thermal signal of the atmosphere with reduced ice effect from
      clouds.
PAR  My prior U.S. Pat. No. 3,735,136 issued May 22, 1973, for Dual Color
      Radiometer Method Selectively Discriminating Against a Radiant Energy
      Emissivity Characteristic of a Preselected Atmospheric State teaches that
      by compensatorily gain-changing one of the beam output voltages before
      combining the two beam output voltages there will be provided a resultant
      signal with reduced ice effect from clouds. On the other hand, my prior
      U.S. Pat. No. 3,780,293 issued Dec. 18, 1973, for Dual Beam Radiometer for
      Clear Air Turbulence Measurement teaches that by adjusting the spectral
      band pass of one beam and its reference relative to the other beam and its
      reference, the ice effect may be reduced to a level sufficient to prevent
      false alarms when flying from clear air to cloud, or vice versa. What
      remains to be accomplished and is accomplished hereby is the processing of
      the output of such a dual beam radiometer with reduced ice effect in such
      a manner as to detect horizontal thermal waves, vertical thermal lapse
      changes, and openings in dense cirrostratus clouds to provide a turbulence
      warning signal with a sufficiently high rate of detection and a
      sufficiently low false alarm rate as to be operational for use in both
      military and commercial aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided apparatus for
      processing multi-spectral signals from the atmosphere and generating a
      turbulence warning for a pilot before an aircraft penetrates turbulence in
      clear air or in a cirrostratus cloud environment. The present processing
      apparatus operates upon a detector output of the type which is provided by
      the dual beam radiometer of my prior U.S. Pat. No. 3,780,293 and is
      capable of detecting horizontal thermal waves, vertical thermal lapse
      changes, and openings in dense cirrostratus clouds.
PAR  According to the present invention, a dual beam radiometer is modified to
      scan in a circular pattern in front of the aircraft to continuously
      provide a plurality of independent and discrete temperature measurement
      signals within the total field of view encompassed by the circular scan.
      The average of all of the forward signals in the circular scan is added to
      the difference between temperature measurement signals in two vertically
      displaced regions and stored in a memory device for a predetermined period
      of time, new signals constantly being added to the memory device and the
      oldest signal constantly being dropped. As the aircraft moves forward, an
      average of the signals is constantly determined. Each newly derived
      combined signal is compared to the stored average and a turbulence warning
      is generated upon the occurrence of a predetermined difference
      therebetween.
PAR  Two thresholds or voltage gates are used for warning signals as a function
      of the difference between the combined signal and the stored average
      signal. The first threshold or voltage gate may be used to turn on a
      caution light for light turbulence and the second threshold or voltage
      gate may be used to flash the same light for moderate or heavy turbulence.
      According to the present invention, signals are also provided to actuate a
      circular display showing the pilot the condition of the atmosphere in a
      number of positions of the circular scan. With such a display, the pilot
      can locate the source of the turbulence warning and take evasive action if
      appropriate.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide processing
      apparatus for clear air turbulence detection.
PAR  It is a further object of the present invention to provide apparatus for
      processing the temperature measurement signals from a dual beam radiometer
      so as to provide a turbulence warning with a high detection probability
      and a low false alarm rate.
PAR  It is a still further object of the present invention to provide apparatus
      for processing signals from the dual beam radiometer for clear air
      turbulence measurement described in my prior U.S. Pat. No. 3,780,293 for
      warning a pilot in advance of turbulence penetration.
PAR  It is another object of the present invention to provide a simple display
      to reliably warn a pilot of thermal atmospheric changes associated with
      turbulence of two levels of intensity.
PAR  It is still another object of the present invention to provide a circular
      display for a pilot to indicate where unusual thermal signals are located
      ahead of an aircraft to permit the pilot to select a course of least
      turbulence.
PAR  Another object of the present invention is the provision of processing
      apparatus for clear air turbulence detection in which temperature
      measurement signals are stored and averaged for comparison to incoming
      signals.
PAR  Still other objects, features, and attendant advantages of the present
      invention will become apparent to those skilled in the art from a reading
      of the following detailed description of the preferred embodiment
      constructed in accordance therewith, taken in conjunction with the
      accompanying drawings wherein like numerals designate like or
      corresponding parts in the several figures and wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic view of an aircraft incorporating a dual beam
      radiometer modified to scan in a circular pattern to provide a plurality
      of independent and discrete temperature measurement signals at different
      angular positions;
PAR  FIG. 2 is a block diagram of processing apparatus constructed in accordance
      with the teachings of the present invention, including a simple display to
      indicate where unusual thermal signals are located ahead of an aircraft;
      and
PAR  FIG. 3 is a diagramatic representation of a typical jet stream and the
      temperature variations associated therewith, taken along a vertical plane
      in the atmosphere.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to my U.S. Pat. No. 3,780,293, a dual beam radiometer for clear
      air turbulence measurement comprises a radiation detector; a source of
      reference radiation, i.e. a temperature controlled black body; a rotating
      chopper for alternately passing radiation from the atmosphere and
      reflecting radiation from the reference source onto the radiation
      detector; a rotating filter disc having four sections interposed in the
      radiation path between the rotating chopper and the radiation detector for
      controlling the wavelength of the radiation applied to the detector, the
      rotating filter disc being operative, synchronously with the rotating
      chopper, to periodically change the wavelength of the atmospheric
      radiation and the wavelength of the reference radiation applied to the
      detector; and means for controlling the temperature of the reference
      source as a function of atmospheric temperature adjacent to the
      radiometer.
PAR  In the operation of such a system, activation of the rotating chopper and
      the rotating filter disc will result in a composite output signal from the
      radiation detector having four separate and distinct portions. During the
      first 90.degree. of rotation of the chopper and the filter disc, a signal
      will be derived indicating the level of radiation from the atmosphere in a
      column of CO.sub.2  having a spectral band pass determined by a first
      filter section, which may correspond to a short distance beam. During the
      next 90.degree. of rotation of the chopper and the filter disc, radiation
      from the reference source is reflected to the detector through a second
      filter section, generating a reference signal. During the remaining
      180.degree. rotation of the chopper and filter disc, signals are derived
      representing the level of radiation from the atmosphere in a spectral band
      pass determined by a third filter section and radiation from the reference
      source with a spectral band pass determined by a fourth filter section. In
      other words, such a radiometer provides two atmospheric radiation signals
      from different spectral band passes, each signal being separately compared
      to its own reference signal. By making the bandwidth of the atmospheric
      beam nearest 15 microns and its reference signal larger than that of the
      atmospheric beam furthest from 15 microns and its reference signal, the
      output signals may be compensated for the ice effect, substantially
      eliminating such ice effect from the atmospheric turbulence indicating
      signal. Furthermore, by adjusting the temperature of the reference source
      as a function of outside air temperature at the vehicle position, the
      vehicle is permitted to change altitude through various thermal layers of
      temperature in the vertical direction without creating unwanted thermal
      slope signals in the atmospheric turbulence indicating signal.
PAR  Referring now to FIG. 1, an aircraft 19 having a radiometer 20 preferably
      constructed in accordance with the teachings of my prior U.S. Pat. No.
      3,780,293 includes two beams 21 and 22 centered at 13.8 microns and 14.15
      microns, respectively. Such frequencies are selected as a matter of
      convenience in that this simplifies the elimination of the ice effect in
      either of the two ways suggested in my before-mentioned prior U.S.
      patents. In any event, as taught in my prior U.S. Pat. No. 3,780,293,
      radiometer 20 will provide a composite output signal S.sub.R indicative of
      atmospheric temperature for each complete cycle of the rotating chopper
      and filter disc therein. That is, the composite output signal S.sub.R from
      radiometer 20 is defined by the equation:
EQU  S.sub.R = (V.sub.22 - V.sub.R2) - (V.sub.21 - V.sub.R1),   (1)
PAL  where: V.sub.22 = detector output voltage for beam #2;
PAR  V.sub.21 = detector output voltage for beam #1;
PAR  V.sub.R2 = reference voltage for beam #2; and
PAR  V.sub.R1 = reference voltage for beam #1.
PAR  As should be obvious from equation (1), the S.sub.R signal will vary with
      atmospheric target temperature changes. On the other hand, by adjusting
      the temperature of the reference source as a function of outside air
      temperature at aircraft 19, while V.sub.22 and V.sub.21 will change as a
      function of thermal change with climb or descent of aircraft 19, the
      S.sub.R signal will hold its value because such changes will be
      compensated for by changes in V.sub.R2 and V.sub.R1.
PAR  The normal cruising speed of jet transports is approximately 8 nautical
      miles per minute and, as beams 21 and 22 penetrate the atmosphere, the
      S.sub.R signal will be effected by partially filled beams. An anomaly
      ahead of aircraft 19 will first be seen by beam #1, the longer beam, and
      then by beam #2. Therefore, when flying from clear air into ice, or vice
      versa, the longer beam will see the ice and react thereto before the
      shorter beam sees it. However, by using the dual beam approach and the
      compensation techniques which are the subject of my prior patents, the
      overall change in S.sub.R will not be sufficient to generate a warning
      signal of the type to be described more fully hereinafter.
PAR  When a thermal discontinuity such as a rising temperature is approached,
      beam #1, the longer beam, sees and reacts to it first until beam #2, the
      shorter beam, also sees it. S.sub.R will therefore begin to change value
      in a first direction until such time as beam #2 sees the anomaly and also
      starts to react. At this time, S.sub.R reaches a first maximum difference
      value in the first direction and starts to return towards its original
      value. However, because of the increased bandwidth of the shorter beam, it
      has a greater effect on S.sub.R and S.sub.R begins to change value in a
      second, opposite direction and reaches a second maximum difference value
      in the second direction. Eventually, the outside air temperature probe
      senses the temperature change and again effects S.sub.R by adjusting
      V.sub.R2 and V.sub.R1 so that S.sub.R eventually returns to its original
      value.
PAR  It is known that in the absence of local weather conditions, the
      temperature in the atmosphere normally decreases with altitude in an
      approximately linear manner, at a rate of typically 2.degree. C per 1000',
      substantially up to a height known as the tropopause height and thereafter
      normally remains constant with further increases in altitude. Therefore,
      it will be colder above aircraft 19 than it is below aircraft 19 and this
      normal condition can also be used to generate a turbulence warning signal.
      In other words, if beams 21 and 22 are pitched upwardly, S.sub.R will have
      a different value than if beams 21 and 22 are pitched downwardly.
PAR  To obtain a good understanding of the thermal conditions in front of
      aircraft 19, beams 21 and 22 are preferably rotated in a circular pattern,
      designated 23, about the line of sight 24 of aircraft 19. Such rotation is
      preferably at a rate of one complete rotation per second, a 1 Hz rate.
      This can be achieved by passing the beams in radiometer 20 through a
      rotating off-axis objective lens which operates at one-tenth the speed of
      the rotating chopper and filter disc. A mirror would also be used to
      stabilize the optical axis in a known manner to correct for pitching of
      aircraft 19.
PAR  Using the example given previously, where the rotating lens is driven at
      one-tenth the speed of the rotating chopper and filter disc in radiometer
      20, radiometer 20 provides ten composite S.sub.R signals for each circular
      scan. Accordingly, the S.sub.R signals are generated at a 10 Hz rate and,
      for purposes of discussion, can be considered to correspond to the
      positions indicated as 1 through 10 in FIG. 1. These ten S.sub.R signals,
      S.sub.R.sbsb.1 through S.sub.R.sbsb.1.sbsb.0 are the equivalent of 20
      beams investigating a 4,000 foot diameter circle at a distance of 16
      nautical miles in front of aircraft 19, assuming an angle of 2.degree.
      between beams 21 and 22 and line of sight 24 of aircraft 19. It is obvious
      that the same result can be provided by ten different detectors without a
      mechanical scanning technique; however, such a design would not be as cost
      effective as the use of one high quality detector for the complete
      solution.
PAR  Referring now to FIG. 2, there is shown processing apparatus, generally
      designated 30, for processing the output of radiometer 20 and for
      providing a turbulence warning signal. More specifically, processing
      apparatus 30 includes a chopper/filter synchronizer 31 coupled to
      radiometer 20 for providing a synchronizing signal on a line 32 for each
      rotation of the chopper and filter disc in radiometer 20 and a scan
      synchronizer 33 coupled to radiometer 20 for providing a synchronizing
      signal on a line 34 for each rotation of the rotating lens in radiometer
      20. Apparatus 30 also includes electronic circuitry 35 including an
      amplifier, filter, and the like, responsive to the output of the radiation
      detector in radiometer 20 for providing an output on a line 36 at a 10 Hz
      rate indicative of the composite signal S.sub.R. The signals on lines 32,
      34 and 36 are applied to the input of an averaging circuit 37 which
      generates a signal S.sub.S on a line 38 at a 1 Hz rate in accordance with
      the equation:
      ##EQU1##
      In other words, averaging circuit 37 uses the synchronizing signal on line
      32 from synchronizer 31 to separate the different S.sub.R signals for each
      rotation of the chopper and filter within radiometer 20, uses the
      synchronizing signal on line 34 from synchronizer 33 to select the signals
      S.sub.R.sbsb.1 through S.sub.R.sbsb.1.sbsb.0 corresponding to the
      positions 1-10 shown in FIG. 1, sums these ten signals, and divides by ten
      to derive signal S.sub.S which is the average of all signals
      S.sub.R.sbsb.1 through S.sub.R.sbsb.1.sbsb.0.
PAR  The S.sub.S signal which represents the average temperature within the
      total field of view of beams 21 and 22, defined by circle 23, may be used
      for detection of a horizontal thermal wave ahead of aircraft 19. Thus, and
      as will be explained more fully hereinafter, The S.sub.S signal can be
      stored and compared to a subsequent S.sub.S signal to detect a change in
      the average temperature ahead of aircraft 19.
PAR  In order to detect vertical lapse rate changes, the same signals on lines
      32, 34 and 36 are applied to a difference detecting circuit 39 which
      generates a signal S.sub.V on a line 40 at a 1 hz rate in accordance with
      the equation:
EQU  S.sub.V = S.sub.R.sbsb.1 - S.sub.R.sbsb.6.                 (3)
PAL  That is, the signal S.sub.V is indicative of the difference between the
      temperature measurement signals in two vertically displaced regions within
      the total field of view of radiometer 20, i.e. in the present case, the
      difference between the temperature measurement signals at positions 1 and
      6 in FIG. 1. For present purposes, S.sub.V will be assumed to equal
      S.sub.R.sbsb.1 - S.sub.R.sbsb.6 since this will simplify the numerical
      examples given hereinafter. Alternatively, difference detecting circuit 39
      might first sum the S.sub.R signals from positions 10, 1 and 2 and then
      subtract the S.sub.R signals from positions 5, 6 and 7, or the S.sub.R
      signals from positions 9, 10, 1, 2 and 3 can be added before subtracting
      the S.sub.R signals from positions 4-8.
PAR  The S.sub.S and S.sub.V signals on lines 38 and 40, respectively, are
      applied to a summation circuit 41 which generates a signal S.sub.SV on a
      line 42 at a 1 Hz rate in accordance with the equation:
EQU  S.sub.SV = S.sub.S + S.sub.V .                             (4)
PAL  The S.sub.SV signal is applied to a small computer 43 having the capability
      of storing consecutively derived S.sub.SV signals for a predetermined
      period of time, such as two minutes. Since beams 21 and 22 are being
      scanned at a 1 Hz rate, an S.sub.S and an S.sub.V signal are derived once
      each second so that computer 43 stores, in two minutes, 120 S.sub.SV
      signals. Every second a new S.sub.SV signal is added to the storage and
      the oldest signal dropped out. Immediately upon the addition of a new
      S.sub.SV signal, computer 43 generates a signal S.sub.A on a line 44
      indicative of the average of all 120 S.sub.SV signals.
PAR  The S.sub.SV signal on line 42 from summing circuit 41 is continuously
      applied together with the S.sub.A signal on line 44 from computer 43 to a
      comparator 45 which compares the two signals and determines the difference
      S.sub.W therebetween. Comparator 45 also receives over lines 46 and 47
      first and second threshold signals S.sub.R1 and S.sub.T2, respectively,
      where S.sub.T2 &gt; S.sub.T1. Comparator 45 continuously compares S.sub.W to
      S.sub.T1 and S.sub.T2. If S.sub.W is less than either S.sub.T1 or
      S.sub.T2, no output signal is generated therefrom. On the other hand,
      where S.sub.W, the difference between S.sub.A and S.sub.SV, either
      positive or negative, is greater than the first threshold level S.sub.T1,
      an output is generated on a line 48 to signal a circuit 49 to light a
      turbulence warning light 50. Still further, if the difference signal
      S.sub.W is greater than the second threshold level S.sub.T2, comparator 45
      generates a signal on a second output line 51 to signal a circuit 51 to
      flash light 50.
PAR  Apparatus 30 also includes a circular display 60 consisting of ten blue
      lights 61-70 and ten yellow lights 71-80 arranged in side-by-side
      relationship in a circular pattern corresponding to the ten positions 1-10
      of beams 21 and 22, as shown in FIG. 1. Blue lights 61-70 are used to
      signify a temperature signal colder than the average signal, and yellow
      lights 71-80 are utilized to signify a temperature signal warmer than the
      average signal. In order to energize lights 61-80, the instantaneous
      S.sub.R.sbsb.1 through S.sub.R.sbsb.1.sbsb.0 signals on line 36 are
      applied together with the synchronizing signal on line 32 and a biasing
      signal S.sub.B to a comparator 53 which compares each S.sub.R.sbsb.1
      through S.sub.R.sbsb.1.sbsb.0 signal with the average of the stored
      signals S.sub.A on line 44 from computer 43. Biasing signal S.sub.B is
      utilized to eliminate the effect of the S.sub.V signal from the S.sub.A
      signal for reasons which will appear hereinafter. If an individual S.sub.R
      signal is greater than S.sub.A - S.sub.B , a signal is applied over a line
      54 to a gate circuit 55 which, in conjunction with the synchronizing
      signal on line 34 from synchronizer 33, energizes one of blue lights 61
      through 70. Similarly, if any individual S.sub.R signal is less than
      S.sub.A - S.sub.B, a signal is applied over a line 56 to a gate circuit 57
      which, in conjunction with the synchronizing signal on line 34 from
      synchronizer 33, energizes one of the yellow lights 71 through 80. Bias
      voltage S.sub.B effectively balances lights 61-80 in display 60 so that
      the upper half of display 60 will normally have blue lights 61-63, 69 and
      70 energized and the lower half of display 60 will normally have yellow
      lights 74-78 energized under normal, smooth flying conditions.
      Furthermore, the brightness of lamps 61-80 may be adjusted to be a
      function of the difference between S.sub.R and S.sub.A - S.sub.B.
PAC  OPERATION
PAR  The operation of processing apparatus 30 may be best understood with the
      use of a numerical example. Accordingly, assume aircraft 19 is flying at a
      level altitude with an outside air temperature of -50.degree. C and that
      amplifier/filter 35 provides an output signal S.sub.R of 100 mV per
      .degree.C-. That is, with beams 21 and 22 aligned with line of sight 24,
      S.sub.R = 5.0 volts.
PAR  As beams 21 and 22 are tilted upwardly, the temperature gets colder and
      S.sub.R increases. With the normal variation of 2.degree. C per 1,000 foot
      altitude change, S.sub.R.sbsb.1 is a complex function depending upon the
      exact center frequencies of beams 21 and 22, the pass bands, etc. However,
      assume for present purposes that S.sub.R.sbsb.1 is indicative of a
      temperature of -52.degree. C, namely 5.2 volts and that S.sub.R.sbsb.6 is
      indicative of a temperature of -48.degree. C, namely 4.8 volts.
PAR  Under normal operating conditions, with no thermal anomalies ahead of
      aircraft 19, S.sub.S, the average of S.sub.R.sbsb.1 through
      S.sub.R.sbsb.1.sbsb.0, = 5.0  volts. On the other hand S.sub.V,
      representing the difference between S.sub.R.sbsb.1 and S.sub.R.sbsb.6, =
      0.4 volts. Therefore, S.sub.SV = 5.0 + (5.2 - 4.8) = 5.4 volts. Assuming
      no change in S.sub.SV for two minutes, S.sub.A = 5.4 volts. Under such
      conditions, with the inputs to comparator 45 on lines 42 and 44 equal, the
      difference signal S.sub.W = 0 and neither circuit 49 nor circuit 52 will
      be activated.
PAR  On the other hand, the individual S.sub.R.sbsb.1 through
      S.sub.R.sbsb.1.sbsb.0 signals, which vary between 4.8 volts and 5.2 volts,
      will be compared to S.sub.A - S.sub.B in comparator, S.sub.B = 0.4 volts
      here, so that lights 61-63, 69 and 70 are energized and lights 74-78 are
      energized to indicate colder temperature above and warmer temperature
      below the line of sight 24 of aircraft 19.
PAR  Assume now that a horizontal temperature gradient is encountered, such an
      anomaly being associated with 80% or more of all cases of turbulence. The
      anomaly is first seen by beam 21, simultaneously increasing or decreasing
      all of the S.sub.R signals. Assuming a uniform thermal wave, each of the
      S.sub.R signals will increase or decrease proportionately. Assuming a 200
      mV increase in each of signals S.sub.R.sbsb.1 through
      S.sub.R.sbsb.1.sbsb.0, S.sub.SV = 5.2 + (5.4 - 5.0) = 5.6. In other words,
      while there will be no change in vertical lapse rate under these
      conditions, there will be a change in the average thermal signal resulting
      in a 200 mV change in S.sub.SV. With S.sub.T1 set at 200 mV, line 48 will
      now be energized to light warning light 50, indicating light turbulence.
PAR  On the other hand, assuming the thermal anomaly is strong enough so that
      each of the S.sub.R.sbsb.1 through S.sub.R.sbsb.1.sbsb.0 signals increases
      by 400 mV. Under these circumstances, S.sub.SV = 5.4 + (5.6 - 5.2) = 5.8.
      With this signal compared to S.sub.A and assuming S.sub.T2 = 400 mV, line
      51 will be energized and light 50 will start to flash, indicating moderate
      turbulence.
PAR  Referring now to FIG. 3, the reason for combining the horizontal signal and
      the vertical signal may be best understood by considering the nature of
      the jet stream and the turbulence associated therewith. In FIG. 3, the jet
      stream boundary is generally C-shaped, the boundary being defined by the
      downwardly sloping tropopause 84 and the upwardly sloping polar front 85.
      The nature of the jet stream boundary is such that when flying
      therethrough, from right to left in FIG. 3, the temperature increases
      above the level of core 86 and decreases below the level of core 86. The
      reverse is obviously true when crossing the jet stream boundary from left
      to right in FIG. 3, where the temperature decreases above core 86 and
      increases below core 86. Flight tests have shown that the greatest
      turbulence is above and below core 86, at 87 and 88, respectively, and the
      best place to fly through the jet stream boundary is near core 86, within
      approximately 1,000'. The maximum turbulence is encountered at a height
      between 2,000' and 5,000' above or below core 86, the total height of the
      jet stream being approximately 10,000'. Furthermore, turbulence has also
      been encountered directly at the level of core 86, at 89, adjacent the jet
      stream boundary.
PAR  To fully understand the operation of apparatus 30, consider aircraft 19
      flying through the jet stream boundary at three different altitudes, first
      flying out of the jet stream and then into the jet stream, designated by
      positions A throught F. Positions A, C, D and F correspond to the
      altitudes of maximum turbulence 87 and 88 whereas positions B and E are
      aligned with core 86 and turbulence patch 89. Flight tests have shown that
      because of the curvature of the jet stream boundary, an aircraft 19 at one
      of positions A, C, D and F, will be practically within the areas of
      maximum turbulence before a substantial horizontal thermal wave is
      detected. Also, since the only substantial horizontal wave 90 is on the
      outside of the jet stream boundary at the level of core 86, an aircraft 19
      at position E will detect horizontal wave 90 going into the jet stream but
      an aircraft 19 at position B will be very close to or in turbulence patch
      89 before horizontal wave 90 is detected. On the other hand, aircraft at
      positions A, C, D and F will detect a vertical lapse rate before reaching
      the jet stream boundary.
PAR  In other words, and considering first an aircraft 19 at position A, the
      S.sub.R signal will detect a substantial increase in temperature when
      pointed upwardly while noting no change in temperature when pointing to
      the side or downwardly. A similar situtation will be encountered by an
      aircraft at position F. An opposite situation will be encountered by
      aircraft at positions C and D where a substantial decrease in temperature
      will be sensed when the beams are pointed downwardly but no change will be
      sensed when pointing to the side or upwardly. Using hypothetical values
      for the degree of change in S.sub.R, a possible S.sub.SV signal
      encountered at each of positions A through F appears as follows:
TBL  A:    S.sub.SV = 5.0 + (5.0 - 4.8) = 5.2                                  

                                   (5)                                         

     B:    S.sub.SV = 5.0 + (5.1 - 4.9) = 5.2                                  

                                   (6)                                         

     C:    S.sub.SV = 5.0 + (5.2 - 5.0) = 5.2                                  

                                   (7)                                         

     D:    S.sub.SV = 5.0 + (5.2 - 5.0) = 5.2                                  

                                   (8)                                         

     E:    S.sub.SV = 5.4 + (5.1 - 4.9) = 5.6                                  

                                   (9)                                         

     F:    S.sub.SV = 5.0 + (5.0 - 4.8) = 5.2                                  

                                   (10)                                        

PAR  As can be seen from an inspection of equations (5), (7), (8) and (10),
      prior to such time as any horizontal wave is detected, a vertical lapse
      rate is detected such that S.sub.SV changes by 200 mV from its original
      value, 5.4 volts. In each case, since this difference between S.sub.SV and
      S.sub.A exceeds S.sub.T1, light 50 is energized. If even a greater lapse
      rate is detected, light 50 may be caused to flash. Thus, by combining the
      difference and average signals in summer 41, a turbulence warning is
      derived as a result of a vertical lapse rate, independently of a thermal
      horizontal wave.
PAR  Considering equation (6), while again no thermal horizontal wave is
      detected, the increasing upper temperature signal and the decreasing lower
      temperature signal again generate a turbulence warning indicative of a
      presence right near core 86 of the jet stream. In the case of equation
      (9), corresponding to position E, while there will be only a small
      vertical lapse signal, if any at all, the horizontal thermal wave 90 on
      the outside of the jet stream boundary will be detected as explained
      previously.
PAR  Processing apparatus 30 therefore processes the output of radiometer 20 in
      such a manner as to detect horizontal thermal waves, vertical thermal
      lapse changes, and openings in dense cirrostratus clouds to provide a
      turbulence warning signal, i.e. light 50, with a sufficiently high rate of
      detection and a sufficiently low false alarm rate as to be operational for
      use in both military and commercial aircraft. By combining the horizontal
      thermal wave signal and the vertical thermal lapse change signal, the
      total thermal anomaly signal surrounding the turbulence will be increased
      and the threshold voltages S.sub.T1 and S.sub.T2 for activating lamp 50
      will be safely above the cloud/ice signal. As stated previously, the
      number of signals utilized by difference detecting circuit 39 may be
      selected to adjust the level of S.sub.V compared to S.sub.S and the
      relative effects of the thermal horizontal wave and the thermal vertical
      lapse rate.
PAR  Simultaneously with the activation of lamp 50, comparator 53 and gates 55
      and 57 control display 60 so that the pilot can see where the
      discontinuity is coming from and take evasive action, if necessary. In
      other words, with aircraft 19 at position A, there should be no change in
      the normal illumination of blue lights 63 and 69 and yellow lights 74-78,
      but the increase in temperature reflected in a decrease in
      S.sub.R.sbsb.1.sbsb.0, S.sub.R.sbsb.1, and S.sub.R.sbsb.2 will cause lamps
      70, 61 and 62, respectively, to lessen in intensity or to go out entirely
      and lights 80, 71 and 72 to turn on. Thus, the pilot of aircraft 19 at
      position A will be warned that the thermal anomaly is approaching from
      above and that he should lower his altitude. A similar display will be
      encountered by the pilot of aircraft 19 at position F indicating that he
      should decrease his altitude or, alternatively, increase his altitude to
      get closer to core 86 of the jet stream.
PAR  With aircraft 19 at position C, there will be no change in normally blue
      lamps 61-63, 69 and 70 and normally yellow lamps 74 and 78, but yellow
      lamps 75-77 will lessen in intensity or go out entirely and lights 65-67
      turn on in response to the colder temperature detected when beams 21 and
      22 are pointed downwardly. A similar display will be encountered by the
      pilot of aircraft 19 at position D so that evasive action may be taken. On
      the other hand, the pilot of aircraft 19 at positions B and E will note an
      equal change in intensity in the upper and lower portions of display 60
      indicative of the fact that the thermal discontinuity is directly ahead.
PAR  When approaching cold or warm vertical currents between thunderstorms or
      torn cirrostratus clouds caused by the jet stream overruning a cold front,
      similar signals will be encountered and display 60 will indicate the
      direction of the discontinuity. In any event, the pilot will have a
      sufficient warning time to check the passengers' seat belts, prepare the
      cabin and galley for the turbulence, secure himself in his seat, and take
      evasive action to avoid the most intensive patches of turbulence.
PAR  While the invention has been described with respect to a preferred physical
      embodiment constructed in accordance therewith, it will be apparent to
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention.
      Accordingly, it is to be understood that the invention is not to be
      limited by the specific illustrative embodiment, but only by the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an atmospheric turbulence detection system for use in an aircraft
      including at least one radiometer for continuously providing a plurality
      of independent and discrete temperature measurement signals within a given
      field of view ahead of said aircraft, apparatus for processing said
      signals to derive an atmospheric turbulence warning comprising:
PA1  means for deriving consecutive first signals indicative of the average
      temperature within said field of view;
PA1  means for deriving consecutive second signals indicative of the difference
      between said temperature measurement signals in two vertically displaced
      regions within said field of view;
PA1  means for combining said first and second signals to derive consecutive
      third signals;
PA1  means for storing consecutively derived third signals for a predetermined
      period of time and for continuously deriving a fourth signal indicative of
      the average of said stored third signals; and
PA1  means for comparing each newly derived third signal with said fourth signal
      and generating a turbulence warning upon the occurrence of a predetermined
      difference therebetween.
NUM  2.
PAR  2. In an atmospheric turbulence detection system according to claim 1,
      processing apparatus wherein said comparing and generating means generates
      a first turbulence warning indicative of light turbulence upon the
      occurrence of a first predetermined difference between each newly derived
      third signal and said fourth signal and generates a second turbulence
      warning indicative of moderate turbulence upon the occurrence of a second,
      greater predetermined difference between each newly derived third signal
      and said fourth signal.
NUM  3.
PAR  3. In an atmospheric turbulence detection system according to claim 1,
      processing apparatus further comprising;
PA1  indicator means for visually or audibly indicating a turbulence warning;
      and
PA1  means responsive to said comparing means for energizing said indicator
      means upon the occurrence of a first predetermined difference between each
      newly derived third signal and said fourth signal.
NUM  4.
PAR  4. In an atmospheric turbulence detection system according to claim 3,
      processing apparatus further comprising;
PA1  means responsive to said comparing means for alternately energizing and
      de-energizing said indicator means upon the occurrence of a second,
      greater predetermined difference between each newly derived third signal
      and said fourth signal.
NUM  5.
PAR  5. In an atmospheric turbulence detection system according to claim 1
      wherein said at least one radiometer is responsive to radiation lying
      within two, coaxial, narrow beams of different lengths, said beams being
      scanned in a circular pattern ahead of said aircraft, said circular
      pattern defining said field of view, processing apparatus further
      comprising:
PA1  means for deriving consecutive independent and discrete temperature
      measurement signals at a plurality of positions within said circular
      pattern, said consecutive temperature measurement signals being applied to
      said first and second signals deriving means.
NUM  6.
PAR  6. In an atmospheric turbulence detection system according to claim 5,
      processing apparatus wherein said first signals deriving means is
      operative to sum all of said independent temperature measurement signals
      and divide said sum by the number of said signals to derive an average of
      said temperature measurement signals.
NUM  7.
PAR  7. In an atmospheric turbulence detection system according to claim 5,
      processing apparatus wherein said second signals deriving means is
      operative to subtract one of said temperature measurement signals derived
      when said beams are pointing downwardly from one of said temperature
      measurement signals derived when said beam is pointing upwardly.
NUM  8.
PAR  8. In an atmospheric turbulence detection system according to claim 5,
      processing apparatus further comprising;
PA1  a circular display including a plurality of indicator lights corresponding
      in position to the positions of said beams when said independent and
      discrete temperature measurement signals are derived, each of said lights
      being capable of indicating one of two opposite conditions, either cold or
      warm;
PA1  means for comparing each independent and discrete temperature measurement
      signal with said fourth signal; and
PA1  means responsive to said comparing means for activating said lights so as
      to indicate whether each of said independent and discrete temperature
      measurement signals is warmer or colder than the average of all of said
      stored temperature measurement signals.
NUM  9.
PAR  9. In an atmospheric turbulence detection system according to claim 1,
      processing apparatus wherein said storing means stores consecutively
      derived third signals for at least two minutes and continuously drops the
      oldest stored third signal as each newly derived third signal is stored.
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ABST
PAL  The invention relates to a scintillating camera and in particular to an
      apparatus for determining the position coordinates of a light pulse
      emitting point on the anode of an image intensifier tube which forms part
      of a scintillating camera, comprising at least three photomultipliers
      which are positioned to receive light emitted by the anode screen on their
      photocathodes, circuit means for processing the output voltages of the
      photomultipliers to derive voltages that are representative of the
      position coordinates; a pulse-height discriminator circuit adapted to be
      fed with the sum voltage of the output voltages of the photomultipliers
      for gating the output of the processing circuit when the amplitude of the
      sum voltage of the output voltages of the photomultipliers lies in a
      predetermined amplitude range, and means for compensating the distortion
      introduced in the image on the anode screen.
BSUM
PAR  An apparatus of this kind is known from the French Patent Specification No.
      1,586,904. The known apparatus for determining the position coordinates of
      a light pulse emitting point on the anode screen of an image intensifier
      tube forming part of a scintillating camera comprises four
      photomultipliers, which are positioned symmetrically with respect to the
      anode screen with their axis in parallel with the axis of symmetry of the
      anode screen. Signals representative of the position coordinates of a
      light emitting point on the anode screen are derived by dividing the
      difference signal of two output signals of two diametrically opposed
      multipliers by the sum signal of the output signals of said
      photomultipliers. While in fact the coordinates of the point in the layer
      of scintillating crystals is of interest to a user of a scintillating
      camera problems arise from the fact that image distortion is introduced by
      both the image intensifier tubes and the photomultipliers. As the image of
      the layer of scintillating material on the anode screen of the image
      intensifier tube as a result of the operation of the image intensifier
      tube contains pin-cushion distortion, the signals representative for the
      position coordinates of the light emitting point on the anode screen are
      not necessarily representative for the position coordinates of the point
      in the layer of scintillating material in which the scintillation took
      place, which scintillation gave rise to the emission of a light pulse by a
      point of the anode screen. The arrangement of the photomultipliers further
      introduces a barrel distortion. Depending on the number of image
      intensifier tubes the signals representative of the position coordinates
      of the light pulse emitting point on the anode screen may contain a barrel
      distortion or a pin-cushion distortion because the barrel distortion
      introduced by the photopultipliers is greater respectively smaller than
      the pin-cushion distortion introduced by the photomultipliers. Means for
      compensating the pin-cushion distortion in the image on the anode screen
      and the obviously larger barrel distortion introduced by the
      photomultipliers according to the French Pat. No. 1,586,904 consist of a
      disc which does not transmit light and which is centered on the axis of
      symmetry of the anode screen, said disc intercepting part of the light
      pulse emitted by points of the anode screen near the edge, as a result of
      which a supplementary pin-cushion distortion is introduced. However, this
      solution cannot be used to introduce  barrel distortion. Furthermore, it
      is a drawback that part of the light pulses in particular of those emitted
      by points near the edge of the anode screen is intercepted. This has the
      drawback that part of the light pulses is not used and that this known
      apparatus cannot be used to introduce barrel distortion, when the
      pin-cushion distortion introduced in the image on the anode screen is just
      partly compensated by the barrel distortion introduced by the
      photomultipliers.
PAR  According to the present invention, there is provided an apparatus for
      determining the position coordinates of a light pulse emitting point,
      wherein the means for compensating the distortion introduced in the image
      on the anode screen and the barrel distortion introduced by the
      photomultipliers are capable to compensate both a resulting barrel
      distortion and a pin-cushion distortion, whereas these means do not or
      hardly intercept light emitted by the anode screen.
PAR  An apparatus according to the invention is for this purpose characterized
      in that the means for compensating the distortion comprise a reflecting
      symmetrical surface, said surface being positioned in respect of the anode
      screen and the photomultipliers in order to reflect light emitted by the
      anode screen to at least one of the photomultipliers, the amount of light
      reaching a photomultiplier by reflection varying as a light emitting point
      with constant brightness on the anode screen moves from the center to the
      edge of the anode screen.
DRWD
PAR  The invention will now be described in more detail, by way of example only,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 diagrammatically shows an apparatus for determining the position
      coordinates of a light-impulse emitting point,
PAR  FIG. 2 diagrammatically shows the relative positions of the
      photomultipliers and the reflecting symmetrical surface, and
PAR  FIG. 3 is a diagram showing the relation between the position coordinates
      of a light emitted point as measured and the real position coordinates of
      the relating point on the photocathode 4 of the tube 5 shown in FIG. 1,
      for the case that no reflecting surface is used, a reflecting surface is
      positioned in a first position and a reflecting surface is positioned in a
      second position.
PAR  FIG. 4a is a diagrammatic side elevational view of the photomultipliers,
      reflecting surface and anode screen in accordance with an embodiment of
      the invention.
PAR  FIG. 4b is a front elevational view taken in the direction of the arrows
      4--4 of FIG. 4a.
PAR  FIG. 5a is a diagrammatic side elevational view of the photomultipliers,
      reflecting surface and anode screen in accordance with an embodiment of
      the invention.
PAR  FIG. 5b is a front elevational view taken in the direction of the arrows
      5--5 of FIG. 5a.
PAR  FIG. 5C is an embodiment similar to that of FIG. 5b except that the conic
      reflecting surface has been rotated 45.degree..
PAR  FIG. 6 is a diagrammatic side elevational view of still a further
      embodiment of the invention.
DETD
PAR  FIG. 1 diagrammatically shows a scintillating camera and an embodiment of
      an apparatus according to the invention. At 1 a plate is shown, which is
      provided with holes 2 in which scintillating material 3 is applied, which
      material emits a light pulse when struck by a .gamma.-quant. The plate 1
      operates as a collimator and for that purpose is made of lead for
      instance. A photocathode 4 is separated from the plate 1 by a glass window
      forming part of the tube housing 5 and positioned parallel to the plate 1.
      When as a result of the impact of a .gamma.-quant the scintillating
      material in one of the holes 2 of the plate 1 a light pulse is emitted, a
      number of electrons is freed from the photocathode 4. These electrons are
      accelerated by means of a known electrode system shown at 6 to the anode
      screen 7, having an anode construction 7a. The anode screen 7 is made up
      of a material, i.e., ZuCds(Ag), which material when struck by electrons
      emits light. On the photocathode 8a of a first image intensifier tube 9,
      which forms part of a series of image intensifier tubes, i.e., three tubes
      9, 11 and 13, separated by fiber optics 10 and 12, an image of the light
      pulse emitting point on the anode screen 7 is formed through the fiber
      optic 8.
PAR  In order to determine the position coordinates of a light pulse emitting
      point on the anode screen 14 of the last image intensifier tube 13, which
      light pulse emission results from a .gamma.-quant impact is one of the
      holes 2 in the plate 1, in general a number of photomultipliers is
      positioned in respect of the anode screen in such a way that their
      photocathodes receive light from that anode screen through a fiber optics
      14a. The signals representative of this position coordinates can be used
      to display the light pulse emitting point on the display screen of cathode
      ray tube, said screen having a greater persistence than the anode screen
      14, or can be fed into the storage of a computer.
PAR  In the known apparatus the output signals of four photomultipliers, having
      their cathodes positioned in coplanar alignment at the corners of a square
      centered on the axis of symmetry of said anode screen, are fed to an adder
      circuit, a subtractor circuit and a divider circuit and also to a
      pulse-height discriminator circuit. From each two diametrically opposed
      photomultipliers the difference signal and sum signal are derived.
PAR  As a signal representative for the X-position coordinate the signal
      obtained by deriving the difference signal divided by the sum signal of
      one pair diametrically opposed photomultipliers is used. From the output
      signals of the other two photomultipliers a signal representative of the
      Y-coordinate of the light-impulse emitting point on the anode screens 14
      is derived in the same way.
PAR  Furthermore, the sum signal of the output signals of the four
      photomultipliers is fed to the pulse-height discriminator circuit. The
      pulse-height discriminator circuit is set to give an output signal if and
      only if the sum signal of the output signals of the four photomultipliers
      lies within a predetermined amplitude range. The output signal of the
      pulse-height distriminator circuit is used to gate the circuits for
      determining the X- and Y-position coordinate signals.
PAR  As shown in FIGS. 1 and 2, the photomultipliers 15, 16, 17 and 18 are
      positioned with their axis perpendicular to the axis of the scintillating
      camera. Furthermore, the cone-shaped body 19 is shown, which body has a
      reflecting outer surface and is positioned in order to reflect light
      emitted by the anode screen 14 to one or more of the photomultipliers 15,
      16, 17 and 18. As schematically shown in the instant embodiment, the
      outputs of the photomultipliers 15, 16, 17, 18 are via conductors 15',
      16', 17', 18' fed to a signal processing apparatus 21 embodying the
      circuit means as previously described. Said circuit means may, as noted,
      include a pulse height discriminating circuit for gating the circuit means
      responsive to signals in a predetermined amplitude range derived from said
      photomultipliers.
PAR  It will be understood that in general a convenient chosen apex angle of the
      cone-shaped body 19 and distance between the top of the body and the anode
      screen 14 provides a certain course of the amount of light reflected by
      the body to the cathodes 15a, 16a, 17a and 18a of the photomultipliers
      when a light-pulse emitting point of constant brightness moves from the
      center of the anode screen to the edge of it.
PAR  Furthermore, this course will be influenced by the shape of the base of the
      cone-shaped body, which base may be a square, a cushion, a barrel or a
      circle.
PAR  Furthermore, the generatrix of the cone-shaped body 19 may be inwardly or
      outwardly curved, while in case the base has the form of a square the
      surfaces of the body may be inwardly or outwardly curved in cross
      direction.
PAR  The reflecting surface may also be the inner surface of a cone-shaped
      shell, in which the base of the body is turned to the anode screen 14.
PAR  In order to compensate a resulting pin-cushion distortion shape and
      arrangement in respect of the anode screen 14 have to be chosen in such a
      way, that for a point emitting light of constant brightness moving from
      the center of the anode screen to its edge in the direction of the
      positive X-coordinate the amount of light reflected to the photomultiplier
      positioned in that direction decreases.
PAR  In the other case, that is compensating of a resulting barrel distortion,
      it is necessary that for a light emitting point moving from the center to
      the edge of the anode screen the amount of reflected light received by
      said photomultiplier increases.
PAR  If, as shown in FIG. 1, three photomultipliers are connected in series,
      experiments show a resulting pin-cushion distortion. FIG. 3 shows for a
      number of cases the relation between the position coordinates as measured
      and the real position coordinates, that is the position coordinates of the
      point of the photocathode 4 of tube 5 in FIG. 1.
PAR  In an apparatus having a circular anode screen 14 with diameter of 25 mm
      and a shape as shown in FIG. 1, further having the following
      characteristics:
PA1  the photocathodes of the photomultipliers 15, 16, 17 and 18 having a
      diameter of 32 mm;
PA1  the distance between the photocathodes of two diametrically opposed
      photomultipliers being 50 mm;
PA1  the shortest distance between the centers of the photocathodes of
      photomultipliers and the plane of the anode screen 14 being 22 mm;
PA1  the reflecting surface 19 being the outer surface of a right-circular cone
      having an apex angle of 64.degree., the base having a diameter of 48 mm;
      the relation between the normalized position coordinates, derived from the
      output signals of the photomultipliers 15, 16, 17 and 18 and the
      normalized position coordinates, that is coordinates of a point divided by
      the diameter of the photocathode 4 in one case and of the anode screen 14
      in the other case, on the photocathode 4 of the tube 5, the distance
      between the top of the cone 19 and the center of the anode screen 14 being
      6 mm, is shown by the curve drawn through the points indicated by a
      circle. It further appears that displacement of the cone 19 to a position,
      in which the distance between the top of the cone 19 and the center of the
      anode screen measures 8 mm, leads to a relation as shown by the straight
      line including an angle of 45.degree. with the abscis.
PAR  Increasing the distance between the top of cone 15 and the center of the
      anode screen 14 the relation appears to be shown by the curve drawn
      through the points indicated by a cross.
PAR  It will be clear that the reflecting surface gives the possibility to
      compensate the distortion without intercepting light emitted by the anode
      screen.
PAR  The embodiment of FIGS. 4a and 4b is similar in all respects to the
      preceding described embodiment with the exception that the images on
      photomultipliers 15 and 16 are produced by reflections from reflective
      conic surface 19a formed in a cavity of transparent body 20.
PAR  In FIGS. 5a and 5b, the reflections on photomultipliers 15 and 16 are
      produced by a cone 19b, the base of which is square.
PAR  In FIG. 5c there is shown still a different form of reflective cone 19c,
      the cone 19c being arranged in the same position as occupied by cone 19b
      as depicted in FIG. 5a, except that the cone 19c is rotated 45.degree.
      about its major axis.
PAR  In FIG. 6 there is shown a conical member 19d, the generatrix of which is
      curved in a concave manner --see full line position. The dash lines
      appearing in FIG. 6 disclose still a further form of cone wherein the
      generatrix is curved in a convex manner.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters of Patent of the United States is:
NUM  1.
PAR  1. Apparatus for determining the position of a light pulse emitting point
      on the anode screen of an image intensifier tube forming a part of a
      scintillating camera comprising at least three photomultipliers, circuit
      means operatively connecting said photomultipliers to derive voltages
      representative of the position coordinates, said circuit means including a
      pulse height discriminator circuit for gating said circuit means
      responsive to signals in a predetermined amplitude range derived from said
      photomultipliers, said device being characterized by distortion
      compensating means for transferring to said photomultipliers the image
      produced on said anode screen, said distortion compensating means
      comprising a reflecting surface symmetrical with respect to the said anode
      screen and the photocathodes of said photomultipliers, said surface being
      positioned to reflect light emitted by said anode screen to said
      photocathodes, said surface being configurated and spaced relative to said
      anode screen and photomultipliers to vary the intensity of an image
      reflected on said photocathodes as a function of the position on said
      anode of a light emitting point of constant brightness.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein there are included four
      said photomultipliers, said photomultipliers being positioned with the
      axes of symmetry of their photocathodes coincident with the legs of a
      cross, the axis of symmetry of said cross being coincident with the axis
      of symmetry of said anode screen, said reflecting surface being conical
      about an axis of symmetry coincident with the axis of symmetry of said
      anode screen.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said reflective surface is
      formed on the surface of a cone-shaped cavity of a light transmitting
      body.
NUM  4.
PAR  4. Apparatus according to claim 2, characterized in that said reflecting
      surface is the outer surface of a cone-shaped body, the apex of which is
      turned toward the anode screen.
NUM  5.
PAR  5. Apparatus according to claim 4 characterized in that the base of the
      cone-shaped body is a circle.
NUM  6.
PAR  6. Apparatus according to claim 4 characterized in that the base of the
      cone-shaped body is a square.
NUM  7.
PAR  7. Apparatus according to claim 4 characterized in that the generatrix of
      the cone-shaped body is curved.
NUM  8.
PAR  8. Apparatus according to claim 4 characterized in that the surfaces of the
      cone-shaped body are curved in crossdirection.
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PAL  A whole body imaging system rapidly forms a quality image of the bony
      structure, soft tissue or specific organs of a patient who has been
      injected with a suitable radioactive tracer chemical. A radiation detector
      head assembly includes a number of detector subassemblies, each having a
      lead collimator with tapered holes for admitting gamma radiation from a
      small area of the patient to a scintillation crystal that converts the
      gamma rays admitted by the collimator into visible or ultraviolet energy
      pulses. A photomultiplier converts these pulses into electrical pulses. A
      row of equally spaced detector subassemblies reciprocate within a
      nonreciprocating lead shield along the long axis of the array over a
      distance substantially equal to the separation between adjacent ones of
      the small areas. Associated electronic and electromechanical apparatus
      control the reciprocating motion and the longitudinal motion of the
      radiation detector head assembly and process the photodetected signals to
      produce in a relatively short time a visible image of the radiant energy
      emanating from the whole body of the patient scanned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to radiant energy imaging and more
      particularly concerns novel apparatus and techniques for rapidly providing
      an image of the whole body of a patient who has been injected with a
      suitable radioactive tracer chemical. The invention is characterized by a
      number of features that enable a diagnostician to rapidly obtain
      considerable information about the patient in a relatively short time with
      safety, with minimal discomfort to the patient and in a form that
      facilitates greater and repeated examination and processing by a computer
      or other automatic data processing device.
PAR  A useful diagnostic tool for essentially noninvasively diagnosing the
      condition of a patient is a radiant energy image of the whole body
      produced by injecting a suitable radioactive tracer chemical into the
      patient and then scanning the patient to effectively provide a map of the
      radiation intensity from the patient.
PAR  A major problem in obtaining these maps is the length of time for obtaining
      the radiant energy image of suitable resolution. Prior art approaches
      typically require longer than twenty minutes to produce radiant energy
      images of the whole body of a patient. To keep an ill patient still for
      such a long period is difficult and discomforting to the patient.
PAR  One prior art approach is disclosed in U.S. Pat. No. 3,509,341 using a
      multichannel scanner having a linear array of scintillation crystals
      comprising radiation detectors. The linear detector array is parallel to
      the long axis of the patient and reciprocates in a direction normal to the
      length of the array. After each stroke of the transverse reciprocal
      motion, typically an amplitude of 45 cm, the whole array indexes a
      fraction of an inch in the longitudinal direction. This scan-and-step
      sequence repeats until the sum of the lengthwise increments just equals
      the separation between the focal points of the array to complete a scan
      for an area of width corresponding to the transverse scan amplitude,
      typically 45 cm, and the length of the array; that is, the number of
      detectors multiplied by the separation between detectors. This approach
      necessarily limits the size of a single frame or scan-area to an area much
      smaller than the projected area of an adult patient. Thus, to scan the
      whole body of an adult, several individual frames are required over a time
      interval longer than that desired. In the commercially available Dynapix
      system the patient is moved between successive frames.
PAR  Accordingly, it is an important object of this invention to provide an
      improved radiant energy imaging system that overcomes one or more of the
      disadvantages enumerated above.
PAR  It is another object of the invention to achieve the preceding object with
      a radiant energy imaging system that may scan the whole body in a
      relatively short interval.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with a system that does not subject a patient to
      appreciable discomfort or anxiety.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with a system that provides great flexibility in terms
      of information density, the ability to monitor the resultant image and to
      study the image at any time with or without computer or other automatic
      data processing apparatus assistance.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with equipment that is relatively safe and reliable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is means defining a plurality of spaced
      radiant energy detectors equally spaced along a curve for providing a
      corresponding plurality of electrical signals each representative of the
      radiant energy focused thereon from a corresponding plurality of points on
      a body, the curve being generally transverse to the length of the body.
      There is first scan drive means for translating said detectors together
      along said curve to scan a portion of the body along a similar curve, and
      second scan means for advancing said plurality of detectors along the
      length of the body at a rate ordinarily less than the rate of translating
      the detectors along the curve. Preferably, the curve is a line transverse
      to the length of the body support, the first means for scanning includes
      means for reciprocating the detectors together along the line and the
      second means for scanning includes means for slowly moving the row of
      detectors along the length of the body while the detectors reciprocate
      along the line. This scanning system effectively scans a zig-zag pattern
      of individual focal points along the scanned body of width substantially
      the same as the separation between adjacent detectors to scan a total area
      equal to this separation width times the number of detectors along the
      transverse line multiplied by the longitudinal distance translated by the
      row of detectors moving from one end of the body to the other. According
      to another aspect of the invention there is a row of detectors above and a
      row of detectors below the scanned body and means for moving the two rows
      of detectors together so that two radiant energy images, usually
      representing different horizontal planes within the patient, are formed
      simultaneously.
PAR  According to another feature of the invention, there is means for
      modulating the beam of a cathode ray tube with the multiplexed output
      signals provided by the individual detector subassemblies so that the
      on-time of the electron beam corresponds to the density of the
      radioactivity from the focal point of a detector associated with a
      corresponding point on the face of the cathode ray tube.
PAR  Still another feature of the invention resides in a read-only memory and
      associated circuitry so that the amplitude of each multiplexed output
      signal from a respective detector controls the duration of a pulse-width
      command for off-on modulation of the beam of a CRT to expose a
      photographic film of known exposure characteristics and thereby record
      patient density information, effectively converting radiation intensity to
      exposure time and producing equally discernible density differences in the
      final photographic image.
PAR  Still another feature of the invention resides in means for injecting an
      electronic gray scale signal into the signal processing and display system
      so that a gray scale, or series of known exposure values, may be
      introduced upon the photographic film to assist the user in achieving
      optimum exposure of the film, or optimum processing of the film subsequent
      to exposure and to relate the density at any point of the exposed film to
      the radioactivity density in the corresponding place in the patient.
PAR  Numerous other features, objects and advantages of the invention will
      become apparent from the following specification when read in connection
      with the accompanying drawing in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a patient imaging unit according to the
      invention;
PAR  FIG. 2 is a perspective view of a suitable control console;
PAR  FIG. 3 is a diagrammatic representation of an imager head assembly
      according to the invention;
PAR  FIGS. 4 and 5 are side and end views, respectively, of a detector
      subassembly;
PAR  FIG. 6 is a diagrammatic representation of the display format;
PAR  FIG. 7 is a block diagram illustrating the logical arrangement of an
      exemplary embodiment of the signal processor according to the invention;
PAR  FIG. 8 is a graphical representation of the relationship between diffuse
      density and the logarithm of exposure for typical recording film exposed
      with P-11 phosphor; and
PAR  FIG. 9 is a block diagram illustrating the logical arrangement of a display
      system according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to the drawing and more particularly FIG. 1 thereof,
      there is shown a perspective view of a patient imager unit according to
      the invention in which an upper radiation detector head assembly 11 and
      lower radiation detector head assembly 12 scan above and below a patient
      couch 13. Assemblies 11 and 12 are vertically slidable on rails carried by
      vertical detector head assembly support 14 which itself is slidable along
      rails horizontally in base support 15. Radiation detector head assemblies
      11 and 12 may thus move toward and away from couch 13 carrying the patient
      to effectively control the height of the respective focal planes within
      the patient. The transverse component of the scan in each focal plane
      results from reciprocation of detector subassemblies within each detector
      head assembly. The longitudinal component of scanning occurs as vertical
      member 14 translates in a direction along the length of couch 13. Specific
      drive mechanisms for effecting the movements described above are
      well-known in the art and are not described in detail here to avoid
      obscuring the principles of the invention. Corresponding elements bear the
      same reference symbol throughout the drawing.
PAR  Referring to FIG. 2, there is shown a perspective view of an embodiment of
      the control console according to the invention. The control console
      comprises a desk-type unit 16 having all the data processing and control
      apparatus used during image formation, including the display system for
      accumulating the image as it is generated and displaying it on the
      television screen 17 so that the operator may monitor the nature of the
      image being recorded. The photographic data recorder may also be housed in
      console 16. A floppy disc data recorder and all circuits and controls
      associated with recording or replay may also be located in console 16.
PAR  Referring to FIG. 3, there is shown a diagrammatic representation of head
      assemblies 11 and 12. Each of the 12 subassemblies comprises a
      photomultiplier 21, a light pipe 22, a scintillation crystal 23, and a
      lead collimator 24. A reciprocable member 25 carries all twelve detector
      subassemblies and enters a nonreciprocating lead shield 26 through an
      aperture 27. Lead shield 26 is partly open on the side facing the table,
      and that side is covered by a nonreciprocating aluminum window 31 through
      which each of the detector subassemblies receives energy from the
      corresponding 12 focal points 32 in the body being scanned. These focal
      points 32 reciprocate in synchronism as member 25 reciprocates to
      effectively scan the entire line segment embracing focal points 32. Each
      of the imaging heads 11 and 12 comprises a light-tight enclosure
      containing a linear array of 12 detector subassemblies each located on
      typically 2-inch centers. Support member 25 may be connected to a
      recirculating ball nut (not shown) that is caused to reciprocate by the
      alternative clockwise-counterclockwise action of a servo motor (not shown)
      turning a screw to reciprocate the entire detector assembly within the
      housing.
PAR  The amplitude of the reciprocating motion is preferably slightly greater
      than the separation between detector assemblies to permit substantially
      uniform velocity over the 2-inch distance between centers comprising the
      data-gathering part of the scan cycle. During the turn-around part of each
      cycle, no data is taken to avoid variations in information density. To
      maintain a high duty cycle the turn around time is as short as practical
      consistent with smooth and quiet operation, typically 0.125 seconds of a
      total 1.26 second scan period for a scan duty cycle of about 90%. The
      turn-around is preferably accomplished with a constant deceleration and
      acceleration of approximately 0.1g (38 inches/second.sup.2) to minimize
      shock to the photo-multiplier tubes and other components of the detector
      array. By keeping the lead radiation shielding 26 that prevents spurious
      scintillations in the crystals stationary, the weight of all the
      reciprocating components in a detector head assembly is only about 60
      pounds, facilitating reciprocation with relatively little power. The
      reaction force exerted upon the supporting structure during reversal is
      only about 6 pounds. During the remainder of the scan cycle, the velocity
      is substantially uniform, preferably controlled by a tachometer-feedback
      rate servo, and the net reaction force on the supporting structure is then
      zero. Apparatus and techniques for controlling the mechanical movement
      described above are well-known in the art and are not described in detail
      here to avoid obscuring the principles of the invention.
PAR  The head assembly has a number of features. Scan velocity is low during the
      useful part of the cycle and turn-around may be effected quickly with
      minimum impulse transfer to the surrounding structure because the periodic
      displacement is small. By maintaining the heavy metal radiation shielding
      stationary, the weight of the reciprocating component is appreciably
      reduced to lessen the impulse transferred to the supporting structure and
      the power for driving the servo motor. By concealing the reciprocating
      components within the head housing and the structure which supports the
      head (the servo motor and other elements of the reciprocating drive
      mechanism may be supported in vertical support member 14), there is no
      hazard, real or psycological, associated with the reciprocating mechanism.
PAR  The invention is characterized by high quantum collection efficiently in
      forming images from low energy, gamma-emitting isotopes, such as
      technetium 99m. The large patient format, typically 24 .times. 76 inches,
      permits single-pass whole body coverage of all but the largest adult
      patient while providing a high quality image that may be varied to suit
      different purposes by increasing image formation time (reducing scan
      rates) to obtain higher resolution. In a typical application for screening
      patients who may have bone lesions, a full format image may be obtained in
      5 minutes. The image may be shown on television monitor 17 while being
      recorded on film and on a magnetic disc, yet is of quality comparable to
      that obtained in 30 to 60 minutes with conventional rectilinear scanners.
PAR  Another feature of the invention is that if the full format image discloses
      one or more areas of the patient requiring further study, that study may
      be made immediately by reimaging those areas at higher resolution. Thus,
      both initial screening and detailed studies may be made with the same
      instrument without moving the patient, and in most cases, in less than 20
      minutes imaging time.
PAR  Referring to FIGS. 4 and 5, there are shown side and top views,
      respectively, of a typical detector subassembly with representative
      dimensions in inches indicated. The lead collimator 24 defines a small
      area around focus 32 for emitting gamma radiation collected by
      scintillation crystal 23. Scintillation crystal 23 converts the incident
      gamma radiation to corresponding optical pulses transmitted by light pipe
      22 to photomultiplier 21. Photomultiplier 21 converts the incident light
      pulses to corresponding electrical pulses processed in a manner to be
      described below.
PAR  Lead collimator 24 is preferably cast from an antimony-bearing alloy of
      lead and contains a 5 .times. 13 array of tapered holes of square cross
      section. These tapered holes are typically 0.30 inches square on the face
      of the collimator that abuts the scintillation crystal 23, and about half
      that size at the opposite face. All of the holes are convergent so that
      axes intersect at a focus 4 inches from the collimator. The septa
      separating the holes are approximately 0.06 inches thick at the crystal
      face. A typical design resolution of collimator 24, defined as the full
      width between two points that give half amplitude for a point source of
      radiation, is 7.6 mm.
PAR  The scintillation crystal 23 typically comprises a thalium-activated sodium
      crystal mounted within a rectangular aluminum box and sealed under a
      window of ultra-violet transmitting glass. The bottom wall of the aluminum
      housing is thin, preferably less than 0.02 inches, to minimize absorption
      and scattering of the incident gamma rays. The side walls are
      approximately the same thickness to minimize the inactive area between
      adjacent crystals in the array.
PAR  Light pipe 22 functions as an optical funnel. The entrance face is
      typically a rectangle lying flat against the glass window of scintillation
      crystal 23. The opposite face, parallel to the entrance surface, is
      typically round with a diameter of 1.24 inches to match the diameter of
      the photomultiplier cathode. Both entrance and exit faces of light pipe 22
      are preferably coated with silicone grease to minimize reflection losses
      at the crystal and photomultiplier inferfaces. The remaining surface is
      painted with white reflective paint to prevent light loss through the side
      of the funnel and redirect light by interval reflection. The light pipe is
      typically made of ultra-violet transmitting methyl methacrylate plastic.
      Photomultiplier 21 may be an RCA 6199, a type having a cylindrical
      envelope and photocathode located on the inside surface of a flat end
      window.
PAR  As indicated above, the invention forms the two-dimensional image of the
      radiant energy emission from a patient on couch 13 by a combination of
      reciprocal motion of the imaging head or heads transverse to the length of
      the patient with uniform motion of the imaging heads along the length of
      the patient parallel to the surface of couch 13 which supports him lying
      flat. FIG. 1 shows heads 11 and 12 carried by vertical support 14 over and
      under, respectively, the surface of couch 13. The top of couch 13 is
      preferably made of low density polyurethane foam sandwiched between sheets
      of aluminum to minimize absorption and scattering of gamma rays to the
      lower head 12. Heads 11 and 12 are carried on vertical rails within the
      support structure 14 with about 90% of the weight carried by multiple
      Negator springs tied to the support. Vertical adjustment of each head may
      be made with a proportional control located conveniently to the operator
      in the recesses 11' and 12' at the outboard end of each head. A drive
      screw may support that part of the weight not supported by the Negator
      spring in cooperation with a spring-loaded fail-safe brake normally in the
      on position and requiring electrical power for release. The brake has
      sufficient capacity to hold either the entire weight of the head without
      Negator springs or the full torque of the drive motor, singly or in
      combination.
PAR  The horizontal motion of the heads may be accomplished by movement of the
      entire vertical support structure 14 on a rail and ways on the base of the
      stationary structure 15. Unsightly mechanical components may be shielded
      from view and protected from dirt by a fabric screen which may be stored
      at the base of the head support structure on spring-loaded rollers which
      take up and pay out as the support moves.
PAR  Horizontal motion of the vertical support 14 and ends of heads 11 and 12
      may be accomplished by a joystick control which may be in the recess 11'
      at the outboard end of upper head 11. For manual scanning the rate may be
      proportional to the displacement of the joystick up to a maximum speed of
      about 150 inches/minute. The apparatus may also include a safety-enable
      button which prevents either vertical or horizontal adjustment of the head
      position with the joystick unless the safety-enable button is depressed at
      the same time to avoid accidental motion by contact with the joystick.
      Another safety feature may comprise a contact sensor on the lower face of
      upper head 11 for causing all drives to stop and remain latched out when
      this sensor touches the patient. Those skilled in the art know how to
      implement these mechanical and electromechanical features just described
      and are not shown in detail here to avoid obscuring the principles of the
      invention.
PAR  Referring to FIG. 6, there is shown a suitable display format for a CRT
      camera display. The system generates a display raster by sequentially
      positioning the electron beam so that it dwells briefly at each of 12
      vertical positions, designated X-position in FIG. 6, corresponding
      respectively to the 12 detector assemblies. This sequence repeats upon
      completion of the first sequence at the lower limit of each channel in the
      same vertical line with the display positions all raised by typically
      0.0065 inches above the initial positions for the 3.94 .times. 1.24
      display format of FIG. 6. This sequence repeats until a total of 16
      sequences fill one vertical display line. The time required to complete
      this sequence corresponds precisely to the time required to scan the
      detector heads through one stroke of reciprocating motion. At the
      completition of the sequence the system increments the Y-position one
      resolution unit, and the sequence is repeated. This process of image
      displaying repeats until the entire format has been covered.
PAR  Before describing in detail the CRT camera display system of FIG. 7, it is
      helpful to review generally the system and its mode of operation. The CRT
      camera display system integrates the image information gathered in the 12
      separate channels to provide the wide range of exposure advantageous for
      maximal tonal (density) range on the image storage medium, such as
      photographic film. This display system uses digital-to-analog deflection
      circuits in both the X-direction, corresponding to the reciprocal motion
      of the detector array within the imaging head, and the Y-direction,
      corresponding to movement of the head along the body of the patient. The
      X-display coordinate is divided into 12 equal increments corresponding to
      the sub-fields of the individual detector channels, and each subfield is
      further divided into 1/16 resolution elements, each corresponding to a 1/8
      inch lateral increment with respect to the patient.
PAR  The display system includes means for time modulating the CRT beam at each
      of the dwell points in the raster so that the beam is on for an interval
      proportional to the desired photographic exposure at that point, then
      turned off until it is at the next dwell point. By carefully regulating
      the CRT beam drive circuits, the beam-on current is a well defined
      constant, and the off value is below that necessary to measurably expose
      the film. A typical range for on times is from 18 microseconds to 1.536
      milliseconds so that photographic exposure at any point in the format may
      be varied in steps in a range of approximately 85:1. This feature is
      advantageous because the final photographic image may contain a wide range
      of information density.
PAR  Another feature of the invention is that increasing the geometrical
      resolution of the display may be readily accomplished by overlapping
      successive displays of the X-scan by reducing the Y-increment, such as to
      an integral fraction of the increment which just produces a non-redundant
      display. This feature is especially advantageous when accumulating an
      image slowly to increase the resultant information density.
PAR  Referring now to FIG. 7, there is shown a block diagram illustrating the
      logical arrangement of an exemplary embodiment of the CRT camera display
      system according to the invention. The signals provided by the 12
      photodetectors 21 are appropriately processed along with positional
      information from Y encoder 41 and X potentiometer 42 to provide X and Y
      drive film signals on lines 43 and 44, respectively, for application to
      the CRT deflection circuits to position the beam and to provide a blanking
      signal on line 45 to inhibit film exposure during the "X" turn around
      period. Each of the channels from each photomultiplier includes a
      preamplifier, such as 46, a pulse discriminator such as 47, a line driver
      such as 48, a buffer amplifier such as 51, an 8-bit counter such as 52,
      and 8-bit latch such as 53 and a multiplexer such as 54. FIG. 7 shows
      these elements only for two of the channels to avoid obscuring the
      principles of the invention.
PAR  A 1 mHz clock 55 provides clock pulses to the external storage system (FIG.
      9) and to timing generator 56 for use in a manner to be described below.
      An 8 .times. 8 bit read-only memory (ROM) 57 receives digital signal data
      from multiplexers 54 or calibration signals provided by gray scale
      generator 58 for controlling the unblanking interval of the blanking
      signals provided on line 45. The Y encoder 41 may be located in base
      support 15 and comprise a conventional digital shaft position encoder
      affixed to the lead screw which provides longitudinal drive for the
      vertical support 14. A 9-bit counter 61, which is set to zero in one
      extreme position of the vertical support 14, advances when the vertical
      support moves away from the reference position and retards when the
      vertical support moves toward the reference position. Digital-to-analog
      converter 63 converts this count to the analog Y drive film signal
      provided on line 44 used for deflecting the CRT beam to an appropriate
      position.
PAR  X pot 42 may comprise a linear potentiometer on the detector array assembly
      so that the signal on the pot arm represents the instantaneous X position
      of the detector array. A buffer 64 couples this X signal to
      analog-to-digital converter 65 for transfer to latch circuit 81 which
      provides the least significant bits to digital-to-analog converter 67 that
      also receives most significant bits from timing generator 56 to provide
      the X drive film analog signal on line 43 for energizing the X deflection
      circuits that position the CRT beam in the desired X location. When the
      CRT is used to display data which has been recorded on the floppy disc,
      digital-to-analog converter 67 may also receive an X position from a disc
      or other random access memory over lines 118, the same memory supplying Y
      information to digital-to-analog converter 63.
PAR  A buffer 71 provides an alarm output signal when any of the 8-bit counters
      52 provides an overflow pulse.
PAR  Having described the physical arrangement of the system, its mode of
      operation will be briefly discussed. The pulses representative of gamma
      radiation from points on the patient upon which the detectors are then
      focused are amplified by preamplifiers 46 and energize pulse
      discriminators 47. Pulse discriminators 47 also receive window adjust
      signals on lines 72 and 73 to control the acceptable pulse amplitude range
      so that only pulses within this range are coupled through line drivers 48
      and buffer amplifier 51 to a respective counter 52. Each counter 52
      advances in response to each acceptable pulse. Timing generator 56
      provides a strobe pulse on line 74 causing each latch 53 to receive and
      store the count then in the associated counter 52. Immediately thereafter
      a reset pulse on line 75 resets each counter 52. Still later timing
      generator 56 provides a blank command signal on line 76 that enables 8
      .times. 8 ROM 57 to provide 8-bit timer 79 with a digital representation
      when to start the unblanking signal on line 45 which ends at the
      completion of each cycle of timing generator 56.
PAR  Timing generator 56 provides signals on the lines designated TO MUX for
      enabling multiplexers 54 in sequence in the order of increasing channel
      number so that 8 .times. 8 ROM 57 converts the digital number then stored
      in an associated latch 53 to provide to 8 bit timer 79 a digital number
      representative of the interval in which the unblanking signal should be on
      line 45 to provide the desired exposure as discussed above. Gray scale
      generator 58 may also be selected in a manner to be described below.
PAR  The signal provided by Y encoder 41 advances counter 62 for each
      incremental displacement in a predetermined positive direction and retards
      the count for each displacement in a predetermined negative direction so
      that the count therein always represents the Y position of the imaging
      heads. A strobe Y signal from direction logic 77 causes digital-to-analog
      converter 63 to convert the count in counter 62 into an analog signal on
      line 44 that positions the beam at the designated Y position. The
      direction logic 77 is a digital comparator which provides output whenever
      the X-position signal reaches a value corresponding to either extreme X
      scan position.
PAR  Linear potentiometer 42 provides an X signal representative of the
      instantaneous position of the reciprocating detector subassemblies.
      Analog-to-digital converter 65 converts this signal to a digital signal
      representative of the X position for storage in latch 81 in response to
      strobe X signals on lines 84 and 85. Digital-to-analog converter 67
      receives the four most significant bits from timing generator 56
      corresponding to which of the multiplexers 54 is then enabled.
PAR  The specific embodiment of FIG. 7 is by way of example only. Those skilled
      in the art might perform the functions of the apparatus of FIG. 7 in many
      different ways. For example, digital positional encoders could be used to
      provide positional information in digital number form directly. Many
      different logical schemes might be used for converting radiation counts to
      unblanked duration. Alternatively, radiation counts could be converted to
      different pulse amplitudes of the same width or of pulses of area
      proportional to the count by varying both amplitude and duration.
PAR  Still another modification of the system might comprise a display rectifier
      for removing the bias inherent in collecting data with a moving detector.
      In the system of FIG. 7 the detector heads collect data for periodic
      display as the heads move. The physical location of each display point in
      the CRT format of FIG. 6 corresponds to the end (neglecting a very short
      delay in signal processing) of the small distance over which the data was
      gathered. Thus, the display point is displaced slightly in the direction
      of the detector motion, so that alternate lateral scans are displaced
      slightly in alternate directions, producing a small zig-zag in the
      rendition of certain image patterns.
PAR  The zig-zag pattern may be removed by alternately displacing the whole
      display parallel to the X-scan 1/2 a resolution element alternately in one
      direction and then the other to effectively place the display point in the
      middle of the area where the data was gathered so that the display point
      is independent of the direction of the X-scan. Rectification may be
      readily accomplished approximately to an acceptable practical degree by
      switching two unused bits of the X-drive digital-to-analog converter with
      the existing direction sensing logic 77. Exact correction may be readily
      attained by other means within the skill of those of ordinary skill in
      this art.
PAR  Referring to FIG. 8, there is shown a graphical representation of diffuse
      density as a function of the logarithm of exposure in ergs/cm.sup.2 for
      Kodak 2475 recording film exposed with P-11 phosphor with .gamma. = 1.35
      developed in D-19 developer for 12 minutes at 20.degree. Centigrade. The
      gray scale generating circuit 58 functions to facilitate maximum use of
      the tonal range of photographic film without regard to the
      current-brightness characteristic of the CRT exposing the film. It is
      preferred to arrange the exposure so that the range of data to be recorded
      falls within the exposure range of the film and yet embraces as much of
      this range as practical to maximally use the tonal capabilities of the
      film. It is also advantageous to consider a characteristic of the human
      eye which will ultimately view the film; that is, the eye has the ability
      to differentiate approximately equal steps in density. Accordingly, it is
      advantageous to divide the whole useful range of film density from
      approximately 0.4 to 2.2 density units into an equal number of increments.
      In a specific embodiment it has been convenient to choose the number of
      increments as 16 that are approximately commensurate with increments that
      can be distinguished by the eye, each increment corresponding to 0.11
      density units. For each of the density levels thus defined, an exposure
      value was determined for P-11 phosphor illumination, and each exposure
      value was converted into an on-time for a given set of beam current and
      camera parameters.
PAR  The table below lists the actual on time for each of the points marked on
      the curve in FIG. 8 and also the range of signal counts (a number
      proportional to information density) assigned to each level. The required
      exposure is obtained by programming ROM 57 in FIG. 7 in accordance with
      the values in the table below. The output of ROM 57 is an 8-bit parallel
      binary code for the time duration for each exposure for controlling timer
      79 to provide the blanking signal that modulates the CRT beam.
TBL                ROM Program Table                                           

     ______________________________________                                    

     No. of Counts/Sample                                                      

                      P-11 Exposure Time-.mu.Sec                               

     ______________________________________                                    

     0                11                                                       

     1                24                                                       

     2-3              30                                                       

     4-7              36                                                       

     8-13             42                                                       

     14-21            54                                                       

     22-29            66                                                       

     30-38            90                                                       

     39-49            114                                                      

     50-64            144                                                      

     65-81            192                                                      

     82-102           258                                                      

     103-129          377                                                      

     130-163          546                                                      

     164-205          858                                                      

     206-255          1536                                                     

     ______________________________________                                    

PAR  It may be advantageous to incorporate a gray scale generator 58 for
      providing known electronic signal levels for use in initial alignment of
      the equipment and for checking proper operation and the processing of the
      photographic film. The electronic reference signals for the gray scale may
      be in the form of 8-bit parallel binary coded signals from a diode matrix,
      such as a commercially available 20 .times. 20 diode matrix. This unit may
      be inserted betwen a multiplexer and the ROM 57 as indicated in FIG. 7.
      Fifteen of the available levels may be coded for signal levels
      corresponding to each of the ranges of signal programmed into ROM 57. The
      16th level may be zero or off, and the 17th may be a direct connection
      from the multiplexer through to the ROM. Selection of the signal to be
      furnished ROM 57 may be made by inserting a diode pin at the appropriate
      location of the diode matrix.
PAR  In use the gray scale may be exposed on a separate photographic film apart
      from any radiograpahic image record, or it may be placed with a
      radiographic image, replacing part of the format available for
      radiographic information. The system of FIG. 7 shows the latter
      arrangement with the gray scale across the whole width of the image format
      as a bar of uniform density. The bars may be made any desired width by
      varying the length of time that the selector pin is left in each position.
      For most practical purposes it is sufficient to reproduce only two or
      three gray levels to provide an adequate check and occupy relatively
      little space in the display format.
PAR  An alternate method for presenting the gray scale comprises presenting the
      output of the diode matrix as a binary coded signal multiplexed into the
      ROM 57 just as if it were a 13th signal channel. In this case the gray
      scale would appear beside the image format without preempting any of the
      space allocated to the image format. It may also be advantageous to
      automatically switch the diode matrix levels in accordance with a
      predetermined program so that the gray scale appears automatically at the
      margin of the image format without any effort on the part of the operator.
PAR  Referring to FIG. 9, there is shown a block diagram illustrating the
      logical arrangement of a magnetic data storage system. The storage may
      include a line formater random access memory 91 that receives 8 parallel
      data bits on output line 82 for storage and transmits 8 parallel data bits
      on line 83 of the system of FIG. 7. RAM 91 also receives data location
      signals on line 92 representative of the X coordinate of the data then
      entering on lines 82 from latch 81 and timing generator 56(FIG. 7). This
      information may be stored in disc storage 93 and thereafter on TV monitor
      17 after conversion to analog signals stored in video storage unit 94.
PAR  Disc storage unit 93 provides data out in serial form on line 95 to 8-bit
      shift register 96 which receives clock pulses on line 97 for shifting the
      data in and out. Divider 101 provides an output pulse to X counter 102 for
      each eight clock pulses to carry a count representative of the X position
      of the data then in 8-bit shift register 96. Video digital-to-analog
      converter 103 provides a signal amplitude on the video input line 104 to
      video storage unit 94. At the same time digital-to-analog converter 105
      converts the count in X counter 102 into a representative analog signal
      that is applied to the X input 106 of video storage unit 94 to deflect the
      writing beam accordingly.
PAR  Disc storage 93 also provides a sector signal on line 107 that is divided
      by divider 108 to provide an output pulse on the sector 0 line to line
      counter 112 for advancing the latter once for every two sector pulses so
      that line counter 112 contains a count representative of the Y-coordinate
      of the video data then on line 104. Y digital-to-analog converter 113 then
      converts the count in line counter 112 into an analog signal that is
      applied to the Y-deflection input line 114 of video storage unit 94. Video
      storage unit 94 and TV monitor 17 exchange signals over lines 115 for
      displaying the image then stored in video storage unit 94 which
      corresponds to the image then being produced as the system scans.
PAR  Disc storage 93 receives clock pulses on line 116 from clock pulse source
      55 of FIG. 7 and advance track signals on input line 117 from scan counter
      121 when switch 122 is in the record position and from line counter 112
      when switch 122 is in the display position. Address counter 123 also
      receives clock pulses from clock pulse source 55 on line 116 and starts
      counting when enabled by digital comparator 124 when track counter 125 and
      scan counter 121 bear an identity.
PAR  Having briefly described the physical arrangement of the system of FIG. 9,
      its mode of operation will be briefly described. RAM 91 receives a signal
      on lines 82 in 8-bit parallel binary form from either the multiplexing
      system or the gray scale generator of FIG. 7. RAM 91 reformats this signal
      before transmitting it in serial form. Each line of X data in the image
      format is assigned to one of the 64 tracks and one of the eight sectors
      within each track of the disc. Line counter 112 provides a measure of the
      position of the read-write head within the disc storage unit. Digital
      comparator 124 compares this count in line counter 112 with that in scan
      counter 121 to provide command signals whenever a change of track is
      required. Line counter 112 bears a count representative of the sector
      location then being scanned on the disc, compares this location with the
      X-position counter and provides a command signal for transferring the RAM
      data into disc storage unit 93.
PAR  Data readout may be accomplished by a similar but reverse process. The
      serial signal output from disc storage unit 93 on line 95 enters 8-bit
      shift register 96, is read out as 8-bit parallel binary and converted into
      a corresponding analog signal by video digital-to-analog converter 103.
      This data may also be transmitted on line 126 through RAM 91 and then on
      output lines 83 to the ROM 57 of FIG. 7.
PAR  The coordinate information associaated with the image data is carried in X
      counter 102 derived from the clock signal on line 97 for the X axis and in
      line counter 112 for the Y axis derived from the sector pulses on line
      107. The signals on lines 106 and 114 shown applied to the X and Y
      deflection inputs of video storage input 94 may be applied to the input of
      digital-to-analog converters 63 and 67, respectively, in the system of
      FIG. 7 when it is desired to photographically record with the CRT camera
      display, previously stored information.
PAR  Reviewing the mode of operation of the system of FIGS. 7 and 9, the timing
      generator 56 provides a clock (Aprox. 650 hz on line 84). To start the
      analog-to-digital conversion sequence and end of conversion, a pulse on
      line 85 strobes latch 81, thus providing a tracking, digital output from
      latch 81. The start signal from latch 81 is derived from the least
      significant bit. This pulse represents a 1/8 inch X increment. The
      following sequence then takes place:
PAR  All latches 53 are updated by a pulse on line 74.
PAR  All counters 52 are reset by a pulse on line 75; counting for the next
      resolution element begins immediately. The 12 multiplexers 54 are
      sequentially interrogated by timing generator 56. The binary number that
      represents each channel is sent to D-A converter 67 to positon the X
      position of the beam in correspondence to the selected channel. The beam
      dwells at each of the channel positions to allow for circuit propagation
      delays and the time required for the 8-bit timer 79 to unblank the film
      exposure system (line 45). Thus, each dwell time is approx. .003 sec. A
      total of .036 sec is required for a 12 channel scan of the 12 multiplexers
      54. The timing generator 56 then awaits for receipt of the next resolution
      element start from latch 81.
PAR  During each scan of multiplexers 54 the information on the data bus 82 is
      written into the RAM 91 whose address corrsponds to the X position in
      combination with the channel address. The process repeats 16 times until a
      full array of 192 elements corresponding to a complete line of the film
      and 192 8-bit words are stored in the RAM 91. The direction logic 77 will
      decode the end of scan and cause reversal of the scan direction thru
      analog switch 78.
PAR  During the turn-around time no data will be collected. This time (approx.
      0.2 sec) is used to enter the 1.536 (8 .times. 192) bits of data from
      formater 91 into the magnetic disc storage 93. Starting at the first
      sector for the first scan the data is written serially onto the disc. The
      same data from the RAM 91 is transferred to 8-bit shift register 96. Clock
      pulses on line 116 advance address counter 123 and divide by 8 unit 101.
      The video D-A converter 103 generates video information to be written into
      electrostatic storage unit 94 via line 104. As address counter 123 is
      advanced, counter 102 will increment in correspondence to each resolution
      element stored in RAM 91. The full scan of the RAM requires approx. .008
      sec. The remaining 192 ms. is used to compare the scan counter 121 with
      the line counter 112 thru comparator 124, causing address counter 123 to
      scan RAM 91 and produce serial output to disc storage 93. At the end of
      each turn-around period the scan counter 121 is incremented, this address
      enters the Y D-A converter 113 and positions the Y deflection of the video
      storage unit 94 and the film exposure unit D-A converter 63 via line 109.
PAR  The second scan line will proceed as above except that the "Y" counters 61
      and scan counter 121 will position the Y film drive line 44 and video
      storage position line 114 respectively at the next line position.
PAR  This process continues until 511 lines have been scanned and stored in the
      511 sectors of the floppy disc 93, video storage 94 and film exposure
      system 59 whereupon the whole body scan is complete.
PAR  The video storage unit 94 is switched to read during the scan and its
      output directed to the TV monitor 17. Thus a display of the scan is
      visible as it is generated since it takes only .008 seconds to write a
      line at the end of each scan.
PAR  Disc storage 93 generates sector pulses on line 107. These sector pulses
      are divided by 8 by divider 101 to create eight sectors on one track of
      the disc. Sector "0" resets line counter 112 and divider 108 as the disc
      revolves continuously. The line counter 112 output 125 is a 3-bit binary
      number that represents the position of the disc at any point in time. At
      the end of each scan, scan counter 121 is incremented. Its three least
      significant bits represent the sector where the data is to be recorded.
      Comparator 124 monitors counter 121 and line counter 112. A sync pulse is
      generated at the beginning of the proper sector that starts address
      counter 123, scanning memory 91. The contents of RAM 91 are then recorded
      into the disc. The serial output line 120 is also connected to the 8-bit
      shift register 96, bypassing the disc storage 93. Shift register 96 feeds
      the video D-A converter 103. This produces video signals for the storage
      unit 94. The output of the scan counter 121 increments Y counter 61 after
      eight lines have been recorded into the disc 93. The combination of three
      bits from scan counter 121 and six bits from Y counter 61 generate a Y
      position thru D-A converter 113 during the video write cycle. After eight
      lines of data are recorded into eight sectors of the disc 93, thereby
      filling a track, a track advance is generated on line 117. Data is then
      recorded on the next eight sectors. This sequence continues until the scan
      is complete.
PAR  Playback is accomplished by using data on line 95 and clock output on line
      97 recorded on the disc. The disc is sequentially scanned with each sector
      generating a line of display data. Shift register 96 receives serial data
      and clock pulses from the disc storage 93 and converts it to parallel
      data. Every eight clock pulses provide eight bits of data representing the
      signal amplitude for a resolution element. D-A converter 103 converts this
      information to video signals to be written into video storage 94. Divider
      101 increments the X counter 102 for each resolution element. X counter
      102 provides the X coordinate for the video storage unit 94 thru X D-A
      converter 105. Line counter 112 increments one step for each sector. This
      information represents the Y position and is converted to the analog Y
      coordinate thru D-A converter 113 and sent to video storage unit 94. The
      process repeats until a complete frame of 511 lines by 192 elements is
      formed. Approximately 13 seconds is required for a complete scan of the
      511 sectors on the disc.
PAR  The information read rate from disc 93 is too fast to allow proper exposure
      of film. To expose film from the disc, data from disc storage 93 and 8 bit
      shift 96 is written into the RAM 91 thru line 126. X counter 102 provides
      the address for RAM 91 during the write interval. One sector (line) of
      data is then transferred to the data bus 83 at a slower rate as required
      for film exposure. Address counter 123 is incremented by 8-bit timer 79 at
      the end of each resolution element exposure interval. X counter 102
      provides X position information thru line 118 to D-A 67. After one line of
      data is recorded on film, Y counter 61 is incremented. This counter
      provides a Y coordinate thru line 109 to D-A converter 65. Upon completion
      of exposure for each line, a next sector is recorded into the RAM 91 from
      disc 93 and shift register 96, and the film exposure sequence repeats
      itself for the next line. The above process repeats until all 511 lines of
      data on disc 93 have been recorded on film. The time required for a
      complete exposure is  5 to 10 minutes.
PAR  The disc storage unit 93 and the gray scales may be recorded in the same
      manner as image information. It is also within the principles of the
      invention to record alphanumeric data that might be manually entered
      through a keyboard for identifying the patient examined, the date of the
      examination or any other useful information with the system capacity,
      typically 40 characters.
PAR  It is preferred that the X-scan cycle format include approximately 200
      milliseconds of nonscanning time during the turn-around period at the end
      of each X-scan stroke, to permit serial readout from RAM 91 of all data
      accumulated during the stroke.
PAR  The magnetic data storage system of FIG. 9 may retain a permanent record of
      all the image information gathered during a single whole body
      examaination, or of one or more detailed examinations of part or parts of
      the body. This information may be stored on small flexible magnetic discs
      which may be retained as a permanent patient record in place of the usual
      photographic record, or in addition to photographic records. An advantage
      of the disc is that the patient need not be present for analysis of the
      image data, whether analyzed manually or with the assistance of computers.
      The disc may be a commercially available floppy disc comprising a small
      plastic disc with a magnetic coating capable of storing 2.1 million bits
      of data.
PAR  The display monitor 17 provides the operator with information to help
      insure that the desired image is being recorded either photographically or
      magnetically or both without having to examine the photograph or record.
      The display monitor may also present this information in a large enough
      format and with sufficient image quality so that the diagnostician may
      make preliminary judgment helpful in determining whether additional
      imaging may be desirable after the current examination. For example, a
      bone lesion seen in the display on a 5-minute screening examination may be
      clearly apparent and suggest a detailed examination of the affected area.
      The operator may also verify numerical data entered by keyboard. The
      monitor may also be used to monitor information stored on the disc.
PAR  Electrostatic storage unit 94 may typically comprise a commercially
      available device of this type, such as the Hughes MSC-1 scan converter
      which not only stores video data but also provides a conversion from the X
      and Y coordinates of the patient imaging unit and the CRT camera display
      to the conventional interlaced raster format used in commercial
      television.
PAR  There has been described novel apparatus and techniques for radiant energy
      imaging characterized by providing a relatively rapid whole image scan in
      a manner that efficiently utilizes system components in a reliable manner.
      The invention affords great flexibility in terms of the resolution
      available and when and in what manner the image may be analyzed. Data is
      available in convenient form for computer analysis. It is evident that
      those skilled in the art may now make numerous uses and modifications of
      and departures from the specific embodiments described herein without
      departing from the inventive concepts. Consequently, the invention is to
      be construed as embracing each and every novel feature and novel
      combination of features present in or possessed by the apparatus and
      techniques herein disclosed and limited solely by the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radiant energy imaging apparatus comprising,
PA1  patient support means for supporting a patient with the length of the
      patient aligned along a longitudinal direction,
PA1  a plurality of spaced radiant energy detecting means aligned along a curve
      in a direction generally transverse to said longitudinal direction for
      providing respective signals representative of radiant energy emanating
      from correspondingly spaced points on a patient when on said patient
      support means,
PA1  means for moving said detecting means back and forth along said curve to
      scan substantially the entire projection of said curve upon said patient
      support means,
PA1  and means for advancing said detecting means along said longitudinal
      direction at a speed less than that of the speed of said detecting means
      along said curve to scan the entire patient.
NUM  2.
PAR  2. Radiant energy imaging apparatus in accordance with claim 1 and further
      comprising means for supporting said detecting means substantially
      equi-distant from each other along a line substantially transverse to said
      longitudinal direction.
NUM  3.
PAR  3. Radiant energy imaging apparatus in accordance with claim 1 and further
      comprising,
PA1  position sensing means for providing position signals representative of the
      position of said detecting means,
PA1  a cathode ray tube,
PA1  and means responsive to the signals provided by said detecting means and
      said position signals for illuminating a spot on said cathode ray tube
      representative of a position of a respective detector with energy
      intensity corresponding to the radiant energy then being received by that
      detector.
NUM  4.
PAR  4. Radiant energy imaging apparatus in accordance with claim 3 and further
      comprising means for controlling the time of said illumination in
      accordance with said radiation intensity.
NUM  5.
PAR  5. Radiant energy imaging apparatus in accordance with claim 4 and further
      comprising,
PA1  photographic film disposed adjacent to said cathode ray tube for being
      exposed by said spot to thereby record on the photographic film a visible
      representation of the detected radiation intensity.
NUM  6.
PAR  6. Radiant energy imaging apparatus in accordance with claim 5 and further
      comprising,
PA1  position sensing means for providing position signals representative of the
      position of said detecting means,
PA1  and electrical storage means responsive to the signals provided by said
      detecting means and said position signals for storing information signals
      representative of the radiation pattern of a patient on said patient
      support means.
NUM  7.
PAR  7. Radiant energy imaging apparatus in accordance with claim 1 and further
      comprising,
PA1  position sensing means for providing position signals representative of the
      position of said detecting means,
PA1  and electrical storage means responsive to the signals provided by said
      detecting means and said position signals for storing information signals
      representative of the radiation pattern of a patient on said patient
      support means.
NUM  8.
PAR  8. A method of diagnosing a patient which method includes the steps of,
PA1  injecting a radioactive substance into a patient,
PA1  placing said patient upon patient support means with the length of the
      patient aligned along a longitudinal direction facing a plurality of
      spaced radiant energy detecting means aligned along a curve in a direction
      generally transverse to said longitudinal direction,
PA1  moving said detecting means back and forth along said curve to scan
      substantially the entire projection of said curve upon said patient while
      also advancing said detecting means along said longitudinal direction at a
      speed less than that of the speed of said detecting means along said curve
      to scan the whole body of said patient with each detecting means scanning
      only a lengthwise strip of said patient different from the longitudinal
      strip scanned by the other detecting means while providing respective
      signals representative of radiant energy emanating from correspondingly
      spaced points embraced by said patient,
PA1  and processing said respective signals by storing positional and intensity
      information to provide a map of the radiation intensity emanating from
      said patient.
NUM  9.
PAR  9. Radiant energy imaging apparatus in accordance with claim 1 and further
      comprising,
PA1  photographic film means responsive to film-exposing radiant energy for
      recording a visible representation of the amount of film-exposing radiant
      energy to which each point on said film has been exposed,
PA1  a source of said film-exposing radiant energy for exposing said
      photographic film means,
PA1  means responsive to the signals provided by said radiant energy detecting
      means for controlling the amount of film-exposing radiant energy provided
      by the latter source upon corresponding points on said film means whereby
      said film means records an image representative of the radiation emanating
      from the whole body of the patient being scanned,
PA1  and contrast scale generating means for controlling the steps in said
      amount of film-exposing radiant energy for better utilizing the available
      tonal capabilities of said photographic film means.
NUM  10.
PAR  10. Radiant energy imaging apparatus in accordance with claim 9 wherein
      said contrast scale generating means includes means for establishing said
      steps to correspond to increments in tonal gradations substantially
      equally discernible by the human eye.
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ABST
PAL  An improved spectrophotometer of the non-dispersive absorption type useful
      for detecting the presence of SO.sub.2 in a gaseous sample, despite the
      simultaneous presence of NO.sub.2. Ultraviolet light from a
      commercially-available source impinges upon a fixed phosphor screen which
      fluoresces to produce ultraviolet radiation at a first wavelength, at
      which both SO.sub.2 and NO.sub.2 absorb radiation; and at a second
      wavelength at which absorption by SO.sub.2 is minimal but NO.sub.2
      absorption is approximately the same as at the first wavelength. The
      radiation is directed through a sample chamber having windows which are
      transversely slidable to effect cleaning without destroying the integrity
      of the chamber seal, then introduced into an envelope enclosing filters
      and a pair of photosensors. One photosensor receives light at the second
      wavelength and produces a signal which reflects the attenuation by
      NO.sub.2 at that wavelength. The other sensor has disposed in front
      thereof a filter for blocking the second wavelength, and passing the
      first; and a phosphor for converting the passed (first) wavelength
      radiation into radiation at the second wavelength, which is then detected
      to produce a measure of the combined effect of NO.sub.2 and SO.sub.2. A
      comparison circuit then detects the differential between the first and
      second photosensors to determine the concentration of SO.sub.2. Means are
      provided to maintain the lamp, sample chamber and envelope at
      predetermined temperatures. A source of mercury vapor within the envelope
      saturates the interior of the envelope with the vapor for selectively
      attenuating undesired radiation at the 254 wavelength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to spectrometry, and more specifically to a
      non-dispersive spectrophotometer adapted to detect the presence of
      SO.sub.2 in a sample, regardless of the presence therein of NO.sub.2.
PAR  It is a well-known phenomenon that the atoms or molecules of a given
      material may absorb electromagnetic radiation at specific frequencies, the
      frequencies and relative intensity of the radiation absorption comprising
      the spectral "signature" of the material. This characteristic may be
      utilized to identify the presence of a given material by directing
      radiation upon it, and noting the degree and/or wavelength at which the
      radiation is attenuated.
PAR  In recent years the urgency of controlling, and indeed reducing, the
      incidence of pollutants in the atmosphere has become apparent. Long-known
      apparatus have been modernized, and new apparatus devised, in order to
      meet stringent requirements placed upon both government and industry for
      controlling and lessening the output of pollutants including those
      transferred to the atmosphere by smoke, flue gases, and other vaporous
      effluences from industrial and other processes.
PAR  In order to monitor the operation of these devices, and to detect the
      presence of certain specified polluting agents, analytical apparatus is
      needed. Although various types of apparatus have long been known they have
      typically taken the form of laboratory apparatus which, though highly
      accurate, are very expensive and often ill-suited for day-to-day usage in
      an industrial environment, often by semi-skilled personnel.
PAR  Many efforts have been directed toward the provision of pollution detecting
      apparatus which fulfill the above-described need. Any one of a number of
      physical principles may be utilized to achieve the desired analysis;
      conductometric, colormetric, coulemetric, electrochemical transducers,
      photoemission, flame photometric, thermoconductivity, infared, and
      ultraviolet light absorption of both the dispersive and non-dispersive
      types are available, and have long been known in the art. Of all the
      foregoing approaches, the one which is believed to show the most promise
      for fulfilling commercial needs is the ultraviolet absorption type. In
      U.S. Pat. No. 2,350,001-Van Den Akker, for instance, a recording device is
      shown which utilizes the spectral absorbing properties of a gas or vapor
      to detect its presence. An ultraviolet light source has its beam split
      into two elements, which traverse two physically separate paths or
      channels; suitable filter means is used to selectively attenuate the
      radiation to facilitate the process. In one embodiment, a fluorescent
      plate is used to obtain light at a predetermined wavelength in response to
      the impingment thereon of ultraviolet light at a second wavelength. U.S.
      Pat. No. 3,778,162-Gant et al discloses means for measuring the amount of
      mercury vapor present in a sample and uses a pair of channels for
      comparing the transmission of ultraviolet light, one of said channels
      having therein a reservoir of mercury vapor. U.S. Pat. No. 3,819,945-Egan
      et al teaches a spectrometer for detecting the presence of nitric oxide
      (NO) by identifying a portion of its spectral signature. Mechanical
      choppers are used for periodically interrupting a beam of impingent light
      and a grating diffracts the light, spreading it into a spectrum so that
      predetermined wavelengths thereof may be selected by means of a mechanical
      shutter. The foregoing approaches, while presumably effective, nonetheless
      have the deficiency of being expensive and/or complex.
PAR  The present invention teaches an improved spectrometer for analyzing a
      gaseous sample particularly for the presence of SO.sub.2 through the use
      of a two-channel approach; but without the need for an expensive redundant
      system of lenses, sample chambers, etc. Further, with the approach taught
      herein, a selected material may be identified by its spectral absorption
      characteristics without the need for diffraction gratings, movable
      shutters, mechanical choppers, and the like. Moreover, the foregoing
      desideratum is achieved with the use of a relatively inexpensive,
      commercially available light source.
PAR  It will therefore be understood that one object of the present invention is
      to provide an improved gaseous analyzer of the non-dispersive, absorption
      type.
PAR  It is another object of the present invention to provide a practical
      spectrophotometer which is substantially simpler in operation than those
      heretofore known.
PAR  Still another object of this invention is to provide an improved
      spectrophotometer analyzer which can be inexpensively constructed yet has
      the precision necessary for identifying undesirable levels of a specified
      pollutant.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, in accordance with one aspect of the invention the
      foregoing objects are achieved by providing a radiation source which
      comprises a lamp and a phosphor screen for producing radiation at first
      and second specified wavelengths. A pair of photosensors are disposed in a
      sealed envelope in spaced relationship to the source and a sample chamber
      is interposed between the source and the envelope. Suitable filters are
      provided such that the second one of the photosensors receives that
      radiation having the second wavelength. A filter disposed between the
      chamber and the first photosensor selectively blocks radiation of the
      second wavelength, while passing that at the first wavelength. A phosphor
      screen converts the radiation at the first wavelength back to the second
      and transmits it to the first photosensor.
PAR  The first wavelength is selected to correspond to one at which the material
      sought to be identified exhibits strong absorption characteristics. The
      second wavelength is selected to occur at a point where a second material
      which may also be present, absorbs at a rate equal to its absorption at
      the second wavelength. Circuitry is provided for comparing the responses
      of the two photosensors, the differential therebetween reflecting the
      presence of the material sought to be identified.
PAR  In a preferred embodiment, opposite ends of the sample chamber have
      elongate panes provided therein and encaptured within gaskets which allow
      the panes to be transversely displaced without destroying the integrity of
      the seal of the chamber. In order to attenuate energy at an undesired
      spurious wavelength a source of metallic vapor is disposed within the
      aforementioned envelope, the vapor having an absorption line corresponding
      to the wavelength of the undesired radiation. Finally, the combination of
      a temperature detector and a heating element is associated with each of
      the lamp, sample chamber and envelope, each temperature detector being
      coupled to control circuitry which energizes the heating element to
      maintain the temperatures of the respective lamp, sample chamber and
      envelope at selected levels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention will be better understood from the
      following description of a preferred embodiment taken in conjunction with
      the accompanying drawings which:
PAR  FIG. 1 is a partial cut-away side elevation illustrating important elements
      of the present system;
PAR  FIG. 2 is a schematic drawing showing the connection of certain electrical
      elements of the present invention;
PAR  FIG. 3 is a perspective view of a partially disassembled apparatus showing
      the construction of the window means; and
PAR  FIG. 4 is a view taken at 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 shows, in cutaway form, principle elements of a spectrophotometer
      constructed in accordance with the teachings of the present invention. A
      sample chamber 10 is provided with an inlet 11 and outlet 12 to allow the
      introduction and exhausting of a gaseous sample to be analyzed. The
      chamber may be constructed of a suitable material such as stainless steel,
      and has affixed at both ends thereof a window assembly generally
      designated 13. A heat detector 14, which may be a thermistor, is
      intimately associated with the wall of the chamber and is coupled to
      control apparatus (not shown) to maintain the temperature of the chamber
      within predetermined limits. A heating element 15 is disposed about
      chamber 10, and coupled to a source of electrical energy. The flow of
      current through heater 15 is varied in response to the condition of
      thermistor 14, in order to maintain the temperature within sample chamber
      10 at a predetermined level.
PAR  It has been found that a temperature of 250.degree.F is suitable,
      preventing the condensation of any water present in the sample which would
      absorb an undue amount of SO.sub.2 and distort the results of the
      analysis. Heater 15 is advantageously of the resistive type and comprises
      a network of resistive wires imbedded in a flexible material, such as
      silicone rubber, which is disposed about the periphery of chamber 10.
PAR  The necessary ultraviolet radiation is obtained from a lamp generally
      designated at 16. Lamp 16 is advantageously mounted on block 18 which
      serves as a heat sink. A resistive heating element, shown in idealized
      form at 20, is also coupled to the heat sink and receives current from a
      source of electrical energy which is controlled in response to the status
      of thermistor 19. In this manner, heat may be transferred to the lamp as
      needed to maintain it at a predetermined temperature. By closely
      controlling the temperature of the lamp the spectral characteristics of
      the radiation produced thereby may be maintained at a predetermined value,
      avoiding the necessity for the continuing adjustment of subsequent
      radiation sensing apparatus.
PAR  Disposed between lamp 16 and sample chamber 10 is a phosphor element 21.
      Element 21 advantageously comprises a sheet of quartz having disposed
      thereon a combination of phosphors responsive to the incidence of 254nm
      radiation to re-radiate ultraviolet radiation at wavelengths of both 280
      and 540nm. In a preferred embodiment approximately 80% of the phosphor
      utilized comprises Type X-401 lanthanum fluoride phosphor, obtainable from
      General Electric Co., and which strongly emits radiation at between 275
      and 310nm; and 20% of a standard phosphor having JEDEC designation P1,
      obtainable from the Sylvania Electric Co. and which emits radiation at
      between 510 and 560nm. The ultraviolet radiation produced by phosphor
      screen 21 may advantageously be collected and collimated by a quartz lens
      22.
PAR  Since lamp 16 is a relatively inexpensive, commercial grade device it will
      be understood that the radiation produced thereby contains more spurious
      wavelengths than would be present in an expensive, laboratory device. In
      using the lamp referred to above it has been found that in addition to the
      254nm wavelength, radiation at 360nm and also some spurious infrared
      radiation are produced. No attempt to attenuate these wavelengths is made
      precedent to their entering the sample chamber, suitable filtering means
      being subsequently provided as will be described hereinafter. The
      radiation emanating from, or passing through, phosphor screen 21 and lens
      22 then traverses the pane of the adjacent window means and traverses the
      gaseous sample within test chamber 10, emerging at the other end thereof
      through the pane of the opposite window means. While the panes may be made
      of any suitable material, it has been found that a planar element of
      quartz is well suited to the task.
PAR  Adjacent the distal end of the sample chamber from the source is an
      envelope 23 which sealingly encloses means responsive to the radiation
      emanating from lamp 16. The first and second photosensors 24, 25 are
      advantageously matched so that subsequent balancing circuitry is
      unnecessary. Such matched pairs of photosensors are commonly packaged upon
      a single substrate and are available from many commercial sources. In a
      preferred form of the invention these photosensors are principally
      responsive to radiation at either 280nm or 540nm; in the disclosed
      embodiment they are responsive to a wavelength of substantially 540nm. An
      opening in envelope 23 is sealingly closed by lens 26, which further
      collects the radiation issuing from window means 13 and directs it to the
      photosensors.
PAR  While the radiation issuing from lamp 16 has thus far been treated as a
      single entity or beam, in order to facilitate the operation of the present
      invention two separate paths or channels are provided for its receipt
      within envelope 23. In a first path, the serial combination of an
      ultraviolet filter 27 and a phosphor screen 28 are disposed behind one
      portion of lens 26, and in front of photosensor 24. Filter 27 is selected
      to have a characteristic of transmitting only the ultraviolet portion of
      that radiation which it receives from sample chamber. The phosphor is
      excited principally by ultraviolet radiation in the 280nm range, and emits
      radiation in response thereto at a wavelength of substantially 540nm.
      Thus, the radiation appearing before photocell 24 has a wavelength of
      substantially 540nm, but reflects the presence of only 280nm radiation in
      the sample chamber. The 360nm radiation outputted by lamp 16 and which
      traverses the sample chamber is not effective to cause re-radiation by
      phosphor 28, and is substantially attenuated.
PAR  Disposed in front of both photosensors 24 and 25 is a common filter 29
      which in one successfully-tested embodiment comprised a Wratten no. 57
      filter manufactured by the Eastman Kodak Co. of Rochester, N.Y. Filter 29
      blocks unwanted blue, red and infared radiation from impinging upon
      photosensors 24 and 25. The filter is advantageously coated with a film
      composed of a solution of an appropriate ultraviolet light absorber such
      as that marketed under the trade name of Cyasorb 9. This material absorbs
      ultraviolet light and prevents it from bleaching filter 29. Disposed
      directly behind filter 29, and in front of photosensor 25 is a second
      filter 30 such as a Wratten no. 65 filter which serves to absorb spurious
      546nm radiation, and acts as a relatively narrow band-pass filter to allow
      only the desired 540nm radiation to pass.
PAR  Also disposed within envelope 23 is a segment 31 of a material such as
      copper or brass which has amalgamated into the surface thereof a quantity
      of mercury. As will be understood by those skilled in the art, the mercury
      vaporizes within the envelope until the vapor achieves saturation of the
      atmosphere therewithin, according to the ambient temperature of the
      interior of the envelope. The mercury vapor serves as a selective filter
      to attenuate any stray 254nm radiation which has traversed the sample
      chamber and entered the envelope. Although it is known in the art to
      provide a mercury vapor filter comprising a sealed envelope of mercury
      vapor and disposed in the path of ultraviolet radiation, the addition of
      such an envelope to the present apparatus would necessarily enlarge it
      considerably, and complicate its construction. Further, the expense of
      providing such a cell within envelope 23 would add an undesirable feature
      to the apparatus.
PAR  The inventor has found that in practice the mercury vapor does not coat or
      condense upon filters, lenses, or photocells and render them inoperative.
      Rather, as the temperature within the envelope declines the tendency of
      the mercury is to be re-combined with the amalgamated surface of segment
      31. The amalgamated material and the sealed envelope thus combine to form
      an efficient yet inexpensive auxiliary filter which acts in concert with
      the already-present filter elements to selectively attenuate unwanted
      radiation.
PAR  In order to maintain envelope 23 and its contents at a proper temperature a
      thermal sensing device such as thermistor 32 is disposed in close
      communication with the envelope. A heating element 33, advantageously of
      the above-described resistive heating type, is formed about the periphery
      of the envelope 23 and coupled to a source of current which is varied by
      suitable control circuitry in response to the status of heat sensing
      element 32. While the temperature of the envelope is not critical, in
      practice it has been found advantageous to maintain it at approximately
      130.degree.F.
PAR  The operation of the invention as depicted in FIG. 1 will now be described,
      making particular reference the elements of the Figure enumerated above.
      When it is decided to analyze a sample for the presence of a suspected
      pollutant, i.e. SO.sub.2, a sample is introduced into chamber 10 through
      conduit 11. At the same time the material previously within the chamber is
      exhausted through opening 12. Lamp 16 is energized, producing radiation
      principally at 360 and 254nm. The radiation thus produced is directed
      against phosphor screen 21, the constituents of which are excited by the
      254 nm radiation and fluoresce to produce radiation at wavelengths of both
      280 and 540nm.
PAR  The selection of the latter wavelengths arises due to the spectral
      signature of SO.sub.2 and that of another material commonly encountered,
      NO.sub.2. While SO.sub.2 has a marked absorption occuring at 280nm
      NO.sub.2 also absorbs radiation, although to a lesser extent, at this
      wavelength. Thus, by determining the total absorption occuring at 280nm,
      and comparing it with that at 540nm, it is possible to correct for or
      cancel the effect of the NO.sub.2 regardless of its concentration.
PAR  In a first radiation path or channel, terminating at first photosensor 24,
      the effect of the NO.sub.2 on 540nm radiation is effectively ignored. This
      is due to the presence of filter 27, which substantially blocks 540nm
      radiation so that subsequent activity in the channel must be due to the
      presence of the radiation having a wavelength of 280nm. Nonetheless, since
      the photosensor elements used are responsive primarily to 540nm radiation
      it is now necessary to convert the 280nm radiation, whose amplitude
      reflects the presence of both the SO.sub.2 and NO.sub.2, if any, back to
      the 540nm wavelength so that it may be detected by photosensor 24. This
      function is fulfilled by phosphor element 28. The resulting 540nm
      radiation, whose amplitude reflects the attenuation of both SO.sub.2 and
      NO.sub.2 at a wavelength of 280nm, traverses filter 29 and impinges upon
      photosensor 24.
PAR  At the same time, in a second or "reference" path the radiation issuing
      from the sample chamber encounters filter 29. This filter allows the 540nm
      radiation, reflective of the presence of NO.sub.2 to pass while
      attenuating the 280nm and spurious infared radiation. The 540 radiation
      then traverses filter 30 substantially unattenuated and strikes second
      photosensor 25. As set forth above, any stray 254nm radiation is
      selectively absorbed by the mercury vapor which fills the envelope 23.
PAR  It will now be understood by those skilled in the art that the relative
      response of photosensors 24 and 25 may be taken to be indicative of the
      degree of SO.sub.2 present in a given sample, regardless of the presence
      of absence of NO.sub.2. Since the NO.sub.2 attenuates the 280 and 540nm
      radiation substantially equally, it will have an equal effect upon both
      photosensors 24 and 25 so that differential output therebetween will
      remain uneffected. However, the presence of SO.sub.2 will result in a
      substantial attenuation of only the 280nm radiation, which effects only
      photosensor 24. In this manner, the differential between the signals
      produced by photosensors 24 and 25 will increase, the amount of increase
      reflecting the degree to which SO.sub.2 is present in the sample to be
      analyzed.
PAR  Turning now to FIG. 2, there is shown a schematic diagram of elements of
      the electrical system used in a preferred embodiment of the present
      invention. A main power supply 40 is adapted to be coupled to a
      commonly-available source of electrical energy, herein depicted as 120 v.
      AC current. The power supply may be of several commercially available
      units, or may easily be fabricated from familiar components. The power
      supply advantageously takes the form of a transformer having a plurality
      of secondary windings, the turns ratio of the windings being dependent
      upon the value of the voltage necessary to drive the various elements of
      the circuit. A diode bridge coupled across a secondary winding, for
      instance, gives rise to a rectified DC voltage which may be filtered by
      means of a shunt capacitor if desired.
PAR  The input power may be applied directly to the ballast transformer 17 of
      lamp 16 in the usual manner, the specifications of the ballast transformer
      being determined by the type of lamp used, and are ordinarily set forth in
      the recommendations of the lamp manufacturer. Photocells 24 and 25 are
      coupled directly to a preamplifier and comparator 41 which is
      advantageously located in close physical proximity to the photosensors. By
      avoiding use of a long length of conductor for carrying the unamplified
      signals from the photosensors to the preamplifier, the introduction of
      spurious noise signals to the otherwise weak photosensor signal will be
      avoided. Once amplified by the preamplifier unit 41, the signals are
      transmitted to the final amplifier 42 which may be disposed at any
      convenient location. Comparator 41 serves to algebraically combine signals
      reflecting the responses of photosensors 24 and 25 to impingent radiation,
      and to output a signal representative of the difference therebetween.
PAR  In the illustrated embodiment, the signal from amplifier 42 is applied to a
      meter 43 which is graduated to indicate the amount of SO.sub.2 detected;
      however, it will be recognized that the signal outputted by the comparator
      could alternatively be utilized to operate an alarm system, a chart or
      recording device, or fed back to effect appropriate changes in the process
      or activity which is producing the SO.sub.2 -bearing effluent.
PAR  Trigger circuits 44, 45 and 46 are coupled to thermistors 19, 14, and 32
      respectively. These thermistors, as set forth above with respect to the
      embodiment of FIG. 1 reflect the temperature of the lamp, sample chamber,
      and photosensor envelope respectively. The characteristics of the thermal
      sensing devices thus determine the activity of the triggering circuits and
      therefore the amount of current passed to the various heating elements.
PAR  Current through the heating elements is controlled by appropriate switching
      means, herein depicted as SCR's 47, 48 and 49. As is known to those
      skilled in the art, the SCR is in effect a unilateral switched element
      which can be gated on and commutated at appropriate times to allow
      predetermined pulses of current to flow through a load.
PAR  Suggested circuits for gating and commutating SCR's are published by the
      manufacturer, many examples being set forth the Silicon Controlled
      Rectifier Manual, second edition, published by the Rectifier Components
      Department of the General Electric Co. at Auburn, New York. The frequency
      and duration of the conductivity of the SCR may thus be constrained to be
      a function of the sensed characteristic of thermistors 19, 14 or 32. As in
      the case of preamplifier/comparator 41, appropriate biasing potentials are
      supplied to the SCR's and gating circuits 44, 45 and 46 by means of power
      supply 40.
PAR  FIG. 3 discloses a partially disassembled spectrophotometer of the type
      disclosed in FIG. 1 depicting in detail the construction of one of the
      windows disposed at the ends of sample chamber 10. A frame 50,
      advantageously fabricated from corrosion resistant metal such as stainless
      steel, comprises upper and lower generally U-shaped guides or tracks.
      Slidingly received within the guides is a pane 51 which may be of quartz
      or other suitable material. An opening 52 is formed in a central section
      at either side of the frame, providing an aperture through which radiation
      may pass. The pane 51 is of an extended length which is substantially
      twice that required to close aperture 52. In this manner, one end of the
      pane may form a window in the aperture as shown until such time as it
      accumulates sufficient dirt, smoke, fly ash or other impurities from the
      samples introduced within aperture 52. The portion of the pane previously
      used to close the aperture is withdrawn therefrom and exposed so that it
      may be recleaned if necessary. However, in accordance with the
      construction hereinafter described such a cleaning operation may be
      partially or wholly dispensed with.
PAR  Extending between pane 51 and frame 50 of the window assembly is a
      generally flat gasket element 53. Although only that gasket disposed on
      the far side of the window assembly from the sample chamber is visible in
      FIG. 3, it will be appreciated that a similar gasket is disposed between
      the pane and the opposite side of the frame. Although many materials may
      be used, due to the need to maintain the chamber in a sealed condition the
      consequent pressure of the gasket material upon the pane makes it highly
      desirable that a gasket material having a low coefficient of friction be
      used. While in one successfully tested embodiment the gaskets were formed
      of Teflon (a proprietary designation for a fluorocarbon plastic material
      manufactured by the E. I. DuPont deNemours Corp. of Wilmington, Delaware)
      generally speaking an acceptable gasket may be formed of any suitable
      fluorocarbon resin or fluoroplastic in accordance with the present
      invention. Such fluorocarbon plastics or resins include the high molecular
      weight polymers and copolymers of tetrafluoroethylene,
      chlorotrifluoroethylene, hexafluoropropylene, and vinylidene fluoride.
      Further, it is believed possible to employ a mixture of two or more
      different fluorocarbon resins or fluoroplastics in the formation of a
      suitable material; and it is contemplated that other suitable fluorocarbon
      resins useful in the practice of the present invention will readily occur
      to those skilled in the art.
PAR  In order to further assure the proper resilient biasing of gasket 53
      against sliding pane 51, a narrow groove is formed about the periphery of
      aperture 52 at the inner surface of the window frame, and a loop of gasket
      material such as an O-ring is placed within the groove such that it
      protrudes slightly therefrom. A cross-sectional illustration of this
      construction is illustrated at 54 of FIG. 4. With the window means
      assembled, the O-rings exert force upon the flat gasket elements, causing
      them to sealingly engage the opposing surfaces of pane 41 and thus assist
      in maintaining the integrity of sealed chamber 10.
PAR  Turning now to FIG. 4, the self cleaning action of the window means
      assembly is depicted. As the pane 51 is translated in the direction
      indicated the lower portion of the pane which previously served to close
      aperture 52, is effectively wiped by opposing gaskets 53. In this manner,
      particulate material 55 which has accumulate upon the inner surface of the
      pane is swept to one corner thereof from which position it is dissipated
      by air currents within the chamber. When the pane in its new position
      accumulates an undesirable amount of particulate material, the pane is
      simply slid back to its original position, at which point the wiping
      action is repeated at the other side of the aperture. The portion of the
      pane extending within the guides of the frame may further be manually
      cleaned, although in practice this has usually been found to be
      unnecessary. In any event, the operation is performed without disturbing
      the continuity of the seal afforded the sample chamber, and in fact may be
      accomplished during analysis of a sample with only a momentary
      discontinuity in the signal outputted by the system.
PAR  As will be evident from the foregoing description, certain aspects of the
      invention are not limited to the particular details of the examples
      illustrated, and it is therefore contemplated that other modifications or
      applications will occur to those skilled in the art. It is accordingly
      intended that the apended claims shall cover all such modifications and
      applications as do not depart from the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. Non-dispersive spectrometric apparatus for detecting the presence of a
      first gaseous material despite the presence of a second gaseous material,
      said first gaseous material absorbing electromagnetic radiation at a
      relatively high rate at a first wavelength, said second gaseous material
      absorbing electromagnetic radiation at both said first wavelength and at a
      second wavelength, comprising:
PA1  a source of electromagnetic radiation;
PA1  first and second photosensor means, said photosensor means being responsive
      to one of said first or said second wavelengths;
PA1  a chamber for receiving a sample to be tested for the presence of the first
      gaseous material, said chamber being disposed between said radiation
      source and said photosensor means;
PA1  first phosphor means disposed between said radiation source and said
      chamber for receiving radiation from said source and emitting in response
      thereto radiation at said first and said second wavelengths;
PA1  filter means disposed between said first photosensor means and said chamber
      for substantially attenuating radiation at that wavelength to which said
      photosensors are responsive, and passing the other of said wavelengths;
PA1  second phosphor means disposed between said first photosensor means and
      said filter means and responsive to said other of said wavelengths to
      produce radiation of the wavelength to which said photosensors are
      responsive; and
PA1  means coupled to said first and said second photosensor means for comparing
      the relative responses thereof to impingent radiation.
NUM  2.
PAR  2. The invention defined in claim 1, wherein said first and said second
      wavelengths are in the ultraviolet range of the spectrum.
NUM  3.
PAR  3. The invention defined in claim 2, further including second filter means
      disposed between said second phosphor means and said first and said second
      photosensor means, said second filter means being adapted to selectively
      pass radiation at the wavelength at which said photosensors are
      responsive.
NUM  4.
PAR  4. The invention defined in claim 3, wherein said first gaseous material is
      SO.sub.2 and said second gaseous material is NO.sub.2.
NUM  5.
PAR  5. The invention defined in claim 4, wherein said photosensor means are
      disposed within a sealed envelope, further including a source of mercury
      vapor disposed within said envelope; and
PA1  heating means for maintaining the temperature within said envelope at a
      level sufficient so that adequate mercury vapor is present to attenuate
      radiation occuring at a wavelength of 254nm.
NUM  6.
PAR  6. The invention defined in claim 5, further including heating means for
      maintaining said source of electromagnetic radiation and said chamber at
      predetermined temperatures.
NUM  7.
PAR  7. The invention defined in claim 2, wherein said chamber is provided with
      window means at either end thereof, each of said window means comprising a
      frame and a pane which is substantially transparent to ultraviolet light,
      at least one of said panes being elongate, and further comprising
      resilient gasket means between said frame and said pane to seal said
      chamber and to allow said elongate pane to be displaced transversely with
      respect to said chamber, said gasket means serving to wipe accumulated
      impurities from the portion of the window so translated.
NUM  8.
PAR  8. A non-dispersive spectrometer of the absorption type for detecting the
      presence of SO.sub.2 in a sample regardless of the simultaneous presence
      of NO.sub.2 comprising:
PA1  first and second photosensors responsive to ultraviolet light of a first
      wavelength;
PA1  a source of ultraviolet light;
PA1  a chamber disposed between said photosensors and said light source for
      receiving a sample to be analyzed for the presence of SO.sub.2, said
      chamber having windows transparent to ultraviolet light disposed at the
      ends thereof;
PA1  a first phosphor element disposed between said light source and said
      chamber and responsive to said light source to emit ultraviolet light at
      said first and at a second wavelength;
PA1  the SO.sub.2 exhibiting a relatively high degree of absorption at one of
      said first and second wavelengths and the NO.sub.2 exhibiting predictably
      proportioned degree of absorption at both said first and said second
      wavelengths;
PA1  a filter disposed between said chamber and said first photosensor for
      attenuating light at said first wavelength and passing light at said
      second wavelength;
PA1  a second phosphor element disposed between said filter and said first
      photosensor and responsive to light at said second wavelength to produce
      light at said first wavelength; and
PA1  means coupled to said first and second photosensors for outputting a signal
      representative of the differential response thereof to impingent
      radiation.
NUM  9.
PAR  9. The invention defined in claim 8, further including heating means for
      maintaining said source of ultraviolet light, said chamber, and said
      photosensors at predetermined temperatures.
NUM  10.
PAR  10. The invention defined in claim 9, further including second filter means
      disposed between said phosphor means and said first and second photosensor
      means, said filter being adapted to selectively pass radiation at said
      first wavelength.
NUM  11.
PAR  11. In a spectrophotometer including a chamber for receiving a gaseous
      sample to be analyzed, a source of radiation to be directed through said
      sample, and window means disposed in the walls of said chamber for
      allowing the passage of radiation therethrough, at least one of said
      window means comprising:
PA1  a frame extending generally transversely to the path of said radiation,
      said frame having an aperture therein to allow the passage of radiation;
PA1  a window comprising an elongate pane of radiation-transparent material;
PA1  said frame further comprising upper and lower guide means adapted to
      slidingly receive said pane whereby said pane may be displaced
      transversely with respect to said chamber so that an area of the pane in
      registry with said aperture may be succeeded by another area thereof; and
PA1  gasket means disposed between said frame and said pane for substantially
      sealing the interior of said chamber during displacement of said pane.
NUM  12.
PAR  12. The invention defined in claim 11, wherein said frame is provided with
      a groove extending about said aperture for receiving a resilient element
      therein.
NUM  13.
PAR  13. The invention defined in claim 12, wherein said gasket means comprise a
      first member disposed in said groove and a second, generally planar member
      disposed between said frame and said pane, said first gasket element
      serving to bias said second gasket element against said pane.
NUM  14.
PAR  14. The invention defined in claim 13, wherein said second gasket element
      is formed of a fluorocarbon resin having a relatively low coefficient of
      friction.
NUM  15.
PAR  15. The invention defined in claim 14, wherein said pane is formed of
      quartz.
NUM  16.
PAR  16. A spectrophotometer for the analysis of a sample by identification of
      the electromagnetic absorption qualities thereof, said spectrophotometer
      comprising:
PA1  a lamp for providing ultraviolet radiation;
PA1  first heat responsive means in thermal communication with said lamp;
PA1  a first heating element associated with said lamp;
PA1  first control means coupled to said heat responsive means and said first
      heating element for maintaining said lamp at a predetermined temperature;
PA1  a chamber for receiving a sample to be analyzed, said chamber having window
      means disposed at the ends thereof to allow ultraviolet radiation to pass
      through said chamber and said sample;
PA1  second heat responsive means in thermal communication with said chamber;
PA1  a second control means coupled to said second heat responsive means in said
      second heating element for maintaining said chamber at a predetermined
      temperature;
PA1  a second heating element associated with said chamber;
PA1  photosensor means responsive to ultraviolet radiation received from said
      chamber;
PA1  an envelope surrounding said photosensor means;
PA1  a third heating element associated with said envelope; and
PA1  third control means coupled to said third heat responsive means and said
      third heating element for maintaining said envelope at a predetermined
      temperature.
NUM  17.
PAR  17. The invention defined in claim 16, further comprising filter means
      disposed within said envelope for selectively transmitting ultraviolet
      radiation.
NUM  18.
PAR  18. The invention defined in claim 17, further including a source of
      mercury vapor disposed within said envelope for providing sufficient
      mercury vapor to effect substantial attenuation of ultraviolet radiation
      having a wavelength at 254nm.
NUM  19.
PAR  19. The invention defined in claim 18, wherein said lamp is of the metallic
      vapor type.
NUM  20.
PAR  20. A spectrophotometer for determining the presence of a specified gaseous
      material in a sample comprising:
PA1  a source of electromagnetic radiation producing radiation at desired
      wavelengths for analyzing the sample, and radiation at at least one
      additional undesired wavelength;
PA1  photosensor means responsive to impingent radiation at a predetermined
      wavelength;
PA1  a sample chamber intermediate said radiation source and said photosensor
      means and having window means therein for allowing radiation to traverse a
      sample within said chamber;
PA1  an envelope enclosing said photosensor means; and
PA1  a source of metallic vapor disposed within said envelope for saturating the
      interior of said envelope with said vapor, whereby said vapor selectively
      absorbs the radiation at said undesired wavelength.
NUM  21.
PAR  21. The invention defined in claim 20, wherein said metallic vapor is
      mercury.
NUM  22.
PAR  22. The invention defined in claim 21, wherein said vapor source comprises
      a segment of metal, at least the surface of said segment being amalgamated
      with said mercury.
NUM  23.
PAR  23. The invention defined in claim 22, further including heat responsive
      means in thermal communication with said envelope;
PA1  a heating element with said envelope; and
PA1  control means coupled to said heat responsive means and said heating
      element for maintaining said envelope at a predetermined temperature.
NUM  24.
PAR  24. The invention defined in claim 23, further including filter means
      disposed in said envelope for selectively passing ultraviolet radiation at
      a predetermined wavelength.
NUM  25.
PAR  25. The invention defined in claim 24, further including a phosphor element
      disposed within said envelope and responsive to impingent radiation at one
      wavelength for emitting radiation at another wavelength.
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ABST
PAL  A detector for ionizing radiation comprising a generally cylindrical
      enclosure which contains an ionizable gas, a central wire which with a
      peripheral wall constitute the electrodes of the device, and a window to
      permit entry of ionizing radiation. With appropriate potentials applied to
      the central wire and peripheral wall, ionizing radiation produces
      electrons which are attracted to the central wire and positive ions which
      are attracted to the peripheral wall in proportion to the intensity of the
      radiation. One or more auxiliary electrodes are provided which extend
      parallel to and between the central electrode and the peripheral wall. An
      appropriate potential is applied to this auxiliary electrode to neutralize
      the positive ions.
BSUM
PAR  The invention relates to a detector for ionizing radiation and in
      particular to a detector in which the response is proportional to both the
      intensity and the energy of the radiation. The term "radiation" is to be
      understood to include charged particles.
PAC  BACKGROUND OF THE INVENTION
PAR  A gas proportional counter is an x-ray detector used principally for the
      measurement of radiation of light elements (wave-lengths greater than 2A).
PAR  Such a counter consists of a metal cylindrical chamber closed at both ends
      and a very thin metal wire, usually tungsten, positioned along the axis of
      the cylinder to which a high potential, e.g. 1500-2000v is applied. The
      cylindrical wall is grounded so that the wall constitutes a cathode and
      the central wire an anode.
PAR  An aperture in the wall, sealed with an aluminized plastic wall (e.g.
      Mylar) a registered trademark of E. I. DuPont de Nemours for a
      polyethylene terephthalate resin serves as a window (with a minimum of
      absorption of incoming radiated).
PAR  The counter is filled with an ionizable gas, generally argon-methane. To
      compensate for the effects of loss of gas through the window a flow of gas
      through the counter may be provided.
PAR  X-ray quanta passing through the window ionize the gas which consists of
      producing pairs of ions (electrons + positive ions). Very little energy is
      required to ionize the gas, usually of a few electron volts depending on
      the nature of the gas used. This energy, called "ionization potential" is
      26.4 eV for argon. The maximum number of pairs of ions formed is given by
      the expression:
      ##EQU1##
      WHERE N = NUMBER OF ION PAIRS, E = radiation energy is electron volts, and
      e = effective ionization potential. The electrical field originating from
      the difference in potential between the electrode of the counter makes it
      possible to separate these ion pairs.
PAR  The field causes electrons to move towards the anode (central wire) and the
      positive ions towards the cathode. The primary electrons may collide with
      other gas atoms and can ionize them. If the kinetic energy of the electron
      is large enough, a new electron, in addition to the primary electron, will
      be released after the collision and will in turn collide with gas atoms
      and release new electrons. This process can continue producing gas
      amplification.
PAR  The region where this ionization takes place in an avalanche is defined by
      a critical field strength value for which the acceleration of electrons
      between two collisions is sufficient to cause ionization. As the
      electrical field strength inside the counter is dependent on the inverse
      of the logarithm of the ratio of the counter-and the anode diameters, the
      field strength decreases very quickly with distance from the anode and the
      region in which ionization avalanches occur is very close to the anode.
PAR  As electrons reach the central wire, or anode, a current pulse is produced
      which can be in an output circuit. Each such pulse corresponds then to an
      ionization event and the efficiency of the counter is a measure of the
      number of counts it can produce in response to ionizing radiation.
PAR  In addition, the pulse height or size depends on the primary ionization and
      this makes possible the discrimination between radiation types which
      differ in the primary ionization that is produced. Thus, the resolving
      power of the counter can be expressed in terms of the ratio in % of the
      width (b) at half maximum to the average pulse height (a), or:
      ##EQU2##
PAR  Because of statistical fluctuations, particularly in the primary
      ionization, the size of the pulses measured for one element is not
      constant. However, the statistical fluctuations follow the Gaussian law
      which makes it possible to define the theoretical resolution R.sub.Th of
      the counter and this can be shown to be:
EQU  R.sub.Th = .sqroot.4.5.lambda.e where .lambda. is the wave-length of the
      ionizing radiation and e is the effective ionization potential of the gas.
PAR  Positive ions, because of their mass, move slowly toward the grounded
      cathode. As a result, a positive ion sheath is formed which alters the
      electrical field between the anode wire and cathode. Because of this
      condition, the functioning of the detector is affected in various ways.
      The most serious are an increase in detector dead time and a shift in the
      pulse amplitude.
PAR  The dead time refers to the intervals during which the detector is not
      active. The measured count rate, therefore, will be lower than the true
      count rate.
PAR  The shift in pulse amplitude affects the application of pulse height
      selection since pulses will move progressively outside the window setting
      of a pulse height analyzer, which is conventionally used to select pulses
      of given amplitude, as the counting rate increases. The result is a
      serious decrease in the true rate.
PAR  It is a principal object of the invention to provide a counter for
      detecting ionizing radiation having an improved resolution approaching the
      theoretical value.
PAR  It is a further object of the invention to provide a gas counter for
      detecting ionizing radiation having reduced dead time.
PAR  It is a still further object of the invention to provide a gas counter for
      detecting ionizing radiation which produces pulses of suitable amplitude
      for proportional counting.
PAR  It is yet another object of the invention to provide an improved gas
      counter for detecting ionizing radiation in which the positive ion sheath
      is utilized to control the operation of the counter more effectively, and
      to control a source of ionizing radiation.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects and advantages of the invention are
      attained by providing one or more auxiliary, or secondary cathodes between
      the anode and primary cathode to provide conducting paths to ground, or
      the primary cathode, between the latter and the anode. The secondary, or
      auxiliary, cathodes are maintained at different potentials with respect to
      the primary cathode. Under these conditions, the heavy positive ions are
      more readily neutralized thus reducing their effect on the electrical
      field strength on the detector. At high counting rates the density of the
      positive ions modify the field sufficiently to cause changes in pulse
      amplitude and increase dead time. The presence of the secondary, or
      auxiliary, cathodes serves to neutralize the positive ion sheath and
      thereby overcomes these significant disadvantages.
PAR  The secondary cathodes are connected to the primary cathode through a
      circuit arrangement including a parallel resistance-capacitance network.
      During operation of the detector, a small, but measurable current,
      proportional to the count rate, flows from the secondary to the primary
      cathode. This signal current can be used to control and adjust detector
      operating parameters such as the anode voltage, or where practical, to
      control the source of ionizing radiation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will be described with reference to the accompanying drawing
      in which:
PAR  FIG. 1 is sectional view of a standard gas proportional counter;
PAR  FIG. 2 is a sectional view of a standard gas flow proportional counter;
PAR  FIG. 3 is a sectional view of a gas proportional counter according to the
      invention;
PAR  FIG. 4 shows the secondary cathode structure of the detector shown in FIG.
      3
PAR  FIG. 5 is still another embodiment of a detector according to the invention
      shown partly in section;
PAR  FIGS. 6 and 7 show circuits for connecting the secondary cathode to the
      primary cathode;
PAR  FIG. 8 shows a circuit for connecting the primary and secondary cathodes
      which includes a control device for adjusting operating parameters of the
      detector.
PAR  A standard gas proportional counter (FIG. 1) comprises a cylindrical metal
      casing 1 which serves as a cathode, closed at both ends by plugs 2 usually
      consisting of Teflon a registered trademark for E. I. Dupont de Nemours
      for a TFE-Fluorocarbon Wire Enamels, or similar insulating material. An
      axial wire 3, which serves as an anode extends through the end walls and
      is sealed therein by bead 4. A thin window of Mylar 5 covered with
      aluminum is provided in an aperture in the wall of the casing which serves
      as a window for the incoming radiation. The counter is filled with an
      argon methane mixture, and a positive potential of about 1500-2000 volts
      is applied to the anode while the cathode is grounded.
PAR  FIG. 2 shows a variant of the standard counter in which a gas inlet 6 and a
      gas outlet 7 are provided in order that a gas flow through the counter can
      be maintained to replenish any gas lost through the window.
PAR  In the gas proportional counter according to the invention shown in FIG. 3,
      additional cathode, also referred to as a secondary cathode 8 extends
      parallel to and between the anode 3 and the cathode 1, hereinafter
      referred to as the primary cathode. The secondary cathodes 8 and 9 are at
      a positive potential relative to the primary cathode but at a lower
      potential than the anode.
PAR  The secondary cathodes 11, 12, 13, and 14 may be arranged as a squirrel
      cage 15 between metal discs 16 and 17 which serve as end supports. A
      terminal conductor 18 connects the squirrel cage 15 to external circuitry.
      A spiral grid 19 may be wound around the secondary cathodes as shown in
      FIG. 5 to further enhance the effect of the secondary cathodes.
PAR  An important feature of this invention is the external circuitry used in
      connection with the secondary cathode. While the precise operation of the
      novel detector, especially the secondary cathode, is not fully understood,
      it is believed that the secondary cathode with a lower positive potential
      than the anode applied thereto in effect draws off positive ions and
      neutralizes the ion sheath that is formed, it has been found essential to
      connect the secondary cathode either to the primary cathode (which is at
      ground potential) or to ground through a parallel resistance capacitance
      network. The absence of this network, or the use of a series connected
      resistor-capacitor combination appears to be inoperative. This is shown in
      FIG. 6 where the secondary cathode terminal 18 is connected to the primary
      cathode, through a resistor 21 and a capacitor 22 in parallel. The usual
      high positive potential is applied to the anode.
PAR  If two or more cathodes are present, each may be connected to the primary
      cathode 1 through a separate parallel resistance-capacitance network as
      shown in FIG. 7. There, one secondary cathode terminal 23 is connected to
      primary cathode 1 through a resistor 24 and capacitor 25 in parallel while
      another secondary cathode is connected through its terminal 26 to the
      primary cathode through a resistor 27 and a capacitor 28 connected in
      parallel.
PAR  A small, but measureable current proportional to the count rate has been
      found to flow in the connection between the secondary cathode and the
      primary cathode. This current flowing through resistor 29 (FIG. 8)
      develops a voltage which can be used to actuate a control device 30. This
      control device may adjust the anode potential, regulate gas flow, or
      control a source of ionizing radiation.
PAR  Using the detector according to the invention with an Fe.sup.55 source of
      ionizing radiation, the pulse height distribution for this radiation was
      very close to the theoretical value. Since Fe.sup.55 radiation is
      equivalent to Mn Ka x-rays, it seems reasonable to conclude that the more
      common x-ray tube targets such as copper and chromium will also result in
      maximum resolution. Gas flow counters might also be used
      extra-terrestially aboard satellites or space vehicles to detect ionizing
      radiation more efficiently and effectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse-type detector for detecting ionizing radiation comprising a
      substantially cylindrical envelope having a wall constituting a
      substantially cylindrical electrode coaxial with said envelope and having
      a window therein for admitting ionizing radiation, an ionizable gas within
      said envelope, said cylindrical envelope being closed at both ends by end
      walls, a central wire electrode extending axially within said envelope, an
      auxiliary electrode disposed between said central wire electrode and the
      wall electrode, means to apply a negative potential between said wall
      electrode and said central wire electrode at which electrical pulses
      proportional to the intensity and energy of radiation absorbed by the gas
      are produced, and means comprising a parallel resistance-capacitor network
      to apply a negative potential between said wall electrode and said
      auxiliary electrode at which positive ions produced when said gas is
      ionized are neutralized by said auxiliary electrode, said negative
      potential between said wall electrode and said auxiliary electrode being
      less than said negative potential between said wall electrode and said
      central wire electrode.
NUM  2.
PAR  2. A detector as claimed in claim 1 in which said auxiliary electrode
      includes a plurality of wires extending parallel to and between said
      central wire and said cylindrical electrode.
NUM  3.
PAR  3. A detector as claimed in claim 2 in which a spiral wire is wound around
      said auxiliary electrode.
NUM  4.
PAR  4. A detector as claimed in claim 1 in which said central wire electrode
      extends through said end-walls.
NUM  5.
PAR  5. A detector as claimed in claim 1 including means to apply a first
      positive potential to said central wire relative to said cylindrical
      electrode and means to apply a second and smaller positive potential to
      said auxiliary electrode.
NUM  6.
PAR  6. A detector as claimed in claim 1 in which said cylindrical envelope
      includes gas inlet and outlet means for flowing a gas through said
      enclosure.
NUM  7.
PAR  7. A detector as claimed in claim 1 including a control device connected
      between said auxiliary electrode and said cylindrical electrode for
      adjusting an operating parameter of the detector.
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PAL  An ionization analyzing alarm system of extreme accuracy independent of
      atmospheric turbulences caused by fire and of minute dimensions, ease and
      safety of manufacture, assembly and repairs and devoid of forced air
      devices, is provided, having an air baffle zone, a first ionization
      chamber with advantageously located electrodes, radioactive source and
      circuitry and optionally a second ionization chamber with radioactive
      source and an additional electrode, the central of the three electrodes
      serving both chambers and with sensitivity controls.
PAL  In a preferred embodiment, an ionization fire alarm signal box is described
      comprising an ionization measuring chamber with a tubular housing wall,
      electrodes mounted in the measuring chamber parallel to each other and
      perpendicularly to the axis of the tubular housing wall, means to apply an
      electric potential to the electrodes, at least one radioactive source
      which produces an ionization stream between the electrodes; in which
      structure the tubular housing wall projects in axial direction above the
      electrodes and supports at one of its ends a covering which permits the
      entry of ambient air into the measuring chamber and whose edge is fastened
      to the tubular housing wall, said covering being axially spaced from the
      adjacent electrode, and creating a baffle chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Description of the Prior Art
PAR  The prior foreign art describes a fire alarm signal box with a covering and
      the electrode adjacent thereto constituted by grids which are fastened to
      the outside edges of a tubular housing wall and between which a blower is
      arranged. This blower conveys ambient air through the covering and the
      electrode adjacent thereto, and along a plate electrode further distant
      from the covering and impermeable to air, to the open end, opposite to the
      covering, of the tubular housing wall, which end is covered by a further
      protective grid. Since ions are torn away by the air stream from the area
      between the two electrodes, a further blocking electrode, formed by a
      grid, is provided in the air stream, downstream of the plate electrode
      impermeable to air, which blocking electrode prevents such ions from
      leaving the ionization chamber and, for this purpose, is electrically
      connected to the electrode adjacent to the covering. The blower and the
      blocking electrode require a large structural expenditure.
PAR  An ionization fire alarm signal box is known wherein the ionization chamber
      is formed in the suction chamber of a cylinder in which a piston operating
      as an air conveyor moves back and forth. In that structure, the suction
      chamber is covered at opposite sides by a covering constituted by a
      filter, and open toward the cylinder. Two electrodes are provided in each
      case shaped as plate electrode impermeable to air, and arranged at a
      distance from one of the coverings that is small in comparison with the
      dimensions measured in the plate plane, and at a universal distance of
      their edge from the wall of the suction chamber. This structure presents
      the disadvantage that an air conveyor must be provided since otherwise the
      filters provided as coverings would strongly impede from entering the
      ambient air with particles carried by the fire.
PAR  In the aforementioned fire alarm signal boxes, the flow conditions in the
      ionization chamber are practically exclusively determined by flows
      produced by an air conveyor. Fire alarm signal boxes of a type similar to
      these are also known which operate without an air conveyor. In such fire
      alarm signal boxes, the difficulty occurs that flows of the ambient air
      lead to an undesirable change in sensitivity and to false alarms, and that
      this effect may vary according to the direction from which the flow
      approaches. For the elimination of this difficulty, various solutions are
      known.
PAR  An ionization fire alarm signal box is known which provides a wind guard in
      the form of cuplike protective shields, fitted into each other, with a
      multiplicity of small staggered openings, whereby the ambient air is
      repeatedly strongly deflected and thus strongly slowed down when entering
      the ionization chamber. The wind guard, however, likewise impedes the
      entry of ambient air mixed with combustion gases into the ionization
      chamber so that at low velocities of flow of the ambient air the
      sensitivity of the signal box is reduced.
PAR  The sensitivity to air flows is particularly marked in such ionization fire
      alarm signal boxes which have housings of small sizes since such housings
      can exert a function which protects the ionization chamber against air
      flows only to a small extent.
PAR  While the spaces normally and advantageously available for locating fire
      detectors, for instance in industrial plants, are of small sizes and it
      would also be logical to have the fire detectors of minute sizes in order
      to permit keeping them hidden from pranksters, mischiefmakers and
      saboteurs, the prior art neglected to consider these aspects.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an important object of this invention to produce the
      subject device of the smallest possible size without affecting its
      accuracy and the necessary prerequisites of safe assembly and dismantling
      thereof. The dimensions and proportions given as optimum are therefore for
      this purpose critical.
PAR  Another object of the invention is to construct a fire alarm signal box of
      a simple structure, avoiding an air conveyor, which has a constant
      sensitivity, independently of the magnitude and direction of possible
      flows of the ambient air. Yet another object of the invention is to
      provide the subject device with a housing of relatively minute dimensions,
      and which, nevertheless, permits ease of manufacture, assembly and repairs
      without endangering the persons which have to handle it by radiation.
PAR  According to the invention, the alarm signal box is provided with a first
      electrode developed adjacent to the covering as an electrode plate,
      impermeable to air, and arranged at an optimum distance from the covering
      that is small in comparison with the dimensions measured in the plate
      plane, and at a universal distance of its edge from the tubular housing
      wall. The covering is shaped preferably as a ring impermeable to air, with
      a central opening, the size and shape of the said opening resembling at
      least approximately those of the electrode plate adjacent to the covering.
PAR  When an air flow approaches a fire alarm signal box of the invention, it
      may strike the end that supports the covering in an approximately axial
      direction. The annular covering and the electrode plate adjacent to the
      covering and positioned closely behind the covering define a baffling
      zone, uninterrupted in plan view, in which the air flow is baffled without
      being able to penetrate directly into the measuring chamber. Only a
      portion of the air flow, which at the outside of the electrode plate is
      radially deflected outwardly enters through an annular slot between the
      covering and the first electrode plate adjacent thereto, and, after
      another deflection in axial direction, through the annular slot between
      the edge of the said electrode plate and the tubular housing into a first
      ionization measuring chamber. When an air flow approaches the fire alarm
      signal box in a direction about perpendicular to the axis of the tubular
      housing wall, the annular entrance opening is positioned between the
      covering and the first electrode plate adjacent thereto in the region
      sheltered from the prevailing air flow, by the free end of the tubular
      housing wall, so that in this case no direct inflow occurs into the
      measuring chamber either. In all directions of approach of the flow which
      are located between the extreme cases considered, the effects described
      become operative in combination, so that in each case, independently of
      the direction in which the air flow approaches, a protection of the
      measuring chamber is assured against strong air flows. This protection is
      achieved with the simplest means and in a space-saving manner, merely by
      the mutual arrangement and shaping of the covering and the adjacent first
      electrode plate, without requirement for other means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, is a cross-sectional view of a fire alarm signal box according to
      the invention, partly diagrammatic;
PAR  FIG. 2, is a cross-sectional view on an enlarged scale of the fire alarm
      signal box depicted on FIG. 1, showing additional improvements;
PAR  FIG. 3, is a plan view upon a fire alarm signal box according to FIG. 2,
      arranged in a tubular housing;
PAR  FIG. 4, is a side view of the insulator of the fire alarm signal box
      according to FIG. 2;
PAR  FIG. 5, is a plan view upon an optional second, central electrode of the
      fire alarm signal box according to FIG. 2;
PAR  FIG. 6, is a further enlarged illustration of a second chamber of the fire
      alarm signal box according to FIG. 2, with a drawn-in radiation diagram;
PAR  FIG. 7, is a cross-sectional view of a fire alarm signal box depicted on
      FIG. 1, showing additional improvements;
PAR  FIG. 8, is a plan view upon a fire alarm signal box according to FIG. 1
      arranged in a substantially rectangular housing with rounded sides and
      corners;
PAR  FIG. 9 is a cross-sectional view through a fire alarm signal box according
      to FIG. 1, showing the external electrode detachably mounted;
PAR  FIG. 10, is a cross-sectional view of the device according to FIG. 1,
      including a device for deflecting the air within the ionization chamber;
PAR  FIG. 11, a cross sectional view of the device according to FIG. 1, showing
      particularly shaped edges on the covering and the adjacent electrode plate
      in the baffling zone.
DETD
PAC  Description of the Preferred Embodiments
PAR  In the several figures, the same reference symbols indicate the same or
      equivalent elements; in the various views, elements which have the same
      function are marked with reference symbols which agree in the reference
      numberal but differ by means of added letters. Depiction of elements,
      applicable to the various embodiments and shown in at least one figure, is
      omitted in others for purposes of brevity. Because of the criticality of
      the optimum dimensions described and claimed hereinafter, the drawings are
      proportional; FIGS. 1 and 8 to 11 to scale of 1:1 and FIGS. 2 to 7 to
      scale of 2:1. The ionization fire alarm signal box shown in FIG. 1
      comprises an outer first electrode plate 80 and a second central electrode
      plate 14 parallel thereto. The first electrode is impermeable to air, and
      is located adjacent to a covering 76. Both electrode plates 14, 80, and
      covering 76, each extend perpendicularly to the imaginary axis of the fire
      alarm signal box, which in FIG. 1 extends from the top to the bottom. With
      relation to this axis the signal box is essentially constructed in an
      axially symmetrical manner. Covering 76 at its edge is connected with a
      tubular housing wall 46 which as part of a housing encloses a first
      ionization measuring chamber 10 wherein the first and the second electrode
      plates 14, 80, respectively, are arranged. The central second electrode
      plate is fastened to a high-grade insulator 16. The electrode plates 14,
      80 are electrically connected to an electric signal transmitter circuit
      with means to apply a potential to them. A first radioactive source 11,
      preferably an alpha radiator, is provided on the inside of the outer
      electrode plate 80 facing away from covering 76. The source ionizes the
      area of the first measuring chamber 10 located between the two electrode
      plates. This produces an ionization stream flowing between the two
      electrodes at the state of rest, i.e. in the absence of combustion
      products or air pollution in the measuring chamber. When combustion
      products, or air pollution particles enter, the ionization stream
      increases or decreases, and this change is detected by conventional
      ionization detecting devices, which are included in the signal transmitter
      circuit, whereupon the latter triggers a conventional alarm signal or
      actuates a fire extinguisher installation.
PAR  In order to obtain the highest sensitivity of the signal box possible, a
      small value of the electric field intensity in the area between the two
      electrode plates is chosen which amounts for example to a few volt/cm. The
      velocity at which the ions produced by the ion source move toward one of
      the two electrode plates 14, 80, depending on their plus or minus sign,
      amounts in this case to about 20cm/sec. When the velocity of motion of the
      air in the area between two electrode plates reaches a similar value, a
      substantial portion of the ions is carried off from the area between the
      two electrode plates. This reduces the ionization stream without the
      presence of combustion materials. This change in the ionization stream may
      lead to a false alarm. Therefore, higher velocities of motion must be
      avoided of the air in the measuring chamber 10.
PAC  MEANS TO AVOID A FALSE ALARM
PAR  To achieve this purpose, the first electrode plate is mounted spaced a
      small distance from the covering; the optimum distance amounts to a
      fraction of the diameter measured in the plate plane of the first
      electrode plate. Furthermore, covering 76 is annular and has a central
      opening 82. The size and shape of the latter corresponds, at least
      approximately, to the first electrode plate. In the embodiment shown on
      FIG. 1, the optimum diameter of the circular opening 82 equals that of the
      first electrode plate. The air baffle zone 84 is defined by the opening 82
      in the covering as the air inlet side, the plane of the first electrode
      spaced parallel thereto and the connectors or spacers 78 with apertures
      in-between, connecting the inner edges of the covering with the first
      electrode.
PAR  When turbulent air such as produced by a fire is directed as shown in FIG.
      1, by arrows at 17, from the opening downwardly, it strikes the covering
      76 and the outer electrode plate perpendicularly and enters into the
      baffling zone, which prevents a direct entry into the measuring chamber
      and forces the air to deflect and enter the direction of flow indicated by
      the arrows 19, in FIG. 1. Also a possible lateral approach of the air is
      indicated by arrows 17. At higher air velocities, the lateral flow of air
      is deflected when it impinges upon the covering 76 and the outer electrode
      plate 80. Turbulences originate then at the edges, especially in the
      baffle zone, in which process the energy of the air flow is largely
      destroyed. A possibly stronger lateral air flow not sufficiently pacified
      in the baffle zone will enter through the annular passage opening between
      the outer electrode plate and the covering into the measuring chamber and
      will be baffled inside the measuring chamber 10 immediately by deflecting
      from the inside of the housing wall 46 which divides it and decreases its
      turbulent flow. The area of the measuring chamber between the two
      electrode plates is therefore protected against stronger air flows.
PAR  In order to decelerate the air flow, indicated by flow lines 19, most
      successfully before it enters the area between the two electrode plates,
      it is preferable that the universal distance between the edge of the first
      outer electrode plate and the housing wall is approximately equal to the
      distance between this first electrode plate and the covering. When the
      ambient air moves at low velocity, its entry into the ionization chamber
      10 is not substantially impeded by the measures described. The outer
      electrode plate is fastened adjacent to covering 76 to the covering by
      means of fasteners, or crosspieces 78 extending toward the inner edge of
      the covering. The crosspieces are of such a narrow shape that for
      practical purposes they do not affect the air flow.
PAR  Thus in every instance the ambient air, possibly charged with combustion
      materials, enters through the annular gap between the edge of the outer
      electrode plate and the inside of the housing wall 46, approximately in
      axial direction of the signal box, into the area between the electrode
      plates. Entering smoke aerosols move therefore in approximately the same
      direction of flow as a large portion of the air ions produced by the ion
      source and accelerated in the electric field between the two electrode
      plates 14, 80, toward the latter. This promotes a deposition between
      particles of the smoke aerosols and air ions, and thus brings about a
      notable effect upon the signal box.
PAC  MEANS TO ASSEMBLE AND DISMANTLE
PAR  Preferably the insulator 16 shown is a portion of a base which closes the
      ionization chamber 10 toward a support, which supports the signal box, and
      on and from which the tubular housing wall 46 is detachably and
      telescopically slipped on or off.
PAR  The tubular housing wall 46, the covering 76, the crosspieces 78, and the
      outer electrode plate 80 may be combined for manufacture to form one
      integral element. By detaching the housing wall together with the outer
      electrode plate from the base, the second electrode plate, being supported
      on the insulator on the one hand, and the outer electrode plate and the
      radiation source on the other hand, become accessible to cleaning. The
      radioactive source, however, is in a protected position within the tubular
      housing wall so that for purposes of safety easy touching thereof by
      maintenance personnel is prevented.
PAR  The one piece manufacture of the tubular housing wall-crosspieces-covering
      and the outer electrode plate of conductive material is accomplished
      instead by conventional extrusion or by metallization of these elements or
      by any other electrically conductive mechanical connection between them.
      Thus the housing wall and the outer electrode plate jointly form the first
      outer electrode 18. A portion of the ionization stream flows then between
      the inside of the tubular housing wall and the second electrode plate. The
      outer electrode 18 is grounded. It acts thereby as a Faraday shield and
      avoids disturbances of the electric field between the two electrode plates
      and resulting false alarms otherwise caused by external interference
      fields.
PAC  MEANS TO MINIMIZE THE SIZE OF THE SYSTEM
PAR  FIGS. 2 to 6 depict additional improvements to the device of FIG. 1, in
      order to achieve a very small structural size. In a signal box of this
      type the inventor succeeded to reduce the outer diameter of the tubular
      housing wall to 36 mm, and the axial total height thereof to 30 mm, which
      is far below the sizes of the conventional fire detectors. This
      independent object is accomplished with the aid of the following
      circuitry, which, in addition, attains its own separate objects.
PAC  MEANS TO PROTECT AGAINST POLLUTION
PAR  The second electrode plate is supported on its rear that faces away from
      the outer electrode plate by an insulator 16. The outer optimum dimensions
      of the supporting surface 52 are smaller than those of the electrode plate
      14 supported by it. In the embodiment, the diameter of the end of
      insulator 16, that is the top end in FIG. 1, is smaller than that of the
      two electrode plates 14, 80. Therefore, insulator 16 is positioned, with
      respect to entering ambient air, behind electrode plate 14 and is
      protected against pollution which could result in the flow of undesirable
      creeping currents. Similar measures are taken in the embodiments of FIGS.
      8 to 11, which are hereinafter described in greater detail.
PAC  THE ELECTRICAL CIRCUITRY
PAR  As shown in FIG. 2, the first measuring chamber and a second ionization
      reference chamber 12 are electrically series-connected. The measuring
      chamber 10A is defined by the partly platelike central second electrode
      14A which is given a cup shape by means of an edge 94 cylindrically
      surrounding the circular plate-like middle portion 93. A cuplike insulator
      16A supports the second electrode and is open at its rear, away from the
      second electrode, and a cuplike first electrode 18A. The first electrode
      18A is telescopically mounted in a slipped-on manner on the outer
      periphery of the outer wall 20A of the insulator 16A.
PAR  The second chamber is formed in a central recess of the insulator between
      the rear of the second electrode and a third, inner electrode 22. On both
      sides of the second, central electrode a first and a second radioactive
      source 24 and 26 are provided which ionize both the first chamber 10A, and
      the second chamber 12. The circuitry produces ionization currents between
      the first, outer electrode and the second, central electrode on the one
      hand, and the second electrode and the third electrode, on the other hand.
PAR  When flame and smoke debris enters the first measuring chamber the
      ionization stream flowing therein changes. Thereby the potential of the
      second electrode changes, and by conventional circuitry triggers fire
      signalling. For the utilization of the potential modifications of the
      second electrode, a signal transmitter circuit 28, connected to all three
      electrodes comprises a field effect transistor 30 and a resistor 32. The
      circuit connections between the circuit elements 30 and 32 include
      conductors 34A, 36A shown on FIG. 2, in heavier print. They are provided
      preferably as a printed circuit on the rear side, facing away from the
      insulator of a wiring plate 38A, in one plane. The wiring plate abuts
      against the rear end of the insulator which faces away from the middle
      electrode.
PAR  In the alternative, the plane of the circuit connections of the signal
      transmitter circuit is formed at the rear end of the insulator by fixing
      there, for instance by casting, individual conductors connecting circuit
      elements 30, 32.
PAR  The insulator is furthermore provided with an inner wall 40A which is
      connected with the outside wall 20A of the conductor in the area of the
      bearing surface 42A of the second electrode, envelops the second chamber
      12 in a tubular manner and extends, approximately to the plane of the
      circuit connections, the conductor lines 34A, 36A.
PAR  For purposes of simplicity of description, a plane of the circuit
      connections is defined, which actually is not a geometrical plane, but in
      consideration of the always finite extension of the circuit connections,
      as an essentially plane area of very small thickness. The circuit
      connections are thus considered to be positioned in one plane even if in
      deviation thereof they are shown for easier understanding on the top and
      rear of the wiring plate 38A of FIG. 2. The third electrode rests, within
      the meaning of the above definition upon this plane, for inst. by being
      glued to the top side of the wiring plate.
PAR  All circuit elements 30, 32 of the signal transmitter circuit are arranged
      in the space 44A which is formed between the outer wall 20A and the inner
      wall 40A of the insulator, which is open toward the plane of the circuit
      connections. This space is continuous in peripheral direction, and
      therefore presents an annular space. The alternative thereto is to provide
      the sapce 44A divided for instance by radially extending subdivisions, in
      order to insulate the adjacent circuit elements 30, 32 electrically and/or
      thermally from each other.
PAR  The optimum inner dimensions of the inside wall 40A of the insulator amount
      to approximately half of the outer dimensions of the outside wall 20A
      thereof. Thereby the second chamber is still sufficiently large for all
      practical purposes, while in the space 44A sufficient area is provided for
      the placement of the signal transmitter circuit.
PAR  As shown on FIGS. 3 and 4, the insulator is provided with two fastening
      prolongations 48 extending outward from outside wall 20A, which for the
      purpose of fastening the fire alarm signal box to a support, are provided
      each with an opening for fastening screws. For the purpose of covering, a
      decorative ring 52, is slipped over the fastening prolongations 48. The
      fire alarm signal box may be mounted in a flush socket 54, as normally
      used for household flush sockets and switches, and in this case a flat
      decorative ring 56 is employed instead of ring 52 (FIG. 2). In the
      mounting in a flush socket 54, the fastening prolongations may be shaped
      similarly to those of household flush sockets, or the like, for holding
      fastening angles which are expanded outwardly by tightening a screw and
      thereby hold the fire alarm signal box in the cylindrical wall of the
      socket.
PAR  For the purpose of connecting the signal box to two conductors of an
      electric line, the box is provided on each of the two opposite sides with
      two, therefore a total of four, pairwise connected contact elements,
      whereof two contact elements 58 connected through conductor line 34 A are
      visible in FIG. 2. The contact elements are fastened on the upper side of
      the wiring plate 38A, facing the insulator and they consist each of a
      section positioned within an introduction opening 62,64 and a section bent
      off therefrom in an obtuse angle and extending perpendicularly to a
      clamping screw 66,68 as shown on FIG. 4. The introduction openings are
      formed in the outside wall 20A of that edge of the insulator that faces
      the wiring plate. Clamping screws 66, 68 are screwed in to threaded holes
      provided in the outside wall 20A and slanting toward the contact elements
      58,60.
PAR  FIG. 4 shows an axially extending groove 70 at the outer circumference of
      outside wall 20A of the insulator. When the fire alarm signal box is
      completely mounted, this groove holds a contact spring, which is fastened
      to wiring plate 38A. This contact spring abuts against the inner
      circumference of the tubular housing wall 46A which forms a portion of the
      first electrode 18A and thereby establishes the electric connection
      between the electrode plate 80A, which forms likewise a portion of the
      outer electrode 18A, and the signal transmitter circuit 28.
PAC  MEANS TO ADJUST SENSITIVITY
PAR  The adjustment of the sensitivity of the signal box is carried out simply
      by means of keeping the entire outer electrode 18A axially adjustable on
      the outer wall 20A of the insulator. For this purpose, the outer electrode
      18A is fastened, by means of set screws 72, shown on FIG. 3, which pass
      through the outer electrode to the insulator. The set screws are screwed
      in tapped holes, e.g. in a tapped hole 74 shown on FIG. 4, in the outer
      wall 20A. The tubular housing wall 46A is provided with two
      axially-extending guide slots, which are engaged by the set screws 72, so
      that they act in the case of an axial displacement as a guide element
      which guides the outer electrode 18A. The same measures are applicable to
      FIGS. 1, and 8 to 11, but not shown there in detail for purposes of
      clarity.
PAR  To obtain a higher precision of adjustment axial displacement of the outer
      electrode 18A may be achieved by a modified shape of the guide slots, not
      shown. In that case the tubular housing wall 46A is provided with at least
      one guide slot extending like a spiral engaged by a guide element,
      fastened in the outside wall 20A of the insulator and guiding the housing
      wall 46A in a rotation and the simultaneously produced axial adjustment of
      the outer electrode 18A.
PAR  The outer electrode 18A consists, in a manner similar to that of FIG. 1, in
      addition to the already mentioned tubular housing wall, which is
      impermeable to air, also of an annular cover 76A, impermeable to air and
      fastened with its outer edge to the housing wall, and of the electrode
      plate 80A, impermeable to air which is positioned axially within covering
      76A parallel to the middle electrode 14 and connected electrically and
      mechanically to the covering by way of crosspieces 78A. The central
      opening 82A of the covering approximately resembles in size and shape the
      electrode plate 80A. Instead to the covering the electrode plate 80A may
      be directly connected, electrically and mechanically, to the inside of the
      tubular element 46A.
PAR  The optimum distance between the electrode plate 80A and the platelike
      portion 93, parallel thereto, of the second electrode 14A is smaller than,
      and preferably half the size of the outer dimensions thereof, measured in
      the plate planes concerned. The axial height of the edge 94 of the second
      electrode is approximately half as large as the distance between the
      electrode plate 80A and the platelike portion 93 of the second electrode
      14A. Thus the design and arrangement of the parts by the aforementioned
      optimum dimensioning permit simultaneously a small axial structural height
      when compared to conventional devices of the prior art.
PAR  As shown on FIGS. 4 and 5, the insulator is provided with fastening cams 86
      projecting from the bearing surface 42A of the second electrode 14A, which
      cams pass through corresponding openings 88 thereof. After the second
      electrode has been mounted on the insulator, the cams 86 are thickened by
      thermal molding, for the purpose of fastening them to a head abutting
      against the outside of the platelike portion 93 of the second electrode
      14A, shown on FIG. 5.
PAR  As shown on FIGS. 2 and 5, the radioactive sources 24, 26 are each shaped
      as an elongated band section. They extend crosswise and are fastened each
      by means of two hooks 90,92, punched out from the platelike portion 93 of
      the second electrode and the overlapping source 24 or 26.
PAR  The edge 94 extending from the platelike portion 93 of the second electrode
      in the direction toward the electrode plate 80A together with the special
      shape and arrangement of outer electrode 18A improves the insensitiveness
      of the signal box to flows of the ambient air. The optimum diameter of the
      edge 94 is at least approximately equal to the diameter of the electrode
      plate 80A. The edge 94 presents the advantage that the second electrode
      14A, before being connected to the insulator 16A, can be deposited,
      stored, and transported, on the edge 94 facing the bottom. Thus the
      radioactive sources 24, 26 are protected against damages. The same
      applies, after the connection of the second electrode 14A, to the
      insulator 16A with respect to the protection of the source 24 when the
      signal transmitter circuit 28 is installed in the space 44A of the
      insulator.
PAC  MEANS TO PROTECT AGAINST INTERFERENCE FIELDS
PAR  As shown on FIG. 2 in connection with FIG. 5, the conductor 96, which
      connects the second electrode 14A to the signal transmitter circuit 28,
      namely, the base connection of the field effect transistor 30, passes
      through a channel 98A, ending in the bearing surface 42A of the second
      electrode 14A on the insulator, in the insulator and through an opening
      100, aligned with the mouth in the second electrode and is soldered to the
      second electrode on the outside of the platelike portion 93 that faces
      away from the insulator.  This results in a small length and a position of
      the conductor 96 which is thus largely protected against the influence of
      interference fields.
PAR  In order to create a substantial insulating distance between the middle
      electrode 14A and the outer electrode 18A on the outside 102 of the
      outside wall 20A of the insulator without imparting to the insulator a
      shape that would be difficult to produce and complicated, and without
      notably impairing the volume of space 44A, the outside 102 presents the
      shape shown on FIGS. 2 and 4. The optimum outside dimensions of the
      bearing surface 42A of the second electrode on the insulator are smaller
      than the outer dimensions of the platelike portion of the second electrode
      and the outside 102 of the outside wall 20A extends in the vicinity of the
      bearing surface 42A at a short distance to the platelike portion 93 and
      approximately parallel thereto. Furthermore, the optimum axial height of
      that cylindrical area of the outside 102 of the outside wall 20A, against
      which the tubular housing wall 46A abuts, is smaller than the axial total
      height of the insulator.
PAR  As shown on FIG. 4 the outer surface 103 of the outer wall 20A of the
      insulator 102 extends above the abutment surface of the tubular housing
      46A above an edge 104 -- in the direction toward the second electrode,
      first at a small distance from the inside of tubular housing wall 46A and
      approximately parallel thereto.
PAR  As shown especially on FIG. 6, the inside electrode 22 is cuplike and is
      provided with a plane front wall 106 resting on the plane of the circuit
      connections, namely, on the top side of the wiring plate 38A as depicted
      on FIG. 2 and a tubular wall 108 positioned within the inside wall 40A of
      the insulator which is tubular, and open toward the second electrode. The
      axial length of the tubular wall 108 is necessarily smaller than the
      distance of the plane frontal wall 106 from the second electrode,
      preferably at most equal to half of this distance. The inner dimensions of
      the inside wall 40A in the axial area of the tubular wall 108 increase to
      such an extent that it does not touch the outside of the tubular wall 108.
      Thus an insulation path is produced of a maximum possible length between
      electrodes 14A and 22.
PAR  FIG. 6 depicts a diagram 110 which connects all points of a specific value
      of the radiation intensity of the ionizing radiation in an axial plane,
      intersecting with the radioactive source 26 when the inner electrode is
      removed. The specific value of the radiation intensity is the value that
      prevails in the axial direction at a distance from the electrode 14A which
      corresponds to the average range of the ionizing radiation. The diagram
      presents a club-like shape, which is achieved by means of a concave
      curvature of the bandlike source 26 in the direction toward the electrode
      22. By means of the club-like shape of the diagram 110 and the cup-like
      shape of the third electrode 22 the result is achieved that diagram 110
      intersects with the tubular wall 108.
PAR  Thus, ionizing radiation is largely prevented from striking the inside of
      the inside wall 40A of the insulator. Since most materials used for the
      insulator, especially high-value plastic materials, exhibit a diminution
      of their insulating effect as a result of radioactive radiation, the
      aforementioned measures prevent a deterioration of insulating properties
      in reference chamber 12.
PAR  When the signal box is connected to an electric line, preferably the outer
      electrode, first electrode 18 of FIG. 1, or 18A of FIG. 2, is grounded in
      all embodiments. In battery-operated embodiments, the first electrode
      would be connected to the prevailing mass potential. Thereby the outer
      electrode acts as a shield against disturbing foreign fields. An
      alternative provision to that, shown on FIG. 2, is to extend those
      electric connections between the circuit elements 30,32 of the signal
      transmitter circuit 28, whose potential deviates from the ground
      potential, exclusively on the top side of the wiring plate 38A which faces
      the insulator. An additional measure for diminishing the influence of the
      foreign fields, is the provision of the rear side of the wiring plate with
      an electrically conductive and preferably grounded coat. Thus in an
      alternative to the embodiment shown in FIG. 2, it would be feasible to
      cover instead, if necessary, the rear side of the wiring plate with a
      grounded covering insulated against conductor lines 34A, 36A, and possibly
      grounded.
PAR  The embodiment shown on FIG. 7 corresponds largely to that of FIGS. 2 to 6.
      However, here the outer electrode 18B, which in the portion that in the
      Figure is the top portion of the outer electrode 18A of FIG. 2, comprises
      a tubular wall 46B which is held, along a likewise tubular section 114,
      extending axially beyond the rear side of the insulator 16B, by a mounting
      base 116. The insulator is fastened here within the tubular housing wall
      46B by a circuitous stiffening corrugation 118 in its axial position and
      is not provided with fastening prolongations.
PAR  In the base 116 are provided introduction openings 120,122 for an electric
      line, and connecting terminals 124,126 for connecting two conductors of
      the electric line. These connecting terminals 124,126 are each
      electrically connected, by way of a resilient and resting connection, to
      the section 114 extending axially beyond the rear side of the insulator,
      and to the third electrode 22. The connection between the connecting
      terminal 124 and the section 114 takes place by way of a spring 128 which
      rests in a groove of section 114. At least one of two resting springs 130,
      which are provided, is connected to the connecting terminal 126. The third
      electrode 22 is fastened, by means of an electrically conductive fastening
      element 132, constructed as a pin to the wiring plate 38B, on the rear
      side of the wiring plate facing away from the insulator, against which pin
      the springs 130 abut.
PAR  In the embodiment of FIG. 7, the signal transmitter circuit 28 is cast with
      a casting resin, that fills the space 44B, and simultaneously fastens the
      wiring plate to the rear of the insulator.
PAR  In pursuance of the object of minimizing the size of the device in the
      embodiments of FIGS. 1 and 2, and also in the following embodiments of
      FIGS. 9 to 11, the cross section of the signal box is circular. FIG. 8
      shows another equally advantageous shape which may be substituted in the
      aforementioned other embodiments and in which the cross sections of the
      tubular housing wall 46C of the first electrode plate 80C and of the here
      non-visible second electrode, are approximately square-shaped and rounded.
      The same applies to the insulator 16C as indicated in dash lines, the
      covering 76C, and the opening 82C provided therein. This makes it possible
      to achieve, at the same structural height, a larger volume of the
      measuring chamber than with the circular shape. The outer electrode plate
      80C is again fastened to the covering 76C by way of crosspieces 78C.
PAR  FIG. 9 shows a detail of a detachable fastening of the first electrode
      plate 80D. The electrode plate can be removed from the measuring chamber
      10D through covering 78D. This is advantageous, especially when the
      activity of the radioactive radiator 11D is of such a low value that it
      can be touched by maintenance personnel without risk. After the removal of
      the outer electrode plate 80D, the inside of the ionization chamber 10D,
      and the inner electrode plate 14D, as well as the outer electrode plate
      80D and the radiator 11D, can be cleaned without loss to the sensitivity
      of the adjustment carried out by means of the axial setting of the tubular
      housing portion 46D, described on FIG. 2. The outer ends of the
      cross-pieces 78D are connected with the outer electrode plate 80D and
      extend toward the covering 76D. The detachable fastening of the electrode
      plate 80D to the other parts of the outer electrode 18D is accomplished by
      providing each cross-piece with a semi-circular deflection by means of
      which they rest in each case in a corresponding recess at the inner edge
      of opening 82D.
PAR  In the embodiment of FIG. 9, similar to the embodiments of FIGS. 7,8,10 and
      11, and optionally FIGS. 2 to 7, the electrode 14D mounted in measuring
      chamber 10D, and more distant from the covering 76D, is of the same
      dimensions, i.e. of the same diameter as the outer electrode plate 80D and
      like the latter plate-shaped. An approximately homogenous electric field
      prevails between the electrode plates 14D,80D, whereby in the area between
      the electrode 14D, 80D accelerations of approximately the same magnitude
      are exerted upon the existing ions.
PAR  Thereby this entire area has an optimum accumulation effect of smoke, and
      air pollution particles upon the ions and thus the highest possible
      sensitivity of the signal box. The smooth shape of the electrodes 14D, 80D
      prevents pollution and facilitates cleaning, which may become desirable
      after a long service. A plane electrode plate may also be provided for the
      cup-like second electrode 14A described with reference to FIGS. 2 to 6,
      and in FIG. 7.
PAR  FIG. 9 indicates the shape of the field lines 222 and of the equipotential
      lines 223 of the approximately homogenous electric field in the area,
      positioned between the electrode plates 14D, 80D of the ionization chamber
      10D. Arrows 224 indicate the shape of a possible stronger air flow
      striking the signal box axially, while flow lines 225 indicate the
      turbulence thereof when it enters the ionization chamber 216 at the inside
      of the tubular housing wall 46D.
PAR  In FIG. 10, a possible weak air flow of the signal box in axial direction
      is shown, wherein a laminar flow indicated by flow lines 326 prevails.
      This flow passes through the opening 82E in the covering 76E, the passage
      opening 84E between the outer electrode plate 80E and the covering 76E,
      and the gap between the edge of the outer electrode plate 80E and the
      tubular housing wall 46E, and enters the ionization chamber 10E, without
      being impeded in by the narrow cross-pieces 78E. The signal box is in this
      case provided with a guide ring 327 parallel to the electrode plates
      14E,80E and is arranged between them. The ring extends from the tubular
      housing wall 48E inwardly and has a shape conically tapering toward the
      electrode plate 14E. Thus the ambient air with smoke aerosols contained
      therein, entering the ionization chamber 10E, is advantageously guided
      into the area between the electrode plates 14E,80E. The insulator 16E is
      positioned underneath, and with its supporting surface 42E behind the
      electrode plate 14E. The guide ring 327 largely prevents dust from
      reaching the insulator, from being deposited there and from causing
      creeping currents. For this purpose the optimum dimensions of the inner
      opening of the guide ring 327 are smaller than those of the electrode
      plates 14E,80E. The use of a guide ring 327 made of insulating material
      also prevents a lateral expansion of the electric field between the
      electrode plates 14E,80E, and thereby keeps it homogenous.
PAC  MEANS TO MAINTAIN HIGH ACCURACY
PAR  FIG. 11 shows a partial cross-section of a specifically shaped outer
      electrode 18F. Such an electrode is preferable at places, where,
      particularly high velocities of the ambient air occur, such as e.g. in air
      conditioning channels.
PAR  The outer edge 432 of the outer electrode plate 80F adjacent to the
      covering 76F is bent toward it. The bent edge 432 deflects strongly the
      entering air and makes it turbulent, as indicated by flow lines 431 of an
      axial approach of the air. For high velocities of the ambient air the
      inner edge 433 of the covering 76F is shown bent toward the adjacent outer
      electrode plate 80F.
PAR  Preferably the diameter of the opening 82F of the covering 76F is somewhat
      smaller than that of the outer electrode plate 80F. Thus a strong
      turbulence of a lateral air flow, indicated by flow lines 430, is likewise
      achieved and the area between the electrode plates 14F,80F remains
      protected against air flow.
PAR  Conventional signal producing circuitries, such as described in U.S. Pat.
      Nos: 3,775,616 and 3,666,954 identified hereinbefore, are usable in
      connection with the present device.
PAR  It is to be understood that the second chamber, a reference chamber, shown
      and described only with reference to FIGS. 2 and 7 optionally, is equally
      applicable to FIGS. 1,9,10 and 11 and description thereof with reference
      to these Figures has been omitted for purposes of brevity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ionization analyzing air pollution and fire alarm signal device
      comprising:
PA1  a symmetrical housing including an outer wall and a peripheral cover with a
      central opening permitting passage of ambient air therethrough;
PA1  at least two electrodes;
PA1  a first electrode, having a planar portion mounted in said housing adjacent
      said cover of a size and surface shape conforming to those of said opening
      in said cover; and
PA1  a second electrode located within said housing;
PA1  one end of said outer wall of said housing projecting axially beyond said
      first electrode and forming a sealing support for the outer edge of said
      cover;
PA1  spacers with apertures between them connecting said housing with said first
      electrode;
PA1  said cover defining together with said first electrode a baffle zone;
PA1  said cover, the planar portion of said first electrode and said second
      electrode mounted in planes parallel to each other perpendicularly to the
      axis of said housing and spaced from each other distances permitting
      passage of ambient air from said baffle zone and from there between said
      two electrodes;
PA1  the walls of said housing defining together with the said two electrodes a
      partially closed first chamber protected from excessive fluctuations of
      ambient air by said baffle zone;
PA1  a first radio-active source for ionizing said first chamber, and
PA1  an electrical circuit connected to said two electrodes and being responsive
      to changes in electrical characteristics of the atmosphere in said first
      chamber.
NUM  2.
PAR  2. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, said housing being electro-conductive and electrically
      connected to combine with said first electrode, into a combined first
      electrode.
NUM  3.
PAR  3. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, further comprising means permitting a detachable
      fastening and removal of said first electrode through the said cover.
NUM  4.
PAR  4. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, further comprising an insulator, said second electrode
      mounted on said insulator.
NUM  5.
PAR  5. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, further comprising a guide ring;
PA1  said guide ring mounted parallel to and between the first and second
      electrodes;
PA1  the said first chamber and said guide ring extending from the tubular
      housing wall inwardly;
PA1  said guide ring having its inner opening of dimensions smaller than those
      of the said electrodes.
NUM  6.
PAR  6. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1,
PA1  said second electrode being shaped essentially as a plane electrode plate.
NUM  7.
PAR  7. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, said second electrode having a bearing surface smaller
      than the outer dimensions of the said electrode.
NUM  8.
PAR  8. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1,
PA1  the first electrode being grounded.
NUM  9.
PAR  9. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, further comprising an insulator forming a base for
      said housing.
NUM  10.
PAR  10. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 9, said outer wall of said housing being tubular;
PA1  said insulator being tubular and of a diameter mating with the tubular
      shape of said housing and permitting slipping on of said housing
      thereover.
NUM  11.
PAR  11. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 9, a platelike portion of said second electrode resting
      on said insulator, the distance between said planar portion of said first
      electrode, and said platelike portion of said second electrode being
      smaller than, and preferably half of, the outer dimensions of the said
      second electrode.
NUM  12.
PAR  12. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 9,
PA1  said insulator provided with fastening cams projecting from the bearing
      surface of the second electrode;
PA1  said cams passing through corresponding openings of the second electrode
      and thickened on the outside of the second electrode that faces away from
      the insulator, to a head abutting against this outside.
NUM  13.
PAR  13. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 9, further comprising:
PA1  a base provided with at least one introduction opening for an electric
      line;
PA1  said housing wall being held on a section of the insulator and extending
      axially beyond the rear side thereof;
PA1  a plurality of connecting terminals for connecting conductors of the
      electric line;
PA1  two of these connecting terminals being connected each by way of a
      resilient, preferably resting connection electrically to the section
      extending axially beyond the rear side of the insulator.
NUM  14.
PAR  14. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 9, the tubular housing being axially adjustable on the
      outer wall of the insulator.
NUM  15.
PAR  15. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 14, the wall of said tubular housing being provided with
      at least one axially extending guide slot, engaged by a guide element
      guiding the said wall when the latter is being axially displaced, said
      guide element being fastened in the outside wall of the insulator.
NUM  16.
PAR  16. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 14, said tubular housing wall being provided with at
      least one guide slot shaped as a spiral line, said line being engaged by a
      guide element fastened in the outside wall of the insulator to guide the
      housing wall when the latter is being turned.
NUM  17.
PAR  17. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, said first electrode being a plate electrode
      impermeable to air, mounted spaced from the cover a distance small in
      comparison with the dimensions measured in the plate plane, and a
      universally equal distance of the edge from the said wall.
NUM  18.
PAR  18. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 17, the universal distance of the edge of the first
      electrode from the said housing wall equalling approximately the distance
      between the said electrode plate and the said cover.
NUM  19.
PAR  19. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 17, the first electrode and the second electrode having
      about the same outer dimensions.
NUM  20.
PAR  20. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 17, the inner edge of the said cover and the outer edge
      of the said first electrode plate being bent to be adjacent to each other.
NUM  21.
PAR  21. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 1, said spacers connecting said housing with the said
      first electrode being fastened to the inner edge of the said central
      opening of said cover.
NUM  22.
PAR  22. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 21, and fasteners resting on the inner edge of the said
      central opening detachably and resiliently.
NUM  23.
PAR  23. An ionization analyzing air pollution and fire alarm signal device, as
      claimed in claim 21, said housing, said cover, said fasteners and the said
      first electrode plate forming an integral unit.
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ABST
PAL  A smoke detector is disclosed which comprises an inner electrode, an
      intermediate electrode with a hole for passing radioactive rays
      therethrough, an outer electrode having openings for allowing smoke to
      flow therethrough, and one radioactive source, the inner and intermediate
      electrodes forming an inner ionization chamber, the intermediate and outer
      electrodes forming an outer ionization chamber, the radioactive source
      being disposed in the inner ionization chamber. A proper quantity of
      radioactive rays from the radioactive source is applied into the outer
      ionization chamber through the hole provided in the intermediate
      electrode.
PARN
PAC  RELATED CASE
PAR  This application is a continuation of Ser. No. 860,357 filed Sept. 23,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved smoke detectors adapted to a
      smoke sensing apparatus comprising a smoke detector and an electric
      indicating or alarming device including a relay such as, for example, a
      control electric valve the control electrode of which is connected to the
      output terminal of said smoke detector, and more particularly to smoke
      detectors in which a kind of radioactive substance is used in common in
      two ionization chambers.
PAR  Hitherto, as a method of detecting particles contained in any kind of
      smoke, it has been well known to utilize ionization of said particles. For
      this purpose, a smoke detector provided with two inner and outer
      ionization chambers each including a radioactive substance therein has
      been generally used, said outer chamber being denoted as an outer
      ionization chamber and being provided with a metal wire net for passing
      outer gas therethrough, and said inner chamber being denoted as an inner
      ionization chamber and being constructed so that penetration of said outer
      gas into said inner ionization chamber is very difficult.
PAR  In the conventional smoke detectors as mentioned above, there are
      disadvantages such that the detector becomes large in its structure, very
      complicated in its construction, and uneconomical because each of the
      inner and outer ionization chambers is provided with a radioactive
      substance therein, and, furthermore, the quantity of the radioactive rays
      is relatively large, thereby increasing harmful effects on human bodies.
PAR  Furthermore, in the conventional smoke detectors as mentioned above,
      precise detection at various temperature condition or precise detection
      unaffected by variation of the surrounding temperature is very difficult
      and simple temperature compensation or alarming of an emergency
      temperature itself cannot be attained. For the purpose of temperature
      compensation of the smoke detectors, various compensating circuits
      utilizing any kind of various thermistors have been conventionally
      utilized, but these circuits are relatively complex and cause expensive
      structure of the smoke detector provided with said circuit.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an essential object of the present invention to provide
      improved smoke detectors adapted to a smoke sensing apparatus comprising a
      smoke detector and an electric indicating or alarming device the input of
      which is connected to the output terminal of said smoke detector, and
      having no disadvantages of the conventional smoke detectors mentioned
      already.
PAR  Said object and other objects of the invention have been attained,
      according to the invention, by a smoke detector which comprises outer,
      inner and intermediate electrodes, said intermediate electrode forming an
      inner ionization chamber therein and said outer and intermediate
      electrodes forming an outer ionization chamber therebetween, and comprises
      a radioactive substance provided in a position of said inner chamber to
      cause ionization in said chambers.
PAR  The objects, characteristic features and function of the invention will be
      described in detail in conjunction with the accompanying, in which the
      same or equivalent members are designated by the same reference numerals
      and characters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a schematic side view, in section, for showing the principle of
      an example according to the invention;
PAR  FIG. 2 is a sectional side view for showing another example of the
      invention, corresponding to FIG. 1;
PAR  FIG. 3 is a sectional view for showing a further example of the invention,
      corresponding to FIG. 1;
PAR  FIG. 4 is graph showing the relation between output voltage deviation
      .DELTA.E of the device, as illustrated in FIGS. 1, 2 or 3, and the
      surrounding temperature;
PAR  FIGS. 5 and 6 are schematic side views, partly in section, of other
      examples of the invention, respectively; and
PAR  FIG. 7 is a plan view showing a part of a modification of the example
      illustrated in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One example of the invention as illustrated in FIG. 1 comprises an
      insulating support member 4 made of a synthetic resin having a large
      electrical resistance, a metal wire net 1 functioning as an outer
      electrode, an intermediated electrode 2 supported by a projecting wall 4a
      of the member 4, an inner electrode 3 made of a radioactive substance, and
      an inner electrode supporting member 5 provided with a washer 6 and nuts
      7, said outer and intermediate electrodes forming an outer ionization
      chamber 1a and an inner ionization chamber 2a being formed at the position
      inside said intermediate electrode. The intermediate electrode 2 is
      provided with at least one small hole A or a membrane (not shown) which is
      permeable to any radioactive ray therethrough. The examples of the
      invention, including the example of FIG. 1, relate to only the case in
      which only one small hole is provided in the intermediate electrode 2.
      Furthermore, in the example of FIG. 1, the inner electrode 3 itself is
      made of a radioactive substance, but a radioactive substance may be
      attached onto a separately provided inner electrode, or the intermediate
      electrode may be made of a radioactive substance or may be provided with a
      radioactive substance attached thereto. Of course, a radioactive member
      may be provided at a position in the outer ionization chamber, with the
      same effect as the other cases. In the example of FIG. 1, the intermediate
      electrode is in the form of a circular plate, but said electrode may be
      replaced by a linear element or elements.
PAR  The operation of the example of FIG. 1 will now be described below.
PAR  The detector is designed so that when the atmosphere surrounding the
      detector is in normal condition, the output voltage E.sub.o between the
      intermediate electrode 2 and the outer electrode 1 does not energize a
      smoke sensing apparatus which is not shown, said apparatus comprising a
      smoke detector to be improved by use with this invention and an electric
      indicating or alarm device, the input of which is connected to output
      terminals of said smoke detector. The said indicating or alarm device can
      be provided with an electric valve having a control electrode which is
      energized by abnormal energy produced in the smoke detector, but since
      said indicating or alarm device is ordinarily a conventional one and has
      no direct relation to the inventive concept of the invention, a detailed
      description of said device is herein omitted. When a fire breaks out and
      smoke containing particles therein enters the ionization chamber 1a
      through the meshes of the outer electrode 1, ionized air ions produced by
      ionization of the air due to the radioactive substance in the chamber 1a
      are adsorbed on said smoke particles thereby to cause recombination of the
      ions, or these smoke particles absorb radiation energy of the radioactive
      substance so as to disturb the ionization, said adsorption and absorption
      being caused by the extremely large dimension of said smoke particles in
      comparison with that of the air particles, whereby the ion current flowing
      through the ionization chambers is decreased relative to that in the
      normal condition, and the electric potential at the terminal m, that is,
      the voltage E.sub.o is remarkably increased. Accordingly, the smoke
      sensing apparatus can be made to operate by said increased voltage
      E.sub.o. The fine hole A of the intermediate electrode 2 is adapted to
      disturb penetration of the smoke particles into the inner ionization
      chamber 2a, but to facilitate efficient radiation of radioactive rays into
      the ionization chamber 1a. Accordingly, the constructions of said members
      can be modified within the concept mentioned above. In the above case, the
      voltage-current characteristic of the ion current is determined depending
      upon the strength of the radioactive substance, dimensions and structures
      of the electrodes and the like. Furthermore, for the purpose of
      compensating for the effects caused by the surrounding conditions such as
      temperature, moisture and atmospheric pressure, it is preferable that the
      outer ionization chamber directly sensing the smoke has an unsaturated
      characteristic with respect to the ion current, and the inner ionization
      chamber has a characteristic saturatable at a relatively low voltage, said
      inner ionization chamber exhibiting high resistance to infiltration of the
      smoke thereinto, but being freely communicated with the outer air.
PAR  The example of FIG. 2 is substantially the same as that shown in FIG. 1,
      except that the inner electrode 3 made of a radioactive substance has a
      pin-shaped form and projects centrally into a hole B provided in the
      intermediate electrode 2, and the projecting wall 4a in FIG. 1 is replaced
      by a side wall 2b of the intermediate electrode 2.
PAR  The example of FIG. 3 is substantially the same as that of FIG. 2 except
      for the structure of the intermediate electrode 2.
PAR  According to the examples of FIGS. 1, 2 and 3, a radioactive member is
      utilized in common for the inner and outer ionization chambers, and the
      inner ionization chamber is provided inside the outer ionization chamber,
      so that the detector is miniaturized and can be manufactured at low cost.
PAR  In the example as illustrated in FIGS. 1 to 3, operation of the detector is
      affected by the surrounding temperature, so that precise smoke detection
      at a certain temperature or generation of an indication or alarm at a
      particular temperature cannot be attained unless some temperature
      compensating method is adopted. According to the invention, however, the
      devices as illustrated in FIGS. 1 to 3 can be effectively modified so as
      to have none of the disadvantages mentioned above, for example, by
      constructing the intermediate electrode from a material the condition of
      which is varied in response to temperature variation, adjusting
      automatically the relative distance between the intermediate and inner
      electrodes, varying automatically the position of the inner electrode
      having the radioactive substance, or adjusting the distance between the
      intermediate electrode and outer electrode, thereby to compensate
      irregularity of sensitivity with respect to the surrounding temperature.
      Furthermore, for the purpose of operating the smoke detector at a
      particular temperature, the detector can be designed so that it may be
      operated upon deviation of the distance between the intermediate electrode
      and the inner electrode or the outer electrode from a limit value, or it
      may be operated when radiation of the radioactive rays into the outer
      ionization chamber is cut off at a specific temperature.
PAR  In the example of FIG. 1, deviation .DELTA.E.sub.o of the electric voltage
      E.sub.o with respect to the surrounding temperature is shown in FIG. 4.
      This relation has been experimentally confirmed by the inventor of the
      present invention. The deviation .DELTA.E.sub.o mentioned above can be
      compensated according to the example illustrated in FIG. 5, in which the
      same numerals as those in FIG. 1 designate the same members as those in
      FIG. 1. However, in the example of FIG. 5, the intermediate electrode is
      made of a material such as, for example, a bimetal the condition or
      position of which can be varied in response to temperature variation, and
      the inner electrode 3 is provided with a radioactive substance 3a attached
      thereto, without itself being made of said substance.
PAR  In the example of FIG. 5, if the temperature-responsive property of the
      intermediate electrode 2 is selected so that the relative distance between
      the intermediate and inner electrodes 2 and 3 may be automatically
      adjusted so as to compensate for the variation of the surrounding
      temperature, a constant smoke detecting sensitivity can be always obtained
      irrespective of the surrounding temperature. In this case, when the
      intermediate electrode is moved so as to decrease the relative distance
      between the intermediate and inner electrodes, low temperature
      compensation is achieved. On the contrary, when the intermediate electrode
      is moved so as to increase the relative distance mentioned above, high
      temperature compensation is achieved.
PAR  For the sake of operating the detector illustrated in FIG. 5 upon elevation
      of the surrounding temperature to a certain temperature, for instance,
      70.degree.C, the intermediate electrode 2 is designed so that said
      electrode 2 is moved by a necessary distance a way from the inner
      electrode 3 in either an abrupt or gradual manner, thereby to increase the
      voltage E.sub.o up to a value sufficient to operate the smoke sensing
      apparatus, not shown.
PAR  FIG. 6 shows a modification of the example of FIG. 5. In the case of the
      example of FIG. 6, the inner electrode 3 is supported on its support
      member 5 by means of the thermally responsive element 9 so as to be moved
      up and down, said support member 5 being passed through the insulating
      member 8 held by the insulating support member 4. The element 9 is made
      of, for example, a bimetal and designed to compensate for the influence
      caused by variation of the surrounding temperature. In the example of FIG.
      6, an adjusting screw, not shown, adapted to adjust the sensibility of the
      element 9 can be provided, or the end face 5a of the support member 5 and
      a contact 10 confronting said end face 5a and supported by an arm 10a can
      be utilized for signalling by alarm a specific emergency temperature, for
      example, 70.degree.C, by inserting said end face 5a and contact 10 in the
      circuit of an alarm device of the smoke sensing apparatus, not shown.
PAR  The examples of FIGS. 1 to 3 can be modified so that the detector may be
      operated at a specific temperature. For this purpose, for example, such a
      mechanism as shown in FIG. 7 is additionally provided in the detector,
      said mechanism comprising a bimetal 11 attached at its one end to the
      intermediate electrode 3 by means of a support pin 11a and provided at its
      other end with a shield plate 13. If the bimetal 11 is designed so that
      when the temperature becomes a predetermined specific value, said bimetal
      11 is turned in the direction of the arrow so as to shut the hole A of the
      intermediate electrode 3, whereby penetration of radioactive rays into the
      outer ionization chamber is stopped and the ion current flowing through
      said chamber disappears, the voltage E.sub.o shown in FIG. 1 is abruptly
      increased at said specific temperature, thereby to operate a control
      electric valve, not shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ionization-type smoke detector comprising: an inner electrode
      provided with a radioactive source; an intermediate electrode having at
      least one through-hole; and an outer electrode having openings through
      which smoke can enter; said inner electrode and said intermediate
      electrode forming an inner ionization chamber in which said radiation
      source is arranged, said intermediate electrode and said outer electrode
      forming an outer ionization chamber, said inner ionization chamber being
      arranged inside said outer ionization chamber, and wherein a necessary
      quantity of radioactive rays emitted from said radioactive source is
      introduced directly into said outer ionization chamber through said holes.
NUM  2.
PAR  2. A smoke detector as defined in Claim 1, in which said inner electrode is
      movable upwardly and downwardly.
NUM  3.
PAR  3. A smoke detector as defined in Claim 1, in which said inner electrode is
      moveable upwardly and downwardly.
NUM  4.
PAR  4. A smoke detector as defined in Claim 1, in which said inner electrode is
      supported on a supporting member having an annular projecting wall, and
      wherein said intermediate electrode is secured to said annular projecting
      wall.
NUM  5.
PAR  5. An ionization-type smoke detector, which comprises: an inner ionization
      chamber; an outer ionization chamber within which said inner chamber is
      positioned; an intermediate electrode common to both of said chambers and
      forming a boundary therebetween; an inner electrode positioned within said
      inner chamber; an outer electrode defining the outer boundary of said
      outer chamber and having openings therein through which smoke can freely
      pass; said inner electrode being provided with a radioactive source
      positioned within said inner chamber; said intermediate electrode
      including aperture means formed therein for substantially preventing smoke
      from entering said inner chamber from said outer chamber and for
      facilitating the passage of radiation from said inner chamber into said
      outer chamber in order to improve the ionization efficiency therein, said
      aperture means comprising an unobstructed hole formed through said
      intermediate electrode.
NUM  6.
PAR  6. The smoke detector as set forth in Claim 5, further comprising: an
      insulating support member having an annular wall projecting therefrom at a
      position inwardly of the outer circumference thereof; said intermediate
      electrode being secured to said annular wall such that the inner surfaces
      thereof define said inner ionization chamber; the portion of said support
      member outside said annular wall forming a boundary for said outer
      ionization chamber; said outer electrode being secured to the outer
      circumference of said member.
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ABST
PAL  A repository for holding and storing fissile or other hazardous materials
      either under or above the ground is provided by enclosing one or more
      inner containers, such as standard steel drums, in a larger,
      corrosion-resistant outer shell, with a layer of foamed polyurethane
      occupying the space therebetween. The polyurethane foam is free of voids
      at its interfaces with the inner container and outer shell, and adheres to
      and reinforces same to provide a stress skin structure. Protection is
      afforded by the chemical and physical characteristics of the polyurethane
      foam against destructive influences such as water vapor intrusion, package
      leakage and damaging effects of the environment, such as freezing,
      electrolysis, chemical and bacterial action. The outer shell is shaped to
      conform generally to the shape of the inner container and is made of a
      tube of bituminized fibre material with endcaps of exterior grade plywood
      treated with wood preservative. A quantity of fluorescein dye is
      positioned within the inner container for monitoring each package for
      leakage.
PARN
PAR  This is a continuation of application Ser. No. 414,345 filed Nov. 9, 1973,
      and now abandoned, which was a continuation of application Ser. No.
      157,105 filed June 28, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention relates to a REPOSITORY FOR FISSILE MATERIALS AND THE LIKE,
      and more particularly to containers adapted for storing such materials for
      long periods of time.
PAR  Inert garbage can be dumped, incinerated, or just plain neglected.
      Radioactive waste, however, is "alive" in the sense of being actively
      hazardous. The same care and precautions involved in the use of
      radioactive materials must also be exercised in the handling and final
      disposal of radioactive materials when they become waste. Even after it is
      buried, or otherwise stored, radioactive waste can remain "alive" for many
      years.
PAR  Regulations for the disposal and handling of radioactive wastes are
      specific and strict. In general they provide that all radioactive waste
      materials must be disposed of in such manner and in such a location as
      will result in no significant radioactive contamination of the
      environment.
PAR  A real need has arisen to store drums of fissile waste, such as plutonium,
      for up to 20 years. Such long term storage or holding of radioactive and
      other hazardous materials presents a number of problems in providing a
      suitable repository capable of maintaining its integrity and preventing
      leakage of the dangerous contents for 20 years or longer. To this end, the
      repository must be resistant to destructive forces in the surrounding
      environment. This problem is particularly acute where the repository is to
      be buried in the ground for many years and must be easily recoverable
      thereafter. Local, State and Federal governments place increasing emphasis
      on enactment and enforcement of anti-pollution laws. Dangerous
      insecticides, pesticides, acids, corrosives, and other hazardous materials
      must also be stored or held for long periods of time.
PAR  The repository of the present invention is particularly suited for
      confining and protecting fissile and other hazardous materials in a strong
      and leak-proof package capable of withstanding exterior deleterious
      influences, even under adverse environmental conditions such as burial
      under the ground. With all of these features, the repository of the
      present invention is relatively inexpensive and is capable of utilizing
      and protecting conventional transporting and storing devices, such as
      standard steel drums, in a strong and inexpensive package well suited to
      the described purposes.
PAR  The present repository is simple to assemble and use and is inherently
      self-sealing during assembly. Means is also provided for monitoring any
      leakage which might occur.
PAR  It is therefore an object of the present invention to provide a repository
      capable of containing radioactive and other hazardous materials for long
      term storage in a safe and efficient manner.
PAR  Another object of the invention is to provide a repository of the character
      described which is highly resistant to chemical, electrical and other
      destructive effects of the surrounding environment.
PAR  A further object of the invention is to provide a repository of the
      character described which is capable of safe and leak-proof storage of
      radioactive and other hazardous materials underground, and which may be
      quickly and easily retrieved at any time.
PAR  A still further object of the invention is to provide a repository of the
      character set forth which is capable of utilizing conventional
      transporting and storage containers as an integral part of the repository
      package.
PAR  Yet another object of the present invention is to provide a sturdy and
      simple repository of the character set forth which is economical and
      simple to manufacture and use.
PAR  Other objects and features of advantage will become apparent from the
      following specification and from the claims.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a stack of repositories for fissile and
      other hazardous materials constructed in accordance with the present
      invention, with portions of one of the repositories being broken away and
      shown in section to reveal details of internal construction;
PAR  FIG. 2 is a longitudinal sectional view on an enlarged scale of an end
      portion of one of the repositories and is taken substantially on the plane
      of line 2-2 of FIG. 1; and
PAR  FIG. 3 is a longitudinal sectional view similar to that of FIG. 2, but
      illustrating a modified form of the invention utilizing a single inner
      container.
PAR  While only the preferred forms of the invention have been shown in the
      drawings, it will be apparent that changes and modifications could be made
      thereto within the ambit of the invention as defined in the claims hereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing in detail, it will be seen that the repository for
      fissile and other hazardous materials, of the present invention, consists
      basically of an inner container 11 adapted for enclosing a quantity of
      material 12 to be stored, an outer shell 13 enclosing the inner container
      11 in spaced relation thereto, and a layer 14 of foam material occupying
      the space between the inner container 11 and the outer shell 13. For
      versatility and economy, the inner container 11 may be of standard size
      and shape, such as a conventional 55 gallon steel drum, and the outer
      shell 13 is of generally similar shape to provide a fairly uniform layer
      14 of foam material.
PAR  The outer shell 13 is resistant to corrosion and other deleterious effects
      encountered in underground or above ground storage so the package will
      retain its shape and integrity for many years, even under adverse
      conditions. As here shown, outer shell 13 includes an elongated tube 16 of
      bituminous fibre material and endcaps 17 made of exterior grade plywood
      treated with wood preservative for underground preservation. A suitable
      material for the tube 16 is a bituminized fibre manufactured by Sonoco
      Products Company. The plywood endcaps may be fabricated from any good
      exterior grade plywood having water-insoluble glue and treated with any
      good long range wood preservative material such as creosote or other
      readily available commercial products.
PAR  As an important feature of the present invention, the layer 14 of foam
      material provides protection against leakage of the material 12 from the
      repository and protects the inner container 11 against destructive effects
      of adverse environmental conditions.
PAR  To accomplish these results, the foam material must be substantially
      impervious to penetration by ground water or water vapor, and highly
      resistant to corrosion or breaking down under the influence of chemicals
      which might seep in through the outer shell 13, or to chemicals which
      might seep out of an inner container 11. In addition, the material chosen
      should have high dielectric strength to protect the inner container from
      destruction caused by electrolysis, cathodic action, or other electrical
      phenomena, and must be highly resistant to bacterial enzymes and the like
      which can be equally destructive.
PAR  In accordance with the invention, the foam material used offers some
      thermal protection against the freeze-thaw cycles and mechanically
      reinforces the inner container 11 and outer shell 13 to provide maximum
      strength with the materials used. To accomplish the latter result, the
      foam material provides a good stressed skin structure in cooperation with
      the walls of the inner container 11 and outer shell 13. The foam material
      adheres and bonds to the inner container 11 and outer shell 13 at its
      interfaces therewith, and the foam material is stiff enough and strong
      enough to produce the described stressed skin construction and give the
      composite structure the stiffness and strength required to load and unload
      this package from transporting vehicles using normal slinging hardware and
      a crane.
PAR  Preferably, the layer 14 of foam material is formed of polyurethane having
      the described physical characteristics. While the foam material could
      conceivably be precast in a number of mating sections, joined together and
      adhered to the inner container 11 and outer shell 13 by suitable
      adhesives, it has been found that foaming and subsequent polymerization of
      liquid polyurethane, in situ, materially reduces the time and complexity
      of assembly and provides a sounder structure.
PAR  The polyurethane foam is a cellular plastic that is formed by the reaction
      of two liquids. A polyol and a polyisocyanate are contacted in the
      presence of a gas producing agent such as Trichloromonofluormethane, also
      known as refrigerant-11. As the chemical reaction takes place, heat is
      generated causing the gas producing agent to vaporize and form tiny
      bubbles. The creation of these bubbles generates foam which expands to its
      full height in less than five minutes. The net result of the chemical
      reaction is one giant cross linked molecule of cellular plastic containing
      entrapped bubbles of gas.
PAR  The cellular structure of rigid urethane gives it exceptional strength for
      its light weight. Compressive strength can be varied from 25 psi to over
      500 psi through alteration of formulation. The closed cells, in addition
      to contributing to strength, also seals the foam against penetration of
      gases or liquid. Gas contained in the cells not only shapes the cells but
      also contributes to the thermal insulating capabilities of the foam
      material.
PAR  It has been found that when the above-mentioned liquid materials are mixed
      and allowed to foam and expand in the space between the inner container 11
      and outer shell 13, the polyurethane material bonds tightly to the
      surfaces it encounters. Since the wall of the inner container and the wall
      of the outer container are attached by means of the rigid polyurethane
      foam, the resulting structure provides a stress skin effect and a stronger
      and more rigid structure per unit weight.
PAR  In the preferred form of the invention, as illustrated in FIG. 1 of the
      drawing, a plurality of inner containers 11, in the form of conventional
      metal drums A, B and C are positioned in axially aligned and spaced
      relation in the tube 13. One of the endcaps 17 is attached to the tube 16,
      and the tube is errected to stand upright on that end. Relatively small
      blocks of rigid polyurethane foam (not shown) may be positioned between
      the endcap and the lower drum, and also between the drums, to support them
      in the desired position, or the drums may be supported in any other
      suitable manner. The liquid polyurethane material is then poured into tube
      16, the upper endcap is held in place, the liquid mixture is allowed to
      foam up and occupy all of the space within the tube not occupied by the
      drums and supporting foam blocks, and the foamed material is allowed to
      set. The foaming is produced by vaporization of the refrigerant 11 due to
      temperature rise caused by the exothermic reaction between the other
      liquids, and foaming is preferably substantially nonexistant at the
      interfaces between the polyurethane material and the inner container and
      outer shell.
PAR  If the surfaces contacted by the polyurethane material are clean and below
      the boiling temperature of the refrigerant-11, the liquid material at
      these surfaces will react in much the same way the two components would
      have reacted without the addition of the refrigerant-11. This
      substantially eliminates voids or cells in this area, making a hard
      surface which is very strong and is adhesive both to the foam and the
      materials of the inner container and outer shell. Further out into the
      polyurethane material, the "heat sink" effect is less noticeable and the
      exothermic heat of the reaction raises the temperature above the
      vaporization point of refrigerant-11. This, of course, causes foaming in
      the locations remote from the interfaces so that the structure varies in
      average density.
PAR  As is apparent from FIG. 3 of the drawings, the repository of the present
      invention can be made in configurations other than that described in
      connection with FIG. 1. In any of these variations, the outer shell 13
      should preferably be similar in shape to the configuration of the inner
      container or containers 11, but larger, in order to provide a fairly
      uniform layer of the rigid polyurethane foam material. Whatever the
      configuration, it is desired to position a water soluble package of a
      water soluble dye, such as fluorescein dye, within each of the inner
      containers 11 for visually indicating any accidental leakage. In practice,
      one or more of the repositories of the present invention are usually
      buried underground and covered with earth. Water runoff, drainage, etc.
      are usually monitored to make certain that no radioactive material is
      escaping. The fluorescein dye materially facilitates such monitoring.
PAR  From the foregoing, it will be seen that the repository for fissile and
      other hazardous material of the present invention provides for economical
      and safe storage and disposal of radioactive waste materials and other
      hazardous waste materials over long periods of many years duration,
      protecting the surrounding environment from contamination and being
      readily retrievable whenever desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A repository for fissile material, comprising
PA1  a plurality of metal drums adapted for sealed containment of fissile
      materials and the like,
PA1  said drums being positioned in axially aligned and spaced relation,
PA1  an elongated cylindrical rigid tube surrounding said drums in
      concentrically spaced relation thereto and formed of bituminized fibre
      material,
PA1  end caps of exterior grade plywood treated with wood preservative secured
      in sealing relation to the opposite ends of said cylindrical tube,
PA1  and a continuous body of foamed polyurethane material occupying the space
      between said drums and the spaces between said drums and said cylindrical
      tube and endcaps,
PA1  said polyurethane material being adherent to said drums and tube and
      endcaps and of substantial stiffness to provide a reinforcing action,
PA1  said polyurethane material being formed in situ to provide multiple small
      voids therein except adjacent to said drums and tubes and endcaps.
NUM  2.
PAR  2. A repository for underground storage of radioactive waste material,
      comprising
PA1  a sealed metal shell adapted to contain a quantity of radioactive material,
PA1  a sealed rigid outer cover enclosing said metal shell in spaced relation
      thereto,
PA1  and a layer of foam material occupying the space between said metal shell
      and said outer cover,
PA1  said foam material being substantially free of voids at and adjacent to
      said metal shell and having increasing amounts of voids as the distance
      from said metal shell increases,
PA1  said foam material being rigidly compressible and adhered to said shell and
      said cover to provide a stress skin wall structure, and
PA1  said cover being formed of material resistant to corrosion and
      non-degradable when stored in the earth for a period of years.
NUM  3.
PAR  3. A repository as described in claim 2 and wherein said foam material
      comprises an isocyanate mixed with a polyol and trichloromonofluormethane
      and foamed within said space between said metal shell and said outer
      cover.
NUM  4.
PAR  4. A repository as described in claim 2 and wherein said metal shell is of
      rectangular box configuration, and said outer cover is of larger but
      corresponding configuration to provide said space therebetween.
NUM  5.
PAR  5. A repository as described in claim 2 and wherein said metal shell is of
      cylindrical configuration, and wherein said outer cover is a similar
      cylinder of larger size to provide said space therebetween.
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PAL  A film inspection apparatus is provided for detecting changes in surface
      profile of film, e.g., edge breaks sprocket hole tears, poor splices, etc.
      The film inspection apparatus includes a device mounted above a sapphire
      film support and having a pair of cantilever jewel carrying members for
      feeling the surface profile adjacent each edge of a traveling web of film.
      Each cantilever includes a thin vane which extends into and modulates a
      respective light beam which is incident upon a respective photocell. Each
      photocell is connected to a separate channel of a braking circuit to
      operate a brake for the film driving mechanism when a surface profile is
      encountered which is to be considered as an unacceptable flaw.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to film inspection apparatus, and is more
      particularly concerned with a light modulating device for reading the
      surface profile of a moving film and stopping the film in response to an
      unacceptable surface profile.
PAR  2. Description of the Prior Art
PAR  Various arrangements are known in the art for inspecting films to detect
      elongated sprocket holes, sprocket run off or punch, edge breaks and poor
      splices, including Grunwald et al. U.S. Pat. No. 2,699,676; Grunwald et
      al. U.S. Pat. No. 2,934,949; Grunwald et al. U.S. Pat. No. 3,613,444;
      Phillimore U.S. Pat. No. 2,469,608; Menary U.S. Pat. No. 3,180,143 and
      3,501,760 and Wallace U.S. Pat. No. 3,778,802. These prior art
      publications disclose various arrangements for detecting unacceptable
      flaws or defects in film.
PAR  As pointed out in the aforementioned Wallace patent, motion picture film
      usually consist of an elongate strip of material of a thickness of
      approximately 5 mils which has a picture track consisting of a series of
      successive pictures or frames occuping a substantial portion of the width
      of the film, a sound track adjacent the picture track on one edge of the
      film, and a series of sprocket holes in the opposite edge of the film to
      receive the sprocket wheels of a projector in order to provide proper
      indexing of the pictures as the film is shown. Outboard of the sprocket
      holes, and of course along the opposite edge of the film, the film has a
      continuous web or track which defines a continuous edge of the film. After
      a film has been projected, particularly after the film has been projected
      many times, or after the film has been used on a faulty projector, it
      tends to acquire defects which will impair future projections. Among these
      defects are those set forth above which include: elongated sprocket holes,
      sprocket run off or punch, where the projector sprocket is run out of
      registry with the sprocket holes and has indented or embossed the film,
      sprocket holes torn laterally out to the edge of the film and identified
      as edge breaks, the film splices which are poorly made and occupy an
      abnormal length along the film, usually in excess of one-eighth inch, and
      splices made with pins, paper clips or staples, and breaks the film which
      may have occurred subsequent to the last previous film inspection.
PAR  As also pointed out by Wallace, while these prior arrangements have been
      generally satisfactory in detecting various types of defects in the film,
      they have been unsuitable for making a suitable inspection when the film
      is moved past the inspection device at an extremely high rate of speed, in
      the order of 1,600 feet per minute. Therefore, in the detection of edge
      breaks the sensitivity of the detector of the prior art arrangements has
      not been sufficiently sensitive to permit film inspection speeds in the
      order of 1,600 feet per minute.
PAR  Inasmuch as these prior art publications illustrate and teach the driving
      and braking of the film in an inspection device and as the driving and
      braking per se do not form a part of the present invention, except in
      combination with the detection apparatus disclosed herein, these teachings
      are incorporated herein by reference and detailed description of this
      apparatus is eliminated herein for purpose of simplicity and clarity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved film
      inspection device which may operate at speeds higher than heretofore
      disclosed, particularly at speeds of 2,000 feet per minute.
PAR  Another object of the invention is to provide film inspection apparatus of
      increased sensitivity for detection of the surface profile up to 10
      millions of an inch, with the detection sensitivity being adjustable to
      accommodate film incongruities which may be considered as a defect by one
      operator but not considered as a defect by another operator.
PAR  According to the invention, a film inspection device is mounted above and
      adjacent to a film support, in the form of sapphire rods, which together
      define part of a path of a moving film, which path includes a plurality of
      rollers. The film is moved along this path by a drive mechanism including
      a motor having a brake.
PAR  The film inspection device includes a block having a transverse bore
      therethrough in which is mounted a lamp. A pair of photocells are mounted
      at opposite ends of the bore to receive the light beam emanating from the
      lamp. A pair of slots are provided in the block intermediate the lamp and
      respective photocells for receiving respective vanes which are mounted on
      respective cantilevers. Each cantilever carries a jewel disposed above a
      respective sapphire supporting rod to read the surface profile of the film
      as its moves between the sapphire rods and the jewels. A pair of vertical
      bores each receive a metal cylinder which bears upon and damps the
      movement of the cantilever arms and a pair of vertical bores which receive
      adjusting screws for adjusting the preloading of the cantilever arms.
PAR  Each photocell is connected to a respective channel of a braking circuit
      and each channel of the braking circuit includes a level setting circuit
      for setting the response level for braking at the option of the operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description of a preferred embodiment of the invention taken in
      conjunction with the accompanying drawings, on which:
PAR  FIG. 1 is a front elevational view of a film inspection apparatus
      constructed in accordance with the principles of the present invention;
PAR  FIG. 2 is a top view of the portion of the apparatus illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view of the flaw or defect detector of FIGS. 1 and 2
      taken substantially along the line III--III;
PAR  FIG. 4 is a sectional view of the defect detector taken substantially along
      the line IV--IV of FIG. 3;
PAR  FIG. 5 is a fragmentary sectional view of a portion of the vane and
      cantilever arm apparatus illustrated in FIG. 3; and
PAR  FIG. 6 is a schematic circuit illustration of a braking circuit constructed
      in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-4, a film inspection apparatus is generally
      illustrated at 10 for detecting defects in a film 12 which is moved
      through the apparatus by a drive mechanism 14 which has a brake 16.
PAR  A film supporting apparatus 18 includes a pair of sapphire rods 30 for
      supporting the underneath side of the film 12 as it passes through the
      inspection apparatus. The support structure 18 may advantageously be
      mounted for movement between and unloading and a loading condition about a
      pivot 20, as described in the Wallace U.S. Pat. No. 3,778,802, and will
      not be treated in further detail herein. It suffices to say that the film
      is entrained and guided about a plurality of rollers 24, 26 and 28 mounted
      on a panel 22, so as to traverse and be supported on the sapphire
      cylinders 30.
PAR  A defect detector 32 is mounted above and adjacent to the sapphire
      cylinders 30 and includes a block 34, e.g. an aluminum block, having a
      transverse bore 36 therethrough, preferably counterbored, to receive a
      machine screw 38 for mounting the block on the panel 22.
PAR  The block 34 also includes a transverse bore 40 and a bore 42 which
      intersects the transverse bore 40. A lamp 44 is mounted in the bore 42 to
      provide a light beam in both directions through the transverse bore 40 to
      be received by a pair of photocells 50 and 52 mounted in respective
      recesses 46 and 48 at the ends of the transverse bore 40. The recesses 46
      and 48, a recess 54, a cover plate 96, and the panel 22 serve as a raceway
      for the leads 90, 92 and 94 of the lamp 44 and the photocells 50 and 52.
      Advantageously, the panel 22 may include a bore 95 as a conduit for
      extending electrical connections to the photocells and diodes from a
      source of power and to the controlled braking circuit.
PAR  A pair of slots 56 and 58 extend into the block 34 to intersect the
      transverse bore 40. A pair of light modulating vanes 60 and 62 extend
      through respective ones of the slots 56 and 58 and into an interference
      relationship with the light beam within the transverse bore 40. Inasmuch
      as these structures are identical, only one will be illustrated with
      particular reference taken to FIG. 3.
PAR  In FIG. 3, the vane mechanism 60 is illustrated as including a vane 64
      mounted on a cantilever arm 66 which is secured at one end thereof between
      the bottom surface of the block 34 and a member 66 by a pair of screws 70
      which extend through respective vertical bores 72. A vertical threaded
      bore 74 is provided forward of the bores 72 for receiving a screw 76 for
      adjusting the preloading on the cantilever arm 66.
PAR  Forward of the vertical bore 76 is another vertical bore 78 which receives
      a cylinder 80, freely slidable therein, to bear upon the cantilever arm 66
      and damp vibrations thereof.
PAR  Turning to FIG. 5 for a moment, the cantilever arm 66 is illustrated as
      including an aperture 82. A jewel 86 includes a reduced portion 84 which
      extends through the aperture 82 to ride upon the upper surface of the
      film. The provision of a greater jewel dimension above the arm 66 prevents
      the jewel from being plucked from the arm by film defects. As illustrated
      in FIG. 5, the jewel 86 and the vane 64 may be secured to the arm 66 by a
      bonding material, such as epoxy or the like.
PAR  As set forth above, the recesses 46, 48 and 54 provide a space for the
      electrical leads 90, 92 and 94 and are covered by the plate 22 and an
      L-shaped cover 96. The cover 96 includes holes for receiving screws 98,
      100 and 102 to secure the plate to the block 34 by threaded engagement in
      respective threaded bores 104, 106 and 108 in the block 34.
PAR  Referring to FIG. 6, the photocells 50 and 52 are illustrated in schematic
      form as photodiodes adjacent the lamp 44. Inasmuch as there are two
      identical channels, only one channel will be discussed in detail. The
      diode 50, for example, has a resistor 110 connected in parallel therewith
      and connected on one side to ground and on the other side to a capacitor
      112 which is, in turn, connected to the (+) input of an operational
      amplifier 116. The amplifier 116 has a feedback resistor 118 connected
      between its output and its (-) input and is connected to the (+) input of
      a second amplifier 122 by way of a resistor 120. The amplifier 122 also
      has a feedback resistor 124 connected between its output 130 and its (-)
      input.
PAR  A dc supply is connected to a terminal 132 and supplies a constant voltage
      by way of a resistor 134 and a Zener diode 136. This constant voltage is
      applied to the lamp 44, to the (+) input of the amplifier 116 by way of a
      resistor 114 and to the (-) input of the amplifier 122 by way of an
      adjustable voltage divider including a resistor 126 and a resistor 128.
PAR  In operation, the light striking the diode 50 effects the generation of a
      dc voltage which is dependent upon the amount of light which, in turn, is
      dependent upon the modulation of the light by a vane. The changes in this
      dc signal are coupled to the amplifier 116 by way of the capacitor 112,
      amplified and fed to the amplifier 122. The amplifier 122 is provided with
      a response level by which the operator may reject signal changes of less
      than a desired magnitude. Signal changes of greater than the selected
      magnitude are amplified and utilized to operate the brake 16.
PAR  Satisfactory operation of a circuit constructed in accordance with FIG. 6
      was found with a 50 VDC output of Fairchild rectifier 1205 and using LM
      3900 integrated circuits and a 2.5 V, 28 ohm, 100 ma lamp. The other
      circuit components were:
TBL  REFERENCE CHARACTER     VALUE                                             

     ______________________________________                                    

     110                     100 ohm                                           

     112                     4 .mu.f                                           

     114                     100 K                                             

     118                     100 K                                             

     120                     10 K                                              

     124                     100 K                                             

     126                     10 K                                              

     128                     10 K                                              

     134                     820 ohm                                           

     136                     12 volts                                          

     ______________________________________                                    

PAR  Although the invention has been described by reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. It is therefore
      intended that the patent warranted hereon include all such changes and
      modifications as may reasonably and properly be included within the scope
      of this contribution to the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film inspection device for detecting flaws in motion picture film
      traveling over a film support, comprising:
PA1  a housing including a bore defining a light passageway and adapted to be
      mounted adjacent the film support;
PA1  a source of light mounted in said bore;
PA1  at least one light responsive element mounted in said bore to produce an
      output signal in accordance with the light received through the passageway
      from said source;
PA1  slot means defining a slot communicating with said bore; and
PA1  cantilever vane means movably mounted on said housing to contact the
      surface of the film and extending through the slot in a light interference
      relationship between said source and said light responsive element.
NUM  2.
PAR  2. The device of claim 1, wherein said light responsive element comprises a
      photocell.
NUM  3.
PAR  3. The device of claim 1, wherein said vane means comprises a 1 mil thick
      metallized vane member.
NUM  4.
PAR  4. The device of claim 1, wherein said vane means comprises a vane and a
      resilient arm mounting said vane.
NUM  5.
PAR  5. The device of claim 4, comprising damping means in said housing to damp
      said resilient arm.
NUM  6.
PAR  6. The device of claim 4, wherein said vane means comprises a jewel on said
      arm for contacting the traveling film.
NUM  7.
PAR  7. The device of claim 6, wherein said arm includes an opening therein and
      said jewel includes a portion extending through the opening, and means
      securing said jewel to said arm.
NUM  8.
PAR  8. The device of claim 1, comprising a pair of light responsive elements
      mounted in said bore including said one light responsive element, wherein
      said slot means defines a pair of slots communicating with said bore
      including the first mentioned slot, and wherein said source is mounted
      between said light responsive elements, and said cantilever vane means
      comprises a pair of vanes independently movably mounted and extending
      through respective slots between said source and respective ones of said
      light responsive elements and spaced apart to engage the surface of the
      film adjacent respective edges of the film.
NUM  9.
PAR  9. Film inspection apparatus for detecting flaws in motion picture film,
      comprising:
PA1  a film support;
PA1  film moving means for moving the film across said film support, including
      braking means for stopping the film;
PA1  a braking circuit connected to operate said braking means; and
PA1  a flaw detection device mounted adjacent said film support including a
      source of light, light modulating means comprising a cantilever arm and a
      jewel extending through and secured to said cantilever arm for contacting
      a surface of the moving film, and light responsive means connected to said
      braking circuit and operable to generate a braking signal to cause
      operation of said braking means in response to a flaw encountered by said
      light modulating means.
NUM  10.
PAR  10. Film inspection apparatus according to claim 9, wherein said braking
      circuit comprises:
PA1  amplifier means having an adjustable operating level, said amplifier means
      connected to said braking means; and
PA1  coupling means connecting said light responsive means to said amplifier
      means.
NUM  11.
PAR  11. Film inspection apparatus according to claim 9, wherein said light
      modulating means comprises a pair of independently mounted light
      modulators for contacting the surface of the film adjacent opposite edges
      thereof, said light responsive means comprises a pair of photocells for
      receiving modulated light via respective ones of said modulators, and said
      braking circuit includes separate channels connected between respective
      ones of said photocells and said braking means to operate said braking
      means in response to flaws encountered at either edge of the film.
NUM  12.
PAR  12. Film inspection apparatus according to claim 10, wherein said light
      responsive means produces a DC signal and said coupling means comprises a
      capacitor for coupling changes in the DC signal to said amplifier means.
NUM  13.
PAR  13. Film inspection apparatus for detecting flaws in film, comprising:
PA1  a film support;
PA1  film moving means for moving the film across said film support, including
      braking means for stopping the film;
PA1  a braking connected to operate said braking means; and
PA1  a flaw detection device mounted adjacent said film support including a
      source of light, light modulating means for contacting a surface of the
      moving film, and light responsive means connected to said braking circuit
      and operable to generate a braking signal to cause operation of said
      braking means in response to a flaw encountered by said light modulating
      means;
PA1  said braking circuit comprising
PA2  amplifier means having an adjustable operating level, said amplifier means
      connected to said braking means and comprising first and second
      operational amplifier circuits connected in cascade and each including a
      feedback impedance, one of said operational amplifier circuits comprising
      a variable impedance connected to an input thereof for setting a response
      threshold at which braking will be effected, and
PA2  coupling means connecting said light responsive means to said amplifier
      means.
NUM  14.
PAR  14. A film inspection device for detecting flaws in motion picture film
      traveling over a film support, comprising:
PA1  a body adapted to be mounted above and adjacent the film support, said body
      including
PA2  a first bore defining a light pssageway,
PA2  a second bore intersecting said first bore, and
PA2  a slot intersecting said first bore at a point spaced from said second
      bore;
PA1  a lamp mounted in said second bore on one side of said slot and extending
      into and directing a light beam through said first bore;
PA1  a photocell mounted in said first bore on the other side of said slot to
      receive the light beam and produce an electrical signal which is a
      function of the amount of light received;
PA1  a cantilever arm mounted on said body;
PA1  a jewel carried by said arm for contacting the upper surface of the film at
      a point above the film support, said arm including an aperture and said
      jewel including a reduced portion extending through said aperture to
      contact the film; and
PA1  a vane carried by said arm and extending through said slot and into said
      first bore to vary the amount of light reaching said photocell in response
      to the surface profile of the film.
NUM  15.
PAR  15. The device of claim 14, comprising:
PA1  a third bore in said body above said cantilever arm; and
PA1  a damping member freely slidable in said third bore and bearing on said
      arm.
NUM  16.
PAR  16. The device of claim 14, comprising:
PA1  a threaded bore in said body above said cantilever arm at a point adjacent
      its connection to said body; and
PA1  a screw in said threaded bore for adjusting the loading on said arm.
NUM  17.
PAR  17. The device of claim 14, wherein said lamp and said photocell include
      respective lead wires, and said body includes recesses in some of its
      surfaces to receive said lead wires, and comprising protective cover means
      releasably attached to said body to cover said recesses.
NUM  18.
PAR  18. A film inspection device for detecting flaws in motion picture film
      which is traveling over a film support, comprising:
PA1  a substantially solid body adapted to be mounted adjacent the film support;
PA1  a cantilever arm secured to said body, said cantilever arm including an
      aperture;
PA1  a jewel including a reduced portion extending through said aperture to
      contact a surface of the film adjacent an edge thereof;
PA1  a pair of intersecting bores in said body and a slot in said body
      intersecting one of said bores;
PA1  a source of light extending through said one bore and into the other of
      said bores on one side of said slot;
PA1  a light detector mounted in said one bore on the opposite side of said
      slot; and
PA1  a vane mounted on said cantilever arm and extending into said one bore
      through said slot in an interference relationship with the light from said
      source to provide signals at said light detector which are modulated in
      accordance with the edge condition of the film.
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ABST
PAL  An electrical generating plant comprising a generator which is driven,
      during on-load periods, by a gas turbine; the gas turbine operates
      continuously and is powered by a continuous supply of fuel gas from a
      suitable fuel source and compressed air from an air storage reservoir; the
      reservoir is recharged periodically from an air compressor driven by the
      gas turbine during off-load periods only. The air storage reservoir thus
      serves to store energy supplied by the system during off-load periods and
      to return that energy to the system during on-load periods, in which the
      air compressor is inoperative and places no load on the gas turbine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical power generating plant.
PAR  There is a growing need at the present time for the use of clean fuels in
      electrical generating plant. This need arises out of the growing concern
      over the problems of atmospheric pollution, caused primarily by the
      burning of dirty fuels which are relatively abundant. Sources of fuel
      having an acceptable degree of cleanliness are available; such fuel
      sources include, for example, coal gasifier plants and synthetic gas
      production plants. However, such clean fuel sources involve a very high
      capital cost, and would be extremely uneconomical to operate except when
      working at full capacity. Apart from cost considerations, such clean fuel
      sources cannot easily be regulated to meet the requirements of a variable
      demand for energy.
PAR  These problems associated with presently available clean fuel sources are
      particularly serious if the fuel sources are to be used with electrical
      power generating plant, for if the generating plant is required to meet a
      variable load demand, the fuel source as well as the components of the
      plant itself must be designed to meet maximum load conditions and the
      operating cost of the system in off-peak periods (represented by the ratio
      of the capital cost to the useful power output) may well be prohibitive.
PAR  It is an object of the present invention to provide an improved power
      generating plant in which useful energy is derived from the fuel source
      continuously despite variations in the load demand on the system.
PAR  According to the invention there is provided an electrical generating plant
      comprising a generator which is driven, during on-load periods, by a gas
      turbine; the gas turbine operates continuously and is powered by a
      continuous supply of fuel gas from a suitable fuel source and compressed
      air from an air storage reservoir; the reservoir is recharged periodically
      from an air compressor driven by the gas turbine during off-load periods
      only. The air storage reservoir thus serves to store energy supplied by
      the system during off-load periods and to return that energy to the system
      during on-load periods, in which the air compressor is inoperative and
      places no load on the gas turbine.
PAR  In one embodiment of the invention, the generator is adapted to operate as
      a motor during off-load periods, and so to assist the gas turbine. In this
      case the motor-generator is powered from an auxiliary generator driven by
      a steam turbine incorporated in the system. In this way the on-load
      periods of the system can be extended.
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PAR  In order that the invention may be readily understood, one embodiment
      thereof will now be described, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram illustrating the bare essentials of a system
      according to the invention;
PAR  FIG. 2 is a schematic diagram illustrating a combined cycle generating
      plant embodying the invention and including air storage means and coal
      gasification plant; and
PAR  FIGS. 3 and 4 are Sankey diagrams illustrating the energy flow pattern
      during the "air storage" and "electrical generation" modes, respectively.
DETD
PAR  In the system illustrated in FIG. 1, an electrical generator 1 is driven by
      a gas turbine 2 and supplies electrical power during on-load periods to a
      load system. Fuel gas for the gas turbine is received from a continuously
      operated clean fuel source 3, which may be a coal gasifier plant, a
      synthetic gas production plant, or other similar source of clean fuel. An
      air compressor 4 is provided for the gas turbine and is arranged to be
      driven thereby during off-load periods, a disconnectible clutch 5 being
      provided to provide the driving engagement when required. During on-load
      periods, however, the air compressor 4 is disconnected from the gas
      turbine 2, and the latter receives the compressed air necessary for its
      operation from an air storage reservoir 6, as also does the gasifier plant
      3. In this way the power available from the gas turbine for driving the
      generator is about three times that which would be if the air compressor
      were driven continuously, for about two thirds of the power of a
      conventional gas turbine is required for providing the compressed air for
      its operation. During off-load periods, however, the entire power output
      of the gas turbine may be used to drive the air compressor 4, the output
      of which is used to recharge the air storage reservoir 6.
PAR  It will be appreciated that the air compressor and the gas turbine would
      each in practice have a number of stages designed according to well
      established engineering practice.
PAR  In the embodiment illustrated diagrammatically in FIG. 2, a motor/generator
      10 coupled to a gas turbine 11 is driven by the turbine during on-load
      periods to feed power into a load system, but during off-load periods it
      received power from an auxiliary generator 12 and assists the gas turbine.
      The auxiliary generator 12 is driven by a steam turbine system 13 having a
      steam generator 14.
PAR  Fuel gas for the steam generator 14 is produced by a continuously operated
      clean fuel source 15. The fuel source 15 of this example comprises a
      pressurized-air coal gasifier 16, producing low b.t.u. gas which is
      purified in a gas purification plant 17 and after pre-heating expanded in
      an expansion turbine 18, the latter being coupled to an air compressor 19.
      The expanded gas, the pressure of which has been stepped down from 1000
      p.s.i. to 600 p.s.i. is burned in the combustion chamber of the steam
      generator 14, the gases of combustion being fed on to the first stage of
      the gas turbine 11 at a temperature of 1500.degree.F. and a pressure of
      600 p.s.i. The coal gasifier 16 receives steam from the steam generator
      14, via a reheating stage, and also receives air at a pressure of 1000
      p.s.i. from the air compressor 19. The input air of the compressor 19 and
      the combustion air for the steam generator 14 and turbine system 11 are
      derived from a compressed air supply system 20 which will now be
      described.
PAR  At the heart of the compressed air supply system 20 is an underground air
      storage reservoir 21, in which air is stored at about 60.degree.F. and a
      pressure of 600 p.s.i. The pressure is held fairly constant by means of a
      water column 22, the upper end of which opens into a pond 23. The height
      of the water column determines the stored air pressure. Since air is drawn
      continuously from the reservoir, it is necessary to replenish the air
      periodically. This is accomplished during off-load periods by means of a
      multi-stage air compressor 24, the latter being driven by the gas turbine
      system 11 during off-load periods through a disconnectible clutch 25. As
      previously mentioned, during such periods, the motor/generator 10 acts as
      a motor energized from the auxiliary generator 12 and assists the gas
      turbine.
PAR  The detailed operation of the system is further explained by the Sankey
      diagrams of FIGS. 3 and 4.
PAR  The second embodiment of the invention is basically similar to that
      illustrated in FIG. 1, but is characterized by the provision of an
      auxiliary generator 12 which provides an auxiliary source of electrical
      power which may be fed back into the system or used to augment the output
      of the system, the auxiliary generator 12 being driven by a steam turbine
      13. It should be noted that the steam turbine 13, unlike a conventional
      gas turbine system, does not consume a large fraction of its own power
      output, and unlike the gas turbine 11 does not require a compressed air
      supply apart from the combustion air supply of the steam generator; the
      steam turbine therefore provides, at some additional capital cost, an
      auxiliary source of power to assist the gas turbine in driving the air
      compressor during off-load periods, and so enabling the on-load periods to
      be extended. In a practical design of the system for a specific purpose,
      one would select the respective capacities of the gas turbine and the
      steam turbine not only according to the maximum load requirements, but
      also according to the fraction of the total time that the system would be
      required to be on load.
PAR  The steam generator incorporates a high pressure furnace to burn the fuel
      gas. In the illustrated embodiment it is located ahead of the gas turbine
      and its exhaust gases are fed to the inlet of the gas turbine at high
      temperature and pressure to obtain the high efficiency of the combined
      cycle. In an alternative combined cycle arrangement, not illustrated, fuel
      is burned in a combustor and hot gas at high temperature and pressure are
      fed to the gas turbine, the exhaust gases being used to generate steam for
      the steam turbine in a waste heat boiler.
PAR  During the electrical generation portion of the cycle, the air compressor
      is uncoupled or unloaded and does no work. The compressed air for the coal
      gasifier and the combustion of fuel in the steam generator is obtained
      from the underground air storage reservoir or caverns. This is essentially
      at constant pressure due to the hydrostatic head of water 22. As air is
      withdrawn, it is replaced by water from the water storage pond via the
      vertical shafts.
PAR  The gas turbine drives the motor/generator as a generator and power is fed
      out to the electric power system grid. Since there is no compression of
      air taking place, all of the output of the gas turbine is available for
      electrical generation and this is about three times that of a conventional
      gas turbine plant of similar size. The output from the generator of the
      steam power plant is also fed out to the electrical power system grid
      during the generation cycle.
PAR  During the storage cycle, all the air is shown as being compressed in a
      manner approaching isothermal. Air for process (steam generator furnace
      and coal gasifier) may be compressed in a manner approaching the adiabatic
      with reduced intercooling and aftercooling. This provides air at high
      temperature for gasification and combustion purposes, thus improving the
      overall efficiency of the cycle and reducing the amount of heat which must
      be rejected to the environment.
PAR  If secondary energy is from time-to-time available from the electric power
      system at a lower incremental cost than can be provided by coal
      gasification, part load operation of the gasifier, steam turbine and gas
      turbine is possible, the residual energy required for air compression
      being drawn from the power system.
PAR  Although not shown in the drawings, the proposed plant would in practice
      incorporate a small underground fuel gas reservoir, floating on the fuel
      gas supply line to the steam generator. This would provide the plant with
      the necessary flexibility to render operation of the gasifier and
      purification plant at least partially independent of the fuel consumption
      rate.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An electrical power generating plant having alternate generating and
      energy storage modes of operation, comprising:
PA1  a pressurized-air fuel gasifier for producing a high pressure stream of
      combustible gas;
PA1  combustion means for combusting said gas to generate a waste gas stream;
PA1  a gas turbine driven by the waste gas stream;
PA1  a main electric generator coupled to the gas turbine to be driven thereby;
PA1  a first air compressor coupled to the gas turbine by coupling means
      including a disconnectible clutch, the clutch being disengaged during the
      generating mode of operation and being engaged during the energy storage
      mode of operation to drive the compressor;
PA1  an underground air storage reservoir connected to the air compressor to
      receive compressed air therefrom during said storage mode; and
PA1  means for delivering compressed air from the air storage reservoir to the
      gasifier and said combustion means.
NUM  2.
PAR  2. An electrical power generating plant having alternate generating and
      energy storage modes of operation, comprising:
PA1  a pressurized-air fuel gasifier for producing a high pressure stream of
      combustible gas;
PA1  combustion means for combusting said gas to generate a waste gas stream;
PA1  a gas turbine driven by the waste gas stream;
PA1  a main electric generator coupled to the gas turbine to be driven thereby;
PA1  a first air compressor coupled to the gas turbine by coupling means
      including a disconnectible clutch, the clutch being disengaged during the
      generating mode of operation and being engaged during the energy storage
      mode of operation to drive the compressor;
PA1  an underground air storage reservoir connected to the air compressor to
      receive compressed air therefrom during said storage mode; and
PA1  a second air compressor connected to receive air from the air storage
      reservoir and to deliver the air at a higher pressure to the gasifier,
      said second air compressor being driven by an expansion turbine driven by
      the combustible gas stream.
NUM  3.
PAR  3. An electrical power generating plant according to claim 2, wherein the
      gasifier is a coal gasifier plant.
NUM  4.
PAR  4. An electrical power generating plant according to claim 2, including a
      steam generator heated by the combustion of said combustible gas for
      generating high pressure steam, a steam turbine connected to the steam
      generator and operated by the high pressure steam therefrom, and an
      auxiliary electric generator coupled to the steam turbine to be driven
      thereby.
NUM  5.
PAR  5. An electrical power generating plant according to claim 4, wherein the
      main electric generator is a motor generator connected to the auxiliary
      generator so as to be energized thereby during off-load periods and so
      assist the gas turbine.
NUM  6.
PAR  6. An electrical power generating plant having alternate generating and
      energy storage modes of operation, comprising:
PA1  a pressurized-air fuel gasifier for producing a high pressure stream of
      combustible gas;
PA1  a steam generator heated by the combustion of said combustible gas for
      generating high pressure steam, the steam generator discharging a waste
      gas stream;
PA1  a gas turbine driven by the waste gas stream;
PA1  an electric motor generator coupled to the gas turbine;
PA1  a first air compressor coupled to the gas turbine by coupling means
      including a disconnectible clutch, the clutch being disengaged during the
      generating mode of operation and being engaged during the energy storage
      mode of operation to drive the compressor;
PA1  an underground air storage reservoir connected to the first air compressor
      to receive compressed air therefrom during the energy storage mode;
PA1  means for delivering compressed air from the air storage reservoir to the
      steam generator;
PA1  means for delivering compressed air from the air storage reservoir to the
      gasifier;
PA1  a steam turbine operated by high pressure steam from the steam generator,
      and
PA1  an auxiliary electric generator coupled to the steam turbine to be driven
      thereby,
PA1  the motor generator being connected to the auxiliary generator so as to be
      energized thereby during off-load periods and so assist the gas turbine.
NUM  7.
PAR  7. An electrical power generating plant having alternate generating and
      energy storage modes of operation, comprising:
PA1  a pressurized-air fuel gasifier for producing a high pressure stream of
      combustible gas;
PA1  a steam generator heated by the combustion of said combustible gas for
      generating high pressure steam, the steam generator discharging a waste
      gas stream;
PA1  a gas turbine driven by the waste gas stream;
PA1  an electric motor generator coupled to the gas turbine;
PA1  a first air compressor coupled to the gas turbine by coupling means
      including a disconnectible clutch, the clutch being disengaged during the
      generating mode of operation and being engaged during the energy storage
      mode of operation to drive the compressor;
PA1  an underground air storage reservoir connected to the first air compressor
      to receive compressed air therefrom during the energy storage mode;
PA1  means for delivering compressed air from the air storage reservoir to the
      steam generator;
PA1  a second air compressor connected to receive air from the air storage
      reservoir and to deliver the air at a higher pressure to the gasifier, the
      second air compressor being driven by an expansion turbine connected
      between the gasifier and the steam generator and driven by said
      combustible gas stream;
PA1  a steam turbine operated by high pressure steam from the steam generator,
      and
PA1  an auxiliary electric generator coupled to the steam turbine to be driven
      thereby,
PA1  the motor generator being connected to the auxiliary generator so as to be
      energized thereby during off-load periods and so assist the gas turbine.
NUM  8.
PAR  8. An electrical power generating plant according to claim 7, wherein the
      gasifier is a coal gasifier plant.
NUM  9.
PAR  9. A method of operating an electrical power generating plant comprising an
      electrical generator driven by a gas turbine plant, to meet a variable
      load demand, which method comprises:
PA1  providing an underground air storage reservoir constituting a source of
      pressurized air,
PA1  continuously generating a high pressure stream of combustible gas from the
      gasification of fuel in the presence of pressurized air from the
      reservoir,
PA1  combusting said gas in the presence of pressurized air from the reservoir
      to generate heat while producing a waste gas stream,
PA1  utilizing said waste gas stream to drive the gas turbine; and
PA2  i. when the load demand is high, disengaging the air compressor of the gas
      turbine plant to reduce the mechanical load thereon, and
PA2  ii. when the load demand is low, engaging the air compressor of the gas
      turbine plant and supplying compressed air from the air compressor to the
      air storage reservoir.
NUM  10.
PAR  10. A method according to claim 9, wherein the electrical generator is a
      motor generator, said method further comprising:
PA1  utilizing the heat of combustion of said gas to generate high pressure
      steam for driving a steam turbine connected to an auxiliary generator, and
PA2  i. when the load demand is high, feeding power from said motor generator
      and said auxiliary generator into the load, and
PA2  ii. when the load demand is low, operating the motor generator as a motor
      receiving power from said auxiliary generator for assisting the gas
      turbine.
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PAL  Circuitry operative to monitor input signals indicative of seat occupancy
      and seat belt usage from each of four different stations with a single,
      multiplexed detection circuit coupled through gating circuits to four
      antennae, each of which is associated with a particular station. A seat
      belt monitor circuit receives signals indicating seat belt usage produced
      by a seat belt switch associated with a particular station. Another
      monitor circuit receives the output of the detection circuit indicating
      seat occupancy and the output of the seat belt monitoring circuit
      indicating seat belt usage and processes this information to provide a
      warning control signal in response to either (1) one or more signals
      indicating only seat occupancy or only seat belt usage, or (2) unrelated
      signals indicating seat occupancy and seat belt usage, or (3) related
      signals indicating seat occupancy and seat belt usage but occuring in an
      improper sequence. The system is energized only upon receiving a signal
      indicating seat belt usage, or activation of the ignition switch in an
      attempt to start the vehicle or use auxiliary vehicle power. In order to
      determine whether or not a seat has been occupied before the system has
      been fully energized, a delay signal is provided which delays complete
      processing of the seat belt information until the seat occupancy
      information has first been processed.
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PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present invention represents a significant advance over the invention
      disclosed and claimed in U.S. Pat. No. 3,798,551 entitled MULTIPLEXED
      SIGNAL-SEQUENCE CONTROL SYSTEM issued on Mar. 19, 1974 upon application
      Ser. No. 289,573 filed on Sept. 15, 1973 in the name of Arthur F. Cake.
      The sensing circuit employed in the present system is disclosed and
      claimed in U.S. Pat. No. 3,801,799 entitled CAPACITANCE AND
      RESISTANCE-RESPONSIVE CONTROL CIRCUITS issued on Apr. 2, 1974 upon
      application Ser. No. 280,219 filed on Aug. 14, 1972 in the name of Carl E.
      Atkins. The present invention may also advantageously employ the antenna
      system disclosed and claimed in U.S. Pat. No. 3,740,567 entitled
      HIGH-DISCRIMINATION ANTENNA ARRAY FOR CAPACITANCE-RESPONSIVE CIRCUITS
      issued on June 19, 1973 upon application Ser. No. 245,799 filed on Apr.
      20, 1972 in the name of Carl E. Atkins. Also, the present invention may be
      advantageously employed to control a warning circuit of the type disclosed
      and claimed in U.S. Pat. No. 3,803,515 entitled ELECTRONIC FLASHER
      CIRCUITS issued on Apr. 9, 1974 upon application Ser. No. 255,155 filed on
      May 19, 1972 in the name of Paul A. Carlson. The disclosures of each of
      the aforementioned patents are incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, various systems and devices have been employed in
      automotive vehicles to provide a warning signal whenever any occupant of
      the vehicle has not fastened his or her safety belt prior to operation of
      the vehicle. Such systems have incorporated mechanical switches under the
      fundament-supporting portions of the vehicle seats to detect the presence
      of an occupant, or in association with the seat belt so that the switch is
      actuated upon pulling one portion of the seat belt out of its enclosure
      (reel switch) or upon latching the seat belt buckle (buckle switch) to
      detect seat belt usage. Mechanically-variable capacitances have also been
      used as the means for detecting seat occupancy.
PAR  In practice, it has been found that mechanical devices for sensing seat
      occupancy have produced a warning signal when none should be given because
      these devices are all pressure-operated. Thus, when a package or pet
      animal is resting on the seat adjacent the driver, the system responds to
      the weight exerted by such non-human seat occupant and generates a signal
      to indicate that the seat belt buckle should be fastened. This problem has
      been overcome by employing capacitance-responsive systems and antenna
      arrays with discrimination capability as disclosed and claimed in the
      cross-referenced applications. However, there remains the problem of
      reducing the number and complexity of the signal processing circuitry for
      handling the occupancy and seat belt buckle condition signals from each
      seat. Toward this end, applicant has designed a system employing only a
      single seat occupancy detection circuit and which processes the signals of
      both first and second classes (i.e., signals indicating seat occupancy and
      seat belt usage, respectively) from each of four seat locations. The
      system disclosed herein affords the further advantage of essentially zero
      standby power consumption, which is an important feature in automotive
      applications.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in and carried out by an electronic
      system operative to receive signals of both a first and a second class
      from each of a plurality of stations, and to generate an output signal in
      response to either one or more signals of only the first class or only the
      second class, or (2) unrelated signals of both the first and second
      classes, or (3) related signals of both the first and second classes
      occurring in an improper sequence. The system is fully energized only upon
      receiving a signal of the second class or by actuation of an associated
      auxiliary circuit, with a delay signal being provided to delay complete
      processing of the signals of the second class until signals of the first
      class have been processed.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be more readily understood if the written
      description thereof is read in the light of the drawing, of which:
PAR  FIGS. 1 and 2 are circuit diagrams of first and second portions of the
      complete electronic system which is the preferred embodiment of the
      present invention; and
PAR  FIG. 3 is a timing diagram comprising a series of wave forms of various
      pertinent voltages developed within the electronic system of FIGS. 1-2,
      all having a common time base.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the complete electronic system as shown in combined FIGS.
      1 and 2, the system comprises a number of functionally discrete
      sub-circuits, viz., timing circuit I, gating circuit II for signals of the
      first class, detection circuit III for signals of the first class,
      monitoring circuit IV for signals of the second class, power supply
      circuit V, delay circuit VI, monitoring circuit VII for signals of the
      first and second classes, and drive circuit VIII for actuating either a
      warning device, or a device for preventing operation of the vehicle, or
      both. The four seat locations, or stations, have been numbered for ease of
      identification and association of related signals. For example, switch SW1
      corresponds to station 1, as does GATE 1, etc.
PAR  In timing circuit I, inverters I1 and I2 combined with resistance R1 and
      capacitance C1 form a high-frequency (preferably 40 hilohertz) square wave
      generator, the output of which constitutes the clock signal shown in FIG.
      3a. This clock signal is fed to pins 9 and 10 of NAND gate NG1 and to pin
      3 of flip-flop FF1, the latter being operative to generate complementary
      outputs at one-half the frequency of the input pulses. The Q1 output
      appearing at pin 1 of FF1 (FIG. 3b) is fed to pin 11 of NG1, and the Q1
      output appearing at pin 2 of FF1 (FIG. 3c) is applied to input pin 11 of
      FF2. In response to this input, FF2 generates a pair of complementary
      outputs having one-half the frequency of the input, i.e., one-fourth the
      frequency of the clock signal. The Q2 output appearing at pin 13 of FF2
      (FIG. 3d) is applied to pin 12 of NG1, and the Q2 output appearing at pin
      12 of FF2 (FIG. 3e) is applied to input pin 3 of FF3 and to detection
      circuit III. In response to this input, FF3 generates a pair of
      complementary output signals of one-half the frequency of the clock
      signal. The Q3 output appearing at pin 1 of FF3 (FIG. 3f) is applied to
      input pin 6 of NG3 and input 12 of NG5, and the Q3 output appearing at pin
      2 of FF3 (FIG. 3g) is applied to input pin 11 of FF4, input pin 2 of NG2,
      and input pin 9 of NG4. In response to this input, FF4 generates a pair of
      complementary outputs of one-half the frequency of the input, i.e.,
      one-sixteenth the frequency of the clock signal. The Q4 output appearing
      at pin 13 of FF4 (FIG. 3h) is applied to input pin 8 of NG4 and input pin
      13 of NG5, and the Q4 output appearing at pin 12 of FF4 (FIG. 3i) is
      applied to input pin 1 of NG2 and input pin 5 of NG3. In response to these
      various inputs, NG2 generates a signal which is inverted by I3 to form the
      gate signal shown in FIG. 3j  fed into GATE 1, NG3 generates a signal
      which is inverted by I4 to form the gate signal shown in FIG. 3k fed into
      GATE 2, NG4 generates a signal which is inverted by I5 to form the gate
      signal shown in FIG. 31 fed into GATE 3, and NG5 generates a signal which
      is inverted by I6 to form the gate signal shown in FIG. 3m fed into GATE
      4.
PAR  The gate signals GATE 1-4 of FIG. 3j-m are fed to gating circuit II as
      described above and to input pin 2 of NG6, input pin 5 of NG7, input pin 9
      of NG8 and input pin 13 of NG9, respectively. The output of NG1 appears at
      pin 13 and is inverted by I7 to produce at pin 15 the pulse train of FIG.
      3n, which is fed to input pin 1 of NG6, input pin 6 of NG7, input pin 8 of
      NG8, and input pin 12 of NG9, to the collector of TR5 in detection circuit
      III, and to input pin 4 of NG24 in monitoring circuit VII. The outputs of
      NAND gates NG6, NG7, NG8 and NG9 appearing at output pins 3, 4, 10 and 11,
      respectively, are inverted by inverters I8, I9, I10 and I11, respectively,
      the outputs of which are timing signals designated as Sample 1, Sample 2,
      Sample 3 and Sample 4 (FIG. 3 o, q, s, and u, respectively), and are fed
      to monitoring circuit IV and monitoring circuit VII. These timing signals
      are generated continuously, as power is continually supplied to all logic
      circuits in the system. This continuous supplying of power, or stand-by
      power, is necessary to ensure that the system is not defeated by an
      improper sequence of events which may otherwise go undetected. Therefore,
      stand-by power is only supplied to the logic circuits and selected
      components of the system in order to hold the stand-by power consumption
      to a minimum. The total instantaneous power consumption of the logic
      circuits is in the order of a few milliwatts and may be considered
      negligible for a parked automobile. The system itself becomes fully
      energized and operative only upon switching on transistor TR6 in power
      supply V. External power (B+) is supplied to the collector of transistor
      TR6 and is fed to detection circuit III as V+ through transistor TR6 when
      TR6 is rendered conductive. Stand-by power, in addition to being applied
      to the collector of transistor TR6 and the logic circuits, is also applied
      to resistors R12, R14, R16 and R18 in monitoring circuit IV. However, it
      should be noted that no power is consumed by these components so long as
      TR6 is non-conducting and seat belt switches SW1, SW2, SW3 and SW4 are in
      their normally-open positions as shown in FIG. 2. As will be discussed
      more fully hereinafter, transistor TR6 is turned on by the closing of one
      or more of seat belt switches SW1-SW4 or by the activation of the
      ignition/auxiliary power circuit IX. Consequently, until the occurrence of
      one of these events, the system is essentially de-energized and in a
      stand-by condition.
PAR  Gate signals GATE 1 - GATE 4 are fed to control pins 5, 13, 6 and 12 of
      gates G1-G4, respectively. The output pins 4, 1, 8 and 11 of gates G1-G4,
      respectively, are connected together and to one terminal of capacitor C6.
      Antennae A1-A4 couple load impedances having capacitive and/or resistive
      components to the inputs of the respective gates G1-G4 which are
      sequentially gated on by the respective signals GATE 1 -- GATE 4. As a
      result, the impedance coupled to any given antenna is also coupled to
      detection circuit III during the period of time in which a gate signal is
      applied to the gate associated with the given antenna. Hence, gating
      circuit II provides a single, time-sequenced output which is fed to
      detection circuit III through capacitor C6.
PAR  Detection circuit III operates as described in U.S. Pat. No. 3,801,799, the
      disclosure of which is incorporated herein by reference. Assuming power is
      being supplied to detection circuit III, i.e., V+ is applied to the power
      input terminals as shown in the drawing, and timing signal Q2 is fed to
      the input of a buffer amplifier circuit in detection circuit III, the tank
      circuit L1, C3, C4 is energized through a bias circuit formed by diode D1,
      capacitor C2 and resistors R5 and R6 during positive portions of timing
      signal Q2. Thus, the tank circuit is forced to oscillate or "ring" at its
      natural frequency during the interpulse nulls of timing signal Q2. The
      tank circuit will oscillate freely and the oscillations will be
      unattenuated when no load is sensed by any of the antennae, indicating the
      absence of a human on any seat. When all seats are unoccupied the signal
      OSC/DET (FIG. 3w) shows oscillations during each of the interpulse nulls
      of Q2. Under these circumstances, detection circuit signal B will be
      identical to timing signal Q2. When a load with a substantial resistive
      and/or capacitive component is coupled to any of antennae A1-A4,
      indicating occupancy of the associated seat, the "ringing" of the tank
      circuit will be substantially attenuated when the associated antenna is
      gate-coupled to the tank circuit. For example, if only the seat
      corresponding to station 1 were occupied by a human, the oscillations of
      the tank circuit would be attenuated only during the time that the GATE 1
      signal is a logic high, and the OSC/DET signal would appear as shown in
      FIG. 3x. Signal B would then appear as shown in FIG. 3y. If V+ is not
      supplied to detection circuit III by power supply circuit V, then signal B
      will continuously be a logic low regardless of any other inputs to the
      de-energized detection circuit III. Signal B is fed to the base of
      transistor Q5 through resistor R10. The collector of transistor Q5 is
      connected to receive the pulse train output from inverter I7 in timing
      circuit I. As a result, signal B is gated through transistor Q5 and
      resistor R11 by this pulse train to produce a pulse train-gated signal C
      which will be a logic high only when signal B and the pulse train signal
      from I7 are coincidentally logic highs. Signal C is fed to monitoring
      circuit VII and comprises a series of signals of the first class.
PAR  Referring now to monitoring circuit IV, external power B+ is supplied to
      first terminals of resistors R12, R14, R16 and R18. The second terminals
      of resistors R12, R14, R16 and R18 are connected to first contacts of
      switches SW1, SW2, SW3, and SW4, respectively. Resistors R13, R15, R17 and
      R19 are connected between ground and second contacts of switches SW1, SW2,
      SW3, SW4, respectively. Connected to the connection of resistors R13, R15,
      R17 and R19 to switches SW1, SW2, SW3 and SW4, respectively, are input pin
      2 of NAND gate NG10, input pin 5 of NAND gate NG11, input pin 9 of NAND
      gate NG12, and input pin 13 of NAND gate NG13, respectively, and, in power
      supply circuit V, input pin 14 of inverter I13, input pin 7 of inverter
      I14, input pin 3 of inverter I15, and input pin 5 of inverter I16,
      respectively. Switches SW1-SW4 represent the switches associated with
      respective seat belts and are opened when the respective seat belt is
      unfastened and closed when the respective seat belt is fastened. When the
      seat belts are unfastened, switches SW1-SW4 are open and the respective
      inputs to NAND gates NG10-NG13 and inverters I13 - I16 are grounded
      through resistors R13, R15, R17 and R19, respectively. When a respective
      seat belt is fastened, the respective switch is closed and a voltage
      division occurs between R12 and R13, R14 and R15, R16 and R17, and R18 and
      R19, respectively. The values of resistors R12-R19 are chosen such that
      the divided voltages appearing at the high side of R13, R15, R17, and R19
      are logic highs. Consequently, when the seat belts are fastened, logic
      high voltages are applied to the input pins 14, 7, 3 and 5 of inverters
      I13-I16, respectively, and to the inputs pins 2, 5, 9 and 13 of NAND gates
      NG10-NG13, respectively. Hence, each of the NAND gates NG10-NG13 is
      enabled by the fastening of the associated seat belt, i.e., the closing of
      the associated switch SW1, SW2, SW3 or SW4. Timing signals Sample 1 -
      Sample 4 are fed to input pin 1 of NAND gate NG10, input pin 6 of NAND
      gate NG11, input pin 8 of NAND gate NG12, and input pin 12 of NAND gate
      NG13, respectively. NAND gate NG14 has its input pins 9, 10, 11 and 12
      connected to the output pins 3, 4, 10 and 11, respectively, of NAND gates
      NG10-NG13. Consequently, NAND gates NG10-NG13, when enabled by the closing
      of seat belt switches SW1 - SW4, pass inverted timing signals Sample 1 -
      Sample 4 to the input pins 9-12 of NG14. Thus, if no seat belt is
      fastened, the outputs of NAND gates NG10-NG13 will be logic highs and the
      output of NG14 will be a logic low; and if one or more seat belts are
      fastened, a composite signal made up of one or more of the inverted timing
      signals Sample 1-Sample 4, depending on which belt or belts are fastened,
      will appear at the output of NG14. The output of NAND gate NG14, appearing
      at pin 13, is fed to power supply V through diode D2 and to monitoring
      circuit VII. The signal appearing at the output of monitor circuit IV is
      labelled A in FIG. 2.
PAR  Referring now to power supply V, the inputs to inverters I13-I16 are seat
      by the condition (open or closed) of associated switches SW1-SW4 as
      described hereinabove; the inverter outputs appear at output pins 15, 6, 2
      and 4 and are applied to input pins 5, 4, 3 and 2, respectively, of NAND
      gate NG15. Hence, when all seat belts are unfastened, the inputs to
      inverters I13-I16 are all logic lows and the inputs to NAND gate NG15 are
      all logic highs causing the output voltage at pin 1 of NAND gate NG15 to
      be a logic low. If any seat belt is fastened, the output of NAND gate NG15
      will be a logic high. The output of NAND gate NG15 is connected to the
      base of transistor TR6 through diode D3, in the polarity shown, and
      resistor R21. Also connected to the base of transistor TR6 and one
      terminal of R21 is the cathode of zener diode D5. The anode of zener diode
      D5 is grounded. The cathode of isolating diode D4 is connected to the
      cathode of the diode of D3 and to one terminal of resistor R21 while the
      anode of D4 is connected to the vehicle ignition/auxiliary power system
      IX. As described hereinabove, external power B+ is connected to the
      collector of transistor TR6 and power is not passed through to the emitter
      of transistor TR6 until TR6 is rendered conductive. When the base of
      transistor TR6 is at a logic low, TR6 is non-conductive. When the output
      of NG15 is a logic high passed through D3 and R21 to the base of TR6, or
      when a positive voltage is developed by actuation of the
      ignition/auxiliary power system IX and applied through D4 and R21 to break
      down zener diode D5, a logic high is applied to the base of TR6, which is
      rendered conductive to pass approximately B+ voltage to its emitter.
      Connected between the emitter of transistor TR6 and ground is filter
      capacitor C7. The signal appearing at one output of power supply V at the
      emitter of TR6 is labelled V+ in FIG. 2. When transistor TR6 is
      conductive, power supply output voltage V+ is developed and will
      approximately equal the external power supply voltage B+. When transistor
      TR6 is nonconductive, the power supply output voltage is essentially at
      ground potential. As a result, when any one or more of the seat belts are
      fastened, or if the ignition/auxiliary power system IX is activated,
      transistor TR6 will be rendered conductive and V+ will be developed;
      otherwise, TR6 will be non-conductive and the power supply output voltage
      will be at approximately ground potential. The output of power supply V is
      also applied through resistor R20 as signal A to monitoring circuits IV
      and VII and to delay circuit VI.
PAR  Referring now to delay circuit VI, the cathode of diode D7 is connected to
      the output of power supply V while its anode is connected to one terminal
      of capacitor C8 and to the cathode of diode D6. The other terminal of
      capacitor C8 is grounded and the anode of diode D6 is connected to signal
      A from power supply V. When signal A is a logic low, delay circuit VII has
      no effect on the system. Signal A will be a logic low when all the inputs
      of NAND gate NG14 in monitoring circuit IV are logic highs regardless of
      the conductivity of transistor TR6 in power supply circuit V. The
      conditions which permit signal A to become a logic high are a logic high
      output at output pin 13 of NAND gate NG14 in monitoring circuit IV,
      conductivity of transistor TR6 in power supply circuit V and completion of
      charging of capacitor C8 in delay circuit VI. Since capacitor C8 is
      uncharged when transistor TR6 is non-conductive, V+ is not developed by
      power supply circuit V. When the output of NAND gate NG14 becomes a logic
      high and transistor TR6 becomes conductive, signal A will be prevented
      from becoming a logic high until C8 has been charged. Hence, a delay is
      interposed in the system and manifested in the time period required for
      signal A to develop. Capacitor C8 becomes charged by the flow of current
      through transistor TR6, resistor R20 and diode D6 when the output of NAND
      gate NG14 is a logic high and diode D7 is back-biased, which occurs when
      transistor TR6 conducts, V+ exceeding the voltage magnitude of signal A
      due to the voltage drop in resistor R20. Capacitor C8 is discharged
      through D7, R20, D2 and NG14 when transistor TR6 becomes non-conductive.
      Since the output of NAND gate NG14 is a composite signal of Sample 1 -
      Sample 4, only becoming a logic high when any of NAND gates NG10-NG13 are
      enabled by associated switches SW1-SW4 to pass any one or more of timing
      signals Sample 1 -Sample 4, capacitor C8 is charged by successive pulses
      rather than by a continuous voltage. The total charging time of capacitor
      C8, therefore, depends not only on the RC time constant (the values of R20
      and C8) but also the duty cycle of the timing signals Sample 1 - Sample 4,
      as shown in FIGS. 3 o, q, t and v.
PAR  Delayed signal A is fed to monitoring circuit VII, as is, also, logic
      signal C from detection circuit III. Hence, monitoring circuit VII
      processes signals of both first and second classes, i.e., signals
      indicating seat occupancy and signals indicating belt buckle and/or
      ignition/auxiliary power system condition. The signals A and C are both
      fed to processor circuitry made up of paired NAND gates NG16-NG17,
      NG18-NG19, NG20-NG21 and NG22- NG23, one pair for each seat station. Each
      pair is identical and it will, therefore, be necessary to describe only
      one pair -- NAND gates NG16 and NG17. Because the entire system only
      becomes energized upon the fastening of one or more belt buckles or the
      energization of the ignition/auxiliary power system, the processor
      circuitry is prevented from detecting seat occupancy until the system is
      completely energized. In order to determine seat occupancy before
      considering buckle condition at the moment the system becomes completely
      energized, the processor circuitry is inhibited until seat occupancy is
      first determined. This is accomplished by means of the delay in signal A,
      as described hereinabove. If signal A fed to pin 11 of NG17 is a logic
      low, which it is prior to complete energization of the system and during
      the ensuing delay associated with charging capacitor C8, then NAND gate
      NG17 is inhibited regardless of the condition of signal C fed to input pin
      1 of NG16 and timing signal Sample 1 fed to input pins 2 and 12 of NAND
      gates NG16 and NG17, respectively. Upon termination of the time delay
      associated with the charging of capacitor C8, NAND gate NG17 is no longer
      inhibited and NAND gate pair NG16-NG17 processes the seat occupancy and
      belt buckle information contained in signals C and A, respectively, in
      time registration with timing signal Sample 1. NAND gate NG25, at input
      pins 5, 4 3 and 2, receives the information from the respective NAND gate
      pairs and provides a logic high output at pin 1 when any of the processor
      circuitry signals E1-E4 are at a logic low. The input pins 1 and 2 of NAND
      gate NG26 are connected together and to the output pin 1 of NG25, thus
      acting as an inverter. Signal F represents the output of NG26 appearing at
      pin 3 as signal F is applied to input pin 13 of NAND gate NG27 which
      combines the information from the processor circuitry of monitor circuit
      VII and the information from detection circuit III via NAND gate NG24.
      Signal C is applied to input pin 3 of NAND gate NG24; the pulse train is
      applied to input pin 4 of NG24; and signal A, which is the inversion of
      signal A produced by inverter I12, is applied to input pin 4 of NG24. The
      pulse train input insures processing of C and A by NG24 during the proper
      time interval. The output of NAND gate NG24 appearing at pin 6 is
      connected to NAND gate NG27 at input pin 12. The output of NAND gate NG27
      at output pin 11 is fed to drive circuit VIII and is labelled signal G in
      FIG. 2.
PAR  Referring now to drive circuit VIII, it is made up of NAND gates NG28 and
      NG29, capacitor C9, resistor R22 and transistor TR7. The output of NAND
      gate NG28 appearing at pin 4 is connected to one terminal of capacitor C9.
      The other terminal of capacitor C9 is connected to one terminal of
      resistor R22 and to both input pins 8 and 9 of NAND gate NG29. The other
      terminal of resistor R22 is grounded. The output of NAND gate NG29
      appearing at pin 10 is connected to input pin 5 of NAND gate NG28 and also
      to the base of transistor TR7. The output signal of NAND gate NG29 is
      labelled H in FIG. 2. The collector of transistor TR7 is grounded and the
      emitter is connected to a warning circuit and/or ignition control circuit.
      NAND gates NG28 and NG29 with capacitor C9 and resistor R22 are connected
      as a monostable or "one-shot" multivibrator. This multivibrator circuit is
      triggered by the leading edge of a negative-going pulse applied to input
      pin 6 of NAND gate NG28, and in response thereto provides a logic low at
      the output of NAND gate NG29 for a predetermined period of time determined
      by the values of capacitor C9 and resistor R22. Thus, when signal G is a
      constant logic low, or a constant logic high or changing from a logic low
      to a logic high, logic signal H remains a logic high. When signal G
      changes from a logic high to a logic low, signal H changes from a logic
      high to a logic low and remains a logic low for the predetermined period
      of time. When signal H is a logic high, TR7 is prevented from conducting
      since the voltage at the emitter of TR7 is less than the voltage of the
      logic high of H. When H is a logic low, transistor TR7 is rendered
      conductive. In the embodiment shown in FIGS. 1 and 2, when logic signal H
      is a logic low, an alarm condition is present. An alarm condition may be
      defined as an improper or imcomplete sequence of events involving seat
      occupancy, and belt fastening and/or ignition/auxiliary power system
      activation.
PAR  The operation of the complete system will most easily be explained by means
      of a description of events which constitute alarm and non-alarm situations
      and the conditions created in selected circuits as a result thereof. The
      only proper sequence of events occurs when a seat is occupied by a human
      followed by the fastening of the associated seat belt. A determination of
      seat occupancy and seat buckle condition is not made until one or more
      seat belts are fastened or the ignition/auxiliary power system is
      energized. In other words, after the system has been fully energized by a
      fastening of a seat belt or activation of the ignition/auxiliary power
      system, then the seat belt and seat occupancy information will be
      processed to determine a proper sequence. An alarm condition will not
      occur until at least one seat belt has been fastened or the
      ignition/auxiliary power system has been activated. An alarm condition
      will occur if the sequence of events is proper for one or more stations
      but improper for any other station, regardless of whether the improper
      sequence of events for any other station occurs prior or subsequent to the
      proper sequence of events for one or more stations.
PAR  Referring now to FIGS. 1-2, and the timing diagram in FIG. 3, a discussion
      of the conditions of selected portions of the system under the different
      seat occupancy, seat belt, and ignition/auxiliary power system conditions
      follows. For example, when all seats are unoccupied and all belts are
      unfastened and the ignition/auxiliary power system not energized, then
      there is a no-alarm condition, i.e., signal H is a logic high. Since no
      seat belts are fastened and the ignition/auxiliary power system is
      unactivated, transistor TR6 is not conducting and signal A is a logic low
      and v+ is not generated, i.e., the power supply V input is at ground
      potential. Consequently, detection circuit III is de-energized and signals
      B and C are logic lows. Since signal C is a logic low, signal D is a logic
      high (NG24). Since A is a logic low, signals E1-E4 are logic highs and
      signal F is a logic high (NG25, NG26). Since signals F and D are logic
      highs, signal G is a constant logic low (NG27). Consequently, the
      "one-shot" multivibrator is not triggered and signal H is a constant logic
      high, indicating a no-alarm condition. If one or more seats were then
      occupied by humans, there would be no change in signals B and C since TR6
      is still non-conducting. Similarly, there would be no change in the
      outputs of power supply circuit V. Hence, signal H continues to be a logic
      high. When a seat belt is fastened corresponding to a seat which has been
      previously occupied by a human, for example, SW1, then a logic high is fed
      to the input of inverter I13 which feeds a logic low to input pin 5 of
      NG15 causing its output pin 1 to go to a logic high. This logic high
      output at NAND gate NG15 causes transistor TR6 to conduct and provide
      immediately the voltage V+ which energizes detection circuit III. As a
      result, the seat occupancy information is immediately ready for processing
      in the processor circuitry, but processing is inhibited since signal A
      applied to pin 11 of NG17 remains a logic low until the time delay
      associated with the charging of capacitor C8 runs out. During this delay
      period, signals E1-E4 remain logic highs causing signal F to remain a
      logic high. Since the seat incorporating antenna A1 is occupied, the tank
      circuit in detection circuit III is loaded as shown in FIG. 3x, and causes
      B to be a logic high during GATE 1 signal pulses as shown in FIG. 3y.
      Signal C is, therefore, identical to the timing signal Sample 1. Since A
      is a logic low during the delay, A is a logic high and NAND gate NG24 is
      enabled to combine signal C and the pulse train from I7. This combination
      reduces to adding Sample 1 and the pulse train and inverting the addition
      in NG24. Hence, signal D from NG24 is Sample 1, i.e., the inversion of
      Sample 1. Since signal F is a logic high, NAND gate NG27 is enabled and
      passes and inverts the Sample 1 signal, so that signal G from NG27
      represents the original Sample 1 signal. Since signal G is cyclically
      changing from a logic high to a logic low, the one-shot multivibrator is
      repeatedly energized to cyclically force signal H to a logic low in
      accordance with the values of C9 and R22. Consequently, TR7 is rendered
      conductive and an alarm condition exists during the delay period. Once the
      delay period is over, the processor circuitry and NG24 in monitor circuit
      VII determine whether or not the sequence is proper by processing both
      seat occupancy and belt buckle condition information. When the delay is
      over, signal A is permitted to become a logic high as determined by the
      output of NAND gate NG14. The output of NG14 follows the Sample 1 timing
      signal which was passed and inverted by both NG10 and NG14. Hence, signal
      A is identical to Sample 1. As mentioned above, signal C is also identical
      to Sample 1, there being no change to detection circuit III after the
      delay period. Sample 1 thus appears at input pins 1 and 2 of NG16 and
      input pins 11 and 12 of NG17 with the net result being that the output E1
      at pin 10 of NG17 of NAND gate pair NG16-NG17 is a constant logic high.
      NAND gate pairs NG18-19, NG20-21, and NG22-23, also have their outputs E2,
      E3 and E4, respectively, at logic highs because the logic high of Sample 1
      applied to pin 8 of NG19, to pin 5 of NG21 and to pin 11 of NG23 is never
      in registration with the logic highs of Sample 2 applied to pin 1 of NG19,
      of Sample 3 applied to pin 4 of NG21, or of Sample 4 applied to pin 12 of
      NG23. The output of NAND gate NG25 is therefore a constant logic low and
      signal F is a constant logic high. Since the time delay in the appearance
      of signal A introduced by the charging of C8 does not affect the
      energization of detection circuit III by V+, signal C remains identical to
      Sample 1 after the expiration of the time delay. After the delay period,
      signal A is identical to Sample 1. Therefore, A is identical to Sample 1.
      Sample 1, corresponding to signal C at pin 3 of NG24, and Sample 1,
      corresponding to signal A at pin 5 of NG24, cancel each other's effect on
      NG24 so that the output signal D at pin 6 of NG24 is a constant logic
      high. Since signals F and D are both logic highs, the output of NG27 is a
      constant logic low which fails to energize the one-shot multivibrator in
      drive circuit VIII. Consequently, a no-alarm situation properly results.
PAR  However, for example, if the seat incorporating antenna A1 is occupied and
      the ignition/auxiliary power system IX is activated, then detection
      circuit III will be energized and signal C will be identical to Sample 1.
      Since no seat belt has been fastened, the output of NAND gate NG14 will be
      a constant logic low, thereby shunting signal A. Signals E1-E4 will then
      be constant logic highs, since NAND gates NG17, NG19, NG21 and NG23 have
      constant logic low inputs at pins 11, 2, 5 and 11, respectively. Signal F
      will then be at a logic high, thereby enabling NAND gate NG27. Since
      signal A is a logic low, A is a logic high and enables NG24 to add signal
      C and the pulse train from I7 and invert the result. The output of NG24,
      signal D, is then identical to Sample 1, shown in FIG. 3p. Since NAND gate
      NG27 is enabled, it passes and inverts Sample 1 so that signal G is
      identical to Sample 1. The change in logic level from a high to a low in
      Sample 1 energizes the one-shot multivibrator in drive circuit VIII,
      causing signal H to go low and transistor TR7 to conduct. Hence, an alarm
      condition exists and is responded to by the warning/disabling circuit. If,
      after this, a seat belt would be fastened, then the predetermined time
      delay associated with capacitor C8 would be initiated and the alarm
      condition would be eliminated after termination of the delay period when
      signal F at input pins 13 and 12 of NG27 is a logic high, as discussed
      hereinabove.
PAR  If a belt is fastened when there is no corresponding seat occupancy, then
      detection circuit III is energized; but since the tank circuit L1-C3-C4 is
      not loaded during the appropriate one of gate signals G1-G4, there will be
      no cancellation of the effect on NG24 of the signals appearing at input
      pins 3 and 5 of NG24, and an alarm condition will result.
PAR  If the ignition/auxiliary power system IX is activated without having seat
      occupancy and a corresponding belt fastened, again there will be no
      cancellation of the effect of the signals at pins 3 and 5 of NG24. Signal
      D will therefore not be constant, and the change in logic levels will be
      gated through NG27 to activate the one-shot multivibrator in drive circuit
      VIII to create an alarm condition.
PAR  Thus, it can be seen that once any seat belt is fastened or the
      ignition/auxiliary power system is activated, an alarm condition will
      result unless human occupancy of one or more seats has been followed by
      the fastening of the associated seat belt(s).
PAR  In the preferred embodiment of the invention shown in the drawing and
      described above, the values and/or characteristics of the various circuit
      components are set forth below:
TBL  Resistances      Capacitances                                             

     ______________________________________                                    

     R1    --    22 megohms   C1    --  20 picofarads                          

     R2    --    100K ohms    C2    --  .22 microfarads                        

     R3    --    10K ohms     C3    --  150 picofarads                         

     R4    --    330 ohms     C4    --  470 picofarads                         

     R5    --    1K ohms      C5    --  .001 microfarads                       

     R6    --    5K ohms (max.)                                                

                              C6    --  .001 microfarads                       

     R7    --    1K ohms      C7    --  160 microfarads                        

     R8    --    15K ohms     C8    --  1.0 microfarads                        

     R9    --    15K ohms                                                      

     R10   --    100 K ohms   Inductances                                      

     R11   --    100K ohms                                                     

     R12   --    10K ohms     L1    --  82 microhenries                        

     R13   --    100K ohms                                                     

     R14   --    10K ohms                                                      

     R15   --    100K ohms    Transistors                                      

     R16   --    10K ohms                                                      

     R17   --    100Kohms     TR1   --  2N3567                                 

     R18   --    10K ohms     TR2   --  2N5135                                 

     R19   --    100K ohms    TR3   --  2N3569                                 

     R20   --    3.3K ohms    TR4   --  2N3569                                 

     R21   --    10K ohms     TR5   --  2N3569                                 

     R22   --    1 megohm     TR6   --  2N3567                                 

                              TR7   --  2N4838                                 

     Diodes           Flip-Flops                                               

     ______________________________________                                    

     D1    --    1N5060       FF1   --  RCA-CD4013AE                           

     D2    --    1N5060       FF2   --  RCA-CD4013AE                           

     D3    --    1N5060       FF3   --  RCA-CD4013AE                           

     D4    --    1N5060       FF4   --  RCA-CD4013AE                           

     D5    --    1N5060                                                        

     D6    --    1N5060                                                        

     D7    --    1N5060                                                        

     NAND Gates       Gates                                                    

     ______________________________________                                    

     NG1     RCA-CD4012AE G1                                                   

     NG25                 G2        RCA-CD4016AE                               

                          G3                                                   

     NG2                  G4                                                   

     NG3     RCA-CD4011AE                                                      

     NG4                  Inverters                                            

     NG5                                                                       

                          L1                                                   

     NG6                  L2                                                   

     NG7     RCA-CD4011AE L3        RCA-CD4008AE                               

     NG8                  L4                                                   

     NG9                  L5                                                   

                          L6                                                   

                          L6                                                   

     NG10                 L7                                                   

     NG11    RCA-CD4011AE L8                                                   

     NG12                 L9        RCA-CD4009AE -NG13  L10                    

                          L11                                                  

     NG14    RCA-CD4012AE L12                                                  

     NG15                                                                      

     NG16                 L13                                                  

     NG17    RCA-CD4023AE L14       RCA-CD4009AE                               

     NG18                 L15                                                  

                          L16                                                  

     NG19                                                                      

     NG20    RCA-CD4023AE                                                      

     NG21                                                                      

     NG22                                                                      

     NG23    RCA-CD4023AE                                                      

     NG24                                                                      

     NG26                                                                      

     NG27    RCA-CD4011AE                                                      

     NG28                                                                      

     NG29                                                                      

     ______________________________________                                    

PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiments thereof, will be readily
      apparent to those skilled in the art. For example, circuits other than
      delay circuit VI may be employed in the disclosed system to inhibit
      processing of information received from detection circuit III for a
      predetermined delay period. Similarly, the interstices of monitoring
      circuit IV, power supply circuit V, monitoring circuit VII and drive
      circuit VIII may be different from those shown, which are only for
      purposes of illustration. The processor circuitry in monitor circuit VII,
      in conjunction with delay circuit VI, may be used independently for
      applications in which it is desired to delay processing of information of
      two classes until after the expiration of a predetermined period of time.
      It is applicant's intention to cover all those changes and modifications
      which could be made to the embodiments of the invention herein chosen for
      the purposes of the disclosure without departing from the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiplexed signal-sequence control system comprising:
PA1  1. first circuit means operative, when fully energized, to generate a
      multiplexed output signal comprising a plurality of component signals each
      representative of the presence or absence of a signal of the first class;
      and
PA1  2. second circuit means operative to receive a plurality of signals of the
      second class and, upon receiving a signal of the second class, further
      operative to fully energize said first circuit means and to process
      signals of the first and second classes in that order, and further
      operative to generate a control signal in response to (a) one or more
      signals of only the first class or only the second class, (b) unrelated
      signals of both the first and second classes, or (c) related signals of
      both the first and second classes occurring in an improper sequence.
NUM  2.
PAR  2. The system according to claim 1 wherein said first circuit means
      comprises:
PA1  1. timing circuit means operative to generate first and second pulse
      trains, a plurality of gate signals and a plurality of timing signals;
PA1  2. gating circuit means comprising a plurality of gates each operative to
      sense a signal of the first class at an input terminal, and each further
      operative to pass said signal of the first class upon receiving one of
      said plurality of gate signals from said timing circuit means; and
PA1  3. detection circuit means operative to receive said first and second pulse
      trains from said timing circuit means and a composite input signal formed
      by the signals of the first class passed through said gating circuit
      means, and further operative in response thereto to generate said
      multiplexed output signal comprising a plurality of component signals each
      representative of the presence or absence of a signal of the first class.
NUM  3.
PAR  3. The system according to claim 2 wherein said timing circuit means
      comprises:
PA1  1. high-frequency, square-wave generator means operative to generate a
      clock signal;
PA1  2. a plurality of flip-flop circuits connected in series and each operative
      to generate complementary output signals of progressively decreasing
      frequency, said first pulse train being generated by one of said plurality
      of flip-flop circuits;
PA1  3. first logic means operative to receive said clock signal from said
      high-frequency, square-wave generator means and the first outputs from
      said first and second flip-flop circuits, and further operative in
      response thereto to produce said second pulse train;
PA1  4.
NUM  4.
PAR  4.  second logic means operative to receive the first and second output
      signals from each of the third and fourth flip-flop circuits and, in
      response thereto, to generate said plurality of gate signals; and
PA1  5. third logic means operative to receive said second pulse train from said
      first logic means and said plurality of gate signals from said second
      logic means, and further operative to generate said plurality of timing
PAR   signals. 4. The system according to claim 3 wherein said first logic means
      comprises a NAND gate having first and second inputs connected to receive
      said clock signal from said high-frequency, square-wave generator means,
      having a third input connected to receive said first output of said first
      flip-flop circuit, and having a fourth input connected to receive said
      first output of said second flip-flop circuit, and an inverter having its
      input connected to the output of said NAND gate, said second pulse train
      being generated at the output of said inverter.
NUM  5.
PAR  5. The system according to claim 3 wherein said second logic means
      comprises a plurality of series-connected NAND gate/inverter circuits.
NUM  6.
PAR  6. The system according to claim 3 wherein said third logic means comprises
      a plurality of series-connected NAND gate/inverter circuits.
NUM  7.
PAR  7. The system according to claim 5 wherein each of said plurality of gates
      forming said gating circuit means has a control terminal connected to the
      output of the associated NAND gate/inverter circuit of said second logic
      means, and the output terminals of said plurality of gates are connected
      through a common capacitance to said detection circuit means to provide
      said composite input signal thereto.
NUM  8.
PAR  8. The system according to claim 2 wherein said detection circuit means
      comprises:
PA1  1. buffer amplifier means operative to receive said first pulse train from
      said timing circuit means and to generate energizing pulses in response
      thereto;
PA1  2. shock-excited oscillator means operative to receive said energizing
      pulses generated by said buffer amplifier means and the output of said
      gate means, and further operative to generate a high-frequency output
      during the null periods between the energizing pulses generated by said
      buffer amplifier means;
PA1  3. detector means operative to detect the envelope of the high-frequency
      output of said shockexcited oscillator means; and
PA1  4. gating means operative to receive said second pulse train from said
      timing circuit means and to pass the detected output of said detector
      means only when said detected output is coincident with a pulse in said
      second pulse train.
NUM  9.
PAR  9. The system according to claim 8 wherein said shock-excited oscillator
      means is coupled through said gating circuit means to a plurality of
      antennae for detecting the presence or absence of one or more external
      impedances having a substantial capacitive and/or resistive component
      coupled to any of said antennae, in response to which said high frequency
      output generated by said shockexcited oscillator means is damped.
NUM  10.
PAR  10. The system according to claim 1 wherein said second circuit means
      comprises:
PA1  1. power supply circuit means operative to receive standby power from an
      external source of power and normally operative to maintain said first
      circuit means partially de-energized, and further operative upon actuation
      to generate a power signal and a power output which fully energizes said
      first circuit means;
PA1  2. first monitor circuit means operative to receive a plurality of timing
      signals from said first circuit means and a plurality of signals of the
      second class and, in response to a signal of the second class, further
      operative to actuate said power supply circuit means to fully energize
      said first circuit means;
PA1  3. second monitor circuit means operative to receive said plurality of
      timing signals from said first circuit means, said power signal from said
      power supply circuit means, said second pulse train from said first
      circuit means, and said multiplexed output signal comprising a plurality
      of component signals each representative of the presence or absence of a
      signal of the second class and, in response thereto, to generate an
      intermediate signal in response to (1) one or more signals of only the
      first class or only the second class, (2) unrelated signals of both the
      first and second classes, and (3) related signals of both the first and
      second classes occurring in an improper sequence;
PA1  4. drive circuit means operative to receive said intermediate signal from
      said second monitor circuit means and, in response thereto, to generate
      said control signal; and
PA1  5. delay circuit means operative to receive the power output from said
      power supply circuit means and to delay the generation of said power
      signal for a predetermined period of time after the generation of said
      power output by said power supply circuit means.
NUM  11.
PAR  11. The system according to claim 10 wherein said power supply circuit
      means comprises a plurality of inverters each having its input coupled to
      said first monitor circuit means to receive an associated one of said
      plurality of signals of the second class, and each having its output
      connected to an associated input terminal of a NAND gate, the output of
      said NAND gate being coupled to power switching means connected to said
      external source of power and operative in response to a logic high output
      from said NAND gate to generate said power output and said power signal.
NUM  12.
PAR  12. The system according to claim 11 wherein said power switching means
      comprises a transistor having its collector connected to said external
      source of power, its emitter connected through a filter capacitance to
      ground, and its base connected to a voltage regulation circuit comprising
      a resistance and a zener diode connected in series between the output of
      said NAND gate and ground, said power output being developed at the
      emitter of said transistor, and said power signal being developed through
      a resistance connected between said emitter of said transistor and said
      first and second monitor circuit means and said delay circuit means.
NUM  13.
PAR  13. The system according to claim 11 wherein said first monitor circuit
      means comprises a plurality of voltage divider means each including a pair
      of resistors connected from said external source of power through a switch
      at the junction of said pair of resistors to ground, said switch being
      normally open and having its low terminal connected to an associated one
      of a plurality of NAND gates and to an associated one of a plurality of
      said inverters in said power supply circuit means, each of said plurality
      of NAND gates also being operative to receive said plurality of timing
      signals from said first circuit means, the outputs of said plurality of
      NAND gates being connected to the associated input terminals of a NAND
      gate having its output terminal connected to control said power signal by
      either not shunting or by intermittently shunting said power signal.
NUM  14.
PAR  14. The system according to claim 10 wherein said second monitor circuit
      means comprises:
PA1  1. a plurality of NAND gate pairs operative to receive said plurality of
      timing signals from said timing circuit means, said power signal from said
      power supply circuit means and said multiplexed otuput signal from said
      first circuit means, and operative in response thereto to generate a
      plurality of intermediate signals each of which is indicative of the
      occurrence of (1) one or more signals of only the first class or only the
      second class, (2) unrelated signals of both the first and second classes,
      and (3) related signals of both the first and second classes occurring in
      an improper sequence;
PA1  2. a NAND gate having its inputs connected to receive said plurality of
      intermediate signals from said plurality of NAND gate pairs;
PA1  3. inverter means operative to receive the output of said NAND gate;
PAR  4.  an output NAND gate operative to receive the output of said inverter
      means as a first input;
PA1  5. power signal inverter means operative to receive said power signal from
      said power supply circuit means; and
PA1  6. an input NAND gate operative to receive said multiplexed output signal
      from said first circuit means, said second pulse train from said first
      circuit means, and the output of said power signal inverter, and to
      provide a second input to said output NAND gate.
NUM  15.
PAR  15. The system according to claim 14 wherein each of said NAND gate pairs
      comprises first and second NAND gates, said first NAND gate having its
      output connected to a first input of said second NAND gate, the second
      input of said second NAND gate being connected to a first input of said
      first NAND gate, each of which receives an associated one of a plurality
      of said timing signals from said first circuit means, and said third input
      of said second NAND gate is connected to receive said power signal, the
      second input of said first NAND gate being connected to receive said
      multiplexed output signal from said first circuit means, and the third
      input of said first NAND gate being connected to the output of said second
      NAND gate, said intermediate signal being generated at the output of said
      second NAND gate.
NUM  16.
PAR  16. The system according to claim 10 wherein said drive circuit means
      comprises:
PA1  1. a monostable multivibrator normally operative to provide a high output,
      and operative in response to a negative going intermediate signal from
      said second monitor circuit means to generate a low output for a
      predetermined period of time; and
PA1  2. transistor means operative to receive the output of said monostable
      multivibrator and to change the energization state of an external circuit
      in response to a change in the output of said monostable multivibrator.
NUM  17.
PAR  17. The system according to claim 16 wherein said monostable multivibrator
      comprises:
PA1  1. a NAND gate having a first input terminal connected to receive said
      intermediate output from said second monitor circuit means;
PA1  2. a capacitance and a resistance connected in series from the output of
      said NAND gate to ground; and
PA1  3. inverter means having its input connected to the junction of said
      capacitance and resistance and having its output connected to a second
      input of said NAND gate, said control signal being developed at the output
      of said inverter means.
NUM  18.
PAR  18. The system according to claim 16 wherein said transistor is maintained
      normally non-conductive by a high output from said monostable
      multivibrator, and said transistor is rendered conductive in response to a
      low output from said monostable multivibrator, which low output
      constitutes said control signal.
NUM  19.
PAR  19. The system according to claim 12 wherein said delay circuit means
      comprises first and second diodes connected in series, with the anode of
      said first diode being connected to receive the power output of said power
      supply circuit means and the cathode of said second diode being connected
      to receive the power signal of said power supply circuit means, and a
      timing capacitance connected from the junction of the cathode of said
      first diode and the anode of said second diode to ground, said resistance
      connected from the emitter of said transistor in said power switching
      means and said timing capacitance forming an RC charging circuit operative
      to delay the development of said power signal for a predetermined period
      of time after the generation of said power output by said power supply
      circuit means.
NUM  20.
PAR  20. In a vehicle having a plurality of seating stations, a plurality of
      seating belts each associated with one of said seating stations, an
      ignition/auxiliary power circuit, and a warning/disabling circuit, the
      improvement comprising:
PA1  normally partially de-energized mutliplexed signal-sequence control means
      operative to receive a plurality of signals of the first class indicating
      seat belt usage, and further operative to become fully energized either
      upon receiving a signal of the second class or upon actuation of the
      ignition/auxiliary power circuit, and operative when fully energized to
      actuate the warning/disabling circuit in response to (1) one or both
      signals of only a first class or of only a second class, (2) unrelated
      signals of both the first and second classes, or (3) related signals of
      both the first and second classes occurring in an improper sequence.
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ABST
PAL  A power supply for a control system in which a plurality of loads in the
      form of transducers, sensors and the like are employed. The loads are
      isolated from each other, the system being such that any load can be
      shorted without affecting operation of any other load circuit and without
      damage to the power source components. This is achieved with the use of a
      saturating transformer and a series inductor in the respective load
      circuits which isolate each circuit from the others while at the same time
      providing for excellent voltage regulation in the overall system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While not limited thereto, the present invention is particularly adapted
      for use in a power supply for control systems such as those used on
      hydrofoil seacraft, aircraft and the like where safety is a paramount
      consideration. In a hydrofoil craft, for example, reliability is vitally
      important in the roll control system. Such a roll control system comprises
      sensing means for sensing motion of the craft about the roll axis and
      means responsive to the signals generated by the sensing means to effect
      the desired movement of the control surfaces on the foils of the craft to
      counteract the rolling motion and stabilize the craft about its roll axis.
      In case of a failure or malfunction in this roll control system, an unsafe
      condition can develop in which the motion of the craft becomes unstable;
      and the craft can exhibit divergent motions such that it may impact the
      water with angular rates of motion and attitudes that can endanger
      personnel on board the craft or cause possible damage to the craft itself.
PAR  In a control system of the type described above, the power supply utilized
      must supply many loads isolated from each other. At the same time, these
      loads must be capable of being momentarily or continuously shorted
      followed by a rapid recovery to normal operation after the short is
      removed. Additionally, a short on any circuit must not affect operation of
      any other circuit.
PAR  In the past, the problem of load isolation in a system of this type has
      been attacked by providing a series inductor for each load requiring
      excitation. This provides current limiting and isolation but introduces
      poor voltage regulation. Other techniques for accomplishing the same
      result ultilize complicated electronic regulators; however these are not
      altogether satisfactory and are expensive.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, load isolation in a power supply
      system for a control network is provided which utilizes a saturable
      transformer and a series inductor for each load. This provides for current
      limiting and isolation and at the same time effects excellent voltage
      regulation.
PAR  Specifically, there is provided in accordance with the invention a power
      supply system for a plurality of loads comprising (1) a source of
      alternating current voltage, (2) separate transformers equal in number to
      the number of loads connecting the source of alternating current voltage
      to the respective loads, (3) primary and secondary windings for each of
      the transformers, (4) an inductor connecting each primary winding in
      series with the source of alternating current voltage, (5) a load
      comprising a sensing device connected across the secondary winding, and
      (6) cores of saturable magnetic material in the respective, separate
      transformers. In this manner, a short in any load circuit and the
      resultant surge in current will cause its associated saturable transformer
      to saturate. The core of the transformer will remain saturated until the
      short is removed, whereupon normal operation will immediately commence.
      The saturable transformers isolate the respective loads one from the other
      and at the same time are such that the voltage across the power leads
      connected to the respective loads does not vary materially, even though
      one or more loads are shorted.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a schematic circuit diagram of the power supply system of the
      invention as applied to a pair of position transducers;
PAR  FIG. 2 illustrates the wave shape (typical) of the voltage appearing across
      the secondary windings of the saturable transformers of FIG. 1; and
PAR  FIG. 3 is a plot of load current versus voltage across the secondary
      windings of the transformers of FIG. 1.
DETD
PAR  With reference now to the drawings, and particularly to FIG. 1, the power
      supply system shown includes a source of alternating current voltage 10
      connected through power leads 12 and 14 to a plurality of load circuits,
      only two of which are shown in FIG. 1 and identified by the letters A and
      B. Both of the load circuits are identical and, accordingly, only one will
      be described in detail.
PAR  Each load circuit includes a saturable core transformer 16A or 16B having a
      primary winding 18A or 18B connected to the power leads 12 and 14 through
      a series inductor 20A or 20B. The secondary winding 22A or 22B is
      connected to a load 24A or 24B which, in the embodiment of the invention
      shown, comprises a position transducer having an inductive winding 26A or
      26B magnetically coupled to a movable core 28A or 28B. A center tap on the
      winding 26A, for example, is connected to one input lead 30A; while a
      center tap on the secondary winding 22A is connected to a second output
      lead 32A. A resistor 34A or 34B is connected in shunt with the secondary
      winding 22A or 22B for the purpose of limiting current and adjusting the
      operating level of the circuit. Each resistor may be adjustable if
      desired.
PAR  With the arrangement shown, movement of the core 28A or 28B from its
      central or null position will unbalance the bridge circuit shown, thereby
      producing an output across leads 32A and 30A (in the case of circuit A)
      which is proportional to the movement of the core 28A above or below its
      central, null position. It will be understood, however, that the position
      transducers shown are only one type of transducer which may be employed.
PAR  With an arrangement such as that shown in FIG. 1, and assuming that a short
      occurs across the secondary winding 22A, the current will rapidly rise in
      the secondary winding, causing the core 16A to saturate. As is well known,
      a saturable core transformer, such as that shown in FIG. 1, employs a core
      of square-loop hysteresis material which presents a sharp cutoff point
      between conditions of saturation and unsaturation. When the core is
      saturated, there can be no change of flux. Consequently, the voltage
      across the secondary winding 22A drops essentially to zero. This isolates
      the shorted load from the remainder of the power supply system. However,
      if the short should be only momentary or of short duration, as soon as it
      is removed current in the secondary winding 22A will fall and the
      transformer will no longer be saturated, thereby restoring normal
      operation.
PAR  A typical waveform across the secondary winding 22A is shown in FIG. 2. The
      first portion of the waveform, comprising the positive half of a sine
      wave, proceeds until time t.sub.1, whereupon the transformer saturates and
      the voltage drops to zero. The negative half of the sine wave is the same
      with the voltage dropping to zero when the core 16A saturates at time
      t.sub.2. The time at which the core saturates will depend, of course, upon
      the amplitude of the applied alternating current voltage. The greater the
      applied voltage, the shorter will be the time between the initiation of a
      half cycle and the time at which the transformer saturates. Of course, if
      a short should occur, the voltage across the secondary winding will be
      zero and, in effect, no waveform will appear.
PAR  The voltage-current characteristics across the secondary winding 22A, for
      example, are shown in FIG. 3. It will be noted that until the load current
      increases above a predetermined value L.sub.1, the voltage remains
      substantially constant; and this will be true across all loads. However,
      if a short should occur, then the voltage E.sub.L will drop, but not
      abruptly. As can be seen, the system provides for excellent voltage
      regulation characteristics. Line 36 represents the nominal transformer
      secondary load, typically about 1 volt-ampere.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A power supply system in combination with a plurality of loads
      comprising a source of alternating current voltage, separate transformers
      equal in number to the number of loads connecting said source of
      alternating current voltage to the respective loads, primary and secondary
      windings for each of said transformers, inductors connected in series with
      the respective each primary windings across said source of alternating
      current voltage, each of said loads comprising a sensing device connected
      across each of said secondary windings, and cores of saturable magnetic
      material inductively coupled to the respective primary and secondary
      windings.
NUM  2.
PAR  2. The combination of claim 1 wherein said sensing device comprises a
      position transducer having a movable core inductively coupled to an
      inductor connected across said secondary winding of each transformer, and
      means connecting center taps on said last-mentioned inductor and said
      secondary winding to output terminals across which appears a voltage
      indicative of the position of said movable core with respect to said
      lastmentioned inductor.
NUM  3.
PAR  3. The combination of claim 1 including a resistor connected in shunt with
      the secondary winding of each transformer.
NUM  4.
PAR  4. The combination of claim 1 wherein the series combinations of said
      first-named inductors and said primary windings for all loads are
      connected in parallel across said source of alternating current voltage.
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ABST
PAL  An optically nonlinear liquid thin film in a thin film optical waveguide is
      utilized in order to produce optical parametric interactions such as
      second harmonic generation. Optimization (tuning) of parametric output by
      "phase matching" is achieved by means of an electric field which is set up
      in the liquid film, the field having a spatial periodicity along the
      propagation direction of the optical waves in the thin film. Alternative
      or further optimization of parametric output is achieved by varying the
      thickness of the liquid film in situ.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the field of optical parametric apparatus, and
      more particularly to thin film optical second harmonic generator devices.
PAC  BACKGROUND OF THE INVENTION
PAR  Optically nonlinear solid crystal media, with spatially periodic electric
      fields applied thereto, have been described in the prior art for the
      purpose of enhancing desired optical parametric interactions. See: S. E.
      Miller, Bell System Technical Journal, Vol. 48, pp. 2189-2219 (1969):
      "Some Theory and Applications of Periodically Coupled Waves"; and U.S.
      Pat. No. 3,617,912 issued to S. E. Miller on Nov. 2, 1971. These
      parametric interactions enable the conversion in a solid crystal medium of
      an optical input wave beam of given optical frequency (and wavelength) to
      an optical output wave beam of a different frequency (and wavelength).
      However, the solid crystal media required for these parametric devices are
      rather expensive to fabricate in order to yield sufficiently high quality,
      impurity-free optical nonlinear materials with tolerable optical loss. In
      addition, a solid medium in an optical parametric device has a tendency to
      crack or break up under the strains produced during operation by the
      relatively high-intensity optical waves required for reasonable efficiency
      of optical frequency conversion. In a second harmonic generator, for
      example, the second harmonic output intensity increases as the square of
      the input intensity, thereby necessitating the relatively high optical
      input intensity. Therefore, it would be desirable to have an optical
      second harmonic generator in which the optical nonlinear medium is not
      subject to the problems of high fabrication costs and of breakage during
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  An optical second harmonic generator contains an optically nonlinear thin
      film waveguide containing a nonlinear liquid thin film medium.
      Advantageously, an external electric field is applied to the liquid film
      medium in order to produce or enhance a desired nonlinear interaction of
      the optical wave radiation energy in the liquid film. The optical coupling
      means for coupling an input fundamental optical wave into the film
      waveguide is arranged to favor the propagation of an optical waveguided
      fundamental mode in the film such that an optical second harmonic
      waveguided mode is supported in the film which is at least nearly phase
      matched with the fundamental mode. By phase matched is meant that the
      average velocity component of propagation along the waveguide is the same
      for both the fundamental and second harmonic modes. More nearly perfect
      phase matching (tuning), and hence increased optical second harmonic
      output, is achieved by means of an applied electric field having a spatial
      periodicity along the propagation direction such that the phase matching
      is still more nearly attained. Advantageously, the spatially periodic
      electric field is obtained by means of a spatially periodic electrode
      structure in the neighborhood of the liquid film, to which an electric
      voltage (typically D.C.) is applied. Alternative or further tuning of the
      phase matching is obtained by means of varying the thickness of the liquid
      film in situ or by means of varying the orientation of the propagation
      direction of the optical input beam with respect to the direction of
      maximum spatial periodicity of the electrode structure.
PAR  In a specific embodiment of the invention, a nonlinear liquid, such as
      nitrobenzene, is sandwiched between a pair of transparent solid thin film
      slab media, such as magnesium fluoride. The cavity space between these
      slabs is advantageously in the form of a parallel plate cavity, in which
      the liquid is situated filling the cavity. Each of the solid thin film
      media is of lower refractive index than that of the liquid; and each solid
      film is attached to a separate glass medium of higher refractive index
      than that of the liquid. Thereby, a thin film optical waveguide structure
      is formed in which the liquid film is located in an intermediate portion
      of the waveguide between the solid thin film slabs. Thus, the propagation
      of a fundamental optical radiation mode is supported in the combined solid
      and liquid thin film waveguide. Evanescent wave fields are introduced into
      at least one of the thin film solid slabs by means of optical coupling
      from an input beam which is directed into at least one of the relatively
      high refractive index glass media. For example, at least one of the glass
      media can take the form of an isosceles prism upon one of whose slant
      sides the input optical beam is directed and upon whose base is located
      one of the solid film media. In addition, advantageously, a spatially
      periodic electrode is located at the interface of at least one of the
      solid film media with its adjacent glass medium, in order to provide means
      for providing the spatially periodic electric field. Thereby, the
      spatially periodic electric field can more nearly phase match the output
      second harmonic waveguided optical mode with the input fundamental
      waveguided mode, thereby enabling increased output efficiency of second
      harmonic radiation.
PAR  In addition or alternatively to the spatially periodic electrodes, phase
      matching can be enhanced by means for varying the thickness in situ of the
      thin liquid film, simply by positioning a compressible spacing ring (with
      a liquid overflow aperture) separating the solid thin film media and
      placing the spacing ring under a variable compression force sufficient to
      vary the thickness of the liquid film and hence to vary suitably the
      fundamental and second harmonic wave velocities for better phase matching.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects and advantages, the nature of the present
      invention, and its various features, will appear more fully upon
      consideration of the following detailed description when read in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a cross-section diagram of optical second harmonic generator
      apparatus, in accordance with a specific embodiment of the invention; and
PAR  FIG. 2 is a top view diagram of a spatially periodic electrode structure
      useful in the apparatus shown in FIG. 1.
DETD
PAR  For the sake of clarity only, none of the drawings is to scale.
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, an optical input source 10 provides an input
      fundamental optical wave beam of advantageously substantially
      monochromatic optical frequency f. The wave is incident on a face of
      relatively high refractive index prism 28 in a second harmonic generator
      apparatus 20. The prism 28 is typically in the form of an isosceles
      triangular prism with base angles .phi. equal to about 30.degree.. An
      optical output second harmonic wave beam 2f emerges from another face of
      the prism 28, characterized by an optical frequency 2f, and is incident on
      utilization means 30 for utilizing this output (characterized by half the
      vacuum wavelength of the input wave).
PAR  The second harmonic generator 20 further includes a glass substrate 21 on
      which a spatially periodic electrode 23 is located. The electrode 23 is
      coated by a relatively low refractive index transparent solid film 22
      having an advantageously optically flat surface in contact with a major
      surface of a thin nonlinear liquid film 24. Another low refractive index
      transparent solid film 27 has an advantageously optically flat surface in
      contact with an opposed parallel major surface of the liquid film 24. The
      solid films 22 and 27 are maintained spaced apart by solid spacers 25 and
      26. Thereby, the distance d.sub.o between the solid films is substantially
      uniform in the central region, that is, in the region between the spacers.
      Alternatively, these spacers can be consolidated into a circular ring of
      elastic material with an aperture for overflow of liquid to and from an
      elastic container (not shown for clarity), thereby enabling (by means of
      applied compression forces) the variation of the distance d.sub.o between
      the opposed major parallel surfaces in the central region of the thin
      film. A ground plane electrode 23.5 is situated on the base of the glass
      prism 28, and the solid film 27 covers this electrode 23.5.
PAR  The solid film 27 has a step on its extreme left-hand (input) end and its
      right-hand (output) end, thereby producing relatively thin solid portions
      of lengths l.sub.1 and l.sub.2, and thicknesses d.sub.1 and d.sub.2 at
      these extremities. The values of l.sub.1, l.sub.2, d.sub.1 and d.sub.2 are
      selected to furnish suitable coupling regions of sufficient length and
      appropriate thickness to provide good optical coupling of the optical
      input and output radiation, respectively, into and out of the thin film
      waveguide, as known in the art and prescribed for example in an article by
      P. K. Tien and R. Ulrich in Journal Optical Society of America, Vol. 60,
      pp. 1325-1337 (1970), and R. Ulrich in J. Opt. Soc. Am., Vol. 60, pp.
      1337-1350 (1970). On the other hand, the central portion of the solid film
      27 has an optically flat surface which, together with the optically flat
      surface of the other solid film 22, defines the liquid waveguide formed by
      the thin liquid film 24 in this central region. Advantageously, the
      thickness of the thin liquid film plus the thicknesses of the solid films
      25 and 27 in this central waveguiding region is of the order of at least
      one-half of an optical wavelength (in the respective bulk materials) of
      the second harmonic output wave 2f, in order to produce a significant
      waveguiding effect on the wave propagating along the Z direction in the
      waveguide, that is, to modify the average propagation velocity along the Z
      direction of the waves of frequency f and 2f in the waveguide film from
      their values in bulk materials to a value which more nearly approximates
      matching of the velocities in the thin film waveguide of the fundamental
      and second harmonic waves. The spatial periodicity p of the electrode 23
      (FIG. 2) is advantageously such that the resulting periodicity p of the
      electric field in the film in the propagation direction Z is such that the
      phase-matching equation
EQU  k.sub.2 = 2k.sub.1 + k.sub.p
PAL  is satisfied; where k.sub.2 is the propagation constant of a second
      harmonic optical mode supported by the thin film waveguide, k.sub.1 is the
      propagation constant of a fundamental optical mode supported by the thin
      film waveguide, and k.sub.p = (2.pi./p)cos .theta., where .theta. is the
      angle (FIG. 2) between the Z direction of optical propagation and the
      direction of spatial periodicity of the electrode 23. Thus, the phase
      matching can be tuned (adjusted) to an optimum by suitably orienting the
      incoming wave relative to the electrodes. If such orienting is not
      possible or sufficient for sufficiently precise matching, further tuning
      can be achieved by varying the thickness (and hence varying the
      waveguiding effect on both k.sub.1 and k.sub.2) of the liquid film, as by
      means of adjustable forces F compressing or expanding the prism towards or
      away from the glass substrate.
PAR  In a specific example, by way of illustration only, the source 10 is a
      pulsed YAG laser which provides an input laser beam with a vacuum
      wavelength of about 1.06 micron. The glass material for the prism 28 and
      the substrate 21 is of relatively high index of refraction, for example,
      n.sub.D = 1.805. The solid material for the solid films 22 and 27 is of
      relatively low index, such as magnesium fluoride, (n = 1.378 at 1.06
      micron wavelength) having a thickness of about 0.8 micron, except for the
      input coupling region l.sub.1 where d.sub.1 is about 0.2 micron and output
      coupling region l.sub.2 where d.sub.2 is about 0.05 micron. In this way,
      the thickness of the solid films 22 and 27 in the propagation region
      (between coupling regions l.sub.1 and l.sub.2) of the thin liquid film
      waveguide is sufficient that most of the evanescent wave fields lie within
      these solid films. The lengths of the coupling regions l.sub.1 and l.sub.2
      are both about 1,000 microns, in order to provide sufficient coupling
      length into and out of the liquid film 24, namely about 1.5 times the
      input beam radius of the laser source 20. The spacing d.sub.o between the
      solid films 22 and 27 in the central portion is set in the range of about
      1/2 to 5 microns, typically at about 1.0 micron, by means of the spacers
      25 and 26, thereby enabling the phase matching condition to be satisfied
      for a variety of liquids in the thin film region 24. The spatial
      periodicity p of electrode 23 is typically about 13.6 micron, so that the
      phase matching condition is satisfied for liquid nitrobenzene (n.sub.D =
      1.541) in the thin film 24 at angle .theta. to about 0. The electrodes 23
      and 23.5 are gold on chromium, with spacing w in electrode 23 equal to
      about 2.5 micron; as fabricated by a photolithographic masking process in
      conjunction with chemical etching of vacuum deposited metal layers. The
      glass prism angles .phi. (FIG. 1) are typically about 30.degree. so that
      both the input beam and the output beam are nearly parallel to the prism
      base for the case of the liquid nitrobenzene in the thin liquid film 24. A
      D.C. voltage in the range of about 10 to 100 volts, typically about 30
      volts, is applied by a battery 40 to electrode 23 during operation, with
      electrode 23.5 grounded. In this way, with 1500 periods of electrode
      fingers (L = 2 centimeters), second harmonic conversion efficiency can be
      obtained which is at least equal to that of the same length of a crystal
      of KDP.
PAR  Although it should be understood that the correctness of the theory of the
      invention is not essential to the practice thereof, it is believed that
      the generation of second harmonic optical radiation in such liquids as
      nitrobenzene is attributable to the third order coupling of the D.C.
      applied field of the battery 40 with the fundamental optical frequency f
      (the latter taken twice) in the nonlinear liquid film 24. The spatial
      variations of the D.C. applied field give rise to the abovementioned
      k.sub.p = (2.pi./p) cos .theta. (as well as further higher order k.sub.p =
      (2.pi.m/p)cos .theta., where m is an integer, with relative coupling
      strengths depending upon the Fourier resolution of the D.C. electric
      field). As mentioned above, by means of rotating the second harmonic
      generator 20 about its X axis (or by equivalent positioning of the source
      20 and its laser beam direction), the angle .theta. can be varied for the
      purpose of tuning the phase-matching condition so that it is more nearly
      exactly satisfied. Thereby, the output of second harmonic radiation can be
      increased further by means of rotation around the X axis. Moreover, as
      mentioned previously, by varying the spacing provided by the spacers 25
      and 26, additional or alternative tuning is furnished.
PAR  It should be obvious to the worker in the art that second harmonic
      generation with the apparatus shown in FIG. 1 is but one form of possible
      parametric interaction functions, that is, a special case of mixing of the
      input beam with itself for frequency doubling. By using two input beams of
      different frequencies, optical mixing of other parametric types such as
      down-conversion as well as up-conversion can be obtained, with suitable
      modification of the waveguide parameters. Moreover, parametric frequency
      down-conversion can likewise be obtained with but a single input frequency
      by utilizing the random optical noise in the waveguide as one of the
      optical inputs for interaction with the input laser beam, thereby making
      possible optical down-conversion when the parameters of the thin film
      waveguide are adjusted to favor the desired down-converted optical output
      frequency.
PAR  Although the invention has been described in terms of a specific
      embodiment, various modifications can be made without departing from the
      scope of the invention. For example, other optically nonlinear liquids can
      be used instead of nitrobenzene such as other types of polar (acentric
      molecular) or nonpolar molecules of substituted benzene rings or other
      conjugated molecules, nitroanaline or nitronapthalene for example.
      Moreover, other low refractive index solid film materials than magnesium
      fluoride can be used for the solid films 22 and/or 27 such as low index
      fluoride or oxide crystal and low index glasses. Finally, instead of the
      electrode finger configuration with a ground plane as shown in FIGS. 1 and
      2, spatially alternating positively and negatively charged electrodes can
      be used either with a ground plane or with a corresponding set of
      alternating negatively and positively charged electrodes, as in the
      above-mentioned article and patent of S. E. Miller. While the electrode
      configuration of FIGS. 1 and 2 herein is easier to fabricate, the S. E.
      Miller configuration yields about twice the spatially periodic Fourier
      component of electric field for given applied voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus which comprises
PA1  a. a film of optically nonlinear liquid having a thickness defined by a
      pair of parallel surfaces of a pair of transparent thin film solid slabs
      which are spaced apart by said thickness, the slabs together with the
      liquid film forming an optical waveguide;
PA1  b. spatially periodic electrode means adjacent the film for producing a
      spatially periodic electric field in the film said periodicity having a
      significant component in a first direction, in order to increase the
      intensity of an optical output wave of frequency different from the
      frequency of the input optical wave; and
PA1  c. coupling means for coupling the input wave into the thin film waveguide
      for propagation therein along the first direction, and for coupling the
      output wave out of the film.
NUM  2.
PAR  2. A second harmonic optical generator apparatus according to claim 1 in
      which the spatial periodicity is such that the frequency of the output
      wave is twice the frequency of the input wave for at least one frequency
      of the input wave.
NUM  3.
PAR  3. Apparatus according to claim 2 in which the film is essentially
      nitrobenzene.
NUM  4.
PAR  4. Apparatus according to claim 1 which further includes means for varying
      the thickness of the liquid film by varying the distance between the solid
      slabs.
NUM  5.
PAR  5. Apparatus according to claim 1 which further includes utilization means
      for utilizing the output wave coupled out of the thin film waveguide.
NUM  6.
PAR  6. Apparatus according to claim 1 which further includes a source of the
      input wave directed onto the coupling means for coupling into the thin
      film waveguide for propagation along the first direction.
NUM  7.
PAR  7. Thin film apparatus which comprises:
PA1  a. a thin film optical waveguide structure including a liquid film, which
      exerts a significant waveguiding effect on an input optical wave coupled
      into the thin film waveguide structure for propagation along a first
      direction, said liquid having a significant optically nonlinear
      coefficient; and
PA1  b. spatially periodic electrode means in a neighborhood of the liquid film
      for producing a periodic electric field in the liquid film having a
      spatial periodicity along the first direction in order to favor a
      parametric interaction which yields an output optical wave of frequency
      different from that of the input.
NUM  8.
PAR  8. Apparatus according to claim 7 which further includes coupling means for
      coupling the input wave into the thin film waveguide for propagation
      therein along the first direction, and for coupling the output wave out of
      the said waveguide.
NUM  9.
PAR  9. Apparatus which comprises:
PA1  a. a thin film of optically nonlinear liquid in an optical waveguide
      structure which exerts a significant waveguiding effect on an input wave
      propagating in the film along a first direction; and
PA1  b. mechanical means for varying the thickness of the film in order to
      increase the optical parametric production of an output optical wave of
      frequency different from that of the input wave.
NUM  10.
PAR  10. Apparatus according to claim 9 which further includes coupling means
      for coupling the input wave into the film and for coupling the output wave
      out of the film, and spatially periodic electrode means located in a
      neighborhood of the film said electrode having a significant periodicity
      along the first direction for increasing the parametric output further.
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ABST
PAL  A solid state stack switch control system for furnaces and the like
      including burner control means, means including solid state means
      effective to control said burner control means in response to thermally
      actuated, magnetically operated heat detection means, line voltage safety
      switch means, and means for interfacing between an isolated low voltage
      control circuit and said burner control means.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of the applicants' co-pending
      application, Ser. No. 422,225, filed Dec. 6, 1973 for Solid State Stack
      Switch Control System, now abandoned.
PAR  This invention relates to stack switch control systems for furnaces and the
      like and, more particularly, to an improved solid state stack switch
      control system incorporating improved thermally actuated, magnetically
      operated heat detecting switch means effective to control and supervise
      furnace burners and the like.
PAR  Heretofore, stack switch controls have been utilized to control and
      supervise burners in furnaces, such stack switch controls controlling the
      furnace burner in response to the detection of heat in the furnace stack
      and supervising the furnace to insure safe combustion in the furnace's
      combustion chamber and shutting the burner off if an unsafe condition
      occurs. However, prior stack switch controls of the indicated character
      have been subject to defects due to a multiplicity of cumbersome
      electrical contacts and current paths, and are susceptible to corrosion
      and wear of mechanical components thereby reducing the service life
      thereof.
PAR  An object of the present invention is to overcome the aforementioned as
      well as other disadvantages in prior stack switch controls and to provide
      improved solid state stack switch control system for furnaces
      incorporating thermally actuated, magnetically operated heat detecting
      switch means that provides improved furnace burner control and supervision
      from the furnace stack.
PAR  Another object of the invention is to provide an improved solid state stack
      switch control system for furnaces incorporating improved thermally
      actuated, magnetically operated switch means.
PAR  Another object of the invention is to provide an improved solid state stack
      switch control system for furnaces operable to control a furnace burner in
      response to the detection of heat in a furnace stack and to de-energize
      the burner in the event an unsafe condition occurs.
PAR  Another object of the invention is to provide an improved solid state stack
      switch control system for furnaces that has fewer moving parts and is less
      susceptible to corrosion and wear than prior stack switch controls, and is
      more durable, efficient and reliable in operation and more readily
      adaptable to meet the control and supervision requirements of various
      types of furnaces than prior stack switch controls.
PAR  Another object of the invention is to provide an improved solid state stack
      switch control which may be marketed in the form of a universal service
      kit which can replace either a worn-out or defective stack switch control;
      a cadmium cell flame detector type primary control; or be used to perform
      a stack switch type to cadmium cell flame detector type conversion.
PAR  Another object of the invention is to provide an improved solid state stack
      switch control incorporating readily detachable, easily replaceable
      components as well as improved step control means.
PAR  The above as well as other objects and advantages of the present invention
      will become apparent from the following description, the appended claims
      and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a solid state stack switch control
      system illustrating one embodiment of the present invention;
PAR  FIG. 2 is an elevational view, with portions in cross-section, of the
      improved stack switch incorporated in the system illustrated in FIG. 1,
      showing the same installed in a furnace stack;
PAR  FIG. 3 is a perspective view of the switch illustrated in FIG. 2;
PAR  FIG. 4 is a longitudinal, cross-sectional view of the structure illustrated
      in FIG. 2, taken on the line 4--4 thereof;
PAR  FIG. 5 is an enlarged longitudinal cross-sectional view of the switch
      structure illustrated in FIG. 4;
PAR  FIG. 6 is a transverse cross-sectional view of the structure illustrated in
      FIG. 5;
PAR  FIG. 7 is a schematic view of the structure illustrated in FIG. 4,
      illustrating the switch in the open position;
PAR  FIG. 8 is a schematic view similar to FIG. 7, illustrating the switch in
      the closed position;
PAR  FIG. 9 is an elevational view, with portions in cross-section, of another
      improved stack switch embodying the present invention showing the same
      incorporated in the system illustrated in FIG. 1, and installed in a
      furnace stack;
PAR  FIG. 10 is a perspective view of the switch illustrated in FIG. 9;
PAR  FIG. 11 is a longitudinal, cross-sectional view of a portion of the
      structure illustrated in FIG. 9;
PAR  FIG. 11A is an enlarged longitudinal, sectional view of another portion of
      the switch illustrated in FIG. 10;
PAR  FIG. 12 is an enlarged longitudinal cross-sectional view of the switch
      structure illustrated in FIG. 11;
PAR  FIG. 13 is a transverse cross-sectional view of the structure illustrated
      in FIG. 12;
PAR  FIG. 4 is a schematic view of the structure illustrated in FIG. 11,
      illustrating the switch in the open position; and
PAR  FIG. 15 is a schematic view similar to FIG. 14, illustrating the switch in
      the closed position.
DETD
PAC  Detailed Description
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, the
      circuitry for a solid state stack switch control system, generally
      designated 10, embodying the present invention is schematically
      illustrated. As shown in FIG. 1, the solid state stack switch control
      system 10 is comprised of a step down transformer 12 having a primary
      winding 14 and secondary windings 16 and 18, the primary winding 14 being
      adapted to be connected to a conventional source of 120 volt alternating
      current while, in the embodiment of the invention illustrated, each of the
      secondary windings 16 and 18 of the isolated step down transformer
      preferably has a potential of approximately 8 volts AC. The system 10 also
      includes a line voltage safety switch, generally designated 20, including
      normally closed contacts 21 and 22 and a heater coil 23; a conventional
      thermostat generally designated 24; a reed switch generally designated 25,
      having contacts 26 and 28 being enclosed within a hermetically sealed
      glass envelope 30 while the coils RC1 and RC2 are concentrically wound
      therearound; a triac Q1 and a silicon controlled rectifier SCR1. The
      system 10 also includes a second reed switch 31 which will be described
      hereinafter in greater detail, the switch 31 having contacts 32 and 33.
      The system 10 also includes resistors R1, R2, R3, R4, R5, R6, R8, R9, and
      R10; capacitors C2 and C3; a potentiometer R7 and diodes D1 and D2. As
      shown in FIG. 1, the solid state stack switch control system 10 is
      connected to and adapted to control and supervise a conventional burner 34
      of a furnace (not shown). The terminal 35 of the burner 34 is connected to
      the source of power by the lead L1 while the terminal 36 of the burner is
      connected to the terminal 37 of the triac Q1 by the lead L2, the terminal
      38 of the triac Q1 being connected to the source of power by the lead L3.
      The contact 26 of the reed switch 25 is connected by the lead L4 to the
      lead L2 while the contact 28 is connected to the gate 39 of the triac Q1
      through the resistor R8 by the lead L5, the resistor R9 and the capacitor
      C3 being connected across the leads L2 and L3 by the leads L4 and L6 to
      protect the triac Q1.
PAR  The normally closed contacts 21 and 22 of the safety switch 20 are
      connected to and adapted to make and break the high voltage lead L120
      connected to the primary winding 14 of the transformer 12.
PAR  The terminal 40 of the secondary winding 16 is connected to the heater coil
      23 of the safety switch 20 and to the terminal 42 of the thermostat 24 by
      the leads L7 and L8, the terminal 44 of the thermostat 24 being connected
      by the lead L9 through the resistors R5 and R6 and the coil RC1, to the
      terminal 46 of the diode D1. The terminal 48 of the diode D1 is connected
      to the center tap 50 of the secondary windings of the transformer 12 by
      the lead L10. The capacitor C2 is connected across the resistor R6 and the
      coil RC1 of the reed switch 25 by the lead L11 while the resistor R3 is
      connected between the leads L9 and L10 by the lead L12 as illustrated in
      FIG. 1. The terminal 44 of the thermostat 24 is also connected to the
      terminal 52 of the diode D2 by the lead L13 through the resistor R4, the
      terminal 54 of the diode D2 being connected to the center tap 50 of the
      transformer 12 by the lead L10. As shown in FIG. 1, the heater coil 23 of
      the safety switch 20 is connected to the terminal 56 of the silicon
      controlled rectifier SCR1 through the coil RC2 of the reed switch 25 by
      the lead L7, the potentiometer R7 being connected across the coil RC2. The
      terminal 58 of the silicon controlled rectifier SCR1 is connected to the
      center tap of the transformer 12 by the leads L14 and L10 while the gate
      60 of the rectifier SCR1 is connected to the terminal 52 of the diode D2
      by the lead L15 and to the terminal 62 of the secondary winding 18 of the
      transformer by the lead L16 through the resistor R1, the reed switch 31
      through the contacts 32 and 33 thereof, and the resistor R2, the resistor
      R10 being connected across the reed switch 31 and functioning to stabilize
      the silicon controlled rectifier SCR1.
PAR  The above described components are preferably mounted on a circuit board
      which may be integrated, and mounted within a housing as will be described
      hereinafter in greater detail.
PAR  Referring in greater detail to the components of the system 10, the safety
      switch 20 illustrated schematically in FIG. 1 may be of the type disclosed
      in U.S. Pat. No. 3,848,211 of William R. Russel entitled "Electrical
      Switch Construction and an Electrical Control System Utilizing the Same or
      the Like" although, if desired, other types of safety switches may be
      utilized. In general, the switch 20 is constructed and arranged in a
      manner such that should the system 10 detect that the burner 34 has not
      ignited within a predetermined time period, the system 10 will cause the
      contacts 21 and 22 to open to break the high voltage line L120. Such
      opening of the contacts may be effected, for example, by heating a
      bimetallic latch member (not shown) through the agency of the heating coil
      23, the bimetallic latch member being effective to maintain the contacts
      21 and 22 in a closed condition until the latch member is heated to a
      predetermined extent by the heating coil 23, as described in detail in the
      aforementioned patent. As will be described hereinafter in greater detail,
      when the system 10 is initially energized by the thermostat 24 calling for
      heat, electrical current is adapted to flow through the heating coil 23
      whereby the heating coil tends to heat the latching member if the switch
      20. However, if the burner 34 ignites during such time period, the stack
      switch control embodying the present invention senses heat in the furnace
      stack and the system deenergizes the electrical heater coil 23 whereby the
      contacts 21 and 22 remain in the closed condition to maintain an
      electrical circuit through the high voltage line 65. However, if during
      such predetermined time period the burner 34 is not ignited, the heater
      coil 23 will remain energized whereby the latching member of the switch 20
      is sufficiently heated to cause the contacts 21 and 22 to open and break
      the high voltage line L120 to terminate the flow of current to the burner
      34 and thus turn off the burner until the switch 20 is reset.
PAR  Referring now to FIGS. 2 through 8, the reed switch 31 is incorporated in a
      stack switch control assembly, generally designated 70, embodying the
      present invention. The stack switch control assembly 70 is comprised of an
      elongate tubular body 72 which is preferably formed of metal and which
      defines an axially extending passageway 74 that extends throughout the
      length of the tubular body 72. One end portion 76 of the tubular body 72
      is fixed to a junction box 78, as by flanges 80 and 82 secured to the
      front wall 84 of the junction box, as by screws 86, or other suitable
      fastening means. The junction box 78, in turn, carries a housing 88
      adapted to contain the transformer 12, safety switch 20 reed switch 25,
      the triac Q1, rectifier SCR1 and the various resistors, capacitors and
      diodes hereinbefore described.
PAR  The other end portion 90 of the tubular body 72 is adapted to be mounted on
      and project into a furnace stack 92 through which the flue gases pass, the
      central portion 94 of the tubular body 72 being fixed to the exterior wall
      96 of the stack 92 as by a mounting bracket 98 or other suitable means
      effective to mount the assembly 70 on the stack 92.
PAR  As shown in FIGS. 2, 3 and 4, the end portion 90 of the tubular body 72
      which projects into the stack 92 defines equally angularly spaced,
      circumferentially disposed, elongate slots, such as 100, 102 and 104 which
      permit the flue gases to circulate through such end portion of the tubular
      body 72. A bimetallic actuating member 106 of generally serpentine or
      sinuous configuration is provided which is mounted in the passageway 74
      adjacent the slots 100, 102 and 104, one end portion 108 of the bimetallic
      member 106 being fixed, as by a screw 110, to a flange portion 112 of the
      body 72 projecting into the passageway 74 at a position near but spaced
      from the end 114 thereof. The other end portion 116 of the serpentine
      bimetallic member 106 is fixed, as by a screw 117, to one end portion 118
      of an elongate substantially straight drive arm 120 which is formed of
      magnetic material, such as steel, and which, in the preferred embodiment
      of the invention illustrated, is of rectangular cross section although, if
      desired, other cross sectional configurations may be utilized. The drive
      arm 120 extends longitudinally of the passageway 74 through an opening 122
      in a bearing wall 124 carried by the body 72.
PAR  As shown in FIG. 4, 5 and 6, a switch housing 126 is provided which may be
      formed of plastic or other suitable material having sufficient strength to
      withstand the forces exerted thereon. The switch housing 126 is mounted in
      the passageway 74 adjacent the end portion 76 of the tubular body 72,
      suitable diametrically opposed openings, such as 127, being provided in
      the tubular body 72 to facilitate access to the switch housing. The switch
      housing 126 is secured to the tubular body 72 by screws, such as 128 and
      130, which pass through the outer wall of the tubular body and a mounting
      plate 132, the screws threadably engaging nuts, such as 133 and 134,
      embedded in the top wall 136 of the housing 126. The housing 126 defines a
      chamber 138 in which the reed switch 31 is mounted by any suitable means,
      such as an adhesive, adjacent the top wall 136 as shown in FIGS. 5 and 6.
      As previously mentioned, the reed switch 31 is comprised of the contacts
      32 and 33 which are carried by reeds 140 and 142 hermetically sealed
      within a glass envelope 144. As shown in FIGS. 5 and 6, the drive arm 120
      passes through the chamber 138 of the housing 126 at a position near but
      below the reed switch 31, the longitudinal axis of the drive arm 120 being
      disposed in vertical alignment with the longitudinal axis of the reed
      switch 31. The drive arm 120 is supported by bearing members, such as 146
      and 148, carried by the end walls 150 and 152, respectively of the housing
      126.
PAR  As shown in FIGS. 5 and 6, a magnet 154 is provided which is preferably
      formed of ceramic or other relatively non-corrosive material. In the
      preferred embodiment of the invention illustrated, the magnet 154 is of
      generally cubic configuration and defines an axially extending passageway
      156, the minimum cross sectional dimensions of which are greater than the
      maximum corresponding cross sectional dimensions of the drive arm 120, and
      the magnet 154 is slideably mounted on the drive arm 120 and within the
      chamber 138 defined by the housing 126, at a position near but slightly
      spaced below the reed switch 31. As shown in FIGS. 5 and 6, the drive arm
      120 passes through the magnet 154 with a loose sliding fit, the magnet 154
      being magnetically attracted to and magnetically gripping the drive arm
      120 which, as previously mentioned, is formed of magnetic material such as
      steel. With such a construction, the magnet 154 magnetically clutches the
      drive arm 120 and moves longitudinally with the drive arm 120 but the
      drive arm 120 is free to move through the magnet when the forces tending
      to move the drive arm through the magnet are greater than the magnetic
      attraction between the magnet 154 and the drive arm 120. In the embodiment
      of the invention illustrated, a pair of adjustable stop members 158 and
      160 are provided having abutment surfaces 162 and 164, respectively,
      disposed within the chamber 138 and adapted to engage the ends 166 and
      168, respectively, of the magnet 154 to limit the longitudinal movement of
      the magnet. The stop members 158 and 160 threadably engage internally
      threaded members 170 and 172 carried by the housing 126 thereby permitting
      manual adjustment of the relative positions of the abutment surfaces 162
      and 164.
PAR  The magnet 154 also functions to open and close the contacts 32 and 33 of
      the reed switch 31, the reeds 140 aand 142 of which are formed of magnetic
      material in the conventional manner. When the magnet 154 is disposed
      adjacent the right end of the reed switch 31 as illustrated in FIG. 5 and
      as schematically illustrated in FIG. 7, the contacts 32 and 33 are open.
      However, when the magnet 154 is disposed adjacent the left end of the reed
      switch 31 as schematically illustrated in FIG. 8, the magnet 154 causes
      the contacts 32 and 33 to close to complete an electrical circuit through
      the reed switch 31.
PAR  In FIGS. 5 and 7, the control is illustrated in the "off" mode. When the
      thermostat 24 calls for heat, and assuming that the burner 34 ignites and
      that the combustion is satisfactory, the hot gases flowing through the
      furnace stack 92 heat the serpentine bimetallic actuating member 106 and
      the serpentine bimetallic actuating member 106 moves to the left, as
      illustrated in FIG. 8, and moves drive arm 120 and the magnet 154 to the
      position illustrated in FIG. 8. When the magnet 154 reaches the position
      illustrated in FIG. 8, the magnet 154 closes the contacts 32 and 33 of the
      reed switch 31 to complete an electrical circuit therethrough and turn off
      the safety switch 20 as will be described hereinafter in greater detail.
      As the serpentine bimetallic actuating member 106 becomes hotter, the
      bimetallic actuating member 106 and the drive arm 120 continue to move to
      the left, as viewed in FIGS. 7 and 8, but the magnet 154 remains against
      the stop 158 to maintain the contacts 32 and 33 closed, the drive arm
      de-clutching from and slipping through the magnet 154 since the forces
      tending to move the drive arm 120 through the passageway 156 defined by
      the magnet 154 are greater than the magnetic attraction between the magnet
      154 and the drive arm 120. The drive arm 120 is thus free to move
      longitudinally for any desired distance while the magnet 154 moves with
      the drive arm only between the limits set by the adjustable stop members
      158 and 160.
PAR  Assuming that a flame failure occurs while the magnet 154 is disposed in
      the position illustrated in FIG. 8, the serpentine bimetallic actuating
      member 106 begins to cool and the actuating member 106 and the drive arm
      120 move to the right, as viewed in FIGS. 7 amd 8. The magnet 154 moves
      with the drive arm due to the magnetic attraction therebetween and when
      the magnet 154 reaches the position illustrated in FIG. 7, the contacts 32
      and 33 open causing the safety switch 20 to energize as will be described
      hereinafter in greater detail. The movement of the magnet 154 to the
      right, as viewed in FIGS. 7 and 8, is, of course, limited by the
      adjustable stop member 160 so that the magnet is maintained in the desired
      position for proper resetting. From the foregoing it will be appreciated
      that the magnet 154 also provides damping as well as clutching in addition
      to actuation of the reed switch 31.
PAR  The rectifier SCR1 is a conventional silicon controlled rectifier and may,
      for example, carry a rating of approximately four amperes. The thermostat
      24 may be of any desired or conventional construction while the reed
      switch 25 is preferably of the type comprised of the pair of contacts 26
      and 28 carried by reeds hermetically sealed within a glass envelope 30.
      The reed switch 25 also includes the electrically insulated, independently
      wound concentric coils RC1 and RC2, the magnetic fluxes of such coils
      being additive when in phase. The reed switch 25 preferably has a very
      large differential between pull-in and drop-out ampere turns or coil
      power. By way of example, the reeds preferably will pull in at about 60
      ampere turns, but will not drop out until below 20 ampere turns, a ratio
      of approximately 3 to 1. In the embodiment of the invention illustrated in
      FIG. 1, the maximum power to the coil RC1 is well below that required to
      pull-in the reed switch and close the contacts 26 and 28. The power is,
      however, enough to hold the reed switch contacts 26 and 28 closed once
      pull-in has been establised, due to the very large differential. The reed
      switch coil RC2, on the other hand, has sufficient power when combined
      with RC1 to pull in the reed switch. Since the reed switches are very fast
      they are capable of following an alternating current voltage to open or
      close 60 or 120 times per second. To avoid this opening and closing and
      the associated wear, the diode D1 and the capacitor C2 are provided. The
      diode D1 is preferably a 200 milliampere diode which supplies half wave
      rectified current to the capacitor C2 to establish a DC supply for the
      reed switch coil RC1. The capacitor C2 is preferably a 47 microfarad 15
      volt DC capacitor. The diode D1 and the capacitor C2 function to form a DC
      supply for the holding coil RC1 so that flux is always present on the coil
      RC1 when the termostat calls for heat. This flux is very small however.
      With such a construction and since relatively small current passes through
      the contacts 26 and 28, such contacts are very reliable over a relatively
      long life.
PAR  The triac Q1 is a bidirectional thyrister which may be gate triggered from
      a blocking to conducting state for either polarity of applied voltage, and
      is preferably mounted to isolate the other components of the control 10
      from the heat generated by the triac Q1. The resistors R1 and R2 are
      preferably carbon resistors having ratings of 150 ohms and 560 ohms,
      respectively, one-half watt, the purpose of the resistor R1 being to
      prevent the accidental destruction of the diode D1, transformer 12 or
      silicon contrilled rectifier SCR1 by a serviceman in the field. In this
      connection the resistors R1, R2, R5, R9 and R10, the diode D2 and the
      capacitor C3 are all provided in the system 10 for the purpose of
      protecting other components and to protect against erroneous wiring in the
      field. The resistors R1, R2, R5, R9 and R10, the diode D2 and the
      capacitor C3 are thus not essential to the basic circuit performance.
PAR  Typical values for the components in the control system described above are
      as follows:
     SCR1     4 AMP Silicon controlled rectifier                               

     D1       200 Ma diode                                                     

     D2       200 Ma diode                                                     

     R1       Carbon resistor 150 ohms, .+-. 20%, 1/2 watt                     

     R2       Carbon resistor 560 ohms, .+-. 20%, 1/2 watt                     

     R3       Wirewound resistor 20 ohms, .+-. 20%, 5 watt                     

     R4       Carbon resistor 3300 ohms, .+-. 20%, 1/2 watt                    

     R5       Carbon resistor 47 ohms, .+-. 20%, 1/2 watt                      

     R6       Wirewound resistor 680 ohms, .+-. 20%, 1 watt                    

     R7       Wirewound potentiometer 1 ohm, .+-. 20%, 2 watt                  

     R8       Carbon resistor 82 ohms, .+-. 20%, 1/2 watt                      

     R9       Carbon resistor 82 ohms, .+-. 20%, 1/2 watt                      

     R10      Carbon resistor 33000 ohms, .+-. 20%, 1/2 watt                   

     C2       Capacitor 47 mfd 15 VDC                                          

     C3       Capacitor 22 mfd V Mylar foil                                    

PAR  It will be understood, however, that these values may be varied depending
      upon the particular application of the principles of the present
      invention.
PAR  Assuming a basic knowledge of the triac Q1 and the silicon controlled
      rectifier SCR1, a typical thermostat cycle operates in the following
      manner. It should be noted initially that whenever the reed contacts 26
      and 28 are closed, current will flow from the source of electric power
      through the lead L1, the burner 34, the lead L2, the contacts 26 and 28
      and the resistor R8, to the gate of the triac Q1 and the lead L3. When the
      gate of the triac Q1 is energized the full motor current will then pass
      through the triac Q1. This starts the burner and has the same effect as
      closing a set of relay contacts between the lead L2 and the lead L3.
PAR  Whenever the thermostat contacts close, a continuous holding flux is
      established in the coil RC1 by the DC supply network comprised of the
      diode D1 and the capacitor C2. Current also flows through the resistor R4
      to the gate 60 of the silicon controlled rectifier SCR1. If the stack
      switch control assembly 70 does not detect heat in the manner previously
      described, no current can be shunted away from the gate 60 of the silicon
      controlled rectifier SCR1 and SCR1 will conduct. When SCR1 conducts,
      current also passes through the pull-in coil RC2 of the reed switch 25 and
      the heater 23 of the safety switch 20. With a flux established in the coil
      RC2 and the coil RC1, the reed switch contacts 26 and 28 will pull-in and
      the triac Q1 will start the burner. If the stack switch does not detect
      heat, the silicon controlled rectifier will continue to conduct and the
      safety switch 20 will open the contacts 21 and 22 due to the heating
      action of the heater 23 effecting the opening of the contacts 21 and 22.
      If the stack switch control assembly 70 detects heat in the stack in the
      manner previously described, then the contacts 32 and 33 of the reed
      switch close and shunt current away from the gate 60 of the rectifier
      SCR1. SCR1 will no longer conduct, the heating coil 23 of the safety
      switch will be deenergized but the coil RC1 will continue to hold in the
      reed relay contacts 26 and 28. If the stack switch control assembly 70
      detects heat and subsequently for some reason the burner flame should go
      out during the thermostat cycle, the rectifier SCR1 will again conduct and
      the heating coil 23 will be energized so as to open the contacts 21 and 22
      into a lock-out condition. When the thermostatic conditions are satisfied
      and the contacts thereof open, the coil RC1 is deenergized thereby opening
      the contacts 26 and 28 and also deenergizing the triac Q1. No current is
      then available through the resistor R4 to energize SCR1 even though the
      stack switch control assembly detects no heat. It should also be
      understood that the same cycle would occur if the thermostat were
      connected to line voltage and placed in one leg of the transformer primary
      coil.
PAR  An important aspect of the present invention resides in the fact that if
      there is a failure in the system 10, the system 10 will fail is safe
      condition. For example, if the silicon controlled rectifier SCR1 is
      shorted from anode to cathode it will conduct electric current supplied by
      the secondary winding 16 of the transformer. The stack switch control
      assembly 70 will have no effect on the control sircuit. Since current
      through the rectifier SCR1 must also pass through the safety switch heater
      23, the safety switch contacts 21 and 22 will open into a lock-out
      condition. The only way to start the burner again is by resetting the
      safety switch 20. An open circuit in the rectifier SCR1 will render the
      control circuit inoperative since no starting current is provided in the
      coil RC2. The burner will thus never start. A short circuit from the gate
      to the cathode of the rectifier SCR1 has the same effect as an open
      circuit between the anode and cathode of SCR1. An open circuit from the
      gate to cathode of the rectifier SCR1 also has this effect.
PAR  Failure of the diode D1 in the short circuit state causes AC voltage to
      appear across the capacitor C2 and since AC voltage is destructive to the
      capacitor C2 it will generally cause it to fail short circuited. Hence,
      there is no coil power to the reed switch coil RC1 and the reed switch 25
      is incapable of holding. The burner would then become inoperative. If the
      diode D1 fails open circuited, there is likewise no power to the coil RC1
      and the burner becomes inoperative.
PAR  A short circuit failure of the diode D2 reacts the same as a gate to
      cathode short of the rectifier SCR1 as previously described. An open
      circuit failure of the diode D2 will generally be destructive to the
      rectifier SCR1 and any failure of the SCR1 will render the control circuit
      inoperative as previously described.
PAR  An open or short circuit failure of the capacitor C2 will prevent the reed
      switch 25 from pulling in and the burner from operating. The burner will
      also be prevented from operating if either of the coils RC1 of RC2 of the
      reed switch 25 becomes open or short circuited since such failure will
      prevent the reed switch 25 from pulling in and closing the contacts 26 and
      28.
PAR  The resistor R1 prevents accidental destruction of the diode D2 by a
      serviceman in the field. This could happen if a serviceman accidentally
      shorted one of the thermostat terminals with the proper terminal of the
      stack switch control assembly 70. Open circuit failure would react in the
      same manner as an open circuit in the reed switch 31. Short circuit of
      either of the resistors R1 or R2 would simply eliminate the protection
      measure from the equipment.
PAR  The resistor R3 is a wire wound type so that short circuit failure can be
      neglected. Open circuit failure of the resistor R3 would result in
      elimination of thermostat bias current used for conventional thermostat
      "pre-heaters". The resistor R3 plays no role in the circuit other than for
      this home comfort feature.
PAR  Continuing the description of the fail-safe operation of the system 10, if
      the resistor R4 is open circuited then SCR1 never receives current from
      gate to cathode and will never turn on. Since the rectifier SCR1 must
      conduct to pull in the reed switch 25 through the coil RC2, the burner
      will never turn on. If the burner is in the middle of a cycle when the
      resistor R4 fails open, then the burner will fail to start on the next
      cycle. If the resistor R4 fails in a short circuit condition, then neither
      of the coils RC1 of RC2 will be energized and the reed switch contacts 26
      and 28 will not close so that the burner will be inoperative.
PAR  The resistor R5 protects the diode D1 from current surges to the capacitor
      C2 during normal operation. If the resistor R5 were to short circuit then
      the diode D1 may fail shorted and the burner would become permanently
      inoperative in the manner previously described in connection with failure
      of the D1. If the resistor R5 fails open circuited, then no power will be
      furnished to the coil RC1 and the reed switch contacts 26 and 28 will not
      close. The burner would then be inoperative.
PAR  The resistor R6 functions to limit the power to the coil RC1. The resistor
      R6 is calibrated and calibrates the coil RC1 to within a specified
      drop-out range for the reed switch 25. As is well known, wire wound
      resistors do not fail short. If open circuit failure results, then no
      power is supplied to the coil RC1 and the reed switch will not pull in.
      The burner will thus be inoperative if the resistor R6 fails open
      circuited.
PAR  The wire wound potentiometer R7 is used to calibrate the pull-in voltage of
      the reed switch 25. This is accomplished by shunting current away from the
      reed switch coil RC2. An open circuit in the potentiometer R7 allows the
      reed switch 25 to pull in at lower line voltage than the set-point
      voltage, as for example, 90 volts. Short circuit of the potentiometer R7
      prevents power from flowing to the reed switch coil RC2 and the reed
      switch will not close the contacts 26 and 28. The burner will then be
      inoperative.
PAR  The heating coil of the safety switch 20 cannot fail shorted. An open
      circuit failure functions in the same manner as an open circuit failure of
      the anode to cathode on the rectifier SCR1 previously described.
PAR  Another embodiment of the invention is illustrated in FIGS. 9 through 15
      wherein the reed switch 31 is shown incorporated in a stack switch control
      assembly, generally designated 270. The stack switch control assembly 270
      is comprised of an elongate tubular body 272 which is preferably formed of
      metal and which defines an axially extending passageway 274 that extends
      throughout the length of the tubular body 272. In this embodiment of the
      invention, as illustrated in FIGS 10 and 11A, the end portion 276 of the
      tubular body is secured for quick and easy connection to and release from
      a junction box 278, the releasable connection being accomplished by means
      of a generally L-shaped flange portion 279 which is formed integrally with
      the tubular body 272 and which projects through a slot 280 provided in the
      front wall 281 of the junction box whereby the free leg 282 of the flange
      portion 279 bears against the rear face 283 of the front wall 281. A
      generally Z-shaped resilient latching member 284 is also provided which is
      preferably formed of spring steel, the latching member 284 having a leg
      portion 285 which projects through a slot 286 provided in the front wall
      281 of the junction box and bears against the rear face 283 thereof. In
      the latching position illustrated in FIGS. 10 and 11A, the central portion
      287 of the latching member 284 overlies the end portion 276 of the body
      272 while the right end of the latching member, as viewed in FIGS. 10 and
      11A, defines a bight portion 288 that bends over and projects into an
      opening 289 defined by the tubular body 272 so that the bight portion 288
      bears against the adjacent edge 290 defining the end of the opening 289
      thereby securing the body 272 releasably to the junction box 278. With
      such a construction, the tubular body 272 may be easily and quickly
      released from the junction box by manually lifting the free end 291 of the
      latching member 284 after which the tubular body 272 may be swung
      angularly downwardly, as viewed in FIGS. 10 and 11A, so that the free leg
      282 of the flange portion 279 may be moved outwardly through the slot 280
      to release the tubular body 272 from the junction box 278. From the
      foregoing, it will be appreciated that the tubular body 272 may be quickly
      connected to the junction box by reversing the above described procedure.
PAR  The junction box 278, in turn, carries a housing 292 adapted to contain the
      transformer 12, safety switch 20, reed switch 25, the triac Q1, rectifier
      SCR1 and the various resistors, capacitors and diodes hereinbefore
      described.
PAR  The other end portion 293 of the tubular body 272 is adapted to be mounted
      on and project into the furnace stack 92 through which the flue gases
      pass, the central portion 294 of the tubular body 272 being fixed to the
      exterior wall 96 of the stack 92 as by the mounting bracket 98, previously
      described, or other suitable means effective to mount the assembly 270 on
      the stack 92.
PAR  As shown in FIGS. 9, 10 and 11, the end portion 293 of the tubular body 272
      which projects into the stack 92 defines equally angularly spaced,
      circumferentially disposed, elongate slots, such as 300, 302 and 304 which
      permit the flue gases to circulate through such end portion of the tubular
      body 272. A bimetallic actuating member 306 of generally serpentine or
      sinuous configuration is provided which is mounted in the passageway 274
      adjacent the slots 300, 302 and 304, one end portion 308 of the bimetallic
      member 306 being fixed, as by a screw 310, to a flange portion 312 of the
      body 272 projecting into the passageway 274 at a position near but spaced
      from the end 314 thereof. The other end portion 316 of the serpentine
      bimetallic member 306 is fixed, as by a screw 317, to one end portion 318
      of an elongate substantially straight drive arm 320 which is formed of
      magnetic material, such as steel, and which, in this embodiment of the
      invention, is also of rectangular cross section although, if desired,
      other cross sectional configurations may be utilized. The drive arm 320
      extends longitudinally of the passageway 274 through an opening 322 in a
      bearing wall 324 carried by the body 272.
PAR  As shown in FIGS. 11, 12 and 13, a switch housing 326 is provided which may
      be formed of plastic or other suitable material having sufficient strength
      to withstand the forces exerted thereon. The switch housing 326 is mounted
      in the passageway 274 adjacent the end portion 276 of the tubular body
      272, suitable diametrically opposed openings, such as 327, being provided
      in the tubular body 272 to facilitate access to the switch housing. The
      switch housing 326 is secured to the tubular body 272, as by a screw 328
      and an integral lug 330, which pass through the outer wall of the tubular
      body, the screw 328 threadably engaging a nut, such as 333, embedded in
      the top wall 336 of the housing 326 while the lug 330 engages the outer
      surface of the tubular member 272. The housing 326 defines a chamber 338
      in which the reed switch 31 is mounted by any suitable means, such as an
      adhesive, adjacent the top wall 336 as shown in FIGS. 12 and 13. As
      previously mentioned, the reed switch 31 is comprised of the contacts 32
      and 33 which are carried by the reeds 140 and 142 hermetically sealed
      within the glass envelope 144. As shown in FIGS. 12 and 13, the drive arm
      320 passes through the chamber 338 of the housing 326 at a position near
      but below the reed switch 31, the longitudinal axis of the drive arm 320
      being disposed in vertical alignment with the longitudinal axis of the
      reed switch 31. The drive arm 320 is supported by bearing members, such as
      346 and 348, carried by the end walls 350 and 352, respectively, of the
      housing 326.
PAR  As shown in FIGS. 12 and 13, a magnet 354 is provided which is preferably
      formed of ceramic or other relatively non-corrosive material. In this
      embodiment of the invention, the magnet 354 is also of generally cubic
      configuration and defines an axially extending passageway 356, the minimum
      cross sectional dimensions of which are greater than the maximum
      corresponding cross sectional dimensions of the drive arm 320, and the
      magnet 354 is slideably mounted on the drive arm 320 and within the
      chamber 338 defined by the housing 326, at a position near but slightly
      spaced below the reed switch 31. As shown in FIGS. 12 and 13, the drive
      arm 320 passes through the magnet 354 with a loose sliding fit, the magnet
      354 being magnetically attracted to and magnetically gripping the drive
      arm 320, which, as previously mentioned, is formed of magnetic material
      such as steel. With such a construction, the magnet 354 magnetically
      clutches the drive arm 320 and moves longitudinally with the drive arm 320
      but the drive arm 320 is free to move through the magnet when the forces
      tending to move the drive arm through the magnet are greater than the
      magnetic attraction between the magnet 354 and the drive arm 320.
PAR  In this embodiment of the invention, a pair of adjustable stop elements 358
      and 360 are provided having abutment surfaces 362 and 364, respectively,
      disposed within the chamber 338 and adapted to engage abutment surfaces
      366 and 368, respectively, projecting from the magnet 354 to limit the
      longitudinal movement of the magnet. The stop elements 358 and 360 are
      carried by an adjusting member 369 which extends through the housing 326
      and threadably engages an internally threaded member 370 carried by the
      housing 326 thereby permitting manual adjustment of the relative positions
      of the abutment surfaces 362 and 364.
PAR  The magnet 354 also functions to open and close the contacts 32 and 33 of
      the reed switch 31, the reeds 140 and 142 of which are formed of magnetic
      material in the conventional manner. When the magnet 354 is disposed
      adjacent the right end of the reed switch 31 as illustrated in FIG. 12 and
      as schematically illustrated in FIG. 14, the contacts 32 and 33 are open.
      However, when the magnet 354 is disposed adjacent the left end of the reed
      switch 31 as schematically illustrated in FIG. 15, the magnet 354 causes
      the contacts 32 and 33 to close to complete an electrical circuit through
      the reed switch 31.
PAR  As shown in FIG. 11A, an adjusting lever 372 is provided which is fixed by
      any suitable means to the end of the drive arm 320 remote from the
      bimetallic actuating member 306, the lever 372 projecting through an
      opening 374 provided in the tubular body 272. With such a construction,
      the drive arm 320 may be easily moved longitudinally by manually pushing
      the lever 372 in the desired direction so as to position the magnet 354
      initially in proper relationship with respect to the reed switch 31 and
      open or close the contacts 32 and 33 as desired whereby the contacts are
      in step for proper operation of the system 10, as previously described.
PAR  In FIGS. 12 and 14, the control is illustrated in the "off" mode. When the
      thermostat 24 calls for heat, and assuming that the burner 34 ignites and
      that the combustion is satisfactory, the hot gases flowing through the
      furnace stack 92 heat the serpentine bimetallic actuating member 306 and
      the serpentine bimetallic actuating member 306 moves to the left, as
      illustrated in FIG. 15, and moves the drive arm 320 and the magnet 354 to
      the position illustrated in FIG. 15. When the magnet 354 reaches the
      position illustrated in FIG. 15, the magnet 354 closes the contacts 32 and
      33 of the reed switch 31 to complete an electrical circuit therethrough
      and turn off the safety switch 20. As the serpentine bimetallic actuating
      member 306 becomes hotter, the bimetallic actuating member 306 and the
      drive arm 320 continue to move to the left, as viewed in FIG. 15, but the
      magnet 354 remains against the abutment surface 364 to maintain the
      contacts 32 and 33 closed, the drive arm 320 declutching from and slipping
      through the magnet 354 since the forces tending to move the drive arm 320
      through the passageway 356 defined by the magnet 354 are greater than the
      magnetic attraction between the magnet 354 and the drive arm 320. The
      drive arm 320 is thus free to move longitudinally for any desired distance
      while the magnet 354 moves with the drive arm only between the limits set
      by the adjustable abutment surfaces 362 and 364.
PAR  Assuming that a flame failure occurs while the magnet 354 is disposed in
      the position illustrated in FIG. 15, the serpentine bimetallic actuating
      member 306 begins to cool and the actuating member 306 and the drive arm
      320 move to the right, as viewed in FIG. 14. The magnet 354 moves with the
      drive arm due to the magnetic attraction therebetween and when the magnet
      354 reaches the position illustrated in FIG. 14, the contacts 32 and 33
      open causing the safety switch 20 to energize as hereinbefore described.
      The movement of the magnet 354 to the right, as viewed in FIG. 14, is, of
      course, limited by the adjustable abutment surface 366 so that the magnet
      is maintained in the desired position for proper resetting. From the
      foregoing it will be appreciated that the magnet 354 also provides damping
      as well as clutching in addition to actuation of the reed switch 31.
PAR  From the foregoing description, it will be appreciated that the stack
      switch control assemblies 70 and/or 270 may be marketed in the form of a
      universal service kit which can be used to replace a worn out or defective
      stack switch control or a cadmium cell flame detector type primary
      control, or a stack switch type to cadmium cell flame detector type
      conversion may be made utilizing a conventional cadmium cell flame
      detector which may be mounted adjacent the furnace burner and electrically
      connected in the system 10 in the circuit occupied by the reed switch 31.
      When such a conversion is made, the components housed within the tubular
      members 72 or 272 may be removed and a dummy tube 72 or 272 mounted in the
      furnace stack in the manner previously described.
PAR  While preferred embodiments of the invention have been illustrated and
      described, it will be understood that various changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a stack control system for furnaces, the combination including burner
      control means adapted to be connected to a main line source of AC current,
      a low voltage control circuit including thermally activated, magnetically
      operated heat detection means, said heat detection means including a
      bimetallic actuating member movable in response to thermal changes, a reed
      switch, and magnetic means movable in response to movement of said
      actuating member and effective to actuate said reed switch, said magnetic
      means including a magnetic body defining an opening therethrough, a drive
      arm formed of magnetic material and extending through the opening defined
      by said magnetic body whereby said magnetic body is magnetically clutched
      to said drive arm, one end portion of said drive arm being fixed to said
      actuating member, stop means limiting movement of said magnetic body
      relative to said reed switch while permitting de-clutching of said
      magnetic body with respect to said drive arm and continued movement of
      said drive arm relative to said magnetic body, means in said low voltage
      control circuit including solid state means effective to actuate said
      burner control means, circuit interrupting means effective to interrupt
      the flow of current from said main line source of AC current, and means
      controlled by said heat detection means controlling the actuation of said
      circuit interrupting means.
NUM  2.
PAR  2. In a stack control system for furnaces, the combination including burner
      control means adapted to be connected to a furnace burner connected to a
      main line source of AC current, a low voltage control circuit including
      thermally actuated, magnetically operated heat detection means, said heat
      detection means including a bimetallic actuating member movable in
      response to thermal changes, a reed switch, and magnetic means movable in
      response to movement of said actuating member and effective to actuate
      said reed switch, said magnetic means including a magnetic body defining
      an opening therethrough, a drive arm formed of magnetic material and
      extending through the opening defined by said magnetic body whereby said
      magnetic body is magnetically clutched to said drive arm, one end portion
      of said drive arm being fixed to said actuating member, stop means
      limiting movement of said magnetic body relative to said reed switch while
      permitting de-clutching of said magnetic body with respect to said drive
      arm and continued movement of said drive arm relative to said magnetic
      body, means in said low voltage control circuit including solid state
      means effective to actuate said burner control means, circuit interrupting
      means controlled by said heat detection means and effective to control the
      flow of current from said main line source of AC current, and means
      interfacing between said low voltage control circuit and said burner
      control means.
NUM  3.
PAR  3. In a stack control system for furnaces, the combination including burner
      control means adapted to be connected to a main line source of AC current,
      a low voltage control circuit including thermally actuated, magnetically
      operated heat detection means, said heat detection means including an
      elongate tubular body defining an axially extending passageway, one end
      portion of said tubular body being adapted to project into a furnace
      stack, a bimetallic actuating member of sinuous configuration mounted in
      said passageway in said one end portion of said tubular body, said
      bimetallic actuating member being movable in response to changes in
      temperature, a reed switch mounted in said passageway at a position remote
      from said one end portion of said tubular body, magnetic means disposed
      adjacent said reed switch and movable in response to movement of said
      actuating member to actuate said reed switch, said magnetic means
      including a magnetic body defining an opening therethrough, a drive arm
      formed of magnetic material and extending through the opening defined by
      said magnetic body whereby said magnetic body is magnetically clutched to
      said drive arm, one end portion of said drive arm being fixed to said
      actuating member, means for manually moving said drive arm, stop means
      limiting movement of said magnetic body relative to said reed switch while
      permitting de-clutching of said magnetic body with respect to said drive
      arm and continued movement of said drive arm relative to said magnetic
      body, means in said low voltage control circuit including solid state
      means effective to actuate said burner control means, circuit interrupting
      means effective to interrupt the flow of current from said main line
      source of AC current, and means controlled by said heat detection means
      controlling the actuation of said circuit interrupting means.
NUM  4.
PAR  4. In a stack switch control assembly, the combination including an
      elongate tubular body defining an axially extending passageway, one end
      portion of said body being adapted to project into a furnace stack, a
      bimetallic actuating member mounted in said passageway in said one end
      portion of said body, said bimetallic actuating member being movable in
      response to changes in temperature in a furnace stack, a reed switch
      mounted in said passageway at a position remote from said one end portion
      of said body, magnetic means mounted in said passageway adjacent said reed
      switch and movable in response to movement of said actuating member to
      actuate said reed switch, said magnetic means including a magnetic body
      defining an opening therethrough, a drive arm formed of magnetic material
      and extending through the opening defined by said magnetic body whereby
      said magnetic body is magnetically clutched to said drive arm, one end
      portion of said drive arm being fixed to said actuating member, and stop
      means limiting movement of said magnetic body relative to said reed switch
      while permitting de-clutching of said magnetic body with respect to said
      drive arm and continued movement of said drive arm relative to said
      magnetic body.
NUM  5.
PAR  5. In a stack switch control assembly, the combination including an
      elongate tubular body defining an axially extending passageway, one end
      portion of said tubular body being adapted to project into a furnace
      stack, a junction box, resilient means releasably connecting the other end
      portion of said tubular body to said junction box, a bimetallic actuating
      member of sinuous configuration mounted in said passageway in said one end
      portion of said tubular body, said bimetallic actuating member being
      movable in response to changes in temperature in a furnace stack, a reed
      switch mounted in said passageway at a position remote from said one end
      portion of said body, magnetic means mounted in said passageway adjacent
      said reed switch and movable in response to movement of said actuating
      member to actuate said reed switch, said magnetic means including a
      magnetic body defining an opening therethrough, a drive arm formed of
      magnetic material and extending through the opening defined by said
      magnetic body whereby said magnetic body is magnetically clutched to said
      drive arm, one end portion of said drive arm being fixed to said actuating
      member, means for manually moving said drive arm, and stop means limiting
      movement of said magnetic body relative to said reed switch while
      permitting de-clutching of said magnetic body with respect to said drive
      arm and continued movement of said drive arm relative to said magnetic
      body.
NUM  6.
PAR  6. The combination as set forth in claim 5, said stop means engaging said
      magnetic body intermediate the ends thereof.
NUM  7.
PAR  7. The combination as set forth in claim 5, said means for manually moving
      said drive arm including a lever fixed to said drive arm and projecting
      radially outwardly from said tubular body.
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ABST
PAL  In a logic cell, a plurality of gates are serially connected and responsive
      to signals on a plurality of conductors to perform a particular logic
      function. The gates are responsive to subsystem clock signals which
      control the operation of the gates to delay the output of the logic cell.
      The cell includes at least one ratioless gate, and at least one ratioed
      gate. The ratioless gates provide high speed and reduced size, while the
      ratioed gates provide low noise characteristics. In combination, the
      ratioed gates, which provide strong output signals, make excellent drivers
      for the ratioless gates which are particularly adapted to accommodate
      complex logic networks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to MOS logic networks which use
      multi-phase clock circuits in ratioed and ratioless configurations.
PAR  2. Description of the Prior Art
PAR  MOS logic networks are basically of two types, static logic networks and
      dynamic logic networks. MOS static networks are similar to the type of
      logic networks employed in bipolar integrated circuits in that they do not
      rely upon inherent capacitances for the storage of charges. Rather, they
      include gates which are either conductive or nonconductive depending on
      the particular logic state.
PAR  The timing of MOS static logic networks is typically accomplished by
      shifting data with series coupling devices and dc flip-flops. Although
      such static logic circuits provide generally good noise immunity and rapid
      conversion to MOS-LSI with minimum redesign, they suffer from extremely
      high power requirements. Also, they generally require a larger number of
      devices per logic function and permit fewer logic functions per array.
PAR  Dynamic logic networks use multiphase clock signals in both ratioed and
      ratioless configurations. A fundamental characteristic of a dynamic logic
      network is that it uses load devices which are clocked on and off
      synchronously as a function of system or subsystem timing. Inherent
      capacitance is used for the temporary storage of charge to retain
      information in the logic networks. Dynamic logic networks consume less
      power and require less chip area per logic function than do the static
      logic networks. In addition, the delay function can be mechanized with few
      devices and system timing problems can also be simplified.
PAR  Two schemes of dynamic logic dominate in custom circuit design. These
      schemes are a two-phase ratioed logic scheme and a four-phase ratioless
      logic scheme. The number of phases in a particular scheme connotes the
      number of logic levels which can be implemented in a single bit time.
PAR  In ratioed logic schemes generally, when both the load and input devices
      are conducting, there is a dc current path from the power or clock supply
      to ground. This provides the high power dissipation properties which are
      characteristic of these rotioed circuits. Also, larger device geometries
      are needed to implement a given logic function than with the ratioless
      schemes. Furthermore, the number of series logic gates which can be
      reasonably accommodated is restricted by an impedance ratio requirement
      wherein the impedance of the load device is preferably at least 20 times
      the total impedance of all the series input devices. Although the
      two-phase rotioed logic networks are slower, they are generally preferred
      since they provide for simple noise analysis. Also, they are much less
      complex than typical four-phase networks since they use two clocks instead
      of four clocks.
PAR  If noise can be analyzed properly, it is generally felt that the four-phase
      ratioless logic scheme provides a better logic network than does the
      two-phase ratioed logic scheme. Since there are no ratio requirements to
      be met, the circuits can be formed from generally smaller unit sized
      transistors. Also, power consumption is significantly reduced in spite of
      the fact that the four clocks in the four-phase ratioless scheme draw more
      dynamic current than the two clocks in the two-phase ratioed scheme.
      However, in the four-phase ratioless logic network, noise can be critical
      and noise analysis can be quite difficult.
PAR  The four-phase schemes typically include logic gate types which are
      connected in series or parallel to form logic cells or networks. Each of
      the gate types in the series typically drives one or more of the other
      gate types in the same cell or even another cell. The use of ratioless
      gate types in such a network has caused several problems that are of
      particular interest to the present invention.
PAR  One such problem will be referred to herein as a capacitance sharing
      problem. In some four-phase ratioless logic networks and all two-phase
      ratioless logic networks, there is a sharing of capacitance charge between
      the output node and the internal node during the evaluation mode.
PAR  If the inherent capacitances associated with the output and internal nodes
      are substantially equal, the charge on the output node will be reduced to
      approximately one-half the charge initially provided by a particular gate
      type. Since the logic value of the gate is dependent upon the charge on
      the output node, any noise associated with a subsequent gate may further
      reduce the charge on the output node and result in an erroneous evaluation
      of the logic state of the gate.
PAR  Another problem associated with the ratioless logic schemes is commonly
      referred to as a negative noise problem. If a particular gate type in the
      cell or network is driven by the preceding gate type and the precharge on
      the particular gate type is high or true, a large amount of inherent
      capacitance coupling will pull the output of the preceding gate type
      negative as the output of the particular gate type logically changes to
      low or false.
PAR  Another more serious problem associated with most 4-stage ratioless schemes
      is positive noise. If a particular gate is driven by a preceding gate in
      the network and the particular gate is precharged low or false, a
      significant amount of inherent capacitance coupling will pull the output
      of the preceding gate positive as the output of the particular gate is
      charged positive or true. Since most MOS FET processes provide less of a
      safety margin against positive noise than against negative noise, this can
      be a particularly serious problem.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, at least one ratioless gate type
      and at least one ratioed gate type are provided in a four phase-two clock
      scheme. In this scheme there is no capacitance sharing problem such as
      that experienced in the two and four phase ratioless scheme of the prior
      art. Furhermore, the ratioless gate types permit logic complexity not
      available in the ratioed logic schemes. Also, there is a significant power
      savings over the two-phase ratioed scheme. Of course the use of two clocks
      rather than four considerably simplifies clock overlap problems and
      provides a significant savings in chip area. Speed is significantly
      greater than in the two-phase ratioed scheme and all complex logic can be
      performed in the low power ratioless gate types. Noise in the present
      scheme is held at a minimum, and the ratioless gates which are more
      susceptible to noise, experience only the less serious negative type of
      noise.
PAR  One advantage of particular importance to the present invention is the
      provision of a ratioed gate type for driving a ratioless gate type. The
      ratioed gate type does not suffer from the capacitance sharing problem so
      its charge provides an output signal of high magnitude. Such a signal is
      particularly desirable at the output of any gate which is used to drive
      another gate. The negative noise problem associated with the ratioless
      gate is less of a problem when the driving gate type provides a strong
      output signal.
PAR  The present invention also includes the combination of a ratioed gate type
      driven by a ratioless gate type. Even though many of the ratioless gate
      types suffer from the capacitance sharing problem, in the present
      invention there is no negative noise problem associated with the following
      ratioed gate type. In the absence of the negative noise, the lesser output
      signal of the ratioless gate type can be accurately evaluated.
      Additionally, the particularly complex logic employing several series
      logic transistors can be accommodated in the ratioless gate types which do
      not suffer from the impedance ratio problem of the ratioed gate types.
PAR  Due primarily to the presence of the ratioless gate types in the logic
      cells of the present invention, there is a significant power savings and
      an increase in speed over the two-phase ratioed scheme of the prior art.
PAR  These and other features and advantages of the present invention will
      become more apparent with a description of preferred embodiments taken in
      conjunction with the associated drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a logic cell responsive to a subsystem clock
      and a plurality of signals to perform a particular logic function;
PAR  FIG. 1A illustrates a plurality of clock signals which can be provided by
      the subsystem clock illustrated in FIG. 1;
PAR  FIG. 2 is a block diagram of a particular logic cell representative of an
      impedance ratio problem associated with the prior art;
PAR  FIG. 3 is a block diagram of another logic cell representative of a
      capacitance sharing problem and a noise problem associated with the prior
      art;
PAR  FIG. 4 illustrates a pair of the subsystem clock signals and a pair of wave
      forms showing the capacitance sharing problem characteristic of some of
      the logic cells of the prior art;
PAR  FIG. 5 is a block diagram of a logic cell of the present invention;
PAR  FIG. 6 is a compatibility chart for the cell illustrated in FIG. 5;
PAR  FIG. 7 is a further embodiment of the logic cell of the present invention;
      and
PAR  FIG. 8 is a compatibility chart for the logic cell illustrated in FIG. 7.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention is concerned primarily with networks or cells which
      are used in a system to perform various logic functions. One such logic
      cell is shown in block diagram form in FIG. 1 and designated by reference
      number 11. Such a system including the cell 11 will typically have a
      plurality of conductors 13 which may form a bus in the system. A network
      14, which may actually form a portion of the logic associated with the
      cell 11, is provided to sample the signals on the conductors 13 and to
      introduce the signals to the logic cell 11. These signals may include a
      system clock signal (Clk), a signal A, a signal B, and a signal C, as
      illustrated in FIG. 1. In response to these signals, the logic cell 11
      provides an output signal having known logic characteristics, for example
      A=B.sup.. C+A.sup.. C. This output signal is typically introduced on an
      output conductor 16 to one of the conductors 13 to alter the
      characteristics of one of the signals, such as the signal A.
PAR  Typically the logic cell 11 will also perform a delay function so that the
      output signal of the cell 11 is provided only after a number of clock
      periods have elapsed since the introduction of the signals to the cell 11.
      This delay function results primarily from control of the logic cell 11 by
      at least one subsystem clock 15.
PAR  In the most complex logic schemes, the subsystem clock 15 will divide the
      system clock signal (Clk) to provide four clock signals such as those
      illustrated generally at 18 in FIG. 1A. Each of these subsystem clock
      signals 18 will typically have pulses 19 occurring at the same frequency
      in each of the signals 18 but in differing phase relationships. These
      phase relationships give rise to the common designation of the subsystem
      clock signals as .phi..sub.1, .phi..sub.2, .phi.3 and .phi..sub.4. This
      common designation will be used herein not only to reference the
      respective subsystem clock signals 18 but also to designate the times
      associated with the pulses 19 in the respective signals 18. For example,
      the time during which a pulse occurs in the subsystem clock signal
      .phi..sub.2 will be referred to as the time .phi..sub.2.
PAR  To best illustrate the advantages of the logic cell 11 of the present
      invention, it will be helpful to discuss the problems associated with
      typical cells which are presently being used in custom circuit design. One
      cell of the prior art which uses a logic scheme commonly referred to as
      two-phase ratioed logic is illustrated in FIG. 2.
PAR  The logic cell 11 will typically include at least one logic stage such as
      the stages designated Stage 1 and Stage 2 in FIG. 2. Each of the stages
      includes a circuit, commonly referred to as a gate 20, which performs a
      known logic function in accordance with variable circuit parameters. The
      gate 20 typically includes a logic branch 21 including a load transistor
      23 connected in series with a logic block 25. In ratioed logic schemes the
      logic branch 21 of the gate 20 is commonly connected between a power
      supply V.sub.DD and a reference potential such as ground 27.
PAR  The gate 20 also typically includes an output branch 29 which is connected
      to a terminal 31 which is common to both the transistor 23 and the block
      25. In a ratioed logic scheme, such as that illustrated in FIG. 2, the
      output branch 29 will commonly include an output transistor 33. Both the
      load transistor 23 and the output transistor 33 may be enabled by one of
      the subsystem clock signals such as the signal .phi..sub.1. The logic
      block 25 will typically include a plurality of logic transistors 36 which
      may be connected in a series relationship as shown in Stage 1 of FIG. 2.
PAR  A characteristic of ratioed circuits is that when both the load transistor
      23 and the logic transistors 25 are conducting, there is a dc current path
      from the source or operating potential V.sub.DD to ground 27. Proper
      operation of a ratioed logic gate depends on the ratio of the onimpedance
      of the load transistor 23 to the combined onimpedances of the logic
      transistors 36. Typically the impedance of the load transistor 23 must be
      at least twenty times as great as the combined impedances of the logic
      transistors 36. If this impedance ratio is not maintained, a low voltage
      signal at the terminal 31 may be raised to indicate an erroneous true
      logic state. The importance of this impedance ratio is emphasized by the
      common designation of this type of gate as a ratioed gate.
PAR  Operation of the two-phase ratioed cell illustrated in FIG. 2 proceeds in
      the following manner. At the time .phi..sub.1, the subsystem clock signal
      .phi..sub.1 will enable the load transistor 23. Depending upon the state
      of the logic transistors 36 in the block 25, this will provide a signal on
      the terminal 31 of either substantially V.sub.DD or substantially ground.
      Thus, if the logic transistors 36 are conductive, the terminal 31 will be
      maintained at a potential of substantially ground. However, if the
      transistors 36 are nonconductive, the terminal 31 will be isolated from
      the ground 27 and will therefore have a potential of substantially
      V.sub.DD. It can now be seen that the logic branch 21 in Stage 1 of FIG. 2
      functions much as a voltage divider. Therefore, in order to provide the
      terminal 31 with a low logic state, the voltage drop to ground 27 must be
      significantly less than the voltage drop to the power source V.sub.DD.
PAR  The signal .phi..sub.1 can also be used to enable the output transistor 33
      so that the signal on the terminal 31 is immediately introduced to an
      output terminal 35. The output signal, with characteristics dependent upon
      the state of the logic in the block 25, will drift at the output terminal
      35 after the time .phi..sub.1. The output signal on the terminal 35 is
      typically used to control the logic in the logic block of the following
      stage, such as Stage 2.
PAR  At the time .phi..sub.2, the load transistor and the output transistor in
      Stage 2 can be enabled. The logic in the logic block of Stage 2 is set in
      accordance with the signal on the output terminal 35 of the gate 20 in
      Stage 1. In the manner previously discussed, Stage 2 develops an
      additional logic signal which is introduced on the conductor 16 at the
      output of the logic cell 11.
PAR  The gates in the various stages of cell 11 are sometimes referred to with
      reference to the particular phase during which the associated gate is in
      the evaluation mode. Ratioed gates are further designated with a lower
      case r. Thus the gate illustrated in Stage 1 of FIG. 2 might be referred
      to as a type 1r gate while the gate illustrated in Stage 2 of FIG. 2 might
      be referred to as a type 2r gate.
PAR  Another cell of the prior art is that illustrated in FIG. 3 and commonly
      referred to as a four phase-two clock ratioless cell. Although the number
      of stages is typically indicative of the number of subsystem clocks used,
      it will be noted in this four stage cell 11 that only two clock signals
      .phi..sub.2 and .phi..sub.4 are used.
PAR  With reference to Stage 2 of FIG. 3 it will be noted that many of the
      characteristics of the ratioless gates are similar to those of the ratioed
      gates illustrated in FIG. 2. For this reason elements which perform
      similar functions will be designated with the same reference numeral,
      followed by a lower case letter. Thus, the cell 11 in FIG. 3 includes a
      pair of gates 20a and 20b in Stages 2 and 3 respectively. The gate 20a
      includes an output branch 29a and a logic branch 21a including a
      transistor 23a connected in series with a logic block 25a.
PAR  The logic branch 21a differs from the logic branch 21 in FIG. 2 in several
      important respects. The branch 21a is responsive to the subsystem clock
      signal .phi..sub.4 rather than the source of operating potential V.sub.DD.
      Also, the transistor 23a is enabled by the clock signal .phi..sub.4. As a
      point of further distinction, it will be noted that the logic branch 21a
      includes an isolation transistor 37 which is connected between the block
      25a and the reference potential such as ground 27a. The isolation
      transistor 37 is enabled by the clock signal .phi..sub.2.
PAR  These differences are of particular importance to the ratioless gates such
      as those illustrated in FIG. 3. For example, it will be noted that since
      the transisor 23a is enabled by the clock signal .phi..sub.4 and since the
      isolation transistor 37 is enabled by the clock signal .phi..sub.2, there
      is never a direct current path through the transistor 23a and the logic
      block 25a. For this reason the ratioless gates consume considerably less
      power than do the ratioed gates.
PAR  The gates 20a and 20b in the stages of FIG. 3. do not rely upon the
      maintenance of an impedance ratio between the transistor 23a and the logic
      transistors in the block 25a. This feature gives rise to the designation
      of this type of gate as a ratioless gate. Whereas the ratioed gates 20 use
      the voltage divider principle to produce a logic level, the ratioless
      gates 20a and 20b employ a conditional capacitor discharge to provide the
      desired logic state. This enables the use of relatively small transistors
      in the logic branch 21a and additionally permits more logic to be placed
      in a given chip area. Since there are no impedance restrictions associated
      with the logic block 25a, the ratioless gates can accommodate particularly
      complex logic networks.
PAR  The output branch 29a illustrated in Stage 2 of FIG. 3 is connected to an
      internal terminal 31a which is common to the transistor 23a and the logic
      block 25a. The output branch 29a also includes an output terminal 35a and
      an output transistor 33a which is disposed between the terminals 31a and
      35a. In this particular embodiment, the output transistor 33a is activated
      by the clock signal .phi..sub.2. Capacitances which are inherent in the
      gate 20a at the terminals 31a and 35a are illustrated by the dotted
      capacitors 39 and 41 respectively.
PAR  Ratioless gates such as the gates 20a and 20b typically have three
      sequential modes of operation:
PAR  precharge -- the internal terminal 31a of the gate is charged;
PAR  evaluate -- the capacitance of the internal terminal 31a is conditionally
      discharged as a function of the logic in the logic block 25a; and
PAR  hold -- the gate holds the charge resulting from the evaluation mode.
PAR  These modes of operation can best be understood with a discussion of the
      typical operation of the gate illustrated in Stage 2 of FIG. 3. At the
      time .phi..sub.4, the clock signal .phi..sub.4 activates the transistor
      23a to enable the precharging of the capacitor 39 associated with the
      internal terminal 31a. At the time .phi..sub.2, the isolation transistor
      37 is enabled to provide a conduction path from the internal terminal 31a,
      through the logic block 25a, to ground 27a. At this time, .phi..sub.2, the
      logic in the block 25a evaluates the state of the previous logic stage, in
      this case Stage 1. If the logic in the block 25a provides a closed circuit
      path to ground 27a, the precharged signal on the terminal 31a will be
      reduced to a low logic state.
PAR  Also at the time .phi..sub.2, the output transistor 33a is enabled so that
      the charge on the capacitor 39 is shared with the capacitor 41. It is this
      charge on the capacitor 41 which is held on the output terminal 35a during
      the hold mode of the gate 20a.
PAR  The sharing of the charge between the capacitor 39 and the capacitor 41 is
      a considerable problem to this type of ratioless gate. This capacitance
      sharing problem can be better understood with reference to FIG. 4 which
      illustrates a pair of signals 38 and 40 indicative of the charge on the
      capacitors 39 and 41 respectively at the times associated with the clock
      signals .phi..sub.2 and .phi..sub.4. At the time .phi..sub.4, the
      capacitor 39 is precharged to a level dependent upon the magnitude of the
      pulse in the clock signal .phi..sub.4. This precharge is illustrated by
      the vertical line 42. At this time a charge does not occur on the
      capacitor 41 due to the isolation provided by the output transistor 33a.
      After the time .phi..sub.4, the charge on the capacitor 39 drifts as shown
      by the substantially horizontal line 43.
PAR  When the clocking pulse appears in the signal .phi..sub.2, the output
      transistor 33a is enabled to permit the charges on the capacitor 39 to be
      shared with the capacitor 41. If the capacitance values of the capacitors
      39 and 41 are substantially equal, the charge on the capacitor 39 will be
      reduced to approximately V.sub.DD /2 and the charge on the capacitor 41
      will be increased to substantially V.sub.DD /2. Of course the degree of
      charge shared will depend upon the values of the capacitors 39 and 41
      which will vary in different embodiments of the invention. It is the
      charge on the capacitor 41 which appears on the output terminal 35a and
      which is evaluated by the gate in the following stage. It can be
      appreciated that an output signal of approximately half strength is more
      susceptible to noise and is therefore less effective in driving the
      following stage. Ratioless gates of the type illustrated in Stages 1 and 3
      of FIG. 3 do not include output transistors, such as the transistor 33a,
      and therefore do not suffer from the capacitance sharing problem.
PAR  Stage 3 of FIG. 3 is illustrated to include a transistor 23b connected in
      series with a logic block 25b. A terminal 31b common to the transistor 23b
      and the logic block 25b provides the output terminal of this particular
      gate. The terminal 31b is initially precharged by the clock signal
      .phi..sub.2 which is enabled through the transistor 23b by the same clock
      signal .phi..sub.2. In this particular gate 20b the logic block 25b is
      terminated at the same clock signal .phi..sub.2. Since both the transistor
      23b and the logic block 25b conduct to the same clock .phi..sub.2 there is
      never a dc current path from the clock supply .phi..sub.2 to ground and
      the gate 20b is therefore a ratioless gate.
PAR  The logic block 25b is this stage is illustrated to include a single logic
      transistor 36b. Although there may be many transistors in a single logic
      block, the single transistor 36b is sufficient to illustrate the type of
      inherent capacitances which may be associated with a logic transistor.
      These inherent capacitances typically include a source-to-gate capacitance
      51, a channel-to-gate capacitance 53, and a drain-to-gate capacitance 55.
PAR  Noise can be a particular problem in ratioless gates if the precharge on
      the internal terminal 31b is discharged through the logic transistor 36b.
      This can result in an erroneous evaluation of the charge on the output
      terminal 35a of the preceding gate 20a.
PAR  When the gate 20b in Stage 3 is in the evaluation mode, during the time
      .phi..sub.3, the precharge on the terminal 31b may be passing through the
      logic block 25b depending upon the state of the logic transistor 36b. If
      the clock signal .phi..sub.2 includes positive pulses, the terminal 31b
      will be precharged to a positive level and when .phi..sub.2 falls to a
      ground potential, this positive charge may flow to the ground potential
      through the transistor 36b. This negative going transition will produce
      negative noise due to the presence of the inherent capacitances 51, 53 and
      55. This negative noise may further depress the charge on the output
      terminal 35a of the gate 20a in Stage 2. The effect of this negative noise
      is illustrated in FIG. 4 by the line 63.
PAR  In another implementation, the logic in a particular network may have
      served to discharge the internal terminal 31b of a particular gate. At the
      time when the pulse in the timing signal .phi..sub.2 begins, the clock
      signal .phi..sub.2 will become positive and will result in a positive
      charging of the terminal 31b through the logic transistor, such as
      transistor 36b. This will result in positive noise due to the presence of
      the inherent capacitance associated with the logic transistor 36b. If the
      logic state of the output terminal 35a is a logic ZERO, this positive
      noise may raise the signal level so that it is evaluated as a logic ONE.
      This erroneous logic state caused by positive noise would result in the
      erroneous enabling of the logic transistor 36b in a particular gate. Since
      an erroneous state can be produced by a lesser quantity of positive noise
      than negative noise, the positive noise is usually of greater concern.
PAR  FIG. 5 illustrates a preferred embodiment of the cell 11 of the present
      invention. This cell 11 includes at least one ratioless gate, such as the
      gates 65 and 67 and at least one ratioed gate such as the gates 69 and 71.
      In this particular cell 11, the ratioless gate 65 in Stage 1 is responsive
      to the clock signal .phi..sub.4 to enable the precharging of an output
      terminal 73 through a transistor 75. The output terminal 73 is connected
      through a logic block 77 to the clock signal .phi..sub.4. When the clock
      signal .phi..sub.4 achieves a ground potential, the precharge on the
      output terminal 73 may be discharged depending upon the state of the logic
      in the block 77. The resulting signal on the output terminal 73 is then
      held for evaluation by the gate 69 in Stage 2.
PAR  The gate 69 is a ratioed gate responsive to a power supply, V.sub.DD, and
      also to the clock signal .phi..sub.2. A logic block 79 is connected in
      series with a load transistor 81 between the power supply V.sub.DD and a
      reference potential, such as ground 83. At the time .phi..sub.2, both the
      load transistor 81 and an output transistor 85 are enabled by the clock
      signal .phi..sub.2. Depending upon the state of the logic in the block 79,
      which in turn may be dependent upon the charge on the output terminal 73
      of the gate 65, a signal is produced by the gate 69 and immediately
      introduced to an output terminal 87. The signal on the output terminal 87
      is then held for evaluation by the gate 67 in Stage 3.
PAR  The ratioless gate 67 is similar to the gate 65 in Stage 1 in that it
      includes a load transistor 89 and a logic block 91. The gate 67 is
      different than the gate 65 in that it is responsive to the clock signal
      .phi..sub.2 to precharge an output terminal 93. During the time
      .phi..sub.3 when the clock signal .phi..sub.2 is at ground potential, the
      charge on the output terminal 93 may be discharged through the block 91
      depending upon the state of the logic in the block 91 which in turn may be
      dependent upon the charge on the output terminal 87 of the gate 69. The
      resulting charge on the output terminal 93 is held for evaluation by the
      gate 71 in Stage 4.
PAR  The gate 71 is similar to the gate 69 in that it includes a load transistor
      95 and a logic block 97 connected in series between the power supply
      V.sub.DD and the reference potential such as ground 83. The gate 71 also
      includes an output transistor 99. At the time .phi..sub.4, the load
      transistor 95 and the output transistor 99 are both enabled, and depending
      upon the state of the logic in the block 97 an output terminal 101 is
      charged to provide the output signal of the cell 11.
PAR  In this particular embodiment it will be noted that the ratioless gates 65
      and 67 are of the type which do not include an output transistor such as
      the transistor 33a in Stage 2 of FIG. 3. These gates 65 and 67 therefore
      do not suffer from the capacitance sharing problem discussed with
      reference to FIG. 3. Nonetheless, the ratioless gates 65 and 67 provide
      the cell 11 of this invention with the advantages of speed and small size.
      Furthermore, the logic blocks 77 and 91 can include very complex logic
      structures since the ratioless gates do not depend upon impedance ratios
      to produce a logic signal.
PAR  The ratioed gates 69 and 71 also provide the cell 11 of this invention with
      particularly desirable characteristics. Even though these gates 69 and 71
      have output transistors 85 and 99 respectively, there is no sharing of
      capacitor charge such as that noted with reference to the ratioless gate
      20a in Stage 2 of FIG. 3. Thus the signal on the output terminals 87 and
      101 are substantially equal in magnitude to the power supply voltage,
      V.sub.DD. This provides a strong output signal which is particularly
      desirable for driving subsequent stages in the same cell 11 or the stages
      of other cells in the logic network.
PAR  A strong output signal, such as that provided by the ratioed gate 69, is of
      particular advantage when it is used to drive a ratioless gate, such as
      the gate 67. The negative noise discussed with reference to Stage 3 of
      FIG. 3 which is typical of some ratioless gates is of less significance
      when the preceding stage provides a strong output signal. Furthermore, in
      this particular embodiment of the cell 11, this noise is of the negative
      type which is less detrimetnal than noise of the positive type for the
      reasons previously discussed.
PAR  Any gate in a hold mode can be used to drive another gate which is
      simultaneously in an evaluate mode. FIG. 6 illustrates a compatibility
      chart wherein the encircled numbers correspond to the gate types shown in
      the block diagram of FIG. 5. The arrows in FIG. 6 indicate which gates can
      be used to drive other gates in the cell 11. For example, the gate type 1
      can be used to drive only the gate type 2r as shown by the arrow 101.
      Similarly, the gate type 3 can be used to drive only the gate type 4r as
      shown by the arrow 103. The remaining gates, type 2r and 4r are commonly
      referred to as major gates, since they can be used to drive at least two
      of the other gates in the cell 11. For example, the gate type 2r can be
      used to drive the gate type 3 and the gate type 4r as shown by the arrows
      105 and 107, respectively. Similarly, the gate type 4r can be used to
      drive the gate type 1 as shown by the arrow 109 and the gate type 2r as
      shown by the arrow 111.
PAR  This compatibility of major and minor gate types can be of particular
      advantage as further illustrated in the embodiment of FIG. 7. In this
      embodiment, the cell 11 includes the gates designated by the reference
      numerals 20c, 20d, 20e, and 20f, in the respective Stages 1 through 4. It
      will be noted that in this embodiment the gates 20c, 20d, and 20e are
      ratioless gates while the gate 20f is a type 4r ratioed gate.
PAR  FIG. 8 illustrates the compatibility chart for the cell 11 as shown in FIG.
      7. It will be noted that the gate type 2 and the gate type 4r are the
      major gates in this particular embodiment. In other words, the gate type 2
      can be used to drive either the gate type 3 or the gate type 4r as shown
      by the arrows 113 and 115, respectively. Similarly, the gate type 4r can
      be used to drive not only the gate type 1 but also the gate type 2 as
      shown by the arrows 117 and 119, respectively.
PAR  Referring again to FIG. 7, it will be noted that the cells 20c, 20d, 20e,
      and 20f can be connected so that the minor cells, type 3 and type 1, can
      be bypassed. Thus the input to the cell 11 which is substantially the
      output of Stage 4 can be connected through a conductor 121 to drive Stage
      2. Similarly, the output of the gate 20d in Stage 2 can be connected
      through a conductor 123 to drive the gate 20f in Stage 4. With the minor
      gates bypassed, the cell in FIG. 7 will operate by following the lines 115
      and 117 in the compatibility chart illustrated in FIG. 8.
PAR  If the logic is sufficiently complex that additional gates are needed, the
      conductors 121 and 123 may be eliminated and the gates in the Stages 1
      through 4 can be sequentially connected. The input to the cell 11 can be
      used to drive Stage 1 as shown by the line 125, and the output of Stage 1
      can be used to drive Stage 2 as shown by the dotted line 127. The output
      of Stage 2 can be used to drive Stage 3 as shown by the dotted line 129
      and the output of Stage 3 can be used to drive Stage 4 as shown by the
      dotted line 131.
PAR  In the embodiment of FIG. 7, the only ratioed gate is the gate 20f provided
      in the final stage. This placement of the ratioed gate is desirable since
      it provides the cell 11 with a particularly strong output signal. The
      advantages associated with speed, size and logic complexity are retained
      in the initial stages with the provision of ratioless gates 20c, 20d and
      20e. As far as compatibility is concerned, a single ratioed gate could
      function with equal advantage in any of the Stages 1, 2 and 3.
PAR  There are several advantages associated with the combination of ratioless
      and ratioed gate types in a single cell 11. Where a ratioed gate is used
      to drive a ratioless gate, such as in Stages 2 and 3 of FIG. 5, the strong
      output signal provided by the ratioed gate is of particular advantage for
      driving the following stage. This strong output signal is less susceptible
      to the noise problems typically associated with the ratioless gates. The
      most complex logic structures in the cell 11 can be grouped in those logic
      blocks associated with the ratioless gates, since these gates do not
      suffer from the impedance ratio requirements of the ratioed gates.
PAR  Where a ratioless gate is used to drive a ratioed gate, such as in the
      Stages 1 and 2 of FIG. 5, there are also significant advantages. Even
      though the ratioless gates may provide output signals of reduced strength,
      due to the capacitance sharing problem, the following ratioed gates do not
      provide for capacitor discharge through the logic block during the
      evaluation mode. For this reason noise is less of a problem in the ratioed
      gate and the output signal of reduced strength from the ratioless gate is
      of less concern.
PAR  Although the invention has been described with reference to specific
      embodiments and cells including combinations of particular types of gates,
      it will be understood by those skilled in the art that other combinations
      of ratioed and ratioless gates can provide many of the advantages
      associated with the present invention. Additionally, in a single logic
      network, there may be many logic cells each having one or more stages
      performing a logic function. Although a particular stage may be driven by
      the preceding stage in the associated cell, it may also be driven by a
      stage associated with another cell of the network. Furthermore, although
      in the embodiments described, the transistors have been asssumed to
      contain n-channel material so that the positive state corresponds to a
      logic ONE, it will be understood by those skilled in the art that the
      invention can also be embodied using transistors formed from p-channel
      material in which case a negative state corresponds to the logic ONE. This
      calls for a simple reversal of polarity of charge and voltage. For this
      reason, the scope of the invention should be ascertained only with
      reference to the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A logic cell comprising:
PA1  first and second ratioed gates, each of said ratioed gates including a
      logic block and an impedance means coupled to the logic block, each of
      said logic blocks being coupled to a reference potential whereby the
      impedance means and the logic block can serve as a voltage divider and the
      state of the logic block affects the potential at a location between the
      impedance means and the logic block;
PA1  each of said first and second ratioed gates including an output switch
      coupled to said location of the associated ratioed gate to form a junction
      at said location;
PA1  a ratioless gate including a logic block, a switch coupled to the logic
      block, and a location between the switch and the logic block;
PA1  means for coupling the output switch of the first ratioed gate to an input
      of the logic block of the ratioless gate;
PA1  means for coupling said location of the ratioless gate to an input of the
      logic block of said second ratioed gate to form a junction at said
      location of the ratioless gate;
PA1  means for providing first and second clock signals with each of said clock
      signals having a predetermined phase relationship relative to the other;
PA1  said output switch of said first ratioed gate including means responsive to
      the first clock signal to control the output switch of said first ratioed
      gate;
PA1  said output switch of said second ratioed gate including means responsive
      to the second clock signal to control the output switch of the second
      ratioed gate; and
PA1  said switch of said ratioless gate including means responsive to the first
      clock signal to control said switch of said ratioless gate.
NUM  2.
PAR  2. A logic cell as defined in claim 1 wherein said ratioless gate is a
      first ratioless gate, said logic cell including a second ratioless gate
      and means for coupling the second ratioless gate to an input of the logic
      block of the first ratioed gate whereby the second ratioless gate provides
      an input signal to the first ratioed gate.
NUM  3.
PAR  3. A logic cell as defined in claim 2 wherein said second ratioless gate
      includes a logic block and a switch coupled to the logic block, said
      switch of said second ratioless gate including means responsive to the
      second clock signal to control said switch of said second ratioless gate.
NUM  4.
PAR  4. A logic cell as defined in claim 1 including means for coupling the side
      of said logic block of said ratioless gate remote from the junction of
      said first ratioless gate to receive said first clock signal.
NUM  5.
PAR  5. A logic cell comprising:
PA1  a plurality of gates coupled so that the output of one of the gates
      provides an input signal for another of the gates;
PA1  said plurality of gates including first and second ratioless gates, each of
      said first and second ratioless gates including a logic block, a switch
      coupled to the logic block, and a location between the switch and the
      logic block;
PA1  said plurality of gates including a ratioed gate, said ratioed gate
      including a logic block, impedance means coupled to the logic block, and a
      location between the impedance and the logic block, said logic block of
      said ratioed gate being adapted to be coupled to a reference potential
      whereby the impedance means and the logic block of the ratioed gate serve
      as a voltage divider and the state of the logic block of the ratioed gate
      affects the potential at said location of said ratioed gate;
PA1  said ratioed gate including an output switch coupled to said location of
      said ratioed gate to form a junction at said location of the ratioed gate;
PA1  means for coupling the location of said first ratioless gate to an input of
      the logic block of said ratioed gate to form a junction at said location
      of the first ratioless gate;
PA1  means for coupling the output switch of said ratioed gate to an input of
      the logic block of said second ratioless gate;
PA1  clock means for providing first and second clock signals with each of said
      clock signals having a predetermined phase relationship relative to the
      other;
PA1  means for coupling said clock means to said switch of said first ratioless
      gate so that the first clock signal can control said switch of said first
      ratioless gate;
PA1  means for coupling said clock means to the output switch of said ratioed
      gate whereby the second clock signal can control said output switch of
      said ratioed gate; and
PA1  means for coupling said clock means to the switch of said second ratioless
      gate whereby one of said first and second clock signals can control the
      switch of said second ratioless gate.
NUM  6.
PAR  6. A logic cell as defined in claim 5 wherein said one clock signal is said
      second clock signal.
NUM  7.
PAR  7. A logic cell as defined in claim 6 including means for coupling the side
      of said logic block of said first ratioless gate remote from the junction
      of said first ratioless gate to said clock means to receive said first
      clock signal.
NUM  8.
PAR  8. A logic cell comprising:
PA1  a first ratioless gate including a logic block, a switch coupled to the
      logic block, and a location between the switch and the logic block;
PA1  a ratioed gate including a logic block, impedance means coupled to the
      logic block, and a location between the impedance means and the logic
      block, said logic block of said ratioed gate being adapted to be coupled
      to a reference potential whereby the impedance means and the logic block
      of said ratioed gate can serve as a voltage divider and the state of the
      logic block of the ratioed gate affects the potential at said location of
      the ratioed gate;
PA1  each of said first ratioless gate and said ratioed gate including an output
      switch coupled to the location of the associated gate to form a junction
      at said location of the associated gate;
PA1  means for coupling the output switch of said first ratioless gate to an
      input of the logic block of said ratioed gate;
PA1  means for coupling the output switch of the ratioed gate to an input of the
      logic block of said first ratioless gate;
PA1  clock means for providing first and second clock signals with each of said
      clock signals having a predetermined phase relationship relative to the
      other;
PA1  means for coupling the output switch of said first ratioless gate to said
      clock means so that the first clock signal can control said output switch
      of said first ratioless gate; and
PA1  means for coupling the output switch of said ratioed gate to said clock
      means so that the second clock signal can control the output switch of
      said ratioed gate.
NUM  9.
PAR  9. A logic cell as defined in claim 8 wherein said first ratioless gate
      includes a branch between the logic block thereof and a reference
      potential, said branch including a first switch, and means for coupling
      said first switch to said clock means so that the first clock signal can
      control the state of said first switch.
NUM  10.
PAR  10. A logic cell as defined in claim 8 wherein said means for coupling the
      junction of the first ratioless gate to the logic block of said ratioed
      gate includes a second ratioless gate.
NUM  11.
PAR  11. A logic cell as defined in claim 8 wherein said means for coupling the
      junction of said ratioed gate to the logic block of said first ratioless
      gate includes a second ratioless gate.
NUM  12.
PAR  12. A logic cell comprising:
PA1  a plurality of gates;
PA1  first means for coupling said gates together;
PA1  said plurality of gates including first and second ratioless gates, each of
      said first and second ratioless gates including a logic block, a first
      switch coupled to the logic block, and a location between the first switch
      and the logic block;
PA1  said first means including means for coupling the location of the first
      ratioless gate to an input of the logic block of the second ratioless
      gate;
PA1  one of said ratioless gates including an output switch coupled to the
      location of said one ratioless gate;
PA1  said plurality of gates including at least one ratioed gate, said ratioed
      gate including a logic block, impedance means coupled to the logic block,
      and a location between the impedance means and the logic block, said logic
      block of said ratioed gate being adapted to be coupled to a reference
      potential whereby said impedance means and the logic block of the ratioed
      gate can serve as a voltage divider and the state of the logic block of
      the ratioed gate affects the potential at said location of the ratioed
      gate;
PA1  said ratioed gate including an output switch coupled to said location of
      the ratioed gate;
PA1  said first means including second means for coupling the output switch of
      one of said one ratioless gate and said ratioed gate to the logic block of
      the other of said one ratioless gate and said ratioed gate;
PA1  clock means for providing first and second clock signals with each of the
      clock signals having a predetermined phase relationship relative to the
      other;
PA1  means for coupling the output switch of said one ratioless gate to said
      clock means and the output switch of the ratioed gate to said clock means
      so that the output switches of said one ratioless gate and the ratioed
      gate are controlled by the first clock signal and the second clock signal,
      respectively; and
PA1  means for coupling at least one of said first switches of said first and
      second ratioless gates to receive one of said first and second clock
      signals.
NUM  13.
PAR  13. A logic cell as defined in claim 12 wherein said one ratioless gate is
      said second ratioless gate, said second means couples the output switch of
      the second ratioless gate to an input of the logic block of said ratioed
      gate, and said second means includes a third ratioless gate, and means for
      coupling said third ratioless gate to receive said first clock signal.
NUM  14.
PAR  14. A logic cell as defined in claim 13 wherein both of said first switches
      of said first and second ratioless gates are coupled to receive said
      second clock signal and said second ratioless gate includes a branch
      between the logic block thereof and a reference potential, said branch
      including a control switch, and means for coupling said control switch to
      said clock means so that said first clock signal can control the state of
      said control switch.
NUM  15.
PAR  15. A logic cell as defined in claim 12 wherein said one ratioless gate is
      said first ratioless gate, said second means couples the output switch of
      the ratioed gate to an input of the logic block of the first ratioless
      gate, and said second means includes a third ratioless gate.
NUM  16.
PAR  16. A logic cell comprising:
PA1  first and second ratioless gates, each of said ratioless gates including a
      logic block, a switch coupled to the logic block, and a location between
      the switch and the logic block;
PA1  a ratioed gate including a logic block, impedance means coupled to the
      logic block, and a location between the impedance means and the logic
      block, said logic block of said ratioed gate being adapted to be coupled
      to a reference potential whereby the impedance means and the logic block
      of said ratioed gate can serve as a voltage divider and the state of the
      logic block of the ratioed gate affects the potential at said location of
      the ratioed gate;
PA1  each of said first and second ratioless gates and said ratioed gate
      including an output switch coupled to the location of the associated gate;
PA1  means for coupling the output switch of said first ratioless gate to an
      input of the logic block of said ratioed gate;
PA1  means for coupling the output switch of the ratioed gate to an input of the
      logic block of said second ratioless gate;
PA1  clock means for providing first and second clock signals with each of the
      clock signals having a predetermined phase relationship relative to the
      other;
PA1  means for coupling the output switch of said first ratioless gate to said
      clock means so that the first clock signal can control said output switch
      of said first ratioless gate;
PA1  means for coupling the output switch of said ratioed gate to said clock
      means so that the second clock signal can control the output switch of
      said ratioed gate; and
PA1  means for coupling the output switch of said second ratioless gate to said
      clock means so that one of the clock signals can control said output
      switch of said second ratioless gate.
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ABST
PAL  An MOS circuit synchronizes an asynchronous input signal to first and
      second alternating clock pulses in an integrated circuit system employing
      clocked ratio logic. A bistable device, such as a flip-flop, has first and
      second complementary inputs for establishing the state of the device and
      an output reflecting the state of the device. An input circuit for the
      bistable device receives the asynchronous signal and applies the signal to
      the first complementary input and the inverted asynchronous signal to the
      second complementary input. In addition, the input circuit has gate logic,
      implemented with field effect transistors, which decouples the
      asynchronous input for all intervals of time except during the interval of
      the first clock pulse. An output circuit for the bistable device employs
      an inverter in series with a field effect transistor which is driven into
      condition only during the interval of the second clock pulse. The MOS
      synchronizer circuit thus insures that an output signal of usable logic
      level is generated for an input signal occuring at any time with respect
      to the clock pulses of a clocked ratio MOS system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a circuit for synchronizing an
      asynchronous input with a two-clock MOS system with particular utility in
      large scale integrated circuitry.
PAR  In conventional clocked ratio MOS digital systems, signal transition is
      only permitted within certain time intervals of the two-phase system.
      However, with an asynchronous input, transition may take place at any
      time, and it has been discovered that inherent difficulties result from
      the basic structure used in clocked ratio MOS logic should the input
      signal change close to the termination of a clock period.
PAR  In the prior logic circuits, a full and usable output level may not be
      developed when an input transition takes place near the trailing edge of a
      clock pulse. This phenomenon, when occuring, causes ambiguity in the
      logical state of a digital integrated circuit.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the principal object of the present invention to insure an
      output of usable logic level in a clocked ratio MOS circuit for an input
      transition occurring at any time.
PAR  It is another object of the present invention to synchronize clocked ratio
      MOS logic with a minimum propagation delay and the least use of area when
      the synchronized circuit is fabricated in an integrated circuit form. The
      attached claims substantially summarize the means to accomplish these
      objects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram illustrating the principles of the
      present invention;
PAR  FIG. 2 is a detailed schematic circuit of the preferred embodiment of the
      invention suitable for MOS technology; and
PAR  FIG. 3 is a timing diagram useful in understanding the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In understanding the advantages of the present invention, it is helpful to
      refer to the simplified block diagram of FIG. 1, illustrating the problems
      of the prior art and the principles of the present invention. A DC
      flipflop 10 is set and reset by AND gates 12 and 14, respectively. An
      input signal is fed to the gate 14 and through an inverter 16 to gate 12.
      A clock pulse .phi. 1 provides the other input to both gates 12, 14, the
      AND gates and inverter forming the input circuitry 11 to the illustrative
      circuit.
PAR  The output of the flipflop 10 in the illustrative diagram of FIG. 1 is fed
      through an inverter 18 and series pass transistor 20 to the output of the
      illustrative circuit, the conduction of the transistor 20 being controlled
      by a second clock pulse .phi.2. It is to be understood that the clock
      pulses .phi. 1, .phi. 2 of the illustrative circuit are alternating in a
      fixed ratio and, of course, can be interchanged.
PAR  The input circuitry 11 may serve to illustrate the problems arising when
      there is a transition of the input pulse near the trailing edge of a clock
      pulse. If the full width of the clock pulse .phi. 1 occurs during an
      information pulse, the SET and RESET inputs to the flipflop 10 will be
      pulses of full voltage level. However, if there is a transition of the
      input near the trailing edge of the clock pulse, the shortened length of
      the pulse output of the AND gates may result in an output pulse from the
      circuit involved which is not of usable logic level.
PAR  This phenomenon is particularly troublesome if the voltage level from the
      illustrative AND gate feeds or controls the feeding of, a capacitor or an
      element having inherent capacitive characteristics such as an MOS field
      effect transistor (MOSFET).
PAR  In the illustrative circuit, when a clock pulse .phi. 1 is received during
      the continuance of a data input, the flipflop 10 will assume the proper
      state and normally a full output level will be read out during the clock
      time .phi. 2.
PAR  However, if there is a transition of the input during the time period .phi.
      1, the inputs of the flipflop 10 may stand at fractional levels, such as
      half voltage, and the flipflop be unstable during the balance of the clock
      period.
PAR  The simplified circuit of FIG. 1 is also illustrative of the principles by
      which the solution of the problem in the present invention was arrived at
      for particular use in integrated circuit technology. Although the flipflop
      10 may be unstable under the balance of the time period .phi. 1, as set
      forth above, between the time periods .phi. 1 and .phi. 2, both the SET
      and RESET inputs to the flipflop 10 will be at zero voltage and the
      flipflop 10 will assume one or the other of its stable states, resulting
      in a full voltage level at Q, the output of the flipflop 10. A usable
      logic level will then be read out of the illustrative circuit of FIG. 1
      upon the occurrence of the clock pulse .phi. 2.
PAR  The flipflop 10 interposes a minimum delay in the overall circuitry and
      assures a pure logic level no matter when the input changes.
PAR  The dashed block 10 of FIG. 2 is a bistable circuit or flipflop having
      crossed-coupled field effect transistors T6 and T7 connected between a
      voltage source VDD and ground. Load transistors T4 and T5 connected
      between the voltage source VDD and the cross-coupled transistors T6 and
      T7, respectively, assure complementary voltages in both branches of the
      flipflop as known in the art.
PAR  The SET input to the flipflop 10 is taken between transistors T4 and T6 and
      the RESET input between transistors T5 and T7.
PAR  Transistors T3 and T9, connected between ground and the RESET input of
      flipflop 10 form an AND gate, the gate of T3 being controlled by the clock
      pulse .phi. 1 and the gate of T9 being controlled by the input.
PAR  Transistors T3 and T8 connected between ground and the SET input of
      flipflop 10 form an AND gate, the gate of T3 being controlled by the clock
      pulse .phi. 1 and the gate of T8 being controlled by the inverted input.
PAR  Transistors T1 and T2, serially connected between ground and VDD, form a
      standard inverter circuit in which the input signal is applied to the gate
      of T2 and the clock pulse .phi. 1 applied to the gate of T1. The inverted
      input is taken off between the transistors T1 and T2 to control the gate
      of SET transistor T8.
PAR  The bistable circuit 10, composed of transistors T4, T5, T6 and T7, form in
      effect a DC latch. Transistors T8 and T9 are set to drive the latch into
      the proper state during the time period .phi. 1 by presenting the input
      signal to the transistor T9 and the inverted input signal to the
      transistor T8.
PAR  The output Q of the flipflop 10 is taken between the transistors T7 and T5.
      The outputs Q and Q must assure a 1-0 or 0-1 state between the clock
      pulses .phi. 1 and .phi. 2, because the transistor T3 decouples all input
      levels except during the clock pulse .phi. 1.
PAR  Transistors T10 and T11 are serially connected between VDD and ground
      forming an inverter to interface with the DC latch 10, the output Q
      controlling the gate of transistor T11. A transistor T12 having one side
      connected between the transistors T10 and T11 forms the output to the
      synchronizer circuit of the invention. The gate of transistor T12 is
      controlled by the clock pulse .phi. 2 which prevents any changes in the
      output except during the clock pulse .phi. 2.
PAR  All the transistors of the circuitry of FIG. 2 are field effect transistors
      and preferably MOSFETS. The circuit is particularly suited for MOS large
      scale integrated circuitry.
PAR  The wave forms of FIG. 3 illustrate diagrammatically the relationship of
      the outputs to the inputs of the circuit of FIG. 2 during the .phi. 1 and
      .phi. 2 clock pulse trains. As shown in FIG. 3a, if the input goes high or
      low in normal sequence, i.e., not immediately preceding the trailing edge
      of the clock pulse .phi. 1, a full output voltage level concurs with the
      leading edge of the clock pulse .phi. 2.
PAR  On the other hand, as shown in FIG. 3b, if the input goes high or low
      immediately preceding the trailing edge of the clock pulse .phi. 1, the
      flipflop 10 assumes one of the two stable states in the time between .phi.
      1 and .phi. 2, and assumes the correct state at the next .phi. 1. The
      proper voltage level will then be read out at the leading edge of .phi. 2.
      It is believed that this circuit is the most compact stable circuit
      designed to meet the requirements of providing the wave forms of FIG. 3 in
      MOS logic.
PAR  While in the preferred embodiment of the present invention a two phase MOS
      synchronizer has been described, it is to be understood that the principle
      of the present invention is equally applicable to MOS systems having
      greater than two phases.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for synchronizing an asynchronous signal in a system having at
      least alternating first and second clock pulses for clocked ratio logic
      comprising:
PA1  a. bistable means receiving first and second complementary signals for
      establishing the state of said bistable means and generating an output
      signal reflecting the state of said bistable means;
PA1  b. input means receiving the asynchronous signal and generating the first
      and second complementary signals, the input means including an input
      inverter receiving the first clock pulse, a single DC voltage and the
      asynchronous signal for generating an inverted asynchronous signal only
      during the occurence of the first clock pulse, a first AND gate receiving
      the asynchronous signal and the first clock pulse and generating one of
      the complementary signals only during the occurence of the first clock
      pulse and a second AND gate receiving the inverted asynchronous output
      signal and the first clock pulse and generating the other of the
      complementary signals only during the occurence of the first clock pulse;
      and
PA1  c. output means receiving the output signal from the bistable means and
      generating a high drive, circuit output signal having one of two
      predetermined voltage levels whose transitions correspond generally to
      those of the asynchronous input and are synchronized to the clock pulses,
      the output means including an output inverter receiving the single DC
      voltage, the second clock pulse and the output signal of the bistable
      means for generating an inverted output signal only during the occurence
      of the second clock pulse, the inverter being effective to produce an
      output having high drive capability to protect the bistable means from
      loading effects of the output of the circuit, and an output field effect
      transistor connected to the output of the output inverter and receiving at
      a gate electrode the second clock pulse so that the output transistor is
      controlled by the second clock pulse, the circuit being effective to
      produce a full logic level output signal when the transition of the
      asynchronous input signal occurs during the interval of the first clock
      pulse.
NUM  2.
PAR  2. The circuit of claim 1 wherein said bistable means includes first and
      second cross-coupled field effect transistors, corresponding respectively
      to said first and second complementary inputs and said AND gates each
      comprises a field effect transistor serially connected to an individual
      one of said cross-coupled transistors and a control field effect
      transistor serially connected between each of said AND gate transistors
      and ground, the gate of said control transistor being controlled by said
      first clock pulse, and the gates of said AND gate transistors being
      controlled, respectively, by said asynchronous input and said asynchronous
      inverted input.
NUM  3.
PAR  3. The circuit of claim 2 wherein said input inverter includes an input
      field effect transistor serially connected between ground and the gate of
      said AND gate transistor connected to said second cross-coupled
      transistor, said asynchronous input controlling the gate of said input
      transistor and the gate of said AND gate transistor connected to said
      first cross-coupled transistor and a field effect transistor serially
      connected between the DC voltage and the gate of the AND gate transistor
      connected to said second cross-coupled transistor and having a gate
      electrode receiving the first clock pulse.
NUM  4.
PAR  4. The circuit according to claim 3 wherein each of said field effect
      transistors is a MOSFET.
NUM  5.
PAR  5. The circuit according to claim 3 wherein the output inverter includes a
      pair of field effect transistors T10 and T11 connected in series between
      ground and the DC voltage, the gate of transistor T11 receiving the output
      of the bistable means and the gate of the transistor T10 receiving the
      second clock pulse.
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PAL  Method and circuit for both outputting and inputting data by way of a
      single pin connector for an integrated circuit chip is disclosed. Data
      from the chip is fed through an output buffer on the chip and a standard
      pin connector to external circuitry. The input and the output of the
      output buffer are connected to separate logic inputs of a comparator such
      as an EXCLUSIVE OR gate. For data output, the external circuitry allows
      the output buffer to follow the input of the buffer, in which case the
      output of the EXCLUSIVE OR gate is a logic 0. However, when the external
      circuitry overrides the output of the output buffer causing the output to
      be different from the input to the buffer, the output of the EXCLUSIVE OR
      gate produces a logic 1 signal which indicates that data is being input
      and that the data at the pin connector is valid input data.
BSUM
PAR  This invention relates generally to integrated logic circuits, and more
      particularly relates to a circuit for both outputting data from and
      inputting data to an integrated circuit chip, particularly MOSFET
      integrated circuits, by way of a single connector pin.
PAR  The advent of large scale MOSFET integrated circuits has made hand held
      portable calculators and digital electronic clocks a reality. Similar
      circuits are also used for a wide variety of automated systems which
      employ random access memories, read only memories, and the like. Such
      circuits are commonly mounted in hermitically sealed packages which are
      commercially available from a number of suppliers in standard sizes having
      various standard numbers of pins in standard configurations. These
      standardized packages are significant in that standardized connector
      sockets are also readily available to the industry from a number of
      suppliers. In the production of such integrated circuits, the reduction of
      the number of connector pins required to provide the necessary power
      supply and data information to and from the integrated circuit is a
      significant factor.
PAR  The present invention is concerned with a method and the corresponding
      logic circuitry for both outputting and inputting logic data through one
      connector pin, thus reducing the number of pins required for a particular
      integrated logic circuit having a given number of functions. In
      particular, an output buffer is provided on the integrated circuit chip
      which has a logic input that receives logic output data from the internal
      circuit, and a logic output that is connected to a pin of the integrated
      circuit package. The input of the buffer is connected to one input of an
      EXCLUSIVE OR gate and the output of the buffer is connected to another
      input of the EXCLUSIVE OR gate. Circuitry external to the chip is provided
      to override the output of the buffer when data is to be input to the chip.
      This override condition is detected by the EXCLUSIVE OR gate to produce a
      data input enable signal which, together with the logic level existing at
      the pin, may be used internally of the circuit as desired.
DRWD
PAR  The novel features believed characteristic of this invention are set forth
      in the appended claims. The invention itself, however, as well as other
      objects and advantages thereof, may best be understood by reference to the
      following detailed description of an illustrative embodiment, when read in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a simplified logic diagram of a system in accordance with the
      present invention;
PAR  FIG. 2 is a truth table for the circuit of FIG. 1;
PAR  FIG. 3 is a simplified logic diagram illustrating another aspect of the
      present invention; and
PAR  FIG. 4 is a simplified logic diagram illustrating still another aspect of
      the present invention.
DETD
PAR  Referring now to the drawings, and in particular to FIG. 1, an integrated
      circuit chip is indicated generally by the reference numeral 10. An
      electrical connector pin for the package of the circuit chip is indicated
      generally by the reference numeral 12 and is adapted to be plugged into a
      suitable receptacle 14 leading to an external logic circuit 16.
PAR  A non-inverting output buffer 18 has a logic input node 20 which is
      connected to receive Output Data from any conventional data processing
      circuitry on the chip 10, and a logic output node 22 which is connected
      directly to the pin 12. The output impedance of the buffer 18 is
      represented schematically by the resistor 24. As will hereafter be
      described in greater detail, the buffer 18 may be of the push-pull type,
      or may provide current from the drain supply voltage V.sub.DD to the
      external circuit, or may sink current to the source voltage supply
      V.sub.SS from the external circuit as desired. The output impedance 24 of
      the buffer 18 may vary widely as will presently be described.
PAR  The logic input 20 and the logic output 22 are connected to two inputs of
      an EXCLUSIVE OR gate 26. The logic output 28 of gate 26 provides a Data
      Input Enable Signal as will presently be described. Node 30 carries Input
      Data to the chip circuitry and is connected directly to the pin 12. Nodes
      28 and 30 may be used individually or in logical combinations by the chip
      circuitry as will hereafter become evident to those skilled in the art.
PAR  The pin 12 is connected directly to a data output line 32 which may be used
      by external logic circuitry (not illustrated) in any suitable manner. In
      addition, suitable circuitry represented by switches 34 and 36 is provided
      to connect a voltage supply V.sub.DD to the pin 12 to provide a logic 1
      input, or alternatively, to connect pin 12 to the voltage supply V.sub.SS,
      for example, to provide a logic 0 input. It should be appreciated that
      V.sub.SS is the standard symbol for the substrate supply voltage and
      V.sub.DD the drain supply voltage, which may be either positive or
      negative with respect to V.sub.SS, depending upon the type of MOSFETs used
      in the chip circuitry.
PAR  FIG. 2 is a truth table representing the logic level on node 28, which is
      designated as the Data Input Enable signal, as a function of the logic
      levels on nodes 20 and 22, which are the logic input and the logic output
      of the buffer 18, respectively. Consider first the data output period,
      which may be defined as that period during which neither switch 34 nor 36
      is closed to input data to pin 12. In that case, nodes 20 and 22 are
      always the same, either logic 1 or logic 0, so that the output from
      EXCLUSIVE OR gate 26 is a logic 0 in each case.
PAR  A logic 0 may be input to the chip 10 whenever the Output Data node 20 is
      at a logic 1 level by closing switch 36 to override the normal logic 1
      level on the output of buffer 18 and pulling node 22 to V.sub.SS. In that
      case, the data input enable node 28 will be at a logic 1 level indicating
      that the logic level on Input Data node 30 is valid. Similarly, a logic 1
      can be input to the chip whenever Output Data node 20 is at a logic 0 by
      closing switch 34 to override the output of buffer 18 and pull node 22 to
      V.sub.DD. This also produces a logic 1 at Data Input Enable node 28
      indicating that the logic 1 at Data Input node 30 is valid.
PAR  It will be appreciated by those skilled in the art that the logic circuit
      of FIG. 1 may be used in a variety of applications. For example, a logic 1
      or a logic 0 input can be detected within the chip by sequentially
      switching output data node 20 to both a logic 1 and a logic 0 level and
      detecting a logic 1 output on node 28 during an input scan cycle. In such
      a case, the logic level of node 30 when node 28 goes to a logic 1 level
      indicates the valid data input. In such a case, the output impedance 24 of
      the buffer 18 must be sufficiently high to prevent damage to the chip 10.
PAR  FIG. 3 illustrates a specific application of the general case illustrated
      in FIG. 1. Accordingly, the same reference numerals followed by the
      reference character A are used to represent corresponding components and
      nodes in FIG. 3. The circuit of FIG. 3 differs from that of FIG. 1 only in
      that the output buffer 18a is an inverting buffer, and an inverter 50
      connects node 22a to node 30a and to one input of the EXCLUSIVE OR gate
      26a. Additionally, a load resistor 52 replaces switch 34. The inverting
      buffer, of course, also changes the truth table of FIG. 2. Also, the
      EXCLUSIVE OR gate can be simplified in this special case, if desired.
PAR  In normal operation, switch 36a is open and a logic 1 level on node 20a
      turns transistor 18a on, thus pulling nodes 22a and 32a substantially to
      V.sub.SS, the logic 0 level. Although node 22a is actually opposite from
      node 20a, inverter 50 compensates for the inversion produced by the buffer
      so that both inputs to the EXCLUSIVE OR gate 26a are the same, and a logic
      0 level is produced at output node 28a.
PAR  When node 20a is at a logic 0 level, output buffer transistor 18a is turned
      off, and nodes 22a and 32a go to a voltage approaching V.sub.DD to
      represent a logic 1 level as a result of operation of the load resistor
      52. Again, inverter 50 results in EXCLUSIVE OR gate 26a producing a logic
      0 level.
PAR  However, when switch 36a is closed to input data to the integrated circuit,
      output 22a is held at the logic 0 level so that the output from inverter
      50 is a logic 1. Thus, if data output node 20a is a logic 0, the output of
      EXCLUSIVE OR gate 26a becomes a logic 1, indicating that the logic level
      of node 30a, which has a logic 1 level, is a valid logic input. It will be
      appreciated that node 30a is actually redundant in that the constraints of
      the external circuit dictate that a logic 1 can be output from EXCLUSIVE
      OR gate only when node 20a is a logic 0 and switch 36a is closed to hold
      node 22a at a logic 0, which is thus inverted to produce the logic 1
      output at the EXCLUSIVE OR gate 26a.
PAR  The circuit illustrated in FIG. 4 is also very similar to the circuit
      illustrated in FIG. 1, and, accordingly, corresponding components and
      nodes are designated by the same reference numerals followed by the
      reference character b. In this case, buffer 18b is a non-inverting output
      buffer so that no compensating inverter is required. However, a switch 34b
      may connect the drain voltage supply V.sub.DD to nodes 22b and 32b, and a
      load resistor 56 connects these nodes to V.sub.SS. Thus, when a logic 1 is
      applied to node 20b, transistor 18b is turned on so that nodes 22b and 32b
      are raised to a logic 1 level. The EXCLUSIVE OR gate can again be
      simplified for this special case if desired. Since nodes 20b and 22b are
      both at logic 1 levels, the output of EXCLUSIVE OR gate 26b is a logic 0.
      Similarly, when node 20b is a logic 0 level, transistor 18b is turned off
      and nodes 22b and 32b are pulled to ground by resistor 56. Again, the
      output of EXCLUSIVE OR gate 26b is a logic 0. However, when switch 34b is
      closed, nodes 22b and 32b are clamped to V.sub.DD and thus are at a logic
      1 level. Then when node 20b goes to a logic 0 level, the EXCLUSIVE OR gate
      26b will output a logic 1 level, indicating that the data applied to node
      30b is a true logic 1. Again, the constraints of the external circuitry
      cause node 30b to be redundant since node 28b can go positive only when
      switch 34b is closed.
PAR  It will be appreciated that the EXCLUSIVE OR gate is one form of logic
      comparator and that other types of logic comparators can be used to
      produce the equivalent logic function, for the general or specific
      applications of the concept of the present invention.
PAR  It will also be appreciated that the circuit illustrated in FIG. 1 is a
      simplified logic diagram and that other combinations of true and
      complement logic elements can accomplish the same novel logic function.
      Although preferred embodiments of the invention have been described in
      detail, it is to be understood that various changes, substitutions and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In integrated logic circuits, the combination of:
PA1  a data pin for transferring data between the integrated logic circuit and
      an external logic circuit;
PA1  an output buffer having a logic input and a logic output, the logic output
      being connected to the data pin;
PA1  comparator logic means having one logic input logically coupled to the
      logic input of the output buffer and another logic input logically coupled
      to the logic output of the output buffer, and a logic output for producing
      an "input enable" signal when the logic inputs are different whereby the
      logic output of the output buffer can be driven by an external circuit to
      a logic level different from that applied to the logic input of the output
      buffer to produce an input enable signal at the output of the comparator
      logic means.
NUM  2.
PAR  2. The combination of claim 1 further characterized by circuitry external
      to the integrated logic circuit for overriding the logic level applied to
      the pin by the output buffer for inputting data to the circuit.
NUM  3.
PAR  3. In an integrated logic circuit, the method of outputting and inputting
      logic data through a single connector pin which comprises:
PA1  outputting data by passing output logic data through an output buffer to
      the connector pin, while logically detecting that the logic input to the
      data buffer is the same as the logic output applied to the pin; and
PA1  inputting data to the integrated circuit by overriding the logic level
      which would otherwise be produced on the pin by the output buffer in
      response to a logic input to the buffer while logically detecting within
      the integrated circuit that the logic input to the output buffer and the
      logic level on the pin are different to produce a logic signal internally
      of the intergrated circuit indicating that the data is being input.
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PAL  In charge transfer apparatus, an analog inverter comprises a charge storage
      medium to which are applied varying voltages through a plurality of
      electrodes, illustratively: a source electrode, a reference electrode and
      a collector electrode arranged in tandem. Between the source and reference
      electrodes there is a first control electrode and, in one embodiment,
      between the reference and collector electrodes there is a second control
      electrode and a signal electrode. With the electrical signal to be
      inverted connected to the signal electrode, analog inversion, a form of
      complementing function, occurs as follows: (1) during the first phase of
      the clock cycle, a voltage is applied to the first control electrode
      effective to cause a fixed amount of charge to be transferred from the
      source to a reference potential well established under the reference
      electrode; (2) during the second phase of the clock cycle, a voltage is
      applied to the second control electrode effective to increase the surface
      potential thereunder and to permit charge to be transferred into a
      potential well under the collector electrode; this charge establishes a
      new surface potential which, apart from an additive constant is equal to
      the inverted signal voltage. In other embodiments in which the analog
      signal is of a self-strobing type (e.g., the output of a C4D or BB) the
      second control electrode is not required.
PARN
PAR  This application is a continuation of application ser. No. 353,629, filed
      Apr. 23, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to analog inverters and, more particularly, to such
      inverters for use in charge transfer apparatus.
PAR  In an analog delay line filter, as shown in FIG. 1, an input signal is
      passed through a delay line, and the output of the delay line is fed back
      to the input of the delay line through an analog inverter, the output of
      which is the complement of its input. That is, if the input voltage V of
      the analog inverter is given by
EQU  V = A + B(t)                                               (1)
PAL  where A is some DC level and B(t) is the time varying portion of the input,
      then the output V' of the inverter is given by
EQU  V' = A' - B(t)                                             (2)
PAL  where A' is another DC level which may or may not be related to level A.
      The inverted signal is combined with the input in a summing arrangement,
      the sum constituting the input to the delay line. The arrangement as a
      whole operates as a bankpass filter having a frequency response of the
      type depicted in FIG. 2.
PAR  Illustratively, the delay line is a charge transfer device (CTD) in the
      form of a dynamic shift register. The CTD in turn may be either a charge
      coupled device (CCD) of the type described in copending application Ser.
      No. 196,933 (Boyle 19-26), filed on Nov. 9, 1971, now U.S. Pat. No.
      3,858,232, a C4D of the type described in copending application Ser. No.
      262,787 (Krambeck 10-28-8) filed on June 14, 1972, or a bucket brigade
      (BB) device of the type described in U.S. Pat. No. 3,660,697 (Berglund
      6-8) issued on May 2, 1972. The use of a BB device as an analog delay line
      is described in an article by L. Boonstra et al. in Electronics, Vol. 45,
      pages 64-71 (Feb. 28, 1972). Advantageously, therefore, if both the analog
      inverter and the delay line of the aforementioned bandpass filter are CCD
      or BB devices, the manufacture of the filter would be simplified, e.g.,
      both the delay line and the inverter could be fabricated on a single chip
      by well-known integrated circuit technology. Moreover, interface problems,
      such as impedance matching and loading due to stray capacitance, would be
      alleviated.
PAC   SUMMARY OF THE INVENTION
PAR  In accordance with an illustrative embodiment of our invention, an analog
      inverter comprises a charge storage medium to which are applied varying
      voltages through a plurality of electrodes, illustratively: a source
      electrode, a first control electrode, a reference electrode, a second
      control electrode, a signal electrode and a collector electrode arranged
      in tandem in the order recited. Analog inversion, a form of complementing
      function, occurs by applying an electrical signal to be inverted to the
      signal electrode and by connecting the control electrodes to separate
      phases of a two-phase clock. During the first phase of the clock cycle, a
      voltage is applied to the first control electrode effective to cause a
      fixed amount of charge to be transferred from the source to a reference
      potential well established under the reference electrode. During the
      second phase of the clock cycle, a voltage is applied to the second
      control electrode effective to increase the surface potential thereunder
      and to permit charge to be transferred into a potential well under the
      collector electrode which is also connected to the second phase of the
      clock. This charge establishes a new surface potential which, apart from
      an additive constant, is equal to the inverted signal voltage. In other
      embodiments in which the analog signal is of a self-strobing type (e.g.,
      the output of a C4D or BB), the second control electrode is not required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Our invention, together with its various features and advantages, can be
      easily understood from the following more detailed description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block-diagrammatic view of an analog delay line bandpass
      filter;
PAR  FIG. 2 is a graph of an illustrative transmission characteristic of the
      filter of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a structure used in defining analog
      inversion as the term is utilized herein;
PAR  FIG. 4 Parts A and B, are graphs depicting the surface potential in the
      storage medium of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of an illustrative embodiment of our
      invention and includes, in addition, circuit connections to various
      voltage sources;
PAR  FIG. 6, Parts A and B, show the variation of surface potential during
      sequential parts of the clock cycle of the embodiment of our invention
      depicted in FIG. 5;
PAR  FIG. 7 is a cross-sectional view of a portion of an alternative embodiment
      of our invention in which a localized portion of immobile charge is
      utilized to produce an asymmetrical potential well under collector
      electrode C'; and
PAR  FIG. 8 is a cross-sectional view of a portion of another embodiment of our
      invention in which a stepped insulative layer is utilized to produce an
      asymmetrical portential well under collector electrode C".
DETD
PAC  DETAILED DESCRIPTION
PAC  Analog Inversion Defined
PAR  Before discussing the various structural embodiments of our invention, it
      will be helpful to first define analog inversion as it will be used
      hereinafter. Consider FIG. 3 which shows reference, signal and collector
      electrodes disposed in tandem on a thin insulator which in turn is formed
      on a major surface of a p-type storage medium. For convenience and
      simplicity the following assumptions have been made: (1) that the voltage
      drop across the insulator is negligible so that the surface potential in
      the storage medium under each electrode equals the voltage applied to that
      electrode; (2) that the capacitances of the reference and collector
      electrodes are equal to C.sub.o ; (3) that signal voltage V.sub.sig
      applied to the signal electrode has a minimum value designated V.sub.min ;
      and (4) that the same voltage V.sub.o is applied to the reference and
      collector electrodes. In addition, V.sub.o should be large enough to
      permit inversion over the full voltage swing of V.sub.sig ; that is
      V.sub.o should satisfy the inequality
      ##EQU1##
      otherwise charge transferred from the reference well to the collector well
      may tend to flow back into the reference well whenever the inequality sign
      is reversed in expression (3) above.
PAR  Having made the foregoing assumptions, consider now that by means not shown
      an amount of charge Q.sub.T is transferred into the reference well at a
      time when V.sub.sig = V.sub.min. This charge causes the surface potential
      under the reference electrode to decrease from V.sub.o to V.sub.min, as
      shown in FIG. 4, Part A. The change in surface potential .DELTA.V.sub.T is
      given by
EQU  .DELTA.U.sub.T =  V.sub.o -  V.sub.min =  Q.sub.T /C.sub. o (4)
PAL  Now suppose that V.sub.sig is increased above V.sub.min as shown in FIG. 4,
      Part B. Then some amount of charge, designated Q.sub.inv, will be
      transferred from the reference well to the collector well. The amount of
      charge Q.sub.sig remaining in the reference well is related to the signal
      voltage V.sub.sig and is given by
EQU  Q.sub.sig = .DELTA. V.sub.sig C.sub.o = (V.sub.o - V.sub.sig)C.sub.o (5)
PAL  On the other hand, the charge Q.sub.inv transferred to the collector well
      is related to the analog inversion, or complement, of the applied signal
      and is given by
EQU  Q.sub.inv = .DELTA. V.sub.inv C.sub.o = (V.sub.o -  V.sub.inv)C.sub.o (6)
PAL  where V.sub.inv is the voltage to which the potential under the collector
      electrode decreases upon the transfer of Q.sub.inv. Note that Q.sub.T =
      Q.sub.sig +  Q.sub.inv.
PAR  To demonstrate that inversion as defined by equations (1) and (2) has
      occurred, consider equation (1) with V = V.sub.sig ; A = V.sub.min and
      B(t) = V.sub.sig - V.sub.min, thus:
EQU  V = A + B(t) and                                           (1)
EQU  V.sub.sig =  V.sub.min + (V.sub.sig - V.sub.min) .         (7)
PAL  On the other hand,
EQU  V.sub.inv =  V.sub.o - .DELTA.V.sub.inv = V.sub.o - Q.sub.inv /C.sub. o (8)
      ##EQU2##
EQU  = V.sub.o - (.DELTA.V.sub.T - .DELTA.V.sub.sig) = V.sub.o - (V.sub.sig -
      V.sub.min)                                                (10)
EQU  V' = A' - B(t) where V' = V.sub.inv and A' = V.sub.o. Thus, analog
      inversion is indeed accomplished.
PAC  STRUCTURE
PAR  The manner in which the foregoing principles of analog inversion are
      implemented in an illustrative embodiment of our invention will now be
      described with specific reference to FIGS. 5-6. As shown in the partial
      cross-sectional view of FIG. 5, one embodiment of our analog inverter 10
      comprises a storage medium 11, preferably a semiconductor such as silicon,
      and a plurality of electrodes including: a source electrode S, a collector
      electrode C and four gate electrodes G1, G2, G3 and G4 arranged in tandem
      between the source and collector electrodes. Gate electrodes G2 and G4
      will hereinafter be referred to, respectively, as the "reference" and
      "signal" electrodes, whereas gate electrodes G1 and G3 will be referred to
      as "control" electrodes. Inasmuch as the latter electrodes are not
      utilized to store charge, but function primarily as gates, they may be
      made as narrow as possible, consistent with available fabrication
      technology and with defining a suitable potential barrier for control of
      the transfer of charge into and out of the reference potential well.
PAR  As shown in FIG. 5, the storage medium 11 illustratively comprises a
      p.sup.--type semiconductor on which is formed a thin insulative layer 12,
      typically thermally grown silicon dioxide. A window is cut in the
      insulative layer by well-known photolithographic techniques to permit the
      formation, typically by diffusion, of an n.sup.+ zone 14 in p.sup.- -type
      medium 11. The p-n junction thereby formed in the storage medium functions
      as a source when an appropriate voltage is applied thereto via metallic
      electrode S formed in the window of insulative layer 12. This p-n junction
      is reverse biased with respect to the medium 11, and held at a suitable
      reference potential V.sub.s by DC source 20. Electrodes G1, G2, G3, G4 and
      C, on the other hand, are formed directly on insulator 12 in typical MOS
      fashion. Reference electrode G2 is also connected to DC source 20 to
      establish in storage medium 11 under G2 a reference potential well having
      a maximum voltage V.sub.o. Control electrodes G1 and G3 are connected
      respectively to PHASE 1 and PHASE 2 of two-phase clock means 40 which
      varies between voltage levels V.sub.1 and V.sub.2 (V.sub.1 &lt; V.sub.s &lt;
      V.sub.2). Note that for an n-channel device (p.sup.--type medium 11) more
      positive voltages increase the surface potential of medium 11. Signal
      electrode G4 is connected to a signal source 30 which supplies,
      illustratively, either a PAM output I of the type typically generated by a
      CTD or a purely analog signal II. In addition, the signal to be inverted
      may be either of the self-strobing variety, e.g., the PAM output of a BB
      (see Berglund Case 6-8, supra) or the PAM output of a C4D (See Krambeck
      Case 10-28-8, supra) or of the non-self-strobing variety (e.g., a PAM
      output of a conventional CCD or a purely analog signal II).
PAC  SELF-STROBING DEFINED
PAR  The PAM signal I (FIG. 5) of a CTD has an active phase, which carries
      information in the form of an amplitude modulated pulse, and a latent
      phase, which carries no information. Note, the term "phase" as it modifies
      "latent" and "active" denotes one-half of the period of the PAM signal and
      is to be contrasted with the terms PHASE 1 and PHASE 2 which denote the
      two phases, 180.degree. apart, of clock means 40.
PAR  As used hereinafter, a PAM signal I will be deemed to be self-strobing if
      it satisfies two conditions: (1) it is coincident with the clock signal
      applied to the second control electrode G3 (i.e., the active phase of
      signal I is coincident with the active phase of PHASE 2), and (2) the
      voltage during the latent phase of signal I is sufficiently low (relative
      to the surface potential of the reference well when filled with charge)
      that little, if any, charge flows from the reference well to the collector
      during the latent phase. This voltage corresponds to V.sub.min hereinafter
      defined with respect to FIG. 6.
PAR  A signal which fails to satisfy either of the above conditions will be
      called "non-self-strobing." Typically, such a signal might be a PAM signal
      coincident with the clock signal applied to control electrode G3, but
      which, during its active phase, supplies a lower voltage than during its
      latent phase. Such a signal would cause undesirable flow of current from
      the reference well to the collector if the second control electrode G3
      were not used to maintain thereunder a relatively low surface potential
      during the latent phase.
PAC  OPERATION
PAR  Assume for the purposes of the immediately following description that the
      signal to be inverted is of the non-self-strobing variety and is a PAM
      signal I coincident with PHASE 2 of clock means 40, FIG. 5. In this case,
      control electrode G3 is utilized. Assume also for simplicity that the
      voltage drop across insulative layer 12 is negligible so that the surface
      potential equals the applied voltage. Then, initially, the surface
      potential can be depicted by the solid line in FIG. 6, Part A. In
      operation during the first half (PHASE 1) of the two-phase clock cycle,
      the voltage applied to control electrode G1 increases from V.sub.1 &lt;
      V.sub.s to V.sub.2 &lt;  V.sub.s, thereby transferring an amount of charge
      Q.sub.T into the reference potential well under G1 and G2. This charge
      causes the surface potential under G1 and G2 to decrease to V.sub.s as
      depicted by the upper broken line. At the same time, the opposite phase
      (PHASE 2) is applied to G3 and C so that surface potential thereunder is
      at V.sub.1. Since the surface potential under G3 (V.sub.1) is less than
      that under G2 (V.sub.s), no charge is transferred into the collector.
      However, during the next half of the clock cycle (PHASE 2), as shown in
      FIG. 6, Part B, the voltage applied to G1 decreases from V.sub.2 to
      V.sub.1 to terminate charging of the reference potential well.
      Simultaneously, the voltage applied to collector electrode C and control
      electrode G3 increases from V.sub.1 to V.sub.2 and the voltage applied to
      signal electrode G4 increases from V.sub.min to V.sub.sig &lt;  V.sub.min.
      Consequently, the amount of charge remaining in the reference well under
      electrodes G3 and G2 must decrease to permit the surface potential
      thereunder to decrease to V.sub.sig, as shown by the upper broken line in
      FIG. 6, Part B; that is, the amount charge remaining is Q.sub.sig and an
      amount of charge Q.sub.inv, proportional to the inverted signal, is
      transferred into the collector. Q.sub.inv in turn causes the surface
      potential under the collector to decrease from V.sub.2 to V.sub.inv.
PAR  The charge Q.sub.inv is the output of inverter 10 and may be coupled to the
      input of a CTD 15, shown in FIG. 5 to be for example a CCD. CTD 15 may be
      a delay line used in an analog filter of the type shown in FIG. 1. Under
      such circumstances, the first stage of CTD 15 should be connected to the
      same phase of clock means 40 as the collector C, i.e., PHASE 2 in the
      above embodiment. In fact, the signal applied to signal electrode G4 of
      inverter 10 may very well be the output of such a CTD 15--again in the
      fashion shown in the filter of FIG. 1. Consider, that such a CTD delivers
      an amount of charge .DELTA.Q.sub.in to the inverter via a suitable voltage
      applied to electrode G4. Then the output .DELTA.Q.sub.out of the inverter
      is generally
EQU  .DELTA.Q.sub.out = -k.DELTA.Q.sub.in                       (11)
PAL  where k is a positive constant. If electrodes G2 and G3 are large relative
      to the CTD electrodes, then k will be greater than unity, and conversely.
      The constant k is a controllable quantity and, in fact, it is preferred,
      that k = 1, which can be attained by designing the inverter 10 so that the
      capacitances of G2 and G3 satisfy approximately the relationship
EQU  C.sub.(G2 .sub.+ G3) =  2C.sub.CTD                         (12)
PAL  where C.sub.CTD is the capacitance of the output stage, i.e., storage site,
      of the CTD.
PAR  Where the signal to be inverted is a non-self-strobing PAM signal I (FIG.
      5), inversion occurs as described above. For a purely analog signal II
      (FIG. 5), the output is a sampled version of the analog inversion with the
      sampling rate corresponding to the clock cycle rate.
PAR  However, where the signal is self-strobing and coincident with PHASE 2,
      then control electrode G3 can be eliminated, i.e., G2 and G4 can be placed
      adjacent to one another.
PAR  In any event, the likelihood of distortion, which might occur from the
      backward flow of charge from the collector into potential wells under G4,
      G3 and/or G2, can be reduced by providing under the collector electrode C
      an asymmetrical potential profile. This function can be performed by
      either of the alternative embodiments shown in FIG. 7 or FIG. 8. In both
      cases it will be noted that collector electrode C of FIG. 5 has been
      replaced: in FIG. 7 by an electrode C' and a zone 20 of immobile charge
      carriers asymmetrically located thereunder in storage medium 11; and in
      FIG. 8 by an electrode C" and an insulative layer 35 thereunder of
      nonuniform thickness. The manner in which these configurations produce an
      asymmetrical potential profile is more fully described in U.S. Pat. No.
      3,651,349 (Kahng 22-5), issued on Mar. 21, 1972, with respect to the use
      of stepped insulative layers, and copending application Ser. No. 157,509
      (Krambeck 7-3), filed on June 28, 1971 (now U.S. Pat. No. 3,789,267 issued
      on Jan. 29, 1974), with respect to immobile charge carriers established in
      the storage medium either by diffusion or ion implantation.
PAR  It is to be understood that the above-described arrangements are merely
      illustrative of the many possible specific embodiments which can be
      devised to represent application of the principles of our invention.
      Numerous and varied other arrangements can be devised in accordance with
      these principles by those skilled in the art without departing from the
      spirit and scope of the invention. It will be appreciated that suitably
      injecting Schottky barrier diodes and/or other rectifying barrier means
      can be substituted for the source zone in the above-described apparatus as
      an alternative for injecting carriers into the storage medium. With
      respect to the storage medium, it will further be appreciated that our
      invention can utilize either n-channel operation (p-type medium) or
      p-channel operation (n-type medium) provided a suitable reversal of
      voltage polarities is made. Moreover, our invention may be adapted for use
      in media which are other than semiconductive. Charge transfer devices
      utilizing nonsemiconductive medium are described, for example, in U.S.
      Pat. No. 3,700,932 (Kahng Case 23), issued Oct. 24, 1972. In such
      apparatus the storage medium may, for example, be an insulator which is
      not characterized by any one particular conductivity type. In certain of
      these insulators, zone suitable for injection and collection of carriers
      can be formed. In others, suitable zones cannot readily be formed. In the
      latter case, the required injection and collection of carriers in
      accordance with our invention can be achieved by substituting injecting
      contacts, for example of the type described in the aforementioned Kahng
      Case 23, for the zones. These contacts, formed with the surface of the
      storage medium, may be substituted for the source and drain in our analog
      inverter in accordance with principles well known in the art.
PAR  Finally, it will also be appreciated that the MOS configuration of the
      collector may be replaced by a p-n diode utilized to drive, for example,
      an IGFET or other device on the same chip or on a separate chip, e.g.,
      through a beam lead connection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Charge transfer apparatus for producing the analog inversion of a
      non-self-strobing electrical signal comprising:
PA1  a storage medium having a major surface,
PA1  an insulative layer formed on at least a portion of said major surface,
PA1  source means including a source electrode in operative relation with said
      medium for injecting mobile charge carriers into said medium,
PA1  a first control electrode, a reference electrode, a second control
      electrode, a signal electrode and a collector electrode formed in tandem
      on said insulative layer, said first control electrode being located
      between said source and reference electrodes,
PA1  means for producing a reference potential well in said medium under said
      reference electrode,
PA1  two phase clock means for: (1) during a first half of the clock cycle,
      applying a voltage to said first control electrode effective to cause
      mobile charge carriers to be injected from said source means into said
      reference well, said reference well being filled with said carriers to the
      same predetermined level during every first half of the clock cycle; and
      (2) during the next half of the clock cycle, applying a voltage to said
      second control electrode and said collector electrode effective to form in
      said medium a collecting potential well under siad collector electrode and
      a potential barrier under said signal electrode and between said reference
      well and said collecting well, said barrier tending to impede the flow of
      said mobile charge carriers from said reference well to said collecting
      well; said clock means and said second control electrode being effective
      to inhibit the flow of charge carriers from said reference well to said
      collecting well during said first half of the clock cycle and being
      effective to sample said non-self-strobing signal when it is a purely
      analog signal; and
PA1  means for applying, during at least said next half of the clock cycle, said
      non-self-strobing electrical signal to be inverted to said signal
      electrode, thereby varying the height of said potential barrier and
      causing an amount of charge, the inverted charge, proportional to said
      analog inversion of said electrical signal to flow out of said reference
      well, over said barrier and into said collecting well.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said electrical signal to be inverted
      is derived from a charge storage site of a charge transfer device and
      wherein the total capacitance associated with said reference electrode and
      said second control electrode is approximately twice the capacitance
      associated with said storage site.
NUM  3.
PAR  3. The apparatus of claim 1 wherein
PA1  said storage medium comprises a semiconductive body of a first conductivity
      type, and
PA1  said source means comprises a p-n junction diode formed in said medium
      under said source electrode.
NUM  4.
PAR  4. The apparatus of claim 1 including asymmetric potential well means in
      operative relation to said medium and said collector electrode for
      inhibiting the flow of mobile charge carriers from said collecting well to
      said reference well.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said asymmetric potential well means
      comprises
PA1  a localized region of immobile charge carriers located in said medium under
      said collector electrode and on the side therefrom nearer to said
      reference electrode.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said asymmetric potential well means
      comprises
PA1  a localized region of said insulative layer under said collector electrode,
      which region is thicker under the side of said collector electrode nearer
      to said reference electrode than the side remote therefrom.
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ABST
PAL  A non-linear amplifier is disclosed including an amplifying transistor for
      amplifying an input signal, an output amplified signal being derived from
      the amplifying transistor. A series of PN junctions is provided to supply
      a determined bias voltage to the amplifying transistor. An
      emitter-follower stage, comprised of at least one emitter-follower
      transistor amplifier, is connected to an input of the amplifying
      transistor for compensating the bias voltage applied thereto. In one
      embodiment, the input signal is amplified by a power of n wherein n PN
      junctions are connected in parallel with (n-1) emitter-follower transistor
      amplifiers. The input signal is supplied through the (n-1)
      emitter-followers to the base electrode of the amplifying transistor. In
      an alternative embodiment, the input signal is amplified by a power of 1/n
      wherein (n-1) PN junctions are coupled to the emitter electrode of the
      amplifying transistor and (n-1) emitter-follower transistors are connected
      in cascade to the base electrode of the amplifying transistor. In this
      latter embodiment, an output transistor is connected to the output of the
      emitter-follower stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a non-linear amplifier and, more particularly, to
      a transistorized non-linear amplifier wherein the input signal is
      amplified by a power of n or by a power of 1/n, wherein n is a positive
      integer greater than 1.
PAR  Transistorized non-linear amplifiers are known wherein the amplification
      factor admits of an exponential characteristic. That is, the amplified
      output signal is exponentially related to the input signal. Such prior art
      non-linear amplifiers generally consist of an amplifying transistor having
      a base electrode to which the input signal is applied and a collector
      electrode from which the amplified signal is derived. Additionally, a
      first series of PN junctions are connected between the amplifying
      transistor base electrode and a reference potential, and a second series
      of PN junctions are provided to connect the amplifying transistor emitter
      electrode to such reference potential.
PAR  Although the various operating characteristics of the PN junction devices
      are well as the amplifying transistor can be selected to be substantially
      equal, an attendant disadvantage of such prior art non-linear amplifiers
      is that the output amplified signal and, in particular, the output current
      is temperature dependent. Stated otherwise, the output current includes a
      component that is sensitive to changes in temperature. Consequently, the
      amplification attained by such non-linear amplifier can not be maintained
      constant throughout a range of temperature variations, resulting in
      deleterious affects.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide a non-linear
      amplifier having an amplification factor that is independent of
      temperature variations.
PAR  It is another object of the present invention to provide an improved
      non-linear amplifier wherein an input signal is amplified by a power of n.
PAR  Another object of this invention is to provide an improved non-linear
      amplifier wherein an input signal is amplified by a power of 1/n.
PAR  A still further object of the present invention is to provide an improved
      non-linear amplifier that is temperature stable and that is readily
      adapted to be constructed in integrated circuit configuration.
PAR  A still further object of the present invention is to provide an improved
      non-linear amplifier wherein an output signal is related to an input
      signal by a power of n or by a power of 1/n regardless of variations in
      temperature.
PAR  Various other objects and advantages of the present invention will become
      clear from the ensuing detailed description of certain preferred
      embodiments, and the novel features will be particularly pointed out in
      the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a non-linear amplifier is
      comprised of an amplifying transistor for receiving an input signal and
      for producing an amplified output signal; a series of PN junctions for
      producing a predetermined bias voltage to be supplied to the amplifying
      transistor; and an emitter-follower stage including at least one
      emitter-follower transistor connected to the input of the amplifying
      transistor. In one embodiment wherein the input signal is amplified by a
      factor of n, the input signal is supplied through the emitter-follower
      stage to the input of the amplifying transistor and the series of PN
      junctions is connected to the emitter-follower stage to produce the bias
      voltge thereat. In another embodiment wherein the input signal is
      amplified by a power of 1/n, the series of PN junctions is connected in
      the base-emitter circuit of the amplifying transistor to provide the bias
      voltage thereat and the emitter-follower stage is connected substantially
      in parallel with the base-emitter circuit of the amplifying transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The following detailed description will best be understood in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a typical prior art non-linear
      amplifier;
PAR  FIG. 2 is a schematic representation of a specific non-linear amplifier in
      accordance with the teachings of the present invention;
PAR  FIG. 3 is a schematic representation of a general non-linear amplifier in
      accordance with the teachings of the present invention;
PAR  FIG. 4 is a schematic representation of a simplified non-linear amplifier
      in accordance with the teachings of the present invention wherein the
      input signal is amplified by a power of one-half;
PAR  FIG. 5 is a schematic representation of a general non-linear amplifier in
      accordance with the teachings of the present invention wherein the input
      signal is amplified by a power of 1/n; and
PAR  FIG. 6 is a block diagram representing one application wherein the
      teachings of the present invention are readily utilized.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals are used
      throughout, and in particular to FIG. 1, there is Schematically
      illustrated a representation of a typical prior art non-linear amplifier.
      This non-linear amplifier is comprised of an amplifying transistor 1, a
      first series of P-N junctions 2 and a second series of P-N junctions 3.
      The amplifying transistor 1 includes a base electrode adapted to receive
      an input signal applied thereto by a constant current source 4 of
      conventional design. The base electrode of the amplifying transistor is
      further connected through a series of P-N junctions 2 to a reference
      voltage source 5. The series of P-N junctions is here formed of j
      diode-connected transistors wherein each such transistor includes a base
      electrode connected directly to its collector eletrode.
PAR  The emitter electrode of the amplifying transistor 1 is connected through
      the series 3 of P-N junctions to a reference potential, such as ground.
      The series 3 of P-N junctions is formed of (k-1) diode-connected
      transistors, similar to the diode-connected transistors of series 2. The
      operating characteristics of the j diode-connected transistors included in
      the series 2 as well as the operating characteristics of the (k-1)
      diode-connected transistors in the series 3 and the amplifying transistor
      1 are selected to be substantially equal. The output amplified signal
      produced by the illustrated non-linear amplifier is derived from the
      collector electrode of the amplifying transistor 1.
PAR  The operation of the prior art non-linear amplifier, as illustrated in FIG.
      1, will now be mathematically described. Let it be assumed that the
      voltage drop across each P-N junction of the series 2, i.e., the
      base-emitter voltage drop across each diode-connected transistor, is equal
      to V.sub.1. Let it further be assumed that the voltage drop across the
      base-emitter junction of the amplifying transistor 1 as well as the
      voltage drop across each P-N junction included in the series 3 is equal to
      V.sub.2. Now, if the voltage produced by the reference voltage source 5 is
      E, then the voltage at the base electrode of the amplifying transistor 1
      can be expressed as follows:
EQU  j .sup.. V.sub.1 + E = kV.sub.2                            (1)
PAR  It is appreciated that thebase current I.sub.B flowing through the
      amplifying transistor 1 is negligible when compared with the input signal
      current I.sub.o, supplied by the constant current source 4, the current
      I.sub.D flowing through the series 2 of P-N junctions, the current I.sub.E
      flowing through the series 3 of P-N junctions and the output current
      I.sub.C flowing in the collector circuit of the amplifying transistor 1.
      Consequently, the base current I.sub.B can be omitted to derive the
      following valid relationships between the respective currents:
TBL  I.sub.o .div. I.sub.D = I.sub.S1 . e.sup.q/kT V.sbsp.1 = I.sub.s1         

     e.sup..alpha..sup.V.sbsp.1   (2)                                          

     I.sub.C .div. I.sub.E = I.sub.S2 . e.sup.q/kT V.sbsp.2 = I.sub.s2         

     e.sup..alpha..sup.V.sbsp.2   (3)                                          

PAL  wherein I.sub.S1 and I.sub.S2 are the input current coefficients of the
      respective P-N junctions in the series 2 and 3 (i.e., the input
      coefficients of the respective diode-connected transistors), q is the
      charge of an electron, k is the Boltzmann's constant, T is the absolute
      temperture in degrees Kelvin and .alpha. is equal to q/kT.
PAR  Solving for the voltages V.sub.1 and V.sub.2, the ewuations (2) and (3) may
      be rewritten as follows:
      ##EQU1##
PAR  The votages V.sub.1 and V.sub.2, as expressed in equations (4) and (5) can
      now be substituted into equation (1) to obtain a matematical expression
      for the output current I.sub.C as follows:
      ##EQU2##
PAR  As is apparent, the output current I.sub.C is proportional to the input
      current I.sub.o by a power of j/k. That is, the non-linear amplifier
      illustrated in FIG. 1 is capable of amplifying the input current by a
      power of j/k. It is appreciated that both j and k can be selected to any
      desired amount. Accordingly, merely by selecting the number of P-N
      junctions included in each series, the power of amplification can be an
      integer wherein j/k is equal to n or, as an alternative, the amplification
      power j/k can be selected as 1/n.
PAR  An examination of equation (6) above indicates that the output current
      I.sub.C includes the factor
      ##EQU3##
      which means that the output current is dependent upon the temperature T.
      Thus, the prior art non-linear amplifier is undesirably temperature
      dependent whereby the output current I.sub.C is deleteriously effected by
      variations in temperature.
PAR  The present invention overcomes the problem of temperature-sensitive
      characteristics of a non-linear amplifier as will now be seen. A
      simplified schematic illustration of one embodiment of a nonlinear
      transistor amplifier in accordance with the present invention is
      illustrated in FIG. 2 wherein the input signal is amplified by a power of
      2. As there illustrated, the simplified non-linear transistor amplifier is
      comprised of an amplifying transistor 14, a series of P-N junctions 12 and
      an emitter-follower stage 13. The amplifying transistor 14 is adapted to
      receive an input signal to be amplified, the input signal being supplied
      by an input current souce 11 coupled to a junction 16. The
      emitter-follower stage 17 is interconnected between the junction 16 and
      the base electrode of the amplifying transistor 14 so as to supply the
      input signal to the amplifying transistor. In this simplified cirucit
      embodiment, the emitter-follower stage 17 is comprised of a transistor 13
      having a constant current source 15 connected in its emitter circuit. The
      emitter-follower transistor 13 is connected to a source of energizing
      potential 19.
PAR  The series of P-N junctions 12 is comprised of two junctions connected in
      series between the junction 16 and a reference potential, such as ground.
      In the illustrated embodiment, each of the P-N junctions is formed of a
      diode-connected ftransistor wherein the base and collector electrodes
      thereof are interconnected. The series of P-N junctions is adapted to
      provide a bias voltage for the amplifying transistor 14, which bias
      voltage is compensated by the emitter-follower stage.
PAR  The amplifying transistor 14 is disposed in the common-emitteer
      configuration whereby the amplified signal is derived at the collector
      electrode and is supplied to an output terminal 20. As seen, the collector
      electrode of the amplifying transistor is connected to the source of
      energizing potential 19 by a load resistor 18. The operating
      characteristics of the amplifying transistor 14, the emitter-follower
      transistor 13 and the diode-connected transistors included in the series
      of P-N junctions 12 are substantially the same. It is appreciated that
      such matched operating characteristics are readily obtained in accordance
      with conventional integrated circuit tehcnology. Therefore, preferably,
      the illustrated non-linear amplifier is constructed as an integrated
      circuit wherein the various transistor components exhibit substantially
      the same operating characteristics.
PAR  The operation of the illustrated non-linear amplifier will now be
      described. Let it be assumed that the voltage drop across each of the P-N
      junctions included in the series 12 is designated as V.sub.BE0. It is
      appreciated that if each P-N junction is formed of a diode-connected
      transistor, the voltage drop thereacross is equal to the base-emitter
      forward voltage drop across such transistor. Let it also be assumed that
      the base-emitter voltage drop across the emitter-followr transistor 13
      included in the emitter-follower stage 17 is designated a V.sub.BE1 and
      that the base-emitter voltage drop across the amplifying transistor 14 is
      designated as V.sub.BE2. When the voltage at junction 16 is considered,
      the following relation obtains:
EQU  2V.sub.BE0 = V.sub.Be1 + V.sub.BE2                         (7)
PAR  If the current amplification coefficient h.sub.FE of each of the amplifying
      transistor 14 and the emitter-follower transistor 13 is selected to be
      relatively large, it is appreciated that the base currents flowing in
      these respective transistors are negligible and, for the purpose of the
      instant discussion, can be neglected. Accordingly, the input signal
      current I.sub.o obtained from the input current source 11, the
      emitter-follower stage current I.sub.1 obtained from the constant current
      source 15 and the output current I.sub.2 of the amplifying transistor 14
      can be mathematically expressed as:
TBL  I.sub.o .div. I.sub.S . e.sup.q/kT V.sbsp.b.sbsp.e.sbsp.0 = I.sub.S .     

     e.sup..sup..alpha.V.sbsp.b.sbsp.e.sbsp.0                                  

                                  (8)                                          

     I.sub.1 .div. I.sub.S . e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.1 = I.sub.S .    

     e.sup..sup..alpha.V.sbsp.b.sbsp.e.sbsp.1                                  

                                  (9)                                          

     I.sub.2 .div. I.sub.S . e.sup.q/kT V.sbsp.b.sbsp.e.sbsp.2 = I.sub.S .     

     e.sup..alpha..sup.V.sbsp.b.sbsp.e.sbsp.2                                  

                                  (10)                                         

PAL  wherein I.sub.S represents an input current coefficient of the respective
      transistors and which is seen to be substantially the same for all of the
      transistors in view of the assumed identity of operating characteristics.
PAR  From equations (8), (9) and (10) the respective base-emitter voltage drops
      are derived as:
      ##EQU4##
      Equations (11), (12) and (13) can be inserted into equation (7) above to
      obtain the following:
PAR  From equation (13A) the output curreent I.sub.2 can be matematically
      expressed as:
      ##EQU5##
      It is appreciated that the term I.sub.1 is the current flowing through the
      emitter-follower stage 17 and is a constant current derived from the
      current source 15. Hence, the factor 1/I.sub.1 is a constant factor. It is
      thus seen that the output current is proportional to the input current
      amplified by a power of 2. Accordingly, the non-linear amplifier circuit
      schematically illustrated in FIG. 2 operates as a 2-nd power non-linear
      amplifier.
PAR  An embodiment of a general n-th power non-linear amplifier in accordance
      with the present invention will now be described with reference to FIG. 3.
      The amplification power n of the non-linear amplifier illustrated therein
      is equal to or greater than 3. It will, of course, be recognized that,
      where n is equal to 2, the preferable embodiment is as illustrated in FIG.
      2. Thus, in general, and as will be seen, the non-linear amplifier
      generally illustrated in FIG. 3 admits of a power of amplification equal
      to n wherein n is an integer greater than 1.
PAR  The n-th power non-linear amplifier of FIG. 3 is substantially similar to
      the simplified schematic diagram of FIG. 2 in that an amplifying
      transistor 14 is adapted to receive an input signal current supplied
      thereto through an emitter-follower stage 17 from a junction 16. The
      junction 16 is also connected to a series of P-N junctions 12. Moreover,
      the input signal is supplied to the junction 16 by an input current source
      11. More particularly, the emitter-follower stage 17 is comprised of (n-1)
      emitter-follower transistors connected in cascade wherein each
      emitter-follower transistor includes a constant current source connected
      to its emitter circuit. For purposes of illustration, the constant current
      sources are designated I.sub.1, I.sub.2, . . . I.sub.(n-1) for the
      respective (n-1) emitter-follower transistors. The output of the (n-1)th
      emitter-follower transistor is seen to be the output of the
      emitter-follower stage 17 and is coupled to the base electrode of the
      amplifying transistor 14.
PAR  The series of P-N junctions 12 is here comprised of n P-N junctions, each
      being formed of a diode-connected transistor.
PAR  In mathematically describing the operation of the n-th power non-linear
      amplifier, it will be assumed that the forward voltage drop across each of
      the P-N junctions included in the series 12 is designated as V.sub.BEO,
      and that the baseemitter voltage drops across the respective
      emitter-follower transistors included in the emitter-follower stage 17 are
      designated as V.sub.BE1, V.sub.BE2 . . . V.sub.BE(n.sub.-1). The
      base-emitter voltage drop of the amplifying transistor 14 is designated as
      V.sub.BEn. Accordingly, the voltage relationship at junction 16 can be
      expressed as:
EQU  n V.sub.BEO = V.sub.BEl + V.sub.BE2 + . . . V.sub.BEn      (15)
PAR  As was the case with respect to the embodiment illustrated in FIG. 2, the
      currents flowing through the respective base electrodes of the illustrated
      transistors are negligible and, therefore, can be neglected. Consequently,
      the input signal current I.sub.o flowing through the series of P-N
      junctions 12 as well as the collector-emitter current flowing through each
      of the emitter-follower transistors included in the emitter-follower stage
      17 and the collectoremitter current I.sub.n flowing through the amplifying
      transistor 14 are given as:
TBL  I.sub.o .div. I.sub.S . e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.0 = I.sub.S .    

     e.sup..alpha..sup.V.sbsp.b.sbsp.e.sbsp.0                                  

     I.sub.1 .div. I.sub.S . e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.1 = I.sub.S .    

     e.sup..alpha..sup.V.sbsp.b.sbsp.e.sbsp.1                                  

     I.sub.2 .div. I.sub.S . e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.2 = I.sub.S .    

     e.sup..alpha..sup.V.sbsp.b.sbsp.e.sbsp.2                                  

     .                                                                         

     .                                                                         

     .                                                                         

     .                                                                         

     I.sub.n .div. I.sub.S . e .sup.q/kT V.sbsp.b .sbsp.e.sbsp.n = I.sub.S .   

     e.sup..alpha..sup.V.sbsp.b.sbsp.e.sbsp.n                                  

                                  (16)                                         

PAR  By rearranging the terms of equationsn (16) the respective voltage can be
      expressed as:
      ##EQU6##
PAR  Now, by substituting equations (17) into equation (15) the following is
      obtained:
      ##EQU7##
PAR  Solving for the output current I.sub.n, the output current is defined as:
      ##EQU8##
      It is appreciated that the terms I.sub.1, I.sub.2, . . . I.sub.(n-1) are
      the respective constant currents produced by the constant current sources
      connected in the emitter circuits of the respective emitter-follower
      transistors included in the emitter-follower stage 17. These terms are
      constant so that the factor
      ##EQU9##
      is a constant factor. Accordingly, equation (18) represents that the input
      current I.sub.o is amplified by a power of n to attain the output current
      I.sub.n, and that the output current I.sub.n is proportional to the input
      current I.sub.o amplified to the n-th power. Thus, it is seen that the
      circuit schematically illustrated in FIG. 3 is operable as an n-th power
      non-linear amplifier.
PAR  When considering the junction 16 as illustrated in FIGS. 2 and 3, it is
      seen that parallel paths comprising plural P-N junctions are provided. The
      number of P-N junctions included in each parallel path is equal. Thus, in
      FIG. 2, a first path is formed of the series of P-N junctions 12 and is
      comprised of 2 P-N junctions, each being formed by the base-emitter
      junction of a diode-connected transistor. In the other parallel path, a
      first P-N junction is formed by the base-emitter junction of the
      emitter-follower transistor 13 included in the emitter-follower stage 17
      and a second P-N junction is formed by the base-emitter junction of the
      amplifying transistor 14. In FIG. 3, the first path is again comprised of
      the series of P-N junctions and includes P-N junctions, each being formed
      by the baseemitter junction of a diode-connected transistor. The other
      parallel path is seen to comprise (n-1) P-N junction, each being formed of
      a base-emitter junction included in the emitter-follower stage 17 and the
      n-th base-emitter junction of the amplifying transistor 14. Since the
      number of P-N junctions included in each parallel path is equal, and is
      here formed of a base-emitter junction, it should be recognized that
      voltage variations thereacross that are attributable to temperature
      variations are cancelled. Consequently, the n-th power non-linear
      amplifier of the present invention is not sensitive to temperature
      variations. Hence, the input signal is amplified by a power on n and the
      resultant output signal is not deleteriously affected by temperature
      changes.
PAR  Referring now to FIG. 4, there is illustrated a schematic representation of
      a simplified non-linear amplifier wherein an input signal is amplified by
      a power or 1/2. The circuit is comprised of an amplifying transistor 22, a
      series of P-N junctions 23 and an emitter-follower stage 29. The
      amplifying tansistor 22 is adapted to receive an input signal supplied to
      the base electrode thereof and to produce an output signal at its
      collector electrode. Accordingly, the collector electrode of the
      amplifyingn transistor is coupled to a source of energizing potential 25
      by a load impedance 24, and an output terminal 26 is derived from the
      collector electrode. The input signal supplied to the amplifying
      transistor is applied thereto through the input current source 21.
PAR  In accordance with the simplified embodiment depicted to FIG. 4, the series
      of P-N junctions 23 is comprised of a single P-N junction formed of a
      diode-connected transistor. This series of P-N junctions serves to couple
      the emitter electrode of the amplifying transistor 22 to a reference
      potential, such as ground.
PAR  A junction 27, through which the input signal is supplied to the base
      electrode of the amplifying transistor 22, is additionally connected to
      the emitter-follower stage 29. In the simplified embodiment depicted
      herein, the emitter-follower stage 29 is comprised of an emitter-follower
      transistor 28 having a constant current source 31 connected in its emitter
      circuit. The output of the emitter-follower stage, i.e., the emitter
      electrode of the emitter-follower transistor 28, is connected to the base
      electrode of a further transistor 30, the latter having its emitter
      electrode connected to ground. The collector electrode of the further
      transistor is directly connected to the aforenoted junction 27.
PAR  The respective transistor devices are selected such that the operating
      characteristics thereof, and in particular, the P-N junction
      characteristics thereof, are all the same. It is appreciated that this is
      readily attained in accordance with conventional integrated circuit
      technology.
PAR  The operation of the simplified circuit embodiment depicted in FIG. 4 will
      now be mathematically described. Let it be assumed that the base-emitter
      voltage of the further transistor 30 is designated V.sub.BEO, the
      base-emitter voltage across the emitter-follower transistor 28 included in
      the emitter-follower stage 29 is designated as V.sub.BE1 and that the
      voltage drop across the P-N junction included in the series of P-N
      junctions 23 is designated V.sub.BE2. Additionally, the base-emitter
      voltage drop of the amplifying transistor 22 is assumed to be equal to the
      P-N junction voltage drop and, hence, is designated V.sub.BE2. Therefore,
      with respect to the junction 27, the following expression represents the
      voltage relationship thereat:
EQU  V.sub.BE0 + V.sub.BE1 = 2V.sub.BE2                         (19)
PAR  Now, if the currents flowing through the respective base electrodes of the
      illustrated transistors are assumed to be negligible, such currents can be
      omitted from further consideration so that the current I.sub.o flowing
      through the further transistor 30, the current I.sub.1 flowing through the
      emitter-follower stage 29, and the current I.sub.2 flowing through the
      amplifying transistor 22 and the series P-N junctions 23 can be expressed
      as:
TBL  I.sub.o .div. I.sub.S e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.0 = I.sub.S        

     e.sup..sup..alpha.V.sbsp.b.sbsp.e.sbsp.0                                  

     I.sub.1 .div. I.sub.S e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.1 = I.sub.S        

     e.sup..sup..alpha.V.sbsp.b.sbsp.e.sbsp.1                                  

     I.sub.2 .div. I.sub.S e .sup.q/kT V.sbsp.b.sbsp.e.sbsp.2 = I.sub.S        

     e.sup..sup..alpha.V.sbsp.b.sbsp.e.sbsp.2                                  

                                  (20)                                         

PAR  By rearranging terms, the respective voltages expressed in equations (20)
      are found to be:
      ##EQU10##
PAR  The voltages represented in equations (21) can be substituted into equation
      (19) to obtain:
      ##EQU11##
PAR  Solving for the output current I.sub.2, the output current is represented
      as:
      ##EQU12##
      It is appreciated that the term I.sub.1 in equation (22) represents the
      constant current flowing through the emitter-follower stage 29 as produced
      by the constant current source connected in the emitter circuit of 1/2 the
      emitter-follower transistor 28. Accordingly, the term I.sub.1 is a
      constant factor. Hence, as expressed in equation (22), the input current
      I.sub.o is amplified by a power of one-half to obtain the output current
      I.sub.2. Stated otherwise, the output current is proportional to the input
      current by the power of one-half. Hence, the simplified circuit diagram
      depicted in FIG. 4 is illustrative of a one-half power nonlinear
      amplifier.
PAR  A generalized 1/n power non-linear amplifier will now be described with
      reference to FIG. 5. The 1/n power non-linear amplifier is comprised of an
      amplifying transistor 22, a series of P-N junctions 23, an
      emitter-follower stage 29 and a further transistor 30, as aforedescribed
      with respect to FIG. 4. However, in the general embodiment depicted in
      FIG. 5, the series of P-N junctions 23 is comprised of (n-1) series
      connected P-N junctions, each comrpising a diodeconnected transistor such
      that the P-N junction is formed of the base-emitter junction of each
      transistor. Similarly, the emitter-follower stage 29 is comprised of (n-1)
      cascaded emitter-follower transistors wherenin the base-emitter junctions
      of the emitter-follower transistors are connected in series. A constant
      current source is connected in each of the respective emitter circuits of
      the emitter-follower transistors. As is illustrated, the output of the
      emitter-follower stage 29, that is, the output of the (n-1)th
      emitter-follower transistor is connected to the base electrode of the
      further transistor 30, the latter having its base-emitter junction
      connected to ground.
PAR  In accordance with the now well understood mathematical analysis of the
      illustrated non-linear amplifier, the voltage relationship, taken with
      respect to junction 27, can be expressed are:
EQU  V.sub.BE0 + V.sub.BE2 + . . . + V.sub.BE(n.sub.-1) = n V.sub.BEn (23)
PAL  wherein V.sub.BE1, V.sub.BE2 . . . V.sub.BE(n.sub.-1) are the base-emitter
      voltage drops across the respective emitter-followe transitors included in
      the emitter-follower stage 27; V.sub.BE0 is the baseemitter voltage of the
      further transistor 30; and V.sub.BEn is the base-emitter voltage of the
      amplifying transistor 22 or of each of the diode-connected transistors
      included in the series of P-N junctions 23.
PAR  If the negligible currents flowing through the respective transistor bases
      are omitted, the collector -emitter transistor currents can be expressed
      as:
TBL  I.sub.o .div. I.sub.S . e .sup.q/kT . V.sbsp.b .sbsp.e.sbsp.0 = I.sub.S . 

     e.sup..alpha..sup..V.sbsp.b.sbsp.e.sbsp.0                                 

     I.sub.1 .div. I.sub.S . e .sup.q/kT . V.sbsp.b .sbsp.e.sbsp.1 = I.sub.S . 

     e.sup..sup..alpha. .V.sbsp.b.sbsp.e.sbsp.1                                

     I.sub.2 .div. I.sub.S . e .sup.q/kT . V.sbsp.b .sbsp.e.sbsp.2 = I.sub.S . 

     e.sup. .sup..alpha.. V.sbsp.b.sbsp.e.sbsp.2                               

     I.sub.(n.sub.-1) .div. I.sub.S . e .sup.q/kT . V.sbsp.b.sbsp.e .sbsp.n    

     .sbsp.1  = I.sub.S . e.sup..sup..alpha.. V.sbsp.b.sbsp.e .sbsp.n .sbsp.1  

     I.sub.n .div. I.sub.S . e .sup.q/kT . V.sbsp.b.sbsp.e.sbsp.n = I.sub.S .  

     e.sup..sup..alpha.. V.sbsp.b .sbsp.e.sbsp.n                               

                                  (24)                                         

PAL  wherein the currents I.sub.1, I.sub.2, . . . I.sub.(n-1) are the currents
      produced by the respective constant current sources connected in the
      emitter circuits of the emitter-follower transistors included in the
      emitter-follower stage 29 and the current I.sub.n is the output current
      flowing through the amplifying transistor 22 and, additionally, through
      the series of P-N junctions 23.
PAR  The voltages expressed in equations (24) can be represented as:
      ##EQU13##
      Now, if equations (25) are inserted into the equation (23), the following
      is obtained:
      ##EQU14##
PAR  By rearranging terms, the output current I.sub.n can be expressed as:
      ##EQU15##
      It is appreciated that the factor (I.sub.1 .sup.. I.sub.2 . . . . .
      I.sub.n.sub.-1).sup.n/1 is dependent solely upon the constant current
      sources and, therefore, is a constant factor. Accordingly, the output
      current produced by the non-linear amplifier illustrated in FIG. 5 is
      proportional to the input current by a power of 1/n. Stated otherwise, the
      non-linear amplifier is operable to amplify the input current I.sub.o by a
      power of 1/n.
PAR  It is appreciated that, in the illustrated embodiment, each base-emitter
      junction of the emitter-follower transistors included in the
      emitter-follower stage 29 as a P-N junction. Accordingly, the number of
      P-N junctions included in the series of P-N junctions 23 is equal to the
      number of P-N junctions that are connected in cascade in the
      emitter-follower stage 29. Hence, voltage variations in these P-N
      junctions that are attributable to temperature changes are cancelled so as
      to maintain the base-emitter voltage of the amplifying transistor 22
      substantially constant. Amplification of a power of 1/n is thus achieved
      regardless of temperature variations. Thus, the illustrative embodiment of
      FIG. 5 operates as a 1/n power non-linear amplifier that is temperature
      stable, wherein n is greater than 1.
PAR  Referring now to FIG. 6, a block diagram of one typical application of the
      teachings of the present invention is illustrated. More particularly, FIG.
      6 is a block diagram of tape recording apparatus, and in particular, a
      video tape recorder/reproducer wherein an n-th power non-linear amplifier
      and a 1/n-th power non-linear amplifier are used to process information
      signals. In the illustrated embodiment, a signal recording circuit adapted
      to record signals on a magnetic medium, such a magnetic tape T, comprises
      a de-emphasis circuit 42 and a modulator 43. A circuit shaped to repreduce
      signals from the magnetic medium is comprised of a demodulator 46 and an
      emphasis circuit 47.
PAR  The de-emphasis circuit 42 includes a 1/n-th power non-linear amplifier of
      the type described hereinabove with respect to FIG. 5, and includes an
      input coupled to a signal input terminal 41. This non-linear de-emphasis
      circuit is adapted to compress the signal supplied thereto so that a
      compressed signal is recorded on the magnetic medium. After the input
      signal is compressed to the desired level, the output of the non-linear
      de-emphasis circuit is supplied to the modulator 43. This modulator
      comprises a frequency modulator for frequency modulating the compressed
      signal and for supplying same to a magnetic recording head 44 whereby the
      compressed, frequency-modulated signal is recorded on the magnetic medium.
PAR  In the signal reproducing circuit, a playback magnetic head 45 supplies
      recorded signals to the demodulator 46. It is appreciated that the
      demodulator comprises a frequency demodulator circuit adapted to produce a
      compressed signal at its output that is substantially similar to the
      signal that had been supplied to the modulator 43. This demodulated,
      compressed signal is applied to the emphasis circuit 47 which includes the
      n-th power non-linear amplifier previously described with respect to FIG.
      3. The non-linear emphasis circuit is adapted to expand the reproduced
      signal to a desired level. The expanded signal is derived from the signal
      output terminal48 which is coupled to the non-linear emphasis circuit.
PAR  Although the non-linear amplifier of the present invention can be readily
      utilized in various applications, the application thereof to tape
      recording techniques and, in particular, to a video tape recording system
      permits the recording and reproducing of a signal having a relatively high
      level without concomitant tape saturation. In addition, the signal
      processing circuits of such VTR apparatus exhibit relatively stable and
      reliable operating characteristics and are not temperature sensistive.
PAR  It should now be readily apparent that the n-th and the 1/n-th power
      non-linear amplifiers of the present invention can be easily constructed
      whereby n can be any desired integer greater than 1. It is seen that the
      input signal to be amplified is supplied to parallel conducting paths each
      being comprised of n P-N junctions. In one conducting path, series
      connected P-N junctions are formed of, for example, diode-connected
      transistors. In the other conducting path the P-N junctions are formed of
      cascaded emitter-follower transistors wherein the base-emitter junctions
      thereof correspond to such P-N junctions. In the n-th power non-linear
      amplifier embodiment, the amplifying transistor is connected in t he
      conducting path including the emitterfollowers whereby the base-emitter
      junction of the amplifying transistor is included as one of the P-N
      junctions in that conducting path. In the 1/n-th non-linear amplifier
      embodiment, the amplifying transistor is connected in the other conducting
      path, that is, the conducting path comprised of thee series of P-N
      junctions formed of, for exampled, diodeconnected transistors.
      Nevertheless, it should be appreciated that the total number of P-N
      junctions included in each conducting path is equal. Thus, it is seen that
      the exponential factor n can be readily selected merely by selecting the
      number of P-N junctions to be included in the respective paralled
      conducting paths. In this manner, the exponential relationship between the
      input and output signals can be chosen. The exponential curve representing
      the amplification of the non-linear amplifier can thus be easily selected.
PAR  It is readily appreciated that the various embodiments of the non-linear
      amplifier, as shown and described hereinabove, include merely a single
      resistive element, i.e., the amplifying transistor load resistor.
      Accordingly, the non-linear amplifier of the present invention is readily
      adapted to integrated circuit fabrication techniques.
PAR  While the present invention has been particularly shown and described with
      reference to a plurality of preferred embodiments thereof, it will be
      obvious to those skilled in the art that various changes and modifications
      in form and details may be made without departing from the spirit and
      scope of the invention. It is therefore intended that the appended claims
      be interpreted as including all such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature-stable non-linear amplifier comprising input means for
      supplying an input signal to be amplified, a pair of parallel conducting
      paths connected to said imput means, each of said conducting paths being
      comprised of n P-N junctions connected in series where n is an integer
      greater than 1, (n-1) emitter-follower transistors included in one of said
      conducting paths and having said P-N junctions of said one path formed by
      their respective base-emitter junctions connected in series, constant
      current sources connected in the emitter circuits of said (n-1)
      emitter-follower transistors, respectively, (n-1) diode-connected
      transistors included in the other of said conducting paths and having
      their respective baseemitter junctionsn connected in series to form said
      P-N junctions of said other path, and amplifying transistor means included
      in one of said conducting paths for producing, at an output terminal
      thereof, a signal exponentially proportional to said input signal; and
      wherein said amplifying transistor means is connected in series with said
      (n-1) diode-connected transistors such that the P-N junction formed by the
      base-emitter junction of said amplifying transistor means is connected in
      series with said (n-1) diodeconnected transistor base-emitter junctions in
      one of said conducting paths; and said (n-1) emitter-follower transistors
      are connected in cascade with a further transistor to thereby form said
      P-N junctions of said (n-1) emitter-follower transistor base-emitter
      junctions and said further transistor base-emitter junctions in the other
      conducting path, such that said output signal is proportional to the
      1/n-th power of said input signal.
NUM  2.
PAR  2. A non-linear amplifier, comprising:
PA1  an amplifying transistor for amplifying an input signal;
PA1  an input terminal for receiving said input signal, said input terminal
      being connected to said amplifying transistor;
PA1  a series of (n-1) P-N junctions connected in series with the P-N junction
      defined by the base-emitter junction of said amplifying transistor for
      providing a predetermined bias voltage for said amplifying transistor, and
      wherein n is an integer greater than unity; and
PA1  emitter-follower means connected to said input terminal, said emitter
      follower means comprising (n-1) emitter-follower transistors connected in
      cascade such that the base-emitter junctions of said emitter-follower
      transistors form a first path which is in parallel with a second path
      defined by said amplifying transistor and series of P-N junctions such
      that said input signal is amplified by the power of 1/n.
NUM  3.
PAR  3. A non-linear amplifier in accordance with claim 2 and further comprising
      a further transistor connected in cascade with said cascaded
      emitter-follower transistors such that the base-emitter junctions of said
      emitter-follower transistos and said further transistor are connected in a
      first series circuit.
NUM  4.
PAR  4. A non-linear transistor in accordance with claim 3 wherein constant
      current sources are connected in the emitter circuits of said (n-1)
      emitter-follower transistors, respectively.
NUM  5.
PAR  5. A non-linear amplifier in accordance with claim 4 wherein said (n-1) P-N
      junctions comprise (n-1) diode-connected transistors; the base-emitter
      junctions of said (n-1) diode-connected transistors being connected to the
      base-emitter junction of said amplifying transistor in a second series
      circuit, said first and second series of circuits being connected in
      parallel.
NUM  6.
PAR  6. A non-linear amplifier for producing an output signal which is
      proportional to an input signal amplified by an exponential factor related
      to n where n is an integer greater than unity, comprising:
PA1  an input terminal for receiving said input signal;
PA1  first and second parallel conducting paths connected to said input
      terminal, said first conducting path being formed of n P-N junctions
      connected in series relation;
PA1  said second conducting path being formed of seriesconnected base-emitter
      junctions of (n-1) emitter-follower transistors; and
PA1  an amplifying transistor having its base-emitter junction connected in s
      eries with one of said first and second conducting paths for receiving
      said input signal and for producing said output signal; and
PA1  wherein the base-emitter junction of said amplifying transistor is
      connected as one of said n P-N junctions forming said first conducting
      path; and said (n-1) emitterfollower transistors are connected in cascade
      with a further transistor to thereby form n P-N junctions in said second
      conducting path such that said output signal is proportional to the 1/n-th
      power of said input signal.
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ABST
PAL  A dynamic damping apparatus wherein the current source is critically damped
      during rise and fall of current but the DC flattop of the current is
      unaffected by the fluctuations of load voltage. Therefore the output
      impedance of the current source is low during rise and fall times, but
      high during the flattop. This increases current source regulation.
GOVT
     STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A current source driving a complex load may require damping which lowers
      its output impedance. Damping is usually achieved by adding a parallel
      resistor to the output of a current source (parallel resonant circuit),
      and the output impedance of the current source is greatly reduced by the
      addition of the parallel resistor. Thus, variations in load voltage cause
      variations in current amplitude. The dynamic damping apparatus of the
      present invention eliminates this decrease in regulation by critically
      damping a constant current pulse driving a complex load during rise and
      fall times of the pulse.
PAC  SUMMARY OF THE INVENTION
PAR  A dynamic damping apparatus is provided. The current source is critically
      damped during the rise and fall of current but the current is not affected
      by voltage variation in the load during the flattop portion of the
      waveform.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE of the preferred embodiment of the dynamic damping
      apparatus is illustrated partly in diagrammatic and partly in block form.
DETD
PAR  Now referring in detail to the single FIGURE, there is shown conventional
      current source 1 which provides constant current pulses utilized to drive
      complex load 2. The current is damped during rise and fall of the current,
      but because of capacitors 3 and 4 the current is not affected by voltage
      variation in load 2 during the flattop portion of the constant current
      pulse waveform.
PAR  During rise time of current, V.sub.DAMP (load voltage) at input terminal 2a
      increases due to the inductive voltage transient across load 2. The
      voltage is coupled through capacitor 3 and used to drive transistor 5 into
      saturation. As V.sub.DAMP reaches its peak and starts to decline
      transistor 5 receives off drive from capacitor 3. As transistor 5 shuts
      off, capacitor 4 charges through resistor 6 to the DC value of the load.
      Thus, small signal voltage excursions of the load are damped by resistor 6
      via the AC coupling to ground through capacitor 4, and the DC current
      through resistor 6 is zero. This gives the current source a high output
      impedance during the flattop portion.
PAR  Damping of the negative transient during the fall time of the current pulse
      is automatic when diode 10 forward biases due to the negative voltage
      transient across the load. Diode 7 prevents the negative swing from
      breaking down the base-emitter junction of transistor 5.
PAR  Since transistor 5 is driven by the damping voltage itself no critical
      timing is required since transistor 5 will automatically follow the
      damping waveform.
PAR  Additional damping is provided by resistor 9 via the AC coupling through
      capacitor 3 and one of the three following paths to ground: through the
      base of transistor 5 (positive transients), diode 7 (negative transients),
      and resistor 11 (flattop).
PAR  The damping apparatus components detailed hereinafter are for critically
      damping the Air Force Minuteman word current source load. With a different
      complex load different component values will be required for critically
      damping. Thus, resistor 6 interconnecting load 2 and collector 5a of
      transistor 5 is 82.5 ohms. Capacitor 3 is in series with resistor 9. The
      series arrangement interconnects load 2 and base 5b of transistor 5.
      Capacitor 3 is valued at 100 pf and resistor 9 at 75 ohms. Capacitor 4 and
      diode 10 are connected between collector 5a of transistor 5 and ground.
      Capacitor 4 is valued at 270 pf. Emitter 5c of transistor is connected to
      ground. Base 5b of transistor 5 is connected to ground by way of resistor
      11 and diode 7. Resistor 11 carries the value of 499 ohms.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Dynamic damping apparatus being comprised of a source of constant
      current pulses, a complex load having an input terminal and receiving said
      constant current pulses thereat, first, second, and third preselected
      resistors, each having a different predetermined resistive value, a first
      and second preselected capacitor, each having a different predetermined
      capacitive value, a transistor having an emitter, collector, and base,
      said emitter being connected directly to ground, said collecter being
      connected to said input terminal by way of said first resistor and to
      ground by way of said first capacitor, said base being connected to said
      input terminal by way of a series arrangement of said second capacitor and
      said second resistor, and also connected to ground by way of said third
      resistor, and a first diode connecting said base to ground, the current
      being damped during the rise and fall of the current with the current
      being unaffected by voltage variation of said complex load during the
      flattop portion of the constant current pulses.
NUM  2.
PAR  2. Dynamic damping apparatus as described in claim 1 further including a
      second diode connected between said collector of said transistor and
      ground.
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PAL  The broad band directional signal generator disclosed generates signals on
      a transmission line, which, controllably propagate in one direction on the
      line to the exclusion of the other direction, or in both directions. Such
      signal generation may occur at one or a multiplicity of points located at
      arbitrary positions along the line. The signal generator includes a
      conventional .pi., 0, T, or H attenuator network and operates in
      conjunction with other circuitry. In the disclosed embodiments,
      symmetrical attenuators are used with either single ended or push-pull
      amplifiers connected to the attenuator nodes. The invention, however, is
      equally applicable to .pi., 0, T, or H attenuator networks which are not
      symmetrical. The specific embodiments shown employing active devices and
      direct coupling have wide frequency responses which are flat and flat to
      DC. Where operation down to DC is not required, AC or transformer coupling
      may be used. The circuits disclosed have applications in analog and
      digital communication paths where two-way information flow exists and
      where a multiplicity of ports may share the same path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to signal generators, and more
      particularly, to a broad band directional signal generator capable of
      generating signals on a transmission line or the like which, controllably,
      propagate in one direction on the line to the exclusion of the other
      direction or in both directions.
PAR  2. Description of the Prior Art
PAR  Numerous narrow band directional couplers exist and are typically employed
      to split or mix signals in a single-signal path. Directional couplers
      generally employ reactive circuit elements and, as a result, their
      frequency response is severely limited. Since directional signal
      generators employ directional couplers, it follows that directional signal
      generators have in the past been narrow band and sometimes complex
      devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a broad band
      directional signal generator employing a conventional attenuator composed
      of linear, nonreactive circuit elements and whose frequency response is
      flat and flat to DC.
PAR  It is another object of the invention to provide a broad band directional
      signal generator of uniquely simple construction and adapted for use in
      analog and digital communication paths where two-way information flow
      exists.
PAR  These and other objects of the invention are achieved by providing a
      directional signal generator incorporating a conventional attenuator
      network which operates in conjunction with other circuitry. The attenuator
      network may be a .pi. or 0, T or H network and may be either symmetrical
      or unsymmetrical. The attenuator network is composed only of linear,
      nonreactive circuit elements and is readily adapted to incorporation in
      coaxial, microstrip and stripline structures, among others. Single ended
      or push-pull amplifiers are connected to the nodes of the attenuator in
      such a manner that a signal will controllably propagate in one direction
      on the line to the exclusion of the other, or in both directions.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other aspects, uses and
      advantages thereof will clearly appear from the following description and
      from the accompanying drawings, in which:
PAR  FIGS. 1A and 1B are circuit diagrams of conventional, symmetrical .pi. and
      0 attenuator networks, respectively, which are used to illustrate the
      principles of the invention;
PAR  FIG. 2A is a circuit diagram of one specific embodiment of a broad band
      directional signal generator according to the invention employing the
      symmetrical .pi. attenuator of FIG. 1A and two pairs of voltage to current
      converting amplifiers;
PAR  FIG. 2B is a circuit diagram of another specific embodiment of the
      invention employing a modified symmetrical .pi. attenuator network and a
      pair of push-pull voltage to current converting amplifiers;
PAR  FIG. 2C illustrates an alternative embodiment of the invention employing a
      modified symmetrical 0 attenuator network and two pairs of voltage to
      current converting amplifiers;
PAR  FIGS. 3A and 3B are circuit drawings of conventional, symmetrical T and H
      attenuator networks, respectively, which are used to illustrate the
      principles of the invention;
PAR  FIG. 4A illustrates a specific embodiment of the invention employing a
      modified symmetrical T attenuator network and a pair of push-pull
      amplifiers; and
PAR  FIG. 4B illustrates an alternative embodiment of the invention employing a
      modified symmetrical H attenuator network and two pairs of amplifiers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For purposes of illustration only and in the interest of simplicity and
      clarity, the invention is illustratively described with reference to
      symmetrical .pi., 0, T, or H attenuator networks as shown in FIGS. 1A, 1B,
      3A, and 3B. In any case, it will be appreciated by those skilled in the
      art from the following description that the principles of the invention
      are equally applicable to .pi., 0, T, or H networks which are not
      symmetrical. Referring first to FIGS. 1A and 1B, the series resistance
      R.sub.3 and the shunt resistances R.sub.1 are calcualted from the
      following equations:
      ##EQU1##
      where Z.sub.0 is the characteristic impedance of the transmission line,
      and K is the current or voltage ratio from the input to the output of the
      attenuator network hereinafter referred to as the attenuation factor. For
      the purposes of the following description, it is assumed that Z.sub.0 = 50
      ohms and K = E.sub.i /E.sub.o = 2 (.apprxeq.  6dB) for which R.sub.1 = 150
      ohms and R.sub.3 = 37.5 ohms. As will be seen, the magnitude of the
      attenuation provided by these attenuators is probably larger than that
      which would ordinarily be used in most applications; however, these
      relative values are useful to provide an illustrative numerical example.
PAR  Using the symmetrical .pi. attenuator network shown in FIG. 1A, a broad
      band directional signal generator can be constructed as shown in FIG. 2A.
      The attenuator may be considered a three terminal device having one
      terminal grounded. The node adjacent the left-hand terminal is labeled
      L.sub.o, while the node adjacent the right-hand terminal is labeled
      R.sub.o. The input nodes R.sub.I and L.sub.I are coupled to the nodes
      L.sub.o and R.sub.o of the attenuator network by isolation means such as
      voltage to current converting amplifiers. For the purpose of this
      description, it is assumed that the voltage to current converting
      amplifiers are perfect, that is, their input impedances are infinite,
      their output impedances are infinite, their transconductances are constant
      from DC upwards in frequency, and their delays are zero from DC upwards in
      frequency. Each input node R.sub.I and L.sub.I is connected to a pair of
      current to voltage converting amplifiers, the transconductances g.sub.1
      and g.sub.2 of which are computed from the following equations:
      ##EQU2##
      assuming that an output voltage at nodes R.sub.o and L.sub.o equal to the
      input voltage at nodes R.sub.I and L.sub.I, respectively, is desired.
PAR  The operation of the circuit shown in FIG. 2A is best visualized by a
      numerical example. Assume that the input nodes R.sub.I and L.sub.I are
      driven by sources which deliver either 0 volts or +1.5 volts. For these
      inputs, nodal voltages at nodes R.sub.I, L.sub.I, R.sub.o, and L.sub.o,
      and nodal current into nodes L.sub.o and R.sub.o are tabulated in Table I.
      In Table I, the convention has been adopted that currents flowing into the
      node are positive and currents flowing out of the node are negative. Thus,
      for example, for 1.5v at node R.sub.I and 0v at node L.sub.I, a current of
      40ma flows out of node L.sub.o to the amplifier with a transconductance of
      g.sub.2, a current of 80ma flows into node R.sub.o from the amplifier with
      a transconductance of g.sub.1, and a current of 40ma flows into node
      L.sub.o through the resistor R.sub.3, assuming 50.OMEGA.  for the
      characteristic impedance, Z.sub.0.
TBL                TABLE I                                                     

     ______________________________________                                    

     (FIG. 2)                                                                  

     (g in ma/v, R.sub.3 = 37.5.OMEGA., R.sub.1 = 150.OMEGA.)                  

     Nodal Voltages                                                            

             R.sub.I                                                           

                   L.sub.I L.sub.o R.sub.o                                     

     ______________________________________                                    

             1.5v  0v      0v      1.5v                                        

             0v    1.5v    1.5v    0v                                          

             1.5v  1.5v    1.5v    1.5v                                        

             0v    0v      0v      0v                                          

     L.sub.o Nodal Currents                                                    

     50.OMEGA. g.sub.2  R.sub.1  g.sub.1                                       

                                        R.sub.3                                

     ______________________________________                                    

     0ma       -40ma    0ma      0ma    +40ma                                  

     -30ma     0ma      -10ma    +80ma  -40ma                                  

     -30ma     -40ma    -10ma    +80ma  0ma                                    

     0ma       0ma      0ma      0ma    0ma                                    

     R.sub.o Nodal Currents                                                    

     50.OMEGA. g.sub.2  R.sub.1  g.sub.1                                       

                                        R.sub.3                                

     ______________________________________                                    

     -30ma     0ma      -10ma    +80ma  -40ma                                  

     0ma       -40ma    0ma      0ma    +40ma                                  

     -30ma     -40ma    -10ma    -80ma  0ma                                    

     0ma       0ma      0ma      0ma    0ma                                    

     ______________________________________                                    

PAR  Since all components of the circuits of FIG. 2A are linear and nonreactive
      and superposition applies, it is obvious that:
PA1  1. A signal equal in magnitude and polarity to any signal at input node
      R.sub.I appears at node R.sub.o.
PA1  2. No signal appears at node L.sub.o for any signal at node R.sub.o.
PA1  3. A signal equal in magnitude and polarity to any signal at node L.sub.I
      appears at node L.sub.o.
PA1  4. No signal appears at node R.sub.o for any signal at node L.sub.o.
PAL  The circuit shown in FIG. 2A is thus a broad band directional signal
      generator circuit whose frequency response is flat and flat to DC.
PAR  As indicated previously, the value of K = 2 assumed in the above
      description, is probably impractically large. Magnitudes of R.sub.1,
      R.sub.3, g.sub.1, and g.sub.2 for other magnitudes of K at Z.sub.0 = 50
      ohms are shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     K      R.sub.1 (.OMEGA.)                                                  

                      R.sub.3 (.OMEGA.)                                        

                                 g.sub.1 (A/V)                                 

                                          g.sub.2 (A/V)                        

     ______________________________________                                    

     2.00   150       37.50      0.0533   -0.0267                              

     1.50   250       20.83      0.0720   -0.0480                              

     1.20   550       9.167      0.1309   -0.1091                              

     1.10   1050      4.773      0.2305   -0.2095                              

     1.05   2050      2.440      0.4302   -0.4098                              

     ______________________________________                                    

PAL  The bandwidth of the circuit of FIG. 2A will be limited by the parasitic
      reactances associated with R.sub.1 and R.sub.3 and the amplifier
      bandwidth. In most cases the latter limitation will dominate.
PAR  Other circuits which are functionally equivalent to the circuit shown in
      FIG. 2A will readily suggest themselves to those skilled in the art. For
      example, the circuit of FIG. 2A can be simplified by modifying the .pi.
      attenuator network as shown in FIG. 2B. This circuit requires only two
      amplifiers with push-pull outputs and uses the same .pi. attenuator
      network shown in FIG. 1A except that the shunt impedances R.sub.1 are
      divided into two series impedances R.sub.1A and R.sub.1B the values of
      which are computed as follows:
EQU  R.sub.1A + R.sub.1B = R.sub.1 ,                            (5)
EQU  R.sub.1A = R.sub.1B (K-1),                                 (6)
      ##EQU3##
      Further, where response down to DC is not required, the amplifiers may
      have transformer coupled outputs.
PAR  While the particular examples illustrated thus far employ symmetrical .pi.
      attenuator networks, it will be immediately obvious to those skilled in
      the art that the principles of these examples are equally applicable to a
      broad band directional signal generator employing a symmetrical 0
      attenuator network as illustrated in FIG. 2C. In this circuit, the 0
      attenuator network may be viewed as the 90  attenuator network of FIG. 2B
      imaged about the ground, which may be either virtual or physical,
      indicated by the dotted line. Thus, nodes of opposite polarity with
      reference to ground permit the use of amplifiers having equal and positive
      transconductances thereby simplifying circuit design. Obviously, in a
      practical circuit, three of the series impedances in each shunt arm of the
      attentuator may be replaced by a single impedance having a value
      ##EQU4##
      It follows that the operation of the circuit of FIG. 2C is identical with
      that of FIGS. 2A and 2B.
PAR  Next, referring to FIGS. 3A and 3B which show symmetrical T and H
      attenuator networks, the shunt resistance R.sub.3 and the series
      resistances R.sub.1 are calculated from the following equations:
      ##EQU5##
      By comparing equations (9) and (10) with equations (1) and (2), the
      analogy to the .pi. and 0 attenuator networks shown in FIGS. 1A and 1B is
      immediately obvious. Thus, the circuits shown in FIGS. 4A and 4B may be
      considered equivalents to the circuits shown in FIGS. 2B and 2C,
      respectively. Clearly, a similar circuit for FIG. 2A is readily apparent
      from a comparison of the foregoing figures. In FIGS. 4A and 4B, the
      circuit values are calculated from the following equations:
      ##EQU6##
      if a circuit similar to FIG. 2A is desired,
EQU  R.sub.3A + R.sub.3B = R.sub.3                              (13)
      ##EQU7##
      Assuming Z.sub.0 = 50 ohms and K = 2 as before, R.sub.3 = 66.7 ohms,
      R.sub.1 = 16.67 ohms, R.sub.3A = 16.7 ohms, R.sub.3B = 50 ohms, g.sub.1 =
      80 ma/v, and g.sub.2 = - 60 ma/v.
PAR  The circuits described have applications in analog and digital
      communications paths where two-way information flow exists and where a
      multiplicity of ports may share the same path. The use of these circuits
      can reduce the number of signal wires required between devices which
      communicate with each other. While the specific embodiments disclosed
      employed symmetrical .pi., 0, T, and H attenuator networks, it will be
      obvious to those skilled in the art that the teachings of the invention
      are equally applicable to .pi., 0, T, or H attenuator networks which are
      not symmetrical. In addition, it will also be obvious that, while the
      specific embodiments disclosed employ voltage to current converting
      amplifiers or current sources, the teachings of the invention can be
      equally implemented with equivalent voltage sources. It will therefore be
      apparent that the embodiments shown are only exemplary and that various
      modifications can be made in construction and arrangement within the scope
      of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broad band directional signal generator for generating signals on a
      transmission line or the like which, controllably, propagate in one
      direction on the line due to reinforcement of signals to the exclusion of
      the other direction due to cancellation of signals, or simultaneously, in
      opposite directions, comprising:
PA1  a. an attenuator network employing linear, nonreactive impedance elements
      for insertion in said transmission line, said impedance elements forming
      at least first and second nodes;
PA1  b. at least a first input terminal for receiving a first signal which is to
      propagate in said one direction on said transmission line; and
PA1  c. first isolation means for coupling said first input terminal to said
      first node and for coupling said first input terminal to said second node,
      said first isolation means coupling said first signal at said first input
      terminal to said first and second nodes in a first predetermined ratio to
      cause a signal proportional to said first signal to propagate on said line
      in said one direction to the exclusion of said other direction.
NUM  2.
PAR  2. A broad band directional coupling circuit as recited in claim 1 further
      comprising a second input terminal for receiving a second signal which is
      to propagate in said other direction in said transmission line, and second
      isolation means for coupling said second input terminal to said second
      node and for coupling said second input terminal to said first node, said
      second isolation means coupling said second signal at said second input
      terminal to said second and first nodes in a second predetermined ratio to
      cause said second signal to propagate on said line in said other direction
      to the exclusion of said one direction.
NUM  3.
PAR  3. A broad band directional coupling circuit as recited in claim 2 wherein
      said first and second isolation means each comprise active devices.
NUM  4.
PAR  4. A broad band directional coupling circuit as recited in claim 3 wherein
      said attenuator network is a .pi. attenuator network having a series
      impedance and first and second shunt impedances and the junction of said
      series impedance with said first shunt impedance defines said first node
      and the junction of said series impedance with said second shunt impedance
      defines said second node.
NUM  5.
PAR  5. A broad band directional coupling circuit as recited in claim 4 wherein
      said first isolation means provides differential amplification with a
      ratio of amplification factors corresponding to said first predetermined
      ratio, and said second isolation means provides differential amplification
      with a ratio of amplification factors corresponding to said second
      predetermined ratio.
NUM  6.
PAR  6. A broad band directional coupling circuit as recited in claim 5 wherein
      said first isolation means comprises a first voltage to current converting
      amplifier having a first transconductance and a second voltage to current
      converting amplifier having a second transconductance, said first
      amplifier having its output connected to said first node and said second
      amplifier having its output connected to said second node, the inputs of
      said first and second amplifiers being coupled to said first input
      terminal, and wherein said second isolation means comprises a third
      voltage to current converting amplifier having a third transconductance
      and a fourth voltage to current converting amplifier having a fourth
      transconductance, said third amplifier having its output connected to said
      second node and said fourth amplifier having its output connected to said
      first node, the inputs of said third and fourth amplifiers being coupled
      to said second input terminal.
NUM  7.
PAR  7. A broad band directional coupling circuit as recited in claim 6 wherein
      said attenuator network is symmetrical, said first and third
      transconductances are equal to a transconductance, g.sub.1, and said
      second and fourth transconductances are equal to a transconductance,
      g.sub.2, said transconductances being defined by the following equations:
      ##EQU8##
      where Z.sub.0 is the characteristic impedance of the transmission line and
      K is the attenuation factor of the attenuator network.
NUM  8.
PAR  8. A broad band directional coupling circuit as recited in claim 5 wherein
      said first and second shunt impedances are each comprised of two series
      impedances, the junctions of said two series impedances each defining
      third and fourth nodes, respectively, and wherein said first isolation
      means comprises a first push-pull amplifier having positive and negative
      outputs, the positive output of said first push-pull amplifier being
      connected to said first node and the negative output of said first
      push-pull amplifier being connected to said fourth node, and said second
      isolation means comprises a second push-pull amplifier having positive and
      negative outputs, the positive output of said second push-pull amplifier
      being connected to said second node and the negative output of said second
      differential amplifier being connected to said third node.
NUM  9.
PAR  9. A broad band directional coupling circuit as recited in claim 8 wherein
      said attenuator network is symmetrical and said two series impedances have
      values, R.sub.1A and R.sub.1B, defined by the following equations:
      ##EQU9##
      where R.sub.1 is the value of each of said first and second shunt
      impedances and K is the attenuation factor of said attenuator network.
NUM  10.
PAR  10. A broad band directional coupling circuit as recited in claim 3 wherein
      said attenuator network is a 0 attenuator network having first and second
      series impedances and first and second shunt impedances, and the junction
      of said first series impedance with said first shunt impedance defines
      said first node and the junction of said first series resistance with said
      second shunt impedance defines said second node.
NUM  11.
PAR  11. A broad band directional coupling circuit as recited in claim 10
      wherein said first isolation means provides differential amplification
      with a ratio of amplification factors corresponding to said first
      predetermined ratio, and said second isolation means provides differential
      amplification with a ratio of amplification factors corresponding to said
      second predetermined ratio.
NUM  12.
PAR  12. A broad band directional coupling circuit as recited in claim 11
      wherein said first and second shunt impedances are each comprised of two
      series impedances, the junctions of said two series impedances each
      defining third and fourth nodes, respectively, and wherein said first
      isolation means comprises first and second voltage to current amplifiers,
      the output of said first amplifier being connected to said first node and
      the output of said second amplifier being connected to said fourth node,
      and said second isolation means comprises third and fourth voltage to
      current amplifiers, the output of said third amplifier being connected to
      said second node and the output of said fourth amplifier being connected
      to said third node.
NUM  13.
PAR  13. A broad band directional coupling circuit as recited in claim 3 wherein
      said attenuator network is a T attenuator network having a shunt impedance
      and first and second series impedances connected to a common node, said
      first series impedance being additionally connected to said first node and
      said second series impedance being additionally connected to said second
      node.
NUM  14.
PAR  14. A broad band directional coupling circuit as recited in claim 13
      wherein said first isolation means provides differential amplification
      with a ratio of amplification factors corresponding to said first
      predetermined ratio, and said second isolation means provides differential
      amplification with a ratio of amplification factors corresponding to said
      second predetermined ratio.
NUM  15.
PAR  15. A broad band directional coupling circuit as recited in claim 14
      wherein said shunt impedance is comprised of two series impedances, the
      junctions of said two series impedances defining a third node, and wherein
      said first isolation means comprises a first push-pull amplifier having
      positive and negative outputs, the positive input of said first push-pull
      amplifier being connected to said first node and the negative output of
      said first push-pull amplifier being connected to said third node, and
      said second isolation means comprises a second push-pull amplifier having
      positive and negative outputs, the positive output of said second
      push-pull amplifier being connected to said second node and the negative
      output of said second push-pull amplifier being connected to said third
      node.
NUM  16.
PAR  16. A broad band directional coupling circuit as recited in claim 15
      wherein said attenuator network is symmetrical and said two series
      impedances have values R.sub.3A and R.sub.3B, defined by the following
      equations:
      ##EQU10##
      where R.sub.3 is the value of said shunt impedance and K is the
      attenuation factor of said attenuation network.
NUM  17.
PAR  17. A broad band directional coupling circuit as recited in claim 3 wherein
      said attenuator network is an H attenuator network having first and second
      series impedances and third and fourth series impedances and a shunt
      impedance, said shunt impedance being connected at one end to a first
      common junction with said first and second series impedances and at the
      other end to a second common junction with said third and fourth series
      impedances, said first series impedance being additionally connected to
      said first node and said second series impedances being additionally
      connected to said second node.
NUM  18.
PAR  18. A broad band directional coupling circuit as recited in claim 17
      wherein said first isolation means provides differential amplification
      with a ratio of amplification factors corresponding to said first
      predetermined ratio, and said second isolation means provides differential
      amplification with a ratio of amplification factors corresponding to said
      second predetermined ratio.
NUM  19.
PAR  19. A broad band directional coupling circuit as recited in claim 18
      wherein said shunt impedance is comprised of two series impedances, the
      junctions of said two series impedances defining a third node, and wherein
      said first isolation means comprises first and second voltage to current
      converting amplifiers, the output of said first amplifier being connected
      to said first node and the output of said second amplifier being connected
      to said third node, and said second isolation means comprises third and
      fourth voltage to current converting amplifiers, the output of said third
      amplifier being connected to said second node and the output of said
      fourth amplifier being connected to said third node.
PATN
WKU  039354814
SRC  5
APN  4012976
APT  1
ART  254
APD  19730927
TTL  Field effect transistor switch with electrect for control
ISD  19760127
NCL  4
ECL  1
EXP  Heyman; John S.
NDR  2
NFG  7
INVT
NAM  Uchikawa; Shoji
CTY  Iwaki
CNT  JA
ASSG
NAM  Kureha Kagaku Kogyo Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19700319
APN  45-22660
RLAP
COD  71
APN  125791
APD  19710318
PSC  03
CLAS
OCL  307251
XCL  307309
XCL  357 27
EDF  2
ICL  H03K 1760
FSC  307
FSS  304;309;308;251
FSC  310
FSS  8;8.8
FSC  179
FSS  111 E
FSC  317
FSS  262 R
FSC  357
FSS  27
UREF
PNO  2752553
ISD  19560600
NAM  Dunlap
OCL  307309
UREF
PNO  3436492
ISD  19690400
NAM  Reedyk
OCL  179111E
UREF
PNO  3454891
ISD  19690700
NAM  Siegel
OCL  307304
UREF
PNO  3463993
ISD  19690800
NAM  Beck et al.
OCL  307304
UREF
PNO  3573494
ISD  19710400
NAM  Houpt
OCL  307309
OREF
PAL  Amelco Semiconductors "FETs" No. 1, 6/62 pp. 1-7.
PAL  Electronics Illustrated, "The Electret" by Hyypia, pp. 97-99.
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  Disclosed is a method and device for controlling an electric circuit with
      the use of an electret with a rear electrode. The electric energy or
      signal transfer state of a field effect transistor is regulated by varying
      the electric field between the electret and an induction electrode, the
      field effect transistor being electrically connected to the combination of
      the electret and the induction electrode. The electric energy transfer
      state of the field effect transistor is regulated in response to the
      variation of the electric field, whereby the electric circuit to which the
      transistor is coupled is controlled.
PARN
PAR  This is a Continuation, of application Ser. No. 125,791, filed Mar. 18,
      1971, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a system of controlling an electric circuit by
      the use of an electret. More particularly the invention pertains to a
      method and device for controlling an electric circuit by changing the
      electric signal or energy transfer condition of a field effect transistor
      by varying the electric field between the electret and an induction
      electrode coupled to the transistor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the conductive state of a field
      effect type active element, such as a field effect transistor (FET) is
      changed in response to the operation of displacing an electret, induction
      electrode, field shielding plate and the like where the field effect
      transistor is electrically connected to the induction electrode and
      electret. The present invention is based on the phenomena that, in a
      combination of an electret and an induction electrode which is coupled to
      the electret by an electrostatic induction effect and the electric field
      caused by the electret, the electrostatic capacitance between the electret
      and the induction electrode is varied by variation of the gap between the
      electret and the induction electrode, or by entrance and exit of the field
      shielding plate relative to that gap. By appropriately selecting the
      operation characteristics of the FET and the electrical characteristics of
      input and output circuits, variation of the conductive state can be made
      two-positional, discretive or continuous in response to the displacement
      of the electret in relation to the induction electrode. Thus, on the basis
      of the foregoing principle, there is provided electric energy control
      devices such as switches, variable resistors, and potentiometers, realized
      without the use of electric contacts.
PAR  The relationship between the electret and the induction electrode is such
      that, when the induction electrode consists of a conductive or
      semiconductive body, grounded, or having large capacitance without
      specifically being connected to earth, the ratio of strength of the
      electric field between the inside and outside of the electret varies in
      response to approach of the body to the electret. This variation of the
      strength can be sensed by a FET connected to, for example, a rear
      electrode mounted on the rear surface of the electret. Thus, it may be
      considered to provide in accordance with the foregoing principle of
      operation a proximity switch which operates through, particularly, the
      electric field of the electret.
PAR  Further, it is possible to transform the electric field caused by the
      interaction a sector-shaped electret with an induction electrode of the
      same shape into an oscillating field by vibrating or rotating the
      electret; and to vary the oscillating electric field by positional
      displacement of the sector-type induction electrode, by approach of
      another induction electrode, or by entrance and exit of an electric field
      shielding plate relative to the field, and to therby actuate the FET.
PAR  Generally, the input impedance of an FET has, when its gate is used as an
      input end, a significantly large value irrespective of a small and large
      signal input. Particularly, since a junction type FET (J-FET) does not
      have a threshold voltage as does an MOS-FET, the output resistance of the
      J-FET in the unsaturated region of the drain current is modulated
      substantially linearly by an input voltage.
PAR  On the otherhand, the MOS-FET has a small leakage current at the gate
      terminal and a threshold voltage (for example, the enhancement type
      MOS-FET), so that the characteristics of this type FET are beneficial in
      making sure of the OFF state in case the output characteristic has to be
      two-positional or to provide a switch-like operation. The FET of the above
      type can be driven by electrostatic induction action through the electret.
      But, if the ON state of an input circuit is static, the lowering of the
      gate potential is large. Thus, the operation of the FET lags or becomes
      out of phase. This lowering of the gate potential is unavoidable to a
      certain degree. Thus, in the present invention it is preferable to use a
      varying input signal.
PAR  However, the rate of potential lowering depends on the time constant of the
      input circuit, or, basically, on the gate leakage current of the FET as
      used and the polarization charge density and electrostatic capacitance of
      the electret. In a feature of the present invention there is provided an
      electret having a significantly large charge density and electrostatic
      capacitance as the latter element whereby semi-static operation has been
      realized.
PAR  The electret having such characteristics as above may be made from high
      molecular material such as polystyrene, polymetylmethacrylate,
      polytetrafluoroethylene, polyfluorovinylidene, polyfluorovinyl,
      polycarbonate and polyethylenetelephthanlate, as well as various ceramic
      materials. Among the afore-mentioned materials, especially,
      polyfluorovinylidene there is realized remarkably high polarization charge
      density and dielectric constant. Thus, it allows the objects of the
      present invention to be realized and is suitable for stabilization of
      operation and miniaturization of the applied devices.
PAR  There are two types of electrets; the polarization type in which permanent
      electric polarization or mutually separated positive and negative
      independent charges are held in a balanced state, and the so-called
      monopole type in which in appearance a sole charge is held. Either one of
      the two types of the electret can be used.
PAR  Therefore, it is an object of the present invention to provide a system of
      controlling an electric circuit by the use of an electret.
PAR  It is another object of the present invention to provide a method of
      controlling an electric energy transfer state of a field effect transistor
      by the use of an electret.
PAR  It is still another object of the present invention to provide a method of
      controlling an electric circuit by the use of an electret in which the
      electric field of the electret is varied by movement of a body as well as
      the electret whereby the energy transfer state of an associated field
      effect transistor is regulated.
PAR  It is a still further object of the present invention to provide devices
      adapted to achieve the above-noted methods.
PAR  Therefore, in accordance with the present invention, there is provided a
      system of controlling an electric circuit by the use of an electret which
      is characterized in that the electric field between the electret with a
      rear electrode and an induction electrode is varied by movement of a body
      relative to the electric field or of the electret relative to the
      induction electrode, whereby a field effect transistor electrically
      connected to the electret and the induction electrode is regulated with
      respect to its electric signal or energy transfer condition. Further,
      there is provided a combination of the electret with a rear electrode, an
      induction electrode, and a field effect transistor electrically coupled to
      the formers, which operates in such a manner that the electric field
      appearing between the electret and the induction electrode is varied or
      modified in response to approach of a body or movement of the electret
      relative to the induction electrode whereby the electric energy or signal
      transfer state of the field effect transistor is accordingly changed with
      the result that any external electric circuit connected to the transistor
      can be controlled. Thus, the present invention can be realized in the form
      of contactless switch, contactless variable resistor, contactless
      potentiometer and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are schematic views of contactless resistance regulators
      embodying the operation principle of the present invention;
PAR  FIG. 3 is an explanatory view of the operation of a contactless switch
      constructed according to the principle of the present invention;
PAR  FIG. 4 is a structural view of the contactless switch shown in FIG. 3;
PAR  FIGS. 5 and 6 show embodiments of the proximity switch embodying the
      principle of the present invention; and
PAR  FIGS. 7A and 7B show parts of the proximity switch shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now, several examples of the electric system according to the present
      invention will be described with reference to the drawing, which utilize,
      as a control technique, variation of the electric field of the electret
      resulting from movement of any body, particularly, the related phenomena
      between displacement of the electret or an external body and corresponding
      variation of electrical conductivity of a field effect transistor
      connected to the electret and induction electrode.
PAC  EXAMPLE 1
PAR  In FIGS. 1 and 2, the electric field caused by a plate electret 1 with rear
      electrode 2 plated thereto acts through a gap 4 and causes electric charge
      to be induced on an induction electrode 3 which is connected to a gate
      terminal G of an FET 5. Thus, a bias voltage is produced between the gate
      G and source S of the FET, whereby, due to this voltage, the electric
      conductivity between the source S and drain D is modified.
PAR  In this case, if a J-FET (for example, an N-channel depletion type J-FET)
      having no threshold voltage is used as the FET and if it is operated in
      the unsaturated region of drain current, it is possible to change the
      electric conductivity of the FET over a relatively wide range
      (5.times.10.sup.-.sup.3 .upsilon..about.5.times.10.sup.-.sup.9 .upsilon.).
      Thus, there is obtained a contactless variable resistor or potentiometer
      operable in response to displacement of the electret or any body.
PAR  In case of FIG. 1, if the electret 1 is displaced or moved towards or away
      from the induction electrode 3 or in the directions of the opposing axis
      therebetween, the electric resistance between the electrodes S and D
      varies proportionally to the amount of displacement. The electret may also
      be moved in the directions perpendicular to the opposing axis so as to
      vary the facing areas of the elements other than in the direction of
      varying in distance the gap between the electret and the induction
      electrode.
PAR  The embodiment shown in FIG. 2 utilizes the operation principle and has the
      purpose of application as the device in FIG. 1. However, a manipulatable
      or displaceable body such as field shielding plate 6 is inserted in the
      gap 4 between the electret 1 and the induction electrode 3. If the
      dielectric flux in the gap 4 is varied by means of movement of the field
      shielding plate 6 which is grounded through "7," the electric resistance
      between the source S and drain D of the FET 5 varies substantially
      linearly with respect to displacement of the field shielding plate, in
      accordance with the principle similar to that of FIG. 1.
PAC  EXAMPLE 2
PAR  FIG. 3 is an explanatory view of operation of a contactless switch which is
      actuated by means of the electric potential of the electret. In this
      example, there is employed an MOS-FET which has a gate leakage current far
      smaller than that of the general FET in order to stabilize the gate
      potential. Thus, due to the threshold voltage of the MOS-FET the OFF state
      becomes certain.
PAR  In FIG. 3, if the FET 5 is, for example, a P-channel enhancement type
      MOS-FET having a threshold voltage, a minus (-) face of the electret 1 is
      selected as the face which opposes the induction electrode 3. The other
      face of the electret 1 is backed up with the rear electrode 2. The rear
      electrode is connected to the source S of the FET 5, the induction
      electrode 3 is connected to a first gate G.sub.1 of the FET through a
      variable capacity diode 8. Between gate G.sub.1 and source S is coupled a
      capacitor 9 for adjusting the operation characteristics.
PAR  In the foregoing construction, if the electret 1 is sufficiently spaced
      apart from the induction electrode 3, the potential of the gate G.sub.1 is
      lower than the threshold voltage of the FET (in absolute value). Thus, the
      FET 5 is in the cut-off state between its source S and drain D.
PAR  If the electret 1 with the rear electrode 2 comes near to the induction
      electrode 3, the gate G is biased mainly by the variation of the
      electrostatic capacitance between the induction electrode 3 and electret
      1. Therefore, the conductivity between the source S and drain D rises
      abruptly at a point exceeding the threshold value. The variable capacity
      diode 8 compensates for potential lowering of the gate G.sub.1 due to its
      leakage current and, thus, is used to increase stability in the static ON
      state.
PAR  In connection with the above, variation of the electric field of the
      electret relative to the induction electrode can also be caused by varying
      the relative angle of the electret surface against the induction electrode
      or by the use of the field shielding plate as shown in FIG. 2. Further, it
      may be considered to cause the electric field of the electret to act
      directly on the FET's channel without using the induction electrode to
      thereby modulate the electric conductivity of that FET.
PAR  FIG. 4 shows an element having a switch mechanism embodying the afore-said
      operation principle. In this drawing there are shown an electret 1, the
      minus (-) surface of which faces an induction electrode 3, a guide shaft
      10 for backing up and supporting the electret 1 and operable to displace
      the electret 1 with respect to the induction electrode 3, a push button 11
      secured on the top of the shaft 10, and a spring 12 for urging upward the
      electret 1 through the guide shaft 10, the foregoing members being held by
      an electrostatically shielded insulating outer casing 13. The FET 5, diode
      8 and capacitor 9 are housed in a portion 14, and the induction electrode
      3, connection terminals 15 and 16 are wired in accordance with the circuit
      diagram shown in FIG. 3 or FIG. 4. Terminals 15 and 16 are connected,
      respectively, to the source S and drain D. In such a switch element as
      shown above, an external electric circuit connected between terminals 15
      and 16 can provide, in response to manipulation of the push button 11 of
      the switch element, without intervention of electric contacts, ON-OFF
      switching action or abrupt variation in the conduction state.
PAC  EXAMPLE 3
PAR  FIGS. 5 and 6 are explanatory views of proximity switches using the
      electret.
PAR  First, in FIG. 5 there are shown in electret 1, a rear electrode 2 for the
      electret, a surface protecting film 17 of the electret, and an outer
      casing 118 for electrostatically shielding the foregoing elements by means
      of an insulation 19. The outer casing 18 is formed with a window in front
      of the electret 1 and at this window there is provided a metal net 20 of
      an appropriate mesh size for protecting the inside and adjusting the
      operation characteristics. To the rear electrode 2 a switch circuit
      similar to that of Example 2 shown in FIG. 3 is connected.
PAR  In such electrode structure and circuit configuration including the
      electret in a manner as above, the electric field distribution inside and
      outside the electret 1 varies in response to approach of a conductive or
      semiconductive body having an area so large as that of the window and
      being grounded, or approach of a dielectric body A which can change the
      electrostatic capacitance appearing from the electret 1 to the window
      largely as a grounded body does, towards the electret front window, that
      variation of the distribution being sensed by the FET 5 through the rear
      electrode 2.
PAR  In the foregoing construction, if the input characteristic of the FET 5 is
      made such as is the case of Example 2, the output end between electrodes S
      and D of the FET is switched stably between ON and OFF upon approach of
      the body.
PAR  FIG. 6 is an explanatory drawing of the proximity switch using a phase
      detection system in order to improve the operation reliability in
      accordance with the principle as above. The proximity switch of FIG. 5
      malfunctions possibly if it is operated in the ambient where static
      electricity generates or in the vicinity of a high voltage power source;
      thus, the embodiment of FIG. 5 is limited in its application condition.
PAR  In order to avoid the above limits, the detector of FIG. 6 is constructed
      so that the electret 1 is rotated by a synchronous motor 22 and the
      electric field of the electret 1 is sensed by the rear electrode 21 in
      terms of an oscillating field of a certain frequency.
PAR  In more detail, a face 21' of the electret 1 facing its rear electrode 21
      is covered at its charging surface with a radial conductive sector 25
      having a certain number of wing portions to leave regularly spaced exposed
      portions and grounded therethrough, as shown in FIG. 7A. In FIG. 7A,
      portions 26 are the exposed areas of the electret 1, and the rear
      electrode 21 has a shape analogous to the shape of the sector 25, as shown
      in FIG. 7B.
PAR  When the electret 1 having the foregoing configuration is rotated, the
      voltage induced thereby in the rear electrode 21 becomes an oscillating
      voltage. The frequency of the induced voltage is determined by the
      revolution speed and the number of the wing portions, the magnitude is
      varied by approach of various bodies (A) towards the front of the electret
      1 like the case of FIG. 5, and its variation is sensed by the rear
      electrode 21, through a tuned amplifier 23 and phase detector 24, and
      output in the form of a D.C. signal voltage. In this case, similarly, if
      the characteristic of the amplifier 23 is properly made non-linear, a
      two-positional output signal can be realized in response to the approach
      of a body.
PAR  By the use of such a detection system as above, it is possible to isolate
      the field of the electret from the other static electricity and high
      voltage, and to ensure reliable operation of the proximity switch. The
      detection system can also be realized by the use of a vibration system,
      other than the provision of rotating the electret.
PAR  It will be noted that, in the proximity switch, the approaching body can be
      replaced by the induction electrode, then, the field distribution
      variation of the electret due to approach of the body seems to be sensed
      by the rear electrode 2 or 21.
PAR  Although the invention has been described with respect to the preferred
      embodiments thereof, it is understood by those skilled in the art that
      various modifications can be made in construction and arrangement within
      the scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the ON-OFF state of an electric switching
      circuit including a MOS type field effect transistor having gate, source,
      and drain electrodes and having a threshold level above which said
      transistor is in the ON conducting state, an electret and an induction
      electrode, comprising the steps of;
PA1  coupling said induction electrode in an operable relationship to the gate
      electrode of said field effect transistor;
PA1  coupling said electret in an operable relationship to the source electrode
      of said field effect transistor;
PA1  positioning said electret with respect to said induction electrode in a
      first spaced apart relationship such that said electret and induction
      electrode are electrostatically coupled and the electric field
      therebetween induces a voltage between the gate and source of said field
      effect transistor that is below the threshold level of said field effect
      transistor whereby said field effect transistor is in the OFF conducting
      state, and
PA1  positioning said electret with respect to said induction electrode in a
      second spaced apart relationship such that said electret and induction
      electrode are electrostatically coupled and the electric field
      therebetween induces the gate-source voltage that is above the threshold
      level of said field effect transistor whereby said field effect transistor
      is in the ON conducting state.
NUM  2.
PAR  2. The method of claim 1 wherein the step of positioning in a second spaced
      apart relationship comprises the step of moving said electret towards said
      induction electrode.
NUM  3.
PAR  3. A contactless ON-OFF switch comprising:
PA1  a. a MOS field effect transistor of the type having source, gate, and drain
      electrodes and having a drain-source ON conducting state when the
      gate-source voltage exceeds a threshold voltage and having a drain-source
      OFF conducting state when the gate-source voltage is below said threshold
      voltage,
PA1  b. an induction electrode electrically coupled to said gate electrode,
PA1  c. the combination of an electret and backing electrode in contact with one
      face of said electret, said backing electrode being electrically coupled
      to said source electrode,
PA1  d. mechanical biasing means for biasing said combination in a first
      position in which said electret face not in contact with said backing
      electrode faces said induction electrode, the spacing between said
      electret and said induction electrode in said first position being such
      that a voltage of a first value is applied across the gate-source
      electrodes of said field effect transistor, and
PA1  e. manually actuable means for overcoming said biasing means to place said
      combination in a second position in which the spacing between said
      electret and said induction electrode results in a voltage of a second
      value being applied across the gate-source electrodes of said field effect
      transistor, wherein one of said first and second values is above said
      threshold voltage and the other of said first and second values is below
      said threshold voltage.
NUM  4.
PAR  4. A contactless ON-OFF switch comprising:
PA1  a. a field effect transistor of the type having source, gate, and drain
      electrodes and having a drain-source ON conducting state when the
      gate-source voltage exceeds a threshold voltage and having a drain-source
      OFF conducting state when the gate-source voltage is below said threshold
      voltage,
PA1  b. an induction electrode electrically coupled to said gate electrode,
PA1  c. the combination of an electret and backing electrode in contact with one
      face of said electret, said backing electrode being electrically coupled
      to said source electrode,
PA1  d. mechanical biasing means for biasing said combination in a first
      position in which said electret face not in contact with said backing
      electrode faces said induction electrode, the spacing between said
      electret and said induction electrode in said first position being such
      that a voltage of a first value is applied across the gate-source
      electrodes of said field effect transistor,
PA1  e. manually actuatable means for overcoming said biasing means to place
      said combination in a second position in which the spacing between said
      electret and said induction electrode results in a voltage of a second
      value being applied across the gate-source electrodes of said field effect
      transistor, wherein one of said first and second values is above said
      threshold voltage and the other of said first and second values is below
      said threshold voltage,
PA1  f. a variable capacity diode serially coupled between said gate of said
      field effect transistor and said induction electrode; and
PA1  g. a capacitor connected between said gate and source electrodes.
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ABST
PAL  Disclosed is an electronic switch circuit including a switching thyristor
      with two switch terminals that are connected to a controlled circuit. A
      trigger circuit is coupled to the gate terminal of the thyristor to
      selectively supply trigger signals and the trigger circuit receives its
      power from a power supply which is connected to switch terminals and draws
      its energy from the controlled circuit. An energy storage capacitor in the
      power supply provides trigger energy when the voltage across the switch
      terminals is approximately zero, such as at A.C. crossovers. The thyristor
      exhibits zero voltage switching.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic switching circuits and, more
      particularly, to a circuit for selectively triggering thyristors for
      controlling A.C. circuits.
PAR  Thyristors, such as SCR's and triacs, are becoming ever more popular as
      replacements for mechanical switches and electro-mechanical relays in the
      control of A.C. circuits. New uses and more sophisticated applications for
      thyristors as A.C. power control devices are constantly being developed.
PAR  For the past few years there have been different types of "relays"
      commercially available that utilize thyristors as the active switching
      element. Recently attention has been focused on maintaining positive
      isolation between the input and the output of these relays and thereby
      eliminating feedback normally resulting from their use.
PAR  The best input/output isolation available today is in the "optically
      coupled" relays in which the input circuit comprises a light emitting
      diode and the trigger circuit for the thyristor comprises a photo
      responsive component that is optically coupled to the light emitting
      component. Many of these optically coupled relays adequately provide the
      much sought after isolation and are being widely utilized by design
      engineers.
PAR  Another advantage provided by the use of a thyristor as a switching element
      in a relay is derived from the rapidity with which thyristors change
      state. Initiation of conduction in thyristors is rapid enough that, by
      employing proper trigger circuitry, thyristors will become conductive only
      at controlled, preselected times within the cycle of the A.C. voltage to
      be controlled. Thus, thyristors can be made to turn on only near the A.C.
      crossovers of the supply voltage. Consequently, problems associated with
      voltage and current transients incurred following switching are
      alleviated.
PAR  As the aforementioned functional features were designed into solid state
      relays, the circuits of the relays became more complex. Thus, to
      summarize, in order to assure adequate isolation of the controlled circuit
      from other electronic circuits, optical coupling was used. However, this
      necessitated that the triggering power for the thyristor come from a
      separate power source or from the controlled circuit. But recall that it
      was also desired that the thyristor be triggered at substantially zero
      voltage in the controlled circuit. However, the energy to trigger is not
      available from the controlled circuit at crossovers. These and other
      complications prevented prior art zero voltage switching, optically
      isolated relays from operating as efficiently as desired. For example,
      many prior "zero voltage switching" relays really switched only near, but
      never at, zero voltage.
PAR  It is, therefore, an object of this invention to provide a control circuit
      for a zero voltage switching thyristor that functions efficiently,
      provides true zero voltage switching and is amenable to optical isolation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by an electronic switch circuit including a
      thyristor switch with two switch terminals that are coupled to a circuit
      to be controlled. The gate, or trigger terminal of the thyristor is
      connected to a trigger circuit that selectively supplies a trigger signal
      to control the thyristor. Power for the trigger circuit is supplied by a
      power supply with an energy storage device, such as a filter capacitor.
      The power supply is coupled to and draws its power from the controlled
      circuit. The filter capacitor also helps supply anode current to the
      thyristor to initiate conduction near zero crossovers of the input
      voltage. Consequently, the subject control circuit permits firing of the
      thyristor even at true zero voltage crossovers.
PAR  A feature of the subject invention is that the energy storage capacitor
      enhances the ability of the thyristor to fire on half cycles immediately
      following a half cycle during which the thyristor was fired. This is
      significant inasmuch as the thyristor generally fires for a plurality of
      sequential half cycles rather than during only isolated half cycles. The
      particular circuit configuration disclosed below provides this desirable
      effect by the following process. The energy storage capacitor is
      discharged through the thyristor when the thyristor fires. Charging of the
      capacitor during the subsequent half cycle begins immediately following
      crossover. This is so because the thyristor, as is well known to those
      skilled in the art, switches off at current crossover thus permitting the
      capacitor to recharge. The current path through which the capacitor
      charges includes the thyristor gate when the trigger circuit is set to
      supply a trigger signal. Thus the capacitor charges through the thyristor
      gate. As is well known to those skilled in the art, the process of
      charging a capacitor is characterized by a high initial charging current.
      Thus, a substantial current to trigger the thyristor is provided very
      early in the half cycle. If the trigger circuit is not set to supply a
      trigger signal the charging current bypasses the thyristor gate terminal
      and the thyristor does not trigger.
PAR  Consequently, it will be appreciated that the energy storage capacitor has
      two primary functions. One, it supplies energy for both the trigger signal
      and for biasing the thyristor to permit true zero voltage firing. Two, it
      enhances the available triggering current for the thyristor during half
      cycles immediately following half cycles during which the thyristor was
      energized.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and objects of the present invention will become
      more apparent upon a perusal of the following description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic diagram of an electronic switch circuit apparatus
      constructed in accordance with the subject invention;
PAR  FIG. 2 is a diagram illustrating a more elaborate switch circuit that
      provides zero voltage triggering;
PAR  FIG. 3 is a portion of the circuit depicted in FIG. 2 redrawn so as to make
      more clear the operation of the zero voltage detector system;
PAR  FIGS. 4 and 5 illustrate phases of the operation of the zero crossing
      threshold detector; and
PAR  FIG. 6 is a schematic diagram of an optically isolated, zero voltage firing
      solid state relay.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1 there is shown an electronic switch circuit
      apparatus 21 including a switching thyristor such as a semiconductor
      controlled rectifier, SCR, that includes two switch terminals 22 and 23
      and a trigger, or gate, terminal 24. The switch terminals 22 and 23 are
      respectively connected to D.C. output terminals 25 and 26 of a full wave
      bridge rectifier formed by diodes D1, D2, D3 and D4. A circuit to be
      controlled, consisting, for example, of an A.C. source and a load, is
      coupled to A.C. input terminals 27 and 28 of the bridge rectifier and
      connected thereby to the switch terminals 22 and 23. Consequently, when
      the SCR is on, the terminals 27 and 28 are effectively connected, if diode
      and SCR foward voltage drops are ignored.
PAR  Coupled to the trigger electrode 24 is a trigger circuit 29 that
      selectively supplies trigger signals and includes resistors R3, R4, and R5
      and a transistor Q1. A switch S1 is illustrated coupling the base of the
      transistor Q1 to the emitter thereof and to the terminal 26. In practice,
      the switch S1 can be electronic circuitry as is discussed below. However,
      to gain an understanding of the trigger apparatus 29 it is sufficient to
      consider the switch S1 as a simple switch such as is shown in FIG. 1.
PAR  Coupled to the D.C. output terminals 25 and 26 of the bridge rectifier is a
      power supply 31 including an energy storage filter capacitor C1. Assuming
      that the circuit to be controlled is an A.C. circuit, there will be a full
      wave rectified D.C. appearing between the output terminals 25 and 26. When
      the voltage on the terminals 25 and 26 exceeds the voltage of the
      capacitor C1, a charging current flows through the resistor R2, the
      capacitor C1, a diode D5 and through the trigger circuit 29. In the
      trigger circuit the current flows to both the resistors R3 and R4. If the
      switch S1 is open, current flowing through the resistor R3 flows into the
      base of the transistor Q1. The resistors R3 and R4 are selected to have a
      value ratio of approximately 20 to 1 and be of a value that causes the
      transistor Q1 to saturate. Consequently, the current flowing through the
      resistor R4 flows to the terminal 26 through the transistor Q1. Therefore,
      the SCR does not fire. (In addition, some current will flow through a
      resistor R1 but this current also flows through the resistors R3 and R4
      and the transistor Q1).
PAR  When the voltage differential between the D.C. output terminals 25 and 26
      of the bridge falls below the voltage of the capacitor C1, a capacitive
      discharge current flows through the resistors R1, R2, R3 and R4 and the
      transistor Q1 to the terminal 26. The discharge current loop is completed
      from the terminal 26 back to the capacitor C1 by a diode D6.
PAR  Operation of the circuit 21 shown in FIG. 1 proceeds as follows. The input
      terminals 15 and 16 receive an input voltage from a circuit to be
      controlled, as for example, an A.C. source and load connected in series.
      With little current flowing through the circuit 21, there is little drop
      across the load and substantially the entire A.C. source voltage appears
      across the terminals 15 and 16 as an input voltage. Thus, assuming the
      switch S1 is open, the input voltage appears as a full wave rectified
      voltage between the D.C. output terminals 25 and 26 of the bridge. Thus,
      during the first half cycle the capacitor C1 charges in the aforementioned
      manner. The SCR does not fire inasmuch as the current flowing through R4
      is passed to the terminal 26 by the transistor Q1 rather than by the
      resistor R5 and the trigger terminal. When the voltage between the
      terminals 25 and 26 decreases to less than the voltage of the capacitor
      C1, the capacitor discharges as previously mentioned through the resistors
      R2 and R1. Again, the SCR does not fire inasmuch as the current passing
      through the resistor R4 is coupled to the terminal 26 by the transistor
      Q1. Thus, a current is constantly flowing through the resistor R4 is
      coupled to the terminal 26 by the transistor Q1. Thus, a current is
      constantly flowing through the resistor R1, the resistors R3 and R4 and
      the transistor Q1. Furthermore, due to the presence of the capacitor C1,
      the switch terminals 22 and 23 of the SCR are constantly forward biased.
PAR  Assume that the switch S1 closes. The current that is constantly flowing
      through the resistor R3 is then conducted to the terminal 26 through the
      switch S1. Thus, the transistor Q1 turns off and the current flowing
      through the resistor R4 flows to the terminal 26 through the resistor R5
      and the trigger terminal. Thus a trigger signal is applied to the trigger
      terminal 24 and the SCR turns on. Consequently, the terminals 15 and 16
      appear to be a short circuit to the A.C. source and the load.
PAR  During the half cycle when the SCR turns on, the capacitor C1 nearly fully
      discharges through the resistor R2, the SCR and the diode D6. Thus at the
      next AC crossover, the SCR turns off. The capacitor has now been
      discharged and thus has no energy available to trigger the SCR. However,
      the presence of the capacitor C1 enhances the available triggering current
      on subsequent half cycles. If the capacitor C1 were not present, the
      triggering current would flow through R1, R4, R5 and the trigger terminal
      since the switch S1 is still closed and thus the transistor Q1 is still
      turned off.
PAR  The capacitor C1 has the following effect after the SCR has fired. The
      application of a voltage to a discharged capacitor is characterized by a
      high initial charging current. Thus, upon the commencement of the
      following half cycle a substantial capacitor charging current flows
      through the resistor R2, the capacitor C1, the diode D5 and the resistors
      R4 and R5 and the trigger terminal. It is this charging current that
      initially constitutes the major portion of the available trigger current.
      That is so because the current flowing through R1 builds up slowly in
      accordance with Ohm's law as the voltage between the terminals 25 and 26
      builds up. It will be recalled that it is desirable to fire the SCR as
      early as possible in each half cycle (closest to crossover) when it is
      going to fire. The substantial charging current drawn by the capacitor C1
      induces firing of the SCR more quickly than firing would occur were a
      purely resistive current through the resistor R1 used.
PAR  In summary, it will be appreciated that the presence of the capacitor C1
      insures that firing energy is available for the SCR at all times,
      including precisely at zero crossovers of the input voltage, and,
      furthermore, enhances the available trigger current for firing the SCR
      during successive half cycles.
PAR  When the switch S1 is opened the SCR turns off at the next zero current
      crossover and does not fire again inasmuch as the transistor Q1 becomes
      conductive. Thus, during the subsequent half cycle the capacitor C1 again
      charges and retains sufficient energy to properly bias the SCR and have
      energy available for the initial triggering current when the switch S1
      closes.
PAR  It should be appreciated that the capacitor C1 need not provide complete
      filtering action. A substantial amount of A.C. ripple can appear between
      the terminals 25 and 26 as long as the thyristor is forward biased and
      sufficient triggering energy is available in the capacitor. The ability of
      the circuit to tolerate ripple permits the capacitor to be smaller, and
      thus lighter and less expensive, than it otherwise might be.
PAR  Referring now to FIG. 2 there is shown a more sophisticated electronic
      switching circuit 33. Among the changes between the circuits 33 and 21 is
      the replacement of the switch S1 (FIG. 1) with a radiant energy responsive
      device such as a photo transistor Q3. Also included is a biasing resistor
      R9 to establish proper bias conditions on the transistor Q3. The photo
      transistor Q3 functions as did the switch S1. When radiant energy strikes
      the transistor Q3, it turns on thus connecting the base of the transistor
      Q1 to the terminal 26 just as the switch S1 connected the base to the
      terminal 26. Thus, the trigger apparatus 29 works just as described
      previously with the exception that it is photo responsive.
PAR  Also shown in FIG. 2 is an input responsive inhibit circuit 34 that senses
      the input voltage at the terminals 15 and 16 and inhibits the trigger
      circuit 29 so that no trigger signal is supplied to the SCR in the event
      that the input voltage is without predetermined bounds. Included in the
      inhibit circuit 34 is a resistive voltage divider circuit for providing a
      sensor signal indicative of the absolute value of the input voltage.
      Included in the resistive divider circuit are a first resistive sensing
      branch R6 coupled from the terminal 27 to a common sensor terminal 36 and
      a second resistive sensing branch R7 coupled from the common terminal 36
      to the terminal 28. Also included is a resistive output sensing branch R8
      coupled from the common sensor terminal 36 to the D.C. terminal 26. As
      will become more apparent below, a sensor signal appears across the output
      resistive branch R8 that is indicative of the absolute value of the input
      voltage applied to the terminals 15 and 16.
PAR  A transistor Q2 wired to operate as an electronic switch has its control or
      base electrode coupled to the common sensor terminal 36. Its collector,
      or, in this circuit, shunting electrode is coupled to the collector of the
      transistor Q1. Consequently, when the transistor Q2 is conductive, the
      trigger circuit 29 will not supply a trigger signal to the SCR inasmuch as
      the would be trigger signal that flows through the resistor R4 is shunted
      to the terminal 26 by the transistor Q2. Thus, if either the transistor Q1
      or the transistor Q2 is conductive, the SCR cannot fire.
PAR  Functionally, the base-emitter circuit of the transistor Q2 can be thought
      of as a threshold detector circuit that turns the transistor on when the
      sensor signal at the sensor terminal 36 indicates that the input voltage
      is without the preselected bounds. Further, the collector-emitter circuit
      of the transistor Q2 can be thought of as a bypass circuit that causes any
      trigger signal generated to bypass R5 and the SCR gate 24 when the
      transistor Q2 is activated by the threshold circuit.
PAR  Referring now to FIG. 3 there is shown the full wave bridge rectifier and
      the input voltage responsive inhibit circuit 34 redrawn to be more easily
      understood. Shown in FIGS. 4 and 5 are portions of that circuit shown in
      FIG. 3, but wherein FIGS. 4 and 5 only show the components that are
      conductive during alternate half cycles.
PAR  Shown in FIG. 4 is the conduction path that is followed when the terminal
      15 is positive with respect to the terminal 16. Current flows from the
      terminal 15 through the resistor R6 past the common sensor terminal 36
      through the resistor R8 and to the terminal 16 through the diode D4. Thus,
      if the forward voltage drop of the diode D4 is ignored it will be
      appreciated that a simple two resistor voltage divider is present, with a
      voltage drop across the resistor R8 as indicated.
PAR  Referring now to FIG. 5 there is shown the corresponding conduction path
      that is followed when the terminal 16 is positive with respect to the
      terminal 15. The current flows through the resistor R7, past the common
      sensor terminal 36, through the resistor R8 and to the terminal 15 through
      the diode D3. Again, this branch can be likened to a simple two resistor
      divider circuit and the polarity across the resistor R8 is as indicated.
      It will be appreciated that if the resistors R6 and R7 are equal in value,
      the sensor voltage at the terminal 36 will be indicative of the absolute
      value of the input voltage.
PAR  The threshold input voltage at which the transistor Q2 becomes conductive
      and thus inhibits the trigger circuit 29 is thus determined by proper
      selection of the resistors R6, R7 and R8 and the turn-on characteristics
      of the transistor Q2. Selection of proper components for this circuit is
      deemed well within the abilities of those skilled in electronic circuit
      design.
PAR  The resistive divider had to be "outside" the bridge as shown in FIG. 3
      because the voltage between the terminal 25 and 26 is filtered by the
      capacitor C1. Thus, were the resistive voltage divider inside the full
      wave bridge, the transistor Q2 would be likely to remain on constantly due
      to the energy stored in the capacitor C1.
PAR  Referring now to FIG. 6 there is shown a schematic diagram of an optically
      coupled solid state relay exhibiting zero voltage switching. Essentially,
      the circuit depicted in FIG. 6 is the same as the circuit shown in FIG. 2
      with certain additions. A selectively operable radiant energy source 41
      receives power from two D.C. input terminals 42 and 43. Current flowing in
      the terminal 42 passes through a resistor R10 and thence through a
      parallel combination of a light emitting diode and a resistor R11. The
      light emitting diode is optically coupled to the photo transistor Q3. The
      resistor R10 limits the current passing through the light emitting diode
      to protect it and the resistor R11 shunts the light emitting diode to
      establish the turnoff voltage threshold. When a voltage above a
      predetermined minimum is applied to the terminals 42 and 43, the light
      emitting diode is activated and turns on the photo transistor Q3 with the
      effect of closing the switch S1 shown in FIG. 1.
PAR  Also added in FIG. 6 is a zener diode D7 to protect the transistors Q1, Q2,
      and Q3 and diodes D5 and D6 from voltage surges.
PAR  Also shown in FIG. 6 are two high current terminals 44 and 45 that are
      coupled to the input terminals 15 and 16 by divider resistors R12 and R13.
      Coupled between the terminals 44 and 45 are the anode terminals of a
      bidirectional triode thyristor or triac, whose gate is coupled to the
      terminal 16 and is conventionally biased by the resistor R13. Also in
      parallel with the triac is a snubber circuit composed of a resistor R14
      and a capacitor C2.
PAR  The circuit depicted in FIG. 2 functions as previously described. However,
      the overall current supply thereto is limited by the resistors R12 and
      R13. The voltage divider behavior of the resistors R12 and R13 causes a
      gate bias for the triac to appear across the resistor R13 when the
      terminals 15 and 16 are connected. Consequently, when the SCR is
      activated, the triac is triggered.
PAR  During operation of the circuit shown in FIG. 6 a load and an A.C. source
      are connected in series with the terminals 44 and 45. Initially, assuming
      that the light emitting diode is not activated, little current flows
      through either the snubber circuit or the resistors R12 and R13 and thus
      substantially the entire voltage of the A.C. source appears across the
      terminals 44 and 45 and 15 and 16. During the first half cycle the
      capacitor C1 charges as previously described.
PAR  When the voltage between the terminals 25 and 26 drops below the voltage in
      the capacitor C1, the discharge current through the resistor R1 appears as
      previously described.
PAR  When, during each half cycle, the voltage between the terminals 15 and 16,
      and thus between the terminals 44 and 45, exceeds the predetermined
      maximum, the resistive voltage divider circuit turns the transistor Q2 on
      such that its bypass function will be performed in the event that the
      transistor Q1 is turned off.
PAR  Assume that a D.C. input voltage is applied to the terminals 42 and 43 and
      the light emitting diode is energized. The transistor Q3 turns on and thus
      diverts the current flowing through the resistor R3 from the base of the
      transistor Q1. Thus, the transistor Q1 turns off. The current flowing
      through R4 will either flow through the resistor R5 and the gate terminal
      24 or through the transistor Q2, depending upon the input voltage at the
      terminals 15 and 16. In the event that the input voltage is within the
      predetermined bounds, the current flowing through the resistor R4 will
      energize the SCR. In the event that the voltage is without the
      predetermined bounds, the current will flow through the transistor Q2 but,
      assuming that the light activated diode remains activated, the SCR will be
      triggered when the input voltage falls within the predetermined bounds.
      Energization of the SCR creates substantially a short circuit between the
      terminals 15 and 16 and thus the triac is turned on and the A.C. source is
      connected to the load.
PAR  At the next A.C. source crossover, the currents through the triac and the
      SCR drop to zero and thus both devices turn off. However, if the light
      emitting diode is still activated, the transistor Q1 remains off and the
      transistor Q2 is off inasmuch as the input voltage near crossover is
      within the predetermined bounds. Consequently, the SCR will quickly be
      triggered due to the enhanced triggering current that results from the
      charging of the capacitor C1 as previously mentioned. Again, upon the
      triggering of the SCR, the triac is triggered and thus the A.C. source is
      again connected to the load. Operation continues with the SCR and the
      triac being turned on each half cycle until the light emitting diode is
      inactivated.
PAR  Another desirable feature of this invention is that "half waving" is
      prevented. Half waving is a condition in which the light emitting diode
      remains activated but the SCR, and thus the triac, are triggered only on
      alternate half cycles. This is generally an undesirable condition that
      sometimes occurs inadvertently due to component dissimilarities which
      create uneven sensitivity to alternate half cycles of the input voltage.
      Half waving is most likely when the light emitting diode is energized at a
      low level and the photo responsive transistor Q3 is not saturated.
PAR  The subject circuit prevents half waving inasmuch as the photo transistor
      Q3 is biased to be more easily saturated following a half cycle during
      which the SCR was triggered. This is so because initial triggering
      requires that the transistor Q3 shunt a substantial current flowing from
      the capacitor C1. Following firing of the SCR, the capacitor C1 is
      discharged as previously mentioned. Thus, the current flowing through the
      resistor R3 during the following half cycle builds up from zero. As was
      mentioned previously, the current builds up from zero faster than a purely
      resistive current due to the presence of the capacitor C1 but,
      nevertheless, the current must build from zero. The amount of light
      required by the transistor Q3 to shunt a given current is approximately
      equal to that current divided by Beta. Consequently, if less current need
      by shunted by the transistor Q3, less light is necessary to saturate the
      transistor and perform the shunting operation. Inasmuch as the current
      through R3 is lower during the early stages of half cycles following the
      firing of the SCR, less light is required to turn the transistor Q3 on and
      thus fire the SCR again. Consequently, half waving is prevented.
PAR  By way of example, the following component values are found effective for
      120 volt operation:
TBL  R1               120K        ohm                                          

     R2               1K          ohm                                          

     R3               100K        ohm                                          

     R4               4.7K        ohm                                          

     R5               47K         ohm                                          

     R6               120K        ohm                                          

     R7               120K        ohm                                          

     R8               33K         ohm                                          

     C1               .022        mf                                           

PAR  For 240 volt operation, the following substitutions are found to provide
      improvement.
TBL  ______________________________________                                    

     R1               240K        ohm                                          

     R6               240K        ohm                                          

     R7               240K        ohm                                          

     C1               .033        mf                                           

     ______________________________________                                    

PAR  In view of the foregoing, many modifications and variations of the present
      invention will be obvious to those skilled in the art. For example, an
      A.C. responsive input could be used. Or, a light activated SCR could be
      optically coupled to the light emitting diode and connected to trigger the
      triac. It is to be understood, therefor, that the true scope of the
      invention is only as limited by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electronic switch circuit apparatus comprising:
PA1  input terminals coupled to an A.C. controlled circuit;
PA1  a switching thyristor comprising two switch terminals electrically coupled
      to said input terminals and also comprising a trigger terminal for
      receiving a trigger signal, said thyristor controlling the controlled
      circuit in response to trigger signals received at said trigger terminal;
PA1  trigger means coupled to said trigger terminal for selectively supplying
      trigger signals;
PA1  power supply means including a capacitor and a rectifier, said rectifier
      being coupled to said switch terminals and drawing power from the
      controlled circuit;
PA1  means electrically coupling said capacitor to said trigger means for
      supplying stored power to generate an initial trigger signal before said
      thyristor has been fired, and for enhancing the power to generate a
      subsequent trigger signal after said thyristor has been extinguished and
      while said capacitor begins to recharge; and
PA1  means electrically coupling said capacitor across said switch terminals for
      enabling said capacitor to discharge through said thyristor immediately
      after said thyristor fires in response to a trigger signal.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said rectifier is a full wave
      rectifier, and wherein said apparatus further comprises input responsive
      inhibit means for sensing the input voltage at said input terminals and
      for inhibiting switching of said thyristor if the input voltage falls
      without preselected bounds.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said input responsive inhibit
      means comprises bypass means for causing any trigger signal generated when
      the input voltage is without said preselected bounds to bypass said
      trigger terminal.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said input responsive inhibit
      means comprises threshold detector means for activating said bypass means
      when the absolute value of the input voltage exceeds a preselected
      maximum.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said full wave rectifier is a
      bridge rectifier having two D.C. output terminals and said input
      responsive inhibit means comprises resistive divider means for sensing the
      absolute value of the input voltage, said divider means comprising:
PA1  a first sensing resistive branch coupled to a common sensor terminal and
      one of said input terminals;
PA1  a second sensing resistive branch coupled to said common sensor terminal
      and the other one of said input terminals; and
PA1  an output resistive branch coupled to said common sensor terminal and to
      one of said D.C. output terminals, and wherein a sensor voltage indicative
      of the absolute value of the input voltage appears across said output
      resistive branch.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said threshold detector means
      comprises an electronic switch having a control electrode coupled to said
      common terminal and a shunting electrode coupled to said trigger terminal
      for performing the bypass operation when the sensor voltage indicates the
      input voltage exceeds said preselected maximum.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said electronic switch is a
      transistor and said control electrode is the base and said shunting
      electrode is the collector.
NUM  8.
PAR  8. Apparatus according to claim 1 further including a high current switch
      connected to said input terminals for correspondingly switching current
      between a pair of high current terminals in direct accordance with the
      flow of current between said input terminals.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein:
PA1  a. said high current switch comprises a bidirectional triode thyristor
      having first and second anode electrodes and a gate electrode, the first
      and second anode electrodes being connected to said high current
      terminals;
PA1  b. the gate electrode of said bidirectional triode thyristor being
      electrically connected to one of said input terminals; and further
      including
PA1  c. a voltage divider connected between said high current terminals and
      having an intermediate junction electrically connected to the other of
      said input terminals.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said trigger means further
      comprises radiant energy responsive means for selectively inducing trigger
      signals in response to the receipt of radiant energy, and wherein said
      apparatus further comprises selectively operable radiant energy source
      means that is operatively coupled to said radiant energy responsive means
      for selectively supplying radiant energy thereto.
NUM  11.
PAR  11. Apparatus according to claim 10 further including a high current switch
      connected to said input terminals for correspondingly switching current
      between a pair of high current terminals in direct accordance with the
      flow of current between said input terminals.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein:
PA1  a. said high current switch comprises a bidirectional triode thyristor
      having first and second anode electrodes and a gate electrode, the first
      and second anode electrodes being connected to said high current
      terminals;
PA1  b. the gate electrode of said bidirectional triode thyristor being
      electrically connected to one of said input terminals; and further
      including
PA1  c. a voltage divider connected between said high current terminals and
      having an intermediate junction electrically connected to the other of
      said input terminals.
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ABST
PAL  A phase shifting circuit having a first delay element with a time constant
      .tau..sub.1, a second delay element with a time constant .tau..sub.2
      smaller than .tau..sub.1 and a pulse generating element such as p-n-p-n
      transistor produces phase shifting pulses with respect to a reference
      phase upon application of a step-up voltage to the first delay element and
      periodic pulses to the second delay element. The two signals rise at
      different rate following respective curves and the two curves intersect at
      various points. The pulses generating element compares the two signals and
      produces a pulse at the instant the two signals coincides at the
      intersecting points. The phase shifting pulses have a linear phase
      relation with respect to the reference phase which is equal to the phase
      of the periodic pulses applied to the second delay element.
BSUM
PAR  The present invention relates generally to phase shift circuits, more
      particularly to a phase shift circuit which produces recurrent pulses
      having a linearly shifting phase relation with respect to a reference
      phase.
PAR  Phase shifting is accomplished in various ways. One prior art example is to
      use an a.c. bridge circuit comprising a transformer with a mid-tapped
      secondary to form two bridge arms having equal induced voltages. The other
      two arms are made up of an inductance or a capacitance and a resistance.
      The variation in phase shift is produced by a variation of the resistance,
      inductance or capacitance. The variation in the phase may be secured by
      replacing the inductance with a saturable reactor connected to a d.c.
      supply and varying the d.c. current through the reactor. Another prior art
      includes the selsyn (Self-synchronous) using electric motors. However, in
      these prior art phase shifters, phase shifting is only attainable by
      mechanical means and the range of variation is limited to within less than
      180.degree..
PAR  Therefore, an object of the present invention is to provide an improved
      phase shift circuit wherein phase shift is accomplished
      full-electronically.
PAR  Another object of the invention is to provide an improved phase shifter
      wherein the phase shift is accomplished through a range of 360.degree..
PAR  A further object of the invention is to provide an improved phase shifter
      in a much simpler construction than the prior art phase shifters.
PAR  Still another object is to provide an improved phase shifter wherein the
      phase shifting characteristic is kept stablized with minimized effect of
      ambient temperatures.
PAR  Still another object is to provide an improved phase shifter which produces
      recurrent pulses each having a linearly shifting phase relation with a
      reference phase.
PAR  Briefly described, the present invention contemplates to use a step-up
      function voltage and a train of regularly occurring pulses, the former
      being applied to a first time constant circuit having a first value of
      time constant and the latter being applied to a second time constant
      circuit having a second time constant smaller than the former. A pulse
      producing element such as a p-n-p-n transistor or a silicon-controlled
      rectifier is connected to the time constant circuits. Upon energization of
      the phase shifter, the step-up function voltage rises at a rate determined
      by the first time constant while the amplitude of the pulses rises at a
      much higher rate than the former. Whenever the two voltages coincide, a
      sharp pulse is produced as the output of the pulse producing element. As
      the step-up function voltage rises to a constant value, a number of
      coincidences occur, the number being determined by the rate at which the
      two input voltages rise and the repetition frequency of the recurrent
      pulses. The output sharp pulses have a linearly shifting phase relation
      with the input recurrent pulses, with the phase shifting from zero to
      360.degree..
PAR  The step-up function voltage may be dispensed with when a third time
      constant circuit having a time constant smaller than the second time
      constant is employed for storage of electrical energy upon energization of
      the phase shifter. The stored electrical energy is discharged through the
      first time constant circuit. Since the voltage across the first time
      constant circuit falls gradually in a reversed manner, the phase is
      substantially shifted from 360.degree. to 0.degree..
PAR  The present invention will find an application for timing operations. A
      pulse generator is provided to produce a train of pulses occurring at a
      constant interval equal to that of the phase shifting pulses in order to
      serve as a reference phase source. When coincidence occurs between the two
      trains of pulses, an output is produced indicating that predetermined
      period of time has elapsed.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent when read in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a schematic circuit block diagram of a phase shifting circuit for
      illustration of the principle of the present invention;
PAR  FIG. 2 is a graph showing curves of two voltages applied to the input
      terminals of the phase shifting circuit of FIG. 1;
PAR  FIG. 3 is a first preferred embodiment of the phase shifting circuit of
      FIG. 1;
PAR  FIG. 4 is a second preferred embodiment of the phase shifting circuit of
      FIG. 1; and
PAR  FIG. 5 is another embodiment of the present invention utilizing the first
      embodiment of the invention.
DETD
PAR  Reference is now made to the drawings, in particular to FIG. 1 wherein a
      fundamental block diagram embodying the present invention is shown
      generally at a reference numeral 10 and comprises a first delay circuit or
      element 11 connected across input terminals 12a and 12b and a second delay
      circuit or element 13 connected across input terminals 14a and 14b. The
      first and second delay elements are practically a resistor-capacitor (RC)
      circuit element having time constant .tau..sub.1, and .tau..sub.2,
      respectively, the former being greater than the latter. To the input
      terminals 12a and 12b is applied a step-up voltage E and to the input
      terminals 14a and 14b is applied periodic pulses occurring at an interval
      T having a peak amplitude E. A pulse generating element 15 such as p-n-p-n
      transistor or silicon-controlled rectifier is connected to the first and
      second delay elements to receive the delayed signals. The pulse producing
      element of this type is usually used as a switching element, but produces
      a pulse when two input signals of equal amplitude are applied
      simultaneously thereto. The step-up voltage when applied to the first
      delay element 11 rises exponentially to the voltage E at a rate much lower
      than the rate at which each of the periodic pulses rises exponentially as
      shown in voltage curve VA of FIG. 2 to the voltage E. On the other hand,
      the pulses applied to input terminals 14a and 14b rise exponentially in
      curves Vb shown in FIG. 2. These curves intersect each other at periodic
      intervals. The pulse generating element 15 produces a pulse at each of the
      intersections of the two voltage curves and applies it to a load 16
      connected to the output thereof.
PAR  In analyzing the phase relations between the input and output signals, let
      us denote t.sub.1 as the time at which the two voltage curves intersect
      and t.sub.2 as the time required for each of the periodic pulses rises to
      the intersecting point on the curves, the following relations hold:
EQU  Va = E (1 - .epsilon. .sup.t.sbsp.1/.sup..tau..sbsp.1)     (1)
EQU  Vb = E (1 - .epsilon. .sup.t.sbsp.2/.sup..tau..sbsp.2)     (2)
EQU  Va = Vb                                                    (3)
PAL  Thus,
EQU  t.sub.2 = .tau..sub.2 /.tau..sub.1.sup.. t.sub.1 = n t.sub.1 (4)
PAL  where, n = .tau..sub.2 /.tau..sub.1 .sup.. By multiplying Equation 4 by
      .omega.
EQU  .omega.t.sub.2 = .omega.n t.sub.1 = k t.sub.1              (5)
PAL  where, k = .omega.n.
PAR  Equation 5 shows that the output pulse is out of phase with the input pulse
      by an amount .omega.t.sub.2 which linearly increases substantially from
      zero to 360.degree.. Thus, the output pulse linearly shifts from zero to
      360.degree. relative to a reference phase which is set by the input pulse.
PAR  A preferred embodiment of the phase shifting circuit 10 is illustrated in
      FIG. 3. A step-up voltage is applied to input terminals 30a and 30b across
      which a delay element consisting of a resistor 31 and a capacitor 32 are
      connected in series. Periodic pulses are applied to input terminals 33a
      and 33b across which a delay element consisting of a resistor 34 and a
      capacitor 35 is connected as well as a resistor 36 in series therewith
      which serves as a load. A silicon controlled rectifier 37 has its anode
      electrodes connected to the capacitors 32 and 35 and has its cathode
      electrodes connected to lead 38 which is connected across the terminals
      30b and 33b and to a resistor 39. Ths load resistance 36 may be inserted
      in the cathode circuit as has been described with reference to FIG. 1. A
      diode 41 is interposed between resistor 31 and the SCR 37 for optimum
      performance of the phase-shifting circuit 10. Numeral 42 is a normally
      closed switch and is connected across the capacitor 32 so that upon
      actuation thereof electrical energy is charged into the capacitor for
      subsequent phase shifting operation.
PAR  FIG. 4 illustrates another preferred embodiment of the invention. In this
      embodiment the general construction is similar to that shown in FIG. 3,
      but differs in that a charge-discharge circuit 40 is employed and use is
      made of only periodic pulses to be applied to input terminals 41a and 41b.
      The charge-discharage circuit 40 comprises a resistor 42 and a capacitor
      43 for charging purposes and a resistor 44 which serves as a discharging
      path for the capacitor when the switch is transferred to the b position.
      Resistor 46 and capacitor 47 form a time constant circuit which is similar
      in function to the second delay element of FIG. 1. Resistor 42 and
      capacitor 43 have a time constant which is much smaller than that of the
      resistor 46 and capacitor 47 so that, upon application of periodic pulses
      to the input terminals, electrical energy is stored in the capacitor 43.
      Resistor 44 and capacitor 43 serve the function of the first delay element
      of FIG. 1 and have a much greater time constant than that of the second
      delay element, so that upon application of periodic pulses to the input
      terminals 41 a and 41b,  electrical energy is stored instantaneously into
      the capacitor 43. With the electrical energy stored in the capacitor 43,
      operation of the switch to the b position causes the stored energy to
      start discharge through the resistor 44. The voltage across the capacitor
      43 falls exponentially at a rate much lower than the rate at which the
      periodic pulses rise to the maximum value. A p-n-p-n transistor 48 is
      connected to the capacitors 43 and 47 so that upon coincidence of voltages
      across the capacitors 43 and 47 a sharp pulse is produced at the output
      thereof which is obtained at the load circuit including a resistance 49.
      In this embodiment, the phase of the output pulses shifts from
      substantially from 360.degree. to 0.degree.. The pulses obtained at the
      output terminal 50 can be applied to a Thyristor as a gate pulse to enable
      it start firing at a shifted phase angle.
PAR  The phase shifting circuit 10 of FIG. 3 can be used for providing timing
      operation. In FIG. 5, the phase shifting circuit 10 is connected to a
      constant phase circuit 60 which produces periodic pulses to serve as a
      reference phase. The reference phase circuit 60 may be any of the type not
      limited to the circuit shown in FIG. 5. The output pulses obtained at
      these two circuits are applied to an And gate which produces an coincident
      output when the two signals are in coincidence. Numeral 61 is a variable
      resistor having its movable tap connected to an SCR 62 through diode 63.
      Resistor 66 and capacitor 67 are series connected to a periodic pulse
      input terminal 65 and have a time constant value equal to that of the
      second delay element of FIG. 1, that is, equal to that of resistor 34 and
      capacitor 35 of the phase shifting circuit 10. Therefore, it will be
      understood that the resistor 34 and capacitor 35 can be commonly shared
      with the reference phase circuit 60. In operation, the periodic pulses
      applied to the input terminal 65 are delayed by the time constant provided
      by the resistor 66 and capacitor 67, and the voltage across the capacitor
      67 rises at an equal rate at which the voltage across the capacitor 35
      rises. A step-up voltage is applied to input terminals 64a and 64b and
      divided out through the resistor tap to provide a suitable voltage level
      for comparison with the rising voltage of the periodic pulses. The SCR 62
      compares the two voltages and delivers a signal upon coincidence
      therebetween. The pulses produced at the load resistance 68 occur at a
      constant interval and serve as a reference phase. The two output pulses
      obtained at the load resistances 36 and 68 are applied through capacitors
      69 and 70 and diodes 71 and 72 to a transistor 73 which serves the
      function of an And gate. Under normal condition, the transistor 73 is
      rendered conductive due to the biasing voltage supplied through a pair of
      resistors 74 and 75. Upon coincidence of the two output pulses delivered
      from circuits 10 and 60, the base electrode of the transistor is biased in
      opposite direction and rendered nonconductive. A single pulse is obtained
      at output terminals 76a and 76b which indicates that a predetermined
      length of time has elapsed from application of both the step-up voltage
      and periodic pulses to the respective input terminals. The timing is
      determined by the rate at which the pulses shift from zero to 360.degree.
      and the reference phase. The phase of the shifting pulses is determined by
      .phi..sub.t = .omega. n t (n = .tau..sub.1 /.tau..sub.2, .tau..sub.1 =
      R.sub.31 .sup.. C.sub.32, .tau..sub.2 = R.sub.34 .sup.. C.sub.35. Since
      the shifting phase is solely determined by the ratio of two time constants
      of the delay elements, the use of material having equal electrical
      properties would cancel disturbing factors due to the ambient
      temperatures. In addition, the present invention has another advantage in
      that the adjustment of the resistor 61 of the reference phase circuit 60
      provide easy adjustment of timing, and in that a provision of a plurality
      of resistors in parallel connection instead of the resistor 61 permits a
      plurality of timing operations having different lengths of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase shifter comprising, a first exponential generator including a
      constant voltage source and a timing circuit responsive to the constant
      voltage source to generate a first exponential voltage curve, a second
      exponential generator including a pulse generating source to generate
      second exponential voltage curves, a solid-state switching device
      responsive to the outputs from said first and second generators to provide
      coincidence therebetween repetitiously when the voltages of the first and
      second curves reach the same level, whereby the point of coincidence
      varies linearly with time, and a load impedance responsive to the output
      from said switching device to develop the coincidence output.
NUM  2.
PAR  2. A phase shifter as claimed in claim 1, wherein the voltage of said
      constant voltage source and said pulse generating source have the same
      maximum level.
NUM  3.
PAR  3. A phase shifter comprising, a pulse generating source, a first timing
      circuit responsive to the pulse generating source, a second timing circuit
      including a charge storage circuit responsive to the pulse generating
      source and a discharge circuit responsive to the stored charge of said
      storage circuit to provide a second exponential voltage curve, a
      solid-state switching device responsive to the voltages of said first and
      second exponential curves to provide coincidence therebetween
      repetitiously when the voltages of the first and second curves reach the
      same level, and a load circuit responsive to the output from said
      switching device to provide the coincidence output.
NUM  4.
PAR  4. A phase shifter as claimed in claim 3, wherein said first timing circuit
      has a time constant which is greater than the time constant of said charge
      storage circuit and smaller than said discharge circuit.
NUM  5.
PAR  5. Timing apparatus comprising: a first exponential generator including a
      constant voltage source and a timing circuit responsive to the constant
      voltage source to generate a first exponential voltage curve, a second
      exponential generator including a pulse generating source and a timing
      circuit responsive to the pulse generating source to generate second
      exponential voltage curves, a solid-state switching device responsive to
      the outputs from said first and second generators to provide coincidence
      therebetween repetitiously when the voltages of the first and second
      curves reach the same level, whereby the point of coincidence varies
      linearly with respect to said train of pulses, and load impedance
      responsive to the output from said switching device to provide the
      coincidence output; and a gate circuit responsive to the outputs from said
      pulse generating source and said load impedance to provide coincidence
      therebetween.
NUM  6.
PAR  6. A timing apparatus comprising:
PA1  a source for generating a train of regularly occurring pulses;
PA1  a source for generating a voltage of constant magnitude;
PA1  a phase-shifting circuit comprising: a first timing circuit coupled to said
      constant voltage source to generate an exponentially rising voltage; a
      second timing circuit having a smaller time constant than that of said
      first timing circuit and coupled to said pulse generating source to
      generate a train of pulses of exponentially rising voltage; and a
      solid-state switching device coupled to said first and second timing
      circuits to produce an output upon coincidence of the voltages applied
      thereto;
PA1  a pulse generating circuit comprising: a third timing circuit having
      different time constant from said first and second time constants and
      coupled to said pulse generating source to generate a train of pulses of
      exponentially rising voltage; a voltage setting means coupled to said
      constant voltage source and a solid-state switching device coupled to said
      third timing circuit and to said voltage setting means to produce an
      output upon coincidence of the voltages applied thereto; and
PA1  a gate circuit receptive of the outputs from said phase shifting circuit
      and said pulse generating circuit.
PATN
WKU  039354849
SRC  5
APN  4455231
APT  1
ART  212
APD  19740225
TTL  Replaceable acoustic transducer assembly
ISD  19760127
NCL  14
ECL  1
EXP  Budd; Mark O.
NDR  1
NFG  3
INVT
NAM  Leschek; Walter C.
CTY  Pittsburgh
STA  PA
INVT
NAM  Carpentier; Philip E.
CTY  Elmira
STA  NY
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  310  82
XCL  310  89
XCL  310  91
XCL  340  8FT
EDF  2
ICL  H01V  700
FSC  310
FSS  9.1;9.2;9.3;9.4;8.9;8.7;8.2;8.3
FSC  340
FSS  8 MM;8 FT;8 S
UREF
PNO  2467353
ISD  19490400
NAM  Wolfskill
XCL  310  9.7
UREF
PNO  2803129
ISD  19570800
NAM  Bradfield
OCL  310  8.2
UREF
PNO  3146360
ISD  19640800
NAM  Marshall
XCL  310  8.9
UREF
PNO  3200369
ISD  19650800
NAM  Neubauer et al.
OCL  310  9.1
UREF
PNO  3390287
ISD  19680600
NAM  Sonderegger
XCL  310  8.7
FREF
PNO  1,086,640
ISD  19671100
CNT  UK
OCL  310  8.2
LREP
FR2  Sutcliff; W. G.
ABST
PAL  An easily replaceable acoustic transducer assembly is provided for usage in
      high temperature applications. The improved structure permits efficient
      acoustical coupling between the component parts of the tranducer assembly,
      and is more readily reproducible in sensitivity and frequency response. A
      generally tubular high temperature resistant metal enclosure is provided
      with an acoustical window which is coupled to the piezoelectric transducer
      element. The piezoelectric element is acoustically coupled to a damping
      block member. Acoustical coupling between the active elements of the
      transducer assembly is had from a compressive means integral within the
      enclosure member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of electroacoustic sensor elements for use as flow meter detectors,
      and flaw detectors in metal vessels has been widespread. In its simplest
      form, a piezoelectric element is acoustically coupled to the medium which
      is to be sensed, and the electrical signal derived therefrom indicates the
      condition of the medium under study. Acoustic emission transducers have
      been proposed for use as passive listening devices to detect the noise
      being emitted by growing flaws, as for example in monitoring the metal
      wall for a nuclear reactor pressure vessel. Such electroacoustic
      transducers are affixed to the exterior pressure vessel wall and remain in
      place for monitoring of the vessel wall condition during operation. For
      such usage, the tranducer assembly must be able to withstand the high
      temperature and the high radiation flux level associated with the reactor
      vessel. The use of a metallic high temperature resistant protective
      enclosure member about the active electroacoustic transducer element for
      such applications is essential. A thin metallic acoustic window is
      provided at one end of the transducer assembly, and this window is
      mechanically and acoustically coupled to the vessel wall which is to be
      sensed or inspected. In order to insure high reliability and sensitivity
      it is essential that efficient acoustic coupling be achieved between the
      metallic window member and the electroacoustic transducer element
      supported within the enclosure. It has also been the practice to
      acoustically couple the interiorly disposed surface of the piezoelectric
      electroacoustic element to a damping block which minimizes the ringing of
      the signal produced. In copending application Ser. No. 264,663, filed June
      20, 1972 a severe environment acoustic transducer is described in which a
      polyimide organic adhesive is used to adhere the active transducer
      elements together and to retain the transducer elements in place in a
      fixed relationship. Such a device required careful mechanical and chemical
      preparation of the mating surface of the various active transducer
      elements as well as the metallic acoustic windows.
PAC  SUMMARY OF THE INVENTION
PAR  An easily replaceable, severe environment electroacoustic transducer
      assembly comprising a generally tubular enclosure member, having a
      transducer window sealingly provided at one end of the enclosure member,
      which window is adaptable to the medium to be tested. A piezoelectric
      element is acoustically coupled to the transducer window, which is in turn
      acoustically coupled to an elongated electrically conductive mechanical
      energy damping element. An elongated insulating plug fits within the
      tubular enclosure member about the damping element, and compressive means
      are integrally disposed within the enclosure member for compressively
      holding the insulating plug against the damping element, to thereby
      compress the damping element against the piezoelectric element, this
      ensure that acoustic coupling is maintained and that the damping element
      is protected against damage due to impact induced mechanical shock. A pair
      of electrical conductors extend through the insulating plug, with one of
      the conductors electrically connected to one side of the piezoelectric
      element and the other conductor electrically connected to the conductive
      damping element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the transducer assembly of the present
      invention in contact with a metal vessel.
PAR  FIG. 2 is a cross sectional view of the front end assembly of the
      transducer assembly of the present invention.
PAR  FIG. 3 is an electrical schematic showing the electrical characteristic of
      the elements that make up the transducer assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention can be best understood by reference to the exemplary
      embodiments in the drawing.
PAR  In FIG. 1, the transducer assembly 10 is shown in position against a
      metallic vessel wall 12. The transducer assembly 10 is maintained in
      contact with the vessel wall 12 by means of spring loaded retaining means
      14 which may be connected to the vessel wall 12 mechanically, or may be
      held in place by a magnetic coupling means, not shown. The retaining
      spring 15 extends between member 14 and flange 17 provided about front end
      assembly 16.
PAR  The transducer assembly 10 comprises a front end assembly 16, a flexible
      conduit portion with end fittings 18, and a transformer housing end
      portion 20.
PAR  The front end assembly 16 is seen in greater detail in FIG. 2. The front
      end assembly 16 comprises a generally tubular high temperature resistant
      metallic enclosure 22. The enclosure member 22, is typically formed of
      Kovar, which is a nickel-iron-cobalt alloy and is a trademarked material
      of the Westinghouse Electric Corporation, and is high temperature
      resistant and generally chemically resistant. Other nickle-iron alloys can
      be utilized. The conductive metal enclosure member 22 is also electrically
      grounded and serves as a shield to prevent generation of ground loops in
      the sensing circuitry. A high temperature resistant metallic transducer
      window 24, which is here a thin disc of metal, is brazed in place at one
      end of the enclosure member 22. The shield window 24 is also made of
      Kovar, which is readily brazed to ceramic and to other Kovar parts. A
      disc-like insulative ceramic window 26, which is metallized on both major
      surfaces is brazed to the interior surface of the end window 24. The
      insulative disc window 26 is formed of aluminum oxide, a ceramic material
      which has a high sound velocity and a good specific acoustic impedance
      match to the metal acoustic window 24. Aluminum oxide also exhibits a very
      low level value of ultrasonic attenuation and a relatively low dielectric
      constant. The metallic shield window 24 is a relatively thin member having
      a maximum thickness of about 0.03 inches and a structural contact diameter
      of about 0.13 inches. The structural surface contact area is the portion
      of the transducer's exterior surface that is in acoustic contact with the
      structure being tested, such as a pressure vessel wall. The structural
      surface contact diameter of the window is chosen to be about equal to 1/2
      of the wavelength of a Rayleigh wave surface wave in steel at a frequency
      of about 500 kilohertz. A convenient operative frequency range for the
      transducer assembly in the present invention has been found to be from
      about 300 to 700 kilohertz. The window's structural surface contact
      diameter is not critical, but larger contact diameters could reduce
      sensitivity because of wave cancellation, while significantly smaller
      diameter would reduce sensitivity by restricting the size of the aperture
      through which acoustical energy is permitted to pass. The window's
      structural surface contact diameter is selected also to achieve a good
      acoustic coupling by pressing the face of the transducer against the
      vessel wall 12 with a compressive force, of for example about 30 pounds,
      provided by the spring loaded retaining means 14. With such a compressive
      force, no liquid couplant is required. The 0.03 inch window thickness
      provides sufficient strength yet achieves good acoustic transmission that
      is free of standing wave problems. It is preferred that the parallel
      surfaces of the metal window 24 be flat and have a surface finish of about
      8 microinch to insure good acoustic coupling of the small diameter surface
      to the test structure, and good brazing of the large diameter surface to
      the alumina ceramic. The insulating alumina disc window 26 is typically
      about 0.2 inch in diameter with a thickness of about 0.025 inch. The
      diameter of window 26 is chosen to be compatible with the piezoelectric
      disc 28 to which it is brazed. The insulating disc window 26 thickness is
      selected to be much smaller than the wavelength of sound in alumina at a
      frequency of 500 kilohertz. The alumina disc 26 is metallized on both
      major surfaces by the well known molymanganese process, whereby refactory
      metals are chemically bonded to the normally inert alumina at a highly
      elevated temperature in a hydrogen atmosphere, and thereafter nickel
      plated. The nickel plating serves both to protect the refractory metal
      from oxidizing during high temperature transducer operation and to provide
      easy wetting during brazing of the insulating disc to the metal window 24.
PAR  A transducer negative electrical connection terminal 30, which is a
      ring-like member of approximately the same overall diameter as the
      insulating disc 26 is brazed to the insulating disc, and has an aperture
      32 through the center thereof. Electrical lead-in 34 is connected to
      negative ring-like electrical connection terminal 30. The ring-like
      negative terminal 30 is also made of Kovar material and the inner diameter
      of the aperture 32 is such as to receive the piezoelectric disc 28
      therein. One end of the piezoelectric disc 28 is thus in contact with the
      metallized surface of the insulating disc window 26. The piezoelectric or
      piezoceramic disc 28 has the typical dimension of about 0.1 inch diameter,
      and about 0.075 inch thickness, which values are selected to produce the
      best electroacoustic performance in the operative frequency band of 300
      and 700 kilohertz. The pieozoelectric disc 28 is for example, made up of a
      lead-zirconate-titanate class of piezoceramic material which is
      commercially available as "G1500" from Gulton Industries, or as "PZT-5A"
      from the piezoelectric division of Vernitron Corporation. The piezoceramic
      discs are electrically poled along the axial direction. These materials
      have high sensitivity, resistivity, and stability over a wide temperature
      range. As will be explained later, with reference to the electrical
      schematic the transducer electroacoustic sensitivity is relatively
      insensitive to temperature.
PAR  A rod-like damping block 36 is disposed in line with the piezoelectric disc
      28 and contacts it at one end surface. The damping block 36 is an
      electrically conductive material such as graphite or carbon-graphite
      composite materials which are selected for good ultrasonic mechanical
      damping properties, good electrical conductivity, moderate to high
      compressive strength, and good oxidation resistance at elevated
      temperatures. It is important to grind the end surface of the damping
      block which makes contact with the piezoelectric disc flat with an 8
      microinch surface finish. This is to facilitate dry acoustic coupling of
      the damping block to the piezoelectric element. Graphite has been found to
      be a particularly good conductive damping material and improves the
      sensitivity of the device by minimizing ringing.
PAR  An elongated insulating plug 38 is fitted within the enclosure member 22
      about the damping block 36. The insulating plug 38 has a large diameter
      end portion 40 at the forward end near to the piezoelectric element. A
      damping block receiving chamber 42 is provided centrally through the large
      diameter end portion 40 of the insulating plug 38. This chamber 42 is
      continued through a small diameter centrally extending chamber 50 which
      serves to permit passage of an electrical lead-in through the insulating
      plug 38. A positive electrical lead-in 43 is directed thereto and
      connected to positive electrical terminal 44, which is a conductive metal
      member having a flattened end surface with a diameter approximately equal
      to that of the damping block 36 and in abutting relationship therewith.
      The positive metal electrode terminal 44 is a piston like member having a
      head portion 46 and a rod-like portion 48. The head portion 46 and the
      damping block member 36 fit within the elongated damping block receiving
      chamber 42 provided within the insulating plug 38.
PAR  An externally threaded forcing plug 52 is threadedly engaged with the
      interior threaded surface 54 of the enclosure member 22 at the end removed
      from the window portion. A central aperture 56 is provided through the
      forcing plug, with the aperture diameter being sufficient to permit
      passage of the insulating plug therethrough. A high temperature disc
      spring means 57 is provided about the insulating plug 38, extending
      between the forcing plug 52 and the enlarged diameter end portion 40 of
      the insulating plug 38. As the forcing plug 52 is tightened into place by
      engagement with the threaded surface 54 of the enclosure member 22, the
      disc spring is compressed and acts to hold the transducer assembly
      portions within the enclosure member together under compressive force. A
      disc spring provided a relatively high compressive force in a short range
      of motion while occupying a small space. A number of disc springs may be
      mechanically joined in series to provide the desired compressive force,
      which is for example about 17 pounds which provides a corresponding total
      compressive stress acting over the 0.1 inch diameter piezoelectric disc of
      about 2160 psi. A lead-in aperture 58 is provided along the length of the
      insulating plug 38 to permit passage of the negative electrical lead-in 34
      which is connected to the negative electrical terminal 30.
PAR  The brazing alloy utilized between the metal window 24, the insulating disc
      window 26, and provided upon the surface of the insulating disc to which
      the piezoelectric disc is compressively joined contains a percentage of a
      relatively malleable metallic constituent, such as palladium which
      provides sufficient mechanical compliance to insure that a void free
      acoustically transparent butt joint is formed. The brazing alloy which has
      been found acceptable is available under the trademark "PALCUSIL-10"
      available from Western Gold and Platinum Company. The nominal composition
      of Palcusil-10 is 58% silver, 32% copper, and 10% palladium. Its liquidus
      is 852.degree.C (1566.degree.F) and its solidus is 824.degree.C
      (1515.degree.F). The brazing alloy is used in a preform disc of about 0.2
      inch diameter and about 0.001 inch thickness. Upon heating the brazing
      alloy mechanically bonds the insulating disc window 26 to both the metal
      window 24 and ring-like negative terminal 30. In addition, the brazing
      alloy coats the exposed surface of the insulating disc window 26, thereby
      facilitating effective subsequent dry acoustic coupling of the
      piezoelectric disc 28 to the insulating disc window 26, particularly due
      to the compressive stress exerted thereon by the disc spring means 57.
PAR  An elongated flexible metal conduit member 18 is sealed to the open end of
      the generally tubular enclosure member 22, and the positive and negative
      electrical lead-ins are carried through this flexible conduit 18. The
      flexible conduit comprises a 0.25 inch inner diameter stainless steel
      airtight bellows overlaid with a double braided stainless stainless steel
      jacket and is provided with solid tubular end fittings. The conduit is
      hermetically sealed to the enclosure member 22. A transformer housing end
      portion 20 is hermetically sealed at the other end of the flexible conduit
      18, and comprises a generally tubular body within which is disposed a pot
      core transformer. The transformer is chosen to match the electrical output
      impedance of the piezoelectric element to the impedance of the
      transmission line which carries the signal to the electronic sensing
      system. A hermetically sealed enclosure member 60 is provided at the end
      of the transformer housing end portion 20 and electrical outputs are
      insulatingly brought through this end member 60 to permit connection of
      the transducer assembly to the transmission line.
PAR  An electrical schematic of the transducer assembly 10 is seen in FIG. 3,
      wherein the composite structure comprising the enclosure member 22, the
      metallic window 24, the conduit 18, the transformer housing end portion
      20, and enclosure member 60 is represented as the electrically grounded
      enclosure wall. Which are in serial electrical connection with the
      metallized alumina acoustic window, the electrical capacitance of which is
      represented as C.sub.W in this Figure. The electrical output impedance of
      the piezoelectric crystal is complex due to the many mechanical resonances
      occupying the frequency band of interest, for this reason, it is
      represented by the blocked function Z.sub.C. The electrical signal
      generated in the crystal is shown as E.sub.C, the electrical capacitance
      between the positive and negative electrical leads is equal to C.sub.PN.
      The capacitance between the positive lead and shield, and between the
      negative lead and shield are shown as C.sub.PS and C.sub.NS respectively.
      The inductance L.sub.p represents the primary winding open circuit
      inductance of the transformer, and C is the total winding capacitance of
      the transformer referred to the primary side, and N.sub.P is the number of
      turns in the primary winding, and N.sub.S is the number of turns in the
      secondary winding. The center point of the secondary winding is shown as
      being grounded so that the transformer output is balanced electrically
      with respect to ground. The conductive enclosure member 22, the conductive
      flexible conduit 18, and the conductive transformer comprises the
      electrically grounded shield assembly outlined in FIG. 3 about the active
      components.
PAR  The termination resistor R.sub.O is selected to match the impedance of the
      transducer assembly. It has been the normal practice to connect the
      transducer output directly to a high input impedance amplifier, rather
      than to terminate the line as seen in FIG. 3 and take the output across
      the resistor R.sub.O. It has been discovered that such a termination
      eliminates the large variation of sensitivity with temperature which had
      heretofore been observed. With this loading arrangement, the transducer's
      electroacoustic sensitivity is relatively insensitive to temperature. The
      sensitivity of the device decreases by only about 1.5dB when the operating
      temperature is raised from room ambient to 550.degree.F.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An acoustic transducer assembly comprising:
PA1  a generally tubular metal enclosure member,
PA1  a transducer window and piezoelectric element assembly sealingly disposed
      at one end of the tubular enclosure, wherein the transducer window is a
      high temperature resistant metal disk sealed to the tubular enclosure
      member with a high acoustic energy transmissive thin insulating disk
      acoustically coupled to the interior surface of the metal disk, and the
      piezoelectric element is a thin disk acoustically coupled to the other
      side of the insulating disk,
PA1  an elongated conductive acoustic energy damping element in contact with the
      side of the piezoelectric element facing inwardly within the tubular
      enclosure member,
PA1  an elongated insulating plug fitting within the tubular enclosure member
      about the damping element,
PA1  compressive spring means within the enclosure member for compressively
      holding the insulating plug against the damping element and thereby
      compressing the damping element against the piezoelectric element,
PA1  a pair of electrical conductors extending through the insulating plug, one
      conductor electrically connected to one side of the piezoelectric element,
      the other conductor electrically connected to the conductive damping
      element,
PA1  a closure plug movably fitted in the other end of the tubular metal
      enclosure member, which plug is movable along the axis of the tubular
      metal enclosure member to engage one end of the compressive spring means,
      which thereby compresses the damping element against the piezoelectric
      element which is in turn compressed against the transducer window, which
      compression means thereby electrically and acoustically couples the
      damping element, the piezoelectric element and the transducer window .
NUM  2.
PAR  2. The transducer assembly specified in claim 1, wherein the elongated
      insulating plug comprises a generally cylindrical body with a damping
      element receiving chamber at one end, and an enlarged diameter portion at
      the end proximate the damping means with the spring means bearing against
      this enlarged diameter portion.
NUM  3.
PAR  3. The transducer assembly specified in claim 2, wherein a positive
      electrode is fitted within the damping element receiving chamber of the
      insulating plug, which positive electrode has a flat surface which is
      compressively butted against the damping element.
NUM  4.
PAR  4. The transducer assembly specified in claim 1, wherein both sides of the
      insulating disk are metallized with a refractory metal layer and a nickel
      plating layer atop the refractory metal layer.
NUM  5.
PAR  5. The transducer assembly specified in claim 1, wherein the transducer
      negative terminal electrode comprising an annular metal member is disposed
      on the metallized surface of the insulating disk facing the piezoelectric
      element, with the piezoelectric disk disposed within the annular area
      defined by the electrode.
NUM  6.
PAR  6. The transducer assembly specified in claim 5, wherein the transducer
      shield window, the metallized insulating disk, and the negative electrode
      are acoustically coupled together by butt braze joint, which braze
      material is high temperature resistant and mechanically complaint to
      ensure formation of a void free, acoustically transparent butt joint.
NUM  7.
PAR  7. The transducer assembly specified in claim 6, wherein the braze material
      covers the metallized surface of the insulating disk compressed against
      the piezoelectric disk to effectively acoustically couple these elements
      together.
NUM  8.
PAR  8. The transducer assembly specified in claim 7, wherein the braze material
      comprises a silver-copper mixture which is alloyed with a small amount of
      palladium.
NUM  9.
PAR  9. The transducer assembly specified in claim 1, wherein the end of the
      damping element in compressive contact with the piezoelectric element is
      ground flat to permit effective dry acoustical coupling therebetween.
NUM  10.
PAR  10. The transducer assembly specified in claim 1, wherein the damping
      element comprises a cylindrical body of graphite.
NUM  11.
PAR  11. The transducer assembly specified in claim 1, wherein the tubular metal
      enclosure member serves as a grounded shield which is sealingly connected
      to a flexible hermetically sealed ground conduit within which the pair of
      electrical conductors are continued as a transmission cable which extends
      into a sealed generally tubular transformer housing, with a transformer
      having an impedance which matches the impedance of the piezoelectric
      element disposed within the generally tubular transformer housing, with
      the primary windings of the transformer electrically connected to the
      conductors of the transmission cable, and the secondary windings connected
      to output conductors which are sealingly brought through the closed end of
      the transformer housing.
NUM  12.
PAR  12. The transducer assembly specified in claim 11, wherein the output
      conductors are terminated with a resistor which matches the impedance of
      the transducer assembly.
NUM  13.
PAR  13. An acoustic transducer assembly comprising:
PA1  a generally tubular metal enclosure member,
PA1  a transducer window and piezoelectric element assembly sealingly disposed
      at one end of the tubular enclosure,
PA1  an elongated conductive acoustic energy damping element in contact with the
      side of the piezoelectric element facing inwardly within the tubular
      enclosure member,
PA1  an elongated insulating plug fitting within the tubular enclosure member
      about the damping element, which elongated insulating plug comprises a
      generally cylindrical body with a damping element receiving chamber at one
      end, and an enlarged diameter outer shoulder portion at the end proximate
      the damping means,
PA1  a compressive spring means disposed about the elongated insulating plug,
      with one end of the spring bearing against the outer shoulder portion of
      the plug, and the other end of the spring means being compressed by a
      closure plug movably mounted within the tubular metal enclosure member,
      and movable along the axis of the tubular member to apply a predetermined
      compressive force on the insulating plug, which in turn engages the
      damping element to compress the damping element against the piezoelectric
      element,
PA1  a pair of electrical conductors extending through apertures provided in the
      insulating plug, one conductor electrically connected to the outwardly
      disposed side of the piezoelectric element, the other conductor
      electrically connected to the conductive damping element which
      compressively electrically contacts the inwardly disposed side of the
      piezoelectric element.
NUM  14.
PAR  14. The transducer assembly specified in claim 13, wherein a positive
      electrode is fitted within the damping element receiving chamber of the
      insulating plug, with the one electrical conductor connected to the
      positive electrode which has a flat surface which is compressively butted
      against the damping element.
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ABST
PAL  A key board switch comprising a multi-piezoelectric polymer film element A
      having, in the surface of the polymer film, a plurality of piezoelectric
      unit elements satisfying the following criteria: (a) the unit elements
      have electrodes on both surfaces thereof, (b) the portions of the polymer
      film of the piezoelectric unit elements held between the electrodes on
      both surfaces have piezoelectric properties and (c) any two piezoelectric
      unit elements are electrically independent of each other at least with
      respect to electrodes on one of the surfaces; and a substrate sheet B on
      which the polymer film element A is laid over and having windows or
      recesses in the positions corresponding to each of the piezoelectric unit
      elements of the polymer film element A. The key board switch is adapted so
      that those portions of the polymer film between each of the piezoelectric
      unit elements in the element A are secured to the substrate B at
      intermediate positions between the windows or recesses in the substrate B,
      whereby the stress applied to one of the piezoelectric unit elements is
      not transmitted to other adjacent elements so that the changes in the
      electric field generated from each of the piezoelectric unit elements can
      be an independent output.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a key board switch structure comprising as a
      stress transducer element a multiple-piezoelectric polymer film element
      having a plurality of piezoelectric unit elements provided on the surfaces
      of a polymer film and adapted so that the changes in the stress signals
      applied to the piezoelectric unit elements are converted into changes in
      piezoelectric electric field and taken out as the result of the switching
      operation.
PAR  2. Description of the Prior Art
PAR  The basic concept of a key board switch has already been proposed in
      Japanese Patent Laid Open Application No. 37244/72 wherein a
      multiple-piezoelectric polymer film element comprising a piezoelectric
      film, for example, of polyvinylidene fluoride rendered piezoelectric
      through polarization and a plurality of piezoelectric unit elements
      distributed in the film having electrodes on both surfaces of the films,
      with mechanical stress signals being applied to each of the unit elements
      to produce changes in the piezoelectric field some of the distributed
      elements and the changes in the piezoelectric field being used for signal
      input is described.
PAR  The example of the foregoing Japanese patent application discloses that
      when a stress is applied to a unit element of a key board switch, this
      stress is also transmitted more or less to other elements adjacent thereto
      resulting in a piezoelectric field but that such a piezoelectric field can
      easily be distinguished from the piezoelectric field generated from the
      unit element to which the stress is applied since the level of the former
      is usually on the order of one tenth of the latter. If the stress applied
      to the elements is always constant, the piezoelectric output from the unit
      element to which the stress is applied and the piezoelectric output from
      the other unit elements adjacent thereto can be distinguished and only the
      signals from the former unit can be utilized for input by cutting the
      electric field below this constant value. When the values of the stress
      are varied significantly as in the case of touching a pushbutton with
      one's finger, the piezoelectric field generated from a unit element by a
      low stress sometimes may be comparable to the piezoelectric field
      generated from the adjacent unit elements when a high stress is applied to
      the foregoing unit element, and such an electric field in this adjacent
      unit element forms undesirable noise.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of this invention is to provide a basic structure of a key
      board switch comprising a multi-piezoelectric polymer film element in
      which the generation of noise from unit elements adjacent to the unit
      element to which a stress is applied can be avoided.
PAR  Since piezoelectric polymer films with deposited electrodes are extremely
      thin, the films are often torn or the electrodes tend to peel off the
      films and they are not suitable for frequent use.
PAR  A second object of this invention accordingly is to provide a key board
      switch capable of eliminating the foregoing defects in a structure in
      which the stress is indirectly introduced to the multi-piezoelectric
      polymer film element.
PAR  It is conceivable for indirectly applying the stress to the
      multi-piezoelectric polymer film element to cover the surface of the
      electrodes on the multi-piezoelectric polymer film with a protection sheet
      of considerable thickness such as of rubber, polyurethane or the like and
      apply the stress via this protection sheet. In this case, however, if the
      plurality of stress points are disposed on a protection sheet, the stress
      applied to one of them will be transmitted also to other adjacent points
      to cause noises.
PAR  A third object of this invention therefore is to provide a key board switch
      capable of eliminating the generation of noise where a multi-piezoelectric
      polymer film element is covered with a protective sheet.
PAR  This invention, accordingly, provides a key board switch comprising a
      multi-piezoelectric polymer film element a having in the surfaces of the
      polymer film, a plurality or piezoelectric unit elements satisfying the
      following conditions: a. the unit elements have electrodes on both
      surfaces thereof,
PAR  b. the portions of the polymer film of said piezoelectric unit elements
      held between the electrodes on both surfaces have piezoelectric porperties
      and
PAR  c. any two piezoelectric unit elements are electrically independent from
      each other at least with respect to electrodes on one surface; and a
      substrate sheet B on which the polymer film element A is laid and having
      windows or recesses in positions corresponding to each of the
      piezoelectric unit elements of the polymer film element A, and adapted so
      that those portions of the polymer film between each of the piezoelectric
      unit elements in the polymer element A are secured to the substrate B at
      positions intermediate between the windows or recesses in the substrate B
      so as to prevent a stress applied to one of the unit element from being
      transmitted to other unit elements whereby changes in the electric field
      generated from each of the piezoelectric unit elements can be an
      independent output.
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PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  These and other objects and advantages of this invention will be apparent
      from the following detailed descriptions of the specification and
      accompanying drawings.
PAR  FIG. 1 is a cross sectional view of one embodiment of a key board switch
      according to this invention.
PAR  FIG. 2 is a plan view for a substrate of the key board switch shown in FIG.
      1.
PAR  FIG. 3 is a cross sectional view for another embodiment of a key board
      switch according to this invention.
PAR  FIG. 4 is a cross sectional view for still another embodiment of a key
      board switch according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The key board switch according to this invention comprises the basic
      structure (a)-(c) as described below.
PAR  1. The mechanical stress-electric field transducer element of the switch
      according to this invention has a multipiezoelectric polymer film element
      A containing a plurality of piezoelectric units in a film that satisfy the
      following conditions (a)-(c).
PA1  a. The piezoelectric unit elements have electrodes on both surfaces thereof
      (those piezoelectric portions having electrodes only on one surface are
      not suitable). if
PA1  b. The polymer films of the piezoelectric unit elements placed between the
      electrodes on both surfaces have piezoelectric characteristics (those
      portions not placed between the electrodes may have piezoelectric
      characteristics but such portions are excluded since signals are not
      delivered f changes in the piezoelectric field occur in these portions).
PA1  c. Any two piezoelectric unit elements placed between the electrodes on
      both surfaces are independent from each other at least with respect to
      their electrodes on one surface.
PAR  2. The multi-peizoelectric polymer multi-piezoelectric element as described
      above is placed over a substrate sheet B having recesses or windows in the
      positions corresponding to each of piezoelectric unit elements.
PA1  d. Films between each of the piezoelectric unit elements are secured to the
      windows or recesses at an intermediate position between the windows or
      recesses to the substrate so as to prevent a stress applied to one of the
      unit elements from being transmitted to other unit elements.
PA1  e. Electrical circuits are provided so that the changes in the electric
      field generated from each of the unit elements can be an independent
      output.
PAR  It is required that the piezoelectric unit elements according to this
      invention have the electrodes deposited on both sides thereof and at least
      the portion of the polymer film placed between the electrodes should have
      piezoelectric characteristics.
PAR  The polymer films can have uniform piezoelectric characteristics overall or
      they can be locally polarized and rendered piezoelectric in the portions
      for the piezoelectric unit elements. The piezoelectric element portions
      should have electrodes on both sides and those having electrodes only on
      one side are not suitable here. For example, they can be formed by
      depositing the electrodes substantially over the entire surface of one
      side of the piezoelectric polymer film and depositing other electrodes for
      the surface the other side in a spot like pattern, but the piezoelectric
      unit elements need be formed only in positions where the electrodes are
      deposited in this spot pattern. Similarly, where electrodes in a linear
      pattern are deposited on both surfaces of the film in such a manner that
      the electrodes on both surfaces cross each other, the piezoelectric unit
      elements need be formed only in these crossed portions.
PAR  Suitable electrodes include materials, for example, such as gold, platinum,
      silver, copper, aluminum, nickel, tin, and other conductive substances and
      they are applied to both surfaces of a higher polymer film using various
      means such as vapor deposition plating, printing, adhesion and the like.
PAR  The basic substrate sheet can be made providing the necessary windows or
      recesses in suitable materials such as metals, synthetic resins, rigid
      rubbers, wood, litho plates, concrete, plaster board and other like
      materials.
PAR  The insides of the windows or the recesses need not always be vacant and
      they can be filled with a liquid or a flexible solid substance such as
      foam rubber.
PAR  Any conventional means can be employed for securing the periphery of the
      piezoelectric unit elements to the substrate, such s adhesion and clamping
      so long as the stress, when applied to a unit element, is not delivered
      substantially to adjacent unit elements.
PAR  In order to facilitate a better understanding of this invention, the
      invention is described by way of preferred embodiments thereof referring
      to the accompanying drawings.
PAR  In FIG. 1, symbol A denotes a multi-piezoelectric polymer film element
      comprising a polar polymer film 1, for example, of polyvinylidene
      fluoride, having electrodes 2 in a spot like pattern on one surface
      thereof and electrode 3 completely over the other surface thereof by way
      of vapor deposition. The portions of the film at least between both of the
      electrodes are piezoelectric. The substrate B laid over the polymer film
      element A has windows 4 in the positions corresponding respectively to
      those positions of electrodes 2 deposited in the spot-like pattern and
      having a surface area slightly smaller than the surface area of the
      opposing electrodes. Electric contacts 5 are disposed in the periphery of
      the windows 4 for contact with the electrodes 2 exceeding the periphery of
      the windows and forming an electrical connection therewith when the
      polymer film element A and the substrate B are layered, and a printed
      circuit is provided between each of the electric contacts and terminals T
      correspondingly provided at the periphery of substrate B. Polymer film
      element A and substrate B are bonded together using adhesives, whereby the
      periphery of the spot electrodes and the electric contact 5 are bonded
      with electro-conductive adhesives 7 and ohter portions are bonded with
      insulating adhesives 8.
PAR  Polymer film A and substrate B can be joined only at the periphery of each
      window by the use of electroconductive adhesives only or they can be
      joined without using electroconductive adhesives by merely connecting them
      electrically through the contact in these portions. In the latter case,
      the electric contact between the contacts on substrate B and the periphery
      of the electrodes 2 contacted thereto should not be insulated by the
      insulating adhesives.
PAR  The printed circuit can be provided on the film element in place of on the
      substrate and, in this case, there is no need for an electrical contact
      between the polymer film element A and substrate B.
PAR  The device is grounded, for example by way of electrode 3 deposited over
      the entire surface at 9 in common and connected through each of the
      terminal T and by way of FET (field effect transistor) 10 to a signal
      processing circuit 11. When a stress is applied, for example, to P.sub.1
      of each of piezoelectric unit elements P.sub.1, P.sub.2, . . . P.sub.9, a
      piezoelectric field is generated at terminal T.sub.1, which is sent to
      signal processing circuit 11 to perform the switching operation
      corresponding to the input signal from P.sub.1. Since the periphery of
      electrodes 2 of piezoelectric polymer film element A is secured to
      substrate B with insulating adhesives, adjacent unit elements are free
      from each other with respect to the stress since they are separated at the
      intermediate portion therebetween, and a stress applied on one unit
      element is not be delivered to other unit elements P.sub.2, P.sub.3, . . .
      P.sub.9. Thus, no signals develop at the other terminal T.sub.2, T.sub.3,
      . . . T.sub.9. Where the periphery of the electrodes is not secured to
      that of the windows 4, a stress applied to P.sub.1 causes changes in the
      piezoelectric field for the entire film element A since this is not
      insulated with respect to the stress and, therefore, piezoelectric signal
      noise is unevitably generated more or less at other adjacent unit elements
      such as P.sub.2, P.sub.3, . . . P.sub.9. etc.
PAR  Another embodiment of the basic structure of the key board switch according
      to this invention is shown in FIG. 3, wherein a multi-piezoelectric
      polymer film element A.sub.1 is composed of a piezoelectric polymer film
      1a having spot electrodes 2a and 3a deposited respectively on both
      surfaces thereof. A substrate B.sub.1 is shown having windows 4a apertured
      therethrough and small recesses 12 provided on the under surface thereof
      for securing the polymer film at the intermediate position between each of
      the unit elements, and a presser substrate B.sub.2 has projections 13 in
      the positions corresponding to these recesses 12 and deep recesses 14 in
      the positions corresponding to the windows 4a in the substrate B.sub.1.
      The polymer film element A.sub.1 is held between and thereby secured to
      substrate B.sub.1 and B.sub.2 and, as a result, each of the unit elements
      and other unit elements adjacent to it are separated at the intermediate
      position between them with respect to the applied stress.
PAR  The key board switch shown in FIG. 1 or that comprising the basic structure
      only composed of the combination of B.sub.1 - A.sub.1 - B.sub.2 shown in
      FIG. 3 can operated with the fingers and other means for applying a stress
      but when a hard stress application means is directly contacted to the
      electrodes, the electrodes tend to be damaged or the polymer film tend to
      be torn.
PAR  The key board structure shown in FIG. 3 is constructed so that the stress
      can be transmitted to each of the unit devices by way of a fluid medium
      while avoiding a direct contact by the stress application means to the
      electrodes. In FIG. 3 reference numeral 15 denotes a flexible rubber sheet
      or synthetic resin film attached to the upper surface of the substrate
      B.sub.1 by adhesion or other suitable means. 16 designates pushbuttons and
      17 is a outer cover of the switch panel. As can be seen from drawing, each
      of the windows 4a in the substrate B.sub.1 is closed at both end faces
      thereof with polymer film A.sub.1 and sheet 15 and forms a reservoir for
      the operation fluid. As the operation fluid, air confined within said
      windows 4a is usually used but other gaseous or liquid tightly sealed
      therein media can be used. They are adapted so that the actuation of a
      pushbutton switch 16a depresses the sheet located beneath the button and
      generates a fluid pressure within the recesses 18, resulting a
      piezoelectric field.
PAR  In place of pressing the sheet 15 as shown in FIG. 3, the switching
      operation can also be performed by providing additional fluid conduits
      from reservoirs (not shown) for the operation fluid and causing the fluid
      pressure in the conduid to change and the sheet 15 need not be flexible in
      this case.
PAR  A thin protection coating can be applied on the surface of the electrodes
      as another way for avoiding a direct contact of a means whereby a hard
      stress is applied to the multi-piezoelectric polymer film element. This is
      extremely advantageous since such a coating can protect the electrodes not
      only against abrasion but also against moisture and corrosive atmospheres
      and it can be applied of desired, also to the elements of the key board
      switch shown in FIG. 1 to FIG. 3. It is, however, noted that the thickness
      of the coating should be restricted appropriately so that polymer film can
      be deformed by a small stress.
PAR  Where the multi-piezoelectric polymer film element should be protected
      against greater mechanical shock, the polymer film can be covered with a
      flexible shock absorber sheet such as, for example, of rubber, foamed
      polyurethane, soft polyvinylchloride, polyethylene, etc. and the stress is
      applied to the polymer film element through this shock absorber sheet. In
      the key board switch, for example, shown in FIG. 3, such a shock absorber
      material can be substituted for the operation fluid within the windows 4.
      The simplest key board switch structure employing the shock absorber sheet
      is shown in FIG. 4, wherein a multi-piezoelectric polymer film element is
      covered with a shock absorber sheet of about the same size.
PAR  In FIG. 4, a multi-piezoelectric polymer film elements A.sub.2 similar to
      the polymer film A in FIG. 1 is composed of a piezoelectric polymer film
      having spot electrodes on the lower surface and an over all electrode on
      the upper surface thereof respectively, applied by vapor deposition. A
      substrate B.sub.3 has recesses in the positions corresponding to the spot
      electrodes and printed circuits are formed either on the polymer film
      element A.sub.2 or on the substrate B.sub.3. C is a flexible shock
      absorber sheet made, for example, of rubber, foamed polyurethane, etc. and
      D is a holding plate having operation windows 19 in positions
      corresponding to each of the piezoelectric unit elements. The embodiment
      shown is so adapted that by clamping B.sub.3 and D with a B.S. thread 20,
      the periphery of each of the piezoelectric unit elements and the portions
      of the shock absorber material situated thereover are secured to the
      substrate B.sub.3 and the peripheral area around the windows 19 in sheet D
      thereby separating the piezoelectric element and other adjacent elements
      from each other with respect to the stress, that is, the stresses applied
      to these elements are not transmitted between each other.
PAR  The multi-piezoelectric polymer film element used in this invention can be
      selected from piezoelectric films such as mono- or bi-axially oriented
      poly-.gamma.-methylglutamate film, or those films that are not
      piezoelectric as molded but can be entirely or partially rendered
      piezoelectric through polarization under a high static electric field such
      as polyvinylfluoride, polyvinylidene fluoride, etc. and such polymer films
      can be provided with the required electrodes on both surfaces thereof.
      Films having thereon printed circuit let from the electrodes can be used
      if desired.
PAR  For the piezoelectric polymer film, a higher piezoelectricity is desired
      since it provides higher sensitivity and facilitates noise separation. The
      piezoelectric polymer film having the highest piezoelectric property
      includes vinylidene fluoride polymers or copolymers consisting of
      vinylidene fluoride as an essential ingredient and a monomer or monomers
      copolymerizable therewith such as tetrafluoroethylene, trifluoroethylene,
      trifluoromonochloroethylene, fluorochlorovinylidene, vinyl fluoride,
      hexafluoropropylene, ethylene, propylene and the like. Such polymer films
      are stretched and oriented to provide a .beta.-type crystal structure and
      then subjected to polarization under a high static electric field below
      the withstand voltage of the film at a temperature above about 40.degree.C
      and below the melting point of the film to result in a piezoelectric
      constant d.sub.31 at least about 1 .times. 10.sup.-.sup.8 cgsesu (1
      .times. 10.sup.-.sup.8  cgsesu to 2 .times. 10.sup.-.sup.6 cgsesu).
PAR  The multi-piezoelectric polymer film element can be formed by polarizing a
      polymer film between a pair of polarization electrodes to produce
      piezoelectric polymer film and attaching thin film electrodes thereon by
      printing, adhesion and the like. Alternatively, the polymer film element
      can be formed by providing the necessary switching electrodes on the
      polymer film prior to the polarization by vapor deposition, plating,
      printing, etc. and then polarizing by utilizing the electrodes as both
      electrodes for the polarization. Further, electrodes can be previously
      formed substantially over the entire surfaces of both sides of the films
      while leaving some margins around one or both surfaces so as to avoid
      short-circuit failures between both electrodes and, after the
      polarization, the electrodes on one both surfaces of the polymer films are
      partially removed to form stripe like or spot like electrodes.
PAR  Where the polymer film is excessively thin, a unifom thick film can not be
      obtained easily, often causing damage due to the high voltage applied in
      the polarization, which decreases the yield in the polarization. If the
      polymer film is too thick, the ratio of deformation vs stress of the film
      is reduced and the application of a larger stress results in the
      transmission of that stress to adjacent unit elements causing
      disadvantageous noise. The preferred film thickness is in the range of
      about 3 .mu. to 200 .mu., with the range of 10 .mu. to 100 .mu.  being
      particularly preferred.
PAR  The thickness of the electrodes can be optionally selected so long as the
      electrodes conduct the current and allow the film to deform easily. Since
      the current flow through them is very small, even thin electrodes, for
      example, consisting of a transparent gold film with a thickness of less
      than about 100 .mu. and formed by vapor deposition can be used
      satisfactorily. An electroconductive adhesive tape of a thickness of about
      35 .mu. laminated in two layers can also be used without difficulty.
PAR  The substrate sheet can be made of various materials without restriction
      provided that the sheet is not deformed by the application of the stress.
      These materials can be selected for the sake of electrical convenience,
      that is, where the substrate contacts the surface of the film on which the
      electrodes is provided overall, it may be convenient to use a metallic
      substrate and lead the substrate to the ground, and where the substrate
      contacts the surface on which the spot electrodes are provided, the
      substrate desirably is made of an insulating material or of a metal coated
      with an insulating material.
PAR  The thickness of the substrate is so selected that the substrate can be
      formed with windows or recesses therein which are deep enough to allow the
      film to extend locally and move freely perpendicular to the surface of the
      film when a stress is applied to the unit elements in the
      multi-piezoelectric polymer film element. Usually a thickness of more than
      about 100 .mu. is required on considering the strength but where the
      polymer film is deformed by a fluid medium as shown in FIG. 3, it may be
      on the order of several tens of microns since the displacement of the film
      is small.
PAR  The size and the pitch of the windows or recesses provided in the substrate
      can be easily determined by those skilled in the art depending upon the
      structure and use of the key board switch. For example, for the embodiment
      to be operated with the fingers and pushbuttons, the windows or the
      recesses suitably have the size of about 5 mm to 30 mm and a pitch from
      about 1 mm to 50 mm, and for the embodiment operated by a fluid operated
      device they can have a smaller aperture diameter and pitch.
PAR  In addition to the printed circuit, FET, diodes, resistors, capacitors and
      the like can also be mounted on the substrate.
PAR  The key board switch of this invention can be assembled easily since it can
      be achieved merely by securing the multipiezoelectric polymer film element
      to the substrate and the cost for the wiring operation can be reduced
      significantly because the wiring from the film element to the terminals
      can be completed together with the assembly of the key board switch by
      providing a printed circuit either on the polymer film element or on the
      substrate. Moreover, since the switching operation is conducted without
      using electrical contacts, no spark difficult and the like occur at the
      time of contact and stable switching function for a prolonged period can
      be achieved.
PAR  The invention is further illustrated by reference to the following example.
PAC  EXAMPLE
PAR  A monoaxially oriented polyvinylidenefluoride film of a thickness of 20
      .mu. was provided with an aluminum electrode entirely over one surface
      through vapor deposition and in a spot pattern, having a diameter and
      pitch both of 10 mm, on the other surface through vapor deposition and a
      static electric field of 1.2 KV (electric field intensity 600 KV/cm) was
      applied to the film having the deposited aluminum electrodes across the
      electrodes on both surfaces for 30 minutes in a thermostatically
      controlled bath. Thereafter, it was allowed to cool to room termperature
      (about 20.degree.-30.degree.C) while applying the above static electric
      field and then the electric field was removed. The film had a
      piezoelectric constant d.sub.31 of 5 .times. 10.sup.-.sup.7 cgsesu only in
      the portions to which the electric field had been applied.
PAR  The multi-piezoelectric polymer film element using, as the pizoelectric
      portion, the foregoing polarized polyvinylidenefluoride was assembled as
      shown in FIG. 1 to a substrate a thickness of 2 mm having windows of a
      diameter of 8 mm in positions corresponding to the spot electrodes of the
      multipiezoelectric polymer film elements and provided with printed
      circuits as shown in FIG. 2. On touching a piezoelectric unit element over
      a window, an accute electric field of a signal having a peak of 1 to 30
      volts developed in the corresponding terminal whereby no piezoelectric
      changes were found in the terminal corresponding to the adjacent unit
      elements.
PAR  The over all surface of the under side of the key board substrate was
      coated with adhesives and a 20 .mu. thick polyester film was bonded over
      it. On slightly touching the window portion from the side of the polyester
      film, an acute electric field of a signal of 100 to 1000 mV developed to
      the terminal.
PAR  As a comparison example, a key board switch was assembled by forming a
      multi-piezoelectric polymer film element through the polarization of the
      same polyvinylidenefluoride film as above except that additional circuit
      wiring was provided from each of the spot electrodes to the side margins
      in the printed circuit. The periphery of the polymer film element was then
      bonded and secured to the frame and merely laid over the substrate with
      the windows. On slightly touching one of the unit elements of the key
      board switch an electrical field of 1.2V developed at the corresponding
      terminal accompanied by an electric field of 50 to 90mV developed at the
      terminals corresponding to the adjacent unit elements. Then, on touching
      the same unit element with a somewhat greater stress, the corresponding
      terminal showed an electrical field of about 8V accompanied by an electric
      field of 0.7 to 1.8 volts at the terminals corresponding to the adjacent
      unit elements.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A key board switch comprising
PA1  a polarized polymer film element A having in the surface of the polymer
      piezoelectric film, a plurality of piezoelectric unit elements satisfying
      the following condition:
PA1  a. said unit elements have electrodes on both surfaces thereof,
PA1  b. the portions of the polymer film of said piezoelectric unit elements
      held between the electrodes on both surfaces have piezoelectric properties
      and
PA1  c. any two piezoelectric unit elements are electrically independent from
      each other at least with respect to electrodes on one surface; and
PA1  a substrate sheet B on which the polymer film element A is laid and having
      windows or recesses in positions corresponding to each of the
      piezoelectric unit elements of the polymer film element A, those portions
      of the polymer film between adjacent piezoelectric unit elements in the
      polymer element A being secured to the substrate B at positions between
      the windows or recesses in the substrate B so as to prevent a stress
      applied to one of the unit elements from being transmitted to another unit
      element whereby changes in the electric field generated from each of the
      piezoelectric unit elements can be an independent output.
NUM  2.
PAR  2. The key board switch as defined in claim 1, wherein the polymer film
      element and the substrate are bonded with adhesives.
NUM  3.
PAR  3. The key board switch as defined in claim 1, further comprising another
      substrate sheet overlying and secured to the polymer film element.
NUM  4.
PAR  4. The key board switch as defined in claim 1, wherein each of the
      piezoelectric unit elements laid over a window forms a reservoir for an
      operation fluid, and the switch is adapted to operate by the changes in
      the pressure of said operation fluid.
NUM  5.
PAR  5. The key board switch as defined in claim 1, including a shock absorber
      sheet and held between and secured to a presser substrate and another
      substrate having operation windows in the positions corresponding to each
      of the piezoelectric unit element covering the polymer film element.
NUM  6.
PAR  6. The key board switch as defined in claim 1, including a common electrode
      substantially for the entirity of one surface of the polymer film element
      and electrodes in a spot pattern electrically independent from each other
      on the other surface of the polymer film element.
NUM  7.
PAR  7. The key board switch as defined in claim 1, including electrodes in a
      spot pattern electrically independent from each other on both surfaces of
      the polymer film element.
NUM  8.
PAR  8. The key board switch as defined in claim 1, including band shaped
      electrodes in a stripe pattern on both surfaces of the polymer film
      element in such a manner that the stripes on both surfaces cross each
      other.
NUM  9.
PAR  9. The key board switch as defined in claim 1, wherein the polymer film
      element is piezoelectric over its entire surface.
NUM  10.
PAR  10. The key board switch as defined in claim 1, wherein the polymer film
      element is locally piezoelectric only in the portions that form each of
      the piezoelectric unit elements.
NUM  11.
PAR  11. The key board switch as defined in claim 1, including a common
      electrode substantially for the entirety of one surface on the polymer
      film and electrodes in a spot pattern electrically independent of each
      other on the other surface of the polymer film, a common electrode
      grounded as a common buss and each of the electrodes in a spot pattern
      being provided with respective wiring leading to the outside by way of an
      FET.
NUM  12.
PAR  12. The key board switch as defined in claim 1, including a common
      electrode substantially for the entirety of one surface of the polymer
      film element A opposed to the substrate and electrodes in a spot pattern
      electrically independent of each other on the other surface of the polymer
      film element A, the contacts electrically connected to the electrodes in a
      spot pattern on the polymer film element A being provided on the periphery
      of each of the windows of recesses in the substrate laid over the
      electrodes in a spot pattern and each of said contacts being provided with
      printed circuits leading to the terminals at one end of the substrate.
NUM  13.
PAR  13. The key board switch as defined in claim 12, wherein said printed
      circuits include diodes, FETs and/or resistors.
NUM  14.
PAR  14. The key board switch as defined in claim 12, wherein each of the
      terminals is connected by way of an FET to signal processing circuits.
NUM  15.
PAR  15. The key board switch as defined in claim 1, wherein the polymer film is
      vinylidenefluoride having a .beta.-type crystal structure.
NUM  16.
PAR  16. The key board switch as defined in claim 1, wherein the polymer film
      element comprises a copolymer film of vinylidenefluoride as an essential
      component and a monomer or monomers copolymerizable therewith having a
      .beta.-type crystal structure.
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ABST
PAL  A finely adjustable table assembly is particularly useful, for example, as
      a light-exposing device for printing IC (integrated-circuits) patterns and
      comprises a base plate, a movable table, a plurality of curved plate
      springs for connecting the movable plate to the base plate, and a
      non-contact means for driving the movable table. The curved plate springs
      are arranged perpendicularly to their widths between the movable table and
      the base plate and, as a sesult, the mass of the movable table is
      supported by the curved plate springs. As the table driving means, use is
      made of a non-contact type drive such as an electromagnetic device. The
      table is capable of being displaced in any direction in a horizontal
      plane. This displacement can be effected in a highly precise manner
      because of the absence of mechanical sliding members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a finely adjustable table assembly which is
      particularly useful, for example, as part of a light-exposing device for
      printing integrated circuit patterns.
PAR  2. Description of the Prior Art
PAR  A of table for this purpose heretofore proposed comprises two sliders
      arranged perpendicularly to each other and adapted to be slidable while
      making contact at their metallic surfaces with each other. Another
      conventional table device which makes use of balls or rollers disposed
      between adjacent sliding surfaces has been described in U.S. patent No.
      3,744,902. These conventional table devices have the disadvantage that it
      is difficult to effect highly sensitive and minute feed of the movable
      table owing to mechanical friction. Another table has been proposed which
      subjects the lower surface to an air stream or magnetic repulsive force so
      as to raise it. This conventional table is complex in construction and not
      stable in operation. As seen from the above, all of the conventional
      tables are complex and expensive and do not satisfy the precision required
      for this kind of device.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a finely adjustable table device
      which can obviate the above-mentioned disadvantages which have been
      encountered with the conventional tables and which can displace a movable
      table in any desired direction in the X-Y (horizontal) plane owing to the
      absence of mechanical friction and backlash.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawing, wherein:
PAR  FIG. 1 is a diagrammatic perspective view of one embodiment of the assembly
      according to the invention;
PAR  FIG. 2 is a plan view of another embodiment of the assembly according to
      the invention, the movable table being omitted for ease of illustration;
PAR  FIG. 3 is a section taken along line III--III of FIG. 2 with the movable
      table in place;
PAR  FIG. 4 is a perspective view of a curved plate spring used in FIGS. 1, 2
      and 3;
PAR  FIGS. 5 and 6 are perspective views of two modified curved-plate springs,
      respectively;
PAR  FIG. 7 is a perspective view of a curved-plate spring as shown in FIG. 6 in
      position for supporting the movable table above a base plate;
PAR  FIG. 8 is a plan view of electromagnets arranged in opposition to and
      adjacent two adjoining sides of a table according to the invention;
PAR  FIG. 9 is a section taken along line IX--IX of FIG. 8; and
PAR  FIG. 10 is a graph illustrating the displacement characteristic of the
      table according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, a base plate 101 has four columns 102 secured at their
      respective lower ends to the base plate 101. Four curved-plate springs 103
      connect the movable table 104 to the four columns 102. In the present
      embodiment, each curved-plate spring 103 is annular in section. These
      curved plate springs 103 are arranged perpendicularly in their widthwise
      direction laterally of the movable table 104 as shown in FIG. 1 (i.e.,
      with the axis and generatrices of the spring perpendicular to the table
      and the bights of the spring disposed between the respective column and a
      lateral edge of the table 104) so that the mass of the movable table 104
      is supported by the four curved plate springs 103 and the movable table
      104 is not provided with any mechanical sliding member. The two U-shaped
      electromagnets 105, each having two legs are opposed to respective
      adjacent sides of the movable table 104 and a coil 106 wound around the
      common core of the legs. If either or both of these coils 106 is or are
      energized, the movable table 104 is displaced in a non-contact manner.
PAR  In FIGS. 2 and 3 is shown another embodiment of the finely adjustable table
      device according to the invention. In this device there are four
      curved-plate springs 1 which are arranged at positions angularly spaced
      apart from each other by 90.degree.C. One side of each of these curved
      plate springs 1 is sandwiched between a spring-supporting member 2 and a
      counter plate 3 and is secured thereto by means of screws 4. As shown in
      FIG. 3, the spring supporting member 2 is secured to the mounting plate 6
      by means of vertical screws 5.
PAR  Referring to FIG. 3, a base plate 7 is secured to the mounting plate 6 by
      means of a screw 9 extending through a sleeve 8 inserted between the base
      plate 7 and the mounting plate 6.
PAR  A movable table 10 is secured to a table-supporting member 13 by means of
      screws 14. The table-supporting plate 13 is opposed to the spring
      supporting member 2 and serves to hold the opposite side of the curved
      plate spring 1 sandwiched between the table supporting member 13 and a
      counter plate 12 and secured therebetween by means of screws 11. In the
      embodiment shown in FIG. 3, the center part of the movable table 10 is
      mounted upon by the table supporting members 13 and the spring supporting
      members 2 are arranged below the outer peripheral portion of the movable
      table 10. Alternatively, the spring supporting members 2 may be arranged
      below the center part of the movable table 10 and the outer peripheral
      portion of the table 10 may be supported by the table supporting member
      13.
PAR  A damper member is secured to the table supporting members 13 by means of
      screws 16 and is immersed into a damper liquid 18 in a container 17
      disposed on the base plate 7.
PAR  The container 17 is provided at its base with a hole through which extends
      the screw 9. A gap formed between the hole and the screw 9 is hermetically
      sealed by a packing (not shown) to prevent the damper liquid 18 from
      leaking through the gap out of the container 17.
PAR  In FIG. 4 is shown the curved plate spring 1 secured at its one side to the
      spring-supporting members 2 and its counter plate 3 by means of the screws
      4 and at its opposed side to the table-supporting member 13 and its
      counter plate 12 by means of the screws 11. The curved plate spring 1
      shown in FIG. 4 is of substantially annular in cross-section.
PAR  In FIG. 5 is shown a curved plate spring 1 which is circular in
      cross-section and to diametrically opposite positions of which are secured
      a spring-supporting member 2 and a table supporting member 13 by means of
      pins 19, respectively, each pin 19 having one end secured to the curved
      plate spring 1 and a free end extending through the members 2, 13 and
      calked thereto.
PAR  In the above-mentioned embodiments, the curved-plate spring 1 is endless.
      Alternatively, the curved-plate spring 1 may be composed of two U-shaped
      halves opposed to each other with gaps therebetween. These opposed end
      regions may be sandwiched between the spring-supporting member 2 and its
      counter plate 3 and between the movable-table supporting member 13 and its
      counter plate 12, respectively, and secured thereto by means of the screws
      4, 11 as shown in FIG. 6. As shown in FIG. 7, the spring-supporting member
      2 is secured to the mounting plate 6 by means of the screws 5 and the
      table supporting member 13 is secured to the movable table 10 by means of
      the screws 14.
PAR  FIGS. 8 and 9 show another emobdiment of the table according to the
      invention.
PAR  Referring to FIG. 8, an electromagnet 20 composed of an E-shaped iron core
      21 has three legs 21a, 21b, 21c and a coil 22 wound around the iron core
      21. The two electromagnets 20 are angularly spaced from each other by
      90.degree. and arranged in opposition to two adjacent sides of the movable
      table 10.
PAR  Iron pieces 23 are secured to those portions of the movable table 10 and
      the damper member 15 which are directly opposed to the legs 21a, 21b, 21c
      of the E-shaped iron core 21 by means of screws 24, respectively, as shown
      in FIG. 9. The movable table 10 and the damper member 15 are each made of
      non-magnetic material.
PAR  Reference numerals 25, 26 designate coils wound around the legs 21a, 21c of
      the iron core 21, respectively. These coils 25, 26 are energized when it
      is desired to slightly rotate the movable table 10 in its horizontal
      plane. The coils 25,26 must be wound around the legs 21a, 21c such that
      the magnetic force produced in the electromagnet 20 when the coils 25, 26
      are energized is added to the magnetic force produced in the electromagnet
      20 when the coil 22 is energized.
PAR  In the embodiment of FIGS. 8 and 9, the movable table 10 is
      electromagnetically driven. The movable table 10 may also be driven by
      fluid pressure such as an air jet stream and the like without utilizing
      solid contact.
PAR  As stated hereinbefore, the table device according to the invention is
      capable of maintaining the movable table 10 at standstill under the
      balance of the spring forces of the four curved plate springs 1. The
      movable table 10 is supported by vertical planes in parallel with the
      widthwise direction of the curved plate spring 1, and as a result, it is
      difficult to displace the movable table 10 by an exterior force applied in
      a vertical direction as shown by an arrow A in FIG. 3, but it is easy to
      displace the movable table 10 by an external force applied to it in a
      transverse direction as shown by an arrow B in FIG. 3. In the latter case,
      it is possible to reliably displace the movable table 10 in the direction
      B along which the exterior force is applied to the movable table 10. That
      is, the magnetic force of the electromagnet 20 causes the movable table 10
      to be displaced in the plane thereof in all the X, Y, directions the
      resultant direction of X and Y and the like.
PAR  FIG. 10 shows a graph illustrating the current vs. displacement
      characteristic of the table according to the invention with the gap (mm)
      formed between the electromagnet 20 and the iron piece 23 taken as
      parameter.
PAR  As seen from FIG. 10, the displacement of the movable table 10 is
      proportional to the current flowing through the coil 22 of the
      electromagnet 20. It is possible to precisely displace the movable table
      10 in proportion to the current flowing through the coil 22 of the
      electromagnet 20. In the case of displacement of the movable table 10, a
      constant frictional resistance such as the slight internal friction of the
      curved plate spring 1, friction between the damper liquid 18 and the
      damper member 15 immersed therein and the like, acts upon the movable
      table 10, but this frictional resistance is constant and has no influence
      upon the accuracy of displacement of the movable table 10.
PAR  The movable table 10 according to the invention provides an oscillation
      system maintained by the curved-plate springs 1 and attenuated by the
      damper liquid 18. In the present embodiment, the damper liquid 18 is a
      silicone oil having a viscosity of 100 to 300 centistokes. The damper
      member 15 serves to significantly attenuate the oscillations of the
      movable table 10. Those portions of the damper member 15 which are not
      used for supporting the curved plate springs 1 may be made open for the
      purpose of enlarging the surface area of the damper member 15 so as to
      further increase the attenuation effect.
PAR  As stated hereinbefore, the invention provides a finely adjustable table
      device which is not subjected to friction and wear, which has no backlash
      region, which can operate for a long time without necessitating any
      troublesome periodic inspection, and which can displace a movable table in
      a minimum increment of 1/10,000 (mm) in a stable state.
PAR  In addition, the device according to the invention is not required to have
      the machining precision for X-Y axes which has been encountered with the
      conventional table device and is simple in construction and less expensive
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A finely adjustable table assembly comprising:
PA1  a base plate;
PA1  a movable table above said plate;
PA1  a plurality of angularly spaced columns mounted on said base plate, said
      table having respective surfaces disposed horizontally opposite said
      columns;
PA1  a plurality of plate springs which are annular in section and are connected
      to said columns and to said surfaces of said table so as to have their
      generatrices perpendicular to said movable table and the broad surfaces of
      the plates of said springs facing generally horizontally; and
PA1  electromagnetic driving means for driving said movable table relative to
      said base plate, said electromagnetic driving means being composed of a
      plurality of electromagnets at least one of which comprises an E-shaped
      magnetic core and at least two coils so as to minutely displace said
      movable plate in any direction in the same horizontal plane.
NUM  2.
PAR  2. A finely adjustable table assembly as defined in claim 1, further
      comprising a table-supporting member forming said table surfaces, a damper
      member and a container for a damper liquid, and said movable table being
      connected through said table-supporting member to said damper member
      immersed in said damper liquid in said container so as to prevent a free
      oscillation of said movable table.
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ABST
PAL  A permanent magnet motor which generates mechanical output power by the
      repulsion forces between a movable permanent magnet and a fixed permanent
      magnet. A movable magnetic shield is interposed between the magnets when
      they are adjacent one another and then the shield is moved to expose the
      fixed magnet as the movable magnet passes by. A second fixed magnet can be
      added to increase the output power by attracting the movable magnet as it
      approaches. The movable magnetic shield is interposed between the movable
      magnet and the second fixed magnet when they are adjacent one another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  This invention relates to permanent magnet motors in general and more
      particularly to such a motor having a movable magnet which interacts with
      a fixed magnet to produce mechanical output power.
PAR  2. Description of the Prior Art
PAR  Many prior art motors have utilized movable permanent magnets with
      stationary wound fields or stationary permanent magnets with movable wound
      fields, wherein the windings are electrically energized. If the windings
      are energized from a direct current source, such as a battery, the current
      must be commutated to either reverse the polarity of the fields created by
      the windings or to interrupt these fields so that relative motion can be
      obtained between the permanent magnets and the wound fields. In a
      relatively large motor such switching causes rapid brush and commutator
      wear or requires expensive solidstate switching controls.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves a permanent magnet motor having a movable
      permanent magnet which is repelled by a fixed permanent magnet to produce
      mechanical output power. As the movable magnet approaches the fixed
      magnet, a magnetic shield is interposed between them until the movable
      magnet passes slightly beyond the fixed magnet at which time the shield is
      removed to expose the fixed magnet which repels the movable magnet. A
      second fixed magnet may be added to attract the movable magnet as it
      approaches. Then the shield moves to shield the second magnet as the
      movable magnet passes by.
PAR  In one form of the invention, the movable magnet may be attached to a rotor
      shaft which drives an output shaft through a set of gears. The magnetic
      shield is attached to the output shaft and rotates through the air gap
      between the movable and fixed magnets. In another embodiment, the movable
      magnet is attached to a plate which rotates on a shaft concentric with a
      shaft on which the shield rotates in an opposite direction in the air gap
      between the movable magnet and the fixed magnet.
PAR  It is an object of the present invention to reduce the amount of current
      required to operate a direct current motor.
PAR  Another object of the present invention is to increase the efficiency of
      electric motors utilizing permanent magnets.
PAR  A third object of the present invention is to decrease the size of the
      windings required in an electric motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the present invention with a portion of a gear
      case broken away;
PAR  FIG. 2 is a front elevation view of the invention of FIG. 1 showing the
      positioning of the permanent magnets;
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 1
      showing the commutator and brushes;
PAR  FIG. 4 is a fragmentary sectional view taken along line 4--4 of FIG. 1
      showing the relationships between the fixed and movable magnets and the
      movable magnetic shield;
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 1
      showing the relationship between the movable permanent magnets and the
      fixed magnetic shield;
PAR  FIG. 6 is a top plan view of an alternate embodiment of the present
      invention;
PAR  FIG. 7 is a front elevation view of the invention of FIG. 6 with portions
      broken away;
PAR  FIG. 8 is a fragmentary sectional view of the movable magnets taken along
      line 8--8 of FIG. 7;
PAR  FIG. 9 is a fragmentary sectional view of the fixed magnets taken along
      line 9--9 of FIG. 7;
PAR  FIG. 10 is a fragmentary sectional view of the movable magnetic shield
      taken along line 10--10 of FIG. 7;
PAR  FIG. 11 is a fragmentary front elevation view of the commutator and slip
      rings of FIG. 7 with portions broken away; and
PAR  FIG. 12 is a fragmentary bottom plan view of the commutator of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention involves a permanent magnet motor having at least one
      movable permanent magnet which is repelled by a fixed permanent magnet to
      drive an output shaft. A magnetic shield attached to the output shaft
      moves to shield the fixed magnet as the movable magnet approaches and
      moves to expose the fixed magnet as the movable magnet passes by. An
      additional fixed magnet may be provided which is exposed to attract the
      movable magnet as it approaches and is shielded by the magnetic shield as
      the movable magnet passes by. A fixed magnetic shield is positioned
      adjacent the movable magnet and has electromagnets formed thereon. Since
      the movable magnets tend to be attracted to a magnetic neutral position,
      the electromagnets are energized to start the motor and to overcome the
      mechanical and magnetic losses of the rotating motor.
PAR  Referring to FIGS. 1 and 2, there is shown a permanent magnet motor
      embodying the present invention. An output shaft 11 is rotatably supported
      by a pair of bearings 12 and 13 which are attached to a supporting frame
      14. The rotational mechanical power generated by the motor may be
      transmitted by suitable transmission means, typically a pulley 15 and a
      belt 16 or a gear box (not shown), to power various devices. The output
      shaft 11 is rotated by at least one rotor assembly, such as rotor assembly
      17 which is coupled to the output shaft 11 by a gear case 18. The gear
      case 18 has been broken away to show the connection between the output
      shaft 11 and the rotor assembly 17. The rotor assembly 17 has a rotor
      shaft 19 which extends into the gear case 18 and has a bevel gear 21
      attached thereto. The bevel gear 21 engages a similar bevel gear 22
      attached to the output shaft 11. If it is assumed that the rotor assembly
      17 rotates in a clockwise direction, as shown in FIG. 2, then the output
      shaft 11 will be driven in a counter clockwise direction as viewed from
      the end of the shaft having the pulley 15 attached thereto. The gearing
      has a one-to-one ratio so that one rotation of the rotor shaft 19 will
      produce one rotation of the output shaft 11.
PAR  Although the present invention will operate in the manner to be disclosed
      to generate output power, an additional rotor assembly 23 may be added to
      reduce mechanical vibrations and to increase the output power. The rotor
      assembly 23 has a rotor shaft 24 which extends into the gear case 18 and
      has a bevel gear 25 attached thereto. The bevel gear 25 engages the bevel
      gear 22 and drives the output shaft 11 in a counter clockwise direction as
      the rotor assembly 23 rotates in a clockwise direction as viewed from the
      end of the rotor shaft 24 which is rotatably supported by a bearing 26
      attached to the supporting frame 14.
PAR  The rotor shaft 19 is rotatably supported at one end by bearing 27 which is
      attached to the supporting frame 14. Adjacent the bevel gear 21 inside the
      gear case 18 is a bearing 28 which in cooperation with a bearing 29
      supports the opposite end of the rotor shaft 19. The end of the rotor
      shaft 24 which extends into the gear case 18 is also supported by a pair
      of bearings (not shown). The output shaft 11 is rotatably supported by a
      pair of bearings 31 and 32 inside the gear case 18.
PAR  As shown in FIG. 1, the output power may be further increased by adding a
      pair of rotor assemblies 33 and 34 which are coupled to the output shaft
      11 through a gear case 35. The gear case 35 is similar to the gear case 18
      except that the bevel gear that is attached to the output shaft 11 is
      positioned so as to engage the bevel gears attached to the rotor
      assemblies 33 and 34 from the side opposite that shown for bevel gear 22.
      Therefore, rotor assembly 34 must rotate in a counter clockwise direction,
      as seen in FIG. 2, and rotor assembly 33 must also rotate in a counter
      clockwise direction, as viewed from the end of its rotor shaft which is
      rotatably attached to the supporting frame 14, to drive the output shaft
      11 in a counter clockwise direction as viewed from the end to which the
      pulley 15 is attached. The opposite directions of rotation for the rotor
      assemblies 17 and 34 and for the rotor assemblies 23 and 33 tend to
      balance any mechanical vibrations which might be generated.
PAR  The rotor assembly 17 includes a pair of spaced apart retaining plates 36
      and 37 which are attached to the rotor shaft 19. A pair of
      horseshoe-shaped permanent magnets 38 and 39 are attached to the retaining
      plates 36 and 37 in back-to-back relationship 180.degree. apart about the
      circumference of the rotor shaft 19. Although horeshoe-shaped magnets are
      illustrated it will be appreciated that magnets of other shapes may be
      utilized without departing from the scope of the present invention. The
      polarity of each end portion of the magnets is designated by an "N" for a
      north pole and an "S" for a south pole. As shown in FIG. 1, like poles are
      attached to the same retaining plate so that the shortest magnetic path
      between poles of dissimilar polarity is through the air gap between poles
      of the same magnet. Adjacent the rotor assembly 17 is a fixed magnet
      assembly 41 which is attached to the supporting frame 14. A pair of
      horseshoe-shaped permanent magnets 42 and 43 are attached to a bracket 44
      which in turn is attached to the supporting frame 14. The fixed permanent
      magnets 42 and 43 have their end portions opposite the end portions of the
      permanent magnet 38 when it rotates into the position occupied by the
      permanent magnet 39 in FIGS. 1 and 2. The end portions of the rotatable
      and fixed permanent magnets are separated by an air gap through which a
      magnetic shield 45 is rotated. As shown in FIG. 2, the north pole of the
      fixed magnet 43 is adjacent the north poles of the rotating magnets 38 and
      39. Although not shown, the south pole of the fixed magnet 43 will be
      adjacent the south poles of the rotating magnets 38 and 39. Therefore, the
      magnetic force generated by the fixed magnet 43 will oppose the magnetic
      forces generated by the rotating magnets 38 and 39 so that the magnets 38
      and 39 will be repelled with greater force the closer they are to fixed
      magnet 43. This repelling force may be utilized to impart clockwise
      rotating motion to the rotor assembly 17 if the fixed magnet 43 is
      shielded from the rotating magnets 38 and 39 as they approach and then is
      exposed to the rotating magnets as they begin to rotate away.
PAR  A magnetic shield 45, typically formed of a ferromagnetic material, is
      attached to the output shaft 11 and therefore rotates with it. Thus, as
      the rotating magnets move from the fixed magnet 42 to the fixed magnet 43,
      the magnetic shield 45 moves in the opposite direction as shown in FIG. 2.
      As the rotating magnet 39 approaches the fixed magnet 43, the magnetic
      shield 45 enters the air gap and shields the rotating magnet 39 from the
      repelling magnetic force of the fixed magnet 43. The rotating magnet is
      also attracted to the shield 45 since the ferromagnetic shield material
      provides a relatively low reluctance magnetic path. As the rotating magnet
      39 passes the horizontal center position as defined by the centerline of
      the output shaft 11, the magnetic shield 45 moves toward the fixed magnet
      42 thereby exposing the fixed magnet 43 and repelling the rotating magnet
      39 in a clockwise direction. This sequence of events is repeated as the
      rotating magnet 38 approaches the fixed magnets.
PAR  The fixed permanent magnet 42 may be added to increase the power output of
      the rotor assembly 17. As is shown in FIG. 2, the south pole of the fixed
      permanent magnet 42 is adjacent the north poles of the rotating magnets 38
      and 39 as they rotate past. Although not shown, the north pole of the
      fixed magnet 42 will be adjacent the south poles of the rotating magnets
      38 and 39. Therefore, the magnetic force generated by the fixed magnet 42
      will complement the magnetic forces generated by the rotating magnets 38
      and 39 so that the magnets 38 and 39 will be attracted with greater force
      the closer they are to the fixed magnet 42. As the rotating magnet 39
      approaches the fixed magnet 42 it is attracted thereby imparting clockwise
      rotational motion to the rotor assembly 17. As the rotating magnet 39
      passes the horizontal center position, the magnetic shield moves between
      the magnets 39 and 42 thereby shielding the attracting forces from one
      another. Then as the rotating magnet 38 passes the fixed magnet assembly
      41, the opposite end of the magnet shield will first expose an then shield
      the fixed magnet 42.
PAR  Each of the rotor assemblies 23, 33 and 34 cooperates in a similar manner
      with a fixed magnet assembly, 46, 47 and 48 respectively. In addition, a
      magnetic shield 49 is attached to the output shaft 11 and rotates through
      the air gap between the rotor assembly 33 and the fixed magnet assembly 47
      and the air gap between the rotor assembly 34 and the fixed magnet
      assembly 48. Therefore, the output power of the permanent magnet motor
      shown in FIGS. 1 and 2 is generated by the attraction and repulsion
      between the rotating magnets and the fixed magnets wherein each rotating
      magnet is first exposed to an attracting fixed magnet and shielded from a
      repelling fixed magnet and then shielded from the attracting fixed magnet
      and exposed to the repelling fixed magnet so as to impart rotary motion to
      an output shaft.
PAR  Additional output power may be generated by adding electro-magnets to the
      present invention which are energized for a portion of the path of
      rotation of the output shaft 11. FIGS. 3, 4 and 5 are fragmentary
      sectional views taken along lines 3--3, 4--4 and 5--5 of FIG. 1 which show
      portions of the electromagnetic circuit of the present invention. FIG. 3
      shows a commutator 51 attached to the output shaft 11 and having a
      plurality of commutator bars which are insulated from one another. If one
      or more bars on opposite sides of the commutator are connected together a
      current path may be established during a portion of the path of rotation
      of the output shaft 11. For example, commutator has sixteen commutator
      bars with a group of three bars 52, 53 and 54 connected together
      electrically on one side and opposite a group of three more bars 55, 56
      and 57 connected together electrically. A connecting conductor 58 is
      electrically connected to the bars 53 and 56 to provide an electrical path
      between the opposite groups of three bars. A pair of brush holders 59 and
      61 retain a pair of brushes 62 and 63 respectively. The brushes 62 and 63
      contact the commutator bars as the commutator 51 rotates with the output
      shaft to switch on and off an electrical current which energizes the
      electromagnets. The brush 62 is connected to an input line 64 which is
      supplied from the negative terminal of a direct current power source (not
      shown). The brush 63 is connected to a line 65 which is connected to the
      positive terminal of the same direct current power source through the
      electromagnet windings. As the output shaft 11 rotates, electric current
      will flow between the brushes 63 and 62 only when those brushes are in
      contact with the commutator bars 52 to 57. For example, the brush 63 will
      be in electrical contact with the brush 62 when the brush 63 contacts the
      bar 57 and the brush 62 contacts the bar 54 and they will remain in
      electrical contact until the brush 63 ceases to be in contact with the bar
      55 and the brush 62 ceases to be in contact with the bar 52. Therefore,
      the period of energization of the electromagnets is determined by the
      number of bars on the commutator, the number of those bars which are in
      electrical contact with one another and the width of the brushes.
      Although, in FIG. 3 the commutator 51 is shown with 16 bars of which six
      are in electrical contact with one another for current flow between the
      brushes for 67.5.degree. during every half revolution, other numbers of
      bars may be utilized to obtain similar performance.
PAR  FIG. 4 is a fragmentary sectional view taken along line 4--4 of FIG. 1
      showing the rotatable magnetic shield 45. The shield 45 comprises a shield
      plate 66 which has electromagnet core portions 67, 68, 69 and 71 formed
      thereon and a pair of semi-circular brush tracks 72 and 73 which are
      electrically insulated from the shield plate 66. Referring to FIGS. 1 and
      4, a pair of brush holders 74 and 75 retain a pair of brushes 76 and 77
      which alternately contact the brush tracks 72 and 73 as the magnetic
      shield plate 66 is rotated except during a portion of the circular path
      when shield plate 66 is adjacent the fixed magnets 42 and 43 as shown in
      FIG. 4. Each of the core portions 67, 68, 69 and 71 has a winding formed
      thereon and the windings are connected in series between the brush tracks
      72 and 73. Brush 76 is connected to the positive terminal of the direct
      current power source through line 78 while brush 77 is connected to the
      negative terminal of the power source by line 65 through the commutator
      51. As the magnetic shield 45 approaches registry with the fixed magnets
      42 and 43, the brushes 62 and 63 contact the commutator 54 and 57 of the
      commutator 51 of FIG. 3 to connect the brush 77 to the negative terminal
      of the power supply. Current will flow into the line 78 from the positive
      terminal of the power supply to the brush 76, through the brush track 73
      and the electromagnet windings to the brush track 72, to the brush 77 and
      out of the line 65, through the commutator 51 to the negative terminal of
      the power supply.
PAR  The current flow in the windings produces a north pole at the core portions
      67 and 69 and a south pole at the core portions 68 and 71. Therefore, the
      magnetic shield 45 will be repelled by the fixed magnet 43 and an upper
      fixed magnet 79 of the fixed magnet assembly. The magnetic shield 45 will
      also be repelled by the rotating magnet 39 and the rotating magnet of the
      rotor assembly 23. The position of the bars on the commutator 51 which are
      electrically connected will determine when the electromagnetic windings
      are energized and the insulating gaps between the brush tracks 72 and 73
      will switch the current off slightly before the horizontal center
      position. The bars 54 and 57 should coincide with the insulating gaps so
      that the windings will not be energized until the core portions 67 and 68
      are in registry with the fixed magnets 42 and 43. The rotatable magnetic
      shield 49 also has electromagnets thereon which are energized from a pair
      of brushes 81 and 82 at the same time that the electromagnet windings of
      the magnetic shield 45 are energized. The electromagnets of the magnetic
      shield 49 are repelled by a fixed magnet in each of the fixed magnet
      assemblies 47 and 48 and by the rotating magnets of the rotor assemblies
      33 and 34 to provide additional power output. An input line 83 is
      connected between the brush 81 and the positive terminal of the direct
      current power supply.
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 1
      showing a fixed magnetic shield 84 having electromagnet windings connected
      in series between the electromagnet windings of the rotatable magnetic
      shields 45 and 49 by the line 78 and a line 85 from the brush 82. The
      fixed magnetic shield comprises a shield plate 86 attached to the
      supporting frame 14 and having a bearing 87 in which the shaft 11 is free
      to rotate. The shield plate 86 has formed thereon electromagnet core
      portions 88, 89, 91 and 92 with windings connected in series between the
      lines 78 and 85. Current will flow from the line 85 to the line 78 when
      the electromagnet windings of the rotatable magnetic shields 45 and 49 are
      energized to produce a north pole at the core portions 88 and 91 and a
      south pole at the core portions 89 and 92. During this period of
      energization a rotatable magnet 93 of the rotor assembly 34 is rotating
      away from the core portions 88 and 89 and will be repelled by them. A
      rotatable magnet 94 of the rotor assembly 33 will be rotating away from
      the core portions 91 and 92 and will be repelled by them. Each of the
      rotatable magnets of the rotor assemblies 17, 23, 33 and 34 will be
      repelled by the core portions 88, 89, 91 and 92 as the magnets rotate away
      from the core portions. The electromagnets of the fixed magnetic shield
      add to the power output of the motor and a portion of the power generated
      by these electromagnets is also utilized to replace the losses due to
      friction and windage in the bearings, gears, and the rotor assemblies and
      the magnetic attraction of the permanent magnets for the magnetic shields.
      If the fixed magnetic shield is not utilized, the electromagnets of the
      rotating magnetic field must be strong enough to overcome the
      above-identified losses. When the motor is not energized, the rotating
      magnets and the magnetic shields will assume the position shown in FIG. 2
      as the magnetic forces balance. When power is applied the electromagnet
      windings will be energized to initiate rotation in the directions shown.
PAR  In summary, the present invention concerns a permanent magnet motor having
      rotatable permanent magnets which are repelled by fixed permanent magnets
      to drive an output shaft. A magnetic shield attached to the output shaft
      shields the fixed magnet as the rotatable magnet approaches and exposes
      the fixed magnet as the rotatable magnet passes by. An additional fixed
      magnet may be provided which is exposed to attract the rotatable magnet as
      it approaches and is shielded by the magnetic shield as the rotatable
      magnet passes by. The magnetic shield may have electromagnets formed
      thereon which are energized and repelled by the second fixed permanent
      magnet as the magnetic shield rotates away from it to provide additional
      output power. A fixed magnetic shield is positioned adjacent the rotatable
      permanent magnets and has electromagnets formed thereon. These fixed
      electromagnets repel the rotatable permanent magnets for increased output
      power. During operation of the motor, the electrical input power to the
      rotatable and/or fixed electromagnets is utilized to overcome the
      rotational losses due to friction and windage and to generate the output
      power from the motor due to the interaction between the permanent magnets
      and the electromagnets.
PAR  FIG. 6 is a top plan view of an alternate embodiment of the present
      invention showing a permanent magnet motor having a supporting frame
      comprised of a magnet enclosure 101 and a gear enclosure 102. Extending
      from the gear enclosure 102 is an auxiliary output shaft 112. Extending
      from the magnet enclosure 101 is a rotor shaft 112 having a pulley 104
      attached thereto. The rotational mechanical power generated by the motor
      may be transmitted by a belt 105 driven by the pulley 104.
PAR  FIG. 7 is a front elevation view of the motor of FIG. 6 with portions of
      the magnet enclosure 101 and the gear enclosure 102 broken away to show
      the internal construction. The output shaft 103 is rotatably supported by
      a pair of bearings 106 and 107 attached to the gear enclosure 102. A bevel
      gear 108 is attached to the putput shaft 103 at the end opposite the
      bearing 106 and engages a pair of bevel gears 109 and 111. Although the
      bevel gears 109 and 111 are shown as larger than the bevel gear 108, all
      the gears may be of the same size. The bevel gear 109 is attached to rotor
      shaft 112 which is rotatably supported by a pair of bearings 113 and 114
      which are attached to the magnet enclosure 101 and the gear enclosure 102
      respectively. The bevel gear 111 is attached to magnetic shield shield
      shaft 115 which is rotatably supported by bearing 116 which is attached to
      the wall between the magnet enclosure 101 and the gear enclosure 102. A
      pair of bearings 117 and 118 are attached to the magnetic shield shaft 115
      and rotatably support shaft 115 on rotor shaft 112 so that the two shafts
      are free to turn independently of each other. It will be seen that if the
      rotor shaft 112 and the bevel gear 109 rotate in a clockwise direction
      when viewed from the top of the magnet enclosure 101, then the shield
      shaft 115 and the bevel gear 111 must rotate in the counter clockwise
      direction to drive the output shaft 103 in a clockwise direction as viewed
      from the end supported by the bearing 106.
PAR  FIG. 8 is a fragmentary sectional view of the rotor assembly as shown in
      FIG. 7 and FIG. 9 is a fragmentary sectional view of the fixed magnet
      assembly as shown in FIG. 7. In FIG. 8, a circular rotor plate 119 with a
      portion cut away is attached to the rotor shaft 112 and rotates in a
      counter clockwise direction as viewed in the direction of the arrows of
      line 8--8 in FIG. 7. Attached to the rotor plate 119 are three
      horseshow-shaped permanent magnets 121, 122, and 123 and a fourth magnet
      (not shown) opposite the magnet 122 spaced apart by 90.degree.. Each of
      the magnets has its north pole adjacent the rotor shaft 112 and its south
      pole adjacent the circumferential edge of the rotor plate 110. In FIG. 9,
      three pairs of horseshoe-shaped permanent magnets 124 and 125, 126 and
      127, 128 and 129 and a fourth pair (not shown) are attached to a wall 131
      between the magnet enclosure 101 and the gear enclosure 102. The magnet
      pairs are also spaced apart by 90.degree. and are positioned so that the
      poles of the magnets 121, 122 and 123 pass over the poles of the fixed
      magnets.
PAR  The fixed magnets 125, 127, 129 and a fourth magnet (not shown) have their
      north poles adjacent the shield shaft 115 and their south poles adjacent
      the side wall of the magnet enclosure 101. Therefore, the fixed magnets
      125, 127 and 129 will repel the rotatable magnets 121, 122 and 123. A
      magnetic shield 132 which rotates in a direction opposite to the rotor
      plate 119 passes through the air gap between the fixed and rotating
      magnets. FIG. 10 shows the magnetic shield 132 which rotates in a counter
      clockwise direction as viewed from the top of the magnet enclosure 101 to
      shield the fixed magnets 125, 127 and 129 as the rotatable magnets 121,
      122 and 123 approach them. Then as the magnets 121, 122 and 123 rotate
      past the fixed magnets the magnetic shield 132 rotates in the opposite
      direction to expose the fixed magnets which repel the rotatable magnets
      and impart motion to the rotor plate 119. The fixed magnets 124, 126 and
      128 may be added to increase the output power of the motor. Each of the
      magnets 124, 126, 128 and a fourth magnet (not shown) has its south pole
      adjacent the shield shaft 115 and its north pole adjacent the side wall of
      the magnet enclosure 101. As the rotatable magnets 121, 122 and 123
      approach the fixed magnets 124, 126 and 128 they are attracted and
      rotational motion is imparted to the rotor plate 119. When the rotatable
      magnets move past the fixed magnets, the fixed magnets 124, 126 and 128
      are shielded by the magnetic shield 132. This alternate attraction and
      repulsion of the rotatable magnets produces the output power of the motor.
PAR  The magnetic shield 132 is comprised of a shield plate 133 having three
      pairs of electromagnetic core portions, 134 and 135, 136 and 137, 138 and
      139 and a fourth pair (not shown) formed thereon. The shield plate 133 is
      attached to the shield shaft 115 and rotates therewith so that the core
      portions 135, 137 and 139 pass over the poles of the fixed magnets that
      are adjacent the shield shaft 115 and the core portions 134, 136 and 138
      pass over the poles of the fixed magnets that are adjacent the side wall
      of the magnet enclosure 101. Each of the core portions has a winding and
      these windings are connected in series to a direct current power source
      (not shown) by a pair of input leads 141 and 142 and a commutator 143.
PAR  Referring to FIG. 11, there is shown a fragmentary front elevation view of
      a commutator 143 and a pair of slip rings 144 and 145 through which
      electric current is supplied to the electromagnets of the magnetic shield
      132. A power input lead 146 is connected between the positive terminal of
      the power source (not shown) and a brush holder 147 which retains a brush
      148. The brush holder 147 is supported by a bracket 149 which is attached
      to the wall 131 between the magnet enclosure 101 and the gear enclosure
      102 as shown in FIG. 7. The electric current will flow from the brush 148
      through the slip ring 145 and the windings to a brush 151. The brush 151
      is retained by a brush holder 152 which is supported by a bracket 153
      attached to the wall 131 as shown in FIG. 7. The bracket 149 also supports
      a brush holder 154 which is electrically connected by a lead 155 to
      another brush holder 156. The brush holders 154 and 156 retain a pair of
      brushes 157 and 158 respectively which contact the commutator 143. The
      input lead 141 from the magnetic shield 132 is electrically connected to
      slip ring 144 and passes through a channel 159 in the slip ring 144, the
      commutator 143 and the shield plate 133 along the shield shaft 115.
PAR  The input lead 142 from the magnetic shield 132 passes through a channel
      161 in the shield plate 133, the commutator 143, the slip ring 144 and the
      slip ring 145 where it is electrically connected to the slip ring 145. The
      brush holder 152 is electrically connected to a power input lead 162 which
      in turn is connected to the negative terminal of the power supply (not
      shown). The current flowing into the brush 148 from the positive terminal
      will flow through the slip ring 144 and the input lead 141 to the windings
      on the core portions of the shield plate 133. After the current flow
      through electromagnet windings it will return to the power supply through
      the input lead 142, the slip ring 145, the brush 151, the brush holder 152
      and the power input lead 162.
PAR  Referring to FIG. 12, there is shown the commutator 143 in bottom plan
      view. The commutator 143 is attached to the rotor shaft 112 and has a
      plurality of commutator bars which are insulated from one another. For
      purposes of illustration, the commutator 143 is shown with sixteen
      commutator bars. However, more or less bars may be utilized to change the
      portions of the path of rotation during which the commutator will pass
      current to the electromagnet windings. A pair of commutator bars 163 and
      164 are electrically connected together by a lead 165 to the windings of
      the magnetic shield 132. The two bars are positioned on opposite sides of
      the commutator to provide an arc of 22.5.degree. during which brushes 157
      and 158 will contact these bars and current will flow through the
      commutator 143 every one-half revolution of the rotor shaft 112. A second
      pair of commutator bars 166 and 167 are also electrically connected
      together by a lead 168 to the windings of the magnetic shield 132. These
      two commutator bars are spaced between the first and second bars and also
      provide an arc of 22.5.degree. during which the brushes 157 and 158 will
      contact these bars. Therefore, the commutator 143 will conduct current
      during a 22.5.degree. arc of each 90.degree. portion of the path of
      rotation of the commutator 143.
PAR  Referring to FIGS. 9, 10 and 12, the commutator 143 has four commutator
      bars 163, 164, 166 and 167 which are connected to each other and insulated
      from the rest of the commutator bars. The commutator bars 163, 164, 166
      and 167 are spaced apart by 90.degree. and coincide with the positions of
      the core portions of the shield plate 133. Therefore, the electromagents
      of the magnetic shield 132 will be energized during a 22.5.degree. arc as
      the core portions of the magnetic shield 132 rotates past the fixed magnet
      positions and the electromagnets will be turned off during a 67.5.degree.
      arc when the core portions rotate between the fixed magnet positions. The
      electromagnet windings are energized to produce a south pole at the core
      portions 134, 136 and 138 and a north pole at the core portions 135, 137
      and 139. The core portions will be attached by the fixed magnets 124, 126
      and 128 and will be repelled by the fixed magnets 125, 127 and 129 to
      impart rotary motion to the magnetic shield 132 to increase the output
      power of the motor. A portion of the power generated by the interaction
      between the fixed permanent magnets and the electromagnets is also
      utilized to overcome the rotational losses due to friction and windage and
      the attraction of the magnetic shield to the magnets.
PAR  In summary, the alternate embodiment of the present invention has rotatable
      permanent magnets which are repelled by fixed permanent magnets to drive
      an output shaft. A magnet shield rotates concentrially with the rotating
      magnets but in the opposite direction to shield the fixed magnet as the
      rotatable magnet approaches and to expose the fixed magnet as the
      rotatable magnet passes by. An additional fixed magnet may be provided
      which is exposed to attract the rotatable magnet as it approaches and is
      shielded by the magnetic shield as the rotatable magnet passes by. The
      magnetic shield has electromagnets formed thereon which are energized to
      be repelled by the first fixed magnet as it passes by and attracted by the
      second fixed magnet as it approaches. The electrical input power to the
      electromagnets if utilized to overcome the rotational losses due to
      friction and windage and to generate the output power from the motor due
      to the interaction between the permanent magnets and the electromagnets.
      Since the motor will assume the position shown in FIGS. 8, 9 and 10 when
      the power is off as the magnetic forces balance, the motor will start when
      the power is applied as the electromagnet windings are energized to repel
      the magnetic shield 132 from the fixed magnets 125, 127 and 129.
PAR  While there is explained and illustrated the preferred embodiments of my
      invention, it is to be understood that within the spirit and the scope of
      the following claims the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A permanent magnet motor comprising:
PA1  a supporting frame;
PA1  an output shaft rotatably attached to said frame;
PA1  a first permanent magnet means fixedly attached to said frame;
PA1  a second permanent magnet means in driving relationship with said shaft and
      rotatably attached to said frame for movement along a predetermined
      circular path whereby said permanent magnet means repel each other to
      generate movement in opposite directions along a first portion of said
      predetermined path; and
PA1  a magnetic shield coupled to said shaft and rotatably attached to said
      frame wherein said shield is driven between said first and second
      permanent magnet means when said first and second permanent magnet means
      are substantially adjacent each other along a second portion of said
      predetermined path.
NUM  2.
PAR  2. A motor as described in claim 1 wherein said first and second permanent
      magnet means attract each other to generate movement toward each other
      along a third portion of said predetermined path.
NUM  3.
PAR  3. A motor as described in claim 1 wherein said magnetic shield and said
      first and second permanent magnet means attract each other.
NUM  4.
PAR  4. A motor as described in claim 1 wherein said magnetic shield includes
      electromagnet means having means to energize selectively said
      electromagnet whereby during travel beyond said second portion of said
      predetermined path said first permanent magnet means and said magnetic
      shield repel each other.
NUM  5.
PAR  5. An electromagnetic machine, comprising:
PA1  a supporting frame;
PA1  an output shaft rotatably attached to said frame;
PA1  a first plurality of permanent magnet means fixedly attached to said frame;
PA1  a second plurality of permanent magnet means in driving relationship with
      said shaft and rotatably attached to said frame for movement along
      predetermined circular paths whereby at least one of said first plurality
      of permanent magnet means and at least one of said second plurality of
      permanent magnet means repel each other to generate movement in opposite
      directions along a first portion of each of said predetermined paths; and
PA1  at least one magnet shield coupled to said shaft wherein said shield moves
      between said one of said first plurality of permanent magnet means and
      said one of said second plurality of permanent magnet means when said one
      of said first plurality and said one of said second plurality are
      substantially adjacent each other along a second portion of the
      predetermined path of said one of said second plurality of permanent
      magnet means.
NUM  6.
PAR  6. An electromagnetic machine as described in claim 5 wherein said one of
      said first plurality of permanent magnet means and said one of said second
      plurality of permanent magnet means attract each other to generate
      movement toward each other along a third portion of the predetermined path
      of said one of said second plurality.
NUM  7.
PAR  7. An electromagnetic machine as described in claim 5 wherein said magnetic
      shield is fixedly attached to said shaft.
NUM  8.
PAR  8. An electromagnetic machine as described in claim 5 including a fixed
      magnetic shield attached to said frame between at least two of said second
      plurality of permanent magnet means.
NUM  9.
PAR  9. An electromagnetic machine as described in claim 7 wherein said fixed
      magnetic shield includes electromagnet means and means to energize
      selectively said electromagnet means whereby during travel beyond said
      fixed magnetic shield said two permanent magnet means and said fixed
      magnetic shield repel each other.
NUM  10.
PAR  10. An electromagnetic machine as described in claim 6 wherein said one of
      said first plurality of permanent magnet means includes a first pair of
      magnetic poles of one polarity and a second pair of magnetic poles of the
      opposite polarity.
NUM  11.
PAR  11. An electromagnetic machine as described in claim 10 wherein said one of
      said second plurality of permanent magnet means includes a first magnetic
      pole of said one polarity which is repelled by said first pair of magnetic
      poles and attracted by said second pair of magnetic poles and a second
      magnetic pole of said opposite polarity which is attracted by said first
      pair of magnetic poles and repelled by said second pair of magnetic poles.
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ABST
PAL  The method includes maintaining the coolant circulation in a fluid-cooled
      hydropower generator also when the hydropower generator is shut down, and
      interrupting only the coolant circulation of the heat exchangers when the
      generator is in the shutdown condition. The leakage and conductivity
      control means of the circulation system are in constant operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  High capacity electric hydropower generators are often liquid-cooled. For
      this purpose, the windings of the stator and/or rotor, and under
      circumstances the lamination stack, too, are provided directly or
      indirectly with cooling channels through which the coolant, usually water,
      is conducted. The pump-driven coolant, which must be specially prepared so
      it will contain no contaminants or be too conductive, circulates in a
      closed cooling system containing, among others, mechanical and chemical
      filters and conductivity control means. Also provided are means to check
      for possibly occurring leaks to prevent the loss of prepared coolant. To
      recool the coolant which was heated up during its circulation by the
      running hydropower generator, liquid-cooled heat exchangers are provided
      which are likewise included in the circulatory cooling system.
PAR  It is common practice to interrupt the coolant circulation in the cooling
      system as well as the supply of liquid to the heat exchangers when the
      hydropower generator is not in operation. Simultaneously with restarting
      the hydropower generator, the water cooling system is switched on again so
      that the cold coolant is conducted through the machine which is not yet
      warmed up, the consequence of which can be that the voltage-carrying
      components are cooled so much that condensate forms thereon; this,
      however, gives rise to the formation of creepage paths.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a method of operating a
      fluid-cooled hydropower generator of the type described above in such a
      manner that condensate cannot form when the generator is restarted.
PAR  According to the method of the invention, the above object is realized by
      maintaining the coolant circulation and the leakage control means when the
      hydropower generator is shut down and interrupting only the coolant
      circulation of the heat exchangers. This means that the coolant circulates
      constantly in the cooling system also after all parts of the shut-down
      hydropower generator have meanwhile assumed room temperature. However, the
      pumps causing the coolant to circulate consume a certain amount of energy
      which is converted to heat heating the coolant. The pump energy,
      therefore, heats the coolant to a certain temperature and this, in turn,
      results in a corresponding heating of the liquid-carrying parts relative
      to their environment. Accordingly, the heat loss of the pumps acts like a
      shutdown heating system. This affords the advantage that no condensate can
      form on the voltage-carrying parts of the machine when it is again started
      because these parts are warmer than their environment.
PAR  In addition, because of the fact that leakage control is maintained at all
      times, the perfect working condition of the circulatory cooling system can
      be checked any time. This assures that the machine is in constant
      operating readiness and that defects possibly occurring during the
      shut-down period can be eliminated before the hydropower generator is
      restarted. This is of particular advantage when hydropower generators of a
      pump storage facility or of a power station for peak loads are involved
      which must be started on very short notice and run at full capacity
      quickly.
PAR  Should the energy loss in the cooling system be insufficient because of the
      particular pumps installed, it is recommended that an additional heater
      for the coolant be provided which can be switched on when the hydropower
      generator is shut down and switched off when in operation.
PAR  Although the invention is illustrated and described herein as a method of
      operating a fluid-cooled hydropower generator, it is nevertheless not
      intended to be limited to the details shown, since various modifications
      may be made therein within the scope and the range of the claims. The
      invention, however, together with additional objects and advantages will
      be best understood from the following description and in connection with
      the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram of a liquid-cooled hydropower generator
      and its circulatory cooling system. The hydropower generator could be part
      of a pump storage facility or of a power station for peak loads and is
      suitable for performing thereon the method according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The stator 3 and the rotor 4 of the hydropower generator 1 shown in the
      drawing are cooled by water circulating in a closed cooling system 2 for
      liquid coolants. This coolant is pumped by motor-driven pumps 5. Since the
      coolant for cooling a hydropower generator 1 must be kept at a particular
      purity level and also within a certain conductivity range, mechanical
      filters 6 and magnetic separators 7 are provided in the circulatory
      cooling system 2, in addition to chemical filters and means for
      conductivity control (not shown). At the highest point of the cooling
      system 2 there is provided an expansion tank 8 which takes up the
      difference in the coolant volume at different temperatures and also
      contains means for the leakage control which means respond immediately to
      changes in the coolant volume caused by other than normal temperature
      variations.
PAR  The coolant circulating in the closed cooling system 2 is recooled in heat
      exchangers 9. The heat exchangers 9, in turn, are cooled by a separate
      cooling system 10 for liquid coolants. This liquid coolant circulation 10
      for the heat exchangers 9 can be interrupted by a valve 11.
PAR  When the hydropower generator 1 is operated in accordance with the method
      of the invention, the pumps 5 are running constantly, regardless of
      whether the hydropower generator 1 is operating or not. In contrast
      thereto, the coolant circulation 10 of the heat exchangers 9 is
      interrupted by means of the valve 11 when the hydropower generator 1 is
      shut down. In other words, the coolant circulation 2 for the hydropower
      generator 1 continues to operate when the generator 1 is not in operation.
      This means that, after the gradual cooling of the hydropower generator 1,
      as the coolant is heated slightly due to the heat loss of the pumps 5, the
      liquid-carrying parts of the hydropower generator 1 are also heated; this
      achieves the result that these parts are always slightly warmer than their
      environment. This affords the advantage of precluding the formation of
      condensate on the voltage-carrying components of the machine when the
      hydropower generator 1 is restarted.
PAR  In case the power loss of the pumps is insufficient to heat the coolant to
      the extent desired, an additional heater 12 is provided. It consists of a
      resistor 13 disposed adjacent to the coolant line and connected to a
      voltage source 15 through a switch 14. The switch is closed when the
      hydropower generator 1 is shut down and opened when it is restarted.
PAR  Furthermore, the leak and conductivity checking means in the coolant system
      2 are kept in operation constantly by the method according to the
      invention. Therefore, they check the working condition of the cooling
      system 2 constantly and immediately signal leaks or inadmissible changes
      in conductivity. Therefore, the hydropower generator 1 is always in
      operating readiness with a completely functional circulatory coolant
      system 2. For this reason, the method according to the invention is
      particularly well suited for the operation of hydropower generators of a
      pump storage facility or for hydropower generators intended to cover peak
      loads and which are started and stopped several times a day. Such machines
      must be brought from standstill to full capacity within very short periods
      of time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of operating a fluid-cooled hydropower generator of a
      hydroelectric facility such as a pump storage plant, the generator being
      alternately in the active and shutdown condition as required and being
      equipped with: a circulation system for conducting fluid coolant for
      cooling the generator, the circulation system including control means for
      controlling system leaks and the conductivity of the fluid coolant; a heat
      exchanger connected into the circulation system for cooling the fluid
      coolant, the heat exchanger, in turn, having its own circulation system
      for fluid cooling the same; and, a pump for pumping the fluid coolant of
      the circulation system through the heat exchanger and the circulation
      system, the method comprising the steps of: maintaining the operation of
      said pump and said control means when the hydropower generator is in the
      shut-down condition to pump the fluid coolant through said circulation
      system and said heat exchanger; and, interrupting the circulation system
      for fluid cooling said heat exchanger when the hydropower generator is in
      the shut-down condition.
NUM  2.
PAR  2. The method of claim 1 wherein the circulation system of the generator is
      equipped with a heater which can be turned on to impart heat to the fluid
      coolant pumped through the circulation system by said pump, the method
      including the further step of turning said heater on when the hydropower
      generator is in the shut-down condition and turning said heater off when
      the hydropower generator is in the active condition.
PATN
WKU  039354890
SRC  5
APN  4635604
APT  1
ART  212
APD  19740424
TTL  Dynamoelectric machine having improved vibration isolation and thrust
      system
ISD  19760127
NCL  4
ECL  1
EXP  Skudy; R.
NDR  2
NFG  8
INVT
NAM  Church; Ralph E.
CTY  Fort Wayne
STA  IN
INVT
NAM  Beckman; Daniel L.
CTY  Jonesboro
STA  AR
ASSG
NAM  General Electric Company
CTY  Fort Wayne
STA  IN
COD  02
CLAS
OCL  310 90
XCL  308163
EDF  2
ICL  H02K  516
FSC  310
FSS  51;49;162;163;164;90;89;91;172
FSC  308
FSS  163;36.2
FSC   29
FSS  474.4
FSC  184
FSS  1 D;6.27
FSC  264
FSS  135;262;263;324
FSC  277
FSS  165
FSC  425
FSS  127;128
UREF
PNO  2078783
ISD  19370400
NAM  Welch
OCL  308 36.2
UREF
PNO  2912290
ISD  19591000
NAM  Shaffer
OCL  308163
UREF
PNO  2958908
ISD  19601100
NAM  Thompson
OCL  308163
UREF
PNO  3002794
ISD  19611000
NAM  Bluemink
OCL  310 90
UREF
PNO  3024377
ISD  19620300
NAM  Tupper
OCL  310172
UREF
PNO  3500087
ISD  19700300
NAM  Wendt
OCL  310 90
UREF
PNO  3705752
ISD  19721200
NAM  Ott
OCL  310 90
UREF
PNO  3720852
ISD  19730300
NAM  Vieweg
OCL  310 90
UREF
PNO  3743871
ISD  19730700
NAM  Church
OCL  310 90
UREF
PNO  3749954
ISD  19730700
NAM  Anderson
OCL  310 90
UREF
PNO  3786290
ISD  19740100
NAM  Pabst
OCL  310 90
LREP
FR2  Krisher, Jr.; Ralph E.
ABST
PAL  Dynamoelectric machine stator, rotor assembly including a shaft; member for
      supporting a bearing; lubricant reservoir cover; and relatively flexible
      thrust plate that provides a thrust bearing surface spaced from a wall of
      the cover to avoid a hard, sound transmitting connection between such
      shaft and wall. During axial excursions of shaft, thrust plate flexes to
      absorb thrust associated with such excursions. Skeleton type motor is
      illustrated wherein flexible thrust plate and vibration isolating member
      is interposed between the opposite pulley end of shaft and wall of oil
      reservoir cap or cover. Structure for spacing establishes predetermined
      minimum spacing between facing surfaces of wall and thrust plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to dynamoelectric machines and,
      more particularly, to fractional horsepower motors having means for
      isolating vibrations caused by axial movement of a shaft and for providing
      a thrust bearing surface for such shaft.
PAR  The fractional horsepower electric motor art is relatively well developed
      and a need has been long recognized for limiting the end play of a
      rotatable shaft. The Thompson et al. U.S. Pat. No. 2,958,908 and Shaffer
      U.S. Pat. No. 2,912,290 (both of which are assigned to the assignee of the
      present invention) are indicative of two approaches that have been used
      hereinbefore and wherein a resilient member is utilized to determine or
      limit the end play of a rotatable shaft.
PAR  In one approach, as shown for example in Church U.S. Pat. No. 3,743,871
      (which is assigned to the assignee of the present invention), shaft end
      play toward the pulley end of the shaft is controlled by a split locking
      ring that bears against a thrust washer that is sandwiched between the
      split ring and a sleeve type bearing. End play toward the opposite pulley
      end of the shaft may be limited by the shaft striking and bearing against
      the back wall of a lubricant reservoir.
PAR  With particular reference to U.S. Pat. No. 3,743,871, it is noted that for
      at least more than a year prior to the filing date of the present
      application, a flat thrust plate has been interposed between the interior
      back wall of an oil reservoir cover and the opposite pulley end of the
      shaft. Such plates have been formed of materials having suitable
      antifriction properties, one example of which is a material sold under the
      name NYLATRON by the Polymer Corporation of Reading, Pa.
PAR  While constructions of this type have provided a satisfactory thrust system
      in terms of limiting shaft end play and providing satisfactory motor life,
      we have now determined that objectionable noise levels sometimes exist
      during operation of such motors. The more objectionable noise emanating
      from such motors typically has a frequency of about 50 cycles per second
      and of about 120 cycles per second as a result of shaft pulsations. The
      frequency of these pulsations is in fact a function of the power supply
      frequency.
PAR  Motors of the particular type illustrated in the above referenced Church
      patent and in Wendt U.S. Pat. No. 3,500,087 are of a type frequently
      referred to as a "skeleton" or "side coil" type motor. Motors of this type
      frequently are found in household appliances of those types where any
      hidden source of noise may be particularly objectionable. For example,
      even though the noise generated by such motor is not necessarily
      indicative of a malfunction, or impending motor or appliance failure; the
      purchaser of a new household appliance may become concerned about such
      noises.
PAR  For example, motors of the skeleton type are often used to circulate air
      within the food storage compartment of household refrigerators. If a 50
      cycle or 120 cycle noise became audible when the door to such compartment
      was opened, undue alarm on the part of the refrigerator owner might
      result.
PAR  It will be understood that similar situations can result when motors are
      applied to other end uses and, accordingly, it would be generally
      desirable to provide new and improved electric motors that would retain
      the proven performance and reliability characteristics of existing motor
      designs but, in which, noise caused by motor shaft excursions may be
      substantially reduced, if not eliminated.
PAR  Accordingly, it is an object of the present invention to provide new and
      improved dynamoelectric machines having improved vibration isolation and
      thrust bearing systems.
PAR  It is a more specific object of the present invention to provide such
      motors wherein the complexity of the motor is not increased and wherein
      existing production methods and equipment may continue to be utilized.
PAR  It is a still more specific object of the present invention to provide new
      and improved subfractional horsepower skeleton type motors having an end
      thrust and noise isolating plate that is substantially isolated from a
      noise transmitting wall of an oil reservoir cover.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the above and other objects of the present invention in one
      specific preferred form, we provide a dynamoelectric machine stator, rotor
      assembly including a shaft; a member for supporting a bearing; a lubricant
      reservoir cover; and a relatively flexible thrust or cushion plate that
      provides a thrust bearing surface and that is spaced from a wall of the
      cover so that a hard, sound transmitting connection between the end of the
      shaft and such wall is avoided. During axial excursions of a shaft toward
      such wall, the thrust plate flexes to absorb the thrust associated with
      such excursions.
PAR  In an illustrated form, the invention is embodied in a skeleton type motor
      wherein a flexible thrust plate and vibration isolating member is
      interposed between the opposite pulley end of a shaft and a wall of an oil
      reservoir defining cap or cover. Spacer means are provided which establish
      a predetermined minimum spacing between such wall and the facing surface
      of the thrust plate.
PAR  The subject matter which we regard as our invention is particularly pointed
      out and distinctly claimed in the concluding portion of this
      specification. Our invention itself, however, both as to its organization
      and mode of operation, together with further objects and advantages
      thereof may best be understood by reference to the following description
      taken in connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of an electric motor embodying the present
      invention in one form thereof;
PAR  FIG. 2 is an exploded, perspective view of the structure of FIG. 1;
PAR  FIG. 3 is a side elevation of the structure of FIG. 1, to a somewhat larger
      scale than FIG. 1, and with parts in section and parts broken away;
PAR  FIG. 4 is a view looking into part of an oil reservoir cover;
PAR  FIG. 5 is an enlarged side elevation cross-sectional view of part of the
      structure of FIG. 3, and includes part of a thrust plate;
PAR  FIG. 6 is a view somewhat similar to FIG. 5 but showing a modified type of
      cover;
PAR  FIG. 7 is a cross-sectional side elevation of yet another modified cover;
      and
PAR  FIG. 8 is a cross-sectional side elevation of a cover closing and mounting
      member that is also shown in FIGS. 1-3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in more detail to the drawings, there is shown in FIG. 1 an
      electric induction motor 10 of the shaded pole, skeleton type embodying
      one form of the present invention. The motor includes a stator assembly 11
      that comprises, inter alia, a stator core 12 and a pair of end frames 13,
      14. The end frames may be secured to the core in any suitable fashion but,
      for purposes of illustration, the frames 13 and 14 are shown as being
      connected to the core 12 by means of a structural adhesive material 16.
      The structural adhesive material 16 may be, for example, any suitable
      material, such as an epoxy adhesive. More detailed descriptions of this
      type of construction are presented in Tupper U.S. Pat. No. 3,024,377.
PAR  A rotor assembly 18 includes a conventional squirrel cage rotor body 19 and
      shaft 20. The shaft 20 is journaled for rotation in a pair of spaced apart
      sleeve bearings 21, 22 that in turn are supported by the end frames 13,
      14. FIG. 3 best illustrates the pair of sleeve bearings 21, 22 and their
      relationship to the shaft and end frame.
PAR  The rotor assembly 18 rotates relative to the stator core 12 when a coil
      that is wound about a leg of the stator core is energized. A pair of spade
      type terminals 23 are connected to ends 24 of the winding coil so as to
      facilitate energization of the motor 10 from any suitable alternating
      voltage source. The wound coil is wound about an insulating coil support
      25 and the relationship of the coil support and wound coil will be best
      appreciated from a review of FIG. 2, although the individual turns of the
      wound coil are covered by a piece of insulating tape 26.
PAR  It is to be understood that the details of construction just referred to
      have been commercially used for more than a year prior to the filing date
      of this application. Moreover, such details are now known in the art
      because of publications such as Church U.S. Pat. No. 3,709,457; Church
      U.S. Pat. No. 3,743,871; Baclawski U.S. Pat. No. 3,243,619; and Wendt U.S.
      Pat. No. 3,500,087 (all of which are assigned to the assignee of the
      present invention). Thus, many of the specific details mentioned herein
      are provided only for purposes of illustration and description, and such
      details are not to be construed as limiting features of the present
      invention.
PAR  The bearings 21, 22 preferably comprise controlled porosity sintered
      material sleeve bearings each of which have one end of reduced diameter
      (see FIG. 3) positioned within a bearing receiving hole 27, 28 of the end
      frames. The end frames themselves may be of any desired shape or form but
      have been illustrated as being generally U-shaped brackets formed of light
      weight aluminum structural material. Preferably, the ends of the sleeve
      bearings 21, 22 are staked or swedged to the end frames in the area of the
      holes 27, 28. The position of the end frames, prior to curing the adhesive
      material 16, is preferably such that the bearings are aligned so that a
      desirable concentric and uniform air gap is established between the rotor
      and bore of the stator, all as will be understood by persons of ordinary
      skill in the art.
PAR  In the case of motor 10, the bearing lubrication system includes a pair of
      plastic reservoir covers 29, 31. While any suitable material may be
      utilized to make the covers, polycarbonate material marketed by the
      General Electric Company under the name LEXAN was utilized in the actual
      fabrication of the covers 29, 31. It is to be understood, however, that
      the covers could be made of a metallic material as taught in the above
      referenced Baclawski U.S. Pat. No. 3,243,619 for example. Moreover, the
      covers could be relatively simple one piece arrangements of the type shown
      and described in Church U.S. Pat. No. 3,743,871. The illustrated
      reservoirs are each made up of a cover, and a mounting and closing plate
      or member 32 that has a centrally located bearing admitting aperture 33
      formed therein. The mounting plates are provided with a plurality of
      hooking or latching members 34 that are each accommodated by a slot 36 in
      an end frame.
PAR  In a preferred mode of assembly of the illustrated reservoirs, a flexible
      thrust plate 37 is loosely positioned adjacent to an interior end wall 38
      of the cover. Lubricant retaining material such as a felt ring 39 is
      thereafter placed in the cover over the plate 37. The lubricant retaining
      material is provided to retain a lubricant, such as oil, that is
      subsequently fed to the bearings during operation of the motor 10.
      Moreover, the felt 39 may be replaced with other lubricant retaining
      materials, e.g., those of the extrudable type or grease types. After
      placement of the plate 37 and lubricant retaining material in the cover
      31, the plate 32 is positioned proximate to the cover and the plate and
      cover may subsequently be ultrasonically welded together; spin welded; or
      fastened by any other suitable means. It is emphasized that the plate 32
      may be dispensed with and mounting means may be provided on the cover 31,
      so that a one piece cover, for example, one similar to the cover shown in
      Church U.S. Pat. No. 3,743,871, may be used. However, it still will be
      desirable to provide a flexible plate 37 that is spaced in a predetermined
      manner from the rear wall of such cover.
PAR  In the preferred embodiments, we have provided spacer means that establish
      a secondary surface 42 along a ridge 41. The surface 42 of the illustrated
      spacer means is spaced at least a minimum predetermined distance from an
      end wall 44 of the cover 31. However, any other suitable spacer means may
      be used to establish a free span for plate 37 across a preselected central
      region of the cover.
PAR  With reference to FIGS. 3 and 4, the end wall 44 establishes a first
      interior surface region 46 that is substantially coaxial with the opposite
      pulley end 47 of the shaft 20. It also will be noted from FIGS. 3 and 4
      that a predetermined portion 48 of the plate 37 is disposed between this
      first interior surface region 46 and the end 47 of the shaft. This first
      predetermined portion 48 of the plate 37 establishes a clear, unsupported
      span across the annular surface 42. The plate 37 is fabricated from a
      flexible material that preferably has low friction characteristics. During
      operation of the motor 10, end thrust may cause the shaft 20 to move to
      the right as shown in FIG. 3 so that the opposite pulley end 47 of the
      shaft bears against the predetermined region 48 of the plate 37. This
      portion of plate 37 then provides a thrust bearing surface.
PAR  Although different materials will readily suggest themselves for use as the
      plate 37, we have determined that a relatively thin piece of plastic
      material sold under the name NYLATRON by the Polymer Corporation is
      entirely suitable for use in the practice of the present invention.
      Accordingly, this is the material that was utilized to make the plate 37.
      The spacer means are provided to establish a desired predetermined minimum
      spacing between the facing surfaces of the thrust plate 37 and the
      corresponding facing interior surface region of the wall of the cover that
      is in generally colinear relationship with the shaft 20.
PAR  In one specific exemplification of the invention as illustrated in FIG. 3,
      the thrust plate was formed of the aforementioned NYLATRON material and
      had a thickness of about 0.015 of an inch. This dimension is indicated by
      the dimension t in FIG. 5. The surface 42 was positioned relative to the
      rear wall of the cover so that a minimum gap was established. In FIG. 5,
      one such gap is denoted by the reference letter g, and in actual
      reductions to practice, gap g was about 0.015 of an inch. The unsupported
      span S on the other hand was about 0.40 inches. These dimensions are
      preselected so that during normal operation of the motor the thrust plate
      48 will deflect a sufficient amount to withstand axial thrust loading, and
      yet not contact or bottom out on the interior surface region of the cover.
PAR  For many fan applications, with air moving from the right to the left as
      viewed in FIG. 3, the shaft 20 will be urged toward the thrust plate 37
      with a thrust of from about 5 to 8 ounces. For thrust loads in this range,
      we have determined that the spacer plate 37 will be deflected along the
      direction illustrated by arrow 51 about 0.005 of an inch. Thus, the thrust
      or cushion plate does not engage the interior surface 46 of the cover 31,
      and vibrations are not transmitted directly through the plate 37 to the
      rear wall of the cover 31. Deflection of plate 37, in response to a thrust
      force applied along arrow 51, is a function of: the applied force;
      thickness of plate 37; and the span S. Actual calculations (once a given
      material is selected) of the deflection of plate 37 may be made by
      following the engineering relationship of:
      ##EQU1##
      where Y is deflection in inches; a is the radius (in inches) of the spring
      section of the plate or one-half of S in FIG. 5; t is the thickness (in
      inches) of the spring section measured in the direction of deflection; and
      W is the force (in pounds) applied to the center of the plate 37. C, on
      the other hand, will be a constant for a given design and material, and
      may be determined empirically or from various texts which would identify C
      in terms of: the modulus of elasticity of the material (575.times.10.sup.3
      psi for the material of plate 37); Poisson's ratio for the material (0.4
      for the material of plate 37); and the constant .pi.. One such text
      indicates that C would be equal to:
      ##EQU2##
      where m is the reciprocal of Poisson's ratio and E is the modulus of
      elasticity.
PAR  The above or similar engineering relationships may be used to determine a
      minimum spacing between a flexible plate such as plate 37 and an end wall
      that faces such plate.
PAR  During assembly of an impeller or fan blade to the free end of the shaft
      20, such impellers are frequently pressed on to the shaft. When this is
      done, substantial forces may be applied to the shaft 20 in an axial
      direction that results in the opposite pulley end 47 of the shaft bearing
      against the plate 37 with a substantial force. If this force is
      sufficiently great, the plate 37 may be deflected so much that the plate
      either will be cracked or broken, or that the elastic limit of the plate
      will be exceeded with the result that the plate will elongate or deform
      and thereafter contact the rear wall of the cover during normal operation
      of the motor 10. If this were to occur, noise associated with axial
      excursions of shaft 20 during normal operation would be transmitted to the
      rear wall of the cover 31 and objectionable noise levels would emanate
      from the motor. This problem, in effect, establishes a maximum upper limit
      for the free distance between the plate 37 and the adjacent wall of cover
      31. The actual upper limit is better determined by flexing a given plate,
      measuring the maximum deflection before permanent damage occurs, and then
      designing a cover and spacing means so that the plate cannot be deflected
      more than the predetermined safe amount.
PAR  Thus, a more preferred construction is illustrated by FIG. 6 as compared to
      FIG. 5.
PAR  In FIG. 6, a cover 52 has been illustrated which is substantially identical
      to the cover 31 with the exception that the first interior surface region
      53 thereof is spaced sufficiently close to the plate 37 so that the plate
      37 will bottom out against the interior surface region 53 during assembly
      of an impeller with shaft 20 and plate 37 will not be permanently deformed
      or damaged.
PAR  When the excessive force associated with assembly of an impeller to shaft
      20 is removed from the shaft; the plate 37 will return to its free
      position illustrated in FIG. 6 and thereafter operate as both a thrust
      bearing and means that isolates the rear wall of cover 52 from the direct
      transmission of noise thereto. Thus, substantially no noise will result
      from axial excursions of a shaft during motor operation. It will be noted
      that the cover 52 is also provided with spacer means 54 that corresponds
      identically to the spacer means 41 illustrated in FIGS. 4 and 5.
PAR  FIG. 7 illustrates still another modification of a cover 57 that may be
      used in lieu of either of the covers 31 or 52. The covers 31 and 52 are
      provided with hubs 58, 59, respectively, that may accommodate a resilient
      ring that then is used to resiliently mount a motor. The cover 57, on the
      other hand, would be used for applications where studs or screws are used
      to interconnect the stator core with a suitable motor mounting device or
      structure.
PAR  The cover 57 is provided with a back wall that includes a first interior
      surface region 61, and a generally circular surface 62 that provides means
      for spacing a flexible plate 37 from the surface region 61 of the cover.
      It should be noted, however, that spaced apart pads or lugs may be
      utilized rather than a continuous annular surface to provide the desired
      spacing between a plate 37 and the rear wall of a cover. Moreover, if the
      plate 37 were to be stamped from sheet material having suitable properties
      and characteristics, lugs or spacing feet could be formed from such plate
      to establish the desired spacing means.
PAR  When covers such as covers 31, 57, and 52 are not provided with axially
      extending hooks or other means by which such covers are to be fastened to
      the motor; the cap or plate 32 (as shown in FIGS. 8 and 2) may be
      utilized. A contoured lip 63 on cap 32 fits over a groove or notch 64
      formed in the covers. Thereafter the caps 32 and covers may be secured
      together as hereinabove mentioned.
PAR  Although it is not critical to an understanding of the present invention,
      it is noted that means also are provided in the motor 10 for preventing
      excessive movement of the shaft 20 toward the left as viewed in FIG. 3.
      These means are provided in the form of a not shown groove adjacent to the
      end 47 of the shaft and in which a split ring 66 is carried. Interposed
      between the split ring 66 and the end face of the bearing 22 is a NYLATRON
      or other suitable material washer 67. Thus, the motor 10 is provided with
      thrust means that limit axial excursions of the rotor shaft 20 in both
      axial directions.
PAR  It should be realized by those skilled in the art that the benefits that
      may be derived from use of the present invention are applicable to motors
      other than the type illustrated herein and that various changes may be
      made without departing from the spirit and scope of the invention.
PAR  Accordingly, while in accordance with the Patent Statutes, we have
      described what at present are considered to be preferred embodiments of
      the invention, it will be obvious to those skilled in the art that
      numerous other changes and modifications may be made therein without
      departing from the invention. It is therefore aimed in the appended claims
      to cover all such equivalent variations as fall within the true spirit and
      scope of the invention.
CLMS
STM  What we claim at new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In an electric motor having a stator, a shaft having a rotor fixed
      thereto, a frame member carrying at least one bearing for supporting the
      rotor shaft for rotation about the longitudinal axis of the shaft movement
      relative to the stator, and a cover carried by the frame member for
      establishing at least one boundary of a lubricant reservoir, the
      improvement comprising: said cover having a centrally disposed first
      interior surface region spaced a first predetermined distance from the
      frame, and further having secondary surface means located about the
      centrally disposed interior surface region with the secondary surface
      means being axially displaced, relative to the first interior surface
      region, in a direction toward the end frame; said shaft having an end
      disposed within the lubricant reservoir and spaced from the first interior
      surface region; and the improvement further comprising a flexible thrust
      plate having at least a portion thereof spanning the first interior
      surface region to provide a flexible abutment for the shaft end disposed
      within the lubricant reservoir said portion being spaced from the first
      interior surface region and said portion establishing an unsupported span
      that is flexibly deflectable toward the first interior surface region in
      response to axially directed thrust loads applied thereto by the end of
      the rotor shaft.
NUM  2.
PAR  2. In an electric motor having a stator, a rotor assembly including a
      rotatable shaft journalled in at least one bearing supported in
      predetermined relationship to said stator, and a cover supported in fixed
      stationary relationship with the stator and having an end wall disposed in
      covering relationship with an end of the shaft and at least part of the at
      least one bearing, the improvement comprising: a flexible thrust plate
      having a portion disposed within the stationary cover between the end of
      the rotatable shaft and the cover end wall, and spacer means disposed
      between the thrust plate and the cover end wall for holding said portion
      in spaced relation to the cover end wall; said portion and cover end wall
      being spaced apart a predetermined amount so that contact between said
      portion and the cover end wall is prevented during axial excursions of the
      shaft end toward the cover end wall during normal operation of the motor;
      said portion of the flexible thrust plate being spaced from the cover end
      wall, said portion establishing an unsupported span that is flexibly
      deflectable toward the cover end wall in response to axially directed
      thrust loads applied thereto by the end of the shaft.
NUM  3.
PAR  3. The invention of claim 2 wherein said portion of the flexible thrust
      plate establishes an axially extending air gap between said portion and
      the cover end wall; said portion having a predetermined span between two
      spaced apart regions in contact with the spacer means, and said portion
      having a predetermined thickness; the axially extending air gap being,
      when the thrust plate is in an unstressed condition, at least a minimum
      distance that is proportional to the second power of the predetermined
      span and inversely proportional to the third power of the predetermined
      thickness.
NUM  4.
PAR  4. The invention of claim 2 wherein the plate is a plastic material and is
      spaced from said wall a distance less than the distance that the material
      must be deflected in order to permanently damage the plate.
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ABST
PAL  The support arrangement for a vertical electric machine includes a support
      spider thereof having arms fastened in a concrete wall surrounding the
      machine. The arms are secured only in the tangential direction. For this
      purpose, the arms extend into cavities of metal elements set into the
      concrete wall and are secured therein in the tangential direction by
      pretensioned rolling members. Because of the rolling motion of the rolling
      members, radial thermal expansion causes only relatively small radial
      forces to act and be transmitted to the concrete wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a vertical electric machine such as a hydraulic
      generator or the like wherein the radial guide bearings for the rotor are
      disposed in support spiders which are arranged above and/or below the
      machine and are fastened in turn in the concrete wall surrounding the
      machine or in the concrete foundation by means of metal elements set
      therein.
PAR  Such hydraulic generators have a vertical shaft and an upper support spider
      wherein the guide bearing is arranged. It is known to connect the support
      spider with the concrete wall surrounding the machine in order to achieve
      quieter running. For this purpose, the arms are extended up to the
      concrete wall and bolted there rigidly to a metal element such as a base
      plate set in the concrete wall. This known arrangement has the advantage
      that the stiffness of the support spider with respect to flexural
      resonance frequencies is determined by the stiffness of the arms which are
      stressed in compression in the longitudinal direction. However, there
      results the disadvantage that very large compression forces occur in the
      event of thermal expansion of the arms of the support spider; these forces
      act in the radial direction and are transmitted to the concrete wall. The
      concrete wall, however, is often not capable of taking up large radial
      forces, particularly, if the support spider is arranged above the machine.
PAR  Accordingly, it is an object of the invention to provide a support
      arrangement for an electric machine of the above-mentioned type wherein
      the arms of the support spider for the radial guide bearings are supported
      in the concrete wall surrounding the machine in such a manner that the
      forces produced by the thermal expansion of the support spider can be
      taken up without difficulty and without affecting the quiet running of the
      machine.
PAC  SUMMARY OF THE INVENTION
PAR  The above object is realized by the support arrangement according to the
      invention which is suitable for a vertical electric machine such as a
      hydraulic generator or the like wherein the radial guide bearings for the
      rotor are disposed in support spiders which are arranged above and/or
      below the machine.
PAR  It is a feature of the invention to fasten the support spider in the
      concrete wall surrounding the machine by means of metal elements set
      therein. The arms of the support spider or spiders are, according to the
      invention, stiffened with respect to each other and extend into
      corresponding cavities defined by the metal elements. The arms are secured
      there only in the tangential direction taken relative to the stator of the
      machine by means of adjustably pretensioned rolling elements. The holding
      of the arms in the concrete wall is therefore undertaken in a manner so
      that the forces resulting from the eccentricity of the rotor due to
      manufacturing tolerances or one-sided magnetic pull are introduced into
      the concrete wall in a purely tangential direction.
PAR  The supporting arrangement of the invention advantageously utilizes the
      fact that these concrete walls normally can take up larger forces in the
      tangential direction than in the radial direction. Since the individual
      arms of the support spider are stiffened against each other, the flexural
      stress of the arms, as takes place in the support arrangement according to
      the invention, is kept sufficiently low to ensure quiet running.
      Furthermore, since pretensioned rolling elements are used for holding the
      arms in the metal elements, a rolling motion of the rolling elements is
      produced in case of expansion of the arms due to a temperature rise in the
      radial direction, so that only small radial forces that occur from the
      rolling friction of the rolling elements subjected to the pretension need
      to be transmitted to the concrete wall in the radial direction.
PAR  It is advantageous to configure the metal elements so that they define a
      U-profile which encloses the arms and at whose opposite side walls the
      rolling elements rest. The pretension forces of these rolling elements are
      thereby intercepted within the metal element and do not stress the
      concrete. The metal elements may also be configured as an open box.
PAR  Sufficient flexural stiffness of the support spider is achieved by
      connecting the respective arms with each other by stiff beams as close as
      possible to their fastening point in the surrounding concrete wall.
      However, it is also possible to construct the support spider as an
      inherently stiff disc, at whose circumference only arm stubs are arranged.
      The arm stubs are then secured in the tangential direction in the concrete
      wall by means of the pretensioned rolling elements.
PAR  Although the invention is illustrated and described herein as a supporting
      arrangement for the rotor of a vertical electric machine such as a
      hydraulic generator or the like, it is nevertheless not intended to be
      limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation schematic diagram showing a longitudinal section
      taken through a vertical electric machine equipped with the supporting
      arrangement according to the invention.
PAR  FIG. 2 is a plan view of the upper support spider of the machine shown in
      FIG. 1.
PAR  FIG. 3 is an exploded view showing how the arms of the support spider are
      held in the concrete structure arranged in surrounding relation to the
      machine.
PAR  FIG. 4 is a section view taken along lines IV-IV of FIG. 3 to illustrate
      structural details of the cavity defined by the metal elements set into
      the concrete structure.
PAR  FIG. 5 is a plan view showing how the support spider can be configured
      according to an alternate embodiment of the invention. In this view the
      support spider is constructed as an inflexible disc with stub-like arms
      extending from the circumference thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The vertical electric hydraulic generator 1 is disposed in a concrete wall
      2 which consists in the area of the electric machine essentially of the
      concrete foundation 3 and a concrete wall 4 surrounding the stator 5 of
      the hydraulic generator 1 with spacing. The rotor 6 of the hydraulic
      generator 1 is held above and below the machine in radial guide bearings
      7, of which one may also be combined, in a manner not shown, with a
      support bearing. The radial bearings 7 are each located in a support
      spider 8, of which the upper one is fastened in the concrete wall 4 by
      means of metal elements 9 and the lower one in the concrete foundation 3
      by means of a foundation plate 10. The stator 5 of the electric machine is
      likewise supported in the concrete foundation 3 via a further foundation
      plate 11.
PAR  As the concrete foundation 3 is of very massive construction, it presents
      no problem to also transmit through the foundation plates 10 and 11
      radially directed forces to the concrete, such as occur, for instance, in
      case of thermal expansion of the electric machine. The concrete wall 4, on
      the other hand, is relatively thin, so that the upper support spider 8 can
      be fastened according to the invention to prevent the concrete wall 4 from
      being stressed by excessive forces acting in the radial direction.
PAR  The individual arms 13 of the upper support spider 8 are extended so far
      that they project into a cavity 14 formed by the metal elements 9 set in
      the concrete wall 4. The metal elements 9 therefore have the form of a box
      which is open on the inner side of the concrete wall 4. Pretensioned
      roller bearing means in the form of pretensioned rolling elements 15 serve
      to secure the arms 13 in the metal elements 9. The arms 13 have side walls
      16 which are opposite each other transversely to the direction of the
      circumference of the concrete wall 4. The rolling elements 15 are arranged
      between the side walls 16 and the side walls 17 of the metal elements 9 in
      such a manner that they fix the arms 13 only in the tangential direction
      without play. For this purpose, the rolling elements 15 are given, by
      means of wedges 18, a certain amount of pretension which is sufficient to
      establish a positive force-transmitting connection between the side walls
      17 of the metal elements 9 and the arms 13 of the support spider 8 in the
      tangential direction taken with respect to the stator 5 of the machine.
      The wedges 18 are disposed in the interior of the rolling elements 15 and
      are secured in the position required for the desired pretension in plates
      19 by screws 20, the plates 19 lying laterally against the rolling
      elements 15.
PAR  The curvature of the rolling elements 15 may be chosen spherical or also
      cylindrical. In the latter case the cylindrical rolling elements 15 are
      arranged so that their axis of rotation is vertical and parallel to the
      side walls 16 of the arms 13 against which the rolling elements 15 rest.
PAR  The fastening of the arms 13 of the support spider 8 in accordance with the
      invention is achieved by means of the pretensioned rolling elements 15 in
      the metal elements 9 configured as boxes and functions as described below.
PAR  The forces due to eccentricity of the rotor 6, which forces normally occur
      during the operation of the electric hydraulic generator 1, are introduced
      into the concrete wall 4 through the pretensioned rolling elements 15 only
      in the tangential direction. As a concrete wall is very resistant to
      tangentially directed forces, a relatively thin concrete wall 4 is already
      capable of taking up larger eccentricity forces of the rotor 6. With this
      kind of fastening, however, the arms 13 are stressed flexurally. For this
      reason, the arms 13 of the support spider 8 are connected with each other
      by stiff beams 21 which increase the bending stiffness of the support
      spider 8.
PAR  If, because of a temperature rise, thermal expansion of the arms 13 of the
      support spider 8 now occurs, this has the effect of displacing the arms 13
      in the radial direction. This displacement causes a rolling motion of the
      roller bearings 15 at the side walls 16. Only relatively small radial
      forces are produced thereby which result from the rolling friction of the
      rolling elements 15 under pretension, and which are likewise transmitted
      to the concrete wall 4 through the metal elements 9. However, the size of
      these radially directed forces is so small that they can be taken up
      without difficulty even by a relatively thin concrete wall 4.
PAR  In this manner there is therefore obtained an essentially tangentially
      directed stress of the concrete wall 4. Because of the box-like shape of
      the metal elements 9, the latter form a U-profile enclosing the arms 13
      and include opposite side walls 17 against which the rolling elements 15
      rest. The metal elements 9 are therefore capable of taking up the
      pretension forces due to the wedged rolling elements 15 themselves so that
      they do not additionally stress the concrete wall.
PAR  The concrete wall 4 need not be constructed in ring-fashion as shown in
      FIG. 2, but may also be constructed in the shape of a polygon or a square,
      according to the number of the existing arms 13 of the upper support
      spider 8.
PAR  FIG. 5 shows schematically a modified form of the upper support spider 8.
      So that the support spider is as flexurally stiffened as possible, it
      consists essentially of an inherently inflexible disc 22, which carries in
      the center the guide bearing 7. At the circumference of the disc 22 are
      arranged at regular spacings arm stubs 23 which protrude into the cavities
      14 of the metal elements 9 set in the concrete wall 4 and are secured
      therein in the tangential direction by means of the pretensioned rolling
      elements 15.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A supporting arrangement for the rotor of a vertical electric machine
      such as a hydraulic generator or the like comprising: at least one support
      spider equipped with a guide bearing for radially guiding the rotor and
      having a plurality of arms extending therefrom; a concrete support
      structure arranged in surrounding relation to the rotor; metal elements
      set into said concrete structure so as to define a plurality of cavities
      for receiving corresponding ones of said arms therein; and, adjustably
      pretensioned roller bearing means arranged at said cavities for holding
      said arms only in a tangential direction viewed relative to the stator of
      the electric machine.
NUM  2.
PAR  2. The supporting arrangement of claim 1 comprising stiffening means for
      mutually stiffening said arms.
NUM  3.
PAR  3. The supporting arrangement of claim 2, said metal elements defining a
      plurality of U-shaped elements surrounding corresponding ones of said arms
      and defining mutually adjacent side walls for contacting said bearing
      means.
NUM  4.
PAR  4. The supporting arrangement of claim 2, said roller bearing means being a
      plurality of pairs of bearings arranged at corresponding ones of said
      cavities, each of the bearings of each of said pairs having a spherical
      curvature.
NUM  5.
PAR  5. The supporting arrangement of claim 2, said bearing means being a
      plurality of pairs of bearings disposed at corresponding ones of said
      cavities, each of the bearings of each of said pairs being pretensioned by
      means of a wedge arranged therein.
NUM  6.
PAR  6. The supporting arrangement of claim 2, said roller bearing means being a
      plurality of pairs of bearings arranged at corresponding ones of said
      cavities, each of the bearings of each of said pairs having a cylindrical
      curvature.
NUM  7.
PAR  7. The supporting arrangement of claim 1, said support spider being
      configured as an inflexible disc having a plurality of arm-like stubs
      extending from the circumferential periphery thereof, said arm-like stubs
      extending into said cavities respectively.
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ABST
PAL  An elongated discharge lamp which is particularly intended for use in
      photo-chemical reaction processes. The discharge tube of the lamp is
      supported at its ends by two end mountings, one of which carries the input
      terminals for the lamp. A conductor extending along the length of the
      discharge tube joins one of the terminals to the electrode at the remote
      end of the tube, and the tube and conductor are separately enclosed in
      respective transparent tubular envelopes sealed to the end mountings at
      their ends.
PAL  A liquid-cooling jacket is provided, cooling liquid being circulated
      therethrough by means of a tube of transparent material supported in the
      end mountings.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation in part of application Ser. No. 400,149, filed on
      Sept. 24, 1973, now abandoned.
BSUM
PAR  The present invention relates to elongated discharge lamps having
      electrical supply terminals at one end, and particularly, but not
      exclusively, to such lamps intended for use in photo-chemical processes.
PAR  In a known form of elongated discharge lamp, as illustrated in FIG. 1, a
      discharge tube 1 is formed by an elongated ampoule of transparent
      material, generally of quartz, through the ends of which electrodes pass,
      usually of tungsten or molybdenum. The ampoule contains one or more
      substances such as mercury vapour, or other gases according to the type of
      discharge required.
PAR  The discharge tube 1 is enclosed within an envelope 2 of transparent
      material, such as glass or quartz, supported by supports 3 and 4, the
      envelope 2 being filled with an inert gas such as nitrogen. For the more
      powerful lamps, the envelope is surrounded by a transparent jacket 5
      within which cooling fluid is circulated by means of an inlet tube 6 and
      an outlet tube 7.
PAR  In use, the lamp is immersed in a chemical reaction chamber to induce the
      desired photo-chemical reaction. Its supply of electricity and of water,
      is effected at one end only. Thus an electrical conductor 8 has to be
      provided for supplying the electrode at the opposite end. This conductor
      traverses the length of the discharge tube 1 on inside of the envelope 2.
PAR  In another known form of lamp, the discharge tube is supported in a metal
      support structure comprising two members at the ends of the discharge
      tube, said members being connected by at least two metal rods which extend
      along the length of the discharge tube. This support is used for
      conducting current to the electrode which is furthest away from the supply
      end.
PAR  A difficulty with the prior art devices is that the diameter of the
      envelope is large with respect to that of the discharge tube. For example,
      in the case of a construction with a single return conductor, a discharge
      tube of 55mm in diameter will require an envelope having a diameter of
      90mm; in the case of a discharge tube retained in a metallic support, a
      discharge tube of 55mm will require a diameter of 150mm for the envelope.
PAR  Thus, these prior art devices require an envelope of large diameter which
      is a disadvantage for the following reasons:
PAR  THEY ARE CUMBERSOME
PAR  THE COOLING OF THE DISCHARGE TUBE IS POOR BECAUSE OF THE LARGE SIZE OF THE
      SPACE BETWEEN THE TUBE AND THE ENVELOPE;
PAR  THE HIGH COST OF THE ENVELOPE, WHICH -- ALL OTHER THINGS BEING EQUAL -- IS
      A FUNCTION OF ITS DIAMETER. In addition, in the case of very high power
      lamps (of power greater for example than 20kw), or for reasons concerning
      the coefficient of radiation transmission, it is necessary to replace the
      lamp envelope of borosilicate glass (which is insufficient to resist
      temperature gradients to which it is subjected and has a low coefficient
      of transmission at certain wavelengths) by a material which is more
      resistant to the high temperature gradients and more transparent to the
      desired radiation (for example by quartz). As the cost of quartz is ten
      times higher than borosilicate glass, quartz envelopes of large diameter
      are very expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a lamp which does
      not suffer from the above described disadvantages.
PAR  A second object of the present invention is to provide a lamp comprising a
      discharge tube which is supported at its ends by respective mountings of
      which one, the head mounting, comprises current supply terminals, and an
      elongated conductor connecting one of said current supply terminals to the
      remote electrode of the tube. The discharge tube and preferably this
      elongated conductor are each enclosed in a respective tubular envelope
      which may have reduced dimensions and which is joined to the mountings in
      a sealing tight manner.
PAR  Advantageously, the tubular envelope of the conductor is transparent.
PAR  The lamp may be equipped with an outer jacket for cooling by the
      circulation of fluid, this jacket being joined in a sealing tight manner
      to the head mounting and the cooling device comprising an inlet tube which
      passes through both mountings and an outlet tube passing through the head
      mounting.
PAR  This inlet tube is advantageously transparent, at least in its portion
      situated between the two mountings, which permits the shadow angle of the
      lamp to be reduced to the minimum.
DRWD
PAR  The description which follows with reference to the attached drawings,
      given by way of non-limiting example, will enable the manner in which the
      invention can be carried into effect to be better understood.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view in longitudinal section of a known lamp the
      description of which has been given in the introduction to the present
      specification.
PAR  FIG. 2 is a similar view of a lamp in accordance with the present
      invention;
PAR  FIG. 3 is a section according to III--III in FIG. 2;
PAR  FIG. 4 is a top view of the lamp shown in FIG. 2.
PAR  FIG. 5 is a view in section on V--V of FIG. 4; and
PAR  FIGS. 6 and 7 are diagrammatic sections illustrating comparatively an
      additional advantage of the embodiment of FIGS. 2 to 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 2-5, a discharge tube 10 of a known type, comprising two
      electrodes 10a and 10b and two end fittings 10c and 10d, is supported by
      an upper end mounting 11 and a lower end mounting 12.
PAR  The upper end mounting 11 consists essentially of a tubular metal member
      13, which is fastened by screws on a annular metal base plate 14, having a
      larger outer diameter.
PAR  A cylindrical fluid-cooling jacket 15, having an open upper end and a
      closed lower end, and consisting of a transparent material, is disposed
      around the discharge tube 10 and the lower end mounting 12, just under the
      upper end mounting 11. A tapered outer rim 15a is formed around the open
      upper end of the fluid-cooling jacket 15, and this outer rim 15a is
      engaged into a substantially circular opening of a support plate 16, a
      sealing ring 17 being preferably interposed between elements 15a and 16.
      This support plate 16 is for instance the cover plate of a tank in which a
      photo-chemical process is to be effected. The base plate 14 lies on the
      open upper end of the fluid-cooling jacket 15, a sealing ring 18 being
      interposed therebetween. As the outer diameter of the annular base plate
      14 is superior to the outer diameter of the upper end of the fluid-cooling
      jacket 15, the rim of the said base plate 14 can be fastenend by screws 19
      (FIGS. 2 and 4) to the upper face of the support plate 16.
PAR  The lower end mounting 12 also consists essentially of a tubular metal
      member, which is supported, in the lower inside part of the fluid-cooling
      jacket 15, by a ring-shaped member 20, preferably consisting of an
      insulating material.
PAR  Both upper and lower end mountings, 11 and 12, are formed with first
      coaxial bores 11a and 12a, having a same predetermined diameter,
      substantially superior to the outer diameter of the discharge tube 10, and
      with second coaxial bores 11b and 12b, having a same diameter, much
      inferior to said predetermined diameter. A first and a second tubular
      envelopes, 21a and 21b, consisting of a transparent material, have their
      respective upper and lower ends engaged in the coaxial first and second
      bores of the upper and lower end mountings, 11 and 12 respectively, so
      that the said first envelope 21a surrounds the discharge tube 10.
PAR  In the embodiment illustrated in FIGS. 2-5, the first and second tubular
      envelopes 21a and 21b have respective outer diameters slightly inferior to
      the respective inner diameters of first and second coaxial bores 11a-12a
      and 11b-12b, so that there are annular gaps between the ends of the said
      envelopes 21a and 21b and the inner walls of the said coaxial bores, a
      pair of sealing rings 22a or 22b being inserted in each of the said gaps.
PAR  The inner diameter of the first envelope 21a is chosen to be slightly
      superior to the outer diameter of the discharge tube 10, so that the gap
      23 therebetween is very much inferior to the outer diameter of the second
      envelope 21b. For instance, the discharge tube 10 has an outer diameter of
      55 mm and the first envelope 21a has an outer diameter of 65 mm and a
      thickness of 3 mm, so that the gap 23 is about 2 mm. wide.
PAR  The wall thickness of the second envelope 21b may be inferior to the wall
      thickness of the first envelope 21a.
PAR  The first coaxial bores of the upper and lower end mountings, 11 and 12,
      are tightly closed by upper and lower closing plates of an insulating
      material, 24 and 25, which may be glued thereto, so as to form, inside of
      the first envelope 21a, a tight closed room, in which the discharge tube
      10 is placed lying on the said lower closing plate 25, and which may be
      filled with an inert gas.
PAR  A first and a second insulated electric current supply terminals, 26a and
      26b, are mounted in the upper end mounting 11, respectively in the upper
      closing plate 24 and in the upper end of an enlarged upper portion of the
      second bore 11b. The terminals 26a, 26b are preferably covered by a cap
      13a. The first terminal 26a is electrically connected to the first
      electrode 10a of the discharge tube 10, through a conductive rod 27,
      placed along the vertical axis of the first tubular envelope 21a and the
      upper end fitting 10c of the said discharge tube 10. The second terminal
      26b is electrically connected to an elongated conductor 28, extending
      along the vertical axis of the second tubular envelope 21b; the lower end
      28a of the said elongated conductor 28 extends outside of the lower end of
      the second envelope 21b, through a passage arranged in the lower end
      mounting 12 between its second and first bores 12b and 12a, and the said
      lower end 28a of the elongated conductor 28 is electrically connected to
      the second electrode 10b of the discharge tube 10, through an electric
      terminal 29, mounted in the lower closing plate 25, and lower end fitting
      10d of the said discharge tube 10.
PAR  A cooling fluid is circulated in the jacket 15, outside of the first and
      second envelopes, 21a and 21b, by means of inlet and outlet tubes, 30a and
      31a respectively (FIGS. 4 and 5), which are tightly engaged in
      elbow-shaped bores 30b and 31b of the upper end mounting 11. Whereas the
      said bore 31b opens in the upper part of the fluid-cooling jacket 15,
      outside of the first envelope 21a, as shown in FIG. 5 the bore 30b opens
      in the upper end of a tube 32, which is disposed vertically inside of the
      said jacket 15, outside of and along the said first envelope 21a; this
      tube 32 consists preferably of a transparent material, and its lower end
      opens in an elbow-shaped bore 33, arranged in the lower end mounting 12 so
      as to discharge the cooling fluid in the annular space comprised between
      the jacket 15 and the first envelope 21a. Passages 34 are provided in the
      support ring 20 for permitting the discharged cooling fluid to sweep the
      closed lower end of the jacket 15. A further closing plate 35 is tightly
      fastened in an enlarged lower portion of the first bore 12a in the lower
      end mounting 12 for preventing the cooling fluid from sweeping the lower
      end 28a of the elongated conductor 28 and the electric terminal 29.
PAR  With the arrangement which has just been described, cooling of the
      discharge tube 10 is excellent and the specific power of the lamp can be
      maximized. The cost of the first envelope 21a is reduced to the minimum
      since the diameter of the said envelope is itself reduced to the minimum.
      This arrangement also confers an additional advantage from the point of
      view of the emission of radiation since the shadow angle of the lamp is
      produced by the elongated conductor 28 alone, as shown in FIG. 6, and this
      angle is about 5.degree.. With the known lamp shown in FIG. 7, it is the
      metallic water inlet tube 6 which creates the shadow angle, and the latter
      is about 16.degree.. Thus 11.degree., or 3% of the total radiation is
      gained. This gain, which appears a priori low, is very important from the
      economic point of view. In absolute value it may represent many hundreds
      of tons of additional product obtained annually from an industrial
      photo-chemical process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elongated discharge lamp comprising:
PA1  a. an elongated discharge tube including first and second electrodes at its
      respective first and second ends;
PA1  b. first and second end mountings supporting said discharge tube at said
      first and second ends thereof respectively;
PA1  c. an elongated conductor extending between said first and second end
      mountings;
PA1  d. first and second current supply terminals disposed at said first end
      mounting, said first current supply terminal being electrically connected
      with said first electrode and said second current supply terminal being
      electrically connected with said second electrode via said elongated
      conductor;
PA1  e. first and second tubular envelopes extending between and sealed at their
      ends to said first and second end mountings and surrounding said discharge
      tube and said elongated conductor respectively, at least said first
      envelope being of transparent material; and
PA1  f. a fluid-cooling jacket surrounding said first and second tubular
      envelopes.
NUM  2.
PAR  2. A discharge lamp in accordance with claim 1, wherein said second tubular
      envelope is of transparent material.
NUM  3.
PAR  3. A discharge lamp in accordance with claim 1, in which said first tubular
      envelope is coaxial with said discharge tube, the wall thereof being
      spaced from that of the discharge tube by a distance substantially
      inferior to the outer diameter of said second tubular envelope.
NUM  4.
PAR  4. Discharge lamp in accordance with claim 1, wherein said fluid-cooling
      jacket surrounding said tubular envelopes, is provided with a an inlet
      tube passing through said first and second end mountings and extending
      between said mountings outside of said first tubular envelope, and an
      outlet tube passing through said first end mounting.
NUM  5.
PAR  5. A discharge lamp in accordance with claim 4, in which said inlet tube is
      transparent at least in its portion between said first and second end
      mountings.
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ABST
PAL  An ionization smoke detector having two ionization chambers with one of
      said chambers having an electrode at least partially surrounded by a
      conductive mesh constituting an intermediate electrode and the other of
      said chambers being formed between the intermediate electrode and an outer
      surrounding electrode of conductive mesh and a radioactive source carried
      by said outer electrode. The volume defined by the outer and intermediate
      electrodes is greater than the volume defined by the intermediate
      electrode.
PARN
PAR  This application is a continuation of application Ser. No. 89,4l7 filed
      Nov. 13, 1970 entitled Ionization Smoke Detector, now abandoned.
BSUM
PAR  This invention relates to an ionization smoke detector and especially to an
      improved ionization smoke detector having a simplified structure.
PAR  Ionization smoke detectors according to prior art include a pair of
      ionization chambers connected in series between the terminals of a voltage
      source and each having a pair of electrodes and a radioactive source
      respectively therein. One of the ionization chambers is closed to the air
      and referred to as a "closed ionization chamber," while the other is open
      to the air so as to allow smoke to come in and is referred to as an "open
      ionization chamber." A field effect transistor having a gate electrode
      connected to the junction between the both ionization chambers and a
      source-drain conduction path connected through a load resistor between the
      both terminals of the voltage source is provided for detecting a potential
      change at the junction of the both ionization chambers. When smoke enters
      in the open ionization chamber, the ionization current in the open
      ionization chamber varies, and this results in a change of impedance of
      the open ionization chamber and a change of a potential at the junction
      between the both ionization chambers, that is, at the gate electrode of
      the field effect transistor which in turn drives an alarm device to give
      an alarm.
PAR  In the foregoing types of ionization smoke detectors having open and closed
      ionization chambers, at least two radioactive sources are needed for the
      both ionization chambers. This makes the device unnecessarily complicated
      and costly.
PAR  Therefore, an object of the invention is to provide an ionization smoke
      detector which needs only one radioactive source but exhibits high degree
      of sensitivity.
PAR  According to this invention, the ionization smoke detector has three
      electrodes concentrically or coaxially disposed, that is, an outermost
      electrode, an intermediate electrode and an innermost electrode. The
      outermost electrode surrounds the intermediate electrode to form an outer
      ionization chamber therebetween and the intermediate electrode surrounds
      the innermost electrode to form an inner ionization chamber therebetween.
      The outermost electrode and the intermediate electrode are made of a
      material, such as metal wire netting, which allows an entrance of the
      external air and penetration of radiant rays. A single radioactive source
      is disposed so that the both outer and inner ionization chambers are
      commonly irradiated by the single radioactive source.
PAR  Other objects and features of this invention will be best understood from
      the following description with reference to the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic view representing an embodiment of the ionization
      smoke detector according to this invention;
PAR  FIG. 2 is a schematic view representing another embodiment of ionization
      smoke detector according to this invention; and
PAR  FIG. 3 is a schematic circuit diagram representing a fire detecting device
      which embodies an ionization smoke detector according to this invention.
DETD
PAR  Throughout the drawings, same reference numerals are given to like
      structural elements.
PAR  Referring now to FIG. 1, a detector which is generally denoted by the
      numeral 10 includes three electrodes, that is, a cylindrical outer
      electrode 2, a cylindrical intermediate electrode 3 and a rod-like inner
      electrode 5, which are coaxially supported by insulator disc members 1 and
      4 consisting of acryl resin or the like. The outer electrode 2 and the
      intermediate electrode 3 are composed of metal wire netting and define
      respectively an outer ionization chamber 8 and an inner ionization chamber
      9 in which the external air can enter freely. A single radioactive source
      7 is disposed in the center of the bottom of the outer electrode 2 so that
      the inner ionization chamber 9 as well as the outer ionization chamber 8
      are irradiated by the radiant ray from the radioactive source 7.
PAR  A field effect transistor 11 is embedded in the insulator disc 1 and has a
      gate electrode G connected to the intermediate electrode 3, a source
      electrode S connected through a load resistor 14 to the outer electrode 2
      and a drain electrode D connected to the inner electrode 5. The field
      effect transistor 11 and the load resistor 14 are covered by a suitable
      cover 6 so as not to be affected by the external atmosphere and the
      radiant rays. The detector 10 has three terminals A, B, and C respectively
      connected to the outer electrode 2, the inner electrode 5, and the
      junction between the load resistor 14 and the source electrode of the
      field effect transistor 11.
PAR  FIG. 2 shows another embodiment of the ionization smoke detector according
      to this invention. This detector 10 has hemispherical outer, intermediate
      and inner electrodes 2, 3, and 5 which are arranged concentrically on an
      insulator disc 1. The outer and intermediate electrodes 2 and 3 are
      composed of metal wire netting and the inner electrode 5 is composed of a
      metallic shell. A radioactive source 7 is disposed in the center of the
      inner face of the outer electrode 2. A field effect transistor 11 embedded
      in the insulator disc 1 and covered by the inner electrode shell 5 is
      connected similarly to the case of the device of FIG. 1 in that the gate G
      is connected to electrode 3, drain D is connected to electrode 5 and
      source S is connected through the load resistor 14 to electrode 7, but the
      load resistor 14 is embedded also in the insulator disc 1. Three terminals
      A, B, and C are similarly provided.
PAR  In the both devices of FIGS. 1 and 2, the outer ionization chamber 8 is
      greater in volume than the inner ionization chamber 9, and the atmospheres
      in the both ionization chambers 8 and 9 are always irradiated and ionized
      by the radiant ray from the radioactive source 7.
PAR  Referring next of FIG. 3, there shown is a circuit configuration of a fire
      detecting device including an ionization smoke detector 10 of the type
      described in conjunction with FIGS. 1 and 2, which is enclosed by a broken
      line. Same reference numerals indicate the corresponding structural
      elements of the devices in FIGS. 1 and 2. Capacitors C8 and C9 indicate
      respectively the inherent capacitances between the outer and intermediate
      electrodes and between the intermediate and inner electrodes.
PAR  The terminals A and B of the detector 10 are respectively connected to the
      negative and positive conductors 21 and 22 from a receiver unit 20
      including a power supply 17 which supplies an operation voltage through
      the conductors 21 and 22 to the detector 10. The terminal C is connected
      through a zener diode 15 to the control electrode of a silicon controlled
      rectifier 16 having its conduction path connected between the conductors
      21 and 22.
PAR  In the receiver unit 20, the power supply 17 is connected in series with
      the electromagnet coil of a relay 18 betwen the both conductors 21 and 22
      and an alarm device 19 is connected in series with the contact of the
      relay 18 between the both terminals of the power supply 17.
PAR  In operation, if smoke enters the outer ionization chamber 8, a part
      thereof also enters the inner ionization chamber 9. However, since the
      outer ionization chamber 8 is greater in volume than the inner ionization
      chamber 9, the resultant impedance change is very little in the inner
      ionization chamber 9 but is very large in the outer ionization chamber 8.
      This results in a significant change in a potential at the intermediate
      electrode 3, that is, at the gate electrode of the field effect transistor
      11, which results in turn in an increase of the source-drain current of
      the field effect transistor 11 and a voltage increase at the source
      electrode thereof. When the source voltage exceeds the zener voltage of
      the zener diode 15, the voltage is applied to the control electrode of the
      silicon controlled rectifier 16 to drive it into conduction. Thus the
      conductors 21 and 22 are short-circuited to energize the relay 18 and the
      alarm device 19 in the receiver unit 20. The zener diode 15 serves the
      function of preventing the smoke detector 10 from being operated by small
      quantities of smoke or noise.
PAR  Electrostatic capacitances C8 and C9 exist between the electrodes 2 and 3
      and between the electrodes 3 and 5, respectively. If C8 is less than C9,
      the source voltage of the field effect transistor 11 rises instantaneously
      to drive the silicon controlled rectifier 16 into conduction when the
      power supply is energized. Therefore, C8 must be maintained always greater
      than C9. For this purpose, the thickness or dielectric constant or the
      insulator disc members 1 and 4 may be selected appropriately.
PAR  Since the currents flowing between the respective electrodes 2, 3, and 5
      and through the field effect transistor 11 are very low, the relay 18 in
      the receiver unit 20 is never energized unless the silicon controlled
      rectifier 16 is driven into conduction. Once energized, however, it can
      energize the alarm device continuously according to the holding effect of
      the silicon controlled rectifier 16 until the power supply is turned off.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ionization smoke detector comprising an inner electrode, means
      including an air permeable intermediate electrode enclosing said inner
      electrode, means including an air permeable outer electrode enclosing said
      inner and intermediate electrodes, said intermediate electrode defining an
      inner chamber which includes said inner electrode and said intermediate
      and outer electrodes defining an outer chamber of substantially greater
      volume than said inner chamber and a radioactive source disposed within
      one of said chambers to ionize the gas within the last said chamber, the
      radioactive emission from said source penetrating said intermediate
      electrode to ionize the gas within the other of said chambers.
NUM  2.
PAR  2. An ionization smoke detector according to claim 1 wherein said
      radioactive source is disposed within the outer chamber.
NUM  3.
PAR  3. An ionization smoke detector according to claim 1 wherein said inner,
      intermediate and outer electrodes are of rectangular configuration.
NUM  4.
PAR  4. An ionization smoke detector according to claim 1 wherein said inner,
      intermediate and outer electrodes are of semicircular configuration.
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PAL  In a radiation detector two photocathodes are provided one on either side
      of a channel amplifier plate. One of these photocathodes is provided, so
      as to be electrically floating, on a layer of a dielectric on the opposite
      surface of which an electrode is provided, the lateral conductivity of
      this photocathode being low either owing to its subdivision into
      electrically isolated areas or owing to the choice of material.
PAL  The potential distribution in the detector can be reversed from a write-in
      situation to a read-out situation so that the channel plate can be used
      twice and the amplification is subdivided, enabling it to be increased to
      a higher level.
BSUM
PAR  The invention relates to a radiation detector provided with an input
      photocathode, an electron-optical amplifier device and a target.
PAR  Such a radiation detector is described, for example, in U.S. Pat. No.
      3,405,309. In the detector described in this patent the photoelectrons
      establish a charge image on the reverse side of a target, on the surface
      of which more remote from the photocathode there is provided a material
      having a high coefficient of secondary emission. The charge image is read
      out by illuminating a second photocathode according to a raster and by
      detecting the variation in the electron current which neutralizes the
      charge image. Thus the radiation image is detected in the form of a video
      signal.
PAR  Disadvantages of the said detector are the comparatively complicated
      construction, the likelihood of crosstalk from the deflection field of the
      light spot scanning device to the scanning of the charge image and the
      restriction of the intrinsic amplification of the detector. To prevent
      loss of definition of the charge image during the comparatively long
      integration time, the secondary emissive layer must satisfy exacting
      requirements.
PAR  It is an object of the invention to provide a radiation detector which
      combines simple construction with a method of reading out in which,
      without the use of additional equipment, further intrinsic intensification
      of the image is achieved without using a scanning electron beam in the
      image space.
PAR  For this purpose, according to the invention a radiation detector of the
      type described is characterized in that the electron-optical amplifying
      device comprises a channel amplifier plate capable of being successively
      used in two directions and in that the target comprises a second
      photocathode which faces the channel amplifier plate and has a
      comparatively low electric lateral conductivity and a transparent
      electrically conductive layer separated from the second photocathode by a
      dielectric intermediate layer.
PAR  The bidirectional use according to the invention of a known channel
      amplifier plate as an electron-optical amplifying device not only results
      in a simpler construction but also provides division of the amplification
      into write amplification and read amplification.
PAR  This may simply be effected by reversing the polarities of the potentials
      applied to the channel amplifier plate. Since in this manner image
      intensification is obtained during read-out also, only comparatively small
      potential differences are required in the potential field to be produced
      by the incident image. In a preferred embodiment of a detector according
      to the invention the second photocathode forms a line pattern the
      direction of which is adapted to the incoming image which, for example, is
      a line spectrum to be analysed. In this case a ribbon-shaped light beam
      adapted to the said line pattern may be used to illuminate the second
      photocathode.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a cross-sectional view, partly schematic, of a radiation detector
      having a line-shaped second photocathode for analysing a line spectrum,
      and
PAR  FIG. 2 shows potential distributions produced in this detector during
      writing and reading.
DETD
PAR  Referring now to FIG. 1, the preferred embodiment shown of a radiation
      detector comprises, within an envelope 1 having an entrance face plate 3
      and an exit face plate 5, an input photocathode 7, a channel amplifier
      plate 9 having end faces 11 and 13 and a target 15 which includes a second
      photocathode 17, a dielectric intermediate layer 19 and a transparent
      electric conductor 21. The input photocathode 7 has an electric lead-in 23
      and in the embodiment shown is provided on the inner surface of the
      entrance face plate 3. The material of the input photocathode 7 may be
      adapted to the nature of the radiation to be detected and may for example
      be caesium iodide. To ensure a fixed layer potential the material must
      have sufficient electric conductivity or the layer must be supplemented by
      an additional electrically conductive layer, which in this case must
      obviously be connected to the lead-in 23. The input photocathode may
      alternatively be provided on the end face 11 of the channel amplifier
      plate, in which case it may also act as an electrode, provided that the
      electric conductivity is high enough.
PAR  The channel amplifier plate 9 is provided at its end faces 11 and 13 with
      electrodes 25 and 26 respectively having lead-ins 27 and 29 respectively.
      The channel amplifier plate is of a known type but with respect to its
      electron-optical properties must be capable of being used in both
      directions. If desired, a channel amplifier plate having non-straight
      channels may be used.
PAR  In order to prevent disturbances of electrical nature the target 15 is
      preferably mounted between the channel amplifier plate and the exit face
      plate so as to be clear of these two members, however, it may
      alternatively be provided on the inner surface of the exit face plate 5.
      Because to ensure satisfactory resolution the second photocathode 17 must
      have poor electric lateral conductivity and must be electrically floating,
      it cannot simply be disposed in contact with the end face 13 of the
      channel amplifier plate. The transparent electrode 21 of the target has an
      electric lead-in 31. In the embodiment shown the second photocathode 17 is
      provided on the intermediate layer in the form of a line pattern of strips
      33 which are electrically insulated from one another by openings 35 which
      extend at right angles to the plane of the drawing. With such a structure
      the material of the photocathode need not be electrically insulating
      itself and may be the same as the material of the input photocathode. In
      another preferred embodiment the second photocathode consists of a
      homogeneous layer of electrically poorly conductive material, for example
      a known trialkali photocathode material. In the latter case the potential
      image may be two-dimensional and be read out by means of a light spot. The
      dielectric intermediate layer 19 provides capacitive coupling between the
      strips and the transparent conductor 21 and may be a layer of mica. The
      transparent electrode 21 preferably is a homogeneous layer of tin oxide or
      another electrically conductive material transparent to read-out light 37,
      however, it may alternatively be a mesh electrode.
PAR  The read-out light 37 is produced, for example, by a source of light 39 an
      incandescent element 40 of which, for example a filament or a gas
      discharge, is imaged by a lens 42 on a slit diaphragm 44 the direction of
      length of which extends parallel to the strips 33. A second lens 46 forms
      an image of the diaphragm 44 on the plane of the second photocathode 17. A
      rotating mirror 48 enables the image to be displaced over this plane. The
      width of the slit diaphragm 44 is for example such that the image on the
      second photocathode 17 is not wider than the width of the strips of the
      photocathode.
PAR  If in a device as described an image 45, in particular a line spectrum, is
      projected onto the first photocathode either directly or by means of an
      optical system 50, electrons are emitted from this photocathode which in
      the case of a positive potential (of for example 100 volts) of the
      electrode 25 relative to the first photocathode are accelerated towards
      the channel plate, local illumination corresponding to a local variation
      of the number of photoelectrons. The photo currents are amplified in the
      channel plate in the case of a positive voltage (of for example about 1
      kV) of the electrode 26 relative to the electrode 25. The amplified
      photocurrent emerges from the end face 13 of the channel plate and
      impinges on the second photocathode. On this photocathode 15 a charge
      image which corresponds to the radiation image incident on the first
      photocathode is produced. The mean potential of the second photocathode
      must be higher (for example by 100 volts) than that of the electrode 26,
      which may be obtained by the potential of the transparent electrode 21.
      The potential variation during the write period, which variation can be
      adjusted by means of voltage sources 47, 49 and 51, is indicated
      schematically by a line 53 in FIG. 2. During writing, the potential
      distribution between the second photocathode 17 and the dielectric
      intermediate layer 19 varies so that the field strength across the layer
      19 increases from zero in the unilluminated condition to a maximum
      permissible value on saturation of the photocathode 17. As a result, the
      part of the potential line of FIG. 2 which is situated within the target
      15 is displaced in the direction indicated by an arrow 59 via an
      intermediate situation indicated by a dot-dash line 61 to a final
      situation indicated by a dash line 63. In the final situation the entire
      potential difference is bridged by the layer 19, which defines the said
      maximum value to prevent breakdown. With normal use the said final
      situation will not be reached, or at most will be reached in a few points
      or lines, because illumination is previously stopped. A meter may be
      connected in the lead 31 to indicate the occurrence of saturation.
PAR  During read-out the voltage sources 47, 49 and 51 are reversed in polarity,
      the strips 33 being scanned with a linear beam of light so as to be read
      strip by strip. In this process the potential difference between each
      successive strip of the second photocathode 17 and the electrode 26 is
      reduced substantially to zero whilst simultaneously the positive charge on
      the floating second photocathode 17 required for a new recording is built
      up. The electrons emitted from the second photocathode impinge on the
      channel plate, in which they are again multiplied by secondary emission.
      The resulting electron current emerges from the end face 11 of the channel
      plate and is captured by the first photocathode which is electrically
      conductive. Because in the first photocathode local image formation is no
      longer desired, the electrons from a given location of the second
      photocathode preferably enter the channel plate over a maximum area. This
      may be promoted by applying stray fields, for example alternating magnetic
      or electric fields, between the end face 13 of the channel plate and the
      second photocathode. The electric signal produced in the first
      photocathode is derived via the lead-in 23 and can be detected across a
      resistor 55 via an amplifier 56 and may, for example, be applied to a
      recorder. The potential variation in the detector during read-out is
      schematically shown in FIG. 2 by a line 57.
PAR  The potential difference between the final electrode 26 of the channel
      amplifier plate and the second photocathode 17 is reduced to zero during
      read-out, the part of the potential line 57 situated within the target 15
      being changed in the direction indicated by an arrow 65 via a situation
      represented by a dot-dash line 67 to a dash line 69. If in this situation
      photoelectrons are still being emitted from the second photocathode, they
      are not accelerated towards the channel plate and hence are not captured.
      It should be mentioned that the absolute potential is not of importance
      and that the relative levels of the two potential lines shown in the
      drawing are arbitrary, with a point of intersection at the middle of the
      channel plate for reasons of symmetry. In practical embodiments the
      potential of the layer 7 or that of the electrode 21 will preferably
      remain constant in polarity reversal. From the above it will be clear that
      the spacing between the end face 13 of the channel plate and the second
      photocathode preferably is as small as possible. It may be of advantage to
      provide an auxiliary electrode, preferably in the form of a mesh
      electrode, between the end face 13 and the second photocathode. Such an
      electrode enables the field strength at both faces to be controlled
      irrespective of the existing potential difference and further permits a
      dispersing electric field to be introduced during read-out.
PAR  Instead of the abovedescribed read-out according to a line, which is the
      most suitable method when analysing a line spectrum, a scanning light spot
      may be used. This produces a non-repeated signal in the form of a
      television image signal. If a flying spot scanner is used as a light
      source, the required deflection fields will provide no interference,
      because no scanning electron beam is used in the image space.
PAR  Depending upon the method of reading out and the form of the image
      information to be analysed the second photocathode may be provided on the
      dielectric layer in another form. For example, the strips for analysing a
      line spectrum divided into orders may be subdivided in the direction of
      length, read-out being performed by means of a ribbon-shaped light beam
      the length of which matches that of the strip sections. Also, the second
      photocathode may be provided in the form of a homogeneous layer, the low
      lateral conductivity being obtained by the nature of the material or, as
      the case may be, by the method of deposition also. If instead of image
      lines image points are to be analysed, the second photocathode may be
      provided as a mosaic. This may, for example, be realised by deposition
      from vapour via a mesh structure or, as described in Netherlands patent
      application No. 7,109,571 (PHN. 5730) by scoring or crazing an initially
      homogeneous layer of material.
PAR  The spectral sensitivity of the second photocathode can be matched to the
      read-out light, or conversely the wavelength of this light may be matched
      to the photocathode material used (for example 4,000 A.U.). Similarly, the
      spectral sensitivity of the first cathode may be matched to the
      wavelengths (for example 2,400 to 3,500 A.U.) which occur in the image
      information to be analysed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radiation detector comprising:
PA1  a. an input photocathode;
PA1  b. an electron-optic amplifying member facing said input photocathode and
      comprising a channel amplifier plate structure capable of being used in
      two directions; and
PA1  c. a target structure comprising a second photocathode of relatively low
      lateral electric conductivity that faces said amplifier plate, a
      transparent electrically conductive layer, and a dielectric layer disposed
      between said second photocathode and said transparent layer.
NUM  2.
PAR  2. A radiation detector as recited in claim 1, wherein said second
      photocathode comprises discrete parts that are electrically isolated from
      each other.
NUM  3.
PAR  3. A radiation detector as in claim 1, wherein said second photocathode
      comprises substantially homogeneous layer consisting of a material having
      low lateral electric conductivity.
NUM  4.
PAR  4. A radiation detector as in claim 1, wherein said second photocathode
      comprises a substantially homogeneous layer comprising electrically
      insulating junctions.
NUM  5.
PAR  5. A radiation detector as in claim 1, wherein said second photocathode
      comprises a line pattern and said detector further comprises means for
      generating a ribbon-shaped light beam and means for moving said light beam
      across said target in a direction at right angles to said target, whereby
      said detector can be used as a line spectrum analyzer.
NUM  6.
PAR  6. A radiation detector as in claim 5, wherein said line pattern is
      subdivided in its length direction into paths of uniform width and said
      light beam generating means comprises means for sequentially scanning said
      paths.
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PAL  A gaseous display device with memory is disclosed which requires only a
      single dielectric substrate with layers of orthogonal conductors laid
      thereon, which layers are separated by a dielectric layer. The substrate
      and layers thereon are enclosed in a gaseous environment with conductors
      brought through an envelope to facilitate the application of a.c. signals.
      Dielectric barriers are conveniently established on the substrate to
      control the shape of the individual discharges and to prevent crosstalk.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to gaseous display and/or memory systems.
      More particularly, the present invention relates to plasma gas discharge
      cells and arrays thereof. Still more particularly, the present invention
      relates to such cells and arrays disposed on a single substrate.
PAR  2. Description of the Prior Art
PAR  The subject of gaseous display and memory systems has recently received
      considerable attention. Such systems utilizing the glow discharge
      phenomenon resulting from the application of electric fields to one or
      more inert gases possesses negative impedance characteristics and,
      therefore, inherent memory. Thus, rather than requiring constant
      refreshing by a separate source of signals it is sufficient for such
      gaseous display systems to have applied to them an initial set of signals
      defining a desired on/off pattern. Maintenance of the resulting glows is
      achieved by the application of a non-information-bearing sustain signal
      sequence of lesser magnitude than those signals used to write the
      information in the first instance.
PAR  A typical configuration for such gaseous display/memory systems assumes the
      form of a so-called plasma discharge panel of the type described, for
      example, in U.S. Pat. No. 3,559,190 issued Jan. 26, 1971 to D. L. Bitzer
      et al. The basic structure of a plasma panel in accordance with the
      teachings of Bitzer et al. includes a "sandwich" of three dielectric
      layers, the outermost ones of which have mutually orthogonal sets of
      conductors plated or otherwise laid upon the exterior surface thereof. The
      intermediate dielectric layer typically has a plurality of perforations
      therein, with one perforation appearing at the "intersection" of the
      conductors on the exterior dielectric layers. Thus when the three layers
      are brought together in typical embodiment there is formed a cavity
      containing neon, argon, or some other inert gas (or some combination
      thereof) in which a glow discharge formed by potential differences created
      on the exterior conductors may be maintained.
PAR  Since the discharge is formed between the sets of conductors, it is
      necessary, if any useful light is to appear on the exterior of the
      sandwich, that the conductors be transparent to some substantial degree.
      As might be expected, however, in practice a significant portion of the
      light actually generated is absorbed by the conducting electrodes.
PAR  It is, therefore, an object of the present invention to provide a plasma
      discharge panel wherein little or no light is masked by the driving
      electrodes.
PAR  Another obvious characteristic of the Bitzer et al display panel is that
      the outer layers of the three layer sandwich must be maintained in
      constant spaced-apart relation in order to maintain uniform discharge
      characteristics over a matrix of many conductor intersections or cells.
      While the intermediate dielectric layer having perforations therein serves
      to provide some degree of constancy with respect to the separation of the
      exterior layers, nevertheless it introduces other alignment problems
      requiring that the perforations be lined up with considerable exactitude
      with respect to the intersection of conductors. Other spacing means have
      been used from time to time to maintain a uniform spacing between the
      conductor-bearing dielectric layers. Thus, for example, individual
      dielectric spheres of the correct diameter have been used in some cases to
      provide the proper spacing. In actual manufacture, however, some degree of
      compression of the spheres in a position-dependent manner occurs. Other
      efforts utilizing spacers of the form of fiber optic tubes have met with
      similar disadvantages and resulting lack of uniformity of spacing.
PAR  It is, therefore, an object of the present invention to eliminate the need
      for spacers defining a gas-filled cavity between conductors for purposes
      of developing a uniform glow discharge at cells disposed on a
      two-dimensional panel.
PAR  In U.S. Pat. No. 3,603,836 issued Sept. 7, 1971 to J. D. Grier, an
      alternative panel structure is provided in which electrodes on each of the
      exterior layers of a panel sandwich are bifurcated to, in effect, generate
      a discharge which is not wholly obscured by the conductors. In typical
      operation the Grier panel causes a discharge to occur under the space
      between each of the bifurcated portions of a conductor path. The Grier
      systems, however, requires that the conductor-bearing layers be maintained
      in constant spaced-apart relation, thereby sharing the difficulty in
      fabrication with the Bitzer et al. system.
PAR  U.S. Pat. No. 3,602,756 issued Aug. 31, 1971 to R. E. Bonnet describes a
      plasma panel which comprises a woven wires mesh of non-electrically
      contacting intersecting wires in place of conductors disposed on planes
      having constant separation. Again, fabrication difficulties can arise in
      such systems by virtue of the required "weaving" operations. Thus the
      process does not lend itself to such modern fabrication techniques as thin
      or thick film deposition on planar substrates. Also, because the Bonnet
      structure is not planar, it may prove difficult to introduce isolating
      structures intermediate the individual cells or crosspoints. Thus to avoid
      spurious ignition of one cell, it may be necessary to separate it from an
      adjacent ignited cell by a considerable physical difference. High
      resolution displays are therefore more difficult to realize using the
      Bonnet system.
PAR  U.S. Pat. No. 3,646,384 issued Feb. 29, 1972 to F. M. Lay describes a
      so-called "one-sided plasma display panel." The panel shown three points
      out many of the difficulties enumerated above for the three-layer sandwich
      panels relating to spacing and the like. However, the structure proposed
      by Lay, which basically involves the plating on both sides of an
      insulating sheet, the whole then being enclosed within a neon atmosphere,
      was used with electrode spacing of one-third of an inch. Such spacing is,
      of course, not appropriate for use in panels requiring high crosspoint
      density, i.e., high resolution. In subsequent U.S. Pat. No. 3,719,940
      issued Mar. 6, 1973, Lay describes an improvement to panels of the
      "one-sided" type. However, the improvements made relate to techniques for
      preventing firing or sustaining of unselected cells during addressing
      operations, which improvements relate to altering the drive pulse
      sequencing of a panel of the type described in U.S. Pat. No. 3,666,981
      also issued to Lay on May 30, 1972. This latter patent describes a panel
      with a grid network of conductors intermediate the drive electrodes for
      purposes of enhancing the shielding therebetween.
PAR  It is therefore an object of the present invention to provide a "one-sided"
      or single-substrate plasma panel structure which permits the realization
      of high cell density.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, the above
      objects are realized in a structure defining a plasma panel which
      comprises a single substrate on which are deposited two layers of
      orthogonal conducting paths separated by a dielectric layer. Individual
      cells are defined by reference to the area of intersection of orthogonal
      paths. The discharge at a cell occurs on the interface between the
      conductor farthest removed from the substrate and the intermediate
      dielectric layer. Accordingly, the complete glow is exposed to observation
      rather than being concealed behind the conductor or other structure.
PAR  Further, since the conducting layers are separated by a continuous
      dielectric sheet, it is not necessary to align any perforations or to
      maintain any other structural parameter other than uniformity of thickness
      in the dielectric layer.
PAR  In accordance with advantageous variations of the present invention there
      are provided a variety of conductor shapes and barriers formed between
      successive conductors associated with rows or columns in a matrix panel
      arrangement.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows prior art plasma panel construction of the sandwich type
      including spacing elements.
PAR  FIG. 2 shows a plan view of the prior art panel of FIG. 1.
PAR  FIG. 3 shows prior art plasma panel construction without intermediate
      spacing elements.
PAR  FIG. 4 shows an adaptation, in accordance with the teachings of the present
      invention, of the structure of FIG. 3.
PAR  FIG. 5 shows in greater detail the plasma panel construction of FIG. 4 and
      an idealized representation of the plasma and discharge regions in
      operation.
PAR  FIG. 6 shows an elevation view, in crossection, of a basic single-substrate
      plasma panel construction in accordance with the present invention.
PAR  FIG. 7 shows a plan view of the structure of FIG. 6.
PAR  FIG. 8 shows a variation of the structure of FIGS. 6 and 7 featuring an
      overlaid antisputtering dielectric layer.
PAR  FIG. 9 shows an elevation view in crossection of a variation of the
      structure of FIGS. 6-8 including sets of orthogonal barriers for confining
      discharges to two-dimensional windows on a plane parallel to the
      substrate.
PAR  FIG. 10 shows a plan view of the structure of FIG. 9, illustrating these
      windows.
PAR  FIGS. 11 and 12 show a useful variation of the shape of one of the
      orthogonal conductors which can be used in the plasma panel constructions
      illustrated in FIGS. 6-10.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a typical prior art plasma discharge panel. A plurality of
      substantially parallel conductors 101-i, i=1,2 . . . ,N, are positioned on
      a substrate 106 in standard fashion. Similarly, a plurality of conductors
      103-j, j=1,2 . . . ,M, are positioned on a second substrate 105, the
      conductors 103-j being positioned substantially perpendicularly with
      respect to conductors 101-i. The effect, then, when viewed in a plan view
      is that of a matrix of rows and columns, the intersections of which define
      plasma discharge cells. The substrates 105 and 106 are advantageously
      planar and are positioned in nominally parallel planes. To effect the
      required uniform spacing there is interposed between substrates 105 and
      106 spacing means. This spacing means may typically assume the form of a
      perforated sheet with the perforations occurring at a location defined by
      the intersection of the sets of conductors 101-i and 103-j. The spacer
      appears in crossection in FIG. 1 as a plurality of vertical spaces 102-i.
PAR  FIG. 2 shows a plan view of a panel of the type shown in FIG. 1. It is seen
      that the perforations 109-j,i may be associated on a one-to-one basis with
      the cells defined by the intersection of the sets of spaced-apart
      conductors 101-i and 103-j. In addition to providing the required spacing,
      it is seen that the perforated spacing medium 102 provides a further
      definition of the individual plasma cells.
PAR  When the whole of the panel shown in FIGS. 1 and 2 is enclosed in an
      appropriate gaseous atmosphere and suitable potentials are applied to the
      conductors, a discharge may be selectively realized at the intersection of
      the conductors 101-i and 103-j, i.e., in the individual plasma discharge
      cells. It is clear that at least one of the conductors for a given cell
      should be transparent to facilitate the emission of visible light
      accompanying the discharge.
PAR  Other prior art plasma panels are typified by the structure shown in FIG.
      3. There again, a plurality of conductors 301-i and a second plurality of
      conductors 303-j are shown positioned on respective substrates 306 and
      305. In the structure in FIG. 3, however, no specific separating means
      such as the perforated or honeycombed separator 102 in FIG. 1 is
      explicitly included. The structure in FIG. 3 has been found to have the
      undesirable attribute that a discharge once established between a given
      conductor, say 301-i and an underlying conductor 303-j, tends to spread
      along conductor 303-j (when it is the cathode). This glow spreading, while
      desirable in some circumstances, is not preferred in those applications
      where the composite image is to be generated by the combined illumination
      of a pattern of individual matrix points. In the structure shown in FIG.
      3, for example, it is clear that as sufficient spreading accompanies an
      initial discharge between electrodes 301-i and 303-j, the discharge may
      extend to an area primarily associated with electrode 301-(i+1). The cell
      at that point may then be ignited erroneously. Similar glow spreading may
      proceed in a leftward direction in FIG. 3 or, when one of the top
      electrodes 301-i is a cathode, along such cathode.
PAR  FIG. 4 shows a structure which illustrates in simple embodiment some of the
      features of the present invention. The structure in FIG. 3 is
      substantially duplicated with the exception that a plurality of dielectric
      barriers 410-i, i=1,2 . . . ,N, are positioned on top of substrate 405.
      The effect of these dielectric barriers is to confine the discharge to an
      area indicated in FIG. 4 as 407, thereby preventing the spreading of a
      discharge in a left-to-right direction along the plane defined by
      substrate 405. The dielectric barriers may be of any one of a variety of
      dielectric materials of the screenable solder glass type or may be
      silicate/ceramics deposited by spraying, rolling or other similar means. A
      preferred technique for constructing these dielectric barriers comprises
      laying them down on substrate 405 using standard thick film techniques.
      Accordingly, fabrication of the required discharge-confining structure is
      simple, economical and easily reproducible.
PAR  FIG. 5 shows in greater detail the structure and operating environment of a
      plasma discharge cell having the structure indicated in FIG. 4. In
      particular, there are shown the now typical sets of electrodes 501-i and
      503-j connected to an appropriate voltage source 511. These conductors are
      laid down on respective dielectric substrates 506 and 505. Barriers 510-i
      and 510-(i+1) are shown laid down on substrate 505. When the whole is
      enclosed in a typical gaseous atmosphere of 99 percent neon and 1 percent
      argon (and an initial minimum number of excited ions are provided by any
      one of several standard means), a plasma represented in FIG. 5 by the
      cloud 504 is formed and a discharge indicated as 507 appears in the
      gaseous atmosphere adjacent the cathodic element 503-j. Of course, when
      polarities are reversed in an a.c. operating mode, a discharge occurs
      adjacent substrate 506 in the vicinity of electrode 501-i. For present
      purposes, however, it will be assumed that the relevant discharge occurs
      when electrode 503-j is the cathode.
PAR  In FIG. 5 the substrate 505, being a dielectric material, has represented
      on it a plurality of individual capacitors representing its distributed
      capacitance. While this capacitance will vary with the material, it is
      nevertheless characteristic of dielectrics in general. The effect of this
      capacitance is to facilitate the storage of charge associated with the
      a.c. operation of a plasma discharge cell and to provide, in part, the
      associated memory function.
PAR  The dielectric barriers 510-i, also being composed of dielectric materials
      present their associated distributed capacitance as indicated in FIG. 5.
      In the vertical direction in FIG. 5, therefore, there is, in effect, a
      series combination of capacitance extending from the top of dielectric
      barrier 510-i to the underlying electrode 503-j. This series combination
      is to be contrasted with the capacitance associated with the dielectric
      layer 505 in an area immediately below the top electrode 501-i. The total
      combined capacitance through dielectric barrier 510-i and the portion of
      substrate 505 lying below it is considerably less than that directly under
      the glow through substrate 505. Thus a much greater drop in potential
      occurs along the path through both barrier 510-i and the substrate 505.
      This drop causes a voltage to appear between the plasma and the barrier
      510-i which is insufficient to produce a discharge. The effect, then, is
      to confine any discharge between the barriers 510-i, rather than to permit
      glow spreading to adjacent cells.
PAR  It is next worthwhile to consider this glow limiting feature in terms of
      the distribution of equipotential lines resulting from the application of
      positive and negative voltage signals between electrodes 501-i and 503-j,
      respectively, which gives rise to the plasma 504 and discharge 507. The
      plasma 504 will be found to have a relatively low voltage drop from an
      area adjacent substrate 56 immediately beneath electrode 501-i to points
      adjacent the discharge 507. Within the discharge 507 we find that a number
      of equipotential lines are formed. Since these equipotential lines extend
      in a closed fashion about the electrodes giving rise to the electric
      field, they extend through the dielectric barriers 510-i. It is seen that
      the additional capacitance introduced by barrier 510, when taken in
      combination with the underlying capacitance of substrate 505, is such taht
      an insufficient voltage exists across the gas immediately above dielectric
      layer 510 to cause a discharge at that point. Instead, a voltage divider
      effect is introduced in which an additional voltage drop across the
      thickened dielectric created by barriers 510-i causes an insufficient
      voltage (V.sub.1 -V.sub.3) to be available between the top surface of
      dielectric barrier 510 (which is shown as being at a potential V.sub.3)
      and the plasma (which is at potential V.sub.1). Since V.sub.1 -V.sub.4 is
      representative of the minimum potential which is required to establish and
      maintain a discharge in the chosen gaseous atmosphere, no glow is possible
      over barriers 510-i.
PAR  FIG. 6 shows a preferred embodiment of the present invention. The structure
      in FIG. 6 is similar to that shown in the previous figures in that it
      comprises first and second substantially orthogonal pluralities of
      electrodes, each perpendicular pair comprising an electrode from each
      plurality defining an individual gas discharge cell. However, only a
      single substrate 615 is used to provide support for the entire structure
      under typical gas pressures. A dielectric layer 605 is used to separate
      the electrodes 601-i and 603-j. This structure is similar in some respects
      to that illustrated in the above-cited U.S. Pat. No. 3,646,384 issued to
      F. M. Lay. However, the structure presented in the Lay patent is modified,
      in one aspect, to the extent that each of a plurality of dielectric
      barriers 610-i of the same general type shown above in FIGS. 4 and 5 is
      laid down on substrate 605 in such manner that it partially overlaps the
      associated top electrode 601-i. In operation, a discharge takes place
      between in electrode 601-i and underlying electrode 603-j in a position
      along the upper surface of substrate 605 which is in contact with the
      enclosing gaseous atmosphere. A confining envelope 620 (not shown
      explicitly in FIG. 6) containing a standard gaseous atmosphere (e.g., 99
      percent neon, 1 percent argon) encloses the entire array of substrate and
      associated electrodes and dielectric barriers. Physical connections to the
      electrodes 601-i and 603-j are not shown but are effected in standard
      fashion. No external connections to the dielectric barriers 610-i are
      required.
PAR  FIG. 6 also illustrates the discharge phenomenon in terms of equipotential
      lines. Thus, as noted earlier, a discharge (and associated glow) occur in
      the plasma atmosphere only in an area where a sufficient potential
      differential exists. An approximation to the actual field pattern
      generated in a single-substrate discharge cell is presented in FIG. 6 by
      the long-dash-short-dash lines with illustrative potential designations
      .10V, .25V, .50V, and .75V (where V is the applied potential differential
      between electrodes 601-i and 603-j). It occurs under typical gas
      composition and pressure conditions that the volume of gas exposed to a
      voltage differential of at least .75V experiences a glow discharge. Thus
      in FIG. 6, the area above electrode 603-j bounded by the left side of
      electrode 601-i and the rightmost point where the .10V equipotential line
      intersects the top surface of dielectric layer 605 defines the extent of
      the glow discharge.
PAR  FIG. 7 shows a plan view of a portion of the structure shown in FIG. 6. The
      discharge is shown in FIG. 7 as the clouded area 607. The discharge takes
      place only between that area overlying electrode 601-i and (in alternate
      half cycles) that overlying that portion of electrode 603-j having a
      capacitance due solely to the dielectric substrate overlaying it. The
      clouded portion 607 assumes the general form of an "i". That is, when
      operated in the a.c. mode, an equilibrium condition between total charge
      transferred in discharges during alternate half cycles exists. The bare
      metal electrode 601 when acting as cathode can, of course, support a very
      high current density but the dielectric surface 605 under the glow when
      603-j is cathode can support a relatively limited current density. Thus
      the glow area on conductor 601-i is very small (the "dot" on "i") compared
      to that over the dielectric over conductor 603-j (the vertical stem of the
      "i").
PAR  FIG. 8 shows an alternative embodiment of the basic structure shown in
      FIGS. 6 and 7. In particular, in addition to the elements shown in FIG. 6
      there is shown in FIG. 8 in crossection an additional dielectric layer 820
      overlaying the top conductors 801-i and underlying the dielectric
      barriers, here designated 810-i. 805 is the same type dielectric layer
      used in the structure shown in FIGS. 6 and 7. Similarly, the electrodes
      801-i and 803-j and the substrate are of the same type shown in FIGS. 6
      and 7. A plan view of the structure shown in FIG. 8 is substantially
      similar to the structure illustrated by FIG. 7. The function of the
      dielectric layer 820 is to prevent sputtering of the exposed metal
      electrodes when the discharge occurs immediately over such electrodes.
PAR  As will be appreciated from the discussion of FIGS. 6 and 7 above, the
      introduction of the additional dielectric layer 820 in FIG. 8 has the
      effect of adding a corresponding additional series capacitance in the
      discharge path. This in turn causes a glow spreading along the conductor
      801-i similar to the body of the "i" shown to occur in the structure of
      FIGS. 6 and 7. The pair of alternating glows over the conductors 801-i and
      803-j therefore gives a visual impression of a "T". If the capacitance per
      unit area of the dielectric layers 805 and 820 are equal, the stem and
      crossbar of the "T" will be equal in area.
PAR  FIGS. 9 and 10 show a further refinement of the structure shown in FIGS.
      6--8. In particular, in a single substrate gaseous discharge panel there
      is introduced a grid of dielectric barriers overlaying the conducting
      electrodes in each perpendicular direction. That is, instead of containing
      the spread of glow discharge in only one direction on the plane of the
      substrate, e.g., the left-to-right direction in FIGS. 6-8, the spread is
      confined in both directions on this plane.
PAR  In particular, as shown in FIG. 9, a substrate 915 is overlaid by the usual
      pluralities of conductors 901-i, and 903-j, i,j = 1,2 . . . ,N, dielectric
      layer 905, and the antisputtering dielectric layer 920 (substantially
      similar to layer 820 in FIG. 8). The barriers 910-i block the
      left-to-right glow discharge as do barriers 810-i in FIG. 8. In addition,
      however, there is laid down atop barriers 910-i and dielectric layer 920,
      a plurality of barriers 915-j, j = 1,2 . . . ,M, in a direction
      substantially perpendicular to the direction of barriers 910-i. The
      effect, then, is to create a planar array of "windows" through which may
      be "seen" the discharge overlying the intersection of perpendicular
      conducting electrodes positioned on either side of a substantially planar
      dielectric substrate as shown in FIG. 10. The separating dielectric layer
      905 and antisputtering layer 920 are advantageously spread with uniform
      thickness over the entire substrate 915 and covering respective sets of
      electrodes 903-j and 901-i. Accordingly, they are not shown explicitly in
      the plan view of FIG. 10. As in connection with the structures in FIGS.
      6-8, the structure shown in FIG. 9 gives rise, when appropriate standard
      write and sustain potentials are applied to the conducting electrodes, to
      a gaseous discharge which occurs in the gas immediately overlying the
      dielectric layer 920 in the "wells" defined by the grid of dielectric
      barriers. When no antisputtering layer 920 is used, the discharge occurs,
      of course, in part over the exposed electrodes. In no case, however, is
      the discharge obscured by electrodes or dielectric layers, except for the
      transparent encompassing envelope. Therefore the full brilliancy of the
      gas discharge is visible and the discharge is contained within a
      well-defined area associated with a matrix of crosspoints in the
      two-dimensional array of conducting electrodes.
PAR  For purposes of clarity of description, many of the element dimensions in
      the drawing have been exaggerated. Typical geometrical parameters for
      single-substrate plasma panels in accordance with FIGS. 6-8 are:
PA1  electrode width -- 0.010 inch
PA1  electrode thickness -- 0.001 inch
PA1  electrode spacing -- 0.040 inch (horizontal and vertical)
PA1  substrate thickness -- 0.100 inch
PA1  dielectric layer thickness -- 0.001 inch
PA1  maximum barrier height -- 0.003 inch
PA1  barrier width -- 0.015 inch (horizontal and vertical)
PAL  Typical material used in fabricating single-substrate plasma panels in
      accordance with the present invention are:
PA1  substrate -- Forsterite ceramic
PA1  dielectric barriers -- ESL No. 4608 dielectric coating
PA1  electrodes -- thick film gold, ESL No. 8835
PA1  antisputtering layer -- ESL No. 4608
PA1  envelope -- soda-lime glass
PA1  operating gas -- 99% neon, 1% argon at a pressure of 500 mm Hg.
PAL  The above-cited ESL No. 4608 dielectric coating (and other materials
      denoted by ESL numbers) is manufactured by Electroscience Laboratories,
      Pennsauken, N.J. It has also proven advantageous to enhance the emission
      qualities of the dielecric layers such as 805 and 820 to vacuum deposit a
      thin layer of high electron emission material such as CeO.sub.2 or BaO on
      their exposed surfaces. Standard thick film process technology as
      described, e.g., in "Thick Film Materials for Electro-Optical
      Applications," by S. J. Stein, Proc. 1972 Electronic Components
      Conference, Washington, D.C., May 15-17, 1972, may be used in fabricating
      the structures on the substrates. When complete, the substrates are
      enclosed in the glass envelope in standard fashion. The envelope is then
      evacuated and refilled with the above-cited operating gas mixture.
PAR  As will be appreciated by those skilled in the art, initial ionization
      required when starting up a gas panel when new or after a considerable
      period of inaction, may readily be obtained by including a small amount of
      radioactive material within the envelope, by exposing the gas mixture to
      external ultraviolet light, or by any other standard means. Because of the
      essentially open structure of the plasma panel in accordance with the
      present invention, the speed and uniformity of distribution of this
      initial ionization is superior to that of the Bitzer plasma panel.
      Further, because all operating structure is built up on a single plane,
      the difficult alignment problems of the more standard sandwich panels are
      avoided, while exposing the entire glow discharge to view.
PAR  Write, erase and sustain signals, and addressing and drive circuitry for
      deriving such signals for the plasma panel of the present invention may be
      substantially identical to that used in sandwich type panels in the prior
      art.
PAR  While particular shapes for the electrodes and dielectric barriers have
      been shown in the drawing and described above, it is clear that a variety
      of particular shapes may prove convenient in particular circumstances.
      Thus while the straight linear electrodes shown tend to give rise to a
      T-shaped discharge, e.g., it is quite elementary to reshape these
      electrodes, or one of them, in the vicinity of a desired discharge to
      obtain a somewhat different discharge shape. FIGS. 11 and 12 show such a
      redefinition of the vertical conductors and associated dielectric barriers
      to effect a reshaping of the glow discharge. FIG. 12 is an elevation view
      of a cut through the center of the circles in FIG. 11.
PAR  Similarly, different particular relative positioning of electrodes, e.g.,
      non-orthogonal electrode, may be desired in some cases. It is clear that
      the disclosed single substrate configuraton gives rise to much greater
      flexibility in positioning, alignment and shaping of electrodes as
      compared with the more standard sandwich type plasma panels or other
      single substrate plasma panels.
PAR  Though not mentioned specifically in the preceding discussion, it is
      usually desirable to include (typically around the periphery of the panel)
      a number of permanently "on" keep-alive cells to facilitate panel start-up
      and generally to enrich the gaseous atmosphere in ion and photon content.
      The structure for such cells is identical to that described above, and
      typical functioning thereof is described in U.S. Pat. No. 3,654,507,
      issued Apr. 4, 1972 to Caras et al. See also Holz, "The Primed Gas
      Discharge Matrix Displays," Proc. of the S.I.D., vol. 13, No. 1, First
      Quarter 1972, pp. 1-5.
PAR  Drive circuits useful in connection with the above-described single
      substrate plasma panel are substantially identical to those used in
      sandwich-type plasma panels.
PAR  Other particular geometric, physical or materials parameters than those
      illustratively provided above may, of course, be used in constructing a
      plasma panel in accordance with the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas discharge panel comprising
PA1  a substantially planar dielectric substrate,
PA1  a first plurality of spaced electrodes positioned on said substrate,
PA1  a first dielectric layer covering said first plurality of electrodes,
PA1  a second plurality of spaced electrodes positioned on said first dielectric
      layer and overlaying at least some of said first plurality of electrodes,
PA1  a first plurality of dielectric barriers overlaying said first dielectric
      layer each of said barriers being positioned at least partly between an
      associated pair of said second plurality of electrodes,
PA1  an envelope enclosing said substrate and electrodes and barriers on said
      substrate, said envelope being substantially transparent in an area above
      said second set of electrodes, said envelope also containing a confined
      ionizable atmosphere, and
PA1  a dielectric layer covering said second plurality of electrodes, thereby
      shielding said second plurality of electrodes from said ionizable
      atmosphere.
NUM  2.
PAR  2. A panel according to claim 1 further comprising a second plurality of
      dielectric barriers, each of which overlays a plurality of barriers of
      said first plurality of barriers, each of said second plurality of
      barriers being positioned over said substrate at a position at least
      partially between an associated pair of electrodes of said first plurality
      of electrodes, said first and second pluralities of barriers thereby
      forming a plurality of two-dimensional apertures.
NUM  3.
PAR  3. A gas discharge panel comprising
PA1  a substantially planar dielectric substrate,
PA1  a first plurality of spaced electrodes positioned on said substrate,
PA1  a first dielectric layer covering said first plurality of electrodes,
PA1  a second plurality of spaced electrodes positioned on said first dielectric
      layer and overlaying at least some of said first plurality of electrodes,
PA1  a first plurality of dielectric barriers overlaying said first dielectric
      layer each of said barriers being positioned at least partly between an
      associated pair of said second plurality of electrodes,
PA1  an envelope enclosing said substrate and electrodes and barriers on said
      substrate, said envelope being substantially transparent in an area above
      said second set of electrodes, said envelope also containing a confined
      ionizable atmosphere,
PA1  a dielectric layer covering said second plurality of electrodes, thereby
      shielding said second plurality of electrodes from said ionizable
      atmosphere, and
PA1  a second plurality of dielectric barriers, each of which overlays a
      plurality of barriers of said first plurality of barriers, each of said
      second plurality of barriers being positioned over said substrate at a
      position at least partially between an associated pair of electrodes of
      said first plurality of electrodes, said first and second pluralities of
      barriers thereby forming a plurality of twodimensional apertures.
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ABST
PAL  Increased optical transmission is provided for a body of light transmissive
      polycrystalline alumina body treated at elevated temperatures with a
      molten flux composition. A tube of the flux polished material which can be
      used as the light transmissive envelope for high intensity discharge lamps
      especially sodium vapor lamps, improves light output from the lamp as the
      result of increased in-line transmission for the treated envelope member.
      A method of chemically polishing polycrystalline alumina material in this
      manner is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a transmissive body of high density
      polycrystalline alumina wherein the major surfaces have been polished with
      a molten fluxing agent to provide increased optical transmission. A
      tubular form of the flux polished material when used as the light
      transmissive envelope for an improved high intensity electric discharge
      lamp provides higher light-output than can be generally obtained with
      unpolished alumina material. The improved envelope material is
      particularly useful in high intensity sodium vapor lamp constructions of
      the type utilizing self heated electrodes, that is electrodes heated by
      the discharge and not by current from an external source.
PAR  High intensity sodium vapor lamps of the kind described in U.S. Pat. No.
      3,248,590 - Schmidt, entitled "High Pressure Sodium Vapor Lamp," require
      the above type electrodes. These lamps further employ a slender tubular
      envelope of lighttransmissive, high density, polycrystalline alumina
      material which is resistant to sodium at high temperatures. A particularly
      suitable high purity alumina of this type is described along with methods
      for its preparation in a U.S. Pat. No. 3,026,210 - Coble wherein said
      material exhibits an in-line transmission of not less than 0.5% per
      millimeter thickness of the tube for radiant energy of all wavelengths in
      the wavelength region from about 0.3 micron to about 6.6 microns with an
      in-line transmission of not less than 10% at some wavelength within said
      wavelength range. Such polycrystalline alumina material generally contains
      a small but effective amount up to 0.5 weight percent magnesia to provide
      optical transparency wherein the magnesia content can be present primarily
      as an alumina-magnesia spinel. The filling in such high intensity sodium
      vapor lamps comprises sodium along with a rare gas such as xenon to
      facilitate starting and mercury for improved efficiency. Both ends of the
      alumina tube are sealed by refractory metal closure members, suitably
      niobium end caps bonded to the alumina tube with a glassy sealing
      material. Each end cap supports an electrode extending along the axis of
      the tube such as a tungsten rod having a double coil of tungsten wire
      wound around its inner end and with the electrodes further being coated
      with a suitable electron emissive material. A lamp of this construction is
      further described in a U.S. Pat. No. 3,708,710 - Smyser et al, along with
      a suitable method of lamp fabrication, so that it becomes unnecessary to
      repeat such details in the present specification.
PAR  It is also known to chemically polish opaque polycrystalline alumina
      objects in a fused borax bath so that dislocations and grain boundaries
      are not preferentially etched. The observed effect with this technique was
      a smooth and highly reflective surface being produced on the alumina
      material. Improved mechanical strength resulted from such treatment which
      is described in the technical article entitled "Chemical Polish and
      Strength of Alumina", by A. G. King, published in Vol.3, Materials Science
      Research (1966).
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found, surprisingly, that optical transmission of a light
      transmissive polycrystalline alumina material as described in the
      aforementioned U.S. Pat. No. 3,026,210 Patent is also significantly
      increased by a flux polishing treatment and to such a degree that light
      output characteristics of high intensity electric discharge lamps
      utilizing the polished arc chambers are improved. The improvement thereby
      obtained in light-output for such lamps has been found superior compared
      with the same lamp using an arc chamber made with currently available
      polycrystalline type alumina material. The flux treatment apparently not
      only provides a smoother exterior surface having increased in-line
      transmission, but also increases the total optical transmission by
      removing a surface layer from the material. The end result is that lamps
      utilizing the improved polycrystalline alumina material of the present
      invention exhibit increased lumen per watt values to provide a more
      efficient light source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a jacketed high pressure sodium vapor lamp
      embodying the present invention;
PAR  FIG. 2 is a photograph at 200 times magnification illustrating unpolished
      polycrystalline alumina;
PAR  FIG. 3 is a photograph taken at the same magnification level of polished
      polycrystalline alumina material according to the present invention; and
PAR  FIG. 4 is a sectional view of the electrode configuration for the lamp
      depicted in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A high intensity sodium vapor discharge lamp in which the invention may be
      embodied is illustrated at 1 in FIG. 1 and comprises an outer vitreous
      envelope or jacket 2 of elongated ovoid shape. The neck 3 of the jacket is
      closed by a re-entrant stem 4 having a press 5 through which extends stiff
      inlead wires 6 and 7 which are connected at their outer ends to the
      threaded shell 8 and center contact 9 of a conventional screw base.
PAR  The inner envelope or arc tube 11 is made of sintered high density
      polycrystalline alumina ceramic as described in the aforementioned U.S.
      Pat. No. 3,026,210 which has had the major surfaces chemically treated in
      accordance with the present invention to provide increased optical
      transmission by means more fully explained hereinafter. The ends of the
      tube are closed by thimble-like niobium metal end caps 12 and 13 which
      have been hermetically sealed to the alumina arc tube by means of a glassy
      sealing composition which is shown exaggerated in thickness at 14 in FIG.
      4.
PAR  Thermionic electrodes 15 are mounted on the ends of the arc tube. As best
      seen in FIG. 4, the electrode comprises an inner tungsten wire coil 16
      which is wound over a tungsten shank 17 crimped or welded in the end of a
      niobium tube 18 welded to the end cap. The central turns in the inner coil
      16 are spread apart and the outer tungsten wire coil 19 is screwed over
      the inner coil. A suitable electron-emissive mix may be applied to the
      electrode coils by painting or alternatively by dipping the coils in the
      suspension. The material is retained primarily in the interstices between
      the turns of outer and inner coil and of inner coil and shank.
PAR  Lower tube 18 is pierced through at 21 and is used as an exhaust tube
      during manufacture of the lamp. After the gas filling and sodium mercury
      amalgam has been introduced into the arc tube, exhaust tube 18 is
      hermetically pinched off by a cold weld indicated at 22 and serves
      thereafter as a reservoir for condensed sodium mercury amalgam. Upper tube
      18' has no opening in the arc tube and is used to contain a small amount
      of yttrium metal (not shown) which serves as a getter; the end of the tube
      is closed by a pinch 23 which forms a hermetic seal. The illustrated lamp
      is limited to base down operation wherein the longer exhaust tube 18,
      which must be the coolest portion of the arc tube for the amalgam to
      condense therein, is located lowermost.
PAR  The arc tube is supported within the outer envelope by means of a mount
      comprising a single rod 25 which extends the length of the envelope from
      inlead 7 at the stem end to a dimple 26 at the dome end to which it is
      anchored by a resilient clamp 27. End cap 13 of the arc tube is connected
      to the frame by band 29 while end cap 12 is connected to inlead 6 through
      band 30 and support rod 31. The inter-envelope space is desirably
      evacuated in order to conserve heat; this is done prior to sealing off the
      outer jacket. A getter, suitably barium-aluminum alloy powder pressed into
      channeled rings 32, is flashed after sealing in order to assure a high
      vacuum. A method of manufacturing this type lamp construction is further
      disclosed in aforementioned U.S. Pat. 3,708,710, hence need not be
      repeated in connection with the present invention.
PAR  Basically, the present chemical polishing method comprises physically
      contacting the major surfaces of a light transmissive body of
      polycrystalline alumina (i.e., the arc tube 11 prior to assembly of the
      lamp 1) with a molten inorganic flux that dissolves alumina at a moderate
      rate until the surface layer of said major surfaces has been dissolved to
      provide a relatively smooth appearance. It is important in carrying out
      this type of chemical polishing treatment that the flux composition also
      be selected so as to preferentially dissolve the surface layer of the
      alumina grains or particles rather than dissolve any material at the grain
      boundaries. It can be noted from a visual inspection of the treated
      alumina surface shown in FIG. 3 of the accompanying drawings as compared
      with an untreated surface shown in FIG. 2 that surface material is removed
      by the fluxing agent to provide a leveling or flattening action which
      reduces the high spots on the individual alumina particles without
      materially introducing low spots at the grain boundaries. From these
      photographs taken with reflected light, it can also be observed that the
      untreated surface in FIG. 2 gives the appearance of a "dark" field because
      of the large amount of light being scattered. The selection of particular
      flux compositions providing this preferential dissolving action can be
      made routinely by visibly inspecting the effect produced upon the treated
      alumina surfaces with a selected flux material which should remain stable
      in the molten condition at elevated temperatures of treatment up to around
      1000.degree.C. At more elevated temperatures, it has been observed that
      undesirable grain boundary etching can take place with the preferred
      sodium borate flux compositions and which further depends upon the time of
      contact.
PAR  Useful fluxing agents to provide a relatively smooth and flat surface in
      the foregoing manner should also not produce insoluble reaction products
      at the molten liquid interface which hinder the dissolving process or form
      an optical scattering surface having poor in-line transmission. The alkali
      metal salts provide a general class of useful flux compositions
      demonstrating the aforesaid thermal and chemical stability in a molten
      state. That class includes the alkali metal borates such as sodium borate
      and potassium borate, along with other type binary oxide systems having an
      alkali metal oxide constituent. Ternary oxide systems might also provide
      the desired uniform and moderate dissolving action although requiring more
      elevated temperatures to achieve a molten state than required for the
      preferred alkali metal borates. Thus, while it is preferred to carry out
      the dissolving action in air by immersing a polycrystalline body in the
      molten alkali metal borate bath at moderately elevated temperatures not
      exceeding approximately 1000.degree.C so as not to encounter excessive
      volatilization of this fluxing agent, it is contemplated that more
      elevated temperatures or still other operating conditions can be employed
      because of the refractory nature of polycrystalline alumina. Employment of
      an alkali metal borate flux also produces a glassy coating upon the
      treated alumina body requiring subsequent removal for improved in-line
      transmission. The coating can be dissolved by washing the treated member
      in a dilute acid solution after it has been removed from the molten flux
      bath and cooled. It is also desirable to minimize thermal shock when the
      treated member is first removed from the molten flux bath which can be
      provided in conventional fashion by controlled cooling to ambient
      temperatures.
PAR  A specific example of the preferred treatment process according to the
      present invention, wherein an alkali metal borate compound is employed as
      a fluxing agent, will be given. A number of polycrystalline alumina tube
      samples were immersed in a sodium borate melt for various time periods at
      elevated temperatures in the range from about 762.degree.C to 857.degree.C
      to measure the effect upon total optical transmission of the chemical
      polishing treatment. A eutectic composition of the sodium borate salt was
      employed which can be represented by the general chemical formula Na.sub.2
      O.2.28B.sub.2 O.sub.3, although it has been found that other compositions
      having a molar ratio range up to four moles B.sub.2 O.sub.3 per 1 mole
      Na.sub.2 O can be used without significantly affecting the desired
      results. Time and temperature conditions were varied during treatment in
      this manner and the in-line transmission improvements obtained thereby are
      reported in tabular form below. The optical transmission measurements were
      conducted over the visible light spectrum with a Beckman model DB
      spectrophotometer using a method described in the above referenced U.S.
      Pat. No. 3,026,210  patent and the average values obtained at different
      treatment conditions are listed in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Temperature                                                               

                Time      Transmission Increase                                

     (.degree.C)                                                               

                (Min.)    (%)                                                  

     ______________________________________                                    

     900        10        60                                                   

     "          5         50                                                   

     "          2         57                                                   

     850        10        58                                                   

     "          5         55                                                   

     "          2         52                                                   

     800        10        57                                                   

     "          5         57                                                   

     "          2         53                                                   

     750        10        15                                                   

     "          5         36                                                   

     "          2          10.5                                                

     ______________________________________                                    

PAL  It will be apparent from the above optical transmission results that a
      substantial improvement is obtained compared with unpolished alumina tubes
      and more improvement takes place at longer times and higher temperatures.
      On the other hand, it should be kept in mind that preferential etching at
      the grain boundaries has been experienced with this fluxing agent when the
      treatment temperature exceeds approximately 1000.degree.C. It was also
      necessary before conducting the above reported optical measurements to
      remove a vitreous coating on the treated surfaces which had been produced
      by the molten fluxing action. The treated arc chambers were washed in a
      dilute mineral acid solution to dissolve this coating after having been
      allowed to cool under ambient conditions following their removal from the
      molten flux bath.
PAR  A number of 400-watt size high pressure sodium vapor lamps utilizing the
      construction previously described were produced with the flux polished arc
      chambers for comparison with lamps having arc chambers of unpolished
      polycrystalline alumina. An average 117.7-lumens-per-watt output was
      obtained by conventional measurement upon 28 lamps constructed with the
      unpolished arc chambers. In comparison therewith, an average
      120.5-lumens-per-watt output was obtained upon 14 lamps fabricated with
      the flux polished arc chambers which represents a measurable improvement
      attributable to the present invention.
PAR  It will be apparent from the foregoing description that various
      modifications can be employed to obtain the benefits of the present
      invention. For example, various modifications can be made in the chemical
      polishing treatment with comparable results such as by conducting the
      polishing in a neutral atmosphere rather than air. Likewise, different
      processing steps can be employed to remove residual coatings adhering to
      the major surfaces of the polycrystalline alumina body after contact with
      the molten flux than above described. It is intended to limit the present
      invention, therefore, only to the scope of the following claims.
CLMS
STM  What we claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. An improved high intensity electric discharge lamp comprising a light
      transmissive envelope having electrodes sealed into its ends and
      containing an ionizable medium for carrying the discharge, wherein the
      improvement comprises utilizing as the light transmissive envelope a tube
      consisting essentially of high density, polycrystalline alumina having the
      major exterior surfaces flux polished so as to reduce the high spots on
      the individual exterior alumina crystals without materially etching grain
      boundaries and thereby to obtain increased optical transmission upon flux
      removal.
NUM  2.
PAR  2. An electric discharge lamp as in claim 1 wherein the ionizable medium
      comprises a filling of sodium, mercury, and an inert gas within said
      envelope.
NUM  3.
PAR  3. An electric discharge lamp as in claim 1 wherein the electrodes are
      coated with electron emission material.
NUM  4.
PAR  4. An electric discharge lamp as in claim 1 wherein polycrystalline alumina
      comprises high purity alumina having an in-line transmission of not less
      than 0.5% per millimeter thickness of said tube for radiant energy of all
      wavelengths in the wavelength range from about 0.3 micron to about 6.6
      microns and having an in-line transmission of not less than 10% at some
      wavelength within said wavelength range.
NUM  5.
PAR  5. An electric discharge lamp as in claim 4 wherein the polycrystalline
      alumina comprises high purity alumina containing a small but effective
      amount up to 0.5 weight percent magnesia.
NUM  6.
PAR  6. An electric discharge lamp as in claim 5 wherein the magnesia content is
      present primarily as an alumina-magnesia spinel.
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PAL  In a color cathode-ray tube, the color selection electrode is secured to
      the envelope, without the use of a rigid supporting frame, by resilient
      clamping members to which also the magnetic screening cone is secured.
BSUM
PAR  The invention relates to a cathode-ray tube for displaying colored pictures
      the evacuated envelope of which is formed partly by a cup-shaped mainly
      rectangular display window having in the upright edge thereof means to
      support a mainly rectangular color selection electrode which is suspended
      in the tube and comprises a number of suspension members which each
      comprise at their ends not connected to the electrode, a clamping member
      manufactured from a resilient material, which clamping member, in
      co-operation with the said supporting means, constitutes a detachable
      clamping connection, which tube furthermore comprises means for producing
      at least one electron beam, which electron beam is screened from the
      earth's magnetic field by means of a screening cone mounted in the tube
      and consisting of a ferromagnetic material.
PAR  In a cathode-ray tube for displaying colored pictures the color selection
      electrode usually consists of a thin perforated plate which is mounted in
      the tube at a short distance from the display screen and mainly parallel
      thereto. In order to give the electrode some rigidity, it is mounted in a
      rigid supporting frame having an L-shaped cross-section. A drawback of
      such a supporting frame is that during the warming-up period of the tube
      the thermal expansion of the supporting frame lags behind with respect to
      that of the perforated plate, as a result of which the apertures in the
      plate no longer correlate to the associated luminescent regions on the
      display screen.
PAR  A cathode-ray tube for displaying colored pictures is known from the U.S.
      Pat. No. 3,548,235 in which the color selection electrode is mounted in
      the tube without the use of a rigid supporting frame. In the construction
      described in the said patent specification, the comparatively larger
      rigidity which the color selection electrode has near its corners is used
      by securing the suspension members at the corners of the electrode. With
      such a connection, tilting of the colour selection electrode about its
      connection points is also avoided. In this construction the rigid
      supporting frame has been replaced by a ring which is also manufactured
      from thin sheet material and has an L-shaped cross-section and which
      serves as a screen for overscanned electron beams. A problem involved,
      however, is the connection of the internal magnetic screening cone. In the
      usual constructions with the above-mentioned rigid supporting frame, said
      supporting frame also serves to support and connect the screening cone.
      This is no ideal construction as such since the connection of the
      screening cone to the supporting frame takes place only after the mutual
      relationship between the color selection electrode and the luminescent
      regions provided on the display screen is accurately established. Any
      subsequent operation in the colour selection electrode may disturb said
      mutual relationship, which may give rise to color defects in the displayed
      picture. In the case of a construction without a supporting frame the
      connection of the screening cone presents problems in particular because
      the color selection electrode itself has insufficient rigidity for that
      purpose.
PAR  It is the object of the invention to provide a solution to the said
      problem.
PAR  According to the invention, in a cathode-ray tube of the kind mentioned in
      the preamble the screening cone is connected at its wide end to the
      clamping members so as to be mechanically decoupled from the color
      selection electrode.
PAR  According to the invention, the screening cone is preferably connected to
      the said clamping members so as to be detachable by means of a locked
      coupling.
PAR  According to a favourable embodiment of the invention, said detachable
      connection comprises a locked coupling between projections proceeding from
      the clamping members and apertures provided in a flange which is present
      at the wide end of the screening cone and extends substantially parallel
      to the color selection electrode.
PAR  According to a further favourable embodiment according to the invention the
      screening cone bears at its wide end on the clamping members and is fixed
      in said position by means of at least two tensioning springs which are
      stretched between connection points on the screening cone and the clamping
      members.
PAR  It is to be noted that German Pat. No. 2,033,558 describes a color
      television display tube in which the magnetic screening cone is also
      detachably secured. According to a construction described in said
      specification the screening cone is connected to the supporting frame of
      the color selection electrode by means of clamping springs. The screening
      cone is not kinetically decoupled from the color selection electrode.
      According to another embodiment described in said Patent Specification the
      screening cone is secured to pins which are inserted in the tube wall.
      However, the insertion of pins in the tube wall is an expensive operation
      in which a certain reject percentage is inevitable.
PAR  Since the screening cone is mechanically decoupled from the color selection
      electrode, a gap is present between said components through which a small
      magnetic leakage can arise. In order to avoid this, the screening cone
      comprises at least between the supporting points a color which overlaps
      the upright edge of the colour selection electrode at least partly.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing, in which
PAR  FIG. 1 shows a partly broken away cathode-ray tube for displaying color
      pictures according to the invention,
PAR  FIG. 2 is a perspective drawing of an angle piece of the color selection
      electrode of the tube shown in FIG. 1, and
PAR  FIG. 3 is an exploded view of an embodiment of a connection of the
      screening cone according to the invention.
DETD
PAR  The evacuated envelope of the cathode-ray tube according to the invention
      shown in FIG. 1 consists of a rectangular cup-shaped glass window 1, a
      conical central part 3 and a glass neck 4. In the corners in the upright
      edge 2 of the window there is a recess 5 to support a color selection
      electrode 6 suspended at a short distance from the display screen. The
      tube furthermore comprises an electrode system 7 for generating three
      electron beams R, G and B which is mounted in the neck and is shown
      diagrammatically in the drawing. Said three beams are deflected by means
      of a system 8 of deflection coils placed coaxially around the tube axis,
      and the beams intersect each other substantially at the area of the color
      selection electrode 6 after which they impinge upon a mosaic pattern 9 of
      phosphors luminescing in the color red, green and blue which are provided
      internally on the display screen 10 in such manner that each of the
      electron beams is associated with phosphor regions of one color. The
      electron beams are screened from the earth's magnetic field by means of a
      metal screening cap 11 extending in the conical central portion.
PAR  As shown in FIGS. 2 and 3, the color selection electrode 6 consists of a
      thin perforated plate 12 having an upright edge 13 which is reinforced in
      the corners by means of a supporting strip 14. A stripshaped suspension
      member 15 forming one assembly with said supporting strip is secured to a
      clamping member 16 via an angular member 17. Said clamping member consists
      mainly of a metal strip which is bent on either side of the centre and
      changes into two tensioning arms 18 by means of which it can be inserted
      in the pretensioned condition between the thickenings 19 in the upright
      edge 2 of the display screen. When the clamping member has thus been put
      in its place, it engages, in the points denoted in the Figures by C, C'
      and A, B, A', B', the walls of the thickenings 19 and the upright edge 2,
      respectively. A good definition of said points is obtained by providing
      the clamping member with rounded cams at said sites. Said cams for the
      glass wall may be covered with a layer of aluminium so as to protect the
      glass wall.
PAR  After adjusting the color selection electrode 16 in the cup-shaped window,
      the limb of the angular piece 17 extending in a radial direction with
      respect to the tube axis is welded to the projection 25 of the clamping
      member 16, while the suspension member 15 is welded to the limb of the
      said angular piece extending in the axial direction in such manner that
      the correct position of the clamping member is fixed relative to the color
      selection electrode. The suspension member 15 is substantially at right
      angles to the electron beams deflected towards the corner in question, so
      that a correcting displacement of the color selection electrode in the
      direction towards the display screen is obtained in a simple manner in the
      case of a thermal expansion thereof.
PAR  The usual rigid supporting frame for the color selection electrode has been
      replaced by a diaphragm 20 consisting of a ring which has an L-shaped
      cross-section. Said diaphragm serves to screen electron beams which are
      deflected over too large angles. In order to avoid temperature differences
      as well as differences in expansion between the color selection electrode
      and the diaphragm during heating the tube, both are manufactured from the
      same metal, while the thickness of the diaphragm is substantially equal to
      the thickness of the perforated plate 12, namely approximately 150 .mu.m.
      The result is a construction which is lighter by approximately a factor 5
      to 10 than that in which a rigid supporting frame is used. It is just
      because of said light construction that it is necessary, however, for the
      magnetic screening cap to be mounted in the tube while being mechanically
      decoupled from the color selection electrode. An embodiment of such a
      connection is shown in FIG. 3. Said Figure again shows the color selection
      electrode 6 and the suspension mechanism secured thereto as it is shown in
      FIG. 2, this time, however, viewed from a position rotated through
      180.degree. relative to that in FIG. 2.
PAR  The conical screening cap 11 has at its wide end a flange 21. The flange is
      interrupted in the corners by an angular piece 22 having two apertures 23.
      In the assembled condition of the screening cap 11 the angular piece 22
      bears on the tensioning members 18 of the clamping member 16. The T-shaped
      projections 24 projecting from the tensioning members extend through the
      apertures 23 and co-operate with an H-shaped locking spring 26. In the
      assembled condition the flange 21 does not contact the diaphragm 20, while
      the gap between the flange 21 and the diaphragm 20 is covered by a collar
      27 present at the wide end of the screening cone.
PAR  Instead of the connection of an H-shaped locking spring it is also possible
      to cause the screening cone to bear on the clamping members and to
      maintain it in said position by means of at least two and preferably four
      tensioning springs which at one end hook behind the edge of the narrow end
      of the screening cone and at the other end hook behind a clamping member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color cathode-ray tube comprising: an evacuated envelope and, within
      said envelope, means to generate at least two electron beams; a color
      selection electrode including an apertured mask and a screening diaphragm
      having an opening above a central part of said mask and a side wall
      attached to the edge of the mask, said mask and said diaphragm being made,
      respectively, of a thin sheet metal; supporting means comprising a
      plurality of suspension members connected to said electrode and each
      having a projecting end portion, and a plurality of resilient clamping
      members connected, respectively, to the projecting end portions to provide
      a detachable clamping connection with a matching inner portion of said
      envelope; and a screening cone of ferromagnetic sheet metal for shielding
      the electron beams from magnetic fields, said cone being secured to said
      clamping members and spaced from said electrode.
NUM  2.
PAR  2. A cathode-ray tube as claimed in claim 1, wherein the clamping members
      are provided with inwardly projecting arms each having a locking T-shaped
      projection, and said screening cone having near its wide end a flange with
      opening for receiving said T-shaped projections, thereby forming a
      detachable coupling between said cone and said clamping members.
NUM  3.
PAR  3. A cathode-ray tube as claimed in claim 2, wherein the screening cone
      bears at its wide end on the said clamping members and is fixed in this
      position by means of at least two tensioning leaf springs which are
      inserted between connection points of the screening cone and the said
      projections.
NUM  4.
PAR  4. A cathode-ray tube as claimed in claim 1, wherein the screening cone
      comprises at its wide end a collar which overlaps the upright edge of the
      color selection electrode at least partly.
NUM  5.
PAR  5. A cathode-ray tube as claimed in claim 1, wherein the suspension members
      are secured to the corners of the colour selection electrode.
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PAL  Three substantially L-shaped bimetallic brackets accurately secured to the
      frame of a color television picture tube undergo corrective flexures in
      response to temperature variations. These flexures compensate for the
      thermal expansion of the shadow mask by maintaining the mask in proper
      alignment between the glass panel and the electron source over the
      operating temperature range of the picture tube.
BSUM
PAR  This invention relates to color television picture tubes of the type
      utilizing a shadow mask through which beams of electrons pass before
      striking a mosaic of corresponding color phosphors. In particular, this
      invention provides thermal compensation means for maintaining the shadow
      mask in accurate alignment between the electron source and the color
      phosphors over the operating temperature range of the picture tube.
PAR  In picture tubes of the type described, three mounting studs are
      triangularly disposed about the sidewalls of a glass panel. A metal frame,
      supporting a multi-apertured shadow mask, is releasably secured to the
      panel by three apertured leaf springs which cooperate with the mounting
      studs. A mosaic of red, blue and green color phosphors is deposited on the
      interior of the glass panel in accordance with conventional "lighthouse"
      techniques, using the detachable mask for exposing appropriate portions of
      the panel to sensitizing light rays.
PAR  A tri-gun electron source is mounted in the neck of a tapered glass
      envelope which is frit sealed to the glass panel. Each electron gun is
      carefully positioned with respect to the shadow mask, such that electrons
      passing through the apertures impinge only corresponding color phosphors.
      For example, electrons emanating from the first gun strike only the red
      phosphors, electrons from the second gun strike only the blue phosphors,
      etc. During picture tube operation, as many as 85% of the electrons are
      intercepted by the shadow mask. As the kinetic energy of these electrons
      is transformed into heat, the picture tube components, and the shadow mask
      in particular, undergo considerable thermal expansion. Upon expansion,
      alignment between the electron beams and the corresponding color phosphors
      is upset, and as a result, electrons emanating from the first gun may, for
      example, partially impinge the blue or the green phosphors causing
      substantial color impurities.
PAR  This misregistration is readily explained quantitatively. In 23 inch
      picture tubes, for example, the diameters of the color phosphors at a 10
      inch radius from the tube's geometric center are approximately 0.017
      inches. The diameters of the landing spots, i.e. the areas defined by the
      electron beams which strike the glass panel, are about 0.013 inches. Due
      to inherent errors in manufacture, these beams rarely land concentrically
      with the phosphors, and as a result, radial misregistration of 0.001
      inches is not uncommon. If the beams are displaced an additional 0.001
      inches, however, the electrons may excite adjacent phophors and color
      impurities may result. Since the thermal expansion of the shadow mask
      causes beam landings that are over 0.003 inches in error, excitation of
      adjacent phosphors and resulting color misregistration often occurs.
PAR  One prior art structure corrects for misregistration due to the effects of
      mask movement with temperature change by utilizing a plurality of
      bimetallic expansion brackets secured between the slightly curved sides of
      the frame and the leaf springs. These brackets undergo corrective flexures
      in response to increases in temperature which produce forces for moving
      the frame closer to the glass panel, thereby realigning the shadow mask.
PAR  It is desirable that the expansion brackets undergo uniform flexures in
      response to variations in temperature. Accordingly, Applicants have
      designed a thermal compensating system utilizing three relatively simple
      L-shaped bimetallic expansion brackets interposed between the leaf springs
      and the frame. The frame has a flat top surface to which the brackets are
      mounted. Accurate location of the brackets is assured independently of
      frame dimension variations by providing precisely positioned locating
      holes in the top surface thereof and corresponding locating holes in the
      brackets. As will be seen hereafter, the arrangement of the invention also
      automatically compensates for nonuniformities in the springs to assure
      equal loading thereon.
PAR  Accordingly, the primary object of this invention is to provide an improved
      color television picture tube.
PAR  Another object of this invention is to provide, in a color picture tube,
      improved thermal compensating means for maintaining the shadow mask in
      accurate alignment between the electron source and the color phosphors.
PAR  A further object of this invention is to provide an improved method for
      accurately locating and securing thermal compensating means to the shadow
      mask supporting frame of a color television picture tube.
PAR  A further object of this invention is to provide improved means for
      accurately locating and securing the mask-frame assembly to the glass
      panel in a color picture tube.
PAR  A feature of this invention resides in means for positioning the expansion
      brackets on the shadow mask supporting frame of a color picture tube such
      that the leaf springs are accurately aligned with the corresponding
      mounting studs, notwithstanding variations in leaf spring configurations.
DRWD
PAR  Other objects, features and advantages will be gained upon reading the
      following description in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a sectional view of a color television picture tube incorporating
      the invention.
PAR  FIG. 2 is a sectional view taken along line 2--2 of the color television
      picture tube shown in FIG. 1.
PAR  FIG. 3 is an enlarged cutaway view of a portion of the picture tube of FIG.
      1, showing a mask-frame assembly support.
PAR  FIG. 4 is an enlarged cutaway view of a portion of the picture tube of FIG.
      2, showing the mask-frame assembly support in perspective.
PAR  FIG. 5 is a perspective view of assembly apparatus for accurately locating
      and securing the expansion brackets to the shadow mask frame of the
      picture tube.
PAR  FIG. 6 is a perspective view of the assembly apparatus shown in FIG. 5 with
      the shadow mask frame and the expansion brackets in position for welding.
DETD
PAR  Referring now to FIG. 1, a color television picture tube 10 includes a
      glass panel 11, having a faceplate 12 and a sidewall 13 extending
      rearwardly from the periphery of the faceplate. Faceplate 12 is
      approximately rectangular and has a spherical contour on which a mosaic 19
      of red, blue and green color phosphors is deposited. Three truncated
      conical mounting studs 14 (best seen in FIG. 2), accurately disposed about
      the interior of sidewall 13 of glass panel 11, are embedded or otherwise
      permanently secured thereto. A shadow mask 30, secured to a frame 20, has
      a spherical contour similar in shape to faceplate 12. Frame 20 has an
      L-shaped cross section comprising sidewalls 21 and a flat, top surface 22.
      As explained in the description of FIG. 2, the frame 20 is releasably
      secured to faceplate 12 at mounting studs 14.
PAR  A glass funnel 15, including a neck portion having three electron guns 17
      mounted therein, is secured to glass panel 11 by a conventional frit seal
      16. The electron guns are mechanically prealigned such that electrons
      emanating therefrom strike corresponding ones of the different color
      phosphors forming mosaic 19, color selection being performed by the
      well-known masking effect of the shadow mask.
PAR  Referring now to FIG. 2, three subassemblies 60, a side view of one being
      shown in FIG. 3, each comprise a leaf spring 50 fastened at one end to an
      L-shaped expansion bracket 40. Expansion bracket 40 includes a horizontal
      leg 43, having a locating hole 44, and a vertical leg 45 (best seen in
      FIG. 3). Top surface 22 of frame 20 includes three locating holes 23, and
      as explained later, expansion brackets 40 are welded to the frame with
      locating holes 44 overlying corresponding ones of locating holes 23. As
      best seen in FIG. 4, the free ends of leaf springs 50 each include a
      substantially triangular hole 51 which cooperates with a corresponding
      mounting stud for releasably securing frame 20 to glass panel 11.
PAR  Turning our attention to FIG. 3, expansion bracket 40 comprises a first
      layer of metal 41 having a relatively low coefficient of expansion
      superimposed upon a second layer of metal 42 having a relatively high
      coefficient of expansion. The gap between vertical leg 45 of expansion
      bracket 40, and sidewalls 21 of frame 20 is maintained, notwithstanding
      small variations in the dimensions of the frame.
PAR  Looking at FIG. 4, shadow mask 30 includes a plurality of apertures 32 and
      a narrow lip 31, extending rearwardly from its periphery. As explained
      later, lip 31 overslips sidewalls 21 of frame 20 and is welded thereto.
PAR  As shown in FIG. 5, an assembly apparatus 70 includes three welding blocks
      71, each having a vertically oriented locating pin 74. The relative
      position of locating pins 74 corresponds to the relative position of
      locating holes 23. Three adjustable fixtures, each having a pair of leaf
      spring locating blocks 72 and 73, are accurately positioned with respect
      to mounting pins 74 such that the undeflected positions of leaf spring 50
      are equally displaced from mounting studs 14 (not shown).
PAR  Referring now to FIG. 6, frame 20 is shown in place in assembly apparatus
      70. Locating pins 74, in cooperation with locating holes 23 and the flat,
      upper surfaces of welding blocks 71, align the frame in the assembly
      apparatus. Locating holes 44 of expansion brackets 40 are aligned with
      locating holes 23 by placing subassemblies 60 over locating pins 74 with
      vertical legs 45 of the expansion brackets overhanging sidewalls 21 of
      frame 20. Subassemblies 60 are rotated about locating pins 74 until leaf
      spring 50 are oriented between locating blocks 72 and 73 and then dropped
      into position. Three welding electrode means 77, positioned above locating
      blocks 71, are operated by means not shown, to secure, by welding, the
      expansion brackets to the frame.
PAR  Shadow mask 30 is later secured to frame 20 by slipping its lip 31 over the
      sidewalls of the frame. Two curvilinear fixtures (not shown) adjust the
      mask on the frame such that the mask surface is a predetermined distance
      from faceplate 12. Fixtures of this sort are common in the art for
      providing what is colloquially called "Q " spacing. The shadow mask is
      spot welded to the frame along lip 31 and the completed mask-frame
      assembly may then be fastened to glass panel 11 by deflecting leaf springs
      50 and slipping them over mounting studs 14 to provide a stable three
      point suspension.
PAR  Mosaic 19 is deposited by slurrying a light-sensitive emulsion containing
      phosphor powder of a particular color, red, for example, on the interior
      of faceplate 12, drying the emulsion and exposing the faceplate to a light
      source using the apertured shadow mask as a negative. The light beams
      passing through the individual apertures, strike the emulsion, causing the
      red phosphor powder to adhere to the faceplate. The unexposed portion of
      the emulsion is then washed off, leaving red phosphor dots only in the
      areas exposed to the light. This process is then repeated two additional
      times with the light source occupying the relative positions of the other
      electron sources to produce the blue and green phosphor dot structures.
      Ultimately, glass funnel 15 is frit sealed to the sidewalls of the glass
      panel, and electron gun 17 is accurately positioned therein.
PAR  During picture tube operation, electron bombardment of the shadow mask
      causes the mask-frame assembly to heat up. As the temperature rises, the
      assembly expands, and apertures 32 are effectively displaced toward the
      periphery of the frame. However, expansion brackets 40 also expand,
      thereby moving the shadow mask closer to the faceplate. As a result,
      alignment between the electron source and the color phosphors is
      maintained, and misregistration due to mask movement with temperature
      changes is limted to an acceptable amount.
PAR  As previously mentioned, locating holes 23 are positioned on frame 20
      independently of small variations in the dimensions of the frame, that is,
      the distances between the geometric center and periphery of the frame.
      Punching means (not shown), comprising three triangularly arranged
      punching dies, are positioned at the geometric center of a
      frame-supporting fixture (also not shown). The relative position of the
      punching dies corresponds exactly to the positions of locating holes 44 of
      expansion brackets 40, and is mathematically predetermined by the location
      of the mounting studs, the length and attitude of the leaf springs and the
      dimensions of the expansion brackets. Thus, locating holes 23 are
      accurately punched in the frame by the punching dies independent of minor
      dimension variations of the frame.
PAR  As discussed in the description of FIG. 3, vertical leg 45 of expaansion
      bracket 40 always overhangs sidewalls 21, in spite of small frame
      dimensional variations. This is accomplished by making horizontal leg 43
      long enough to compensate for the largest permissible deviation in frame
      20, which insures sufficient clearance between vertical leg 45 and
      sidewall 21 to allow unrestrained flexure of the expansion bracket.
PAR  As previously mentioned, both horizontal leg 43 of expansion bracket 40,
      and top surface 22 of frame 20 are substantially flat, thus making for
      good distortionless contact when the surfaces are welded. Hence, the
      possibility of developing stresses in these parts during welding is
      minimized. An abrupt bend in horizontal leg 43 is provided as a further
      safeguard in avoiding any surface irregularities near the edge of the
      frame.
PAR  Positioning locating holes 23 on the top surface of the frame,
      independently of the variations in the dimensions thereof, permits frame
      20 and subassemblies 60 to be properly positioned over locating pins 74.
      The undeflected positions of leaf springs 50 are properly set by locating
      blocks 72 and 73 which will insure equal deflection (hence loading) when
      the springs are engaged with mounting studs 14, even though the spring
      configurations may differ from each other (that is, evven though the
      angles the springs make with their respective expansion bracket vertical
      legs differ). This alignment technique insures uniform deflection of the
      springs when the mask-frame assembly is fastened to the glass panel and
      precludes lateral shifting of the mask-frame assembly upon heating.
PAR  Assuming that the leaf springs were not properly aligned, one spring would
      of necessity be deflected more than the others when the frame is fastened
      to the panel, and consequently, noniuniform forces are applied, through
      the expansion brackets, to the frame. During fabrication, when the picture
      tube is subjected to substantial increases in temperature, these forces
      would tend to relieve themselves, causing the mask-frame assembly to skew
      with respect to the glass panel. This movement would upset the alignment
      between the shadow mask and the color phosphors and cause misregistration.
      Skewing or lateral shifting of the mask with temperature is extremely
      difficult to correct and consequently, all efforts are made to minimize
      this source of misregistration.
PAR  Additionally, Applicants have provided means for adjusting leaf spring
      locating blocks 72 and 73 to compensate for situations where a batch of
      panels may have a misplaced mounting stud. These may be readily detected
      by the operator since it is necessary to displace the frame laterally when
      attempting to engage the last spring on the last mounting stud. If a run
      of such panels is received, some or all of the locating blocks 72 and 73
      may be displaced to reorient subassemblies 60 about locating holes 23 in a
      manner to assure equal loading on the springs when the mask-frame assembly
      is mounted in the panel. Naturally, such a change would only be made when
      a substantial number of such panels were encountered.
PAR  What has been described is a novel means for providing thermal compensation
      in color television picture tubes. It is obvious that upon study by those
      skilled in the art, the disclosed embodiments may be altered without
      departing from the essence of the invention. Accordingly, the scope of
      protection to be given to this invention should not be limited by the
      embodiments described above but should be determined by the descriptions
      which appear in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A color television tube comprising: a glass panel having a discrete
      pattern of color phosphor elements thereon; a plurality of mounting studs
      disposed about the interior of said panel; an aperture mask having a
      radial axis of symmetry passing through a central portion thereof, said
      central portion being aligned in a predetermined position with respect to
      the phosphor pattern; a relatively rigid frame comprising a base flange
      and edge flange supporting said mask, said frame having a number of
      locating characters defining a plurality of first locating holes on said
      base flange, said first locating holes being accurately positioned with
      respect to said mounting studs; a corresponding plurality of spring
      members circumferentially disposed about said frame, cooperating with said
      mounting studs, for releasably maintaining said aperture mask in registry
      with said phosphor elements; and a plurality of substantially L-shaped
      thermal expansion members, each having a first leg secured to a respective
      one of said spring members, and a second leg secured to said frame and
      having a second locating hole respectively aligned with said first
      locating holes, whereby said expansion members may be accurately
      positioned on said base flange of said frame; said thermal expansion
      members comprising a bimetallic body with a first layer having a
      relatively high coefficient of thermal expansion and a second layer having
      a relatively low coefficient of thermal expansion whereby said expansion
      members undergo corrective flexures as said mask expands and contracts
      over the operating temperature range of said picture tube to maintain
      proper registration between said aperture mask and said phosphor elements.
NUM  2.
PAR  2. The combination as set forth in claim 3, wherein said base flange is
      substantially flat and said second leg of each of said expansion members
      overlies said base flange, whereby said first leg extends parallel to said
      edge flange and is displaced therefrom a distance at least as great as the
      permissible variation in the dimension defined by the distance between the
      geometric center and the perimeter of said frame.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein said second leg of said
      expansion member includes an abrupt bend, whereby surface irregularities
      in said base flange near the junction of said edge flange do not interfere
      with proper seating of said expansion member on said frame.
NUM  4.
PAR  4. In a color television picture tube the combination of: a glass panel
      having a discrete pattern of color phosphor triads superimposed thereon;
      an aperture mask supported near said screen in registration with said
      phosphor triads, said aperture mask having a radial axis of symmetry
      passing through a central portion thereof, said central portion being
      aligned in a predetermined position with respect to the phosphor pattern;
      three mounting studs disposed about the interior of said panel; a rigid
      frame having a substantially L-shaped cross-section supporting said
      aperture mask; said frame comprising an edge member and a substantially
      flat base member having three first locating holes accurately positioned
      with reference to said mounting studs; three substantially L-shaped
      bimetallic expansion members each comprising a first layer of material
      having a relatively high coefficient of thermal expansion and a second
      layer of material having a relatively low coefficient of thermal
      expansion; each of said expansion members further including a first leg,
      and a second leg having a second hole; said second leg of each of said
      expansion members being secured to said base member of said frame with
      said second locating hole aligned with said first locating hole; said
      second leg of said expansion member overlying said base member of said
      frame and having an abrupt bend; said first leg of said expansion member
      extending parallel to said edge member of said frame and being displaced
      therefrom a distance at least as great as the permissible variation in the
      dimension defined by the distance between the geometric center and
      perimeter of said frame; three leaf springs secured respectively to said
      first legs of said expansion members; each of said springs being
      respectively secured to one of said mounting studs for releasably
      maintaining said aperture mask in registry with said phosphor triads,
      whereby said registration is substantially maintained over the operating
      temperature range of said picture tube.
NUM  5.
PAR  5. In a cathode ray tube including an enclosing envelope and a faceplate
      panel having a discrete pattern of light emitting phosphors thereon, the
      combination of apertured beam masking means having a radial axis of
      symmetry passing through a central portion thereof, mask support means
      fixed with respect to the tube envelope, mounting means including a pair
      of mounting members on opposite radial sides of said masking means,
      connecting means including a pair of L-shaped bimetallic strips each
      having a foot portion and a leg portion, said leg portion having a part
      thereof connected to said beam masking means and an unconnected part, said
      leg portion being connected to said masking means to space said foot
      portion a given distance from said masking means, each said mounting
      member extending between respective foot portions of said bimetallic
      strips and said mask support means to suspend said masking means with the
      central portion thereof aligned in a predetermined position with respect
      to the phosphor pattern, said given distance of said foot portion from
      said masking means being selected such that said mounting members each
      join said L-shaped bimetallic strips at respective predetermined angles
      with said masking means and extend substantially transverse to the radial
      axis of symmetry thereof, said masking means being of a construction such
      that a thermal responsive dimensional change takes place therein
      substantially parallel to the radial axis tending to cause a first shift
      of said central portion of said masking means about said mask support
      means engaged by each of said mounting members in a direction
      substantially normal to the radial axis and in an amount determined by
      said predetermined angles, said mounting members each tending to cause a
      predeterminable second shift of said central portion of said masking means
      substantially normal to the radial axis by an amount dependent on the
      thermal coefficient of expansion of said mounting members, said mounting
      members being connected at a junction point to said masking means by said
      bimetallic strips at a given distance from the radial axis, said given
      distance encompassing a portion of said masking means having a thermal
      responsive dimensional change tending to cause a third predeterminable
      shift of said central portion of said masking means substantially normal
      to the radial axis, at least one of said first, second and third shifts
      associated with each of said mounting members being in the opposite
      direction from another therof, and said predetermined angles, said thermal
      coefficient of expansion of each said mounting member, and said given
      distance from the radial axis to the junction point of each of said
      mounting members with said masking means being selected so that said
      shifts in opposite directions from one another compensate each other
      thereby maintaining the central portion of said masking means in
      substantially the same predetermined position with respect to the phosphor
      pattern, and said unconnected parts of each said leg portion of said
      L-shaped bimetallic strips pull away from said masking means with
      temperature change to move the same closer to the faceplate panel to
      compensate for the radial expansion of the non-central portion of the
      masking device.
NUM  6.
PAR  6. In a cathode ray tube including an enclosing envelope, a front panel
      having a discrete pattern of light emitting phosphors thereon, and an
      apertured beam masking device having a radial axis of symmetry passing
      through a central portion thereof and being suspended in the tube by at
      least three cantilever mounting springs secured to the masking device in
      different quadrants and connected to respective studs mounted in the tube
      envelope adjacent the screen, with the central portion aligned in a
      predetermined position with respect to the phosphor pattern, the
      combination including, first and second L-shaped bimetallic strips each
      having a leg portion and a foot portion, each said leg portion being
      connected through its higher thermal expansion coefficient element to the
      masking device at a given angle in opposite quadrants thereof, said leg
      portions being connected so said foot portions extend from the masking
      device at a predetermined distance, first and second cantilever springs
      being connected to said foot portions and extending upwardly from the
      masking device to the respective studs transverse to the radial axis of
      symmetry of the masking device, said predetermined distance of each said
      foot portion from said masking device being selected such that each said
      spring forms a predeterined angle with said masking device whereby thermal
      responsive dimensional change of the masking device whereby thermal
      responsive dimensional change of the masking device plus the dimensional
      change of said foot portions of said bimetallic strip in a direction
      parallel to the radial axis of symmetry causes the central portion of the
      masking device to move in one direction normal to the radial axis of
      symmetry an amount depending on said predetermined angle, said angle being
      selected so that the movement in said one direction is substantially eqal
      to the thermal responsive dimensional change of the masking device between
      the stud mounting point and said radial axis of symmetry in a direction
      normal thereto and opposite in direction to said one direction thereby
      maintaining the central portion of the masking device in substantially the
      same predetermined position with respect to the phosphor pattern, and the
      thermal responsive dimensional change of said leg portions of said
      bimetallic strips changes the given angle each of said leg portions makes
      with the masking device to move the masking device closer to the front
      panel thereby compensating for the radial expansion of the non-central
      portion of the masking device.
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ABST
PAL  An electron gun assembly of the three gun, in-line type. The three guns
      each including a plurality of electrode elements are rigidly attached to
      four support rods or glass beads by a mounting means comprising four metal
      straps which connect each of the outer gun elements to two support rods
      and the center gun elements to all four support rods. A first group of
      four L-shaped metal tabs are imbedded in the ends of the support rods, and
      two mounting bars are each connected at both ends to two of the tabs for
      the purpose of making electrical connections to the gun heater elements. A
      second group of "U"-shaped metal tabs are also imbedded in the ends of the
      support rods to permit a mechanical connection of a stem component whereby
      the gun electrode elements are isolated from forces applied to the stem. A
      convergence assembly is self-registering with respect to the gun assembly
      by the alignment of precision holes in the base of the convergence
      assembly with cut-outs provided in a flange on the center gun electrode. A
      plurality of slots are provided in the wall of the convergence assembly
      which permit self-registering of pole piece elements positioned inside the
      assembly.
PARN
PAR  This is a continuation of application Ser. No. 731,807, filed May 24, 1968,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electron gun assemblies and, more particularly,
      to three gun assemblies for color television picture tubes.
PAR  Electron gun assemblies to which this invention relates comprise,
      generally, a battery of three guns, a pole piece convergence assembly, and
      a glass stem provided with rigid metal prongs or leads. Each of the guns
      includes a plurality of electrode elements, usually cylindrically shaped,
      and positioned along a common axis. Electron guns may be placed in two
      categories, delta and in-line, depending upon the orientation of the three
      guns. The in-line type of gun, to which this invention relates, may be
      defined as the type wherein the longitudinal axes of the three guns lie in
      the same plane. With this type of gun the three dots produced thereby
      appear on the cathode ray tube screen in a line as opposed to a triad as
      is the case with the delta gun.
PAR  A precise degree of alignment accuracy is required with respect to the
      supporting arrangement for the three guns as well as to the connection of
      the stem to the gun assembly and the convergence assembly to the guns. As
      higher resolution is required in cathode ray tubes, the size of the
      phosphor dot in the screen must be smaller. The number of dots must also
      be increased. This smaller dot size, in turn, requires better landing
      accuracy of the electron spot which provides a lower tolerance for errors
      caused by poor electron gun alignment. Therefore, with poor alignment the
      beam may be displaced too far from its desired point of landing on the
      screen. Errors in the linear direction of the outside beams, that is, may
      be compensated for by means of the pole pieces in the convergence
      assembly. Errors in the center beam are compensated for by a purity
      magnet. Rotational errors, on the other hand, in the in-line tube, cannot
      be compensated for. Thus, if the entire gun assembly is rotated, the line
      on the screen in which the three spots appear would be canted in relation
      to the axes of the tube which is not tolerable.
PAR  The causes of poor alignment arise at various parts in the entire gun
      assembly. The battery of electron guns is usually mounted to support rods,
      commonly made of an electrically insulating material such as glass and
      designated as beads. In the in-line type of gun, the need for a rigid
      mounting structure is critical because the two outer guns are referenced
      to the center gun and there is no control over the center gun beam through
      the convergence assembly. With prior art mounting arrangements, the guns
      often move out of alignment during the manufacture and assembly of the
      rest of the structure. The connection of the stem to the gun assembly is
      also a source of alignment problems. In the prior art arrangements, the
      leads or prongs on the stems have been attached to the gun elements, and a
      force applied on the stem will necessarily be applied to the gun elements
      and can move them out of alignment. Moreover, in these designs the heaters
      and cathodes of the gun elements are connected directly to the stem and it
      was thus necessary to put the stem on first. The cathode and heater
      elements were thus difficult to get at during assembly, the structure
      could be moved out of alignment in trying to do so, and automated assembly
      was thus virtually impossible.
PAR  The registering of the pole piece convergence assembly to the rest of the
      gun assembly has also been a source of misalignment. Arrangements designed
      heretofore for mating the convergence assembly to the gun assembly have
      required some sort of fitting-in of one part to another as, for example,
      where detents are put in the base element of the convergence assembly.
      With the in-line arrangement an even more accurate alignment is needed and
      it would be desirable to have a self-registering alignment scheme to
      provide maximum protection against rotational errors. Finally, the
      assembling of the pole piece elements within the convergence assembly must
      be done accurately, and this is especially critical in the in-line type
      gun because, in order to get the proper raster size, the center gun must
      be magnetically isolated. Again, a self-registering arrangement would be
      most desirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide an electron gun
      assembly of the in-line type having an extremely rigid structure that will
      maintain alignment of the various components of the assembly so that the
      gun will provide the desired performance when used in cathode ray tubes
      which require extremely high resolution and hence small spot size.
PAR  It is a further object of this invention to provide a three electron gun
      structure of the in-line type which is readily adaptable to automated
      manufacturing techniques.
PAR  It is a more particular object of this invention to provide an in-line type
      of electron gun assembly having an integral and rigid supporting structure
      between the gun elements and the supporting rods or beads. In addition,
      accurate alignment reference points of the convergence assembly and stem
      to the integral beaded gun structure are provided.
PAR  It is a further object of this invention to provide an electron gun
      assembly of the in-line type wherein the stem component is connected to
      the assembly of gun elements and beads such that the gun elements are
      isolated from any force applied to the stem component.
PAR  It is a further object of this invention to provide such a gun assembly
      wherein the electrical connections and adjustments of the "dress" of the
      electrical leads for the cathode and heater elements on the guns can be
      made before the stem component is assembled thereto.
PAR  It is a further object of this invention to provide such an electron gun
      assembly wherein the mechanical connection between the pole piece
      convergence assembly and the gun assembly is self-registering.
PAR  It is a further object of this invention to provide a self-registering
      alignment scheme for the pole pieces which are assembled within the
      convergence assembly.
PAR  It is yet another object of this invention to provide a plural gun assembly
      that is conveniently adapted to automated assembly procedures.
PAR  In carrying out this invention in one form there is provided an integral
      truss-type supporting structure between the electron gun electrode
      elements and the supporting rods or beads whereby each of the electrodes
      is independently supported and the center gun is attached to all four
      supporting rods or beads. The heater and cathode electrical connections
      are suspended from the gun and bead assembly to enable connection before
      the stem component is attached thereto. The stem component is mounted
      directly to the supporting rods or beads such that the electron gun
      electrode elements are isolated from any forces applied to the stem
      component. A self-registering alignment is effected between the electron
      gun and bead assembly and the pole piece convergence assembly in such a
      manner as to prevent rotational errors. Slots are provided in the
      convergence assembly and are utilized in a manner so as to provide a
      self-registering alignment scheme for the pole piece elements which are
      positioned therein.
PAC  DETAILED DESCRIPTION
PAR  This invention is recited in the appended claims. A more thorough
      understanding of the additional advantages and further objects of this
      invention may be obtained by referring to the following description taken
      in conjunction with the accompanying drawings wherein:
DRWD
PAR  FIG. 1 is a top view of an in-line electron gun assembly constructed in
      accordance with this invention;
PAR  FIG. 2 is a side view of the electron gun assembly shown in FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along the lines A-A' in FIG. 2;
PAR  FIG. 4 is a cross sectional view taken along the lines B-B' in FIG. 1;
PAR  FIG. 5 shows the self registering alignment scheme provided on the center
      gun in accordance with this invention; and
PAR  FIG. 6 is a cross sectional view taken along the lines C-C' of FIG. 1.
DETD
PAR  The electron gun assembly constructed in accordance with this invention is
      shown in the top view and side views of FIG. 1 and FIG. 2, respectively.
      The entire assembly 1 may be divided for purposes of explanation into
      three main parts, a battery 2 of three electron guns, 3, 4, and 5, a stem
      6, and a pole piece convergence assembly 7. The three electron guns which
      comprise the battery are arranged in an in-line configuration, that is,
      arranged so that the longitudinal axes of the guns lie in the same plane.
      The gun 4 may be designated the center gun and the guns 0, 5 the two outer
      guns. Each of the three guns in this particular illustration includes four
      electrode elements. Referring to the outer gun 3 shown in FIG. 1, there is
      a control grid 8, commonly called the G-1 grid, an accelerating (G-2) grid
      9, a focus control (G-3) grid 10, and a second accelerating (G-4) grid 11.
      Each of the guns 4 and 5 have identical elements. The cathode and heater
      assemblies are mounted in the control grid 8, and the structure for
      providing electrical connections to them will be described further on in
      the specification. The accelerating grid electrode 11 of each gun is
      connected to and registered with the convergence assembly in a manner
      which will be described further on in the specification.
PAR  In accordance with one aspect of this invention there is provided an
      arrangement for mounting together the three electron guns and hence the
      electrode elements thereof. Four support rods 12-15 made of an
      electrically insulating material such as glass and commonly known in the
      art as beads are positioned around the three guns in a spaced
      relationship. This may be easily seen in the sectional view of FIG. 3. A
      mounting means 16 for connecting each gun element to two of the support
      rods constitutes an integral truss-type supporting structure. The mounting
      means comprises a first strap 17 rigidly attached, for example by spot
      welding, to the electrodes of the center gun 4 and having corresponding
      ends 18, 19 secured to the support rods 12, 13. The ends 18, 19 are
      secured in this particular illustration by being imbedded in the glass
      beads 12, 13. The mounting means 16 also includes a second strap 20
      rigidly attached to the center gun 4 and having corresponding ends 21, 22
      imbedded in the support rods or beads 14, 15. Third and fourth straps 23
      and 24, respectively, are also provided, the third strap 23 being rigidly
      attached to the outer gun 3 and having corresponding ends 25 and 26
      imbedded in the glass beads 13 and 14, respectively, and the fourth strap
      24 being rigidly attached to the other outer gun 5 and having
      corresponding ends 27 and 28 imbedded in the glass beads 12 and 15,
      respectively. The ends of all the straps are imbedded in the glass beads
      in a manner so as to be electrically isolated from each other. The beads,
      therefore, provide an electrical insulating as well as a mechanical
      supporting function. In addition, it will be noted from an inspection of
      FIGS. 1 and 2 that a similar arrangement of straps is provided for each of
      the electrode elements of the three guns. By virtue of this mounting
      arrangement there is a suspension of all four electrodes of each of the
      three guns. Each one of the electrode elements is independently suspended
      by a separate strap provided for it. The center gun is provided with two
      sets of straps on opposite sides thereof so as to be attached to all four
      of the beads. Because of the electron characteristics of the in-line gun
      assembly an exact registration between the center and outer guns is
      required. In the in-line assembly the center gun beam may not be adjusted
      by the convergence assembly and since the two outer guns are referenced to
      it, it is necessary to put two straps on the center gun so that it cannot
      be moved. An integral support having a shape similar to that of an H frame
      is thus what is provided and it will be noted that, if the straps were
      beaded without the electrodes attached thereto, there would exist a
      self-supporting structure. Another significant advantage of this
      arrangement is that the four beads may be applied simultaneously during
      assembly so as to enhance the accuracy of alignment. Furthermore, since
      the straps 23, 24 are attached to the inner surface of the electrodes of
      the outer guns, this structure is adapted to either internal or external
      holding of the electrodes during assembly in a beading fixture. Prior art
      assembly methods have been able to utilize only inside holding of the
      electrode by means of mandrels.
PAR  It was mentioned previously that the electrodes 8 of each of the guns are
      provided with heaters and cathodes which must be electrically connected.
      Electrical connections for the cathodes and heaters are provided through
      the metal prongs in the stem 6, and in accordance with another aspect of
      this invention an improved arrangement is provided whereby connections may
      be made to both the heaters and cathodes before the stem component is
      assembled to the electron gun battery 2. Each of the supporting rods or
      glass beads has associated therewith a first L-shaped metal tab shown, for
      example, at 29 and 30 in FIG. 1 and at 29 and 31 in FIG. 2. One leg of
      each L-shaped tab is imbedded in the associated glass bead. First and
      second mounting bars 32 and 34, respectively, are rigidly mechanically
      connected at each end thereof to the extending legs of each of the
      L-shaped tabs imbedded in the supporting rods. This may be seen more
      easily in FIG. 2. The mounting bars 33, 34, which are electrically
      conductive, are disposed over the electrode 8 of each of the guns, and the
      heater wires from each electrode are connected to the bars, for example
      the wires 35-38, as shown in FIGS. 1 and 2. The mounting bars are welded
      to the tabs at each end to provide a double-ended support, and this
      arrangement allows for greater inherent precision in locating the heater
      connections.
PAR  A second group of four metal tabs 41-44 are also imbedded in the support
      rods, 12-15, and have a double function. The first is to provide a
      mechanical connection between the stem and gun assembly. As shown, for
      example, in FIG. 2, the leads 45 and 46 from the stem are mechanically
      attached to the tabs 41 and 43, respectively. The other two tabs 42 and 44
      are likewise attached to two leads from the stem 6. There are thus four
      rigid mechanical connections between four of the stem prongs and the four
      tabs 41-44 which are imbedded in the support rods 12-14. By virtue of this
      arrangement, any force imparted to the stem after it is attached to the
      gun assembly will not be applied to the electrodes 8 in the gun assembly.
      The tabs also perform an electrical function in that the cathode
      connections from the guns are made to three of the tabs as shown, for
      example, by the cathode ribbon 50 extending from the electrode element 8
      to tab 42 in FIG. 1. A connecting bar 53 shown in FIG. 1 extends from one
      of the heater support bars such as bar 33 to the remaining tab so as to
      make an electrical connection to the heaters.
PAR  This arrangement, therefore, provides several advantages. In the first
      place, the cathode and heater connections may be made before the stem
      component is attached to the gun battery assembly. This is a distinct
      improvement over prior art arrangements in that it is easily adaptable to
      automated assembly techniques. In the prior art gun assembly arrangements,
      the heater and cathode connections were made directly to the leads on the
      stem so that the stem had to be first connected to the gun assembly and
      then the heater and cathode connections made. The heater and cathode wires
      were difficult to reach after the stem was connected and this arrangement
      precluded automated manufacture. Automatic stem welding is thus easily
      accomplished as all remaining welds are accessible to preset tweezers
      mounted station after station on a turret. A second advantage is that the
      four point mechanical connection between the stem prongs and the tabs
      41-44 results in the electrodes of the guns being isolated from any forces
      which are applied to the stem. Thus, any forces applied to the stem will
      not push the individual electrodes out of alignment as often occurred with
      prior art arrangements wherein mechanical stem connections were made
      directly to individual electrode elements.
PAR  In addition, the filament mounting bar arrangement provides a convenient
      means of alternatively connecting the filaments in a series or parallel
      arrangement without any major change in design of the structure or the
      assembly equipment. In the embodiment illustrated, a parallel arrangement
      is used. A series arrangement is used by simply clipping the electrical
      mounting bars at the appropriate places and connecting the filaments in a
      suitable manner.
PAR  Another aspect of this invention is also shown in FIGS. 1 and 2 relating to
      attachment, with precise alignment accuracy, of the electron guns to the
      base element 54 of the pole piece convergence assembly 7. Each of the grid
      elements 11 of the individual electron guns is provided with a flange 55,
      83, as shown in FIG. 4, which is usually welded to the base element. Each
      of the three guns has a corresponding individual aperture in the pole
      piece assembly. In operation, the three beams travel through the
      apertures, through individual pairs of pole pieces, or a magnetic shield
      in the case of the center gun, within the convergence assembly, through
      apertures in the shadow mask of the tube, and simultaneously land on
      specific colored dots in a line on the screen. It is thus apparent that a
      precise degree of alignment accuracy is required in properly mating the
      convergence assembly to the electron gun structure. In order to register
      the convergence assembly 7 to the gun battery 2, this invention
      contemplates the provision of two precision holes 56, 57 in the base
      element 54 of the convergence assembly as shown in FIG. 4. In addition,
      two cutouts 58,59 are provided on each side of the flange 55 in the
      electrode of the center electron gun. These cutouts are accurately located
      rotationwise during mount beading and provide the reference for x and y
      and rotational alignment of the gun-to-stem and gun-to-convergence
      assembly. During assembly, pins are positioned through the holes and the
      cutouts aligned thereon, and the result is an accurate self-registering
      convergence assembly alignment in both the rotational and x-y directions.
PAR  An example of the shape of the cutouts 58, 59 may be more easily seen by
      referring to FIG. 5 which shows the flange 55 aligned with respect to the
      holes 56, 57. It was found that when the grid elements were released from
      a die, the flange thus formed would tend to relieve the stresses created
      therein by rendering the shape of aperture 60 irregular rather than
      circular. This would occur when the cutouts 58, 59 were merely
      semicircular. If the cutouts were enlarged in a direction toward the
      aperture 60 to relieve the stresses, one degree of freedom would be
      provided so as to preclude self-registering of the assembly 7 and gun
      battery 2. Therefore, each of the cutouts is provided with a stress
      relieving pocket having substantially parallel sides and a shape critical
      only to an extent as will be explained. Referring to the cutout 58 shown
      in FIG. 5, there is included a stress-relieving pocket 61. The sides of
      the pocket may be substantially parallel and the only constraint on the
      shape of the pocket is that it be such that the distance from the end 62
      of the pocket nearest the perimeter of the aperture 60 will be equal to
      the minimum distance from the aperture perimeter to the edge of the flange
      55. The cutout 58 also includes a partially circular portion 63 which
      describes an arc of approximately 60 degrees. An outer end 64 of the
      pocket meets the perimeter of the aperture 58 in a point contact. The
      cutout 59 also has a stress-relieving pocket and both are identical to
      those just described.
PAR  The pole piece convergence assembly 7 adapted for use in the electron gun
      of this invention may be seen more readily in FIG. 6. It is basically an
      open-ended cylinder having a wall 65 and base element 54. Three apertures,
      66-68 are provided in the base element 54 and are accurately aligned with
      the apertures of the focusing grids of the electron guns as was previously
      explained. Associated with the outer apertures are what are designated in
      the art as the x pole pices 69, 70 and the y pole pieces 71, 72. Accurate
      alignment of the x and y pole pieces with a precise distance therebetween
      is necessary so that the deflection centers of the electron beams will not
      shift. A self-registering assembly arrangement is therefore contemplated
      by this invention. A plurality of slots are provided in the wall of the
      convergence assembly and may be readily seen by viewing FIG. 2 in
      conjunction with FIG. 6. For purposes of definition the inside edge of
      each slot is that edge which the pole piece presses against and the bottom
      of the slot is likewise that portion against which the pole piece presses.
      The inside edge and the bottom of each slot are the control dimensions for
      the self-registering arrangement. Tolerance is therefore allowed in the
      opposite side of the slot and in the height of the slot. As shown in FIG.
      6, y pole piece 71 rests against the edges 73, 74 of slots 75, 76,
      respectively, and against the bottoms 77, 78 of these slots are shown in
      FIG. 2. Similarly, x pole piece 70 rests against inside edges 79, 80 and
      bottoms 81, 82 of slots 83 and 84, respectively, as shown in FIG. 2. The
      outer y pole pieces are similarly positioned, i.e., forced against the
      outer edges of the slots. The center gun is magnetically isolated by a
      shield cut to a length to equalize rastor sizes. By virtue of this
      arrangement, no jigging by means of additional equipment is necessary as
      the construction of the pole piece provides its own jigging.
PAR  The mounting straps 17 as shown in the drawing are of the "wrap-around"
      type familiar in the art. It will be appreciated that other mount
      arrangements may be utilized. For example, most of the wrap-around portion
      of straps might be eliminated thus leaving "L" shaped mounting legs with a
      short foot portion welded to the electrode and the other end of the
      elongated portion imbedded into the support rods. Conventional "U" shaped
      mounting straps might also be used with the bottom of the "U" being welded
      to the electrode. In any case, it is important that the center gun be
      mounted from all four support rods for rigidity and to provide the desired
      integral structure.
PAR  In some situations, it may be desired to shield the exit fields of the
      convergence assembly from the entrance field of the deflection yoke to
      prevent undesired interaction. This may be accomplished by welding a flat
      eddy current shield piece (not shown) on the outer edge 91 of the
      convergence assembly. To facilitate the welding, one or more cutouts 90
      are provided close to the edge 91 into which the welding electrode may be
      conveniently placed.
PAR  From the foregoing, it may be seen that the electron gun arrangement herein
      described accomplishes the objects of this invention. The mounting means
      16 comprising the straps 23, 24 connecting each of the outer guns to the
      beads 13, 14 and 12, 15 and the straps 17, 20 connecting the center gun to
      all four beads provides an integral structure which maintains a rigid
      alignment between the center and the two outer electron guns. The mounting
      bars 33, 34 attached at both ends to the one group of four L-shaped tabs
      imbedded in the beads permit the heater electrical connections to be made
      before the stem is attached and thus makes the assembly adaptable to
      automated methods. The mechanical connection of the four stem leads to the
      four additional "U" shaped tabs imbedded in the beads isolates the grid
      elements of the electron guns from any mechanical forces applied to the
      stem. The precision holes provided in the base of the convergence assembly
      and the cutouts provided in the flange of the grid element of the center
      gun permit a self-registering alignment between the gun battery and
      convergence assembly which prevents both rotational and linear
      misalignment errors. They are also useful in providing alignment indices
      for mounting the stem accurately to the gun assembly. This is important
      since mounting of the completed gun into the neck of the tube relies on
      positioning of the stem for alignment, rotational as well as linear, since
      there is no way to check physically the gun alignment once the gun
      assembly is inside the tube neck. The utilization of control dimensions
      comprising the edges and bottoms of slots provided in the convergence
      assembly permits a self-registering alignment among the pole pieces
      included within the convergence assembly.
PAR  One particular advantage of this construction in which the outer guns are
      rigidly aligned with the center gun to form an integral assembly at the
      time the support rods are beaded onto the electrode straps, the supports
      being the means by which the stem assembly is structurally mounted to the
      gun assembly independent of the gun electrodes, is that any errors that
      might occur in physical alignment of the gun are inevitably limited to a
      single point in the assembly procedure, namely the initial point at which
      all mounting straps are beaded to the support rods. This is because, with
      such an integral, rigid structure further handling of the assembly is not
      likely to cause the guns or the electrodes thereof to come out of
      alignment. Moreover, since the entire philosophy of this design is to
      mount and align everything with respect to the center gun, the precision
      of alignment of the convergence cup and stem to the guns, and the ultimate
      alignment of the complete gun assembly in the tube is achieved more
      readily thus materially reducing the number of rejects based on this
      problem in a commercial tube manufacturing operation.
PAR  While the invention has been described with specificity, it is the aim of
      the appended claims to cover all such variations as come within the true
      spirit and scope of the foregoing disclosure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with three electron guns disposed such that the axes of
      said guns lie in the same plane:
PA1  I. four support rods positioned around said guns in a spaced relationship;
PA1  Ii. mounting strap means for connecting the center one of said three guns
      to all four of said support rods, and each of the outer two of said three
      guns to only two of said four support rods, said mounting strap means
      comprising
PA2  a. a first mounting strap arrangement rigidly attached to the center gun on
      one side of said plane and having corresponding ends secured to a first
      pair of said support rods located on the same side of said plane;
PA2  b. a second mounting strap arrangement rigidly attached to the center gun
      on the opposite side of said plane from the first strap arrangement and
      having corresponding ends secured to a second pair of said support rods
      located on said opposite side of said plane;
PA2  c. a third mounting strap arrangement rigidly attached to one of the two
      outer guns and having an end thereof located on the one side of said plane
      and secured to one of the rods from said first pair and another end
      thereof located on the other side of said plane and secured to one of the
      rods of said second pair; and
PA2  d. a fourth mounting strap arrangement rigidly attached to the other one of
      the two outer guns and having an end thereof located on the one side of
      said plane and secured to the other rod of said first pair and another end
      thereof located on the other side of said plane and secured to the other
      rod of said second pair.
NUM  2.
PAR  2. In combination with a central electron gun and two outer electron guns
      in the neck of a cathode ray tube, said guns being disposed such that
      their longitudinal axes lie in a common plane, support means for said guns
      contained within said neck, said support means comprising:
PA1  four support rods positioned in a spaced relationship around said guns,
      first and second ones of said rods being spaced on one side of said plane
      and third and fourth ones of said rods being spaced on the other side of
      said plane; and
PA1  mounting strap means joined to said central electron gun and forming a
      rigid truss type structure including first and second mounting straps such
      that said gun constitutes the intersection of first, second, third and
      fourth truss members extending from said first, second, third and fourth
      support rods, respectively, said first mounting strap extending between
      said first and third rods so as to constitute a fifth truss member and
      said second mounting strap extending between said second and fourth rods
      so as to constitute a sixth truss member, said first and second mounting
      straps each intersecting said plane,
PA1  each of said outer electron guns being rigidly connected to said first and
      second mounting straps constituting said fifth and sixth members,
      respectively.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said support rods are mounted
      substantially equidistantly from said central gun.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said support rods are mounted
      substantially equidistantly from said common plane.
NUM  5.
PAR  5. In combination with a central electron gun and two outer electron guns
      in the neck of a cathode ray tube, said guns being disposed such that
      their longitudinal axes lie in a common plane, support means for said guns
      occupying a minimum amount of cross sectional area within said neck, said
      support means comprising:
PA1  four support rods positioned in a spaced relationship around said guns,
      first and second ones of said rods being spaced on one side of said plane
      and third and fourth ones of said rods being spaced on the other side of
      said plane, each of said rods being spaced substantially equidistantly
      from the longitudinal axis of said central electron gun at a distance no
      greater than substantially the distance from the axis of said central gun
      to the outermost surface of either of said outer electron guns; and
PA1  mounting strap means rigidly connecting said central electron gun to all of
      said four support rods, one of said outer electron guns to said first and
      third support rods, and the other of said outer electron guns to said
      second and fourth support rods,
PA1  said mounting strap means being affixed to said central gun along a pair of
      diametrically opposed surface portions thereof and being affixed to each
      of said outer guns along a single surface portion thereof, respectively.
NUM  6.
PAR  6. The apparatus of claim 5 wherein each one of said pair of diametrically
      opposed surface portions is situated on a separate side, respectively, of
      said common plane and wherein said single surface portion of each of said
      outer guns, respectively, intersects said common plane.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said single surface portion of each of
      said outer guns, respectively, faces toward said central gun.
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ABST
PAL  A flat cathode ray tube device is provided with a monolythic structure for
      x-y control of a matrix of electron beams. A sandwiched deflection control
      structure has holes through which the beams may pass and forms a set of
      x-y control of the trajectory of the beams. A plurality of like mesh
      plates make up the control structure with offset shield provisions therein
      in the region of the path of each of said beams.
BSUM
PAR  This invention relates to a deflection means for flat cathode ray tube
      having multiple electron beams. In a further aspect, the invention relates
      to a control structure for multiple electron beams.
PAR  Cathode ray tubes (CRT) used for display purposes in general are large
      volume devices housing structure for forming and deflecting and using an
      electrom beam. Conventional television systems are bulky primarily because
      depth is necessary for an electron gun plus the associated deflection
      system.
PAR  Information systems generally, and weapon systems specifically, depend upon
      effective display of information upon which a viewer must act in
      situations of peril. CRT devices are among the many types of systems used
      to present such data. CRT systems are more versatile than many other
      display devices in that they permit presentation not only of alphanumeric
      data but also of full range analog data in black and white as well as in
      color.
PAR  There exists the need for a flat cathode ray tube, i.e., a tube in which
      the ratio of display area to enclosed volume is greatly minimized relative
      to existing devices. The ideal would be a thin plate or panel on which
      there would appear such information as is designated by input digital or
      analog input signals.
PAR  One approach to the problem is represented by a system described and
      claimed in U.S. Pat. No. RE 27,520 to Huftberg et al. This system employs
      a digitally addressed flat panel display. A dot matrix display therein
      involves control of an on-off electron beam for each dot. Decoding is
      accomplished by selective addressing of a series of apertured scanning
      plates to turn the individual beams on and off as desired. An area type of
      cathode is employed as a source of electrons for a multiplicity of beams.
PAR  In contrast to prior systems, the present invention involves CRT in which a
      plurality of cathodes serve to supply a plurality of beams which pass
      through a monolithic stack for electron beam deflection as the beams are
      selectively projected onto a phosphor coated face plate. A stack of mesh
      plates form control means for simultaneously controlled x-y deflection for
      all the beams. The invention is employed in a sandwiched full gun
      construction x-y matrix cathode ray tube. It relates to a sandwiched type
      construction of multi beam deflection means for large area matrix type CRT
      devices. It involves a novel beam deflection system for selective scanning
      of discrete areas of a face plate by each of the beams.
PAR  An x-y matrix of electron sources located in a common plane cooperates with
      a pair of arrays of grid electrodes comprising orthogonal elements with
      holes therethrough adjacent to and aligned with the cathodes for control
      of the intensity and shape of beams from the cathodes. A drift stage
      member of conductive character is positioned adjacent to the grid arrays
      with holes through which the beams may pass. A stack of x-y deflection
      electrodes in the form of insulated plates of conductive mesh, of like
      size and character, offset one from another in a predetermined pattern
      provide for control of each of the beams at a position downstream of the
      drift space member. The foregoing, formed as a monolithic structure, may
      be housed within a flat envelope having a phosphor coating on the surface
      onto which the electron beams are accelerated.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of a flat CRT of the type which may employ the
      present invention;
PAR  FIG. 2 is a fragmentary sectional view of a monolithic structure employed
      in the tube of FIG. 1;
PAR  FIG. 3 is an exploded view of a portion of the stack of FIG. 2;
PAR  FIG. 4 illustrates a cathode configuration employed in the system of FIG.
      1;
PAR  FIG. 5 illustrates a cathode assembly embodied in the system of FIG. 1;
PAR  FIG. 6 illustrates a flat CRT wherein the face plate is edge supported; and
PAR  FIGS. 7-10 illustrate deflection structures of the present invention.
DETD
PAC  FIG. 1
PAR  Referring now to FIG. 1, a prior system of the type which may employ the
      present invention is illustrated wherein a flat tube 10 is provided. A
      back plate 11 and a front target plate 12 are sealed along a common
      boundary 18 to form an enclosure which may be evacuated. The target plate
      12 has a phosphor coated surface 14 on which there is to appear a visual
      display produced by reaction to impinging electron beams on the inner
      surface of plate 12. A plurality of control terminals immerge from the
      tube along the sealing line 13. A first set of leads 15 interconnect
      terminals extending through the top of tube 10 and a control unit 16 for a
      set of G1 grids. A second set of control terminals is connected by leads
      17 to a G2 control unit 18. A third control terminal is connected by leads
      19 to an x-axis modulation control unit 20. A fourth control terminal is
      connected by leads 21 to a y-axis modulation control unit 22. A source 23
      supplies heater current by way of leads 24. A DC source 25 is connected to
      bias a G3 grid. A source 26 serves to supply a G5 grid. A high voltage
      supply 27 serves as the accelerating voltage for a beam formed in the
      system of grids G1-G5.
PAR  As in a conventional television system, a signal from an antenna 30 or
      other information source is supplied by way of channel 31 in a control
      unit 32 which is connected by way of channels 33-36 to control units 8,
      16, 18, 20 and 22, respectively.
PAC  FIG. 2
PAR  FIG. 2 illustrates one form of suitable structure for the system of FIG. 1.
      Base plate 11 supports an x-y matrix of heater cathodes 40. The cathodes
      are supported from one surface of the base plate 11 and extend as risers
      away from base plate. They are of inverted V shape having at the peak a
      specially treated portion from which electrons are emitted.
PAR  Insulating positioning plate 41 provides apertures 41a for the heaters and
      thus serve to position and support the heater cathodes 40. An electrode
      array 42 of G1 electrodes is positioned adjacent the surface of the plate
      41. Holes 42a in electrode 42 are aligned with heater cathodes 40. Holes
      42a are slightly larger than hole 41a. If the cathode 40 is operated at
      ground potential, the voltage on the G1 array 42 may be switched from a
      minus 30 volts typically to 0 volt to turn on the beam of electrons from
      cathode 40 for pulse width modulation or may be switched to an
      intermediate value for amplitude modulation.
PAR  A spacer 43 is positioned next adjacent the gate G1 array 42 and has
      apertures 43a therein coaxial with apertures 42a. A G2 electrode array 44
      is positioned next adjacent spacer 43. Apertures 44a extended through the
      electrode of array 44 coaxial with appertures 42a. Apertures 44a are
      smaller than apertures 43a and serve as a control for the electron beams
      from cathode 40. A third spacer 45 is positioned next adjacent the
      electrode 44 with a drift space member 46 adjacent the spacer 45.
      Apertures 45a and 46a extend through members 45 and 46, respectively,
      coaxial with apertures 42a. The apertures 45a and 46a are much larger than
      apertures 44a. The next member in the structure is a spacer 47 having
      apertures 47a therein of greater diameter than apertures 46a and coaxial
      therewith.
PAR  Next, a beam deflection unit 48 is provided with apertures 48a therein
      which are metallized in segmented form so that the beam passing
      therethrough may be deflected in the x and y directions. Apertures 48a
      typically are smaller than apertures 46a.
PAR  A spacer 49 is positioned next adjacent the member 48a with apertures 49a
      thereto larger than apertures 48a. A final buffer electrode structure 50
      is provided with apertures 50a extending therethrough coaxial with
      apertures 42a. A structure 50 is characterized by elongated ribs 51
      extending in the x direction.
PAR  Face plate 14 is provided with the inner surface 14a coated with a phosphor
      and electroded in the usual manner in cathode array technology so that a
      high potential applied thereto will serve to accelerate electrons in the
      electron beam 40a to impinge surface 14a and thereby produce a visible
      reaction to the impingement of the electron beam.
PAR  In one embodiment ribs 51 serve to support the face plate 14 against
      atmospheric pressure so that evacuation of the interior of the envelope
      formed by the base 11 and the face plate 14 will not result in breakage of
      a relatively thin face plate. Ribs 51, because of their height, provided
      second level drift spaces for the beams. For smaller diameter tubes, a
      mesh structure may be interposed between the face plate and electrode 51
      in order to extend the drift space and prevent dead areas on the screen
      because the ribs and the deflection limitation caused thereby.
PAC  FIG. 3
PAR  The structure of FIGS. 1 and 2 may be further understood by referring to
      the exploded view of FIG. 3. The base plate 11 supports the heater
      cathodes 40 at a point aligned with holes 42a in electrode array 42. In an
      orientation in which the face of the tube is in a vertical plane,
      electrode of array 42 extend in the y (vertical) direction in the stack.
      Electrodes of array 44 have hole 44a aligned with holes 42a and extend in
      the x (horizontal) direction. The drift space member 46 has holes 46a
      aligned with holes 42a. The member 48a is provided with small apertures
      48a with segmented electrodes lining the surface of the apertures 48a. The
      final buffer electrode 50 with support ridges 51 has apertures 50a therein
      aligned with apertures 42a.
PAR  A conductor 15a is connected to electrode 42. A conductor 17a is connected
      to electrode 44. A conductor 25a is connected to the G3 electrode plate
      46. A pair of conductors 19 interconnect all the horizontal deflection
      electrodes in apertures 48a. A pair of conductors 21 interconnect all the
      vertical deflection electrodes in apertures 48a. A conductor 26a is
      connected to the final buffer electrode 50 and a conductor 27a is
      connected to the high voltage electrode on member 14.
PAR  It will be seen that each electrode 42a spans a column of heaters and has a
      column of apertures 42a therein. Each electrode 44 spans a horizontal row
      of cathodes. In conventional CRT nomenclature the electrode 42 serves as
      the first grid. The electrode 44 serves as the second grid. The two pairs
      of electrodes in apertures 48a serve as the horizontal and vertical beam
      deflection plates. In the embodiment of the invention shown in FIGS. 1-3,
      heater cathodes 40 may be spaced in an x-y matrix on 0.10 inch centers. In
      a four inch by five inch display such as shown in FIG. 1, there would be
      provided a forty by fifty element array of cathodes or 2,000 cathodes with
      provision for forming and controlling 2,000 separate electron beams. A ten
      inch diagonal display unit would have a matrix of 60 by 80 elements.
PAR  In the formation of the multiplicity of beams, the G1 electrodes 42 serve
      to control beam intensity in an on/off digital sense or in an analog sense
      depending upon the signal applied as by way of channel 15a. As above
      indicated, the voltage would be at zero potential or ground potential for
      beam fully on, and would be at minus 30 volts to shut off the beam.
PAR  The electrodes of array 44 serve as the second grid and as accelerators for
      the beams. The combination of cathodes 40 and electrode arrays 42 and 44
      form triode elements of a gun whose action is to form, focus and control
      the electron beam 40a. The G3 electrode 46 is a uni-potential metallic
      plate whose purpose is to serve as a drift space and to form a lens
      downstream of the G2 electrode array 44 that may be used to control the
      shape of beam 40a. The electrodes in the G4 plate 48 serve as
      bidirectional deflection plates for the beam 40a. The G5 element 50 serves
      as a drift space and also serves as a beam grid to provide for further
      lensing action.
PAR  In operation:
PAR  Heater cathodes 40 remain on at all times.
PAR  G1 grid 42 controls the beam current and the column selection. A sufficient
      negative bias on this grid prevents the electron introduction into the
      stack. Amplitude modulation (increase or decrease of electron flow) is
      attained by the imposition of an information signal upon the bias voltage.
      Pulse width modulation is possible along with amplitude control.
PAR  G2 grid 44 controls the row selection. All electron beams passing grid 42
      will be modulated in this row at the same time. In other words -- one line
      of information, alphanumeric characters for example, may be written at a
      time.
PAR  G3 grid 46 is a collimator or electron lens in the stack. Its function is
      to squeeze in the electron beam so that the spot size on the screen is
      acceptable in diameter.
PAR  G4 grid 48 consists of two pairs of electrodes in each aperture 48a. One
      pair is to position the beam in the y or vertical direction. The beam will
      remain at a predetermined vertical position until a given horizontal line
      has been completely written. The deflection voltage is then lowered to
      establish the next line position. The x or horizontal deflector plate
      sweeps the electron beam through its successive steps. The size of the x
      and y area upon the screen typically is 100 mils by 100 mils or an area of
      0.01 square inches. In a 10 inch diagonal screen, 4,800 such very small
      areas typically form the presentation.
PAR  G5 grid 50 is the final buffer. This buffer as energized constitutes the
      electron beam accelerator. Sufficient impetus is provided to make the
      phosphor give off light at the impact point. Constant accelerating voltage
      applied to the anode on face plate 14 typically is of the order of 17,000
      volts.
PAR  As shown in FIG. 2, the structure is monolithic. Base plate 11 may be glass
      or ceramic. Support plate 41 may be of metal with an insulation layer
      thereon. G1 electrodes of array 42 are conductors. An insulated metal
      spacer 43 supports G2 electrode array 44 the electrodes of which are
      conductors. A spacer 45, of insulation coated metal, supports G3 grid 46
      which is a conductor. An insulation coated metal spacer 47 supports G4
      conductive metal body 48. An insulation coated metal spacer 49 supports G5
      body 50 formed of a conductive coated material. All the plates may be
      suitably insulated as by an SiO.sub.2 coating. They may be fused together
      to form a monolithic structure which provides resistance to air pressure
      on the evacuated envelope and reduces problems that otherwise would be due
      to outgassing.
PAC  FIG. 4
PAR  FIG. 4 is a greatly enlarged view of a portion of the heater cathode
      structure 40. In a preferred embodiment, a cylindrical conductor 60 is
      provided with deviations 61 and 62 in the plane of the face of plate 11,
      FIGS. 2 and 3. The deviations are located on opposite sides of a riser 63
      having legs which lie in a plane perpendicular to the face of plate 11.
      The peak of each riser 63 is coated to form a cathode structure 40
      specially suited for electron emission when heated. Preferably, all of the
      portions of the cathode except the hairpin like riser 63 are in contact
      with a conductive body of such cross sectional area that only the riser 63
      will be subject to heating and will thus dissipate power primarily by
      heating the coating at the peak of each riser 63.
PAC  FIG. 5
PAR  FIG. 5 illustrates an assembly of a cathode matrix. It will be noted that
      the risers 63 of a first cathode array are positioned between pads 65 of a
      first row formed on the surface of plate 11. Risers of a second cathode
      array are positioned between pads 66 of a second row. The pads 65 are
      conductive and provide support for the horizontal courses 61 and 62 of the
      heater conductor. Spacer 41 is a plate provided with holes having V shaped
      notches, oppositely directed in alignment with the cathode conductor 60.
      The notches serve to position and to support risers 63.
PAR  By way of example, the cathode structure may be of thoriated tungsten wire
      where low emission is permissible, i.e., 3 amps/cm.sup.2 peak. It may be
      of 97% tungsten 3% rhunium wire with a triple oxide emitter coating if
      high emission is necessary, i.e., 5 amps/cm.sup.2 peak. Typically, current
      flow through each heater cathode wire of 25 miliamps would occur at 0.596
      volt. The heater as mounted has alternating zones of low and high
      resistivity. The resistivity of the wire preferably is about 5.5 .times.
      10.sup..sup.-2 ohms mm.sup.2 /m at the coldest portion and 29.2 .times.
      10.sup..sup.-2 mm.sup.2 /m at the riser 63. The low resistance area is
      provided by pads 65 and may be formed of a conductive frit having such
      cross sectional area that no heating occurs in the wire 60. The cathode
      support pads 65 of the first row may be continuous in the direction
      perpendicular to the course of the cathode conductor 60. That is, each of
      pads 65 may be integral with the pads 66 in the second row. When the pads
      are thus integral, i.e., formed in strips, the resistance of cathode wire
      60 in areas contacting the frit pads effectively is very low. Thus, the
      heat sinking ability of the rows of frit pads 65-66 and the support plate
      41 permit peaking of the temperature at the top of each heater riser 63
      while maintaining pads 65-66 at about ambient temperature.
PAR  In the system thus far described, the entire gun structure is axially
      symmetrical. Preferably the cathode is operated not as the most negative
      element in the stack to limit cathode ion bombardment. The G1 grid 42 and
      the G2 grid 44 serve as beam switching elements operating at reasonably
      low voltages. The G1 switching voltage will be of the order of 15 to 30
      volts and the G2 voltages may be of the order of 75 to 150 volts for the
      geometry shown in FIG. 2. Because of the proximity of the cathode 40 to
      the remaining elements of the gun system, instantaneous cathode loading
      will be enhanced resulting in a high highlight luminence at the screen.
      The time integrated cathode loading on the other hand is desirably low
      because cathode current flow ceases when an element is not in operation,
      i.e., when the switching voltages on the G1 grid 42 or G2 grid 44 cut off
      the flow of current from the cathode 40. The spacers 43 and 45 in the
      triode sector of the structure are very far removed from the active
      electrode areas of grids 42 and 44 and are therefore far removed from the
      beam trajectory. Because of this, they represent essentially zero field
      influence since as it will be recalled, the size of the holes in grids 42
      and 44 is 0.010 inch and the hole pitch is of the order of 0.100 inch. The
      deflectors in the G4 grid 48 minimize the number of elements required for
      a television application while providing for full screen display.
PAR  However, it will be noted from FIGS. 2 and 3 that a full screen
      presentation will not be possible because the contact areas 51 at the face
      plate 14. A full screen display may be be provided utilizing the system
      illustrated in FIG. 6.
PAC  FIG. 6
PAR  In the system of FIG. 6, like parts have been given the same reference
      characters as in FIGS. 1-5. In this system the tip of cathode 40 is spaced
      behind the plane of the back face of the G1 grid 42. The diameter of the
      holes through grids 42 and 44 are very small compared to the diameter of
      the holes through spacers 43 and 45. The diameter of the holes through
      grids 46 and 48 are about triple the diameter of the holes of the grids 42
      and 44. The thickness of G3 grid 46 and G4 grid 48 are about equal and
      roughly correspond to the diameter of the holes therethrough.
PAR  Base plate 11 abuts one end of a metal skirt 100. Face plate 14 is mounted
      within the other end of the metal skirt 100, resting on a shoulder 101 and
      sealed to skirt 100 by a suitable glass frit 102. A conventional screen
      14a on the inside face of plate 14 responds to electron impingement to
      produce the desired visual display. Skirt 100 withstands the compressive
      forces due to atmospheric pressure on base plate 11 and face plate 14. An
      isolation mesh screen 103 is mounted between G4 grid 48 and face plate 14.
      Mesh 103 is secured on a ring 104 which is secured to the inside of skirt
      100. Isolation mesh 103 serves to modify the electric fields along the
      paths of the electron beams to cause the trajectories to impinge the
      screen 14a perpendicularly.
PAR  In the embodiment of FIG. 6, representative values of the parameters
      involved for a 10 inch diameter screen may be:
PAR  Skirt 100 preferably will be of metal of from 0.015 to 0.025 inch thick and
      made of material such as modified stainless steel generally known in the
      industry by the designation No. SS446. A particularly suitable material is
      manufactured by Universal Cyclops of Pittsburgh, Pennsylvania and
      identified as metal sealing alloy No. 2,810NC or 2,810N. Another suitable
      metal is a metal sealing alloy No. 45-6 manufactured and sold by Carpenter
      Technology Corporation of Reading, Pa.
PAR  The face plate 14 of about one-half inch thickness will withstand the
      pressures involved when the system is evacuated and is made of glass such
      as presently used in television systems. A suitable black and white TV
      glass is the type manufactured and sold by Corning Glass Works of Corning,
      N.Y. and identified as 008 black and white TV glass. A suitable color TV
      glass as manufactured by Corning is identified as No. 9,040. The 9,040
      glass is particularly compatible with skirts made of the 2,810NC or the
      2,810N metal sealing alloys above identified. The 008 Corning glass is
      particularly compatible for mounting with the metal sealing alloy 45-6,
      also above identified.
PAR  Base plate 11 made of glass is of about the same thickness as face plate
      14, i.e., one-half inch. G1 grid 42 is about 0.001 inch thick. The spacing
      between the tip of cathode 40 and the rear face of the G1 grid is about
      0.004 inch. The spacer 43 is about 0.005 inch thick. The G2 grid 44 is
      about 0.002 inch thick. The spacer 45 is about 0.002 inch thick. The G3
      grid 46 is about 0.030 inch thick. The spacer 47 is about 0.005 inch
      thick. The G4 grid 48 is about 0.030 inch thick. The distance from the
      center of the G4 grid 48 and screen 103 is about 0.200 inch. The distance
      from the screen 103 to the screen 14a on face plate 14 is about 0.1000
      inch.
PAR  From the outside, the elements appearing are the base plate 11 one-half
      inch thick abutted against the rear flange of skirt 100 with face plate 14
      of one-half thickness spaced about one-quarter inch from the front face of
      base plate 11 and nested within the flanged end of skirt 100. The entire
      structure is about 1 1/4 inches thick and 10 inches in diameter, either
      circular or rectangular and has therein about 4,800 discrete beam
      forming-deflection systems as shown in FIG. 6.
PAR  The x-y deflection fields in the system of FIGS. 1-6 are produced by
      control of the elements in G4 grid 48. A preferred deflection G4 grid may
      be provided in accordance with the structures shown in FIGS. 7-10. In
      accordance with the structures of FIGS. 7-10, the deflection G4 grid may
      be characterized as a monolithic staggered mesh deflection system
      particularly suitable for use in flat matrix cathode ray tubes. The
      general concept of this system is shown in the exploded view of FIG. 7.
PAC  FIG. 7
PAR  The G4 deflection grid is formed of four layers of mesh. The four layers
      111-114 are characterized by rectangular perforations in a thin metallic
      sheet having surface insulation thereon. The rectanglar holes in the sheet
      have the same pitch as the gun structures of FIGS. 1-6, i.e., the holes
      would be centered at 0.1 inch intervals. The holes are square and have
      length and width about twice the size of the holes in the G4 grid 48 of
      FIGS. 1-6. Thus, a rectangular deflection sector indicated by the dotted
      outline 115 functionally corresponds with the holes in the G4 grid 48. It
      is through deflection sector 115 that the electron beam will pass. The
      sheets 111-114 are staggered relative to sector 115 so that only one side
      of each of the four mesh-like structures is located close to deflection
      sector 115. Deflection sector 115 occupies about one-third of the pitch of
      the mesh. For example, the reference to an initial position where all of
      the plates are perfectly aligned one with another and symmetrical to
      sector 115, the x1 deflection plate 111 is moved in direction of arrow
      111a so that only one side of the opening 111b, the side 111c is tangent
      to sector 115. The side tangent to the deflection sector will thus be the
      only one of the four sides of the opening 111b which produces an effective
      deflection field. The sides adjacent and opposite to the side 111c will be
      effectively shielded by the other mesh elements. More particularly, the y1
      deflection plate 112 is moved in the direction of arrow 112a so that only
      the side 112c is adjacent to sector 115. Similarly, the x2 sheet 113 is
      moved in the direction of arrow 113a so that only the side 113c is tangent
      sector 115. The y2 sheet is moved in the direction of arrow 114a so that
      only the side 114c is adjacent to sector 115.
PAR  In practice, the sheets of the exploded view of FIG. 7 will form a solid
      stack in the staggered relation shown. As a result, there will be contact
      areas between adjacent sheets such as the areas 112d-112g which represent
      insulation contact zones between the x1 deflection plate 111 and the y1
      deflection plate 112.
PAR  It will be understood that plates 111-114 are of dimension such as to be
      coextensive with the array of cathodes and beam forming structures such as
      shown in FIGS. 1-6 so that each of the beams in the system can be
      deflected by application of a deflection voltage (e.sub.X) between sheets
      111 and 113 and a deflection voltage (e.sub.Y) between sheets 112 and 114.
PAC  FIG. 8
PAR  While only four plates are shown in FIG. 7, multiple sets of thin lamina
      preferably are employed in order to make up the total G4 deflection
      electrode. Such a structure is illustrated in FIG. 8 where two such sets
      are shown forming a stack where the top set of plates 111-114 overlay a
      second set of plates 111'-114'. Insulation between the sheets is not shown
      but is provided as indicated in FIG. 7. The deflection sector 115 in the x
      direction has the x plates 111 and 111' adjacent one edge and the x2
      plates 113 and 113' adjacent the opposite edge. In a similar manner, the
      y1 and y 2 plates are staggered relative to sector 115. A second
      deflection sector 115' is also shown with the edges of plates in the same
      relationship as with respect deflection sector 115. In such a stack, all
      of the x1 deflection plates would be electrically connected together as
      would all of the y1, x2 and y2 deflection plates. They would be excited in
      the manner generally shown in FIG. 7. The multi set stack of deflection
      plates such as shown in FIG. 8 has an advantage over a single set in that
      it provides larger deflector surface area and thus more sensitivity for a
      given deflection voltage.
PAC  FIG. 9
PAR  In FIG. 9, a multi set stack of perforated metal sheets is shown forming
      the G4 deflection electrode in which better shielding for the various
      deflector buses is provided with increased surface area to enhance
      sensitivity. More particularly, the x1 deflector plate 111 is provided
      with a downturned flange 111m on the side 111c of the opening 111b which
      is tangent to sector 115. In a similar manner, the plate 112 has a flange
      111m extending along the portion of the opening 112b which is tangent to
      the sector 115. Flange 112m, like flange 111m, is downturned. Plate 113
      has an upturned flange 113m extending across a portion of the side 113c
      which is tangent to the sector 115. In a similar manner, plate 114 will
      have a flange (not shown) which is upturned tangent to sector 115 on the
      side opposite the flange 112m. The above geometry is then repeated for the
      sheets 111'-114' and successive sets in the stack. The same flange
      structure is provided adjacent to the sector 115'.
PAC  FIG. 10
PAR  FIG. 10 illustrates one system for forming the deflection plates on one
      side of each opening in the sheets employed in the G4 deflection
      electrode. A fragmentary portion of the plate 111 is shown with the sides
      111c each having transverse bars 111n formed thereon. Notches 111p are
      formed from edges opposite the edge 111c. The transverse plates 111n
      initiallly are flat, lying in the plane of the plate 111. However, they
      are rotated 90.degree.. All of the plates may be formed and oriented with
      the transverse bars 111n 90.degree. one with respect to the other. The
      length 120 of the transverse bars may be constant. The distance from the
      tangent face 111c to the end of the bar, i.e., the distance 121 may be
      varied for the four mesh plates such as to maintain the same actual
      position of the four deflectors. In such case, with the transverse
      deflector bars of sufficient length, a single set of plates would be
      employed. The plates may be stamped and formed, etched and formed or
      electro formed. Thus, deflection of each of the cathode ray beams is made
      possible by using a laminate of conductive unipotential meshes separated
      by an insulator suitable for vacuum application. The insulators can be of
      a glass frit. The laminate can be composed of a single or multiple
      iteration of sets of four plates for the desired quadrature deflection. It
      will be noted that the contact areas between adjacent members occupy a
      very small portion of the total surface area. The area where the
      dielectric constant is high is thus reduced and therefore the inter
      electrode capacitance is lowered. Furthermore, the remaining mesh areas
      are physically separated from each other with low dielectric constant
      (vacuum) therebetween further reducing inter electrode capacitance.
PAR  In a system of the type shown in FIG. 6, the switching voltage on the G1
      grid 42 as above noted would be of the order of 15 to 30 volts. The
      switching voltage on the G2 grid 44 would be of the order of 75 to 150
      volts. The voltage on the G3 predeflection drift space grid 46 would be
      held constant at a value equal to the maximum value of the switching
      voltage on the G2 grid 44. Similarly, the isolation mesh 130 would be
      maintained at about the same voltage as on the G3 grid 46.
PAR  From the foregoing, it will be seen that a flat cathode ray tube device is
      provided for displaying information in response to multiple electron beams
      on a phosphor coating on a face plate. A monolithic structure is provided
      including an x-y matrix of electron source cathodes with a pair of grids
      successively spaced from the matrix with holes therethrough adjacent to
      and aligned with the cathodes selectively to form and individually control
      the intensity of an electron beam from each of the cathodes. A deflection
      control structure is provided having holes through which the beams may
      pass with a set of x-y deflection electrodes associated with each of the
      holes for x-y control of the trajectory of each of the beams. In FIG. 2 it
      will be noted that the tip of the cathode is within the limits of the G1
      grid 42. In FIG. 6, the tip of the cathode is located behind the G1 grid.
      The latter structure is preferred inasmuch as the control of the G1 grid
      is more readily affected than in the case of FIG. 2.
PAR  By way of example, specific parameters have been indicated for the
      embodiments of the invention herein described. Having described particular
      embodiments, further modifications may now be made by those skilled in the
      art and it is intended not to be limited by the specific parameters or
      embodiments herein described except as set out in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flat cathode ray tube device for display of information by response
      to an electron beam of a phosphor coating on a face plate, the combination
      which comprises:
PA1  a monolythic system structure including
PA2  a. an x-y matrix of electron source cathodes,
PA2  b. a pair of grid arrays successively spaced from said matrix with holes
      therethrough adjacent to and aligned with said cathodes selectively to
      form and individually control the intensity of an electron beam from each
      of said cathodes, and
PA2  c. deflection control structure consisting of a plurality of sheets
      electrically isolated from each other having rectangular holes therein
      through which said beams may pass, with alternative ones of said sheets
      connected for x-y deflection control of the trajectory of each of said
      beams.
NUM  2.
PAR  2. The flat cathode ray tube device claimed in claim 1 wherein each sheet
      has a flange on one side of each hole.
NUM  3.
PAR  3. The flat tube cathode ray tube claimed in claim 1 wherein the holes in
      said sheets are staggered to provide preselected sides of said holes
      tangent to the trajectory of each of said beams.
NUM  4.
PAR  4. The flat tube display claimed in claim 2 wherein the flange in the side
      of said holes is adjacent to the trajectory of each of said beams.
NUM  5.
PAR  5. The combination set forth in claim 4 in which a support plate provides
      the base for said monolythic structure with said cathodes mounted thereon.
NUM  6.
PAR  6. The combination set forth in claim 5 in which a face plate structure is
      marginally sealed to said support plate to provide a vacuum tight envelope
      housing said monolythic structure.
NUM  7.
PAR  7. The combination set forth in claim 5 in which means is provided by said
      monolythic structure to support said face plate at at least one point
      inside the margin thereof.
NUM  8.
PAR  8. The combination set forth in claim 5 in which means are provided by a
      plurality of elements based on said deflection control structure to
      support said face plate.
NUM  9.
PAR  9. The combination set forth in claim 5 in which leads from said cathode,
      said grid arrays and said deflection electrodes pass from said envelope at
      the joint between said support plate and said face plate.
NUM  10.
PAR  10. The combination set forth in claim 1 in which insulating spacer plates
      are positioned between said cathodes and said grid arrays and said
      deflection control structure with holes therethrough aligned with said
      cathodes.
NUM  11.
PAR  11. The combination set forth in claim 1 in which said matrix of electron
      source cathodes comprises a plurality of conductors in a common plane
      parallel to one another with electron emitting risers spaced apart along
      each of said conductors the same distance as the spacing between said
      conductors to provide an x-y array of regularly spaced cathodes.
NUM  12.
PAR  12. The combination set forth in claim 11 in which segmented structures
      support said cathodes between each pair of said risers and share with said
      conductors the flow of current through said risers.
NUM  13.
PAR  13. The combination set forth in claim 5 in which segmented structures
      comprising conductive frits on said base interconnect portions of said
      conductors intermediate each pair of said risers to like intermediate
      portions of the conductors spaced laterally therefrom for voltage control
      of operation of said cathodes.
NUM  14.
PAR  14. The combination set forth in claim 11 in which a support plate with
      segmented conductive structure thereon provides a mounting base for said
      cathodes, said conductive structure comprising pads or strips mounted on
      said support plate and spanning the length of said conductors between each
      pair of said risers for sharing current flowing to said risers.
NUM  15.
PAR  15. A monolythic structure for forming and controlling multiple electron
      beams for producing an information display which comprises:
PA1  a. an x-y matrix of electron sources located in a common plane and
      supported on a base plate,
PA1  b. a first array of control electrodes wherein each electrode spans a row
      of said sources in said first matrix with holes therein registering with
      the said sources and located adjacent to the plane of said sources,
PA1  c. a second array of accelerator electrodes wherein each accelerator
      electrode spans a column of said sources in said matrix with holes
      registering with said sources and located adjacent to said first array,
PA1  d. a uni-potential conductive drift space layer having holes registering
      with holes in said second array and located adjacent to the plane of said
      second array,
PA1  e. a beam deflection structure consisting of a plurality of sheets
      electrically isolated from each other adjacent said drift space layer
      having rectangular holes registering with holes in said drift space layer
      with alternative ones of said sheets connected for x-y deflection control
      of the trajectory of the beams passing through the holes, each of the
      holes having a flange on the side of the hole adjacent to the trajectory
      of the beams, and
PA1  f. a face plate spaced from said insulating member constructed for response
      to electron bombardment to produce visible reaction to said electron
      beams.
NUM  16.
PAR  16. The combination set forth in claim 15 in which said base plate, control
      grid electrodes, accelerator grid electrodes, drift space layer and beam
      deflection structure are formed as a monolythic structure.
NUM  17.
PAR  17. The combination set forth in claim 16 in which a phosphor coated cover
      plate is marginally sealed to the margins of said base plate to form a
      vacuum tight enclosure.
NUM  18.
PAR  18. The combination set forth in claim 17 in which terminals for excitation
      and control of elements within said enclosures pass therefrom in the
      region of the seal between said base plate and said face plate.
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ABST
PAL  A flat cathode ray tube device is provided for display of information by
      response to an electron beam of a phosphor coating on a face plate. A
      monolithic structure includes an x-y matrix of electron source cathodes
      and a pair of grid arrays successively spaced from the matrix with holes
      therethrough adjacent to and aligned with the cathodes selectively to form
      and individually control the intensity of an electron beam from each of
      said cathodes. Deflection control structure has holes through which the
      beams may pass with a set of x-y deflection electrodes associated with
      each of the holes for x-y control of the trajectory of each of the beams.
      A support plate forms the base of the monolithic structure with the
      cathodes mounted thereon and a face plate structure marginally sealed to
      the support plate provides a vacuum tight envelope housing the monolithic
      structure.
BSUM
PAR  This invention relates to a flat cathode ray tube having multiple electron
      beams with selective deflection means for each of the beams. In a further
      aspect, the invention relates to establishment and control of multiple
      electron beams.
PAR  Cathode ray tubes (CRT) used for display purposes in general are large
      volume devices housing structure for forming and deflecting and using an
      electron beam. Conventional television systems are bulky primarily because
      depth is necessary for an electron gun plus the associated deflection
      system.
PAR  Information systems generally, and weapon systems specifically, depend upon
      effective display of information upon which a viewer must act in
      situations of peril. CRT devices are among the many types of systems used
      to present such data. CRT systems are more versatile than many other
      display devices in that they permit presentation not only of alphanumeric
      data but also of full range analog data in black and white as well as in
      color.
PAR  There exists the need for a flat cathode ray tube, i.e., a tube in which
      the ratio of display area to enclosed volume is greatly minimized relative
      to existing devices. The ideal would be a thin plate or panel on which
      there would appear such information as is designated by input digital or
      analog input signals.
PAR  One approach to the problem is represented by a system described and
      claimed in U.S. Pat. No. RE 27,520 to Huftberg et al. This system employs
      a digitally addressed flat panel display. A dot matrix display therein
      involves control of an on-off electron beam for each dot. Decoding is
      accomplished by selective addressing of a series of apertured scanning
      plates to turn the individual beams on and off as desired. An area type of
      cathode is employed as a source of electrons for a multiplicity of beams.
PAR  In contrast to prior systems, the present invention employs a monolithic
      stack in which electron beams are formed and through which the beams are
      selectively projected onto a phosphor coated face plate with control means
      in the stack for simultaneously controlled x-y deflection for all the
      beams. The invention is directed, in one aspect, to a new approach to the
      manufacture of alphanumeric displays and flat color television tubes. In a
      further aspect, the invention involves a sandwiched full gun construction
      for an x-y matrix cathode ray tube. In a further aspect, it relates to a
      sandwiched type tube construction for large area matrix type CRT devices.
      In a further aspect, it involves a new and novel heater cathode structure
      for matrix type CRT devices. In a further aspect, it involves a novel beam
      deflection system for selective scanning of discrete areas of a face plate
      by each of the beams.
PAR  Provided is an x-y matrix of electron sources located in a common plane
      with a pair of arrays of grid electrodes which have orthogonal electrodes
      with holes therethrough adjacent to and aligned with the cathodes for
      control of the intensity and shape of beams from the cathodes. A drift
      stage member of conductive character is positioned adjacent to the grid
      arrays with holes through which the beams may pass. A set of x-y
      deflection electrodes for each of the beams is positioned downstream of
      the drift space member. The foregoing, formed as a monolithic structure,
      may be housed within a flat envelope having a phosphor coating on the
      surface onto which the electron beams are accelerated.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an isometric view of an embodiment of the invention;
PAR  FIG. 2 is a fragmentary sectional view of a monolithic structure employed
      in the tube of FIG. 1;
PAR  FIG. 3 is an exploded view of a portion of the stack of FIG. 2;
PAR  FIG. 4 illustrates a cathode configuration employed in the system of FIG.
      1;
PAR  FIG. 5 illustrates a cathode assembly embodied in the system of FIG. 1;
PAR  FIG. 6 illustrates an embodiment wherein the face plate is edge supported;
      and
PAR  FIGS. 7-10 illustrate alternative deflection structures.
DETD
PAC  FIG. 1
PAR  Referring now to FIG. 1, a system embodying the present invention is
      illustrated wherein a flat tube 10 is provided. A back plate 11 and a
      front target plate 12 are sealed along a common boundary 18 to form an
      enclosure which may be evacuated. The target plate 12 has a phosphor
      coated surface 14 on which there is to appear a visual display produced by
      reaction to impinging electron beams on the inner surface of face plate
      12. A plurality of control terminals immerge from the tube along the
      sealing line 13. A first set of leads 15 interconnect terminals extending
      through the top of tube 10 and a control unit 16 for a set of G1 grids. A
      second set of control terminals is connected by leads 17 to a G2 control
      unit 18. A third control terminal is connected by leads 19 to an x-axis
      modulation control unit 20. A fourth control terminal is connected by
      leads 21 to a y-axis modulation control unit 22. A source 23 supplies
      heater current by way of leads 24. A DC source 25 is connected to bias a
      G3 grid. A source 26 serves to supply a G5 grid. A high voltage supply 27
      serves as the accelerating voltage for a beam formed in the system of
      grids G1-G5.
PAR  As in a conventional television system, a signal from an antenna 30 or
      other information source is supplied by way of channel 31 in a control
      unit 32 which is connected by way of channels 33-36 to control units 8,
      16, 20 and 22, respectively.
PAC  FIG. 2
PAR  FIG. 2 illustrates one form of suitable structure for the system of FIG. 1.
      Base plate 11 supports an x-y matrix of heater cathodes 40. The cathodes
      are supported from one surface of the base plate 11 and extend as risers
      away from base plate. They are of inverted V shape having at the peak a
      specially treated portion from which electrons are emitted.
PAR  Insulating positioning plate 41 provides apertures 41a for the heaters and
      thus serve to position and support the heater cathodes 40. An electrode
      array 42 of G1 electrodes is positioned adjacent the surface of the plate
      41. Holes 42a in electrode 42 are aligned with heater cathodes 40. Holes
      42a are slightly larger than hole 41a. If the cathode 40 is operated at
      ground potential, the voltage on the G1 array 42 may be switched from a
      minus 30 volts typically to 0 volt to turn on the beam of electrons from
      cathode 40 for pulse width modulation or may be switched to an
      intermediate value for amplitude modulation.
PAR  A spacer 43 is positioned next adjacent the gate G1 array 42 and has
      apertures 43a therein coaxial with apertures 42a. A G2 electrode array 44
      is positioned next adjacent spacer 43. Apertures 44a extend through the
      electrode of array 44 coaxial with apertures 42a. Apertures 44a are
      smaller than apertures 43a and serve as a control for the electron beams
      from cathode 40. A third spacer 45 is positioned next adjacent the
      electrode 44 with a drift space member 46 adjacent the spacer 45.
      Apertures 45a and 46a extend through members 45 and 46, respectively,
      coaxial with apertures 42a. The apertures 45a and 46a are much larger than
      apertures 44a. The next member in the structure is a spacer 47 having
      apertures 47a therein of greater diameter than apertures 46a and coaxial
      therewith.
PAR  Next, a beam deflection unit 48 is provided with apertures 48a therein
      which are metallized in segmented form so that the beam passing
      therethrough may be deflected in the x and y directions. Apertures 48a
      typically are smaller than apertures 46a.
PAR  A spacer 49 is positioned next adjacent the member 48a with apertures 49a
      thereto larger than apertures 48a. A final buffer electrode structure 50
      is provided with apertures 50a extending therethrough coaxial with
      apertures 42a. Structure 50 is characterized by elongated ribs 51
      extending in the x direction.
PAR  Face plate 14 is provided with the inner surface 14a coated with a phosphor
      and electroded in the usual manner in cathode array technology so that a
      high potential applied thereto will serve to accelerate electrons in the
      electron beam 40a to impinge surface 14a and thereby produce a visible
      reaction to the impingement of the electron beam.
PAR  In one embodiment ribs 51 serve to support the face plate 14 against
      atmospheric pressure so that evacuation of the interior of the envelope
      formed by the base 11 and the face plate 14 will not result in breakage of
      a relatively thin face plate. Ribs 51, because of their height, provide
      second level drift spaces for the beams. For smaller diameter tubes, a
      mesh structure may be interposed between the face plate and electrode 51
      in order to extend the drift space and prevent dead areas on the screen
      because the ribs and the deflection limitation caused thereby.
PAC  FIG. 3
PAR  The structure of FIGS. 1 and 2 may be further understood by referring to
      the exploded view of FIG. 3. The base plate 11 supports the heater
      cathodes 40 at a point aligned with holes 42a in electrode array 42. In an
      orientation in which the face of the tube is in a vertical plane,
      electrodes of array 42 extend in the y (vertical) direction in the stack.
      Electrodes of array 44 have hole 44a aligned with holes 42a and extend in
      the x (horizontal) direction. The drift space member 46 has holes 46a
      aligned with holes 42a. The member 48a is provided with small apertures
      48a with segmented electrodes lining the surface of the apertures 48a. The
      final buffer electrode 50 with support ridges 51 has apertures 50a therein
      aligned with apertures 42a.
PAR  A conductor 15a is connected to electrode 42. A conductor 17a is connected
      to electrode 44. A conductor 25a is connected to the G3 electrode plate
      46. A pair of conductors 19 interconnect all the horizontal deflection
      electrodes in apertures 48a. A pair of conductors 21 interconnect all the
      vertical deflection electrodes in apertures 48a. A conductor 26a is
      connected to the final buffer electrode 50 and a conductor 27a is
      connected to the high voltage electrode on member 14.
PAR  It will be seen that each electrode 42a spans a column of heaters and has a
      column of apertures 42a therein. Each electrode 44 spans a horizontal row
      of cathodes. In conventional CRT nomenclature the electrode 42 serves as
      the first grid. The electrode 44 serves as the second grid. The two pairs
      of electrodes in apertures 48a serve as the horizontal and vertical beam
      deflection plates. In the embodiment of the invention shown in FIGS. 1-3,
      heater cathodes 40 may be spaced in an x-y matrix on 0.10 inch centers. In
      a 4 inch by 5 inch display such as shown in FIG. 1, there would be
      provided a forty by fifty element array of cathodes or 2,000 cathodes with
      provision for forming and controlling 2,000 separate electron beams. A ten
      inch diagonal display unit would have a matrix of 60 by 80 elements.
PAR  In the formation of the multiplicity of beams, the G1 electrodes 42 serve
      to control beam intensity in an on/off digital sense or in an analog sense
      depending upon the signal applied as by way of channel 15a. As above
      indicated, the voltage would be at zero potential or ground potential for
      beam fully on, and would be at minus thirty volts to shut off the beam.
PAR  The electrodes of array 44 serve as the second grid and as accelerators for
      the beams. The combination of cathodes 40 and electrode arrays 42 and 44
      form triode elements of a gun whose action is to form, focus and control
      the electron beam 40a. The G3 electrode 46 is a uni-potential metallic
      plate whose purpose is to serve as a drift space and to form a lens
      downstream of the G2 electrode array 44 that may be used to control the
      shape of beam 40a. The electrodes in the G4 plate 48 serve as
      bidirectional deflection plates for the beam 40a. The G5 element 50 serves
      as a drift space and also serves as a beam grid to provide for further
      lensing action.
PAR  In operation:
PAR  Heater cathodes 40 remain on at all times.
PAR  G1 grid 42 controls the beam current and the column selection. A sufficient
      negative bias on this grid prevents the electron introduction into the
      stack. Amplitude modulation (increase or decrease of electron flow) is
      attained by the imposition of an information signal upon the bias voltage.
      Pulse width modulation is possible along with amplitude control.
PAR  G2 grid 44 controls the row selection. All electron beams passing grid 42
      will be modulated in this row at the same time. In other words -- one line
      of information, alphanumeric characters for example, may be written at a
      time.
PAR  G3 grid 46 is a collimator or electron lens in the stack. Its function is
      to squeeze in the electron beam so that the spot size on the screen is
      acceptable in diameter.
PAR  G4 grid 48 consists of two pairs of electrodes in each aperture 48a. One
      pair is to position the beam in the y or vertical direction. The beam will
      remain at a predetermined vertical position until a given horizontal line
      has been completely written. The deflection voltage is then lowered to
      establish the next line position. The x or horizontal deflector plate
      sweeps the electron beam through its successive steps. The size of the x
      and y areas upon the screen typically is 100 mils by 100 mils or an area
      of 0.01 square inches. In a 10 inch diagonal screen, 4,800 such very small
      areas typically form the presentation.
PAR  G5 grid 50 is the final buffer. This buffer as energized constitutes the
      electron beam accelerator. Sufficient impetus is provided to make the
      phosphor give off light at the impact point. Constant accelerating voltage
      applied to the anode on face plate 14 typically is of the order of 17,000
      volts.
PAR  As shown in FIG. 2, the structure is monolithic. Base plate 11 may be glass
      or ceramic. Support plate 41 may be of metal with an insulation layer
      thereon. G1 electrodes of array 42 are conductors. An insulated metal
      spacer 43 supports G2 electrode array 44 the electrodes of which are
      conductors. A spacer 45, of insulation coated metal, supports G3 grid 46
      which is a conductor. An insulation coated metal spacer 47 supports G4
      conductive metal body 48. An insulation coated metal spacer 49 supports G5
      body 50 formed of a conductive coated material. All the plates may be
      suitably insulated as by an SiO.sub.2 coating. They may be fused together
      to form a monolithic structure which provides resistance to air pressure
      on the evacuated envelope and reduces problems that otherwise would be due
      to outgassing.
PAC  FIG. 4
PAR  FIG. 4 is a greatly enlarged view of a portion of the heater cathode
      structure 40. In a preferred embodiment, a cylindrical conductor 60 is
      provided with deviations 61 and 62 in the plane of the face of plate 11,
      FIGS. 2 and 3. The deviations are located on opposite sides of a riser 63
      having legs which lie in a plane perpendicular to the face of plate 11.
      The peak of each riser 63 is coated to form a cathode structure 40
      specially suited for electron emission when heated. Preferably, all of the
      portions of the cathode except the hairpin like riser 63 are in contact
      with a conductive body of such cross sectional area that only the riser 63
      will be subject to heating and will thus dissipate power primarily by
      heating the coating at the peak of each riser 63.
PAC  FIG. 5
PAR  FIG. 5 illustrates an assembly of a cathode matrix. It will be noted that
      the risers 63 of a first cathode array are positioned between pads 65 of a
      first row formed on the surface of plate 11. Risers of a second cathode
      array are positioned between pads 66 of a second row. The pads 65 are
      conductive and provide support for the horizontal courses 61 and 62 of the
      heater conductor. Spacer 41 is a plate provided with holes having V shaped
      notches, oppositely directed in alignment with the cathode conductor 60.
      The notches serve to position and to support risers 63.
PAR  By way of example, the cathode structure may be of thoriated tungsten wire
      where low emission is permissible, i.e., 3 amps/cm.sup.2 peak. It may be
      of 97% tungsten 3% rhunium wire with a triple oxide emitter coating if
      high emission is necessary, i.e., 5 amps/cm.sup.2 peak. Typically, current
      flow through each heater cathode wire of 25 miliamps would occur at 0.596
      volt. The heater as mounted has alternating zones of low and high
      resistivity. The resistivity of the wire preferably is about 5.5 .times.
      10.sup.-.sup.2 ohms mm.sup.2 /m at the coldest portion and 29.2 .times.
      10.sup.-.sup.2 mm.sup.2 /m at the riser 63. The low resistance area is
      provided by pads 65 and may be formed of a conductive frit having such
      cross sectional area that no heating occurs in the wire 60. The cathode
      support pads 65 of the first row may be continuous in the direction
      perpendicular to the course of the cathode conductor 60. That is, each of
      pads 65 may be integral with the pads 66 in the second row. When the pads
      are thus integral, i.e., formed in strips, the resistance of cathode wire
      60 in areas contacting the frit pads effectively is very low. Thus, the
      heat sinking ability of the rows of frit pads 65-66 and the support plate
      41 permit peaking of the temperature at the top of each heater riser 63
      while maintaining pads 65-66 at about ambient temperature.
PAR  In the system thus far described, the entire gun structure is axially
      symmetrical. Preferably the cathode is operated not as the most negative
      element in the stack to limit cathode ion bombardment. The G1 grid 42 and
      the G2 grid 44 serve as beam switching elements operating at reasonably
      low voltages. The G1 switching voltage will be of the order of 15 to 30
      volts and the G2 voltages may be of the order of 75 to 150 volts for the
      geometry shown in FIG. 2. Because of the proximity of the cathode 40 to
      the remaining elements of the gun system, instantaneous cathode loading
      will be enhanced resulting in a high highlight luminence at the screen.
      The time integrated cathode loading on the other hand is desirably low
      because cathode current flow ceases when an element is not in operation,
      i.e., when the switching voltages on the G1 grid 42 or G2 grid 44 cut off
      the flow of current from the cathode 40. The spacers 43 and 45 in the
      triode sector of the structure are very far removed from the active
      electrode areas of grids 42 and 44 and are therefore far removed from the
      beam trajectory. Because of this, they represent essentially zero field
      influence since as it will be recalled, the size of the holes in grids 42
      and 44 is 0.010 inch and the hole pitch is of the order of 0.100 inch. the
      deflectors in the G4 grid 48 minimize the number of elements required for
      a television application while providing for full screen display.
PAR  However, it will be noted from FIGS. 2 and 3 that a full screen
      presentation will not be possible because of the contact areas 51 at the
      face plate 14. A full screen display may be be provided utilizing the
      system illustrated in FIG. 6.
PAC  FIGURE 6
PAR  In the system of FIG. 6, like parts have been given the same reference
      characters as in FIGS. 1-5. In this system the tip of cathode 40 is spaced
      behind the plane of the back face of the G1 grid 42. The diameter of the
      holes through grids 42 and 44 are very small compared to the diameter of
      the holes through spacers 43 and 45. The diameter of the holes through
      grids 46 and 48 are about triple the diameter of the holes in grids 42 and
      44. The thickness of G3 grid 46 and G4 grid 48 are about equal and roughly
      correspond to the diameter of the holes therethrough.
PAR  Base plate 11 abuts one end of a metal skirt 100. Face plate 14 is mounted
      within the other end of the metal skirt 100, resting on a shoulder 101 and
      sealed to skirt 100 by a suitable glass frit 102. A conventional screen
      14a on the inside face of plate 14 responds to electron impingement to
      produce the desired visual display. Skirt 100 withstands the compressive
      forces due to atmospheric pressure on base plate 11 and face plate 14. An
      isolation mesh screen 103 is mounted between G4 grid 48 and face plate 14.
      Mesh 103 is secured on a ring 104 which is secured to the inside of skirt
      100. Isolation mesh 103 serves to modify the electric fields along the
      paths of the electron beams to cause the trajectories to impinge the
      screen 14a perpendicularly.
PAR  In the embodiment of FIG. 6, representative values of the parameters
      involved for a 10 inch diameter screen man be:
PAR  Skirt 100 preferably will be of metal of from 0.015 to 0.025 inch thick and
      made of material such as modified stainless steel generally known in the
      industry by the designation No. SS446. A particularly suitable material is
      manufactured by Universal Cyclops of Pittsburgh, Pennsylvania and
      identified as metal sealing alloy No. 2810NC or 2810N. Another suitable
      metal is a metal sealing alloy No. 45-7 manufactured and sold by Carpenter
      Technology Corporation of Reading, Pa.
PAR  The face plate 14 of about one-half inch thickness will withstand the
      pressures involved when the sytem is evacuated and is made of glass such
      as presently used in television systems. A suitable black and white TV
      glass is the type manufactured and sold by Corning Glass Works of Corning,
      N.Y. and identified as 008 black and white TV glass. A suitable color TV
      glass as manufactured by Corning is identified as No. 9040. The 9040 glass
      is particularly compatible with skirts made of the 2810NC or the 2810N
      metal sealing alloys above identified. The 008 Corning glass is
      particularly compatible for mounting with the metal sealing alloy 45-6,
      also above identified.
PAR  Base plate 11 made of glass is of about the same thickness as face plate
      14, i.e., one-half inch. G1 grid 42 is about 0.001 inch thick. The spacing
      between the tip of cathode 40 and the rear face of the G1 grid is about
      0.004 inch. the spacer 43 is about 0.005 inch thick. The G2 grid 44 is
      about 0.002 inch thick. The spacer 45 is about 0.002 inch thick. The G3
      grid 46 is about 0.030 inch thick. The spacer 47 is about 0.005 inch
      thick. The G4 grid 48 is about 0.030 inch thick. The distance from the
      center of the G4 grid 48 and screen 103 is about 0.200 inch. The distance
      from the screen 103 to the screen 14a on the face plate 14 is about 0.1000
      inch.
PAR  From the outside, the elements appearing are the base plate 11 one-half
      inch thich abutted against the rear flange of skirt 100 with face plate 14
      of one-half inch thickness spaced about one-quarter inch from the front
      face of base plate 11 and nested within the flanged end of skirt 100. The
      entire structure is about 1 1/4 inches thick and 10 inches in diameter,
      either circular or rectangular and has therein about 4,800 discrete beam
      forming-deflection systems as shown in FIG. 6.
PAR  The x-y deflection fields in the system of FIGS. 1-6 are produced by
      control of the elements in G4 grid 48. A preferred deflection G4 grid may
      be provided in accordance with the structures shown in FIGS. 7-10. In
      accordance with the structures of FIGS. 7-10, the deflection G4 grid may
      be characterized as a monolithic staggered mesh deflection system
      particularly suitable for use in flat matrix cathode ray tubes. The
      general concept of this system is shown in the exploded view of FIG. 7.
PAC  FIG. 7
PAR  The G4 deflection grid is formed of four layers of mesh. The four layers
      111-114 are characterized by rectangular perforations in a thin metallic
      sheet having surface insulation thereon. The rectangular holes in the
      sheet have the same pitch as the gun structures of FIGS. 1-6, i.e., the
      holes would be centered at 0.1 inch intervals. The holes are square and
      have length and width about twice the size of the holes in the G4 grid 48
      of FIGS. 1-6. Thus, a rectangular deflection sector indicated by the
      dotted outline 115 functionally corresponds with the holes in the G4 grid
      48. It is through deflection sector 115 that the electron beam will pass.
      The sheets 111-114 are staggered relative to sector 115 so that only one
      side of each of the four mesh-like structures is located close to
      deflection sector 115. Deflection sector 115 occupies about one-third of
      the pitch of the mesh. For example, with reference to an initial position
      where all of the plates are perfectly aligned one with another and
      symmetrical to sector 115, the x1 deflection plate 111 is moved in
      direction of arrow 111a so that only one side of the opening 111b, the
      side 111c is tangent to sector 115. The side tangent to the deflection
      sector will thus be the only one of the four sides of the opening 111b
      which produces an effective deflection field. The sides adjacent and
      opposite to the side 111c will be effectively shielded by the other mesh
      elements. More particularly, the y1 deflection plate 112 is moved in the
      direction of arrow 112a so that only the side 112c is adjacent to sector
      115. Similarly, the x2 sheet 113 is moved in the direction of arrow 113a
      so that only the side 113c is tangent sector 115. The y2 sheet is moved in
      the direction of arrow 114a so that only the side 114c is adjacent to
      sector 115.
PAR  In practice, the sheets of the exploded view of FIG. 7 will form a solid
      stack in the staggered relation shown. As a result, there will be contact
      areas between adjacent sheets such as the areas 112d-112g which represent
      insulated contact zones between the x1 deflection plate 111 and the y1
      deflection plate 112.
PAR  It will be understood that plates 111-114 are of dimension such as to be
      coextensive with the array of cathodes and beam forming structures such as
      shown in FIGS. 1-6 so that each of the beams in the system can be
      deflected by application of a deflection voltage (e.sub.X) between sheets
      111 and 113 and a deflection voltage (e.sub.Y) between sheets 112 and 114.
PAC  FIG. 8
PAR  While only four plates are shown in FIG. 7, multiple sets of thin lamina
      preferably are employed in order to make up the total G4 deflection
      electrode. Such a structure is illustrated in FIG. 8 where two such sets
      are shown forming a stack where the top set of plates 111-114 overlay a
      second set of plates 111'-114'. Insulation between the sheets is not shown
      but is provided as indicated in FIG. 7. The deflection sector 115 in the x
      direction has the x plates 111 and 111' adjacent one edge and the x2
      plates 113 and 113' adjacent the opposite edge. In a similar manner, the
      y1 and y2 plates are staggered relative to sector 115. A second deflection
      sector 115' is also shown with the edges of plates in the same
      relationship as with respect deflection sector 115. In such a stack, all
      of the x1 deflection plates would be electrically connected together as
      would all of the y1, x2 and y2 deflection plates. They would be excited in
      the manner generally shown in FIG. 7. The multi set stack of deflection
      plates such as shown in FIG. 8 has an advantage over a single set in that
      it provides larger deflector surface area and thus more sensitivity for a
      given deflection voltage.
PAC  FIG. 9
PAR  In FIG. 9, a multi set stack of perforated metal sheets is shown forming
      the G4 deflection electrode in which better shielding for the various
      buses is provided with increased surface area to enhance sensitivity. More
      particularly, thee x1 deflector plate 111 is provided with a downturned
      flange 111m on the side 111c of the opening 111b which is tangent to
      sector 115. In a similar manner, the plate 112 has a flange 112m extending
      along the portion of the opening 112b which is tangent to the sector 115.
      Flange 112m, like flange 111m, is downturned. Plate 113 has an upturned
      flange 113m extending across a portion of the side 113c which is tangent
      to the sector 115. In a similar manner, plate 114 will have a flange (not
      shown) which is upturned tangent to sector 115 on the side opposite the
      flange 112m. The above geometry is then repeated for the sheets 111'-114'
      and successive sets in the stack. The same flange structure is provided
      adjacent to the sector 115'.
PAC  FIG. 10
PAR  FIG. 10 illustrates one system for forming the deflection plate on one side
      of each opening in the sheets employed in the G4 deflection electrode. A
      fragmentary portion of the plate 111 is shown with the sides 111c each
      having transverse bars 111n formed thereon. Notches 111p are formed from
      edges opposite the edge 111c. The transverse plates 111n initially are
      flat, lying in the plane of the plate 111. However, they are rotated
      90.degree.. All of the plates may be formed and oriented with the
      transverse bars 111n 90.degree. one with respect to the other. The length
      120 of the transverse bars may be constant. The distance from the tangent
      fact 111c to the end of the bar, i.e., the distance 121 may be varied for
      the 4 mesh plates such as to maintain the same actual position of the four
      deflectors. In such case, with the transverse deflector bars of sufficient
      length, a single set of plates would be employed. The plates may be
      stamped and formed, etched and formed or electro formed. Thus, deflection
      of each of the cathode ray beams is made possible by using a laminate of
      conductive unipotential meshes separated by an insulator suitable for
      vacuum application. The insulators can be of a glass frit. The laminate
      can be composed of a single or multiple iteration of sets of four plates
      for the desired quadrature deflection. It will be noted that the contact
      areas between adjacent members occupy a very small portion of the total
      surface area. The area where the dielectric constant is high is thus
      reduced and therefore the inter electrode capacitance is lowered.
      Furthermore, the remaining mesh areas are physically separated from each
      other with low dielectric constant (vacuum) therebetween further reducing
      inter electrode capacitance.
PAR  In a system of the type shown in FIG. 6, the switching voltage on the G1
      grid 42 as above noted would be of the order of 15 to 30 volts. The
      switching voltage on the G2 grid 44 would be of the order of 75 to 150
      volts. The voltage on the G3 predeflection drift space grid 46 would be
      held constant at a value equal to the maximum value of the switching
      voltage on the G2 grid 44. Similarly, the isolation mesh 130 would be
      maintained at about the same voltage as on the G3 grid 46.
PAR  From the foregoing, it will be seen that a flat cathode ray tube device is
      provided for displaying information in response to multiple electron beams
      on a phosphor coating on a face plate. A monolithic structure is provided
      including an x-y matrix of electron source cathodes with a pair of grids
      successively spaced from the matrix with holes therethrough adjacent to
      and aligned with the cathodes selectively to form and individually control
      the intensity of an elctron beam from each of the cathodes. A deflection
      control structure is provided having holes through which the beams may
      pass with a set of x-y deflection electrodes associated with each of the
      holes for x-y control of the trajectory of each of the beams. In FIG. 2 it
      will be noted that the tip of the cathode is within the limits of the G1
      grid 42. In FIG. 6, the tip of the cathode is located behind the G1 grid.
      The latter structure is preferred inasmuch as the control of the G1 grid
      is more readily affected than in the case of FIG. 2.
PAR  By way of example, specific parameters have been indicated for the
      embodiments of the invention herein described. Having described particular
      embodiments, further modifications may now be made by those skilled in the
      art and it is intended not to be limited by the specific parameters or
      embodiments herein described except as set out in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flat cathode ray tube device for display of information by response
      to an electron beam of a phosphor coating on a face plate, the combination
      which comprises:
PA1  a monolithic structure including
PA1  a. an x-y matrix of electron source cathodes,
PA2  b. a pair of grid arrays successively spaced from said matrix with holes
      therethrough adjacent to and aligned with said cathodes selectively to
      from and individually control the intensity of an electron beam from each
      of said cathodes, and
PA2  c. deflection control structure having holes through which said beams may
      pass with a set of x-y deflection electrodes associated with each of said
      holes for independent x-y control of the trajectory of each of said beams.
NUM  2.
PAR  2. The combination set forth in claim 1 in which a support plate provides
      the base for said monolithic structure with said cathodes mounted thereon.
NUM  3.
PAR  3. The combination set forth in claim 2 in which a face plate is marginally
      sealed to said support plate to provide a vacuum tight envelope housing
      said monolithic structure.
NUM  4.
PAR  4. The combination set forth in claim 3 in which means is provided by said
      monolithic structure to support said face plate at at least one point
      inside the margin thereof.
NUM  5.
PAR  5. The combination set forth in claim 3 in which means are provided by a
      plurality of elements based on said deflection control structure to
      support said face plate.
NUM  6.
PAR  6. The combination set forth in claim 3 in which leads from said cathode,
      said grid arrays and said deflection electrodes pass from said envelope at
      the joint between said support plate and said face plate.
NUM  7.
PAR  7. The combination set forth in claim 1 in which insulating spacer plates
      are positioned between said cathodes and said grid arrays and said
      deflection control structure with holes therethrough aligned with said
      cathodes.
NUM  8.
PAR  8. The combination set forth in claim 1 in which said matrix of electron
      source cathodes comprises a plurality of conductors in a common plane
      parallel to one another with electron emitting risers spaced apart along
      each of said conductors the same distance as the spacing between said
      conductors to provide an x-y array of regularly spaced cathodes.
NUM  9.
PAR  9. The combination set forth in claim 8 in which segmented structures
      support said cathodes between each pair of said risers and share with said
      conductors the flow of current through said risers.
NUM  10.
PAR  10. The combination set forth in claim 2 in which segmented structures
      comprising conductive frits on said base interconnect portions of said
      conductors intermediate each pair of said risers to like intermediate
      portions of the conductors spaced laterally therefrom for voltage control
      of operation of said cathodes.
NUM  11.
PAR  11. The combination set forth in claim 8 in which a support plate with
      segmented conductive structure thereon provides a mounting base for said
      cathodes, said conductive structure comprising pads or strips mounted on
      said support plate and spanning the length of said conductors between each
      pair of said risers for sharing current flowing to said risers.
NUM  12.
PAR  12. The combination set forth in claim 11 in which said deflection control
      structure comprises quadrant limited electrode means at the margin of each
      of said holes with like electrode means from all holes electrically
      connected in parallel.
NUM  13.
PAR  13. The combination set forth in claim 12 in which said deflection control
      structure comprises an insulating plate having holes therethrough with
      vertical and horizontal deflection plates formed by segmented
      metallization lining the holes through which said beams pass.
NUM  14.
PAR  14. The combination set forth in claim 13 in which conductors connect in
      parallel all vertical deflection plates while extending along one side of
      said insulating plate and in which conductors connect in parallel the
      horizontal deflection plates while extending along the other side of said
      insulating plate.
NUM  15.
PAR  15. A monolithic structure for forming and controlling multiple electron
      beams for producing an information display which comprises:
PA1  a. an x-y matrix of electron sources located in a common plane and
      supported on a base plate,
PA1  b. a first array of control electrodes wherein each electrode spans a row
      of said sources in said first matrix with holes therein registering with
      the said sources and located adjacent to the plane of said sources,
PA1  c. a second array of accelerator electrodes wherein each accelerator
      electrode spans a column of said sources in said matrix with holes
      registering with said sources and located adjacent to said first array,
PA1  d. a uni-potential conductive drift space layer having holes registering
      with holes in said second array and located adjacent to the plane of said
      second array,
PA1  e. a beam deflection structure including an insulating member adjacent said
      drift space layer having holes registering with holes in said drift space
      layer and having x-y electrodes adjacent thereto for controlled
      bidirectional deflection of electron beams passing therethrough, and
PA1  f. a face plate spaced from said insulating member constructed for response
      to electron bombardment to produce a visible reaction to said electron
      beams.
NUM  16.
PAR  16. The combination set forth in claim 15 in which said base plate, control
      grid electrodes, accelerator grid electrodes, drift space layer and beam
      deflection structure are formed as a monolithic structure.
NUM  17.
PAR  17. The combination set forth in claim 16 in which a phosphor coated cover
      plate is marginally sealed to the margins of said base plate to form a
      vacuum tight enclosure.
NUM  18.
PAR  18. The combination set forth in claim 17 in which terminals for excitation
      and control of elements within said enclosure pass therefrom in the region
      of the seal between said base plate and said face plate.
NUM  19.
PAR  19. A monolithic structure for forming and controlling multiple electron
      beams employed to produce a display of information on an electron beam
      responsive display panel which comprises:
PA1  a. an x-y matrix of electron source cathodes supported on a base plate,
PA1  b. a layered pair of grid arrays supported from said base in which bar
      electrodes in a first layer are orthogonal to bar electrodes in a second
      layer with holes therethrough adjacent to and aligned with said cathodes
      to form and individually control the intensity of an electron beam from
      each of said cathodes,
PA1  c. a drift space plate supported by said arrays and a conductive character
      with holes therein through which said beams may pass, and
PAR  d. an insulating layer supported by said drift space plate having holes
      therethrough for passage of said beams with sets of x-y deflection
      electrodes, one set for each of said beams, positioned downstream of said
      drift space plate to control the points of impact of said beams on said
      panel.
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PAL  A micro-miniature light source assemblage is provided having enhanced
      mechanical strength, maximum light output, and versatile accommodation for
      other integrated circuit components by employing as mounting for the LED
      (light emitting diode) a preassemblage of electric leads having an
      overlapped and insulated bond which is durable and permits flexibility in
      the orientation of said leads in use.
PAL  The preassemblage of leads can also provide for mounting of other solid
      state devices, and special adaptations include offset and/or reduced
      thickness portions of said leads at the bond area as well as a
      modification in which an integral extension of one lead forms the
      electrical connection to an LED or other device mounted on the other lead.
BSUM
PAR  This invention relates to a micro-miniature light source assemblage having
      enhanced mechanical strength, maximum light output, and versatile
      accomodation for other integrated circuit components by employing as
      mounting for the LED (light emitting diode) a preassemblage of electric
      leads having an overlapped and insulated bond which is durable and permits
      flexibility in the orientation of said leads in use.
PAR  The preassemblage of leads can also provide for mounting of other solid
      state devices, and special adaptations include offset and/or reduced
      thickness portions of said leads at the bond area as well as a
      modification in which an integral extension of one lead forms the
      electrical connection to an LED or other device mounted on the other lead.
PAR  There has developed in recent years extensive use in digital watches,
      calculators and other instruments of electrically actuated and illuminated
      characters where the identity of characters depends on selective
      activation of associated light emission bars, and each bar is made up of a
      plurality of closely spaced LED (light emitting diode) devices. Such
      devices are basically well-known in the art, and a good summary of the
      characteristics, color emission, and the like of LED devices can be found
      in an article "LED Technology" by M. C. Craford and D. L. Keune which
      appeared in Solid State Technology for Jan. 1974.
PAR  An object of the present invention is to provide a micro-miniaturized
      package or assemblage which better fills the need in the illumination of
      digital watches, pocket calculators and other small instruments by
      providing such assemblages of a size which can be assembled as close as
      about 0.01 inch on centers while at the same time providing the ruggedness
      and durability needed during assemblage and use of such instruments. The
      unusually small size is desirable in instruments of the type mentioned not
      only because of the limitation of available space but also as a means for
      enlarging the contrast ratio between the energized and nonenergized
      states, as the nonenergized device becomes hardly visible because of its
      small dimension.
PAR  The key to the size reduction achieved in accordance with the present
      invention resides primarily in the unique manner of providing an
      insulating bond between two overlapped electric leads for the device which
      assures a tensile strength substantially equivalent to that of the leads
      themselves and which at the same time permits the mounting of a LED device
      to expose to a maximum extent the light emitting surfaces thereof. Light
      emission is enhanced by a lens-like encapsulation of the lead juncture and
      LED device in a body of clear plastic material, suitably a thermosetting
      epoxy composition.
PAR  The dimensions of the micro-assemblage can be varied within limits in
      adapting to the space accomodations in varied uses as for example by
      mounting the LED device on top of the lead juncture, by mounting on one
      lead closely spaced from the juncture is vertical space is at a premium,
      or even on a juncture of reduced thickness if both longitudinal space and
      vertical space are at a premium.
PAR  The preassemblage of leads and the durability provided by the overlapped
      and insulated bond therebetween lends itself to the mounting of other
      semi-conductors and integrated circuit components in place of or in
      addition to the LED device. In this connection, however, it will be
      understood that the use of clear encapsulant is important only when the
      assemblage includes an LED device. When the preassembled leads are
      employed for the mounting only of other type semi-conductors or the like,
      an opaque encapsulant can be employed.
DRWD
PAR  The invention will be more fully understood from a consideration of the
      following description having referecne to the accompanying drawing in
      which certain adaptations of the invention have been illustrated with the
      components identified by suitable reference characters in the several
      views, and in which;
PAR  FIG. 1 is a sectional view through a light emitting assemblage in
      accordance with the present invention.
PAR  FIG. 2 is a plan view of the assemblage shown in FIG. 1.
PAR  FIG. 3 is a sectional view substantially on the broken line 3--3 of FIG. 1.
PAR  FIGS. 3, 4 and 5 are sectional views similar to FIG. 1, showing modified
      arrangements of components.
PAR  FIG. 7 is a fragmentary plan view of one of the leads shown in FIG. 6 prior
      to assemblage.
PAR  FIG. 8 is a view similar to FIG. 1 showing round leads which are flattened
      at the point of juncture.
PAR  FIG 8a is a fragmentary showing of one of the leads in FIG. 8 with the
      flattened end in plan view.
PAR  FIG. 9 is a view similar to FIG. 4 but including a second electronic
      component.
PAR  FIG. 10 is a view similar to FIG. 9 but showing a second electronic
      component of a different type, and in more compact arrangement.
DETD
PAR  As shown in FIGS. 1-3 of the drawings, an assemblage 10 in accordance with
      the present invention comprises leads 11 and 12 having overlapped ends
      bonded together as at 13 by epoxy resin or other cement having good
      electrical insulating properties. For devices intended to operate at low
      voltages as for example three volts or lower, such cement can provide
      ample insulation between the overlapped lead ends. For devices intended to
      operate at higher voltages, however, it is preferable to interpose between
      layers of cement 13 a thin plate of mica or other insulating material 14
      having an area approximately equal to or slightly greater than the
      overlapped lead ends.
PAR  The leads 11, 12 have been shown in FIGS. 1-3 as having a flat or
      ribbon-like contour, and while leads of this type are considered
      preferable, it is possible in this and other adaptations of the invention
      to employ round wire leads with flattened ends as more fully hereinafter
      described.
PAR  The bond provided between the substantially overlapped lead ends imparts a
      tensile strength to the subassemblage which is substantially as great as
      the leads themsleves.
PAR  Attention is directed to the scale interposed between FIGS. 1 and 2 and to
      the indication of shortening 11, 12 the illustration of the leads 11,12.
      In reality the overall length of the leads may be 50 to 100 times the
      longitudinal dimension of the juncture assemblage 10.
PAR  In the illustration shown in FIGS. 1-3 an LED device or chip 15 is mounted
      to the lead 11 in alignment with the overlapped end assemblage of the
      leads 11, 12 by a conductive bonding means 16 such as eutectic solder or
      electrically conductive epoxy resin. To complete the circuit for the LED
      chip a very thin wire 17 is welded to the top contact 18 of the LED chip
      and to the lead 12 as seen at 19, after which the assemblage is enveloped
      in a mass of clear plastic material 20. This can suitably be a clear epoxy
      resin which is applied as liquid or semi-liquid and which after setting
      forms a hard clear mass which not only protects and strengthens the
      assemblage but also acts as a lens, enhancing the apparent size of the LED
      device.
PAR  As shown in FIGS. 1 and 3 the lens forming mass 20 extends somewhat along
      the leads 11, 12 but extends only slightly beyond the width of the
      assemblage. This configuration, which is desirable to facilitate close
      packing of a series of such assemblages to form illuminating bars and the
      like, tends to be assumed automatically by reason of the overall shape of
      the assemblage, but flattening of the sides as shown in FIG. 3 can be
      assisted if necessary by applying pressure to sides of the mass 20 before
      the setting thereof is complete.
PAR  In an assemblage as above described, when electrically activated by current
      of a proper direction or bias, the LED device emits light of a
      characteristic color depending upon its particular composition as
      described in the above mentioned publication LED Technology. In order to
      facilitate proper orientation of the assemblage in the particular circuit
      with which it is to be used, it is desirable that the leads 11 and 12 be
      characterized for easy identification. In some instances this is achieved
      by using wire of different composition and color in the leads 11 and 12.
      When both leads are the same color, however, one lead can be otherwise
      characterized as for example by means of a diagonal end cut 21
      characterizing the lead 11 and contrasting with the square cut 22 which
      characterizes the lead 12 as shown in FIG. 2.
PAR  While a certain amount of color selection is possible, by selecting a LED
      device of appropriate composition, the colors red, green and yellow or
      amber being readily available, it should be understood that the color of
      emitted light can, if desired, be slightly modified by adding appropriate
      transparent color to the clear plastic of the encapsulant and lens 20.
PAR  While the basic principles of the present invention are embodied in the
      assemblage shown in FIGS 1-3, several modifications have been illustrated
      in the drawing to permit better visualizing of the versatility of the new
      technique. For ease of comparison the same reference characters have been
      applied to the corresponding components in all figures of the drawing.
PAR  FIG. 4 shows an assemblage quite similar to that shown in FIG. 1, the
      difference being that one of the leads 11 is sharply offset as seen at 11a
      closely adjacent the bonded end to establish a coplanar orientation of the
      leads 11, 12. Whether such coplanar orientation or the slight offset of
      the leads 11, 12 as shown in FIG. 1 is preferred may depend in part on the
      space accommodations of the instrument in which the assemblage is to be
      used.
PAR  FIG. 5 corresponds generally with FIG. 4 in showing the coplanar
      orientation of the leads 11,12 but provides a flatter profile by having
      the LED device 15A bonded to the lead 12 by electrically conductive solder
      or cement 16A and having the fine wire 17A extend from the top contact 18A
      of the LED device to the bonded end 11b of the lead 11. In making this
      change it will be recognized that if the current flow in FIG. 4 was from
      lead 11 through the LED device 15 to the lead 12, then in FIG. 5 the
      current flow must be from the lead 12 through the relocated LED device 15A
      to the lead 11.
PAR  FIGS. 6 and 7 show a modified construction which eliminates the need for
      the separate fine wire 17 or 17A by specially fashioning the end of one of
      the leads 11 to provide a pair of bonding members 23 slightly spaced from
      a central integral extension 24 long enough to be reshaped as seen in FIG.
      6 and welded to the top contact 18 of the LED device 15. In FIG. 6 lead 12
      has been shown as having a sharp offset 12A adjacent the bonding area
      thereby establishing the coplanar orientation of the leads 11, 12 which
      may for some purposes be desirable as above described.
PAR  As the assemblage shown in FIG. 6 has the base of the LED unit electrically
      bonded to the lead 12 and the top contact joined directly to the lead 11,
      the current flow through the device must be the same as would be
      applicable with the arrangement shown in FIG. 5.
PAR  FIG. 8 and 8a illustrates an assemblage in which the leads 11, 12 are in
      the form of wires of round cross section rather than the strip or ribbon
      configuration of the earlier figures. Flattened ends 24, 25 permit firm
      bonding together of the overlapped leads as seen in FIG. 8 by means of
      electrically insulating cement 13 and interposed insulating plate 14 if
      needed as earlier described. The flattened end 25 of the lead 12 also
      provides for the firm bonding of LED device 15 by conductive cement or
      solder 16. With the fine wire 17 extending from top contact 18 to the lead
      11, it will be apparent that current through this device must flow in the
      same direction as in FIGS. 5 and 6.
PAR  FIG. 9 shows an assemblage generally similar to that shown in FIG. 4 in
      which a second electronic component 26 is in series circuit the LED device
      15. The component 26 has been shown as mounted on lead 12 by insulating
      cement 13' which may be supplemented as desired by insulating sheet 14'.
      In this arrangement a fine wire 17 extends from the LED device 15 to a
      first contact point 26A on component 26, and a second fine wire 17A
      extents from a second contact point 26B to a welding contact with lead 12
      as seen at 27.
PAR  In FIG. 10 there is shown a modified arrangement of dual mounting of
      components related to that shown in FIG. 9 but differing in that the
      second component 28 is placed in circuit by top and bottom contacts. In
      this instance component 28 is mounted on the lead 12 by electrically
      conductive solder or cement 16B, and the fine wire 17 extends from the top
      of component 28 to the top of the LED device 15.
PAR  In FIG. 9 the leads 11, 12 have been shown in full lines as disposed in
      coplanar orientation and in dotted lines as disposed in paralled
      orientation, while in FIG. 10 the full line and dotted line showings have
      been reversed. The orientation of the leads 11, 12 which will be best
      suited to particular uses of the assemblage will depend upon the type and
      available space of instruments in which the assemblage is to be mounted.
      it is intended that the full and dotted line showing of the leads in FIGS.
      9 and 10 convey to the reader an appreciation of the fact that reshaping
      or reorientation of the leads as convenient for different uses of the
      various assemblages is intended and that the firmness of bonding between
      the leads 11, 12 and the protected support of LED and other components
      thereon permits such reshaping or reorientation of the leads without
      concern for damage to or impairment to the performance of the assemblage.
PAR  While the various structural arrangements above described are particularly
      intended and adapted for the mounting of LED devices, it is to be
      understood that the preassemblage of leads 11, 12 in the various ways
      above described can be useful in the mounting of various micro solid state
      devices other than light emitting devices. In such event the details of
      assembly and the general materials employed above described will be
      applicable with the exception that since no light would be emitted, the
      encapsulant material 20 can be opaque plastic.
PAR  Various changes and modifications in the micro-miniature assemblages of
      solid stat devices and the mounting means thereof as herein described may
      occur to those skilled in the art, and to the extend that such changes and
      modifications are embraced by the appended claims, it is to be understood
      that they constitute part of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A micro-miniature electrical assemblage comprising a pair of wire leads
      having overlapped ends, said ends, at the overlapped positions only
      thereof, being joined by bonding means providing both electrical
      insulation and physical strength, thereby forming a sub-assemblage having
      a central bonded juncture with the leads divergently projecting therefrom
      and freely deformable with respect thereto, a solid state electrical
      component having top and bottom contacts, said component being joined at
      the bottom thereof to one of said leads by electrically conductive bonding
      means, fine wire means electrically bonded to the top of said component
      and to the other of said leads, and said bonded juncture and associated
      solid state component being enveloped by a hardened mass of plastic
      material having electrical insulating properties.
NUM  2.
PAR  2. A micro-miniature electrical assemblage as defined in claim 1, wherein
      said solid state electrical component is a light emitting diode (LED)
      device, and said plastic material is clear and of lens-like contour to
      thereby enhance light emission of said device in a direction
      perpendicularly to the plane of said bonded juncture.
NUM  3.
PAR  3. A micro-miniature electrical assemblage as defined in claim 1, wherein
      said leads are of flat, ribbon-like contour.
NUM  4.
PAR  4. A micro-miniature electrical assemblage as defined in claim 3, wherein
      at least one of said leads is offset adjacent the point of juncture to
      dispose the major portion of said leads in a common plane.
NUM  5.
PAR  5. A micro-miniature electrical assemblage as defined in claim 3, wherein
      the juncture portion of one of said leads comprises transversely spaced
      tabs for bonding with said other lead, and said first lead having an
      integral fine extension between and extending beyond said tabs, and said
      extension providing the fine wire means for completing electrical circuit
      to the top of a solid state electrical component electrically bonded to
      said other lead.
NUM  6.
PAR  6. A micro-miniature electrical assemblage as defined in claim 3, wherein
      said solid state electrical component is mounted over the juncture of said
      leads to thereby minimize the dimension of said assemblage longitudinally
      of said leads.
NUM  7.
PAR  7. A micro-miniature electrical assemblage as defined in claim 3, wherein
      said solid state electrical component is mounted on one of said leads
      adjacent said juncture to thereby minimize the dimensions of said
      assemblage perpendicularly to said leads.
NUM  8.
PAR  8. A micro-miniature electrical assemblage as defined in claim 3, wherein a
      second electrical component is included in said assemblage in circuit with
      said solid state electrical component.
NUM  9.
PAR  9. A micro-miniature electrical assemblage as defined in claim 8, wherein
      said second component has a bottom contact and is bonded to one of said
      leads by electrically conductive means.
NUM  10.
PAR  10. A micro-miniature electrical assemblage as defined in claim 8, wherein
      said second component has no bottom contact and is bonded to one of said
      leads by electrically insulating means.
NUM  11.
PAR  11. A micro-miniature electrical assemblage as defined in claim 3, wherein
      said hardened mass of plastic material extends only slightly beyond the
      width of said ribbon-like leads to thereby permit the close packing of a
      plurality of said assemblages in side-by-side arrangement.
NUM  12.
PAR  12. A micro-miniature electrical assemblage as defined in claim 1, wherein
      said leads are wires of circular cross section, and end portions thereof
      are flattened to provide juncture areas which are substantially thinner
      and substantially wider than the wire diameter, and said solid state
      electrical component being joined to one of said flattened portions by
      said electrically conductive bonding means.
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ABST
PAL  A ballast especially useful in forming symmetrical half cycles of lamp
      current during dim light level operation, and thus in overcomming a type
      of lamp flicker. The light level of the lamp is controlled by an intensity
      selector circuit which controls an auxiliary circuit that, in turn,
      controls the ballast circuit. The intensity selector circuit comprises an
      oscillator which produces timing pulses at a frequency controlled by a
      potentiometer. The oscillator operates a control switch in the auxiliary
      circuit and the control switch supplies gate current for a power switch.
      The power switch controls the ballast circuit which turns on the lamp
      during a portion of each current half cycle; the light level being
      determined by the length of the conduction portion of that half cycle. The
      ballast circuit comprises primary, secondary, and heating windings mounted
      on a common core. The primary winding is connected to ground through a
      resistor. The heating windings, first and second secondary windings, and
      the lamp electrodes are substantially floating with respect to ground. The
      first and second secondary windings are electrically isolated from one
      another. These features of the improved ballast circuit overcome flicker
      at dim levels by enabling the lamp to conduct current symmetrically during
      each half cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in ballast circuits and, more
      particularly, ballast circuits for controlling gaseous discharge lamps at
      low intensity or dim light levels.
PAR  Ballast circuits are, in general, used to regulate the amount of current
      through a gaseous discharge lamp having electrodes at each end. They
      primarily consist of impedance devices such as inductors, capacitors and
      transformers. Dimming circuits have been designed for use in conjuction
      with ballast circuits which are used to dim the lamp by allowing it to
      conduct only during a portion of each half cycle of input voltage. To
      simplify, the lamp is dimmed by turning on later in its current half cycle
      to obtain different light levels. It is desirable that the eye not see
      this turning off and on or a flicker will be observed. In studying
      auto-transformer type ballasts, having associated dimming circuits, it was
      noticed that flicker occurred at low light levels. There may be several
      causes of this instability.
PAR  Many prior art ballast circuits have one side, namely one of the heating
      windings, connected to ground through a resistor. The lamp electrodes are
      connected to the heating windings, and thus one of the electrodes is
      grounded. The ballast circuit as well as the case in which it is mounted
      should be grounded to reduce the hazard of electrical shock. However, when
      the ballast circuit is grounded through one of its heating windings, the
      lamp is noticed to flicker during low light intensity levels. When lamp
      current in the above arrangement is shown with an oscilloscope, a lack of
      symmetry of alternate half cycles has been observed by applicant.
      Applicant further has recognized that this lack of symmetry occurs because
      one electrode of the lamp is connected to ground while the other electrode
      is not. The main problem is that at low light levels, the lamp must be
      re-ionized for each half cycle. Since only one of the electrodes is
      grounded, through a resistor, one electrode will rise to a higher
      potential above ground than the other. The grounded side is voltage
      limited by this, whereas the ungrounded side is not. The ungrounded
      electrode which furnishes a large number of electrons on its negative half
      cycle while the grounded electrode frunishes a small number of electrons
      during its negative half cycle, bcause of the ground limitation.
      Ionization was, therefore, unequal during successive half cycles.
PAR  By using circuits incorporating this invention the ballast circuit is
      grounded and, at the same time, the attendant problems referred to above
      are overcome. A substantially symmetrical wave shape for each half cycle
      of current is secured and the flicker at low light levels is eliminated.
PAC  SUMMARY OF THE INVENTION
PAR  One object of this invention is to provide a ballast circuit capable of
      operating gaseous discharge lamps at low light intensity levels without
      flicker.
PAR  Another object is to provide a ballast circuit which maintains symmetrical
      lamp current during each half cycle, especially during dimming.
PAR  In accordance with one form of this invention, there is provided a ballast
      circuit for overcoming flicker in gaseous discharge lamps at dim or low
      light levels by eliminating the lack of symmetry of the positive and
      negative half cycles of lamp current. Primary and secondary windings are
      mounted on a common core. The primary winding is connected to ground
      through a resistor. First and second secondary coils are magnetically
      closely coupled but electrically isolated from one another. A third
      secondary winding, connected to the first secondary winding, and a
      capacitor comprise a peaking circuit and provide starting pulses for the
      lamp. Heating windings, which are also mounted on the core, aid in
      electron emission and gas excitation at the cathodes of the lamp. The
      heating windings and the first and second secondary windings are
      substantially free from ground potential.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The subject matter which is regarded as the invention is set forth in the
      appended claims. The invention itself, however, together with further
      objects and advantages thereof, may be better understood by reference to
      the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic circuit diagram of an improved ballast circuit
      incorporating one form of the present invention, in combination with a
      suitable auxiliary circuit and intensity selector circuit.
PAR  FIG. 2 is a graph of the waveforms of lamp current using a prior art
      ballast circuit.
PAR  FIG. 3 is a graph of the waveforms of lamp current using the
      exemplification ballast circuit of FIG. 1 of this application.
PAR  FIG. 4 is a schematic circuit diagram of another embodiment of the improved
      ballast circuit.
PAR  FIG. 5 is a schematic circuit diagram of still another embodiment of the
      improved ballast circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to FIG. 1 there is shown a dimming circuit 10
      comprising intensity selector circuit 11 which controls auxiliary circuit
      12. The auxiliary circuit controls ballast circuit 13 and the ballast
      circuit controls the operation of gaseous discharge lamp L.
PAR  The intensity selector circuit includes programmable unijunction transistor
      (PUT) Q.sub.1 having anode, cathode, and gate electrodes. Capacitor
      C.sub.1 is connected across PUT Q.sub.1 and resistor R.sub.3, and provides
      current through the anode and cathode of the PUT. The series circuit
      comprising resistors R.sub.1 and R.sub.2 is connected to diodes D.sub.1
      and D.sub.2, and to capacitor C.sub.1 to provide charging current for
      capacitor C.sub.1. Diodes D.sub.1 and D.sub.2 are further connected to
      transformer T.sub.1 to receive input power. Zener diode D.sub.3 is
      connected between resistor R.sub.1 and resistor R.sub.2 and provides
      voltage regulation for the intensity selector circuit. Resistor R.sub.4 is
      connected to the gate of PUT Q.sub.1 to provide stabilization. SCR Q.sub.2
      has its gate electrode connected to the cathode of PUT Q.sub.1. Resistor
      R.sub.5 and variable resistor R.sub.11, which serves as the master
      potentiometer, are connected to the gate of PUT Q.sub.1, and controls the
      amount of time the lamp is off by determining when capacitor C.sub.1
      discharges. The light level in the lamp is directly proportional to the
      period of conduction of the lamp. Various intensity selector circuits of
      this type have been more completely described in application, Ser. No.
      246,974, filed Apr. 24, 1972 for Rollie R. Herzog and Frank A. Neusbaum
      and assigned to the General Electric Company, assignee of the present
      invention.
PAR  The auxiliary circuit 12 includes a control switch 14 and power switch
      Q.sub.4. The control switch 14 comprises SCR Q.sub.3 connected across
      diode bridge D.sub.5. Resistor R.sub.6, Capacitor C.sub.2 and the primary
      winding 16 of a transformer T.sub.3 are connected in a series arrangement
      and provide gating current to the control switch 14. Resistor R.sub.6
      provides a charging path for capacitor C.sub.2 from diode D.sub.4 and
      diodes D.sub.1 and D.sub.2. Capacitor C.sub.2 and primary winding 16 are
      connected across SCR Q.sub.2. Capacitor C.sub.2 discharges through primary
      winding 16 when SCR Q.sub.2 comes on. Secondary winding 15 is magnetically
      coupled to primary winding 16 and is further connected to the gate of SCR
      Q.sub.3 to provide gating current for the control switch. The control
      switch is connected to the gate electrode of power switch Q.sub.4 which is
      used to control the ballast circuit 13. The illustrated auxiliary circuit
      is more completely described in application Ser. No. 348,676 filed Apr. 6,
      1973, for Rollie R. Herzog and assigned to the General Electric Company,
      assignee of the present invention.
PAR  The improved ballast circuit 13 includes transformer T.sub.4 which has
      primary windings 19 and 20 and may operate with 277 volts across both
      windings or 120 volts across primary winding 19 only. To simplify, the 277
      volt operation and connection will be described. Secondary windings 21-23
      are mounted on the opposite side of a core (not shown) from the primary
      windings. Secondary winding 21 is split from winding 23, that is, they are
      electrically isolated from one another but magnetically coupled to one
      another. This isolation helps to provide a balanced system for equal lamp
      electrode voltages for alternate half cycles. Secondary winding 22 is
      connected across nodes 50 and 51. Capacitor C.sub.5 is connected to Triac
      Q.sub.4 and secondary winding 22 at node 51 to store energy which will be
      used to start the lamp. Capacitor C.sub.5 and secondary winding 22 form a
      peaking circuit which provides a high voltage spike for lamp starting.
      Resistor R.sub.8 is connected to A.C. line 1 and to secondary winding 22
      at node 50 to provide a charging path for capacitor C.sub.5.
PAR  Secondary windings 21 and 23 are magnetically coupled to secondary winding
      22 which induces starting voltage into windings 21 and 23 when capacitor
      C.sub.5 discharges. Secondary windings 21 and 23 are connected to
      electrode heating windings 24 and 25 which are closely coupled to primary
      windings 19 and 20 respectively. The heating windings are connected to
      electrodes 24a and 25a to provide heating current for the electrodes. The
      electrodes are balanced with respect to ground, that is, they are
      essentially at the same absolute voltage, one above and the other below
      ground. Some prior art ballasts grounded one of the lamp electrodes
      causing a flicker to occur at low light levels a fact which was recognized
      by applicant. With the ground connection removed from the formerly
      grounded lamp electrode, each electrode receives approximately an equal
      excitation voltage for its negative half cycle during starting. Therefore,
      an approximate equal number of electrons are released from the respective
      electrodes and gas excitation or ionization around each electrode will be
      nearly equal.
PAR  In the past, when one electrode was grounded, the lamp was essentially
      required to operate on the excitation of the ungrounded electrode only. At
      dim light levels flicker was noticed because of low excitation voltage for
      the grounded electrode on its negative half cycle.
PAR  The ground for the ballast circuit is provided through resistor R.sub.10 at
      primary winding 19 permitting the cathodes to remain ungrounded. Capacitor
      C.sub.6 is connected across the primary windings 19 and 20 and to resistor
      R.sub.10 and provides power factor correction.
PAR  The overall operation of the circuit is as follows: 60Hz power is provided
      for the intensity selector circuit, the auxiliary circuit and the ballast
      circuit through main supply leads L.sub.1, L.sub.2. Capacitor C.sub.1
      charges through resistors R.sub.1 and R.sub.2 and is discharged through
      programmable unijunction transistor Q.sub.1 at a time in the power half
      cycle approximately proportional to the reistance of R.sub.5
      .times.R.sub.11 /R.sub.5 + R.sub.11. The amount of time the lamp is off
      and thus, lamp intensity, may be varied by varying resistor R.sub.11,
      known as the master potentiometer. Each discharge of capacitor C.sub.1
      turns on SCR Q.sub.2. This energizes the auxiliary circuit.
PAR  Concurrently, capacitor C.sub.2 is charged through diode D.sub.4 and
      resistor R.sub.6. It is then discharged through SCR Q.sub.2 and primary
      winding 16 when Q.sub.2 comes on. This forms a pulse across secondary
      winding 15 which turns on control switch 14. The Control switch provides a
      constant gating current for triac Q.sub.4 from the time the oscillator
      provides a pulse until zero cross-over of current occur in the control
      switch.
PAR  Capacitor C.sub.5 is charged through resistor R.sub.8 and secondary winding
      22 and is discharged through winding 22 and through triac Q.sub.4 when the
      triac is gated on. Discharge of capacitor C.sub.5 through winding 22
      induces a voltage spike in secondary windings 21 and 23 of sufficient
      magnitude to provide a starting pulse for the lamp. A series current path
      is provided from one side of the A.C. source L.sub.2, through primary
      winding 20, secondary winding 23, through lamp L, secondary winding 21,
      and triac Q.sub.4 to the other side L.sub.1 of the A.C. source.
PAR  In the past where the secondary coils were not split and one of the
      cathodes was grounded there was an inherent lack of symmetry of the lamp
      current. This lack of symmetry was the cause of flicker at low light
      levels. The improved ballast circuit balances the secondary windings and
      the cathodes. Since neither of the cathodes of the lamp is at ground
      potential and the two secondary windings 21 and 23 have been split, the
      A.C. current through the lamp is uniform for each half cycle and flicker
      is eliminated.
PAR  The operation of the circuit in comparison with the prior art can be more
      fully appreciated by referring to the waveforms in FIGS. 2 and 3.
PAR  FIG. 2 illustrates a waveform of the current through a fluorescent lamp
      controlled by a prior art ballast circuit where one end of the lamp is
      grounded and a single starting secondary is used. As can be seen, the
      positive and negative half cycles lack symmetry and have different
      amplitudes.
PAR  FIG. 3 illustrates the waveform of current through a fluorescent lamp
      controlled by the improved ballast circuit. The waveforms are symmetrical,
      that is, equal and opposite, for each half cycle.
PAR  FIG. 4 shows another embodiment of the invention for use with 277 volt
      input across the primary. Capacitor C.sub.7 is connected across the 277
      volt input and provides power factor correction. Primary winding 26 of
      transformer T.sub.5 is also connected across the input and provides power
      for heating coils 24 and 25. The heating windings are isolated from ground
      in order to provide symmetry for lamp current. The heating windings 24 and
      25 are connected to secondary windings 30 and 31 respectively. Inductors
      27 and 28 and 29 are connected in series with secondary winding 30, lamp
      L, and secondary winding 31 and provide ballasting for lamp L. Primary
      windings 32 and 33 are closely coupled to secondary windings 30 and 31 and
      provide pulses to start lamp L. Triac Q.sub.5 is connected to the primary
      windings and is used to switch current for starting pulses. Capacitor
      C.sub.8 is connected to ground through resistors R.sub.11 and R.sub.12 and
      to primary windings 32 and 33 to complete a peaking or starting circuit.
PAR  FIG. 5 shows still another embodiment of the invention for use with a 277
      bolt input where the circuit is simplified. The differences in FIG. 5 are
      that only one primary winding 36 is used to start the lamp and that
      secondary windings 34 and 35 are also used to ballast the lamp as well as
      start it.
PAR  The circuit of FIG. 1 has been built and operated with components having
      the following set of values:
TBL  Resistor                                                                  

            R.sub.1  --    1     K                                             

            R.sub.2  --    100   K                                             

            R.sub.3  --    1     K                                             

            R.sub.4  --    15    K                                             

            R.sub.5  --    10    K                                             

            R.sub.6  --    100   K                                             

            R.sub.7  --    100   ohms                                          

            R.sub.8  --    220   K                                             

            R.sub.9  --    1                                                   

     primary -                                                                 

            R.sub.10 --    2     Meg.                                          

            R.sub.11 --    10    K pot                                         

            R.sub.12 --    100   ohms                                          

            R.sub.13                                                           

     primary                                                                   

            680      ohms                                                      

            R.sub.14 --    4.7   K                                             

     Diode   D.sub.1                                                           

                    --    400   V, 1 A                                         

             D.sub.2                                                           

                    --    400   V, 1 A                                         

             D.sub.3                                                           

                    --    10    V, Zener 100 and MA                            

             D.sub.4                                                           

                    --    400   V, 1 A                                         

             D.sub.5                                                           

                    --    Full  Wave Bridge with 4 Diodes -                    

                          400   V DC, 1 A DC, 280 V RMS                        

     PUT        Q.sub.1 --      2N6027                                         

     SCR        Q.sub.2 --      2N4184                                         

                Q.sub.3 --      C106B2 -- G.E. No.                             

     TRIAC      Q.sub. 4                                                       

                        --      500 V, 15 amp 85.degree.C                      

     Transformer T.sub.1                                                       

               primary winding -- 1690 turns, .0063 in. dia.                   

               secondary winding -- 2 windings                                 

               (420 turns, .0063 in. dia.)                                     

     Transformer T.sub.2                                                       

               primary winding 17 -- 1690 turns, .0063 in. dia.                

               secondary winding 18 -- 132 turns, .010 in. dia.                

               dia.                                                            

     Transformer T.sub.3                                                       

               primary winding 15 -- 1000 turns, .0045 in.                     

               dia.                                                            

               secondary winding 16 -- 1000 turns .0045 in.                    

               dia.                                                            

     Transformer T.sub.4                                                       

               primary winding 19 -- 1048 turns, .0071 in.                     

               dia.                                                            

               primary winding 20 -- 1241 turns, .010 in.                      

               dia.                                                            

               secondary winding 21 -- 598 turns, .0119 in.                    

               dia.                                                            

               secondary winding 23 -- 373 turns, .0119                        

               in dia.                                                         

               heating winding 24 -- 42 turns, .010 in.                        

               dia.                                                            

               heating winding 25 -- 42 turns, .010 in.                        

               dia.                                                            

     Capacitor   C.sub.1   -- .047 .mu.f                                       

                 C.sub.2   -- .01 .mu.f                                        

                 C.sub.3   --.047 .mu.f                                        

                 C.sub.4   -- .05 .mu.f                                        

                 C.sub.5   -- .01 .mu.f                                        

                 C.sub.6   -- 1.9 .mu.f                                        

                 C.sub.7   -- .01 .mu.f                                        

                 C.sub.8   -- .15 .mu.f                                        

PAR  From the foregoing description of the illustrative embodiments of the
      invention, it will be apparent that many modifications may be made
      therein. It will be understood that these embodiments of the invention are
      intended as exemplification of the invention only and that the invention
      is not limited thereto. It is to be understood, therefore, that it is
      intended in the appended claims to cover all modifications as fall within
      the true spirit and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A ballast circuit for controlling the current through at least one
      gaseous discharge lamp having first and second electrodes comprising:
PA1  a primary winding;
PA1  first and second secondary windings electrically coupled to said primary
      winding, one end of each of said first and second secondary windings
      adapted to be coupled respectively to the first and second electrodes;
PA1  first and second heating windings for providing heating power to the first
      and second lamp electrodes respectively, said first and second heating
      windings respectively connected to one end of said first and one end of
      said second secondary windings, said one end of each of said first and
      second secondary windings being free from a substantially direct
      connection to ground so that the first and second electrodes may vary
      substantially from ground potential.
NUM  2.
PAR  2. The ballast circuit as set forth in claim 1 further including:
PA1  means for pulse starting the lamp connected to at least one of said first
      and second secondary windings.
NUM  3.
PAR  3. The ballast circuit as set forth in claim 2 wherein said means for pulse
      starting the lamp includes:
PA1  a third secondary winding coupled to the other side of said first secondary
      winding and further includes a capacitor connected to said third secondary
      winding.
NUM  4.
PAR  4. The ballast circuit as set forth in claim 2 further including:
PA1  control means for appling a dimming signal connected to said means for
      pulse starting the lamp whereby the ionization level at each lamp
      electrode is substantially equal to each other to provide lamp operation
      which is substantially free from flicker.
NUM  5.
PAR  5. The ballast circuit as set forth in claim 4 wherein one side of said
      primary winding is connected to ground.
NUM  6.
PAR  6. A ballast circuit for controlling the current through at least one
      gaseous discharge lamp having first and second electrodes comprising:
PA1  a transformer having at least a primary and first and secondary windings;
PA1  means for connecting one side of said primary winding to ground;
PA1  one side of said first secondary winding and one side of said second
      secondary winding being adapted to be connected respectively to the first
      and second electrodes of the lamp, the other side of said first secondary
      winding and the other side of said second secondary winding each being
      connected to said primary winding; said one side of said first secondary
      winding and said one side of said second secondary winding being free from
      a substantially direct connection to ground so that said one side of each
      of said first and second secondary windings may vary substantially from
      ground potential;
PA1  dimming means connected to the other side of said first secondary winding
      for controlling the light level in the lamp whereby the lamp operation is
      substantially free from flicker.
NUM  7.
PAR  7. The ballast circuit as set forth in claim 6 wherein:
PA1  said dimming means includes a power switch having one side connected to
      said first secondary winding and having the other side adapted to be
      connected to a potential source.
NUM  8.
PAR  8. The ballast circuit as set forth in claim 6 wherein said first and
      second secondary windings are electrically isolated from one another.
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ABST
PAL  Charged particles are entrained in a predetermined direction, independent
      of their polarity, in a circular orbit by a magnetic field rotating at
      high speed about an axis in a closed cylindrical or toroidal vessel. The
      field may be generated by a cylindrical laser structure, whose beam is
      polygonally reflected from the walls of an excited cavity centered on the
      axis, or by high-frequency energization of a set of electromagnets
      perpendicular to the axis. In the latter case, a separate magnetostatic
      axial field limits the orbital radius of the particles. These rotating and
      stationary magnetic fields may be generated centrally or by individual
      magnets peripherally spaced along its circular orbit. Chemical or nuclear
      reactions can be induced by collisions between the orbiting particles and
      an injected reactant, or by diverting high-speed particles from one
      doughnut into the path of counterrotating particles in an adjoining
      doughnut.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a particle accelerator in which electrons
      and/or ions are driven along a circular path to attain a certain speed,
      e.g. for the purpose of inducing chemical or nuclear reactions, and to a
      method of operating such an accelerator.
PAC  BACKGROUND OF THE INVENTION
PAR  In conventional systems of the Cyclotron type the particles are accelerated
      in a high-frequency electric field set up between hollow segmental
      electrodes, termed dees, the particles being constrained by a constant
      transverse magnetic field to spiral outwardly in a path centered on the
      field axis. The frequency of the electric driving field, acting
      intermittently upon the particles, must be correlated with their
      mass/charge ratio which therefore must be the same for all particles to be
      accelerated in synchronism. Moreover, the sense of acceleration and
      therefore the direction of rotation depends on the polarity of the
      particle.
PAR  If an attempt were made to accelerate a gaseous plasma in such systems, the
      polarity-dependent direction of motion of the particles and the diversity
      of their mass-charge ratios would cause turbulence and untimely collisions
      between particles traveling at different velocities; the resulting
      nonuniformity in the speeds of particle streams prevents the establishment
      of controlled conditions for the desired nuclear or chemical reactions.
PAR  In Tokomak-type or Betatron-type accelerators, particles of different
      polarities are driven in opposite directions by a magnetic field,
      perpendicular to their orbital plane, whose intensity increases
      monotonically during each propulsion cycle. When driving a plasma, most of
      the field energy is tranferred to the electrons, which causes power losses
      and excessive turbulence of the plasma flow.
PAR  Another conventional way of imparting high kinetic energies to molecular
      particles is by heating a gas to an elevated temperature, such as that
      produced by a plasma arc. This method of particle acceleration, however,
      is uneconomical since it produces a wide range of particle energies, not
      confined to the characteristic energy level of a desired reaction, in
      accordance with the Maxwell-Boltzmann law of energy distribution in a
      heated gas, with consequent reduction in the efficiency of the process.
      Moreover, the unwanted energy bands may also give rise to parasitic side
      reactions.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention is to provide an effective
      accelerator for gases in the plasma state, i.e. a neutral mixture of ions
      and electrons. A related object is to provide an accelerator capable of
      transferring most of the drive-field energy to the ions of the plasma.
PAR  A more particular object is to provide an accelerator of this nature
      especially designed to generate plasma streams of very large flow rates
      and with ion energies adjustable between about 0.2 and 25 electron-volts
      for selectively stimulating specific chemical reactions, thereby producing
      pure end products including compounds not obtainable by thermal synthesis.
PAR  Another specific object of this invention is to provide an accelerator of
      this nature for driving dense plasma streams of hydrogen isotopes to
      kinetic energies of more than 10,000 electron-volts for inducing nuclear
      collisions as a source of neutrons and thermal power.
PAR  It is also an object of my invention to provide an efficient method of
      accelerating a plasma stream for the purposes set forth.
PAC  SUMMARY OF THE INVENTION
PAR  The basic principle underlying my present invention is the entrainment of
      charged particles (electrons and/or ions) about the axis of a closed
      vessel, of generally cylindrical or toroidal configuration, by a magnetic
      field whose vector is substantially perpendicular to that axis and
      revolves about same at a constant speed so chosen that the particles
      acquire the desired kinetic energy upon being accelerated to that speed.
      The magnetic vector may be regarded as the centerline of a zone of
      substantially homogeneous magnetic flux extending over at least the full
      axial height of the vessel, any point of that zone revolving about the
      vessel axis at a predetermined speed.
PAR  As is well known, a charged particle entering a homogeneous magnetic field
      with a velocity component perpendicular thereto is deflected into a
      circular or helical path whose sense of curvature depends on the polarity
      of the charge and whose radius varies inversely with field strength and
      charge while being directly proportional to particle mass and speed. Thus,
      a stationary particle overtaken by the revolving magnetic vector
      experiences a thrust transverse to the vector's surface of revolution,
      deflecting it onto an arc centered on the revolving vector. The axial
      magnetostatic field deflects the moving particle onto an orbital path
      encircling the vessel axis, with scalloped transverse excursions
      resembling a cycloid, at a mean speed corresponding to that of the
      magnetic-field zone surrounding the particle.
PAR  For low gas pressures, with few interactions between particles, the mean
      orbital speed -- which is independent of the polarity of the charge of the
      particles -- practically equals that of the rotating magnetic field
      whereas for higher gas pressures the average speed may be somewhat lower.
PAR  There are several ways in which, according to my present invention, such a
      revolving electromagnetic field can be set up. One such way is the
      energization of two or more angularly offset electromagnets at the same
      frequency but with a phase difference related to their angular spacing,
      similar to the stator field of a multiphase electric motor. A separate
      steady axial focusing field, independent of the high-frequency propulsion
      field, may be used in that case to restrain the particles from impinging
      upon the peripheral wall of the vessel. If that vessel is of toroidal
      configuration, a shape hereinafter referred to as a "doughnut" in
      conformity with conventional terminology, the sinusoidally excited
      electromagnets may be positioned remote from the vessel axis and spaced
      along the centerline of the toroid. In a similar manner, a multiplicity of
      axially oriented steady-flux (e.g. permanent) magnets may be disposed
      along that centerline to limit the orbital radius of the particles, these
      latter magnets being either interleaved or coplanar with the
      electromagnets. In order to limit the axial dispersion of the particles,
      the steady-flux magnets may be provided with pole shoes converging on the
      concave side of the centerline so as to give an inward slant to the
      substantially axially directed focusing field. If the particles are
      positive ions and electrons, the focusing field should be strong enough to
      keep the ions in orbit; their charge, in turn, will prevent the electrons
      from straying.
PAR  According to another feature of my invention, the revolving magnetic field
      is generated by a multiplicity of virtual magnet poles set up in a
      cylindrical laser structure in which a beam is reflected at the peripheral
      wall of the vessel along intersecting chords that are tangent to a circle
      concentric with this wall; the points of intersection define a polygon
      generally paralleling the annular path of the particles and constituting
      an invisible electric barrier which prevents their radial outward
      deflection to the peripheral wall, thereby dispensing with the need for a
      magnetostatic focusing field.
PAR  More specifically, as described in greater detail hereinafter, each side of
      the polygon is a minor fraction of the vessel diameter and is equal to the
      free-space wavelength of the laser frequency. The midpoint of each polygon
      side is traversed by a magnetic vector which extends in radial direction
      if the laser beam is appropriately polarized. With an n-sided polygon
      corresponding to n points of reflection (n being an even number), a system
      generating standing waves is equivalent to one with n electromagnets
      spaced along the orbital path of the particles.
PAR  If adjacent polygon sides (or electromagnets) are energized in phase
      opposition, the high-frequency field can be regarded as composed of two
      counterrotating vectors whose angular velocity is 2.omega./n (.omega.
      being the pulsatance of the excitation current); if the particles are
      injected with a definite initial velocity component in peripheral
      direction, they will be entrained only by the corotating vector. Moreover,
      since the electromagnetic field moves in the direction of beam propagation
      along each polygon side and this movement is codirectional throughout the
      polygon, there exists a favored sense of rotation even in this case. In
      the more general situation, in which the system is excited to set up a
      number of magnetic dipoles equaling an aliquot fraction of n, the number
      of such dipoles determines the speed of rotation of the field about the
      axis.
PAR  All embodiments of my present invention employ a rotating magnetic field
      for entraining charged particles within a vessel in the general direction
      of field rotation, regardless of their mass and polarity. Since all
      charged particles are accelerated to an average rotary velocity equal to
      the velocity of the rotating magnetic field, the average kinetic energy of
      each particle is directly proportional to its mass. For example, the
      protons of an atomic hydrogen plasma would be driven by the magnetic field
      to an average kinetic energy 1,836 times greater than the average electron
      energy. The capability of charged particle accelerators according to my
      present invention of transfering a large fraction of the magnetic field
      energy to the ions of an accelerated plasma stream greatly facilitates the
      control and containment of such streams by suitable magnetostatic
      focussing fields, and aids in stimulating chemical interactions among the
      colliding molecules of two chemical reactants.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my present invention will now be described
      in detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a perspective view (parts broken away) of a laser-type
      accelerator embodying my invention;
PAR  FIG. 2 is a fragmentary cross-sectional view of the accelerator shown in
      FIG. 1;
PAR  FIG. 3 is a diagram showing the axial field distribution in the accelerator
      of FIGS. 1 and 2;
PAR  FIG. 4 is a diagrammatic representation of the structure of FIG. 2, showing
      details of the path of a coherent laser beam passing therethrough;
PAR  FIG. 5 is a diagram showing the distribution of the magnetic-field poles
      induced by the laser beam in a radial plane of the accelerator;
PAR  FIG. 6 is a perspective view of an electromagnetically driven accelerator
      according to my invention;
PAR  FIG. 7 is a diagrammatic plan view of a modified electromagnetic
      accelerator;
PAR  FIG. 8 is a cross-sectional view taken on the line VIII -- VIII of FIG. 7;
PAR  FIG. 9 is a diagram showing the relative position of the driving and
      focusing fields in the vessel of FIGS. 7 and 8;
PAR  FIG. 10 is an enlarged view of one of the driving magnets shown in FIG. 8;
PAR  FIG. 11 is a view similar to FIG. 10, showing a focusing magnet for the
      system of FIGS. 7 - 10;
PAR  FIG. 12 is a view similar to FIGS. 10 and 11, showing a compound magnet
      structure; and
PAR  FIGS. 13 - 16 are diagrams illustrating various modes of operation of an
      accelerator of the type shown in FIGS. 7 - 12.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  I shall first describe, with reference to FIGS. 1 - 5, a cylindrical laser
      structure designed as a particle accelerator in accordance with my present
      invention. This structure comprises a closed toroidal vessel 100 with an
      annular cavity 101 having an axis O. Cavity 101 is filled with a gas
      suitable for the stimulated emission of light quanta upon electric
      excitation, from a nonillustrated high-frequency oscillator, by means of
      input electrodes 102, 103 terminating in internal probes not shown. The
      radiation-transparent outer peripheral wall 101' of cavity 101 is
      coaxially surrounded by a cylindrical reflector 104, its inner peripheral
      wall 101" being also transparent to a laser beam generated inside the
      cavity. Outer baffles 105' between walls 104, 101' and inner baffles 105"
      next to the transparent wall 101" project radially toward the axis 0 and
      are peripherally equispaced, as best seen in FIG. 2. The baffles 105' are
      mounted on reflector 104 whereas the baffles 105" are carried on a pair of
      parallel flat rings 106.
PAR  FIG. 2 also shows a coherent laser beam 107 passing generally diametrically
      through the cavity 101 with multiple reflections along wall 104. Each pass
      of the beam 107 is tangent to a circle 108, centered on axis 0, whose
      radius r is small compared with the radius R of the inner peripheral wall.
      Such a beam will form a multiple array of electromagnetic pole pairs, as
      explained above, if the transit time across the vessel is exactly equal to
      a whole number of cycles of the exciting oscillation and if its path forms
      a closed polygon so as to be iteratively retraced by the beam; the
      polygon, though regular, is folded back toward the center so that its
      sides form chords of the circular periphery of wall 104.
PAR  Parts of the beam path have been drawn more distinctly in FIG. 4 where the
      circle 108 has been relatively enlarged for the sake of clarity. Each pass
      of the beam is seen to include an angle .beta. = sin.sup..sup.-1 r/R with
      the radial direction R. At intersections P between two passes, the
      combined beam energy is a maximum if the wave fronts are in phase, i.e. if
      the phase difference of the exciting oscillation at reflection points Q
      compensates for the differences in path lengths Q/P. The several
      intersection points P, therefore, are the corners of a smaller polygon
      which surrounds and generally parallels the circle 108 and which almost
      merges with that circle for very small values of .beta., i.e. with R &gt;&gt; r.
      Thus, as shown in FIG. 3, the intensity H of the magnetic components of
      the generated electromagnetic field becomes a maximum in the vicinity of
      circle 108 which may therefore be considered the boundary of a well W
      wherein the generation of plasma may take place. The sides s of the
      polygon defined by points P are equal to the wavelength of the laser beam.
PAR  The instantaneous magnetic-field distribution in and around that well, in a
      plane transverse to the vessel axis, has been illustrated in FIG. 5 for
      the case in which the cavity resonates in a 6-pole mode, i.e. where the
      peripheral field goes to zero simultaneously at locations 30.degree.
      apart. This corresponds to 6 N-S dipoles rotating around the well W, i.e.
      to six pairs of intersection points P where the magnetic field varies in
      phase opposition between a positive and a negative maximum. It will be
      understood that at intermediate locations along the circle there exist
      other intersection points, not illustrated in FIG. 5, where the radial
      magnetic field at the same time assumes leser amplitudes including zero
      amplitude at a midpoint or node. Thus, the points shown in FIG. 5 are the
      poles of a rotating magnetic field developed in an annular zone centered
      on axis O.
PAR  As a result of the aforestated field distribution and the intensity of the
      laser beam, any neutral gas molecule passing through the well W will be
      instantly ionized and the resulting positive ions and negative electrons
      will be accelerated into an annular rotating plasma stream which remains
      trapped within the well. This process continues until most of the gas
      molecules in the interior of the vessel 100 are ionized and circulating
      within the well. The gas may be injected into the vessel in a generally
      tangential direction, continuously or intermittently, with the aid of a
      tube 109 having one or more nozzles 110, as illustrated in FIG. 4, within
      the evacuated housing (not shown) which envelops the cavity 101.
PAR  If the baffles 105', 105" were omitted, the laser beam 107 could develop
      other stable modes which would not form the polygonal array of poles P
      shown in FIG. 4.
PAR  The motion of the charged particles could also have an axial component
      letting the gas enter the vessel at one and exit at the other end. A
      majority of them could then be tangentially discharged from the exit end
      of the well to impinge upon some other medium for chemical or nuclear
      interaction therewith, in the general manner described hereinafter with
      reference to FIGS. 13 - 16.
PAR  Reference will now be made to FIGS. 6 - 16 for the description of a plasma
      drive according to my invention employing stationary electromagnets.
PAR  FIG. 6 shows the overall organization of a particle accelerator 200 of this
      nature. The accelerator comprises a generally cylindrical vessel 201 of
      quartz or other refractory material, again centered on an axis O, into
      whose evacuated interior a low-pressure gas may be admitted through a tube
      202 provided with a stopcock 203. A pair of electromagnetic coils 204,
      connected in parallel or in series across a nonillustrated source of
      direct current, generate a magnetostatic focusing field which permeates
      the entire vessel in axial direction. The vessel is also permeated by a
      radial field which rotates at constant speed about axis O and is produced
      by a pair of mutually orthogonal coils 205, 206 that are connected in
      parallel across a high-frequency oscillator 207, a 90.degree. phase
      shifter 208 being inserted in series with coil 206. The rotation of the
      magnetic vector causes further ionization of the gas, even if the same
      originally contained only a small proportion of charged particles, and
      thereupon entrains the charge in its direction of rotation. The axial
      focusing field generated by coils 204 should be of sufficient amplitude to
      limit the orbital radius of the particles to less than the inner radius of
      the vessel so as to prevent collisions between its wall and the particles.
PAR  As discussed above, each entrained particle circles a radial line
      representing the instantaneous position of the magnetic vector, thus
      following a quasi-cycloidal path centered on the axis O. The intensity of
      the rotating field should be sufficient to prevent the particles from
      straying too far from the radial midplane of the vessel 201 and the coils
      205, 206. Thus, the revolving charge is virtually confined to a volume
      somewhat smaller than the interior of the vessel.
PAR  Upon attaining the desired speed, the particles or some of them may be
      gated out of the vessel 201 via a tangential discharge conduit, not shown
      in FIG. 6, as more fully described hereinafter with reference to FIGS. 13
      - 16.
PAR  FIGS. 7 and 8 show the principal components of a modified particle
      accelerator 300 of the type illustrated in FIG. 6. The accelerator 300
      comprises a toroidal vessel 301 with a centerline C, this vessel having an
      inlet 302 for a gaseous charge (e.g. a reactant entering into the
      formation of a compound) and an outlet 310 for same; inlet 302 is provided
      with a stopcock 303. A coil 304 centered on the vessel axis O, or a stack
      of such coils as in FIG. 6, generates an axial magnetostatic field whose
      direction relative to the vessel 301 has been indicated by vertical arrows
      A in FIG. 9.
PAR  A multiplicity of electromagnets 305 are angularly equispaced about the
      vessel 301 and are divided into four groups of three magnets each,
      respectively designated 305a, 305b and 305c. Magnets 305a are all
      energized in parallel (or in series) from a high-frequency oscillator 307
      (FIG. 10) which also works into magnets 305b and 305c with interposition
      of a 120.degree. phase shifter and a 240.degree. phase shifter,
      respectively; thus, each of these electromagnets generates a sinusoidally
      varying magnetic field of fixed frequency, with the fields of adjacent
      magnets 120.degree. (electrical) out of phase. The result is a radially
      oriented magnetic vector rotating about axis O in a given direction (here
      clockwise) at a rate of f/n revolutions per second where f is the
      oscillator frequency and n is the number of magnet groupings (here four).
      This rotating magnetic field, represented by horizontal arrows B in FIG.
      9, interacts with the particles in the manner described above.
PAR  As more clearly illustrated in FIG. 10, each magnet 305 comprises a core
      311 (preferably of ferrite) partly enveloped by a split coil 312 which is
      connected across oscillator 307 in parallel with a tuning capacitor 313,
      adjusted to let the network 312, 313 resonate at the oscillator frequency
      f. The two ends of core 311 confronting the vessel 301 terminate in pole
      shoes 314. A similar core 315, FIG. 11, interlinks a pair of aiding
      permanent bar magnets 316 to generate a local component of the steady
      axial field A; core 315 terminates in pole shoes 317 which converge toward
      the midplane of vessel 301 on the concave side of its centerline C. This
      unilateral convergence causes a curving of the focusing field, as
      indicated at A', which restrains the orbiting particles from impinging
      upon the wall portion of vessel 301 remote from axis O; the slant imparted
      by the deformed pole shoes 317 also helps keep these particles away from
      upper and lower wall portions of the vessel.
PAR  A multiplicity of magnetic structures 315 - 317, as illustrated in FIG. 11,
      may be disposed along the toroidal vessel 301 in interleaved relationship
      with the electromagnets 305. Alternatively, as shown in FIG. 12, the bar
      magnets 316 and the coil halves 312 may be mounted on a common core
      structure 318 with horizontally spaced pole shoes 314 and vertically
      spaced pole shoes 317; the steady flux generated by magnets 316 may be
      adjusted with the aid of nonmagnetic plates 319 slidably inserted into
      gaps 320 of core structure 318.
PAR  FIG. 13 illustrates one mode of operating a reactor according to my
      invention having a toroidal vessel 301 with an inlet 302 and an outlet 310
      as described with reference to FIG. 7; in this and subsequent Figures, the
      drive and focusing magnets have been omitted for the sake of clarity. A
      gate 321 at the junction of vessel 301 with discharge tube 310 is
      energizable, in a manner known per se, to create a local magnetic field
      substantially canceling the focusing field at this point so that the
      particles continue tangentially into conduit 310 instead of following
      their annular trajectory along which they had been accelerated to the
      desired speed. Conduit 310 is enveloped by a focusing coil 322 connected
      across a d-c source 323.
PAR  The high-energy particles exiting from vessel 301 under low pressure are
      discharged into a reaction chamber 324 also having an inlet 325 for a
      second reactant to be bombarded by these particles. This second reactant
      may be a mixture of several cold gases, or may have undergone an
      acceleration process similar to that described for the first reactant. The
      two reactant streams may intersect at about 90.degree., as shown, or at
      some other angle designed to optimize the desired reaction. The
      interaction product is drawn by a suction pump 326 into a condenser 327
      which is cooled by a cryogenic fluid entering and leaving a surrounding
      jacket at 328 and 329, respectively. The liquefied final product can be
      recovered through a drain 330 provided with a stopcock 331.
PAR  The energization of the driving magnets and the operation of the discharge
      gate 321 are advantageously controlled by a programmer 332 which may also
      intervene in other phases of the process such as the opening and closure
      of valves for replenishing the reactant content of vessels 301 and 324.
PAR  The second reactant, introduced into vessel 324, could also be liquid or
      even solid rather than gaseous.
PAR  If the pressure of the gas in vessel 301 is relatively high, the pump 326
      may be dispensed with; the functions of reaction chamber 324 and condenser
      327 could then be combined by a single cooled receptacle 333 as
      illustrated in FIG. 14. This Figure also shows the vessel 301 equipped
      with two inlets 302', 302" for gas streams to be ionized and accelerated
      therein, with their particles interacting to form a product liquefied and
      collected in receptacle 333. To dissipate the heat generated by the
      exothermic reaction in vessel 301, the walls thereof are chilled by a
      coolant circulating through a conduit 334. In order to intensify this
      interaction, the programmer 332 advantageously causes a pulsing or other
      modulation of the driving field generated by the oscillator 307 so as to
      create local turbulence with numerous collisions between the particles. An
      exhaust pipe 347 serves for the removal of gaseous byproducts which remain
      volatile at the condensation temperature of the liquefied reaction
      product.
PAR  The apparatus shown in FIG. 13 or 14 may be used to synthesize various
      compounds, such as, for example, nitrogen oxides (NO, NO.sub.2) or ammonia
      (NH.sub.3), from the corresponding elements. Molecular conversions, e.g.
      of oxygen (O.sub.2) into ozone (O.sub.3) or of methane (CH.sub.4) or
      ethane (C.sub.2 H.sub.6) into acetylene (C.sub.2 H.sub.2) plus hydrogen,
      are also possible.
PAR  Nuclear interactions including generation of neutrons and nuclear-fusion
      power may be achieved by accelerating a plasma of hydrogen isotopes in an
      accelerator of this character to kinetic energies of more than 10,000
      electron-volts.
PAR  In FIG. 15 I have illustrated two similar vessels 301', 301" interconnected
      by a tangential conduit 310 which facilitates the transfer of high-speed
      plasma from vessel 301' to vessel 301" by way of an exit gate 321' on the
      former and on entrance gate 321" on the latter. The two vessels also share
      a common cooling circuit 334 including a circulating pump 335 and a heat
      exchanger 336 enabling the transfer of thermal energy from the reactor to
      a load. Vessels 301' and 301" can be exhausted by way of a vacuum pump 337
      provided with a programmer-controlled stopcock 341 in a conduit 342. A
      storage tank 338 contains a fuel gas, such as a mixture of deuterium and
      tritium, which can be admitted into vessel 301' by way of a reduction
      valve 339 and a shut-off valve 340. The vessels are shown provided with
      concentric focusing coils 304', 304" supplementing or replacing the
      nonillustrated permanent magnets (FIGS. 11, 12).
PAR  In operation, the opening of gates 321' and 321" under the control of
      programmer 332 causes a plasma stream of deuterium and tritium, orbiting
      at high speed in vessel 301', to leave that vessel and enter the vessel
      301" into which a similar plasma stream was previously introduced, prior
      to energization of the drive magnets. The two charges in vessels 301' and
      301" rotate in opposite directions, i.e. clockwise and counterclockwise in
      this specific instance, so that the oncoming particles passing the gate
      321" impinge with a high velocity upon the counterrotating particles
      within vessel 301". With the energy level in excess of 20,000
      electron-volts, fusion of the colliding particles releases neutrons and a
      large quantity of heat to be carried off by the coolant in circuit 334.
PAR  FIG. 16 represents a modified reactor which is similar to that of FIG. 15
      but comprises only one vessel 301. A fuel gas, such as the aforedescribed
      deuterium/tritium mixture, is admitted into this vessel from storage tank
      338 by way of valves 339, 340 and is accelerated to an average kinetic
      energy of 45,000 electron-volts. Initial evacuation of the vessel is
      carried out, as before, by an exhaust pump 337 connected to a suction line
      342 with stopcock 341 controlled by programmer 332, the suction line also
      including a vacuum flask 343.
PAR  Programmer 332 intermittently operates the valve 340 to inject small
      quantities of fuel gas into the reaction chamber constituted by vessel
      301. The resulting fusion again generates neutrons and heat to be utilized
      in a load to which it is transferred by heat exchanger 336. Excess fuel
      gas exhausted by pump 337 may be delivered through a programmer-controlled
      valve 344 and a compressor 345 to a reservoir 346 for subsequent re-use.
PAR  If necessary, the electromagnetic drive coils in the system may be shielded
      to prevent the high-frequency electric field thereof from interacting with
      the particles inside the vessel.
CLMS
STM  I claim:
NUM  1.
PAR  1. An accelerator for charged particles, comprising:
PA1  a vessel centered on an axis;
PA1  magnetostatic means producing a constant magnetic field in substantially
      axial direction;
PA1  excitation means for generating a rotating magnetic field in said vessel
      with a vector substantially perpendicular to said axis, said field
      revolving at constant speed about said axis; and
PA1  inlet means for admitting charged particles into said vessel for rotary
      entrainment along an annular path of predetermined radius by the combined
      action of both magnetic fields.
NUM  2.
PAR  2. An accelerator as defined in claim 1 wherein said excitation means
      comprises a plurality of angularly offset electromagnets energized by
      alternating currents of equal frequency and staggered phase related to
      their angular orientation.
NUM  3.
PAR  3. An accelerator as defined in claim 2 wherein said vessel is of toroidal
      configuration and said electromagnets are spaced along the circular
      centerline of said toroidal vessel, and in which said magneto static means
      comprises a plurality of steady-flux magnets spaced along said centerline.
NUM  4.
PAR  4. An accelerator as defined in claim 3 wherein said steady-flux magnets
      are interleaved with said electromagnets.
NUM  5.
PAR  5. An accelerator as defined in claim 3 wherein said steady-flux magnets
      are disposed in common axial planes with said electromagnets, the coplanar
      permanent magnets and electromagnets being provided with common core
      structures.
NUM  6.
PAR  6. An accelerator as defined in claim 3 wherein said steady-flux magnets
      are provided with pole shoes converging on the concave side of said
      centerline for limiting the axial dispersion of said particles.
NUM  7.
PAR  7. An acclerator for charged particles, comprising:
PA1  a vessel centered on an axis;
PA1  excitation means for generating a rotating magnetic field in said vessel
      with a vector substantially perpendicular to said axis, said field
      revolving at constant speed about said axis;
PA1  said excitation means comprises a laser drive maintaining a laser beam
      reflected at the peripheral wall of said vessel along intersecting chords
      tangent to a circle concentric with said wall, the intersections of said
      chords defining a polygon generally paralleling said annular path, inlet
      means for admitting charged particles into said vessel for rotary
      entrainment by said field along an annular path.
NUM  8.
PAR  8. An accelerator as defined in claim 7 wherein said vessel is provided
      with a set of peripherally spaced outer baffles along said wall and with a
      set of peripherally spaced inner baffles along a circle between said wall
      and said intersections for suppressing parasitic beam modes.
NUM  9.
PAR  9. A method of producing a high-energy plasma capable of interacting with
      other substances, comprising the steps of:
PA1  introducing charged particles into a closed vessel centered on an axis,
PA1  and the step of providing a stationary magnetic field with a flux vector
      parallel to the axis,
PA1  and the step of generating a magnetic field with a flux vector
      perpendicular to and rotating about said axis, thereby entraining the
      plasma particles along an annular path of predetermined radius around said
      axis.
NUM  10.
PAR  10. A method as defined in claim 9 wherein the angular velocity and flux
      intensity of the combined stationary and rotating magnetic fields imparts
      to said plasma ions kinetic energies exceeding 10,000 electron-volts.
NUM  11.
PAR  11. A laser excited accelerator for charged particles, comprising:
PA1  a vessel forming an annular cavity transparent to laser radiation;
PA1  a concentric source of laser radiation contained by said vessel;
PA1  a cylindrical reflector cavity for the laser radiation enclosing said laser
      radiation source in coaxial alignment;
PA1  a set of peripherally spaced radial non-reflecting baffles serving to
      concentrate the laser radiation within said cylindrical reflector cavity
      into a single mode of very high power concentration projected into said
      vessel thereby generating a powerful rotating magnetic and electric field
      along a common axis.
NUM  12.
PAR  12. A laser excited accelerator according to claim 11 wherein an outer set
      of peripherally spaced non-reflecting baffles are provided in the space
      between said laser radiation source and said cylindrical laser reflector
      cavity thereby enhancing the suppression of undesired laser cavity modes
      in favor of the desired modes.
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ABST
PAL  A plasma injection method, in which a magnetic field is produced which has
      a configuration in the form of a convergent nozzle so that there is a high
      magnetic field gradient between the inlet and the neck of said nozzle, the
      lines of the magnetic field being substantially perpendicular to the axis
      of the said nozzle, and in that the said plasma is produced at the inlet
      and along the axis of said nozzle by appropriate means, the said magnetic
      field gradient having the effect of injecting said plasma from the inlet
      to the neck of the said nozzle.
BSUM
PAR  This invention relates to a method of and apparatus for injection of a
      plasma so that the kinetic energy of the ions of the plasma is converted
      into thermal energy, thus increasing the temperature of the plasma. One
      very advantageous feature of the present invention is that a dense and hot
      plasma is obtained for a relatively long time.
PAR  The methods generally used to obtain a plasma in a given volume comprise
      directly injecting a plasma formed from a pulsating plasma source, or a
      beam of ions issuing from a high-intensity ion source, into the said
      volume. The latter is generally surrounded by containing means which in
      most cases serve to bound the said volume. Magnetic mirrors may surround
      the volume into which the plasma is injected and in that case it is the
      action of the magnetic field on the ions and the electrons of the plasma
      which holds the latter in the volume. However, the plasma injected is
      generally of a low density and at a low temperature. To increase the
      temperature and the density of this plasma it is possible, for example, to
      reduce the volume in which the plasma is situated but instability problems
      are then very rapidly encountered and are very difficult to solve.
PAR  The present invention proposes a method of and apparatus for injecting a
      plasma which are more suited to practical requirements than the prior art,
      particularly inasmuch as they give a high-density and high temperature
      plasma.
PAR  To this end the invention proposes a method of plasma injection intended to
      bring the plasma to high temperature, characterised in that a magnetic
      field is produced which has a configuration in the form of a convergent
      nozzle so that there is a high magnetic field gradient between the inlet
      and the neck of said nozzle, the lines of the magnetic field being
      substantially perpendicular to the axis of the said nozzle, and in that
      the said plasma is produced at the inlet and along the axis of said nozzle
      by appropriate means, the said magnetic field gradient having the effect
      of injecting said plasma from the inlet to the neck of the said nozzle.
PAR  The plasma may advantageously be produced by the interaction of a beam of
      light from a laser source and a solid target.
PAR  The magnetic nozzle may advantageously be embodied by using magnetic coils
      or the electrical discharge produced between the two electrodes of a
      coaxial gun of the "FOCUS" type.
PAR  The invention also proposes apparatus for plasma injection, characterised
      in that it comprises a coaxial gun of the FOCUS type comprising a hollow
      cylindrical outer electrode which surrounds a cylindrical inner electrode
      without contact and a window formed in said outer electrode, which forms a
      sealed enclosure, a solid target disposed on the axis of said gun and near
      the free end of the said inner electrode, means for injecting a gas into
      said enclosure, means for producing an electrical discharge between the
      said two electrodes, a triggered laser, an optical system for focusing the
      laser beam substantially on said target and means for synchronising the
      triggering of the light emission of said lasser and the said discharge.
DRWD
PAR  The invention will be more readily understood from the following
      description of one exemplified embodiment of the invention which is given
      without limiting force. The description is given with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 illustrates a variant of the method according to the invention.
PAR  FIG. 2 illustrates a coaxial gun of the FOCUS type and
PAR  FIG. 3 illustrates one embodiment of the invention.
DETD
PAR  According to the invention, a plasma is formed at the inlet of a convergent
      magnetic nozzle. The plasma is formed on the axis of the nozzle. The
      plasma consequently experiences an acceleration from the nozzle inlet to
      the nozzle neck, at which zone the magnetic field strength is at a
      maximum. In FIG. 1, the convergent magnetic nozzle is illustrated
      diagrammatically by current lines 2 resulting from an electrical discharge
      shown in broken lines, and by the configuration of the magnetic field
      illustrated by broken-line rings 4. The rings are substantially
      perpendicular to the nozzle axis 6 and are centered on this axis which is
      an axis of symmetry for the current lines 2. When a plasma is formed by
      appropriate means at the inlet 8 of the magnetic nozzle, the plasma is
      accelerated in the direction of the neck 10 of the nozzle in which it is
      confined. This acceleration is due to the high magnetic field gradient
      existing between the nozzle inlet and neck. The kinetic energy of the ions
      of the plasma which are set in motion is then converted into thermal
      energy and the temperature of the plasma can then be greatly increased. In
      FIG. 1, the means used to form the plasma are advantageously a triggered
      laser 12 delivering giant light pulses which are focused by an optical
      system 14 onto a solid target 16 situated on the axis 6 of the magnetic
      nozzle. The beam of light from the laser 12 penetrates into the magnetic
      nozzle via the neck 10 and is focused substantially at the inlet of the
      nozzle, where the target 16 is situated. Formation of the plasma by means
      of a laser is very advantageous because the speed of expansion of such a
      plasma is higher in the direction of the laser. In simple terms it may be
      said that the plasma "rises" towards the light source. The kinetic energy
      communicated to the ions of the plasma injected into the neck 10 of the
      nozzle is then due firstly to the magnetic field gradient and secondly to
      the action of the laser beam. Other means, such as an electrical
      discharge, may be used to produce the plasma at the inlet of the
      convergent magnetic nozzle. However, the acceleration of the ions is then
      due solely to the magnetic field gradient.
PAR  The production of a magnetic field having a convergent nozzle configuration
      such that there is a high magnetic field gradient between the nozzle inlet
      and neck is possible by any appropriate means. For example, magnetic coils
      may be used although it would appear to be more advantageous to use a
      system known as the FOCUS type of coaxial gun shown diagrammatically in
      FIG. 2.
PAR  A gun of this kind consists principally of a cylindrical outer electrode 18
      surrounding a cylindrical inner electrode 20 without contact. The
      electrical insulation between the inner and outer electrodes is provided
      by an insulating ring 22. The axis of symmetry of this coaxial gun is the
      axis 24 which is common to the cylindrical electrodes 18 and 20. The outer
      and inner electrodes 18 and 20 bound a sealed chamber 26 inside which
      means not shown allow a gas to be introduced. When an adequate potential
      difference is produced between the two electrodes, for example by means of
      a battery of capacitors, an electrical discharge is produced between the
      two electrodes. After an axial propagation 28 of the discharge for about
      2.5 microseconds, the discharge is subjected to radial compression 30 at
      the free end 32 of the inner electrode 20 for about 0.2 microsecond and
      finally a plasma 34 is obtained on the axis 24 with a life of about 0.1
      microsecond. The configuration of the discharge current lines is
      successively of the form shown in FIG. 2 and it will be seen that at the
      end of the discharge the current lines have the form of a convergent
      nozzle. These current lines induce a magnetic field of a direction
      perpendicular to the current lines so that at the end of the discharge
      there is a magnetic configuration in the form of a convergent nozzle, the
      nozzle inlet being the free end 32 of the electrode 20 and the nozzle neck
      being substantially at the focal point of the current lines on the axis
      24. The strength of the magnetic field produced is inversely proportional
      to the radii of the rings 4 representing the magnetic field lines so that
      the magnetic field strength inside the nozzle neck is much higher than at
      the nozzle inlet and may be as much as several magagauss. There is
      therefore a high magnetic field gradient between the neck and the inlet
      and the magnetic field strength in this latter region is only some 10's of
      kilogauss. If a plasma is formed on the gun axis and at the inlet of the
      magnetic convergent nozzle, the plasma will be driven as far as the nozzle
      neck. On the one hand the plasma will be confined and on the other hand
      its temperature will be considerably increased because the kinetic energy
      communicated to the plasma ions is converted into thermal energy. This
      plasma can be formed very advantageously by means of a laser beam
      interacting with a solid target situated on the axis 24 of the FOCUS gun
      and at the free end 32 of the inner electrode 20. It is also very
      advantageous that the beam of light from the laser source is propagated
      along the axis 24 of the gun and therefore penetrates via the nozzle neck
      and is then focused on the target, the effect of this arrangement being to
      increase the kinetic energy of the plasma ions. In addition to the
      injection of a plasma into a convergent magnetic nozzle with the effect of
      giving a higher plasma temperature, the present invention enables the life
      of the plasma formed by the discharge of the FOCUS gun to be considerably
      increased because the life of this plasma is really the time taken by the
      discharge to consume the gaseous material injected into the magnetic
      nozzle at the time of the compression of the discharge on the axis 24. If
      this material is not renewed, the discharge stops and thus the plasma can
      no longer exist. According to the invention, the laser plasma which is
      injected into the magnetic nozzle is formed just before the end of the
      discharge of the FOCUS gun, this corresponding substantially to the time
      when the discharge reaches the axis 24. While the beam of light is
      interacting with the target, target material is injected in plasma form at
      the nozzle inlet. If the laser beam flux is adequate, the flow of material
      which is evaporated may be capable of appreciably prolonging the life of
      the discharge. The time during which this discharge is prolonged is
      slightly less than the width of the light pulse delivered by the laser.
      This light pulse may advantageously be of a square shape. For example, the
      laser flux can be adjusted so that the number of particles injected at the
      nozzle inlet is equal to the number of particles lost by the plasma. The
      characteristics of the plasma formed initially by the discharge of the
      FOCUS gun are then retained for a time substantially equal to the time
      during which the target is heated by the laser beam. This aspect of the
      invention, i.e., prolonging the life of a plasma, may be very advantageous
      in thermonuclear fusion experiments. It is wll known that nuclear
      reactions can be obtained only when, for a given temperature, the product
      of the plasma density n and its life t is at least equal to a certain
      value (Lawson criterion). The temperature of the plasma depends in this
      case on the magnetic field gradient in the nozzle and on the potential
      difference between the two inner and outer electrodes. Since the maximum
      densities n obtainable are slightly less than those of the solid, the
      plasma formed must be maintained for an adequate time t. The plasma energy
      balance can then become positive, i.e., the energy released by the fusion
      reactions within the plasma is at least equal to the energy expended to
      form and maintain the plasma.
PAR  FIG. 3 diagrammatically illustrates an embodiment of the apparatus
      according to the invention, wherein a plasma produced by a laser is
      injected into the magnetic configuration in the form of a conversion
      nozzle resulting from the discharge of a coaxial gun of the FOCUS type.
      The apparatus comprises a coaxial gun of the FOCUS type comprising a
      hollow cylindrical outer electrode 36 surrounding a hollow cylindrical
      inner electrode 38 without contact. Electrical insulation between the two
      electrodes is provided by an insulant ring 40. The outer electrode 36 is
      provided with a window 42 in register with the free end 44 of the inner
      electrode 38. The window is centered on the axis 46 of the FOCUS gun, this
      axis being common to the two inner and outer electrodes. The electrical
      discharge between the two electrodes of the gun is produced by means 48
      which produce a high potential difference between these two electrodes.
      The means 48 may, for example, be a battery of capacitors, an explosive, a
      superconductive current source or a rotating machine. The use of the
      latter allows the discharge current strength to be increased, and this may
      be very advantageous when it is required to increase the density and
      temperature characteristics of the plasma formed by the discharge. The
      latter, denoted by reference 50, produces a magnetic field configuration
      in the form of a convergent nozzle with a high magnetic field gradient.
      Two circuits each comprising a secondary pump 52, 54 and a valve 56, 58
      allow a secondary vacuum to be produced respectively in the chamber 59
      between the inner and outer electrodes 36, 38 and inside the inner
      electrode 38. The outlet of a chamber 60 containing a gas is connected to
      the enclosure 59 through a quickopening valve 62 provided with a control
      circuit 64. This vavle enables a quantity of gas to be injected in the
      form of a burst during a relatively short time. Any gas may be used, but
      when nuclear fusion reactions are required within the plasma it may be
      advantageous to use an equimolecular mixture of deuterium and tritium. A
      laser 66 emits giant light pulses in the form of a beam of light 68
      focused via an optical system 70 and the window 43 onto a solid target 72
      contained on the axis 46 of the FOCUS gun near the centre of the free end
      44 of the inner electrode 38. The laser beam 68 is centered on the axis 46
      of the gun. Electronic means 74 and electro-optical means 76 (represented
      here by an electro-optical cell) allow the light emission of the laser to
      be triggered. Synchronisation means formed by a variable-delay circuit 78
      and a pulse generator 80 whose output is connected to the control circuit
      48 for the gun discharge allow the light emission of the laser to be
      synchronised with the injection of gas inside the gun and with the
      discharge between the two inner and outer electrodes. A cryostat 82
      situated on the axis 46 of the gun and inside the inner electrode 38
      allows the solid target 72 to be formed from a gas which is cooled. The
      gas is advantageously composed of an equimolecular mixture of deuterium
      and tritium. The free end 44 of the inner electrode 38 has a central
      aperture and the outlet of the cryostat 82 is situated at the centre of
      said aperture so that the solid target 72 is situated on the axis 46 of
      the gun and near the free end 44. This arrangement advantageously enables
      the coaxial gun discharge to be maintained by the injection -- at the
      inlet of the convergent magnetic nozzle -- of a plasma formed by the
      interaction of the laser beam 68 and the solid target 72. The life of the
      discharge plasma can thus be very considerably increased. For this
      purpose, operation of the apparatus advantageously comprises the following
      successive operations:
PAR  Pumping of enclosure 59 and pumping of the interior of the inner electrode
      38 until a secondary vacuum is obtained (less than 10.sup.-.sup.7 Torr
      approx.).
PAR  Production of solid target 72 is cryostat 82 and location of target in
      central aperture of inner electrode by means of an extractor (not shown)
      with which the cryostat is provided.
PAR  Closure of valves 56 and 58.
PAR  Injection of a given quantity of gas in enclosure 59 by means of
      quick-opening valve 62.
PAR  Control of means 48 with the aid of pulse generator 80 to obtain discharge
      of the coaxial gun.
PAR  Control of light emission of laser 66 by means of variable-delay circuit
      78, electronic means 74 and electro-optical means 76, at time when gun
      discharge reaches axis 46.
PAR  Of course not all of these operations are necessary when the target 72 is
      in the solid state at ambient temperature.
PAR  The laser 66, may for example, be a laser having a solid active medium,
      such as neodymium-doped glass, a molecular laser or alternatively a
      chemical laser. The duration of the injection of the plasma produced by
      the laser pulse on the solid target 72 at the inlet of the convergent
      nozzle is proportional to the duration of the laser emission. It is
      desirable that the latter should be greater than the life of the plasma
      originating from the gun discharge. Since the latter is at the present
      time estimated at 10.sup.-.sup.8 second, the laser pulse width can be made
      greater than that value.
PAR  A coaxial gun of the FOCUS type whose discharge is fed with a laser plasma
      which is then heated in the focusing magnetic nozzle of the gun can result
      in a positive plasma energy balance and hence form an energy generator.
CLMS
STM  We claim:
NUM  1.
PAR  1. Plasma injection apparatus comprising a coaxial gun of the focus type
      comprising a hollow cylindrical outer electrode which surrounds a
      cylindrical inner electrode without contact and a window formed in said
      outer electrode, which forms a sealed enclosure, a solid target disposed
      on the axis of said gun and near the free end of the said inner electrode,
      means for injecting a gas into said enclosure, means for producing an
      electrical discharge between said two electrodes, a triggered laser
      producing a laser beam, an optical system for focusing the laser beam
      substantially on said target and means for synchronising the triggering of
      the light emission of said laser and said discharge.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said inner electrode is hollow,
      and further comprising a central aperture at the free end of said inner
      electrode, a cryostat in said inner electrode, an outlet for said
      cyrostat, said cryostat being supplied by a gas through a quick-opening
      valve, means for controlling said valve connected to said synchronising
      means, the outlet of said crystat being situated at said central aperture.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said gas introduced into the
      said enclosure includes at least one hydrogen isotope.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said laser is a neodynmium-doped
      glass laser.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said laser is a CO.sub.2 laser.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said laser is a chemical laser.
NUM  7.
PAR  7. A plasma injection method, the injection having the effect of bringing
      the plasma to a high temperature, consisting of the steps of
PA1  producing a magnetic convergent nozzle by creating an electrical discharge
      of the focus type, and
PA1  producing a plasma at the inlet and along the axis of said nozzle, said
      plasma being injected from the inlet to the neck of said nozzle.
NUM  8.
PAR  8. A method according to claim 7, wherein said plasma is produced by
      impinging a laser beam on a solid target at the inlet of said nozzle.
NUM  9.
PAR  9. A method according to claim 8, including the step of forming said solid
      target by injecting a burst of gas in a cryostat, the solidified gas at
      the cryostat outlet constituting said target.
NUM  10.
PAR  10. A method according to claim 7, including the step of directing said
      laser beam along the axis of said nozzle.
NUM  11.
PAR  11. A method according to claim 10, the step of producing said laser plasma
      occurring when said discharge of the focus type substantially reaches the
      axis of the nozzle, and continuing said discharge.
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ABST
PAL  A solid state dimmer for fluorescent lights with standard (non-dimming)
      ballasts. Dimming is adjusted by changing the resistance in a capacitor
      charging circuit. Features include a trimming adjustment for eliminating
      flicker, a voltage regulator compensating for line voltage change, a
      sequential switch which allows the lamp to heat up before being dimmed,
      and a diode varistor, zener thyrector or the like in the charging circuit
      which supply additional charging current as the dimming is increased. The
      dimmer mounts in the same outlet box as a conventional toggle switch and
      can be substituted for the switch in an existing installation without
      changing the ballast. The dimmer is also useful for other loads requiring
      a variable voltage.
BSUM
PAR  Prior to this invention, fluorescent lamps with standard ballasts could not
      be substantially dimmed. The commercially available dimmers for
      incandescent lamps carry a warning against use with fluorescent light
      fixtures. For dimming fluorescent lamps, special dimming ballasts were
      required, which cost many times as much as standard ballasts and require a
      comparably expensive control. When installing a dimming control in an
      existing installation of fluorescent lights, it was necessary to change
      all of the ballasts.
PAR  An object of this invention is to formulate a circuit for dimming
      fluorescent lamps with standard ballasts.
PAR  The invention uses a circuit that could be put in an I. C. Chip (employing
      a bidirectional triode thyristor) and a switch control.
PAR  Another object of my invention is to provide a fluorescent dimmer with no
      special dimming ballast. The conventional or standard ballast is all that
      is required.
PAR  A further object of the invention is to provide a dimmer which causes no
      loss of light when used with a conventional/standaard ballast.
PAR  Still a further object of my invention is to provide a totally integrated
      component dimmer.
PAR  A further object of this invention is to provide a fluorescent dimmer that
      will work on mercury vapor lamps.
PAR  Still another object is when said mercury vapor lamp/lamps are used at
      maximum light position, there is no measurable loss of light or power.
PAR  Another object of my invention is to add to the like circuits, a cadmium
      sulfide photocell or like across the condenser charging potentiometer.
      This will adjust or regulate its circuit parameter to keep the light
      source uniform when the light level of the room changes, i.e., brightens
      or darkens.
PAR  It is a further object of my present invention to provide a circuit of the
      illustrated types which will regulate or adjust itself when line voltage
      increases or decreases.
PAR  It has been written what is considered a preferred embodiment of the
      invention but it is obvious that numerous changes and omissions may be
      made without departing from its spirit.
DRWD
PAR  This invention may be further understood from the following description and
      drawings in which
PAR  FIG. 1 is a bottom perspective of a fluorescent dimmer control,
PAR  FIG. 2 is a similar view of the control with a voltage regulator,
PAR  FIG. 3 is a perspective of the mounting strap or heat sink which mounts the
      control in a standard electric switch box,
PAR  FIG. 4 is an elevation of the switch used in the FIGS. 1 and 2 controls,
PAR  FIG. 4a is a front view of the control mounted in an outlet box,
PAR  FIGS. 5, 6, and 7 are circuit diagrams for the FIG. 2 control,
PAR  FIG. 8 is a perspective of a variable voltage extension cord,
PAR  FIG. 9 is a circuit diagram for FIG. 8,
PAR  FIG. 10 is a dimmer circuit using zeners or the like, and
PAR  FIG. 11 is another circuit similar to FIG. 10.
DETD
PAR  The control unit is mounted on a mounting strap or heat sink 1 having the
      same mounting dimensions as a toggle switch. The strap is fastened to an
      outlet box by screws through holes 2 and the wall plate is fastened to the
      strap by screws through holes 3. All of the circuit components of the
      control are mounted on the underside of the strap. The circuit components
      are contained in a chip 4 or 4a connected to a switch unit 5 by wires 6.
      The power connections to the control are made through black wires 7. The
      control unit of FIG. 2 which includes a voltage regulator has a white wire
      8 which connects the voltage regulator across the power supply. When
      installing the control in an existing installation, the control units are
      substituted for the conventional wall switch. The wall switch is removed
      from its box, the black wires which have previously been connected to the
      switch are connected to the black wires 7 of the control, the white wire
      of the power supply is connected to the white wire 8 of the control, and
      the control is mounted in the switch box by screws through holes 2. When
      completely installed, a wall plate 9 is mounted on the strap. The switch
      knob 5 is turned to the "on" position and the lamps operated for 1 or 2
      minutes to allow the lamps to heat up. The knob is then rotated clockwise
      to the maximum dim position and the knob removed to expose a trimmer screw
      11 which is adjusted until the lights remain on without flickering. The
      trimmer screw 11 adjusts the control to the peculiarities of the
      fluorescent lighting system such as the number, type and age of the lamps,
      the type of ballast, the line voltage, etc. After this adjustment, the
      lights will operate without flicker after the lights have been on for the
      warm-up period of 1 or 2 minutes.
PAR  In the circuit diagram of FIG. 5, the black and white lines of a
      conventional household alternating current power supply, e.g. 110 volts 60
      cycle A. C., are designated by the numerals 7a and 8a. The power supply is
      connected through the control unit to a fluorescent lighting system having
      one or more fluorescent lamps 12 and one or more standard ballasts 13. The
      system may include different types of lamps and ballasts. The system may
      also include other types of lamps such as mercury vapor and incandescent
      lamps. The switch 5 for the control includes an on/off switch 5a, a dimmer
      switch 5b, and a dimmer potentiometer 5c, all operated separately (not
      shown) or by the same knob 10. Such switches may be assembled from
      commercially available designs operable by push/pull or rotation of the
      knob. When the knob is turned or moved to the on position, the line switch
      5a is closed, the dimmer switch 5b is closed to short-circuit or bypass
      the dimmer control and the potentiometer 5c is in its minimum or zero dim
      position. The lighting system now operates at full brightness just as
      though the dimmer control were not there. This provides 100% lighting with
      no loss of lighting efficiency which has heretofore resulted from dimmer
      controls. When the knob 10 is rotated past the on position to the "dim"
      position, the potentiometer 5c is actuated or adjusted to control the
      dimming by controlling the flow of current through a "triac" switch 14
      having a gate electrode 15.
PAR  Every time a pulse is applied to the gate 15 of the triac switch 14, the
      triac switch closes and the remaining portion of that half cycle of A. C.
      flows through the lamps.
PAR  During "zero" point of the cycle, the triac switch is open. The next gate
      pulse closes the triac switch for the remaining portion of the half cycle
      and the process is repeated.
PAR  A double diode, "Diac" 16, conducts in both directions sharply as the
      voltage exceeds the break-over value. The diac gates the triac switch with
      a sharp pulse that closes the triac switch.
PAR  Potentiometer control 5c limits the voltage to which capacitor 17 is
      charged to the Diac 16 break-over voltage. At break-over voltage value,
      capacitor 17 supplies a sudden surge of current which switches the triac
      14 on. At lower brightness level, control 5c increases the charging
      circuit resistance. This decreases the charging rate and delays the
      break-over voltage point.
PAR  The capacitor 17 is charged through the potentiometer 5c and resistance 18.
      When the potentiometer 5c is set for maximum dimness, the value of
      charging resistance is greatest and the time required to charge capacitor
      17 to the break-over point is longer resulting in a smaller portion of the
      A. C. voltage being applied to the lamps. The capacitor 17 is also charged
      through a resistor 18 and through a trimming resistor 19. The position of
      variable resistor 19 is set by the trimmer screw 11 which insures that at
      maximum dimness the lamps do not flicker. The resistor 18 also charges a
      capacitor 20 which assists the capacitor 17 in triggering the triac.
      Capacitors 17 and 20 are also charged through a diode 21 which in this
      circuit is used as a voltage responsive resistor (varistor). Other voltage
      responsive elements can be substituted for the diode 21 such as zeners or
      the like. When the control 5c is adjusted so that its resistance is small,
      no current flows through the diode 21. When the control is adjusted so
      that its resistance is large, current flows through the diode to provide
      an additional reservoir of charge for the capacitors 17 and 20. The
      rectifying properties of the diode are not fully used. The polarity of the
      diode may be reversed and the operation will not be changed. The
      capacitors 17, 20 are large (one to several microfarads) and when
      discharging through the diac 16 provide sharp pulses which produce a
      peaked wave form which keeps the lamps lighted at low brightness levels
      such as 25-50%. The sharp pulses maintain the peak voltage which is
      important in preventing flicker at low brightness. As the brightness goes
      from 100 to 25%, the peak voltage goes from 100 to about 90%.
PAR  A regulator 22 having a light source 23 connected across the power supply
      and the photocell 24 actuated by the light source is used to compensate
      for fluctuations in line voltage. As the line voltage rises, the intensity
      of light from the source 23 increases and the resistance of the photocell
      24 decreases. This effectively lowers the voltage at gate 15 below the
      value which would be obtained at normal voltage and causes later firing of
      the triac 14. However, since the line voltage is greater, the later firing
      of the triac still maintains the same brightness level. The reverse effect
      takes place when the line voltage lowers. The effect of the regulator is
      to smooth out the changes in brightness and prevent flicker and starting
      cycle which would normally take place with a drop in line voltage. In the
      particular regulator illustrated, the light source is a light emitting
      diode and the photocell is cadmium sulfide chip or the like.
PAR  In the circuit of FIG. 6 where corresponding parts are indicated by the
      same reference numerals, the voltage regulator 22 is connected across the
      dimness potentiometer 5c where its effect is primarily to lengthen the
      charging time of capacitors 17, 20 as the line voltage increases and to
      shorten the charging time of the capacitors as the line voltage decreases
      so as to eliminate fluctuations in brightness due to fluctuations in line
      voltage.
PAR  In the circuit of FIG. 7 where corresponding parts are indicated by the
      same reference numerals, an improved bidirectional asymmetrical switch has
      been substituted for the diac 16. A photocell 30 such as a cadmium sulfide
      cell or the like which responds to room light level has been added. As the
      light level increases, the resistance of the cell decreases and vice
      versa. Since the cell 30 is connected across the dimming potentiometer 5c,
      the effective charging resistance for capacitor 17 is modified in the
      direction to compensate for changes in the light level. The photocell is
      an optional feature.
PAR  In FIGS. 8 and 9, the dimmer control circuit is simplified and is modified
      for use in an extension power cord. Corresponding parts are indicated by
      the same reference numerals. The extension cord 25 is of the three-wire
      grounded type where in addition to the conventional black and white wires
      7a, 8a, there is a third green or ground wire 8b. At one end of the cord
      is a plug 26 and at the other end of the cord is a box 27 having
      receptacles 28, a fuse 29, and a knob 10 for controlling the voltage
      output of the circuit enclosed within the box. The circuit within the box
      shown in FIG. 8 is similar to the previously described circuits and common
      parts are indicated by the same reference numerals. Instead of the output
      of the circuit being connected to a fluorescent lamp, the output is
      connected to the receptacles 28. In the full voltage position of the
      control knob 10, the switches 5a and 5b are closed. In the adjustable
      voltage positions of the knob, the switch 5b is open and the potentiometer
      or switch 5c changes the charging resistance for capacitor 17 to adjust
      the voltage.
PAR  In the circuits of FIGS. 10 and 11, back-to-back zener diodes or equivalent
      semiconductor devices 31 are used to produce as much as, and, in some
      cases more than, a 25-30% reduction in brightness without causing the
      fluorescent lights to flicker or go into the starting cycle which could
      cause burn-out of the starters and ballasts. In FIG. 10, the incoming
      power lines 7a, 8a are connected to a double throw switch 32 having an
      "off" position (shown), a full on position in which the switch closes
      against contacts 33 and a dim position in which the switch closes against
      the contacts 34. In the dim position, the voltage in the incoming power
      which has a sine wave form shown at 35 is converted to a square wave shown
      at 36. This square wave form when applied to the fluorescent lights
      results in a peak wave form shown at 37, which permits a 25-30% reduction
      in light without causing the fluorescent lights to flicker or to go into
      the starting cycle. The wave form 37 has approximately 14% lower RMS
      voltage than the incoming voltage across lines 7a, 8a. Mere reduction of
      the incoming voltage by 14% without the change in wave form caused by the
      zener diodes 31 or the like would cause the fluorescent lights to flicker
      and would cause the fluorescent lights to go into the starting cycle with
      the resulting over-heating and burn-out of the starters and ballasts. In
      the circuit of FIG. 11, there is a single pole switch 38 inserted in the
      black wire of a conventional power supply. The operation is the same as
      FIG. 10.
PAR  Circuit elements and components may be interchanged and equivalents
      substituted. For example, the switches shown in FIGS. 1 through 11 are
      interchangeable, a unijunction such as GE2N2646 oscillator can be used as
      a trigger circuit for the triac to further improve symmetry and feedback,
      and the asymmetrical switch can be replaced by a diac if symmetry of wave
      form is required.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A brightness control for a fluorescent lamp connected to a power supply,
      comprising: switch means connected between the power supply and the lamp,
      dimming control means connected between the switch means and the lamp,
      said dimming control means comprising electrode controlled semi-conductor
      switch means for blocking the flow of power to the lamp during each half
      cycle until gated on, capacitor means charged during each half cycle,
      gating means actuated in response to the charge on said capacitor means
      for gating said semi-conductor switch means to conduct, means for
      adjusting the charging rate of the capacitor means to advance or retard
      the gating of said semi-conductor switch means and thereby decrease or
      increase the dimming, said dimming control means being adjustable in a
      range from minimum dim to maximum dim, said switch means for connecting
      said dimming control and said lamp in a plurality of circuit
      relationships, to-wit: an off position, an on position connecting the
      power supply to the lamp and bypassing the dimming control means, a
      minimum dim position opening the bypass around the dimming control and
      positions between said minimum dim position and a maximum dim position,
      control means for actuating said switch means in order listed so the lamp
      has a chance to warm up before being dimmed, a mounting strap to be
      fastened to an outlet box, means for mounting the dimming control means on
      the mounting strap, a wall plate mounted on the strap, a switch control
      extending through the plate, and trimming means having adjusting means
      accessible through and from the outside of the plate for adjusting the
      dimming effect in the maximum dim position so the lamp remains on without
      flickering in said maximum dim position.
NUM  2.
PAR  2. A brightness control for a fluorescent lamp connected to a power supply,
      comprising: switch means connected between the power supply and the lamp,
      dimming control means connected between the switch means and the lamp,
      said dimming control means being adjustable in a range from minimum dim to
      maximum dim, said switch having means for connecting said dimming control
      and said lamp in a plurality of circuit relationships, to wit: an off
      position, an on position connecting the power supply to the lamp and
      bypassing the dimming control means, a minimum dim position opening the
      bypass around the dimming control and positions between said minimum dim
      position, and control means for actuating said switch means in order
      listed so the lamp has a chance to warm up before being dimmed, a mounting
      strap to be fastened to an outlet box, means for mounting the dimming
      control means on the mounting strap, a wall plate mounted on the strap, a
      switch control extending through the plate, and trimming means having
      adjusting means accessible through the plate for adjusting the dimming
      effect in the maximum dim position so the lamp remains on without
      flickering in said dim position, a knob for the switch control on the
      outside of the wall plate and adjusting means for the trimming means being
      covered by the knob and accessible when the knob is removed.
NUM  3.
PAR  3. A brightness control for a fluorescent lamp or the like connected to a
      power supply, comprising: switch means connected between the power supply
      and the lamp, dimming control means connected between the switch means and
      the lamp, said dimming control means comprising gate electrode controlled
      semi-conductor switch means for blocking the flow of power to the lamp
      during each half cycle until gated on, capacitor means charged during each
      half cycle, gating means actuated in response to the charge on said
      capacitor means for gating said semi-conductor switch means to conduct,
      means for adjusting the charging rate of the capacitor means to advance or
      retard the gating of said semi-conductor switch means and thereby decrease
      or increase the dimming, said dimming control means being adjustable in a
      range from minimum dim to maximum dim, said switch means having means for
      connecting said dimming control and said lamp in a plurality of circuit
      relationships, to-wit: on, off and dim, a mounting strap to be fastened to
      an outlet box, means for mounting the dimming control means on the
      mounting strap, a wall plate mounted on the strap, a switch control
      extending through the plate, and trimming means having adjusting means
      accessible through and from the outside of the plate for adjusting the
      dimming effect in the maximum dim position so the lamp remains without
      flickering in said maximum dim position.
NUM  4.
PAR  4. A brightness control for a fluorescent lamp or the like connected to a
      power supply, comprising: switch means connected between the power supply
      and the lamp, dimming control means connected between the switch means and
      the lamp, said dimming control means being adjustable in a range from
      minimum dim to maximum dim, said switch means having means for connecting
      said dimming control and said lamp in a plurality of circuit
      relationships, to wit: on, off and dim, a mounting strap to be fastened to
      an outlet box, means for mounting the dimming control means on the
      mounting strap, a wall plate mounted on the strap, a switch control
      extending through the plate, and trimming means having adjusting means
      accessible through the plate for adjusting the dimming effect in the
      maximum dim position so the lamp remains on without flickering in said
      maximum dim position, a knob for the switch control on the outside of the
      wall plate and the adjusting means for the trimming means being covered by
      the knob and accessible when the knob is removed.
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ABST
PAL  Thus far a substantial amount of energy was required for the two coils for
      the dynamic line frequency convergence in a device for radial, static and
      dynamic convergence. So as to improve this situation, a magnetic bridge is
      arranged between the two legs of a U-shaped electromagnet forming part of
      the convergence device, the magnetic resistance of this bridge being
      comparatively small in the magnetic circuit of the coils for the dynamic
      line frequency convergence and comparatively large in the magnetic circuit
      of the coils for the static and field frequency convergence.
BSUM
PAR  The invention relates to a device for radial, static and dynamic
      convergence of electron beams in a colour television display tube, adapted
      to be mounted about the neck of the display tube approximately at the
      level of the foremost end of the electron guns provided in the display
      tube for generating the electron beams, the said device comprising
      U-shaped electromagnets, each of which is capable of generating a magnetic
      field in the area of one of the electron beams via associated pole shoes
      provided in the display tube, variation of said field causing a radial
      displacement of the relevant electron beam, i.e. towards the axis of the
      display tube or away from that axis, said electromagnets consisting of a
      ferromagnetic U-shaped core having two substantially parallel legs which
      are connected by a yoke, each of said legs being enveloped by a coil,
      provided near the yoke, for static and possibly field frequency dynamic
      convergence, and also by a coil, provided near the free end of the leg,
      for dynamic line frequency and possibly field frequency convergence.
PAR  The German Auslegeschrift 1,290,174 describes which different convergence
      devices are required for correctly positioning the electron beams in a
      colour television display tube. The present invention relates to the
      device for the radial, static and dynamic convergence as set forth. In
      devices commonly used thus far, the magnetic resistance in the magnetic
      circuit of both coils for the dynamic line frequency convergence was found
      to be very large. As a result, a large magnetic energy (apparent power) is
      required for an effective adjustment of the convergence by means of these
      two coils. This is because the magnetic circuit for these two coils is
      mainly closed only by the stray field between the two legs of the U-shaped
      core.
PAR  In order to eliminate this drawback, it is known to construct the legs of
      the U-shaped core to be longer, so that the relevant magnetic circuit is
      somewhat improved in that the magnetic stray flux behind the coils is
      increased. However, this step also increases the stray field in the
      magnetic circuit for the two coils for the static and field frequency
      convergence, which also increases the cross-talk between the magnetic
      circuits associated with different electron guns.
PAR  The invention has for its object to provide a substantial reduction of the
      largest resistance in the magnetic circuit of the coils for the dynamic
      line frequency convergence, without the magnetic circuit of the coils for
      the static and field frequency convergence being essentially affected, and
      without the cross-talk being increased.
PAR  In order to achieve this object, the device according to the invention is
      characterized in that a magnetic bridge is provided between the portions
      of the two legs which are bound by the coils for the static and field
      frequency convergence on the one side and by the coils for the line
      frequency convergence on the other side, said bridge forming a
      comparatively small magnetic resistance in the magnetic circuit of the
      coils for the dynamic line frequency convergence, but having a
      comparatively large magnetic resistance with respect to the internal
      magnetic resistance of the coil system for the static and field frequency
      convergence.
PAR  To this end, the magnetic bridge may consist of an oblong soft-iron body
      which is provided between the two legs of the core, approximately parallel
      to the yoke, an air gap being present between at least one of the ends of
      the body and the nearest leg.
PAR  The magnetic bridge may also consist of at least one oblong soft-iron body
      which is provided adjacent to the two legs, approximately parallel to the
      yoke, the length of the body being at least equal to the distance between
      the two legs, at least one air gap being present between the body and the
      core. In both cases the position of the soft-iron body is preferably
      adjustable.
PAR  An advantage of the device according to the invention is that, due to the
      reduction of the magnetic resistance in the magnetic circuit of the coils
      for the dynamic line frequency convergence, the sensitivity of these coils
      is substantially increased. For the same magnetic deflection of an
      electron beam, now only half the magnetic energy (apparent power) is
      required. Consequently, the steps to be taken in the associated electronic
      circuit are substantially simplified and use can possibly be made of
      components with a lower permissible load. Due to the increased sensitivity
      of the coils on the ends of the legs of the U-core, used thus far only for
      the line frequency radial convergence, these coils can also be used for
      the field frequency radial convergence, for which purpose a current,
      obtained by additive combining of line and field frequency convergence
      currents, is fed through these coils, for example, each time from a
      transistor output stage for the red, the green and the blue radial
      convergence system.
PAR  In the foregoing some preferred constructions for the magnetic bridge were
      described. Within the scope of the invention, however, bridge bodies can
      also be used which are made, for example, of a mixture of soft-iron and a
      synthetic resin material.
PAR  The adjustability of the bridge body offers, for example, the possibility
      of varying the inductance of the coils for the static and field frequency
      convergence, the resistance of the magnetic circuit for line frequency
      convergence remaining substantially the same, so that in given circuits
      adjustment of the desired shape of the (usually more or less parabolic,
      50-Hz) convergence current is possible since the relation between
      inductance and resistance determines the shape of the curve of, for
      example, a left-hand parabolic branch which decreases exponentially. When
      these steps are taken, however, it is to be taken into account that the
      magnetic resistance in the magnetic circuit for the coils of the static
      and field frequency convergence must remain large at the area of the
      bridge in relation to the internal magnetic resistance of this coil
      system, i.e. that the magnetic bridge resistance between the two U-shaped
      legs must be large with respect to the magnetic resistance which is formed
      by the two legs and the yoke of the U-shaped core of the electromagnet.
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PAR  In order that the invention may be readily carried into effect, some
      embodiments thereof will now be described in detail, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows an electromagnet for a device according to the invention,
      having a soft-iron body between the two legs of the U-shaped core of the
      electromagnet,
PAR  FIG. 2 shows an electromagnet for another device according to the
      invention, having a soft-iron bridge body which is provided adjacent to
      the two legs of the U-shaped core of the electromagnet,
PAR  FIG. 3 shows an electromagnet resembling that shown in FIG. 2 and having
      two soft-iron bridge bodies arranged adjacent to the two legs of the core,
PAR  FIG. 4 shows the relative position of three U-shaped cores of
      electromagnets which together form a convergence unit for the radial,
      static and dynamic convergence, in conjunction with the associated circuit
      for the static convergence, and
PAR  FIG. 5 shows a transistor output stage for supplying convergence currents
      to a pair of coils.
DETD
PAR  FIG. 1 shows an electromagnet having a U-shaped core, consisting of a yoke
      2 and two parallel legs 3 and 4 which are enveloped in the vicinity of the
      yoke 2 by coils 5 and 6 for static convergence, it being possible to use
      said coils also for field frequency dynamic convergence for which purpose
      they are than supplied with parabolic currents having a frequency of 50
      Hz. In the vicinity of the ends 7 and 8 of the legs 3 and 4, coils 9 and
      10 are arranged about the legs for the dynamic line frequency convergence.
      If desired, it is also possible to supply the 50-Hz parabolic currents for
      the field frequency convergence via these two coils 9 and 10. Situated
      between the two legs 3 and 4 is a magnetic bridge consisting of an oblong
      soft-iron body 11. For adjusting purposes, this body is preferably
      arranged to be pivotable about a pivot 12. If desired, it may also be
      arranged to be displaceable in its longitudinal direction. Provided
      between the body 11 and the leg 3 is an air gap 13, a similar air gap
      being also present between the leg 4 and the body 11. The magnetic circuit
      14 (denoted by a broken line) of the coils 9 and 10 is closed over an
      important portion by the body 11, because this body 11 reduces (at the
      area where it is used) the magnetic tension drop which would occur if this
      body were not provided.
PAR  The flux generated by the coils 5 and 6, denoted in FIG. 1 by broken lines
      at 15, flows partly through the body 11 which also acts as a magnetic
      shunt for this flux, and partly to the area of an electron beam (not
      shown) via the ends 7 and 8 of the legs 3 and 4. The magnetic resistance
      which is formed by the body 11 and the two air gaps 13 is large with
      respect to the magnetic resistance in the path along the leg 4, the yoke 2
      and the leg 3, so that the magnetic field generated by the coils 5 and 6
      for static and field frequency convergence is still strong enough at the
      ends of the legs.
PAR  The drawbacks of the devices known thus far were that the magnetic flux,
      generated due to the current through the coils 9 and 10, was also embraced
      by the coils 5 and 6. As a result, in accordance with Lenz's law a
      counter-field was formed which had the effect that, due to the very low
      frequency of the current in the coils 5 and 6 with respect to the line
      frequency, the magnetic circuit of the coils 9 and 10 was interrupted at
      this area. Consequently, this circuit was virtually not loaded from a
      magnetic point of view. The effect was the same as if the legs of the core
      were cut off before the beginning of the coils 5 and 6, viewed from the
      coils 9 and 10. Consequently, according to the insight on which the
      invention is based, the body 11 had to be introduced before these
      "interruptions" .
PAR  FIG. 2 shows an electromagnet which resembles that shown in FIG. 1, but in
      this case the soft-iron body acting as the magnetic bridge is formed by a
      bar 19, the length of which is larger than the distance between the two
      legs 3 and 4 of the U-shaped core 1. The bar 19 is arranged to be adjacent
      to the legs, parallel to the yoke 2. The magnetic circuits are subject to
      the same conditions as are applicable for providing the body 11 shown in
      FIG. 1. The remarks as regards adjustability of the position of the body
      of FIG. 1 also apply to that shown in FIG. 2.
PAR  FIG. 3 is a side view of a U-shaped core 1. In this case two soft-iron bars
      19 are provided to form the bridge, the said bars being arranged at a
      small distance from and adjacent to the legs 3 and 4 and corresponding to
      the bar 19 shown in FIG. 2.
PAR  FIG. 4 is a front view of three electromagnets having U-shaped cores 1,
      i.e. viewed from the screen side of a colour television display tube, said
      electromagnets together forming a device for radial convergence. The upper
      electromagnet is for the colour blue (B), the right-hand magnet is for
      green (G) and the left-hand electromagnet is for red (R). The deflections
      for the static convergence and also for the dynamic convergence are in
      principle effected in the radial direction, as is indicated by the arrows
      16. The upper portion of the Figure shows a circuit diagram of a circuit
      for the static convergence. The circuit is composed of three
      parallel-connected 470-ohm resistors R.sub.1, R.sub.2, R.sub.3, each
      resistor having an adjustable tapping so as to supply a direct voltage to
      the convergence device.
PAR  The circuit is special in that the coils 5 and 6 of the U-shaped cores 1
      for red and green are divided into the sections 5a, 5b, 6a and 6b. The
      tapping of the resistor R.sub.1 is connected to a series-connection of the
      sections 6a (red), 5a (red), 5a (green) and 6a (green), and the tapping of
      the resistor R.sub.2 is connected to a series-connection of the sections
      5b (red), 6b (red), 5b (green) and 6b (green). The magnetic circuits of
      these coil sections extend similarly to those of the coils 5 and 6. The
      connection of the coils shown here offers the advantage that the
      convergence can be very readily adjusted. When using an orthogonal raster
      pattern on the display screen for the convergence adjustment, an apparent
      horizontal and vertical mutual adjustment of the red and the green raster
      pattern is observed instead of radial electron beam deflections. In order
      to make the red and the green raster pattern coincide in the vertical
      direction, the tapping of R.sub.1 is adjusted such that the current
      through the sections 6a and 5a of the red system and 5a and 6a of the
      green system varies. The adjustment in the horizontal direction is
      effected in an analogous manner by means of R.sub.2.
PAR  Like the coils 5 and 6 for the static (and field frequency) convergence,
      the coils 9 and 10 for the line frequency convergence can also be
      subdivided into sections, For the electrical compensation of the
      cross-talk, the blue and red convergence units are connected via a 4.7
      kohm resistor R.sub.4. For the current supply of the coils 9 and 10, it is
      very advantagous to use an output stage comprising a transistor 20 the
      coils being connected in the collector lead thereof, (see FIG. 5). An
      output stage transistor can each time be used for red, green and blue, it
      being possible to use an output stage of this kind not only for the line
      frequency convergence but also for the field frequency convergence. To
      this end, the line frequency and field frequency convergence currents may
      be added by means of two 220-ohm resistors R.sub.5 and R.sub.6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A television convergence device comprising a substantially U shaped
      ferromagnetic core have two substantially parallel legs and a yoke coupled
      to said legs; a pair of static convergence coils disposed about said legs
      respectively proximate said yoke; a pair of dynamic line frequency
      convergence coils disposed about said legs respectively proximate the free
      ends thereof; and means for providing a small magnetic resistance with
      respect to the line frequency magnetic circuit and a large resistance with
      respect to the internal magnetic resistance of the static magnetic
      circuit, said providing means comprising a ferro magnetic bridge disposed
      proximate said two legs and between said static coils on one side thereof
      and said dynamic coils on the other side thereof.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said bridge comprises a
      rectangular soft iron body disposed between said legs substantially
      parallel to said yoke and defining an air gap between at least one of said
      legs and the nearest end of said body.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein said bridge comprises a
      rectangular soft iron body disposed adjacent said legs substantially
      parallel to said yoke and having a length at least equal to the distance
      between said legs and defining at least one air gap between said body and
      said core.
NUM  4.
PAR  4. A device as claimed in claim 1 wherein said bridge comprises an
      adjustable bridge.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein said static convergence coil also
      comprises a field frequency dynamic convergence coil.
NUM  6.
PAR  6. A device as claimed in claim 1 wherein said line frequency convergence
      coil also comprises a field frequency convergence coil.
NUM  7.
PAR  7. A device as claimed in claim 1 wherein said bridge comprises a
      magnetically soft material.
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ABST
PAL  A circuit arrangement in television display apparatus for deforming a
      sawtooth signal, for example, for the S correction, including a plurality
      of difference amplifiers having a common input terminal and a common
      output terminal.
BSUM
PAR  The invention relates to a circuit arrangement in television display
      apparatus for deforming a signal applied to an amplifier which applies a
      current to a coil for influencing the location of the landing spot of an
      electron beam on the screen of a television display tube, with means for
      applying a sawtooth input signal, the output signal undergoing an addition
      and/or subtraction.
PAR  A sawtooth generator whose output voltage is a linear function of time is
      generally used for the vertical (field frequency) deflection in television
      display apparatus. The current flowing through the field deflection coil
      must, however, be subjected to a so-called S correction so that an
      improvement of the picture geometry is obtained. Since the field output
      amplifier supplying this deflection current is generally a linear
      amplifier converting the input voltage originating from the sawtooth
      generator into a sawtooth output current, a deformation must be provided.
PAR  A known method for this purpose is the use on the one hand of such a
      (current) feedback that the output current of the amplifier varies less
      quickly at the commencement of the trace time than at the end, and on the
      other hand the integration of the output voltage of the sawtooth generator
      in such a manner that the input voltage of the amplifier varies less
      quickly at the commencement than at the end of the trace time. The first
      step determines the linearity of the upper part of the picture displayed
      while the second step determines the linearity of the lower part. Networks
      having time constants are required for this purpose. Due to the low
      repetition frequency, i.e. 50 or 60 Hz, of the field deflection,
      capacitors having a very high capacitance must be used, which capacitance
      has a large spread and is temperature dependent. Adjustment of the
      linearity is therefore inaccurate and may vary so that errors are produced
      or remain uncorrected. In addition this adjustment and that of the
      vertical amplitude (the picture height) are not independent of each other
      while the waveform obtained is not always symmetrical. Other known methods
      have the same drawback, that is to say, they also require capacitors
      having a very high capacitance.
PAR  An object of the invention is to provide a circuit arrangement which does
      not have the said drawback and which to this end uses so-called function
      generators which are known in other branches of the technique. Such a
      generator is described in U.S. Pat. No. 3,560,727. An output signal is
      generated which is a given mathematical function of the input signal from
      the generator while the variation as a function of time consists of a
      number of line sections. Both the transitions of the line sections and the
      slope of each section are adjustable. The generator includes a number of
      amplifiers and inverter stages as well as many adjusting elements
      (potentiometers).
PAR  Since the output voltage of the sawtooth generator for the field deflection
      has a given shape, these potentiometers are not necessary in the circuit
      arrangement according to the invention, that is to say, adjusting
      resistors are determined once. This has the advantage that the circuit
      arrangement can be integrated in a semiconductor body which occupies a
      much smaller place than the above-mentioned capacitors and which is
      cheaper while its properties vary to a much lesser extent.
PAR  A drawback of the said function generator is that the adjustments of the
      line sections are not independent of each other because the slope of each
      line section is influenced by the preceding line sections. When a given
      line section must have a smaller slope than the preceding one, an inverter
      stage must be used. This requires a large number of adjusting elements and
      a time-consuming adjusting procedure.
PAR  The circuit arrangement according to the invention obviates this drawback
      and does not need inverter stages and to this end it is characterized in
      that the circuit arrangement includes a plurality of difference amplifiers
      each having a first and a second input input terminal, all first input
      terminals being connected together and to the means for applying the input
      signal, the second input terminals being connected to different biases,
      the difference amplifiers having a common load connected to an output
      terminal.
DRWD
PAR  Embodiments of the invention are shown in the drawing and will be described
      hereinafter in greater detail.
PAR  FIG. 1 and FIGS. 2a to c are graphic representations of currents or
      voltages as a function of time
PAR  FIG. 3 is a block-schematic diagram including the circuit arrangement
      according to the invention
PAR  FIG. 4 shows the difference amplifiers in a given embodiment
PAR  FIG. 5 shows the difference amplifiers in a further embodiment,
PAR  FIGS. 6a and b are graphic representations of currents or voltages as a
      function of time.
DETD
PAR  The curve in FIG. 1a shows that the required variation as a function of
      time of the deflection current in the vertical deflection coil of a
      television display apparatus is a so-called S-shaped variation over one
      period. According to the invention such a variation can be imitated by a
      circuit arrangement in which the degree of curvature of the two branches
      of the S-shaped curve is to be made adjustable according to FIG. 1a.
PAR  FIG. 1b shows the sawtooth voltage which is generally present at the output
      of the vertical oscillator and the output curve according to FIG. 1a is
      obtained from this curved by means of a sinusoidal curve according to FIG.
      1c in a manner as described with reference to the FIGS. 2a to c and FIG.
      3.
PAR  FIG. 3 shows a sawtooth oscillator 100. A voltage as shown in FIG. 2b is
      present at the output of this oscillator. This sawtooth voltage U.sub.i is
      available at the stage denoted by 101 which is referred to as a synthesis
      stage and which includes a difference amplifier circuit described
      hereinafter. Dependent on the number of difference amplifiers the stage
      101 splits up and deforms the sawtooth voltage in different increments.
      For example, nine difference increments are shown in FIG. 2a in which the
      two increments to the right and left of the zero crossing are equal and
      show only a reverse polarity.
PAR  The signal according to FIG. 2a, for example, a voltage U.sub.o, appears at
      the output of stage 101 and is combined with the sawtooth signal in a
      stage 102 in such a manner that the characteristic curve according to FIG.
      2b is subtracted from the characteristic curve according to FIG. 2a. A
      substantially sinusoidal signal, for example a voltage, as shown in FIG.
      2c is obtained at the output of the subtractor stage 102. It is then
      possible to adjust the amplitude of this signal by means of an amplitude
      adjusting element which is denoted by 103 in FIG. 3 and hence also the
      degree of S correction of the ultimate deflection current to be obtained.
      In a second stage 104 (see FIG. 3) this adjusted signal is added to the
      input signal according to FIG. 2b and a signal appears at the output of
      the stage 104 which has the same curve variation as in FIG. 1a. This
      signal thus has the desired S curvature which curvature may be more or
      less large by means of the element 103. This curvature is symmetrical to
      the zero point and this signal can then be applied by means of a further
      amplitude adjusting element as denoted by 105 in FIG. 3 to a subsequent
      output amplifier 106 applying the deflection current to the deflection
      coil 107. As is known coil 107 behaves substantially as a resistance so
      that the deflection current has the same shape as the input voltage of
      amplifier 106. Its variation is therefore substantially the same as the
      desired variation of FIG. 1a. Its amplitude and hence the picture height
      can be adjusted by means of element 105 while the linearity can be
      adjusted by means of element 103. Both adjustments thus do not influence
      each other. Since the signal of FIG. 2c is zero at the commencement and at
      the end of the trace time it does not contribute to the deflection.
PAR  FIG. 4 shows the synthesis stage 101 including the difference amplifier
      circuit by which the signal of FIG. 2a is composed. A first difference
      amplifier is constituted by two transistors T.sub.1 and T.sub.1 ' whose
      emitters are connected together through two resistors R.sub.1 and R.sub.1
      ' having the same value, and by a third transistor T.sub.11 whose
      collector is connected to the junction of the said resistors and whose
      emitter is connected through a resistor R.sub.11 to ground of the circuit
      arrangement. Similarly three transistors T.sub.2, T.sub.2 ' and T.sub.22
      and three emitter resistors R.sub.2, R.sub.2 ' , R.sub.22 constitute a
      second difference amplifier. FIG. 4 shows seven of these amplifiers while
      the bases of the transistors T.sub.1, T.sub.2, . . . T.sub.7 are connected
      together and to an input terminal 1. The collectors of the same
      transistors are connected together and to a terminal 2 while the
      collectors of transistors T.sub.1 ' , T.sub.2 ' . . . T.sub.7 '  are
      connected together and to an output terminal 3.
PAR  The input signal U.sub.i of the stage 101 is applied to terminal 1, thus in
      this case the sawtooth voltage according to FIG. 2b while the output
      voltage U.sub.o according to FIG. 2a can be derived from the terminal 3.
      The terminal 2 is connected to a terminal of a voltage supply source
      U.sub.B the other terminal of which is connected to ground. A common
      output resistor R is arranged between the terminal 2 and the collectors of
      the transistors T.sub.1 ' , T.sub.2 ' , . . . T.sub.7.
PAR  The bases of transistors T.sub.11, T.sub.22 . . . T.sub.77 are likewise
      connected together and to the collector of a transistor T.sub.8. A
      resistor R.sub.8 is connected between its emitter and ground and a
      resistor R.sub.9 is connected between its collector and its base and a
      resistor R.sub.10 is connected between the collector and terminal 2.
      Together with resistor R.sub.10 and resistors R.sub.11, R.sub.22, . . .
      R.sub.77 transistors T.sub.11, T.sub.22, . . . T.sub.77 constitute current
      sources in which the current taken up by transistor T.sub.66 is
      approximately.
      ##EQU1##
      in which V.sub.BE is the base emitter voltage of transistor T.sub.66 which
      voltage is determined by the adjustment of transistor T.sub.8 and in which
      the voltage drop across resistor R.sub.9 has been left out of
      consideration.
PAR  The currents of the transistors T.sub.11, T.sub.22 . . . T.sub.77 may thus
      be adjusted independently of each other by suitable choice of the relevant
      emitter resistor R.sub.11, R.sub.22, . . . R.sub.77.
PAR  Eight resistors R.sub.01, R.sub.12, R.sub.23, . . . R.sub.78 are arranged
      in series beween a terminal 4 at which a direct voltage U.sub.1 is present
      and a terminal 5 at which a direct voltage U.sub.2 is present. The
      junction of resistors R.sub.01 and R.sub.12 is connected to the base of
      transistor T.sub.1 ' and that of resistors R.sub.12 and R.sub.23 is
      connected to the base of the transistor T.sub.2 ' , etc. For example, the
      curve section in the time t.sub.3 in FIG. 2a is formed by the difference
      amplifier pair T.sub.6 and T.sub.6 ' : the potential divider R.sub.01,
      R.sub.12, . . . R.sub.78 is proportioned in such a manner that the voltage
      at the base of the transistor T.sub.6 ' is equal to the value of the input
      voltage according to FIG. 2b in the middle of the third section.
      Furthermore the current I.sub.66 is dimensioned in the manner described
      above such that the voltage drop I.sub.66.R is equal to the voltage
      variation shown in the time t.sub.3 in FIG. 2a.
PAR  In order that the individual curve sections of FIG. 2a blend without any
      interruption, it is additionally to be ensured that in the given example
      2I.sub.66.R.sub.6 is equal to the voltage variation of the input voltage
      according to FIG. 2b in the time t.sub.3. As a result it is achieved that
      the transistor T.sub.6 ' conveys the total current taken up by T.sub.66 as
      long as the voltage U.sub.i is smaller than in FIG. 2b at the initiation
      of time t.sub.3 and that on the other hand the transistor T.sub.6 conveys
      the total current after U.sub.i has become larger than at the end of the
      time t.sub.3 in FIG. 2b. When U.sub.i is between these limits a split-up
      of I.sub.6 and I.sub.6 ' is the result while the sum is constantly equal
      to the given value of I.sub.66.
PAR  When all other difference amplifiers are dimensioned in such a manner that
      their take-over ranges do not overlap, only one difference amplifier pair
      with the associated current source is active in each section and thus the
      variation of the curve according to FIG. 2a  in a section always depends
      also on one difference amplifier with its current source. In FIG. 2a the
      slope of the curve sections in the times t.sub.1 and t.sub.9 was chosen to
      be zero so that no difference amplifier is required in these cases. Thus
      seven difference amplifiers for nine curve sections are sufficient. It may
      be evident that this step is not required and that the number of curve
      sections and hence the number of difference amplifiers can be chosen
      arbitrarily.
PAR  It is, however, only possible to synthesize curves with an arrangement
      according to FIG. 4 in which the sign of the derivative does not change as
      long as the sign of U.sub.i does not change. When, however, a circuit
      arrangement according to FIG. 5 is used, which is likewise dimensioned as
      the circuit arrangement according to FIG. 4, a change of the sign of the
      derivative of the output voltage U.sub.o (FIG. 6) is possible even when
      the derivative of the input voltage U.sub.i does not invert. FIG. 6 shows
      the synthesis of a parabolic signal in which, for example, five curve
      sections have been chosen. The collectors of the transistors T.sub.1,
      T.sub.2, T.sub.3 ' and T.sub.4 ' are connected together while the
      collectors of transistors T.sub.1 ' , T.sub.2 ' , T.sub.3 and T.sub.4 are
      connected together. As the slope of the output voltage in FIG. 6a is zero
      in the time t.sub.3, four difference amplifiers are sufficient. Such a
      parabolic signal may be used, for example, for the dynamic convergence in
      a colour television display tube.
PAR  Since the described circuit arrangements only include resistors and
      transistors, they may advantageously be integrated in a semiconductor
      body. It will be noted that they do not include frequency-dependent
      elements so that possible variations of the frequency cannot have any
      influence and the scope of the invention need not be limited to a field
      frequency circuit arrangement. The above-mentioned circuit arrangement,
      for example, for the convergence may alternatively receive a line
      frequency signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit arrangement in television display apparatus for deforming a
      signal applied to an amplifier which applies a current to a coil for
      influencing the location of the landing spot of an electron beam on the
      screen of a television display tube, with means for applying a sawtooth
      input signal, the output signal undergoing an addition and/or subtraction,
      characterized in that the circuit arrangement includes a plurality of
      difference amplifiers each having a first and a second input terminal, all
      first input terminals being connected together and to the means for
      applying the input signal, the second input terminals being connected to
      different biasses, the difference amplifiers having a common load
      connected to an output terminal.
NUM  2.
PAR  2. A circuit arrangement as claimed in claim 1, characterized in that each
      difference amplifier comprises a first and a second transistor and a
      current source in which the base electrode of the first transistor
      constitutes the first input terminal while the base electrode of the
      second transistor constitutes the second input terminal, two resistors of
      equal value being incorporated between the emitter electrodes of the two
      transistors, the current source being connected to the junction of said
      resistors, the collector electrode of the first transistor being connected
      to a terminal of a voltage supply source, the collector electrode of the
      second transistor being connected to the output terminal.
NUM  3.
PAR  3. A circuit arrangement as claimed in claim 1, characterized in that each
      difference amplifier comprises a first and a second transistor and a
      current source in which the base electrode of the first transistor
      constitutes the first input terminal while the base electrode of the
      second transistor constitutes the second input terminal, two resistors of
      equal value being included between the emitter electrodes of the two
      transistors, the current source being connected to the junction of said
      resistors, the collector electrode of the first transistor in a number of
      difference amplifiers being connected to a terminal of a voltage supply
      source and to the collector electrode of the first transistor in the other
      difference amplifiers, the collector electrode of the second transistor in
      the former difference amplifiers being connected to the output terminal
      and to the collector electrode of the first transistor in the other
      difference amplifiers.
NUM  4.
PAR  4. A circuit arrangement as claimed in claim 2, characterized in that each
      difference amplifier comprises a first and a second transistor and a
      current source in which the base electrode of the first transistor
      constitutes the first input terminal while the base electrode of the
      second transistor constitutes the second input terminal, two resistors of
      equal value being included between the emitter electrodes of the two
      transistors, the current source being connected to the junction of said
      resistors, the collector electrode of the first transistor in a number of
      difference amplifiers being connected to a terminal of a voltage supply
      source and to the collector electrode of the first transistor in the other
      difference amplifiers, the collector electrode of the second transistor in
      the former difference amplifiers being connected to the output terminal
      and to the collector electrode of the first transistor in the other
      difference amplifiers, the series arrangement of a plurality of resistors
      is incorporated between two direct voltage sources and that each junction
      of two resistors constitutes a second input terminal.
NUM  5.
PAR  5. A circuit arrangement as claimed in claim 1, characterized in that a
      signal for a field output amplifier is available at the output terminal of
      the circuit arrangement.
NUM  6.
PAR  6. A circuit arrangement as claimed in claim 1, characterized in that a
      signal for an amplifier for the dynamic convergence is available at the
      output terminal of the circuit arrangement.
NUM  7.
PAR  7. A semiconductor body in which at least the difference amplifiers as
      claimed in claim 1 are integrated.
NUM  8.
PAR  8. A circuit arrangement comprising means for receiving an input signal, a
      plurality of difference amplifiers each having a first and a second input
      terminal, all first input terminals being coupled together and to the
      means for receiving the input signal, the second input terminals
      comprising means for receiving respectively different biasses, an output
      terminal, the difference amplifiers having a common load connected to said
      output terminal.
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ABST
PAL  A method and apparatus for protecting the sensitive electronic or magnetic
      circuitry of modern business machines, mini-computers, and the like, while
      preventing the operator thereof from experiencing any discomfort. A high
      voltage discharge switch attachable to such a machine is used to discharge
      an accumulated charge of static electricity from the machine operator's
      body in approximately one tenth of a second without causing any
      discomfort. The high voltage switch employs an upper finger touch contact
      having a sharp point which, when depressed by the machine operator, comes
      into close proximity with a lower contact which is coupled through a
      resistive means to the frame of the machine and causes a corona discharge
      from the sharp point which initiates the transfer of at least a portion of
      the stored electrostatic charge prior to actual contact between the sharp
      point and the lower contact such that the transferred electrostatic charge
      is effectively dissipated through the resistive means without the usual
      spark-gap-type shock-producing discharge which usually results when actual
      contact is made thereby avoiding any discomfort to the machine operator
      and avoiding spurious signals which could produce errors in the state of
      sensitive logic circuits, memories or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for protecting sensitive
      electronic or magnetic memories, logic circuitry, and the like in modern
      business machines or computer equipment from destruction, disruption or
      errors which could result from spurious impulses generated by an
      electrostatic discharge from the equipment operator's body to the
      equipment while simultaneously insuring that the equipment operator does
      not experience a harmful or annoying electrical shock.
PAR  Most persons have probably noted that a charge of static electricity may be
      generated by a person walking across a floor covered by carpeting made of
      certain synthetic materials, or when wearing clothing manufactured of
      certain synthetic fibers. Under conditions of relatively low humidity, a
      relatively large electrical potential may be developed, and when the
      person extends his fingers or hands while attempting to touch an object at
      a lower electrical potential, current flows from the extremeties thereof
      causing the person to experience a shocking sensation. Although the shock
      experienced is often more annoying than harmful, it is desirable to
      provide devices for eliminating the shock.
PAR  Several attempts have been made in the prior art for minimizing the shock
      experienced by such a person. Most of the attempts have employed
      discharging devices which can be used in conjunction with doorknobs,
      switches, push buttons and the like which can operate to discharge the
      accumulated charge of static electricity stored on the person's body
      without substantial discomfort to the charged person. U.S. Pat. No.
      3,621,164 to Stanley Backer, and U.S. Pat. No. 3,099,774 to John J. Crane
      are examples of such prior art systems and usually employ a means for
      dissipating the charge via a spark discharge across an air gap or through
      a resistor. U.S. Pat. No. 3,780,345 to Ernest Earman, Jr. provides a
      static electricity de-shocker which employs a 10 megaohm resistor to
      intercept, arrest or reduce the static discharge to a non-shocking state
      or degree.
PAR  All of the systems of the prior art are aimed primarily at reducing the
      shock experienced by the persons who have accumulated the static charge.
      Such systems employ a spark discharge across an air gap or a direct
      contact discharge through a high valued resistor. None of these systems
      completely eliminate discomfort to the charged person and none of these
      prior art systems serve to protect anything other than the charged person.
PAR  Many of today's modern business machines, mini-computers, computer
      terminals, computers and the like, contain sensitive electronic and/or
      magnetic circuits and/or memories. A static discharge which could result
      if the machine operator's body was at a substantially different electrical
      potential from that of the machine were to make contact or near contact
      with the machine could produce a spurious signal which could change the
      state of various logic circuits or the contents of various electronic or
      magnetic memories so as to cause errors in the machine's operation or
      otherwise damage the machine itself.
PAC  SUMMARY OF THE INVENTION
PAR  In view of these problems, it is an object of this invention to provide a
      method and apparatus for preventing the disruption of sensitive electronic
      and/or magnetic circuits or memories which may result from a static
      discharge between an operator who has accumulated a charge of static
      electricity and a machine housing such circuitry or memories.
PAR  It is another object of this invention to provide a method and apparatus
      for discharging the electrostatic potential stored by a human body in such
      a manner so as to eliminate any discomfort to the human body.
PAR  It is a further object of this invention to provide a high voltage
      discharge switch which may be used to discharge the body of a human
      operator in approximately one tenth of a second without causing any
      discomfort to the human operator while simultaneously insuring that the
      sensitive electronic and/or magnetic circuits or memory of the machine
      upon which the human operates is in no way disrupted.
PAR  It is still a further object of this invention to provide a high voltage
      discharge switch which employs an upper contact having a sharp contact
      point such that when the upper contact is depressed and comes into
      reasonably close proximity to a lower contact, the electrostatic charge
      applied to the upper contact is at least partially transferred via a
      corona discharge from the point contact before being dissipated through
      resistive means coupling the lower contact to ground.
PAR  It is yet a further object of this invention to protect both sophisticated
      electronic machinery and the machine operators thereof by providing said
      machinery with a discharge switch which can be used to dissipate the
      charge stored on the human operator by means of a corona discharge without
      harming either the human operator or the electronic machinery.
PAR  Accordingly, this invention protects both the sophisticated electronic
      and/or magnetic circuitry or memories associated with many of today's
      modern business machines, mini-computers and the like and the humans who
      operate such machines by providing the machine with a high voltage
      electrostatic discharge switch which is capable of discharging a human
      body in approximately one tenth of a second without causing any discomfort
      to the human operator or harm to the sophisticated machinery. The high
      voltage discharge switch employs a point contact which produces a corona
      discharge when in the operative position thereby eliminating harmful
      spark-gap shock-producing type discharges heretofore employed in the prior
      art and insuring a safe, rapid discharge of the human operator while
      eliminating any possibility of harming a component of the machines or
      producing errors in the operation thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages and features of this invention will become more
      fully apparent from the following detailed description, appended claims,
      and accompanying drawings in which like reference numerals designate
      corresponding parts:
PAR  FIG. 1 is an overall perspective view of a sophisticated modern business
      machine employing the high voltage discharge switch of the present
      invention;
PAR  FIG. 2 is a sectional view of the high voltage discharge switch of the
      present invention in its normal non-operative position; and
PAR  FIG. 3 is a sectional view of the high voltage discharge switch of the
      present invention in its depressed or operative position.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a modern business machine 11 which contains
      sophisticated electronic and/or magnetic circuits or memory. Typically,
      the business machine could, for example, be a Burroughs Series L or TC
      type machine such as the L8000, a description of which can be found in
      Burroughs L8000 MINI-COMPUTER Technical Manual which was copyrighted in
      January 1973 and is incorporated by reference into this description. The
      high voltage electronic discharge switch 13 of the present invention is
      shown as being connected to the chassis or frame 15 of the machine 11 via
      screws, threaded bolts, or other fastening means which connect the base 17
      of the discharge switch 13 securely to the frame 15 of the machine 11.
      FIG. 1 shows a finger 19 of a human operator in the act of depressing the
      high voltage discharge switch 13 so as to discharge the electrostatic
      potential stored on the human operator's body so as to protect the machine
      while simultaneously insuring that the operator does not experience any
      discomfort due to electrical shock.
PAR  FIG. 2 illustrates a sectional view of the high voltage discharge switch 13
      of the present invention. The base 17 of the switch is secured to the
      frame 15 by threaded bolt 21 and nut 23. The bolt and nut combination also
      secures the base portion 25 of the thin rubber housing or nipple 27 to the
      base 17.
PAR  In the prime embodiment disclosed herein the nipple or boot structure 27 is
      shaped so as to form a central bounded cavity or air space 29 having an
      open portion at the lower end thereof which is exposed to the base 17 and
      which is bounded by the wall of thin rubber material which forms the base
      portion 25 of the nipple 27. The closed upper end of nipple 27 which
      provides the upper boundary of the confined air space houses an upper
      contact 31 which may be a thumbtack or the like which pierces the thin
      rubber wall at the top of nipple 27 and has its sharp pointed end 33
      extending into the upper portion of air space 29 while its smooth upper
      surface which is adapted for finger touch contact by the human operator
      remains above the top of the nipple and is external to the confined air
      space. A lower contact is housed in the lower portion of the air space 29
      and is comprised of an electrically conductive material 35 such as copper
      or the like deposited on a printed circuit board 37 or similar structure
      so as to form a lower contact. The electrically conductive contact
      material 35 is connected through the printed circuit board structure 37
      via a plated-through hole 39 or the like through a 3 megaohm resistor 41
      at a contact point 42 comprising solder or the like and the opposite end
      of resistor 41 is connected to the base 17 at point 43 via solder or the
      like such that an electrically conductive path is provided between the
      contact material 35 of the top portion of the lower contact and ground as
      represented by frame 15 of the machine 11 via a continuous path comprising
      the plated hole 39, contact point 42, resistor 41, contact point 43 and
      the base 17 of the switch which is securely fastened to ground via frame
      15.
PAR  FIG. 3 illustrates the high voltage discharge switch of the present
      invention in the operative or discharging position. A human body is
      represented by a capacitor 45 which may have a capacitance, for example,
      in the 100 to 180 pico-farad range. One end of the human body or capacitor
      45 is connected to ground and the other terminates in finger 19. As the
      finger 19 makes contact with upper contact 31 and compresses the thin
      rubber nipple 27, the length of the air gap between the sharp point 33 of
      the upper contact and the electrically conductive coating 35 of the upper
      layer of the printed circuit board 37 of the lower contact is variably
      reduced to a point at which a corona discharge, illustrated by dotted
      lines 47, occurs. The corona discharge effectively transfers at least a
      portion of the original accumulated charge of static electricity prior to
      any actual contact or arcing between sharp point 33 and conductive coating
      35 which effectively dissipates any remaining portion of the transferred
      charge through the path comprising contact 35, connector 39, contact point
      42, resistor 41, contact point 43 and base 17 to ground as represented by
      the frame 15 without causing any discomfort to the human body and without
      disturbing in any manner the sophisticated electronics or magnetics of
      machine 11. The initial partial transfer via the corona discharge insures
      an absolute minimum of shock and produces a system far superior to any
      heretofor known in the art.
PAR  With this detailed description of the structure and operation of the
      present invention, it will be obvious to those skilled in the art that
      various modifications can be made without departing from the spirit and
      scope of the invention which is limited only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for transferring an accumulated charge of static electricity
      between a person and an object such that the person does not experience
      any discomfort due to electrical shock, said device comprising:
PA1  upper contact means having an upper finger touch contact surface for
      receiving an accumulated charge of static electricity from said person;
PA1  lower contact means for effectively dissipating a transferred charge
      without causing any discomfort to said person;
PA1  flexible housing means for defining an air space and establishing an
      initial distance between said upper contact means and said lower contact
      means, said flexible housing means being responsive to the pressure
      exerted when said person touches said upper contact surface for variably
      reducing said distance; and
PA1  wherein said upper contact means further includes a sharp pointed means
      responsive to said established distance having been reduced to a first
      length for initiating a corona discharge to initially transfer at least a
      portion of said accumulated charge of static electricity, said sharp
      pointed means being responsive to said established distance having been
      further reduced to a second length for directly transferring any remaining
      portion of said accumulated charge of static electricity to said lower
      contact means.
NUM  2.
PAR  2. The device of claim 1 wherein said lower contact means includes:
PA1  an electrically conductive surface means for receiving the transferred
      charge;
PA1  resistive means for effectively dissipating said charge transferred to said
      conductive surface;
PA1  means for coupling said electrically conductive surface means to said
      resistive means; and
PA1  means for coupling said resistive means to said object.
NUM  3.
PAR  3. The device of claim 2 wherein said electrically conductive surface means
      includes a dielectric printed circuit board having a copper coating on the
      top portion thereof and wherein said means for connecting said
      electrically conductive surface means to said resistive means includes a
      plated-through hole in said printed circuit board electrically connecting
      said copper coating to said resistive means.
NUM  4.
PAR  4. The device of claim 3 wherein said resistive means includes a resistor
      having a value of less than 10 megaohms.
NUM  5.
PAR  5. The device of claim 1 wherein said flexible housing means includes:
PA1  an upper portion of thin flexible material adapted for positioning said
      upper contact means such that said contact surface is external to said
      defined air space while said sharp pointed means extends through said thin
      flexible portion and into said defined air space;
PA1  a lower portion of thin flexible material having a flanged lip for coupling
      said lower portion to said object, the walls of said lower portion being
      shaped for forming a cavity at the lower limit to said defined air space
      for housing said lower contact means; and
PA1  a flexible middle portion for variably reducing the distance between said
      sharp pointed means and said electrically conductive surface means, said
      thin middle portion being variably contractable in response to finger
      touch pressure exerted on said upper finger touch contact surface for
      reducing said distance.
NUM  6.
PAR  6. In an electronic business machine having sensitive electronic circuitry
      therein, which circuitry can be harmed or caused to provide erroneous
      signals in response to a spurious impulse generated by an electrostatic
      discharge such as may occur when an operator of said business machine who
      has accumulated a charge of static electricity makes contact with said
      machine, the improvement comprising:
PA1  contact means having a first surface adapted for finger-touch contact by
      said operator and another surface terminating in a sharp point;
PA1  resistive means for effectively dissipating any accumulated charge of
      static electricity transferred thereto; and
PA1  housing means for defining a variable space, and housing means having an
      upper portion including means for positioning said contact means such that
      said first surface is external to said defined space and said sharp point
      penetrates to within the top of said defined space, a lower portion having
      means for housing said resistive means, and a variable middle portion
      comprising means for normally maintaining a predetermined distance between
      said sharp point and said resistive means so as to prevent a corona
      discharge from said sharp point and responsive to the operator's
      application of finger touch pressure to said first surface for reducibly
      varying said predetermined distance so as to initiate a corona discharge
      from said sharp point at a first reduced distance so as to effect at least
      a partial transfer of said accumulated charge from said operator without
      discomfort to said operator and for further reducibly varying said
      distance until any remaining portion of said accumulated charge is
      directly transferred to said resistive means.
NUM  7.
PAR  7. The improved electronic business machine of claim 6 wherein said housing
      means includes a thin flexible nipple-like body comprising said upper
      portion, said lower portion, and said middle portion and wherein said
      resistive means includes a resistor, means for coupling one end of said
      resistor to said business machine, and means for coupling the other end of
      said resistor to an electrically conductive means for receiving the charge
      transferred by said sharp point.
NUM  8.
PAR  8. The device of claim 6 wherein said contact means includes a
      thumbtack-like structure, said first surface adapted for finger touch
      contact comprising the head of said thumbtack-like structure and said
      sharp pointed means comprising the pointed tip of said thumbtack-like
      means, and wherein said resistor has a value of less than 10 megaohms.
NUM  9.
PAR  9. In an apparatus for preventing a harmful discharge of static electricity
      such as may occur whenever a person who has accumulated a charge of static
      electricity touches an object which is at a different electrical
      potential, said apparatus including an electrical contact for receiving
      the accumulated charge of static electricity from said person and a
      resistive means for effectively dissipating any charge transferred
      thereto, a method of minimizing discomfort to said person while insuring a
      complete transfer of the accumulated charge, said method comprising the
      steps of:
PA1  providing said electrical contact with a means for facilitating a corona
      discharge;
PA1  spacing said means for facilitating said corona discharge a predetermined
      distance from said resistive means;
PA1  reducing said distance to initiate said corona discharge and transfer at
      least a portion of said accumulated charge from said electrical contact;
      and
PA1  further reducing said distance unitl any remaining portion of said
      accumulated charge is transferred to said resistive means.
NUM  10.
PAR  10. An apparatus for discharging an accumulated charge of static
      electricity from a human body without discomfort to said human body
      comprising:
PA1  means for contacting said human body;
PA1  means coupled to said contacting means and responsive to said accumulated
      charge of static electricity for initiating a corona discharge to transfer
      at least a portion of said accumulated charge; and
PA1  resistive means for effectively dissipating any charge transferred thereto.
NUM  11.
PAR  11. The discharging apparatus of claim 10 wherein said means for contacting
      said human body includes an electrically conductive charge-receiving means
      and wherein said means coupled to said contacting means for initiating a
      corona discharge to transfer at least the portion of said accumulated
      charge includes an elongated electrically conductive member having one end
      coupled into electrical contact with said electrically conductive
      charge-receiving means and its opposite end terminating in a sharp point
      for facilitating said corona discharge.
NUM  12.
PAR  12. The discharging apparatus of claim 11 further including a housing means
      having a first end portion for housing said resistive means; a second end
      portion for positioning said contacting means such that said electrically
      conductive charge-receiving means is positioned external to said second
      end such that the sharp pointed end of said elongated member for
      facilitating a corona discharge extends through said second end of said
      housing means; and a central portion coupling said first end of said
      second end for normally biasing the sharp pointed end of said elongated
      member for facilitating the corona discharge a first distance away from
      said resistive means and responsive to the pressure exerted when said
      human body contacts said contacting means for reducing said first distance
      and initiating a corona discharge before said sharp pointed end of said
      elongated member contacts said resistive means for dissipating at least a
      portion of said accumulated charge without discomfort to said human body
      and responsive to further pressure for bringing said sharp pointed end
      into contact with said resistive means for dissipating any remaining
      charge.
PATN
WKU  039355098
SRC  5
APN  470990&
APT  1
ART  212
APD  19740517
TTL  Synchronized switch with parallel contact
ISD  19760127
NCL  1
ECL  1
EXP  Trammell; James D.
NDR  2
NFG  4
INVT
NAM  Eidinger; Adolf
CTY  Nussbaumen
CNT  CH
ASSG
NAM  BBC Brown Boveri & Company Limited
CTY  Baden
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730521
APN  7120/73
CLAS
OCL  317 11A
XCL  307136
XCL  317 11C
EDF  2
ICL  H02H  722
FSC  317
FSS  11 A;11 C
FSC  307
FSS  136
UREF
PNO  2849659
ISD  19580800
NAM  Kesselring
OCL  317 11A
LREP
FRM  Pierce, Scheffler & Parker
ABST
PAL  A switching arrangement located in the vicinity of and connected to an
      alternating current generator for disconnecting the generator under load
      and particularly under short-circuit current conditions includes a first
      switch connected to the generator and whose contacts are designed for
      carrying normal load current therefrom in a continuous manner. A second
      switch of the synchronized type whose contacts operate at high speed and
      are made comparatively less massive than those of the first switch is
      connected in parallel with the latter and is arranged to open its contacts
      subsequent to an opening operation of the contacts of the first switch. An
      ohmic resistor is connected in the current flow path through the second
      switch and its resistance is at most a 0.2 fold and preferably a 0.1 fold
      value of the sub-transient short-circuit impedance of the generator in
      order to facilitate the final switching out at the contacts of the second
      switch.
BSUM
PAR  The present invention relates to a synchronous switch located in the
      vicinity of an electrical generator for switching the output of the
      generator and which is provided with a parallel contact.
PAR  Electrical switches of the type referred to above are required to handle
      very large currents up to as much as 250 kiloamperes when switching off
      the power. Because such heavy short-circuit currents are very hazardous
      and may cause severe damage to equipment, very brief cut-off times are
      essential. Since in the case of short-circuits in the vicinity of the
      generator, the alternating current component of the short-circuit current
      will decay much more rapidly than the direct current component, a zero
      current passage interval, essential for current interruption, will not
      occur for a relatively long period of time, a period which in the case of
      generators having a high power output could amount to as much as several
      hundreds of milli-seconds. The decay in the direct current component is
      controlled by the time constant T.sub.a of the short-circuit loop
      according to the equation
EQU  T.sub.a = L/R
PAL  wherein:
PA1  L represents the inductance of the generator and
PA1  R is the ohmic resistance of the short-circuit loop
PAR  In the case of alternating current switches, the time constant of the
      short-circuit loop is shortened substantially, e.g. by a factor of 10, due
      to the additional resistance of the circuit-breaking arc, and the first
      zero current passage interval will occur not later than 25 milli-seconds
      following contact separation. At this moment quenching by the switch can
      be made to occur.
PAR  Alternating current switches, however, have a serious disadvantage in that
      contact erosion will be substantial because of the strong arcing, thus
      making it necessary to design the contact pieces in such manner that they
      will be very heavy and massive. On the other hand, contact construction of
      synchronized switches which are subjected to like breaking currents can be
      made relatively lighter because there the arc, generated at cut-off, will
      burn only for one milli-second at the most so that the contact erosion
      effect will be much lower. However, since the contacts of synchronized
      switches are kept very light because of the high speed at which they must
      operate, not enough mass is present to enable them to carry the normal
      current on a continuous basis and hence such switches are provided with an
      auxiliary switch connected in parallel therewith. Upon cut-off, in the
      event of a short circuit, the contacts of the auxiliary parallel-connected
      switch open first thus commutating the current to the contacts of the
      synchronized switch and these contacts then open at the next current zero
      passage interval and break the short-circuit current.
PAR  However, since there is almost no arcing connected with the operation of
      contacts of switches of the synchronized type such switches are unable to
      influence the direct current component and to force the current zero by a
      reduction in the time constant of the short-circuit loop. Therefore, the
      disconnection cannot be accomplished until the first natural current zero
      interval occurs.
PAR  The object of the present invention is to provide an improved switching
      arrangement for use in conjunction with nearby generators which is based
      upon the synchronization principle and which is able to extinguish even
      slowly decreasing short-circuit currents within a brief period of time.
      This objective is accomplished in such manner that within the flow path of
      the current passing through the contacts of the synchronized switch there
      is placed an ohmic resistance which possesses at most a 0.2 fold and
      preferably a 0.1 fold value of the subtransient short-circuit impedance of
      the generator.
PAR  The generator switch proposed by the invention is particularly advantageous
      in comparison with known arrangements because it combines the advantageous
      contact structure of a synchronized switch, i.e. arc-less and therefore
      small-sized, with the short cut-off time of the alternating current switch
     .
DRWD
PAR  The invention will be further explained in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a generator switch with paralleled
      current flow paths operating in accordance with the synchronization
      principle typifying the present state of the art;
PAR  FIG. 2 is also a schematic representation of a generator switch with
      paralleled current flow paths wherein an ohmic resistance is introduced
      into one of the paths;
PAR  FIG. 3 is a schematic representation of a generator switch with paralleled
      current flow paths in accordance with the invention; and
PAR  FIG. 4 depicts comparative performance graphs of the known type of switch
      according to FIG. 2 and a switch in accordance with the invention.
DETD
PAR  In FIG. 1, numeral 1 represents the contacts of a synchronized switch, 2
      represents the contacts of the auxiliary, load-carrying switch connected
      in parallel therewith, 3--3 depict the current flow path through the
      contacts of the load switch 2 which handles the normal current flow from
      the nearby generator, not illustrated, this path being shown by a heavy
      line, and 4--4 depict by a lighter line the flow path through the
      paralleled contacts of the synchronized switch 1 of the current commuted
      to it upon opening of the contacts of switch 2. As previously explained,
      upon power cut-off, switch 2 will open first thereby commutating current
      to the flow path through the contacts of switch 1 which then open at high
      speed at the next zero current interval and break the short-circuit
      current.
PAR  The known circuit breaker arrangement illustrated in FIG. 2 includes an
      ohmic resistor R placed in series with the current path 4--4 through the
      switching point 6 placed in parallel with the current path 3--3 containing
      the arc switch 5. This resistor must, on the one hand, be kept
      sufficiently small to permit, at the opening instant of the arc switch 5,
      the desired commutation of the current from the path 3--3 to the
      paralleled path 4--4 without difficulties, but must, on the other hand,
      also be sufficiently great in order to facilitate and promote current
      interruption at the switching point 6. Such circuitry affects the
      steepness and intensity of the recovery voltage and serves, in addition to
      facilitating the performance of the switching point 6, the task of
      establishing a uniform voltage distribution in the case of multi-chamber
      switches.
PAR  In order to attain the necessary aperiodic damping of the recovery voltage,
      it becomes necessary to make the value of resistor R substantially greater
      than the sub-transient short-circuit impedance .omega.L of the generator.
PAR  FIG. 3 illustrates the improved switching arrangement in accordance with
      the present invention which operates on an essentially different
      principle. The ohmic resistor R' which is located in series with the
      synchronized switching device 1 in the current commutating path 4--4
      paralleling current path 3--3 which contains the initial load breaking
      switch 2 possesses at most a 0.2 fold, and preferably a 0.1 fold value of
      the subtransient short-circuit reactance .omega.L of the generator.
      Accordingly, the voltage drop across resistor R', even after opening of
      the power circuit breaker 2 and commutation of current to the paralleling
      flow path 4--4, will reach at the most a 0.2 fold value of the full
      working voltage U (FIG. 4) so that the task of commutation will not be
      impeded significantly by this additional resistor R'. Furthermore, the
      value of resistor R' is so small that it will not reduce to any
      significant extent the short-circuit current I at commutation. The
      resistor R' will reduce the time constant T.sub.a = L/R (equation 1 supra)
      of the circuit which previously offered almost no resistance to the direct
      current, to such a degree that after a few milli-seconds, and at the
      latest after 25 milli-seconds, a current-zero interval will occur at which
      time the contacts of the synchronized switch can then break the circuit.
PAR  FIG. 4 illustrates in a graphic manner a characteristic A of a known
      generator switching arrangement, and also in comparison therewith a
      characteristic B of a switching arrangement in accordance with the present
      invention. The ratio R/.omega.L of the ohmic resistor R to the
      sub-transient short-circuit reactance .omega.L of the short-circuit loop
      is plotted along the abscissa against the ratio I.sub.2 /I.sub.1 of
      resistor current I.sub.2 to short-circuit current I.sub.1, or respectively
      the ratio of voltage drop U.sub.R across resistor R to the full working
      voltage U.
PAR  Characteristic A shows that the resistor current I.sub.2 is always
      substantially lower than the short-circuit current I.sub.1 : I.sub.2
      .ltoreq.0.25 I.sub.1 and the resistor is practically loaded by the full
      working voltage: U.sub.R .apprxeq. U. There is essentially no commutation
      proper. Rather quenching of the current at a zero passage interval is
      facilitated by damping of the recovery voltage.
PAR  In the operating region B, I.sub.2 .apprxeq. I.sub.1 and the voltage
      U.sub.R across the resistor remains very low, i.e. U.sub.R ranges from
      0.05 to 0.2 U.
CLMS
STM  I claim:
NUM  1.
PAR  1. A switching arrangement located in the vicinity of and connected to an
      alternating current generator for disconnecting the generator under load
      comprising a first switch connected to the generator for carrying the
      normal load current therefrom in a continuous manner, a second switch of
      the synchronized type connected in parallel with said first switch and
      which is arranged to open its contacts in a zero current interval
      following an opening operation of the contacts of said first switch, and
      an ohmic resistor connected in the current flow path through said second
      switch and whose resistance is at most a 0.2 fold and preferably a 0.1
      fold value of the sub-transient short-circuit impedance of said generator.
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ABST
PAL  A ground fault protective system and method in which an impedance
      responsive oscillator detects low impedance ground faults on the neutral
      conductor of an electrical distribution circuit and responds thereto to
      provide a partially or totally attenuated output signal. A level detector
      senses the magnitude of the output signal of the oscillator and causes a
      trip circuit to open contacts in the electrical distribution circuit
      whenever the attenuated oscillator output signal occurs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a ground fault current protective system, or
      ground fault circuit interrupter, for use in an electrical distribution
      circuit with a grounded neutral conductor, and more particularly relates
      to such a ground fault protective system which detects and responds to low
      impedance ground faults on the neutral conductor, which occur on the load
      side of the ground fault protective system, by partial or total
      attenuation of an output signal of an oscillator which is responsive to
      the impedance level in the neutral conductor.
PAR  After the introduction of ground fault protective systems using
      differential transformers which were intended to protect people against
      ground fault currents as low as five milliamperes, it was discovered that
      such systems had difficulty responding to line conductor to ground faults
      when a low impedance ground fault existed on the neutral conductor between
      the load and the ground fault detector. This problem occurs because a low
      impedance ground fault on the neutral conductor results in the neutral
      conductor becoming a shorted or low impedance winding of the differential
      transformer. Such a low impedance winding, under ground fault conditions
      on the line conductor, diverts most of the magnetic energy of the
      differential transformer from its secondary winding leaving little or no
      magnetic energy for providing a signal to interrupt the electrical
      distribution circuit.
PAR  One previously proposed solution to the low impedance neutral conductor
      problem is to insert an impedance in the neutral conductor between the
      ground fault sensing means and the load as is disclosed in U.S. Pat. No.
      3,473,091 issued on Oct. 14, 1969 to A. R. Morris et al. Another prior
      solution is disclosed in U.S. Pat. No. 3,611,035 issued on Oct. 5, 1971 to
      E. S. Douglas. Here a high frequency tickler voltage is induced onto the
      neutral conductor to cause a current imbalance in the line and neutral
      conductors which is detected by the ground fault sensing means when a
      ground fault occurs on the neutral conductor.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  According to the present invention, means for detecting low impedance
      levels in the neutral conductor in the form of an impedance responsive
      oscillator is provided. Level detecting means is also provided to produce
      an output for interrupting the electrical distribution circuit whenever
      the oscillator output signal is partially or totally attenuated in
      response to a low impedance ground fault on the neutral conductor.
PAR  A general object of the present invention is to provide a new and improved
      ground fault protective system and method for assuring interruption of an
      electrical distribution circuit when a low impedance ground fault occurs
      on the neutral conductor of the distribution circuit.
PAR  Another object is to provide improved means responsive to low impedance
      ground faults on the neutral conductor of a distribution circuit.
PAR  An additional object is to provide an impedance responsive oscillator to
      detect and respond to the level of impedance in the neutral conductor of a
      distribution circuit, thereby providing a partially or totally attenuated
      oscillator output signal when a low impedance ground fault is present on
      the neutral conductor, and cooperating level detecting means to detect the
      level of the oscillator output signal and to interrupt the distribution
      circuit whenever the magnitude of the oscillator output signal falls below
      a predetermined threshold of the level detecting means.
PAR  A further object is to provide an improved ground fault protective system
      for use in an electrical distribution circuit having a grounded neutral
      conductor, the protective system including means for preventing a low
      impedance ground fault, which may occur on the neutral conductor on the
      load side of a means for detecting a ground fault on a line conductor of
      the distribution circuit, from affecting or varying the magnitude of
      ground fault current from the line conductor to ground required to actuate
      a ground fault detecting means of the protective system.
PAR  Yet another object of the present invention is to provide an improved
      ground fault protective system for use in an electrical distribution
      circuit having at least one line conductor connecting a source to a load
      and a grounded neutral conductor providing a return path from the load to
      the source, the protective system including a ground fault detector
      comprising first detecting means for detecting a ground fault on any line
      conductor, second detecting means for detecting a ground fault on the
      neutral conductor at any location between the load and the second
      detecting means, and circuitry operable by the first detecting means when
      a ground fault current from the line conductor to ground reaches a
      predetermined value, or by the second detecting means when the impedance
      in the neutral conductor is less than a predetermined value, to open
      contacts interposed in the line conductor or conductors of the
      distribution circuit between the source and the ground fault detector.
PAR  Further objects and features of the invention will become apparent as the
      description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic and block diagram of a ground fault protective system
      in accordance with this invention;
PAR  FIG. 2 is a schematic wiring diagram of an oscillator and a demodulator of
      the ground fault protective system of FIG. 1;
PAR  FIG. 3 is a schematic wiring diagram of a level detector of the ground
      fault protective system of FIG. 1; and
PAR  FIG. 4 is a schematic wiring diagram of a modified oscillator and a
      demodulator for use in the system of FIG. 1 and capable of operation over
      wide temperature ranges.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Embodiments of the present invention will now be described by way of
      example with reference to the accompanying drawings.
PAR  The invention is applicable to an electrical distribution circuit having
      one or a plurality of line conductors. FIG. 1 illustrates a distribution
      circuit having only one line conductor 10 connecting a voltage source (not
      shown) to a load 12. A neutral conductor 14 provides a current return path
      from the load 12 to the voltage source and is intentionally grounded as at
      16. The ground fault protective system of FIG. 1 includes a differential
      transformer 17 having a magnetic core 18 and single turn primary windings
      provided by the conductors 10, 14 of the distribution circuit. The
      differential transformer also has a secondary winding 20 which is
      connected to a suitable amplifier 22.
PAR  Under normal conditions, the total current flowing through the line
      conductor 10 is equal to the current flowing through the neutral conductor
      14 producing a zero net magnetic flux in the differential transformer core
      18 and no voltage is induced in the secondary winding 20. When a ground
      fault occurs on the line conductor 10, the current in the line conductor
      10 differs from that in the neutral conductor 14 by an amount equal to the
      magnitude of the ground fault current. This current difference produces a
      non-zero net magnetic flux in the transformer core 18 and generates a
      ground fault signal in the secondary winding 20. The ground fault signal
      is amplified by the amplifier 22, the output of which is connected over a
      line 24 to a level detector 26. When the amplified fault signal on the
      line 24 reaches a predetermined level, the level detector 26 generates an
      output over a line 28 which triggers an electronic switch 30 (typically, a
      thyristor) which energizes a trip circuit 32 over a line 34. When the trip
      circuit 32 is energized, a trip coil 36 (FIG. 3) of a circuit breaker (not
      shown) is energized and opens a contact 38 (FIG. 1) of the circuit breaker
      interposed in the line conductor 10.
PAR  Generally, ground fault protective systems without low impedance neutral
      conductor protection operate satisfactorily. Without a ground fault on the
      neutral conductor 14, the current from a ground fault on the line
      conductor 10, as at 44, returns to the voltage source through the ground,
      bypassing the portion of the neutral conductor 14 which passes through the
      differential transformer core 18. Thus the current in the neutral
      conductor 14 differs from that in the line conductor 10 by the amount of
      ground fault current and this current imbalance between the line conductor
      10 and neutral conductor 14 establishes a non-zero magnetic flux in the
      differential transformer core 18. The non-zero magnetic flux causes a
      ground fault signal on the secondary winding 20 to be sensed and amplified
      by the amplifier 22. Interruption of the contact 38 then occurs as
      described above.
PAR  However, the operation of such a ground fault protective system is
      seriously impaired by the inadvertent occurrence of a low impedance ground
      fault -- for example, as at 40 -- on the neutral conductor 14 between the
      differential transformer 17 and the load 12. Grounding of the neutral
      conductor 14 as at 40 on the load side of the differential transformer 17
      provides an alternate path 42 to the ground 16 at the voltage source for a
      ground fault current from the neutral conductor 14. A portion of the
      ground fault current from the line conductor 10 as at 44 may return to the
      voltage source through the ground at 44, the ground at 40, and the neutral
      conductor 14, with the remainder of the ground fault current returning to
      the voltage source through the ground at 44, the alternate path 42 and the
      ground 16. As a result, and depending upon the relative impedance of the
      ground paths, the sensitivity of the transformer 17 may be substantially
      reduced. It is thus extremely difficult to predict accurately the level of
      ground fault current required -- for example, if a ground fault occurs at
      the point 44 on the line conductor 10 -- to produce tripping and opening
      of the contact 38 since the increase in ground fault current required is
      dependent upon the magnitude of the impedance between the neutral
      conductor 14 and the ground fault at 40.
PAR  It is further to be noted that a low impedance ground fault on the neutral
      conductor 14 as at 40 causes the neutral conductor 14 to act as a shorted
      or low impedance winding of the transformer 17. Thus, the neutral
      conductor 14, when subjected to a low impedance ground fault as at 40,
      will remove most, if not all, of the magnetic energy established in the
      differential transformer core 18 by the transformation of magnetic energy
      into electrical energy in the conductor 14. The magnetic energy level of
      the differential transformer core 18, and also the magnitude of ground
      fault current from the line conductor 10 at 44 required to produce a
      predictable and constant ground fault current tripping threshold, are
      difficult to predict under the influence of a low impedance ground fault
      on the neutral conductor 14. Thus, the presence of a low impedance ground
      fault on the neutral conductor 14 affects the magnitude of ground fault
      current from the line conductor 10 required to cause the differential
      transformer core 18 to sense a ground fault because of the effect of the
      ground fault on the neutral conductor 14 on the magnetic energy level of
      the differential transformer core 18.
PAR  The foregoing describes the insensitivity of ground fault protective
      systems, without low impedance neutral conductor protection, to ground
      faults on the line conductor 10 when the neutral conductor 14 has a low
      impedance ground fault. Ground fault protective systems also experience
      difficulty responding to a low impedance ground fault on the neutral
      conductor 14 even if no ground fault exists on the line conductor 10. This
      second problem occurs because a low impedance ground fault as at 40 on the
      neutral conductor 14 causes the combination of the neutral conductor 14
      and the alternate path 42 to effectively act as a shorted or low impedance
      secondary winding of the differential transformer 17. The neutral
      conductor 14 thus deprives the differential transformer core 18 of
      magnetic energy which would ordinarily be sensed by the secondary winding
      20 to provide a control output to the amplifier 22. It will be appreciated
      that the demand of the neutral conductor 14 on magnetic energy from the
      differential transformer core 18 becomes greater as the impedance of the
      ground fault on the neutral conductor 14 decreases since the impedance of
      the neutral conductor 14 decreases with lower impedance ground faults.
PAR  By low impedance is meant that level of impedance or grounding in the
      neutral conductor 14 which renders the differential transformer 17
      inoperative or insensitive to ground faults on the line conductor 10. It
      will be appreciated that this level of impedance depends upon the physical
      characteristics of each particular differential transformer 17, the load
      current levels for which the ground fault protective system is designed,
      the amplification provided by the amplifier 22, and the magnitude of the
      ground fault currents from the line conductor 10 to which the ground fault
      protective system must respond. Thus, the level of impedance in the
      neutral conductor 14 which can be characterized as "low" depends upon the
      design of the components of the particular ground fault protective system.
PAR  In accordance with this invention, the neutral conductor ground fault
      problem just described is solved by monitoring the impedance level in the
      neutral conductor 14 and providing means responsive to impedance levels
      lower than a predetermined threshold to cause opening of the electrical
      distribution circuit between the voltage source and the load 12.
PAR  In accordance with this approach, an oscillator 46 is provided in the
      protective system and the oscillator 46 is further provided with two
      windings 47, 48 serving as primary windings of a second transformer 49
      having a core 50 with the two windings 47, 48 phased to produce positive
      feedback within the oscillator 46. Line and neutral conductors 10 and 14
      serve as primary windings of the transformer 49. The oscillator 46 is
      designed to have its output signal on line 51 severely attenuated when a
      ground fault occurs on the neutral conductor 14 as at 40. A demodulator 52
      receives the oscillator output signal from the line 51 and converts the
      oscillator output signal to a D.C. voltage level. The D.C. voltage level
      is carried on a line 53 to the level detector 26. The level detector 26 is
      arranged to trigger the electronic switch 30 when the oscillations from
      the oscillator 46 are partially or totally attenuated causing the D.C.
      voltage level of the demodulator 52 on the line 53 to fall below a
      predetermined level.
PAR  FIG. 2 is a schematic wiring diagram of a suitable 10 K Hz oscillator,
      generally designated 46, and a demodulator, generally designated 52, which
      has a positive going D.C. output. The oscillator 46 includes an NPN
      transistor 54 having its collector connected to a positive voltage supply
      +V.sub.1 having, for example, a regulated D.C. voltage level within a
      range of +10 to +15V with 12V preferred, through the winding 47 and a 3.9
      K ohm resistor 56, and its base connected directly to a junction 58 which
      is connected through a resistor 60 to the voltage supply +V.sub.1. The
      emitter of the transistor 54 is connected directly to a junction 62 which
      is connected through a 4.7 K ohm emitter resistor 64 to ground. An L-C
      resonant tank circuit, comprising the winding 48 and a 0.01 microfarad
      capacitor 66 connected in parallel with each other to ground, is connected
      through a 0.01 microfarad capacitor 68 to the junction 58.
PAR  The output of the transistor 54 at the junction 62 is connected through the
      line 51 to the demodulator 52 which includes 0.01 microfarad capacitors 72
      and 74, 100 K ohm resistors 76 and 78, and a diode 80 connected as shown
      between the line 51 and the line 53.
PAR  It will be appreciated by those skilled in the art that the large
      resistance of the emitter resistor 64 in the oscillator 46 provides stable
      oscillator operation and that the high impedance of the tank circuit
      comprising the capacitor 66 and the winding 48 results in high sensitivity
      of the oscillator 46 to the feedback loop which includes the resistor 64,
      the L-C resonant tank circuit, and the capacitor 68. It will be further
      appreciated that the windings 47 and 48, which are magnetically coupled by
      the transformer core 50, must be phased as shown by the polarity dots in
      FIG. 2 to achieve the required positive feedback required for sustained
      oscillation.
PAR  When a ground fault occurs on the neutral conductor 14, as at 40 (FIG. 1),
      the result is to effect a shorted turn around the transformer core 50. A
      small alternating current is induced in this shorted turn which does not
      affect the normal balance conditions of the transformer 17, but which
      absorbs power from the L-C resonant tank circuit (which includes the
      winding 48 around the core 50) and damps, or depending upon the impedance
      of the shorted turns, completely eliminates, oscillations from the
      oscillator 46. Since the demodulator 52 rectifies and smooths the
      oscillator output signal, the D.C. voltage level of the demodulator 52 on
      the line 53 drops toward zero volts as the oscillator output signal is
      partially or totally attenuated.
PAR  A schematic wiring diagram of a suitable level detector 26 which may be
      employed in the system of the present invention is shown in FIG. 3. The
      output of the amplifier 22 (FIG. 1) on the line 24 is connected in the
      level detector 26 through the series combination of a diode 82 and a
      resistor 84 to a junction 86. Junction 86 is connected directly to the
      anode 88 of a programmable unijunction transistor (hereafter designated
      PUT) 90 and through a capacitor 92 to ground. The gate 94 of the PUT 90 is
      connected to a junction 96 which in turn is connected through a resistor
      98 to the positive voltage supply +V.sub.1 and through a resistor 100 to
      ground. The cathode 102 of PUT 90 is connected to a junction 104. Junction
      104 is connected through a resistor 106 to ground and through a diode 108
      to the line 28 which provides the input to the electronic switch 30.
PAR  The output of the demodulator 52 is connected over the line 53 to a
      junction 110 of the level detector 26 which in turn is connected directly
      to the gate 112 of a PUT 114. Junction 110 is also connected through a
      capacitor 116 to the positive voltage supply +V.sub.1 and through a
      resistor 118 to ground. The anode 120 of the PUT 114 is connected to a
      junction 122 which in turn is connected through a resistor 124 to the
      positive voltage supply +V.sub.1, through a resistor 126 to ground, and
      through a capacitor 128 to ground. The cathode 130 of the PUT 114 is
      connected to a junction 132. Junction 132 is connected through a resistor
      134 to ground and through a diode 136 to the line 28.
PAR  It will become apparent that the contacts 38 (FIG. 1) are caused to
      interrupt the electrical distribution circuit by either of two independent
      means. When the output from the amplifier 22 resulting from a ground fault
      creating a non-zero net magnetic flux in the differential transformer core
      18 and applied over the line 24 exceeds a predetermined value, the diode
      82 in the level detector 26 (FIG. 3) conducts, charging the capacitor 92.
      The output signal of the amplifier 22 on the line 24 is a sine wave of the
      same frequency as that of the voltage source and proportional in magnitude
      to the magnitude of ground fault current. The diode 82 therefore begins to
      conduct during that portion of the positive one-half cycle in which the
      ouput of the amplifier on the line 24 exceeds the voltage on the capacitor
      92 plus the forward biased voltage drop of the diode 82. When the voltage
      difference between anode 88 and the gate 94 of the PUT 90 exceeds a
      predetermined amount, the PUT 90 is switched into conduction, the
      capacitor 92 discharges through the PUT 90 into the cathode resistor 106
      and the PUT 90 thereby generates an output signal at the junction 104
      which is routed through the diode 108 to the line 28.
PAR  Alternatively, when the output of the oscillator 46 (FIG. 2), or of an
      oscillator 146 (FIG. 4) to be described, become attenuated due to a low
      impedance ground fault on the neutral line 14, the signals on the lines 51
      and 53 decrease and the voltage difference between the anode 120 and the
      gate 112 of the PUT 114 becomes sufficient to trigger the PUT 114 into
      conduction, the capacitor 128, which has been charged from the voltage
      supply +V.sub.1, discharges through the PUT 114 into the cathode resistor
      134 and the PUT 114 thereby generates an output signal at the junction
      132. This output signal is routed through the diode 136 to the line 28.
PAR  The capacitor 116 prevents switching of the PUT 114 into a conductive state
      when the positive voltage supply +V.sub.1 is initially energized.
PAR  The signal on the line 28 is applied to a gate electrode of a thyristor 144
      in the electronic switch 30 which electrode is connected to ground through
      a resistor 138 The anode-cathode circuit of the thyristor 144 is in series
      with the winding 36 of the trip circuit 32. Preferably, the winding 36
      forms a portion of a magnetic trip mechanism of a circuit breaker having
      contacts 38 as shown in FIG. 1 but other forms of trip circuits may be
      used.
PAR  FIG. 4 is a schematic wiring diagram of a 10 K to 30 KHz oscillator 146,
      which has improved wide range temperature operating characteristics
      compared to the oscillator 46 of FIG. 2, and a demodulator 148 which has a
      positive going output. The oscillator 146 is capable of operating over the
      temperature range +35.degree. to -77.degree.C as established in
      Underwriter Laboratories, Inc. standard U.-943. The oscillator 146
      utilizes an NPN transistor 150 having its collector connected to the
      positive voltage supply +V.sub.1 through the series combination of a
      junction 152 and a 470 ohm resistor 154 and its base connected directly to
      a junction 156 which is connected through a 330 K ohm bias resistor 158 to
      the junction 152. The emitter of the transistor 150 is connected through a
      5.1K ohm resistor 162 to a junction 164. The base of the transistor 150 is
      also connected through the junction 156 to an 820 picofarad AC signal
      coupling capacitor 166. The other terminal of the capacitor 166 is
      connected through a 5100 picofarad capacitor 168 to ground and through the
      series combination of a winding 170, the junction 164 and a winding 172 to
      ground.
PAR  The windings 170, 172 and a third winding 174 are wound on a toroidal core
      (not shown, but similar to the toroidal core 50 in FIG. 1) to form a
      transformer 176. The primary windings of the transformer 176 are the
      conductors 10 and 14, or the conductor 14 alone, of FIG. 1 and are not
      shown in FIG. 4. The winding 170 may have 51 turns, the winding 172 may
      have 30 turns, and the third winding 174 may have 72 turns. The
      transformer 176 and the capacitor 168 form an LC tank circuit with the
      resonant frequency of the tank circuit determining the frequency of
      oscillation of the oscillator 146. To provide the positive feedback
      required for sustained oscillation, the windings 170, 172 must be phased
      as shown by the polarity dots adjacent to each winding 170, 172. The phase
      of the third winding 174 is unimportant to the operation of either the
      oscillator 146 or the demodulator 148 and is phased as shown in FIG. 4
      only for the purposes of illustrating one possible embodiment.
PAR  As mentioned, the transformer 176 is also magnetically coupled with the
      neutral conductor 14 (FIG. 1) or both the line conductor 10 and the
      neutral conductor 14. In a typical embodiment, the neutral conductor 14
      passes through the toroidal core, providing the equivalent of a single
      turn winding. It will be further appreciated that when the oscillator 146
      and the demodulator 148 of FIG. 4 are used, there will be three windings
      170, 172 and 174 around the toroidal core instead of the two windings 47,
      48 around the toroidal core 50 as shown in FIG. 1.
PAR  The third winding 174 magnetically couples an AC signal into the
      demodulator 148 through a 33K ohm resistor 178 to the base of an NPN
      transistor 180. The collector of the transistor 180 is connected to the
      positive voltage supply +V.sub.1 through a 47K ohm resistor 182. The
      collector of the transistor 180 is also connected to ground through a 0.1
      microfarad timing capacitor 184 and the collector of the transistor 180
      also provides the output signal of the demodulator 148 on the line 53 to
      the level detector 26.
PAR  The RC time constant of the resistor 182 and the timing capacitor 184 is
      chosen to activate the level detector 26 in sufficient time to provide
      adequate ground fault current interruption protection. In a typical
      application, this RC time constant is approximately 4.7 milliseconds.
      Since the oscillator 146 is designed to provide a frequency of 10K to 30
      KHz, the period of the oscillation is 0.1 milliseconds or less. The output
      signal of the oscillator 146 is provided by the third winding 174, with
      reference to ground, to the base of the transistor 180 through the
      resistor 178. The transistor 180 conducts only on the positive half cycles
      of the signal at the third winding 174. The frequent periodic conduction
      of the transistor 180 with reference to the RC time constant of the
      resistor 182 and the timing capacitor 184, prevents the timing capacitor
      184 from charging whenever the oscillator 146 is providing an output
      signal at the third winding 174. However, if the oscillator signal across
      the third winding 174 is sufficiently attenuated or eliminated, the timing
      capacitor 184 charges toward the positive supply voltage +V.sub.1 thereby
      reaching the threshold of the level detector 26. The oscillator signal
      across the third winding 174 is partially or totally attenuated when a low
      impedance ground fault occurs, as at 40, on the load side of the
      transformer core since the neutral conductor 14 then behaves as a shorted
      or low impedance winding on the transformer 176 thereby depriving the
      transformer 176 of sufficient magnetic energy to provide an oscillator
      signal at the third winding 174.
PAR  It should be noted that the gate and anode terminals 112 and 120,
      respectively, of the PUT 114 must be interchanged from their connections
      with the junctions 110 and 122, respectively, when the oscillator 146 and
      the demodulator 148 of FIG. 4 are used in the ground fault protective
      system. The terminals 112, 120 must be interchanged because the output of
      the demodulator 52 (FIG. 1) on the line 53 is normally at a positive D.C.
      voltage level and when the output signal of the oscillator 46 on the line
      51 ceases or diminishes in response to a low impedance ground fault on the
      neutral conductor 14, the voltage level on the line 53 drops toward ground
      potential. Conversely, the output of the demodulator 148 (FIG. 4) is
      normally at approximately ground potential and rises toward the voltage
      level of the voltage supply +V.sub.1 when the periodic conduction of the
      transistor 180 ceases or diminishes in response to a low impedance ground
      fault on the neutral conductor 14. Thus, the voltage level of the output
      of the demodulator 148 on the line 53 behaves inversely to that of the
      demodulator 52 and the gate and anode terminals 112 and 120, respectively,
      must be interchanged between the junctions 110 and 122, respectively, from
      the indicated connections in FIG. 3 whenever the demodulator 148 is
      utilized. Further, when the terminals 112, 120 are interchanged to adapt
      the level detector 26 for use with the demodulator 148, the capacitor 116
      should be removed from the level detector 26. The capacitor 116 is
      unnecessary when the demodulator 148 is utilized since an erroneous output
      of the level detector 26 on the line 28 will not occur during turn on of
      the voltage supply +V.sub.1.
PAR  In the circuit of FIG. 4, the selection of the toroidal core for the
      transformer 176 is critical to obtain satisfactory operation over a wide
      temperature range. It will be appreciated by those skilled in the art that
      the LC tank circuit, comprising the capacitor 168 and the transformer 176,
      operates with the loss of a small amount of energy from the LC tank
      circuit to the demodulator 148. It will also be appreciated that the loss
      of energy from the LC tank circuit to other circuit components should be
      minimized to enhance the sensitivity of the oscillator 146 to ground
      faults on the neutral conductor 14 (FIG. 1). Hence, a ferrite material is
      preferred because of its relatively low hysteresis and low eddy current
      losses at the frequency of operation, e.g. 10 K to 30KHz.
PAR  A toroidal core material for the transformer 176 of a high permeability is
      also preferred since the oscillator 146 will be more sensitive to ground
      faults on the neutral conductor 14 when higher permeability core materials
      are used. Still a further constraint in selecting a suitable core material
      is that the permeability must remain constant over the temperature range
      to be encountered by the oscillator 146. Unfortunately, higher
      permeability ferrites generally have wider variations in permeability than
      lower permeability ferrites and therefore the choice of a suitable ferrite
      material is a compromise between high permeability and good temperature
      characteristics. A suitable ferrite core which is commercially available
      and which combines higher permeability with moderate temperature variation
      of the permeability is manufactured by the Stackpole Carbon Company of St.
      Marys, Penna. 15857, under the trade designation Ceramag 28.
PAR  The oscillator 146 and the demodulator 148 of FIG. 4 coact with the level
      detector 26 of FIG. 3 as previously described in connection with the
      oscillator 46 and the demodulator 52 of FIG. 2.
PAR  The oscillator 146 and the demodulator 148 of FIG. 4 may be substituted for
      the oscillator 46 and the demodulator 52 of FIG. 2. where wide temperature
      performance is required and/or cost is not an important factor. The
      oscillator 46 is significantly less expensive than the oscillator 146
      because of the differences in the respective oscillator transformers 49,
      176. The transformer 49 in the oscillator 46 includes two windings 47, 48
      on an inexpensive ferrite core material whereas the transformer 176 in the
      oscillator 146 includes three windings 170, 172, 174 and a superior
      ferrite core material.
PAR  While the invention has been described in connection with certain perferred
      embodiments, it will be understood that they are not intended to limit the
      invention thereto, but rather to cover all modifications and alternative
      constructions falling within the spirit and scope of the invention as
      hereinafter claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a ground fault current protective system for an electrical
      distribution circuit having at least one line conductor connecting a
      voltage source to a load and a neutral conductor grounded at the source at
      a ground terminal and providing a return path from the load to the source,
      said ground fault current protective system comprising a ground fault
      detecting means positioned on said distribution circuit and providing a
      ground fault output signal related in value to the magnitude of a ground
      fault current flowing to ground from the line conductor at any point
      between the ground fault detecting means and the load, an impedance
      detecting means positioned on said distribution circuit and providing an
      a.c. impedance output signal related in value to the impedance between
      ground and any point on the neutral conductor between the impedance
      detecting means and the load, a demodulator coupled to the impedance
      detecting means to convert the a.c. impedance output signal of the
      impedance detecting means to a d.c. voltage level related in value to the
      magnitude of the a.c. impedance output signal, and a level detecting means
      having a first input connected to the ground fault detecting means and
      having a second input connected to the demodulator with said level
      detecting means rendered operative to provide an output signal whenever
      the ground fault output signal reaches a predetermined value at said first
      input of the level detecting means and whenever the d.c. voltage level of
      the demodulator reaches a predetermined value at said second input of the
      level detecting means, the improvement wherein the impedance detecting
      means comprises an oscillator magnetically coupled to the neutral
      conductor by a transformer including a toroidal core, a plurality of
      oscillator windings, each of at least one turn, wound on the toroidal core
      for partially or totally attenuating the output oscillator signal whenever
      a low impedance occurs between ground and the neutral conductor on the
      load side of the protective system and for providing a positive feedback
      path for the oscillator, and another winding of at least one turn on the
      toroidal core connected in series with the neutral conductor.
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ABST
PAL  Single or multi phase A.C. power is rectified to yield a D.C. voltage which
      is adapted to operate an electrical load. At "turn-on" a resistive device
      is inserted in series with the load until a voltage sensitive relay is
      energized to close its contacts or an SCR is energized to shunt the
      resistive device out of the circuit. The resistive device is preferably a
      PTC element. Several versions include circuitry for reinserting the PTC
      when the D.C. voltage drops excessively, an indication of impending
      current surge.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates generally to limiting current surges, especially at
      turn-on during the charging of D.C. filtering capacitors or other
      transient high current conditions. More particularly, this invention
      contemplates providing a resistive device in series with the filter
      capacitor and the load at initial turn-on and removing the device from the
      circuit when the current inrush condition has passed. The resistive device
      preferably comprises a PTC device that is a semiconductive component
      having an anomaly temperature above which the electrical resistance
      increases markedly. Various means are disclosed for removing the PTC
      device when the current surge has passed, and several of these means also
      provide for reinserting the PTC device in the circuit when the D.C.
      operating voltage drops rapidly indicating the loss of line voltage or
      that an overload or short circuit has occurred.
PAR  In one preferred form this circuitry comprises an emitter follower coupled
      to a control relay under the control of a Zener diode to close normally
      open relay contacts, shunting the PTC device, when the D.C. voltage
      reaches a predetermined level, and to reopen these contacts when the D.C.
      voltage drops by a predetermined differential dictated by the voltage drop
      across the Zener and the drop out voltage of the relay.
PAR  Still other preferred embodiments utilize this emitter follower technique,
      and also employ a transistorized switching means responsive to D.C. output
      voltage when the PTC has been removed from the circuit. When this voltage
      drops, by an amount determined chiefly by the Zener voltage, the relay, or
      an SCR, reinserts the PTC to prevent the inrush current from damaging the
      diodes in the rectifier.
PAR  The general object of the present invention then is to provide a device for
      limiting inrush current upon turn on or upon transients, a device and
      circuitry for shunting the device out of the circuit except when required
      to provide protection against excessively high currents.
PAR  A more specific object of the present invention is to provide such a device
      in the form of a semiconductive PTC resistor, and to provide a circuit for
      inserting the PTC device not only at initial turn-on for limiting the
      current through a diode rectifier but also for selectively reinserting the
      PTC device when the D.C. voltage level drops rapidly.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic view of a circuit incorporating one form of the
      present invention, with some components being indicated in schematic
      fashion.
PAR  FIG. 2 shows an alternative embodiment of the present invention suitable
      for use in conjunction with high voltage power supplies and which reduces
      the apparent differential of the relay.
PAR  FIG. 3 shows a second alternative circuit arrangement of the present
      invention.
PAR  FIG. 4 shows a third alternative circuit incorporating the present
      invention, and
PAR  FIG. 5 shows a fourth alternative circuit arrangement incorporating the
      present invention.
PAR  FIG. 6 shows the relationship between resistivity and temp for a PTC
      material and also the relationship between power and temp for a constant
      voltage source.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings in greater detail, FIG. 1 shows a source of
      A.C. electrical power 10 for operating a diode type rectifier 12 which may
      be of conventional construction including, for example, a bridge circuit
      defined by a plurality of diodes so as to provide a D.C. output voltage in
      lines 14 and 16. The D.C. output voltage from the rectifier is intended to
      operate an electrical load 18, and conventional filtering is provided in
      the form of one or more capacitors 20 to assure that D.C. voltage with a
      minimum of A.C. ripple reaches the load 18.
PAR  In accordance with the present invention a current inrush limiting circuit
      is provided between the D.C. output voltage of the rectifier 12, and the
      load associated capacitor 20, for eliminating or minimizing inrush current
      surge on the power line, through the rectifier, and to the load and
      filter.
PAR  In order to protect these components during initial turn-on an electrical
      resistance device 22 is provided in electrical series circuit with the
      load 18 and filter 20. Thus, current passes first across the closed
      contacts of a calibrated bi-metallic disc thermostat 24, and thence from
      right to left in FIG. 1 through the resistance element 22, back from left
      to right through the conductor 26 and to the capacitor 22 and load 18.
      Line 16 represents the return line. The resistive element 22 serves as a
      voltage divider in the turn-on condition, and will remain in the circuit
      as described until the voltage sensitive relay CR is energized. This relay
      CR will not be energized until the filter capacitor circuitry 20 has first
      charged to a voltage equal to that of the relay operating voltage.
PAR  Relay CR is arranged with its coil (not shown) in electrical parallel with
      respect to the load 18, and when the voltage in line 26 reaches a
      predetermined level, somewhat less than the output voltage produced by the
      rectifier 12, said relay CR is energized or pulls-in. The relay CR
      preferably comprises a device having a relatively high resistance. A
      pivotally mounted armature is adapted to be magnetized by an
      electromagnet. The pivoted armature is biased in one direction by a
      spring, the force of which spring can be adjusted manually to preset the
      voltage at which the relay coil pulls the armature in. As the voltage
      across the relay increases to a preset relay pull-in potential, the
      current in the relay coil increases, and the electromagnet overcomes the
      spring force pivoting the armature and mechanically closing normally open
      relay contacts 1CR. It is an inherent characteristic of such relays,
      however, that the drop-out voltage is less than the voltage necessary for
      pull-in. Thus, the relay CR will operate to reopen contacts 1CR when the
      voltage drops a predetermined amount.
PAR  By way of summary, in reference to FIG. 1, in case of a prolonged current
      surge during turn-on, caused either by a surge continuing for a longer
      than normal time, or if the system is turned on and off rapidly several
      times, the resistive device 22 can be expected to increase in temperature
      such that the thermostat element 24 functions in the the manner of a
      circuit breaker to interrupt the circuit and thereby avoid destroying the
      various components of the FIG. 1 circuit, particularly resistive device
      22. It should be noted that the diodes in the rectifier unit 12 can be
      damaged by excessive temperature rise caused by repeated turn-on inrush
      current pulses. The circuit breaker 24 and the associated heater 22 can be
      designed to be a thermal analog of diode heating and hence protect the
      diodes by opening the circuit prior to excessive temperature rise.
PAR  Turning next to a detailed description of the protective circuit shown in
      FIG. 2, the D.C. output voltage in line 14a passes through a resistive
      device 22a, which device preferably comprises a variable resistance
      semi-conductive material exhibiting a steep positive temperature
      coefficient (PTC). That is, said element is made from a material, the
      resistance of which increases with temperature, at least through an upper
      region of its design operating range. The device 22a serves much the same
      function as the resistance 22 described hereinabove with reference to FIG.
      1 in that such device 22a serves to limit the inrush current through the
      rectifier, and to the load and its associated capacitor during turn-on.
      When the voltage at the load associated end of the PTC device 22a reaches
      a predetermined level, with respect to the neutral line voltage potential
      16a, a voltage sensitive relay CRa is energized or "pulls-in" closing a
      normally open set of contacts 1CRa, and shunts the resistive device 22a
      out of the circuit. A normally closed set of contacts 2CRa (to be
      described) will remain closed until the contacts 1CRa close. Thus the
      relay CRa is of the "make before break" type commonly referred to as a
      "form D" type of relay.
PAR  Any material which displays a relatively steep positive sloped
      resistivity-temperature curve can be used as a PTC material or resistive
      device in accordance with the present invention, and the reader is
      referred to issued U.S. Pat. No. 3,414,705 entitled "COMPONENT OVEN" for a
      more detailed description of the types of materials which are commonly
      utilized for achieving this positive temperature gradient or coefficient.
      Briefly, the resistance of such a device remains fairly stable through a
      lower temperature region, and when the temperature reaches its "anomaly"
      temperature the resistance increases at a relatively steep rate after
      which the resistance may again drop off with further temperature
      increases. For example, at ambient temperature (70.degree.F) and when the
      circuit of FIG. 2 is initially closed, the resistance of the PTC device
      22a is quite low. The power delivered to the capacitor 20a is initially
      relatively high as a result of the fact that the initial current is
      relatively high until the capacitor 20a approaches full charge. Should the
      load begin to draw excessive current or the high surge continues, then the
      PTC material begins to heat up to approach its anomaly temperature
      (approximately 200.degree.F). At this point, the increased resistance will
      reduce the current allowed to pass through the PTC device, that is the
      power to the circuit will be limited as a result of the characteristics of
      the PTC device in spite of any tendency for the load to draw excessive
      current. This is a result of the fact that although the current varies
      directly with the voltage input, such current also varies inversely with
      resistance.
PAR  Still with reference to the FIG. 2 circuit, a voltage dropping resistor
      R.sub.D is provided in series circuit with the coil of the relay CRa to
      permit operation of the relay at a voltage level above the "pull-in"
      voltage of the relay itself. Thus, resistor R.sub.D is a voltage dropping
      resistor and permits use of a relay of somewhat less expensive
      construction in high voltage circuits than would be permitted without the
      use of the voltage dropping resistor R.sub.D in the circuit of FIG. 2.
PAR  A second resistor R.sub.H is provided in series circuit with the coil of
      the relay CRa, and this resistor R.sub.H is selectively placed into the
      circuit once the relay CRa has been energized. The normally closed
      contacts 2CRa no longer shunt resistor R.sub.H, once the relay has been
      energized, and hence R.sub.H complements the voltage dropping resistor
      once the relay CRa has been energized. It will be apparent therefore, that
      the insertion of resistor R.sub.H will in fact permit the relay CRa to be
      interrupted, or dropped out, in response to a voltage in line 26a
      considerably higher than is the case, in the circuitry of FIG. 1. By way
      of example, in a test set up, a relay coil which normally pulls-in at 100
      volts, and normally drops out at 30 volts, was configured through a
      circuit of the type shown in FIG. 2, to drop out at 70 volts with the
      selection of an appropriate resistance R.sub.H and R.sub.D. Thus, the
      circuit of FIG. 2 avoids a disadvantage inherent in the wide bands between
      pull-in and "drop-out" voltages of a typical D.C. relay.
PAR  By way of summary then if the voltage in line 26a drops excessively, an
      indication of current surge or of loss of A.C. power to the rectifier, a
      PTC device 22a is placed in the circuit, and as a result current flows
      through the PTC device 22a and the turn-on condition is reestablished.
PAR  In FIGS. 3, 4 and 5, to be described hereinbelow, a more sophisticated
      approach is disclosed which is useful even with various nominal line
      voltages to limit inrush current to prescribed levels. Typically, the A.C.
      power supply may comprise voltages which vary from 208 volts A.C. to 240
      volts A.C. These variations may extend from minus 15 to plus 6 per cent.
      In the circuits of FIGS. 3, 4 and 5 the rectifier may be connected to a
      single or multi phase A.C. source. The rectifiers may be either of the
      half wave or full wave type. The circuits of FIGS. 3, 4 or 5 are otherwise
      similar in function to those of FIGS. 1 and 2, in that the same basic
      purpose is still present, that is of limiting inrush current to the
      capacitor and load as well as limiting current through the rectifier.
PAR  Turning next to a detailed description of the circuitry shown in FIG. 3, a
      PTC device 22b is provided in electrical series circuit with both the load
      18b and its associated filter capacitor 20b in order to limit inrush
      current until the coil or relay CRb is energized and its armature pulled
      in closing associated contacts 1CRb and thereby shunting the PTC device
      22b out of the circuit. Considering the base-emitter loop of the
      Darlington pair amplifier Q1 and Q2, the voltage across resistor RD
      follows that of the base of Q1, which voltage is the same as that across
      capacitor Cb, less the Zener drop of Zb. Thus, the emitter of Q2 is held
      at a positive voltage with respect to the reference potential in line 16b.
      The voltage on Cb is essentially the peak voltage on line 14b, Rb chosen
      just high enough in resistance to limit the current through Db to safe
      levels. The relay CRb will pick up when the voltage at 26b exceeds the
      voltage across RD by an amount equal to the pull in voltage of CRb. The
      designer merely adjusts the pull-in voltage of relay CRb, the room
      temperature resistance of the PTC device 22b, and the drop of Zener Zb, to
      achieve a desired inrush current characteristic. Since the voltage on Cb
      is a measure of the input voltage on line 14b, the inrush current
      characteristics can be maintained within rather narrow limits even with
      broad variations in the actual magnitude of the A.C. input voltage. The
      circuit of FIG. 3 is also capable of reinserting the PTC device 22b into
      the circuit in the event of a momentary power drop off. Capacitor Cb is
      charged to a voltage level of approximately that in line 14b at initial
      turn-on. In the event of loss of line power the voltage across filter
      capacitor 20b drops quite quickly, while the voltage on capacitor Cb drops
      slowly as a result of the high impedance of the Darlington emitter
      follower configuration. If the loss of A.C. power exists long enough to
      drop the voltage on line 14b by an amount equal to or greater than the
      difference between the Zener voltage and the relay drop out voltage, relay
      CRb will be de-energized opening its associated contacts 1CRb reinserting
      the PTC device 22b into the circuit.
PAR  Finally, it should be mentioned that the Darlington pair amplifier Q1 and
      Q2 might be replaced by a single high gain transistor.
PAR  Now a detailed description of the circuitry shown in FIG. 4 will be given.
      As already mentioned in the previous paragraph, the single transistor Q1
      might be replaced by a Darlington emitter follower. As in the previously
      described circuit the voltage across resistor RD follows that at the base
      25c of Q1, which voltage is in fact that voltage across the capacitor Cc
      less the Zener voltage drop Zc.
PAR  Relay CRc of FIG. 4 has its coil connected in series to the collector
      terminal of transistor Q2 which is switched "on" by voltage in line 26c,
      through resistor R. Upon loss of power in the line 26c transistor Q2
      switches "off". This will occur when the voltage in line 26c drops by an
      amount approximately equal to the Zener voltage Zc. As a result, the FIG.
      4 circuit is relatively insensitive to the pull-in / drop-out
      differential, or band associated with D.C. relay CRc.
PAR  Turning next to a detailed description of the circuitry shown in FIG. 5, a
      silicon controlled rectifier SCR is provided in place of the D.C. relay of
      the previous circuits to selectively by-pass the PTC device 22d when the
      SCR is rendered conductive. Capacitor Cd charges rapidly through diode Dd
      and through its associated resistor Rd upon initial turn on, and,
      transistor Q1 is saturated, holding the gate to cathode voltage of the SCR
      below the turn-on threshold. As the filter capacitor 20d charges and rises
      above the voltage on resistor RD a transistor switch Q2 is rendered
      conductive, turning the SCR associated transistor Q1 off which in turn
      causes the SCR to conduct.
PAR  The circuitry of FIG. 5 is also designed to reinsert the PTC device in the
      circuit when the line voltage drops below a predetermined minimum level.
      More particularly, if the voltage in line 14d drops suddenly the SCR will
      be back biased and cease conduction, the voltage in line 26d will drop
      more than the Zener voltage Zd, switching transistor Q2 off and turning
      transistor Q1 on upon reapplication of power to the circuit. Thus, the PTC
      device 22d will be reinserted in the circuit and limit inrush current not
      only to the filter capacitor 20d but also through the rectifier 12d.
CLMS
STM  We claim:
NUM  1.
PAR  1. A protective circuit connecting a D.C. voltage source of output voltage
      V to a load, comprising:
PA1  electrical resistance means in series with the load to limit start up
      current to the load, said resistance means having a relatively constant
      resistance at temperatures below an anomaly and a steeply-sloped positive
      temperature coefficient (PTC) of resistivity at temperatures above the
      anomaly,
PA1  voltage sensitive means in parallel with the load and having an output
      signal for shunting and resistance means out of the circuit,
PA1  said voltage sensitive means so constructed as to provide said output
      signal only when the voltage sensed reaches a predetermined level somewhat
      less than V, and
PA1  a thermally responsive switching means in series with and located adjacent
      said resistance means, said switching means serving to break said circuit
      when the temperature of said resistance means exceeds a predetermined
      level.
NUM  2.
PAR  2. A protective circuit connecting a D.C. voltage source of output voltage
      V to a load, comprising:
PA1  electrical resistance means in series with the load to limit start up
      current to the load to limit start up current to the load, said resistance
      means having a relatively constant resistance at temperatures below an
      anomaly and a steeply-sloped positive temperature coefficient (PTC) of
      resistivity at temperatures above the anomaly, and
PA1  voltage sensitive means in parallel with the load and having an output
      signal for shunting said resistance means out of the circuit,
PA1  said voltage sensitive means so constructed as to provide said output
      signal only when the voltage sensed reaches a predetermined level somewhat
      less than V,
PA1  said voltage sensitive means comprises a relay with its coil in parallel
      with said load, and wherein said output signal comprises at least one set
      of contacts which are normally open and electrically closed by an armature
      when said coil senses a voltage above its pull-in potential, said contacts
      being in parallel with said resistance means, and
PA1  a holding circuit, said relay means having normally closed contacts in said
      holding circuit, said normally closed contacts open only after said
      normally open contacts close, a resistor in said holding circuit and
      adapted to be shunted out of said holding circuit when said normally
      closed contacts so open to interrupt electrical operation of said armature
      at a voltage level relatively close to said relay armature pull-in
      potential.
NUM  3.
PAR  3. The circuit according to claim 2 wherein a voltage dropping resistor is
      provided in series with said relay coil to permit said relay armature to
      be pulled in at a known voltage significantly less than that sensed.
NUM  4.
PAR  4. A protective circuit connecting a D.C. voltage source of output voltage
      V to a load, comprising:
PA1  electrical resistance means in series with the load to limit start up
      current to the load, said resistance means having a relatively constant
      resistance at temperatures below an anomaly and a steeply-sloped positive
      temperature coefficient (PTC) of resistivity at temperatures above the
      anomaly, and
PA1  voltage sensitive means in parallel with the load and having an output
      signal for shunting said resistance means out of the circuit,
PA1  said voltage sensitive means so constructed as to provide said output
      signal only when the voltage sensed reaches a predetermined level somewhat
      less than V,
PA1  said voltage sensitive means comprises a relay with its coil in parallel
      with said load, and wherein said output signal comprises at least one set
      of contacts which are normally open and electrically closed by an armature
      when said coil senses a voltage above its pull-in potential, said contacts
      being in parallel with said resistance means, and
PA1  a transistor switch in series with said relay coil.
NUM  5.
PAR  5. A protective circuit connecting a D.C. voltage source of output voltage
      V to a load, comprising:
PA1  electrical resistance means in series with the load to limit start up
      current to the load, said resistance means having a relatively constant
      resistance at temperatures below an anomaly and a steeply-sloped positive
      temperature coefficient (PTC) of resistivity at temperatures above the
      anomaly, and
PA1  voltage sensitive means in parallel with the load and having an output
      signal for shunting said resistance means out of the circuit,
PA1  said voltage sensitive means so constructed as to provide said output
      signal only when the voltage sensed reaches a predetermined level somewhat
      less than V,
PA1  said voltage sensitive means comprises an SCR with its anode and cathode so
      connected as to selectively conduct shunting said PTC element out of the
      circuit, a trigger circuit for causing said SCR to conduct and including a
      first transistor switch for permitting said output signal when said first
      transistor switch is not saturated, and a base drive circuit for said
      first transistor switch responsive to the voltage at the load side of said
      PTC element to switch said first transistor switch off and to trigger said
      SCR to conduct when said voltage reaches said predetermined level somewhat
      less than V.
NUM  6.
PAR  6. The circuit according to claim 5 wherein said first transistor switch
      base biasing circuit includes a second transistor switch the collector of
      which is connected to the base of said first switch, and said voltage
      sensitive means further including a resistance line from the load side of
      said PTC element to said second transistor switch base to drive said
      second switch to saturation and to trigger said SCR to conduct when said
      voltage reaches said predetermined level somewhat less than V.
NUM  7.
PAR  7. A protective circuit connecting a D.C. voltage source of output voltage
      V to a filter capacitor, comprising:
PA1  a. electrical resistance means in series with the filter capacitor to limit
      surge current thereto, said resistance means having a relatively constant
      resistance at temperatures below an anomaly and a steeply-sloped positive
      temperature coefficient (PTC) of resistivity at temperatures above the
      anomaly,
PA1  b. voltage sensitive means in parallel with the filter capacitor and having
      an output signal for shunting said resistance means out of the circuit,
PA1  c. said voltage sensitive means so constructed as to provide said output
      signal only when the voltage sensed reaches a predetermined level somewhat
      less than V.
NUM  8.
PAR  8. The circuit according to claim 7 further characterized by a thermally
      responsive switching means in series with and located adjacent said
      resistance means, said switching means serving to break said circuit when
      the temperature of said resistance means exceeds a predetermined level.
NUM  9.
PAR  9. The circuit according to claim 7 wherein said voltage sensitive means
      comprises a relay with its coil in parallel with said filter capacitor,
      and wherein said output signal comprises at least one set of contacts
      which are normally open and electrically closed by an armature when said
      coil senses a voltage above its pull-in potential, said contacts being in
      parallel with said resistance means.
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ABST
PAL  A circuit which compensates for interference signals when monitoring
      conditions such as overcurrents and the like in a larger network. The
      circuit includes a current-signal branch and a compensating branch, the
      latter fed with an interference voltage and containing a variable gain
      amplifier. Both branches of the circuit are coupled to a signal
      superimposing element in the form of a summing amplifier, the output of
      which is applied to a polarity comparator. The polarity comparator, which
      is three-state device, forms a portion of a feedback network for
      controlling the gain of the variable gain amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an interference compensating circuit
      and more particularly to a circuit for the compensation of current
      interference signals in another circuit to which a voltage containing a
      disturbing component is applied. Thus the present invention concerns the
      compensation of interference signals inherent in a current-dependent
      signal where these signals are caused, not by variations of a load
      impedance of the circuit, but by variations or fluctuations of the source
      voltage feeding the circuit or of the internal resistance of the source.
PAR  2. Description of the Prior Art
PAR  In practical applications, the point of demarcation between the external
      impedance of a circuit and the internal resistance or impedance of the
      source is in fact dependent on the measuring or monitoring task in
      question. In the case of monitoring a certain section of a network or line
      for overcurrents due to short circuits, for example, the impedance -- or
      if appropriate, a corresponding equivalent impedance -- of the section
      concerned is to be viewed as the external impedance. Fluctuations (or
      collapse in the event of a short circuit) of this external impedance
      govern the current signals to be detected or selected, whereas the
      equivalent impedance of the remainder of the network, insofar as it
      influences the current in the monitored section, is to be viewed as the
      internal impedance of the source feeding the section. Variations of this
      impedance, but more importantly of the source voltage -- in particular
      periodic voltage variations of a disturbing nature, such as harmonics from
      frequency changes, inverters or rectifiers -- give rise to current
      interference signals in the monitored section of network or line which
      require compensation.
PAR  In practice, such interference signals seriously impair the monitoring of
      overcurrents and short circuits. This is particularly so in the case of
      railway contact wires with high maximum operating currents which in
      themselves are still acceptable, but which under certain circumstances can
      be of the same order to magnitude as short-circuit currents. In such
      cases, also, the current fluctuations attributable to the source voltage
      can be of the same order as the short-circuit currents. In such cases,
      also, the current fluctuations attributable to the source voltage can be
      of the same order as the short-circuit currents, so that detection of
      short circuits without compensation of current variations due to the
      source voltage is not possible. However, the detection of short circuits
      must be independent of whether maximum permissible currents are exceeded,
      owing to the risk of damage, and especially fire, to the installations
      concerned.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the invention, therefore, is to create a
      compensation circuit which allows the current signals caused by variations
      of an external impedance or load impedance to be distinguished from
      current interference signals due to the source, and in particular to the
      source voltage.
PAR  Briefly, this and other objects of the invention are achieved by means of a
      circuit of the kind stated above, such that a current-signal branch and a
      compensation branch, the latter fed with an interference voltage and
      containing a controllable signal control element, are connected with
      opposite polarity to a superimposing element, the output of which carries
      a resultant superimposed signal and together with a connection of the
      compensation branch or of the current-signal branch is connected to a
      polarity comparator, the output of which is actively connected to a
      control input of the signal control element.
PAR  The interference voltage referred to here is, for example, a voltage
      fluctuation of the kind mentioned above, caused by the source. In the case
      of a d.c. network supplied through a rectifier, it is perhaps the a.c.
      voltage component (and its harmonics) contained in the terminal voltage of
      the monitored network section and dependent on the number of pulses of the
      rectifier. A signal corresponding to this interference voltage is used to
      compensate the disturbing component of the current signal brought about by
      this same interference voltage, this being achieved by means of a control
      loop acting through the polarity comparator mentioned. The polarity
      comparator, as its name indicates, determines the polarity relationship --
      equal or opposite -- of the signal corresponding to the interference
      voltage, on the one hand, and of the more or less undercompensated or
      overcompensated resultant signal, on the other, the latter being obtained
      by superimposition of the signals of the compensation branch and the
      current signal branch, and constituting the useful output signal of the
      compensation circuit. Depending on the relative polarities, the output of
      the polarity comparator controls the signal control element, and hence the
      compensation signal effective in the case of superimposition, always
      acting in the opposite direction of the variation in the instantaneous
      condition in the sense of under or overcompensating the current
      interference signal within the resultant superimposed signal. The useful
      superimposed signal thus oscillates about the exactly compensated state
      within in practice very narrow limits determined by the behaviour of the
      control loop.
PAR  With a predominantly resistive load impedance the interference voltage, or
      its corresponding compensation signal, is suitable directly for
      compensating interference in a current signal essentially proportional to
      the monitored current, and with a predominantly inductive-reactive load
      impedance, accordingly, for compensating interference in a differential
      signal, as is known to be used to advantage for detecting short circuits
      in electrical networks, particularly on d.c. railway contact wires.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a circuit diagram of the compensation circuit according to the
      invention;
PAR  FIG. 2 is a detailed circuit diagram of the polarity comparator of the
      compensation circuit depicted in FIG. 1; and,
PAR  FIGS. 3a through 3d comprise a multiple time diagram illustrating the
      operating principle of the compensation circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 1 thereof, a differential current-signal sensing
      device 11 is illustrated in the form of a current transformer. The current
      signal sensing device 11 acts as a high-pass filter and is connected to a
      circuit to be monitored 100, incorporating a power supply source 101
      subject to interference voltages, and a load in the form of a busbar 102
      with predominantly inductive consumers (not shown). The circuit further
      comprises a d.c. voltage-inhibiting transfer element in the form of a
      voltage transformer 21 connected to a voltage-measuring path of the
      circuit 100. The function of this transformer is to convert the a.c.
      voltages superimposed on the d.c. source voltage, which in the present
      case are to be viewed as interference voltages, into a corresponding
      interference voltage signal u.sub.B.
PAR  Current transformer 11, which supplies a derivative current signal u.sub.i
      with respect to the monitored current i, is connected to a current signal
      branch 1 which, together with a compensation branch 2 connected to voltage
      transformer 21, leads to a superimposing element in the form of a summing
      amplifier 3. The compensation circuit 2 contains a signal control element
      consisting of an amplifier 22 the gain of which can be controlled
      continuously by way of input K. This amplifier has an inverting action --
      as indicated by the opposite signs at its input and output -- and thus
      causes the compensation signal (not described further) appearing at its
      output to be subtracted from the current signal u.sub.i. Owing to the
      assumed inductive loads, the signal proportional to the interference
      voltage is to a close approximation equivalent to the derivative with
      respect to time of the interference signal caused by this interference
      voltage within the current i. It is thus approximately proportional to the
      derivative current u.sub.i and can, when of a suitable value, compensate
      the current interference signal by means of the superimposition procedure
      described. The residual interference component in the resultant
      superimposed signal appearing at the output of summing amplifier 3 is of
      reversed polarity relative to the interference component of the current
      signal if the compensation signal is too large (i.e. overcompensation) and
      of the same polarity when the compensation signal is too small (i.e.
      undercompensation). The converse applies to the polarity of the resultant
      superimposed signal relative to that of the compensation signal, and hence
      of the inverted interference voltage signal u.sub.b, if the latter is
      supplied by the voltage transformer 21 with the same polarity or phase
      position relative to the current signal u.sub.i. The polarity
      relationships can, of course, be reversed if necessary by changing over
      the terminals.
PAR  In any event, an essential feature is that by comparing the polarity of the
      resultant superimposed signal u.sub.A at the output of the summing
      amplifier 3 with the polarity of the interference signal in the form of
      the interference-voltage or compensation signal, or alternatively the
      interference component of the current signal, it is possible to
      distinguish between under and overcompensation of the current interference
      signal within the resultant superimposed signal, i.e. the useful signal.
      Thus, both the interference voltage signal and the interference component
      of the current signal can be used for polarity comparison purposes. In the
      latter case it is generally necessary to separate the interference
      component from the useful component by frequency filtering or a similar
      method, although this is not critical with spectrally widely different
      interference and useful signals, and in contrast to direct frequency
      separation can be achieved without serious inertia phenomena in the
      resultant useful signal, as for example in the case of a periodic
      interference signal and a unique useful signal (short circuit). The
      interference voltage, on the other hand, is itself easily available, often
      without filtering, in the terminal voltage of the monitored circuit
      section. It is therefore generally more advantageous to use the
      interference voltage for compensation and polarity comparison purposes.
PAR  In the illustrated embodiment, a polarity comparator 4 is provided, the
      input B of which is connected to the compensation branch, and input A to
      the output of the summing amplifier 3. Alternatively, as shown by the
      broken line, input B can also be connected to the current signal branch
      via a filter element S which essentially blocks the useful signal. If
      required, input B and the compensation branch can also be fed via the
      filter from the current signal branch, instead of from the voltage
      transformer.
PAR  The output C of the polarity comparator 4 is connected by way of an
      integrator 5 to the control input K of amplifier 22. The polarity
      comparator functions in the manner of a discontinuous controller, for
      example as a two-term controller or a three-term controller with a neutral
      band, and owing to the interposed integrating element (which if required
      can be contained in the polarity comparator or the signal control element
      and can comprise easily available inertia devices) provides continuous
      control of the signal control element. The result is thus a closed control
      loop which at all times maintains a state of balance within narrow limits
      between overcompensation and undercompensation.
PAR  As shown in FIG. 2, input A of the polarity comparator is allocated to a
      limit-value switch 41, and input B to a rectangular-wave signal generator
      42 with a high-grade amplifier 421 followed by a rectifier and limiter
      stage 422. Thus, all the time the value of the interference voltage signal
      u.sub.B is positive, the output yields a positive rectangular pulse which
      is fed as a binary affirmative signal (1 = affirmative, 0 = negative) to a
      subsequent logic circuit 43.
PAR  The polarity comparator further comprises within the limit-value switch 41
      an upper and a lower limit-value emitter 413 and 414 with the upper and
      lower limit voltage u.sub.h and u.sub.t, respectively, such that if these
      are exceeded, amplifiers 411 and 412, which have their normal inputs
      parallel to input A, are driven and via rectifier and limiter stages 415
      and 416 supply a positive rectangular signal in the form of a binary
      affirmative signal at both outputs D and E. If the superimposed signal
      U.sub.A lies between u.sub.h and u.sub.t, both outputs D and E carry a
      binary negating signal corresponding to an output voltage of zero. This is
      equivalent to the neutral band of a three-term controller. The logic
      circuit 43 comprises an undercompensation detector 431 with AND gates
      431a, 431b and an OR gate leading to an output G, and an overcompensation
      detector 432 with AND gates 432a and 432b and also an OR gate leading to
      output H. With the depicted arrangement of the AND gates connected to the
      output D, E and F of circuit sections 41 and 42, the operating principle
      of the logic circuit is as follows. When u.sub.A is in the neutral band,
      both outputs G and H carry a binary negating signal, otherwise, in the
      event of undercompensation G carries an affirmative signal and H a
      negating signal, while with overcompensation G carries a negating signal
      and H an affirmative signal.
PAR  These binary signals at G and H control associated normally-open switches
      442 and 443, respectively, of a succeeding superimposing stage 44, the
      output C of which, formed by a summing amplifier 441, owing to a zero
      input 444 to this amplifier at zero potential in the neutral band, assumes
      a preset positive potential in the case of undercompensation because of
      the positive voltage applied to switch 442, and a preset negative
      potential in the event of overcompensation because of the negative voltage
      applied to switch 443. These potentials are integrated over time in the
      integrator shown in FIG. 1, and control the signal control element 22 in
      the sense of a closed compensating control loop.
PAR  If the limit-value emitters 413 and 414, comprising potentiometers with
      associated voltage sources, are adjusted to zero potential, the neutral
      band disappears and the polarity comparator assumes the character of a
      two-term controller. If the interference signal is highly asymmetrical in
      time, however, three-term control has the advantage of better compensation
      of the fundamental oscillation, and can also offer advantages regarding
      stability of the control loop.
PAR  FIG. 3 shows curves of signal voltage at the already described points A, D
      and E in line a, B and F in line b and at points H and K in lines c and d,
      respectively. These points of the circuit correspond to the indices of the
      voltages plotted against time t. Voltage u.sub.E in line a is shown
      extending downwards from the time axis, in contrast to voltage u.sub.D,
      for reasons of clarity only. As mentioned in the description of the
      polarity comparator with reference to FIG. 2, both u.sub.E and u.sub.D are
      positive potentials in the form of binary affirmative signals.
PAR  The example shown corresponds to the case of overcompensation with u.sub.A
      and u.sub.B of opposite polarity or phase position. An affirmative binary
      signal u.sub.H is therefore produced between times t.sub.1 - t.sub.2 and
      t.sub.4 - t.sub.5 . In accordance with the three-term control explained
      above, this binary signal is negated within time intervals t.sub.e
      -t.sub.4 and t.sub.5 - t.sub.6 owing to the simultaneously negating binary
      signals u.sub.D and u.sub.E, even though u.sub.A and u.sub.B are of
      opposite polarity. The cycle repeats from time t'.sub.1 onwards, but with
      reduced pulse duration between t.sub.1.sub.' and t.sub.2.sub.' and between
      t.sub.4.sub.' and t.sub.5.sub.' because the degree of overcompensation has
      already been reduced by the control system.
PAR  The correspondingly decreasing control signal u.sub.K at the output of the
      integrator 5, starting from a positive value of overcompensation, is shown
      in line d. This is obtained from u.sub.H by integration over time.
PAR  Correction of initial undercompensation, which does not need to be shown
      separately, produces conversely a rising curve of u.sub.K, in which case
      u.sub.G is effective instead of u.sub.H.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A circuit for the compensation of current interference signals in
      another circuit to which a voltage containing a disturbing component is
      applied comprising:
PA1  a current-signal branch and a compensation branch,
PA1  means for applying an interference signal to said compensation branch,
PA1  a controllable signal control element coupled to said compensation branch
      and including a control input,
PA1  superimposing means coupled to both said current-signal branch and said
      compensation branch for providing a superimposed output signal,
PA1  a polarity comparator coupled to the output of said superimposing means,
      the output of said polarity comparator coupled to said control input for
      regulating the output of said controllable signal control element.
NUM  2.
PAR  2. A circuit as in claim 1, further comprising:
PA1  high-pass filter means for coupling said current-signal branch to said
      circuit to which said disturbing voltage component is applied.
NUM  3.
PAR  3. A circuit as in claim 2, wherein:
PA1  said high-pass filter means acts as a differentiating device.
NUM  4.
PAR  4. A circuit as in claim 1, further comprising:
PA1  transfer means coupling said compensation branch and said circuit to which
      said disturbing voltage component is applied for inhibiting the
      transmission of d.c. voltage to said compensation branch.
NUM  5.
PAR  5. A circuit as in claim 1, wherein said polarity comparator comprises:
PA1  a discontinuous switching network having at least two opposite switching
      states corresponding to the different polarity relationships of input
      signals thereto.
NUM  6.
PAR  6. A circuit as in claim 5, wherein said polarity comparator further
      comprises:
PA1  a three-state controller having a neutral band with respect to at least one
      of its input signals.
NUM  7.
PAR  7. A circuit as in claim 6, wherein:
PA1  said polarity comparator is constructed so that said neutral band is
      assigned to a preset range of values of the output from said superimposing
      means.
NUM  8.
PAR  8. A circuit as in claim 5, further comprising:
PA1  means coupled to said polarity comparator for integrating the output
      thereof with respect to time.
NUM  9.
PAR  9. A circuit as in claim 8, wherein:
PA1  said integrating means is coupled between said polarity comparator and said
      control element.
NUM  10.
PAR  10. A circuit as in claim 9, wherein:
PA1  said superimposing means comprises a summing amplifier.
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ABST
PAL  A protective circuit for a transistor amplifier is disclosed which includes
      a load impedance detecting circuit provided between an output terminal of
      a transistor amplifier and a load terminal, a circuit for detecting an
      abrupt surge voltage of a voltage source for the amplifier and a muting
      circuit are provided between an input terminal of the amplifier and a
      reference point, the muting circuit being operative to limit an input
      signal applied to the input terminal of the amplifier in response to
      output signals of the load impedance detecting circuit. A protective
      circuit having a thermal sensing circuit for detecting a temperature rise
      of an output transistor above a predetermined level which shuts off the
      amplifier is described as one embodiment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a protective circuit for a transistor
      amplifier, and more particularly to a protective circuit for a transistor
      amplifier which operates without misoperation in the case of using a
      reactive load and operates in response to a load impedance and a surge
      voltage of a power supply voltage.
PAR  2. Description of the Prior Art
PAR  In the prior art, many protective circuit arrangements for a transistor
      amplifier have been disclosed which have a comparison circuit for
      comparing a load voltage and a load current, but they have an essential
      disadvantage in that they mis-operate in the case where the load is a
      reactive load. The characteristics of a typical prior art circuit will be
      described with reference to FIG. 1.
PAR  The limiting (protective) line of a prior art protective circuit can be
      generally expressed by, for example, a line a for the output current I and
      output voltage V of the amplifier as shown in FIG. 1. In the case where
      the load is a pure resistor or nearly pure resistors for the above
      protective characteristics, the load line of such a protective circuit can
      be expressed by a line b in FIG. 1 and hence the protective circuit
      performs a normal protective operation. In the case, however, where the
      load is, for example, a condenser-speaker which is rich in reactance
      components, the load line is expressed by an ellipse c shown in FIG. 1 and
      the elliptic curve c intersects the limiting line a. Thus, the protective
      circuit operates. However, in the latter case, even if the load line
      becomes the ellipse c, the ellipse c exceeds the limiting line a for a
      short time period.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      protective circuit for a transistor amplifier which protects the amplifier
      having a reactive load by providing a muting circuit which is operative to
      limit the input signal in response to the output signals across the load
      impedance reach a point which places a dangerous load on the amplifier or
      when an abrupt surge voltage occurs.
PAR  Another object of the present invention is to provide a protective circuit
      for a transistor amplifier which operates without misoperation in the case
      where a reactive load exceeds a desired maximum.
PAR  Yet another object of the present invention is to provide a protective
      circuit for a transistor amplifier which has a load impedance detecting
      circuit having a simple comparison circuit and an abrupt surge voltage
      detecting circuit of power supply voltage, and operates in response to the
      both outputs of the load impedance detecting circuit and the abrupt surge
      voltage detecting circuit.
PAR  A still further object of the present invention is to provide a protective
      circuit for a transistor amplifier which includes a load impedance
      detecting circuit, an abrupt voltage detecting circuit of a power supply
      voltage and thermal sensing circuit of an output transistor, and operates
      in response to each output of the detecting and sensing circuits.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing a protective operation of a protective circuit of
      the prior art;
PAR  FIG. 2 is a circuit diagram showing an embodiment of the protective circuit
      for a transistor amplifier according to the present invention;
PAR  FIG. 3A and FIG. 3B are circuit diagrams each showing a basic circuit of
      the load impedance detecting circuit according to the present invention;
PAR  FIG. 4 through FIG. 6 are graphs used for explanation of the present
      invention; and
PAR  FIG. 7 is a circuit diagram showing another embodiment of the protective
      circuit for a transistor amplifier according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A protective circuit for a transistor amplifier will be hereinafter
      described with reference to the drawing.
PAR  FIG. 2 is a circuit diagram showing an embodiment of the protective circuit
      for a transistor amplifier according to the present invention. In FIG. 2,
      reference numeral 1 indicates an input terminal which is supplied with a
      signal to be amplified and connected through a resistor 2 to the input
      terminal of a transistor amplifier 3. The amplifier 3 has connected
      thereto a voltage supply terminal 4, which is supplied with a negative
      voltage of -Vcc and a voltage supply terminal 5, which is supplied with a
      positive voltage of +Vcc and is driven by positive and negative voltages.
      The output terminal of the amplifier 3 is grounded through a resistor 6
      and a load 7.
PAR  The connection point between the resistor 6 and the load 7 is connected to
      the cathode electrode of a diode 8 whose anode electrode is connected
      through resistors 9 and 10 to the cathode electrode of a diode 11 whose
      anode electrode is grounded. The connection point between the amplifier 3
      and the resistor 6 is connected to one electrode of a capacitor 12 and to
      the emitter electrode of a PNP-type transistor 13. The other electrode of
      the capacitor 12 is connected to the connection point between the
      resistors 9 and 10 and to the base electrode of the transistor 13. The
      above circuit elements form a load impedance detecting circuit which will
      be described later.
PAR  The collector electrode of the transistor 13 is connected to the base
      electrode of an NPN-type transistor 14 whose emitter electrode is
      connected to the voltage supply terminal 4 of -Vcc through a resistor 15,
      and also to the base electrode of transistor 14. A capacitor 16 is
      connected in parallel to the emitter-collector path of the transistor 14.
      In this case, the resistor 15 is so selected in resistance value that when
      the transistor 13 is made ON (conductive), an output voltage from the
      amplifier 3 is dropped to bias the transistor 14 forwardly.
PAR  The voltage supply terminal 4 is connected to the cathode electrode of a
      diode 17 whose anode electrode is connected to the cathode electrode of a
      diode 18 whose anode is grounded through a resistor 19. A series circuit
      of a thermal sensitive element such as a thermistor 20 and a resistor 21
      is connected between the cathode of the diode 17 and the anode of the
      diode 18 in parallel to these two series connected diodes. The connection
      point between the thermistor 20 and the resistor 21 is connected through a
      resistor 22 to the connection point between the collector of the
      transistor 14 and the capacitor 16. The capacitor 16 and the resistor 22
      form a time constant circuit.
PAR  The connection point between the collector of the transistor 14 and the
      capacitor 16 is connected to the base electrode of an NPN-type transistor
      23 whose emitter electrode is connected through a resistor 24 to the
      voltage supply terminal 4 and whose collector electrode is connected
      through resistors 25 and 26 to the voltage supply terminal 5 of +Vcc. The
      connection point between the resistors 25 and 26 is connected to the anode
      electrode of a Zener diode 27 whose cathode electrode is connected to the
      cathode electrode of a diode 28 whose anode electrode is grounded. The
      connection point between the resistors 25 and 26 is further connected to
      the base electrode of an NPN-type transistor 29 whose collector electrode
      is connected to the connection point between the resistor 2 and the
      amplifier 3 and whose emitter electrode is grounded.
PAR  With the protective circuit of the present invention constructed as above,
      when a signal is applied to the input terminal 1 and negative and positive
      voltages are applied to the voltage source terminals 4 and 5,
      respectively, the voltage difference across the capacitor 12 is low and
      the transistor 13 is in an OFF-state (nonconductive). Accordingly, no
      voltage is applied to the base of the transistor 14 and hence the
      transistor 14 is in OFF-state. As a result, the terminal voltage across
      the capacitor 16 is raised gradually to a predetermined divided voltage by
      the series circuit of the thermistor 20 and resistor 21 in accordance with
      the time constant circuit consisting of the capacitor 16 and the resistor
      22, and then reached to a forward bias voltage for the transistor 23 after
      a constant time delay from the application of the power source voltage to
      make the transistor 23 conductive. Thus, the base of the transistor 29 is
      supplied with the negative voltage from the voltage supply terminal 4
      through the transistor 23. However, the transistor 29 is supplied with
      only the positive voltage from the voltage supply terminal 5 for a time
      period corresponding to the time period of the time constant circuit
      consisting of the capacitor 16 and resistor 22, and hence is made
      conductive. Thus, the signal applied to the input terminal 1 is muted
      thereby and is prevented from being applied to the amplifier 3. After the
      predetermined time period has lapsed, the transistor 23 becomes conductive
      and then the transistor 29 is supplied with the negative voltage from the
      voltage supply terminal 4. When a predetermined negative Zener voltage
      determined by the Zener diode 27 is applied to the transistor 29, it
      becomes nonconductive. Thus, the signal applied to the input terminal 1 is
      applied to the amplifier 3. The above time constant circuit can be
      inserted in the base-emitter path of the transistor 14.
PAR  With the protective circuit according to the present invention, since the
      input signal is applied to the amplifier 3 after the predetermined
      constant time period upon the application of the power source voltage, an
      undesired pop noise can be avoided at the time when the power source
      voltage is applied, and also an electric shock to a pre-amplifier can be
      also avoided.
PAR  The load impedance detecting circuit in FIG. 2 will be now described. As
      described above, after the predetermined time period has elapsed from the
      supply of the power source voltage, the transistor 29 becomes
      nonconductive and the amplifier 3 is supplied with the input signal to
      produce an output signal for driving the load 7. If it is assumed that the
      output current from the amplifier 3 or that flowing to the load 7 through
      the resistor 6 is taken as i.sub.o, the load voltage across the load 7 as
      e.sub.o, and the resistance values of the resistors 6, 9 and 10 as
      R.sub.1, R.sub.2 and R.sub.3, respectively, the equivalent circuit of the
      circuit portion formed of the resistors 6, 9 and 10, the diodes 8 and 11,
      the capacitor 12 and the load 7 in FIG. 2 can be shown in FIG. 3A. That
      is, the resistor 6 is shown as a voltage source 6' with an electromotive
      force or a voltage of i.sub.o R.sub.1 and the load 7 is shown as a voltage
      source 7' with a voltage of e.sub.o. Thus, the capacitor 12 is charged up
      by the output from the voltage source 6' and discharged by the output from
      the voltage source 7'. In other words, the voltages i .sub.o R.sub.1 and
      e.sub.o are subjected to a peak-value-rectification by the diodes 8 and 11
      and supplied to the capacitor 12 in opposite polarities.
PAR  If the forward resistances of the diodes 8 and 11 are neglected and their
      forward voltage drops are taken as V.sub.f1 and V.sub.f2, the equivalent
      circuit shown in FIG. 3A can be shown as another form of an equivalent
      circuit in FIG. 3B. That is, a charging current i flows through the
      capacitor 12 by a voltage i.sub.p R.sub.1 (where i.sub.p represents the
      peak value) produced in a positive half cycle of the output signal to
      charge up the capacitor 12 with the polarity shown in FIG. 3B.
      Accordingly, a terminal voltage V across the capacitor 12 can be expressed
      by the following equation (1):
EQU  V = i.sub.p.sup.. R.sub.1 -V.sub.f1 -i .sup.. R.sub.2      (1)
PAR  During a negative half cycle of the output signal, due to a load voltage
      e.sub.p (peak value) a current i flows through the closed loop including
      the resistors R.sub.2 and R.sub.3 and the voltage source e.sub.p in the
      direction shown in FIG. 3B. In fact, since the latter current i flows in
      the direction to reduce the charging current i, the latter current i
      substantially serves as the discharging current for the capacitor 12. If
      it is assumed that the charging and discharging currents i are in balanced
      state, the following equation (2) is obtained for the closed loop
      including the elements e.sub.p, R.sub.2 and R.sub.3.
EQU  e.sub.p =V.sub.f1 + V.sub.f2 +(R.sub.2 +R.sub.3) i         (2)
PAR  From the equations (1) and (2), the following equation is derived by
      cancelling the current i.
      ##EQU1##
PAR  When the voltage V expressed by the above equation (3) exceeds the voltage
      drop V.sub.BE across the base-emitter of the transistor 13, the transistor
      13 becomes conductive to produce an excessive or over load detecting
      signal.
PAR  If the equation (3) is rewritten on the assumption of V=V.sub.BE, the
      following equation (4) is derived.
      ##EQU2##
PAR  Where, let it be assumed that
      ##EQU3##
      In other words, the voltages i.sub.o R.sub.1 and e.sub.o are subjected to
      a peak-value-rectification by the diodes 8 and 11 and converted to a DC
      voltage by the capacitor 12, so that the terminal voltage V across the
      capacitor 12 becomes irrespective of the phase difference between the
      current i.sub.o and the voltage e.sub.o and becomes to a value depending
      upon with the peak values i.sub.p and e.sub.p. Thus, the factor Z =
      i.sub.p /e.sub.p shows not only the pure resistance component of the load
      7, but also its impedance component.
PAR  If the factors Z and R.sub.1 /K are used, the equation (4) can be rewritten
      as follows:
      ##EQU4##
PAR  From the equation (5), the value of the load impedance Z for satisfying the
      condition i.sub.p = .alpha.(Z.alpha.) is expressed as follows:
      ##EQU5##
PAR  When the load impedance Z is greater than that Z.alpha. obtained by the
      equation (6), the current i.sub.p becomes negative and hence the
      transistor 13 is not made conductive. However, in the case where the load
      impedance Z is smaller than the value Z.alpha., when the current i.sub.p
      becomes greater than that obtained by the equation (5), the transistor 13
      is made conductive to produce the excessive load detecting signal.
PAR  If the equation (5) is shown in a graph, FIG. 4 is obtained. In the graph
      of FIG. 4, a region d is such a region that the transistor 13 becomes
      conductive to produce the over-load detecting signal.
PAR  If the equation (4) is shown in a graph, FIG. 5 is obtained. When the load
      7 is a pure resistor, the transistor 13 becomes conductive in a region f
      to produce the over load detecting signal.
PAR  When the load 7 is an impedance load, a bent line g in FIG. 6 is a limiting
      line apparently and a region h is a limiting region. That is, the terminal
      voltage V of the capacitor 12 becomes to such one as has a relation with
      the peak current i.sub.p and peak voltage e.sub.p, so that if a load line
      (e.sub.p versus i.sub.p characteristic) is shown by a line b in FIG. 6 in
      the case where a pure resistor equal to the impedance of the impedance
      load is a load, a current i.sub.px and a voltage e.sub.px of the current
      i.sub.p and the voltage e.sub.p at the crossing point X between the line b
      and the limiting line e show a region from which an output can be deribed.
      When the load is the impedance load, its load line becomes to an ellipse c
      (in FIG. 6, only a positive half cycle portion is shown). Thus, even if
      the load line c  intersects the limiting line e, no protective action is
      achieved. Only when the ellipse c intersects the bent line g, the
      transistor 13 becomes conductive. Accordingly, even if there is a phase
      difference between a load voltage and a load current as in the case of a
      reactive load, no error operation is carried out, but only when the load
      impedance is lower than a predetermined value (for example, 1 .OMEGA.) as
      short-circuited, the over load detecting signal is obtained.
PAR  When the load becomes an over load exceeding the above mentioned set value
      and the transistor 13 becomes conductive to produce an over load detecting
      signal, the over load detecting signal is applied to the base of the
      transistor 14. As a result, the voltage difference across the base-emitter
      of the transistor 14 increases to be biased in the forward direction and
      then the transistor 14 becomes conductive. Thus, the capacitor 16 is
      short-circuited through the transistor 14 to discharge its charge stored
      therein, and consequently the transistor 23 becomes nonconductive.
      Thereafter, the transistor 29 becomes conductive as in the case of the
      supply of the source voltage to cut off the input signal to the amplifier
      3 and hence the amplifier 3 becomes free from an over load.
PAR  At the time when the over load state is released, the terminal voltage
      across the capacitor 12 is lowered, the transistor 13 becomes
      nonconductive to cut off the supply of the voltage to the base of the
      transistor 14 and then the transistor 14 becomes nonconductive again.
      However, since the capacitor 16 is discharged, the transistor 23 is not
      biased in the forward direction and is made conductive after the constant
      time period due to the time constant circuit formed of the capacitor 16
      and the resistor 22 as in the case of the supply of the source voltage.
      Thus, the transistor 29 becomes nonconductive to apply the input signal to
      the amplifier 3 again.
PAR  When the normal over load protective operation is achieved due to a
      continuous over load condition, heat may be accumulated in the interior of
      the amplifier 3 or the temperature of the amplifier 3 in its interior
      becomes high due to the undesirable conditions of use and there may occur
      damage to the amplifier 3. In such a case, the resistance value of the
      thermistor 20 decreases and hence the voltage at the connection point
      between the thermistor 20 and the resistor 21 becomes low. Thus, the base
      voltage of the transistor 23 is lowered and hence the transistor 23
      becomes nonconductive. As a result, the transistor 29 is made conductive
      as in the case of the supply of the source voltage to mute the input
      signal. In this case, the muting for the input signal is performed
      irrespective of the time constant circuit and after the amplifier 3 is
      made free from the above mentioned heated state, the input signal is again
      applied to the amplifier 3.
PAR  With the protective circuit for a transistor amplifier of the present
      invention, a pop noise upon the supply of a source voltage and a shock for
      a pre-amplifier can be avoided. Further, when the amplifier 3 bears an
      excessive load, an input signal is automatically prevented from being
      applied to the amplifier 3 so as to avoid the damage of the amplifier 3
      and hence to protect the circuit. In this case, since the input signal is
      again applied to the amplifier 3 after the predetermined time interval,
      there is no manual reset required. During the time interval within which
      the time constant circuit is operative, the over load condition is
      improved. In the case where the over load condition continues for a
      certain time interval, the above protective operation is immediately
      carried out repeatedly to control the supply of the input signal to the
      amplifier in a repeated manner. In addition, the protective operation is
      immediately carried out repeatedly to control the supply of the input
      signal to the amplifier in a repeated manner. In addition, the protective
      operation for an over load according to the invention is carried out for
      the case where the load 7 is a reactive impedance without an error
      operation to protect the amplifier from an over load positively. In the
      case of a thermal over load, the input signal is automatically cut off and
      after the over load state is finished, the input signal is applied. Not
      only in the case where a thermal over load results from internal causes
      such as a continuous over load, but also in the case where it results from
      external causes, such as the state of use, the input signal is cut off to
      prevent the amplifier 3 from being destroyed. Further, due to the
      employment of a switching element, the response time interval becomes
      short, so that the protective action is very good. In addition, the
      avoidance of a pop noise and the protective operation for electric and
      thermal over load are performed by one circuit, so that the parts of the
      circuit are small in number.
PAR  FIG. 7 shows an embodiment in which the protective circuit for a transistor
      amplifier according to the present invention is adapted to a multi-channel
      amplifier such as a four-channel stero or the like. In FIG. 7, reference
      numerals similar to those used in FIG. 2 show similar elements and their
      description will be omitted.
PAR  In the embodiment of FIG. 7, signal input terminals 1a, 1b and 1c are
      connected through resistors 2a, 2b and 2c to amplifiers 3a, 3b and 3c each
      of which has connected thereto negative and positive voltage sources 4 and
      5. Output terminals of the amplifiers 3a, 3b and 3c are grounded through
      resistors 6a, 6b and 6c and loads 7a, 7b and 7c respectively. The
      connection points between the resistors 6a to 6c and the loads 7a to 7c
      are grounded through series circuits of diodes 8a, 8b,  8c, resistors 9a,
      9b, 9c and 10a, 10b, 10c and diodes 11a, 11b and 11c, respectively. The
      connection points between the resistors 9a to 9c and the resistors 10a to
      10c are connected to the connection points between the amplifiers 3a to 3c
      and the resistors 6a to 6c through capacitors 12a, 12b, 12c, respectively.
      The base and emitter electrodes of PNP-type transistors 13a, 13b and 13c
      are connected to both the terminals of the capacitors 12a to 12c,
      respectively. The collector electrodes of the transistors 13a to 13c are
      connected to the base electrode of the transistor 14. The collector
      electrode of the transistor 23 is connected through the resistor 25 to the
      base electrodes of transistors 29a to 29c whose emitter electrodes are
      grounded, respectively, and whose collector electrodes are connected to
      the connection points between the amplifiers 3a to 3c and resistors 2a to
      2c, respectively. The series circuit of thermistors 20a, 20b and 20c is
      connected between the resistor 21 and the cathode electrode of the diode
      17, and the thermistors 20a to 20c are coupled to the amplifiers 3a to 3c,
      respectively, from the thermal point of view. The other circuit
      constructions are substantially the same as those of FIG. 2. In the
      embodiment shown in FIG. 7, if the amplifiers 3a to 3c are the same in
      thermal characteristics, a single thermistor could be enough instead of
      the three thermistors 20a to 20c.
PAR  With the embodiment shown in FIG. 7, when any one of the three amplifiers
      3a to 3c begins to bear an over load, all input signals to the three
      amplifiers 3a to 3c are cut off at the same time. Further, since, in the
      embodiment of FIG. 7, the transistors 14, 23, the capacitor 16, the
      resistors 15, 21, 22, 24, 25, 26, the diodes 17, 18, 28, the Zener diode
      27, and the source voltages, 4, 5, which are the main part, are used
      common, the present invention is advantageous for a multi-channel system.
PAR  It may be obvious that the embodiment of FIG. 7 can achieve the same effect
      as that of FIG. 2.
PAR  It will be apparent that many modifications and variations can be effected
      by those skilled in the art without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A transistor amplifier protective circuit comprising:
PA1  an input terminal supplying an input signal to said transistor amplifier,
PA1  a first transistor with its emitter-collector electrodes connected between
      ground and said input terminal to short said input signal to ground when
      said first transistor conducts,
PA1  a first resistor with one side connected to the output of said transistor
      amplifier, a load connected between ground and the other side of said
      first resistor,
PA1  second and third transistors with the collectoremitter path of said second
      transistor connected between the output of said transistor amplifier and
      the control electrode of said third transistor,
PA1  a first capacitor connected between the control electrode of said second
      transistor and the output of said transistor amplifier,
PA1  a fourth transistor with its control electrode connected to the
      emitter-collector path of said third transistor,
PA1  a bias voltage of a first polarity, and the emitter-collector path of said
      fourth transistor connected between the control electrode of said first
      transistor and said bias voltage of a first polarity,
PA1  a second capacitor connected between said bias voltage of a first polarity
      and the control electrode of said fourth transistor,
PA1  a second resistor connected between ground and the control electrode of
      said fourth transistor,
PA1  a third resistor connected between the other side of said first resistor
      and the control electrode of said second transistor, and
PA1  a fourth resistor connected between ground and the control electrode of
      said second transistor.
NUM  2.
PAR  2. A transistor amplifier protective circuit according to claim 1 further
      including a first diode connected between said first and third resistors,
      a second diode connected between ground and said fourth resistor and said
      first and second diodes poled to pass current in the same direction.
NUM  3.
PAR  3. A transistor amplifier protective circuit according to claim 2 including
      a Zener diode connected between ground and the control electrode of said
      first transistor, and a bias voltage of a second polarity connected to
      said control electrode of said first transistor.
NUM  4.
PAR  4. A transistor amplifier protective circuit according to claim 3 including
      a thermistor connected between said bias voltage of a first polarity and a
      tap point on said second resistor.
NUM  5.
PAR  5. A transistor amplifier protective circuit according to claim 1 including
      a second transistor amplifier, a second input terminal supplying an input
      to said second transistor amplifier, a fifth transistor with
      emitter-collector electrodes connected between ground and said second
      input terminal and its control electrode connected to the control
      electrode of said first transistor, a sixth resistor with one side
      connected to the output of said second transistor amplifier, a second load
      connected between ground and the other side of sixth resistor, a sixth
      transistor with its emitter-collector electrodes connected between the
      control electrode of said third transistor and the first side of said
      sixth resistor, and a third capacitor connected between the control
      electrode of said sixth transistor and said first side of said sixth
      resistor.
NUM  6.
PAR  6. A transistor amplifier protective circuit according to claim 5 including
      a fourth diode, a seventh resistor, an eighth resistor and a fith diode
      connected in series between ground and the second side of said sixth
      resistor, and the control electrode of said sixth transistor connected to
      the junction point between said seventh and eighth resistors.
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ABST
PAL  A photographic flash firing circuit operative to sequentially ignite each
      of an array of flash lamps in a predetermined order from first to last
      responsive to an input signal. The circuit is constructed as an integrated
      circuit including a dual set of circuit components capable of being
      interconnected for either low level, logic triggering or pulse triggering
      of the circuit. Basically, the firing circuit includes a plurality of lamp
      switching circuits and a forward sequencing circuit which sequentially
      couples each lamp across a supply voltage in accordance with repetitive
      activation by a suitable trigger network. In the logic trigger
      arrangement, the trigger network includes a transistor buffer stage and
      voltage divider network coupled to the forward sequencing circuit and
      operative to trigger the latter in accordance with operation of the camera
      exposure control system.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 321,993, filed Jan.
      8, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photoflash firing circuits and more particularly
      to an improved photoflash sequencing circuit employing either logic level
      or pulse triggering.
PAR  Photographic flash systems in which a plurality of flash lamps are arranged
      as an array within a single disposable package are advantageous in that
      the arrayed lamps are oriented for providing illumination from each
      individual lamp without recourse to moving or rotating the flash lamps on
      their mounting, etc. Flash arrangements of this type generally require
      firing circuits which sequentially ignite the bulbs in a predetermined
      order from first to last in synchronization with successive exposures.
PAR  Such firing circuits generally depend upon the variation in lamp
      characteristics before and after firing to provide proper sequencing.
      Generally, flash lamps with which the sequencing circuit must operate
      include a glass envelope within which is sealed a quantity of combustible
      filamentary strand material in combustion supporting gas such that upon
      application of current to the terminals of the lamp, the igniting filament
      rapidly heats to the combustion point of the strand material and flash
      ignition ensues. During ignition, the filament is generally open circuited
      such that upon completion of ignition the lamp terminals are opened
      circuited and the switching circuit to which they are coupled witnesses an
      infinite resistance.
PAR  In one flash sequencing circuit available in the prior art, a plurality of
      lamp switching circuits are coupled in series with respective lamp
      terminals and intercoupled with a forward sequencing circuit which
      sequentially fires each bulb in succession and by passes open or
      previously fired bulbs. In this circuit, each lamp with its associated
      switching circuit is coupled in parallel across a power source.
      Interconnected to each switching circuit is a forward sequencing circuit
      which in response to an appropriate trigger pulse is configured to fire
      the next operable lamp in the array. In this arrangement, the sequencing
      circuit is triggered so as to successively fire each individual lamp
      circuit in accordance with a voltage pulse which exceeds the source
      voltage. Since it is often desirable to employ the full voltage of the
      camera battery for lamp ignition, this triggering arrangement requires
      that the camera exposure system provide a pulse in excess of source
      voltage. Many camera exposure systems do not readily provide an
      appropriate pulse voltage of this type. Hence, it is important to provide
      a photoflash firing circuit designed for low voltage triggering. Further,
      since firing circuits of this type may be advantageously constructed as a
      unitary semiconductor chip, it is also important to provide a basic chip
      having both triggering capabilities.
PAR  Consequently, it is a primary object of this invention to provide an
      improved photoflash sequencing circuit capable of being operated by a
      level logic signal.
PAR  It is another object of this invention to provide a photoflash sequencing
      circuit incorporating a logic gate triggering system.
PAR  It is still another object of this invention to provide a photoflash
      sequencing circuit incorporating both low level logic and pulse triggering
      capabilities.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a fully electronic control circuit for
      sequentially igniting each photoflash lamp of a series array in response
      to an appropriate input signal. The basic circuit includes selectively
      operable means for sequentially coupling each of the flash lamps to a
      voltage supply, and trigger means for rendering the sequential coupling
      means operative responsive to a camera exposure system. The invention
      features a plurality of lamp switching circuits arranged for parallel
      connection with a voltage source and intercoupled to a forward sequencing
      circuit which upon repetitive activation is configured for sequentially
      rendering each switching circuit conductive so as to thereby sequentially
      supply current to each of the lamps. Coupled to the forward sequencing
      circuit is either a logic circuit or a pulse circuit which are configured
      for rendering the forward sequencing circuit operative responsive
      respectively to a low level logic signal or a relatively high voltage
      pulse signal so as to flash an appropriate one of the lamps during the
      exposure operation.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an improved photoflash firing circuit
      employing logic triggering in accordance with the invention;
PAR  FIG. 2 is a schematic diagram of the firing circuit illustrated in FIG. 1;
      and
PAR  FIG. 3 is a schematic diagram of a photoflash firing circuit illustrating
      both logic and pulse triggering circuitry.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, the characteristic components performing the sequencing
      operations in a logic trigger arrangement are illustrated functionally in
      block form. As shown therein, a linear array of flash lamps or bulbs
      designated as 10a-10e are mounted in a disposable package designated at 12
      for connection to the overall firing circuit, or flash sequencing circuit
      11. The terminals of individual flash lamps 10a-10e within the array 12
      are grouped at a common connection plug 14 for individual connection to
      the firing circuit 11 by means of lines designated generally at 16 and 18.
      In this circuit arrangement, control over ignition currents delivered to
      each of the flash lamps 10a-10e is provided by a lamp switching function
      20 which is, in turn, controlled by a forward sequencing circuit 22. An
      exposure control system 24 is utilized to both energize the circuit 11 and
      to control operation of the forward sequencing circuit 22 through a
      trigger logic circuit 26.
PAR  In operation of the overall firing circuit 11, as later explained in
      regards to FIG. 2, a first signal is received from the exposure control
      system 24 to generally energize the circuit, that is, couple the circuit
      11 to an appropriate power source, shown in FIG. 2. This functional
      coupling between the exposure control system 24 and the circuit 11 is
      indicated at lines 28 and 36. Following energization, the exposure control
      system 24 then actuates the trigger logic circuit 26 so as to fire the
      next unflashed lamp in the array 12 in accordance with operation of the
      forward sequencing circuit 22. The latter circuit 22 serves to enable the
      lamps 10a-10e within array 12 in succession in a predetermined firing
      order of first to last.
PAR  The lamp switching function 20 comprises a plurality of individual
      switching circuits (later explained in detail with regard to FIG. 2) which
      operate to couple individual lamps across a voltage source, such as the
      camera battery. Each switching circuit is selectively triggered into
      operation in accordance with the forward sequencing circuit 22. Upon
      ignition of any particular lamp, the switching function 20 and the forward
      sequencing circuit 22 are clamped or isolated by means of gate clamp
      circuits generally designated at 30, and a sequencing clamp, designated at
      32, so as to prevent accidental further firing of the flash lamps 10a-10e
      until a subsequent exposure control signal is received. This clamping
      function is initiated by a clamp control designated at 34 which is coupled
      between the lamp array 12 as functionally shown by line 18 and the
      exposure control system as indicated by line 36. In this arrangement, the
      clamp control 34 is self-latching so that once rendered operative to
      isolate the lamp switching function 20 and the forward sequencing 22
      responsive to firing of a given lamp, these functions 20 and 22 cannot be
      again rendered operative until the clamp control is deactivated. The
      latter is accomplished, as later explained in detail with regards to FIG.
      2, by means of the exposure control system 24 which automatically
      de-energizes the firing circuit 11 and releases the clamp control 34 at
      the completion of the exposure control operation. Except for the lamp
      array 12 and the exposure control 24, the circuit is generally constructed
      in a unitary chip as a monolithic or hybrid integrated circuit which
      utilizes all of the advantages of size, cost and reliability
      conventionally associated with solid state, large scale integration.
PAR  As shown in FIG. 2, each of the lamps 10a-10e is respectively connected in
      series with a lamp switching circuit or lamp flashing circuit, designated
      at 50a-50e. These switching circuits 50a-50e along with their respective
      lamps 10a-10e are connected in parallel between a positive voltage bus or
      line 52 and a negative voltage bus or ground line 54 which as later
      explained in detail may be energized by a voltage source or battery
      designated at 56. Hence, the voltage lines 52 and 54 in effect provide
      terminals configured for connection of the series circuits to the voltage
      source. Each lamp 10a-10e is releasably connected between the voltage line
      52 and its respective series circuit 50a-50e by means of a terminal pair
      generally designated as 58a-58e and 60a-60e. As previously indicated, the
      flash lamps are preferably arranged in a disposable array, and it should
      be understood that at least one side of these terminal pairs could be a
      common terminal.
PAR  The overall circuit operation is controlled by an exposure control system
      24 which is schematically illustrated in FIG. 2 by means of switching
      elements 93 and 94. During an exposure operation, a camera shutter system,
      not shown, is configured to provide a first switching arrangement 94 to
      complete a circuit between a power supply 56 and line 52, and then, to
      additionally complete a circuit between this voltage source and the logic
      circuit 26 by means of a switch-like element 93. Any conventional
      mechanical or electronic switching arrangement will generally be suitable
      for these functions. In the shuttering operation, the first switch element
      94 is closed, for example, during initial activation of the shutter, to
      provide energization of the circuit. Then, at a subsequent time during the
      exposure operation, for example, when the shutter reaches its full open
      position the switching element 93 is closed or otherwise triggered to
      activate the logic circuit 26 which, in turn, operating through the
      forward sequencing circuit 22, fires an appropriate bulb in
      synchronization with the open shutter arrangement.
PAR  For controlling the firing of each individual lamp so that they may be
      flashed in sequence, each of the switching circuits 50a-50e includes an
      electronic switch element, designated at 62a-62e. Preferably, these
      switching elements 62a-62e are silicon controlled rectifiers (hereinafter
      designated as SCR devices) which may be rendered conductive (assuming the
      anode is positively biased) in accordance with an appropriate gate bias or
      signal and thereafter are self-latching so long as the anode voltage of
      the SCR device remains positive with respect to its cathode. In this
      arrangement, the SCR devices 62a-62e are each in an anodic connection,
      through their respective flash lamps 10a-10b, to the positive voltage line
      52 and in direct cathodic connection to the negative voltage line 54, as
      shown. Each of the switching circuits 50a-50e also includes a gate control
      transistor of the NPN type, designated at 64a-64e. Each of these latter
      transistors has their emitters and collectors in connection to the gates
      and anodes respectively of the SCR devices so as to render each conductive
      in accordance with turning on of its respective gate control transistor.
      Additionally, dropping resistors, designated at 66a-66e, are also
      connected between each of SCR gates and the ground line 54, and cooperate
      with the respective gate control transistors 64a-64e to provide an
      appropriate voltage on each SCR gate when its respective control
      transistor is in a conducting state. Hence, it is readily seen that the
      SCR devices provide means for coupling the lamps across the terminal lines
      52 and 54 responsive to a given electrical signal.
PAR  Since the overall circuit arrangement of FIG. 2 is designed to fire each of
      the flash lamps 10a-10e in sequence, or that is, in order of first to
      last, the base of the first gate control transistor 64a is connected
      through a simple resistor 84 to a signal line 70 for forward biasing of
      this transistor 64a in accordance with an appropriate voltage level or
      signal on line 70. However, the bases of the second and subsequent gate
      control transistors are coupled through respective PNP logic transistors,
      80b-80e so that operation of the second and subsequent gate control
      transistors is also dependent upon the operational state of the preceding
      flash lamp as later explained in detail.
PAR  Each of the switching circuits 62a-62e is appropriately switched into a
      conductive state in accordance with a forward sequencing circuit 22 which
      is configured for providing a signal to the gate control transistors
      64a-64e so as to render them conductive, in order, and thus sequentially
      switch on the SCR devices. The forward sequencing signal for the switch
      circuits 64a-64e is carried out by a darlington connected transistor pair
      72 and 74 which are coupled between power lead 52 and through diodes 76
      and 78 to the signal line 70.
PAR  The logic transistors 80b-80e have their bases coupled to the anode of the
      preceding SCR device through series resistors 90b-90e such that their
      operation is not only a function of the signal level of line 70 but also
      the anode voltage of the preceding SCR. Hence, the logic transistors
      80b-80e are not turned on unless two conditions are satisfied, namely,
      that a suitable signal level is available on line 70 and that the
      preceding SCR device is conducting. To clearly describe this arrangement,
      the operation of the individual lamp switching circuits 50a-50e and the
      forward sequencing circuit 22 will be described prior to completing the
      detailed description of the circuit shown in FIG. 2. Assuming that the
      flash lamps 10a-10e are unfired and appropriate voltage, e.g., 6 volts, is
      applied between lines 52 and 54 as well as a suitable signal to the base
      of transistor 72, the gate control transistor 64a of the first switching
      circuit 50a is rendered conductive so as to switch on the first SCR device
      62a, thereby coupling lamp 10a across the positive line 52 and the ground
      line 54 so as to fire this lamp. At this instant, when the lamp 10a is
      initially supplied with current and begins to flash, the second SCR device
      62b will not turn on because its gate control transistor 64b remains in a
      non-conductive state. The latter follows from the fact that the logic
      transistor 80b is not rendered conductive. That is, the voltage across the
      series circuit between terminals 60a and the emitter of transistor 80b is
      identical to the voltage across the flashing lamp, and the latter voltage
      is low inasmuch as the initial lamp resistance is very low. It should be
      noted, however, that as the lamp filament heats up, its resistance
      increases (just prior to opening of the filament) and the voltage across
      the lamp will accordingly increase. However, as later described in detail,
      the forward sequencing circuit 22 and the lamp switching circuits 50a-50e
      are isolated or clamped off just subsequent to ignition of a given flash
      lamp so that they will not fire at this latter time.
PAR  Continuing with the sequencing operation, it should be noted that following
      the firing of the first lamp 10a, when a subsequent trigger signal is
      received on line 70, the SCR 62a will be in a conductive state and the
      lamp 10a is open circuited such that the voltage across the transistor 80b
      will exceed the threshold voltage necessary to forward bias this
      transistor which, in turn, provides a suitable gating signal to the SCR
      device 62b through gate control transistor 64b. Upon initiation of current
      through the lamp 10b, the remaining switch stages 62c-62e will still not
      be triggered inasmuch as the transistors 80c-80e are in parallel with the
      conducting lamp 10b and hence, are not sufficiently biased to render them
      conductive.
PAR  As previously indicated, once the firing of a particular bulb is initiated,
      the circuit is clamped off so as to prevent additional firing due to
      changes in the operating conditions of the lamp undergoing flashing. This
      function is provided, in part, by the clamp control network 34 which, as
      shown in FIG. 2, is coupled to a current sensing resistor 92. The latter
      is located in series with the positive voltage line 52 such that current
      flow through this resistor is a function of the lamp flashing. That is,
      the current passing through the resistor 92 (and the voltage drop across
      this resistor) is low just prior to and at the very initiation of lamp
      flashing but increases rapidly as the lamp begins to flash, and in
      essence, shorts voltage lines 52 and 54.
PAR  Making up a portion of the clamp control network 34 are a pair of
      transistors 98 and 100. As shown, the emitter base junction of the PNP
      transistor 98 is connected through a resistor 102 so as to be in parallel
      with the resistor 92 and biased in accordance with the current flow and
      resulting voltage drop across this latter resistor. Further, the
      collector-base junction of the NPN transistor 100 is, in turn, coupled
      across the collector-base junction of transistor 98 so that the former is
      rendered conductive in accordance with turning on of the latter.
PAR  The base of transistor 100 is coupled to its own emitter by means of a
      resistor 108 such that the clamp control circuit is, in effect,
      self-latching. Stated otherwise, once the clamp control circuit 34 is
      energized responsive to suitable current flow through current sensing
      resistor 92, the clamp control 34 remains in operation until the supply
      voltage to this circuit portion is disrupted, for example, by opening of
      switch 94 in the exposure control system 24.
PAR  Both the current sensing resistor 92 and resistor 102 are chosen such that
      current initially drawn through the positive voltage line 52, for example,
      during the start of forward sequencing, will produce a voltage across the
      emitter base junction of transistor 98 which is less than its threshold
      voltage e.g. less than approximately .6 volts but yet will exceed this
      voltage when actual ignition of one of the lamps takes place.
      Consequently, upon initial closing of the shutter switch 94, the clamp
      control circuit 34 remains inoperative due to the low voltage derived
      across resistor 92. Thereafter, once one of the flash lamps 10a-10e begins
      to flash and draw sufficient current through the current sensing resistor
      92, transistors 98 and 100 will be biased on and thereby cause current
      flow through a voltage divider network formed by resistors 104 and 106
      which couple the emitter of transistor 100 to ground line 54. As explained
      below, current flow through these resistors 104 and 106 is employed to
      clamp the forward sequencing circuit 22 and the individual switching
      circuits 50a-50e so as to temporarily prevent subsequent firing of these
      circuits.
PAR  In this embodiment, both the forward sequencing circuit 22 and the
      individual lamp switching circuits 50a-50e are individually clamped so as
      to prevent subsequent firing. Hence, a clamping transistor 110 is coupled
      between the base of transistor 72 and the ground line 54 such that when
      transistor 110 is forward biased by an appropriate voltage signal (from
      clamp control network 34) on its base, the base of transistor 72 is
      essentially grounded, or that is, the latter transistor is biased to a
      non-conducting state and no further forward sequencing signals may be
      applied to signal line 70. Additionally, gate clamping means designated at
      114a-114e which are the subject of the commonly assigned, copending
      application Ser. No. 321,991 of S. Ellin, filed herewith, are coupled to
      each of the lamp switching circuits 50a-50e so as to isolate these
      circuits from lamp generated transients. These clamping means 114a-114e
      include a plurality of clamp transistors designated at 112a-112b each of
      which is respectively coupled between the base of the gate control
      transistors 64a-64e and ground line 54 so as to essentially ground the
      bases of the latter and prevent gating of the SCR devices once the clamp
      control network 34 becomes operative.
PAR  To complete the description of the circuit shown in FIG. 2, the trigger
      logic circuit 26 will now be described. This logic circuit 26 includes an
      NPN transistor 116 interconnected with a PNP transistor 118 to essentially
      provide a buffer stage interposed between the exposure control 24 and the
      forward sequencing circuit 22. Transistor 116 has its collector coupled to
      the base of the second transistor 118 and through a resistor 128 to a
      positive voltage line 120 which is energized with line 52. The emitter of
      transistor 116 is coupled to a divider network comprising resistors 122
      and 124 which is coupled in series between the positive line 120 and the
      negative line 54 so as to produce a positive voltage of less than the
      supply voltage 56 at the junction point 130 where the emitter of
      transistor 116 is coupled. This biases the emitter base junction of the
      transistor 116 to a given threshold voltage to provide noise isolation of
      the trigger logic circuit 26, or that is, requires a signal sufficiently
      above ground so as to avoid triggering due to low level transients which
      may occur, for example, upon initial energization of the various circuit
      elements due to activation of switch 94, etc. Preferably, resistors 122
      and 124 are made of equal value to provide a bias of one-half the source
      voltage, e.g., 3 volts at the junction 130 such that the logic signal
      input to the base of transistor 116 must exceed this voltage to fire the
      trigger logic circuit.
PAR  Continuing on with the description of the logic network 26, transistor 118
      is emitter coupled to the positive voltage line 120 and collector coupled
      through a resistor 126 to the base of the transistor 72 so as to provide
      an appropriate triggering signal to the forward sequencing circuit
      responsive to the turning on of transistor 118. The latter is controlled
      in accordance with the voltage across the resistor 128. Consequently, it
      can be seen that in accordance with an appropriate logic signal applied by
      switch 93 to the base of transistor 116 a suitable voltage drop will be
      produced across resistor 128 in the collector circuit of this transistor
      so as to bias transistor 118 into conduction and thereby provide a trigger
      signal to the forward sequencing circuit 22. Hence, it should be
      understood that the forward sequencing circuit 22 and the logic trigger
      circuit 26 together provide means for activating each of the switching
      circuits responsive to a logic signal. Advantageously, in this circuit
      arrangement, a low level signal suitable for rendering transistor 116
      conductive initiates operation of the forward sequencing circuit 22 and
      the flashing of an appropriate flash lamp 10a-10e assuming that voltage
      has first been applied between lines 52 and 54 and that the clamping
      circuit is not yet active.
PAR  The overall operation of the circuit shown in FIG. 2 will now be described
      in its entirety. As previously indicated the circuit is employed in a
      camera system having an exposure control system 24. The latter includes a
      first switch or logic device indicated at 94 which initially energizes the
      circuit by coupling lines 120 and lines 52 to voltage source 56. At a
      subsequent time during the exposure cycle, for example, when the shutter
      is at its full open position, a second logic signaling device, for
      example, switch 93 would then be activated to trigger the flash firing
      circuit so as to flash one of the bulb units.
PAR  Upon initial energization by switch 94, the logic trigger circuit 26 is not
      in operating condition since it has not yet received a signal from switch
      93. Likewise, the forward sequencing circuit 22 while also ready for
      operation is not yet activated until triggering by the logic circuit 26.
      Hence, once switch 93 is then closed, transistors 116 and 118 of logic
      trigger circuit 26 are rendered conductive and they, in turn, render the
      darlington transistors 72 and 74 conductive so as to force sufficient
      voltage through diodes 76 and 78 thereby providing a trigger signal on
      line 70. Assuming none of the bulbs have yet been fired, the signal on
      line 70 will forward bias the gate control transistor 64a so as to gate
      the SCR 62a into conduction and draw current through lamp 10a thereby
      flashing the latter. At this time, as previously explained, the next
      succeeding circuit 50b will not be triggered into operation inasmuch as
      transistor 80b is exposed only to the low voltage existing at that time
      across the firing lamp 10a.
PAR  Once lamp 10a begins to flash it not only temporarily cuts off the next
      switching circuit 50b but it also draws sufficient current through current
      sensing resistor 92 to activate clamp control network 34 which, in turn,
      biases the clamp transistors 110 and 112a-112e into operation. This
      prevents further turns on signals from reaching the forward sequencing
      circuit 22 and clamps off the gate control transistors 64a-64e of each of
      the switching circuits 50a-50e so that the latter cannot be fired by
      internally generated voltages. At this point in the camera cycle, the
      circuit is effectively shut down and further flashing cannot occur until
      the clamp control circuit 34 is released. The latter is accomplished by
      the opening of switch 94 which normally occurs in the exposure cycle at
      completion of the shutter operation. Upon a second actuation of the
      shutter device to begin exposure of another frame of film, the cycle is
      repeated with, however, the operation of the next succeeding lamp in
      order.
PAR  Preferably, the firing circuit includes both logic and pulse triggering
      capability so that the circuit may be utilized in cameras providing either
      type of trigger signal. Since the firing circuit is constructed in
      integrated or monolithic form, at least the fundamental elements are
      included within the circuit chip such that with proper interconnection
      either trigger signal may be utilized. A firing circuit having both logic
      and pulse triggering networks is illustrated in FIG. 3. As shown therein,
      a pulse triggering network 140 in operative connection between the forward
      sequencing network 22 and the exposure system 24 while the logic trigger
      network 26 is shown with terminal arrangements adapted to convert the
      firing circuit to that previously described in regard to FIG. 2.
PAR  The network 140 includes a Zener diode 142 having its anode in connection
      to the emitter of a PNP transistor 144. The base of the latter transistor
      144 is connected to the positive voltage line 52 while its collector is
      coupled through a resistor 146 to the transistor 72 of the forward
      sequencing circuit 22 such that upon application of an appropriate pulse
      to the cathode line 148 of the Zener diode 142, for example, by means of
      an inductive element 150 in the exposure system 24, the transistor 72 may
      be rendered conductive and the firing circuit then operated in a manner
      similar to that described with regards to FIG. 2. In this arrangement, the
      Zener diode 142 operates as a voltage detector or voltage sensitive switch
      which is rendered conductive only upon application of a voltage pulse in
      excess of the source voltage. As the Zener diode 142 conducts, current is
      passed through the transistor 144 and its collector resistor 146 so as to
      turn on the transistor 72. This activates the forward sequencing circuit
      22 and ignites the next unfired lamp in the photoflash array.
PAR  Trigger circuit 26 is also included in FIG. 3 so as to provide logic
      triggering capability, if the latter is desired. In this arrangement,
      trigger circuit 26 is shown having its control transistor 116 in
      connection to an open terminal 152 which is adapted for reception of an
      appropriate logic signal from a given camera exposure system (e.g. by
      means of a switch 93 as shown in FIG. 2). The positive voltage line 120 of
      the trigger network 26 is also brought out to an open terminal 156 for
      connection to line 52 when the latter network is to be employed. Finally,
      coupling of the output of the logic trigger circuit 26 to the forward
      sequencing circuit 22 (that is, to the transistor 72) must also be made to
      convert the circuit chip to that shown in FIG. 2. In FIG. 3, the coupling
      of the outputs of either of the trigger network is symbolically shown by a
      switch arrangement 160 which is adapted to provide connection between a
      terminal 162 of the base of transistor 72 and either of the output
      terminals 164 and 166 of the trigger networks 26 and 140, respectively. It
      should be understood, of course, that in practice the switch element 160
      is a permanent connection formed between the proper terminals in
      accordance with the desired triggering.
PAR  Since it is desirable to provide the firing circuit in an integrated
      circuit configuration, it is advantageous to at least form the active
      elements of both trigger circuits when the chip is constructed. For
      example, the semiconductive junction forming the Zener diode 142 and the
      junction configurations forming transistor 144 as well as transistors 116
      and 118 are included within the basic circuit chip. Additionally, at this
      time, or at a later time during the semiconductor process, the appropriate
      resistors of both trigger networks may also be formed. Then, in accordance
      with the particular trigger configuration desired, an appropriate
      metalization path may be deposited on the chip so as to interconnect the
      elements of the desired trigger. Advantageous, the metalization of both
      trigger networks may be completed as shown so that the camera manufacturer
      may utilize either by connection of the appropriate input and output
      terminals of the chosen trigger circuit. Hence, in any case, the circuit
      chip is constructed to include at least the active elements of both
      trigger network so that upon appropriate connection, both low level logic
      triggering or pulse voltage triggering may be utilized for circuit
      triggering.
PAR  Those familiar with the photographic arts will readily appreciate the novel
      and highly unique advantages of this flash circuit which produces flash
      lamp sequencing responsive to either a logic or pulse voltage input. The
      logic trigger provides both noise isolation of a sequencing network and
      suitable gain to permit low level triggering of the latter.
      Advantageously, this circuit arrangement provides a flash circuit suitable
      for use with many different camera exposure systems.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit or essential character thereof. The preferred
      embodiment described herein is, therefore, illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims, and all variations which come within the meaning of the claims are
      intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated circuit chip for use with a given voltage supply for
      sequentially flashing a plurality of photolamps responsive to either a low
      trigger signal having a voltage level equal to or less than the supply
      voltage or a high trigger signal having a voltage level greater than the
      supply voltage, said chip comprising:
PA1  a pair of supply terminals configured for electrical coupling to the
      voltage supply so as to energize said chip;
PA1  a lamp firing circuit coupled to said supply terminials and configured for
      sequentially firing each of a plurality of photolamps in a predetermined
      order responsive to repetitive application of a given input signal, said
      lamp firing circuit including a plurality of lamp switching circuits
      coupled to said supply terminals in a predetermined order of first to last
      with each of said switching circuits being configured for electrical
      coupling to one of the photolamps, and a forward sequencing circuit
      coupled to each of said lamp switching circuits, said sequencing circuit
      being configured for actuating the next in order of said switching
      circuits having an operable photolamp responsive to said given input
      signal;
PA1  a plurality of trigger circuit elements configured for connection in a
      first or second trigger circuit configuration to said forward sequencing
      circuit for respectively providing said input signal responsive to
      application of the high and low trigger signals, said trigger circuit
      elements including a voltage detector configured for connection with a
      first group of said elements in said first trigger circuit configuration
      to provide said input signal responsive to application of a trigger signal
      exceeding the supply voltage, and a transistor independent of said first
      group of elements configured for connection in said second trigger circuit
      configuration to provide said input signal responsive to application of a
      trigger signal equal to or less than the supply voltage.
NUM  2.
PAR  2. The chip of claim 1 including at least one trigger terminal independent
      of said supply terminals, and wherein said trigger circuit elements are
      configured for connection between said one trigger terminal and said
      sequencing circuit.
NUM  3.
PAR  3. The chip of claim 1 including a first and a second trigger terminal, and
      wherein said sequencing circuit includes a signal terminal configured for
      receiving said given input signal, said voltage detector being configured
      for connection with said first group of said trigger circuit elements in
      said first trigger circuit configuration between said first trigger
      terminal and said signal terminal, and said transistor being configured
      for connection with a second group of said trigger circuit elements in
      said second trigger circuit configuration between said second trigger
      terminal and said signal terminal.
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ABST
PAL  In a circuit breaker control installation, an electromechanical current
      auxiliary relay is provided having a series primary coil of relatively few
      turns wound over an isolated shunt secondary coil of many turns. Both
      coils are wound on a magnetic core which is integral with the armature of
      the trip-alarm relay. A diode is connected in series with the secondary
      coil having such polarity that collapse of current in the series primary
      winding energizes the shunt secondary winding in a direction to circulate
      current through the diode thereby holding the armature of the trip-alarm
      relay in closed-contacts position, thereby providing a substantially
      longer contact closure time delay for the alarm circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circuit breakers and particularly to circuit
      breaker trip coils and trip alarm circuits.
PAR  Conventionally, circuit breaker trip coils are energized from a battery or
      other DC source. Each trip coil has in series a current auxiliary relay
      and a plurality of tripping contacts. The tripping contacts formerly were
      electromechanical devices but with the development and popularity of solid
      state devices, these electromechanical tripping contacts have now been
      supplanted by solid state devices, particularly silicon controlled
      rectifiers (SCR).
PAR  The current auxiliary relay functions to actuate and seal in the breaker
      trip alarm circuit when the breaker is tripped. The current auxiliary
      relay must have low impedance and adequate sensitivity and must also have
      a substantial time delay to ensure that the alarm circuit locks in before
      the relay is automatically de-energized.
PAR  Conventional current auxiliary relays, one example of which is the General
      Electric Company HGA relay formerly in general use for actuating trip
      alarms, are unsatisfactory when the circuit includes multiple solid state
      tripping contacts such as SCR's, because the HGA relay is unable to
      withstand, without contact closure, the inrush current of the substantial
      capacitance required for the paralleled SCR tripping contacts. This
      substantial capacitance is needed for supplying transient energy surge
      suppression and for slowing down the wave front to prevent operation of
      the SCR's during energizing of circuit. With the HGA relays, the charging
      of these capacitors resulted in incorrect tripping indications because
      they could not be adjusted for both adequate insensitivity and required
      time delay. The maximum time delay capability of the HGA relay is about 70
      milliseconds (effectively 40 milliseconds because of contact bounce) and
      to obtain this much delay, a very close setting of the contacts is
      required. This increases the sensitivity and aggravates the probability of
      false trip indication due to capacitor inrush current. Also, because of
      the inadequate time delay of the HGA relay, it cannot be used for
      automatic circuit breaker reclosing.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide an
      electromechanical current auxiliary relay having substantially less
      resistance, substantially longer contact-closure time delay, substantially
      smaller contact bounce time, and a substantially larger operating pick-up
      current sufficient to enable the relay to withstand, without contact
      closure, the inrush current of the rate effect and surge suppression
      capacitors of several paralleled solid state SCR's, thereby to provide a
      relay having little or no danger of false trip-out indication.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of drawing is a schematic diagram of a portion of a
      typical circuit breaker control installation incorporating my new
      electromechanical current auxiliary relay.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As indicated above, the single FIGURE of drawing is a schematic diagram of
      a portion of a typical circuit breaker control installation incorporating
      my new electromechanical current auxiliary relay identified generally by
      the reference numeral 10.
PAR  Reference numeral 30 identifies the breaker trip coil; 30-1 and 30-2
      represent its normally closed contacts, or so-called breaker trip coil a
      switch.
PAR  Reference numeral 40 identifies solid state tripping contacts in the form
      of a silicon controlled rectifier (SCR). A second tripping contact SCR
      (41) is shown in phantom to indicate that there will generally be a
      plurality of SCR's connected in parallel. Reference numerals 51 and 52
      represent two capacitors which are connected in series across the SCR and
      which function as transient energy surge suppressors. The connection to
      ground is for protection against lightning surges and the like.
PAR  Capacitor 54 and resistor 53 which are series connected in shunt across the
      SCR's are the rate effect suppression elements. Elements 61 and 62 are
      fuses.
PAR  The new current auxiliary relay 10 comprises a series winding 12 having but
      few turns. When coil 12 is energized, the normally-open contacts 18 close.
      While the contact configuration illustrated in that of a double-pole
      single-throw relay having two normally open contacts, it should be
      understood that the current auxiliary relay 10 is also available in
      single-pole double-throw configuration with one normally-open and one
      normally-closed contact while the relay is de-energized.
PAR  Reference numeral 14 represents the secondary or shunt winding of the
      current auxiliary relay 10. This shunt winding 14 is insulated from series
      winding 12 and has a much larger number of turns. Also, the wire size of
      winding 14 is much smaller than that of series coil 12. Winding 14 is
      wound on a magnetic core 16, and primary winding 12 is wound on top of
      winding 14.
PAR  The magnetic core 16 is connected to, or integral with, armature 17. When
      the windings are energized, the core 16 is effective to pull the armature
      17 against the pair of contacts 18, thereby closing the alarm circuit. The
      alarm circuit is represented simply by a battery 21 and an alarm device
      20. The alarm device 20 may be a horn, or bell, or any other suitable form
      of alarm device.
PAR  Normally no current flows through the tripping contacts or SCR's 40 and 41,
      and no current flows through the breaker trip coil 30. When, however,
      tripping contact 40 or 41 (SCR's) is energized, current flows through the
      series winding 12 of the current auxiliary relay 10, through the normally
      closed contacts 30-1 and 30-2 of the breaker trip coil 30, and through the
      trip coil 30. When this happens, the normally-closed contacts 30-1 and
      30-2 open and the current path is interrupted. This happens very quickly.
      Thus, the current flow through the series winding 12 is in the form of a
      current pulse. The leading or rising edge of this pulse is in such
      direction that the diode 15, which is connected in series across the
      secondary winding 14, blocks the flow of current. During the rise of the
      current pulse, the secondary winding 14 is in effect an open circuit, and
      the rise of the current pulse, which is dictated by the characteristics of
      the trip coil 30, is steep. The characteristics of the current auxiliary
      relay series coil 12 are of very low direct current resistance and
      inductance and therefore do not alter the current wave-shape of the trip
      coil.
PAR  When, however, the contacts 30-1 and 30-2 open, and this happens very
      quickly, the current through the winding 12 is interrupted. The trailing
      or falling edge of the pulse is in a direction to energize the secondary
      winding 14 in a direction to drive current through the diode 15. The
      relative polarity of the windings 12 and 14 is indicated by the dots at
      the right-hand end of each of the windings 12 and 14.
PAR  Since the number of turns on the secondary winding 14 is large, the
      inductance of the secondary winding is very great. Due to transformer
      action and the high inductance in winding 14, the energy stored in the
      magnetic circuit is large. Instead of having a rapid collapse of the
      current in the winding 12, the collapse of the magnetic field is very
      greatly delayed. As a result, the armature 17, which had been pulled up
      against the contacts 18 at the beginning of the current pulse through
      primary winding 12, is held against the contacts 18 for a time-delay
      period which is sufficiently long to maintain the alarm energized for a
      satisfactory period of time.
PAR  Without intending to be limited to the values about to be given, the
      following are the values of a current auxiliary relay which has been found
      to operate very satisfactorily:
PAR  Series coil 12 consists of 90 turns of No. 19 wire.
PAR  Shunt coil 14 consists of 31,000 turns of No. 40 wire.
PAR  The combination of coils 12 and 14 is wound on a 1/2 inch a-c core, 13/8
      inch diameter by 1 7/32 inch spool; first the shunt coil 14; then on top,
      the series coil 12.
PAR  The leads of the shunt coil 14 are brought out and shunted by a 1,000-volt
      controlled-avalanche diode rectifier 15, Edal B5M9, or equivalent.
PAR  The nominal d-c resistance of series coil 12 is 0.290 ohms.
PAR  The nominal d-c resistance of shunt coil 14 is 8300 ohms.
PAR  The relay 10 is factory calibrated with a 7/32 inch contact spacing and a
      steady state current pick-up of 2.3 amperes. The magnetic structure is
      finely adjusted to give a minimum time delay on drop-out of 250
      milliseconds with a steady state resistive series coil current of 5
      amperes for a time duration of 500 milliseconds.
PAR  It will be seen that the new current auxiliary relay 10, intended for use
      with trip coils for trip alarm, breaker reclosure or other control circuit
      applications, presents an extremely low impedance to the flow of the trip
      coil current, approximately three times less than the corresponding prior
      art relay. The time delay of the new relay is provided by transformer
      action and is totally isolated from the operating circuit current. The new
      relay is capable of withstanding, without contact closure, the inrush
      current of the rate effect and surge suppression capacitors (51, 52, 54).
      Reversal of current polarity will not damage the relay; it simply will not
      operate. This is a useful feature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circuit breaker control installation having a trip coil and trip
      contacts and a current auxiliary relay for actuating a trip alarm:
PA1  a. a trip alarm circuit normally open at the contacts of said current
      auxiliary relay;
PA1  b. an armature in said current auxiliary relay for connecting said contacts
      to close said trip alarm circuit to actuate said alarm;
PA1  c. a core of magnetizable material connected to said armature;
PA1  d. a shunt coil having a large number of turns wound on said core;
PA1  e. a diode in series with said shunt coil, said diode being poled to pass
      current in a direction to develop a magnetizing force tending to pull said
      core in a direction to move said armature in a contact-closing direction;
PA1  f. a series coil having but relatively a few turns wound over but insulated
      from said shunt coil and in close coupling therewith;
PA1  g. said series coil being in series circuit with the trip coil;
PA1  h. said series circuit including solid state tripping contacts.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said solid state tripping
      contacts comprises an SCR.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said diode comprises a
      controlled-avalanche diode rectifier.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the relationship between the
      number of turns of the shunt coil and the number of turns of the series
      coil is of the order of 3000 to 1.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the wire of said shunt coil is of
      substantially smaller diameter than the wire of said series coil.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein transient energy surge
      suppression capacitors are connected in shunt across said SCR.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein a rate effect suppression
      capacitor is connected in shunt across said SCR.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said solid state tripping
      contacts comprises an SCR, said diode comprises a controlled-avalanche
      diode rectifier, the wire of said shunt coil is of substantially smaller
      than the wire of said series coil, and the relationship between the number
      of turns of the shunt coil and the number of turns of the series coil is
      of the order of 3000 to 1.
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PAL  A glass-metal powder mixture, preferably including silver, is used in place
      of the usual epoxy resin-silver outer layer of a tantalum capacitor. This
      reduces temperature sensitivity during soldering and avoids penetration of
      silver into the graphite and manganese dioxide layers of the capacitor.
      Thinner layers of graphite and MnO.sub.2 can be used and reduced
      carbonization provides improved conductivity. A small solder bead can also
      be used instead of dipping into a solder bath.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to capacitors having a porous electrode body
      coated with a dielectric metal oxide film and a layer of a material which
      emits oxygen, and particularly to an improved glass-metal outer layer for
      capacitors.
PAR  2. Description of the Prior Art
PAR  Normally such capacitors consist of a porous body of pressed or sintered
      particles of a film-forming metal, such as tantalum, in which there is
      embedded a lead-in wire of the same metal. Subsequently, the surface of
      this electrode body is subjected to anodic oxidation by means of
      conventional processes. The resultant oxide film which, when using
      tantalum, consists of tantalum-oxide (Ta.sub.2 O.sub.5), serves as the
      dielectric of the capacitor. Since the oxide film easily becomes cracked,
      it is coated with a further layer, usually of manganese dioxide
      (MnO.sub.2), having the property of emitting oxygen in response to passage
      of a strong electric current and the heat developed from this current. The
      oxygen preferably deposits at the fault point and oxidizes the surface
      thereof.
PAR  The manganese dioxide layer also forms the second electrode of the
      capacitor. Due to the relatively poor conductivity of manganese dioxide,
      it is necessary to make this layer as thin as possible and to coat it with
      another layer of improved conductivity. Usually this is a layer of fine
      carbon particles applied by dipping the electrode body into a colloidal
      graphite suspension.
PAR  Graphite has been used as an electrode coating because the suspension of
      the colloidal graphite penetrates into the pores of the electrode body
      coated with the layer of manganese dioxide. Since carbon is not
      solderable, a solderable coating is usually deposited onto the carbon.
      This coating consists of an organic binding agent mixed with fine silver
      particles. This mixture is used because the coating can be deposited in an
      economical dipping process. Subsequently, this silver layer is provided
      with a coating of solder metal to which the capacitor lead can be
      soldered.
PAR  The mixture of organic binding agent and silver has good electrical
      properties, but is very sensitive to increased temperatures. It has proved
      that the silver of the coating, at higher temperatures, alloys with the
      deposited solder metal. In addition, due to the solubility of silver in
      the solder metal, the silver is dissolved out of the organic binding
      agent, thus causing the binding agent to form a layer of poor
      conductivity. A further disadvantage is due to the fact that the silver
      also penetrates into the graphite coating and into the layer of manganese
      dioxide positioned therebeneath, so that these layers have to be
      relatively thick.
PAR  Up to now, the aforementioned disadvantages have been avoided by taking
      great care in depositing the layer of solder metal. The use of higher
      melting temperature metals and the time during which the silver coating
      may be exposed to higher temperatures, therefore, are subject to narrow
      tolerances. Besides using a coating of silver in an organic binding agent,
      other metal coatings are known which are deposited by way of spraying,
      electroplating or by melting-on suitable metals, such as copper, silver or
      gold.
PAR  In depositing the metal coating by means of the sputtering or spraying
      method, the graphite layer as well as the manganese-dioxide layer
      positioned therebeneath, must be relatively thick, because the metal drops
      hit the electrode body at a considerable speed. As a result, the thin
      electric layer can easily be punctured and cause short circuits.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide a
      tantalum capacitor with an improved counterelectrode which avoids the
      aforementioned disadvantages and prevents the outer layer metal from
      penetrating the graphite layer and from alloying with the further layer of
      solder metal.
PAR  This is accomplished by depositing a layer of graphite onto the manganese
      dioxide oxygen emitting layer and a mixture of pulverized glass with a
      metal powder of low oxidation properties and which has been solidified at
      a temperature of about 600.degree.K.
PAR  The mechanical mixture of glass and metal effectively avoids the
      aforementioned disadvantages. The properties of the glass-metal mixture
      are substantially more constant with temperature changes than the
      previously employed layer of organic substances containing a metal. This
      eliminates the problem of disintegration and carbonization of the organic
      binding agent, and of the series resistance increasing to an undesired
      extent.
PAR  At the same time, experiments have shown that the metal as admixed to the
      glass, is no longer removed from the layer when dipping the electrode body
      into a bath of solder metal. This advantage was not predictable and was
      unexpected to those skilled in the art. For the first time, it is now
      possible to design the manganese-dioxide layer as well as the graphite
      layer considerably thinner.
PAR  With respect to the capacitor according to the present invention, both the
      pulverized or powdered glass and the metal powder are thoroughly ground
      and mixed in a mortar. The mixture may be from 15 to 50% by weight of
      metal powder and 50 to 85% by weight of a glass powder. After this, the
      mixture is suspended in a suitable bath, for example in distilled water. A
      coating of the mixture is deposited onto the capacitor by dipping the
      latter into the suspension. This deposition method offers known
      advantages, such as that of expedient and economical series production.
      The inventive coating is solidified by way of heating to about
      600.degree.K and is thereafter connected to a lead wire. Due to the high
      conductivity of the mixture, it is sufficient to provide for a point
      contact. It is no longer necessary to immerse the entire capacitor into a
      bath of solder metal in order to ensure sufficient contact.
PAR  The invention will now be described in greater detail with reference to an
      example and the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shows a section taken through the novel capacitor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electrode 1 is a porous body produced by pressing tantalum powder and
      subsequent sintering at about 2300.degree.K. The tantalum sintered body,
      by being dipped into an acidic solution, and by the application of a d.c.
      voltage, with the electrode connected as the anode, is coated with a
      tantalum-oxide (Ta.sub.2 O.sub.5) layer 2 forming the dielectric of the
      capacitor. The value of the voltage, referred to as the forming voltage,
      and the time of action are determinative of the thickness of the oxide
      layer. The surface of the dielectric layer 2 is coated with a further
      layer 3 of manganese dioxide (MnO.sub.2). This layer, on one hand, serves
      as the counterelectrode for the sintered body 1. Relative thereto,
      however, specific conductance amounts from 10 to 100 ohms .times. cm
      should be avoided since this range is dependent upon the porosity of the
      applied layer. On the other hand, this manganese dioxide layer 3 serves to
      remove eventual imperfections of the dielectric coating by being partly
      reduced by the emission of oxygen, with the oxygen depositing at the
      imperfection points by forming tantalum-oxide. In order to obtain a good
      as possible layer of manganese dioxide, the manganese treatment is
      repeated several times. Usually, this is done up to 10 times. With respect
      to the present capacitor, however, it is sufficient to repeat the
      manganese treatment four to five times.
PAR  By dipping the entire electrode into a colloidal suspension of a graphite
      solution, a porous graphite coating 4 is deposited on the manganese
      dioxide layer. This provides an improved conducting connection between the
      layer of manganese dioxide 3 and a lead wire to be attached, and protects
      the sensitive manganese dioxide layer from external mechanical influences.
      The graphite layer may also be thinner than previously, which is of
      advantage since the graphite layer offers a considerable resistance.
PAR  In order to reduce the relatively high resistance within the graphite layer
      along its surface, it has been customary to coat the graphite layer with a
      further coating of an organic binding agent and silver. The connection
      between a lead wire and the capacitor body is then established by an
      additional layer of solder metal deposited onto the silver coating. Due to
      the temperature sensitivity of the organic binding agent, the latter is
      softened and carbonizes, thus dissolving the silver out of the binding
      agent. This layer 5, usually consisting of silver and the organic binding
      agent, is replaced, according to the present invention, by a mixture of
      finely powdered glass material and silver powder. Instead of the silver,
      it is also possible to use gold, copper and/or nickel. This mixture has a
      sufficient temperature stability which exceeds even that of manganese
      dioxide. There are also no technical difficulties in soldering a lead wire
      7 to this layer 5.
PAR  The silver-glass powder mixture is deposited in a very simple way in that
      the two powders are finely ground in a mortar, mixed, and thereafter
      suspended in a liquid, such as distilled water. The capacitor is immersed
      in this suspension. Subsequently, the mixture is solidified by being
      heated to about 600.degree.K.
PAR  Due to the high conductivity of the silver-glass mixture, it is no longer
      necessary to dip the entire capacitor body into a bath of solder metal. In
      fact, it is now sufficient for the lead wire 7 to be electrically
      connected to the silver-glass mixture by means of a small tin bead 6
      within a local highly restricted area. This results in a saving of solder
      metal.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A capacitor comprising a porous inner electrode body, a first lead-in
      wire embedded in said body, a dielectric metal-oxide film of the metal of
      said inner electrode over said body, a manganese dioxide electrode layer
      over said dielectric metal-oxide film, a conductive layer of graphite over
      said manganese dioxide layer, an outer conductive layer of a solderable
      mixture of powdered glass and a metal powder resistant to oxidation and
      which solidifies at a temperature of about 600.degree.K, a second wire
      lead, and a layer of solder metal disposed on said glass-metal layer
      within a limited contact area, said solder layer connecting said second
      wire lead to said conductive layer.
NUM  2.
PAR  2. The capacitor of claim 1 wherein said inner electrode is of tantalum and
      said dielectric metal-oxide film is of tantalum oxide.
NUM  3.
PAR  3. The capacitor of claim 2 wherein said mixture contains 15 to 15% by
      weight of a metal powder and 50 to 85% by weight of a glass powder.
NUM  4.
PAR  4. A capacitor according to claim 3 wherein said metal powder is of the
      group consisting of gold, silver, nickel and copper.
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PAL  Application of a constant density of surface charge on a dielectric medium
      by non-contact charging is accomplished by a rotatable charging roll
      having a relaxable layer surrounding a conductive axle and a protective
      leaky insulator overcoat layer applied to the relaxable layer. The
      charging roll is spaced from the dielectric medium to define an air gap of
      about 0.010-0.060 inch and the surface velocity of the charging roll is
      adjustable relative to the velocity of the moving dielectric medium. A
      constant current power source is coupled to the conductive axle to
      generate a charge buildup on the surface of the relaxable layer; part of
      this charge is transferred across the air gap to the surface of the
      dielectric medium. A blade or brush is provided to clean the charging
      roller as it rotates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for charging a dielectric material,
      primarily for use in reproduction systems of the xerographic, or dry
      copying, type; more particularly, the invention relates to a device for
      laying down a constant density surface charge on a dielectric having a
      conductive backing, such as a photoconductive belt, web or drum.
PAR  According to the invention of C. F. Carlson as described in U.S. Pat. No.
      2,297,691, there is provided a process for preparing electrophotographic
      pictures wherein a uniform electrostatic charge is applied to the surface
      of a photoconductive insulating body. This charge is selectively
      dissipated by exposure to a pattern of light and shadow. This exposure and
      its consequent dissipation of electric charge results in an electrostatic
      latent image which can later be developed or made visible by treatment
      with an electroscopic material which adheres to the electrostatic charge
      pattern and which, optionally, may be transferred to a second surface to
      form an electrophotographic print or picture. If desired, other methods of
      utilization of the electrostatic latent image are available and the basic
      invention has wide applications in many fields of use.
PAR  In electrostatographic reproductive devices it is necessary to charge a
      suitable photoconductive or reproductive surface with a charging potential
      prior to the formation thereon of the light image. Various means have been
      proposed for the application of the electrostatic charge or charge
      potential to the photoconductive insulating body of Carlson's invention;
      one method of operation employs, for charging the photoconductive
      insulating layer, a form of corona discharge wherein an adjacent electrode
      comprising one or more fine conductive bodies maintained at a high
      electric potential causes deposition of an electric charge on the adjacent
      surface of the photoconductive body. Examples of such corona discharge
      devices are described in U.S. Pat. No. 2,836,725, issued May 27, 1958, to
      R. G. Vyverberg and U.S. Pat. No. 2,922,883, issued Jan. 26, 1960 to E. C.
      Giamio, Jr. In practice, one corotron (corona discharge device) may be
      used to charge the photoconductor before exposure and another corotron
      used to charge the copy sheet during the toner transfer step. Corotrons
      are cheap, stable units, but they are sensitive to changes in humidity and
      the dielectric thickness of the insulator being charged. Thus the surface
      charge density produced by these devices may not always be constant or
      uniform.
PAR  As an alternative to the corotron charging systems, roller charging systems
      have been developed. Such systems are exemplified by U.S. Pat. No.
      2,912,586, issued Nov. 10, 1959 to R. W. Gundlach; U.S. Pat. No.
      3,043,684, issued July 10, 1962 to E. F. Mayer; U.S. Pat. No. 3,398,336,
      issued Aug. 20, 1968 to R. W. Martel et al. (two phase liquid film
      interposed between and in contact with dielectric layer and charging
      roller); U.S. Pat. No. 3,684,364, issued Aug. 15, 1972 to F. W. Schmidlin;
      and U.S. Pat. No. 3,702,482, issued Nov. 7, 1972 to Dolcimascolo et al.;
      and Defensive Publication T875,026, published June 30, 1970 in the name of
      P. T. Scharf. All of these prior art devices are concerned with contact
      charging, that is the charging roller is placed in contact with the
      surface to be charged, e.g. the photoreceptor or final support (paper)
      sheet.
PAR  Surface contact charging rollers of the above-mentioned prior art type are
      restricted to a speed of rotation which is controlled by the speed of
      movement of the surface to be charged. In other words, because the
      charging roller contacts the support member, whether it be the
      photoconductor drum or belt or a paper sheet to which toner is to be
      transferred, the surface velocity of the charging roller must be equal to
      the velocity of the chargeable support member. In such systems the roller
      materials must, in general, be tailored to the particular application and
      the amount of charge placed on the chargeable support is usually only
      controlled as a function of the voltage applied to the charging roller.
PAR  A principal object of this invention is a device which will lay down a
      constant density of surface charge on a material passing by the charging
      station at a uniform speed.
PAR  It is a further object of the present invention to combine advantageous
      features of both the non-contact charging corotron system and the surface
      contact charging roller system to provide an improved non-contact charging
      system.
PAR  A further object of the invention is to increase the number of parameters
      available for controlling the application of charge density to the
      chargeable support. More specifically, it is a feature of this invention
      to control the charge density applied to the support by either changing
      the voltage applied to the charging roller or by changing the rotation
      rate of the charging roller.
PAR  A still further feature of this invention is to provide a non-contact
      charging system which operates somewhat like the wire corotron but which
      can be continuously cleaned to avoid unwanted accumulations of
      contaminants that would otherwise affect the charge applied to the
      support.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects are accomplished by the present invention which
      comprises a rotatable roll having a relaxable layer surrounding a
      conductive core or axle; this roll is used to lay down a constant density
      surface charge on a dielectric. The roll is spaced from the dielectric to
      provide an air gap of predetermined dimensions and rotated while the
      dielectric is moved past a charging station. A constant current power
      source is coupled to the core or axle of the roll such that current flows
      through the relaxable layer which, in turn, causes ionization of the gap
      defined between the roll and the dielectric. As the roller rotates through
      one quarter cycle (or 90.degree.), the flow of current through the
      relaxable layer transfers most of the fraction of the applied bias
      originally dropped across the relaxable layer from the roller to the air
      gap to produce a charge on the dielectric support surface by air
      ionization. The relaxable layer is thick relative to the dielectric
      thickness of the material being charged and, therefore, has a
      self-leveling effect to compensate for changes in the thickness and
      dielectric constant of the material to be charged. To avoid damage to the
      relaxable layer, a thin dielectric overcoating may be provided to cover
      the surface of the relaxable layer.
PAR  Because the present invention utilizes a charging roller which does not
      contact the chargeable surface, the rotational speed of the charging
      roller need not be exactly the same as the speed of the chargeable
      surface. This allows the charge density deposition to be controlled either
      by changing the applied bias or by changing the rotational rate of the
      charging roller, thereby changing the amount of field relaxation occurring
      in the relaxable layer during a quarter rotation of the roll.
PAR  In that the charging roller of this invention is spaced from the chargeable
      surface, it is somewhat equivalent to the corotron type of charging
      device. This roller differs from the corotron, however, by not requiring
      the corotron shield, thereby eliminating power loss due to shield current.
      Also, since it is rotatable, the roller can be continuously cleaned,
      unlike the corotron which must be removed from the machine for cleaning
      accumulations of dust and/or toner particles therefrom. In essence,
      therefore, a cleanable and relatively efficient alternative to the
      corotron is provided.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing objects and features, as well as further features and
      advantages of the invention, will become more apparent from the following
      detailed description, read in conjunction with the appended drawing FIGS.,
      wherein:
PAR  FIG. 1 schematically shows the constant current charging device of this
      invention; and
PAR  FIG. 2 shows, in cutaway view, the construction of the charging roller.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the constant current charging device of this
      invention comprises a cylindrical, rotatable member 10 connected to a
      constant current high voltage supply 12 and mounted for rotation in the
      direction of arrow D. The roller 10 is mounted adjacent to but spaced a
      distance d from a moving dielectric medium 14 (moving in the direction of
      arrow E); the dielectric medium 14 may consist of a photoreceptor belt
      comprising a photoconductive dielectric 14a on a conductive backing 14b;
      the photoreceptor may alternatively consist of a photoreceptor drum or
      web, all of which are well known in the art. A photoreceptor belt assembly
      of the type to which this invention would be applicable is described in
      U.S. Pat. No. 3,500,694, issued Mar. 17, 1970 to H. L. Jones et al.
PAR  The non-contact charging roller system of this invention is not limited to
      applications where a constant current charge density is to be applied to a
      photoconductor surface but can also be used in place of the transfer
      corotron in the step of transferring toner particles from the
      photoreceptor to the final support member (e.g. plain paper sheet
      material) prior to the fusing step.
PAR  Referring now more specifically to FIG. 2, there is shown a cutaway view of
      the transfer roll 10 clearly illustrating the internal construction
      thereof. The roll is basically formed upon a rigid hollow cylinder 24
      (although a solid axle, as indicated in FIG. 1, could also be used) that
      is fabricated of a conductive metal, such as aluminum or the like, capable
      of readily responding to a biasing potential placed thereon; the axle 24
      has a diameter of approximately 0.125 inch. Over the core or axle 24 is
      placed a relatively thick relaxable intermediate layer or blanket 32 of
      elastomeric material. The intermediate layer may be formed of a
      polyurethane rubber approximately 0.25-0.50 inch in thickness and should
      be capable of responding rapidly, but not instantaneously, to the biasing
      potential to electrically impart the charge potential on the core to the
      outer extremities of the roll surface.
PAR  The relaxable layer 32, therefore, should have a bulk resistivity falling
      in a well-defined operating range selected in relation to roll diameter,
      supply voltage and roll velocity. In practice, the nominal roller speed is
      adjusted for a given relaxable roll of resistivity .rho. such that the
      current feedback control mechanism is in the middle of its operating range
      at nominal R.H. (30-40 percent). For the particular example described
      herein, the bulk resistivity of the relaxable layer can vary over the
      range from about 10.sup.8 to about 10.sup.13 ohms cm (ohms centimeter) and
      preferably from about 10.sup.9 to 10.sup.13 ohms cm. A variation in this
      resistivity of about two orders of magnitude, primarily as a result of
      static and dynamic changes in relative humidity or RH (extending generally
      from 5-to-10 percent RH to 85-to-100 percent RH), is observed for
      practical available commercial materials in this resistivity range. The
      preferred resistivity ranges may vary for systems designed to operate at
      different throughput speeds.
PAR  The relaxable layer 32 comprises a material that functionally takes a
      selected time period to transmit a charge from the conductive axle 24 to
      the interface between the relaxable layer 32 and the overcoat layer 30
      sufficient to restore the interface to about the bias potential applied to
      the axle 24. This selected time period is that corresponding to the roller
      surface speed and the width of region B, i.e., roughly greater than the
      time any point on the transfer roller is in the region B, and is chosen to
      be approximately one half to one tenth of the roller revolution time. The
      region B is the region of closest proximity between the roller electrode
      10 and the support surface 14. Functionally, this means that the magnitude
      of the external electric field increases significantly from location A
      toward location C, while the field within the relaxable layer increases at
      a correspondingly slower rate due to bulk relaxation of charge through the
      core material. Thus, a relaxable layer is one that has an external voltage
      profile which is non-symmetrical about region B.
PAR  Examples of the types of materials applicable for the relaxable layer are
      polyurethanes, polyesters, polyether urethanes; specific materials which
      have been used in practice include Castethane 2120-20, a polyester
      urethane manufactured by the Upjohn Co. and Vibrathane 6005, a polyether
      urethane manufactured by the Uniroyal Co.
PAR  Over the intermediate layer 32 is placed a relatively thin outer coating 30
      which is also formed of an elastomeric material having a thickness of
      approximately 0.002-0.003 inch. In order to provide the self-leveling
      effect, the overcoat layer must also be relaxable, although it does not
      have to have quite the conductivity of the intermediate layer. Preferably
      the overcoat layer is a leaky insulator having a resistivity in the range
      of 10.sup.11 to 5 .times. 10.sup.13 ohms cm. This self-leveling, or
      dissipation of charge, effect is desirable to prevent cyclic buildup of
      charge on the overcoat surface and subsequent suppression of the field in
      the air gap.
PAR  It is further preferred that the outer coating of the roll should be
      formulated of a material capable of providing a relatively smooth surface
      exhibiting relatively good mechanical release properties in response to
      the toner materials employed. This is to permit the roll to be cleaned as
      it rotates during charging. A polyurethane material manufactured by the
      DuPont Co. under the tradename "Adiprene" L315 has been found to possess
      the heretofore mentioned desired properties and shows extremely good
      release characteristics in respect to most commercially available toners.
PAR  As shown in FIG. 2, the roll member is closed at both ends by means of a
      pair of dielectric end caps 20 and 20' serving to electrically isolate the
      roll member from the supporting machine frame. Segmented shafts 22 are
      secured in both end caps co-axially aligned with the cylindrical core 24.
      The shafts are journaled for rotation within the machine frame by means of
      a bearing (not shown). A pulley 26, operatively connected to the machine's
      main drive system, is secured to one of the shafts and rotates the roll in
      predetermined timed relation with the moving photoconductive belt 14. The
      exact timing relation is determined by the density of the charge to be
      applied to the support. Roll velocity can be adjusted by means of a
      velocity feedback arrangement. For example, a constant current source
      including a current sensor or detector circuit is disclosed in U.S. Pat.
      No. 3,781,105, issued Dec. 25, 1973, to T. Meagher. The current detector
      12' may have an output coupled to velocity regulating means including a
      conical rod 37, operatively attached to the main machine drive (not
      shown), which engages pulley 26 through a belt 39; the rod 37 is movable
      (by means of control device 40 coupled to the output of current sensor
      12') to change its effective diameter relative to the pulley coupled to
      the roll to thereby control the rotational velocity of the roll. This type
      of velocity control mechanism is widely used to control the rotational
      rate of high fidelity record player turntables and is readily adaptable
      for use here.
PAR  Current flow into the relaxable layer 32 is by means of a commutator ring
      28 embedded in end cap 20 and arranged to pass through the end cap to
      communicate electrically with the metal core 24. A commutator brush (not
      shown) is electrically connected to constant current source 12 and is
      arranged to ride in contact with the outer surface of the commutator ring
      28 to provide a moving contact by which the conductive core 24 is
      electrically connected to the biasing source 12. An electrical connection
      of this type between the supply source and the roller is shown in the
      above-mentioned Dolcimascolo patent.
PAR  One of the important features about this invention is that the roller 10,
      when mounted on the machine in an operative position, does not contact the
      surface of the chargeable support as in the prior art; instead, as shown
      in FIG. 1, the charging roller 10 is mounted so as to be spaced from the
      support surface by a distance d in the range of approximately 0.010-0.060
      inch. The chargeable surface 14 passes under the roll 10 at a constant
      velocity v, which normally would be in the range from about 4 to 50 ips
      (inches per second). At the same time, the surface velocity of the roller
      ranges normally from about 1 to 30 ips. In order to avoid a buildup of
      surface charge density on the roller, the surface velocity of the roller
      may be greater than that of the chargeable support, but it should not be
      less than three, and preferably not less than two, times slower than the
      velocity of the moving chargeable support. Particularly if the support
      speed is low, the roller speed could be much higher without running into
      difficulty. The above-noted 2-3 time speed factor limitations arise when
      the support speed is high, e.g., in the 20-50 ips range.
PAR  The current density delivered to the chargeable support depends on the
      charge acceptance of the support (which may be a function of the material
      used, its thickness, etc.), the relative speed of the charging roller and
      support, and the voltage of source 12; for present purposes the supply
      source voltage is contemplated to be in the 2-12 KV range. Typical current
      densities range from about 1/2-20 microamps per inch of roller length; in
      one example, for a selenium photoreceptor belt having a 60 micron
      thickness running about 20 ips, the desired current density would be on
      the order of 10 microamps per inch, producing a surface charge density on
      the selenium of about 1/2 microcoulomb per square inch.
PAR  The charge is deposited on support 14 in the following manner. Roller 10 is
      rotated at a given speed such that the field in the relaxable layer 32
      increases, as a point on the roller surface moves from location A to
      location B, to a maximum before reaching location B, and collapses as the
      surface point moves from location B to location C. As the field in the
      layer 32 decreases, the field in the air gap d builds up and exceeds the
      air ionization threshold at or near location B. At this point current
      begins to flow across the gap and charges are deposited on the dielectric
      surface 14a. Since the power supply 12 controls the current/unit length of
      the roll, the charge density deposited on the dielectric surface will be
      given by
      ##EQU1##
      where I is the power supply current, L is the length of the cylindrical
      roll 10 (which may be on the order of from 12 to 24 inches), and v is the
      velocity at which the dielectric 14 passes under the roll. As long as the
      relaxable layer 32 thickness is large compared to the thickness of the
      dielectric material 14a being charged and the power supply and/or roller
      speed can compensate for the humidity variation of the roller material
      resistivity, .rho. will be constant. The feedback current control can be
      used to adjust the bias voltage, the roller surface velocity, or both to
      maintain the current at a constant value.
PAR  During the portion of the rotation cycle that the surface point moves from
      location A to location B, current flows through the relaxable core so that
      by the time the surface point reaches location B, most of the field is
      across the air gap and the voltage drop is transferred from the material
      to the air gap.
PAR  The bulk relaxation time of the relaxation layer 32 is determined as
      follows:
EQU  T.sub.R = .epsilon..sub.o .times. k .times. .rho.
PAL  where
PA1  T.sub.R = bulk relaxation time
PA1  .epsilon..sub.o = permittivity of free space
PA1  k = dielectric constant of the layer material
PA1  .rho. = resistivity of the layer material
PAR  Typically, the relaxation time is between one tenth and one half of the
      cycle time; for example, when the dielectric surface rate is 1 ips, the
      relaxation time T.sub.R may be as high as 0.5 second, although at higher
      surface rates the relaxation time must be much faster.
PAR  To prevent the necessity of very high voltage supplies, it is desired that
      the overcoat layer dielectric thickness (thickness divided by dielectric
      constant) be of the same order of magnitude as the dielectric thickness of
      the material to be charged. The overcoat layer 30 acts as a thin
      insulating layer coated on the surface of the relaxable core material to
      help protect the roll during air breakdown, to act as a moisture barrier,
      to limit current flow through the roll, and to make the roll surface easy
      to clean. However, if the relaxable material is durable and cleanable the
      overcoat layer 30 is not essential.
PAR  The dielectric overcoat 30 is also used to protect the system from
      catastrophic breakdown since a voltage will build up across the overcoat
      during the air ionization step. The overcoat resistivity is usually chosen
      so that the charge density on the insulator surface can be dissipated by
      bulk charge relaxation during one or two rotations of the roll. In a dirty
      environment it may be necessary to clean the roll surface with a blade or
      brush represented generally by reference numeral 38 in FIG. 1.
PAR  The device of this invention will deposit a constant surface charge density
      on the dielectric as long as the dielectric thickness of the material to
      be charged is much less than the thickness of the relaxable core.
PAR  A principal advantage of the present invention is that the charging roller
      does not have to be synchronized with the movement of the dielectric
      support. Therefore, whereas the materials used in contact type charging
      rollers must be carefully tailored to the particular application, the
      choice of roller materials for the present invention is much wider.
      Because the roller of this invention does not contact the support surface,
      the current density can be controlled by either changing the voltage
      and/or by changing the rotation rate of the roller. Thus more feedback
      latitude is provided to compensate for changes in the roll resistivity due
      to changes in ambient conditions (e.g. temperature and/or humidity).
PAR  A significant advantage of the non-contact charging roller over the
      corotron is that the former is easy to clean with a brush or blade;
      furthermore, the cleaning action is continuous as the roller rotates. This
      continuous cleaning action is not possible with currently used shielded
      wire corotrons.
PAR  It is to be understood that various modifications in the structural details
      of the preferred embodiment described herein may be made within the scope
      of this invention and without departing from the spirit thereof. It is
      intended that the scope of this invention shall be limited solely by the
      hereafter appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for depositing a constant density surface charge on a moving
      dielectric medium, comprising:
PA1  a charging roller mounted adjacent to and spaced from said dielectric
      medium to define an ionizable air gap between the surface of said charging
      roller and said dielectric medium, said charging roller comprising an
      electrically relaxable insulator having a thickness which is greater than
      the thickness of said dielectric medium;
PA1  means for moving the surface of said charging roller in the same direction
      as, independently of, and relative to said dielectric medium; and
PA1  variable electrical bias means coupled to said charging roller for
      generating an electric field in said air gap to charge said dielectric
      medium with a substantially constant density surface charge.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said charging roller further
      comprises a conductive axle member overlaid with said relaxable insulator,
      said variable bias means being electrically coupled to said conductive
      axle member.
NUM  3.
PAR  3. Apparatus according to claim 2, further comprising an overcoat layer
      substantially surrounding said relaxable layer and having a thickness
      which is substantially less than that of said relaxable layer.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said relaxable layer is composed
      of a material having a resistivity in the range of from about 10.sup.9 ohm
      cm. to about 10.sup.13 ohm cm. and said overcoat layer is composed of a
      material having a resistivity in the range of from about 10.sup.11 ohm cm.
      to about 5 .times. 10.sup.13 ohm cm.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein said axle has a diameter of
      approximately 0.125 inch, said relaxable layer has a thickness in the
      range of from about 0.25 to about 0.50 inch and said overcoat layer has a
      thickness in the range of about 0.002 to 0.003 inch.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said means for moving said
      charging roller comprises means for varying the surface velocity of said
      roller relative to that of said moving dielectric medium.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said charging roller surface
      velocity is variable over a range between a charging roller surface
      velocity which is greater than the surface velocity of said dielectric
      medium and a charging roller surface velocity which is no more than three
      times slower than said dielectric medium surface velocity.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said charging roller surface
      velocity is not less than two times slower than said dielectric medium
      surface velocity.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said charging roller is spaced
      from said dielectric medium in the region of said air gap a distance in
      the range from about 0.010 to about 0.060 inch.
NUM  10.
PAR  10. Apparatus according to claim 1, further comprising means mounted
      adjacent to said charging roller for cleaning the moving surface of said
      charging roller.
NUM  11.
PAR  11. Apparatus according to claim 2, wherein said variable bias means
      comprises a constant current supply for supplying a substantially constant
      current to said charging roller.
NUM  12.
PAR  12. Apparatus according to claim 11, further comprising: means for sensing
      the current supplied to said charging roll by said supply means; and means
      coupled to said sensing means for adjusting the rotational rate of said
      charging roll as a function of the current supplied to said charging roll.
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ABST
PAL  A method of eliminating self-oscillations of an induction motor powered
      from a thyristor frequency changer, differing from those known in the
      prior art in that it provides for forming a signal proportional to a first
      derivative of the low frequency component of the motor reactive current
      oscillations which signal is applied as a positive feedback, in sequence
      with a main control, signal to an output frequency control circuit of the
      thyristor frequency changer.
PAL  A control system provided comprising a power supply and a power circuit
      energized by the former to produce an a.c. output voltage whose amplitude
      and frequency are proportionally regulated, and a control circuit
      energized by the power supply to control the power circuit. The latter
      circuit includes a three-phase rectifier bridge and an independent
      inverter. The control circuit includes respective means for controlling
      the amplitude and the frequency of the inverter output voltage. The latter
      means includes a frequency regulator, a controlled reference voltage
      circuit which determines the output frequency of the inverter under
      steady-state conditions. The improvement of the invention resides in that
      a feedback circuit is provided to produce a voltage proportional to the
      low-frequency component of the reactive current oscillations of the motor
      the frequency regulator being supplied with the reference voltage plus the
      feedback voltage, thus providing for control of the inverter output
      frequency under transient conditions.
PARN
PAR  This application is a continuation-in-part of the co-pending application
      Ser. No. 221,740 filed Dec. 6, 1972, now abandoned.
BSUM
PAR  The present invention relates to the control of an induction motor, and
      more specifically to a method of eliminating self-oscillations of an
      induction motor powered from a static frequency changer, and an induction
      motor control apparatus.
PAR  As will be recalled, the lack of two-way coupling between a motor and the
      supply mains, as well as periodic accumulation of energy in the reactive
      elements of static frequency chargers in a.c. induction motor electric
      drivers, powered from static frequency chargers with a rectifier and an
      independent inverter, gives rise to self-oscillations at a relatively low
      frequency, consisting in that the current the, voltage and the speed of
      the induction motor vary periodically.
PAR  These self-oscillations may occur under both dynamic and steady-state
      conditions of electric drive operations and are markedly dependent on the
      amount of slip of the induction motor, the moment of inertia of the load,
      and the capacitance of the filter which is always provided at the input of
      independent inverters.
PAR  Known in the art is a control system with frequency regulation, which is
      provided with a voltage feedback circuit (cf. U.S. Pat. No. 3,546,551
      granted to R. L. Risberg on Dec. 8, 1970).
PAR  When the output voltage of a rectifier oscillates, an additional signal
      proportional to said voltage is applied to a frequency control circuit
      through a coupling RC-circuit C2, 17 to a transistor base T3, which brings
      about corresponding change of the frequency of a master oscillator.
PAR  A disadvantage of such a control system lies in that the output voltage of
      a rectifier or an inverter is not only determined unambiguously by the
      operating conditions of a motor but also depends on the LC-filter
      parameters at the output of the rectifier, which filter is used in all
      prior-art designs (e.g., choke 83 and capacitor 84 in U.S. Pat. No.
      3,344,326; choke 6 and capacitor 8 in U.S. Pat. No. 3,402,336; etc.).
PAR  This disadvantage brings about a situation where the voltage at the output
      of the rectifier (supply lines 4 and 6) for example, affected by a sharp
      decrease in the load, may substantially rise due to the electromagnetic
      energy accumulated in the choke 83 being transferred to the filter
      capacitor 84, which causes undesirable changes in the inverter output
      frequency.
PAR  The frequency level of the additional damping signal is not limited in the
      device disclosed in Risberg's patent, which is a drawback that may cause
      considerable departure of the frequency and speed values from the preset
      stable values under dynamic modes of operation, thus expanding the time of
      the transient process. Moreover, intensive oscillation of the output
      frequency produces an adverse effect on the commutating processes in the
      inverter and the motor.
PAR  It is an object of the present invention to eliminate self-oscillations in
      an induction motor powered from a static frequency changer.
PAR  A broader object of this invention is to ensure stable operation of an
      induction motor over a wide range of output frequency and voltage control.
PAR  These objects are achieved through practical realization of a method of
      eliminating self-oscillations in an induction motor powered from a
      thyristor frequency changer which is provided with an output voltage
      control circuit, the invention residing in that an additional correcting
      signal, proportional to a first derviative of the low-frequency component
      of the motor reactive current oscillations is formed, which is then
      applied, as a positive feedback signal, in sequence with a main control
      signal, to the output frequency control circuit of the thyristor frequency
      changer, the maximum value of the correcting signal being preferably
      limited to a level which is proportional to the nominal frequency of the
      rotor current in the motor.
PAR  The proposed method of eliminating self-oscillations differs from those
      known in the prior-art in that a signal of the induction motor reactive
      current, which serves as an unambiguous parameter and optimally
      characterizes the steady-state or transient conditions of operation, is
      used to eliminate various oscillations occurring in the motor.
PAR  Thus, according to the invention, only the low-frequency component of the
      reactive current, which occurs during self-oscillations, is separated,
      while the oscillations of the inverter input voltage and the motor active
      current do not cause changes in the inverter output frequency.
PAR  Limiting of the value of the additional correcting signal by a level
      corresponding to the nominal slip frequency of the motor, and sequential
      addition thereof to a frequency-setting signal of the inverter are
      essential features of the proposed method. This prevents the induction
      motor operating under dynamical conditions from passing over from the
      stable range of the mechanical characteristic to the unstable one where
      the motor suffers greater energy losses and the time of the transient
      process is substantially extended.
PAR  The inventive control system uses a power supply and a power circuit
      energized thereby to produce an a.c. output voltage the amplitude and the
      frequency whereof are proportionally regulated, and a control circuit
      which is energized by said power supply to control the power circuit,
      which includes:
PAR  -- a controlled d.c. supply circuit incorporated in said power circuit to
      provide a controlled d.c. voltage;
PAR  -- an inverter incorporated in the power circuit and energized through an
      LC-filter by the controlled d.c. voltage to obtain an output voltage to
      feed an a.c. motor, the output voltage having an amplitude regulated
      proportionally to the d.c. voltage and the controlled frequency;
PAR  -- a bank of valve-action elements of the inverter which conduct current
      from the motor in the opposite direction in order to maintain a voltage
      across a capacitor of the LC-filter proportional to the
      counter-electromotive force of the motor;
PAR  -- means incorporated in the control circuit, including a controlled
      reference voltage circuit to produce a reference voltage, a first feedback
      circuit to produce a first feedback voltage proportional to the output
      voltage of the inverter, and a comparison circuit to obtain a deviation
      voltage proportional to the difference between the reference voltage and
      the first feedback voltage;
PAR  -- means incorporated in the control circuit, sensitive to the deviation
      voltage, for controlling the d.c. power circuit;
PAR  -- a frequency controlling means incorporated in the control circuit to
      control said inverter, which includes:
PAR  -- said controlled reference voltage circuit to produce a reference voltage
      determining the output frequency of the inverter under steady-state
      conditions.
PAR  -- The improvement according to the invention resides in that a second
      feedback circuit is provided to produce a second feedback voltage
      proportional to the low-frequency component of the motor reactive current
      oscillations;
PAR  -- a frequency regulator energized by the reference voltage and the second
      feedback voltage, which produces periodic voltage pulses at a frequency
      proportional to the sum of those voltages;
PAR  -- means, sensitive to the voltage pulses, for controlling the inverter.
PAR  It is suggested that the second feedback circuit in the control system
      includes:
PAR  -- first means for obtaining a voltage proportional to the reactive
      component of the motor current, which means are energized by the bank of
      valve-action elements that conduct the motor current in the opposite
      direction;
PAR  -- second means for obtaining a voltage proportional to the low-frequency
      component of the motor reactive current oscillations;
PAR  -- the first means being supplied to the second means;
PAR  -- means for differentiating the voltage which is proportional to the
      low-frequency component of the motor reactive current oscillations.
PAR  It is also recommended by the invention that the first means proportional
      to the reactive component of the motor current includes a resistor
      inserted between common anodes of the bank of valve-action elements and
      the negative bus of said d.c. supply circuit, and a capacitor, one of the
      plates whereof is connected to the common anodes of the bank of
      valve-action elements, and the other plate is connected in series with the
      primary winding of a differentiating transformer, the free end of which is
      connected to the negative bus.
PAR  It is further expedient that the second means be arranged as a single-phase
      full-wave rectification circuit using non-controlled valve-action
      elements, the input whereof is connected to the secondary winding of the
      differentiating transformer, and an RC-differentiating circuit, the input
      whereof is connected through a low-frequency LC-filter to the output of
      the rectification circuit, and the output of this differentiating circuit
      is connected in series to the output of the reference voltage circuit,
      which determines the output frequency of the inverter under steady-state
      conditions.
PAR  The invention will be more fully understood from the following detailed
      description where for clarity of presentation use is made of a particular
      specific terminology, although the invention is not limited to the terms
      used, and it should be borne in mind that each term covers all equivalent
      elements displaying the same action.
DRWD
PAR  It should also be borne in mind that other objects and advantages of the
      present invention will be clear from the description below when read in
      connection with the accompanying drawing, wherein:
PAR  FIG. 1 is a block diagram of an induction motor control system, according
      to the invention and
PAR  FIG. 2 is a circuit diagram of the control system.
DETD
PAR  Referring now to the drawings, the control system uses a three-phase power
      supply 1 which energized a rectifier bridge 2. A one-way output of the
      bridge 2 energizes an inverter 5 through leads 6 and 7 and an LC-filter
      made up of a choke 3 and a capacitor 4. A squirrel-cage induction motor 8
      is energized by a controlled-frequency voltage from the output of the
      inverter 5 through leads 9.
PAR  The power supply 1 also energizes a control circuit which includes a
      reference voltage source 10, a frequency regulator 11 and an amplifier 12
      through a controlling and rectifying power unit 13.
PAR  Further, the power supply 1 feeds a control circuit 14 which controls the
      valve-action elements of the rectifier bridge 2, as whown by the line 15.
PAR  The frequency regulator 11 regulates the output frequency and controls
      valve-action elements of the inverter 5, as shown by the line 16.
PAR  The output frequency of the frequency regulator 11 is regulated under
      steady-state conditions of operation by the output voltage of the
      reference voltage source 10.
PAR  In order to realize a controlling function, a first voltage feedback
      circuit 17 is fed by the output voltage from the inverter 5.
PAR  The output voltage of the first voltage feedback circuit 17 is compared
      with the reference voltage from the source 10 and the difference between
      these two voltages is taken, as shown by the lines 18, to the input of the
      amplifier 12 which controls the circuit 14.
PAR  A second flexible feedback circuit consists of a reactive current sensor 19
      which is fed by the current from a bank 20 of valve-action elements of the
      inverter 5 and a differentiating unit 21 the input of which receives the
      voltage from the sensor 19, and the output voltage of the unit 21 is
      sequentially added to the reference voltage of the source 10, and the sum
      of these voltages is taken to the input of the frequency regulator 11,
      thus determining its output frequency under transient conditions.
PAR  The control system shown in outline in FIG. 1 is represented in greater
      detail in FIG. 2.
PAR  FIG. 2 shows that the a.c. three-phase power supply 1 energizes, through a
      matching transformer 22, a rectifier bridge arranged as a three-phase
      bridge with thyristors 23, 24, 25, 26, 27, 28.
PAR  The cathodes of the thyristors 23, 24, 25 are connected to one other and to
      the anodes of the thyristors 26, 27, 28 via a series circuit including the
      filter choke 3, filter capacitor 4 and a resistor 29. A series circuit
      including a capacitor 30 and a resistor 31 is connected between the anode
      and the cathode of the thyristor 23. Similar RC-circuits are connected
      between the anodes and cathodes of the thyristors 24, 25, 26, 27, 28 in
      order to lower the rate of voltage increase in these thyristors.
PAR  A diode 32 has its anode connected to the cathode of the thyristor 23 and
      the cathode of this diode is connected to the control electrode of said
      thyristor 23 to limit the value of the reverse voltage which may be
      applied to the control junction of the thyristor 23. Similar diodes are
      connected in the same manner to the thyristors 24, 25, 26, 27, 28.
PAR  The rectifier bridge 2 serves to control the voltage amplitude at the
      stator winding of the motor 8. The rectifier bridge 2 is controlled by the
      phase-control circuit 14. The circuit 14 is synchronized by the voltage
      from the power supply 1 through transformers 33 and has, at its output,
      six separate channels to control the six thyristors 23, 24, 25, 26, 27, 28
      of the bridge of the rectifier 2. The control circuit 14 uses a vertical
      control principle which is based on a comparison of the reference
      sinusoidal voltage of the mains with a control signal from the amplifier
      12, as well as on shaping control pulses shaped at the moment when these
      signals become equal in magnitude. Changing of the output signal from the
      source 10 brings about a phase shift of the moment of coincidence of said
      signals and leads to a corresponding shift of the moment when the control
      pulses are shaped, which causes changing of the voltage at the output of
      the rectifier bridge 2.
PAR  The three-phase bridge independent inverter 5 uses three single-phase
      circuits 34, 35, 36 connected in parallel between the lead 6, which is
      connected to the positive plate of the capacitor 4, and the lead 7 which
      is connected to the negative plate of the capacitor 4. The output
      terminals 37, 38, 39 of the independent inverter 5 are connected to the
      stator winding of the motor 8 through current transformers 40, 41, 42.
PAR  The single-phase circuits 34, 35, 36 are similar; therefore, for the sake
      of simplicity, only one circuit 34 is shown in detail. The circuit 34
      includes shut-off diodes 43, 44; basic thyristors 45, 46; saturation
      chokes 47, 48; switching chokes 49, 50; switching capacitors 51, 52;
      diodes 53, 54 which conduct the current of the motor 8 in the opposite
      direction; resistors 55, 56; protective RC-circuits with capacitors 57, 58
      and resistors 59, 60; diodes 61, 62, resistors 63, 64.
PAR  In order to increase the commutating capacity of the independent inverter 5
      in the range of low voltages, the capacitors 51, 52 are charged through a
      resistor 65 by a diode rectifier 66 which is connected to the power supply
      1 through a transformer 67. A more detail description of the design and
      operation of the independent inverter can be found in R. L. Risberg's U.S.
      Pat. No. 3,344,326, Sept. 26, 1967.
PAR  The independent inverter 5 serves to regulate the frequency of the voltage
      across the stator winding of the motor 8. The independent inverter 5 is
      controlled by the frequency regulator 11 which includes a frequency
      setting generator 68 and a counter ring made up of thyristors 69 and
      transformers 70. The output pulses are taken from the transformers 70 to
      the main thyristors 45, 46 of the independent inverter 5 in such a
      sequence that a three-phase a.c. voltage is produced at its output. A more
      detailed description of the design and operation of the counter ring can
      be found in the above-mentioned U.S. Pat. No. 3,344,326.
PAR  The voltage frequency at the output of the independent inverter 5 is
      changed by the frequency setting generator 68. The latter includes two
      emitter followers built around transistors 71, 72, a Royer generator built
      around transistors 73, 74, a transformer 75, an amplifier using trasistors
      76, 77 and a transformer 78. The output pulses of the frequency setting
      generator 68 are taken to a resistor 79 which serves as an input resistor
      of the counter ring.
PAR  The control circuits are energized by the power supply unit 13 which is
      connected to the power supply 1.
PAR  The electric drive control system realizes the law of constant
      voltage/frequency ratio and compensates the voltage drop across the
      resistor of the stator winding of the motor 8.
PAR  A signal which is proportional to the voltage, with compensation of the
      voltage drop across the resistor of the stator winding, is shaped with the
      aid of the current transformers 40, 41, 42, potentiometers 80, 81, 82, a
      voltage transformer 83 and rectified by a diode rectifier 84, then taken
      through an LC-filter using a choke 85 and a capacitor 86 to a
      potentiometer 87, where it is used as a signal of the first voltage
      negative feedback circuit.
PAR  The reference voltage from a resistor 88 and a potentiometer 89 is applied
      via a resistor 90 and a lead 91 to the input of the emitter follower with
      the transistor 71 and a resistor 92, thus unambiguously determining the
      output frequency of the setting generator 68 and the voltage frequency at
      the output of the independent inverter 5. At the same time, the reference
      voltage is applied via the lead 91 to the potentiometer 87 and via a lead
      93 to the input of the operational amplifier 12.
PAR  Thus, the resistors 88, 89 and 87 compare the reference voltage with the
      voltage of the first negative feedback circuit. The resulting voltage
      difference is applied via leads 93, 94 to the input of the amplifier 12
      where it is amplified, then applied via leads, 95, 96 to the input of the
      phase control circuit 14 of the rectifier 2 which maintains a preset
      voltage/frequency ratio at the ouput of the independent inverter 5.
PAR  A potentiometer 97 sets current limiting value in the power circuit of the
      frequency changer. A signal taken from the resistor 29 is compared with a
      signal taken from the potentiometer 97. The difference between these two
      signals is transmitted through leads 98, 99 to the second input of the
      operational amplifier 12 which limits, through the phase control circuit
      14, the output current of the rectifier bridge 2 at a preset level.
PAR  The herein proposed improvement resides in the following. The diode 53 and
      54 of the single-phase circuits 34, 35, 36 form the bank 20 of
      valve-action elements of the inverter 5. The anodes of the diodes 54 are
      connected through the resistors 56 to a common terminal 100. A
      low-resistance resistor 101 is connected between the terminal 100 and the
      lead 7. The terminal 100 is also connected to the lead 7 through a series
      circuit including a capacitor 102 and the primary winding of a
      differentiating transformer 104. The resistor 101, capacitor 102 and a
      transformer 104 make up the sensor 19 of the reactive current of the motor
      8.
PAR  A secondary winding 105 of the transformer 104 is connected to the input
      terminals of a single-phase full-wave rectifier using diodes 106, 107,
      108, 109. The cathodes of the diodes 106, 108 are connected to one another
      and, through a series circuit including a choke 110, a capacitor 111, and
      a potentiometer 112, to the anodes of the diodes 107, 109.
PAR  Connected between the common cathodes of the diodes 106, 108 and the common
      anodes of the diodes 107, 109 is a resistor 113, and a capacitor 114 is
      connected between the common terminal of the choke 110 and the capacitor
      111, on the one hand, and the common anodes of the diodes 107, 109, on the
      other.
PAR  The rectifier built around the diodes 106, 107, 108, 109 the resistor 113,
      the choke 110, the capacitors 114, 111 and the potentiometer 112 form the
      differentiating unit 21.
PAR  The common terminal of the capacitor 111 and the potentiometer 112 is
      connected via leads 115 and 93 to the slider of the potentiometer 89, and
      the slider of the potentiometer 112 is connected via a lead 116 to the
      base of the transistor 71.
PAR  A voltage which is proportional to the reactive current of the motor 8 is
      derived from the secondary winding 105 of the transformer 104. This
      voltage is applied through a rectifier made up of the diodes 106, 107,
      108, 109 to the LC-filter made up of the choke 110 and the capacitor 114.
      The capacitor 114 puts out a voltage which is proportional to the
      low-frequency component of the reactive current of the motor 8. This
      voltage is then differentiated by means of the capacitor 111 and
      potentiometer 112 and applied to the resistor 90. Thus, a voltage is
      derived at the resistor 90, which is proportional to first derivative of
      the low-frequency component of the reactive current of the motor 8. The
      thus derived voltage is used as the second feedback voltage and, being
      added to the reference voltage from the resistor 88 and the potentiometer
      89, it is applied to the input of the frequency setting generator 68, thus
      additionally changing the output voltage frequency of the inverter 5.
PAR  Under steady-state conditions of operation, a pulsing direct current flows
      through the resistor 101 at the output of the bank of the valve-action
      elements 54 and 53, producing no signal proportional to the low-frequency
      component of the reactive current at the output of the differentiating
      unit 21, and the frequency of the inverter 5 is determined by the
      reference voltage taken from the resistor 88 and the potentiometer 89.
PAR  When self-oscillations occur, the current through the diodes 53, 54 is
      changed at a respective frequency, which brings about fluctuations of the
      input voltage of the inverter 5 and the speed of the motor 8. The
      frequency of the inverter 5 remaining unchanged, the motor 8 starts
      operating as a generator for a short period of time, reversing the sign of
      the torque, which intensively decelerates the motor. Under these
      conditions the voltage across the storage capacitor 4 increases due to
      accumulation of the reactive power of the motor 8. Further, due to an
      increased amount of slip, the current and torque of the induction motor 8
      increase too, and the motor starts to gain rpm.
PAR  The application of an additional signal from the resistor 90, proportional
      to the first derivative of the low-frequency component of the motor
      reactive current (power), to the frequency control circuit, automatically
      stops self-oscillations by switching the motor over from generating to
      driving mode of operation. Since the additional signal is determined by a
      reactive current derivative, it does not affect the stable frequency and,
      accordingly, the speed of the induction motor; this signal only stabilizes
      these parameters.
PAR  The maximum value of the additional signal constitutes a few percents of
      the maximum control voltage and is practically determined by the slip
      frequency of the motor.
PAR  The invention may advantageously be used to stabilize the operation of an
      independent inverter, also when it operates from an unstabilized d.c.
      source, such as a storage battery, connected to the terminals of the
      independent inverter.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of eliminating self-oscillations of an induction motor powered
      from a thyristor frequency changer, in order to control the output voltage
      and the output frequency of the motor by respective first and second
      means, the method consisting in applying an additional correcting signal
      from the frequency changer to said first means, as a positive feedback,
      said additional signal being proportional to a first derivative of the
      low-frequency component of the reactive current oscillations of the motor,
      in sequence with a main control signal applied thereto, the maximum value
      of changes in the output frequency from said additional signal being
      limited to a level that is proportional to the nominal frequency of the
      rotor current of the motor.
NUM  2.
PAR  2. A control system comprising a power supply and a power circuit which is
      energized by said power supply to produce an a.c. output voltage, the
      amplitude and frequency whereof are regulated proportionally, and a
      control circuit which is energized by said power supply to control said
      power circuit, which latter includes: (a) a controlled d.c. supply circuit
      to provide a controlled d.c. voltage; (b) an inverter incorporated in said
      power circuit and energized through an LC-filter, including a capacitor,
      by said controlled d.c. voltage to produce an output voltage to feed an
      a.c. motor; said output voltage having a controlled amplitude which is
      proportional to said d.c. voltage and the regulated frequency; (c) a bank
      of valve-action elements of said inverter, which conduct the current of
      said motor in the opposite direction in order to maintain a voltage across
      said capacitor that is proportional to the counter-electromotive force of
      said motor; (d) means incorporated in said control circuit, including a
      controlled reference voltage circuit to produce a reference voltage, a
      first feedback circuit to produce a first feedback voltage proportional to
      said output voltage of the inverter, and a comparison circuit to obtain a
      deviation voltage proportional to the difference between said reference
      voltage and said first feedback voltage; (e) means incorporated in said
      control circuit, sensitive to said deviation voltage, for controlling said
      d.c. power circuit; (f) frequency controlling means incorporated in said
      control circuit to control said inverter; said controlled reference
      voltage circuit being associated with said controlling means to produce a
      reference voltage which determines the output frequency of said inverter
      under steady-state conditions; (g) the improvement in the control system
      residing in a second feedback circuit to produce a second feedback voltage
      proportional to the low-frequency component of the reactive current
      oscillations of said motor; (h) a frequency regulator energized by said
      reference voltage and said second feedback voltage, to provide periodic
      voltage pulses at a frequency proportional to the sum of said voltages;
      and (i) means sensitive to said voltage pulses, for controlling said
      inverter.
NUM  3.
PAR  3. The control system as defined in claim 2, wherein said second feedback
      circuit includes: (j) first means for obtaining a voltage proportional to
      the reactive component of said motor current, said first means being
      energized by said bank of valve-action elements; (k) second means for
      obtaining a voltage proportional to said low-frequency component of said
      reactive current oscillations; said first means feeding said second means;
      and (1) means for differentiating said last-named proportional voltage.
NUM  4.
PAR  4. The control system as defined in claim 3, wherein (m) said first means
      includes a resistor connected between common anodes of said bank of
      valve-action elements and a negative bus of said d.c. supply circuit, a
      capacitor, one of the plates whereof is connected to said common anodes,
      while the other plate is connected in series with a primary winding of a
      differentiating transformer, the free end whereof is connected to said
      negative bus; and (n) said second means includes a single-phase full-wave
      rectifier circuit made up of non-controlled valve-action elements, the
      input whereof is connected to a secondary winding of said differentiating
      transformer, a capacitance-resistance differentiating circuit, whose input
      is connected through a low-frequency LC-filter to the output of said
      rectifier circuit, and the output of said differentiating circuit is
      connected in series with the output of said reference voltage circuit,
      which determines the output frequency of said inverter under steady-state
      conditions.
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PAL  The disclosure describes a refrigerant compressor of the type driven by a
      motor capable of operating at a low speed and a high speed, the motor
      including first, second and third stator coils. First, second and third
      temperature sensors are located adjacent the first, second and third
      stator coils, respectively, for detecting any change in temperature of the
      coils. If the temperature of any of the stator coils exceeds a
      perdetermined value, a control device operates a switch in a pilot circuit
      that turns off the motor before damage from excessive heat can occur. A
      unique contactor assembly utilizing both electrical and mechanical
      interlocks interconnects the stator coils to provide two speed operation.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to refrigerant compressors driven by an electrical
      motor, and more particularly relates to means for controlling a
      refrigerant compressor utilizing a two-speed electrical motor.
PAR  Refrigerant compressors utilizing a two-speed compressor motor have been
      devised in the past. One such arrangement is shown in U.S. Pat. No.
      3,584,980 (Cawley et al. -- June 15, 1971). Although a two speed
      compressor results in improved performance, the applicants have discovered
      that such an arrangement requires precise control in order to prevent
      damage to the compressor motor during two speed operation.
PAR  Compressor motors adapted to operate from a three phase source of
      electrical power generally comprise at least one stator coil for each of
      the electrical phases. The applicants have found that each of these coils
      must be protected from thermal damage in order to ensure long motor life.
      Since thermal damage can occur rapidly under certain adverse operating
      conditions, the coils must be protected by sensitive temperature detectors
      capable of rapid response.
PAR  Although one temperature sensor placed adjacent one of the coils will tend
      to provide protection against thermal destruction due to a locked rotor or
      running overload, a single sensor or dual sensors will not give adequate
      primary and secondary single phasing protection. The applicants have
      discovered that protection is enhanced by providing a sensor for each of
      the phase windings or coils in a multiphase motor. These sensors provide
      an indication of the temperature adjacent each coil associated with a
      different phase of electrical power. If one of the sensors indicates an
      abnormally high temperature in an associated stator coil, control means
      operate a switch in a motor pilot circuit in order to remove all
      electrical power from the motor. In this manner, the apparatus provides
      primary and secondary single phasing protection, along with locked rotor
      and running overload protection.
PAR  Accordingly, it is an object of the present invention to provide a
      refrigerant compressor in which a motor adapted to operate on multiphase
      electrical power has a temperature sensor located adjacent each motor coil
      associated with a different phase of the electrical power, so that each
      coil in the motor is adequately protected against thermal damage.
PAR  It is still another object of the invention to provide control apparatus of
      the foregoing type in which a control device interrupts power to the motor
      if any one of the sensors detects an abnormally high temperature in any of
      the motor coils.
PAR  The applicants have also discovered that the control of a two-speed
      compressor motor requires careful design of the contactors used to switch
      from a high speed mode of operation to a low speed mode of operation and
      vice versa. In a compressor motor adapted to be operated from multiphase
      electrical power, multiple stator coils are frequently provided and must
      be interconnected in different ways in order to achieve different speeds
      of operation.
PAR  The applicants have discovered that the interconnection of the coils must
      be achieved prior to the application of electrical power to the coils in
      order to avoid power surges and thermal damage to the motor. In addition,
      the applicants have invented a unique system of electrically and
      mechanically interlocking the contactors required for two-speed operation
      in order to assure a failsafe system of operation.
PAR  Accordingly, it is another object of the present invention to provide
      control apparatus for a two-speed compressor motor in which the coils in
      the motor are interconnected before any power is applied to the coils.
PAR  It is still another object of the present invention to provide motor
      control apparatus of the foregoing type in which both mechanical
      electrical interlocks are operated by and simultaneously with the
      contactors controlling the two-speed operation of the motor.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, advantages and features of the present invention
      will hereafter appear in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is an isometric, fragmentary, partially cross-sectional view of a
      refrigerant compressor and motor embodying control apparatus made in
      accordance with the present invention;
PAR  FIG. 2 is an electrical schematic diagram showing a preferred form of pilot
      circuit and contactor control circuit made in accordance with the present
      invention;
PAR  FIG. 3 is a fragmentary electrical schematic diagram showing the manner in
      which the stator coils shown in FIG. 2 are interconnected for high speed
      operation;
PAR  FIG. 4 is a fragmentary electrical schematic diagram showing the manner in
      which the stator coils shown in FIG. 2 are interconnected for low speed
      operation;
PAR  FIG. 5 is an electrical schematic block diagram of the motor protection
      module illustrated in FIG. 2;
PAR  FIG. 6 is a top plan view of a preferred form of contactor made in
      accordance with the present invention; and
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated a refrigerant compressor 10
      embodying a preferred form of the present invention. Compressor 10
      comprises a sealed outer casing 11 which includes an upper shell 12
      (having a top surface 13) that is welded to a lower shell 14. A plurality
      of legs 16 are suitably secured to compressor 10 to support it in an
      upright position.
PAR  Resiliently supported within the outer casing by resilient coil spring
      means 20 is a compression mechanism 22. The compression mechanism
      comprises a compressor block 24 which defines a cylinder 26, together with
      additional cylinder (not shown). A movable piston 28 reciprocates within
      cylinder 26 in order to compress a refrigerant vapor. Additional pistons,
      like piston 28, reciprocate in the additional cylinders, not shown. Each
      of the pistons is driven from a vertically-disposed drive shaft 30. The
      lower portion of the outer casing forms an oil sump in which the oil level
      is visible through an oil sight glass 31.
PAR  An electrical motor 32 is used to drive compression mechanism 22. The motor
      comprises a stator 34 which includes windings 36. A rotatable rotor 38 is
      inductively coupled to stator 34 and is mechanically coupled to drive
      shaft 30.
PAR  Provided at the end of each cylinder, including cylinder 26, and closing
      the end of each cylinder cavity, is a valve assembly, such as a valve
      assembly 40. The valve assembly includes a discharge valve and a suction
      valve. The suction valve opens on the suction stroke of piston 28 to
      permit refrigerant gas (suction gas) to enter cylinder 26 through a
      suction line 46. On the compression stroke of piston 28, the suction valve
      closes and the discharge valve opens to permit the flow of compressed
      refrigerant gas to a discharge muffler in the compression mechanism and
      then to discharge lines 48. The compressed gas is transmitted through the
      discharge lines to a conventional condensor (not shown).
PAR  A thermal density sensor 50 is located inside outer casing 11. The sensor
      comprises a thermostat which is screwed into compressor block 24 in the
      position shown in FIG. 1. The thermostat is preferably the same type of
      temperature limiting device shown in U.S. Pat. No. 3,278,111 (Parker --
      Oct. 11, 1966) in which switch contacts 58 (FIG. 2) and a temperature
      responsive element are contained within a single housing. Sensor 50 is set
      to open electrical contacts 58 at about 22.degree.F., plus or minus
      3.degree.F., and to close contacts 58 at about 32.degree. F, plus or minus
      3.degree.F. Contacts 58 are electrically connected to sensor 50 by
      conductors 54 and 55. Sensor 50 prevents the start up of motor 32 when the
      temperature of the running parts of the compression mechanism is below a
      predetermined value which inhibits adequate lubrication.
PAR  As shown in FIG. 1, a control box assembly 62, which comprises a top 64 and
      sidewalls 66-69, is physically coupled to top surface 13 of outer casing
      11. An electrical control assembly 72, contained within control box 62,
      includes a contactor 74, as well as compressor terminals.
PAR  Control assembly 72 also comprises a high pressure switch assembly 82
      located in the discharge gas spud on the exterior of the outer casing.
      Switch contacts 84 (FIG. 2) are contained within assembly 82.
PAR  The control assembly also includes a low pressure switch assembly 90 that
      incorporates switch contacts 92 (FIG. 2). The switch contacts are
      connected in the motor pilot circuit as shown in FIG. 2.
PAR  Control assembly 72 further comprises a discharge gas temperature sensor
      100 which is the same type of device as sensor 50 described above. Sensor
      100 includes a set of switch contacts 102 (FIG. 2) which are connected to
      the sensor by conductors 104 and 105. The discharge gas temperature sensor
      senses discharge gas temperature at its source so as to terminate
      compressor motor operation if the discharge gas temperature exceeds a
      predetermined high value (on the order of 300.degree.F) to prevent
      breakdown of the compressor oil and damage to the running parts of the
      compression mechanism.
PAR  In operation, each of the switches 58, 84, 92 and 102 shown in FIG. 2 must
      be in a closed circuit condition in order for motor 32 to be operated. If
      the temperature of the running parts of the compression assembly, for
      example, the drive shaft, piston, rods, and wrist pin, is too low, thermal
      density sensor 50 opens switch contacts 58, thereby preventing motor 32
      from starting up and damaging the compression mechanism. If high pressure
      switch assembly 82 detects pressure above approximately 410 PSIG in
      discharge lines 48, switch contacts 84 are open circuited or opened to
      stop motor 32. Likewise, if a temperature above approximately 300.degree.F
      in the discharge manifold is detected by discharge gas temperature sensor
      100, switch contacts 102 are opened to stop motor 32. In a similar manner,
      if low pressure switch assembly 90 detects pressure below approximately 25
      PSIG inside outer casing 11, switch contacts 92 are opened in order to
      stop motor 32.
PAR  Referring to FIGS. 1 and 2, three phase electrical power is supplied to
      stator coils 36 through a shielded cable 106 and over conductors 108-110.
      Stator coils 36 comprise inner coils 112-114 which are joined at a common
      end point 116 and which also are provided with terminals 118-120,
      respectively. The stator coils further includes outer coils 122-124 which
      terminate in terminals 128-130, respectively. Each of inner coils 112-114
      and outer coils 122-124 is wired to accept a different phase of electrical
      power from three phase power conductors 108-110, respectively.
PAR  Referring to FIG. 2, electrical control assembly 72 also comprises a tying
      contactor 134 which is used to interconnect stator coils 36 for high speed
      operation when energized. The tying contactor comprises a switch arm T136
      which movably operates between terminals 138, 139 and a switch arm T140
      which movably operates between terminals 142 and 143.
PAR  In order to operate motor 32 at the high speed, a high speed contactor 146
      is provided. As shown in FIG. 2, the contactor includes a switch arm H150
      that movably operates between terminals 152, 153, a switch arm H156 which
      movably operates between terminals 158, 159, and a switch arm H162 which
      movably operates between terminals 164 and 165.
PAR  Referring to FIGS. 2 and 6, a low speed contactor 170 is used to operate
      motor 32 at low speed. The contactor comprises a body 171, a switch arm
      L172 which movably operates between terminals 174, 175, a switch arm L178
      that movably operates between terminals 180, 181, and a switch arm L184
      that movably operates between terminals 186 and 187.
PAR  Each of the above described switch arms T136, T140, H150, H156, H162, L172,
      L178 and L184 is normally open in the manner shown in FIG. 2.
PAR  Control assembly 72 also includes a pilot control circuit 188 that has a
      low speed branch 189 for operating motor 32 at low speed and a high speed
      branch 190 for operating motor 32 at high speed.
PAR  Within pilot control circuit 188 is included an electrical interlock
      assembly 191. Referring to FIG. 2, the electrical interlock assembly
      comprises a normally-closed tying interlock switch 192 having a switch arm
      T194 that is movably operated between terminals 196 and 197. A normally
      open tying interlock switch 200 includes a switch arm T202 that is movably
      operated between terminals 204 and 205. A normally closed high-speed
      interlock switch 208 includes a switch arm H210 that is movably operated
      between terminals 212 and 213, and a normally closed low speed interlock
      switch 216 includes a switch arm L218 that is movably operated between
      terminals 220 and 221. As indicated in FIG. 2, tying interlock switch arms
      T194 and T202 are physically ganged to tying contactor switch arms T136
      and T140. Likewise, switch arm H210 is physically ganged to high speed
      contactor switch arms H150, H156, and H162, and low speed interlock switch
      arm L218 is physically ganged to low speed contactor switch arms L172,
      L178 and L184.
PAR  Referring to FIG. 6, interlocking of the contactors is also achieved by a
      mechanical interlock assembly 224. The tying contactor switch arms, as
      well as tying interlock switch arms T194 and T202 are each operated by a
      tying plunger 226 that is lowered by an arm 228 rotatably mounted on a
      pivot rod 230. A coil spring 232 biases the plunger in an upward direction
      as shown in FIG. 7. An interlock finger 234 having an upper surface 236
      and a side face 238 extends above pivot rod 230 in order to interlock the
      tying contactor and the low speed contactor.
PAR  The mechanical interlock assembly also includes a low speed plunger 242
      which operates the low speed contactor switch arms, as well as interlock
      switch arm L218. The plunger is operated in a vertical direction by an arm
      244 that is rotatably mounted to a pivot rod 246. Arm 244 terminates in
      opposed prongs 245a, 245b into which an extending finger 247 is fitted.
      Finger 247 is integrally formed with plunger 242. The plunger is biased in
      an upward direction (as shown in FIG. 6) by a coil spring 248. An
      interlock finger 250 having an upper surface 252 and a side face 254
      extends above pivot rod 246 in order to cooperate with interlock finger
      234.
PAR  Referring to FIG. 2, the pilot control circuit also includes a conductor
      262 which conducts AC current to a speed switch arm 264 that is movable
      between a low speed terminal 266 and a high speed terminal 268. The low
      speed branch of the circuit includes a conventional 2 second time delay
      device 273 as well as a low speed relay coil 278. The high speed branch of
      the circuit includes a tying relay coil 274 and a high speed relay coil
      276 connected as shown.
PAR  In order to operate the control assembly, conductors 108-110 are connected
      to a three phase source of AC voltage, and speed switch arm 264 is moved
      to the desired speed terminal. Assuming switch arm 264 is placed in
      contact with high speed terminal 268 and that current is conducted through
      return conductor 279 by switch contacts 58, 84, 92 and 102, the
      normally-closed switch arm L218 conducts current through tying relay coil
      274. As soon as relay coil 274 is energized, plunger 226 is lowered so
      that switch arms T136 and T140 are closed, interlock switch arm T194 is
      opened, and interlock switch arm T202 is closed. This is an important
      feature, since it interconnects stator coils 36 for high speed operation
      before power is applied to the coils. This mode of operation prevents
      transient or circulating currents which could be caused by the application
      of power before the tying of and interconnecting of the coils is
      completed. As plunger 226 moves downward, interlock finger 234 moves to
      the position shown in phantom in which upper surface 236 moves into the
      path of low speed interlock finger 250, thereby physically preventing low
      speed plunger 242 from closing low speed switch arms L172, L178, and L184
      (FIGS. 6 and 7). In addition, the opening of switch arm T194 electrically
      prevents the energization of low speed relay coil 278.
PAR  As soon as switch arm T202 is closed, high speed relay coil 276 is
      energized and closes high speed switch arms H150, H156 and H162 so that
      three phase AC power is applied to the stator coils. The interconnections
      made by the energization of relay coils 274 and 276 is shown in FIG. 3.
      High speed interlock switch H210 arm opens, also preventing low speed coil
      278 from being energized as did switch arm T194. The high speed switch
      arms may be operated by a contactor similar to the one shown in FIGS. 6
      and 7. As soon as these connections are made, the motor begins to turn at
      its high speed rate.
PAR  Assuming that speed switch arm 264 is moved into contact with low speed
      terminal 266, time delay device 273 allows current to flow in low speed
      branch 189 after a two second delay. Current passes through the normally
      closed switch arms H210 and T194 in order to energize low speed relay coil
      278. The energization of relay coil 278 causes low speed plunger 242 to
      move downward (as seen in FIG. 6) so that low speed switch arms L172, L178
      and L184 are closed and low speed interlock switch arm L218 is opened. At
      the same time, upper surface 252 of interlock finger 250 moves to the
      position shown in phantom to prevent interlock finger 234 from lowering
      the tying plunger 226, thereby preventing tying switch arms T136 and T140
      from closing. As a result, relay coils 274 and 276 are physically
      prevented from being energized. In addition, the opening of switch arm
      L218 electrically prevents the relay coils from being energized. As soon
      as the low speed switch arms in low speed contactor 170 are closed, the
      connections shown in FIG. 4 are completed so that motor 32 rotates at its
      low rate of speed.
PAR  Referring to FIGS. 2 and 5, stator coils 236 are protected from excessive
      temperatures by a motor protection assembly 282. The assembly includes
      sensors 284-286 that are preferably embedded in stator coils 112-114,
      respectively. If the sensors cannot be embedded in stator coils 112-114,
      they may be placed adjacent to coils 112-114 but in definite thermal
      contact. Applicants have found that contact between sensors and coils
      122-124 only will not provide satisfactory protection from overheat should
      the tie contactor 134 fail in the open position while compressor 10 is
      operating at high speed. The sensors have a positive or negative
      temperatures coefficient of resistance so that, as the stator coils heat
      up, the resistance of the sensors changes. The resistance change with
      temperature may be linear or non-linear.
PAR  The sensors are used to provide temperature information for a solid state
      motor protection module 288. The motor protection module may be a solid
      state device, such as a Robert Shaw model MP23 "Statorstat Motor
      Protector". This device is shown in more detail in FIG. 5.
PAR  Module 288 includes a bridge resistor 290 that is used as one leg of a
      bridge, the other leg comprising the sensors 284-286. The sensor resistors
      and bridge resistor are wired together in a bridge configuration which
      controls an OR gate 292. If the reference point 293 at the junction
      between the bridge resistor and the sensors is negative, a current flows
      through OR circuit 292 to energize a semi-conductor relay circuit 294.
      Power is supplied to the relay circuit through a transformer 296 and
      single phase power conductor 262 and 298. Relay circuit 294 controls a
      triac 300 that is connected to pilot circuit conductor 297 over conductors
      302 and 303. Relay circuit 294 also controls a differential switch 304 and
      a differential resistor 306 that can be switched into the bridge circuit.
PAR  During normal running conditions, the resistance of sensors 284-286 is
      lower than the resistance of bridge resistor 290. In this case, the bridge
      is unbalanced and reference point 293 is positive so that no current flows
      through OR circuit 292. Under these conditions, relay circuit 294 is
      energized so that triac 300 is switched to its conductive state. In its
      conductive state, triac 300 enables current to flow through conductor 279
      in the pilot circuit so that relay coils 274, 276 and 278 may be
      energized. When relay circuit 294 is energized, differential switch 304 is
      closed and differential resistor 306 is shorted out of the bridge circuit
      comprising sensors 284-286 and bridge resistor 290.
PAR  As the stator coils heat up, sensors 284-286 also heat up and their
      resistance increases. If the sensor resistance exceeds the module cut out
      value, the bridge becomes balanced so that reference point 293 is switched
      to a negative polarity and current flows through OR circuit 292 in order
      to de-energize semi-conductor relay circuit 294. As soon as relay circuit
      294 is de-energized, triac 300 is switched to its non-conductive state so
      that current can no longer flow through conductor 279. As a result, the
      pilot control circuit returns each of contactors 134, 146 and 170 to its
      open circuit condition so that the motor is turned off. At the same time
      relay circuit 294 is de-energized, differential switch 304 opens so that
      differential resistor 306 is connected in series with sensors 284-286.
      This increases the unbalance of the bridge so that OR circuit 292 prevents
      current from flowing to relay circuit 294 until the resistance in the
      sensors drops below the cut in value.
PAR  As soon as the stator coils have cooled, the sensor temperature and
      resistance drop in value until the combined resistance of sensors 284-286
      and differential resistor 306 is less than the resistance of bridge
      resistor 290. At this point in time, the bridge circuit is unbalanced in
      the oppposite direction so that the polarity of junction 293 is again
      switched positive. As a result, OR circuit 292 conducts current, relay
      circuit 294 is energized and triac 300 again is switched to its conductive
      state. At this point in time, motor 32 again begins to rotate.
PAR  Those skilled in the art will recognize that only a preferred embodiment
      has been described herein and that the embodiment may be modified and
      altered without departing from the true spirit and scope of the invention
      as defined in the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a refrigerant compressor of the type having a compression mechanism
      for receiving refrigerant gas from a suction line, compressing the
      refrigerant gas and discharging the compressed refrigerant gas through a
      discharge line, and a motor for rotating drive shaft means in the
      compression mechanism at low speed and at high speed, said motor including
      a single stator coil assembly comprising first, second and third stator
      coils, each stator coil having an inner end point connected to a common
      conductor and also having an outer end point, improved apparatus for
      controlling the operation of the motor from a source of electrical power
      comprising:
PA1  a fourth stator coil having a first end point connected to the outer end
      point of the first stator coil;
PA1  a fifth stator coil having a first end point connected to the outer end of
      the second stator coil;
PA1  a sixth stator coil having a first end point connected to the outer end
      point of the third stator coil;
PA1  a tying relay coil for operating tying relay contacts that switch the
      stator coils between a high speed interconnection and a low speed
      interconnection;
PA1  a low speed relay coil for operating low speed relay contacts that apply
      power from the source to the stator coils after the stator coils have been
      switched to the low speed interconnection to achieve low speed operation
      so that damaging surge voltages and currents in the stator coils are
      prevented;
PA1  a high speed relay coil for operating high speed contacts that apply power
      from the source to the stator coils after the stator coils have been
      switched to the high speed interconnection to achieve high speed operation
      so that damaging surge voltages and currents in the stator coils are
      prevented;
PA1  a control circuit including a first branch for controlling the high speed
      relay coil and a second branch for controlling the low speed relay coil;
PA1  electrical interlock means in the control circuit for preventing the
      simultaneous operation of the low speed relay coil and the high speed
      relay coil;
PA1  mechanical interlock means to prevent the simultaneous operation of the low
      speed relay contacts and the high speed relay contacts;
PA1  first sensor means located adjacent the first stator coil for indicating a
      change in temperature of the first stator coil;
PA1  second sensor means located adjacent the second stator coil for indicating
      a change in temperature of the second stator coil;
PA1  third sensor means located adjacent the third stator coil for indicating a
      change in temperature of the third stator coil; and
PA1  control means for interrupting the flow of current in the first and second
      branches in response to an indication from any of said sensors that the
      temperature of any of said stator coils exceeds a predetermined value, so
      that the control circuit is prevented from operating the tying relay coil,
      low speed relay coil, or high speed relay coil.
NUM  2.
PAR  2. Apparatus, as claimed in claim 1, wherein:
PA1  the fourth stator coil comprises a second end point connected to the low
      speed relay contacts;
PA1  the fifth stator coil comprises a second end point connected to the low
      speed relay contacts;
PA1  the sixth stator coil comprises a second end point connected to the low
      speed relay contacts; and
PA1  wherein the tying relay contacts comprise:
PA1  a first tying switch connected between the second end point of the fourth
      stator coil and the second end point of the fifth stator coil; and
PA1  a second tying switch connected between the second end point of the fifth
      stator coil and the second end point of the sixth stator coil.
NUM  3.
PAR  3. Apparatus, as claimed in claim 2, wherein the control circuit and the
      electrical interlock means comprise:
PA1  means for connecting the high speed relay coil in series with the first
      branch of the control circuit for operating the high speed relay contacts
      in response to the flow of current in the first branch;
PA1  means for connecting the low speed relay coil in series with the second
      branch of the control circuit for operating the low speed relay contacts
      in response to the flow of current in the second branch;
PA1  normally-closed low speed interlock contacts connected in series with the
      high speed relay coil, said interlock contacts being opened by the
      operation of the low speed relay contacts;
PA1  normally-open first tying interlock contacts connected in series with the
      high speed relay coil, said first tying interlock contacts being closed by
      the operation of the tying relay contacts;
PA1  normally-closed second tying interlock contacts connected in series with
      the low speed relay coil, said second tying interlock contacts being
      opened by the operation of the tying relay contacts;
PA1  normally-closed high speed interlock contacts connected in series with the
      low speed relay coil, said high speed interlock contacts being opened by
      the operation of the high speed relay contacts; and
PA1  means for connecting the tying relay coil in series with the low speed
      interlock contacts and in parallel with the first tying interlock contacts
      and the high speed relay coil for operating the tying relay contacts in
      response to the flow of current through at least part of the first branch.
NUM  4.
PAR  4. Apparatus, as claimed in claim 3, wherein the control means comprises:
PA1  a bridge resistor;
PA1  means for connecting the bridge resistor and the first, second and third
      sensor means in a bridge circuit configuration to form a junction between
      the bridge resistor and one of the sensor means;
PA1  bias means for biasing the bridge configuration so that the junction has a
      first polarity when the stator coils are below a predetermined temperature
      and the junction has a second polarity when the stator coils are above a
      predetermined temperature;
PA1  a motor protection switch connected in series with the first and second
      branches; and
PA1  means for opening the motor protection switch in response to the second
      polarity of said junction.
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ABST
PAL  A regulator for a direct current motor including both current limit and
      speed feedback paths further includes a speed control circuit for
      controlling a controllable power supply the output of which governs motor
      speed. The speed control circuit is designed to provide a desired transfer
      characteristic having extremely high gain at low frequencies while
      maintaining a substantially unity gain at higher frequencies to thereby
      enhance the stability of the motor operation throughout a wide range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to direct current (d.c.) motor
      regulators and more specifically to regulators having current and speed
      feedback loops for the regulation of motor operation.
PAR  In the field of motor regulation it is well known to provide both speed
      control and current limit; that is, regulation in which the speed of the
      motor will be maintained at a desired value until such time as the motor
      reaches a point at which the current exceeds a prescribed limit. When the
      current limit is reached, another portion of the regulator will become
      effective to prevent the motor current from further increase. The
      theoretically perfect speed/current curve achieved by a motor is one in
      which the speed remains absolutely constant until such time as the current
      limit is reached at which time there is no further increase in speed and
      the current will remain constant even though the speed may decrease to
      zero. As a practical matter, such a perfect curve is never achieved
      partially because of imperfections in equipment and components and
      partially because there is normally some form of interaction between the
      current limiting and speed control portions of the regulator.
PAR  It is also recognized by those skilled in the art that a closely regulated
      d.c. motor, as will be more fully described in the detailed specification
      which follows, can become unstable when rapid regulation changes are
      required. This is because certain of the circuit components used in the
      control are inherently frequency responsive and the motorload itself, when
      viewed as a system, is also responsive to frequency.
PAR  Numerous schemes for speed control to achieve both adequate regulation and
      stability have been devised. These schemes are generally complex and if
      designed to be useful over a range of motors have required a plurality of
      adjustments due largely to the fact that the frequency responsive elements
      including the motor system itself do exist. For these reasons it is
      generally desirable to provide a relatively high gain at low frequencies
      and a low gain at high frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      regulator for a direct current motor.
PAR  It is a further object to provide a direct current motor regulator
      providing extremely high gain in response to low frequencies and
      substantially a uniform unity gain at higher frequencies.
PAR  It is a still further object to provide a direct current motor regulator
      which is readily adjustable over a wide operational range.
PAR  It is another object to provide a direct current motor regulator employing
      both current and speed feedback regulation loops in which the two forms of
      regulation are substantially independent of one another.
PAR  It is still another object to provide a direct current motor regulator
      which is readily adaptable and applicable to a large range of different
      motors and drive systems.
PAR  In accordance with the present invention, a regulator for a direct current
      motor provides the control signal which governs the output of a
      controllable power source in response to feedback signals from both a
      current limiting circuit and a speed control circuit. The current limiting
      circuit is effective only after the reaching of a particular value of
      motor current and until that point is reached the speed control circuit is
      solely effective. The speed control circuit is of a nature to provide a
      specified transfer characteristic resulting in an extremely high gain in
      response to low frequency signals and a gain which remains substantially
      constant and preferably at unity for higher frequency signals. In
      accordance with the present invention the two regulation circuits or loops
      are interconnected such that upon the occurrence of the current limit
      circuit sole control is given to that circuit in preference over the speed
      control signal.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects of the present invention will become
      apparent as the following description proceeds and the features of novelty
      which characterize the invention will be pointed out in particularity in
      the claims annexed to and forming a part of this specification. For a
      better understanding of the invention, reference is made to the
      accompanying drawings in which:
PAR  FIG. 1 is a Bode diagram of the transfer characteristic of a typical d.c.
      motor-load system;
PAR  FIG. 2 is a schematic diagram of the preferred embodiment of the present
      invention; and
PAR  FIG. 3 is a Bode diagram showing the transfer characteristic of the speed
      control of the system of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before beginning a detailed description of the present invention it is
      believed well to discuss briefly the transfer characteristic of a typical
      motor-load system which makes the present invention desirable. FIG. 1 is a
      Bode diagram showing the plot on logarithmic scales of gain (ordinate)
      versus frequency (abscissa). In this case, gain may be considered as the
      ratio of the motor input voltage to the motor speed. In FIG. 1 three
      points A, B and C are designated. As illustrated, the curve between points
      A and B shows no slope indicating that in this range the motor speed will
      closely follow the voltage input; that is, any change in the voltage input
      will result in a proportional change in motor speed. As the frequency
      increases, a first downbreak (point B) occurs primarily as a result of
      inertial effects of the motor-load system. The portion of the curve
      between points B and C indicates that there will now be a time lag between
      the application of a change in input voltage and a resultant change in the
      motor speed. At point C, a second downbreak exists which is cumulative
      with the first and results in a rather steep slope in the curve. The
      second downbreak is basically the result of the reactance of the motor
      windings themselves.
PAR  Normal motor control systems employ a speed feedback which is in opposition
      to a designated reference to provide stability; that is, the adjustment of
      the system is such that when the motor is operating at precisely the
      desired speed, the feedback signal and the reference speed signal are
      equal and there is no error signal. With this in mind, it is apparent from
      FIG. 1 that a large gain in the speed control loop is desirable so that a
      small deviation in motor speed will result in a very rapid correction to
      maintain the correct motor speed. However, it is also seen from FIG. 1,
      particularly after point C where the double downbreak has occurred, that
      it is possible to develop what amounts to a 180 degree phase shift in the
      feedback signal with respect to the applied input voltage. If such were
      the case, the feedback signal, instead of opposing the desired reference
      signal would in fact be additive thereto, compounding the error and making
      the total system unstable. It is, therefore, highly desirable that the
      gain of the system be low at this point so as to minimize this potential
      instability.
PAR  Reference is now made to FIG. 2 which shows the present invention in its
      preferred embodiment. As shown in FIG. 2 there is provided a motor 10
      connected to a suitable load 12 as indicated by the dotted line. A
      suitable means for providing a feedback signal which is proportional to
      the motor speed is indicated as a tachometer 14 driven by the motor as is
      indicated by the dotted line connecting those two elements. Tachometer 14
      provides an output signal on line 16 which is proportional to the motor
      speed. It will, of course, be obvious to those skilled in the art that the
      tachometer 14 is merely exemplary and that other devices or methods could
      be employed. For example, the motor armature voltage could, in certain
      instances, be sufficiently accurate and indicative of motor speed to
      permit its use as a feedback signal. A second feedback signal is provided
      from the motor 10 on line 18. This signal is one which is proportional to
      motor current and is one which can be derived in the manner well known in
      the art. The signal on line 18 is provided as an input to a current limit
      circuit shown within the dotted line block 20 which will be further
      described later in this specification.
PAR  Power is supplied to the motor 10 from a controlled power supply 22 by way
      of conductors illustrated at 24. As is well known in the art, the speed of
      a separately excited direct current motor is primarily the function of its
      input voltage. The function of the controlled power supply 22, therefore,
      is to vary the voltage applied to conductors 24 in response to an input
      control signal applied to the controlled power supply by way of an input
      on line 26. The signal on line 26 is the output of a speed control circuit
      shown within the dotted line block 28. The actual nature of the controlled
      power supply is not material to the present invention and may be any of
      those well known in the art. The power supply 22 may, for example, employ
      controlled rectifier devices which vary the percentage of total time that
      a d.c. source (not shown) is connected to the motor in response to the
      input control signal. As another example, assuming an a.c. source were
      used, the controlled power supply could employ a controlled rectifier
      bridge in which the rectifiers are phase controlled to vary the d.c.
      output all in a manner well known in the art. The basic criteria in this
      instance being that the power supply is adjustable in accordance with an
      input control signal.
PAR  The speed control circuit shown within the dotted line block 28 includes a
      means for providing a suitable reference voltage which is proportional to
      the desired motor speed. This reference voltage is shown as being achieved
      by a potentiometer 30 connected between a suitable reference voltage (V+)
      and ground. The wiper arm of the potentiometer is connected through a
      scaling resistor 32 to a junction 34. The speed feedback signal on line 16
      is also applied to the junction 34 through a suitable scaling resistor 36.
      The values of the several components are chosen such that when the motor
      is operating at the desired speed the voltage from the potentiometer 30
      and that appearing on line 16 are equal in magnitude and opposite in
      polarity such that a zero voltage appears at junction 34. Any voltage
      existing at junction 34 is applied via a resistor 38 and a line 40 to the
      normal input of an operational amplifier 42. A feedback path from the
      output of the amplifier 42 to the inverting input 41 thereof comprises a
      capacitor 44 so that under prescribed circumstances an integration
      function will be performed. However, there is also provided a second
      potentiometer 46 which is connected between a point of fixed potential
      (shown as ground) and the inverting input of the amplifier 42 as will be
      more fully explained. As can be shown, the portion of the circuit
      consisting of the amplifier 42, capacitor 44 and the variable resistor 46
      form a unique circuit having a transfer characteristic defined by the
      equation
      ##EQU1##
      wherein G is the ratio of the output voltage of the amplifier 42 as seen
      on line 26 to the input voltage as seen on line 40, R equals the
      resistance of the resistor 46, C is the capacitance of capacitor 44 and
      j.omega. equals j2.pi.f.
PAR  The current limit circuit within block 20, which receives the motor current
      signal via line 18, includes a means for establishing a suitable reference
      signal illustrated as a potentiometer 50 connected between a suitable
      source of voltage (V++) and ground. The wiper arm of the potentiometer 50
      is connected through a scaling resistor 52 to the inverting input of an
      operational amplifier 54 which input also receives the motor current
      signal on line 18 via a scaling resistor 56. The normal input of the
      operational amplifier 54 may be connected to ground. A feedback path
      including a resistor 58 and a capacitor 60 is provided between the output
      of the amplifier 54 and its inverting input to perform an integration
      function as is well known in the art. The output of the amplifier 54 is
      applied to a junction 64 which exists between resistor 38 and the normal
      input of operational amplifier 42 of the speed control circuit 28 by way
      of a diode 62 which is poled to conduct in a direction toward the
      amplifier 54.
PAR  The operation of the invention as shown in FIG. 2 is as follows. First
      assume that the motor is not in current limit resulting in a positive
      output from amplifier 54. Diode 62 is thus back-biased and no current can
      flow in resistor 38. In this situation, the voltage at the normal input to
      the operational amplifier 42 as seen on line 40 will be equal to the
      voltage appearing at junction 34. The voltage at 34 representing the error
      in speed will, of course, be the difference between the reference voltage
      from potentiometer 30 and the feedback voltage via line 16. As such, the
      output of the operational amplifier 42 as seen on line 26 will follow in
      direct response to the inputs on line 40 and that to the inverting
      terminal of that amplifier so as to force the voltage at the inverting
      input 41 to be equal to voltage on line 40. Assuming the motor is not
      running at speed corresponding to that desired by the setting and that the
      voltage appearing on line 40 is some non-zero value, then a current will
      flow in the rheostat 46 equal to the voltage at terminal 41 divided by the
      effective value R of the potentiometer 46. This current is provided from
      the output as seen on line 26 through the capacitor 44 and is equal to the
      difference between the value of the voltage at 26 and that at the terminal
      41 divided by 1/(C.j.omega.). Thus, as was previously explained, the gain
      of this portion of the circuit G is equal to
      ##EQU2##
      The voltage on line 26 will be applied to the controlled power supply 22
      resulting in the change in the voltage applied to the motor to effect a
      corresponding change in the speed of the motor with a subsequent reduction
      in the error voltage which appears at the junction 34.
PAR  FIG. 3 illustrates a Bode diagram of the transfer characteristic of this
      portion of the circuit. Here, as was the case with FIG. 1, on logarithmic
      scales there is plotted gain as the ordinate and frequency as the
      abscissa. The several curves shown all demonstrate a similar appearance of
      having a pronouced slope to a point after which the gain remains at unity
      with further increases in frequency. The several lines illustrated as a
      through d are, respectively, for correspondingly smaller effective values
      of the resistance of the potentiometer 46 and demonstrate the achieved
      desired feature of providing an extremely high gain at low frequencies and
      a substantially uniform gain of unity at higher frequencies.
PAR  Referencing now the current limit circuit of the system of the present
      invention, it may be seen that so long as the value of the signal on line
      18 (proportional to the motor current) as scaled by resistor 56 is less
      than the current limit reference from the potentiometer 50 as scaled by
      resistor 52, the operational amplifier 54 will be in positive saturation
      insuring that the diode 62 is back-biased. When, however, a scaled value
      of the signal on line 18 exceeds the scaled value of the reference signal
      from potentiometer 50, amplifier 54 will shift negative a sufficient
      amount to forward bias diode 62 allowing it to conduct and permitting a
      current to flow through resistor 38. This, in turn, will cause the
      potential at junction 64 and hence the value of the voltage on line 40 to
      the input of the amplifier 42 to be equal to the voltage at the output of
      the operational amplifier 54 (plus the relatively small amount of the
      voltage drop across the diode 62). This input to amplifier 42 will result
      in an immediate reduction in its output which when applied to the control
      power supply 22 by way of line 26 results in a reduction of the motor
      voltage and hence a reduction in motor current. It is thus seen that
      because of this action the two circuits, that is the current limit circuit
      and the speed control circuit, are substantially independent one of the
      other.
PAR  While there has been shown and described what is at present considered to
      be the preferred embodiment of the invention, modifications thereto will
      readily occur to those skilled in the art such as the provision of the
      speed feedback signal previously mentioned. It should also be noted that
      the current limit circuit shown is exemplary, the requirement being only
      that it be a threshold type of device such that it comes into operation
      only when the maximum permissible motor current is exceeded. It is,
      therefore, desired that the claims concluding this specification not be
      limited to the specific embodiment shown but they be interpreted in the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A regulator for a direct current motor, energized from a controllable
      power supply, responsive to motor current and motor speed feedback signals
      comprising:
PA1  a. a current limit circuit including,
PA2  1. means to provide a current reference signal proportional to a desired
      maximum motor current,
PA2  2. means to compare said current reference signal with the motor current
      feedback signal to provide, when the latter exceeds the former, a current
      limit signal;
PA1  b. a speed control circuit for providing a control signal to said power
      supply including,
PA2  1. means to provide a speed reference signal proportional to a desired
      motor speed,
PA2  2. means to compare said speed reference signal with the speed feedback
      signal to provide said control signal to control said power source in the
      absence of said current limit signal, said latter means including a
      resistive component (R) and a capacitive component (C) and having a
      transfer characteristic (G) defined by the equation
      ##EQU3##
      and, c. means to interconnect the current limit circuit and the speed
      control circuit to produce the control signal as a function of said
      current limit signal when it is present.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein said speed control
      circuit includes an operational amplifier, a capacitor connected between
      an output and an input of said amplifier, and a resistor connected between
      said amplifier input and a point of fixed potential.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein said resistor is
      variable.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the means to
      interconnect includes a diode whereby signals of only one relative
      polarity from the current limit circuit may serve to produce the control
      signal.
NUM  5.
PAR  5. A regulator responsive to feedback signals derived from a direct current
      motor and proportional to the motor current and motor speed comprising:
PA1  a. a controllable power supply for varying the power applied to the motor
      in response to a control signal applied thereto;
PA1  b. a current limit circuit including,
PA2  1. means to provide a current reference signal indicative of a desired
      maximum motor current,
PA2  2. means to compare said current reference signal with the motor current
      feedback signal to provide, when the latter exceeds the former, a current
      limit signal, said means to compare including a first operational
      amplifier having an integrating feedback circuit connected between its
      output and its input;
PA1  c. a speed control circuit for providing said control signal to the
      controllable power supply including,
PA2  1. means to provide a speed reference signal indicative of a desired motor
      speed,
PAR  2. means to combine said speed reference signal with the motor speed
      feedback signal to develop an error signal indicative of the deviation in
      actual motor speed from that desired,
PA2  3. means including a second operational amplifier responsive to said error
      signal, in the absence of said current limit signal, to develop said
      control signal, said latter means further including a capacitor (C) in
      parallel with said second amplifier and a resistor (R) connected between a
      point of fixed potential and said amplifier whereby said latter means has
      a transfer characteristic (G) defined by the equation:
      ##EQU4##
      and, d. means to interconnect said current limit circuit and said speed
      control circuit to provide said control signal as a function of said
      current limit signal during its occurrence.
NUM  6.
PAR  6. The invention in accordance with claim 5 wherein said resistor is
      variable.
NUM  7.
PAR  7. The invention in accordance with claim 6 wherein the variable resistor
      constitutes the sole adjustment of the speed control circuit.
NUM  8.
PAR  8. The invention in accordance with claim 5 wherein the error and current
      limit signals are voltage signals and wherein the means to interconnect
      includes a diode poled to permit current limit signals of only one
      polarity to be effective to produce said control signal.
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ABST
PAL  Apparatus for advancing magnetic tape with respect to a recording head
      through small, discrete, and uniform displacement increments. A direct
      current drive motor has an armature shaft that drives a displaceable
      member. Controls develop signals that energize and deenergize the motor.
      Included in these controls are a speed responsive tachometer and an
      acceleration control utilizing a saturable amplifier.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 536,541, filed Mar.
      4, 1966, now U.S. Pat. No. 3,614,757 which in turn is a continuation of
      application Ser. No. 321,511, filed Nov. 5, 1963, now abandoned in the
      name of Robert P. Burr. Said application Ser. No. 321,511 is a
      continuation-in-part of application Ser. No. 120,256, filed June 28, 1961
      in name of Robert P. Burr, and now U.S. Pat. No. 3,182,243, which refers
      to application Ser. No. 12,411, filed Mar. 2, 1960, now U.S. Pat. No.
      3,044,695, incorporated herein by reference.
BSUM
PAR  This invention relates to apparatus for precisely displacing a member
      having indicia thereon and, more particularly, to apparatus for precisely
      displacing magnetic tape having discrete indicia recorded thereon, on a
      character-by-character or line-by-line basis during both the recording and
      reading operations.
PAR  Recording and reading of magnetic tape with digital information thereon on
      a line-by-line basis is desirable for many applications. For example, it
      may be desired to accumulate data from automatic processes, navigational
      equipment or telemetering apparatus for subsequent high speed use by a
      computer. Heretofore, while various apparatus has been provided for
      recording pulse data on a magnetic tape at a slow rate, it has not been
      possible to read the data from the tape on a line-by-line basis at a slow
      and perhaps random rate. Thus, information from a magnetic tape has
      previously been stored in an intermediate buffer stage after reading on a
      slewing or high-speed basis, and thereafter the information has been
      utilized upon controlled discharge from the buffer.
PAR  Ordinarily, when recording data in the form of pulse indicia on a magnetic
      tape on a line-by-line basis, the data is recorded on the tape at
      uniformly spaced intervals. The tape is periodically advanced as rapidly
      as possible between groups of characters or lines to generate record gaps
      whenever the incoming data indicates that it will be necessary for the
      reading transport to stop and start.
PAR  The motion of the tape between characters or lines may be, for example,
      0.005 .+-. 0.0005 inch or 0.0018 .+-. 0.00018 inch, corresponding to 200
      or 556 characters per inch. Displacement of the tape during record gaps
      may be, for example, 0.75 - 1/16 + 1/8 inch.
PAR  Movement of the tape for the data increments may theoretically be obtained
      by a stepping motor and gear reduction system connected to a tape-drive
      capstan. However, movement for record gaps with such a system may require
      the use of an auxiliary capstan motor to advance the tape through the gap
      interval.
PAR  Reading magnetic tape on a line-by-line basis presents particular
      difficulty because the tape has no mechanical sprocket means and because
      there is no way to ascertain where the data is physically located on the
      tape without actually reading the tape.
PAR  Detenting devices such as stepping motors are not practical for reading
      magnetic tapes since there is no way to obtain and maintain registration
      between the data on the tape and the capstan motion.
PAR  It is an object of the present invention, therefore, to provide a new and
      improved apparatus for precisely displacing a member having discrete
      indicia thereon on a line-by-line basis.
PAR  It is another object of the invention to provide new and improved apparatus
      for advancing magnetic tape with respect to a recording head through
      small, discrete, and uniform displacement increments which are repeatable
      with high accuracy for the purpose of preparing magnetic recordings on the
      tape on a line-by-line basis.
PAR  It is another object of the invention to provide apparatus for translating
      magnetic tape with respect to a magnetic head at high rates of speed for
      short, accurately determined displacements in order to generate record
      gaps when recording in a line-by-line manner.
PAR  The invention also has utility in recording and reading indicia on tapes
      other than magnetic tape, for example, perforations of a perforated paper
      tape.
PAR  In accordance with the invention, apparatus for precisely displacing a
      member having indicia thereon comprises a direct-current drive motor
      having an armature with a substantially uniformly distributed winding and
      having an armature shaft adapted to drive the displaceable member. The
      apparatus also includes control means for developing a signal for
      controlling the times of energization and de-energization of the motor.
      The apparatus also includes speed-responsive means coupled to the armature
      shaft for developing a direct-current signal representative of the speed
      of the armature shaft. The control means and the speed-responsive means
      are coupled to provide a signal representative of the difference between
      the signal developed by the control means and the signal developed by the
      speed-responsive means. The apparatus also includes saturable amplifier
      means responsive to the difference signal and coupled to the motor for
      providing a signal for accelerating the motor to a desired velocity in a
      predetermined transient starting interval and for precisely controlling
      the deceleration and thus the displacement of the armature shaft during
      the transient stopping interval.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description taken in connection with the accompanying drawings, and its
      scope will be pointed out in the appended claims.
DRWD
PAR  Referring now to the drawings:
PAR  FIG. 1 is a schematic block diagram of pulse indicia recording and reading
      apparatus including displacing apparatus constructed in accordance with
      the invention;
PAR  FIG. 2 is a circuit diagram of a flip-flop generator utilized in the FIG. 1
      apparatus;
PAR  FIG. 3 is a circuit diagram of a saturable servo amplifier suitable for use
      in the FIG. 1 apparatus;
PAR  FIG. 4 is a graph representing the signal-time characteristics at various
      points in the FIG. 1 apparatus;
PAR  FIG. 5 is a graph representing velocity-time characteristics of the
      magnetic tape under various operating conditions;
PAR  FIG. 6 is a schematic block diagram of modified apparatus useful in
      connection with the FIG. 1 apparatus and constructed in accordance with
      the invention; and
PAR  FIG. 7 is a graph representing a velocity-time characteristic of magnetic
      tape under a selected operating condition of the FIG. 6 apparatus.
DETD
PAR  Referring now more particularly to FIG. 1 of the drawings, there is
      represented apparatus for recording digital information or pulse indicia
      on magnetic tape and for reading magnetic tape having indicia recorded
      thereon. For purposes of explanation, the indicia recorded on the tape
      will be considered to be in ordinary pulse form, but it will be apparent
      that each of the indicia may also be recorded in the form of a transition
      of magnetic state of the tape from one level to another, as in so-called
      non-return to zero recording. The FIG. 1 apparatus includes displacing
      apparatus for precisely displacing the tape having discrete indicia
      thereon. The displacing apparatus comprises a direct-current drive motor
      having an armature with a substantially uniformly distributed winding and
      having an armature shaft adapted to drive the tape. More particularly, the
      motor preferably is a printed circuit motor which may be of the type
      described in Swiggett U.S. Pat. No. 2,970,238. Such a printed circuit
      motor has an iron-free armature disc with low inertia and with no
      preferred armature positions. The motor 10 has an armature shaft,
      diagrammatically represented by a broken line 11, having thereon a capstan
      12 for driving magnetic tape 13 across recording and reading heads 14.
PAR  The displacing apparatus also includes control means for developing a
      signal for controlling the times of energization and de-energization of
      the motor and for controlling the terminal velocity of the motor. More
      particularly, this control means comprises a flip-flop generator 15
      described in greater detail hereinafter. The output circuit of the
      flip-flop generator 15 is coupled through a suitable OR gate 16 to
      speed-responsive means comprising a tachometer 17 of conventional
      construction coupled to the armature shaft, as indicated by broken line
      18, for developing a direct-current signal representative of the speed of
      the armature shaft. The energizing means comprising the flip-flop
      generator 15 and the speed-responsive means comprising the tachometer 17
      are coupled to provide a signal representative of the difference between
      the signal developed by the energizing means and the signal developed by
      the speed-responsive means. The output circuit of the tachometer
      preferably is coupled in series relation with the output circuit of the
      flip-flop generator 15 to provide the aforesaid difference signal.
PAR  The displacing apparatus also includes saturable amplifier means responsive
      to the aforesaid difference signal and coupled to the motor for providing
      a signal for accelerating the motor to a desired velocity in a
      predetermined transient starting interval and for precisely controlling
      the deceleration and thus the displacement of the armature shaft during
      the transient stopping interval. The saturable amplifier means, more fully
      described hereinafter, provides signals of substantially constant
      amplitudes during transient starting and stopping intervals for driving
      the motor with substantially constant acceleration to a desired
      substantially constant velocity and for stopping the motor with
      substantially constant deceleration.
PAR  The FIG. 1 apparatus also includes circuits for supplying digital
      information to be recorded to the recording head 14. For example, three
      channels 20, 21, 22 are represented as being coupled through a switch
      having sections 23, 24, 25 to the head 14. The recording channels 20, 21,
      22 are also coupled through suitable OR gates 26, 27, 28 and a switch 29
      coupled to the earlier mentioned switch sections 23, 24, 25 and to an OR
      gate 30 to the flip-flop generator 15 for supplying advance pulses to
      actuate the flip-flop generator.
PAR  There is also directly mounted on the shaft 11 of the motor 10, a circular
      disc 31 having a magnetic record along the circumference thereof with
      pulses at discrete increments representing the desired spacings between
      pulses to be recorded on the magnetic tape. A suitable pick-off head 32
      responsive to the pulses on the disc 31 is coupled through a pick-off
      amplifier 33 and an OR gate 34 through a switch section 35, a logic
      section 36, 37, and an emitter-coupled amplifier 38 to provide stop pulses
      for the deactuation of the flip-flop generator 15.
PAR  The apparatus also includes a suitable slewing switch 40 connecting a
      suitable voltage source + B to a voltage divider 41. The voltage divider
      41 is coupled through an OR gate 42 to the tachometer 17.
PAR  The FIG. 1 apparatus also includes a gap-generating push-button switch 45
      coupled to a suitable voltage source + B and to the input circuit of a
      record gap one-shot pulse generator 46, which may be of conventional
      one-shot pulse generator construction, having an output circuit coupled
      through an OR gate 47 to the tachometer 17. A pick-off inhibit one-shot
      pulse generator 48, which may be of conventional one-shot pulse generator
      construction, is also connected to the gap generating switch 45 and has
      its output circuit connected through an inhibit logic section 49, 50 to
      the input circuit of the emitter-coupled amplifier 38 for preventing the
      generation of stop pulses in the output circuit of the amplifier 38 during
      the period of the one-shot pulse generated by the generator 48. The
      gap-generating switch 45 is also connected through an OR gate 43 to the
      flip-flop generator 15 to provide a continuous voltage level input to the
      generator 15 corresponding to the amplitude of an advance pulse during the
      gap-generating operation.
PAR  The FIG. 1 apparatus also includes read amplifiers 71, 72, 73 coupled
      through switch sections 23, 24, 25, respectively, to the head 14 during
      the reading operation. Suitable OR gate diodes 74, 75, 76 coupled to the
      amplifiers 71, 72, 73, respectively, are utilized to apply a pulse
      representing each line read through switch 35 and the logic section 36,
      37, to the emitter-coupled amplifier 38.
PAR  The FIG. 1 apparatus also includes a suitable advance pulse generator 77
      coupled through switch 29 to diode 30 for use during the reading
      operation.
PAR  Prior to considering the operation of the FIG. 1 apparatus, reference will
      be made to FIG. 2 which represents in detail the circuit of the flip-flop
      generator 15, which may be of conventional construction. The circuit
      comprises a pair of, for example, NPN transistors 51, 52 intercoupled in a
      conventional manner to provide a bistable circuit. This circuit may be
      triggered by, for example, either a positive input advance pulse or a
      positive input stop pulse to shift the voltage level developed across an
      output potentiometer 53 from, for example, zero volts to a desired
      positive voltage and vice versa.
PAR  Referring for the moment to FIG. 3, there is represented a saturable servo
      amplifier suitable for use as the saturable amplifier 19. The amplifier 19
      may utilize Zener diodes 59 for voltage-regulating purposes. The saturable
      amplifier includes an NPN input transistor 60 coupled to a second NPN
      transistor 61 having its collector output circuit coupled to a PNP
      transistor 62. The remainder of the circuit is ordinarily in a balanced
      condition, developing no output signal when there is no applied input
      signal. The collector of the transistor 62 is coupled to the base inputs
      of transistors 63, 64. The collector of transistor 63 is coupled to
      transistor 65 which, in turn, is coupled to transistor 66. The impedance
      of the motor 10 across treminals 69, 70 is effectively connected to the
      emitter of the transistor 66. In a symmetrical manner, the collector of
      transistor 64 is coupled to transistor 67 having its emitter coupled to
      transistor 68. The impedance of the motor 10 is effectively connected in
      the collector circuit of transistor 68.
PAR  When an input signal is applied and the current flow through transistors
      63, 65, 66 is unbalanced with respect to current flow through transistors
      64, 67 and 68, an output signal is developed. For example, if a positive
      input signal is applied to the base of transistor 60, transistor 66 is
      driven towards saturation while transistor 68 is driven to a low
      conduction level, and a positive output signal is developed at the output
      terminal 70 with respect to terminal 69.
PAR  An analogous operation occurs when the input signal is negative, with
      transistor 68 being driven to saturation and the terminal 70 being
      negative with respect to the terminal 69.
PAR  Considering now the operation of the FIG. 1 apparatus during the recording
      operation, pulses to be recorded on the magnetic tape are transmitted
      through channels 20, 21, 22 and switch sections 23, 24, 25 to the head 14
      for developing pulses across the width of the tape to form a character or
      line. While three channels have been represented as an example, ordinarily
      a greater number of channels would be utilized to form a line. During the
      recording operation, the input pulses are also translated through the OR
      gate diodes 26, 27, 28, the switch 29 and the OR gate diode 30 to the
      advance input circuit of the flip-flop generator 15, causing the flip-flop
      generator to develop a positive output voltage level, represented at time
      t.sub.1, by curve A of FIG. 4, which is the signal translated through the
      OR gate diode 16 to the tachometer 17. The voltage developed by the
      tachometer is proportional to the velocity of the tachometer and, thus, to
      the velocity of motor and tape. The voltage developed by the tachometer at
      time t.sub.1, is zero, as represented by curve B of FIG. 4, and the
      difference voltage between the level represented by curve A at time
      t.sub.1 and curve B at time t.sub.1 is applied to the saturable amplifier
      19. This difference signal is represented by curve C of FIG. 4.
PAR  The saturable amplifier amplifies the difference signal represented by
      curve C to provide at terminal 70 with respect to terminal 69 an output
      signal represented by curve D for application to the printed circuit motor
      10 to cause the motor immediately to accelerate to a terminal velocity
      determined by the voltage level supplied from the flip-flop generator 15
      of, for example, approximately 3.6 inches per second in a period of, for
      example, approximately 1.2 milliseconds, represented by interval t.sub.1
      -t.sub.2 of FIG. 4.
PAR  While the tape is stationary and just beginning to accelerate, the input
      pulse having a duration of, for example, one-tenth millisecond, is
      recorded on the tape. After a displacement of, for example, approximately
      0.0025 inch has been traversed by the tape and also shortly after the
      motor has reached its terminal velocity of 3.6 inches per second at time
      t.sub.2 of FIG. 6, the pick-off head 32 develops an output pulse from the
      pre-recorded spaced pulses on the disc 31. This pulse is amplified in the
      pick-off amplifier 33 and applied as a stop pulse through the logic
      section 36, 37 and the emitter-coupled amplifier 38 to the stop input
      circuit of the flip-flop generator 15, causing the flip-flop generator to
      reset its output potential at, for example, approximately zero volts. This
      change in output potential is represented by Curve A of FIG. 4 at time
      t.sub.3. The tachometer output voltage at time t.sub.3 is represented by
      curve B of FIG. 4, and thus the difference signal applied to the saturable
      amplifier 19 appears, as represented by curve C of FIG. 4, as a negative
      input signal to the saturable amplifier 19. This input signal is amplified
      to apply to the motor 10 a negative output signal at the terminal 70 with
      respect to the terminal 69. The motor then decelerates to zero velocity in
      a time interval t.sub.3 -t.sub.4 of, for example, approximately 1.2
      milliseconds, causing a further tape displacement of, for example, 0.0025
      inch. When the next line of pulses to be recorded is applied through
      channels 20, 21, 22, the cycle is repeated. In this manner, pulses are
      recorded on the tape at precisely spaced increments.
PAR  In order to generate record gaps, the gap control switch 45 may be closed
      to actuate the flip-flop generator 15 and the one-shot pulse generator 46,
      developing a positive output pulse from the generator 46 which is applied
      through OR gate diode 47 in series opposition with the output signal of
      the tachometer 17 to cause the motor to advance in a manner analogous to
      that previously described for the operating condition when a positive
      pulse is applied by the flip-flop generator 15. During the gap generation
      period, however, a negative pulse is developed by the pick-off inhibit
      one-shot pulse generator, which is applied through the logic section 49,
      50 to the emitter-coupled amplifier 38 to prevent the pulses picked off
      the disc 31 by the pick-off head 32 from being translated through the
      emitter-coupled amplifier, and thus to prevent the generation of stop
      pulses at the flip-flop generator 15.
PAR  The output signal of the gap generator 46 may, for example, be a
      rectangular pulse having a magnitude of 6.3 volts and a duration of, for
      example, 30 milliseconds. This pulse may, for example, cause the motor to
      accelerate rapidly to a velocity of, for example, 28 inches per second.
      The time required to attain this terminal velocity may, for example, be 5
      milliseconds. The motor then runs at constant velocity until the pulse
      from generator 46 is terminated, at which time the motor decelerates
      towards zero velocity and arrives at a velocity of approximately 3.6
      inches per second in another time interval of 5 milliseconds. The gap
      generation interval is terminated in a manner such that the motor stops in
      registration with the pulses developed by the pick-off head 32 to prevent
      improper spacing of subsequent line-by-line records. This is accomplished
      by the pick-off inhibit one-shot pulse generator 48 which returns to its
      initial condition 5 milliseconds after the pulse from generator 46 is
      terminated to allow the motor to decelerate to its normal velocity of 3.6
      inches per second at the termination of the gap. When the pulse generated
      by the pick-off inhibit generator 48 is terminated, the next pulse picked
      off the disc 31 by the pick-off head 32 is effective as a stop pulse to
      trigger the flip-flop generator 15 and cause the motor 10 to stop so that
      the registration of the motor is correct. This stopping operation occurs
      because the flip-flop generator 15 has previously been triggered into its
      advance condition by the signal applied thereto through OR gate diode 43
      when the push button switch 45 was closed at the beginning of the gap
      generation operation.
PAR  Due to the low inertia and substantially uniformly distributed armature
      winding of the motor, the starting and stopping of the motor may be
      precisely controlled in the foregoing manner with substantially constant
      acceleration and deceleration.
PAR  As previously discussed, the apparatus is capable of reading the magnetic
      tape a line at a time, that is, line-by-line. To this end, an advance
      pulse generator 77 of conventional construction for developing suitable
      pulses at a desired rate is utilized to supply advance pulses to the
      flip-flop generator 15. With each advance pulse, the flip-flop generator
      generates a change of voltage level in a manner analogous to that
      previously described in connection with the recording operation. This
      results in the motor accelerating to its terminal velocity in a
      predetermined time interval, for example, 1.2 milliseconds. When the motor
      has reached its terminal velocity of 3.6 inches per second the tape is
      displaced until the head 14 reads the next line of pulses, which is
      supplied as a stop pulse through switch sections 23, 24, 25 to read
      amplifiers 71, 72, 73 OR gate diodes 74, 75, 76 and switch 35 to the
      emitter-coupled amplifier 38. This results in a change in the voltage
      level of the flip-flop generator 15 analogous to that previously described
      to cause an immediate deceleration of the motor in a period of, for
      example, 1.2 milliseconds to zero velocity. Thus, after the line of pulses
      to be read is reached, the motor travels through a displacement of 0.0025
      inch which is precisely controlled. The apparatus is then in condition to
      repeat the cycle to read the next line of pulses. There is no cumulative
      error because the motor stops after reading each pulse, and each stop is
      individually controlled by each line of pulses. The line is read while the
      motor is traveling at maximum velocity, and as the motor commences its
      deceleration to zero velocity. The motor comes to a complete stop between
      lines of pulses in this operating mode. It should be understood that the
      pulses read may be supplied from the read amplifiers to suitable utilizing
      apparatus (not shown).
PAR  The minimum stable cycle of the apparatus for a selected maximum tape
      velocity and for an operating mode with a complete stop between lines of
      pulses is represented diagrammatically in FIG. 5 in a solid-line
      construction. In this operating mode, sufficient time is allowed between
      starting, stopping and subsequent starting to allow the motor to
      accelerate from zero velocity to the selected maximum velocity and to
      allow the motor again to decelerate to zero velocity. The velocity-time
      characteristics during acceleration and deceleration are substantially
      linear and are, therefore, precisely controllable. Once the motor has
      reached its maximum selected steady state velocity, as represented by the
      broken-line construction of FIG. 5, it may continue at that velocity for
      any desired period of time, for example, as when a record gap occurs
      between pulses. The motor thereafter will accurately stop upon the reading
      of the next pulse without incurring any cumulative error.
PAR  It should be understood that the maximum steady state velocity is
      controllable in accordance with the amplitude of the voltage supplied by
      the flip-flop generator to the saturable amplifier. That is, the amplitude
      of signal A of FIG. 5 controls the running velocity of the motor and may
      be adjusted by adjusting the voltage divider 53 of FIG. 2. As will be more
      fully explained subsequently, the maximum selected velocity should not
      exceed the velocity to which the motor can accelerate with a tape
      displacement no greater than one half the increment between recorded lines
      of pulses.
PAR  The apparatus may also be utilized in a slewing mode by closing slewing
      switch 40 to apply a positive voltage to the tachometer 17 to cause the
      motor to run continuously. During slewing operation, the slewing voltage
      exceeds the output voltage of the flip-flop generator 15.
PAR  Apparatus constructed in accordance with the invention may also be operated
      at high speed in a line-by-line manner without coming to a complete stop
      during either the recording or reading operations except after the
      recording and reading of the final line of data. Referring now more
      particularly to FIG. 6, there is represented modified apparatus suitable
      for use in a high speed recording operation, without requiring the motor
      to come to a complete stop between lines of pulses recorded. The apparatus
      of FIG. 6 may be substituted in the FIG. 1 apparatus for the corresponding
      data input portion of the FIG. 1 apparatus. The recording channels 20, 21,
      22 are coupled through flip-flop generators 80, 81, 82, respectively, to
      AND circuits 83, 84, 85, respectively. The other input circuits of the AND
      circuits are coupled to a suitable second output circuit of the pick-off
      amplifier 33 (FIG. 1) through a switch section 86 and diode 87. The output
      circuits of the AND circuits are coupled through suitable amplifiers 88,
      89, 90 to the recording heads 14 for the individual channels through
      switch sections 23, 24, 25. Thus, the flip-flop generators, AND circuits
      and amplifiers are substituted for the direct connections from the input
      channels 20, 21, 22 to the switch 23, 24, 25. As will be explained, the
      FIG. 6 apparatus is effective to provide a one-character or one-line
      storage during the recording operation. In a so-called non-return to zero
      recording apparatus, the amplifiers 88, 89, 90 could be replaced by
      flip-flop generators.
PAR  When pulses arrive through the input channels 20, 21, 22, the pulses are
      translated through the OR gate diodes 26, 27, 28 to provide an advance
      pulse in the manner previously described. The pulses are also effective to
      change the output voltage levels of the respective flip-flop generators
      80, 81, 82 which act as storage devices and apply their output voltage
      levels to the AND circuits 83, 84, 85.
PAR  Referring for the moment to FIG. 7, the advance pulse corresponding to the
      arrival of data at time t.sub.1 actuates the flip-flop generator 15,
      resulting in the acceleration of the motor 10 to a terminal velocity at
      time t.sub.2 determined by the output level of the flip-flop generator 15.
      At time t.sub.2 the pick-off amplifier 32 reads a pulse from the disc 31
      and supplies this pulse as a stop pulse through the pick-off amplifier 33
      and diode 34 to the logic section 36, 37, as previously described, to
      initiate the termination of the forward energization of the motor 10,
      which immediately begins to decelerate. At the same time t.sub.2, the stop
      pulse is applied through switch 86 and diode 87 to the AND circuits 83,
      84, 85 and also through a suitable resistor-condenser delay circuit 91, 92
      to the flip-flop generators 80, 81, 82 to reset the voltage levels of the
      flip-flop generators 80, 81, 82. Accordingly, at time t.sub.2, pulses
      corresponding to the input data are transmitted through the AND circuits
      83, 84, 85, amplifiers 88, 89, 90 and switches 23, 24, 25 to the
      corresponding recording heads 14.
PAR  During a high speed mode of operation, the next line of input data pulses
      may arrive at time t.sub.3 shortly after the motor begins to decelerate.
      The next line of pulses will be precisely recorded on the tape with an
      increment spaced from the first line of pulses as determined by the
      spacing between the pre-recorded pulses on the disc 31 because the
      recording occurs at the time the pick-off head 32 reads the pre-recorded
      pulses on the disc 31.
PAR  The motor continues to rotate at maximum velocity except for a very brief
      interval of time immediately after the stop pulse and prior to the arrival
      of the next line of pulses. Accordingly, approximately twice the number of
      lines of pulses can be recorded in a line-by-line manner in a given period
      of time because the motor does not completely stop between lines, as
      compared with the recording operation when the motor comes to a complete
      stop between lines. After the recording of the final pulse line at time
      t.sub.x, the motor comes to a precisely controlled stop with a precisely
      controlled deceleration and thus a precisely controlled increment during
      the time interval t.sub.x -t.sub.y in a manner similar to that previously
      described.
PAR  The read portion of the FIG. 1 apparatus may be utilized to read the data
      in a line-by-line manner without requiring the motor to come to a complete
      stop between lines of pulses read. Referring again to FIG. 7, if the
      advance pulses are considered to arrive at times t.sub.1, t.sub.3,
      t.sub.5, the data will be read at times t.sub.2, t.sub.4, t.sub.6 and the
      velocity-time characteristic of the tape will be as represented in FIG. 7
      with each line of pulses read supplying a stop pulse at times t.sub.2,
      t.sub.4, t.sub.6 in the manner previously described. However, when the
      motor begins to decelerate, the next advance pulse arrives and the motor
      then accelerates to terminal velocity. After the final line of pulses is
      read at time t.sub.x, the motor decelerates to a precisely controlled stop
      in the time interval t.sub.x --t.sub.y in a manner corresponding to that
      previously described. Accordingly in this mode of operation, the pulses
      may be read in a line-by-line manner in a time interval which is
      approximately one half the time interval required if the motor is allowed
      to come to a complete stop after reading each line.
PAR  So long as the maximum velocity selected for the motor operation does not
      exceed the velocity to which the motor can accelerate with a tape
      displacement corresponding to one-half the increment between the lines of
      characters to be recorded, variations in the time of data arrival during
      the recording operation and variations of the advance command during the
      reading operation do not effect the accuracy of the increments between
      recording or reading. This is because during the recording operation, the
      motor comes to a precisely controlled stop with a displacement accurately
      measured from the last pulse read by the pick-off head 32 while traversing
      no more than half of the displacement between characters on the tape. Upon
      the arrival of the next line of input data pulses, the motor accelerates
      to its terminal velocity and travels at that velocity until the next stop
      pulse is read from the pick-off head 32. Accordingly, the recording
      increments are precisely controlled.
PAR  During the reading operation, variations of the advance command may result
      in causing the motor to come to a precisely controlled stop between lines
      of pulses read. However, the pulses will be read in a line-by-line manner
      with the initiation of each stop being individually controlled by each
      line of pulses.
PAR  From the foregoing description, it will be apparent that apparatus
      constructed in accordance with the invention has several advantages. Data
      may be recorded at a low and random rate on a magnetic tape and may be
      read from the tape on a line-by-line basis at a different and perhaps
      random rate. The apparatus does not require the use of a storage unit upon
      reading information form the tape. It is possible to generate record gaps
      while recording and to read at rates which may be increased continuously
      to the slewing rate.
PAR  While there has been described what is at present believed to be the
      preferred embodiment of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore, aimed
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
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STM  Having thus described my invention, what I claim and desire to protect by
      Letters Patent is:
NUM  1.
PAR  1. An incremental drive system for a web member comprising a drive capstan
      in non-sliding engagement with the web member, direct current motor means
      coupled to the capstan, and electrical energizing means including
      saturable amplifier means coupled to the motor means for applying an
      energizing signal for a predetermined interval, the energizing signal
      providing successive controlled acceleration and deceleration of the motor
      means.
NUM  2.
PAR  2. The invention as set forth in claim 1 above, wherein the motor means
      comprises a DC motor of a high torque to armature inertia, and a torque
      characteristic which increases relative to energizing signal over a
      substantial range, and wherein the energizing means includes saturable
      amplifier means providing energizing signals of opposite polarity during
      acceleration and deceleration.
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ABST
PAL  A control device for an electric fan comprising a power supply, a control
      means, a trigger pulse generator and a switch means, all connected in
      circuit with the motor of the electric fan, wherein the trigger pulse
      output of said trigger pulse generator is connected to trigger said switch
      means and is controlled through said control means to thereby achieve a
      stepless, variable speed control for the electric fan. Other forms of the
      device may further comprise a delay means, and/or delay reverse means,
      and/or wave generator means and/or any combination thereof, connected in
      the above circuit to accomplish stepless speed reduction and/or delay
      speed-down reverse and/or various kinds of imitative natural wind
      rotational speeds for the electric fan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the prior art, the controlling device for an electric fan has long been
      a variable reactor having a plurality of taps in series with the main
      winding of the electric fan motor. The speed reduction of the electric fan
      is obtained by selecting one of said taps step by step thrugh a switch.
      With this type of controlling means, the disadvantage results in that when
      the reduction speed of the electric fan is made by lowering the voltage
      applied to the electric fan through the action of said reactor, the
      efficiency of the electric fan is greatly decreased and a lot of heat is
      thus dissipated. The circuit connected in series with said reactor also
      reduces the power factor. Moreover, extremely low speed rotation could not
      be obtained through the control of such a device.
PAR  Though stepless, variable speed has been recently proposed in which a TRIAC
      or SCR is used as a switch means, stepless, variable speed is achieved by
      controlling the trigger retarding angle of a trigger pulse generator. This
      is merely making the change from step by step to stepless speed reduction.
      It does not make any contribution to the user. Furthermore, a phase
      control circuit of this type of controlling device for the electric fan is
      directly connected to the line voltage of commercial power supply and thus
      there is a likelihood of burning out some components thereof.
PAR  Another prior art type of speed recution device for an electric fan is a
      single-stage timer; in other words, the electric fan rotates at a
      predetermined speed for a period of time and then changes to a breezy
      speed of rotation. This aims to prevent people from catching cold after
      having gone to sleep with the fan on, especially weak or unhealthy people
      or babies. In any event, this type of controlling device does not meet the
      requirements of people. Another type of speed reduction device utilizes a
      multi-step timer. According to this type of controlling device, a timer
      switch from a first speed to a second speed, is divided into three stages,
      and the operational time period of each stage is fixed by manufacturers in
      advance so that the user cannot make any time period adjustment.
      Therefore, it still could not satisfy the requirement to enable people to
      meet any circumstance at any occasion.
PAR  In addition, the adjusting mechanism of the controlling device mentioned
      above easily gets out of order, is very large and heavy, and is costly and
      requires considerable maintenance.
PAR  Therefore, the object of the present invention is to provide an improved
      controlling device for an electric fan, wherein the speed reduction is
      gradually changed such that there is almost no awareness of speed
      variation during operation, and also speed reduction can efficiently be
      achieved to as low as 100 RPM.
PAR  Another object of the present invention is to provide an improved
      controlling device for the electric fan wherein the rotational speed
      variation is achieved by a stepless-delay-speed reduction to a
      predetermined value, and then reverse rotation with a sufficient speed to
      effect desired ventilation.
PAR  A further object of the present invention is to provide an improved
      controlling device wherein the speed adjustment of the electric fan is
      accomplished by generating a regular or irregular waveform to control said
      electric fan thereby producing with said fan an imitation of a natural
      breeze to make people feel more comfortable.
PAR  A still further object of the present invention is to provide a compact,
      low-cost, reliable, durable, light-weight, and semi-permanent,
      trouble-free solid state device.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a block diagram of the first embodiment of the present
      invention;
PAR  FIG. 2 shows a block diagram of the second embodiment of the present
      invention;
PAR  FIG. 3 shows a block diagram of the third embodiment of the present
      invention;
PAR  FIG. 4 shows a block diagram of the fourth embodiment of the present
      invention;
PAR  FIG. 5 shows a block diagram of the fifth embodiment of the present
      invention;
PAR  FIG. 6 shows a block diagram of the sixth embodiment of the present
      invention;
PAR  FIG. 7 shows a block diagram of the seventh embodiment of the present
      invention;
PAR  FIG. 8 shows a block diagram of the eighth embodiment of the present
      invention;
PAR  FIG. 9 shows a typical embodiment of circuit diagram of FIG. 1;
PAR  FIG. 10 shows a circuit diagram of FIG. 8;
PAR  FIG. 11 shows another embodiment of trigger pulse generator of the present
      invention;
PAR  FIG. 12 shows further embodiment of trigger pulse generator of the present
      invention;
PAR  FIG. 13 shows a still further embodiment of trigger pulse generator of the
      present invention;
PAR  FIG. 14 shows another embodiment of wave generator of the present invention
     .
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PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a control device for an electric fan in
      general, and more particularly, to an improved control device for
      obtaining a stepless, variable speed, a stepless delay speed reduction, a
      delay speed-down reverse, and an imitation of natural wind operations for
      the electric fan.
PAR  Still more particularly, in accordance with the present invention a motor
      speed control circuit is provided for an electric fan motor to control the
      speed of operation of the fan motor and the circuit includes a power
      supply means, and a delay speed reduction means including a
      charge-discharge circuit is connected to the power supply means and a
      first switch means is connected therewith to enable charging of the
      charge-discharge circuit when the first switch means is on, and to enable
      discharge of the charge-discharge circuit when the first switch means is
      off. Also, control means and trigger pulse generator means are connected
      in the circuit and the control means is arranged to control trigger pulses
      generated from the trigger pulse generator means, whereby stepless,
      variable speed control of the fan motor is accomplished. A resistor is
      connected in series between the power supply means and the trigger pulse
      generator means, and a second switch means is connected in parallel with
      the resistor. An output switch means is connected between the trigger
      pulse generator means and the fan motor to control power supply to the fan
      motor. Thus, when the first switch means is off and the second switch
      means is on, the circuit is operable to reduce the fan motor speed to a
      breezy speed operation, and when both said first and second switch means
      are off, the circuit is operable to reduce the fan motor speed to zero.
PAR  According to a first form of the present invention, the control device
      essentially comprises a power supply, a control means, a trigger pulse
      generator and a switch means all connected in circuit with the fan motor
      to produce a stepless, variable speed. According to other forms of the
      invention, the control device of the present invention comprises a power
      supply, control means, trigger pulse generator, switch means, and/or delay
      speed reduction circuit, and/or delay reverse circuit, and/or wave
      generator means, and their combinations to achieve an operation of
      stepless, variable speed, and/or stepless delay speed reduction, and/or
      imitation of natural wind operations for the electric fan.
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a first form of the control device of the present
      invention comprises a power supply 10, control means 50, trigger pulse
      generator 60 and output switch means 70. In this embodiment, as seen in
      FIG. 9, control means 50 comprises a variable resistor VR.sub.1 which is
      provided to control the pulse generated from said trigger pulse generator
      60 which triggers said switch means 70 to thereby accomplish the stepless,
      variable speed for the electric fan M.
PAR  Said switch means 70 may be a thyristor, serving as a phase control means.
      For example, each interface of positive and negative half cycles of A.C.
      current, say zero value current, will turn said thyristor off. In order to
      trigger each half cycle with the same phase angle, the gate of said
      thyristor has to have applied thereto a trigger signal with the same
      trigger phase angle during each half cycle. After being triggered, said
      thyristor will not turn off until the current value comes down to zero.
      That is to say, said thyristor only turns off at the rest period of said
      half cycle after triggering. The triggering phase angle before conduction
      is called a trigger angle or trigger retardation angle. The conduction
      time interval of the thyristor is called a conducting angle. In
      particular, a preceding pulse, namely a relatively smaller trigger angle
      pulse will result in a high effective value of voltage being applied to
      its load and vice versa, thus called a phase control. It means that the
      rotational speed of the electric fan can be readily controlled through the
      control of the trigger retardation angle of the output trigger pulse from
      the trigger pulse generator.
PAR  Therefore, stepless, variable speed control of the electric fan according
      to the present invention is achieved by controlling the trigger
      retardation angle of the pulse output from the trigger pulse generator
      through the control means, which comprises a variable resistor or which
      may be a plurality of fixed resistors of multi-steps or the like. Further
      the outputs of the natural wind controlling means 90 and the delay speed
      reduction controlling means 30 are applied to the trigger generator to
      control the trigger pulse and therefore the speed of the electric fan.
PAR  According to the purpose of the present invention, the voltage applied to
      said trigger pulse generator 60 is reduced to a low voltage level by said
      power supply 10. Said pulse generator includes a high gain device with an
      amplifying means. Also, control means 50 controls said switch means 70
      through amplifying transistor Q.sub.1 so that the power dissipated by the
      variable resistor VR.sub.1 of control means 50 can be reduced to a
      minimized extent and no components of the control means or the trigger
      pulse generator will be damaged.
PAR  According to the second embodiment of the present invention, delay
      speed-reduction circuit 30 may be combined into the system mentioned above
      as shown in FIG. 2 to enable the electric fan to perform a stepless delay
      speed-reduction until zero speed when S3 and S1 are open or to produce a
      breezy speed operation depending on the closing of the breeze switch S1
      with S3 open in addition to stepless, variable speed-reduction for an
      electric fan.
PAR  In FIG. 3, the third embodiment of control device is shown. In this
      embodiment, a high input impedance or high sensitivity amplifying means 40
      is provided between said delay circuit 30 and control means 50 to provide
      a further time delay of speed reduction for the electric fan.
PAR  To obtain effectiveness of ventilation or wind reflection from a wall of
      the room for the electric fan during the time when a person using the fan
      is asleep, or to prevent people using the fan from becoming chilled and
      possibly catching a cold or the like, the fourth embodiment of the present
      invention includes a delay-reverse rotation circuit 80 which is not
      operated until the rotational speed of the fan reduces to a predetermined
      speed. The amplifying means 40 is omitted, as shown in FIG. 4. Speed
      reduction and reverse control means 80 is provided for reverse rotation of
      the electric fan.
PAR  As shown in FIG. 5, wave generator 90 is combined into the system of the
      first embodiment shown in FIG. 1. Said wave generator 90 may be at least
      one kind of signal generator to produce regular or irregular, very low
      frequency waves to control speed variation of the fan to provide various
      kinds of imitative natural winds.
PAR  In the sixth embodiment, FIG. 6, said delay circuit 30 is further combined
      into the circuit of FIG. 5 to provide the electric fan with either delay
      speed-reduction or imitative natural wind capabilities.
PAR  In a similar manner, wave generator 90 may also be combined into the system
      shown in the aforesaid fourth embodiment, as shown in FIG. 7.
PAR  In addition, line voltage compensation circuit 20 may also be combined into
      the system described above as illustrated in FIG. 8, to prevent the
      trigger pulse generator 60 from becoming unstable and to thereby prevent
      the rotational speed of the fan from increasing and decreasing due to
      variations of line voltage.
PAR  A detailed description of the present invention will be discussed with
      reference to FIG. 10. In the drawing, the power supply 10 includes a power
      transformer T.sub.1, diodes D.sub.2, D.sub.5, D.sub.6, condenser C.sub.2
      and resistor R.sub.2. Line voltage compensation circuit 20 includes
      resistor R.sub.3, zener diode D.sub.1 and condenser C.sub.5 for supplying
      a compensating voltage output to the trigger pulse generator 60, to
      prevent the rotational speed of the electric fan from being changed in
      response to voltage variations from the power supply. With this
      arrangement, the line voltage is reduced to a low voltage and this low
      voltage is further kept at a constant level by zener diode D.sub.1 so that
      the components of the trigger pulse generator can thus be protected. The
      motor of the electric fan used in the present invention may be a
      split-phase motor, commutating motor or shaded-pole type motor.
PAR  In the case where a split-phase motor is used, as illustrated in FIG. 10,
      the motor includes a main winding M and an auxiliary winding A with
      starting capacitor C, wherein winding A can be switched into the motor
      circuit by either pairs of contacts S.sub.11 and S.sub.13 or S.sub.12 and
      S.sub.14 of relay R provided in delay reverse circuit 80, through which
      the directional rotation of the electric fan can be selected as desired.
      It will be understood that said contacts may be replaced by a static
      switching device, such as a TRIAC or SCR. Indicating means L i.e. a lamp,
      is shown connected across two terminals of the electric fan motor for
      indicating the rotational speed of the motor.
PAR  The output switch means 70 comprises a TRIAC having main terminals t.sub.1
      and t.sub.2 and gate g wherein gate g is connected to output terminal of
      trigger pulse generator 60. Resistor R.sub.1 and condenser C.sub.1 are
      connected across terminals t.sub.2 and t.sub.1 to serve as a suppressor
      circuit to enable said TRIAC to be commutated due to the reactant load of
      the motor. It is to be understood that said TRIAC may be substituted by a
      SSS (Silicon Symmetrical Switch), SCR or any equivalent device.
PAR  The trigger pulse generator 60 comprises resistors R.sub.4, R.sub.5,
      R.sub.6, R.sub.7, R.sub.8, R.sub.9 and R.sub.10, condensers C.sub.3 and
      C.sub.4, transistor Q.sub.1 and UJT (Unijunction Transistor) Q.sub.2. One
      terminal B.sub.2 of UJT Q.sub.2 is connected to power supply 10 through
      resistor R.sub.9 and terminal B.sub.1 is connected to resistor R.sub.10
      with the other end of the resistor R.sub.10 being grounded. When the
      voltage level of condenser C.sub.3 equals V.sub.B1B2, UJT Q.sub.2 will be
      triggered into a conducting state from terminals e to B.sub.1. In this
      manner, condenser C.sub.3 discharges through resistor R.sub.10 in a very
      short time interval due to the low resistance value of R.sub.10, and
      therefore, a trigger signal is obtained from resistor R.sub.10. In some
      particular instances, said resistor R.sub.10 may be omitted and replaced
      by the equivalent resistance of the gate terminal of the thyristor. The
      charging circuits for condenser C.sub.3 are as follows: (1) power
      supply.fwdarw. .sub.S1 .fwdarw. R.sub.7 ; (2) power supply .fwdarw.
      R.sub.4 .fwdarw. Q.sub.1 ; (3) power supply .fwdarw. R.sub.5 .fwdarw.
      C.sub.4 ; and (4) power supply .fwdarw. S.sub.5 .fwdarw. R.sub.6. The
      charging circuit through resistors R.sub.7, R.sub.8 and switch S.sub.1
      results in condenser C.sub.3 being supplied a gradually rising voltage
      waveform called a ramp wave component while the circuit charges through
      resistor R.sub.4 and transistor Q.sub.1 ; wherein the charging voltage
      across said condenser C.sub.3  could not further increase to a
      predetermined level because the base of the transistor Q.sub.1 is
      controlled by the signal output from control means 50. Also, the
      resistance value of R.sub.4 is small and one end of the resistor R.sub.4
      is connected to the output terminal of zener diode D.sub.1 to receive a
      clamped half sine wave of voltage. Thus, condenser C.sub.3 is charged with
      a pedestal wave of voltage. In other words, controlling the trigger angle
      or changing the rotation speed of the fan is readily accomplished by
      controlling either said ramp wave or said pedestal wave.
PAR  Resistor R.sub.8 is also utilized in conjunction with switch S.sub.1 for
      controlling a breezy speed of the electric fan. If switch S.sub.1 is
      opened when S.sub.3 is open, the fan will speed-down until it comes to a
      complete stop. If switch S.sub.1 is closed and S.sub.3 is open, resistor
      R.sub.8 is in short circuit, and the fan will speed-down to a breezy speed
      operation without going to a complete stop, although at the end of the
      delay speed reduction cycle, said pedestal wave component has decreased to
      zero due to the complete discharge of condenser C.sub.3 ; however, the
      ramp wave could still exist. Closing said switch S.sub.1 to short circuit
      resistor R.sub.8 will further maintain a suitable value of ramp component
      of said ramp wave to thereby provide a breeze speed operation for the
      electric fan as long as desired.
PAR  The combination of resistor R.sub.5 and condenser C.sub.4 affords an
      enhancement of starting for electric fans. This is for the reason that
      there is only a relatively lower effective value of voltage applied to the
      electric fan under low-speed operation. During that time, small starting
      torque is incapable of being used to start the electric fan which can
      easily damage the thyrister or windings of the motor fan.
PAR  The combination of condenser C.sub.4 and resistor R.sub.5 is used to enable
      UJT Q.sub.2 to be triggered earlier by the charging circuit of condenser
      C.sub.4 at the beginning of the closing of the power switch S.sub.4. In
      other words, the earlier the trigger action, the higher the starting
      voltage or starting torque applied to the electric fan.
PAR  The charging circuit of resistor R.sub.6 and contact S.sub.5 is provided to
      aid speed-down and reverse rotating operation, because the electric fan in
      delay speed-down to a sufficient low range of speed is considered of no
      use for reverse rotation; that is to say, such low speed of rotation does
      not contribute to the effectiveness of ventilation. Under this
      circumstance, additional contact S.sub.5, controlled by the operation of
      relay R provided in delay reverse circuit 80, connected in series with
      resistor R.sub.6, are therefore required to be connected into the delay
      reverse circuit to effect a sufficient high speed of rotation for the
      electric fan so that substantial ventilation may thus be obtained.
PAR  Other embodiments of trigger pulse generator 60 are shown in FIGS. 11, 12
      and 13, wherein the corresponding element or component with respect to the
      last embodiment of FIG. 10 is designated with the same number but followed
      with A, B or C to distinguish therefrom.
PAR  In FIG. 11, the circuit producing a pedestal wave component is omitted, and
      only the ramp wave components are shown. This circuit may also be
      applicable to preset said pedestal wave as a constant component. In this
      way, a signal is applied to the base of transistor Q.sub.1A, and the
      voltage output from resistor VR.sub.7A and condenser C.sub.3A can be
      controlled to trigger UJT Q.sub.2A.
PAR  In FIG. 12, the active element of trigger pulse generator 60 is replaced by
      PUT Q.sub.2B. The trigger voltage of PUT Q.sub.2B at point "g" depends on
      the proportional resistance value of VR.sub.7B and VR.sub.70B. In such a
      way, the trigger retarding angle of the output trigger pulse could be
      controlled by changing the resistance values of resistors R.sub.7B or
      R.sub.70B.
PAR  In FIG. 13, the active element of trigger pulse generator 60 is further
      substituted by SUS Q.sub.2C. Similarly, other equivalent active elements
      such as a SBS, DIAC, and SCS consisting of two transistors may be used.
PAR  Delay speed reduction circuit 30, as shown in the drawing of FIG. 10,
      comprises switches S.sub.3 and S.sub.2, resistors R.sub.11, R.sub.12,
      variable resistor VR.sub.2, and condenser C.sub.6. If switch S.sub.3 is
      closed, condenser C.sub.6 is charged to a full value of voltage; and when
      S.sub.3 is opened, said condenser C.sub.6 is discharged through the
      circuit of R.sub.11  .fwdarw. S.sub.2 .fwdarw. VR.sub.2. Adjusting the
      value of variable resistor VR.sub.2 changes the delay time. When the
      adjustment of variable resistor VR.sub.2 is at its maximum extent and the
      mechanically operative switch S.sub.2 is opened, the high resistance value
      of resistor R.sub.11  is then connected in series with variable resistor
      VR.sub.2 to obtain the longest delay time of discharging for condenser
      C.sub.6. If resistor R.sub.11 is omitted from the circuit, the discharging
      circuit is opened, said condenser C.sub.6 can also be discharged through
      its leakage, resistance thereby obtaining a much longer time of delay. It
      will be noted that the charging voltage of the abovementioned circuit is
      negative through diode D.sub.2, and the positive voltage may also be
      applicable if the other circuit is used.
PAR  Switch S.sub.4 is an instant stop switch and is also used as a power switch
      for the circuit. If delay speed reduction is no longer required, switch
      S.sub.4 can be switched off, wherein all power supply to the control
      circuit 30 is thus cut off. This switch S.sub.4 may also be provided at
      the main circuit of electric fan M and the thyristor 70.
PAR  Speed reduction and reverse rotation circuit 80 as shown in the drawing,
      comprises an N-channel FET Q.sub.4 of high input impedance controlling a
      known Schmitt trigger circuit including transistors Q.sub.5 and Q.sub.6.
      At the time the condenser C.sub.6 is gradually discharging, and the speed
      of the electric fan is also gradually reducing, the output of FET Q.sub.4
      is decreasing to a predetermined level, said Schmitt trigger circuit is
      then triggered; hence, the output terminal of said Schmitt trigger,
      connected to relay R together with diode D.sub.3, switches the terminals
      of auxiliary winding A through contacts S.sub.11, S.sub.12, S.sub.13 and
      S.sub.14 with respect to main winding M depending on the desired
      rotational direction of the electric fan. It is to be understood that said
      driving stage of input transistor Q.sub.4 may be changed with MOSFET or
      CSCR (PUT).
PAR  Referring to the wave generator 90, there are two pairs of extremely low,
      discrete frequency relaxation oscillators comprising resistor R.sub.20,
      condenser C.sub.7 DIAC.sub.1 and resistor R.sub.21, condenser C.sub.8,
      DIAC.sub.2, and the isolation resistors R.sub.22 and R.sub.23. The
      resultant wave from both oscillators is applies to high input impedance
      transistor Q.sub.7 through variable resistor VR.sub.3, resistor R.sub.24
      and condenser C.sub.9. Condenser C.sub.9 may be used to adjust the
      amplitude of said resultant wave. Because of the different frequencies of
      said two pairs of relaxation oscillators, said resultant wave will be an
      irregular wave to control the rotational speed of the electric fan through
      FET Q.sub.7, switch S.sub.7, VR.sub.3 and trigger generator 60. Said
      relaxation oscillators may be formed by the equivalent elements of SCS,
      PUT, SUS, SBS, and neon lamp transistor pairs.
PAR  Another embodiment of the wave generator 90 is shown in FIG. 14, wherein
      the same elements are designated with the same numerals, but the
      corresponding elements are designated with the same numerals followed by
      letter "A". Similarly, the resultant irregular wave is outputted to
      control means 50 and trigger pulse generator 60 by transistor Q.sub.7A,
      condensers C.sub.9A, C.sub.9A, and variable resistor VR.sub.3A. In this
      embodiment, the isolation resistors are no longer required. In this case,
      an output pulse from transistor Q.sub.7A is supplied to R.sub.13A and
      C.sub.9A, and the circuit of VR.sub.3A and C.sub.9A, is used to control
      the amplitude of the output signal. It will be obvious that any other
      oscillators or counters may also be substituted for the above.
PAR  In order to control various kinds of rotational speeds for the electric
      fan, the abovementioned resultant wave outputted from said oscillators can
      be various kinds of wave shapes to thereby obtain a sea wind, spring wind,
      summer wind, autumn wind and winter wind by providing either a low
      amplitude, long period wave including an irregular sine wave, or
      triangular wave, or a high amplitude, short period wave including an
      irregular sawtooth wave with a short period of duty cycle or by providing
      multi-wave generators which are operated by a plurality of switches. It is
      to be understood that the various kinds of natural winds mentioned above
      may be obtained by using a number of wave generators selected by a
      plurality of switches.
PAR  Furthermore, the control device of the first embodiment, as shown in FIG.
      1, will be described with reference to FIG. 9, in which the same element
      with respect to FIG. 10 is designated with the same numeral.
PAR  In this embodiment, the only difference is that the control means 50 is
      directly connected to power supply 10, further comprising a zener diode
      D.sub.1, through the resistor R.sub.25, with the other elements being the
      same as shown in FIG. 10.
CLMS
STM  I claim:
NUM  1.
PAR  1. A motor speed control circuit for an electric fan motor to control the
      speed of operation of the fan motor, said circuit comprising:
PA1  a. a power supply means;
PA1  b. speed control circuit means connected with said power supply means, said
      speed control circuit means comprising a control means and a delay speed
      reduction means which includes a charge-discharge circuit, a large
      capacitor, and a first switch means which is connected between said power
      supply means and said charge-discharge circuit;
PA1  c. trigger pulse generator means connected with said speed control circuit
      means and with said power supply means, whereby pulses generated by said
      trigger pulse generator means are controlled through said speed control
      circuit means to accomplish variable speed control of said fan motor; d.
      and output switch means connected with said trigger pulse generator means
      and with said fan motor, which is in turn connected to an AC source, to
      receive trigger pulses from said trigger pulse generator means and to
      supply power to said fan motor, whereby when said first switch means is
      on, said large capacitor is quickly charged to enable said
      charge-discharge circuit to charge up to the full range of output signal
      so that said fan motor performs a normal operation and through the control
      of said control means the speed control of said normal operation of said
      fan motor is thus obtained, and when said first switch means is off, said
      large capacitor is discharged and said fan motor speed is gradually
      reduced from said normal operation speed to a predetermined relatively low
      speed.
NUM  2.
PAR  2. The motor speed control circuit according to claim 1 further comprising
      a high input impedance means connected between said delay speed reduction
      means and said control means to provide a further delay of speed reduction
      for said fan motor.
NUM  3.
PAR  3. The motor speed control circuit according to claim 36 further comprising
      wave generator means connected between said power supply means and said
      control means which produces a predetermined wave output to control the
      speed of rotation of said motor to obtain a simulation of natural wind
      conditions.
NUM  4.
PAR  4. The motor speed control circuit of claim 1, wherein the control means
      includes a variable resistor.
NUM  5.
PAR  5. The motor speed control circuit of claim 1, wherein indicating lamp
      means is connected across the terminals of the fan motor to indicate the
      speed of the fan motor.
NUM  6.
PAR  6. The motor speed control ciruit according to claim 2, wherein the high
      input impedance means comprises a FET.
NUM  7.
PAR  7. The motor speed control circuit according to claim 1, wherein said
      output switch means comprises a TRIAC.
NUM  8.
PAR  8. The motor speed control circuit according to claim 1 wherein said
      trigger pulse generator means further comprises a resistor connected
      between said power supply means and said trigger pulse generator means,
      and a second switch means connected in parallel with said resistor, and
      when said first switch means is on, the circuit is operable to effect
      normal operation for said fan motor; and when said first switch means is
      off and said second switch means is on, said delay speed reduction means
      of the circuit is gradually operable to reduce the fan motor to a breezy
      speed operation; and when the first switch means is off and said second
      switch means is off, said delay speed reduction means of the circuit is
      gradually operable to reduce the speed of said fan motor to zero.
NUM  9.
PAR  9. The motor speed control circuit according to claim 1 wherein said delay
      speed reduction means of said speed control circuit means further
      comprises a high input impedance means connected to an output terminal of
      said charge-discharge circuit to provide a further delay of speed
      reduction for said fan motor.
NUM  10.
PAR  10. The motor speed control circuit according to claim 8 wherein said delay
      speed reduction means of said speed control circuit means further
      comprises a high input impedance means connected to an output terminal of
      said charge-discharge circuit to provide a further delay of speed
      reduction for said fan motor.
NUM  11.
PAR  11. The motor speed control circuit according to claim 1 wherein said speed
      control circuit means further comprises a delay-reverse means connected to
      an output of said charge-discharge circuit and with said power supply
      means, wherein said delay-reverse means includes relay circuit means, and
      when the rotational speed of said motor reduces to a predetermined speed,
      said relay selectively operates to control said fan motor by selectively
      connecting a winding in said motor to provide a reverse rotation.
NUM  12.
PAR  12. The motor speed control circuit according to claim 8 wherein said speed
      control circuit means further comprises a delay-reverse means connected to
      an output of said charge-discharge circuit and with said power supply
      means, wherein said delay-reverse means includes relay circuit means, and
      when the rotational speed of said motor reduces to a predetermined speed,
      said relay selectively operates to control said fan motor by selectively
      connecting a winding in said motor to provide a reverse rotation.
NUM  13.
PAR  13. The motor speed control circuit according to claim 1 wherein said speed
      control circuit means comprises a wave generator means selectively
      operated through a third switch means connected to said power supply means
      and said trigger pulse generator means which produces a predetermined wave
      output to control the speed of rotation of said fan motor to obtain a
      simulation of natural wind conditions.
NUM  14.
PAR  14. The motor speed control circuit according to claim 8 wherein said speed
      control circuit means comprises a wave generator means selectively
      operated through a third switch means connected to said power supply means
      and said trigger pulse generator means which produces a predetermined wave
      output to control the speed of rotation of said fan motor to obtain a
      simulation of natural wind conditions.
NUM  15.
PAR  15. The motor speed control circuit according to claim 10 wherein said
      speed control circuit means comprises a wave generator means selectively
      operated through a third switch means connected to said power supply means
      and said trigger pulse generator means which produces a predetermined wave
      output to control the speed of rotation of said fan motor to obtain a
      simulation of natural wind conditions.
NUM  16.
PAR  16. The motor speed control circuit of claim 1 wherein said power supply
      means further comprises a voltagevariation compensation circuit means
      connected to an output of said power supply means and operable to prevent
      variations in line voltage from causing undesired variations in rotational
      speed of said fan motor.
NUM  17.
PAR  17. The motor speed control circuit according to claim 9, wherein said high
      input impedance means comprises one of an FET, MOSFET, SCR, CSCR, PUT,
      SCS, Darlington's pair transistors, and equivalent means.
NUM  18.
PAR  18. The motor speed control circuit according to claim 1 further comprising
      a sudden stop switch means connected in series with the power supply
      circuit so that the termination of delay speed reduction is selectively
      obtained.
NUM  19.
PAR  19. The motor speed control circuit of claim 1, wherein indicating lamp
      means is connected across the terminals of the fan motor to indicate the
      speed of the fan motor.
NUM  20.
PAR  20. A motor speed control circuit for an electric fan comprising:
PA1  a. a power supply means;
PA1  b. speed control circuit means connected with said power supply means, said
      speed control means including a wave generator means which comprises one
      of an oscillator and counter;
PA1  c. trigger pulse generator means connected with said speed control circuit
      means and with said power supply means, whereby pulses generated from said
      trigger pulse generator means are controlled by said speed control circuit
      means;
PA1  d. and output switch means connected with said trigger pulse generator
      means and with said fan motor, which is in turn connected to an AC source,
      to receive trigger pulses from said trigger pulse generator means and to
      supply power to said fan motor; whereby
PA1  e. when said wave generator means is energized, it produces a predetermined
      wave output to said trigger pulse generator means to thereby control the
      speed of rotation of said fan motor to obtain a simulation of natural wind
      conditions by fluctuating the speed of said fan motor.
NUM  21.
PAR  21. The motor speed control circuit according to claim 20 wherein said
      speed control circuit means further comprises a control means to control
      the variable speed of said fan motor.
NUM  22.
PAR  22. The motor speed control circuit according to claim 20 wherein said
      output switch means comprises one of TRIAC, SCR, SSS, and equivalent
      means.
NUM  23.
PAR  23. The motor speed control circuit according to claim 20 wherein the wave
      generated by said wave generator means is selectively regular or irregular
      and said wave is generated by one of a PUT, UJT, SCS, SUS, SBS, DIAC,
      multi-oscillator, extreme low frequency oscillator, and counter.
NUM  24.
PAR  24. The motor speed control circuit according to claim 21 wherein the wave
      generated by said wave generator means is selectively regular or irregular
      and said wave is generated by one of a PUT, UJT, SCS, SUS, SBS, DIAC,
      multi-oscillator, extreme low frequency oscillator and counter.
NUM  25.
PAR  25. The motor speed control circuit according to claim 23 wherein said
      regular wave is generated by one of an oscillator and counter.
NUM  26.
PAR  26. The motor speed control circuit according to claim 23 wherein said
      irregular wave is generated by the resultant wave of at least two
      oscillators.
NUM  27.
PAR  27. The motor speed control circuit of claim 20, wherein indicating lamp
      means is connected across the terminals of the fan motor to indicate the
      speed of the fan motor.
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ABST
PAL  The disclosure relates to a non-minimum phase linear controller which uses
      positive servomechanism rate feedback to control hydraulic mechanisms. The
      disclosure also relates to a controller comprising, in combination, a
      conventional linear controller and a non-minimum phase linear controller,
      the outputs of the combined controllers being weighted in a predetermined
      ratio to provide a single output control signal.
PARN
PAR  This is a continuation of application Ser. No. 312,267, filed Dec. 5, 1972,
      now abandoned.
BSUM
PAR  This invention relates to linear controllers and, more specifically, to a
      non-minimum phase linear controller having positive servomechanism rate
      feedback.
PAR  Conventional linear controllers, generally lag-compensation devices, have
      been well known in the art and have performed their function adequately
      for most hydraulic servomechanism control applications. However, it has
      been found that there are two major areas where improvement is desired and
      often necessary over lag-compensation controllers. First the response time
      for the controllers is desired to be faster than that of the present
      lag-compensation controllers. Increased speeds with hydraulic
      servomechanisms will decrease the production time and therefore increase
      production rates, yielding more efficient production processes. The
      log-compensation controller can not be speeded up significantly because
      variations in controller parameters which would increase speed would also
      lead to system instability, as is well known in the art. Second,
      lag-compensation controllers demonstrate a small amount of overshoot.
      Overshoot, in metal contouring machine tools for example, is very
      undesirable because it takes off excessive metal.
PAR  These problems have been overcome in part by use of a pure non-minimum
      phase linear controller which makes use of positive servomechanism rate
      feedback. Though it has been generally felt by those skilled in the art,
      that the use of positive rate feedback would lead to system instability,
      this invention relates to the use of positive rate feedback such that the
      control system remains highly stable, such that very fast rise times are
      achieved, and such that there is no controller overshoot in response to
      step-like or high acceleration commands.
PAR  The pure non-minimum phase linear controller can be further improved in its
      overall response if it is combined with the conventional lag-compensation
      controller. With the combination, one achieves the fast rise-time and
      no-overshoot characteristics associated with the pure non-minimum phase
      linear controller and also the desirable steady-state stiffness
      characteristic associated with the lag-compensation controller. The
      combination of the two controllers is provided by reducing the amplitudes
      of the control signals from the conventional linear controller and the
      non-minimum phase controller and combining the two in a summer.
PAR  It is therefore an object of this invention to provide a controller which
      has fast rise time relative to prior art linear controllers.
PAR  It is a further objective of this invention to provide a controller which
      does not have overshoot.
PAR  It is a yet further object of this invention to provide a non-minimum phase
      linear controller having positive rate feedback where that positive rate
      feedback is indicated by right half plane zero or zeros in the S plane
      when the system is analyzed by the root-locus method.
PAR  It is a yet further object of this invention to combine the output of a
      conventional linear controller having negative rate feedback and a
      non-minimum phase linear controller having positive rate feedback.
PAR  It is a yet further object of this invention to combine a conventional
      linear controller and a non-minimum phase linear controller with the
      outputs thereof being combined in any predetermined ratio.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiments thereof, which are
      provided by way of example and not by way of limitation wherein:
PAR  FIG. 1 is a block diagram of a hydraulic servomechanism.
PAR  FIG. 2 is a block diagram of a lag-compensation controller.
PAR  FIG. 3 is a block diagram of a pure non-minimum phase linear controller in
      accordance with the present invention.
PAR  FIG. 4 is a block diagram of a combined non-minimum phase linear phase
      controller and lag-compensation controller in accordance with the present
      invention; and
PAR  FIG. 5 is a circuit diagram of an embodiment according to FIG. 4.
DETD
PAR  Referring now to FIG. 1, there is shown a block diagram of a hydraulic
      servomechanism control loop. The purpose of the control loop is to drive
      the angular position .theta..sub.s of the hydraulic motor shaft to match a
      reference angular position .theta..sub.r. The shaft position .theta..sub.s
      is measured by a position servomechamism. The angular rate .theta..sub.s
      of the hydraulic motor is measured by a tachometer. .theta..sub.r and
      .theta..sub.s are differenced in a summer to find the hydraulic motor
      error .theta..sub.e which is equal to .theta..sub.r minus .theta..sub.s
EQU  .theta..sub. = .theta..sub.r - .theta..sub.s               (1)
PAL  The purpose of the controller, in general, is to take the error feedback
      .theta..sub.e and the tachometer feedback .theta..sub.s to form the
      control signal e.sub.s which will continuously cause the hydraulic motor
      to produce the proper angular position .theta..sub.m. Specific embodiments
      of this controller will be discussed hereinbelow. The control signal
      e.sub.s is amplified in a power amplifier to form the signal e.sub.g,
      which is a high voltage, high current signal capable of driving the servo
      valve. The fluid flow q.sub.L through the servo valve drives the hydraulic
      motor which has a response .theta..sub.m.
PAR  The operation of the power amplifier, the servo valve, the hydraulic motor,
      the tachometer, and the position servo are well known in the art.
PAR  In accordance with the prior art, the controller of FIG. 1 would be
      represented by a conventional lag-compensation controller as set forth in
      FIG. 2. The controller of FIG. 2 is represented by the following
      equations:
EQU  a = K.sub.1.sbsb.e  .theta..sub.e - T.sub.1  A.sub. s      (2)
      ##EQU1##
      The coefficient K.sub.1.sbsb.e, T.sub.1   and .tau. of the conventional
      controller are chosen in well known manner as described in the textbook
      Hydraulic Control Systems by Herbert E. Merritt, Wiley, 1967.The
      conventional control system above gives rise to a pole and zero in the
      left half plane of the S-plane when analyzing the system by the root-locus
      method. As stated above, this controller has certain inherent liabilities
      which it is desired to overcome in accordance with the following
      embodiments of a controller which will now be described.
PAR  Referring now to FIG. 3, there is shown a pure non-minimum phase linear
      controller in accordance with the present invention. The equation of the
      embodiment of FIG. 3 is as follows:
EQU  e.sub.2.sbsb.s  = K.sub.2.sbsb.e .theta..sub.e +  T.sub.2   .theta..sub.s (
      4)
PAL  --Equation 4 represents a controller zero in the right half plane of the
      S-plane when analyzing the system by the root-locus method.
PAL  In accordance with this embodiment, the hydraulic motor angular rate
      feedback .theta..sub.s is positive. This positive feedback gives rise to
      the non-minimum phase character of the controller. The angular rate signal
      .theta..sub.s is multiplied by the positive constant T.sub.2  . The
      angular error signal .theta..sub.e is multiplied by the positive constant
      K.sub.2.sbsb.e. These products are added in a summer to provide the
      control signal output e.sub.2.sbsb.s of the controller. The specific
      values of the constants K.sub.2.sbsb.e and T.sub.1   which yield optimum
      system response may be determined through standard root locus analysis.
PAR  Referring now to FIG. 4, there is shown a second embodiment of the
      invention where both the conventional linear controller and the pure
      non-minimum phase linear controller are combined in the manner shown to
      provide even better results than in the embodiment of FIG. 3. The equation
      for the embodiment of FIG. 4 is as follows:
EQU  e.sub.3.sbsb.s = G.sub.1 e.sub.1.sbsb.s + G.sub.2 e.sub.2.sbsb.s (5)
PAL  where e.sub.1.sbsb.s and e.sub.2.sbsb.s are defined from Equations 3 and 4
      and where G.sub.1 and G.sub.2 are positive constants. The combination of
      the lag-compensation controller and a non-minimum phase linear controller
      yields the fast rise time achievable with non-minimum phase linear
      controllers and the steady-state stiffness of the lag-compensation
      controller. Steady-state stiffness is desirable for good surface finish
      quality and resistance to load torque disturbances, such as would be
      caused by friction or by variable loads within the cutting process. The
      fast rise times are desirable for efficient production. The no-overshoot
      characteristic, achievable because of the non-minimum phase characteristic
      of the combined controller, is desirable so that no excess metal is cut
      off in the cutting process.
PAR  Referring now to the embodiments of FIGS. 3 and 4, the values of the
      constants K.sub.2 .sbsb.e, T.sub.2   of FIG. 3 and K.sub.1 .sbsb.e,
      T.sub.1  , K.sub.2 .sbsb.e, T.sub.2   , .tau..sub.1 G.sub.1 and G.sub.2 of
      FIG. 4 may be determined by well known linear techniques such as root
      locus and Bode analyses.
PAR  With reference to FIG. 4, though the embodiment is a combination of the
      lag-compensation controller of FIG. 2 and a pure non-minimum phase linear
      controller of FIG. 3, the coefficients are not necessarily the same as
      would be used in a single lag-compensation controller alone or a pure
      non-minimum phase linear controller alone. Given the characteristics of
      the structure of the controller as set forth in FIG. 4, the optimum
      coefficients may be determined according to well known linear analysis
      techniques. With the controller of FIG. 4, where the prior art controller
      and a controller in accordance with the present invention are combined to
      form a single controller, the right half plane zero in the S-plane
      continues to be present for the combined system when analyzing the system
      by the root-locus method.
PAR  The weight settings for the two controller gains, G.sub.1 and G.sub.2, are
      determined primarily by the balance of steady-state stiffness aand of fast
      rise time desired in the particular application. For example, if the
      steady-state stiffness is far more important than is the fast rise time,
      the gain on the conventional linear controller, by comparison to the gain
      of the non-minimum phase linear controller, would be higher. On the other
      hand, if one desires very fast rise times and does not require extreme
      steady-state stiffness, one would use higher gain on the non-minimum phase
      linear controller as compared with the conventional linear controller.
PAR  Referring now to FIG. 5, there is shown a circuit diagram of the embodiment
      of FIG. 4 with values of the circuit included therein.
PAR  Though the above description deals primarily with the application of the
      non-minimum phase linear controller to hydraulic servomechanisms, the
      controller may be used to advantage with any plant which has the same
      predominant dynamic characteristics as hydraulic servomechanisms. The
      predominant plant characteristic, for which the non-minimum phase linear
      controller is applicable, may be expressed by the Laplace transformation
      ##EQU2##
      where K, .delta., and .PSI..sub.n are plant parameters which are either
      constant or vary only a small amount around their nominal values, and
      where s is the Laplace operator.
PAR  Though the invention is described with respect to specific referred
      embodiments thereof, many variations and modifications thereof will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system employing positive rate feedback for controlling a
      plant where the positive feedback is indicated by a right half plane zero
      of the S-plane in a root-locus system analysis, wherein the predominant
      plant characteristics are described by a transfer function of the form
      ##EQU3##
      where K, .delta., and .omega..sub.n are either constant or vary only a
      small amount around nominal values, and where s is the Laplace operator,
      comprising
PA1  a. means responsive to command plant response minus measured plant response
      to provide a plant error signal,
PA1  b. means for providing a plant rate response signal, and
PA1  c. control means for controlling said plant, said control means comprising:
PA1  d. means responsive to said plant error signal to provide a signal
      indicative thereof multiplied by a positive constant,
PA1  e. means responsive to said plant rate response signal to provide a signal
      indicative thereof multiplied by a positive constant, and
PA1  f. means for summing the signal provided in (d) plus the signal provided in
      (e) to provide a control signal for said plant said plus defining a zero
      in the right half portion of the S-plane when analyzing the system by the
      root-locus method.
NUM  2.
PAR  2. A control system as set forth in claim 1, futher including:
PA1  a. a second control means providing a second control signal for said plant,
PA1  b. means for multiplying said control signal and said second control signal
      by constants to provide a weighted control signal and a second weighted
      control signal, and
PA1  c. means for summing said weighted control signal and said second weighted
      control signal to provide a total control signal to said plant.
NUM  3.
PAR  3. A control system as set forth in claim 1 wherein the plant to be
      controlled is a servo-valve actuated hydraulic motor, wherein the plant
      response is measured by a position synchromechanism, and wherein the plant
      rate response is measured by a tachometer.
NUM  4.
PAR  4. A control system as set forth in claim 2 wherein the plant to be
      controlled is a servo-valve actuated hydraulic motor, wherein the plant
      response is measured by a synchromechanism, and wherein the plant rate
      response is measured by a tachometer.
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ABST
PAL  An electronic switching system for the control of a load, such as a motor
      serving to adjust the diaphragm of a motion-picture camera, comprises a
      normally inactive comparison circuit including a transistor bridge with a
      pair of NPN transistors in one pair of adjoining arms and a pair of PNP
      transistors in the other pair. Two complementary transistors in each half
      of the bridge, lying between diagonally opposite corners, are provided
      with a common biasing circuit shunted across that bridge diagonal, the
      load being connected across the other bridge diagonal. Each biasing
      circuit includes a resistive voltage divider with taps joined to the bases
      of the associated bridge transistors and a group of cascaded ancillary
      transistors connected across a section of the voltage divider containing
      one of these taps. The first ancillary transistor of each cascaded group
      has its base connected to an associated input terminal receiving a
      switching signal and a reference voltage, respectively. A differential
      amplifier, connected across the input terminals, emits an unbalance signal
      which applies power to a pair of normally open-circuited ancillary
      transistors, forming part of the two cascaded groups to activate the
      comparison circuit by energizing the emitters of these ancillary
      transistors via a switching stage including a constant-current source.
PARN
PAR  This is a divisional patent application of our copending patent application
      Ser. No. 206,466 filed Dec. 9, 1971, now U.S. Pat. No. 3,806,789.
BSUM
PAR  Our present invention relates to a circuit arrangement for the control of a
      load, such as a motor for adjusting a diaphragm of a motion-picture
      camera, fed from a direct-current source.
PAR  A system of this type may comprise a comparator circuit, preceded by a
      differentiating stage, and a photoelectric transducer which receives
      light, e.g., from a reflecting shutter. In such a system it is a
      disadvantage that the motor as well as the photoelectric transducer used
      for automatic diaphragm control have a certain integrating effect which in
      practice results in a phase displacement between the desired bahavior and
      the actual behavior of the motor. This means that the lag which is
      introduced by the photoelectric transducer and by the motor results in a
      delay of the response and de-energization relative to the occurrence of
      variations of light. The long starting and coasting times of the motor may
      induce oscillations in the system. To avoid these problems, it is
      conventional to reduce the adjusting speeds by using automatic control
      systems having a low gain and in some cases intentionally introducing a
      relatively high mechanical uncertainty of the response. The disadvantages
      involved in these measures had heretofore to be tolerated.
PAR  The object of our present invention is to provide an improved circuit
      arrangement for detecting the existence of voltage differences between two
      signals, e.g. between a reference voltage and the output voltage of a
      photoselective transducer illuminated through a diaphragm of a
      motion-picture camera provided with adjustment means, which suppresses
      hunting by minimizing the integrating effect of the load and of an
      associated generator of switching signals such as a photoelectric
      transducer.
PAR  In accordance with our present invention, such a circuit arrangement
      comprises a normally inactive comparison circuit advantageously including
      a transistor bridge having an input diagonal connected across a
      direct-current power supply and an output diagonal connected across a
      load, the arms of that bridge circuit being constituted by a first pair of
      complementary (PNP and NPN) bridge transistors on one side of the input
      diagonal and a second pair of complementary bridge transistors on the
      other side thereof. Each pair of bridge transistors is provided with a
      respective biasing circuit including a resistive voltage divider connected
      across the power supply, the bases of the bridge transistors being
      connected to respective taps on the associated voltage divider. A section
      of each voltage divider, including one of its base-biasing taps, is
      shunted by an ancillary transistor forming part of a cascaded group of
      such transistors, one of the ancillary transistors of one group being
      provided with an input terminal receiving a variable signal voltage while
      the corresponding transistor of the other group is connected to a source
      of reference voltage. A differential amplifier, connected across the two
      input terminals, generates an unbalance signal whenever the potentials of
      these terminals differ from each other; this differential amplifier
      controls switching means connected to an activating lead of the comparison
      circuit -- as by being inserted in a common emitter circuit of an
      ancillary transistor from each cascaded group -- for deactivating the
      ancillary transistors in the absence of such an unbalance signal, i.e.
      when no control operation such as the adjustment of a diaphragm is
      required. In this deactivated condition, the voltage dividers may so bias
      the bridge transistors that two homopolar (e.g. PNP) transistors thereof
      conduct whereas the other two bridge transistors are cut off, thereby
      short-circuiting the output diagonal and the load connected thereacross.
DRWD
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 shows a complete circuit diagram illustrating a switching system
      embodying our invention;
PAR  FIG. 2 is a graph illustrating the switching function of a circuit
      arrangement according to the invention,
PAR  FIG. 3 shows a different embodiment; and
PAR  FIG. 4 illustrates a constant-current source to be used in a system
      according to the invention.
DETD
PAR  An automatic diaphragm-control system of a camera embodying our invention
      includes in circuit with a d.c. source, represented by a positive bus bar
      30 and ground, a photoelectric transducer consisting of a photoconductor
      1, which receives light through a diaphragm 2 juxtaposed therewith and
      controlled by a motor 3 responsive to the output of the photoconductor 1.
PAR  The photoconductor 1 is included in one branch of a voltage divider whose
      other branch includes an adjustable resistor R.sub.1. The intermediate tap
      of the voltage divider is connected to a differentiating stage 4 working
      into a comparison circuit 5 which feeds current to the motor 3 to cause
      the same to run in one direction or the other and thus to open or close
      the diaphragm 2. The comparator 5 has two inputs 6, 7 which are connected
      to a differential amplifier 8 as well as to the bases of two input
      transistors T.sub.8, T.sub.9. The two outputs of the differential
      amplifier are connected by terminals 9, 10 to an OR gate 11.
      Photoconductor 1 and resistor R.sub.1 are two arms of a resistance bridge
      whose other arms are a pair of adjustable series resistors R.sub.4,
      R.sub.5.
PAR  The differential amplifier 8 and the OR gate 11 detect whether the
      comparator 5 is balanced. When this is the case, the motor 3 is
      deenergized by a control stage 12 and a switching circuit consisting of a
      constant-current source 13. This is important because the short-circuit
      current flowing through the motor 3 is particularly high in intermittently
      controlled circuits. As will be described hereinafter, this circuit
      enables an intermittently controlled energization of the motor. The
      differentiating stage 4 which precedes the motor 3 signals to the motor
      that it approaches its desired position so that the motor is progressively
      decelerated as it approaches that position. In this way, an overshoot
      beyond the desired position and a hunting of the arrangement about that
      position will be avoided, and a high adjusting speed becomes possible in
      conjunction with a highly accurate adjustment. It is not essential to
      arrange the differentiating stage 4 before the comparator circuit 5
      although this arrangement will result in simpler circuitry.
PAR  The differentiating stage 4 essentially consists of an amplifier, which
      comprises an input transistor T.sub.1 and an emitter-follower transistor
      T.sub.2. The base of an output transistor T.sub.3 is connected to the
      collector of the input transistor T.sub.1. The collector of the output
      transistor T.sub.3 is connected to a resistance-capacitance circuit,
      comprising a resistor R.sub.2 and a pair of capacitors C.sub.1, C.sub.2,
      having a time constant which advantageously corresponds to the starting or
      coasting time of the motor 3.
PAR  The differentiating stage 4 has a rising frequency response, i.e. a gain
      increasing with frequency. With the circuit shown, the differentiating
      stage 4 may be used to produce sampling pulses. Certain modifications of
      this circuit suitable for that purpose have been illustrated in our prior
      U.S. Pat. No. 3,806,789 granted on parent application Ser. No. 206,466.
      The capacitor C.sub.1 prevents an excessive increase of the gain with high
      frequencies. The a.c. voltage which is generated by the photoconductor 1
      in response to the light from a reflecting shutter, which is usually
      provided in motion-picture cameras, should be only slightly amplified.
      This is ensured by the capacitor C.sub.1 and the resistor R.sub.2. On the
      other hand, this a.c. voltage should give rise to a response of the
      motor-controlling bridge circuit because the intermittent control of the
      motor results in a proportional range and an exact adjustment.
PAR  The comparator circuit 5 consists essentially of a transistor bridge
      including PNP transistors T.sub.4, T.sub.6 in one pair and NPN transistors
      T.sub.5, T.sub.7 in another pair of adjoining bridge arms. This bridge
      circuit ensures that a voltage having the correct polarity is applied to
      the motor 3 in accordance with the signal appearing in the output diagonal
      of the resistance bridge constituted by the photoconductor 1 and the
      resistors R.sub.1, R.sub.4, R.sub.5. This output diagonal, it will be
      noted, coincides with one diagonal of transistor bridge T.sub.4 - T.sub.7
      whose other diagonal is connected across the energizing circuit of motor
      3.
PAR  The shorter the coasting time of the motor 3, the more advantageous and
      simpler is the circuitry which can be selected for the differentiating
      stage 4. For this reason it is desired to short-circuit and thus to brake
      the motor 3 when the controlling bridge circuit is balanced. Some problems
      arise, however, in connection with the short-circuiting of a motor within
      a comparator circuit. Above all, the balance of the bridge circuit must
      not be disturbed. Besides, relays should be avoided, if possible, because
      they give rise to difficulties. In the circuit we have shown, the problem
      has been solved in that either pair of diagonally opposite, complementary
      transistors (T.sub.4, T.sub.7 or T.sub.5, T.sub.6) can be rendered
      conducting to the exclusion of the other pair to which the same potential
      is applied. This will be the case when the same voltage is applied to the
      input terminals 6, 7 of the comparator circuit and is transmitted by two
      ancillary NPN input transistors T.sub.8, T.sub.9 to the bases of
      respective ancillary control transistors T.sub.10, T.sub.11 connected to
      the collectors of ancillary input transistors T.sub. 8, T.sub.9 whose
      emitters are tied to a common activating lead. The base of each of the two
      PNP bridge transistors T.sub.4, T.sub.6 is connected to a respective
      voltage divider which comprises a resistor R.sub.6 or R.sub.7 having a
      relatively high resistance in series with a pair of cascaded diodes
      D.sub.1 or D.sub.2, connected across the emitter-collector circuit of the
      respective control transistor T.sub.10 or T.sub.11. As long as the control
      transistors T.sub.10, T.sub.11 are cut off, base current flows through the
      diode pair D.sub.1 or D.sub.2 and through resistors R.sub.8, R.sub.9 or
      R.sub.10, R.sub.11 in series therewith, the junctions of the
      last-mentioned resistor pairs being connected to the bases of the NPN
      bridge transistors T.sub.5, T.sub.7. As a result, the bridge transistors
      T.sub.4, T.sub.6 are conducting whereas the other two bridge transistors
      T.sub.5, T.sub.7 remain cut off.
PAR  When the bridge circuit is unbalanced, the input transistor T.sub.8, for
      instance, will draw more current and the threshold voltage at a biasing
      resistor R.sub.12 for the control transistor T.sub.10, connected between
      bus bar 30 and the collector of transistor T.sub.8, will be exceeded so
      that transistor T.sub.10 is rendered conducting. As a result, the
      potential of the junction between the resistor R.sub.8 and the diode pair
      D.sub.1 is increased so that the bridge transistor T.sub.4 is cut off
      first. As the current through the control transistor T.sub.10 increases,
      the current flowing through the biasing resistors R.sub.8, R.sub.9
      associated with the bridge transistor T.sub.5 will increase so that its
      threshold voltage is exceeded and the transistor T.sub.5 is rendered
      conducting. The motor 3 is then energized via the bridge transistors
      T.sub.5 and T.sub.6. As soon as the bridge circuit is balanced, the bridge
      transistor T.sub.5 is cut off and the bridge transistor T.sub.4 is
      rendered conducting.
PAR  This arrangement may be used as an exactly operating automatic
      diaphragm-control system, which strongly suppresses hunting. The advantage
      which is due to the differentiating stage 4 will be obtained if the motor
      3 consists of a rotor motor or of a galvanometer. In the former case,
      however, the advantages afforded by the differentiating stage 4 are even
      more significant, particularly if the motor is intermittently energized.
      In this case, however, the motor, stepped with a pulse-space ratio of,
      e.g., 1:1, draws a high current on stopping which is even higher than when
      the motor is running. For this reason it is highly desirable to deenergize
      the motor 3 when the bridge is balanced.
PAR  For this purpose we have provided the aforementioned differentiating
      amplifier 8 connected across the input terminals 6, 7 of the comparator
      circuit 5. The differential amplifier 8 is of conventional design, with a
      pair of NPN transistors T.sub.24, T.sub.25 having their emitters grounded
      through a common resistor 31, except that an OR gate 11 is connected to
      its output terminals 9, 10 so as to transform the oppositely varying
      collector voltages of transistors T.sub.24 and T.sub.25 into unipolar
      (here negative) driving voltages for a control stage 12 which includes a
      transistor T.sub.13. The collector of the transistor T.sub.13 is connected
      through a resistor R.sub.16 to a switching circuit which consists of a
      constant-current source 13 comprising a transistor T.sub.12. When an
      unbalance of the resistance bridge 1, R.sub.1, R.sub.4, R.sub.5 results in
      an output signal at one of the terminals 9 and 10, the control stage 12
      renders the transistor T.sub.12 conducting to ground the emitters of input
      transistors T.sub.8, T.sub.9 of the comparator circuit 5 via a resistor
      32. In the balanced state, when the OR gate 11 has no output, the
      transistor bridge T.sub.4 to T.sub.7 is blocked as transistors T.sub.8,
      T.sub.10, T.sub.5 on the left and their counterparts T.sub.9, T.sub.11,
      T.sub.7 on the right are cut off. Motor 3 is then short-circuited by the
      conducting transistors T.sub.4 and T.sub.6.
PAR  In the embodiment shown by way of example, the two input transistors
      T.sub.8, T.sub.9 of the comparator circuit 5 also constitute a
      differential amplifier and could therefore be used to control the OR gate
      11, eliminating the need for an additional differential amplifier 8.
PAR  The switching functions of the circuit arrangement according to the
      invention is apparent from FIG. 2. It may be assumed that a voltage
      U.sub.1 is applied to one input of the OR gate 11 and a voltage U.sub.2 of
      the same magnitude but opposite polarity is applied to the other input.
      The threshold level of the two diodes of the OR gate is indicated by the
      dotted line S. The resulting output voltage U.sub.3 is indicated by a
      heavy solid line and is shown to have an axis of symmetry U.sub.m. For
      certain applications it may be desirable to provide instead an output
      voltage U.sub.3 having exactly the opposite course, i.e., one which is cut
      off when the input voltages U.sub.1, U.sub.2 rise above the threshold
      level and vice versa. The axis of symmetry U.sub.M which is shown may be
      shifted inasmuch as the base of one of the input transistors of the
      differential amplifier 8, i.e. transistor T.sub.25, is connected to an
      adjustable voltage divider R.sub.4, R.sub.5. The common emitter resistor
      31 used for the two transistors T.sub.24, T.sub.25 forming the
      differential amplifier 8 could also be made variable so that the width of
      the step resulting in the output voltage U.sub.3 can be adjusted. In this
      case, the arrangement according to the invention affords the special
      advantage that it permits of a more exact and much narrower switch
      differential. Finally, the switching step of the output voltage U.sub.3
      need not be symmetrical about the axis U.sub.M because the resistors
      R.sub.14, R.sub.15 may be made adjustable so that a displacement relative
      to the axis of symmetry U.sub.M may be adjusted carried out. For higher
      requirements, the emitter resistor 31 of the differential amplifier 8 may
      consist of a constant-current source. A capacitor C.sub.4 in the input of
      transistor T.sub.24 prevents small variations in the illumination of
      photocell 1 from significantly affecting the output voltage of stage 12.
PAR  Within the scope of the invention, an embodiment which is simplified
      compared to the embodiment of FIG. 1 may be provided. In that simplified
      embodiment, the diodes of the OR gate consist of the emitter diodes of the
      output transistors of the differential amplifier. Such embodiment is shown
      in FIG. 3 with omission of the motor 3 and other elements shown in FIG. 1.
      In this case, transistors T.sub.14, T.sub.15 connected to the input
      terminals 6, 7 constitute a differential amplifier and have emitter diodes
      which form the OR gate. A resulting output signal is derived from the
      emitters of these two transistors T.sub.14, T.sub.15 and is applied via a
      voltage divider R.sub.17 to the base of an input or first-stage transistor
      T.sub.16 of a Schmitt trigger. The collector of the input transistor
      T.sub.16 of the Schmitt trigger is connected to an output or second-stage
      transistor T.sub.17, and the collector of the latter is connected to an
      output terminal 33. The output transistor T.sub.17 is suitably coupled to
      the base of the input transistor T.sub.16 by a feedback resistor R.sub.K,
      which has a relatively high resistance.
PAR  Whereas the circuitry shown in FIG. 3 is simpler than that of FIG. 1, it
      may be a disadvantage that an amplification is not possible because the
      output signal is taken from the emitters of the transistors T.sub.14,
      T.sub.15. For those cases in which an amplification is desired, the
      connection of the OR gate to the collector outputs of a separate
      differential amplifier is preferred. In such embodiment, the switching
      circuit 13 connected to the output of network 8, 12 may also consist of a
      Schmitt trigger. The transistor T.sub.12 of the constant-current source
      may constitute also the output transistor of the Schmitt trigger. The
      positive feedback by means of the resistor R.sub.K shown in FIG. 3 affords
      a particularly low hysteresis. This resistor may be adjustable.
PAR  Various modifications are possible within the scope of the invention. For
      instance, the control transistors T.sub.10, T.sub.11 and/or the
      bridge-controlling transistors T.sub.24, T.sub.25 may be provided with
      emitter followers. In the embodiment of FIG. 1, the control stage 12 may
      also be the first stage of a Schmitt trigger whose second stage may
      consist of the transistor T.sub.12 of the constant-current source 13.
PAR  According to FIG. 4, a constant-current source 21 of conventional design
      comprises an NPN transistor T.sub.21 in a common-emitter circuit. Such
      constant-current source 21 inherently has the aforedescribed disadvantage
      of a certain dependence of its collector current upon collector-emitter
      voltage. To eliminate this disadvantage, the collector or output electrode
      of the first transistor T.sub.21 is connected to the emitter of a second
      NPN transistor T.sub.22 operating in the common-base mode. A voltage
      divider connected to the base of the transistor T.sub.22 consists of a
      resistor R.sub.21 and a voltage limiter in the form of a Zener diode ZD.
      In the embodiment shown, that Zener diode has a dual function. It has a
      temperature response with such high positive temperature coefficient that
      the negative temperature response of the base-emitter diode of transistor
      T.sub.22 is compensated. On the other hand, the Zener diode applies a
      fixed biasing voltage to the base of transistor T.sub.21 of the
      constant-current source 21. An output terminal 22 is connected to the
      collector of transistor T.sub.22 which is in series with transistor
      T.sub.21.
PAR  It may be mentioned that the emitter and base resistors R.sub.22 and
      R.sub.23 of transistor T.sub.21 of the constant-current source 21 may be
      adjustable. The circuit arrangement according to FIG. 4 is capable of
      meeting extremely high requirements as to current stabilization. With a
      network of this type used as the constant-current source 13 of FIG. 1, a
      high degree of accuracy can be obtained within wide temperature ranges by
      the use of relatively simple and inexpensive circuitry.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit arrangement for detecting deviations of the setting of an
      adjustable camera diaphragm from a preselected value, comprising:
PA1  a differential amplifier provided with a first input connected to a source
      of reference voltage and with a second input connected to an output of a
      photoelectric transducer juxtaposed with the diaphragm for illumination
      therethrough, said differential amplifier further having rectifying output
      means generating an unbalance signal of predetermined polarity in the
      presence of a difference of either polarity between said reference voltage
      and an output voltage of said transducer;
PA1  a normally inactive comparison circuit connected across said first and
      second inputs and provided with an activating lead; and
PA1  switching means connected between said output means and said activating
      lead for placing said comparison circuit in an operative condition in
      response to said unbalance signal.
NUM  2.
PAR  2. A circuit arrangement as defined in claim 1 wherein said comparison
      circuit comprises a transistor bridge including a first pair of
      complementary bridge transistors and a second pair of complementary bridge
      transistors on opposite sides of an input diagonal, a first anda second
      resistive voltage divider respectively associated with said first and
      second pairs of bridge transistors and connected across a direct-current
      power supply in parallel with said input diagonal, each pair of bridge
      transistors having bases connected to separate taps on the associated
      voltage divider for biasing thereby, and first and second ancillary
      transistor means respectively connected across sections of said first and
      second voltage dividers including one of said taps thereof, said first and
      second ancillary transistor means having control electrodes respectively
      connected to said first and second inputs and having other electrodes
      connected to said activating lead, said bridge further having an output
      diagonal connected across a load.
NUM  3.
PAR  3. A circuit arrangement as defined in claim 2 wherein said bridge
      transistors include two PNP transistors in two adjacent bridge arms on one
      side of said output diagonal and two NPN transistors in two adjacent
      bridge arms on the other side of said output diagonal.
NUM  4.
PAR  4. A circuit arrangement as defined in claim 3 wherein the taps of said
      sections of said voltage dividers are symmetrically connected to the bases
      of two bridge transistors of like conductivity type.
NUM  5.
PAR  5. A circuit arrangement as defined in claim 2 wherein each of said
      ancillary transistor means comprises a group of cascaded transistors, said
      activating lead being a common emitter circuit for an ancillary transistor
      from each of said groups.
NUM  6.
PAR  6. A circuit arrangement as defined in claim 5 wherein said switching means
      comprises a Schmitt trigger with an output stage in said common emitter
      circuit.
NUM  7.
PAR  7. A circuit arrangement as defined in claim 2 wherein said switching means
      comprises a constant-current source.
NUM  8.
PAR  8. A circuit arrangement as defined in claim 7 wherein said
      constant-current source comprises a pair of homopolar series transistors
      connected across said power supply and provided with bases connected to
      respective sources of fixed biasing potential, and a resistor inserted
      between an emitter of one of said series transistors and a terminal of
      said power supply.
NUM  9.
PAR  9. A circuit arrangement for detecting the existence of voltage differences
      between two signals, comprising:
PA1  a differential amplifier provided with a first and a second input connected
      to a pair of voltage sources for receiving respective signal voltages
      therefrom, said differential amplifier further having rectifying output
      means generating an unbalance signal of predetermined polarity in the
      presence of a difference of either polarity between said signal voltages;
PA1  a normally inactive comparison circuit connected across said first and
      second inputs and provided with an activating lead; and
PA1  switching means connected between said output means and said activating
      lead for placing said comparison circuit in an operative condition in
      response to said unbalance signal.
NUM  10.
PAR  10. A circuit arrangement as defined in claim 9 wherien said comparison
      circuit comprises a transistor bridge including a first pair of
      complementary bridge transistors and a second pair of complementary bridge
      transistors on opposite sides of an input diagonal, a first and a second
      resistive voltage divider respectively associated with said first and
      second pairs of bridge transistors and connected across a direct-current
      power supply in parallel with said input diagonal, each pair of bridge
      transistors having bases connected to separate taps on the associated
      voltage divider for biasing thereby, and first and second ancillary
      transistor means respectively connected across sections of said first and
      second voltage dividers including one of said taps thereof, said first and
      second ancillary transistor means having control electrodes respectively
      connected to said first and second inputs and having other electrodes
      connected to said activating lead, said bridge further having an output
      diagonal connected across a load.
NUM  11.
PAR  11. A circuit arrangement as defined in claim 10 wherein said bridge
      transistors include two PNP transistors in two adjacent bridge arms on one
      side of said output diagonal and two NPN transistors in two adjacent
      bridge arms on the other side of said output diagonal.
NUM  12.
PAR  12. A circuit arrangement as defined in claim 11 wherein the taps of said
      sections of said voltage dividers are symmetrically connected to the bases
      of two bridge transistors of like conductivity type.
NUM  13.
PAR  13. A circuit arrangement as defined in claim 10 wherein each of said
      ancillary transistor means comprises a group of cascaded transistors, said
      activating lead being a common emitter circuit for an ancillary transistor
      from each of said groups.
NUM  14.
PAR  14. A circuit arrangement as defined in claim 13 wherein said switching
      means comprises a Schmitt trigger with an output stage in said common
      emitter circuit.
NUM  15.
PAR  15. A circuit arrangement as defined in claim 10 wherein said switching
      means comprises a constant-current source.
NUM  16.
PAR  16. A circuit arrangement as defined in claim 15 wherein said
      constant-current source comprises a pair of homopolar series transistors
      connected across said power supply and provided with bases connected to
      respective sources of fixed biasing potential, and a resistor inserted
      between an emitter of one of said series transistors and a terminal of
      said power supply.
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ABST
PAL  The embodiment of the battery charging circuit disclosed herein employs a
      relay which can be operated both mechanically and electrically. Mechanical
      operation is achieved by a manually operable push button which when
      depressed closes a relay contact in series with the relay winding. Current
      then flows into the winding to actuate the relay and provide a current
      path for the fast charge of a battery. If the battery temperature is
      elevated above a level considered safe for recharging, fast charging of
      the battery cannot occur until the battery has cooled. If the push button
      is depressed while the battery temperature is so elevated, it still closes
      the relay contact but no current flows into the winding. However, the push
      button is maintained in a depressed position by engagement with the relay
      armature. Once the battery cools, the already closed relay contact permits
      current to flow into the winding to actuate the relay and initiate a fast
      charge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in battery charging circuits. More
      particularly, this invention relates to a battery charging circuit in
      which the flow of charging current into the battery is controlled by a
      battery condition, such as, for example, battery temperature. The control
      which is effected is the automatic selection of either a high or low rate
      of charge as determined by the aforesaid battery condition.
PAR  It is a common practice in charging discharged batteries to provide a
      "fast" charge and then to reduce the charging current to a minimum steady
      flow, commonly known as a "trickle" current, when the battery approaches
      full strength. The reduction of the high charging current becomes
      imperative with regard to certain batteries because not only is permanent
      damage to the battery likely but in some cases, most notably that of
      nickel-cadmium (Ni-Cd) batteries, venting can occur, resulting in rapid
      deterioration of the battery.
PAR  With particular reference to a Ni-Cd battery for ease of description, the
      attainment of a full charge is accompanied by a sudden increase in battery
      temperature. This abrupt temperature change is a condition which has been
      used previously in battery charging circuits to terminate charging. As an
      example as to how this is accomplished, a thermostat can be thermally
      coupled to the battery to sense this temperature increase, and the
      thermostat contacts are connected electrically in series with a relay.
      Once a preset temperature level is attained, the thermostat contacts open
      and cause the relay to de-energize which action opens the charge path
      through which the fast charge of the battery was being effected. In this
      way the high charging current is eliminated and a trickle charge is then
      applied to the battery. The battery can now be removed from the charger
      and inserted into the desired battery-driven equipment, or if the charging
      circuit is built into the battery-driven equipment, an appropriate switch
      can be operated to transfer the battery from a charging state to an
      operational state.
PAR  While an arrangement as discussed above is useful under normal
      circumstances, there are disadvantages with this arrangement which have
      become apparent in practice. After the battery becomes charged, it often
      occurs that the battery is put into immediate operation and is discharged
      at a sufficient rate to keep the battery temperature above the level at
      which the thermostat contacts close. If this battery, having again become
      discharged, is immediately placed in the charging circuit, and a switch
      actuated to initiate what should be a fast charge, high current flow does
      not occur because the thermostat contacts are open. This then requires the
      user of the equipment to wait until the battery cools sufficiently for the
      thermostat contacts to close, and then to actuate the charging cycle to
      initiate the desired fast charge. If prior to the cooling of the battery,
      any attempt is made to override or bypass the thermostat in order to
      achieve a fast charging mode, there is as pointed out above, a strong
      likelihood of battery destruction or venting.
PAC  SUMMARY OF THE INVENTION
PAR  The problems of the prior art are overcome by a novel battery charging
      circuit which includes a relay with manual intervention and a battery
      temperature sensitive means. The feature of manual intervention provides
      the charging circuit with a memory when a hot battery is connected in the
      charging circuit. Once the battery cools down to a safe temperature level,
      fast charging is automatically effected by operation of the relay in
      response to the coincident functioning of the memory and the battery
      temperature sensitive means.
PAR  The objects and advantages of the invention will be set forth in part in
      the description which follows, and in part will be obvious from the
      description, or may be learned by practice of the invention. The objects
      and advantages of the invention may be realized and attained by means of
      the instrumentalities and combinations particularly pointed out in the
      appended claims.
PAR  To achieve the objects and in accordance with the purpose of the invention,
      as embodied and broadly described herein, the battery charging circuit of
      this invention comprises a first current path for the current supplied by
      the source and adapted to contain the battery to be charged; a second
      current path for the current supplied by the source; a relay having a
      winding connected in said second current path; coincidence means for
      completing the second current path and permitting current flow through
      said relay winding to actuate said relay, including a manually operable
      switch, and a thermostat thermally coupled to the battery and designed to
      be actuated when the battery temperature is below a predetermined
      temperature, the second current path being completed when both said
      manually operable switch and said thermostat are closed; and means
      responsive to the actuation of said relay for permitting current flow
      through said first current path to said battery.
PAR  Preferably, the permitting means includes a first normally-open contact of
      said relay which closes the first current path in response to the
      electrical actuation of said relay, and said relay further comprises a
      second normally-open contact operably connected to said second current
      path, said manually operable switch being coupled to said second contact
      to effect manual closure of said second contact upon actuation of said
      manually operable switch.
PAR  It is preferred that the thermostat has contacts connected in series with
      said relay winding in said second current path, said contacts being closed
      when said battery temperature is below said predetermined temperature.
PAR  It is also preferred that the manually operable switch includes a detent
      positioned to contact and move said armature upon actuation of said
      manually operable switch to effect closure of said second contact, and
      said armature includes a bar formed thereon which engages said detent upon
      actuation of said manually operable switch and which releases said detent
      upon movement of said armature in response to the electrical actuation of
      said relay.
PAR  The invention consists in the novel circuit, parts, constructions,
      arrangements, combinations and improvements shown and described. The
      accompanying drawings which are incorporated in and constitute a part of
      this specification, illustrate one embodiment of the invention and,
      together with the description, serve to explain the principles of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit schematic of the preferred embodiment of the present
      invention;
PAR  FIG. 2 shows the latching relay and thermostat portion of the circuit of
      FIG. 1 following operation of the manual switch;
PAR  FIG. 3 is the partial circuit of FIG. 2 following closure of the thermostat
      contacts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in the accompanying
      drawings.
PAR  Referring now to FIG. 1, there is shown a battery charging circuit
      indicated generally by the numeral 10 and adapted to be supplied with a
      source of current. Although many current sources can be used, the current
      source is here depicted as a transformer-rectifier combination for
      receiving AC line voltage on input lines 12 and providing a DC output to
      the charging circuit at junctions 14 and 16. The transformer 18 is
      preferably voltage regulated and current limited, and the rectifier 20 is
      preferably a full-wave rectifying bridge to supply a substantially
      constant output to junctions 14 and 16 on the DC side of the bridge.
PAR  The charging circut 10 is designed to charge a battery, such as shown
      schematically at 22, by the application of current supplied by the
      aforementioned current source. Battery 22 is shown as being removably
      connected in circuit 10 at plugs 24, 25 and 26. This feature permits a
      battery 22 with a thermostat to be inserted into circuit 10 to receive a
      charge and thereafter to be removed from the circuit once recharging has
      been completed. This preferred arrangement, however, is not to be
      construed as limiting to the invention, as this circuit also finds utility
      in apparatus where the battery is not removed for recharging but is
      switched by suitable means between a charging state and an operational
      state.
PAR  In accordance with the invention, the battery charging circuit 10 includes
      first and second current paths for the current supplied by the source. The
      first current path, identified by numeral 28, is adapted to contain the
      battery 22 which is to be charged, and as embodied here is connected
      between junctions 14 and 16. Current 28 is, therefore, the path through
      which charging current is designed to flow. In contrast the second current
      path 30, as embodied herein, is used to control the amount of current
      which flows in the path 28 and thus controls the rate of charging of
      battery 22, e.g., fast charge or trickle charge. Preferably, path 30 is
      also connected to the current source at junctions 14 and 16 and thus is in
      parallel with path 28.
PAR  In accordance with the invention, a relay is provided having a winding
      connected in the second current path. As embodied here, a relay indicated
      generally by the numeral 32 forms a part of the battery charging circuit
      and includes a relay winding 34 serially connected in current path 30.
      Relay 32 is provided with an armature 36 electromagnetically coupled to
      the winding 34 and which moves in response to the energization and
      deenergization of the winding, as caused respectively by the presence and
      absence of current in path 30.
PAR  In accordance with the invention, coincidence means are provided for
      completing the second current path and permitting current flow through the
      relay winding to actuate the relay. This coincidence means includes a
      manually operable switch 38 and a thermostat 40. The thermostat 40 is
      thermally coupled to the battery and is designed to be actuated whenever
      the battery temperature is below a predetermined temperature.
PAR  Specifically, while a snap action thermostat with a differential between
      opening and closing temperatures might be used, it is preferred to use a
      thermostat which is normally closed and which opens at 113.degree. F and
      which closes at substantially the same temperature. Since the sensed
      temperature actually continues to rise after fast charge has stopped,
      thermostat chatter is avoided and the zero differential thermostat avoids
      the possibility that the thermostat may remain constantly open under
      certain climatic conditions.
PAR  As here embodied, the thermostat 40 has a pair of contacts 42 connected in
      series with relay winding 34 in current path 30. The thermal connection
      between thermostat 40 and battery 22 is represented by broken line 44 and
      permits thermostat 40 to track closely the temperature of the battery. The
      thermostat can simply be thermally connected to the battery case, but as a
      matter of design preference, the thermostat is formed as part of the
      battery package and is positioned on the exterior of the battery. In the
      latter case, the circuit 10 is provided with an additional plug terminal
      25 to facilitate connection of the thermostat contacts in path 30 when the
      battery is plugged into the circuit for recharging.
PAR  To complete the second current path 30, both the manually operable switch
      38 and the thermostat 40 must be closed. The contacts 42 are here embodied
      to close automatically when the temperature of the battery 22 is below a
      predetermined level. Switch 38 is designed for manual operation and can be
      actuated anytime recharging of battery 22 is desired. Switch 38 is here
      embodied as a push button which is biased outwardly or towards the
      disengaged position by spring 46. The inner end of switch 38 is provided
      with a detent 48.
PAR  In accordance with the invention there are means provided responsive to the
      actuation of the relay for permitting current flow through the first
      current path to the battery. As here embodied, said permitting means
      includes a first normally-open contact 50 of relay 32. Contact 50 is
      connected in current path 28 in series with battery 22 and closes to
      complete this path in response to the electrical actuation of the relay.
      Closure of contact 50 is preferably in response to movement of relay
      armature 36 which is coupled to contact 50. As viewed in FIG. 1, armature
      36 moves upwardly when relay winding 34 is energized to close contact 50,
      and moves downwardly when winding 34 is deenergized to open contact 50.
PAR  As here embodied, relay 32 additionally comprises a second normally-open
      contact 52 is operably connected to current path 30. Preferably, contact
      52 is directly connected in current path 30 in series with the relay
      winding 34 and thermostat contacts 42. Armature 36 is coupled to contact
      52 so that this contact moves in unison with contact 50 upon electrical
      actuation of relay 32. It should be noted that the distance which contact
      52 travels in closing is preferably designed to be less than the distance
      traveled by contact 50.
PAR  In the present embodiment, relay contact 52 and the manually operable
      switch 38 are coupled together to effect manual closure of contact 52 upon
      actuation of switch 38. This relationship between contact 52 and switch 38
      is separate and apart from the movement of switch 52 by armature 36 in
      response to relay operation. Manual closure of contact 52 is obtained by
      detent 48 which is positioned to contact and move armature 36 when switch
      38 is actuated.
PAR  With additional reference to FIGS. 2 and 3, detent 48 is shaped as a wedge,
      and armature 36 is provided with bar 54 which contacts one end of the
      detent when switch 38 is in the unactuated position. When switch 38 is
      depressed, arm 54 rides up the ramp of the wedge-shaped detent 48 and
      causes an upward movement of armature 36. Contact 52 closes, but contact
      50 does not close because of its having to travel a greater distance than
      switch 52.
PAR  When switch 38 is depressed to close contact 52, one of two operations can
      occur. First, if the contacts 42 of the thermostat 40 are open, there is
      no coincidence of operation of switch 38 and thermostat 40. In such case,
      detent 48 is latched, by the arm 54 of armature 36 and this engagement
      causes switch 38 to remain in the depressed position. Once the thermostat
      contacts 42 close, there is now coincident operation of switch 38 and
      thermostat 40 and current can flow in the current path 30 including relay
      winding 34. The relay 32 thus becomes energized, causing armature 36 to
      move to its upper limit (FIG. 3). Contact 50 closes and current now flows
      in path 28 to provide a fast charge of battery 22.
PAR  The movement of armature 36 is sufficient to cause disengagement between
      armature arm 54 and switch detent 48. Switch 38 is thus returned to its
      unactivated position by the action of biasing spring 46. However, contact
      52 remains in the closed position because it is now being held by armature
      36 of the actuated relay 32.
PAR  Returning now to the alternative operation of the circuit when switch 38 is
      depressed, if the thermostat contacts 42 are already in the closed
      position by virture of the temperature of battery 22 being below the
      predetermined level, then there is immediate operational coincidence of
      switch 38 and thermostat 40. Again, arm 54 of the armature 36 is moved
      upward by engagement with the ramp of detent 48. However, when contact 52
      closes, current path 30 is completed, and current flows through winding 34
      to energize the relay. Armature 36 moves upwardly to close contact 50 and
      to hold contact 52 in the closed position. Arm 54 does not latch detent 48
      (or latches only momentarily as the winding 34 becomes charged), and
      switch 38 is returned to its disengaged position by spring 46. A fast
      charge of the battery 22 can now be effected via current path 28.
PAR  From the preceding description it can be seen that relay contact 52 serves
      an additional function. This function is as the latching or locking
      contact for relay 32 when it is energized. Current can thus flow through
      path 20 including winding 34 even though switch 38 has been released
      because armature 36 holds latching contact 52 closed and current path 30
      remains unbroken. Current continues to flow in current path 30, and
      current path 38 as well, until such time as thermostat contacts 42 open in
      response to the battery temperature rising to the predetermined level due
      to completion of charge. Once these contacts open, current flow in path 30
      ends, relay 32 becomes deenergized, and the downward movement of armature
      36 opens contacts 50 and 52. The fact charging current is removed from
      battery 22, and the battery charging circuit has now returned to its
      original or preoperative condition shown in FIG. 1.
PAR  Contacts 50 and 52 are preferably flexible contact springs conventionally
      used in relays. This construction permits closed contact 52 to flex or bow
      sufficiently in response to armature movement (FIG. 3) to permit armature
      36 to close contact 50. Once the armature is withdrawn, the spring
      construction returns both contacts to their original normally-open
      position. In FIG. 1 a resistor 56 is shown connected in parallel with
      contact 50. Resistor 56 preferably is as a large resistor so that current
      is applied at a trickle or very low rate whenever contact 50 is open.
      Thus, whenever the charging circuit is not in the fast charging mode, it
      is switched to a trickle charge mode so that a low level charge is applied
      to the battery 22 to keep it in a fully charged state until it is removed
      from the battery charging circuit. Also in FIG. 1 a diode 58 is shown
      connected in charge path 28, its purpose being to prevent discharge of a
      charged battery. There is also shown in FIG. 1 a lamp 60 connected between
      current path 30 and junction point 16. Lamp 60 becomes lit whenever
      contact 52 is closed to indicate that the battery charging circuit is in
      its fast-charge mode.
PAR  Under normal conditions of operation, battery 22 will be inserted or
      switched into charging circuit 10, and switch 38 will be depressed to
      initiate a fast charge. The temperature of the battery is here assumed to
      be below the predetermined level so that contacts 42 of thermostat 40 are
      closed. Thus, when switch 38 is depressed, contact 52 closes to permit
      current flow through winding 34, and the relay 32 becomes energized.
      Contact 50 is closed by armature 36, and fast charge of battery 22 begins
      by the flow of a high charging current in path 28.
PAR  As discussed earlier, and with particular reference to a Ni-Cd battery, the
      attainment of a full charge is accompanied by an abrupt increase in
      battery temperature. As battery 22 approaches full capacity, the
      temperature of this battery undergoes this sharp increase and exceeds the
      preset level of thermostat 40. Contacts 42 open and current ceases to flow
      in path 30. Relay 32 becomes deenergized and both contacts 50 and 52 now
      open. Resistor 56 is thereby placed in the charge path of battery 22, and
      the charging current is reduced to a small steady flow known as a trickle
      current. Lamp 60 which was illuminated during the fast charge of battery
      22 goes dark indicating that the recharging of battery 22 has been
      completed and this battery can be put into service.
PAR  Assume now that this fully-charged battery 22 is put into immediate
      operation in battery-driven apparatus and is heavily used so that as the
      battery discharges the current flow is sufficient to keep the battery
      temperature above the level set for closure of the thermostat contacts. If
      this battery is again connected into charging circuit 10 and push button
      38 depressed, no current flows in current path 30 even though contact 52
      is closed. However, switch 38 is maintained in its depressed position by
      armature arm 54 which latches detect 48 (FIG. 2). Lamp 60 becomes lit to
      indicate to the user that the circuit is in the fast charge mode.
PAR  The illumination of lamp 60 in this case actually means that the circuit
      memory is now in control of battery recharging and that a fast charge of
      the battery will begin once battery temperature has decayed to a safe
      level. The user is thus freed from having to attempt repeatedly to
      recharge the battery as is done with prior art circuits, and also has no
      need to try to circumvent the thermostat safety features and possibly
      create a hazardous situation. To the contrary, the illumination of lamp 60
      indicates to him that recharging of the battery is assured and that no
      further action on his part is necessary even though within the battery
      charging circuit fast charging of the battery is temporarily prevented.
PAR  However, as stated above, the memory feature of the charging circuit is now
      in control of recharging and will initiate a fast charge once battery
      temperature has decayed to the safe level where contacts 42 close. When
      this occurs, there is a complete path for the flow of current between
      junctions 14 and 16. Relay 32 operates, contact 50 closes, and the battery
      charger is once again in the fast charge mode (FIG. 3). When battery 22
      has again become fully charged, contacts 42 open and the relay drops out.
      Lamp 60 does dark indicating to the user that the battery is charged and
      can be removed and placed in service.
PAR  It will be apparent to those skilled in the art that various modifications
      and variations can be made in the battery charging circuit of the
      invention without departing from the scope or spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A battery charging circuit adapted to be supplied with a source of
      current and to charge a battery by the application of current thereto,
      said circuit comprising:
PA1  a. a first current path for the current supplied by the source and adapted
      to contain the battery to be charged;
PA1  b. a second current path for the current supplied by the source;
PA1  c. a relay having a winding connected in said second current path;
PA1  d. coincidence means for completing the second current path and permitting
      current flow through said relay winding to actuate said relay including:
PA2  1. a manually operable switch, and
PA2  2. a thermostat thermally coupled to the battery and designed to be
      actuated when the battery temperature is below a predetermined
      temperature, the coincident actuation of said manually operable switch and
      said thermostat causing the completion of the second current path;
PA1  e. means responsive to the actuation of said relay for permitting current
      flow through said first current path to said battery; and
PA1  f. holding means for retaining said manually operable switch in the closed
      position after manual operation thereof until said thermostat actuates.
NUM  2.
PAR  2. A battery charging circuit as claimed in claim 1, where said thermostat
      has contacts connected in series with said relay winding in said second
      current path, said contacts being closed when said battery temperature is
      below said predetermined temperature.
NUM  3.
PAR  3. A battery charging circuit as claimed in claim 2, wherein:
PA1  a. said relay has an armature, and
PA1  b. said permitting means includes a first normally-open contact of said
      relay connected in said first current path and responsive to the movement
      of said armature to be closed thereby when said relay is actuated.
NUM  4.
PAR  4. A battery charging circuit as claimed in claim 3, further comprising:
PA1  a. a resistor connected in parallel with said relay contact to permit a
      trickle current to flow through said first current path when said first
      contact is open.
NUM  5.
PAR  5. A battery charging circuit as claimed in claim 1, wherein:
PA1  a. said permitting means includes a first normally-open contact of said
      relay which closes in response to the actuation of said relay, and
PA1  b. said relay further comprises a second normally-open contact operably
      connected to said second current path, said manually operable switch being
      coupled to said second contact to effect manual closure of said second
      contact upon actuation of said manually operable switch.
NUM  6.
PAR  6. A battery charging circuit as claimed in claim 5, wherein said second
      normally-open contact is connected directly in said second current path in
      series with said relay winding to additionally serve as a holding latch
      for said relay upon actuation thereof.
NUM  7.
PAR  7. A battery charging circuit as claimed in claim 6, wherein said
      thermostat has contacts connected in series with said relay winding in
      said second current path, said contacts being closed when said battery
      temperature is below said predetermined temperature.
NUM  8.
PAR  8. A battery charging circuit as claimed in claim 1, wherein:
PA1  a. said permitting means includes a first normally-open contact of said
      relay which closes in response to the actuation of said relay and wherein
      said relay further comprises:
PA1  b. a second normally-open contact connected in series with said winding in
      said second current path, and
PA1  c. an armature coupled to said first and second contacts.
NUM  9.
PAR  9. A battery charging circuit as claimed in claim 8, wherein said holding
      means includes:
PA1  a. a detent positioned to contact said armature and be retained thereby
      upon actuation of said manually operable switch.
NUM  10.
PAR  10. A battery charging circuit as claimed in claim 8, wherein:
PA1  a. said manually operable switch is coupled to said second contact to
      effect manual closure thereof and said holding means includes:
PA2  1. a detent positioned to contact and move said armature upon actuation of
      said manually operable switch to effect closure of said second contact,
      and
PA2  2. said armature includes a bar formed thereon which engages said detent
      upon actuation of said manually operable switch and which releases said
      detent upon movement of said armature in response to the actuation of said
      relay.
NUM  11.
PAR  11. A battery charging circuit as claimed in claim 10, wherein said
      thermostat has contacts connected in series with said relay winding in
      said second current path, said contacts being closed when said battery
      temperature is below said predetermined temperature.
NUM  12.
PAR  12. A battery charging circuit adapted to supply a charging current from a
      source to a battery, said circuit comprising:
PA1  a. means defining a first current path for supplying current from the
      source to the battery;
PA1  b. means defining a second current path in parallel with the portion of
      said first current path which is adapted to include the batteries;
PA1  c. switch means in said first current path controlled by current flow
      through said second current path;
PA1  d. a thermostat adapted to be placed in said second current path and
      adapted to be thermally coupled to the battery;
PA1  e. manually operable, normally-open switch means in said second current
      path;
PA1  f. latch means for holding said manually operable switch means in the
      closed position; and
PA1  g. means responsive to the flow of current in said second current path for
      releasing said latch means, holding said manually operable switch means
      closed and closing said switch means in said first current path.
NUM  13.
PAR  13. A battery charging circuit adapted to be supplied from a source of
      current and for charging a battery by the application of current thereto,
      said circuit comprising:
PA1  a. thermostat means thermally coupled to said battery for controlling the
      flow of current thereto;
PA1  b. manually operable switch means for controlling the flow of current to
      said thermostat and the battery;
PA1  c. latch means for holding said manually operable switch means in the
      closed position; and
PA1  d. electrical means for holding said manually operable switch means in the
      closed position while releasing said latch means in response to the flow
      of current therein.
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PAL  A DC-to-DC converter for providing a DC output voltage proportional to a DC
      voltage applied to the primary winding of a transformer by turning on and
      off the applied DC voltage by means of a switching element connected in
      series with the primary winding. The voltage developed across the
      secondary winding of the transformer upon the turning on and off of the
      applied DC voltage is rectified and smoothed by means of a circuit
      including a rectifying diode, a choke coil and a capacitor. The
      transformer has a core which exhibits a rectangular hysteresis
      characteristic. When the switching element is turned off, the current
      flowing through the choke coil when the switching element is conductive is
      caused to flow as a reset current through a part of the secondary winding
      of the transformer so that the level of the magnetic flux of the core of
      the transformer may be restored to its initial value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a DC-to-DC converter in which a voltage is
      derived from the secondary winding of a transformer by appropriately
      switching a DC voltage applied to the primary winding of the transformer
      and a DC output voltage proportional to the DC voltage applied to the
      primary winding can be obtained by rectifying and smoothing the derived
      voltage.
PAR  2. Description of the Prior Art
PAR  This type of DC-to-DC converter can enjoy stable operation and also serve
      as an excellent isolator. In such a converter, however, the current
      through the primary winding of the transformer is unidirectional so that
      if the core used in the transformer exhibits a rectangular hysteresis
      characteristic the core is magnetically saturated in one direction.
      Consequently, the transformer can no longer perform its proper function
      and the DC-to-DC conversion operation will be imposssible. Therefore, some
      means must be provided to reset the core saturated in the one direction.
      Moreover, if the switching element used in the converter is turned on and
      off very rapidly, it sometimes happens that when the switching element is
      turned off, flyback voltages are generated which may damage the element.
PAR  Of the conventional reset means the most common is a reset winding provided
      on the magnetic core of the transformer, through which DC reset current
      from a DC source is constantly supplied via a resistor. According to this
      structure, the flux in the core can be automatically cancelled when the
      current through the primary winding of the transformer vanishes, i.e. when
      the switching element is turned off, but the constant reset current
      flowing through the resistor into the reset winding gives rise to heat
      loss and therefore the problem of heat dissipation. For this reason the
      power source section cannot be made small in size. This makes unsuitable
      the provision of the power source in an electronic computer.
PAR  The conventional artifice of preventing damage due to the flyback voltage
      is to cramp the flyback voltage by a circuit consisting of a diode, a
      resistor and a capacitor so as to make the amplitude of the flyback
      voltage equal to that of the voltage of the power source so that the
      switching element may be prevented from being damaged. In this artifice,
      too, current flows through the resistor of the cramping circuit to cause
      heat loss.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of this invention is to provide a DC-to-DC converter in
      which heat loss in the power section is small and which has a high
      efficiency.
PAR  The notable features of this invention are as follows. When the current
      through the primary winding of the transformer vanishes, i.e. when the
      switching element is turned off, the current then flowing through the
      smoothing choke coil is caused to flow through a part of the secondary
      winding of the transformer, so that the level of the magnetic flux of the
      core of the transformer may be restored to its initial value. Moreover,
      the flyback voltage generated when the switching element is turned off, is
      cramped to the level of the source voltage so that the switching element
      may be prevented from being damaged.
PAR  Other objects and features of this invention will be apparent from the
      following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit of a DC-to-DC converter according to one embodiment of
      this invention.
PAR  FIG. 2 shows waveforms useful to explain the operation of the circuit shown
      in FIG. 1.
PAR  FIGS. 3 and 4 are circuits of converters according to other embodiments of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows one embodiment of this invention, which comprises a DC source
      1, a transformer 2 whose core exhibits a rectangular hysteresis
      characteristic and which includes a primary winding N.sub.1 and a
      secondary winding consisting of N.sub.2, N.sub.3 and N.sub.4, a switching
      transistor 3 connected in series with the primary winding N.sub.1 and
      forming a closed circuit with the DC source 1 (E), a rectifying diode 4, a
      smoothing choke coil 5, a flywheel diode 6, a cramping diode 7, a
      smoothing capacitor 8, a load 9, a difference amplifier 10 to compare the
      output voltage E.sub.O with a reference voltage E.sub.r (11) and to obtain
      an amplified output, a drive pulse generator 12, and an insulating pulse
      transformer 13. The polarities of the respective windings are as shown in
      the figure, i.e. as indicated by dot marks. With this circuit arrangement,
      in an operating range of the transformer 2 where the core is not yet
      saturated, a DC voltage proportional to the voltage E of the source 1 can
      be supplied for the load 9 by switching the transistor 3. If a tap to
      separate the winding N.sub.3 from the winding N.sub.2 is so provided that
      the voltage across the winding N.sub.3 may be negligible with respect to
      that across the winding N.sub.2, the flywheel diode 6 connected with the
      tap is not conductive while the transistor 3 is conductive. When the
      transistor 3 is cut off, the current flowing till then through the choke
      coil 5 starts circulating through a path consisting of the capacitor 8,
      the winding N.sub.3 and the diode 6. This current through the winding
      N.sub.3 (i.e. through the diode 6) serves to reset the level of the
      magnetic flux of the transformer core.
PAR  FIG. 2 shows waveforms appearing at several points in the circuit shown in
      FIG. 1 during the operation thereof. Waveform (A) corresponds to the
      conductive and non-conductive states of the transistor 3, waveform (B) to
      the collector voltage of the transistor 3, waveform (C) to the current
      through the diode 4, waveform (D) to the current through the diode 6, and
      waveform (E) to the current through the choke coil 5.
PAR  Thus, the level of the magnetic flux of the transformer core is restored to
      the initial value by diverting the current flowing till then through the
      choke coil 5 to the circuit of the winding N.sub.3 and the diode 6.
      Namely, in the case where the levels of the saturation magnetic flux for
      the core are +.phi..sub.m and -.phi..sub.m, the level +.phi..sub.m is
      reset to the level -.phi..sub.m. It is therefore unnecessary to supply a
      constant reset current so that the resultant heat loss can be rendered
      very small. For example, with a power source of an output of 100 W, the
      loss in the conventional DC-to-DC converter is about 20 W while the
      corresponding loss in the DC-to-DC converter according to this invention
      is several watts.
PAR  A flyback voltage is generated by the winding N.sub.4 when the transistor 3
      is cut off. When the flyback voltage developed across the winding N.sub.4
      exceeds the output voltage E.sub.O, the diode 7 for cramping starts
      conduction, so that the flyback voltage is cramped to the level of the
      output voltage E.sub.O. In this case, also, there is no heat loss owing to
      a resistor and a DC-to-DC converter having a high efficiency can be
      realized.
PAR  If the output voltage E.sub.O is varied due to the fluctuation of the load,
      the duration of the pulse from the drive pulse generator 12 is controlled
      by the output of the difference amplifier 10. Consequently, the conductive
      time of the transistor 3 is controlled and the feedback control is
      performed to stabilize the output voltage E.sub.0.
PAR  FIG. 3 shows another embodiment of this invention, in which a second and a
      third auxiliary outputs are obtained and the flyback voltage is cramped to
      the level of the second auxiliary output E.sub.2. Output windings N.sub.5
      and N.sub.6 are provided in the transformer 2', the output of the winding
      N.sub.5 being supplied through a diode 14 and a smoothing capacitor 15 for
      a load 16 and the output of the winding N.sub.6 being fed through a diode
      17 and a capacitor 18 to a load 19. The polarity of the winding N.sub.5 is
      opposite to those of the windings N.sub.2, N.sub.3 and N.sub.6 so that the
      flyback voltage generated when the transistor 3 is cut off is applied
      through the diode 14 to the smoothing capacitor 15. In this case, the
      output voltage of the winding N.sub.5, i.e. flyback voltage, is cramped so
      as to have a level equal to that of the voltage E.sub.2.
PAR  FIG. 4 shows a third embodiment of this invention, in which the means for
      resetting the level of the magnetic flux of the transformer core is
      modified. In this embodiment, the transformer 2" has a primary winding
      N.sub.1 and a secondary winding consisting of N.sub.2 and N'.sub.3 and the
      like ends (having the same polarity) of the windings N.sub.2 and N'.sub.3
      are connected respectively through the diodes 4 and 6 with one end of the
      choke coil 5 while the other like ends of the windings N.sub.2 and
      N'.sub.3 are commonly connected via the smoothing capacitor 8 with the
      other end of the choke coil 5. The capacitor 8 is shunted by the load 9
      through which DC power is consumed. The number of turns of the winding
      N'.sub.3 is smaller than that of the winding N.sub.2. In this case, also,
      simultaneously with the cut-off of the transistor 3, the current flowing
      till then through the choke coil 5 is in turn caused to flow through the
      diode 6 and the winding N'.sub.3 to restore the level of the magnetic flux
      of the transformer core to the initial value. In FIG. 4, only the parts
      constituting the resetting means are shown, with the other parts omitted.
PAR  As described above, according to this invention, when the switching
      transistor is cut off, the current flowing till then through the choke
      coil is in turn caused to flow through a part of the secondary winding of
      the transformer, so that the level of the magnetic flux of the transformer
      core may be restored to its initial value. Further, the flyback voltage
      generated when the switching transistor is turned off, is cramped to the
      level of the output voltage so that heat loss is small and the overall
      device, i.e. a DC-to-DC converter, having a smaller size can be realized.
      Namely, a reduction in size and cost of more than 20 percent can be
      expected according to this invention, as compared with the conventional
      DC-to-DC converter.
CLMS
STM  We claim:
NUM  1.
PAR  1. A DC-to-DC converter to provide a DC output voltage proportional to the
      DC voltage applied to the primary winding of a transformer by turning on
      and off said DC voltage by means of a switching element connected in
      series with said primary winding, and rectifying and smoothing the voltage
      developed across the secondary winding of said transformer upon the
      turning on and off of said DC voltage by means of a circuit including a
      rectifying diode, a choke coil and a capacitor, said transformer having a
      core exhibiting a rectangular hysteresis characteristic, wherein said
      converter includes reset means for causing, at the time of turning off of
      said switching element, the current flowing through said choke coil at the
      time of turning on of said switching element to flow as a reset current
      through a part of said secondary winding of said transformer so that the
      level of the magnetic flux of said core of said transformer may be
      restored to its initial value.
NUM  2.
PAR  2. A DC-to-DC converter as claimed in claim 1, wherein said secondary
      winding has a tap, one end of said secondary winding is connected through
      said rectifying diode to one end of said choke coil, and said reset means
      comprises a flywheel diode connected between said tap and said one end of
      said choke coil, said reset current flowing through the part of said
      secondary winding between the other end of said secondary winding and said
      tap.
NUM  3.
PAR  3. A DC-to-DC converter as claimed in claim 1, wherein said secondary
      winding comprises two windings having different numbers of turns, said
      reset means comprises a flywheel diode connected to the one of said two
      windings having the smaller number of turns, and the ends of said two
      windings having the same polarity are connected respectively through said
      rectifying diode and said flywheel diode to one end of said choke coil
      while the other ends of said two windings are connected with each other,
      said reset current flowing through said one winding.
NUM  4.
PAR  4. A DC-to-DC converter as claimed in claim 1, wherein said transformer is
      further provided with another secondary winding and the voltage generated
      across said another secondary winding when said switching element is
      turned off is applied through a diode to a smoothing capacitor, the
      flyback voltage generated upon the turning off of said switching element
      being cramped to the level of said DC output voltage.
NUM  5.
PAR  5. A DC-to-DC converter as claimed in claim 1, wherein said transformer is
      provided with a plurality of separate secondary windings whose output
      voltages are supplied respectively through diodes and smoothing capacitors
      to separate loads and one of said plurality of secondary windings is
      arranged in inverse polarity with the other secondary windings.
NUM  6.
PAR  6. A DC-to-DC converter comprising a DC power source, a transformer having
      a core exhibiting a rectangular hysteresis characteristic and having
      first, second and third windings, a switching transistor connected through
      said first winding to said DC power source to form a closed circuit
      together therewith, a smoothing choke coil, diodes connected respectively
      between the ends of said second and third windings having the same
      polarity and one end of said choke coil, a smoothing capacitor connected
      between the other end of said third winding and the other end of said
      choke coil, and reset means for causing, at the time of turning off of
      said switching transistor, the current flowing through said choke coil at
      the time of turning on of said transistor to flow as a reset current
      through one of said diodes connected to said third winding into said third
      winding so that the level of the magnetic flux of said core of said
      transformer may be restored to its initial value.
NUM  7.
PAR  7. A DC-to-DC converter as claimed in claim 6, wherein said transformer is
      further provided with a fourth winding and the voltage developed across
      said fourth winding when said transistor is turned off is applied through
      a diode to a smoothing capacitor, the flyback voltage generated upon the
      turning off of said switching transistor being cramped to the level of an
      output voltage.
NUM  8.
PAR  8. A DC-to-DC converter as claimed in claim 7, further comprising means for
      detecting the deviation of the output voltage from a reference voltage and
      controlling the conductive period of said transistor in accordance with
      the detected output, said output voltage being stabilized.
NUM  9.
PAR  9. A DC-to-DC converter for providing a DC output voltage proportional to
      an applied DC voltage, said converter comprising:
PA1  a transformer having a core exhibiting a rectangular hysteresis
      characteristic,
PA1  switching means for enabling said applied DC voltage to be supplied to the
      primary winding of said transformer when said switching means is
      conductive,
PA1  a choke coil connected in circuit with the secondary winding of said
      transformer, and
PA1  reset means for causing current flowing through said choke coil when said
      switching means in conductive to flow as a reset current through a part of
      said secondary winding of said transformer when said switching means is
      not conductive so that the level of the magnetic flux of said core of said
      transformer may be restored to its initial value.
NUM  10.
PAR  10. A DC-to-DC converter as defined in claim 9, wherein said secondary
      winding has a tap, one end of said secondary winding is connected through
      a rectifying diode to one end of said choke coil, and said reset means
      comprises a flywheel diode connected between said tap and said one end of
      said choke coil, said reset current flowing through the part of said
      secondary winding between the other end of said secondary winding and said
      tap.
NUM  11.
PAR  11. A DC-to-DC converter as claimed in claim 9, wherein said secondary
      winding comprises two windings having different numbers of turns, said
      reset means comprises a flywheel diode connected to one of said two
      windings having the smaller number of turns, and the ends of said two
      windings having the same polarity are connected respectively through a
      rectifying diode and said flywheel diode to one end of said choke coil
      while the other ends of said two windings are connected with each other,
      said reset current flowing through said one winding.
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ABST
PAL  A converter circuit includes an inrush current limit circuit to limit the
      initial transient surge of inrush current to a power supply upon the
      initial application of voltage to the power supply input. After the
      initial start-up transient inrush current surge, the inrush current limit
      circuit is switched out of the input signal path to reduce power
      dissipation during normal steady state operation of the circuit. If the
      input voltage magnitude decreases significantly at any time, the inrush
      current limit circuit is reset to limit any further current surges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to power supplies and, more particularly, to inrush
      surge current limit circuits. It is specifically concerned with automatic
      resetting of the inrush current limit circuit in response to a momentary
      drop of the input voltage to the power supply.
PAR  2. Description of the Prior Art
PAR  Power supplies generally include input filters to alleviate noise problems.
      The filter generally includes capacitive components which induce a large
      instantaneous transient current to the power supply when it is initially
      energized. The instantaneous transient current, known as the inrush
      current, can cause circuit breakers or fuses to operate and may damage the
      circuit components of the power supply.
PAR  The inrush current is normally limited to a safe value by inserting a large
      impedance in the input current path. The impedance may be switched out of
      the input path and a low impedance path substituted therefor after the
      initial inrush current transient has subsided. The substitution of the low
      impedance path may be performed manually or by an automatic system.
PAR  Manual switching systems are slow and insertion of the low impedance path
      is not related to the actual value of the input current. Prior automatic
      switching systems have operated on a fixed time delay or a time delay
      related to the stages of operation of the power supply which are unrelated
      to the actual magnitude or duration of the inrush current. This
      arrangement is inefficient since the input impedance dissipates power
      unnecessarily after the current inrush has ended. An additional
      disadvantage of these inrush current limiting arrangements is that should
      the input voltage to the power supply subsequently decrease, the inrush
      current limit circuit does not operate again to protect the power supply
      against the subsequent inrush current when the voltage level is restored.
PAR  It is, therefore, an object of the invention to limit the inrush current
      surge of a power supply for the exact duration of the inrush current.
PAR  It is another object of the invention to improve the efficiency of an
      inrush current limit circuit by bypassing the inrush current limit
      circuitry in response to a drop in the inrush current.
PAR  It is yet another object of the invention to reactivate the inrush current
      limit protection circuitry should the input voltage to the power supply
      decrease below a threshold value during operation of the circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in accordance with the invention, a power supply includes an
      inrush current limit circuit having a high impedance path and a low
      impedance path connected in the input signal path of the power supply.
      Upon the initial application of voltage to the power supply, the inrush or
      surge current flows through the high impedance path to the power supply.
      The high impedance limits the inrush current to a safe value to protect
      the circuit components of the power supply. A current sensing device
      monitors the inrush current. When the inrush current drops to a low value,
      the current sensing device activates switching circuitry to substitute the
      low impedance path for the high impedance path in the input circuit.
PAR  The inrush current limit circuit monitors the input voltage applied to the
      power supply and reactivates the inrush current limit circuit if the input
      voltage drops below some threshold. Upon reactivation of the inrush
      current limit circuit, it operates in the same fashion as described above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features, and advantages of the invention will be more
      readily understood by reference to the following detailed description when
      considered in connection with the accompanying drawing wherein:
PAR  The sole FIGURE is a combined block diagram and circuit schematic of a
      power supply having an inrush current limit circuit according to the
      principles of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The power supply shown in the FIGURE includes an inrush current limit
      circuit according to the principles of the invention to prevent large
      inrush current surges when voltage is initially applied to the power
      supply circuit. The DC voltage source 1 applies a DC voltage to terminals
      17 and 18. This voltage is coupled, via leads 37 and 38 of the inrush
      current limit circuit 4, to a converter circuit 2 which converts the DC
      voltage from one level to another level and applies a DC voltage to the
      load 3. The capacitor 29, shunting the input terminals of the converter
      circuit 2, represents the capacitances of the power supply circuit which
      are responsible for the initial inrush current.
PAR  The inrush current limit circuit 4 includes a current limit resistor 33 of
      a fairly large magnitude which serves to limit the initial current surge.
      The voltage dividers comprising resistors 31 and 32 shunt the input
      terminals 17 and 18, via the switch arm 25 connected to contact 26. A
      series connected K.sub.1 relay coil 5 and transistor 10 shunt the voltage
      divider. The center junction 40 of the voltage divider is connected, via
      lead 41, to the base 11 of transistor 10. The collector-emitter path of
      transistor 20 shunts the base emitter path of transistor 10. The emitter
      22, base 21, diode 15, and resistor 34 shunt the inrush current limit
      resistor 33. The lead 38 includes the K.sub.1a relay contact 6 which, when
      activated by the relay coil 5, completes a low impedance path in parallel
      with the inrush current limit resistor 33. The K.sub.1b relay contact 16
      is normally closed until the relay coil 5 is activated. Its purpose is to
      connect the disabling means 45 to the converter 2 to inhibit its operation
      until the relay coil 5 is energized. This permits the input capacitance to
      charge up more rapidly upon initial energization since the converter draws
      no power. The disabling means may comprise a source voltage or similar
      means to bias the converter switching devices inoperative. The inrush
      current limit circuit is switched into the input current path by switching
      the switch arm 25 to contact 26 as shown in the FIGURE. The input to the
      converter circuit includes an inductor 7 which is shunted by a diode 14 to
      discharge stored energy therein.
PAR  Upon the initial application of power through the DC source 1 to terminals
      17 and 18, current flows via lead 37 and inductor 7 to the capacitor 29
      and the converter circuit 2. The return current path is initially via the
      current limit resistor 33, the switch arm 25 connected to contact 26, the
      terminal 18, and back to the DC voltage source 1. Initially the inrush
      current causes a large voltage drop across the resistor 33 and the
      transistor 20 is biased conducting. Current flows from the input terminal
      17 via resistor 31, lead 41, and the collector emitter path of transistor
      20, back to the terminal 18 connected to the DC voltage source 1. With
      transistor 20 conducting, the transistor 10 is biased nonconducting and no
      current flows through the relay coil 5. As the charge on the capacitor 29
      increases, the voltage drop across the resistor 33 decreases. Eventually
      at a particular voltage threshold the transistor 20 becomes nonconducting
      and the current from the DC voltage source 1 flowing through resistor 31
      and lead 41 biases the transistor 10 into conduction. With transistor 10
      conducting, current flows through the relay coil 5, through the
      collector-emitter path of transistor 10, and the switch arm 25, back to
      the DC voltage source 1. When the relay coil 5 is energized, the contact 6
      in lead 38 closes and the current path from the voltage source 1 to the
      converter cicuit 2 bypasses the current limit resistor 33. The relay
      contact 16 opens, permitting the converter 2 to operate normally.
PAR  A feature of the invention is the automatic reactivation of the inrush
      current limit circuit 4 should the voltage on DC source 1 drop below a
      certain threshold. If the input DC voltage drops sufficiently, the current
      flow to resistor 31, which is transmitted via lead 41 to base 11 of
      transistor 10, becomes insufficient to maintain the transistor 10
      conducting. The transistor 10 becomes nonconducting and the relay coil 5
      is deenergized. A diode 19 shunting the relay coil permits the discharge
      of the stored energy in the relay coil 5. With the relay coil 5 no longer
      energized, the contact 6 opens and the DC voltage source is now connected
      to the converter circuit, via the current limit resistor 33. The inrush
      current limit circuit 4 subsequently operates in the same fashion when the
      DC voltage is restored as when the power supply was initially energized.
      When the input current level drops to a sufficiently low value, the relay
      coil 5 is again energized, closing contact 6 to enable the low impedance
      path. An auxiliary path 39 can be completed by throwing switch 25 of
      contact 27. This permits the discharging of the capacitor 29 when the
      power supply is shut down.
PAR  It is apparent from the foregoing description that the inrush current limit
      circuit 4 limits initial transient current surges when the power supply is
      first energized and responds to any subsequent voltage drops of the DC
      voltage source 1 by reactivating the high impedance path including the
      current limit resistor 33 to prevent any subsequent current surges.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inrush current limit circuit comprising, input terminals to accept a
      source, output terminals to accept a load, a current limit impedance
      connecting at least one of said input terminals to at least one of said
      output terminals, a low impedance path, means to connect said low
      impedance path in parallel with said current limit impedance, means to
      operate said means to connect, current sensing means connected to sense
      the current in said current limit impedance, voltage monitoring means
      connected to monitor the voltage at said input terminals, said means to
      operate responsive to said current sensing means at a current below a
      particular low current threshold to connect said low impedance path in
      parallel with said current limiting impedance, said means to operate being
      further responsive to said voltage monitoring means at a voltage below a
      particular low voltage threshold to disable said means to connect and
      disconnect said low impedance path from a parallel connection with said
      current limiting impedance.
NUM  2.
PAR  2. An inrush current limit circuit as defined in claim 1 wherein, said
      current sensing means comprises a first transistor whose conductivity is
      responsive to a bias signal generated by said current limit impedance, and
      said means to operate comprises a second transistor whose conductivity is
      responsive to said first transistor, and a relay coil responsive to the
      collector current of said second transistor, and said means to connect
      comprises a relay contact responsive to said relay coil.
NUM  3.
PAR  3. An inrush current limit circuit as defined in claim 2 wherein, said
      voltage monitoring means comprises a voltage divider shunted across the
      input terminals, and said means to operate includes means to utilize a
      voltage developed by said voltage divider to bias said second transistor
      nonconducting.
NUM  4.
PAR  4. In a converter circuit, means to limit the converter input current upon
      energization of the circuit comprising, a high impedance situated in the
      path of the input current, a low impedance current path shunting said high
      impedance and including a make and break contact, a relay coil to control
      said contact, and means to control the energization of said relay coil
      including, a first transistor situated to complete an energization path
      for said relay coil, a second transistor connected to be biased in
      response to the voltage drop across said high impedance, said second
      transistor connected to control the bias of said first transistor, whereby
      said first transistor is biased conducting to energize said relay coil
      and, hence, enable said low impedance path in response to a decreased
      current through said high impedance, and means to bias the first
      transistor nonconducting should said input current decrease significantly
      including, a voltage divider energized by a portion of the input current
      and connected to the control electrode of said first transistor.
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ABST
PAL  A self-commutating inverter having at least two main thyristors connected
      to a d-c source, a commutating arrangement consisting of an energy storage
      device and auxiliary thyristors connected anti-parallel to each other, a
      load and a firing control arrangement with outputs which are associated
      with the main and the auxiliary thyristors and can be impressed with
      firing pulses at presettable times, wherein the auxiliary thyristor
      associated as the commutation valve with the main thyristor to be relieved
      is triggered prior to the firing of the relieving main thyristor by a
      presettable time interval, and means to monitor the system.
BSUM
PAR  This invention relates to self-commutating inverter means.
PAR  More particularly, the invention relates to an inverter system having
      voltage comparison means to monitor the system.
PAR  In one known self-commutating inverter, the commutating arrangement
      consists of a commutating capacitor, a commutating choke and two
      controlled commutating valves connected anti-parallel to each other. Each
      commutating valve is assigned to one of the two controlled valve branches
      of the inverter; these valve branches can be arranged as series as well as
      parallel circuits of several main thyristors.
PAR  To commutate the load current from one controlled valve branch to the other
      controlled valve branch, the commutation valves of the one controlled
      valve branch are triggered a definite time prior to switching-on the other
      controlled valve branch, so that the energy stored in the commutating
      capacitor is utilized in such a manner that first, the main thyristors of
      the valve branch to be extinguished carries a commutation current opposed
      to its forward direction and are thereby relieved, and that subsequently,
      the commutation current returns to the d-c supply via a return-current
      diode connected anti-parallel to the valve branch to be extinguished. In
      the known inverter, it is possible through the use of commutating valves
      to initiate the start of the commutation process at any time and to
      commutate the load current to the relieving valve branch.
PAR  However, it has been found that in case of major changes in the magnitude
      of the d-c supply voltage and/or the load current the energy stored in the
      commutating capacitor during the charging process is not always sufficient
      to supply a current large enough for extinguishing the valve branch. The
      changes in the magnitude of the d-c supply voltage and the load current
      mentioned can occur, for instance, if the d-c source used is a d-c current
      which is fed from an a-c system via a rectifier and in which a d-c voltage
      with high ripple is present, or if at the inverter output load currents
      larger than the nominal current occur, for instance, if the load impedance
      is lowered. Because of the small charge on the commutating capacitor, the
      quenching of the valve branch to be relieved is prevented and the d-c
      source of the inverter is short-circuited when the other valve branch
      fires, whereby the main thyristors are stressed with a pulse-like
      short-circuit current, which causes excessive heating of the main
      thyristors.
PAR  It is a principal object of the invention to provide a self-commutating
      inverter which makes safe commutation of the valve branches possible under
      any occurring operating conditions by changing the commutating capacitor
      to a degree always sufficient for quenching.
PAR  The problem is solved in inverters of the kind mentioned at the outset by
      providing a measuring arrangement, by means of which the signal of the
      actual value of the capacitor voltage can be determined; and by providing
      a device by means of which the actual-value signal of the capacitor
      voltage can be compared with a reference signal, and the time interval can
      be adjusted via the firing control as a function of the difference between
      the reference and the actual-value signal.
PAR  To implement the invention, it is proposed that the arrangement comprise
      circuit elements, comparison elements for comparing the reference and
      actual-value signals of the d-c supply voltage and/or the load current, as
      well as a summing arrangement for adding the actual value-reference
      difference signals.
PAR  In a preferred manner, the arrangement is connected with the control input
      of a firing-angle control common to the main thyristors and the auxiliary
      thyristors designed as commutation valves. One diode each is
      advantageously connected anti-parallel to each main thyristor or each
      controlled valve branch.
PAR  In one preferred example of an embodiment, the energy storage device is
      designed as a series resonant circuit consisting of a choke and the
      commutating capacitor. For the sake of simplicity, a single main thyristor
      is shown instead of the two controlled valve branches, each of which may
      consist of a series and/or parallel circuit without main thyristors.
PAR  With the invention the presettable time interval, by which the auxiliary
      thyristors are triggered prior to the firing of the relieving main valve,
      is adjusted in such a manner that at the time of the firing of the
      auxiliary valves the energy stored in the commutation arrangement is
      always sufficient for quenching the main thyristor to be relieved.
      Thereby, the inverter can be used also under extreme operating conditions
      without the danger that a short circuit of the supply voltage source could
      occur in case a main thyristor is not extinguished. It is, for instance,
      possible to use a rectifier with high output ripple as the d-c voltage
      source, whereby the expenditure for smoothing devices such as chokes,
      capacitors and filters can be reduced in an advantageous manner. The
      commutation devices consisting of auxiliary thyristors, chokes and/or
      capacitors as well as the main thyristors of the inverter can furthermore
      be designed for smaller ratings in inverters loaded with less than the
      nominal current.
PAR  Another object of the invention is to provide new and improved inverter
      means.
PAR  Another object of the invention is to provide new and improved inverter
      means having voltage measuring and summing means to control the system.
PAR  Another object of the invention is to provide new and improved inverter
      means having means to accommodate changes in the supply voltage.
PAR  Other features which are considered as characteristic of the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      particular embodiment, it is nevertheless not intended to be limited to
      the details shown, since various modifications may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of a specific embodiment when
      read in connnection with the accompanying drawings, in which:
PAR  FIG. 1 is the schematic electrical circuit diagram of the self-commutating
      inverter with two main thyristors connected in series.
PAR  FIG. 2 is a signal flow diagram of an arrangement for adjusting the firing
      time of the auxiliary thyristors as a function of changes of the d-c
      supply voltage, the load current and the voltage at the capacitor.
PAR  FIG. 3 is a firing pulse diagram for the main thyristors of the inverter
      according to FIG. 1.
DETD
PAR  The self-commutating inverter shown in FIG. 1 comprises the main thyristors
      1, 2 which are fed from a d-c voltage source 3 provided with a center tap
      4. The main thryistors 1, 2, can also be replaced by series and/or
      parallel circuits of thyristors, depending on the power of voltage rating
      required. A return-current diode 5 or 6 is connected anti-parallel to each
      main thyristor 1, 2. The commutation arrangement 8 as well as the load 9
      are connected between the connection terminal 7 of the two main thyristors
      1, 2 and the center tap 4, of the d-c voltage source 3. The commutation
      arrangement 8 consists of the commutating capacitor 10, the commutating
      choke 11, and the two auxiliary thyristors 12, 13, which are connected
      anti-parallel to each other, and the firing of which initiates the
      commutation.
PAR  Measuring devices, 14, 15 and 16, respectively, are provided for
      determining the voltage V.sub.C of the commutating capacitor 10, the d-c
      supply voltage V.sub.D as well as the a-c load current I.sub.L. The
      measuring devices 14, 15, 16 feed the measured values of V.sub.C, V.sub.D,
      and I.sub.L, present to a control means 17 which evaluates and processes
      the measured data. The device 17 is described in detail in FIG. 2.
PAR  The outputs of the measuring devices 14, 15, 16, shown in FIG. 1 are
      connected to three inputs of the control device 17, (FIG. 2) and each lead
      to a comparator element 18, 19, 20, which simulataneously perform a
      comparison of the actual-value signals determined by the measuring devices
      14, 15, 16, with the corresponding reference signals. The desired-value or
      reference signals are generated by adjustable d-c voltage sources (not
      shown), advantageously by means of potentiometers. The difference signal
      .DELTA. V.sub.C, .DELTA. V.sub.D and .DELTA. I.sub.L, formed at the
      outputs of the comparator elements 18, 19 and 20, are amplified by the
      amplifiers 21, 22, 23 and fed to a common summing device 24. The operation
      of the summing device 24 ensures that change signals that may occur in
      opposing directions cancel each other if the three actual-value signals
      change simultaneously partly in a positive and partly in a negative
      direction.
PAR  The output signal of the summing device 24 is fed via an amplifier 28 to
      the control input of a firing angle control 25, which controls the main
      thyristors 1, 2, as well as the auxiliary thyristors 12, 13, and has
      corresponding outputs for the thyristors named.
PAR  The operation of the firing angle control 25 will be explained, referring
      to a firing-pulse diagram according to FIG. 3.
PAR  Prior to the time t.sub.o the main thyristor 1 conducts, so that the load
      current I.sub.L flows from the positive terminal of the d-c voltage source
      3 to the center tap 4 of the d-c voltage source 3 via the main thyristor
      1, the terminal 7 and the load 9 (FIG. 1.)
PAR  At the time t.sub.o the firing pulses for the main thyristor 1 are switched
      off and the auxiliary thyristor 12 is fired. Thereby, the commutating
      capacitor 10 discharges in a direction opposite that of the load current
      I.sub.L via the choke 11, the commutation valve 12, the terminal 7, the
      still conducting main thyristor 1, the d-c voltage source 3 and the center
      tap 4 and drives a sinuoidal commutation current in a direction opposed to
      that of the load current I.sub.L, whereby the main thyristor 1 is
      extinguished and the load current I.sub.L is reduced to the value zero.
      After the main thyristor 1 is extinguished, the commutation current
      continues to flow in the same direction via the return-current diode.
PAR  At the time t.sub.1 the main thyristor 2 fires, whereby the direction of
      the load current I.sub.L is reversed and flows from the center tap 4 and
      of the d-c voltage source 3 via the load 9, the terminal 7, and the main
      thyristor 2, to the negative terminal of the d-c voltage source 3. At time
      t.sub.2 the thyristor 12 is switched off.
PAR  At the time t.sub.3 the firing pulses for the main thyristor 2 are switched
      off, similarly as at time t.sub.o, and the corresponding auxiliary
      thyristor 13 is fired. At the time t.sub.4 the main thyristor 1 is then
      fired again.
PAR  During the period of current flow of the commutation current within the
      time interval between t.sub.2 and t.sub.1, and t.sub.4 and t.sub.3,
      respectively, the commutating capacitor 10 reverses its charge from its
      positive peak value + V.sub.C to its negative peak value -V.sub.C and is
      thereby charged with the correct polarity for the following commutation of
      the load current I.sub.L from the main thyristor 2 to the main thyristor
      1. Due to the adjustment of the time interval, according to the invention,
      as a function of changes of the capacitor voltage VC the d-c supply
      voltage V.sub.D and the load current I.sub.L, the period of the charge
      reversal of the commutating capacitor 10 is under any operating conditions
      at least as long as the capacitor voltage +V.sub.C or -V.sub.C,
      respectively, has the value necessary for commutation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a self-commutating inverter having a pair of main thyristors
      connected in series with each other and to a d-c source, commutating means
      comprising a capacitor energy storage means connected between a center tap
      on the d-c source and a pair of auxiliary thyristors connected
      anti-parallel to each other, the other ends of said pair of auxiliary
      thyristors being connected to a common point between said main thyristors,
      a load connected between the center tap of said d-c source and the
      connection of said two main thyristors, means to adjust the firing of the
      transistor in response to varying operating conditions comprising firing
      control means having outputs which are connected to the main and auxiliary
      thyristors to trigger said thyristors with firing pulses at presettable
      times whereby the auxiliary thyristor connected as the commutation valve
      with a main thyristor is triggered prior to the firing of the main
      thyristors by a presettable time interval, comprising a first voltage
      measuring device connected across the capacitor by means of which the
      actual-value signal of the capacitor voltage is determined, first
      comparison means connected to said first voltage measuring means to
      compare the actual-value signal to a reference signal, second and third
      comparison means for comparing reference and actual signals of the d-c
      supply voltage and the load current, and summing means connected to said
      comparison means for summing the difference between actual value-reference
      capacitor voltages, d-c source voltages and the load current, said firing
      control means being connected to said comparison means whereby the firing
      time intervals can be adjusted by said firing control means, as a function
      of the difference between reference signals and the actual measured
      signals.
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ABST
PAL  A regulated current source including a large inductance provides desired,
      average DC current by modulation of an electron switch, such that the
      inductance is disconnected from the power supply on a regular basis by a
      clock circuit, and the switch reconnects the power supply when the current
      in a return path to the inductor has decayed to a desired magnitude. The
      desired decay current across a resistor is compared with a reference which
      turns the switch on in the absence of the turn-off signal from a clock. As
      an energy saving adjunct in a deflection amplifier system for a CRT, a
      bipolar embodiment employing a single large inductance and duplicate other
      apparatus provides a regulated current of either polarity or zero
      magnitude, the inductor current being maintained even when providing zero
      current with the deflection system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to energy conservative current supplies, and more
      particularly to energy conservative current sources adapted for rapid
      response to variable demand.
PAR  2. Description of the Prior Art
PAR  The use of magnetic deflection in cathode ray display systems of many types
      is well known. One reason for preferring magnetic deflection is the
      superior brightness and resolution characteristics which may be obtained.
      However, magnetic deflection systems consume considerably more power than
      do electrostatic systems. The current provided to a deflecting yoke
      associated with a CRT must normally vary from some negative value (for
      deflection to one edge of the screen), through zero (for deflection at the
      center of the screen) to a high positive value (for deflection at the
      opposite edge of the screen). Since the deflection must be in accordance
      with the desired picture, it must be provided by a linear amplifier
      working with suitable positive and negative voltage supplies. If
      deflection is to change extremely rapidly, then the power supplies must
      additionally be of relatively high voltage. But when the rate of change of
      current to the yoke is relatively low, then the driving voltage must be
      relatively low. The output amplifier for driving a yoke must therefore
      drop considerable voltage over a considerable portion of the time while
      supplying substantial current. This is what consumes the power. In a
      resonant display (such as a TV or other raster-type system) the energy is
      circulated in reactive elements and conserved. But in other displays (such
      as stroke-written displays), this is not possible.
PAR  To conserve energy in non-resonant displays, the use of
      energy-conservative, modulated power supplies is known. These conserve
      energy by duty-cycle modulation of a current supplied to the load. Such
      power supplies are either full-on or full-off. When full-on, they are like
      a switch which is closed and makes a low resistance connection, so that
      the passage of a large current therethrough does not dissipate much power.
      When they are full-off, there is no current flow so there can be no power
      dissipation. By causing the power supply to be on for the correct
      percentage of the time, at a fairly high switching rate or frequency, the
      average current can be controlled with relatively small power losses
      within the power supply itself. However, devices of this type have not
      been provided with adequate control (in terms of a faithful, linear
      current representation of an input control signal) for high quality CRT
      display systems.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved energy
      conservative current source.
PAR  Another object of the invention is to provide improved energy conservative
      magnetic deflection systems for use with CRT displays.
PAR  According to the present invention, a modulated, energy conservative
      current source comprises a large inductance and an electronic switch for
      cyclically connecting the inductance to a power supply, the duty cycle
      being regulated to control the average current through the large
      inductance. In accordance with the present invention, when the inductance
      is not being fed by the power supply, voltage developed across a resistor
      in a current return path is compared against a reference, and when the
      current has decayed to a desired value, the switch is again closed so that
      the power supply will feed the inductance.
PAR  Accordance to the invention, an energy conservative current supply includes
      a source of substantially constant current which is connected to a load in
      either of two polarities (or disconnected) in dependence upon whether the
      load current is to be positive or negative (or less than half of the
      source), respectively, the same source providing the constantly-maintained
      current to the load regardless of the polarity. The current from the
      modulated energy conservative current module is added with the current of
      a feedback amplifier system in dependence upon input voltages so as to
      provide carefully regulated total current required to drive the load in
      accordance with the input voltages.
PAR  The present invention is readily implemented with known technology
      utilizing components which are commonly available in the market. The
      invention may be utilized as an add-on adjunct to existing current
      amplifiers for magnetic deflection yokes. The invention provides the bulk
      of the normally energy-dissipative current in a nondissipative fashion,
      saving on the order of two thirds of the energy consumption in contrast
      with nonconservative linear current amplifiers commonly used to drive
      deflection yokes. The invention permits an increase in bandwidth in the
      linear, feedback-controlled amplifier that responds to input signals to
      provide the desired yoke current inasmuch as power dissipation in such
      amplifier is less of a design consideration. By adding current to the
      current supplied from a controlled amplifier connected in a feedback loop,
      the controlled amplifier will provide necessary current so that the total
      yoke current is precisely that commanded by a deflection input signal.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof, as illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified schematic illustration of the concept of one aspect
      of the present invention;
PAR  FIG. 2 comprises a plurality of illustrations of the operation of the
      present invention, on a common time base;
PAR  FIG. 3 is a schematic diagram of a unipolar, modulated, energy conservative
      regulated current source in accordance with one aspect of the invention;
      and
PAR  FIG. 4 is a schematic diagram of a bipolar current source in accordance
      with another aspect of the present invention, illustrated in conjunction
      with a magnetic deflection system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a magnetic deflection system 10, of the type
      generally known in the art, includes a linear amplifier 12 which provides
      a current to the yoke 14 of a cathode ray tube, which includes an
      inductance L.sub.Y and a small resistance R.sub.Y. The yoke current is
      also passed through a sensing resistor R.sub.S. A feedback resistor
      R.sub.F is connected to the input of the amplifier 12 from the junction of
      the yoke with the sensing resistor, where it forms a junction with an
      input resistor R.sub.I. The current through the yoke 14 will be whatever
      is required in order to cause the voltage developed across the sensing
      resistor R.sub.S (or other feedback) to exactly balance the deflection
      command input voltage V.sub.IN, as is known in the art. In the deflection
      system 10 just described, the yoke current I.sub.Y and the amplifier
      output current I.sub.A are the same. Although the resistance R.sub.Y of
      the yoke 14 is quite small, so that the current I.sub.Y therethrough does
      not result in very much power dissipation, the required rate of change of
      position and therefore of current in the yoke may necessitate high
      voltages in the amplifier 12. And the angle of the sweep (the included
      angle within which the beam of the CRT may be required to sweep) may
      require high currents of the amplifier 12. However, the voltage for a
      given current through the yoke may be quite small so that a high voltage
      drop within the amplifier may be required at times when there is a high
      current being delivered by the amplifier. This is where large power
      dissipation occurs. In addition, this causes the amplifier to be designed
      for power dissipation, at the cost of bandwidth design.
PAR  The foregoing problems are overcome in accordance with a first aspect of
      the present invention by means of a modulated, energy-conservative module
      or current source 16 which supplies in additional current, I.sub.C, to the
      yoke 14, thereby reducing current requirements of the amplifier 12. This
      is illustrated conceptually in FIG. 1 to include a substantially constant
      current source 18, a pair of three-position switches 20, 22 conductors
      24-26, and switch controls 54 (described with respect to FIG. 4
      hereinafter). With the switches 20, 22 in the position (a) shown, the
      current I.sub.CC of the source 18 flows (in the positive current sense)
      into the conductor 24, to the yoke 14, through ground and the conductor
      26, through the switch 22 and back to the current source 18. This then
      provides a positive current (I.sub.Y downwardly as seen in FIG. 1) to the
      yoke 14. On the other hand, if the switches 20, 22 are put to their middle
      position (c), then the current of the source 18 would simply circulate
      through the conductor 25 and provided no current at all to the deflection
      system 10. When the switches 20, 22 are put to the lowermost position (b),
      then current will flow from the source 18 through the switch 20 to ground
      over the conductor 26, upwardly through the yoke 14 and back through the
      conductor 24 and switch 22 to the source 18, thereby providing a negative
      current (I.sub.Y  flowing upwardly in FIG. 1) through the yoke 14.
PAR  The effect of the apparatus of FIG. 1 is shown in illustrations (a) through
      (c) of FIG. 2. Illustration (a) of FIG. 2 is in terms of input voltage
      V.sub.IN vs. time (t), but as indicated parenthetically, is equally useful
      as an illustration of desired yoke current I.sub.Y. As shown in
      illustration (b) of FIG. 2, if the current I.sub.C supplied by the module
      16 is regulated with respect to the desired yoke current (illustration
      (a)), such that I.sub.C is either two thirds of the maximum deflection
      current (I.sub.YM) or zero current, then the amplifier 12 need provide a
      current I.sub.A which is never more than one third of the maximum as shown
      in illustration (c) which represents the difference between illustrations
      (a) and (b). If the current steps of illustration (b) are in fact
      regulated with respect to the desired yoke current as indicated by the
      input voltage V.sub.IN (illustration (a)), the current I.sub.A of the
      amplifier 12 can either aid or oppose that current due to the feedback
      taken from the sensing resistor R.sub.S. Hence, when maximum negative
      deflection current is desired (left of FIG. 2) a negative amplifier
      current must be added to the negative current source current so as to
      equal maximum negative current. However, when the input voltage
      (illustration a) reduces to a voltage indicating only two thirds the
      maximum current, since this can all be supplied by I.sub.C the amplifier
      current I.sub.A becomes zero. In other words, assuming that the switches
      20, 22 are adjusted to their positions (b), (c) or (a) in dependence upon
      maximum negative, near zero, maximum positive input voltages, then
      commensurate aiding, opposing or total currents can be provided by the
      amplifier, with the maximum amplifier current reduced by two thirds,
      therefore making nearly a two thirds reduction in power dissipation
      possible. This is so because, as illustrated more fully hereinafter, the
      power dissipated in a current source according to the present invention is
      independent of the power supply voltage therein, and amounts only to some
      small resistive losses and losses across saturated transistors and diodes.
PAR  In accordance with another aspect of the present invention, a current
      regulated source (of the type useful in implementing the scheme
      illustrated with respect to FIG. 1) is shown in FIG. 3. The key elements
      to this circuit are a large inductance L.sub.CC which is selectively
      connected to a power supply +V.sub.CC by an electronic switch SW1, which
      may for instance be a PNP transistor, such as a 2N3792. This transistor is
      caused to turn on by virtue of an NPN transistor Q.sub.1 conducting so
      that the current flow from +V.sub.CC through a resistor divider 30, 32
      will cause the base of SW1 to become more negative than the emitter
      thereof, so that it saturates in conduction. Then current +I.sub.CC flows
      downwardly (as seen in FIG. 3) through the inductor L.sub.CC and through a
      current load 34 (which could for instance comprise a deflection amplifier,
      a magnetic memory, or other current utilization device) to ground, and to
      the negative side of the power supply +V.sub.CC. However, the transistor
      Q.sub.1 will conduct only as long as it receives a signal from an AND
      circuit 36 which in turn is responsive to cyclic commutation signals on a
      line 38 provided by a clock 40, as well as to the output of a comparator
      circuit 42 on a line 44. The commutating signals on the line 38 are
      normally of a polarity for a logical one so that the AND circuit 36 can
      operate; but on a cyclical basis, these signals become logical zeros just
      for a sufficient time to be sure that the switch Q.sub.1 will turn
      completely off. With switch Q.sub.1 off, no current flows through
      resistors 30, 32 so that the base and emitter of SW1 are at the same
      potential and it shuts off as well. However, as is known, the current in
      an inductor tends to maintain itself, so that this current now flows
      upwardly through a unilaterally conducting decay current path comprised of
      a sensing resistor R.sub.SC and a diode 46 (preferably a high current, low
      voltage-diode for minimum power consumption). The inductance of the
      inductor L.sub.CC is very large so that the current through it is very
      nearly constant, thus the current in the loop (including the inductor, the
      current load 34, the sense resistor R.sub.SC and the diode 46) will decay
      very slowly. This current produces a voltage drop, negative at the top of
      R.sub.SC as seen in FIG. 3, which is applied to one input of the
      comparator 42. A negative reference potential V.sub.REF is applied to the
      other input of the comparator 42, and when the voltage across the sensing
      resistor R.sub.SC is greater than (less negative) the reference voltage,
      an output is provided on the line 44 to enable the AND circuit 36 to turn
      on the transistor Q.sub.1, so that it will turn on the switch SW1. Once
      the switch SW1 is turned on, the junction of the switch, the inductor
      L.sub.CC, and the diode 46 is very highly positive, so that the diode 46
      is reverse biased, and there is no current flow through the sense resistor
      R.sub.SC so that the related input of the comparator goes to essentially
      ground potential. Thus it is always more positive than the reference input
      to the comparator with no current flow through it, so that the comparator
      continues to provide the output on the line 44. This condition continues
      in the comparator until such time as there is a high current flow through
      the sense resistor as a result of the initial turning off of the switch
      SW1, which presents a large current through the sense resistor R.sub.SC
      until that current decays to a point where the voltage at its upper end is
      again less than the negative reference potential at the other input of the
      comparator.
PAR  Of course, the comparator, the reference voltage, and the sensing resistor
      R.sub.SC provide but one way to establish a signal on a line 44 in
      response to current being less than a given magnitude (the magnitude which
      develops a voltage commensurate with the reference voltage -V.sub.REF).
      For instance, if desired, any form of current level sensor may be utilized
      to provide a signal on the line 44 whenever the current to the diode 46 is
      less than some determinable amount. This then would include, in the
      embodiment of FIG. 3, the case where no current flows through the diode
      46, which is true whenever the switch SW1 is conducting.
PAR  The regulated current source in FIG. 3 is energy conservative because of
      the fact that the power supply +V.sub.CC  is only connected when the
      switch SW1 is in full conduction, and the power supply voltage +V.sub.CC
      appears across the switch SW1 only when the switch is open with no current
      flow through it. Thus only forward saturation voltage drops across the
      transistors and diodes, and small IR drops across the sense resistor, and
      convetional circuit power consumption in the comparator, the AND circuit
      and the clock 40 are consumptive of power in the circuit of FIG. 3.
      Assuming a 50 percent duty cycle, the average power dissipated in the
      circuit of FIG. 3 is independent of the power supply voltage +V.sub.CC,
      and is given by:
EQU  P.sub.CC = 1/2 I.sub.CC V.sub.SW1 + 1/2(I.sub.CC V.sub.46 + R.sub.SC
      I.sub.CC.sup.2) + I.sub.CC.sup.2 R.sub.CC
PAL  where V.sub.SW1 is the saturation voltage drop of the transistor SW1,
      V.sub.46 is the forward bias drop across the diode 46, and R.sub.CC is the
      resistance of the large inductance L.sub.CC. This power dissipation is
      much smaller than occurs with a linear current regulator which works with
      a voltage V.sub.CC and must supply a maximum current of I.sub.CC, which
      power (in a bipolar linear amplifier) is about a fourth of the product of
      the voltage of the power supply times the maximum current in either
      direction, since that is the average power which must be dissipated by
      both supplies.
PAR  A current source of the type described with respect to FIG. 3, adapted for
      use as in the illustration of FIG. 1, is shown in FIG. 4. Therein, insofar
      as the positive current portion is concerned, common elements bear the
      same designations and reference numerals in FIG. 4 as they do in FIG. 3.
      The circuit of FIG. 3 provides current at all times to the load 34. In
      order to adapt it for use as illustrated in FIG. 1, it is necessary to be
      able to turn it on and off and to regulate the polarity thereof. In FIG.
      4, virtually all of the circuitry of FIG. 3 is duplicated with the
      exception of the large inductance L.sub.CC which is common to the positive
      half (to the right in FIG. 4, equivalent to FIG. 3) and a negative half
      (to the left in FIG. 4) which is similar to that of FIG. 3 but operating
      in the opposite polarity with respect to a negative power supply
      -V.sub.CC. Since the negative side is fully commensurate with the positive
      side, the circuit of FIG. 4 is described with respect to the positive
      side, insofar as is appropriate. The deflection system 10 (of FIG. 1) is
      shown in the bottom of FIG. 4 to comprise the current load 34 (of FIG. 3).
      When the current through the yoke 14 is between plus and minus one third
      of the maximum desired yoke current (I.sub.YM), as illustrated by switch
      position (c) in FIG. 1 and the central portion of FIG. 2, no current
      I.sub.C is to be supplied by the energy conservation module 16 FIG. 1, top
      of FIG. 4), and to achieve this, a pair of transistors Q.sub.5, Q.sub.6
      and related isolation diodes 50, 52 have been provided so as to be able to
      shut off the current from the conservative module 16. The turn-on and
      turn-off of Q.sub.5 and Q.sub.6 is in response to signals S.sub.5 and
      S.sub.6 which are developed in a control signal generator 54 (bottom of
      FIG. 4) which is described more fully hereinafter. On the other hand, when
      it is desired to supply current from the module 16 to the deflection
      system 10, it is necessary to prevent current flow through the sensing
      resistor of the related main switch (that is, to prevent flow through
      -R.sub.SC when the switch SW1 is conducting) and therefore, additional
      transistors Q.sub.2, Q.sub.4 are provided in series with the sensing
      resistors to open up the decay current path when the related main switch
      (SW1, -SW2, respectively) is not providing current I.sub.C to the
      deflection system 10. but even though neither of the current generators is
      providing current to the deflection system 10, it is necessary to maintain
      the regulator current through the large inductance L.sub.CC, so signals
      controlling the transistors Q.sub.2, Q.sub.4 are such as to permit the
      opposite one to provide a return to ground for whichever one of the main
      switches is supplying the current to the large inductor L.sub.CC, whenever
      the current through the inductor L.sub.CC is not provided as I.sub.C to
      the deflection system 10. This is under control of signals S.sub.2 and
      S.sub.4 which are provided by the control signal generator 54.
      Additionally, each of the main switches has an additional rectifier 56, 58
      in series therewith to prevent large voltages of the amplifier 12 from
      back-biasing either switch when the other is driving the deflection
      system. A final required modification is control over the commutation of
      the main switches by provision of an additional input signal line 60, 62
      to the respective AND circuits 36, -36. These are controlled by signals
      S.sub.1 and S.sub.3 which are provided by the control signal generator 54
      in such a fashion that for current I.sub.C of zero or positive, S.sub.1
      allows the AND circuit 36 to operate as described with respect to FIG. 3
      so that the switch SW1 will commutate, even when zero current is required
      to be delivered by the module 16 to the deflection amplifier 10 (situation
      (c), FIG. 1 and FIG. 2). The time of occurrence of the control signals
      S.sub.1 -S.sub.6 is illustrated at the bottom of FIG. 2. Consider the
      three situations in the order shown in FIG. 2 (b, c, a), assuming that
      maximum negative current is required first, and that characters are
      generated requiring increasingly positive current (rather than a smooth
      sweep as shown in illustration (a) of FIG. 2). At first, signals S.sub.3,
      S.sub.4 and S.sub.6  are present so that Q.sub.6 is conductive allowing
      negative current (-I.sub.C) to flow upwardly from the deflection system 10
      through Q.sub.6, to the left through the large inductance L.sub.CC
      (+I.sub.CC) up through the rectifier 58 and switch -SW2 to the -V.sub.CC
      supply. This current is regulated as described with respect to FIG. 3 by
      the combined action of the AND circuit 36 periodically being turned off by
      the clock signals on the line -38, which causes a large current to flow
      through the sensing resistor -R.sub.SC so that the comparator -34
      initially does not provide a signal on the line -44, but after decay of
      that current, will provide the signal on the line -44 and once again turn
      on the AND circuit -36. During this period of time, the signal on the line
      62 is present since S.sub.3 is being generated as indicated at the bottom
      of FIG. 2. During the first half of situation (c), the difference
      (compared with situation (b)) is that Q.sub.6 has been turned off by the
      absence of S.sub.6 but Q.sub.2 has been turned on by the appearance of
      signal S.sub.2. The left half of FIG. 4 continues to function as before,
      but instead of current passing upwardly through Q.sub.6 from ground, it
      now passes upwardly through Q.sub.2, whereby the negative current portion
      utilizes the decay current leg of the positive portion to complete its
      path during the first part of situation (c), when little or no current is
      to be supplied to the deflection assembly 10. However, as soon as the
      input voltage swings slightly positive during the second half of situation
      (c) in FIG. 2, the signal S.sub.3 disappears so that there is no longer an
      input on the line 62 to the AND circuit -36, and the main negative switch
      -SW2 can no longer commutate. On the other hand, the signal S.sub.1 does
      appear on the line 60 so that the AND circuit 36 will cause the switch SW1
      to begin commutation. Since both S.sub.2 and S.sub.4 are still present,
      Q.sub.2 and Q.sub.4 are still conducting. Q.sub.2 provides the regular
      return path for decay current through the sense resistor R.sub.SC when
      switch SW1 is turned off, and Q.sub.4 provides conduction of current from
      the large inductor L.sub.CC to ground during the periods of time the
      switch SW1 is conducting with Q.sub.5 off. When a desired deflection
      current goes above plus one third of the maximum positive deflection
      current (situation (a) in FIG. 1 and FIG. 2), the control signal S.sub.5
      turns on transistor Q.sub.5 so that positive current I.sub.CC can flow
      from the left side of the large inductance L.sub.CC downward as seen in
      FIG. 4 (I.sub.C) to the deflection assembly 10. In addition, signal
      S.sub.4 disappears so that Q.sub.4 no longer provides a path to ground and
      therefore will not shunt the deflection assembly 10 insofar as I.sub.C is
      concerned.
PAR  The manner of developing the control signals illustrated at the bottom of
      FIGS. 2 and 4 is not important to the present invention, but may readily
      be achieved by Schmidt triggers 60-62 as illustrated in the bottom right
      of FIG. 4. The generation of the control signals S.sub.1 -S.sub.6 is
      preferably accomplished with a certain amount of hysteresis. Referring to
      FIG. 2, this means that changing the signals when switching from situation
      (b) to situation (c) would be done in response to input voltages V.sub.IN
      which are higher than the input voltages which would cause switching from
      situation (c) to situation (b). This is in order to prevent changes in
      operation in the circuitry of FIG. 4 many times during the generation of a
      character near the transition of situation (b) to situation (c) or near
      the transition of situation (c) to situation (a). Thus, if the maximum
      character width in the direction of sweep being controlled by the yoke 14
      (FIG. 4) corresponded to an input voltage of on the order of a tenth of a
      volt, then on the order of two tenths of a volt of hysteresis would be
      useful. Thus, the Schmidt triggers 61, 62 in FIG. 4 turn on in response to
      a voltage which is, for example, two tenths of a volt higher than the
      voltage required to turn them off. Thus, the Schmidt trigger 61 may have
      its thresholds adjusted to turn on at 0.34 of a maximum voltage and turn
      off at 0.32 of the maximum voltage in the positive direction, and the
      Schmidt trigger 62 may have its thresholds adjusted so as to turn on at
      0.34 of the maximum negative voltage and to turn off at 0.32 of the
      maximum negative voltage. On the other hand, the Schmidt trigger 60
      controls the change from the left half of situation (c) to the right half
      of situation (c), and therefore, operates nominally at zero input voltage.
      But it is also provided with approximately two tenths of a volt of
      hysteresis by having its thresholds set, for example, at +0.1 volt and
      -0.1 volt. the output of the Schmidt trigger 60 comprises the signal
      S.sub.1, the output of the Schmidt trigger 61 comprises the signal
      S.sub.5, and the output of the Schmidt trigger 62 comprises the signal
      S.sub.6. The signals S.sub.1, S.sub.5 and S.sub.6 are inverted by
      inverters 64-66 to respectively provided the signals S.sub.3, S.sub.4 and
      S.sub.2. Thus, the control signal generator 54 shown at the bottom of FIG.
      4 provides the control signals S.sub.1 -S.sub.6 in the time frames shown
      at the bottom of FIG. 2, but with a slight hysteresis to prevent
      generation of a given character from causing multiple switchings of the
      circuitry.
PAR  Considering again the invention in its simpler form, as is illustrated in
      FIG. 3, a current generator in accordance herewith comprises essentially a
      power supply (+V.sub.CC) connected through a switch (SW1) to a relatively
      large inductance (L.sub.CC), the current through which may be applied to a
      load (34). The current is regulated by sensing the decay of current in a
      unilateral return path (R.sub.SC, 46) which is conductive only when the
      switch is nonconductive. When the current in this unilateral path decays
      to a certain point, the switch is again turned on. In accordance with
      further aspects of the invention, the sensing of current and control of
      the turn-on and turn-off of the switch is in response to an AND circuit
      (36) which is blocked on a cyclic basis by a commutating clock signal (38)
      and is again turned on by a circuit (42) which compares the voltage
      developed through a resistor (R.sub.SC) in the unilateral path against a
      reference voltage (-V.sub.REF); the sense and polarity of the comparison
      is achieved in such a manner that the comparator continues to provide an
      output signal when there is no voltage across the sensing resistor
      R.sub.SC, and in fact will produce an output signal except when the switch
      is first turned off and maximum initial current is fed through the sensing
      resistor (R.sub.SC).
PAR  In accordance with other aspects of the invention as illustrated in the
      more advanced embodiment shown in FIG. 4, there are provided reciprocal
      versions of the current generator just described, one working with respect
      to a positive voltage supply so as to supply current into a load, and one
      working with respect to a negative voltage supply so as to draw current
      from a load. In addition to the foregoing, the more complex embodiment of
      FIG. 4 includes switching transistors (Q.sub.5, Q.sub.6) to isolate the
      current source from the load when no current is to flow to or from the
      load, and each of the reciprocal current sources utilizes the unilateral
      return path of the other as a return to ground when the switches are
      opened and no current is flowing through the load, thereby to maintan
      current through the large inductance (L.sub.CC) at all times. In addition,
      control signals are provided, with hysteresis, so as to cause each of the
      main switches to operate in a controlled fashion only when that switch is
      desired to provide regulated current to the large inductance (L.sub.CC),
      to provide return paths for the other source, and to block its own return
      path so as not to shunt out the load when it is not providing current to
      the load or being used as a return path for the other source (when current
      is not being provided to the load by either source).
PAR  In the embodiment of FIG. 4, the feedback (from R.sub.S through R.sub.F) of
      the amplifier 12 causes the current I.sub.A to be whatever is required to
      make up the difference between the desired delfection current I.sub.Y and
      the current I.sub.C provided by the module 16. This feedback is external,
      but internal feedback, such as that which results when current is added
      into the emitter node of a compound emitter amplifier (such as a
      Darlington) also provides requisite feedback for correct total current.
      Thus, a Darlington or other internal feedback amplifier stage may be used,
      without external feedback, if desired.
PAR  Since the current of the source 16 is maintained at all times, it can be
      switched in and out and reversed very quickly, thereby permitting use for
      energy conservation in high speed applications, such as high video-rate
      stroke-write displays
PAR  Although the invention has been shown and described with respect to
      preferred emmbodiments thereof, it should be understood by those skilled
      in the art that the foregoing and various other changes, omissions and
      additions thereto may be made therein, without departing from the spirit
      and the scope of the invention.
CLMS
STM  Having thus described typical embodiments of our invention, that which we
      claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An energy conservative current system comprising:
PA1  a current load and an amplifier driving said current load with negative
      feedback from said current load in response to input signals indicative of
      the current desired in said load;
PA1  a source of substantially constant current of a magnitude of current to be
      delivered to said current load; and
PA1  means responsive to input signals applied to said amplifier of either
      polarity in excess of given magnitude for connecting said current source
      in a corresponding polarity to said current load, the current in said
      current load being the summation of the current from said constant current
      source and the current from said negative feedback amplifier, said
      negative feedback amplifier being responsive to the current through said
      current load to provide a current equal to the difference between the
      current supplied by said constant current source and the current desired
      in said load as indicated by the amplifier input signals, said means also
      being responsive to the absence of input signals to said amplifier in
      excess of said given magnitude for disconnecting said current source from
      said amplifier.
NUM  2.
PAR  2. A current source comprising:
PA1  a DC power supply, a large inductance, and a switch connected between said
      power supply and said inductance;
PA1  a unilaterally conducting decay current path connected in parallel with
      said switch and said power supply and poled to conduct current to said
      inductance in the same direction as said power supply;
PA1  means for sensing the level of current in said unilateral path and
      providing a turn-on signal when said level of current is below a given
      level; and
PA1  switch control means responsive to said current sensing means for shutting
      off said switch on a periodic basis, and for turning said switch back on
      in response to said turn-on signal, whereby the average current through
      said large inductance is determined by the duty cycle of said switch as a
      function of said given level of current.
NUM  3.
PAR  3. A current source according to claim 2 wherein;
PA1  said unilateral path includes a resistor; and
PA1  said means providing a turn-on signal includes a reference voltage and a
      comparator which provides said turn-on signal in response to the voltage
      across said resistor being closer to zero than said reference voltage.
NUM  4.
PAR  4. A current source according to claim 3 wherein said switch control means
      comprises clock means for providing a repetitive signal on a periodic
      basis, said signal designating a logical one over substantially all of
      each cycle, and designating a logical zero over a small portion of each
      cycle, and an AND circuit responsive to said clock means and to said
      comparator.
NUM  5.
PAR  5. An energy conservative current source module adapted to supply regulated
      average currents to a current load, comprising:
PA1  a positive DC power supply and a negative DC power supply, each of said
      power supplies referenced to ground;
PA1  an inductor;
PA1  electronic switch means connected between said positive DC power supply and
      one end of said inductor;
PAR  second electronic switch means connected from said negative DC power supply
      to the other end of said inductor;
PA1  means for selectively conducting current from ground to said first end of
      said inductor and for providing a signal indication of the magnitude of
      current conducted thereby;
PA1  means for selectively conducting current from said second end of said
      inductor to ground and for providing a signal indication of the magnitude
      of current conducted thereby;
PA1  a current output adapted for connection to a current load;
PA1  selectively operable means for connecting said current output to said first
      end of said inductor or to said other end of said inductor or for leaving
      said current output unconnected;
PA1  a pair of selectively operable switch control means, one for each of said
      electronic switches, each responsive to the corresponding current
      magnitude indicating signal and, when operable, for commutating the
      operation of the related one of said electronic switches by periodically
      disabling said switch on a cyclic basis and again turning on said switch
      in response to a signal indicating a current of less than a given
      magnitude in the related one of said selectively conductive means; and
PA1  means for selectively operating all of said selectively operable means such
      that current is provided through said inductor in the same direction at
      all times from either power supply through its related switch through one
      of said output connections and said load, or from either power supply
      through its related switch through the selectively conductive means
      relating to the other power supply.
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PAL  An AC voltage regulator which detects the instantaneous supply voltage in a
      phase shifter and compares it with the reference voltage by a comparator
      circuit so that in response to the output signals from the comparator, the
      firing angle of the thyristors connected to a supply voltage circuit may
      be controlled in order to maintain constant the effective load current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a voltage regulator.
PAR  In general, the quality of the spot-welded joints are dependent upon the
      Joule's heat applied to the metal pieces to be welded, that is the total
      heat generated in the work which is given by
PA1  (welding current).sup.2 .times. (resistance of and between the metal pieces
      to be joined and electrodes) .times. (time interval, during which the
      welding current flows).
PAR  It is seen from the above relation that the quality of the welded joints is
      especially dependent upon the welding current, since it is squared, so
      that when the welding current is maintained constant even if the supply
      voltage varies, the constant Joule's heat may be produced. Thus the
      quality of the welded joints may be much enhanced. However, a time
      interval during which the welding current flows is very short and is of
      the order to a few cycles to tens of cycles so that no satisfactory
      feedback can be attained in the closed loop automatic control system
      because a time interval longer than tens of cycles must be tolerated to
      respond to the error or variation in supply voltage.
PAR  There has been proposed a voltage regulator of the type in which the
      welding current which is detected by a current transformer, squared,
      integrated and multiplied by the welding current supply time interval may
      be maintained constant. However, this voltage regulator is of closed loop
      type so that no satisfactory result can be attained because of the control
      time delay. Furthermore, the voltage regulator of the type described is
      complex in circuitry and very expensive to manufacture so that it is not
      feasible in practice.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a
      voltage regulator of the type capable of maintaining constant the load
      current regardless of the variation in supply voltage by maintaining
      constant the effective load current.
PAR  Another object of the present invention is to provide a voltage regulator
      of the type overcoming the problem of the time lag in voltage regulation
      encountered in the prior art apparatus.
PAR  Another object of the present invention is to provide a voltage regulator
      which is simple in circuitry and inexpensive to manufacture.
PAR  Briefly stated, the voltage regulator in accordance with the present
      invention is of open loop system. The phase of the supply voltage is
      advanced by a phase shifter, and the instantaneous supply voltage is
      detected. When the supply voltage is lower than a rated voltage, the
      firing angle of the SCR connected in series to a supply voltage circuit is
      increased. On the other hand, when the supply voltage is lower than the
      rated voltage, the firing angle is decreased. Thus, the effective voltage
      across the primary winding of a welding transformer may be always
      maintained constant.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of one
      preferred embodiment thereof taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of one preferred embodiment of the voltage
      regulator in accordance with the present invention;
PAR  FIG. 2 is a view used for explanation of the underlying principle of the
      present invention;
PAR  FIG. 3 is a practical electric circuit diagram of the preferred embodiment
      shown in FIG. 1; and
PAR  FIG. 4 is a graph illustrating the characteristic curve of a control
      circuit in the apparatus shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 illustrating in block diagram the first embodiment of
      the present invention the voltage regulator generally comprises a phase
      shifter 1 for detecting the magnitude of a voltage supplied from a power
      source, a reference voltage generator 2, a comparator 3 for comparating
      the output voltage of the phase shifter 1 with the reference voltage
      derived from the reference voltage generator 3, an amplifier 4 for
      amplifying the output signals from the comparator 3, a pulse generator for
      converting the signals from the amplifier 4 into the pulse signals, a
      control circuit 6 for controlling a SCR circuit 7, a timer 8 which
      generates the welding current supply signal so that when the timer 8 is
      not actuated, no pulse output is derived from the pulse generator 5, a
      welding transformer 9 and a load 10 in welding operation.
PAR  Next referring to FIG. 2A, it is assumed that the welding current i flows
      through an angle .theta. at a rated voltage v. When the voltage drops to
      v.sub.1, the firing angle .theta..sub.1 is so determined that the welding
      current i.sub.1 has the same effective magnitude with that of the welding
      current i. In a similar manner, when the voltage rises to v.sub.2, the
      firing angle .theta..sub.2 is so determined that the welding current
      i.sub.2 may have the same effective magnitude with that of the welding
      current i.
PAR  Next as shown in FIG. 2B, the output voltage of the phase shifter 1 is so
      controlled as to lead by .alpha. with respect to the supply voltage and to
      have the magnitudes e, e.sub.1 and e.sub.2 in proportion to the variation
      in supply voltage v, v.sub.1 and v.sub.2. The angle of lead .alpha. and
      the reference voltage Eo are so determined that the following relations
      may be held:
TBL  Source voltage                                                            

     ______________________________________                                    

     v                 .alpha. + .beta. = .theta.                              

     v.sub.1           .alpha. + .beta..sub.1 = .theta..sub.1                  

     v.sub.2           .alpha. + .beta..sub.2 = .theta..sub.2                  

     ______________________________________                                    

PAL  And the pulses are generated when the waveforms of the output voltages
      e.sub.1, e.sub.2 and e.sub.3 of the phase shifter 1 intersect the
      reference voltage levels Eo to control the firing angles of the SCR so
      that the welding current may be maintained constant as shown in FIG. 2C.
      More particularly, when the supply voltage drops to v.sub.1, the firing
      angle of the SCR 7 is increased to .theta..sub.1 whereas the supply
      voltage rises to v.sub.2, the firing angle is decreased to .theta..sub.2.
      Hence the effective value of the welding current may be maintained always
      constant regardless of the variation in supply voltage.
PAR  Next when a greater welding current is required, it is assumed that the
      firing angle of the SCR 7 is increased to .theta..sub.a at which the
      required welding current may be derived at the rate supply voltage v. It
      is further assumed that the welding current i.sub.a be constant when the
      firing angle is .theta..sub.a for the supply voltage v, .theta..sub.1a for
      v.sub.1, and .theta..sub.2a for v.sub.2. However, when the phase shift
      attained by the phase shifter 1 is fixed, the above firing angles
      .theta..sub.1a and .theta..sub.2a cannot be attained even if the reference
      voltage Eo is varied. Similarly, these firing angles cannot be attained
      even when the phase shift by the phase shifter 1 is varied while the
      reference voltage Eo remains unchanged. The experiments conducted by the
      inventors showed that when the welding current is varied, its effective
      value cannot be maintained at the same level when the supply voltage
      varies if both the phase and the reference voltage Eo  are varied
      simultaneously. In view of the above, according to the present invention,
      a first variable resistor in the phase shifter 1 gangs with a second
      variable resistor in the reference voltage generator 2 for adjusting the
      reference voltage so that the constant effective welding current may be
      derived even when the welding current setting is varied. This will be
      described in more detail with reference to FIG. 3 illustrating the
      practical electric circuit diagram of the voltage compensator in
      accordance with the present invention.
PAR  The voltage regulator generally comprises a phase shifter generally
      designated by 31, a reference voltage generator 32, a comparator 33,
      amplifier 34, pulse generator 35, a SCR firing circuit 36, a SCR circuit
      37, and an electronic timer circuit 38.
PAR  The phase shifter circuit 31 comprises a transformer T.sub.2, a variable
      resistor VR.sub.1, a fixed resistor R.sub.1, and a capacitor C.sub.1. The
      phase of the output voltage of the phase shifter 31 may be varied with
      respect to that of the supply voltage by adjusting the variable resistor
      VR.sub.1. The fixed resistor R.sub.1 is inserted so that the phase of the
      output voltage will not lead a predetermined phase. The output voltage of
      the phase shifter 31 is rectified by a diode bridge rectifier D.sub.1
      -D.sub.4 inserted between the phase shifter 31 and the comparator 33. A
      fixed resistor R.sub.2 serves to limit the current flow.
PAR  The reference voltage generator circuit generally designated by 32
      comprises a DC power source E.sub.s2, a constant voltage diode D.sub.7,
      fixed resistors R.sub.9, R.sub.10 and R.sub.11, and a variable resistor
      VR.sub.2 which is ganged with the variable resistor VR.sub.1 in the phase
      shifter 31. As described above, the experiments showed that the voltage at
      the resistor wiper arm or the like must be a particular nonlinear function
      of shaft rotation of the variable resistors VR.sub.1 and VR.sub.2 as shown
      in FIG. 4 in order that the effective welding current may be held constant
      regardless of the variation in supply voltage. That is, when the shaft
      rotation of the variable resistor VR.sub.2 is 0% (the full rotation being
      100%), the full voltage of the DC power source Es.sub.2 is applied across
      the series-connected resistors R.sub.10 and R.sub.11, and as the shaft
      rotates the current starts to flow through the constant voltage diode
      D.sub.7 so that the characteristic curve shown in FIG. 4 may be obtained.
      Hence even when the welding current setting is varied, the constant
      effective welding current may be maintained even if the supply voltage
      varies because of the provision of the ganged resistors VR.sub.1 and
      VR.sub.2.
PAR  Next the voltage comparator circuit generally denoted by 33 comprises
      transistors Tr.sub.1 and Tr.sub.2, diodes D.sub.5 and D.sub.6, fixed
      resistors R.sub.3 -R.sub.8, and a DC power source Es.sub.1. The comparator
      33 is of a difference amplifier type, and the full-wave-rectified output
      voltage of the phase shifter 31 is compared with the output voltage of the
      reference voltage generator circuit 32 so that the output voltage of the
      comparator 33 is applied through a capacitor C.sub.2 to the base of a
      transistor Tr.sub.3. It is seen that the differentiated current signal is
      applied to the base of the transistor Tr.sub.3 because the capacitor
      C.sub.2 and a fixed resistor R.sub.12 constitute a differentiation
      circuit. As a result, a pulse voltage is induced across the secondary of a
      transformer T.sub.3.
PAR  The SCR firing circuit generally denoted by 36 comprises diodes D.sub.8 and
      D.sub.9, and fixed resistors R.sub.13 -R.sub.16. The resistor R.sub.14 is
      interconnected between the gate and cathode of SCR.sub.1 whereas the
      resistor R.sub.16 between those of SCR.sub.2.
PAR  The SCR circuit 37 comprises two SCRs, SCR.sub.1 and SCR.sub.2, and is
      coupled to the welding transformer T.sub.1.
PAR  The timer circuit 38 comprises transistor Tr.sub.4 which is conducted in
      response to the signal applied to the base thereof so that the output
      voltage may be derived from the pulse transformer T.sub.3.
PAR  In the instant embodiment, the differential amplifier is used as the
      comparator, but it should be understood that any other suitable comparator
      may be employed such as a comparator comprising diodes. Instead of the
      SCRs, ignitrons may be employed. It should be noted that the underlying
      principle of the present invention may be also applied to an AC voltage
      regulator or the like.
PAR  According to the present invention, the effective voltage applied across
      the primary of the welding transformer may be always maintained constant
      regardless of the variation in supply voltage. Therefore, the quality of
      the welded joints may be maintained at the same reliable level. Since the
      phase shifter is provided, the instantaneous magnitude of the supply
      voltage may be detected to regulate the output voltage without any time
      delay. Thus, the precise voltage regulation may be accomplished, and the
      welding quality may be further improved. The welding current setting may
      be easily adjusted with only one vernier dial so that the voltage
      regulator in accordance with the present invention may be advantageously
      operated even by an unskilled operator. The voltage regulator in
      accordance with the present invention is simple in construction, compact
      in size and reliable and dependable in operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An AC voltage regulator for regulating voltage applied to a load from a
      source of an AC supply voltage, comprising
PA1  a phase shifter for advancing the phase of said supply voltage;
PA1  a reference voltage generator for generating a reference voltage for
      comparison with the output voltage of said phase shifter;
PA1  a comparator for comparing the instantaneous output voltage of said phase
      shifter with the reference voltage derived from said reference voltage
      generator; and
PA1  an SCR firing angle control circuit is connected in series to supply
      voltage from said source to said load in response to the output signals
      from said comparator;
PA1  whereby the SCR firing angle may be controlled so as to maintain constant
      the effective load current regardless of said supply voltage.
NUM  2.
PAR  2. An AC voltage regulator as set forth in claim 1 wherein
PA1  said phase shifter comprises a variable resistor for shifting the phase of
      the output voltage thereof said reference voltage generator comprises a
      variable resistor for adjusting the reference voltage, said variable
      resistors being ganged together so that the resistances of said two
      variable resistors may be varied simultaneously.
NUM  3.
PAR  3. An AC voltage regulator for regulating voltage applied from an AC
      voltage source to a load circuit, comprising
PA1  phase shifting means connected to said source for providing an AC voltage
      of a phase leading the phase of said source,
PA1  a source of a DC comparison voltage,
PA1  comparator means connected to compare the instantaneous amplitude of said
      phase shifted AC voltage with said DC voltage for producing a control
      signal during each cycle of said phase shifted AC voltage,
PA1  means comprising a firing angle control circuit connected to apply AC
      voltage from said source to said load circuit,
PA1  and means applying said control signal to said control circuit for
      maintaining the effective load current constant independently of said
      supply voltage.
NUM  4.
PAR  4. The voltage regulator of claim 3 wherein said phase shifting means
      comprises a first variable resistor for shifting the phase of the output
      voltage thereof, said source of a DC comparison voltage comprises a second
      variable resistor for varying the amplitude of said comparison voltage,
      and means mechanically coupling said first and second variable resistors
      for simultaneous control.
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ABST
PAL  An electrometer system particularly adapted for non-contact measurement of
      electrostatic charges in electrostatography, such as the charge level on
      photoreceptor surface areas in xerographic machines. The electrometer
      circuit has a very high impedance normally floating input, and a simple
      D.C. measurement circuit. The measurement circuit output can be read by a
      conventional test meter. The electrometer is controlled by a simple
      switching arrangement providing an automatic zeroing position in which the
      initial level of the input circuit is automatically reset by a feedback
      amplifier from the output to compensate for any temperature induced or
      other variations in the measurement circuit. The power supply voltage is
      automatically monitored and the output meter is driven to a non-zeroing
      position in response to a low supply voltage by a feedback amplifier
      circuit operative only in the zeroing position, overriding the automatic
      zeroing circuit.
BSUM
PAR  This invention relates to electrometers, and more particularly to improved
      circuitry in electrometer systems for measuring electrostatic charges.
PAR  The present invention is an improvement directly applicable to the
      electrometer circuitry described in U.S. Pat. No. 3,835,380 issued Sept.
      10, 1974 to John L. Webb, and also described in allowed U.S. application
      Ser. No. 388,505 by James M. Hardenbrook et al. Accordingly this patent
      and application are hereby incorporated by reference [MPEP 608.01 (p)].
      The references cited or referenced in this patent and application are also
      made a part of this application to the extent relevant.
PAR  Of the references incorporated, particular attention is directed to U.S.
      Pat. No. 3,611,982, and Column 7, line 73 through Column 8, line 29
      thereof, describing a system for cyclically grounding an electrometer
      input circuit. U.S. Pat. No. 3,667,036 is also noted.
PAR  An exemplary embodiment of the present invention is shown and described
      hereinbelow as an improved schematic circuit for the electrometer
      described in the incorporated U.S. Pat. No. 3,835,380. Accordingly, said
      electrometer and its operation and associated exemplary xerographic
      processes and apparatus need not be described herein, and the following
      detailed discussion relates to the subject circuit improvements.
PAR  The present invention provides an improvement whereby the output signal is
      automatically driven to a high level, rather than rezeroed in the normal
      rezeroing operations, to indicate a weak power supply condition.
PAR  Further objects, features and advantages of the present invention pertain
      to the particular apparatus, steps and details whereby the above-mentioned
      aspects of the invention are attained. Accordingly, the invention will be
      better understood by reference to the following description and to the
      drawing forming a part thereof, wherein:
DRWD
PAR  The FIGURE is a schematic view of an exemplary electrometer circuit in
      accordance with the present invention.
DETD
PAR  Referring now to the FIGURE, there is shown therein an electrometer circuit
      11 as an example of the present invention, which circuit 11 may be
      utilized in measuring the charge on an imaging surface in an
      electrostatographic system. For convenience in comparing this circuit 11
      with the circuit 22 of FIG. 1 of the incorporated U.S. Pat. No. 3,835,380,
      the same reference numbers and letters have been used for generally
      corresponding components. As in U.S. Pat. No. 3,835,380, FIG. 1, it may be
      seen that in the circuit 11 here the electrometer probe 20 electrode 28 is
      connected to the electrometer circuitry through a three position (A-B-C)
      switch 24. The probe 20 has a probe shield 26 containing the probe
      electrode 28 therein. The probe electrode 28 senses the charge on the
      surface being measured through a probe window 30 in the probe shield 26.
      This probe window 30 is coverable by a shutter 32 upon rotation of the
      probe shield 26. The probe shield 26 and shutter 32 are commonly tied
      together and to switch 24 position C.
PAR  Further in common with FIG. 1 of U.S. Pat. No. 3,836,380, when the three
      function (schematic) switch 24 is in its A position only the probe
      electrode 28 is directly electrically connected to the input circuit or
      lead 34 of the electrometer circuit. Also in this A switch position the
      probe electrode 28 is exposed through the probe window 30 and is not
      covered by the shutter 32. This switch position A provides the
      electrometer measuring condition in which voltage is induced on the probe
      electrode 28 corresponding to the sensed level, which voltage is
      proportional to the internal (shield) capacitance of the probe 20 plus its
      connected input circuitry relative to the probe-to-measured surface
      capacitance.
PAR  The input lead 34 connects through a 10 megohm input protective resistor 36
      to one side of a capacitor 38 of 150 picofarads. The opposite side of
      capacitor 38 is grounded, connecting with switch terminal C, shield 26,
      shutter 32, and the electrometer chassis (not shown). However, in the
      present circuit 11, in contrast to the circuit 22, this common ground line
      (connecting conductor) 70 does not connect with either terminal of the
      power supply 59, which is a single 9 volt battery here. The function of
      the capacitor 38 is the same in both circuits 11 and 22. The induced
      voltage from the electrode 28 is stored across the capacitor 38 and is
      continuously applied to the gate lead 43 of a metal oxide semiconductor
      field effect transistor (MOSFET) 42 such as a 2N3796.
PAR  The MOSFET 42 has a 6.8 K ohms resistor 46 connected from its source lead
      44 to one side of battery 59 to form a low impedance "source follower"
      circuit whose output voltage at its source 44 closely follows its input at
      its gate 43. The other terminal of the battery 59 connects through switch
      64 to the drain lead of MOSFET 42 to provide the MOSFET operating voltage
      and current.
PAR  Connecting with the source lead 44 of the MOSFET 42, to respond to the
      output voltage across the resistor 46, is one terminal of an output meter
      66, in series with a scale calibrating variable resistor 68 of 100 K ohms.
      Unlike the circuit 22, the circuit 11 has a fixed reference voltage line
      72 connected to the other lead of the meter 66. The reference voltage
      level on line 72 is fixed (independent of power supply voltage) by a
      connecting zener diode 74, here one providing 4.3 volts. The current
      through this zener diode 74 is held constant by a connecting current
      regulator diode 76. This provides greater reference voltage stability and
      extended battery life. Here the diode 76 is a type 1N5291 holding the
      current to 0.56 milliamperes.
PAR  The MOSFET 42 has an extremely high input resistance, so that any charge
      stored on the capacitor 38 and applied to the gate 43 will be discharged
      very slowly. This very high gate-to-ground resistance of the MOSFET 42 is
      the only charge leakage path of significance for the charge applied to the
      input lead 34 in switch 24 position A. The low leakage capacitor 38 is the
      only other connection between the input lead 34 and ground in switch
      positions A or B.
PAR  The meter 66 here is a conventional volt-ohm-meter which provides full
      scale meter deflection for a 30 microampere current through the meter.
PAR  As in the previous circuit 22, as soon as the switch 24 is rotated out of
      the A position the probe electrode 28 is disconnected from the input lead
      34. The B position of the switch 24 is a "hold" or "read" position in
      which the input lead 34 "floats" and is not connected to the probe
      electrode 28, only the capacitor 38. Thus, whatever charge was last sensed
      on the electrometer probe 20 as switch 24 is moved from A to B is stored
      on the capacitor 38 and continuously applied to the gate input 43 of the
      MOSFET 42. Thus, the operator can quickly manually take an instantaneous
      charge measurement in the A position, and, if desired, then hold and
      subsequently read it at leisure by switching to the B position, relying on
      the stability of the circuit 11. This stability is enabled by the
      extremely low leakage path of the input circuit 34 retaining the stored
      charge on the capacitor 38, and by the MOSFET 42 and its associated
      circuitry providing fully isolated low impedance measurement output with a
      stable, single-stage, voltage amplification gain of less than 1. No
      amplification is operative in the switch 24 A or B positions other than
      that provided by MOSFET 42. Thus, DC amplifier drift or instability
      problems associated with many high gain amplifiers and feedback circuits
      are not present in the circuit 11. Oscillators, choppers, clamps,
      continuously moving probe shutters, or AC circuits are not utilized here.
      This same circuit stability enables the electrometer probe to be able to
      accurately measure varying charge levels in the switch 24 A position
      without drift for a substantial time period after the input circuit is
      initially "zeroed," even though the input lead 34 is freely electrically
      floating in both the A and B switch positions.
PAR  The C position of the switch 24 is utilized in the circuit 11 for
      automatically initially zeroing (resetting) the electrometer. In this C
      switch position the probe electrode 28 and the probe shield 26 and also
      the input lead 34 are all connected directly to the ground line or bus 70.
      This grounds the entire input circuit including both sides of capacitor 38
      (which is effectively shorted) and including the input 43 of the MOSFET
      42. In this same switch position C the probe window 30 is rotated under
      the probe shutter 32 to close it, so that the probe electrode 28 "sees"
      only a grounded surface for reference. The operator is prevented from
      zeroing the meter 66 while the probe electrode 28 is still exposed through
      window 30 to an electrostatic field with the circuit 11. (That would cause
      an erroneous subsequent measurement).
PAR  Referring to FIG. 1 of incorporated U.S. Pat. No. 3,835,380, it may be seen
      that there the two power supply batteries 58 and 60 are fixed electrically
      relative to the electrometer circuitry, and rezeroing of the meter 66 is
      done by operator manual adjustment of the variable resistor 54.
PAR  In contrast, in the present circuit 11, a quite different arrangement is
      provided, as will be further described herein, in which the output voltage
      of the circuit 11 (relative to the fixed reference voltage point 72) is
      fed back through an operational amplifier A2 to the ground bus 70 so as to
      "reset" the ground bus 70 voltage level across a much larger capacitor 78
      relative to the battery 59 voltage. The capacitor 78 connects between the
      ground bus 70 and one side of the power supply 59. A value for capacitor
      78 of 1.5 microfarads is appropriate.
PAR  The circuit 11 here contains a low power integrated circuit shown in dashed
      outline containing two independent operational amplifiers A1 and A2, both
      powered by a single battery 59. In switch 24 positions A and B, amplifier
      A2 is disconnected from ground bus 70, and thus the power supply 59 in
      switch positions A and B "floats" at a bias voltage level relative to the
      ground bus 70. This bias voltage level is set by the voltage applied
      across capacitor 78 from the output of amplifier A2 in switch position C.
      (Nominally around 2 volts).
PAR  Low power op-amp A2 and its feedback capacitor 80 act as an integrator,
      comparing the "reference voltage" on line 72 to the output voltage at the
      MOSFET 42 source lead 44, these being the two op-amp A2 inputs. The op-amp
      A2 output charges capacitor 78 through a 10 K ohm resistor 82 and switch
      24 position C until there is a voltage bias operating point reached for
      the MOSFET gate 43 that causes the output voltage at the MOSFET source
      lead 44 to equal the "reference voltage" at 72, since those are the two
      opamp A2 inputs. This feedback self-equalization of the two op-amp A2
      inputs also equalizes or zeroes the two meter 66 inputs, since they are
      the same. The bias voltage across capacitor 78 establishes the voltage
      difference between ground on line 70 and one terminal of the supply
      voltage 59, which will cause the current through the meter 66 to become
      zero in switch position C. Thus, amplifier A2 automatically zeroes the
      output voltage and meter 66 whenever switch 24 is in position C. This
      removes any need for manual zero adjustment or temperature compensation
      circuitry. Although no specific temperature compensation has been
      incorporated into the circuit 11, the circuit is "rebalanced"
      automatically whenever switch 24 is put in position C.
PAR  It will be noted that this automatic zero feature as applied to the DC
      electrometer circuit 11 operates to change the active or input level of
      the voltage comparator circuit rather than changing the reference or
      output circuit level. It will also be noted that the entire circuit 11
      operates essentially independently of the battery 59 voltage as long as
      the battery output is greater than the zener 74 operating voltage and as
      long as the battery can supply the necessary circuit current
      (approximately 1.5 milliamperes).
PAR  In the A or B positions of switch 24 the output of op-amp A2 will continue
      to "track" whatever sensed input voltage is on lead 34, as reproduced at
      the source lead 44 output of MOSFET 42. However, the output of op-amp A2
      is not connected to anything in these switch 24 positions A or B and thus
      there is no amplification or feedback effect on the electrometer
      measurements.
PAR  This resetting by amplifier A2 of the input ground level above one pole of
      the power supply to zero the output against a fixed reference voltage is
      clearly distinguishable from the cited prior art arrangement for merely
      periodically re-grounding the input. The latter does not compensate for
      output level shifts such as those due to amplifier gain and internal bias
      changes which are not just due to input bias level drifts. The circuit 11
      here rezeroes the output regardless of such circuit changes as gross
      changes in power supply voltage or even changes in the reference voltage
      level.
PAR  Note that in the switch 24 C position that capacitor 38 is effectively
      shorted through the switch 24 and resistor 36. Thus, capacitor 38 has no
      effect on the circuit in this switch position and only capacitor 78 is
      charged by the feedback voltage from amplifier A2. Both sides of capacitor
      38 and the entire input circuit 34 are uniformly raised to the same
      feedback voltage level from A2.
PAR  The size of capacitor 78 should be as large as practicable so as to
      maintain the feedback charge level or bias from A2 thereon as a constant
      as long as possible. However, the value of capacitor 78 should allow a
      reasonably rapid full charging through resistor 82.
PAR  As noted, in switch 24 positions A and B input circuit 34 is isolated from
      ground bus 70 by capacitor 38 and totally disconnected from amplifier A2,
      so that there is no loading of the very high impedance input circuit.
      Also, since the feedback bias level from A2 (the power supply to ground
      voltage) is generated and maintained across capacitor 78 and not capacitor
      38, the magnitude of the input signal which appears across capacitor 38 in
      switch position A is not affected by changes in that bias level.
PAR  The novel integral "low battery" indicator circuit will now be described
      whereby the output meter 66 is caused to deflect upscale, preferably by at
      least one-third of its full scale reading, to indicate to the electrometer
      operator that an accurate reading cannot be taken by the electrometer due
      to a low battery voltage condition. When this low battery indicator
      circuit operates the meter 66 will not zero in the switch 24 zeroing
      position C, contra its normal operation, and instead will display a high
      output reading to signal the need for a battery change.
PAR  Low power op-amp A1 performs this low battery voltage indicator function
      together with resistors 84 and 86. The resistors 84 and 86 in series
      across the battery 59 provide a voltage tap therebetween to the inverting
      input of the op-amp A1. This voltage tap level is a percentage of the
      total operating battery voltage. Resistor 84 and 86 values of 27 K ohms
      and 51 K ohms, respectively, are appropriate. This voltage tap level is
      compared by op-amp A1 to the "reference voltage" on line 72 which is
      connected to the other input of A1. The op-amp A1 output will therefore
      remain at its most negative power supply voltage level as long as the
      battery provides a voltage greater than the reference voltage. Diode 88
      blocks this normal negative output of op-amp A1 from affecting the circuit
      11 in any way. However, when the battery 59 voltage falls below the
      desired level, the voltage tap level at the junction of resistors 84 and
      86 will fall below the "reference voltage" level and then the op-amp A1
      output will switch from negative over to its most positive supply voltage
      level. This positive output level, conducting through diode 88 and switch
      24 position C, (only) will charge capacitor 78 essentially up to the full
      positive supply voltage level. Resistor 82 provides a "priority" for this
      "weak battery" indication signal over the above-described "automatic zero"
      feature, i.e., the output of op-amp A1 overrides that of op-amp A2 when
      amplifier A1 has a positive output, because of the resistor 82 in the
      output of A2.
PAR  The full positive supply voltage applied to capacitor 78 and the input
      circuit 34 by amplifier A1 in switch 24 position C causes the MOSFET 42 to
      turn on, causing the output voltage at the MOSFET source 44 to become much
      more positive than the "reference voltage" on line 72. This provides an
      upscale reading on the meter 66 whenever the battery 59 is weak and switch
      24 is in position C. Since, normally, with switch 24 in position C, the
      meter 66 reads zero due to the automatic zero feature, this immediately
      notifies and requires the operator to charge the battery 59 in order to
      continue use of the electrometer.
PAR  It may be seen that the above-described "weak battery" indicator circuit
      uses very little power until it gives its output warning, since its output
      is normally blocked by diode 88. Further, even when operating, it uses the
      existing measurement output meter 66 rather than requiring a separate
      warning light, buzzer or the like output device as is typically used for
      low battery indicators. Even further, this low battery function makes use
      of the same input circuit and MOSFET amplifier circuit and part of the
      same feedback circuit as the automatic meter re-zeroing function, rather
      than requiring a separate amplifier to provide its output signal.
PAR  The allowable low voltage level to which the supply voltage will be allowed
      to drop before actuation of the low voltage indicator circuit can be
      selected by selecting the ratio of resistors 84 and 86. Alternatively the
      reference voltage level can be changed by changing the zener diode 74 to
      one with a different zener voltage. However, the latter change may require
      other circuit value changes for proper operating conditions.
PAR  It may be seen that there is dislcosed here a simple structure and circuit
      controlled during operation by only single manual three position switch
      24. That is, the relatively simple circuit 11 associated only with the
      measurement switch 24 accomplishes all of the abovedescribed circuit
      functioning automatically.
PAR  It will be appreciated that the circuit disclosed herein may be used in
      fully-automatic electrometer systems, particularly those built into a
      xerographic apparatus for automatic diagnostics or automatic control of
      one or more xerographic processing elements. In that case the operation of
      the switch 24 may be automatic, and various functions of this switch may
      be replaced by electromechanical relays or the like. Likewise, the "zero"
      output may be any desired baseline voltage or current level for logic or
      control purposes indicative of the baseline measurement input condition.
PAR  In conclusion, it may be seen that there has been disclosed herein a novel
      and improved electrometer system particularly suited for simple and low
      cost measurement of surface charges. While the exemplary embodiments
      described herein are presently considered to be preferred, it is
      contemplated that numerous further variations and modifications within the
      purview of those skilled in the art can be made herein. Thus, for example,
      the present invention is not intended to be limited to the specific
      exemplary circuit components, values, structures and applications
      disclosed herein, where operative equivalents can be provided. The
      following claims are intended to cover all such variations and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrometer system for non-contact detection of an electrostatic
      charge comprising a probe electrode and an electrometer circuit having a
      power supply voltage and including an electrically floating input circuit
      for said probe electrode, said electrometer circuit providing an output
      signal to an output level indicator means indicating a voltage on said
      probe electrode, and wherein said electrometer circuit has zeroing means
      and switch means selectively connecting said zeroing means with said input
      circuit for normally providing zeroing of said indicator means with a zero
      output signal, the improvement comprising:
PA1  reference voltage means providing a reference voltage,
PA1  inhibited voltage comparison means comparing said power supply voltage
      against said reference voltage and providing an indicator signal output
      only in response to said power supply voltage falling below said reference
      voltage;
PA1  and connecting means for connecting said inhibited voltage comparison means
      to said input circuit when said switch means is connecting said zeroing
      means to said input circuit to provide a non-zero output signal only when
      said indicator signal is produced by said inhibited voltage comparison
      means, said non-zero output signal corresponding to said indicator signal
      and being indicated by said indicator means during said normal zeroing of
      said indicator means, indicating a low power supply voltage.
NUM  2.
PAR  2. The electrometer system of claim 1, wherein said zeroing means is
      automatic, and wherein said connecting means contains signal override
      means for overriding said zeroing means with said indicator signal only
      when said indicator signal is produced by said inhibited voltage
      comparison means.
NUM  3.
PAR  3. The electrometer system of claim 1, wherein said connecting means is a
      part of said switch means.
NUM  4.
PAR  4. The electrometer system of claim 1, wherein said inhibited voltage
      comparison means comprises an operational amplifier and rectifying means
      in the output of the operational amplifier providing inhibition of said
      output.
NUM  5.
PAR  5. The electrometer system of claim 2, wherein said automatic zeroing means
      connects with said input circuit through said connecting means.
NUM  6.
PAR  6. The electrometer system of claim 5, wherein said override means
      comprises a resistor connecting between said automatic zeroing means and
      said inhibited voltage comparison means but not connecting between said
      inhibited voltage comparison means and said input circuit.
NUM  7.
PAR  7. The electrometer system of claim 1, wherein said indicator signal from
      said inhibited voltage comparison means drives said output signal and said
      indicator means to a substantial portion of the full output level thereof.
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ABST
PAL  An electrometer system particularly adapted for non-contact measurement of
      electrostatic charges in electrostatography, such as the charge level on
      photoreceptor surface areas in xerographic machines. The electrometer
      circuit has a very high impedance normally floating input, and a simple
      D.C. measurement circuit. The measurement circuit output can be read by a
      conventional test meter. The electrometer is controlled by a simple
      switching arrangement providing an automatic zeroing position in which the
      initial level of the input circuit is automatically reset by a feedback
      amplifier from the output to compensate for any temperature induced or
      other variations in the measurement circuit. The power supply voltage is
      automatically monitored and the output meter is driven to a non-zeroing
      position in response to a low supply voltage.
BSUM
PAR  This invention relates to electrometers, and more particularly to improved
      circuitry in electrometer systems for measuring electrostatic charges.
PAR  The present invention is an improvement directly applicable to the
      electrometer circuitry described in U.S. Pat. No. 3,835,380 issued Sept.
      10, 1974 to John L. Webb, and also described in allowed U.S. application
      Ser. No. 388,505 by James M. Hardenbrook et al. Accordingly this patent
      and application are hereby incorporated by reference [MPEP 608.01(p)]. The
      references cited or referenced in this patent and application are also
      made a part of this application to the extent relevant.
PAR  Of the references incorporated, particular attention is directed to U.S.
      Pat. No. 3,611,982, and Column 7, line 73 through Column 8, line 29
      thereof, describing a system for cyclically grounding an electrometer
      input circuit. U.S. Pat. No. 3,667,036 is also noted.
PAR  An exemplary embodiment of the present invention is shown and described
      hereinbelow schematically as an improved circuit for the electrometer
      described in the incorporated U.S. Pat. No. 3,835,380. Accordingly, said
      electrometer and its operation and associated exemplary xerographic
      processes and apparatus need not be described herein, and the following
      detailed discussion relates to the subject circuit improvements.
PAR  The present invention provides an improvement whereby manual potentiometer
      adjustment for rezeroing the output meter is not required. The circuit
      resets itself to a new input level providing zero output automatically,
      compensating for temperature drift, gain variations, etc., each time the
      electrometer probe switch is returned to its normal closed or zeroing
      position. The new input level or base is stored and held until the next
      automatic reset.
PAR  Further objects, features and advantages of the present invention pertain
      to the particular apparatus, steps and details whereby the above-mentioned
      aspects of the invention are attained. Accordingly, the invention will be
      better understood by reference to the following description and to the
      drawing forming a part thereof, wherein:
DRWD
PAR  The FIGURE is a schematic view of an exemplary electrometer circuit in
      accordance with the present invention.
DETD
PAR  Referring now to the FIGURE, there is shown therein an electrometer circuit
      11 as an example of the present invention, which circuit 11 may be
      utilized in measuring the charge on an imaging surface in an
      electrostatographic system. For convenience in comparing this circuit 11
      with the circuit 22 of FIG. 1 of the incorporated U.S. Pat. No. 3,835,380,
      the same reference numbers and letters have been used for generally
      corresponding components. As in U.S. Pat. No. 3,835,380, FIG. 1, it may be
      seen that in the circuit 11 here the electrometer probe 20 electrode 28 is
      connected to the electrometer circuitry through a three position (A-B-C)
      switch 24. The probe 20 has a probe shield 26 containing the probe
      electrode 28 therein. The probe electrode 28 senses the charge on the
      surface being measured through a probe window 30 in the probe shield 26.
      This probe window 30 is coverable by a shutter 32 upon rotation of the
      probe shield 26. The probe shield 26 and shutter 32 are commonly tied
      together and to switch 24 position C.
PAR  Further in common with FIG. 1 of U.S. Pat. No. 3,835,380, when the three
      function (schematic) switch 24 is in its A position only the probe
      electrode 28 is directly electrically connected to the input circuit or
      lead 34 of the electrometer circuit. Also in this A position the probe
      electrode 28 is exposed through the probe window 30 and is not covered by
      the shutter 32. This switch position A provides the electrometer measuring
      condition in which the voltage is induced on the probe electrode 28
      corresponding to the sensed level, which voltage is proportional to the
      internal (shield) capacitance of the probe 20 plus its connected input
      circuitry relative to the probe-to-measured surface capacitance.
PAR  The input lead 34 connects through a 10 megohm input protective resistor 36
      to one side of a capacitor 38 of 150 picofarads. The opposite side of
      capacitor 38 is grounded, connecting with switch terminal C, shield 26,
      shutter 32, and the electrometer chassis (not shown). However, in the
      present circuit 11, in contrast to the circuit 22, this common ground line
      (connecting conductor) 70 does not connect with either terminal of the
      power supply 59, which is a single 9 volt battery here. The function of
      the capacitor 38 is the same in both circuits 11 and 22. The induced
      voltage from the electrode 28 is stored across the capacitor 38 and is
      continuously applied to the gate lead 43 of a metal oxide semiconductor
      field effect transistor (MOSFET) 42 such as a 2N3796.
PAR  The MOSFET 42 has a 6.8 k ohms resistor 46 connected from its source lead
      44 to one side of battery 59 to form a low impedance "source follower"
      circuit whose output voltage at its source 44 closely follows its input at
      its gate 43. The other terminal of the battery 59 connects through switch
      64 to the drain lead of MOSFET 42 to provide the MOSFET operating voltage
      and current.
PAR  Connecting with the source lead 44 of the MOSFET 42, to respond to the
      output voltage across the resistor 46, is one terminal of an output meter
      66, in series with a scale calibrating variable resistor 68 of 100 K ohms.
      Unlike the circuit 22, the circuit 11 has a fixed reference voltage line
      72 connected to the other lead of the meter 66. The reference voltage
      level on line 72 is fixed (independent of power supply voltage) by a
      connecting zener diode 74, here one providing 4.3 volts. The current
      through this zener diode 74 is held constant by a connecting current
      regulator diode 76. This provides greater reference voltage stability and
      extended battery life. Here the diode 76 is a type 1N5291 holding the
      current to 0.56 milliamperes.
PAR  The MOSFET 42 has an extremely high input resistance, so that any charge
      stored on the capacitor 38 and applied to the gate 43 will be discharged
      very slowly. This very high gate-to-ground resistance of the MOSFET 42 is
      the only charge leakage path of significance for the charge applied to the
      input lead 34 in switch 24 position A. The low leakage capacitor 38 is the
      only other connection between the input lead 34 and ground in switch
      positions A or B.
PAR  The meter 66 here is a conventional volt-ohm-meter which provides full
      scale meter deflection for a 30 microampere current through the meter.
PAR  As in the previous circuit 22, as soon as the switch 24 is rotated out of
      the A position the probe electrode 28 is disconnected from the input lead
      34. The B position of the switch 24 is a "hold" or "read" position in
      which the input lead 34 "floats" and is not connected to the probe
      electrode 28, only the capacitor 38. Thus, whatever charge was last sensed
      on the electrometer probe 20 as switch 24 is moved from A to B is stored
      on the capacitor 38 and continuously applied to the gate input 43 of the
      MOSFET 42. Thus, the operator can quickly manually take an instantaneous
      charge measurement in the A position, and, if desired, then hold and
      subsequently read it at leisure by switching to the B position, relying on
      the stability of the circuit 11. This stability is enabled by the
      extremely low leakage path of the input circuit 34 retaining the stored
      charge on the capacitor 38, and by the MOSFET 42 and its associated
      circuitry providing fully isolated low impedance measurement output with a
      stable, single-stage, voltage amplification gain of less than 1. No
      amplification is operative in the switch 24 A or B positions other than
      that provided by MOSFET 42. Thus, DC amplifier drift or instability
      problems associated with many high gain amplifiers and feedback circuits
      are not present in the circuit 11. Oscillators, choppers, clamps,
      continuously moving probe shutters, or AC circuits are not utilized here.
      This same circuit stability enables the electrometer probe to be able to
      accurately measure varying charge levels in the switch 24 A position
      without drift for a substantial time period after the input circuit is
      initially "zeroed," even though the input lead 34 is freely electrically
      floating in both the A and B switch positions.
PAR  The C position of the switch 24 is utilized in the circuit 11 for
      automatically initially zeroing (resetting) the electrometer. In this C
      switch position the probe electrode 28 and the probe shield 26 and also
      the input lead 34 are all connected directly to the ground line or bus 70.
      This grounds the entire input circuit including both sides of capacitor 38
      (which is effectively shorted) and including the input 43 of the MOSFET
      42. In this same switch position C the probe window 30 is rotated under
      the probe shutter 32 to close it, so that the probe electrode 28 "sees"
      only a grounded surface for reference. The operator is prevented from
      zeroing the meter 66 while the probe electrode 28 is still exposed through
      window 30 to an electrostatic field with the circuit 11. (That would cause
      an erroneous subsequent measurement).
PAR  Referring to FIG. 1 of incorporated U.S. Pat. No. 3,835,380, it may be seen
      that there the two power supply batteries 58 and 60 are fixed electrically
      relative to the electrometer circuitry, and rezeroing of the meter 66 is
      done by operator manual adjustment of the variable resistor 54.
PAR  In contrast, in the present circuit 11, a quite different arrangement is
      provided, as will be further described herein, in which the output voltage
      of the circuit 11 (relative to the fixed reference voltage point 72) is
      fed back through an operational amplifier A2 to the ground bus 70 so as to
      "reset" the ground bus 70 voltage level across a much larger capacitor 78
      relative to the battery 59 voltage. The capacitor 78 connects between the
      ground bus 70 and one side of the power supply 59. A value for capacitor
      78 of 1.5 microfarads is appropriate.
PAR  The circuit 11 here contains a low power integrated circuit shown in dashed
      outline containing two independent operational amplifiers A1 and A2, both
      powered by a single battery 59. In switch 24 positions A and B, amplifier
      A2 is disconnected from ground bus 70, and thus the power supply 59 in
      switch positions A and B "floats" at a bias voltage level relative to the
      ground bus 70. This bias voltage level is set by the voltage applied
      across capacitor 78 from the output of amplifier A2 in switch position C.
      (Nominally around 2 volts).
PAR  Low power op-amp A2 and its feedback capacitor 80 act as an integrator,
      comparing the "reference voltage" on line 72 to the output voltage at the
      MOSFET 42 source lead 44, these being the two op-amp A2 inputs. The op-amp
      A2 output charges capacitor 78 through a 10 K ohm resistor 82 and switch
      24 position C until there is a voltage bias operating point reached for
      the MOSFET gate 43 that causes the output voltage at the MOSFET source
      lead 44 to equal the "reference voltage" at 72, since those are the two
      op-amp A2 inputs. This feedback self-equalization of the two op-amp A2
      inputs also equalizes or zeroes the two meter 66 inputs, since they are
      the same. The bias voltage across capacitor 78 establishes the voltage
      difference between ground on line 70 and one terminal of the supply
      voltage 59, which will cause the current through the meter 66 to become
      zero in switch position C. Thus, amplifier A2 automatically zeroes the
      output voltage and meter 66 whenever switch 24 is in position C. This
      removes any need for manual zero adjustment or temperature compensation
      circuitry. Although no specific temperature compensation has been
      incorporated into the circuit 11, the circuit is "rebalanced"
      automatically whenever switch 24 is put in position C.
PAR  It will be noted that this automatic zero feature as applied to the DC
      electrometer circuit 11 operates to change the active or input level of
      the voltage comparator circuit rather than changing the reference or
      output circuit level. It will also be noted that the entire circuit 11
      operates essentially independently of the battery 59 voltage as long as
      the battery output is greater than the zener 74 operating voltage and as
      long as the battery can supply the necessary circuit current
      (approximately 1.5 milliamperes).
PAR  In the A or B positions of switch 24 the output of op-amp A2 will continue
      to "track" whatever sensed input voltage is on lead 34, as reproduced at
      the source lead 44 output of MOSFET 42. However, the output of op-amp A2
      is not connected to anything in these switch 24 positions A or B and thus
      there is no amplification or feedback effect on the electrometer
      measurements.
PAR  This re-setting by amplifier A2 of the input ground level above one pole of
      the power supply to zero the output against a fixed reference voltage is
      clearly distinguishable from the cited prior art arrangement for merely
      periodically re-grounding the input. The latter does not compensate for
      output level shifts such as those due to amplifier gain and internal bias
      changes which are not just due to input bias level drifts. The circuit 11
      here rezeroes the output regardless of such circuit changes as gross
      changes in power supply voltage or even changes in the reference voltage
      level.
PAR  Note that in the switch 24 C position that capacitor 38 is effectively
      shorted through the switch 24 and resistor 36. Thus, capacitor 38 has no
      effect on the circuit in this switch position and only capacitor 78 is
      charged by the feedback voltage from amplifier A2. Both sides of capacitor
      38 and the entire input circuit 34 are uniformly raised to the same
      feedback voltage level from A2.
PAR  The size of capacitor 78 should be as large as practicable so as to
      maintain the feedback charge level or bias from A2 thereon as a constant
      as long as possible. However, the value of capacitor 78 should allow a
      reasonably rapid full charging through resistor 82.
PAR  As noted, in switch 24 positions A and B input circuit 34 is isolated from
      ground bus 70 by capacitor 38 and totally disconnected from amplifier A2,
      so that there is no loading of the very high impedance input circuit.
      Also, since the feedback bias level from A2 (the power supply to ground
      voltage) is generated and maintained across capacitor 78, and not
      capacitor 38, the magnitude of the input signal which appears across
      capacitor 38 in switch position A is not affected by changes in that bias
      level.
PAR  The novel integral "low battery" indicator circuit will now be described
      whereby the output meter 66 is caused to deflect upscale, preferably by at
      least one-third of its full scale reading, to indicate to the electrometer
      operator that an accurate reading cannot be taken by the electrometer due
      to a low battery voltage condition. When this low battery indicator
      circuit operates the meter 66 will not zero in the switch 24 zeroing
      position C, contra its normal operation, and instead will display a high
      output reading to signal the need for a battery change.
PAR  Low power op-amp A1 performs this low battery voltage indicator function
      together with resistors 84 and 86. The resistors 84 and 86 in series
      across the battery 59 provide a voltage tap therebetween to the inverting
      input of the op-amp A1. This voltage tap level is a percentage of the
      total operating battery voltage. Resistor 84 and 86 values of 27 K ohms
      and 51 K ohms, respectively, are appropriate. This voltage tap level is
      compared by op-amp A1 to the "reference voltage" on line 72 which is
      connected to the other input of A1. The op-amp A1 output will therefore
      remain at its most negative power supply voltage level as long as the
      battery provides a voltage greater than the reference voltage. Diode 88
      blocks this normal negative output of op-amp A1 from affecting the circuit
      11 in any way. However, when the battery 59 voltage falls below the
      desired level, the voltage tap level at the junction of resistors 84 and
      86 will fall below the "reference voltage" level and then the op-amp A1
      output will switch from negative over to its most positive supply voltage
      level. This positive output level, conducting through diode 88 and switch
      24 position C, (only) will charge capacitor 78 essentially up to the full
      positive supply voltage level. Resistor 82 provides a "priority" for this
      "weak battery" indication signal over the above-described "automatic zero"
      feature, i.e., the output of op-amp A1 overrides that of op-amp A2 when
      amplifier A1 has a positive output, because of the resistor 82 in the
      output of A2.
PAR  The full positive supply voltage applied to capacitor 78 and the input
      circuit 34 by amplifier A1 in switch 24 position C causes the MOSFET 42 to
      turn on, causing the output voltage at the MOSFET source 44 to become much
      more positive than the "reference voltage" on line 72. This provides an
      upscale reading on the meter 66 whenever the battery 59 is weak and switch
      24 is in position C. Since, normally, with switch 24 in position C, the
      meter 66 reads zero due to the automatic zero feature, this immediately
      notifies and requires the operator to charge the battery 59 in order to
      continue use of the electrometer.
PAR  It may be seen that the above-described "weak battery" indicator circuit
      uses very little power until it gives its output warning, since its output
      is normally blocked by diode 88. Further, even when operating, it uses the
      existing measurement output meter 66 rather than requiring a separate
      warning light, buzzer or the like output device as is typically used for
      low battery indicators. Even further, this low battery function makes use
      of the same input circuit and MOSFET amplifier circuit and part of the
      same feedback circuit as the automatic meter re-zeroing function, rather
      than requiring a separate amplifier to provide its output signal.
PAR  The allowable low voltage level to which the supply voltage will be allowed
      to drop before actuation of the low voltage indicator circuit can be
      selected by selecting the ratio of resistors 84 and 86. Alternatively the
      reference voltage level can be changed by changing the zener diode 74 to
      one with a different zener voltage. However, the latter change may require
      other circuit value changes for proper operating conditions.
PAR  It may be seen that there is disclosed here a simple structure and circuit
      controlled during operation by only single manual three position switch
      24. That is, the relatively simple circuit 11 associated only with the
      measurement switch 24 accomplishes all of the above-described circuit
      functioning automatically.
PAR  It will be appreciated that the circuit disclosed herein may be used in
      fully automatic electrometer systems, particularly those built into a
      xerographic apparatus for automatic diagnostics or automatic control of
      one or more xerographic processing elements. In that case the operation of
      the switch 24 may be automatic, and various functions of this switch may
      be replaced by electromechanical relays or the like. Likewise, the "zero"
      output may be any desired baseline voltage or current level for logic or
      control purposes indicative of the baseline measurement input condition.
PAR  In conclusion, it may be seen that there has been disclosed herein a novel
      and improved electrometer system particularly suited for simple and low
      cost measurement of surface charges. While the exemplary embodiments
      described herein are presently considered to be preferred, it is
      contemplated that numerous further variations and modifications within the
      purview of those skilled in the art can be made herein. Thus, for example,
      the present invention is not intended to be limited to the specific
      exemplary circuit components, values, structures and applications
      disclosed herein, where operative equivalents can be provided. The
      following claims are intended to cover all such variations and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrometer system for non-contact detection of an electrostatic
      charge comprising a probe electrode and an electrometer circuit having a
      power supply voltage and including an electrically floating input circuit
      for said probe electrode, said electrometer providing an output signal
      corresponding to a voltage on said probe electrode, the improvement
      comprising:
PA1  voltage isolation means connected between said input circuit and said power
      supply voltage to electrically float said power supply voltage relative to
      input circuit;
PA1  feedback means for feeding back a feedback voltage corresponding to said
      output signal to said voltage isolation means for resetting said floating
      voltage level of said power supply relative to said input circuit as a
      function of said output signal for automatically zeroing said output
      signal;
PA1  wherein said voltage isolation means stores and retains said feedback
      voltage from said feedback means and applies said feedback voltage to said
      input circuit;
PA1  first switch means for selectively connecting said voltage isolation means
      to said feedback means for rezeroing said output signal; and
PA1  alternatively selectable second switch means for connecting said probe
      electrode to said input circuit to apply thereto a voltage induced on said
      probe electrode, together with said feedback voltage stored in said
      voltage isolation means, to jointly provide said output signal,
PA1  wherein said feedback means is disconnected from both said input circuit
      and said voltage isolation means by said second switch means.
NUM  2.
PAR  2. The electrometer system of claim 1, wherein said first switch means
      connects said probe electrode, said input circuit, said voltage isolation
      means, and said feedback means to one another and to ground, and wherein
      said power supply voltage is floated relative to ground.
NUM  3.
PAR  3. The electrometer system of claim 1, wherein said feedback means is an
      operational amplifier.
NUM  4.
PAR  4. The electrometer system of claim 1, further including reference voltage
      means providing a fixed D.C. reference voltage level, and wherein said
      output signal is a D.C. voltage level difference from said reference
      voltage level.
NUM  5.
PAR  5. The electrometer system of claim 1, wherein said voltage isolation means
      comprises first and second capacitance means connected in series between
      said input circuit and said power supply voltage independently of both
      said first and second switch means, and wherein said feedback means is
      commonly connected between said first and second capacitance means by said
      first switch means.
NUM  6.
PAR  6. The electrometer system of claim 5, wherein said first capacitance means
      has a much greater capacitance than said second capacitance means.
NUM  7.
PAR  7. The electrometer system of claim 5, wherein said first switch means
      effectively shorts said first capacitance means.
NUM  8.
PAR  8. The electrometer system of claim 7, wherein said first switch means also
      connects said probe electrode and said input circuit to said feedback
      means and to ground.
NUM  9.
PAR  9. The electrometer system of claim 8, wherein said first capacitance means
      has a much greater capacitance than said second capacitance means.
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ABST
PAL  A voltage variable oscillator feeds an FM modulated signal to be
      transmitted to an orthomode transducer connected to a dual polarization
      antenna, another port of the orthomode transducer feeding received FM
      signals to a single ended mixer, the output of which is passed through an
      FM receiver. The orthomode transducer leaks a portion of the transmitted
      wave to the single ended mixer, for use in lieu of a local oscillator,
      thereby limiting the requirements to a single microwave oscillator. The
      output of the FM receiver is applied to a cancellation circuit where the
      transmitter modulation is cancelled from the FM receiver output in
      response to delayed transmitter input signals. The output of the
      cancellation circuit comprises the receiver output, and is used as the
      signal input of a phase sensitive demodulator, the phase reference input
      of which is the delayed transmitter modulation, the phase sensitive
      demodulator controlling the gain of a variable gain amplifier so as to
      provide complete closed loop automatic gain control, limiting the
      frequency excursion of the oscillator in such a fashion as to permit
      complete cancellation of the transmitter input modulation from the
      receiver output modulation, despite any variations in circuit scale
      factor. In a system employing more than one transceiver having the same
      receiver IF frequency, an automatic frequency control loop is provided in
      one of the transceivers, and nominal or stabilized frequency control is
      applied in the other, whereby one frequency is slave to the other
      separated by the IF frequency; in addition, means are provided in
      conjunction with the cancellation circut to accommodate the opposite
      polarity of the discriminator output in two different transceivers
      communicating with one another resulting from discrimination of opposite
      sidebands.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      337,609, filed Mar. 2, 1973, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to transceivers, and more particularly to single
      oscillator microwave transceivers.
PAR  2. Description of the Prior Art
PAR  In order to avoid the necessity of laying cable, such as in ship-to-ship
      communication, or in short range communication between office buildings in
      cities, it has long been known to use radio transmitting/receiving
      equipment (transceivers). In order to limit the interference between one
      communication link and another, and to relieve the crowding of various
      frequency bands, it has recently been common to employ higher and higher
      frequencies for transceiver communication links. However, the use of such
      transceivers for commercial purposes require that they be available at a
      reasonable cost; in addition, in certain areas such as downtown Manhattan,
      the frequency spectrums even at a few gigahertz (GHz) are becoming
      extremely crowded. A possible solution is the employment of microwave
      communication links having still higher frequencies. However, when the
      frequencies of transceivers reach tens of gigahertz, the oscillators
      necessary to control the frequency thereof must either comprise Klystrons
      or solid-state oscillators (Gunn, IMPATT, oscillator/multipliers, etc.)
      which are extremely expensive and may comprise a considerable portion of
      the cost of a transceiver.
PAC  SUMMARY OF INVENTION
PAR  An object of the present invention is to provide an improved microwave
      transceiver. Other objects of the present invention include provisions of
      an improved microwave transceiver:
PAR  which does not require a balanced mixer; employing but a single microwave
      oscillator; and having a controlled transmission bandwidth.
PAR  In accordance with the present invention, a microwave transceiver employs a
      single oscillator and allows leakage of a portion of the transmitted wave
      to be applied together with a received wave to a single ended mixer,
      thereby to provide the IF frequency for the FM receiver. In further accord
      with the present invention, a single oscillator transceiver utilizes the
      FM receiver output to provide automatic frequency control to a
      frequency-modulated oscillator in one of a pair of communicating
      transceivers to lock it to the frequency of the other of the transceivers.
      In accordance still further with the present invention, a single
      oscillator microwave transceiver having cancellation of the transmitted
      modulation from the output of the FM receiver employs the receiver output
      to control the amplitude of transmitter modulation applied to the
      microwave oscillator, thereby to effect automatic gain control through the
      entire system to ensure complete cancellation of the undesired transmitter
      modulation signal. In still further accord with the present invention,
      means are provided to accommodate different FM receiver discriminator
      output polarities in dependence upon whether the particular transceiver
      transmits above or below its received frequency.
PAR  The present invention provides relatively low cost, completely reliable
      transceivers which are readily utilized in data and communication links
      with other like transceivers. The invention may be implemented at low cost
      not only because of the utilization of a single microwave oscillator, but
      because it utilizes a single ended mixer as well. The invention avoids the
      necessity of highly stabilized operation of oscillators in related
      transceivers by utilizing FM receiver output automatic frequency control
      over the oscillator in one of the related pair of systems, whereby that
      system is slaved to the other system, the frequency of which may be only
      nominally controlled, or may be stabilized. By utilization of a full
      system feedback automatic gain control circuit, complete cancellation of
      transmitter modulation from the receiver output renders transceivers in
      accordance with the present invention useful not only for speech (where a
      certain amount of cross modulation is tolerable) but also in digital data
      communication wherein signal cross talk is essentially not tolerable; it
      also stabilizes the transmitted frequency excursion.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof, as illustrated in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified schematic block diagram of a transceiver in
      accordance with the present invention;
PAR  FIG. 2 is a fragmentary schematic diagram of one modification of the
      embodiment of FIG. 1; and
PAR  FIG. 3 is a simplified schematic block diagram of other modifications of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, signals to be transmitted, comprising transmitter
      input modulation, are applied on a signal line 2 to a variable gain
      amplifier 4. The signals on the line 2 may comprise analog signals (such
      as voice or telemetry information) or digital signals, as desired. A
      variable gain amplifier 4 is responsive to an automatic gain control (AGC)
      signal on a line 6 to provide modulation signals on a line 8, the gain of
      the amplifier 4 being level adjusted so as to permit complete cancellation
      of the input modulation from receiver output signals, as described
      hereinafter. The line 8 is connected to a video summing unit 10 which sums
      the signal on the line 8 with a DC signal on a line 12 that controls the
      nominal or center frequency of a voltage variable oscillator 14 connected
      to the summing unit 10 by a line 16. Thus, a DC signal on the line 12
      determines the center or carrier frequency of the oscillator 14, whereas
      the modulation signal on the line 8 controls the time variations and
      limits of frequency excursion of the FM modulation to be impressed on the
      carrier frequency of the oscillator 14.
PAR  The output of the oscillator 14 is applied by a suitable microwave
      transmission line 18 (such as coax or a waveguide) to an orthomode
      transducer 20 which is a polarization sensitive three port circulator
      having a controlled bypass or leakage characteristic. The bulk of the
      energy in the transmission line 18 is coupled by the orthomode transducer
      20 to an antenna means 22, as indicated by an arrow 24. The antenna means
      may comprise one or two radiators and/or reflectors, of any known
      configuration for microwaves. The energy received at the antenna 22 (from
      a remote transmitter operating at a related frequency) is applied to a
      transmission line 26 as indicated by an arrow 28. In addition, however,
      the orthomode transducer 20 is adjustable to provide a controlled amount
      of leakage from the transmission line 18 to the transmission line 26 as
      indicated by the dashed arrow 30. The energy leaked through the orthomode
      transducer from the transmission line 18 to the transmission line 26 is
      used in lieu of a local oscillator signal for mixing with the received
      signal passed by the orthomode transducer 20 from the antenna 22 to the
      transmission line 26. Thus both the received signal and a small signal
      from the oscillator 14 appear on the transmission line 26, and these
      signals are applied to a single ended mixer 32. The output of the single
      ended mixer 32 is applied by a suitable transmission line 34, which may
      preferably comprise coaxial cable to an FM receiver 36 which typically
      includes a matching pre-amplifier designed to interface properly with the
      output of the single ended mixer, followed by AGC and limiting IF
      amplifiers, followed by a discriminator which supplies simply the desired
      audio or video output. In this case, however, the output of the FM
      receiver 36 contains not only the video which comprises the modulation on
      the carrier wave received at the antenna 22 from a remote transmitter, but
      also the modulation that is included in the signal of the oscillator 14
      which is leaked through the orthomode transducer to serve as a local
      oscillator signal. These modulation components are of opposite polarity at
      the discriminator output, since they result from opposite sidebands. The
      transmitter modulation must be cancelled from the receiver output
      modulation in order to provide a receiver output signal on a line 40 which
      is a faithful reproduction of only the modulation of the signal received
      at the antenna 22 from the remote transmitter.
PAR  The output of the FM receiver 36 is applied over a line 42 to a switch 44
      which can pass signals through a first resistor 46 to a positive input of
      an operational amplifier 48 (as in the position shown in the drawing) or
      can pass signals through a resistor 50 to the minus input of the
      operational amplifier 48. Another resistor 52 (also connected to the minus
      input) receives signals on a line 53 from the output of a delay unit 54
      which in turn is responsive to the transmitter input modulation signal on
      the line 2. The delay period for the delay unit 54 is set to equal circuit
      propagation time from the line 2 through the variable gain amplifier 4,
      the oscillator 14, the transducer 20, the mixer 32 and the receiver 36.
      Because of opposite input polarity, the transmitter modulation is
      cancelled in the amplifier 48. The delay unit 54 may be a tapped delay
      unit if desired, so as to permit precise adjustment thereof; however, in
      practice, the delay can be readily determined for one unit and fixed delay
      units of an appropriate characteristic may thereafter be utilized. The
      output of the delay unit 54 on the line 53 is applied to the reference
      input of a phase sensitive demodulator and the output of the operational
      amplifier 48 on the line 40 is applied to the signal input of the phase
      sensitive demodulator 56, the output of which comprises the AGC signal on
      the line 6. The phase sensitive demodulator may be a synchronous
      demodulator of any well known type, which merely rectifies the signal
      input in full wave fashion at the frequency of the frequency control or
      reference input, having its output integrated (low pass filtered), as is
      well known. Any of the transmitter modulation which is not completely
      cancelled in the operational amplifier 48 and therefore appears on the
      line 40 will be exactly in phase with the delayed transmitter modulation
      output of the delay unit 54. Thus the filtered output of the phase
      sensitive demodulator 56 comprises a time-varying DC signal, the magnitude
      of which is a function of the magnitude of the transmitter input
      modulation which has not been cancelled and therefore still appears on the
      line 40. By suitable circuit parameter adjustment, this output signal on
      the line 6 is used to control the gain of the variable gain amplifier 4 in
      such a fashion that it will null the transmitter input modulation from the
      signal line 40 and cause complete cancellation thereof. Thus the AGC
      circuit (including the operational amplifier 48, the phase sensitive
      demodulator 56 and the variable gain amplifier 4) accommodates all the
      scale factors of the entire system, thereby automatically ensuring
      cancellation of the transmitter input modulation from the output of the FM
      receiver 36.
PAR  Because the sensitivity of the discriminator of the FM receiver 36 remains
      essentially constant after burn-in, the closed loop AGC control of the
      amplifier 4 absolutely ensures that the excursion of the AM modulation
      applied to the oscillator 14 will track the amplitude of the input
      modulation on the line 2, and this in turn will control the frequency
      excursion of the FM about the carrier frequency of the oscillator output.
      Therefore, control over the amplitude of the input on the line 2 will,
      through this closed loop AGC, control the bandwidth of the transmitted
      energy (to ensure it stays within the assigned bandwidth). The input
      amplitude can, in turn, be controlled in various ways. For instance, a
      standard AGC amplifier may be used; for digital information, a limiter 68
      (FIG. 3) (or level setting circuit, such as a Schmidt trigger) may be
      used.
PAR  If it is desired to ensure AGC control over frequency excursion during
      non-data periods, substitute modulation may be provided to the input line
      2 by various means. For instance, standard telephone T-1 type data
      transmissions typically provide all ONES during quiescence; if fed through
      a scrambler, it would provide sufficient modulation.
PAR  Thus, the cancellation of transmitter modulation is not merely the
      accommodation of a necessary evil attendant the single-oscillator design,
      it also provides transmitted bandwidth control.
PAR  In order to ensure that two transceivers of the type illustrated in the
      drawing are operating at frequencies separated only by the design IF
      frequency of the FM receiver 36, so that the difference between the local
      signal leaked from the transmission line 18 to the transmission line 26
      and the received signal passed from the antenna to the transmission line
      26 will be equal to the IF frequency, an automatic frequency control (AFC)
      circuit 60 (FIG.1) is connected between the output of the FM receiver 36
      and the video summing amplifier 10. The output of the AFC circuit 60 is
      applied through a switch 62 to the signal line 12; with the switch in the
      position shown, the AFC circuit 60 is in the loop, and controls the
      carrier frequency of the oscillator 14. However, a second transceiver of
      the same design as that shown herein, when operating with the one shown
      herein, will have its switch 62 transferred to the position opposite to
      that shown in FIG. 1, thereby providing a DC voltage from a source 64 to a
      signal line 12 to control the carrier frequency of the related oscillator
      14. Thus, one oscillator is only nominally controlled as to frequency by
      the DC source, and the oscillator of a transceiver which is receiving
      therefrom is locked to it, at a frequency differing therefrom by the
      design IF frequency, by means of the AFC circuit 60. If desired, the
      switch 44 and the switch 62 can be ganged together as illustrated by the
      dashed line 66.
PAR  The switch 44 accommodates the differing polarity of the output of the
      discriminator within the FM receiver 36 in dependence upon whether the
      received information is discriminated from a carrier frequency lower or
      higher than that of the oscillator 14 (upper or lower sideband,
      respectively). In operation, one transceiver transmits at a higher
      frequency than the other transceiver, the difference in carrier
      frequencies being equal to the IF frequencies of both of the FM receivers.
      In dependence upon whether the discriminated modulation is on the higher
      or lower of the two sidebands, the discriminator will have an output of
      opposite polarity. Thus in order to achieve cancellation, the FM receiver
      output 36 is added to the output of the delay unit 54 in one case, and is
      subtracted therefrom in the other case. Alternatively, the switch 44 may
      reverse the point of application of the line 53 instead of the line 42, if
      desired. Of course, two different transceivers (one with just the DC
      source 64, the other with just the AFC 60) could be fabricated for use in
      pairs. The manner of summation could also be hard wired into the two
      different transceivers to accommodate fixed discriminator output polarity;
      thereby, both switches 44, 62 could be eliminated.
PAR  As illustrated in FIG. 2, instead of applying the output of the receiver 36
      on line 42 to different inputs in order to ensure cancellation of
      transmitter modulation or of the transceivers operating in the upper or
      lower sideband, the same effect can be achieved by selective application
      of the delayed input modulation on the line 53 to opposite ones of the
      operational amplifier inputs. In such a case, a switch 42b, which may be
      ganged to the switch 62 as indicated by the dashed line 66b will
      selectively apply the delayed modulation signals on a line 53 to either
      the resistor 52 or to a resistor 50a connected to the plus input of the
      operational amplifier 48, in dependence upon whether the same or different
      polarities, respectively, can be expected on the lines 53, 42.
PAR  A still further modification of voltage polarity relationship means for
      accommodating the different discriminator polarity in transceivers
      operating on the upper and lower sidebands is illustrated in FIG. 3.
      Therein, a switch 44b, which may be ganged to the switch 62 as indicated
      by the dashed line 66b may be connected to either of two opposite-polarity
      outputs 8a, 8b of the bipolar variable gain amplifier 4a so as to provide
      signals on the line 8 which have either the same or opposite phase
      relationship to the transmitter input modulation on a line 2, so that,
      depending on whether the upper or lower sideband is discriminated, the
      signals applied by the line 42 to the resistor 46 will be of the same
      phase as the signals applied to the resistor 52 by the line 53. An obvious
      further alternative is that the switch 44b may be so adjusted as to
      provide signals of opposite polarity in which case the lines 42 and 53 may
      be applied to the same input by resistors 50, 52 (as in FIG. 1 with the
      switch 44 in the position opposite to the position shown therein). The
      particular nature (.+-.; alike or different) of the voltage polarity
      relationship between the transmitter input modulation and the output of
      the FM receiver is dependent upon various factors in the circuitry, which
      in any case can simply be adjusted by suitable adjustment of a switch 44,
      44a, 44b or a similar switch. Further, the discriminator polarity could be
      reversed, if desired.
PAR  It is desired to have the polarity of the receiver ouput known to be the
      same for given transmitter (particularly when digital data is involved).
      The configuration of FIG. 3 permits this in both the master and the slave,
      without further accommodation. But the configurations of FIGS. 1 and 2
      require a polarity reversal of the receiver output on line 40 in one case
      or the other (master or slave) if both are to be of the same polarity. In
      fact, modulation phase reversal must be effected upstream of the
      discriminator if common output polarity is to be achieved without an
      additional switch. However, it is difficult to reverse phase of FM
      modulation on a carrier, but it is easy to reverse polarity of AM
      modulation before it is converted to FM by the voltage-tunable oscillator
      14. Thus, reversal at the output of the amplifier 4 is most advantageous.
PAR  One aspect of the invention is that two related transceivers transmiit on
      frequencies separated by the common IF frequency, so that each can strip
      modulation off the opposite sideband of the other. In the embodiment of
      FIG. 1, the master transceiver has its frequency controlled nominally by a
      carrier voltage means comprising the DC voltage source 64, and the slave
      follows it by means of the AFC circuit 60. FIG. 3 illustrates that the
      oscillator 14 of the master transceiver may be precisely controlled by
      frequency stability circuitry 64a of any known type, such as that
      described in Section 19.2.2 of Harvey, R. F. MICROWAVE ENGINEERING;
      Academic Press; New York and London, 1963. This may be fed by a small
      portion of the oscillator output taken from the waveguide 18 by a
      microwave coupler 18a and transferred in a waveguide 18b. The use of the
      DC source 64 (FIG. 1) is permissable in some instances and greatly reduces
      costs; but, depending on the oscillator voltage/frequency stability,
      stabilization may frequently be required to maintain the modulated carrier
      within an assigned band.
PAR  The oscillator 14 may comprise a Klystron if desired; however, since these
      are tubes, they have limited life and are relatively unreliable, and in
      addition require a high voltage supply. Also, Klystrons and the associated
      equipment are very costly. On the other hand, a Gunn oscillator, capable
      of operating at the desired frequency (which may be on the order of 40
      GHz) is preferred. In addition, since there is relatively low noise
      generation in a Gunn oscillator, its utilization is preferred in the
      present invention since a single ended mixer 32 is utilized, which does
      not have the noise cancellation (cancellation of AM) which is known to
      exist in double ended mixers. The use of the single ended mixer is an
      additional cost saving in accordance with the present invention. Any Gunn
      oscillator available on the market may be utilized, including those having
      varactor diodes for the tuning thereof. On the other hand, it has been
      found that a suitable frequency control can be provided in an oscillator
      not employing a varactor tuning diode, but simply a Gunn diode disposed
      within an appropriate cavity with suitable output coupling. Other known
      solid state oscillators may also be used, as desired.
PAR  The orthomode transducer may comprise any polarization sensitive
      circulator-type of device which operates in a fashion described
      hereinbefore. If the transmission line 18 is a waveguide that supports,
      say, only vertical polarized waves, the transducer 20 will couple most of
      this to the antenna, and only a small portion to the transmission line 26;
      thus transmission is vertical; received horizontal polarized waves are
      passed only to the transmission line 26. The purpose of usage of a
      polarization sensitive device is so that full duplex operation (sending
      and receiving at the same time) can be achieved without any more than the
      desired leakage of the transmitter output reaching the receiver. In such a
      case, the orthomode transducer comprises a last element feeding a radiator
      of a suitable type, which in turn may direct energy to a focusing
      dish-type reflector, or may simply feed a horn, if desired. One orthomode
      transducer which is found suitable for utilization in a 40 GHz range is
      that sold under the designation SD5652 by Microwave Development
      Laboratories of Natick, Massachusetts. The orthomode transducer may be
      replaced by a known circulator, such as that sold under the designation
      Model 418-8 by Electromagnetic Sciences, Inc., Atlanta, Georgia. The
      antenna 22 must support waves of both polarizations; by disposing the
      transducer at 45.degree. to the base of the transceiver, all transceivers
      are neuter, polarizationwise.
PAR  The mixer 32 is a non linear microwave diode coupled into the waveguide 26
      by a known microwave diode mount, such as the type described in Harvey
      (hereinbefore). It may comprise any well known microwave single ended
      mixer, such as that sold under the designation 28 DH 36-1 by Microwave
      Development Laboratories of Natick, Massachusetts. The mixer 32 provides
      at its output, the IF frequency for the receiver, which is the difference
      of the frequencies in the waveguide 26, as is known. The FM receiver may
      be any suitable receiver capable of operating with a relatively high IF
      frequency in view of the desired high frequency operation of the
      transceiver in accordance herewith. Such FM receivers in fact are
      available in integrated form, one suitable FM receiver being sold under
      the trade designation LM 36l by European Electronic Products, Culver City,
      California.
PAR  The AFC circuit 60 may comprise the same type of AFC circuit utilized in
      broadcast FM receiver circuits, and is typically a low pass filter or
      integrator, or may be an integrating amplifier, as is known in the art.
      The phase sensitive demodulator may be readily constructed of commercially
      available linear integrated circuits in any well known fashion. The
      variable gain amplifier may be of any well known type, one suitable
      amplifier being sold by RCA under the designation 3028.
PAR  Although the invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that the foregoing and various other changes and omissions in the
      form and detail thereof may be made therein without departing from the
      spirit and the scope of the invention.
CLMS
STM  Having thus described typical embodiments of my invention, that which I
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A single oscillator microwave transceiver comprising:
PA1  a single microwave oscillator having a frequency-controlling voltage input;
PA1  an FM receiver;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator in
      mixed fashion to the input of said FM receiver;
PA1  an AFC circuit connected to the output of said FM receiver;
PA1  means for providing a substantially DC voltage suitable for controlling the
      carrier frequency of said microwave oscillator;
PA1  summing means, the output of said summing means being connected to said
      frequency-controlling voltage input of said microwave oscillator;
PA1  input means for applying transmitter input modulation to one input of said
      summing means; and
PA1  first selectively operable means for connecting said AFC circuit or carrier
      voltage means to a second input of said summing means, alternatively,
      whereby said microwave oscillator provides a carrier frequency selectively
      determined by said AFC circuit or by said carrier voltage means, which is
      frequency modulated in accordance with said transmitter input modulation;
PA1  wherein said input means includes a variable gain amplifier having a signal
      input and a gain control input, said signal input being connected to
      transmitter input modulation, the output of said variable gain amplifier
      being connected to the first input of said summing means;
PA1  delay means responsive to transmitter input modulation for providindg
      delayed transmitter input modulation which is delayed by a period of time
      substantially equal to the circuit signal propagation time from the input
      of said variable gain amplifier through said FM receiver;
PA1  second selectively operable means responsive to the output of said FM
      receiver and to the output of said delay means for selectively combining
      said delayed transmitter input modulation with the output of said FM
      receiver in a voltage polarity relationship to provide a receiver output
      signal having transmitter input modulation substantially cancelled
      therefrom; and
PA1  means responsive to said receiver output signal and to said delayed
      transmitter input modulation for providing a gain control signal to the
      gain control input of said variable gain amplifier, said gain control
      signal adjusting the gain of said variable gain amplifier so that the
      magnitude of transmitter input modulation included in the output of said
      FM receiver is adjusted with respect to the magnitude of delayed
      transmitter input modulation provided by said delay unit so that the
      transmitter input modulation in said receiver output signal is
      substantially nulled to zero.
NUM  2.
PAR  2. A transceiver according to claim 1 wherein both of said selectively
      operable means comprise manually operable switches.
NUM  3.
PAR  3. A transceiver according to claim 2 wherein said manually operable
      switches are ganged together for concurrent operation.
NUM  4.
PAR  4. A communication system comprising a pair of transceivers according to
      claim 3, said ganged switches in a first one of said transmitters being
      adjusted to connect said AFC circuit to said summing means and to provide
      a first voltage polarity relationship, said ganged switches in a second
      one of said transceivers being adjusted to connect said carrier voltage
      means to said summing means and to provide a second voltage polarity
      relationship opposite to said first voltage polarity relationship.
NUM  5.
PAR  5. A single oscillator microwave transceiver comprising, in combination
      with a single microwave oscillator:
PA1  an FM receiver;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator in
      mixed fashion to the input of said FM receiver;
PA1  means including a variable gain amplifier responsive to transmitter input
      modulation for controlling the frequency of oscillation of said microwave
      oscillator;
PA1  cancellation means responsive to the output of said FM receiver and to
      transmitter input modulation for cancelling similar modulation from the
      output of said FM receiver and for thereby providing a receiver output
      signal; and
PA1  gain control means responsive to said cancellation means for controlling
      the gain of said variable gain amplifier, in a manner to null the
      transmitter input modulation in the receiver output signal to zero.
NUM  6.
PAR  6. A transceiver according to claim 5 wherein said cancellation means
      includes means for delaying said transmitter modulation to be in phase
      with that coupled by said coupling means through said FM receiver, and
      means for alternatively adding or subtracting said delayed transmitter
      input modulation and said FM receiver output in dependence upon the
      polarity of said FM receiver output.
NUM  7.
PAR  7. A transceiver according to claim 6 wherein said variable gain amplifier
      has a gain controlling input, and said gain control means comprises a
      phase sensitive demodulator having its phase reference input connected to
      the output of said delaying means, its signal input connected for response
      to the receiver output signal of said cancellation means, and its output
      connected to said gain controlling input of said variable gain amplifier.
NUM  8.
PAR  8. A single oscillator microwave transceiver comprising:
PA1  a single microwave oscillator having a frequency-controlling voltage input;
PA1  an FM receiver;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator in
      mixed fashion to the input of said FM receiver;
PA1  a variable gain amplifier having a signal input and a gain control input,
      said signal input being connected to transmitter input modulation, the
      output of said variable gain amplifier being connected to said
      frequency-controlling voltage input of said oscillator;
PA1  delay means responsive to transmitter input modulation for providing
      delayed transmitter input modulation which is delayed by a period of time
      substantially equal to the signal propagation time from the input of said
      variable gain amplifier through said FM receiver;
PA1  cancel means responsive to the output of said FM receiver and to the output
      of said delay means for selectively combining said delayed transmitter
      input modulation with the output of said FM receiver in voltage combining
      relationship to provide a receiver output signal having transmitter input
      modulation substantially cancelled therefrom; and
PA1  means responsive to said receiver output signal and to said delayed
      transmitter input modulation for providing a gain control signal to the
      gain control input of said variable gain amplifier, said gain control
      signal adjusting the gain of said variable gain amplifier so that the
      magnitude of transmitter input modulation included in the output of said
      FM receiver is adjusted with respect to the magnitude of delayed
      transmitter input video provided by said delay unit so that the
      transmitter input modulation in said receiver output signal is
      substantially nulled to zero.
NUM  9.
PAR  9. A communication system comprising a pair of transceivers according to
      claim 8, said cancel means in a first one of said transceivers being
      adjusted to provide a voltage combining relationship opposite to that of a
      second one of said transceivers.
NUM  10.
PAR  10. A duplex transceiver system including a pair of transceivers settable
      for operation with one in a master mode and one in a slave mode, each of
      said transceivers comprising:
PA1  a single, voltage-tunable, solid state microwave oscillator having means
      for providing a frequency-controlling voltage input thereto;
PA1  an FM receiver having the same IF frequency in both of said transceivers
      and providing a conventional AFC signal;
PA1  antenna means for transmitting and receiving microwave energy;
PA1  means for coupling energy from said oscillator to said antenna means for
      transmission thereby, and for simultaneously coupling energy received at
      said antenna means and a small portion of the energy of said oscillator in
      mixed fashion to the input of said FM receiver;
PA1  means providing a carrier frequency designating signal;
PA1  means in each of said transceivers selectively operable in response to said
      frequency designating signal or in response to said AFC signal,
      alternatively, for providing a carrier frequency controlling voltage to
      the frequency-controlling voltage input means of said oscillator so as to
      control the carrier frequency of the related transceiver, whereby said
      transceivers, when operating in a duplex pair with one in response to said
      carrier frequency designating signal and one in response to said AFC
      signal, will each provide its own carrier frequency offset from the
      carrier frequency of the other by said common IF frequency, whereby the FM
      receivers and said transceivers provide FM receiver outputs discriminated
      from mutually opposite sidebands;
PA1  input means providing transmitter input modulation to said frequency
      controlling voltage input means of said oscillator;
PA1  delay means responsive to the transmitter input modulation of said input
      means for providing delayed transmitter input modulation which is delayed
      by a period of time substantially equal to the circuit signal propagation
      time from said input means through said FM receiver; and
PA1  cancel means responsive to the output of said FM receiver and to the output
      of said delay means for combining said delayed transmitter input
      modulation with the output of said FM receiver, including means for
      controlling the polarity of the transmitter input modulation of each
      transceiver passed through the related FM receiver of that transceiver so
      as to provide it in a polarity opposite to that provided by the related
      delay means, said means being settable for opposite polarities in the
      respective transceivers of a pair, so as to cancel said transmitter input
      modulation from the output of said FM receiver to provide a transceiver
      output signal.
NUM  11.
PAR  11. A transceiver system according to claim 10 wherein said input means
      includes a variable gain amplifier having a signal input and a gain
      control input, said signal input being connected to transmitter input
      modulation, the output of said variable gain amplifier being connected to
      said frequency controlling voltage input of said oscillator; and
PA1  further comprising AGC means responsive to said transceiver output signal
      and to said delayed transmitter input modulation for providing a gain
      control signal to the gain control input of said variable gain amplifier,
      said gain control signal adjusting the gain of said variable gain
      amplifier so that the magnitude of transmitter input modulation included
      in the output of said FM receiver is adjusted with respect to the
      magnitude of delayed transmitter input modulation provided by said delay
      unit so that the transmitter input modulation in said receiver output
      signal is substantially nulled to zero.
NUM  12.
PAR  12. A transceiver system according to claim 11 wherein said AGC means
      comprises a synchronous demodulator having a signal input connected to the
      transceiver output signal of said cancel means and its reference input
      connected to said delay means, its output connected to said gain control
      input of said variable gain amplifier.
NUM  13.
PAR  13. A transceiver system according to claim 11 wherein said cancel means
      includes means for selectively switching the polarity of transmitter input
      modulation applied to said frequency-controlling input means of said
      oscillator.
NUM  14.
PAR  14. A transceiver system according to claim 11 wherein said cancel means
      includes means for switching the polarity of one of the input signals to
      said cancel means at the input thereof.
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ABST
PAL  An individually addressable converter-tuner station for use in a cable
      television distribution system for selectively enabling the reception by
      conversion of at least one secure channel signal on a conventional
      television receiver. The converter-tuner utilizes a crystal-controlled
      local oscillator to provide the frequencies for converting the received
      secure channel carriers to a carrier receivable by the receiver. Initial
      filtration of the incoming secure channel carriers is accomplished in part
      by means of a tunable pass band filter, controlled by a variable
      capacitance diodes. A double balanced mixer is employed to cancel unwanted
      signals remaining in the filtered input to the mixer. The secure channel
      carriers are in the television midband range, and the local oscillator
      frequencies are below that range. Extensive use is made of diode switching
      of the crystal controlled oscillator and other components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of information transmission systems,
      and especially to cable television distribution systems, and more
      particularly to converter-tuner stations which are individually
      addressable by means of command word signals on a cable to enable
      reception of selected secure channel signals carried on the cable.
PAR  2. Description of the Prior Art
PAR  Many types of tuner-converter units for subscription systems are known.
      Such units typically provide means for alternately directing the cable
      input, bearing both standard broadcast and secure channels, directly to
      the television set, or directing such input through the tuner-converter
      before presenting it to the input of the receiver. In the former state,
      the standard broadcast channels are receivable, the secure channels being
      not receivable because of the fact that their frequencies are outside the
      broadcast band. In the latter, selected of the secure channels are
      rendered receivable by conversion on one of these unused standard
      broadcast channels.
PAR  Such a tuner-converter system in the secure channel viewing mode, normally
      involves filtering the input to strip off the standard broadcast channels,
      presenting the secure channels to a mixer, and mixing therewith a
      heterodyning signal generated by a variable local oscillator. This
      sequence of events, depending on the oscillator frequency chosen, yields a
      signal which falls within one of the standard broadcast television
      channels, and which, when directed to the input of the receiver, can be
      detected.
PAR  Several significant problems exist with prior art devices of this type.
      Firstly, the local oscillator does not have a constant frequency, but
      tends to drift. This makes necessary the provision of means for fine
      tuning the local oscillator. Such fine tuning may not be compatible for
      use with the fine tuning of the television receiver itself. For example,
      if the local oscillator is fine tuned in an extreme position, it may not
      be possible to pick up the transmitted secure channel on the television
      set at all, reception being out of reach of the set's fine tuning
      adjustment.
PAR  Conventionally, the local oscillator frequencies are chosen to be
      significantly higher than those of the secure channel carriers. This is
      done in order that the fundamental or harmonic frequencies of the
      oscillator be maintained above the midband and high band channels, thereby
      avoiding interference signals which may be picked up by the receiver. The
      use of local oscillator frequencies above the midband frequencies requires
      relatively complex circuitry to develop such high frequencies.
PAR  Often, unwanted frequencies enter the mixer from the cable, passing through
      the relatively wide pass band of the filters which preceed it. These
      extraneous signals cause obvious problems relating to noise and
      interference in the ultimately received signal.
PAR  Fundamental or harmonic frequencies generated by the local oscillator of
      one station can be propagated onto the main cable system, potentially
      causing trouble at other subscriber stations. In the past, complex
      shielding and filtering has been a partial solution to this problem.
PAR  Accordingly, it is an object of this invention to provide a converter-tuner
      having a local oscillator which is relatively drift-free and does not
      require a fine tuning adjustment of its own.
PAR  It is a further object of this invention to provide a converter-tuner for a
      cable television distribution system incorporating more selective
      filtration and more precise mixing than is available in the prior art.
PAR  It is a further object of this invention to provide means for nullifying
      the effects of radiated frequencies from the local oscillator into other
      elements of the system, including the main cable.
PAR  It is a further object of this invention to provide a cable distribution
      television system in which the local oscillator frequencies present only
      minimal problems of interference and noise in other parts of the system.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are fulfilled by the following apparatus,
      which includes a tuner-converter section and a diode operated switch. The
      cable input enters the diode operated switch, from which it may be, in one
      condition of that switch, directly routed to the television receiver. In
      this way, the standard broadcast television channels can be viewed in a
      conventional fashion. When the diode switch is in the opposite condition,
      the cable input is directed to a band pass filter, which strips off all
      signals having frequencies outside the midband range, i.e., frequencies
      outside the range of 120 to approximately 165 megacycles. The remaining
      signals within the pass band of the band pass filter including all the
      secure channels, are passed to a more selective tuned band pass filter,
      having a pass band of only about 6 megacycles in width.
PAR  The center frequency of the pass band of this filter is adjustable by means
      of varying the voltage supplied to a varactors (variable capacitance
      diodes). In this way, the tuned band pass filter can be made to position
      its pass band to precisely cover the one of the midband secured channels
      which is to be converted and ultimately viewed. Thus, extremely selective
      filtering is available to strip off the secure channel carrier signal
      virtually all extraneous frequencies.
PAR  A double balanced mixer is used in the converter of this apparatus. Use of
      such a mixer is desirable because it can cancel out unwanted frequencies
      which may have survived the previous filtering steps. The double balanced
      mixer mixes the local oscillator frequency and the midband secured channel
      which is also impressed at its other input. From there, the signal is
      passed through a channel 12 IF amplifier (tuned) and through an additional
      IF filter, before being presented to the input terminals of the television
      receiver.
PAR  The local oscillator employed in this apparatus is of the crystal
      controlled type. As such, it is a relatively drift-free oscillator and has
      no need for its own fine tuning adjustment.
PAR  The crystal controlled oscillator is constructed such that it uses the same
      transistor in converting all secure channels. One of a plurality of
      crystals is selectively placed into the tank circuit of the transistor,
      depending on which channel is to be converted. This is accomplished by
      means of electronic diode switching, under stimulus from the selector
      switch on the converter apparatus.
PAR  The frequencies of the local oscillator which are mixed with the secure
      channel carrier frequencies are lower than the secured channel carrier
      frequencies. This serves to eliminate the complex oscillator circuitry
      which is necessary in other apparatus in which the oscillator frequencies
      are higher than the secure channel frequencies.
PAR  The secure channel frequencies are chosen such that the oscillator
      frequencies necessary to convert them to their ultimate frequency will not
      interfere with that ultimate frequency, or with the midband, where the
      secure channels are located. Even so, there may arise harmonics of the
      oscillator frequency which potentially are troublesome in terms of
      providing interference. Provision is therefore made to provide a resonant
      circuit associated with the oscillator which resonates in response to
      radiation from a troublesome harmonic. The resonant circuit is coupled to
      the band pass filter to apply the radiated problem frequency displaced
      approximately 180.degree. from the phase of any content of the troublesome
      harmonic frequency in the channel signal delivered to the band pass
      filter. In this way the troublesome harmonic frequency content can be
      nulled.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the converter-tuner of this invention.
PAR  FIG. 2 is a generalized block diagram of the converter-tuner of this
      invention.
PAR  FIG. 3 is a block diagram of the elements of a central command and control
      system to be used in conjunction with the converter-tuner of the present
      invention.
PAR  FIG. 4 is a partial schematic drawing of the converter-tuner of this
      invention.
PAR  FIG. 5 is a partial schematic drawing of the circuitry of the
      converter-tuner of this invention, to be used in conjunction with FIG. 4,
      the circuits of FIGS. 4 and 5 being joined respectively at terminals K, M
      and N.
PAR  FIG. 6 is a block diagram of logic circuitry designed for use in connection
      with the converter-tuner of this invention.
PAR  FIG. 7 is a schematic drawing of the logic circuitry designed to be used in
      connection with the converter-tuner of this invention.
PAR  FIG. 8 depicts graphical time-based representations of various signals
      appearing within the logic circuitry illustrated in FIGS. 6 and 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Description of Tuner-Converter
PAR  Referring now to FIG. 1, there is shown a block diagram of the
      converter-tuner unit. The input to diode switch 10 is the main cable of
      the system. In addition to conventionally transmitted standard broadcast
      television signals, this cable bears one or more carriers in the
      television midband range, each of which midband carriers is modulated with
      a different signal. Each midband channel represents one of the secure
      channels of this system.
PAR  Also present on the input cable is a command carrier having, for example, a
      frequency of 115 megacycles. The command carrier is modulated with a
      command signal, in the form of 200 khz tone bursts. These tone bursts are
      timed such that groups of them, when modulated on the command carrier,
      represent a digital command word. The command word contains both address
      and command information. The command word is ultimately directed to logic
      circuitry 30. The logic circuitry in turn generates signals for verifying
      the address and executing the commands present in the command word.
PAR  The tone bursts representing the command word may be modulated on the
      command frequency in any acceptable fashion, such as by mixing with the
      command frequency of 115 mhz an additional frequency of 114.8 mhz.
PAR  Pin diode switch 10 is essentially a two position switch, controlled by
      selector switch 38. When in the "off" position (which is described below),
      switch 10 connects all standard television and secure channels directly to
      the television receiver by way of the output indicated in FIG. 1. This has
      the effect of delivering directly to the television set the standard
      broadcast channels which may then be received in conventional fashion.
PAR  Whenever the selector switch is set to a position corresponding to
      reception of one of the secure channels, switch 10 is electronically set
      up to deliver the cable input to the converter tuner system, such that the
      selected one of the secure channels may be converted for reception.
PAR  In all cases, the cable input is directed to the input of command amplifier
      20. Command amplifier 20 is a tuned RF amplifier which amplifies the
      command carrier, and the signals modulated thereon, while substantially
      rejecting the midband carrier frequencies on the input. Diode detector 29
      serves to demodulate the tone bursts representing the command word from
      the amplified command carrier signal. Detector 29 directs the command word
      tone bursts to logic circuitry 30. Logic circuitry 30 determines whether
      the address portion of the command word corresponds to the address of its
      associated converter-tuner, and, if so, further generates signals in
      response to the command portion of the command word.
PAR  By means of cooperation with selector switch 38, the signals generated by
      logic circuitry 30 in response to the command portions of the command word
      are appropriately applied to the local oscillator 70 of the
      converter-tuner unit in order to enable the conversion and reception of a
      selected one of the secure channel carrier signals, i.e., those channels
      enabled by the response of logic 30 to the command information.
PAR  AGC amplifier 35 generates feedback to command amplifier 20 in order to
      assist in maintenance of a consistent level of the energy of the
      demodulated signal.
PAR  When the diode switch 10 is in the "on" position, which position it reaches
      by virtue of selection of any of the secured channels on the selector
      switch, the cable input signals are directed to band pass filter 40. Band
      pass filter 40 has a pass band, for example, of from 120 to 165 mhz. As
      will be discussed, all of the secured channel carrier signals are within
      this pass band. Band pass filter 40 serves to reject the command carrier
      signal, and any other signals or noise which may lie without its pass
      band.
PAR  The remaining secure channel signals passing through band pass filter 40
      are directed to tuned band pass filter 50. Tuned band pass filter 50 has a
      very narrow pass band, on the order of 6 mhz. The center frequency of the
      pass band can be adjusted by means of varying the voltage on varactors
      (variable capacitance diodes). This adjustment is also made in response to
      the position selected on the secure channel selector switch 38. Selector
      switch 38 can suitably operate a potentiometer or similar element in order
      to vary the varactor voltage, (varying the pass band frequency of the band
      pass filter 50) as a function of the channel selected.
PAR  The various voltages applied to the varactors in response to the selector
      switch positioning are such that when the selector switch is turned to a
      particular secure channel, the pass band of tuned band pass filter 50 will
      be centered on that selective secure channel, while substantially
      rejecting all other frequencies.
PAR  From tuned band pass filter 50, the selected secure channel carrier and its
      modulated component is directed to double balanced mixer 60. The use of
      double balanced mixer 60 further eliminates any spurious signals which may
      be present with the secure channel signals. Double balanced mixer 60
      provides a high dynamic range capability for the secure channel signal.
      The output of crystal controlled local oscillator 70 is combined by mixer
      60 with the carrier signal of the secure channel to convert the secure
      channel signal to that of a standard television broadcast channel, such as
      channel No. 12.
PAR  Crystal controlled oscillator 70 is a transistor oscillator. The oscillator
      also includes four frequency control crystals, each of which has a
      particular overtone resonant frequency which, when mixed with the
      appropriate one of the secure channel midband carriers, converts that
      channel to a standard broadcast channel, which can be directly received by
      the receiver. It has been found that a preferred standard channel to which
      the signal is ultimately converted is standard television channel 12 which
      comprises the band of 204 to 210 mhz. In channel 12, the video carrier
      frequency is 205.25 mhz while the sound carrier frequency is 209.75 mhz.
PAR  The number of crystals for oscillator 70 and consequently the number of
      precisely controlled oscillator frequencies corresponds to the number of
      secure channels on the cable input which may be selected by the selector
      switch 38. Each crystal is provided with separate diode switching
      apparatus. When a signal, for example, 18 volts is applied to a given
      diode switch, the switch connects one of the crystals into the tank
      circuit of the local oscillator. Selector switch 38 directs the switching
      and voltage to the switch associated with that crystal which is suitable
      for receiving the selected channel.
PAR  If the logic circuitry 30 has been directed by the command portions of a
      properly addressed command word to enable the reception of a selected
      channel, the logic circuit output will generate an output to enable the
      oscillator transistor to function as an oscillator. Selector 38 directs
      the logic output corresponding to the selected secure channel to the
      oscillator. If the logic circuitry has been enabled to make possible the
      reception of secure channel by an output signal corresponding to that
      secure channel, then the oscillator will be enabled by the logic output
      when selector switch 38 is turned to that secure channel. Thus the
      selector switch directs the logic for a given channel to the oscillator
      when the selector is set to the given channel. At the same time the
      selector enables the frequency control crystal for the frequency of the
      given channel.
PAR  The frequency converted signal (converted to channel 12 for example) which
      bears information from one of the secure channels, is then directed to IF
      amplifier 90 which has an IF frequency corresponding to the band of
      channel 12, for example. From there it is passed to IF filter 80, which
      further strips off extraneous signals and noise. The signal which has been
      frequency converted to channel 12 signal is now ready for reception. The
      frequency converted signal is directed back through diode switch 10 from
      which it is conducted to the output of the tuner converter system and
      directly to the television receiver input where it may be received when
      the television receiver is set to receiver channel 12.
PAR  Several additional features of the converter-tuner system of this invention
      are particularly noteworthy. The secure channel carrier frequencies are
      selected in the midband range of the television channels between the upper
      and lower bands of channels. The preferred embodiment of the
      converter-tuner utilizes midband channels A, C, E and G, as designated by
      the Federal Communications Commission. These channels are each 6 mhz in
      width and have video carrier frequencies of 121.25, 133.25,  145.25 and
      157.25 mhz. respectively.
PAR  These channels have been selected according to the criteria that, when
      mixed with the appropriate oscillator frequencies to convert them to
      channel 12, the number of the harmonics of the various local oscillator
      frequencies falling within the midband is at a minimum. This is desirable
      since the local oscillator radiates whatever frequency it is generating
      into adjacent portions of the circuitry. This can have the effect of
      putting spurious signals on the main cable system, which signals, lying
      within the midband, are potentially receivable by other units on the cable
      system. Thus, causing noise and other interference could result. The
      reason for this is that filters 40 and 50 always pass a band of secure
      channel frequencies lying within the midband.
PAR  In order to enable the proper conversion of secure channel frequencies A,
      C, E and G, for example, local oscillator 70 is conditioned to generate
      frequencies of 84, 72, 60 and 48 mhz. The only harmonics of these
      frequencies which are in or near the frequencies of channels A, C, E or G
      are the second harmonic of 72 mhz and the third harmonic of 48 mhz, each
      being 144 mhz. This is, therefore, a particularly troublesome frequency.
      This harmonic frequency can be nulled by providing filter 50 with a
      resonant circuit tuned to pass 144 megacycles. The resonant circuit
      resonates at that frequency when it is presented with the 144 mhz
      harmonic. The resonant circuit is constructed to apply the radiated signal
      to filter 40 180.degree. out of phase with the 144 mhz harmonic signal
      being radiated directly by the oscillator. This has the effect of bucking
      or nulling out the unwanted frequency, which otherwise could get onto the
      cable, or into other elements of the circuit.
PAR  In conventional frequency conversion systems, the local oscillator signals
      are higher than that of the carrier signals with which they are mixed.
      This condition has the effect of requiring that substantially high local
      oscillator frequencies be developed. Such high local oscillator
      frequencies can require complex circuitry if crystal is to be used. Such
      an arrangement necessitates the provision of extensive filtering
      components to block unwanted harmonics. The necessity for such extensive
      filtering is eliminated in the converter-tuner in which the local
      oscillator frequencies are selected to be below those of the secure
      channel carrier signals on which the information to be viewed is
      modulated.
PAR  Where the local oscillator is required to provide frequencies which are
      higher than the carrier frequencies with which they are to be mixed,
      frequency multipliers are also often employed. Extensive shielding may be
      needed in order to block the lower fundamental and harmonics which may lie
      in the region of the midband frequencies. Thus, the use of a local
      oscillator frequency below that of the midband secure channel can reduce
      or eliminate these problems.
PAR  The crystal controlled local osccillator being relatively drift-free is not
      prone to affect or confuse the fine tuning of the television receiver. A
      local oscillator not having crystal control may have excessive drift. This
      could require that fine tuning be provided separately for the tuner
      converter system. An improper adjustment of such fine tuning could make it
      impossible to fine tune the television receiver to receive the converted
      signal. Crystal control of the local oscillator eliminates this problem.
PAR  Moreover, the converter-tuner is capable of providing a signal to the mixer
      and ultimately to the television receiver which is considerably cleaner
      than that which was previously available. The reason for this is the
      extent of filtering used. Band pass filter 40 first limits the signal
      passing through it to those of a portion of the midband corresponding to
      the secure channels. The tunable band pass filter operated by the varactor
      further narrows the pass band of the signal transmitted to the mixer. The
      mixer itself is of the double balanced type which further eliminates
      extraneous signals and noise. Lastly, the IF of channel 12 is filtered one
      last time before being presented to the input of the television receiver.
PAR  The details of the tuner-converter are shown in FIG. 4, which is a
      schematic of the entire tuner-converter system. In the upper left portion
      of FIG. 4 is the command amplifier 20. The tone code signal is coupled
      into the circuit by capacitor C 10 and resistor R 10 and provides a 200
      KHz output through capacitor C 29 by virtue of detector diode 29. The
      amplifier encompasses transistors Q 10, Q 11 and Q 12, which provide three
      stages of tuned RF amplification. The output of transistor Q 12 is coupled
      to diode detector 29 which is in turn connected to a low pass filter
      consisting of coil L 15 and capacitor C 39. The output of the 200 KHz
      amplitude modulated carrier through capacitor 28 coupled by the filter to
      a low pass filter comprising resistor R 24 and capacitor C 30. The purpose
      of this is to develop a DC voltage at the base of transistor Q 13 which is
      proportional to the RF energy applied at the input and therefore
      proportional to the DC components of the signal being developed at diode
      29. Therefore, transistor Q 13 serves as an automatic gain control
      amplifier which provide a voltage proportional to the amount of voltage
      developed across capacitors C 39 and C 30.
PAR  The DC voltage developed across capacitor C 30, as a result of rectifying
      the RF energy across diode 29 is a function of the amount of signal
      strength applied back at the input of transistor Q 10. This DC energy is
      amplified by transistor Q 13, filtered by resistor R 26 and capacitors C
      32 and C 33, and reapplied as an AGC control voltage through resistor R 17
      to transistor Q 11 and through resistors R 17 and R 15 to transistor Q 10
      at the control gates.
PAR  The purpose of the command amplifier 20 is to detect and amplify any 200
      KHz amplitude modulation on the command carrier, which is the input to
      both the amplifier converter-tuner. This is one way of providing the
      command words which are directed to each converter-tuner unit in the
      entire system. The 200 KHz pulses thus modulated on the carrier (which is
      in the neighborhood of 115 mhz. are the pulses or tone bursts which are
      applied to the logic circuitry, hereinafter described, which controls the
      converter-tuner unit. A suitable way of producing these 200 KHz tone
      bursts, for example, is to intermittently introduce a 114.8 mhz. carrier
      with the 115 mhz. carrier.
PAR  The diode switch 10 includes PIN diodes D1-D5. The coils L1, L2 and L3 and
      related capacitors C8 and C9 are provided as the means by which these
      diodes can be forward or back biased as desired to direct a signal through
      the tuner or directly through the switch to the output to the television
      receiver.
PAR  If a positive voltage is applied to the point directly below capacitor C 3
      (the on condition), this will forward bias diodes D1, D3 and D5 and back
      bias diodes D4 and D2. In this condition diodes D2 and D4 both become a
      high impedence; diodes D1, D3 and D5 becoming low impedences. This
      condition yields an effective blocking of the input signal from the output
      terminal by providing a path for the input signal towards capacitor C9,
      not through diode D2; however, any current that leaks through diode D2
      will be shorted to ground by diode D3. The high impedence at diode D4
      yields further blocking.
PAR  An signals passing through the converter and returning back from the
      converter toward the output terminal through capacitor C8 will find a low
      impedence path at diode D5 through capacitor C7 to the output terminal.
PAR  On the other hand, if a voltage is applied at the terminal located directly
      below capacitor C5 and coil L2 (the off condition), the situation becomes
      reversed. A back bias is applied to diode D3, raising the input impedence
      and therefore removing any shunt effect. A forward bias is applied to
      diodes D2 and D4 which in turn makes these low impedences which provide a
      through path from the cable input to the output to the TV receiver.
      Therefore, in this off mode diodes D1 and D5 are back biased because of
      the low impedence to ground reference provided by resistors R 6 and R 7.
      As a result, the current flow through diodes D2 and D4 tends to back bias
      D5 and D1. This effectively opens the circuit and removes any load to the
      input or the output which might be presented by the tuner elements. When
      the switch is in the on condition, signals pass through the tuner. When
      the switch is in the off condition, signals pass directly to the switch
      through the switch and are isolated from the tuner, including from the
      tuner's characteristic impedences.
PAR  When diodes D1, D3 and D5 are forward biased, signals applied at the cable
      input through capacitor C1 pass through diode D1, and then through
      capacitor C9. They are not shunted by resistor R6 because of the high
      impedence or by coil L1 because of the high impedence. Instead these
      signals are applied directly to the junction of coils L40 and L41 which,
      in conjunction with capacitor C41, coil L42 and the other related elements
      extending down to coil L46, provide a band pass filter 49 (FIG. 5) Filter
      40 effectively passes frequencies between 120 and 165 mhz. and
      substantially rejects all frequencies outside that band.
PAR  The RF ground of capacitors C47 and C50 and tie point characteristics of
      capacitors C48 and 49 together comprise a tune band pass filter 50. The
      center frequency of the pass band is determined by the selected voltage
      applied at the junction of capacitor C47 and resistor R45, which
      influences varactors D40 and D41. This voltage is delivered from voltage
      dividers (resistors R40, 41 and 42) through a wafer of channel selector
      switch 38. The channel selector switch, simply picks the voltage available
      on the voltage dividers depicted at R40 and R41 and R42 which are in turn
      supplied a voltage which is regulated (to 18 volts for example) by the
      zener diode D42. The output of the potentiometer will, depending upon the
      channel selected, determine the capacitor of the varactors in the filter
      and cause the pass band of filter 50 to be centered on the channel
      selected. The coils L51 and L52 provide some isolation between the tuned
      circuit elements and the input and the output interface circuits to permit
      more practical control of the band width of the tuned circuit.
PAR  The tuned circuit has an output band width of approximately 6 mhz. the
      tuned circuit output is applied to the input of the double balanced mixer
      which include transforms T60 and 61 and diodes D69-D72. The input to mixer
      60 which is driven by the local oscillator is applied through capacitor
      C72 to the center point of the balanced transformer T61. The unbalanced
      output of this double balanced mixer appears at a phono jack 61 (for test
      purposes only) and is subsequently applied to the tuned input of
      transistor Q80. Transistor Q80 is the active input in the channel 12 IF
      amplifier 90.
PAR  The local oscillator 70 includes transistor oscillator Q60. Transistor Q60
      is biased by resistor R70, bypassed by capacitor C70 and its base feed is
      controlled by diode D68 and resistor R69. Transistor Q60 oscillates by
      virtue of tuning the base with a selected crystal of crystals X 60, 61, 62
      and 63 for the desired frequency and by tuning the collector with a
      parallel resonant LC circuit. The four parallel resonant circuits each
      include one of coils L60, 61, 62 and 63. The desired oscillator frequency
      is an overtone of the base of the crystal. For example, in order to
      operate the 48 mhz. section a switching voltage is applied through
      capacitor C61 and and resistor R64. This DC voltage continues on through
      resistor R60 and forward biases diode D60. This connects the X60 crystal
      (48 mhz.) to the base of Q60. The same voltage forcing current through
      coil L60 forward biases diode D61, connecting coil L60 to the collector.
      Coil L60 in turn parallel resonates with capacitor C71 to provide a
      parallel tank circuit operating at 48 mhz. Hence the oscillator operates
      at 48 mhz. To change the frequency the point at which the switching 18
      voltage signal is applied is changed. If the switching voltage is supplied
      through capacitor C67, it would forward bias only the diodes D66 and D67.
      This would bring into play the 84 mhz. crystal X63 and the coil L63, also
      parallel resonating with capacitor C71. The point of application of the
      switching voltage is determined by the selector switch position.
      Mechanical or electrical switching is provided to place the switching
      voltage on that terminal of the terminal connected to resistors R64, 65,
      66 and 67 which connects the proper crystal to the oscillator frequency
      converts the selected channel to channel 12.
PAR  The output of this oscillator is coupled through capacitor C72 to a mixer
      60. The output of the mixer which is applied directly to the tuned input
      of transistor Q80 is amplified by the tuned IF amplifier 90 and applied to
      the output through a three stafe tuned IF filter 80 including the
      components beginning with the coil L82 and ending with coil L85, in
      conjunction with capacitor C91.
PAR  Resistors R86 and R87 provide impedence matching between filter 80 and the
      output to develop a selected output impedence such as, for example, 75
      ohms. This signal progresses from resistor R86, to capacitor C8, and then
      to diode D5, which has been forward biased by the on command to the diode
      switch.
PAR  The RLC circuit of coil L64 and resistor R75 and capacitor C75 is resonant
      to an unwanted band oscillator harmonic frequency such as for example, 144
      mhz. This circuit applies the harmonic in reverse phase by capacitive or
      inductive coupling to filter 40. Thus bucking signal cancels out the
      unwanted harmonic signal emitted by the oscillator, thereby preventing its
      intrusion onto the main cable or elsewhere.
PAC  Description of Logic Circuitry
PAR  FIG. 6 shows a block diagram of the basic control logic circuitry. Command
      tone bursts are the input to tone burst detector 100 from the command
      amplifier of the convertor unit. These command signals (for example, of a
      frequency of 200 khz) are derived from the incoming information on the
      main cable in the fashion described above. The information on the command
      signal tone bursts is represented in a split phase mark digital fashion of
      encoding.
PAR  Tone bursts detector 100 serves to provide an output response of a
      rectangular configuration, the duration of the higher output stage
      corresponding to the duration of the command signal tone bursts delivered
      to the input of the tone burst detector. Tone burst detector 100 is
      constructed such that it imparts a sharp or "clean" definition to the
      input pulses. The tone burst pulses generated by the tone burst detector
      are delivered to edge detector 110 which emits a pulse of short duration
      each time the output of the tone burst detector changes state. These edge
      signals are then directed to clock converter 120.
PAR  Data and clock converter 120 derives from the edge signals both a return to
      zero data pattern and a coherent clock signal from the split phase mark
      input. Thus, data and clock converter 120 generates a clock signal pulse
      at the beginning of each bit cell of the split phase mark signal input to
      it, and additionally, provides a data signal within each bit cell which
      indicates whether the bit is a logical one or a logical zero. Information
      is sent on the cable of the system in command words consisting of a
      succession of bits, part of which are allocated to address, and part to
      command functions.
PAR  Tone burst detector 100 exhibits a bi-level output which assumes one state
      when the input tone burst is present and the opposite when the input tone
      burst is absent.
PAR  The data signal generated by the data and clock converter 120 changes state
      at every bit cell boundary and at the midpoint of every logical one bit.
      It remains constant for the duration of every logical zero bit. This is
      the definition of split phase mark coding. The data and clock converter
      120 generates an RZ data output which consists of a true pulse during each
      one bit and no pulse during each zero bit. The clock output signal is
      simply a rectangular pulse emitted at the beginning of each bit cell.
PAR  Data presence detector 130 is a retriggerable one shot device whose output
      becomes true when a first edge pulse is input to the data presence
      detector. The output becomes false only if succeeding edges do not appear
      within the time interval of the one shot of the device. The one shot time
      is set to be a period longer than the maximum time between edges when
      logical bits forming words are being transmitted to the input of tone
      burst detector 100. Data presence detector 130 emits a reset signal if a
      bit does not appear within the one shot interval, indicating the end of a
      particular command word. The effect of this reset signal will be discussed
      below.
PAR  The clock signals are input to counter 140. Counter 140 is a binary counter
      which advances one step with each successive clock pulse. The output of
      counter 140 drives a read only memory 150 which has a plurality of
      outputs. Read only memory 150 puts out a unique word on its group of
      outputs for each discrete state of the counter. Thus, the various outputs
      of the read only memory assume a set of profiles, each of which profiles
      is characteristic of one state of counter 140. If only one output is
      considered and the counter is put through each of its successive states,
      the one output of the read only memory which is considered will assume a
      succession of states, this succession of states forming a logical word,
      successive bits of which can be used to carry information.
PAR  The read only memory is preprogrammed in one of its outputs, to output the
      assigned address bit pattern of the particular converter unit with which
      the read only memory is associated. In this invention, the particular
      output of the read only memory which is designed to carry the address bit
      pattern will carry the address as a logical word during those successive
      states of counter 140 which are assumed during the address bit cells of
      the command word.
PAR  It can therefore be seen that, as counter 140 progresses under the
      triggering of the clock signals through a succession of its states, which
      states correspond to the address bit cells, there will be generated at one
      output of the read only memory a programmed address bit pattern. This
      pattern is made unique to the associated converter unit. Therefore, under
      only the triggering of the clock pulses, each unit automatically generates
      within itself its own address.
PAR  The system is equipped with further logical elements which serve to detect
      whether the data coming in during the address portion of the command
      message transmitted is in fact its own address. It does this by generating
      its own address internally under the stimulus of the clock and by
      comparing the incoming data (which contains the address of the address
      converter unit) with its internally generated address and detecting
      whether the two match.
PAR  This comparison takes place in compare gate 160. Compare gate 160 receives
      both the incoming data signals from the clock converter 120 and also the
      programmed address bit pattern generated by the read only memory. When
      these two signals do not match, compare gate 160 transmits a signal to
      address mismatch latch 170. Address mismatch latch 170 when provided with
      a signal from compare gate 160 generates a further signal which is input
      to AND gate 180.
PAR  AND gate 180 has one more input extending to data change latch 190. AND
      gate 180 is constructed such that it emits a signal which resets counter
      140 when signals are received by AND gate 180 simultaneously from both
      mismatch match 170 and data change latch 190. The generation of the reset
      signal turns counter 140 back to its zero position, and prevents counter
      140 from progressing any further in the program or responding in any way
      to the clock pulses, until the end of the command message being processed.
PAR  The function of data change latch 190 is as follows. It is contemplated in
      this embodiment that there be one particular address which may be sent
      from the command source and transmitted to the logic circuitry which will
      cause all of the converter unit to which the signal is directed to respond
      to the command information within the signal (the command information, as
      will be explained below, being transmitted in bits of the command message
      following the address bits). That address is simply the one in which each
      address bit is a logical zero.
PAR  It is evident that, under these conditions, it is undesirable for a reset
      signal to be generated in all cases in which the internally generally
      address and the received address do not match. The reason for this is
      that, quite possibly, the address actually transmitted may be the all zero
      or "all call" address to which it is desirable that all converter units
      respond. These conditions can be implemented by rendering data change
      latch 190 simply a logical element which generates an output only after a
      logical one signal in the address data received has been detected. Once a
      logical one signal has been detected, data change latch 190 locks in its
      condition of providing an output, until it is reset. Resetting does not
      take place until the command message has been terminated. The termination
      is sensed by the data presence detector 130. It can be seen that if no
      logical one bits are present in the address portion of the command message
      received, and gate 180 can never be satisfied, and the reset pulse will
      not be sent to counter 140.
PAR  The remaining outputs of the read only memory are also preprogrammed to in
      turn program the operation and other latch gating functions of the unit.
      It is important to recognize that the maximum number of bits in each
      command transmission is limited by the number of stages of counter 140. In
      the preferred embodiment, a 32 stage counter has been employed. Therefore,
      each command message can be a maximum of 32 bits in length. Of these 32
      bits, the first 24 bits have been appropriated to carry the address
      information being transmitted. Therefore, with respect to that output of
      the read only memory which is designated as the preprogrammed address bit
      pattern output, one address may appear only in the first 24 states of that
      output, as determined by the preprogrammed nature of the read only memory.
PAR  It is noted that it would be undesirable for comparison of the internally
      generated address bit pattern bits and the incoming bits to continue after
      the command portion of the command word has begun. Therefore, another
      output of the read only memory is programmed to send a "compare enable" to
      both the data change latch 190 and compare gate 160, during only the
      address portion of the command word, i.e., the first 24 bits. During that
      period, the compare enable signal is a one and it serves to activate the
      data change latch and the compare gate. After 24 bits, the compare enable
      signal changes to a state which disables both the data change latch and
      compare gate.
PAR  It can be seen from the foregoing that if an individual unit detects that
      its own address is actually the one being sent in the address portion of
      the command word, it will then stop scrutinizing the incoming signals, and
      merely execute the commands which are received thereafter. Thus, the way
      in which an individual unit is prevented from responding to the commands
      in a command word not addressed to it is for the counter 140 to be reset
      in response to a signal from compare gate 160. This halts any further
      progress of the unit through the command message and thus it can never get
      to the command bits. It could, however, receive and respond to the command
      portion of the command information word were it not for the cessation of
      its execution of the program by way of counter 140.
PAR  It is now assumed that the unit discussed has progressively compared each
      element of the 24 address bits of the command word and discovered that it
      is indeed the unit being addressed. It will proceed through the remainder
      of the program and execute the command which is carried as part of the
      command word. the next bit immediately following the last address bit
      actuates still another output of the read only memory. This bit, called
      "op" or "operation" bit, is true for only one bit i.e., the bit
      immediately following the address portion of the command word, in this
      case the 25th bit. The occurance of the operation bit, by way of the
      "operation bit latch enable" output of the read only memory 150, is
      transmitted to the operation bit latch 200. Responsive to the reception of
      the operation bit, operation bit latch 200 emits a signal to each of a
      plurality of channel latches 210, 220. The signal of operation bit latch
      200 represents the state to which channel latches 210 and 220 will be set
      if they are enabled by the state of the data signal in successive bits of
      the command word. The data is transmitted simultaneously to the second
      enable line of each channel latch.
PAR  Each channel latch has still another enable input. Each channel latch is
      tied to a different output of the read only memory 150 by "channel latch
      enable" lines. Each "channel latch enable" line carries an enabling signal
      for only one bit of the command word. Moreover, the "channel latch enable"
      signal for each channel latch is present during a different bit for each
      channel latch. Each channel latch will be fully enabled to assume the
      state of the op bit latch 200 only when it is both enabled by the data
      incoming to it from data clock converter 120 and by its individual
      "channel latch enable" signal from the read only memory 150.
PAR  This operation, in a sample instance, can be described as follows. In bit
      25, the op bit eminates from the read only memory, actuating the op latch
      200 to provide a status signal to each of the channel latches 210 and 220.
      The op bit latch signal is then present throughout the entire remainder of
      the command word. Data arrives simultaneously at each channel latch
      throughout the remainder of the command word. During bit 26, for example,
      and only during that bit, the read only memory is programmed to emit the
      channel 1 latch enable signal. Therefore during that bit, and only that
      bit, inputs are present on the channel 1 latch from the op bit latch and
      from the read only memory. Therefore, during that bit the channel 1 latch
      is enabled to assume whatever state the "op bit" latch presents if the
      corresponding data bit is true to also enable the channel latch. It will
      not assume the state of the "op bit" latch in any other bit, because,
      before and after bit 26, the "channel 1 latch enable" signal from the read
      only memory 150 does not exist. In like manner, other channel latches can
      be selectively enabled by their corresponding data bits during the
      remainder of the command word.
PAR  Each of the channel latches has an output having one of two possible
      states, the state of which being dependent on the condition of the "op
      bit" latch during the time the channel latch is enabled by the data bit
      and by the "channel latch enable" signal. Each state of the outputs serves
      either to enable or disable the associated unit with respect to reception
      of the channel associated with the channel latch whose output is involved.
PAR  The circuitry of the logic of this system is shown in FIG. 7 which is a
      schematic drawing of that circuitry. In the upper left-hand corner is
      located tone detector 100. Tone detector 100 is fed through line 102
      bursts of alternating voltage derived from the cable line incoming from
      the command central station. The function of tone detector 100 is to
      render a rectangular wave output at terminal 13 of integrated circuit 105.
      The output is at a high value (for example about 5 volts) when the tone is
      present and at a low value (for example approximately ground) when it is
      not.
PAR  The purpose of using the tone detector 100 is that regardless of the state
      of the transfer function of the equipment, which might give rise to some
      distortion in the incoming tones, the output can still be a clean very
      sharply defined signal, i.e., it will very closely approximate a
      rectangular wave, notwithstanding there may be some distortion on the
      input. Tone burst detector 100 also includes transistors Q2 and Q1.
      Resistors R1 and R2 are used as a voltage divider to split the voltage
      appearing across diode 103, which voltage, for example, can be
      approximately 0.7 volts. This means that a threshold value is provided for
      the base of transistor Q2. Transistor Q2 is selected to fire at about 0.7
      volts. Therefore, to fire it it is only necessary to provide about 0.4
      volts on line 102. This renders the tone detector quite sensitive to
      detect the presence of small voltages in the input tone bursts, such that
      it may respond with only a minimum of phase distortion in its output.
PAR  The firing of transistor Q2 causes transistor Q1 to become nonconductive,
      causing the appearance of a true signal on terminal 3 of integrated
      circuit chip element 105. This integrated circuit chip, for example, is of
      the type known in the art by the designation "N74123." It is a
      "retriggerable monostable multivibrator with clear," that is a
      "retriggerable one shot" device. Thus when it is triggered at terminal or
      pin 3, it immediately produces an output at terminal 13 on line 104 which
      endures for a predetermined period of time. If the trigger pulse appears
      again at terminal or pin 3 before the expiration of that time period, then
      the output of pin 13 will be maintained high. If no trigger comes to pin 3
      within the time period, output pin 13 on line 104 will fall to near ground
      again. The time limit between necessary retriggers is established by the
      reactance elements, resistor R7 and capacitor C1 which are associated with
      integrated circuit 105. This kind of "retriggerable one shot" is preferred
      to the use of reactance elements, as in a filter, to hold the output above
      a given level for a transient. The reason for this is that such reactance
      elements can require an excessive amount of time in order to get the
      output up to the required value. With this embodiment, time delay in
      falling is achieved without a corresponding delay in the response of the
      output to the input triggering pulse.
PAR  Edge detector 110 provides a sharp, narrow edge pulse whenever the output
      state at line 104 goes from low to high or high to low. This is done by
      two successive inversion and delay steps, followed by an exclusive OR
      comparison. Exclusive OR gates 111 and 112 are connected as inverter with
      one input of each attached to a constant voltage source. Capacitors 114
      and 115 provide the delay function. The output of exclusive OR gate 112 is
      one input of exclusive OR gate 113. The other input of gate 113 is the raw
      output of the tone burst detector 100 appearing at line 104. Thus, gate
      113 has two inputs, each carrying the signal from tone detector 110, but
      one of them being slightly delayed. This means that every time the output
      on line 104 changes state, gate 113 will output a short pulse indicating
      an edge.
PAR  It should be noted that the information dealt with in the logic system
      herein described is encoded as biphase mark or split phase mark
      information. The definition of such encoding is that to indicate a logic
      one bit, the value of the signal makes a transition somewhere near the
      middle of the bit cell. If the logical bit to be transmitted is a zero,
      the value, whatever it is, remains the same throughout the entire bit
      cell. Thus, it is not the level (up or down, high or low) of the signal
      which carries the information in split phase mark encoding, but only the
      fact of whether or not a transition in level occurs during the middle of
      the bit cell under consideration. Split phase mark data is illustrated in
      the uppermost wave form shown in FIG. 8, entitled "SPM DATA". For example,
      the first 12 bit cells shown in this drawing carry their respective values
      of 1, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 1. The line entitled "SPM DELAYED"
      illustrates the wave form which appears at the output of gate 112 in the
      edge detector. The line described as "EDGES" represents the wave form of
      the output of gate 113.
PAR  Note that in SPM DATA, there is always a change of state at the end of each
      bit cell, regardless of whether there is also a transition in the middle.
      Thus, an edge appears at the beginning of each bit cell, regardless of
      whether the bit cell contains a logical zero or a logical one. If,
      however, the bit contains a logical one, there is also a transition, and
      consequently another edge in the middle of that bit cell.
PAR  In order to derive a clock signal which is simply a pulse initiated at the
      beginning of each bit cell and to isolate any additional transitions that
      may take place within individual bit cell which bear 1 logical
      information, integrated circuit 121 is employed. Circuit 121 is a "chip"
      identified by the designation "N74121". It is a "monostable
      multivibrator", that is a "one shot" device; but not retriggerable. That
      is to say, when an edge pulse appears at the output gate 113, it is
      transmitted to circuit 121 over line 122.
PAR  With the arrival of each edge pulse at 122, a clock signal is output
      therefrom on line 123. This signal is a pulse which is programmed by
      proper choice of resistor R8 and capacitor C5, to last for 75% of the
      duration of the bit cell. It has been found that a bit cell of 1
      millisecond is appropriate for use with this device, so that the endurance
      of the signal appearing at line 123 which results from a pulse at line 122
      is approximately three-fourths millisecond. Since circuit 121 is not
      retriggerable, it simply produces an output which rises when a pulse
      appears at line 122 and falls three-fourths millisecond later, regardless
      of any intervening pulses.
PAR  Therefore, it can be seen that circuit 121 serves to provide a clock signal
      which appears only at the beginning of each bit cell, and is uneffected by
      the additional transitions which take place in logical bit cells which
      contain logical 1 information. The inverse of the clock signal appearing
      at line 123 appears also at line 124. Having derived a clock signal which
      is initiated at the beginning of each bit cell, it remains to derive a
      signal which isolates the data appearing in each bit cell, i.e., indicates
      whether there is or is not a transition in the middle of the bit cell.
      This is done by means of integrated circuit 125 which is a dual D-type
      edge triggered flip-flop designated N7474. In order for there to appear an
      output on either of lines 126 and 127 (each of which is the inverse of the
      other) there must be a signal at its input 124 and at its other input 128.
      When this condition takes place, output 126 goes true and output 127 goes
      false for the duration of the bit cell.
PAR  It can therefore be seen that the only edges to which circuit 125 will
      respond with an output are those edges which occur in the middle of a bit
      cell since in all cases the output 124 of circuit 121 has fallen to zero
      before the end of each bit cell. Therefore in the case of a one bit,
      outputs appear at circuit 125 for the last half of the associated data
      bit, but no such outputs appear in the case of a zero bit. Thus, the
      transitions indicating the existance of each one bit are by this circuitry
      isolated to be applied in a manner discussed hereinbelow.
PAR  The inverse clock signal is directed to input line 143 of counter 140.
      Counter 140 includes two integrated circuits. The circuit designated 141
      is a "4-bit binary counter" designated as N7493. The circuit 142 is of the
      type designated N7474 which has been referred to above. counter 141 counts
      successively with each clock signal received until it counts from zero
      through 31 bits. The counter will then repeat if other clock signals
      arrive. The outputs are designated as the five lines 124-128.
PAR  It can be seen that counter 140 can provide 32 different addresses by its
      combined outputs and will traverse each of those addresses if actuated to
      do so by the arrival of a like number of successive clock pulses. In the
      disclosed embodiment the addresses of the counter can correspond
      successively to a binary count from 0 to 31 delievered along lines
      124-128.
PAR  The outputs of counter 140 are connected to "read only memory" 150 which is
      a 256 bit field programmable read only memory organized as 32 "words" with
      8 bits per word. "Words" are selected by 5 binary address lines 124-128.
      By way of example, read only memory 150 can include a read only memory
      device 151 manufactured by Signetics, 811 East Arques Avenue, Sunnyvale,
      California 94086 and designated as Signetics Type 8223 "FROM 256 Bit
      Bi-polar Field Programmable Read Only Memory". Thus the read only memory
      is capable of successively presenting 32 "words" over 8 outputs. The
      "words" which the read only memory present for each successive binary
      counter address are preset by conditioning the read only memory 151 before
      it is installed in the system.
PAR  Even though the 8 outputs of the read only memory have been described as
      comprising a "word" for each binary count input thereto, in the disclosed
      system the "word" output is not used as an element of information but
      instead is processed as 8 separate bits which comprise a given "word".
PAR  When each output or bit of read only memory 150 is considered separately,
      it can be seen that for a plurality of successive binary count inputs,
      each output can comprise a particular binary word. Thus each output 1-7
      (output 8 not being used) carries a binary word.
PAR  Thus, for example, the read only memory output (line 7) which is connected
      to the line labeled "address" is conditioned to assure a particular
      sequence of bits which express a binary number in response to a sequence
      of binary count inputs. Therefore it can be seen that this logic unit, in
      response to a clock signal at the counter indicating the beginning of each
      bit cell, can internally generate a particular address, on the address
      line, expressed in binary form. Similarly a signal is simultaneously
      produced on each of output lines 1-6.
PAR  If the internally generated address from line 7 matches the address of the
      associated tuner converter unit, then means can be provided whereby the
      system can sense the occurence of a corresponding incoming cable
      transmitted address (designated RZ data). Thus the system determines
      whether its assigned address generated in the read only memory in response
      to the clock signal corresponds entirely with the address actually being
      received.
PAR  This is done partially by the use of compare gate 160, which is an
      exclusive OR gate. Input to gate 160 is the address output of the read
      only memory and the actual data arriving over the cable. If they are
      mismatched, a true signal appears at the output of gate 160, which is
      directed to the inverted input of AND gate 171. The other input of gate
      171 is connected to "compare" enable signal from read only memory 150.
PAR  This "compare" enable signal is used to limit the number of bits in which
      the comparison step is executed to only those bits of each command word
      which constitute the bits which are allocated for the address. Thus, the
      "compare" enable signal will be present during each of the counts of
      counter 140 which correspond to the bits constituting the address portion
      of the command word. When both the "compare" enable signal and a mismatch
      signal are applied to gate 171, an output is transmitted over line 172 to
      circuit 173.
PAR  Integrated circuit 173 is also a N7474 chip. The other input of circuit 173
      is connected to the "data clock" signal transmission line. When the clock
      pulse and the mismatch pulse are both inputs to circuit 173, the circuit
      emits a signal which is directed to one input of AND gate 180. The other
      input of AND gate 180 is connected to the output 193 of circuit 192 which
      is a component of data change latch 190. Circuit 192 exhibits an output at
      193 only when a "one" logical bit appears in the address which is actually
      received over the data line. This can be seen if one notes that gate 191
      has "RZ data" as one input and the "compare" enable signal as the other.
      The "compare" enable signal as in the case of the address mismatch latch
      is present throughout the entire period of the address portion of the
      command word being received.
PAR  Therefore, it can be seen that the conditions for an output, at gate 180
      are fulfilled whenever the internally generated address fails to match the
      received address in any of its bit cells, and a "one" signal has been
      received as part of the address.
PAR  The reason for introducing the additional condition that there by an output
      in response to a mismatch only if there is also a previously received one
      bit in the address is that it is intended that this system will have an
      "all call" address capability consisting of zeros. The results of an
      output on gate 180, as will be discussed below, is a resetting of the
      counter in the associated unit and a consequent halting of its progress
      through the program dictated by the received command word. Therefore, if
      no one bit has yet been received, the incoming signal may still be an "all
      call", and therefore there is introduced the additional condition for
      resetting that there has been a received one.
PAR  If, however, there has been one bit received, and also a mismatch between
      the internally generated address and the received address, an output at
      gate 180 which is directed to the input 182 of OR gate 181 exhibits an
      output whenever either of its inputs is true. Thus, the appearance of an
      output at gate 180 will also actuate gate 181 and gate 184. Since there
      are inverters at the output of gate 181 and at the inputs of gate 184, the
      appearance of a true at 182 will cause line 185 to go true and will bring
      186 close to ground. These are the conditions to resetting circuits 141
      and 142, respectively, and thus, if an output exists at gate 180, the
      entire counter is reset.
PAR  Applicants have found that for the disclosed embodiment a 24 bit address
      code is sufficient. That is to say, the first 24 bits of the received
      command word constitute the command word of the unit being addressed, and
      during those 24 bits, the address comparison step takes place. This
      comparison is enabled by the presence of the compare enable signal from
      read only memory 150 in a manner as described above. The read only memory
      is programmed such that, after the 24th bit, the compare enable signal is
      removed, rendering impossible any further comparison or reset steps. If
      the unit receiving the address has not been reset in the course of the
      first 24 bits, the unit is indeed the one addressed. In this condition,
      the logic circuitry herein described will continue to process the command
      word. The remainder of the command word contains information relating to
      actual commands which will be executed by the unit during the succeeding
      bits of the command word.
PAR  The bits immediately following the address bits, in this case the 25th bit,
      and the corresponding position on the counter, are such that during the
      25th bit, the read only memory issues a single "op bit" on the line
      bearing that label. This signal is directed to input 202 of the "op bit"
      latch 200. This condition causes "op bit" latch 200 to assume the state of
      the corresponding data bit and to latch such that an output which reflects
      this state continuously appears at output 201 until the "op bit" latch is
      reset. The reset takes place in a manner described herein below. This
      signal 201 is transmitted to one input of each integrated circuit element
      211, 212, 213, and 214 which, for example, can comprise N7474 integrated
      circuit, circuit element 211, 212, 213 and 214 are parts of channel
      latches, 210a, 210b, 210c and 210d.
PAR  Having latched the "op bit" latch signal onto each of the integrated
      circuits 211 through 214, it is noted that each of the other inputs to
      these circuits is preceded by a different one of AND gates 215 through
      218. One input of these AND gates is connected to the inverse "RZ data"
      line and the other is connected to the individual channel enabling line
      (CH1, CH2, CH3, and CH4) for the particular channel latch with which the
      gate is associated.
PAR  Each channel latch is assigned a particular single bit in the command word
      received which is that bit in which its channel enable signal is present.
      That is to say, the channel enable signal for the channel of the channel
      latch 210a is a one for the bit following the operation or "op bit". Since
      gates 215, 216, 217 and 218 are AND gates with inverted inputs, each of
      these gates will have an output only when both the inverse "RZ data" and
      inverse channel enable (CH4) signals, shown on the drawing, are low
      (connoting a one bit on each of them). Thus, if, during the period in
      which inverse channel enable (CH4) is low and inverse "RZ data" is also
      low, there will then be an input on integrated circuit 211 from gate 215.
      This input will cause output 219 of circuit 211 to assume the state of
      line 201. A true output at 219 is connected to the converter-tuner unit to
      enable the reception of the channel associated with channel latch 210a.
PAR  On the other hand, if the received data during the bit in which the channel
      latch 210a is enabled is a zero, then no output will appear at gate 215,
      and no change will occur at the output 219. Therefore, the enabling of the
      channel latch circuits by means of the data and the appearance of the
      appropriate channel enable signal will cause the associated channel latch
      to assume whatever condition the "op bit" latch possesses during that bit.
      Thus, during the command function of the logic, it is possible to
      individually turn on or off any channel which is desired while being able
      to leave unaffected any channels which are intended to remain in the same
      condition.
PAR  At the output of each of the integrated circuits of 211 through 214 is a
      buffer amplifier, these being designated 211c, 212c, 213c, and 214c. These
      amplifiers serve to isolate the integrated circuit from transients which
      might be created when switching between the multiplicity of outputs
      available, which transients might induce the integrated circuit of one of
      the channel latches to lock in the true state without a command for a true
      state having been received.
PAR  Each of the RC circuits 220, 221, 222, 223 extending between the input of
      each buffer amplifier (211c, 212c, 213c and 214c) and ground by way of
      resistors 224, 225, 226, and 227, respectively, tend to hold the outputs
      of the flip flops of integrated circuits 211, 212, 213, and 214,
      respectively to ground. This prevents the flip flops from being actuated
      by loading them on a random basis if the power to the system is
      sequentially turned on and off. The capacitors of these RC circuits
      provide an additional benefit in that they serve as short term memories
      for true inputs to the buffer amplifiers 211c, 212c, 213c, and 214c. The
      memory effect can prevent the loss of the latched condition in the event
      of a short term power interruption. Of course, if power is interrupted for
      a period of time approaching the time constant of a given RC circuit, then
      the memory effect is lost and any latched channel will become unlatched.
PAR  There is also provided a selector switch 38a connected to selector 38 for
      selective engagement with the outputs of each of the channel latches. The
      selector switch has other wipers 38b and 38c (FIGS. 4 and 5) which
      determine which resonant tank circuit is connected to the local oscillator
      of the tuner to cause the oscillator to generate the appropriate frequency
      for reception of the selected channel. The wiper 38a connects the "channel
      latch" integrated circuits to a "channel control" point 228 which is
      permanently wired to the "channel control" terminal of the base of the
      oscillator of the tuner at capacitor C73.
PAR  If a person switches the selector 38 to a particular channel, he will in
      effect be requesting the tuner to operate on the particular channel and he
      will be switching to the channel latch related to the particular channel.
      The tuner, however, will not operate if inverter 230 has a false output in
      response to the output of any channel latch integrated circuit (211-214)
      being false. This is caused by the fact that such a false cannot actuate
      oscillator Q60.
PAR  Where a channel latch is actuated to have a true output in response to the
      receipt of a command, the true output is inverted by the buffers
      (211c-214c) to a false and subsequently inverted to a true by inverter
      230. A true at the output of inverter 230 serves to activate oscillator
      Q60.
PAR  In the lower left corner of FIG. 7, there is shown data presence detector
      testor 130. Data presence detector 130 includes a retriggerable one shot
      134 (N74123, for example) which is fed from the output of edge detector
      110 on line 131. When a period time (determined by resistor R17 and
      capacitor C6) has elapsed between edges, the output 132 of data presence
      detector 130 falls. The period of time is set such that it is somewhat
      longer than on bit, so that when the bits of the command word stop
      arriving, the data presence detector 130 will sense the absence of the
      data and apply signals to leads 132 and 133. Signals on these leads serve
      to reset the address mismatch latch 170, data change latch 190, the data
      and clock generator 120, the counter 140, and the op bit latch 200. The
      circuitry is then ready for the reception of a new command word.
PAR  FIG. 3 depicts in block form the central system circuit which is used to
      control the cable distribution system of which the apparatus described
      herein and above is a part.
PAR  The system includes master monitor control 270 which contains the control
      circuitry for the remainder of the system. Command generator 280 provides
      a digital word to the master monitor control 270 which generates tone
      bursts representing the control command words which are desired to be
      propagated. When a command word is generated, the master monitor control
      270 receives it and directs it to RF modulator 290 where it is modulated
      on the command signal carrier. Modulator 290 also modulates onto the
      secure channel carriers, the information constituting the program content
      of each of the secure channels designated here at channels A, B, C. From
      the RF modulator all these modulated carriers proceed directly to the main
      cable of the system which is ultimately connected to each of the
      subscriber stations.
PAR  Such stations may include not only individual subscriber locations, but
      MATV cables, such as in hotels or apartment buildings, and CATV cables
      such as are now offered in many locations. Thus, all the modulated
      carriers are contantly input to each of the ultimate viewing locations of
      the system.
PAR  Each of the ultimate viewing locations whether they are in a hotel,
      apartment building, or private dwelling, has its own unique address which
      address is always available for transmission by the command generator.
      Additionally, when the ultimate viewing location is part of a system such
      as a CATV system, or a master antenna system in a hotel, it may also be
      assigned in address within that system which need bear no relationship to
      its ultimate address as determined by the command generator and the master
      monitor control. According to the front of the system, 24-bit address
      portion of the command word makes possible the existence of hundreds of
      thousands of unique addresses for ultimate viewing locations.
PAR  Each of the systems within the master system, such as a hotel or cable T.V.
      system, has a hotel command generator 250 associated with it. The hotel
      command generator is capable of responding to a keyed in message to
      generate a signal which is interpretable at the master monitor control 270
      as calling for the issuances of a command word addressed to a particular
      box of the main system. The message signal also contains command
      information regarding changes of state which are to be executed at the
      addressed box.
PAR  The messages generated by the hotel command generator are passed to the
      master monitor control 270 by way of standard telephone lines, for
      example. Modem units 260a and 260b are provided in order to convert the
      command of the hotel command generator 250 to a form suitable for
      transmission over phone lines.
PAR  If a guest in a hotel calls "room service" and orders a particular program
      for viewing in his room, "room service" will key in the hotel command
      generator a code corresponding to that guest's room. The hotel command
      generator 250 will then generate a command signal corresponding to the
      guest room and the command which is to be ordered. The signal is then
      passed to the master monitor control 270. Master monitor control causes
      the command generator 280 to generate a command word comprising tone
      bursts which contain the address of the guest's room convertertuner and
      also contain information as to the change of condition be ordered at the
      viewing station. The command passes through the master monitor control 270
      and the RF modulator 290 where it is modulated on the command signal
      carrier and then transmitted to the guest's room by the hotel cable
      system. The converter-tuner in the guest's room decodes the address
      thereby determining that it is indeed the addressee of the command, and
      responds to the command, thereby rendering the proper channel viewable by
      the guest.
PAR  Other ancillary equipment may optionally be associated with the master
      monitor control 270. Magnetic tape facility 310 is provided to make a tape
      record of the occurrence of the command signal. Included in the record is
      the address of the viewing station, the command to be executed, and the
      time which is made available to the master monitor control by means of
      time clock 300. A line printer 320 can also be provided to make a visual
      copy of the record. The material generated by the magnetic tape facility
      and line printer may be used for logging, accounting purposes, audience
      survey data, and the like.
PAR  The disclosed logic control system can be applied to environments other
      than cable television systems since the transmitted and decoded commands
      can relate to various types of destination equipment which are to be
      selectively actuated from a central command station.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a converter-tuner apparatus for selectively converting each of a
      plurality of cable television modulated carrier signals having different
      carrier frequencies to a predetermined frequency to be coupled to a
      television receiver, the converter-tuner apparatus having an input for
      receiving the carrier signals, a filter connected to the input for passing
      substantially only the carrier frequencies, a mixer connected to the
      filter output, a variable frequency local oscillator connected to the
      mixer, the mixer being adapted to convert separately each carrier signal
      to the predetermined frequency, the improvement comprising a local
      oscillator comprising:
PA1  a. a plurality of resonant circuits each being resonant to a different
      frequency;
PA1  b. a plurality of frequency control crystals each connected to a different
      one of said plurality of resonant circuits, each crystal being conditioned
      to oscillate as a function of the frequency of said resonant circuit to
      which it is connected, said crystals precisely controlling the resonant
      frequency of said resonant circuits
PA1  c. a transistor oscillator circuit;
PA1  d. a plurality of diode switch means each connected to a different one of
      said resonant circuits and said crystal connected thereto;
PA1  e. means for selectively actuating each of said diode switch means to
      connect said resonant circuit and said crystal related thereto into said
      transistor oscillator circuit; and
PA1  f. means coupled to the local oscillator for coupling a component of a
      harmonic frequency of the local oscillator in a phase reversed sense into
      the converter-tuner apparatus prior to the mixer to substantially null the
      component of the harmonic of the local oscillator from interfering with
      the carrier signal being converted,
PAL  whereby the predetermined frequency can be precisely controlled for each of
      the plurality of modulated carrier signals.
NUM  2.
PAR  2. A converter-tuner apparatus in accordance with claim 1 in which said
      filter comprises:
PA1  a. a band pass filter having a band width encompassing substantially only
      the frequencies of the plurality of cable television modulated carrier
      signals;
PA1  b. a tunable band pass filter connected between said band pass filter and
      said mixer, said tunable band pass filter being tunable to a plurality of
      different pass bands, each pass band encompassing substantially only the
      frequencies of a different one of the plurality of carrier signals; and
PA1  c. means operably coupled to said means for actuating said diode switch
      means for selecting one of said plurality of different pass bands of said
      tunable band pass filter,
PAL  whereby the band pass filter and the tunable band pass filter can pass
      reject substantially all frequencies different from the one of the
      plurality of carrier signals to be delivered to said mixer.
NUM  3.
PAR  3. A converter-tuner apparatus in accordance with claim 2 in which said
      means for selecting each of a plurality of different pass bands for said
      tunable band pass filter comprises:
PA1  a. a variable reactance connected to said tunable band pass filter; and
PA1  b. means for selectively determining the reactance of said variable
      reactance to obtain each of the different pass bands of the tunable band
      pass filter.
NUM  4.
PAR  4. A converter-tuner apparatus in accordance with claim 3 in which said
      variable reactance comprises a variable capacitance diode, the capacitance
      of said diode being a function of a control voltage applied thereto and in
      which said means for selectively determining the reactance of said
      variable reactance comprises means for varying the control voltage applied
      to the variable capacitance diode.
NUM  5.
PAR  5. A converter-tuner apparatus in accordance with claim 1 wherein said
      resonant circuits and said frequency control crystals include means to
      provide variable frequencies of the variable frequency local oscillator
      which are in a range of frequencies below the range of frequencies of the
      plurality of carrier signals and in which said mixer includes means to
      provide the predetermined frequency by summing the frequency of a carrier
      signal and the frequency of the variable frequency local oscillator.
NUM  6.
PAR  6. A converter-tuner apparatus in accordance with claim 5 in which the
      carrier signals are in the mid-band range between the lower VHF band and
      the upper VHF band of broadcast television channels and in which the
      predetermined frequency to which each of the carrier signals is converted
      is in the upper band of broadcast television channels.
NUM  7.
PAR  7. A converter-tuner apparatus in accordance with claim 6 in which the
      carrier signals are disposed at predetermined locations within the
      mid-band range between the lower VHF band of broadcast television channels
      and the upper VHF band of broadcast television channels, each of the
      predetermined locations of the carrier signals in the mid-band range being
      selected to require a different local oscillator frequency having
      harmonics which are substantially displaced from the frequency of each of
      the carrier signals, whereby harmonic frequencies of the local oscillator
      are safeguarded from causing interference with the carrier signals.
NUM  8.
PAR  8. A converter-tuner apparatus in accordance with claim 1 in which said
      means for coupling a component of a harmonic frequency of the local
      oscillator in a phase reversed sense into the converter-tuner apparatus
      prior to the mixer to substantially null the component of the harmonic of
      the local oscillator from interfering with the carrier signal being
      converted is coupled to the filter.
NUM  9.
PAR  9. A converter-tuner apparatus in accordance with claim 1 in which the
      means for coupling a component of a harmonic frequency of the local
      oscillator in a phase reversed sense into the converter-tuner apparatus
      prior to the mixer to substantially null the component of the harmonic of
      the local oscillator from interfering with the carrier signal being
      converted comprises:
PA1  a. a resonant circuit substantially tuned to the frequency of the component
      of the harmonic of the frequency of the local oscillator; and
PA1  b. means connected to said resonant circuit for reversing the phase of the
      component of the harmonic of the local oscillator to be coupled to the
      filter.
NUM  10.
PAR  10. In a converter-tuner apparatus for selectively converting each of a
      plurality of cable television modulated carrier signals having different
      carrier frequencies to a predetermined frequency to be coupled to a
      television receiver, the converter-tuner apparatus having an input for
      receiving the carrier signals, a filter connected to the input for passing
      substantially only the carrier frequencies, a mixer connected to the
      filter output, a variable frequency local oscillator connected to the
      mixer, the mixer being adapted to convert separately each carrier signal
      to the predetermined frequency, with the carrier signals being disposed at
      predetermined locations within the mid-band range between the lower VHF
      band of broadcast television channels and the upper VHF band of broadcast
      television channels, wherein the improvement comprises a local oscillator
      generating different local oscillator frequencies having harmonics which
      are substantially displaced from the frequency of each of the carrier
      signals, and means coupled to the local oscillator for coupling a
      component of a harmonic frequency of the local oscillator in a phase
      reversed sense into the converter-tuner apparatus prior to the mixer to
      substantially null the component of the harmonic of the local oscillator
      from interferring with the carrier signal being received by the receivers
      connected to the cable system.
NUM  11.
PAR  11. A converter-tuner apparatus in accordance with claim 10 in which said
      means for coupling the component of a harmonic frequency of the local
      oscillator in a phase reversed sense into the converter-tuner apparatus
      prior to the mixer to substantially null the component of the harmonic of
      the local oscillator from interfering with the carrier signal being
      received by the receivers connected to the cable system is coupled to the
      filter.
NUM  12.
PAR  12. A converter-tuner appparatus in accordance with claim 11 in which the
      means for coupling the component of a harmonic frequency of the local
      oscillator in a phase reversed sense into the converter-tuner apparatus
      prior to the mixer to substantially null the component of the harmonic of
      the local oscillator from interfering with the carrier signal being
      received by the receivers connected to the cable system comprises:
PA1  a. a resonant circuit substantially tuned to the frequency of the component
      of the harmonic of the frequency of the local oscillator; and
PA1  b. means connected to said resonant circuit for reversing the phase of the
      component of the harmonic of the local oscillator to be coupled to the
      filter.
NUM  13.
PAR  13. A method of selectively converting by a converter-tuner apparatus one
      of a plurality of cable television modulated carrier signals having
      different carrier frequencies to a predetermined frequency to be coupled
      to a television receiver by receiving the carrier signals at the input of
      the converter-tuner apparatus, filtering the carrier signals for passing
      substantially only at the carrier frequencies, mixing the filtered carrier
      signals with a variable frequency local frequency local oscillator signal,
      the mixing being adapted to convert the one carrier signal to the
      predetermined frequency, the improvement comprising:
PA1  a. selecting the variable frequencies of the variable frequency local
      oscillator to be in a range of frequencies below the range of frequencies
      of the plurality of carrier signals and selecting the predetermined
      frequency to be equal to the sum of a carrier signal and the frequency of
      the variable frequency oscillator; and
PA1  b. coupling a component of a harmonic frequency of the local oscillator in
      a phase reversed sense into the converter-tuner apparatus prior to the
      step of mixing to substantially null the component of the harmonic of the
      local oscillator from interfering with the carrier signal being received
      by the receivers connected to the cable system.
NUM  14.
PAR  14. The method of claim 13 in which the step of coupling a component of a
      harmonic frequency of the local oscillator in a phase reversed sense into
      the converter-tuner apparatus prior to the step of mixing to substantially
      null the component of the harmonic of the local oscillator from
      interfering with the carrier signal being received by the receivers
      connected to the cable system comprises:
PA1  a. providing a resonant circuit coupled to the local oscillator
      substantially tuned to the frequency of the component of the harmonic of
      the frequency of the local oscillator; and
PA1  b. reversing the phase of the component of the harmonic of the local
      oscillator to be coupled to the filter.
NUM  15.
PAR  15. The method of selectively converting by a converter-tuner each of a
      plurality of cable television modulated carrier signals having different
      carrier frequencies to a predetermined frequency to be coupled to a
      television receiver, receiving the carrier signals, filtering the carrier
      signals passing substantially only the carrier frequencies, mixing the
      filtered output with a signal from a variable frequency local oscillator,
      the mixing converting separately each carrier signal to the predetermined
      frequency, the improvement comprising the step of disposing the carrier
      signals at predetermined locations within the mid-band range between the
      lower VHF band of broadcast television channels and the upper VHF band of
      broadcast television channels, each of the predetermined locations of the
      carrier signal in the mid-band range being selected to utilize a different
      local oscillator frequency of the local oscillator having harmonics which
      are substantially displaced from the frequency of each of the carrier
      signals, whereby harmonic frequencies of the local oscillator are
      safeguarded from causing interference with the carrier signals, and
      coupling a component of a harmonic frequency of the local oscillator in a
      phase reversed sense into the converter-tuner apparatus prior to the
      mixing to substantially null the component of the harmonic of the local
      oscillator from interferring with the carrier signal being converted.
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ABST
PAL  A transmitter transmits data through a communication channel to a receiver
      and the communication channel provides the data with delay and attenuation
      distortion. The receiver includes an equalization network having taps with
      multiplying coefficients for correcting the delay and attenuation
      distortion of the data. In response to a special sequence of the data,
      either specially generated by the transmitter or detected in random data,
      the receiver generates signals for updating the multiplying coefficients
      of the taps and these signals are introduced to the equalization network
      through a gate enabled by a special sequence detection network. This
      apparatus provides for the adjustment of the equalization taps in an
      extremely short period of time such as 5.83 milliseconds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for transmitting data between
      distant locations and more specifically to automatic digital modems which
      transmit data on telephone lines.
PAR  2. Description of the Prior Art
PAR  When data, such as inventory data, is to be transmitted from a first
      location to a second location, it is a common practice to provide a
      modulator-demodulator or modem at each of the locations. Telephone lines
      are commonly used to provide a communication channel between the modems.
      The modem at the first location, acting as a transmitter, modulates the
      data and transmits an analog signal through the communication channel to
      the modem at the second location. The modem at the second location, acting
      as a receiver, demodulates the analog signal to reproduce the data
      transmitted.
PAR  The characteristics of the communication channel, such as a telephone line,
      typically cause significant attenuation and delay distortion in the analog
      signal so that when the analog signal is demodulated, the data is
      inaccurate. To correct for these distortions, the receiver at the second
      location is typically provided with an equalization network including at
      least one equalizer having taps with variable multiplying coefficients. By
      sequentially multiplying the data in the equalizer, the intersymbol
      interference can be reduced to correct for the delay and attenuation
      distortion caused by the communication channel.
PAR  In the past, the incoming data has been random or unknown so that the
      equalizer has had to learn the overall impulse response of the channel by
      correlating the incoming symbols with their expected values. This
      correlation has produced error signals which have been used to adjust the
      multiplying coefficients of the taps in the equalizers. This procedure is
      disclosed and claimed in applicants' copending application for an
      EQUALIZER, Ser. No. 405,290 filed on Oct. 11, 1973, now U.S. Pat. No.
      3,906,347 and assigned of record to the assignee of record of the present
      application. Although this procedure works well for updating the
      multiplying coefficients of the equalizer, it is particularly time
      consuming for use in initially setting the taps. Until the taps are
      correctly adjusted, any data transmitted may be erroneous so that a
      tedious equalization procedure can significantly reduce the data
      throughput of the system.
PAR  This limitation is particularly apparent in multipoint communication
      networks including a master station and a plurality of slave stations. The
      receiver at the master station must adapt to the characteristics of a
      different telephone channel each time it communicates with a different one
      of the slave stations. In a system including 20 slave stations, a single
      polling of the network could consume as much as forty seconds in merely
      adjusting the equalizer taps.
PAR  In the following articles it was disclosed that the initial setting of the
      equalization taps could be speeded up by transmitting isolated impulses.
PA1  Chang, R. W., "A New Equalizer Structure for Fast Start-Up Digital
      Communication", B.S.T.J., Volume 50, Number 6, July-August 1971.
PA1  Chang, R. W. and Ho, E. Y., "On Fast Start-Up Data Communications Systems
      Using Pseudo-Random Training Sequences,"  B.S.T.J., Volume 51, Number 9,
      November 1972.
PAR  Due to the complexity of implementation hardware, the methods disclosed in
      these articles are only of academic interest and not applicable in any
      practical modems. In order to transmit the isolated impulses, the data
      transmission must first be stopped and then special circuitry must be used
      to both modulate and demodulate the signal. Any stoppage in the
      transmission of data of course significantly reduces the data throughput
      of the system. This problem is compounded in a multipoint communication
      network since the transmission of isolated impulses to correct the
      equalization of a receiver at a single slave station would mean that the
      transmission or data to all of the slave stations would be stopped.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a special sequence of data is
      transmitted to provide in the receiver a known sequence of partial
      response data symbols. It has been found that these data symbols can be
      used to derive the impulse response of the receiver, and this impulse
      response in turn can be used to adjust the taps of the equalizer. Of
      particular importance is that the entire equalization procedure can be
      accomplished in an interval of time corresponding to seven bauds which in
      a preferred embodiment is equivalent to 5.83 milliseconds. This
      significant reduction in time is of particular advantage in a multipoint
      communication network including for example twenty slave stations, wherein
      a single polling sequence can be completed in only 116.6 milliseconds.
      This is a 97% reduction in the equalization adaptation time compared with
      the practical methods of the prior art. This significant reduction in
      adaptation time occurs primarily as a result of transmission of a special
      sequence of data which is detected in the receiver and which facilitates
      the computation of impulse response characteristics.
PAR  This special data sequence is to be distinguished from the transmission of
      isolated impulses as taught by the articles cited above. Special circuitry
      is not required to modulate and demodulate the special data sequence,
      rather the data in the special sequence can be processed in the same
      manner as the normal data.
PAR  Furthermore, the special data sequence is such that it occurs with a high
      degree of probability even in random data signals. Thus, even without
      providing a special transmission of the data sequence, the sequence can be
      detected in random data and used to update the multiplying coefficients of
      the equalizer taps. In a particular embodiment, the special sequence may
      occur with a probability of 50% in each one thousand bauds. This provides
      sufficient updating capability to track the relatively slow, usually
      diurnal, equalization error.
PAR  These and other features and advantages of the present invention will be
      more apparent with a description of the specific embodiments discussed in
      conjunction with the following drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a multipoint communication network including a
      master station and a plurality of slave stations each including a
      transmitter and a receiver having the fast equalization characteristics
      associated with the present invention;
PAR  FIG. 2 is a block diagram of one of the transmitters illustrated in FIG. 1;
PAR  FIg. 3 is a block diagram of one of the receivers shown in FIG. 1 and
      illustrating an equalization network included in the fast equalizer of the
      present invention; and
PAR  FIG. 4 is a block diagram of a portion of the receiver of FIG. 3 showing
      the equalization network in greater detail and also illustrating a special
      sequence detector included in the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A multipoint communication network as illustrated in FIG. 1 and designated
      generally by the reference numeral 11. The communication network 11
      includes a master station 13 and a plurality of slave stations 15, 17, and
      19 which transmit information over telephone lines 21 and 23. The master
      station 13 typically includes a business machine 25, and a modem including
      a transmitter 27 and a receiver 29. The business machine 25 interfaces
      with the telephone line 21 through the transmitter 27, and interfaces with
      the telephone lines 23 through the receiver 29.
PAR  In this type of communication network 11, each of the slave stations 15,
      17, and 19 includes a business machine 31 and a modem including a
      transmitter 33 and a receiver 35. At each of the slave stations 15, 17,
      and 19, the business machine 31 interfaces with the telephone lines 23
      through the associated transmitter 33, and interfaces with the telephone
      lines 21 through the associated receiver 35. Although only three slave
      stations 15, 17, and 19 are illustrated in FIG. 1, it will be understood
      that the communication network 11 can include any number of slave
      stations.
PAR  The telephone lines 21 and 23 may be those designated by the Bell System as
      unconditional telephone channels. These channels are lease lines which
      include a pair of wires for each of the telephone lines 21 and 23. The
      modems of each of the master and slave stations 13, 15, 17, and 19 can be
      of the type disclosed and claimed in applicant's copending application for
      an AUTOMATIC DIGITAL MODEM, Ser. No. 324,657, filed on Jan. 18, 1973, and
      assigned of record to the assignee of record of the present application.
PAR  The procedure for transmitting data in such a communication network 11
      begins when the master station 13 selectively addresses or polls each of
      the slave stations 15, 17, and 19 to determine if there is any data to be
      transmitted. If the business machine 31 in one of the slave stations, such
      as the station 15, has no data to send, it typically responds to the poll
      by transmitting a "not acknowledge" signal. In the American Standard Code
      for Information Interchange, such a signal is encoded NAK. Even though
      this message may be very short, the receiver 29 at the master station 13
      must still adapt to the characteristics of the telephone lines 23 before
      it can accurately receive this message or any data. These characteristics
      of the telephone lines 23 will vary with each of the slave stations 15,
      17, and 19.
PAR  In the past, each adaptation of the receiver 29 to the characteristics of a
      particular transmitter 33 in the slave stations 15, 17, and 19 has taken a
      considerable amount of time, such as two seconds. In networks including as
      many as 20 slave stations for example, the total adaptation time has been
      as great as 40 seconds. During this period of time no data has been
      transmitted, and as a consequence, the throughputs of the prior art
      systems has been significantly reduced.
PAR  A procedure is known for rapidly adapting the receiver 29 to the timing and
      phase characteristics of the telephone lines 23. The present invention is
      concerned with the rapid equalization of the delay and attenuation
      distortion which occurs in the data signal due to the characteristics of
      the telephone lines 23.
PAR  Before proceeding with a detailed discussion of the fast equalization
      procedure, it is desirable to discuss the characteristics of the signals
      in the transmitter 33 and the receiver 29. The transmitter 33 is shown in
      greater detail in FIG. 2 between the business machine 31 and the telephone
      lines 23. An encoder 37 is connected to the business machine 31 and
      adapted to receive straight binary digitized data therefrom at a
      particular rate such as 2400 bits per second (bps) or 4800 bps. Within the
      encoder 37, the incoming data is randomized, differentially encoded, and
      separated into an in-phase or I channel and a quadrature or Q channel.
PAR  At the output of the encoder 37, the signals in the I and Q channels
      include digital words or symbols dI.sub.j and dQ.sub.j, respectively,
      where the sub j implies the jth data symbol. Each of the data symbols
      dI.sub.j and dQ.sub.j expresses one of a plurality of data levels, the
      number of which depends on the speed of operation. For example, if data is
      being transmitted at a rate of 2400 bps, the digital symbols will
      typically express levels of .+-.1. For 4800 bps operation, the symbols
      will typically express one of four levels, such as .+-. 3 and .+-. 1.
      These digital symbols dI.sub.j and dQ.sub.j will typically occur at the
      baud rate of 1200 per second so that the interval of time between adjacent
      symbols is 1/1200 seconds. This interval is commonly referred to as the
      baud interval. At the baud rate of 1200 symbols per second, the throughput
      of the modem is 1200 symbols per second, times two bits per symbol, times
      two channels, or 4800 bits per second.
PAR  During normal operation, the data symbols dI.sub.j and dQ.sub.j are
      introduced through an inhibitor 39 to a pair of digital lowpass filters 41
      and 43 in the I and Q channels respectively. The purpose of the inhibitor
      39 will be discussed in greater detail below.
PAR  The filters 41 and 43 can be transversal filters comprising a series of
      delay stages and means for sequentially multiplying each of the data
      symbols dI.sub.j and dQ.sub.j by a plurality of tap coefficients each of
      which is associated with one of the stages. The tap coefficients of the
      filters 41 and 43 will typically have fixed values which can be set, in
      combination with the tap coefficients of similar filters in the receiver
      29, to provide the system with (1,1) partial response signaling, which is
      discussed below. The products resulting from the multiplication in the
      filters 41 and 43 are summed to provide the output of the respective
      filters 41 and 43. These digital signals can be expressed as follows in
      the respective I and Q channels:
      ##EQU1##
      where gI.sub.-.sub.k are the multiplying coefficients of taps in the
      filters 41 and 43. As used herein the subscript k signifies positional
      notation. In Equation 1, the positional notation indicates the relative
      positions of various taps in a series of taps defining the filters 41 or
      43. For example, the taps in the series might have the values
      gI.sub.k.sbsb.2 . . . gI.sub.+.sub.2, gI.sub.+.sub.1, gI.sub.0,
      gI.sub.-.sub.1, gI.sub.-.sub.2 . . . gI.sub.-.sub.k.sbsb.1 .
PAR  After being appropriately filtered, the signals can be introduced to
      multipliers 42 and 44 in the respective I and Q channels wherein they are
      multiplied at a carrier frequency such as 1600 Hertz by digital quantities
      from a sine/cosine ROM 45. These modulated signals can then be combined in
      an adder 47, converted to an analog format in a digital-to-analog
      converter 49, and smoothed by an analog lowpass filter 51. In its analog
      format, the resulting signal transmitted on the telephone lines 23 can be
      expressed as follows:
EQU  s(t) = WI.sub.j cos.omega..sub.c t + WQ.sub.j sin.omega..sub.c t (Eq. 2)
PAL  where:
PA1  WI.sub.j and WQ.sub.j are the jth data symbols of the in-phase and
      quadrature components of the baseband signal; and
PA1  .omega..sub.c is the radian frequency on the sine/cosine ROM 45.
PAR  The signal s(t) transmitted on the telephone lines 23 may be altered to a
      greater or lesser extent, depending upon the quality of the lines 23. For
      example, the lines 23 may cause the entire data spectrum to shift; this is
      typically referred to as frequency offset. Telephone lines of poor quality
      may also produce phase jitter so that the carrier phase of the received
      signal varies in a generally sinusoidal manner with respect to the carrier
      phase of the transmitted signal. There may also be an initial difference
      between the carrier phase of the transmitter 33 and the carrier phase of
      the receiver 29. This is commonly referred to as phase offset.
PAR  Of particular interest to the present invention is the asymmetrical and
      symmetrical delay and attenuation distortion which is produced in the
      transmitted signal by telephone lines of poor quality. This distortion is
      based on the treatment telephone lines 23 give each particular frequency
      in the spectrum with respect to the carrier frequency. For example, some
      of the frequencies in the spectrum will experience a greater delay than
      other frequencies in the spectrum. Similarly, the telephone lines 23 may
      attenuate some frequencies more than others.
PAR  It is, of course, desirable that the receiver 29 compensate for all of
      these undesirable characteristics before any data is transmitted. This
      will minimize the error between the signal received and the signal
      transmitted.
PAR  To emphasize the distortion of the transmitted signal by the telephone
      lines 23, the signal at the input to the receiver 29 is designated s'(t).
      This signal s'(t) is substantially the transmitted signal s(t) plus all
      channel distortion. In addition to the phase and frequency offset, and
      phase jitter, the channel distortion will include gaussian and impulse
      noise as shown below:
EQU  s'(t) = {WI.sub.j cos [.omega..sub.c t + .phi. (t)] + WQ.sub.j sin
      [.omega..sub.c t + .phi. (t)]} * c(t) + n(t)              (Eq. 3)
PAL  where:
PA1  .phi. is the phase error produced by the telephone lines 23;
PA1  n(t) is the line noise, both gaussian and impulse;
PA1  * is convolution integral; and
PA1  c(t) is the channel impulse response, a function of the attenuation and
      delay distortion.
PAR  Referring now to FIG. 3, it will be noted that the input analog signal
      s'(t) from the telephone lines 23 is initially introduced through data
      access equipment 53 is an automatic gain control 55. An analog-to-digital
      converter or sampler 57 is provided to sample the incoming analog signal
      at a rate, such as 4800 times per second, corresponding to some multiple
      of the symbol rate of the transmitter 33.
PAR  This general type of timing control is disclosed and claimed in applicant's
      copending application Ser. No. 405,574 entitled DIGITAL DATA MODEM WITH
      AUTOMATIC TIMING RECOVERY AND CONTROL filed on Oct. 11, 1973, now U.S.
      Pat. No. 3,890,398 and assigned of record to the assignee of record of the
      present application.
PAR  Following the sampler 57 and throughout the remainder of the receiver 29,
      all signals in the embodiment have a digital format.
PAR  The digital signal from the sampler 57 can be separately multiplied in each
      of a pair of multipliers 59 and 61 by quantities stored in a sine/cosine
      ROM 63. In this manner, the signal can be non-coherently demodulated and
      separated into an in-phase or I channel and a quadrature or Q channel
      respectively.
PAR  From the multipliers 59 and 61, the signals in the I and Q channels can be
      introduced to respective digital lowpass filters 63 and 65 to select and
      to shape the baseband from the demodulated signal. It is the filters 63
      and 65 in the receiver 29 which were previously referred to as being tuned
      with the filters 41 and 43 in the transmitter 33 to provide the (1,1)
      partial response signaling.
PAR  Ideally, the (1,1) partial response signaling provides a seven-level signal
      at the output of each of the lowpass filters 63 and 65. In terms of the
      input data symbols dI.sub.j, dQ.sub.j, the seven-level partial response
      signals, which will be designated DI.sub.j and DQ.sub.j can be expressed
      as follows:
EQU  DI.sub.j = dI.sub.j + dI.sub.j.sub.-1
EQU  DQ.sub.j = dQ.sub.j + dQ.sub.j.sub.-1                      (eqs. 4)
PAR  If the signals from the filters 63 and 65 were ideal, the seven-level
      signals DI.sub.j and DQ.sub.j could be detected at this point and decoded
      to reproduce the data transmitted by the transmitter 33.
PAR  It is a primary purpose of the receiver 29 to correct the phase error and
      channel distortion so that the seven-level symbols DI.sub.j and DQ.sub.j
      can be detected to reproduce the transmitted data. Since the signals at
      the outputs of the lowpass filters 63 and 65 will typically not be ideal
      but will rather be polluted by channel distortions, phase error, and other
      forms of noise, they will be designated by the notation XI and XQ. In
      terms of the incoming signal s'(t) these preequalized signals can be
      expressed as follows:
EQU  XI = [s'(t) cos(.omega..sub.c t)] *gI (t)
EQU  XQ = [s'(t) sin(.omega..sub.c t)] *gI (t)                  (Eqs. 5)
PAL  where:
PA1  * is convolution integral; and
PA1  gI(t) is the impulse response of the filters 63 and 65.
PAR  Following the filters 63 and 65, these two baseband signals XI and XQ in
      the I and Q channels respectively can be introduced to an equalization
      network 67. This network 67 corrects for the asymmetrical as well as the
      symmetrical delay and attenuation distortion of the telephone lines 23. At
      the output of the equalization network 67, the signals in the I and Q
      channels, which will be designated YI' and YQ' respectively, can be
      expressed as follows:
      ##EQU2##
      where: CI and CQ are multiplying coefficients of equalizers in the
      equalization network 67, and
PA1  n is positional notation signifying the maximum number of stages in each of
      the equalizers.
PA1  This equalization network 67 will be described in greater detail below.
PAR  At the output of the equalization network 67, the equalized signals YI' and
      YQ' can be introduced to a phase correction network 69 which corrects for
      phase and frequency offset and phase jitter. The phase correction network
      69 can be of the type disclosed and claimed in applicant's copending
      application for a PHASE LOCK LOOP, Ser. No. 376,464, filed on July 5,
      1973, now abandoned and assigned of record to the assignee of record of
      the present application. At the output of the phase correction network 69,
      the equalized and phase corrected signals, which are typically designated
      YI and YQ in the respective I and Q channels, can be expressed as follows:
EQU  YI.sub.j = YI'.sub.j cos .phi.' - YQ'.sub.j sin .phi.'
EQU  YQ.sub.j = YQ'.sub.j cos .phi.' + YI'.sub.j sin .phi.'     (Eqs. 7)
PAR  In this particular embodiment, the signals YI and YQ will have been
      equalized and phase corrected at the output of the phase correction
      network 69. Thus, most of the distortion which prevents the preequalized
      signals XI and XQ from being ideal will have been removed. It follows that
      the signals YI and YQ are substantially the ideal seven-level symbols
      DI.sub.j and DQ.sub.j. These symbols can be detected by introducing the
      signals YI abd YQ to threshold detectors 71 and 73 in the respective I and
      Q channels. The detectors 71 and 73 determine which of the seven possible
      levels the YI.sub.j and YQ.sub.j signals most closely approximate. The
      seven-level symbols DI.sub.j and DQ.sub.j are then provided at the output
      of the respective detectors 71 and 73. A decoder 75 decodes the
      seven-level symbols DI.sub.j and DQ.sub.j to provide the four-level data
      symbols dI.sub.j and dQ.sub.j in accordance with the following equations:
EQU  dI.sub.j = DI.sub.j - dI.sub.j.sub.-1
EQU  dQ.sub.j = DQ.sub.j - dQ.sub.j.sub.-1 (previously designated Equations 4)
PAL  The decoder 75 also decodes the four-level symbols dI.sub.j and dQ.sub.j to
      provide the binary data which is then introduced to the business machine
      25 in the master station 13.
PAR  As disclosed in applicant's copending application for an AUTOMATIC DIGITAL
      MODEM, Ser. No. 324,657, previously mentioned, an error calculator 77 can
      provide system error signals EI and EQ. These signals are typically used
      during normal operation for updating at least the sampling rate of the
      sampler 57 and the phase correction of the network 69. In accordance with
      the present invention the equalization network 67 can be updated in a
      manner discussed below.
PAR  For symbols transmitted at the ideal Nyquist rate of 2.omega. per second
      over an ideal channel having a bandwidth of .omega. Hertz, the filters 41,
      43, 63, and 65 can be tuned to provide composite signal shaping
      characteristics of:
      ##EQU3##
      for
      ##EQU4##
      and H (.omega.) = 0 for
      ##EQU5##
      where T is the symbol period.
PAR  In the absence of channel distortion, this provides the overall system with
      an impulse response of
      ##EQU6##
      which can be shown to be unity for t = .+-. T/2 and 0 for all other
      sampling times. Thus samples taken at the times +T/2 and -T/2 both will
      have an impulse response of unity.
PAR  This type of signaling, which is commonly referred to as (1,1) partial
      response signaling, is particularly desirable in the present invention
      since it permits the seven-level symbols DI.sub.j and DQ.sub.j to be
      expressed in terms of the four-level data symbols dI.sub.j and dQ.sub.j as
      shown by Equation 4. It follows that the only intersymbol interference in
      the seven-level symbols DI.sub.j and DQ.sub.j is that associated with the
      four-level symbols dI.sub.j.sub.-1 and dQ.sub.j.sub.-1 of the preceding
      baud interval. This relationship facilitates decoding of the seven-level
      symbols in the manner previously discussed.
PAR  At the input to the equalization network 67, the signals in the respective
      I and Q channels can be expressed in terms of the data symbols dI.sub.j
      and dQ.sub.j as follows:
      ##EQU7##
      where: hI and hQ are the sample values of the equivalent baseband in-phase
      and quadrature impulse response characteristics of the I and Q channels
      resulting from filter shaping and channel distortion; and
PA1  i is positional notation representing the maximum number of significant
      terms of the hI and hQ sample values.
PAR  Since the input data symbols dI.sub.j and dQ.sub.j can be expressed in
      terms of the partial response data symbols DI.sub.j and DQ.sub.j
      respectively, it is apparent that the preequalized signals XI and XQ can
      also be expressed in terms of the partial response data signals DI.sub.j
      and DQ.sub.j as follows:
      ##EQU8##
      where i is positional notation representing the maximum number of
      significant terms of the pI and pQ sample values described below.
PAR  It can be seen from the similarity of Equations 10 and 11 that the h values
      in Equation 10 correspond to the response h(t) of the receiver 29 to an
      impulse in the s' (t) signal which provides the symbols dI.sub.j and
      dQ.sub.j. In contrast the p values in Equations 11 correspond to a
      response p(t) to an impulse in a signal providing the symbols DI.sub.j and
      DQ.sub.j.
PAR  If the partial response data symbols DI and DQ can be expressed in terms of
      the input data symbols dI and dQ, as shown in Equations 4, it follows that
      the impulse response p values can also be expressed in terms of the
      impulse response h values:
EQU  pI.sub.-.sub.i.sbsb.1  = hI.sub..sub.-i.sbsb.1
EQU  pI.sub.-.sub.i.sbsb.1 .sub.+1 = hI.sub.-.sub.i.sbsb.1 .sub.+1 -
      pI.sub..sub.-i.sbsb.1
PAL  and, in general,
EQU  pI.sub..sub.-i.sbsb.1.sub.+i = hI.sub..sub.-i.sbsb.1.sub.+i -
      pI.sub..sub.-i.sbsb.1 .sub.+i.sub.- 1
PAL  similarly, in general,                                     (Eqs. 12)
EQU  pQ.sub..sub.-i.sbsb.1 =  hQ.sub..sub.-i.sbsb.1
EQU  pQ.sub..sub.-i.sbsb.1.sub.+i = hQ.sub..sub.-i.sbsb.1.sub.+i -
      pQ.sub.-.sub.i.sbsb.1.sub.+i.sub.-1
PAR  Since the XI.sub.j and XQ.sub.j signals at the input to the equalization
      network 67 can be expressed in terms of the input data symbols dI.sub.j
      and dQ.sub.j (Equations 10), it follows that the YI'.sub.j and YQ'.sub.j
      signals can also be expressed in terms of these quantities:
      ##EQU9##
      where: lI and lQ are the sample values of the equivalent baseband in-phase
      and quadrature impulse response characteristics of the I and Q channels
      resulting from not only filter shaping and channel distortion but also
      equalization; and
PA1  k is the positional notation representing the maximum number of significant
      terms of the I and Q sample values.
PAR  If equalization is considered, Equations 13 can also be rewritten in terms
      of the data symbols DI.sub.j and DQ.sub.j and samples of a theoretical
      impulse response m(t). Thus the equalized signals can also be expressed
      as:
      ##EQU10##
      where: mI and mQ are the sample values of the equivalent baseband inphase
      and quadrature impulse response characteristics of the I and Q channels
      resulting from not only filter shaping and channel distortion but also
      equalization; and
PA1  k is positional notation respresenting the maximum number of significant
      terms of the mI and mQ sample values.
PAL  It can be seen from the similarity of Equations 13 and 14 that the m values
      correspond to a response to an impulse in a signal providing the partial
      response symbols DI.sub.j and DQ.sub.j.
PAR  As was the case with the h values and p values it can also be shown that
      the m values and l values have in general the following relationship:
EQU  mI.sub..sub.-k.sbsb.1.sub.+k = lI.sub..sub.-k.sbsb.1.sub.+k -
      mI.sub..sub.-k.sbsb.1.sub.+k  .sbsb.1
EQU  mQ.sub..sub.-k.sbsb.1.sub.+k = lQ.sub..sub.-k.sbsb.1.sub.+k -
      mQ.sub..sub.-k.sbsb.1.sub.+k .sbsb.1                      (Eqs. 15)
PAR  The updating of the sampler 57 and the phase correction network 69 can be
      accomplished during normal operation in the manner disclosed in
      applicant's copending application for an AUTOMATIC DIGITAL MODEM, Ser. No.
      324,657, previously mentioned. The present invention is concerned with the
      adjusting of the characteristics of the equalization network 67,
      particularly during the start-up period following the polling of a
      particular slave station, such as the station 15, and prior to the
      transmission of data. It will be shown that this adjusting technique can
      also be beneficially used to update the characteristics of the
      equalization network 67 even during normal operation.
PAR  The equalization network 67 is illustrated in greater detail in FIG. 4
      along with the detectors 71 and 73, and a special data sequence data
      detection network 77. It will be understood that the phase correction
      network 69 may either preceed or follow the equalization network 67 in a
      particular system. Furthermore, in the following discussion it will be
      assumed that the timing and phase of the receiver 29 are accurate. For
      this reason, the phase correction network 69 shown in FIG. 3 is not
      illustrated in FIG. 4 so that the signals YI and YQ appear at the output
      of the equalization network 67.
PAR  In a preferred embodiment of the present invention, the equalization
      network 67 includes a circulating register 79 which receives a plurality
      such as three, of the symbols XI.sub.j from the signal XI. These data
      symbols are illustrated in FIG. 4 to include the symbols XI.sub..sub.+1,
      XI.sub.0, and XI.sub..sub.-1. A circulating register 81 is also provided
      in the network 67 to receive a plurality of the symbols XQ.sub.j in the XQ
      signal. These symbols are illustrated to include the symbols
      XQ.sub..sub.+1, XQ.sub.0, and XQ.sub..sub.-1. It will be understood that
      the number of symbols stored in the registers 79 and 81 will vary with
      different embodiments of the invention. Actually the registers 79 and 81
      will typically provide for the circulation of six, 10, or even 20 symbols.
      However the three symbols illustrated in each of the registers 79 and 81
      will facilitate a discussion of the present invention.
PAR  In each baud interval, a clock 83 provides an extra clock pulse to the
      circulating registers 79 and 81 to shift the data in the registers one
      stage to thereby admit a new symbol XI.sub.j or XQ.sub.j to the respective
      registers 79 and 81.
PAR  The equalization network 67 also includes circulating registers 85 and 87
      which provide the taps or multiplying coefficients CI.sub.n and CQ.sub.n
      respectively. The number of taps or multiplying coefficients in the
      registers 85 and 87 will typically be equal to the number of symbols
      stored in the associated registers 79 and 91. Thus in the embodiment
      illustrated, the register 85 includes the three taps or multiplying
      coefficients CI.sub..sub.+1, CI.sub.0, and CQ.sub..sub.-1.
PAR  During each baud interval, the symbols XI.sub.j and the multiplying
      coefficients CI.sub.n are circulated completely and sequentially
      multiplied in a multiplier 89. This provides in a single baud interval the
      in-phase products CI.sub..sub.+1 (XI.sub..sub.-1), CI.sub.0 (XI.sub.0),
      and CI.sub..sub.+1 (XI.sub.-.sub.1). These in-phase products are
      introduced to an accumulator and differential adder shown at 91. The
      XQ.sub.j symbols are also circulated in each baud interval and introduced
      to multipliers 93 and 95. In the multiplier 93, the XQ.sub.j symbols are
      sequentially multiplied by the multiplying coefficient CI.sub.n from the
      register 85. This provides quadrature products CI.sub..sub.+1
      (XQ.sub..sub.-1), CI.sub.0 (XQ.sub.0), and CI.sub..sub.+1 (XQ.sub.-.sub.1)
      which are introduced to an accumulator and adder 97. In the multiplier 95,
      the XQ.sub.j symbols are correlated with the multiplying coefficient
      CQ.sub.n and the resulting products are introduced to the negative
      terminal of the differential adder 91. Finally, a multiplier 99 correlates
      the XI.sub.j symbols from the register 79 with the CQ.sub.n multiplying
      coefficients from the register 87, and the resulting quadrature products
      are introduced to the adder 97. In this manner, the adders 91 and 97
      provide during each baud interval the following signals:
      ##EQU11##
      Assuming there is perfect phase correction, the signals YI' and YQ' will
      be the signals YI and YQ as previously defined. These signals YI and YQ
      can then be detected in the detectors 71 and 73 in the manner previously
      discussed.
PAR  Since the XI.sub.j and XQ.sub.j signals can be expressed in terms of the h
      values (Equations 10), and the YI.sub.j and YQ.sub.j signals can be
      expressed in terms of the l values (Equations 13), it follows from
      Equation 6 that the h values and the l values are related by the
      multiplying coefficieints CI.sub.n and CQ.sub.n :
      ##EQU12##
PAR  It also follows that the sample values of the impulse response
      charactersitics m(t) and p(t) are similarly related by the multiplying
      coefficients CI.sub.k and CQ.sub.k :
      ##EQU13##
PAR  It will now be recalled that ideally YI'.sub.J equals DI.sub.j and
      YQ'.sub.j equals DQ.sub.j. This desirable result is achieved if all values
      of mQ.sub..sub.-k in Equations 14 are reduced to zero so that the DQ terms
      resulting from intersymbol interference are removed from the YI'.sub.j
      signal; and all DI terms, other than DI.sub.j, resulting from intersymbol
      interference are removed from the YI'.sub.j signal. In other words,
      YI'.sub.j equals DI.sub.j if:
      ##EQU14##
PAR  Note that with this result, the equalization network 67 has eliminated all
      intersymbol interference due to symmetrical attenuation and delay
      distortion, as shown by mI.sub..sub.-k equals 1 for k = 0, and
      mI.sub..sub.-k equals 0 otherwise. It has also eliminated all intersymbol
      interference due to asymmetrical attenuation and delay distortion as shown
      by mQ.sub..sub.-k equals 0 for all k.
PAR  It is a purpose of the present invention to provide the multiplying
      coefficients CI.sub.k and CQ.sub.k with values corresponding to the
      conditions noted for the m values in Equations 18. One means of
      accomplishing this desirable result is to transmit a known sequence of
      data from the transmitter 33 to the receiver 29 prior to the transmission
      of data.
PAR  In a preferred embodiment this special sequence of data includes the
      following symbols:
EQU  dI.sub.j = . . . +1, -1, +1, -1, +1, +1, - 1, +1, -1, +1 . . .
PAL  and
EQU  dQ.sub.j = . . . +1, -1, +1, -1, +1, -1, +1, -1, +1, -1 . . . (Eqs. 19)
PAL  In general it should be noted that the special sequence of data includes in
      one of the I and Q channels a first series of alternating positive and
      negative integer values of equal level. This first series is shown by the
      dQ.sub.j values illustrated in Equations 19. The special sequence of data
      also includes in the other of the I and Q channels a second series of data
      followed by a third series of data wherein each of the second and third
      series includes alternating positive and negative integer values of equal
      level. The second series ends with and the third series begins with a
      positive integer value so that two positive integer values appear in
      juxtaposition in the other of the I and Q channels. The second and third
      series are shown by the data symbols dI.sub.j illustrated in Equations 19.
PAR  When the special sequence shown in Equations 19 is transmitted, the
      received symbols in the respective I and Q channels of the receiver 29 can
      be derived from Equations 4.
EQU  DI.sub.j = . . . 0, 0, 0, 0, 2, 0, 0, 0, 0 . . .
PAL  and                                                        (Eqs. 20)
EQU  DQ.sub.j = . . . 0, 0, 0, 0, 0, 0, 0, 0, 0 . . .
PAR  In general it is desirable that the special sequence transmitted provides
      the DQ.sub.j symbols with zero values. This can be accomplished by
      transmitting in the Q channel a series of data symbols dQ.sub.j defined by
      alternating positive and negative integer values of equal value. For
      example, this result would be achieved with the dQ.sub.j series +1, -1,
      +1, -1 illustrated as Equation 19 as well as the dQ.sub.j series +3, -3,
      +3, -3.
PAR  With respect to the DI.sub.j signal, it is desirable that the special
      sequence transmitted provides a particular integer value in a series of
      zero values. For example the particular number 2 illustrated in Equation
      20 can be provided by transmitting the -1, +1, +1, -1 series shown in
      Equation 19.
PAL  If the transmitted series includes the dI.sub.j values -3, +3, +3, -3, the
      particular number in the DI.sub.j signal will be 6. These particular
      numbers, which affect the gain of the associated DI.sub.j symbol, will
      vary with different embodiments of the invention.
PAR  With the DI.sub.j and DQ.sub.j symbols as indicated in Equations 20, it
      will be noted that the DQ.sub.j symbols all reduce to zero and Equations
      11 can be simplified as follows:
      ##EQU15##
PAR  For a limited number of the p values, these Equations 21 can be written as
      follows:
EQU  XI.sub.j = DI.sub.j.sub.+2 pI.sub..sub.-2 + DI.sub.j.sub.+ 1 pI.sub..sub.-1
      + DI.sub.j pI.sub.0 + DI.sub.j.sub.-1 pI.sub.1 + DI.sub.j.sub.-2 pI.sub.2
      (Eqs. 22) XQ.sub.j = -DI.sub.j.sub.+2 pQ.sub..sub.-2 - DI.sub.j.sub.+1
      pQ.sub..sub.-1 - DI.sub.j pQ.sub.0 - DI.sub.j.sub.-1 PQ.sub.1 -
      DI.sub.j.sub.-2 pQ.sub.2
PAR  In response to the particular sequence of DI.sub.j signals, these terms in
      the XI.sub.j and XQ.sub.j signal become:
EQU  XI.sub.j = (0)pI.sub..sub.-2 + (0) pI.sub..sub.-1 + 2pI.sub.0 + (0)
      pI.sub.1 + (0)pI.sub.2                                    (Eqs. 23)
EQU  XQ.sub.j = -(0)pQ.sub..sub.-2 - (0) pQ.sub..sub.-1 - 2pQ.sub.0 - (0)
      pQ.sub.1 - (0)pQ.sub.2
PAR  More specifically, at the times indicated, the XI.sub.j and XQ.sub.j
      signals will have the following values:
EQU  XI.sub.j.sub.+2 = 2pI.sub..sub.-2
EQU  XQ.sub.j.sub.+2 = -2pQ.sub..sub.-2
EQU  XI.sub.j.sub.+1 = 2PI.sub..sub.-1
EQU  XQ.sub.j.sub.+1 = -2PQ.sub..sub.-1
EQU  XI.sub.j = 2pI.sub.0
EQU  XQ.sub.j = -2pQ.sub.0
EQU  XI.sub.j.sub.-1 = 2pI.sub.1
EQU  XQ.sub.j.sub.-1 = -2pQ.sub.1
EQU  XI.sub.j.sub.-2 = 2pI.sub.2
EQU  XQ.sub.j.sub.-2 = -2pQ.sub.2                               (Eqs. 24)
PAL  where all pQ.sub.i and all pI.sub.i except pI.sub.0 represent intersymbol
      interference caused by channel distortion.
PAR  As noted, the transmission of the special data sequence provides in the
      receiver 29 the symbols DI.sub.j and DQ.sub.j shown in Equations 20. A
      substitution of these values for DI and DQ into Equations 14 shows that:
EQU  YI.sub.j = 2mI.sub.k
EQU  YQ.sub.j = -2mQ.sub.k                                      (Eqs. 25)
PAR  If, prior to the transmission of the special data sequence, the CI.sub.n
      and CQ.sub.n taps are set so that CI.sub.0 is equal to one and all other
      CI.sub.n equals zero, and all CQ.sub.n equals zero, then Equation 25
      becomes:
EQU  YI.sub.j = 2mI.sub.0
EQU  YQ.sub.j = -2mQ.sub.0                                      (Eqs. 26)
PAL  It follows that in response to the special data sequence, the output of the
      equalization network 67 can be expressed in general as follows:
EQU  YI.sub.j .sub.+ k = 2mI.sub.k
EQU  YQ.sub.j .sub.+ k = -2mQ.sub.k                             (Eqs. 27)
PAR  As previously noted, it is desirable that the taps CI.sub.n and CQ.sub.n be
      adjusted so that mI.sub.k equals one for k equal to zero and mI.sub.k
      equals zero for k not equal to zero; and mQ.sub.k equals zero for all k.
PAR  The best solution for CI.sub.n and CQ.sub.n, given the values for pI.sub.i
      and pQ.sub.i, or mI.sub.k and mQ.sub.k is tedious and time consuming to
      calculate. Furthermore equalization networks of the past using normal
      adjustment procedures would require a number of seconds to converge on the
      required values. We have found that an excellent approximation of the
      desired result can be achieved for channels with relatively few large
      pI.sub.i and pQ.sub.i values, particularly if the maximum pI.sub.k and
      pQ.sub.k value is less than approximately 15% of the pI.sub.0 value. This
      approximation gives an excellent result in a very short interval of time
      such as 5.8 milliseconds. In accordance with this rapid equalization
      technique, the CI.sub.n and CQ.sub.n values can be adjusted as follows:
EQU  CI.sub.0 = mI.sub.0 = 1.0
EQU  CI.sub.n = -mI.sub.k
EQU  CQ.sub.0 = mQ.sub.0 = 0
EQU  CQ.sub.n = mQ.sub.k                                        (Eqs. 28)
PAL  where the sub n and sub k terms run simultaneously, that is CI.sub..sub.-1
      = -mI.sub..sub.-1 ; CQ.sub..sub.-2 = mQ.sub..sub.-2 etc.
PAR  Substituting Equations 27 into Equations 28 provides the following
      conclusions:
      ##EQU16##
      where n and k run simultaneously in accordance with the solution provided
      by Equations 28.
PAR  In the preceding Equations 29, the denominator 2 corresponds to the
      coefficient of the mI.sub.k and mQ.sub.k values in the Equations 27. This
      coefficient in turn corresponds to the particular number appearing in the
      DI signal shown in Equation 20. As previously noted, the special sequence
      may provide other integer values of equal magnitude such as the sequence:
EQU  DI.sub.j = . . . +3, -3, +3, -3, +3, +3, -3, +3, -3, +3 . . . (Eqs. 30)
PAL  and
EQU  DQ.sub.j = . . . -3, +3, -3, +3, -3, +3, -3, +3, -3, +3 . . .
PAL  In this case, the particular number in the Equations 20 would be six, the
      coefficient in the Equations 27 would be six, and the divisor in the
      Equations 29 would also be six. It can be seen that any special sequence
      having the general characteristics previously mentioned can be used with
      the present invention. The different sequences would only have an effect
      upon the gain of the symbols DI.sub.j in the receiver 29.
PAR  The effectiveness of the approximate solution set forth in Equations 28 can
      best be shown with an example. Suppose that the telephone lines 23 provide
      the data symbols dI.sub.j and dQ.sub.j with the following intersymbol
      interferences:
EQU  pI.sub..sub.-1 = 0.1
EQU  pI.sub.0 = 1.0
EQU  pI.sub.1 = -0.1
EQU  pQ.sub..sub.-1 = 0
EQU  pQ.sub.0 = p
EQU  pQ.sub.1 = -0.05                                           (Eqs. 31)
PAR  Without equalization, the peak interference could be as much as
EQU  0.1 + 0.1 + 0.05 + 0.05 = 0.3                              (Eq. 32)
PAR  The equalizer gain taps computed in accordance with the method of the
      present invention would be adjusted to the following values:
EQU  CI.sub..sub.-1 = -0.1
EQU  CI.sub.0 = 1
EQU  CI.sub.1 = 0.1
EQU  CQ.sub..sub.-1 = 0.05
EQU  CQ.sub.0 = 0
EQU  CQ.sub.1 = -0.05                                           (Eqs. 33)
PAR  By virtue of Equations 27, the m values at the output of the equalization
      network 67 would be as follows after this initial equalization:
EQU  mI.sub..sub.-2 = -0.0075
EQU  mI.sub..sub.-1 = 0
EQU  mI.sub.0 = 1.015
EQU  mI.sub.1 = 0
EQU  mI.sub.2 = -0.0075
EQU  mQ.sub..sub.-2 = 0.01
EQU  mQ.sub..sub.-1 = 0
EQU  mQ.sub.0 = -0.02
EQU  mQ.sub.1 = 0
EQU  mQ.sub.2 = 0.01                                            (Eqs. 34)
PAL  From this result it can be seen that the peak interference is reduced from
      0.3 to
EQU  0.0075 + 0.0075 + 0.01 + 0.02 + 0.01 = 0.055               (Eqs. 35)
PAR  Actually the intersymbol interference associated with the mQ.sub.0 term
      would be essentially eliminated by the phase correction in the network 69
      so that the effective peak interference reduction is from 0.3 to 0.035.
PAR  It will now be shown that this approximate solution provides excellent
      results not only in adjusting the CI.sub.n and CQ.sub.n taps initially but
      also in correcting a previous equalizer setting when the proper
      transmitter sequence is present.
PAR  Suppose that the channel intersymbol interference changes to the following
      values:
EQU  pI.sub..sub.-1 = 0.08
EQU  pI.sub.0 = 1.0
EQU  pI.sub.1 = -0.08
EQU  pQ.sub..sub.-1 = 0.04
EQU  pQ.sub.0 = 0
EQU  pQ.sub.1 = -0.04                                           (Eqs. 36)
PAL  but that the equalizer settings remain as shown:
EQU  CI.sub..sub.-1 = -0.1
EQU  CI.sub.0 = 1.0
EQU  CI.sub.1 = 0.1
EQU  CQ.sub..sub.-1 = 0.05
EQU  CQ.sub.0 = 0
EQU  CQ.sub.1 = -0.05                                           (Eqs. 37)
PAL  The new equalizer output response is:
EQU  mI.sub..sub.-2 = -0.006
EQU  mI.sub..sub.-1 = -0.02
EQU  mI.sub.0 = 1.012
EQU  mI.sub.1 = 0.02
EQU  mI.sub.2 = -0.006
EQU  mQ.sub..sub.-2 = -0.008
EQU  mQ.sub..sub.-1 = -0.01
EQU  mQ.sub.0 = 0.016
EQU  mQ.sub.1 = 0.01
EQU  mQ.sub.2 = -0.008                                          (Eqs. 38)
PAR  The new settings for the taps CI.sub.n in the next iteration (t+1) can be
      simply obtained by subtracting the mI.sub.k value in the next iteration
      (t+1) from the CI.sub.n value in the present iteration (t). The new
      CI.sub.n values in the next iteration (t+1) can be similarly derived by
      adding the mQ.sub.k value in the next iteration (t+1) from the EQ.sub.n
      value in the present iteration (t), as shown below:
EQU  CI.sub.n (t+1) = CI.sub.n (t) - mI.sub.k (t+1)
PAL  and                                                        (Eqs. 36)
EQU  CQ.sub.n (t+1) = CQ.sub.n (t) + mQ.sub.k (t+1)
PAL  Thus, the new settings are simply:
EQU  CI.sub..sub.-1 = -0.08
EQU  CI.sub.0 = 1.0
EQU  CI.sub.1 = 0.08
EQU  CQ.sub..sub.-1 = 0.04
EQU  CQ.sub.0 = 0
EQU  CQ.sub.1 = -0.04                                           (Eqs. 40)
PAL  which matches the new channel distortion.
PAR  The significant advantages of this fast equalization method can be provided
      by many different combinations of apparatus including that illustrated in
      FIGS. 2 and 4. In FIG. 2, it will be noted that the special sequence can
      actually be generated and transmitted by the transmitter 33 by providing a
      start-up sequence generator 102. An address detector 104 responds to the
      particular address of the associated slave station (such as the station
      15) by providing a signal which is introduced through an ENABLE gate 106
      to activate the inhibitor 39 and the generator 102. When activated, the
      inhibitor 39 prohibits data from the encoder 37 from entering the digital
      lowpass filters 41 and 43. While this data is inhibited, the generator 102
      introduces into the respective I and Q channels the special data sequence
      which can be that shown in Equations 19. At the termination of the
      sequence, the ENABLE gate 106 discontinues the activation of the inhibitor
      39 and the generator 102 so that normal data can be transmitted to the
      receiver 29.
PAR  Of initial interest in the implementation of the receiver 29 is the
      detection of the special data sequence. This is accomplished by the
      special sequence detection network 77 which can include a DI register 105
      and DQ register 107. The DI register 105 sequentially receives the
      DI.sub.j symbols from the detector 71 and these symbols are compared with
      the special sequence in a sequence detector 109. Similarly the DQ.sub.j
      symbols can be introduced to the DQ register 107 and compared with a
      special sequence in the sequence detector 111. When the desired sequences
      appear in both the I and Q channels, signals from the detectors 109 and
      111 activate an AND gate 112 which provides an ENABLE signal on the
      conductor 114.
PAR  To provide the desirable information shown in Equations 29, the YI.sub.j
      term can be introduced to a YI register 113. To further implement
      Equations 29, the YI.sub.j terms in the register 113 can be shifted one
      bit to the right to provide the quantity YI.sub.j /2. The quantity
      YQ.sub.j can be similarly introduced to a YQ register 115 and shifted to
      provide the quantity YQ.sub.j /2.
PAR  These quantities YI.sub.j /2 and YQ.sub.j /2 can be enabled through
      respective gates 116 and 118 of the enable signal on the conductor 114.
      Thus when the special sequence is detected, the quantity YI.sub.j /2 is
      introduced to the negative terminal of a differential adder 119 and the
      quantity YQ.sub.j /2 is introduced to one of the positive terminals of an
      adder 121. To implement Equations 39, the multiplying coefficients
      CI.sub.n and CQ.sub.n from the respective circulating registers 85 and 87
      can be introduced to the remaining positive terminals of the adders 119
      and 121 respectively. Finally, the corrected tap coefficients at the
      outputs of the adders 119 and 121 can be circulated into the respective
      registers 85 and 87.
PAR  From the foregoing discussion it is apparent that the equalization
      technique disclosed herein can be used for very fast initial channel
      learning as well as equalization updating during normal operation. The
      requirements for equalization are, however, that a special data sequence
      be transmitted. This can be easily arranged for initial channel learning
      by transmitting the desired sequence as a preamble prior to any data
      transmission. It will now be shown that this special sequence can actually
      occur with a high probability even in random data.
PAR  It can be seen that for the binary data shown below, there is a 50%
      probability that the partial response symbols D.sub.i will have a value of
      .+-. 2, and a 50% probability the D.sub.i symbols will have a value of
      zero. In general, the probability of obtaining the desired sequence with
      random data in (n) bauds is:
      ##EQU17##
      where mk is the total number of mI.sub.k terms, including mI.sub.0 and
      mQ.sub.0 that are required in both the I and Q channels.
PAR  For the example previously given, wherein the total number of taps is six,
      mk equals six. In this specific case, the number of bauds of samples
      corresponding to a probability of 50% occurrence is approximately one
      thousand. That is, there is better than a 50% probability that the
      equalization network 67 can be updated evern one thousand symbols
      transmitted. This is faster updating than would normally be required. For
      example, the updating could be accomplished with a better than 50%
      probability every second. This is more than sufficient to track the
      characteristics of the telephone lines 23 which change relatively slowly,
      usually on a diurnal basis.
PAR  If the equalization characteristics of the receiver 29 are adjusted solely
      with reference to random data, the transmitter 33 need not include the
      following apparatus shown in FIG. 2: inhibitor 39, address detector 104,
      enable gate 106 and start up sequence generator 102. Of course in a
      particular embodiment, similar apparatus may be desirable to perform other
      functions substantially unrelated to equalization. For example, a start up
      sequence generator may be desirable to initially set the phase and timing
      of the receiver 29.
PAR  The equalization technique disclosed herein is of particular advantage not
      only in initially setting the taps of the equalization networks 67 prior
      to data transmission, but also in readjusting these taps during normal
      operation. In response to the transmission of the special sequence, the
      CI.sub.n and CQ.sub.n taps in the network 67 can be adjusted in a time
      interval equivalent to only approximately seven bauds. For initial fast
      learning, the special sequence can be transmitted by the transmitter 33 as
      shown in FIG. 2. For subsequent updating of the taps CI.sub.n and
      CQ.sub.n, the special sequence can be detected in random data. Depending
      on the number of terms needed for the updating of a particular equalizer,
      the special sequence can occur with better than 50% probability in a
      period of only one thousand bauds.
PAR  Although the invention has been described with reference to a particular
      data sequence and a particular number of taps in the equalization network
      67, it will be understood that these characteristics may vary widely in
      different embodiments of the invention. In addition, there will be many
      other variations of the implementation all within the scope of the present
      invention which will now be apparent to those of ordinary skill in the
      art. For this reason, the scope of the invention should be ascertained
      only with reference to the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for processing a random data signal comprising:
PA1  equalizing means for equalizing the random data signal to provide a
      substantially equalized data signal, said equalizing means including
      variable gain means for subjecting the random data signal to at least one
      of a plurality of gains;
PA1  partial response detector means for detecting the data in the equalized
      signal to provide a partial response data signal;
PA1  means for detecting a first data sequence in the partial response data
      signal; and
PA1  means responsive to the detection of said first data sequence in the
      partial response data signal for adjusting the variable gain means of the
      equalizer whereby the equalizer is rapidly adjusted using random data.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said last mentioned means
      includes storage means for storing the substantially equalized signal.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein the first sequence includes
      at least one zero on each side of a number other than zero.
NUM  4.
PAR  4. A method of adjusting an equalizer utilizing random data comprising:
PA1  providing an equalizer having variable gain means for subjecting a signal
      to at least one of a plurality of gains;
PA1  equalizing a random data signal with said equalizer to provide a
      substantially equalized random data signal;
PA1  detecting the data in the random data signal to provide a detected random
      data signal;
PA1  detecting the occurrence of a first sequence in the detected random data
      signal with said sequence including a number other than zero and at least
      one zero on at least one side of such number; and
PA1  adjusting the variable gain means of the equalizer in repsonse to the
      occurrence in the detected random data signal of said first sequence
      whereby the equalizer is rapidly adjusted utilizing random data.
NUM  5.
PAR  5. A method as defined in claim 4 wherein said variable gain means includes
      a plurality of tap coefficients and said step of adjusting includes
      combining the substantially equalized signal with at least one of the tap
      coefficients in response to said first sequence to provide a corrected tap
      coefficient and supplying the corrected tap coefficient to the equalizer.
NUM  6.
PAR  6. A method as defined in claim 4 wherein said step of detecting is carried
      out to provide partial response detected data signals.
NUM  7.
PAR  7. A method as defined in claim 6 wherein the first sequence includes at
      least one zero on each side of said number.
NUM  8.
PAR  8. An apparatus for processing a demodulated data signal comprising:
PA1  equalizing means for equalizing the demodulated data signal to provide a
      substantially equalized signal, said equalizing means including means for
      storing a plurality of different coefficients, said equalizing means being
      adapted to use the coefficients to equalize the demodulated data signal;
PA1  storage means for storing the substantially equalized signal;
PA1  detector means for detecting the data in the substantially equalized signal
      to provide a detected data signal;
PA1  first means responsive to a first sequence in the detected data signal for
      combining the substantially equalized signal from the storage means
      therefor with at least one coefficient from the storage means therefor to
      provide a corrected coefficient; and
PA1  means for introducing the corrected coefficient to said equalizing means
      whereby the equalizing means is adapted to the signal received by it.
NUM  9.
PAR  9. A receiver adapted to receive an analog data signal comprising:
PA1  means for sampling the analog data signal to provide a first signal in
      digital format;
PA1  equalizing means for equalizing the first signal to provide a substantially
      equalized signal, said equalizing means including means for storing a
      plurality of different coefficients, said equalizing means being adapted
      to use the coefficients to equalize the first signal;
PA1  storage means for storing the substantially equalized signal;
PA1  detector means for detecting the data in the substantially equalized signal
      to provide a detected data signal;
PA1  first means responsive to a first sequence in the detected data signal for
      combining the substantially equalized signal from the storage means
      therefor with at least one coefficient from the storage means therefor to
      provide a corrected coefficient; and
PA1  means for introducing the correct coefficient to said equalizing means
      whereby the equalizing means is adapted to the signal received by it.
NUM  10.
PAR  10. A receiver as defined in claim 9 wherein said storage means for the
      substantially equalized signal includes means for dividing the
      substantially equalized signal.
NUM  11.
PAR  11. A receiver as defined in claim 9 including a phase correction network
      for receiving the equalized signal from the equalizing means and
      correcting the phase thereof to provide a second substantially equalized
      signal the phase of which has been substantially corrected, said storage
      means storing said second equalized signal and said detector means
      detecting the data in the second equalized signal.
NUM  12.
PAR  12. A receiver as defined in claim 9 wherein said detector means includes a
      partial response detector.
NUM  13.
PAR  13. A receiver as defined in claim 9 wherein said first sequence includes
      at least one zero.
NUM  14.
PAR  14. A receiver as defined in claim 9 wherein said first sequence includes a
      series of zeros.
NUM  15.
PAR  15. A receiver as defined in claim 9 wherein said first sequence includes
      at least one zero immediately on one side of a number other than zero.
NUM  16.
PAR  16. A receiver as defined in claim 9 wherein said first means includes
      means for comparing the detected data signal with said first sequence,
      means for providing an enable signal when the first sequence appears in
      the detected data signal, and gate means responsive to the enable signal
      to control the output of the storage means.
NUM  17.
PAR  17. A receiver as defined in claim 9 wherein the receiver has in-phase and
      quadrature channels, said first sequence includes a second sequence in
      said in-phase channel and a third sequence in said quadrature channel,
      said second and third sequences being different.
NUM  18.
PAR  18. A receiver as defined in claim 17 wherein one of said second and third
      sequences comprises a series of zeros and the other of said second and
      third sequences comprises a number other than zero and zeros on both sides
      of said number.
NUM  19.
PAR  19. A receiver as defined in claim 9 wherein said storage means for the
      equalized signal includes means for dividing the equalized signal, said
      detector means includes a partial response detector, and said first
      sequence includes at least one zero.
PATN
WKU  039355365
SRC  5
APN  3411214
APT  1
ART  232
APD  19730314
TTL  Ghost signal cancellation system
ISD  19760127
NCL  5
ECL  1
EXA  Stellar; George G.
EXP  Libman; George H.
NDR  16
NFG  59
INVT
NAM  Kimura; Takeji
CTY  Hirakata
CNT  JA
INVT
NAM  Oyama; Tomio
CTY  Toyonaka
CNT  JA
INVT
NAM  Yamada; Haruyasu
CTY  Kadoma
CNT  JA
INVT
NAM  Harada; Shuzi
CTY  Matsubara
CNT  JA
INVT
NAM  Yoshino; Hirokazu
CTY  Katano
CNT  JA
INVT
NAM  Tsuboka; Eiichi
CTY  Nara
CNT  JA
ASSG
NAM  Matsushita Electric Industrial Co., Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720316
APN  47-27184
PRIR
CNT  JA
APD  19720323
APN  47-29483
PRIR
CNT  JA
APD  19720418
APN  47-39275
PRIR
CNT  JA
APD  19720418
APN  47-39276
PRIR
CNT  JA
APD  19720418
APN  47-39277
PRIR
CNT  JA
APD  19720418
APN  47-39278
PRIR
CNT  JA
APD  19720506
APN  47-44792
PRIR
CNT  JA
APD  19720603
APN  47-55300
PRIR
CNT  JA
APD  19720603
APN  47-55301
PRIR
CNT  JA
APD  19720607
APN  47-57124
CLAS
OCL  325476
XCL  178DIG44
XCL  328163
EDF  2
ICL  H04B  110
ICL  H04N  544
FSC  178
FSS  5;6;7.3 R;7.5 R;DIG. 4;DIG. 12;DIG. 15;DIG. 44
FSC  325
FSS  65;304;473;474;475;476
FSC  328
FSS  162;163;164;165
FSC  330
FSS  149
UREF
PNO  2227057
ISD  19401200
NAM  Blumein
OCL  250 20
UREF
PNO  3356947
ISD  19671200
NAM  Di Toro
OCL  328162
UREF
PNO  3537008
ISD  19701000
NAM  Lakatos
OCL  325 65
UREF
PNO  3580991
ISD  19710500
NAM  Krause
OCL  358  8
UREF
PNO  3763314
ISD  19731000
NAM  Murakami
OCL  178  7.3R
FREF
PNO  631,960
ISD  19491100
CNT  UK
OCL  325476
FREF
PNO  523,434
ISD  19400700
CNT  UK
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  A ghost signal cancellation system for cancelling ghost signals caused, for
      example, by reflection in a transmission line of television signals
      transmitted from a television transmitting station. This system is
      particularly suited for incorporation in a television receiver to improve
      the picture quality of a reproduced picture.
BSUM
PAR  The present invention relates generally to ghost signal cancellation
      systems and more particularly to a ghost signal cancellation system
      suitable for use in a television receiver.
PAR  Generally, when a television signal wave, for example, is reflected by an
      obstruction or the like and the reflected wave is received and
      superimposed on a radiated wave directly arriving at the receiving
      antenna, a duplicate image of the reproduced picture appears on the screen
      of the cathode ray tube of a television receiver at a place displaced from
      the original image by a distance corresponding to a delay of several .mu.
      sec. This reflected wave component is called a ghost signal and two, three
      or more images may be produced to the side of the original image as the
      number of reflected waves increases.
PAR  It is an object of the present invention to provide a ghost signal
      cancellation system capable of cancelling out such ghost signals.
PAR  It is another object of the present invention to provide a ghost signal
      cancellation system capable of automatically detecting and cancelling out
      such ghost signals.
PAR  It is a further object of the present invention to provide a ghost signal
      cancellation system, wherein in view of the fact that one ghost signal
      cancellation adjustment is enough if the transmitting and receiving
      stations are fixed, a manual adjustement is utilized in place of an
      automatic adjustment, thereby making the construction of the system
      simpler.
PAR  In accordance with the present invention, a ghost signal cancellation
      system is provided which is relatively simple in construction and which
      may be conveniently incorporated in a television receiver to produce
      reproduced pictures of good quality.
DRWD
PAR  Other objects and advantages of the present invention will become readily
      apparent from considering the following detailed description in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram showing a first embodiment of a ghost signal
      cancellation system according to the present invention;
PAR  FIGS. 2, 3 and 4 are circuit diagrams showing respectively specific circuit
      constructions of the principal component parts of FIG. 1;
PAR  FIG. 5 is a waveform diagram of the driving signals for the bucket brigade
      device;
PAR  FIG. 6 is a block diagram of another embodiment to the system according to
      the present invention;
PAR  FIG. 7 is a block diagram of a further embodiment of the system according
      to the invention;
PAR  FIGS. 8A and 8B are signal waveform diagrams for the embodiment of FIG. 7;
PAR  FIG. 9 is a block diagram of a still further embodiment of the system
      according to the invention;
PAR  FIG. 10 is a specific circuit diagram for the principal part of the
      embodiment of FIG. 9;
PAR  FIGS. 11A to 11G are signal waveform diagrams for the embodiment shown in
      FIG. 9;
PAR  FIG. 12 is a block diagram of a still further embodiment of the system
      according to the invention;
PAR  FIGS. 13A to 13F are signal waveform diagrams for the embodiment of FIG.
      12;
PAR  FIG. 14 is a specific circuit diagram for the principal part of the
      embodiment shown in FIG. 12;
PAR  FIG. 15 is a block diagram of a still further embodiment of the system
      according to the present invention;
PAR  FIGS. 16A to 16D are waveform diagrams of the signals at various portions
      of the embodiment of FIG. 15;
PAR  FIG. 17 is a block diagram of a detector for detecting the time interval of
      ghost signals;
PAR  FIGS. 18A to 18H and FIGS. 19A to 19H are signal waveforms diagrams for the
      detector of FIG. 17;
PAR  FIG. 20 is a block diagram of a still further embodiment of the system
      according to the invention;
PAR  FIGS. 21A to 21G are signal waveform diagrams for the embodiment of FIG.
      20;
PAR  FIG. 22 is a circuit diagram showing the detailed circuit construction of
      the principal part of the embodiment shown in FIG. 20;
PAR  FIG. 23 is a block diagram of a still further embodiment of the system
      according to the invention; and
PAR  FIG. 24 is a block diagram of a television receiver embodying the present
      invention.
DETD
PAR  The present invention will now be explained with reference to FIG. 1
      illustrating an embodiment of the invention. In the figure, numeral 1
      designates a voltage-controlled oscillator whose frequency of oscillation
      is variable depending on the adjustment of a variable resistor R.sub.t.
      Numeral 2 designates a Schmitt trigger circuit for reshaping the output of
      the oscillator 1 into a rectangular wave form. Numeral 3 designates a
      flip-flop circuit which receives the output of the Schmitt trigger circuit
      2 and produces clock pulses .phi..sub.1 and .phi..sub.2 in two phases as
      shown in FIG. 5. Numeral 4 designates a Bucket brigade device actuated by
      the two-phase clock pulses .phi..sub.1 and .phi..sub.2 and adapted to act
      as a variable delay device whose delay is variable depending on the
      repetition frequency of the two-phase clocks. Numeral 5 designates a
      low-pass inverting filter for effecting the polarity reversal and the
      removal of unnecessary high frequency components, and numeral 6 designates
      an operational amplifier externally provided with a variable resistor
      R.sub.g and resistors R.sub.s and R.sub.f to perform analogically the
      operation of addition on the output of the low-pass inverting filter 5 and
      an original video signal containing a ghost.
PAR  FIGS. 2 through 4 are detailed circuit diagrams for the embodiment of FIG.
      1. In FIG. 2, there are shown specific circuit constructions of the
      oscillator 1, the Schmitt trigger circuit 2 and the flip-flop circuit 3.
PAR  FIG. 3 illustrates one form of the circuit construction of the bucket
      brigade device 4 as a clock-controlled semiconductor delay device. While,
      in this embodiment, the bucket brigade device has been used, a charge
      coupled device may also be employed.
PAR  FIG. 4 illustrates a circuit construction of the low-pass polarity-inverter
      filter 5 and the operational amplifier 6. In the figure, C.sub.c
      designates a coupling capacitor and R.sub.E and R.sub.c designate
      respectively the emitter resistor and collector resistor of a phase
      inverter transistor.
PAR  The operation of the first embodiment is as follows: A negative video
      signal containing a ghost is applied to the bucket brigade device 4 where
      it is sampled by a transistor Q.sub.i and a clock pulse .phi..sub.2 and
      then stored in a capacitor C.sub.i in FIG. 3. This voltage is then
      transmitted by a clock pulse .phi..sub.1 to a capacitor C.sub.1 through a
      transistor Q.sub.1 and in like manner the voltage is successively
      transmitted by clock pulses .phi..sub.1 and .phi..sub.2 to capacitors
      C.sub.2, ..... , and C.sub.N. The information thus stored in the capacitor
      C.sub.N is delivered through an output transistor Q.sub.o. In this case,
      the delay time t .sub.d of the signal is determined by the number N of the
      transistor-capacitor pairs and the repetition frequency f of the clock
      pulses and it is given by the following expression:
EQU  t.sub.d = N/2f
PAL  Consequently, if the value of the repetition frequency f is selected
      greater than twice the value of the maximum frequency f.sub.max in the
      frequency band of the video signal and if the value of f is changed within
      the limits which satisfies the condition of f .gtoreq. 2f.sub.max, the
      delay time t.sub.d can be changed correspondingly. In this way, the delay
      time t.sub.d is selected to correspond with the delay time of the ghost.
      The clock pulses used consist of pulses obtained by reshaping the AC
      output of the voltage-controlled oscillator 1 by the Schmitt trigger
      circuit 2 and the flip-flop 3. While, in this embodiment, the voltage for
      controlling the oscillation frequency of the oscillator 1 has been
      produced by dividing a voltage V.sub.cc by the variable resistor R.sub.t,
      the delay time of the ghost may be automatically detected to thereby
      produce the required control voltage. Further, all that is essential with
      the circuits 1 to 3 is to provide clock pulses having a desired repetition
      frequency and therefore many other modifications may also be used. For
      instance, it is possible to use a control method in which the oscillation
      frequency of the oscillator is controlled by an electrical quantity other
      than voltage, e.g., a current value.
PAR  Now, since the output of the bucket brigade device 4 is one which has been
      sampled at the repetition frequency f as previously explained, it is
      necessary to connect the output terminal of the bucket brigade device 4 to
      a low-pass filter whose cut-off frequency falls between the values of f
      and f.sub.max, so that the original signal is restored, its polarity is
      reversed and it is then subjected to the operation of subtraction in an
      analog adder. Such filtering and polarity reversal are effected by the
      low-pass inverting filter 5.
PAR  The output of this filter 5 is applied through the variable resistor
      R.sub.g to the operational amplifier 6 where it is added to the video
      signal containing the ghost component, which is applied to the amplifier 6
      through the resistor R.sub.s. Assuming now that the intensity of the ghost
      component with respect to the principal signal in the original video
      signal containing the ghost is given as 1/g, that the values of R.sub.g
      and R.sub.s are selected so that R.sub.s /R.sub.g = 1/g and that the
      feedback resistor R.sub.f is selected so that R.sub.f = R.sub.s, then the
      video signal whose ghost component has been approximately removed is
      produced at the output of the operational amplifier 6.
PAR  In this case, since the video signal applied to the bucket brigade device
      contains the ghost, the final output will produce a weak ghost of negative
      polarity at a position delayed by 2 t.sub.d. However, since the intensity
      of this ghost is 1/g.sup.2, if 1/g .ltoreq. 1/3, then we obtain 1/g.sup.2
      .ltoreq. 1/9. Therefore such a ghost is practically unnoticeable to the
      eye and it does not cause any inconvenience in practical use.
PAR  While, in this embodiment, a bucket brigade device has been employed for
      the clock-controlled delay device 4, other clock-controlled type delay
      devices may also be employed. Further, while a variable resistor has been
      employed for hte element R.sub.g, other methods may also be utilized in
      which the ghost component ratio 1/g of the original signal is for example
      detected to automatically adjust so that R.sub.s /R.sub.g = 1/g.
PAR  While, in the embodiment shown in FIG. 1, a weak ghost of negative polarity
      is produced at a position delayed by 2 t.sub.d, the second embodiment
      shown in FIG. 6 illustrates an arrangement which eliminates such a ghost.
      In this figure, components which are designated as R.sub.t, 1, 2, 3, 6,
      R.sub.f and R.sub.s correspond to those shown in FIG. 1. Numerals 4.sub.1
      to 4.sub.M designate bucket brigade devices. Numerals 5.sub.1 to 5.sub.M
      designate low-pass filters of which odd numbered filters 5.sub.1, 5.sub.3,
      etc., are provided respectively with the succeeding polarity inverter
      circuits 7.sub.1 to 7.sub.N. Designated as R.sub.gl to R.sub.gM are
      adjusting resistors.
PAR  In this embodiment, the output of the bucket brigade device 4.sub.1 is
      serially supplied to the bucket brigade devices 4.sub.2 through 4.sub.M
      which are of the identical construction as the bucket brigade device
      4.sub.1, and the outputs of the bucket brigade devices 4.sub.1 to 4.sub.N
      are supplied respectively to the low-pass filters 5.sub.1 to 5.sub.M. In
      other words, since the outputs of the respective bucket brigade devices
      have been previously sampled at the repetition frequency f as mentioned
      earlier, the low-pass filters each thereof having a cut-off frequency
      falling between the values of f and f.sub.max are connected to the output
      terminals of the respective bucket brigade devices to restore the original
      signal. The outputs of the odd number devices 4.sub.1, 4.sub.3, etc., are
      subjected respectively to the polarity reversal in the inverter circuits
      7.sub.1 to 7.sub.N and they are then supplied to the operational amplifier
      6 which is an analog adder. The outputs of the filters 5.sub.1 to 5.sub.M
      are applied to the operational amplifier 6 through the resistors R.sub.gl
      to R.sub.gM which determine their addition ratios so that they are added
      to the original video signal which is applied to the amplifier through the
      resistor R.sub.S. The feedback resistor R.sub.f is provided as shown in
      FIG. 6. Assuming now that the intensity of the ghost component with
      respect to the principal signal (one including no ghost) in the original
      signal is given as 1/g, that the values of R.sub.s, R.sub.gl, ..... ,
      R.sub.gM are selected so that R.sub.s /R.sub.gl = 1/g and R.sub.gK
      /R.sub.gk.sub.+1 = 1/g (K = 1, 2, 3, ..... , M - 1) and that the feedback
      resistor R.sub.f is selected to obtain R.sub.f = R.sub.s, then the output
      of the operational amplifier 6 approximates the video signal containing no
      ghost component. In other words, the analogical sum of the original signal
      and the output of the filter 5.sub.1 at the ratio 1 : 1/g contains the
      ghost having the delay time 2t.sub.d and the intensity ratio 1/g.sup.2 and
      this ghost is cancelled by the analogical sum of the original signal and
      the output of the filler 5.sub.2 leaving the ghost having the delay time
      3t.sub.d and the intensity ratio 1/g.sup.3 which is in turn cancelled by
      virtue of the output of the filter 5.sub.3. A similar process is
      successively effected finally leaving the ghost having the delay time (M +
      1)t.sub.d and intensity ratio 1/g (M +1). Consequently, if the value of M
      is selected so that the finally produced ghost becomes sufficiently weak,
      the video signal may result from which the ghost has been practically
      eliminated.
PAR  While, in the embodiments shown in FIGS. 1 and 6, the variable resistor
      R.sub.t has been manually adjusted to accomplish the cancellation of
      ghost, the embodiment shown in FIG. 7 illustrates an arrangement for
      accomplishing the cancellation of ghost automatically. In FIG. 7, numeral
      11 designates an input terminal for a video signal containing a ghost
      signal, 12 a circuit for separating the synchronizing pulses from the
      video signal, 13 a circuit for differentiating the synchronizing pulse, 14
      a conversion circuit for generating a DC voltage whose magnitide
      corresponds to the time interval of the differentiated pulses, 15 a
      voltage-controlled oscillator circuit for producing oscillations at a
      frequency corresponding to the applied DC voltage and having a
      characteristic whereby the oscillation frequency decreases at the DC
      voltage increases. Numeral 16 designates a circuit for receiving the
      output of the oscillator circuit 15 to generate two-phase clocks,
      three-phase clocks or the like to drive clock-controlled delay elements 17
      and 18. Numeral 19 designates a circuit for inverting the polarity of the
      output of the delay element 17 and for attenuating this output by a
      predetermined amount, 20 a circuit for attenuating the output of the delay
      element 18 by a predetermined amount, 22 an output terminal where the
      video signal from which the ghost signal has been removed is delivered.
      The clock-controlled delay elements 17 and 18 may consist of the bucket
      brigade device shows in FIG. 3, for example.
PAR  The embodiment of FIG. 7 operates as follows. When a video signal applied
      to the input terminal 11 contains a ghost signal, the sync separation
      circuit 12 produces an output as shown in FIG. 8A. This signal is
      differentiated in the differentiating circuit 13 which produces, as shown
      in FIG. 8B, two positive pulses and two negative pulses. The pulse
      interval t.sub.d between the positive pulses represents the delay time of
      the ghost. The conversion circuit 14 generates a voltage corresponding to
      the time interval t.sub.d, thereby changing the oscillation frequency of
      the oscillator circuit 15. The output of this oscillator causes the
      circuit 16 to produce clock pulses for driving the delay elements 17 and
      18. Since the video signal applied to the input terminal 11 has been
      applied to the delay element 17, the video signal delayed by the time
      t.sub.d is supplied to the polarity inverting attenuation circuit 19 where
      the polarity of the applied video signal is reversed and it is further
      attenuated by a suitable amount. Then the attenuated video signal is
      applied to the addition circuit 21 where it is added to the video signal
      applied to the input terminal to eliminate the ghost signal.
PAR  In this case, since the video signal applied to the delay element 17
      contains the ghost signal, the final output produces a weak ghost of a
      negative polarity at a position delayed by 2t.sub.d. If the intensity of
      the ghost with respect to the principal signal in the input signal has
      been given as 1/g, then the intensity of the ghost in the final output
      becomes 1/g.sup.2. Thus, if 1/g .ltoreq. 1/3, then we obtain 1/g.sup.2
      .ltoreq. 1/9 and this does not cause any inconvenience in practical use.
      However, if the intensity of the ghost exceeds this value, it produces
      some effect on the reproduced picture. The clock-controlled delay element
      18 is provided to eliminate this effect. The delay time of the delay
      element 18 may be adjusted to correspond to that of the clock-controlled
      delay element 17 so that the intensity of the ghost in the final output is
      reduced to 1/g.sup.3.
PAR  If necessary, more delay elements may be connected in many stages.
PAR  To determine the amount of attenuation by the polarity inverting attenuator
      19 and the attenuator 20, it is conceivable to use a method of manually
      adjusting attenuation or alternately a method of detecting the value of
      1/g from the synchronizing pulses generated by the sync separation circuit
      12 to thereby automatically adjust the attenuation.
PAR  FIG. 9 shows another embodiment in which the conversion circuit 14 in FIG.
      7 is embodied in a more detailed arrangement.
PAR  In the figure, numeral 31 designates a sync separation circuit for
      separating the sync pulses from the video signal and supplying them to a
      differentiating circuit 32 and an integration type delay circuit 34. The
      differentiating circuit 32 differentiates a synchronizing signal A
      containing a ghost component and produces an output B. Numeral 33
      designates a gating circuit for taking only the ghost component from the
      differentiated signal. The integration type delay circuit 34 delays the
      rising of the synchronizing signal by about 0.5 .mu. sec and operates a
      monostable multivibrator 35 by its output signal C, producing pulses D of
      10 .mu. sec duration. These pulses D are used to open the gating circuit
      33 and to actuate a Miller integrator circuit 36. Numeral 37 designates a
      sample hold circuit which samples an output F of the Miller integrator
      circuit 36 which an output pulse E of the gating circuit 33 and holds this
      voltage until the next sample pulse arrives.
PAR  Numeral 38 designates a voltage-controlled oscillator circuit whose
      oscillation frequency is determined by the control voltage applied from
      the sample hold circuit 37. Numeral 39 designates a Schmitt trigger
      circuit for reshaping the output of the oscillator circuit 38, 40 a
      flip-flop circuit for receiving the output of the Schmitt trigger circuit
      39 to produce clock pulses .phi..sub.1 and .phi..sub.2 in two phases, 41 a
      bucket brigade device actuated by the two-phase clock pulses .phi..sub.1
      and .phi..sub.2 to act as a variable delay device whose delay time depends
      on the repetition frequency of the clock pulses. Numeral 42 designates a
      low-pass inverting filter for effecting the polarity inversion and
      filtering of the unwanted higher harmonic components. Numeral 43
      designates an operational amplifier externally provided with a variable
      resistor R.sub.g and resistors R.sub.s and R.sub.f to add the output of
      the filter 42 and the original video signal containing the ghost together
      analogically.
PAR  FIG. 10 illustrates a detailed circuit construction of the component
      elements 31 through 37 shown in FIG. 9, and FIG. 11 illustrates the
      operating voltage waveforms for the circuits of FIGS. 9 and 10.
PAR  In the video signal containg the ghost component, the horizontal or
      vertical synchronizing signal consists of two synchronizing pulses of
      different magnitudes which are added together as shown in FIG. 11A. When
      this signal is differentiated and only positive pulses are taken, two
      closely spaced differentiated pulses are obtained as shown in FIG. 11B. On
      the other hand, a pulse C whose rise is delayed by about 0.5 .mu. sec from
      that of the signal of FIG. 11A, is applied to the monostable multivibrator
      35 which produces a gating pulse D having a pulse width of about 10 .mu.
      sec. This gating pulse is used to open the gating circuit 33 so that only
      the differentiated pulse of the ghost component is extracted producing an
      output E. On the other hand, the Miller integrator circuit 36 is actuated
      by the output of the monostable multivibrator 35 producing an inverted
      trapezoidal waveform F. This waveform F is applied to the sample hold
      circuit 37 where it is sampled by the output E of the gating circuit 33
      and this voltage is held and then delivered to the output. The voltage is
      shown in FIG. 11G. This output voltage v is applied to the
      voltage-controlled oscillator circuit 38 to control its oscillation
      frequency. The oscillator output is reshaped by the Schmitt trigger
      circuit 39 and the flip-flop circuit 40, thus producing and supplying
      clock pulses .phi..sub.1 and .phi..sub.2 to the bucket brigade device 41.
PAR  On the other hand, the negative video signal containing the ghost is
      applied and delayed in the bucket brigade device 41.
PAR  Since the output of the bucket brigade device 41 has been sampled
      previously at the repetition frequency f as mentioned earlier, it is
      necessary to provide a filter so that the original signal may be restored
      and then applied to an analog adder after reversing its polarity. These
      filtering and polarity reversing operations are performed by the low-pass
      inverting filter 42. The output of the filter 42 is applied through the
      variable resistor R.sub.g to the operational amplifier 43 where it is
      added to the video signal containing the ghost and applied through the
      resistor R.sub.s. Let us assume that in the original signal, i.e., the
      video signal containing the ghost, the intensity of the ghost component
      with respect to the principal signal is 1/g, that the values of R.sub.g
      and R.sub.s are selected so that R.sub.s /R.sub.g = 1/g and that the
      feedback resistor R.sub.f is selected so that R.sub.f = R.sub.s, then the
      video signal from which the ghost component has been eliminated
      approximately is produced at the output of the operational amplifier 43.
      In this case, since the video signal applied to the bucket brigade device
      contains the ghost signal, the final output produces a weak ghost of
      negative polarity at a position delayed by 2t.sub.d. However, since the
      intensity of this ghost is 1/g.sup.2, if 1/g .ltoreq. 1/3, then we obtain
      1/g.sup.2 .ltoreq. 1/9. Thus, the intensity of the ghost is practically
      unnoticeable to the eye and it does not cause any inconvenience in
      practical use.
PAR  If the video signal does not contain any ghost component that can be
      detected, no ghost component appears in the waveform of FIG. 11B and hence
      no pulse E is produced. Therefore, v = 0 in FIG. 11G. Accordingly, if a
      switch which operates depending on whether v &gt; 0 or not is connected in
      series with the resistor R.sub.g in FIG. 9, this circuitry may be used
      with video signals containing no ghost without any modification. In this
      case, if the delay time of the ghost is less than 0.5 .mu. sec, the system
      operates as if there were no ghost. The results of experiments showed that
      if the delay time of the ghost is less than 0.6 .mu. sec, the ghosst is
      not noticeable to the eye and thus the system can be used without any
      modification.
PAR  FIG. 12 is still another embodiment of the ghost signal cancellation system
      which employs a feedback system to completely eliminate the ghost
      component.
PAR  In FIG. 12, numeral 51 designates an input terminal for a signal containing
      a ghost component, 52 an addition circuit where two signals are added
      together, 53 a variable delay circuit, 54 a variable gain circuit, 55 a
      signal inversion circuit, 56 a delay time control element, 57 a gain
      control element, 58 an output terminal for the signal from which the ghost
      component has been eliminated.
PAR  Assume now that a signal containing a ghost signal component b delayed by a
      time .tau. a principal signal a as shown in FIG. 13A is applied to the
      input terminal 51 and it is then applied to the variable delay circuit 53
      through the addition circuit 52. The variable delay circuit 53 has been
      previously controlled by the delay time control element 56 so that its
      output is delayed by the time .tau. with respect to the principal signal a
      as shown by the waveform of FIG. 13B. The output signal of the delay
      circuit 53 is applied to the variable gain circuit 54 where the gain is
      controlled by the gain control element 57 to the magnitude of the ghost
      component b in the waveform of FIG. 13A. The signal is then passed through
      the signal inversion circuit 55, with the result that the waveform of FIG.
      13C is produced and then applied to the addition circuit 52. Similarly,
      for the waveform of FIG. 13C, the waveform of FIG. 13D is fed back, and
      the waveform of FIG. 13E is fed back for the waveform of FIG. 13D.
      Assuming that all of these waveforms have been fed back and combined, the
      waveform of FIG. 13F is produced at the output terminal 58 producing an
      overcompensation by a component C. In practice, however, the feedback is
      accomplished infinitely and thus the ghost component is completely
      compensated.
PAR  In other words, in this system the overcompensation caused by the
      cancellation produces a further ghost at a position delayed by two times
      compared with the ghost component. Thus, the feedback is effected
      repeatedly to completely compensate the undesired signals.
PAR  In place of the output terminal provided at 58 in FIG. 12, the output
      terminal may be provided at the junction point of the addition circuit 52
      and the variable delay circuit 53 as at 59 in FIG. 12.
PAR  If many ghost signal components are included in the video signal, the same
      number of the above-mentioned circuitry of FIG. 12 may be connected in
      series so that the ghost signal components are eliminated one at each
      stage. In this way, the ghost signal components can be completely
      eliminated to obtain the principal video signal from which the ghost
      signal components have been completely eliminated.
PAR  FIG. 14 illustrates an example of circuitry embodying the reception system
      of FIG. 12. In the figure, transistors 60 and 61 constitute the addition
      circuit, the variable delay circuit is embodied in inductances 62 through
      65 and variable capacitance diodes 66 through 69, and the variable gain
      circuit and the inversion circuit are respectively embodied in a
      transistor 70 and a variable resistor 71. Particularly, since the ghost
      signal component may not necessarily be of the same polarity with the
      principal video signal, the inversion circuit is designed to change the
      polarity of the ghost component from positive to negative, or vice versa.
PAR  The variable delay circuit 53 may also consist of a change coupled device,
      bucket brigade device or the like.
PAR  FIG. 15 is still another embodiment of the invention. The embodiment of
      FIG. 15 differs from the embodiment of FIG. 12 in that the delay time of
      the variable delay circuit 53 is automatically controlled. In FIG. 15,
      those components corresponding to the blocks shown in FIG. 12 are
      designated by the identical reference numerals.
PAR  In operation, a video signal applied to the input terminal 51 is subjected
      to the sync separation in a horizontal sync separation circuit 72,
      producing the horizontal synchronizing pulse containing the ghost as shown
      in FIG. 16A. This synchronizing pulse is differentiated in a
      differentiating circuit 73, producing a signal as shown in FIG. 16D. This
      signal is then converted in a conversion circuit 74 into a voltage in
      accordance with the value of delay time .tau.. The voltage thus obtained
      is applied to a delay element 53 to thereby control its delay time.
PAR  Referring now to FIG. 17, a ghost signal time interval detector for
      generating signals which may be utilized to control for example the
      variable delay circuit shown in FIG. 14 or to display the delay time of
      ghosts on a cathode ray tube or the like, will be explained. In the actual
      television signals, the time interval of the ghosts mostly falls between
      zero .mu. sec and several .mu. sec, whereas the horizontal synchronizing
      pulse width of the television signal is about 5 .mu. sec. Thus, by
      utilizing this fact, it is possible to detect the time interval of the
      ghosts.
PAR  In FIG. 17, numeral 81 designates an input terminal for the television
      signal which has been subjected to the video detection, 82 an amplifier
      circuit, 83 a clipper, 84 an amplifier circuit, 85 a differentiating
      circuit. Numeral 86 designates a gate for deriving only the necessary
      information from the output of the differentiating circuit 85, 87 a
      full-wave rectifier circuit. Numeral 88 designates a sync separation
      circuit, 89 a monostable multivibrator actuated by the leading edge of the
      output pulse of the sync separation circuit 88 and having an output pulse
      width of 4.5 .mu. sec, 90 a resettable monostable multivibrator actuated
      by the leading edge of the output pulse of the sync separation circuit 88
      and resettable by the output pulse of the rectifier circuit 87. Numeral 91
      designates a monostable multivibrator actuated by the trailing edge of the
      output pulse from the monostable multivibrator 89 and having an output
      pulse width of 3.5 .mu. sec, 92 and AND circuit for performing the AND
      operation on the output of the multivibrator 91 and the output of the
      multivibrator 90, 96 a ghost detecting terminal for producing an output
      pulse when there is no ghost in the signal applied to the input terminal
      81. Numeral 93 designates a gated oscillator controlled by the output of
      the multivibrator 90 and having a frequency of 5 MHz, 94 a binary counter
      for counting the number of output pulses from the oscillator 93 for every
      H. Numeral 95 designates a bistable latch for storing the output of the
      counter 94 for every H and capable of indicating the time interval of the
      ghost ranging from 0 .mu. sec to 4.4 .mu. sec with a pitch of 0.2 .mu.
      sec.
PAR  FIGS. 18 and 19 show the signal waveforms developed by the principal
      components in the block diagram of FIG. 17. FIG. 18 shows the case where
      the ghost signal is included in the television signal, while FIG. 19 shows
      the case where no ghost signal is included in the television signal. In
      FIGS. 18 and 19, the signal waveforms designated by reference symbols a
      through h correspond to the signal waveforms on the lines designated by
      the identical reference symbols in FIG. 17.
PAR  The operation of the embodiment shown in FIG. 17 will now be explained. The
      operation of the embodiment will be first explained for the case where the
      ghost signal is contained in the signal applied to the input terminal 81.
      The output signal from the amplifier circuit 82 contains the picture
      signal, burst signal, synchronizing signal and so on as shown in FIG. 18A.
      This output signal is processed in the clipper 83, transmitting only the
      synchronizing signal as shown in FIG. 18B. In the differentiating circuit
      85, the synchronizing signal is differentiated producing the signal of
      FIG. 18C. On the other hand, the monostable multivibrator 89 is actuated
      by the synchronizing signal separated in the sync separation circuit 88
      from the signal applied to the input terminal 81, producing the signal of
      FIG. 18D. The output of the multivibrator 89 is used as gating signal,
      whereby the gate 86 produces the pulse shown in FIG. 18E. The
      multivibrator 90 is set by the output of the sync separation circuit 88
      and reset by the output of the rectifier circuit 87, producing the output
      shown in FIG. 18F during which interval the oscillator 93 is caused to
      produce oscillations. The multivibrator 91 actuated by the output of the
      multivibrator 89 produces the output shown in FIG. 18G, whereby the AND
      circuit 92 produces no output pulse as shown in FIG. 18H. The counter 94
      counts the number of pulses generated from the oscillator 93 and actuates
      the bistable latch 95 causing it to indicate the delay time.
PAR  On the other hand, when the signal of FIG. 19A containing no ghost is
      applied to the input terminal 81, contrary to the case of the signal
      containing the ghost which has been described with reference to FIG. 18,
      the output pulse width of the multivibrator 90 is widened as shown in FIG.
      19F, whereby the AND circuit 92 produces the pulse shown in FIG. 19H,
      indicating the absence of ghost in the signal.
PAR  FIG. 20 is still another embodiment of the ghost signal cancellation system
      of the invention. In FIG. 20, numeral 101 designates an input terminal for
      a signal containing a ghost signal component, 102 an addition circuit
      where the signal applied to the input terminal 101 and a signal for
      cancelling the ghost signal component are added together, 103 an addition
      circuit for producing the signal which cancels the ghost signal, 104 a
      variable delay circuit actuated by a delay time control circuit 105 and
      having a delay time equivalent to the delay time of the ghost signal, 106
      a variable gain circuit actuated by a gain control circuit 107, 108 an
      inversion circuit for feeding back the signal whose delay time and gain
      have been adjusted, 109 an output for the signal from which the ghost
      signal has been eliminated.
PAR  In operation, when the signal of FIG. 21A containing the ghost component a
      is applied to the input terminal 101, if no feedback is effected through
      the inversion circuit 108, the signal shown in FIG. 21B is generated from
      the variable delay circuit 104 with a delay corresponding to the delay
      time .tau. of the ghost signal. This output signal is adjusted to the same
      magnitude as the ghost component a in the variable gain circuit 106 and it
      is then inverted producing the signal shown in FIG. 21C, which is applied
      to the addition circuit 103. In like manner, the signal having the
      waveform shown in FIG. 21D is fed back for the signal waveform of FIG.
      21C, and the signal having the waveform shown in FIG. 21E is fed back for
      the signal waveform of FIG. 21D. Assuming that the signal waveforms shown
      in FIGS. 21A, 21C, 21D and 21E have been fed back and added together, the
      signal with the waveform shown in FIG. 21F is produced as the output of
      the variable delay circuit 104. Although this signal waveform still
      retains the undesired component d', in effect this component d', can also
      be eliminated, since the feedback is repeated infinitely. Consequently,
      the output of the inversion circuit 108 takes the signal waveform shown in
      FIG. 21G. Since this waveform is the same as that of the ghost component a
      but of the opposite polarity, it is added to the signal of FIG. 21A in the
      addition circuit 102, whereby the signal from which the ghost component
      has been completely eliminated is produced at the output terminal 109. In
      this case, while the ghost signal component has been completely eliminated
      from the signal shown in FIG. 21F, its signal-noise ratio has been
      deteriorated due to the repeated feedback. For this reason, this signal is
      specially added to the signal containing the ghost signal component,
      thereby producing the signal cleared of the ghost signal.
PAR  FIG. 22 illustrates a specific circuit diagram corresponding to the
      embodiment shown in FIG. 20. In the figure, numeral 110 designates an
      input terminal at which is applied a signal containing a ghost signal
      component, 111 and 112 transistors forming an addition circuit, 113
      through 115 and 116 through 119 inductances and variable capacity elements
      constituting a variable delay circuit, 120 a transistor corresponding to
      the variable gain circuit 106 and the inversion circuit 108 shown in FIG.
      20, 121 and 122 transistors constituting an addition circuit.
PAR  In operation, when a signal containing a ghost signal component is applied
      to the input terminal 110, the signal is passed to the variable delay
      circuit through the transistor 111. Here, a suitable voltage is applied to
      the variable capacity elements 116 through 119 corresponding to the delay
      time control circuit 105, thereby delaying the signal by a time equivalent
      to the delay time of the ghost signal. The signal, whose gain and polarity
      were adjusted by the transistor 120, is fed back to the transistor 112 and
      it is also applied to the transistor 121. Generally, the ghost signal
      component may not always have the same polarity as the principal video
      signal and therefore it is essential that the amount of feedback can be
      adjusted with either a positive or negative polarity. On the other hand,
      the original signal containing the ghost signal component is applied to
      the transistor 122 where it is added to the signal applied to the
      transistor 121,  i.e., the signal for eliminating the ghost signal,
      thereby producing the signal cleared of the ghost signal at the output
      terminal 123.
PAR  While the construction and operation of this embodiment have been described
      for the case where the input signal contains the signal ghost signal
      component, an input signal containing a large number of ghost signal
      components may also be eliminated by providing as many groups of the
      individual circuits shown in FIG. 20 excepting the addition circuit 102,
      so that a signal for eliminating the respective ghost signal components
      may be produced by each groups of the circuit and applied to the addition
      circuit 102 in parallel.
PAR  FIG. 23 is still another embodiment of the invention, which is a
      modification of the embodiment shown in FIG. 20. In the description of
      this embodiment, reference will be made to a part of FIG. 21.
PAR  In FIG. 23, numeral 101 designates an input terminal at which is applied a
      signal containing a ghost signal component, 102 an addition circuit where
      the signal applied to the input terminal and a signal for cancelling the
      ghost signal are added together, 103 an addition circuit for producing the
      ghost signal cancelling signal, 104 a variable delay circuit driven by a
      delay time control circuit 105 and having a delay time equivalent to the
      delay time of the ghost signal, 106 a variable gain circuit driven by a
      gain control circuit 107, 108 an inversion circuit for feeding back the
      signal having the adjusted delay time and gain, 124 a variable gain
      circuit for adjusting the magnitude of the ghost signal cancellation
      signal with a gain control circuit 125, 126 an inversion circuit for
      inverting the output signal from the variable gain control 124, 109 an
      output for the signal cleared of the ghost signal.
PAR  In operation, when the signal of FIG. 21A containing the ghost component a
      is received at the input terminal 101, if there is not feedback through
      the inversion circuit 108, the variable delay circuit 104 produces at its
      output the signal shown in FIG. 21B with a delay corresponding to the
      delay time of the ghost signal. This signal, adjusted to the magnitude of
      the ghost component a in the variable gain circuit 106 and inverted in the
      inversion circuit 108, produces the signal shown in FIG. 21C which is
      applied to the addition circuit 103. Similarly, the signal having the
      waveform shown in FIG. 21D is fed back for the signal waveform of FIG.
      21C, and the signal having the waveform shown in FIG. 21E is fed back for
      the signal waveform of FIG. 21D. Assuming that in this manner the signals
      having the waveforms shown in FIGS. A, C, D and E have all been fed back
      and added together, the signal shown in FIG. 21F is produced at the output
      of the variable delay circuit 104. While this signal waveform still
      retains an unwanted component d', in effect this component d', can also be
      eliminated, since the feedback is repeated infinitely. The signal shown in
      FIG. 21F is passed through the variable gain circuit 124 and the inversion
      circuit 126 so that the signal having the same magnitude as the ghost
      component a in FIG. 21A and the inverted polarity is then applied to the
      addition circuit 102, thereby producing the signal completely cleared of
      the ghost signal component at the output terminal 109. In this case, while
      the signal of FIG. 21F has been cleared of the ghost signal component, its
      signal-noise ratio has been deteriorated due to the repeated feedback
      processing. Therefore, the signal of FIG. 21F is specially added to the
      signal containing the ghost signal component, thereby producing the signal
      having a good signal-noise ratio and cleared of the ghost signal
      component.
PAR  FIG. 24 illustrates the construction of a television receiver incorporating
      the ghost signal cancellation system of this invention.
PAR  In the figure, numeral 151 designates an antenna, 152 a tuner used for high
      frequency amplification and frequency conversion, 153 an intermediate
      frequency amplifier circuit, 154 a detector circuit, 155 a first video
      amplifier circuit, 156 a ghost signal cancellation circuit which may be
      any one of the embodiments described hereinbefore, 157 a delay line, 158 a
      second video amplifier, 159 a cathode ray tube, 160 a sound reception
      circuit, 161 a speaker, 162 a color reproducing circuit, 163 a synchronous
      deflection circuit.
PAR  In this receiver, the video signal detected by the detector circuit 154 is
      amplified in the amplifier circuit 155 and then applied to the ghost
      signal cancellation circuit 156 where the ghost signal is removed. The
      video signal thus cleared of the ghost signal is subjected to the same
      signal processing as in an ordinary color television receiver, whereby the
      picture from which the ghost has been eliminated is displayed on the
      cathode ray tube 159.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A ghost signal cancellation system comprising:
PA1  means for receiving a signal transmitted from transmitting means;
PA1  delay means for providing a predetermined delay time, said delay means
      including a clock-controlled delay device;
PA1  delay time control means for setting a delay time of said delay means to a
      given value in accordance with the delay time of a ghost signal contained
      in said received signal, said delay time control means including an
      oscillator having a variable oscillation frequency and means for supplying
      an output of said oscillator to said delay device as clock signals;
PA1  means for receiving an output of said delay means and controlling a gain of
      said output in accordance with a level of said ghost signal;
PA1  means for subtracting said gain-controlled signal from said received
      signal, and
PA1  means for feeding back an output of said subtracting means to said delay
      means, wherein an output of said gain control means is further substracted
      from the received signal in a secondary subtraction circuit to produce a
      system output signal.
NUM  2.
PAR  2. A ghost signal cancellation system comprising:
PA1  delay means for receiving a signal transmitted from transmitting means and
      delaying said received signal by a time corresponding to a delay time of a
      ghost signal contained in said received signal, said delay means including
      a clock-controlled delay circuit;
PA1  delay time control means for setting the delay time of said delay means to
      a given value, said delay time control means including means for
      separating synchronizing pulses contained in said received signal and
      means for detecting a time delay between a normal one of said separated
      synchronizing pulses and an abnormal one of said separated synchronizing
      pulses contained in said ghost signal, whereby the delay time of said
      delay means is controlled by an output of said detecting means to be equal
      to said detected time delay, and wherein said time delay detecting means
      includes a circuit for differentiating said separated synchronizing
      pulses, a circuit triggered by a differentiated pulse derived from the
      normal synchronizing pulse to generate a ramp voltage, a circuit for
      sampling said ramp voltage by a differentiated pulse derived from the
      abnormal synchronizing pulse contained in the ghost signal, and a circuit
      for holding said sampled voltage until a next sampling time;
PA1  an oscillator whose oscillation frequency is changed by an output of said
      hold circuit, whereby said clock-controlled delay circuit is driven by the
      output of said oscillator;
PA1  means for receiving an output of said delay means and controlling a gain of
      said output in accordance with a level of said signal; and
PA1  means for subtracting said gain-controlled output from said received
      signal.
NUM  3.
PAR  3. A ghost signal cancellation system comprising:
PA1  means for receiving a signal transmitted from transmitting means;
PA1  delay means for providing a predetermined delay time, said delay means
      including a clock-controlled delay device;
PA1  delay time control means for setting a delay time of said delay means to a
      given value in accordance with the delay time of a ghost signal contained
      in said received signal, said delay time control means including an
      oscillator having a variable oscillation frequency and means for supplying
      an output of said oscillator to said delay device as clock signals;
PA1  means for receiving an output of said delay means and controlling a gain of
      said output in accordance with a level of said ghost signal;
PA1  means for subtracting said gain-controlled signal from said received
      signal, and
PA1  means for feeding back an output of said subtracting means to said delay
      means, wherein an output of said delay means is further subtracted from
      the received signal in a secondary subtraction circuit to produce a system
      output signal.
NUM  4.
PAR  4. A ghost signal cancellation system comprising:
PA1  a delay means for receiving a signal transmitted from transmitting means
      and delaying said received signal by a time corresponding to a delay time
      of a ghost signal contained in said received signal, said delay means
      including a clock-controlled delay device;
PA1  delay time control means for setting the delay time of said delay means to
      a given value, said delay time control means including an oscillator
      having a variable oscillation frequency, means for supplying an output of
      said oscillator to said delay device as clock signals, and means for
      separating synchronizing pulses contained in the received signal; means
      for differentiating said separated synchronizing pulse, gating means for
      deriving the differentiated abnormal synchronizing pulse attributable only
      to the ghost signal, an oscillator capable of being set by a rising
      portion of said synchronizing pulse and reset by an output of said gating
      means to produce pulses having a variable pulse width, a gated oscillator
      having an oscillation period controlled by an output pulse of said
      oscillator, a counter for counting an output of said gated oscillator, and
      a latch circuit for storing an output of said counter and for producing an
      output in the form of a binary code signal, whereby the delay time of said
      means is controlled by the output of said latch circuit;
PA1  means for receiving an output of said delay means and controlling a gain of
      said output in accordance with a level of said ghost signal; and
PA1  means for subtracting said gain-controlled output from said received
      signal.
NUM  5.
PAR  5. A ghost signal cancellation system comprising:
PA1  means for receiving a signal transmitted from transmitting means;
PA1  delay means for providing a predetermined delay time, said delay means
      including a clock-controlled delay device;
PA1  delay time control means for setting a delay time of said delay means to a
      given value in accordance with the delay time of a ghost signal contained
      in said received signal, said delay time control means including an
      oscillator having a variable oscillation frequency, means for supplying an
      output of said oscillator to said delay device as clock signals, means for
      separating synchronizing pulses contained in the received signal, means
      for differentiating said separated synchronizing pulses, gating means for
      deriving the differentiated abnormal synchronizing pulse attributable only
      to the ghost signal, an oscillator capable of being set by a rising
      portion of said synchronizing pulse and reset by an output of said gating
      means to produce pulses having a variable pulse width, a gated oscillator
      having an oscillation period controlled by an output pulse of said
      oscillator, a counter for counting an output of said gated oscillator, and
      a latch circuit for storing an output of said counter and for producing an
      output in the form of a binary code signal, whereby the delay time of said
      delay means is controlled by an output of said latch circuit;
PA1  means for receiving an output of said delay means and controlling a gain of
      said output in accordance with a level of said ghost signal;
PA1  means for subtracting said gain-controlled signal from said received
      signal, and
PA1  means for feeding back an output of said subtracting means to said delay
      means.
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ABST
PAL  Apparatus for measuring the angular movement of a body comprises a
      tranducer for providing a signal the frequency f.sub.i of which is
      dependent on the angular velocity of the body and a reference frequency
      source providing a reference frequency f.sub.r. An (n + m) stage binary
      counter is provided for counting the number of reference pulses in time
      period 1/f.sub.i and an (n + m) stage binary store receives a count from
      said counter when the latter receives a signal from the transducer. The
      apparatus also includes an n-stage binary rate multiplier having a first
      input for receiving the n least significant figures of the store, and a
      second input for receiving an output signal from the apparatus, the rate
      multiplier being arranged to generate, during the period in which the rate
      multiplier receives 2.sup.n binary pulses at said second input, a number
      of output pulses which is equal to the number of pulses applied to said
      first input,. Dividing means receives first input signals equal to the m
      most significant figures of the store in the absence of an output signal
      from said rate multiplier, and receives second input signals from said
      reference source, the dividing means producing an output signal which
      forms said output signal of the apparatus and which is determined by
      dividing the frequency reference signal by the signal applied to said
      first input of the dividing means. Moreover, means is provided for
      modifying the output signal from the dividing means when an output signal
      is obtained from the rate mutliplier, whereby 2.sup.n output pulses are
      received between successive input pulses from the transducer, the maximum
      value of f.sub.r /f.sub.i being &lt;2.sup.n.sup.+m, and the minimum value of
      f.sub.r /f.sub.i being .gtoreq.2.sup.n.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for measuring angular movement of a
      body and has as its object the provision of such apparatus in a convenient
      form.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in apparatus for measuring the angular movement of a
      body, comprising a transducer for providing a signal the frequency f.sub.i
      of which is dependent on the angular velocity of the body, a reference
      frequency source providing a reference frequency f.sub.r, an (n + m) stage
      binary counter for counting the number of reference pulses in time period
      1/f.sub.i, an (n + m) stage binary store for receiving a count from said
      counter when the latter receives a signal from the transducer, an n-stage
      binary rate multiplier having a first input for receiving the n least
      significant figures of the store, and a second input for receiving an
      output signal from the apparatus, said rate multiplier being arranged to
      generate, during the period in which the rate multiplier receives 2.sup.n
      binary pulses at said second input, a number of output pulses which is
      equal to the number of pulses applied to said first input, dividing means
      receiving first input signals equal to the m most significant figures of
      the store in the absence of an output signal from said rate multiplier,
      and receiving second input signals from said reference source, said
      dividing means producing an output signal which forms said output signal
      of the apparatus and which is determined by dividing the frequency
      reference signal by the signal applied to said first input of the dividing
      means, and means modifying the output signal from said dividing means when
      an output signal is obtained from said rate multiplier, whereby 2.sup.n
      output pulses are received between successive input pulses from the
      transducer, the maximum value of f.sub.r /f.sub.i being &lt; 2.sup.n.sup.+m,
      and the minimum value of f.sub.r /f.sub.i being .gtoreq. 2.sup.n.
PAR  Conveniently said modifying means comprises a logic unit connected to
      receive a first input signal from the m most significant bits of said
      store, a second input signal from the output of said rate multiplier and a
      third input signal provided by said output signal from the dividing means,
      whereby, in the absence of an output signal from said rate multiplier the
      output signal from the store appears at the output of the logic unit,
      while in the presence of an output signal from the rate multiplier the
      logic unit increases the output signals from the store by one.
PAR  Alternatively, said modifying means may comprise a logic unit connected to
      receive a first input signal from said reference frequency source and a
      second input signal from the output of said rate multiplier, whereby in
      the presence of an output signal from the rate multiplier the dividing
      means is rendered inoperative.
PAR  Conveniently, adjustable means are provided for reducing the number of
      pulses applied by said reference frequency source to said counter during
      the time period (1/f.sub.i).
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  Conveniently, adjustable means are provided for reducing the number of
      pulses applied by said reference frequency source to said dividing means
      during the time period (1/f.sub.i).
PAR  The invention will now be more particularly described with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a block circuit diagram illustrating one embodiment of apparatus
      constructed in accordance with the present invention,
PAR  FIG. 2 shows a modification of the circuit illustrated in FIG. 1,
PAR  FIG. 3 shows a further modification of the circuit shown in FIG. 1, and
PAR  FIG. 4 is a block circuit diagram illustrating a further embodiment of
      apparatus constructed in accordance with the invention.
DETD
PAC  DISCUSSION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIG. 1 of the accompanying drawings, the
      apparatus shown therein is intended for measuring the rotational speed of
      a body and comprises a transducer 10 which in the example described
      comprises a disc 11 which forms part of or which is rotatable with the
      rotatable body and which has mounted thereon four equi-angularly spaced
      magnets. The transducer 10 also comprises a detector 13 in the form of a
      pick-up winding and this winding is connected to one input of an (n + m)
      bit binary counter 14 which in the example described is a 7 bit binary
      counter.
PAR  The apparatus also comprises a reference frequency source 15, an output of
      which is connected to a second input of the counter 14 and also to one
      input of a dividing network 16. The output of network 16 provides an
      output connection for the apparatus as a whole. The counter 14 is arranged
      to count the number of reference frequency pulses produced between
      successive input pulses received from the detector 13, and the counter 14
      is connected to a store 16a and so arranged that each time a pulse is
      received from the detector 13 the count in the counter 14 will be
      transferred to the store 16a and the counter 14 will be reset.
PAR  A 4-stage binary rate multiplier 17 receives at a first set of four inputs
      the four least significant figures of the store 16a and has at a second
      input the output signals from the dividing network 16. A binary logic unit
      18 receives as a first input signal the three most significant figures of
      the store 16a, a second input signal being a binary signal from the output
      of the binary rate multiplier 17, and a third input signal from the output
      of the apparatus. The logic unit 18, on receipt of a pulse from the output
      of the divider network 16 and with no input signal from the binary rate
      multiplier 17, supplies signals to the dividing network 16 equal to the
      output signals from the three most significant bit of the store 16a, but
      on receipt of a pulse from the binary rate multiplier 17 the output signal
      from the logic unit 18 is moved to one greater than the output signals
      from the three most significant bits of the store 16a.
PAR  In operation and taking by way of example the frequency f.sub.r of the
      frequency reference source 15 as being equal to 1MHz, i.e. 1/f.sub.r =  1
      micro-second, and suppose by way of example T.sub.i =  1/f.sub.i =  32
      micro-seconds, where f.sub.i is the frequency of the input signals
      received by the counter 14 from the detector 13, then at the end of an
      input time T.sub.i, the number transferred to the store will be 32 which
      in binary form is 0100000. The four least significant bits of this binary
      number are applied to the set of first inputs of the binary rate
      multiplier 17 and the three most significant bits are applied to the
      dividing network 16 through the binary logic unit 18. In the example
      described the input signal to the binary rate multiplier 17 will be equal
      to 0 so there will be no output signal from the binary rate multiplier 17.
      However, the input signals to the dividing network 16 will be 010 in
      binary form, that is to say decimal 2 and therefore the dividing network
      16 will produce an output for every two pulses produced by the reference
      frequency source 15. Thus, the input pulse rate f.sub.i is effectively
      multiplied by 16.
PAR  Now considering by way of example the same reference source frequency
      f.sub.r, this being equal to 1MHz, but considering a time period T.sub.i
      between successive input pulses from the detector 13 as being equal to 36
      micro-seconds, then the number transferred to the store 16a after one
      input time period T.sub.i will be 36, that is to say 0100100 in binary
      form. The input to the dividing network 16 through the binary logic unit
      18 will be 010, that is to say decimal 2 when the input to this dividing
      network is not modified by the binary rate multiplier 17. The input to the
      binary rate multiplier will be 0100, that is to say decimal 4. Thus for 16
      (2.sup.4) input pulses to the binary multiplier 17 from dividing network
      16, i.e. in the period in which the binary rate multiplier 17 is cycled,
      there are four output pulses from the multiplier 17. If the binary rate
      multiplier 17 had no effect on the dividing network 16 the number of
      output pulses produced by the dividing network 16 over the period of 36
      micro-seconds would be 18 instead of the required 16. However, when an
      output pulse is obtained from the binary rate multiplier 17, the input to
      the dividing network 16 is modified by one, that is to say instead of
      dividing by 2 the dividing network 16 will divide by 3. The time taken to
      divide by 3 instead of by 2 is 3 micro-seconds instead of 2 micro-seconds.
      Thus the output pulse from dividing network 16 is delayed by 1
      micro-second every time the input to the dividing network 16 is modified
      by the binary rate multiplier rate 17. In the example, for 16 output
      pulses from the dividing network 16 there are 16 input pulses to the
      binary rate multiplier 17 and therefore 4 output pulses from the latter.
      The total delay for 16 output pulses will therefore be 4 micro-seconds and
      thus during the time period 36 micro-seconds there will be 16 output
      pulses from the dividing network 16 thus ensuring that the apparatus
      effectively multiplies the input frequency from the detector 13 by 16,
      i.e. (2.sup.4).
PAR  It will therefore be seen that the above described apparatus improves the
      resolution of the detector 13 and the response time of subsequent
      processing circuits. Moreover it permits the detector 13 to be used for
      determining relatively accurately angular displacement of the body 11 in
      addition to or as an alternative to the determination of rotational speed
      of the body 11.
PAR  Summarising, where it is desired to obtain 2.sup.n output pulses between
      successive input pulses from the detector 13, a (n + m) bit binary counter
      14 is provided together with a (n + m) bit store 16a, where the frequency
      of the reference frequency source f.sub.r is such that the maximum value
      of
      ##EQU1##
      and a minimum value of
      ##EQU2##
      In this case the n least significant figures of the store are fed to the
      binary rate multiplier 17 and the m most significant figures of the store
      are fed to the binary logic unit 18.
PAR  Referring now to FIG. 2, this shows a modification of FIG. 1 in that a
      further binary rate multiplier 19 is connected between the reference
      frequency source 15 and the counter 14, the first input to the dividing
      network 16 being connected to the junction of the reference frequency
      source 15 and the further binary rate multiplier 19. Now supposing the
      binary rate multiplier 19 is a 4 bit multiplier and has a binary number
      1100, that is to say decimal 12, applied to one set of its inputs, then if
      f.sub.r = 1MHz and T.sub.i = 36 micro-seconds, between two successive
      input pulses from the detector 13 the binary rate multiplier 19 will
      receive 36 input pulses and it will transfer 36 .times. 12/16 = 27 pulses
      from the counter 14 to the store 16a. The effect of this on the remainder
      of the circuit is as if the binary rate multiplier 19 were not present and
      the input time period was 27 micro-seconds. Thus there will be 16 output
      pulses in a time period of 27 micro-seconds and therefore in a time period
      of 36 micro-seconds there will be an increased number of output pulses
      thereby increasing the number of output pulses produced during the time
      period T.sub.i. The number of pulses produced during time period T.sub.i
      can be adjusted by adjusting the binary input of the binary rate
      multiplier 19.
PAR  Referring to FIG. 3 of the accompanying drawings, this shows a further
      modification of FIG. 1 where an additional binary rate multiplier 20 is
      connected between the reference frequency source 15 and the dividing
      network 16, the counter 14 being connected to the junction between the
      reference frequency source 15 and the binary rate multiplier 20. Now
      taking by way of example a reference frequency f.sub.r = 1MHz and a time
      period T.sub.i = 36 micro-seconds, then by applying binary 1100 to the set
      of inputs of the binary rate multiplier 20, the number of transferred to
      the store at the end of time period T.sub.i would be equal to 36 but
      during this time period T.sub.i the binary rate multiplier 20 only
      produces 36 .times. (12/16) pulses. Thus the number of output pulses
      produced by the dividing network in the time period T.sub.i will be
      reduced accordingly.
PAR  Referring finally to FIG. 4 an alternative arrangement is shown for the
      logic unit 18 of the previous examples. The numerals of the previous
      examples have been retained where the functions are the same. The logic
      unit 18 has been replaced by an alternative logic unit 21 having a first
      input from the reference frequency source 15 and a second input from the
      output of the rate multiplier 17, the output from the logic unit 21 is
      taken to a third input to the dividing means 16 which is fed at its first
      terminal directly from the m most significant bits of the store 16a. On
      receipt of a pulse from the binary rate multiplier 17, the logic unit 21
      disables the dividing network 16 such that it may not recommence a new
      division cycle. On receipt of the next pulse from the frequency reference
      source 15 after receiving a pulse from the binary rate multiplier 17, the
      logic unit 21 allows the dividing network to recommence division cycles.
      It will be appreciated that the signal to the first input of the divider
      network 16 is always equal to the output from the three most significant
      bits of the store 16a, but logic unit 21 has the same effect as increasing
      the divisor by one.
PAR  It will be appreciated that while in the particular examples binary stages
      have been used, the invention can also be applied to any base system of
      numbering, consequently the binary stages could be replaced by decimal
      stages. The output from the decimal based apparatus will therefore be
      10.sup.n during successive input pulses from the transducer. Decimal
      adjustment means would replace the binary adjustment means in the decimal
      system. It will be further appreciated that if f.sub.r /f.sub.i &lt; 10.sup.n
      (decimal) or &lt; 2.sup.n (binary) the first signal to the dividing means
      could be 0, or if f.sub.r /f.sub.i .gtoreq. 10.sup.n.sup.+m (decimal) or
      .gtoreq. 2.sup.n.sup.+m (binary), a misleading output could be obtained
      from the apparatus. To obviate this difficulty, the apparatus is arranged
      to give output pulses at the minimum and maximum rates respectively. This
      can be achieved by preloading the store 16a with the number 10.sup.n
      (decimal), 2.sup.n (binary) whenever the number to be transferred from the
      counter is &lt; 10.sup. n (decimal), 2.sup.n (binary).sub. 1 and by stopping
      the counter when it reaches the number 10.sup.n.sup.+m + 1 (decimal),
      2.sup.n.sup.+m + 1 (binary) respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the angular movement of a body, comprising: a
      transducer detector for providing a signal the frequency f.sub.i of which
      is dependent on the angular velocity of the body; a reference frequency
      source providing a reference frequency f.sub.r, an (n + m) stage binary
      counter having a first input connected to said transducer detector and a
      second input connected to said reference frequency source, for counting
      the number of reference pulses in time period 1/f.sub.i ; an (n + m) stage
      binary store for receiving a count from said counter when the latter
      receives a signal from the transducer detector; an n-stage binary rate
      multiplier having a first input for receiving the n least significant
      figures of the store, and a second input for receiving an output signal
      from the apparatus; said rate multiplier being arranged to generate,
      during the period in which the rate multiplier receives 2.sup.n binary
      pulses at said second input, a number of output pulses which is equal to
      the number of pulses applied to said first input; dividing means receiving
      first input signals equal to the m most significant figures of the store
      in the absence of an output signal from said rate multiplier, and
      receiving second input signals from said reference source; said dividing
      means producing an output signal which forms said output signal of the
      apparatus and which is determined by dividing the frequency reference
      signal by the signal applied to said first input of the dividing means;
      and logic means modifying the output signal from said dividing means when
      an output signal is obtained from said rate multiplier; whereby 2.sup.n
      output pulses are received between successive input pulses from the
      transducer detector, the maximum value of f.sub.r /f.sub.i being 2
      .sup.n.sup.+m, and the minimum value of f.sub.r /f.sub.i being 2.sup.n.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which said modifying means comprises
      a logic circuit connected to receive a first input signal from the m most
      significant bits of said store; a second input signal from the output of
      said rate multiplier and a third input signal provided by said output
      signal from the dividing means, whereby; in the absence of an output
      signal from said rate multiplier the output signals from said store
      appears at the output of the logic circuit, and in the presence of an
      output signal from said rate multiplier the logic unit increases the
      output signals from the store by one.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which said modifying means comprises
      a logic circuit connected to receive a first input signal from said
      reference frequency source and a second input signal from the output of
      said rate multiplier; whereby in the presence of an output signal from the
      rate multiplier the dividing means is rendered inoperative.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 which includes adjustable means for
      reducing the number of pulses applied by said reference frequency source
      to said counter during the time 1/f.sub.i.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 which includes means for reducing the
      number of pulses applied by said reference frequency source to said
      dividing means during the time 1/f.sub.i.
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PAL  Clock pulses are multiplied by a ratio less than 1 of which the numerator
      is controlled by a reversible counter. The multiplier output pulses
      initiate new countdown cycles of a second counter beginning with the clock
      pulse following the onset of an input frequency pulse and ending with the
      clock pulse following the onset of the next input frequency pulse. The
      state of the count at the end of the cycle determines whether the
      reversible counter will be left unchanged, advanced, or counted back and
      hence, whether the multiplier output frequency will be left unchanged,
      increased or reduced. The initial countdown value of the second counter is
      provided by a long term store which determines the frequency
      multiplication ratio. The circuit is usable to multiply a variable input
      frequency in a vehicle brake anti-lock system.
BSUM
PAR  This invention relates to a frequency comparison control circuit
      particularly for use for frequency multiplication of an input frequency,
      such a circuit being composed, as is known, of a source of electrical
      waves or pulses of a control led frequency, a frequency division stage and
      a phase comparison stage.
PAR  The purposes for which frequency comparison control circuits are used
      include, among others, operation as a coil-less filter, FM demodulation,
      frequency division and stereo decoding. The use of a frequency comparison
      control circuit for frequency multiplication is of particular interest for
      anti-locking systems for motor vehicle brakes. In such systems,
      tachogenerators connected to the wheels of the vehicle generate pulses of
      a frequency which must be multiplied to a higher frequency in order to
      enable an evaluation circuit to operate with a sufficiently small filter
      time constant. The evaluation circuit is preferably constituted to operate
      on a digital basis rather than on an analog basis.
PAR  Known frequency comparison control circuits operating on an analog basis
      contain an oscillator of a controlled frequency which can be reduced or
      increased by means of a control voltage dependent upon an output frequency
      adjustment. A following frequency reduction stage provides a frequency
      division ratio between the controlled oscillator frequency at its input
      and its low-frequency output. An input frequency to the system is compared
      in a comparison stage with the output signal of the frequency divider
      stage, so that the controlled oscillator frequency may be locked into a
      multiple of the input frequency. When the compared signals coincide, the
      oscillator frequency remains unchanged and the control loop is balanced.
      When the compared signals tend to shift out of balance, the output of the
      comparison stage corrects the oscillator frequency to keep it in step. The
      disadvantage of the known analog comparison control circuits is
      principally that unless special measures are taken, the fedback signal can
      be locked into a harmonic of the input signal. This disadvantage can be
      mitigated by an additional coarse control or pre-control, but such
      provisions give rise to a large additional circuit cost.
PAR  It is an object of the present invention to provide a comparison type
      frequency control circuit operating on a digital basis in which lock-in
      problems of the type just mentioned do not arise, so that an output
      frequency having an unambiguous fixed relation to an input frequency can
      be produced with great reliability.
PAC  SUBJECT MATTER OF THE PRESENNT INVENTION
PAR  Briefly, a reversible digital counter controlling a digital multiplier
      stage is used as the generator of pulses of controlled frequency, the
      output of this multiplier stage is used to control the loading of the
      stored number into a second counter used as a frequency divider stage, and
      the comparison stage of the system operates to modify the stored count
      number of the reversible counter in accordance with the count content of
      the second counter upon the arrival of a new input signal.
PAR  In a particular form of the invention, a decoder stage is provided having a
      gate circuit operating as the phase comparison circuit, the output of this
      gate circuit being connected to the counting input of the reversible
      counter. The gate circuit provides at least one count signal for changing
      the count condition of the reversible counter whenever at the beginning of
      a new input signal the counting cycle of the second counter is either not
      yet complete or has previously been completed (i.e. but not necessarily
      when the predetermined completion stage is reached in synchronism with the
      beginning of a new input signal).
PAR  The advantages obtained with the control system of the present invention is
      that no more lock-in ambiguities can arise, i.e. the output signal cannot
      lock on a harmonic of the input signal. Further more, a basically simple
      and highly economic production of the control circuit can be obtained by
      the use of integrated circuits. In the form of the system utilizing
      three-condition control, there is no lag in the synchronized condition.
DRWD
PAR  The invention is further described by way of two illustrative examples with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram of a digital frequency control
      circuit utilizing constant regulating step size at the time of any input
      pulse;
PAR  FIG. 2 is a diagram of another form of digital frequency control circuit
      utilizing variable regulating step size at the time of any input pulse;
PAR  FIG. 3 is a timing diagram for explaining the operation of the circuit of
      FIG. 1;
PAR  FIG. 4 is a timing diagram for explaining the operation of the circuit of
      FIG. 2;
PAR  FIG. 5 is a diagram of an example of an initial processing stage for the
      input signal in FIG. 1 and FIG. 2, and
PAR  FIG. 6 is a timing diagram for explaining the operation of the initial
      processing stage of FIG. 4.
DETD
PAR  In the example of a digital frequency control circuit shown in FIG. 1,
      pulses of the input frequency f.sub.E supplied to a terminal 11 are first
      subjected to an initial processing stage 10, which is also supplied with
      pulses of a base frequency or clock frequency f.sub.0. The output of the
      initial processing stage 10 is a trigger pulse supplied to a NAND-gate 14
      operating as an input gate for the counting input of a reversible counter
      15. The output of the initial processing stage 10 is also supplied to the
      transfer input of a second counter 16 constituted as a count-down counter.
      The binary digit outputs of the reversible counter 15 are connected to the
      inputs of a digital multiplier stage 17, that may be constituted either as
      a serial multiplier or as a parallel multiplier. Digital multipliers
      utilize repeated operations of addition and those using a serial adder are
      known as serial multipliers and those using a parallel adder are known as
      parallel multipliers. For example a serial multiplier is commercially
      available under the designation SN 7479. If uniform output signals are
      desired, a parallel multiplier can be used, these being likewise
      commercially available.
PAR  The multiplier stage 17, like the initial processing stage 10, is supplied
      with pulses of the clock frequency f.sub.0. Pulses of the multiplier
      output frequency f.sub.A are supplied both to an output terminal 18 and to
      the counting input of the second counter 16. A storage stage 19, which may
      for example be of the type known as a read-only memory, furnishes its
      output to the write-in inputs of the second counter 16.
PAR  In the simplest case, the storage stage 19 can be provided in hard wired
      form simply applying to each digit write-in input the 0-signal or 1-signal
      required to write the binary number required on a permanent basis by the
      counter 16. The expressions 0-signal and 1-signal designate the two usual
      alternative signals of digital circuitry, a 0-signal generally
      representing a potential roughly corresponding to ground potential.
PAR  The outputs of the second counter 16 are connected to a decoder stage 20,
      in which the units digit (in binary digits, this is the 2.sup.0 digit)
      output is connected both to the input of a second NAND-gate 21 and to the
      input of an EXCLUSIVE OR (antiparity) gate 22. The remaining outputs of
      the second counter 16 are connected to the input of an OR-gate 23, the
      output of which is connected both to the second input of the EXCLUSIVE OR
      gate 22 and to the directional control input of the reversible counter 15.
      The output of the EXCLUSIVE OR gate 22 is connected to the second input of
      the second NAND-gate 21, the output of which is connected to the second
      input of a first NAND-gate 14 constituting the entry gate for the counting
      input of the counter 15.
PAR  Operation of Circuit of FIG. 1 by Reference to Timing Diagram of FIG. 3.
PAR  The top line of FIG. 3 shows pulses of the input frequency f.sub.E which is
      processed by reference to pulses of the clock frequency f.sub.0 in the
      initial processing stage 10, which may also be referred to as a trigger
      stage or as a timing stage, so as to produce the pulse sequency u.sub.10
      shown on the second line of FIG. 3, which appears at the output of the
      processing stage 10 of FIG. 1. In the following discussion, the steady
      state condition of the control circuit will be considered. When the
      circuit is in step, the NAND-gate 14 is blocked. A characteristic binary
      number is then stored in the reversible counter 15. The multiplier stage
      17 multiplies the clock frequency f.sub.0 with the ratio of the stored
      binary number to the largest binary number storable in the reversible
      counter 15, and produces thereby pulses of the output frequency f.sub.A,
      shown on the third line of FIG. 3. It is evident that the frequency
      f.sub.A cannot be greater than the clock frequency f.sub.0. Upon the
      arrival of the back edge of each trigger pulse u.sub.10 produced by the
      processing stage 10, the fixed content of the store 19 is written into the
      second counter 16. At the moment of the trailing edge of each output pulse
      of frequency f.sub.A produced by the multiplier 17, the content Z.sub.16
      of the second counter 16 is counted downwards, as shown plotted above the
      fourth horizontal line of FIG. 3.
PAR  If a three-condition loop control is desired, then if at the beginning of a
      new trigger signal U.sub.10 the content of the counter 16 is 1, the
      NAND-gate 14 controlling the counter 15 is blocked, indicating the circuit
      is in step, the counter 15 is not changed and consequently the output
      frequency f.sub.A of the multiplier 17 is not altered. On the other hand,
      if the count of the second counter 16 at the beginning of a new trigger
      signal is greater or smaller than 1, the gate 14 opens and the content of
      the counter 15 is increased or reduced in accordance with the direction of
      count unbalance, so that the multiplier output frequency f.sub.A is
      increased or reduced.
PAR  As shown in FIG. 3, at the moment t.sub.1 the count in the second counter
      16 has fallen to the value 1, as the result of which a 0-signal appears at
      the output of the OR-gate 23. Since at the units digit output of the
      counter 16 a 1-signal is still present, a 0-signal is produced at the
      output of NAND-gate 21. The trigger pulse at the output of the processing
      stage 10 at this moment can therefore not influence the output of
      NAND-gate 14. When the trailing edge of this trigger pulse arrives, the
      content of the store 19 is written into the second counter 16 and
      1-signals again appear at the outputs of the gates 21 and 23. The next
      part of FIG. 3 shows the case of an increase of the input frequency
      f.sub.E. In this case, the content of the counter 16 at the beginning of a
      new trigger pulse at the moment t.sub.2 has not yet been counted down to
      the number 1. Accordingly, 1-signals appear at the outputs of the gates 23
      and 21 and the trigger pulse U.sub.10  an 0-signal at the output of
      NAND-gate 14, which is the condition that causes the count of the
      reversible counter 15 to change. The counter 15, accordingly, changes its
      content by the value 1. The 1-signal appearing at the output of the
      OR-gate 23 is supplied at the same time to the directional control input
      of the counter 15 and causes the effect of the momentary 0 at the output
      of gate 14 to have a positive rather than a negative effect, so that the
      content of the counter 15 is increased, as is also the multiplier output
      frequency f.sub.A.
PAR  In the third input frequency period shown at the right of FIG. 3, the case
      of a decrease of the input frequency f.sub.E is illustrated. At the moment
      t.sub.3 at which the content of the counter 16 has been reduced to the
      value 1, 0-signals appear at the outputs of the gates 23 and 21 as was the
      case at the moment t.sub.1. On the next multiplier output pulse, the
      content of the counter 16 reaches the value 0. A 1-signal reappears then,
      at the output of NAND-gate 21. When the next trigger pulse U.sub.10
      arrives at the moment t.sub.4, a 0-signal is accordingly produced at the
      counting input of the reversible counter 15, this beging as before the
      condition which changes the content of the counter. In this case, the
      content is reduced, because a 0-signal is present at the output of OR-gate
      23 and hence at the directional control input of the counter 15. The
      multiplier output frequency f.sub.A is accordingly reduced. If a
      two-condition control of the synchronization instead of the
      three-condition control above described is desired, that can be provided
      by simply connecting the units output of the counter 16 additionally with
      another input of OR-gate 23.
PAR  The second illustrative embodiment of a phase-locked loop circuit which is
      shown in FIG. 2 corresponds in large measure to the circuit of FIG. 1. One
      significant modification of the circuit of FIG. 1 provided in FIG. 2 is
      that the input of NAND-gate 14 is connected to the terminal 18 rather than
      to the output of processing stage 10. A further difference is that instead
      of the decoder stage 20, a different decoder stage 100 is provided which
      consists of a third counter 101 constituted as a count-down counter
      together with two OR-gates 102 and 103 and an EXCLUSIVE NOR gate 104
      (parity gate). The loading control connection of the third counter 101 is
      in the case connected with the trigger output of the processing stage 10
      and the count advance input of this counter is connected to the terminal
      18. The count outputs of the second counter 16 are connected with the
      write-in inputs of the third counter 101. All outputs of the third counter
      101 are connected to inputs of OR-gate 102 and all outputs except the
      units output of the second counter 16 are connected to inputs of OR-gate
      103. The outputs of the two OR-gates 102 and 103 are connected to the two
      inputs of the parity gate 104, the output of which is connected to one
      input of NAND-gate 14.
PAR  FIG. 4 illustrates the operation of the circuit of FIG. 2 in the same
      manner that FIG. 3 illustrates the operation of the circuit of FIG. 1. The
      important difference between these two circuits is that the correction of
      a deviation of the multiplier output frequency f.sub.A from the value
      required for balance as detected in the comparison stage 100 varies in
      magnitude with the extent of the detected deviation, so that if the
      deviation is more than the minimum detectable deviation, two or more
      pulses can be provided at the end of an input frequency period to the
      reversible counter 15.
PAR  At the beginning of the trigger pulse U.sub.10 that appears at the moment
      t.sub.5, the count in the second counter 16 has been reduced to the value
      1. The effect of this trigger pulse, which is applied to the loading input
      of the third counter 101, is to write the content of the second counter 16
      into the third counter 101. A 1-signal accordingly appears at the output
      of OR-gate 102. At the same time a 0-signal is present at the output of
      OR-gate 103, because the units digit output of the second counter 16 is
      not connected to an input of OR-gate 103. A 0-signal accordingly appears
      at the output of the parity gate 104, which is to say, at the output of
      the decoder stage 100. In consequence, no pulse of frequency f.sub.A can
      reach the reversible counter 15 through NAND-gate 14. The frequency
      f.sub.A, accordingly, does not change.
PAR  At the moment t.sub.6, a trigger pulse U.sub.10 arrives after the input
      frequency f.sub.E has increased, so that the content of the second counter
      16 at this moment has been reduced only to a value that is greater than 1.
      This value is transferred to the third counter 101 by command of the
      trigger pulse and is subsequently counted down to 0 at the end of
      successive pulses of frequency f.sub.A. During the time taken by the
      count-down in the third counter 101, a 1-signal is present at the output
      of OR-gate 102. A 1-signal is likewise present at this time at the output
      of OR-gate 103, because the content of the second counter 16 has not
      reached the value 1. The output of the parity gate 104 will accordingly
      produce a 1-signal during the countdown by the third counter 101, keeping
      NAND-gate 14 operable during this period so that successive short periods
      of 0-signal will be produced in synchronism with pulses of frequency
      f.sub.A during this time, thereby changing the content of reversible
      counter 15. The sense of this change is made positive by the 1-signal
      appearing at the output of OR-gate 102 are applied to the directional
      control input of the counter 15.
PAR  As shown in FIG. 4, the input frequency then changes to a smaller value, so
      that the counting cycle of the second counter 16 is completed before a new
      trigger signal arrives. The third counter 101 can, accordingly, not
      receive any content and an 0-signal persists at the output of OR-gate 102.
      Beginning with the moment t.sub.7, when the second counter 16 has reached
      the value 1, and continuing till the trailing edge of the next trigger
      signal arrives, a 0-signal appears at the output of OR-gate 103. For the
      period during which 0-signals are present at both OR-gates 102 and 103, a
      1-signal is present at the output of parity gate 104, which allows pulses
      of 0-signal to appear at the output of NAND-gate 14 in synchronism with
      pulses of frequency f.sub.A, thereby to change the content of reversible
      counter 15. The direction of counting is made negative by the 0-signal at
      the output of OR-gate 102.
PAR  The set ratio between the output frequency f.sub.A and the input frequency
      f.sub.E can be changed by changing the number stored in the store 19.
PAR  If two-condition regulation is desired for the circuit of FIG. 2 instead of
      the three-condition operation described, all that needs to be done is to
      connect the units digit output of the second counter 16 additionally to an
      additional input of OR-gate 103.
PAR  The circuit shown in FIG. 5 represents an illustrative example of the
      processing stage 10 that produces trigger signals. Three D-flipflop
      circuits 200, 201 and 202 are provided, each having a synchronizing input
      connected to the terminal 13 where clock pulses of the frequency f.sub.0
      are provided. At the present input D of the first flipflop 200, the input
      frequency f.sub.E present at the terminal 11 is supplied. The output
      Q.sub.1 of the first flipflop 200 is connected both with the present input
      D of the second flipflop 201 and with one input of an AND-gate 203. The
      output Q.sub.1 of the second flipflop 201 is connected both with the
      preset input D of the third flipflop 202 and with one input of a second
      AND-gate 204. The inverted output Q.sub.2 of the second flipflop 201 is
      connected with another input of the first AND-gate 203. The output Q.sub.2
      of the third flipflop 202 is connected to another input of the second
      AND-gate 204. Finally, the terminal 13 is connected to a third input of
      each of the AND-gates 203 and 204.
PAR  FIG. 6 illustrates the operation of the circuit of FIG. 5 by way of a
      timing diagram. When an input signal of frequency f.sub.E arrives, there
      is produced, preferably at the moment of the leading edge of the next
      clock pulse of frequency f.sub.0, a 1-signal at the output Q.sub.1 of the
      first flipflop 200. This 1-signal persists until the condition is
      fulfilled that at the beginning of a new clock pulse no input signal
      remains. The 1-signal thus present at the Q.sub.1 output of the first
      flipflop 200 is transfered by the next clock pulse to the Q.sub.1 output
      of the second flipflop 201 and further by the next following clock pulse
      to the Q.sub.1 output of the third flipflop 202. The transfer of the
      1-signal from the preset input to the Q.sub.1 output of a flipflop in each
      case changes the inverted Q.sub.2 output from a 1-signal to a 0-signal. In
      this way the 1-signals U.sub.10 and U.sub.10, appear respectively at the
      AND gates 203 and 204 offset in time by one clock pulse.
PAR  In the circuit shown in FIG. 2 the leading edge of the trigger signal
      U.sub.10 is used to transfer the content of the second counter 16 to the
      third counter 101. The trailing edge of this trigger signal is utilized to
      write the content of the store 19 into the second counter 16. Instead of
      using the leading and trailing edges of a single clock pulse for these
      respective operations, the two leading edges, or, if preferred, the two
      trailing edges, or two successive signals such as are produced by the
      circuit of FIG. 5 can be utilized for initiating the respective
      operations.
PAR  Although the invention has been described with respect to certain
      illustrative embodiments, it will be understood that variations and
      modifications are possible within the inventor's concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. A digital frequency control circuit comprising:
PA1  a reversible counter;
PA1  a digital multiplying stage arranged for control of one of its factors by
      said reversible counter, said multiplying stage (17) serving as a
      controlled variable frequency generator of said frequency control circuit;
PA1  a frequency divider stage comprising a second counter (16) and a storage
      circuit, the content of which determines its frequency division factor,
      said content being arranged to be counted out repeatedly at the output
      frequency of said multiplier stage (17); and
PA1  means for determining the content of said second counter (16) at the
      beginning of a new input signal (f.sub.E) and for correctively changing
      the stored content of said reversible counter (15) in response thereto,
      said last-mentioned means serving as comparison means for the frequency
      control circuit.
NUM  2.
PAR  2. A digital frequency control circuit as defined in claim 1 which
      comprises also a source of clock pulses supplying pulses to said
      multiplying stage and synchronizing means (10) for synchronizing trigger
      pulses of said input frequency (f.sub.E) with the pulses provided by said
      source of clock pulses.
NUM  3.
PAR  3. A digital frequency control circuit as defined in claim 2 which
      comprises also storage means for storing a fixed digital number and means
      for transferring said digital number repeatedly from said storage means
      (19) to said second counter (16) in response to successive trigger pulses
      (U.sub.10) derived from said input frequency (f.sub.E).
NUM  4.
PAR  4. A digital frequency control circuit as defined in claim 3 in which said
      trigger pulses (U.sub.10) are derived from pulses of said input frequency
      by said synchronizing means.
NUM  5.
PAR  5. A digital frequency control circuit as defined in claim 2 in which said
      means serving as comparison means for said control circuit comprises
      decoding means (20,100) and a gate circuit (14) responsive thereto, in
      which, further, the output of said gate circuit (14) is connected to an
      input of said reversible counter (15) and said gate circuit and decoder
      circuit are so constituted that at least one count signal (U.sub.14) is
      produced for altering the content of said reversible counter (15) in the
      appropriate direction when at the beginning of a new signal of input
      frequency (f.sub.E) the counting cycle of said second counter (16) is
      short of terminating and likewise when said counting cycle is past
      termination.
NUM  6.
PAR  6. A digital frequency control circuit as defined in claim 5 in which said
      second counter (16) is a count-down counter.
NUM  7.
PAR  7. A digital frequency control circuit as defined in claim 6 in which the
      output of said synchronizing means (10) is connected to an input of said
      gate circuit (14).
NUM  8.
PAR  8. A digital frequency control circuit as defined in claim 7 in which the
      outputs of said second counter (16) are connected with logic gates (21 to
      23) contained in said decoding means (20) in such a way that said gate
      circuit (14) is blocked in the presence of signals (U.sub.10) produced by
      said synchronizing means (10), whenever at the beginning of a new signal
      of input frequency (f.sub.E) the counting cycle of said second counter
      (16) is completed by the content of said second counter (16) being counted
      down to a predetermined number.
NUM  9.
PAR  9. A digital frequency control circuit as defined in claim 8 in which said
      predetermined number has the value 1.
NUM  10.
PAR  10. A digital frequency control circuit as defined in claim 8 in which said
      predetermined number has the value 0.
NUM  11.
PAR  11. A digital frequency control circuit as defined in claim 6 in which said
      decoding means (100) comprises a third counter (101) and in which means
      are provided for transferring the content of said second counter (16) to
      said third counter (101) at the beginning of a new signal of input
      frequency (f.sub.E).
NUM  12.
PAR  12. A digital frequency control circuit as defined in claim 11 in which
      said third counter (101) is a countdown counter.
NUM  13.
PAR  13. A digital frequency control circuit as defined in claim 11 in which the
      output of said multiplier stage (17) is supplied to the counting input of
      said third counter (101).
NUM  14.
PAR  14. A digital frequency control circuit as defined in claim 13 in which
      said decoding means (100) is provided with logic gates (102 to 104)
      arranged to control said gate circuit (14) in such a manner that the
      latter passes counting signals whenever at the beginning of a new signal
      of input frequency (f.sub.E), the content of said third counter (101) is a
      predetermined number.
NUM  15.
PAR  15. A digital frequency control circuit as defined in claim 14 in which
      said predetermined number related to said third counter (101) is greater
      than 0.
NUM  16.
PAR  16. A digital frequency control circuit as defined in claim 15 in which
      said predetermined number related to said third counter (101) is greater
      than 1.
NUM  17.
PAR  17. A digital frequency control circuit as defined in claim 14 in which the
      period during which said gate circuit (14) passes counting signals is
      equal to the duration of the count of said third counter (101).
NUM  18.
PAR  18. A digital frequency control circuit as defined in claim 12 in which
      said decoding means (100) is provided with logic gates (102 to 104)
      arranged to control said gate circuit (14) in such a manner that said gate
      circuit (14) passes counting signals whenever the counting cycle of said
      second counter (16) has been completed before a new signal of input
      frequency (f.sub.E) arrives.
NUM  19.
PAR  19. A digital frequency control circuit as defined in claim 12 in which the
      output of said multiplier stage (17) is connected to one input of said
      gate circuit (14).
NUM  20.
PAR  20. A digital frequency control circuit as defined in claim 5 in which said
      decoding means (20,100) is provided with a logic gate (23,102), the output
      of which is connected to the direction determining input of said
      reversible counter (15), whereby the direction of counting for incoming
      counting signals of said reversible counter (15) is controllable in
      response to the content of said second counter (16).
NUM  21.
PAR  21. A digital frequency control circuit as defined in claim 11 in which
      said decoding means (20,100) is provided with a logic gate (23, 102), the
      output of which is connected to the direction controlling input of said
      reversible counter (15) in such a way as to control the direction of
      response of said reversible counter (15) to incoming count signals in
      accordance with the content of said third counter (101).
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ABST
PAL  A digital frequency correlator circuit for comparing the frequencies of a
      urality of a-c signals to determine if they are coherent within a
      predetermined number of cycles. The a-c signals are converted into digital
      numbers representing their frequencies. The digital numbers are subtracted
      and the difference is compared, utilizing an exclusive-or circuit, with a
      predetermined number of cycles. If the difference is greater than the
      predetermined number of cycles, a logic 0 is outputted. If the difference
      is equal to or less than the predetermined number of cycles, a logic 1 is
      outputted.
PARN
PAR  This is a division of application Ser. No. 459,146 filed Apr. 8, 1974, now
      U.S. Pat. No. 3,882,303.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to frequency correlators and more
      particularly to such frequency correlators utilizing digital subtraction
      techniques.
PAR  In satellite tracking stations, sweep voltages to the receivers must be
      provided with the proper amplitude and duration to ensure that the
      receivers search in the correct doppler frequency range at the proper
      rate. The sweep voltages generated in a satellite tracking station are
      functions of the received doppler frequency signals. Thus, if the doppler,
      frequency signal is lost, the sweep voltage circuit must receive an
      indication of this so that it can hold a count of what the doppler
      frequency was when the signal was lost, so the sweep voltage will cause
      the receiver to start searching in the correct doppler frequency range.
      The present invention solves this critical problem by providing a logic 1
      to the sweep voltage circuit when the received doppler frequency signals
      are coherent, i.e., within a predetermined frequency range, and a logic 0
      when the received doppler frequency signals are incoherent, i.e., when the
      signal is lost.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of the present invention is to provide an indication of
      whether the received doppler frequency signals in a satellite tracking
      station are coherent, thus enabling the receivers to correctly track. To
      attain this, a specific embodiment of the present invention converts the
      high and low frequency received doppler frequency signals into digital
      numbers representing the frequency of the high and low received doppler
      frequency signals. Each digital number is then subtracted from the other,
      resulting in a digital representation of the difference in cycles between
      the two. This digital representation of the difference in cycles is then
      compared with a predetermined number of cycles. If the digital
      representation is larger than the predetermined number of cycles, then a
      logic 0 is outputted, indicating a lack of coherency between the received
      signals. Otherwise, a logic 1 is outputted, indicating that the received
      signals are coherent.
PAR  Accordingly, one object of the present invention is to provide an
      indication of coherency or incoherency of received doppler frequency
      signals.
PAR  Another object of the present invention is to reduce cost.
PAR  Another object of the present invention is to reduce size.
PAR  Another object of the present invention is to reduce weight.
PAR  Another object of the present invention is to increase reliability of
      operation.
PAR  Another object of the present invention is to reduce susceptibility to
      repair and replacement.
PAR  Another object of the present invention is to compare a plurality of a-c
      signals to determine if they are coherent within a predetermined number of
      cycles or frequency range.
PAR  Another object of the present invention is to multiply an a-c signal by a
      ratio of whole numbers the numerator of which is greater than one and
      greater than the denominator.
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings wherein like
      reference numerals designate like parts throughout the figures thereof and
      wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a specific embodiment of the digital frequency
      correlator illustrating interconnections.
PAR  FIG. 2 is a partial detailed schematic diagram of the specific embodiment
      of FIG. 1.
PAR  FIG. 3 is a partial detailed schematic diagram of the specific embodiment
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, f.sub.dh and f.sub.dl are received doppler frequency
      signals inputting divider 10 on line 12 and multiply-by-n/m 14 on line 16.
      f.sub.dh represents the high received doppler frequency signal and
      f.sub.dl represents the low received doppler frequency signal. Divider 10
      divides the frequency of f.sub.dh and multiply-by-n/m 14 multiplies the
      frequency of f.sub.dl by n/m. n/m is a ratio of whole numbers of which n
      is greater than one and greater than m.
PAR  Gate 26 has inputs on lines 18, 20, 22 and 24 from divider 10, f.sub.dh,
      f.sub.dl, and multiply-by-n/m, respectively. Y.sub.o inputs gate 26 on
      line 30. Y.sub.o, when at a logic 1 level, allows the signals on lines 18
      and 22 to be gated to counters 32 via lines c and d. Y.sub.o, when at a
      logic 0 level, allows the signals on lines 20 and 24 to be gated to
      counters 32 via lines c and d. An enable signal inputs gate 26 on line 28
      from control-signal-generator 34. The enable signal on line 28 inhibits or
      allows the gating of signals from gate 26 to counters 32 when at a logic 0
      level or a logic 1 level, respectively.
PAR  Counters 32 count the frequency of the signals on lines c and d. A reset
      signal inputs counters 32 on line a from control-signal-generator 34.
PAR  Shift registers 36 are interconnected in parallel with counters 32 by line
      40. A shift signal inputs shift registers 36 on line b from
      control-signal-generator 34.
PAR  The signals on lines 28, a and b, synchronize the digital frequency
      correlator of FIG. 1 as follows. The reset signal on line a resets
      counters 32. Then the enable signal on line 28 changes to a logic 1 level
      enabling gate 26 to pair signals on lines c and d to counters 32. Then
      after one second, the enable signal on line 28 changes to a logic 0 state,
      inhibiting the passage of signals on lines c and d to counters 32. At the
      same time, the shift signal on line b causes shift register 36 to shift
      the contents of counters 32 into it. Then counters 32 are reset starting
      the cycle over.
PAR  Subtractors 38 receive the outputs of shift registers 36 via line 42.
      Subtractors 38 subtract the digital numbers from shift register 36 and
      outputs this difference plus a carry bit on line 44 to an exclusive-or AND
      circuit 46.
PAR  Exclusive-or AND circuit 46 compares the difference on line 44 with a
      predetermined number of cycles. If the difference on line 44 is greater
      than the predetermined number of cycles, exclusive-or AND circuit 46
      outputs a logic 0 on line 48. If the difference on line 44 is equal to or
      less than the predetermined number of cycles, exclusive-or AND circuit 46
      outputs a logic 1 on line 48.
PAR  It is noted that lines 40, 42, and 44 are representations of signal flow
      only. As will be observed, infra, lines 40, 42 and 44 each constitute a
      plurality of physical connections over which a plurality of signals pass.
PAR  Turning to FIG. 2, the a-c signals on lines 18, 20, 22 and 24 input
      individual gates 60, 62, 64 and 66, respectively, of gate circuit 26. Gate
      signal Y.sub.o inputs individual gates 60 and 64 on line 30. Inverter 68
      inverts Y.sub.o and inputs individual gates 62 and 66 on line 70. Thus,
      when Y.sub. o is at a logic 1 level, individual gates 60 and 64 are
      enabled, and when Y.sub.o is at a logic 0 level, individual gates 62 and
      66 are enabled.
PAR  Individual gates 60, 62, 64 and 66, inverter 68 and lines 30 and 70
      constitute a means for receiving said gate signal and said plurality of
      second a-c signals, and outputting one of a plurality of predetermined
      sequences of said second a-c signals, depending on the voltage level of
      said gate signal. It is readily visualized by one skilled in the art that
      the above-described specific embodiment may contain many additional gates
      and input a-c signals as well as outputting many additional predetermined
      sequences of a-c signals. Four gates and two predetermined sequences were
      used for illustration purposes only.
PAR  Individual gate 72 is inputted by the a-c signals on lines 76 and 78 from
      gates 60 and 62, respectively, as well as by the enable signal on line 28
      from control-signal-generator 34. Individual gate 74 is inputted by the
      a-c signals on lines 80 and 82 from gates 64 and 66, respectively, as well
      as by the enable signal on line 28 from control-signal-generator 34. When
      the enable signal on line 28 is at a logic 0 level, individual gates 72
      and 74 are inhibited. When the enable signal on line 28 is at a logic 1
      level, individual gates 72 and 74 are enabled, allowing the predetermined
      sequence of a-c signals on lines 76, 78, 80 and 82 to pass through and
      appear on lines c and d. Gates 72 and 74 and lines 76, 78, 80, 82 and 28
      comprise a gate circuit. Again only two individual gates were utilized in
      the specific embodiment of FIG. 2 in order to simplify the illustration.
      Many additional individual gates can be utilized outputting many
      additional a-c signals to be converted to digital numbers and compared.
PAR  The a-c signal on line 24 is supplied by multiply-by-n/m 14. f.sub.dl
      inputs divider 86 on line 16. Divider 86 divides the frequency of f.sub.dl
      by a whole number greater than one. The frequency divided signal on line
      88 inputs differentiator 90. The output of differentiator 90 input
      flip-flop 92 and binary counter 94 via line 96. Flip-flop 92 outputs on
      line 98. Line 98 inputs clock-gate-circuit 100. Also, inputting
      clock-gate-circuit 100 is a clock frequency signal on line 102.
      Clock-gate-circuit 100 outputs on line 104, which inputs binary counter
      94. Binary counter 94 outputs on line 24 and 106. Line 106 inputs
      flip-flop 92. Line 24 is the output of multiply-by-n/m 14.
PAR  Multiply-by-n/m 14 constitutes means for receiving and multiplying the
      frequency of said third a-c signal by a ratio of whole numbers wherein the
      absolute value of the numerator of said ratio is greater than the absolute
      value of the denominator of said ratio and greater than one.
      Differentiator 90, flip-flop 92, binary counter 94, clock-gate-circuit
      100, and related interconnections and signals comprise a means for
      outputting a predetermined second whole number, greater than said first
      whole number, of cycles of said clock frequency for each cycle of said
      frequency-divided third a-c signal.
PAR  As a specific example of the operation of multiply-byn/m 14, let n equal 8
      and m equal 3, f.sub.dl inputting divider 86 on line 16 is
      frequency-divided by 3 by divider 86 and outputted on line 88. The
      frequency-divided signal is differentiated by differentiator 90 which
      outputs a reset pulse to flip-flop 92 and binary counter 94 for each three
      cycles of f.sub.dl. Resetting flip-flop 92 causes a logic 1 to appear on
      line 98, which enables clock-gate-circuit 100, allowing the clock
      frequency signal on line 102, which is approximately 200 KHz, to pass
      through clock-gate-circuit 100 to binary counter 94 via line 104. Binary
      counter 94 comprises four flip-flops (not shown) arranged in a four-bit
      binary counter configuration. Binary counter 94 counts each cycle of the
      clock frequency signal in line 104. After counting 16 cycles of the clock
      frequency signal on line 104, binary counter 94 outputs a signal on line
      106 to flip-flop 92. The signal on line 106 resets flip-flop 92, causing a
      logic 0 to appear on line 98, thus inhibiting the clock frequency signal
      from passing through gate 100. At this time, eight full cycles have been
      outputted on line 24 from binary counter 94. Multiply-by-n/m 14 then
      remains in this condition until the next reset pulse on line 96 from
      divider 86 and differentiator 90. Thus, for every three (m) cycles of
      f.sub.dl, eight (n) cycles are outputted on line 24. An obvious
      requirement of this circuit is that the clock frequency signal on line 102
      must always be greater than the frequency of f.sub.dl.
PAR  Control signal generator 34 consists of flip-flop 120 and one-shot 122. A
      constant low frequency signal inputs flip-flop 120 on line 124. The
      constant low frequency signal in the specific embodiment of FIG. 2 is a
      one-pulse per second signal. The one-pulse per second enables binary
      counters 32 to output digital numbers directly representing cycles per
      second of the a-c signals on lines c and d. Flip-flop 120 outputs a logic
      1 on line 28 which enables gates 72 and 74 for one second, then flip-flop
      120 outputs a logic 0 on line 28 for 1 second, thereby inhibiting gates 72
      and 74 for 1 second. Flip-flop 120 also outputs a logic 1 for 1 second and
      a logic 0 for 1 second on line b. Line b inputs one-shot 122. When the
      signal on line b changes from a logic 1 to a logic 0, one-shot 122 is
      triggered, outputting the reset pulse on line a. When the signal on line b
      changes from a logic 0 to a logic 1 level, the contents of binary counter
      32 are shifted into shift registers 36.
PAR  Now turning to FIG. 3, the a-c signal on line c inputs counter circuit 200
      and the a-c signal on line d inputs counter circuit 202. Counter circuit
      200 contains individual counters 204, 206, 208 and 210 interconnected by
      lines 212, 214, and 216, respectively. Counter circuit 202 contains
      individual counters 218, 220, 222 and 224 interconnected by lines 226,
      228, and 230, respectively. Also, inputting counters 200 and 202 and
      individual counters 204, 206, 208, 210, 218, 220, 222 and 224 is the reset
      signal on line a. Counters 200 and 202 count the frequency of the a-c
      signals on lines c and d, respectively. It is noted that there are only
      two counter circuits in the specific embodiment of FIG. 3, but there may
      be many more, depending on the number of a-c signals from gate circuit 26.
      There must be one counter circuit for each a-c signal from gate circuit
      26. Also, only four individual counters are shown in each counter circuit
      of FIG. 3. However, additional individual counter circuits may be
      utilized, depending on the number of significant bits required.
PAR  Connected in parallel with counter circuits 200 and 202 are shift registers
      232 and 234, respectively. Shift register 232 consists of individual shift
      registers 236, 238, 240 and 242. Shift register 234 consists of individual
      shift registers 244, 246, 248, and 250. It is noted that counter circuits
      200 and 202 are binary counters, each of which output a sixteen-bit
      digital number representing the frequency of the a-c signals on line c and
      d, respectively. These sixteen-bit numbers are shifted into shift
      registers 232 and 234 from counters 200 and 202 via lines 251-282. Also,
      inputting shift registers 232 and 234 is the shift signal on line b.
      Counter circuits 200 and 202 comprise binary counters 32 of FIG. 1. Shift
      registers 232 and 234 comprise shift registers 36 of FIG. 1. Also, lines
      251-282 comprise line 40 of FIG. 1. In addition, it is noted that there
      must be one shift register for each a-c signal compared. Binary counter 32
      and shift registers 36 of FIG. 1 comprise a means for receiving said
      plurality of first a-c signals and converting each of said first a-c
      signals into a digital number representing the frequency of each first a-c
      signal.
PAR  Shift register 232 outputs its binary number on lines 300-315. Shift
      register 234 outputs its binary number on lines 316-331. Lines 300-331
      comprise line 42 of FIG. 1.
PAR  Subtractor 38 comprises four-bit binary full adders 332, 334, 336 and 338.
      Adders 332, 334, 336 and 338 are wired to perform the function of adding
      two 16-bit binary numbers from storage registers 232 and 234. Adder 332 is
      connected to adder 334 via line 340. Adder 334 is connected to adder 336
      via line 342. Adder 336 is connected to adder 338 via line 344. The
      carry-bit is outputted by adder 338 on line 346.
PAR  Theoretically, the subtraction process is performed by complementing one of
      the numbers, adding it to the second number and complementing the answer,
      if there is no carry; or not complementing the answer, if there is a
      carry. If there is no carry, the answer is the complement directly. If
      there is a carry, the carry must be added to the sum to obtain the answer.
      The output of shift register 232 is the complement output, i.e., the
      output is the complement of the digital number representing the frequency
      of the a-c signal on line c.
PAR  Note that the inputs on line 315 and 331 to adder 332 at the two least
      significant bits of the two digital numbers. The inputs on lines 314 and
      330 to adder 332 are the next two least significant bits of the two
      digital numbers. This sequence continues through adders 334, 336, and 338
      to the most significant bits of the two digital numbers inputting adder
      338 on lines 300 and 316.
PAR  The outputs of subtractors 38 are on lines 350-361. There are no outputs
      from adder 332 because 16 is the predetermined number of cycles the two
      digital numbers are permitted to differ by in the specific embodiment of
      FIG. 3. The lines 350-361 represent a digital representation of the
      difference in frequency of the a-c signals on lines c and d. Line 358
      carries the bit weighted 32. Line 359 carries the bit weighted 64. Line
      360 carries the bit weighted 128. Line 361 carries the bit weighted 256,
      and so on through adders 336 and 338.
PAR  Exclusive-or AND circuit 46 is comprised of exclusive-or gates 370, 372,
      374, 376, 378, 380, 382, 384, 386, 388, 390, 392 and 12-leg AND gate 500.
      Gate 370 is inputted by lines 358 and 346. Gate 372 is inputted by lines
      359 and 346. Gate 374 is inputted by lines 360 and 346. Gate 376 is
      inputted by lines 361 and 346. Gate 378 is inputted by lines 354 and 346.
      Gate 380 is inputted by lines 355 and 346. Gate 382 is inputted by lines
      356 and 346. Gate 384 is inputted by lines 357 and 346. Gate 386 is
      inputted by lines 350 and 346. Gate 388 is inputted by lines 351 and 346.
      Gate 390 is inputted by lines 352 and 346. Gate 392 is inputted by lines
      353 and 346. Lines 394-405 connect exclusive-or gates 370, 372, 374, 376,
      378, 380, 382, 384, 386, 388, 390 and 392, respectively, to 12-legs AND
      gate 500. Line 48 is the output of AND gate 500 and the digital frequency
      correlator. Switch 406 switches in or out the 32 weighted bit from adder
      334, illustrating one method of how the predetermined number of cycles
      that the a-c signals on lines c and d can differ by can be varied. Switch
      406 interrupts line 394 between exclusive-or gate 370 and AND gate 500.
      Line 350-361 represent line 44 of FIG. 1.
PAR  As an example of how the circuit of FIG. 3 operates, assume that the a-c
      signal on line c is 21354 Hz and the a-c signal on line d is 21337 Hz. The
      output of shift register 232 would be 1010110010010101 and the output of
      shift register 234 would be 0101001101011001. The output of subtractor 38
      would be 1111111111101110 with a 0 carry. Note the complement of
      1111111111101110 is 17 or 0000000000010001. The four least significant
      bits are not inputted to exclusive-or 46. Thus, the digital number
      111111111110 would input exclusive-or circuit 46. Each bit would be
      compared with the carry bit 0 and the output of exclusive-or gates 370-392
      is 111111111110. Thus, the input to AND gate 500 on lines 394-405 would be
      111111111110 which would result in a logic 0 output on line 48, indicating
      that the difference in the a-c signals was greater than the predetermined
      number of cycles permissible.
PAR  It is noted that, if there are more than two a-c signals to be compared,
      additional subtractors 44 and exclusive-or circuits 46 must be employed.
      Also, with more than two a-c signals, comparisons between all or some of
      the signals may be outputted. Each exclusive-or circuit must receive one
      digital representation of the difference in cycles between two a-c signals
      and the carry therefrom. Associated with each exclusive-or circuit must be
      at least one AND gate. Assuming there are four a-c signals, six
      subtractors 38 and six exclusive-or circuits 46 will be utilized. Six are
      used because each a-c signal must be compared with each other a-c signal.
      In addition, from one to five additional AND gates must be utilized,
      depending on the flexibility of the circuit desired.
PAR  f.sub.dh, divider 10, f.sub.dl and multiply-by-n/m 14 comprise a means for
      providing a plurality of second a-c signals. f.sub.dh, divider 10,
      f.sub.dl, multiply-by-n/m 14 and gate circuit 26 comprise a means for
      providing a plurality of first a-c signals. Gates 60, 62, 64 and 66,
      Y.sub.o and inverter 68 comprise a means for outputting one of a plurality
      of predetermined sequences of said second a-c signals.
PAR  It will be appreciated by those having ordinary skill in the art that the
      circuit diagrams of FIGS. 2 and 3 include the necessary biasing circuits
      and buffer amplifiers as are usually provided in such circuits. Such
      biasing and buffer amplifiers are not shown in FIGS. 2 and 3.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A frequency multiplier circuit for frequency-multiplying an a-c signal
      by a ratio of whole numbers wherein the absolute value of the numerator of
      said ratio is greater than the absolute value of the denominator of said
      ratio and greater than one comprising:
PA1  a. means for providing an a-c signal;
PA1  b. means for providing a clock-frequency-signal of frequency greater than
      said a-c signal, said clock-frequency-signal providing means having an
      output;
PA1  c. means for receiving and dividing the frequency of said a-c signal by a
      first predetermined whole number greater than one said receiving and
      dividing means having an output;
PA1  d. a differentiator circuit having an input and an output, said input being
      connected to said output of said means for receiving and dividing the
      frequency of said a-c signal by a first whole number greater than one;
PA1  e. a clock gate curcuit having a clock-frequency-signal input, a second
      input and an output, said clock-frequency-signal input being connected to
      said output of said means for providing a clock-frequency-signal;
PA1  f. a binary counter circuit having a first input, a second input, a first
      output, and a second output, said second input being connected to said
      output of said differentiator circuit, said first input being connected to
      said output of said clock gate circuit; and
PA1  g. a flip-flop circuit having a first input, a second input, and an output,
      said first input being connected to said second output of said binary
      counter circuit, said second input being connected to said output of said
      differentiator circuit, said output of said flip-flop circuit being
      connected to said second input of said clock gate circuit, the signal on
      the output of said differentiator circuit resets said binary counter
      circuit and said flip-flop circuit, then said flip-flop circuit enables
      said clock gate circuit passing said clock frequency signal to said binary
      counter circuit, after counting a predetermined second whole number of
      cycles of said clock frequency signal, said second whole number being
      greater than one and greater than said first whole number, said binary
      counter circuit clocks said flip-flop circuit, causing said flip-flop
      circuit to inhibit said clock gate circuit until said differentiator
      circuit resets said binary counter circuit and said flip-flop circuit,
      whereby for every cycle of said frequency-divided a-c signal, said second
      whole number of cycles of said clock-frequency-signal appears on said
      binary counter circuit first output, said second whole number of cycles of
      said clock-frequency-signal appearing on said binary counter circuit first
      output being said ratio-of-whole-numbers, frequency multiplied, a-c
      signal.
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ABST
PAL  Small current signals (0.5 ua and less) such as the output of a photodiode
      are direct current coupled to a preamplifier which also passes an
      impedance reducing injection current to a pair of amplifiers. A voltage
      output proportional to the logarithm of the signal current is produced by
      passing the amplified current through a log producing junction of a
      transistor. However, to produce the logarithm function accurately, the
      injected or impedance reducing current is precisionally removed so that
      only a very minute portion (one part out of 5000) passes through the log
      producing junction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to impedance reducing circuits and more particularly
      to such circuits where the impedance is reduced by injecting a carrier
      current which is very large compared to the input current signal and then
      is precisely removed to facilitate obtaining a voltage output which is
      proportional to the logarithm of the signal current.
PAR  The invention finds particular application to video systems having
      relatively high frequency responses, such as in the order of 4 megahertz.
      The signal current is developed in response to a photodetector sensing
      light from a light emitting diode scanner. The signal current from such a
      photodetector is approximately 0.5 ua. The capacitance of the
      photodetector is approximately 50 picafarads. The input impedance of the
      circuit must be less than 1 k ohms. The input resistance into a
      semiconductor junction is (26 k/I) ohms, where I is the input current in
      microamperes. The required input resistance is obtained by superimposing a
      D.C. current 26 to 50 microamperes on the signal current.
PAR  In order to eliminate the effect of variations in light intensity of the
      light emitting diodes making up the scanner, a second photodetector
      monitors the light emitting diode. The signal from the second detector is
      D.C. coupled to a second impedance reducing circuit in the same manner as
      the signal from the first photodetector is coupled to the first impedance
      reducing circuit. The signal currents which are amplified by the impedance
      reducing circuits are converted to voltage outputs which are proportional
      to the logarithms of the signal currents. The two voltage output signals
      are then divided by subtracting the logarithms of the two signals. This is
      done by means of a differential amplifier.
PAR  In order to accurately form the logarithm function, the amount of D.C.
      current, not due to the signal from the photodetector, which is allowed to
      flow through the log producing junction must be very small in comparison
      with the signal. The D.C. carrier current is removed during a reset period
      when the light-emitting diodes are turned off by generating a take-out
      current proportional to the D.C. carrier current. The circuit for removing
      the D.C. carrier current will not respond to the signal from the
      photodetector. However, removal of the D.C. carrier current, i.e., the
      take-out current, increases very slightly during signal time and the
      amplifier of take-out circuit then swings sufficiently positive to reduce
      the take-out current below that required to satisfy the condition of
      minimum current amplification within the impedance reducing circuit.
      Although the carrier current is substantially removed, a small amount
      remains so that the transistor having the log producing junction will not
      cut off.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Prior art scanning systems such as the combination of a cathode ray tube
      and photomultiplier tube or the combination of photodetector arrays have
      had a signal output which is greater than the D.C. components, i.e.,
      leakage current, etc. and it was not necessary to remove the D.C.
      components to achieve accuracy because the D.C. component was negligible
      compared to the signal. However, where the D.C. current such as that due
      to leakage of the photodetector is comparable to the signal current, it is
      necessary to remove the D.C. current components.
PAC  SUMMARY OF THE INVENTION
PAR  The principle object of the invention is to provide an improved impedance
      reducing circuit which:
PA1  a. has a high degree of accuracy;
PA1  b. provides a high frequency response;
PA1  c. enables a voltage output which is proportional to the logarithm of the
      signal current to be produced accurately, and
PA1  d. injects a carrier current which is very large in comparison to the input
      signal and then removes the carrier current with a high degree of
      precision.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram illustrating the invention;
PAR  FIG. 2 is a schematic circuit diagram illustrating a preferred embodiment
      of the invention; and
PA1  Fig. 3 illustrates the invention incorporated in a video scanner for a
      character recognition system.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, the invention is illustrated by way of example wherein the input
      signal is generated in response to light impinging upon photodiode 10. In
      practice, the signal current from photodiode 10 is between 0.2 and 0.5 ua.
      The leakage current of photodiode 10 is on the order of 10 ua. This
      leakage current, as will be explained later herein, is removed along with
      the D.C. carrier current which is injected to reduce the input impedance.
      The output of photodiode 10 is D.C. coupled into the base of transistor
      T1. As it will be seen in FIG. 2, the output of the photodiode is actually
      coupled to the input of a grounded-base stage to isolate the photodiode
      capacitance. Also, the pre-amplifier may be A/C coupled to the photodiode
      to minimize the take-out current requirement. A/C coupling leads to some
      inaccuracy due to level shifting when the input signal is not periodic and
      also, tends to integrate, whereas D.C. coupling follows faithfully, and
      provides greater accuracy because a D.C. reference can be provided
      independent of the periodicity or duty cycle.
PAR  The D.C. carrier current provided by current source 15 is also applied to
      the base of transistor T1. Transistor T1 is connected as an emitter
      follower and its emitter is connected to the base of transistor T2. The
      emitter of transistor T2 is connected to ground potential and its
      collector is connected to the emitter of transistor T3.
PAR  The base emitter junction of transistor T3 produces a voltage output which
      is proportional to the logarithm of the signal current. Hence, the output
      is taken from the emitter of T3. The base of transistor T3 is connected to
      a positive potential so that T3 operates as a class A amplifier. The
      collector of T3 is connected to a positive potential via a resistor Rs.
PAR  As previously pointed out, the injected carrier current IDC and the D.C.
      components such as the leakage current of the photodiode are substantially
      removed so as not to pass through transistor T3. The carrier current
      take-out circuit includes differential amplifier 20 which has inputs
      connected to the +6 volt supply and the collector of transistor T3. The
      voltage appearing at the output of amplifier 20 which is necessary to
      reduce the current in T3 to nearly zero is held by a peak detecting
      circuit which includes diode D and capacitor C. It will be recalled that
      there is a period of time during which there is no signal current from
      photodiode 10 because the light-emitting diodes, not shown, are turned
      off. It is during this time that a peak level is stored on capacitor C.
      During this time, the collector of T3 goes negative as the D.C. current
      components including the carrier current start to flow through T3.
      Amplifier 20 is responsive and provides a voltage for charging capacitor C
      via diode D. The take-out current is determined by the value of resistor
      Ro connected in the emitter circuit of transistor T4 and the voltage at
      the base of T4. The base of transistor T4 is connected to the capacitor C
      via a high impedance circuit 25 which provides isolation to maintain the
      voltage on capacitor C during a relatively long signal time such as the
      time it takes to make one vertical scan of a character. The time constant
      of the peak hold action is such that the change in the take-out current
      through T3 is negligible between the times that there is no signal from
      photodiode 10.
PAR  The direction of signal current through resistor Rs is such that the
      unidirectional peak detector consisting of diode D and capacitor C will
      not respond to the signal. During signal time, the take-out current
      increases very slightly and the output of amplifier 20 can swing
      sufficiently positive to reduce the take-out current below that required
      to satisfy the condition of minimum current amplification through
      transistors T1 and T2. A small amount of the carrier current remains in
      transistor T3 so that it does not cut off. It will be noted that the
      unidirectional feature of the take-out circuit allows continual correction
      without the necessity of any synchronized switching signals.
PAR  A preferred embodiment of the invention is shown in FIG. 2. The output of
      photodiode 10 is coupled to the emitter of a pre-amplifier transistor T5
      which is connected as a grounded base stage. The pre-amplifier T5
      functions as a buffer for transistor T1 to protect it against noise on the
      input. The D.C. carrier current flows from the +12 volt supply through
      resistors R1 and R2, transistor T5, resistors R3 and R4 to the -12 volt
      supply. Capacitors C1 and C2 filter out power supply noise. The collector
      of transistor T1 is connected to the +12 volt supply via resistor R5.
      Capacitor C3 is a filter capacitor. Transistor T1 functions in the same
      manner as transistor T1 of FIG. 1. The emitter of transistor T1 is
      connected to the base of transistor T2 which functions in the same manner
      as transistor T2 of FIG. 1.
PAR  A voltage divider network is connected to the base of transistor T3 and
      includes resistors R6 and R7. The collector of transistor T3 is connected
      to resistor Rs in the same manner as in FIG. 1; however, resistor Rs is
      connected to the +6 volt supply via a diode D1 which provides a diode
      voltage drop to keep the collector of T6 and T8 back biased.
PAR  Amplifier 20 includes transistors T6 and T7 connected in a Darlington
      configuration with the base of T6 connected to the collector of T3.
      Transistors T8 and T9 are also connected in a Darlington configuration
      with the base of T8 connected to point A. Point A is between resistors R8
      and R9. At this time, it is sufficient to note that resistor R9 maintains
      sufficient current in transistor T3 to prevent cutoff. The emitters of
      transistors T7 and T9 are commonly connected to the collector of
      transistor T10 which functions as a current source.
PAR  The output of amplifier 20 is taken from the collector of transistor T7 and
      is fed into the base of transistor T11 which is connected as a feedback
      inverter to function as a gain stage. The collector of T11 is connected to
      the base of transistor T12 which is connected as an emitter follower for
      charging capacitor C. Transistor T12 functions as diode D in FIG. 1.
PAR  The high impedance circuit 25 of FIG. 1 consists of transistors T13 and T14
      which are connected as double emitter followers. The emitter of T14 is
      connected to the base of transistor T4. In addition to the resistor Ro in
      the emitter circuit of T4, diode D2 is provided to insure the proper
      operating point for T4 which contributes to the high gain of the feedback
      circuit. The collector of T4 is connected to the collector of T2 in the
      same manner as in FIG. 1.
PAR  The D.C. take-out current is fed back to the collector of transistor T2
      until the voltage across amplifier 20 goes to substantially zero. The
      voltage across resistor Rs will be slightly above zero, i.e.,
      ##EQU1##
      This leaves approximately 54 ua in transistor T3 so as to prevent the same
      from cutting off. The amount of current left in transistor T3 can be
      varied as necessary by choosing the appropriate size of resistor R9.
PAR  It is thus seen that the circuit in FIG. 2 has a common base stage
      including transistor T5 which functions to reduce the capacitance at the
      first or amplification stage and in this example, by a factor of 4 to 5.
      This reduces the amount of carrier current into the first amplification
      stage including transistor T1. For example, 50 ua are injected into the
      common base stage and about 10 ua into T1. Thus the takeout current which
      is approximately the D.C. carrier current .times. B1,B2, is
      correspondingly reduced and the amplification of the takeout loop can be
      reduced to provide the same accuracy in the log function performed by T3.
      By arranging T1 and T2 in a Darlington configuration, the input resistance
      is approximately (52K/I) ohms. It should be noted that capacitor C4 and
      resistors R10 and R11 form a roll-off network to eliminate high-frequency
      oscillation and thereby stabilize the closed loop response of the take-out
      loop.
PAR  FIG. 3 shows the invention embodied in a character recognition system. The
      light source for scanning document 30 consists of a linear array of light
      emitting diodes 40. These diodes are turned on sequentially by scan ring
      50. In this example, the light emitting diode array 40 has 64 light
      emitting diodes. Scan ring 50 is provided with 80 positions where
      positions 65 through 80 provide the retrace time or the time that the
      light emitting diodes are all off. The light from the light emitting
      diodes is directed onto document 30 by lens 55. Scanning in one direction
      is accomplished by turning the light emitting diodes on sequentially as
      previously mentioned. The other direction of scan which is required to
      read a character or a line of characters is obtained by moving either the
      document 30 or the array 40.
PAR  In order to compensate for variations in the light emitting diodes, a
      monitoring photodiode 10 is positioned to view the light emitting diode
      array 40 directly. The output of this photodiode is connected to an
      impedance reducing circuit of the type shown in FIGS. 1 and 2. The light
      which is reflected from document 30 is detected by another photodiode 10
      which is D.C. coupled to a second impedance reducing circuit. The outputs
      of the two impedance reducing circuits are connected to a differential
      amplifier which subtracts the logarithmic outputs of the impedance
      reducing circuits and thereby eliminates the effects of variations in
      light output of the light emitting diodes. This results in a video signal
      which is proportional to the reflectance of document 30.
PAR  The signal from the differential amplifier 60 is passed to a video
      digitizer 65. The video digitizer develops a signal at one level when
      light is reflected from the background area of document 30 and a signal at
      another level when light is reflected from a character on document 30. The
      digitized video signals are then passed to recognition logics 70 which
      develop signals for indicating the identity of the characters scanned.
      These recognition signals are then passed to a utilization device 75 such
      as a computer. This monitoring arrangement allows a variation of 50 to 70%
      in light emitting diode (LED) output without any detectable effect on the
      divided output.
CLMS
STM  We claim:
NUM  1.
PAR  1. An impedance reducing circuit comprising:
PA1  a signal input source for perodically providing a varying signal;
PA1  semi-conductor amplifying means having an input impedance varying inversely
      proportional to input current and including feed forward and feed backward
      sections, said feed forward section having both voltage and current
      outputs;
PA1  means for coupling said signal input source to a semi-conductor junction in
      said feed forward section of said amplifying means;
PA1  means for supplying a D.C. steady state current to said semi-conductor
      junction of said amplifying means of a magnitude at least three times
      greater than the peak magnitude of said varying signal to provide a
      constant reduction of input impedance of said amplifying means whereby
      within said feed forward section of said amplifying means there is an
      amplified signal having both varying signal and D.C. steady state current
      components; and
PA1  take out current generating means connected within the feed backward
      section of said amplifying means and responsive to the D.C. current
      component coming from said feed forward section of said amplifying means
      for generating a take out current component equal to said amplified D.C.
      steady state current and supplying said take out current to said feed
      forward section for preventing said amplified D.C. steady state current
      from affecting said voltage output whereby only said amplified varying
      signal component appears at said voltage output.
NUM  2.
PAR  2. The impedance reducing circuit of claim 1 wherein said take out current
      generating means includes means for sensing said amplified D.C. current
      component in said feed forward section, means responsive to said sensing
      means for generating a take-out current equal to said D.C. steady state
      current, and means for applying said take-out current to said feed forward
      section of said amplifying means.
NUM  3.
PAR  3. The impedance reducing circuit of claim 2 wherein a high impedance
      circuit is connected between said sensing means and said means for
      generating said take-out current.
NUM  4.
PAR  4. The impedance reducing circuit of claim 3 wherein said high impedance
      circuit comprises double emitter followers.
NUM  5.
PAR  5. The impedance reducing circuit of claim 2 wherein said sensing means
      comprises a resistor connected within said feed backward section of said
      amplifying means and a differential amplifier having inputs connected
      across said resistor.
NUM  6.
PAR  6. The impedance reducing circuit of claim 5 wherein said sensing means
      further comprises a peak sensing circuit connected to the output of said
      differential amplifier.
NUM  7.
PAR  7. The impedance reducing circuit of claim 6 wherein said peak sensing
      circuit periodically adjusts the value of the take-out current so that the
      output signal current is zero to correspond to the condition where the
      input signal is minimum.
NUM  8.
PAR  8. The impedance reducing circuit of claim 6 wherein said peak sensing
      circuit is uni-directional.
NUM  9.
PAR  9. The impedance reducing circuit of claim 8 wherein said peak sensing
      circuit comprises a diode connected to the output of said differential
      amplifier and a capacitor connected to said diode.
NUM  10.
PAR  10. The impedance reducing circuit of claim 9 wherein the charge on said
      capacitor remains substantially the same during the time that signals are
      available from said signal input source.
NUM  11.
PAR  11. The impedance reducing circuit of claim 9 wherein said capacitor
      charges to a peak value when said input signal is minimum.
NUM  12.
PAR  12. The impedance reducing circuit of claim 11 wherein said charge on said
      capacitor provides a steady state voltage to cause said take-out current
      to remain substantially constant as said input signal varies from said
      minimum.
NUM  13.
PAR  13. The impedance reducing circuit of claim 1 wherein said signal input
      source is a photodiode.
NUM  14.
PAR  14. The impedance reducing circuit of claim 1 wherein said feed forward
      section of said amplifying means includes a pair of transistors connected
      in a Darlington configuration.
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PAL  A circuit for locking an otherwise unstable oscillator to a frequency
      standard oscillation by the use of a discriminator and a differential
      amplifier, which amplifier produces a low-frequency output signal in
      response to a lack of synchronization between the oscillator being
      controlled and the reference oscillator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When an oscillator being controlled is out of synchronization with its
      standard or reference oscillator, means must be provided for the output of
      the control circuit to capture the oscillator signal and to phase lock
      that signal to the reference oscillation. Numerous suggestions have been
      made in the past to increase the capture range of such control circuits.
      An example of this is described in German Pat. No. 1,140,969. In the case
      of initially switching on the circuit or of a failure of synchronization a
      control signal derived from the difference frequencies between the two
      oscillators occurs and a circuit is provided to produce a very low
      oscillation. If this oscillation is superimposed upon a subsequent
      adjusting voltage, the free-running oscillator can reach synchronization
      range. Since the alternating voltage corresponding to the difference
      frequency does not exist during synchronization, the criteria for the
      so-called "wobble" oscillator would also not exist during synchronization.
PAC  FIELD OF THE INVENTION
PAR  The field of art to which this invention pertains is locked oscillator
      systems and, in particular, to means to increase the capture range of a
      freely-running oscillator which has lost synchronization or which
      initially does not have synchronization with the reference oscillator.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important feature of the present invention to provide a new locked
      oscillator.
PAR  It is another feature of the present invention to provide a locked
      oscillator with increased capture range.
PAR  It is an important object of the present invention to provide a locked
      oscillator which is controlled by a discriminator and an amplifier which
      produces a "wobble" frequency to increase the capture range of the system.
PAR  It is another object of the present invention to provide a differential
      amplifier for use in a circuit as described above wherein a feedback path
      is provided to produce a low-frequency "wobble" when a control signal
      exists at the output of the phase discriminator, indicating a lack of
      synchronization between the oscillators.
PAR  It is also an object of the present invention to provide a circuit as
      described above, wherein the feedback circuit in the differential
      amplifier consists of a series RC circuit.
PAR  It is also an object of the present invention to provide a circuit as
      described above, wherein the "wobble" frequency in the differential
      amplifier is approximately 1 Hz.
PAR  It is a further object of the present invention to provide a differential
      amplifier having two stages as described above wherein the regenerative
      feedback circuit is coupled from the output of the second stage to the
      input of the first stage and wherein the control criteria for the
      free-running oscillator is taken from the collector of the first stage.
PAR  These and other objects, features and advantages of the present invention
      will be understood in greater detail from the following description and
      the associated drawing wherein reference numerals are utilized to
      designate a preferred embodiment.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of the phase-locked circuit of the present
      invention.
PAR  FIG. 2 is a schematic of the amplifier V as shown in FIG. 1, indicating the
      two stages thereof and the operation of the regenerative feedback circuit
      from the output of the second stage to the input of the first stage, and
      also the takeoff circuit from the collector of the first stage for the
      control signal for the free-running oscillator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention relates to a locked oscillator which utilizes a
      discriminator in an amplifier to produce a control voltage to adjust the
      frequency of a free-running oscillator to the frequency of a standard
      oscillator. This is accomplished generally in accordance with the present
      invention in such a way that the amplifier in the control loop has a
      regenerative feedback branch which is dimensioned in such a way that the
      amplifier carries out a dampened oscillation in response to the presence
      of a signal output from the phase discriminator indicating a lack of
      synchronization between the oscillators.
PAR  The amplifier of the present invention is formed in two stages and the
      regenerative coupling is through a series resistance capacitor network
      from the output of the second stage to the input of the first stage. The
      amplifier takes the form of a differential amplifier which in the
      preferred embodiment has its time constants arranged in such a way that
      the short time excited oscillation produced therein have a frequency of
      approximately 1 Hz.
PAR  In the preferred embodiment, the amplifier is a transistor amplifier with
      common emitters and the collector resistances of each of the transistor
      stages compared to the common emitter resistances are relatively higher.
      The control voltage which is used to supply the control circuit of the
      free-running oscillator is taken from the collector resistance of the
      first transistor. In addition, a capacitor having a magnitude which makes
      it an ac short circuit is connected in parallel with the collector
      resistance of the second stage transistor. This circuit arrangement as
      compared with prior art circuit arrangements has a much simpler and hence
      less costly construction while achieving all of the advantages of such
      prior art circuits.
PAR  Referring to the drawings in greater detail, FIG. 1 shows the principles of
      operation of the present invention by use of a block diagram wherein a
      free-running oscillator G1 is shown as having a terminal frequency
      adjusting member NG. By suppling a voltage to this member, the frequency
      of the oscillator G1 may be adjusted to be equal to the stable frequency
      of a quartz oscillator G2. This control is effected in a prior art manner,
      either in accordance with the principles of frequency or phase control
      where block D is either a frequency of a phase discriminator. The output
      voltage of this discriminator is usually supplied to the terminal
      adjusting member NG by way of a control amplifier V. In accordance with
      this invention, this amplifier V, which usually transmits only the
      subsequent adjusting direct voltage to the free-running oscillator G1, is
      regeneratively fed back within itself to produce an alternating voltage by
      way of the above-mentioned series resistance capacitor branch. This series
      resistance capacitor branch is dimensioned in such a way that the
      amplifier carries out a slow oscillation for only a short time when a
      voltage is received at its input from the phase or frequency
      discriminator. Such a voltage input always occurs when the oscillator is
      suddenly out of step or when frequency displacement is initially developed
      during the turn-on time of the system. As is well understood, an
      alternating voltage is produced at the output of the discriminator which
      is the difference between the desired oscillation and the standard
      oscillation provided by the quartz oscillator G2. In the case of a
      phase-controlled circuit, this is usually the difference between the
      frequencies of the two generators G1 and G2.
PAR  In order to make the amplifier V produce a short-time oscillation, it must
      be regeneratively coupled via a reactance. In the circuit of FIG. 2 this
      regenerative coupling is accomplished by the capacitance C1 and the
      resistance R2. The values of this regnerative-coupling loop are chosen
      such that the amplifier carries out a low-frequency oscillation when the
      amplifier receives an input signal from the discriminator.
PAR  In the preferred embodiment, C1 and R2 are selected in such a way that the
      frequency of oscillation by the amplifier is 1 Hz.
PAR  In this case, the amplifier V has two stages which include the transistors
      T1 and T2. This is a difference amplifier which is particularly
      advantageous since the output voltage which is taken from the collector
      resistance R6 of the transistor T1 can be amplified to an order of
      magnitude which is suitable for the operation of capacitance variable
      diodes for tuning the free-running oscillator. Such diodes are usually
      used as final adjusting elements for oscillators.
PAR  With the help of the resistances R3, R4, R5, the collector resistances R6
      and R7 and the resistances R8 and R9 for the adjustment of the base bias
      of the transistor T2, the operational point of that stage of the amplifier
      is established.
PAR  The control voltage is taken from the collector of the transistor T1, and
      the alternating voltages which are produced by the discriminator are
      removed by the capacitance C3. A capacitor C2 is parallel connected to the
      collector resistance of the transistor T2, and it has a high time
      constant.
PAR  The resistance R10 which is also connected in series with the capacitor C3
      determines the nature of the ac path of the control loop. This is also
      influenced by the sensitivity of the discriminator, the amplification of
      the amplifier V and the properties of the tuning diodes of the
      free-running oscillator G1.
PAR  The resistance R1 at the input of the circuit serves to decouple the
      amplifier from the previous discriminator. The following values of the
      switching elements are given for the preferred embodiment described
      herein:
TBL  R5 = 4,7K;  R3 = 100.OMEGA.;                                              

                                R4 = 100.OMEGA.;                               

     R8 = 3,9K;  R1 = 100.OMEGA.;                                              

                                R2 = 20K;                                      

     C1 = 2.mu.F;                                                              

                 R9 = 12K;      R10 = 160.OMEGA.;                              

     R6 = 20K;   R7 = 20K;      C2 = 22.mu.F;                                  

                 C3 = 330nF.                                                   

PAR  Using the above values, the free-running oscillator G1 was stabilized at
      approximately 700 MHz.
PAR  In operation, when the circuit is initially switched on, the free-running
      oscillator may or may not be within the holding range of the
      phase-controlled circuit. If it is, the amplifier T1 and T2 will oscillate
      only once. The difference frequency, when approaching synchronization,
      becomes 0, which rapidly decreases the alternating voltage produced by the
      regenerative feedback of the amplifier, thus ending the searching or
      capture process.
PAR  If the frequency of the free-running oscillator is remote from the desired
      frequency or outside the holding range, such that the phase-controlled
      circuit cannot capture the control of the oscillator, the 1 Hz signal will
      be produced by the amplifier and added to the control voltage which is fed
      to the oscillator G1 to accomplish the desired capture which then causes
      the circuit to be brought into synchronization with the oscillator G2 as
      described above.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. The combination comprising:
PA1  a reference oscillator,
PA1  a controlled oscillator having a control input to adjust its oscillation
      frequency,
PA1  a discriminator having inputs received from both said oscillators for
      comparing the frequencies of each and producing a desired output
      indicative of the difference frequency therebetween,
PA1  an amplifier receiving as its input, the output of said discriminator, and
      having its output coupled to the control input of the controlled
      oscillator,
PA1  said amplifier having an ac feedback coupling circuit with its parameters
      chosen to cause said amplifier to carry out a damped oscillation after
      receiving a signal from the output of said discriminator, indicating
      non-synchronization between said oscillators, wherein said amplifier has
      first and second stages and is a difference amplifier and wherein the
      feedback circuit comprises an ac coupling means from the output electrode
      of the second stage to the input electrode of the first stage.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein said difference
      amplifier is a two-stage transistor amplifier connected with common
      emitters, collector resistances being provided for said two-stage
      transistor amplifier, emitter resistances also provided in series with the
      emitters of said two-stage transistor amplifier, the collector resistances
      when compared to the emitter resistances being relatively higher, the
      control input of the controlled oscillator is coupled from the collector
      electrode of the first transistor stage, the ac coupling means for
      feedback is connected from the collector electrode of the second stage to
      the base electrode of the first stage.
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PAL  A contactless proximity sensor includes an oscillator which generates an
      output damped by the presence of a metal part whose approach is to be
      detected. The operating voltage for the oscillator is developed across a
      capacitor, in parallel with a Zener diode, whose charging circuit includes
      a high-ohmic resistance connected in series therewith across a supply of
      pulsating direct current. The flow of charging current into the capacitor
      is controlled by a thyristor adapted to be fired by means of a trigger
      transistor upon a critical reduction in the amplitude of the oscillator
      output. The trigger transistor, upon conducting, lowers the cathode
      potential of the thyristor whose gate is connected, via a resistor and/or
      a diode, to the junction of the capacitor with its charging resistance; in
      one embodiment this gate is driven positive through an inverter upon the
      conduction of the trigger transistor. The thyristor may shunt only the
      charging resistance, or it may be connected in series with a second Zener
      diode across the voltage-generating network consisting of the first Zener
      diode, the capacitor and its charging resistance.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 290,866, now U.S. Pat. No. 3,747,010, filed 21 Sept. 1972 as a
      continuation-in-part of my application Ser. No. 80,016 which was filed 12
      Oct. 1970 and is now abandoned.
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to electronic contactless distance indicators
      and, more particularly, to an electronic detector for signaling the
      proximity of a metallic element, e.g. in a machine tool.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional distance or proximity indicators, designed to respond to the
      relative movement of a part carrying the indicator and an element whose
      approach is to be detected, generally make use of switching devices having
      two operating conditions (e.g. open and closed) respectively signaling the
      fact that such element is or is not within a predetermined range. Systems
      of this nature relying on physical contact with the approaching element
      have the disadvantage that they may suffer from material fatigue,
      mechanical wear or environmental contamination.
PAR  There have recently been proposed various contactless arrangements which do
      not rely upon a physical bridging of the space between the two members.
      Especially where the distance of a metal part from another part is of
      interest, use is made of oscillators whose attenuation or damping
      increases as the metal part approaches. Such circuits may be coupled to
      switches and may even be inherently threshold-type devices. As is well
      known, an amplifier with positive feedback having a regenerative coupling
      factor K and an amplification factor V will oscillate when KV &gt; 1, the
      product KV being known as the loop gain. However, when the damping or
      attenuation increases the loop gain so that KV &lt; 1, oscillation ceases.
      Thus, the oscillator can be set so that oscillation terminates upon the
      approach of the metal part to within a predetermined distance from the
      oscillator, the termination of oscillation being used to operate an
      indicator, signaling device, counter or other load.
PAR  It has been proposed, in connection with contactless switches, to connect
      the same by only two conductors to a stationary object when, for example,
      the indicator is to be mounted upon a moving part. Two-wire connections
      are also desirable in many instances in which the indicator is fixed. In
      such a case the two conductors must serve, on the one hand, to deliver the
      supply current for the oscillator associated parts and, on the other hand,
      to carry an output signal when the metal part has reached the
      predetermined distance from the indicator. In conventional systems,
      electronic switches have been provided at the output of the oscillator
      which, when triggered, cut off the oscillator and render the latter
      ineffectual. Such switches are, for example, thyristors which, upon
      conducting, short-circuit the supply to the oscillator. This arrangement
      has, of course, the disadvantage that the distance sensor is de-energized
      for the duration of the operation of the switch, complex circuitry is
      necessary to ensure re-energization of the sensor, and loading of the
      source is high.
PAR  In my prior applications referred to above I have disclosed a contactless
      electronic proximity sensor whose metal-detecting stage, designed as an
      oscillator of the type discussed, is maintained continuously energized
      independently of the state of a switch responsive to changes in the
      amplitude of the generated oscillations. This is accomplished by the
      provision of a supply circuit which includes a constant-voltage impedance,
      specifically a Zener diode, connected in series with a high-ohmic
      ancillary resistance across a source of pulsating direct current, a
      bistable electronic switch in the form of a solid-state controlled
      rectifier (SCR) or thyristor lying in shunt with that resistor so as
      effectively to short-circuit same upon being rendered conductive by a
      trigger stage under the control of the oscillation generator. The Zener
      diode is thus continuously energized, regardless of the state of
      conductivity of the electronic switch, and delivers the necessary
      operating voltage to a pair of power-input terminals of the oscillator and
      of the associated trigger stage.
PAR  This arrangement obviates the need for current converters, transformers and
      the like and also dispenses with the necessity for providing separate
      circuitry to supply the oscillator. The latter is energized substantially
      independently of the load resistance and of the supply voltage whereby
      several such switching circuits can be connected in parallel or in series
      to a common source.
PAC  OBJECTS OF THE INVENTION
PAR  An object of my present invention is to provide an improved system of this
      character with further stabilization of the voltage drop developed
      thereacross in the two operating stages of the binary switch.
PAR  A more specific object is to eliminate voltage peaks which occur upon a
      switchover in the system of my copending application in which the cathode
      of the thyristor, connected through a Zener diode to a negative bus bar of
      the supply circuit, is held at a fixed potential whereas the gate voltage
      of the thyristor is varied under the control of the trigger stage.
PAR  If the Zener diode of the aforedescribed system is shunted by a storage
      capacitor designed to smooth the operating voltage of the detector unit
      and the associated trigger stage, the presence of this storage capacitor
      may lead to an untimely firing of the thyristor upon the initial
      connection of the proximity sensor to its power supply. Another object of
      my invention, therefore, is to prevent such untimely firing in a simple
      and dependable manner.
PAR  A further object of this invention is to provide a proximity sensor of this
      description adapted to be realized, at least to a substantial extent, by
      monolithically integrated circuitry.
PAC  SUMMARY OF THE INVENTION
PAR  The basic constituents of a proximity sensor embodying my invention are a
      detector unit sensitive to the approach of an extraneous element for
      generating a control signal in an output circuit thereof, this signal
      varying with the distance of such element from a predetermined location
      such as the tank circuit of an oscillator forming part of that unit; a
      voltage-generating network including a constant-voltage impedance, such as
      the aforementioned Zener diode preferably shunted by a storage capacitor,
      bridged together with a series resistance across a supply circuit
      delivering a pulsating direct current, the power-input terminals of the
      detector stage being connected across this constant-voltage impedance; and
      a binary electronic switch, such as a thyristor, connected in shunt with
      all or part of this voltage-generating network, the switch being coupled
      to a trigger stage which responds to a predetermined change in the control
      signal to modify the flow of current through the ancillary series
      resistance of the network while maintaining a sufficient current flow
      through the constant-voltage impedance thereof to keep the detector unit
      operative in either state of conductivity of the binary switch whereby a
      relay or other indicator in the supply circuit responds to changes in this
      state of conductivity to register a predetermined variation of the control
      signal representing an approach of the extraneous element to within a
      specified distance.
PAR  In principle, the detector unit need not incorporate such an oscillator but
      may comprise a variety of other sensing devices, preferably of the
      contactless type, such as magnetic diodes, charged plates, or
      photoelectric transducers including diodes, resistors and transistors. In
      the description which follows, however, reference will be made
      specifically to an oscillation generator as an instance of such a
      detector.
PAR  According to a more specific feature of my present invention, the cathode
      of the thyristor used as a binary switch is not maintained at a
      substantially fixed potential but is connected to the output of the
      trigger stage, specifically to the collector of a switching transistor
      controlled by that stage, while the gate of the thyristor is connected to
      the high-voltage (positive) terminal of the storage capacitor and thus to
      one of the power-input terminals of the detector stage. With the switching
      transistor conducting, a condition necessary in that case to enable the
      firing of the thyristor on every d-c pulsation, the thyristor cathode is
      maintained at a low potential (with reference to the negative supply
      terminal or bus bar) so that the thyristor breaks down well before its
      gate potential has reached the level of the Zener voltage which limits the
      charge of the storage capacitor. Thus, there are no transient voltage
      peaks generated which could give rise to annoying static and which may
      also manifest themselves as possibly detrimental interruptions of the load
      current. The magnitude of the cathode voltage may be controlled by the
      insertion of a low-ohmic resistor between the switching transistor and the
      thyristor, with the series combination of the emitter/collector path of
      the transistor and the cathode resistor connected directly across the
      Zener diode which lies in series with the thyristor. With the ancillary
      series resistance shunting the anode/cathode path of the thyristor, this
      relatively high-ohmic ancillary resistance forms with the cathode resistor
      a voltage divider which can be designed to allow firing of the thyristor
      only with near-zero values of the pulsating supply voltage but to prevent
      such firing in other parts of a cycle in which the cathode potential
      approaches the Zener level. This can be advantageous in case it is desired
      that the load be actuated -- if at all -- only at specific instants, i.e.
      substantially at the beginning of each half-cycle of an alternating supply
      voltage.
PAR  According to another feature of my invention, designed to minimize the
      number of impedance elements which must be traversed by the load current
      in the conductive condition of the thyristor, the latter is not connected
      in parallel with the ancillary resistance of the voltage-generating
      network (as in the system of my prior applications) but, together with
      another Zener diode inserted between its cathode and the negative bus bar,
      lies in shunt with that entire network, this second Zener diode being
      bridged by the switching transistor and the associated cathode resistor.
      As in the previous case, the cathode resistor should be of such low
      magnitude as to pass at least the sustaining current of the thyristor when
      the switching transistor is saturated; thus, the thyristor will conduct
      even before the Zener diode in series therewith breaks down.
PAR  For reasons explained hereinafter, the breakdown level of the second Zener
      diode (in the cathode lead of the thyristor) should be at least as high as
      that of the Zener diode shunting the storage capacitor. This requirement,
      however, may be obviated by resorting to another feature of my present
      invention according to which not only the cathode but also the gate of the
      thyristor are variably energized, with relatively opposite polarity, under
      the control of the trigger stage. Thus, an ancillary energizing circuit
      for the thyristor gate may extend from the collector of the switching
      transistor to that gate by way of an inverter stage, this ancillary
      circuit advantageously including the base/emitter path of an
      emitter-follower transistor whose presence permits the use of a relatively
      large gate resistor in parallel with a charging diode for the storage
      capacitor whereby the current drain of the inverter stage in the
      nonconductive state of the thyristor is minimized.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an overall circuit diagram of a proximity sensor according to the
      invention, substantially as disclosed in my prior applications Ser. Nos.
      80,016 and 290,866;
PAR  FIGS. 2, 3 and 4 are fragmentary circuit diagrams showing several
      modifications of a component of the system of FIG. 1;
PAR  FIG. 5 is a graph showing an input voltage developed across the proximity
      sensor of FIG. 1; and
PAR  FIG. 6 is a graph similar to FIG. 5 but relating to a modified system
      according to FIGS. 2, 3 or 4.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have illustrated a sensing circuit 1, responsive to the
      proximity of a metal part (not shown), which is connected by a two-wire
      line 2, 3 to an alternating-current source 4 in series with a load 5 in
      the form of a current-responsive indicator. Member 5 may be a relay whose
      contacts can be reversed to signal the attainment of a predetermined
      spacing of an external metallic element from the sensor 1.
PAR  The contactless distance sensor 1 comprises an oscillator 6 which may be of
      the type described in my copending applications Ser. Nos. 290,866, 290,867
      and 290,868 all filed 21 Sept. 1972, now U.S. Pat. Nos. 3,747,010,
      3,747,011 and 3,747,012 respectively. In the illustrated embodiment, the
      oscillator 6 comprises an NPN transistor 6a whose collector circuit
      includes a parallel-resonant network 6b consisting of a capacitor 6b' and
      an inductor 6b". A feedback inductor 6c is connected between the base of
      the transistor 6a and a common terminal 6d of a pair of resistances 6e, 6f
      forming a voltage-divider network; the two coils 6b", 6c are inductively
      coupled as diagrammatically indicated in the drawing. Resistance 6e is
      bridged by a shunt capacitor 6g. A resistance 6h is connected between the
      emitter of transistor 6a and a negative bus bar 15 also tied to the
      resistance 6f. This oscillator generates an output of a frequency
      determined by the tuned or tank circuit 6b and at a level depending, in a
      manner known per se, on the damping induced by the proximity of metal
      parts to the oscillator (specifically to its tank circuit 6b) which lowers
      the Q of circuit 6b and therefore reduces the effective collector
      resistance of transistor 6a along with the amplification factor V so as to
      attenuate the oscillator output.
PAR  I also prefer to provide a snap-action or bistable amplification stage 9
      triggerable by the output of the oscillator 6 when the loop gain KV of the
      amplifier 6a thereof makes the transition between values greater and less
      than unity. The trigger stage 9 comprises a transistor 9a of the NPN type
      whose base is tied to the collector of transistor 6a by a d.c.-blocking
      coupling capacitor 9b. The base of transistor 9a is biased positively by a
      transistor 9c connected as a diode to the negative bus bar 15 of the
      circuit. The output of transistor 9a, whose amplitude decreases upon the
      approach of a metallic element as described above, is applied by an
      emitter impedance, in the form of an R/C network consisting of resistors
      9e and 9f  bridged by a storage capacitor 9g, to the base of an NPN
      switching transistor 23 included in a component 10 which serves in part as
      a voltage-generating network and also includes a binary electronic switch
      shown as a thyristor 12. The voltage-generating network of this component
      includes a storage capacitor 18 connected between the negative bus bar 15
      and a positive lead 13 supplying the transistors 6a and 9a of the
      preceding stages; capacitor 18 is shunted by a Zener diode 16 in series
      with a rectifying diode 19, the latter lying in a charging circuit for the
      capacitor which includes a high-ohmic ancillary resistor 17 in parallel
      with the anode/cathode path and associated leads 14 and 26 of thyristor
      12. The gate of the thyristor is connected through a lead 20 to the
      collector of transistor 23 and thence via the collector/emitter resistance
      23 thereof to negative bus bar 15. The collector of transistor 23 is
      further connected through a gate resistor 21, which in this instance is
      also of the high-ohmic type, to a positive bus bar 22 directly tied to the
      anode lead 26 of thyristor 12; the voltage-generating network consisting
      of ancillary resistor 17 and the constant-voltage impedance 16, 18, 19 is
      bridged across the two bus bars 13 and 15. These bus bars, in turn, are
      energized with pulsating direct current from a rectifier bridge 25
      connected across the wires 2, 3 downstream of load 5. The alternating
      voltage developed across the input diagonal of bridge 25 has been
      indicated at V.sub.i.
PAR  Switching transistor 23 conducts as long as a sufficiently positive charge
      is accumulated on capacitor 9g, i.e. as long as transistor 9a of trigger
      stage 9 is turned on by a biasing potential on its base corresponding to a
      relatively high amplitude of the oscillations generated by transistor 6a
      in detector unit 6. Upon a substantial reduction in the amplitude level,
      trigger transistor 9a and switching transistor 23 are cut off whereby the
      positive-going potential of lead 20 energizes the gate of thyristor 12
      sufficiently to drive a firing current throut the gate/cathode path 27 of
      the thyristor with resulting short-circuiting of the high-ohmic ancillary
      resistor 17. That operation sharply lowers the potential of bus bar 22
      from the value it had attained just prior to the firing of the thyristor;
      this has been illustrated in FIG. 5 where the square wave V.sub.i
      represents the a-c counterpart of the raw-rectified pulsating voltage
      developed beyond bridge 25 across bus bars 15 and 22. It will be seen that
      each zero crossing of this input voltage V.sub.i is followed by a sharp
      spike S which appears as a positive pulse on bus bar 22 and is required to
      overcome the gate/cathode resistance 27 of the thyristor before the latter
      can conduct to reduce the input voltage to a predetermined amplitude whose
      absolute value is only slightly higher than the breakdown level of Zener
      diode 16. (It will be understood that the flanks of the square-wave pulses
      are not perfectly vertical, as diagrammatically illustrated, so that the
      pulsations through thyristor 12 are separated by brief periods of
      nonconductivity.)
PAR  Independently of the state of conductivity of thyristor 12, Zener diode 16
      is traversed by a current drawn either through resistor 17 or through the
      parallel combination of that resistor and the main current path of the
      thyristor. Capacitor 18 thus remains charged, via diode 19, to
      substantially the Zener level to keep the power-input lead 13 of
      oscillator 6 and trigger 9 energized. Detector unit 6 is therefore
      continuously maintained operative, even if the oscillations cease
      completely, through the steady energization of lead 13.
PAR  At the beginning of operations, i.e. before power supply 4, 25 is connected
      to the bus bars 15 and 22 of proximity sensor 1, capacitor 18 is of course
      discharged so that the cathode lead 14 of thyristor 12 is at nearly the
      potential of negative bus bar 15 when the circuit is closed. It may
      therefore happen that the gate lead 20 is initially driven more positive
      than the cathode lead 14 to such an extent that, regardless of the absence
      of a metallic element whose proximity is to be detected, the thyristor
      fires and actuates the relay 5. This drawback can be avoided by connecting
      a large capacitor across the main path 23 of transistor 24 to hold down
      the initial gate voltage, yet a simpler and more dependable solution is
      provided by the improved components 10a, 10b and 10c shown in FIGS. 2 - 4
      which also eliminate the spikes S of FIG. 5.
PAR  In FIGS. 2 - 4 I have employed, as far as applicable, the same numerals as
      in FIG. 1 to designate analogous elements. It is to be understood,
      however, that in the modifications of these Figures the switching
      transistor 24 must saturate (or at least conduct) when the thyristor 12 is
      to be fired, i.e. when the load 5 is to be energized, whereas the
      transistor is cut off in the alternate condition in which the input
      resistance of sensing circuit 1 is to be high. Thus, contrary to the
      arrangement of FIG. 1, these modified systems will indicate the approach
      of a metallic element by the release of relay 5 unless trigger stage 9 is
      altered (e.g. by the introduction of an inverter) to drive the base of
      transistor 24 negative when the oscillation amplitudes in the output of
      detector 6 are high.
PAR  In FIG. 2 the cathode lead 14 of thyristor 12, forming part of the
      component 10a replacing the component 10 of FIG. 1, is connected to a
      junction J representing a point on a voltage divider constituted by the
      ancillary resistor 17 and a relatively low-ohmic cathode resistor 28, this
      voltage divider being bridged across bus bars 15 and 22 in series with
      transistor 24 whose collector is joined to its resistor 28. Gate lead 20
      is connected through another high-ohmic resistor 21 to the power-input
      lead 13 for components 6 and 9 (FIG. 1) originating, as before, at a
      common terminal of capacitor 18 and its charging diode 19. The common
      terminal of this charging diode with Zener diode 16 is connected to
      junction point J through a further rectifying diode 29 in cascade with
      diode 19, the cascaded diodes being so poled as to oppose the flow of
      discharge current from capacitor 18 to junction J.
PAR  In the operation of the system of FIG. 2, thyristor 12 remains
      nonconductive as long as transistor 24 is cut off. Junction J, and
      therefore the cathode lead 14, is then maintained at a positive potential
      which exceeds the Zener potential, present at the point Z to which the
      three diodes 16, 19 and 29 are joined, by the small voltage drop developed
      across the forward resistance of diode 29; gate lead 20, on the other
      hand, is essentially at the charging potential of capacitor 18 which falls
      short of the Zener level by the voltage drop across the forward resistance
      of diode 19. Under these conditions, therefore, thyristor 12 acts as an
      open switch and the input resistance of circuit 1 remains high so that
      voltage V.sub.i varies sinusoidally with that of source 4 and the current
      flow through relay 50 is insufficient to actuate same.
PAR  As soon as transistor 24 saturates, the cathode voltage of thyristor 12
      drops to a low level only slightly above that of bus bar 15. Since the
      gate voltage of the thyristor is not affected by the conduction of
      transistor 24, gate current now flows through the path 27 so that the
      thyristor fires and draws current through its anode 26 from bus bar 22.
      The firing point occurs early in each half-cycle, as soon as bus bar 22
      has gone sufficiently positive to sustain conduction. The potential of
      this bus bar therefore never rises above that established by the Zener
      potential and the voltage drops across diode 29 and thyristor 12 so that
      voltage V.sub.i is a square wave as illustrated in FIG. 6, lacking the
      spikes of FIG. 5.
PAR  It will also be noted that upon the initial connection of component 10a to
      its power supply, i.e. with capacitor 18 discharged, gate lead 20 is at
      low voltage so that thyristor 12 will not fire, as it might in the system
      of FIG. 1 with transistor 24 cut off. Also, whereas in that system the
      gate resistor 21 is connected in series with switching transistor 23
      between bus bars 15 and 22 so as to have virtually the entire supply
      voltage (e.g. of 220 V) developed thereacross, this resistor is traversed
      in FIG. 2 by only a small current flow and is therefore readily realizable
      by monolithically integrated circuitry.
PAR  If the series diode 29 were omitted, the system would function in
      essentially the same manner but only over a restricted range of supply
      voltages as compared with that of FIG. 1. With a low-voltage source the
      reverse flow through diode 19 alone could drain the capacitor 18
      sufficiently to prevent an adequate energization of the components fed via
      lead 13. By the provision of diode 29, in a system designed for a supply
      voltage of 220 V, the same can be made operative over a range down to
      about 40 V, similar to that realizable with the system of FIG. 1.
PAR  The system of FIG. 2 has a minor drawback in that the load current passing
      through thyristor 12 and Zener diode 16 must also traverse the diode 29,
      with added energy dissipation and the need for carrying off the developing
      heat. The presence of this diode also militates against a realization of
      component 10a by monolithically integrated circuitry.
PAR  In FIG. 3 I have shown a further modified component 10b in which the Zener
      diode 16 is connected directly across the storage capacitor 18 and to the
      conductor 13, with diode 19 relocated into the connection between this
      conductor and the gate lead 20 of thyristor 12; diode 19 is shunted by the
      gate resistor 21. A second Zener diode 30 lies directly in series with the
      cathode lead 14 of thyristor 12 and in parallel with the combination of
      switching transistor 24 and low-ohmic resistor 28, the latter being again
      connected to the collector of this transistor. In this embodiment the gate
      voltage of the thyristor exceeds by only the forward drop of diode 19 the
      voltage of conductor 13 substantially corresponding to the Zener potential
      at the junction Z' of elements 16, 17, 18, 19 and 21; the cathode voltage,
      on the other hand, equals the Zener potential of diode 30 as developed at
      the junction Z" of that diode with cathode resistor 28. Thus, in order to
      prevent any untimely firing of the thyristor 12 with switching transistor
      24 cut off, the Zener potential at Z" must be at least equal to that at
      Z'. Upon the saturation of transistor 24, a gate current limited by
      resistor 21 flows through the path 27 with resulting closure of the
      electronic switch represented by the thyristor.
PAR  In FIG. 4 I have shown still another modified component 10c in which the
      relationship of the Zener levels of diodes 16 and 30 is made noncritical
      by the provision of an inverter stage 31 connected across transistor 24,
      the inverter being energized from bus bar 22 and having an output lead 33
      forming part of an ancillary energizing circuit from the gate of thyristor
      12. This ancillary circuit includes an emitter-follower NPN transistor 32
      with a collector tied to lead 13, a base joined to lead 33 (and returned
      to the collector via gate resistor 21) and an emitter connected by way of
      a low-ohmic resistor 34 to gate lead 20. The system is otherwise identical
      with that of FIG. 3.
PAR  As long as switching transistor 24 is cut off, output lead 33 of inverter
      31 carries a low voltage close to that of bus bar 15 which also holds down
      the gate voltage of the thyristor 12, the latter being thus prevented from
      firing. If, however, transistor 24 becomes conductive, inverter 31
      virtually insulates the lead 33 from bus bar 15 so that the more positive
      potential of lead 13 is now applied to the base of transistor 32 while the
      voltage on cathode lead 14 is sharply reduced. The firing current through
      the gate/cathode path 27 of the thyristor is drawn through transistor 32
      and resistor 34 without loading the resistor 21 which can therefore have a
      relatively high value. In this way, the current flow via resistors 17 and
      21 over lead 33 into inverter 31 during cut-off of transistor 24 is
      minimized.
PAR  I shall now give, by way of example, representative values for the
      principal impedance elements of a system according to my invention
      designed for a supply voltage of 220 V:
     ancillary resistor 17     150      k.OMEGA.                               

     gate resistor 21 in FIG. 1                                                

                               220      k.OMEGA.                               

     gate resistor 21 in FIGS. 2 and 3                                         

                               5.6      k.OMEGA.                               

     gate resistor 21 in FIG. 4                                                

                               68       k.OMEGA.                               

     cathode resistor          1        k.OMEGA.                               

     storage capacitor 18      4.7      .mu.F                                  

     Zener potential of diode 16 in FIGS. 1 and 2                              

                               5.6      V                                      

     Zener potential of diode 16 in FIGS. 3 and 4                              

                               4.7      V                                      

     Zener potential of diode 30 in FIG. 3                                     

                               5.6      V                                      

     Zener potential of diode 30 in FIG. 4                                     

                               4.7      V                                      

PAR  It is to be understood that compatible features of different embodiments
      may be combined with one another; thus, for example, the inverter 31 of
      FIG. 4 (with or without its emitter-follower transistor 32) could also be
      used in an ancillary energizing circuit for the gate of thyristor 12 in
      the system of FIG. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A proximity sensor comprising:
PA1  detector means sensitive to the approach of an extraneous element for
      generating in an ouput circuit a control signal varying with the distance
      of such element from a predetermined location, said detector means being
      provided with a pair of power-input terminals;
PA1  a voltage-generating network including a constant-voltage impedance and an
      ancillary resistance in series therewith, said terminals being connected
      across said constant-voltage impedance;
PA1  a supply circuit including a source of direct current connected across said
      network;
PA1  binary electronic switch means connected in shunt with at least part of
      said network across said source;
PA1  trigger means coupled to said output circuit and connected to said switch
      means for reversing the state of conductivity thereof in response to a
      predetermined change in said control signal, thereby modifying the flow of
      current through said ancillary resistance with maintenance of a sufficient
      current flow through said constant-voltage impedance to keep said detector
      means operative in either state of conductivity of said switch means; and
PA1  indicator means in said supply circuit responsive to changes in the state
      of conductivity of said switch means to register a predetermined variation
      of said control signal representing an approach of said element within a
      specified distance.
NUM  2.
PAR  2. A proximity sensor as defined in claim 1 wherein said switch means
      comprises a thyristor provided with a cathode, a gate and an anode, said
      source being a generator of pulsating current provided with a positive
      lead connected to said anode and with a negative lead connected to one of
      said terminals, said trigger means being connected across said gate and
      cathode.
NUM  3.
PAR  3. A proximity sensor as defined in claim 2 wherein said trigger means
      comprises a switching transistor connected between said negative lead and
      said cathode, said gate being connected to the other of said terminals.
NUM  4.
PAR  4. A proximity sensor as defined in claim 3 wherein said constant-voltage
      impedance comprises a Zener diode in parallel with a capacitance.
NUM  5.
PAR  5. A proximity sensor as defined in claim 4, further comprising a charging
      diode inserted between said ancillary resistance and said capacitance,
      said other of said terminals being connected directly to said capacitance
      and through the reverse resistance of said charging diode to said Zener
      diode.
NUM  6.
PAR  6. A proximity sensor as defined in claim 5 wherein said ancillary
      resistance is connected between said cathode and said anode.
NUM  7.
PAR  7. A proximity sensor as defined in claim 6, further comprising a
      rectifying diode inserted between said ancillary resistance and said
      charging diode in cascade with the latter, said Zener diode being
      connected to a common terminal of the cascaded diodes.
NUM  8.
PAR  8. A proximity sensor as defined in claim 4, further comprising an inverter
      stage connected to said switching transistor and an ancillary energizing
      circuit for said gate connected to said inverter stage for applying to
      said gate a potential varying inversely with the potential applied to said
      cathode by said switching transistor.
NUM  9.
PAR  9. A proximity sensor as defined in claim 8 wherein said ancillary
      energizing circuit includes an emitter-follower transistor.
NUM  10.
PAR  10. A proximity sensor as defined in claim 4 wherein said switch means
      further comprises a second Zener diode connected in series with said
      thyristor between said cathode and said negative lead.
NUM  11.
PAR  11. A proximity sensor as defined in claim 10 wherein the connection
      between said gate and said other of said terminals includes a rectifying
      diode shunted by a resistor.
NUM  12.
PAR  12. A proximity sensor as defined in claim 11 wherein said connection
      further includes a base/emitter path of an emitter-follower transistor
      coupled to said switching transistor through an inverter stage for
      applying to said gate a potential varying inversely with the potential
      applied to said cathode by said switching transistor.
NUM  13.
PAR  13. A proximity sensor as defined in claim 3 wherein said switching
      transistor has an output electrode connected to said thyristor through a
      cathode resistor of substantially lower magnitude than said ancillary
      resistance, further comprising a Zener diode bridging the series
      combination of said transistor and said cathode resistor.
NUM  14.
PAR  14. A proximity sensor as defined in claim 13 wherein said ancillary
      resistance is connected in parallel with said thyristor between said
      positive lead and said Zener diode.
NUM  15.
PAR  15. A proximity sensor as defined in claim 13 wherein said constant-voltage
      impedance is connected between said negative lead and said gate.
NUM  16.
PAR  16. A proximity sensor as defined in claim 15, further comprising a gate
      resistor inserted between said gate and the junction of said ancillary
      resistance with said constant-voltage impedance.
NUM  17.
PAR  17. A proximity sensor as defined in claim 16, further comprising a shunt
      diode for said gate resistor inserted between said gate and said junction
      with a polarity opposing the flow of gate current to said junction.
NUM  18.
PAR  18. A proximity sensor as defined in claim 1 wherein said detector means
      comprises an oscillation generator.
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ABST
PAL  A single electrooptic crystalline material, having a first pair of
      electrodes affixed thereto along opposite faces, and a second set of
      electrodes affixed to alternate opposite faces, is disposed within a laser
      cavity. The orientation of the crystal and selection of electrode faces is
      such that the application of two different electric fields can achieve
      simultaneous mode-locking of the laser with output coupling of the optical
      pulses.
GOVT
PAR  The invention described herein was made in the course of a contract with
      the Office of Naval Research, Navy Department of the United States.
PARN
PAR  This is a continuation of application Ser. No. 192,583 filed Oct. 21, 1971.
PAC  BACKGROUND OF THE INVENTION
BSUM
PAR  This invention is concerned with a means for achieving internal (i.e.,
      intracavity) mode-locking and modulation of an optical laser device. More
      particularly, the invention relates to a method for accomplishing
      simultaneous intracavity mode-locking and pulse output coupling of a laser
      device, using a single electrooptic crystal disposed within the laser
      resonator cavity. The ability to generate stable trains of optical pulses
      of short time duration at high repetition rates, and to couple them singly
      or in some desired sequence from the laser cavity, offers several useful
      applications for optical communication or radar systems or possibly for
      laser-induced nuclear fusion. In the context of communication theory,
      information can be "coded" onto the optical beam by controlling the
      sequence by which pulses are turned off or on, and there are several
      advantages which the present technique possesses for laser systems
      operating in the far infrared. For optical radar applications, the ability
      to generate pulses of short time duration permits improvement in
      resolution and determination of the target shape. For laser-induced
      fusion, it is important to be able to produce short pulses of high energy.
PAR  The frequencies of the axial modes of a laser cavity are determined by the
      condition that an integer number of optical half-wavelengths must fit into
      the cavity length L, so that the frequency difference is c/2L, where c is
      the velocity of light. Mode-locking is a process by which the axial modes
      of a laser cavity can be induced to oscillate with their phases "locked"
      together in such a way that the optical field in the laser consists of a
      single pulse travelling back and forth in the cavity. Aside from
      spontaneous (or passive) locking, which can sometimes occur due to
      nonlinear interactions in the laser gain medium, there are two basic
      active methods for achieving laser mode-locking. Both require the
      introduction into the laser cavity of a time-varying perturbation with
      frequency tuned near a value that is a multiple of the laser axial mode
      difference frequency. Only modes which have sufficient gain in the laser
      medium to overcome the losses in the laser resonator will be able to
      oscillate. It is only these modes, and perhaps some whose gain is slightly
      below threshhold for oscillation, that can be driven to oscillate with
      their phases locked together to form a sharp optical pulse in active
      mode-locking schemes.
PAR  The first type of active mode-locking technique is AM locking, or
      loss-locking, since it involves an amplitude modulation of the optical
      modes. This form of mode-locking is achieved by the introduction of a
      time-varying loss into the laser cavity, and for simplicity, this loss
      could be imagined to be a very fast shutter or chopper which is being
      opened and closed with a frequency equal to the axial mode frequency
      difference. Since this frequency difference (which is c/2L) corresponds to
      the frequency at which light can traverse a round-trip of the cavity, only
      an optical pulse timed to coincide with the times when the shutter is open
      can build up in the laser. This, of course, represents a simplified
      picture of loss-locking. In general, a wide variety of methods can be
      employed to introduce a time-varying amplitude perturbation mechanism into
      a laser cavity, in order to induce a locking of the phases of the modes in
      such a way that an optical pulse is produced that travels back and forth
      in the cavity to coincide with times when the loss is minimized. For
      example, AM locking can be achieved by means of an electrooptic crystal.
      In effect, this arrangement provides for an electrooptic shutter that
      allows only a pulse with the proper synchronization to build up in the
      cavity.
PAR  The other type of mode-locking is called FM locking, or phase locking. This
      type of mode-locking can, for example, be achieved by moving one of the
      mirrors of the laser mechanically back and forth, with the axial mode
      difference frequency. If a pulse strikes the mirror during movement, the
      frequency, and thus the phase, of the light will be shifted, and the pulse
      will never be able to build up in the laser cavity. The only pulses that
      can build up are those that strike the mirror at either end of its
      excursion, since at those times, the mirror is instantaneously stationary
      and will produce no Doppler frequency shift in the reflected light beam.
      The same effect can be achieved by utilizing an electrooptic crystal and
      varying its refractive index by means of an applied electric field. An
      electric field applied to an electrooptical crystal produces a change in
      the optical index of refraction, and the phase velocity of light in the
      medium is equal to c/n, where c is the velocity of light in vacuum and n
      is the index of refraction of the material. Thus, by means of a variable
      applied electric field, it is possible to modulate the phase velocity of
      light in the electrooptic material. In effect, by varying the voltage
      applied to the crystal, the phase of the light is shifted as it propagates
      through the crystal, except at the extremes of the perturbation. If the
      voltage is applied at a frequency near a multiple of the axial mode
      difference frequency (which is c/2L), pulses can build up in the cavity if
      they coincide with the times when the perturbation is at one of its
      extrema. FM locking is preferable to AM locking, since it is more stable
      in the presence of loss modulation or coupling.
PAR  The technique of mode-locking with an electrooptic crystal has been
      previously demonstrated. Furthermore, the technique of inducing
      birefringence in an electrooptic crystal for pulse output coupling has
      also been previously employed. To utilize an electrooptic crystal for
      pulse coupling (dumping), the beam is first linearly polarized (with a
      Brewster window, for example). A pair of electrodes placed on the
      electro-optic crystal, which is disposed within the laser cavity, allows
      an electric field to be applied, which induces a birefringence in the
      crystal. (Induced birefringence means that the crystal is made
      double-refracting.) When linearly polarized light passes through a
      birefringent crystal, the transmitted beam can become elliptically
      polarized. If a second polarization selective element is placed in the
      laser cavity, it will reflect out of the cavity a fraction of the
      elliptically polarized beam. This causes part of the optical pulse to be
      coupled out (or dumped) from the laser cavity. Such an arrangement is
      disclosed, for example, in U.S. Pat. No. 3,508,164 to Uchida.
PAR  The presence of separate intracavity elements for mode-locking and
      pulse-dumping introduces optical complexity, and is also undesirable
      because both elements represent a source of loss.
PAC  SUMMARY OF THE INVENTION
PAR  As used herein, the term laser refers to both solid state or gaseous laser
      systems--the present invention is not restricted to any particular type of
      laser material. It has been found that a single electrooptic crystal
      element can be disposed within the cavity of the laser in such a manner
      that the crystal can simultaneously provide both mode-locking and pulse
      dumping of the laser. Briefly, this is accomplished by proper orientation
      of the crystal and choice of optical polarization so that the necessary
      electric fields for phase-locking and output coupling can be provided by
      two sets of electrodes on four opposing faces. The polarization direction
      of the optical field, as well as crystallographic symmetry conditions,
      determine the orientation of the crystal and the electrode configuration.
      The first set of electrodes, affixed to opposite faces, is used for an
      a.c. electric field to induce the mode-locking, while the second set,
      affixed to alternate opposite faces, is used for an electric pulse (or
      coded sequence of such pulses) to achieve pulse dumping. In other words,
      electrodes are applied to faces of the crystal with simultaneous signals
      applied thereto, whereby the electrooptic crystal simultaneously
      mode-locks and pulse couples the laser. A typical crystal material is
      gallium arsenide (GaAs) employed in a CO.sub.2 laser. The first pair of
      electrodes are deposited on the 001 faces of the crystal to produce
      mode-locking. A second pair of electrodes is deposited on the 110 faces of
      the crystal (which are orthogonal to the 001 faces), so that when an
      electric field is applied between them, pulse-coupling will be achieved.
      It is believed that a better understanding of the invention can be
      obtained from the following drawings and more detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the modulator configuration employed to
      demonstrate this invention, and shows the orientation of the crystal axes
      relative to the optical axis of the laser cavity, which is along the 110
      direction.
PAR  FIG. 2 is a perspective view of the modulator configuration, showing the
      configuration of electrode pairs on orthogonal faces to achieve
      simultaneous mode-locking and pulse output coupling.
PAR  FIG. 3 is a schematic view of the folded laser resonator cavity which was
      designed to demonstrate this invention.
PAR  FIG. 4 is a schematic diagram of the resonator circuit that was employed
      for the mode-locking, with the electrical pulse signal for output coupling
      also indicated.
PAR  FIG. 5 is a schematic view of a modulating crystal cut with Brewster angles
      to achieve the embodiments of this invention.
PAR  FIG. 5a is an auxiliary figure taken at line 5a--5a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is well known, an externally applied electric field can induce a
      birefringence in the optical refractive index of a crystalline medium. For
      a crystal lacking inversion symmetry, this is the linear electrooptic
      effect and the change in refractive index is proportional to the applied
      field. An induced birefringence will lead to phase retardations and/or
      elliptical polarization of a light beam propagating through the medium. As
      a result, the electro-optic effect can be exploited for a wide variety of
      optical modulation, mode locking, and pulse dumping schemes. Preferably,
      the electrooptic modulator material should have high electrical
      resistivity, large non-linear coefficient, small absorption losses and a
      high refractive index. Furthermore, since the birefringence induced in the
      refractive index per unit electric field strength is typically very small,
      long crystals of good optical quality are usually necessary in order to
      produce adequate phase retardations. In the specific emdodiment described
      herein and with particular regard to the explanation of the experimental
      geometry, a gallium arsenide crystal is utilized. Gallium arsenide is
      transmissive in the infrared spectral range and thus can be utilized with
      a CO.sub.2 laser. It should be understood that other materials which are
      transmissive in the visible light range would be required for lasers that
      emit visible wavelengths. Such electrooptic materials would include
      LiNbO.sub.3, for example. The following mathematical analysis based on the
      theory of the electrooptic effect as particularly related to gallium
      arsenide will be utilized to show the effect herein achieved of
      simultaneous mode-locking and pulse dumping with a single crystal.
PAR  The nonlinear polarization P.sup.NL (.omega..sub.2 =.omega..sub.1
      +.omega..sub.o) induced by the interaction of two electric fields
      E(.omega..sub.1) and .epsilon.(.omega..sub.o) is given by P.sub.i.sup.NL
      (.omega..sub.2) = d.sub.ijk (.omega..sub.2,.omega..sub.1,.omega..sub.o)
      E.sub.j (.omega..sub.1).epsilon..sub.k (.omega..sub.o), where, for GaAs,
      the susceptibility tensor d has components which vanish unless (ijk) is a
      permutation of (xyz). All non-zero coefficients have the value d = 1.85
      .times. 10.sup..sup.-7 esu, and can be assumed to be independent of
      .omega.. Thus,
EQU  P.sub.x.sup.NL (.omega..sub.2) = dE.sub.y (.omega..sub.1).xi..sub.z
      (.omega..sub.o) + dE.sub.z (.omega..sub.1).epsilon..sub.y (.omega..sub.o)
EQU  P.sub.y.sup.NL (.omega..sub.2) = dE.sub.z (.omega..sub.1).xi..sub.x
      (.omega..sub.o) + dE.sub.x (.omega..sub.1).xi..sub. z (.omega..sub.o)
EQU  P.sub.z.sup.NL (.omega..sub.2) = dE.sub.x (.omega..sub.1).xi..sub.y
      (.omega..sub.o) + dE.sub.y (.omega..sub.1).xi..sub.x (.omega..sub.o).
PAL  If .xi. (.omega..sub.o) represents an applied modulation field, and E
      (.omega..sub.1) an optical field then a nonlinear polarization at an
      optical frequency .omega..sub.2 = .omega..sub.1 + .omega..sub.o will be
      induced. Assume that .omega..sub.o is chosen to be the axial-mode
      frequency separation of two simultaneously oscillating laser cavity modes
      of equal amplitude, with frequencies .omega..sub.1 and .omega..sub.2 :
EQU  E(.omega..sub.1) = E exp (i.omega..sub.1 t)
EQU  E(.omega..sub.2) = E exp (i.omega..sub.2 t)
PAL  Then an effective dielectric tensor for .omega..sub.2 that accounts for
      both linear dispersion and the nonlinear electrooptic effect would be
      given by
      ##EQU1##
      and similarly for .omega..sub.1. The unperturbed dielectric tensor
      .epsilon..sub.o is just a constant, .epsilon..sub.o (1), and will be
      assumed to be independent of the frequency .omega.. The eigenvectors of
      (1-.kappa..kappa.).sup.. .epsilon. .sup.-.sup.1 (.omega.) determine the
      polarization directions of the optical modes which can propagate in the
      crystal, and the corresponding eigenvalues are the values of 1/n.sup.2.
      Thus, since d is small,
      ##EQU2##
      Consider a crystal of GaAS oriented so that the cavity-mode fields
      E(.omega..sub.1) and E(.omega..sub.2) are polarized along (110), with a
      propagation direction along (110), and with an applied field .xi.
      (.omega..sub.o) in the (001) direction. Then
      ##EQU3##
      and this tensor has eigenvectors (110), (110), and (001), with
      corresponding eigenvalues:
EQU  1/n.sub.1.sup.2 = .epsilon..sub.o.sup.-.sup.1  (1 -
      4.pi.d.xi./.epsilon..sub.o)
EQU  1/n.sub.2.sup.2 = .epsilon..sub.o.sup.-.sup.1 (1 +
      4.pi.d.xi./.epsilon..sub.o)
EQU  1/n.sub.3.sup.2 = .epsilon..sub.o.sup.-.sup.1
PAL  Since these are also eigenvectors of (1-.kappa..kappa.), they represent
      aigenvectors of (1-.kappa..kappa.).epsilon..sup..sup.-1 (.omega.), and
      thus determine the new modes of propagation in the crystal in the presence
      of the field .xi.. Since the cavity modes were initially assumed to be
      polarized along (110), the effect of the driving field .xi.(.omega..sub.o)
      is to phase modulate the optical fields, but not to introduce elliptical
      polarization, since (110) still remains an eigenmode for propagation with
      n.sup.2 = (.epsilon..sub.o + 4.pi.d.xi.). Thus, a field applied on (001)
      with a frequency .omega..sub.o tuned to the axial mode separation can be
      used to lock cavity modes polarized along (110) by intracavity phase
      perturbation, and it will not rotate the plane of polarization.
PAR  Next, suppose the field .xi..sub.o is a dc field applied along (110). Then
      the effective dielectric tensor for the cavity modes (at frequency
      .omega..sub.1 or .omega..sub.2) is
      ##EQU4##
      The eigenvectors of
      ##EQU5##
      with the corresponding eigenvalues for refractive index, are easily shown
      to be
EQU  e.sub.1 = (1/2, 1/2, 1/.sqroot.2) n.sub.1.sup.2 = .epsilon..sub.o +
      4.pi.d.xi..sub.o
EQU  e.sub.2 = (1/2, 1/2, -1/.sqroot.2) n.sub.2.sup.2 = .epsilon..sub.o -
      4.pi.d.xi..sub.o
PAL  As shown in FIG. 1, the application of a field .xi..sub.o along (110)
      results in a new set of eigenmodes rotated 45.degree. from the crystal
      directions (001) and (110). Thus, for cavity modes polarized along (110),
      there will be an elliptical polarization produced by the field .xi..sub.o.
      That is, the original cavity modes E(.omega.) can be decomposed into two
      components referred to the new set of polarization modes e.sub.1, e.sub.2,
      and each of these components will propagate with different phase
      velocities in the crystal. This will produce an elliptically polarized
      optical field. The amplitude of the component of the field polarized
      orthogonal to the input will depend upon the length of the crystal and the
      magnitude of the applied field. If the optical field propagating in the
      crystal is written as
EQU  E(r, t)= (E e.sup.-.sup.i.sup..omega.t /.sqroot.2){e.sub.1
      e.sup.ik.sub.1.sup.. r + e.sub.2 e.sup.ik 2 .sup.. r},
PAL  then E(0, t) will be initially polarized along (110). Since
      .vertline.k.sub.1 .vertline. = n.sub.1 .omega./c, .vertline.k.sub.2
      .vertline. = n.sub.2 .omega./c, one has (k.sub.1 + k.sub.2) = 2k, and the
      field E(r,t) can be written more simply as
EQU  E(r, t) = (E/.sqroot.2) exp{-i.omega.t + ik .sup.. r}x
EQU  {e.sub.1 exp (i.DELTA.k .sup.. r/2) + e.sub.2 exp (-i.DELTA.k .sup.. r/2},
PAL  where .DELTA.k = k.sub.1 - k.sub.2. Thus, it is sufficient to consider only
      the amplitude of the wave as it travels through the crystal, and supress
      the phase factor exp (-i.omega.t + ik .sup.. r):
EQU  E(r) = (E/.sqroot.2){e.sub.1 exp (i.DELTA.k.sup.. r/2) + e.sub.2 exp
      (-i.DELTA.k.sup.. r/2){.
PAL  At any distance r in the medium, the component of the field E(r) along
      (110) is given by
EQU  E cos.phi.= E .sup.. (e.sub.1 + e.sub.2).sqroot.2=E cos (.DELTA.k.sup..
      r/2),
PAL  so that the angle .phi. can be expressed as
EQU  .phi. = .DELTA.k .sup.. r/2 = .omega.l.DELTA.n/2c,
PAL  where .DELTA.n = .vertline.n.sub.1 - n.sub.2 .vertline. = 4.pi.d.xi..sub.o
      /n.sub.o. If the static field .xi..sub.o is denoted by .xi..sub.o =
      V.sub.o /t, where V.sub.o is the applied voltage and t the crystal
      thickness, then
EQU  .phi. = .pi.lV.sub.o n.sup.3.sub.o r.sub.41 /(2.lambda..sub.o t) where the
      electrooptic coefficient r.sub.41 = 8.pi.d/n.sup.4.sub.o has been
      introduced, and .lambda..sub.o is the free-space wavelength. Thus, if a
      polarization selector such as Brewster-plate is used to couple out a pulse
      which has made a double pass through a crystal of length l, the total
      reflected power is, apart from geometric factors, proportional to
      sin.sup.2 (2.phi.).
PAR  It has been successfully demonstrated at NCL that it is possible to
      simultaneously mode-lock the CO.sub.2 laser by intracavity phase
      perturbation and to output couple the pulses by polarization dumping. The
      technique employs a GaAS modulator with two sets of electrodes: a field of
      frequency .omega..sub.o is applied along (001), and mode-locked pulses are
      coupled out by a dc pulsed field applied along (110). The geometry of the
      modulator is shown in FIG. 2. The fraction power that is coupled out by
      reflection at the Brewster plate of index n is
      ##EQU6##
      A similar analysis to that described above can be carried out for other
      crystal symmetries if a different modulator material is used.
PAR  Turning particularly to FIG. 2, there is seen a crystal 13 of gallium
      arsenide which has been rectangularly cut to provide faces 15 and 17 along
      the 110 planes and faces 19 and 21 along the 001 planes orthogonal to the
      110 planes. A pair of electrodes 23 and 25 are applied to the faces 15 and
      17 respectively. The electrodes are made of silver paint or similar
      conductive material in the form of thin foil or plates. Suitable electric
      leads are then connected to the plates in order to apply the desired
      dumping electrical field within the crystal between the plates. Likewise,
      a second pair of plates 27 and 29 are affixed to corresponding faces 19
      and 21 in the 001 planes of the crystal. It can now be understood that the
      plates 23 and 25 are utilized to apply a dumping field across the 110
      direction of the crystal to achieve pulse coupling, while the plates 27
      and 29 are used to induce a perturbation in the crystal for mode-locking.
      A CO.sub.2 laser was utilized for demonstrating the present invention. The
      laser configuration consisted of a discharge tube 31 having 40 mm internal
      diameter and 6 meter length. The tube 31 was utilized in a 22 meter folded
      optical resonator utilizing mirrors M.sub.1 -M.sub.6. This provided an
      axial-mode separation of 6.8 MHz. The laser output from a 2% transmitting
      output mirror M.sub.6 was monitored with a liquid-helium-cooled Ge:Cu
      detector 30. The gallium arsenide crystal 13 utilized had dimensions of 3
      .times. 3 .times. 50 mm, having electrodes disposed as shown in FIG. 2.
      The optical field was polarized along the 110 direction by a sodium
      chloride Brewster window 33 on the discharge tube 31. The crystal was
      resonated in a parallel LC circuit with high Q (about 300) at a frequency
      corresponding to the driver frequency. The modulator resonator circuit was
      inductively coupled to a tunable rf driver 36 as shown in FIG. 4. Under
      typical laser operating conditions, a 10-torr mixture of 4.5% CO.sub.2 ;
      12.0% N.sub.2 ; and 83.5% He was used, with a discharge current of 20 mA.
PAR  With the rf driver tuned to the fundamental axial-mode frequency, stable
      locking was obtained with a signal as small as 0.5V peak-to-peak from the
      modulator driver. This corresponded to a modulator drive power of 1 mW.
      Under these conditions, pulses with Gaussian profiles 40 nsec wide with a
      140 nsec period were observed. Increasing the signal to 10 V peak-to-peak
      decreased the pulse duration to 25 nsec. Further increase in the applied
      voltage produced a gradual sharpening of the pulse form. The average power
      in the locked mode of operation was 94% of the cw power. These results are
      consistent with observations of the rf spectral characteristics of the
      detector output which indicated that five to six modes were locked. In
      other words, as the drive voltage increased, the number of modes locked
      also increases while the pulse becomes narrower. To demonstrate the wide
      range of detuning available with the present invention to achieve mode
      locking, the modulation frequency was increased and decreased. It was
      found that stable locking could be induced when the modulation frequency
      was within a range of -75 kHz to +170 kHz of the fundamental axial-mode
      frequency of 6.8 MHz. In each case the modulator resonator circuit was
      tuned to the drive frequency. The drive voltage required to obtain locking
      at the extremes of the tuning range was approximately 20 times as great as
      that required for zero detuning.
PAR  The aforegoing discussion related to the description of the mode locking
      achieved utilizing the gallium arsenide crystal in a CO.sub.2 laser. In
      the arrangement shown in FIG. 3, the optical field was polarized along the
      110 directions of the crystal in the absence of a coupling signal.
      Coupling of a single laser pulse or sequence of pulses was affected by
      applying a voltage pulse on the 110 faces as shown in the diagram of FIG.
      4 to induce a birefringence in the gallium arsenide crystal in a manner
      previously described. The resultant optical component polarized along the
      001, axis was coupled out of the resonator by a polarization analyzer 35
      in the form of a germanium flat oriented at a Brewster angle. A
      liquid-nitrogen-cooled Ge:Au detector 37 was employed, and power
      measurements were made with a calibrated thermopile. The peak intracavity
      pulse power in mode-locked operation was 2 kW. A pulse generator 38, as
      shown in FIG. 4, provided a square wave pulse at an amplitude of 440 V to
      achieve output coupling. The measured cavity coupling coefficient was
      about 3%. The effect of increasing the coupling pulse power was indicated
      by observing the pulse trains through the 2% end mirror M.sub.6, using
      detector 30. Various readings were taken with a coupling factor up to 25%.
      It was found that the stability of the mode locking was unaffected by the
      coupling, even when the coupling was increased to a point where laser
      oscillation was nearly extinguished.
PAR  Turning now to FIG. 5, there is seen a schematic view of an embodiment of
      this invention wherein a specially constructed crystal element 41 has been
      provided for coupling the desired energy. The crystal 41 has a first set
      of electrodes 43 and 45 applied to the 110 faces for applying the coupling
      modulation, and a second pair of electrodes (one of which, 47, is seen in
      the view) applied to the 001 faces for mode-locking. It should be pointed
      out, however, that the presently described crystal design is particularly
      adapted for coupling and need not simultaneously be utilized for mode
      locking. Thus, the electrodes applied to the 001 faces are not a
      requirement except where the concept of the present invention involving
      the simultaneous mode locking and phase coupling is desired. One face 49
      of the crystal is cut so that laser radiation 51 incident on face 49 at
      the Brewster angle, is refracted at such an angle, so as to cause
      propagation of the optical field in the crystal along the 110 direction.
      The electrical output coupling field applied along the 110 faces will
      remain on long enough for a mode-locked pulse in the cavity to make a
      round trip pass through the crystal. The rear face 53 of the crystal is
      cut perpendicular to the cavity axis with a mirror 55 deposited on its
      face. If the end of the modulator crystal were not terminated by such a
      cavity mirror 55, part of the mode-locked pulse would be partially
      reflected upon return for a second pass through the crystal. The magnitude
      of the applied pulse-coupling field is adjusted to rotate the polarization
      by 90.degree., with final coupling output taken from internal reflection
      off the Brewster face 49. A second Brewster face 57 for the exit pulse is
      provided on a small section of crystal 59 which is optically bonded to the
      main modulator crystal 41 to prevent total internal reflection at the
      lower 110 face 61. One of the further particular advantages of the novel
      crystal arrangement of FIG. 5 is that the crystal does not have to have
      anti-reflective coatings applied to the ends thereof. By providing the
      crystal with the Brewster face 49 and allowing the light to be coupled out
      through the second Brewster face 57 in accord with the arrangement shown,
      light is allowed only to exit as desired when the coupling pulse is
      applied. In the past, it has been difficult to apply and maintain the
      anti-reflective coatings on the end crystal surfaces. Deterioration of the
      coatings or lack thereof causes energy loss within the laser and is
      obviously quite undesirable. Though the above description related to
      maximum coupling, it should be understood that reduced coupling, which is
      useful for modulation, can be effected at lower voltage.
PAR  The particular crystal utilized in FIG. 5 was gallium arsenide and the
      explanation of the configuration pertained to applying modulation signals
      to the 110 and 001 orthogonal crystal faces in the manner previously
      described herein. As has been indicated, the concept of this invention is
      applicable to virtually any electrooptic crystal. The particular faces of
      a crystal to which pulse coupling and modulation signals are to be applied
      can be determined by an analysis that comprises simple crystallographic
      symmetry considerations.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of simultaneously mode-locking a laser beam and pulse
      coupling a portion of said laser beam outside of the resonant optical path
      of said beam, comprising:
PA1  linearly polarizing said beam,
PA1  disposing a single electrooptic crystal element in a laser cavity, said
      crystal having at least two pairs of opposed faces,
PA1  applying an electrical signal to a first pair of opposed faces of said
      crystal to induce a perturbation in the crystal for locking modes of
      oscillation of said laser beam,
PA1  applying an electrical signal to a second pair of opposed faces of said
      crystal for inducing birefringence in the crystal so as to elliptically
      polarize the beam, and
PA1  coupling a portion of the elliptically polarized beam outside of the
      resonant optical path.
NUM  2.
PAR  2. In a laser having a lasing medium disposed within a cavity for
      generating a beam of electromagnetic energy and providing a resonant
      optical path for said beam, the improvement which comprises:
PA1  means for linearly polarizing said beam,
PA1  a single electrooptic element having at least two pairs of opposed faces,
      said element being disposed in the path of said polarized beam such that
      the beam passes between both of said pairs of faces,
PA1  means for applying a first electrical signal between a first pair of said
      faces to induce a perturbation in said element so as to lock modes of
      oscillation of the beam,
PA1  means for applying a second electrical signal between the second pair of
      said faces to elliptically polarize said beam, and
PA1  means disposed in the path of the elliptically polarized beam for coupling
      a portion of said beam outside of the resonant optical beam path.
NUM  3.
PAR  3. The device of claim 2 wherein said element is an electrooptic crystal,
      and wherein said second electrical signal operates to induce birefringence
      in said crystal.
NUM  4.
PAR  4. The device of claim 2 wherein said means for applying said first
      electrical signal is a radio frequency signal and said second electrical
      signal is a pulsed DC signal.
NUM  5.
PAR  5. The device of claim 3 wherein said first and second pairs of faces are
      orthogonal to each other.
NUM  6.
PAR  6. The device of claim 5 wherein said crystal is gallium arsenide, said
      first and second pairs of faces being 001 and 110 faces of the crystal
      respectively.
NUM  7.
PAR  7. The device of claim 3 wherein said crystal is an elongated element
      having a first end face which is at a non-perpendicular angle with respect
      to at least one of said pairs of opposed faces and a second end face at an
      end of said crystal opposite to that of said first end face which is
      perpendicular to both of said pairs of opposed faces, said crystal being
      oriented such that the beam is incident on said non-perpendicular face at
      the Brewster angle, and an additional crystal portion which is index
      matched to said crystal and is affixed to said crystal at said first end
      face thereof, said additional portion being positioned to receive the
      optical field reflected by said first end face and having a Brewster angle
      face to transmit out of said additional portion the optical field received
      thereby, said means for coupling a portion of said beam outside of the
      resonant optical beam path comprising said first end face and said
      additional crystal portion.
NUM  8.
PAR  8. The device of claim 7 and further including a reflective mirror
      deposited on said second end face, said mirror providing one of the end
      mirrors for forming said optical beam path.
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PAL  Gas laser comprising a flat electric energizing line consisting of an
      insulating layer inserted between two metallic layers brought to different
      potentials, one of whose edges is cut out in the shape of a parabola, one
      slot being provided in one of the layers, an active gaseous medium flowing
      in the slot, a circuit for setting up a substantially punctiform discharge
      between the metallic layers at the level of the focus of the parabolas.
      The electric line is arranged on a massive plate comprising on the one
      hand a cut provided in its lower face substantially opposite the slot and
      communicating with the latter and on the other hand two grooves provided
      on its upper face each having fitted in it a flexible seal and arranged
      opposite the walls of the slot.
BSUM
PAR  The present invention concerns a gas laser generator and more particularly
      a laser generator in which a stimulated emission is obtained subsequent to
      an electrical discharge in an active gaseous medium.
PAR  Laser generators comprising a flat electric energizing line consisting of
      an insulating plate inserted between a first and second metallic plate,
      parallel to each other and connected respectively to the two terminals of
      a voltage source are known. One of the plates has at least one slot
      separating it into two distinct parts and means are provided for
      maintaining in that slot an active gaseous medium, the ends of the slot
      possibly being limited by an optical window. That generator comprises also
      means for generating in the electric line a progressive current wave
      having a perfectly plane wave surface. To obtain that result, at least the
      plate in which the progressive electric wave propagates is cut out at one
      of its ends to form a parabolic edge, the axis of the parabola defined by
      that edge forming an angle greater than zero with the line perpendicular
      to the slot and a circuit for setting up a substantially punctiform
      electrical discharge starting from the focus of the parabola to undergo a
      reflection on the parabolic edge of the plate constituting a reflector
      before reaching the slot is implemented.
PAR  The progressive current wave propagates in the active gaseous medium from
      one end to the other of the slot, at a speed substantially equal to that
      of the propagation of the stimulated light emission in the said slot.
PAR  In certain types of laser, the metallic plates are constituted by layers
      adhering to the faces of the insulating plate, so as to constitute a
      non-rigid assembly.
PAR  In these latter devices, it is possible to arrange on either side of the
      slot formed in one of the metallic layers, two metallic chocks brought or
      not brought to equal potentials, the cavity thus defined being stopped up
      by an insulating blade arranged bearing against the chocks.
PAR  Nevertheless, it is observed that at the time of the electrical discharge,
      parasitic arcs appear at the contact between the said chocks and the
      subjacent metallic layer, whence disturbances in the stimulated emission
      and a reduction which is sometimes substantial in the efficiency of the
      energetic conversion arise.
PAR  The present invention makes it possible to overcome such a major
      disadvantage.
PAR  It has for its aim a laser comprising :
PAR  an active gaseous medium;
PAR  a flat electric energizing line consisting of an insulating layer inserted
      between a first and second metallic layer, parallel to each other and
      connected respectively to the two terminals of a voltage source, the said
      first metallic layer having at least one slot separating it into two
      distinct parts;
PAR  means for maintaining an active gaseous medium flowing in the said slot,
      the edges of the said layers being in the form of parabolas whose axis
      forms an angle greater than zero with the line perpendicular to the slot;
PAR  means for generating a current wave in the said line, constituted by a
      circuit for setting up a substantially punctiform discharge between the
      said metallic layers at the level of the foci of the parabolas,
      characterized in that the said flat electric energizing line is arranged
      through the said second metallic layer on a massive plate comprising on
      the one hand a cut formed on its inside face substantially opposite the
      slot and communicating with that latter through several channels and on
      the other hand, two grooves formed on its upper face and each having
      fitted in it at least one seal made of a flexible material, the said
      grooves being arranged substantially opposite the ends of the said first
      metallic layer limiting the said slot.
DRWD
PAR  Other characteristics and advantages of the invention become apparent from
      the following description, given by way of a purely illustrating example
      having no limiting character, with reference to the accompanying drawings
      and diagrams, in which:
PAR  FIG. 1 is a cross-section view of an embodiment of a gas laser according to
      the invention;
PAR  FIG. 2 is a top view of FIG. 1.
DETD
PAR  Thus FIGS. 1 and 2 show a gas laser comprising an insulating sheet 1 on
      whose faces are deposited, by any appropriate means, a first and second
      metallic layer 2 and 3, respectively.
PAR  It must be understood that, for clearness' sake in the drawing, the
      thickness of the layers has purposely been exaggerated.
PAR  The assembly constituted by the insulating sheet 1 and the two layers 2 nd
      3 constitute a non-rigid assembly which may more particularly very easily
      be wound on itself. To give a clear idea, the sheet 1 may be made of a
      plastic material such as "MYLAR," and the layers 2 and 3 are constituted
      by a copper deposit.
PAR  Moreover, a slot 4 is formed in the metallic layer 2 and on the edges of
      that slot, metallic chocks 5 and 6 are arranged, an insulating plate 7
      being arranged on the chocks 5 and 6.
PAR  It will be seen in FIG. 1 that the insulating sheet 1 co-operates with the
      metallic chocks 5 and 6 and the insulating plate 7 to define a volume or
      cavity accomodating the active gaseous medium.
PAR  Such an active gaseous medium is continuously directed in the said cavity
      in the direction F' and escapes in the direction F", such a flow being
      ensured by means of a suction pump (not shown).
PAR  Moreover, as illustrated more particularly in FIG. 2, the metallic layers 2
      and 3 and the insulating layer 1 are cut out in the shape of parabolas
      whose foci are F and whose apexes are S.
PAR  The laser also comprises a means 8 for setting up a punctiform discharge at
      the level of the focus of the parabolas, of any appropriate type.
PAR  Moreover, the assembly previously described is arranged on a massive plate
      9 whose thickness is substantially greater than that of the plates 1, 2
      and 3, such a plate resting, itself, for example, on a stand or a work
      bench 10.
PAR  The said plate 9 comprises on its lower face a cut 11 arranged
      substantially opposite the slot 4 and communicating with the latter
      through channels 12 consequently crossing through the plates 1 and 3.
PAR  Moreover, such a cut has a width at least equal to that of the slot.
      Furthermore, the plate 9 comprises on its upper face two grooves 13
      arranged substantially opposite the ends of the metallic plate 2 defining
      the slot 4, each of the said slots having, fitted in it, an annular seal
      14 made of a flexible material.
PAR  Moreover, as shown in FIG. 2, a reflector 15 constituted for example by a
      drilling in the plate 2 in the shape of an arc of a circle, centred on the
      point F, is arranged on the opposite side to S in relation to the focus F.
      Its transversal dimensions are limited by two straight lines joining the
      point F to the end points of the slot 30, for example the straight lines
      16 and 17.
PAR  A gas laser according to the invention operates as follows:
PAR  At a given instant, the generating means 8 emits a pulse at the level of
      the foci F of the parabolas; the discharge wave emitted has a radial
      symmetry in relation to the foci F, the fraction of the discharge wave
      surface comprised in the angle defined by the straight lines 16 and 17 is
      reflected by the reflector 15.
PAR  All the waves emitted at the level of the focus F are therefore directed
      towards the parabola and are reflected on the latter; it is known that the
      parabola is perfectly stigmatic for two conjugated points: its focus F and
      infinity. The wave surface coming from F and reflected by the parabola is
      therefore a perfectly plane wave surface perpendicular to the axis 18 of
      the parabola and represented by its trace 19.
PAR  The progressive discharge wave 19 therefore reaches successively the atoms
      or the molecules of the active gas. The stimulated light emission is,
      therefore, effected from one end to the other of the cavity defined by the
      plates 5, 6 and the blade 7 in the direction of the arrow F" at the same
      speed as the progressive wave 19 in the direction of that cavity. That
      condition makes it possible to obtain a very powerful coherent laser
      radiation at the output of the said cavity.
PAR  Moreover, the (low pressure) prevailing in the cavity defined by the chocks
      5, 6, the blade 7 and the slot 4 results in the exerting, within the
      massive plate 9 of a stress directed upwards, in the region of the cut 11,
      subsequent to the presence of the channels 12 making the cavity
      communicate with the said cut. Such a stress therefore deforms the seals
      14 arranged in the grooves 13, which press the ends of the metallic layers
      2 hard against the ends of the chocks 5 and 6.
PAR  The result of this is an excellent electrical contact between the chocks
      and the ends of the layer 2, whence there results all disappearance of the
      parasitic arcs as mentioned hereinabove.
PAR  It must be understood that the invention is in no way limited to the
      embodiment described and illustrated, which has been given only by way of
      an example. More particularly, without going beyond the scope of the
      invention, details may be modified, certain arrangements may be changed or
      certain means may be replaced by equivalent means.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a traveling wave transmission line system for excitation of a laser
      having:
PA1  an active gaseous medium;
PA1  a flat electric energizing line consisting of an insulating layer inserted
      between a first and second metallic layer, parallel to each other and
      connected respectively to the two terminals of a voltage source, the said
      first metallic layer having at least one slot separating it into two
      distinct parts;
PA1  means for maintaining an active gaseous medium flowing in the said slot
      comprising metallic chocks (5,6) the edges of each of the said layers
      being in the form of a parabola whose axis forms an angle greater than
      zero with the line perpendicular to the slot; and
PA1  means for generating a current wave in the said line, constituted by a
      circuit for setting up a substantially punctiform discharge between the
      said metallic layers at the level of the foci of the parabolas;
PA1  the improvement wherein said flat electric energizing line is arranged
      through the said second metallic layer (3) on a massive plate (9)
      comprising on the one hand a cut (11) formed on its inside face
      substantially opposite the slot (4) and communicating with that latter
      through several channels (12) and on the other hand, two grooves (13)
      formed on its upper face and each having fitted in it at least on seal
      (14) made of a flexible material, the said grooves (13) being arranged
      substantially opposite the ends of the said first metallic layer (2)
      limiting the said slot (4), the gaseous medium in the volume formed by
      said slot, channels and cut being at a lower pressure than ambient
      atmospheric pressure for deforming said seal in said grooves for pressing
      the ends of said first metallic layer hard against the ends of said
      metallic chocks or improving the electrical contact between said chocks
      and said distinct parts.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said cut (11) has a width
      at least equal to the width of the slot (4) formed in the said first
      metallic layer (2).
NUM  3.
PAR  3. The improvement according to claim 1 wherein said cut (11) is insulated
      with respect to the ambient atmosphere so that the pressure prevailing
      within it be substantially equal to the pressure of the said active
      gaseous medium.
NUM  4.
PAR  4. The improvement according to claim 1 wherein said means for maintaining
      an active gaseous medium flowing in the said slot comprises a longitudinal
      insulating blade (7) bearing against the metallic chocks (5,6) arranged on
      either side of the slot (4).
NUM  5.
PAR  5. The improvement according to claim 1 wherein foci F as well as the
      apexes S of the parabolas are situated respectively on a same straight
      line perpendicular to the plane of the metallic layers.
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PAL  Self-focusing damage caused by diffraction in laser amplifier systems may
      be minimized by appropriately tailoring the input optical beam profile by
      passing the beam through an aperture having a uniform high optical
      transmission within a particular radius r.sub.o and a transmission which
      drops gradually to a low value at greater radii. Apertures having the
      desired transmission characteristics may readily be manufactured by
      exposing high resolution photographic films and plates to a diffuse,
      disk-shaped light source and mask arrangement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. ATOMIC ENERGY COMMISSION. It relates to apparatus
      and method for minimizing self focusing caused by diffraction in
      high-power laser amplifier systems.
PAR  High-power laser amplifier systems, e.g., Nd:glass, are plagued by damage
      to components which often results from selffocusing. Self-focusing in such
      systems can be prematurely induced by severe spatial modulation of the
      beam intensity profile. These oscillations result from diffraction caused
      by sharp truncation of the beam at the input edges of rods, disks, and
      other components. Severe truncation is difficult to avoid since it is
      desirable for the incident beam to fill the amplifier apertures to obtain
      maxiumum extraction of energy. An intensity profile which minimizes damage
      caused by diffraction-produced hot spots and still utilizes nearly all of
      the useful aperture of laser amplifiers has been disclosed by Campillo et
      al. in "Fresnel Diffraction Effects in the Design of High-power Laser
      Systems," 23 Appl. Phys. Lett. 85 (1973). Diffraction smoothing apertures
      are known in the art.
PAC  SUMMARY OF THE INVENTION
PAR  An optical beam profile which minimizes damage caused by
      diffraction-produced hot spots and still utilizes nearly all of the useful
      aperture of laser amplifiers may readily be generated by the use of a
      "soft" or "apodized" aperture. Such an aperture has a uniform high optical
      transmission within a particular radius r.sub.o and a transmission which
      drops gradually to a low value at a specified greater radius. Typically,
      the central region has a uniform transmittance of nearly 100%, while the
      transmittance falls to .about. 10.sup..sup.-4 at the outer radii.
PAR  Soft apertures having transmission characteristics and damage threshold
      suitable for use in high-power laser amplifier systems may readily be
      produced using high resolution photographic films and plates which are
      exposed to a diffuse, white (or broad spectral band), disk-shaped light
      source and mask arrangement. Such a source is readily produced by
      illuminating a ground-glass screen followed by a circular aperture. The
      light from this source illuminates a disk and then a photographic plate
      centered on a common axis with the aperture. Because of the finite size of
      the light source, the shadow cast by the disk on the film or plate has
      gentle rather than sharp edges. As a result, the film is unexposed at its
      center but gradually becomes highly exposed over the penumbra transition
      region. The developed negative has the requisite transmission
      characteristics and serves as the soft aperture.
PAR  Further reduction of the transmittance at the outer radial zone can be
      obtained by use of two separate apertures in series.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the method for preparing photographic film
      or plate soft apertures.
PAR  FIG. 2 shows the transmission characteristics of a film soft aperture. The
      solid line is with index matching and the dotted line is with no index
      matching.
PAC  Diffraction and Soft Apertures
PAR  A soft aperture should have transmission decreasing radially in a smooth
      fashion from 100% in the central region to as near zero as can be arranged
      in the outermost region. A convenient representation of the transmission T
      of a soft aperture is given by
EQU  T = [1 + e.sup.-.sup.S (e.sup.r.spsp.2/w.spsp.2 - 1)].sup.-.sup.2
PAL  where r is the radial distance on the aperture, w is the spot-size radius
      in the case of Gaussian transmission (S = 0), and S is a shape factor
      characterizing the aperture.
PAR  For values of S greater than about 4, the 25% transmission point (effective
      radius) is at r =  w.sqroot.S to a very high accuracy, and the
      transmission decreases from 76 to 25% over the radial distance (transition
      width) w/.sqroot.S. Thus w.sqroot.S and w/.sqroot.S are two characteristic
      dimensions of the soft aperature. Such an aperture is useful in reducing
      diffraction problems for a distance (effective range) L .about. w.sup.2
      /.lambda. for light wave of wavelength .lambda. .
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Soft aperture devices may readily and easily be fabricated on photographic
      films and plates in accordance with the penumbra technique shown
      schematically in FIG. 1. A penumbra is merely a space of partial
      illumination. White light source 1 in enclosure 2 illuminates ground-glass
      screen 3, resulting in a diffuse, disk-shaped light source 4 through
      circular aperture 5. Spaced a desired distance away and centered on the
      axis of aperture 5 is solid disk 6. Diffuse source 4 illuminates disk 6
      and then photographic film or plate 7. Because of the finite size of
      diffuse light source 4, the shadow 8 cast by disk 6 on film 7 has gentle
      rather than sharp edges. Film 7 is not exposed at the center 9 because of
      shadow 12, but gradually becomes highly exposed over penumbra transition
      region 10 with the amount of exposure depending on the shading produced by
      penumbra 11. Since penumbra 11 increases in brightness radially outward
      from the axis of aperture 5 and disk 6, film 7 is more exposed as the
      radius of region 10 extends outwards. The developed negative then has the
      requisite transmission characteristics of a soft or apodized aperture,
      i.e., it has a uniform high optical transmission within a desired central
      radius which drops gradually to some desired low value at larger radii.
PAR  It is apparent that the aperture size may be made to vary widely as may the
      desired transmission falloff, since a wide range of choices are available
      for producing them. Among the parameters that may be varied are the
      relative spacings between aperture 5, disk 6, and film 7, the diameters of
      diffuse light source 4 and disk 6, the exposure times of film 7, the
      different varieties of film or photographic plates that may be used, and
      the various film developmental techniques.
PAR  As an example of an aperture useful in the large 51 mm diameter Nd:glass
      laser amplifier system (.lambda. = 1.064 .mu.m) at Los Alamos Scientific
      Laboratory, Los Alamos, New Mexico, the values S = 16 and w = 5.0 mm give
      transmission values T = 0.764 at r = 18.75 mm and T = 0.250 at r = 20.0
      mm, with a useful pathlength of L .about. 23.5 m. When a film soft
      aperture having these characteristics was placed in front of the second 51
      mm diameter glass amplifier rod, an immediate improvement in the beam
      wavefront quality, as witnessed by burn patterns, was observed further
      along the amplifier chain. In this system, significant damage due to self
      focusing on diffraction ripples had occurred in the third amplifier rod at
      a power density of 3 .times. 10.sup.9 W/cm.sup.2. Use of the film soft
      aperture permits damage-free operation of the laser at twice this power
      level. Furthermore, the resultant improved beam quality allows more energy
      to be focused on a target.
PAR  One film used in the foregoing examples is Microfile AHU, a high-resolution
      antihalation film commonly used for photographic slides manufactured by
      Eastman Kodak Corporation. Apertures have also been successfully
      fabricated with photographic plates, e.g., Kodak's Medium Contrast Lantern
      Slide plates.
PAR  Parameters for a particular plate aperture involved light source to disk to
      film plane distances of 38.1 cm and 62.2 cm, respectively. The disk
      diameter was 1.8 cm and that of the light source was 0.8 cm. A 250 W opal
      glass-covered light bulb was operated at 90 V for 2 sec exposure. The
      resulting S parameter was 21 with a uniform central diameter of 37 mm.
PAR  A radial scan of the transmittance of a film soft aperture performed at
      1.06 .mu.m with a continuous-wave YAG laser having a beam diameter of
      about 1.0 mm, FWHM, showed that the transmittance fluctuated around 90% in
      the center of the aperture and fell to less than 0.06% at the edges.
      Oscillations in transmittance noted across the center of the aperture
      appear to be a consequence of variable interference between the film
      surfaces because of nonuniformities in film thickness. When the film was
      placed in a liquid, e.g., glycerol, having a matching index of refraction
      and sandwiched between two antireflection-coated optical flats, the
      oscillation disappeared (solid line of FIG. 2), and the transmittance in
      the center of the soft aperture increased to 96%. Matching the index of
      refraction of the liquid with that of the film prevents any possible
      self-focusing caused by intensity and phase fluctuations induced by the
      film and also reduces the reflection losses which is an important
      consideration when a soft aperture is used in a laser amplifier system.
PAR  The soft aperture with which the results of FIG. 2 were obtained tailors
      the intensity profile of a laser beam so that it effectively fills the
      aperture of a two-inch-diameter Nd:glass amplifier rod, while
      simultaneously reducing the intensity at the edge of the rod to the point
      where beam truncation is not harmful. The resulting laser beam can
      propagate a distance of approximately 40 meters without developing
      significant intensity fluctuations due to diffraction.
PAR  The damage threshold for this film soft aperture for a short, 1.06 .mu.m
      laser pulse was measured by means of a mode-locked Nd:YAG
      oscillator-amplifier system. A spark gap and Pockels cell switch
      arrangement allowed a single 30-psec pulse to be used to ascertain damage
      effects. The clear area of the Microfile AHU negative damaged at an energy
      per unit area of 200 mJ/cm.sup.2, while in the exposed areas of the film
      the damage threshold was measured to be 15 mJ/cm.sup.2 in both the graded
      area and the most darkly exposed areas. Thus, a 30-psec duration pulse
      with 0.5 J distributed over the soft aperture will not exceed the measured
      damage threshold.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for minimizing damage caused by diffraction-induced self
      focusing in high-power laser amplifier systems which comprises passing the
      input optical beam through a soft aperture having an optical transmission
      T given by
EQU  T = [1 + e.sup.-.sup.S (e.sup.r.spsp.2/w.spsp.2 - 1)].sup.-.sup.2
PAL  where r is the radial distance on the aperture, w is the spot-size radius
      in the case of Gaussian transmission (S = 0), and S is a shape factor
      characterizing the aperture.
NUM  2.
PAR  2. An article of manufacture useful as a soft aperture which comprises a
      developed high resolution photographic film or plate having an optical
      transmision T given by
EQU  T = [1 + e.sup.-.sup.S (e.sup.r.spsp.2/w.spsp.2 - 1)].sup.-.sup.2
PAL  where r is the radial distance from the center of said film or plate, w is
      the spot radius in the case of Gaussian transmission (S = 0), and S is a
      shape factor characterizing the film or plate.
NUM  3.
PAR  3. A method of forming a soft aperture which comprises (a) spacing a solid
      disk from a high-resolution photographic film or plate and (b)
      illuminating said disk with a source of diffuse white light having a
      suitable diameter whereby said disk casts a shadow having an outer
      penumbra region on said photographic film or plate.
NUM  4.
PAR  4. The method of claim 3 wherein said source of diffuse light is formed by
      illuminating a glass screen in an enclosure having a circular aperture
      therein.
NUM  5.
PAR  5. The method of claim 3 wherein said film or plate is in a liquid having a
      matching index of refraction.
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PAL  A monolithic integrated quartz crystal oscillator circuit having a
      resistance between the inverter output and the quartz crystal vibrator in
      order to stabilize the frequency characteristics thereof. An inverter
      including complementary coupled N-channel and P-channel MOS field effect
      transistors, and an output resistance at the drain connected terminals
      thereof, are monolithically integrated into a single chip. The resistance
      at the output terminal of the complementary coupled inverter effects a
      stabilization of the frequency of the quartz crystal oscillator circuit
      during changes in the supply voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an improved quartz crystal oscillator
      circuit for use in an electronic timepiece and especially to a monolithic
      integrated quartz crystal oscillator circuit for stabilizing the
      oscillating frequency thereof during changes in the supply voltage.
      Heretofore, certain problems have existed in quartz crystal oscillator
      circuits formed from complementary coupled MOS transistors. In particular,
      significant changes in the frequency of such circuits were caused by
      changes in the supply voltage. Similarly, when the supply voltage of the
      quartz crystal circuit were stabilized, variations in the threshold
      voltage of the MOS field effect transistors used would also effect a
      substantial change in the frequency thereof. The change in frequency was
      caused by a reduction in the output impedance of the inverter formed by
      the complementary coupled P-channel and N-channel transistors which were
      reduced in proportion to the increase in the supply voltage and/or
      threshold voltage.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a monolithic
      integrated quartz crystal oscillator circuit is provided wherein the
      frequency of such circuit is substantially stabilized in the event of
      changes in the supply voltage or threshold voltages. The quartz crystal
      oscillator circuit includes complementaty MOS field effect transistors for
      oscillating a quartz crystal vibrator, at least one stage of the
      complementary inverter being comprised of a P-channel transistor and an
      N-channel transistor. A resistor is coupled to the inverter at the drain
      connecting terminals to define an output terminal which is coupled through
      the quartz crystal vibrator and a feedback resistance to an input terminal
      defined by the gate connecting terminals of the inverter. The output
      terminal and input terminal are coupled to ground through capacitors. By
      selecting the resistance between the drain connecting terminal and the
      output terminal to be of a specific order, with respect to the equivalent
      resistance of the quartz crystal vibrator, the changes in the oscillating
      frequency of the crystal oscillator circuit is substantially stabilized.
PAR  An improved quartz crystal oscillator circuit is provided by monolithically
      integrating the output resistor into a chip which includes the
      monolithically integrated inverter circuit.
PAR  Accordingly, it is an object of this invention to provide an improved
      quartz crystal oscillator circuit wherein changes in the supply voltage
      have a minimum effect on the frequency characteristic thereof.
PAR  It is a further object of this invention to provide an improved quartz
      crystal oscillator circuit wherein the oscillation thereof is stabilized
      with respect to changes in the supply voltage and/or threshold voltage.
PAR  It is still another object of this invention to provide a quartz crystal
      oscillator circuit wherein the resistance required to stabilize the
      operating frequency is monolithically integrated with the MOS field effect
      transistors comprising the inverter circuit.
PAR  It is still another object of this invention to provide a quartz crystal
      oscillator circuit having monolithically integrated circuit elements for
      use in an electronic timepiece.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCEIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the following drawings, in
      which:
PAR  FIG. 1 is a circuit diagram of a quartz crystal oscillator circuit
      constructed in accordance with the prior art;
PAR  FIG. 2 is a circuit diagram of a monolithically integrated quartz crystal
      oscillator circuit including an output resistance and constructed in
      accordance with the instant invention; and
PA1  Fig. 3 is a graph of the source voltage-oscillating frequency
      characteristic of the quartz crystal oscillator circuits depicted in FIG.
      1 and FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIG. 1, wherein a quartz crystal oscillator
      circuit, in which P-channel MOS field effect transistor Tr.sub.P is
      complementary coupled to N-channel MOS field effect transistor Tr.sub.N at
      the drain terminals thereof, the define an output terminal D. The output
      terminal D defined by the connection of the drain terminals of transistors
      Tr.sub.P and Tr.sub.N is coupled through a feedback resistor R and through
      a quartz crystal vibrator V to the input of the quartz crystal oscillator
      circuit defined by the connection of the gate terminals of complementary
      connected MOS transistors Tr.sub.P and Tr.sub.N. In order to effect phase
      compensation, the output terminal D and the input terminal G are grounded
      through output capacitor C.sub.D and input capacitor C.sub.G,
      respectively. By the coupling of the output terminal D to the input
      terminal G through the feedback resistance R, the circuit is rendered
      self-oscillatory, to thereby set an operating point thereof. It is noted
      that when changes occur in the supply voltage or when changes in threshold
      voltages occur in the circuit of FIG. 1, the oscillating frequency is
      significantly increased as the supply voltage increases, as is depicted by
      curve a in FIG. 3.
PAR  Reference is now made to FIG. 2, wherein like reference numerals are used
      to denote like elements depicted in FIG. 1. The drain connecting terminals
      are coupled through a resistor r.sub.D to the output terminal D. By
      selecting r.sub.D to be a certain magnitude, the change in oscillating
      frequency is substantially reduced with respect to changes in the supply
      voltage. A comparison of the improvement achieved by the inclusion of such
      a resistance is depicted in curve b of FIG. 3. In order to achieve such
      results it is necessary to select r.sub.D to be on the order of the
      equivalent resistance of the quartz crystal vibrator utilized, it being
      recognized that resistors of the order of 10 K-ohms to several hundred
      K-ohms perform desirable results.
PAR  It has further been found advantageous in practicing the instant invention
      to include portions of the oscillator circuit depicted in FIG. 2 on a
      single substrate. It is appreciated, that when a complementary MOS
      transistor is produced, a lightly doped P-type layer is diffused to an
      N-type substrate, and then a heavily doped N-type layer is diffused into
      such substrate to form an N-channel transistor. If a high resistance is
      desired, it is possible to lightly dope the P-type layer and use same as a
      resistor. As is appreciated, if such a P-type layer is utilized to obtain
      the desired resistance between the drain connecting terminal and the
      output terminal, a significant advantage inures to such manufacture
      because the resistance is easily provided by diffusing the P-type layer
      which is a necessary step in treating an N-channel substrate when a
      complementary MOS transistor is produced. Nevertheless, utilizing such an
      arrangement is restricted by the expansion of the P-type layer. However,
      when a polycrystalline silicon is used to effect the required resistance,
      only a space for the above mentioned resistance is necessary, seldom
      imposing any other restrictions on the other circuit elements to be
      incorporated on the same substrate.
PAR  Thus, a stable oscillating frequency can be obtained by supplying an output
      resistor to the drain of a quartz crystal oscillating circuit utilizing a
      complementary MOS transistor circuit, wherein the output resistor can be
      incorporated into a monolithically integrated circuit chip to provide an
      improved quartz crystal oscillator circuit.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawing shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quartz crystal oscillator circuit comprising a quartz crystal
      vibrator, an output resistor, a feedback resistor, and an inverter circuit
      said inverter circuit including an N-channel and a P-channel MOS field
      effect transistor coupled at the drain terminals thereof to a first side
      of the output resistor, the other side of the output resistor defining an
      output terminal, said output terminal being coupled through said vibrator
      to said input terminal of said inverter circuit defined by a coupling of
      the gate terminals of said transistors, said output terminal being further
      coupled through said feedback resistor to said gate terminals of said
      transistors.
NUM  2.
PAR  2. A quartz crystal oscillator circuit as claimed in claim 1, wherein said
      output terminal is coupled through a capacitor to ground.
NUM  3.
PAR  3. A quartz crystal oscillator circuit as claimed in claim 1, wherein said
      input terminal is coupled through a capacitor to ground.
NUM  4.
PAR  4. A quartz crystal oscillator circuit as claimed in claim 2, wherein said
      input terminal is coupled through a capacitor to ground.
NUM  5.
PAR  5. A quartz crystal oscillator circuit as claimed in claim 1, wherein said
      output resistor is of the order of 10 K-ohms to 500 K-ohms.
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ABST
PAL  A molecular gas laser capable of operating at or near atmospheric pressure
      in which electrical energy is coupled into an active molecular gas medium
      comprising molecules having vibrational rotational energy levels by means
      of an electric field transverse to the lasing axis. By applying an impulse
      voltage to the electrode configuration, high current glow discharges can
      be created. The pulse discharge takes place between electrodes having
      parallel planar surfaces facing each other. The lateral edges of these
      faces are suitably profiled to avoid field concentrations and thus provide
      a diffused glow discharge in a uniform electric field transverse to the
      lasing axis. Initiatory electrons required to produce the high current
      diffused glow are provided by generating an intense burst of corona in the
      gap between spacer members having very high dielectric constants which are
      interposed between the electrodes. Specifically, when a voltage pulse is
      applied to the gap between the spacer elements a very high field appears
      at the interface and generates an intense burst of corona which provides
      ultraviolet irradiation of the cathode resulting in the emission of
      electrons.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to high pressure gas lasers which are
      repetitively pulsed and more particularly to the use of a uniform field
      electrode configuration utilizing cathode irradiation by corona discharge
      to provide initiatory electrons.
PAR  2. Description of the Prior Art
PAR  In a copending patent application Ser. No. 740,221, filed June 26, 1968, in
      the name of Coleman J. Miller and owned by the assignee of this
      application, there is described and claimed a high power stimulated
      emission of radiation device using transverse electric field excitation of
      a gaseous medium having molecules with vibrational and rotational energy
      levels, between two parallel electrodes capable of operating at
      atmospheric pressures and above. Prior to the invention in that
      application, there was the problem that the electrical discharge in the
      gaseous medium tended to occur in the form of an arc as the pressure in
      the laser device increased above some low value, typically 20 to 50 torr.
      Such an arc would be supported by a very limited portion of the gaseous
      medium in a small column around the arc and the gain consequently would
      not be sufficient to cause laser action. The result was localized heating
      of the gas generally preventing laser operation entirely.
PAR  In the Miller application, means for irradiating the cathode with
      ultraviolet light for producing free electrons by photoelectric emission
      from the cathode is disclosed. The free electrons in turn produce a glow
      discharge uniformly over the surface of the electrodes which is
      self-sustaining when the conditions of voltage and electrode gap
      dimensions are such that each electron leaving the cathode establishes
      secondary processes whereby it is replaced by a new electron leaving the
      cathode. The free electrons produced in the glow discharge near the
      cathode engage in exciting collisions with ions, atoms or molecules of the
      gaseous medium in regions more remote from the cathode. In these
      excitation regions there is a lower ratio of electric field to particle
      density E/N and an amplifying action results by the further interchange of
      energy between free electrons and unexcited particles and between excited
      and unexcited particles of the gas.
PAR  The geometry of the electrode configuration and the ratio of E/N are
      important in the above type laser apparatus to establish the proper
      conditions for transfer of energy from the electrical energy source to the
      gaseous medium. The choice of electrode geometry and E/N ratio can improve
      the efficiency of energy transfer from the electrical energy source into
      selected modes of excitation of the gaseous medium which in turn can
      increase the overall efficiency of the laser device for a selected output
      frequency.
PAR  In the above-mentioned Miller application, means in the form of an
      ultraviolet light source for irradiating the cathode is disclosed for
      producing free electrons by photoelectric emission from the cathode
      causing a uniform glow discharge over the surfaces of the electrodes. As
      previously noted the glow discharge is self-sustaining when the conditions
      of voltage and dimensions of the gap between the electrodes are such that
      each electron leaving the cathode establishes secondary processes whereby
      it is replaced by a new electron leaving the cathode. The free electrons
      in such a glow discharge are accelerated by the electric field and excite
      the ions, atoms or molecules of the gaseous medium in inelastic collisions
      in regions remote from the cathode thereby causing an amplifying action by
      way of the further exchange of energy between free electrons and unexcited
      particles and between excited and unexcited particles of the gas. Since
      there is an infinite number of points on the planar plate electrode, a
      substantially uniform diffused glow discharge can be maintained for a
      limited time between the plates so that energy may be transferred from the
      electric field to the molecules of the active gaseous medium. This makes
      it possible to operate a gas laser in a pulsed mode at pressures higher
      than what was generally considered the cut-off threshold pressure for such
      devices (in the neighborhood of 20 Torr).
PAR  Another prior art technique for providing free electrons to initiate the
      diffused glow discharge in a high pressure gas laser having parallel plate
      electrodes is to use auxiliary electrodes adjacent each main parallel
      plate electrode for discharge initiation. The auxiliary electrodes closest
      to the cathode initiate a trigger discharge between cathode and auxiliary
      electrodes to provide the initiatory electrons for the main gap which is
      pulsed from the same source. The auxiliary electrodes nearest the anode
      are said to "focus" the beam in the vicinity of the anode.
PAR  In another prior art device in which a plurality of pins comprising one
      electrode means is positioned opposite a bar electrode, triggering of the
      glow discharge is accomplished by field emission at the pins when an
      impulse voltage is applied. Initiatory electrons are thereby provided
      because of the inherent physical properties of the nonuniform field
      configuration.
PAR  In an analogous art area U.S. Pat. No. 2,990,492 issued to Wellinger et al
      teaches the application of a solid state radioactive medium to lightning
      arresters whereby the radioactive medium supplies free electrons to
      initiate a power absorbing arc stream or discharge for the purpose of
      protecting power lines. This patent is representative of the art dealing
      with those protective devices whose primary purpose is to develop an arc
      stream or discharge. Such devices are the antithesis of the present
      invention because it is the prevention of an arc stream or discharge which
      must be accomplished while producing a very fast rise time in a diffused
      glow discharge. An arc stream or discharge in a gas laser causes the
      device to cease operating immediately and can cause serious damage to the
      electrodes.
PAR  The present invention relates to the broad field of producing an improved
      transfer of energy from the electric field to the selected rotational
      vibrational modes of molecules of a gas medium in a laser system. Free
      electrons are generated and accelerated by the electric field applied to
      the gaseous medium. Since the energy that each electron receives from the
      electric field depends upon the strength of the field and the distance
      through which the electron is accelerated by the field between collisions,
      energy losses can be minimized in relation to the toal input energy to the
      electric field by adjusting certain parameters. Also, the transfer of
      energy from the electrons to the selected vibrational rotational modes of
      the gas molecules can be maximized.
PAR  Generally speaking, there are two basic systems that have been used in the
      prior art to which the present invention relates as far as electron
      excitation of the molecules is concerned. The gaseous medium can be
      excited by RF energy with electrodes placed external to the gaseous medium
      container or it can be excited by applying a voltage either DC or AC,
      across a pair of electrodes immersed in the gaseous medium. As a practical
      matter, the excitation process has a significant influence on the
      operation of a gas laser device. The optimum operating pressure is limited
      by thermal consideration. As the pressure increases above approximately 20
      Torr in a static volume of gas there is a tendency for a discharge to
      occur in the form of an arc streamer. This creates heat with a very high
      thermal gradient which adversely affects the lasing operation. The
      objective in this art is then to create a self-sustaining diffused glow
      discharge and maintain it in this mode as long as possible before thermal
      effects cause an arc streamer. An arc streamer discharge will cause
      constriction of the discharge, rapid temperature rise, and immediate
      cessation of the lasing operation.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention is an improvement in the high pressure gas
      laser art for generating a diffused glow discharge for the purpose of
      generating electrons which in turn excite the gaseous laser medium by
      collision with the gas molecules. The present invention provides a laser
      in which the gas medium is excited by the diffused glow discharge between
      two electrodes having continuous surfaces, the surfaces being so
      configured that there are no angular edge configurations to distort an
      essentially uniform electric field between the electrodes. Regions of
      uniform electric field density are thereby developed when a pulsed voltage
      is repetitively applied to the electrodes. The specific improvement to
      which the present invention is directed is the means for providing free
      electrons to initiate the diffused glow discharge mode of operation of the
      laser. The present invention provides for a plurality of member pairs made
      of a material having a high dielectric constant such as titanium dioxide
      (rutile) which are positioned between or adjacent the main gap region and
      in intimate contact with the two main electrodes. A voltage pulse applied
      to the main electrodes causes a very high field to appear at the edges of
      the members because of the high dielectric constant of the material. This
      generates an intense burst of corona which provides free electrons
      directly and irradiates the cathode with ultraviolet radiation thereby
      generating additional electrons. These initiatory electrons trigger a
      pulsed glow discharge for exciting the gas to lasing energy levels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic diagrams of prior art electrode configurations
      for supplying free electrons to the diffused glow discharge;
PAR  FIG. 3 is a schematic diagram of a prior art lightning arrester type gap;
PAR  FIG. 4 is a cross-section of the device of FIG. 3 taken on the line IV--IV;
PAR  FIG. 5 is the current and voltage waveform for the annular uniform field
      gap of the device shown in FIG. 3 with a gas laser mixture at high
      pressure;
PAR  FIG. 6 is an elevational view of a laser according to the present
      invention;
PAR  FIG. 7 is a section of the laser illustrated in FIG. 6, the section being
      taken on the lines VII--VII;
PAR  FIG. 8 is an elevational view of a multipath laser according to the present
      invention;
PAR  FIG. 9 is a section of the laser of FIG. 8, the section being taken on the
      line IX--IX;
PAR  FIG. 10 is a plan view of the multipath laser of FIG. 8 including the
      folded optics.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, specifically FIG. 1, a prior art uniform
      field laser cavity 10 defined by walls 12 is shown. Main planar electrodes
      14 and 16 are situated inside cavity 10. Electrode 16 acts as a cathode
      and electrode 14 acts as an anode. Auxiliary electrodes 18 and 20 are
      affixed to the exterior wall 12 adjacent opposite edges of electrode 16.
      Auxiliary electrodes 22 and 24 are affixed to the exterior walls 12
      adjacent opposite edges of electrode 14.
PAR  Auxiliary electrodes 18 and 20 and main electrode 14 are connected to
      ground potential. Auxiliary electrodes 22 and 24 and main electrode 16 are
      connected to pulsing circuit 26.
PAR  The principle of operation of the device shown in FIG. 1 is not completely
      understood, but it appears to depend upon the initiation of a trigger
      discharge between the cathode electrode 16 and the auxiliary electrodes 18
      and 20. This initial discharge provides large numbers of electrons which
      then initiate a diffused glow discharge in the main gap between electrodes
      14 and 16. The function of the auxiliary electrodes 22 and 24 is evidently
      to confine the discharge to the main gap and to focus it toward the anode
      14.
PAR  FIG. 2 shows a second prior art gas laser apparatus in cross section. A gas
      tube 28 is shown having an essentially totally reflecting optical element
      30 and a partially transmitting optical element 32 positioned opposite one
      another and orthogonal to the optical axis 34 of the laser. Side wall 36
      is sealed in an air tight manner to the optical elements 30 and 32 to
      provide an integral enclosure for the gas medium of the laser. It will be
      understood that the elements of the tube 28 can be modified without
      affecting the claimed invention, tube 28 being merely typical in the art.
PAR  Once the gas tube 28 has been evacuated it is filled with a suitable laser
      gas mixture, which for example might include CO or CO.sub.2, at a high
      pressure, typically above 50 torr.
PAR  Within the tube 28 a cathode 38 comprised of a plurality of pins 40 and an
      anode 42 typically a continuous bar type electrode, are positioned
      opposite one another within the tube 28. The pins 40 of cathode 38 are
      transverse to the optical axis 34 while the surface of anode 42 lies
      parallel to the optical axis 34. The support within the tube 28 for the
      electrodes 38 and 42 is provided by support means 44.
PAR  The electrodes 38 and 42 are connected to a pulsing network 46.
PAR  Under certain conditions of stored energy in the pulsing network it is
      possible upon acquiring an impulse voltage to the configuration shown in
      FIG. 2 to create a diffuse, transient, high current glow discharge between
      the pins 40 and electrode 42. Electrons for initiation of the pulse glow
      are provided by field emission at the pins and the current is amplified by
      collisional ionization in the high field region of the gap near the pins
      thereby providing large numbers of electrons in the gap between the pins
      40 and anode 42. In the lower field region of the gap near the anode 42
      the electrons undergo exciting collisions to achieve the required
      vibrational levels of the gas medium. In order to obtain the required
      diffuse discharge mode and avoid a constricted high temperature spark
      discharge which would terminate the lasing action, it is necessary in this
      prior art device to have a very rapid current rise time typically less
      than 100 nanoseconds. The glow duration in this particular configuration
      would be typically of the order of 0.5 microseconds.
PAR  While the device of FIG. 2 represents a high pressure laser system in which
      high repetition rates and high average powers can be obtained, it is
      desirable to increase the glow duration while reducing the peak pulse
      power. Switching problems are reduced and the output characteristics of
      the laser improved. To achieve such improved performance electrodes
      utilizing uniform field geometry can be implemented in place of the
      multiple pin geometry provided that large numbers of initiatory electrons
      can be generated to produce the high current diffuse glow required.
PAR  In FIGS. 3 and 4 a lightning arrester type gap found in the prior art is
      shown in which a concept for generating initiatory electrons is used. The
      device is comprised of two electrodes 48 and 50 having spaced apart
      surfaces 52 and 54. An exterior dielectric wall 56 separates the
      electrodes 48 and 50 and effectively seals the gas discharge volume
      between the electrodes 48 and 50. At the center of each electrode a button
      of high dielectric constant material such as titanium dioxide (also
      identified as rutile) projects into the discharge volume. The buttons 58
      and 60 abut at interface 62, each being held firmly in place by a spring
      mechanism 64.
PAR  The main gap between surfaces 52 and 54 as shown in FIG. 3 is of interest
      in that it utilizes a configuration similar to that of the invention
      taught and claimed herein but which is applied quite differently. In a
      lightning arrester application it is essential that abnormally high
      potentials, caused usually by lightning transients, may be relieved by
      flashovers in the air or a gas rather than over the surface of porcelain
      insulating elements. For this reason, it is necessary to have a well
      defined sparkover voltge path. Using the gap of FIGS. 3 and 4, a well
      defined sparkover voltage under ramp voltage conditions is possible,
      thereby providing rapid release from the high potential appearing across
      the electrodes in the form of an arc discharge.
PAR  Using an annular uniform field gap configuration similar to that of the
      device of FIGS. 3 and 4 with a gas laser mixture at high pressure, current
      and voltage responses as shown in FIG. 5 have been obtained while
      generating a glow discharge with no spark or arc discharge. The current
      and voltage measurements across the gap region were made at a gas pressure
      of 400 torr and for an applied pulse of 30 kv for a gas mixture of 6 parts
      He: 1 part N.sub.2 : 1 part CO.sub.2.
PAR  The current and voltage waveforms shown in FIG. 5 reflect that for a period
      of current flow (approaching 2.mu.sec) there was no arc discharge. An arc
      discharge would have been characterized by a sudden drop of voltage. It
      has generally been found that this configuration specifically utilizing
      the rutile buttons 58 and 60 for initiatory corona discharge allows for a
      longer glow duration as compared to prior art devices such as the
      pin-plane electrode assembly of FIG. 2.
PAR  In FIGS. 6 and 7 an elevational view and a sectional view respectively are
      shown of a single pass laser utilizing the present invention. In FIG. 6,
      contoured planar electrodes 66 and 68 are connected to pulsing network 77
      and are spaced apart with surfaces parallel to the optical axis 74
      defining a uniform field region. Reflecting optical elements 70 and 72 are
      disposed at either end of the electrodes 66 and 68 to form a resonant
      cavity for the stimulated radiation. Reflector 72 is partially
      transmissive in order to couple out a portion of the stimulated radiation.
      The laser beam axis 74 is parallel to and lies between the surfaces of the
      electrodes 66 and 68.
PAR  The sectional view of FIG. 7 shows a set of two elongated members 76
      attached at either side of the electrode 68 and projecting into the
      discharge gap in the general direction of the uniform field. A second set
      of two elongated members 78 are similarly attached to electrode 66, each
      projecting toward a corresponding member 76 in a contiguous relationship.
      Corresponding members 76 and 78 can be in direct contact or the surfaces
      thereof may define a narrow gap region. It will be recognized that each
      set can be comprised of one or more members.
PAR  The members 76 and 78 are constructed of a high dielectric constant
      material such as titanium dioxide (rutile). When a voltage pulse from
      pulsing network 77 is applied to the gap between the electrodes 68 and 66,
      a very high field appears at the button interface generating an intense
      burst of corona. The burst of corona provides both free electrons directly
      to the main discharge gap and irradiates the cathode with ultraviolet
      radiation thereby generating additional electrons by photoemission at the
      cathode and by gas photoionization.
PAR  The dielectric members 76 and 78 function as dielectric discharge
      initiators for purposes of pulsed laser operations. They can be in the
      shape of elongated bars as shown in FIG. 6 having abutting surfaces
      essentially of a rectangular shape. Or, the members can be button shaped
      with abutting circular surfaces. Indeed the buttons can even be hollow and
      closed at the ends having metallic pieces extending into them. It will
      readily be recognized that the particular configuration of buttons used
      and dimensions chosen will be dependent upon the efficiency of irradiating
      the cathode with ultraviolet radiation while maintaining an essentially
      uniform field between the electrodes. It will also be appreciated that
      when using the cylindrically shaped dielectric discharge initiators or
      buttons that they can be arranged in a single or a plurality of rows, the
      particular arrangement being one factor in determining the uniformity and
      optical homogeneity of the pulse glow discharge.
PAR  In FIGS. 8, 9 and 10 several views of a multipath laser using folded optics
      is shown. FIG. 8 shows one path of the beam along the laser axis 80 which
      runs parallel and between the surfaces of planar electrodes 82 and 84.
      Dielectric members 90 and 92 abut at their interface. Optical reflecting
      elements 86 and 88 are disposed at either end of the planar electrodes to
      define a resonant cavity for the stimulated radiation. Optical element 86
      is partially transmissive coupling the radiation out of the cavity.
PAR  FIG. 9 shows in cross-section the multipath laser which is identical to
      that cavity shown in FIG. 7 except for having three instead of a single
      excitation gap region. The members or dielectric discharge initiators 90
      are attached to the electrode 82 and project into the gap region. The
      members or dielectric discharge initiators 92 are attached to the
      electrode 84 and project into the gap region abutting against
      corresponding dielectric discharge initiators 90 in the vicinity of the
      mid-gap region. The end edge surfaces of members 90 and 92 are beveled to
      expose greater discharge volume to the corona discharge.
PAR  In FIG. 10, a sectional plan view is shown of the multipath laser. Optical
      reflective elements 86, 88, 94, 95, 98 and 100, are so arranged as to fold
      the laser beam along the multiple paths defined by the electrodes 82 and
      84 and the dielectric discharge initiators 90 and 92. The optical element
      86 being partially transmissive couples some of the radiation out of the
      cavity.
PAR  The use of the dielectric members or dielectric discharge initiators for
      supplying the initiatory electrons permits the use of planar electrodes to
      develop a uniform field in place of the prior art pin cathode
      configuration. The advantages achieved include a longer glow duration than
      normally can be attained in the pin-cathode system. This is achieved with
      lower peak current in the pulse generator switching element and lower
      output peak powers for a given average power.
PAR  The current rise time limitations are less critical for this electrode
      geometry. This essentially means that the pulsing network 91 switching
      element does not need to meet as high a requirement for the rate of change
      of current.
PAR  In the laser application it is most desirable that the glow be uniformly
      distributed over the surface of the planar electrode. By proper
      arrangement of the dielectric discharge initiators a uniform injection of
      initiatory electrons into the discharge region is achieved either directly
      or by ultraviolet radiation from the corona discharge which generates
      additional electrons by photoemission at the cathode and by gas
      photoionization, and a homogeneous glow discharge results.
PAR  The uniform field configuration of this invention is simpler than that
      developed in the prior art and shown in FIG. 1 in that no auxiliary
      electrodes are required. Additionally, there is no danger of damage to the
      cavity walls by a trigger discharge.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high pressure gas laser apparatus comprising:
PA1  a resonant optical cavity including optical reflective elements passively
      terminating each end of said cavity,
PA1  a gas medium at high pressure suitable for lasing action,
PA1  an electrode assembly having first and second spaced apart electrodes with
      continuous surfaces defining a uniform field gap therebetween, said
      uniform field gap traversing said resonant optical cavity,
PA1  a first set of members of a high dielectric constant material fixedly and
      conductively attached to the first electrode and extending into said gap,
PA1  a second set of members of a high dielectric constant material fixedly and
      conductively attached to the second electrode and extending into said gap
      so that end surfaces of corresponding members of said first and second
      sets are in contiguous relationship,
PA1  pulsing means connected to said first and second electrodes for applying
      pulsed energy to said gap for stressing said uniform field gap and for
      generating corona discharges between said first and second sets of members
      for supplying free electrons to said uniform field gap and for irradiating
      said first electrode with ultraviolet radiation to cause emission of
      additional electrons for initiating and maintaining glow discharge between
      said first and second electrodes for exciting said gas medium to upper
      energy levels to induce lasing action.
NUM  2.
PAR  2. The high pressure gas laser apparatus of claim 1 wherein said first and
      second sets of members are made of titanium dioxide.
NUM  3.
PAR  3. The high pressure gas laser apparatus of claim 1 wherein said members
      are configured as elongated bars set parallel to said resonant optical
      cavity and have abutting surfaces of a rectangular configuration.
NUM  4.
PAR  4. The high pressure gas laser apparatus of claim 1 wherein the abutting
      surfaces of said members of said first and second sets are circular.
NUM  5.
PAR  5. The high pressure gas laser apparatus of claim 1 wherein said first and
      second sets of members are so arranged and configured to provide a
      plurality of parallel laser beam paths and further including optical means
      adjacent said electrodes for folding said laser beam from path to path.
NUM  6.
PAR  6. The high pressure gas laser apparatus of claim 1 wherein said
      corresponding members of said first and second sets have end surfaces
      touching.
NUM  7.
PAR  7. The high pressure gas laser apparatus of claim 1 wherein the end
      surfaces of said corresponding members of said first and second set define
      a gap region therebetween.
NUM  8.
PAR  8. The high pressure gas apparatus of claim 7 wherein the distance
      separating the end surfaces of said corresponding members of said first
      and second set is small compared to the dimensions of the end surfaces of
      said corresponding members.
NUM  9.
PAR  9. A high pressure gas laser, capable of producing stimulated emission of
      radiation, comprising:
PA1  an enclosure,
PA1  a gas medium at high pressure suitable for lasing action,
PA1  an electrode assembly having first and second spaced apart electrodes with
      continuous surfaces defining a uniform field gap therebetween,
PA1  a first set of members of a high dielectric constant material fixedly and
      conductively attached to the first electrode and extending into said gap,
PA1  a second set of members of a high dielectric constant material fixedly and
      conductively attached to the second electrode and extending into said gap
      so that end surfaces of corresponding members of said first and second
      sets are in contiguous relationship,
PA1  pulsing means connected to said first and second electrodes for applying
      pulsed energy to said gap for stressing said uniform field gap and for
      generating corona discharges between said first and second sets of members
      for supplying free electrons to said uniform field gap and for irradiating
      said first electrode with ultraviolet radiation to cause emission of
      additional electrons for initiating and maintaining glow discharge between
      said first and second electrodes for exciting said gas medium to upper
      energy levels to induce lasing action,
PA1  means for stimulating the emission of radiation from said excited gas
      medium.
NUM  10.
PAR  10. The high pressure gas laser apparatus of claim 9 wherein said first and
      second sets of members are made of titanium dioxide.
NUM  11.
PAR  11. The high pressure gas laser apparatus of claim 9 wherein said members
      are configured as elongated bars and have abutting surfaces of a
      rectangular configuration.
NUM  12.
PAR  12. The high pressure gas laser apparatus of claim 9 wherein the abutting
      surfaces of said members of said first and second sets are circular.
NUM  13.
PAR  13. The high pressure gas laser apparatus of claim 9 wherein said first and
      second sets of members are so arranged and configured to provide a
      plurality of parallel laser beam paths and further including optical means
      adjacent said electrodes for folding said laser beam from path to path.
NUM  14.
PAR  14. The high pressure gas laser apparatus of claim 9 wherein said
      corresponding members of said first and second sets have end surfaces
      touching.
NUM  15.
PAR  15. The high pressure gas laser apparatus of claim 9 wherein the end
      surfaces of said corresponding members of said first and second set define
      a gap region therebetween.
NUM  16.
PAR  16. The high pressure gas laser apparatus of claim 15 wherein the distance
      separating the end surfaces of said corresponding members of said first
      and second set is small compared to the dimensions of the end surfaces of
      said corresponding members.
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ABST
PAL  A planar Y-junction microwave circulator formed by depositing on a ferrite
      substrate a metallization pattern consisting of a central resonant disc
      and three transmission line ports radially extending from the periphery of
      the disc at junctions spaced apart by 120.degree.. The transmission
      characteristics of the circulator are controlled by a DC magnetic field
      which biases the ferrite. Wide-band operation on the order of one octave
      is achieved by using larger port coupling angles and a smaller disc radius
      than are conventionally used.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Air Force.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of microwave circulators and, more
      particularly, to a Y-junction circulator having a unique geometry which
      permits wide-band operation:
PAR  2. Description of the Prior Art
PAR  Microwave circulators and, more particularly, planar geometry junction-type
      circulators which utilize ferrites are generally known in the prior art.
      One such type of prior art circulator is the Y-junction microwave
      integrated circuit or microstrip circulator. Such a device employs a
      substrate which may take the form of a solid piece of ferrite, a ferrite
      puck inserted in a hole within a nonmagnetic dielectric, or a ferrite
      layer bonded on top of a nonmagnetic dielectric.
PAR  A Y-junction metallization pattern is then deposited on top of the
      substrate. The pattern is in the form of three transmission lines or ports
      extending radially from the periphery of the center portion or resonant
      disc of the pattern. The three ports are angularly spaced at intervals of
      120.degree.. With such an arrangement, the center portion, or resonant
      disc of the metallization pattern, will cause the electromagnetic fields
      in the junction region to interact with the ferrite in the substrate to
      produce circulator action. The substrate is also metallized on its bottom
      side to form a ground plane and is bonded to a metal carrier by means of
      solder or electrically-conductive cement.
PAR  The ferrite is magnetically biased with a DC magnetic field provided by a
      permanent magnet. Moreover, two such magnets may be used, one above and
      the other below, the substrate.
PAR  In operation, the gyromagnetic properties of the biased ferrite permit
      microwave energy which enters one of the ports to exit at the nearest port
      in either the clockwise or counter-clockwise direction depending upon the
      polarity of the applied magnetic bias field, and energy will not exit at
      the remaining third port in the ideal or perfect situation. Any loss of
      transmitted power to the output port is termed the "insertion loss," and
      the measure of the leakage to the third or unused port is termed the
      "isolation."
PAR  Although the microwave-integrated circuit circulator just described is
      economical to fabricate, another form thereof is obtained by applying a
      second layer of ferrite or ferrite-and-dielectric over the top of the
      Y-junction metallization pattern, and then placing over this second layer
      a second ground plane. Such a device then becomes a balanced strip line
      junction circulator which is also generally known in the prior art.
PAR  Prior art designs of Y-junction circulators are based on the theoretical
      work of Bosma (H. Bosma, "On Stripline Y-Circulation at UHF," IEEE
      Transactions on Microwave Theory and Techniques, Vol. MTT- 12, pp. 61-72,
      January, 1964), Davies and Cohen (Davies, J. B. and Cohen, P.,
      "Theoretical Design of Symmetrical Junction Stripline Circulator," IEEE
      Transactions on Microwave Theory and Techniques, Vol. MTT-11, pp. 506-512,
      1963), and Whiting (Whiting, K., "Design Data for UHF Circulator," IEEE
      Transactions on Microwave Theory and Techniques, Vol. MTT-15, pp. 195-198,
      1967) for direct coupled circulators. Each of these authors developed a
      mathematical expression known as the Greens Function, which is solved for
      two conditions of perfect circulation, assuming zero insertion loss. The
      first condition determines the radius of the circulator resonant disc by
      providing the product SR of the radial propagation constant S and the
      resonant disc radius R. The second condition provides the substrate and
      disc impedance ratio at the junction for various coupling angles.
PAR  Such prior art designs required an SR product of approximately 1.84 which
      resulted in a relatively large resonant disc radius and a typical coupling
      angle on the order of 0.2 radian or, at best, a coupling angle less than
      0.5 radian. As a consequence, such prior art circulators have a relatively
      high Q or narrow operating bandwidth, the widest available bandwidth being
      on the order of 30% of the center frequency of the operating frequency
      range.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the invention is to provide an improved wide-band
      planar ferrite-loaded Y-junction circulator and a method of making the
      same.
PAR  Another object is to provide such an improved circulator having an
      operating bandwidth as large as one octave.
PAR  These objects are achieved generally by using (1) port coupling angles that
      are larger than conventionally used, and (2) a resonant disc radius which
      is smaller than conventionally used. More specifically, the coupling angle
      is chosen such that the required junction wave impedance ratio coincides
      with the intrinsic ferrite impedance ratio over a plurality of values of
      the ferrite anisotropic splitting function, determining therefrom the
      required product SR of the disc radial propagation constant S and disc
      radius R, and then determining the radius R.
PAR  This invention may be summarized as follows. The Greens function is used to
      find the electric and magnetic fields in the ferrite under the resonant
      disc. These fields are forced to satisfy the boundary conditions imposed
      by connecting three transmission lines or ports to the junction resonator.
      The ratio of the intensities of these fields is the input wave impedance
      at the junction between the input transmission line and the resonator. In
      order to achieve perfect circulation, i.e. one port completely isolated, a
      particular value of this input impedance must be obtained such that there
      is no reflection of electromagnetic energy from the junction toward the
      microwave source connected to the input line.
PAR  Since the input impedance is a function of the ferrite parameters
      .vertline.k/u.vertline. , .epsilon..sub.f , .epsilon..sub.d, and of the
      coupling angle .psi., calculations can be made to select the appropriate
      parameters in order to obtain a wide band impedance match. The results of
      these calculations are shown by graphs in the attached drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a Y-junction circulator to which the
      principle of this invention is applied.
PAR  FIG. 2 is a graph of the product SR of resonant disc radial propagation
      constant and disc radius R vs. the ferrite anisotropic splitting factor
      .vertline.k/u.vertline. for various coupling angles for the condition of
      perfect circulation.
PAR  FIG. 3 is a graph of the required normalized junction wave impedance ratio
      as a function of .vertline.k/u.vertline. for various coupling angles.
PAR  FIG. 4 is a graph comparing the normalized intrinsic ferrite impedance
      ratio and one curve from FIG. 3, as used in the design of a typical prior
      art narrow band circulator.
PAR  FIG. 5 is a graph comparing the normalized instrinsic ferrite impedance
      ratio with the required junction wave impedance ratio for a large coupling
      angle, thereby showing the manner in which wide-band circulator operation
      is obtained in accordance with our invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the present state of the art of designing Y-junction microstrip
      circulators of the type shown in FIG. 1, every designer knows that two
      conditions must be met before perfect non-reciprocal circulation is
      achieved. In FIG. 1, a metallization pattern, consisting of a conductive
      resonant disc 10 and transmission line ports 12, 14 and 16, are formed on
      a ferrite substrate 18. The metallization pattern may be formed by
      conventional photoetching or plasma deposition techniques, for example. A
      conductive ground plane 20 is formed on the bottom of the substrate. The
      ports are angularly spaced apart by 120.degree..
PAR  The first condition is that the product SR = 1.84, where S is the radial
      propagation constant of the waveguide formed by the resonant conductive
      disc 10 on the ferrite substrate 12, and R is the radius of the disc.
PAR  The second condition which must be met is one of matching the impedance of
      the transmission line ports to the input impedance of the junction.
PAR  These two conditions are specified by Bosma for perfect circulation, i.e.
      infinite isolation of one port such that all the energy entering an input
      port exits at a second port, and no energy exists at the third port. The
      output port at which the input energy exits is determined by the direction
      of the applied DC magnetic field which is typically applied by a permanent
      magnet 22.
PAR  The coupling angle .psi. at the junction between the periphery of the disc
      and each transmission line port is then defined by Bosma for small .psi.
      on the order of 0.2 radian based on a single mode only, as:
      ##EQU1##
      where S =.omega./c.sqroot..sup..mu. eff.sup..epsilon. f = radial
      propagation constant in disc
PA1  R = disc radius
PA1  .omega. = radian microwave frequency
PA1  C = speed of light in vacuum
PA1  Z.sub.d = 120.pi./.sqroot..epsilon..sub.d .OMEGA. = wave impedance in
      region outside resonator
PA1  Z.sub.eff = 120.pi..sqroot..sup..mu. eff/.epsilon..sub.f .OMEGA. = wave
      impedance in ferrite loaded disc
PA1  2.psi.= angle subtended by the edges 24 and 26 of the coupled lines at the
      disc edge. and .epsilon..sub.d, .epsilon..sub.f are the relative
      permittivities of the substrate below the transmission line ports and the
      ferrite, respectively.
PAR  By contrast, in the present invention, coupling angle .psi. is an
      adjustable parameter whose value is selected to make the frequency range,
      over which the required impedance match is achieved, as large as possible,
      thereby producing wide band circulator operation, on the order of one
      octave, for example.
PAR  For the embodiment shown in FIG. 1, where the disc and the transmission
      lines are formed on the same substrate, .epsilon..sub.d and
      .epsilon..sub.f are equal.
PAR  The ferrite is described by its permeability tensor elements k and u, and
      ##EQU2##
      If the ferrite is magnetized to saturation, k and u are the Polder tensor
      elements (Polder, D., "On the Theory of Ferromagnetic Resonance,"
      Philosophical Magazine, Vol. 40, pp. 99-15, January 1949).
PAR  FIG. 2 is a plot of the product of the propagation constant S and the disc
      radius R vs. .vertline.k/u.vertline., where .vertline.k/u.vertline. is
      termed the ferrite anisotropic splitting factor. FIG. 2 shows the
      dependence of SR on .vertline.k/u.vertline. for several coupling angles
      .psi. and is obtained by including the first three terms in Bosma's
      Green's Function Expansion. These solutions are denoted by Mode 1-. The
      dashed lines represent the non-degenerate resonances of the uncoupled disc
      resonator. Another set of solutions (1+) is also shown which is seldom
      employed, since larger values of SR would be needed in an actual
      circulator.
PAR  The normalized junction wave impedance Z.sub.eff /Z.sub.d , required for
      circulation at various coupling angles .psi., is shown as a function of
      .vertline.k/u.vertline. in FIG. 3.
PAR  Now the intrinsic ferrite wave impedance ratio Z'.sub.eff /Z.sub.d is
      explicitly defined as
      ##EQU3##
      which is approximately equal to
      ##EQU4##
      provided that u does not deviate significantly from unity. The required
      impedance matching is achieved for Z'.sub.eff = Z.sub.eff.
PAR  FIG. 4 shows this calculated intrinsic ferrite wave impedance ratio
      Z'.sub.eff /Z.sub.d as a function of the ferrite anisotropic splitting
      factor .vertline.k/u.vertline.. Superimposed on this plot is the required
      junction wave impedance ratio Z.sub.eff /Z.sub.d for .psi. = 0.2 radian
      from FIG. 3. As can be seen from FIG. 4, the two curves intersect at
      .vertline.k/u.vertline. = 0.2, which, as can be seen from FIG. 2, calls
      for an SR product of approximately 1.84 and a resultant narrow bandwidth,
      as indicated by the relatively narrow divergence of the two dashed lines
      in FIG. 2. In other words, the microstrip device will function as a
      circulator only in a very narrow bandwidth, the largest bandwidth
      available in prior art devices being on the order of 30% of the center
      frequency of the operating range. These conditions represent a typical
      prior art direct coupled (and narrow band) circulator design.
PAR  In contrast, our invention provides a wideband circulator having a
      bandwidth on the order of one octave; that is, if the center operating
      frequency is 12 GHz, the lower or cutoff frequency would be 8 GHz and the
      upper frequency would be 16 GHz. This compares with the maximum available
      bandwidth in the prior art of 30%, which, for the above example, would be
      a bandwidth of only 3.6 GHz centered at 12 GHz.
PAR  In essence, our discovery is that, by choosing larger coupling angles and
      smaller resonant disc radii than those chosen in prior art designs, one
      can make Y-junction circulators having operating bandwidths on the order
      of one octave. Such wideband circulators are required for applications
      where a large range of frequencies are involved, such as in
      swept-frequency oscillators, various measuring instruments, electronic
      communications, and electronic warfare gear. Heretofore, such applications
      required costly coaxial line components. By contrast, our improved
      Y-junction circulator per se is capable of extremely wideband operation.
PAR  The manner in which we achieve such a desired result is best understood by
      reference to the curves shown in FIGS. 2-5.
PAR  First, as previously explained, the vertical separation between the dashed
      lines in FIG. 2 corresponds to the operating bandwidth of the circulator.
      For example, in the prior art devices where Bosma's design condition
      required the product of the resonant disc radial propagation constant S
      and the disc radius R to be approximately equal to 1.84, in order to
      obtain the required second condition of matching the transmission line
      ports to the intrinsic junction impedance, one was restricted to coupling
      angles typically on the order of 0.2 radian.
PAR  However, FIG. 3 shows that the required junction wave impedance ratio
      Z.sub.eff /Z.sub.d curves for a ferrite anisotropic splitting factor
PAL  greater than approximately 0.5 have negative slopes, and that these
      negative slopes for coupling angles of greater than approximately 0.5
      radian substantially coincide with the intrinsic ferrite impedance ratio
      curve Z'.sub.eff /Z.sub.d plotted in both FIGS. 4 and 5. Again, FIG. 4
      shows a typical prior art design where the required junction wave
      impedance ratio curve for the typical prior art coupling angle of 0.2
      radian intersects the intrinsic ferrite impedance ratio curve at an
      anisotropic splitting factor .vertline.k/u.vertline. value of
      approximately 0.2, which value, as seen from FIG. 2, results in very
      narrow bandwidth operation.
PAR  To illustrate our invention, we have shown in FIG. 5 a comparison of a plot
      of the intrinsic ferrite impedance ratio Z'.sub.eff /Z.sub.d and the .psi.
      = 0.51 curve from FIG. 3, and this comparison shows that the two curves
      substantially coincide for a range of anisotropic splitting factor
      .vertline.k/u.vertline. values of from approximately 0.5 to 1.0. In other
      words, the two impedances coincide over a large range of common values of
      the anisotropic splitting function, rather than intersecting at only one
      point as shown in FIG. 4. In general, for the values chosen, the resulting
      bandwidth would be one octave, corresponding to the fact that the upper
      limit (1.0) of the range of coincident values of anisotropic splitting
      factors is twice that of the lower limit (0.5) of coincidence. It is also
      to be noted that, once the appropriate wide coupling angle is chosen, the
      two curves shown in FIG. 5 coincide for substantial lengths thereof.
PAR  In accordance with our invention, then, in order to complete the design of
      such a wideband circulator, one need only choose the proper radius R of
      the resonant disc in order to produce the desired product of S and R as
      required by the curves shown in FIG. 2 for various coupling angles. To be
      more specific, one merely chooses the ferrite anisotropic splitting factor
      from FIG. 5 which is in the middle of the range of coincidence of the two
      curves, and then finds the appropriate SR product from FIG. 2. For the
      example chosen, the mid-value of coincidence for the range of anisotropic
      splitting factors of 0.5 to 1.0 is 0.75. One then refers to FIG. 2 and
      finds that the SR product corresponding to anisotropic splitting factor
      0.75 for a coupling angle .psi. of 0.51 to be approximately 1.35. Since S
      is known for the particular ferrite and center frequency chosen, then the
      required radius R is easily determined. It will be noted that values of
      the coupling angle which are approximately equal to 0.5 radian produce the
      desired coincidence, and that the resulting required values of SR average
      about 1.2 (from FIG. 2).
PAR  For the example plotted in FIG. 5, it was assumed that the dielectric
      constants of the area beneath the resonant disc and for the area beneath
      the transmission line ports were identical, i.e. that the ports and
      resonant disc were both plated on the same ferrite substrate. Of course,
      if only the resonant disc is placed on a corresponding ferrite plug or
      disc and the transmission line ports are formed on some other substrate,
      then these two dielectric constants will not be the same. However, if such
      is the case, then one merely selects a coupling angle different from 0.5
      radian which will provide the required design condition. For example, as
      indicated by the equations presented above, if the relevant permittivities
      .epsilon..sub.d and .epsilon..sub.f of the outside region and the ferrite,
      respectively, are different rather than being the same as in the example
      shown in FIG. 5, and if .epsilon..sub.d is greater than .epsilon..sub.f,
      then the required coupling angle .psi. will be smaller than 0.51 rad., and
      conversely, if .epsilon..sub.d is smaller than .epsilon..sub.f, the
      required coupling angle .psi. for wideband operation on the order of one
      octave will be greater than 0.51 radian.
PAR  To summarize, to design a wideband circulator in accordance with our
      invention, one first chooses the ferrite, determines its dielectric
      constant, and plots the intrinsic ferrite wave impedance ratio Z'.sub.eff
      /Z.sub.d as shown in FIG. 4. In selecting the ferrite, the saturation
      magnetization 4.pi.M.sub.s should be chosen so that 2.8 (4.pi.M.sub.s) MHz
      is the lowest cutoff frequency, of the desired operation for the
      circulator.
PAR  The second step is to choose the coupling angle .psi. which permits the
      required junction impedance Z.sub.eff /Z.sub.d curve to overlap the
      ferrite curve as shown in FIG. 5. The center frequency of operation is
      found from FIG. 5 in terms of the ferrite anisotropic splitting function
      0f .vertline.k/u.vertline.. The SR product required for circulation is
      chosen from the curves in FIG. 2 for the selected coupling angle .psi. and
      the selected midrange value of .vertline.k/u.vertline.. Since the resonant
      disc radial propagation factor S is known, the required radius for the
      disc is easily determined.
PAR  As indicated above, a characteristic of our improved circulator is that the
      coupling angles are larger than those used in the prior art and that the
      resonant disc radius is smaller than that used in the prior art. For
      maximum bandwidth operation, the bias field provided by the permanent
      magnet should be chosen so as to just draw the ferrite into saturation.
      The transmission line ports may be connected to other devices by
      conventional connectors and impedance matching transformers. Furthermore,
      this invention contemplates both a microstrip circulator having one ground
      plane and one ferrite substrate and also a strip line circulator having
      two ground planes and one or two ferrite substrates. Moreover, either type
      of circulator can be converted to a microwave isolator, which permits the
      flow of energy in one direction only, by electrically matching the third
      port, thus absorbing any energy incident upon it.
PAR  In one device constructed by us, the conductive resonant disc was made of
      plated gold and had a radius of 0.100 inches, and the junction coupling
      angle was approximately 0.525 radian. The ferrite material used was a
      0.025 inch .times. 1 inch .times. 1 inch substrate of TT1-390 obtained
      from Trans-Tech, Inc. of Gaithersburg, Maryland. This ferrite material has
      a saturation magnetization 4.pi.M.sub.s of 2,150 Gauss. The circulator was
      matched by a linear transformer to each of three microstrip transmission
      lines each having a characteristic impedance of 50 ohms and each
      transformer was 0.400 inch long.
PAR  While the foregoing specification describes the preferred embodiments of
      the invention and the best mode known to us of practicing the invention,
      the following claims define the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a wide-band Y-junction microwave circulator of the
      type including a ground plate associated with a ferrite substrate on which
      is superposed a conductive planar circular disc having three conductive
      transmission ports extending radially from the periphery of the disc and
      spaced apart by 120.degree., the method comprising the steps of:
PA1  a. determining as a first function the intrinsic ferrite wave impedance
      ratio vs. the ferrite's known anisotropic splitting factor
      .vertline.k/u.vertline., where k and u are the ferrite's permeability
      tensor elements;
PA1  b. selecting and making the coupling angle of each port at its junction
      with the disc such that a second function, the required junction wave
      impedance ratio vs. .vertline.k/u.vertline., coincides with said first
      function at a plurality of values of .vertline.k/u.vertline.; and
PA1  c. selecting and making the radius R of the disc for the selected coupling
      angle such that the product of S and R has a value corresponding to a
      selected .vertline.k/u.vertline. value within the range of the plurality
      of coincident .vertline.k/u.vertline. values for said first and second
      functions, where S is the radial propagation constant of the disc.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the selected
      .vertline.k/u.vertline. value is approximately in the middle of said range
      of coincident .vertline.k/u.vertline. values.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said conductive transmission
      line ports are also superposed on said ferrite substrate, and wherein the
      range of coincident values of .vertline.k/u.vertline. is from
      approximately 0.5 to 1.0, the selected coupling angle is greater than 0.5
      radian, and the product of S and R is approximately 1.2.
NUM  4.
PAR  4. The method as defined in claim 1 further comprising the step of
      converting the circulator to an isolator by electrically matching one
      port.
NUM  5.
PAR  5. In a wide-band Y-junction microwave circulator of the type including a
      ground plate associated with a ferrite disc of radius R on which is
      superposed a resonant conductive disc of radius R, three radially
      extending conductive transmission line ports respectively forming three
      Y-junctions with the periphery of the disc and spaced apart by
      120.degree., the edges of each port defining an arc which subtends an
      angle 2.psi. where .psi. is defined as the coupling angle of each port
      with the disc, and the ferrite disc has a known radial propagation
      constant S; the improvement wherein said conductive disc and said ports
      are superposed on a common ferrite substrate, said ferrite disc is defined
      by the substrate portion beneath said conductive disc, and the radius R
      and the coupling angle .psi. have values such that the ratio of the wave
      impedance in the ferrite disc and the wave impedance in the region outside
      the disc substantially coincides with the intrinsic ferrite impedance
      ratio for a plurality of common values of the known ferrite anisotropic
      splitting factor .vertline.k/u.vertline. where k and u are the ferrite's
      permeability tensor elements; and wherein the range of said plurality of
      common ferrite anisotropic splitting factor values is from approximately
      0.5 to 1.0, said coupling angle is greater than 0.5 radian, and the
      product of S and R is approximately 1.2.
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ABST
PAL  Disclosed is an improved ferrite circulator particularly adapted for use as
      an isolator in VHF and UHF transmission systems. It comprises a pair of
      relatively thick ground plates to which are attached three or more equally
      spaced coaxial connectors forming circulator ports. A pair of elongated
      magnetic members extend between the ground plates from opposite sides of
      the circulator junction to a location between the ground plates remote
      from the junction. A resilient permanent magnet is movable between the
      magnetic members at the remote location to provide simple and rapid tuning
      by adjustment of the permanent magnet field across the junction.
BSUM
PAR  This invention relates to improvements in ferrite devices and more
      particularly to circulators of the strip transmission line junction type.
      This class of circulator makes use of ferrite elements at the junction of
      three or more transmission lines.
PAR  Ferrite circulators are well known and have been made for several years for
      the microwave frequency range. The circulator is basically a three or more
      port non-reciprocal device consisting of ferrite material, magnets and
      three or more short lengths of transmission line terminated at a common
      junction. For a three port device, power entering port 1 of the circulator
      is "rotated"  and emerges at port 2. Power entering port 2 emerges at port
      3 and power entering port 3 emerges at port 1. In VHF and UHF
      applications, the circulator is virtually always used as an isolator, that
      is, one port is terminated with a fixed load, such as a 50 Ohm load
      resistor.
PAR  In the past, ferrite circulators have in general been constructed so as to
      have the magnets providing the DC magnetic field located on a common axis
      of the ferrite material and the center of the junction of the strip
      transmission lines. The magnet located in this manner must of necessity be
      large in size, difficult to adjust and located directly in the path where
      the heat generated by the losses in the ferrite must travel to be
      dispersed in the mounting surface.
PAR  These difficulties are overcome by the device of the present invention
      which provides a ferrite circulator with a novel adjustable permanent
      magnet circuit. In the present invention, the permanent magnet is located
      remote from the ferrite discs so that heat dissipation from the ferrite
      material has minimum adverse affect on the magnetic properties of the
      permanent magnet. Furthermore, the magnet of the present invention is
      movable or adjustable relative to the other components of the magnetic
      circuit so that the circulator may be tuned in a very simple and efficient
      manner to the desired operating frequency. In the preferred embodiment,
      the permanent magnet is preferably formed from resilient material such as
      natural or synthetic rubber throughout which magnetic particle are
      dispersed. The resilient permanent magnet is made with a slightly greater
      thickness than the space between the fixed elements of the magnetic
      circuit so that it is slightly compressed and held in place when moved to
      the necessary position for exact tuning of the circulator. This
      arrangement eliminates the need for any spacers or any milling or
      otherwise working of the permanent magnet material which might have an
      adverse effect on its magnetic properties.
PAR  It is therefore one object of the present invention to provide a ferrite
      circulator having a magnetic circuit requiring significantly smaller
      magnets, one which is easily adjustable, and one in which the permanent
      magnet is out of the heat path through which the heat generated in the
      ferrite material is dissipated.
PAR  Another object of the present invention is to provide a ferrite circulator
      which is compact in size and simple in construction.
PAR  Another object of the present invention is to provide a ferrite device
      which has more stable performance characteristics over a wide temperature
      range because of the smaller size magnets required for operation. The
      magnetic strength (Gauss) of the magnet varies with temperature. While the
      percentage change in large and small magnets is the same, the absolute
      change in the magnetic field strength (Gauss) is less in smaller magnets.
PAR  Another object of the present invention is to provide a ferrite device such
      as a circulator with a magnetic circuit having a minimum thickness thus
      allowing the device to be mounted in areas not otherwise possible.
DRWD
PAR  These and further objects and advantages of the invention will be more
      apparent upon reference to the following specification, claims and
      appended drawings wherein:
PAR  FIG. 1 is a perspective view of a ferrite circulator constructed in
      accordance with the present invention;
PAR  FIG. 2 is a diagrammatic showing of an isolator in accordance with the
      present invention incorporating the circulator of FIG. 1;
PAR  FIG. 3 is a simple block diagram showing a transmission system using two
      isolators constructed in accordance with FIGS. 1 and 2;
PAR  FIG. 4 is a plan view of the circulator of FIG. 1 showing the adjustable
      nature of the permanent magnet; and
PAR  FIG. 5 is a cross section through the circulator of FIG. 4.
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PAR  Referring to the drawings, the novel circulator of the present invention is
      generally indicated at 10 in FIG. 1. It comprises a housing 12 formed by a
      pair of spaced parallel plates 14 and 16 to which are joined in this case
      three coaxial connectors 18, 20 and 22. Each of the connectors defines a
      port with the connector 18 labeled port 1, connector 20 labeled port 2,
      and connector 22 labeled port 3.
PAR  Circulator 10 is a three port non-reciprocal device and is indicated
      diagrammatically in FIG. 2. Power entering port 1 (connector 18) is
      "rotated" and emerges at port 2 (connector 20). Power entering port 2
      emerges at port 3 (connector 22) and power entering port 3 emerges at port
      1. Insertion loss in the forward direction (port 1 to 2, etc.), is
      approximately 0.5 db while the loss in the opposite direction (port 2 to
      port 1, etc.) is 20 to 25 db or more. In VHF and UHF applications, the
      circulator 10 is virtually always used as an isolator and for this reason
      port 3 in FIG. 2 is shown as terminated with a 50 Ohm load resistor 24.
      The overall isolator formed by circulator 10 and the port 3 load resistor
      24 is indicated by the reference numeral 26.
PAR  The isolator 26 of FIG. 2 is a most effective solution to transmitter
      intermodulation -- short of relocating transmitters -- when the frequency
      separation between the desired and undesired signal is extremely close.
      This is illustrated in FIG. 3 where two transmitters close in carrier
      frequency and labeled 28 and 30 respectively are connected to adjacent
      antennas 32 and 34. Transmitter 28 is shown in FIG. 3 connected to antenna
      32 by way of isolator 26 and transmitter 30 is shown as connected to
      antenna 34 by way of a second identical isolator labeled 26' in FIG. 3.
PAR  Because of its unusual characteristics and broad bandwidth, the isolator 26
      is equally suitable for use when the frequency separation is anywhere from
      0 KHz to 4 MHz. When installed between the antenna and transmitter, the
      isolator 26 acts like an RF diode. It passes the transmitter power from
      its input to the output with very little loss but provides 20 to 25 db
      attenuation to the passage of a signal in the opposite direction. Any
      energy entering the port 2 output, such as reflected transmitter power
      from the antenna, or energy induced in the antenna by another transmitter,
      is passed to the load resistor at port 3 and absorbed. The load resistor
      24 must exactly match the impedance of the isolator to prevent energy from
      being reflected from port 3 to the input port, thereby reducing isolation
      between the input and output. In some instances, an isolator can itself
      produce second harmonic spurious energy and for this reason it may be
      desirable to use a low pass filter between the respective isolator and
      antenna in each transmitter circuit of FIG. 3.
PAR  FIG. 4 is a plan view of the circulator 10 of FIG. 1 with portions removed
      to show the interior structure. FIG. 5 is a cross section through the
      complete circulator. It comprises the three coaxial connectors 18, 20 and
      22, each having a flange 36 secured to the spaced plates 14 and 16 by four
      screws 38. Spaced plates 14 and 16 are electrically conductive and form
      the ground planes for the circulator as well as acting as a housing for
      the interior structure.
PAR  Each of the inner conductors of the coaxial connectors is connected to a
      respective flat strip 40, 42, and 44 forming a balance Y-circulator at the
      disc shaped central conductor junction 46.
PAR  Located on each side of the conductive disc or junction 46 is a similar
      sized ferrite disc as shown at 48 and 50 in FIG. 5. These are separated
      from elongated magnetic members 52 and 54 by respective disc shaped
      magnetic pole pieces 56 and 58.
PAR  The magnetic field indicated by the dashed lines in FIG. 5 is generated by
      a permanent magnet 60 polarized perpendicular to the plane of the drawing
      in FIG. 4 and movable between magnetic members 52 and 54 as indicated by
      the double-ended arrow 62. The magnet may be moved for example from the
      solid line position illustrated in FIG. 4 to the dashed line position
      illustrated at 60'. The magnet is preferably of rectangular cross section
      with a thickness slightly greater than the spacing between the adjacent
      surfaces of the magnetic members 52 and 54 so that the permanent magnet 60
      is slightly compressed when positioned between members 52 and 54. To this
      end, the magnet is preferably formed of a resilient material such as
      natural or synthetic rubber throughout which are dispersed magnetic
      particles so that magnet 60 takes the form of a resilient permanent
      magnet. Rubber magnets of this type are readily available and by way of
      example only are sold commercially by the 3-M Corporation.
PAR  In FIGS. 4 and 5, the ferrite discs 48 and 50 are biased by the magnetic
      field existing between the pole pieces 56 and 58. The magnetic field from
      the pole pieces is derived from the permanent magnet 60 by way of magnetic
      members 52 and 54. As shown in FIG. 4, the magnetic circuit is easily
      adjusted by sliding the magnet 60 in the direction of the double-ended
      arrow 62 sufficiently so that the magnet is partially removed from between
      magnetic members 52 and 54. By positioning the permanent magnet so that
      more or less of it lies outside the space between magnetic members 52 and
      54, the magnetic field to which the ferrite discs are subjected may be
      readily changed to tune the circulator to the desired operating frequency.
      The resiliency of the permanent magnet 60 insures that once properly
      positioned, it will remain in place and will not move under normal
      operating conditions.
PAR  It is apparent from the above that the present invention provides an
      improved ferrite circulator or improved ferrite isolator which is of
      simplified and relatively inexpensive construction. Important features of
      the invention include the provision of a movable permanent magnet and
      preferably one made from resilient magnetic material. The simple
      adjustment of the permanent magnet makes it possible to tune the
      circulator in minutes instead of hours as in previous constructions and
      eliminates the necessity for "hot tuning." Since heat tends to produce
      changes in the characteristics of magnetic material, it is an important
      feature of the invention that the permanent magnet is located away from
      those portions of the structure in which the heat generated by the ferrite
      discs is dissipated. The rubber magnets are relatively inexpensive and do
      not have to be milled or otherwise worked to an appropriate size as might
      otherwise tend to change the magnetic characteristics of the magnet.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is, therefore, to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency are therefore
      intended to be embraced therein.
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STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A circulator comprising a pair of spaced parallel electrically
      conductive plates forming outer conductors for said circulator, a
      plurality of inner conductors forming a central junction and extending
      outwardly from said junction between said plates, a plurality of
      electrical connectors forming ports joined to said plates and respective
      inner conductors, a ferrite element between each side of said junction and
      the adjacent outer conductor, a pair of elongated magnetic members located
      on opposite sides of said junction between said plates and said respective
      ferrite elements, said members extending to a location remote from said
      junction, and a permanent magnet between said members at said location,
      said permanent magnet being slidably mounted between said members for
      manual movement between said members for manual movement between a first
      position in which a greater portion of said magnet lies between said
      magnetic members and a second position wherein a lesser portion of said
      magnet lies between said members.
NUM  2.
PAR  2. A circulator according to claim 1 wherein said magnet is polarized in a
      direction perpendicular to the planes of said members.
NUM  3.
PAR  3. A circulator according to claim 1 wherein said elongated magnetic
      members are provided with a pair of magnetic pole pieces on opposite sides
      of said ferrite elements.
NUM  4.
PAR  4. A circulator according to claim 1 wherein said permanent magnet is
      resilient.
NUM  5.
PAR  5. A circulator according to claim 4 wherein said magnet is slightly
      compressed between said members.
NUM  6.
PAR  6. An isolator according to claim 1 including a fixed load impedance
      coupled to one of said ports.
NUM  7.
PAR  7. An isolator according to claim 6 wherein said load impedance is matched
      to the impedance of said circulator.
NUM  8.
PAR  8. A circulator according to claim 1 wherein said ferrite elements comprise
      a pair of ferrite discs.
NUM  9.
PAR  9. A circulator according to claim 8 wherein said junction is of circulator
      configuration having at least approximately the same diameter as said
      ferrite discs.
NUM  10.
PAR  10. A circulator according to claim 9 wherein said ports are formed by
      coaxial connectors.
NUM  11.
PAR  11. A circulator according to claim 10 wherein said coaxial connectors are
      joined to said junction by strip lines.
NUM  12.
PAR  12. A circulator according to claim 11 wherein said coaxial connectors
      include flanges, and means securing said flanges to said parallel ground
      plates.
NUM  13.
PAR  13. A circulator according to claim 1 wherein said ports are spaced equal
      angles about the periphery of said ground plates.
NUM  14.
PAR  14. A circulator according to claim 13 wherein said ports are three in
      number.
NUM  15.
PAR  15. An isolator according to claim 14 wherein one of said ports is
      terminated with a fixed load resistor.
NUM  16.
PAR  16. A transmission system comprising a pair of circulators according to
      claim 1, a fixed load impedance terminating one of the ports of each of
      said circulators, a pair of transmitters and antennas, second and third
      ports of one of said circulators coupling one of said transmitters to one
      of said antennas, second and third ports of the other of said circulators
      coupling the other of said transmitters to the other of said antennas.
NUM  17.
PAR  17. A transmission system according to claim 16 wherein said antennas are
      in close proximity, and said transmitters produce signals that are close
      in frequency.
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ABST
PAL  A group delay equaliser for a repeater in a waveguide communication system
      uses a magnetostatic wave delay line as a dispersive element to compensate
      for inherent dispersion in the waveguide. The delay line uses a thin
      ferrimagnetic film in which a propagation path is defined which is biased
      by a uniform adjustable magnetic field which is established to provide an
      adjustable dispersion characteristic. The film has associated with it
      means for preventing reflections of magnetostatic waves propagated beyond
      the ends of the propagation path. A substantially linear propagation delay
      with frequency is achieved over a bandwidth of 500 MHz. at a centre
      frequency of 1.5 GHz.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a group delay equaliser. One particular, though
      not exclusive, application of the invention is to group delay equalisation
      in broad-band waveguide communication systems.
PAR  The invention has arisen out of a consideration of the problems of
      providing group delay equalisers in a long distance, high data rate
      communication system. One such system is proposed to have a large number
      of broad-band channels of 500 to 1000 MHz width and lying in some
      frequency range between 30 and 125 GHz. In this portion of the spectrum it
      has been proposed to use multimode circular waveguide operating in the
      circular electric TE.sub.01 mode which has low loss characteristics. Due
      to the dispersion inherent in the waveguide, a signal of substantial
      bandwidth suffers delay distortion upon transmission through the
      waveguide, this distortion becoming worse as the waveguide cut-off
      frequency is approached. For example, the linear delay distortion produced
      across a 500 MHz band by transmission in the TE.sub.01 mode through a
      14.58 km length of 50 mm diameter waveguide varies from 2 nsec
      (nanoseconds) at 87 GHz to 42 nsec at 32 GHz.
PAR  In a system of the proposed kind repeaters are provided along the
      communication path and delay equalisation is provided at each repeater. In
      practice delay equalisation is achieved not at the waveguide frequency but
      at a lower intermediate frequency within the repeater. For 500 and 1000
      MHz bandwidths suitable intermediate frequencies are 1.25 and 2.5 GHz,
      respectively. Various delay equalisation techniques have been proposed and
      available group delay equalisers include the folded-tape meander-line, the
      resonant ring equaliser and bridged T lump component networks. These
      devices can satisfy system dispersion and linearity requirements. The
      characteristics of individual devices are, however, set and fixed during
      manufacture and the devices are not readily adjustable in situ.
PAR  Another disadvantage lies in the size of these devices, particularly the
      first two mentioned. In addition for some applications it is desirable to
      have devices which are readily constructed using planar techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention now proposes that a group delay equaliser utilizes a
      magnetostatic wave delay line as a dispersive element by which the
      required equalisation characteristic is obtained. The delay line uses a
      thin film or layer of appropriate material as the magneyostatic wave
      propagating medium. Such a film can be formed by deposition on a substrate
      thus providing a device which is compatible with planar techniques and is
      small in size. It will be shown that the use of a thin film as the wave
      propagating medium offers significant advantages over other
      configurattions such as rods or thick plates.
PAR  In general magnetostatic wave delay lines can be currently made to operate
      in the range 100 MHz to 20 GHz. They can be conveniently used in group
      delay equalisers operating at the intermediate frequency of a repeater in
      the waveguide communication system discussed above. In the system
      discussed it can be taken that over the bandwidths mentioned the delay
      will vary linearly with frequency. Thus the group delay equaliser is
      required to have a complementary linear characteristic. It will be shownn
      how planar magnetostatic wave delay lines can be constructed and operated
      to closely approach the required equalisation characteristic. In addition
      other measures to correct for deviations from linearity can be applied as
      by use of metallisation techniques at the film surface. This is discussed
      further below.
PAR  Of course in other applications the equalisation characteristic may need to
      be other than linear and although the latter case is of particular
      interest the invention is not limited to it.
PAR  Three modes of operating a planar magnetostatic wave delay line will be
      described later together with details of the frequency limitations on
      each. Two of the modes provide a delay characteristic having increasing
      delay with frequency and a third mode provides a decreasing delay versus
      frequency characteristic.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention and its practice will now be more fully described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 shows a block diagram of a magnetostatic wave group delay equaliser
      of the invention;
PAR  FIG. 2 shows a perspective diagrammatic view (not to scale) of a planar
      magnetostatic wave delay line for use in the equaliser of FIG. 1;
PAR  FIGS. 3a to c show diagrammatic illustrations of three modes in which the
      delay line of FIG. 2 may be operated;
PAR  FIGS. 4a to c are characteristic curves relating to the operating modes of
      FIGS. 3a to c, respectively;
PAR  FIGS. 5 and 6 are graphs illustrating, by way of example, calculated delay
      characteristics of devices operating in the modes a and b respectively
      illustrated in FIGS. 3 and 4;
PAR  FIG. 7 is a cross-section of a magnetostatic delay line for a group delay
      equaliser according to the invention;
PAR  FIG. 8 is a graph of calculated delay characteristics for the device of
      FIG. 7;
PAR  FIGS. 9a to c illustrate the modifications to the device of FIG. 7 to
      reduce unwanted magnetostatic wave reflections, FIG. 9a being a plan view
      and FIGS. 9b and 9c being cross-sectional views; and
PAR  FIG. 10 is a measured delay characteristic of the device of FIG. 9c.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a group delay equalisation circuit
      which, for example, could be used at low microwave frequencies in a
      repeater of the kind discussed above. The circuit includes a magnetostatic
      wave delay line 1; input and output matching networks 2 and 3 which match
      the input and output impedances of the line 1 to the system impedance (50
      ohms say) and which will be designed to correct amplitude variations
      introduced by any variations of magnetostatic coupling efficiency with
      frequency; and input and output buffer stages 4 and 5 which may be
      required in order to meet VSWR requirements and which may be transistor
      amplifiers or ferrite isolators.
PAR  FIG. 2 shows the general construction of the delay line 1. The line
      comprises a substrate 11 having a planar surface on which is formed a film
      or layer 13 of a material capable of sustaining magnetostatic wave
      propagation. Associated with the film are input and output transducers or
      couplers 14 and 15 which are separated by a delay path 18 of length L
      extending along the film. The couplers are shown purely diagrammatically.
PAR  Closely associated with the substrate and film is a means 16 for producing
      a biassing magnetic field in the film. This means is also shown purely
      diagrammatically because its construction and disposition will depend on
      the orientation of the bias field relative to the film as will be better
      appreciated from FIGS. 3a to c. In general the magnetic bias means 16 may
      comprise a permanent magnet and/or a coil arrangement with appropriate
      pole pieces to produce a uniform magnetic field in the portion of the film
      13 in which magnetostatic waves are propagated. For control of the
      strength of the magnetic field biassing the film, a permanent magnet
      arrangement may be mechanically adjustable or may have a coil associated
      with it to provide an adjustable component; or a coil alone may be used to
      generate the field. A bias means incorporating a coil is presently
      preferred because the strength of the field is readily controlled by
      controlling the energising current to the coil by any appropriate control
      device 17.
PAR  The propagation within the film 13 may be in various modes which are
      discussed further below and the properties of which are derived from
      considering the film as having a thin plate geometry. The film may be of
      various materials. Magnetostatic waves can propagate in a ferrimagnetic
      material when suitably magnetically biased. The waves have a low speed of
      propagation relative to that of free space electromagnetic waves, thereby
      enabling a given time delay to be achieved over a proportionally shorter
      path length for magnetostatic waves than for electromagnetic waves.
PAR  More specifically magnetostatic waves propagate in single crystal, narrow
      resonance linewidth (.ltoreq. 1 Oe), ferrimagnetic garnets or ferrites for
      example Yttrium Iron Garnet (YIG) or Lithium Ferrite. Propagation is also
      possible in low-linewidth polycrystalline ferrimagnetic materials.
PAR  The planar construction of FIG. 2 can be realised by growing a film of YIG
      epitaxially on a single crystal non-magnetic garnet substrate. The film
      may be grown in thicknesses in the range of 1 to 200 .mu.m and may be up
      to 4 cm.sup.2 in area. Epitaxial single crystal ferrite films may also be
      grown on a matching substrate, magnesium oxide for example, with
      thicknesses up to 150 .mu.m. The large area/thickness ratio which can be
      achieved produces very uniform internal magnetic fields within the
      material in contrast with bulk rod and thick plate geometries which have
      non-uniform demagnetising fields.
PAR  The couplers 14 and 15 may take many forms dependent on the kind of RF
      transmission system with which the couplers are to be used. Magnetostatic
      waves are excitable in film 13 by applying an RF magnetic field at right
      angles to the magnetic bias field. At low microwave frequencies this may
      be done by means of a short circuited fine wire coupler at one end of the
      film 13 with a like output coupler at the other end. An example of this is
      indicated in FIG. 3 though it will be appreciated that in practice the
      fine wires 14a and 15a (FIG. 3a ) will overlie the film surface (see FIG.
      7). Alternative methods of coupling include microstrip, triplate, coplanar
      and slotted guide variations on the coaxial fine wire coupler. Dielectric
      loaded, reduced height waveguide, resonant cavity techniques and periodic
      meander line transducers may also be used. The couplers will of course be
      designed with regard to the bandwidth over which the delay line is to be
      operated.
PAR  Having described the construction of the planar magnetostatic wave delay
      line, the operation of the line will be described with reference to FIGS.
      3 and 4, firstly in general terms and then in respect of three particular
      modes illustrated in FIGS. 3a to 3c respectively. For clarity these
      figures only show the magnetostatic wave propagating film 13 and the input
      and output couplers 14 and 15, exemplified as fine wire couplers. The
      applied magnetic bias field H generated by bias means 16 is shown as
      having the direction indicated by the appended arrow in each case and is
      assumed to be uniform over the propagation path of length L between the
      couplers.
PAR  Mention has already been made of the fact that thin films have uniform
      internal fields which means that in the presence of a uniform bias field,
      the resultant magnetic field effective to control wave propagation is
      uniform over the propagation path. This makes it easier to calculate and
      specify delay line characteristics than with geometries in which a
      non-uniform field is obtained.
PAR  In general for all three modes an input microwave signal at coupler 14
      excites a magnetostatic wave in film 13 whose wave number k is determined
      by the magnetic bias field and the frequency f. For convenience the
      angular frequency .omega. (=2.pi. f) will be used in the following
      discussion. The wave propagates to the output coupler 15 from which a
      delayed microwave signal is obtained. The delay time T is given by
      ##EQU1##
      (d.omega./dk) is the group velocity which is frequency and bias field
      dependent.
PAR  Referring now to the specific modes, FIG. 3a shows the biassing field H in
      the plane of film 13 and co-directional with the magnetostatic wave. The
      resultant mode of propagation is that known as a backward volume wave.
      FIG. 4a is a curve generally illustrating the variation of .omega. k. Over
      the range .gamma. (BH).sup.1/2 .gtoreq..omega.&gt; H the curve has a varying
      negative slope becoming asymptotic to .omega. =  .gamma.H, where .gamma.
      is the gyromagnetic ratio of the material of film 13, and B = H +
      4.pi.M.sub.s where M.sub.s is the saturisation magnetisation of the
      material. The negative sign of the slope is reflected in the nature of the
      wave propagation which need not be gone into in detail here. For the
      purposes of calculating delay it is the magnitude of d.omega./dk which is
      considered and this increases with increasing .omega. so that the
      propagation delay T, which inversely varies with this value, decreases
      with increasing .omega. . The curve of FIG. 4a can be shifted by varying
      the bias field H.
PAR  FIG. 5 shows a graph of one example of operation in the above mode with
      different values of H. The film 13 was of NiZn ferrite of 50 .mu.m
      thickness. The graphs show the calculated delay time in nanoseconds/per
      centimeter of path length (ordinate) versus frequency f in MHz (abscissa).
      Three curves labelled 31 32 and 33 are shown for bias fields H of 220, 270
      and 320 Oe, respectively.
PAR  FIG. 3b illustrates the conditions required for propagation in the mode
      known as forward surface wave. The field H is applied in the plane of the
      film but perpendicular to the direction of propagation. From FIG. 4b it is
      seen that the curve has a variable positive slope in the range
      .gamma.(BH).sup.1/2 .omega.&lt;.gamma.(H + 2.pi. M), the curve being
      asymptotic to the latter value and the slope d.omega. /dk decreasing with
      increasing .omega. so as to give a delay which increases with frequency.
      FIG. 6 shows a graph of calculated delay/cm versus frequency of one
      example of operation in this mode. In this example the film 13 was of YIG,
      5.mu.m thick. Four curves 34, 35, 36, and 37 shown for bias fields of 0,
      20, 40 and 60 Oe, respectively.
PAR  FIG. 3c illustrates the conditions for the mode known as forward volume
      wave in which the bias field H is normal to the plane of the film 3. The
      corresponding characteristic curve is shown in FIG. 4c. The useful range
      of .omega. is the same as in FIG. 4a but the curve is of positive slope
      and asymptotic to .omega. = .gamma.(BH).sup.1/2. Operation in this mode
      produces delays increasing with frequency as in FIG. 6.
PAR  Returning to a general discussion of these modes, where a linear delay
      characteristic is required it is required to operate on a portion of the
      .omega. versus k curve (FIG. 4) for the delay line in question for which d
      .omega./dk varies linearly with .omega.. Correct choice of material
      saturation magnetisation (4 .pi.Ms) and (film) thickness allow almost
      linear variation of delay with frequency to be obtained over 500 or 1000
      MHz. bandwidths with differential delays across these bands in the range 1
      to 100 nsec. Delay is inversely proportional to film thicknenss, and
      linearity improves with increasing saturation magnetisation. Since the
      curves shown are for delay per unit length for a given material, thickness
      and so forth, the actual delay differential on a practical device at the
      extremes of the required frequency range will depend on the actual delay
      with length (L in FIG. 2), thus providing another selectable parameter in
      designing practical devices.
PAR  Deviations from linearity may be modified and reduced by the introduction
      of metal boundaries to the film surface either directly on the surface or
      separated therefrom by an intervening dielectric layer. Propagation
      characteristics are modified due to the effect of conducting boundaries on
      the wave dispersion. A discussion of the effects of such metallisation is
      given in a paper by W. L. Bongianni in the Journal of Applied Physics,
      Vol. 43 (1972) at pages 2541-8.
PAR  Remembering that in the specific application discussed earlier, greater
      delay distortion in the waveguide occurs at lower frequencies, the delay
      equaliser circut of FIG. 1 would use an equalisation characteristic such
      as is shown in FIG. 6 (less delay at lower frequency) if the sub-band at
      the intermediate frequency was non-inverted relative to the waveguide
      transmission frequency. If inversion occurred so that at the intermediate
      frequency the sub-band has greater delay at the high frequency end then an
      equalisation characteristic such as FIG. 5 would be used.
PAR  The versatility afforded by group delay equalisers using magnetostatic wave
      delay lines of the kind described can be further appreciated from the
      following example of their use.
PAR  A typical millimeter circular waveguide system will operate over the
      frequency range of 32 to 50 GHz with 16 two way channels 500 MHz wide, and
      from 52 GHz to 88 GHz wide channels. Each channel requires its own group
      delay equaliser with a unique differential delay. Repeater stages cannot
      be uniformly spaced along the waveguide route so that a given channel may
      require a different amount of equalisation at each repeater. In addition
      to the inherent dispersion characteristic of the waveguide, non-calculable
      dispersion is introduced by bends and joints and the like. If currently
      available fixed group delay equalisers are used exclusively, the number of
      variations on differential delay which would be required is very large,
      leading to increased cost of manufacture. Use of magnetostatic wave group
      delay equalisers will allow the manufacture of a small range of basic
      magnetostatic delay lines which may be trimmed exactly to the required
      differential delay by varying the magnetic bias field. Alternatively
      magnetic field-variable magnetostatic wave group delay equalisers may be
      used in conjunction with a smaller range of fixed equalisers to provide
      accurate matching of the equalisers to the required differential delay.
PAR  The advantages of the magnetostatic wave group delay equaliser of the
      invention over current fixed group delay equalisers are summarised as
      follows:
PAR  1. Electrically or mechanically adjustable in situ to required differential
      delay.
PAR  2. Small in size and may be manufactured in planar form.
PAR  In order to further explain the practical implementation of the invention,
      the construction and characteristics of a specific group delay equaliser
      using a thin film magnetostatic wave delay line will be further described
      with reference to FIGS. 7 to 10 of the accompanying drawings. The device
      to be described is designed to operate over the range 1.0 to 1.5 GHz,
      operating with the surface wave in a transversely magnetised YIG film,
      (i.e. H normal to the plane of the drawing). This is the forward surface
      wave mode described with reference to FIGS. 3b and 4b.
PAR  The structure is shown in FIG. 7, and comprises a YIG film 23 separated
      from a brass ground plane 22 by a dielectric layer 21. In the particular
      case shown the dielectric layer 21 is formed from the Gadolinium Gallium
      Garnet (GGG) substrate on which the YIG film 23 was grown. The input and
      output couplers 24 and 25 respectively are transverse gold wires on the
      upper surface of the film 23. The wires are of 50 micron diameter and in
      the device on which the measurements described below were made, the YIG
      film had a thickness t of 7 microns and the substrate 21 had a thickness d
      of 50 microns. The formation of epitaxial films of YIG on a GGG substrate
      is further described in a paper presented jointly by the inventors and J.
      M. Owens and entitled "Magnetostatic Delay Lines for Group Delay
      Equalisation in Millimetric Waveguide Communication Systems". This paper
      was presented as Paper 24.2 at the International Magnetics Conference at
      Toronto, Canada, May 14-17, 1974.
PAR  The dispersion relation for surface wave propagation in this arrangement
      is:
EQU  .OMEGA.s =(-[C(2-B)-A].+-.{[ C(2-B)-A].sup.2 + 4(2BC).
      x[C(2B.OMEGA..sup.2.sub.H + B.OMEGA..sub.H + 1) - (1 + A.OMEGA..sub.H) +
      2C.OMEGA..sub.H ]}.sup.1/2 )[2(-2BC)].sup.-.sup.1         (2)
PA0  where A = 1 + tanh (-.vertline.k.vertline. d), B = 1-tanh (-.vertline.
      k.vertline.d), C = e.sup.2  k  t, .OMEGA.= (.omega./.omega..sub.m),
      .OMEGA..sub.H = (.omega..sub.o /.omega..sub.m), .omega. is the signal
      frequency, .omega..sub.m = .gamma. 4 .pi.M and .omega..sub.o = .gamma.H.
PAR  .gamma., 4 .pi.M and H are the gyromagnetic ratio (2.8 MHz/oe) saturation
      magnetisation (1750 oe) and magnetic bias field respectively; d denotes
      the thickness of the dielectric layer and t the YIG film thickness. s can
      have values of .+-.1, corresponding to propagation in the + y or -y
      direction respectively. it is a characteristic of surface wave propagation
      that the magnetostatic waves travel along different surfaces (i.e. upper
      and lower) of the film in the two directions of propagation. The direction
      of propagation on the upper surface is to the right in the device of FIG.
      7 and this is designated the (-y) direction.
PAR  Propagation along the YIG top surface (-y) in FIG. 7 can give an
      approximately linear group delay versus frequency variation. Suuitable
      characteristics are obtained by adjustment of the dielectric and YIG film
      thicknesses. FIG. 8 shows three curves 38-40 of delay per cm. versus
      frequency over the frequency range 1.0-1.5 GHz calculated from Equation
      (2) for a device having the dimensions d and t given above at bias fields
      of 0.20 and 40 oe respectively. Note that the curves shown all fall within
      a .+-. 0.5 n sec delay linearity tolerance and that a change of
      differential delay per cm. across the band of about 12 nsec can be
      obtained with a change in bias field of 40 oe. Experimental investigation
      of this structure has confirmed the theoretical delay variation versus
      frequency predictions. Mid band insertion losses of less than 10dB are
      easily attained. Initial devices fabricated from rectangular YIG films
      exhibited large amplitude and group delay ripple. The ripple was found to
      have two origins, namely, dimensional resonance arising from the parallel
      ends of the YIG film and interference between magnetostatic wave
      reflections from the input and output couplers.
PAR  The dimensional resonance problem was tackled in three ways, which are
      shown in FIG. 9 a, b and c. All were effective in reducing the ripple due
      to this cause.
PAR  It will be noted from FIG. 7 that the couplers 24 and 25 lie inward of the
      ends of the film 23 leaving a respective end portion adjacent each coupler
      at the opposite side thereof to the wave propagation path 28. At the input
      coupler propagation from the coupler is to both right and left and at the
      output coupler not all the magnetostatic wave energy is absorbed by the
      coupler but some passes the coupler and propagates into the adjacent end
      portion. In addition reflection occurs to some degree when magnetostatic
      waves impinge upon a coupler and it will thus be realised that if waves
      which enter the end portions are allowed to be reflected back toward the
      propagation path, a given input energisation will result in a complex
      multi-path transmission with the different delays that such multi-path
      transmission entails. It is desirable to provide some means at the end
      portions of the film to prevent reflection of magnetostatic waves which
      enter the end portions.
PAR  In FIG. 9a the end portions 23a and 23b adjacent couplers 24 and 25
      respectively have their ends irregularly cut to promote random scattering
      of the magnetostatic waves impinging thereon. This random scattering is
      indicated by the arrows at the end of portion 23b. This both acts as a
      lossy reflecting boundary and tends to render incoherent such wave energy
      as is reflected.
PAR  In FIG. 9b, which is a longitudinal cross-section, the end portions 23c and
      23d of the film 23 are tapered down in a direction away from the
      propagation path 28. The group velocity of the magnetostatic waves has a
      direct dependence upon film thickness and the effect of the tapering is to
      provide a magnetostatic wave absorbent termination for waves that
      propagate into the end portions.
PAR  In FIG. 9c, which is also a longitudinal cross-section, magnetostatic wave
      absorbent terminations are provided on the end portions 23e and 23f of the
      film by means of layers 29a and 29b respectively formed on the end
      portions of the film 23. The layers 29a are formed by selective growth on
      the film 23 of a Terbium-substituted YIG of nominal composition
      Tb.sub.0.006 Y.sub.2.994 Fe.sub.5 O.sub.12. This is a high linewidth
      material. A measured linewidth was 120 oe at 2.5GHz compared with a
      measured linewidth of 0.3 oe for pure YIG. The terbium-substituted
      material thus exhibited a very much higher magnetostatic wave loss.
PAR  FIG. 10 shows an experimental plot of group delay versus frequency for a 7
      .mu.m thick YIG film over the 1 to 1.5 GHz frequency range. The film was
      grown on a (110) oriented substrate of GGG having a thickness of 850
      microns. The bias field H was 95 oe applied along the (100) direction.
      This film had Tb.YIG absorbtive terminations (FIG. 9c) and the input and
      output couplers were of 50 .mu.m gold wire. The delay characteristic shown
      in FIG. 10 is basically linear with a superimposed ripple. This remanent
      ripple is attributed to interference of magnetostatic wave reflections
      from the input and output couplers. The magnitude of the delay ripple
      depends directly on the power reflected and can be minimised by the design
      of suitable coupling structures and matching networks. A reduction of the
      ripple magnitude can also be obtained by increasing the wave propagation
      loss through the use of broader resonance linewidth material.
      Alternatively, a layer of a high linewidth material may be grown on a face
      of the YIG film -- so as to selectively absorb the returning re-radiated
      wave. This latter method is effective because as stated above the
      magnetostatic surface waves propagate in opposite directions on opposite
      surfaces of the YIG film enabling means to be applied for absorption of
      waves propagating in one direction without absorption of waves propagating
      in the other direction.
PAR  Other methods of modifying the magnetostatic wave propagation
      characteristics which are practical include the use of multilayer
      structures composed of magnetic and non-magnetic dielectric materials,
      with or without conducting boundaries. Transverse confinement of the wave
      through the use of wave guiding structures also modifies the propagation
      characteristics and has the additional advantage of allowing more
      efficient use of available substrate area when long propagation paths are
      required.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A group delay equaliser including:
PA1  a substrate of monocrystalline Gadolinium Gallium Garnet;
PA1  a layer of monocrystalline Yttrium Iron Garnet epitaxially grown on said
      substrate, said layer having a thickness in the range of 1 to 200 microns
      and being capable of propogating magnetostatic waves;
PA1  a first transducer and a second transducer located in spaced apart
      relationship in association with said layer to define a magnetostatic wave
      propagation path between said first and second transducers;
PA1  said propagation path having a dispersive characteristic over a selected
      frequency range and said first and second transducers being operable to
      convert electromagnetic wave energy into magnetostatic wave energy and
      vice versa in said selected frequency range; and
PA1  means for applying biasing magnetic field to said layer along said
      magnetostatic wave propagation path, said means being adjustable to adjust
      the value of said biasing field and thereby adjust the dispersive
      characteristic of said propagation path.
NUM  2.
PAR  2. A group delay equaliser including:
PA1  a thin layer of material capable of propagating magnetostatic waves
      supported on a substrate;
PA1  a first transducer and a second transducer located in spaced apart
      relationship overlying said layer to define a magnetostatic wave
      propagation path between said first and second transducers with respective
      end portions of said layer lying adjacent each transducer outwardly of
      said propagation path;
PA1  said propatation path having a dispersive characteristic over a selected
      frequency range and said first and second transducers being operable to
      convert radio frequency energy into magnetostatic wave energy and vice
      versa in said selected frequency range;
PA1  respective layers of a magnetostatic wave absorbent material applied to
      each of said end portions of said layer to substantially prevent
      reflection back towards the adjacent transducer of magnetostatic waves
      propated into the end portion in the direction away from said propogation
      path, said magnetostatic wave absorbent material comprising a
      Terbium-substituted Yttrium Iron Garnet; and
PA1  means for applying a biasing magnetic field to the material of said
      magnetostatic wave propagating layer along said propagation path, said
      means being adjustable to adjust the value of said biasing field and
      thereby adjust the dispersive characteristic of said propagation path.
NUM  3.
PAR  3. In a waveguide communication system, a repeater providing a transmission
      path between first and second adjacent sections of waveguide in a
      waveguide path having a linear dispersion characteristic, the repeater
      including an input circuit connected to receive microwave energy from said
      first waveguide section, an output circuit connected to transmit microwave
      energy to said second waveguide section and a group delay equaliser
      operable in a selected frequency band connected between said input and
      output circuits to compensate for said linear dispersion characteristic in
      the waveguide path, said group delay equaliser including:
PA1  a substrate;
PA1  a thin film of ferrimagnetic material formed on said substrate, the
      material of said film exhibiting a narrow linewidth resonance and said
      film exhibiting a uniform internal magnetic field;
PA1  an input coupler proximate said film and connected to receive microwave
      radio frequency energy from said input circuit for conversion to
      magnetostatic wave energy propagatable in said film;
PA1  an output coupler proximate said film located in spaced apart relationship
      with said input coupler to define therewith a magnetostatic wave
      propagation path having a propagation delay which varies with frequency in
      said selected frequency band, said output coupler being connected to said
      output circuit to convert the delayed magnetostatic wave energy received
      from said input coupler to microwave radio frequency energy in said output
      circuit;
PA1  first and second means associated with said film at locations adjacent said
      input and output couplers respectively on the opposite sides thereof to
      said magnetostatic wave propagation path, said first and second means
      serving to substantially prevent reflection back towards said propagation
      path of magnetostatic waves propagating in the direction away from said
      path;
PA1  and means for applying a uniform biasing magnetic field to the material of
      said film along said magnetostatic wave propagation path whereby a uniform
      internal magnetic field is established in said material along said
      propagation path;
PA1  said bias magnetic field means including means to adjust the bias magnetic
      field and thereby adjust the delay characteristic of said magnetostatic
      wave propagation path, said adjustment means being set to provide a delay
      characteristic which is substantially linear with frequency in said
      selected frequency range so as to compensate for said linear dispersion in
      the waveguide path;
NUM  4.
PAR  4. A group delay equaliser as claimed in claim 3 in which said means for
      providing the biasing magnetic field is disposed to apply said field in
      the plane of said layer and transverse to said propagation path.
NUM  5.
PAR  5. A group delay equaliser as claimed in claim 3 in which said couplers
      overlie said layer and a respective end portion of said layer lies
      adjacent each coupler outwardly of said propagation path;
PA1  and in which said reflection-preventing means comprises respective
      irregularly cut ends of said layer to promote random scattering of
      magnetostatic waves reaching said layer ends.
NUM  6.
PAR  6. A group delay equaliser as claimed in claim 3 in which said couplers
      overlie said layer and a respective end portion of said layer lies
      adjacent each coupler outwardly of said propagation path; and in which
      said reflection-preventing means comprises respective taperings in
      thickness of said end portions, each end portion being tapered down in a
      direction away from said propagation path to cause absorbtion of
      magnetostatic waves propagated into each end portion.
NUM  7.
PAR  7. A group delay equaliser as claimed in claim 3 in which said couplers
      overlie said layer and a respective end portion of said layer lies
      adjacent each coupler outwardly of said propagation path; and in which
      said reflection-preventing means comprise respective layers of
      magnetostatic wave absorbent material applied to said end portions.
NUM  8.
PAR  8. A group delay equaliser as claimed in claim 7 wherein said layers of
      absorbent material are of a terbium-substituted Yttrium Iron Garnet.
NUM  9.
PAR  9. A group delay equaliser as claimed in claim 3 in which said layer is of
      Yttrium Iron Garnet.
NUM  10.
PAR  10. A group delay equaliser as claimed in claim 9 in which said layer is
      monocrystalline.
NUM  11.
PAR  11. A group delay equaliser as claimed in claim 10 in which said layer is
      epitaxially grown on said substrate.
NUM  12.
PAR  12. A group delay equaliser as claimed in claim 11 in which said layer has
      a thickness in the range of 1 to 200 microns.
NUM  13.
PAR  13. A group delay equaliser as claimed in claim 12 in which said substrate
      is of monocrystalline Gadolinium Gallium Garnet.
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ABST
PAL  An improved filtering arrangement for a converter circuit in which a
      highpass filter, tuned to have a cutoff frequency which is less than the
      lowest harmonic to be filtered is provided instead of the customary
      plurality of filters tuned to individual harmonic currents. In a 12 pulse
      converter circuit, at least one highpass filter which is tuned to filter
      out harmonics starting with the fifth harmonic and which has a resonant
      frequency above the 11th harmonic is used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In order to filter out harmonic currents which occur in converter circuits,
      one common practice has been to connect to the a-c system, a plurality of
      filter circuits, with one filter circuit tuned to each of the harmonic
      currents to be filtered out. The frequency of the harmonic currents
      occuring in such a converter circuit with a three-phase rectifier bridge
      are expressed by the following relation:
EQU  f = (k . p .+-. 1) . f.sub.1,
PA0  Where k = 1, 2, 3, 4 . . . ; p = 6 and f.sub.1 = the line frequency.
PAR  From this relationship, the lowest harmonic is the fifth harmonic.
PAR  If a filter arrangement is provided in which individual filters are used to
      filter out the individual frequencies of the harmonic currents, the filter
      circuits become very expensive.
PAR  In high-voltage d-c transmission systems, it is common practice to use
      12-pulse converters. Converter circuits of this nature have the advantage,
      if the circuits are exactly symmetrical, that the harmonic current
      obtained for an odd factor k cancel. Thus, with such converter circuits,
      the above described tuned filters are theoretically unnecessary. However,
      since it is not possible to make the converter circuit exactly
      symmetrical, odd harmonic currents in residual amounts still are present
      even in 12-pulse converter circuits. These residual components can lead to
      large disturbances if the system is in parallel resonance with the filters
      at the frequencies of these harmonic currents. Since the network impedence
      changes continuously as a function of frequency due to connecting and
      disconnecting actions at the load, parallel resonance between the system
      and the filters can be expected to occur over and over at certain times.
      For this reason, measures must be taken even with 12-pulse converter
      circuits to filter out the odd harmonic currents resulting from an odd
      factor k in the above equation. In some cases, in order to insure
      trouble-free operation, when using individual filters the cost of the
      filter portion of the installation exceeds that of the remainder of the
      converter circuits.
PAR  Thus, it can be seen that there is a need for an improved filter
      arrangement for use with converter circuits which insures trouble-free
      operation and is less costly than the filter circuits used in the prior
      art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves this problem through the use of highpass
      filters as the filter circuits. A particular advantageous arrangement is a
      highpass filter which consists of a capacitor and a parallel circuit
      consisting of an inductance and a resistor connected in series therewith.
PAR  According to one embodiment of the invention, a good filtering arrangement
      with excellent properties can be obtained for use with a converter by
      installing at least one highpass filter having a cutoff frequency lower
      than the frequency of the fifth harmonic current. With such a filter, the
      resonance frequency should be equal to or higher than the eleventh
      harmonic.
PAR  Also disclosed is an arrangement in which two filters are provided, one
      resonant between the eleventh to the nineteenth harmonic, and the other at
      the 23rd and higher harmonics.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is a schematic diagram of a filter arrangement according
      to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated by the FIGURE, a three-phase converter bridge controlled by
      conventional control means, not shown, includes controlled rectifiers 2
      through 7 arranged in a three-phase bridge circuit. The converter
      designated generally as 1 has its d-c terminals connected to a d-c voltage
      designated U.sub.g. Its a-c side is coupled to the secondary windings of a
      three-phase transformer 8. The primary windings of the transformer 8 are
      connected to the three phases R, S, and T of an a-c system.
PAR  In well known fashion, by the controlled firing of the controlled
      rectifiers which may be thyristors or the like, the converter bridge 1
      converts the d-c voltage U.sub.g into a three-phase a-c voltage. According
      to the present invention, two highpass filters are shown connected to each
      phase of the a-c system. Since the filters are identical for each phase,
      all are given identical reference numerals. Thus, there is connected to
      each phase, a first filter comprising a capacitor C1, and in series
      therewith, the parallel combination of an inductor L1 and a resistance R1.
      The second filter is an identical circuit arrangement comprising the
      capacitor C2, inductance L2 and resistance R2. Although two filters are
      shown for each phase, as will be explained below, in some cases a single
      filter per phase may be sufficient.
PAR  Through the use of the highpass filters, which filters are tuned to
      frequencies as will be described below, the need for separate filter tuned
      to each definite harmonic current becomes unnecessary. The highpass
      filters each filter out a large spectrum of harmonic currents. With an
      appropriate choice of the resonance frequencies of the highpass filters,
      one, or at most two highpass filters are sufficient for a converter
      circuit. If the two highpass filters are connected to the a-c system, the
      one highpass filter made up of capacitor C1, inductance L1 and resistance
      R2 is tuned to harmonics of lower order and the other highpass filter made
      up of capacitor C2, inductor L1 and resistor R2 is tuned to harmonics of
      the higher order. In this way, good filtering action is obtained over the
      entire range of the harmonic spectrum.
PAR  The disturbing effects due to the residual harmonic currents in a 12-pulse
      converter will be prevented if the filter arrangement of the present
      invention has at least one highpass filter, made up of the elements C1, L1
      and R1, having a cutoff frequency below the frequency of the fifth
      harmonic current. The cutoff frequency of the highpass filter is that
      frequency at which the impedence of the highpass filter has the same value
      as at the frequency infinity. Through this design of one highpass filter,
      i.e., the one having the elements C1, L1 and R1, the highpass filter will
      be effective from the fifth harmonic on, and will terminate the residual
      components of the fifth and seventh harmonic current sufficiently.
PAR  When used with a 12-pulse converter circuit, the resonance frequency of the
      one highpass filter, made up of the elements C1, L1, and R1 is chosen to
      be equal to or higher than the frequency of the eleventh harmonic current.
      Where a second filter is used, its resonance point will preferably be
      above the 23rd harmonic e.g., at the frequency of the 24th harmonic. With
      two such highpass filters, it is possible to keep the harmonic currents
      occuring in a converter circuit sufficiently small. Through the use of two
      such highpass filters, a further advantage is obtained in that the
      highpass filter for the harmonics of the higher order can be designed with
      a smaller capacitor than if such a highpass filter is combined with
      filters tuned to the individual frequencies of the harmonic currents.
PAR  Thus, a filter arrangement for use in converter circuits which is much
      simplier and has a substantially reduced material cost has been shown. All
      this is obtained while preventing the disturbances which can occur due to
      the residual components of the odd harmonic currents obtained with an odd
      factor k in the above equation. Although specific embodiments have been
      illustrated and described, it will be obvious to those skilled in the art
      that various modifications may be made without departing from the spirit
      of the invention which is intended to be limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a harmonic filter for a 12-pulse d-c to a-c voltage converter
      circuit, said filter being coupled between a three phase a-c electrical
      network and a d-c electrical network, and including a pair of
      parallel-coupled filter circuits for each a-c phase which are tuned to
      different harmonic current frequencies, the improvement comprising said
      filter circuits each comprising high-pass filters including a capacitor,
      and a parallel circuit comprising an inductor and a resistor coupled in
      series relationship with said capacitor, with the cutoff frequency of one
      of said pair of high-pass filters being lower than the fifth harmonic
      current frequency and the resonance frequency thereof being equal to or
      greater than the 11th harmonic current frequency, and the resonance
      frequency of the other of said pair of high-pass filters being equal to
      the 24th harmonic current frequency.
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ABST
PAL  A two reference cavity structure for tracking the frequency of a high power
      liquid cooled cavity structure, consisting of two low power cavities tuned
      to frequencies slightly above and slightly below the resonant frequency of
      the high power structure. Each of the cavities has a first and a second
      section, with the first sections maintained at a first temperature and the
      second sections maintained at a second temperature such that the reference
      cavities track the frequency shifts in the high power structure caused by
      temperature differentials between regions of that high power structure.
      The first section of each reference cavity may have a cylindrical outer
      wall and a first end wall whose temperature is governed by the temperature
      of the liquid coolant before it enters the high power structure. The
      second section may include a second end wall having a boss projecting into
      the cavity of the first section, the temperature of the second section
      being controlled by the liquid coolant after it exits from the high power
      structure.
BSUM
PAR  This invention is directed to an apparatus for tracking the frequency of a
      high power cavity structure and in particular to a two reference cavity
      structure which tracks the high power cavity frequency as a function of
      its temperature.
PAR  High power cavity structures, such as an accelerator structure, are
      energized by RF power sources such as magnetrons. In order to maintain
      high efficiency however, the power source must be monitored continuously
      and its frequency adjusted to the resonant frequency of the power cavity
      structure. Presently this is accomplished in a tracking apparatus which
      includes two reference cavities whose resonant frequencies are located
      approximately equal distances above and below the resonant frequency of
      the power cavity structure. A small amount of RF power is equally coupled
      into each of these reference cavities and the power level in each cavity
      is measured by detectors. The output signals from the detectors are equal
      only when the RF source is at the desired resonant frequency and therefore
      may be used in a feedback circuit to the RF source to adjust its frequency
      in order to equalize the power level in each cavity.
PAR  In an attempt to have reference cavities which will track the resonant
      frequency of the high power cavity structure, the resonant frequency of
      which is temperature dependent, the outlet cooling fluid from the high
      power structure is made to circulate around the two reference cavities.
      This provides some resonant frequency shift in the reference cavities when
      the resonant frequency shift occurs in the high power structure. However,
      it has been found that the change in the resonant frequency in the high
      power structure as a function of output water temperature usually does not
      match the reference cavities. In addition, the temperature-frequency
      coefficient of the reference cavities is fixed by the choice of cavity
      material. These problems are caused by the fact that the high power cavity
      structure, when in operation, cannot be cooled uniformly.
PAR  Using a linear accelerator structure as an example, the cooling fluid is
      found to maintain the walls of the accelerator at a lower temperature than
      that of the tips of the beam path openings through the cavity walls. These
      temperature differences cause frequency shifts which cannot be related to
      the average temperature of the high power structure.
PAR  It is therefore an object of this invention to provide a novel two
      reference cavity structure for monitoring the frequency of an RF source.
PAR  It is a further object of this invention to provide a two reference cavity
      structure capable of tracking the resonant frequency of a high power fluid
      cooled cavity structure.
PAR  It is a further object of this invention to provide a two reference cavity
      structure capable of tracking the resonant frequency of a high power fluid
      cooled cavity structure operating in any given RF mode over a broad range
      of ambient temperatures and power dissipation in the high power structure.
PAR  These and other objects are achieved in a two reference cavity structure
      which consists of two low power cavities tuned to frequencies slightly
      above and slightly below the resonant frequency of a high power liquid
      cooled cavity structure. Each of the cavities has a first and a second
      section, with the first section maintained at a first temperature and the
      second section maintained at a second temperature such that the reference
      cavities track the frequency shifts in the high power cavity structure due
      to temperature differentials between regions of that high power structure.
      Each cavity may be formed by a first section which includes a cylindrical
      outer wall and first end wall whose temperature is controlled by the
      liquid coolant before it enters the high power structure, and by a second
      section which includes a second end wall having a boss projecting into the
      cavity, the temperature of the second section being controlled by the
      liquid coolant after it exits from the high power structure. Power may be
      coupled to the cavities and power levels within the cavities may be
      measured by probes located in openings located in the cylindrical outer
      walls. Tuning of the cavities may be accomplished by tuning plungers
      located in the first end walls of the cavities or by mechanical
      indentation of these walls.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 illustrates a cross section of a basic two reference cavity system;
PAR  FIG. 2 illustrates a cross-section view of a single cavity in accordance
      with the invention;
PAR  FIG. 3 illustrates an embodiment of a two reference cavity structure; and
PAR  FIG. 4 illustrates a cross reference view of the structure in FIG. 3, taken
      along plane A--A.
DETD
PAR  The principles of the invention will be described with reference to FIG. 1.
      The two reference cavity structure 1 consists of two identical re-entrant
      coaxial cavities 2 and 2'. Each cavity 2, (2') includes an outer wall 3,
      (3'), end walls 4, (4') and 5, (5') and an inner boss 6, (6') joined to
      one of the end walls. The walls 3, (3'), 4, (4') and 5, (5') as well as
      the boss 6, (6') are preferably made of the same conductor material as the
      high power cavity. The two cavities 2, 2' may be completely separate or
      they may be jointed by a common wall. Further, each cavity 2, (2') has a
      first channel 7, (7') in the cavity walls 3, (3'), 4, (4') and a second
      channel 8, (8') in the cavity boss 6, (6'). The channels 7 and 7' are
      connected in series, as are channels 8 and 8' to form two continuous
      channels through the two cavities.
PAR  The invention is based on two principles:
PAR  1. If all the linear dimensions of a cavity resonator are changed by a
      constant factor the resonant frequencies of all the normal modes in the
      cavity will be scaled by the same factor. Thus if a cavity undergoes a
      uniform change in temperature of 1.degree., the percentage change in
      frequency is given by the thermal expansion coefficient of the material
      expressed in percent.
PAR  2. If a given temperature difference is established between two regions of
      a cavity then, within limits, any desired frequency change may be had by
      choice of cavity shape and mechanical construction.
PAR  The first principle is relied on in prior art two cavity tracking
      structures in that it assumes that any temperature changes in the entire
      high power cavity structure will be uniform throughout the structure. This
      assumption is only accurate when no RF power is applied to a high power
      structure. However, as in the present invention, frequency shifts due to a
      change in input coolant temperature may be tracked accurately.
PAR  The second principle is relied on in this invention in that the frequency
      shift due to the temperature difference between regions in the high power
      cavity structure is tracked by having the high power cavity structure
      input coolant liquid pass through one region of the two reference cavity
      structure before it enters the high power cavity structure and by having
      the output coolant liquid from the high power cavity structure pass
      through a second region of the two reference cavity structure. The input
      coolant may be passed through channel 7-7' and the output coolant through
      channel 8-8', as shown on FIG. 1, which will provide a frequency shift in
      the two reference cavity structure due to regional temperature
      differences. The input coolant and the output coolant channels in the two
      reference cavity structure may however by reversed to provide a
      frequency-temperature coefficient of the same magnitude but opposite sign.
PAR  Accurate frequency is obtained by designing the reference cavities such
      that the input-output coolant temperature difference produces a change in
      the frequency of the reference cavities which matches the change in the
      high power structure. In addition it is preferred that the high power
      cavity structure and the reference cavities be made of the same material,
      such as copper, that one reference cavity be tuned slightly above the high
      power structure frequency and the other cavity an equal amount below that
      frequency, and that the coolant flow rates through the high power
      structure and the reference cavities be such that with no RF power, they
      are essentially at coolant temperature.
PAR  The selection of cavity dimensions can be made using well established
      reference data such as the data on resonant cavities listed in the book
      "Microwave Transmission Design Data" by Theordore Moreno on pages 217 to
      230.
PAR  FIG. 2 illustrates, in cross-section, one embodiment of a reference cavity
      in accordance with this invention. It consists of side walls 11 and an end
      wall 12 forming a cylindrical chamber 13. A second end wall 14 with an
      elongated boss 15 is fixed to the open end of the cylindrical chamber 13
      by screws 16. The reference cavity is finely tuned in any conventional
      manner such as by a tuning plunger 17. The side wall 11 includes a first
      opening 18 through which RF power is coupled to the cavity and a second
      opening 19 in which a probe may be inserted to measure the power level in
      the cavity. The side wall further includes a cooling channel 20 through
      which coolant fluid may be circulated. Finally a second cooling channel 21
      is formed in the boss 15 through the end wall 14, having a coolant inlet
      pipe 22 and outlet pipe 23.
PAR  For s-band operation, to provide a copper cavity which has a central
      frequency of approximately 3 GHz and a frequency-temperature coefficient
      of approximately -125kHz per degree C. temperature differential between
      the boss 15 and the outer walls 11, the following cavity dimensions were
      used:
PA1  boss radius -- .rho..sub.1 = 0.300 inch
PA1  cavity radius -- .rho..sub.2 = 0.470 inch
PA1  chamber length -- l = 0.690 inch
PA1  spacing between  boss and end wall -- .delta. = 0.080 inch
PAR  An embodiment of a combined two reference cavity structure 30 in accordance
      with this invention is shown in FIGS. 3 and 4. The two cavities 31, 32 are
      formed using two identical cylindrical chambers having outer walls 33 and
      34 respectively and end walls 35 and 36 respectively. The end walls are
      located within the cylinders to protect them from accidental blows which
      would disturb the tuning of the cavity. A single boss element 37 made of
      the same material as the cavity walls, consists of a first cylindrical
      boss 38 and a second cylindrical boss 39 which are joined by an enlarged
      center section 40. The bosses 38, 39 are inserted into the chambers 31, 32
      respectively with the outer walls joined to the center section 40. The
      boss element further includes a coolant channel 41 with inlet pipe 42 and
      outlet pipe 43. This channel may take many shapes, however, it is
      desirable to have both bosses 38 and 39 maintained at the same
      temperature. For simplicity of construction, the boss element 37 may be
      made in two half sections, the channel 41 drilled and the half sections
      joined, as by brazing or any other conventional manner.
PAR  Coolant channels 44 and 45 may be formed within the outer walls 33, 34
      respectively or for simplicity, they may consist of copper tubes in
      intimate contact with these walls within grooves 46 and 47 respectively.
      The ends of the tubes 44, 45 are joined to form a coolant inlet 48 and a
      coolant outlet 49. Holes 50 and 51 are drilled through outer walls 33 and
      34 respectively to receive probes which will couple low power to the
      cavities. Further holes 52 and 53 are drilled through outer walls 33 and
      34 respectively to receive power level measurement probes. Tuning plungers
      may be inserted into end walls 35 and 36, however for simplicity of
      construction, the cavities 31 and 32 may initially be cut slightly high in
      frequency, and after assembly, tuning may be done by mechanically
      indenting the end walls 35 and 36.
PAR  Finally for greater accuracy in frequency tracking by this two reference
      cavity structure of a high power evacuated cavity structure such as an
      accelerator, it is desirable that the hermetic sealing of the reference
      cavities be done in a controlled temperature-humidity atmosphere chosen to
      match exactly the accelerator and the reference cavities
      frequency-temperature coefficients.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two reference cavity structure for tracking the resonaant frequency of
      a high power liquid cooled cavity structure comprising:
PA1  a first reference cavity having a first and second section, said first
      cavity tuned to a frequency below said resonant frequency;
PA1  a second reference cavity having a first and second section, said second
      cavity tuned to a frequency above said resonant frequency;
PA1  first means adapted to maintain said first sections at a first temperature;
      and
PA1  second means adapted to maintain said second sections at a second
      temperature.
NUM  2.
PAR  2. A two reference cavity structure as claimed in claim 1 wherein:
PA1  said first means includes channel means within said first sections adapted
      to receive the liquid coolant before it enters said high power structure;
      and
PA1  said second means includes channel means within second sections adapted to
      receive the liquid coolant after it exits said high power structure.
NUM  3.
PAR  3. A two reference cavity structure as claimed in claim 2 wherein each of
      said first sections include a cylindrical outer wall and a first end wall
      positioned at one end of said cylindrical outer wall; and each of said
      second sections includes a second end wall positioned at the other end of
      said cylindrical outer wall to form a closed cavity, said second end wall
      having a cylindrical boss projecting into said closed cavity.
NUM  4.
PAR  4. A two reference cavity structure as claimed in claim 3 wherein said
      second end wall of said first cavity is integrally fixed to said second
      end wall of said second cavity.
NUM  5.
PAR  5. A two reference cavity structure as claimed in claim 4 wherein each of
      said first sections includes a first opening adapted to receive a first
      probe to couple energy to said cavity and a second opening adapted to
      receive a second probe to measure power level in said cavity.
NUM  6.
PAR  6. A two reference cavity structure as claimed in claim 5 wherein each of
      said first end wall includes tuning means for tuning said cavity.
NUM  7.
PAR  7. A two reference cavity structure as claimed in claim 5 wherein each of
      said cavities is adapted to be tuned by mechanical indentation of said
      first end walls.
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ABST
PAL  A d-c fuse having a clearing ability ranging from currents close to the
      minimum fusing current to major fault currents is provided with a wide
      ribbon fuse link having a matrix-like system of perforations. The fuse
      link is wrapped around gas-evolving rod means in such a fashion as to form
      a gap between the longitudinal edges thereof resulting in the formation of
      currents of arc-quenching gas evolving from said rod means and flowing
      transversely across said edges of said ribbon fuse link.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of interrupting excessive d-c currents by means of electric
      fuses differs in many respects significantly from the problem of
      interruption of excessive a-c currents by means of electric fuses. For
      this reason many manufacturers of fuses have two different lines of fuses,
      one intended for application in a-c circuits and one intended for
      application in d-c circuits.
PAR  Commercially available d-c fuses designed for relatively high current
      ratings and involving a plurality of fusible elements which are connected
      in parallel perform generally fairly well both on major fault currents and
      relatively small protracted overload currents. At lower current ratings
      satisfactory interruption tends to become more difficult. One of the most
      onerous instances is the interruption by means of a fuse having a
      relatively low current rating and consequently but one single fusible
      element of a d-c circuit having a relatively large time constant and
      carrying a very small overload current for a long period of time prior to
      blowing of the fuse. Under such conditions the back burn velocity of the
      fusible element tends to be so small as to make it difficult, or
      impossible, to force the current down to zero.
PAR  The prime object of this invention is to provide d-c power fuses for
      relatively small current ratings which operate satisfactorily under all
      conditions including major fault error conditions and small protracted
      overload current conditions, and also including relatively highly
      inductive circuits.
PAC  SUMMARY OF THE INVENTION
PAR  D-c fuses embodying this invention include straight rod means of a
      gas-evolving electric insulating material arranged inside the casing or
      fuse tube substantially parallel to the longitudinal axis thereof. Said
      rod means have a circumference of predetermined length. D-c fuses
      embodying this invention further include a ribbon fuse link having a
      portion having a predetermined width substantially exceeding the length of
      said circumference of said rod means. Said portion of said ribbon fuse
      link has a plurality of transverse lines of perforations and a plurality
      of longitudinal columns of perforations. Said portion of said fuse link is
      wrapped around said rod means so as to position said rod means relative to
      said portion of said fuse link, and said portion of said fuse link forms a
      gap between the longitudinal edges thereof causing the escape of
      arc-quenching gases from said rod means transversely across said
      longitudinal edges of said portion of said fuse link.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are diagrammatic representations of prior art fuse links;
PAR  FIG. 3 is an isometric view of a portion of a fuse embodying this
      invention;
PAR  FIG. 4 shows a fuse embodying this invention partly in longitudinal section
      and partly in elevation; and
PAR  FIG. 5 is an isometric view of a fuse embodying this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The description of preferred embodiments of the invention will be preceded
      by a brief analysis of the behavior of ribbon fuse links. FIG. 1 shows a
      narrow ribbon fuse link having seven circular perforations 1 to 4. Each of
      the seven circular perforations forms a pair of points of reduced
      cross-sectional area, each of said points being situated to opposite sides
      of one of said seven circular perforations. When the ribbon fuse link, or
      fusible element in ribbon form, is carrying current heat is generated in
      it resulting in a characteristic distribution of spot temperatures. There
      is a temperature gradient in a direction longitudinally of the fuse link.
      The temperature peak is situated immediately adjacent the centrally
      located perforation 1 and the temperature drops in longitudinal direction
      gradually toward perforations 2 and further to perforations 3 and 4. The
      smallest temperature prevails adjacent the ends of the fusible element
      where the same is affixed and conductively connected to a pair of terminal
      elements, e.g. ferrules (not shown in FIG. 1). There is also a temperature
      gradient in transverse direction. The temperature is lowest immediately
      adjacent the edges E of the fusible element and highest immediately
      adjacent the circular perforations 1 to 4. The temperature gradients in a
      direction longitudinally of the fuse link and in transverse direction are
      responsible for the behavior of a fuse under various conditions of excess
      currents. Considering the case of a relatively small overload of excessive
      duration, fusion is initiated at the hottest points of the fusible element
      or fuse link marked a and tends to propagate to the next hottest points
      marked b. The fuse link is thus severed at a single point exactly at its
      center by sharp transverse incisions which initiates arcing and backburn.
      This interposes so much arc resistance that heat generation adjacent
      perforations 2-4 is drastically reduced. Therefore the points of reduced
      cross-sectional area adjacent perforations 2-4 never melt on account of
      i.sup.2. r losses proper occurring therein, but may be heated so as to
      fuse and vaporize only by backburn of the arc initially kindled at lines
      a,b. The fuse fails at small current intensities if the current is too
      small to generate the backburn speed and concomitant arc voltage required
      to force the current down to zero.
PAR  At very high fault currents breaks are formed at perforations 1 to 4 in
      such a rapid sequence that one deems these events generally as occurring
      simultaneously.
PAR  FIG. 2 shows a modification of the fusible element of FIG. 1 including
      seven lines and three columns of circular perforations. When the fusible
      element of FIG. 2 is carrying current the temperature distribution therein
      involves gradients in a direction longitudinally thereof and gradients in
      transverse direction. The points of highest temperature have been marked
      a.sub.1. The temperature decreases from points a.sub.1 toward points
      b.sub.1, and from there further toward the longitudinal edges E of the
      ribbon fuse link. Considering the temperature distribution along the
      longitudinal edges E of the ribbon fuse link, it is highest at their
      centers and lowest at their ends.
PAR  The sequence of fusion of the various points of the fusible element and
      formation of breaks at these points depends again upon the profile of
      temperature distribution in longitudinal and in transverse direction.
      Considering major fault currents, the fuse link will be first severed at
      its center in transverse directions R and thereafter breaks will be formed
      sequentially in the directions S. The sequence of break formation at the
      various points of reduced cross-section is so rapid at major fault
      currents that break formation may be deemed to occur simultaneously. It is
      of utmost importance for the successful interruption of major fault
      currents to minimize the current per point of reduced cross-sectional area
      or per break, and to arrange a sufficiently large number of points of
      reduced cross-sectional area, or of breaks, in series. In other words, the
      successful interruption of major d-c fault currents calls for ribbon fuse
      links having a matrix-like pattern of points of reduced cross-sectional
      area. While meeting with this condition is of vital importance for the
      successful interruption of major d-c fault currents these very same
      conditions are extremely adverse to the successful interruption of very
      small protracted overload currents, as will be shown below in more detail.
PAR  Relatively small overload currents result in initial fusion and break
      formation at the hottest region of the fusible element or fusion and
      severance of the fusible elements beginning at the points a.sub.1,
      progressing to points b.sub.1 and then further in the direction of arrows
      R to the longitudinal edges E of the fusible element. The temperature
      gradient in transverse direction is much smaller than that in a direction
      longitudinally of the fusible element and this fact is responsible for
      what happens after the fusible element is severed and begins to burn back.
      Backburn tends to progress faster along the longitudinal median plane of
      the fusible element where temperatures are highest rather than along the
      longitudinal edges E of the fusible element where temperatures are
      relatively low. The front of backburn has been indicated by the lines
      B--B, i.e., lines B--B indicate backburn at a given time following
      complete severing of the fusible element and arc inception.
PAR  There are instances when a fusible element of the type shown in FIG. 2 will
      interrupt satisfactorily excess d-c currents. The width required for the
      fusible element or fuse link may exceed the diameter of a tubular fuse
      casing of standard size, but this difficulty can be overcome by folding
      the fuse link in such a way as to fit into a casing of standard size.
      Under onerous conditions a fuse having a fuse link as shown in FIG. 2 is
      not capable of effecting interruption of very small d-c overload currents.
      The term onerous conditions implies currents which are relatively close to
      the minimum fusing current, resulting in small current densities and small
      backburn velocities and fusion occurring only after extended pre-heating
      periods. The term onerous conditions further implies that the time
      constant of the circuit is high, i.e., that the ratio of L/R is high, L
      being the inductance of the circuit in henries and R its resistance in
      ohms. The term onerous conditions further implies that the open circuit
      voltage of the d-c circuit in which the fuses are intended to be used is
      relatively high or, to be more specific, at least 500-600 volt.
PAR  Under onerous conditions fusible elements as shown in FIG. 2 tend to result
      in fuse failure. It is the primary object of this invention to provide
      fuses capable of interrupting d-c circuits under onerous conditions. It is
      a further object of this invention to provide fuses for d-c circuits
      including parts of gas-evolving materials, i.e., materials evolving
      arc-quenching gases under the action of electric arcs, which fuses are
      more effective than comparable prior art fuses relying on the action of
      gas-evolving materials for interrupting small d-c currents. A further
      object of this invention to provide d-c fuses which comply with the RULES
      And Regulations of the Department Of The Interior, Bureau Of Mines
      (Federal Register Vol. 37, No. 74, Part II, Apr. 15, 1972.
PAR  It is well known to use gas-evolving materials for arc-quenching purposes.
      It is, however, not apparent in what form gas-evolving materials can be
      effectively applied in connection with wide multiperforated fuse links as
      shown in FIG. 2 which -- aside from their limitations stated above --
      appear to be particularly desirable for d-c fuses. Non-tracking
      gas-evolving materials, in particular compounds of melamine resins and
      inorganic binders as, for instance, aluminum trihydrate, are relatively
      expensive. This fact as well as the tendency of gas-evolving materials to
      generate excessive pressures at major fault currents compels to strictly
      limit the mass of gas-evolving material present at the arcing zone of a
      given fuse, but the large surface of the fusible element of FIG. 2 seems
      to call for the provision of a large mass of gas-evolving material at the
      arcing zone. Because of the backburn pattern of a fusible element of fuse
      link as shown in FIG. 2 indicated by the lines B,B therein, no significant
      improvement of the performance of the fusible element shown therein by the
      addition of a gas-evolving material can be expected unless the action of
      the arc-quenching gas can be concentrated at the edges E where the
      backburn velocity is smallest and gap-formation too small and dielectric
      strength too low.
PAR  It has been found that the most difficult situation exists where a fuse has
      but one single fusible element in form of a perforated ribbon as shown in
      FIG. 2 rather than a plurality of fusible elements in ribbon form which
      are connected in parallel. It has also been found that particular
      consideration must be given to the presence of a low fusing point
      link-severing overlay as generally used for obtaining time delay. The fuse
      structure described below is one involving one single fusible element in
      form of a relatively wide multiperforated ribbon of copper or silver which
      is provided with a transversely extending link-severing overlay of a low
      fusing point metal as, for instance, tin.
PAR  Referring now particularly to FIGS. 3,4 and 5, numeral 20 has been applied
      to indicate a tubular casing of electric insulating material which is
      closed by a pair of electroconductive terminal caps 21 at the ends
      thereof. Rod means 11a, 11b of a gas-evolving electric insulating material
      are arranged inside of casing 20 and substantially parallel to the
      longitudinal axis thereof. The cross-section of rod means 11a, 11b is
      substantially in the shape of a parabola, and rod means 11a, 11b have a
      substantially planar surface and a curved surface. The circumference of
      rod means 11a, 11b, has a predetermined length. The axially outer end
      surfaces of rod means 11a, 11are spaced from terminal caps 21 and the
      axially inner end surfaces of rod means 11a 11b are spaced from each
      other. Terminal caps 21 are conductively interconnected by a ribbon fuse
      link, or fusible element in ribbon form, having axially outer ends or tabs
      17. These ends or tabs 17 which are narrower than the perforated center of
      the fusible element are bent around the rims or axially outer edges of
      casing 20, and are engaged by the inner surfaces of terminal caps 21. The
      latter may be provided with blade contacts 22 and asbestos washers 23 or
      the like may be arranged inside terminal caps 21 covering the end surfaces
      thereof. The portion of the fusible element between the terminal tabs 17
      thereof has a width which substantially exceeds the circumference of
      gas-evolving rod means 11a, 11b. This portion of the fuse link has a
      plurality of transverse lines of perforations and a plurality of
      longitudinal columns of perforations substantially as shown in FIG. 2 and
      explained in the context of FIG. 2. The perforated wide portion of the
      ribbon fuse link is wrapped around gas-evolving rod means 11a, 11b so as
      to position said rod means. When wrapped around parts 11a,11b the
      perforated wide portion of the ribbon fuse link forms a gap 13 between the
      longitudinal edges E thereof. The perforated wide portion of the ribbon
      fuse link is bent along two straight lines indicated at 15 and 16 and
      includes two lateral portion 10 wrapped around the curved surfaces of
      gas-evolving rods 11a, 11b and a planar base 10' juxtaposed to the planar
      base of rod means 11a, 11b. Reference character 12 has been applied to
      indicate an overlay of a low fusing point link-severing metal, e.g. tin,
      supported by the base metal of which the ribbon fuse link is made, e.g.
      copper or silver. The link-severing overlay 12 extends transversely across
      the portion of the ribbon fuse link where its width is most extensive,
      i.e., from one lateral edge E to the other lateral edge E of the ribbon
      fuse link. The axially inner end surfaces of rod means 11a, 11b are spaced
      in axial direction from overlay 12. The inside of casing 20 may be
      provided with an internal lining 24 substantially of asbestos fibers. The
      length of this lining 24 is approximately the same as the length of the
      wide perforated portion of the ribbon fuse link. Casing 20 is filled with
      a pulverulent arc-quenching filler 25, e.g. quartz sand, into which the
      fusible element and rods 11a,11b are embedded.
PAR  When a fuse structure as shown and described is arranged in a d-c circuit
      and subjected to a major fault current, all points of reduced
      cross-sectional area of the wide center portion of the fuse link fuse in a
      rapid sequence or virtually simultaneously. The arc voltage then generated
      at many points of break in series and many points of break in parallel is
      sufficiently high to force the current rapidly down to zero even in the
      presence of a considerable driving voltage exceeding, for instance, 600
      volts. The gas-evolving material of which rods 11a, 11b are made is
      largely gasified under major fault conditions. Its gasification results in
      a beneficial rise of pressure inside of casing 20. The relatively limited
      volume or mass of rods 11a, 11b precludes a dangerous or excessive rise in
      pressure inside casing 20 tending to cause bursting of the latter.
PAR  Under conditions of relatively small protracted overload currents
      interruption is initiated by fusion of overlay 12. Fusion of overlay 12
      occurs at a temperature which gas-evolving rods 11a, 11b can withstand for
      long periods of time, even if made of a synthetic resin, e.g. a melamine
      resin. Following fusion of overlay 12 the resistance of the area of the
      fusible element coextensive with overlay 12 increases greatly due to the
      formation of alloys of high resistivity, resulting in a rise of
      temperature at this area way above the fusing point of overlay 12. This
      post-fusion and prearcing rise in temperature has the tendency of damaging
      parts of synthetic resins arranged immediately adjacent overlay 12. For
      this reason two separate gas-evolving rods 11a, 11b are wrapped into the
      ribbon fuse link of which each rod is spaced from overlay 12. The ribbon
      fuse link is first severed by formation of a gap progressively widening in
      transverse direction as explained above in connection with FIG. 2. Arcing
      and backburn are initiated after the ribbon fuse link is severed at its
      center into two separate parts. The backburn pattern follows substantially
      that shown in FIG. 2, i.e., backburn tends to progress relatively rapidly
      adjacent the longitudinal center line of the ribbon fuse link and
      progresses relatively slowly adjacent the edges E of the ribbon fuse link
      which are separated by gap 13. As backburn progresses rods 11a, 11b evolve
      large amounts of arc-quenching gases. Some of these gases are allowed to
      escape through openings other than gap 13, yet a large portion of the gas
      evolved from rods 11a, 11b escapes through gap 13, as indicated by arrows
      A, and this tends to expedite the dielectric recovery of the arc gap
      adjacent the edges E thereof where the arc gap tends to be smallest.
PAR  The fuse structure shown in the drawings has been tested in stiff circuits
      over a wide range of overload currents and major fault currents and it
      appears to outperform all prior art d-c fuses. Its performance is
      particularly significant in the range of currents slightly above the
      minimum fusing current, as shown below in detail.
PAR  Tests were conducted with identical pairs of fuses. The first fuse of each
      pair was placed in a circuit having a circuit voltage of less than 600
      volts and caused to carry a relatively small current until fusion
      occurred. This kind of test yielded fusing time data for given currents.
      Thereupon the second fuse of each pair was placed in the same circuit and
      caused to carry the particular current causing fusion within the
      particular fusing time determined by the previous test for a period of
      time a few seconds less than the particular fusing time. At the end of
      this period of time the terminals of the fuse were quickly disconnected
      from the power supply having the above referred-to low circuit voltage and
      rapidly connected to a power supply having a circuit voltage in excess of
      600 volts. The following data refer to two tests conducted along the above
      lines in a circuit having a circuit voltage above 600 volts and a time
      constant T = L/R = 0.004.
PA1  1. fusing time 45 minutes; fusing current 130 amps. d-c; switchover to 645
      volt d-c 5 sec. before expiration of the fusing time. Test result: Perfect
      clearing of overload current.
PA1  2. Fusing time 2 hrs. and 16 min.; fusing current 165.5 amps. d-c;
      switchover to 645 volt d-c 10 sec. before expiration of the fusing time.
      Test result: Perfect clearing of overload current.
PAR  As mentioned above it appears that the interruption of overload currents in
      d-c circuits is particularly difficult in instances where fuses have a
      relatively small current rating -- less than 100 amps or slightly
      exceeding 100 amps -- calling for the use of one single fusible element
      rather than a plurality of fusible elements connected in parallel. The
      fuse which is illustrated in the drawings is such a single fusible element
      fuse.
PAR  The provision of two separate and separated gas-evolving rods 11a, 11b is a
      matter of design economy because of the little effectiveness of
      gas-evolving materials at a region where they are likely to be thermally
      damaged prior to arc-inception. However, the presence of gas-evolving
      material at such a region does not adversely affect the operation of the
      fuse as long as there is sufficient gas-evolving material present to
      establish after arc inception effective flows of arc-quenching gases
      through gap 13 and transversely across the longitudinal edges E of the
      wide center portion of the fusible element.
PAR  The length of rods 11a, 11b is not critical. Their required minimum length
      depends upon several parameters. In a fuse rated 600 volts d-c, 100 amps
      constructed as disclosed above and tested in accordance with the above
      referred-to Rules and Regulations of the Department of Interior, Bureau of
      Mines, successful performance required a length of 1 3/8 inches for each
      rod 11a, 11b. Shortening the length of each gas-evolving rod to 5/8 inch
      resulted in fuse failure.
PAR  Any fuse link which is relatively wide and has several columns of
      perforations, as diagrammatically shown in FIG. 2, has a very limited
      dimensional stability, even if folded for one reason or another. Rod means
      11a,11b are not only essential as far as the electrical performance of the
      fusible element is concerned, but tend to greatly increase the dimensional
      stability of a fusible element structure which is inherently fragile,
      particularly if the size of its perforations is relatively large.
PAR  It will be apparent from the foregoing that rods 11a,11b are affixed to the
      ribbon fuse link without resorting to special fastener means because of
      the wrap-around feature of the ribbon fuse link. The center portion of the
      fuse link engages rods 11a, 11b at discrete angularly displaced regions
      thereof and exposes other regions of rods 11a, 11b. The arc-quenching
      filler 25 of quartz sand surrounds all points of the ribbon fuse link out
      of engagement with rods 11a, 11b.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A fuse for controlling d-c circuits including
PA1  a. a tubular casing of electric insulating material;
PA1  b. a pair of electroconductive terminal elements closing the ends of said
      casing;
PA1  c. a pulverulant arc-quenching filler inside said casing;
PA1  d. straight rod means of a gas-evolving electric insulating material inside
      said casing arranged substantially parallel to the longitudinal axis
      thereof, said rod means having a circumference of predetermined length;
      and
PA1  e. a ribbon fuse link including a portion having a predetermined width
      substantially exceeding said predetermined length of said circumference of
      said rod means conductively interconnecting said terminal elements, said
      portion of said ribbon fuse link having a plurality of transverse lines of
      perforations and a plurality of longitudinal columns of perforations, and
      said portion of said ribbon fuse link being wrapped around said rod means
      so as to position said rod means relative to said portion of said ribbon
      fuse link, and said portion of said ribbon fuse link forming a gap between
      the longitudinal edges thereof causing arc-quenching gases to escape from
      said rod means transversely across said longitudinal edges of said portion
      of said fuse link.
NUM  2.
PAR  2. A fuse as specified in claim 1 having one single ribbon fuse link
      conductively interconnecting said pair of terminal elements, said ribbon
      fuse link being provided with a link-severing low fusing point overlay and
      being wrapped around a pair of gas-evolving rods having axially inner ends
      spaced from said overlay.
NUM  3.
PAR  3. An electric fuse for interrupting d-c circuits including
PA1  a. a tubular casing of electric insulating material;
PA1  b. a pair of terminal elements arranged at the ends of said casing and
      closing and casing;
PA1  c. a ribbon fuse link conductively interconnecting said pair of terminal
      elements, said fuse link including a center region having a predetermined
      width and a plurality of transverse lines of perforations and a plurality
      of longitudinal columns of perforations;
PA1  d. a link-severing low fusing point overlay extending transversely across
      said center region of said fuse link;
PA1  e. rod means of a substance evolving gases under the heat of electric arcs,
      said rod means having a circumference which is less than said
      predetermined width of said center region of said fuse link and said rod
      means being affixed to said center region of said fuse link without
      resorting to fastener means by a wrap-around of said center region of said
      fuse link in such a way that said center region of said fuse link engages
      said rod means at discrete angularly displaced areas thereof and exposes
      other areas of said rod means; and
PA1  e. a pulverulent arc-quenching filler inside said casing surrounding said
      fuse link at all points thereof out of engagement with said rod means.
NUM  4.
PAR  4. An electric fuse as specified in claim 3 wherein said pair of terminal
      elements is conductively interconnected by one single ribbon fuse link
      having a center region being wrapped around a pair of rods of a substance
      evolving gases under the heat of electric arcs, and wherein said pair of
      rods have axially inner ends arranged in spaced relation from said
      link-severing low fusing point overlay.
PATN
WKU  039355543
SRC  5
APN  562052&
APT  1
ART  213
APD  19750326
TTL  Polyphase liquid rheostat
ISD  19760127
NCL  11
ECL  1
EXP  Mayewsky; Volodymyr Y.
NDR  1
NFG  6
INVT
NAM  Rabus; Kurt
CTY  Heroldsberg
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19740328
APN  2415089
CLAS
OCL  338 80
XCL  338 82
EDF  2
ICL  H01C 1002
FSC  338
FSS  38;80;81;82;83;84;85;86;99;100;114
UREF
PNO  2649526
ISD  19530800
NAM  Benchemoul
OCL  338 84
UREF
PNO  2868932
ISD  19590100
NAM  Schonhoff et al.
XCL  338 80
UREF
PNO  3013237
ISD  19611200
NAM  Bredchoeft
OCL  338 80
UREF
PNO  3181099
ISD  19650400
NAM  McGivern et al.
OCL  338 82
UREF
PNO  3609626
ISD  19710900
NAM  Beyrard
XCL  338 80
FREF
PNO  1,003,835
ISD  19570300
CNT  DT
OCL  338 80
FREF
PNO  1,948,381
ISD  19710400
CNT  DT
OCL  338 80
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  In a polyphase liquid rheostat cells for separately accommodating
      adjustable electrodes with the cells filled with an electrolyte, covered
      at the top and open at one end face, are formed from electrically
      nonconducting plastic sheets which are welded together in a liquid tight
      manner with the welds arranged, at least in the zones which are subject to
      voltage stresses, so that they are adjacent only to external spaces which
      are free of liquid thereby preventing an electrical short circuit between
      cells of different phases in the case of a leak in the welded seam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to polyphase liquid rheostats, of the type having
      electrodes arranged in insulated cells filled with an electrolyte which
      have their tops covered and are opened on end face, in general and
      particularly to an improved arrangement in such a rheostat which prevents
      electrical short circuits between phases should a leak occur.
PAR  A liquid rheostat is disclosed in German Pat. No. 1,003,835 in which an
      electrolyte tank having inside walls which are coated with rubber is
      subdivided by means of rubber coated partitions into cells for the
      electrodes which are opened at their end face. In front of the end faces
      room is provided for accommodating a cooling device which is arranged in
      the electrolyte tank. Should cracks or other faults occur in the easily
      damaged rubber, a voltage breakdown occurs which puts the entire piece of
      equipment out of operation.
PAR  To overcome such problems it has been proposed to place separate individual
      cells coated with rubber on the inside of an electrolyte tank in order to
      permit replacing a damaged cell with a new cell quickly and at low cost.
PAR  Because the construction and maintenance of cells coated with rubber is
      expensive and cells which are stored often suffer cracks in the rubber
      coating because of temperatture changes, there have been attempts to
      substitute for the cells coated with rubber, individual cells of an
      insulating material. Such is disclosed in German design Pat. No.
      1,948,381. However, manufacturing such one piece cells requires a
      considerable expenditure for tooling and, in addition, requires separate
      mounting and stiffening means within the electrolyte tank to brace the
      flexible cells appropriately.
PAR  In apparatus using a fixed resistance, such as that used for a braking
      resistor in an electric machine, only a single electrode, fixed relative
      to the equipment, is provided in each cell and connected to a respective
      phase. The common neutral point is formed by the electrolyte outside the
      cells. In liquid rheostats the electrodes can be arranged such that they
      are adjustable in the horizontal direction, which requires a considerable
      expenditure of money for the electrical connections and the support
      members for the adjustable electrodes since the leads must be resistant to
      high voltage. In order to reduce these costs, it is known in the art to
      provide, for each cell, an electrode which is fixed relative to the
      equipment and is connected to an electric circuit, and an unconnected,
      horizontally adjustable counter electrode, the counter electrodes being
      electrically connected with each other in a simple manner so that
      essentially no current flows through the electrodes outside the cells.
      This is advantageous since it reduces heating and improves the accuracy to
      which the resistors can be adjusted. The arrangement for adjustment of the
      electrodes is, however, not the subject of the present invention. This
      information is provided solely for background. The object of the present
      invention is to provide an apparatus of the general type mentioned above
      which is operationally safe and uses cells which are easy to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes its object in simple fashion by
      providing cells formed from electrically nonconducting plastic plates
      which are welded together in a liquid tight manner and in which the welds,
      at least in the areas which are subject to voltage stresses, are adjacent
      only to external spaces which are free of liquid.
PAR  The separate cells for the individual phases are arranged in a common
      electrolyte trough with the welds which are subject to stress enclosed by
      a liquid-free outer chamber or chambers which may be advantageously formed
      using plastic parts welded to each other and to the outer sides of the
      cells.
PAR  In accordance with a particularly advantageous embodiment of the present
      invention, an apparatus having an insulated tank divided into cells by
      insulating partitions and which is easy to manufacture and is an
      electrically safe design is obtained. This is done by providing that the
      electrolyte tank comprises side, intermediate, rear and bottom walls which
      are welded together so as to be liquid tight, along with a connecting
      flange on the front side, and having rear and bottom walls recessed
      relative to the outer edges of the side and intermediate walls by a
      leakage path corresponding to the electric voltage and whose connecting
      flange is connected with a terminating supplemental tank in a liquid tight
      but detachable manner. The structural unit comprising the tank and
      supplemental tank is surrounded by an outer support frame which
      mechanically braces the outer walls stressed by the electrolyte and which
      can be used at the same time as the support for the electrode setting
      devices.
PAR  The supplemental tank may comprise stainless steel material which is not
      rubber coated and may also contain a cooling unit. Plastic materials which
      may be used are polypropylene or low pressure polyethylene in the form of
      molded plates since such plates, in contrast to extruded products, have
      the same longitudinal changes in all directions due to temperature changes
      and as a result it is not possible for deformation of the cells or tanks
      which is not uniform to take place.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross section through a triple cell with a
      supplemental tank according to the present invention.
PAR  FIG. 2 is a cross section through a portion of FIG. 1 along the line I--I.
PAR  FIG. 3 is a plan view of a portion of the arrangement of FIG. 1.
PAR  FIG. 4 is a plan view partially showing a triple cell with a double
      partition.
PAR  FIG. 5 is a longitudinal cross section through a single cell.
PAR  FIG. 6 is a plan view of a portion of the cell of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2 and 3 illustrate a polyphase liquid rheostat 1 comprising a
      triple cell 2 welded together from plastic plates and a supplemental tank
      3. Supplemental tank 3 is connected in a detachable and liquid tight
      manner to the end face of the triple cell 2 by means of spring loaded
      connecting screws. It is designed to accommodate a cooling device 4. The
      supplemental tank 3, typically made of stainless steel sheet, is bolted to
      the connecting flange 5 of the triple cell 2 and sealed to the outside. On
      the side opposite the connecting flange a rear wall 6 is provided for each
      cell. The rear walls are welded to respective bottom walls 7. The bottom
      walls 7 are installed so that they are inclined rising from the connecting
      flange toward the rear wall. The bottom walls 7 are also welded to the
      connecting flange 5 as well as to the laterally confining intermediate and
      side walls 9 and 8 respectively. These lateral walls 8 and 9 protrude with
      their outer edges extending over the rear and bottom walls to form a
      leakage path. To obtain improved circulation of the electrolyte in each
      cell, and between cells and the supplemental tank, the connecting flange 5
      is provided with a flange wall which has in front of each cell an inlet 10
      opening at the height of the bottom wall 7 and an outlet opening 11
      arranged above the former. A baffle 12 is welded to the upper edge of the
      inlet opening 10 and cooperates with the flange wall sidewalls, and
      intermediate walls to form a kind of inlet nozzle for the inflowing cooled
      electrolyte. Circulation is further improved by the inclination of the
      bottom walls 7.
PAR  For the purpose of covering the individual cells to reduce evaporation of
      the electrolyte, braced cover parts 13 are welded to the side walls 8 and
      intermediate walls 9 leaving a gap for electrode control members, which
      members are not shown. Since the triple cell 2 is installed along with its
      flange connected tank 3 in a dry place, the outer walls 8, in particular,
      are subjected to the weight of the electrolyte and must be braced
      accordingly. For this purpose, in addition to laterally welded stiffening
      ribs 15, at least the triple cell 2 portion of rheostat 1 will be
      surrounded by an outer support frame, not shown in detail, which can also
      be used to guide and support horizontally movable electrodes and
      counterelectrodes. In accordance with the manner in which apparatus of
      this nature is normally constructed it will be recognized that fixed
      electrodes will generally be arranged at the rear of each cell.
PAR  The individual walls of the embodiment of FIGS. 1, 2 and 3 are formed
      individual, molded polypropylene or low pressure polyethylene plates so
      that the liquid tight welds adjacent to the electrolyte are separated from
      each other by wall projections forming leakage paths and therefore cannot
      be stressed electrically. The use of molded plastic plates is essential
      because of their uniform expansion in all directions. Were they not used,
      deformation of the cells during operation with considerable temperature
      variations could occur. Extruded material, for example, would not be
      suitable for this purpose.
PAR  Where larger cells are constructed, the walls must be formed using several
      partial plates welded together. In such a case the welds in the partitions
      would also be subjected to a voltage stress. It could not be predictably
      insured that they could withstand this voltage stress. Therefore, in
      accordance with the present invention, as illustrated on FIG. 4, such
      partitions, where needed, are constructed as double partitions. That is,
      as shown on FIG. 4, the partitions 9 of FIG. 3 are replaced by a double
      partition 9a and 9b separated by an air gap 16. These partitions exist
      between each two adjacent cells and are braced against each other by means
      of spacers which are alternately welded to one and the other partition. In
      this manner the welds 18 are separated by the air gap 16 and will not be
      electrically stressed.
PAR  In accordance with the present invention it is also possible to provide
      electrical relief for welded seams in single cells. This is illustrated by
      FIGS. 5 and 6 in which a single cell 19 which is to be lowered into an
      electrolyte tank, in a well known manner, is illustrated. In this
      embodiment parts identical to the parts of FIGS. 1, 2, 3 and 4 above are
      given identical reference numbers. As illustrated, the welds between the
      side walls 8 and the rear walls 6 and the bottom walls 7 are enclosed, at
      least in the areas at the end where voltage stresses are expected, i.e.
      where the electrodes (not shown) will be located, by outer chambers 20 and
      21 which are free of liquid. These outer chambers are formed using plastic
      parts 22, 23, 24 and 25 which are welded to each and to the outer sides of
      the cells in a liquid-tight manner.
PAR  Thus, an improved arrangement for polyphase liquid rheostats has been
      illustrated and described. Although specific embodiments have been shown
      and described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a polyphase liquid rheostat having electrodes arranged in insulated
      cells filled with electrolyte, said cells being covered at the top and
      opened at an end face, the improvement comprising cells formed from
      electrically non-conducting plastic plates which are welded together in a
      liquid tight manner and wherein the welds, at least in the areas which
      will be subject to voltage stresses, are located adjacent only to outer
      spaces which are free of liquid.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the separate cells for individual
      phases are arranged in a common electrolyte tank and wherein said zones
      subject to voltage stress are enclosed by outer chambers which are free of
      liquid.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said outer chambers are formed by
      plastic parts which are welded to each other and to the outer sides of the
      cells in a liquid tight manner.
NUM  4.
PAR  4. Apparatus according to claim 1 in which an insulated tank subdivided in
      cells by insulated partitions is provided and wherein said tank comprises
      side walls, intermediate walls, rear and bottom walls welded together in a
      liquid tight manner, said insulated tank being provided with a connecting
      flage opposite said rear walls and wherein said rear and bottom walls are
      recessed from the outer edges of said side and intermediate walls to form
      a leakage path for the electric voltage and wherein said connecting flange
      is detachably connected to a terminating supplemental tank in a liquid
      tight manner.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein at least some of said walls
      comprise several plastic plates welded together in a liquid tight manner
      and wherein between each two adjacent cells two partition walls separated
      by an air gap and braced against each other by means of spacers
      alternately welded to one and the other partition are provided.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said connecting flange contains,
      in the front of each cell, a flange wall having an inlet opening located
      at the height of the bottom wall and outlet opening situated thereabove.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said bottom walls of the cells
      are slanted and rise toward said rear walls and wherein a baffle is
      provided between said inlet and outlet opening said baffle adjoining the
      flange wall and cooperating with the bottom wall, side and intermediate
      walls of each cell to form an inlet nozzle.
NUM  8.
PAR  8. Apparatus according to claim 4 wherein the top sides of said cells are
      partially covered over their length by cover parts which are welded to the
      cell walls in a manner such as to leave a gap for electrode control
      elements.
NUM  9.
PAR  9. Apparatus according to claim 4 and further including an outer support
      frame enclosing the structural unit made up of said tank and supplemental
      tank.
NUM  10.
PAR  10. Apparatus according to claim 4 wherein said plates used to form said
      walls are of a material selected from the group consisting of molded
      polypropylene and molded low pressure polyethylene.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein said plates used to form said
      walls are of a material selected from the group consisting of molded
      polypropylene and molded low pressure polyethylene.
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ABST
PAL  An assembly for fine adjustment of a variable impedance mechanism is
      disclosed wherein a first disk-shaped rotary member, which functions as a
      knob, has a spiral ridge or groove formed on one side surface thereof for
      engagement with the teeth of a second disk-shaped rotary member or teethed
      wheel whose shaft is in turn coupled to the rotary shaft of a variable
      impedance element. When the first rotary member makes one rotation, the
      second rotary member is advanced one tooth, whereupon the fine adjustment
      of the variable impedance element is possible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a variable impedance device with
      an assembly for fine adjustment of a variable impedance mechanism and more
      particularly to a device capable of extreme fine adjustment of the
      rotation of the rotary shaft of a rotary type variable resistor or
      capacitor.
PAR  In general, the component parts of a variable impedance element are
      subjected to deformations, expansions and contractions due to changes in
      environmental conditions, so that the characteristics of the variable
      impedance element becomes unstable. It is particularly true in the case
      where the variable impedance element consists of a large number of parts.
      Therefore, when a fine adjustment mechanism is incorporated in a variable
      impedance element, the characteristics of the latter are more adversely
      affected. It is difficult to assemble stopper means for limiting the angle
      of rotation means for indicating the angle of rotation and so on within
      the variable impedance element. Moreover, the characteristics of the
      variable impedance element incorporating the fine adjustment mechanism
      change due to the environmental changes. Furthermore, various limitations
      are imposed upon the design for incorporating the fine adjustment
      mechanism within the variable impedance element.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the present invention is therefore to provide a fine
      adjustment mechanism for a variable impedance device which is very simple
      in construction and may provide a considerably greater speed reduction
      ratio.
PAR  Another object of the present invention is to provide a fine adjustment
      mechanism disposed outside of a variable impedance element so that the
      variation in characteristics of the latter due to the changes in
      environmental conditions may be minimized.
PAR  A further object of the present invention is to provide a fine adjustment
      mechanism for a variable impedance device which is very simple in
      construction and consists of a fewer number of parts.
PAR  To attain the above and other objects of the present invention, a spiral
      ridge is formed upon one side surface of a first disk-shaped rotary
      member, which functions as a knob, and engages the teeth of a second
      disk-shaped rotary member or toothed wheel. The first and second rotary
      members rotate in planes perpendicular to each other, and one rotation of
      the first rotary member causes the second rotary member to advance one
      tooth. The second rotary member is coupled to the rotary shaft of the
      variable impedance element. Therefore, one rotation of the first rotary
      member causes the rotary shaft of the variable impedance member to rotate
      through an extremely small angle corresponding to one tooth advancement of
      the second rotary member, so that the extremely fine adjustment of the
      variable impedance element may be accomplished.
PAR  According to one embodiment of the present invention, a stopper is extended
      from the rotary shaft of the second rotary member at a right angle to the
      axis thereof for engagement with an engaging member on the variable
      impedance device so that the angle of rotation of the second rotary member
      and hence the rotary shaft of the variable impedance member may be
      limited.
PAR  According to another embodiment of the present invention, an arcuate ridge
      or strip is formed on one side surface of the second rotary member
      coaxially thereof, the width of the arcuate ridge or strip changing
      linearly from one end to the other end. Therefore, the width of the
      arcuate ridge or strip viewed through a window changes as the second
      rotary member rotates so that the angle of rotation of the rotary shaft of
      the variable impedance member may be easily detected.
PAR  According to a further embodiment of the present invention, one end of the
      shaft of the second rotary member terminates into a flat bifurcated
      retaining member which is snugly fitted into the mating hole formed
      through the rotary shaft of the variable impedance element. The extreme
      ends of the bifurcated retaining member extended beyond the variable
      impedance element is rotatably fitted into the hole formed through a
      supporting member or into the coaxial hole formed at one end of the shaft
      of the second rotary member in another fine adjustment mechanism
      juxtaposed thereto.
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description of
      preferred embodiments thereof taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a first embodiment of a variable impedance device
      with a fine adjustment mechanism in accordance with the present invention;
PAR  FIG. 2 is a side view of the embodiment of FIG. 1;
PAR  FIG. 3 is an exploded view of the embodiment of FIG. 1;
PAR  FIG. 4A and 4B are a top view, on enlarged scale, of the embodiment of FIG.
      1 illustrating means for indicating the angle of rotation of the rotary
      shaft of an impedance element;
PAR  FIG. 5 is a front view of a second embodiment of the present invention in
      which two variable impedance devices with a fine adjustment mechanism are
      juxtaposed;
PAR  FIG. 6 is an exploded view illustrating the coupling between the shafts of
      the second rotary members of the embodiment shown in FIG. 4;
PAR  FIG. 7 is an exploded view illustrating the arrangement for supporting the
      shaft of the second rotary member in the second embodiment;
PAR  FIG. 8 is a front view of a third embodiment of the present invention; and
PAR  FIG. 9 is an exploded view of the third embodiment illustrating the
      coupling between the second rotary member and the rotary shaft of the
      variable impedance element in the third embodiment.
PAR  Same reference numerals are used to designate similar parts throughout the
      figures.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment, FIGS. 1 through 4B
PAR  A first disk-shaped rotary member or knob 3 is rotatably carried by a rivet
      4 attached to a side wall 2 of a casing generally indicated by the
      reference numeral 1. The upper part of the first rotary member 3 is partly
      extended through an elongated slot formed through a top plate 20 so that
      one may rotate the first rotary member with his finger. A spiral ridge 6
      is attached to one side surface 5 of the first rotary member 3 and
      engaging the teeth 9 of a second disk-shaped rotary member or toothed
      wheel 7 carried by a shaft 22 which is rotatably supported between the
      opposing side walls 26 for rotation about the axis 10 which is at a right
      angle with respect to the axis of rotation of the first rotary member 3.
      The spiral ridge 6 is so formed that when the first rotary member 3 makes
      one rotation, the second rotary member or toothed wheel 7 is advanced one
      tooth. The right end of the right section 11 of the shaft 22 terminates
      into a flat bifurcated retainer member 11a with projections 12 which is
      fitted or snapped into an elongated through hole in a rotary shaft of a
      variable resistor 13 so that the second rotary member 7 and the shaft of
      the variable resistor 13 may rotate in unison. The extreme end of the
      bifurcated retainer member extends beyond the hole of the rotary shaft of
      the variable resistor 13 and is rotatably fitted into a hole 16 formed
      through one or right side wall 26. Since the extreme end 15 is tapered to
      converge outwardly as shown at 23 in FIG. 3, it is securely retained in
      the hole 16; that is, there is no danger that the extreme end 15 may be
      pulled out of the hole 16. Terminals 13a of the variable resistor 13 are
      soldered to a printed circuit board 17. A stop 18 is fitted over the right
      hand section 11 of the shaft 22 for engagement with a mating engaging
      member (not shown) on the variable resistor 13 so that the angle of
      rotation of the shaft 22 and hence the rotary shaft of the variable
      resistor 13 may be limited. The left end of the shaft 22 terminates into a
      reduced diameter portion 24 which is rotatably fitted into a hole 25
      formed through the other side wall 26 so that the shaft 22 may be firmly
      retained in position between the opposing side walls 26. Upon the left
      side surface of the second rotary member or toothed wheel 7 is attached a
      ridge or strip whose width (that is, the height from the side surface of
      the second rotary member 7) linearly increases from one end to the other
      end and which is coaxial with the axis 10 of rotation. A window 21 is
      formed through the top plate 20 in parallel and in opposed relation with
      the shaft 22, so that one may observe the width of the arcuate ridge or
      strip member 19 which changes as the second rotary member 7 rotates. Thus,
      the angle of rotation of the second rotary member 7 and hence the change
      in resistance of the variable resistor 13 may be indicated as best shown
      in FIG. 4A. For instance, FIG. 4B(a) shows that the angle of rotation of
      the second rotary member 7 is zero: (b) shows that the rotary member 7 has
      reached the midpoint of its range of rotation; and (c ) shows that the
      second rotary member 7 has rotated through the maximum allowable angle.
PAR  It is to be understood that instead of the spiral ridge 6 attached to the
      first rotary member 3, spiral groove may be formed in one side surface of
      the first rotary member 3.
PAC  Second Embodiment, FIGS. 5, 6, and 7
PAR  In the second embodiment of the present invention shown in FIGS. 5, 6, and
      7, two fine adjustment mechanisms of the type described above with
      reference to FIGS. 1 through 4B are juxtaposed. In order to align the
      shafts 22 of the second rotary members 7, the extreme ends 15 of the shaft
      22 of the left mechanism is rotatably fitted into a hole 27 formed
      coaxially at the reduced diameter portion 24 of the shaft 22 of the right
      mechanism as shown in FIGS. 6 and 7. That is, the reduced diameter portion
      24 is rotatably fitted into the hole 25 of the side wall 26 and the
      extreme ends 15 of the shaft 22 of the left mechanism is rotatably fitted
      into the hole 27 at the reduced diameter portion 24. In like manner, any
      desired number of the fine adjustment mechanisms of the present invention
      may be disposed in side-by-side relation.
PAC  Third Embodiment, FIGS. 8 and 9
PAR  The third embodiment of the present invention to be described hereinafter
      with reference to FIGS. 8 and 9 is substantially similar in construction
      to the first embodiment described with reference to FIGS. 1 through 4B
      except that the second rotary member 7 is directly carried by the rotary
      shaft 32 of the variable resistor 31 which is supported upon the printed
      circuit board 17 by its terminals 31a. That is, the rotary shaft 32 of the
      variable resistor 31 which is externally splined is fitted into the center
      hole 30 of the second rotary member 7 which is also internally splined.
      Therefore, upon rotation of the second rotary member 7, the rotary shaft
      32 of the variable resistor 31 is also rotated. A pointer 33 is attached
      to the upper side surface of the second rotary member 7 so that the angle
      of rotation of the latter may be indicated through the window 21 of the
      top plate 20.
PAR  So far the present invention has been described in conjunction with the
      variable resistor, but it is to be understood that the fine adjustment
      mechanism of the present invention may be used in conjunction with
      variable capacitors or any type of impedance elements.
PAR  As described above, according to the present invention, a variable
      impedance element such as a variable resistor and the fine adjustment
      mechanism are disposed independently of each other, so that the
      characteristics of the variable impedance may be stabilized against the
      environmental conditions. Since the second rotary member is provided with
      the stopper in order to limit the angle of rotation, the damage to the
      variable impedance element may be prevented when the first rotary member
      is rotated in excess of a predetermined number of rotations. Moreover, the
      second rotary member is provided with indicating means or arcuate ridge or
      strip 19, so that the angle of rotation of the rotary shaft of the
      variable impedance element may be clearly indicated and the operation may
      be much facilitated. In the third embodiment, the second rotary member is
      splined to the rotary shaft of the variable impedance element, so that the
      shaft for the second rotary member may be eliminated. This means that the
      number of parts may be reduced, the machining and assembling steps may be
      considerably decreased, and the fine adjustment mechanism may be made
      compact in size and light in weight. According to the first embodiment of
      the present invention, one end of the shaft for the second rotary member
      terminates into the bifurcated retaining member which is snapped into the
      coaxial hole of the rotary shaft of the variable impedance element.
      Therefore, the fine adjustment mechanism of the present invention may be
      readily coupled to the conventional semi-fixed resistor that has a coaxial
      hole in the rotary adjusting shaft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for fine adjustment of a variable impedance mechanism
      comprising
PA1  a. a housing, a first disk-shaped rotary member mounted on a wall of said
      housing and having a raised spiral-shaped engaging means on one side
      surface thereof,
PA1  b. a second disk-shaped rotary member having teeth formed along the
      periphery thereof for engagement with said raised spiral engaging means of
      said first disk-shaped rotary member, said second disk-shaped rotary
      member having a rotary shaft arranged to rotate about an axis which is
      contained in a plane perpendicular to the axis of rotation of said first
      disk-shaped rotary member, said raised spiral-shaped engaging means of
      said first disk-shaped rotary member being so formed that the angle of
      rotation of said second disk-shaped rotary member is smaller than the
      angle of rotation of said first disk-shaped rotary member, and
PA1  c. a variable impedance element in said housing having a rotary shaft, and
      means for detachably coupling the rotary shaft of said second disk-shaped
      rotary member to the rotary shaft of the variable impedance element.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said shaft of said second
      disk-shaped rotary member is provided with a stopper positioned to limit
      the angle of rotation of said second disk-shaped rotary member.
NUM  3.
PAR  3. An assembly as set forth in claim 1 wherein means for indicating the
      angle of rotation of said rotary shaft of said variable impedance element
      is attached to one side surface of said second disk-shaped rotary member.
NUM  4.
PAR  4. An assembly as set forth in claim 3 wherein said indicating means
      comprises an arcuate member which is formed on one side surface of said
      second disk-shaped rotary member coaxially thereof, the width of said
      arcuate member being linearly increased from one end to the other end.
NUM  5.
PAR  5. An assembly as set forth in claim 1 wherein one end of said shaft of
      said second disk-shaped rotary member terminates into a flat bifurcated
      retaining member with its extreme ends tapered to converge outwardly, said
      bifurcated retaining member being retainably fitted into an elongated hole
      formed through said rotary shaft of said variable impedance element, so
      that said second disk-shaped rotary member is mechanically coupled to said
      variable impedance element.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein the other end of said shaft
      of said second disk-shaped rotary member terminates into a reduced
      diameter portion which is rotatably inserted into a hole formed through a
      first side wall of said housing with the stepped portion of said reduced
      diameter portion abutted against said side wall, and said extreme ends of
      said bifurcated retaining member are rotatably inserted into a hole formed
      through a second side wall of said housing disposed in opposed and spaced
      apart relation with said first side wall, whereby said shaft of said
      second disk-shaped rotary member may be securely and rotatably disposed
      between said first and second side walls.
NUM  7.
PAR  7. An assembly as set forth in claim 5 wherein the other end of said shaft
      of said second disk-shaped rotary member terminates into a reduced
      diameter portion which is rotatably inserted into a hole formed through a
      first side wall of a casing with the stepped portion of said reduced
      diameter portion abutted against said first wall, and said extreme ends of
      said bifurcated retaining member at one end of said shaft is rotatably
      fitted into a coaxial hole formed at one end of the rotary shaft of
      another variable impedance element, whereby said shaft of said second
      disk-shaped rotary member and said rotary shaft of said another variable
      impedance element may be aligned with respect to each other.
NUM  8.
PAR  8. An assembly for fine adjustment of a variable impedance element
      mechanism as set forth in claim 1 wherein said spiral engaging means is a
      spiral ridge.
NUM  9.
PAR  9. An assembly as set forth in claim 1 wherein said spiral engaging means
      is a spiral groove.
NUM  10.
PAR  10. An assembly as set forth in claim 4 wherein said arcuate member is an
      arcuate ridge on said second disk-shaped rotary member.
NUM  11.
PAR  11. An assembly as set forth in claim 4 wherein said arcuate member is an
      arcuate strip mounted on said second disk-shaped rotary member.
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ABST
PAL  A method and apparatus for converting a single function, i.e., hydrocarbon
      detection, well logging tool to a dual function tool, i.e., the detection
      of naturally occurring gamma rays, by making the amplitude reference
      pulses necessary for single function operation related in rate to the
      second function. A minimum constant rate of amplitude reference pulses are
      provided to ensure the operability of the single function tool in the
      absence of the second function and an adjustment is thereafter made to
      remove the effects of this minimum rate of reference pulses.
PARN
PAR  This is a division of application Ser. No. 381,474, filed July 23, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tool and method for simultaneously
      detecting hydrocarbons and naturally occurring gamma rays.
PAR  Hydrocarbon logging systems are well known in the art and conventionally
      include a logging tool adapted for movement through the well bore under
      the control of a surface unit. The well tool customarily contains a
      radioactive source and a scintillation detector responsive to radiation
      reflected from and/or emitted from the formation as a result of radiation
      from the radioactive source. The quantitative hydrocarbon information is
      generally contained in the amplitude and rate of the pulse output signal
      from the scintillation detector and this pulse signal is transmitted to
      the surface over the logging cable. Constant amplitude reference pulses
      are also generated in the tool at a predetermined frequency and these
      reference pulses are also transmitted to the surface via the logging
      cable. The signal received at the surface is generally adjusted in
      amplitude to restore the reference pulses to a predetermined constant
      amplitude in an automatic gain control circuit to thereby compensate the
      signal for amplitude variations due to temperature changes, etc. The
      reference pulses are thereafter removed from the signal and the remaining
      signal is evaluated as to pulse amplitude and rate to provide the
      hydrocarbon information.
PAR  Naturally occurring gamma ray detectors are also well known and such
      systems generally include a logging tool adapted for movement through the
      well bore and containing a scintillation detector responsive to the gamma
      radiation naturally emitted by the formation. This desired information is
      generally contained in the pulse rate of the pulse signal from the
      scintillation detector.
PAR  Both of the above detectors are extremely useful and it is desired to
      achieve both the hydrocarbon data and the natural gamma ray data in a
      single pass through the well bore to thereby achieve a significant savings
      in both time and effort. In addition, the obtaining of both naturally
      occurring gamma ray information and the hydrocarbon information
      simultaneously eliminates any errors in the correlation as a function of
      depth of the two logs when separately run.
PAR  The mutual interference of the two signals when sent uphole over the same
      logging cable has in the past proscribed the simultaneous gamma ray and
      hydrocarbon logging of a well bore and it is accordingly an object of the
      present invention to obviate the deficiencies of known prior art systems
      and to provide a novel logging tool and method for the simultaneous
      detection of hydrocarbons and naturally occurring gamma rays within a well
      bore.
PAR  Another object of the present invention is to provide two scintillation
      detector well logging tool and method in which the output signals
      therefrom are transmitted to the surface over a single cable with a
      minimum of interference.
PAR  A further object of the present invention is to provide a novel method and
      well logging system for hydrocarbons and naturally occurring gamma rays in
      which the number of components and circuit complexity are minimized over
      that required for a single function logging tool.
PAR  These and many other objects and advantages of the present invention will
      be readily apparent to one skilled in the art to which the invention
      pertains from the claims and from the following detailed description when
      read in conjunction with the appended drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a prior art hydrocarbon detecting
      well logging system with the addition of certain terminals to which the
      additional equipment of the present invention may be connected;
PAR  FIG. 2 is a functional block diagram of the additional apparatus needed in
      the well logging tool of FIG. 1 for the conversion thereof to the dual
      logging tool of the present invention; and,
PAR  FIG. 3 is a functional block diagram of the additional apparatus needed at
      the surface of the system illustrated in FIG. 1 for the conversion thereof
      to the dual logging system of the present invention.
DETD
PAC  THE DETAILED DESCRIPTION
PAR  With reference now to FIG. 1, a well logging tool 10 is illustrated in a
      well bore 12. The tool 10 contains at the lower end thereof a suitable
      conventional source 14 of radioactive material such as americium
      beryllium. A suitable conventional detector 16 such as a scintillating
      sodium iodide crystal and photomultiplier is disposed in the well tool 10
      adjacent the source 14. The output signal from the detector 16 is applied
      to a suitable conventional amplifier 18 to which is also applied the
      output signal from a reference pulser 20. The reference pulser 20 is
      provided with an input terminal 22 to which is attached the additional
      equipment hereinafter described in connection with FIG. 2. The detector
      amplifier and reference pulser may be housed in a vacuum flask for
      temperature stability although the flask has been omitted from the
      drawings in the interest of clarity.
PAR  The amplifier 18 receives power from a conventional source 24 which is
      provided with an output terminal 26 for connection to the downhole
      additional apparatus of the present invention described infra in
      connection with FIG. 2.
PAR  The amplifier 18 and the collar locator 28 provide output signals which are
      fed to the logging cable 30 by which the tool 10 is suspended from the
      surface. At the surface, the logging cable 30 is electrically connected to
      a suitable conventional pick-off circuit 32 powered by a suitable
      conventional source 34. The cable may be coaxial cable in which the outer
      conductive sheath and an intermediate insulated conductor are utilized for
      the transmission of power and the collar signal and in which the
      intermediate and inner insulated conductors are utilized for the
      transmission of the pulse signal.
PAR  With continued reference to FIG. 1, the collar locator output signal from
      the pick-off circuit 32 may be applied to a suitable conventional collar
      module 36 which provides an output signal to a recorder such as the
      illustrated strip chart recorder 38 as an indicia of depth.
PAR  The pick-off circuit 32 also provides an output signal which is applied
      through a suitable conventional differentiating amplifier 40, automatic
      gain control circuit 42 and amplifier 44 to a suitable conventional base
      line restorer circuit 46. The output signal from the base line restorer 46
      may be applied through a spectrum stabilizer 48 to the automatic gain
      control circuit 42 to adjust the gain of the automatic gain control
      circuit 42 in a manner well known in the art. The spectrum stabilizer 48
      may also be provided with an output terminal 50 to which the additional
      surface equipment of the present invention may be connected as hereinafter
      described in connection with FIG. 3.
PAR  The base line restorer 46 output signal is also applied to a pair of single
      channel analyzers 52 and 54 and through a conventional delay circuit 56
      and amplifier 58 to a multichannel analyzer 60. The output signal from
      single channel analyzer 52 or 54 may be applied through a gate 62 to
      multichannel analyzer 60 and the output signal from the multichannel
      analyzer 60 applied to a suitable conventional oscilloscope 64 such as the
      Tektronix Type RM 504.
PAR  The output signals from the single channel analyzers 52 and 54 may also be
      applied responsively to a pair of conventional rate meters 66 and 68 and
      the output signals from the rate meters 66 and 68 applied to the strip
      chart recorder 38. The recorder 38 may additionally be provided with an
      input signal by way of an input terminal 70 for recording of the signal
      provided by the additional surface circuitry of the present invention as
      described infra in connection with FIG. 3.
PAR  In operation, the tool 10 is lowered within the well bore 12 and radiation
      from the source 14 radiated into the formation. The reflected and
      back-scattered radiation from the formation together with naturally
      occurring gamma rays are detected by the scintillating crystal to provide
      light pulses which are in turn converted to electrical energy by the
      photomultiplier tube of the detector 16. Conventionally, the threshold
      levels of the single channel analyzers 52 and 54 are adjusted in an effort
      to eliminate the naturally occurring gamma rays so that the output signals
      are indicative of hydrocarbons in the formation.
PAR  The output signal from the detector is amplified in the amplifier 18 and
      passed to the surface through logging cable 30. Additionally, the
      reference pulser 20, which may include a constant frequency oscillator
      omitted in the drawings in the interest of clarity, provides a series of
      constant amplitude output pulses to the amplifier 18 for transmission
      through the logging cable 30 to the surface. The signals transmitted to
      the surface are thus conventionally a casing collar depth signal and two
      intermixed pulse signals in which the signal from the reference pulser
      provides a reference and in which the amplitude and rate of the pulses
      from the detector reflect the hydrocarbon content of the formation under
      investigation.
PAR  With continued reference to FIG. 1, the intermixed series of pulses from
      the well tool 10 are sensed at the surface by the pick-off circuit 32
      which may receive both high and low voltage power from the single source
      shown in the drawings in the interest of clarity. The collar locator
      signal may be applied directly to the collar module 36 for recording on
      the strip chart recorder 38 in a conventional manner as a depth
      indication.
PAR  The intermixed pulse output signal from the pick-off circuit 32 may be
      differentiated in the amplifier 40 and applied through the automatic gain
      control circuit 42 and amplifier 44 to the base line restorer 46 to
      maintain the proper base line level. The output signal from the base line
      restorer is applied to the spectrum stabilizer 48 which discriminates to
      respond only to the reference pulses. The amplitude of these reference
      pulses is evaluated with respect to the original amplitude thereof and an
      appropriate adjustment made in the control signal applied to the automatic
      gain control circuit 42.
PAR  The base line restorer output signal may then be applied in a conventional
      manner to the single and multichannel analyzers 52, 54 and 60 in a
      conventional manner for display on the strip chart recorder 38 and
      oscilloscope 64.
PAR  Systems of the type illustrated in FIG. 1 hereof are described in pending
      application Ser. No. 181,910 "Pulsed Neutron Logging System with Gain
      Compensation" (D No. 72,490), filed Sept. 20, 1971, and the pending
      applications referenced therein, and application Ser. No. 192,883 "Well
      Logging System and Method Using an Armored Coaxial Cable and Compensation
      Circuit" (D No. 71,406-CI), filed Oct. 27, 1971, and application Ser. No.
      82,028 filed Oct. 19, 1970, by Hans J. Paap and Robert W. Pitts referenced
      therein. Said applications are all assigned to Texaco, Inc., and the
      disclosure thereof is hereby incorporated herein by reference.
PAR  With reference now to FIG. 2 where the subsurface additional apparatus of
      the present invention is illustrated, the power supply 24 of FIG. 1 may be
      utilized to supply operating power to the circuit by way of an input
      terminal 26. An additional conventional gamma ray detector 72 such as that
      earlier described in connection with FIG. 1 may be positioned to receive
      naturally occurring gamma rays from the formation. The detector 72 may be
      physically shielded from the radiation which results from bombardment of
      the formation by the source 14 so that the detector 72 is responsive only
      to the naturally occurring gamma radiation.
PAR  The output signal from the detector 72 may be applied to a discriminator
      and pulser circuit 74 which may include an amplifier 76, a Schmitt trigger
      circuit 78 and a monostable or one-shot multivibrator 80 connected in
      series. The true output terminal of the monostable multivibrator 80 may
      supply the output signal of the discriminator and pulser circuit 74 and
      this signal may be applied through conventional slip rings 82 to one input
      terminal of a two input terminal OR gate 84. The output terminal of the OR
      gate 84 may be connected to the input terminal 22 of the reference pulser
      20 of FIG. 1 and the other input terminal of the OR gate 84 may be
      connected to receive the output signal from an oscillator 86 utilized in
      lieu of the oscillator (not shown) in the reference pulser 20 of FIG. 1.
PAR  In operation, the circuit of FIG. 1 as modified to include the circuit of
      FIG. 2 performs as earlier described to provide to the cable 30 a first
      series of pulses related in amplitude to the radiation sensed by the
      detector 16. Naturally occurring gamma radiation is, however, additionally
      detected by the detector 72 of FIG. 2 and pulses related in pulse
      repetition rate thereto are applied through the OR gate 84 to the input
      terminal 22 of the reference pulser 20. Additional pulses are supplied
      through the OR gate 84 to the input terminal 22 of the reference pulser 20
      from the oscillator 86 at a predetermined constant frequency.
PAR  The frequency of the reference pulses supplied through the amplifier 18 and
      collar locator 28 to the cable 30 are thus a function of the output
      frequency of the oscillator 86 and the naturally occurring gamma radiation
      rather than the sole function of the oscillator within the reference
      pulser 20 of the prior art system. With the frequency of the output signal
      from the oscillator 86 set at about 100 Hz, the reference pulses will be
      provided at a repetition rate of from about 120 to about 350 pulses per
      second. The frequency of the output signal from the oscillator 86 is
      desirably selected to ensure at least a minimum acceptable number of
      constant amplitude reference pulses for the automatic gain control
      compensation function earlier described. This frequency is, because of the
      reasonable expectation of the number of additional pulses resulting from
      the detection of naturally occurring gamma rays from the formation,
      significantly reduced from the frequency of the oscillator conventionally
      utilized with the reference pulser 20 of the prior art system. In this
      manner the reference pulses provide not only the amplitude compensation
      information but also the additional information regarding the occurrence
      of natural gamma radiation in the formation.
PAR  With reference to FIG. 3 where the additional surface circuitry of the
      present invention is illustrated, the output terminal 50 of the spectrum
      stabilizer 48 of FIG. 1 may be directly connected to the positive input
      terminal of a suitable conventional algebraic summing or subtractor
      circuit to which a suitable conventional oscillator may be connected by
      way of the negative input terminal thereof. The output signal from the
      subtractor circuit 90 may be applied through a suitable conventional rate
      meter 92 to the input terminal 70 of the recorder 38.
PAR  In operation, the spectrum stabilizer 48 of FIG. 1 functions as earlier
      described to separate the constant amplitude reference pulses from the
      series of pulses representative of hydrocarbon content in the formation.
      The reference pulses are generally quite a bit larger in amplitude than
      the hydrocarbon responsive pulses and this discrimination may easily be
      accomplished on the basis of amplitude.
PAR  The reference pulses applied to the input terminal 50 of the circuit of
      FIG. 3 are reduced in number by the subtractor by the pulses occurring in
      the output signal from the oscillator 88. The frequency of the output
      signal from the oscillator 88 is desirably selected to be identical to
      that of the frequency of the output signal from the oscillator 86 of the
      circuit of FIG. 2 to thereby remove the effects of oscillator 86 on the
      number of reference pulses. Since the number of reference pulses was a
      function of the frequency of the output signal from the oscillator 86 and
      the occurrence of natural gamma rays from the formation, oscillator 86
      provides an offset which makes the frequency of the output signal from the
      subtractor 90 of FIG. 3 a sole function of the naturally occurring gamma
      radiation. This natural gamma radiation representative signal may be
      applied through the rate meter for recording on the recorder 38 of FIG. 1
      in depth correlation with the hydrocarbon data as earlier described.
PAC  ADVANTAGES AND SCOPE OF THE INVENTION
PAR  It will be apparent from the foregoing detailed description that the
      present invention effects the conversion of a single function logging tool
      to a dual function logging tool with a minimum of components and extremely
      simple circuitry. This conversion is accomplished by making the rate of
      amplitude reference pulses which are necessary for the operation of the
      single function tool a function of the second type of information. To
      ensure the operation of the single function tool in the absence of the
      second function, a minimum acceptable number of amplitude reference pulses
      are provided for subsequent removal by means of a simple offset circuit.
      Interference between the two sources of information may thus be minimized.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for simultaneously logging two well bore parameters comprising:
PA1  a logging tool adapted to traverse a well bore;
PA1  a first parameter detector carried by said tool for providing a first data
      signal in the form of variable amplitude, variable frequency pulses;
PA1  an oscillator carried by said tool for providing a series of constant
      amplitude reference pulses;
PA1  a second parameter detector carried by said tool for providing a second
      data signal in the form of variable frequency pulses equal in amplitude to
      said reference pulses;
PA1  cable means for transmitting said first and second data signals and said
      reference pulses to the surface as a combined signal;
PA1  means at the surface for modifying the amplitude of said combined signal
      responsively to the amplitude of said reference pulses and said second
      data signal;
PA1  means at the surface for separating said first data signal from said
      combined signal on the basis of amplitude;
PA1  means at the surface for recording said first data signal; and,
PA1  means at the surface for recording the number of pulses in said second data
      signal.
NUM  2.
PAR  2. The system of claim 1 wherein said means for recording the number of
      pulses in said second data signal includes:
PA1  means for providing an offset signal related in frequency to the frequency
      of said reference pulses; and,
PA1  means for algebraically combining said offset signal with said second data
      signal and said reference pulses.
NUM  3.
PAR  3. In a data transmission system wherein amplitude variable data pulses and
      predetermined amplitude reference pulses are transmitted over a common
      transmission link, the method of transmitting additional data over the
      same transmission link without interference comprising the steps of:
PA1  a. providing a minimum acceptable number of constant frequency pulses;
PA1  b. providing a series of pulses related in number to the additional data to
      be transmitted;
PA1  c. providing constant amplitude pulses related in number to the sum of the
      constant frequency pulses and the additional data related pulses;
PA1  d. transmitting over the transmission link both the amplitude variable data
      pulses and the constant amplitude reference pulses;
PA1  e. separating the transmitted reference pulses from the transmitted
      amplitude variable data pulses; and,
PA1  f. subtracting from the separated reference pulses a number of pulses
      related to the constant frequency pulses to thereby provide a series of
      pulses related in number to the additional data.
NUM  4.
PAR  4. A method of transmitting two data signals over a common line comprising
      the steps of:
PA1  a. providing a first data signal in the form of variable amplitude pulses;
PA1  b. providing a second data signal in the form of variable frequency pulses;
PA1  c. providing a constant amplitude reference signal having a frequency
      related to the sum of a predetermined constant frequency and the second
      data signal;
PA1  d. transmitting the reference signal and the first data signal over a
      common line;
PA1  e. separating the transmitted first data signal pulses from the transmitted
      reference pulses;
PA1  f. modifying the amplitude of the first data signal as a function of the
      amplitude of the transmitted reference pulses to thereby provide a first
      data output signal; and,
PA1  g. reducing the number of transmitted reference pulses by a number related
      to the predetermined constant frequency to thereby provide a second data
      output signal.
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ABST
PAL  A ground position indicator system for crop dusting and other operations
      requiring air-to-ground coordination which includes a transmitter located
      within an aircraft, or on the ground, a receiver positioned on the ground
      and fitted with an antenna for receiving signals from the transmitter, and
      a series of lights or other visual aids located on the ground in
      cooperation with the receiver. The lights or other visual aids are capable
      of being sequentially activated by the pilot in the aircraft or by an
      operator on the ground, and used to selectively locate specific areas on
      the ground which must be dusted, treated or otherwise located by the
      aircraft. The system permits sequential passes by the aircraft over
      selected portions of the ground upon which the lights or other visual aids
      are located in the crop dusting or alternative coordinating operation.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Aircraft initiated control systems for activating ground located visual aid
      devices known in the art have taken the form of apparatus for aircraft
      control of airport landing lights, as described in U.S. Pat. No. 3,121,857
      to Lester F. Lemm and Harry W. Beeson. This patent covers a radio system
      for selectively activating lights on landing fields by aircraft.
PAR  Systems for regulating specific areas of ground covered in air-to-ground
      operations by aircraft, such as crop dusting, are typified by the system
      disclosed on Page 4, Volume 2, No. 12, January, 1974 issue of The
      Transland Spread, a company newspaper published by Transland, Inc., of
      24511 Trampton Avenue, Harbor City, California. This system utilizes a
      radio controlled flag locator which is selectively positioned in a field
      to be treated, by means of a winch apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new and improved system for coordinating
      aircraft and selective areas on the ground, and more particularly, to a
      radio control system utilizing selectively and sequentially activated
      lights or other visual aids to control crop dusting operations. In a
      preferred embodiment of the invention, a radio transmitter is placed in an
      aircraft adapted for crop dusting, and a receiver equipped with an antenna
      is located on the ground with a series of lights or other visual aids
      located in selected positions in the field or area to be treated. The
      aircraft then makes a series of passes over the lights or alternative
      visual aids, and with each pass, causes one of the lights or visual aids
      to be activated by means of the transmitter, thereby precisely positioning
      the aircraft with respect to selected areas of the field.
PAR  2. Description of the Prior Art
PAR  Heretofore, air-to-ground operations such as crop dusting and simulated
      bombing or strafing runs have been achieved principally by means of
      flagging operations whereby the aircraft is guided in its passes over the
      field by a person standing in the field and signaling the desired path of
      flight with flags. Alternatively, visual aids such as signs are sometimes
      placed in strategic locations in the field to guide the pilot in
      successive passes over the field. In the case of crop dusting, the use of
      a flagman is a potentially hazardous operation since many of the chemicals
      utilized in the dusting operation are harmful to human beings and the
      aircraft must fly directly over the flagman at very low altitudes.
      Accordingly, the flagman must be clothed with a hood and protective
      clothing in order to minimize the amount of spray or poison which contacts
      the skin and must always be alert, since he is constantly in the flight
      path of the aircraft. Even under ideal circumstances where the flagman is
      properly clothed, periodic blood tests must be run in order to ascertain
      the level of toxic chemicals which the body has ingested as a result of
      the crop dusting operation, and the individual must be periodically
      removed from contact with the chemicals to insure his safety.
PAR  In the case of fixed signs of visual aids which guide the pilot on
      successive passes over the field, such signs are frequently difficult to
      read, and where large fields must be treated, it is frequently difficult
      to ascertain which sign was used by the pilot as the previous reference
      point in the dusting operation. This difficulty frequently results in
      excessive dusting of certain areas of the field and little or no dusting
      of other areas. Furthermore, the pilot's concentration on such a visual
      aid may cause him to lose control of the aircraft in a turn or other
      maneuver, thereby presenting a hazard to both pilot and aircraft.
PAR  Accordingly, an object of this invention is to provide an improved system
      for use in crop dusting and other air-to-ground operations where visual
      reference is necessary for coordination between an aircraft and specified
      areas of the ground, which system automatically guides the pilot through
      sequential passes over such specified areas.
PAR  Another object of this invention is to provide an improved crop dusting
      operation which permits uniform air-to-ground treatment of the field in
      question, including the dissemination of seeds and powdered and liquid
      chemicals.
PAR  Yet another object of this invention is to provide an improved system for
      guiding an aircraft over specified areas of a field in crop dusting
      operations, which includes the use of selectively energized lights or
      other visual aids activated by the aircraft in successive passes over the
      field.
PAR  A still further object of the invention is to provide an improved ground
      position indicator system for effecting uniform air-to-ground treatment of
      crops in crop dusting operations which includes activation of visual aids
      located on the ground to guide an aircraft in successive passes over the
      crops, which activation is initiated by a transmitter located in the
      aircraft or in a location on the ground at a safe distance from the field.
PAR  A still further object of the invention is to provide a ground position
      indicator system which is capable of being activated from an aircraft to
      selectively treat a field of crops from the air by effecting sequential
      and selective activation of a series of lights positioned in the field at
      selected intervals, thereby enabling the pilot to uniformly treat the
      field.
PAR  Yet another object of the invention is to provide a ground position
      indicator system for crop dusting which utilizes a portable visual aid
      arrangement capable of being located in substantially any area of a field
      for guiding an aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are provided in a ground position
      indicator system for coordinating air-to-ground operations such as crop
      dusting, which, in a preferred embodiment, includes the following:
PAR  1. A transmitter located in an aircraft or in the alternative, on the
      ground;
PA1  2. A receiver located on the ground and equipped with an antenna for
      receiving signals from the transmitter;
PAL  and
PAR  3. A system of lights or other visual aids in electrical cooperation with
      the receiver and adapted to be selectively and sequentially energized to
      guide the pilot in a uniform manner over the lights.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood in view of the following
      description presented with reference to the accompanying drawings.
PAR  FIG. 1 of the drawing is a perspective view illustrating an aircraft
      approaching a preferred ground position indicator system of the instant
      invention, the latter of which is positioned in a field to be treated by
      the aircraft; and
PAR  FIG. 2 is a block diagram generally showing the elements of the ground
      position indicator system which is preferably activated by the transmitter
      in the aircraft.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2 of the drawing, ground position indicator
      system 1 is illustrated, consisting of transmitter 2, located in aircraft
      3. Receiver 4, in cooperation with antenna 5, is adapted to receive
      transmissions from transmitter 2 to selectively and sequentially energize
      lights 6, which are positioned in cooperation with receiver 4 by means of
      electrical conduits 7. As illustrated in FIG. 2 of the drawing, power
      source 8, which is preferably a direct current source for ease of
      mobility, is located in the field for energizing receiver 4.
PAR  Referring to FIGS. 1 and 2 of the drawing, in operation of the ground
      position indicator system, an initial signal is transmitted by transmitter
      2 as aircraft 3 approaches the field to be treated. The signal is received
      by antenna 5 and interpreted by receiver mixer 9, which in turn activates
      a specified relay 10. Relay 10 then activates a multiple step switch 11
      which causes a selected light 6, to be illuminated. The first light to be
      illuminated by the initial transmission is generally a light located on an
      extreme end of the string of lights, since the treating operation normally
      begins at one edge of the field and proceeds to the other with successive
      passes of the aircraft. Aircraft 3 then continues its approach, and treats
      that area of the field located by the first light which is illuminated. On
      the return approach, the pilot again activates transmitter 2, which
      transmission is again received by antenna 5, relayed to receiver mixer 9,
      relay 10, and multiple step switch 11, respectively, the latter of which
      in turn automatically activates the second light in the series, causing it
      to illuminate. The pilot then aligns the aircraft with this light in his
      controlled pass, and treats that area of the field designated by the
      second light. This procedure is repeated with the pilot selectively
      activating the sequence of lights through successive passes across the
      field, until the entire field is treated in a uniform manner.
PAR  It will be appreciated that the series of lights or other visual aids may
      be portable, and therefore capable of being positioned in various areas of
      the field to be treated. Furthermore, the pilot is at liberty to begin his
      first pass at either end of the light string by simply activating his
      transmitter sequentially until the desired light or other visual aid is
      activated. Such flexibility in the system allows the pilot to either
      position the lights or selectively begin dusting so as to compensate for
      wind conditions and remain out of the area of lingering dust or spray from
      the preceding pass.
PAR  While the marking lights in the system may be placed as far apart as
      desired, it is preferred to locate the lights about fifty feet apart under
      circumstances where the ordinary, small, crop dusting aircraft is used in
      the treating operation. Furthermore, a direct current source may be
      permanently located in the field, or in the alternative, if alternating
      current is available, a converter can be utilized to supply direct current
      to the indicator system, since direct current power is preferred. The
      electrical conduits can be installed permanently underground and the
      receiver and related equipment in a suitable enclosure, if desired. In the
      alternative, the system can be entirely portable, as noted above, and can
      be transported from field to field as desired, in a truck or car, for use
      in different locations.
PAR  Under circumstances where the crops to be treated are located in a single
      field or several fields within a reasonably close proximity, a central
      transmitter station can be installed for activation of several position
      indicator systems in the field or fields; in the alternative, and under
      preferred conditions, the transmitter can be installed in the aircraft as
      heretofore noted.
PAR  While it is preferred to use white lights in the system to indicate
      successive areas of terrain to be treated, colored lights can be placed in
      the apparatus at predetermined points to indicate acreage covered by the
      aircraft, in order that the pilot may determine the rate of chemical use
      per area of the field covered. This procedure allows more efficient use of
      chemical treatment per acre of crop to be treated, and keeps reloading
      trips to the aircraft base at a minimum.
PAR  It will be appreciated by those skilled in the art that the aircraft
      transmitter utilized in this invention may be equipped with a single
      crystal or a number of crystals and an appropriate selector switch in
      order to activate the receiver system. If desired, a tone control may also
      be used with the crystal or combination of crystals in the transmitter to
      eliminate or at least minimize outside interference signals. The receiver
      may also be equipped with a sensitivity input signal control which may be
      adjusted to eliminate activation of the lights or other visual aids by
      stray external signals.
PAR  In operation, the receiver is turned to a particular pre-selected fixed
      frequency for a specific apparatus in a given field, which frequency is
      preferably 27 mc. Frequencies may be adjusted from band 1 to about band 23
      within this 27 mc range for operating the various systems by substituting
      crystals in the respective receivers. Accordingly, the aircraft pilot may
      activate any given light in a specified indicator system by setting his
      selector switch to a predetermined transmission frequency band, preferably
      within the 27 mc range, and pressing a transmitter activator button
      without the necessity of voice communication. While the 27 mc or "citizens
      band" frequency is preferred for use in this invention, other frequencies
      which may be assigned by the FCC may be used as desired.
PAR  It will be appreciated by those skilled in the art that many variations in
      the inventive concept are possible. For example, the transmitter might be
      located on the ground at a point sufficiently distant from the receiver to
      eliminate or at least minimize the hazard of the chemical being sprayed,
      and the lights activated by a person at this point rather then by the
      pilot in the airplane, as heretofore discussed. Furthermore, mechanically
      activated flags or other visual aids can be used, if desired, in place of
      the sequence of lights as illustrated in FIG. 1 of the drawing, and the
      system can be portable or permanently installed, as desired. Other
      modifications of the inventive concept will be apparent to those skilled
      in the art, and consequently, the invention is to be limited only by the
      appended claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ground position indicator system for air-to-ground coordination of an
      aircraft comprising:
PA1  a. A transmitter;
PA1  b. An antenna for receiving signals from said transmitter;
PA1  c. A ground located receiver carrying said antenna and adapted to interpret
      and execute said signals; and
PA1  d. A ground located system of lights in cooperation with said receiver and
      each selectively energized and sequentially activated by said signals to
      selectively guide said aircraft over said lights.
NUM  2.
PAR  2. The ground position indicator system of claim 1 wherein said transmitter
      is located in said aircraft.
NUM  3.
PAR  3. The ground position indicator system of claim 1 wherein said transmitter
      is located on the ground.
NUM  4.
PAR  4. The ground position indicator system of claim 1 wherein said lights are
      a first set of white lights for marking the paths of said aircraft and a
      second set of colored lights positioned for indicating acreage covered by
      said aircraft in said air-to-ground coordination.
NUM  5.
PAR  5. The ground position indicator system of claim 4 wherein said transmitter
      is located in said aircraft.
NUM  6.
PAR  6. The ground position indicator system of claim 5 wherein:
PA1  a. Said transmitter is located in said aircraft; and
PA1  b. Said lights are a first set of white lights for marking the paths of
      said aircraft and a second set of colored lights positioned for indicating
      acreage covered by said aircraft in said air-to-ground coordination.
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ABST
PAL  A pair of pressure transducers are connected to pressure probes positioned
      in a flow passage of a turbofan engine downstream of the fan and respond
      to pressure fluctuations which occur in the airstream. One transducer has
      a high response capability, and its output is passed through a band-pass
      filter to isolate the high frequencies of interest. The other transducer
      has a low response capability, and its output is passed through a low-pass
      filter to provide the steady state pressure level. A triggering level is
      scheduled as a function of the steady state pressure level, and a
      comparator is used to continuously compare the triggering level with the
      level of the high frequency pressure signal produced in the band-pass
      filter. If the amplitude of the high frequency pressure is greater than
      that of the triggering level, the engine is approaching a surge or stall
      condition, and a warning signal is generated which may be used to
      institute corrective action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to turbine engines, and particularly to a method and
      apparatus for sensing when the engine is operating near a surge or stall
      condition. The present invention senses the imminence of off idle stall
      and fan surge in the fan or compressor portion of the engine prior to a
      complete engine airflow breakdown. By anticipating or sensing the onset of
      surge, corrective action can be taken to avoid the actual stall or surge
      condition thereby prolonging engine life, preventing severely degraded
      engine performance and adding to the operational safety margin of aircraft
      utilizing turbine engines. Superior performance can also be realized from
      a turbine engine which, because of the protection afforded by the method
      and apparatus of this invention, may be operated at minimum surge margin.
PAR  The method and apparatus of this invention may also be applied
      advantageously to nonflight turbine engines and/or fan and compressor rig
      testing during which intentional surges must be induced to define and
      document the surge line. By identifying the point of surge imminence, yet
      avoiding the mechanical and/or aerodynamic loading imposed by the surge
      condition, much more data and longer hardware life can be realized.
PAR  2. Description of the Prior Art
PAR  The present invention is an improvement over the near surge indicator for
      turbine engines which is described and claimed in U.S. patent application
      Ser. No. 400,307 and entitled "Near Surge Indicator for Turbine Engines"
      filed Sept. 24, 1973, now U.S. Pat. No. 3,868,625, and assigned to the
      same assignee as the present application. In the prior application a pair
      of pressure sensitive transducers are connected to pressure probes
      positioned in an engine flow path such as the fan discharge path of a
      turbofan engine. One of the pressure transducers is a high response device
      sensitive to a frequency range such as 0 to 1,000 Hz. The output from the
      high response transducer is passed through a band-pass filter to isolate
      the frequencies of interest, approximately 10 to 250 Hz, and to attenuate
      the pressure oscillation frequencies outside this range. The other of the
      transducers is a low response device which responds only to low pressure
      frequencies. The output from the low response transducer is passed through
      a low-pass filter to attenuate all frequencies above about one-fourth Hz
      and pass therethrough only low frequencies equivalent to the steady state
      absolute pressure level. The ratio of the amplitudes of the high frequency
      pressure oscillations to the steady state signal is electronically
      computed in a ratio calculator and this ratio is continuously compared
      with a predetermined reference ratio in a comparator circuit. If the
      computed ratio is higher than the reference ratio, the imminence or
      existence of surge condition is signalled and corrective action may be
      taken or a warning signal may be produced.
PAR  The actual onset of surge may also be sensed as described in the
      above-identified patent application by passing through the high response
      transducer frequencies in the 10-90 Hz range and modifying the
      predetermined ratio accordingly.
PAR  The present invention is an improvement on the teachings of the
      above-identified patent application and utilizes the same basic principle
      that off idle stall and fan surge are preceded by an increase in high
      frequency pressure fluctuations in the airstream behind the fan. In the
      prior application the high frequency pressure fluctuations show a
      distinctive signature which can be used to warn of incipient surge and to
      automatically activate surge avoidance procedures.
PAR  In present-day turbine engines, the pressure levels that must be sensed
      range from 3 to 100 psi. It has been found that for best results with the
      near surge indicator described in the above-identified application, the
      useful signal range is from 3 to 20 psi. Typical pressure sensors
      presently available have an accuracy capability of plus or minus 2 percent
      of full scale so that even at the highest pressures which occur in the
      engine, the pressure can be sensed only to an accuracy of plus or minus 2
      psi. At very high altitudes, the pressure can be as low as 3 psi, and in
      this case the accuracy of the output from the pressure sensors is
      relatively poor. Furthermore, the apparatus described in the prior
      application requires the computation of a ratio of the amplitudes of the
      high frequency pressure oscillations to the steady state pressure, and the
      accuracy of this ratio computation is severely decreased at low pressures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the limitations of the prior art by
      removing the signal ratio calculation and producing in place thereof a
      trigger level as a function of the steady state pressure. The high
      frequency pressure fluctuations are compared with the trigger level, and
      high frequency pressure fluctuations which exceed the trigger level are
      indicative of the imminence of off idle stall or fan surge. This
      improvement allows more reliable operation at the low pressure levels
      associated with high altitude and part power conditions.
PAR  In accordance with a preferred embodiment of the present invention, a pair
      of pressure transducers are connected to pressure probes positioned in a
      flow passage of a turbofan engine downstream of the fan and respond to the
      pressure fluctuations which occur in the airstream. One transducer has a
      high response capability, and its output is passed through a band-pass
      filter to isolate the high frequencies of interest. The other transducer
      has a low response capability, and its output is passed through a low-pass
      filter to provide a steady state pressure level. The steady state pressure
      level is used to schedule a triggering level which is then compared with
      the high frequency signal produced in the band-pass filter. If the
      amplitude of the high frequency pressure signal is greater than that of
      the triggering level, the engine is approaching a surge or stall
      condition, and a warning signal may be generated which can act as an
      alarm, or which may be used to institute corrective action.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of a turbofan engine showing the installation of
      pressure sensitive transducers and their connection to the improved near
      surge indicating system.
PAR  FIG. 2 is a graph showing the triggering level generated in FIG. 1 as a
      function of steady state pressure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown in schematic form a portion of a typical axial
      flow turbofan engine 10. In turbofan engines, air is passed through the
      engine inlet into the fan stage 12 where the air is compressed by means of
      rotating fan blades and fixed stators. More than one fan stage 12 may be
      provided. A portion of the fan air is then passed into a multistage
      compressor 14 where further compression of the air takes place, this air
      being combusted and passed through turbines which drive the fan and
      compressor stages, and ultimately being passed through a nozzle resulting
      in forward propulsive thrust from the engine. Another portion of the
      compressed fan air is fed into a bypass duct 16 to create additional
      thrust from the engine, the fan air being exhausted separately or being
      remixed with the main airstream and then being exhausted through the
      nozzle.
PAR  A pair of pressure sensitive transducers are connected to pressure probes
      located so as to measure the pressure in the fan discharge flow path and
      to respond to both the variations in amplitude and frequency of the
      pressure of the air which passes through the fan stage 12. In FIG. 1 the
      pressure transducers are shown as pressure probes 18 and 20 connected
      respectively through pneumatic lines 22 and 24 to blocks labeled low
      response pressure sensor 26 and high response pressure sensor 28. Although
      schematically shown as located in the fan bypass duct 16, the pressure
      probes 18 and 20 may be positioned at any convenient location in the path
      of the fan discharge. The location of the pressure probes between the fan
      and the compressor stages is referred to as station 2.5, and the pressure
      signal produced at that point will be indicated as P.sub.2.5.
PAR  The pressure transducer shown as probe 20 and sensor 28 is preferably a
      high response transducer which will respond to a range of pressure
      frequencies such as 0 to 1,000 Hz and at least 0 to 100 Hz. The pressure
      transducer shown as probe 18 and sensor 26 is a low response transducer
      which responds to low pressure frequencies such as those under 10 Hz. It
      will be apparent that the two transducers 26 and 28 may be combined into a
      single transducer which has the desired response over the entire frequency
      range of interest, with the selected frequencies being provided by means
      of filters.
PAR  The signal from the high response pressure sensor shown as block 28 is fed
      through a signal conditioning amplifier, not shown, into a band-pass
      filter 30 and which passes therethrough only the pressure frequencies of
      interest, approximately between 10 and 250 Hz depending upon the precise
      fan aerodynamics. The pressure frequencies outside the range of interest
      are attentuated. The output from the band-pass filter 30, shown as
      .DELTA.P, is fed to an AC to DC converter 32 which converts the AC output
      signal from the pressure transducer 28 into a DC signal for subsequent
      use. The DC output from converter 32, which is proportional to the
      amplitude of the pressure signals in the frequency range passed through
      filter 30, is then passed through a gain normalization amplifier, not
      shown, and fed as one of the two inputs into a comparator 34.
PAR  The output from the low response pressure sensor shown as block 26 is also
      fed through an amplifier, not shown, into a low-pass filter 36 which may
      also contain a residual balance adjustment. The low-pass filter eliminates
      all frequency above, for example, 1 Hz, and preferably above one-fourth
      Hz. The output signal from low-pass filter 36 is essentially DC, and has
      an amplitude proportional to the absolute steady state pressure in the fan
      exhaust duct. The output from the low-pass filter 36 is then fed through a
      gain normalization amplifier, not shown, and then into a function
      generator 38 in which a reference trigger level signal .DELTA.P.sub.T is
      generated as a function of the absolute steady state pressure P.sub.2.5.
PAR  FIG. 2 shows a plot of the variation in the trigger level .DELTA.P.sub.T as
      a function of the absolute steady state pressure P.sub.2.5. The trigger
      level is shaped to eliminate inaccuracies which result in the operation of
      the near surge indicator at high altitudes, and under part power
      conditions. At the low pressures, under 5 psi, the trigger level
      .DELTA.P.sub.T is a constant which allows detection of high frequency
      pressure oscillations without being affected by the inaccuracy of the low
      frequency pressure sensor. In the mid-range, between approximately 5 and
      20 psi, .DELTA.P.sub.T is set as a constant times P.sub.2.5 which permits
      an equivalent .DELTA.P.sub.T /P.sub.2.5 to be effected. As illustrated in
      FIG. 2, the constant shown as representative is 0.4.
PAR  At the high pressure regions, typically above 20 psi, where pressure levels
      are generally beyond those of interest to the near surge indicator but
      within the levels that must be tolerated by the pressure transducers,
      .DELTA.P.sub.T is raised to a high level to avoid inadvertent detection of
      disturbances such as pressure spikes produced by thrust augmentation
      equipment typically used in turbofan engines.
PAR  The implementation of the curve shown in FIG. 2 within block 38 can be
      accomplished by well-known electronic circuitry available to those skilled
      in the art.
PAR  The output from function generator 38, .DELTA.P.sub.T is then fed as a
      second input to comparator 34. Comparator 34 compares the high response
      signal .DELTA.P with the trigger level signal .DELTA.P.sub.T, and if the
      high frequency signal .DELTA.P exceeds the trigger level .DELTA.P.sub.T,
      an output signal is produced from comparator 34. The output signal can be
      sent to an engine control requesting corrective action to prevent or
      alleviate surge, or the signal can be used to activate an alarm.
      Corrective action could include opening bleeds in the engine, opening the
      gas generator and/or fan bypass nozzles, decreasing fuel flow, or
      resetting variable fan and/or compressor stators. The alarm could include
      a light or buzzer, or a flag indicative of a control reset.
PAR  The advantage of the use of the trigger level as opposed to the ratio
      calculation is that operation is possible at low pressure levels where
      pressure sensors are characteristically inaccurate. Operation can also be
      inhibited above those pressure levels that are beyond the region of
      interest. Circuit implementation is simpler than that of the ratio
      calculation and also more noise free, thus resulting in improved accuracy.
PAR  By means of the present invention surge in a turbojet engine may be
      anticipated at a time much earlier than the prior art devices. By
      measuring the aerodynamic characteristics of the engine in the fan
      discharge portion, greater real time warning is available before actual
      engine surge occurs, thereby allowing more time for corrective action to
      be taken to avoid surge.
PAR  Although the invention has been described in its preferred embodiment for
      use in the fan discharge flow path of a turbofan engine, it is apparent
      that the concepts of the invention may be applied to a turbojet engine or
      to the compressor stage of a turbine engine where the pressure probes
      would be located in the compressor discharge flow path. The shape of the
      triggering signal would be modified accordingly, and the frequency range
      of the band-pass filter would be adjusted to pass those frequencies
      determined to be representative of the specific engine aerodynamics.
PAR  While the invention has been described in terms of electronic circuitry, it
      will be apparent that mechanical, fluidic or other components may be used,
      and that other changes may be made in the combination and arrangement of
      the surge indicator and its method of operation without departing from the
      scope of the invention as hereinafter claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. An indicator for a turbine engine comprising
PA1  pressure sensing means positioned in a flow path of said engine and
      producing signals which are a function of the gas pressure oscillations
      therein,
PA1  a band-pass filter connected to receive said signals and passing
      therethrough only the high frequency signal components characteristic of
      engine surge,
PA1  a low-pass filter also connected to receive said signals and passing
      therethrough only the low frequency signal components indicative of the
      steady state pressure,
PA1  means for producing from said low frequency signal components a triggering
      signal,
PA1  and comparator means for comparing said high frequency signal components
      with said triggering signal and producing an output signal when the
      amplitude of said high frequency signal components exceeds the amplitudes
      of said triggering signal.
NUM  2.
PAR  2. An indicator as in claim 1 in which said pressure sensing means
      comprises a first high response pressure transducer, and a second low
      response pressure transducer.
NUM  3.
PAR  3. An indicator as in claim 2 in which the signals produced by said first
      transducer are fed to said band-pass filter, and the signals produced by
      said second transducer are fed to said low-pass filter.
NUM  4.
PAR  4. An indicator as in claim 1 in which said band-pass filter is tuned to
      pass therethrough signal components in the approximate range of 10 Hz to
      250 Hz.
NUM  5.
PAR  5. An indicator as in claim 1 in which the low frequency signal components
      passed through said low-pass filter are below about 1 Hz.
NUM  6.
PAR  6. An indicator as in claim 1 in which said pressure sensing means is
      positioned in the fan duct airflow path of a turbofan engine.
NUM  7.
PAR  7. An indicator as in claim 1 in which said means for producing a
      triggering signal is a function generator.
NUM  8.
PAR  8. An indicator as in claim 7 in which said function generator produces a
      triggering signal which is constant at low amplitudes of said low
      frequency signal components, which increases linearly with intermediate
      amplitudes of said low frequency signal components, and which is a high
      constant value at high amplitudes of said low frequency signal components.
NUM  9.
PAR  9. A method for determining the imminence of surge in a turbojet engine
      comprising the steps of
PA1  producing signals indicative of the gas pressure oscillations which occur
      in a flow path of said engine,
PA1  modifying said gas pressure oscillation signals by removing therefrom the
      frequency components which are not characteristic of imminent engine
      surge,
PA1  developing from said gas pressure oscillation signals a steady state
      pressure signal,
PA1  producing from said steady state pressure signal a triggering signal,
PA1  and comparing said triggering signal with said modified gas pressure
      oscillation signals.
NUM  10.
PAR  10. A method as in claim 9 and including the step of generating an output
      signal indicative of the imminence of surge in said engine when said
      modified gas pressure oscillation signals exceed said triggering signal.
PATN
WKU  039355594
SRC  5
APN  4704843
APT  1
ART  234
APD  19740516
TTL  Transporter systems
ISD  19760127
NCL  8
ECL  1
EXA  Groody; James J.
EXP  Habecker; Thomas B.
NDR  2
NFG  3
INVT
NAM  Straffon; Alan E.
CTY  Carshalton
CNT  EN
INVT
NAM  King; James C.
CTY  Hemel Hempstead
CNT  EN
ASSG
NAM  Electronic Machine Control (Sales) Limited
CTY  Mitcham
CNT  EN
COD  03
ASSG
NAM  Dexion-Comino International Limited
CTY  Wembley
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730531
APN  25920/73
CLAS
OCL  340 32
XCL  180 96
XCL  343  7ED
EDF  2
ICL  G08G  100
FSC  340
FSS  32;33;34
FSC  180
FSS  98;96
FSC  343
FSS  5 PD;12 R;7 ED;908
UREF
PNO  2974304
ISD  19610300
NAM  Nordlund
OCL  340104
UREF
PNO  3095564
ISD  19630600
NAM  Cartwright
OCL  343 13
UREF
PNO  3235025
ISD  19660200
NAM  Quinn
OCL  180 82.1
UREF
PNO  3541555
ISD  19701100
NAM  Willie et al.
OCL  343720
UREF
PNO  3660811
ISD  19720500
NAM  Vail et al.
OCL  340 33
LREP
FRM  Pollock, Philpitt & Vande Sande
ABST
PAL  According to the invention, a car, for a transporter system, is provided,
      as means for detecting the close proximity of another car, with a device
      operated alternately as a signal transmitter and as a receiver and a
      plurality of plates at sides of the car, at least one plate, for example
      that of the leading side, being connected to the said device to serve as a
      receiving plate when the device is operating as a receiver and at least
      one plate being so connected to serve as a transmitting plate when the
      said device is operating as transmitter. Advantageously, switch means
      automatically changes over the connections of the plates to the said
      device in dependence upon the direction of travel. The output of the
      device when operating as a receiver may interrupt the driving of the car
      upon the detection of another car within a predetermined proximity.
BSUM
PAR  This invention concerns improvements relating to transporter systems for
      the movement of goods. In such systems, whether palletized or
      unpalletized, difficulties arise in connection with the achievement of
      regular spacing between transporter cars or trolleys when they are in
      motion and/or when they accumulate in a stationary queue. Difficulties are
      also encountered in relation to the avoidance of collisions between cars
      where two or more paths meet. The invention seeks to obviate such
      difficulties by simple effective means.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, this is to be achieved by means mounted on the
      cars and adapted for sensing from one car the presence of another car or
      cars either in front of it or to one side or the other and for causing the
      said one car to stop if it approaches within a predetermined distance of
      another, thus allowing the other car or cars to advance out of its path
      before it is itself set in motion again.
PAR  According to the invention, a car is provided with a transmitter-receiver
      device operated alternately as a transmitter or and as a receiver and a
      plurality of plates at different sides of the car, at least one plate
      being connected to the said device to serve as a receiving plate when the
      device is operating as a receiver and at least one plate to serve as a
      transmitting plate when the said device is operating as a transmitter. The
      transmission may be in the form of trains of pulses, with an equal
      mark/space ratio. In other words, the transmitter-receiver device is
      switched to transmit and receive oscillations of suitable frequency for
      equal periods. A suitable oscillation frequency is, for example 90 KHZ,
      while switching is at lower frequency, for example 300 Hertz.
PAR  Generally there will be four upright plates attached to the four sides of
      the car but electrically insulated therefrom. These plates are preferably
      so connected to the transmitter-receiver device that the plate at the
      leading side of the car when it is in motion is receiving when the said
      device is modulated to receive and the plates on the other three sides are
      transmitting when the device is modulated to transmit. However, the plate
      on the trailing side of the car may alternatively be the transmitting
      plate.
PAR  With such arrangement, when cars approach each other, a signal is passed
      from a transmitting plate of one to a receiving plate of the other
      substantially by capacitative coupling. The received signal may be
      utilised, for example, to cut off electric power-supply to a car motor, or
      in some other way to cause the car to stop, for instance with the
      assistance of braking. When the other car has moved away, so that the
      strength of the signal received by the stationary car has fallen below a
      predetermined level, the latter is set in motion again.
DRWD
PAR  One manner of carrying the invention into effect, by way of example, will
      now be more fully described with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is an underneath perspective view of a transporter car, one skirt
      section having been removed,
PAR  FIG. 2 a circuit diagram of a transmitter-receiver device and associated
      components, and
PAR  FIG. 3 a diagrammatic illustration of an arrangement for switching
      connections between the said device and transmitting and receiving plates
      on the car.
DETD
PAR  This embodiment of the invention will be described with reference to a
      transporter system such as is described and illustrated in the
      Specification of U.S. application Ser. No. 333,102, now Pat. No.
      3,845,718, to which the invention is advantageously applicable. FIG. 1
      illustrates a form of car described and claimed in that Specification. The
      car runs on four unflanged wheels 1 on pairs of rails which consist of
      flat steel plates secured to the floor and having upstanding flanges
      outside which respective wheels 1 travel. At junctions, the plates adjoin
      steel platforms also having upstanding flanges, but affording freedom to
      the wheels to perform steering movements.
PAR  The car comprises a frame 10 supporting an under plate 11 and an upper,
      load-carrying, plate 12. Substantially vertical skirt sections 13 are
      hingedly connected at their upper edges to the four sides of the frame 10.
      Each wheel 1 is mounted in a pillar 14 which is itself mounted on the
      plate 11 so that it can swivel about a vertical axis. Fast with the
      mountings 14 are sprocket wheels 15 coupled, by a chain 16, so that the
      wheels 1 will always turn together about the vertical axes. Primary
      guidance need be applied at one wheel 1 only and only one wheel need be
      driven. As illustrated, guidance and drive are provided at two diagonally
      opposite wheels, but they may be applied at one and the same wheel.
PAR  The driven wheel 1 is driven by a direct-current electric motor 18 supplied
      by way of slip rings from secondary batteries carried in a case 19. The
      motor 18 is supported by a bracket 21 from the pillar 14 and the drive is
      transmitted to the wheel 1 through reduction gearing and chain and
      sprocket gear 22.
PAR  Steering at junctions in the track is by electromechanical means. For
      example, two vertical solenoids 23a, 23b energisable by way of slip rings
      at 20 and housing plungers 24a, 24b are carried at the ends of arms 25
      extending one to each side from the pillar 14 for the primary-guidance
      wheel. Normally these arms 25 extend at right angles to the direction of
      travel, that is parallel to the leading edge of the car. The lower ends,
      furnished with rollers 26, of the plungers are engageable with small
      upstanding stops provided at corners of the above-mentioned junction
      platform. The location and nature of a stop will depend upon the function
      which it has to perform at the particular guidance point. A common case
      will be that of a junction at which a car may be required either to pass
      straight through or to be turned off at a right angle. The height of the
      stop is such that it will not be engaged by a plunger unless the latter
      has been brought to the lower of its two possible positions by the action
      of the solenoid. If it is in its upper position, it will simply pass over
      the stop and the car will continue in its original direction. If the
      plunger is in its lower position, however, it will be temporarily arrested
      by the stop, so that the arms 25 and wheel 1 will be turned, as the car
      progresses, through 90.degree.. All of the wheels 1 will be so turned and
      guided onto the rails of a track at right angles to the previous direction
      of travel, the arms 25 being then at right angles to the new direction.
      Guidance of each car is initiated by static devices on the track, for
      instance by energisation of D.C. solenoids there. For co-operation with
      these solenoids, selectively positioned reed switches 38 are suspended
      below the car.
PAR  Control circuitry, which is also supplied from the batteries referred to
      above, is enclosed within a housing 42 which may also enclose switchgear
      for the motor 18.
PAR  To avoid risk of damage or injury due to accidental encounter of a car with
      an object or person, each skirt section 13 is associated with a
      microswitch 43 supported upon the frame 10. Upon encounter of a skirt
      section with an obstruction, closure of the switch is arranged to
      de-energise the motor 18 and arrest the car until the obstruction is
      removed. In the event of failure of the proximity-sensing means to be
      described, the switches 43 will also provide for emergency sensing of
      other cars.
PAR  The above-described car and track arrangements are not in themselves the
      subject of the present invention. Fuller description thereof is to be
      found in the aforesaid U.S. Patent.
PAR  For the purposes of the invention, however, the four upright skirt plates
      13 are insulated from the frame 10 and utilised as signal-transmitting and
      receiving plates as hereinbefore described. To this end, they are
      connected to a low-powered transmitter-receiver device so operated as to
      transmit and receive alternately for equal periods. This device, in
      addition to the actual transmitter-receiver stage 44 shown in detail in
      FIG. 2 and designed to operate at 90 KHz, comprises an astable
      multivibrator switching circuit 45 operating at a lower frequency,
      suitably 300 Hertz, a two-stage diode-pump circuit 46 followed by a
      trigger stage 47, suitably of the Schmitt type with output 48, and a
      timing circuit 49 of resistance-capacity type. The transmitter-receiver
      circuit comprises NPN transistors T1 to T7, PNP transistors T8 and T9,
      Zener diode ZD, diodes D1, D2 and D3 which protect the box/emitter
      junctions of transistors T8, T5 and T6 respectively from breakdown should
      a condition of excessive reverse biassing occur, variable resistors RV1
      and RV2 and several resistors and capacitors to which reference will be
      made insofar as they are significant for an understanding of the invention
      and do not serve obvious purely conventional, roles. The circuit is
      connected at 50 to the plate 13 which is to serve as receiving plate and
      at 51 to the plates 13 which are to serve as transmitting plates. The
      multivibrator 45, which may be of conventional transistor type, has two
      outputs, at 52 and 53, connected to the bases of the transmistors T1 and
      T4 respectively. A branch 54 from the output at 52 is connected to the
      input of the timing circuit 49, whose output via 55 is connected to the
      base of the transistor T7. A tuned circuit consisting of inductance L and
      capacitors C1 is associated with the transistors T2 and T3. Capacitor C2
      and resistor R1 complete a feed-back circuit hereinafter referred to. The
      Zener diode ZD in conjunction with resistor R2 provides a stablised
      voltage to the collector of the transistor T3 through the inductance L.
PAR  In operation, the multivibrator 45 furnishes signals alternately at the
      outputs 52, 53 with a frequency of 300 KHz, whereby the
      transmitter-receiver circuit is switched at that frequency between
      transmitting and receiving conditions. For the former condition the
      transistor T4 is turned off by the multivibrator signal via 53, so that
      the transistor T8 is operative. Any received signals are blocked due to
      the transistor T1 being turned on. The feed-back circuit C2, R1 is
      operative and the circuit oscillates at 90 KHz, its output at the emitter
      of the transistor T8 being fed by way of resistor R3 and terminal 51 to
      the transmitting plates 13. In the receiving condition, in which the
      circuit serves as a tuned amplifier, the transistor T4 is on and T8 is
      inoperative. The transistor T1 is off and T2 is operative. The circuit no
      longer serves as oscillator, but is capable of receiving 90 KHz signals
      from the receiving plates 13 via terminal 50 and resistors R4. The signals
      are amplified and fed via transistor T5 to the resistor RV1 acting as a
      sensitivity-control potentiometer.
PAR  The multivibrator output whilst the circuit is in the transmitting
      condition passes via 54 through the timing circuit 49 and via 55 to the
      base of the transistor T7. The transistor T7 is switched on and blocks the
      diode-pump circuit 46. The timing circuit 49 is designed in known manner
      so that its output via 55 to the transistor T7 will instantly cut off the
      signal from the transmitting-receiving circuit 44 to the diode-pump
      circuit 46 when the multivibrator switches the former circuit to transmit.
      When the circuit 44 is switched to receive, however, the timing circuit
      will delay the signal to the diode-pump circuit sufficiently to allow
      self-oscillations to die, thereby preventing the last few cycles of the
      transmitting condition from furnishing a false signal to the circuit 46.
      In other words, a fast attack, slow release, characteristic is provided by
      the circuit 49.
PAR  If during operation, one car with the equipment described above comes in
      close proximity to another car similarly equipped, then, by capacitative
      coupling, the transmission from the transmitting plates of the said other
      car will be received by the receiving plate 13 of the said one car. A
      voltage signal with a frequency of 90 KHz within a 300 Hz envelope will
      apear, while the circuit 44 is in the receiving condition, at the slider
      56 of the resistor RV1. This signal, smoothed in the circuit 46, is passed
      to the trigger circuit 47. If the amplitude of the smoothed signal is
      above a predetermined value, corresponding to a predetermined proximity of
      the other car, say about 1 meter, the trigger circuit will be operated and
      will supply a "stop" signal at the output 48. As hereinafter explained,
      this signal can be utilised in various ways to stop the said one car.
PAR  By virtue of a back connection 57, the transistor T9 will be turned on when
      the stop signal is present and will impose a loading on the signal
      transmitted while the circuit 44 is in the transmitting condition. The
      transmitted signal will thereby be attenuated to an extent preset by the
      variable resistor RV2. Consequently the car-to-car distance at which the
      said tranmitted signal would produce an effective stop signal in the
      equipment of the other car will be decreased. This assists in preventing a
      possible stalemate situation between two cars approaching each other.
PAR  The stop signal at 48 may be utilised, possibly after further amplification
      and/or rectification, simply to actuate relay 18a or contactor means for
      cutting off the supply of power to the motor 18 or to cause the car to
      stop in some other manner, for instance with the assistance also of
      dynamic or rheostatic braking. For instance, a motor contactor may first
      be de-energised, causing a low resistance to be connected across the motor
      armature. After a brief delay, a field contactor is also de-energised. The
      car can then be brought to rest quickly to rheostatic braking. However,
      the signal at 48 may be supplied to a logic circuit which also takes
      account of other control instructions to be given automatically to each
      car, for instance "turn" instructions and other stop instructions such as
      signals from switches 43.
PAR  When the other car has moved away, so that the strength of the signal
      supplied to the trigger circuit 47 on the said one car falls below a
      predetermined level, the signal at 48 will cease and after a predetermined
      delay, obtained by a resistor-capacitor circuit, the motor 18 will be
      restarted and the car set in motion again. This delay will ensure adequate
      spacing between the moving cars. Such delay may also be made effective
      after removal of an obstruction following stoppings by the action of a
      switch 43.
PAR  If the leading car in a line of moving cars on a straight track is stopped,
      following cars will stop behind it with approximately equal distances
      between them. When the leading car moves again, the others will move in
      turn. If desired, time-delay provision may be made in the circuit of each
      car to ensure the maintenance of a longer such distance when the cars are
      moving than when they are stationary.
PAR  At a junction, a car will similarly receive a signal, causing it to stop,
      if another car is approaching the junction from a different direction or
      is stationary there. Particularly for this kind of encounter, it is
      advantageous that the transmitting power of the car which first detects a
      signal of predetermined strength from the other car is automatically
      attenuated, as described above, (by, say, about 50%), so as to preclude
      risk of both cars being stopped. If desired also the sensitivities of the
      transmitter-receiver circuits, or the relay-operating voltages, on
      different cars may be made slightly different. Finally, the switching
      frequencies of the several cars may differ slightly in order to avoid
      possible difficulties due to signal synchronisation.
PAR  If, as will generally be the case, the cars of a system turns corners in
      such a manner that a different side of a car becomes the leading side
      after a corner has been turned, the connections between the plates 13 and
      the transmitter-receiver circuit 44 should be switched so that the same
      relationship between the plates and the direction of motion is maintained.
      This switching can be effected by the means shown in FIG. 3. A series of
      two-position switches 58 associated with respective plates 13 are arranged
      to be actuated by a cam 59 fixed on the pillar 14 of one car wheel 1. An
      actuated switch, the switch 58a as shown, connects its plate 13 to the
      receiver terminal at 50. The unactuated switches connect their plates 13
      to the transmitting terminal at 51. If a car makes a turn through
      90.degree., the wheel 1 and cam 59 will also turn through 90.degree.. The
      switch 58a will move to its other position and the cam 59 will actuate
      another switch 58. In this manner, it can be ensured that, say, it is
      always the leading plate 13 that is connected to the receiver terminal at
      50.
PAR  If provision is made for reversal of direction of car travel, switching
      means may take similar account of such reversal.
CLMS
STM  We claim:
NUM  1.
PAR  1. Tracked transporter apparatus comprising,
PA1  a plurality of cars each having a plurality of wheels mounted to swivel
      about an upright axis,
PA1  a power unit drivingly connected to at least one of said wheels,
PA1  steering means operable for imparting swivelling movement to said wheels to
      cause the car selectively to follow a predetermined track course,
PA1  means for detecting the proximity, in any direction, of another car, said
      detecting means comprising an electronic transmitter and receiver means
      operated alternately as a transmitter and as a receiver,
PA1  a plurality of antenna plates, one at each side of the car,
PA1  and switching means being controlled by said steering means of the car for
      selectively connecting one of said plates to said receiver means to serve
      as a receiving plate, concurrent control means for connecting said
      receiver means to said antenna plate to serve as a receiver and said other
      plates being connected by said switching means to said transmitter means
      to serve as transmitting plates, and means controlling said transmitter
      and receiver means to operate alternately.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said plate at the leading
      side of the car with respect to the direction of travel is connected to
      serve as receiving plate.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein switch means responsive to
      change in direction of travel of the car changes over the connections of
      said plates of the transmitter and receiver means, whereby said plate at
      the leading side of the car with respect to the direction of travel is
      connected to serve as a receiving plate and the others as transmitting
      plates.
NUM  4.
PAR  4. The apparatus according to claim 1, wherein the transmitter and receiver
      means is controlled so as to operate alternately as transmitter and as
      receiver by a multivibrator means.
NUM  5.
PAR  5. Apparatus according to claim 4 which further includes timing delay means
      whose input is connected to said multivibrator means actuated by said
      delay circuit for gating the output signal from the receiver means.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said transmitter and receiver
      means has means for attenuating its transmitted signal, said attenuating
      means being actuated when said apparatus is receiving a signal whose
      strength exceeds a predetermined value.
NUM  7.
PAR  7. Apparatus according to claim 1 and provided with a self-contained source
      of power including an electric car-driving motor which is supplied by a
      battery disposed on the car.
NUM  8.
PAR  8. The apparatus according to claim 1 which further includes means for
      controlling said power unit, trigger means responsive to the output of
      said receiver means for actuating said power unit control means to
      de-energize said power unit when the output of said receiver means reaches
      a predetermined level corresponding to the presence of another car within
      a predetermined proximity.
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ABST
PAL  A light guard molded from an electrically non-conductive synthetic resin
      and including a reflector member and a cage member provided with
      integrally molded hinge and latch means for retaining the members in
      latched relation against significant unlatching forces to which the light
      guard is subjected during use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a guard for a light bulb, such as an
      incandescent light bulb comprising a source of illumination for a trouble
      light, building exit light, and the like. More particularly, the present
      invention relates to a light guard substantially molded of synthetic
      resin.
PAR  2. Description of the Prior Art
PAR  Light guards such as are normally provided for trouble lights, building
      exits, etc., have generally been fabricated of metal materials and usually
      included a reflector element to which a cage member was hingedly secured
      to permit access to light bulb socket for installation or replacement of a
      light bulb. In the case of a trouble light a hook is also secured to the
      reflector to permit hanging of the trouble light in use. Recognizing the
      dangers inherent in the use of a trouble light, or the like, fabricated of
      electrically conductive metal materials, lights such as trouble lights
      have been fabricated from electrically non-conductive synthetic resin.
      U.S. Pat. No. 3,119,568, issued Jan. 28, 1964, is directed to a trouble
      light guard molded of a plastic in a one-piece construction. The cage
      member of such a light is hingedly secured to the reflector element by an
      integrally molded resilient hinge means, oftentimes referred to as a
      living hinge and the reflector and cage secured against opening by a latch
      means including a dimensionally deformable locking tab. As seen in FIGS. 4
      and 6 the band portions 34 and 35 are provided with inwardly projecting
      axially extending ribs 33 to facilitate clamping of the light guard to
      light bulb socket support means, such as a trouble light handle for
      example, of various diameters and materials.
PAR  Although the prior art trouble light guards of molded synthetic resin are
      generally satisfactory for the purpose for which they were intended, it
      has been found that such guards are oftentimes not constructed so as to
      avoid dangerous displacement of the reflector relative to the cage whereby
      the cage becomes unlatched. Under such circumstances, there is a high risk
      of being burned by the hot lamp, or possibly exposing the lamp socket to
      inadvertent contact with a user's hand.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves problems previously existent in the prior art
      particularly with regard to light guards of molded synthetic resin, and
      specifically such guards of one-piece molded construction. The present
      invention provides a light guard, such as for an extension trouble light,
      building exit, or other installation requiring a caged reflector light, of
      molded electrically non-conductive synthetic resin and provided with cage
      and reflector hinge and latch means for securement thereof under severe
      use or impact.
PAR  Toward these ends, light guards constructed in accordance with the present
      invention include hinge and latch means constructed so as to resist
      unwanted unlatching in use.
PAR  Lights constructed in accordance with the present invention are also
      characterized by a minimum of electrically conductive elements since the
      lights are provided with a molded clamp that requires only self-tapping
      screws, not bolts and nuts, for securement of the light guard to a lamp
      base.
PAR  In addition, with respect to a trouble light guard constructed in
      accordance with the present invention, the guard is provided with a swivel
      hook to permit 360.degree. directional placement of the reflector
      regardless of the location of the means on which the trouble light guard
      is hung.
PAR  Other features and advantages of the invention will become apparent
      following the description considered in connection with the accompanying
      illustrative drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a molded trouble light guard comprising one
      embodiment of the present invention;
PAR  FIG. 2 is an enlarged side elevational view of the trouble light guard of
      FIG. 1;
PAR  FIG. 3 is a top plan view of the trouble light of FIG. 1;
PAR  FIG. 4 is a top plan view, similar to FIG. 3 showing the cage member in the
      open position;
PAR  FIG. 5 is a rear elevational view of the trouble light of FIG. 1;
PAR  FIG. 6 is a bottom plan view of the trouble light of FIG. 1;
PAR  FIG. 7 is an enlarged fragmentary sectional view of a swivel hook
      securement taken along lines 7--7 in FIG. 3;
PAR  FIG. 8 is an enlarged fragmentary interior elevational view of a portion of
      a latch means constructed in accordance with the present invention;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged fragmentary sectional view of a clamp means taken
      along lines 10--10 of FIG. 6; and
PAR  FIG. 11 is a perspective view of another embodiment of a light guard
      constructed in accordance with the present invention and shown in use as a
      light guard for a building exit light.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, the embodiment of the invention illustrated
      in FIGS. 1-10 comprises a trouble light guard indicated generally at 20
      such as conventionally secured to the upper portion of a lamp
      socket-handle assembly, not shown. The trouble light guard 20 comprises a
      reflector member indicated generally at 22 and a cage member indicated
      generally at 24. The reflector member 22 and the cage member 24, as well
      as substantially all elements of the light guard described hereinafter are
      separately molded of an electrically non-conductive synthetic resin
      material that has sufficient rigidity to withstand dimensional deformation
      under external forces normally encountered during use. It will be
      understood that the synthetic resin utilized to form the components of the
      light guard 20 is sufficiently heat deformation resistant so as to not be
      adversely effected by the heat and temperatures generated by a light bulb
      carried by a lamp socket-handle assembly to which the light guard is
      secured. In this regard, and merely for purposes of setting forth one of
      numerous suitable synthetic resins, heat resistant polypropylene has been
      found to be satisfactory for the molding of the components of light guards
      constructed in accordance with the present invention.
PAR  The reflector member 22 comprises a body 26, the main body of which is an
      imperforate semi-cylindrical portion defining a reflecting surface 28.
      Continuously joined to the semi-cylindrical portion of the body 26 is an
      upper semi-domed portion 30 and a lower semi-truncated frustro-conical
      portion 32 which terminates in a semi-circular band 34 integrally joined
      thereto which comprises a portion of a clamp means, indicated generally at
      36 for securing the light guard 20 to a lamp socket-handle assembly. The
      semi-domed portion 30 carries a swivel hook indicated generally at 38 to
      enable directional placement of the reflecting surface 28 about
      360.degree. of rotation regardless of the orientation of the swivel hook
      38 relative to the area to be illuminated. In this regard, as best seen in
      FIG. 7, the swivel hook 38 includes an arcuate body portion 40 and an
      elongated cylindrical shank 42 terminating in a hemispherical end portion
      44 with an annular groove 46. The domed portion 30 of the reflector member
      22 is provided with a generally circular aperture 48 sized so as to
      rotatably receive, and retain, the reduced diameter portion of the shank
      42 of the swivel hook 38. To facilitate rotatable engagement of the hook
      38 with the reflector 22, in view of the substantial rigidity of the
      trouble light guard, the aperture 48 includes a transverse slot 50 to
      render a localized portion of the dome 30 relatively more resilient so as
      to enable passage of the hemispherical end portion 44 through the aperture
      48 into the rotatably secured position as best seen in FIG. 7. The
      reflector body 26 has integrally molded therewith one portion of a hinge
      means indicated generally at 52 and a latch means indicated generally at
      54 integrally molded with the reflector body 26 and a generally
      peripherally extending and radially projecting flange 56 which means
      comprise significant aspects of light guards constructed in accordance
      with the present invention. A more detailed description of the hinge and
      latch means will be provided hereinafter.
PAR  The cage member 24 is shown comprising a plurality of arcuate-shaped
      transversely extending ribs 70 and a plurality of longitudinally extending
      ribs 72 that define an open grid which blocks very little light while
      providing protection for a light bulb operatively positioned within the
      light guard 20. The ribs 70 and 72, in addition to being integrally joined
      at the intersections thereof, are integrally joined to a radially
      projecting peripheral flange 74 generally complimentary to the flange 56
      of the reflector member 22. The top and bottom of the cage member 24
      terminate in domed and frustro-conical portions 58 and 60 respectively,
      that are complimentary to the portions 30 and 32 of the reflector member
      22. As best seen from FIG. 4 the clamp means 36 for securement of the
      light guard to a lamp base is entirely carried by the reflector member 22
      and the semi-circular band portion 34 has removably secured thereto a
      complimentary semi-circular band portion 35. In this regard the band
      portion 34 includes integral studs 27, which as best seen in FIG. 10 have
      a blind bore 39 sized to receive the shank of a self-tapping, self-locking
      metallic screw 41 which passes through suitable apertures in the band
      portion 35 and is threadably secured due to the self-tapping action. It
      will thus be seen that the aforedescribed construction minimizes the
      metallic components to just the screws 41. It will be appreciated, that if
      the added expense is not a factor, that within the scope of the
      construction illustrated, the bore 39 could be pre-threaded and a
      non-self-tapping screw of either metallic or non-metallic nature utilized.
PAR  Returning to a more detailed description of the hinge means 52 and the
      latch means 54 it will be seen best from FIGS. 1, 3, 4 and 5 that the
      hinge means 52 includes a socket member 53 integrally molded as a part of
      the cage member 24 and having a longitudinally extending C-shaped slot for
      the reception of a pintle 55 integral with and extending between end posts
      57 integrally molded with the reflector member 22. While the specific
      aforedescribed structure of the hinge means is illustrative it will be
      understood that the provision of a socket and pintle hinge is significant
      in that such construction permits relative rotation of the hinge socket
      about the axis of the pintle without permitting any significant lateral
      displacement of the socket and pintle as might effect premature unlatching
      of a latch means provided to maintain the reflector member 22 and cage
      member 24 in the latched position. Prior art hinge means, such as
      integrally molded with both the reflector and cage members can allow
      lateral displacement of the reflector and cage members with the attendant
      dangerous unlatching of the reflector and cage members.
PAR  The latch means 54 as best seen from FIGS. 3, 4, 8 and 9 includes a latch
      member indicated generally at 59 comprising an L-shaped member integrally
      molded with the peripheral flange 56 of the reflector member 22 and
      configured so as to engage the flange 74 of the cage member 24. In the
      embodiment 20 shown, one of the ribs 70 may comprise an element of the
      latch means in that, as seen best in FIGS. 1 and 8 the latch member 59 is
      provided with a slot extending between the points indicated generally as
      61. Thus, the wall portions of the latch member 59 that define the limits
      of the slot between points 61 provide a portion of a detent means to limit
      the upward and downward movement of the rib 70 and thus assist in limiting
      unlatching displacement of the reflector and cage member 22 and 24. The
      latch means 54 further includes as significant structure to minimize
      premature unlatching of the reflector and cage members, another detent
      means indicated generally at 63 to maintain the flange 74 of the cage
      member 24 within the latch member 59 despite significant radial inward
      forces applied to the cage member 24. In this regard, as best seen in
      FIGS. 8 and 9 the inner wall of the reflector body 26 at points spaced
      upwardly and downwardly from the latch 59 is provided with upstanding cage
      displacement detent pins 63 that extend sufficiently into the interior of
      the cage member 24 so as to coact with latch member 59 securely engage the
      flange 74 in the latched position. It will be seen that to latch the cage
      24 relative to the reflector 24 the cage is pivoted about the hinge pintle
      axis and the flange 74 snapped into the slot defined by the latch member
      59, flange 56 and pins 63 by virtue of the flange 74 riding over a
      chamfered surface 65 of the latch member 59 and urging the latch member
      away from the pins 63 whereupon the flange snaps securely into the
      position seen best in FIG. 9. It will be understood that the
      aforedescribed coaction of the elements of the latch means does not
      require dimensional deformation of the elements to latch and unlatch but
      rather requires relative displacement of the elements. Furthermore, in the
      absence of a chamfered edge for the latched flange 74 to act upon,
      premature unlatching of the cage is minimized. Considerable manual force
      is required to unlatch the cage by outward radial displacement of the
      latch member 59 to allow the flange 74 to clear the latch member 59.
PAR  Turning again to FIG. 7, it will be seen that the swivel hook 38 is
      provided with means for selectively rotatably positioning the hook
      relative to the reflector member 22. Toward this end, the reduced diameter
      portion of the shank 42 is provided with a plurality of ribs 43 that coact
      with the walls of the slot 50. The ribs 43 are sized, and positioned so
      that they releasably snap into the slot 50 at predetermined degrees of
      rotation so that in use the reflector 22 may be generally nonrotatably
      positioned relative to whatever supports the hook 38.
PAR  Turning briefly to the embodiment of FIG. 11 where like elements are
      identified by the addition of 100 to the elements of embodiment 20, it
      will be appreciated that the light guard indicated generally at 120
      therein comprises a guard for a building exit light and that the elements
      of the light guard, with the exception of the elimination of the swivel
      hook and the aperture 48 in the domed portion 130 thereof, are
      substantially identical to the elements comprising the embodiment 20, In
      FIG. 11 the light guard 120 is shown clamped to the clamp means 136, to an
      electrical service box 137 secured to the building wall.
PAR  It will thus be appreciated that light guards constructed in accordance
      with the present invention are suitable for numerous applications in
      addition to the applications illustrated. In addition, the circumferential
      extent of the reflector portion relative to the circumferential extent of
      the cage portion is merely for purposes of illustration and could, for
      example, comprise only cage members and no reflector member without
      departing from the spirit and scope of the inventive concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. A light guard molded of a plastic material and comprising generally
      complimentary first and second body portions forming a generally
      cylindrical guard having a generally closed top end and a generally open
      bottom end, said generally open bottom end including clamp means for
      removably fixing the light guard to a light bulb socket support means,
      generally at least one of said body portions comprising a cage member,
      fixed axis hinge means for hingedly securing said first and second body
      portions, positive latch means for normally maintaining said first and
      second body portions in closed relation, and said latch means including
      detent means for resisting radially inward and axial unlatching
      deformation of said first body portion relative to said second body
      portion, said detent means including an axially extending slot of
      generally C-shaped cross section for reception of a portion of one of said
      first and second body portions.
NUM  2.
PAR  2. The light guard of claim 1 wherein said hinge means comprises a socket
      and pintle hinge.
NUM  3.
PAR  3. The light guard of claim 1 wherein one of said body portions comprises a
      reflector.
NUM  4.
PAR  4. The light guard of claim 1 wherein said detent means includes detent
      members fixed to one of said first and second body portions for
      maintaining the other of said first and second body portions in latched
      relation to a latch member comprising an element of said latching means.
NUM  5.
PAR  5. The light guard of claim 1 including a hook rotatably secured to one of
      said first and second body portions.
NUM  6.
PAR  6. The light guard of claim 5 including means for selectively rotatably
      positioning said hook relative to said one of said first and second body
      portions.
NUM  7.
PAR  7. The light guard of claim 1 wherein said clamp means comprises a first
      generally semicircular band integrally formed with one of said first and
      second body portions, a second generally semicircular band, and fastener
      means for removable securement of said first and second bands.
NUM  8.
PAR  8. The light guard of claim 7 wherein said fastener means comprises at
      least one self-tapping threaded fastener passing through at least one
      aperture provided in one of said band portions, and the other of said band
      portions being provided with at least one integral stud having a bore
      sized to permit threaded securement of said at least one threaded
      fasteners to said at least one stud.
NUM  9.
PAR  9. The light guard of claim 7 wherein at least one of said first and second
      generally semicircular bands is provided with means for adapting said
      clamp means for securement about support means of various diameters and
      materials.
NUM  10.
PAR  10. The combination of claim 1 wherein said light guard is a trouble light
      guard adapted for securement to a light socket-handle assembly.
NUM  11.
PAR  11. The combination of claim 1 wherein said light guard comprises a light
      guard for light socket fixed to a structural installation.
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ABST
PAL  A signal lamp configuration for directing high speed traffic and a solid
      state sequencer for selectively energizing the same are described. The
      signal lamp configuration includes a pair of arrows inclined in opposite
      directions and having intersecting tail portions. The arrows are
      sequentially energized by the solid state sequencer from tail to head to
      direct traffic around a hazardous condition on a roadway. The arrows may
      also be flashed ON and OFF simultaneously if desired.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of copending application Ser. No. 271,494
      filed July 13, 1972 now U.S. Pat. No. 3883846 and assigned to the same
      assignee as the present invention.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to a signal lamp configuration and solid
      state sequencer therefor for directing high speed traffic around a
      hazardous condition on a roadway.
PAC  DESCRIPTION OF PRIOR ART
PAR  Signal lamp configurations known heretofore for directing high speed
      traffic either to the right or left of a hazardous condition include arrow
      means which point at right angles to the direction of the oncoming
      traffic. Therefore, signal arrows of this type tend to instruct a motorist
      that either a right or left, right angle turn, is required. This is
      misleading and can of course be quite startling to an oncoming motorist
      traveling at a high rate of speed. Arrow configurations of this type are
      disclosed in U.S. Pat. Nos. 1,580,118 to Cross; 3,479,641 to Summers; and
      3,622,980 to Elledge.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, it is an object of the present invention to provide a signal
      lamp configuration for directing high speed traffic which accurately
      indicates that a gradual rather than an abrupt change of lanes is
      necessary.
PAR  It is a further object of the present invention to provide a signal lamp
      configuration which will warn an oncoming motorist of forthcoming danger
      without startling the motorist.
PAR  The objects of the present invention are fulfilled by providing a signal
      lamp configuration consisting of two arrows inclined in opposite
      directions and having intersecting tail portions of the shanks thereof.
      The tail portions and shanks of the respective arrows define a curved path
      of signal lights which may be sequenced from the tail to the head of the
      arrow. This curved and inclined path of sequentially energized lights
      functions to instruct an oncoming motorist that a gradual change of lanes
      is desirable.
PAR  A solid state sequencer is provided for sequencing the pass right and/or
      the pass left arrow from tail to head.
PAR  The objects of the present invention and the attendant advantages thereof
      will become more readily apparent with reference to the following detailed
      description of the drawing.
PAR  Referring in detail to the drawing there is illustrated a traffic direction
      signal light configuration generally indicated 10. All of the signal lamps
      are connected to positive power line L1. The signal light configuration 10
      may be mounted on a sign panel of the type generally described in
      copending application Ser. No. 271,494 filed July 13, 1972 of which this
      application is a continuation-in-part.
PAR  The pass left arrow includes groups of signal lamps defining a tail portion
      consisting of lamps RD, B; a shank portion consisting of lamps LS; and an
      arrowhead portion consisting of signal lamps LA.
PAR  The pass right arrow includes groups of signal lamps defining a tail
      portion consisting of signal lamps LD, B; a shank portion consisting of
      signal lamps RS; and an arrowhead portion consisting of signal lamps RA.
PAR  All signal lamps in a preferred embodiment are of the high intensity type
      having very narrow lateral and vertical beam spreads such as types which
      are well known in the traffic direction control art.
PAR  As illustrated in the drawing the tail portions of the pass left and pass
      right arrows cross or intersect each other and extend along the bottom of
      the sign panel. This feature coupled with the angle at which the
      respective shanks and arrowheads are disposed functions to instruct an
      oncoming motorist that a gradual rather than abrupt change of lanes is
      necessary.
PAR  The mode of energization of the signal lamp configuration 10 is controlled
      by mode selector switches generally designated MS and a solid state
      sequencing circuit to be more fully described hereinafter.
PAR  Mode selector switch MS includes two banks of switches, SL for selectively
      energizing the pass left arrow, and switch SR for selectively energizing
      the pass right arrow. Switch SL is provided with terminals TB, TLD, TLS,
      and TLA and corresponding switch arms for selectively connecting lamp
      groups B, LD, LS, and LA, respectively, in circuit with the power supply
      and the solid state sequencer as the switch arms are closed. In a like
      manner switch SR is provided with terminals TB, TRD, TRS, and TRA for
      selectively connecting lamp groups B, RD, RS, and RA, respectively, in
      circuit with the power supply and the solid state sequencer as the switch
      arms are closed. The exact mode of energization of the signal lamps will
      be more fully described hereinafter.
PAR  The solid state sequencer of the present invention consists of a D.C. power
      supply connected across lines L1, L2; a main power switch PS; a timing
      control oscillator; and a plurality of solid state switching devices
      connected in circuit with predetermined terminals of switches SL and SR.
      The switching cycle of the solid state switching devices is initiated and
      terminated by the timing control oscillator.
PAR  The timing control oscillator comprises transistors Q1, Q2, Q3; timing
      capacitor C5; and a plurality of resistors R1, R2, R3, R4, R6, R7, R8, and
      R14. Transistor Q1 and Q3 are rendered alternately conductive and control
      the initiation and termination of a sequencing cycle, respectively. The
      duration of the sequencing cycle is controlled in part by timing capacitor
      C5.
PAR  The transistors Q1, Q2, Q3 of the oscillator assume the following states of
      conduction as main power switch PS is closed; PNP transistor Q1 is
      immediately turned ON due to the positive potential on its emitter from
      line L1 and the negative potential on its collector applied from line L2
      through resistor R4; NPN transistor Q2 is biased in an OFF condition due
      to an insufficient positive bias on its base; and PNP transistor Q3 is
      biased OFF due to a positive bias on its base applied from the collector
      of Q1 through resistor R7.
PAR  Also as power switch PS is closed indicator lamp 12 is energized and
      capacitor C5 begins to charge in the polarity shown from line L1 through
      resistors R9, R2, R14 and R1. When the charge on capacitor C5 reaches a
      predetermined value after a predetermined time regulated by the RC time
      constant of R9, R2, R14, R1 and C5, the base of NPN transistor Q2 becomes
      forward biased and transitor Q2 begins to conduct permitting capacitor C5
      to discharge therethrough to negative line L2. The conductive or ON state
      of Q2 turns Q1 OFF. With Q1 OFF its base becomes negative and current
      begins to flow out of the base of transistor Q3 thus turning Q3 ON. The ON
      condition of transistor Q3 turns On SCR3 to terminate the sequencing cycle
      of the signal lamps in a manner to be described more fully hereinafter.
PAR  The solid state switching circuit of the present invention includes three
      silicon controlled rectifiers SCR1, SCR2, SCR3 and two triacs TR1, TR2.
      SCR1 when conducting completes a circuit through mode selector MS to
      facilitate the energization of a selected tail portion of the pass right
      or left arrows as selected. Triac TR1 when conducting completes a circuit
      through mode selector MS to facilitate the energization of a selected
      shank portion of the pass right or left arrows. SCR2 when conducting
      completes a circuit through mode selector switch MS to facilitate the
      energization of a selected arrowhead of the pass right or left arrows.
PAR  Silicon controlled rectifier SCR1 has its anode connected along line 14 to
      mode selector switch MS and along line 16 to the cathode of diode D1. The
      cathode of SCR1 is connected directly to the negative power line L2. The
      gate electrode of SCR1 is connected by line 18 through a commutating
      capacitor C6 and resistor R3 to collector of transistor Q1 in the timing
      control oscillator. Accordingly, when transistor Q1 is turned ON a
      positive pulse from the collector thereof is transmitted along line 18 to
      gate SCR1 ON and energize a selected tail portion of signal lamps i.e.
      lamps B, LD and/or B, RD. Thus as power switch PS is closed and transistor
      Q1 conducts the pass right and/or pass left arrows begin to sequence from
      tail to head.
PAR  Triac TR1 has one main terminal connected to the anode of SCR1 by line 20
      and another main terminal connected through line 22 to mode selector
      switch MS. The gate terminal of TR1 is connected through an RC timing
      circuit, including resistor 12 and capacitor C3. As SCR1 is turned ON,
      capacitor C3 begins to charge. When the charge on capacitor C3 reaches a
      predetermined time, TRIAC TR1 will be turned on. Thus a selected group of
      signal lights LS or RS comprising the shanks of the pass right or left
      arrows will be energized a predetermined time following energization of
      the tail portions, the time delay being determined by the RC time constant
      of resistor R12 and capacitor C3.
PAR  Silicon controlled rectifier SCR2 has its cathode connected through diode
      D1 and line 16 to the anode of SCR1 and its anode connected via line 24 to
      mode selector switch MS. The gate electrode of SCR2 is connected to main
      terminal of triac TR2 through resistor R15 and commutating capacitor C4.
      Thus SCR2 is turned ON when triac TR2 is rendered conductive.
PAR  Triac TR2 has the other main terminal thereof coupled to one side of
      capacitors C2 and C3 and its gate electrode coupled to a second RC
      time-delay circuit comprising resistor R10 and capacitor C2. Capacitor C2
      begins to charge when SCR1 is turned on and when it charges to a
      predetermined value triac TR2 is gated ON which renders SCR2 conductive to
      selectively energize signal lamps LA or RA comprising the heads of the
      respective arrows. The RC time constant for capacitor C2 is chosen to be
      longer than that of C3 so that the arrowhead portions of the signal lamps
      are sequenced on a predetermined period of time after the shank portions.
PAR  Thus the signal arrows are sequenced from tail to head as SCR1, TR1, and
      SCR2 are rendered conductive. For example, if the pass right arrow is
      selected by mode selector MS the pass right arrow will be energized as
      follows. First lamps B, LD will be energized as SCR1 is turned on. Then
      after a time delay determined by the time constant of R12, C3 lamps RS
      will be energized, as TR1 is triggered into conduction. Then after a
      second time delay determined by the time constant of R10, C2 lamps RA will
      be energized, thus completing the energization cycle of the pass right
      arrow. At this point all signal lamps of the pass right arrow will be
      energized.
PAR  Shortly after a complete sequencing cycle is effected transistor Q3 of the
      timing control oscillator will be turned on as described hereinbefore.
      Since the collector of Q3 is coupled to the gate electrode of SCR3, SCR3
      will be turned ON at this time.
PAR  A resistor R14 and a capacitor C1 are coupled to the anode of SCR3.
      Capacitor C1 begins to charge as SCR1 becomes conductive at the beginning
      of a sequencing cycle. At the time when SCR3 is triggered into conduction
      capacitor C1 is fully charged tending to hold SCR1 ON. However, when SCR3
      conducts capacitor C1 tends to clamp the anode of SCR1 to negative line L2
      thus turning OFF SCR1, TR1, SCR2, and all signal lamps connected thereto.
      Accordingly, a pulse from transistor Q3 of the timing oscillator
      terminates the sequencing cycle and prepares the solid state switches
      including SCR1 for the next succeeding cycle of operation.
PAR  In one mode of operation mode selector MS is actuated to enable the
      sequencing of both arrows simultaneously. This type of signal can be very
      helpful in directing traffic around both sides of a hazardous condition.
      In this mode lamps LD and RD may or may not be energized as desired. For
      example, if it is not desired to energize lamps LD, RD the corresponding
      switch arms are not connected to terminals TLD, TRD.
PAR  Of course in the preferred mode of operation either the pass right or pass
      left arrow is sequenced in accordance with the switch positions of mode
      selector MS.
PAR  In all of the sequencing modes switch SF in circuit with capacitors C2, C3
      remains closed.
PAR  In still another mode of operation, a simple flash mode, either the right
      or left arrows or both may be flashed ON and OFF simultaneously. In this
      mode switch SF is opened as shown to remove the time delay circuits
      including capacitors C2, C3 from the sequencing circuit. As a result
      triacs TR1, TR2 and SCR2 turn on simultaneously with SCR1 from a pulse at
      the collector of Q1 and turn OFF simultaneously as SCR3 is forward biased
      by a pulse from transistor Q3. Accordingly, all of the selected signal
      lights will flash ON and OFF simultaneously at a rate determined by
      copacitor C5 of the timing control oscillator.
PAR  For example, if it is desired to flash the lamp groups of the pass right
      arrow ON and OFF simultaneously in a simple flash mode, the switches to
      terminals TLD, TB, TRS, and TRA are all closed and switch SF is opened.
      This will cause lamp groups LD, B, RS, and RA to flash ON and OFF
      simultaneously.
PAR  The pass left arrow or both arrows can be flashed ON and OFF simultaneously
      by a proper selection of switches in mode selector MS in a like manner.
PAR  The sequencing circuit of the present invention may be modified as would
      occur to one of ordinary skill in the art without departing from the
      spirit and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Circuit means for sequentially energizing a plurality of signal lights
      in an arrow configuration from the tail of said arrow toward the head
      thereof comprising:
PA1  timing oscillator means generating a first timing pulse for initiating a
      sequencing cycle and generating a second timing pulse for terminating said
      sequencing cycle;
PA1  a first silicon controlled rectifier means for energizing signal lamp means
      at the tail portion of the shank of said arrow in response to being
      triggered into conduction by said first timing pulse from said oscillator
      means;
PA1  a first triac means for energizing signal lamp means of the remaining
      portion of the shank as said triac is triggered into conduction a
      predetermined time after said first silicon controlled rectifier;
PA1  a second silicon controlled rectifier means for energizing signal lamp
      means defining the arrowhead of said arrow when said second silicon
      controlled rectifier is triggered into conduction a predetermined time
      after said first triac is rendered conductive; and
PA1  a third silicon controlled rectifier means which is rendered conductive in
      response to said second timing pulse from said oscillator to thereby turn
      OFF said first silicon controlled rectifier, said first triac, and said
      second silicon controlled rectifier to deenergize all of the signal lamps
      and terminate the sequencing cycle.
NUM  2.
PAR  2. The circuit means of claim 1 wherein there is further provided second
      triac means having a gate electrode coupled through a time delay circuit
      to the anode of said first silicon controlled rectifier and a main
      terminal coupled to the gate electrode of said second silicon controlled
      rectifier, whereby said triac triggers said second silicon controlled
      rectifier into conduction a predetermined time after said first silicon
      controlled rectifier is rendered conductive.
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ABST
PAL  Method and apparatus for pattern recognition, and especially biological
      sample analysis, by optical scanning of a pattern to derive a waveform
      which is processed to provide data values defining the scanned pattern in
      terms of functions of the frequency of occurrence of elemental areas
      having various optical remissivities (transparencies or reflectances).
      Devices for deriving and recording data values in both digital and analog
      form are disclosed.
BSUM
PAR  My invention relates to pattern recognition method and apparatus, and in
      some respects is an improvement of the method and apparatus shown in U.S.
      Pat. No. 3,705,383 issued Dec. 5, 1972 to William W. Frayer, the
      disclosure of which should be referred to for background useful for a
      fuller understanding of the present invention. The disclosed Frayer
      invention contemplates deriving a group of data values characteristic of a
      pattern (e.g. a leukocyte or other biological sample) by optically
      scanning the pattern to derive a waveform which varies in accordance with
      the light remissivity (transparence or reflectance) of the elemental area
      of the pattern being scanned at a given instant, and routing signals to
      different accumulator devices while the amplitude of the waveform lies
      within respective amplitude ranges, thereby to provide a group of data
      values comprising points on a histogram characteristic of the scanned
      pattern. Each data value represents the total area within the scanning
      field having a light-remissivity falling within a given range of
      light-remissivities.
PAR  The present invention also contemplates optically scanning a pattern to
      derive a waveform which varies in accordance with the light remissivity of
      the elemental area of the pattern being scanned at a given instant, and
      also contemplates routing signals to different accumulator devices
      eventually to provide a set of data values characteristic of the scanned
      pattern, but the manner in which the signals are stored in the
      accumulators, and the nature of the eventual output data values, differ
      from the techniques disclosed by Frayer. In the present invention one or
      several of the data values may, like the prior system, represent the total
      area within the scanning field falling within a given range of
      light-remissivities, but the other data values preferably represent
      functions of combinations of the areas within the field falling within
      plural ranges of light remissivities, such as, for example, the difference
      between the area of the field falling within a first range and the area
      falling within a second range.
PAR  A principal use of such pattern analysis methods and apparatus is to
      provide data values which may be processed in a variety of ways to
      identify, classify, or otherwise analyze a given pattern, and in most
      applications the data values provided may best be processed by a digital
      computer. While the methods and apparatus disclosed in the mentioned prior
      art patent contemplate the accumulation of count values each representing
      the area of the scanned pattern which has a particular light remissivity,
      it is important to note in connection with the present invention that
      computer analysis leading to the same conclusions as those contemplated by
      Frayer may be accomplished using other count values. For example, rather
      than deriving count values each representing the pattern area having a
      given light remissivity in absolute terms, one may characterize the
      scanned pattern by deriving count values which represent areas of given
      light remissivity in relative or incremental terms. While the Frayer
      method contemplates a separate accumulation of pulse counts for each
      respective range of lightremissive levels, the present invention, on the
      other hand, contemplates the accumulation of pulse counts resulting from
      the scanning of plural or combined different ranges of light-remissive
      levels. From the data values thus provided by the method and apparatus of
      the present invention, the computer can readily provide the same data
      values as those provided by the Frayer method should any of those data
      values be desired, and, indeed, the present invention initially provides
      certain useful data values which can be obtained only after further
      computer processing of the data values provided using the Frayer method.
      Thus it is a primary object of the present invention to provide improved
      pattern analysis method and apparatus wherein signals representing
      combinations of scanned pattern areas falling into different ranges of
      light remissivity are accumulated to provide sets of data values
      characteristic of the scanned pattern.
PAR  As in the prior system, the signals may be accumulated in digital form,
      using a bank of digital counters or time-sharing one or a few digital
      counters, or may be accumulated in analog form, using a bank of analog
      integrators or time-sharing one or a few analog integrators. Use of the
      technique of the present invention allows one to utilize accumulator means
      having lesser capacity, such as digital counters having fewer counting
      stages, and thus leads to equipment savings. Thus another object of the
      present invention is to provide pattern analysis method and apparatus
      which provides data representing the frequency of occurrence of elemental
      areas falling within given ranges of light-remissivity using less
      equipment.
PAR  In some applications it is desirable that the data values be provided at
      one location using a device which scans the pattern and accumulates data
      values in pulse counters, such as conventional binary pulse counters, and
      that such data then be transmitted to a remote location for further
      analysis. A plurality of scanner-accumulator devices may be arranged to
      transmit data values to a central processing means such as a digital
      computer, over telephone lines, for example. Use of the method and
      apparatus of the present invention, wherein data is provided in
      incremental terms, results in smaller numerical values, which may be
      transmitted with less equipment and/or in less time.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying the features of construction, combinations of elements
      and arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram illustrating portions of one form of scanning
      and accumulating device constructed in accordance with the present
      invention.
PAR  FIGS. 2a to 2d are histograms useful in understanding the nature of the
      data values provided by the system of the prior art and various forms of
      the present invention.
PAR  FIG. 3 is a schematic diagram illustrating the nature of modifications
      which may be made to the apparatus of FIG. 1 to provide data values in
      analog form.
PAR  FIG. 4 is a schematic diagram illustrating a form of the invention in which
      the data values are provided each after a respective scanning field.
PAR  FIG. 4a is a schematic diagram illustrating mofidications which may be made
      to the system of FIG. 4.
PAR  FIG. 5 is a schematic diagram illustrating a form of the invention wherein
      the incremental data values are provided in accordance with an alternative
      method.
PAR  FIG. 6 is a schematic diagram illustrating a further form of the invention.
DETD
PAR  In the form of the invention illustrated in FIG. 1 a pattern (not shown)
      such as a leukocyte carried on glass slide 10 and illuminated by
      illuminator 11 is viewed through microscope 12 by television camera 13,
      providing a video signal which is amplified by amplifier 14 and applied
      through electronic switch ES1 to a bank of comparator amplifiers as the
      pattern is scanned during a scanning field. While the video signal V in
      FIG. 1 is arranged to vary in accordance with the transparency or optical
      density of the pattern, other optical arrangements may be used to provide
      a video signal which varies in accordance with pattern reflectance. Known
      forms of simple control circuitry which cause camera 13 (or an equivalent
      flying spot scanner, Nipkow disk scanner or the like) to scan the pattern
      with a scanning raster for one scanning field and to close switch ES1 to
      apply the video signal to the bank of comparator amplifiers, are not shown
      in FIG. 1 for sake of convenience and to avoid obscuring the present
      invention. The number of comparator amplifiers which one may use depends
      upon the number of different ranges of light-remissive levels one wishes
      to detect and will vary in different applications. In FIG. 1 thirty-two
      comparator amplifiers A0 through A31 are assumed to be used, only the
      first three and the last three being shown. Each comparator amplifier is
      also connected to receive a respective reference voltage from means shown
      as comprising voltage divider VD. The video signal V is shown applied to
      the non-inverting input terminal of each comparator amplifier, and the
      reference voltages are applied to the respective inverting input
      terminals, although it will be recognized that a converse arrangement may
      be used with appropriate polarity inversions. The voltages applied to the
      end taps of the voltage divider are arranged to equal or exceed the peak
      positive and negative excursions of the video signal V which occur during
      the scanning of the class of patterns to be analyzed.
PAR  During a scanning field, whenever video signal V lies between voltage
      levels e.sub.0 and e.sub.1 which define a first range r.sub.0 of
      light-remissive levels, the output of amplifier A0 will be positive, while
      the outputs of amplifiers A1 through A31 all will be negative, which will
      result in gate G0 being enabled, and gates G1 through G31 all will be
      disabled. Whenever video signal V lies between voltage levels e.sub.2 and
      e.sub.3 which define a second range r.sub.1 of light-remissive levels, the
      outputs of both amplifiers A0 and A1 will be positive, but the positive
      output of amplifier A1 disables gate G1. When the video signal lies
      between other pairs of reference voltages defining other ranges r.sub.2,
      r.sub.3, etc., of light-remissive levels, different ones of gates G3
      through G31 will be enabled. Whenever a given one of gates G0 through G31
      is enabled, it provides output clock pulses on its output line, the output
      of clock pulse oscillator 15 being applied as one input to each of the
      gates. Such an arrangement for enabling a given gate to provide output
      clock pulses whenever the video signal level lies between a respective
      pair of reference voltages defining a respective range of light-remissive
      levels is shown in prior U.S. Pat. No. 3,705,383. However, in the system
      of the prior patent the clock pulses from the bank of gates are routed to
      individual respective digital counters. In FIG. 1 the output of gate G0 is
      shown routed to an individual digital counter C0, but each of the further
      counters RC1 through RC31 is shown receiving pulses from a respective pair
      of gates. Each of counters RC1 through RC31 is shown as comprising a
      reversible counter having an "up" input line and a "down" input line. Thus
      as the video signal level lies between reference voltages e.sub.0 and
      e.sub.1 defining range r.sub.0, clock pulses from gate G0 increment
      counter C0 and simultaneously decrement counter RC1, when the video signal
      level lies between reference voltages e.sub.1 and e.sub.2 defining range
      r.sub.1, clock pulses from gate G1 increment counter RC1 and decrement
      counter RC2, etc. At the end of a scanning field then, the count in
      counter C0 will represent the amount of area of the scanned pattern
      falling within range R.sub.0 of light-remissive levels defined by voltages
      e.sub.0 and e.sub.1, but the count in counter RC1 will represent the
      difference between the area of the pattern falling in range r.sub.1 and
      the area falling in range r.sub.0, and similarly, each of counters RC2
      through RC31 will provide a count indicating the difference between a
      respective pair of pattern areas falling within a respective pair of
      light-remissive ranges. If one designates the amount of pattern area
      falling within range r.sub.0 as A.sub.0, that falling within range r.sub.1
      as A.sub.1, etc., it will be seen that the counts in counters C0, RC1,
      RC2, RC3, etc., will be proportional to A.sub.0, (A.sub.1 - A.sub.0),
      (A.sub.2 - A.sub.1), (A.sub.3 - A.sub.2), etc. Inasmuch as each of the
      reversible counters now tallies the difference between quantities which
      must be registered in their totalities in the system of the prior patent,
      it will become evident that counters RC1 through RC31 will require less
      counting capacity for a given application and may incorporate fewer
      counting stages, affording significant savings. Inasmuch as the two input
      lines of each reversible counter each tally counts from a different range,
      and because the video signal can only lie within one range at a given
      time, i.e. the ranges do not overlap, it will be apparent that none of the
      reversible counters will encounter a condition wherein pulses attempt to
      drive it in opposite directions at the same time.
PAR  While counters RC1 to RC31 provide different output data values than those
      derived by the system of the prior patent, it should be recognized that
      the incremental data values provided in FIG. 1 may be readily converted to
      the absolute values of the prior art is desired. For example, the data
      values from counters C0 and RC1 may be simply added to provide the value
      A.sub.1 which the prior art system would provide. From comparing FIG. 2b
      or 2c with FIG. 2a, it will be apparent that all of the numerical values
      are larger in the prior art system, requiring that they be represented by
      more bits. In FIG. 1, after the field has been scanned and counts are
      registered in counters C0 and RC1 to RC31, a conventional multiplexing
      circuit MC may read out the counter contents for transmission to an
      analyzing device. Having fewer bits, it will be apparent that the contents
      of each counter may be read out on fewer lines if read out in parallel, or
      read out in less time if the contents are read out serially, than with the
      prior art system. The data values are shown transmitted from multiplexer
      MC to a remote storage or processing device DC, such as a digital
      computer. The transmission link may comprise a telephone line or lines, or
      even a conventional radio link. If the counter contents are read out and
      transmitted in the order C0, RC1, RC2, etc., and if each successive data
      value is merely added to the prior values by routing them to the computer
      accumulator, it will be apparent that the accumulator values will be
      A.sub.0, A.sub.1, A.sub.2, etc., i.e. the accumulator will provide exactly
      the same values as the prior art system. The reversible counters of FIG. 1
      may take a variety of known forms, and for example, may register negative
      counts in complement form.
PAR  FIG. 2a is a histogram showing the counts registered in the counters when a
      theoretical pattern has been scanned by the prior art system, while FIG.
      2b is a histogram showing the comparable counts registered in the system
      of FIG. 1. In each of these Figures the area between the base line and the
      histogram values represents the minimum counter capacity required, and
      even though some excess count capacity is needed with either system, it
      will be seen that far less capacity will tend to be required in FIG. 2b
      for the system of FIG. 1. Theoretically, one may devise hypothetical types
      of patterns wherein the system of FIG. 1 would require as much counter
      capacity as the prior art system. For example, the number of counts in any
      of the reversible counters of FIG. 1 will tend to be large, if, in the
      pattern, there is a great difference between the amount of pattern area
      falling within one range of light-remissive levels and the amount of
      pattern area falling within an adjacent range of levels. However, upon
      reflection it will be appreciated that large classes of natural patterns,
      such as biological samples, tend to vary gradually rather than in sharp
      step changes. One may also note that the maximum count capacity required
      in the reversible counters of FIG. 1 theoretically may not be guaranteed
      by noting the final count registered by the counter, since theoretically,
      a pattern could be devised which would require the reversible counter to
      count in one direction perhaps to a large value during a first portion of
      the scanning field, and then count in the other direction down to a low or
      zero value during the remainder of the field. However, it will be apparent
      that if a reasonable number of ranges are defined, natural patterns such
      as leukocytes and other biological samples do not tend to vary in such a
      manner. Furthermore, it is important to note that as one expands the
      system to detect a very large number (e.g. 255) of light-remissive ranges,
      by narrowing some or all of the ranges, the prior art system counting
      capacity cannot be diminished, while the savings afforded by use of the
      arrangement of FIG. 1 becomes even more evident, since as one provides a
      larger number of ranges and thus successively narrows each light-remissive
      range, the probability that adjacent ranges will embrace approximately
      equal pattern areas will be seen to increase, and if adjacent ranges
      embrace approximately equal pattern areas, only modest counting capacity
      is required in a counter which registers the difference between those
      areas.
PAR  The histograms of FIGS. 2a to 2c roughly resemble those which might be
      obtained from scanning a leukocyte, and in FIG. 2a the large peak near the
      left side may be deemed to correspond to the large amount of background or
      "completely transparent" area which would be sensed if the leukocyte does
      not fill a large percentage of the field when scanning occurs with the
      system of the prior patent. FIG. 2b illustrates the histogram which would
      be provided by the system of FIG. 1 for a scanning of the same pattern
      under the same conditions if more positive video levels represent more
      transparent areas, so that counter CO registers most dense areas and each
      reversible counter registers a count for a given range less that for the
      adjacent more dense range. If, on the other hand, the sense of the video
      signal is reversed, so that more positive video levels represent more
      dense areas, counter CO would register least dense or most transparent
      areas and each reversible counter will register the count for a given
      range less that for the adjacent more transparent range, providing data
      values of the nature shown by the histogram of FIG. 2c, from which it will
      be readily apparent that, as in FIG. 2b, much less counting capacity is
      needed compared to FIG. 2a representing the prior art system. It should be
      noted that the counter CO value appears at the right side of FIG. 2b but
      at the left side of FIG. 2c. By comparing the histograms of FIGS. 2b and
      2c, one many readily deduce that they are identical in shape, but with one
      turned end for end and inverted relative to the other, and with a vertical
      displacement of one from the other in accordance with the difference
      between the two counter CO values assumed.
PAR  In many applications of the invention the voltages e.sub.0 and e.sub.32
      applied to the opposite ends of voltage divider VD will comprise
      predetermined voltages known to exceed the peak positive and negative
      excursions which will occur in the video signal level during the scanning
      of the class of pattern being analyzed. In other applications of the
      invention one or both of voltages e.sub.0 and e.sub.32 may be determined
      by pre-scanning the pattern during a first field, detecting the one or
      both maximum excursions of the video signal by means of one or two peak
      detectors, and then using the peak detectors during a following scanning
      field to provide voltages e.sub.0 and/or e.sub.32. Such an arrangement has
      the advantage of distributing the light-remissive ranges efficiently over
      the entire video range, thereby obviating conditions under which one or
      more of the comparator-gate-counter channels may be inactive and hence
      wasted.
PAR  The invention is readily applicable to systems which utilize analog
      integrators in lieu of digital pulse counters as the accumulator means, as
      will become readily apparent from FIG. 3. In FIG. 3 gates G0 and G1 are
      assumed to operate as in FIG. 1, although no clock pulse input in
      necessary, so that two-input gates may be substituted, if desired. Gate G0
      closes electronic switch SO to apply a fixed positive voltage to
      integrator IO while the video level lies within range r.sub.o, and closes
      switch SOB to apply a fixed negative voltage to integrator I1. When the
      video level lies within range r.sub.1 gate G1 closes switch S1 to apply
      the positive input to integrator I1, and closes switch S1B to apply the
      negative voltage input to integrator 12 (not shown). Further gates are
      connected to operate further integrators in similar fashion. It will be
      readily seen that at the end of the scanning field integrator I0 will
      provide an output voltage proportional to the count of counter CO of FIG.
      1, that integrator I1 will provide an output voltage proportional to the
      count of counter RC1 of FIG. 1, and so forth. The system of FIG. 3
      utilizes the same number of integrators as the prior art system, but the
      operating range of each integrator represents a smaller numerical value,
      thereby allowing each analog value to be digitized into fewer bits without
      loss of resolution in arrangements where the analog values are converted
      to digital values by an analog-to-digital converter (not shown) prior to
      analysis, thereby saving conversion time and/or equipment.
PAR  The present invention is also readily applicable to systems wherein much of
      the comparator and gate and/or counter circuits are timeshared among
      different light-remissive levels as plural successive scanning fields are
      used to examine the pattern. In FIG. 4 a multiplexing means MM shown for
      sake of simplicity as a group of mechanical selector switches is assumed
      to apply successive trios of reference voltages to comparator amplifiers
      AA, AB, AC as successive fields are scanned, each trio defining a pair of
      light-remissive ranges. During first and second fields reference voltages
      e.sub.0, e.sub.1 and e.sub.2 are applied, to define ranges r.sub.0 and
      r.sub.1, although voltage e.sub.2 need not be applied during the first
      field. During the first field gate GB is held disabled by line NC so that
      counter RCA operates unidirectionally and tallies an up count A.sub.0 for
      range r.sub.0, in the manner of counter CO of FIG. 1. At the end of each
      scanning field line R0 is briefly raised to gate the counter contents out
      to a suitable storage or processing device (not shown), and then line RS
      is briefly raised to reset counter RCA to zero. During the second field
      the multiplexer means MM applies reference voltages e.sub.0, e.sub.1  and
      e.sub.2 to amplifiers AA, AB and AC. During the second and following
      fields gate GB is enabled so that counter RCA tallies the difference
      between the output of gate G0 and that of gate G1. Thus during the second
      field counter RCA will tally the quantity A.sub.0 - A.sub.1. During the
      third field reference voltages e.sub.1, e.sub.2 and e.sub.3 are applied to
      the comparator amplifiers and hence the counter tallies the quantity
      A.sub.1 - A.sub.2, during the fourth field reference voltages e.sub.2,
      e.sub.3 and e.sub.4 are applied and the counter tallies A.sub.2 - A.sub.3,
      and so forth.
PAR  The system of FIG. 4 may be modified as indicated in FIG. 4a. Line F1 is
      lowered during first field, disabling gates GE and GG and enabling gate
      GF, so that counter RCA tallies the CO output of A.sub.0. Line F1 is
      raised during all successive fields, so that the counter tallies the G1
      output less the GO output, and hence the second and ensuing fields tally
      the quantities A.sub.1 - A.sub.0, A.sub.2 - A.sub.1, A.sub.3 - A.sub.2,
      etc.
PAR  In a different arrangement partially illustrated in FIG. 5 successive pairs
      of reference voltages are applied to comparator amplifiers AD and AE by a
      multiplexer means MN during successive scanning fields. During the first
      field gate GGA is enabled to make a positive absolute count for the range
      r.sub.0 defined by the pair of reference voltages. Gate GRO is enabled to
      read out the count A.sub.0 at the end of the first field, but the counter
      is not reset. During the second field gate GGB is instead enabled, so that
      counter RCB counts downwardly as range r.sub.1 is sensed, but since
      counter RCB was not reset at the end of the first field, the count at the
      end of the second field manifestly will be proportional to (A.sub.0 -
      A.sub.1). Gates GGA and GGB are enabled during alternate successive
      fields, thereby providing count values A.sub.0, (A.sub.0 - A.sub.1),
      (A.sub.0 - A.sub.1 + A.sub.2), (A.sub.0 - A.sub.1 + A.sub.2 - A.sub.3),
      (A.sub.0 - A.sub.1 + A.sub.2 - A.sub.3 + A.sub.4), etc. A histogram of the
      count values which are provided by such a procedure for the same pattern
      assumed for FIGS. 2a-2c is shown in FIG. 2d, from which it may be seen
      that more counting capacity would be required for the system of FIG. 5
      than for the systems of FIGS. 1, 4 and 4a portrayed by the histograms of
      FIGS. 2b and 2c, but less than that of a prior art system using a counter
      to register the count values shown in the histogram of FIG. 2a.
PAR  In an alternative system illustrated in FIG. 6 two reversible counters
      register counts during each scanning field, and each counter tallies a
      count of the difference of the areas of the pattern falling with two
      non-adjacent ranges of light-remissivity. During the first scanning field
      line NC is lowered so that counters RCA and RCB operate unidirectionally.
      Reference voltages e.sub.0 through e.sub.4 are applied to amplifiers AA
      through AE, respectively, during the first and second fields. During the
      first field counter RCA tallies quantity A.sub.0 and counter RCB tallies
      quantity A.sub.1. During the second field and following fields gates GA
      and GB are both enabled. During the second field then, counter RCA tallies
      quantity A.sub.0 -A.sub.2 and counter RCB tallies the quantity A.sub.1
      -A.sub.3. During the third field reference voltages e.sub.2 through
      e.sub.6 are applied to amplifiers AA to AE, respectively, so that counter
      RCA tallies the quantity (A.sub.2 -A.sub.4) and counter RCB tallies the
      quantity (A.sub.3 -A.sub.5). During the fourth field reference voltages
      e.sub.4 through  e.sub.8 are applied to the amplifiers, so that the
      counters tally the quantities (A.sub.4 -A.sub.6) and (A.sub.5 -A.sub.7),
      and so forth for further scanning fields. It should be recognized that the
      principles of FIG. 6 can be expanded so as to use three or more counters
      during each scanning field. For example, if three counters are designated
      RCA, RCB and RCC, they may be arranged to tally counts in the following
      manner during successive scanning fields.
TBL  ______________________________________                                    

     Field     RCA           RCB          RCC                                  

     ______________________________________                                    

     1st       A.sub.0       A.sub.1      A.sub.2                              

     2nd       A.sub.0 -A.sub.3                                                

                             A.sub.1 -A.sub.4                                  

                                          A.sub.2 -A.sub.5                     

     3rd       A.sub.3 -A.sub.6                                                

                             A.sub.4 -A.sub.7                                  

                                          A.sub.5 -A.sub.8                     

     4th       A.sub.6 -A.sub.9                                                

                             A.sub.7 -A.sub.10                                 

                                          A.sub.8 -A.sub.11                    

     ______________________________________                                    

PAR  If the count values from each counter are successively transmitted to a
      remote computer accumulator to subtract each value from the previous
      contents of the accumulator, it will be seen that the same values as those
      provided by the prior art will be registered in the computer accumulator,
      but that smaller counters can be used in the scanner-counter equipment and
      lesser values need be transmitted to the computer.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained. Since
      certain changes may be made in carrying out the above method and in the
      constructions set forth without departing from the scope of the invention,
      it is intended that all matter contained in the above description or shown
      in the accompanying drawings shall be interpreted as illustrative and not
      in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In apparatus for classifying a pattern comprised of elemental areas
      situated fixedly with respect to each other within a scanning field, said
      elemental areas having three or more different light-remissive levels, the
      combination of scanning means for optically scanning said field and said
      elemental areas of said pattern with a plurality of successive scan lines
      to derive an electrical waveform having a parameter which varies in
      accordance with the light-remissive level of the elemental area being
      scanned at a given instant; signal processor means responsive to said
      electrical waveform for providing three or more groups of further signals,
      the signals of each group of further signals being provided during the
      times that said parameter of said electrical waveform lies between a
      respective pair of values defining a respective range of light-remissive
      levels, whereby the time integral of each of said groups of further
      signals is commensurate with the total amount of area within said scanning
      field falling within a respective one of said ranges of light-remissive
      levels; and time-integrating accumulator means for separately accumulating
      the signals of predetermined combinations of said groups of further
      signals to provide three or more stored data signals defining values of a
      function characteristic of said pattern.
NUM  2.
PAR  2. The combination according to claim 1 wherein at least one of said
      predetermined combinations of said groups of further signals comprises a
      pair of groups of said further signals provided whenever said parameter of
      said waveform lies between first and second values.
NUM  3.
PAR  3. The combination according to claim 1 including means for processing said
      stored data signals to classify said pattern.
NUM  4.
PAR  4. The combination according to claim 1 wherein the further signals of a
      first and a second of said groups are connected to drive said accumulator
      means in mutually-opposite senses, whereby one of said stored data signals
      provided by said accumulator means is commensurate with the difference
      between the total area within said scanning field which lies within a
      first of said ranges of light-remissive levels and the total area within
      said scanning field which lies within a second of said ranges of
      light-remissive levels.
NUM  5.
PAR  5. The combination according to claim 1 wherein the further signals of a
      first and a second of said groups are connected to drive said accumulator
      means in mutually-opposite senses, whereby one of said stored data signals
      provided by said accumulator means is commensurate with the sum of the
      total area within said scanning field which lies within a first of said
      ranges of light-remissive levels and the total area within said scanning
      field which lies within a second of said ranges of light-remissive levels
      less the total area within said scanning field which lies within a third
      of said ranges of light-remissive levels.
NUM  6.
PAR  6. The combination according to claim 1 including means for combining
      predetermined groups of said stored data signals to provide further data
      signals defining values of a function characteristic of said pattern.
NUM  7.
PAR  7. The combination according to claim 1 wherein at least one pair of said
      ranges are substantially contiguous and non-overlapping.
NUM  8.
PAR  8. The combination according to claim 1 wherein said accumulator means is
      operative to separately accumulate the signals of at least one of said
      groups to provide a further stored data signal.
NUM  9.
PAR  9. The combination according to claim 1 wherein said accumulator means
      comprises a plurality of reversible pulse counters.
NUM  10.
PAR  10. The combination according to claim 1 wherein said accumulator means
      comprises a plurality of analog integrators.
NUM  11.
PAR  11. In a process for classifying a pattern comprised of elemental areas
      situated within a scanning field and having three or more different light
      remissive levels, the steps of optically scanning said field to derive a
      waveform having a parameter which varies in accordance with the
      light-remissive level of the elemental area being scanned at a given
      instant; processing said waveform to provide three or more groups of
      further signals, the signals of each group of said further signals being
      provided whenever said parameter of said electrical waveform lies between
      a respective pair of values defining a respective range of light-remissive
      levels; and separately accumulating predetermined combinations of said
      groups to provide three or more stored data signals defining values of a
      function characteristic of said pattern.
NUM  12.
PAR  12. The process according to claim 11 including the step of combining
      predetermined combinations of said stored data signals to provide further
      data signals, each of said further data signals being commensurate with
      the total area of said pattern falling within a respective one of said
      ranges of light-remissive levels.
NUM  13.
PAR  13. The process according to claim 1 wherein said step of accumulating
      comprises driving an accumulator means in mutually-opposite senses with
      the signals of a pair of said groups of further signals to provide a
      stored data signal commensurate with the difference between the areas of
      said scanning field falling within a first and a second of said ranges.
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ABST
PAL  Apparatus for keeping track of the progress of a computer program by
       seleng specific operand and/or instruction references, comprising means
      for accessing an operand and an instruction reference. Means are connected
      to a memory data register of the computer and to the two accessing means
      for selecting one of a specific operand or instruction reference which is
      to be monitored. A random-access memory (RAM), has three inputs, including
      one from a memory address and one comprising the output from the selecting
      means for writing into the RAM the last N instruction and/or operand
      references, or any combination thereof. A circle counter has an input
      comprising the named output from the selecting means, for cycling the N
      references. Means are connected to the circle counter and to the RAM for
      replacing the oldest reference in the RAM by a new reference from the
      circle counter, that is, for updating the RAM. Means are connected to the
      updating means for reading out a specific instruction and/or operand
      reference.
BSUM
PAC  Statement of Government Interest
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  The purpose of the memory footprint of this invention is to provide the
      computer user with a convenient and efficient way to determine the actual
      path, when a program deviates from its expected path.
PAR  Traditional program debugging was done by hand execution of the program and
      occasional memory dumps to trace a program's progress. As programs became
      more complex and lengthy, a post-mortem dump was practical in all but the
      most persistent programming problems. In these cases it was necessary to
      tie up a computer (computer costs of $600/hr are not unusual) while the
      programmer executed the program at a humanly comprehendable speed, which
      is about one millionth the speed of which the machine is capable. The
      faster the machine, the more inefficient it is for a human to follow the
      program.
PAR  An automated technique for tracing deviant programs is known as a virtual
      machine, where each instruction is executed by the software of a virtual
      machine running in the hardware of the real machine. This interpretive
      execution requires several instruction executions for each instruction of
      the actual program to be run. Again the machine is being under-utilized
      due to the software overhead. No satisfactory scheme is available for real
      time applications. This is for several reasons: (1) The speed requirements
      do not often allow the virtual machine approach due to the execution
      inefficiency. (2) Even when a process can be run in a virtual machine it
      is not practical for standard operating procedures. (3) Real time
      situations cannot be easily, if ever, identically repeated to isolate a
      problem. This is especially true of multiprogramming and interruptable
      coding.
PAC  BACKGROUND OF THE INVENTION
PAR  A footprint memory consist of three major components: (1) A small fast
      memory for address storage. (2) Circuitry for selection and trapping
      addresses. (3) Circuitry for the read back or display of the trapped
      addresses. The first component can be easily made from semiconductor
      memories such as the common 4-bit by 16-word random access memory (RAM)
      integrated circuits. Since 16 words are most always sufficient, these can
      be put together in series to achieve the number of bits necessary for the
      address bits, and can be controlled by four selection lines.
PAR  The selection and trapping control determines if the memory reference is of
      the type to be trapped and writes into the RAM if the address is
      appropriate. The choice of which types to trap can be made by means of a
      switch or software set flip-flops. A four-bit binary counter is used to
      select words within the footprint RAM. The circle counter is bumped once
      for each selected reference. When the counter overflows to zero count
      starts ovver giving the effect of a circular storage file. The footprints
      can be retrieved either by software or hardware. Two implementations have
      been used. The first displays the footprint contents using light emitting
      diodes (LED) digital displays and the other allows the software to enter
      the footprints into the arithmetic register for automatic readup. In each
      case the footprint is selected by adding the footprint's relative
      (chronological) number to the value in the circular counter. See FIG. 2
      for diagram of software implementation. For hardware readup, the desired
      footprint in manually selected instead of the readout counter which takes
      each one in turn when accessed by software.
PAR  A novel use of this invention is as a portable, self-contained, debugging
      device which contains all the electronics required. It is carried aboard
      ship and is used to aid debugging of difficult programs by plugging into
      the existing test points on a military computer. Using this technique, no
      modification to the computer is required. A "breakpoint" feature is also
      included in this device, so that when a thumbwheel-selected address is
      returned, the computer is caused to halt, whereupon the footprint file may
      be examined to determined the source of error.
PAC  OBJECTS OF THE INVENTION
PAR  An advantage of this invention is to provide a computer apparatus which
      provides hardware trace without extending hardware execution times.
PAR  Another object of the invention is to provide apparatus which is low-cost
      per installation and saves many man hours of effort to find computer and
      program errors.
PAR  Yet another object of the invention is to provide apparatus which can be in
      effect even when not "needed" without cost.
PAR  Still another object of the invention is to provide apparatus which can be
      added as a permanent machine feature or as a portable debugging tool.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention, when
      considered in conjunction with the accompanying drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the concept of the footprint memory.
PAR  FIG. 2 is a block diagram of an implementation of the footprint memory.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, which shows the concept behind the invention, a
      footprint memory 10 consists of three major components: (1) A small fast
      memory 12 for address storage. (2) Circuitry 14 for selection and trapping
      address. (3) Circuitry 16 for the read back or display of the trapped
      addresses.
PAR  Referring now to FIG. 2, this figure shows an apparatus 20 for keeping
      track of the progress of a computer program by selecting specific
      operation and/or instruction references, comprising means 22 for accessing
      an operand reference and means 24 for accessing an instruction reference.
PAR  Means 30 are connected to a memory data register of the computer and to the
      two accessing means, 22 and 24, for selecting a specific operand or
      instruction reference which is to be monitored.
PAR  A random-acess memory (RAM) 42, herein termed a "footprint" memory, has
      three inputs, including one from a memory address and one comprising the
      output from the selecting means 30 for writing into the RAM the last N
      instruction and/or operand references, or any combination thereof. Writing
      is done into the footprint RAM 42, by lead 43, if the address is
      appropriate.
PAR  A circle counter 44 has an input comprising the named output from the
      selecting means 30, for cycling the N references. Means 50 are connected
      to the circle counter 44 and to the RAM 42 for replacing the oldest
      reference in the RAM by a new reference from the circle counter 44, that
      is, for updating the RAM.
PAR  Means 62 are connected to the updating means 50, for reading out a specific
      instruction and/or operand reference.
PAR  In the apparatus 20, the means 30 for selecting a specific reference
      comprises: an instruction trap control 31, connected to the memory data
      register, for trapping an instruction reference; and an operand trap
      control 32, also connected to the memory data register, for trapping an
      operation reference.
PAR  In FIG. 2, the two trap controls, 31 and 32, may be flip-flops. They are
      entitled "trap control P" and "trap control U" since the letter P has been
      traditionally used as the location of the instruction currently being
      executed, while the letter U has been used for the address operand
      currently being operated on.
PAR  Meand must be provided for setting or clearing the trap controls, 31 and
      32. The means are indicated in FIG. 2 by the line 33 indicating "M.C.
      sets" and the line 34 indicating "M.C. clears" as well as the dashed line
      35 indicating that these two lines may be activated simultaneously.
PAR  The abbreviation M.C. stands for "master clear", which means to put into a
      quiescent state so that it is in a known-default state. If the master
      clear is energized, it will set the trap P control 31, that is, start
      trapping instruction references and it will clear trapping of the operand
      references. This was the most likely desired case if a deliberate decision
      was not feasible. The master clear may be a button on the control of the
      computer which simultaneously sets trap control P, 31, and clears trap
      control U, 32.
PAR  Still discussing FIG. 2, and specifically the operand-instruction reference
      selector 30, it further comprises a first AND circuit 36, whose two inputs
      are connected to the output of the instruction trap control 31 and to an
      instruction reference from the computer; and a second AND circuit, whose
      two inputs are connected to the output of the operand trap control 32 and
      to an operand reference from the computer. An OR circuit 38 has two inputs
      which are connected to the outputs of the two AND circuits, 36 and 37, its
      output comprising one of the inputs to the RAM 42 and the input to the
      circle counter 44.
PAR  In the apparatus 20, the updating means may comprise an adder 52, having
      one input connected to the output of the circle counter 44 and another
      input connected to the output of the readout means 62, the adder output
      constituting a footprint address. A selector circuit 54 has one input
      connected to an output of the readout means 62, and another input
      connected to the output of the circle counter, the selector providing a
      means for reading out a selected footprint memory address.
PAR  Discussing now the mode of operation of the invention in more detail, the
      footprint memory implementation 20 of FIG. 2 includes flip flops,
      counters, and gates which control the footprint memory 42. This memory 42
      saves the last 16 instruction and/or operand references. The contents of
      the memory 42 are accessed by reading address 337, over lead 64. For each
      read the 20-bit address is placed on lines 0 through 19. The footprint
      address is put on lines 24 through 27. The first read over lead 64 gives
      the oldest 20-bit address and a footprint address of 17 octal. The next
      read steps forward one 20-bit address and gives a 16 octal. The last
      address saved is accessed on the sixteenth read and has a value of zero in
      bits 24 to 27. Special circuitry must be enabled to read from the
      footprint memory 42.
PAR  Storing into address 337 over lead 66 controls what is saved by the
      footprint memory 42. If bit zero and bit one are both zero, nothing more
      is saved and the memory 42 is ready to be read. If bit zero is a one,
      instruction addresses will be saved. If bit one is a one, operand
      addresses will be saved. If both bits are one, both types of addresses
      will be saved. When the computer is master cleared, by lead 72, the
      circuitry 20 is set to save instruction references only, with bit zero set
      to one.
PAR  First and second flip flops, not shown, control what is saved. Master
      clear, by means of lead 72, will set the first flip-flop and clear the
      second flip-flop by means of an OR gate. Master clear also clears the
      readout counter 62, by means of lead 74. A store into address 337, by
      means of lead 66, will gate bit zero and bit one into the first and second
      flip-flops. When the clock line on pins 3 and 13 goes high, the data on
      pins 2 and 14 are stored in the flip-flops. Gate 38 takes the output of
      these two flip-flops, 36 and 37, anded with instruction and operand
      references, over leads 22 and 24. The output of gate 38 must be low if the
      footprint memory 42 is to be written into, by lead 43.
PAR  The circle counter 44 is a four-bit binary counter which controls the store
      address. After each store cycle, it is advanced one count by a pulse
      through a gate connected to the output of OR gate 38 and located in circle
      counter 44. As long as either the first or second flip-flop is set, circle
      counter 44 continues to cycle through its 16 counts, always replacing the
      oldest data with new in the footprint memory 42.
PAR  When the first and second flip-flops are cleared, footprint readout can be
      initiated. After counter 44 points to the oldest data address, it does not
      count any farther. Counter 62 will be cleared because of a previous store
      into address 337, by lead 66, or a master clear, by lead 72. When 337 is
      read, by lead 64, a gate in read-out counter 62 will go high, selecting
      the adder 52 output as the footprint address through selector 54. The
      output of the adder 52 is the sum of counters 44 and 62. For the first
      read, counter 62 is zero and the oldest data is selected. A set of four
      flip-flops gate the complement of counter 62 onto the data bus, bits 24
      through 27. The footprint memory data is put on the data bus, bits 0
      through 19. The data bus is read into the Z register. At the end of the
      read, counter 62 counts up by one. The adder 52 output is now increased by
      one and the next read comes from the next address. After 16 reads of 337,
      by lead 64 the sequence repeats.
PAR  The footprint memory in made up of five integrated circuit modules, each
      having 16 words of four bits. They are configured as 16 words of 20 bits.
      The enable, write, and address lines go to all five modules in parallel.
      The 20 data inputs come from the modified 20-bit address with a high
      signifying a one. The outputs go to the first 20 bits of the data bus. The
      output is inverted from the input; so low implies a one.
PAR  The memory enable line is low only during references to address 337. At all
      other times the outputs present a high impedance to the data bus. The
      write line is low only for write operations at address 337. The address
      lines select one of sixteen addresses, as described hereinabove.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for keeping track of the progress of a computer program by
      selecting specific operand and/or instruction references, comprising:
PA1  means for accessing an operand reference;
PA1  means for accessing an instruction reference;
PA1  means connected to a memory data register of the computer and to the two
      accessing means for selecting a specific operand or instruction reference
      which is to be monitored;
PA1  a random-acess memory (RAM), having three inputs, including one from a
      memory address and one comprising the output from the selecting means for
      writing the last N instruction and/or operand references, or any
      combination thereof into the RAM;
PA1  a circle counter having an input comprising the same output from the
      selecting means, for cycling the N references;
PA1  means connectd to the circle counter and the RAM of replacing the oldest
      reference in the RAM by a new reference from the circle counter, that is,
      for updating the RAM; and
PA1  means connected to the updating means for reading out a specific
      instruction and/or operand reference.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein the means for selecting a
      specific reference comprises:
PA1  an instruction trap control, connected to the memory data register, for
      trapping an instruction reference;
PA1  an operand trap control, also connected to the memory data register, for
      trapping an operand reference;
PA1  means for setting or clearing the trap controls;
PA1  a first AND circuit, whose two inputs are connected to the output of the
      instruction trap control and to an instruction reference from the
      computer;
PA1  a second AND circuit, whose two inputs are connected to the output of the
      operand trap control and to an operand reference from the computer; and
PA1  an OR circuit, whose two inputs are connected to the outputs of the two AND
      circuits and whose output comprises one of the inputs to the RAM and the
      input to the circle counter.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein the updating means comprises:
PA1  an adder, having one input connected to the circle counter and another
      input connected to the output of the readout means, the adder output
      constituting a footprint memory address; and
PA1  a selector circuit, having one input connected to an output of the readout
      means, and another input connected to the output of the circle counter,
      the slector providing a means for reading out a selected footprint memory
      address.
NUM  4.
PAR  4. The apparatus according to claim 2, werein the updating means comprises:
PA1  an adder, having one input connected to the circle counter and another
      input connected to the output of the readout means, the adder output
      constituting a footprint memory address; and
PA1  a selector circuit, having one input connected to an output of the readout
      means, and another input connected to the output of the circle counter,
      the selector providing a means for reading out a selected footprint memory
      address.
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PAL  Charge storage and monitoring apparatus including a barrier electrode
      capable of supporting a charge adjacent a piezoelectric semiconductor to
      control the depletion layer and provide an output signal related to an
      acoustic wave in the semiconductor and the applied charge.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to charge storage devices and more
      particularly to acoustic wave apparatus for charge storage on one or more
      electrodes and for monitoring such stored charge. The invention described
      and claimed herein was made in the course of a contract with the United
      States Air Force.
PAC  BACKGROUND OF THE INVENTION
PAR  The storage of charges on one or more electrodes has obvious applications
      in both digital and analog computer devices and a relatively large number
      of devices have been proposed to provide for the charge input to such
      electrodes and also to provide for monitoring the stored charge at an
      appropriate time or what is commonly referred to as "readout." By way of
      example, a recent article in the February, 1974 issue of SCIENTIFIC
      AMERICAN by Gilbert F. Amelio entitled "Charge-Coupled Devices" explores a
      relatively recent technique that shows considerable promise not only in
      computer technology but also for image sensing since the silicon material
      that provides a base for the individual electrodes is sensitive to visible
      and near-infrared radiation. While considerable developmental work has
      already been performed with such charge-coupled devices, as mentioned in
      the article, they remain subject to certain disadvantages and unsolved
      problems to which other charge storage techniques have also been subject
      in one fashion or another.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is the general objective of the present invention to provide a novel
      charge storage and monitoring apparatus wherein both the storage and
      monitoring or readout can be achieved in a very effective fashion through
      utilization of acoustic waves. Briefly, and in one simple embodiment, such
      objective is achieved by placing an electrode (Schottky barrier) on a
      piezoelectric semiconductor so that an electric charge from a suitable
      input voltage source can be applied to the electrode and stored thereon
      through the simple expedient of electrically isolating or disconnecting
      the electrode from the exterior voltage source. Dependent upon the
      amplitude of the stored charge, the penetration or depth of the depletion
      layer in the piezoelectric semiconductor is determined. Such depletion
      layer depth will, in accordance with the present invention, determine the
      amplitude of an output signal generated by an acoustic wave traversing the
      piezoelectric semiconductor adjacent the barrier electrode. More
      particularly, if the amplitude of the acoustic wave is selected and
      maintained at a constant value, the amplitude of the output signal
      obtained through suitable detection of the acoustic wave in its traversal
      of the semiconductor adjacent the electrode will be proportional to the
      amount of the electric charge on the barrier electrode, thus to provide an
      acoustic monitoring or readout of the stored charge.
PAR  In this simple embodiment of the invention, the charging voltage from a
      negative direct current source is supplied through suitable switch means
      to the rectifying barrier electrode centrally positioned on the surface of
      a piezoelectric semiconductor whereupon when the switch is opened, the
      charge is isolated on the electrode and is there maintained. The amount of
      the charge on the barrier electrode determines the depth of the depletion
      layer in the piezoelectric semiconductor.
PAR  In order to read out this information thus ultimately to provide an output
      signal voltage whose amplitude is directly proportional to the charge on
      the barrier electrode, pulses of radio frequency energy at the same or
      different frequencies and at predetermined amplitudes are delivered to a
      pair of interdigital transducers at opposite ends of the piezoelectric
      semiconductor so as to generate acoustic waves which undergo nonlinear
      parametric interaction in the region of the central barrier electrode thus
      to generate an electric field which is detected by the barrier electrode
      that is in turn connected to the output circuit. Such interaction is
      described generally in Kino Patent No. 3,816,753 providing a product of
      the two acoustic waves so that details of such operation will not be
      repeated. However, it is to be emphasized that if the amplitude of the
      acoustic waves is predetermined, the output voltage taken from the barrier
      electrode will be directly proportionate to the charge thereon. As an
      obvious consequence, if a charge is placed on the barrier electrode or is
      left off of such electrode, this can represent a binary digital input
      which is readily monitored. Furthermore since the output voltage is
      directly proportional to the amount of the charge, obvious application to
      analog devices is also observable. Other applications also appear; with
      certain piezoelectric semiconductors which are sensitive to light or
      infrared radiation, exposure of the barrier electrode to such radiation
      will cause a rapid reduction in its charge depending precisely on the
      intensity of the light or other radiation and an optical image sensor is
      thus provided.
PAR  As an extension of the mentioned first embodiment of the invention, it will
      be apparent that a plurality of individually charged barrier electrodes
      can be placed in a linear array between two acoustic input transducers and
      if the charge on one of such barrier electrodes differs from that of its
      neighbor, individual outputs from such two electrodes will vary. In turn,
      a multiplicity of such linear arrays can be arranged on a piezoelectric
      semiconductor which is light sensitive to provide what may be termed a
      two-dimensional image panel.
PAR  In each case, the readout information can be obtained at any desired time
      and at a particular location, for example, on the imaging panel by merely
      timing the introduction of the readout signal. In the specifically
      mentioned embodiments, such readout signal was in the form of an acoustic
      wave, but in other embodiments of the invention, acoustic waves may merely
      flood the entire crystal and an electromagnetic readout signal can be
      appropriately applied at a selected time to generate the output signal
      corresponding to the charge voltage at any particular location and time on
      the piezoelectric semiconductor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The stated objective of the invention and the manner in which it is
      achieved, as summarized hereinabove, will become more readily apparent
      from the following detailed description of the exemplary embodiments of
      the invention shown in the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic perspective view of a charge storage and
      monitoring device embodying the present invention,
PAR  FIG. 2 is a graphical illustration representing the relationship of the
      charge on the FIG. 1 structure for a particular material, gallium
      arsenide, and the output voltage derived therefrom,
PAR  FIG. 3 is a graph illustrating the relationship of the output voltage of
      the FIG. 1 structure over a period of time when illuminated,
PAR  FIG. 4 is a diagrammatic plan view of a modified embodiment of the
      invention utilizing a plurality of electrodes in a linear array for
      purposes of light imaging,
PAR  FIG. 4a is a time graph illustrating the input acoustic energy and output
      voltage of the FIG. 4 structure,
PAR  FIG. 5 is a further modified embodiment of the invention utilizing but a
      single acoustic wave but with multiple outputs provided by electrodes in a
      linear array, and
PAR  FIG. 6 is a diagrammatic plan view of a two-dimensional imaging panel
      utilizing the principles of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS OF THE INVENTION
PAR  With initial reference to FIG. 1, the electrode 10 to be charged in
      accordance with the present invention specifically takes the form of a
      thin film or plate of aluminum or other material which forms a rectifying
      barrier (Schottky barrier) on the upper n- type layer of gallium arsenide
      (GaAs) with a carrier concentration of 4.times.10.sup.14 CM.sup.-.sup.3
      and a thickness of approximately 20 microns which is overlaid on an
      n.sup.+ semi-insulating substrate thus to form an epitaxial piezoelectric
      semiconductor 12 which not only is capable of propagating acoustic waves
      but is also sensitive to light and other forms of radiation. An additional
      electrode 14 is placed on the n+ layer in the form of an indium-gold ohmic
      contact enabling application of a negative charging voltage -B between
      such electrodes 10, 14 from a suitable negative voltage source indicated
      at 16. Since as will be indicated later, the output radio frequency
      voltage is also taken from the described electrodes, a radio frequency
      choke 18 is positioned between the negative charging source 16 and the
      output circuit and, in turn, a direct current isolating capacitor 20 is
      placed in the radio frequency output circuit. In addition, a variable
      shunt capacitor 22 is positioned across the two electrode terminals which
      enables variation in charge reduction times as will be explained in detail
      hereinafter.
PAR  A simple switch 24 can be utilized to place the negative charge on the
      upper barrier electrode 10 and thereafter be opened so that such charge
      will be maintained for a predetermined period of time dependent upon
      circuit constants and operational functions. The stored charge on the
      barrier electrode 10 creates a depletion layer in the piezoelectric
      semiconductor 12 whose depth W is related to the charge amplitude, as will
      be explained in detail hereinafter.
PAR  In order to monitor or read out the stored charge on the barrier electrode
      10, radio frequency pulses of predetermined amplitude and like frequency,
      .omega. are delivered from radio frequency generators, 26, 28 to standard
      interdigital transducers 30, 32 having a finger spacing determined by the
      operating frequency. Additional details of such interdigital transducers
      30, 32 will not be described since they form no part of the present
      invention having been described in detail in an article "Design of Surface
      Wave Delay Lines With Interdigital Transducers" IEE Transactions on
      Microwave Theory and Techniques, Vol. MTT-17, No. 11, November 1969, pages
      865-873, in the present instance, these interdigital transducers 30, 32
      are deposited on top of thin layers 34, 36 of zinc oxide which is
      separated by thin films of gold 38, 40 and intermediate layers 42, 44 of
      silicon dioxide from the epitaxial GaAs crystal 12 previously described.
      These input transducers 30, 32 are highly efficient and generate acoustic
      wave pulses that propagate in opposite directions and are timed to
      interact in the region underneath the barrier electrode 10 which has a
      length in this direction which is a multiplicity of wavelengths at the
      operating frequency, .omega..
PAR  As described in general in the mentioned Kino U.S. Pat. No. 3,816,753 the
      product of the two acoustic waves will be sensed by the barrier electrode
      10 thus to generate the output signal. However, whereas in the Kino
      surface acoustic wave structures, the product of the strain amplitudes was
      observed in the present instance, because of the propagation in the GaAs
      and the presence of the mentioned depletion layer, it is specifically the
      product of the electric fields E.sub.1, E.sub.2 resultant from the two
      acoustic waves which will be detected at the sum frequency of 2.omega..
PAR  More particularly, the output voltage V at the frequency 2.omega. can be
      represented by the following equation:
      ##EQU1##
      where: .epsilon. is the dielectric constant;
PA1  e is the electronic charge;
PA1  N.sub.d is the impurity density; and
PA1  E is the electric field in the depletion layer.
PAR  In the present instance since an electric field E.sub.1 is associated with
      the first acoustic wave and an electric field E.sub.2 is associated with
      the second field, the equation takes the revised form
      ##EQU2##
      Since the barrier electrode 10 in the FIG. 1 structure extends over
      multiple wavelengths, only the E.sub.1 E.sub.2 term can be detected since
      it alone has zero spatial variation along the surface of the piezoelectric
      semiconductor 12. However, as discussed in the mentioned Kino patent, if
      the barrier electrode 10 were to take the alternate form of an
      appropriately designed interdigital transducer two acoustic waves having
      different frequencies, .omega..sub.1 and .omega..sub.2, can be detected
      either at the sum or difference frequency. Furthermore, either the
      E.sub.1.sup.2 or E.sub.2.sup.2 terms could be detected at the frequency
      2.omega. and as a consequence, a single acoustic wave could be utilized
      rather than the two acoustic waves as shown in FIG. 1 to perform the
      monitoring function.
PAR  It is known that the strength of the E.sub.1 and E.sub.2 fields vary
      uniquely with the depth .omega. of the depletion layer. Consequently, it
      will be seen that if a given piezoelectric semiconductor 12 is utilized
      such as the mentioned GaAs and if a constant amplitude of the radio
      frequency input signals are established, the output voltage V from the
      device will be determined purely and simply by the charge on the barrier
      electrode 10 or more particularly, the resultant depth .omega. of the
      depletion layer at the time of monitoring.
PAR  Specifically for GaAs, the output voltage V is graphically illustrated in
      FIG. 2 as a function shown by the curve 46 of the depth .omega. of the
      depletion layer or what amounts to the same thing, the correlated charging
      voltage -B. With predetermined constant input acoustic powers, as can be
      illustrated clearly by reference to the graph, choice of any particular
      charging voltage -B will precisely determine the possible output voltage V
      of the FIG. 1 structure and will vary if such charge in turn varies.
PAR  With reference to the curve 48 in FIG. 3, a predetermined decay of the
      charge on the barrier electrode 10 resultant from leakage will occur even
      in a non-illuminated region so that the output voltage V will drop over a
      period of several seconds, which decay time can be varied through
      adjustment of the variable shunt capacitor 22 previously mentioned and can
      be maintained for a period of several minutes, if desired. On the other
      hand, if illumination is directed against the barrier electrode 10 from a
      light source 50 positioned thereabove electron-hole pairs will be
      generated in the epilayer surrounding the electrode and the holes will
      move to the electrode and neutralize the stored charge so that a much more
      abrupt decay in the electrode charge will be experienced as indicated by
      the dotted curve 48a in FIG. 3.
PAR  It will be apparent to those skilled in the art that other piezoelectric
      semiconductors 12 than the mentioned epitaxial GaAs can be utilized, CdS,
      InP, InAs, and GaP being examples. Furthermore, the term "piezoelectric
      semiconductor" is to be broadly construed to include piezoelectric
      material associated with a semiconductor substrate, for example, a layer
      of piezoelectric zinc oxide on semiconductive silicon. Additionally
      transducers other than the specifically described interdigital transducers
      30, 32 can be utilized to generate either surface or bulk acoustic waves,
      and the barrier electrode 10 can either be in the form of a plate or an
      interdigital or other form of output transducer depending upon the
      operating characteristics of the device. Furthermore, it will be apparent
      that either digital or analog inputs can be introduced to the barrier
      electrode 10 to establish the charge thereon for storage and subsequent
      monitoring and various charge modifying arrangements in addition to the
      mentioned light radiation can be introduced to vary the charge on the
      barrier electrode 10 over a period of time for subsequent readout.
PAR  By way of example of a modification which provides a simplified optical
      image sensor, reference is made to FIG. 4 wherein a plurality of barrier
      electrodes 52 are positioned in a linear array along a piezoelectric
      semiconductor 54, each having a linear extent along the direction of
      acoustic wave propagation of a number of acoustic wavelengths. The
      negative charging voltage -B from a source 56 is delivered through a
      switch 58 to a pair of metal strip conductors 60 insulated from the
      multiplicity of barrier electrodes 52 by insulating layers 62 of silicon
      dioxide or other material so that a capacitive charging of each of the
      barrier electrodes to a predetermined level can be achieved. Two
      interdigital transducers 64, 66 are deposited at opposite ends of the
      piezoelectric semiconductor 54 so as to generate, upon energization by
      standard radio frequency pulse generators 68, 70 acoustic waves which
      traverse the crystal in opposite directions passing in sequence under the
      multiplicity of barrier electrodes. The acoustic pulse from the
      transduceer 64 on the left as indicated at S.sub.1 in FIG. 4a is of
      sufficient length to encompass all the barrier electrodes 52 at the same
      time and when a readout is desired a relatively short acoustic pulse
      S.sub.2 is generated in the second transducer 66 to pass in the opposite
      direction underneath the barrier electrodes 52, thus providing at each a
      signal product output which is again proportionate to the charge on the
      individual barrier electrodes, the sequential outputs from the barrier
      electrodes 52 being detected therein as an output voltage V at the sum of
      the input frequencies. If for example, each of the generators 68, 70
      produce pulses at a frequency .omega., the output voltage V again will be
      at the sum frequency, 2.omega..
PAR  If light, as indicated by the arrows A.sub.1, A.sub.2, and A.sub.3 and in
      the amount as indicated by the arrow lengths, is directed against certain
      barrier electrodes, a rapid charge decay will occur and the output signal
      V will vary in amplitude as indicated in the lower portion of FIG. 4a,
      thus clearly generating an output representative of the optical pattern.
PAR  It will be apparent that a plurality of the linear arrays of FIG. 4 can be
      placed side by side on a single piezoelectric semiconductor so that a
      two-dimensional pattern can also be generated and with appropriate
      sequencing be displayed on a conventional oscilloscope.
PAR  While the described embodiments shown in FIGs. 1 and 4 utilize two acoustic
      waves for charge monitoring, it will be apparent the readout can be
      accomplished utilizing but a single acoustic wave, as previously
      mentioned. By way of example, in FIG. 5 there is illustrated a
      piezoelectric semiconductor 72 having a plurality of barrier electrodes 74
      at appropriately spaced positions along a linear array so as to be
      traversed by an adjacent acoustic surface wave developed from a radio
      frequency pulse generator 76 in an aligned interdigital transducer 78 at
      the left end of the piezoelectric semiconductor at a predetermined
      frequency .omega..sub.1. For example, if the frequency .omega..sub.1 is
      165MHz, the acoustic wavelength is approximately 16 microns and the width
      of the barrier electrodes 74 along the piezoelectric semiconductor should
      be equal to or less than one half wave length or 8 microns and the spacing
      therebetween should be a substantially equal distance thus to provide for
      a pickup of the generated acoustic wave. A charging voltage -B is applied
      to all of the barrier electrodes 74 from a source 80 through a coil 82
      connected individually to each barrier electrode by a relatively high
      value isolating resistor 84 of perhaps 10.sup.5 ohms and any output
      generated is delivered through suitable condensers 86 to a common
      conductor 88 to provide the output voltage V.
PAR  Additionally, a radio frequency signal at a frequency .omega..sub.2 is
      constantly applied to the electrodes 74 from a radio frequency generator
      92 through a condenser 90. The acoustic wave generated by a pulse of
      perhaps 0.1 microsecond from the pulse generator 76 mixes with the
      constantly applied signal in the electrodes 74 to provide the output
      (readout) at the sum frequency, .omega..sub.1 +.omega..sub.2.
PAR  Furthermore, it will be apparent that each of the electrodes 74 can be
      individually and separately charged to provide a multiple charge storage
      device and application of the radio frequency acoustic wave pulse will
      then provide individual time-sequenced readouts.
PAR  In turn, it will be obvious a plurality of the linear arrays of FIG. 5
      could be placed in side by side relation to provide a two-dimensional
      pattern, and in turn, if light or other radiation is directed against the
      barrier electrodes, the optical pattern will be represented by the
      sequential output voltages from the individual electrodes.
PAR  A slightly variant form of imaging panel is illustrated in FIG. 6 wherein a
      plurality of laterally-spaced interdigital transducers 94 energized by a
      single radio frequency generator 96 are arranged to generate acoustic
      waves so as to flood constantly the entire area of a piezoelectric
      semiconductor 98 at a predetermined amplitude and at a frequency
      .omega..sub.s.
PAR  A plurality of small barrier electrodes 100 having transverse dimensions
      less than one half wavelength at the applied acoustic frequency
      .omega..sub.s and an equivalent spacing therebetween are disposed on the
      piezoelectric semiconductor 98 in a regular pattern of rows and columns,
      and are all connected to a negative charging voltage source 103 through a
      switch 105 in a fashion similar to the other embodiments of the invention.
      Groups of strip conductors 102, 104 are disposed both vertically and
      horizontally as shown so as to overlap in regions adjacent the small
      barrier electrodes 100. The strip conductors 102, 104 are separated from
      one another and from the barrier electrodes 100 by suitable insulating
      layers of material such as silicon oxide and radio frequency signals from
      generators 106, 108 at frequencies .omega..sub.1 and .omega..sub.2 are
      applied in a step fashion to the conductors 102, 104 so that a unique
      output signal is generated at the sum frequency .omega..sub.1,
      .omega..sub.2, and .omega..sub.s only when energization of individual
      strip pairs adjacent an individual barrier electrode is achieved.
      Obviously, this sequential application of the voltages to the two strip
      conductor groups can be controlled by switches 107, 109 controlled by the
      vertical and horizontal sweep voltages of an oscilloscope 110. The output
      voltage at the sum frequency, .omega..sub.s +.omega..sub.1 +.omega..sub.2,
      can be delivered through a tuned circuit 112 for oscilloscope display.
PAR  Obviously many further modifications and or alterations can be made in the
      structures and operational characteristics described hereinabove with
      respect to several embodiments of the invention and foregoing description
      accordingly is not to be considered as limiting and the actual scope of
      the invention is to be indicated only by reference to the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Charge storage and monitoring apparatus utilizing acoustic waves which
      comprises:
PA1  a piezoelectric semiconductor,
PA1  a barrier electrode associated with said piezoelectric semiconductor and
      capable of supporting an electric charge,
PA1  means for generating an acoustic wave of selected amplitude in said
      semiconductor to traverse the same adjacent said barrier electrode, and
PA1  means for detecting the acoustic wave fields during such traversal to
      provide an output signal proportional to the electric charge on said
      barrier electrode.
NUM  2.
PAR  2. Charge storage and monitoring apparatus according to claim 1 wherein:
PA1  said piezoelectric semiconductor constitutes a radiation sensitive
      material.
NUM  3.
PAR  3. Charge storage and monitoring apparatus according to claim 1 wherein:
PA1  said piezoelectric semiconductor is in the form of an epitaxial layered
      structure.
NUM  4.
PAR  4. Charge storage and monitoring apparatus according to claim 1 wherein:
PA1  said barrier electrode has a dimension in the acoustic wave propagation
      direction less than one-half the acoustic wavelength.
NUM  5.
PAR  5. Charge storage and monitoring apparatus according to claim 1 wherein:
PA1  said detecting means includes said barrier electrode.
NUM  6.
PAR  6. Charge storage and monitoring apparatus according to claim 1 wherein:
PA1  said barrier electrode is in the form of a plurality of segments, each
      having a dimension in the direction of acoustic wave propagation less than
      one-half the acoustic wavelength.
NUM  7.
PAR  7. Charge storage and monitoring apparatus according to claim 1 which
      comprises:
PA1  a source of charging voltage, and
PA1  switch means connected between said voltage source and said barrier
      electrode and operable when closed to apply a charge to said electrode and
      when open to electrically isolate said electrode whereby the charge is
      stored thereon.
NUM  8.
PAR  8. Charge storage and monitoring apparatus according to claim 7 which
      comprises:
PA1  means for changing the charge on said barrier electrode after its
      isolation.
NUM  9.
PAR  9. Charge storage and monitoring apparatus according to claim 8 wherein:
PA1  said charge changing means includes a light directed against said
      semiconductor in the vicinity of said barrier electrode.
NUM  10.
PAR  10. Charge storage and monitoring apparatus utilizing acoustic waves which
      comprises:
PA1  a piezoelectric semiconductor,
PA1  a barrier electrode associated with said piezoelectric semiconductor and
      capable of supporting a selected charge,
PA1  means for generating an acoustic wave in said semiconductor to traverse the
      same adjacent the barrier electrode, and
PA1  means for generating a signal in said electrode adjacent said semiconductor
      to provide an output signal proportional to the electric charge on said
      barrier electrode.
NUM  11.
PAR  11. Charge storage and monitoring apparatus according to claim 10 wherein:
PA1  said signal generating means includes means for generating a second
      acoustic wave arranged to traverse said piezoelectric semiconductior
      adjacent said barrier electrode to interact with the acoustic wave
      generated by said first acoustic wave generating means.
NUM  12.
PAR  12. Charge storage and monitoring apparatus according to claim 10 wherein:
PA1  said signal generating means includes means for generating a signal in said
      barrier electrode to interact with the signal developed in said barrier
      electrode resultant from traversal of the acoustic wave through said
      semiconductor adjacent thereto.
NUM  13.
PAR  13. Charge storage and monitoring apparatus according to claim 10 wherein:
PA1  said signal generating means includes a pair of strip conductors
      intersecting in adjacent relation to said barrier electrode, and means for
      introducing electromagnetic signals to each of said strip conductors.
NUM  14.
PAR  14. Charge storage and monitoring apparatus according to claim 10 which
      comprises:
PA1  a plurality of additional barrier electrodes aligned in a linear array on
      said piezoelectric semiconductor along the path traversed by the acoustic
      wave.
NUM  15.
PAR  15. Charge storage and monitoring apparatus according to claim 14 which
      comprises:
PA1  a plurality of additional linear arrays of aligned barrier electrodes, and
PA1  means for generating additional acoustic waves to traverse said
      piezoelectric semiconductor adjacent all of said linear arrays of barrier
      electrodes.
NUM  16.
PAR  16. Charge storage and monitoring apparatus utilizing acoustic waves which
      comprises:
PA1  a piezoelectric semiconductor,
PA1  a plurality of barrier electrodes arranged in regular rows and columns on
      said semiconductor,
PA1  a source of charging voltage,
PA1  switch means connected between said charging voltage source and said
      electrodes enabling application of a charge to each of said electrodes,
PA1  means for generating an acoustic wave in said piezoelectric semiconductor
      to traverse the same adjacent said barrier electrodes, and
PA1  means for generating signals uniquely associated with individual electrodes
      to provide an output signal related to the charging voltage thereon.
NUM  17.
PAR  17. Charge storage and monitoring apparatus according to claim 16 wherein:
PA1  said signal generating means includes means for applying a radio frequency
      signal to each of said barrier electrodes in individual sequence.
NUM  18.
PAR  18. Charge storage and monitoring apparatus according to claim 16 wherein:
PA1  said signal generating means includes groups of strip conductors
      overlapping said rows and columns of barrier electrodes to be capacitively
      coupled thereof, and
PA1  means for applying separate radio frequency signals in time sequence to
      each of said row overlapping and column overlapping strip conductors.
NUM  19.
PAR  19. Charge storage and monitoring apparatus according to claim 18 which
      comprises:
PA1  a tuned circuit connected to said strip conductors and tuned to the sum or
      difference frequency of said acoustic wave and applied radio frequency
      signals on said strip conductors.
NUM  20.
PAR  20. Charge storage and monitoring apparatus according to claim 19 which
      comprises:
PA1  a display oscilloscope,
PA1  means for controlling the timed sequence of said radio frequency signals by
      the sweep voltage outputs of said oscilloscope, and
PA1  means for connecting said tuned circuit to said oscilloscope to display the
      combined signal output.
NUM  21.
PAR  21. Charge storage and monitoring apparatus according to claim 20 wherein:
PA1  said piezoelectric semiconductor is sensitive to radiation wherefore light
      or other radiation directed thereagainst will effect a decay of the charge
      on each barrier electrode in proportion to the intensity of the radiation
      at the location of each barrier electrode.
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ABST
PAL  A circuit for and a method of utilizing an addressable memory as the
      generator of timing pulse signals is disclosed. The memory has n separate
      input terminals for receiving the n-bits of an n-bit address word to
      address one of the 2.sup.n addressable registers therein. Each register
      stores an n-bit data word, and, when addressed, couples the n bits of the
      addressed data word to a separate associated one of n separate output
      terminals. N separate feedback conductors couple each separate one of the
      n output terminals back to only a separate associated one of the n input
      terminals. The memory, when enabled, reads out the data word stored in a
      first addressed one of its registers for continuously cycling the memory
      through its 2.sup.n registers by using the read out data word as the
      address word to address the next addressed register at the next memory
      cycle. N separate output signal conductors are coupled to each separate
      one of the n separate output terminals for providing, on each separate one
      of the n output signal conductors, n timing pulse signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generators of clocking signals for the timing of digital functions in a
      data processing system are usually delay lines having the various timing
      pulses derived by taps along its length. Such delay lines are costly,
      relatively large in volume and relatively inefficient in operation. The
      advent of inexpensive medium scale integrated (MSI) packages has enabled
      the circuit designer to implement many prior art hybrid or discrete
      circuits using the advantages of the newest MSI packages. See the W. W.
      Davis patent application Ser. No. 388,869, filed Aug. 16, 1973, now U.S.
      Pat. No. 3,846,705. The present invention is directed toward such a novel
      use of a commercially available MSI package.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward a method of intercoupling one or
      more commercially available MSI circuit packages to form a generator of
      periodic pulses which pulses may be utilized for various digital timing
      functions. The MSI circuit is preferably a (PROM) having an n-bit input
      address word and an m-bit output data word. Each of the n lowest ordered
      bits of the m-bit output data words that are stored in the addresses of
      the PROM is coupled back to a respectively associated one of the n input
      bits such that when the PROM is enabled the data word at the output is
      utilized as an address word at the input, to address another data word.
      Each output bit may be used as a phase or enable pulse while the
      repetition rate or frequency that is normally determined by the PROM's
      internal circuitry may be adjusted by adding delay means external to the
      MSI package.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit schematic of an OSC PROM illustrating the manner in
      which the input (address) terminals and the output (data) terminals of an
      MSI PROM are intercoupled according to the present invention.
PAR  FIG. 2 is a block diagram of an illustrative MSI PROM (Intersil PROM IM
      5600) that is incorporated in the illustrative circuit of FIG. 1.
PAR  FIG. 3 is a timing diagram of the circuit of FIG. 1.
PAR  FIG. 4 is a circuit schematic illustrating the manner in which the circuit
      of FIG. 1 may be utilized with additional MSI packages to function as a
      full clock and sequence timing generator for a data processing system.
PAR  FIG. 5 is a timing diagram of the MT PROM of FIG. 4.
PAR  FIG. 6 is a timing diagram of the SEQ A PROM of FIG. 4.
PAR  FIGS. 7a, 7b are illustrations of methods of varying the frequency of the
      OSC PROM of FIG. 1.
PAR  FIG. 8 is a circuit schematic illustrating the manner in which the circuit
      of FIG. 1 may be utilized with an additional MSI package to function as a
      counter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With particular reference to FIG. 1 there is presented a schematic diagram
      illustrating the manner in which an MSI PROM 8 is intercoupled to form the
      OSC PROM 10 of the preferred embodiment of the present invention. As
      stated hereinabove PROM 8 is a commercially available integrated circuit
      (IC) and in the preferred embodiment is an Intersil PROM IM 5600, a block
      diagram of which is illustrated in FIG. 2. PROM 8 is a semiconductor
      memory having the five input terminals A.sub.0, A.sub.1, . . . A.sub.4
      that receive the 5-bit address word, providing on the output terminals
      Q.sub.0, Q.sub.1, . . . Q.sub.7 the eight-bit data word, 32 of which are
      stored in PROM 8. Each like-ordered output terminal, e.g., output terminal
      Q.sub.0 is directly coupled back to its like-ordered input terminal
      A.sub.0, by conductors 12, 14, 16, 18, 20 such that the bits of the data
      word that are read out of PROM 8 during one memory cycle function as the
      bits of the address word for the next memory cycle while the memory cycle
      time or frequency is determined by the delay of the internal electronics
      of PROM 8.
PAR  Initially, to set up PROM 8 as a continuously running oscillator the octal
      addresses 0 through 37 thereof are loaded with the corresponding octal
      data words 1 through 37, 0 such as illustrated in Table A. Then, with the
      input terminals A.sub.0 -A.sub.4 coupled to the respective voltage source
      +V through their associated resistors R, when switch 22 is closed the
      signals illustrated in the timing diagram of FIG. 3 are emitted at their
      associated terminals Q.sub.0 -Q.sub.4. It is to be noted that with an
      n-bit address word, e.g., 5 bits in the illustrated embodiment, only a
      like number, e.g., 5 bits of output terminals Q.sub.0 -Q.sub.4 are
      utilized in the present invention. In this embodiment only the lower
      ordered bits of the stored data words are utilized with the higher ordered
      bits Q.sub.5, Q.sub.6, Q.sub.7 not utilized or ignored. Reference to FIG.
      3 indicates that the output wave forms Q.sub.0 -Q.sub.4 are successively
      half the frequency
TBL                TABLE A                                                     

     ______________________________________                                    

     O S C PROM 10                                                             

     A.sub.4                                                                   

          A.sub.3                                                              

                 A.sub.2                                                       

                        A.sub.1                                                

                             A.sub.0                                           

                                    Q.sub.4                                    

                                         Q.sub.3                               

                                              Q.sub.2                          

                                                   Q.sub.1                     

                                                        Q.sub.0                

     ______________________________________                                    

     0    0      0      0    0      0    0    0    0    1                      

     0    0      0      0    1      0    0    0    1    0                      

     0    0      0      1    0      0    0    0    1    1                      

     0    0      0      1    1      0    0    1    0    0                      

     0    0      1      0    0      0    0    1    0    1                      

     0    0      1      0    1      0    0    1    1    0                      

     0    0      1      1    0      0    0    1    1    1                      

     0    0      1      1    1      0    1    0    0    0                      

     0    1      0      0    0      0    1    0    0    1                      

     0    1      0      0    1      0    1    0    1    0                      

     0    1      0      1    0      0    1    0    1    1                      

     0    1      0      1    1      0    1    1    0    0                      

     0    1      1      0    0      0    1    1    0    1                      

     0    1      1      0    1      0    1    1    1    0                      

     0    1      1      1    0      0    1    1    1    1                      

     0    1      1      1    1      1    0    0    0    0                      

     --   --     --     --   --     --   --   --   --   --                     

     --   --     --     --   --     --   --   --   --   --                     

     1    1      1      0    1      1    1    1    1    0                      

     1    1      1      1    0      1    1    1    1    1                      

     1    1      1      1    1      0    0    0    0    0                      

     ______________________________________                                    

PAL  of the output signal at the next previously lower ordered output terminal,
      all output signals being multiples of the basic frequency of the wave form
      Q.sub.0 that is determined by the delay of the internal electronics of
      PROM 8.
PAR  With particular reference to FIG. 4 there is presented a schematic diagram
      illustrating the manner in which the OSC PROM 10 of FIG. 1 may be utilized
      with additional MSI packages 26, 28 to function as a full clock and
      sequence timing generator for a data processing system. In this system,
      OSC PROM 10 of FIG. 1 is coupled to Main Timing (MT) PROM 26 and Sequence
      A (SEQ A) PROM 28 at their input terminals A.sub.0 - A.sub.4, in parallel,
      by conductors 30, 32, 34, 36, 38. MT PROM 26 and SEQ A PROM 28 may, for
      the purposes of the present discussion, be similar to PROM 8 of FIG. 1
      each comprising a capacity of 32 data words each of eight bits in length.
      When driven at their input terminals A.sub.0 -A.sub.4, with MT PROM 26
      having the data words loaded therein as illustrated in Table B and SEQ A
      PROM 28 having the data words loaded therein as illustrated in Table C, MT
      PROM 26 provides at its output terminals Q.sub.0 -Q.sub.4 the wave forms
      as illustrated in the timing diagram of FIG. 5 and SEQ A PROM 28 provides
      at its output terminals Q.sub.0 -Q.sub.2 the wave forms as illustrated in
      the timing diagram of FIG. 6.
PAR  In the configuration of FIG. 4 it is apparent that by the loading of a
      different series of data words in MT PROM 26 and SEQ A PROM 28 as compared
      to those data words illustrated in Table B and Table C, any particular set
      of associated wave forms may be obtained, the only requirement being that
      a 1 be positioned in the particular data word concerned to provide the
      relatively high level output as compared to a 0 providing the relatively
      low level output. It is to be noted that
TBL                TABLE B                                                     

     ______________________________________                                    

     MT PROM 26                                                                

     A.sub.4                                                                   

         A.sub.3                                                               

                A.sub.2                                                        

                       A.sub.1                                                 

                            A.sub.0                                            

                                 Q.sub.4                                       

                                      Q.sub.3                                  

                                           Q.sub.2                             

                                                Q.sub.1                        

                                                     Q.sub.0                   

     ______________________________________                                    

     0   0      0      0    0    0    0    0    0    1                         

     0   0      0      0    1    0    0    0    0    1                         

     0   0      0      1    0    0    0    0    0    1                         

     0   0      0      1    1    0    0    0    0    1    T1                   

     0   0      1      0    0    0    0    0    0    1                         

     0   0      1      0    1    0    0    0    0    1                         

     0   0      1      1    0    0    0    0    1    0                         

     0   0      1      1    1    0    0    0    1    0                         

     0   1      0      0    0    0    0    0    1    0    T2                   

     0   1      0      0    1    0    0    0    1    0                         

     0   1      0      1    0    0    0    0    1    0                         

     0   1      0      1    1    0    0    0    1    0                         

     0   1      1      0    0    0    0    1    0    0                         

     --  --     --     --   --   --   --   --   --   --   T3                   

     1   0      0      0    1    0    0    1    0    0                         

     1   0      0      1    0    0    1    0    0    0                         

     --  --     --     --   --   --   --   --   --   --   T4                   

      1  0      1      1    1    0    1    0    0    0                         

     1   1      0      0    0    1    0    0    0    0                         

     --  --     --     --   --   --   --   --   --   --   T5                   

     1   1      1      0    1    1    0    0    0    0                         

     1   1      1      1    0    0    0    0    0    0                         

     1   1      1      1    1    0    0    0    0    0                         

     ______________________________________                                    

TBL                TABLE C                                                     

     ______________________________________                                    

     SEQ A PROM 28                                                             

     A.sub.4                                                                   

          A.sub.3                                                              

                 A.sub.2                                                       

                        A.sub.1                                                

                             A.sub.0 Q.sub.2                                   

                                          Q.sub.1                              

                                               Q.sub.0                         

     ______________________________________                                    

     0    0      0      0    0       0    0    1                               

     0    0      0      0    1       0    0    1                               

     --   --     --     --   --      --   --   --     A1                       

     0    1      0      0    0       0    0    1                               

     0    1      0      0    1       0    0    1                               

     0    1      0      1    0       0    1    0                               

     0    1      0      1    1       0    1    0                               

     --   --     --     --   --      --   --   --     A2                       

     1    0      1      0    0       0    1    0                               

     1    0      1      0    1       0    1    0                               

     1    0      1      1    0       1    0    0                               

     1    0      1      1    1       1    0    0                               

     --   --     --     --   --      --   --   --     A3                       

     1    1      1      1    0       1    0    0                               

     1    1      1      1    1       1    0    0                               

     ______________________________________                                    

PAL  overlapping high level signals may be obtained by simply loading a 1 in the
      bit position desired. As an example, if it is required that MT PROM 26
      have its wave forms Q.sub.0 and Q.sub.1 overlap, a 1 may be loaded in the
      least significant bit (LSB) position of the data word stored at memory
      address 6.sub.8 providing the overlap portion 50 of wave form Q.sub.0
      illustrated in phantom lines.
PAR  In the above discussion of the operation of OSC PROM 10 of FIG. 1, it was
      stated that the frequency of operation thereof was determined by the delay
      provided by the internal circuitry which is normally a fixed value
      predetermined by the manufacturer thereof. If it is desirable that such
      frequency of operation be altered to a lower frequency, the circuits of
      FIGS. 7a, 7b may be utilized. In FIG. 7a an external capacitor 70 is
      coupled intermediate the output terminal Q.sub.0 and a voltage source such
      as ground potential while in FIG. 7b two inverter amplifiers 70, 71 are
      serially coupled intermediate the output terminal Q.sub.0 and the
      associated input terminal A.sub.0. In either application, the delay of the
      externally coupled devices is selected to achieve the desired effect upon
      the frequency of operation that would otherwise be determined solely by
      the delay of the internal electronics of PROM 8.
PAR  With particular reference to FIG. 8 there is presented a schematic diagram
      illustrating the manner in which OSC PROM 10 of FIG. 1 may be utilized to
      function as a counter. In this configuration the output terminals Q.sub.0
      -Q.sub.4 are coupled directly to the respectively associated stages
      2.sup.0 -2.sup.4 of a register constructed of R-S flip-flops. Also
      provided are a plurality of inverting amplifiers 80-84 coupled to the
      respectively associated output terminals Q.sub.0 -Q.sub.4 to control the
      counting sequence as it affects register 78.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal generator, comprising:
PA1  an addressable memory having n separate input terminals for receiving the
      n-bits of an n-bit address word to address one of the 2.sup.n addressable
      registers therein each register storing an n-bit data word, the n bits of
      which are each coupled to a separate associated one of n separate output
      terminals;
PA1  a plurality of n-bit data words of differing values, said data words stored
      in consecutively addressed ones of said registers;
PA1  n separate feedback means for directly coupling each separate one of said n
      output terminals back to only a separate associated one of said n input
      terminals;
PA1  means enabling said memory to read out the data word stored in a first one
      of its registers for continuously and repetitively cycling said memory
      through its 2.sup.n registers by using the read out data word as the
      address word to address the next addressed register at the next memory
      cycle;
PA1  n separate output signal means coupled to each separate one of said n
      separate output terminals for generating, on each separate one of said n
      output signal means, n timing pulses of n differing frequencies.
NUM  2.
PAR  2. The signal generator of claim 1 in which said n separate feedback means
      do not directly couple each separate one of said n output terminals to the
      separate associated one of said n input terminals, but each of said n
      separate feedback means includes similar delay means for decreasing the
      frequency of said memory cycle.
NUM  3.
PAR  3. The signal generator of claim 1 in which each of said n separate
      feedback means includes delay means for decreasing the frequency of said
      memory cycle.
NUM  4.
PAR  4. The signal generator of claim 1 further including:
PA1  a register having n states;
PA1  n separate conductors coupled to each separate one of said n separate
      output signal means for coupling each separate one of said n timing pulses
      to a separate associated one of the stages of said register.
NUM  5.
PAR  5. A signal generator, comprising:
PA1  an addressable memory having n separate input terminals for receiving the
      n-bits of an n-bit address word to address one of the 2.sup.n addressable
      registers therein, each register storing an n-bit data word, the n bits of
      which are each coupled to a separate associated one of n separate output
      terminals;
PA1  a binary table of 2.sup.n n-bit data words of consecutively increasing
      values, said data words stored in consecutively addressed ones of said
      registers with a 1 stored in register address 0 and with a 0 stored in
      register address 2.sup.n -1;
PA1  n separate feedback means for directly coupling each separate one of said n
      output terminals back to only a separate associated one of said n input
      terminals;
PA1  means enabling said memory to read out the data word stored in a first one
      of its registers for continuously and repetitively cycling said memory
      through its 2.sup.n registers by using the read out data word as the
      address word to address the next addressed register at the next memory
      cycle, the frequency of said memory cycle being determined solely by the
      delay of the internal electronics of said memory;
PA1  n separate output signal means coupled to each separate one of said n
      separate output terminals for generating, on each separate one of said n
      output signal means, n timing pulses of n different frequencies.
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ABST
PAL  A multiple-channel information translation system includes a Bragg
      light-sound interaction cell interposed in the path of a spatially
      coherent input light beam. Carrier generating means generates a plural
      number greater than two of electrical carriers each having a different RF
      frequency. The carriers are respectively amplitude modulated by
      information-bearing input signals to produce a like plural number of
      amplitude-modulated carrier signals used to drive the Bragg cell. The cell
      Bragg-diffracts the input beam into a corresponding plural number of
      primary output light beams respectively amplitude-modulated in accordance
      with the input signals. The carrier generating means causes the
      frequencies, or frequencies and relative phase, of the carriers to be such
      that random, signal-related spurious amplitude modulation of the primary
      output light beams which might otherwise result from cross-channel
      interference effects in the cell is suppressed. In one disclosed
      embodiment the carrier frequencies are selected such that the frequency
      differences between each carrier frequency and all others are equally
      spaced in the frequency domain. In a second disclosed embodiment the
      carriers are phase-locked in order to effect the said suppression of
      spurious amplitude modulation of the primary output beams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention represents an improvement on prior art multiple-channel
      laser image display systems, as described, for example, in U.S. Pat. No.
      3,744,039, issued to my co-workers G. Hrbek, W. Watson and A. Korpel, and
      assigned to the assignee of the present invention. In a broader sense,
      however, the invention has a more general applicability and may be
      utilized in laser image display systems of various constructions which use
      a Bragg cell driven by a plurality of frequency-spaced information-bearing
      carrier signals to generate a fan of independently amplitude-modulated
      light beams.
PAR  The referent prior art systems are capable of producing high quality
      images, however, under certain signal conditions, spurious amplitude
      modulation of the writing beams may occur due to cross-channel
      interference effects occurring within the Bragg cell. This phenomenon
      manifests itself as localized spots of reduced light intensity or
      "drop-outs" in the displayed images. It has been found that in certain
      conditions the described spurious modulation can be as high as 90 percent.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide a Bragg cell-type
      multiple-channel image display system and method in which the
      afore-described spurious amplitude modulation effects are suppressed,
      yielding optical images of quality superior to that producible by prior
      art systems and methods.
PAR  It is another object of the invention to provide a Bragg cell type image
      display system of the general nature described which has an improvement by
      which "drop-outs" in the displayed images are suppressed, and yet which
      improvement is relatively simple and inexpensive to implement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawings, and in which:
PAR  FIG. 1 is a block diagram of a prior art multiple-channel information
      translation system of the nature described in the referent Hrbek et al
      patent, illustrating the prior art relationship between the first order
      output light beams (the "primary" beams) and certain "secondary" output
      light beams;
PAR  FIG. 2 is a more detailed schematic illustration of the prior art Hrbek et
      al information translation system;
PAR  FIG. 3 is a block diagram similar to FIG. 1 but illustrating the present
      invention and in detail depicting the novel relationship between the
      primary and secondary output light beams; and
PAR  FIG. 4 is a block diagram of a system representing an alternative
      implementation of the principles of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As discussed above, in one sense this invention involves a system and
      method for improving the quality of laser-displayed images provided by
      systems of the nature described in the referent Hrbek et al patent. In
      order to provide a background for the present invention, a brief
      description of the Hrbek et al multiple-channel laser display system will
      first be engaged.
PAR  Referring to FIG. 1, in the Hrbek et al system a beam of light 10 is
      produced by a laser 11 and fed into a Bragg light-sound cell 17. A series
      of sound waves 12 are launched in the cell 17 by a transducer 13 excited
      by a suitable signal source 14 (to be described). The sound waves
      propagate across the path of beam 10 in a medium 15, such as water or
      glass, confined to an enclosure having sidewalls transparent to beam 10.
PAR  Light beam 10 is incident upon sound waves 12 in the cell 17 at
      approximately the Bragg angle .beta., a portion of the light beam being
      diffracted and emerging from cell 17 along a path forming an angle 2.beta.
      with the undiffracted beam portion. The light diffracted in the cell 17
      propagates to image screen 22. Bragg angle .beta. is determined in
      accordance with the wellknown Bragg relationship:
EQU  sin .beta. = .+-. .lambda./2W,
PAL  where .lambda. is the mean wavelength of the light beam and W is the
      wavelength of the sound wave pattern. In typical applications, the actual
      value of angle .beta. is sufficiently small so that the left term in the
      Bragg equation may be reduced to the angle .beta. itself.
PAR  As will be evident from an examination of the Bragg equation, the value of
      the diffraction angle 2.beta. is a function of the wavelength (or
      frequency) of the sound waves and, hence, is correspondingly a function of
      the frequency of the signals generated by the signal source exciting
      transducer 13. In the illustrated educative example, the signal source 14
      is an adder and power amplifier. The source 14 receives the output of
      three oscillators 19, 20 and 21 of different predetermined frequencies
      f.sub.1, f.sub.2 and f.sub.3, respectively. Three information-bearing
      output signals, applied at 18a, 18b and 18c, are impressed on the carriers
      produced by oscillators 19, 20 and 21 by means of amplitude modulators 23,
      24 and 25. Thus adder/amplifier 14 simultaneously receives three carrier
      signals, individually of a different frequency and an independently
      controlled amplitude, and applies their sum to transducer 13.
PAR  In response to such excitation, cell 17 diffracts the input light beam 10
      into three light beams I.sub.1, I.sub.2 and I.sub.3. The three beams
      I.sub.1, I.sub.2 and I.sub.3 in turn develop three corresponding spots
      spaced along screen 22 in the direction of sound propagation, here the
      vertical direction. The three spots individually have respective
      intensities corresponding to the respective amplitudes of the three
      carrier signals of frequencies f.sub.1, f.sub.2 and f.sub.3. Each of the
      spots has a position on screen 22 and an intensity or brightness
      corresponding to the frequency and amplitude, respectively, of a
      particular one of the signal components added together by adder 14.
PAR  The number of carrier signals simultaneously developed by adder 14 may be
      increased to any number up to a limit determined by the resolution N of
      the sound cell 17. This may be accomplished, for example, by the addition
      of more oscillators, each of a different predetermined frequency and a
      corresponding number of modulators, as a result of which cell 17 would
      diffract a corresponding plurality of beams to produce a like plurality of
      spots distributed across screen 22.
PAR  Thus, each of the plurality of signals supplied by the oscillators 19, 20
      and 21 are associated with a corresponding plurality of image elements,
      each signal respectively representing one of such elements in position and
      amplitude. To produce a two-dimensional representation, the resultant fan
      of beams must be scanned in a direction orthogonal to the fan, while the
      intensity of each individual beam is varied as it is scanned in accordance
      with the time variations in the amplitude of its respective carrier
      signal. To effectuate this scan, a generally similar system may be
      employed to move the light beams in the orthogonal direction, with the
      sound frequency value in such system being repetitively scanned through a
      predetermined frequency range so that the value of the diffraction angle,
      which is a function of the frequency of the sound waves, will vary
      accordingly. However, if the required scan rate is not excessively great,
      a simple galvanometer-controlled mirror or, as in slow recording systems,
      a recording medium transport may be employed to accomplish the required
      relative orthogonal motion.
PAR  FIG. 2 depicts in more detail than FIG. 1, an embodiment of the Hrbek et al
      invention. The FIG. 2 system is designed to reproduce alphanumeric image
      information from a multi-channel source of input signals. In the
      particular system illustrated, the input signals are supplied by a data
      signal source 30, which may take the form of a computer output, delivering
      character control signals over a plurality of parallel channel output
      lines 31. The lines 31 are simultaneously energized by the data source 30
      so that together the control signals comprise a pattern of ON-OFF states,
      preferably in accordance with a standard binary code such as the "ASCII
      Code."
PAR  Each output line is connected to a corresponding input of a decoder and
      character signal generator 32. One commercially-available example of such
      a decoder-character generator 32 which may be employed in the FIG. 2
      system is the Model TMS-4103 JC system sold by Texas Instrument
      Corporation. The decoder-generator 32 decodes the coded data source
      signals into a plurality of gate signals, each corresponding to a
      different line in a raster of image lines defining a line of characters.
      The sources of the individual independent gate signals, depicted
      schematically at 33 here, are actually integral with decoder-generator 32;
      however, it is to be understood that in other systems not utilizing a
      decoder-generator of the afore-mentioned type, the gate signal sources 33
      may be physically separate. In other systems, instead of data source 30, a
      non-coded source of digital information may be used which also has a
      plurality of channels and corresponding output lines which control an
      array of separate gate signal sources directly. In any case, the gate
      signal sources 33 are driven to sequentially deliver over respective
      output lines 34 the columns of a row-and-column-matrix representation of
      the desired characters.
PAR  In the FIG. 2 system, the decoder-generator 32 is compatible with the
      afore-mentioned standard code and supplies gate signals for the production
      of characters of the 5 .times. 7 matrix type over seven output lines 34.
      To accomplish this, it incorporates five column-select control leads 35,
      which are connected to respective leads of a 6-position shift register 36
      distributing sequentially the pulses from a column-select pulse generator
      37 controlled by data source 30. The columns of each character are
      generated sequentially by decoder-generator 32 in response to
      corresponding pulses over the five control leads 35 from column-select
      generator 37. The pulse generator 37 and register 36 are synchronized to
      data source 30 and its rate of delivery of character information.
PAR  The output lines 34 of gate signal sources 33 are coupled to respective
      oscillators 38. The oscillators 38 may be of the character described in
      FIG. 1, except that seven oscillator units are employed, one for each row
      of the character, and each oscillator is gated OFF or ON at full power in
      accordance with the absence or presence of a signal on its associated one
      of lines 34. In the prior art Hrbek et al system, the frequencies of each
      of the oscillators 38 are spaced evenly, for example, over a 20 megahertz
      interval from 30 to 50 megahertz in 31/3 megahertz increments. An adder 39
      and power amplifier 40 perform the same function as does adder-amplifier
      14 of the FIG. 1 system, except that an amplitude-regulating attenuator 41
      is also included for adjusting the intensity of the diffracted output
      beams as a function of the number of beams ON, as described and claimed in
      the referent Hrbek et al patent. As in FIG. 1, the resultant signal from
      power amplifier 40 powers Bragg cell 17' to diffract beam 10' from laser
      11' into a plurality of equally spaced beams, in this case seven, since
      seven discrete spaced frequencies are employed.
PAR  Bragg cell 17' should have a substantially linear frequency response in
      order that the power necessary to diffract light of a given intensity is
      nearly the same for each of the frequencies applied to the cell. Although
      for many applications such a response characteristic is easily obtained
      sufficiently approximated by using cells having wide tolerances and
      bandwidths, one way to positively assure that the cell will have the
      proper range and quality of response is to utilize the principles of
      acoustic beam steering set forth in U.S. Pat. No. 3,493,759 to Robert
      Adler and assigned to the assignee of this invention. This patent teaches
      the use of a soundcell transducer comprised of a plurality of steps, the
      arrangement being termed "an echelon transducer array." The action of the
      echelon transducer array is to cause sound beams generated at various
      frequencies to each have a direction related to its frequency. The
      direction of each sound beam is such that a fixed input light beam is
      diffracted by each of the varied frequency sound beams at the Bragg angle.
PAR  The seven output light beams are diffracted as a fan of beams 50 from cell
      17' and are received by a second Bragg cell 42 operating as a deflector
      for deflecting these beams in a direction orthogonal to that of the
      diffraction of the first cell 17' (here, in the horizontal direction) over
      a display or recording medium 43. This is accomplished by a frequency
      sweep generator 44 which supplies a scan signal to cell 42 in the form of
      a linear frequency ramp sweeping repetitively through a predetermined
      frequency range, i.e., 40 megahertz, determined by the value of the total
      diffraction angle which is desired. Characters are generated by the
      controlled ON-OFF action of the individual diffracted beams as the fan 50
      of seven diffracted beams from the cell 17' is scanned in the horizontal
      direction by cell 42. ON-OFF gating of the individual beams occurs in
      response to the ON-OFF gating of each of the oscillators 38 by signals
      over the output lines 34 from character decoder-generator 32. The rate of
      information delivery of the data source 30 and the sweep generator 44 are
      synchronized so that a complete line of character information is displayed
      with every scan of generator 44 and cell 42. Since the intrinsic speed
      capability of a Bragg cell deflector is very high, high rates of character
      generation may be accomplished.
PAR  Although the lines of information scanned out by the apparatus may be
      directly displayed, in which case medium 43 is a display screen, in the
      FIG. 2 embodiment the information is recorded, as is usual in high-speed
      computer information readout applications, and medium 43 is a high-speed
      photographic film. A film transport mechanism (not shown) advances a new
      portion of film after each line of information is scanned, in response to
      the line start synchronization signal from data source 30 in the same
      manner as for scan generator 44 and column-select pulse generator 37. The
      film transport mechanism may be any one of those known in the art and
      commercially available for the purpose. The film medium is advanced in the
      direction orthogonal to that of the scanning of cell 42, in this case the
      vertical direction, sufficient to prevent overlap of the recorded lines of
      information, and is of a width sufficient to contain the complete angular
      scanning range of cell 42.
PAR  Although the specific embodiment being described is especially for
      reproduction of alphanumeric information, the system may be adapted to
      non-alphanumeric image information with useful gray scale, given suitable
      respective modulating signals for the control of the power output of the
      oscillators 38.
PAR  As intimated above, under certain signal conditions, prior art systems as
      described above may, as a result of spurious amplitude modulation of the
      writing beams 50, have "drop-outs" in the recorded images. To elaborate --
      the FIG. 2 system is illustrated as writing the character "H" with its
      seven writing beams 50. It can be seen that the writing beam 50a has been
      suppressed by the afore-mentioned spurious modulation during formation of
      the vertical bars of the letter "H" (an all-beams-ON condition), resulting
      in drop-outs at character elements 52 and 54. It should be noted that the
      same writing beam 50a is not suppressed in writing the horizontal bar in
      the letter "H," a signal condition wherein the beam 50a is the only beam
      ON. Thus, it is seen that the spurious amplitude modulation is
      signal-related.
PAR  It can be appreciated that in the display or recording of high resolution
      alphanumeric information, or even in the display or recording of
      continuous tone imagery, that such drop-outs will seriously degrade the
      quality of the images produced. It is a stated object of the present
      invention to overcome the described problem of drop-outs in images
      produced by systems of the character described. A number of systems and
      methods are described herein for achieving this end, however, before
      engaging in a discussion of these, the nature and origin of the
      afore-mentioned spurious modulation will be explored.
PAR  It is believed that the afore-described spurious amplitude modulation of
      the writing beams in an information translation system of the character
      depicted can be described in terms of rediffraction of the primary output
      light beams, i.e., the writing or displaying beams. In an acousto-optic
      modulator of the Bragg diffraction type, the light diffracted into the
      first diffraction order will be rediffracted into the zeroth order, into
      the second order, and into higher orders. In multiple frequency operation,
      part of the light diffracted by acoustic waves of one frequency will be
      rediffracted by waves of other acoustic frequencies as well as the one
      which initially diffracted it.
PAR  In order to further an understanding of this phenomenon and its relevance
      to this invention, reference will again be made to the FIG. 1 schematic
      illustration of the prior art Hrbek et al system. The resultant
      diffraction pattern produced by the FIG. 1 system using three acoustic
      frequencies is shown in FIG. 1.
PAR  At the output of the cell 17 appears primary output light beams I.sub.1,
      I.sub.2 and I.sub.3 and secondary output light beams (to be described)
      I.sub.3/1, I.sub.3/2, I.sub.2/1, I.sub.1/2, I.sub.2/3 and I.sub.1/3.
      I.sub.0 represents the zeroth order beam. The six secondary output beams
      are diffracted at the diffraction angles associated with the six
      difference frequencies between the applied signals. In FIG. 1 these beams
      are labeled I.sub.3/1, indicating the primary beam I.sub.3 rediffracted by
      the acoustic waves f.sub.1, i.e., the acoustic wave patterns generated by
      the carrier of frequency f.sub.1, I.sub.3/2 indicating the primary beam
      I.sub.3 rediffracted by the acoustic waves f.sub.2, and so forth.
PAR  In the described prior art system, as might be expected the carriers
      f.sub.1, f.sub.2 and f.sub.3 are caused to be equally spaced in the
      frequency domain such that the primary beams I.sub.1, I.sub.2 and I.sub.3
      have equal angular spacing and will therefore produce image spots which
      are equally spaced in the displayed image. As can be seen in FIG. 1, the
      selection of carriers having equally spaced frequencies results in near
      coincidence of certain of the secondary beams in the frequency domain,
      e.g., of I.sub.3/2 with I.sub.2/1.
PAR  In a multiple beam Bragg cell information display system of the character
      described, all of the light supplied to the cell in the input light beam
      (neglecting losses in the cell) is distributed among the diffracted output
      beams. A very substantial percentage of the total light leaving the cell
      17 falls in the first order primary beams or in the described secondary
      beams. For purposes of this discussion, any remaining output light
      diffracted from the cell 17 will be neglected. It can thus be seen that
      light which is not diffracted into the primary beams I.sub.1, I.sub.2 or
      I.sub.3 appears in the secondary beams. If conditions are right in the
      cell 54 for destructive interference between certain secondary beams,
      i.e., for example, for destructive interference to occur between the
      overlapped beams I.sub.3/2 and I.sub.2/1, then the light which would have
      otherwise appeared in these secondary beams will appear in the primary
      beams. Conversely, additive interference between two secondary beams can
      result in a concentration of light in the secondary beams at the expense
      of light in one or more of the primary writing beams. When such latter
      cross-channel interference effects occur, the result may be a severe
      drop-out in the image being written by the writing beams I.sub.1, I.sub.2
      and I.sub.3.
PAR  The described spurious amplitude modulation is dependent upon the applied
      signal in two respects. First, the number of output beams turned "on" at
      any instant must be greater in number than two. In systems of the
      character described above, if two or fewer beams are energized at any
      instant, the afore-mentioned cross-channel interference effects will not
      take place, and the resultant spurious amplitude modulation will therefore
      not occur.
PAR  Second, the spurious modulation depends upon the carrier frequencies of the
      carrier signals which constitute the summed input signal supplied to the
      fan-producing Bragg cell (17' in FIG. 2). More specifically, the spurious
      amplitude modulation depends upon the spacing in the frequency domain of
      the difference frequencies between the carriers. Stated another way, the
      spurious amplitude modulation depends upon the difference of the
      difference frequencies. This will be made clear by the following example.
      If, for example, the prior art laser character generation system employed
      seven carrier frequencies spaced by 0.5 MHz .+-. 5 kHz, a spurious,
      signal-modulating beat note will be generated which will have a frequency
      between 0 and 20 kHz. If for example, the beat frequency were 20 kHz, the
      spurious amplitude modulation of the primary output light beams would be
      so rapid that for slow character writing speeds, the spurious amplitude
      modulation would not be detectable. However, at very fast writing speeds,
      even a 20 kHz spurious modulation frequency would produce visible
      drop-outs in the display or recorded images.
PAR  The spurious amplitude modulation in a commercially practicable execution
      will also be random, due to drifting in phase and frequency of the
      (uncoupled) oscillators (38 in FIG. 2). Thus, the described spurious
      amplitude modulation is both random and signal-dependent.
PAR  This invention is directed to overcoming the aforedescribed drop-out
      problem in information translation systems of the character described
      which is due to the afore-discussed spurious amplitude modulation. In
      accordance with this invention, a plural number greater than two of
      electrical carriers is generated, each having a different RF frequency.
      Each of the carriers is amplitude-modulated with a different input signal
      so as to develop a like plural number of modulated carrier signals
      respectively representing a different image line in a raster of image
      lines.
PAR  The carrier signals are supplied to a Bragg acousto-optic cell to cause
      Bragg diffraction of at least a part of the input laser beam into a like
      plural number of co-planar, angularly separated first order output light
      beams, each amplitude modulated in accordance with a different one of the
      input signals. The terms "amplitude-modulated" and "amplitude modulating"
      are used herein in a broad sense to mean any altering of the height of a
      signal waveform to convey information, as opposed to its phase or
      frequency, for example, and is intended to encompass, e.g., ON-OFF gating
      of a carrier wave.
PAR  In order to develop a two-dimensional image or a line of characters at an
      output plane, relative movement between the primary light beams and the
      image surface is produced, as by deflection of the output light beams as a
      fan of beams in a direction perpendicular to the plane containing the
      beams. The frequencies, or frequencies and relative phase, of the carriers
      are caused to be such as to substantially suppress cross-channel
      interference effects between the carrier signals tending to produce
      spurious modulation of the output beams.
PAR  In a preferred embodiment of the invention, depicted schematically in FIG.
      3, the described spurious modulation is suppressed by selecting the
      carrier frequencies such that the frequency differences between each
      carrier and all others are unequal. FIG. 3 is a block diagram
      corresponding to the FIG. 1 diagram but illustrating the principles
      underlying the said preferred implementation of the invention. In the FIG.
      3 system, primed reference numerals denote components which correspond to
      components of the FIG. 1 system having like unprimed reference numerals.
      The novel FIG. 3 system differs from the prior art FIG. 1 system primarily
      in the frequencies of the carriers generated by the carrier-generating
      oscillators 119, 120 and 121. In accordance with the present invention, as
      shown clearly in FIG. 3, the carrier frequencies f.sub.1, f.sub.2 and
      f.sub.3 are chosen according to this invention such that the secondary
      output light beams 54 are equally spaced in the frequency domain. By thus
      selecting frequencies of the carriers generated by oscillators 119, 120
      and 121, overlap of the secondary light beams in the frequency domain, and
      thus the possibility of interference therebetween in the cell 17', is
      precluded. By precluding interference between the secondary output light
      beams 54, the misallocation of light from the primary output light beams
      56 into the secondary beams 54 by signal-related interference effects
      occurring in the cell 17' is substantially precluded.
PAR  In one execution of this embodiment of the invention, the secondary beams
      54 are caused to be substantially equally spaced in the frequency domain,
      that is, the frequencies representing the differences between each of the
      carrier frequencies and all others are caused to be substantially equally
      spaced in the frequency domain. This selection of frequencies implies, as
      shown in FIG. 3, that the primary output beams 56 are angularly spaced
      increasingly far apart. The spots which are written by the primary beams
      56 are thus not equally spaced on the output plane, however, this has not
      proven to be a significant drawback to systems constructed according to
      this invention. The difference increment between the frequencies of the
      primary output beams 56 is caused to be small such that the increment in
      angular separation of the beams across the spectrum of the beams is
      scarcely detectable. If it is desired to have, for certain applications,
      equal spacing of the light spots on the output plane, an optical corrector
      may be located in the primary output beams 56 to effect the said spot
      spacing equalization.
PAR  A seven frequency character printing system of the nature described in the
      Hrbek et al patent, but constructed to implement the described
      improvement, with acoustic carrier frequencies selected such that
      secondary beams 54 are equally spaced, has been built and has printed
      2,000 lines of characters per minute without any significant loss of
      printing data at modulator optical efficiencies between 70 percent and 85
      percent. A 25 percent non-linearity in the spacing of the seven primary
      (writing) beams resulted, however this degree of non-linearity was found
      to be difficult to detect on a printed page and not considered to be
      objectionable. The character generation system described and tested, had
      the following carrier frequencies:
PA1  f.sub.1 (the minimum frequency) = 30.000 MHz
PA1  f.sub.2 = f.sub.1 + .DELTA. f =  33.1746 MHz
PA1  f.sub.3 =  f.sub.2 + .DELTA. f +  f.sub.d = 36.4127 MHz
PA1  f.sub.4 = f.sub.3 + .DELTA. f +  2f.sub.d = 39.7143 MHz
PA1  f.sub.5 =  f.sub.4 + .DELTA. f +  3f.sub.d = 43.0794 MHz
PA1  f.sub.6 =  f.sub.5 + .DELTA. f + 4f.sub.d = 46.5080 MHz
PA1  f.sub.7 =  f.sub.6 + .DELTA. f + 5f.sub.d = 50.0001 MHz
PA1  Bandwidth = 20 MHz
PAR  Difference frequency (minimum) = 3.1746 MHz .DELTA.f is the minimum
      dispersion frequency and f.sub.d is the dispersion frequency.
PAR  It is contemplated that the principles of this invention can be implemented
      by using other formulas or guide lines for the selection of carrier
      frequencies to avoid the afore-described drop-outs in the displayed
      images. Rather than selecting frequencies such that the frequencies
      representing differences between each carrier frequency and all others are
      equally spaced in the frequency domain, other spacing criterion can be
      employed. As a second example, the dispersion of the frequencies to
      achieve the desired suppression of drop-outs can be chosen as follows:
PA1  f.sub.1 = minimum frequency
PA1  f.sub.2 = f.sub.1 + .DELTA. f
PA1  f.sub.3 =  f.sub.2 + .DELTA. f +  f.sub.d /5
PA1  f.sub.4 =  f.sub.3 + .DELTA. f +  2f.sub.d /5 + f.sub.d /4
PA1  f.sub.5 =  f.sub.4 + .DELTA. f + 3f.sub.d /5 +  2f.sub.d /4 + f.sub.d /3
PA1  f.sub.6 =  f.sub.5 + .DELTA. f + 4f.sub.d /5 + 3f.sub.d /4 + 2f.sub.d /3 +
      f.sub.d /2
PA1  f.sub.7 =  f.sub.6 + .DELTA. f + 5f.sub.d
PAR  Here again .DELTA.f is the minimum difference frequency and f.sub.d is the
      dispersion frequency. Still other prescriptions for selecting carrier
      frequencies can be used to implement the above-described principles of
      this invention.
PAR  In each of the afore-described embodiments of the invention, the problem of
      spurious modulation of the writing beams has been overcome by a selection,
      according to the teachingss of this invention, of a predetermined pattern
      of carrier frequencies. Alternatively, the carrier frequencies may be
      selected as in the prior art Hrbek et al patent (that is the frequencies
      may be selected such that the primary output beams are equally spaced in
      the frequency domain), however, the carriers in that case are, in
      accordance with this invention, caused to be phase locked so as to prevent
      interference effects in the Bragg cell. FIG. 4 depicts an alternative
      embodiment of the principles of this invention which employs this latter
      method of employing phase-locked carriers to suppress drop-outs in the
      displayed images.
PAR  In FIG. 4 there is illustrated a system for producing seven phase-locked
      carrier signals which may be supplied, for example, to a multiple-channel
      information translation system as shown in FIG. 2. Six phase-locked
      oscillators are shown at 81, 82, 83, 84, 85 and 86. A phase-locking system
      87 is provided for phase locking the oscillators 81-86.
PAR  The phase-locking system 87 is illustrated as including a carrier
      generator, shown schematically at 91, for generating an RF carrier of
      predetermined frequency. The carrier generator 91 typically may comprise a
      crystal-controlled oscillator. The output of carrier generator 91 is fed
      in parallel through amplifiers 88, 90 and 92 to mixers 94, 96 and 98. A
      reference oscillator 100 for producing a reference CW (continuous wave)
      signals at a reference frequency f.sub.r is shown at 100 and may also
      comprise a crystal-controlled oscillator.
PAR  As will become evident, the reference frequency is chosen to be a multiple
      (here six) of the selected frequency difference .DELTA.f between the
      carriers to be generated. The reference CW signal developed by the
      reference oscillator 100 is divided by two by a frequency divider 102 and
      supplied to mixer 94. The reference signal is also divided by three in a
      frequency divider 104 and supplied to mixer 96. The output from frequency
      divider 104 is divided again by two in a frequency divider 106 and
      supplied to mixer 98.
PAR  The output from mixer 94 is fed to an upper sideband filter 108 developing
      a signal at f.sub.c + 3.DELTA.f, where f.sub.c is the carrier frequency
      and .DELTA.f is the difference frequency. The output from mixer 94 is also
      supplied to a filter 110 which yields a signal at f.sub.c - 3.DELTA.f. By
      way of example, assume that the carrier frequency f.sub.c developed by
      carrier generator 84 equals 40 MHz and reference signal frequency f.sub.r
      is 3 MHz. Thus .DELTA.f = 0.5 MHz. The sum signal component developed at
      the output of the filter 108 is f.sub.c + 3.DELTA.f, which is 40 + 3 (0.5)
      = 41.5 MHz. The difference signal component developed at the output of
      filter 110 is 40 - 3(0.5) = 38.5 MHz. Similarly, the sum and difference
      carrier signals developed at the outputs of an upper sideband filter 112
      and a lower sideband filter 114 coupled to mixer 96 represent f.sub.c +
      2.DELTA.f (41 MHz in the illustrated example) and f.sub.c - 2.DELTA.f  (39
      MHz in the illustrated example). Upper sideband filter 116 and lower
      sideband filter 108 coupled to the mixer 98 develops carriers having RF
      frequencies of 40.5 and 39.5 MHz, respectively. The filters 108, 110, 112,
      114, 116 and 118 may be of the general type known as narrow-band bandpass
      filters.
PAR  Thus, at the output of the filters 108-118 there is developed six carriers
      between 38.5 and 41.5 MHz which are locked tightly together in common
      phase. However, due to the spectrum-analytic properties of a Bragg cell,
      it is important that the six carriers developed at the output of the
      filters 108-118 are, as nearly as possible, pure sinusoidal waves free of
      harmonics and distortion. To this end, oscillators 81-86 preferably have a
      high "Q" and may, e.g., be of the phase-locked-loop type. An oscillator of
      the phase-locked-loop type typically comprises a phase detector (which
      would here be coupled to the output of one of the filters), supplying a
      VCO (voltage-controlled oscillator) through a low-pass filter. A feedback
      loop from the VCO to the phase detector causes the phase of the VCO and
      its frequency to coincide with that of the input to the phase detector.
PAR  A seventh carrier at the frequency f.sub.c (40 MHz in this example) is
      derived directly from the carrier generator 84 and is available on lead
      116. The carrier f.sub.c is inherently phase locked to the outputs of
      oscillators 81-86.
PAR  By the use of phase-locked carriers, as produced for example, by a system
      such as shown in FIG. 4, the relative phase relationship of the primary
      and secondary beams is fixed and predetermined to preclude the
      afore-described drop-outs which occur in the prior art systems.
PAR  In accordance with this last-described embodiment of the principles of this
      invention, the seven carriers developed may represent the data signal
      source for a system of the character shown in FIG. 2. In a system for
      displaying continuous tone images, carrier signals of appropriate number
      would be amplitude modulated by the developed channels of information and
      the resultant amplitude-modulated carrier signals would be supplied to a
      Bragg cell, as above described.
PAR  The invention is not limited to the particular details of construction of
      the apparatus and methods depicted and other modifications and
      applications are contemplated. Certain changes may be made in the
      above-described methods and apparatus without departing from the true
      spirit and scope of the invention herein involved and it is intended that
      the subject matter in the above depiction shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiple-channel information translation system for receiving a
      spatially coherent input light beam and a plural number greater than two
      of electrical input signals and for producing therefrom a like plural
      number of output light beams, each bearing amplitude information
      corresponding to one of said input signals, comprising:
PA1  carrier generating means for generating a plural number greater than two of
      electrical carriers, each having a different RF frequency;
PA1  modulating means for respectively amplitude modulating said carriers with
      the input signals to produce a like plural number of amplitude-modulated
      carrier signals; and
PA1  a light-sound interaction cell interposed in the path of the input light
      beams, said cell including a sound-propagative medium and transducer means
      coupled to said sound-propagative medium which receives said carrier
      signals and launches within said medium a corresponding plural number of
      acoustic beams, each having an acoustic frequency and amplitude modulation
      corresponding to a different one of said carrier signals, said cell
      Bragg-diffracting the input beam into a corresponding plural number of
      output light beams respectively amplitude modulated in accordance with the
      input signals,
PA1  said carrier generating means causing the frequencies of said carriers to
      be unequally spaced and such that the frequency differences between each
      carrier frequency and all others are unequal so as to substantially
      suppress random, signal-related spurious amplitude modulation of said
      output beams.
NUM  2.
PAR  2. A multiple-channel information translation system for receiving a
      spatially coherent input light beam and a plural number greater than two
      of electrical input signals and for producing therefrom a like plural
      number of output light beams each bearing amplitude information
      corresponding to one of said input signals, comprising:
PA1  carrier generating means for generating a plural number greater than two of
      electrical carriers each having a different RF frequency;
PA1  modulating means for respectively amplitude modulating said carriers with
      the input signals to produce a like plural number of amplitude-modulated
      carrier signals; and
PA1  a Bragg light-sound interaction cell interposed in the path of the input
      light beam, said cell including a sound-propagative medium and transducer
      means coupled to said sound-propagative medium which receives said carrier
      signals and launches within said medium a corresponding plural number of
      sound beams, each having a sound frequency and amplitude modulation
      corresponding to a different one of said carrier signals, said cell
      Bragg-diffracting the input beam into a corresponding plural number of
      output light beams respectively amplitude modulated in accordance with the
      input signals,
PA1  said carrier generating means causing the frequencies of said carriers to
      be unequally spaced and such that the frequency differences between each
      carrier frequency and all others are unequal so as to suppress
      cross-channel interference effects in said cell and thereby to suppress
      random, signal-related spurious amplitude modulation of said output light
      beams.
NUM  3.
PAR  3. The system defined by claim 2 wherein said frequency differences are
      substantially equally spaced in the frequency domain.
NUM  4.
PAR  4. A laser character generating system for receiving a laser beam and
      electrical input signals representing image information and for producing
      therefrom light-formed images for recording or display, comprising:
PA1  carrier generating means for generating a plural number greater than two of
      electrical carriers each having a different RF frequency;
PA1  modulating means for receiving image information and for respectively
      amplitude modulating said carriers with the input signals so as to produce
      a like plural number of amplitude-modulated carrier signals each
      characterizing a different line in a raster of image lines defining an
      image to be displayed or recorded;
PA1  a Bragg light-sound interaction cell interposed in the path of the input
      light beam, said cell including a sound-propagative medium and transducer
      means coupled to said sound-propagative medium which receives said carrier
      signals and launches within said medium a corresponding plural number of
      sound beams each having a sound frequency and amplitude modulation
      corresponding to a different one of said carrier signals, said cell
      Bragg-diffracting the input beam into a corresponding plural number of
      coplanar, angularly separated output light beams respectively amplitude
      modulated in accordance with the input signals; and
PA1  means for deflecting said output light beams as a fan of beams in a
      direction perpendicular to the plane containing said beams so as to
      simultaneously sweep out a raster of image lines defining an image at an
      output plane,
PA1  said carrier generating means causing the frequencies of said carriers to
      be unequally spaced and such that the frequency differences between each
      carrier frequency and all others are unequal so as to suppress
      cross-channel interference effects in said cell tending to produce random,
      signal-related spurious amplitude modulation of said output beams.
NUM  5.
PAR  5. The system defined by claim 4 wherein said frequency differences are
      substantially equally spaced in the frequency domain.
NUM  6.
PAR  6. A laser character generating system for receiving a laser beam and
      electrical input signals representing character information and for
      producing therefrom light-formed alphanumeric characters for recording or
      display, comprising:
PA1  carrier generating means for generating a plural number greater than two of
      electrical carriers each having a differennt RF frequency;
PA1  modulating means for receiving the input signals representing character
      information and for respectively gating said carriers with the input
      signals so as to produce a like plural number of gated carrier signals,
      each characterizing a different line in a raster of image lines defining a
      line of characters;
PA1  a Bragg light-sound interaction cell interposed in the path of the input
      light beam, said cell including a sound-propagative medium and transducer
      means coupled to said sound-propagative medium which receives said carrier
      signals and launches within said medium a corresponding plural number of
      sound beams each having a sound frequency and amplitude characteristic
      corresponding to a different one of said carrier signals, said cell
      Bragg-diffracting the input beam into a corresponding plural number of
      coplanar, angularly separated primary output light beams respectively
      gated in accordance with the input signals; and
PA1  means for deflecting said output light beams as a fan of beams in a
      direction perpendicular to the plane containing said beams so as to
      simultaneously sweep out a raster of image lines defining a line of
      characters at an output plane,
PA1  said carrier generating means causing the frequencies of said carriers to
      be unequally spaced and such that the frequency differences between each
      carrier frequency and all others are unequal so as to suppress
      cross-channel interference effects in said cell tending to produce random,
      signal-related spurious amplitude modulation of said output beams.
NUM  7.
PAR  7. The system defined by claim 9 wherein said frequency differences are
      substantially equally spaced in the frequency domain.
NUM  8.
PAR  8. A method for generating and presenting images or alphanumeric characters
      from an input laser beam and electrical input signals representing image
      or character information, comprising:
PA1  generating a plural number greater than two of electrical carriers, each
      having a different RF frequency;
PA1  amplitude modulating each of said carriers respectively with an input
      signal so as to produce a like plural number of modulated carrier signals
      each characterizing a different line in raster of image lines defining an
      image or a line of characters to be presented;
PA1  supplying said carrier signals to a Bragg light-sound cell and
      Bragg-diffracting at least part of the input laser beam into a like plural
      number of coplanar, angularly separated first order output light beams,
      each amplitude-modulated in accordance with a different one of said input
      signals; and
PA1  deflecting said output light beams as a fan of beams in a direction
      perpendicular to the plane containing said output beams so as to
      simultaneously sweep out a raster of image lines defining an image or a
      line of characters at an output plane,
PA1  said method being characterized by selecting the frequencies of said
      carriers to be unequally spaced and such that the frequency differences
      between each carrier frequency and all others are unequal so as to
      suppress cross-channel interference effects in said cell tending to
      produce random, signal-related spurious amplitude modulation of said
      output beams.
NUM  9.
PAR  9. The method defined by claim 8 wherein said frequency differences are
      substantially equally spaced in the frequency domain.
NUM  10.
PAR  10. For use with a multiple-channel information translation system
      including a Bragg-type light-sound interaction cell which receives a
      spatially coherent light beam and a plurality of modulated RF carrier
      signals and produces therefrom a plurality of diffracted output beams
      modulated respectively in accordance with the carrier signals, a method
      for suppressing cross-channel interference effects in the cell tending to
      produce signal-related spurious modulation of the outlet beams, comprising
      driving the cell with at least three carrier signals whose carrier
      frequencies are unequally spaced and selected such that the frequency
      differences between each carrier frequency and all others are unequal.
NUM  11.
PAR  11. The method defined by claim 10 wherein said frequency differences are
      substantially equally spaced in the frequency domain.
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ABST
PAL  A system for detecting a leak in a line consists of an apparatus for
      detecting a drop to a predetermined pressure in the line; and, once the
      predetermined pressure is reached, an output is developed by the
      pressure-sensing apparatus. A bi-state circuit responsive to the output
      from the detecting apparatus has a first state when no leak is present and
      a second state when the predetermined pressure is detected. A switching
      circuit has its input connected through the bi-state circuit. A timing
      circuit develops a signal at its output after a predetermined time and
      applies this signal to a bi-state gate circuit. A nonleak detector is
      coupled to the output of the bi-stable gate circuit to indicate that no
      leak is present in the system. When the bi-state circuit receives an
      indication from the detector apparatus that the predetermined pressure has
      been reached, the bi-state circuit prevents the development of the output
      signal from the timer circuit and operates an indicator means which
      indicates that a leak has been detected. The leak detection apparatus is
      reset on a periodic basis.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  The system herein disclosed particularly relates to the detection of leaks
      in a gasoline dispensing operation. Present gasoline dispensing systems
      consist of an underground tank, a pump mounted in the underground tank, a
      pipe connected from the output of the pump to a dispensing apparatus on
      the surface of the ground, and electrical means to start and stop the
      pump. The dispensing means usually consists of a hose coupled from the
      metering device to a handle or pistol grip containing a hand-operated
      valve. When the pump is operated, a 20-pound pressure is generated in the
      line from the pump to the dispensing nozzle. When the nozzle is shut off,
      the 20-pound pressure is generally maintained for a period of time. If a
      leak is present in the system, the 20 pounds bleed off quite rapidly. Leak
      detection devices operate by measuring the bled-off leakage. Previous
      devices are of a mechanical nature and tend to restrict pump flow during
      leakage. They are expensive and require extensive installation effort.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The device described herein comprises three essential elements -- a
      pressure-sensitive switch, a timing circuit which measures the bleed-down
      in pressure of the line between the pump and dispensing nozzle, and an
      indicator means responsive to either a leak or nonleak condition. If a
      predetermined drop in pressure is measured by the pressure-sensitive
      switch, a circuit is operated which turns on an indicator light, thereby
      visually indicating a defective or leaky system. If no leak is detected, a
      nonleak indicator light is turned on denoting that the system is
      satisfactory.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a representational sketch of a gasoline dispensing system;
PAR  FIG. 2 is an electronic circuitry used to operate the leak or nonleak
      indicators for the system illustrated in FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of a pressure-sensitive switch used to
      operate the circuit shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  Referring to FIG. 1 a representation of a gasoline dispensing system is
      illustrated having a tank 10 and a fill tube 11 connected between the
      surface of the ground 12 and tank 10. A gasoline dispensing apparatus 13
      has an electrical switch 14 which is mechanically coupled to a
      hand-operated lever 15. Under normal conditions the hand-operated lever 15
      when rotated closes electrical switch 14, and the closure is communicated
      through electrical line 16 to a pump 17 located in the bottom of tank 10.
      Pump 17 is coupled through a check valve 18 and pipe 19 to a metering
      system 20 and then through a flexible pipe 21 to a hand-held dispenser 22
      which contains a hand-operated closure valve 23. In order to measure a
      leak, a pressure-sensitive switch 25 is connected electrically through
      wires 26 to an electrical control circuit 27 which in turn is coupled to
      an indicator box 28 through wires 29. Indicator box 28 has visual
      indicators 30 which will denote either a leak or nonleak condition. Switch
      14 is also coupled through a wire 31 to electrical control box 27 to reset
      the apparatus after each use.
PAR  The operation of the system above-described is as follows:
PAR  Tank 10 is filled with gasoline or other petroleum product through a fill
      tube 11. In order to remove the product from tank 10, a dispenser 22 is
      removed from its holder and hand-operated lever 15 mechanically rotated to
      close switch 14. Closure of switch 14 applies power, usually 110 volts,
      down line 16 to pump 17 which begins to draw product from tank 10 through
      check valve 18 and into pipe 19, building the pressure to approximately 20
      pounds. When dispenser 22 is inserted into a receptacle to receive the
      product from tank 10, hand-operated valve 23 is opened, permitting
      material to flow from pipe 19 through meter 20, flexible pipe 21, out
      dispenser 22, and into the receptacle. Once the container is filled, valve
      23 is closed, causing pressure to again assume its normal 20 pounds in
      pipe 19. Before dispenser 22 can be rehung, hand-operated lever 15 must be
      rotated, turning off switch 14 which disconnects pump 17, shutting it off.
      When switch 14 is opened, a second set of contacts will energize
      electrical control circuit 27 and indicator box 28. If the pressure should
      drop, which pressure drop is measured by pressure-sensitive switch 25,
      such a drop is communicated through wire 26 to electrical control circuit
      27 which will in turn transmit the information to indicator box 28 and
      visual indicator 30. If the predetermined pressure drop is not reached
      within a specified period of time, such as 15 seconds, then a timing
      circuit in electrical control box 27 will communicate this information
      through wire 29 to indicator box 28 and likewise to visual indicator 30.
      Once the time period has elapsed, the system is locked, and any additional
      pressure drop will have no effect on the electronic circuitry.
PAC  DETAILED DESCRIPTION OF THE ELECTRONIC CIRCUIT
PAR  Referring to FIG. 2 the electronic circuitry for indicating a leak or
      nonleak condition is fully illustrated and consists of pressure-sensitive
      switch 25 which has a mechanical switch 35 mounted therein connected to
      wires 26 and individually referred to as 26a and 26b. Switch wire 26a is
      coupled to the base of a transistor 36 which operates electronically as a
      bi-stable switch. A timing circuit comprises a unijunction semiconductor
      40 which has a first base 41, a second base connection 42, and an emitter
      43. An R-C timing circuit comprises a resistor 44 and a capacitor 45.
      Resistor 44 is connected through wire 46 to capacitor 45 and to emitter
      43. The other end of resistor 44 is connected to power source 47 through a
      wire 48. Power source 47 consists of a transformer 49 having a primary 50
      and a secondary 51. The ends of secondary 51 are connected through wires
      52 and 53 to diodes 54 and 55, respectively, which generate power to wire
      48. Secondary 51 likewise has a center tap 56 which is coupled to ground
      57 through wire 58. Capacitor 45 likewise has its remaining side connected
      to wire 58 and then to ground 57. Transistor 36, which has previously been
      referred to as a switch, has a base 37, an emitter 38, and a collector 39.
      A latching transistor 60 has a base 61, an emitter 62 connected to ground
      57, and a collector 63 which is connected through resistor 64 to the
      emitter 43 of unijunction semiconductor 40. Base 61 of latching transistor
      60 is connected through resistor 65 to emitter 38 of switch 37. The leak
      indicator referred to as 30b has a light 70 with one end connected through
      wire 71 to emitter 38 and the other end connected through wire 72 to wire
      58 which in turn is connected to ground 57. A gate silicon-controlled
      rectifier (SCR) 74 comprises an anode 75, a cathode 76, and a gate 77.
      Cathode 76 is connnected through a wire 78 to ground 57, and the anode 75
      is connected through wire 79 to wire 80 which in turn is connected to one
      end of indicator light 81. Indicator light 81 has its remaining end
      connected to a wire 82 to wire 48 which in turn is connected to a source
      of power. Capacitor 84 provides additional filtering for power source 47.
      Resistor 83 is coupled between gate 77 and ground 57. 110-volt supply
      source 90 has one side connected through wire 91 to primary 50 and the
      other side connected to the arm 92 of switch 14. Contact 93 is connected
      through wire 16 to pump 17, and the remaining switch contact 94 is
      connected to primary 50.
PAR  The operation of the circuit is as follows:
PAR  Switch 14 in the position illustrated makes with contact 93 applying power
      to tank pump 17. In this position the electronic circuitry is unpowered.
      When hand-operated lever 15 throws switch 14 so that it makes with contact
      94, the tank pump 17 is de-energized, and primary 50 is connected to the
      source 90 of 110 volts. During the nonleak condition switch 25 is in the
      open condition as illustrated. Power is then supplied to wire 48. Power is
      also supplied to the timer, unijunction semiconductor 40, and to the R-C
      circuit comprising the resistor 44 and capacitor 45. As the capacitor
      charges, voltage builds up on emitter 43. Once it reaches approximately
      seven-tenths of the voltage between bases 41 and 42, the unijunction
      semiconductor abruptly conducts heavily through base 41 until it has
      discharged capacitor 45 which will drop the voltage across the capacitor
      to approximately 1.6 volts. At this voltage the unijunction semiconductor
      40 again reverts to a reverse bias state and the cycle repeats. During the
      heavy conduction cycle current passes through resistor 83 developing a
      pulse across resistor 83 which is applied to gate SCR 74. The pulse across
      resistor 83 will be applied to gate 77, causing the SCR 74 to conduct.
      Once SCR conducts, it will remain in a conductive state regardless of the
      continual operation of timer unijunction semiconductor 40. Current will
      pass through wires 78, 79, and 80, through indicator bulb 81, wire 82, and
      wire 48 to the source of power 47. If a leak should develop in the pipe
      19, meter 20, or hose 21, or anywhere else along the piping circuit, the
      pressure will drop in the line when hand-controlled valve 23 is controlled
      and pump 17 de-energized.
PAR  When the above occurs switch 35 will close. Thus a circuit will be
      completed from the base 37 of switch transistor 36 through wire 26a,
      switch 35, wire 26b, wire 80, nonleak indicator 81, wire 82 to wire 48,
      and to source of power 47. Switch transistor 36 will then go from
      non-conductance into a saturated condition completing a circuit from wire
      48 which is a source of power, through wire 71, leak detector 70, wire 72
      to wire 58, and ground 57. The voltage to the leak indicator 70 is also
      applied to resistor 65 and the base 61 of latching transistor 60. Forward
      biased transistor 60 prevents the unijunction semiconductor's 40 emitter
      43 voltage from reaching firing level and thereby prevents triggering of
      the nonleak circuit through SCR 74. The entire circuit is reset when
      hand-operated lever 15 returns switch arm 92 from contact 94 to contact
      93, thereby removing power from the entire electronic circuitry.
PAL  Pressure-Sensitive Switch
PAR  Referring to FIG. 3 a detailed drawing of the pressure-sensitive switch 25
      is illustrated and essentially comprises a housing 95 having a cylindrical
      hole 96 bored into the housing to form a cylinder. Threads 97 are formed
      into the open end of the cylinder so that a pipe or other mounting means
      can be attached thereto for communication with pipe 19 (see FIG. 1). Hole
      96 has an extension 98 which is bored so that it does not pass all the way
      through housing 95. Inside hole or cylinder 96 is mounted a piston 99
      which is sealed by an O-ring 100. A second O-ring 101 is mounted at the
      end of cylinder 96 and abuts against chamfer 102 on the side of piston 99.
      An extension 103 is formed from piston 99 and has a magnet 104 attached by
      means of a screw 105 to the terminus of the extension 103. A
      spring-biasing means 106 causes piston 102 to always be urged toward
      threads 97. A second opening 107 is formed in the opposite side of housing
      95 and axially aligned with opening or hole 96. Into opening 107 is
      positioned a reed relay switch 35 which has contacts 109 and 110. Wires
      26a and 26b are attached to relay contacts 109 and 110, respectively.
      Threads 111 are formed around housing 95 to provide some means for
      enclosing the hole 107 from the environment and to provide an
      explosion-proof seal. A small vent hole 112 is placed through housing 95
      and into hole 96.
PAR  The device operates in the following manner:
PAR  Pressure is applied to the cylinder 96 at the threaded side 97, forcing
      back piston 99 until chamfer 102 strikes O-ring 101. The spring 106 will
      constantly be biasing piston 109 toward threads 97. Thus a decrease in
      pressure will cause the piston 99 to move in the direction of threads 97.
      As the pressure decreases magnet 104 will move over the junction of
      contacts 109 and 110, magnetizing them and causing them to contact each
      other. Once they are contacted, the circuit between wires 26a and 26b will
      be closed.
PAR  It is obvious, of course, that since a magnet is being used as the means
      for closing the relay contacts, housing 95 should be made of a nonferrous
      material, such as copper, brass, or plastic.
PAR  The pressure-sensitive switch disclosed also provides total isolation
      between the source of pressure, such as volatile gasoline, and the
      switching circuit, which provides the command to the electronic circuit
      that either a leak or nonleak condition exists. Such isolation is
      necessary if a safe system from explosion is to be provided.
PAL  Conclusions
PAR  An easy-to-install leak detection system has been disclosed. The
      pressure-sensitive switch can be installed in any manner in the piping
      system between the pump and the dispensing unit. The electronic circuitry
      can be mounted either on the pump or in the filling station or any other
      location remote from the pump, since only electrical wires connect the
      two; furthermore, the electronic circuitry requires a fairly small amount
      of current to operate, such as, for example, 0.001 amps.
PAR  It is obvious, of course, that an audible system can also be incorporated
      as well as a print-out system which can be available for inspection at any
      time by persons interested in pollution and the occurrence of same.
PAR  The system as disclosed is designed to provide a warning if one-half pint
      of fluid escapes from the piping system in 15 seconds or less; however,
      the level of leakage can be adjusted to any desired amount.
PAR  It is also obvious that mechanical relays can be used in lieu of
      semiconductor circuits, and such substitution is fully contemplated as
      being within the scope of this invention as set out in the specification
      and appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A leak detection device for a system under pressure comprising:
PA1  a. means for detecting a predetermined pressure;
PA1  b. a bi-state means responsive to said detecting means having a first state
      when no leak is present and having a second state when a predetermined
      pressure is detected;
PA1  c. switch means having its input connected through said bi-state means;
PA1  d. timing means having a signal at its output after a predetermined period
      of time;
PA1  e. bi-stable gate means having its input connected to said timing means
      output;
PA1  f. a nonleak indicator means coupled to the output of said bi-stable gate
      means to indicate that no leak is present in the system;
PA1  g. means responsive to said second state coupled to said timing circuit and
      said switch means to eliminate said time output signal to said bi-state
      gate means and operate said switching means;
PA1  h. an indicator means coupled to said switching means to indicate that a
      leak has been detected; and
PA1  i. means for resetting said bi-stable gate.
NUM  2.
PAR  2. A circuit for a leak detecting system having a pressure-sensing
      apparatus and an output circuit responsive to a predetermined pressure,
      said circuit comprising:
PA1  a. an input;
PA1  b. switching means connected to said input;
PA1  c. a timer means generating an output signal after a predetermined interval
      of time;
PA1  d. bi-stable switch means having an input and an output circuit;
PA1  e. means for applying the output signal from said timer means to the input
      of said switch means for closing its output upon receiving said timing
      signal;
PA1  f. a nonleak indicator means connected to the output of said bi-stable
      output circuit for operating said indicator when said output circuit is
      closed;
PA1  g. leak indicator means connected to said switch means;
PA1  h. means for connecting said timer to said pressure-sensing apparatus
      output for terminating the output signal from said timer and for closing
      said switching means to operate said leak indicator means; and
PA1  i. means for resetting said circuit.
NUM  3.
PAR  3. A circuit as described in claim 2 wherein said timer means comprises a
      unijunction transistor having first and second bases and an emitter; means
      for applying power to said first and second bases and through a resistor
      to ground; and through an R-C network to said emitter.
NUM  4.
PAR  4. A circuit as described in claim 2 wherein said bi-stable switch means
      comprises a silicon-controlled rectifier having an anode, a cathode, and a
      gate, and wherein said cathode and anode are connected in series with a
      power source and said nonleak indicating means, and said gate is connected
      to receive the output signal from said timer circuit means.
NUM  5.
PAR  5. A circuit as described in claim 2 wherein said switch means comprises a
      first and second transistor having a base collector and emitter, said
      first transmitter having its base connected to said input and its emitter
      connected to said leak indicator means and to the base of said second
      transister and its collector connected to the means for connecting said
      timer to said pressure-sensing apparatus output.
NUM  6.
PAR  6. A leak detection circuit for a system having a pressure-sensing
      apparatus and an output circuit responsive to a predetermined pressure,
      said circuit comprising:
PA1  a. power means having a ground;
PA1  b. a unijunction timing circuit having a first and second base and an
      emitter;
PA1  c. R-C timing interval means connected between said source of power and
      said emiter;
PA1  d. an output means connected from said first base to ground;
PA1  e. an R-C time contact means connected from said power means to said base
      and to said ground;
PA1  f. a gated switching circuit having an input, output, and gate;
PA1  g. a nonleak indicating means connected from a source of power through the
      input and output of said gated circuit to ground;
PA1  h. a leak indicating means connected from ground through the emitter to
      collector of a first transistor to a source of power and means for
      connecting the base of said first transistor through said output circuit
      to a source of power; and
PA1  i. a second transistor having means connecting its base to the emitter of
      said first transistor means for connecting its emitter to ground and means
      for connecting its collector to the emitter of said unijunction timing
      transistor.
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ABST
PAL  A device for converting mechanical positions into an electric signal
      output. The device includes a position indicator track having a plurality
      of segments representing mechanical positions. A signal means is coupled
      to the elements whose mechanical position is to be converted and provides
      an energizing signal to the position indicator track responsive to the
      mechanical positioning of the elements. Signal forming means are connected
      to the position indicator track for generating an output signal indicative
      of the mechanical position of the elements.
PARN
PAR  This is a continuation, of application Ser. No. 201,964 filed Nov. 24, 1971
      which was a continuation of application Ser. No. 863,244 filed Oct. 2,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION -- FIELD OF THE INVENTION
PAR  The present invention relates to devices for converting or transforming
      physical phenomena, such as relative mechanical motion between two
      elements, into an electric signal output suitable for control or other
      purposes. Such devices are often termed analog to digital converters. A
      common form of such converting apparatus is used to provide an electric
      signal output responsive to the rotary position of a shaft and is termed a
      shaft encoder.
PAC  BACKGROUND OF THE INVENTION -- DESCRIPTION OF THE PRIOR ART
PAR  The transformation of physical phenomena into corresponding electrical
      signals is necessary in order to provide to control means, as for example,
      digital computers, input signals in a usable form. In a typical
      application, it may be desired to provide to a computer a signal
      indicative of the rotary position of a shaft. For this purpose, a
      converting apparatus having a mechanical input connected to the shaft and
      an electrical signal output connected to the computer is utilized.
PAR  In operation, the converting apparatus provides to the computer an
      electrical output which has predetermined unique signal characteristics
      for each discrete rotary position of the shaft. If the rotary position of
      the shaft is sensed in ten degree intervals, a unique output signal
      corresponding to each 10.degree. interval, e.g. 0.degree. through
      9.degree., 10.degree. through 19.degree., etc. will be provided to the
      computer. The output signal is provided continuously, but changes in
      characteristic at the termination of one 10.degree. interval and the
      beginning of the next 10.degree. interval.
PAR  To obtain the desired signal characteristics in the converting device
      output, the output signal must generally be in digital rather than analog
      form. Such a digital output signal is commonly obtained by utilizing the
      presence and absence of electric signals at the output terminals of the
      converting apparatus to represent the digits of the output signal. This
      type of digital output signal is often termed a "binary encoded" signal
      and its signal characteristics termed the "counts" of the converting
      apparatus.
PAR  Converting devices, such as binary shaft encoders have, in the past,
      typically been formed with a rotating encoder disc having a plurality of
      annular tracks. Generally, one such track is provided for each digit
      appearing in the encoder output signal. For example, in the case given
      above, wherein shaft position is sensed in ten degree intervals, the
      encoder disc must have at least six tracks to provide the requisite signal
      characteristics to an output signal encoded in binary coded decimal form.
PAR  Each annular track consists of electrically conductive and non-conductive
      areas arranged to represent the output signal digit formed by the
      particular track so that the geometric pattern of the encoder disc tracks
      is a graphical representation of the electrical output of the encoder.
      Brushes are placed in contact with the tracks to engage the conductive and
      non-conductive track areas as the shaft rotates. Electric current flows
      through the brushes whenever a conductive area passes under the brushes.
      Electrical signals are taken from the brushes, generally through electric
      signal circuitry, and are provided to the output terminals of the
      converting apparatus to form the coded digital output signal.
PAR  Such prior art binary encoding devices have suffered two general failings
      which have led to the development of the improved converting device of the
      present invention. These shortcomings of the prior art may be generally
      summarized as an inflexibility in operation, specifically in signal
      generation, and a complexity of construction.
PAR  Considering initially the matter of inflexibility of signal generation, it
      must be appreciated, that numerous code forms may be used to provide the
      above described unique signal characteristics to the converting device
      output. In addition to the binary coded decimal form already mentioned,
      binary encoded output signals may be formed in the straight binary code,
      the Gray code, the excess of six code, the excess of three code, and
      others. As the geometric pattern of conductive and non-conductive segments
      on the encoder disc in prior art shaft encoders controlled the generation
      of the encoded electrical output signal, it was difficult, if not
      impossible, to change the code form of the output signal without changing
      the encoder disc. Thus, in the past, each code form has required an
      encoding disc specifically designed for that form and disassembly of the
      encoder, replacement of the disc, as well as associated electronic
      circuitry, and reassembly of the encoder in order to change the code form.
      Even with replaceable code discs, prior art shaft encoders were limited to
      the types of code forms which could be generated.
PAR  Further, in the use of common binary code forms, prior art shaft encoders
      were restricted in the signal characteristics, or counts, which could be
      generated. Such prior art shaft encoders were generally limited to the
      generation of a single signal characteristic type in which, for example,
      the total count provided per revolution formed a power of two, or a
      multiple of ten, or a multiple of 36. A prior art encoder designed for one
      type of signal characteristic could not be used for the generation of
      other types nor could any of the prior art encoders generate a count of
      106 per revolution in a facile manner, the latter number not being a power
      of 2, multiple of 10, or multiple of 36, etc.
PAR  With regard to the construction of such devices, as a separate track has
      been required for each digit appearing in the output signal, the encoder
      disc has tended to be complex and large in physical size in order to
      accommodate the requisite number of tracks. As the accuracy of mechanical
      motion measurement, i.e., resolution of the encoder, increased, the
      complexity of the encoder disc was correspondingly increased. For example,
      if it was desired to ascertain shaft position in one degree intervals,
      rather than in ten degree intervals, as in the example above, the encoder
      disc had to have ten tracks rather than six. The size of the encoder disc
      had to be correspondingly enlarged or additional encoder discs employed.
PAR  The large number of tracks found in prior art shaft encoders necessitated a
      large number of brushes. In order to insure accurate and non-ambiguous
      formation of the electrical output signal, a plurality of brushes were
      provided on each track. The plurality of brushes rendered more complex the
      electrical circuitry associatd with the brushes and used to generate the
      encoder output signal. The alignment of the many brushes used in such
      encoders, both among themselves, and with respect to the pattern of the
      tracks on the encoder discs, was difficult to establish and even more
      difficult to maintain for any substantial operating period.
PAR  In addition to the above faults, prior art shaft encoders suffered from a
      large inertia of the moving parts, considerable output signal noise, and
      other failings.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In contrast to the above described prior art encoding apparatus, the
      present invention provides a converting device which is both flexible in
      operation and simple in construction.
PAR  The converting device of the present invention may provide an output signal
      having a wide variety of signal characteristic forms without replacement
      or alteration of the encoder disc or brush structure portions thereof.
      Further, the output signal characteristics form may be changed without the
      replacement or the alteration of the encoder disc or brush structure.
PAR  The flexibility of the converting device of the present invention may be
      further emphasized by noting that, not only can output signals having a
      wide variety of signal characteristic forms be generated, but also output
      signals having a desired function with respect to the physical phenomena
      being sensed may be formed. In the typical case in which the converting
      device is utilized as a shaft position encoder, an encoded output signal
      which is the sine of the angular position, or the logarithm of the sine of
      the angular position may be formed. Similarly, an output signal having an
      arbitrary function with respect to angular position may be generated. For
      example, signal characteristics of the output signal of the encoder may
      correspond in some linear manner to the angular position of the shaft up
      to a preselected angular position and thereafter remain unchanged for all
      other angular positions. All this may be accomplished without altering the
      encoding disc pattern or brush configuration of the converting device.
PAR  In addition to providing complete flexibility in the code form and signal
      function generated, the converting device is not limited to signal
      characteristics which are powers of two, multiples of ten and the like.
      Thus, the converting device of the present invention may provide an
      electrical output having one hundred and six counts per revolution of the
      shaft.
PAR  The converting device of the present invention provides an electrical
      output which is inherently non-ambiguous and in which the digits of the
      output signal are presented simultaneously and continuously for all
      mechanical positions of the elements.
PAR  The simplicity obtained by the converting device of the present invention
      resides in the fact that only two tracks of conductive and non-conductive
      areas are required for providing any desired code form, signal
      characterisitc, or signal function to the output signal. Additionally, the
      brush structure and associated energizing circuitry of the present
      invention is considerably simpler than that encountered in prior art
      encoding apparatus and remains unchanged regardless of code form, signal
      characteristics, or signal function of the output signal.
PAR  The simplicity of the converting device facilitates the construction of
      high resolution devices having pluralities of track pairs in cascaded
      form.
PAR  The present invention also provides a converting device which has a low
      inertia in the moving parts, a very low noise level in the output signal,
      and which possesses great reliability and ease of assembly and
      maintenance.
PAR  Briefly, the present invention provides a device for converting discrete
      mechanical positions existing between two elements into an electrical
      output having a preselected electric signal for each discrete mechanical
      position. A position indicator means having a plurality of electrically
      energizable indicator portions is provided in the device. Each of the
      indicator portions represents at least one of the mechanical positions to
      which the elements may be displaced.
PAR  A signal means is coupled to the elements for applying, responsive to the
      displacement of the elements, an energizing electric signal to the portion
      of the position indicator means corresponding to the mechanical position
      to which the elements have been displaced.
PAR  A signal forming means is connected to the position indicator means for
      generating the preselected output signal from the energization of the
      position indicator means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general view of the converting device of the present invention,
      with certain elements thereof shown in perspective and with other elements
      shown in block diagram form.
PAR  FIG. 2 is a schematic representation of the converting device shown in FIG.
      1. The figure is a developed view in that certain portions of the device
      shown therein, which are physically arranged in circular form in the
      device as shown in FIG. 1, have been developed into a linear form to
      facilitate an explanation and understanding on the invention. The figure
      also shows, in detail, the elements shown in block diagram form in FIG. 1
      and the interconnection of the various elements of the converting device.
PAR  FIGS. 3a through 3e are a series of fragmentary schematic views of the
      device in the same developed form utilized for FIG. 2, showing the
      operation of the device;
PAR  FIG. 4 is also a fragmentary schematic view showing a construction
      modification of the device shown in FIGS. 1 through 3;
PAR  FIG. 5 is a further fragmentary schematic view showing a modification of
      the converting device shown in FIGS. 1 through 3 suitable for the
      generation of a function type of output signal; and
PAR  FIG. 6 is a schematic view of a converting device of the present invention
      in the same developed form utilized for FIG. 2 showing a device having a
      pair of cascaded elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Introduction
PAR  The converting or encoding device of the present invention is shown in FIG.
      1 by the numeral 10. The device is shown and described herein as a shaft
      position encoder which provides an encoded output signal indicative of the
      angular position of the shaft element with respect to another, generally
      stationary element. However, it is to be understood that the apparatus may
      be used to transform or convert other types of mechanical positioning, as
      for example, the relative rectilinear positioning of two elements.
PAR  Encoder 10 includes an encoding disc 12 and a brush assembly or structure
      14 cooperable with a pair of tracks located on the encoder disc. One of
      the aforesaid elements is stationary while the other is responsive to the
      movement of shaft 16, the angular position of which is to be encoded. FIG.
      1 show, in exemplary form, brush assembly 14 mounted on shaft 16 for
      movement therewith while encoder disc 12 is stationary, although it will
      be appreciated that the stationary brush assembly-rotating disc
      configuration may be used if desired. It will also be understood that a
      surrounding housing is provided for encoding device 10 which is not shown
      in FIG. 1 in order to facilitate the showing of the details of the present
      invention. The housing includes bearings for journalling shaft 16 and the
      appropriate mounting for stationary encoder disc 12.
PAR  Converting device 10 indicates angular positions in predetermined discrete
      angular or arcuate intervals. For example, the encoder may sense angular
      positions in terms of ten degree position intervals. Thus, one preselected
      electric signal is generated when the shaft is at angles of from zero up
      to, but not including, 10.degree.. When the shaft moves to an angle of
      10.degree., another, different, preselected electric signal is generated.
      This electric signal exists for shaft angles of from 10.degree. up to
      20.degree., and so on. As used herein, the term "position" thus means the
      angular or arcuate interval discriminated by the converting device and
      generally not a single angular position or angle.
PAR  However, it will be appreciated that converting device 10 may be
      constructed so that the position interval sensed is of any desired
      magnitude within the capabilities of manufacturing processes. For example,
      the converting device may be constructed to sense position intervals of
      one degree, one second, or portions thereof, so that the position interval
      sensed by the converting device may approach and take on the
      characteristics of a single angular position or angle. The ability of the
      converting device to discriminate angular position is termed its
      "resolution" and the smaller the interval, the higher the resolution.
PAR  Also, the term "discrete" is used herein in the sense of distinct, rather
      than discontinuous, since as explained, infra, an electric signal is
      continuously generated at the output of the device. However, the
      characteristic of the signal changes when the shaft attains an angle of
      ten degrees, twenty degrees, etc.
PAR  For exemplary purposes, converting device 10 is shown and described herein
      as providing an output which is encoded in a binary decimal code form in
      which counts of ten are given recognition in a manner resembling that of
      the decimal system. The output is provided at a plurality of output
      terminals of the converting device and is indicated by a preselected
      combination of the presence or absence of electrical signals at the output
      terminals. The code is established by assigning each output terminal or
      binary digit, a weighted decimal value. In the exemplary embodiment of the
      invention shown in FIG. 1, the output terminals are assigned the decimal
      values 1, 2, 4, 8, 10, and 20. The converting device output signal is
      formed by providing an electrical signal to selected ones of the output
      terminals and is interpreted by summing the decimal values assigned to
      each of the energized output terminals to arrive at an output signal
      count. It will be appreciated that numerous other code forms can be
      utilized and that other decimal equivalents may be assigned to the output
      terminals.
PAR  In addition to the aforesaid encoding disc 12 and brush assembly 14,
      converting device 10 of the present invention includes a signal inverting
      means, shown as inverter 18, which controls the energization of the
      brushes in the brush assembly in a manner hereinafter described and a
      signal forming means which contains the aforementioned output terminals of
      converting device 10. The signal forming means is comprised of a conductor
      and diode network 20 which is connected to the encoding disc and which
      forms the encoded output signal of converting device 10. These elements
      are described in detail below.
PAC  THE ENCODING DISC
PAR  Encoding disc 12 may be formed of a base member 30 of electrically
      non-conductive material, such as a plastic sheeting. A pair of annular
      tracks are positioned on base member 30 as shown in FIG. 1, by plating,
      printing, or otherwise depositing electrically conductive material in the
      desired pattern on the base member. The annular tracks shown in FIG. 1 are
      illustrated in a developed, linear form in FIG. 2.
PAR  A first annular track 50 is included in converting device 10. This track
      may hereinafter be called the position indicator track or means, as it
      provides a means by which the mechanical position of shaft 16 may be
      sensed. While proper operation of converting device 10 requires only that
      position indicator track 50 be mounted in a fixed locational relationship
      to second track 32 hereinafter described, it is preferable to mount track
      50 coaxially and adjacent to track 32, as shown in FIG. 1 and as shown, in
      developed form, in FIG. 2.
PAR  Position indicator track 50 is comprised of a plurality of contiguous,
      electrically conductive segments 52. While contiguous, segments 52 are
      separated from each other by insulating spaces or barriers 54 so that the
      segments are electrically independent. Each segment 52 of position
      indicator track 50 represents one or more angular positions of shaft 16.
      In generic terms, one segment 52 must be provided in track 50 for each
      shaft position to be indicated by the converting device. In the generic
      embodiment of converting device 10, shown in FIG. 1, shaft positions will
      be sensed at 20.degree. intervals by the eighteen track segments 52a
      through 52r in track 50.
PAR  However, it may be noted in passing that, in the linear encoder species of
      the generic device described and claimed herein, in which the electrical
      output count bears a direct or linear relationship to shaft position, each
      segment may represent two shaft positions rather than one. Thus, the
      resolution of a linear encoder is twice that of a similarly constructed
      encoder in which the output is a function, such as the sine, of angular
      position. If converting device 10 shown in FIG. 1 is used as a linear
      encoder, shaft positions will be sensed at ten degree intervals.
PAR  One or more conductors connect each of the segments 52 of position
      indicator track 50 to conductor and diode network 20.
PAR  Second track 32 is formed of a plurality of pairs of conductive elements 34
      and non-conductive interelement spaces 36. The arcuate distance occupied
      by each element-space pair is equal to the arcuate dimension occupied by
      one of the conductive segments 52 plus the adjacent portions of insulating
      barriers 54 on either side of the segment. Thus, eighteen such pairs are
      provided containing conductive elements 34a through 34r and interelement
      spaces 36a through 36r. Conductive elements 34a through 34r are
      electrically connected together by conductor 38 extending along one edge
      of the track and are energized by an electric signal provided by conductor
      40 from an electrical power source shown as battery 41.
PAR  While it is desirable to locate each of the element-space pairs in
      alignment with a corresponding segment 52 of track 50, as shown in the
      FIGURES, this is not necessary, as long as the fixed locational
      relationship between track 32 and position indicator track 50 is
      maintained.
PAR  Track 32 provides a means by which the absolute position of shaft 16, as
      sensed by position indicator track 50, is ascertained in an unambiguous
      manner by controlling the energization of the brushes in brush assembly
      14.
PAR  While encoder disc 12 is shown in circular plate form in FIG. 1, it will be
      appreciated that it may take other forms, such as that of a drum, or, in
      cases in which rectilinear position is to be sensed, a strip. Further,
      while the tracks 32 and 50 on encoder disc 12 are shown as formed of
      electrically conductive materials, they may be formed for coaction with
      optical, magnetic, or other sensory devices.
PAC  THE BRUSH ASSEMBLY
PAR  Brush assembly 14 may include a bar-like frame member 70 which is affixed
      to shaft 16 so as to assume the same angular position as the shaft.
PAR  A first brush means, comprised of a pair of brushes 82 and 84, is carried
      by the frame member 70 for wiping engagement with the conductive segments
      52 of position indicator track 50 as the rotary position of shaft 16 is
      altered. Brushes 82 and 84 are alternately energized to apply a signal to
      one, and only one, of segments 52 of position indicator track 50 for any
      given position of shaft 16. The application of signal to segments 52 thus
      provides a signal condition in converting device 10 which is directly
      responsive to the angular position of shaft 16. The ability of converting
      device 10 to provide such exclusive segment signal application may
      hereinafter be referred to as lending the property of non-ambiguity to the
      device, since through such application an electric signal is formed which
      admits of no uncertainty as to shaft position.
PAR  In view of the precedence of brush 82 in engaging the conductive segments
      when the rotary position of the shaft is altered in the direction shown by
      the arrow in FIG. 1, as described infra, under Operation, brush 82 is
      termed the lead brush herein. Brush 84 is correspondingly termed the lag
      brush. As shown most clearly in FIG. 2, brushes 82 and 84 are generally
      aligned and spaced apart in a direction along the length of position
      indicator track 50 a predetermined distance, approximately one-half the
      length of, or arcuate distance occupied by, one of segments 52. Brushes 82
      and 84 are connected to conductors 86 and 88 and collector rings 90 and
      92, respectively. Collector rings 90 and 92 engage brushes 94 and 96 for
      supplying the signals from inverter 18 in conductors 98 and 100 to brushes
      82 and 84 and segments 52 of position indicator track 50. It will be
      appreciated that while collector rings are shown in surrounding shaft 16
      in FIG. 1, they may take the form of annular bands on encoder disc 12
      which are engaged by additional collector ring brushes on frame member 70.
PAR  A second contacting electrical brush 72 is provided in frame member 70 for
      engaging conductive elements 34 and non-conductive spaces 36 as the rotary
      position of shaft 16 is altered. When so drawn around track 32 by shaft
      16, brush 72 is alternately electrically energized, when in contact with
      conductive areas 34a through 34r, and de-energized when in contact with
      non-conductive spaces 36a through 36r. The electrical signals generated in
      brush 72 by its engagement with track 32 are provided through conductor
      74, collector ring 76, and brush 78 to conductor 80 for controlling the
      operation of inverter 18 and the supply of signals to lead-lag brushes 82
      and 84. Such signal supply is generally termed in the art, lead-lag
      selection.
PAR  It is desirable to locate brushes 82 and 84 with respect to brush 72 on
      frame member 70 so that an imaginary perpendicular containing brush 72
      intersects an imaginary line connecting the aligned brushes 82 and 84 and
      preferably so that the imaginary perpendicular containing brush 72 bisects
      an imaginary line connecting aligned brushes 82 and 84. However, it will
      be appreciated that other brush configurations may be devised which will
      provide the signal supply to brushes 82 and 84 necessary to obtain the
      desired lead-lag selection.
PAR  The use of only three brushes in converting device 10 permits the
      construction of a low inertia brush assembly 14 with its attendant
      advantages.
PAC  SIGNAL INVERTING MEANS
PAR  The signal inverting means of converting device 10 is interposed between
      brush 72 and lead lag brushes 82 and 84 for energizing the latter pair of
      brushes responsive to the electric signal state of brush 72. For this
      purpose, conductor 80 containing the electric signal in brush 72 is
      connected to the input terminal of signal inverting means 18. The signal
      inverting means may include one or more inverting amplifiers and may
      hereinafter be referred to as a dual inverter. Dual inverter 18 provides a
      pair of mutually exclusive, output signals. One such signal is provided in
      conductor 98 to lead brush 82 while the other is provided in conductor 100
      to lag brush 84. The operation of dual inverter 18 is such that it
      provides an output signal in one of conductors 98 or 100 to the exclusion
      of a signal in the other of its outputs in response to presence of an
      input signal in conductor 80 and provides an output signal in the other of
      conductors 100 or 98 in response to the absence of an input signal in
      conductor 80. Dual inverter 18 also serves to prevent electrical signal
      noise generated by brush 72 in conductor 80 from appearing in the output
      of converting device 10.
PAR  Dual inverter 18 is comprised of a pair of interconnected inverting
      transistors 102 and 104. See FIG. 2. The base of transistor 102 forms the
      input of dual inverter 18 and is connected to conductor 80 through
      resistor 106. The emitters of transistor 102 and 104 are connected in
      parallel to common bus 108. The collectors of transistors 102 and 104 are
      connected in parallel to voltage supply conductor 109 connected to battery
      41. Resistors 110 and 112 are interposed between supply conductor 109 and
      the collectors of the transistors. The base of transistor 104 is connected
      to the collector of transistor 102 through resistor 114. The bases of
      transistors 102 and 104 are connected to common conductor 108 through
      resistors 116 and 118, respectively. One output signal of dual inverter 18
      is taken from the collector of transistor 102 by conductor 98 while the
      other output signal is taken from the collector of transistor 104 by
      conductor 100. Conductors 98 and 100 contain isolation diodes 99 and 101.
PAC  THE CONDUCTOR AND DIODE NETWORK
PAR  Conductor and diode network 20 connects segments 52 of position indicator
      track 50 to the output terminals of device 10 for converting the position
      indicator track electric signal condition formed responsive to the angular
      position of shaft 16 into an output signal of the desired form.
PAR  As noted supra, the output terminals of converting device 10 are assigned
      weighted decimal values of 1, 2, 4, 8, 10, and 20. It will be appreciated
      that these weighted values may be sealed downward or upward, if desired,
      so that the weighted decimal values of the output terminals are, for
      example, .1, .2, .4, .8, 1.0, and 2.0 or 10, 20, 40, 80, and 100 and 200.
PAR  The interconnection of segments 52 of position indicator track 50 to the
      output terminals of converting device 10 controls the relationship between
      changes in the electric output of the converting device and changes in
      angular position of shaft 16. This relationship has heretofore been termed
      the "function" of the output signal. For purposes of explanation, encoders
      generating two different types of functions are shown and described
      herein. FIGS. 2 and 3 show a linear encoder in which the electric output
      signal characteristic, or count, bears a direct or linear relationship to
      the shaft position. This linear converting device is described immediately
      below. FIG. 5 shows a converting device having an electric output
      corresponding to the sine of shaft angular position and is further
      described under Other Embodiments.
PAR  Turning now to FIGS. 2 and 3, the converting device 10 shown therein has a
      conductor and diode network 20 containing six output terminals, 120
      through 125, at which digit signals in the form of the presence or absence
      of electrical signals may appear to form the binary encoded output of the
      converting device. Output terminals 120 through 125 are assigned the
      weighted decimal values 1, 2, 4, 8, 10 and 20, respectively, as noted on
      the FIGURES. As shaft 16 is rotated from a position of zero degrees to a
      position of 350.degree., decimal equivalent output signals having
      characteristics or counts from zero to 35 will be provided at the output
      terminals.
PAR  Output terminal 120 is connected to conductor 100, and the signal applied
      to lag brush 84 by inverter 18, by conductor 130 so that one output signal
      of inverter 18 is applied directly to that terminal. This connection
      accounts for the increased resolution of a linear encoder, as noted supra.
      The first indicator track segment 52a is isolated and is not connected to
      conductor and diode network 20.
PAR  Conductor 132 connects second segment 52b to bus 134 connected to output
      terminal 121. Conductor 136 connects third segment 52c to bus 138
      connected to output terminal 122. Segment 52d is connected to bus 134 and
      output terminal 121 by conductor 140 and to bus 138 and output terminal
      131 by conductor 142. Diodes 144 and 146 are inserted in conductors 140
      and 142 to insure proper signal isolation. For example, diode 144 in
      conductor 140 prevents a signal in conductor 132 from being transmitted to
      position indicator track segment 52d via bus 134 and conductor 140. Track
      segment 52e is connected to bus 148 connected to output terminal 123 by
      conductor 150. Segment 52f is connected to bus 152 and output terminal 124
      by conductor 154. This completes the conductor connections necessary to
      establish the first ten output signals of the converting device which are
      used to explain its operation, infra.
PAR  The remaining position indicator track segments 52g through 52r are
      connected in a generally analagous manner to the output terminals, with
      the exception that each of position indicator track segments 52g through
      52j are connected to a conductor connected to bus 152 which provides the
      decimal ten signal to output terminal 124 of the encoding device and each
      of position indicator track segments 521 through 52r are connected to a
      conductor connected to bus 156 which provides the decimal twenty signal to
      output terminal 125 of converting device 10.
PAC  OPERATION
PAR  Referring now to FIG. 3a, the converting apparatus 10 of the present
      invention is shown in a condition in which the rotary position of the
      shaft is not altered and may be said to be in the reference rotary
      position of zero degrees. Under such conditions, brush 72 is in contact
      with non-conductive interelement space 36a and no signal is provided in
      conductor 80 to inverter 18.
PAR  The absence of an input signal in conductor 80 to the base of transistor
      102 prevents that transistor from turning on so that an output signal is
      provided in conductor 98 from the lower end of resistor 110. A signal is
      provided to the base of transistor 104 from the collector of transistor
      102 through resistor 114. This turns transistor 104 on, shorting the
      collector to common bus 108, and preventing the formation of an output
      signal in conductor 100. As conductor 100 is connected to output terminal
      120 via conductor 130, no output signal appears at that terminal, as shown
      by the adjacent binary zero indication.
PAR  Lead brush 82, energized with the signal in conductor 98, and de-energized
      lag brush 84 connected to conductor 100 are applied to conductive segment
      52a of position indicator track 50 which represents the two shaft
      positions of zero degrees and ten degrees. However, as none of the
      conductors of conductor and diode network 20 are connected to conductive
      segment 52a, no signals are generated at any of the additional output
      terminals 121 through 125. As there is no output signal appearing at any
      of the output terminals 120 through 125 as shown by the adjacent binary
      zero indications, the output of converting device 10 has a binary
      characteristic 000000 which corresponds to a shaft rotary position of zero
      degrees.
PAR  When the shaft of converting apparatus 10 is moved to an angle of ten
      degrees, brush 72 carried thereby will be moved onto conductive element
      34a of track 32. See FIG. 3b. As conductive element 34a is energized by
      conductor 40, a signal now appears in brush 72 and conductor 80. This
      signal, when applied to the base of transistor 102 renders the transistor
      conductive, shorting the collector to common bus 108, removing the signal
      in conductor 98 and the signal to the base of transistor 104. Transistor
      104 is turned off, generating a signal in conductor 100.
PAR  The energization of lead-lag brush pair 82, 84 is reversed in that lag
      brush 84 is energized by the signal in conductor 100 while lead brush 82
      is de-energized by the loss of the signal in conductor 98. As brush 72
      moves across conductive element 34a of track 32, energized lag brush 84
      remains in engagement with conductive segment 52a even though deenergized
      lead brush 82 moves onto conductive segment 52b in preparation for
      applying a signal to that segment when brush 72 again moves into
      engagement with a non-conductive space, in this case, space 36b.
      Presently, however, lead brush 82 is de-energized and has no effect on the
      output signal of converting device 10.
PAR  The electric signal in conductor 100 is provided to output terminal 120 via
      conductor 130 as shown by the adjacent binary digit 1. As segment 52a is
      not connected to any of the output terminals and as lead brush 82 is
      de-energized, no other signals are provided to the output terminal of
      converting device 10 so that the output of converting device 10 has the
      binary characteristic 000001. This energization of the output terminals of
      the device is interpreted as the decimal equivalent 1.
PAR  When shaft 16 of converting device 10 is displaced to an angle of
      20.degree., brush 72 moves onto non-conductive interelement space 36b.
      Lead brush 82 already on segment 52b becomes energized applying a signal
      to that segment. Lag brush 84 becomes deenergized through the operation of
      inverter 18 in a manner similar to that occurring when brush 72 was in
      contact with space 36a, as described above. By insuring that lead brush 82
      is already on segment 52b prior to energization, possible loss of signals
      at the output terminals of device 10, due to insulating barriers 54 or for
      other reasons, is avoided and continuous non-ambiguous signal generation
      assured.
PAR  The signal at output terminal 120 reverts to the binary digit zero
      condition due to the loss of the signal in conductor 98. See FIG. 3c.
      Segment 52b, energized by the signal applied by lead brush 82, supplies a
      signal through conductor 132 and bus 134 to output terminal 121. Thus, the
      output of converting device 10 is comprised of the signal at output
      terminal 121 and the absence of a signal at all other output terminals so
      that the output binary characteristic is 000010. As output terminal 121
      has a weighted decimal value of 2, this combination of the presence and
      absence of electrical signals at the output terminals is interpreted as
      the decimal equivalent 2.
PAR  When shaft 16 has been turned 30.degree., lag brush 84 and terminal 120 are
      re-energized as brush 72 moves onto conductive element 34b of track 32,
      and lead brush 82 is de-energized. See FIG. 3d. Lag brush 84 is moved into
      contact with segment 52b of position indicator track 50. This energization
      state and location of the lead and lag brushes on position indicator track
      50 generates a signal at terminal 120 and at terminal 121 but no signals
      at the remaining output terminals so that the output of converting device
      10 has the binary characteristic 000011. As electric signals appear at
      both output terminals 120 and 121, the weighted decimal values of 1 and 2
      assigned to these terminals are added to provide a decimal equivalent of
      3.
PAR  As shaft 16 is displaced to additional angular positions, the above
      described operation of converting device 10 is continued to provide a
      unique electric signal combination at the output terminals of device 10.
      In the manner described above, the weighted decimal values of the various
      signal combinations are totalled to ascertain the decimal equivalents.
PAR  When the shaft is displaced 100.degree., brush 72 will engage
      non-conductive interelement space 36f causing an electric signal to appear
      in lead brush 82 and the absence of an electric signal in lag brush 84.
      Lead brush 82 will be in engagement with segment 52f of position indicator
      track 50, which segment represents the two shaft positions of 100.degree.
      and 110.degree.. The signal in lead brush 82 energizes segment 52f and
      provides a signal to output terminal 124, via conductor 154 and bus 152.
      As conductor 154 is connected only to bus 152, no signals will appear at
      output terminals 120 through 123 and output terminal 125 so that the
      output of converting device 10 has the binary characteristic 010000 which
      corresponds to the decimal equivalent 10.
PAR  Additional alterations in the rotary position of the shaft causes further
      generation of output signals in the binary coded decimal form in a manner
      similar to that described above. Such output signals are continuously
      provided but change in characteristic at the beginning of each ten degree
      position interval.
PAC  OTHER EMBODIMENTS
PAR  It will be appreciated that other forms of the encoding apparatus of the
      present invention may be devised. For example, as shown in FIG. 4, an
      electromechanical device, such as a relay 300, may be employed in place of
      inverter 18 to alternately energize lead and lag brushes 82 and 84 as
      brush 72 moves across the conductive elements 34 and nonconductive
      interelement spaces 36 of track 32. Relay 300 has a relay coil 302
      connected in series with battery 304. One end of the two components so
      connected is connected to conductor 80 and brush 72, while the other end
      is connected to conductor 40 and conductive elements 36 of track 32.
PAR  Relay 300 also includes a solenoid 305 movable by the energization of relay
      coil 302 to open and close a pair of relay contacts 306 and 308. The relay
      contacts are inserted in parallel conductors 98a and 100a connected
      between grounded battery 310 and lead and lag brushes 82 and 84,
      respectively. A spring 312, or other mechanical bias means, is connected
      to solenoid 305 to close relay contact 308 when brush 72 is in engagement
      with nonconductive spaces 36 and relay coil 302 is de-energized, so that
      lead brush 82 is energized by battery 310 while lag brush 84 is
      de-energized in the same manner as through the operation of inverter 18.
      When brush 72 moves onto a conductive element 34, the circuit of relay
      coil 302 is closed and relay 300 is energized to open switching contacts
      308 and close contacts 306, energizing lag brush 84 and de-energizing lead
      brush 82 also in a manner similar to inverter 18.
PAR  FIG. 5 shows a converting device 10A in which the output varies as a
      function of the sine of the angular position of shaft 16. Portions of
      converting device 10A which correspond to those of converting device 10
      are identified by similar numbers and only so much of converting device
      10A as is necessary to differentiate its construction and operation from
      that of converting device 10 is shown in FIG. 5 and described herein.
PAR  The construction of encoding disc 12, brush assembly 14, and inverter 18,
      in converting device 10A is similar to that of converting device 10. As
      the resolution of function encoder 10A is half that of linear encoder 10,
      as described above, each of segments 52 in position indicator track 50
      corresponds to an angular position of 20.degree. rather than 10.degree..
PAR  Conductor and diode network 200 includes three sets of output terminals.
      The first set of terminals 202 provides an electric output having a
      decimal equivalent equal to the sine function of the angular position of
      the shaft. The second set of terminals 204 provides an electric output
      indicative of the quadrant in which the angular position of the shaft is
      located. The third set of output terminals 206, actually only a single
      terminal, provides an indication of the sign -- positive or negative -- of
      the sine of the angular position of shaft 16. Three sets of output
      terminals are required since from the standpoint of trigometry, it is
      necessary to describe the function magnitude, quadrant, and sign in order
      to completely define the sine function of a given shaft angular position.
PAR  The first set of output terminals 202 includes output terminals 210 through
      234. The weighted decimal values assigned to output terminals 210 through
      218 are .001, .002, .004, .008, and .01, respectively, which values form a
      first decade of output signals. The weighted decimal values assigned to
      output terminals 220 through 226 are .02, .04, .08, .1, respectively,
      which values form a second decade of output signals. The weighted decimal
      values assigned to output terminals 228 through 234 are .2, .4, .8, 1.0,
      respectively, which values form the third and last decade through which
      the sine function ranges in magnitude.
PAR  The second set of output terminals 204 includes output terminals 236
      through 240 which are assigned the weighted decimal values 1, 2, and 4 so
      as to provide an indication of which of the four quadrants the angular
      position of shaft 16 is located.
PAR  Output terminal 206 provides an indication of a plus sine function when
      energized and a negative sine function when de-energized.
PAR  Sine function output terminals 210 through 234 are connected to sine
      function busses 250 through 274, respectively. Quadrant output terminals
      236, 238, and 240 are connected to quadrant busses 251, 253, and 255,
      respectively, and sign output terminal 204 is connected to sign bus 257.
PAR  Segment 52a of position indicator track 50, indicating the zero angular
      position of shaft 16, is not connected to any of busses 250 through 274.
      However, the segment is connected to quadrant bus 251 and sign bus 257 by
      conductors 275 and 277, respectively. Conductors 275 and 277, as do the
      other conductors of network 200 described herein, contain the appropriate
      signal isolating diodes.
PAR  Segment 52b, indicating the first quadrant twenty degree position of shaft
      16, is connected through conductors 276, 278, 280, and 282 to sine
      function busses 252, 262, 266, and 286, respectively. The segment is also
      connected through conductors 279 and 281 to quadrant bus 251 and sign bus
      257, respectively. The segments 52 of position indicator track 50
      indicating the 40.degree., 60.degree. and 80.degree. shaft positions are
      connected in an analogous manner to the necessary busses.
PAR  Segment 52f, indicating the second quadrant one hundred degree position of
      shaft 16, is connected via conductors 284, 286, 288, and 290 to sine
      function busses 254, 264, 266, and 272. The segment is also connected to
      quadrant bus 253 and to sign bus 257 by conductors 292 and 294,
      respectively.
PAR  Segment 52k, indicating the third quadrant two hundred degree position of
      shaft 16, is connected via conductors 296, 298, 300, and 302 to sine
      function busses 252, 262, 266, and 268. The segment is also connected to
      quadrant busses 251 and 253 by conductors 304 and 306, but is not
      connected to sign bus 257.
PAR  Segment 52r, indicating a fourth quadrant shaft position of 340 degrees, is
      connected through conductors 308, 310, 312, and 314 to sine function
      busses 252, 262, 266, and 268. The segment is also connected to quadrant
      bus 255 via conductor 316 but is not connected to sign bus 257.
PAR  In operation, when shaft 16 is at an angular position of zero degrees, and
      segment 52a is energized by lead-lag brush pair 82, 84, no signal is
      provided at sine function output terminal set 202, due to the lack of
      conductors between the segment and the sine function busses. Thus, an
      output signal of zero is provided at the sine function output terminals
      202 which corresponds to the sine of 0.degree.. However, a signal is
      provided to bus 251 and quadrant output terminal 236, via conductor 275,
      and to sign output terminal 206, via conductor 277 and bus 257. The signal
      at quadrant output terminal 236 has a weighted decimal value of 1,
      indicating that the angular position of shaft 16 is in the first quadrant,
      while the signal present at output terminal 206 indicates that the sine
      function is positive rather than negative. The quadrant and sign signals
      at output terminals 236 and 206 serve to indicate that the angular
      position of shaft 16 is 0.degree., rather than 180.degree., the other
      shaft position of shaft 16 for which the sine function is zero.
PAR  When shaft 16 is moved to an angular position of twenty degrees, an
      electric signal is applied to segment 52b. This provides electric signals
      at sine function output terminals 212, 222, 226, and 228, via conductors
      276, 278, 280, and 282 and busses 252, 262, 266, and 268. Adding the
      decimal values assigned to the aforementioned output terminals, the sum of
      .342, or the sine of 20.degree. is obtained. The signal to bus 251 and
      quadrant output terminal 236 and to sign output terminal 206 via
      conductors 279 and 281, provides an indication that the shaft angular
      position is in the first quadrant and is positive, and that the sine
      function at terminal set 202 is thus that of 20.degree. rather than of
      70.degree., 200.degree., or 340.degree.,  the latter also being angular
      positions, the sine function of which is .342.
PAR  In an analogous manner, when shaft 16 is moved to an angular position of
      100 degrees, a summed decimal signal equal to .984 or the sine of
      100.degree., is obtained at sine function output terminal set 202 from the
      application of a signal to segment 52f of position indicator track 50. The
      signal to quadrant bus 253 and quadrant output terminal 238 in conductor
      292 provides an indication that the shaft angular position is now in the
      second quadrant so that the angular position is correctly 100 degrees and
      not 80.degree., the latter angular position being in the first quadrant.
      In a similar manner, the signal to sign output terminal 206 in bus 257,
      from conductor 294, excludes the possibility that the shaft output
      position is 260.degree. or 280.degree., as the sine function of both of
      these angles has negative characteristics.
PAR  When the angular position of shaft 16 is moved into the third quadrant, as
      for example, to a position of 200.degree., signals are provided at
      quadrant output terminals 236 and 238 from segment 52k so that by adding
      the decimal assigned to the output terminals, the sum of 3 is obtained
      which is indicative of the third quadrant. This output signal excludes the
      possibility that the sum of .342, obtained at sine function output
      terminal set 202 could be interpreted as the sine of 340.degree., the
      latter angle being in the fourth quadrant. Segment 52k is not connected to
      sign output terminal 206 so that the signal from sine function output
      terminal set 202 is taken as negative, exluding the possibility that the
      shaft is at angular positions of 20.degree. or 70.degree..
PAR  When in the fourth quadrant, as when at a shaft angular position of
      340.degree., a signal from the energized segment 52, in this case, segment
      52r, is provided to quadrant bus 255 and quadrant output terminal 240,
      indicative of the fact that the shaft angular position is in the fourth
      quadrant. The absence of a signal at output terminal 206 also points to
      the fourth quadrant location of shaft 16. The appropriate sine function
      signal is provided to output terminal set 202 by the energization of
      segment 52r.
PAR  Turning now to FIG. 6, there is shown therein a converting device 10B
      constructed in accordance with the present invention and having a pair of
      encoding discs. Plural disc converting devices are often used in high
      resolution multi-revolution encoders. For example, it may be desired to
      ascertain the position of an element by means of a converting device
      coupled to a lead screw mechanism used to move the element.
PAR  FIG. 6 shows a linear converting device which ascertains shaft positions in
      36.degree. intervals, that is, it provides ten unique output signals or
      counts during each revolution of shaft 16. Additionally, through its
      cascaded or decaded construction achieved by the utilization of a
      plurality of discs, the converting device registers the ten counts
      generated during each revolution and permits the generation of additional
      decades of ten counts during additional revolutions of shaft 16, up to a
      total of 36 revolutions and decades. A total of 360 counts may thus be
      generated.
PAR  The foregoing is accomplished by providing in converting device 10B a pair
      of encoding discs 12a and 12b, shown in developed linear form in FIG. 6.
      Encoding disc 12a contains a position indicator track 50a constructed in a
      manner similar to that of the position indicator tracks of the converting
      devices described above. Position indicator track 50a contains five
      segments, 521, 522, 523, 524, 525. The center position indicator segment
      523 is split into two segments 523a and 523b to provide a switching
      function hereinafter described.
PAR  Second track 32a is formed of five conductive segments 341, 342, 343, 344
      and 345 and five non-conductive interelement spaces 361, 362, 363, 364 and
      365. Each element-space pair occupies the same linear or arcuate space as
      one of the segments 521 through 525 plus the adjacent insulating areas.
      The conductive elements are energized from battery 41 through conductors
      40 and 38a.
PAR  Brush assembly 14a and inverter 18a are similar to brush assembly 14 and
      inverter 18 found in the previously described converting devices and
      operate in the same manner. These elements are shown in simplified form in
      FIG. 6.
PAR  Conductor and diode network 20a is similar to conductor and diode network
      20. As disc 12a ascertains ten shaft positions, only four output terminals
      120a, 121a, 122a, and 123a having weighted decimal values of 1, 2, 4, and
      8 are required. An additional output terminal 127 is provided in network
      20a. This output terminal provides a continuous output signal during the
      last five shaft positions sensed by the cooperation of brush assembly 14a
      with position indicator track 50a.
PAR  Second disc 12b is identical to encoding disc 12 found in converting device
      10. Position indicator track 50 has eighteen segments 52a through 52r.
      Track 32 has eighteen conductive element -- nonconductive interelement
      space pairs. However, the conductive elements are not energized by a power
      source, but rather by the cooperating brush assembly as hereinafter
      described.
PAR  Brush assembly 14b which engages the tracks on encoding disc 12b is coupled
      to brush assembly 14a and shaft 16 through a 36 to 1 reduction gear 15 so
      that for every 36 revolutions of shaft 16 and brush assembly 14a, brush
      assembly 14b revolves once. Brush assembly 14b contains two lead-lag brush
      pairs. Lead-lag brush pair 82a, 84a engage the segments 52 of position
      indicator track 50 while lead-lag brush pair 82b, 84b engage the elements
      34 and inter-element spaces 36 of track 32. The lead-lag brush pairs are
      connected in parallel through isolating diodes and are connected to
      inverter 18b by conductors 98a and 100a. Inverter 18b is similar to
      inverters 18 and 18a with the exception that the input is connected to
      output terminal 127 of conductor and diode network 20a by conductor 80a so
      that the state of the mutually exclusive output signal of inverter 18b is
      controlled by the signal existing at that terminal.
PAR  Conductor and diode network 20b is similar to conductor and diode network
      20 with the exception that output terminal 120b is connected to conductor
      38 of track 32 and energized therefrom by conductor 139. Output terminals
      120b, 121b, 122b, 123b, 124b, and 125b are assigned the weighted decimal
      values of 10, 20, 40, 80, 100 and 200, respectively.
PAR  In operation, encoding disc 12a and brush assembly 14a cooperate to provide
      output signals at output terminals 120a through 123a having weighted
      decimal values ranging from zero to nine. When brush assembly 14a reaches
      position indicator track segment 523b, half way through its revolution
      around track 50a, and applies a signal thereto, a signal is also supplied
      to output terminal 127 through conductor 129, diode 131, and bus 133. The
      need for providing a signal to output terminal 127 at the end of half a
      revolution of brush assembly 14a necessitates the division of position
      indicator segment 523 into two portions. It will be appreciated that in
      many applications, as for example when one-half the total number of counts
      generated per revolution is an even number, the splitting of the center
      segment will not be necessary. For all remaining positions of shaft 16,
      subsequent to the half revolution position, a signal is provided to output
      terminal 127, as through conductors 135 and 137 connected to segments 524
      and 525, respectively, and to bus 133.
PAR  For each revolution of brush assembly 14a along the tracks of encoding disc
      12a, brush assembly 14b moves 1/36th of a revolution along encoding disc
      12b. During the initial portion of such movement. The absence of a signal
      in conductor 80a causes inverter 18b to energize lead brushes 82a and 82b.
      Assuming brush assembly 14a is in its first revolution, lead brush 82b is
      in contact with nonconductive interelement space 36a and lead brush 82b is
      in contact with position indicator track segment 52a and no signals are
      provided at any of output terminals 120b through 125b.
PAR  When brush assembly 14a completes half a revolution along encoding disc
      12a, gearing 15 will have driven brush assembly 14b so that lead brush 82b
      engages conductive element 34a while lag brush 84b engages nonconductive
      interelement space 36a. Both lead brush 82a and and lag brush 84a engage
      position indicator segment track 52a. A signal is provided in conductor
      80a to inverter 18b which energizes lag brushes 84a and 84b and
      de-energizes lead brushes 82a and 82b. However, as lag brush 84b is in
      contact with interelement space 36a, no output signal is provided at
      output terminal 120b. Similarly no output signal is provided at any of the
      output terminals 121b through 125b, due to the lack of conductors between
      segment 52a and the output terminals.
PAR  When brush assembly 14b completes one revolution around the tracks of
      encoding device 12a, gear 15 will have driven brush assembly 14b so that
      lead brush 82b is in engagement with conductive element 34a. When brush
      assembly 14a commences its second revolution around the tracks of encoding
      disc 12a, the signal in conductor 80a to inverter 18b  is removed,
      energizing lead brush 82b and providing a signal in conductor 139 to
      output terminal 120b. As noted supra, the presence of a signal at output
      terminal 120b is interpreted as the decimal value 10, indicative of the
      fact that brush assembly 14a has completed one revolution around the
      tracks of encoding disc 12a and generated ten output signals.
PAR  The operation of converting device 10b continues in an analogous manner to
      register each revolution of brush assembly 14a at output terminals 120b
      through 125b up to 36 revolutions or 360 counts.
PAR  It will be appreciated that additional discs and cooperating brush
      structures may be incorporated in converting device 10b in the manner
      described above and shown in FIG. 6 to further increase the count of the
      converting device.
PAR  From the foregoing it will be apparent that other modifications and
      embodiments of converting device 10 may be made, if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an analog to digital converter for representing the angular position
      of a shaft as the potential condition of a plurality of output terminals,
      the combination of,
PA1  a stationary disc having only first and second coaxial rings of segments
      thereon, said first ring having pairs of alternately arranged conductive
      and nonconductive segments and said second ring having spaced conductive
      position indicator segments,
PA1  a first brush member operatively connected to said shaft and being
      rotatable relative to said stationary disc and carrying a sensing brush
      adapted to engage said segments of said first ring and a pair of leading
      and lagging brushes positioned to engage said position indicator segments
      of said second ring,
PA1  a plurality of output terminals of different ordinal significance, the
      presence of a potential on each of said output terminals being assigned a
      weighted decimal value and the number of said output terminals being less
      than the number of said position indicator segments,
PA1  means coupled to said sensing brush for applying a potential to said
      leading and lagging brushes when said sensing brush engages a
      nonconductive and a conductive segment in said first ring respectively,
      and means including a plurality of circuits for coupling said position
      indicator segments to said output terminals for transforming the analog
      quantities represented by the potentials with which said leading and
      lagging brushes energize said position indicator segments in the decimal
      sequence 0, 1, 2, 3, 4, 5, etc. into binary coded digital signals on said
      output terminals the sum of whose weighted value is a function of said
      sequence and of the angle of rotation of said first brush member and the
      shaft coupled thereto relative to said first stationary disc, certain of
      said circuits coupling individual ones of said position indicator segments
      to a plurality of said output terminals, and
PA1  means for applying said potential to and removing it from the output
      terminal of least ordinal significance when said sensing brush engages a
      conductive and nonconductive segment respectively of said first ring, the
      second, third, and fifth position indicator segments being individually
      coupled to the second, third and fourth output terminals respectively and
      the fourth position indicator segment being coupled to said second and
      third output terminals.
NUM  2.
PAR  2. In an analog to digital converter for representing the angular position
      of a shaft as the potential condition of a plurality of output terminals,
      the combination of,
PA1  a stationary disc having only first and second coaxial rings of segments
      thereon, said first ring having pairs of alternately arranged conductive
      and non-conductive segments and said second ring having spaced conductive
      position indicator segments,
PA1  a first brush member operatively connected to said shaft and being
      rotatable relative to said stationary disc and carrying a sensing brush
      adapted to engage said segments of said first ring and a pair of leading
      and lagging brushes positioned to engage said position indicator segments
      of said second ring,
PA1  a plurality of output terminals of different ordinal significance, the
      presence of a potential on each of said output terminals being assigned a
      weighted decimal value and the number of said output terminals being less
      than the number of said position indicator segments,
PA1  means coupled to said sensing brush for applying a potential to said
      leading and lagging brushes when said sensing brush engages a
      nonconductive and a conductive segment in said first ring respectively,
      and means including a plurality of circuits for coupling said position
      indicator segments to said output terminals for transforming the analog
      quantities represented by the potentials with which said leading and
      lagging brushes energize said position indicator segments in the decimal
      sequence 0, 1, 2, 3, 4, 5, etc. into binary coded decimal digital signals
      on said output terminals the sum of whose weighted value is a function of
      said sequence and of the angle of rotation of said first brush member and
      the shaft coupled thereto relative to said first stationary disc, certain
      of said circuits coupling individual ones of said position indicator
      segments to a plurality of said output terminals, and
PA1  means for applying said potential to and removing it from the output
      terminals of least ordinal significance when said sensing brush engages a
      conductive and a nonconductive segment respectively of said first ring,
      the second, third and fifth position indicator segments in said second
      ring being individually coupled to the second, third and fourth output
      terminals respectively and the fourth position indicator segment in said
      second ring being coupled to said second and third output terminals, and
      the sixth, seventh, eighth, ninth and tenth position indicator segments
      being coupled to the fifth output terminal.
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ABST
PAL  The invention concerns a digital coder subject to a compression law having
      multiple linear segments with slopes decreasing in geometrical progression
      having a ratio of 1/2, in which a chain of threshold detectors in a linear
      progression is used a first time to determine the number of the segment,
      then a second time to determine the position of the level on the segment.
BSUM
PAR  The invention comes within the branch of digital coders expressing an
      electric voltage level by a certain number of binary elements each having
      a determined weight. It concerns a coder subject to a compression law
      having multiple linear segments with a slope progressing in a geometrical
      progression having a ratio of 1/2,  with limits between segments
      progressing in a progression having a rate of 2, a level being coded by a
      binary sign element, a first set of binary elements defining the segment
      and a second set defining the position of the level on the segment. The
      main application provided for is the coding of quantified samples drawn
      off from the voice frequency current for telephonic pulse code modulation
      (PCM) transmissions.
PAR  To code a telephonic voltage level in a pulse code modulation (PCM)
      transmission, on account of the short time available, (a little less than
      3.9 .mu.s), in the case of a 30 channel pulse code modulation (PCM), there
      is every advantage in using a series-parallel coder, which has a more
      rapid operation than a coder having successive approximations, to avoid
      the memorizing of the analog samples.
PAR  In a known series-parallel compression law coder, a first subassembly,
      which provides the number of the segment, contains a first chain of
      threshold detectors spaced out in a geometrical progression; a second
      sub-assembly, which provides the order of the position of the level on the
      previously determined segment, contains a second chain of threshold
      detectors spaced out in an arithmetical progression.
PAR  The present invention uses a single chain of threshold detectors spaced out
      in arithmetical progression, which is used successively for determining
      the number of the segment, then the order of the position of the level on
      the segment, the feeding of the single chain of thresholds being adjusted
      adequately as a function of the segment determined in the first operation.
PAR  By way of an example having no limiting character, a total range of levels
      covering 0 to .+-.4000 mV is taken; the compression law comprises eight
      segments whose high terminals are: 31.25 mV, 62.50 mV, 125 mV, 250 mV, 500
      mV, 1000 mV, 2000 mV, 4000 mV.
PAR  A first form of embodiment of a series-parallel compression law coder
      implementing the preceding principle, then a second form of embodiment,
      comprising a few modifications in structure with respect to the first
      form, which has certain advantages over the first form, will be described
      successively.
DRWD
PAR  FIG. 1 shows a simplified general diagram of the first form of embodiment;
PAR  FIG. 2 shows the meaning of a symbol used in FIG. 1;
PAR  FIG. 3 shows the structure of a sub-assembly forming a part of the diagram
      according to FIG. 1;
PAR  FIG. 4 is a first diagram of the time periods showing the variation of the
      principal logic signals and of certain parameters during a cycle for
      coding a voltage value according to the first form of embodiment;
PAR  FIG. 5 is a second diagram of the time periods according to the operation
      in a second form of embodiment;
PAR  FIGS. 6 and 7 are, respectively, a simplified general diagram and a diagram
      of a sub-assembly forming a part of FIG. 6, comprising modifications which
      are to be made to FIGS. 1 and 3 to obtain operation according to the
      diagram of time periods in FIG. 5.
DETD
PAR  FIGS. 1 and 2 -- The diagram according to FIG. 1 comprises fifteen
      threshold detectors B1, B2, . . . B15, whose threshold values are provided
      by a voltage divider connected between a high point Ad and a low point Bd
      and comprising, downstream from a first resistor rl, fifteen equal
      resistors r in series, having an ohmic value of about 20 ohms.
PAR  The point Ad, receives, through an amplifier N having a gain of +1, a
      voltage existing at the point O of a logic analog decoder M1.
PAR  The elements B1. . . B15 receive in parallel an input signal VK existing at
      an input terminal K, either through an amplifier G1 having a gain of +1,
      or through an amplifier G8 having a gain of +8. Each supplies at the
      output a signal which is referenced by an order number 1, 2, . . . 15.
PAR  Each of the elements Bi (FIG. 2) is constituted by two comparators bi, bi',
      having a + input and a -- input, whose + outputs are connected in common
      to a point common to two adjacent resistors r, the -- input of bi being
      connected to the output of the amplifier G8, the -- input of bi' being
      connected to the output of the amplifier G1. The comparator bi is put into
      action by a logic signal F; the comparator bi' is put into action by the
      complementary logic signal F. The outputs of the two comparators bi, bi'
      are connected together and provide an output signal designated by i.
PAR  The point Bd receives a voltage transmitted by an amplifier J having a gain
      of +1, of whose + inputs is connected to ground through a resistor r3. The
      resistor r3 may have a current supplied from the point Ad, through an
      analog gate .pi. and a resistor r2 in series passing through it. If the
      analog gate .pi. remains conductive, under the effect of a control signal
      Q1 = 0, the voltage at the point Bd is equal to half the voltage at the
      point Ad. If the analog gate .pi. is non-conductive under the effect of
      the signal Q1 = 1, the voltage at the point Bd is zero.
PAR  The output impedances of the amplifiers N and J are very low, less than 1
      ohm.
PAR  An amplifier comparator R having two inputs, -, +, has its - input
      connected to the output of G8 and its + input connected to the point Bd.
      Its output S is connected to the terminal D of a D-type flip-flop BS which
      receives, moreover, a clock signal HS and supplies to the output a binary
      element having a sign QS.
PAR  A logic element L, which also receives QS and the outputs 1, 2, 3, . . .
      15, supplies the signals F and F, the binary segment elements A, B, C, the
      binary position elements W, X, Y, Z and the control signal Q1.
PAR  The analog decoder M1 has 16 analog inputs. The inputs numbered 1 to 5 (not
      to be mistaken for the outputs of the elements B1 to B5), receive voltages
      in a geometrical progression of +V/16 to +V (for example from + 260 mV to
      + 4000 mV). The inputs 6 to 8 receive voltages + V4 + V/2 + V
      respectively. The inputs 9 to 13 receive voltages in a geometrical
      progression of -V/16 to -V (- 250 mV to - 4000 mV). The inputs 14 to 16
      receive voltages -V/4, -V/2, -V respectively.
PAR  The inputs 1 to 5 and 9 to 13 correspond to the five segments whose weight
      is the lowest (gain of 8); the inputs 6 to 8 and 14 to 16 correspond to
      the three segments whose weight is the highest (gain 1).
PAR  The output point 0 of the analog decoder M1 is connected to one of the
      sixteen inputs as a function of a code applied to the inputs A0, A1, A2,
      A3. A0 receives the signal QS; A1 receives the output of a gate U1, which
      has the signal A and a clock signal HM applied to it; A2 receives the
      signal B; A3 receives the signal C.
PAR  FIG. 3 -- The logic element L comprises the following elements;
PAR  Nine bistable type D flip-flops: BF (receiving a clock signal HF) C8, C4,
      C2, C1 (all four receiving a clock signal HT), P1, P2, P3, P4 (all four
      receiving a clock signal HQ);
PAR  Eleven EXCLUSIVE OR circuits N1 to N11 and two connected OR circuits V2,
      V3;
PAR  A triple bipolar reversing switch M2, whose inputs E, 10A, 11B, 10B, 11C,
      10C, are connected to outputs of the first five flip-flops above, the
      input 11A receives a permanent logic 1 and the outputs ZA, ZB, ZC are
      connected to the inputs of a transcoder T1 of known type, transforming the
      input data from reflected binary code into natural binary code (A, B, C)
      defining the order of the segment. It is observed, at the inputs of the
      reversing switch M2, that only the threshold detectors having a
      geometrical progression 1, 2, 4, 8, cooperate in determining the segment
      (bits A, B, C).
PAR  A transcoder T2 of known type, transforming the input data (outputs of the
      flip-flops P1 to P4) from reflected binary code into natural binary code
      (W, X, Y, Z) defining the position on the said segment.
PAR  The circuits N1 to N11 have, as their inputs, the following signals:
     N1 QS.4     N5 4.12       N8 1.3                                          

     N2 QS.2     N6 6.2        N9 5.7                                          

     N4 QS.1     N7 10.14      N10 9.11                                        

     N4 QS.8                   N11 13.15                                       

PAR  The outputs of N6 and N7 are connected to the inputs of an OR circuit U2;
      the outputs of N8 to N11 are connected to the inputs of an OR circuit U3.
PAR  An AND gate U4 has an input connected to the terminal Q of C4 and an input
      connected to the terminal Q of C1.
PAR  The nine outputs are connected as follows:
TBL  Input D      Output Q      Output Q                                       

     BF Output N2               E                                              

     C8 Output N4 I 1C          10A                                            

     C4 Output N1 I 1B, U4                                                     

     C2 Output N2               10B                                            

     C1 Output N3 Signal Q1     U4                                             

     P1 Output N4               T2                                             

     P2 Output N5 T2                                                           

     P3 Output U2               T2                                             

     P4 Output U3               T2                                             

PAR  The flip-flop BF supplies the signals F and F which are shown in the
      diagram in FIG. 1; the flip-flop C1 supplies the signal Q1, which exists
      also in FIG. 1.
PAR  The clock signal HM is applied to the flip-flops BF, C2 and C8 during the
      resetting to zero and to the flip-flops C4 and C1 during the resetting to
      1.
PAR  The switch M2 is a known element; it is a triple bipolar invertor having
      the following function:
TBL  E        ZA           ZB         ZC                                       

     0        10A          10B        10C                                      

     1        11A          11B        11C                                      

PAR  FIG. 4 -- FIG. 4 is a diagram of the time periods showing the clock signals
      HM, HS, HF, HI, HQ, as well as the values of the voltages at the points Ad
      and Bd during a coding cycle.
PAR  The progress of operations is as follows:
PAR  Originally, the signal HM = O sets the flip-flops C1 and C4 to 1 and the
      flip-flops BF, C8 and C2 to O. The result of this is A = 1, B = O, C = O,
      F = O. Due to the fact of the blocking of the gate U1 by HM = O, the
      analog decoder M1 receives A = O, B = O, C = O and its output O is at + or
      -V/16 (according to the sign of the sample coded in the preceding cycle).
      The analog gate is non-conductive, for the output Q of C1 is at 1 : Q1 =
      1. The point Bd is at the potential O.
PAR  At the instant HS, the determining of the sign of the sample is effected by
      the flip-flop BS which records (signal QS) the state of the sign
      comparator R connected to the amplifier G8 having a gain of 8.
PAR  F being at 0, the gain 1 is applied to the comparators B1 to B15.
PAR  Determining the segment, the passing to 1 of the signal HM applies to the
      input of the analog decoder M1 the code A = 1, B = O, C = O and S = O or
      1, this setting the point O to the voltage .+-.V according to the sign of
      the sample. In FIG. 4, it has been presumed that the sign of the sample is
      +. The point Bd is always at the potential O.
PAR  The clock signal HF causes the recording by BF of the state of the
      comparator B2. The state of BF (F = O) is confirmed (gain of 1 maintained)
      or not confirmed (the gain passes to 8).
PAR  At the instant marked I, it is possible to read by HT the flip-flops C1,
      C2, C4, C8 recording the state of the respective comparators B1, B2, B4,
      B8.
PAR  Determining the position on the segment selected: the number of the segment
      (code A, B, C) being applied to the inputs A1, A2, A3, respectively, of
      the analog decoder M1 and the flip-flop C1 defining Q1, the control signal
      of the gate .pi., (Q1 = 1 where VK &lt; V/16, Q1 = O where VK &gt; V/16) the
      points Ad and Bd will assume new potentials (if need be). These new
      polarizations are established as follows:
TBL                                        No.                                 

     Gain   A      B      C    Ad    Bd    of the segment                      

     ______________________________________                                    

            0      0      0    V/16  0     (1)                                 

            0      0      1    V/8   V/16  (2)                                 

     8      0      1      0    V/4   V/8   (3)                                 

            0      1      1    V/2   V/4   (4)                                 

            1      0      0    V     V/2   (5)                                 

     ______________________________________                                    

            1      0      1    V/4   V/8   (6)                                 

     1      1      1      0    V/2   V/4   (7)                                 

            1      1      1    V     V/2   (8)                                 

     ______________________________________                                    

PAR  The number of the corresponding segment(s) have been marked in brackets for
      each voltage range.
PAR  After having been established in reflected binary code, the states of the
      fifteen comparators B1 to B15 are registered in the other flip-flops P1. .
      . P4 at the instant HQ, then converted into natural binary code by the
      transcoder T2 on the outputs W, X, Y, Z which are read at the instant II,
      end of the cycle.
PAR  To illustrate the operation of the device, the tables herebelow,
      corresponding to three particular cases, have been drawn up.
TBL  ______________________________________                                    

     1. VK = +100 mV                                                           

     HS        HF        HT             HQ                                     

     ______________________________________                                    

     QS = 1    G = 8     A = 0          W = 0                                  

     Ad = 4000 mV        B = 0 Ad = 250 mV                                     

                                        X = 1                                  

     Bd = 0              C = 0 Bd = 0   Y = 1                                  

     Q1 = 1              Q1 = 1         Z = 0                                  

     ______________________________________                                    

     2. VK = +400 mV                                                           

     HZ        HF        HT             HQ                                     

     QS = 1    G = 8     A = 0                                                 

     Ad = 4000 mV        B = 0 Ad = 500 mV                                     

                                        W = 1                                  

     Bd = 0              C = 1 Bd = 250 mV                                     

                                        X = 0                                  

     Q1 = 1              Q1 = 0         Y = 0                                  

                                        Z = 1                                  

     ______________________________________                                    

     3. VK = +900 mV                                                           

     HS        HF        HT             HQ                                     

     QS = 1    G = 1     A = 1          W = 0                                  

     Ad = 4000 mV        B = 0 Ad = 1000 mV                                    

                                        X = 0                                  

     Bd = 0              C = 1 Bd = 500 mV                                     

                                        Y = 1                                  

     Q1 = 1              Q1 = 0         Z = 1                                  

     ______________________________________                                    

PAR  The use of a single chain of comparators operating on thresholds having an
      arithmetical ratio, in which, in a first phase, use is made exclusively of
      the thresholds and comparators in geometrical progression (1, 2, 4, 8),
      combined with the fixing of the potential of the low point of the voltage
      divider (Bd), either at zero potential or at half the potential of the
      high point (Ad), leads to a general diagram having evident simplicity.
PAR  Furthermore, the slight interval of time which separates HT from HQ (in the
      order of a microsecond) does away with the necessity of memorizing the
      sampled analog level : indeed, during such a short period, the input level
      varies always by a very much smaller quantity than a quantification level.
PAR  It is stated for reference that the time, for which the coder has available
      an input level in a multiplex transmission system of the PCM type,
      comprising a frame of 32 channels, with sampling at every 125
      microseconds, is in the order of 3,9 .mu.s. To allow the reference
      voltages the time to be established, the first part of the coding cycle,
      which is about 40 percent, is a waiting period. Coding is effected during
      the second part (about 60 percent) of the cycle, covered by a gating pulse
      HM. The various clock instants are the following:
PAR  HS : coincides with the beginning of the gating pulse HM; determining of
      the sign of the sample;
PAR  HF : determines the choice of the input amplifier, G = 1 where Vk &gt; 500 mV,
      G = 8 where VK &lt; 500 mV;
PAR  HT : determining of the bits A, B, C;
PAR  HQ : reading of the data W, X, Y, Z, coincides with the end of the gating
      pulse HM.
PAR  In the various phases of the coding according to a first embodiment of the
      invention, such as have been set forth for reference above, the interval
      HF - HT is an idle time required by the fact that, on the first five
      segments of lower levels, it is necessary to pass from the gain 1 to the
      gain 8 at the input of the coder. That operation puts into action the
      sampling inputs of the comparators, which react strongly on the
      differential inputs of these latter. The reference voltages of the
      resistance scale r1 between the point Ad and the point Bd are therefore
      disturbed and the reading of the number of the segment (A, B, C) can be
      effected only after the disappearance of that disturbance.
PAR  To reduce the time devoted to coding, a variant adopted in a second form of
      embodiment consists in setting the gain flip-flop (BF) originally to the
      logic value 1, that is, to the gain 8. In that case, the disturbance
      mentioned hereinabove will occur only for the coding of the last three
      segments of highest weight. Whereas there are 16 steps in 250 mV for the
      first and second segment, there are 16 steps in 500 mV for the 6th segment
      : the disturbance therefore has less influence for the segments 6, 7 and 8
      and the interval HF - HT may be reduced.
PAR  FIG. 5 -- In FIG. 5, the gating pulse HM, shortened by a value .DELTA.t in
      relation to FIG. 4, covers only half the coding cycle, instead of 60
      percent.
PAR  HT is replaced by two instants, HT.sub.1, HT.sub.2 : HT.sub.1 reading of
      the number of the segment, from no.1 to no.5 ; HT.sub.2 subsequent -
      reading of the number of the segment, from no.6 to no.8.
PAR  Due to the fact that the device operates originally at the gain of 8, it is
      possible to register the code of the first five segments by HT.sub.1
      immediately after HS, since no analog operation is necessary. In that
      case, the interval HF - HT.sub.1 is cancelled, HT.sub.1 coincides with HF.
PAR  For the last three segments having a high weight (6, 7, 8), it is necessary
      to operate the change in gain, as previously. In that case, the time
      separating the reading of the position on the segment (HQ) will be reduced
      by the interval HT.sub.1 - HT.sub.2. This is possible, for the relative
      precision required from the voltage of the point Ad in relation to the
      supply voltage V (4000 mV) is lower in the case of the segments 6 to 8
      than in the case of the segments 1 to 5. Therefore, the acquisition time
      of the point Ad may be small.
PAR  This method of operation, which shortens the effective duration of the
      coding, has yet another advantage.
PAR  As the device does not have an analog memory for the input level to be
      coded, that level varies during coding : the result of this is a
      distortion of the coded level, or, again, a deterioration of the
      signal-to-noise ratio, for the level is not the same at the instant (HT,
      FIG. 1a) when the number of the segment is determined and the instant (HQ)
      when the position on the segment is read. That variation of the input
      signal between these two instants which is a function of the instantaneous
      slope of the curve of the input signal is, of course, greater for the high
      levels than for the low levels. By reducing the interval HT.sub.2 - HQ
      (FIG. 1b) in relation to the interval HT - HQ (FIG. 1a), the
      signal-to-noise ratio on the high levels is improved.
PAR  FIG. 6 -- In the diagram according to FIG. 6, which corresponds to FIG. 1,
      a comparator C 16 whose + input is connected to the point Ad and whose -
      input is connected to the output of the amplifier G8 is added. Its output
      marked 16 is applied to the logic element L.
PAR  FIG. 7 -- In the diagram according to FIG. 7, which corresponds to FIG. 3,
      the output "16" is applied, at the same time as the signal QS (output
      signal of the flip-flop BS, see FIG. 2), to the input of an EXCLUSIVE OR
      circuit N12, whose output is connected to the terminal D of the flip-flop
      BF.
PAR  The multiplexer M2 is of the quadruple type: besides the outputs ZA, ZB,
      ZC, it has an output ZD, to which correspond two inputs 11D, 10D, which
      receive respectively the clock signals HT.sub.1 and HT.sub.2 ; the result
      of this is that the clock signals HT applied to the flip-flops C1, C2, C4,
      C8 are either HT.sub.1 or HT.sub.2, according to the position of the
      multiplexer M2, given by the valency of the signal F, applied by the
      flip-flop BF to the input E of the multiplexer M2.
PAR  In application of the basic principle laid down hereinabove, the device may
      receive numerous modifications without going beyond the scope of the
      invention. More particularly, according to a variant which affords an
      advantage, the two amplifiers G1, G8 in FIG. 1 and 6, having a gain of 1
      and 8 respectively, may be replaced by a single amplifier which may assume
      a gain of either 1 or 8. Such a variation in gain is obtained in a manner
      known per se by a switching of resistors in a negative reaction network
      connected with the single amplifier. Switching is provided by analog gates
      which are themselves controlled by a double threshold detector which
      receives the analog level to be coded at the same time as the single
      variable gain amplifier.
PAR  That technological modification is an advantage due to the fact that it
      enables the fifteen double comparators (B1. . .B15) to be replaced by
      fifteen single comparators : it therefore affords a great economy in
      components.
PAR  While We have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and We therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A series-parallel coder subject to a compression law having several
      segments with different slopes, capable of providing, for a positive or
      negative sample, a first code defining the number of the segment, then a
      second code defining the position on the said segment, comprising a
      voltage divider having a voltage high point and voltage low point, a
      single set of threshold detectors, each of said threshold detectors formed
      of two amplifier-comparators connected in an arithmetical progression
      between said voltage high point and said voltage low point of said voltage
      divider, logic means receiving the outputs of said threshold detectors for
      selectively setting the potential of the voltage low point of said voltage
      divider either at zero potential or at a potential which is half the
      voltage high point of said voltage divider and for applying to the voltage
      high point of the voltage divider a selected potentital V/2.sup.n, where V
      is a reference voltage and n may vary from O to k according to the order K
      of the segment, and amplifier means including two amplifiers for applying
      a segment signal to each of said threshold detectors in parallel, one of
      said two amplifiers having a gain of 1 and having an output connected to a
      negative input of one of said two amplifier-comparators, and the other of
      said two amplifiers having a gain of 8 and having an output connected to a
      negative input of the other of said two amplifier-comparators, wherein
      said two amplifiers receive as a common input the level to be coded.
NUM  2.
PAR  2. A coder according to claim 1, wherein said logic means includes a first
      logic section for determining the order of the segment, said first logic
      section including a plurality of first flip-flops, a first flip-flop of
      said plurality providing respective output signals for operating said
      threshold comparators.
NUM  3.
PAR  3. A coder according to claim 2, characterized in that said logic means
      further includes a second logic section which comprises an analog gate for
      selectively connecting said voltage high point to said voltage low point
      via an additional voltage divider connected to ground.
NUM  4.
PAR  4. A coder according to claim 3, wherein said second logic section further
      includes an analog decoder receiving positive or negative voltages spaced
      out in geometrical progression and logic inputs receiving segment bits
      from said first logic section for applying to the said voltage high point
      said selected potential.
NUM  5.
PAR  5. A series-parallel coder subject to a compression law having several
      segments with different slops, capable of providing, for a sample, a first
      code defining the number of the segment, than a second code defining the
      position on the said segment, comprising, a voltage divider having a
      voltage high point and voltage low point, a single set of threshold
      detectors formed of comparators connected in an arithmetical progression
      between said voltage high point and said voltage low point of said voltage
      divider, logic means receiving the outputs of said threshold detectors for
      selectively setting the potential of the voltage low point of said voltage
      divider either at zero potential or at a potential which is half the
      voltage high point of said voltage divider and for applying to the voltage
      high point of the voltage divider a selected potential V/2.sup.n, where V
      is a reference voltage and n may vary from O to k according to the order K
      of the segment, wherein said logic means includes a first logic section
      for determining the order of the segment, said first logic section being
      formed by a plurality of EXCLUSIVE OR gates applying to a plurality of
      first flip-flops exclusively the output signals of selective ones of said
      threshold comparators in geometrical progression, and amplifier means
      applying a segment signal to each of said threshold detectors in parallel,
      characterized in that each threshold comparator is formed by two
      amplifier-comparators having their outputs connected to a common point,
      each amplifier-comparator having a positive input and a negative input,
      the two positive inputs of each pair being connected in common to a
      selected point of said voltage divider formed by a chain of resistors of
      equal value and the negative input of one amplifiercomparator being
      connected to the output of an amplifier of said amplifier means having a
      gain of 1, the negative input of the other amplifier-comparator being
      connected to the output of a second amplifier of said amplifier means
      having a gain of 8, the two amplifiers of said amplifier means receiving
      as a common input the level to be coded, said amplifier-comparators being
      operated by the respective outputs of a first flip-flop of said first
      logic section of said logic means.
NUM  6.
PAR  6. A coder according to claim 5, wherein said first logic section of said
      logic means includes first means for starting up the amplifier having a
      gain of 1 at the beginning of a coding cycle, then to maintain the said
      amplifier having a gain of 1 if the level to be coded exceeds a
      predetermined value, or to start up the amplifier having a gain of 8 if
      the level to be coded is less than the said predetermined value.
NUM  7.
PAR  7. A coder according to claim 5, wherein said first logic section of said
      logic means includes second means for starting up the amplifier having a
      gain of 8 at the beginning of a coding cycle and for starting up the
      amplifier having a gain of 1 according to the response of a comparator
      which receives, on an input, the output of the amplifier having a gain of
      1, and, on another input, a reference voltage.
NUM  8.
PAR  8. A coder according to claim 7, wherein said first logic section of said
      logic means includes third means for determining the number of the segment
      in a time HT.sub.1 which coincides with a clock time HF, if the input
      level is on a segment having a low weight or in a subsequent period
      HT.sub.2 if the input level is on a segment having a high weight.
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ABST
PAL  An analog-to-digital converter is disclosed which reads the positions of
      one or more coaxial shafts in terms of time intervals which occur between
      an interception of a beam of light and the end of a sequence of pulses
      coming from a spinning magnetized disk. These intervals are measured by
      pulse counters. If two shafts are being encoded, each disk revolution
      establishes positional communication with one light beam and two magnetic
      reading heads.
BSUM
PAR  This is an improvement over my co-pending applications, Ser. No. 253,330,
      entitled "Opaque-Vane Analog to Digital Converter," filed May 15, 1972,
      and Ser. No. 463,106, now U.S. Pat. No. 3,831,169 entitled "Spinning-Vane
      Shaft Position Encoder," filed May 22, 1974.
PAC  References Cited
PAR  U.S. Pat. Nos. 3,098,152 Von Mathes 3,346,724 Fuhrmeister et al. 3,454,777
      Marcus
PAC  BACKGROUND
PAR  The present invention relates to the digital encoding of analog
      displacements and, particularly, to the making of digital measurements of
      rotational positions of one or more coaxial shafts.
PAR  A common type of shaft angle encoder is one where angular position is
      determined by means of a coded disk that is provided with a number of
      concentric tracks, each having alternative transparent and opaque means or
      sectors. In such encoders, a lamp on one side of the disk and a
      light-responsive cell on the other side confront a point on each coded
      track. Production of such encoders involves the difficulty of working with
      transparent material and the expense of producing accurate coding tracks
      on such material, which is usually glass. In absolute encoders, the
      multiplicity of lamps and photocells can create cross talk or make it
      necessary to collimate to avoid dispersal of light around the edges of
      opaque sectors. In incremental encoders, there is added cost because of
      the need for extensive means for determining initial shaft position; also,
      this reliance on initial determination sometimes allows errors to
      accumulate.
PAR  Many of these mechanical, optical and reliability difficulties are
      eliminated if the disk has a magnetized surface for generating pulses over
      a limited angular range. Such a disk need not be brittle, needs neither an
      energy source nor a collimating system, and operates to produce a reliable
      absolute count.
PAC  PURPOSE OF THE INVENTION
PAR  It is the purpose of this invention to provide an analog-to-digital
      converter which has the reliability and versatility of the typical
      absolute encoder, the mechanical simplicity and low cost of the typical
      incremental encoder, and a capability for accuracy beyond that of either.
      In almost every angle-measuring device of any kind, accuracy can be
      improved by performing the measuring process at a larger radius.
      Therefore, it is part of the purpose of this invention to provide the
      simplicity and configurational characteristics which lend themselves to
      the construction of encoders of relatively large radius.
PAR  It is a further object of this invention to provide a configuration which
      is adaptable to the encoding of several independent coaxial shafts. For
      example, U.S. Pat. No. 3,346,724 discloses a machine for which a two-input
      coaxial encoder is desirable.
PAR  Other objects and advantages of the present invention will be more readily
      apparent from what follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational sectional view of the mechanical part of the
      preferred embodiment of this invention.
PAR  FIG. 2 is an elevational view of one of the elements of FIG. 1, namely, the
      magnetized disk.
PAR  FIG. 3 is a perspective view of the main elements of FIG. 1; this figure
      also shows a block diagram of the electronics needed to complete the
      analog-to-digital conversion.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The present invention as illustrated in the figures is a twochannel
      (two-input) digital encoder embodiment having a scanning system contained
      in a housing 12. In this embodiment, the housing supports bearings for the
      shaft 15 of a constant-speed electric motor with a rotor 16 and stator 17.
      The two input shafts, namely, an inner shaft 18 and an outer shaft 19,
      have the same axis as the motor shaft 15. These inner and outer shafts
      carry an inner bracket 20 and an outer bracket 21, respectively. The motor
      carries a magnetized disk 22 fixed to its shaft 15.
PAR  The source of illumination for an optical indication of one disk position
      can be either a lamp or a light-emitting diode. FIG. 1 shows a fixed lamp
      23 mounted on the housing 12.
PAR  One narrow slit or hole 24 exists in the disk 22 so as to pass some light
      originating at the lamp 23 once per revolution of the shaft 15. A
      photodetector 25 is mounted on a housing-mounted bracket 26 to receive any
      light not shaded by the disk. The photodetector can be a photocell or
      other illumination-sensing device.
PAR  An inner magnetism-sensing head 35 and a similar outer head 36 are mounted
      on the inner bracket 20 and the outer bracket 21, respectively. Each of
      these heads confronts a point or small area on the disk 22, either by
      touching it or being very close. In each case, the confronting points form
      a circle or an arc of a circle, the exact point on the circle being
      determined by its respective shaft position. On the disk surface, an arc
      in each of these circles is magnetically loaded; i.e., a track of magnetic
      anomalies exists so as to generate pulses in the heads 35, 36 as the disk
      is rotated past them. The method of forming these anomalies is well known
      to those skilled in the computer tape and disk memory art.
PAR  FIG. 2 shows a view of disk 22 in which, in this embodiment, the disk
      rotation is viewed to have a counter-clockwise direction. The disk radius
      which goes through the center of the narrow hole 24 is called the optical
      radius; the position of this radius corresponding to the instant when the
      hole is aligned to develop a pulse from the photodetector 25 is called the
      optical position. The pulse from the photodetector is fed into a
      monostable multivibrator which is also called a one shot 39. The output
      from the one shot is a pulse having a duration of, say, the time of one
      half of a revolution of the disk. More accurately, the optical position is
      the position of the disk 22 at the beginning of the output pulse from each
      one shot 39. See FIG. 3.
PAR  The one shots and other circuits are connected to the mechanical parts
      shown in FIG. 1 by means of a cable 40. Some of the wires in this cable
      come from the magnetic heads. These head wires 41, 41 must be flexible
      because the heads are positioned by the input shafts 18, 19. Mechanical
      limit stops may be used to limit the shaft position ranges to, say, one
      half of one revolution each although these stops are not shown. If type T
      flip flops and an extra head are added, the measured ranges of shaft
      angles can exceed 360.degree..
PAR  Since this embodiment is a two-input encoder, the circuitry makes two
      measurements simultaneously and contains two channels. Channel 1 measures
      the angle of the outer shaft 19 and Channel 2 encodes the inner shaft
      angle; these are angles A.sub.1 and A.sub.2, respectively.
PAR  In Channel 1, an AND gate 45 combines the pulses from the first head 36
      with the complement of the pulse from the one shot 39. It performs the
      Boolean AND function. The output is the head pulse train inhibited by the
      one shot. This output is fed to a counter 46 which is reset once per
      revolution. In Channel 2, a second AND gate 47 and a second counter 48
      perform a second digital measurement. In both counters, parallel binary
      bits from Yo to Yn indicate the shaft angles once each revolution of the
      disk.
PAR  In the sequence in which they occur, the events which form a measurement of
      the position of shaft 19 are as follows:
PA1  1. The Channel 1 counter is reset (cleared).
PA1  2. The disk rotates counterclockwise until the first magnetic anomaly (bit)
      in the outer arc of disk 22 appears under head 36. At this instant in
      time, the first counter 46 begins to count.
PA1  3. During the time required for the disk to revolve through the angle shown
      as A.sub.1 in FIG. 2, counter 46 is counting.  The relative position of
      disk 22 and head 36 is now as shown in FIG. 2. This is the so-called
      optical position.
PA1  4. At this position, the photodetector 25 triggers the one shot 39 and the
      gate 45 is inhibited. This stops the counter.
PA1  5. By the time the one shot 39 returns to its stable state, the last of the
      magnetized bits has passed by head 36.  Therefore, the count corresponding
      to angle A.sub.1 remains for the rest of one revolution of the disk. Angle
      A.sub.1 is the position of shaft 19.
PAR  During the same revolution, the second counter 48 measures the position of
      the inner shaft 18 in a similar manner using head 35 and gate 47. If no
      second channel exists, this becomes a one-channel encoder like other shaft
      encoders. Because of the small space occupied by each magnetic head, it is
      possible to have many channels of encoding in one housing using one disk.
PAR  The above embodiment assumes a uniform distribution of magnetic anomalies
      around a 180.degree. (say) arc of a circle on the disk for each channel.
      However, because a reading head can serve as a writing head and because of
      the adaptability of this type of recording, it is practical for non-linear
      bit spacing to serve useful purposes.
PAR  For example, consider the requirements for a trigonometric resolver instead
      of for an ordinary shaft encoder. That is, consider the requirement for
      the counter to measure the sine of A rather than A itself.
PAR  Let s represent the bit spacing and r represent the radius of a track of
      bits (arc of magnetic anomalies). Let C represent a total count or a
      constant defined by accuracy specification. If fractional counts are
      ignored, summation can be considered to be equal to integration and the
      track will generate a sine wave if
PAC  C sin A =.intg..sub.o.sup.A r/s dA
PAL  Differentiating,
PAC  C cos A = r/s s = r/C cos A
PAL  This simply means that instead of being a constant, the bit spacing s must
      be a function of the angle, A. In other words, a track S.sub.1 can be used
      to generate a sine function of A.sub.1 and, using a different pattern,
      S.sub.2 can be used to generate a cosine function of A.sub.2. If shaft 18
      and shaft 19 are tied together, the result is a sine and a cosine function
      of a single shaft angle.
PAR  In FIGS. 1 and 3, the representation of the photodetector 25 is somewhat
      non-standard. This serves to indicate a sensing system rather than just a
      photocell. In particular, the cylindrical part of what is shown could be a
      part of an optical fiber for reshaping the beam of light.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for making digital measurements of shaft angular positions
      comprising:
PA1  a housing having an axis and having a protruding shaft rotatably mounted on
      this axis;
PA1  a housing-mounted bracket supporting an optical scanning means for
      producing and sensing a beam of light in a direction parallel to the axis
      of said housing;
PA1  a first shaft-mounted bracket supporting a magnetic scanning means;
PA1  an internal shaft rotatably supported about the axis of said housing;
PA1  motive means to rotate said internal shaft;
PA1  a magnetically-alterable opaque disk mounted on said internal shaft for
      communicating with the scanning means on each of said brackets once per
      revolution of said internal shaft, the magnetic communication thereof
      operating to generate impulses as a consequence of the angular velocity of
      said internal shaft;
PA1  a pulse counter fed by said disk, the number of pulses per disk revolution
      being proportional to a shaft displacement angle so as to provide a first
      shaft angle measurement;
PA1  a second protruding rotatably-mounted shaft coaxial with the first;
PA1  a second shaft-mounted bracket with a second magnetic scanning head; and
PA1  a second pulse generating and counting means for providing a digital
      measurement of the angle of said second protruding shaft.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 where the bit spacing of magnetic
      anomalies on said disk is inversely proportional to a trigonometric
      function of disk rotation angle in order to produce an output in a
      magnetic scanning head proportional to the trigonometric cofunction of
      this angle.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein said motive means comprises a
      constant speed motor and a shaft, this shaft having some intermediate
      point where torsional rigidity is so low that torsional vibrations coming
      from the motor are isolated and unable to disturb the damped speed of the
      disk.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 further comprising:
PA1  additional individually rotatable shafts protruding from said housing, all
      of said shafts as well as said housing having a single axis;
PA1  one additional scanning means for each said additional protruding shaft;
      and
PA1  one additional channel of pulse-counting circuitry for each said additional
      protruding shaft, said additional channel serving to perform a digital
      shaft angle measurement of said additional protruding shaft.
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ABST
PAL  An electro-visual indicator comprises a space having two parts. A
      transparent member covers one of the two parts. A magnetic fluid partially
      fills the space. An electromagnet is disposed so as to set up a magnetic
      field within the other part of the space when energized, the magnetic
      field being effective to draw the magnetic fluid into that part. The shape
      of the part behind the member is so defined that a capillary action is
      effective to draw the magnetic fluid into that part when the electromagnet
      is de-energized. The presence and absence of fluid within the part of the
      space visible through the transparent member are externally visually
      distinguishable through the member to thereby indicate the state of
      energization of the electromagnet. The fluid is given a color which
      contrasts with the background color of the space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to electro-visual indicators which present a visual
      output indicating whether they are electrically energized.
PAR  2. Prior Art
PAR  Known in the art are electro-visual indicators which operate via the
      intermediary of a mechanical part movable in response to the electrical
      energization of, for example, an electromagnetic coil. Movement of the
      mechanical part typically renders visible or not visible a display or
      character indicating whether the device is electrically energized. Such
      indicators, however, suffer from the disadvantage that movable mechanical
      parts are subject to wear and to effects of vibrations.
PAR  Also known in the art are electro-visual indicators which essentially
      comprise an electrically energizable light emitting source, light from
      which can either be used as an indication in itself of energization of the
      indicator, or to define characters representative of information requiring
      display. Indicators of this type are disadvantageous in that they are only
      able to give a positive indication when the indicator is actually
      energized and in that they typically have high power consumption
      requirements.
PAR  It is an object of the invention to provide an improved electro-visual
      indicator. It is a further object of the invention to provide an
      electro-visual indicator having no movable mechanical parts and which has
      a low power consumption. It is a still further object of the invention to
      provide an electro-visual indicator capable of providing a positive
      indication either when the indicator is energized or when the indicator is
      not energized.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an electro-visual indicator,
      comprising a housing, means defining a closed-off space within the
      housing, a magnetic fluid partially filling the said space and having a
      predetermined optical characteristic, means in the housing defining a
      viewing window opening into part only of the said space and covered by
      light transmitting material, and electromagnetic means in the housing
      energizable to move the magnetic fluid in the space in a manner which is
      visually distinguishable through the said window to provide an indication
      of the state of energization of the electromagnetic means.
PAR  According to the invention there is also provided an electro-visual
      indicator, comprising a cylindrical housing of magnetic material which is
      closed off at one end and has a peripheral opaque flange at the other end
      to define a viewing window, light transmitting material sealingly fixed in
      the window space, a disc-shaped first pole piece mounted co-axially within
      the housing and having a surface closely spaced behind the said light
      transmitting material and sized so as to define a first gap between it and
      the light transmitting material and a second, annular, gap in
      communication with the first gap and behind the opaque flange on the
      housing and between the periphery of the first pole piece and the housing,
      an annular, second pole piece co-axially mounted around the annular gap,
      sealing means for sealing the annular gap such that the annular gap and
      the said first gap together define a closed space, a magnetic fluid
      partially filling the said closed space and tending to flow into the said
      first gap by capillary action and having a predetermined color which
      contrasts with the color of the said surface of the disc-shaped first pole
      piece behind the window, an electromagnetic coil mounted in the housing
      and electrically energizable to set up a radially directed magnetic flux
      which travels through the housing and between the first and second pole
      pieces to magnetically attract the magnetic fluid out of the first gap and
      into the second, annular gap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An electro-visual indicator embodying the invention will now be described,
      by way of example only, with reference to the accompanying diagrammatic
      drawing in which:
PAR  FIG. 1 is a cross-section of the electro-visual indicator;
PAR  FIG. 2 is a front view of the indicator in the absence of electric power
      supply to the indicator; and
PAR  FIG. 3 is a front view of the indicator with electric power supplied to the
      indicator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the indicator comprises a housing 10 of a generally
      cylindrical form which is sealed at one end by a back plate 11. The
      housing 10 and back plate 11 are of a ferrous metal. An electromagnetic
      coil 12 is wound on a bobbin 13 disposed within the housing 10. The bobbin
      13 has a central core 14 of a suitable magnetic material. Electric leads
      15 pass through the back plate 11 to facilitate connection of the coil 12
      into an external circuit. A disc-shaped pole piece 16 is disposed adjacent
      one end of the coil and concentric with the housing 10. The diameter of
      the pole piece 16 is somewhat less than the internal diameter of the
      housing 10. Formed on the housing 10 adjacent to and encompassing the pole
      piece 16 is an annular pole piece 17. The coil 12, bobbin 13, central core
      14, housing 10 and pole pieces 16 and 17, together form an electromagnet.
PAR  At its end further from the back plate 11, the housing 10 has a flanged lip
      18 formed around its inner edge. A thin transparent glass lens or window
      19 is secured, for example by adhesive, in sealing relation with and
      behind the lip 17. The indicator is so constructed that the glass window
      19 and the opposed front face of the disc-shaped pole piece 16 define a
      narrow space 20 therebetween.
PAR  The peripheral gap between the disc-shaped pole piece 16 and the
      encompassing annular pole piece 17 is sealed by an elastomeric packing
      gland 21, for example a rubber O-ring. The space defined by the glass
      window 19, the housing 10, the packing gland 21 and the pole piece 16 and
      which includes the narrow space 20 is partially filled with a magnetic
      fluid 22. One property of the fluid 22 is that it is attracted into a
      magnetic field.
PAR  A legend, indicating whether electric power is being supplied to the
      indicator, is formed, for example by painting, on the glass window 19. The
      front face of the disc-shaped pole piece 16 is colored in the same or
      similar color to that of the characters. The color of the magnetic fluid
      22 is such as to contrast with the color of the characters formed on the
      glass window 19. Typically, the legend formed on the glass window 19 is
      the word `OFF` (FIG. 2) and is painted on in a durable dull black color
      paint which is also applied to the front face of the pole piece 16; in
      this case a red colored magnetic fluid 22 can be advantageously used.
PAR  In the absence of an electrical power supply to the coil 12 via the leads
      15, the magnetic fluid 22 is drawn into the narrow space 20 as a result of
      capillary action. The characters of the legend formed on the glass window
      19 will thus be contrasted against the background formed by the magnetic
      fluid and will be clearly visible in suitable ambient light conditions; in
      the example being considered, the legend OFF will be seen in black letters
      on a red background.
PAR  When electric power is supplied to the indicator via the leads 15, the coil
      12 is energized and a radial magnetic field is set up in the space between
      the disc-shaped pole piece 16 and the annular pole piece 17 formed in the
      housing 10. The magnetic circuit is provided by the housing 10, the back
      plate 11, the central core 14 and the disc-shaped pole piece 16. The
      magnetic fluid 22 is attracted towards the radial magnetic field and is
      thus drawn out of the narrow space 20. The characters formed on the glass
      window 19 will now be viewed against a background formed on the glass
      window 19 will now be viewed against a background formed by the front face
      of the disc-shaped pole piece 16. Since there is substantially no color
      contrast between the characters of the legend and the front face of the
      pole piece 16 the characters are not visible (FIG. 3) and such a condition
      indicates that power is applied to the indicator.
PAR  On de-energization of the coil 12, the magnetic fluid 22 is drawn back into
      the narrow space 20 by capillary action thus rendering the legend visible
      once more.
PAR  Magnetic fluid suitable for use as the magnetic fluid 22 employed in the
      described indicator is known in a range of viscosities, magnetic and
      temperature properties, and colors. Any suitable magnetic fluid can be
      used as desired.
PAR  Although the described indicator operates such that when not energized a
      positive indication is presented (e.g., the word OFF is visible), it is
      possible to adapt the indicator by use of a magnetic fluid 22 of a color
      such that the characters on the glass window 19 are not visible when the
      coil 12 is de-energized and the magnetic fluid is acting as a background
      for the characters. In this case the front face of the pole piece 16 is
      painted in a color contrasting with that of the characters formed on the
      glass window 19 so that these characters will stand out against the
      background of the front face of the pole piece when the coil 12 is
      energized.
PAR  Further, the indicator can be constructed so that the narrow space 20 into
      which the magnetic fluid is drawn in the absence of energization of the
      coil 12 is not behind the glass window 19 and fluid will thus be drawn
      away from the window 19 by capillary action. In this case, the magnetic
      circuit of the indicator is arranged so as to produce a magnetic field on
      energization of the coil 12 which draws the magnetic fluid back behind the
      glass window 19. Contrast between characters formed on the glass window 19
      and the background to the characters is provided by any of the
      hereinbefore described methods.
PAR  It is also possible to dispense with the characters formed on the window
      19, visual indication of the state of energization of the indicator being
      provided solely by the color or other optical characteristic visible
      through the window which is determined by the presence or absense of the
      magnetic fluid in the field of view behind the window.
PAR  The described electro-visual indicators can be advantageously used to
      visually indicate electric power failure in a circuit into which the
      indicator is connected, for example an aircraft engine instrumentation
      circuit.
PAR  The indicators are advantageous in that they do not contain any mechanical
      moving parts which are subject to wear and to effects of vibration. The
      indicators are also compact, have a low power consumption and are readily
      adaptable to instrument display utilizing integral lighting techniques.
      The flat front view presentation provided by the indicators facilitates a
      better readability as compared with drum type indicators.
CLMS
STM  What I claim:
NUM  1.
PAR  1. An electro-visual indicator,
PA1  comprising a housing,
PA1  a magnetic fluid partially filling
PA1  said housing and having a predetermined optical characteristic,
PA1  means defining a space within the housing having a first part of such
      cross-section that the magnetic fluid tends to flow into it by capillary
      action and a second part which is so positioned that the magnetic fluid
      may be drawn into this part by a magnetic field,
PA1  means in the housing defining a viewing window opening into part only of
      the said space and covered by light transmitting material, and
PA1  electromagnetic means in the housing energizable to provide a magnetic
      field for moving the magnetic fluid in said space in a manner which is
      visually distinguishable through the said window to provide an indication
      of the state of energization of the electromagnetic means.
NUM  2.
PAR  2. An indicator according to claim 1, in which the optical characteristic
      of the said fluid is a predetermined color which contrasts with the
      background color of the said space as viewed through the window.
NUM  3.
PAR  3. An indicator according to claim 2, including a legend formed on the
      light transmitting material and of one said color so as to be effectively
      visible or invisible according to the position in the said space of the
      magnetic fluid.
NUM  4.
PAR  4. An indicator according to claim 1, in which
PA1  the said housing is generally cylindrical in shape with one of its ends
      having a peripheral opaque flange defining the said window,
PA1  the means defining the said closed-off space defines the said first part of
      the space behind the window and the said second part of the space behind
      the opaque flange, and
PA1  the electromagnetic means is mounted in the housing to produce a radially
      directed magnetic field in the said space whereby to move the fluid
      between a first position in which it is substantially wholly held behind
      the peripheral flange and a second position in which it is spread across
      the inside of the light transmitting material covering the window.
NUM  5.
PAR  5. An indicator according to claim 4, in which the electromagnetic means
      comprises
PA1  a disc-shaped first pole piece mounted coaxially within the housing
      adjacent the said space and with its periphery spaced radially inward of
      the housing to define an annular gap which is behind the peripheral flange
      of the housing,
PA1  an annular, second, oppositely polarized, pole piece mounted coaxially with
      the first pole piece and surrounding the said annular gap, and
PA1  coil means and magnetic circuit means for setting up the said radially
      directed magnetic field between the first and second pole pieces.
NUM  6.
PAR  6. An indicator according to claim 5, including a coil bobbin mounted
      axially within the housing and carrying the said coil means.
NUM  7.
PAR  7. An indicator according to claim 6, in which the second pole piece forms
      part of the housing which is made of magnetic material to form at least
      part of the magnetic circuit means.
NUM  8.
PAR  8. An indicator according to claim 5, in which
PA1  a face of the said disc-shaped pole piece has a predetermined color and is
      visible through the said window when the magnetic fluid is held behind the
      said peripheral flange of the housing, and
PA1  the said optical characteristic of the magnetic fluid is its color which
      contrasts with the color of the said face of the disc-shaped pole piece.
NUM  9.
PAR  9. An indicator according to claim 8, including a legend formed on the
      light-transmitting material in one of the two said colors so as to be
      visible through the window when the magnetic fluid is held in one said
      position and to be substantially invisible through the window when the
      magnetic fluid is held in the other said position.
NUM  10.
PAR  10. An electro-visual indicator, comprising
PA1  a cylindrical housing of magnetic material which is closed off at one end
      and has a peripheral opaque flange at the other end to define a viewing
      window,
PA1  light transmitting material sealingly fixed in the window space,
PA1  a disc-shaped first pole piece mounted coaxially within the housing and
      having a surface closely spaced behind the said light transmitting
      material and sized so as to define a first gap between it and the light
      transmitting material and a second, annular, gap in communication with the
      first gap and behind the opaque flange on the housing and between the
      periphery of the first pole piece and the housing,
PA1  an annular, second pole piece co-axially mounted around the annular gap,
PA1  sealing means for sealing the annular gap such that the annular gap and the
      said first gap together define a closed space,
PA1  a magnetic fluid partially filling the said closed space and tending to
      flow into the said first gap by capillary action and having a
      predetermined color which contrasts with the color of the said surface of
      the disc-shaped first pole piece behind the window,
PA1  an electromagnetic coil mounted in the housing and electrically energizable
      to set up a radially directed magnetic flux which travels through the
      housing and between the first and second pole pieces to magnetically
      attract the magnetic fluid out of the first gap and into the second,
      annular gap.
NUM  11.
PAR  11. An indicator according to claim 10, including a legend formed on the
      light transmitting material in one of the said two colors so as to be
      visible through the window when the magnetic fluid is present in one said
      gap and to be substantially invisible through the window when the magnetic
      fluid has flowed into the other said gap.
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ABST
PAL  A pulse-doppler radar tracking system is disclosed employing four filter
      channels for tracking range, velocity, azimuth and elevation. Each channel
      is mechanized in a Kalman filter form by a stored program in a digital
      computer. The range channel estimates target range, R.sub.TPR, range rate,
      V.sub.TPV and acceleration a.sub.TPV from one of many received signal
      frequency spectra at multiples of the pulse repetition frequency (PRF).
      Once error in the range rate estimate, V.sub.TPR, is within a velocity
      corresponding to .lambda. PRF/4,
PAL  the velocity channel is reinitialized in its estimate of target velocity,
      V.sub.TPV, with a corrected velocity computed from the less accurate but
      unambiguous estimate of velocity, V.sub.TPR, and the ambiguous estimate of
      velocity, V.sub.TPV.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention herein described was made in the course of or under a
      Contract or Subcontract thereunder with the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to coherent pulse-doppler tracking radar, and more
      particularly to a system for resolving the ambiguity in target velocity
      estimates made from doppler shift measurements.
PAR  The concept of pulse transmission has been basic to most tracking radar
      systems because range can be easily measured by the time delay of each
      pulse round trip. Information as to the relative radial velocity of the
      target is determined by measuring the doppler frequency shift between
      transmitted and reflected waves of each pulse, and information as to the
      angular coordinates of the target is determined by relating received
      energy properties to the sensitivity and directivity patterns of the
      antenna.
PAR  A relative high pulse repetition frequency (PRF) is commonly employed to
      provide unambiguous velocity (doppler shift) determination, but range is
      then usually ambiguous. To resolve the range ambiguity, it is common
      practice to use a staggered PRF, i.e., to alternate the period of the
      radar pulse cycle. Both range and doppler shift can then be tracked
      without ambiguity. However, it is often desirable to use a medium PRF,
      namely a PRF that is not sufficiently high in relation to the largest
      expected values of doppler-shift for velocity to be tracked unambiguously.
      If doppler shift cannot be unambiguously tracked, the target's velocity
      relative to the velocity of the aircraft carrying the radar system cannot
      be determined except by the range tracking loop, i.e., by effectively
      taking the first derivative of range measurements. Doppler-shift
      measurements provide more accurate determination of velocity. Moreover,
      the determination can be made on the basis of the most recent radar return
      alone. The problem is to provide a radar tracking system with the facility
      for resolving the ambiguity in velocity.
PAR  A typical tracking system in a tactical aircraft performs two principle
      functions. First, it positions the antenna and the range and velocity
      gates of the radar signal processor, so as to keep the target accurately
      centered within the "field of view" of those elements. Second, it
      generates estimates of the target's position and motion for use in
      fire-control and aircraft-steering computations. These functions must be
      accurately performed over an extremely broad range of operating
      conditions, ranging from highly dynamic dog-fight encounters at
      short-range to very low signal-to-noise ratios at long range.
PAR  Several factors must be dealt with in the design of the tracking system in
      order to obtain the required accuracies and performance capabilities.
      First, there is the problem of measurement errors due to factors such as
      noise, target scintillation, and radome refraction. Maneuvers of the
      target and deception techniques (countermeasures) employed by targets to
      prevent tracking are the second class of problems which must be dealt
      with.
PAR  Due to the large variations in the characteristics and magnitudes of these
      error sources over the wide spectrum of operating conditions, variable
      parameter filters are necessary to meet tracking accuracy requirements of
      high performance aircraft. For example, narrow bandwidth filtering is
      required for tracking targets at long range with low signal-to-noise
      ratios. But rapid response is necessary for tracking highly maneuverable
      targets at short range. These factors, plus the requirement for generating
      high accuracy estimates of target line-of-sight (LOS) rates, and the
      desirability of employing one unified set of general filter equations to
      handle any radar mode --high PRF, medium PRF, low PRF, and so forth-- have
      led to the use of a new approach in the design of the tracking filter
      using Kalman filtering.
PAR  A system employing this new approach is like a typical radar tracking
      system in that a target reflects pulses to an antenna which analyses the
      return pulses and provides the desired information. A transmitter and
      receiver is operated in accordance with a predetermined mode in regard to
      frequency and PRF, both of which are often selected automatically or by an
      operator for a particular target to avoid velocity and range blind zones.
      The receiver provides video signals to a radar signal processor which
      produces signals that are measurements of range, range rate (radial
      velocity) and angular coordinates (elevation and azimuth deflection) of
      the target. These measurement signals are then applied to standard antenna
      controllers for positioning the antenna and to range and velocity
      controllers for positioning range and velocity gates. A typical radar
      tracking is thus a multiple closed-loop feedback system. Two loops for
      tracking in azimuth and elevation, and two loops for tracking in range and
      velocity. Standard servomechanism design procedures are both applicable
      and practical to each of these loops, but optimal results are not always
      achieved by such procedures.
PAR  The difference between this new approach and the prior art is that the
      prior art tracking loops have employed classical single control loops,
      using low-pass filtering to remove noise from measurement signals, whereas
      the new approach employs more advanced control loops employing filters for
      estimating quantities from measured differences between estimates and
      actual measurements, such as .DELTA.R.sub.m = R - R.sub.m. The timing of a
      range gate, R.sub.G, represents the range estimate, R, and the time of
      arrival of a round-trip radar pulse represents the measured range,
      R.sub.m. The difference then is the discriminant, .DELTA.R.sub.m. The
      range servo-loop continually updates the range estimate R to drive
      .DELTA.R.sub.m toward zero. Analogous servomechanism procedures drive the
      velocity discriminant, V.sub.m, toward zero and the azimuth and elevation
      discriminants, .DELTA..eta..sub.m and .DELTA..epsilon..sub.m, toward zero.
PAR  In accordance with this new approach, an airborne system is provided with
      electromagnetic energy sensors for tracking moving targets is some or all
      of range, radial velocity, elevation and azimuth. Energy received from the
      system sensors is processed to develop signals representing actual
      discriminants of range, .DELTA.R.sub.m, radial velocity, .DELTA.V.sub.m,
      elevation, .DELTA..epsilon..sub.m, and azimuth, .DELTA..eta..sub.m. These
      measurements are used to generate predictions of the next measurements
      from current estimates of system states, where the states are vectors
      X.sub.R (i), X.sub.V (i), X.sub.e (i) and X.sub.d (i), using for each
      state an equation of the general form
EQU  X.sub.i.sub.+l = .phi..sub.i X.sub.i + L.sub.i + K.sub.i (Y.sub.i - H.sub.i
      X.sub.i)                                                  (1)
PAL  where X is a state vector, .phi. is a transition matrix, L is a vector of
      dynamical aiding terms to compensate for rotational rates and inertial
      acceleration of the antenna, K is a gain factor, Y is the output of a
      measurement structure for the dynamical system and H is a system scaling
      factor which accounts for the gain in the measurement structure. The four
      channels implemented in accordance with this general equation are
      cross-coupled by using outputs of one or more channels as parameters in
      the remaining channels. For the range channel
TBL                     R.sub.TPR                                              

                X.sub.R =                                                      

                        V.sub.TPR                                              

                        a.sub.TPR                                              

PAL  thus generating estimates of predicted target range, R.sub.TPR, radial
      velocity, V.sub.TPR, and radial acceleration, a.sub.TPR. For the velocity
      (doppler) channel
TBL                     V.sub.TPV                                              

                X.sub.V =                                                      

                        a.sub.TPV                                              

PAL  thus generating estimates of predicted doppler velocity V.sub.TPV and
      acceleration a.sub.TPV. For the antenna angle channels
TBL             .epsilon..sub.Pe      .epsilon..sub.Pd                         

                .omega..sub.LSPe      .omega..sub.LSPd                         

     X.sub.e =  a.sub.Td     X.sub.d =                                         

                                      a.sub.Te                                 

                S.sub.e               S.sub.d                                  

PAL  thus generating estimates of pointing errors, .epsilon..sub.e,d, target
      line-of-sight rates, .omega..sub.LSPe,d, target accelerations normal to
      the line of sight, a.sub.Td,e, and target angular scintillation,
      S.sub.e,d, all referenced directly to antenna coordinates. The pointing
      error estimates, .epsilon..sub.Pe and .epsilon..sub.Pd, and the target
      line-of-sight rates .omega..sub.LSPe and .omega..sub.LSPd are used to
      produce antenna elevation and azimuth commands .omega..sub.Ce and
      .omega..sub.Cd. The range estimate R.sub.TPR and the velocity estimate
      V.sub.TPV are used to produce a range gate command, R.sub.GC, and a
      velocity gate command, V.sub.GC, both to be used by a radar controller.
PAR  In operation of the tracking system, measurements of SNR are made
      coincidentally with the discriminant measurements. The discriminant noise
      variance and the discriminant slope are then determined from the measured
      SNR, and these quantities are utilized in the calculations of the filter
      gains. Thus, the filter is provided with data on discriminant used by the
      filter, thereby adapting the filter to the characteristics of each
      measurement sample.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a coherent radar tracking system
      is provided with separate range and velocity (doppler) tracking filters
      implemented in accordance with the iterative equation
EQU  X.sub.i.sub.+1 = .phi..sub.i X.sub.i + L.sub.i + K.sub.i [Y.sub.i -H.sub.i
      X.sub.i]
PAL  where X is the estimate of range or velocity, .phi. is a transition matrix,
      L is a vector of dynamical aiding terms to compensate for rotational rates
      and inertial acceleration of the radar antenna, K is a gain factor, Y is
      the measurement structure for the dynamical system, and H is a system
      scaling factor which accounts for gain in the measurement structure. A bar
      over a symbol indicates a matrix quantity or value used in the filter for
      the parameter represented by the symbol, and the subscript i indicates a
      value at a given time i. The subscript i+1 then indicates an estimate of X
      at the next iteration time. The states of the range filter are
TBL            R.sub.TPR                                                       

     X.sub.R = V.sub.TPR                                                       

               a.sub.TPR                                                       

PAL  where R.sub.TPR is the estimated (predicted) range of the target and the
      remaining states V.sub.TPR and a .sub.TPR are effectively the respective
      first and second derivatives of R.sub.TPR. The states of the velocity
      filter are
TBL            V.sub.TPV                                                       

     X.sub.V =                                                                 

               a.sub.TPV                                                       

PAL  where V.sub.TPV is the estimated (predicted) velocity of the target and the
      remaining state is effectively the first derivative of V.sub.TPV. The
      velocity state V.sub.TPV is derived ambiguously from doppler shift of the
      signal return from radar pulses transmitted at a medium PRF, but the state
      V.sub.TPR is unambiguous once ambiguity in range, R.sub.TPR, is resolved
      at the time the target is acquired for tracking using conventional
      techniques. Ambiguity is then resolved in the state V.sub.TPV when
      uncertainty in range channel velocity estimate, V.sub.TPR, is less than
      .lambda.PRF/4, i.e., when the difference between the actual doppler shift,
      f.sub.DP, derived from the unambiguous velocity, V.sub.TPR, and the
      ambiguous doppler shift, f.sub.DAP, derived from the ambiguous velocity,
      V.sub.TPV, is less than PRF/2. At that time, a corrected velocity
      V.sub.TCORR is computed in accordance with the following equation
EQU  V.sub.TCORR = .lambda./2 PRF {[(f.sub.MLC +f.sub.DAP -f.sub.DP)
      PRF.sup..sup.-1 +1/2]*-(f.sub.DAP +f.sub.MLC)}
PAL  where the asterisk by the bracketed quantity indicates that the quotient
      (f.sub.MLC +f.sub.DAP -f.sub.DP) .div. PRF is to be truncated by dropping
      the fractional part after the quotient has been rounded out by adding 1/2
      to the quotient. The truncated number N is the number of spectra from a
      reference frequency f.sub.o in which the doppler shift of the target
      return should be. The quantity f.sub.MLC is an offset of the reference
      introduced to avoid main lobe clutter in the center of the doppler shift
      spectrum where the target is most likely to be, and is predetermined as a
      function of ground speed of the intercepting aircraft and elevation angle
      of the radar antenna. The actual doppler shift velocity, V.sub.TCORR, is
      thus computed by multiplying PRF by N, subtracting the sum of f.sub.DAP
      and f.sub.MLC and converting the difference to feet per second by
      multiplying by half the wavelength, .lambda., of the radar frequency in
      feet per second (half because of the round trip path of the returned
      signal). V.sub.TCORR is then used to reinitialize the velocity filter
      during the next filter cycle by substituting V.sub.TCORR for V.sub.TPV
      that one time. Thereafter, the velocity filter tracks V.sub.TPV accurately
      and unambiguously.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating an airborne radar monopulse tracking
      system embodying the present invention.
PAR  FIG. 2 is a general block diagram of the general form of the filters for
      each of the four filter channels in an estimator for the elevation,
      azimuth, range and velocity tracking system of FIG. 1.
PAR  FIGS. 3a through 3d are block diagrams of the four filter channels for
      tracking in elevation, azimuth, range and velocity, wherein each filter
      represented by a block is of the form illustrated in FIG. 2.
PAR  FIGS. 4, 5 and 6 illustrate typical range discriminant characteristics.
PAR  FIG. 7 is a timing diagram of tracking filter functions.
PAR  FIGS. 8a-8d illustrate a functional flow diagram for a programmed tracking
      filter routine.
PAR  FIGS. 9a -9f illustrate a detailed flow diagram for the routine of FIGS.
      8a-8d.
PAR  FIGS. 10-18 illustrate flow diagrams of programs for subroutines called out
      in detailed flow diagrams of FIGS. 9a-9f.
PAR  FIGS. 19 and 20a-20d illustrate flow diagrams for azimuth and elevation
      command computations.
PAR  FIGS. 21a and 21b illustrate the techinque employed for computing
      signal-to-noise ratios for use in the flow diagrams of FIGS. 9a-9f.
PAR  FIG. 22 is a block of a digital computer employed as a radar data processor
      (RDP) in the system of FIG. 1.
PAR  FIG. 23 illustrates the storage allocation assignments for the RDP of FIG.
      22.
PAR  FIG. 24 illustrates schematically the working registers of the RDP of FIG.
      22.
PAR  FIG. 25 illustrates instruction formats for the RDP of FIG. 22.
PAR  FIG. 26 is a diagram useful in understanding how velocity ambiguity is
      resolved.
PAR  FIG. 27 is a flow chart of a routine for resolving velocity ambiguity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before proceeding with a detailed description of a preferred embodiment, a
      typical environment for the present invention will be described with
      reference to FIGS. 1 through 3.
PAR  In the most general terms for describing the environment, means are
      provided for iteratively computing a prediction Xt.sub.(i.sub.+1) of the
      next measurement sample Yt.sub.(i.sub.+1) from the difference (residual)
      between a current estimate Xt.sub.(i) and measurement Yt.sub.(i) of a
      tracking system state. The residual is multiplied by a gain factor
      Kt.sub.(i) and the product is improved by available external aiding
      signals Lt.sub.(i), such as for compensation of antenna motion and/or
      aircraft motion as they affect tracking. Means for extrapolating the next
      estimate Xt.sub.(i.sub.+1) from the current estimate Xt.sub.(i) and the
      measurement residual is provided as a minor loop in the residual loop. The
      two loops constitute a tracking filter.
PAR  In the foregoing, t.sub.(i.sub.+1) denotes the time of the updated
      measurement and t.sub.(i) denotes the time of the previous measurement.
      For convenience, the letter t will be omitted hereinafter and only the
      subscripts i and i+1 will be used to denote the times.
PAR  The extrapolation loop is a dynamic model, .phi..sub.i, of the system state
      aided by the available external aiding signals, L.sub.i. The general
      filter structure is then defined by equation (1) set forth hereinbefore in
      the summary of the invention. In operation, the estimates are generated by
      adding measurement corrections K.sub.i [Y.sub.i - H.sub.i X.sub.i ] to
      extropolated values .phi..sub.i X.sub.i of past estimates improved by an
      aiding term L.sub.i. Thus, in the absence or rejection of a measurement,
      extrapolation is automatically performed until the next measurement is
      obtained, thereby tracking through blind regions. Correlation between the
      measurement residuals and the errors in estimated states is important to
      the present invention. Such correlation can arise in one of two possible
      ways -- direct measurement correlation or indirect dynamical correlation.
PAR  Direct measurement correlation exists between a given measurement and a
      given state if the measurement is itself a measure of the particular
      state. For example, the azimuth and elevation measurement residuals of the
      radar are direct measurements of the angular pointing errors, and are,
      therefore, directly correlated with the computational estimates of angular
      pointing error. Dynamical correlation arises from dynamical coupling
      between quantities which are directly measured and quantities which are
      estimated. As an example, extrapolation of the angular position of the
      target is performed by integrating the estimate of the target's
      line-of-sight (LOS) rate. Thus, any errors in the estimated LOS rate will
      produce errors in the extrapolated angular position, thereby resulting in
      a correlation between the angular position error and the LOS rate error.
PAR  Means is provided for an estimated state to be updated by any measurement
      which is correlated -- either directly or dynamically -- with that state.
      Thus, in the preceding example, since the angle measurement residuals are
      directly correlated with angular position error, and since angular
      position error is dynamically correlated with LOS rate error, the angle
      measurement residuals are correlated with LOS rate errors and can
      therefore be used to reduce LOS rate errors. In that manner, a single
      measurement quantity may be employed to generate estimates of several
      system states. Each estimated state is updated by the measurement residual
      weighted by a particular gain factor associated with that state. To obtain
      the greatest accuracy, the value of each gain factor is continually made
      proportional to the statistical correlation between the measurement
      residual and the uncertainty in the particular estimate, and inversely
      proportional to the variance of the measurement error. This is the form of
      the optimal gain for a continuous-time computational means; a slight
      modification is necessary in the case of discrete-time computational
      means. The real-time calculations of the gain factors are performed as
      follows: The statistical (ensemble) cross-correlations between the
      measurement residual and the estimation uncertainties, or errors, are
      computed by appropriate means in terms of the measurement model and the
      covariance matrix of the estimation errors, which is recomputed by
      appropriate means in a recursive manner once each computational cycle. The
      covariance matrix takes into account cross-correlation between the system
      states due to dynamical interactions between the states.
PAR  The tracking system is divided into the following channels:
PA1  1. Azimuth angle channel
PA1  2. Elevation angle channel
PA1  3. Range channel
PA1  4. Velocity channel
PAL  These four channels are cross-coupled to obtain the benefits of
      cross-channel aiding. The azimuth and elevation angle channels have Kalman
      filter configurations and are identical in form, each estimating the
      following set of four state variables: (1) pointing error, (2)
      line-of-sight rate, (3) target acceleration normal to the line-of-sight,
      and (4) angular scintillation. Each of these states is referenced directly
      to antenna coordinates. Both of the angle channels use the same set of
      gain factors, which are computed and updated once each computational
      cycle. Measured values of signal-to-noise ratios are used in the
      calculation of the filter gain factors, thereby enabling the computational
      means to adapt to changing signal characteristics.
PAR  The range and velocity channels also have Kalman filter configurations, but
      employ semi-fixed instead of time-varying gains. Both of these channels
      employ three sets of gains, which are selected as a function of measured
      signal-to-noise ratio. Range signal-to-noise ratio (SNR.sub.RNG) is used
      to select the appropriate set of gains for the range channels, and
      velocity signal-to-noise ratio (SNR.sub.VEL) is used to select the
      appropriate set of gains for the velocity channels. In different PRF
      modes, the range channel processes the measurement residuals to form
      estimates of target range, range rate and radial acceleration. In a high
      PRF mode, where no range residuals are measured and where it is
      unnecessary to control range rate positions, the range channel consists of
      a single state, the target range state, and velocity aiding is provided by
      the velocity channel.
PAR  In high and medium PRF modes, the velocity channel processes velocity
      measurement residuals to form estimates of range rate and radial
      acceleration. The velocity channel is not employed in low PRF mode. The
      angular rate commands for the antenna are obtained by passing the pointing
      error estimate through a compensator and adding the line-of-sight rate
      estimate to the compensator output. The use of the accurate line-of-sight
      rate estimates in the antenna commands results in a substantial reduction
      of both dynamical and steady-state antenna pointing errors. The fact that
      the estimates are generated in antenna coordinates permits the antenna
      commands to be generated simply and directly from the estimates without
      any coordinate transformation.
PAR  Although each of the four channels could function independently of one
      another, better performance is obtained by cross coupling. The form of the
      channel filters permits this cross coupling to be implemented very easily.
      Thus, range and range rate estimates from the range and velocity channels,
      respectively, are used in the angle channels, and the line-of-sight rate
      estimates of the angle channels can be used in the range and velocity
      channels. In addition, roll cross coupling is provided between the two
      angle channels.
PAR  Each of the four tracking loops is aided by inertial navigator outputs to
      compensate for aircraft accelerations. However, the loops can also
      function in the absence of inertial navigator aiding. A unique form of
      aiding, utilizing gyro outputs in addition to gyro torque commands, is
      employed to compensate for antenna motion.
PAR  The system also employs special timing techniques which permit sufficient
      time to process the radar data while avoiding dynamical problems which
      might otherwise result from the delays between the time of measurement and
      the time of generating the commands required for closed-loop tracking.
      These techniques include pre-averaging of the radar measurements together
      with one-step extrapolation of the estimates in the angle channels, and
      two-step extrapolation in the range and velocity channels.
PAR  At the initiation of tracking, and until the tracking channels can acquire
      sufficient data with which to accurately track the motion of the target,
      the tracking loops are iterated at a fast rate in order to avoid losing
      the target. Thereafter, a slow rate of iteration may be employed. However,
      fast iteration cannot be performed if channel gain factors are to be
      computed due to time required for the computations. Therefore, in an
      initial tracking phase of predetermined duration (.about. 1.5 sec.) after
      initial lock-on, constant preprogrammed gain factors are used to permit
      the tracking loops to iterate at fast rates. Thereafter, the gain factors
      used are computed to provide adaptive tracking loops.
PAR  FIG. 1 illustrates an exemplary amplitude-comparison monopulse airborne
      radar tracking system embodying the present invention. Four antenna horns
      A, B, C and D are located symmetrically around the antenna axis 10, and
      are fed in phase by a conventional transmitter-receiver 11 to produce a
      narrow beam along the axis. Transmitted pulses are timed by a conventional
      controller 12. Between transmitted pulses, received energy is coupled to
      three channels of a receiver portion of the radar receiver-transmitter. An
      in-phase or sum channel (A+B+C+D) permits reception of fullamplitude echo
      signals for use in display, ranging, radial velocity tracking and as a
      reference signal for angle tracking. An azimuth error channel,
      (A+C)-(B+D), and an elevation error channel, (A+B)-(C+D) permit angle
      tracking. The coupling duplexers (not shown) are conventional.
PAR  The radar controller transmits range and velocity gates R.sub.G and V.sub.G
      to a signal processor 13. There the received sum channel is sampled to
      produce range and velocity discriminants .DELTA.R.sub.m and
      .DELTA.V.sub.m, while at the same time the difference channels are sampled
      to produce azimuth and elevation discriminants, .DELTA..eta..sub.m and
      .DELTA..epsilon..sub.m. For ranging, two samples are taken, one on each
      side of the predicted peak of a return pulse, to develop the range
      discriminant. For velocity tracking, two samples are also taken, one on
      each side of the predicted doppler shift to develop the velocity
      discriminant. The signal processor also provides measurements of signal
      and noise to a signal-to-noise ratio computer 13a which computes for
      range, velocity, elevation and azimuth the respective ratios SNR.sub.RNG,
      SNR.sub.VEL, SNR.sub.e and SNR.sub.d as required for use by an estimator
      14.
PAR  The outputs of the signal processor 13 and SNR computer 13a are in digital
      form, and are used in an estimator 14 for developing an estimate of target
      range R.sub.TPR, an estimate of radial velocity (range rate of target)
      V.sub.TPV, azimuth and elevation line-of-sight rate estimates
      .omega..sub.LSPd and .omega..sub.LSPe, and azimuth and elevation tracking
      error estimates .epsilon..sub.P and .epsilon..sub.P . These angle
      estimates are used in an azimuth and elevation command computer 15 to
      produce control signals for an antenna servo 17, thus closing a servo loop
      through the dynamical system. The range and velocity estimates are used in
      a range and velocity command computer 16 to produce control signals for
      the radar controller 12 which produces range and velocity gates R.sub.G
      and V.sub.C, to close range and velocity tracking loops.
PAR  Timing for the sections 13, 13a, 14, 15 and 16, which collectively
      constitute a digital radar data processor, is provided by a clock pulse
      system that is based on a very stable high frequency clock pulse source in
      a conventional manner. The estimator 14 operates on a fixed cycle of a
      period selected for the mode of radar operation, namely high, medium or
      low PRF. In each mode, the cycle period is greater than the sampling
      period in the signal processor. In order to utilize the information
      contained in the intervening samples, a preaveraging system 18 implemented
      as part of the radar data processor, accumulates the intervening samples
      and divides by the number of samples taken to provide average discriminant
      inputs to the estimator. Assuming the discriminant values are in binary
      form, averaging may consist of simply adding 2.sup.N samples, where N is a
      whole integer, and dividing by 2.sup.N by effectively shifting down N
      places at the end of every 2.sup.N samples. The accumulator is reset after
      every 2.sup.N samples.
PAR  State vectors of the four Kalman filter channels in the estimator may be
      used for purposes other than tracking, such as in a display and fire
      control system 19. Each of the four tracking loops is aided by outputs
      from an aircraft inertial navigation system 20 which produces signals
      representing pitch angle .theta., aircraft roll angle .phi..sub.I,
      aircraft heading angle .psi. and north, east, and vertical components of
      interceptor velocity, V.sub.N, V.sub.E and V.sub.D. The antenna servo 17
      also provides input signals representing antenna roll gimbal angle
      .phi..sub.G, antenna elevation gimbal angle .epsilon..sub.G and antenna
      azimuth gimbal angle .eta..sub.G. These signals are all either in digital
      form or immediately converted to digital form, preferably the former.
PAR  Although each of the four tracking filters could function completely and
      independently, better performance is obtained by cross coupling the
      filters in particular ways. The form of the filters permits cross coupling
      to be easily implemented. Range (R.sub.TPR) and range-rate (V.sub.TPR)
      estimates from the range and velocity filters, respectively, are used in
      the angle filters, and the line-of-sight rate estimates .omega..sub.LSPd
      and .omega..sub.LSPe are used in the range and velocity filters. In
      addition roll cross coupling is provided between the two angle-tracking
      filters.
PAR  A general block diagram applicable to each of the four tracking filters in
      the system will now be described with reference to FIG. 2. A block 21
      represents the dynamical system of a tracking channel, such as for
      elevation tracking. The differential equation in the block indicates the
      form of the discrete tracking system. Pursuing the example of the
      elevation channel, the dynamical system can be more accurately defined by
      the following continuous state equations
EQU  .epsilon..sub.e = .omega..sub.LSe - .omega..sub.Ae + .omega..sub.Ar
      .epsilon..sub.d                                           (2)
      ##EQU1##
      Where: .epsilon..sub.e is the pointing error in elevation.
PA1  .omega..sub.LSe is the angular rate in elevation of the line-of-sight to
      the target.
PA1  .omega..sub.Ae is the angular rate of the antenna axis in elevation.
PA1  .omega..sub.Ar is the angular (roll) rate about the antenna axis.
PA1  .epsilon..sub.d is the pointing error in azimuth.
PA1  R is the slant range to the target.
PA1  a.sub.T.sbsb.d is the acceleration of the target in azimuth.
PA1  a.sub.I.sbsb.d is the acceleration of the interceptor (radar platform) in
      azimuth.
PA1  .omega..sub.LSd is the angular rate in azimuth of the line-of-sight to the
      target.
PA1  .tau..sub.T is the correlation time of target acceleration model.
PA1  w.sub.T is white noise driving target acceleration model.
PA1  S.sub.e is scintillation of the target in elevation.
PA1  .tau..sub.s is the correlation time of the angular scintillation process.
PA1  w.sub.s is the white noise driving angular scintillation model.
PAL  These continuous state equations (2)-(5) may be more conveniently set forth
      in matrix form by the following substitutions in the dynamical system
      equation (block 21 in FIG. 2).
TBL  ______________________________________                                    

               .epsilon..sub.e                                                 

               .omega..sub.LSe                                                 

     X =       a.sub.T.sbsb.d                                                  

                        (6)                                                    

               S.sub.e                                                         

               0           1       0       0                                   

                           2 R     1                                           

               0     -                     0                                   

                           R       R                                           

     A =                                        (7)                            

                                   1                                           

               0           0   -           0                                   

                                   .tau..sub.T                                 

                                           1                                   

               0           0       0   -                                       

                                           .tau..sub.s                         

               -     .omega..sub.Ae                                            

                            +   .omega..sub.Ar .epsilon..sub.d                 

                                        (8)                                    

                     a.sub.I.sbsb.d                                            

     L =       -            +   .omega..sub.Ar .omega..sub.LSd                 

                     R                                                         

                                0                                              

                                0                                              

               0                                                               

               0                                                               

     w =       w.sub.T                                                         

                      (9)                                                      

               w.sub.s                                                         

     ______________________________________                                    

PAR  The value of X from the differential equation in block 21 is the input to
      measurement structure represented by a dotted line block 22 in FIG. 2,
      where H is a measurement system parameter by which the input signal X is
      multiplied. The multiplier is represented by a block 23. Noise in the
      measurement system is added to the signal HX to provide a model of
      measurements
EQU  Y.sub.i = HX + v                                           (10)
PAL  where v is the noise added, as represented by the circle 24 in the
      measurement structure. The subscript i indicates the value of the
      measurement during a particular cycle of the filter shown within a dotted
      line block 25 in FIG. 2. The filter produces an estimate of the
      measurement X.sub.i, from which a predicted measurement Y.sub.i is
      produced by multiplication of the estimate X.sub.i by H.sub.i in block 26,
      where H is the system measurement parameter. The subscript i indicates the
      value of H at time i, thus implying that H is not a constant. A bar over a
      symbol indicates a matrix quantity or value used in the filter as the
      filter's version of the parameter represented by the symbol.
PAR  The predicted measurement is subtracted from the actual measurement in a
      subtractor represented by a circle 27 to form a measurement residual. That
      residual is multiplied by a filter gain K.sub.i in block 28. Aiding
      signals L.sub.i are added to the product through an adder 29 to compensate
      for antenna motion as sensed at antenna gimbals and aircraft motion as
      sensed by the inertial navigation system (INS). The output of the adder 29
      is fed back through a unit delay operator 30. The feedback signal X.sub.i
      is then used in an extrapolator 31 to form the product .PHI..sub.i X.sub.i
      which is added to the next measurement residual while forming the next
      estimate X.sub.i.sub.+1. In that manner the predicted measurement can be
      continually extrapolated. The extrapolator loop equation is;
EQU  X.sub.i.sub.+1 = .PHI..sub.i X.sub.i + L.sub.i             (11)
PAL  where X, .PHI. and L are vectors. Observing that Y.sub.i = H.sub.i X.sub.i
      from the measurement structure, the filter state equation is;
EQU  X.sub.i.sub.+1 = .PHI..sub.i X.sub.i + L.sub.i + K.sub.i (Y.sub. i -H.sub.i
      X.sub.i)                                                  (12)
PAL  where the filter gain is given by the equations
EQU  K.sub.i = .PHI..sub.i M.sub.i H.sub.i.sup.T (H.sub.i M.sub.i H.sub.i.sup.T
      +R.sub.i).sup.-1                                          (13)
EQU  M.sub.i.sub.+1 = (.PHI..sub.i -K.sub.i H.sub.1) M.sub.i .PHI..sub.i.sup.T +
      Q.sub.i                                                   (14)
PAL  and Q.sub.i is the covariance matrix of the noise driving the systems
      dynamical model and R.sub.i is the covariance matrix of the measurement
      noise. The superscript T denotes the transpose of the associated matrix,
      and is not an exponent.
PAR  For the elevation and azimuth channels, .PHI..sub.i is given by the
      equation
EQU  .PHI..sub.a.sbsb.i = I + A.sub.a.sbsb.i T + A.sub.a.sbsb.i.sup.2 T.sup.2 /2
      (15)
PAL  where I is the identifying matrix, T is the filter cycle period and
      ##EQU2##
      The elevation and azimuth filter parameters are given the equations
EQU  H.sub.a.sbsb.i = [k.sub.a.sbsb.i 0 0 k.sub.a.sbsb.i ]      (17)
EQU  R.sub.a.sbsb.i  = .sigma..sub.a.sbsb.i.sup.2               (18)
      ##EQU3##
      and .DELTA.V.sub.di is compensation for the acceleration a.sub.I.sbsb.d of
      the interceptor along the azimuth axis; .theta..sub.r is compensation for
      roll cross-coupling due to antenna roll motion and .intg.
      .omega..sub.A.sbsb.e dt is compensation for antenna motion about the
      elevation axis.
PAR  In equations (17) and (18), k.sub.a.sbsb.i is the angle discriminant slope
      and .sigma..sub.a.sup.2 is the angle discriminant noise variance
      determined from signal-to-noise ratio (SNR). An SNR is determined for both
      the range (SNR.sub.RNG) and radial velocity (SNR.sub.VEL) measurements of
      discriminants, as well as elevation (SNR.sub.e) and azimuth (SNR.sub.d)
      measurements of discriminants, and ideally each SNR would be used in the
      respective filters. However, as will be noted more fully hereinafter, the
      SNR is very nearly the same in both elevation and azimuth so that an
      average SNR can be used with sufficient accuracy in both angle filters.
      Another possibility is to compute the angle discriminant slope separately
      for the two angle filters from SNR.sub.e and SNR.sub.d and to use an
      average of those values in computing the gain factor K.sub.a.sbsb.i to be
      used in both angle channels. The average SNR of the angle filters is used
      to determine the discriminant noise variance to be used in both channels.
      This alternative is the one adopted for the specific exemplary embodiment
      to be described because of the desire to minimize computing time without
      significantly degrading performance. Thus, separate measurements of
      SNR.sub.e and SNR.sub.d are made by the signal processor 13 (FIG. 1)
      during each filter channel period while the discriminant measurements are
      being made. The angle discriminant noise variance,
      .sigma..sub.a.sbsb.i.sup.2, and the angle discriminant slope,
      k.sub.a.sbsb.i, are then computed as the average values for the elevation
      and azimuth channels. In the specific exemplary embodiment to be
      described, they are computed according to the following equations:
EQU  k.sub.a.sbsb.i = 1/2 (k.sub.e.sbsb.i + k.sub.d.sbsb.i)     (23)
PAL  where k.sub.e and k.sub.d are predetermined functions of SNR.sub.e and
      SNR.sub.d, respectively.
EQU  .sigma..sub.a.sup.2 = C.sub.o for SNR.sub.a &lt; 1            (24a)
      ##EQU4##
      where C.sub.o is a predetermined constant and SNR.sub.a = 1/2(SNR.sub.e
      +SNR.sub.d).
PAR  For the range and velocity filter channels, sets of predetermined constant
      gain factors, K.sub.r and K.sub.v, are selected based on SNR.sub.RNG and
      SNR.sub.VEL to reduce computation time in the specific exemplary
      embodiment to be described. However, for the present, it is assumed that
      each of the range and filter channels are fully implemented in a manner
      analogous to the implementation of each of the angle filter channels.
PAR  The value .DELTA.V.sub.di in Equations (21) and (22) is computed from INS
      velocities with transformation of those velocities to the antenna
      coordinate system. Assuming the transformation, .DELTA.V.sub.di is
      computed from the equation
EQU  .DELTA.V.sub.di = V.sub.di - V.sub.d(i.sub.-1)             (25)
PAL  and the value .theta..sub.r is computed from the equation
      ##EQU5##
      where all symbols are as defined hereinbefore except .eta..sub.G = time
      derivative of azimuth gyro angle .eta..sub.G.
PA1  .omega..sub.a.sbsb.d = antenna inertial rate about azimuth, d, axis.
PA1  .epsilon..sub.G = elevation gyro angle.
PA1  .omega..sub.RG = angular rate of the aircraft roll gimbal.
PAL  The quantity in the curly brackets is a measurable expression for
      .omega..sub.A.sbsb.r, and .theta..sub.r is mechanized by measuring each of
      these quantities separately and combining as shown. Note that if a rate
      gyro were mounted on the r axis of the antenna, its output would directly
      measure .omega..sub.A.sbsb.r.
PAR  From the foregoing, it is evident that the full elevation channel equation
      is
EQU  X.sub.e(i.sub.+1) = .PHI..sub.ai X.sub.ei + L.sub.ei + K.sub.ai .DELTA.e
      (27a)
PAL  where the residual .DELTA.e = Y.sub.ei - H.sub.ai X.sub.ei - k.sub.a.sbsb.i
      r.sub.e.sbsb.i, and
TBL           .epsilon..sub.ei                                                 

              .omega..sub.LSei                                                 

     X.sub.ei =       ,                                                        

              a.sub.Tdi                                                        

              S.sub.ei                                                         

PAL  The computed radome compensations r.sub.ei and r.sub.di are determined as a
      function of gimbal angle. The full azimuth (deflection) channel equation
      is
EQU  X.sub.d(i.sub.+1) = .PHI..sub.ai X.sub.d (i) + L.sub.di + K.sub.ai .DELTA.d
      (27b)
PAL  where the residual .DELTA.d = Y.sub.di -H.sub.ai X.sub.di - k.sub.ai
      r.sub.di, and
TBL           .epsilon..sub.di                                                 

              .omega..sub.LSdi                                                 

     X.sub.di =                                                                

              a.sub.Tei                                                        

              S.sub.di                                                         

PAR  In both angle channels, the filter input, Y.sub.i, is the average of
      discriminants over the ith measurement interval. The measurement residual
      is then the difference between the input Y.sub.i and the predicted
      measurement Y.sub.i = X.sub.i H.sub.i. Roll cross-coupling between
      channels is provided between the two angle filters.
PAR  In the range filter, the continuous system Equation (1) evolves into the
      following discrete equivalent
EQU  X.sub.r(i.sub.+1) = .PHI..sub.ri X.sub.ri + L.sub.ri + K.sub.ri [Y.sub.ri
      -H.sub.ri (X.sub.ri -X.sub.Gi)]                           (28)
PAL  where:
EQU  Y.sub.ri = .DELTA.R.sub.mi
EQU  X.sub.Gi = R.sub.Gi
TBL           R.sub.i                                                          

     X.sub.ri =                                                                

              V.sub.ri                                                         

              a.sub.Tri                                                        

EQU  .PHI..sub.ri = I + A.sub.ri T + A.sub.ri.sup.2 T.sup.2 /2
      ##EQU6##
      where .DELTA.V.sub.ri is the change in interceptor (own ship) velocity
      along the radar boresight axis, and
      ##EQU7##
      where in practice .omega..sub.LSi.sup.2 may be substituted by a constant
      set to approximate the square of the line-of-sight rate.
PAR  By replacing X.sub.ri with V.sub.vi, Y.sub.ri with .DELTA.V.sub.mi, and
      X.sub.Gi with V.sub.Gi, the continuous system equation for the velocity
      filter evolves, where
      ##EQU8##
      The discriminant .DELTA.V.sub.mi is the average for the ith cycle of
      radial velocity determined by measuring doppler shift. The parameters used
      in .PHI..sub.ri, L.sub.ri and N.sub.ri are analogous to the parameters of
      the range filter. The parameter H.sub.ri = [k.sub.ri 0 0 k.sub.ri ]
      contains the discriminant slope for range. The corresponding parameter
      H.sub.vi = [k.sub.vi 0 0 k.sub.vi ] for the velocity filter contains the
      discriminant slope for velocity. The parameters k.sub.ri and k.sub.vi have
      the same form as the parameter k.sub.ai for the angle filters, as noted
      hereinbefore, and are stored in read only memories 48 and 49 for retreival
      as functions of SNR.sub.RNG and SNR.sub.VEL, respectively.
PAR  Referring to the general Equation (1), the last term is the measurement
      residual Y.sub.i - H.sub.i X.sub.i. The measurement residual is seen to be
      the actual measurement Y.sub.i minus the computed estimate or predicted
      measurement H X.sub.i. In the case of the angle filters, the measured
      discriminant Y.sub.i is the deviation of the antenna axis from the
      line-of-sight, i.e., the pointing error .epsilon. in elevation or azimuth.
      Consequently, the estimate computed as a filter output for control of the
      antenna is, after scaling, in a form to be subtracted directly from the
      measured value Y.sub.i, i.e., H.sub.i X.sub.i is an estimate of the
      measured value Y.sub.i. Therefore, the direct difference is the desired
      measurement residual. This residual is analogous to an error signal in a
      conventional servo control loop.
PAR  In the range and velocity filters, the measured discriminator outputs
      .DELTA.R.sub.m and .DELTA.V.sub.m are the difference between the
      respective slant range and radial velocity of the target and the
      anticipated range R.sub.G and velocity V.sub.G set by the radar controller
      from the estimates in range and velocity from the filters. It is therefore
      necessary to add R.sub.G -R and V.sub.G -V to the range and velocity
      discriminator outputs to form the measurement residuals. Consequently, in
      the range and velocity filters, the measurement residuals are given by the
      differences .DELTA.R.sub.mi - H.sub.ri (X.sub.ri - X.sub.rGi) and
      .DELTA.V.sub.mi - H.sub.vi (X.sub.vi - X.sub.vGi).
PAR  FIGS. 3a through 3d illustrate separately four filter channels 41, 42, 43
      and 44 for the estimator 14 of FIG. 1 for elevation, azimuth, range and
      velocity, each with its separate controller, where the discriminants are
PA1  .DELTA..eta..sub.mi = Y.sub.di
PA1  .DELTA..epsilon..sub.mi = Y.sub.ei
PA1  .DELTA.R.sub.mi = Y.sub.ri
PA1  .DELTA.V.sub.mi = Y.sub.vi
PAR  The equations for the elevation and azimuth angle state vectors in an
      exemplary embodiment are
      ##EQU9##
      where all terms except .delta..sub.Re and .delta..sub.Rd are as defined
      hereinbefore. The constant C.sub.10 is a constant which appropriately
      scales the radar discriminant measurement. The terms .delta..sub.Re and
      .delta..sub.Rd are radome error corrections which can, for example, be
      computed or determined empirically for antenna gimbal angles and stored in
      a read-only memory 45 (FIG. 3a) for use in the elevation and azimuth angle
      filters to correct for refraction of electromagnetic energy by the radome
      for any position of the antenna during the ith iteration. These equations
      are used at all times for initial and final tracking at high, medium or
      low PRFs. However, for initial tracking some simplification may be
      achieved by omitting radome compensation.
PAR  The Kalman gain factor K.sub.ai is computed by iterating the following two
      equations, first the equation for M.sub.ai and then the equation for
      K.sub.ai.
EQU  M.sub.ai = [.PHI..sub.ai.sub.-1 - K.sub.ai.sub.-1 H.sub.ai.sub.-1 ]
      M.sub.ai.sub.-1 .PHI..sub.ai.sub.-1.sup.T + Q.sub.ai      (31)
EQU  K.sub.ai = .PHI..sub.ai M.sub.ai H.sub.ai.sup. T . [H.sub.ai m.sub.ai
      H.sub.ai.sup. T + R.sub.ai ].sup..sup.-1                  (32)
PAL  where all terms are as defined hereinbefore. The value H.sub.a is a matrix
      containing the angle discriminant slope k.sub.a, and R.sub.a is equal to
      the angle discriminant noise variance .sigma..sub.a.sup.2. The variables
      k.sub.a and .sigma..sub.a.sup.2 could be predetermined empirically as a
      function of SNR.sub..sub..SIGMA. = 1/2(SNR.sub.e + SNR.sub.d), and stored
      in a read-only memory for use in computing M.sub.ai and K.sub.ai.
      Computation of these equations is carried out by a block 46 (FIG. 3b) for
      both the elevation and the azimuth channels. This assumes the discriminant
      slopes k.sub.e for elevation and k.sub.d for azimuth are nearly the same
      to permit using an average k.sub.a = 1/2(k.sub.e + k.sub.d). In some
      systems, that may not be sufficiently true, in which case separate
      computations may be required for unique Kalman gain factors in each of the
      two angle filters.
PAR  As noted hereinbefore, there is cross-coupling between the angle filters in
      the aiding vectors L.sub.e and L.sub.d as reflected in Equation (8) for
      L.sub.e. The aiding vector L.sub.d is the exact symmetric version of the
      aiding vector L.sub.e. One need only substitute subscripts in Equation (8)
      to provide the equation for L.sub.d.
PAR  The system driving noise covariance matrix Q.sub.a set forth in Equation
      (19) can be simplified to the following form
      ##EQU10##
      where Q.sub.s and .alpha..sub.4 are single valued constants determined
      analytically or empirically, T is the filter iteration period, and the
      angular scintillation parameters .tau..sub.s and .tau..sub.s.sup.2 are
      updated when the Q.sub.a matrix is to be updated according to the
      following equations
EQU  .tau..sub.s = min {.alpha..sub.1, .alpha..sub.3 R.sub.TPR
      /.vertline.V.sub.TPV .vertline..sup.1/2 }                 (34a)
EQU  .tau..sub.s.sup.2 = .alpha..sub.2 / R.sub.TPR.sup.2        (35 b)
PAL  where .alpha..sub.1, .alpha..sub.2 and .alpha..sub.3 are single valued
      constants determined analytically or empirically. This matrix appears only
      in the angle filters and is the same for both azimuth and elevation. Its
      function is to reduce tracking error caused by angular scintillation,
      i.e., to estimate angular scintillation of the target.
PAR  The angle filter outputs to the azimuth and elevation command computers
      15a,b are .omega..sub.LSP.sbsb.e .sbsb.d and .epsilon..sub.p.sbsb.e
      .sbsb.d as shown in FIGS. 3a,b. Note that for convenience, the subscripts
      i+1  have been omitted, it being understood that the outputs are for the
      time T.sub.i.sub.+1. The computers 15a,b calculate the antenna commands
      .omega..sub.c.sbsb.e and .omega..sub.c.sbsb.d as follows:
EQU  .omega..sub.c.sbsb.e (i.sub.+1) = .omega..sub.LSP.sbsb.e (i.sub.+1) +
      K.sub.2 . [l.sub.e (i.sub.+1) + a.sub.2 .epsilon..sub.P.sbsb.e (i.sub.+1)
      ]                                                         (36a)
EQU  .omega..sub.c.sbsb.d(i.sub.+1) = .omega..sub.LSP.sbsb.d (i.sub.+1) +
      K.sub.2 . [l.sub.d (i.sub.+1) + a.sub.2 .epsilon..sub.P.sbsb.d (i.sub.+1)
      ]                                                         (36b)
PAL  where K.sub.2 and a.sub.2 are single valued constants. Parameters l.sub.e
      and l.sub.d are intermediate antenna command variables computed in
      accordance with the following equations:
EQU  l.sub.e (i.sub.+1) = b.sub.2 l.sub.e (i) + c.sub.2 .epsilon..sub.P.sbsb.e
      .sbsb.i                                                   (37 a)
EQU  l.sub.d (i.sub.+1) = b.sub.2 l.sub.d(i) + c.sub.2 .epsilon..sub.P.sbsb.d
      .sbsb.i                                                   (37 b)
PAL  where b.sub.2 and c.sub.2 are single-valued constants. The l-parameters
      provide filtering (sloping) of the tracking errors .epsilon..sub.P.sbsb.e
      .sbsb.d. The computations provide for different selection of b.sub.2 and
      c.sub.2 during initial track and final track.
PAR  The computations of these Equations 36a and 36b consist of adding
      compensated elevation and azimuth LOS rate estimates to respective
      elevation and azimuth tracking errors to maintain angle tracking. The
      addition is represented in FIGS. 3a and 3b by an encircled summation
      symbol, .SIGMA.. The second term added to the tracking errors, the
      compensated LOS rate estimates, is formed by the indicated computation
      represented in FIGS. 3a and 3b by blocks becoming the legends COMP.sub.e
      and COMP.sub.d. As will be noted in an exemplary implementation (to be
      described hereinafter) of the present invention in the form of a digital
      radar data processor programmed to carry out the functions of at least
      sections 14, 15 and 16 of FIG. 1, the computation of Equations 37a and 37b
      is included in this angle tracking filter routine, rather than as part of
      an antenna control routine. That is done merely as a matter of
      convenience, to avoid having to store .epsilon..sub.P.sbsb.ei and
      .epsilon..sub.P.sbsb.di in a buffer during cycle i+1.
PAR  The equations for the range and velocity state vectors for blocks 43 and 44
      of FIGS. 3c and 3d are
      ##EQU11##
      where R.sub.BIN is a scaling factor for converting .DELTA.R.sub.m into
      feet.
      ##EQU12##
      where f.sub.w is the filter band width for a radar frequency f=1/2 used to
      convert .DELTA.V.sub.m into feet per second. The superscripts and
      subscripts a in the range filter, and the superscripts and subscripts d in
      the velocity filter, indicate an initial track phase of a fixed time
      T.sub.j following acquisition of a target. In final track, which follows a
      fixed period of initial track, the superscripts and subscripts a and d are
      substituted by b and e, respectively. C.sub.g is a constant equal to 0 for
      initial track and to 1 for final track. The range and velocity gate
      command computations of the computer 16 are represented by blocks 16a and
      16b in FIGS. 3c and 3d. In an exemplary embodiment, these computations
      (which will be described hereinafter) are carried out by a radar data
      processor, programmed as noted hereinbefore.
PAR  Referring first to just the range filter, computation of the transition
      matrix .PHI..sub.R.sbsb.a is as follows:
EQU  .PHI..sub.R.sbsb.a = I.sub.3 + IA.sub.Ra + 1/2T.sup.2 A.sub.Ra.sup.2 (40)
PAL  where I.sub.3 is a 3 .times. 3 identity matrix and A.sub.R.sbsb.a is the
      system dynamical matrix given by
      ##EQU13##
      C.sub.1 is a constant with one of two fixed values, depending upon target
      range at the time of entry into the initial track phase, and C.sub.2 is a
      single valued constant. These constants may be determined analytically or
      empirically.
PAR  For the initial phase, the operating filter period T is an integer multiple
      of the phase period T.sub.j, and the constant C.sub.9 is set equal to
      zero. That omits the dynamical aiding terms to simplify the range filter
      computations.
PAR  K.sub.1.sup.a, K.sub.2.sup.a and k.sub.3.sup.a are constants, each with one
      of three fixed values, depending upon one of three ranges (high, medium
      and low) of SNR.sub.RNG. At the time of entry into initial track, the
      middle Kalman gain K.sub.2.sup.a is used until the first valid SNR.sub.RNG
      measurement is made after entry.
PAR  A.sub.I.sbsb.r is the interceptor (own ship) acceleration about its r
      (roll) axis given by
      ##EQU14##
      where T.sub.1 denotes the time interval between the time of the updated
      motion compensation and the time of the last motion compensation, and
      .DELTA.V.sub.r is a velocity vector about the r axis computed from INS
      data in a manner to be described hereinafter.
PAR  In the final track phase, the constant C.sub.1 in the system dynamical
      matrix is replaced by a constant C.sub.3, a constant with one of two
      values depending upon target range. The resulting transition matrix
      .PHI..sub.R is then denoted .PHI..sub.R.sbsb.b. The time T is then the
      filter iteration period and the set of Kalman gain constants are replaced
      by K.sub.1.sup.b, K.sub.2.sup.b and K.sub.3.sup.b. The constant C.sub.9 is
      set equal to one to reinstate the dynamical aiding term.
PAR  Referring now to the velocity filter equation, the transition matrix
      .PHI..sub.R.sbsb.d is as fillows:
EQU  .PHI..sub.R.sbsb.d = I.sub.2 + TA.sub.R.sbsb.d + 1/2 T.sup.2 A.sub.R.sbsb.d
      (43)
PAL  where I.sub.2 is a 2 .times. 2 identity matrix and the system dynamical
      matrix A.sub.R.sbsb.d is given by
      ##EQU15##
      K.sub.2.sup.d and K.sub.3.sup.d are constants, each with one of three
      fixed values depending on SNR.sub.VEL as in the range filter. All other
      terms are as defined hereinbefore.
PAR  For final track in the velocity filter the constants K.sub.2.sup.d and
      K.sub.3.sup.d are replaced by constants K.sub.2.sup.e and K.sub.3.sup.e,
      each of which is again a set of three fixed values selected as a function
      of SNR.sub.VEL for every filter iteration. This provides a Kalman gain
      factor which is a function of SNR.sub.VEL, just as a Kalman gain factor is
      provided in the range filter as a function of SNR.sub.RNG.
PAR  The manner in which own-ship motion compensation calculations are made will
      now be described. Interceptor motion data including velocity components in
      the north (N), east (E) and down (D) coordinate system, and interceptor
      pitch (.theta.), roll (.phi..sub.I) and true heading (.psi.) are provided
      by the inertial navigation system (INS). A vector of first differences is
      then formed using the corresponding measurements taken approximately 0.2
      second earlier:
      ##EQU16##
      where t.sub.i denotes the time of the updated measurement and
      t.sub.i.sub.-1 denotes the time of the previous velocity measurement used
      for motion compensation. Let T.sub.1 represent the time interval between
      these measurements, as noted hereinbefore. The INS and antenna angular
      motion data, (.theta., .phi..sub.1, .psi., .phi..sub.G, .epsilon., .eta.)
      measurements occur midway (.+-.5 m-sec) between the two times at which the
      above velocity first difference data are taken. The pitch, roll and true
      heading data from this intermediate measurement are used for motion
      compensation as shown below. The remaining data needed for this
      computation are: .epsilon. = antenna elevation gimbal angle; .eta. =
      antenna azimuth gimbal angle, and .phi..sub.G = antenna roll gimbal angle.
      Thus, all data for the tracking filter interceptor motion compensation
      will be available when the second velocity measurement is made. Coordinate
      transformation is used to obtain stabilized antenna coordinates
      .epsilon..sub.s, .eta..sub.s and .rho..sub.s from the above INS and
      antenna angular data.
      ##EQU17##
      Solving the above matrices will result in the following general equations.
EQU  .DELTA.V.sub.r = .DELTA.V.sub.N cos (.eta..sub.s + .psi.) cos
      .epsilon..sub.s + .DELTA. V.sub.E sin (.eta..sub.s + .psi.) cos
      .epsilon..sub.s - .DELTA.V.sub.D sin .epsilon..sub.s      (50)
EQU  .DELTA.V.sub.e = .DELTA.V.sub.N [cos (.eta..sub.s + .psi.) sin
      .epsilon..sub.s sin .zeta..sub.s - sin .eta..sub.s cos .zeta..sub.s +
      .DELTA. V.sub.E cos (.eta..sub.s + .psi.) cos .zeta..sub.s +
      .DELTA.V.sub.D cos .eta..sub.s sin .zeta..sub.s           (51)
EQU  .DELTA.V.sub.d = .DELTA.V.sub.N [cos(.eta..sub.s +.psi.) sin
      .epsilon..sub.s cos .zeta..sub.s + sin (.eta..sub.s +.psi.) sin .zeta.
      .sub.s ] - .DELTA.V.sub.E cos (.eta..sub.s +.psi.) sin .zeta..sub.s +
      .DELTA.V.sub.D cos .epsilon..sub.s cos .zeta..sub.s       (52) The terms
      .DELTA.V.sub.e and .DELTA.V.sub.d are also used by the angle tracking
      filter channels.
PAR  To simplify other computations define:
      ##EQU18##
PAR  The manner in which SNR values are computed will be described, but first
      the following description will cover the manner in which they are used to
      determine the actual discriminant noise variances and actual discriminant
      slopes corresponding to each discriminant measurement utilized by the
      filters.
PAR  SNR data from the computer 13a are used to set the gains of the tracking
      filters. In both of the velocity and range filters, the gains available
      are quantized in initial track and final track, as just noted above. In
      the angle filters, the gains are continuous functions of SNR. Reasonably
      high SNRs are required for acceptable tracking. Initially the filters will
      be tracking (mostly extrapolating) at a relatively low SNR because the
      target will not be centered in the tracking gates. At low SNR levels, the
      current discriminant data is weighted by the filter gains lighter than
      under normal tracking because the return signal is weak relative to the
      noise in the signal.
PAR  Various techniques may be employed to compute the discriminants and the
      SNRs. By way of example, the range gate command, R.sub.GC, used to place
      the range gate at the predicted range bin of the target may be used to
      produce two adjacent range gates. The sign of a target signal from one
      gate is arbitrarily set negative, and the sign of a target signal from the
      other is set positive. The range discriminant is then essentially the
      algebraic sum of two range gated signals. The range tracking filter
      attempts to center the target between the adjacent gates. This type of
      tracker is referred to as the "split gate" type. To compute the SNRs,
      noise measurements are effectively made by averaging signal return in an
      equal number of range bins, or doppler filters, on each side of the gated
      range bins, or doppler filters, and subtracting that average from an
      average value of the two gated signal returns used to form the
      discriminants, taking into account noise present in the signal. The SNR's
      are then effectively computed as the ratio of the sum of the split gate
      signals used to compute the discriminants (less noise) and the noise thus
      measured. SNR measurements are averaged in the computer 13a over the same
      number of sampling cycles (typically four) as the preaveraging system 18
      for the discriminants.
PAR  Split-gate tracking is used for all discriminants. For the velocity
      discriminants, the technique is directly analogous to that described for
      range. Two doppler filters are gated and the tracker attempts to maintain
      the target centered between the two filters. For the azimuth and elevation
      tracking, range-gated signals from the monopulse radar system are
      processed as the discriminants. The angle trackers attempt to maintain the
      target at the antenna axis by driving the antenna to a position such that
      (A+C)-(B+D) = 0 and (A+B)-(C+D) = 0. In that manner coherent subtraction
      of the left and right half of the antenna forms the azimuth discriminant,
      and the coherent subtraction of the upper and lower half of the antenna
      forms the elevation discriminant. Note that microwave plumbing on the back
      of the antenna does the coherent subtraction. Range and velocity
      discriminants are formed with only the sum channel signal (A+B+C+D).
PAR  In each case, the discriminant is a bipolar signal. In the noise free case,
      its magnitude is dependent on the tracking error as well as target signal
      magnitude which varies with range and size of target. To reduce the
      dependence on signal magnitude, the discriminants can be normalized by
      dividing by some function, f (M.sub.1, M.sub.2), of the target signal,
      where M.sub.1 and M.sub.2 are the signals used to form the discriminant.
      The present system uses the sum as follows:
      ##EQU19##
      Normalizing by dividing by the largest of M.sub.1 and M.sub.2 would give
      50 percent better gain stability over SNR varying from 6 to 30 db, but
      that normalizing technique would only be possible in range and velocity
      tracking because in angle tracking M.sub.1 and M.sub.2 are not known
      separately, but their sum (M.sub.1 + M.sub.2) is known.
PAR  In the noise free case the normalized discriminant magnitude is dependent
      on the error, and its sign indicates the direction of the error. Receiver
      noise not only produces measurements with dispersion around where they
      would be in the noise free case, but actually causes the mean output to be
      lower. The mean suppression becomes greater with lower signal-to-noise
      ratio.
PAR  Typical range discriminant characteristics are shown in FIGS. 4, 5 and 6.
      FIG. 4 shows range discriminant means, i.e., the mean value of
      discriminants as a function of range error in bin widths for different
      SNR's of -5, 0, +7, +12 and +20 db. The standard deviations, .sigma., are
      shown in FIG. 5 for the same range errors and SNR's. FIG. 6 shows small
      signal discriminant slopes. These data can be determined analytically, but
      are preferably determined experimentally, for use in the selection of the
      gains in the filters. As noted hereinbefore, each filter can provide
      optimal tracking performance under instantaneous signal characteristics if
      provided data on the actual discriminant noise variances,
      .sigma..sub.i.sup.2, and actual discriminant slopes, k.sub.i,
      corresponding to each discriminant measurement, i.e., on a cycle by cycle
      basis. Once the data of FIGS. 4, 5 and 6 have been established, the noise
      variances and discriminant slopes can be determined during each filter
      cycle as a function of discriminants and SNR. The discriminant slope,
      k.sub.i, and the noise variance, .sigma..sub.i.sup.2, are used in the
      calculations of the Kalman gain, K.sub.i. This is, in theory, to be done
      in each filter during each cycle, but in practice it is fully done only in
      the angle tracking filters, and even in the angle filters an average
      discriminant slope k.sub.a.sbsb.i = 1/2 (K.sub.e.sbsb.i + K.sub.d.sbsb.i)
      and an average noise variance .sigma..sub.a.sbsb.i.sup.2 = 1/2
      (.sigma..sub.e.sbsb.i.sup.2 + .sigma..sub.d.sbsb.i.sup.2) of the elevation
      (e) and azimuth (d) channels are used to calculate a Kalman gain,
      K.sub.a.sbsb.i, for use in both angle filters. That is done because the
      Kalman gain factor is an input to the calculations of the one step
      covariance matrix, M.sub.i, which is quite complex and would require too
      much time to compute separately for each channel. Instead an average
      covariance matrix, M.sub.a.sbsb.i, is computed for use in both filters
      using an average Kalman gain.
PAR  In the range and velocity filters, the computations are further simplified
      in the exemplary embodiment to be described hereinafter. That is done by
      simply providing three precalculated Kalman gain factors for selection
      based on SNR. The SNR used in each filter is ideally SNR.sub.RNG for range
      and SNR.sub.VEL for velocity, but in practice both SNR's may be assumed to
      be very nearly the same at all times, at least sufficiently so for the
      accuracy required in using just one SNR for precomputed Kalman gain
      factors in the range and velocity channels. Consequently, in the exemplary
      embodiment to be described, SNR.sub.RNG could be used to select the Kalman
      gains K.sub.r.sbsb.i and K.sub.v.sbsb.i for the range and velocity
      channels. The theory otherwise remains the same for all filters as
      described hereinbefore in general terms.
PAR  In an exemplary embodiment a digital radar data processor is programmed to
      implement all four filters. Consequently, the estimator 14 will now be
      described with reference to functional flow charts of a functional filter
      (FT) Routine in FIGS. 8a, 8b and 8c, and with reference to detailed flow
      charts of that routine in FIGS. 9a through 9f.
PAR  The FT Routine provides quantities necessary to maintain track.
      Specifically, the variables generated by FT and passed on to other
      routines to maintain track are listed below.
PA1  .epsilon..sub.p.sbsb.e -- Elevation tracking error estimate.
PA1  .omega..sub.LSP.sbsb.e -- Target elevation LOS rate estimate used to
      maintain elevation angle tracking.
PA1  .epsilon..sub.P.sbsb.d -- Azimuth tracking error estimate.
PA1  .omega..sub.LSP.sbsb.d -- Target azimuth LOS rate estimate used to maintain
      azimuth angle tracking.
PA1  R.sub.gc -- range gate command derived by radar controller from R.sub.TPR
      and used to generate the range gate R.sub.G.
PA1  V.sub.gc -- velocity gate command derived by radar controller from
      V.sub.TPV and used to generate the velocity gate V.sub.G.
PAR  To compute the quantities necessary to maintain angle tracking, FT
      implements a four-state Kalman filter for both the elevation and azimuth
      channels. The state vectors of the angle filters are:
TBL  .epsilon..sub.P.sbsb.e                                                    

     Elevation tracking error estimate.                                        

     .omega..sub.LSP.sbsb.e                                                    

     Target elevation LOS rate estimate.                                       

     a.sub.Td                                                                  

     Target acceleration (inertial) estimate along                             

              antenna d-axis.                                                  

     S.sub.e                                                                   

     Elevation angular scintillation estimate.                                 

     .epsilon..sub.P.sbsb.d                                                    

     Azimuth tracking error estimate.                                          

     .omega..sub.LSP.sbsb.d                                                    

     Target azimuth LOS rate estimate.                                         

     a.sub.T.sub.-e                                                            

     Target acceleration (inertial) estimate along                             

              antenna (-e) axis.                                               

     S.sub.d                                                                   

     Azimuth angular scintillation estimate.                                   

PAR  To simplify the computational requirements, a single computation of Kalman
      gains is made for both channels by averaging the measurement
      characteristics of the two channels. (Note: The Kalman filter is
      implemented only in the Final Track Mode. In Initial Track Mode, the form
      of the filter is retained, but the gains are quasi-constants.)
PAR  To maintain range tracking, a three-state range filter is implemented. The
      state vector of the range filter is:
      ##EQU20##
PAR  To maintain velocity tracking, a two-state velocity filter is implemented.
      The state vector of the velocity filter is:
      ##EQU21##
PAR  The range and velocity filters are both implemented in the "Kalman form",
      but their gains are always selected on the basis of signal-to-noise ratios
      (SNR's). The measurement inputs to the angle filters are the respective
      angle discriminants. Because of electronic counter measures
      considerations, the range filter processes only the range discriminant;
      the velocity filter processes only the velocity discriminant. Thus,
      although the last two of the states in the range filter and the two states
      of the velocity filter mean the same thing, they are derived from
      different measurements and will, in general, be unequal.
PAR  The entries to the FT Routine are listed below:
PA1  Ft -- called by an executive routine (XT) provided that the discriminants
      associated with filter cycle (i) are completed before the FT call during
      filter cycle (+1) and FT must be completed before the AT call near the
      middle of filter cycle (i+1).
PA1  Ft1 -- called by XT to initialize non-zero value filter variables.
PA1  Fts1 -- called by FT for scintillation parameters.
PA1  Fts2 -- called by FT for the state transition matrix.
PA1  Fts3 -- called by FT for motion compensation.
PA1  Fts4 -- called by FT for radome compensation.
PA1  Fts5 -- called by FT for angle discriminant slopes and residuals.
PA1  Fts6 -- called by FT for Kalman gains and covariance update.
PA1  Fts7 -- called by FT for angle state vectors update.
PA1  Fts8 -- called by FT for own-ship acceleration in antenna coordinates.
PAR  The general nature of the track filtering process will be discussed first,
      with the aid of FIG. 7. The figure shows two adjacent filter cycles
      numbered, respectively, i and i+1, and portions of a third, i+2. The
      points i, i+1, etc., are to be considered the mid-points of their
      respective filter cycles. At the end of the FT computations for cycle i,
      the filter state vectors X.sub.e (i), X.sub.d (i), X.sub.R (i) and X.sub.V
      (i) (in the general case) have been computed with a time reference at the
      mid-point of cycle i. The FT variable for current filter cycle time, T,
      will equal T.sub.1. Assume that discriminant data .DELTA..epsilon..sub.m,
      .DELTA..eta..sub.m, .DELTA.V.sub.m and .DELTA.R.sub.m are being collected
      over cycle i.
PAR  If the period for filter cycle i+1 is different than that of cycle i, the
      Executive (XT) Routine will load the new filter period (T.sub.2 in the
      figure) in the FT variable T.sub.NEW before calling FT for cycle i+1.
      Also, output of the final discriminants must be completed before FT is
      called. Early in the FT computations for cycle i+1, the prediction
      interval from point i to i+1, 1/2(T+T.sub.NEW), is computed and stored in
      T. The new state vectors at i, using prediction equations with period T
      and augmented by the discriminant data gathered over i weighted by the
      filter gains. The range gate command, R.sub.GC (i+2), for cycle i+2, is
      the range estimate for point i+2 computed by pure prediction from the
      range state at i+1, only now using the prediction interval from i+1 to
      i+2, T.sub.NEW. The velocity gate command, V.sub.GC (i+2), is computed in
      a similar manner. At the end of FT, T.sub.NEW is stored in T as the
      current filter cycle period.
PAR  A special note should be added. If T.sub.1 .noteq.  T.sub.2 (as shown in
      the figure), the gate commands for cycle i+1 will be incorrect because the
      prediction interval from i to i+1 was assumed by FT to be T, rather,
      1/2(T+T.sub.NEW), since, during cycle i, FT had no a priori knowledge of
      T.sub.NEW. This gate inaccuracy is not a problem, however, because when
      the filter cycle period changes, discriminant data will not be gathered
      over the first filter cycle with the new period. Thus, in the figure, FT
      called during cycle i+2 would update the state vectors to point i+2
      without benefit of discriminant data gathered over i+ 1.
PAR  The azimuth and elevation command computations use the tracking error and
      LOS rate estimates from the new angle state vectors X.sub.e (i+1) and
      X.sub.d (i+1), to compute and output new antenna drive near the middle of
      cycle i+1. That computation is controlled to be near the center of the
      filter cycle because that is the time reference point for X.sub.e i+ 1)
      and X.sub.d (i+1).
PAR  Near the end of filter cycle i+1, the radar controller (FIG. 1) computes
      new range and velocity gate positions R.sub.G and V.sub.G using R.sub.GC
      (i+2) and V.sub.GC (i+2), which are then effective throughout filter cycle
      i+2 and affect the range and velocity discriminants gathered over cycle
      i+2. From the above discussion it can be seen that the range and velocity
      gate computations are in the form of a two-step prediction process, while
      the antenna drive computations are in the form of a one-step prediction
      process.
PAR  A functional flow diagram for the tracking filter routine (FT) will now be
      described with reference to FIGS. 8a - 8c. Reference numerals in
      parenthesis identify blocks in the flow diagram. At the beginning of FT in
      FIG. 8a, the return link to the XT Routine is stored in a special FT
      variable (memory location) and an initial mode check is made (101). If the
      mode is Initial Track (I/T), the variable C.sub.INS is set to zero as a
      first time final track indicator (102). The averaging (111) of T and
      T.sub.NEW is bypassed in I/T, since the filter periods are all equal in
      I/T. T and T.sub.NEW are set to the I/T period for the current mode by XT
      before the start of track.
PAR  When not in I/T, which is to say while in the Final Track (F/T) Mode, the
      radar platform (own-ship) accelerations in antenna coordinates are
      required by the tracking filter. These accelerations are computed
      (103-110) by differencing inertial navigation system (INS) velocities
      V.sub.N, V.sub.E, and V.sub.D =-V.sub.D over a four-filter cycle period
      (where N, E and D designate the north, east and vertical axes of the INS),
      dividing by the time of the four-cycle period to produce own-ship
      accelerations in INS coordinates, then transforming to antenna coordinates
      using the sines and cosines of aircraft and antenna Euler angles sampled
      at approximately the center of the four-cycle period. The accelerations
      a.sub.I.sbsb.r, a.sub.I.sbsb.e and a.sub.I.sbsb.d produced by this process
      are used in the filter computations for the next four-filter cycles, after
      which they are refreshed by the above process.
PAR  The filter cycle counter is C.sub.INS and the duration of the four-cycle
      period is accumulated in T.sub.INS. On the first cycle of F/T (indicated
      by C.sub.INS = 0), the current set of INS velocities is saved in
      V.sub.N.sbsb.1, V.sub.E.sbsb.1 and V.sub.D.sub..noteq. ; C.sub.INS is set
      to 1 and T.sub.INS to 0 to initialize the acceleration computations. The
      covariance matrix M.sub.a.sbsb.i for the Kalman filter is also initialized
      at this point (110). The quantities .eta..sub.1, .eta..sub.2 and (T.sub.2
      - T.sub.1), used in the motion compensation equations, are also
      initialized in this program branch.
PAR  On succeeding filter cycles, T.sub.INS is incremented by the previous
      filter period, T, and C.sub.INS is incremented by 1. When C.sub.INS = 3
      the program is on cycle three of the four-cycle period. Since FT is called
      early in a filter cycle, the time point when C.sub.INS = 3 is shortly
      after the end of the cycle two or nearly the mid-point of the four-cycle
      period. At this time, the current sines and cosines of Euler angles
      necessary to transform from INS to antenna coordinates are saved in
      special FT buffer calls. (The sine and cosine of .psi. are computed by
      FT). When C.sub.INS reaches 5, the time point is just past the end of
      cycle four of the four-cycle period and T.sub.INS equals the sum of the
      four previous filter periods. At this point C.sub.INS is reset to 1 and
      subroutine 8 (FTS8) is called. This subroutine picks up the current INS
      velocities and, using these and V.sub.N.sbsb.1, V.sub.E.sbsb.1,
      V.sub.D.sbsb.1, and T.sub.INS, computes the average own ship acceleration
      in INS coordinates, over the last four filter cycles. It then transforms
      these accelerations to antenna coordinates using the buffer-stored Euler
      angles mentioned above. These new values of a.sub.I.sbsb.r, a.sub.I.sbsb.e
      and a.sub.I.sbsb.d are now available to the filter for the next four
      cycles. Subroutine 8 also stores the current INS velocities in
      V.sub.N.sbsb.1, V.sub.E.sbsb.1  and V.sub.D.sbsb.1, and sets T.sub.INS = 0
      so that the next acceleration computation cycle is initialized. Finally,
      in Final Track Mode the old, T, and new, T.sub.NEW, filter periods are
      averaged (111) and stored in T as the prediction interval from cycle i to
      cycle i+ 1 (see FIG. 7). Note that if T.sub.NEW has not been changed by
      XT, then T will simply be the common period of cycles i and i+1.
PAR  The angle tracking filter is range and velocity dependent. In the next
      section (112) of FT, the range, R.sub.TPA, and velocity, V.sub.TPA, to be
      used in the angle filter are selected. The signal-to-noise ratio, SNR(D),
      used to determine if the angle filter should extrapolate, is also selected
      in this section. SNR(D) is selected as SNR.sub.RNG and R.sub.TPA is
      selected as R.sub.TPR (i). In the Final Track Mode, V.sub.TPV (i) is the
      best choice for V.sub.TPA ; however, in Initial Track, V.sub.TPV (i) is
      ambiguous and V.sub.TPR (i) is used in this case. Finally, R.sub.TPA is
      limited .gtoreq. 512 ft. to avoid overflows in the angle filter
      computations.
PAR  FT next computes in block 113 the angular scintillation parameters
      .sigma..sub.s.sup.2 and .tau..sub.s by means of subroutine 1 (FTS1), and
      in the last block 114 of FIG. 5a computes the angle filter state
      transition matrix, .PHI.(i+1, i), using subroutine 2 (FTS2). Only the
      non-zero and non-unity elements of .PHI..sub.a are computed. Block 113
      also computes the l parameters (Eqs. 37 a,b).
PAR  Referring next to FIG. 8b, the FT routine calls a subroutine 3 (FTS3) in
      block 160 of the flow chart to compute the motion compensation terms
      L.sub.e.sbsb.1, L.sub.d.sbsb.1, L.sub.e.sbsb.2 and L.sub.d.sbsb.2. For
      initial track, only a portion of the terms are computed to reduce
      computation time.
PAR  If a `DATAVALID` flag is set (115) to indicate that discriminant data were
      collected over the previous filter cycle (cycle i) and are available for
      use on cycle i+1, which is the Yes condition for 115, and if the flag is
      not set which is the No condition for 115, or SNR(D) indicates too low an
      SNR (116), which is the No condition for 115, the `ANGLE XTRAP` flag is
      set (117) and k.sub.e, k.sub.d, .DELTA..sub.e and .DELTA..sub.d are set to
      zero (118). If discriminants are available and SNR(D) is greater than a
      threshold, the `ANGLE XTRAP` flag is reset (119). If not in I/T (120),
      random compensation is computed in block 121 using Subroutine 4 (FTS4),
      and angle discriminant slopes, k .sub.e and k.sub.d, and total angle
      residuals, .DELTA..sub.e and .DELTA..sub.d, are computed in block 122
      using Subroutine 5 (FTS5). The radome compensation calculation is bypassed
      in initial track to reduce computation time and is needed in final track
      only if angle discriminant data are used.
PAR  The next section of FT computes the gains for the angle filters. If in
      initial track (123), one of three sets of gains is selected (124), based
      on R.sub.TPA. In final track, the angle gains are computed. Some logic is
      gone through before making these computations. If, in the previous filter
      cycle, it was determined that one or both of the first two co-variance
      matrix diagonal terms, m.sub.11 and m.sub.22, were becomming large
      relative to their full scale values, the `M.sub.a MATRIX LARGE` flag will
      have been set. If that is so (125) and the angle filter is extrapolating
      (126), this would drive the co-variance matrix even larger. This is
      clearly undesirable since the M.sub.a matrix must not overflow.
      Consequently, in this instance, the gain calculation is bypassed and the
      last Kalman gains computed with be used. If the last M.sub.a matrix were
      not too large or if the angle filter is not extrapolating, the MATRIX
      LARGE flag is reset (127) and the Kalman gains, K.sub.a (i), are computed
      (128) and the covariance matrix is updated to M.sub.a (i+1) by means of
      Subroutine 6 (FTS6). After this, calculations m.sub.11 (i+1) and m.sub.22
      (i+1) are examined (129) to see if either one of them is getting to large.
      If so, the `M.sub.a MATRIX LARGE` flag is set (130) and m.sub.11 (i+1),
      m.sub.22 (i+1) and m.sub.12 (i+1) are all reduced by a factor C.sub.13.
PAR  After the gains have been determined, the angle state vectors are updated
      (131) to the point i+1 by means of Subroutine 7 (FTS7) using the states at
      point i, the .PHI. matrix, the motion compensation terms and the total
      angle residuals weighted by the gains. The program then proceeds in FIG.
      8c to the range and velocity filter section of FT.
PAR  At the beginning of the range and velocity filter calculations, the
      `DATAVALID` flag is checked (132) to see if discriminant data were
      collected over the last filter cycle. If no discriminant data was
      collected, the program branches to set the extrapolation conditions, but
      if discriminant data are available, the program will select gains for the
      range and/or velocity filters provided that the appropriate SNR is not
      below a certain threshold (SNR1). If the SNR in question is too low (133),
      the filter will be put into an extrapolation mode. Furthermore, in Final
      Track Mode, the velocity filter will couple into the range filter under
      this condition (134 and 135).
PAR  For non-extrapolation conditions, and in Initial Track Mode (136) the
      program provides for the selection of one of two sets of gains in initial
      track (137) and one of two sets of gains in final track (138). Gain
      selection is based on SNR.sub.RNG.
PAR  After the gain constants have been selected and stored in variable cells
      (i.e., predetermined memory locations) the target acceleration model tme
      constnat, .tau..sub.a, is set (139) at a normal 3 seconds. The range
      discriminant slope and the total range residual, .DELTA.R.sub.M, is
      computed (140, 141) as shown on the detailed flow chart of FIGS. 9a-9f.
      The total velocity residual, .DELTA.V.sub.M, is also computed (142). Note
      that the measured discriminants .DELTA.R.sub.m = .DELTA.R.sub.DSCR and
      .DELTA.V.sub.m = .DELTA.V.sub.DSCR are here distinguished from the
      respective residuals by the capital M subscripts for the residuals.
PAR  For the extrapolate condition, .tau..sub.a, is set at 10 seconds and
      R.sub.M and V.sub.M are both set = 0 in block 143. If range is available
      from the range filter (144), the two branches of the program now merge to
      update the range filter state vectors (145). Similarly, if velocity is
      available from the velocity filter (146) the velocity filter state vectors
      are updated (147).
PAR  At the end of FT, T.sub.NEW is installed in T as the current filter period
      (148), range, R.sub.TPR (i+1), is limited to be greater than a positive
      lower limit, R.sub.L, to avoid negative ranges, and control is returned to
      the executive (XT) Routine, thus completing a tracking filter cycle.
PAR  Entering the tracking filter routine (FT) in FIG. 9a the boxes will be
      identified by the code identifier number. The routine of FIGS. 9a to 9f
      provide a detailed description of the routine of FIGS. 8a to 8d.
PAR  In box FT004 the return address to the executive (control) routine is
      stored in memory cell FTV0000.
PAR  In box FT005 a decision is made for initial track where XTF001 is the
      initial track flag and if it is not equal to 0 the system is in initial
      track. If there is not an initial track condition the system goes to box
      FT010 and C.sub.INS which is the counter for computing the own ship's
      acceleration and counts entries into this routine is checked to determine
      if it is equal to 0.
PAR  If C.sub.INS = 0 (YES) then the routine initializes the acceleration
      computations and also initializes the co-variance matrix of box FT018.10.
PAR  In box FT012, the present A/C velocities are stored and in box FT017, time
      T.sub.INS (the time between velocity samples in order to do the
      acceleration) are stored as well as C.sub.INS.
PAR  Then in box FT018.70 .eta..sub.1 and .eta..sub.2 which are two successive
      samples of antenna azimuth, are set. Also, two time tags are saved as the
      difference, which is an initializing computation for the antenna azimuth
      rate. In box FT042 the filter cycle time is computed.
PAR  If C.sub.INS is not equal to 0 in box FT010, the flow goes to box FT021
      where T.sub.INS is updated and the counter is updated in box FT024.
PAR  In box FT026 a check is made to see if counter C.sub.INS, contains a value
      of 3 which is in the middle of the acceleration compute cycle.
PAR  In box FT028 the current aircraft heading is then fetched.
PAR  In box FT029, the sine and cosine of the aircraft heading is computed and
      the computed values are stored in box FT030.
PAR  In box FT032 the sines and cosines of the angles required to perform the
      inertial to antenna transformation are stored.
PAR  If in box FT026 a NO is detected and box FT037 a YES is detected then the
      routine is not yet at the end of the acceleration branch compute cycle and
      if a NO is detected it means that the routine is at the end of the cycle.
      When going to FT039 the operation is to reset the counter. In box FT040,
      the own ship acceleration is computed and stored. If the decision in box
      FT026 is YES, the flow skips its own ship acceleration computations.
PAR  Going from box FT007 to FIG. 9b, box FT005 fetches the range and the range
      rate and SNR(RNG).
PAR  Box FT061 makes an initial track determination and if it is a YES, box
      FT063 fetches a different value for range rate. If a NO is determined the
      operation goes directly to box FT083 where register one (R1) is examined
      and with box FT083.20 the range is limited to 512 feet so range has a
      minimum value for computation purposes.
PAR  In the next step, box FT083.30 stores range, velocity and SNR.
PAR  In box FT088 an initial track checkk is again made.
PAR  Box FT090 and FT093 function to select b and c for digital filtering.
PAR  In box FT095 a shaping parameter 1.sub.e for elevation filtering is
      computed and in box FT102 a shaping parameter 1.sub.d is computed for
      azimuth filtering.
PAR  Referring to FIG. 9b-1 and box FT117 the scintillation parameters are
      computed and stored (.sigma..sub.s.sup.2 is the variance of the target
      scintillation model and .tau..sub.s is the time constant).
PAR  Box FT122 is the state transition matrix and in box FT124, both for final
      and for initial track, part of the L vector is computed and if the system
      is in initial track, it exits. If the system is in final track, the
      operation goes to the following box and computes the remainder of the
      terms.
PAR  In box FT126, a flag is checked to see if there is valid discriminant data.
      If the data is valid, the SNR in box FT128 is checked to see if it is
      above a threshold. In box FT131, the flag angle extrapolate is reset
      meaning the system is not in an angle extrapolate (i.e. the data is valid
      and being received and there is a satisfactory SNR).
PAR  In box FT132 a check is made of initial track so that if the system is in
      initial track, the radome compensation is skipped to save computing time.
      If the routine goes to box FT134, the radome compensation is performed.
PAR  In box FT135, the residual (difference between the measured and computer
      determination of tracking error) is computed and stored. If the data is
      not valid in box FT126 or the SNR is below a threshold value, set angle
      extrapolate in box FT138 and set the discriminant slopes and residuals
      equal to zero in box FT139.
PAR  In FIG. 9c an initial track determination is made in box FT145 and if the
      result is YES, the filter gains are selected for initial track based on
      range or an SNR threshold (Kalman gains are not computed). This index
      operation includes box FT185. If the initial track is NO in box FT145,
      then the flag is examined in box FT147 to determine if the matrix is close
      to overflow. If the Ma matrix is close to overflow and the system is in
      the angle extrapolate mode, (FT149) then the gain and covariance update is
      skipped and the last set of gains constants are used. In box FT151 the
      flag is reset and in box FT152 the Kalman gain and the covariance update
      are computed and stored.
PAR  In boxes FT153 and FT156, a determination is made whether the Ma matrix is
      close to overflow, and if YES, the routine goes to box FT161 to set the
      flag. In box FT162 the covariance elements are decreased to minimize
      chances of overflow. In box FT191, the state vectors are updated based on
      state transition matrix .phi., the L vectors and the Kalman gains time the
      residuals.
PAR  Going now to FIG. 9d which selects gains for the range and velocity filters
      based on SNR, a data valid determination is made in box FT411 and if the
      data is not valid, continues on to FIG. 9e. If the data is valid, in box
      FT415 a check is made to see if SNR is below a minimum threshold
      (SNR.sub.1), and if below, box FT491 again performs a check if initial
      track, and if YES goes to FIG. 9e. If there is not initial track (NO) in
      box FT491, the velocity filter estimates are coupled into the range filter
      estimates in box FT493.
PAR  An initial track check is made in box FT418 and if the track is initial,
      two sets of gains are selected in boxes FT420, FT428 and FT424. If the
      system is in final track, one of two sets of gains are picked based on SNR
      in boxes FT430, FT434 and FT438.
PAR  Referring now to FIG. 9e, when data is not valid or a very low SNR is
      present in box FT495 T.sub.A (target acceleration model time constant) is
      set to 10 seconds. In box FT496, the range and velocity residuals are set
      to zero.
PAR  In box FT499, the selected gains are picked up and stored and in box FT508,
      the target acceleration model time constant .tau..sub.n is set to 3
      seconds. In boxes FT511, FT513 and FT522 the range discriminant slope
      (k.sub.R.sbsb.f) is computed and in box FT530, the velocity residual is
      computed. In box FT533 the range and velocity residuals are stored and in
      box FT537 the filter cycle time and other parameters are computed.
PAR  Referring now to FIG. 9f, a range available determination is made in box
      FT545.10 and if the result is YES, the flow goes to box FT548 in which the
      update equations are calculated to update the range filter states. Also a
      new range gate R.sub.GC setting is computed. Box FT597.10 is entered, to
      make a velocity available determination, and if the determination is YES,
      the velocity filter state update computations are performed in box FT598.
      A new velocity gate V.sub.GC is also computed in this box. In box FT660,
      T.sub.NEW the new filter cycle time is stored as the current filter cycle
      time. In boxes FT662, FT663 and FT665 the range is limited so as to be not
      less than R.sub.L (an arbitrary minimum range). Then in box FT666, the
      operation returns to the track executive routine via the address shown in
      FTV0000 as stored in box FT004 of FIG. 9a.
PAR  The subroutines FTS1 through FTS8 and FT1 called by the FT routine will now
      be described in order. Following that antenna control routine, designated
      AT and its only subroutine ATS1 will be described.
PAR  Subroutine FTS1 illustrated in the flow diagram of FIG. 10 is the Angular
      Scintillation Parameters Subroutine. Its purpose is to compute the
      variance, .sigma..sub.s.sup.2, and the time constnat, .tau..sub.s, of the
      angular scintillation noise model for the Tracking Filter Routine (FT). It
      is called with a BALFTS1, 0 instruction. The subroutine stores
      .sigma..sub.s.sup.2 and .tau..sub.s in FT variable memory. The terms and
      their equations computed by FTS1 are as follows.
      ##EQU22##
      .alpha..sub.1, .alpha..sub.2 and .alpha..sub.3 are constants.
PAR  Subroutine FTS2 illustrated in the flow diagram of FIG. 11 is the Angle
      State Transition Matrix Subroutine. Its purpose is to compute the non-zero
      and non-unity elements of the angle state transition matrix, .PHI., for
      the Tracking Filter Routine (FT). It is called with a BAL FTS2, 0
      instruction. The subroutine stores the computed .PHI. elements in FT
      variable memory.
PAR  The angle tracking filter state transition matrix is given by the equation:
EQU  .PHI.(i+1, i) = e.sup.A(i)T .apprch. I + A(i)T + A.sup.2 (i)(T.sup.2 /2)
      (59)
PAL  where
PA1  T = Filter prediction interval from point i to i +1
PA1  I = 4 .times. 4 unity (identity) matrix
      ##EQU23##
      R.sub.TPA (i) = Range used in angle filter V.sub.TPA (i) = Range rate used
      in angle filter
PA1  .tau..sub.T = Target normal acceleration model time constant (= const)
PA1  .tau..sub.s (i) = Angular scintillation model time constant (computed in
      FTS1)
PAL  Computing .PHI. from the three-term expansion gives
      ##EQU24##
      where .phi..sub.11 = 1
PA1  .phi..sub.12 = T - T.sup.2 V.sub.TPA /R.sub. TPA
PA1  .phi..sub.13 = -t.sup.2 /2 r.sub.tpa
PA1  .phi..sub.22 = 1 - 2t v.sub.tpa /r.sub. tpa + 2 [t v.sub.tpa /r.sub. tpa
      ].sup.2
PA1  .phi..sub.23 = -t/r.sub.tpa + t.sup.2 v.sub.tpa /r.sup. 2.sub.tpa + t.sup.2
      /(2.tau..sub.t r.sub.tpa)
PA1  .phi..sub.33 = 1 - t/.tau..sub.t + 1/2 (t/.tau..sub.t).sup.2
PA1  .phi..sub.44 = 1 - t/.tau..sub.s + 1/2 (T/.tau..sub.s).sup.2
PAR  The computational steps executed by FTS2 to compute the .PHI. elements are
      listed below:
PA1  x = .alpha..sub.T.sup.T where .alpha..sub.T = 1/.tau..sub.T = const (62)
PA1  .phi..sub.33 = 1 - x+x.sup.2 /2                            (63)
PA1  Y = T/.tau..sub.s                                          (64)
PA1  .phi..sub.44 = 1 - Y+Y.sup.2 /2                            (65)
PA1  z = t .sup.. v.sub.tpa /r.sub.tpa                          (66)
PA1  .phi..sub.12 = t(1 - z)                                    (67)
PA1  .phi..sub.22 = 1 - 2z(1 - z)                               (68)
PA1  .phi..sub.13 = (t.sup.2 /2)/r.sub.tpa                      (69)
PA1  .phi..sub.23 = - .phi..sub.12 /r.sub.tpa - .alpha..sub.t .sup..
      .phi..sub.13                                              (70)
PAL  the six .PHI. elements are stored in FT variable memory for later use. The
      zero elements and .phi..sub.11 are not allocated memory locations.
PAR  Subroutine FTS3 illustrated in the flow diagram of FIGS. 12a-12c is the
      Motion Compensation Subroutine. Its purpose is to compute the non-zero
      elements of the motion compensation vectors, L.sub.e and L.sub.d, used in
      the angle tracking filter. It is called with a BAL FTS3, 0 instruction.
      The subroutine stores the computed elements in FT variable memory.
PAR  The motion compensation vectors, L.sub.e and L.sub.d, are given by
      ##EQU25##
      For Initial Track
      ##EQU26##
EQU  L.sub.e.sbsb.2 = 0                                         (73)
EQU  L.sub.d.sbsb.2 = 0                                         (75)    where
PA1  .omega..sub.e = Antenna inertial rate about e over i to i+1
PA1  .omega..sub.d = Antenna inertial rate about d over i to i+1
PA1  .omega..sub.A.sbsb.r = Measured antenna inertial rate about r at one point
      in the interval i to i+1
PA1  .theta..sub.r = .omega..sub.A.sbsb.r .sup.. T
PAL  Other terms have been defined hnereinbefore. The simplification in initial
      track is to reduce computational load only.
PAR  The integrals of antenna angular rates over t.sub.i to t.sub.i.sub.+1 are
      provided by an antenna rate integrating gyro which provides a measured
      gyro output
      ##EQU27##
      if .omega..sub.A is assumed constant over the interval T = t.sub.i.sub.+1
      -t.sub.i.
PAR  Since the .theta.s must be sampled as close as possible to t.sub.i and
      t.sub.i.sub.+1, FTS3 computes only the -T.omega..sub.A term of the
      integral, and the second term, involving the .theta.s, is added later by
      an antenna control (AT) Routine which adds this term directly to
      .epsilon..sub.p (i+1), rather than L.sub.1, since FT furnishes
      .epsilon..sub.p (i+1) to AT complete, except for the second term of the
      above integral. The AT routine will be discussed hereinafter.
PAR  In the first part of FTS3, the last values of A105 and A104 input by the XT
      Routine are picked up and converted to radians/second using stored scale
      factors. The terms -T.omega..sub.A.sbsb.e and -T.omega..sub.A.sbsb.d are
      formed and stored as L.sub.e.sbsb.1 and L.sub.d.sbsb.1, respectively. If
      the mode is Initial Track, FTS3 exists. (L.sub.e.sbsb.2 and L.sub.d.sbsb.2
      will be zero by virtue of initialization prior to entering track.)
PAR  In the Final Track Mode, L.sub.e.sbsb.1 and L.sub.d.sbsb.1 must be
      augmented by additional terms and L.sub.e.sbsb.2 and L.sub.d.sbsb.2 must
      be computed. After storing the return address, FTS3 computes the antenna
      rate about the antenna, r, axis, .omega..sub.A.sbsb.r , given by
      ##EQU28##
      .omega..sub.OG is the outer (roll) gimbal rate of the antenna given by the
      last value of A112 converted to radians/second using a stored scale
      factor. The term .eta. is computed by differencing two samples of .eta.,
      .eta..sub.2, and .eta..sub.1, saved by XT in FT variable memory, then
      divided by the time difference, (T.sub.2 - T.sub.1), between the two
      samples, also saved by XT in an FT dedicated location.
PAR  After .omega..sub.A.sbsb.r is computed, the term .theta..sub.r =
      T.omega..sub.A.sbsb.r is computed and the term .theta..sub.r
      .epsilon..sub.P.sbsb.d added to L.sub.e.sbsb.1 and the term
      (-.theta..sub.r .epsilon..sub.P.sbsb.e) added to L.sub.d.sbsb.1.
PAR  The term
      ##EQU29##
      is computed and added to L.sub.e.sbsb.1 to complete L.sub.e.sbsb.1.
PAR  The term
      ##EQU30##
      is computed and stored as L.sub.e.sbsb.2.
PAR  A similar procedure is used to complete L.sub.d.sbsb.1 and to compute
      L.sub.d.sbsb.2. FTS3 exits by execution of an indirect branch to the
      location containing the saved return address.
PAR  Subroutine FTS4 illustrated in the flow diagram of FIGS. 13a and 13b is the
      Radome Compensation Subroutine. Its purpose is to compute compensation
      terms to counteract tracking error measurement perturbations due to radome
      diffraction of target return signals. Two terms, .sigma..sub.R.sbsb.e and
      .sigma..sub.R.sbsb.d are computed for the angle tracking filter and
      represent estimates of elevation and azimuth tracking error indications,
      respectively, due to radome diffraction effects.
PAR  FTS4 is entered only in Final Track Mode and only if the tracking error
      measurements (angle discriminants) are available. The subroutine stores
      .sigma..sub.R.sbsb.e and .sigma..sub.R.sbsb.d in FT variable memory for
      later use. It is called with a BAL FTS4, 0 instruction.
PAR  To better understand the nature of the randome compensation computations,
      an explanation of several definitions is in order.
PA1  i.sub.R, j.sub.R, k.sub.R -- radome axes
PA1  i.sub.R is the radome boresight axis
PA1  j.sub.R is along the A/C j axis
PA1  k.sub.R completes the right hand set
PA1  i.sub.R and k.sub.R form the radome elevation principal plane
PA1  i.sub.R and j.sub.R form the radome azimuth principal plane
PA1  .sigma..sup.1 -- radome tilt down angle from A/C FLR; i.e., i.sub.R,
      j.sub.R, k.sub.R are obtained by rotating i, j, k through -.sigma..sup.1
      about the j (or j.sub.R) axis.
PA1  .DELTA. -- angle between radome boresight and antenna boresight; i.e.,
      .DELTA. = cos.sup.-.sup.1 (i.sub.R .sup.. l.sub.r)
PA1  .sigma..sub.EL -- beam deflection when .DELTA. is in elevation principal
      plane of radome, supplied by radome manufacturer as a three-line segment
      function of .DELTA..
PA1  .sigma..sub.AZ -- beam deflection when .DELTA. is in azimuth principal
      plane of radome, supplied by radome manufacturer as a three-line segment
      function of .DELTA..
PA1  .alpha. .DELTA., .gamma. -- special Euler angle sequence to transform from
      randome axes to antenna axes.
PAL  The angle .DELTA. (actually, sin .DELTA. is used) is required to select
      .sigma..sub.EL and .sigma..sub.AZ from the supplied curves. .alpha. is
      used to interpolate between the curves to determine the total deflection,
      .sigma.. The angle .gamma. is used to resolve .sigma. into .sigma..sub.Re
      and .sigma..sub.Rd.
PAR  The first computations are of the cosine and sine of .DELTA. as given by
      the following equations.
EQU  cos .DELTA. = i.sub.R .sup.. 1.sub.r = cos .sigma..sup.1 cos .epsilon. cos
      .eta. + sin .sigma..sup.1 [sin.phi..sub.G sin .eta. - cos .phi..sub.G sin
      .epsilon. cos .eta.]                                      (83)
EQU  sin .DELTA. = 1 - cos.sup.2 .DELTA. (assumed to be always positive) (84)
PAR  Next, sin .alpha., cos .lambda. and sin .lambda. are computed as follows.
      ##EQU31##
PAR  The quantities .delta..sub.EL and .delta..sub.AZ are computed as a function
      of sin .DELTA.. Sin .DELTA. is used rather than .DELTA. to avoid a lengthy
      sin.sup.-.sup.1 procedure and because most of the variations in
      .delta..sub.EL and .delta..sub.AZ occur at relatively small .DELTA.s. One
      of three linear equations is used for each of .delta..sub.EL and
      .delta.AZ, depending on the size of sin .DELTA.. The break points for sin
      .DELTA. are the same for both principal planes.
PAR  In general, the angle .DELTA. will not lie in either of the principal
      planes of the radome. The total beam deflection, .delta., is assumed,
      however, to be always in the .DELTA. plane and toward the radome boresight
      axis. Since .alpha. is the angle between the .DELTA. plane and the radome
      elevation principal plane, .delta. can be obtained by interpolating the
      .delta..sub.EL , and .delta..sub.AZ values according to the formula:
      .sub.
      ##EQU32##
      Quadratic functions are used where the j.sub.R, k.sub.R cross-section of
      the radome is elliptical in shape and sin.sup.2 .alpha. gives a better
      interpolation than .vertline. sin .alpha. .vertline..
PAR  Finally, .delta..sub.R.sbsb.d and .delta..sub.R.sbsb.e are obtained by
      resolving .delta. through .lambda.. The compensation terms are stored, and
      FTS4 exits.
PAR  Subroutine FTS5 illustrated in the flow diagram of FIG. 14 is the Angle
      Discriminant Slopes and Total Residuals Subroutine. Its purpose is to
      compute the elevation and azimuth angle discriminant slopes, k.sub.e and
      k.sub.d, respectively, and the elevation and azimuth total angle
      residuals, .DELTA..sub.e and .DELTA..sub.d, respectively. The subroutine
      is entered whenever angle discriminants are available. The computed terms
      are stored in FT variable memory for later use. It is called with a BAL
      FTS5, 0 instruction.
PAR  The quantities computed by FTS5 have the following definitions.
      ##EQU33##
PAR  The curve of discriminant output versus the measured tracking error is a
      function of SNR and is not truly linear. A linear relationship is assumed,
      however, as required by Kalman filter theory and should hold for small
      tracking errors. The total angle residual is a measure of the noise in the
      tracking error measurement and the error between the true tracking error
      and the filter predicted tracking error. The term "tracking error" in the
      above discussion is meant to include all off boresite effects "seen" by
      the radar. Thus, tracking error in the above sense includes target off
      boresite, angular scintillation, and radome diffraction effects.
PAR  The BIT calibration variable, D.sub.CAL, is loaded into R2 and R4. If
      SNR.sub.e = SNR(EL) is greater than a threshold, then k.sub.e = D.sub.CAL.
      If SNR(EL) is small, then k.sub.e is computed as a linear function of
      D.sub.CAL and SNR(EL).
PAR  After k.sub.e has been calculated, the elevation total angle residual,
      .DELTA..sub.e, is computed:
      ##EQU34##
      The constant C.sub.10 converts the non-dimensional discriminant,
      .DELTA..epsilon..sub.DSCR, from the DS Routine, to radians. The term
      .vertline..epsilon..sub.P.sbsb.e + S.sub.P.sbsb.e +.delta..sub.R.sbsb.e
      .vertline. represents the filter's estimate of what the radar should
      measure as a "tracking", or, more properly, an off boresite error.
PAR  FTS5 follows a similar procedure to the above discription to compute
      k.sub.d and .DELTA..sub.d, and then exits.
PAR  Subroutine FTS6 illustrated in the flow diagram of FIGS. 15a through 15d is
      the Kalman Gains and Covariance Matrix Update Subroutine. Its purpose is
      to compute Kalman gains for the angle tracking filter and update the angle
      state vectors covariance matrix to the point i+1. Kalman gains are
      computed only in final track, and the same gains are used for both angle
      channels by using the average of the measurement characteristics
      (discriminant slopes) of the two channels in the gain computation. A
      single covariance matrix is also used for both angle channels, and the
      lower (symmetric) off diagonal terms are not carried.
PAR  FTS6 is entered only in final track. The Kalman gain matrix, K.sub.a (i),
      used to weight the angle residuals is computed and stored in FT variable
      memory. The diagonal and upper off-diagonal terms of M.sub.a (i+1), the
      angle covariance matrix for point i+1, are also computed and stored in FT
      variable memory. It is called with a BAL FTS6, 0 instruction.
PAR  The equations for the gain, K.sub.a (i), and the updated covariance matrix,
      M.sub.a (i+1), for a one-step Kalman predictor are given below.
EQU  K.sub.a (i) = .PHI.(i) M.sub.a (i) H.sub.a.sup.T (i) [H.sub.a (i) M.sub.a
      (i) H.sub.a.sup.T (i) + R.sub.a (i)] .sup.-.sup.1         (90)
EQU  M.sub.a (i+1) = [.PHI.(i) - K.sub.a (i) H.sub.a (i)] M.sub.a (i)
      .PHI..sup.T (i) + Q.sub.a (i)                             (91)
PAL  where
PA1  H.sub.a (i) = measurement or observation matrix. To avoid separate gain
      calculations for each angle channel, H.sub.a (i) is taken to be the
      average measurement matrix for the elevation and azimuth channels, i.e.
EQU  H.sub.a (i) = [k.sub.2 (i) 0 0 k.sub.a (i)]
PAL  where
EQU  k.sub.a (i) = 1/2 [k.sub.e (i) + k.sub.d (i)]
PA1  R.sub.a (i) = measurement noise covariance matrix = .sigma..sub.a.sup.2 (a
      scalar in this case
PA1  Q.sub.a (i) = system noise covariance matrix
PA1  M.sub.a (i) = angle state vectors' covariance matrix for point i
PA1  .PHI.(i) = angle state transition matrix from point i to point i+1
PAL  Define the auxiliary matrix D.sub.a (i) = .PHI.(i) M.sub.a (i):
      ##EQU35##
      where m.sub.jl = m.sub. lj for j .noteq. l The equation for K.sub.a (i)
      can now be expanded to yield
      ##EQU36##
      Now define the auxiliary variables ZM1 = m.sub.11 + m.sub.14
PA1  Zm2 = m.sub.12 + m.sub.24
PA1  Zm3 = m.sub.13 + m.sub.34
PA1  Zm4 = m.sub.14 + m.sub.44                                  (94)
PAR  From the equation there results the following (remembering that M.sub.a (i)
      is symmetric and .phi..sub.11 = 1)
PA1  Z.sub.a.sbsb.1.sbsb.1 = d.sub.11 + d.sub.14 = ZM1 + .phi..sub.12 ZM2 +
      .phi..sub.13 ZM3
PA1  z.sub.a.sbsb.2.sbsb.1 = d.sub.21 + d.sub.24 = .phi..sub.22 ZM2 +
      .phi..sub.23 ZM3                                          (95)
PA1  z.sub.a.sbsb.3.sbsb.1 = d.sub.31 + d.sub.34 = .phi..sub.33 ZM3
PA1  z.sub.a.sbsb.4.sbsb.1 = d.sub.41 + d.sub.44 = .phi..sub.44 ZM4
PAR  Finally, the gain matrix can be written
      ##EQU37##
PAR  The equation for M.sub.a (i+1) can be written in the form below.
EQU  M.sub.a (i) .PHI..sup.T (i) = D.sub.a.sup.T (i)
PAL   Note that since M.sub.a (i) is symmetric,
      ##EQU38##
      where Q.sub.s and .alpha..sub.4 are constants in the Q.sub.a matrix.
PAR  The return address in RO is saved in FTV2400. A non-zero value is stored in
      R6 to avoid a possible 0/0 division in case k.sub.a should be 0. The
      measurement parameter, k.sub.a, is formed as the average of the elevation
      and azimuth angle discriminant slopes. If k.sub.a = 0 (extrapolate
      condition), then the gains should be 0 according to Equation (96). In this
      case the Z.sub.a terms need not be computed and FTS6 branches directly to
      the computation of the K.sub.a terms which will result in 0 values by
      virtue of k.sub.a = 0, and a non-zero value for the denominator term in
      R6.
PAR  If k.sub.a is non-zero, FTS6 computes the ZM1 through ZM4 terms (auxiliary
      variables) and the Z.sub.a.sbsb.1.sbsb.1 through Z.sub.a.sbsb.4.sbsb.1
      terms of Equation (95). The k.sub.a.sup.2 [ZM1 + ZM4] portion of the
      denominator is computed in R6. The system measurement noise variance,
      .sigma..sub.a.sup.2, is computed as follows.
EQU  SNR.sub.a = SNR (angle) = 1/2[SNR(AZ) + SNR(EL)]= 1/2 [SNR.sub.d +SNR.sub.e
      ]
EQU  .sigma..sub.a.sup.2 = R.sub.a.sbsb.0 (a constant) for SNR (angle) &lt; 1
      ##EQU39##
      The noise variance is added to R6 to form the complete denominator term
      for the gain computation.
PAR  The four gain terms are computed according to Equation (96) in an index
      loop. R2 is used as the loop controller (four iterations) and also selects
      the proper Z.sub.a from temporary storage and routes the computed gain to
      the proper cell. The terms k.sub.a Z.sub.a.sbsb.i.sbsb.1 are also saved in
      the four FT temporary storage cells as they are needed in the covariance
      update computations to follow. R1 contains a shift count to adjust the
      k.sub.a Z.sub.a.sbsb.i.sbsb.1 product to obtain the proper scaling for
      each K.sub.a. Fortunately, there was a simple relationship between the
      shift count required and the loop counter. After the gains have been
      computed and stored, FTS6 proceeds to the covariance update computations.
PAR  Equation (97) will be used to derive the equations for the covariance
      matrix update. As a preliminary step to updating the m terms, the program
      computes the following auxiliary variables in the registers RO through R3
      indicated.
EQU  d.sub.12 = m.sub.12 + .phi..sub.12 m.sub.22 + .phi..sub.13 m.sub.23
      .fwdarw. RO
EQU  d.sub.13 = m.sub.13 + .phi..sub.12 m.sub.23 + .phi..sub.13 m.sub.33
      .fwdarw. R1 .phi..sub.22 m.sub.23 .fwdarw. R2 (98)
EQU  d.sub.23 = .phi..sub.22 m.sub.23 + .phi..sub.23 m.sub.33 .fwdarw. R3
PAL  The diagonal elements of M.sub.a (i+1) are computed first. From Equation
      (97),
EQU  m.sub.11 (i+1) = d.sub.11 + .phi..sub.12 d.sub.12 + .phi..sub.13 d.sub.13 -
      k.sub.a k.sub.a (d.sub.11 +d.sub.14) +Q.sub.s             (99)
PAL  and using Equations (94) and (95), this expression reduces to
EQU  m.sub.11 (i+1) = (m.sub.11 +Q.sub.s) - K.sub.a.sbsb.1 (K.sub.a
      Z.sub.a.sbsb.1.sbsb.1) + .phi..sub.12 [m.sub.12 +d.sub.12 ] + .phi..sub.13
      [m.sub.13 + d.sub.13 ]                                    (100)
PAR  Again, from Equations (97), (92) and (95) there results
EQU  m.sub.22 (i+1) = .phi..sub.22 d.sub.22 + .phi..sub.23 d.sub.23 - K.sub.a
      K.sub.a2 (d.sub.21 +d.sub.24) = .phi..sub.22 .sup.2 m.sub.22 - K.sub.a2
      (k.sub.a Z.sub.a.sbsb.2.sbsb.1) + .phi..sub.23 [.phi..sub.22 m.sub.23 +
      d.sub.23 ]                                                (101)
EQU  m.sub.33 (i+1) = .phi..sub.33 d.sub.33 + K.sub.a K.sub.a.sbsb.3 (d.sub.31
      +d.sub.34) + .alpha..sub.4 T = .phi..sub.33 .sup.2 m.sub.33 -
      K.sub.a.sbsb.3  (K.sub.a Z.sub.a.sbsb.3.sbsb.1) + .alpha..sub.4 T (102)
      ##EQU40##
      Note that the terms (K.sub.a Z.sub.a.sbsb.i.sbsb.1) were saved in FT
      temporary storage from the gain computations.
PAR  To obtain the update equations for the upper offdiagonal terms, it is
      sometimes simpler to use the expansion for the corresponding (equal) lower
      diagonal term. Thus,
EQU  m.sub.12 (i+1) = m.sub.21 (i+1) = .phi..sub.22 d.sub.12 + .phi..sub.23
      d.sub.13 - K.sub.a K.sub.a.sbsb.2 (d.sub.11 +d.sub.14) = .phi..sub.22
      d.sub.12 + .phi..sub.23 d.sub.13 + K.sub.a.sbsb.1 (K.sub.a
      Z.sub.a.sbsb.2.sbsb.1 )                                   (104)
PAL  since
EQU  K.sub.a.sbsb.2 Z.sub.a.sbsb.1.sbsb.1 = K.sub.a.sbsb.1 Z.sub.a.sbsb.2.sbsb.1
      (105)
PAL  Also
EQU  m.sub.13 (i+1) = m.sub.31 (i+1) = .phi..sub.33 d.sub.13 - k.sub.a
      K.sub.a.sbsb.3 (d.sub.11 +d.sub.14) = .phi..sub.33 d.sub.13 -
      K.sub.a.sbsb.1 (k.sub.a Z.sub.a.sbsb.3.sbsb.1 )           (106)
PAR  Before continuing with the off-diagonal updates, the following auxiliary
      variables are computed in the registers shown.
EQU  d.sub.43 = .phi..sub.44 m.sub.34 .fwdarw. R0
EQU  d.sub.42 = .phi..sub.44 m.sub.24 .fwdarw. R1               (107) (d.sub.23
      is still in R3)
PAR  The remaining upper off-diagonal m terms are obtained as follows.
EQU  m.sub.14 (i+1) = d.sub.41 +.phi..sub.12 d.sub.42 + .phi..sub.13 d.sub.43 -
      k.sub.a K.sub.a.sbsb.1 (d.sub.41 +d.sub.44) = .phi..sub.44 m.sub.14 +
      .phi..sub.12 d.sub.42 + .phi..sub.13 d.sub.43 - K.sub.a.sbsb.1 (k.sub.a
      Z.sub.a.sbsb.4.sbsb.1 )                                   (108)
EQU  m.sub.23 (+1) = m.sub.32 (i+1) = .phi..sub.33 d.sub.23 - k.sub.a
      K.sub.a.sbsb.3 (d.sub.21 +d.sub.24) = .phi..sub.33 d.sub.23 -
      K.sub.a.sbsb.2 (k.sub.a Z.sub.a.sbsb.3.sbsb.1 )           (109)
EQU  m.sub.24 (i+1) = .phi..sub.22 d.sub.42 + .phi..sub.23 d.sub.43 - k.sub.a
      K.sub.a.sbsb.2 (d.sub.41 + d.sub.44) = .phi..sub.22 d.sub.42 +
      .phi..sub.23 d.sub.43 - K.sub.a.sbsb.2 (K.sub.a Z.sub.a.sbsb.4.sbsb.1 )
      (110)
EQU  m.sub.34 (i+1) = .phi..sub.33 d.sub.43 - k.sub.a K.sub.a.sbsb.3 (d.sub.41 +
      d.sub.44) = .phi..sub.33 d.sub.43 - K.sub.a.sbsb.3 (k.sub.a
      Z.sub.a.sbsb.4.sbsb.1)                                    (111)
PAR  At the end of the covariance update, FTS6 exits via the return address
      stored in location FTV2400.
PAR  Subroutine FTS7 illustrated in the flow diagram of FIG. 16 is the Angle
      State Vectors Update Subroutine. Its purpose is to update the angle state
      vectors, X.sub.e and X.sub.d, to the point i+1 using the state vectors at
      point i and the previously computed state transition matrix, .PHI., the
      motion compensation vectors L.sub.e and L.sub.d, the angle filter gain
      matrix, K.sub.a, and the total angle residuals .DELTA..sub.e and
      .DELTA..sub.d. It is called with a BAL FTS, 0 instruction. The new angle
      state vectors, X.sub.e (i+1) and X.sub.d (i+1) are stored in FT variable
      memory.
PAR  The vector-matrix equations to update the angle state vectors are shown
      below.
EQU  X.sub.e (i+1) = .PHI.(i+1, i) X.sub.e (i) + L.sub.e (i) + K.sub.a (i)
      .DELTA..sub.e                                             (112)
EQU  X.sub.d (i+1) = .PHI.(i+1, i) X.sub.d (i) + L.sub.d (i) + K.sub.a (i)
      .DELTA..sub.d                                             (113)
PAR  These equations can be expanded in scalar form to yield the following set
      of equations computed by FTS7.
EQU  .epsilon..sub.P.sbsb.e (i+1) = .epsilon..sub.P.sbsb.e (i) + .phi..sub.12
      .omega..sub.LSP.sbsb.e (i) + .phi..sub.13 a.sub. TP.sbsb.d (i) +
      L.sub.e.sbsb.1 (i) + K.sub.a.sbsb.1 (i) .DELTA..sub.e (i) (114)
EQU  .omega..sub.LSP.sbsb.e (i+1) = .phi..sub.22 .omega..sub.LSP.sbsb.e (i) +
      .phi..sub.23 a.sub.TP.sbsb.d (i) + L.sub.e.sbsb.2 (i) + K.sub.a.sbsb.2 (i)
      .DELTA..sub.e (i)                                         (115)
EQU  A.sub.TP.sbsb.d (+1) = .phi..sub.33 a.sub.TP.sbsb.d (i) + K.sub.a.sbsb.3
      (i) .DELTA..sub.e (i)                                     (116)
EQU  S.sub.P.sbsb.d (i+1) = .phi..sub.44 S.sub.P.sbsb.e (i) + K.sub.a.sbsb.4 (i)
      .DELTA..sub.e (i)                                         (117)
EQU  .epsilon..sub.P.spsp.1 (i+1) = .epsilon..sub.P.sbsb.d (i) + .phi..sub.12
      .omega..sub.LSP.sbsb.d (i) + .phi..sub.13 a.sub.TP .sbsb.e (i) +
      L.sub.d.sbsb.1 (i) + K.sub.a.sbsb.1 (i) .DELTA..sub.d (i) (118)
EQU  .omega..sub.LSP.sbsb.d (i+1) = .phi..sub.22 .omega..sub.LSP.sbsb.d (i) +
      .phi..sub.23 a.sub.TP .sbsb.e (i) + L.sub.d.sbsb.2 (i) + K.sub.a.sbsb.2 (
     i) .DELTA..sub.d (i)                                       (119)
EQU  a.sub.TP .sbsb.e (i+1) = .phi..sub.33 a.sub.TP .sbsb.e (i) + K.sub.a.sbsb.3
      (i) .DELTA..sub.d (i)                                     (120)
EQU  S.sub.P.sbsb.d (i+1) = .phi..sub.44 S.sub.P.sbsb.d (i) + K.sub.a.sbsb.4 (i)
      .DELTA..sub.d (i)                                         (121)
PAL  Note that the .phi. matrix elements and the gains are the same for both
      channels. velocity
PAR  The return address in R0 is saved in FTV2400. Equation sets (118) to (121)
      and (114) to (118) are computed with the same code, with index registers
      set to select the proper variables. R1 is used as an iteration counter and
      also selects the proper angle residual. R2 is used to select the proper L
      terms and R3 selects the proper state variables. The initial value of 2
      for R1 will cause the required two iterations of the code and also select
      .DELTA..sub.d as the angle residual for the first iteration. The inital
      value of 4 for R2 will select L.sub.d.sbsb.1 and L.sub.d.sbsb.2 for the
      equations on the first iteration, and the initial value of 8 for R3 will
      cause selection of the azimuth states on the first iteration. Equations
      (118) to (121) are computed first and the updated azimuth states stored in
      memory.
PAR  At the end of the azimuth channel state vector update, R2 and R3 are set to
      0. This will cause selection of L.sub.e.sbsb.1 and L.sub.e.sbsb.2 and the
      elevation states, respectively, in the equations on the second iteration.
      A Branch and Count (BCT) instruction is executed reducing R1 to 0, which
      will now select .DELTA..sub.e for the equations, and the program branches
      to execute Equations (114) to (118) on the second iteration.
PAR  At the end of the elevation channel state vector update, the second
      execution of the BCT instruction, with R1 now equal to 0, leads to the
      exit instruction, an indirect branch to location FTV2400.
PAR  Subroutine FTS8 illustrated in the flow diagram of FIG. 17 is the Ownship
      Acceleration in Antenna Coordinates Subroutine. Its purpose is to compute
      the components of own ship acceleration in antenna coordinates for use as
      aiding terms in the angle, range, and velocity tracking filters. These
      components are computed every four tracking filter cycles in final track
      using own ship velocities in N, E, D to r, e, d Euler transformation
      angles sampled near the mid-point of the four-cycle period. Note that the
      direction D is the same as the vertical direction V, but opposite in sign.
PAR  FTS8, called with a BAL FTS8, 0 instruction, is entered every four-tracking
      filter cycles in Final Track Mode. Before calling FTS8, the following
      quantities must be stored in FT variable memory
PA1  1. V.sub.N.sbsb.1, V.sub.E.sbsb.1, V.sub.V.sbsb.1 -- own ship velocity
      components in N, E, V near beginning of the four-cycle period.
PA1  2. T.sub.INS -- time in seconds of the four-cycle period.
PA1  3. Sines and cosines of .phi..sub.i, .theta..sub.i,
      (.phi.+.phi..sub.G).sub. i, .epsilon..sub.i, .eta..sub.i -- Euler angles
      sampled near mid-point of the four-cycle period.
PAL  The computed own ship accelerations in antenna coordinates, a.sub.1.sbsb.r,
      a.sub.1.sbsb.e, a.sub.1.sbsb.d, are stored by the subroutine in FT
      variable memory.
PAR  The fundamental equations used by FTS8 to compute the components of own
      ship acceleration in antenna coordinates are:
      ##EQU41##
      where
PA1  V.sub.n.sbsb.2, v.sub.e.sbsb.2, v.sub.v.sbsb.2 = own ship velocity
      components in N,E,V near the end of the four-cycle period
PAL  and the other terms have been defined above.
PAR  The Single Axis Rotation Subroutine (SR) can be conveniently used to
      perform the successive 3 .times. 3 times 3 .times. 1 matrix
      multiplications required in the computations. Thus, to compute vector
      components in frame 2 which is rotated by an angle, .alpha., from frame 1,
      load sin .alpha. in R4, cos .alpha. in R6, and the two vector components
      in frame 1 in R1 and R2. Sr then computes:
PA1  R4 = r1 (cos .alpha.) + R2 (sin .alpha.)                   (126)
PA1  R5 = r1 (sin .alpha.) + R2 (cos .alpha.)                   (127)
PAL  Which frame 1 components are input in R1 and R2 and which frame 2
      components are output in R4 and R5 can be determined from the matrix
      equations.
PAR  The return address in R0 is stored in FTV2400. The current own ship
      velocities from the I/o memory area are loaded into R4, R5, and R6 as
      V.sub.N.sbsb.2, V.sub.E.sbsb.2, and V.sub.V.sbsb.2, respectively. The
      velocities V.sub.N.sbsb.1, V.sub.E.sbsb.1, and V.sub.V.sbsb.1, valid four
      filter cycles ago, are loaded into R1, R2, and R3, respectively. Then, the
      current velocities V.sub.N.sbsb.2, V.sub.E.sbsb.2, and V.sub.V.sbsb.2 are
      stored in FT buffer cells as V.sub.N.sbsb.1, V.sub.E.sbsb.1, and
      V.sub.V.sbsb.1 to be used on the next call of FTS8. The velcoity
      differences are formed in R4, R5, and R6 with rescaling of the vertical
      difference to B12 and sign changing to make the down direction positive.
      The average own ship N, E, D acceleration components over the last four
      filter cycles are computed by dividing the velocity differences by the
      four-filter cycle time, T.sub.INS. T.sub.INS is cleared to initialize for
      the following cycle.
PAR  A series of five single axis rotation transformations are performed
      according to Equation (125) using SR as described above. The sines and
      cosines of the Euler angles transforming N,E,D to r,e,d, saved by FT near
      the middle of the four-cycle period, are used in this process. The final
      results, a.sub.I.sbsb.r, a.sub.I.sbsb.e and a.sub.I.sbsb.d, are stored in
      FT variable memory for use by the tracking filter over the next four
      filter cycles. The subroutine exits via the return address stored in
      location FTV2400.
PAR  Subroutine FTI illustrated in the flow diagram of FIG. 18 is the Filter
      Initialization Subroutine. Its purpose is to initialize those FT variables
      having non-zero values before the start of track. A common entrance is
      provided for all modes, with mode logic in FTI directing the program to
      the proper initialization computations. Results are stored in FT variable
      memory. It is called with a BAL FTI, 0 instruction.
PAR  Before the start of track, the Executive Routine (XT) clears the track data
      base. Thus, all FT variables and flags requiring zero initial values will
      be initialized by this process. FTI is called by XT to initialize those FT
      variables requiring non-zero values.
PAR  The range bin number, R.sub.T, and the filter hit number, F.sub.T, from
      acquisition, are loaded into R1 and R2, respectively. The initial track
      period, T, determined by XT, is loaded into R3, and the negative of the
      last computed own-ship ground velocity, V.sub.G, is formed in R6.
PAR  The range filter states and the velocity filter states are initialized
      according to the following equations.
EQU  R.sub.TPR = R.sub.BIN .sup.. [R.sub.T + 0.5]
EQU  V.sub.TPR = -V.sub.G
EQU  (a.sub.TPR = 0 by track data base clearing)                (128)
      ##EQU42##
EQU  (a.sub.TPV = 0 by track data base clearing)
PAR  The initial gate commands are:
EQU  R.sub.GC =  R.sub.TPR + T .sup.. V.sub.TPR
EQU  V.sub.GC = V.sub.TPV                                       (129)
PA3  A set of a priori SNR's must be stored for use by the FT Routine during the
      first tracking period equal to a final track filter period for the
      operating PRF, since SNR' s from the SN Routine will not be available
      during this time.
PAR  The variable, N, is initialized at one and the flag used to select a gain
      of one for the first MPRF burst ranging is set. FTI exits via the return
      address stored in R0.
PAR  The Antenna Control Routine, AT, illustrated in the flow diagrams of FIGS.
      19 and 20a--20d computes the desired antenna drive commands for roll,
      elevation and azimuth and outputs these commands to the antenna servo
      through the appropriate analog output signals. The entries to the AT
      Routine are listed below.
PA1  At called by XT near the middle of the current track filter cycle.
PA1  Ats1 called by XT to output analog values.
PAL  The flag, with its associated symbolic name, is listed below.
PA1  Atfo1 roll
PAL  the variables defined and used in the AT Routine are listed below.
PA1  Atv01
PA1  atv02
PA1  atv03
PA1  atv04
PA1  atv05
PA1  ftv2011
PA1  ftv2012
PA1  ftv2021
PA1  ftv2022
PAR  fig. 19 is a functional flow diagram of the routine AT shown in more detail
      in the flow diagrams of FIGS. 20a-20d. AT performs two analog inputs in
      the direct mode to obtain analog input word 10 (.theta..sub.d, azimuth
      error angle) and analog input word 11 (.theta..sub.e, elevation error
      angle) from a phase sensitive detector.
PAR  The current roll angle, .phi., input from the INS is used to determine
      whether to establish a stablized roll aspect angle at 0.degree. or
      180.degree. in the following manner.
PA1  .cndot. The stabilized roll aspect angle is 0.degree. if,
PA2  .vertline..phi..vertline. .ltoreq. 70.degree. or
PA2  70.degree. &lt; .vertline..phi..vertline. .ltoreq. 109.degree. and the
      previously established roll aspect angle is 0.degree. .
PA1  .cndot. The stabilized roll aspect angle is 180 degrees if,
PA2  .vertline..phi..vertline. &gt; 109.degree. or
PA2  70.degree. &lt; .vertline..phi..vertline. .ltoreq. 109.degree. and the
      previously established roll aspect angle is 180.degree. .
PAR  The shortest angular rotation to maintain the stabilized roll aspect angle
      (0.degree. or 180.degree. as determined above) is computed. This value is
      converted to a full scale of .+-.110.degree. and is output to the antenna
      servo (LVPS) as analog output word 5.
PAR  The analog input, .theta..sub.e (t+1), is used to compute the difference in
      elevation:
EQU  .DELTA..theta..sub.e (t+1) = .theta..sub.e (t+1) - .theta..sub.e (t) (130)
PAL  and the estimated elevation angle point error:
EQU  .epsilon..sub.P.sbsb.e (t+1) = K.sub.G .sup.. .DELTA..theta..sub.e (t+1) +
      .theta..sub.P.sbsb.e (t)                                  (131)
PAL  where
PA1  K.sub.G = a constant
PAL  The desired elevation rate is computed:
EQU  .omega..sub.C.sbsb.e = .omega..sub.LSP.sbsb.e (t+1) + 15 [l.sub.e (t+1) +
      .epsilon..sub.P.sbsb.e (t+1)]                             (132)
PAL  where
PA1  .omega..sub.LSP.sbsb.e = the LOS elevation rate from the FT Routine
PA1  l.sub.e = an intermediate variable from the FT Routine
PA1  .omega..sub.C.sbsb.e = scaled to .+-.40 degrees/second at BO and is output
      to the antenna servo as analog output word 4.
PAR  The computation for the desired azimuth command rate proceeds in a similar
      manner, where the analog input, .theta..sub.d (t+1), is used to compute
      the difference in azimuth:
EQU  .DELTA..theta..sub.d (t+1) = .theta..sub.d (t+1 ) - .theta..sub.d (t);
      (133)
PAL  and the estimated azimuth angle pointing error:
EQU  .epsilon..sub.P.sbsb.d (t+1) = K.sub.G .sup.. .DELTA..theta..sub.d (t+1) +
      .epsilon..sub.P.sbsb.d (t).                               (134)
PAL  The desired azimuth rate is then
EQU  .omega..sub.C.sbsb.d  = .omega..sub.LSP.sbsb.d (t+1) + 15 [l.sub.d (t+1) +
      .epsilon..sub.P.sbsb.d (t+1)]                             (135)
PAL  where
PA1  .omega..sub.LSP.sbsb.d = the LOS azimuth rate from the FT Routine
PA1  l.sub.d = an intermediate variable from the FT Routine
PA1  .omega..sub.C.sbsb.d = scaled to .+-.40.degree. /second at BO and is output
      to the LVPS as analog output word 3.
PAR  As indicated hereinbefore, the tracking system employing the present
      invention will have an initial and a final tracking phase, i.e., after a
      target has been acquired, the system utilizes two different track modes.
      The initial track mode is used to keep a target between the split gates
      used for range and velocity tracking while the Kalman filter gain inputs
      are being generated. A final track mode, which uses variable Kalman gains,
      produces improved tracking with parameter estimates accurate enough to
      satisfy mission requirements. The same type of discriminate data used by
      the initial track mode is averaged to produce the discriminate data for
      the final track mode. Thereafter, average of discriminate data in the
      final track mode produces measurements with less effective noise. The
      averaging period is selected to be compatable with the expected variations
      in target parameters. SNR data produced by averaging signal and noise
      measurements over a period compatable with their expected variation are
      used to set track filter gains. A technique for computing the SNR data
      will now be described in greater detail.
PAR  The magnitude of the target signal, S, is essentially measured by measuring
      the magnitude of whatever is present in the split-gated range bins or
      doppler filters as shown in FIGS. 21a and 21b, respectively. Since the
      signal measured in each range bin or doppler filter consists of both
      signal and noise, some adjustment to the measurement may need to be made
      to produce the best measure of signal. The magnitude of noise, N, would
      best be measured in each case after removing the target signal from the
      split-gated signals. However, this is impossible without removing some
      clutter which is one component of the noise present. Consequently, to
      obtain a measure of the noise, return signals are sampled in range bins or
      doppler filters on each side of the split-gated bins or filters and
      averaged. Wherever possible, these noise measurements are made by looking
      in range bins rather than doppler filters because jet engine modulation
      sidebands may put unwanted signals in the gated noise samples, thereby
      degrading the noise measurement. Therefore, when range gating is
      available, range bins are used for the noise measurement in computing the
      SNR for range, velocity, azimuth and elevation. For example, five cells on
      each side of the split-gated range bins may be sampled, added and then
      divided by 10 to form an average noise measurement, N.
PAR  Since a ratio, S/N, is required, an average signal measurement, S, must be
      obtained for the numerator in the case of each SNR. That is accomplished
      in the case of SNR.sub.RNG by obtaining the return signals sampled in the
      split-gated range bins, forming the sum S+2N, and then subtracting out the
      averaged noise component present. In other words, recognizing that the
      target will be in one of the two range bins, if the signal returns from
      the split-gated range bins are added, their sum wull be S+2N. If five
      range cells on either side of the split-gated cells are sampled and added
      to obtain a noise measurement, the average noise 10N/10 can be formed
      directly. To remove the component 2N from the signal to be used in the
      numerator, it is then a simple matter of subtracting two times the average
      noise signal. The new values of S+2N and N are obtained every 8.6 msec. At
      the end of a 34.4 msec. period, a smoothed estimate of the signal-to-noise
      ratio is formed from the four samples of S+ 2N and N by the computer 13a.
      The signal and noise samples are obtained from the channel of the radar
      receiver 11 which receives the sum (a+b+c+d) from the antenna.
PAR  The azimuth and elevation signal-to-noise ratios SNR.sub.d and SNR.sub.e
      are similarly computed by the computer 13a using as the numerator the
      signal S developed from the split-gated range bins because, while tracking
      on target, the azimuth signal (a+b) -(b+d) and the elevation signal (a+b)
      -(c+d) are being driven to zero. The develop an average noise signal, N,
      in the two azimuth and elevation channels, the computer 13a updates a
      running average of the signal amplitudes in the azimuth and elevation
      channels as sampled every 8.6 msec. At the end of a 34.4 msec. period, the
      azimuth and elevation signal-to-noise ratios are formed by dividing the
      signal, S, obtained from the range channel by the respective average
      azimuth and elevation noise signals developed from samples of the azimuth
      and elevation channels.
PAR  While the computer 13a is shown as receiving its inputs from the signal
      processor 13, it is recognized that the signal-to-noise ratio computation
      may actually be performed within the signal processor 13, or within the
      estimator 14 using the new raw data obtained from the signal processor 13
      and processing the raw data with a stored subroutine. Alternatively, the
      various signal-to-noise ratios may be computed using analog techniques
      from the output signals of the radar receiver. Analog SNR signals could be
      sampled and converted to digital form at the end of every 34.4 msec. data
      accumulation period. Still other techniques will occur to those skilled in
      the art, particularly in a monopulse tracking radar system employing only
      two receiver channels, one for the range signal and the other time-shared
      for the azimuth and elevation signals. Consequently, it is to be
      understood that the present invention is not directed to techniques for
      computing the required signal-to-noise ratios, but rather is directed to
      using the signal-to-noise ratios however computed from signal measurements
      to adapt the tracking filters in the estimator for the noise environment
      of the return target signal.
PAR  To implement the foregoing routines, the radar data processor which carries
      out the functions of the estimator 14, i.e., of the tracking filters, and
      the controllers 15, 16 includes a digital computer which will now be
      described. That computer may also be used to carry out other system
      functions, such as the functions of the signal processor 13 and the radar
      controller 12. Consequently, the full capability of the computer will be
      set forth in sufficient detail to enable a programmer to not only provide
      the routines described but also provide other system function, i.e., to
      enable a programmer to adopt the present invention to a system having a
      particular environment and operating requirements.
PAR  The particular computer chosen for radar data processor is a Model HCM-231
      Advanced Aerospace Computer designed and manufactured by Hughes Aircraft
      Company. It is called, simply, the "RDP" hereinafter. Basically a simplex
      (uni-processor) machine, the RDP possesses a number of advanced
      architectural features. These include the use of general purpose processor
      registers, half-word and full-word instruction types, a central
      address/data and control bus, system-wide addressing, a modular
      input-output system, and provisions for growth into a multiprocessor
      system.
PAR  The objective of the following is to describe those features of the RDP
      with programming significance and to present its instruction set. The
      description is intended to serve as a detailed reference document for both
      the application programmer and the computer requirements analyst.
PAR  The appendices include a summary of the instruction set in functional
      "arrow" notation, instruction listings ordered alphabetically and by
      opcode, a discussion of data transfers over the system main bus, and an
      explanation of the Read-Only Memory (ROM) subroutines.
PAR  The RDP is composed of standard and special purpose functional modules
      interconnected by a central address/data and control bus to provide
      maximum flexibility. It uses a modular structure that is capable of being
      modified and expanded readily if the necessity should arise. It provides
      considerable programming flexibility via an extensive instruction set that
      employs both full- and half-word instructions which operate on eight
      general-purpose processor registers (GPRs). Other aerospace features
      provided are a real-time clock register, an interrupt indicator register
      with priority decoding, and a fast-access processor local store. Data can
      be manipulated as 12-bit, 24-bit, 48-bit, or parallel 12-bit binary
      numbers in fractional two's complement form. Main memory is configured as
      one module with a capacity of 16K full-words, although the system could be
      modified to add other memory modules. The system inputoutput is completely
      modular to provide the greatest flexibility possible. It is assembled from
      standard input-output (I/O) building block modules.
PAR  The configuration of a chosen RDP is given in FIG. 22. It consists of the
      following major elements. A Processor Unit 200 that: fetches instructions,
      controls instruction execution, and fetches and stores information in a
      control section 201, performs arithmetic and logical operations in an
      arithmetic section 202, and provides fast access non-destructive readout
      (NDRO) storage for frequently used routines in an area called the local
      store or the Read-only Memory (ROM)203. A Main Memory 210 that consists of
      one 16K core module. A Central Communication Bus 211 and Bus Allocation
      Logic 212 that interconnects all RDP system units. An Input-Output (I/O)
      System 220 that consists of standard building block modules and special
      I/O units designed for the application. The special independent units are
      an interface unit 221 referred to as an "041 Special" a central control
      computer (CCC) multiplex terminal 222 referred to as a "CMUX", and a
      peripheral multiplex terminal 223 referred to as a "PMUX". Dependent units
      are a channel controller 224 and three supervised units; a discrete input
      unit 225, a discrete output unit 226 and an analog-digitalanalog converter
      227 for analog input (AI) and analog converter 227 for analog input (AI)
      and analog output (AO).
PAR  I/O operations are accomplished in either of two modes: direct mode or
      buffered mode. Direct mode I/O, which is under complete program control,
      involves the transmission of data items directly between the I/O system
      and one of eight general purpose processor registers. Generally, one
      program instruction is required for each data item transfer.
PAR  Buffered mode I/O is accomplished by one of the I/O special units 221, 222
      and 223 independently of the processor unit operation once and I/O
      transaction has been initiated. I/O transactions can be accomplished
      either by the execution of te PCW instruction or by an externally
      generated start command. Each transaction may involve a variable number of
      data items. The status of a transaction can be determined by the execution
      of an LCW Instruction that addresses the I/O control unit in charge of the
      transaction, except in the case of specially designed control units whose
      status cannot be sampled.
PAR  Each RDP module is categorized as either an independent or dependent unit
      in the drawings. Only independent units may initiate data transfer
      requests. All such requests are arbitrated by the bus allocation unit
      logic that assigns bus cycles to a unique (priority-selected) independent
      unit request. Requests may be addressed, in general, to other independent
      units or, more often, to one of the system dependent units, which respond
      to the request appropriately.
PAR  The operational structure of the RDP enables it to perform efficiently a
      variety of real-time general-purpose aerospace computational tasks:
PA1  a. Main Core Memory of 16K full-words, each full word containing 24 bits.
PA1  b. Half-word oriented addressing scheme to provide flexibility in half-word
      operations.
PA1  c. Word-oriented system-wide data transfer (24-bit word) for maximum
      hardware efficiency. (Memory and I/O locations are addressable and
      alterable by half-word, word, or double-word quantities.)
PA1  D. machine cycle time of 0.25 .mu.s for rapid execution.
PA1  e. Selective memory write protection for program instruction and constant
      security.
PA1  f. Eight 24-bit general purpose registers or GPRs (replacing specialized
      registers such as index registers, accumulators, M/Q registers, and data
      registers) to reduce program size and increase processor speed. Three GPRs
      are used as index registers, in addition to their general functions.
PA1  g. Four 24-bit working registers (WRs) to contain the following registers
      in program-addressable locations.
PA2  Program location counter register
PA2  Interval timer register
PA2  Priority-Decoder Interrupt indicator register
PA2  Interrupt mask bit register
PA1  h. Dual-addressing of GPRs and WRs so that all memory-addressing
      instructions (with or without address modification) can perform
      register-to-register operations for added programming power.
PA1  i. Fast access local store containing frequently used mathematical
      subroutines.
PA1  j. Direct addressing of 2048, 24-bit words (ranging over entire read/write
      scratchpad memory) without the need for indexing or indirect addressing to
      facilitate operations involving constants and data stored in memory.
PA1  k. Instruction address modification via indexing alone, multilevel indirect
      addressing alone, or multilevel indirect addressing with pre-and/or
      post-indexing at each level.
PA1  1. Immediate data-storing instructions for greater storage efficiency and
      increased speed.
PA1  m. Automatic error condition checking for arithmetic and shift overflows,
      division by zero, and illegal write addresses. Detection of any of these
      conditions triggers an interrupt that passes control to a user-written
      recovery routine. At the user's option, error conditions may be ignored by
      masking off selected interrupts.
PA1  n. Three-state condition code (less than, equal to, greater than zero) for
      complete six-condition branching flexibility; set by most load,
      arithmetic, logical, and shift instructions.
PA1  o. Power transient sensing and program shut-down capability via hardware
      interrupt.
PA1  p. Program monitoring via watchdog timing logic and interrupt to provide
      program error detection and recovery capability.
PA1  q. I/O interrupts to indicate status of I/O operations and to provide I/O
      system control.
PA1  r. Complete, powerful instruction set, including
PA2  Half-word and full-word instructions
PA2  Half-word, parallel half-word, word, and double-word arithmetic operations
PA2  Multiple register transfer instructions
PA2  Complete set of logical operations (And, Exclusive and Inclusive Or, One's
      and Two's Complement)
PA2  Comparison operations
PA2  Shift operations: right, left, and circular-single or double word --
      arithmetic or logical; single word normalize
PA2  Branch addressing ranging over main memory directly without need for
      address modification
PA2  Extensive register-to-register instruction subset
PAR  Programming the RDP involves some understanding of its data structures and
      storage allocation, the basic processing elements, its instruction types
      and address computation techniques, and the operation of its interrupt
      system. The details of organization and operations that are commonly
      required to program most efficiently may be grouped into four major areas:
      data formats and storage allocation; processor; instruction formats and
      instruction address formation; and interrupt system.
PAR  Referring first to data formats, data in the RDP system can be represented
      as full-word, half-word, or double-word elements. The appropriate formats
      are presented below, followed by a discussion of data information
      boundaries.
PAR  Full-Word -- The basic data element in the RDP is a 24-bit word. Bit
      positions within a word are numbered 0 through 23 as follows, and bit
      position 0 is reserved for the sign (S).
PAR  Half-Word -- An RDP 24-bit word can be divided into 12-bit half-words. Bit
      positions are numbered 0 through 11 for both half-words; the left
      half-word has an even systemaddress, and the right half-word has the next
      higher odd system-address. Again, bit positions numbered 0 are reserved
      for the sign (S).
PAR  The left and right half-words may be unrelated; however, together they may
      form a parallel half-word operand, and two arithmetic operations may be
      performed concurrently using two pairs of parallel operands.
PAR  Double-Word -- Two RDP words can be combined to form a 47-bit double word.
      Bit positions are numbered 0-23 for the most significant half plus sign in
      bit position 0, and 24-46 for the least significant half. Bit position 47,
      the least significant bit of the second word (normally numbered 23) is not
      used, i.e., in double-word operations, the contents of Bit 47 are
      unpredictable.
PAR  Data in any length format can be either arithmetic or non-arithmetic.
      Whenever arithmetic data are stored in the RDP, the fractional two's
      complement number system is used with the sign bit appearing in the
      positions numbered 0 in each data format. In a fractional data
      representation scheme, data values can range only from -1 to +1. The
      binary point is understood to be located immediately after the sign bit.
PAR  The system has certain restrictions to the positioning of data items
      relative to the full-word storage location boundaries. Basically, data
      item boundaries must align with full-word boundaries. The restriction
      reflects the full-word data fetching by the processor; whenever a
      half-word quantity is required, the full-word containing it is accessed
      and the processor retains the required half-word. These restrictions are
      not a serious inconvenience since data types are usually grouped together
      for maximum storage allocation efficiency.
PAR  The RDP system-wide address structure facilitates modularity, flexibility,
      and instruction set effectiveness by providing each storage location with
      an address on a common address continuum. Basically, all storage locations
      have a system address, whether they are physically in the processor, main
      memory or input/output system. Further, storage locations external to the
      computer system can be assigned and referenced by system addresses,
      requiring only that these locations are provided with an interface
      connection to the main bus. Up to 8,389,000 full-words (16.8 M half-words)
      locations can be referenced. Access to this wide range of storage
      locations is accomplished through the use of a 24-bit system address,
      which is transmitted over the 24-bit bus also used for parallel data
      transmission.
PAR  FIG. 23 contains the RDP storage allocation assignments. Because of the
      half-word instruction and data word capabilities, RDP addresses are
      expressed in half-words. The first 256 addresses (octal locations 0-377)
      reference the general purpose registers, working registers, and local
      store locations. Although the processor registers also have short,
      three-bit addresses normally used in instruction words the auxiliary
      system address allows instructions which nominally utilize an operand in
      memory to also specify one in a processor register; this capability
      enhances the power of the instruction set since, for example, an exchange
      of two registers can be accomplished by the same instruction used to
      exchange the contents of a register with those of a memory cell.
PAR  The RDP processor can, however, be operated in a mode where the first 256
      addresses reference main memory locations instead of processor locations;
      in this case read or write requests with addresses in this range are sent
      out over the main bus rather than satisfied within the processor. In FIG.
      23, the first 256 main memory half-word locations can (only) be referenced
      in this mode. Special control instructions (SCP and SCM) are used to
      change processor addressing modes and thereby lock or unlock this block of
      privileged memory cells.
PAR  The rest of the main memory locations in FIG. 23 are addressable in either
      processing mode. They are partitioned into read/write scratch pad and read
      only parts, by the memory interface logic; an attempted write into the
      read only portion is denied and an interrupt transmitted to the processor.
      Note that part of the scratch pad has been dedicated to the storage of
      interrupt information.
PAR  The I/O system addresses in FIG. 23 are disjointed from, and numerically
      higher than, those of the processor and main memory. Many of the potential
      I/O addresses are spares.
PAR  The RDP contains certain basic storage elements whose contents or state are
      directly affected by the program instructions. These elements are
      discussed below and are depicted in FIG. 24.
PAR  The control section 201 is composed of four working registers, control bits
      used for enabling the tactical interrupts and controlling low-order memory
      address references, and the instruction execution register -- plus other
      logic necessary to fetch instructions and operands as well as sequence the
      processor unit.
PAR  Each working register is dedicated to a specific function:
PA1  Program Instruction Register (Working Register O) that is functionally 18
      bits in length. It is used to hold the address of the instruction
      currently being executed.
PA1  Interval Timer Counter (Working Register 1) that contains a 24-bit count of
      clock timing pulses. Both the timing pulse frequency and effective count
      size (within 24 bits) have wire-wrap options.
PA1  Interrupt Indicator Register (Working Register 2) that contains the set of
      priority-ordered interrupt indicators. Bit position 0 corresponds to the
      highest priority indicator; lower priority indicators are assigned to
      increasing higher numbered bit positions.
PA1  Interrupt Indicator Mask Register (Working Register 3) that contains the
      mask bit corresponding to the interrupt indicator register in the same
      relative bit position.
PAR  The instruction execution register contains either the left-most half of
      full-word instructions or entire half-word instructions. Normally, it
      receives instructions from the processor look-ahead unit (not shown) and
      not directly from storage.
PAR  The arithmetic section 202 consists of eight 24-bit general purpose
      registers, a 2-bit condition code register, a 24-bit instruction
      address/operand register -- as well as an adder, auxiliary processor
      register, and the necessary gating and logic to execute instructions and
      perform address modifications.
PAR  A subset of the general purpose registers, registers 1 through 3, may be
      used as index registers. Otherwise, they are used exactly as the others;
      i.e., as accumulators, temporary data storage locations, fast-access
      storage for short instruction sequences, etc. Address indexing is
      accomplished by adding the index register contents to the instruction
      immediate address, that is obtained from the instruction address/operand
      register.
PAR  The 2-bit condition code register CC.sub.2 indicates the magnitude relative
      to zero (less than, equal, or greater than) of a particular data item;
      complete conditional branching is achieved through interrogation of this
      register. Thus if a branch on non-equality is desired, it will be allowed
      if the condition code register is in either the less than or greater than
      state. The allowed states of the condition code register are defined
      below.
PAR  In addition to the foregoing storage elements, there is a special 112-word
      block of fast access read-only memory designed to hold ROM subroutines.
PAR  As in most digital data processing systems, the RDP consists of a set of
      hardware units that can operate concurrently and that time-share a central
      communication bus. This organization provides a modular structure that
      allows the RDP to be tailored to application requirements to be easily
      augmented if the system needs upgrading during its life span. The modular
      organization also provides executional speed advantages. For example,
      operations such as an analog-to-digital conversion, a multiplexed digital
      output, an arithmetic instruction, and a fetch to memory of the next
      instruction can all be in progress concurrently.
PAR  As a result of this organization, however, the execution time for each
      individual instruction as well as for entire program segments is affected
      by several factors that are as follows. The value of each address
      (computed from the instruction address field, index register contents, and
      indirect address words) determines which unit contains the desired
      operand. Each unit in general has a unique access time. Since each unit
      possesses a fixed priority for bus cycles, the time required to secure the
      bus depends upon the concurrent requests from the other units. Once bus
      usage is secured, the time required to process the request depends on the
      requested unit's status; if concurrently busy, the request must be
      repeated when the unit is again idle. The previous program instructions
      and the corresponding system events affect the status of the next
      instruction look-ahead process. This process determines the actual
      instruction fetch time delays and also makes memory cycle requests
      concurrent with normal instruction execution. To aid in the preparation of
      RDP programs, typical execution time ranges for each instruction are given
      in Appendix A which sets forth a table of the RDP instruction set.
PAR  The RDP interval timer (working register 1 also known as "real-time clock")
      consists of a 24-bit binary counter that is automatically incremented by
      unity at the selected rate. The interval timer can be consulted and also
      set to any desired value by the program. Whenever the interval timer
      register overflows, an interrupt indicator is set. This device is
      primarily a means for imposing accurately determined time limits without
      requiring programmed clock watching.
PAR  Associated with the interval timer is some special logic known as the
      "watchdog timer." This logic monitors the time elapsing since the
      occurrence of the last interval, the logic generates an overriding
      (catastrophic) interrupt to indicate that a program error has occurred.
PAR  The interval timer is implemented as one of the RDP working registers,
      since it possesses both a 3-bit working register address and a syste-wide
      address. Thus, the register count can be "read" via any Load instruction
      and altered with a Store, Add-to-Memory (ATM), Exchange (X), Selective
      clear-to-working registers (CSW), or Or-to-Working Register (OW)
      instruction. The preferred technique for resetting the timer to overflow
      periodically is to execute an ATM instruction whose system "memory"
      address is that of the timer register. The two's complement of the period
      to be timed, measured in counter timing pulses, is the quantity to be
      added. The number of pulses elapsing since the last overflow is already
      contained by the timer; therefore, when the period complement is added a
      clock overflow will occur as desired. Resetting in this manner is error
      proof; if a timing pulse occurs during the ATM instruction execution, its
      increment is automatically delayed until the completion of the instruction
      execution.
PAR  The occurrence of an interval timer overflow enables the watchdog logic.
      This logic is disabled (turned off) by any program alteration of the timer
      contents. If no such "timer maintenance" is performed before 2.sup.12
      clock pulses are generated, the timer register will overflow into bit
      position 11. When this occurs, the "watchdog interval" has elapsed and a
      watchdog interrupt is triggered (i.e., the watchdog timer interrupt
      indicator bit in WR2 is set). The watchdog interval is approximately 33
      milliseconds (2.sup.12 pulses .times. 8 microseconds per pulse). Note that
      the execution of an ATM instruction, primarily to reset the interval
      timer, will also reset the watchdog logic.
PAR  There are 92 different RDP instructions. The instructions utilize 13 format
      types; these are presented in FIG. 25. Here, R is used to denote a general
      purpose register via a 2 or 3-bit processor address; superscripts are used
      to indicate the usage by the instruction of the register. An asterisk (*)
      is used to denote the indirect addressing flag, indicated by a 1 in bit
      position zero whenever this option is desired. The letter m is used to
      denote an instruction immediate address field; if neither indexing nor
      indirect address modification is utilized, this address becomes the
      instruction's final effective or global effective address. The letters y
      and I denote 12-bit or 3-bit immediate data operands, respectively; they
      are treated as signed, two's complement numbers where the sign bit
      occupies the most significant (leftmost) bit position within the operand
      field. Additional instruction format notation is explained in the figure.
PAR  The RDP instruction formats are of two basic types -- half-word and
      full-word -- that differ in their memory storage requirements. Most
      half-word format instructions (except the AGE instruction) involve
      operations that affect registers or control bits located within the
      Processor and utilize the short processor addresses for these purposes.
      Full-word format instructions typically affect a general purpose register
      and can also form system-wide addresses for operands as well. The specific
      formats are discussed briefly below.
PAR  Half-word instructions are used whenever possible since they require half
      the storage and execute more quickly than an equivalent full-word
      instruction. The RDP employs four half-word instruction formats: (1) RR
      (Register-to-Register) used by half-word instructions involving two
      general purpose registers, (2) RO (Register Operation) used by half-word
      instructions involving one general purpose register, (3) CO (Control
      Operation) used by half-word instructions that alter control bit states,
      (4) AGE (Aerospace Ground Equipment) used exclusively by the AGE
      instruction.
PAR  Full-word instructions provide system-wide addressing capability and
      maximum operation versatility. Though usually employed to reference memory
      or I/O system operands, they can also be used to advantage as powerful
      general purpose register instructions, referencing the registers via their
      system addresses. Nine full-word formats are used as follows:
PA1  1. RM (Register Memory) -- Used by instructions involving a general purpose
      register and an operand stored anywhere within the system.
PA1  2. LA (Long Address) -- Used by three branching instructions to directly
      address the total memory system.
PA1  3. BC (Branch Conditionally) -- Used by six conditional branch instructions
      to directly address the total memory system.
PA1  4. MM (Multiple Memory) -- Used by multiple-word data transfer
      instructions.
PA1  5. IA (Immediate Operand) -- Used by 3-bit immediate-operand storage
      instructions.
PA1  6. IY (Immediate Operand) -- Used by 12-bit immediate-operand storage
      instructions.
PA1  7. SH (Shift) -- Used by most shifting instructions.
PA1  8. BIT (Built-in Test) -- Used exclusively by the BIT instruction.
PA1  9. LCW (Load Control Word) -- Used exclusively by the LCW instruction.
PAR  The address modification facilities of the RDP are extremely powerful;
      direct addressing, indexed addressing, multilevel indirect addressing, and
      multilevel indirect addressing with indexing are all available. The
      complete range of system-wide addresses (8.4 million words) can be formed
      by any indexed address; indirect addresses include, without indexing, over
      131,072 words. Each form of address modification is discussed below. All
      addresses extend to the half-word level.
PAR  Three terms are used in connection with RDP instruction address formation:
      (1) immediate address -- the address contained within an instruction or
      indirect address operand address field; (2) local effective address -- the
      address formed, at any addressing level, by the sum of an immediate
      address and the contents of an index register, if specified; and (3)
      effective or global effective address -- the final address determined by
      the instruction address modification process. In the case of direct
      addressing, the immediate address becomes both the instruction's local and
      global effective address. This address has a range of 2048 full words for
      most memory addressing instructions; branch instructions directly range
      over 16,384 full words.
PAR  Most memory-addressing instructions may specify an index register,
      designated as R.sup.x, whose contents will be added to its immediate
      address to form the instruction's global effective address. Such an
      address is 24 bits in length and can range over 8.4 million words. General
      purpose registers 1, 2 or 3 may be designated as an index register via the
      corresponding 2-bit binary address. (An address value of 00 indicates that
      indexing is not desired; thus, general purpose register 0 cannot be used
      as an index register.)
PAR  Indirect address formation is specified by setting the indirect address
      flag bit (bit position 0 denoted in an instruction format by an asterisk)
      to one. In this case, the instruction's local effective address locates or
      points to an indirect address operand word stored within the appropriate
      addressing range. The contents of this word appear in the following
      format:
     *R.sup.x                                                                  

            E     CC            m                                              

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23             

PAR  Here, the fields of bit positions 1, 2 and bit positions 6-23 for R.sup.x
      and m respectively have the same meaning as in instruction formats. The CC
      and E fields (bit positions 4, 5 and bit position 3, respectively) are
      used during system interrupts to store the processor condition code and
      tactical interrupt enable status. In indirect addressing, the CC and E
      fields are not interpreted, unless the instruction is a B, BCT, or BAL
      instruction. In this case, the CC field is examined and if it contains
      zeros, no CC or E change is made. If the CC field is non-zero, then the CC
      register is set to the state corresponding to the CC field value and the
      Tactical Interrupt (TI) flipflop set to the value of the E field.
PAR  The interpretation of the local effective address depends upon the state of
      the indirect address word flag bit; it is set to 1, the indirect address
      operand's local effective address points to a second indirect addressing
      level. Succeeding indirect address levels are processed until an operand
      whose flag bit is set to 0 has been fetched. The local effective address
      of this final operand becomes the instruction's global effective address.
PAR  Indexing can be employed at any level of indirect addressing -- either in
      forming the indirect operand's address (pre-indexing) or in forming that
      operand's local effective address (post-indexing). When post indexing is
      used, an addressing range of 8.4 million words results; if not, the
      addressing range becomes 131,072 words.
PAR  Subroutines normally are entered by executing a Branch and Link (BAL)
      instruction, which places the calling program's return address in one of
      the first four general purpose registers (0 through 3). If registers 1
      through 3 are used, a return from the subroutine can be accomplished
      through either indexing or indirect addressing techniques; if register 0
      is specified, indirect addressing must be used. See the BAL instruction
      description in for specific calling sequences.
PAR  The RDP allows for a maximum of 24 interrupts, with hardware priority
      decoding and nesting. Interrupt signals set individual bits (called
      interrupt indicators) that are subsequently cleared by the programmer.
      Each interrupt signal consists of either a DC level or a pulse of at least
      1 .mu.s duration. Interrupt indicator bits may also be set directly by the
      program, a capability useful in executive control routines and system test
      modes. The indicator bits are retained in the Interrupt Indicator Register
      (Working Register 2). The highest priority indicator is located in the
      register's sign bit position, and the others are located in succeeding bit
      positions in order of decreasing priority. Each interrupt, with the sole
      exception of the watchdog timer interrupt, can be selectively masked or
      unmasked via a mask bit in the associated interrupt mask register (Working
      Register 3). The mask bits in Working Register 3 correspond, bit position
      by bit position, to the interrupt indicator bits in Working Register 2.
PAR  The RDP interrupts are divided into two classes: catastrophic and tactical.
      Catastrophic interrupts have inherently higher priority than tactical
      interrupts, though each system interrupt possesses a unique priority
      level. The following table illustrates the current RDP interrupt system
      configuration. Three standard catastrophic interrupts are indicated. In
      order of decreasing priority, these are watchdog timer (unmaskable), power
      on, and power transient detection. In addition, a spare catastrophic
      interrupt indicator is available if needed later.
TBL  __________________________________________________________________________

     INTERRUPT                                                                 

            BIT                                                                

     PRIORITY                                                                  

            POSITIONS                                                          

                   FUNCTION        CLASS                                       

     __________________________________________________________________________

     0      0      Watchdog Timer  Catastrophic                                

     Spare- 1                                                                  

            Catastrophic                                                       

     2      2      Power On        Catastrophic                                

     3      3      Power Transient Catastrophic                                

     4      4      Arithmetic Anomaly                                          

                                   Tactical                                    

     5      5      Illegal Write Request                                       

                                   Tactical                                    

     6      6      Interval Timer Overflow                                     

                                   Tactical                                    

     Spare- 7                                                                  

            Tactical                                                           

     8      8      MRM Launch Command                                          

                                   Tactical                                    

     9      9      Processing Pulse                                            

                                   Tactical                                    

     Spare- 10                                                                 

            Tactical                                                           

     Spare- 11                                                                 

            Tactical                                                           

     12     12     RSP (039) Crowbar Fired                                     

                                   Tactical                                    

     13     13     RSP (041) Crowbar Fired                                     

                                   Tactical                                    

     14     14     A/D/A Conversion Complete                                   

                                   Tactical                                    

     15     15     RSP Data Transmission                                       

                                   Tactical                                    

                   Complete                                                    

     16     16     RDP Multiplexer Transmission                                

                   Complete        Tactical                                    

     17     17     CCC MUX Transmission                                        

                   Complete        Tactical                                    

     Spare- 18                                                                 

            Tactical                                                           

     19     19     RDP MUX Data Error                                          

                                   Tactical                                    

     Spare- 20                                                                 

            Tactical                                                           

     Spare- 21                                                                 

            Tactical                                                           

     Spare- 22                                                                 

            Tactical                                                           

     Spare- 23                                                                 

            Tactical                                                           

     __________________________________________________________________________

PAC  Priority Interrupt Assignments
PAL  Each interrupt level has a unique priority assignment and two dedicated
      full-word memory locations.
PAR  All other system interrupts (up to 20) are classified as tactical
      interrupts. Three are standard: arithmetic anomaly, illegal write request,
      and interval timer overflow. Interrupts required by the tactical
      application are added to these. As illustrated in the figure they include
      interrupts from I/O system modules indicating the completion of I/O data
      transmission tasks and interrupts originating externally in other avionic
      subsystems or computer system control panel.
PAR  The program exerts control over the interrupt system in three basic ways:
PA1  1. At each interrupt level, the interrupt mask bit can be set or reset,
      thereby affecting the system response to a set indicator.
PA1  2. All interrupts are temporarily disarmed for the two instruction
      execution times following a DSIM (Disable Interrupts Momentarily)
      instruction. These interrupts are also disarmed temporarily following the
      alteration of any working register contents by the system.
PA1  3. The tactical interrupts as a class can, at any time, be enabled or
      disabled via the ENT (Enable Tacticals) and DST (Disable Tacticals)
      instructions. These instructions set and reset a processor control bit.
      Upon interrupt recognition, the status of this bit is saved (to be
      restored following the interrupt subroutine execution) and is
      automatically set to the disable position.
PAR  Two memory cells, the interrupt's A and B words, are associated with each
      interrupt level. An interrupt's A word contains the 18-bit address (right
      justified in the 24-bit memory word) of the first instruction in the
      subroutine servicing that interrupt. It's B word provides storage space
      for an indirect address operand word, which is packed by the control unit
      at the time of interrupt recognition. It retains the interrupted program's
      resume location in the operand's address field, and the condition code
      register and tactical interrupt flip-flop status before the interrupt in
      the operand's CC and E fields, respectively. The A and B words are located
      sequentially in memory, and the A word has the lower numerical address.
PAR  RDP interrupt recognition is contingent upon various factors that are
      functions of external signals, program-set control bits, and the processor
      status. Catastrophic interrupt recognition differs only in that the
      tactical enabled condition is not required.
PAR  An interrupt level becomes set upon receipt of (1) an external interrupt
      sign or (2) an equivalent program initiated action. While the first such
      action results in setting the interrupt indicator bit, subsequent
      interrupts cannot be retained until the bit has been reset. When the
      tactical interrupts are disabled, none will be recognized even if all
      other conditions have been met. However, interrupt signals can be accepted
      and remembered in the disabled state. In the tactical interrupt enabled
      state, recognition becomes a function of individual interrupt level
      indicator and mask bits, and the processor state. Interrupt signals are
      accepted and remembered.
PAR  When an interrupt level is masked, a set indicator, if present, is not
      permitted to cause an interrupt. As before, interrupt signals are accepted
      and remembered. In the unmasked state (assuming also the enabled state) an
      interrupt level is effectively in a waiting state. Whenever an interrupt
      signal at this level is received, it will immediately be considered for
      recognition by the processor.
PAR  A set interrupt indicator, currently unmasked and enabled, is recognized by
      the processor when: (1) the interrupt system is armed, (2) the processor
      is between program instruction sequences, and (3) the interrupt has the
      highest priority among all interrupts with the same status. The processor
      then executes an interrupt control sequence, described in the next topic,
      and branches to the interrupt servicing subroutine. The interrupted
      program location, together with the status of the processor's condition
      code and tactical enable bit, are stored in the dedicated memory word. If
      use of general purpose or working registers is required by the interrupt
      subroutine, their current contents should first be saved and subsequently
      restored as required by the subroutine. An interrupt indicator bit, once
      set, is reset by the program; usually by the interrupt-servicing
      subroutine.
PAR  During the execution of an interrupt routine, the tactical enable control
      bit may be set by an ENT instruction. This action permits the
      interrupt-servicing subroutine itself to be interrupted by another
      tactical interrupt, if one is present that meets the other criteria. Thus
      the urgent portions of an interrupt can be processed first without delay
      and the remaining portions completed only when other interrupts
      (selectable through masking) have been recognized.
PAR  Programmed interrupt indicator setting can be used to advantage in certain
      forms of executive program control. For example, tactical interrupt levels
      can be assigned to each of the avionic program iteration rates, with the
      higher rate routines given higher priorities. An executive routine,
      controlled by a periodic interrupt, sets program interrupt indicators as
      the appropriate iteration rate; following its completion, control is
      passed to avionic programs in order of their relative urgency.
PAR  During the execution of tactical programs, errors may occur that either
      result in the generation of an unrepresentable operand (as with an
      arithmetic overflow) or in a program "hang-up". Since such occurrences can
      be a function of variables obtained from the I/O system, or of a spurious
      noise signal, they may not be detectable before their actual appearances
      in real time. The RDP system provides hardward detection of several such
      executional errors and subsequently sets an appropriate interrupt
      indicator bit.
PAR  If the RDP program enters an infinite loop or halts unexpectedly, control
      is regained via a catastrophic watchdog interrupt. This (unmaskable)
      interrupt is generated by special logic associated with an interval timer
      clock; see "Use of the Interval Timer" for further details on its
      operation. The exact interval elapsing between the occurrence of the error
      and the generation of the watchdog interrupt is subject to variation,
      though in most cases it will be less than the interval timer capacity.
PAR  Several arithmetic anomalies may occur that result in the setting of a
      tactical interrupt indicator. These anomalies occur when an operation
      result cannot be represented correctly as a fractional two's complement
      number, i.e., in the range (-1) through (+1 - 2.sup.-.sup.23),
      inclusively. Three specific anomalies are detected by the RDP processor;
      (1) overflows resulting from an addition or subtraction instructions, (2)
      saturated quotients resulting from any division instruction involving a
      dividend whose absolute value exceeds that of the divisor, or equals the
      divisor if the dividend and divisor are likesigned, and (3) overflows
      resulting from a left-shift operation in which the operand's sign bit
      value was changed during the shift. In all cases, the condition code
      register value after the anomaly is interpreted as follows.
     CC1      CC2       MEANING                                                

     ______________________________________                                    

     0        1         Result after overflow is negative                      

     1        0         Result after overflow is zero                          

     1        1         Result after overflow is positive                      

     ______________________________________                                    

PAL  Note that overflow singularities resulting from two's complement absolute
      value, or multiply instructions are not detected. These result when (-1)
      is used as the operand or operands.
PAR  If a write request (resulting from a store, exchange, or add to memory
      instruction) is generated that addresses a read-only memory cell, it is
      detected by the memory addressing circuits that in turn set an interrupt
      indicator. The write request is not allowed.
PAR  If the processor attempts to execute a non-existent instruction (i.e., one
      with a non-used op code combination), an effective no-operation is
      performed. This condition is not formally detected, and the next program
      instruction is then executed.
PAR  The RDP input-output system interfaces directly or indirectly within the
      processor via the main bus system of the computer as noted hereinbefore
      with reference to FIG. 21.
PAR  RDP I/O operations are accomplished in either of two modes: direct mode or
      buffered mode. Direct mode I/O, which is under complete program control,
      involves the transmission of data items directly between the I/O system
      and one of the eight general purpose processor registers. Generally, one
      program instruction is required for each data item transfer.
PAR  Buffered mode I/O is accomplished by one of the I/O special units 221-223
      in FIG. 22 independently of the processor unit operation once an I/O
      transaction has been initiated. I/O transactions can be accomplished
      either by the execution of the PCW instruction or by an externally
      generated start command. Each transaction may involve a variable number of
      data items. The status of a transaction can be determined by the execution
      of an LCW instruction that addresses the I/O control unit in charge of the
      transaction, except in the case of specially designed control units whose
      status cannot be sampled. The functioning of the I/O units are described
      in detail, but first the I/O system address formats and the definitions of
      various control parameters appearing in thse formats are presented.
PAR  Input-output operations, either direct or buffered modes, involve the
      transmittal of address words to I/O units. In addition, a controlled word
      is usually required by the special units during buffered mode operation.
      The two I/O system address formats that apply to both I/O modes are given
      here. The formal definition of all I/O system control parameters as used
      in address words or control words is also included.
PAR  The RDP system addressing philosophy is to provide unique addresses for all
      I/O registers and memory locations. As such, an "I" bit (number 6) in the
      address structure separates I/O addresses from memory addresses. (I=0 for
      all memory addresses and I=I for all non-memory addresses including the
      control words).
PAR  The two basic I/O address formats and the main memory address format for
      reference are given in Appendix A. One address is used for dependent I/O
      units (such as channel controllers) and the other for independent units
      221-223. The positions and required states of various control parameters
      are shown. Control bit state combinations other than those given are
      undefined and thus result in illegal system addresses. In all addresses
      the first 4 bits (numbers 0-3) are reserved for system-wide addressing
      whenever more than one computer system is connected. These bits will be
      0000 for all local addresses in the RDP application.
PAR  The control bit C (number 4) is set to 1 for all control word addresses and
      to 0 for non-control word addresses such as the memory and other dependent
      unit addresses.
PAR  Various I/O control parameters are required to designate the proper
      response to an I/O request. The values of the particular control
      parameters required in a data transmission are specified in the address or
      control word transmitted to the I/O unit over the address/data bus. Those
      I/O control parameters that are used in one or more of the standard RDP
      I/O formats are defined in Appendix A. Most control parameters are used
      either in address words or control words (not both) and apply to only
      those formats in which they are specified.
PAR  There are three I/O address word formats -- the main memory address format,
      the dependent unit address format, and the independent unit address
      format.
PAR  Because of the system-wide nature of addressing in the RDP architecture,
      all instructions that can form an effective address specifying 18 or more
      of the 24-bit full system address can reference locations in the I/O
      system. Fully 38 of the 92 instructions in the RDP instruction set have
      this capability. Specifically, they are the instructions that utilize the
      RM, MM, LA, and IA instruction formats. Thus, no special I/O instructions
      are required to perform direct mode I/O operations. The instructions that
      can reference an operand in the I/O system are as follows.
TBL  __________________________________________________________________________

     MEMORY-REFERENCING INSTRUCTIONS                                           

     __________________________________________________________________________

     Instruction                                                               

            Name      Instruction                                              

                               Name                                            

     __________________________________________________________________________

     (Input)          (Arithmetic)                                             

     L      Load      A        Add                                             

     LH     Load Half AH       Add Half                                        

     LE     Load Right                                                         

                      AD       Add Double                                      

     LD     Load Double                                                        

                      AP       Add Parallel                                    

     LM     Load Multiple                                                      

                      AIM      Add Immediate to                                

                               Memory                                          

     (output)         S        Subtract                                        

     ST     Store     SH       Subtract Half                                   

     STH    Store Half                                                         

                      SD       Subtract Double                                 

     STR    Store Right                                                        

                      SP       Subtract Parallel                               

     STD    Store Double                                                       

                      M        Multiply                                        

     STM    Store Multiple                                                     

                      MH       Multiply Half                                   

     STI    Store Immediate                                                    

                      MT       Multiply Truncated                              

     STHI   Store Half                                                         

                      D        Divide                                          

             Immediate                                                         

     (Logic)          (Miscellaneous)                                          

     N      AND                                                                

     O      OR        B        Branch Unconditional                            

     E      Exclusive OR                                                       

                      BAL      Branch and Link                                 

     C      Compare   BCT      Branch on Count                                 

     CB     Compare Bits                                                       

                      X        Exchange                                        

     CH     Compare Half                                                       

                      PCW      Place Control Word                              

     __________________________________________________________________________

PAR  Most of the direct mode I/O operations probably will be accomplished by
      those data transfer instructions listed under input and output. These
      instructions are executed exactly as when a memory location is specified;
      the I/O system location involved is selected by the instruction effective
      address. The condition code register is also set or not set just as
      before.
PAR  To perform input and output data operations directly between the RDP
      arithmetic and control unit and the I/O system, the effective address must
      be generated and transmitted on the address/data bus in the format (1)
      given below:
TBL  S.A.        C     T     I   P   Channel Con-                              

     0 0 0 0     X     0     1   1   troller No.                               

     ______________________________________                                    

     0 1 2 3 4 5 6 7 8 9 10 11                                                 

     control                                                                   

     bits                                                                      

     Subchannel    S     M     Word No.                                        

                                       H                                       

     No.                                                                       

                   0                                                           

     ______________________________________                                    

     12 13 14 15 16 17 18 19 20 21 22 23                                       

     ______________________________________                                    

PAL  where
PA1  S.a. = a "global" system address. Always 0 for RDP.
PA1  C = control Bit
PA2  C=1 for control word addresses
PA2  C=0 for non-control word addresses such as the memory.
PA1  T = terminate bit. Not used in RDP.
PA1  I=1 indicates an address outside main memory
PA2  I=0 for all memory addresses.
PA1  P=1 indicates a Channel Controller and not a special dependent unit (none
      in RDP) address.
PA1  Cc no. = Channel Controller number. Since there is only one in the RDP, it
      is always 0.
PA1  S/c no. = Subchannel number. For the A/D/A converter,
PA2  S/c = 0 and for both the DI and DO modules
PA2  S/c = 1.
PA1  s = spare. Always 0.
PA1  M = ai mode bit. Always 0 for AO's, DI's and DO's.
PA1  Word No. = Word Number.
PA1  H = least significant address bit
PA2  H = 0 ai's and AO's
PA2  H = 1 for DI's and DO's.
PAR  The address in format (1) can be formed in one of three ways: indexing,
      indirect addressing, or both. In indexing, one of three general purpose
      registers (No. 1, 2 or 3) would be loaded with an address operand directly
      in format (1 ) before execution of the actual I/O instruction. The
      effective address computed for the I/O instruction would be the sum of the
      index register contents and the instructions 12-bit immediate address
      field (right adjusted). The immediate address ranges over the I/O
      subchannel address, subchannel word number, and half-word address bit.
PAR  If an indirect addressing chain is used to form the effective I/O address,
      each indirect address operand obeys the standard format. As usual,
      indexing may be employed at any intermediate level if desired.
PAR  If a combination of indirect addressing and indexing is used, the indirect
      address operand is defined. Note that if an instruction uses (UNK3) as an
      indirect address operand, the final effective I/O address is the
      arithmetic sum of bits 6-23 of (UNK3) concatenated with six leading zeros,
      and the 24-bit contents of the specified index register (non-zero, 2-bit
      address in the X-field of the following format (2).
TBL  ______________________________________                                    

     0              1 2    3 4 5 6 7 8 . . . 23                                

     X.sub.                                                                    

     (UNK3) = 0            0 0 0 1 1 0 . . . 0                                 

                    10                                                         

     ______________________________________                                    

PAL  where R.sup.X is specified as a post index. Thus, if R.sup.X is loaded via
      an LI instruction, where the immediate field is the desired S/C No., M,
      Word No., and H bits, an indirect operation using (UNK3) will result in
      the correct address generation. Note that indexing is mandatory when using
      (UNK3). No restrictions need be placed on the index register or indirect
      address operand contents (any control bit or address field can be
      altered), but care should be exercised to insure that a legal I/O address
      results with all possible values of the parameters used.
PAR  The Channel Controller 224 of FIG. 22 is one of two dependent units in the
      RDP system, the other being the main memory. The Channel Controller
      services three subchannel (S/C) units 225, 226 and 227. The processor can
      communicate directly with the Channel Controller with any instruction that
      can specify indirect addressing. The input and output data associated with
      the Channel Controller can be thought of as existing in a "virtual"
      memory, with each word of data having a unique (system) address. To obtain
      input data (DI or AI), the processor would typically execute a load type
      instruction with an effective address outside of main memory and equal to
      the address of the particular input word desired. To set output data (DO
      or AO), the processor would typically execute a store type instruction
      with again the proper effective address. The general format of the 24-bit
      address required to address the Channel Controller in the RDP is shown in
      format (1) above; it can be formed using either indirect addressing,
      indexing or both.
PAR  The AI's and AO's exist in "virtual" (I/O) memory as left half-words, each
      with sign and 11 bits of significance. An AI can be requested with any
      instruction for which the processor issues a read request (except ATM and
      AIM). Similarly, an AO can be set with any instruction for which the
      processor issues a write request. As indicated in the first paragraphs of
      this discussion, AI's and AOs will be addressed by first loading R.sup.2
      and then executing the appropriate instruction with indirect addressing to
      (UNK3), i.e.,
     LI, 2                       Y                                             

     (operation)                 (UNK3)                                        

      The value of Y required for the various situations is shown below.
TBL  __________________________________________________________________________

                    12 13 14 15 16 17 18 19 20 21 22 23                        

                    S/C Number                                                 

                           S M Word Number                                     

                                       H                                       

     __________________________________________________________________________

     Indirect AI (No Wait)                                                     

                    .fwdarw.0 0 0 0                                            

                           0 0 X X X X X                                       

                                       0                                       

     Direct AI (.about.50.mu.s Wait)                                           

                    .fwdarw.0 0 0 0                                            

                           0 1 X X X X X                                       

                                       0                                       

     AO             .fwdarw.0 0 0 0                                            

                           0 0 X X X X X                                       

                                       0                                       

     __________________________________________________________________________

PAL  The S/C and Word Number addresses for AI's and AO's are not mutually
      exclusive; the decision to do an input or output is determined by the
      Channel Controller from the message type lines (read request or write
      request, respectively) which are set by the processor from the instruction
      type. The logic permits expansion to 31 AI's and 32 AO's, but currently
      there are about 20 AI's and 9 AO's. AL 00000 is specifically reserved for
      0 volts (ground) for internal use. Full-word load instruction AI requests
      will result in zeros in the right half of the destination GPR. For
      full-word stores AO transmittals, the output data must be in the left half
      of the source GPR.
PAR  AI requests may be in one of two forms: Indirect or Direct conversions,
      depending on the state of bit 17 in the address. If bit 17 is 0, the AI
      data returned to the main bus and the processor are the result from the
      prior conversion request, after which a new conversion is initiated for
      the AI addressed. The purpose for the Indirect capability is to eliminate
      the loss of processor time resulting from the AI conversion time. To
      request a specific AI, therefore, requires two "Indirect" type of load
      instructions. The first AI instruction requests the desired AI when the
      returned data are ignored. After an ADA completion, a second AI
      instruction retrieves the desired data. If a "round robin" sequence of AI
      requests were to be executed, i.e., if each AI request addresses the next
      AI desired, only one instruction per AI (after the first) would be
      required.
PAR  The other AI option is the "direct" conversion for which bit 17= 1. The
      data returned for a direct request are for the AI addressed by the
      instruction; however, the processor is stopped until the conversion is
      completed. The direct instruction requires .about.50 microseconds. On
      indirect AI sequences, the program should normally wait for an ADA
      interrupt before issuing another AI instruction. It is strongly
      recommended that programmers do not "stack" I/O and that, before every AI
      or AO transactions, they check the ADA completion indicator (w2, bit 14)
      or otherwise ascertain that a known adequate time period has elapsed since
      the last transaction.
PAR  Important statistics for AI's and AO's are summarized below.
TBL  ______________________________________                                    

     Conversion   Word         Voltage                                         

     Time         Size         Range    Resolution                             

     ______________________________________                                    

     AI's   .about.50.mu.s                                                     

                      11 bits + sign                                           

                                   .+-. 10 V                                   

                                          5 mv                                 

     AO's   .about.66.mu.s                                                     

                      11 bits + sign                                           

                                   .+-. 10 V                                   

                                          5 mv                                 

     ______________________________________                                    

PAR  The DI's and DO's exist in virtual (I/O) memory as right half-words. They
      can be addressed by any of the memory-referencing instructions listed
      above (except ATM, AIM, and those under "Miscellaneous"), especially those
      listed under Input (for DI's) and those listed under Output (for DO's).
      The addressing will be accomplished by first loading R.sup.2 and then by
      using (UNK3) as described earlier. The virtual memory picture for the DI's
      and DO's, and the value of Y required for each word, is shown in the
      following table.
TBL  __________________________________________________________________________

     "Virtual" Memory                                                          

               Value of Y                                                      

               Subchannel  S           Word No. H                              

     0  11 12  23                                                              

               12 13 14 15 16 17 18 19 20 21 22 23                             

     __________________________________________________________________________

     0 0 0 0                                                                   

           WDO 0  0  0  1  0  0  0  0  0  0  0  1                              

     0 0 0 0                                                                   

           WD1 0  0  0  1  0  0  0  0  0  0  1  1                              

     0 0 0 0                                                                   

           WD2 0  0  0  1  0  0  0  0  0  1  0  1                              

     0 0 0 0                                                                   

           WD3 0  0  0  1  0  0  0  0  0  1  1  1                              

     0 0 0 0                                                                   

           WD4 0  0  0  1  0  0  0  0  1  0  0  1                              

     0 0 0 0                                                                   

           WD5 0  0  0  1  0  0  0  0  1  0  1  1                              

     0 0 0 0                                                                   

           WD6 0  0  0  1  0  0  0  0  1  1  0  1                              

     0 0 0 0                                                                   

           WD7 0  0  0  1  0  0  0  0  1  1  1  1                              

     __________________________________________________________________________

PAL  Note that the addresses for DI's and DO's are identical for a given word
      number because the processor interprets, and informs the Channel
      Controller, that loads and other memory read type instructions are DI
      requests and that store type instructions are DO transmittals.
PAR  Full-word load instruction DI requests will result in zeros in the
      left-half of the destination GPR, and for full-word store DO transmittals,
      the desired bit pattern must be in the right half of the source GPR.
PAR  The three independent I/O units 221, 222 and 223 of FIG. 21 are assigned
      numbers as shown below. The numbers listed correspond to B in PCW, LCW
      instruction descriptions.
TBL  ______________________________________                                    

     Unit          Number          Code Name                                   

     ______________________________________                                    

     222           1               CMUX                                        

     223           2               PMUX                                        

     221           3               041 Special                                 

     ______________________________________                                    

PAL  The program control capabilities are as follows:
TBL  Code                       LCW     LCW                                    

     Name       PCW Initiate Command                                           

                                Status  Terminate                              

     ______________________________________                                    

     CMUX       No              Yes     No                                     

     PMUX       Yes             Yes     No                                     

     041 Special                                                               

                No               No     No                                     

     ______________________________________                                    

PAL  Thus, the CMUX and 041 Special are self-starting by signals received
      external to the RDP. The program has no terminate capabilities over the
      three units and no status monitoring capabilities over the 041 Special.
PAR  All the special units operate in the full-word transmission mode only,
      although some of the data have only 16 bits of significance. All three
      units provide interrupt signals to the RDP as follows.
TBL  ______________________________________                                    

     Code    Message Completion                                                

                            Message Error                                      

     Name    Interrupt       Interrupt                                         

     ______________________________________                                    

     CMUX    Interrupt 17   Interrupt 18 (Not wired)                           

     PMUX    Interrupt 16   Interrupt 19                                       

     041 Special                                                               

             Interrupt 15   No                                                 

     ______________________________________                                    

PAR  The CCC Multiplex Terminal 222 operates as the interface between the CCC
      data bus and the RDP Main Bus. It is slaved to the Central Control
      Computer (CCC) as regards message initiation but acts as an independent
      unit on the RDP Main Bus. The CCC is not to be confused with the processor
      unit 200. The CCC is an independent ship board computer. The terminal will
      receive or transmit data in blocks. Every message is preceded by a
      specified select word from the foregoing table, issued from the CCC over
      one of two redundant party line busses.
TBL  ______________________________________                                    

     data/  Control                                                            

     command                                                                   

            Field      T/R     Word Count   Parity                             

     4      8     9     10   11    12   13   14   15  16                       

     ______________________________________                                    

     1      0     0     0    1     0    0    0    1   0                        

     0      0     0     1    1     1    0    1    1   0                        

     0      0     1     0    1     0    0    1    1   1                        

     0      0     1     1    1     0    1    0    0   1                        

     0      1     0     0    0     1    0    0    0   0                        

     0      1     0     1    0     0    0    0    1   0                        

     ______________________________________                                    

PAL  The unit address in bit positions 0-3 is 1010 in all cases as there is only
      one multiplexer, and the first 3-bit position of the control field is
      always zero. The maximum length of message is 15 words, each word
      containing 16 bits plus a parity bit. In the RDP memory, the 16 bits will
      be MSB aligned (bit zero) and will always contain trailing zeros (bits 16
      to 23). The parity bit is used only by the terminal and does not appear in
      the RDP memory.
PAR  Once the unit begins to receive or send a data word or a select word, that
      word is carried to completion (all 17 bits). After a select word is
      received and recognized, the terminal is committed to the message length
      prescribed, except under the following conditions:
PA1  1. Loss of clock on the bus in use
PA1  2. Inability to perform a data transfer with the RDP memory within five
      microseconds
PA1  3. In receive mode, the absence of the first bit of an expected data word.
PAR  An invalid select word (invalid or data drop-out) is ignored by the
      terminal. An invalid received data word, with the exception of a data
      drop-out in the first bit, is noted as being bad and not stored in the RDP
      memory. In other words, if any word of a message is invalid, that word
      will not be updated, but all other words that were valid will be.
PAR  With this scheme the CCC has the capability of updating any contiguous
      group of data in any message by providing the proper starting address (not
      necessarily the full message count) and sending any number (up to that
      count) of data words.
PAR  The word address for data in memory is composed of a fixed and a variable
      part, the variable part being the message code contained in the
      select-word and the word-counter value. The word counter decrements from
      the original select-word count to obtain memory addresses. Consequently,
      data words are stored or read in decreasing address fashion, proceeding
      from the first (largest address) sequentially to the last (word address
      one).
PAR  Messages are limited to 15 words maximum and addresses are allocated in
      16-word blocks to permit the 16th word (address zero) to be used as a
      validity tag. In this address scheme there will be unused addresses in
      some block since all messages will not necessarily contain 15 words. The
      fixed parts of the word addresses are set by jumpering at the base plate.
PAR  The message code in the instruction tells which message is currently
      active, or was most recently active. The word count is the current word
      "pointer". At the termination of a message, the last LCW word is stored in
      address zero of the message block as the "validity tag." It also remains
      available as an LCW word until the next select word arrives. If the
      message was terminated properly, the word count in the tag word and final
      LCW word will be zero. If the message was improperly terminated (i.e.,
      loss of clock on bus in use, inability to access RDP main bus, or absence
      of first bit of received data), then the word count in the tag word and
      final LCW word is the value at message termination. If input data have bad
      parities or data drop outs (except in first bit), then the invalid bit is
      set to 1 and remains at 1 for the remainder of the message, including the
      tag word. In this case the data are not stored, but the message
      transaction continues. An interrupt indicator (W2, bit 17) is set = 1
      whenever a message terminates.
PAR  The RSP Special receives data from the RSP's interface data assembler
      (IDA). The RSP Special receives the data as 30 half-words which it packs
      into 15 full-words and transmits to main memory locations 767-753
      (full-word 752 is a spare). At the completion of the transaction the RSP
      Special sets its completion interrupt indicator (W2, bit 15) = 1.
PAR  The program has no PCW or LCW capabilities with this unit. The BIT
      instruction is the only control function available to software over the
      operation of this unit. Details of the message structure can be found in
      other documents.
PAR  The RSP multiplexer performs two major functions in the tactical mode: (1)
      receives a fixed block length message from the INS and stores it in main
      memory, and (2) fetches message blocks from main memory and transmits them
      to the RSP Special unit. Once a transaction is initiated by the program,
      the PMUX performs its tasks independently of the processor. The program
      cannot terminate a transaction once it is initiated.
PAR  A fixed block of main memory has been assigned for PMUX messages. The block
      can be thought of as consisting of eight sub-blocks of 16 full-words each,
      for a total of 128 full-words. Each sub-block is associated with a
      possible PMUX transaction.
PAR  Having described the manner in which the range and velocity tracking loops
      operate in cooperation with the angle tracking loop, the technique for
      resolving the ambiguity inherent in the velocity estimate, V.sub.TPV, will
      now be described. As noted hereinbefore, the ambiguity is resolved by
      using the unambiguous velocity estimate V.sub.TPR from the range channel
      when .vertline.V.sub.TPV - V.sub.TPR .vertline. &lt; .lambda. PRF/4, which is
      when the difference between the ambiguous doppler frequency (f.sub.DAP =
      2V.sub.TPV /.lambda.) and the unambiguous doppler frequency (f.sub.DP =
      2V.sub.TPR /.lambda.) is less than PRF/2. A simple test could be quickly
      made to determine when that point in time has been reached, but it has
      been determined that a period of 1.5 seconds of tracking in initial track
      will be ample at all times to successfully resolve ambiguity.
      Consequently, a subroutine UV is called by the executive routine after a
      real time lapse of 1.5 seconds following acquisition of the target.
PAR  Before describing the UV routine with reference to FIG. 27, the problem at
      hand will be diagrammatically described with reference to FIG. 26 which
      shows a frequency spectra from a reference 0 to an indefinite number of
      times the radar PRF. An actual target return is shown at the actual
      doppler frequency f.sub.D, but additional target images will appear above
      and below the frequency f.sub.D at regular intervals of PRF above and
      below the frequency f.sub.D. The problem of resolving ambiguity is to
      track the target velocity in the range filter until V.sub.TPR, converted
      to frequency, is within PRF/2 and to then compute a corrected velocity
      V.sub.TCORR by determining the whole number N of PRF intervals between the
      target image at frequency f.sub.DAP and computing a corrected doppler
      frequency f.sub.DC equal to that number times the PRF less the frequency
      f.sub.DAP.
PAR  The reference 0 is not shown at frequency f.sub.o but at some frequency
      f.sub.MLC predetermined to shift the reference sufficiently for main lobe
      blanking on each side of the spectral lines without blanking the target
      return in the area of each spectrum where it is expected to appear.
      Consequently, the frequency f.sub.MLC must be taken into account in
      computing V.sub.TCORR which is in feet per second, and is correct only
      when referenced back to absolute zero (f.sub.o) in doppler frequency
      shift. To accomplish that, computation of V.sub.TCORR in an exemplary
      embodiment is in accordance with the following equation:
EQU  V.sub.TCORR = .lambda./2{PRF[(f.sub.MLC +f.sub.DAP
      -f.sub.DP)PRF.sup.-.sup.1 +1/2]*}-(f.sub.DAP +f.sub.MLC)  (136)
PAL  where PRF is the medium PRF of the radar being used at the time, .lambda.
      is the wavelength of the radar frequency being used at the time, and the
      asterisk indicates the quantity in brackets is to be truncated by dropping
      the fractional part.
PAR  A flow chart of the subroutine UV shown in FIG. 27 will carry out the
      computation of Equation (136). A listing of instructions for
      implementation of the UV routine is set forth in Appendix D. It uses the
      more precise but ambiguous measurement of target doppler shift f.sub.DAP
      to compute an equally precise and unambiguous target doppler shift
      f.sub.DC in the manner generally described with reference to FIG. 26. The
      first step in block UV006 is to compute -f.sub.DP by multiplying V.sub.TPR
      in memory location FTV1002 by 2/.lambda. with binary point scaling at B18,
      i.e., at 18 bit positions to the right of the sign in bit position 0,
      where bit positions are numbered 1-23 with the least significant bit in
      position 23. The result is stored in register R4, one of eight working
      registers. That operation takes 11.75 .mu.s. The next operation in block
      UV009 is to compute f.sub.DAP by multiplying V.sub.TPV by 2/.lambda. with
      the same scaling B18. That takes 5.25 .mu.s.
PAR  Having formed f.sub.DP and f.sub.DAP, the next step in block UV010 is to
      form -f.sub.DC by forming the sum f.sub.MLC +f.sub.DAP -f.sub.DP,
      multiplying that sum by PRF.sup.-.sup.1, rounding of the product by adding
      1/2, truncating the rounded product by dropping the fractional part to
      obtain a whole integer N, multiplying the integer N by PRF and then
      subtracting f.sub.DAP. That provides a corrected doppler shift frequency
      referenced to 0 in the diagram of FIG. 26. To reference it to a zero
      doppler shift frequency, f.sub.O, f.sub.MLC is subtracted. That has the
      effect of shifting the entire spectra back to f.sub.O away from which it
      was shifted for doppler tracking in order to blank the main lobe clutter,
      as noted hereinbefore.
PAR  The desired velocity V.sub.TCORR is then computed in block UV028 by simply
      multiplying -f.sub.DC by .lambda./2, scaling to B13 and storing the
      results in register R4. During the next iteration only, the velocity
      filter will take the value of V.sub.TCORR and use it as V.sub.TPV, thereby
      resolving velocity ambiguity. That is used by other systems, such as
      display and fire control systems so that it is important that ambiguity be
      resolved and that velocity thereafter be tracked unambiguously by the
      velocity channel.
PAR  The range and velocity command computer 16 also uses V.sub.TPV to calculate
      the velocity gate V.sub.GC in response to which the velocity gate V.sub.G
      is produced, thereby closing the velocity tracking loop. But now in final
      track, the value of V.sub.TPV may be greater by several multiples of PRF
      and referenced to f.sub.0, instead of f.sub.MLC. Therefore, during the
      final track, the computer 16 literally undoes what the routine UV has
      done, to reconstruct the ambiguous V.sub.TPV for continued smooth
      tracking.
PAR  The ambiguous velocity V.sub.TPV could be retained in the filter, and that
      would leave the computer 16 operating the same in final track as in
      initial track. In that case, each time V.sub.TPV would be called up for
      transmittal to the display and fire control 19, it would be resolved using
      the routine of FIG. 27.
PAR  From the foregoing description of the present invention and an exemplary
      digital computer (RDP), it is evident how the flow diagrams can be
      implemented by programming the RDP using instructions from the repertoire
      of Appendix A. An exemplary list of instructions for such an
      implementation is set forth in Appendix B. The values of constraints
      employed are listed in Appendix C.
PAC  APPENDIX A
PAC  Instruction Set
PAR  The Instruction Set consists of 92 instructions. Each instruction is
      described individually. The instruction descriptions make use of a common
      notation to describe the various instruction format fields and the
      hardware registers. This notation is summarized in the following table.
PA1  A -- normally designates a 12-bit immediate address (certain branch
      instructions do provide a 15-bit address)
PA1  B -- i/o control Unit
PA1  I -- immediate Data (3 bits; signed 2-bit integer)
PA1  K -- count (3 bits or 6 bits)
PA1  O -- mnemonic op code
PA1  R.sup.a -- General purpose register used as a destination register (0
      .ltoreq. a .ltoreq. 7)
PA1  R.sup.c -- General purpose register used as a source register (0 .ltoreq. x
      .ltoreq. 3)
PA1  R.sup.x -- General purpose register used as an index register (1 .ltoreq. x
      .ltoreq. 3)
PA1  R.sub.age -- designates the AGE control register
PA1  R.sub.bit -- designates the set of distributed BIT flip-flops
PA1  W.sup.a -- Working register used as a destination register (0 .ltoreq. a
      .ltoreq. 3)
PA1  Y -- immediate data (12 bits; signed 11-bit integer)
PA1  * -- Indirect address flag
PAR  The instruction descriptions themselves are grouped by function for
      convenient reference. The seven functional groups are listed below.
TBL  ______________________________________                                    

     Functional Group      Number Instructions                                 

     ______________________________________                                    

     Data Transfer         17                                                  

     Arithmetic            28                                                  

     Logic                 19                                                  

     Shift                  9                                                  

     Branch                 9                                                  

     Processor Control      8                                                  

     Input/Output (I/O) Control                                                

                            2                                                  

                           92                                                  

     ______________________________________                                    

PAR  RDP instruction is described in terms of 11 items in a systematic format;
      this format and the notation used to define it are as follows:
TBL  MNEMONIC.sup.(1) INSTRUCTION NAME.sup.(2) SYMBOLIC INSTRUCTION            

     SYNTAX.sup.(3)                                                            

     INSTRUCTION FORMAT             .sup.(4)                                   

     0 1 2 3 . . .                  n                                          

     USAGE.sup.(5)                                                             

     OPERATION.sup.(6)                                                         

     EFFECTIVE IMMEDIATE OPERAND.sup.(7)                                       

     INDICATORS.sup.(8)                                                        

     EFFECTIVE ADDRESS.sup.(9)                                                 

     TIMING.sup.(10)                                                           

     EXAMPLE.sup.(11)                                                          

      1. MNEMONIC is the symbolic op code name.                                

      2. INSTRUCTION NAME is the instruction's descriptive title.              

PAL  Where:
PA1  1. MNEMONIC is the symbolic op code name.
PA1  2. INSTRUCTION NAME is the instruction's descriptive title.
PA1  3. SYMBOLIC INSTRUCTION SYNTAX is the form of the instruction's symbolic
      representation. The notation defined for expressing three symbolic
      representations is given in the foregoing table. Required syntax items are
      underlined, whereas optional items are not. The meaning of the symbolic
      in-instruction syntax is illustrated below.
TBL  ______________________________________                                    

     SYNTAX:             O,R.sup.a    *A,R.sup.x                               

     SYMBOLIC INSTRUCTION:                                                     

                         A,1          TEMP,2                                   

     ______________________________________                                    

PA1  In the above symbolic instruction example: A is a mnemonic op code meaning
      add memory to register; 1 specifies R.sup.1 as the register to be
      incremented; TEMP is a symbolic address; 2 specifies R.sup.2 as the index
      register whose contents are needed to TEMP to give the effective address.
PA1  4. INSTRUCTION FORMAT illustrates the particular format used by the
      instruction. Additional notation used to designate in-instruction format
      fields is given in the foregoing table.
PA1  5. USAGE is a functional description of the instruction actions, oriented
      to convey an intuitive feeling for its utilization.
PA1  6. OPERATION is a specific description of the detailed sequence of actions
      that the instruction initiates.
PA1  7. EFFECTIVE IMMEDIATE OPERAND describes the formation of immediate
      operands from immediate data instruction fields. (This item is defined for
      immediate instruction only.)
PA1  8. INDICATORS describes the setting of any indicators as a result of the
      execution of the instruction. Usually the indicators thus affected will be
      either the condition code register or one of the interrupt indicator
      register bits.
PA1  9. EFFECTIVE ADDRESS describes the options (if any) that may be used in
      forming the instruction's final operand address.
PA1  10. TIMING provides a range of nominal execution times (in microseconds) to
      be expected. The range limits are given, corresponding to the cases of no
      instruction look-ahead benefit (the longer time) and of complete
      look-ahead benefit (the shorter time). In general, the actual execution
      time may be between these limits at increments of 0.25 .mu.s. For those
      instructions capable of indirect addressing, the nominal timing penalty
      per addressing level is also given. In determining the timing values, the
      following assumptions were made:
PA2  a. No bus cycle conflicts occur; add 0.25 .mu.s per conflict
PA2  b. No memory cycle conflicts occur; add 0.75 to 1.5 .mu.s per conflict
PA2  c. Operands and instructions are located in the main memory; for local
      processor locations, subtract 0.5 .mu.s
PA2  d. The memory cycle time is 1.5 .mu.s
PA1  11. EXAMPLE: For some instructions, one or more examples are given to
      illustrate the instruction's operation. Where included, they are intended
      to help explain the action of the instruction and not necessarily to
      demonstrate their full capability.
PAC  DATA TRANSFER INSTRUCTIONS
PAR  Data transfer instructions operate on double-word (48-bit), full-word
      (24-bit), or half-word (12-bit) data fields. Load instructions load
      information into a data field of one or more of the eight general purpose
      registers. These instructions do not alter the information source location
      contents; however, all load instructions set the condition code register,
      thereby providing the following information about the information loaded
      into the affected general purpose register.
TBL  ______________________________________                                    

     Condition Code Setting, bit                                               

     1         2           Data Field Value                                    

     ______________________________________                                    

     0         1            Negative                                           

     1         0            Zero                                               

     1         1            Positive                                           

     ______________________________________                                    

PAR  Store instructions alter only that portion of the storage location contents
      that correspond in length and position to the information field specified
      by the store instruction. These instructions do not set the condition code
      register and do not affect the contents of the data item source location
      -- unless this location happens also to be referenced by the instruction
      effective address.
PAR  The exchange instruction performs both a load and store operation, setting
      the condition code register by the data word loaded from the storage
      location specified by the effective address.
TBL  ______________________________________                                    

     L -- Load           O,R.sup.a                                             

                                 *A,R.sup.X                                    

     *R.sup.x 00       R.sup.a                                                 

                              Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load register loads one of the eight general purpose registers with the
      contents of the effective address. The effective address is not restricted
      to the main memory, and may be used to load from an I/O address, another
      general purpose register, or any other valid system address.
PAC  OPERATION
PAR  The contents of the computed effective address are loaded into general
      purpose register R.sup.a. The contents of the source of the data are not
      disturbed.
PAC  INDICATORS
PAR  The condition code register is set by the data loaded into general purpose
      register R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing and indexing may be specified. A full 24-bit word is
      accessed. The least significant bit of effective address is not decoded.
PAC  TIMING, .mu.s
TBL                   Look-Ahead Status                                        

     Indirect Address,                                                         

     .mu.s/level        Complete    None                                       

     ______________________________________                                    

     1.5                2.0         3.5                                        

     LG -- Load from Register                                                  

                            O,R.sup.a                                          

                                    R.sup.c                                    

              R.sup.c                                                          

                  01     R.sup.a                                               

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Load from Register is used to transfer the contents of one general purpose
      register to another.
PAC  OPERATION
PAR  The contents of a general purpose register R.sup.c are read
      nondestructively and stored in R.sup.a.
PAC  INDICATORS
PAR  The condition code register is set to reflect the "condition" of the
      transferred data. Note that R.sup.a and R.sup.c may be the same register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.50          1.50                                                

     LH -- Load Half     O,R.sup.a                                             

                                 *A,R.sup.x                                    

     *R.sup.x                                                                  

          02     R.sup.a                                                       

                       Address (4096 half-words)                               

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load Half is used the same as Load, with the exception that a 12-bit
      half-word operand is loaded into the left half of the designated general
      purpose register. As in Load, the operand may come from core memory,
      another general purpose register, an I/O unit, or any other addressable
      data storage locations.
PAC  OPERATION
PAR  The half-word specified by the computed effective address is transferred to
      the left half of the register, R.sub.l.sup.a. The right half of the
      register, R.sub.r.sup.a, is cleared to all zero's. The source of the data
      is unaltered.
PAC  INDICATORS
PAR  The data loaded into R.sub.l.sup.a set the condition code register.
PAC  EFFECTIVE ADDRESS
PAR  Indexing or multiple level indirect addressing with indexing at any level
      may be utilized to access the half-word operand. The least significant bit
      of the computed effective address can be thought of as "pointing" to the
      left (0) or right (1) half of a full word.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address                                                          

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 2.0        3.5                                        

     LHG -- Load Half from Register                                            

                           O,R.sup.a                                           

                                    R.sup.c                                    

     R.sup.c   03        R.sup.a                                               

     0 1 2 3 4 5 6 7 8 9 10 11                                                 

     ______________________________________                                    

PAC  USAGE
PAR  Load Half from Register is a short instruction used to transfer only the
      left half (most significant 12 bits) of one general purpose register to
      another. The right half of the destination register is cleared to all
      zero's.
PAC  OPERATION
PAR  The contents of R.sub.l.sup.c are loaded into R.sub.l.sup.a. R.sub.t.sup.a
      is set to zero. R.sup.c is unchanged.
PAC  INDICATORS
PAR  The transferred data set the condition code register. Note that R.sup.a and
      R.sup.c may be the same GPR, thus clearing its right half while setting
      the condition code.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.5           1.5                                                 

     LR -- Load Right     O,R.sup.a                                            

                                  *A,R.sup.x                                   

     *R.sup.x                                                                  

             05     R.sup.a                                                    

                          Address (4096 half-words)                            

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load Right is used to load a 12-bit left or right half-word operand into
      the right half of the designated general purpose register. The half-word
      operand may come from main memory, a general purpose register, or any
      other addressable location.
PAC  OPERATOR
PAR  The half-word specified by the computed effective address is transferred to
      the right half of the register, R.sub.r.sup.a. The left half of the
      register, R.sub.l.sup.a, is cleared to all zero's.
PAC  INDICATORS
PAR  The data loaded into R.sub.r.sup.a sets the condition code register.
PAC  EFFECTIVE ADDRESS
PAR  Indexing or indirect addressing may be utilized to access the half-word
      operand. The least significant bit of the computed effective address
      (which is not decoded for instructions referencing full-word operands)
      indicates either the left (0) or right (1) half of a full-word memory
      location.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address                                                          

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 2.0        3.5                                        

     LD -- Load Double     O,R.sup.a                                           

                                    *A,R.sup.x                                 

     *R.sup.x                                                                  

            06       R.sup.a Address (2048 double-word pair)                   

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load Double places two successive full-words into two successive general
      purpose registers and is particularly useful for double precision
      arithmetic. It is not redundant with the Load Multiple instruction, since
      the complete operand address modification capabilities are available.
PAC  OPERATION
PAR  The full-word contents of the effective address and the full-word contents
      of the succeeding locations are loaded into R.sup.a and R.sup.(a.sup.+1)
      mod 8, respectively.
PAC  INDICATORS
PAR  The arithmetic condition of the word transferred into R.sup.a sets the
      condition code register.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing are allowed and two 24-bit words are
      fetched. The least significant bit of the computed effective address is
      not decoded.
PAC  TIMING, .mu.s
TBL                    Look-Ahead Status                                       

     Indirect Address,                                                         

     .mu.s/level         Complete None                                         

     ______________________________________                                    

     1.5                 4.5      6.0                                          

     EXAMPLE 1: LD,3 ABC                                                       

     Before Execution    After Execution                                       

     ______________________________________                                    

     (ABC)      '00000000'   '00000000'                                        

     (ABC+2)    '01234567'   '01234567'                                        

     (R.sup.3)  XXXXXXXX     '00000000'                                        

     (R.sup.4)  XXXXXXXX     '01234567'                                        

     (CC)       XX           10                                                

     ______________________________________                                    

     EXAMPLE 2: LD,7 DEF                                                       

     Before Execution    After Execution                                       

     ______________________________________                                    

     (DEF)      '01234567'   '01234567'                                        

     (DEF+2)    '00000000'   '00000000'                                        

     (R.sup.7)  XXXXXXXX     '01234567'                                        

     (R.sup.0)  XXXXXXXX     '00000000'                                        

     (CC)       XX           11                                                

     LM -- Load Multiple O,R.sup.a,K   *A                                      

     ______________________________________                                    

     K       04       R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load Multiple causes a sequential set of full data words to be loaded into
      a sequential set of general purpose registers. The set of data words need
      not come only from main memory.
PAC  OPERATION
PAR  General purpose register R.sup.a is loaded with the contents of the
      location specified by the effective address. R.sup.(A.sup.+1) mod 8 is
      loaded from the effective address +2 (half-words). This process continues
      sequentially, until K general purpose registers have been loaded. (Should
      K = 0, all eight general purpose registers will be loaded as described
      above.)
PAC  INDICATORS
PAR  The condition code register is set by the word loaded into R.sup.(a.sup.+1)
      mod 8.
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing is unconditional and is always used to compute the
      effective address. Indexing may be specified at any level, except the
      first, of multilevel indirect address operations.
PAC  TIMING, .mu.s
TBL                     Look-Ahead Status                                      

     Indirect Address,                                                         

     .mu.s/level        Complete    None                                       

     ______________________________________                                    

     1.5                (2.0)K      (2.0)K+1.5                                 

     LI -- Load Immediate  O,R.sup.a                                           

                                    Y                                          

     0        24         R.sup.a    Immediate Operand                          

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Load Immediate instruction can be used to rapidly load certain
      constants into a general purpose register without the need for a separate
      operand location, since the operand is stored in the instruction itself.
      For example, a full register can be loaded with an index value in the
      range of integers -2048 .ltoreq. integer value .ltoreq. 2047, or a
      fractional value in the range -2.sup.-.sup.12 .ltoreq. fractional value
      .ltoreq. 2.sup.-.sup.12 -2.sup.-.sup.23. If the intent of the programmer
      is to load a constant into the right-hand half-word, the integer range
      remains the same and the fractional range is -1 .ltoreq. fractional value
      .ltoreq. 1 -2.sup.-.sup.12. Note that in the latter case, the left-hand
      word is set to either all zero's or all ones.
PAC  OPERATION
PAR  The effective immediate operand is loaded into register R.sup.a.
PAC  INDICATORS
PAR  The data loaded into R.sup.a set the condition code register.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  Bits 12 through 23 of the effective immediate operand are taken directly
      from the IMMEDIATE OPERAND field of the LI instruction. Bits 0 through 11
      of the effective immediate operand are set equal to bit 12 of the
      IMMEDIATE OPERAND (i.e., the sign bit of the IMMEDIATE OPERAND half-word
      is extended).
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

            Complete        None                                               

     ______________________________________                                    

            0.5             1.5                                                

     LHI -- Load Half Immediate O,R.sup.a                                      

                                        Y                                      

     2        24          R.sup.a   Immediate Operand                          

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Load Half Immediate is used to load a constant into the left-hand half-word
      of a general purpose register. The right-hand half-word is set to all
      zero's.
PAC  OPERATION
PAR  The 12-bit IMMEDIATE OPERAND field of the instruction is transferred to
      R.sub.l.sup.a. R.sub.r.sup.a is set to zero.
PAC  INDICATORS
PAR  The condition code register is set according to the constant loaded into
      R.sub.l.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

                Complete                                                       

                       None                                                    

     ______________________________________                                    

                  0.5      1.5                                                 

     ST -- Store                    O,R.sup.a                                  

                                          *A,R.sup.x                           

     *   R.sup.x  10      R.sup.a                                              

                                Address (2048 full-words)                      

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Store instruction stores the contents of one of the eight general
      purpose registers into the effective address. While typically used to
      store a general purpose register into main memory, this instruction may be
      used to transfer a general purpose register to any addressable location in
      the system. Similarly to Load, Store may be used to index or indirectly
      address the destination of a register-to-register transfer. However, as
      opposed to Load, the condition code register is not set.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are stored in the location
      specified by the computed effective address. The contents of R.sup.a are
      not disturbed by the transfer.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing and indexing may be specified to compute the effective
      address. A full 24-bit word is transferred. The least significant bit
      (half-word pointer) of the computed effective address is not decoded.
PAC  TIMING, .mu.s
TBL  Indirect Address, Look-Ahead Status                                       

     .mu.s/level       Complete  None                                          

     ______________________________________                                    

     1.5               1.5       3.25                                          

     STH -- Store Half      O,R.sup.a                                          

                                    *A,R.sup.x                                 

     *   R.sup.x  12      R.sup.a                                              

                                Address (4096 half-words)                      

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Store Half is used as Store, except that a 12-bit half-word operand from
      the left half of the designated general purpose register is stored into
      the effective address location. As in Store, the destination of the
      operand is not restricted to main memory.
PAC  OPERATION
PAR  The data in the left half of the register, R.sub.l.sup.a, are stored in the
      half-word specified by the computed effective address. The other half of
      the corresponding full-word is not changed. The contents of R.sub.l.sup.a
      and R.sub.r.sup.a remain the same. (Exception: When the effective
      half-word is in a working register, the contents of R.sub.r.sup.a will
      also be stored in the WR's remaining half-word, i.e., the half-word which
      was not addressed by the instruction.)
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indexing or multiple level indirect addressing with indexing at any level
      may be utilized to reference the half-word storage location. The least
      significant bit of the effective address specifies the left (0) or right
      (1) half of the full-word storage location.
PAC  TIMING, .mu.s
TBL  Indirect Address, Look-Ahead Status                                       

     .mu.s/level       Complete  None                                          

     ______________________________________                                    

     1.5               1.5       3.25                                          

     STR -- Store Right     O,R.sup.a                                          

                                    *A,R.sup.x                                 

     *   R.sup.x  15      R.sup.a                                              

                                Address (4096 half-words)                      

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Store Right is used to store the right half of a designated general purpose
      register into a 12-bit half-word storage location. The storage location
      may be in main memory, another general purpose register, or any other
      addressable location.
PAC  OPERATION
PAR  The contents of R.sub.r.sup.a are stored into the half-word storage
      location specified by the computed effective address. The contents of
      R.sup.a and of the half-word adjacent to the selected storage location
      remain unchanged. (Exception: When the effective half-word is in a working
      register, the contents of R.sub.l.sup.a will also be stored in the WR's
      remaining half-word, i.e., the half-word which was not addressed by the
      instruction.)
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indexing or indirect addressing may be utilized in forming the effective
      address. The least significant bit of the computed effective address
      indicates either the left (0) or right (1) half of a full-word storage
      location.
PAC  TIMING, .mu.s
TBL  Indirect Address, Look-Ahead Status                                       

     .mu.s/level       Complete  None                                          

     ______________________________________                                    

     1.5               1.5       3.25                                          

     STD -- Store Double    O,R.sup.a                                          

                                    *A,R.sup.x                                 

     *   R.sup.x                                                               

                16      R.sup.a                                                

                             Address (2048 double-word pair)                   

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Store Double takes the contents of two successive general purpose registers
      and places them in two successive full-word storage locations. It is
      particularly useful for double precision arithmetic.
PAC  OPERATION
PAR  The full word contents of R.sup.a and R.sup.(a.sup.+1)  mod 8 are stored in
      effective address and the effective address +2, respectively.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing are allowed and two 24-bit words are
      stored. The least significant bit of the instruction computed effective
      address is ignored.
PAC  TIMING, .mu.s
TBL  Indirect Address, Look-Ahead Status                                       

     .mu.s/level       Complete  None                                          

     ______________________________________                                    

     1.5               3.5       5.25                                          

     STM -- Store Multiple  O,R.sup.a,K                                        

                                     *A                                        

     K       14       R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Store Multiple causes a sequence of full data words to be transferred from
      a sequential subset of general purpose registers to a sequence of storage
      locations. The sequence of storage locations need not be in main memory.
PAC  OPERATION
PAR  The location specified by the computer effective address is loaded with the
      contents of R.sup.a. The succeeding full-word storage location is loaded
      with the contents of R.sup.(a.sup.+1) mod 8. This process continues,
      sequentially, until K general purpose registers have been stored into K
      successive storage locations. (Should K = 0, all eight general purpose
      registers will be stored.)
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing in unconditional and is always used to compute the STM
      effective address. Indexing may be specified at any level of multilevel
      indirect address operations, except the first.
PAC  TIMING, .mu.s
TBL                   Look-Ahead Status                                        

     Indirect Address,                                                         

     .mu.s/level        Complete None                                          

     ______________________________________                                    

     1.5                (1.5) K  (1.5) K+1.0                                   

                                 K=8; Use 14.5.mu.s                            

     STI -- Store Immediate  Q,I     *A,R.sup.x                                

     *R.sup.x 11      I       Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Store Immediate instruction can be used to store one of eight constants
      (including zero) into a full-word storage location without the need for a
      separate data source, since the data are stored in the instruction itself.
      For example, a full-word storage location can be loaded with an index
      value in the range of integers -4 .ltoreq. integer value .ltoreq. 3. STI
      serves as a generalized "store zero" instruction for full-word data cells.
PAC  OPERATION
PAR  The effective immediate operand is stored in the effective address
      full-word.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  Bits 22 and 23 of the effective immediate operand are copies from bits 10
      and 11, respectively, of the IMMEDIATE OPERAND field of the STI
      instruction. Bits 0 through 21 are duplicates of bit 9 of the IMMEDIATE
      OPERAND (i.e., the sign bit of the IMMEDIATE OPERAND field is extended).
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be specified. A full-word storage
      location is specified. The least significant bit of the instruction
      computed effective address is ignored.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             1.5           3.25                                                

     STHI -- Store Halfword Immediate                                          

                            O,I     *A,R.sup.x                                 

     *R.sup.x                                                                  

            13     I     Address (4096 half-words)                             

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Store Halfword Immediate is used to load one of eight constants (including
      zero) into a right or left hand half of a full-word storage location
      without disturbing the other half. A half-word can be loaded with an index
      value in the range of integers -4 .ltoreq. integer value .ltoreq. 3. STHI
      serves as a generalized "store zero" instruction for halfword data cells.
PAC  OPERATION
PAR  The effective immediate operand is stored in the effective address
      half-word. The other half of the corresponding full word is not affected.
      (Exception: When the effective half-word is in a working register, the
      contents of the other half of the WR are affected in an unpredictable
      manner.)
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  The least significant 2 bits are copied directly from bits 10 and 11 of the
      immediate operand. The most significant 10 bits (including the sign bit)
      are duplicates of bit 9 of the immediate operand field (i.e., the sign bit
      is extended).
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be utilized to compute the half-word
      storage effective address.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             1.5           3.25                                                

     X -- Exchange Register and Memory                                         

                              O,R.sup.a                                        

                                      *A,R.sup.x                               

     *R.sup.x                                                                  

             07       R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Exchange Register and Memory instruction can exchange the contents of a
      specified general purpose register with those of a full-word storage
      location in main memory.
PAC  OPERATION
PAR  The contents of the computed effective address location are read into a
      full-word buffer register; the contents of general purpose register
      R.sup.a and then stored in the location specified by the effective
      address, followed by loading R.sup.a from the buffer register.
PAC  INDICATORS
PAR  The condition code register is set by the data load into R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing are allowed. The least significant bit of
      the instruction address field and any indirect address operand address
      fields are ignored.
PAC  TIMING, .mu.s
TBL                       Look-Ahead Status                                    

     Indirect Address,                                                         

     .mu.s/level          Complete  None                                       

     ______________________________________                                    

     1.5                  3.5       5.50                                       

     ______________________________________                                    

PAR  This arithmetic instruction set performs fixed-point arithmetic in the
      fractional two's complement number system. The first operand with the
      exception of the Add Immediate Memory is located in one of the eight
      general purpose registers, while the second operand may be located in main
      memory, local store, the instruction immediate operand field, another (or
      the same) general purpose register, or generally in any valid system
      addressable storage location. All arithmetic instructions set the
      condition code register with the results of the operation, thus the
      following information is provided.
TBL  ______________________________________                                    

     Condition Code                                                            

     Setting, bits                                                             

     1             2          Result Value                                     

     ______________________________________                                    

     0             1          Negative                                         

     1             0          Zero                                             

     1             1          Positive                                         

     ______________________________________                                    

PAR  In addition, if an arithmetic overflow occurs or a division by zero is
      attempted, bit 4 of the interrupt indicator register (working register 2)
      is set to signify that an arithmetic anomaly has occurred. This interrupt
      indicator is maskable under program control.
TBL  ______________________________________                                    

     A -- Add           O,R.sup.a                                              

                                *A,R.sup.x                                     

     *R.sup.x 40       R.sup.a Address (2096 full-words)                       

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Add is used to form the two's complement sum (standard binary arithmetic)
      of a storage location and a general purpose register and store the sum in
      that same register.
PAC  OPERATION
PAR  The contents of R.sup.a are replaced by the sum of the full-word contents
      of the global effective address and the previous contents of R.sup.a.
      Thus, while the addend in memory is preserved, the general purpose
      register augend is replaced by the sum.
PAC  INDICATORS
PAR  An overflow condition sets the arithmetic anomalies indicator in the
      interrupt indicator register to a logical 1. The condition code register
      is set by the sum.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and multilevel indirect addressing are allowed. A full 24-bit
      operand is accessed and the least significant bit (bit 23) of the global
      effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 2.0        3.5                                        

     AG -- Add Register    O,R.sup.a R.sup.c                                   

              R.sup.c                                                          

                     41        R.sup.a                                         

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Add Register is used to rapidly add the contents of two general purpose
      registers.
PAC  OPERATION
PAR  The augend in R.sup.a is replaced by the sum of itself and the addend in
      R.sup.c. R.sup.c is left unchanged.
PAC  INDICATORS
PAR  The arithmetic anomalies indicator is set if an overflow occurs. The sum,
      which appears in R.sup.a, sets the condition code registers.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.5           1.5                                                 

     AH -- Add Half      O,R.sup.a                                             

                                 *A,R.sup.x                                    

     *R.sup.x 42       R.sup.a Address (4096 half-words)                       

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Add Half instruction is used to perform half-word arithmetic on the
      left half of a general purpose register. The contents of a half-word
      storage location are added to the left half of the designated general
      purpose register.
PAC  OPERATION
PAR  The half-word contents of the global effective address are added to the
      contents of R.sub.l.sup.a, and the sum is subsequently stored in
      R.sub.l.sup.a. The storage location and R.sub.r.sup.a pointed to by the
      global effective address are left unchanged.
PAC  INDICATORS
PAR  The halfword sum sets the condition code register, and an overflow result
      sets the arithmetic anomalies indicator in the interrupt indicator
      register to a logical 1.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address refers to a 12-bit half-word operand and may
      be formed through indexing and multilevel indirect addressing.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     AHG -- Add Half Register                                                  

                            O,R.sup.a                                          

                                    R.sup.c                                    

              R.sup.c 43      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Add Half Register is a short instruction used to rapidly add the left
      halves of two general purpose registers.
PAC  OPERATION
PAR  The half-word contents of R.sub.l.sup.a and R.sub.l.sup.c are added, and
      the sum is stored in R.sub.l.sup.a. The full-word contents of R.sup.c are
      unchanged, and the contents of R.sub.r.sup.a also remain unchanged.
PAC  INDICATORS
PAR  The arithmetic anomalies indicator in the interrupt register is set upon an
      overflow in the half-word sum. The condition code register is also set by
      the algebraic condition of the sum.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.5           1.5                                                 

     AD -- Add Double     O,R.sup.a                                            

                                  *A,R.sup.x                                   

     *R.sup.x                                                                  

             46     R.sup.a                                                    

                          Address (2048 double-word pair)                      

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Add Double is useful for double precision arithmetic and is used to add a
      double-word length addend in storage to a double precision augend in two
      general purpose registers.
PAC  OPERATION
PAR  The contents of the full-word storage location specified by the computed
      effective address together with those of the next higher address,
      full-word are treated as a double-length (46-bit + sign) operand. This
      operand is added to the contents of general purpose registers R.sup.a and
      R.sup.(a.sup.+1) mod 8. Double-length operands possess a single sign bit
      that is stored in bit position 0 of the most significant operand word. The
      least significant 23 bits of a double-length operand are stored
      left-justified in the least significant word; bit 23 of this word is
      always zero.
PAC  INDICATORS
PAR  IF the computer sum overflows, the arithmetic anomalies indicator in the
      interrupt indicator register will be set. The condition code register is
      set by the most significant word; i.e., the final contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address, which may be formed by indexing and
      multilevel indirect addressing, points to the first or most significant
      full-word of a double word operand.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 4.5        6.0                                        

     AP -- Add Parallel    O,R.sup.a                                           

                                    *A,R.sup.x                                 

     *R.sup.x                                                                  

             44       R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Add Parallel instruction is used to simultaneously add two adjacent
      half-words in storage to two half-words in a general purpose register. The
      two half-words in storage must be in the left and right halves of a
      full-word and cannot cross over a full-word boundary.
PAC  OPERATION
PAR  The right half-word of the contents of the global address is added to
      R.sub.r.sup.a and the sum stored in R.sub.r.sup.a. The left half-word is
      added to R.sub.l.sup.a and the sum stored in R.sub.l.sup.a.
PAC  INDICATORS
PAR  An overflow in the left-half sum will cause the arithmetic anomaly
      indicator in the interrupt indicator register to be set. The condition
      code register is set by the left-half sum.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address refers to a full-word and the least
      significant bit of the computed effective address is not decoded. Indexing
      and indirect addressing are allowed.
PAC  TIMING, .mu.s
TBL                        Look-Ahead Status                                   

             Indirect Address,                                                 

             .mu.s/level     Complete  None                                    

     ______________________________________                                    

             1.5             2.0       3.5                                     

     EXAMPLE 1:                                                                

              AP,2    ABC                                                      

               Before Execution  After Execution                               

     (ABC)     `3333 5555`       `3333 5555`                                   

     (R.sup.2) `2222 4444`       `5555 2221`                                   

     (CC)      XX                01                                            

     APG -- Add Parallel (G) Register                                          

                            O,R.sup.a   R.sup.c                                

            R.sup.c 45       R.sup.a                                           

            0 1 2 3 4 5 6 7 8 9 10 11                                          

     ______________________________________                                    

PAC  USAGE
PAR  Add Parallel Register is a short instruction used to simultaneously add two
      half-words in one general purpose register to two half-words in another
      general purpose register.
PAC  OPERATION
PAR  The contents of R.sub.l.sup.a are added to the contents of R.sub.l.sup.c
      and the sum stored in R.sub.l.sup.a. The contents of R.sub.r.sup.a are
      added to the contents of R.sub.r.sup.c and the sum stored in
      R.sub.r.sup.a. R.sup.c is left unchanged.
PAC  INDICATORS
PAR  The condition code register is set according to the left half sum. The
      arithmetic anomaly in the interrupt indicator register is set if the
      left-half sum overflows.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete             None                                                 

     ______________________________________                                    

     0.5                  1.5                                                  

     AI -- Add Immediate   O,R.sup.a                                           

                                   Y                                           

     1        24       R.sup.a   Immediate Operand                             

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Add Immediate can be used to add certain constants to a full-word general
      purpose register without the operand storage space that would be required
      if Add were used. For integer constants, the entire range -2048 .ltoreq.
      integer value .ltoreq. + 2047 is covered. For fractional constants, the
      range -2.sup.-.sup.12 .ltoreq. fractional value .ltoreq. 2.sup.-.sup.12
      -2.sup..sup.-23 is covered. Therefore, a complementary Subtract Immediate
      instruction is not needed.
PAC  OPERATION
PAR  The effective immediate operand is added to R.sup.a and the sum stored in
      R.sup.a.
PAC  INDICATORS
PAR  The sum sets the condition code register. An overflow condition is not
      sensed.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  Bits 12 through 23 of the effective immediate operand are copied
      identically from bits 12 through 23 of the immediate operand field. Bits 0
      through 11 of the effective immediate operand are all identical to bit 12
      of the immediate operand field (sign bit extension).
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

            Complete        None                                               

     ______________________________________                                    

            0.5             1.5                                                

     AHI -- Add Half Immediate                                                 

                           O,R.sup.a                                           

                                   Y                                           

     3        24       R.sup.a   Immediate Operand                             

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Add Half Immediate can be used to rapidly add any half-word constant to the
      left half of a general purpose register without the half-word operand
      storage space and extra time required for Add Half. Note that a Substract
      Half Immediate instruction would be redundant since both positive and
      negative constants are accommodated by the immediate operand field.
PAC  OPERATION
PAR  The immediate operand is treated as a half-word two's complement addend and
      added to R.sub.l.sup.a. The sum is stored in R.sub.l.sup.a. R.sub.r.sup.a
      is unchanged.
PAC  INDICATORS
PAR  The condition code register is set according to the algebraic condition of
      the sum. An overflow condition is not sensed.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete             None                                                 

     ______________________________________                                    

     0.5                  1.5                                                  

     AIM -- Add Immediate to Memory                                            

                           O,I     *A,R.sup.x                                  

     *R.sup.x 47     I     Address (2048 full-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Add Immediate to Memory instruction can be used to add one of eight
      constants to any addressable storage location (with the exception of the
      eight GPRs) without the need for a separate data source, as the operand is
      stored in the instruction itself. Typical applications are the
      incrementing or decrementing of an integer count value with -4 .ltoreq.
      integer value .ltoreq. +3.
PAC  OPERATION
PAR  The effective immediate operand is added to the contents of the global
      effective address, and the sum is subsequently stored in the global
      effective address.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  Bits 22 and 23 of the effective immediate operand are copied from bits 10
      and 11, respectively, of the immediate operand field. Bits 0 through 21
      are duplicated from bit 9 (i.e., the sign bit of the immediate operand
      field is extended).
PAC  INDICATORS
PAR  The condition code register is set by the computed sum. An overflow
      condition sets the arithmetic anomalies indicator in the interrupt
      indicator register.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be specified. Since a full-word is
      accessed, the least significant bit of the computed effective address is
      not decoded. A GPR cannot be referenced by the global effective address.
PAC  TIMING, .mu.s
TBL                   Look-Ahead Status                                        

     Indirect Address,                                                         

     .mu.s/level        Complete    None                                       

     ______________________________________                                    

     1.5                4.0         6.0                                        

     ATM -- Add to Memory O,R.sup.a                                            

                                  *A,R.sup.x                                   

     *R.sup.x 57     R.sup.a                                                   

                           Address (2048 full-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Add to Memory is used to add a general purpose register to a storage
      location (which cannot be a GPR).
PAC  OPERATION
PAR  The contents of R.sup.a are added to the full-word contents of the global
      effective address and the sum subsequently stored in the global effective
      address. R.sup.a is left unchanged.
PAC  INDICATORS
PAR  The computed sum sets the arithmetic anomalies indicator in the interrupt
      indicator register if an overflow occurs. The condition code is set by the
      sum.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing are allowed. The least significant bit
      (half-word pointer) of the computed effective address is not decoded. A
      GPR cannot be referenced by the global effective address.
PAC  TIMING, .mu.s
TBL                   Look-Ahead Status                                        

     Indirect Address,                                                         

     .mu.s/level        Complete    None                                       

     ______________________________________                                    

     1.5                3.0         5.5                                        

     S -- Subtract       O,R.sup.a                                             

                                 *A,R.sup.x                                    

     *R.sup.x 50     R.sup.a                                                   

                           Address (2048 full-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Subtract is used to form the two's complement difference (standard binary
      arithmetic) of a storage location and a general purpose register. The
      difference is stored in the general purpose register.
PAC  OPERATION
PAR  The contents of R.sup.a are replaced by the difference of the full-word
      subtrahend in the global effective address and the full-word minuend in
      R.sup.a. The subtrahend is not changed.
PAC  INDICATORS
PAR  An overflow condition sets the arithmetic anomalies in the interrupt
      indicator register to a logical 1. The condition code register is set by
      the difference.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and multilevel indirect addressing are allowed. A full 24-bit
      operand is accessed and the least significant bit of the global effective
      address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 2.0        3.5                                        

     SG -- Subtract (G) Register                                               

                           O,R.sup.a R.sup.c                                   

              R.sup.c                                                          

                     51        R.sup.a                                         

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Subtract Register is used to rapidly subtract one general purpose register
      from another; SG can thus be used to clear a GPR to all zero's.
PAC  OPERATION
PAR  The minuend in R.sup.a is replaced by the difference of itself and the
      subtrahend in R.sup.c. R.sup.c is left unchanged.
PAC  INDICATORS
PAR  The arithmetic anomalies indicator is set if an overflow occurs. The
      difference, which appears in R.sup.a, sets the condition code register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.5           1.5                                                 

     SH -- Subtract Half   O,R.sup.a                                           

                                    *A,R.sup.x                                 

     *R.sup.x                                                                  

             52       R.sup.a Address (4096 half-Words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Subtract Half instruction is used to perform half-word arithmetic on
      the left half of a general purpose register. The contents of a half-word
      storage location are subtracted from the left half of a general purpose
      register.
PAC  OPERATION
PAR  The half-word subtrahend in the global effective address is subtracted from
      the half-word minuend in R.sub.l.sup.a, and the difference is stored in
      R.sub.l.sup.a. The storage location point to by the global effective
      address is left unchanged. R.sub.r.sup.a is left unchanged.
PAC  INDICATORS
PAR  The difference sets the condition code register, and an overflow result
      sets the arithmetic anomalies indicator in the interrupt indicator
      register to a logical 1.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address points to a 12-bit half-word operand and may
      be formed through indexing and multilevel indirect addressing
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Addressing,                                                      

     .mu.s/level         Complete   None                                       

     ______________________________________                                    

     1.5                 2.0        3.5                                        

     SHG -- Subtract half (G) Register                                         

                           O,R.sup.a R.sup.c                                   

              R.sup.c                                                          

                     53        R.sup.a                                         

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Subtract Half Register is a short instruction used to rapidly subtract the
      left half of one general purpose register from the left half of another.
      An SHG can be used to clear the left half of a GPR to zero's.
PAC  OPERATION
PAR  The half-word subtrahend in R.sub.l.sup.c is subtracted from the half-word
      minuend in R.sub.l.sup.a, and the difference is stored in R.sub.l.sup.a.
      The full-word contents of R.sup.c are unchanged, and the contents of
      R.sub.r.sup.a also remain unchanged.
PAC  INDICATORS
PAR  The arithmetic anomalies indicator in the interrupt indicator register is
      set upon an overflow in the half-word difference. The condition code
      register is also set by the algebraic condition of the difference.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

             Complete      None                                                

     ______________________________________                                    

             0.5           1.5                                                 

     SD -- Subtract Double                                                     

                          O,R.sup.a                                            

                                  *A,R.sup.x                                   

     *R.sup.x                                                                  

             56     R.sup.a                                                    

                          Address (2048 full-word pair)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Subtract Double is particularly useful for double precision arithmetic and
      is used to subtract a double-word length operand in storage from a
      double-word length operand in two general purpose registers. SD can be
      used to clear two registers to all zero's.
PAC  OPERATION
PAR  The contents of full-word storage location specified by the computed
      effective address together with those of the next higher address full-word
      are treated as a double length (46-bit + sign) operand. This operand is
      subtracted from the contents of the general purpose registers R.sup.a and
      R.sup.(a.sup.+1) mod 8 (which also contain a double length operand), and
      the double length difference is stored in R.sup.a and R.sup.(a.sup.+1) mod
      8. Double length operands possess a single sign bit that is stored in bit
      position 0 of the most significant operand word. The least significant 23
      bits of a double length operand are stored left-justified in the least
      significant word; bit 23 of this word is always zero.
PAC  INDICATORS
PAR  If the computed difference overflows, the arithmetic anomalies indicator in
      the interrupt indicator register will be set. The condition code register
      is set by the most significant difference word; i.e., by the final
      contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address, which may be formed by indexing and
      multilevel indirect addressing, points to the first or most significant
      full-word of a double-word operand.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   4.5      6.0                                        

     SP -- Subtract Parallel O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 54      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Subtract Parallel instruction is used to simultaneously subtract two
      adjacent half-words in storage from two half-words in a general purpose
      register. The two half-words in storage must be in the left and right
      halves of a full-word and cannot cross over a full-word boundary.
PAC  OPERATION
PAR  The right half-word of the contents of the global effective address are
      subtracted from R.sub.r.sup.a and the difference stored in R.sub.r.sup.a.
      The left half-word is subtracted from R.sub.l.sup.a and the difference
      stored in R.sub.l.sup.a.
PAC  INDICATORS
PAR  An overflow in the left half difference will cause the arithmetic anomalies
      indicator in the interrupt indicator register to be set. The condition
      code register is set by the left half difference.
PAC  EFFECTIVE ADDRESS
PAR  The global effective address points to a full-word and the least
      significant bit of the ADDRESS field and any referenced index register is
      not decoded. Indexing and indirect addressing are allowed.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     SPG -- Subtract Parallel (G) Register                                     

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 55        R.sup.a                                        

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Subtract Parallel Register is a short instruction used to simultaneously
      subtract two half-words in one general purpose register from two
      half-words in another general purpose register.
PAC  OPERATION
PAR  The contents of a R.sub.l.sup.c are subtracted from the contents of
      R.sub.l.sup.a and the result stored in R.sub.l.sup.a. The contents of
      R.sub.r.sup.c are subtracted from the contents of R.sub.r.sup.a and the
      difference stored in R.sub.r.sup.a. R.sup.c is left unchanged.
PAC  INDICATORS
PAR  The condition code register is set according to the left-half difference.
      The arithmetic anomalies indicator in the interrupt indicator, register is
      set if the left-half difference overflows.
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing and indexing may be specified in computing the multiple
      address. The least significant bit (No. 23) of the effective address is
      not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete                                            

     ______________________________________                                    

     1.5                   5.25                                                

     MG -- Multiply Register O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 61        R.sup.a                                        

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Multiply Register instruction is used to form the double-word length
      product of two single-word length operands both located in general purpose
      registers. The product is stored in two consecutively addressed general
      purpose registers.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.c (the multiplier) are
      multiplied by the contents of general purpose register R.sup.a (the
      multiplicand). The double-word length product is stored in general purpose
      register's R.sup.a and R.sup.(a.sup.+1) mod 8. R.sub.o.sup.a contains the
      most significant product word; R.sup.a is the product sign bit.
      R.sup.(a.sup.+1 mod 8) contains the least significant 23-bit product word;
      this word is left-justified with bit 23 always set to 0.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete                                                         

                      None                                                     

     ______________________________________                                    

              0.5     1.5                                                      

     M -- Multiply           O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 60      R.sup.a Address (2048 full-word)                         

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Multiply instruction is used to form the double-word length product of
      a single-word length multiplicand located in a general purpose register
      and a single-word length multiplier located in storage. The product is
      stored in two consecutively addressed general purpose registers.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are multiplied by the
      contents of the computed effective address location. The double-word
      length product is stored into general purpose registers R.sup.a and
      R.sup.(a.sup.+1) mod 8. R.sup.a contains the most significant product
      word; R.sub.o.sup.a is the product sign bit. R.sup.(a.sup.+1) mod 8)
      contains the least significant 23-bit product word; this word is
      left-justified with bit 23 always set to 0.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     4.75                                                                      

     MT -- Multiply Truncated                                                  

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 21      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Multiply Truncated is used to form a single-word length product of a single
      word length multiplicand located in a general purpose register by a
      single-word length multiplier located in storage. The most significant
      product word is stored in the general purpose register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are multiplied by the
      contents of the computed effective address location. The most significant
      product word is stored in general purpose register R.sup.a ; the least
      significant product half is lost. R.sup.(a.sup.+1) mod 8 is not changed.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE ADDRESS
PAR  Indirect Addressing and indexing may be specified in computing the
      multiplier address. The least significant bit (No. 23) of the effective
      address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Addressing,                                                      

     .mu.s/level           Complete                                            

     ______________________________________                                    

     1.5                   5.25                                                

     MH -- Multiply Half     O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 62      R.sup.a Address (4096 half-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Multiply Half is used to form the full-word length product of a left
      half-word multiplicand located in a general purpose register and a
      half-word multiplier located in storage. The product is stored in the
      general purpose register.
PAC  OPERATION
PAR  The contents of the left half of general purpose register R.sup.a (i.e.,
      R.sub.l.sup.a) are multiplied by the contents of the half-word specified
      by the computed effective address. The full-word product is stored in
      general purpose register R.sup.a. The previous contents of R.sub.r.sup.a
      are lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE ADDRESS
PAR  Indirect Addressing and indexing may be used in computing the multiplier
      address. The least significant address bit indicates which storage word
      half is to be used; 0 refers to the left and 1 to the right.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete                                            

     ______________________________________                                    

     1.5                   3.75                                                

     MHG -- Multiply Half Register                                             

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 63        R.sup.a                                        

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Multiply Half Register instruction is used to form the full-word length
      product of two half-word operands that are both located in general purpose
      registers. The product is stored in a general purpose register.
PAC  OPERATION
PAR  The contents of the left half of general purpose register R.sup.a (the
      multiplicand) are multiplied by those of the left half of general purpose
      register R.sup.c (the multiplier). The full-word product is stored in
      general purpose register R.sup.a. The previous contents of R.sub.r.sup.a
      are lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     3.25                                                                      

     MHI -- Multiply Half, Immediate                                           

                             O,R.sup.a                                         

                                     Y                                         

     6        24      R.sup.a Immediate Operand                                

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Multiply Half, Immediate can be used to multiply the left half of a general
      purpose register by any half-word constant directly without the need of
      additional half-word operand storage space. The full-word product is
      stored in the general purpose register. MHI is particularly useful for
      scaling operations in half-word arithmetic.
PAC  OPERATION
PAR  The contents of the left half of general purpose register R.sup.a (the
      multiplicand) are multiplied by the instruction immediate operand, which
      is treated as a signed, half-word multiplier. The full-word length product
      is stored in general purpose register R.sup.a. The previous contents of
      R.sub.r.sup.a are lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     3.25                                                                      

     D -- Divide             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 76      R.sup.a Address (2096 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Divide instruction is used to divide a double-word length dividend
      located in two consecutive general purpose registers by a single-word
      length divisor located in storage. Both the single-word length quotient
      and remainder are stored in general purpose registers.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a and those of
      R.sup.(a.sup.+1) mod 8 are treated as a double-length dividend which is
      divided by the single-word length divisor in storage specified by the
      computed effective address. The single-word length quotient is stored in
      general purpose register R.sup.a and the single-word length remainder
      stored in R.sup.(a.sup.+1) mod 8. Saturation division is performed; the
      quotient is set (-1) or (1-2.sup..sup.-23) depending on operand signs
      whenever the fractional quotient range is exceeded, and the remainder is
      set to zero. The non-zero remainders have the same sign as the dividend.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
      If a division by zero is attempted or a saturated quotient generated, the
      arithmetic anomaly indicator bit is set to 1.
PAC  EFFECTIVE ADDRESS
PAR  Indirect Addressing and indexing may be specified in computing the divisor
      address. The least significant bit (No. 23) of the effective address is
      not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete                                            

     ______________________________________                                    

     1.5                   15.00                                               

     DG -- Divide Registers by Register                                        

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 77        R.sup.a                                        

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Divide Registers by Register is used to divide a double-word length
      dividend located in two consecutive general purpose registers by a
      single-word length divisor located in another general purpose register.
      Both quotient and remainder are saved. This instruction is shorter and
      faster than D.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a and those of
      R.sup.(a.sup.+) mod 8 are treated as a double-word length dividend which
      is divided by a single-word length divisor located in general purpose
      register R.sup.c. The single-word length quotient is stored in general
      purpose register R.sup.a, and the single-word length remainder stored in
      R.sup.(a.sup.+1) mod 8. Saturation division is performed where the
      quotient is set to (-1) or (1-2.sup..sup.-23) depending on operand signs
      whenever the fractional quotient range is exceeded, and the remainder set
      to zero. Non-zero remainders have the same sign as the dividend.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
      If a division by zero is attempted or a saturated quotient generated, the
      arithmetic anomaly indicator bit is set to 1.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     14.50                                                                     

     DT -- Divide Truncated  O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 37      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Divide Truncated instruction is used to divide a single-word length
      dividend located in a general purpose register by a single-word length
      divisor located in storage. The single-word length quotient is stored in
      the general purpose register, and the remainder is lost. DT is preferred
      over D wherever 24-bit dividend precision is sufficient, since one general
      purpose register is freed.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a (the dividend are divided
      by those of the single-word length divisor specified by the computed
      effective address. The single-word length quotient is stored in general
      oyroise register R.sup.a, and the remainder is lost. Saturation division
      is performed where the quotient is set to (-1) or (1-2.sup..sup.-23)
      depending on operand signs whenever the fractional quotient range is
      exceeded. R.sup.(a.sup.+1) mod 8 is not changed.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
      If division by zero is attempted or a saturated quotient generated, the
      arithmetic anomaly indicator bit is set to 1.
PAC  EFFECTIVE ADDRESS
PAR  Indirect Addressing and indexing may be specified in computing the divisor
      address. The least significant bit (No. 23) of the effective address is
      not decoded.
PAC  TIMING, .mu.s
TBL  Indirect Address,     Look-Ahead Status                                   

     .mu.s/level           Complete                                            

     ______________________________________                                    

     1.5                   15.00                                               

     DHI -- Divide Half Immediate                                              

                             O,R.sup.a                                         

                                     Y                                         

     7        24      R.sup.a Immediate Operand                                

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Divide Half Immediate is used to divide a full-word length dividend located
      in a general purpose register by a half-word constant directly, without
      the need of additional half-word operand storage space. DHI is
      particularly useful for scaling operations in half-word arithmetic.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are divided by the
      instruction immediate operand, which is treated as a signed, half-word
      divisor. The half-word quotient is stored in the left half of general
      purpose R.sup.a, and the half-word remainder in its right half. Saturation
      division is performed; the quotient is set to (-1) or (1-2.sup.11)
      depending on operand signs whenever the fractional quotient range is
      exceeded, and the remainder set to zero. Non-zero remainders have the same
      sign as the dividend.
PAC  INDICATORS
PAR  The final contents of R.sub.l.sup.a are used to set the condition code
      register. If a division by zero is attempted or a saturated quotient
      generated, the arithmetic anomaly indicator bit is set to 1.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     8.50                                                                      

PAC  LOGICAL INSTRUCTIONS
PAR  This instruction set has two types of logical instructions. The logical
      instructions that perform And, Or, Compare, or Clear operations involve
      two operands; the first is always located in one of the processor
      registers while the second is located in main memory, local store, a
      general purpose register, or an immediate operand field in the instruction
      format. The logical instructions that perform complementing or absolute
      value operations involve a single operand that is always located in a
      general purpose register. All logical instructions except CSW and OW set
      the condition code register with the results of the operation and thus
      provide the following information.
TBL  ______________________________________                                    

     Condition Code Setting, bits                                              

            1       2          Result Value                                    

     ______________________________________                                    

            0       1          Negative                                        

            1       0          Zero                                            

            1       1          Positive                                        

     N -- AND Memory to Register                                               

                             0,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 74      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The And instruction is used to form the logical "AND" of a full-word
      storage location and a general purpose register and to store the result in
      that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically AND's with
      those of the storage location specified by the computed effective address.
      The result is returned to R.sup.a, and the storage location contents
      remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-bit operand is accessed. The least significant bit (No. 23)
      of the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     NG -- AND Register to Register                                            

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 75        R.sup.a                                        

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  And Register to Register is used to form the logical "AND" of two full-word
      general purpose registers and to store the result in one. This instruction
      executes more quickly than N and can be stored in a half-word storage
      location.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically AND'd with
      those of register R.sup.c. The result is stored in register R.sup.a, and
      the contents of R.sup.c remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete                                                         

                      None                                                     

     ______________________________________                                    

              0.5     1.5                                                      

     E -- Exclusive OR Memory to Register                                      

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 66      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Exclusive Or Memory to Register is used to form the logical exclusive "OR"
      of a full-word storage location and a general purpose register and to
      store the result in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically "OR'd"
      (exclusively) with those of the storage location specified by the computed
      effective address. The result is returned to R.sup.a and the storage
      location contents remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-bit operand is accessed. The least significant bit (No. 23)
      of the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     NG -- AND Register to Register                                            

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 75      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  And Register to Register is used to form the logical "AND" of two full-word
      general purpose registers and to store the result in one. This instruction
      executes more quickly than N and can be stored in a half-word storage
      location.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically AND's with
      those of register R.sup.c. The result is stored in register R.sup.a, and
      the contents of R.sup.c remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     E -- Exclusive OR Memory to Register                                      

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 66      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Exclusive Or Memory to Register is used to form the logical exclusive OR of
      a full-word storage location and a general purpose register and to store
      the result in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically OR'd
      (exclusively) with those of the storage location specified by the computed
      effective address. The result is returned to R.sup.a and the storage
      location contents remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-bit operand is accessed. The least significant bit (No. 23)
      of the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     O -- OR Memory to Register                                                

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 64      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Or Memory to Register instruction is used to form the logical inclusive
      OR of a full-word storage location and a general purpose register and to
      store the result in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically OR'd
      (inclusively) with those of the storage location specified by the computed
      effective address. The result is returned to R.sup.a, and the storage
      location contents remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-bit operand is accessed. The least significant bit (No. 23)
      of the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   3.0      3.5                                        

     OG -- OR Register to Register                                             

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 65      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Or Register to Register is used to form the logical inclusive OR of two
      full-word general purpose registers and to store the results in one. This
      instruction executes more quickly than 0 and can be stored in a half-word
      storage location.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are logically OR'd
      (inclusively) with those of register R.sup.c. The result is stored in
      register R.sup.a, and the contents of R.sup.c remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     2.5                                                                       

     OW -- OR Register to Working Register                                     

                              O,R.sup.c                                        

                                      W.sup.a                                  

              W.sup.a 67      R.sup.c                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Or Register to Working Register instruction is used to form the logical
      inclusive OR of a full-word general purpose register to a full-word
      working register and to store the result in the working register. OW is
      particularly useful for setting interrupt indicator mask bits in W.sup.3
      (working register 3).
PAC  OPERATION
PAR  The contents of general purpose register R.sup.c are logically OR'd
      inclusively with those of working register W.sup.c. The result is returned
      to W.sup.a and the contents of R.sup.c remain unchanged.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     CSW -- Clear Selective Working                                            

                             O,R.sup.c                                         

                                     W.sup.a                                   

              W.sup.a 27      R.sup.c                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Clear Selective Working instruction is used to clear to zero individual
      bits within a working register as selected by set bits (i.e., 1's) in a
      general purpose register. CSW is particularly useful resetting interrupt
      indicator and interrupt mask bits.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.c, logically inverted, are
      "AND'd" with the contents of working register W.sup.a, and the result is
      stored in W.sup.a. The contents of R.sup.a remain unchanged.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     K -- One's Complement Register                                            

                             O,R.sup.a                                         

              0       25      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The One's Complement Register instruction is used to form the one's
      complement of the full-word contents of a general purpose register and to
      store the results in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are replaced by their
      one's complement.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     KH -- One's Complement Register Left Half                                 

                                O,R.sup.a                                      

              2       25      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  One's Complement Register Left Hand is used to form the one's complement of
      a general purpose register's left half and store the result in the left
      half of the same register.
PAC  OPERATION
PAR  The contents of R.sub.l.sup.a are replaced by their one's complement. The
      contents of R.sub.r.sup.a remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sub.l.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     T -- Two's Complement Register                                            

                              O,R.sup.a                                        

              1       25      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Two's Complement Register instruction is used to form the two's
      complement of the full-word contents of a general purpose register and to
      store the results in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a are replaced by their
      two's complement.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     TH -- Two's Complement Register Left Half                                 

                                O,R.sup.a                                      

              3       25      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Two's Complement Register Left Half is used to form the two's complement of
      a general purpose register's left half and to store the result in the left
      half of the same register.
PAC  OPERATION
PAR  The contents of R.sub.l.sup.a are replaced by their two's complement. The
      contents of R.sub.r.sup.a remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set by the final contents of R.sub.l.sup.a.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     ABS -- Absolute Value of Register                                         

                                O,R.sup.a                                      

              5       25      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Absolute Value of Register is used to form the absolute value of the
      full-word contents of a general purpose register and to store the result
      in that same register.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.a, treated as a signed two's
      complement number, are replaced by their absolute numerical value.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     C -- Compare Register to Memory                                           

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

     *R.sup.x 70      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Compare Register to Memory is used to arithmetically compare the full-word
      contents of a storage location to those of a general purpose register. It
      provides a means of setting the condition code register directly without
      altering either operand.
PAC  OPERATION
PAR  If the sign bits of the contents of the storage location specified by the
      computed effective address and the contents of general purpose register
      R.sup.a are the same, then the contents of the computed effective address
      are subtracted from the contents of general purpose register R.sup.a and
      the result sets the condition code register which indicates their relative
      magnitudes. If the sign bits of the contents of the computed effective
      address and the general purpose register are not the same, then the
      condition code register is set to the sign but of general purpose register
      R.sup.a. The contents of both R.sup.a and the computed effective address
      remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-bit operand is accessed. The least significant bit (No. 23)
      of the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     CG -- Compare Register to Register                                        

                             O,R.sup.a                                         

                                     R.sup.c                                   

              R.sup.c 71      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Compare Register to Register instruction is used to arithmetically
      compare the contents of two general purpose registers. It provides a means
      of setting the condition code register directly without altering either
      operand. CG executes more quickly than C and can be stored in a half-word
      storage location.
PAC  OPERATION
PAR  If the sign bits of the contents of general purpose registers R.sup.a and
      R.sup.c are the same, then the contents of general purpose register
      R.sup.c are subtracted from those of general purpose register R.sup.a and
      the condition code register set to indicate their relative magnitudes. If
      the sign bits of the contents of general purpose registers R.sup.a and
      R.sup.c are not the same, then the condition code register is set to the
      sign bit of general purpose register R.sup.a. The contents of both general
      purpose registers R.sup.a and R.sup.c remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     CH -- Compare Register Left Half to                                       

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

       Memory Half                                                             

     *R.sup.x 72      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Compare Register Left Half to Memory Half is used to arithmetically compare
      a half-word storage location to the left half of a general purpose
      register. It provides a means of setting the condition code register
      directly without altering either operand.
PAC  OPERATION
PAR  If the sign bits of the contents of the half-word storage location
      specified by the computed effective address and the contents of general
      purpose register R.sup.a are the same, then the contents of the half-word
      location specified by the computed effective address are subtracted from
      the left half of general purpose register R.sup.a and the condition code
      register set properly to indicate their relative magnitudes. If the sign
      bits of the contents of the computed effective address and general purpose
      register are not the same, then the condition code register is set to the
      sign bit of general purpose register R.sup.a. The contents of both R.sup.a
      and the computed effective address remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
TBL  ______________________________________                                    

     CH -- Compare Register Left Half to                                       

                             O,R.sup.a                                         

                                     *A,R.sup.x                                

       Memory Half                                                             

     ______________________________________                                    

     *R.sup.x 72      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Compare Register Left Half to Memory Half is used to arithmetically compare
      a half-word storage location to the left half of a general purpose
      register. It provides a means of setting the condition code register
      directly without altering either operand.
PAC  OPERATION
PAR  If the sign bits of the contents of the half-word storage location
      specified by the computed effective address and the contents of general
      purpose register R.sup.a are the same, then the contents of the half-word
      location specified by the computed effective address are subtracted from
      the left half of general purpose register R.sup.a and the condition code
      register set properly to indicate their relative magnitudes. If the sign
      bits of the contents of the computed effective address and general purpose
      register are not the same, then the condition code register is set to the
      sign bit of general purpose register R.sup.a. The contents of both R.sup.a
      and the computed effective address remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 12-bit operand is accessed. The least significant address bit
      indicates which storage word half is addressed; 0 refers to the left and 1
      to the right half.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   2.0      3.5                                        

     CHG -- Compare Half Register to Half Register                             

                               O,R.sup.a                                       

                                       R.sup.c                                 

              R.sup.c 73      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  The Compare Half Register to Half Register instruction is used to
      arithmetically compare the contents of two general purpose register left
      halves. It provides a means of setting the condition code register
      directly without altering either operand.
PAC  OPERATION
PAR  If the sign bits of the contents of general purpose registers R.sup.a and
      R.sup.c are the same, then the contents of general purpose register
      R.sub.l.sup.c and the condition code register set to indicate their
      relative magnitudes. If the sign bits of the contents of general purpose
      registers R.sup.a and R.sup.c are not the the same, then the condition
      code register is set to the sign bit of general purpose register R.sup.a.
      The contents of both general purpose registers R.sup.a and R.sup.c remain
      unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     CI -- Compare Immediate O,R.sup.a                                         

                                     Y                                         

     4        24      R.sup.a   Immediate Operand                              

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Compare Immediate instruction is used to arithmetically compare the
      full contents of a general purpose register to a constant stored directly
      within the instruction word. This constant can range between -2048 and
      2047 if considered as an integer value or between -2.sup.-.sup.12 and
      2.sup.-.sup.12 -2.sup.-.sup.23 as a fractional value. CI can be executed
      more rapidly than C and is also more efficient of storage.
PAC  OPERATION
PAR  If the sign bits of the effective immediate operand and the contents of
      general purpose register R.sup.a are the same, then the effective
      immediate operand is subtracted from the contents of general purpose
      register R.sup.a and the condition code register set properly to indicate
      their relative magnitudes. If the sign bit of the effective immediate
      operand and general purpose register R.sup.a are not the same, then the
      condition code register is set to the sign bit of general purpose register
      R.sup.a. The contents of R.sup.a remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  BITS 12 through 23 of the effective immediate operand are identical to bits
      12 through 23, respectively, of the immediate operand field. Bits 0
      through 11 of the effective immediate operand are all identical to bit 12
      of the IMMEDIATE OPERAND field (sign bit extension).
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     CHI -- Compare Half Immediate                                             

                              O,R.sup.a                                        

                                      Y                                        

     5        24      R.sup.a   Immediate Operand                              

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Compare Half Immediate is used to arithmetically compare the left half
      contents of a general purpose register to a constant stored directly
      within the instruction word. This constant can range between -2048 and
      2047 if considered as an integer value, or between -2.sup.-.sup.12 and
      2.sup.-.sup.12 -2.sup.-.sup.23 as a fractional value. CHI can be executed
      more quickly than CH and is also more efficient of storage.
PAC  OPERATION
PAR  If the sign bits of the effective immediate operand and the contents of
      general purpose register R.sup.1 are the same, then the effective
      immediate operand is subtracted from the contents of general purpose
      register R.sup.1 and the condition code register set properly to indicate
      their register magnitudes. If the sign bits of the effective immediate
      operand and general purpose are not the same, then the condition code
      register is set to the sign bit of general purpose register R.sup.1. The
      contents of R.sup.1 remain unchanged.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  EFFECTIVE IMMEDIATE OPERAND
PAR  The effective immediate operand is identical to the instruction IMMEDIATE
      OPERAND.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete     None                                                         

     ______________________________________                                    

     0.5          1.5                                                          

     CB -- Compare Bits     O,R.sup.a                                          

                                    *A,R.sup.x                                 

     *R.sup.x 34      R.sup.a Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Compare Bits instruction is used to test for the set condition (i.e.,
      1) for those bits, in a general purpose register, selected by a mask word
      located in storage. This instruction is particularly useful in testing for
      specific bit patterns in data or control words.
PAC  OPERATION
PAR  For each bit set to 1 in the storage location mask word specified by the
      computed effective address, the corresponding bit is tested for the set
      condition. If all bits specified by the mask bit were set, the condition
      code register is set to 2 -- the equality state. If all bits were not set,
      the condition code register is set to 1. The mask word contents are not
      changed.
PAC  INDICATORS
PAR  The condition code register is set as described above under OPERATION.
PAC  EFFECTIVE ADDRESS
PAR  Indexing and indirect addressing may be used in computing the effective
      address. A 24-mask word is accessed. The least significant bit (No. 23) of
      the effective address is not decoded.
PAC  TIMING, .mu.s
TBL                      Look-Ahead Status                                     

     Indirect Address,                                                         

     .mu.s/level           Complete None                                       

     ______________________________________                                    

     1.5                   3.0      3.5                                        

     EXAMPLE 1:                                                                

               CB,1      Mask 1                                                

     Before Execution     After Execution                                      

     (Mask 1)  '01000507'         '01000507'                                   

     (R.sup.1) '01234567'         '01234567'                                   

     (CC)      XX                 10                                           

     EXAMPLE 2:                                                                

               CB,1      Mask 2                                                

     Before Execution     After Execution                                      

     (Mask 2)  '00204013'         '00204013'                                   

     (R.sup.1) '01234567'         '01234567'                                   

     (CC)      XX                 01                                           

     ______________________________________                                    

PAC  SHIFT INSTRUCTIONS
PAR  This instruction set contains nine shift instructions that perform
      arithmetic shifts, logical shifts, and rotations of 24-bit and 48-bit
      operands; a 24-bit normalizing shift is also provided.
PAR  All shift instructions except SLCT share a single operation code and use
      the following format. a a relative register are a a
TBL  ______________________________________                                    

     R.sup.x                                                                   

            22        R.sup.a  OPE     COUNT                                   

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

TBL  ______________________________________                                    

     Opcode Extender (OPE) Field Bit                                           

     15     16        17           Shift Type                                  

     ______________________________________                                    

     0      0         0          Shift Right, Arithmetic                       

     0      0         1          Shift Right, Logical                          

     0      1         0          Shift Right Double,                           

                                 Arithmetic                                    

     0      1         1          Shift Right Double,                           

                                 Logical                                       

     1      0         0          Shift Left, Cyclic                            

     1      0         1          Shift Left                                    

     1      1         0          Shift Left Double,                            

                                 Cyclic                                        

     1      1         1          Shift Left Double,                            

                                 Arithmetic                                    

     ______________________________________                                    

PAR  Each instruction operates on one of the eight general purpose registers,
      which is specified in bits 9 through 11. Bits 18 through 23 comprise the
      6-bit immediate count field, but this count can be modified by an indexing
      operation before execution of the shift instruction; in this case, the
      right-most 6 bits of the resulting effective count are used to specify the
      shift length. The count field has no sign bit; all counts are assumed to
      be positive in the direction specified by the opcode extender field.
PAR  Double-register shift operations treat the contents of two adjacent general
      purpose register pairs as a single double-word operand 48 bits in length.
      Double arithmetic operands possess a single sign bit, which is located in
      the second (low-order) register contains its most significant data bit;
      bit 23 of this register is arbitrary.
PAR  All shift instructions set the condition code register at the completion of
      the shift, to provide the following information:
TBL  Condition Code Setting                                                    

     1        2             Shift Type                                         

     ______________________________________                                    

     0        1            Negative                                            

     1        0            Zero (loss of arithmetic                            

                           significance                                        

     1        1            Positive                                            

     ______________________________________                                    

PAR  In addition, if, during the execution of a left shift, SLCT and cyclic
      shift excepted, a change in the sign bit occurs, then bit 4 of the
      interrupt Indicator Register (w.sup.2) is set to signify that an
      arithmetic anomaly has occurred. This interrupt indicator is maskable
      under program control.
TBL  ______________________________________                                    

     SRA -- Shift Right, Arithmetic                                            

                              O,R.sup.a                                        

                                      K,R.sup.x                                

     ______________________________________                                    

     R.sup.x  22      R.sup.a 0 0 0  Count                                     

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Right, Arithmetic is used to right shift single-word length
      arithmetic operands located in a general purpose register. The original
      sign bit is copied and inserted into the vacated bit positions. This
      instruction also provides a more rapid means of dividing by a power of two
      than the use of any divide instruction.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) are
      shifted 1 bit position to the right -- the number of times specified by
      the effective count. At each step, the sign bit is copied into the vacated
      bit position (No. 0), and bit 23 is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field but which may optionally be modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     (K+.phi.+8)/8                                                             

     ______________________________________                                    

               1 for odd K                                                     

     .phi. =                                                                   

               0 for even K                                                    

     SRL -- Shift Right, Logical                                               

                              O,R.sup.a                                        

                                      K,R.sup.x                                

     R.sup.x                                                                   

            22        R.sup.a  0 0 1     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Right, Logical is used to right-shift single-word length logical
      operands located in a general purpose register. Leading zeros are inserted
      into vacated bit positions.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) are
      shifted 1 bit position to the right -- the number of times specified by
      the effective count. At each step, a zero is inserted into bit position 0
      following the right shift, and bit 23 is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field but which may optionally be modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     (K+.phi.+8)/8                                                             

     ______________________________________                                    

               1 for odd K                                                     

     .phi. =                                                                   

               0 for even K                                                    

     SL -- Shift Left         O,R.sup.a                                        

                                      K,R.sup.x                                

     R.sup.x                                                                   

            22        R.sup.a  1 0 1     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Left is used to left shift single-word length arithmetic or logical
      operands located in a general purpose register. Zero's are inserted into
      the vacated bit positions.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) are
      shifted 1 bit position to the left -- the number of times specified by the
      effective count. At each step, a zero is inserted into bit position 23
      following the left shift, and bit 0 is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
      If a change also occurs in the sign bit of R.sup.a, during the execution
      of the shift, then the arithmetic anomaly indicator of the Interrupt
      Indicator register (w.sup.2) is set.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity, copied from the instruction count
      field but which may be optionally modified through indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+4)/4                                                                   

     SLC -- Shift Left, Cyclic                                                 

                            O,R.sup.a                                          

                                     K,R.sup.x                                 

     R.sup.x                                                                   

            22        R.sup.a  1 0 1     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Left, Cyclic is used to rotate a single-length word operand located
      in a general purpose register. Rotation takes place to the left, and bit 0
      is copied into bit 23 at each cycle.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) are
      shifted 1 bit position to the left -- the number of times specified by the
      effective count. At each step, bit 0 is saved and inserted into the
      vacated bit 23 position.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field but which may optionally be modified through indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+4)/4                                                                   

     SRDA -- Shift Right Double, Arithmetic                                    

                            O,R.sup.a                                          

                                    K,R.sup.x                                  

     R.sup.x                                                                   

            22        R.sup.a  0 1 0     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Right Double, Arithmetic is used to right shift double-length
      arithmetic operands located in consecutively addressed general purpose
      registers. The sign bit (bit 0 of the most significant register contents)
      is copied and inserted into the vacated bit positions.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) and those
      of the register whose address is next higher in the register bank
      (R.sup.(a.sup.+ 1) mod 8) are jointly right shifted 1 bit position. This
      cycle is repeated as specified by the effective count (bit 23 of R.sup.a
      is always shifted into bit 0 of R.sup.(a.sup.+1) mod 8). At each step, the
      previous sign bit is copied into R.sup.a 's vacated bit 0 position, and
      bit 23 of R.sup.(a.sup.+1) mod 8 is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field but which may optionally be modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+.phi.+16)/8                                                            

               1 for odd K                                                     

     .phi. =                                                                   

               0 for even K                                                    

     SRDL -- Shift Right Double, Logical                                       

                            O,R.sup.a                                          

                                    K,R.sup.x                                  

     R.sup.x                                                                   

            22        R.sup.a  0 1 1     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Right Double, Logical is used to right shift double-length logical
      operands located in consecutively addressed general purpose registers.
      Leading zeros are inserted into vacated bit positions.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) and those
      of the register whose address is next higher in the register bank
      (R.sup.(a.sup.+1) mod 8) are jointly right shifted 1 bit position. This
      cycle is repeated as specified by the effective count (bit 23 of R.sup.a
      is always shifted into bit 0 of R.sup.(a.sup.+1) mod 8). At each step, a
      zero is inserted into bit 0 of R.sup.a following the right shift, and bit
      23 of R.sup.(a.sup.+1) mod 8 is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copies from the instruction count
      field but which may be optionally modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+.phi.+16)/8                                                            

               1 for odd K                                                     

     .phi. =                                                                   

               0 for even K                                                    

     SLD -- Shift Left Double                                                  

                            O,R.sup.a                                          

                                    K,R.sup.x                                  

     R.sup.x                                                                   

            22        R.sup.a  1 1 1     Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Left Double is used to left shift doublelength arithmetic or logical
      operands located in consecutively addressed general purpose registers.
      Zeros are inserted into the vacated bit positions.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) and those
      of the register whose address is next higher in the register bank
      (R.sup.(a.sup.+1) mod 8) are jointly left shifted 1 bit position. This
      cycle is repeated as specified by the effective count (Bit 0 of
      R.sup.(a.sup.+1) mod 8 is always shifted into bit 23 of R.sup.a. At each
      step, a zero is inserted into bit position 23 of R.sup.(a.sup.+1) mod 8
      following the left shift, and bit 0 of R.sup.a is lost.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
      If a change also occurs in the sign bit of R.sup.a during the execution of
      the shift, then the arithmetic anomaly indicator of the interrupt
      indicator register (w.sup.2) is set.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field but which can optionally be modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+8)/4                                                                   

     SLDC -- Shift Left Double, Cyclic                                         

                            O,R.sup.a                                          

                                    K,R.sup.x                                  

     R.sup.x                                                                   

            22        R.sup.a    1 1 0   Count                                 

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Shift Left Double, Cyclic is used to rotate a doublelength operand located
      in consecutively addressed general purpose registers. Rotation occurs to
      the left.
PAC  OPERATION
PAR  The contents of the specified general purpose register (R.sup.a) and those
      of the register whose address is next higher in the register bank
      (R.sup.(a.sup.+1) mod 8) are jointly left-shifted 1 bit position. This
      cycle is repeated as specified by the effective count. Bit 0 of
      R.sup.(a.sup.+1) mod 8 is copied into bit 23 of R.sup.a, while bit 0 of
      R.sup.a is copied into bit 23 of R.sup.(a.sup.+1) mod 8.
PAC  INDICATORS
PAR  The final contents of R.sup.a are used to set the condition code register.
PAC  EFFECTIVE COUNT
PAR  The effective count is a 6-bit quantity copied from the instruction count
      field, but which can be optionally modified by indexing.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete                                                                  

     ______________________________________                                    

     (K+8)/4                                                                   

     SLCT -- Shift Left and Count                                              

                            O,R.sup.a                                          

                                    R.sup.c                                    

              R.sup.c 23      R.sup.a                                          

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Shift Left and Count is useful for normalizing (or left justifying and
      counting) a single word operand located in a general purpose register. One
      bit left shift cycles are executed until bits 0 and 1 are not identical or
      until 23 shifts have occurred. Zero's are inserted into the vacated bit
      positions.
PAC  OPERATION
PAR  Bits 0 and 1 of the specified general purpose register (R.sup.a) are tested
      for equality. If they are identical, a sequence of 1 bit left shifts are
      performed until either the inequality condition is met or 23 shift cycles
      have occurred. Zero's are inserted into bit position 23 in each shift
      cycle. The number of cycles (possibly 0) are then loaded, right justified
      with leading zero's, into general purpose register R.sup.c. R.sup.c may
      also equal R.sup.a, in which case the count is retained but the shift
      register is lost. (Caution: SLCT should not be used as the next
      instruction in logical sequence after executing a BAL instruction, as the
      count register R.sup.c may not be properly initialized.)
PAR  The contents of R.sup.a following the last shift cycle are used to set the
      condition code register.
PAC  TIMING, .mu.s
TBL           Look-Ahead Status                                                

              Complete                                                         

                     None                                                      

     ______________________________________                                    

              (K+6)/4                                                          

                     (K+10)/4                                                  

     ______________________________________                                    

PAC  BRANCH INSTRUCTIONS
PAR  This instruction set contains nine branch instructions used to alter the
      program sequence either unconditionally or conditionally. These
      instructions permit unconditional branch capabilities, and a decrement and
      conditional branch instruction to facilitate loop control.
PAR  The set of branch instructions, can be used to alter the program sequence
      either unconditionally or conditionally. If a program branch is
      unconditional, the next instruction to be executed is located by the
      branch instruction's computed effective address. If the branch is
      conditional and the conditions for the branch are currently satisfied,
      then the next instruction executed is again located by the branch
      instruction's effective address; otherwise the next instruction to be
      executed is that instruction immediately following the branch instruction
      in the current program sequence.
PAR  The two unconditional branch instructions B and BAL, and BCT each have
      unique operation code assignments; the remaining six conditional branch
      instructions share a single operation code and use the following format.
TBL  ______________________________________                                    

     OPCODE                                                                    

     Extender                                                                  

            31           ADDRESS (32, 768 Half-Words)                          

     ______________________________________                                    

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAR  Bit positions 0 through 2 contain an opcode extender field. This field, in
      effect, indicates by set bits one or more of the three mutually exclusive
      condition code register states to be tested for by the branch instruction.
      If the condition code register is in a state corresponding to a set bit in
      the extended opcode field when the conditional branch instruction is
      executed, the program branch is taken; otherwise the branch is not taken
      and the next sequential instruction executed. The correspondence between
      condition code states and opcode extender bits is given below:
TBL                            Corresponding                                   

     Condition Code            Extended Opcode                                 

     Register State                                                            

                 Indication    Field Bit                                       

     K.sub.1                                                                   

            K.sub.2                                                            

     ______________________________________                                    

     0      1        &lt; or negative 0                                           

     1      0        = or zero     1                                           

     1      1        &gt; or positive 2                                           

     0      0        Never occurs  None                                        

     ______________________________________                                    

PAL  Thus, the bit pattern in the instruction opcode extender field specifies
      the conditions to be met by a conditional branch.
TBL  ______________________________________                                    

     Opcode                                                                    

     Extender                                                                  

     Field Bits Mnemonic Branch Instruction Name                               

     0    1      2                                                             

     ______________________________________                                    

     1    0      0        BL   Branch if less than                             

     1    1      0        BLE  Branch if less than or equal                    

     1    0      1        BNE  Branch if not equal                             

     0    1      0        BE   Branch if equal                                 

     0    1      1        BGE  Branch if greater or equal                      

     0    0      1        BG   Branch if greater than                          

     (1   1      1)       --   (Branch unconditionally)                        

     (0   0      0)       --   (No operation)                                  

     BL -- Branch if Less Than                                                 

                             O       A                                         

     100    31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Less Than is used to cause a program branch if the condition code
      register is currently set to its negative state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bit 0). If the register is in a
      corresponding state (less than), then the instruction effective address is
      loaded into the program counter (w.sup.o). Otherwise, the program counter
      is incremented.
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BLE -- Branch if Less Than or Equal                                       

                               O     A                                         

     1 1 0  31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Less Than or Equal is used to cause a program branch if the
      condition code register is currently set to either its negative or zero
      state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bits 0 and 1). IF the register is
      in a corresponding state (less than or equal to), then the instruction
      effective address is loaded into the program counter (w.sup.o). Otherwise,
      the program counter is incremented.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BNE -- Branch if Not Equal                                                

                               O     A                                         

     1 0 1  31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Not Equal is used to cause a program branch if the condition code
      register is currently set to either its negative or positive state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bits 0 and 2). If the register is
      in a corresponding state (less than or greater than), then the instruction
      effective address is loaded into the program counter (w.sup.o). Otherwise,
      the program counter is incremented.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BE -- Branch if Equal To  O     A                                         

     0 1 0  31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Equal To is used to cause a program branch if the condition code
      register is currently set to its zero state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bit 1). If the register is in a
      corresponding state (equal), then the instruction effective address is
      loaded into the program counter (w.sup.o). Otherwise, the program counter
      is incremented.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BG -- Branch if Greater Than                                              

                              O      A                                         

     0 0 1  31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Greater Than is used to cause a program branch if the condition
      code register is currently set to its positive state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bit 2). If the register is in a
      corresponding state (greater than), then the instruction effective address
      is loaded into the program (w.sup.o). Otherwise, the program counter is
      incremented.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BGE -- Branch if Greater or Equal                                         

                              O      A                                         

     0 1 1  31           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch if Greater or Equal is used to cause a program branch if the
      condition code register is currently set to either its positive or zero
      state.
PAC  OPERATION
PAR  The condition code register state is compared with the set bits of the
      instruction opcode extender field (i.e., bits 1 and 2). If the register is
      in a corresponding state (greater than or equal to), then the instruction
      effective address is loaded into the program counter (w.sup.o). Otherwise,
      the program counter is incremented.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  The effective address is the instruction immediate address.
PAC  TIMING .mu.s
TBL             Look-Ahead Status                                              

             Complete None                                                     

     ______________________________________                                    

             (not taken)                                                       

                      (not taken)                                              

                                 (taken)                                       

             0.50     2.00       2.50                                          

     BCT -- Branch and Count  O      *A,R.sup.x                                

     *R.sup.x                                                                  

            32           Address (32,768 half-words)                           

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch and Count is used to cause a program branch if a specific condition
      is met. A designated count is first decremented, and as long as the new
      value remains non-negative, the branch is taken. This instruction is used
      primarily to control programmed loops.
PAC  OPERATION
PAR  The contents of general purpose register R.sup.x are decremented by 2. If
      the new count value is positive or zero, the value is stored in register
      R.sup.x and the effective address loaded into the program counter
      (w.sup.o). If the new count value is negative, the value is discarded
      (i.e., R.sup.x is not changed), the program counter is incremented, and
      the next sequential program instruction executed. Any one of register
      R.sup.0 through R.sup.3 may be used as the count register R.sup.x.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing may be specified to modify the 15-bit immediate address
      field.
PAC  TIMING, .mu.s
TBL             Look-Ahead Status                                              

     Indirect Address,                                                         

     .mu.s/level  Complete   None                                              

     ______________________________________                                    

                  (not taken)                                                  

                             (not taken)                                       

                                        (taken)                                

     2.00         0.50       2.00       2.50                                   

     B -- Branch Unconditionally                                               

                             O      *A,R.sup.x                                 

     *R.sup.x 30          Address (32,768 half-words)                          

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch Unconditionally is used to alter a sequential program instruction
      stream and cause a program jump. This jump is usually to another memory
      location, but in general may be any HCM 231 system addressable location.
      The contents of the specified location will be treated as an instruction.
PAC  OPERATION
PAR  The effective instruction address is computed and loaded into the program
      counter; working register zero (w.sup.o). Instruction execution proceeds
      with the instruction located at the effective address.
PAC  INDICATORS
PAR  None
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing and indexing may be specified to modify the 15-bit
      immediate address field. The effective address can reference either a
      half- or full-word instruction beginning in either the left or right half
      of the specified location.
PAC  TIMING, .mu.s
TBL  Indirect Address,                                                         

     .mu.s/level          Execution Time                                       

     ______________________________________                                    

     2.00                 2.00                                                 

     BAL -- Branch and Link                                                    

                          O        *A,R.sup.x                                  

     *      R.sup.x  33        Address (32,768 half-words)                     

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  Branch and Link is used to alter sequential program execution and to allow
      a subsequent return to that sequence. This instruction is used primarily
      to enter subroutines. Returning to the calling program can be accomplished
      with an indirectly addressed or indexed B instruction; its computed
      effective address points to that location saving the program counter
      contents at the time of the subroutine call.
PAC  OPERATION
PAR  The updated contents of the program counter (w.sup.o) are loaded into the
      general purpose register specified by the instruction X field. (Any one of
      registers R.sup.0 through R.sup.3 may be selected, though R.sup.0 cannot
      be used if the subsequent return is made via indexing alone. The 18-bit
      program count is right justified in the general purpose register; leading
      bit positions are cleared to zeros.) The effective instruction address is
      then computed and loaded into the program counter. Instruction execution
      proceeds with the instruction located at the effective address.
PAC  INDICATORS
PAR  None
PAR  Indirect addressing may be specified to modify the 15-bit immediate address
      field. The effective address can reference either a half- or full-word
      instruction which may begin in either the left or right half of the
      specified location.
PAC  TIMING, .mu.s
TBL  Indirect Address,                                                         

     .mu.s/level          Execution Time                                       

     ______________________________________                                    

     2.00                 2.00                                                 

     EXAMPLES:                                                                 

     (1)   BAL        *JOE,1        Subroutine call                            

           .                                                                   

           .                                                                   

           .                                                                   

           BU         00000.sub.0, 1                                           

                                    Subroutine return                          

     ______________________________________                                    

PAC  PROCESSOR CONTROL INSTRUCTIONS
PAR  This instruction set includes eight control instructions that can be used
      to enable or disable the interrupt system, lock or unlock low order memory
      cells, and set or reset BIT flags, as well as perform certain AGE
      functions.
PAR  The processor control instructions are used to exert control over the
      interrupt logic, system address interpretation, built-in-test flip-flop
      states, and to perform certain ground (test or preflight) computer
      operations. All control instructions except BIT are half-word instructions
      may be executed as required without altering any processor data storage
      location contents. Groups of control instructions are employed to
      accomplish these tasks.
PAR  Interrupt System Control -- Three instructions (ENT, DST, and DSIM) provide
      control over interrupt system operation. ENT and DST set and reset,
      respectively, the Tactical Interrupt enable flip-flop. DSIM disarms all
      interrupts during the following two instruction executions.
PAR  System Address Control -- SCM and SCP are used, respectively, to set a
      control flip-flop to its "memory" or "processor" position. In the
      processor position, system addresses below the local store address
      boundary are interpreted as referring to the appropriate cell or register
      contained within the processor, while in the memory position all system
      addresses are interpreted as referencing locations in main core memory.
PAR  Built-In-Test Mode Control -- BIT mode control is determined by the states
      of 12 distributed flip-flops that are selectively set or reset via the BIT
      instructions.
PAR  Aerospace Ground Equipment Operation -- The AGE and H instructions are used
      during ground or preflight operations in conjunction with external
      auxiliary checkout equipment; they are not employed in tactical computer
      modes. The processor control instructions are summarized in the following
      table.
TBL  ______________________________________                                    

     Instruction Name         Mnemonic                                         

     ______________________________________                                    

     Enable Tacticals         ENT                                              

     Disable Tacticals        DST                                              

     Disable Interrupts Momentarily                                            

                               DSIM                                            

     Set Control to Processor SCP                                              

     Set Control to Memory    SCM                                              

     Built-in-Test            BIT                                              

     AGE Control              AGE                                              

     Halt                     H                                                

     ______________________________________                                    

PAC  Processor Control Instructions
PAR  The eight processor control instructions coordinate the interrupt system,
      system addressing, built-in-test, and the ground support equipment.
TBL  ______________________________________                                    

     ENT -- Enable Tacticals   O                                               

               7     25       1                                                

             0 1 2 3 4 5 6 7 8 9 10 11                                         

     ______________________________________                                    

PAC  USAGE
PAR  Enable Tacticals is used to set the tactical interrupt control bit to the
      interrupt enable position. In this position, tactical interrupts are
      recognized by the processor unless they are either masked or the interrupt
      system is temporarily disarmed. Catastrophic interrupt recognition is not
      affected by this instruction, once an interrupt disarm interval ending
      after the second succeeding instruction has elapsed.
PAC  OPERATION
PAR  The tactical interrupt control flip-flop is set to one, and the interrupt
      disarm flip-flop is set to one. Barring subsequent interrupt system status
      changes, the disarm flip-flop will be reset to zero at the end of the
      second sequential instruction to be executed.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete    None                                                 

     ______________________________________                                    

              0.5         1.5                                                  

     DST -- Disable Tacticals  O                                               

               7     25       0                                                

             0 1 2 3 4 5 6 7 8 9 10 11                                         

     ______________________________________                                    

PAC  USAGE
PAR  Disable Tacticals is used to reset the tactical interrupt control bit to
      the interrupt disable position. In this position, tactical interrupts will
      not be recognized by the processor even if they are unmasked and would be
      allowed otherwise. Catastrophic interrupt recognition is not affected by
      this instruction once an interrupt disarm interval ending after the second
      succeeding instruction has elapsed.
PAC  OPERATION
PAR  The tactical interrupt control flip-flop is reset to zero, and the
      interrupt disarm flip-flop is set to one. Barring subsequent interrupt
      system status changes, the disarm flip-flop will be reset to zero at the
      end of the second sequential instruction to be executed.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete    None                                                 

     ______________________________________                                    

              0.5         1.5                                                  

     DSIM -- Disable Interrupts Momentarily                                    

                                 O                                             

               7     25       2                                                

             0 1 2 3 4 5 6 7 8 9 10 11                                         

     ______________________________________                                    

PAC  USAGE
PAR  Disable Interrupts Momentarily is used to temporarily disarm all
      interrupts, including the catastrophic interrupts from being permitted by
      the processor for the duration of the next two instructions to be
      executed. Then the interrupt system status reverts to its state before the
      DSIM instruction, unless the status has been altered during the
      two-instruction disarm period. This instruction is particularly useful as
      a means of allowing a subroutine return free from the possibility of
      interrupt occurrence.
PAC  OPERATION
PAR  The interrupt disarm flip-flop is set to one. Barring subsequent interrupt
      system status changes, the disarm flip-flop will be reset to zero at the
      end of the second sequential instruction to be executed.
PAC  INDICATORS
PAR  None
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete               None                                               

     ______________________________________                                    

     0.5                    1.5                                                

     SCP -- Set Control to Processor                                           

                               0                                               

     7               25           4                                            

     0 1 2 3 4 5 6 7 8 9 10 11                                                 

     ______________________________________                                    

PAC  USAGE
PAR  Set Control to Processor is used to set the processor main memory control
      bit to the processor address position. In this position, system addresses
      in the range of 0 to 127 fullwords refer to processor locations in the
      general purpose register bank (0 to 7), the working register bank (8 to
      15), or local store cells (16 to 127), respectively, instead of the
      corresponding main memory locations. System addresses greater than 127
      full words are not affected.
PAC  OPERATION
PAR  The processor main memory flip-flop is reset to 0.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete               None                                               

     ______________________________________                                    

     0.5                    1.5                                                

     SCM -- Set Control to Memory                                              

                               0                                               

     7               25           5                                            

     0 1 2 3 4 5 6 7 8 9 10 11                                                 

     ______________________________________                                    

PAC  USAGE
PAR  Set Control to Memory is used to set the processor main memory control bit
      to the memory address position. In this position, system addresses in the
      range of 0 to 127 full-words refer to main memory locations instead of
      processor locations in the general purpose register or working register
      banks, or in the local store. System addresses greater than 127 full words
      are not affected.
PAC  OPERATION
PAR  The processor main memory flip-flop is set to 1.
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

     Complete               None                                               

     ______________________________________                                    

     0.5                    1.5                                                

     BIT -- Built-in-Test      Y                                               

             36   Immediate Operand - Y                                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Built-in-Test (BIT) instruction is used to set or reset one or more BIT
      flip-flops located throughout the computer and its associated I/O modules.
      Each flip-flop is assigned a BIT position in the instruction 12-bit
      immediate operand field, and its effect on the system is described below.
      The immediate operand field for operational tactical modes will be 3777.
PAR  In addition to the described test functions, the bit-12 flip-flop of the
      BIT instruction is forced to the one state at the power-on interrupt. This
      state will cause a no-go indication if the BIT instruction is not executed
      within 600 milliseconds with bit-12 reset.
PAC  OPERATION
PAR  Each of the BIT flip-flops is set or reset, depending on whether its
      corresponding Y-field bit is 1 or 0, respectively. The following BIT
      assignments have been made.
TBL  ______________________________________                                    

     BIT   Flip-Flop Function and State                                        

     ______________________________________                                    

     12    State 0 -- RDP and radar operational.                               

           State 1 -- Set RDP fault indicator and no-go                        

           lights on the BIT control panel and avionics                        

           status panel indicators latch on after 600 to                       

           1800 milliseconds.                                                  

     13    State 0 -- Set I/O channel controller to test                       

           mode.                                                               

           State 1 -- Set I/O channel controller to                            

           tactical (normal) mode.                                             

     14    State 0 -- Set BIT mode 041.                                        

           State 1 -- Set tactical mode 041. Set with                          

           bit 15.                                                             

     15    State 0 -- Raise data valid to 041 unit for                         

           test data to enter RDP.                                             

           State 1 -- Normal tactical operation of 041.                        

           Set with bit 14.                                                    

     16    Not used.                                                           

     17    State 0 -- Completes link between P-MUX                             

           register and C-MUX register for testing.                            

           State 1 -- Normal tactical operation of P-MUX                       

           channel.                                                            

     18    Not used.                                                           

     19    Not used.                                                           

     20    Not used.                                                           

     21    Not used.                                                           

     22    Not used.                                                           

     23    State 0 -- Set C-MUX to test mode.                                  

           State 1 -- Set C-MUX to tactical mode.                              

     ______________________________________                                    

PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete                                                         

                      None                                                     

     ______________________________________                                    

              0.5     1.5                                                      

     H -- Halt            0                                                    

              6       25                                                       

              0 1 2 3 4 5 6 7 8 9 10 11                                        

     ______________________________________                                    

PAC  USAGE
PAR  Halt is used to halt the processor, if it is in the test mode, and await a
      start command. If the processor is not in the test mode, H performs a
      no-operation function.
PAC  OPERATION
PAR  (Operation details not finalized.)
PAC  INDICATORS
PAR  None.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

              Complete                                                         

                      None                                                     

              0.5     1.5                                                      

PAC  INPUT-OUTPUT CONTROL INSTRUCTIONS
PAR  This instruction set contains two I/O control instructions that are used in
      conjunction with the I/O system control units. I/O operations are
      performed in two modes:
PA1  1. Direct mode I/O, in which I/O operands are referenced directly by
      regular instructions via their system addresses, i.e., L, A, ST, etc.
PA1  2. Buffered mode I/O, in which I/O operands are transferred between the I/O
      system and memory (or processor) storage cells by autonomously operating
      I/O control units.
PAR  When buffered mode I/O is performed, the program controlled I/O control
      units are initiated, and possibly sampled or terminated, by the processor
      under program control. Two special I/O control instructions are used for
      these purposes.
PAR  Buffered I/O Transaction Initiation -- A buffered mode transation is
      initiated by transmitting a control word from the processor to the
      selected I/O control unit. A PCW instruction is executed and, in general,
      one PCW instruction is required for each transaction instance.
PAR  Buffered I/O Transaction Status Sampling -- The status of some I/O control
      units can be sampled as desired by the processor, with the option of
      terminating any currently executing transaction, using the LSC
      instruction.
TBL  ______________________________________                                    

     PCW:     Place Control Word                                               

                                O,B     *A,R.sup.x                             

     ______________________________________                                    

     *R.sup.x                                                                  

            17        B       Address (2048 full-words)                        

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Place Control Word instruction is used to initiate the action of a
      program controlled I/O control unit on a block of sequential I/O data
      items. Once initiated, the control unit performs the I/O transaction
      independently. They can accommodate data blocks of varying lengths, where
      data items themselves are either full- or half-word lengths.
PAC  OPERATION
PAR  The contents of the computed effective address are transmitted to the I/O
      control unit, specified by bits 9, 10 and 11 in the instruction. These
      contents are in the format corresponding to the type of control unit to be
      used.
PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  Indirect addressing and indexing may be specified, if desired, to form the
      effective address of the control word to be transmitted. The control word
      occupies a full memory word (24 bits). The least significant bit of the
      effective address formation is ignored in the address computation.
PAC  TIMING, .mu.s
TBL                     Look-Ahead Status                                      

     Indirect Address,                                                         

     .mu.s/level        Complete    None                                       

     ______________________________________                                    

     1.5                3.00     3.75                                          

     EXAMPLE 1:                                                                

              PCW, 1 ABC                                                       

     Before Execution   After Execution                                        

     (ABC)        '0441 2500' '0441 2500'                                      

     (I/O Controller                                                           

                  XXXXXXXX    '0441 2500'                                      

     No. control reg.)                                                         

     LCW :  Load Control Word   O,R.sup.a                                      

                                        Y                                      

     20         R.sup.a S.A.    C T I R X                                      

                                         B                                     

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

PAC  USAGE
PAR  The Load Control Word instruction is used to determine the status of a
      selected I/O control unit. A 24-bit word containing status information is
      transmitted to a general purpose register.
PAC  OPERATION
PAR  The contents of the instruction's 12-bit y field (bits 12-23) are used to
      form the effective address, which is transmitted to the I/O control unit
      via the main bus. The control unit transmits its status information to the
      processor. The 24-bit status word sent by the control unit is loaded into
      general purpose register R.sup.a. The meaning of the control bits C, T and
      R, fields S.A. and B, and spare bit X are as follows:
TBL                Word Address H     (i)                                      

     S.A. C T I  P      Channel                                                

                               Subchannel X                                    

                                         Word H   (ii)                         

     R X        Cont.    All Zero's       (iii)                                

     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22                

     ______________________________________                                    

     23                                                                        

     (i)   Main Memory Address                                                 

           0 0 0 0 0 0 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --    

     (ii)  Channel Controller Address                                          

           0 0 0 0 0 0 1 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --     

     (ii)  Direct Dependent Unit Address (Special I/O Module)                  

           0 0 0 0 0 0 1 0 -- -- -- -- -- -- -- -- -- -- -- --  -- -- -- --    

     (iii) Input-Output Controller Address                                     

           0 0 0 0 1 0 1 1 0 -- -- -- 0 0 0 0 0 0 0 0 0 0 0 0 (a)              

           0 0 0 0 1 1 1 1 0 -- -- -- 0 0 0 0 0 0 0 0 0 0 0 0 (b)              

           0 0 0 0 1 1 1 0 0 -- -- -- 0 0 0 0 0 0 0 0 0 0 0 0                  

     ______________________________________                                    

           (c)                                                                 

      (a) Status Request                                                       

      (b) Status and Terminate Request                                         

      (c) Assignment Command                                                   

TBL  __________________________________________________________________________

                         Bit Position                                          

     Control    Name     Control                                               

                              Address                                          

                                   Meaning                                     

     Bit                 Word Word                                             

     __________________________________________________________________________

     C    Control Word Address Flag                                            

                         --   4     C = 1                                      

                                         An independent I/O unit               

          Bit                                                                  

     I    I/O - Memory Partition Bit                                           

                         --   6     I = 1                                      

                                         An I/O Address                        

                                    I = 0                                      

                                         A main memory address                 

     P    Channel Controller                                                   

                         --   7     P = 1                                      

                                         A channel controller                  

          Partition Bit                  address                               

                                    P = 0                                      

                                         An address external to                

                                         any channel controller                

     R    Block Transfer Controller                                            

                         --   7     R = 1                                      

                                         A status request                      

          Status Request Bit                                                   

                                    R = 0                                      

                                         An I/O transmission                   

                                         assignment with no status             

                                         request                               

     H    Half-Word Address Bit                                                

                         23   23    H = 1                                      

                                         A least significant (right)           

                                         word half                             

                                    H = 0                                      

                                         A most significant (left)             

                                         word half                             

     X    Spare Control Bit                                                    

                         --   8 or 16                                          

                                    X = 0                                      

                                         (Hardwired)                           

     __________________________________________________________________________

PAC  INDICATORS
PAR  None.
PAC  EFFECTIVE ADDRESS
PAR  The effective address transmitted to the selected I/O control unit is
      formed by shifting the instruction y field contents (bits 12-23) to bit
      positions 0 through 11, respectively, and setting address bits 12 through
      23 to zero. The control bits contained by the effective address are
      defined in the next section.
PAC  TIMING, .mu.s
TBL  Look-Ahead Status                                                         

                      Complete                                                 

                      1.75                                                     

     EXAMPLE 1: LCW,7 `0261`                                                   

     Before Execution      After Execution                                     

     ______________________________________                                    

     (R.sup.7)     XXXX    XXXX    0441    0500                                

     (I/O Controller                                                           

                   0441    0500    0441    0500                                

     No. 11 control reg.)                                                      

     ______________________________________                                    

TBL  APPENDIX B                                                                

     PART I                                                                    

     __________________________________________________________________________

     00630                                                                     

          ATV02 DATA 0 THETA(E) INITIAL PSD EL BY XT BO                        

                                               AT012                           

     00631                                                                     

          ATV03 DATA 0 THETA(D) INITIAL PSD AZ BY XT BO                        

                                               AT013                           

     00632                                                                     

          ATV04 DATA 0 L(E) EL B-2             AT014                           

     00633                                                                     

          ATV05 DATA 0 L(D) AZ B-2             AT015                           

     ********        TRACKING FILTER VARIABLES FT002                           

     *                                         FT003                           

                BOUND                                                          

                     8                         FT004                           

     00716                                                                     

          FTV0000                                                              

                DATA,W                                                         

                     0 FT ROUT RETURN ADDRESS SAVE                             

                                               FT005                           

          *                                    FT007                           

     00720                                                                     

          FTV0001                                                              

                DATA,W                                                         

                     0 R(TPA) FT B20           FT008                           

     00722                                                                     

          FTV0002                                                              

                DATA,W                                                         

                     0 V(TPA) FPS B13          FT009                           

          *                                    FT010                           

     00724                                                                     

          FTV0010                                                              

                DATA,H                                                         

                     0 T SECS B-3 (FILTER PER) FT011                           

     00725                                                                     

          FTV0011                                                              

                DATA,H                                                         

                     0 T(NEW) SECS B-3         FT012                           

     00726                                                                     

          FTV0012                                                              

                DATA,W                                                         

                     0 T(INS) SECS B1          FT012 10                        

          *                                    FT012 20                        

     00730                                                                     

          FTV0020                                                              

                DATA 0 C(INS) INS F.C. COUNTER B11                             

                                               FT012 30                        

          *                                    FT012 40                        

     00731                                                                     

          FTV0030                                                              

                DATA 0 SNR(D) B6               FT012 50                        

          *                                    FT013                           

     00733                                                                     

          FTV0101                                                              

                DATA,W                                                         

                     0 R(GC) FT B20 (RNG GATE CMD)                             

                                               FT014                           

     00734                                                                     

     00736                                                                     

          FTV0102                                                              

                DATA,W                                                         

                     0 V(GC) FPS B13 (VEL GATE CMD)                            

                                               FT015                           

     00740                                                                     

          FTV01021                                                             

                DATA,W                                                         

                     0 V(GC)(OLD)              FT015 10                        

     ********        INDEPENDENT RNG AND VEL TRACKERS' GAINS                   

                                               FT121                           

     *                                         FT122                           

     00744                                                                     

          FTV1501                                                              

                DATA,H                                                         

                     0 K1(R) RANGE(R) GAIN ND B1                               

                                               FT123                           

     00745                                                                     

          FTV1502                                                              

                DATA,H                                                         

                     0 K2(R) VEL(R) GAIN FPS/FT B4                             

                                               FT124                           

     00746                                                                     

          FTV1503                                                              

                DATA,H                                                         

                     0 K3(R) ACCEL(R) GAIN FPS**2/FT B5                        

                                               FT125                           

     00747      DATA,H                                                         

                     0 SPARE                   FT126                           

          *                                    FT127                           

     00750                                                                     

          FTV1512                                                              

                DATA,H                                                         

                     0 K2(V) VEL(V) GAIN ND B2 FT128                           

     00751                                                                     

          FTV1513                                                              

                DATA,H                                                         

                     0 K3(V) ACCEL(V) GAIN FPS**2/FPS B5                       

                                               FT129                           

     *                                         FT130                           

     ********        KALMAN ANGLE TRACKER STATE VARIABLES                      

                                               FT201                           

     *                                         FT202                           

     00754                                                                     

          FTV2011                                                              

                DATA,W                                                         

                     0 EPS(P)(E) RADS B-2      FT203                           

     00756                                                                     

          FTV2012                                                              

                DATA,W                                                         

                     0 OMEGA(LSP)(E) RADS/SEC B1                               

                                               FT204                           

     00760                                                                     

          FTV2013                                                              

                DATA,W                                                         

                     0 A(TP)(D) FPS**2B11 FT205                                

     00762                                                                     

          FTV2014                                                              

                DATA,W                                                         

                     0 S(P)(E) RADS B-2        FT206                           

          *                                    FT207                           

     00764                                                                     

          FTV2021                                                              

                DATA,W                                                         

                     0 EPS(P)(D) RADS B-2      FT208                           

     00766                                                                     

          FTV2022                                                              

                DATA,W                                                         

                     0 OMEGA(LSP)(D) RADS/SEC B1                               

                                               FT209                           

     00770                                                                     

          FTV2023                                                              

                DATA,W                                                         

                     0 A(TP)(-E) EPS**2 B11    FT210                           

     00772                                                                     

          FTV2024                                                              

                DATA,W                                                         

                     0 S(P)(D) RADS B-2        FT211                           

     *                                         FT212                           

     ********        KALMAN ANGLE TRACKER STATE TRANSITION                     

                     MATRIX                    FT213                           

     *                                         FT214                           

     00774                                                                     

          FTV2112                                                              

                DATA,W                                                         

                     0 PHI(A)12 SEC B-2        FT215                           

     00776                                                                     

          FTV2113                                                              

                DATA,W                                                         

                     0 PHI(A)13 SEC**2/FT B-17 FT216                           

     01000                                                                     

          FTV2122                                                              

                DATA,W                                                         

                     0 PHI(A)22 ND B1          FT217                           

     01002                                                                     

          FTV2123                                                              

                DATA,W                                                         

                     0 PHI(A)23 SEC/FT B-12    FT218                           

     01004                                                                     

          FTV2133                                                              

                DATA,W                                                         

                     0 PHI(A)33 ND B1          FT219                           

     01006                                                                     

          FTV2144                                                              

                DATA,W                                                         

                     0 PHI(A)44 ND B1          FT220                           

     *                                         FT221                           

     ********        KALMAN ANGLE TRACKER CO-VARIANCE MATRIX                   

                                               FT222                           

     *                                         FT223                           

     01010                                                                     

          FTU2211                                                              

                DATA,W                                                         

                     0 M(A)11 (RADS)**2 B-9    FT224                           

     01012                                                                     

          FTV2212                                                              

                DATA,W                                                         

                     0 M(A)12 (RADS)*(RADS/SEC) B-8                            

                                               FT225                           

     01014                                                                     

          FTV2213                                                              

                DATA,W                                                         

                     0 M(A)13 (RADS)*(FPS**2) B2                               

                                               FT226                           

     01016                                                                     

          FTV2214                                                              

                DATA,W                                                         

                     0 M(A)14 (RADS)**2 B-9    FT227                           

     01210                                                                     

          FTV2222                                                              

                DATA,W                                                         

                     0 M(A)22 (RADS/SEC)**2 B-8                                

                                               FT228                           

     01022                                                                     

          FTV2223                                                              

                DATA,W                                                         

                     0 M(A)23 (RADS/SEC)*(FPS**2) B3                           

                                               FT229                           

     01024                                                                     

          FTV2224                                                              

                DATA,W                                                         

                     0 M(A)24 (RADS/SEC)*(RADS) B-8                            

                                               FT230                           

     01026                                                                     

          FTV2233                                                              

                DATA,W                                                         

                     0 M(A)33 (FPS**2)**2 B13  FT231                           

     01030                                                                     

          FTV2234                                                              

                DATA,W                                                         

                     0 M(A)34 (FPS**2)*(RADS) B2                               

                                               FT232                           

     01032                                                                     

          FTV2244                                                              

                DATA,W                                                         

                     0 M(A)44 (RADS)**2 B-9    FT233                           

     *                                         FT234                           

     ********        KALMAN ANGLE TRACKER TEMPORARY STORAGE                    

                                               FT235                           

     *                                         FT235 10                        

     01034                                                                     

          FTV2400                                                              

                DATA,W                                                         

                     0 FT TEMP0                FT236                           

     01036                                                                     

          FTV2401                                                              

                DATA,W                                                         

                     0 FT TEMP1                FT237                           

     01040                                                                     

          FTV2402                                                              

                DATA,W                                                         

                     0 FT TEMP2                FT238                           

     01042                                                                     

          FTV2403                                                              

                DATA,W                                                         

                     0 FT TEMP3                FT239                           

     01044                                                                     

          FTV2404                                                              

                DATA,W                                                         

                     0 FT TEMP4                FT240                           

     *                                         FT241                           

     ********        KALMAN ANGLE TRACKER GAINS                                

                                               FT242                           

     *                                         FT243                           

     01046                                                                     

          FTV2501                                                              

                DATA,W                                                         

                     0 K(A)1 EPS GAIN ND B1    FT244                           

     01050                                                                     

          FTV2502                                                              

                DATA,W                                                         

                     0 K(A)2 OMEGA GAIN 1/SEC B4                               

                                               FT245                           

     01052                                                                     

          FTV2503                                                              

                DATA,W                                                         

                     0 K(A)3 AT GAIN FPS**2 B15                                

                                               FT246                           

     01054                                                                     

          FTV2504                                                              

                DATA,W                                                         

                     0 K(A)4 S GAIN ND B1      FT247                           

     *                                         FT248                           

     ********        KALMAN ANGLE TRACKER MOTION                               

                      COMPENSATION             FT249                           

     01056                                                                     

          FTV2611                                                              

                DATA,W                                                         

                     0 L(E)1 RADS B-2          FT253                           

     01060                                                                     

          FTV2612                                                              

                DATA,W                                                         

                     0 L(E)2 RADS/SEC B1       FT254                           

          *                                    FT255                           

     01062                                                                     

          FTV2621                                                              

                DATA,W                                                         

                     0 L(D)1 RADS B-2          FT256                           

     01064                                                                     

          FTV2622                                                              

                DATA,W                                                         

                     0 L(D)2 RADS/SEC B1       FT257                           

          *                                    FT257 10                        

     01066                                                                     

          FTV2631                                                              

                DATA,H                                                         

                     0 ETA(T1)(AI01 AT T1)     FT257 20                        

     01067                                                                     

          FTV2632                                                              

                DATA,H                                                         

                     0 ETA(T2)(AI01 AT T2)     FT257 30                        

     01070                                                                     

          FTV2633                                                              

                DATA,W                                                         

                     0 ETA(DOT) RADS/SEC B3    FT257 40                        

     *                                         FT258                           

     ********        KALMAN ANGLE TRACKER MISC VARIABLES                       

                                               FT259                           

     *                                         FT260                           

     01072                                                                     

          FTV2700                                                              

                DATA,W                                                         

                     0  SIGMA(S)**2 B-9        FT261                           

     01074                                                                     

          FTV2701                                                              

                DATA,W                                                         

                     0 TAU(S) SECS B1          FT262                           

     01076                                                                     

          FTV2702                                                              

                DATA,W                                                         

                     0 RADOME COMPENSATION (EL) RADS B-2                       

                                               FT263                           

     01100                                                                     

          FTV2703                                                              

                DATA,W                                                         

                     0 RADOME COMPENSATION (AZ) RADS B-2                       

                                               FT264                           

     01102                                                                     

          FTV2704                                                              

                DATA,H                                                         

                     0 KE (EL DISCR SLOPE) B1  FT265                           

     01103                                                                     

          FTV2705                                                              

                DATA,H                                                         

                     0 KD (AZ DISCR SLOPE) B1  FT266                           

     01104                                                                     

          FTV2706                                                              

                DATA,W                                                         

                     0 RESIDUAL (EL) RADS B-3  FT267                           

     01106                                                                     

          FTV2707                                                              

                DATA,W                                                         

                     0 RESIDUAL (AX) RADS B-3  FT268                           

          *                                    FT269                           

          *                                    FT300                           

     ********        OWN SHIP VARIABLES        FT301                           

     *                                         FT302                           

     01110                                                                     

          FTV3001                                                              

                DATA,W                                                         

                     0 AI(R)(ANT COORDS) FPS**2B11                             

                                               FT303                           

     01112                                                                     

          FTV3002                                                              

                DATA,W                                                         

                     0 AI(E) B11               FT304                           

     01114                                                                     

          FTV3003                                                              

                DATA,W                                                         

                     0 AI(D) B11               FT305                           

          *                                    FT306                           

     01116                                                                     

          FTV3111                                                              

                DATA,W                                                         

                     0 V(N)1 FPS B12 INS VEL BUFFER                            

                                               FT307                           

     01120                                                                     

          FTV3112                                                              

                DATA,W                                                         

                     0 V(E)1 FPS B12           FT308                           

     01122                                                                     

          FTV3113                                                              

                DATA,W                                                         

                     0 V(V)1 FPS B11           FT309                           

          *                                    FT310                           

     01124                                                                     

          FTV3201                                                              

                DATA,W                                                         

                     0 SIN(ETA) INS TWO ANTENNA-                               

                                               FT311                           

     01126                                                                     

          FTV3202                                                              

                DATA,W                                                         

                     0 COS(ETA) XFM BUFFER     FT312                           

     01130                                                                     

          FTV3203                                                              

                DATA,W                                                         

                     0 SIN(EPS)                FT313                           

     01132                                                                     

          FTV3204                                                              

                DATA,W                                                         

                     0 COS(EPS)                FT314                           

     01134                                                                     

          FTV3205                                                              

                DATA,W                                                         

                     0 SIN(PHI+PHIG)           FT315                           

     01136                                                                     

          FTV3206                                                              

                DATA,W                                                         

                     0 COS(PHI+PHIG)           FT316                           

     01140                                                                     

          FTV3207                                                              

                DATA,W                                                         

                     0 SIN(THETA)              FT317                           

     01142                                                                     

          FTV3208                                                              

                DATA,W                                                         

                     0 COS(THETA)              FT318                           

     01144                                                                     

          FTV3209                                                              

                DATA,W                                                         

                     0 SIN(PSI)                FT319                           

     01146                                                                     

          FTV3210                                                              

                DATA,W                                                         

                     0 COS(PSI)                FT320                           

     *                                         FT321                           

     *      SNR VARIABLES - SNV01 THRU SNV07 ARE SNR PARAMETERS                

                                               SN400                           

     01203                                                                     

          SNV01 DATA 0 .sup.. SNR(EARLY RNG/LOW VEL) B6                        

                                               SN401                           

     01204                                                                     

          SNV03 DATA 0 3 .sup.. SNR (RNG) B6   SN403                           

     01205                                                                     

          SNV04 DATA 0 4 .sup.. SNR (AZ) B6    SN404                           

     01206                                                                     

          SNV05 DATA 0 5 .sup.. SNR (EL) B6    SN405                           

     01207                                                                     

          SNV06 DATA 0 6 .sup.. SNR (VEL) B6   SN406                           

     *      ANY CELL PREFIXED SNV08 ARE SNR SUMS                               

                                               SN408                           

     01212                                                                     

          SNV082                                                               

                DATA,W                                                         

                     0 SUM(2)                  SN409                           

     01214                                                                     

          SNV086                                                               

                DATA,W                                                         

                     0 SUM(6)                  SN410                           

     01216                                                                     

          SNV084                                                               

                DATA,W                                                         

                     0 SUM(4)                  SN411                           

     01220                                                                     

          SNV087                                                               

                DATA,W                                                         

                     0 SUM(7)                  SN412                           

     01222                                                                     

          SNV083                                                               

                DATA,W                                                         

                     0 SUM(3)                  SN413                           

     01224                                                                     

          SNV085                                                               

                DATA,W                                                         

                     0 SUM(5)                  SN414                           

     01226                                                                     

          SNV081                                                               

                DATA,W                                                         

                     0 SUM(1)                  SN415                           

     01230                                                                     

          SNV089                                                               

                DATA,W                                                         

                     0 SUM(9) = ALTERNATE SUM(1)                               

                                               SN416                           

     01232                                                                     

          SNV09 DATA,W                                                         

                     0 HPRF 11 NARROW FLTR HIT/MISS COUNT                      

                                               SN417                           

     01234                                                                     

          SNV10 DATA,W                                                         

                     0 RETURN ADDRESS FOR SN ROUTINE                           

                                               SN418                           

     02276                                                                     

          FTV1001                                                              

                DATA,W                                                         

                     0 R(TPR) FT B20           FT103                           

     02300      DATA,W                                                         

                     0 R(TPR) LEAST SIGNIFICANT WORD                           

                                               FT103                           

          *                                    FT104                           

     02302                                                                     

          FTV1002                                                              

                DATA,W                                                         

                     0 V(TPR) FPS B13          FT105                           

     02304                                                                     

          FTV1003                                                              

                DATA,W                                                         

                     0 A(TPR) FPS**2 B11       FT106                           

          *                                    FT107                           

     02306                                                                     

          FTV1012                                                              

                DATA,W                                                         

                     0 V(TPV) FPS B13          FT108                           

     02310                                                                     

          FTV1013                                                              

                DATA,W                                                         

                     0 A(TPR) FPS**2 B11       FT109                           

          *                                    FT110                           

          *                                    FT001                           

          ********     TRACKING FILTER CONSTANTS                               

                                               FT002                           

          *                                    FT003                           

          *                                    FT100                           

          ********     INDEPENDENT RNG AND VEL TRACKERS'                       

                       GAINS                   FT101                           

          *                                    FT102                           

          *                                    FT103                           

     04630                                                                     

          FTK101                                                               

                EQU  $ MPRF SNR1 &lt; SNR(R) &lt; SNR2 (SET 1)                       

                                               FT104                           

     04631      DATA   FX'0.sup.. 130B1' K1(R) I/T                             

                                               FT105                           

     04631      DATA   FX'0.sup.. 150B4' K2(R) I/T                             

                                               FT106                           

     04632      DATA   FX'0.sup.. 000B5' K3(R) I/T                             

                                               FT107                           

     04633      DATA   FX'-.sup.. 150B2' K2(V) I/T                             

                                               FT108                           

     04634      DATA   FX'-.sup.. 500B5' K3(V) I/T                             

                                               FT109                           

     04635                                                                     

          FTK103                                                               

                EQU  $ MPRF.sup.. SNR3 &lt; SNR(R) (SET3). FT116                  

     04635      DATA   FX'0.sup.. 050B1' K1(R) I/T                             

                                               FT117                           

     04636      DATA   FX'0.sup.. 100B4' K2(R) I/T                             

                                               FT118                           

     04637      DATA   FX'0.sup.. 000B5' K3(R) I/T                             

                                               FT119                           

     04640      DATA   FX'- 150B2' K2(V) I/T   FT120                           

     04641      DATA   FX'- 800B5' K3(V) I/T   FT121                           

     04642                                                                     

          FTK104                                                               

                EQU  $ MPRF SNR1 &lt; SNR(R) &lt; SNR5 (SET 4)                       

                                               FT122                           

     04642      DATA   FX'0.sup.. 150B1' K1(R) F/T                             

                                               FT123                           

     04643      DATA   FX'0.sup.. 100B4' K2(R) F/T                             

                                               FT124                           

     04644      DATA   FX'0.sup.. 030B5' K3(R) F/T                             

                                               FT125                           

     04645      DATA   FX'0.sup.. 700B2' K2(V) F/T                             

                                               FT126                           

     04646      DATA   FX'2.sup.. 000B5' K3(V) F/T                             

                                               FT127                           

     04647                                                                     

          FTK106                                                               

                EQU  $ MPRF.sup.. SNR6 &lt; SNR(R) (SET 6)                        

                                               FT134                           

     04647      DATA   FX'0.sup.. 060B1' K1(R) F/T                             

                                               FT135                           

     04650      DATA   FX'0.sup.. 080B4' K2(R) F/T                             

                                               FT136                           

     04651      DATA   FX'0.sup.. 030B5' K3(R) F/T                             

                                               FT137                           

     04652      DATA   FX'0.sup.. 400B2'  K2(V) F/T                            

                                               FT138                           

     04653      DATA   FX'1.sup.. 800B5' K3(V) F/T                             

                                               FT139                           

     04700                                                                     

          FTK200                                                               

                GAD    ANV4 IAOW FOR FETCHING 6 GIMBAL                         

                       VAR'S                   FT203                           

     04702                                                                     

          FTK201                                                               

                GAD    FTV3201 POINTER TO INS-ANT XFM                          

                       BUFFER. FT204                                           

     *                                         FT205                           

     *                                         FT247                           

     ********        ANGLE TRACKER INITIAL TRACK GAINS                         

                                               FT248                           

     *                                         FT249                           

     04704                                                                     

          FTK250                                                               

                DATA   FX'0.sup.. 8B1' R(TPA)&lt;R1 GAINS                         

                                               FT250                           

     04705      DATA   FX'4.sup.. B4'          FT251                           

     04760      DATA   FX'=2000.sup.. B15'     FT252                           

     04707      DATA   FX'0.sup.. 15B1'        FT253                           

          *                                    FT254                           

     04710      DATA   FX'0.sup.. 20B1' B1 &lt; R(TPA).sup.. SNR(D) .SNR(D) &gt;     

                       C4 GAINS                FT255                           

     04711      DATA   FX'0.sup.. 67B4'        FT256                           

     04712      DATA   FX'=1000.sup.. B15'     FT257                           

     04713      DATA   FX'0.sup.. 92B1'        FT258                           

          *                                    FT259                           

     04714      DATA   FX'0.sup.. 12B1' R1 &lt; R(TPA).sup.. SNR(D) &lt;C4           

                                               FT260                           

     04715      DATA   FX'0.sup.. 17B4'        FT261                           

     04716      DATA   FX'= 100.sup.. B15'     FT262                           

     __________________________________________________________________________

PAC  PART II
TBL  *                                        AT101                            

     ********   AT A/A TRACK ANTENNA CONTROL                                   

                                         ********                              

                                              AT102                            

     ********                                 AT103                            

     *                                        AT104                            

     42521                                                                     

          AT    EQU   $                       AT105                            

     42521      LG,0  3 SAVE RETURN ADDRESS IN RO                              

                                              AT105 10                         

     42526      LI,2  6'0124' AI10 INDEX      AT106                            

     42530      L,4   *UNK3 BUFFERED AZ PSD OUTPUT THETA (D)                   

                                              AT107                            

          *           5OUSEC DELAY            AT108                            

     42532      STH,4 AI10 TO BUFFER          AT109                            

     42534      AI,2  2 AI11 INDEX            AT110                            

     42536      L,4   *UNK3 BUFFERED EL PDS OUTPUT THETA(E) BO                 

                                              AT111                            

          *           50 USEC DELAY           AT112                            

     42540      STH,4 AI11 TO BUFFER          AT113                            

          *           START EL DRIVE CALCULATIONS                              

                                              AT144                            

     42554                                                                     

          ATL060                                                               

                LI,1  0 INDEX FOR AT VAR IN EL                                 

                                              AT145                            

     42556      LI,2  0'0010' 0A004 INDEX     AT146                            

     42560      LI,3  0 INDEX FOR FT VAR IN EL                                 

                                              AT147                            

     42562      LH,4  AI11 THETA(E) BO        AT148                            

          *           COMMON EL/AZ DRIVE CALCULATIONS                          

                                              AT149                            

     42564                                                                     

          ATL070                                                               

                LH,5  ATV02,1 PREVIOUS THETA(E)/(D) BO                         

                                              AT150                            

     42566      STH,4 ATV02,1 UPDATE THETA(E)/(D) BO                           

                                              AT151                            

     42570      SHG,4 5 DELTA THETA(E)/(D) BO AT152                            

          *     PSD   SCALING 10/1.sup.. 75*57.sup.. 296) = .sup.. 100         

                                              AT152 1                          

     42571      MHI,4 FX'-0.sup.. 1BO' CONVERT TO RADS, CORRECT                

                      AI POLARITY             AT153                            

     42573      SL,4  2 B-2                   AT154                            

     42575      A,4   FTV2011,3 +EPS(P)(E)/(D)B-2                              

                                              AT155                            

     42577      ST,4  FTV2011,3 NEW EPS(P)(E)/(D) RADS B-2                     

                                              AT156                            

     42601      AH,4  ATV04,1 + L(E)1 OR L(D)1 RADS B-2                        

                                              AT157                            

     42603      MHI,4 FX'15.sup.. B6' *K(2) B4                                 

                                              AT158                            

     42605      L,5   FTV2012,3 OMEGA(LSP)(E)/(D) B1                           

                                              AT159                            

     42607      SRA,5 3 B4                    AT160                            

     42611      AG,4  5 B4                    AT161                            

     42612      LHI,6 FX'0.sup.. 69813B0'     AT162                            

     42614      SRA,6 4 40 DEG/SEC B4         AT163                            

     42616      DT,4  R6 BO                   AT164                            

     42620      SLC,7 24 DELAY FOR AO         AT164 10                         

     42622      STH,4 *UNK3 OUTPUT EL/AZ DRIVE                                 

                                              AT165                            

     42624      CI,1  1 BOTH EL/AZ CALCULATIONS COMPLETED?                     

                                              AT166                            

     42626      BE    ATL080 YES              AT167                            

     42630      STH,4 AO04 TO BUFFER          AT168                            

          *     START AZ DRIVE CALCULATIONS DURING EL DRIVE AO                 

                TIME                          AT169                            

     42632      LI,1  1 INDEX FOR AT VAR IN AZ                                 

                                              AT170                            

     42634      LI,2  0'0006' AO03 INDEX      AT171                            

     42636      LI,3  8 INDEX FOR FT VAR IN AZ                                 

                                              AT172                            

     42640      LH,4  THETA(D) BO             AT173                            

     42642      8     ATLO70                  AT174                            

          *                                   AT175                            

     42644                                                                     

          ATL080                                                               

                STH,4 A003 TO BUFFER          AT176                            

     42646      LI,1  0'0066'                 AT177                            

     42650      BCT   $.sup.. 1 66 USEC DELAY TO COMPLETE AZ                   

                                              AT178                            

     42652      I,1   0'1000'                 AT179                            

     42654      CSW,1 2 CLEAR ADA COMPLETE    AT180                            

     42655      BU    *0 RETURN               AT181                            

          *                                   FT001                            

          ********    TRACKING FILTER PROGRAM FT002                            

          *                                   FT003                            

     46713                                                                     

          FT    ST,0  FTV0000 SAVE RET ADDRESS TO XT                           

                                              FT004                            

     46715      LH,4  XTF001 `INITIAL TRK` FLAG                                

                                              FT005                            

     46717      BEZ   FTL1010 BR IF F/T       FT006                            

     46721      STHI,0                                                         

                      FTV0020 I/T. SET C(INS)=0                                

                                              FT007                            

     46723      BU    FTL1050                 FT008                            

          *                                   FT009                            

     46725                                                                     

          FTL1010                                                              

                LR,1  FTV0020 F/T.sup.. C(INS) TO R1(R)                        

                                              FT010                            

     46727      BNEZ  FTL1020 BR IF NOT 1ST TIME F/T                           

                                              FT011                            

     46731      L,4   INDA 1ST TIME F/T. SAVE 1ST VEL SET                      

                                              FT012                            

     46733      L,5   IND5                    FT013                            

     46735      L,6   IND6                    FT014                            

     46737      STD,4 FTV3111 V(N),V(E) TO V(N)1,V(E)1FPSB12                   

                                              FT015                            

     46741      ST,6  FTV3113 V(V) TO V(V)1 FPS B11                            

                                              FT016                            

     46743      STI,0 FTV0012 T(INS)=0        FT017                            

     46745      STHI,1                                                         

                      FTV0020 C(INS)=1        FT018                            

     46747      LI,1  18                      FT018 10                         

     46751                                                                     

          FTL1015                                                              

                STI,0 FTV2211,1 CLEAR ALL M(A)'S                               

                                              FT018 15                         

     46753      BCT   FTL1015,1               FT018 20                         

     46755      LHI,1 FX'0.sup.. 0001B-9' INITIALIZE DIAGONAL                  

                                              FT018 25                         

     46757      ST,1  FTV2211 M(A)11          FT018 30                         

     46761      LHI,2 FX'0.sup.. 0004B-8'     FT018 35                         

     46763      ST,2  FTV2222 M(A)22          FT018 40                         

     46765      LHI,3 FX'4000.sup.. B13'      FT018 45                         

     46767      ST,3  FTV2233 M(A)33          FT018 50                         

     46771      L,4   FTV2700                 FT018 55                         

     46773      SRA,4 1 1/2*SIGMA(S)**2 B-9   FT018 60                         

     46775      ST,4  FTV2244 M(A)44          FT018 65                         

     46777      LH,4  FTV2632                 FT018 70                         

     47001      STH,4 FTV2631 SET ETA(1)=ETA(2)                                

                                              FT018 75                         

     47003      BU    FTL1040                 FT019                            

          *                                   FT020                            

     47005                                                                     

          FTL1020                                                              

                LH,4  FTV0010 F/T,NOT 1ST TIME .sup.. T TO                     

                      R4 B-3                  FT012                            

     47007      SRA,4 4 T(PREVIOUS FILTER PER) TO B1                           

                                              FT022                            

     47011      ATM,4 FTV0012 T(INS)=T(INS)+T SECS B1                          

                                              FT023                            

     47013      AI,1  1 C(INS)=C(INS)+T       FT024                            

     47015      STR,1 FTV0020 SAVE            FT025                            

     47017      CI,1  3                       FT026                            

     47021      BNE   FTL1030 BR IF C(INS) N.sup.. E.sup.. 3                   

                                              FT027                            

     47023      L,4   IND3 C(INS)=3.sup.. SAVE INS-ANT XFM TERMS.              

                                              FT028                            

     47025      BAL   SC,3                    FT029                            

     47027      ST,4  FTV3209 SIN(PSI)        FT030                            

     47031      ST,6  FTV3210 COS(PSI)        FT031                            

     47033      LM,0,0                                                         

                      *FTK200 PICK UP ANV* THRU ANV11                          

                                              FT032                            

     47035      LD,4  ANV12 S,C(PHI+PHIG) TO R4,R5                             

                                              FT033                            

     47037      STM,0,0                                                        

                      *FTK201 SAVE IN XFM BUFFER                               

                                              FT034                            

     47041      BU    FTL1040                 FT035                            

          *                                   FT036                            

     47043                                                                     

          FTL1030                                                              

                CI,1  5 C(INS)N.sup.. E.sup.. 3.sup.. COMPARE TO               

                                              FT037                            

     47045      BL    FTL1040 BR IF C(INS) L.sup.. T.sup.. 5                   

                                              FT038                            

     47047      STHI,1                                                         

                      FTV0020 C(INS)=5.sup.. SET C(INS)=1                      

                                              FT039                            

     47051      BAL   FTS8,0 COMPUTE 0.sup.. S.sup.. ACCEL IN ANY              

                                              FT040S                           

          *                                   FT041                            

     47053                                                                     

          FTL1040                                                              

                LH,4  FTV0010                 FT042                            

     47055      LH,6  FTV2632 ETA(2)          FT042 10                         

     47057      LHG,5 6 SAVE IN R5            FT042 20                         

     47060      SH,6  FTV2631 ETA(2)=ETA(1)   FT042 30                         

     47062      MHI,6 FX'1.sup.. 13446B1' TO RADS AT B1                        

                                              FT042 40                         

     47064      SL,6  1 to B0                 FT042 50                         

     47066      DT,6  R4 DELTA(ETA)/T(OLD) RADS/SEC B3                         

                                              FT042 60                         

     47070      ST,6  FTV2633 ETA(DOT) RADS/SEC B3                             

                                              FT042 70                         

     47072      STH,5 FTV2631 SET ETA(1)=ETA(2)                                

                                              FT042 80                         

     47074      AH,4  FTV0011                 FT043                            

     47076      SRL,4 1                       FT044                            

     47100      STH,4 FTV0010 T=1/2*(T(OLD)+T(NEW) SECSB-3                     

                                              FT045                            

          *                                   FT046                            

          *                                   FT049                            

     ****         R(TPA),V(TPA),SNR(D) SELECTION                               

                                              FT050                            

          *                                   FT051                            

     47112      L,1   FTV1001 R(TPR) TO R1    FT055                            

     47114      L,2   FTV1012 V(TPV) TO R2    FT056                            

     47116      LH,3  SNV03 SNR(RNG) TO R3    FT057                            

     47130      LH,4  XTF001 MPRF, `INITIAL TRK`FLAG                           

                                              FT061                            

     47132      BEZ   FTL1120 BR IF F/T       FT062                            

     47134                                                                     

          FTL1070                                                              

                L,2   FTV1002 MPRF I/T, V(TPR) TO R2                           

                                              FT063                            

     47136      BU    FTL1120                 FT064                            

          *                                   FT082                            

     47202                                                                     

          FTL1120                                                              

                CHI,1 8 RTPA GE 4096 FT AT B20 ?                               

                                              FT083                            

     47204      BGE   FTL1125 DONT LIMIT RTPA IF GE                            

                                              FT083 10                         

     47206      LHI,1 8 LIMIT RTPA TO 4096 FT AT B20                           

                                              FT083 20                         

     47210                                                                     

          FTL1125                                                              

                STD,1 FTV0001 SAVE RTPA AND VTPA                               

                                              FT083 30                         

     47212      STH,3 FTV0030 R3 TO SNR(D)    FT084                            

          *                                   FT085                            

          ***         CONTROLLER PARAMETERS   FT086                            

          *                                   FT087                            

     47216                                                                     

          FTL1130                                                              

                LH,4  XTF001 `INITIAL TRK` FLAG                                

                                              FT088                            

     47220      BNEZ  FTL1140 BR IF I/T       FT089                            

     47222      LHI,1 FX'0.sup.. 3B2' F/T.sup.. B2 TO R1                       

                                              FT090                            

     47224      LHI,2 FX'-.sup.. 3B2' C2 to R2                                 

                                              FT091                            

     47226      BU    FTL1150                 FT092                            

     47230                                                                     

          FTL1140                                                              

                LHI,1 FX'0.sup.. 3B2' I/T .sup.. B1 TO R1                      

                                              FT093                            

     47232      LHI,2 FX'-.sup.. 3B2' C1 to R2                                 

                                              FT094                            

     47234                                                                     

          FTL1150                                                              

                LH,4  ATV04 L(E) RADS B-2     FT095                            

     47236      MHG,4 1 B*L(E) B0             FT096                            

     47237      LH,6  FTV2011 EPS(E) RADS B-2 FT097                            

     47241      MHG,6 2 C*EPS(E) BO           FT098                            

     47242      AG,4  6 B*L(E)+C*EPS(E) BO    FT099                            

     47243      SL,4  2 to B-2                FT100                            

     47245      STH,4 ATV04 NEW L(E) RADS B-2 FT101                            

     47247      LH,4  ATV05 L(D) RADS B-2     FT102                            

     47251      MHG,4 1 B*L(D) BO             FT103                            

     47252      LH,6  FTV2021 EPS(D) RADS B-2 FT104                            

     47254      MHG,6 2 C*EPS(D) BO           FT105                            

     47255      AG,4  6 B*L(D)+C*EPS(D) BO    FT106                            

     47256      SL,4  2 TO B-2                FT107                            

     47260      STH,4 ATV05 NEW L(D) RADS B-2 FT108                            

          *                                   FT109                            

          ***         SCINTILLATION PARAMETERS                                 

                                              FT110                            

          *                                   FT111                            

     47262      BAL   FTS1,0 COMPUTE SIGMA(S)**2 AND TAU(S)                    

                                              FT117                            

          *                                   FT121                            

     47264                                                                     

          FTL1190                                                              

                BAL   FTS2,0 COMPUTE STATE TRANS MATRIX                        

                      PHI(A)                  FT122                            

          *                                   FT123                            

     47266                                                                     

          FTL1200                                                              

                BAL   FTS3,0 COMPUTE MOTION COMPENSATION                       

                                              FT124                            

          *                                   FT125                            

     47270                                                                     

          FTL1210                                                              

                LH,4  XTF008 `DATA VALID` FLAG                                 

                                              FT126                            

     47272      BEZ   FTL1230 BR IF DISCR DATA NOT VALID                       

                                              FT127                            

     47274      LH,4  FTV0030 SNR(D)          FT128                            

     47276      CH,4  FTV0031 SNR(D): EXTRAP THRES                             

                                              FT129                            

     47300      BL    FTL1230 BR IF SNR(D) L.sup.. T.sup.. THRSH               

                                              FT130                            

     47302      STHI,0                                                         

                      FTF201 RESET `ANGLE XTRAP`                               

                                              FT131                            

     47304      LH,4  XTF001 `INITIAL TRK`FLAG                                 

                                              FT132                            

     47306      BNEZ  FTL1220 BR IF I/T.sup.. SKIP RADOME COMP                 

                                              FT133                            

     47310      BAL   FTS4,0 CALL RADOME COMP FT134                            

     47312                                                                     

          FTL1220                                                              

                BAL   FTS5,0 COMPUTE DISCR SLOPES AND                          

                      RESIDUALS               FT135                            

     47314      BU    FTL1240                 FT136                            

          *                                   FT137                            

     47316                                                                     

          FTL1230                                                              

                STHI,-1                                                        

                      FTF201 SET `ANGLE XTRAP`                                 

                                              FT138                            

     47320      STI,0 FTV2704 SET KE=0, KD=0  FT139                            

     47322      STI,0 FTV2706 SET RESIDUAL(EL)=0                               

                                              FT140                            

     47324      STI,0 FTV2707 SET RESIDUAL(AZ)=0                               

                                              FT141                            

          *                                   FT142                            

          ***         GAINS,CO-VARIANCE UPDATE ETC.                            

                                              FT143                            

          *                                   FT144                            

     47326                                                                     

          FTL1240                                                              

                LH,4  XTF001 `INITIAL TRK` FLAG                                

                                              FT145                            

     47330      BNEZ  FTL1290 BR IF I/T TO I/T GAIN SELECT                     

                                              FT146                            

     47332      LH,4  FTF202 `M(A) LARGE` FLAG                                 

                                              FT147                            

     47334      BEZ   FTL1250 BR IF M(A) NOT LARGE                             

                                              FT148                            

     47336      LH,4  FTF201 `ANGLE XTRAP` FLAG                                

                                              FT149                            

     47340      BNEZ  FTL1340 BR IF ANGLE XTRAP (FREEZE M(A)                   

                                              FT150                            

     47342      STHI,0                                                         

                      FTF202 RESET `M(A) LARGE` FLAG                           

                                              FT151                            

     47344                                                                     

          FTL1250                                                              

                BAL   FTS6,0 KALMAN GAIN AND CO-VARIANCE                       

                      UPDATE                  FT152                            

     47346      L,6   FTV2222 NEW M(A)22      FT152 10                         

     47350      L,4   FTV2211 NEW M(A)11      FT153                            

     47352      CHI,4 FX'0.sup.. 0015B-9'     FT154                            

     47354      BG    FTL1260 BR IF M(A)11 &gt; C11                               

                                              FT155                            

     47356      CHI,6 FX'0.sup.. 003B-8'      FT157                            

     47360      BLE   FTL1340 BR IF M(A)22 &gt; C22                               

                                              FT158                            

          *                                   FT160                            

     47362                                                                     

          FTL1260                                                              

                STHI-1                                                         

                      FTF202 M(A)11 OR M(A)22 TOO LARGE .sup..                 

                      SET FLAG                FT161                            

     47364      LHI,1 FX'0.sup.. 980' C13 TO R1                                

                                              FT162                            

     47366      MG,4  1                       FT163                            

     47367      ST,4  FTV2211 M(A)11=C13(M(A)11                                

                                              FT164                            

     47371      MG,6  1                       FT165                            

     47372      ST,6  FTV2222 M(A)22=C13(M(A)22                                

                                              FT166                            

     47374      M,1   FTV2212                 FT167                            

     47376      ST,1  FTV2212 M(A)13=C13(M(A)12                                

                                              FT168                            

     47400      BU    FTL1340                 FT169                            

          *                                   FT170                            

     47402                                                                     

          FTL1290                                                              

                L,4   FTV0001 R(TPA) TO R4    FT175                            

     47404      CHI,4 FX'20000.sup.. B20'     FT176                            

     47406      BGE   FTL1300 BR IF R(TPA) G.sup.. E.sup.. RNG1                

                                              FT177                            

     47410      LI,1  3 R(TPA) &lt; RNG1 .sup.. SET INDEX IN R1                   

                                              FT178                            

     47412      BU    FTL1320                 FT179                            

     47414                                                                     

          FTL1300                                                              

                LH,4  FTV0030 SNR(D) B6       FT180                            

     47416      CHI,4 FX'4.sup.. B6'          FT180 10                         

     47420      BL    FTL1310 BR IF SNR(D) &lt; C4                                

                                              FT181                            

     47422      LI,1  7 R(TPA) &gt; R1,SNR(D) &gt; C4                                

                                              FT182                            

     47424      BU    FTL1320                 FT183                            

     47426                                                                     

          FTL1310                                                              

                LI,1  11 R(TPA) &gt; R1,SNR(D) &lt; C4                               

                                              FT184                            

          *                                   FT184 10                         

     47430                                                                     

          FTL1320                                                              

                LI,2  6 4 ITERATIONS          FT185                            

     47432                                                                     

          FTL1330                                                              

                LH,4  FTK250,1 PICK UP SELECTED GAIN SET                       

                                              FT186                            

     47434      ST,4  FTV2501,2 TO ANGLE GAIN VARIABLES                        

                                              FT187                            

     47436      AI,1  -1                      FT188                            

     47440      BCT   FTL1330,2               FT189                            

     47442                                                                     

          FTL1340                                                              

                BAL   FTS7,0 UPDATE ANGLE STATE VECTORS                        

                                              FT191                            

          *                                   FT401                            

     ********     RANGE AND RANGE RATE TRACKING FILTER PROGRAM                 

                                              FT402                            

          *                                   FT403                            

     47450                                                                     

          FTL2000                                                              

                LH,1  XTF008 `DATA VALID`     FT411                            

     47452      BE    FTL2540 BRANCH IF DATA NOT VALID                         

                                              FT412                            

     47454      LH,4  SNV03 SNR(R) B6         FT413                            

          ***         MPRF                    FT415 10                         

     47462      CHI,4 FX'1 0B6'.sup.. SNR(R) : EXTRAP THRES                    

                                              FT416                            

     47464      BL    FTL2500 BRANCH IF SNR(R) &lt; SNR1                          

                                              FT417                            

     47466                                                                     

          FTL2210                                                              

                LH,0  XTF001 `INITIAL TRACK` FLAG                              

                                              FT418                            

     47470      BEZ   FTL2250 BRANCH IF GINAL TRACK                            

                                              FT419                            

     47472                                                                     

          FTL2220                                                              

                CHI,4 FX'5.sup.. 0B6' SNR2=5.sup.. 0 AT B6                     

                                              FT420                            

     47474      BL    FTL2240 BRANCH IF SNR(R) &lt; SNR2                          

                                              FT421                            

     47476      LI,1  FTK103 LOAD R1 TO PICK UP SET 3                          

                      CONSTANTS               FT424                            

     47500      LHI,2 FX'1.sup.. 0B1' K(RDOT)(F)                               

                                              FT424 10                         

     47502      BU    FTL2600                 FT425                            

     47504                                                                     

          FTL2240                                                              

                LI,1  FTK101 LOAD R1 TO PICK UP SET 1                          

                      CONSTANTS               FT428                            

     47506      LHI,2 FX'1.sup.. 0B1' K(RDOT)(F)                               

                                              FT428 10                         

     47510      BU    FTL2600                 FT429                            

          *           MPRF F/T                FT429 10                         

     47512                                                                     

          FTL2250                                                              

                CHI,4 FX'5.sup.. 0B6' SNR5 = 5.sup.. 0 AT B6                   

                                              FT430                            

     47514      BL    FTL2270 BRANCH IF SNR(R) &lt; SNR5                          

                                              FT431                            

     47516      LI,1  FTK106 LOAD R1 TO PICK UP SET 6                          

                      CONSTANTS               FT434                            

     47520      LHI,2 FX'0.sup.. 85B1' K(RDOT)(F)                              

                                              FT434 10                         

     47522      BU    FTL2600                 FT435                            

     47524                                                                     

          FTL2270                                                              

                LI,1  FTK104 LOAD R1 TO PICK UP SET 4                          

                      CONSTANTS               FT438                            

     47526      LHI,2 FX'0.sup.. 35B1' K(RDOT)(F)                              

                                              FT438 10                         

     47530      BU    FTL2600                 FT439                            

          *                                   FT490 10                         

          ***         TOO LOW SNR(R) = MPRF   FT490 20                         

          *                                   FT490 30                         

     47646                                                                     

          FTL2500                                                              

                LH,0  XTF001 `INITIAL TRACK` FLAG                              

                                              FT491                            

     47650      BNEZ  FTL2540 BRANCH IF INITIAL TRACK                          

                                              FT492                            

     47652                                                                     

          FTL2520                                                              

                LD,1  FTV1012 V(TPV) FPS B13 / A(TPV)                          

                      FPS**2 B11              FT493                            

     47654      STD,1 FTV1002 V(TPR)) FPS B13 / A(TPR                          

                      FPS**2 B11              FT494                            

          *                                   FT494 10                         

          ***         DATA NOT VALID OR TOO LOW SNR                            

                                              FT494 20                         

          *                                   FT494 30                         

     47656                                                                     

          FTL2540                                                              

                LHI,7 FX'0 1BO' 1/TA = .1SEC AT BO                             

                                              FT495                            

     47660                                                                     

          FTL2560                                                              

                SG,5  5 DELTA R(M) = 0        FT496                            

     47661      SG,6  6 DELTA V(M) = 0        FT497                            

     47662      BU    FTL2690                 FT498                            

          *                                   FT498 10                         

          ***         PICK UP SELECTED GAIN SET AND SAVE                       

                                              FT498 20                         

          *                                   FT498 30                         

     47664                                                                     

          FTL2600                                                              

                SHG,1 1 CLEAR THE LEFT HALF OF R1                              

                                              FT499                            

     47665      LR,5  1,1 K2(R) B4 TO RIGHT HALF OF R5                         

                                              FT500                            

     47667      AH,5  0,1 K1(R) B1 TO LEFT HALF OF R5                          

                                              FT501                            

     47671      ST,5  FTV1501 STORE K1(R) B1 and K2(R) B5                      

                                              FT502                            

     47673      LH,6  2,1 K3(R) B5 TO LEFT HALF OF R6                          

                                              FT503                            

     47675      STH,6 FTV1503 STORE K3(R) B5  FT504                            

     47677      LR,7  4,1 K3(V) B5 TO RIGHT HALF OF R7                         

                                              FT505                            

     47701      AH,7  3,1 K2(V) B2 TO LEFT HALF OF R7                          

                                              FT506                            

     47703      ST,7  FTV1512 STORE K2(V) B2 and K3(V) B5                      

                                              FT507                            

     47705                                                                     

          FTL2610                                                              

                LHI,7 FX'0.sup.. 33333BO' 1/TA=.33333 SEC AT                   

                                              FT508                            

     47713      LH,4  DSV03 DELTA R AT BO     FT524                            

     47715      K,4   CHANGE SIGN OF DELTA R  FT524 10                         

     47716      MT,4  XTV044 *RBIN(BUFFERED) IN FT AT B11'                     

                                              FT525                            

     47720      LG,5  4 R5 = DELTA R(M) FT B11                                 

                                              FT526                            

     47721      L,6   XTV045 FW=PRF/16(BUFFERED) HZ B10                        

                                              FT527                            

     47727                                                                     

          FTL2680                                                              

                MH,6  DSV02 *DELTA V(DSCR) AT BO                               

                                              FT530                            

     47731      MT,6  RFV003 *(LAMBDA/2) AT B-4                                

                                              FT531                            

     47733      L,4   FTV1012                 FT531 10                         

     47735      S,4   FTV01021 V(TPV)-V(GC)(OLD) B13                           

                                              FT531 20                         

     47737      MG,2  4 K(RDOT)(F)*(V(TPV)-V(GC)(OLD)) B14                     

                                              FT531 30                         

     47740      SLD,2 8 to B6                 FT531 40                         

     47742      SG,6  2                       FT531 50                         

          *           R6 IS DELT V(M) FPS B6  FT532                            

     47743                                                                     

          FTL2690                                                              

                STD,5 FTV2401 TEMP1 IS DELTA R(M) AT B11                       

                                              FT533                            

     *                FTV2402 TEMP2 IS DELTA V(M) AT B6                        

                                              FT534                            

     *                                        FT535                            

     *          SET UP R2 AND R5              FT536                            

     47745                                                                     

          FTL2700                                                              

                LH,5  FTV0010 *R4 = T SEC B-3 FT537                            

     47747      LG,2  5 R2 =T SEC B-3         FT538                            

     47750      MG,2  5 R2 = (1/2)(T**2) SEC**2 B-7                            

                                              FT540                            

     47751      LHI,3 FX'0.sup.. 0B-4' R3 = W(F)**2 (RAD/SEC)**2               

                      B-4                     FT541                            

     47753      MGH,3 5 *R3 = (W(F)**2)*T 1/SEC B-7                            

                                              FT542                            

     47754      MHG,7 5 R7 = T(1/TA) B-3      FT543                            

     47755      SRA,7 3 BO                    FT543 10                         

     47757      LG,4  7                       FT544                            

     47760      MT,4  R7 (T/TA)**2 BO         FT544 10                         

     47762      SRA,4 1                       FT544 20                         

     47764      SG,4  7                       FT544 30                         

     47765      A,4   UNK1 R4 = 1-(T/TA)+1/2(T/TA)**2 BO                       

                                              FT545                            

     47767                                                                     

          FTL2710                                                              

                LH,0  XTF005 `RANGE AVAILABLE` FLAG                            

                                              FT545 10                         

     47771      BEZ   FTL2750 BRANCH IF RANGE IS NOT                           

                      AVAILABLE               FT545 20                         

     47777                                                                     

          FTL2720                                                              

                LH,6  FTV1501 R6 = K1(R) ND B1                                 

                                              FT548                            

     50001      M,6   FTV2401 R67=K1(R)*DELTA R(M) FT B12                      

                                              FT549                            

     50003      L,0   FTV1003 RO = A(TPR) FPS**2 B11                           

                                              FT550                            

     50005      S,0   FTV3001 RO = A(TPR)-AI(R) FPS**2 B11                     

                                              FT551                            

     50007      MG,0  2 R)=R2*(A(TPR)=AI(R) FT B4                              

                                              FT552                            

     50010      SRDA,0                                                         

                      8 RO=R2*(A(TPR)-AI(R)) FT B12                            

                                              FT553                            

     50012      AD,6  0 R67=R6+RO = SUM FT B12                                 

                                              FT554                            

     50014      L,0   FTV1002 RO=V(TPR) FPS B13                                

                                              FT555                            

     50016      MG,0  5 RO=T*V(TPR) FT B10    FT556                            

     50017      SRDA,0                                                         

                      2 RO=T*V(TPR) FT B12    FT557                            

     50021      AD,6  0 R67=R6 + R0 = SUM FT B12                               

                                              FT558                            

     50023      SRDA,6                                                         

                      8 R67=SUM FT B20        FT559                            

     50025      AD,6  FTV1001 R67=R(TPR) + SUM FT B20                          

                                              FT560                            

     50027      STD,6 FTV1001 R(TPR) FT B20   FT561                            

          *                                   FT562                            

     50031      LH,6  FTV1502 R6=K2(R) FPS/FT B4                               

                                              FT563                            

     50033      M,6   FTV2401 R67=K2(R) *DELTA R(M) FPS                        

                      B15                     FT564                            

     50035      SLD,6 2 R67=K2(R)*DELTA R(M) FPS B13                           

                                              FT565                            

     50037      L,0   FTV1003 R0 = A(TPR) FPS**2 B11                           

                                              FT567                            

     50041      S,0   FTV3001 RO = A(TPR)-AI(R) FPS**2 B11                     

                                              FT568                            

     50043      MG,0  5 R01=T*(A(TPR)-AI(R)) FPS B8                            

                                              FT569                            

     50044      SR8,0 5 RO = T*(A(TPR)-AI(R)) FPS B13                          

                                              FT570                            

     50046      AG,6  0 R6 = RO + R6 = SUM FPS B13                             

                                              FT571                            

     50047      L,0   FTV1001 RO = R(TPR) FT B20                               

                                              FT572                            

     50051      MG,0  3 R01 = R(TPR)*(W(F)**2)*T FPS B13                       

                                              FT573                            

     50052      AG,6  0 R6 = RO+R6 = SUM FPS B13                               

                                              FT574                            

     50053      ATM,6 FTV1002 V(TPR) = V(TPR)OLD + SUM                         

                      FPS B13                 FT575                            

          *                                   FT577                            

     50055      LH,6  FTV1503 R6 = K3(R) FPS**2/FT B5                          

                                              FT578                            

     50057      M,6   FTV2401 R67 = K3(R)*DELTA R(M) FPS**2                    

                      B16                     FT579                            

     50061      SLD,6 5 R67=K3(R)*DELTA R(M) FPS**2 B11                        

                                              FT580                            

     50063      L,0   FTV1003 RO =  A(TPR) FPS**2 B11                          

                                              FT581                            

     50065      MG,0  4 RO = (1-T(1/TA))*A(TPR) FPS**2 B11                     

                                              FT582                            

     50066      AG,6  0 R6 = A(TPR)(NEW) FTS**2 B11                            

                                              FT583                            

     50067      ST,6  FTV1003 A(TPR) FPS**2 B11                                

                                              FT584                            

          *                                   FT585                            

     50071      S,6   FTV3001 R6 = A(TPR)-AI(R) FPS**2 B11                     

                                              FT586                            

     50073      LH,0  FTV0011 R0 = T(NEW) SEC B-3                              

                                              FT587                            

     50075      MG,6  0(1/2)T(NEW)*(A(TPR)-AI(R)) FPS B7                       

                                              FT588                            

     50076      SRA,6 6 FPS B13               FT589                            

     50100      A,6   FTV1002 R6 = R6 + V(TPR) FPS B13                         

                                              FT590                            

     50102      MG,6  0 *T(NEW) FT B10        FT591                            

     50103      SRA,6 10 R6 = SUM T B20       FT592                            

     50105      A,6   FTV1001 R6 = R(TPR) + SUM FT B20                         

                                              FT593                            

     50107      ST,6  FTV0101 R(GC)(TI+1) FR B20                               

                                              FT594                            

          *                                   FT595                            

     50115                                                                     

          FTL2760                                                              

                LH,0  XTF006 `VELOCITY AVAILABLE` FLAG                         

                                              FT597 10                         

     50117      BEZ   FTL2900 RANCH IF VELOCITY IS NOT                         

                      AVAILABLE               FT597 20                         

     50121                                                                     

          FTL2770                                                              

                LH,6  FTV1512 R6 = K2(V) ND B2                                 

                                              FT598                            

     50123      M,6   FTV2402 R67=K2(V)*DELTA V(M) FPS B8                      

                                              FT599                            

     50125      SRA,6 5 R6 = K2(V)*DELTA V(M) FPS B13                          

                                              FT600                            

     50127      L,0   FTV1001 RO = R(TPR) FT B20                               

                                              FT601                            

     50131      MG,0  3 RO = R(TPR)*(W(F)**2)*T FPS B13                        

                                              FT602                            

     50132      AG,6  0 R6 = SUM FPS B13      FT603                            

     50133      L,0   FTV1013 RO = A(TPV) FPS**2 B11                           

                                              FT604                            

     50135      S,0   FTV3001 R0 = A(TPV) -AI(R) FPS**2 B11                    

                                              FT605                            

     50137      MG,0  5 RO = T*(A(TPV)-AI(R)) FPS B8                           

                                              FT608                            

     50140      SRA,0 5 RO = T*(A(TPV)-AI(R)) FPS B13                          

                                              FT609                            

     50142      AG,6  0 R6 = SUM FPS B13      FT610                            

     50143      ATM,3 FTV1012 V(TPV)=V(TPV)+SUM FPS B13                        

                                              FT611                            

          *                                   FT613                            

     50145      LH,0  FTV1513 R) = K3(V) FPS**2/FPS B5                         

                                              FT614                            

     50147      MT,0  FTV2402 RO = K3(V)*DELTA V(M) FPS**2                     

                      B11                     FT615                            

     50151      MT,4  FTV1013 R4 = (1-T/TA)*A(TPV) FPS**2                      

                      B11                     FT616                            

     50153      AG,0  4 RO = RO + R4 FPS**2 B11                                

                                              FT617                            

     50154      ST,0  FTV1013 A(TPV) FPS**2 B11                                

                                              FT618                            

          *                                   FT619                            

     50156      L,2   FTV0102 SAVE V(GC) IN   FT619 10                         

     50160      ST,2  STV01021 V(GC)(OLD)     FT619 20                         

     50162      MT,3  FTV1001 R3 = R(TPR)*T(W(F)**2) FPS                       

                      B13                     FT620                            

     50164      S,0   FTV3001 RO = A(TPV)-AI(R) FPS**2 B11                     

                                              FT621                            

     50166      LH,2  FTV0011 R2 = T(NEW) SEC B-3                              

                                              FT621 10                         

     50170      MG,0  2 R0 = T(NEW)*(A(TPV)-AI(R)) FPS B8                      

                                              FT622                            

     50171      SRA,0 5 R0 = T(NEW)*(A(TPV)-AI(R)) FPS B13                     

                                              FT623                            

     50173      AG,0  3 R0 = R0 + R3 = SUM FPS B13                             

                                              FT624                            

     50174      A,0   FTV1012 RO=V(TPV) + SUM FPS B13                          

                                              FT625                            

     50176      ST,0  FTV0102 V(GC) FPS B13   FT626                            

     50200      BU    FTL2900                 FT627                            

          *                                   FT659                            

     50277                                                                     

          FTL2900                                                              

                LH,4  FTV0011                 FT660                            

     50301      STH,4 FTV0010 SET T=R(NEW)    FT661                            

     50303      LI,4  0'3777' R4 = 256 FT B20 FT662                            

     50305      C,4   FTV1001 COMPARE WITH R(TPR)                              

                                              FT663                            

     50307      BL    FTL2910 BRANCH IF R(TPR) &gt; 256 FT                        

                                              FT664                            

     50311      ST,4  FTV1001 R(TPR) = R4     FT665                            

     50313                                                                     

          FTL2910                                                              

                BU    *FTV0000 RETURN         FT666                            

     *                                        FTS01                            

     ********   TRACKING FILTER SUB-ROUTINES  FTS02                            

     *                                        FTS03                            

     *                                        FTS101                           

     ********   FTSR01-COMPUTE SIGMA(S)**2 and TAU(S)                          

                                              FTS102                           

     ********   RETURN ADDRESS IN RO          FTS103                           

     *                                        FTS104                           

     50315                                                                     

          FTS1   L,6  FTV0001 R(TPA) TO R6.sup.. B20                           

                                              FTS105                           

     50317      MG,6  6 R**2 B40              FTS106                           

     50320      LI,4  FX'130.sup.. B9' ALPHA2 to R4.sup.. F.sup.. W.sup..      

                      SCALE=                                                   

                      12 + 9 = 21             FTS107                           

     50322      SG,5  5 CLEAR R5              FTS108                           

     50323      SRDA,4                                                         

                      10 ALPHA2 TO B31        FTS109                           

     50325      DG,4  6 ALPHA 2/R**2 AT B(31-40)=B-9                           

                                              FTS110                           

     50326      ST,4  FTV2700 SIGMA(S)**2 B-9 FTS111                           

          *     ENTER HERE FOR TAU(S) ONLY.                                    

                      FTS112                                                   

     50330                                                                     

          FTS1L10                                                              

                L,4   FTV0002 V(TPA) TO R4.sup.. B13                           

                                              FTS113                           

     50332      SRA,4 1 TO B14                FTS114                           

     50334      ABS,4                         FTS115                           

     50335      BAL   SO,3 SQ RT (.vertline.V.vertline.) TO R6.sup.. B7        

                                              FTS116                           

     50337      SRA,6 5 TO B12                FTS117                           

     50341      LHI,4 FX'0.sup.. 00346B=7' ALPHA 3 TO R4                       

                                              FTS118                           

     50343      M,4   FTV0001 ALPHA3*R(TRP) B13                                

                                              FTS119                           

     50345      DG,4  6 ALPHA3*R/(RT(.vertline.V.vertline.))                   

                                              FTS120                           

     50346      LHI,6 FX'0.sup.. 8B1' ALPHA1 TO R6                             

                                              FTS121                           

     50350      CG,4  6 R4:ALPHA1             FTS122                           

     50351      BL    FTS1L20 BR IF R4 L.T. ALPHA1                             

                                              FTS123                           

     50353      ST,6  FTV2701 TAU(S)=ALPHA1 B1                                 

                                              FTS124                           

     50355      BU    *0 EXIT                 FTS125                           

     50357                                                                     

          FTS1L20                                                              

                ST,4  FTV2701 TAU(S)=ALPHA3*R/(RT(.vertline.V.vertline.))      

                                              FTS126                           

     50361      BU    *0 EXIT                 FTS127                           

     *                                        FTS201                           

     ********   FTSR02-COMPUTE PHI(A) MATRIX  FTS202                           

     ********   RETURN ADDRESS IN RO          FTS203                           

     *                                        FTS204                           

     50363                                                                     

          FTS2  LHI,1 FX'1.sup.. 0B1' 1 AT B1 TO R1                            

                                              FTS205                           

     50365      LHI,2 FX'0.sup.. 3333B0' ALPHA(T) TO R2 B0                     

                                              FTS206                           

     50367      LH,3  FTV0010 T (FILTER PER) TO R3.SECS B-3                    

                                              FTS207                           

          *                                   FTS208                           

     50371      LG,6  3                       FTS209                           

     50372      MHG,6 2 X=ALPHA(T)*T IN R6.sup.. B-3                           

                                              FTS210                           

     50373      SRA,6 4 TO B1                 FTS211                           

     50375      LG,4  6                       FTS212                           

     50376      MG,4  6 X**2 AT B2=(X**2)/2 AT B1                              

                                              FTS213                           

     50377      SG,4  6                       FTS214                           

     50400      AG,4  1                       FTS215                           

     50401      ST,4  FTV2133 PHI(A)33-10X+(X**2)/2 B1                         

                                              FTS216                           

          *                                   FTS217                           

     50403      LG,6  3 T TO R6 B-3           FTS218                           

     50404      SRA,6 5 TO B2                 FTS219                           

     50406      DT,6  FTV2701 Y=T/TAU(S) IN R6. B1                             

                                              FTS220                           

     50410      LG,4  6                       FTS221                           

     50411      MG,4  6 Y**2 AT B2=(Y**2)/2 AT B1                              

                                              FTS222                           

     50412      SG,4  6                       FTS223                           

     50413      AG,4  1                       FTS224                           

     50414      ST,4  FTV2144 PHI(A)44=1-Y+(Y**2)/2 B1                         

                                              FTS225                           

          *                                   FTS226                           

     50416      LG,6  3 T TO R6 B-3           FTS227                           

     50417      M,6   FTV0002 T*V(TPA) B10    FTS228                           

     50421      SRDA,6                                                         

                      8 TO B18                FTS229                           

     50423      D,6   FTV0001 Z=T*V(TAP)/R(TPA) IN R6. B-2                     

                                              FTS230                           

     50425      SRA,6 3 TO B1                 FTS23010                         

     50427      SG,1  6 1-Z IN R1. B1         FTS231                           

     50430      LG,4  3 T TO R4               FTS232                           

     50431      MG,4  1                       FTS233                           

     50432      ST,4  FTV2112 PHI(A)12=T*(1-Z) B-2                             

                                              FTS234                           

          *                                   FTS235                           

     50434      MG,6  1 X*(1-Z) IN R6. B2     FTS236                           

     50435      SL,6  2 2Z*(1-Z) AT B1        FTS237                           

     50437      T,6                           FTS238                           

     50440      AHI,6 FX'1.sup.. 0B1'         FTS239                           

     50442      ST,6  FTV2122 PHI(A)22=1-2Z*(1-Z) B1                           

                                              FTS240                           

          *                                   FTS241                           

     50444      LG,6  3 T TO R6 B-3           FTS242                           

     50445      T,6                           FTS243                           

     50446      MG,6  3 -T**2 B-6             FTS244                           

     50447      SRDA,6                                                         

                      10 (-T**2)/2 AT B3      FTS245                           

     50451      D,6   FTV0001 /R(TAP) AT B20  FTS246                           

          *                                   FTS248                           

     50455      SRDA,4                                                         

                      10 PHI(A)12 TO B8       FTS249                           

     50457      D,4   FTV0001 PHI(A)12/R(TAP) B-12                             

                                              FTS250                           

     50461      T,4                           FTS251                           

     50462      SRA,2 5 ALPHA(T) TO B5        FTS252                           

     50464      MG,6  2 ALPHA(T)*PHI(A)13 B-12                                 

                                              FTS253                           

     50465      SG,4  6                       FTS254                           

     50466      ST,4  FTV2123 PHI(A)23=-PHI12/R-ALPHA(T)                       

                      *PHI13                  FTS255                           

     50470      BU    *0 EXIT                 FTS256                           

     *                                        FTS301                           

     ********   FTSR03-COMPUTE MOTION COMPENSATION L(E)                        

                AND L(D)                      FTS302                           

     ********   RETURN ADDRESS IN RO          FTS303                           

          *                                   FTS304                           

     50472                                                                     

          FTS3  LH,1  AI05 EL RATE AI TO R1   FTS305                           

     50474      MHI,1 FX'0.sup.. 69813B0' WA(E) RADS/SEC B0                    

                                              FTS306                           

     50476      LH,2  AI04 AZ RATE AI TO R2   FTS307                           

     50500      MHI,2 Fx'0.sup.. 69813B0' WA(D) RADS/SEC B0                    

                                              FTS308                           

     50502      LH,3  FTV0010 T(FILTER PER) TO $3. SECS B-3                    

                                              FTS309                           

     50504      LG,4  3                       FTS310                           

     50505      T,4                           FTS311                           

     50506      SRA,4 1 -T SECS B-2           FTS312                           

     50510      LG,6  4                       FTS313                           

     50511      MG,4  1                       FTS314                           

     50512      ST,4  FTV2611 L(E)1=-T*WA(E) RADS B-2                          

                                              FTS315                           

     50514      MG,6  2                       FTS316                           

     50515      ST,6  FTV2621 L(D)1=-T*WA(D) RADS B-2                          

                                              FTS317                           

     50517      LH,4  XTF001 `INITIAL TRK` FLAG                                

                                              FTS318                           

     50521      BEZ   FTS3L10 BR IF FINAL TRK FTS319                           

     50523      BU    *0 INITIAL TRK. EXIT    FTS320                           

     *          FINAL TRK. COMPUTE WA(R) AND REST OF L TERMS                   

                                              FTS321                           

     50525                                                                     

          FTS3L1o                                                              

                ST,0  FTV2400 SAVE RET ADDRESS                                 

                                              FTS322                           

     50527      LH,0  AI12 ROLL RATE AI TO RO FTS323                           

     50531      MHI,0 FX'8.sup.. 31109B4' WOG RADS/SEC B4                      

                                              FTS324                           

     50533      SRA,1 2 WA(E) TO B2           FTS325                           

     50535      SRA,2 3 WA(D) TO B3           FTS326                           

          *                                   FTS327                           

     50537      L,4   FTV2633 ETA(DOT) RADS/SEC B3                             

                                              FTS328                           

     50541      SG,4  2 ETA(D)T-WA(D) B3      FTS336                           

     50542      M,4   ANV6 (ETA(D)T)-WA(D))*SIN(EPS) B4                        

                                              FTS337                           

     50544      AG,4  0 + WOG                 FTS338                           

     50545      L,6   ANV7 COS(EPS) TO R6     FTS339                           

     50547      M,1   ANV4                    FTS340                           

     50551      MG,1  6 WA(E)*SIN(ETA)*COS(EPS) B4                             

                                              FTS341                           

     50552      AG,4  1 N In R4 RADS/SEC R4   FTS342                           

     50553      M,6   ANV5 5 D=COS(EPS)*COS(ETA) IN R6 B2                      

                                              FTS343                           

     50555      SL,6  1 TO B1                 FTS344                           

     50557      DT,4  R6 WA(R) RADS/SEC B3    FTS345                           

     50561      LG,0  4 WA(R) TO R0           FTS347                           

     50562      MG,4  3 T*WA(R) RADS B0       FTS348                           

     50563      LG,6  4                       FTS349                           

     50564      ST,4  DPUV37 *** THETA(R) TO DPU RADS B0                       

                                              FTS3492                          

     50566      M,4   FTV2021 (T*WA(R))*EPS(D) RADS B-2                        

                                              FTS350                           

     50570      ATM,4 FTV2611 L(E)1+R4 TO L(E)1                                

                                              FTS351                           

     50572      M,6   FTV2011                 FTS352                           

     50574      T,6   -(T*WA(R))*EPS(E) RADS B-2                               

                                              FTS353                           

     50575      ATM,6 FTV2621 L(D)1+R6 TO L(D)1                                

                                              FTS354                           

          *                                   FTS355                           

     50577      MG,3  3                       FTS356                           

     50600      SRA,3 1 (T*8AT)/2 B-6         FTS357                           

     50602      L,4   FTV3003 AI(D) FPS**2 B11                                 

                                              FTS358                           

     50604      SG,5  5                       FTS359                           

     50605      SRDA,4                                                         

                      13 TO B24               FTS360                           

     50607      D,4   FTV0001 AI(D)/R(TPA) B4 FTS361                           

     50611      LG,6  0                       FTS362                           

     50612      M,6   FTV2022 WA(R)*WLS(D) B4 FTS363                           

     50614      AG,4  6                       FTS364                           

     50615      LG,6  4 AI(D)/R+WA(R)*WLS(D) IN R4 AND R6                      

                                              FTS365                           

     50616      MG,4  3 ((T**2)/2)*R4 B(-6+4)=B-2                              

                                              FTS366                           

     50617      ATM,4 FTV2611 L(E)1 COMPLETE RADS B-2                          

                                              FTS367                           

     50621      M,6   FTV2112 PHI(A)12*R6 B(-2+4)=B2                           

                                              FTS368                           

     50623      SL,6  1 TO B1                 FTS369                           

     50625      ST,6  FTV2612 L(E)2 RADS/SEC B1                                

                                              FTS370                           

          *                                   FTS371                           

     50627      L,4   FTV3002 AI(E) FPS**2 B11                                 

                                              FTS372                           

     50631      SG,5  5                       FTS373                           

     50632      SRDA,4                                                         

                      13 TO B24               FTS374                           

     50634      D,4   FTV0001 AI(E)/R(TPA) B4 FTS375                           

     50636      LG,6  0                       FTS376                           

     50637      M,6   FTV2012 WA(R)*WLS(E) B4 FTS377                           

     50641      AG,4  6                       FTS378                           

     50642      LG,6  4 AI(E)/R+WA(R)*WLS(E) IN R4 AND R6                      

                                              FTS379                           

     50643      MG,4  3                       FTS380                           

     50644      T,4   -((T**2)/2)8*4 B(-6+4)=B-2                               

                                              FTS381                           

     50645      ATM,4 FTV2621 L(D)1 COMPLETE RADS B-2                          

                                              FTS382                           

     50647      M,6   FTV2112                 FTS383                           

     50651      T,6   -PHI(A)12*R6 B(-2+4)-B2 FTS384                           

     50652      SL,6  1 TO B1                 FTS385                           

     50654      ST,6  FTV2622 L(D)2 RADS/SEC B1                                

                                              FTS386                           

     50656      BU    *FTV2400 EXIT           FTS387                           

          *                                   FTS401                           

     ********   FTSR04-COMPUTE RADOME COMPENSATION                             

                                              FTS402                           

     ********   RETURN ADDRESS IN R0          FTS403                           

          *                                   FTS404                           

     50660                                                                     

          FTS4  ST,0  FTV2400 SAVE RET ADDRESS TEMP 0                          

                                              FTS405                           

     50662      LM,2,6                                                         

                      *FTK200 LOAD GIMBAL VAR'S ALL B+1                        

                                              FTS406                           

     50664      MG,7  4 COS(PHIG)*SIN(EPS) TO R7 B+2                           

                                              FTS407                           

     50665      SL,7  2 TO B0                 FTS408                           

     50667      MG,7  3 *COS(ETA), PROD B-1   FTS409                           

     50670      MG,3  5 COS(EPS)*COS(ETA) TO R3 B+2                            

                                              FTS410                           

     50671      SL,3  1 TO B1                 FTS411                           

     50673      MI,2  R6 SIN(PHIG)*SIN(ETA) B+2                                

                                              FTS412                           

     50675      SL,2  1 TO B1                 FTS413                           

     50677      SG,2  7 -COS(PHIG)*SIN(EPS)*COS(ETA) B1                        

                                              FTS414                           

     50700      MHI,2 FX'0.sup.. 10192B-3' *SIN(SIG') B-3'                     

                      PROD B-2                FTS416                           

     50702      SRA,2 3 TO B+1                FTS417                           

     50704      MHI,3 FX'0.sup.. 994798+0' COS(SIG')*COS(EPS)                  

                      *CPS(ETA) B+1           FTS418                           

     50706      AG,2  3 COS(DELTA) B+1        FTS419                           

     50707      LG,4  2                       FTS420                           

     50710      MG,4  2 COS(DELTA)**2 B+2     FTS421                           

     50711      T,4   =COS**2                 FTS422                           

     50712      AHI,4 FX'1.sup.. 0B+2' 1-COS(DELTA**2 B-2                      

                                              FTS423                           

     50714      BAL   SQ,3 G) CALC SIN(DELTA) IN R6 B-1                        

                                              FTS424                           

     50716      ST,6  FTV2401 SIN(DELTA) TO TEMP 1 B+1                         

                                              FTS425                           

          *                                   FTS426                           

     50720      LM,7,6                                                         

                      (FTK200 LOAD GIMBAL SINES,COSINES B1                     

                                              FTS427                           

     50722      LHI,5 FX'0.sup.. 10192B-3' SIN(SIG') B-3                       

                                              FTS428                           

     50724      LHI,6 FX'0.sup.. 9947980' COS(SIG') B0                         

                                              FTS429                           

     50726      SRA,6 3 SIN(SIG') B0          FTS430                           

     50730      MT,0  R3                      FTS431                           

     50732      MT,0  R5 S(SIG')*S(PHIG)*C(ETA) B2                             

                                              FTS432                           

     50734      MT,7  R2                      FTS433                           

     50736      MT,7  R6 C(SIG')*C(EPS)*S(ETA) B2                              

                                              FTS434                           

     50740      SG,0  7                       FTS435                           

     50741      DT,0  FTV2401 SIN(LAMBDA) IN R0 B1                             

                                              FTS436                           

     50743      MG,2  4                       FTS437                           

     50744      MG,2  5 S(SIG')*C(PHIG)*C(EPS) B2                              

                                              FTS438                           

     50745      MG,6  1 C(SIG')*S(EPS) B1     FTS439                           

     50746      SRA,6 1 B2                    FTS440                           

     50750      AG,2  6                       FTS441                           

     50751      DT,2  FTV2401 COS(LAMBDA) IN R2 B1                             

                                              FTS442                           

          *                                   FTS443                           

     50753      L,4   FTV2401 SIN(DELTA) B1   FTS444                           

     50755      LG,6  4                       FTS445                           

     50756      CHI,4 FX'0.sup.. 174B1' SIN(DELTA) : 0.sup.. 174               

                                              FTS446                           

     50760      BLE   FTS4L10 BR IF L.sup.. E.sup..                            

                                              FTS447                           

     50762      CHI,4 FX'0.sup.. 422B1' SIN(DELTA) : 0.sup.. 422               

                                              FTS448                           

     50753      BLE   FTS4L20 BR IF L.sup.. E.sup..                            

                                              FTS449                           

     50766      MHI,4 FX'0.sup.. 00045B-5' REGION 3                            

                                              FTS450                           

     50770      AHI,4 FX'0.sup.. 00051B-4' DELTA(EL) RADS B-4                  

                                              FTS451                           

     50772      MHI,6 FX'-.sup.. 00202B-5'    FTS452                           

     50774      AHI,6 FX'0.sup.. 00266B-4' DELTA(AZ) RADS B-4                  

                                              FTS453                           

     50776      BU    FTS4L30                 FTS454                           

     51000                                                                     

          FTS4L10                                                              

                MHI,4 FX'0.sup.. 00575B-5' DELTA(EL) RADS B-4                  

                      REGION 1                FTS455                           

     51002      MHI,6 FX'0.sup.. 00977B-5'  DELTA(AZ) RADS B-4                 

                                              FTS456                           

     51004      BU    FTS4L30                 FTS457                           

     51006                                                                     

          FTS4L20                                                              

                MHI,4 FX'-.sup.. 00121B-5' REGION 2                            

                                              FTS458                           

     51010      AHI,4 FX'0.sup.. 00121B-4' DELTA(EL) RADS B-4                  

                                              FTS459                           

     51012      MHI,6 FX'0.sup.. 00040B-5'    FTS460                           

     51014      AHI,6 FX'0.sup.. 00163B-4' DELTA(AZ) RADS B-4                  

                                              FTS461                           

          *                                   FTS462                           

     51016                                                                     

          FTS4L30                                                              

                MG,4  2 DELTA(EL)*COS(LAMBDA) B-3                              

                                              FTS463                           

     51017      MG,4  4 SQUARE B-6            FTS464                           

     51020      MG,6  0 DELTA(AZ)*SIN(LAMBDA) B-3                              

                                              FTS465                           

     51021      MG,5  6 SQUARE B-6            FTS466                           

     51022      AG,4  6 DELTA**2 B-6 R4       FTS476                           

     51023      BAL   SQ,3 TO CALC DELTA B-3 R4                                

                                              FTS477                           

     50125      MG,0  6 DELTA(RD)=SIN(LAMBDA)*DELTA B-2 R0                     

                                              FTS478                           

     51026      T,0   CHG SIGN DELTA(RD) B-2  FTS479                           

     51027      ST,0  FTV2703 DELTA(RD) B-2   FTS480                           

     51031      MG,6  2 COS(LAMBDA)*DELTA B-2 R6                               

                                              FTS481                           

     51032      ST,6  FTV2702 DELTA(RE) B-2   FTS482                           

     51034      B     *FTV2400 RETURN         FTS483                           

     *                                        FTS501                           

     ********   FTSR05 - COMPUTE DISCR SLOPES AND RESIDUALS                    

                                              FTS502                           

     ********   RETURN ADDRESS IN RO          FTS503                           

     *                                        FTS504                           

     51036                                                                     

          FTS5  LH,2  TXV15 DCAL FROM BIT MATRIX B1                            

                                              FTS505                           

     51040      LHG,4 2 D(CAL) TO R4          FTS506                           

     51041      LH,6  SNVO5 SNR(EL) B6        FTS507                           

     5l043      CHI,6 FX'2.sup.. 25B6'        FTS508                           

     51045      BG    FTS5L10 BR IF SNR(EL) &gt; THRSH                            

                                              FTS509                           

     51047      MHI,6 FX'0.sup.. 44B0' KE1*SNR(EL) B6                          

                                              FTS510                           

     51051      MG,4  6 KE1*SNR(EL)*D(CAL)=KE B7                               

                                              FTS511                           

     51052      SL,4  6 TO B1                 FTS512                           

     51054                                                                     

          FTS5L10                                                              

                STH,4 FTV2704 KE B1           FTS513                           

          *                                   FTS514                           

     51056      L,6   FTV2011 EPS(P)(E) RADS B-2                               

                                              FTS515                           

     51060      A,6   FTV2014 +S(P)(E)        FTS516                           

     51062      A,6   FTV2702 +DELTA(R)(E)    FTS517                           

     51064      MG,6  4 KE*(EPS(E)+S(E)+DELTA(E)) B-1                          

                                              FTS518                           

     51065      LH,4  DSV05 DELTA(EL) DSCR B1 FTS519                           

     51067      MHI,4 FX'0.sup.. 030B-2' *C10.sup.. PROD IN RADS AT            

                                              FTS520                           

     51071      SG,4  6 RESIDUAL (EL) RADS B-1                                 

                                              FTS521                           

     51072      SL,4  2 TO B-3                FTS522                           

     51074      ST,4  FTV2706 RESIDUAL (EL) RADS B-3                           

                                              FTS523                           

          *                                   FTS524                           

     51076      LH,6  SNV04 SNR(AZ) B6        FTS525                           

     51100      CHI,6 FX'2.sup.. 25B6'        FTS526                           

     51102      BG    FTS5L20 BR IF SNR(AZ) &gt; THRSH                            

                                              FTS527                           

     51104      MHI,6 FX'0.sup.. 44BO' (KD1*SNR(AZ) B6                         

                                              FTS528                           

     51106      MG,2  6 KD1*SNR(AZ)*D(CAL=KD B7                                

                                              FTS529                           

     51107      SL,2  6 TO B1                 FTS530                           

     51111                                                                     

          FTS5L20                                                              

                STH,2 FTV2705 KD B1           FTS531                           

          *                                   FTS532                           

     51113      L,6   FTV2021 EPS(P)(D) RADS B-2                               

                                              FTS533                           

     51115      A,6   FTV2024 +S(P)(D)        FTS534                           

     51117      A,6   FTV2703 +DELTA(R)(D)    FTS535                           

     51121      MG,6  2 KD*(EPS(D)+S(D)+DELTA(D)) B-1                          

                                              FTS536                           

     51122      LH,4  DSV04 DELTA(AZ) DSCR B1 FTS537                           

     51124      MHI,4 FX'0.sup.. 030B-2' *C10.sup.. PROD IN RADS AT            

                                              FTS538                           

     51126      SG,4  6 RESIDUAL (AZ) RADS B-1                                 

                                              FTS539                           

     51127      SL,4  2 TO B-3                FTS540                           

     51131      ST,4  FTV2707 RESIDUAL (AZ) RADS B-3                           

                                              FTS541                           

     51133      BU    *0 RETURN               FTS542                           

          *                                   FTS601                           

     ********   FTSR06-COMPUTE KALMAN GAINS K(A) AND                           

                                              FTS602                           

     ********   UPDATE THE CO-VARIANCE MATRIX M(A)                             

                                              FTS603                           

     ********   RETURN ADDRESS IN RO          FTS604                           

          *                                   FTS605                           

     51135                                                                     

          FTS6  ST,0  FTV2400 SAVE RET ADDRESS                                 

                                              FTS606                           

     51137      LHI,6 FX'1.sup.. 0B1' NZ TO R6                                 

                                              FTS60610                         

     51141      LH,0  FTV2704                 FTS607                           

     51153      AH,0  FTV2705                 FTS608                           

     51145      SRL,0 1 KA=1/2(KE+KD) KD) B1  FTS609                           

     51147      BEZ   FTS6L20 BR IF KA=0      FTS610                           

     51151      LD,1  FTV2211 M(A)11,M(A)12 TO R1,R2                           

                                              FTS611                           

     51153      LD,3  FTV2213 M(A)13,M(A)14 TO R3,R4                           

                                              FTS612                           

     51155      L,5   FTV2234 M(A)24 TO R5    FTS613                           

     51157      LD,6  FTV2234 M(A)34,M(A)44 TO R6,R7                           

                                              FTS614                           

     51161      SRA,1 1 RE-SCALE M(A)'S       FTS615                           

     51163      SRA,2 1                       FTS616                           

     51165      SRA,3 1                       FTS617                           

     51167      SRA,4 1                       FTS618                           

     51171      SRA,5 1                       FTS619                           

     51173      SRA,6 1                       FTS620                           

     51175      SRA,7 1                       FTS621                           

     51177      AG,1  4 ZM1=M(A)11+M(A)14 B-8 FTS622                           

     51200      AG,2  5 ZM2=M(A)12+M(A)24 B-7 FTS623                           

     51201      AG,3  6 ZM3=M(A)13+M(A)34 B3  FTS624                           

     51202      AG,4  7 ZM4=M(A)14+M(A)44 B-8 FTS625                           

          *                                   FTS626                           

     51203      SRA,1 1 ZM1 TO B-7            FTS627                           

     51205      LG,6  2                       FTS628                           

     51206      MT,6  FTV2112 PHI(H)12*ZM2 B-9                                 

                                              FTS629                           

     51210      SRA,6 2 TO B-7                FTS630                           

     51212      LG,7  3                       FTS631                           

     51213      MT,7  FTV2113 PHI(A)13*ZM3 B-14                                

                                              FTS632                           

     51215      SRA,7 7 TO B-7                FTS633                           

     51217      AG,6  7                       FTS634                           

     51220      AG,6  1 ZM1+PHI(A)12*ZM2+PHI(A)13*ZM3=                         

                                              FTS635                           

     51221      ST,6  FTV2401 Z(A)11 B=7      FTS636                           

     51223      MT,3  FTV2122 PHI(A)22*ZM2 B-6                                 

                                              FTS637                           

     51225      LG,6  3                       FTS638                           

     51226      MT,6  FTV2123 PHI(A)23*ZM3 B-9                                 

                                              FTS639                           

     51230      SRA,6 3 TO B-6                FTS640                           

     51232      AG,6  2 PHI(A)22*ZM2+PHI(A)23*ZM3-                             

                                              FTS641                           

     51233      ST,6  FTV2402 Z(A)21 B-6      FTS642                           

     51235      MT,3  FTV2133 PHI(A)33*ZM3 B4 FTS643                           

     51237      SL,3  1 TO B3                 FTS644                           

     51241      ST,3  FTV2403 Z(A)31=PHI(A)33*ZM3 B3                           

                                              FTS645                           

     51243      LG,6  4                       FTS646                           

     51244      MT,6  FTV2144 PHI(A)44*ZM4 B-7                                 

                                              FTS647                           

     51246      SL,6  1 TO B-8                FTS648                           

     51250      ST,6  FTV2404 Z(A)41=PHI(A)44*ZM4 B-8                          

                                              FTS649                           

          *                                   FTS650                           

     51252      SRA,4 1 ZM4 TO B-7            FTS651                           

     51254      AG,1  4 ZM1+ZM4 B-7           FTS652                           

     51255      LG,6  0                       FTS653                           

     51256      MG,6  0 KA**2 B2              FTS654                           

     51257      MG,6  1 (KA**2)*(ZM1+ZM4) B-5 FTS655                           

     51260      LI,4  FX'0.sup.. 00011B-12' RAO TO R4. F.W.                    

                      SCALE = B0              FTS656                           

     51262      LH,1  XTV029 KFC=PS/FC B11    FTS65610                         

     51264      SL,1  6 TO B5                 FTS65620                         

     51266      DT,4  R1 RAO/KFC B-5          FTS65630                         

     51270      LH,1  SNV04                   FTS657                           

     51272      AH,1  SNV05                   FTS658                           

     51274      SRL,1 1 SNR(ANGLE)=1/2(SNR(AZ)+SNR(EL) B6                      

                                              FTS659                           

     51276      CHI,1 FX'1.sup.. 0B6' SNR(ANGLE):1                             

                                              FTS660                           

     51300      BL    FTS6L10 BR IF SNR(ANGLE) L.T. THRSH                      

                                              FTS661                           

     51302      MG,1  1 SNR(ANGLE)**2 B12     FTS662                           

     51303      SG,5  5 0 TO R5               FTS66210                         

     51304      SRDA,4                                                         

                      12 RAO/KFC TO B7        FTS663                           

     51306      DG,4  1 (RAO/KFC)/SNR(ANGLE)**2 B-5                            

                                              FTS664                           

     51307      AI,4  134 +B=RA B-5. (B=.5E-6 B-5)                             

                                              FTS665                           

     51311                                                                     

          FTS6L10                                                              

                AG,6  4 DENOM=RA+(KA**2)*(ZM1+ZM4) B-5                         

                                              FTS666                           

          *                                   FTS667                           

     51312                                                                     

          FTS6L20                                                              

                LI,1  3                       FTS668                           

     51314      LI,2  6 3 ITERATIONS          FTS669                           

     51316                                                                     

          FTS6L30                                                              

                LG,4  0 KA TO R4 B1           FTS670                           

     51317      M,4   FTV2401,2 KA*(Z(A)41,Z(A)31,Z(A)21,                      

                      Z(A)11)                 FTS671                           

     51321      ST,4  FTV2401,2 B-7,B4,B-5,B-6                                 

                                              FTS672                           

     51323      SRDA,4                                                         

                      0,1 B-4,B10,B-1,B-4     FTS673                           

     51325      DG,4  6 KA*Z(A)/DENOM B1,B15,B4,B1                             

                                              FTS674                           

     51325      ST,4  FTV2501,2 K(A)4,K(A)3,K(A)2,K(A)1                        

                                              FTS675                           

     51330      LG,1  2                       FTS676                           

     51331      BCT   FTS6L30,2               FTS677                           

          *                                   FTS678                           

     ********   UPDATE THE CO-VARIANCE MATRIX,M(A)                             

                                              FTS679                           

          *                                   FTS680                           

     51333                                                                     

          FTS6L40                                                              

                LD,0  FTV2212 M(A)12,M(A)13 TO R0,R1 B-8,B2                    

                                              FTS681                           

     51335      L,2   FTV2223 M(A)23 TO R2 B3 FTS682                           

     51337      L,3   FTV2233 M(A)33 TO R3 B13                                 

                                              FTS683                           

     51341      SRA,1 1 M(A)13 TO B3          FTS684                           

     51343      L,4   FTV2112 PHI(A)12 TO R4 B-2                               

                                              FTS685                           

     51345      LG,6  4 TO R6                 FTS686                           

     51346      M,4   FTV2222 PHI(A)12*M(A)22 B-10                             

                                              FTS687                           

     51350      SRA,4 2 TO B-8                FTS688                           

     51352      AG,0  4 M(A)12+PHI(A)12*M(A)22 B-8                             

                                              FTS689                           

     51353      MG,6  2 PHI(A)12*M(A)23 B1    FTS690                           

     51354      SRA,6 2 TO B3                 FTS691                           

     51356      AG,1  6 M(A)13+PHI(A)12*M(A)23 B3                              

                                              FTS692                           

     51361      LG,6  4 TO R6                 FTS694                           

     51362      MG,4  2 PHI(A)13*M(A)23 B-14  FTS695                           

     51363      SRA,4 6 TO B-8                FTS696                           

     51365      AG,0  4 D12=M12+PHI12*M22+PHI13*M23 B-8                        

                                              FTS697                           

     51366      MG,6  3 PHI(A)13*M(A)33 B-4   FTS698                           

     51367      SRA,6 7 TO B3                 FTS699                           

     51371      AG,1  6 D13-M13+PHI12*M23+PHI13*M33 B3                         

                                              FTS6A0                           

     51372      MT,2  FTV2122 PHI(A)22*M(A)23 B4                               

                                              FTS6A1                           

     51374      MT,3  FTV2123 (PHI(A)23*M(A)33 B1                              

                                              FTS6A2                           

     51376      SRA,3 3 TO B4                 FTS6A3                           

     51400      AG,3  2 D23=PHI22*M23+PHI23*M33 B4                             

                                              FTS6A4                           

          **                                  FTS6A5                           

     51401      LI,4  0'0002' QS=.466E-9 B-9  FTS6A6                           

     51403      A,4   FTV2211 M(A)11+QS B-9   FTS6A7                           

     51405      L,6   FTV2501                 FTS6A8                           

     51407      M,6   FTV2401 K1*(KA*Z11) B(1-6)=B-5                           

                                              FTS6A9                           

     51411      SLD,6 4 TO B-9                FTS6B0                           

     51413      SG,4  6                       FTS6B1                           

     51414      L,6   FTV2213 M(A)13 B2       FTS6B2                           

     51416      SRA,6 2 TO B4                 FTS6B3                           

     51420      LG,7  1 D13 B3                FTS6B4                           

     51421      SRA,7 1 TO B4                 FTS6B5                           

     51423      AG,6  7 M13+D13 B4            FTS6B6                           

     51424      M,6   FTV2113 PHI13*(M13+D13) B-13                             

                                              FTS6B7                           

     51426      SRA,6 4 TO B-9                FTS6B8                           

     51430      AG,4  6                       FTS6B9                           

     51431      L,6   FTV2212 M(A)12 B-8      FTS6C0                           

     51433      SRA,6 1 TO B-7                FTS6C1                           

     51435      LG,7  0 D12 B-8               FTS6C2                           

     51436      SRA,7 1 TO B-7                FTS6C3                           

     51440      AG,6  7 M12+D12 B-7           FTS6C4                           

     51441      M,6   FTV2112 PHI12*(M12+D12) B-9                              

                                              FTS6C5                           

     51443      AG,4  6                       FTS6C6                           

     51444      St,4  FTV2211 M(A)11 UPDATED B-9                               

                                              FTS6C7                           

          *                                   FTS6C8                           

     51446      L,4   FTV2122 PHI(A)22 B1     FTS6C9                           

     51450      MG,4  4                       FTS6D0                           

     51451      M,4   FTV2222 (PHI22)**2)*M22 B(2-8)=B-6                       

                                              FTS6D1                           

     51453      L,6   FTV2502                 FTS6D2                           

     51455      M,6   FTV2402 K2*(KA8Z21) B(4-5)=B-1                           

                                              FTS6D3                           

     51457      SLD,6 5 TO B-6                FTS6D4                           

     51461      SD,4  R6                      FTS6D5                           

     51463      LG,6  3 D23 B4                FTS6D6                           

     51464      SRA,6 2 TO B6                 FTS6D7                           

     51466      SRA,2 2 R2 TO B6              FTS6D8                           

     51470      AG,6  2                       FTS6D9                           

     51471      M,6   FTV2123 PHI23*(PHI22(M23+D23) B-6                        

                                              FTS6E0                           

     51473      AD,4  R6 NEW M(A)22 In R4,R5 B-6                               

                                              FTS6E1                           

     51475      SLD,4 2                       FTS6E2                           

     51477      ST,4  FTV2222 M(A)22 UPDATED B-8                               

                                              FTS6E3                           

          *                                   FTS6E4                           

     51501      L,4   FTV2133 PHI(A)33 B1     FTS6E5                           

     51503      MG,4  4                       FTS6E6                           

     51504      M,4   FTV2233 ((PHI33)**2)*M33 B15                             

                                              FTS6E7                           

     51506      L,6   FTV2503                 FTS6E8                           

     51510      M,6   FTV2403 K3*(KA*731) B(15+4)=B19                          

                                              FTS6E9                           

     51512      SLD,6 5 TO B15                FTS6F0                           

     51514      SD,4  R6                      FTS6F1                           

     51516      SLD,4 2 R4,R5 TO B13          FTS6F2                           

     51520      LH,6  FTV0010 T B-3           FTS6F3                           

     51522      MHI,6 FX'2670.sup.. B13' ALPHA4*T=Q33 B10                      

                                              FTS6F4                           

     51524      SRA,6 3 TO B13                FTS6F5                           

     51526      AG,4  6                       FTS6F6                           

     51527      ST,4  FTV2233 M(A)33 UPDATED B13                               

                                              FTS6F7                           

          *                                   FTS6F8                           

     51531      L,4   FTV2144 PHI(A)44 B1     FTS6F9                           

     51533      MG,4  4                       FTS6G0                           

     51534      M,4   FTV2244 ((PHI44)**2)*M44 B-7                             

                                              FTS6G1                           

     51536      L,6   FTV2504                 FTS6G2                           

     51540      M,6   FTV2404 K4*(KA*Z41) B(1-7)=B- 6                          

                                              FTS6G3                           

     51542      SLD,6 1 TO B-7                FTS6G4                           

     51544      SD,4  R6                      FTS6G5                           

     51546      SLD,4 2 R4,R5 TO B-9          FTS6G6                           

     51550      LH,6  FTv0010 T B-3           FTS6G7                           

     51552      SRA,6 5 TO B1                 FTS6G8                           

     51554      M,6   FTV2700                 FTS6G9                           

     51556      D,6   FTV2701 Q44-T*SIGMA(S)**2/TAU(S) B-9                     

                                              FTS6H0                           

     51560      AG,4  6                       FTS6H1                           

     51561      ST,4  FTV2244 M(A)44 UPDATED B-9                               

                                              FTS6H2                           

          *                                   FTS6H3                           

     51563      MT,0  FTV2122 PHI22*D12 B-7   FTS6H4                           

     51565      L,4   FTV2123                 FTS6H5                           

     51567      MG,4  1 PHI23*D13 B-9         FTS6H6                           

     51570      SRA,4 2 TO B-7                FTS6H7                           

     51572      AG,4  0                       FTS6H8                           

     51573      L,6   FTV2501                 FTS6H9                           

     51575      M,6   FTV2402 K1*(KA*Z21) B(1-5)=B-4                           

                                              FTS6I0                           

     51577      SLD,6 3 TO B-7                FTS6I1                           

     51601      SG,4  6                       FTS6I2                           

     51602      SL,4  1                       FTS6I3                           

     51604      ST,4  FTV2212 M(A)12 UPDATED B-8                               

                                              FTS6I4                           

          *                                   FTS6I5                           

     51606      M,1   FTV2133 PHI33*D13 B4    FTS6I6                           

     51610      L,6   FTV2501                 FTS6I7                           

     51612      M,6   FTV2403 K1*(KA*Z31) B(1+4)=B5                            

                                              FTS6I8                           

     51614      SDL,6 1 TO B4                 FTS6I9                           

     51616      SD,1  R6 NEW M(A)13 IN R1,R2 B4                                

                                              FTS6J0                           

     51620      SLD,1 2                       FTS6J1                           

     51622      ST,1  FTV2213 M(A)13 UPDATED B2                                

                                              FTS6J2                           

          **                                  FTS6J3                           

     51624      L,4   FTV2144 PHI(A)44 B1     FTS6J4                           

     51626      L,0   FTV2234 M(A)34 B2       FTS6J5                           

     51630      MG,0  4 D43=PHI44*M34 B3      FTS6J6                           

     51631      SL,0  1 TO B2                 FTS6J7                           

     51633      L,1   FTV2224 M(A)24 B-8      FTS6J8                           

     51635      MG,1  4 D42=PHI44*M24 B-7     FTS6J9                           

     51636      SL,1  1 TO B-8                FTS6K0                           

          **                                  FTS6K1                           

     51640      M,4   FTV2214 PHI44*M14 B-8   FTS6K2                           

     51642      L,6   FTV2112                 FTS6K3                           

     51644      MG,6  1 PHI12*D42 B-10        FTS6K4                           

     51645      SRA,6 2 TO B-8                FTS6K5                           

     51647      AG,4  6                       FTS6K6                           

     51650      L,6   FTV2113                 FTS6K7                           

     51652      MG,6  0 PHI13*D43 B-15        FTS6K8                           

     51653      SRA,6 7 TO B-8                FTS6K9                           

     51655      AG,4  6                       FTS6L0                           

     51656      L,6   FTV2501                 FTS6L1                           

     51660      M,6   FTV2404 K1*(KA*Z41) B(1-7)=B-6                           

                                              FTS6L2                           

     51662      SLD,6 2 TO B-8                FTS6L3                           

     51665      SG,4  6                       FTS6L4                           

     51665      SL,4  1                       FTS6L5                           

     51667      ST,4  FTV2214 M(A)14 UPDATED B-9                               

                                              FTS6L6                           

          *                                   FTS6L7                           

     51671      M,3   FTV2133 PHI33*D23 B5    FTS6L8                           

     51673      L,6   FTV2502                 FTS6L9                           

     51674      M,6   FTV2403 K2*(KA*Z31) B(4+4)=B8                            

                                              FTS6M0                           

     51677      SLD,6 3 TO B5                 FTS6M1                           

     51701      SD,3  R6 NEW M(A)23 IN R3,R4 B5                                

                                              FTS6M2                           

     51703      SLD,3 2                       FTS6M3                           

     51705      ST,3  FTV2223 M(A)23 UPDATED B3                                

                                              FTS6M4                           

          *                                   FTS6M5                           

     51707      M,1   FTV2122 PHI22*D42 B-7   FTS6M6                           

     51711      L,6   FTV2123                 FTS6M7                           

     51713      MG,6  0 PHI23*D43 B-10        FTS6M8                           

     51714      SRA,6 3 TO B-7                FTS6M9                           

     51716      AG,1  6                       FTS6N0                           

     51717      L,6   FTV2502                 FTS6N1                           

     51721      M,6   FTV2404 K2*(KA*Z41) B(4-7)=B-3                           

                                              FTS6N2                           

     51723      SLD,6 4 TO B-7                FTS6N3                           

     51725      SG,1  6                       FTS6N4                           

     51726      SL,1  1                       FTS6N5                           

     51730      ST,1  FTV2224 M(A)24 UPDATED B-8                               

                                              FTS6N6                           

          *                                   FTS6N7                           

     51732      M,0   FTV2133 PHI33*D43 B3    FTS6N8                           

     51734      L,6   FTV2503                 FTS6N9                           

     51736      M,6   FTV2404 K3*(KA-Z41) B(15-7)=B8                           

                                              FTS6P1                           

     51740      SLD,6 5 TO B3                 FTS6P2                           

     51742      SG,0  6                       FTS6P3                           

     51743      SL,0  1                       FTS6P4                           

     51745      ST,0  FTV2234 M(A)34 UPDATED B2                                

                                              FTS6P5                           

     51747      BU    *FTV2400 EXIT           FTS6P6                           

          *                                   FTS701                           

     ********   FTSR07-COMPUTE NEW PREDICTED ANGLE STATE                       

                VECTORS                       FTS702                           

          ********    RETURN ADDRESS IN R0    FTS703                           

          *                                   FTS704                           

     51751                                                                     

          FTS7  ST,0  FTV2400 SAVE RET ADDRESS                                 

                                              FTS705                           

     51753      LI,1  2 SET INDICES FOR AZ    FTS706                           

     51755      LI,2  4                       FTS707                           

     51757      LI,3  8                       FTS708                           

     51761                                                                     

          FTS7L10                                                              

                L,0   FTV2706,1 RESIDUAL TO R0 RADS B-3                        

                                              FTS709                           

     51763      L,4   FTV2012,3               FTS710                           

     51765      M,4   FTV2112 PHI(A)12*OMEGA(LSP) B-1                          

                                              FTS711                           

     51767      SLD,4 1 TO B-2                FTS712                           

     51771      L,6   FTV2013,3               FTS713                           

     51773      M,6   FTV2113 PHI(A)13*A(TP) B-6                               

                                              FTS714                           

     51775      SRA,6 4 TO B-2                FTS715                           

     51777      AG,4  6                       FTS716                           

     52000      A,4   FTV2011,3 +EPS(P)       FTS717                           

     52002      A,4   FTV2611,2 +L1           FTS718                           

     52004      LG,6  0                       FTS719                           

     52005      M,6   FTV2501 K(A)1*RESIDUAL B-2                               

                                              FTS720                           

     52007      AG,4  6                       FTS721                           

     52010      ST,4  FTV2011,3 NEW EPS(P) RADS B-2                            

                                              FTS722                           

          *                                   FTS723                           

     52012      L,4   FTV2012,3               FTS724                           

     52014      M,4   FTV2122 PHI(A)22*OMEGA(LSP) B2                           

                                              FTS725                           

     52016      SG,6  6                       FTS726                           

     52017      LHI,7 O'2000'                 FTS727                           

     52021      AD,4  R6 ROUND R4,R5          FTS728                           

     52023      SLD,4 1 TO B1                 FTS729                           

     52025      L,6   FTV2013,3               FTS730                           

     52027      M,6   FTV2123 PHI(A)23*A(TP) B-1                               

                                              FTS731                           

     52031      SRA,6 2 TO B1                 FTS732                           

     52033      AG,4  6                       FTS733                           

     52034      A,4   FTV2612,2 +L2           FTS734                           

     52036      LG,6  0                       FTS735                           

     52037      M,6   FTV2502 K(A)2*RESIDUAL B1                                

                                              FTS736                           

     52041      AG,4  6                       FTS737                           

     52042      ST,4  FTV2012,3 NEW OMEGA(LSP) RADS/SEC B1                     

                                              FTS738                           

          *                                   FTS739                           

     52044      L,4   FTV2013,3               FTS730                           

     52046      M,4   FTV2133 PHI(A)33*A(TP) B12                               

                                              FTS741                           

     52050      LG,6  0                       FTS742                           

     52051      M,6   FTV2503 K(A)3*RESIDUAL B12                               

                                              FTS743                           

     52053      AD,4  R6                      FTS744                           

     52055      SLD,4 1 TO B11                FTS745                           

     52057      ST,4  FTV2013,3 NEW A(TP) FPS**2 B11                           

                                              FTS746                           

          *                                   FTS74610                         

     52061      L,4   FTV2014,3               FTS747                           

     52063      M,4   FTV2144 PHI(A)44*S(P) B-1                                

                                              FTS748                           

     52065      SLD,4 1 TO B-2                FTS749                           

     52067      LG,6  0                       FTS750                           

     52070      M,6   FTV2504 K(A)4*RESIDUAL B-2                               

                                              FTS751                           

     52072      AG,4  6                       FTS752                           

     52073      ST,4  FTV2014,3 NEW S(P) RADS B-2                              

                                              FTS753                           

          *                                   FTS754                           

     52075      SG,2  2 R2=0 SET INDICES FOR EL                                

                                              FTS755                           

     52076      SG,3  3 R3=0                  FTS756                           

     52077      BCT   FTS7L10,1 R1=0          FTS757                           

     52101      BU    *FTV2400 EXIT           FTS758                           

          *                                   FTS801                           

     ********   FTSR08-COMPUTE OWNSHIP ACCELERATION IN                         

                ANTENNA COORDS                FTS802                           

          ********    RETURN ADDRESS IN R0    FTS803                           

          *                                   FTS804                           

     52103                                                                     

          FTS8  ST,0  FTV2400 SAVE RET ADDRESS                                 

                                              FTS805                           

     52105      L,4   IND4 V(N)2 TO R4        FTS806                           

     52107      L,5   IND5 V(E)2 TO R5        FTS807                           

     52111      L,6   IND6 V(V)2 TO R6        FTS808                           

     52113      LD,1  FTV3111 V(N)1,V(E)1 TO R1,R2                             

                                              FTS809                           

     52115      L,3   FTV3113 V(V)1 TO R3     FTS810                           

     52117      STD,4 FTV3111 V(N)2,V(E)2 TO V(N)1,V(E)1                       

                                              FTS811                           

     52121      ST,6  FTV3113 V(V)2 TO V(V)1  FTS812                           

          *                                   FTS813                           

     52123      SG,4  1 V(N)2-V(N)1 FPS B12   FTS814                           

     52124      SG,5  2 V(E)2-V(E)1 FPS B12   FTS815                           

     52125      SG,6  3 V(V)2-V(V)1 FPS B11   FTS816                           

     52126      T,6                           FTS817                           

     52127      SRA,6 1 V(D)2-V(D)1 FPS B12   FTS818                           

     52131      DT,4  FTV0012 AI(N) FPS**2 B11 OS ACCEL                        

                      IN NED                  FTS819                           

     52133      DT,5  FTV0012 AI(E) FPS**2 B11                                 

                                              FTS820                           

     52135      DT,6  FTV0012 AI(D) FPS**2 B11                                 

                                              FTS821                           

     52137      LG,1  4 AI(N) TO R1           FTS822                           

     52140      LG,2  5 AI(E) TO R2           FTS82210                         

     52141      ST,6  FTV3003                 FTS823                           

     52143      STI,0 FTV0012 CLEAR T(INS)    FTS824                           

          *                                   FTS825                           

     52145      L,4   FTV3209 SIN(PSI) TO R4  FTS826                           

     52147      L,6   FTV3210 COS(PSI) TO R6  FTS827                           

     52151      BAL   SR,3 PSI XFRM           FTS829                           

     52153      ST,4  FTV3002 A(JS) TO MEMORY FTS830                           

     52155      LG,2  4 A(IS) TO R2           FTS831                           

     52156      L,1   FTV3003 AI(D) TO R1     FTS832                           

          *                                   FTS833                           

     52160      L,4   FTV3207 SIN(THETA) TO R4                                 

                                              FTS834                           

     52162      L,6   FTV3208 COS(THETA) TO R6                                 

                                              FTS835                           

     52164      BAL   SR,3 THETA XFRM         FTS836                           

     52166      ST,6  FTV3001 A(I) TO MEMORY  FTS837                           

     52170      LG,2  4 A(K') TO R2           FTS838                           

     52171      L,1   FTV3002 A(JS) TO R1     FTS839                           

          *                                   FTS840                           

     52173      L,4   FTV3205 SIN(PHI+PHIG) TO R4                              

                                              FTS841                           

     52175      L,6   FTV3206 COS(PHI+PHIG) TO R6                              

                                              FTS842                           

     52177      BAL   SR,3 PHI+PHIG XFRM      FTS843                           

     52201      ST,4  FTV3002 A(E') TO MEMORY FTS844                           

     52203      LG,1  5 A(D') TO R1           FTS845                           

     52204      L,2   FTV3001 A(I) TO R2      FTS846                           

          *                                   FTS847                           

     52206      L,4   FTV3203 SIN(EPS) TO R4  FTS848                           

     52210      L,6   FTV3204 COS(EPS) TO R6  FTS849                           

     52212      BAL   SR,3 EPS XFRM           FTS850                           

     52214      ST,4  FTV3003 AI(D) EPS**2 B11                                 

                                              FTS851                           

     52216      LG,1  5 A(R') TO R1           FTS852                           

     52217      L,2   FTV3002 A(E') TO R2     FTS853                           

          *                                   FTS854                           

     52221      L,4   FTV3201 SIN(ETA) TO R4  FTS855                           

     52223      L,6   FTV3202 COS(ETA) TO R6  FTS856                           

     52225      BAL   SR,3 ETA XFRM           FTS857                           

     52227      STD,4 FTV3001 AI(R),AI(E) FPS**2 B11                           

                                              FTS858                           

     52231      BU    *FTV2400 EXIT           FTS859                           

          *                                   FTI001                           

     ********   TRACKING FILTER INITIALIZATION                                 

                                              FTI002                           

     ********   RETURN ADDRESS IN RO          FTI003                           

          *                                   FTU004                           

     52237                                                                     

          FTI   LH,1  AQV09 RT=RNG HIT BIN NO. FR AQII B11                     

                                              FTI007                           

     52241      LH,2  AQV18 FT=VEL HIT FIL NO. FR AQII B11                     

                                              FTI008                           

     52243      LH,3  FTV0010 T SECS B-3      FTI009                           

     52245      L,6   VGV3 VT FPS B12         FTI010                           

     52247      SRA,6 1                       FTI011                           

     52251      T,6   -VG FPS B13             FTI012                           

          *                                   FTI201                           

     ********   MPRF TRACKING FILTER INITIALIZATION                            

                                              FTI202                           

          *                                   FTI203                           

     52306                                                                     

          FTIL20                                                               

                MT,1  XTV044 R1 = RBIN*RT FT B22                               

                                              FTI204                           

     52310      SL,1  2 R1 = RBIN*RT FT B20   FTI205                           

     52312      LH,4  DNV10 R4 = DELTA(RT) FT B11                              

                                              FTI206                           

     52314      MHI,4 FX'-.43B0' R4=-.43 DELTA (RT) B11                        

                                              FTI20610                         

     52316      SRA,4 9 B20                   FTI20620                         

     52320      AG,1  4 R1=RBIN*RT-.43 DELTA(RT) B20                           

                                              FTI20630                         

     52321      ST,1  FTV1001 R(TPR)-INITIAL RNG FT B20                        

                                              FTI207                           

     52323      ST,6  FTV1002 V(TPR)=-VG FPS B13                               

                                              FTI208                           

     52325      MG,6  3 T*V(TPR) FT B10       FTI209                           

     52326      SRA,6 10 TO B20               FTI210                           

     52330      AG,1  6                       FTI211                           

     52331      ST,1  FTV0101 RGC=R(TPR)+T*V(TPR) FT B20                       

                                              FTI212                           

          *                                   FTI213                           

     52333      MT,2  XTV045 *PRF/16 AT B10.sup.. PROD AT B21                  

                                              FTI214                           

     52335      MT,2  RFV003 *(LAMBDA/2) AT B-4.PROD AT B17                    

                                              FTI215                           

     52337      SL,2  4 TO B13                FTI216                           

     52341                                                                     

          FTIL25                                                               

                ST,2  FTV1012 V(TPV) FPS B13  FTI217                           

     52343      ST,2  FTV0102 VGC=V(TPV) B13  FTI218                           

     52345      BU    FTIL40 TO COMMON I.C.   FTI219                           

          *                                   FTI401                           

     ********   COMMON TRACKING FILTER INITIALIZATION.(ALL                     

                PRF'S)                        FTI402                           

          *                                   FTI404                           

     52414                                                                     

          FTIL40                                                               

                LHI,4 FX'1.sup.. B6' SET A-PRIORI SNR'S FOR 1ST                

                      LONG FC                 FTI405                           

     52416      STH,4 SNV03 SNR(RNG)          FTI406                           

     52420      STH,4 SNV04 SNR(AZ)           FTI407                           

     52422      STH,4 SNV05 SNR(EL)           FTI408                           

     52424      STH,4 SNV06 SNR(VEL)          FTI409                           

          *                                   FTI410                           

     52426      STH,5 FTF102 `HI BR 1ST`=(R5)=`VS`(NOT                         

                      USED=M,L)               FTI411                           

     52430      STHI,1                                                         

                      FTV1601 I.C. MED BR COUNT (N=1)                          

                                              FTI413                           

     52432      BU    *0 RETURN TO XT         FTI414                           

TBL  APPENDIX C                                                                

     Range Tracker                                                             

     C.sub.1 =C.sub.3                                                          

                 0                 0                                           

               (R&gt;50,000 ft)     (R.ltoreq.50,000 ft)                          

     C.sub.2    -0.333 (-0.1 for extrapolation)                                

                                    max                                        

     __________________________________________________________________________

           k.sub.1.sup.a                                                       

               0.15         0.08    2                                          

     Initial                                                                   

           k.sub.2.sup.a                                                       

               0.3        0.18                                                 

                            2                                                  

     Track k.sub. 3.sup.a                                                      

               0.0          0.0     8                                          

           R.sub.o SNR &lt; 7 db                                                  

               R.sub.o SNR                                                     

                                    max                                        

                          .gtoreq.                                             

                            7 db                                               

           k.sub.1.sup.b                                                       

               0.15         0.12    2                                          

     Final k.sub.2.sup.b                                                       

               0.16         0.2     8                                          

     Track k.sub.3.sup.b                                                       

               0.05         0.13    32                                         

               R.sub.o SNR &lt; 7 db                                              

                          R.sub.o SNR                                          

                          .gtoreq.                                             

                            7 db                                               

           SNR1                                                                

               1.0                  1                                          

     Velocity Tracker               max                                        

     __________________________________________________________________________

           K.sub.2.sup.d                                                       

               -0.15        -0.23   4                                          

     Initial                                                                   

           K.sub.3.sup.d                                                       

               -0.8         -2      32                                         

     Track k.sub.Rf.                                                           

               1             1      2                                          

               R.sub. o SNR &lt; 7 db                                             

                            R.sub.o SNR                                        

                          .gtoreq.                                             

                            7 db                                               

                                    max                                        

           K.sub.2.sup.e                                                       

               0.7          1.0     8                                          

     Final K.sub.3.sup.e                                                       

               3.0          5.0     32                                         

     Track k.sub.Rf.                                                           

               0.35         0.85    2                                          

               R.sub.o SNR&lt;7db                                                 

                            R.sub.o SNR.gtoreq.7 db                            

     Angle Track                    max                                        

     __________________________________________________________________________

     K.sub.al  0.8   0.2     0.12   2                                          

     K.sub.a2  4     0.67    0.17   15                                         

     K.sub.a3  -2.times.10.sup.3                                               

                     -10.sup.3                                                 

                             -100   2.sup.15                                   

     K.sub.a4  0.15  0.02    0      2                                          

               R(0)&lt;R.sub.1                                                    

                     R.sub.1 &lt;R(0)and                                          

                             R.sub.1 &lt;R(0)and                                  

                     SNR(D).gtoreq.C.sub.4                                     

                             SNR(D)&lt;C.sub.4                                    

                     SNR(D)=SNR.sub.R                                          

                                    max                                        

     R.sub.1         2.times.10.sup.4                                          

                                    5.times.1.sup.4                            

     C.sub.4         4              20                                         

     C.sub.10        0.03           0.1                                        

     Antenna Controller Parameters  max                                        

     __________________________________________________________________________

     K.sub.2             15         60                                         

     a.sub.1, a.sub. 2   1.0        1.0                                        

     b.sub.1, b.sub.2    0.3        4                                          

     C.sub.1, C.sub.2    -0.3       4                                          

     Angular Scintillation          max                                        

     __________________________________________________________________________

     .alpha..sub.1       0.8        2                                          

     .alpha..sub.2       130        500                                        

     .alpha..sub.3       0.0025     1                                          

     Q.sub.a Matrix                 max                                        

     __________________________________________________________________________

     Q.sub.s             0.4.times.10.sup.-.sup.9                              

                                    10.sup.-.sup.7                             

     .alpha..sub.4       2670       8.times.10.sup.3                           

     A, H, K Matrices               max                                        

     __________________________________________________________________________

     a.sub.T             0.33       1                                          

     k.sub.e0            0          0                                          

     k.sub.e1            0.44       1                                          

     k.sub.e2            0          0                                          

     k.sub.d0            0          0                                          

     K.sub.d1            0.44       1                                          

     k.sub.d2            0          0                                          

     R.sub.a0            1.1.times.10.sup.-.sup.4                              

                                    2.sup.-.sup.12                             

     S.sub.2 (Initial SNR)                                                     

                         1          10                                         

     b                   0.5.times.10.sup.-.sup.6                              

                                    10.sup.7                                   

     L.sub.e and L.sub.d Vectors    max                                        

     __________________________________________________________________________

     K.sub.g             -0.1       1                                          

     C.sub.15            0.7        0.1                                        

     C.sub.14            0.834      2                                          

     Radome Errors (Typical)                                                   

     A                   0.0010 rad                                            

     B                   0.0007                                                

     C                   0.0009                                                

     D                   0.0017                                                

     E                   0.0018                                                

     F                   0.0009                                                

     Initialization of Full Track   max                                        

     __________________________________________________________________________

     m.sub.1             10.sup.-.sup.4                                        

                                    5.times.10.sup.-.sup.4                     

     m.sub.3             4.times.10.sup.3                                      

                                    5.times.10.sup.3                           

     m.sub.2             4.times.10.sup.-.sup.4                                

                                    3.9.times.10.sup.3                         

     Reinitialization               max                                        

     __________________________________________________________________________

     C.sub.11            1.5.times.10.sup.-.sup.3                              

                                    1.9.times.10.sup.-.sup.3                   

     C.sub.12            3.times.10.sup.-.sup.3                                

                                    3.9.times.10.sup.-.sup.3                   

     C.sub.13            0.9        1                                          

     __________________________________________________________________________

PAC  APPENDIX D
TBL       *                             UV001                                  

          *       SUBROUTINE UV (UNAMBIGUOUS VELOCITY)                         

                                        UV002                                  

          *                             UV003                                  

          *       RESULT IN (R4) = VTCORR(CORRECTED                            

                  VELOCITY) B13         UV004                                  

          *                             UV005                                  

     54505                                                                     

          UV L,4  FTV1002 VTPR B13      UV006                                  

     54507   L,0  RFV004 LAMDA H RECIP B5                                      

                                        UV007                                  

     54511   MG,4 0 -FDP B18            UV008                                  
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CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a radar system for tracking a target aircraft, said system having
      antenna for cyclically sensing reflected electromagnetic energy from said
      target at a particular pulse repetition frequency, PRF, and wavelength,
      .lambda., and producing signals representing discriminants .DELTA.R.sub.m
      and .DELTA.V.sub.m of range and radial velocity, respectively, of said
      target relative to said tracking system, where said velocity discriminants
      are derived from doppler shift measurements, a separate filter for
      tracking target range and velocity, each filter responding to respective
      discriminants .DELTA.R.sub.m and .DELTA.V.sub.m to generate predictions of
      the next measurements from current estimates of filter states, where the
      states are vectors X.sub.R (i) and X.sub.V (i), and the subscript i
      indicates a value of time i, a method for resolving ambiguity of said
      vector X.sub.V (i) after a period of initial tracking sufficient for said
      range tracking filter to unambiguously achieve an accuracy in current
      estimates of states in said range filter for the difference between the
      first derivative of the range value in X.sub.R (i) effectively estimated
      as one of said range filter states, and the true doppler velocity to be a
      velocity less than .lambda.PRF/4, said method being performed by computer
      means for computing a corrected target velocity V.sub.TCORR from doppler
      shift information in accordance with the equation
      ##EQU43##
      by the steps of determining f.sub.MLC as an offset in a doppler shift
      spectra reference introduced to avoid main lobe clutter in the center of a
      doppler shift spectrum where the true target return is likely to be,
      f.sub.DAP as the ambiguous doppler shift measurement derived from an
      ambiguous velocity estimate X.sub.V (i), and f.sub.DP as actual doppler
      shift estimate derived as the estimate of the first derivative of the
      unambiguous velocity in X.sub.R (i), truncating the bracketed quantity as
      indicated by the asterisk by dropping the fractional part thereof of the
      bracketed quantity after the quotient of (f.sub.MLC +f.sub.DAP -f.sub.DP)
      is divided by PRF and has been rounded by adding 1/2 to the quotient and
      subtracting (f.sub.DAP +f.sub.MCL) from the bracketed quantity and
      multiplying the difference by .lambda./2 PRF.
NUM  2.
PAR  2. A method as defined by claim 1 wherein said states are generated using
      for each state an equation of the general form where X.sub.i.sub.+l is a
      state vector at a second iteration time.
EQU  X.sub.i.sub.+l = .phi..sub.o X.sub.i + L.sub.i + K.sub.i (Y.sub.i - H.sub.i
      X.sub.i)
PAL  comprising the steps of
PA1  multiplying X.sub.i a state vector by .phi. a transition matrix,
      determining L a vector of dynamical aiding terms to compensate for
      rotational rates and inertial acceleration of the antenna, multiplying K a
      gain factor, by the quantity Y as the output of a measurement structure
      for the dynamical system minus H as a system scaling factor which accounts
      for the gain in the measurement structure multiplied by X.sub.i the
      previous state vector and combining the three quantities .phi..sub.i
      X.sub.i, L.sub.i and K.sub.i (Y.sub.i - H.sub.i X.sub.i).
NUM  3.
PAR  3. A method as defined in claim 2 wherin said states of said range filter
      are
TBL                   R.sub.TPR                                                

                X.sub.R =                                                      

                      V.sub.TPR                                                

                      a.sub.TPR                                                

PAL  having the steps of generating estimates of predicted range, R.sub.TPR,
      generating estimates of radial velocity, V.sub.TPR, and generating
      estimates of radial acceleration, a.sub.TPR,
PA1  said states for said velocity filter are
TBL                   V.sub.TPV                                                

                X.sub.V =                                                      

                      a.sub.TPV                                                

                 have the steps of generating estimates of predicted doppler
      velocity V.sub.TPV and generating estimates of acceleration a.sub.TPV.
NUM  4.
PAR  4. A method as defined in claim 3 including the step of using corrected
      target velocity V.sub.TCORR to reinitialize said velocity filter during
      the next filter cycle by substituting V.sub.TCORR for V.sub.TPV.
NUM  5.
PAR  5. A method as defined in claim 1 including the step of empirically
      determining the time when said ambiguity is to be resolved, at a fixed
      time after tracking of said target is initiated.
NUM  6.
PAR  6. A method as defined by claim 1 wherein said states are generated using
      for each state an equation of the general form where X.sub.i.sub.+l is a
      state vector at a second iteration time
EQU  X.sub.i.sub.+l = .phi..sub.i X.sub.i + K.sub.i (Y.sub.i - H.sub.i X.sub.i)
PAL  comprising the steps of multiplying X.sub.i a state vector, by .phi. a
      transition matrix, multiplying K a gain factor by the quantity Y to the
      output of a measurement structure for the dynamical system, minus H as a
      system scaling factor which accounts for the gain in the measurement
      structure by X.sub.i the previous state vector, and combining the two
      quantities .phi..sub.i X.sub.i, and K.sub.i (Y.sub.i -H.sub.i X.sub.i).
NUM  7.
PAR  7. In a radar system for tracking a target aircraft, said system having
      antenna for cyclically sensing reflected electromagnetic energy from said
      target at a particular pulse repetition frequency, PRF, and wavelength,
      .lambda., and producing signals representing discriminants .DELTA.R.sub.m
      and .DELTA.V.sub.m of range and radial velocity, respectively, of said
      target relative to said tracking system, where said velocity discriminants
      are derived from doppler shift measurements, a separate filter for
      tracking target range and velocity, each filter responding to respective
      discriminants .DELTA.R.sub.m and .DELTA.V.sub.m to generate predictions of
      the next measurements from current estimates of filter states, where the
      states are vectors X.sub.R (i) and X.sub.V (i), and the subscript i
      indicates a value at time i, apparatus for resolving ambiguity of said
      vector X.sub.V (i) after a period of initial tracking sufficient for said
      range tracking filter to unambiguously achieve an accuracy in current
      estimates of states in said range filter for the difference between the
      first derivative of the range value in X.sub.R (i) effectively estimated
      as one of said range filter states, and the true doppler velocity to be a
      velocity less than .lambda.PRF/4, said apparatus being comprised of
      computer means for computing a corrected target velocity V.sub.TCORR from
      doppler shift information in accordance with the equation
      ##EQU44##
      where f.sub.MLC is an offset in a doppler shift spectra reference
      introduced to avoid main lobe clutter in the center of a doppler shift
      spectrum where the true target return is likely to be, f.sub.DAP is the
      ambiguous doppler shift measurement derived from an ambiguous velocity
      estimate X.sub.V (i), f.sub.DP is actual doppler shift estimate derived as
      the estimate of the first derivative of the unambiguous velocity in
      X.sub.R (i), and the asterisk indicates the bracketed quantity is
      truncated by dropping the fractional part thereof after the quotient of
      (f.sub.MLC +f.sub.DAP -f.sub.DP) is divided by PRF and has been rounded by
      adding 1/2 to the quotient.
NUM  8.
PAR  8. In a radar system for tracking a target aircraft, said system having
      antenna means for cyclically sensing reflected electromagnetic energy from
      said target at a particular pulse repetition frequency, PRF, and
      wavelength, .lambda., a separate filter for tracking target range and
      velocity, each filter generating predictions of the next measurements from
      current estimates of filter states, apparatus comprising computer means
      for computing a corrected target velocity V.sub.TCORR from doppler shift
      information in accordance with the equation
      ##EQU45##
      where f.sub.MLC is an offset in a doppler shift spectra reference
      introduced to avoid main lobe clutter in the doppler shift spectrum where
      the true target return is likely to be, f.sub.DAP is the ambiguous doppler
      shift measurement derived from an ambiguous velocity, and f.sub.DP is a
      doppler shift estimate range, and the asterisk indicates the bracketed
      quantity is truncated by dropping the fractional part thereof after the
      quotient of (f.sub.MLC +f.sub.DAP -f.sub.DP) is divided by PRF and has
      been rounded by adding 1/2 to the quotient.
NUM  9.
PAR  9. In a pulse doppler radar system operable to transmit a signal at a
      selected pulse PRF and a signal .lambda. for tracking a target, a system
      for resolving velocity ambiguity of an ambiguous target spectral line in a
      plurality of PRF regions comprising:
PA1  first means for tracking said ambiguous velocity spectral line;
PA1  second means for estimating velocity as a function of range to an accuracy
      of at least .lambda.PRF/4, and
PA1  third means coupled to said first and second means for selecting to track
      the spectral line in the PRF region defined by the estimated velocity
      provided by said second means at an accuracy of at least .lambda.PRF/4.
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ABST
PAL  An electronic calibrator for doppler radar speed sensors and odometers
      comprising a variable impedance device, such as a varactor, positioned in
      the near-field of the radar antenna to modulate the radar probe beam, in
      the calibrate mode of the radar at a rate corresponding to the frequency
      of a doppler signal that would be sensed by the radar in its operating
      mode at a given speed. The impedance during the calibration mode is
      excited by a separate a.c. signal at a frequency corresponding to the
      doppler signal frequency. The output of the radar provides an indication
      during the calibration mode that can be adjusted to a calibrated
      indication corresponding to the actual speed causing a doppler signal of
      the same frequency as the excitation signal for the impedance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus and a method for calibrating a
      doppler radar speed sensor and odometer.
PAR  2. Description of the Prior Art
PAR  Doppler radars have found extensive use by law enforcement agencies for
      remote sensing of vehicular speeds, and are now being developed for use as
      on-board ground speed sensors in locomotives, automobiles and other
      vehicles. One of the present methods of calibrating such speed sensors
      comprises striking a tuning fork of known resonant frequency, and holding
      the tuning fork in front of the radar antenna. The tuning fork, when
      vibrated, modulates a return signal to the doppler radar sensor to
      simulate a doppler radar return signal. The speed indicating device is
      adjusted to indicate the speed corresponding to the resonant frequency of
      the tuning fork.
PAR  Such a method, however, is disadvantageous in that the antenna must be
      accessible to the tuning fork. In addition, the tuning fork generates
      signals only for a relatively short time period after being struck and
      consequently the calibration of the speedometer is hurried. For example,
      vehicular speed sensors are typically situated on the underside of the
      vehicle. Consequently, to calibrate the speed read-out of the speedometer
      someone must crawl under the vehicle, strike the tuning fork and hold it
      in proximity to the speed sensor antennas while a second person adjusts
      the read out. The calibration adjustment is typically extremely sensitive,
      and may require repeated operations of the tuning fork to achieve the
      desired accuracy.
PAR  A second known calibration method involves calibrating the sensor with a
      mechanically moving reference. Such procedures, however, typically utilize
      apparatus which is very bulky and difficult to position near the radar
      antenna.
PAR  Another method of calibrating doppler radar speed sensors includes the
      application of a given audio signal (after suitable processing) directly
      to the speed indicator of the system. Such a method, however, by-passes
      the radar sensor portion of the system, and hence does not serve to
      provide a complete operational check of the entire speed sensor system.
PAR  The present invention provides a method of calibrating doppler radar speed
      sensors whereby a calibration signal is provided for sustained periods as
      required for accurate calibration of an apparatus that is easily
      positioned with respect to the radar antenna. Moreover, the method of the
      present invention provides a complete operational check on the speed
      sensor system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for apparatus and a method for calibrating
      doppler radar sensors having an indicator coupled to the output of the
      sensor for indicating doppler signals. A radar probe signal from the radar
      sensor is modulated with a modulating signal having a predetermined
      frequency corresponding to a predetermined doppler signal output by
      positioning a varying impedance in the near-field of said radar probe. A
      doppler signal output having a frequency equal to the predetermined
      modulating frequency is derived from the modulated radar probe. The
      doppler signal output is then adjusted to provide an indication
      corresponding to a predetermined value. The invention is useful
      particularly to calibrate speed sensors and odometers.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the drawing is a schematic diagram of a sensing system
      provided with a calibrator in accordance with a present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A typical doppler radar of the type useful for the present invention
      comprises a radio frequency (RF) power source, an antenna network and a
      mixer. A beam of the RF signal is transmitted by the antenna network in a
      given direction toward a target. The transmitted signal is reflected from
      the target, doppler shifted by relative motion between target and the
      radar, and is received by the antenna network. The received reflection is
      fed to suitable subtraction means, such as a mixer, wherein the reflected
      signal is subtracted from a local oscillator signal thereby extracting the
      doppler shift frequency. The local oscillator signal may be a sample
      portion of the transmitted signal (homodyne), or a signal displaced by a
      suitable intermediate frequency.
PAR  In a doppler radar ground speed sensor the radar is mounted on a vehicle
      with the antenna (12) positioned so as to direct the transmitted beam in a
      common vertical plane with the vehicle velocity vector at a given acute
      angle (.theta.) with respect to the road surface (which acts as the
      reflector-target). Thus, part of the transmitted signal is back-scattered
      (diffusely reflected) from the road surface back to the antenna network.
      Hence, if the vehicle is moving with velocity V with respect to the
      ground, the reflected signal is shifted in frequency by the doppler
      affect. The doppler frequency f.sub.D may be represented by:
      ##EQU1##
      where .lambda. is the wavelength of the transmitted signal, V the velocity
      of the vehicle, .theta. is the angle of the beam. The doppler frequency is
      extracted by the aforementioned mixing (subtracting) process between the
      reflected signal and a local oscillator signal. For an X-band signal
      source, at automobile velocities in the range of 20-70 mph, the doppler
      frequency is in the low audio frequency range. The audio output signal of
      the mixer is suitably amplified, clipped and utilized to trigger a
      monostable multivibrator, the output pulses of which are averaged and
      applied to a conventional velocity readout. A more detailed description of
      such doppler radar speed sensors may be found in an article by H. C.
      Johnson and A. Presser entitled "Automotive Doppler Speed Sensor"
      published in the RCA Engineer, Volume 18, No. 6, April-May 1973, pages
      62-65.
PAR  Referring now to the sole FIGURE Of the drawing there is illustrated a
      conventional doppler radar 10 having an antenna 12 and speed indicator
      (speedometer) 14. Pulse train 35 from the subtracting means of radar 10 is
      applied over conductors 16 and 18 to a pulse averager 32, suitably a
      series resistor 33 and shunt capacitor 34, which serves to convert pulse
      train 35 to an average d.c. signal 36. The averaged d.c. signal 36 is
      applied to the indicator 14. Speed indicator 14 comprises a conventional
      d.c. meter 20 and a suitable adjustment means such as a variable resistor
      22. The averaged d.c. signal 36 energizes d.c. meter 20. The present
      invention is directed to a method of calibrating such speed sensors
      comprising the radar 10 and indicator 14.
PAR  In accordance with a feature of the invention means are provided for
      calibrating in a sensor system as described an odometer which may be in a
      separate independent system or integral with the speedometer system.
      Assuming an integral system as illustrated in the drawing, the doppler
      pulse train 35 generated by the radar 10 is coupled to an adjustable
      counter 38 over conductors 17 and 19. The output of the counter 38 is
      coupled to a conventional digital odometer 40 having digital visual
      display 47 representing distance in suitable units.
PAR  Adjustable counter 38, serves as a means to subtract counts from or add
      counts to doppler pulse train 35 to correct, if necessary, and thereby
      calibrate, the reading of odometer 40 to a predetermined value in response
      to the calibration process, as will be explained. Counter 38 may be formed
      of any suitable logic components that will add or subtract a variable
      preset number of counts to the doppler pulse train 35 from radar 10. For
      example, a conventional programmable counter provided with thumbwheel
      adjustments may be utilized to provide such a function.
PAR  In accordance with the present invention a variable impedance device, such
      as a variable capacitance varactor diode 24, is positioned in the near
      field of antenna 12 so as to be illuminated by a portion of the
      transmitted signal (and to avoid any sensitivity nulls inherent in a
      conventional homodyne radar). An adjustable variable frequency audio
      oscillator 26, when coupled to energy source 46 by switch 45, provides an
      a.c. signal at a preselected given frequency (f.sub.c) which is applied
      over conductors 28 and 30, conductor 30 having a switch 29, across diode
      24, thereby varying the capacitance of the diode at an audio rate in
      accordance with the audio frequency f.sub.c when switch 29 is closed to
      place the system in its speed calibration mode. The varying capacitance of
      the diode appears to the radar 10 as a mechanical vibration and causes
      thereby a portion of the transmitted beam to be phase modulated and
      reflected back to the radar antenna.
PAR  Reference is made to the text entitled, "Microwave Semiconductor Devices
      and Their Circuit Applications", by H. A. Watson, published by McGraw-Hill
      1969, pp. 331-333, for a description of the phase modulation effect
      developed by a varactor diode, and, in relation to another embodiment of
      the invention, hereinafter described, to pp. 271-280 for a description of
      the use of P-I-N diodes for an amplitude modulation effect on a microwave
      signal. These modulation effects have been fully explained in other
      publications and are otherwise well known in the art. Accordingly, no
      further detailed explanation is believed required.
PAR  The phase modulation is extracted by the radar subtraction means (not
      shown) and therein converted to what may be termed a "pseudo-doppler"
      audio signal at frequency f.sub.c. The pseudo-doppler audio output signal
      is processed and displayed as speed on meter 20. The indicated speed is
      corrected if necessary by means of variable resistor 22 to the speed (V)
      corresponding to the audio frequency f.sub.c as calculated by equation
      (1). In operation for speed calibration, the adjustment of variable
      resistor 22 varies the voltage across the coil 21 of d.c. meter 20 and
      thereby provides a means for calibrating the actual indication of the
      needle to the calculated speed (V). According to the invention, this
      calibration adjustment assures that the doppler sensor system is not only
      operating properly but is also adjusted to indicate, in the operating mode
      (switch 29 opened), the true speed manifested by the doppler returns.
PAR  According to the invention, a pseudo-doppler calibration signal may be also
      generated by means of a variable resistance device, such as a forward
      biased PN or P-I-N diode (24). Such a device is positioned in the near
      field of antenna 12. The resistance of PN diode 24 will, in response to
      audio signal (f.sub.c) from oscillator 26, vary in accordance with the
      frequency f.sub.c. This variation will amplitude modulate the radar signal
      and appear to the radar receiver as a doppler return. The amplitude
      modulation frequency is extracted by the radar subtraction means as known
      in the art and is similarly utilized to calibrate indicator 14 as
      described above.
PAR  For the odometer mode of operation, a bilateral or voltage controlled
      switch 43 is connected in parallel with switch 29. Switch 43 is actuated
      over control path 44 from a counter 42 connected in the circuit across
      conductors 28 and 30.
PAR  According to the invention for operation in the odometer calibration mode,
      switch 29 is open in the position shown in the drawing. Switch 43 is
      closed, thereby causing the oscillator to provide a signal to diode 24.
      Switch 43 is initially in the closed position. Counter 42, suitably, a
      count-down counter, is preset with a predetermined count corresponding to
      a desired distance to be displayed by the odometer 40. It should be
      appreciated and understood that the counter 42 counts the number of cycles
      generated by oscillator 26 which, in accordance with Equation 1,
      determines the velocity of the vehicle and inherently provides the factor
      of time required for the distance. Thus, the distance is determined by the
      number of cycles of oscillator 26 counted. At the end of the count by
      counter 42, a signal is generated over path 44 to energize switch 43 to
      thereby open the path 30 to de-energize diode 24.
PAR  During the period of the operation of diode 24 and counter 42, a pulse
      train 35 was generated at the output of radar 10, conducted through
      counter 38, and therefrom to odometer 40. Counter 38 is set to add or
      subtract a given number of "correction" pulses to pulse train 35, to
      develop a digital display 47 corresponding to the distance equivalent to
      the distance represented in the counter 42. If the indicated distance does
      not correspond to the specified distance, the added or subtracted
      correction pulses of counter 38 are adjusted accordingly. Such an
      adjustment assures that odometer 40 will provide an accurate display of
      distance in the operation mode of the system.
PAR  The calibrator according to the invention may be constructed as a separate
      portable battery powered unit or may be incorporated integrally into the
      radar. The diode 24 has no measurable affect on the radar performance when
      not excited by audio oscillator 26. In those radars utilizing a flat
      corporate network printed circuit antenna system, of the type described in
      U.S. Pat. No. 3,587,110, as illustrated in drawing, the diode may be
      mounted directly on the antenna substrate within the near-field of the
      antenna. In horn antenna type radars, the variable impedance device is
      positioned in the near field of the transmitted radar beam as previously
      indicated.
PAR  During the calibration of the speedometer and the odometer, it is necessary
      that the vehicle be at rest. If the vehicle were moving during
      calibration, it should be appreciated, the actual doppler effect of the
      moving vehicle relative to the ground will be added to the pseudo-doppler
      signals that are generated by the calibrating apparatus and techniques
      described above.
PAR  The embodiment of the invention has been described in terms of a vehicle
      carrying a speedometer and odometer for purposes of measuring its own
      speed and distance covered. However, by directing the antenna 12 to a
      horizontal plane such as to provide probe radar signals in a forward
      direction ahead of the vehicle, means is provided for determining the
      speed of remote moving vehicles relative to the vehicle carrying the
      radar. It will be further appreciated that the invention is not limited to
      vehicles such as had been described but may be used also with locomotives,
      marine vessels and airborne equipment such as helicopters.
PAR  It should be appreciated from the foregoing description of the preferred
      embodiment that the present invention provides for a particularly
      advantageous method of calibrating doppler radar sensors. This is achieved
      by a calibration signal derived by a variable impedance device modulating
      a radar signal for sustained periods ample for accurate calibration. In
      addition, the variable impedance device is easily positioned in the near
      field of the radar antenna. Moreover, the method of the present invention
      serves as a complete operational check of the radar sensor in that all
      component circuits of the system must function properly for a calibration
      reading to be obtained.
PAR  It will be understood that the above description is of an illustrative
      embodiment of the present invention, and that the invention is not limited
      to the specific form shown. Modification may be made in the design and
      arrangement of the elements without departing from the spirit of the
      invention as will be apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for calibrating a doppler radar sensor having an indicator
      coupled to the doppler signal output of said radar sensor for providing
      indicia manifesting doppler signal outputs comprising the steps of:
PA1  modulating a radar probe signal from said radar sensor with a modulating
      signal having a predetermined frequency corresponding to a predetermined
      doppler signal output by positioning a varying impedance in the near-field
      of said radar probe;
PA1  deriving a doppler signal output from said modulated radar probe, said
      doppler signal having a frequency equal to said predetermined modulating
      frequency, and
PA1  adjusting the doppler signal output of said radar sensor to provide an
      indication corresponding to said predetermined doppler signal output.
NUM  2.
PAR  2. A method according to claim 1, wherein said indicator is a speed
      indicator including a d.c. meter and further comprising the step of
      averaging said doppler signal output prior to said adjusting step.
NUM  3.
PAR  3. A method according to claim 1, wherein said indicator is an odometer,
      further comprising the steps of:
PA1  a. counting a predetermined number of cycles of said predetermined
      frequency, said predetermined number of cycles corresponding to a
      predetermined distance;
PA1  b. modulating said probe signal with said modulating signal only for a
      period defined by said predetermined number of cycles; and
PA1  c. adjusting said doppler signal by modifying the number of cycles of said
      doppler signal to provide an indication of said odometer corresponding to
      said predetermined distance.
NUM  4.
PAR  4. A system for calibrating a doppler radar sensor comprising in
      combination:
PA1  a doppler radar for providing radar signals, an antenna for transmitting a
      beam of said signals in a given direction and receiving reflected signals
      of said signals, said radar having means for generating an output signal
      manifesting doppler effects of said signals,
PA1  an indicator, responsive to the output signal of said radar, for indicating
      said doppler effects,
PA1  means for adjusting said indicator to a desired calibrated indication in
      response to said output signal,
PA1  a variable impedance device positioned in the near-field of said antenna,
      and
PA1  means for applying an alternating current signal at a selected frequency
      across said device to vary the impedance of said device,
PA1  whereby, in response to said alternating current signals, said variable
      impedance modulates said radar signals providing thereby an output signal
      from said radar for energizing said indicator to manifest an indication
      proportional to the frequency of said alternating current,
PA1  said indicator adjustment means being adjusted to calibrate said indicator
      to a desired indication corresponding to the doppler effect.
NUM  5.
PAR  5. A system according to claim 4 wherein said variable impedance is a
      varactor.
NUM  6.
PAR  6. A system according to claim 4 wherein said variable impedance is a PN
      diode.
NUM  7.
PAR  7. A system according to claim 4 wherein said antenna is a corporate feed
      array of antennae formed on a substrate, said variable impedance device
      being affixed to said substrate.
NUM  8.
PAR  8. A system according to claim 4 wherein said antenna is a horn antenna.
NUM  9.
PAR  9. A system according to claim 4 wherein said indicator is a speed
      indicator including a d.c. meter; further comprising:
PA1  averaging means, connected between said radar sensor and said indicator,
      for providing to said indicator a d.c. signal having a voltage level
      indicative of the frequency of said radar output signal, and a variable
      resistance device, coupled between said averaging means and said meter,
      for adjusting said meter to said desired indication.
NUM  10.
PAR  10. A system according to claim 4, wherein said indicator is an odometer
      including a means for registering the number of cycles of said radar
      output signal received at said indicator, said system further including
      means, responsive to said alternating current signals, for applying said
      alternating current signal to said variable impedance only for a period
      defined by a predetermined number of cycles; and wherein said adjustment
      means comprises an adjustable counter, connected between said radar and
      said odometer, for modifying the number of cycles of said radar output
      signal registered by said odometer to provide an indication on said
      odometer corresponding to said predetermined number of cycles.
NUM  11.
PAR  11. A method of calibrating a doppler radar sensor, said sensor including a
      signal source for generating a signal at a predetermined frequency, an
      antenna network for transmitting a beam of said signal in a given
      direction and receiving reflected signals of said transmitted signal,
      subtraction means, receptive of a local oscillator signal and said
      reflected signal, for generating an output signal indicative of the
      frequency shift between said transmitted and reflected signals, and
      indicator means, receptive of said output signal, for indicating in
      accordance with said output signal, said indicator means including
      adjustment means for adjusting said indicator means to a corresponding
      indication for a given value of said output signal; the steps comprising:
PA1  a. applying a calibration signal of a given frequency across a variable
      impedance device to vary thereby the impedance of said device;
PA1  b. positioning said device in the near field of said antenna,
PA1  said varying impedance of said device generating a modulated reflection to
      said sensor,
PA1  said modulation being in accordance with said given frequency, thereby
      causing said sensor to generate an output signal to said indicator means
      in accordance with said given frequency;
PA1  c. adjusting said indicator means to an indication corresponding to said
      given frequency.
NUM  12.
PAR  12. The method of claim 11 wherein said variable impedance device varies in
      capacitance in accordance with the amplitude of said calibration signal.
NUM  13.
PAR  13. The method of claim 12 wherein said device is a varactor diode.
NUM  14.
PAR  14. The method of claim 11 is a PN diode, wherein the resistance of said
      diode varies at a frequency substantially equal to the frequency of said
      calibration signal.
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PAL  A signal source position is determined using an angle-measuring,
       interferter system employing a longitudinal antenna array having a
      baseline length greater than the signal wavelength. The long, multi-lambda
      (n.lambda.) baseline produces ambiguous phase measurement ( ). Thus, the
      true angular position or bearing could correspond either to .phi., or
      .phi..+-.360.degree., or .phi..+-.2.sup.. 360.degree.,
      -.phi..+-.(n-1)360.degree., or .phi.-n .360.degree.. Ambiguities are
      resolved by the longitudinal array angular motion relative to the signal
      source and by phase tracking the signal during the relative movement. To
      determine the true signal position, (2n) different software solutions for
      signal position are set up to process the 2n different angular data
      produced by each phase measurement (.phi.). The "Lobe Tracking" procedure
      (there are n-number of data lobes in a (n.lambda.) array) which is
      achieved by phase tracking provides the means of matching the n-different
      angular data produced by the phase measurement (.phi.) to the n-different
      solutions set-up. From the n-different solutions set-up for signal
      position, only one will converge to the true signal position and the rest
      will diverge. The convergence or divergence depends on matching the
      vehicles position translation to the angular position change relative to
      the signal source. The solution elimination process is set up by certain
      solution conveyance criteria. Also the elimination process is enhanced by
      solution rejection based on unacceptability of angular data or lobe. Since
      lobe tracking matches the angular data produced by the measurement to the
      solution, unacceptability of data constitutes rejection of the solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to signal-source position-determining systems
      and, in particular, to interferometer systems that employ a multi-lambda,
      longitudinal antenna array which inherently produces position ambiguities
      that must be resolved.
PAR  The invention will be described primarily by considering its use or
      applicability in so-called `Sonobuoys Reference Systems` of the type
      presently used to resolve airborne ASW problems in which an aircraft
      flying over the ocean is attempting to detect an invisible submarine
      operating below the water surface. One of the most common sensors used in
      such exercises is provided by sonobuoys capable of detecting sounds from
      underwater targets and relaying them to the aircraft by way of its radio
      transmitter. Half of the ASW problem thus involves the location of the
      underwater target relative to a group of sonobuoys. The other half, with
      which the present invention is directly concerned, involves the location
      of the sonobuoys relative to the aircraft. Obviously, the accurate
      location of the sonobuoy relative to the aircraft is needed to enable
      location of the invisible target. The Sonobuoy Reference System (SRS) can
      be considered as navigational equipment since its primary purpose is to
      locate the position of an aircraft relative to a field of drifting
      sonobuoys. However, in a broader sense, the present invention can be
      considered as relating generally to the job of locating a
      signal-generating target of any type or utility. For emphasis, it again is
      to be noted that the descriptive use of the SRS example is illustrative
      rather than restrictive.
PAR  Accurate, fast, SRS systems are needed and considerable efforts have been
      devoted to their development. The need becomes apparent when it is
      recognized that the original splashpoint of the sonobuoy rarely is known
      accurately. Also, the sonobuoys may drift at rates up to several knots
      throughout their operating life. A simple solution to the problem can be
      achieved if the aircraft can be tactically maneuvered so as to fly
      directly over the buoy at a low altitude. In some situations, this
      technique, known as an OTPI (on top position indication) technique, can be
      employed. However, the accuracy of visual OTPI is an inverse function of
      altitude and, as will be recognized, it also is highly dependent upon the
      observer's skill and experience. Because of such difficulties, more
      sophisticated and useful SRS systems incorporate angle-measuring equipment
      (AME) capable of measuring the angle from the axis of the aircraft to the
      sonobuoy at, for example, t.sub.1 and again at t.sub.2. By process of
      triangulation, the location of the aircraft relative to the sonobuoy can
      be determined. Such a process can be performed at any operating altitude
      and also it can be used with sonobuoys that are offset from the flight
      path.
PAR  The system of the present invention is of the type which employs the angle
      measuring equipment and, more specifically, angle measuring equipment
      which operates on the principle of an interferometer. Characteristically,
      interferometer systems used for this purpose generally employ at least one
      pair of antennas mounted on the aircraft and spaced one from the other a
      particular longitudinal distance defined as their baseline length.
      Obviously, if the longitudinal baseline of this antenna array is normal to
      the direction of arrival of a C-W signal from a sonobuoy target, then both
      antennas will receive the signal at the same time. Consequently, the
      signals arriving at the antennas will be in phase. However, if the
      sonobuoy is not located on the normal to the baseline, the signal will
      arrive at one of the antennas ahead of the others adn there will be a
      phase difference. By measuring this phase difference (.phi.) it is
      possible to determine the angular displacement of the sonobuoy.
PAR  A difficulty experienced with the use of such systems is that if the
      baseline of the array is greater than one half the wavelength of the
      signal source, the phase measurements of the interferometer can be
      ambiguous because any single phase measurement can represent more than one
      angle of arrival. The reason for the ambiguity is because the phase
      detector of the system cannot determine how many cycles have occurred
      between the signal's time of arrival at the two antennas. For example, a
      phase difference of thirty degrees will appear to be the same as the phase
      difference of 30.degree. plus 360.degree. at the output of the detector.
      This ambiguity is present in all arrays having a baseline longer than one
      half the wavelength of the signal. Such arrays usually are referred to as
      multi-lambda (n.lambda.) arrays, the term lambda representing the
      wavelength of the signal. Such ambiguity, however, is not present in a one
      half lambda baseline because, in this instance, only 180 electrical
      degrees separate the arrays and there is no possibility of two angular
      directions providing the same phase measurement.
PAR  Although the foregoing considerations obviously point to the use of the
      shorter baseline arrays, there is a further problem in that the shorter
      arrays provide relatively inaccurate results. Consequently, the situation
      is one in which the shorter arrays are unambiguous but relatively
      inaccurate whereas the longer arrays are relatively accurate but
      ambiguous.
PAR  This particular difficulty, of course, has been recognized in the
      implementation of SRS systems presently in use and, as would be expected,
      various techniques are used in an effort to remove the ambiguity while
      retaining the accuracy. One such technique employs multi-array
      configurations including both one half lambda and multi-lambda arrays as
      well as other arrays intermediate in length between these two. Ambiguities
      in the multi-lambda baselines are removed by sequentially processing the
      signal angle of arrival data to progressively remove the ambiguity from
      the shorter to the longer baselines. Usually, the ambiguity of the
      intermediate baseline arrays is removed from the one half lambda array
      data and the ambiguity of the long baseline array is subsequently removed
      from the intermediate data. In a more recent development (Lockheed-Cubic
      SRS System) the approach differs to the extent that a priori sonobuoy
      position data is utilized in the ambiguity removal of various multi-lambda
      arrays. When the sonobuoy position uncertainty is too great, a one half
      lambda AOA data is utilized until such time as the sonobuoy position
      estimate is improved sufficiently to permit the ambiguity to be resolved
      in the intermediate array data. Sequential processing of the intermediate
      array data subsequently improves the sonobuoy position estimate and
      provides a capability for resolving the ambiguities in the longer baseline
      data. As will be appreciated, the sequential processing of the longer
      baseline data provides the required accuracy in the sonobuoy position
      estimate.
PAR  One problem with these multi-array systems is that the ambiguity removal of
      data progressively from the shorter to the longer baselines is not always
      successful because of the excessive multipath errors and incorrectly
      resolved data which is generated and fed into the position solution
      algorithm which then yields an incorrect result. In the Lockheed-Cubic
      approach, longer baseline arrays can be utilized only when the sonobuoy
      position is known accurately enough through sonobuoy position estimates
      computed from sequential processing of the shorter and intermediate
      baseline data. Thus, one of the drawbacks to this approach is that the
      full potential of the angle of arrival data accuracy is not utilized
      immediately. Consequently, the time element involved in the sequential
      processing has undesirable tactical implications. Further, the success of
      the ambiguity removal remains somewhat sensitive to large multipath
      errors.
PAR  Another multi-array difficulty is the relative complexity, weight and size
      of its equipment or components. For example, one SRS multi-array system
      requires four longitudinal arrays as well as six transverse arrays the
      antennas of which feed into an SRS receiver-processor unit that includes
      an antenna switching matrix, an AME receiver, a computer interface unit
      and other electronic components such as local oscillator and calibration
      units. Obviously, it is desirable to provide a system in which the
      hardware requirements can be greatly reduced. Of equal importance, it is
      desirable to provide a system having the capability of producing
      relatively instantaneous results in contrast to the time-consuming,
      sequential processing required in the multi-array systems.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an interferometer type
      signal source position-locating system capable of directly resolving the
      ambiguity problem inherent in the use of relatively long, multi-lambda
      antenna arrays, the direct removal of the ambiguities eliminating the need
      of the shorter, unambiguous arrays. Another object related to the
      foregoing object is to provide a system of this type which has the
      capability of utilizing a single longitudinal antenna array having the
      longer or multi-lambda baseline.
PAR  Still another object is to provide a system of the type under consideration
      in which the true bearing of the signal source can be resolved in a
      relatively fast time without the need for sequential processing from
      shorter to longer baseline array data.
PAR  An additional object is to provide a system of the type under consideration
      in which the complexity, as well as the weight and cost of the required
      hardware is substantially reduced.
PAR  Other objects and their attendant advantages will become more apparent in
      the ensuing detailed description.
PAR  Briefly considered, the present process, instead of using the more
      conventional multi-array systems, utilizes only one array formed of a pair
      of antennas spaced longitudinally to provide a baseline length greater
      than the wavelength of the target signal. Other arrays, such as a
      transverse array to permit right and left resolutions, can be added if
      desired, although, as stated, only the single longitudinal array is
      required. For the processing of the phase measurements provided by the
      single multi-lambda array the present process generates all possible
      bearings (2.sup.. n) corresponding to the phase measurement (.phi.) and
      processes each bearing through a different solution (2n solutions). The
      matching of bearings is continuously performed by a lobe tracking process.
      Solution convergence criteria establish which solution (only one)
      converges and it is this one that provides the correct signal source
      position. The rest of the solutions are rejected as diverging. The
      so-called lobe tracking, as well as the phase tracking and other data
      derived from the tracking procedures will be described in detail in the
      subsequent description. It also might be noted at this point that bearing
      rejections can be based upon other criteria and that the present system
      contemplates the use of these other criteria to simplify the ultimate
      bearing resolution.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in the accompanying drawings of which:
PAR  FIG. 1 schematically shows the multi-lambda array of the present invention
      mounted on an aircraft and tracking a signal-source target;
PAR  FIGS. 2 and 3 illustrate two different positions of the target signal
      relative to the multi-lambda array;
PAR  FIG. 4 is a block diagram of the system hardware;
PAR  FIGS. 5 and 6 are compass rose plots showing the azimuthal phase rate of
      change lobes for 2.lambda. and 1.lambda. arrays respectively;
PAR  FIG. 7 is another plot illustrating certain convergence characteristics for
      four progressive angular dispositions of the signal-source target as an
      airborne array moves in a forward flight path, and
PAR  FIGS. 8A, 8B, 8C, and 9A, 9B, 9C, 9D, schematically illustrate in
      flow-chart form two particular software implementations for the system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Before considering the principal of operation of the present invention, it
      perhaps is advisable to briefly review the manner in which a conventional
      interferometer type angle measuring system operates. In this review
      reference can be made to FIGS. 1 and 4 of the drawings. FIG. 1 shows an
      array A.sub.1 -A.sub.2 mounted on an aircraft 1, the array including a
      pair of antennas spaced longitudinally one from the other a distance L. As
      has been indicated, the fact that the present system requires only a
      single array, such as array A.sub.1 -A.sub.2, is a significant feature of
      the present invention. Also mounted on the aircraft are certain electronic
      hardware components such as those schematically illustrated in FIG. 4. The
      signal derived from the sonobuoy of FIG. 4 is received by antennas A.sub.1
      -A.sub.2 and the phase difference of the antennas measured by phase meter
      2. The meter output is, of course, a phase difference measurement .phi.
      which is applied to a computer 3 containing a particular software
      implementation used to resolve the input data into bearing or signal
      position data. A sonobuoy indicator 4 can be used to display this data.
PAR  With regard to the phase difference measurements, it will be noted that if
      baseline 1 of the array is normal to the direction of the arrival of a
      continuous wave signal the signals received from each antenna A.sub.1 and
      A.sub.2 will be in phase one with the other. This fact is illustrated in
      FIG. 2 where it will be seen that sonobuoy produces a signal that arrives
      at the array in a direction normal to baseline L, the result being that
      sides 6 and 7 of the triangular plot are equal. Since the signal arrives
      at the antennas at identically the same time, the arriving signals are in
      phase. If, however, the signal source is not located on the normal to the
      baseline, the signal will arrive at one of the antennas ahead of the
      other. This fact is illustrated in FIG. 3. By measuring the phase
      difference with phase meter 2 it is possible to determine the signal
      source line-of-sight angular displacement relative to the antenna
      baseline.
PAR  Obviously then there will be certain relationship between phase difference
      and angular displacement which can be functionally expressed. However,
      before considering this relationship, certain terms used in the
      relationship should be defined. In particular, it should be noted that the
      array length (L) usually is expressed in the number of wavelengths or
      so-called (.phi.). For example, the size of an array can be called one
      lambda if the physical spacing L produces a measurement of 360.degree.
      phase difference when the signal is received from the direction of the
      array orientation. Similarly a 0.5.lambda. length produces a 180.degree.
      phase difference and a 2.lambda. array produces a 720.degree. (2.sup..
      360.degree.). The phase difference, of course, is expressed in electrical
      degrees.
PAR  The functional relationship of the phase measurement to the angular
      displacement is expressed using the right angle triangle relationship of
      FIG. 3 which, as already explained, shows the direction of arrival at
      antennas A.sub.1 and A.sub.2 of a single source S. With reference to this
      figure, the cosine law provides the following relationship:
      ##EQU1##
      in which A represents the signal source angular displacement, d represents
      the phase difference in degrees and L, of course, represents the array
      length also in degrees. The logic of this relationship is apparent by
      considering the fact that the ratio d/L progressively increases as the
      angular displacement is reduced by a relative movement of the signal
      source in a clockwise direction towards 0.degree.. When angle A equals
      0.degree. the cosine of the angle = 1. Similarly, when angle A equals
      90.degree. the cosine of 90.degree. = 0 since, as shown in FIG. 2, there
      is no phase difference at the antennas of the array.
PAR  The principle concern of the present invention is that of resolving
      ambiguities existing because of the use of multi-lambda arrays in which
      the array length L or baseline is greater than 360.degree.. Although the
      reason for the ambiguities has been explained, it perhaps can be better
      understood by considering the following relationships. In the case of
      multi-lambda arrays, it is apparent that phase difference d can exceed
      360.degree. depending upon the signal source direction. However, a
      conventional phase-measuring device, such as a phase meter 2, measures
      only a fractional part of a 360.degree. cycle or, in other words, it
      measures from 0.degree. to 360.degree.. Since the entire length d in
      degrees cannot be measured there are manifest ambiguities existing in the
      solution of equation 1. Assume, for example, that:
EQU  d=.phi.+360.degree..sup.. K
PAL  where
PAR  .phi. = phase difference
PA1  K = number of cycles (1 cycle= 360.degree.)
PAL  and, if array length L is defined as
EQU  L = 360.degree..sup.. n
PAL  where n = number of lambdas
PAL  then equation (1) can be modified to
      ##EQU2##
PAR  Equation 2 demonstrates clearly the problem in defining cosA. The phase
      difference .phi. and the array length n are not sufficient to define cosA.
      The factor k which is an integer, also needs to be determined.
      Consequently, for the cases in which k is not defined, ambiguities exist
      since, for the same phase meter measurement, .phi. can correspond to
      several different angular displacements. By way of example:
PA1  for 1.lambda. array (n=1) we obtain 2 solutions for A
      ##EQU3##
      for 2.lambda. array (n=2) we obtain 4 solutions for A
      ##EQU4##
      for 0.5.lambda. array (n=.5) we obtain a unambiguous or unique solution
      for A
      ##EQU5##
      There is no ambiguity in the 0.5.lambda. array since it readily can be
      determined simply by the phase meter reading which of the angular
      displacements represents the true bearing. If the reading is between
      0.degree. and 180.degree., the true bearing is the angle A.sub.1 and, if
      the reading is greater than 180.degree., the true bearing is A.sub.2 .
      Another fact which can be noted at this point is that the 1.lambda. array
      is ambiguous to the extent that it has two apparent or possible true
      bearings, while the 2.lambda. array in which n = 2 has four possible
      bearing solutions.
PAR  It has been pointed out that prior art systems utilized the shorter
      baseline arrays, such as the 0.5.lambda. array, because of their freedom
      from ambiguity but that, as compared with multi-lambda arrays, the shorter
      baselines provide relatively inaccurate bearing resolutions. The relative
      accuracy of the multi-lambda arrays can be demonstrated mathematically in
      the following manner:
PAR  Assuming that the phase meter measurement 100  can be measured with an
      accuracy of d.phi., the true measurement is
EQU  .phi..sub.true =.phi.-d.phi.
PAL  the error in establishing the cosA of the displacement angle for a
      0.5.lambda. array then is:
      ##EQU6##
      and
      ##EQU7##
      similarly for a 9 2.lambda.  array
      ##EQU8##
      and
      ##EQU9##
      As shown, the same measurement error d.phi. introduces an error
      (d.phi./180) in establishing cosA with a 0.5.lambda. array and an error
      (d.phi./720) in establishing cosA with a 2.lambda. array. The 2.lambda.
      error thus is 4 times smaller.
PAR  Summarizing, it should be apparent that an accurate determination of a true
      bearing requires the use of multi-lambda arrays although any methods for
      the determination also must be capable of establishing unique, unambiguous
      correspondence between the phase meter measurement (.phi.) and the angular
      displacement (A). In turn, this ambiguity removal problem requires the
      determination of the factor K (Equation 2) this factor, as already pointed
      out, representing the portion of the phase measurement that cannot be
      recorded by the phase meter. Stated in another manner, this portion or
      factor K is an integer representing a number of cycles or, when considered
      with regard to azimuthal angular displacement, the number of so-called
      `lobes`.
PAR  For further clarification of the term lobes reference can be made to FIG. 5
      which represents a phase plot of a 2.lambda. array as a function of signal
      source angular displacement. In other words, it can be considered in FIG.
      5 that the 2.lambda. array is stationary while the signal source or target
      is moved monotonically about the array from a dead-ahead 0.degree.
      position clockwise throughout 360.degree.. Of course, in a Sonobuoy
      Reference System, the relative movement, as a practical matter, would
      involve tactical maneuvers in which the array would be rotated about its
      azimuthal axis rather than there being a monotonic circling movement of
      the signal source which, as will be understood, is being employed
      primarily to simplify description.
PAR  Referring to FIG. 5, it will be noted that movement of the signal source
      position from 0.degree. to 60.degree. produces a decrease in the
      lobe=measurement from 360.degree. to 0.degree.. This complete 360.degree.
      (electrical degrees) phase cycle presently is called a lobe and, for
      reasons which will become clear, it is designated by its corresponding
      value of factor K (equation 2) or, as shown in FIG. 5, this lobe can be
      identified as lobe =1 or =1. The next lobe shown in FIG. 5 is
      substantially thinner in angular size than lobe 1 since, as will be seen,
      a signal source position change from 60.degree. to 90.degree. produces a
      corresponding decrease in electrical phase from 360.degree. to 0.degree..
      This second lobe is designated as lobe= 0 or k=0. The logic of this
      designation will be discussed subsequently. In a similar manner, lobe= -1,
      k= -1 and lobe= -2, k=  -2 are formed in the third quadrant of FIG. 5. It
      will be noted that lobe -1 has a 30.degree. angular width similar to lobe=
      0, while lobe -2 has a 60.degree. width comparable to lobe 1.
PAR  These lobes are of particular significance in permitting true bearing
      resolutions and, consequently, it is important to understand several
      characteristics of these lobes, as well as the manner in which they are
      established. More specifically, these lobes can be established for any
      particular array such as the illustrated 2.lambda. array or other arrays,
      such as a 1.lambda., 1.5.lambda., 3.lambda. etc. Lobes such as those shown
      in FIG. 5 and 6 are well known and the phase rate of change represented by
      the curves of the lobes thus are in the category of established, or, in
      other words, a priori knowledge.
PAR  Another important characteristic to be noted in both FIGS. 5 and 6 is that
      there is an abrupt discontinuity between each of the lobes to the extent
      that lobe 1, by way of illustration, has a 0.degree. phase difference at
      60.degree. azimuth, while lobe= 0, has a 360.degree. phase difference at
      60.degree. azimuth. In the present invention, these abrupt discontinuities
      in which the phase difference .phi. abruptly changes from 0.degree. to
      360.degree. are utilized and their utilization provides one of the
      features of the present invention. Ulilization is achieved by employing
      what can be termed `lobe-tracking` in which, as will be explained, the
      discontinuities are tracked to provide essential data for matching
      bearing-solutions pairs. However, before describing the lobe-tracking
      concept and its role in determining the true bearing, it probably is
      desirable to consider other important aspects of the a priori data
      provided by these lobes.
PAR  First, the integers identifying each of the lobes can be considered with
      regard to equation 2 (supra) which functionally expresses relationship
      between phase difference and the angular displacement. For example, it has
      been noted that a 2.lambda. array such as is represented in FIG. 5, has
      four possible solutions for angle A (FIG. 3). Thus,
      ##EQU10##
      can provide 4 solutions depending entirely upon the value of k or, in
      other words, the cycle or lobe. Thus, if the displacement angle A is
      between 60.degree. and 90.degree.,
      ##EQU11##
      Similarly,
      ##EQU12##
      Thus, for every phase meter measurement .phi. there are 4 possible
      bearings or angles any one of which may be the true bearing. In other
      words, the same phase data provides four solutions which differ because of
      the lobing characteristics shown in FIG. 5. Each of the lobes therefore is
      characterized by the fact that the angular displacement applicable to that
      lobe has a special though different solution which, again, depends on the
      integer k.
PAR  The logic in identifying k=0 as lobe 0 is readily apparent from a brief
      mathematical consideration. If it be assumed that angular displacement
      A=90.degree., then cos90.degree.=0. However, cos90.degree.=0 is possible
      only if the phase difference (.phi.) is 0 and lobe k=0. In other words the
      functional relationship is
      ##EQU13##
      Similarly, if a=60.degree. then
      ##EQU14##
      L be 0 thus identifies that lobe in which the phase difference varies from
      0.degree. to 360.degree. between azimuth variations in which A varies from
      60.degree. to 90.degree.. Similarly, A.sub.1 represents an angle or a
      bearing in lobe 1 (K=1) which varies between 60.degree. and 0.degree.
      azimuth for a phase difference variation of 360.degree.. If A.sub.1 =
      60.degree. then cos60.degree.=1/2 and, where
      ##EQU15##
      Also, if A.sub.1 = 0.degree. which is the dead ahead position of FIG. 5,
      then
      ##EQU16##
      The same considerations apply in the third quadrant in which k=-1 or k=-2.
      In view of the foregoing it will be appreciated that the integers
      identifying the four different lobes of FIG. 1 are mathematically and
      logically valid so that .phi. solutions for A.sub.o, A.sub.1,
      A.sub..sub.-1 and A.sub..sub.-2 provide valid bearing data if the phase
      measurement is applied to the particular equation representing each of
      these lobes.
PAR  The polar plot of FIG. 6 represents the lobes for a 1.lambda.. This plot
      differs from the 2.lambda. array in that the FIG. 6 plot has 2 instead of
      4 lobes, each of the lobes having a azimuth change from 90.degree. for a
      360.degree. phase change. This plot is included simply to show the
      applicability of the principles of the present invention to arrays other
      than to the 2.lambda. arrays. However, since the same considerations apply
      equally to arrays other than the 2.lambda. arrays, subsequent description
      will be with reference to the 2.lambda. array.
PAR  In performing the process of the present invention, the initial step
      involves the establishment of the a priori lobe data such as that shown in
      FIG. 5 or 6. This step is significant since the ultimate resolution of the
      true bearing depends, in effect, upon a comparison or matching of the data
      measured by the phase meter with this a priori lobe data. The next step is
      to vary the attitude of the array relative to the signal source and, as
      will become apparent, this variation can be achieved by rotating the array
      or by moving linearly in a forward or rearward direction. Further, if
      desired, the attitude variations of the array can be achieved by other
      aircraft movements such as a tilting or rolling movement. In general, any
      relative movement between the array and the signal source is capable of
      providing monotonically varying changes azimuthal position or, in other
      words, in the displacement angle or bearing of the signal target relative
      to the array. Any such monotonic variations are capable of providing data
      to enable the true bearing to be determined. As the relative dispositions
      are varied, signals are received at phase meter 2 at varying time
      intervals and, of course, chronologically-successive phase measurements
      are produced by the meter. These phase measurements (.phi.) are applied to
      computer 3 (FIG. 4) which utilized conventional hardware and software
      programs to provide the true bearing.
PAR  Functionally considered, the computer, or its equivalent, records and
      processes particular information derived from the successive phase
      measurements. In particular, the computer may make use of the following
      observations from the measurements:
PA1  a. It records the so-called abrupt discontinuities in the measurements. In
      this regard a sudden change from 0.degree. to 360.degree. or vice-versa
      signifies a change in lobe and the so-called lobe tracking technique of
      the present invention keeps count of the lobe changes to provide
      information helpful in establishing the signal source correct angular
      displacement;
PA1  b. It records whether the phase measurements increase or decrease. This
      increase or decrease helps to establish whether the signal source moves
      from quadrants (1, 2) to (3, 4) or vice-versa. Moving in one direction
      there will be a decrease in the phase measurements and moving in the
      opposite direction will produce an increase;
PA1  c. It determines the rate at which the phase measurement varies. This rate
      helps to establish under certain conditions the lobe that contains the
      correct signal source angular displacement.
PAR  Other information utilized by the computer includes the actual incremental,
      relative movement that produces the phase difference. For example, if the
      array is being rotated about its azimuthal axis, the rotational degree for
      each phase measurement is recorded. Stated in another manner, if the array
      were to be rotated 30.degree. to produce a particular phase difference,
      the 30.degree. rotation is recorded and utilized. If the relative movement
      is accomplished linearly rather than in a rotational manner, the forward
      or rearward travel is recorded and utilized.
PAR  As the array is moved relative to the target phase measurements are made
      continuously at frequent intervals so as to provide a reliably continuous
      phase rate of change curve. One reason for the repetitive or iterative
      sampling of the phase change is to minimize such errors as may be present
      in the measurements. These errors possibly can yield erroneous results
      particularly if the ultimate solution is based only on a few samplings.
      Most suitably, the phase measurements are processed into the computer
      through a so-called Kalman iterative filter which takes frequent samplings
      to statistically remove the errors present in the measurements. Kalman
      filters are well-known, commercially-available instruments which
      progressively filter out such errors as may be present. In other words, an
      error that may be present between a first and second measurement is
      reduced by noting and recording the error between the second and third
      measurement etc. The error parameter thus is progressively reduced
      statistically to within acceptable limits.
PAR  In performing the process of the present invention there are two rather
      distinct but related procedures for removing the measurement ambiguity and
      determining the true bearing. One of these procedures is applicable to a
      relatively simplified situation in which the antenna array can be rotated
      about its azimuthal axis, the azimuthal relative bearing of the target
      being varied by a known and recordable amount. In this simplified
      rotational situation each measured phase change is produced by a
      particular increment of rotational movement or measured azimuthal change.
      This rotational procedure, as will be described, provides a considerably
      simpler method but as will be appreciated, it is applicable only where
      relative rotation is physically possible. For example, it can be used and
      implemented for a Sonobuoy Reference System with the multi-lambda array
      mounted on a helicopter capable of being rotated about its central axis.
      The same applies if the array is stationary and can be manually rotated.
      It can also be implemented on a aircraft if it tactically is acceptable to
      have the aircraft fly an initial 360.degree. maneuver.
PAR  In the following operational description, it is to be kept in mind that the
      phase meter coupled to the array is supplying phase measurements to the
      computer which is a special purpose computer having a suitable software
      program. During the rotational movement, measurements are taken
      chronologically for successive measured and recorded increments of
      rotational movements. The chronological frequency of the measurements
      should be adjusted to a rate that will allow proper lobe tracking. For
      example, if a 6.lambda. array is utilized its thinner lobe will be
      9.6.degree.. Assuming that proper phase tracking requires at least 6
      measurements in a lobe, sampling should be taken for every 1.6.degree.
      change in azimuth. For an azimuth rotational rate of 3.degree./sec of the
      array platform, the measurement repetition rate should then be
      approximately 2 per second.
PAR  The software program that implements the ambiguity removal process for the
      rotational mode is provided in FIG. 8 A, B and C. The description which
      follows relates to the FIG. 8 software which provides in its left-hand
      column a flow chart for the basic computations and, in its right-hand
      column, a definition as well as an explanation of the terms and steps used
      in the computations. It is suggested that reference is made to FIG. 8 for
      such clarification as may be needed. The broad functional steps used in
      the computations are stated in the right-hand column. FIG. 9 has the same
      format as FIG. 8 and it also is intended to supplement subsequent
      description of the second operational mode which, as indicated, is
      concerned with tactical situation involving linear rather than rotational
      aircraft maneuvers.
PAR  The end result of the FIG. 8 program is to resolve the data ambiguity. The
      program sets up K possible solutions equal to the number of ambiguities in
      the array (n.lambda.); that is, it sets up K=2n solutions all of which are
      possible bearings corresponding to the phase measurement .phi.. That is -
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PAR  Briefly considered, the featured `lobe-tracking` part of this invention
      provides a process that defines which phase (.phi.+360K) is to be
      processed through which solution. In other words, lobe tracking performs a
      matching process which is the matching of angular data to the solutions.
      For this purpose, the lobe tracking procedure generates a so-called lobe
      tracking constant a. This constant is initially set at zero. As the signal
      source bearing changes from lobe to lobe during the array rotational
      motion, a large change (abrupt discontinuity) in phase is detected and
      this change signifies a change in lobe. To utilize this constant a,
      criteria can be set so that, whenever a phase change occurs that is in
      absolute value greater than 180.degree., it signifies a change in lobe.
      For this to be true, however, the frequency of the phase measurements must
      be at least sufficiently proximatte to assure that phase changes greater
      than 180.degree. do not occur. Using these criteria, whenever the change
      in phase in absolute value is less than 180.degree., it is apparent that
      the phase measurement data for chronologically-successive pair of
      measurements comes from the same lobe so that the lobe constant a is the
      same for each measurement of the pair. However, when there is a phase
      change greater than 180.degree. and the measurement indicates a counter
      clockwise (CCW) 180.degree. motion of the target relative to the array,
      the lobe constant a is decreased by 1, i.e., {a(t.sub.i +
      1)=a(t.sub.i)-1}. Whenever a phase change less than -180.degree. occurs
      (i.e., greater in negative value), which signifies CW target bearing
      motion, the lobe constant a is increased by 1, i.e., a(t.sub.1 +
      1)=a(t.sub.i)+1.
PAR  The current lobe constant thus represents the number of lobes or number of
      cycles to which the phase measurement has changed from its initial value.
      A negative value for a represents CCW rotation of target bearing relative
      to the array and a positive value for a represents CW rotation. Modifying
      the phase measurement of .phi. of Eq. 2 to a phase measurement
      .phi.+360'a' can provide a representation of the total change the phase
      measurement undergoes during the processing, since, as will be
      appreciated, the application of a adds or subtracts each previous
      360.degree. lobe excursion. In this manner, lobe tracking using the
      constant a provides this consistency required in producing all feasible
      target bearings or, in other words, the matching of phase
      (.phi.+360a+360k) to the bearing solution K. The equation used in
      computing the bearings thus is modified to:
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PAR  Another factor to be considered is that for a bearing solution to be
      acceptable [A(k)=Cos.beta..ltoreq.1] the numerator of Equation 4 has to be
      less than the denominator, that is:
EQU  /.phi.+360a+ 360k/.ltoreq.360n
PAL  or
EQU  -n.ltoreq. a+ k.ltoreq. n-1
PAL  If (a+k) is not within these limits the bearing solution k is rejected
      since it obviously cannot represent the true bearing of the target. By
      rotating the array and forcing the true target bearing to cross several
      lobes the lobe constant a can change so that all except one (a+k) can be
      rejected.
PAR  Physically no matter how much the array is rotated the values the lobe
      factor will not force the true solution to be rejected. For example
      assuming a 2.lambda. array and further assuming that the true target
      bearing is at lobe K=1 and the 2.lambda. array is being rotated clockwise
      (i.e., target bearing moving CCW), four solutions having a lobe factor a=
      0 are set: i.e.,
TBL  solutions    k=1          a+k=1                                           

                  k=0          a+k=0                                           

                  k=-1         a+k=-1                                          

                  k=-2         a+k=-2                                          

PAL  Note that all k's are within the range -n.ltoreq. a+k.ltoreq. n-1 or, for
      the 2.lambda. array, -2.ltoreq.a+k.ltoreq.1.
PAR  However, when the target bearing in its CCW motion moves to lobe k=0, the
      lobe tracking factor is set to a= -1 and
TBL  k=1                     a+k=0                                             

     k=0                     a+k=-1                                            

     k=-1                    a+k=-2                                            

     k=-2                    a+k=-3                                            

PAL  At this time the solution k=-2 is rejected since it does not meet the
      requirement of -2.ltoreq.k+a.ltoreq.1. Similarly when the target bearing
      moves to lobe k=-1, the lobe tracking factor becomes a=-2 and consequently
      the solution k=-1 is rejected. When the target bearing moves to lobe k=-2,
      the lobe tracking factor becomes a= -3 and the solution k=0 is rejected.
      If the array continues to rotate the target bearing will move to lobe k=
      -2 but on the right or opposite side of the aircraft. No abrupt change in
      phase is experienced during the transition and the lobe factor remains
      equal to a=-3. Continuing the CW array rotation from this point starts
      producing monotonically increasing phase measurements and, at the
      transition points for lobe to lobe, the detected phase change will force
      the lobe factor a to start increasing again, i.e., a=- 3 to a=-2 to a=-1,
      to a=0. Therefore all the values that a assumes are 0, - 1, -2, -3 and the
      solution k=1 always remains acceptable representing the true target
      bearing where it physically should be.
PAR  In the software implementation of FIG. 8, the consideration as to whether
      the target bearing is to the left or right of the aircraft also is
      incorporated. For positive azimuthal measurements (CW array rotation)
      monotonically decreasing phase measurements are produced if the target is
      on the right. These facts can be verified by reference to FIG. 5. Phase
      data discontinuities at the lobe transition points are removed by the
      compensating use of the lobe tracking constant. When the array is rotated
      CCW the opposite is true.
PAR  Also, in the software implementation the product of azimuthal change times
      the phase change is obtained. When the product is negative the target is
      on the left and when it is positive the target is on the right. A certain
      amount of filtering is introduced in producing the rate of change of the
      phase with azimuth. Filtering as presently intended implies the obtaining
      of an average of several samples. This average is essential to minimize
      the effects of measurement noise.
PAR  The right-left indication also can be utilized during the signal source
      transition from left to right or vice versa together with sensed array
      rotational motion (CW or CCW) to determine immediately whether the true
      target bearing belongs to a lobe adjacent to the nose of the array (lobe
      number k=n-1) or to one adjacent to the tail of the array (lobe number
      K=-n). Immediately upon determining a transition from right to left the
      array rotation is checked. If the array rotates CCW the true bearing
      belongs to the tail lobe; for CW array rotation the true bearing belongs
      to the nose lobe. For left to right transition, CW array rotation
      indicates the true bearing to belong to the tail lobe (-n), while array
      CCW rotation indicates the true bearing to belong in the nose lobe (n-1).
      Once the lobe ambiguity has been removed and left-right indication
      established, the processing for computing signal source position with
      unambiguous angular data can continue without any further need of the
      angular ambiguity removal process.
PAR  The ambiguity removal process described above utilizes only the lobe
      tracking process (tracking of the value of the lobe constant a). However,
      it does require for ambiguity removal purposes, up to a 180.degree.
      azimuthal rotation prior to coming up with an unambiguous bearing. If
      phase rate tracking is used, this ambiguity removal process can be
      successfully carried out for smaller azimuthal rotations. In FIG. 8 the
      implementation of the phase rate tracking is provided. The process
      compares the measurement ratio of phase rate to azimuthal rate (i.e.,
      produced by measurement data) to the theoretical ratio such as can be
      produced by the bearing equation
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      Differentiation of this equation yields
      ##EQU20##
      For the acceptable solutions (-n.ltoreq.K+a.ltoreq.n-1), the corresponding
      sinA.sub.(k) and (d.phi./d.psi.) theoretical ratios are computed.
      Subsequently the difference between the theoretical and measured ratios
      are produced. The statistical average of these differences if the (AVG)
      and standard deviation (.sigma.) updated for each additional measurement.
      A suitable criteria for convergence is that the product AVG.sub.(k).sup..
      .sigma.K.sub.k for the true solution provides the minimum product for at
      least 100 iterations. The 100 iterations should correspond to at least a
      60.degree. change in target azimuthal position change. Basically the
      implementation takes advantage of the fact that the phase rate to
      azimuthal rate is sinusoidal
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      and the matching of the theoretical to measured ratio occurs only in the
      correct lobe.
PAR  The foregoing description has been concerned primarily with the tactical
      situations in which the aircraft can be rotated relative to the target, or
      vice-versa. The following or second procedure is applicable to the
      previously-mentioned situations in which the array moving platform
      (aircraft) is or may be restricted tactically to a course with very little
      or no change in path (straight-line). In these situations the target
      azimuthal aspect varies only with the platform translational motion but,
      as will be appreciated, this azimuthal target aspect change is not
      measurable. As a result the phase rate to azimuth rate ratio can not be
      implemented. Also, the right-left indication with no array rotational
      motion can not be implemented. The lobe tracking process thus is the only
      one that can be employed to reject all possible bearings but the true one.
PAR  The implementation of this second procedure is provided in FIG. 9. The lobe
      tracking process updates the lobe constant a at the transition points from
      lobe to lobe and the solutions that do not meet the criteria
      -n.ltoreq.k+a.ltoreq.n-1 are rejected. However as was mentioned earlier,
      the ambiguity removal in the bearing data based on lobe tracking alone may
      require a target azimuthal aspect change up to 180.degree. which, with
      only a platform translational motion, can not be produced in a timely
      manner. In this procedure therefore 4n (n: array length) target position
      solutions are carried out for the processing of 4n corresponding bearings
      produced for the phase measurement .phi. (2n solutions to the left and 2n
      solution to the right). Carrying out 4n position solutions has a two-fold
      beneficial effect: first, certain position convergence criteria can be
      utilized to progressively minimize the number of acceptable solutions,
      and, secondly, there is the fact that at the same time the unambiguous
      bearing measurement is determined, the target position solution also is
      available. The second effect significantly minimizes the computations.
PAR  The convergence criteria is implemented in the following manner. The target
      position solution migration for each update step is computed for each
      candidate solution. Similarly a weighted average migration for the last 20
      iteration steps is implemented and the solutions with the minimum
      migration average among the candidate solutions to the right and left are
      determined. If the minimum computed migration corresponds to the same
      solution for a sufficient number of iterations the data ambiguity is
      considered to be resolved.
PAR  For a straight line course two unambiguous solutions (one to the right and
      one to the left) will result in that they represent mirror images of each
      other. The solution migration will be similar for both solutions and no
      decision can be made as to whether the true bearing lies on the right or
      left. Only change in path can resolve this right-left ambiguity. The
      amount of flight path changes required to resolve right-left ambiguity
      depends on whether convergence of the two mirror solutions has been
      established, a test is set-up to eliminate any candidate solution whenever
      its solution migration average is 4 times greater than the selected
      minimum migration solution.
PAR  As will be recognized, the foregoing descriptive material is predicated
      upon the special implementations of FIGS. 8 and 9. Thus, it will be noted
      that these Figures both include and broadly state the progressive steps
      used in resolving ambiguities for both the rotational and the
      translational modes of the array platform. Also, the Figures utilize the
      special criteria employed in the particular implementations such, for
      example, as the number of iterations or the minimum bearing change for
      each iteration. Obviously these criteria are special case factors
      utilized, for example, for the 2.lambda. array. Other arrays or other
      situations may involve different criteria which, of course, can be
      determined logically and with reference to the particular components being
      employed. Thus, FIGS. 8 and 9 are to be considered primarily as operative
      examples rather than broad functional characteristics. On the other hand,
      the examples include the broad techniques of lobe tracking and phase rate
      tracking, as well as right-left and nose-tail determinations all of which
      are significant features of the invention.
PAR  Reviewing and summarizing the resolution procedures, it first has been
      noted that the rotational procedure is considerably simplified in that
      azimuthal changes can be detected and computed in conjunction with the
      iteratively changing phase measurements. This ability to detect azimuthal
      change permits the described phase rate tracking which ultimately can be
      employed to eliminate ambiguities without requiring a full 180.degree.
      azimuthal change in bearing. However, lobe tracking yields the true
      bearing when the azimuthal change is sufficient. Also, as has been
      described, right-left indications based upon increasing or decreasing
      phase measurements for CW or CCW rotations are readily obtainable. In
      addition, nose-tail aspects become apparent so as to narrow the eligible
      or candidate lobes.
PAR  When the array is mounted on an aircraft, or the like, azimuthal rotation
      usually is not practicable and since azimuthal changes cannot be measured
      directly, the determination of the true bearing cannot be predicated upon
      the phase-rate tracking. Instead, the software is provided with a
      plurality (4n) of solutions into which all angle of arrival (AOA) data is
      fed. For a 2.lambda. array, there are four such solutions which as already
      noted, are:
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      In brief, all AOA data is fed into these solutions and the solution that
      converges becomes the true signal source position. To achieve convergence,
      the technique of lobe-tracking is needed or, as explained, the factor a
      must be applied to compensate for lobe changes.
PAR  The manner in which solution convergence is determined in the software
      implementation has been demonstrated. FIG. 7 has been incorporated to
      further illustrate and clarify the principle of convergence. As may be
      noted, FIG. 7 is a plot of bearing data obtained as an aircraft having a
      2.lambda. array moves translationally in a forward flight path through
      positions 1, 2, 3 and 4. However, the initial consideration of FIG. 7 will
      be with regard to positions 1, 2 and 3 since position 4 represents a
      special case which must alwasy be resolved but which presently is provided
      primarily to illustrate and explain the need for the lobe tracking. First
      it can be assumed that, at position points 1, 2 and 3, the phase meter of
      the system yields phase measurements .phi.1=263.54.degree.,
      .phi.2=191.55.degree. and .phi.3=102.81.degree.. As already stated, the
      computer of the system first must determine all of the apparent bearings
      for each of these measurements and this step is accomplished by utilizing
      the previously-mentioned unique feature of applying the phase measurement
      data to each of the above solutions or equations. In other words, the four
      probable solutions are resolved as follows:
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PAR  For solution (k=0), the sonobuoy bearings plotted from their respective
      aircraft positions 1, 2 and 3 of FIG. 7 provide three possible solutions
      for the sonobuoy position, these being identified in FIG. 7 as positions
      (1, 2), (2, 3) (1, 3) and these positions representing the intersections
      of bearings (A.sub.1, A.sub.2), (A.sub.2, A.sub.3), and (A.sub.1, A.sub.3)
      respectively.
PAR  The important point to be noted in the plot of FIG. 7 is that the solutions
      for K=0, K=-1 and K=-2 do not converge. In other words, the 3 points or
      positions, instead of converging, diverge since they migrate with time
      from (1, 2) to (2, 3) to (1, 3). However, the solutions for K=1, when
      plotted, provide 3 solution points which graphically coincide or converge
      and, consequently, this convergence provides the true sonobuoy position
      which does not migrate with time from one of the aircraft positions to
      another.
PAR  In actual practice, utilizing the special purpose computer of the system,
      the convergence of the different bearing solutions removes the ambiguity
      and provides the desired result which is the true sonobuoy position.
      Obviously, a computer cannot graphically plot the convergence. Instead,
      the computer utilizes the iterative approach that has been described.
PAR  In the foregoing example, the situation is considerably simplified to the
      extent that only three measurements are performed. In actual practice,
      accuracy of the convergence is assured by taking many more measurements
      during the periods that the aircraft travels from position 1 to position
      3. The solution convergence then is substantiated statistically. The
      Kalman filter, by its very nature, processes the phase measurements
      rapidly with substantial continuity and the processing of each successive
      measurement is compared with the previous measurement to filter-out the
      error or, as stated, to reduce the error envelope so that convergence and
      divergence ultimately become apparent.
PAR  It is to be noted that the foregoing FIG. 7 example does not involve what
      has been identified as lobe-tracking since it does not necessarily utilize
      the information regarding the abrupt discontinuities between each of the
      lobes. However, lobe tracking is an essential part of the technique since
      correct resolution of the true bearing requires that the proper AOA date
      be applied to the proper solution and this propriety is assumed by
      utilizing the abrupt discontinuity data. To explain lobe tracking and its
      need, the fourth position (position 4) of FIG. 7 can be considered. The
      phase measurement (.phi..sub.4) for this fourth position can be assumed to
      be 245.25.degree.. Using this phase measurement of 246.25.degree., it
      first should be noted that if this phase measurement were fed into or
      applied to the solution or equation for lobe=1 (k=1) the solution of this
      equation would provide a bearing or angle of 70.degree. azimuth.
      Obviously, the angle 70.degree. does not lie within lobe= 1 but rather
      within lobe= 0 or k=0. Consequently, the application of this phase
      measurement to the k=1 solution
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      cannot produce convergence since there is no chronologically-sequential
      consistency between the computation of the bearing for this measurement
      and the previous computations for aircraft positions 1, 2 and 3.
PAR  Chronological consistency is achieved in the present process by introducing
      into the different solutions the factor identified as a each time the
      tracking of the sonobuoy passes through an azimuthal change which involves
      one of the abrupt discontinuities between the successive lobes of FIG. 5.
      The factor a therefore represents an algebraic addition to the different
      solutions amounting to K.+-.360.degree. each time a lobe discontinuity is
      recorded. This factor, of course, is applied to the solutions to modify
      the solutions and render their bearing computations chronologically
      consistent and, as will be appreciated, the solutions are modified each
      time that an abrupt discontinuity is recorded.
PAR  The particular advantages of the present process have been considered and,
      as has been noted they are most apparent when they are compared with prior
      Sonobuoy Reference Systems which utilize the shorter length arrays to
      remove the ambiguity from the longer, multi-lambda arrays while also
      taking advantage of the relative accuracy of the multi-lambda arrays over
      the shorter arrays. First, from a hardware point of view, the weight, size
      and complexity of the present system is substantially less than the prior
      systems since, in the present system, only one longitudinal array is all
      that is needed. Another significant advantage is that the software
      requirements for the present system are substantially reduced due to the
      reduction in the amount or number of array data which the software is
      required to process. Further, from a tactical point of view, the present
      process has a distinct advantage since it provides relatively immediate
      results rather than being dependent upon successively removing ambiguities
      from shorter to intermediate longer arrays. In addition to these, as well
      as other improvements which should be rather apparent, the present process
      materially improves the accuracy of the bearings. Again, however, it
      should be pointed out that the so-called Sonobuoy Reference System example
      used in the foregoing description represents only one application of the
      present process. Obviously, the process is equally applicable to arrays
      that are tactically stationary, such, for example, as land or sea based as
      opposed to the aircraft-mounted arrays. Of course, one of the essential
      steps in the process is to produce relative motion between the array and
      the signal source. Obviously if the array is land based, it can be rotated
      or otherwise moved in a controlled manner.
PAR  Many modifications and variations of the present invention are possible in
      the light of the above teachings. It is therefore to be understood that
      within the scope of the appended claims the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of resolving the ambiguity inherent in the use of
      target-finding systems employing a target signal-receiving antenna array
      coupled to a phase meter, said array being a multi-lambda array
      characterized by the use of at least one pair of antennas having a
      baseline spacing substantially greater than the wave length of the target
      signal, the process comprising the steps of:
PA1  establishing theoretically predetermined date relative to the rate at which
      the phase difference between the antennas of the multi-lambda array varies
      with a monotonic 360.degree. azimuthal variation in the relative positions
      of said array and said target, said predetermination inherently provided a
      plurality of rate of exchange lobes each defining a variation in phase
      difference between 360.degree. and 0.degree. with each lobe demonstrating
      an abrupt 360.degree. phase difference discontinuity transition to its
      next successive lobe,
PA1  monotonically varying the angular attitude of said array baseline relative
      to said target,
PA1  phase tracking said target-signal during a known incremental portion of
      said angular attitude variation to provide measured phase difference data
      as well as phase rate-of-change data and lobe discontinuity data, and
PA1  matching said provided data with said predetermined data,
PA1  the true bearing of the target signal being determined by degree of
      consistency between the provided data and the predetermined data.
NUM  2.
PAR  2. The process of claim 1 wherein said phase tracking is applied to
      chronologically-successive increments of said attitude variations and said
      phase difference data provides measurements of the increase and decrease
      of the phase difference for each increment.
NUM  3.
PAR  3. The process of claim 2 further including the steps of:
PA1  computing all possible angular bearings of said target signal indicated by
      said provided data,
PA1  said bearing computations including said lobe discontinuity data for the
      purpose of maintaining chronologically sequential consistency between said
      bearing computations.
NUM  4.
PAR  4. The process of claim 3 wherein said means for computing said possible
      bearings employs a plurality of solutions each based upon the following
      equation:
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      where: A is a possible bearing angle of the target
PA1  .phi. is a phase measurement
PA1  k is an integer relating each phase measurement to the possible angular
      bearings of the target signal, said k having values of k.sub.o, .+-. 1,
      .+-.2, .+-.(n -1)
PA1  n is the factor by which the baseline length of the array exceeds the
      wavelength of the received signal and
PA1  a is an integer representing said lobe discontinuity data.
NUM  5.
PAR  5. The process of claim 4 wherein said lobe discontinuity data (a) is an
      integer designating the number of lobe changes occuring during the
      incremental variation of the target signal and array relative positions.
NUM  6.
PAR  6. The process of claim 5 wherein said phase tracking data is provided
      iteratively and with sufficient frequency to statistically substantiate
      the consistency between true bearing and the predetermined bearing.
NUM  7.
PAR  7. The process of claim 1 wherein said monotonic variation is accomplished
      by a relative rotational movement between the array and the target signal,
      the azimuthal changes produced by said movement being iteratively measured
      for enabling a determination of the phase rate of change based upon
      measured data.
NUM  8.
PAR  8. The process of claim 7 wherein said true bearing is resolved by a
      rotational movement of no less than 180.degree. and by resolving the
      relationship -n.ltoreq.a+k.ltoreq.n-1
PAL  where:
PA1  n is the factor by which the baseline array exceeds the wavelength of the
      received signal,
PA1  a is an integer representing said lobe discontinuity data, and
PA1  k is an integer relating each phase measurement to the possible angular
      bearings of the target signal.
NUM  9.
PAR  9. The process of claim 7 wherein right-left aspects of the target are
      determined by the comparing of the direction of the rotational movement
      and the manner in which the phase measurements change during the
      rotational movement.
NUM  10.
PAR  10. The process of claim 7 wherein the true bearing is resolved by a
      rotational movement less than 180.degree. and by comparing the measured
      phase rate of change with the theoretical phase rate of change provided by
      the relationship;
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      where: A is a possible bearing angle of the target
PA1  .phi. is a phase measurement,
PA1  k is an integer relating each phase measurement to the possible angular
      bearings of the target signal, said k having values of k.sub.o, 1, 2,
      (n-1)
PA1  n is the factor by which the baseline length of the array exceeds the
      wavelength of the received signal and
PA1  a is an integer representing said lobe discontinuity data.
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ABST
PAL  An improved system for determining the direction of impingement of a
      received energy signal, of the type having a plurality of receivers
      forming pairs of mutually perpendicular dipoles for receiving the
      orthogonal components of the impinging signal, apparatus for measuring
      these received components in order to produce signals indicative of the
      direction of impingement, and a display device connected to the output of
      the measuring apparatus. The measuring apparatus is provided with a
      plurality of amplifier circuits each of which is connected to a respective
      one of the receivers for producing a constant amplitude representation of
      its received signal. The use of these amplifiers helps to eliminate errors
      that would otherwise occur in the measurements due to inaccuracies in the
      measured amplitudes of the received dipole signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to circuit arrangements for the determination of the
      direction of received wave energy, particularly sound waves, with the use
      of a ranging system having two perpendicularly arranged pairs of dipoles
      including individual receivers, and a measuring device with a bearing
      display device for displaying the direction of impingement of the received
      wave energy in the plane of the ranging system.
PAR  Ranging systems of the above type are known and are usually used as
      gradient ranging systems. In such systems, each pair of dipoles includes
      two oppositely disposed individual receivers or a hollow cylindrical
      receiving element of piezo-ceramic or magnetostrictive metal. These
      receivers are connected with circuitry for measuring the direction of
      impingement of the received energy wave which direction is then connected
      to a display device.
PAR  Systems for evaluating and producing a display of the direction of
      impingement of received energy waves are known. The circuitry of the known
      systems produces this display by forming the simple difference of the
      received signals of the individual receivers of each pair of dipoles, and
      the sum of the received signals of all of the individual receivers. The
      two signals representing differences are fed to the deflection system of
      the display device and the signal representing the summation is first
      phase shifted and then applied to the brightness control of the display
      device. A system operating in this manner is shown in the U.S. Pat. No.
      3,496,527 . The display device generally utilized for such purposes is a
      cathode-ray tube.
PAR  Instead of utilizing the summation signal, it is also possible to use the
      received signal of an additional panoramic or omnidirectional receiver
      which is arranged in the center of the four individual receivers
      corresponding to the two pairs of dipoles. In either case, the direction
      of impingement of the received wave energy is displayed in the form of a
      radial luminous streak whose position with respect to a reference
      direction indicates the direction of impingement.
PAR  It is also known that by means of a correlation process between the
      differences derived from the received signals from the individual
      receivers of a pair of dipoles and the received signal from the panoramic
      or omnidirectional receiver whose output is independent of the direction
      of impingment, a display of the direction of impingement can be developed
      in the form of a luminous dot or streak on the screen of a cathode-ray
      tube. The distance of the luminous dot from the center of the screen or
      the length of the luminous streak can be variably controlled by an
      adjustable amplification of the signal representing the difference between
      the received signals (see U.S. Pat. No. 3,496,527 ).
PAR  In gradient ranging systems in which the received signals are used for the
      indication of the direction of impingement as differences which are
      evaluated either directly or correlatively, systematic ranging errors
      which occur due to higher harmonics of the angle of impingement of the
      wave energy with respect to a reference direction, falsify the derived
      indication.
PAR  Solutions which are known for suppressing these systematic ranging errors
      involve the use of additional gradient systems in suitable arrangement
      with the original gradient ranging system (see U.S. Pat. No. 3,588,797 and
      U.S. Pat. No. 3,496,527 ). While theoretically such a solution should
      present a display with few errors for the desired direction of
      impingement, in practice the technical realization is both complicated and
      expensive. Additionally, due to the considerable increase in necessary
      equipment for the additional gradient system, there results an increase in
      the possibilities for error in the total operation of the system. Such a
      system would moreover be larger and also would have a higher weight.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a circuit arrangement for
      determining the direction of impingement of a received energy wave in
      which the direction can be accurately determined by means of a ranging
      system of the above-mentioned type and without the use of additional
      ranging systems.
PAR  A further object of the present invention is to provide a circuit
      arrangement for determining the direction of impingement of received
      energy without any significant errors due to higher harmonics of the angle
      of impingement of the received wave or due to the manufacturing tolerances
      of the individual receivers.
PAR  A system according to the invention can be utilized for both gradient
      evaluation and phase evaluation.
PAR  In designing a system for accomplishing these objectives, an initial
      consideration is that due to manufacturing tolerances in the individual
      receivers the sensitivity of each receiver is different from the others.
      Thus the amplitudes of simultaneously received signals, once they have
      been converted into electrical values, are unfortunately never exactly the
      same. Such errors in the amplitude of the signals lead to errors in the
      difference formation of the received signals from the dipoles. In prior
      devices utilizing gradient evaluation, these errors in the signal from the
      differences formation are incorporated in the determination of the
      direction.
PAR  This problem is solved according to the present invention in that each of
      the individual receivers forming the pairs of dipoles is connected to a
      respective amplifier circuit for producing a constant amplitude output for
      the received signal prior to the signal being evaluated in a known manner
      in the measuring device.
PAR  Automatic gain control amplifiers (AGC-amplifers). which are well known
      circuits, can be employed for the purpose of producing the desired
      constant amplitude output. These automatic gain control amplifiers will
      hereafter be referred to as control amplifiers. Since control amplifiers
      are known to be able to control the amplitude only after a certain period
      of time, their use is especially advantageous for stationary received
      signals. More generally useful for producing the desired output are the
      known symmetrical limiters, for example Schmitt triggers or nonlinearly
      feedback connected amplifiers, which infinitely clip the signals received
      from the individual receivers. Such limiters or clippers are well known in
      the art.
PAR  The use of symmetrical limiters provides a possibility of also being able
      to display the direction of a pulse-shaped signal, which is characterized
      by a short duration and a very high amplitude, without the necessity of
      providing for special dynamic matching with the indicator device. When low
      amplitude signals are received, which may have only unambiguous phase
      information, the amplifying characteristics of the symmetrical limiters
      enable a determination of the direction of the signals with the same
      precision.
PAR  The direction of impingement of the received wave energy can then be
      obtained utilizing only the phase information of the received signals of
      the individual receivers, and thus independent of any amplitude errors
      which might occur. The infinite clipping of the symmetrical limiters is
      especially advantageous in eliminating the effect of interfering ranging
      errors which are due to the higher spatial harmonics of the angle of
      impingement since it eliminates the need of analyzing any sinusoidal
      received signals. Furthermore, due to the advantages of this circuitry the
      ranging system can be constructed in its simplest form of two
      perpendicularly disposed pairs of dipoles, i.e. modified systems are not
      required which due to the tolerances to be maintained are difficult to
      fabricate and are heavier, bulkier and more expensive. Since further
      processing of the respectively received amplitude of each pair of
      receivers is always carried out with the signal having a constant value,
      the system has the advantage that signals received over a very large
      dynamic range can be processed. With correlative processing, accurate
      synchronization of the amplitudes of the received signals is assured since
      they are now constant. The received signals, represented by constant
      amplitudes in accordance with the invention, are now connected with the
      known circuits for gradient evaluation, i.e. a sum-difference circuit with
      or without correlation evaluation, or known circuits for phase evaluation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a system for measuring the angle of
      impingemennt in accordance with the present invention.
PAR  FIGS. 1a-1h show the time sequences of received signals in accordance with
      the circuit of FIG. 1.
PAR  FIG. 2 is a block diagram of another system, in accordance with the present
      invention, for measuring of the angle of impingement utilizing correlative
      processing of the received signals.
PAR  FIG. 3 is a block diagram showing a variation of the system according to
      FIG. 2.
PAR  FIG. 4 is a block diagram of a system for phase measuring without gradient
      formation in accordance with the present invention.
PAR  FIG. 5 is a block diagram of another phase measurement in accordance with
      the invention.
PAR  FIG. 6a-d show the time sequences of received signals in accordance with
      the circuit of FIG. 3.
PAR  FIG. 7 is a diagram of systematic bearing errors versus signal to noise
      ratio during the processing of clipped received signals and unclipped
      received signals with constant amplitude.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a block diagram of the circuit arrangement according to the
      present invention for evaluating received signals from a gradient ranging
      system. The gradient ranging system includes two pairs of dipoles which
      are arranged in a common plane with their axes 1 and 2 perpendicular to
      one another. Each pair of dipoles includes two individual receivers 1a,
      1b, or 2a, 2b, respectively. An energy wave is received from a direction
      of impingement, for example direction 4, in the plane of the gradient
      ranging system. The four individual receivers 1a, 1b, 2a, 2b are each
      connected to a respective amplifier circuit 5 in order to produce constant
      amplitude representation of the received signals. When quasi-stationary
      signals are evaluated the amplifier circuits 5 are automatic gain control
      amplifiers which process the signal so as to obtain a constant amplitude
      for the alternating signal at their output. The outputs of the two
      amplifier circuits 5 associated with individual receivers 1a, 1b are
      connected together with a difference former 6 to produce the difference
      voltages u1 and the other two amplifier circuits 5 associated with
      receivers 2a, 2b are connected together with another difference former 6
      to produce difference voltage u2. The voltages u1 and u2 constitute a
      measure for components 4.1 and 4.2 of the direction of impingement 4 of
      the received energy wave projected on the axes 1 and 2 of the pairs of
      dipoles.
PAR  The difference voltages u1 and u2 are fed to the deflection system 7.1 of
      the cathode-ray tube 7. A sum former 8 sums all of the received signals
      after they have been processed by amplifiers 5. The output of sum former 8
      is fed to a 90.degree. phase shifting circuit 9 the output of which is
      connected to a brightness control device 7.2 of the cathode-ray tube 7.
      These inputs to the cathode-ray tube lead to the display of a luminous
      streak which represents the direction of impingement 4 of the energy wave.
PAR  Since the received signals of the individual receivers 1a, 1b, 2a, 2b  of
      the gradient ranging system are fed to amplifier circuits 5 to produce
      constant amplitudes before further processing is effected for a suitable
      display of the direction of impingement 4, the need for bloom controlling
      of a bearing indicating device is eliminated even if the received signals
      cover a wide dynamic range. Additionally, the processing of the received
      signals according to the present invention completely eliminates errors
      due to variations in the amplitude of the signals from the individual
      receivers 1a, 1b, 2a, 2b,  which always occur even with the most careful
      manufacturing conditions. Only the phase information of the received
      signals is evaluated for controlling the display of the direction of
      impingement 4. FIGS. 1a, 1b, 1c,  and 1d  show signals received at the
      output of each of the amplifier circuits 5, which are automatic gain
      control amplifiers. For this case the output signal of the sum former 8 is
      illustrated in FIG. 1e. This directional independent received signal after
      it has been phase shifted, as shown in FIG. 1f, actuates the brightness
      control device 7.2 by its positive values. The difference voltages u1 and
      u2 are shown in FIG. 1g and FIG. 1h. During the period of operation of the
      brightness control device 7.2, the difference voltages u1 and u2, in the
      present example run from a zero value via negative values to back a zero
      value, so that the electron beam is deflected from the middle of the
      screen toward the left upper corner. On the screen of the cathode-ray-tube
      7 (FIG. 1) there is thus produced a stroke showing the direction of
      impingement 4.  If a different threshold value is utilized for actuating
      the brightness control device 7.2 it is possible to produce only a dot on
      the screen.
PAR  FIG. 2 shows a gradient ranging system utilizing two perpendicularly
      arranged pairs of dipoles formed by receivers 1a, 1b  and 2a, 2b,
      respectively, and a panoramic or omnidirectional receiver 3. The received
      signal of the panoramic receiver 3 is independent of the direction. The
      signal from receiver 3 is processed by an additional amplifier circuit 5
      via a phase shifting circuit 9. The directionally independent received
      signal leaving amplifier circuit 5 corresponds to the 90.degree. phase
      shifted output signal of the sum former 8 in the block diagram of the
      circuit according to FIG. 1, i.e. the panoramic receiver 3 with its
      subsequently connected amplifier circuit 5 and the sum former 8 with the
      amplifier circuits 5 connected ahead of the sum former 8 can be
      alternatingly exchanged with one another. The amplifier circuits 5 in this
      case may be either automatic gain control amplifiers or symmetrical
      limiters.
PAR  The display of the direction of impingement 4 can also be optimized by
      correlating the difference voltages u1, u2, according to FIG. 1, with the
      signal from receiver 3 which has a constant amplitude after processing by
      its respective amplifier 5 and is independent of the direction of
      impingement. For this purpose the directionally independent received
      signal is fed via a 90.degree. phase shifting circuit 9 and amplifier 5 to
      each of the correlators 10 together with a respective one of the
      difference voltages u1 or u2. The correlators 10 each include a multiplier
      11 in series with an integrator 12.
PAR  Correlated difference voltages u1' and u2', from the two correlators 10,
      are then fed to a known bearing display device, for example the
      above-mentioned cathode-ray tube 7 as the quotient former.
PAR  It is also possible within the scope of the present invention to first
      infinitely clip the received signals from the individual receivers 1a, 1b,
      2a, 2b  and from the panoramic receivers 3 and then, before the formation
      of the differences, correlate them as shown in FIG. 3. The individual
      receivers 1a, 1b, 2a,  2b  are again connected with the amplifier circuits
      5 to produce constant amplitudes. The panoramic receiver 3 is also
      similarly connected with a further amplifier circuit 5 via the 90.degree.
      phase shifting circuit 9. The signal from each of the respective
      individual receivers 1a, 1b, 2a, 2b  which has a constant amplitude is
      correlated in correlator 10 with the nondirectional, constant amplitude
      received signal from the panoramic receiver 3. Accordingly, four
      correlators 10 are provided.
PAR  The multipliers 11 utilized here can be simply a polarity coincidence
      circuit, which for clipped received signals could be formed by a identity
      gate.
PAR  Four correlation voltages appear at the outputs of the individual
      correlators 10. The correlation voltages from each pair of dipoles are
      subtracted from one another in a difference former 6 and then are fed to
      the bearing indicator device as correlated difference voltages u1' and
      u2'.
PAR  The above embodiments are designed for use for gradient evaluation. The
      present invention can be used with just as much advantage for a phase
      evaluation of constant amplitude received signals from each pair of
      dipoles as shown in FIGS. 4 and 5.
PAR  FIG. 4 shows an embodiment for two pairs of dipoles each having two
      individual receivers 1a, 1b, 2a, 2b  each connected to an amplifier
      circuit 5. Two phase difference measuring circuits or discriminators 13,
      each of which is connected to the amplifier circuits 5 associated with a
      respective pair of dipoles, are provided. The phase circuits 13 furnish
      two output voltages u1" and u2" each of which constitutes a measure of the
      phase shift of the received signals from one pair of dipoles and thus a
      measure of the components 4.1, 4.2 of the direction of impingement 4.
PAR  It is also possible to construct a ranging system in which the two pairs of
      dipoles which are aligned perpendicular to one another are formed by only
      three individual receivers. The three individual receivers are arranged at
      the end points or vertices of a right angled, isosceles triangle. That
      individual receiver which is disposed at the vertex of the right angle
      forms a pair of dipoles with each one of the other two individual
      receivers.
PAR  FIG. 5 shows such a ranging system including the individual receivers 2a,
      1b  and the individual receiver at the vertex of the right angle which is
      simultaneously the panoramic receiver 3. The received signals from the two
      individual receivers 2a, 1b  and the panoramic receiver 3 are fed to their
      respective amplifier circuits 5. The output of the amplifier circuit 5 of
      the panoramic receiver 3 and each of the outputs of the other two
      amplifier circuits 5 are connected to a respective one of two phase
      difference measuring circuits 13 whose output voltages u1" and u2" then
      are fed to a bearing display device in the same manner as in the preceding
      figures.
PAR  The ranging system utilizing only a total of three individual receivers is
      also suited for gradient evaluation.
PAR  When amplifier circuits 5 are employed to infinitely clip the received
      signals and to subsequently evaluate the gradients of the received signals
      in accordance with any of the above circuitry, the resulting systematic
      ranging error originating from the spatial harmonics of the angle of
      impingement is substantially smaller than the error occurring in the
      evaluation of unclipped received signals. This decrease in the error is
      obtained since the clipping of the signals permits the evaluation of two
      correlated difference voltages, which are directly proportional to the
      sine or cosine, respectively, of the angle of impingement. In contrast,
      the evaluation of unclipped received signals of a gradient ranging system
      leads to an additional trigonometric dependency of the sine or cosine,
      respectively, of the angle of impingement which can be mathematically
      developed in a known manner in a series. The series development would
      indicate the error due to higher harmonics of the angle of impingement.
      The operation of the processing of the clipped received signals will be
      shown in FIG. 6 with the aid of the time sequences for the received
      signals from an individual receiver 2a and a panoramic receiver 3
      according to the circuitry of FIG. 3.
PAR  FIG. 6a shows a path E of an infinitely clipped received signal from an
      individual receiver 2a  and FIG. 6b  shows the path R of an infinitely
      clipped received signal from a panoramic receiver 3. The abscissa in FIG.
      6 are always the product of time t  and circuit frequency .omega. of the
      received signals so that positions on the abscissa are equal to the phase
      angles .beta.. The two curves E and R have a phase angle of .beta.1 with
      respect to one another. In accordance with the correlative processing of
      the circuitry in FIG. 3, the received signal from the panoramic receiver 3
      is now shifted in phase by .pi./2  (curve j .sup.. R in FIG. 6c) and is
      compared with the infinitely clipped received signal E from individual
      receiver 2a  of FIG. 6a in a polarity coincidence circuit such as the
      multiplier 11. The output signal curve A of the multiplier 11 is shown in
      FIG. 6d.  This output signal curve A has alternatingly positive and
      negative values with a period of .omega.t = .pi.. For .omega.t = .pi./2 -
      .beta.1 its value is positive and for .omega.t = .pi./2 + .beta.1 its
      value is negative. This output signal curve A is then integrated in an
      integrator 12 (FIG. 3) thus producing a constant voltage value which is
      proportional to the phase angle .beta.1. The amount of this constant
      voltage is determined by the type of integrator used and the sensitivity
      of the quotient former, e.g. the above mentioned cathode-ray-tube 7. If
      the infinitely clipped received signals from the individual receiver 2a
      and from the panoramic receiver 3 are considered in the same manner, it
      can be seen that a direct voltage is obtained which is proportional to the
      phase angle .beta.1 between the two received signals of the individual
      receiver 2a  and the panoramic receiver 3. These two direct voltages are
      subtracted in the difference former 6 and fed to the deflection system of
      the cathode-ray tube 7. The phase angle .beta.1 is proportional to the
      sine or cosine, respectively, of the angle of impingement which acts as
      one of the vertical components 4.1 or 4.2, respectively, to effect the
      display of the direction of impingement 4 in the bearing display device.
PAR  These considerations apply only for the case where the following conditions
      are met: the distance between the individual receivers 1a, 1b  or 2a, 2b,
      respectively of a pair of dipoles is less than one wavelength of the
      received signals or the distance of an individual receiver 1a  from the
      panoramic receiver 3, even when only three individual receivers are used,
      is less than one-half the wavelength of the received signals, and where
      the useful component of the received signals is much greater than the
      present noise component originating from isotropic noise or from
      uncorrelated noise in the measuring device.
PAR  If the useful component of the received signals is not much greater than
      the noise component, i.e. if the signal to noise ratio is not very high,
      then the direct voltage at the output of the integrator is not directly
      proportional to the phase angle but rather to an angle which is influenced
      by the signal to noise ratio. FIG. 7 is a diagram illustrating the
      dependency of the ranging error on the signal to noise ratio first for an
      evaluation of unclipped received signals and second for an evaluation of
      clipped received signals. The angle of impingement, under consideration
      here, for the received wave energy is 22.5.degree. since for such a
      bearing angle the errors become particularly high. The course of the
      systematic ranging error over the signal to noise ratio is plotted for
      correlative processing of clipped as well as unclipped received signals
      with different received frequencies as the parameters. As can be seen in
      the diagram, the systematic ranging error is substantial in the processing
      of unclipped received signals for all signal to noise ratios while during
      the processing of clipped received signals the ranging error decreases and
      becomes negligibly small when the signal to noise ratio approaches and
      goes above the 20 db level.
PAR  In the case of unclipped processing, the systematic ranging error is
      substantially greater for higher frequencies than for low frequencies. In
      the clipped processing according to the present invention the systematic
      ranging error at a signal to noise ratio of more than 20  db is always
      negligibly small independent of the level of the received frequencies. As
      signal to noise ratio decreases the systematic ranging error for the
      clipped received signals approaches the level of the systematic ranging
      error typical for the known processing of unclipped received signals. At a
      signal to noise ratio of -10  db the systematic ranging error for both
      systems becomes comparable. Since at lower signal to noise ratios
      statistical errors will occur, so that the systematic ranging error in
      this range no longer has the same significance that it has at a greater
      signal to noise ratio. This diagram clearly shows the advantages that can
      be obtained with processing of the received energy wave by the circuit
      arrangement of the present invention as compared to the known circuit
      arrangement, particularly when the received signals are infinitely clipped
      by the amplifier circuits 5.
PAR  The above comments with respect to the diagram of FIG. 7 can be deduced
      from a mathematical consideration of the physical connection upon the
      reception of wave energy by means of the known gradient ranging system.
      One of the two correlated difference voltages u1' of the clipped received
      signals exhibits the following dependency:
      ##EQU1##
      where a is a proportionality factor based on the dimensions of the
      gradient ranging system and the received frequency;
PA1  .delta. is the angle of impingement; and,
PA1  a sin .delta. = .beta. 1, the phase angle. The fraction in the equation
      almost equals "1" for a good signal to noise ratio so that the following
      then applies:
EQU  u1' .about. a sin .delta..
PAR  Correspondingly the other correlated difference voltage u2' results in the
      following:
EQU  u2' .about. a cos .delta..
PAR  Only with an unfavorable signal to noise ratio does the fraction have a
      significant influence on the correlated difference voltages u1', u2'. In
      the bearing display device the quotient of these two correlated difference
      voltages u1', u2' is formed so that an angle is set between the direction
      of impingement 4 and the reference direction which angle is identical with
      the angle of impingement .delta..
PAR  It, therefore, is clear that the present invention has solved a serious
      problem which previously existed in the use of the gradient ranging art,
      i.e. the problem of the systematic ranging error due to linking of
      different trigonometric functions which, as can be proven by a
      mathematical series development, will normally lead to erroneous bearing
      indications due to higher spatial harmonics of the angle of impingement.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for the determination of the direction of impingement of a
      received energy signal including receiver means composed of a plurality of
      receivers constituting pairs of mutually perpendicular dipoles for
      receiving orthogonal components of the impinging signal, means connected
      to the receivers for measuring the unfiltered received components of
      signals for producing output signals indicative of the direction of
      impingement of the received signal, and means connected to the measuring
      means for displaying the direction of impingement of the received signal,
      the improvement wherein the measuring means comprises a plurality of
      amplifier circuits each of which includes an automatic gain control
      amplifier and is connected to a respective receiver for producing a
      constant amplitude representation of its received signal.
NUM  2.
PAR  2. In a system for the determination of the direction of impingement of a
      received energy signal including receiver means composed of a plurality of
      receivers constituting pairs of mutually perpendicular dipoles for
      receiving orthogonal components of the impinging signal, means connected
      to the receivers for measuring the unfiltered received components of
      signals for producing output signals indicative of the direction of
      impingement of the received signal, and display means connected to the
      measuring means, and including first and second deflection means, for
      displaying the direction of impingement of the received signal; the
      improvement wherein said measuring means comprises: a plurality of
      amplifier circuits each of which is connected to a respective receiver for
      producing a constant amplitude representation of its received signal;
      first and second difference forming means, each having input terminals and
      an output terminal; means for coupling said input terminals of each of
      said difference forming means to said amplifier circuits of a respective
      one of said pairs of dipoles; and means for coupling said output terminals
      of said first and second difference forming means to said first and second
      deflection means respectively.
NUM  3.
PAR  3. A system as defined in claim 2, wherein the amplifier circuits include
      automatic gain control amplifiers.
NUM  4.
PAR  4. A system as defined in claim 2, wherein the amplifier circuits include
      symmetrical limiters.
NUM  5.
PAR  5. A system as defined in claim 2, wherein each of said first and second
      difference forming means includes means for subtracting the output signals
      produced by said amplifier circuits.
NUM  6.
PAR  6. A system as defined in claim 5, wherein said measuring means further
      comprises: means for producing a constant amplitude omnidirectional signal
      which includes all of the components of the received energy signal and is
      independent of the direction of the received signal, and which is shifted
      in phase by 90.degree. with respect to the received signal; and wherein
      the output of said means for producing an omnidirectional signal is
      coupled to a brightness control of said display means.
NUM  7.
PAR  7. A system as defined in claim 6, wherein said means for producing a
      constant amplitude omnidirectional signal includes a sum forming means for
      summing the outputs of said amplifier circuits, and a 90.degree. phase
      shifter connected to the output of said sum forming means.
NUM  8.
PAR  8. A system as defined in claim 5, wherein said measuring means further
      comprises: means for producing a constant amplitude omnidirectional signal
      which includes all of the components of the received energy signal and is
      independent of the direction of the received signal, and which is shifted
      in phase by 90.degree. with respect to the received signal, wherein said
      means for coupling said output terminal of said difference forming means
      to said deflection means includes a pair of correlators, each of which has
      a first and second input and an output, said first input of each of said
      correlators being coupling to the output of said means for producing the
      omnidirectional signal, said second input of each of said correlators
      being connected to the output terminal of a respective one of said
      difference forming means; and wherein said output of each of said
      correlators is connected to a respective one of said deflection means.
NUM  9.
PAR  9. A system as defined in claim 8, wherein said means for producing an
      omnidirectional signal includes an additional receiver for generating an
      omnidirectional signal which is independent of the direction of
      impingement of the received signal, an additional amplifier circuit for
      producing a constant amplitude representation of the omnidirectional
      signal and a 90.degree. phase shifter, all connected in series.
NUM  10.
PAR  10. A system as defined in claim 2, wherein said measuring means further
      comprises means for producing a constant amplitude omnidirectional signal
      which includes all of the components of the received energy signal and is
      independent of the direction of the received signal, and which is shifted
      in phase by 90.degree. with respect to the received signal; wherein each
      of said first and second difference forming means comprises means for
      subtracting the signals supplied to its input terminals; and wherein said
      means for coupling said input terminals of said difference forming means
      to said amplifier circuits includes a plurality of correlators, each
      having a first and second input and an output, said first input of each of
      said correlators being connected to the output of said means for producing
      the omnidirectional signal and said second input of each of said
      correlators being connected to the output of a respective one of said
      amplifier circuits, and said input terminals of said difference forming
      means being connected to said outputs of said correlators of a respective
      pair of dipoles.
NUM  11.
PAR  11. A system as defined in claim 10, wherein said means for producing an
      omnidirectional signal includes an additional receiver for generating an
      omnidirectional signal which is independent of the direction of
      impingement of the received signal, an additional amplifier circuit for
      producing a constant amplitude representation of the omnidirectional
      signal and a 90.degree. phase shifter, all connected in series.
NUM  12.
PAR  12. A system as defined in claim 2, wherein each of said difference forming
      means comprises a phase discriminator having its inputs connected to the
      outputs of said amplifier circuits of a respective pair of dipoles and
      having an output connected to a respective one of said deflection means.
NUM  13.
PAR  13. A system as defined in claim 2, wherein there are three receivers which
      are located at the vertices of a right triangle, one of said receivers
      being an omnidirectional receiver for generating a signal which is
      independent of the direction of impingement of the received energy signal
      and being located at the vertex of a right angle of said right triangle,
      and said omnidirectional receiver forming a pair of dipoles with each of
      said other receivers.
NUM  14.
PAR  14. A system as defined in claim 13, wherein each of said difference
      forming means includes a phase discriminator having its inputs connected
      to the output of said amplifier of said omnidirectional receiver and one
      of the outputs of said amplifiers of said other two receivers and having
      an output connected to a respective one of said deflection means.
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ABST
PAL  Tactical radio navigation systems provide bearing information to an
      interrogating aircraft in response to pairs of interrogation pulses
      received at a beacon transponder, the system also provides distance
      measuring and identification information. To provide the required bearing
      information, pulses radiated from the central antenna array are modulated
      at a 15 Hz frequency and by 135 Hz frequency, by parasitic elements
      rotating around a stationary central array. Broadband operation of the
      system is provided by a distribution pattern of the 135 Hz parasitic
      elements mounted radially from the central antenna array on a dielectric
      disc. Nine groups of radially displaced 135 Hz elements are
      circumferentially arranged around the dielectric disc and each element of
      a group is tailored to a particular frequency band in the frequency
      spectrum allotted to radio navigation systems.
BSUM
PAR  This invention relates to an improved radio navigation antenna, and more
      particularly to a broadband radio navigation antenna with improved
      polarization purity.
PAR  Heretofore, distance measuring and bearing information systems required the
      use of a high power beacon transmitter to generate interrogating
      transmission at sufficient power to enable the interrogating aircraft to
      obtain a position fix. Such high power transmitters are difficult to
      construct and maintain to reliably provide the requisite information
      signals. Considering that many such systems are portable, this further
      increases the complexity of the source of transmitted energy. With regard
      to the antenna itself, generally speaking, prior antennas of the
      pseudoportable type provided operation only over a very narrow frequency
      band in the total frequency spectrum set aside for radio navigation
      systems. Further, the weight and power consumption of the spin motor and
      associated speed control was found to be excessive, especially with regard
      to portable systems.
PAR  Omnidirectional beacons, such as used in TACAN radio navigation systems,
      have provided a high order to directional accuracy. Both the frequency of
      operation and the angle of elevation, as measured from the antenna to an
      aircraft which is utilizing the beacon, have an effect on the quality of
      the modulation received by the aircraft. In the past, the use of antenna
      structures which were rather elaborate and large in size have provided
      satisfactory modulation performance. However, there are many applications
      where small size and weight requirements are imposed upon the beacon
      antenna. At the same time, the antenna must still provide proper and
      adequate modulation over a wide range of elevation angles and over a wide
      frequency spectrum.
PAR  A feature of the present invention is to provide a radio navigation antenna
      for operation over a wide frequency spectrum. Nine groups of parasitic
      elements are circumferentially arranged about a nonradiating disc to
      provide high frequency modulation to the radiation from the central
      antenna array. Each group of these high frequency parasitic elements
      comprises an array of individual elements radially displaced from the
      central antenna. The radial displacement and length of each element
      provides improved operation of the antenna over a particular frequency
      band of an allotted frequency spectrum.
PAR  A further feature of the present invention is to provide a radio frequency
      antenna system with low power requirements for rotation of modulating
      parasitic elements about a central antenna array. A lightweight dielectric
      material in the shape of a flat disc supports high frequency parasitic
      elements arranged in groups, with each group comprising a radial
      displacement of elements from a central antenna array. Low frequency
      parasitic elements may also be supported on the light weight dielectric
      disc. This disc is rotated about a central antenna array by a drive motor.
PAR  Still another feature of the present invention is to provide a radio
      navigation antenna system having improved polarization purity. Nine groups
      of parasitic elements arranged around a central antenna array comprise a
      configuration of individual elements. Each of the individual elements is
      shaped to produce cancellation of unwanted induced currents resulting in
      an improved polarization pure radiation pattern.
PAR  In a system wherein the present invention is embodied, radio frequency
      energy is fed to a stationary central antenna. This central array has no
      directivity in the horizontal plane. Low modulation frequency parasitic
      elements are rotated around the central array at a fixed number of
      revolutions per second. The distance between the central array and the
      parasitic elements is established to obtain a desired cardioid radiation
      pattern. For improved accuracy, a group of additional high frequency
      parasitic elements, mounted a fixed number of degrees apart, also rotate
      around the central antenna along with the low frequency elements.
PAR  In one embodiment of the present invention, a radio frequency antenna
      system comprises a central radiating member transmitting energy from a
      feed point. A first array of parasitic elements is radially displaced from
      the central member and rotated to provide low frequency modulation. A disc
      of insulating material with the upper and lower surfaces oriented
      generally perpendicular to the longitudinal axis of the central member, is
      also rotated about the central member. Mounted on this disc of insulating
      material is a second array of parasitic elements each having a first
      section disposed to extend over the disc top surface, a lower section
      disposed to extend over the disc bottom surface and an intermediate
      section joining the upper and lower sections. Thus, both the first group
      of parasitic elements and the second group of parasitic elements are
      disposed for rotation about the radiating member.
DRWD
PAR  A more complete understanding of the invention and its advantages will be
      apparent from the specification and claims and from the accompanying
      drawings illustrative of the invention.
PAR  Referring to the drawings:
PAR  FIG. 1 is a schematic of an antenna system including a central antenna and
      two discs of nonconductive material mounted for rotation thereabout by
      means of a spin motor;
PAR  FIG. 2 is a plan view of the antenna of FIG. 1 with nine groups of high
      frequency parasitic elements mounted on a nonconductive disc for rotation
      about the central antenna;
PAR  FIG. 3 is a Bessel law plot of amplitude modulation as a function of
      parasitic element displacement in radians from a central antenna;
PAR  FIG. 4 is a cross-section through the disc of FIG. 2 taken along the line
      4--4 showing the hairpin configuration of two parasitic elements in each
      of the nine groups;
PAR  FIG. 5 is a perspective showing the radial displacement of all elements of
      one high frequency group from the central antenna;
PAR  FIG. 6 is a plot of percent modulation versus frequency in megahertz for
      each of the individual elements in one-half of one group of the nine shown
      in FIG. 2;
PAR  FIG. 7 is a plot of percent modulation versus frequency in megahertz
      showing the composite of all elements of one group over a frequency from
      950 megahertz to 1250 megahertz;
PAR  FIG. 8 is a schematic of an alternate embodiment of the antenna system of
      the present invention where a single transmission line is split into two
      lines to feed two sets of parallel parasitic elements in an in-phase
      condition;
PAR  FIG. 9 is a plan view of the antenna of FIG. 8, partially cut away to show
      one group of high frequency parasitic elements mounted on a nonconductive
      disc for rotation about a central antenna;
PAR  FIG. 10 is a schematic of another embodiment of the present invention
      wherein nine groups of high frequency parasitic elements are radially
      oriented on a nonconductive disc for rotation about a central antenna to
      obtain minimum size in high or low band;
PAR  FIG. 11 is a plan view of the alternate embodiment of the disc of FIG. 1
      showing nine groups of high frequency parasitic elements radially oriented
      on the disc;
PAR  FIG. 12 is a cross-section through one of the groups of elements of FIG. 11
      showing the hairpin configuration of each element and its position on the
      rotating disc;
PAR  FIG. 13 is a plan view of a modification of the present invention for
      providing an electronically scanned antenna system;
PAR  FIG. 14 is a schematic of one of the one hundred eighty elements of FIG. 13
      showing a diode interconnection;
PAR  FIG. 15 is a perspecive view of the radial arrangement of one group of
      parasitic elements displaced on the disc of FIG. 13; and
PAR  FIG. 16 is a block diagram of a system for sequentially scanning the diodes
      of the elements in groups of nine.
DETD
PAR  Referring to FIGS. 1-4, it has been shown that nine groups 58-66 of high
      frequency parasitic elements placed symmetrical about a central antenna 10
      will produce a symmetrical nine lobed radiation pattern. This nine lobed
      radiation pattern is mathematically defined as follows:
      ##EQU1##
      where, a = an amplitude factor,
PA1  .theta. = horizontal angle about the central antenna 10 and reflector
      system 58-66.
PA1  .phi. = the phase of current flowing in each parasitic element of the
      groups 58-66 with reference to an excitation current of the central
      antenna 10, and
PA1  d = the distance in radians from the central antenna 10 to a parasitic
      element of the groups 58-66.
PAR  The term d has been shown to follow the Bessel law function as shown by the
      curve of FIG. 3. For a given set of radially displaced reflector elements,
      the depth of a lobe in the radiation pattern will be a maximum for a given
      dimension d. From the curve of FIG. 3, when the distance d is
      approximately 11 radians optimum conditions of lobeiness are achieved.
      Thus, for a given frequency of excitation of the antenna 10, a parasitic
      element of the groups 58-66 displaced by approximately 11 radians will
      give an optimum lobed radiation pattern.
PAR  Another important parameter of equation (1) is the phase term .phi.. Unless
      this term has a value near .+-. 90.degree., a lobed pattern will not form.
      When the distance between a parasitic element of the groups 58-60 and the
      central antenna 10 is approximately an odd number of quater wavelengths of
      the excitation frequency, the excitation of the parasitic element produces
      a current having a phase relative to the phase of the current in the
      central antenna 10 at 90.degree., 270.degree., 450.degree., etc. or the
      equivalent of .+-.90.degree..
PAR  The problem with radio navigation systems has been to develop an antenna
      that would operate over the assigned frequency range of 960 MHz to 1215
      MHz while maintaining uniform radiation characteristics. If the dimension
      d in equation (1) for parasitic elements of the groups 58-60 is set at a
      value of 11 radians at 960 MHz, the effective value of the dimension d at
      1213 MHz is:
EQU  11 .times. 1213 MHz/960 MHz = 13.90
PAL  With reference to FIG. 3, as the dimension d changes from 11 radians to
      13.90 radians the lobeiness continuously decreases to zero and then
      reverses to increase in an opposite phase. This effect, of course, is in
      addition to the phase term .phi. for current flowing in a parasitic
      element. Since at 13.90 radians the .phi. term is less than optimum, the
      lobed radiation pattern deteriorates still further.
PAR  If an optimum dimension for d is established at 1213 MHz, then for 960 MHz
      the effective value for the dimension d is 8.71 radians. The phase term
      .phi. goes out of operable limits under these conditions and the antenna
      ceases to function. However, if the parasitic elements are frequency
      responsive there will occur a rejection of excitation when an element is
      not in the optimum environment and will operate only when a particular
      frequency of excitation is applied to the central antenna 10.
PAR  Referring now to FIG. 1, there is shown schematically an antenna of a
      navigation system wherein tailored high frequency responsive parasitic
      elements are displaced from a central antenna 10. The antenna 10 is
      excited by energy applied to a main transmission line 12 coupled to a
      source (not shown). The main transmission line 12 feeds the central
      antenna 10 through a hollow shaft drive motor 14 as described in the U.S.
      Pat. No. 3,790,943 of Sidney Pickles. The hollow shaft 16 of the motor 14
      is coupled to a support tube 18 by means of a flange 20.
PAR  As illustrated, at the top of the support tube 18 there is supported a disc
      56 of a nonconductive material. As shown in FIG. 2, the disc 56 supports
      nine groups 58-66 of high frequency parasitic elements. These parasitic
      elements provide the high frequency modulation to energy radiated from the
      central antenna 10.
PAR  Mounted within the support tube 18 at a point immediately below the disc 56
      are two low frequency parasitic elements 28 and 28a supported on a disc
      22.
PAR  A typical construction of the central antenna 10 is two stacked dipole
      elements having a vertically polarized circular radiation pattern. As the
      radiated energy leaves the central antenna it illuminates the two low
      frequency parasitic elements 28 which provide a low frequency amplitude
      modulation to the radiated energy. The radiated energy continues past the
      low frequency parasitic elements to the high frequency parasitic elements
      of the groups 58-66. These elements act to further modulate the radiated
      energy to superimpose a high frequency component on the radiated energy.
PAR  Referring to FIGS. 2, 4 and 5, each group 58-66 of high frequency parasitic
      elements includes an array (ten shown as an example) of individual
      U-shaped elements. Considering the group 58, FIG. 4, shows a cross-section
      through the disc 56 at the elements 68 and 70. The elements 68 and 70 each
      include an upper transmission line section overlaying the top of the disc
      56, a lower transmission line section overlaying the bottom surface of the
      disc and an active radiator section extending through an opening in the
      disc joining the upper and lower sections. Each of the elements of the
      groups 58-66 has a similar configuration. The elements 68 and 70 show the
      arrangement of adjacent elements for each of the groups.
PAR  Energy from the central antenna 10 radiates radially outward towards
      adjacent parasitic elements of a pair of the groups 58-66. Considering for
      example the pair of elements 68 and 70, there is a fixed radial dimension
      d between these elements and the central antenna 10. To provide the most
      efficient modulation of a signal from the antenna 10, the elements 68 and
      70 are positioned from the central antenna a distance such that the phase
      of the traveling wave is either plus or minus 90 electrical degrees in
      accordance with equation (1). As will be understood, this phase angle
      varies with the frequency of energy from the antenna 10 and thus the
      elements 68 and 70, for example, will provide most efficient modulation
      over only a relatively narrow band of frequencies.
PAR  Typically, omnidirectional navigation antennas operate within the frequency
      spectrum of 960 MHz to 1215 MHz. To provide operating efficiency over this
      spectrum, a number (five as an example) of radially displaced U-shaped
      elements are included in each of the groups 58-66. The basic configuration
      of each of these elements is similar and each is tailored to provide the
      most efficient modulation over a particular frequency band in the range of
      from 960 MHz to 1215 MHz.
PAR  Each of the elements of the groups 58-66 can be considered as a wire in
      space that has a current flowing therein in accordance with the radiated
      energy from the antenna 10. This current produces a disturbance of the
      radiated energy and this disturbance is related to the resistance of the
      element. The resistance of each element comprises both radiation
      resistance and conductive resistance, the latter related to the particular
      wire comprising the resistance element. Preferably, each of the elements
      of the groups 58-66 has a radiation resistance greater than the conductive
      resistance to provide improved efficiency in the modulation of energy
      radiated from the antenna 10.
PAR  The current flowing in each element of the groups 58-66 varies in
      accordance with the equation:
EQU  i = E/(R.sub.1 + R.sub.2 + jx)                             (2)
PAL  where,
PA1  E = the energy emitted from the antenna 10,
PA1  R.sub.1 = radiation resistance of an element,
PA1  R.sub.2 = the conductive resistance of an element, and
PA1  x = z.sub.o cot .gamma.
PAL  where,
PA1  z.sub.o = the element surge impedance, and
PA1  .gamma. = the electrical length of an element as a function of the
      frequency of the emitted radiation.
PAR  From equation (2), it will be understood that by proper selection of the
      radiation resistance and conductive resistance each of the elements of the
      groups 58-66 can be made responsive to a particular narrow band of
      frequencies in the spectrum from 960 MHz to 1215 MHz. The particular
      frequency to which each element is responsive may be calculated in
      accordance with the equation:
      ##EQU2##
      where, tan .beta. = the phase angle of current in an element due to its
      own impedance.
PAR  In accordance with equation (3), each of the elements can be tailored to be
      responsive to a particular frequency band by introduction of a reactance
      term which will bring its phase into the right relationship with the above
      equation.
PAR  Heretofore, one problem encountered in tailoring a parasitic element to be
      responsive to a given frequency was to control the radiation resistance of
      the element to provide maximum modulation efficiency. In accordance with
      the present invention, each of the elements of the groups 58-66 is formed
      into a U-shaped configuration with the result that each element is in
      itself an individual circuit. Current is introduced into each leg of the
      elements in accordance with equation (2). However, current flowing in the
      upper section tends to cancel out current flowing in the lower section
      with the result that the effective modulation current is only in the
      section passing through the disc 56.
PAR  However, the impedance, and thus the current in each element, varies with
      the frequency of excitation at the antenna 10 and for a change in
      frequency the reactance term begins to increase so as to decrease the
      current to a point where it no longer provides effective modulation. The
      frequency at which this occurs is established by the length of the
      sections overlaying the disc 56 as given by the dimension .gamma.. For a
      different frequency, the length of the sections overlaying the disk 56
      must change to provide efficient modulation operation. As mentioned
      previously it is also necessary to locate the elements radially from the
      central antenna 10 by a distance such that the phase angle of the radiated
      energy is either plus or minus 90 electrical degrees. Thus, there are two
      parameters that must be considered for each element of the groups 58-66.
      One is the length .gamma. of the element and the second the radial
      displacement d from the central antenna array 10.
PAR  From the above, it will be apparent that each radially displaced pair of
      elements in each of the groups 58-66 provides maximum modulation
      efficiency over a particular band of frequencies in the range of from 960
      MHz to 1215 MHz. FIG. 5 shows in perspective a typical arrangement of
      U-shaped elements for the groups 58. Each of the other groups 59-66 is
      similarly arranged about the circumference of the disc 56 displaced from
      the central antenna 10.
PAR  Referring to FIG. 6, there is shown a series of curves of percent
      modulation versus frequency for one element of each pair of the groups 58.
      Starting with the curve 72, this gives the percent modulation of energy
      from the antenna 10 as produced by the farthermost displaced element from
      the disc center, element pair B of FIG. 5. In one model of an antenna in
      accordance with this invention, this element has a length .gamma. of 1.85K
      (K relates the electrical length to the physical length) inches with the
      thickness of the disc 56 equal to 1 5/16 inches. The element pair B
      provides peak modulation response at the lowest frequency band of the
      spectrum, at about 980 MHz. Considering next the element pair D, the next
      innermost element from the element pair B, the response is given by the
      curve 74 having a peak modulation efficiency of about 1030 MHz. The curve
      74 is provided from data taken with the elements of pair D on a 1 5/16
      inch thick disc 56 and the upper and lower sections .gamma. having an
      effective length of 1.6K inches. The element pair F provides modulation of
      radiated energy as given by the curve 76. This curve peaks at about 1100
      MHz and the element pair F has upper and lower section lengths .gamma. of
      1.4K inches. Element pair H produces percent modulation as given by the
      curve 78 with a peak at about 1160 MHz. The element pair H has upper and
      lower section lengths .gamma. of 1.3K inches. Element pair J provides
      percent modulation as given by the curve 80 with a peak efficiency at
      about 1215 MHz. The innermost element pair J has a section length .gamma.
      of 1.2K inches.
PAR  One of the pairs of elements of each of the groups 58-66 provides similar
      percent modulation versus frequency data. The corresponding radially
      displaced elements of each group has the same length .gamma. as the
      corresponding element in other groups and is displaced radially the same
      distance from the antenna 10.
PAR  The composite effect of one element of each pair in a group provides a
      percent modulation versus frequency as given by the curve 82. This curve
      represents the summation of each of the five curves 72, 74, 76, 78 and 80.
      Modulation of radiant energy from the antenna 10 is thus seen to be
      effective over the frequency spectrum from 960 MHz to 1215 MHz.
PAR  Referring to FIG. 7, by tailoring the section lengths of the various
      elements of the groups 58-60, the peaks and valleys of the curve 82 can be
      smoothed out to provide a response as shown by the curve 84. For example,
      the element of pair F of each group is tailored to provide greater
      response at the 1100 MHz transmission frequency. Similarly, the elements
      of pair H of each group are also tailored to provide greater percent
      modulation. However, since there is interaction between all elements of
      the group, the effect of adjusting the length of one element of a group
      must be considered on the other elements. A reasonably flat response over
      the range of frequencies of interest is obtainable as shown by the curve
      84.
PAR  The above discussion with regard to FIGS. 6 and 7 considers only one-half
      of each element pair of the groups 58-66. The opposing element of each
      pair of elements B, D, F, H and J, also affects the percent modulation of
      radiated energy. This provides improved efficiency as given by the curve
      86 of FIG. 7. Again, the curve is flattened by tailoring the length of the
      elements of each of the various groups. Note, that the curve 86 is not
      double the curve 84 because of coupling between the two opposing sets of
      elements of a group.
PAR  Another advantage of the parasitic element groups of the present invention
      is the improvement of polarization purity of radiated energy. If a system
      is radiating reasonably pure polarization, an interrogating station
      responds only to polarization along one axis and more accurate
      determination of position is possible.
PAR  Considering that the electric stress for each section of an element is
      along straight lines, then the polarization of the upper section on the
      disc 56 tends to cancel the polarization from the lower section of an
      element. This effect tends to cancel horizontal polarization leaving only
      the desired vertical polarization for an interrogating station. By using
      opposed U-shaped elements, as shown in each of the groups 55-58, further
      improvement of polarization is achieved. Current in the opposed groups
      producing radiation along an axis other than in the vertical tends to
      cancel leaving only vertical polarization emitting from the system.
PAR  With many presently available radio navigation antennas it has been
      difficult to obtain a radiation pattern in the vertical direction which
      has similar components of radiation. That is, the carrier radiation
      provided a different system when compared to the parasitic elements, and
      the low frequency parasitic elements as well as the high frequency
      elements also each provided a different radiation component resulting in
      distinct radiation patterns for each component. This produced the
      undesirable result of a modulation percentage change in excess of a
      tolerable limit in the vertical plane.
PAR  Previous attempts to correct this problem had the parasitic elements
      assembled between metal sheets, with the common practice to make these
      sheets somewhat conical in shape. This results in a wide band conical
      horn, however, in the case of a TACAN system such a shape produced complex
      polarization of the side band radiation.
PAR  Referring to FIGS. 8 and 9, there is shown an embodiment of an antenna of
      the present invention wherein flat plates 112, 114 and 116, 118 of a
      conductive material cause radiation initiating from radiating points 120
      and 122 of a central antenna 124 to flow outward radially.
PAR  The flat plate 112 is formed over a circular core disc 126 of a
      nonconductive supporting material. This disc includes a hub 128 assembled
      through a rotor tube 130 of a hollow shaft motor 132. Excitation of the
      motor 132 causes the disc 126 to rotate with the central antenna 124.
PAR  Sandwiched between the flat plates 112 and 114 are spacer discs 134 and 136
      on either side of an element disc 138. Each of the discs 134, 136 and 138
      is made of a nonconductive material. Supported toward the center of the
      element disc 138 are low frequency parasitic elements 28 and 28a shown in
      FIGS. 1 and 2. Around the circumference of the element disc 138 there are
      equally spaced the groups 58-66 of high frequency parasitic elements as
      shown in FIGS. 1 and 2. Typically, there are nine groups of the high
      frequency parasitic elements spaced around the disc 138 at 40.degree.
      intervals. Operationally, the low frequency parasitic elements 28 and 28a
      and the groups 58-66 of high frequency parasitic elements are illuminated
      from the radiating point 120 of the central antenna 124.
PAR  Sandwiched between the flat plates 116 and 118 are spacer discs 140 and 142
      on either side of an element disc 144. The element disc 144 is similar to
      the element disc 138 and includes low frequency parasitic elements 28' and
      28a' close into the antenna 124. Spaced about the element disc 144 toward
      the outer edge thereof are groups 58'-66' of high frequency parasitic
      elements, as previously described. The low frequency parasitic elements
      28' and 28a' and the groups 58'-66' are illuminated from the radiating
      point 122 of the central antenna 124.
PAR  The flat plates 114 and 116 are formed from a continuous sheet covering a
      core disc 146 of a nonconductive material. Similarly, the flat plate 118
      is molded over a core disc 148 also of a nonconductive supporting
      material. The entire structure is rotated by the motor 132 through the
      core disc 126.
PAR  Radio frequency energy is introduced to the central antenna 124 through a
      rotatable connector 150 by means of a coaxial transmission line 152. The
      transmission line 152, in accordance with a usual design configuration,
      includes an inner conductor and an outer conductor insulated from each
      other by the construction of the transmission line. The inner conductor is
      connected directly to the central antenna 124. Energy emitting from the
      transmission point of the antenna 124 is introduced into a secondary
      transmission line 154 for transmission to the radiating points 120 and
      122.
PAR  The conductive plates 112 and 114 form the inner surfaces of a radiating
      horn structure. This horn structure directs a relatively well defined beam
      radially outward in a direction parallel to the plates 112 and 114 in a
      horizontal direction away from the radiating point 120. Similarly, the
      conductive plates 116 and 118 form a horn structure that directs a
      relatively well defined beam outward in a direction parallel to the two
      plates from the radiating point 122.
PAR  As taught in U.S. Pat. No. 3,000,008, when two such horn structures or
      slots are set into operation with a half wavelength spacing between the
      radiation points 120 and 122, radiated energy along a perpendicular to the
      conductive plates tends to cancel between the two systems while
      reinforcing the energy from the opposed structure radiating outwardly from
      the radiation point. That is, with the limitation that the radiating
      points 120 and 122 are energized in phase. This in-phase excitation is
      accomplished by properly designing the central antenna 124.
PAR  An antenna system as shown in FIGS. 8 and 9, wherein pairs of horn
      structures are stacked, a greater vertical directivity is achieved.
      Utilizing the U-shaped high frequency paratsitic elements for the groups
      58-66 and 58'-66', each horn of the embodiment of FIGS. 8 and 9 enables
      operation of the antenna over the spectrum of 960 MHz to 1215 MHz.
PAR  Referring to FIGS. 10 and 11, there is shown a modification of the
      arrangement of the high frequency parasitic elements. The elements are
      arranged in groups circumferentially displaced around a disc 156. The disc
      156 is attached to a support tube 158 which is, in turn fastened to a
      rotor tube 160 by means of a flange 162. The rotor tube 160 is part of a
      hollow shaft motor 164, as explained previously.
PAR  A central antenna 166 extends through the rotating tube 160 and is fixed in
      position relative to the tube 160. A coaxial line 168 introduces RF energy
      to the antenna radiating structure through the rotating tube 120.
PAR  Also fixed in space relative to the rotating tube 160 is a counterpoise
      plate 170 positioned below the radiating point of the central antenna 166.
      Thus, the plate 170 acts as a reflecting ground plane or counterpoise for
      the antenna 166. Radiation from the antenna 166 will strike the plate 170
      and will be reflected in an upward direction. This produces a relative
      stregthening of the radiation pattern of the antenna 166 by giving an
      upward tilt to the pattern. This reflection of energy further illuminates
      the high frequency parasitic elements of the disc 156.
PAR  Positioned within the rotating tube 158 is a support disc 172 having a
      center aperture for receiving the central antenna 166. Mounted to the disc
      172 are low frequency parasitic elements 28 and 28a.
PAR  Equally spaced about the circumference of the disc 156 are groups of
      parasitic elements 88-96 with each element of the various groups having a
      configuration as shown in FIG. 12. Each element of the groups 88-96 has an
      upper section overlaying the upper surface of the disc 156, a lower
      section overlaying the bottom surface of the disc and an intermediate
      section joining the upper and lower portions. The upper and lower sections
      of each of the U-shaped elements are oriented on a radial from the central
      antenna 166. The intermediate section extends over the outer surface of
      the disc 156 and is parallel to the longitudinal axis of the central
      antenna 166.
PAR  Each element of the groups 88-96 is designed in accordance with the
      previous description with reference to the elements of FIG. 2. The phase
      angle of the radiating wave is either plus or minus 90 electrical degrees
      at the intermediate section. Again, the length of the upper and lower
      sections .gamma. is determined by the frequency of the emitted wave having
      the proper phase displacement. Thus, the embodiment of FIGS. 10 and 11 has
      a relatively narrow operational band in the frequency spectrum of 960 MHz
      to 1215 MHz. However, the radial orientation results in a minimum diameter
      to produce a minimum size for portability. The multiplicity of elements
      produces the required modulation.
PAR  Although operational over only a narrow frequency band, the embodiment of
      FIGS. 10 and 11 does provide improved polarization purity by the
      cancellation of currents as explained.
PAR  It will be apparent to those skilled in the art that as a further
      modification of the antenna of FIGS. 10 and 11, each of the elements of
      the groups 88-96 may be radially displaced. Thus, the element B of group
      88 is located at the circumference of the disc 156 and each of the
      remaining elements have the vertical intermediate section radially
      displaced inwardly therefrom toward the antenna 166.
PAR  It is also considered to be within the scope of the invention to vary the
      orientation of the elements between a displacement on a radius, as shown
      in FIGS. 10 and 11, and displacement along the circumference as shown in
      FIG. 2. That is, each element of the various groups may be arranged at
      other than on the circumference or on a radius.
PAR  Considering a further modification, each of the elements of the groups
      shown in FIGS. 2 and 11 intercouples with elements of the same group. That
      is, for some limited bandwidth applications a single element equal in
      width to the combined width of the elements shown may be utilized. Again
      the previous explanation covering the design of a U-shaped element applies
      to determine the final dimensional configuration of such an element.
PAR  Referring to FIG. 13, there is shown a modification of the invention
      wherein the U-shaped parasitic elements are mounted on a disc 98 fixed in
      space with relation to the central antenna 10. Thirty-six groups 100 of
      high frequency parasitic elements are equally spaced about the disc 98,
      with the outermost element of each at the circumference of the disc. Each
      of the groups 100 includes individual elements (five for example), with
      each element of a group radially displaced from the antenna 10 by an
      amount to be responsive to a particular frequency band over the spectrum
      of 960 MHz to 1215 MHz.
PAR  Referring to FIG. 14, each of the 180 parasitic elements arranged about the
      disc 98 comprises an upper transmission line section 102, a lower
      transmission line section 104 and an active radiator 106. Interconnected
      between the transmission lines 102 and 104 is a diode 108.
PAR  The in-space arrangement of the five parasitic elements of a group is shown
      in FIG. 15, with the lowest frequency element identified by the letter B
      and the elements D, F, H and J each responsive to a higher frequency
      transmitted by the antenna 10.
PAR  In the embodiment of FIGS. 1 and 2, the antenna 10 is fixed in space and
      the disc 56 rotates by means of a spin motor to modulate energy radiating
      from the central antenna. The rotating parasitic elements of the groups
      58-66 provide modulation for directional navigation. With the embodiment
      of FIG. 13, both the central antenna 10 and the disc 98, with the one
      hundred eighty parasitic elements fixed thereto, all remain stationary in
      space. Radiation from the central antenna 10 is modulated to provide
      navigational information by electronically scanning all the elements of
      each of the groups 100 radially displaced from the central antenna on the
      same diameter. The desired azimuth radiation pattern shape is rotated
      without the mechanical motion of any of the antenna components by rotating
      the excitation of the diode 108 for each of the parasitic elements.
PAR  Referring to FIG. 16, there is shown a block diagram of a system for
      electronically exciting the parasitic elements of the groups 100 to tune
      and detune the U-shaped elements to thereby provide modulation to
      radiation from the antenna 10. A sequential controller 110, of
      conventional logic, sequentially energizes in groups of nine the diodes
      108 located on one diameter, for example, diodes on the diameter B.
      Considering that the antenna 10 is radiating at its lowest frequency, and
      the sequential controller 110 energizes the diodes of the element B, then
      during the first sequence, the diodes located at groups 1, 5, 9, 13, 17,
      21, 25, 29 and 33 are simultaneously energized to provide reradiation of
      energy from the antenna 10. The sequential controller 110 then steps one
      position so that the diode connected to the element B of the next higher
      numbered group is energized. The controller 110 continues to sequence
      energizing the diodes 108 in groups of nine for the element B as shown by
      the Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Sequence                                                                  

             Groups Energized                                                  

     ______________________________________                                    

     1       1     5      9   13   17   21   25   29   33                      

     2       2     6     10   14   18   22   26   30   34                      

     3       3     7     11   15   19   23   27   31   35                      

     4       4     8     12   16   20   24   28   32   36                      

     ______________________________________                                    

PAR  After stepping four times, the controller returns to the original sequence
      of 1, 5, 9 etc. This sequential energizing of the diodes 108 on a
      particular diameter in groups of nine provides high frequency modulation
      of energy from the antenna 10. The pattern of radiated energy is
      substantially as provided by rotating the disc 56 of FIG. 2 about the
      central antenna 10, as described previously.
PAR  The same sequential energization of the diodes 108 takes place when the
      antenna 10 is radiating at a higher frequency. Each of the diodes 108 of
      the element D is connected to the sequential controller 110 at the
      terminal D. These are sequentially energized in groups of nine in the
      order as given in Table I. The diodes of elements F, H and J are also
      energized in groups of nine for progressively high frequency bands of
      energy radiated from the central antenna 10.
PAR  Again, it should be emphasized that the particular orientation of the
      parasitic elements on the disc 98 may be varied. Further, for narrow band
      operation of the modification of FIG. 13, fewer than five elements may be
      included in each of the groups 100. It will be understood that for
      operation of the lowest frequency band, for example, for 960 MHz to 1025
      MHz only the elements D of each group are required and for operating at
      the highest frequency band, for example from 1150 MHz to 1215 MHz only the
      innermost elements J of each group are required. This provides
      omnidirectional beacon antenna operation over two frequency bands
      separated by a frequency spectrum.
PAR  While several embodiments of the invention, together with modifications
      thereof, have been described in detail herein and shown in the
      accompanying drawings, it will be evident that various further
      modifications are possible without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna system, comprising in combination:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a first plurality of parasitic elements radially displaced from said
      central member;
PA1  a support of nonradiating material having a top and bottom surface oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a second plurality of parasitic elements each element having a first
      section disposed to extend over the support top surface, a second section
      disposed to extend over the support bottom surface and an intermediate
      section joining the first and second sections to form therewith a long
      line section, said intermediate section being the only section of each
      element of said second plurality providing significant radiation; and
PA1  said first plurality of parasitic elements and said support disposed for
      rotation about said radiating member.
NUM  2.
PAR  2. An antenna system as set forth in claim 1 wherein said support
      substantially comprises a disc and said second plurality of parasitic
      elements comprises nine groups equally spaced circumferentially around
      said disc.
NUM  3.
PAR  3. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a first plurality of parasitic elements radially displaced from said
      central member;
PA1  a support of nonradiating material having a top and bottom surface oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a second plurality of parasitic elements, each element have a first section
      disposed to extend over the support top surface, a second section disposed
      to extend over the support bottom surface, and an intermediate section
      joining the first and second sections, said second plurality of parasitic
      elements including nine groups of elements equally spaced from each other
      and surrounding said central radiating member, each of said groups further
      including at least one pair of adjacent parasitic elements with the first
      and second sections of each element of each pair extending away from the
      intermediate section of the opposite element, said first plurality of
      parasitic elements and said support being disposed for rotation about said
      central radiating member.
NUM  4.
PAR  4. An antenna system as set forth in claim 3 wherein corresponding elements
      of pairs of the groups are located radially the same distance from the
      center of said central radiating member.
NUM  5.
PAR  5. An antenna system as set forth in claim 3 wherein each group includes
      elements in pairs radially displaced from juxtapositioned pairs of
      elements and located radially from the central member the same distance as
      a corresponding element in adjacent groups.
NUM  6.
PAR  6. An antenna system as set forth in claim 5 wherein the length of the
      first and second section of each element of a pair increases with radial
      displacement from the center of the central radiating member.
NUM  7.
PAR  7. An antenna system as set forth in claim 1 wherein the first, second and
      intermediate sections of each element lie in a common plane substantially
      perpendicular to the plane of said support.
NUM  8.
PAR  8. An antenna system, comprising in combination:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a first plurality of parasitic elements radially displaced from said
      central member;
PA1  a support of nonradiating material having a top and bottom surface oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a second plurality of parasitic elements each having a first section
      located on a radial from said central radiating member and extending over
      the top of said support, a second section located on a radial from said
      central radiating member and extending over the bottom of said support,
      and an intermediate section joining the first and second sections to form
      therewith a long line section, said intermediate section being the only
      section of each element of said second plurality providing significant
      radiation; and
PA1  said first plurality of parasitic elements and said support disposed for
      rotation about said radiating member.
NUM  9.
PAR  9. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a first plurality of parasitic elements radially displaced from said
      central member;
PA1  a support of nonradiating material having a top and bottom surface oriented
      generally perpendicularly to the longitudinal axis of said central member;
      and
PA1  a second plurality of parasitic elements each having a first section
      extending over the top of said support, a second section extending over
      the bottom of said support and an intermediate section joining the first
      and second sections to form therewith a long line section, said
      intermediate section being the only section of each element of said second
      plurality providing significant radiation, said first, second and
      intermediate sections of any one element of said second plurality being
      located within a corresponding radial plane from said central radiating
      member, said first plurality of parasitic elements and said support being
      disposed for rotation about said central radiating member.
NUM  10.
PAR  10. An antenna system as set forth in claim 8 wherein each second plurality
      of parasitic elements comprises nine groups equally spaced
      circumferentially around said disc.
NUM  11.
PAR  11. An antenna system as set forth in claim 10 wherein each group includes
      multiple elements circumferentially displaced from adjacent elements.
NUM  12.
PAR  12. An antenna system as set forth in claim 11 wherein the parasitic
      elements of the second plurality are located at the disc circumference.
NUM  13.
PAR  13. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a support of nonradiating material having top and bottom surfaces oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a plurality of parasitic elements, each element having a first section
      disposed to extend over the support top surface, a second section disposed
      to extend over the support bottom surface, and an intermediate section
      joining said first and second sections to form therewith a long line
      section, said intermediate section being the only section of each element
      of said plurality providing significant radiation; and
PA1  said support being disposed for rotation about said central radiating
      member.
NUM  14.
PAR  14. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PAR  a support of nonradiating material having top and bottom surfaces oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a plurality of parasitic elements, each element having a first section
      disposed to extend over the support top surface, the second section
      disposed to extend over the support bottom surface and an intermediate
      section joining the first and second sections, said plurality of parasitic
      elements including nine groups of elements equally spaced from each other
      and surrounding said central radiating member, each of said groups further
      including at least one pair of adjacent parasitic elements with the first
      and second sections of each element of each pair extending away from the
      intermediate section of the opposite element of the pair, said support
      being disposed for rotation about said central radiating member.
NUM  15.
PAR  15. An antenna system as set forth in claim 14 wherein the length of the
      first and second sections of each element of said plurality varies with
      the distance of that element from said central radiating member.
NUM  16.
PAR  16. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a support of nonradiating material having top and bottom surfaces oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a plurality of parasitic elements each having a first section located on a
      radial from said central radiating member and extending over the top of
      said support, a second section located on a radial from said central
      radiating member and extending over the bottom of said support, and an
      intermediate section joining the first and second sections to form a long
      line section, said intermediate section being the only section of each
      element of said plurality providing significant radiation, said support
      being disposed for rotation about said central radiating member.
NUM  17.
PAR  17. An antenna system as set forth in claim 16 wherein the first, second
      and intermediate sections of each element are located within a
      corresponding radial plane from said central radiating member.
NUM  18.
PAR  18. An antenna system as set forth in claim 17 wherein each element lies
      within a different plane from said central radiating member.
NUM  19.
PAR  19. An antenna system comprising:
PA1  a central radiating member arranged to transmit energy from a feed point;
PA1  a support of nonradiating material having top and bottom surfaces oriented
      generally perpendicularly to the longitudinal axis of said central member;
PA1  a plurality of parasitic elements each element having a first section
      disposed to extend over the support top surface, a second section disposed
      to extend over the support bottom surface, and an intermediate section
      joining the first and second sections to form therewith a long line
      section, said first and second sections of each element extending
      perpendicularly with respect to a radial plane from said central radiating
      member within which the intermediate section of that element lies, said
      intermediate section being the only section of each element providing
      significant radiation.
NUM  20.
PAR  20. An antenna system as set forth in claim 19 wherein each element further
      includes a diode means connecting the first and second sections thereof.
NUM  21.
PAR  21. An antenna system as set forth in claim 20 and further including means
      for sequentially energizing said diode means.
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ABST
PAL  A dielectric lens for a flared microwave horn, the lens correcting the
      phase error introduced in microwaves passing through the horn. The lens
      comprises a plurality of parallel dielectric discs disposed concentrically
      with the horn in the path of microwaves passing through the horn. The disc
      have different diameters so that different portions of the microwaves pass
      through different numbers of the discs to compensate for the phase error
      introduced by the flared horn. The impedance discontinuities of the discs
      are matched out by appropriate spacing of the discs. The discs are
      preferably flat sheets of dielectric material so that they are easy to
      fabricate, and they are preferably supported by a central axial support
      means to minimize interference with microwaves passing through the discs.
      The number, thickness and diameters of the discs may be selected to
      produce substantially zero phase error in any given flared horn.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates generally to microwave horns and, more
      particularly, to an improved dielectric lens for correcting the phase
      error caused by a flared microwave horn.
PAR  Flared microwave horns are normally used as "feed" horns for microwave
      antennas, such as parabolic dish-type antennas. Although such a horn is
      commonly referred to as a "feed" horn, it obviously functions as a part of
      the antenna system in both the sending and receiving modes. Not all
      waveguide horns are flared, but the use of flared horns is often desired
      to achieve specific advantages, such as pattern shaping and attaining a
      closer match between the impedance of the horn and the characteristic
      impedance of free space.
PAR  One of the problems inherent in a flared microwave horn is that the path
      length from one end of the horn to the other gradually increases between
      the center of the horn and its outer walls. That is, the path followed by
      the microwaves is shorter along the axis of the flared horn than along the
      walls of the horn. The differing lengths of these transmission paths
      introduces a phase error in microwaves passed through the horn. One way to
      minimize this phase error is to simply use a long horn so that the
      difference in the lengths of the transmission paths through the horn is
      small in relation to the total length of the horn. However, this is not
      always a practical solution to the problem because increasing the length
      of the horn naturally increases its cost as well as requiring a stronger
      and more expensive supporting structure, and it can lead to problems in
      positioning the horn properly in relation to the other components of the
      antenna system.
PAR  Another known solution to the phase error problem is to introduce a convex
      dielectric lens in the path of the microwaves. The variation in axial
      thickness along the radius of the convex lens compensates for the phase
      error introduced by the flared horn. However, when one attempts to design
      and fabricate a dielectric lens for a particular feed horn, a number of
      practical problems are encountered. For example, a lens introduces an
      impedance discontinuity which is normally "tuned out" by coating the lens
      with a dissimilar dielectric material that introduces an impedance
      matching transformer, matching the discontinuity introduced by the lens.
      However, available dielectric materials offer such a limited range of
      dielectric constants that it is often difficult to select dielectric
      materials that will achieve both impedance matching and phase correction
      for a given horn. Furthermore, existing dielectric materials are often
      difficult to shape into the desired lens configuration, and they are also
      often lacking in homogeneity. Consequently, the use of a convex lens is
      often not a very practical solution to the phase error problem introduced
      by a flared horn.
PAR  Another type of lens used heretofore is a stepped lens that approximates
      the smooth convex lens discussed above. Whereas a convex lens provides
      continuous phase error correction, a stepped lens provides discrete
      amounts of correction. The more steps used, the closer the approximation
      of the stepped lens approaches the convex lens. However, the stepped lens
      suffers from the same disadvantages discussed above for the convex lens.
PAR  It is, therefore, a primary object of the present invention to provide a
      dielectric lens which is capable of achieving correction of phase error
      while introducing only a small impedance discontinuity in a wide variety
      of different flared microwave horns. Thus, it is an object of this
      invention to provide such a dielectric lens which can achieve the desired
      phase correction with a minimum of impedance discontiniuty in flared horns
      of varying length, varying diameter, and varying degrees of flare.
PAR  Another important object of the present invention is to provide an improved
      dielectric lens of the type described above which permits the use of
      virtually any desired dielectric material, independently of the phase
      error and impedance discontinuity problems presented by any given horn. In
      this connection, a related object of the invention is to provide such an
      improved dielectric lens which permits the use of highly reliable (uniform
      dielectric constant) dielectric material having known characteristics,
      regardless of the specific phase error and impedance matching problems
      presented by any given horn.
PAR  Another object of the invention is to provide an improved dielectric lens
      of the foregoing type which does not pose any problem of shaping the
      dielectric material, and which avoids the problems presented by the lack
      of homogeneity in many dielectric materials.
PAR  Yet another object of the invention is to provide such an improved
      dielectric lens which can be easily and quickly fabricated at a low cost.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description and the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation, partially in section, of a flared microwave
      horn containing a dielectric lens embodying the invention;
PAR  FIG. 2 is a section taken along line 2-2 in FIG. 1;
PAR  FIG. 3 is an actual radiation pattern obtained with a flared horn without a
      lens;
PAR  FIG. 4 is an actual radiation pattern obtained with the same horn that
      produced the pattern of FIG. 3 after addition of a lens embodying the
      invention;
PAR  FIG. 5 is a record of the reflection coefficients measured for the horn
      that produced the pattern of FIG. 3 in the indicated frequency band, and
PAR  FIG. 6 is a record of the reflection coefficients measured for the horn and
      lens that produced the pattern of FIG. 4 in the indicated frequency band.
DETD
PAR  While the invention will be described in connection with certain preferred
      embodiments, it will be understood that it is not intended to limit the
      invention to those particular embodiments. On the contrary, it is intended
      to cover all alternatives, modifications and equivalents as may be
      included within the spirit and scope of the invention as defined by the
      appended claims.
PAR  Turning now to the drawings and referring first to FIGS. 1 and 2, there is
      shown a flared microwave horn 10 of frustroconical shape. The small end of
      the horn 10 is connected to a circular waveguide 11 having a flanged end
      12 for connecting the waveguide 11 and horn 10 to a cooperating waveguide
      or waveguide transition for transimtting signals to and from the horn. The
      large end of the horn 10 is covered by a window 13 secured to a peripheral
      flange 10a on the horn by means of a retaining ring 14 and a plurality of
      screws 15 threaded into the horn flange 10a. This window 13 is typically a
      flat sheet of acrylic such as "Plexiglas" having a substantial degree of
      rigidity, e.g., with a thickness of 0.062 inch.
PAR  In accordance with one important aspect of the present invention, there is
      provided a dielectric lens which comprises a plurality of parallel
      dielectric discs disposed concentrically with the feed horn in the path of
      microwaves passing through the horn. The discs have different diameters so
      that different portions of the microwaves passing through the horn pass
      through different numbers of the discs to compensate for the phase error
      introduced by the flared horn, and the discs are spaced apart so that the
      impedance discontinuities of the discs are substantially matched. Thus, in
      the particular embodiment illustrated in FIGS. 1 and 2, the dielectric
      lens comprises three discs 21, 22 and 23 mounted at equally spaced
      intervals near the large end of the flared horn 10. The three discs all
      have different diameters so that portions of the microwaves passing
      through the space occupied by the smallest disc 21, which is the shortest
      path between opposite ends of the horn, must pass through all three discs
      21, 22 and 23 in order to travel from one end of the horn to the other.
      Those portions of the microwaves passing through the annular region
      between the outer peripheries of the smallest disc 21 and the intermediate
      disc 22 must pass through only the two discs 22 and 23; those portions of
      the microwaves passing through the annular region between the outer
      peripheries of the intermediate disc 22 and the largest disc 23 must pass
      through only the single disc 23; and those portions of the microwaves
      passing through the annular region between the periphery of the largest
      disc 23 and the wall of the horn, which is the largest path through the
      horn, do not pass through any of the discs.
PAR  This arrangement of multiple discs is extremely versatile and can be used
      to correct the phase error in virtually any type of flared horn,
      regardless of its specific configuration and dimensions. Thus, to tailor
      the lens system to any particular horn, the number of discs, the disc
      thickness and/or the disc diameter may be varied. By proper selection and
      adjustment of these variables, the phase error introduced by the flared
      horn can be corrected just as effectively as by the use of a curved lens,
      but much more easily because of the ease of fabricating the flat discs 21,
      22 and 23.
PAR  Moreover, with the multiple discs matching of impedance discontinuities can
      be achieved by simply spacing the discs so that microwave reflections from
      the discs cancel out each other. This match can be easily achieved even
      when all the discs are made of the same dielectric material, so it is not
      necessary to use more than one type of dielectric material. On the other
      hand, if desired, the discs may be made from dissimilar dielectric
      materials and the spaces between adjacent discs adjusted accordingly to
      achieve cancellation of impedance discontinuities. The optimum spacings of
      the respective discs may be calculated by a technique similar to that used
      to calculate the optimum spacing between layers of a conventional
      multilayer resonant radome, as described, for example, in Antenna
      Engineering Handbook by Henry Jasik, (McGraw-Hill) pages 32-23 to 32-28.
      Multilayer resonant radomes, of course, do not compensate for phase error.
PAR  Another significant advantage of the lens structure provided by this
      invention is the facility with which it can be fabricated and assembled.
      Fabrication merely involves cutting the circular dielectric discs 21, 22
      and 23 out of flat sheet stock and mounting the discs on a suitable
      support rod 24 fastened to the window 13 by means of a washer 25 and screw
      26. The discs 21, 22 and 23 may be mounted on the rod 24 by means of
      adhesive or other suitable fastening means. In the particular embodiment
      illustrated, additional stability of the lens structure is provided by an
      additional disc 27 secured to the smallest disc 21 and to the walls of the
      horn. This disc 27, which may be made of the same material as the window
      13, extends continuously across the full width of the horn, so it does not
      have any effect on phase error. If desired, the largest disc 23 can be
      fastened directly to the window 13. Another alternative mounting
      arrangement is to fasten the outer peripheries of the discs to each other
      by means of axially extending flanges or rims, although the illustrated
      center axial support is preferred to minimize interference with microwaves
      passing through the horn.
PAR  One of the advantages of the use of flat sheets of dielectric material is
      that this is the form in which dielectric material can be most reliably
      controlled during manufacture. Thus, in addition to facilitating
      manufacture of the lens, the use of the flat discs permits utilization of
      the most reliable type of dielectric material that is available at a
      reasonable cost.
PAR  Although the invention has been illustrated as comprising three discs, it
      will be understood that virtually any desired number of discs may be
      employed to achieve the desired result with any particular horn. The
      greater the number of discs employed, the closer the lens approximates a
      convex lens. The number of discs required in any given horn depends on the
      specific application. Also, the discs may be made of different materials
      if desired, provided the discs are spaced so as to achieve cancellation of
      impedance discontinuities. If desired, discs of two or more dissimilar
      materials may be arranged in contact with each other so that the space
      between a given pair of discs of similar material is filled with one or
      more discs of dissimilar material.
PAR  The location of the lens relative to the horn is not critical. Although the
      location shown offers the advantages of ease of mounting and protection
      from weather, the lens can be positioned closer to the small end of the
      horn if desired. Alternatively, the lens can even be located outside the
      horn, directly in front of the window 13.
PAR  In order to compare the performance of a flared horn with and without the
      lens of this invention, a frustoconical horn 24 inches long with an inside
      diameter of 2.094 inches at the small end and 10 inches at the large end
      was tested at a frequency of 6.175 GHz. In one test the horn had no lens.
      In the other test the horn was provided with a lens comprising four
      acrylic ("Plexiglas") discs 1/8 inch thick with diameters of 83/8 inches,
      63/4 inches, 61/4 inches and 4 inches. The largest disc was mounted
      against the horn window, and the spacings between the discs were 0.259
      inch between each end disc and the disc adjacent thereto, and 0.960 inch
      between the two middle discs. These spacings were calculated for operation
      at frequency bands of 3.7 to 4.2 GHz and 5.925 to 6.425 GHz, using
      conventional techniques for calculating the spacing between layers of
      multilayer resonant radomes as described in Antenna Engineering Hardbook
      by Henry Jasik, pages 32-23 to 32-28. The total combination of spacings
      was not optimum for either frequency band by itself, but represented a
      compromise for near-optimum operation at both frequency bands. All the
      discs were mounted on a central 1/4 inch dielectric rod fastened at one
      end to the horn window.
PAR  Radiation patterns generated by the horn, both with and without the lens,
      were recorded at an operating frequency of 6.175 GHz in an anechoic
      chamber. The resulting H-plane radiation patterns, made on a pattern
      recorder, are shown in FIGS. 3 and 4, FIG. 3 showing the pattern obtained
      without the lens and FIG. 4 showing the pattern obtained with the lens.
      The pattern of FIG. 3 is not smooth and the side lobes are smeared into
      the main beam, both of which are characteristics indicating phase error.
      In contrast, the pattern of FIG. 4 is much smoother with two distinct side
      lobes, indicating negligible phase error.
PAR  The reflection coefficients of the same horn, with and without the lens,
      were also measured in the frequency band between 5.925 and 6.425 GHz. When
      the reflection coefficient characteristic of the horn with the lens
      matches that of the horn without the lens, the impedance discontinuities
      introduced by the lens are cancelled. The reflection coefficient
      measurements were made using a hybrid tee (rectangular configuration) with
      a directivity of better than 60 dB, which is required to measure the very
      low reflection coefficients of the horn. A conventional waveguide
      transition was used between the circular waveguide attached to the horn
      and the rectangular hybrid tee.
PAR  The measured values of the reflection coefficient are shown in FIGS. 5 and
      6, FIG. 5 showing the values obtained without the lens and FIG. 6 showing
      the values obtained with the lens. As can be seen from the curves in these
      figures, the maximum value of the coefficient without the lens was 1.9%.
      With the lens, the coefficient ranged from about 2% to about 4.9%. The
      overall curve in FIG. 6 indicates that the reflection coefficient was
      about 3%, which compares with a reflection coefficient of about 10% for a
      conventional convex lens (without a corrective coating).
PAR  As used herein, the term "discs" is intended to include peripheral
      configurations other than circular. For example, when the lens is used in
      a square horn, the discs would obviously have the same square peripheral
      shape as the horn.
CLMS
NUM  1.
PAR  1.  In a feed horn for a dish-type microwave antenna, the combination of a
      flared microwave horn that introduces a phase error in microwaves passing
      therethrough, and a dielectric lens comprising
PA1  a plurality of parallel dielectric discs disposed concentrically with said
      horn in the path of microwaves passing through said horn, said discs being
      located within said horn so that the beam width of the microwaves radiated
      from the horn is substantially unaffected by the discs,
PA1  said discs having different diameters so that different portions of the
      microwaves pass through different numbers of said discs to compensate for
      the phase error introduced by the flared horn independently of the beam
      width,
PA1  said disc being spaced apart so that the impedance discontinuities of the
      discs are substantially cancelled.
NUM  2.
PAR  2. The combination of claim 1 wherein each of said discs is a flat sheet of
      dielectric material.
NUM  3.
PAR  3. The combination of claim 1 wherein said discs are made of similar
      dielectric material.
NUM  4.
PAR  4. The combination of claim 1 wherein said discs are all supported by
      central axial support means to minimize interference with the microwaves
      passing through said discs.
NUM  5.
PAR  5. In a feed horn for a dish-type microwave antenna, the combination of a
      flared microwave horn that introduces a phase error in microwaves passing
      therethrough, and a dielectric lens comprising
PA1  a plurality of parallel dielectric discs disposed concentrically with said
      horn in the path of microwaves passing said horn, said discs being located
      within said horn so that the beam width of the microwaves radiated from
      the horn is substantially unaffected by the discs,
PA1  said discs having different diameters so that different portions of the
      microwaves pass through different numbers of said discs to compensate for
      the phase error introduced by the flared horn independently of the beam
      width,
PA1  discs of similar dielectric material being spaced apart so that the
      impedance discontinuities of such discs are substantially cancelled.
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ABST
PAL  Magnetic image recording methods and apparatus employ a magnetic recording
      medium susceptible to an image-wise change of magnetization in response to
      thermal image patterns provided by image-wise exposures of a thermal image
      pattern generating device. The thermal device is subjected to repeated
      image-wise exposures, with each exposure including an exposure to an image
      part to which the thermal device is also exposed during another one of the
      exposures. The thermal device is moved relative to the recording medium
      between exposures, and the image is magnetically recorded onto the
      recording medium with the aid of thermal image patterns generated by the
      exposures.
PAL  In accordance with another aspect, the mentioned thermal device is exposed
      at different spatial locations to each elemental area of the image. The
      exposed spatial locations as to each elemental image are brought into
      coincidence relative to the recording medium, and the image is
      magnetically recorded onto the recording medium with the aid of thermal
      image patterns generated by the mentioned exposures.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to magnetic recording and, more particularly,
      to the magnetic recording of images with the assistance of thermal image
      patterns.
PAR  2. Description of the Prior Art
PAR  Magnetic imaging has been the subject of serious investigation in recent
      years, since it has several advantages over more conventional imaging
      techniques.
PAR  For instance, magnetic imaging offers the prospect of an avoidance of
      time-consuming and delicate chemical processing steps now required in
      customary photography. Magnetic imaging also offers the prospect of an
      avoidance of expensive and potentially dangerous high-voltage equipment
      now required in certain types of electrostatic xerography machines.
      Moreover, magnetic imaging techniques provide a record that is free of the
      decay encountered with electrostatic images and that can be printed out in
      large numbers without the need of reimaging between printouts.
PAR  Thanks to extensive efforts in this area, magnetic imaging techniques are
      becoming comparable in terms of light sensitivity and exposure speed with
      electrostatic xerography and with conventional photographic methods.
PAR  As a common denominator, these advanced magnetic imaging techniques employ
      a magnetic image recording medium susceptible to an image-wise change of
      magnetization in response to thermal image patterns. In some instances,
      the requisite thermal image pattern can be provided by a high-energy flash
      of light acting by way of a master image. Other situations, such as those
      wherein a high-intensity flash of light would damage the master image or
      would not be transmitted or reflected with sufficient intensity, require a
      thermal image pattern generating device which provides the requisite
      thermal image patterns in response to image-wise exposures.
PAR  An early attempt at such thermal image generating devices may be seen in
      U.S. Pat. Nos. 2,798,559 and 2,798,560 by A. J. Moncrieff-Yeates, issued
      July 9, 1957. That proposal overlooked the then still little known effect
      of thermoremanent magnetization and, accordingly, has found no commercial
      application in the better than 20 years of its existence. More recent
      developments have produced acceptable images, but are rather costly in
      their implementation. While this would still be satisfactory in the case
      of professional equipment or even in the case of heavily used commercial
      machines, there exists a need for low and medium priced magnetic copying,
      duplicating and other imaging methods and apparatus providing an image
      quality comparable to the potentially more expensive techniques.
PAR  In solving the underlying problem and in satisfying this need, the subject
      invention provides magnetic imaging methods and techniques which may also
      advantageously be employed in the context of high-grade professional and
      firstline commercial equipment.
PAR  A major drawback of even the most advanced prior-art magnetic imaging
      equipment resides in the fact that the image transducer they require, that
      is the device which provides thermal image patterns in response to
      image-wise exposures, approaches and, in some cases, even exceeds the
      capabilities of present-day technology in terms of energy requirements,
      resistance to thermal shock or deterioration, and fidelity and purity of
      reproduction. The effects of thermal transducer imperfections on the
      resulting magnetic image are particularly cumbersome and require
      considerable effort and expense for their elimination.
PAR  That prior-art efforts which have dealt with similar areas offer no
      solution may be seen from U.S. Pat. Nos. 2,914,403 by M. L. Sugarman,
      issued Nov. 24, 1959, 3,307,034, by L. F. Bean, issued Feb. 28, 1967,
      3,424,579, by A. Balint et al, issued Jan. 28, 1969, 3,533,784, by D. B.
      Granzow et al, issued Oct. 13, 1970, 3,535,036, by G. K. Starkweather,
      issued Oct. 20, 1970, and 3,555,557, by G. R. Nacci, issued Jan. 12, 1971.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to overcome the above mentioned
      disadvantages and to satisfy the above mentioned needs.
PAR  It is a related object of the invention to provide improved magnetic image
      recording methods and techniques.
PAR  It is a more specific object of the invention to reduce the instantaneous
      power requirements of magnetic image recording methods and apparatus.
PAR  It is a further object of the invention to reduce adverse effects of
      thermal transducer imperfections in magnetic image recording methods and
      apparatus.
PAR  Further objects will appear from the following disclosure.
PAR  From one aspect thereof, the invention resides in a method of magnetically
      recording an image on a magnetic image recording medium susceptible to an
      image-wise change of magnetization in response to thermal image patterns
      provided by image-wise exposures of a thermal image pattern generating
      device. The invention according to this aspect resides, more specifically,
      in the improvement comprising in combination the steps of subjecting the
      thermal device to repeated image-wise exposures, with essentially each
      exposure including an exposure to an image part to which the thermal
      device is also exposed during another of the exposures, moving the thermal
      device relatively to the recording medium between exposures, and
      magnetically recording the image onto the recording medium with the aid of
      thermal image patterns generated by the exposures.
PAR  From another aspect thereof, the invention resides in a method of
      magnetically recording an image on a magnetic recording medium susceptible
      to an image-wise change of magnetization in response to thermal image
      patterns provided by image-wise exposures of a thermal image pattern
      generating device. The invention according to this aspect resides, more
      specifically, in the improvement comprising in combination the steps of
      exposing the thermal device at different spatial locations to essentially
      each elemental area of the image, bringing the spatial locations as to
      each elemental image area into coincidence relative to the recording
      medium, and magnetically recording the image onto the recording medium
      with the aid of thermal image patterns generated by the exposures.
PAR  From another aspect thereof, the invention resides in apparatus for
      magnetically recording an image on a magnetic recording medium susceptible
      to an image-wise change of magnetization in response to thermal image
      patterns. The invention according to this aspect resides in the
      improvement comprising, in combination, means for generating the thermal
      image patterns in response to image-wise exposures, means for subjecting
      the thermal image pattern generating means to repeated image-wise
      exposures, said subjecting means including means for moving the generating
      means relatively to the recording medium between exposures by such amounts
      as to include in essentially each exposure an exposure to an image part to
      which the generating means are also exposed during another of the
      exposures, and means operatively associated with the generating means for
      magnetically recording the image onto the recording medium with the aid of
      thermal image patterns generated by the generating means in response to
      the repeated exposures.
PAR  From another aspect thereof, the invention resides in apparatus for
      magnetically recording an image on a magnetic recording medium susceptible
      to an image-wise change of magnetization in response to thermal image
      patterns. The invention according to this aspect resides, more
      specifically, in the improvement comprising, in combination, means for
      generating the thermal image patterns in response to image-wise exposures,
      means for exposing the generating means to the image, including means for
      exposing the generating means at different locations to essentially each
      elemental area of the image, and means for bringing the spatial locations
      as to each elemental image area into coincidence relative to the recording
      medium, and means operatively associated with the generating means for
      magnetically recording the image onto the recording medium with the aid of
      thermal image patterns generated by the exposures.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will become more readily apparent from the following detailed
      description of preferred embodiments, illustrated by way of example in the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view of a magnetic image recording apparatus, together
      with a schematic of associated electrical circuitry, in accordance with a
      preferred embodiment of the invention;
PAR  FIG. 2 is a section along the line 2 -- 2 of FIG. 1; and
PAR  FIG. 3 is a top view, on an enlarged scale, of a thermal image transducer
      in accordance with a preferred embodiment of the subject invention and
      usable in the apparatus of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The magnetic image recording apparatus 10 of FIGS. 1 and 2 has the object
      of recording an image 12 from a document or other master 13 onto the
      recording layer 14 of a magnetic image recording medium 15, with the aid
      of a thermal image transducer 16. When considering the illustrated
      apparatus, or this disclosure in general, as well as relevant aspects of
      magnetic image recording, its media and printout processes, it may be
      helpful to refer to the following U.S. Pat. Nos.
PAR  3,176,278, by L. J. Mayer, issued Mar. 30, 1965, 3,250,636, by R. A.
      Wilferth, issued May 10, 1966, 3,368,209, by McGlauchlin et al, issued
      Feb. 6, 1968, 3,364,496, by Greiner et al, issued Jan. 16, 1968,
      3,526,598, by James U. Lemke, issued Sept. 1, 1970, 3,541,577, by James U.
      Lemke, issued Nov. 17, 1970, 3,582,877, by Luc P. Benoit, issued June 1,
      1971, 3,592,977, by James U. Lemke, issued July 13, 1971, 3,601,091, by
      George G. Preckshot, issued Aug. 24, 1971, 3,611,420 and 3,611,421 by Luc
      P. Benoit, issued Oct. 5, 1971, 3,693,183, by James U. Lemke, issued Sept.
      19, 1972, 3,707,001, by Norman Notley, issued Dec. 19, 1972, 3,717,459, by
      Richard J. McClure, issued Feb. 20, 1973, 3,717,460, by Duck et al, issued
      Feb. 20, 1973, and 3,781,903, by Jeffers et al, issued Dec. 25, 1973.
      Reference may also be had to British Patent Specification 1,275,663 by
      Bell & Howell Company.
PAR  In accordance with these and other relevant prior-art teachings, the
      magnetic image recording medium 15 is susceptible to an image-wise change
      of magnetization in response to thermal image patterns which are provided
      by image-wise exposures to the image 12 of the thermal image pattern
      generating device or thermal transducer 16.
PAR  By way of example, the recording medium 15 may include a low-Curie point
      magnetic recording medium located in the layer 14 and disposed on a
      suitable heat-resistant substrate as disclosed in several of the above
      mentioned patents.
PAR  The thermal transducer 16 may advantageously be of a photoconductor type
      wherein applied electric energy is controlled by photoconductor means
      exposed to the image to be recorded to provide a thermal pattern
      corresponding to the exposed image. Techniques for providing a
      particularly advantageous and effective optical image-to-thermal image
      transducer are disclosed in the above mentioned McClure and Duck et al
      U.S. Pat. Nos. 3,717,459 and 3,717,460.
PAR  The apparatus shown in FIGS. 1 and 2 has a table or platform 21 for
      supporting the magnetic recording medium 15 in any suitable manner.
PAR  A track or rail 23 is supported above the table 21 in parallel thereto. A
      carriage 24 rides along the rail 23 with the aid of four wheels 25
      attached to the carriage proper.
PAR  A support 26 is connected to the carriage 24 by a set of mounting pins 27.
      The mounting pins 27 extend through elongate slots 28 in the support 26
      and retain the support relative to the carriage by means of enlarged head
      portions. The configuration of the mounting pins 27 is thus similar to
      that of nails, and the elongate slots 28 permit limited up and down
      movement of the support 26 relative to the carriage 24.
PAR  The apparatus 10 includes equipment 31 for magnetizing the recording medium
      14. Magnetizing equipment of this type is known as such, as are various
      appropriate magnetization techniques, most of which are disclosed in the
      above mentioned patents. By way of recapitulation, the recording medium is
      typically premagnetized and thereupon selectively demagnetized if image
      recording by selective demagnetization (e.g. by above-Curie point heating)
      is desired. On the other hand, the technique of thermoremanent
      magnetization requires that the magnetic recording medium be exposed to a
      magnetic field while selectively heated portions thereof cool back through
      a transition temperature (e.g. the Curie point). Refinements of these
      techniques are in many of the above mentioned patents.
PAR  In the illustrated preferred embodiment, the magnetization equipment 31 has
      a magnetic recording head 32 which extends along the width of the magnetic
      recording medium 15 and which is moved relatively to the magnetic
      recording medium in the direction of the arrow 33 by conventional means
      (not shown). The magnetic recording head 32 is typically energized from a
      source of alternating current 35 to provide in and at the magnetic
      recording layer 14 a grid pattern of magnetic gradients for improved image
      and printout quality.
PAR  If desired, the advanced techniques disclosed in the above mentioned
      Jeffers et al U.S. Pat. No. 3,781,903 may advantageously be employed in
      this connection. Also, magnetizing equipment of the type shown at 31 may
      be omitted from the apparatus 10, if previously premagnetized recording
      media are employed therein.
PAR  A lamp 37 is attached to the carriage 24 for illuminating the image 12 to
      be recorded and for providing in this manner a luminous image which is
      projected by a lens system 38 onto the thermal transducer 16. A relatively
      stationary arm 39 mounts the lens system 38 as seen in FIG. 2. The
      transducer 16 is mounted on a lower extremity of the support 26. In this
      connection it should be noted that the assembly including rail 23,
      carriage 24 and support 26 may be duplicated at the left-hand side as seen
      in FIG. 2, whereby the thermal transducer 16 can be mounted on both ends
      thereof. A showing of such duplication of parts has been avoided in the
      drawings to preserve a clear illustration.
PAR  A curved leaf spring 41 acts on a bracket 42 of the support 26 in order to
      bias the support 26 upwardly as seen in FIGS. 1 and 2, whereby to maintain
      the thermal transducer 16 normally spaced from the recording medium 15.
      This enables the carriage 24 to transport the thermal transducer 16 from
      place to place prior to, in the intervals between, and after the
      exposures. The carriage 24 itself is advanced by a wire drive 44 including
      a wire 45 having opposite ends attached to the carriage 24.
PAR  The wire extends over pulleys 46 rotatably mounted on the rail 23 and
      pulleys 47 rotatably mounted on the table 21, for instance. The wire 45 is
      wrapped around a capstan or drive pulley 48 attached to the output shaft
      49 of an electric motor 51. The motor 51 is mounted on the platform 21 as
      shown in FIG. 1 and drives the carriage 24 along the rail 23 by action of
      the drive pulley 48 on the wire 45.
PAR  The motor 51 is energized from an electric power source 53 via a power
      switch 54 selectively actuated by a solenoid 55. To initiate energization
      of the motor 51, a push button 57 is temporarily closed. This energizes
      the solenoid 55 from one terminal 58 of an electric current source (not
      shown). The energization circuit proceeds from the terminal 58 through the
      then closed push button switch 57, the winding of solenoid 55, and a
      double-throw switch 59, to the opposite terminal 61 of the energizing
      electric current source. The double-throw switch 59 is biased to the
      position shown in FIG. 1, whereby the solenoid is energized upon temporary
      closure of the push button switch 57. In actuating the power switch 54,
      the solenoid 55 also closes a switch 63 which forms part of a self-holding
      circuit 64 circumventing the push button switch 57. Accordingly, the
      solenoid 55 remains energized in response to a temporary closure of the
      push button switch 57 as long as the switch 59 remains in the position
      illustrated in FIG. 1.
PAR  The motor 51 being energized upon closure of the power switch 54 by the
      solenoid 55, the drive pulley 48 will rotate to advance the carriage 24
      and thus the thermal transducer 16 along the rail 23 relatively to the
      recording medium 15 by action on the wire or cable drive 44. Initially,
      this energization of the motor 51 will be utilized to drive the thermal
      transducer 16 from a rest position, such as a position beyond or at the
      right-hand margin of the recording medium 15 as seen in FIG. 1, to the
      first exposure position of the thermal transducer 16 relative to the
      recording layer 14. During the exposure process, energization of the motor
      51 is employed to move the thermal transducer 16 from exposure position to
      exposure position in the repeated image-wise exposures according to the
      subject invention.
PAR  If desired, the self-holding switch 63 could be omitted, and the switch 59
      could be replaced by a jumper wire (not shown) whereby the solenoid 55
      would immediately be connected to the negative terminal 61. The manual
      switch 57 could then be closed for sufficient periods of time to effect
      the step-wise movement of the thermal transducer 16 in the intervals
      between the repeated image-wise exposures. In other words, the switch 59
      may, if desired, be employed to effect an entirely manual control of the
      repeated exposure process.
PAR  In case an at least semi-automatic operation is desired, FIG. 1 discloses
      electronic circuitry, presently to be described for controlling the
      multi-exposure process in accordance with a preferred embodiment of the
      subject invention.
PAR  More specifically, a mark 71 is located on the drive pulley 48 to enable a
      pickup 72 to provide a counter 73 with an input signal indicative of the
      number of revolutions executed by the drive pulley 48. In accordance with
      conventional practice, the mark 71 may, for instance, be either magnetic
      or optically discernible, and the pickup 72 may be a magnetic or optical
      pickup. The counter may be of a conventional electronic type which, in
      accordance with standard practice, provides the switch 59 with an
      actuating signal in response to the execution of a predetermined number of
      revolutions by the drive pulley 48. The counter 73 is provided with a
      sufficient number of counting stages so that the switch 59 will be
      actuated when the pulley 48 has executed the number of revolutions which
      are necessary to move the thermal transducer 16 relative to the recording
      medium 15 by an amount requisite to the purposes of the subject invention
      as more fully described below.
PAR  The switch 59 may include a solenoid, not shown, similar to the solenoid 55
      for actuating the switch from the solidly illustrated rest position to the
      active position indicated by a dotted line when the counter signal
      indicates that the thermal transducer 16 has been moved by the requisite
      amount in an interval between exposures.
PAR  Movement of the switch 59 to the active position causes a timer 75, which
      may be of a conventional type, to connect a line 76, for a time
      predetermined by the setting of the timer, and via the activated switch
      59, to the terminal 61 of the energizing electric current source.
PAR  Energization of the line 76, in turn, causes activation of an electric
      power energizer 78. That power energizer may also be of a conventional
      type, including a solenoid (not shown) similar to the solenoid 55, and a
      power switch (not shown) similar to the power switch 54, for energizing a
      solenoid 81 shown in FIG. 2 and the thermal transducer 16 shown in FIGS. 1
      and 2. In practice, the power switch in the energizer 78 just mentioned,
      may be connected to the electric power source 53 shown in FIG. 1 and, when
      actuated, may thus apply electric power to a line 82 leading to the
      solenoid 81, and to a line 83 leading to the thermal transducer 16.
PAR  Energization of the solenoid 81 via the line 82 results in attraction of
      the support bracket 42 against the bias of the spring 41. To this effect,
      the bracket 42 may be in the form of a magnetic armature. Of course, many
      prior-art designs are readily available to the skilled designer for
      effecting downward movement of the support 26 in response to energization
      of the line 82.
PAR  Downward movement of the support 26 brings the thermal transducer 16 into
      intimate heat-transfer relationship with the recording layer 14 of the
      magnetic recording medium 15 for and during each individual exposure.
PAR  Similarly, energization of the line 83 by the energizer 78 provides for the
      electric energization of the thermal transducer 16 for and during each
      exposure of the thermal transducer to at least part of the image 16 via
      the lens system 38. In this manner, the requisite thermal image pattern
      will be impressed upon the magnetic recording layer 14 for a magnetic
      recording of input image elements.
PAR  Upon completion of an individual exposure and image recording step, as
      determined by the timer setting, the timer 75 will automatically
      deenergize the line 76 and thus the energizer 78. This, in turn, will
      result in a deenergization of the solenoid 81 and of the thermal
      transducer 16. The spring 41 will, accordingly, return the support 26 to
      the position illustrated in FIGS. 1 and 2 whereby the thermal transducer
      16 will again be spaced from the recording medium 15. In principle, the
      lamp 37 for illuminating the master image 12 may be continuously energized
      during the exposure process. On the other hand, a switch (not shown) may
      be provided for energizing the lamp only during the individual exposures.
      Such switch may either be incorporated into the energizer 78 or may be
      actuated in response to movement of the bracket 42 relative to the
      carriage 24.
PAR  Reverting now to the switch 59, it will be noted that such switch
      immediately interrupts the energization of the solenoid 55 when actuated
      from the solidly illustrated position to the active position shown by a
      dotted line. It will be recalled that this occurs when the drive pulley 48
      has executed the requisite number of revolutions for an advancement of the
      thermal transducer to an exposure position. Deenergization of the solenoid
      55 at that instance causes opening of the power switch 54 and thus
      deenergization of the motor 51, so that the thermal transducer 16 will
      remain stationary during each individual exposure step.
PAR  Upon completion of each exposure step, the switching device 59 and counter
      73 are reset via a reset line 86 so as to clear these devices for the next
      transducer advancing operation. In FIG. 1, a delay device 87 is connected
      to the line 76 for an activation of the reset line 86 at the appropriate
      instant. The delay device may be of a conventional electronic design which
      provides a reset signal at the same time as the timer 75 deenergizes the
      line 76. Another well-known device that may be employed at 87 is a logic
      NOT element which provides a reset signal at 86 upon cessation of the
      energizing signal at 76. Moreover, if the switching device 59 and the
      counter 73 are of a type that are reset upon cessation of a signal, the
      reset line 86 may be connected directly to the previously mentioned line
      76. Finally, since the operation of the devices 75 and 87 are typically
      complementary, the timer 75 itself may perform the resetting function for
      the devices 59 and 73 in any conventional manner.
PAR  In principle, the initiation of the transducer stepping process may be
      effected automatically. On the other hand, FIG. 1 shows a manual version
      for actuating the transducer transport after each exposure step. To this
      effect, the push button switch 57 is temporarily depressed, whereby the
      solenoid 55 and the motor 51 will be energized and temporarily maintained
      energized by operation of the self-holding switch 63. The drive pulley 48
      will thereupon rotate and its rotations will be counted as described above
      until the transducer has been advanced to the next exposure position. The
      solenoid 81 and the thermal transducer 16 are thereupon again energized as
      described above so that the thermal transducer 16 is rendered effective at
      the next exposure position as indicated in dotted lines at 91 in FIG. 1.
PAR  In this manner, the thermal transducer 16 is moved along the magnetic
      recording medium 15 in overlapping steps relative to such recording
      medium. Individual image-wise exposures as described above are typically
      effected between each adjacent pair of steps.
PAR  In accordance with the principles of the subject invention, the lengths of
      the individual transducer transporting steps are such that each of the
      repeated image-wise exposure includes an exposure to a part of the image
      12 to which the thermal device has also been exposed during another of the
      repeated exposures.
PAR  In practical terms, this may be implemented by advancing the thermal
      transducer 16 during each transducer transport step by an amount of
      movement smaller than the width of the transducer as seen in the direction
      of movement. If the transducer has more than one set of interdigitated
      electrodes, then the amount of movement during each step is preferably
      less than the width of any such electrode set.
PAR  In this manner, the thermal transducer 16 is exposed at least twice to each
      elemental area of the master image 12. In accordance with this aspect of
      the invention, these two or more exposures take place at different spatial
      locations on the thermal transducer 16 as to each multiply exposed image
      element. To provide for a faithful magnetic reporting of these multiply
      exposed image elements, the drive 45 moving the transducer 16 in effect
      brings the spatial locations of exposure as to each elemental area into
      coincidence relative to the recording medium. The master image 12 is thus
      recorded in a "step and exposure repeat" fashion.
PAR  In principle, the light source 37 or another lamp could be moved
      continuously whereby only the transducer 16 would be stepped. Moreover, if
      the light source 37 were of a pulsed type, and if the light pulses emitted
      thereby would be short relative to the time elapsed for the movement of
      the transducer 16 by an elemental amount comparable to the transducer
      resolution, then even the thermal transducer 16 could be moved in a
      continuous manner. The lens system 38 is typically of an inverting type
      and stationary. If a non-inverting lens system is used, it may be attached
      to the support 26 and moved with the transducer 16.
PAR  The recording medium 15 with the magnetically recorded image has utility of
      its own in that the magnetic image may be stored, sold or otherwise
      distributed, magnetically read or rendered visible in any known manner.
      Moreover, the magnetic image on the recording medium 15 may be
      magnetically duplicated on another recording medium by one of the
      well-known techniques including anhysteretic magnetization transfer or
      thermoremanent magnetic copying. Alternatively, the magnetic image may be
      magnetically printed out, such as by one of the printout techniques
      disclosed in many of the above mentioned patents.
PAR  An electrode structure in accordance with a preferred embodiment of the
      subject invention, and suitable for use in the apparatus 10, is shown in
      FIG. 3.
PAR  According to FIG. 3, two sets 100 and 101 of interdigitated electrodes 102
      and 103, and 104 and 105 are employed in the thermal transducer 16. For
      best results, the electrodes 102 to 105 are oriented at an angle relative
      to the direction of movement 106 of the thermal transducer 16 between
      individual exposures. In this manner, the repeated exposures according to
      the subject invention will best minimize the effects of electrode
      imperfections in the recorded magnetic image. For maximized results, the
      interdigitated electrodes among the sets 100 and 101 are arranged in a
      chevron pattern whereby undesired raster or moire effects are
      automatically compensated in successive exposure steps.
PAR  A switch 107, which may be included in the energizer 78 of FIG. 1 applies
      electric power from a source 108 via bus bars 110 and 111 to the
      electrodes 102 and 104. A bus bar 112 returns the electrode currents to
      the source 108 via ground.
PAR  The interdigitated electrodes may be provided on a suitable transparent
      support as disclosed in the above mentioned McClure and Duck et al U.S.
      Pat. Nos. 3,717,459 and 3,717,460. In addition, a photoconductive material
      115 of the type disclosed in the latter or in other ones of the above
      mentioned patents may be disposed in electric contact with the electrodes
      102 to 105, such as in the form of a photoconductor layer, for controlling
      the electric energy supplied to and flowing between the interdigitated
      electrodes in response to the above mentioned image-wise exposures. In
      this manner, the thermal transducer provides the requisite thermal
      patterns that correspond to the exposed input image.
PAR  It is a feature of the subject invention that the length of the individual
      transducer transporting steps need not be minutely accurate. Accordingly,
      it is possible to delete much of the electronic circuitry shown in FIG. 1,
      and to control the stepping function of the thermal transducer 16 merely
      by a timer without a counting of the drive pulley revolutions being then
      necessary.
PAR  In addition to the advantages already specifically pointed out, the subject
      invention permits the use of a transducer 16 that is considerably smaller
      in area than the recording layer 14 of the medium 15. In this manner, the
      instantaneous power requirements on the energizing electric source are
      considerably reduced in comparison to prior-art versions wherein the
      thermal transducer was comparable in size to the magnetic recording
      medium. The resulting reduced electric currents are more easily handled by
      the thermal transducer 16 and particularly by its bus bars 110, 111 and
      112 and electrode sets 100 and 101.
PAR  On the other hand, where the size of the thermal transducer poses no
      particular problems, the transducer 16 may be dimensioned to be
      essentially of the same size as the recording layer 14 of the medium 15.
      In that case, the entire recording layer 14 would be exposed to a thermal
      image which, as generated by the larger-size transducer, would represent
      the whole input image 12. In accordance with the principles of the subject
      invention, the large-size transducer would repeatedly be exposed to the
      same input image 12 and would be somewhat moved in position between the,
      or each, adjacent pair of exposures. In this manner, effects of
      imperfections in the thermal transducer would be compensated or
      obliterated, since -- due to the transducer movements of the subject
      invention -- no imperfection would be located twice at the same spot
      relative to the recording medium.
PAR  The subject extensive disclosure will suggest or render apparent various
      modifications and variations within the spirit and scope of the subject
      invention to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of recording an image of a given dimension on a magnetic medium
      susceptible to a local change in magnetization in response to being heated
      to a predetermined temperature, said method including the steps of:
PA1  placing an actuatable thermal image pattern generating device in heat
      transmitting proximity to at least a portion of said magnetic medium;
PA1  actuating said generating device to record on said magnetic medium a local
      change in magnetization according to a predetermined image pattern;
PA1  moving said generating device relative to said magnetic medium to a second
      position in heat transmitting proximity to said magnetic medium;
PA1  reactuating said generating device; and
PA1  repeating said moving and reactuating steps until each elemental area of
      said magnetic medium within said given dimension of the image to be
      recorded thereon has been exposed to the heat from at least two different
      elemental areas of said generating device.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said generating device has a
      given dimension along its direction of movement and wherein each moving
      step is no greater than onehalf the length of said given dimension of said
      generating device.
NUM  3.
PAR  3. A method of recording an image of a given dimension on a magnetic medium
      susceptible to a local change in magnetization in response to being heated
      to a predetermined temperature, said method including the steps of:
PA1  optically projecting said image onto said medium;
PA1  placing a light-to-heat transducer in at least a portion of said projected
      image and in heat transmitting proximity to a corresponding portion of
      said medium; and
PA1  moving said transducer relative to said projected image and said medium to
      at least a second position in heat transmitting proximity to said medium
      until every portion of said projected image has impinged upon at least two
      different elemental areas of said transducer.
NUM  4.
PAR  4. Apparatus for magnetically recording an image of a given area on a
      magnetic medium susceptible to a local change in magnetization in response
      to being heated to a predetermined temperature, said apparatus comprising:
PA1  a thermal image pattern generating device having a predetermined surface
      area; and
PA1  a mount for said device, said mount being movable between at least two
      distinct positions whereat said device is in heat transmitting proximity
      to at least a portion of said magnetic medium, the number of such
      positions being such that each elemental area of said magnetic medium
      within said image area is exposed to the heat from at least two distinct
      elemental areas of the surface area of said device.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said generating device includes:
PA1  a set of interdigitated electrodes; and
PA1  means for applying electrical energy to said electrodes.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein said generating device includes
      photoconductor means for generating said thermal image pattern in response
      to being exposed to an optical image of such pattern.
NUM  7.
PAR  7. Apparatus as defined in claim 4 wherein said generating device includes:
PA1  photoconducor means for generating said thermal image pattern in response
      to being exposed to an optical image of such pattern; and
PA1  interdigitated electrode means for supplying said photoconductor means with
      an electrical energy.
NUM  8.
PAR  8. Apparatus for recording an image of a given dimension on a magnetic
      medium susceptible to a local change in magnetization in response to being
      heated to a predetermined temperature, said apparatus includes:
PA1  means for optically projecting said image onto said medium;
PA1  a light-to-heat transducer having a predetermined surface area; and
PA1  a mount for said transducer, said mount being movable between at least two
      distinct positions whereat said transducer is in heat transmitting
      proximity to at least a portion of said projected image, the number of
      such positions being such that every portion of said projected image has
      impinged upon at least two different elemental areas of said transducer.
NUM  9.
PAR  9. Apparatus as defined in claim 8 wherein said transducer includes:
PA1  a set of interdigitated electrodes; and
PA1  means for applying electrical energy to said electrodes.
NUM  10.
PAR  10. Apparatus as defined in claim 8 wherein said transducer includes:
PA1  a set of interdigitated electrodes arranged in a chevron pattern; and
PA1  means for applying electrical energy to said electrodes.
NUM  11.
PAR  11. Apparatus for magnetically recording an image of a given area on a
      magnetic medium susceptible to a local change in magnetization in response
      to being heated to a predetermined temperature, said apparatus comprising:
PA1  a thermal image pattern generating device having (1) a predetermined
      surface area, (2) a set of interdigitated electrodes arranged in a chevron
      pattern and (3) means for applying electrical energy to said electrodes;
      and
PA1  a mount for said device, said mount being movable between at least two
      distinct positions whereat said device is in heat transmitting proximity
      to at least a portion of said magnetic medium, the number of such
      positions being such that each elemental area of said magnetic medium
      within said image area is exposed to the heat from at least two distinct
      elemental areas of the surface area of said device.
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ABST
PAL  To make an identification card, an individual is placed in front of a
      retroreflective screen, and faces a camera which has a semi-transparent
      mirror disposed at an angle of 45.degree. in front of its principal
      objective lens. A card, bearing data identifying the individual, is placed
      in the camera in registry with a second objective lens whose axis is
      disposed at right angles to the axis of the principal lens and at
      45.degree. to the mirror. When the shutter between the principal lens and
      the photosensitive material in the camera is tripped, flash mechanisms
      cause the image of the card to be transmitted by the mirror to the screen
      and back through the principal lens onto a frame of the photosensitive
      material, where it forms a homogeneous background, and simultaneously
      cause the image of the individual to be photographed through the principal
      lens onto the same frame of photosensitive material.
BSUM
PAR  This invention relates to cameras and particularly to cameras for producing
      identification cards, and more specifically identification cards with the
      picture of an individual formed on a homogeneous background comprising the
      image of a card having thereon his or her identifying data.
PAR  Heretofore many identification cards have been produced by gluing or
      photographing an individual's picture onto a blank identification card,
      and thereafter typing the data identifying that individual. Usually the
      card is signed by the individual; and in some instances encased in
      plastic. It has been found, however, that such cards, even those encased
      in plastic, can be altered; and therefore more and more there have come
      into use cameras for producing identification cards which will
      simultaneously take a picture of the individual, for whom the card is
      being prepared, and of data identifying that individual.
PAR  A primary object of the present invention is to provide a relatively
      compact camera, which is simplified in construction as compared with prior
      cameras for making identification cards of the latter type.
PAR  Another object of the invention is to provide a camera of the character
      described which can be operated rapidly so as to permit use thereof in
      making individual I. D. cards successively for large groups of people.
PAR  Still another object of the invention is to provide a camera of the
      character described which, once tripped for taking a picture, will
      complete its cycle of operation automatically through suitable electrical
      circuits and controls built into the camera.
PAR  A further object of the invention is to provide a camera of the type
      described which will simultaneously photograph a person and his or her
      data card in such manner that the image of the data card forms a
      homogeneous background for the image of the person.
PAR  Other objects of the invention will be apparent hereinafter from the
      specification and from the recital of the appended claims, particularly
      when read in conjunction with the accompanying drawings:
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of a camera built according to one embodiment of
      this invention;
PAR  FIG. 2 is a front view of this camera;
PAR  FIG. 3 is a more or less diagrammatic view illustrating how the camera is
      used in making an identification card for an individual;
PAR  FIG. 4 is a view showing fragmentarily a strip of film on which a
      photograph of an individual and of data identifying that individual have
      been taken by this camera;
PAR  FIG. 5 is a detail view, on an enlarged scale, illustrating part of the
      drives to the film take-up spool and the film metering sprocket;
PAR  FIG. 6 is a detail side elevation illustrating the shutter-operated
      mechanism and the film advance and flash switches;
PAR  FIG. 7 is a front elevation of the parts shown in FIG. 6; and
PAR  FIG. 8 is an electrical diagram illustrating one way in which the camera
      may be wired to effect its operation.
DETD
PAR  Referring now to the drawings by numerals of reference, 10 denotes
      generally the casing of the camera having a photographic objective lens
      mount 12 secured in the back wall 14 of a chamber 85 of the camera so as
      to register with a semitransparent mirror 16, and with an opening 18 in
      the front of the camera. The lens also registers with an exposure aperture
      in the plate 20 of the camera. The mirror 16 is inclined at an angle of
      45.degree. to the axis 22 of the objective 12.
PAR  Rotatably mounted on a bracket 26 which is secured to the rear of the
      camera is a supply spool 28 for film. The take-up spool is denoted at 30,
      and is mounted on a bracket 32, which is also secured to the rear of the
      camera. The film is adapted to be fed from the supply spool 28 over an
      idler roll 34, a guide roll 36, beneath the pressure plate 38 across the
      exposure aperture of the camera, and around the metering sprockets 40 and
      idler roll 42 to the take-up spool 30. The pressure plate 38 is resilient
      and may be of conventional construction. It is secured in the camera to
      hold a frame of film in the exposure plane of the camera.
PAR  The take-up spool is driven from the motor 31 (FIGS. 2 and 5), which is
      mounted at one side of the camera casing, through a conventional gear
      reduction (not shown) in gear box 33, a shaft 35, a pulley 37 fastened to
      drive shaft 35, a spring belt 39, and a pulley (not shown) secured to the
      shaft of take-up spool 30.
PAR  Shaft 35 also drives metering sprockets 40 (FIG. 5) through gears 47 and
      49, the latter of which is secured to shaft 51 to which the sprockets 45
      are keyed or otherwise secured. There are two coaxial sprockets 40 which
      engage in the notches or perforations adjacent the two lateral edges of
      the film.
PAR  Mounted in the lower wall 44 of the lens chamber 85 is a data card
      objective lens 46 (FIG. 1). This faces the data card illumination box 48.
PAR  When an individual is to be photographed, the data card 50 (FIGS. 1 and 2)
      identifying that individual is inserted face up in the data card door 52
      which is hinged at 53 to the bottom of the camera in registry with the
      data card aperture 54 in the bottom of the illumination box 48.
PAR  The door 52 is held closed by a coil spring 56 (FIG. 2), one end of which
      is hooked over a pin 58 that is secured in an ear 60 integral with the
      door at one side thereof, and the other end of which is hooked over the
      top of the illumination box 48. A down turned tab 62 integral with the
      door makes it possible readily to open the door manually to insert a data
      card between guides formed at opposite sides of the door, or to remove a
      data card therefrom.
PAR  Mounted on a bracket 64, which is secured to the bottom of the chamber 85,
      is an electronic flash tube 66, which is so disposed as to shine down into
      the illumination box 48.
PAR  The illumination box 48 is made of a highly reflective material, or lined
      with such a material, so that when the flash 66 is actuated it will evenly
      illuminate the data card in the door 52.
PAR  The camera is adapted to be used in conjunction with a retro-reflecting
      screen 70 (FIG. 3), in front of which the person, whose I. D. card is to
      be made, stands. The camera is supported on a stand or post 72. An
      electronic flash unit 74 is mounted in the room, where the I. D. card is
      being made, so as to illuminate the subject P, but be out of the way of
      the camera lens 12. The relative positions of the camera, the subject P,
      the subject flash unit 74, and the retro-reflecting screen 70 are shown in
      FIG. 3.
PAR  A shutter 78 (FIGS. 2, 6 and 7), that is pivotally mounted on shaft 79 in
      chamber 85 ordinarily covers the opening 88 of lens 12. This shutter is
      adapted to be operated by a solenoid 71 through an armature or plunger 73,
      and a link 75 which is pivotally connected at one end to plunger 73 and is
      pivotally connected at its opposite end to a lever 77 that is secured to
      the same shaft 79 as shutter 78. A spring 90, which is secured at one end
      to lever 77 and at its opposite end to the bracket 91, that carries the
      solenoid 71, constantly urges the shutter 78 to closed position. Lever 77
      has a ledge 81 on it that trips the switch 86, which controls the flash
      lamps 66 (FIG. 1) and 74 (FIG. 3), so that when the shutter is opened, the
      person, whose identification card is being made, and the data card
      relating to that person, are simultaneously illuminated.
PAR  When the switch for operating the camera is depressed, the shutter solenoid
      71 pulls the shutter blade 78 from in front of the camera lens 12; and
      when the shutter is fully open, it trips the switches that fire the data
      card electronic flash unit 66 and the person illuminator 74. The unit 66
      illuminates the data card 50 to project the image of the strongly
      illuminated data card to the beam splitter, or semi-transparent mirror 16.
PAR  This mirror passes fifty percent of the image on the optical path 80 (FIG.
      1) to the light absorbing plush 82 which is secured on the inside of the
      upper wall of the lens chamber 85, where it is lost. The remaining fifty
      percent of the image is reflected out of the camera by the beam splitter
      along the optical path 84 to the retro-reflecting screen 70 (FIG. 3). This
      screen is an optical component consisting of a multitude of minute
      spherical glass elements set in a matrix. These spherical balls reflect
      light incident upon them back along the exact path by which the light
      entered.
PAR  The data card projection lens 46 is focused to project a sharp image of the
      data card on the retro-reflecting screen 70 from which the image is
      reflected back along the optical path 84 to the camera. When the image
      returns to the beam splitter 16 fifty percent is reflected through the
      projection lens 46 back to the card 54 and lost. The remaining fifty
      percent passes through the beam splitter to the camera lens 12 which is
      focused to place a sharp image of the screen 70 onto the film F. Thus,
      both the image of the data card and of the person standing in front of the
      screen 70 are photographed simultaneously on the film F.
PAR  One way in which the camera may be wired to effect its operation is shown
      in FIG. 8.
PAR  Power is supplied to the camera from any suitable source of alternating
      current through lines L.sub.1 and L.sub.2. When the double blade switch
      100 is closed, a rectifier 106 is energized from lines 104 and 126 to
      produce positive and negative DC potentials on lines 108 and 126,
      respectively. Nothing further happens, however, until the operating switch
      102 is closed.
PAR  When the switch 102 is closed to take a picture, DC current flows from line
      108, switch 102, line 110, arm 112 of relay 114, line 116, arm 118 of
      relay 120, line 122, resistance 124, shutter solenoid 71, and line 126 to
      the ground or negative side of rectifier 106. The thus - energized
      solenoid 71 opens the shutter 78 and causes the lever 77 (FIGS. 6 and 7)
      to close the switches 86 and 87. Switch 86 completes a triggering circuit
      which actuates the flash units 66 (FIG. 1) and 74 (FIG. 3) to expose the
      film and take pictures thereon of the person and his identifying data. The
      latent image I on the film F at this point is shown in FIG. 4.
PAR  The power for the flash circuit is from lines L.sub.1 and 104 through line
      130, line 144, the flash units 66 and 74, lines 136 and 138 to line
      L.sub.2.
PAR  Upon the closing of switch 87 relay 134 is energized from line 104, 130,
      144, 201, switch 87, line 142, relay 134, and lines 140, 168 and 138 to
      L.sub.2. When the relay 134 is energized its relay arms 150 and 152 are
      closed, as well as the arm 132. Closing of arm 152 actuates a conventional
      counter 154 to register that one picture has been taken. The circuit to
      the counter is from line 104 to line 138 through relay arm 152.
PAR  Closing arm 132 energizes relay 120 from 104, 130, 132, 202, 120, 203, and
      168 to 138. This opens arm 118, which removes power from the shutter
      solenoid 71 so that shutter 78 is closed by spring 90, and the switches 86
      and 87 return to their original positions (FIG. 8).
PAR  Also at this time motor 31 is energized from 104, 130, 144, 201, 87, 204,
      119, 176, and through motor 31 and line 168 to 138 to advance the film F
      to bring a new frame of this film into registry with the exposure aperture
      20 of the camera. The motor is stopped in a conventional manner by a stop
      pin (not shown) mounted on a disk (not shown) which is driven by the
      motor, and which makes one half a revolution each time the motor is
      energized. When the motor starts rotating the pin closes switch arm 53.
      Relay 114 is then energized and opens arm 112, which prevents a second
      operation of the camera until the preceding cycle is complete, and moves
      arm 170 from line 205 to line 174. This releases the holding circuit for
      relay 134, thereby deenergizing relay 134, which in turn deenergizes relay
      120, and keeps power to the motor 31 through switch 170.
PAR  When the motor pin (not illustrated) turns one half revolution, it opens
      switch arm 53, thus deenergizing relay 114 and, in turn, the motor 31.
      This completes the cycle and prepares the solenoid circuit for the next
      cycle. For film advance only, the operator of the camera closes the switch
      160 manually. This energizes relay 114, which thus energizes the motor 31
      with subsequent operations the same as for the automatic mode.
PAR  To accurately position the individual being photographed in relation to the
      information on the data card, an aiming light 182 may be pivoted on the
      camera. Since this aiming light will operate at a much smaller voltage
      than used in the rest of the camera, a transformer 184 is provided between
      line 140 and the aiming light. The aiming light is connected with the
      secondary of this transformer by line 186 and 188 and manually-operable
      switch 190. When the photographer wants to test his subject, he simply
      closes normally-open switch 190.
PAR  While the invention has been described in connection with one embodiment
      thereof, it will be understood that it is capable of further modification
      and this application is intended to cover any modifications of the
      invention that come within the scope of the invention or the limits of the
      appended claims.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A camera for exposing photosensitive material for identification cards
      and the like containing a photograph of an individual and data relating to
      that individual, comprising
PA1  a casing having an aperture in its front wall, and a data card opening in
      another of its walls,
PA1  means for holding photosensitive material in said casing, and in registry
      with said aperture,
PA1  a first lens mounted in said casing in front of said holding means with its
      optical axis aligned with the center of said aperture,
PA1  a shutter movably mounted in front of said lens for movement between closed
      and open positions so that when said shutter is open, light from outside
      said casing may pass through said aperture and onto the photosensitive
      material,
PA1  an opaque cover mounted on said casing for movement into and out of a
      closed position over said data card opening,
PA1  means on said cover for removably holding over said opening in said casing,
      when said cover is closed, a data card containing data relating to an
      individual,
PA1  means for illuminating said data card,
PA1  a second lens disposed with its optical axis in the same plane as the
      optical axis of the first lens and optically aligned with said data card
      opening and with a data card held therein by said cover, and
PA1  a beam splitter disposed in said casing in operative relation to both said
      lenses and located in alignment with said aperture, and in front of said
      shutter, to reflect part only of the light from the illuminated data card
      out of said casing along the optical axis of said first lens, and
      operative to transmit through said first lens and onto said photosensitive
      material, when said shutter is open, only part of the light entering said
      casing through said aperture.
NUM  2.
PAR  2. A camera as claimed in claim 1, wherein
PA1  said lenses have their axes at right angles to one another, and
PA1  said beam splitter is a semi-transparent mirror and is disposed at an angle
      of 45.degree. to the axes of both lenses.
NUM  3.
PAR  3. A camera as defined in claim 1, wherein
PA1  said cover is hingedly connected along one edge thereof to said casing for
      pivotal movement between its open and closed positions, and
PA1  resilient means is interposed between said casing and said cover
      resiliently to urge said cover to its closed position.
NUM  4.
PAR  4. Apparatus for making identification cards, comprising
PA1  a retro-reflective screen in front of which an individual whose card it to
      be made, is placed,
PA1  a camera having an aperture in its front wall and having a first lens
      disposed in optical registry with said aperture and with photosensitive
      material in the camera,
PA1  means for holding in the camera a card bearing data identifying the
      individual,
PA1  a shutter pivotally mounted between said first lens and said aperture for
      pivotal movement about a first axis between open and closed positions,
PA1  means actuatable for illuminating a card held in said holding means,
PA1  an actuator connected to said shutter and pivotal therewith about said
      first axis to an operative position in which it actuates said card
      illuminating means, when said shutter is in its open-position,
PA1  a second lens in said camera for projecting an image of said card along a
      second axis which intersects the optical axis of said first lens, and
PA1  means for directing the image of the illuminated card from said second lens
      through said aperture and toward said screen for reflection thereby back
      into the camera through said aperture,
PA1  said directing means being operative, when said shutter is open, to admit
      through said first lens and onto said photosensitive material, both the
      reflected image of said card and the image of the individual in front of
      said screen thereby to photograph the card and the individual
      simultaneously.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, comprising
PA1  auxiliary means for illuminating the individual whose card is being made,
PA1  means for simultaneously energizing said card illuminating means and said
      auxiliary illuminating means,
PA1  wherein said screen comprises a multitude of spherical glass elements set
      in a matrix disposed in a plane transverse to the optical axis of said
      first lens, and
PA1  said means for directing the image of said card onto said screen comprises
      a beam splitter disposed in said camera in front of said first lens and
      said shutter and in registry with said second lens to direct part of the
      light from the illuminated card onto said screen to be reflected thereby,
      and to allow a portion of the light reflected fron said screen and from
      said individual to pass back through said first lens onto said material.
NUM  6.
PAR  6. Apparatus for making identification cards as defined in claim 4,
      including
PA1  a shaft mounted for oscillation coaxially about said first axis, said
      shutter and said actuator being fixed to said shaft for pivotal movement
      thereby about said first axis,
PA1  resilient means normally urging said shaft to a first position in which
      said shutter is disposed in its closed position, and said actuator is
      disposed in an inoperative position relative to said card illuminating
      means, and
PA1  a solenoid operatively connected to said shaft, and operative when
      energized, to pivot said shaft to a second position simultaneously to
      swing said shutter to its open position, and to swing said actuator to its
      operative position.
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ABST
PAL  A multi-image camera adapted to produce small photographs, such as those
      placed on personal identification cards, passes or the like. The camera
      takes exposures of up to four separate images either simultaneously or
      sequentially on self developing photo-sensitive paper. The camera is
      provided with a lens plate consisting of an apertured disc rotatable about
      a central axis, and a shutter which, when actuated, permits light to pass
      through one or more of the lens apertures and expose selected portions of
      the photo-sensitive paper. The lens position and shutter actuation are
      controlled by a single rotating lever arm assembly, and drive means.
BSUM
PAR  This invention relates to multi-image cameras, and more particularly, to
      multi-image cameras with a single rotating power source and lever arm
      assembly sequentially operating both the lens and shutter of the camera.
PAR  It has become guite common for individuals to be provided with
      identification cards containing their pictures. Many organizations,
      groups, benefit plans, and employers require members of the group or
      employees to have such identification cards.
PAR  With today's increasing photographic film and development costs, cameras
      have been developed which take a plurality of pictures on one film sheet.
      These cameras use an instant developing film i.e., Polaroid, and up to
      four pictures of either the same subject, or four separate subjects are
      exposed on the same film sheet. These pictures are immediately available
      and provide an easy and quick method of producing pictures for
      identification cards.
PAR  Heretofore, identification photo cameras have been big, bulky and
      expensive. Also, such cameras have required separate motors to control the
      lens position and shutter operation of the camera.
PAR  Accordingly, an object of this invention is to provide a multi-image camera
      which can take several pictures sequentially or simultaneously on a single
      sheet of photo-sensitive paper or film. More particularly, an object of
      the present invention is to provide a camera with only a single motor
      which can sequentially and automatically change lens positions and operate
      a shutter mechanism.
PAR  An additional object is to provide a multi-image camera which is efficient,
      fast and easy to use.
PAR  Yet another object is to provide a multi-image camera with a minimum of
      parts, particularly a four image camera having only a single power source
      and rotating lever arm assembly controlling both the lens position and the
      shutter operation.
PAR  An additional object of the present invention is to provide a multi-image
      camera with a common, sequential lens and shutter actuating mechanism
      whereby the shutter is not actuated until after the lens is properly
      positioned.
PAR  Yet another object of the present invention is to provide a lens and
      shutter operating system for a multiimage camera whereby a flash device is
      automatically actuated by the camera shutter.
PAR  A further object of the present invention is to provide a multi-image
      camera with means to indicate when a single sheet of photo-sensitive film
      has been completely exposed, and to prevent further exposure of the same
      sheet of film.
PAR  An additional object of the present invention is to provide a multi-image
      camera wherein the lens and shutter drive means is automatically
      de-energized following each exposure.
PAR  Yet another object of the present invention is to provide an automatic
      multi-image camera which is easy to handle, quick operating, efficient,
      and utilizes a minimum of parts. Additionally, the camera produces
      pictures that are quickly available, so that when a photographic error
      occurs, the photograph can be quickly re-taken.
PAR  In keeping with an aspect of this invention, this and other objects are
      accomplished by a camera primarily used to produce small photographs that
      are placed on identification cards, passes and the like. To this end, the
      lens and shutter systems of the disclosed embodiment of the camera are
      adapted to print four separate pictures on a single sheet of
      instant-developing film. The lens and shutter consist of apertured discs
      or plates which are rotatable about a central axis and mounted on a
      mouting plate integral with the camera. Switching devices are provided to
      control the automatic operation of the camera. An important feature of the
      novel camera is the single power means and co-axial actuating arms and
      levers which control all mechanical functions of the camera.
DRWD
PAR  The nature of the preferred embodiment may be understood best from a study
      of the attached drawings in which:
PAR  FIG. 1 is a front view of the operating mechanism of the inventive
      multi-image camera;
PAR  FIG. 2 is a partial front view of the inventive multi-image camera of FIG.
      1, with the lens plate removed;
PAR  FIG. 3-6 show the lens and shutter actuating lever arm assembly and
      cooperating parts in various positions during sequential operation of the
      multi-image camera;
PAR  FIG. 7 is a diagram showing the switch and control circuitry of the
      disclosed multi-image camera; and
PAR  FIG. 8 is a partial cross-sectional and exaggerated view of the shutter and
      lens plate taken along line 8--8 in FIG. 1, showing the mounting plate
      aperture, shutter aperture, and lens plate aperture in alignment.
DETD
PAR  Referring now to the drawings FIGS. 1, 2, and 8, there is shown my
      inventive multi-image camera 10 mounted within a metal casing 12. An
      instant developing film adapter, i.e., Polaroid, is fixed to the rear of
      casing 12 with a camera focusing lens 14, protruding from the camera
      front. The embodiment of the disclosed camera 10 is adapted to take four
      pictures on a single sheet of film 15 lodged in the instant developing
      film adapter (FIG. 8) by means of the cooperation between a rotating lens
      plate 16 and a shutter plate 18 coaxially mounted on a mounting plate 20
      about pivot pin 21. Mounting plate 20 is rigidly fixed to casing 12 and
      includes four equally spaced apertures 23 therein (FIG. 8) which, when
      open, permit light to expose a quadrant of film 15.
PAR  Lens plate 16 is disposed in front of the shutter plate 18 and in the
      disclosed embodiment has a single aperture 22 extending therethrough. To
      adopt this embodiment to enable exposure of more than one quadrant of film
      15 at a time, two or more apertures 22 may be included in lens plate 16.
      The quadrant of film 15 to be exposed is selected by positioning lens
      plate 16 such that aperture 22 is in alignment with one of apertures 23 in
      mounting plate 20. Thus, when the shutter permits light to pass through
      lens aperture 22, only the quadrant of film 15 directly behind mounting
      plate aperture 23 is exposed.
PAR  Lens plate 16 includes rollpins 24 disposed equidistant around the
      periphery thereof, which coact with lens plate operating arms 26, 28, 30,
      forming part of lever arm assembly 56, to rotate the lens plate 16 about
      pin 21 as will be explained. The outer edge of the lens plate 16 comprises
      four detents or grooves 32, 34, 36, 38 which cooperate with spring biased
      detent latch 40 to hold lens plate 16 is proper position, whereby lens
      aperture 22 is in alignment adjacent one of mounting plate apertures 23.
PAR  A shutter plate 18 is provided behind lens plate 16, and includes four
      shutter apertures 42, 44, 46, 48 (FIG. 2). Each shutter aperture is
      adapted to selectively open the mounting plate aperture positioned behind
      lens aperture 22. Shutter plate 18 is mounted for rotation about pivot pin
      21 and is adapted to rotate through a short arc between a first position
      (FIG. 4) whereby the apertures in the shutter plate are not over the
      apertures 23 in the mounting plate, to a second position (FIG. 5) whereby
      the shutter openings are directly over the mounting plate openings. It is
      apparent that by moving shutter plate 18 to the second position, light is
      permitted to pass to film 15 through the single mounting plate aperture 23
      located behind lens plate aperture 22.
PAR  Referring to FIG. 2, a shutter movement arm 50 extends radially from a
      lower portion of the shutter plate 18. A shutter movement pin 52 is
      disposed on the end of the shutter movement arm 50, and is adapted to be
      actuated by shutter operating arm 54, as will be explained.
PAR  A primary feature of the present invention is the provision of a single
      power means to sequentially actuate both the lens movement mechanism and
      the shutter operating mechanism. To this end, a lever arm assembly 56 is
      disposed beneath lens plate 16 and shutter plate 18, and is fixed for
      rotation with the end of a shaft 58 which is driven by a motor (not shown)
      at approximately 25 R.P.M. The lens is actuated by lens operating cam
      means comprising three arms 26, 28, 30 extending from the lever arm
      assembly 56, and shutter operating cam means comprising a single arm 54
      also extending from lever arm assembly 56. It is apparent that both the
      lens plate operating arms 26, 28, 30 and the shutter operating arm 54 are
      driven by a single power source or motor in one continuous, rotating
      motion. The relationship between the lens plate operating arm and the
      shutter operating arm is such that lens aperture 22 is positioned adjacent
      a mounting plate aperture 23 prior to actuation of the shutter.
PAR  To operate the inventive multi-image camera, the lens, shutter and lever
      arm assembly parts are initially in the mode illustrated in FIG. 3. The
      operator pushes a switch 61 (FIGS. 3, 7) which starts the motor and
      rotates the lever arm assembly 56 in a clockwise direction. The shutter
      operating arm 54 first engages the shutter movement pin 52 on the shutter
      movement arm 50, and moves the latter to the right, shown in FIG. 4. This
      opens the lens behind the lens plate aperture 22, which has previously
      been positioned in alignment with one mounting plate aperture 23, and
      exposes the first quadrant of the film with the first picture.
PAR  As shaft 58 continues to rotate, shutter arm 50 is moved to its furthest
      position to the right, and trips operating lever 62 of micro-switch 64 to
      actuate flash device 66 (FIG. 5). Further clockwise rotation of lever arm
      assembly 56 allows shutter operating arm 54 to disengage itself from the
      shutter arm 50, allowing the shutter 18 to return to its first position
      under the influence of shutter spring 68 (FIG. 2), thereby terminating the
      exposure. Exposure time is adjusted by varying the tension produced by the
      shutter spring 68.
PAR  At this point, an exposure in the first quadrant of film 15 has been
      completed. As lever arm assembly 56 continues its clockwise rotation, lens
      plate operating arms 26, 28, 30 sequentially engage roll pins 24 on the
      periphery of lens plate 16 (FIG. 6), and force lens plate 16 to rotate in
      a counterclockwise direction until lens aperture 22 is aligned with the
      next adjacent aperture 23 in mounting plate 20. Shutter 18 is disposed in
      its first position (FIG. 1) covering the mounting plate aperture 23, and
      no exposure of film 15 takes place. Lens plate 16 continues to rotate
      about pin 21 until detent lever 40 engages one of detents 32, 34, 36, or
      38 to hold lens plate 16 in proper position such that lens aperture 22
      remains in alignment with a mounting plate aperture 23. A second
      microswitch 70 with operating lever arm 72 is closed when lens plate 16 is
      in its proper position. This is accomplished in the disclosed embodiment
      by locating lever arm 72,180.degree. from detent lever 40, whereby lever
      arm 72 falls into an opposing detent when lens plate 16 is positioned by
      detent lever 40. Thus, microswitch 70 functions as a safety switch to
      prevent an exposure from taking place before the lens aperture 22 is
      aligned with a mounting plate aperture 23.
PAR  As lever arm assembly 56 continues to rotate clockwise, shutter operating
      arm 54 trips lever arm 76 of microswitch 74 (FIG. 3), which intercepts the
      power source to the motor driving lever arm assembly 56. At this point,
      lever arm assembly 56 stops in the position shown in FIG. 3, and the
      device is ready to take the next picture. The motor is reactivated by
      operator-controlled switch 61, which overrides switch 74. The previously
      described cycle repeats, with the exposure taking place in the second
      quadrant, and lens plate 16 subsequently rotating to a position whereby
      lens plate aperture 22 is adjacent a third quadrant of the film 15.
PAR  A fourth microswitch 78 (FIG. 2) is provided and has two parts. One part 80
      is a signal switch operating in response to one complete revolution of
      lens plate 16, which indicates by activating light 95 (FIG. 7) that all
      four pictures on a sheet of film have been exposed. Part two 82 of
      microswitch 78 is a locking switch to lock the motor after all four
      pictures are taken.
PAR  A schematic of the electrical circuitry of the novel multi-image camera at
      rest is illustrated in FIG. 7. As seen in the schematic, electricity from
      a 115 volt source passes an on-off switch 90, a fuse 92 and microswitch 74
      to approach start cycle switch 60. To activate the camera, the start cycle
      switch 60 and operating push button 61 are closed and electricity flows
      past microswitch 70, which is in its normal closed position, to activate
      the single power source or drive motor 94. Motor 94 when initially
      activated causes arm 54 to rotate in a clockwise direction and release
      lever 76 of switch 74, which now is in a normally closed position, and
      therefore there is no need to hold switches 60-61. At this time also the
      locking switch 82 is deactivated to its normally closed position. Motor
      94, upon continued movement, also causes lever arm assembly 56 to revolve
      in a clockwise direction, thus moving the shutter movement arm 50 to close
      microswitch 64, which is normally open, thereby permitting electricity to
      pass to the strobe light 66, causing the strobe light to flash.
PAR  Microswitch 70, which is normally closed, acts as a safety switch; it is
      only when microswitch 70 is in a closed position that a picture can be
      taken. Microswitch 70 is maintained in a closed position when the
      microswitch operating lever arm 72 is in a proper detent, indicating that
      the lens aperture 22 is aligned with a mounting plate aperture 23.
PAR  Microswitches 80 and 82 operate in conjunction with each other. When
      microswitch 82 opens at the end of a four-exposure cycle, switch 80
      closes, activating light 95. This conjunctive operation indicates that the
      cycle is complete (4 pictures taken on a single film), and that the camera
      is locked against further operation until the film with the four pictures
      taken is pulled out of the camera.
PAR  While the principles of the invention have been described above in
      connection with the specific apparatus and embodiments, it is to be
      understood that this description is made only by way of example and not as
      a limitation of the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A photographic camera for simultaneously or sequentially exposing a
      plurality of areas on a single sheet of photo-sensitive film;
PA1  said camera comprising a movable lens plate and a movable shutter plate
      mounted on one side of a mounting plate;
PA1  said mounting plate having a plurality of apertures extending therethrough;
PA1  said camera including means for holding said photosensitive film on the
      opposite side of said mounting plate;
PA1  said lens plate having at least one lens aperture therein, whereby said
      lens plate is movable to sequentially position each said lens aperture
      adjacent one of said mounting plate apertures;
PA1  said shutter plate including a plurality of apertures extending
      therethrough, whereby said shutter plate is movable from a first position
      whereby said mounting plate apertures are closed by said shutter plate, to
      a second position whereby said shutter plate apertures are in alignment
      with said mounting plate apertures;
PA1  first actuating means adapted to move said lens plate into and out of said
      position including first engagement means operatively connected to said
      lens plate;
PA1  second actuating means adapted to move said shutter plate from said first
      position to said second position;
PA1  power means for operating both said first and second actuating means, said
      power means comprising a single power source drivingly connected to a
      lever arm assembly to sequentially operate said first and second actuating
      means;
PA1  said lever arm assembly including lens operating cam means adapted to be
      operated by said first engagement means upon movement of said lever arm
      assembly by said power source to move said lens plate into and out of
      position to align said lens apetures with said mounting plate apertures;
PA1  whereby said power means is adapted to move said shutter plate to said
      second position when at least one of said lens plate apertures is in
      alignment with at least one of said mounting plate apertures to expose
      said photo-sensitive film.
NUM  2.
PAR  2. The camera of claim 1 whereby said second actuating means includes:
PA1  second engagement means operatively connected to said shutter plate; and
PA1  said lever arm assembly including shutter operating cam means adapted to be
      operated by said second engagement means upon movement of said lever arm
      assembly by said power source, whereby said shutter plate is moved from
      said first position to said second position.
NUM  3.
PAR  3. The camera of claim 2 wherein said lens operating cam means and said
      shutter operating cam means are disposed in spaced relation relative to
      each other, whereby said shutter operating cam means does not engage said
      second engagement means until after said lens operating cam means has
      engaged said first engagement means and rotated said lens plate into
      position aligning said lens plate apertures with said mounting plate
      apertures.
NUM  4.
PAR  4. The camera of claim 1 wherein:
PA1  said first engagement means includes a plurality of roller pins spaced
      around and extending laterally from the periphery of said lens plate;
PA1  said lens operating cam means including a plurality of operating arms
      adapted to engage said roller pins upon movement of said lever arm
      assembly to rotate said lens plate.
NUM  5.
PAR  5. The camera of claim 2 wherein:
PA1  said second engagement means includes a shutter movement arm extending
      radially from said shutter plate; and said shutter operating cam means
      including a single shutter trup arm adapted to engage said shutter
      movement arm and actuate said shutter upon movement of said lever arm
      assembly.
NUM  6.
PAR  6. A photographic camera for simultaneously or sequentially exposing a
      plurality of areas on a single sheet of photo-sensitive film;
PA1  said camera comprising a movable lens plate and a movable shutter plate
      mounted on one side of a mounting plate;
PA1  said mounting plate having a plurality of apertures extending therethrough;
PA1  said camera including means for holding said photo-sensitive film on the
      opposite side of said mounting plate;
PA1  said lens plate having at least one lens aperture therein, whereby said
      lens plate is movable adjacent one of said mounting plate apertures;
PA1  said shutter plate including a plurality of apertures extending
      therethrough, whereby said shutter plate is movable from a first position
      whereby said mounting plate apertures are closed by said shutter plate, to
      a second position whereby said shutter plate apertures are in alignment
      with said mounting plate apertures;
PA1  first actuating means adapted to move said lens plate into and out of said
      position;
PA1  second actuating means adapted to move said shutter plate from said first
      position to said second position;
PA1  power means for operating both said first and second actuating means, said
      power means adapted to move said shutter plate to said second position
      when at least one of said lens plate apertures is in alignment with at
      least one of said mounting plate apertures to expose said photo-sensitive
      film;
PA1  a flash light source operatively connected to said camera;
PA1  switch means associated with said flash light source to activate said
      light;
PA1  said switch means adapted to be activated by said second actuating means
      when said shutter plate is moved to said second position.
NUM  7.
PAR  7. A photographic camera for simultaneously or sequentially exposing a
      plurality of areas on a single sheet of photo-sensitive film;
PA1  said camera comprising a movable lens plate and a movable shutter plate
      mounted on one side of a mounting plate;
PA1  said mounting plate having a plurality of apertures extending therethrough;
PA1  said camera including means for holding said photo-sensitive film on the
      opposite side of said mounting plate;
PA1  said lens plate having at least one lens aperture therein, whereby said
      lens plate is movable to sequentially position each said lens aperture
      adjacent one of said mounting plate apertures;
PA1  said shutter plate including a plurality of apertures extending
      therethrough, whereby said shutter plate is movable from a first position
      whereby said mounting plate apertures are closed by said shutter plate, to
      a second position whereby said shutter plate apertures are in alignment
      with said mounting plate apertures;
PA1  first actuating means adapted to move said lens plate into and out of said
      position;
PA1  second actuating means adapted to move said shutter plate from said first
      position to said second position;
PA1  power means for operating both said first and second actuating means, said
      power means adapted to move said shutter plate to said second position
      when at least one of said lens plate apertures is in alignment with at
      least one of said mounting plate apertures to expose said photo-sensitive
      film;
PA1  a plurality of detent means disposed around the circumference of said lens
      plate; and
PA1  pressure biases detent latch means adapted to fall into one of said detent
      means when said lens plate is properly positioned to maintain said lens
      aperture in alignment with one of said mounting plate apertures.
NUM  8.
PAR  8. A photographic camera for simultaneously or sequentially exposing a
      plurality of areas on a single sheet of photo-sensitive film;
PA1  said camera comprising a movable lens plate and a movable shutter plate
      mounted on one side of a mounting plate;
PA1  said mounting plate having a plurality of apertures extending therethrough;
PA1  said camera including means for holding said photo-sensitive film on the
      opposite side of said mounting plate;
PA1  said lens plate having at least one lens aperture therein, whereby said
      lens plate is movable to sequentially position each said lens aperture
      adjacent one of said mounting plate apertures;
PA1  said shutter plate including a plurality of apertures extending
      therethrough, whereby said shutter plate is movable from a first position
      whereby said mounting plate apertures are closed by said shutter plate, to
      a second position whereby said shutter plate apertures are in alignment
      with said mounting plate apertures;
PA1  first actuating means adapted to move said lens plate into and out of said
      position;
PA1  second actuating means adapted to move said shutter plate from said first
      position to said second position;
PA1  power means for operating both said first and second actuating means, said
      power means comprising a single power source driving connected to a lever
      arm assembly to sequentially operate both said first and second actuating
      means and adapted to move said shutter plate to said second position when
      at least one of said lens plate apertures is in alignment with at least
      one of said mounting plate apertures to expose said photo-sensitive film.
PA1  said power means further including sensing means operatively connected to
      said power source to interrupt the operation of said power source when
      activated;
PA1  said sensing means including lever arm means;
PA1  said second actuating means adapted to contact said lever arm means and
      activate said sensing means subsequent to movement of said lens plate into
      its position; and
PA1  override means adapted when activated to commence operation of said power
      source while said sensing means is activated.
NUM  9.
PAR  9. A photographic camera for simultaneously or sequentially exposing a
      plurality of areas on a single sheet of photo-sensitive film;
PA1  said camera comprising a movable lens plate and a movable shutter plate
      mounted on one side of a mounting plate;
PA1  said mounting plate having a plurality of apertures extending therethrough;
PA1  said camera including means for holding said photo-sensitive film on the
      opposite side of said mounting plate;
PA1  said lens plate having at least one lens aperture therein, whereby said
      lens plate is movable to sequentially position each said lens aperture
      adjacent one of said mounting plate apertures;
PA1  said shutter plate including a plurality of apertures extending
      therethrough, whereby said shutter plate is movable from a first position
      whereby said mounting plate apertures are closed by said shutter plate, to
      a second position whereby said shutter plate apertures are in alignment
      with said mounting plate apertures;
PA1  first actuating means adapted to move said lens plate into and out of said
      position;
PA1  second actuating means adapted to move said shutter plate from said first
      position to said second position;
PA1  power means for operating both said first and second actuating means, said
      power means adapted to move said shutter plate to said second position
      when at least one of said lens plate apertures is in alignment with at
      least one of said mounting plate apertures to expose said photo-sensitive
      film;
PA1  control means operatively connected to said power means and responsive to
      one revolution of said lens plate to simultaneously indicate that said
      film has been completely exposed, and to prevent further operation of said
      power source until said film has been replaced in said camera;
PA1  said control means including first switch means adapted to be closed when
      said lens plate completes one revolution whereby a light indicating a
      complete exposure cycle is activated, and second switch means operating in
      conjunction with said first switch means whereby said second switch means
      is opened when said first switch means is closed to interrupt the
      operation of said power means until said film has been replaced in said
      camera.
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PAL  The invention is related to a sector system capable of providing lens
      elements of different aperture held in different support means. Exposure
      of a film through the lens is determined by the opening and closing of a
      sector plate system and the time and extent of opening and closing is
      appropriately controlled by changing the position of the drive means
      relative to the lens forming means. In this way the sector plates for
      exposing the camera film to light passing through the lens travel
      different distances which depend upon the light aperture required in order
      that the exposure shall be consistent with the lens aperture and its speed
      and at least approximately equal to the overlap and overswing phases of
      the sector system.
BSUM
PAR  The present invention relates to an interchangeable lens structure with
      built-in sector system, attachable to a camera or photographic shutter.
      The sectors of the interchangeable lens system compositely forming the
      lens aperture, are preferably mounted on fixed pins so as to be able to
      pivot and to be driven by means of a ring disposed concentric to the lens
      axis and coupled to one another by means of drive pins. The ring is caused
      to engage automatically with the driving member of a drive mechanism
      provided at the camera or shutter side when attaching the lens to the
      change mount of the camera or shutter.
PAR  Interchangeable lenses of different light aperture and focal length are
      known as such and have been used for a long time in professional
      photography. This applies also to the taking of pictures in studios when
      the photographer, adapting to the various shooting situations, uses the
      one or another of the plurality of lens elements which he thinks best
      suited for taking the particular picture. In one respect the use of such
      interchangeable lenses has proven to be disadvantageous, and that is
      because no uniform effective times and, therefore, no exact composure
      times can be achieved with lenses having a smaller aperture than the
      possible maximum. Attempts have been made to compensate for this or to
      wield an influence over the time behavior of the sector system by adapting
      the sector dimensions to the reduced diameter of the respective lens and
      also by using supplemental devices acting upon the sector drive mechanism,
      such as supplemental braking masses. However, as far as is known, none of
      these measures have resulted in the desired effect, not to speak of the
      additional structural expense they require.
PAR  It is the objective of the present invention to eliminate the disadvantages
      of the known change lenses, avoiding at the same time the use of
      supplemental means influencing the course of motion of the sector, which
      means to create the conditions assuring uniform effective operational time
      periods. Therefore, exact exposure times for change lenses of the kind
      described in the outset are to be achieved.
PAR  To achieve this objective it is suggested, according to the invention, that
      the various lens elements be interchangeable with other lenses of the same
      basic construction, but with a light aperture of a different size at
      uniform sector travel distance adapted to the lens mounting with the wider
      light aperture. This can be in an embodiment of a lens having a light
      aperture smaller than the possible maximum where the sectors travel the
      same distance in their back and forth motion as the sectors of a lens
      having the widest possible light aperture. The excess travel distance
      resulting from the diminution of the light aperture is apportioned in
      equal or at least almost equal parts to the overlap phase and the
      overtravel phase of the sector system.
PAR  In this manner it is always possible to achieve uniform effective times
      and, therefore, defined, exact exposure times in cameras in which
      interchangeable lenses of different light apertures are used for the
      purpose of adaptation to the shooting situation prevailing at the time.
      This constitutes the decisive advantage over the hitherto known
      interchangeable lenses which are afflicted with the disadvantage of
      forming inaccurate exposure times in case interchangeable lenses having a
      light aperture smaller than the widest possible are used.
PAR  One preferred and advantageous embodiment of the invention is seen by
      making the position of the fixed pivot pin of each sector relative to the
      drive pin effecting the connection with the drive ring coordinated to the
      diameter of the respective light aperture.
PAR  In order to be able to make certain corrections which may under some
      circumstances become necessary during the manufacture of the
      interchangeable lenses, it is further proposed, according to the
      invention, that the fixed mounting pins of the sector system be disposed
      on a ring which can be inserted in and fastened to the lens by means of
      screws or the like. Furthermore, means are provided through which the ring
      is finely adjustable within certain limits. One particularly advantageous
      and simple embodiment from the aspect of both function and manufacturing
      cost is to be seen in that an eccentric screw engaging a radial slot
      formed in the ring serves as the fine adjustment of the ring bearing the
      mounting pins.
DRWD
PAR  Details of the invention are explained in the following specification and
      illustrated by the accompanying drawing in which:
PAR  FIG. 1 shows the control housing of a bellows camera including an
      interchangeable lens attachable to the control housing as well as a remote
      control device by means of which the factors of time and stop can be keyed
      into the camera;
PAR  FIG. 2 illustrates a top view of the interior of an interchangeable lens,
      attachable to the camera or to the shutter, having the widest possible
      light aperture D.sub.1, including the sector system, of which only one
      sector is shown for the sake of simplicity;
PAR  FIG. 3 shows another interchangeable lens of the same design and
      dimensions, but with smaller light aperture D.sub.2 ;
PAR  FIG. 4 represents still another embodiment of an interchangeable lens,
      likewise with a light aperture smaller than the widest possible in which
      the pins serving as fixed mountings for the sectors are disposed on an
      adjustable ring fastenable to a base plate;
PAR  FIG. 5 is a partial plan view of the mounting ring according to FIG. 4 in
      larger scale, including additional means for fine adjustment;
PAR  FIG. 6 is a curve showing the light flux time diagram of an interchangeable
      lens design according to FIG. 2 plotted against time with the widest
      possible light aperture D.sub.1 ;
PAR  FIG. 7 is another curve to show the light flux time diagram of an
      interchangeable lens design according to FIG. 3 with a light aperture
      D.sub.2 smaller than the widest possible one; and
PAR  FIG. 8 is a set of plots of which the traces demonstrate the possibility of
      correcting the light flux time diagram due to the use of an adjustable
      ring carrying the fixed mounting pins of the sectors in connection with a
      device for the fine adjustment of said ring according to FIGS. 4 and 5
      with the upper limit of the adjustment range relative to the optimum light
      flux time diagram being shown as an unbroken line, the upper line being
      shown as a dashed line and the lower limit of the adjustment range shown
      as a dash-dotted line.
DETD
PAR  In FIG. 1, the control housing of a bellows camera is shown by numeral 1.
      This is combined with a lens carrier to be described which can be
      interchangeably attachable to this housing unit, by means of a (not here
      detailed) change mount which includes lenses 2 of the same basic design
      described in what follows in greater detail but having different diameters
      D.sub.1 and D.sub.2, respectively, of the light aperture 0 (see FIGS. 2
      and 3).
PAR  As may be seen in FIGS. 2 and 3, each one of these lens units is equipped
      with a sector system, of which only one sector member 3 is shown in each
      of the stated views. No stop mechanism is specifically shown because it is
      of no relevance for the understanding of the invention and various known
      forms can be used. Whereas the sectors 3 are accommodated in the housing
      2a of the interchangeable lens 2, the drive mechanism for this sector
      system, as well as the respective regulating mechanism to form the
      exposure time and the stop, is accommodated in the control housing 1 of
      the bellows camera. As indicated in FIG. 1, a manually operable remote
      control device 5 serving to key in the factors time and stop is
      connectable to the control housing 1 by means of an electric connecting
      wire 4. Since it is also assumed that the control or regulating mechanism
      in housing 1 is known from the aspect of both design and function so that
      it cannot be an object of the invention, only its drive lever 6 which can
      be caused actively to engage the sector system driving means on the lens
      side is shown.
PAR  This drive lever 6, in turn, can pivot about a shaft 7, and its one end is
      equipped with a pin 6a which, when attaching or locking the
      interchangeable lens 2 to the control housing 1, is automatically caused
      to engage actively a power transmission member 8 provided at the lens side
      and designed in the form of a dual lever. At its other end, (see FIG. 2,
      for example), said dual lever 8, which is mounted on a fixed pin 9 and
      rotatable against the force of a spring 10, engages a pin 11 attached to a
      radially extending arm 12a of a ring 12 serving to drive the sectors.
PAR  The drive ring 12 is disposed coaxial and rotatable relative to the light
      aperture 0 and by means of pins 13 is caused to be in driving connection
      with each of the sectors 3. These sectors, in turn, are each mounted on a
      fixed pin 14 so that they can pivot without a radial slot 3a which is
      formed in each sector. The arrangement is such that upon a rotary motion
      of the drive member 6 disposed on the camera side, the drive lever 8 on
      the lens side is turned in the direction of the arrow and the sectors 3,
      pivoting about the fixed pins 14, are moved into the open position
      indicated by dashed lines (FIGS. 2 and 3). From this open position, upon a
      rotary motion of the drive ring 12 in opposite direction, the sectors 3
      return into their initial position shown in the drawing as soon as the
      lever mechanism 8 is caused to perform a rotary motion opposite to the
      arrow direction shown in FIG. 2.
PAR  The interchangeable lens according to FIG. 3 is of the same design as the
      lens according to FIG. 2. Since the dimensions of the sector drive
      members, as well as of the sectors themselves, are identically those of
      the embodiment shown in FIG. 2, these parts have also been given the same
      reference numbers. Apart from the actual optics, the two lenses differ
      from each other only by the diameters of their light apertures 0. Whereas
      FIG. 2 shows an interchangeable lens with the greatest possible diameter
      D.sub.1 for the light aperture 0, the lens design shown in FIG. 3 will be
      recognized as one in which the diameter D.sub.2 of the light aperture 0,
      has been kept smaller. This means that the sectors 3 of a lens with a
      smaller light aperture 0, but with the same sector drive, must traverse a
      greater overall distance than those of a lens with the widest possible
      light aperture. The consequence would, in turn, be within ununiformly
      effective times E (see FIGS. 6, 7, and 8) and, therefore, inaccurate
      exposure times in general. As FIGS. 2 and 3 show, this can be remedied in
      simple manner by disposing the fixed mounting pin 14 in a certain relative
      position to the drive pin 13, in adaptation to the respective diameter
      D.sub.1 and D.sub.2, such that equal parts of the overtravel which the
      sectors 3 of an interchangeable lens having a light aperture 0 smaller
      than the widest possible dne must make relative to the diameters D.sub.1,
      D.sub.2, respectively, are always traversed in the overlap and in the
      overtravel phase. These travel ratios are clearly recognizable from FIGS.
      6 and 7 which show the diagram of light flux plotted against time diagrams
      typical for the two embodiments of a change lens 2 shown in FIGS. 2 and 3.
PAR  In both diagrams, the total distance traveled by the sectors 3 during one
      back and forth movement is designated as S which, measured by the diameter
      D.sub.1 or D.sub.2 of the light aperture 0, includes a certain amount of
      overtravel. As may further be seen from the diagrams, always equal parts
      s.sub.1 and s.sub.2 or s.sub.1 ' and s.sub.2 ', respectively, (see FIGS. 6
      and 7) of this overtravel are placed into the overlap and overtravel
      phases U.sub.1 and U.sub.2 of the sector system for the purpose of
      achieving uniform effective times E. As to the light flux viewing time
      diagrams shown, there remains to be said that the trapezoidal curve
      (oscillogram) shown therein should be regarded as a reproduction of the
      shutter behavior during one opening and closing motion of the sector
      system. When related to the system of coordinates, the trend of the curve,
      which first extends in vertical direction, then horizontally and finally
      in declining direction again, permits a conclusion to be drawn as to the
      size or amplitude A of the sector systems' pivoting motion and as to the
      spacing, to be measured in units of time, of the two flanks of this curve
      shape for the duration or time t of the light flux penetrating the light
      aperture 0.
PAR  The configuration of the fixed mounting pin 14 relative to the drive pin 13
      becomes particularly clear if, as shown in FIGS. 2 and 3, a line L.sub.1
      is drawn connecting the center M of the light aperture 0 with the drive
      pin 13 and extending to the extreme boundary of the change lens 2, as well
      as another line L.sub.2 through pin 13 and the fixed mounting pin 14.
      These two connecting lines L.sub.1 and L.sub.2 intersect in the area of
      the drive pin 13 and include an angle .alpha.1 and .alpha.2, respectively,
      the size of which depends upon the diameter D.sub.1 ' D.sub.2 of the light
      aperture 0. Basically, what applies here is that the angle .alpha.1 of a
      change lens having the greatest possible light aperture diameter D.sub.1
      according to FIG. 2 is smaller than the angle .alpha.2 of a lens having
      smaller light aperture diameter D.sub.2 according to FIG. 3. This means
      that the two angles .alpha.1 and .alpha.2 are inversely proportional to
      the respective diameters D.sub.1 and D.sub. 2 of the light aperture 0.
PAR  According to the embodiment of an interchangeable lens shown in FIG. 4
      whose basic design is identical with the one described above, the fixed
      mounting pins 14 serving the sectors 3 may be disposed on a separate
      supporting ring 17 coaxial to the light aperture 0. Screws 18 or the like
      penetrating, as may be seen particularly in FIg. 5, slotlike cutouts 17a
      extending in tangential direction which, in turn, permit a relative motion
      of the supporting ring 17 in the one or the other circumferential
      direction within certain limits, may serve to fasten said ring. This for
      the purpose of adjusting the total distance S traveled by the sectors 3
      during one back and forth motion relative to the diameter D.sub.3 of the
      light aperture 0 so that the effective time E adequate as per the light
      flux/time diagram forms, as shown in FIG. 6. Therein, the curve shown
      above the optimum light flux/time diagram (unbroken line) is the upper
      setting limit, shown in dashed lines, achievable by appropriately turning
      the supporting ring 17, and the curve below the optimum light flux/time
      diagram is the lower limit shown in dash-dotted lines.
PAR  Concerning the means employed for the relative adjustment of the supporting
      ring 17, this may be an eccentric screw 20 engaging a radial slot 17b
      formed in the ring 17 (see FIG. 5). For adjustment of the relative
      position of the mounting pins 14 disposed on the supporting ring 17 all
      that is necessary is to turn the eccentric screw 20 in the one or the
      other direction, the consequence of which is that the supporting ring 17
      is moved slightly in the one or the other arrow directions. Following
      this, only the fastening screws 18 need be tightened which completes the
      fixation of the supporting 17 and, with it, of the fixed mounting pins 14
      serving as pivot pints for the sectors 3, in their position relative to
      the drive pins 13.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A camera construction having a lens mechanism having a known axis
      position and where the mechanism includes means for opening the lens to
      admit external light to the lens in one position and to blank out light to
      the lens in a second position selectively and which comprises an
      oscillating built in sector system and a plurality of independent lens
      systems which are selectively exchangeable one for another of a
      substantially like form which has a substantially like axial location and
      wherein the combination comprises for each drive mechanism a lens
      mechanism to provide a plurality of different focal lengths and apertures
      for the lens mechanism including a plurality of covering sectors to cover
      the lens axis and set the pivotal predetermined sector travel distance to
      cover and reveal each selected lens aperture in accordance with the sector
      position, a ring means carried and supported in concentric relationship to
      the lens axis, a support ring, a plurality of pin engaging means supported
      by the ring means for carrying the pivotable sectors, drive pin means
      located about the ring means, a drive mechanism means connected to the
      camera to engage the ring automatically to the drive mechanism for
      attaching the lens to the camera and to pivotally control the position of
      the covering sectors, means for engaging all lens elements of different
      aperture individually to the ring means and for driving the same from the
      said drive means, and means having a light aperture of different sizes at
      positions of uniform sector travel distance relative to the lens so that
      with a lens having a light aperture smaller than the maximum possible
      sector movement the excess travel distance due to diminution of the light
      aperture is allocated approximately equal parts to the overlap and
      overswing phases of the sector system as pivoted by the drive pin means
      and the drive pins of the ring mechanism when engaged by the drive
      mechanism.
NUM  2.
PAR  2. The interchangeable lens structure according to claim 1 comprising also
      means for controlling the relative position of the pin means of the driven
      sectors relative to the lens drive means and the engaging means on the
      ring according to the chosen lens aperture.
NUM  3.
PAR  3. The interchangeable lens structure according to claim 2 comprising, in
      addition, a separate ring means to position the fixed mounting pins of the
      sector system on the ring and screw means to fasten the ring to the lens
      and, in addition, means effecting an adjustment of the last-named ring
      within fine adjustable limits.
NUM  4.
PAR  4. The interchangeable lens structure according to claim 3 including a
      means for mounting the pin means at the ring means and a fastening screw
      means to position the fastening screw in the ring in an eccentric position
      relative to the ring and wherein the ring has a radial slot with which the
      screw is to engage the ring means to establish the fine adjustment of the
      ring supporting the mounting pins.
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ABST
PAL  This invention relates to selenium rectifiers and a method of making them.
      Using techniques of electrophoretic deposition of selenium, a selenium
      rectifier is manufactured having a barrier layer adjacent the base
      electrode. This results in a cheaper rectifier with improved heat
      dissipation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to selenium rectifiers and to a method of making
      them.
PAR  A conventional selenium rectifier consists of a metal plate, which acts as
      the rectifier base electrode, upon one side of which there are deposited,
      usually by evaporation techniques, layers of selenium with either a
      halogen additive, such as chlorine, or doped with a metal such as gallium
      or indium, or both an additive and a dopant. These layers of selenium may
      be sandwiched with relatively thin layers of various metals such as nickel
      between the selenium and the base electrode. The counter electrode is
      generally an alloy such as a cadmium tin alloy. Rectification takes place
      in a barrier layer which is adjacent the counter electrode. Such
      rectifiers are reliable but the evaporation apparatus is costly to install
      and maintain.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a selenium rectifier,
      in which the barrier layer constituted by the amorphous selenium is
      adjacent the base electrode rather than the counter electrode, by
      electrophoretically depositing the selenium layers. The electrophoretic
      deposition of selenium is a relatively rapid process compared with
      evaporation techniques, and does not require costly apparatus.
PAR  According to a broad aspect of the invention, there is provided a selenium
      rectifier comprising a metal plate base electrode; at least one metal
      layer deposited on one surface of said metal plate, said metal layer
      consisting of a metal different than that of said metal plate; a first
      layer of amorphous selenium on said at least one metal layer; a second
      layer of selenium containing a first halogen additive, said second layer
      deposited on said first layer; a third layer of selenium containing a
      second halogen additive and a metallic dopant, said third layer deposited
      on said second layer; and a metal counter electrode layer deposited on
      said third layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawing which illustrates the structure of the
      rectifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An aluminium plate 1 is first electroplated on both sides with a layer of
      nickel 2, of 10-20 .mu. thickness. One side of the plate is then masked
      with an insulating material to prevent further deposition by subsequent
      electroplating or electrophoretic processes. On the unmasked side of the
      plate a layer of cadmium 3 is next electroplated to a thickness of 10-20
      .mu. preferably from a fluoroborate solution. This is followed by an
      electroplated layer of thallium 4 which is only about 0.5 .mu. thick.
PAR  The plate is now ready for electrophoretic deposition of selenium. For this
      three separate sols are required.
PAR  The first sol is prepared by chemical reduction of a methanolic solution of
      selanous acid (H.sub.2 S.sub.e O.sub.3) containing a trace of selenium
      dioxide to ensure that the solution is anhydrous. Various organic reducing
      agents containing an aromatic ring may be employed for this purpose, but
      benzaldehyde is preferred as a stable sol results from its use. Each mole
      of selenous acid requires two moles of benzaldehyde for its reduction to
      colloidal red selenium, and the resultant clear yellow sol can be diluted
      with more methanol or other alcohols such as glycerol or ethylene glycol.
PAR  Using this first sol a layer of amorphous selenium 5 is deposited by normal
      electrophoretic techniques, the thickness of this layer being about 2-3
      .mu..
PAR  A second sol is then prepared by first grinding selenium into which
      chlorine has been fused as a halogen additive.
PAR  The second selenium sol is prepared by a partly mechanical process. Gray or
      metallic selenium is prepared, by a conventional fusion process,
      containing a dopant such as gallium and/or indium, or with an additive
      such as chlorine together with a dopant. The selenium is ground and is
      then passed through a colloid mill with a dispersant liquid such as
      glycerol. A small quantity of a suspectant may also be added to prevent
      agglomeration of the selenium particles. Methanol is added to the sol
      which is then mixed with 100 vol hydrogen peroxide at the rate of 15 cc
      per 25 g selenium and stirred for 4 hours at 40- 50.degree.C after which
      benzaldehyde is added to the sol. Other organic aldehydes containing an
      aromatic ring may be employed but benzaldehyde is again preferred as it
      produces a stable sol. The nature of the oxidation and reduction steps are
      not fully understood but it is thought that the hydrogen peroxide produces
      a surface layer of selenium dioxide on the selenium sol particles which
      layer is then reduced to red selenium by the benzaldehyde.
PAR  The sol is allowed to settle and surplus liquid is decanted. An alcohol
      such as amyl alcohol is added together with an antiflocculating agent such
      as DUOMEE TDM (Registered Trade Mark) which may also charge the sol
      particles.
PAR  Using a mixture of a small quantity of the first sol and a large quantity
      of the second sol a further layer of selenium 6 is deposited by normal
      electrophoretic techniques, the thickness of this layer being about 50
      .mu..
PAR  A third sol is then prepared in exactly the same manner as the second sol,
      except that the selenium is doped with either gallium or indium as well as
      having the halogen additive. The grinding and subsequent steps are the
      same as for the second sol.
PAR  Using a mixture of a small quantity of the first sol and a large quantity
      of the third sol a final layer of selenium 7 is then deposited, once again
      using normal electrophoretic techniques, to a thickness of about 50 .mu..
      The selenium coated plate is then heat treated above 217.degree.C to fuse
      the selenium.
PAR  Lastly, a metal alloy of either tin/bismuth or tin/bismuth/indium is
      sprayed on to form the counter electrode layer 8 and heated to about
      200.degree.C. The masked side of the base electrode is then cleaned and
      the rectifier is electrically formed in the usual manner.
PAR  The barrier layer, which is provided by the amorphous selenium layer 5, is
      now adjacent the base electrode, and rectification takes place therefore
      near the aluminium plate. This results in improved heat dissipation.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A selenium rectifier comprising:
PA1  a metal plate base electrode;
PA1  at least one metal layer deposited on one surface of said metal plate, said
      metal layer consisting of a metal different than that of said metal plate;
PA1  a layer of cadmium on said metal layer;
PA1  a layer of thallium on said cadmium layer;
PA1  a first layer of amorphous selenium on said thallium layer;
PA1  a second layer of selenium containing a halogen additive, said second layer
      deposited on said first layer;
PA1  a third layer of selenium containing a halogen additive and a metallic
      dopant, said third layer deposited on said second layer; and
PA1  a metal counter electrode layer deposited on said third layer.
NUM  2.
PAR  2. A selenium rectifier according to claim 1 wherein said base electrode is
      aluminium.
NUM  3.
PAR  3. A selenium rectifier according to claim 2 wherein said metal layer is
      nickel deposited by electroplating.
NUM  4.
PAR  4. A selenium rectifier according to claim 3 wherein said counter electrode
      is an alloy consisting of tin and bismuth, said alloy deposited by
      spraying.
NUM  5.
PAR  5. A selenium rectifier according to claim 3 wherein said counter electrode
      layer is an alloy consisting of tin, bismuth and indium, said alloy
      deposited by spraying.
NUM  6.
PAR  6. A selenium rectifier according to claim 3 wherein said halogen additive
      is chlorine.
NUM  7.
PAR  7. A selenium rectifier according to claim 6 wherein dopant is gallium.
NUM  8.
PAR  8. A selenium rectifier according to claim 6 wherein said dopant is indium.
NUM  9.
PAR  9. A selenium rectifier according to claim 1 wherein said first, second and
      third layers are electrophoretically deposited.
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ABST
PAL  A method and apparatus for producing a composite microfiche including a
      first emulsion bearing lamina on which one or more permanent data image
      frames are located and a second emulsion bearing lamina on which one or
      more updating data image frames are located, wherein the image or images
      on the first lamina are inverted and in different planar positions with
      respect to the image or images on the second lamina such that when the
      emulsion on the first lamina is superimposed on the emulsion on the second
      lamina, the laminae can be read together as one microfiche, the images
      appearing in the different planar positions in a substantially common
      focal plane.
PAL  A three-reflective surface microfiche image inverter is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to microfiches and microfiche cameras and
      more specifically to an improved microfiche and camera for producing said
      microfiches.
PAR  Description of the Prior Art
PAR  A microfiche camera is shown in my United States patent application No.
      348,622, filed Apr. 4, 1973. In this patent, there is shown a lens turret
      mechanism having positions for different lenses, each of which has a
      different purpose. Several purposes were proposed and it became clear that
      the turret would prove a good platform for mounting lenses for other
      undiscovered purposes.
PAR  During development of the camera, a problem arose concerning the product of
      microfiches which could be updated. Current updating is done by leaving
      blank spaces on a microfiche and then manually fixing individual
      microfiche images in the blank spaces. Such a procedure is clearly time
      consuming and often inaccurate. Furthermore, refocussing for the different
      images was often necessary when reading the microfiche. A particular
      example of updating was for hospital purposes where an updatable fiche was
      required for medical data for a patient. A patent has various unchanging
      items of data such as blood group or color of eyes, and variable data such
      as blood count.
PAC  SUMMARY OF THE INVENTION
PAR  The invention therefor consists of a composite microfiche including a first
      emulsion bearing lamina on which one or more permanent date image frames
      are located and a second emulsion bearing lamina on which one or more
      updating data image frames are located, wherein the image or images on the
      first lamina are inverted and in different planar positions with respect
      to the image or images on the second lamina such that when the emulsion on
      the first lamina is superimposed on the emulsion on the second lamina, the
      laminae can be read together as one microfiche, the images appearing in
      the different planar positions in a substantially common focal plane.
PAR  An advantage of such an arrangement is that when the laminae are held
      together the emulsions are protected from damage by scratching from
      handling. Also, updating need only be carried out on one lamina.
PAR  The laminae may be provided with a means of aligning and retaining the two
      superimposed laminae together.
PAR  The invention further consists of a microfiche camera inverting device
      comprising three reflective surfaces, two of the surfaces being mounted at
      an angle of less than 270.degree. and greater than 180.degree. apart, and
      the third surface being perpendicular to the line bisecting the angle
      formed by the two surfaces facing said third surface and separate from
      said third surface such than an image projected parallel to the third
      surface onto one of the two surfaces is reflected onto the third surface
      and back onto the other of the two surfaces, thence off the said other of
      the two surfaces at an angle parallel to the third surface.
PAR  Such a device can be mounted so as to be easily moved into the photographic
      axis of the camera to enable updating images to be recorded on the second
      emulsion bearing lamina of the composite microfiche.
PAR  The updating laminae are conveniently known as complementary or auxiliary
      fiches while the first lamina is known as a permanent or master fiche.
PAR  Advantages of the complementary fiche are particularly evident in hospital
      use where permanent data is recorded on the first lamina while temporary
      or updating data is on the complementary fiche. For example, information
      which records a patient's whole medical history is treated as permanent
      historical fact and blank spaces would be left for continuations. The
      facts and the continuations together may constitute a group. Furthermore,
      groups may have their predetermined allocated geographical locations on a
      fiche so that not only can they be easily selected (the following blank
      spaces would provide for the case history to go on without the necessity
      of re-grouping), but also duplication can be made selective. When a diazo
      copy fiche is used for the medical record only, domestic circumstances can
      be left out or, vice versa, thus only passing on only required
      information.
PAR  A duplicator using a combination-mask can leave out a part or any parts of
      the information contained on a fiche. For instance, the master fiche
      contains all information, but the duplicates sent to various departments
      around the hospital only carry information necessary for them. In this
      way, privacy can be strictly maintained and information passed on a `need
      to know` basis, though the master contains all information. This is very
      important as confidentiality of medical records is a very live issue and
      an advantage of the composite fiche system is that while computers suffer
      from errors which cannot easily be detected and securing or
      confidentiality is not easily maintained, the complementary fiches of the
      present invention have all the advantages of an updated file which can be
      checked, signed and countersigned as required. Also, the system guards
      against computer breakdown and difficulties in determining
      responsibilities.
PAR  The geographical location of certain matter on a composite fiche has the
      advantage not only of fast retrieval, as all information departments have
      specific places alloted to them on a fiche, but also privacy as, for
      example, a physiotherapist need not necessarily know the patient's
      domestic circumstances; in this case, such frames can be easily left out
      while duplicating. On the other hand, these images would be of paramount
      importance to the psychiatrist. Thus, although the fiche is an integral
      document, duplicate copies can be made very selective to suit the
      circumstances. Special symbols could also be used to be understood by the
      few.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a method and
      apparatus of making a composite microfiche which is economically updated.
PAR  Another object is to provide a microfiche with predetermined geographical
      locations of information or data.
PAR  A further object of the present invention is the provision of a microfiche
      which allows selective duplication of information stored thereon.
PAR  Still another object is to provide an apparatus for producing inverted
      images in a microfiche camera system.
PAR  A still further object is to provide a system for economically and
      efficiently updating microfiches, and thus alleviate the problems of the
      prior art.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an inverting device according to the present invention;
PAR  FIG. 2 shows a composite microfiche with the two laminae superimposed
      according to the invention; and
PAR  FIG. 3 shows part of the composite microfiche of FIG. 2 with the two
      laminae separated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the inverting device of the present invention is shown
      consisting of three reflective surfaces, 1, 2 and 3. The two surfaces 2
      and 3 are mounted to form an angle .phi. relative to each other, which
      should be between 180.degree. and 270.degree.. Surfaces 2 and 3 are
      positioned so that the angle .phi. is bisected by a perpendicular 4 to the
      third reflective surface 1. The angle .phi. in FIG. 1 is approximately
      230.degree., for example. The reflective surface 1 faces the surfaces 2
      and 3 so that a light ray 5 is reflected off surface 2 onto surface 1,
      thence onto surface 3 and off surface 3 in the same direction and parallel
      to the direction it started. It can also be seen by following the rays 5,
      6, 7 and 8, that the letter R which enters at surface 2, for example, is
      inverted when leaving surface 3. The surface 1 is parallel to the incoming
      and outgoing rays 5-8.
PAR  In FIG. 2, the same letter R can be seen at 9 on the upper, complementary,
      or updating lamina 10 of the composite microfiche formed from the
      superimposed laminae 10 and 11. The letter R is a part of a data image
      frame 12 which is formed from emulsion 10a on the side of lamina 10 which
      in FIG. 2 (the in use position) faces the emulsion side 11a of lamina 11.
      Thus, the stored data on emulsion sides of the laminae 10 and 11 are
      enclosed and protected from scratching or destruction from handling the
      composite microfiche. It can also be seen that the image frame 12 fits
      into a blank space or frame 13 on the lamina 11 on which permanent data is
      recorded (FIG. 3). The image frame 14 which is formed on the emulsion side
      11a of lamina 11 is on a different planar position to that of the blank
      space 13 in which lies the image frame 12 when the laminae are together in
      the in use or superimposed position.
PAR  By comparison in FIG. 3 of the inverted R at 9 in image frame 12 with R at
      15 in image frame 14, the necessity for inversion may be seen.
PAR  The updating lamina 10 is also known as an auxiliary or complementary fiche
      while the lamina 11 is known as a permanent or master fiche.
PAR  The reason for putting the emulsion 10a adjacent emulsion 11a is that the
      base material of the laminae, which is thick when compared with the
      thickness of the emulsion, is sufficient to protect the image of the
      emulsion from damage by scratches and abrasion. Because the thickness of
      the emulsion is so thin, the microfiche reader can be focussed on the
      interface between the emulsions and yet remain able to be effectively in
      focus on the opposed emulsions.
PAR  If required for certain purposes, the laminae may be permanently joined by
      means for retaining the two laminae together with a joiner so as to be
      watertight or joined by means consisting of a clip-like reinforcement edge
      or alternatively by a strip of adhesive tape such as shown in FIGS. 2 and
      3 as 16. Holes 17 and 18 can be provided for aligning one lamina with
      respect to the other.
PAR  From the preceding description of the preferred embodiments, it is evident
      that the objects of the invention are attained and although the invention
      has been described and illustrated in detail, it is to be clearly
      understood that the same is by way of illustration and example only and is
      not to be taken by way of limitation. The spirit and scope of this
      invention are limited only by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite microfiche including a first lamina having an emulsion on a
      first surface, one or more permanent data image frames located on said
      first surface, a second lamina having an emulsion on a second surface, one
      or more updating data image frames located on said second surface, said
      first lamina being superimposed on said second lamina with said first
      surface against said second surface defining a plane, said permanent data
      frames being in different positions on said plane than said updating data
      frames, all of said images being in a substantially common focal plane and
      non-inverted relative to each other.
NUM  2.
PAR  2. A composite microfiche as in claim 1 including means in each lamina for
      aligning said laminae when superimposed.
NUM  3.
PAR  3. A composite microfiche as in claim 1 including means for joining said
      first and second lamina together at a juxtaposed edge and allowing
      rotational movement of said lamina relative to each other about said edge.
NUM  4.
PAR  4. A composite microfiche as in claim 3 wherein said permanent data images
      are inverted with respect to said updating data images when said first and
      second lamina are in substantially the same plane.
NUM  5.
PAR  5. A composite microfiche as in claim 3 wherein said joining means includes
      a strip of adhesive connecting said juxtaposed edges of said laminae.
NUM  6.
PAR  6. A composite microfiche comprising a first lamina having a first image
      formed on a first surface, a second lamina having a second image formed on
      a second surface, means rotatably joining said first and second lamina at
      an edge so that said first image is inverted relative to said second image
      when said first lamina is substantially planar with said second lamina,
      and so that said first surface is against said second surface at a common
      focal plane and said first and second images are non-inverted relative to
      each other when said first lamina is superimposed on said second lamina.
NUM  7.
PAR  7. A composite microfiche as in claim 6 wherein said first and second
      images are in different planar positions when said first and second
      laminae are superimposed.
NUM  8.
PAR  8. A composite microfiche as in claim 6 including means in each lamina for
      aligning said laminae when superimposed.
NUM  9.
PAR  9. A composite microfiche as in claim 6 wherein said joining means includes
      a strip of adhesive connecting said juxtaposed edges of said laminae.
NUM  10.
PAR  10. A composite microfiche as in claim 6 wherein said first and second
      surfaces are emulsions and said first and second images are formed on said
      emulsions.
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ABST
PAL  A device for handling photographic film between a holder or cassette and an
      exposure reproduction apparatus including a drum, wherein the cassette is
      arranged to be supported with an opening therein registering with an
      opening in a housing supporting film exposure means, film supported in the
      cassette being transferred through the aligned openings into the housing
      and into engagement with the supporting means to facilitate exposure of
      the film within the housing. A rockably mounted film supporting frame in
      the cassette is movable through the openings to place the film in mounted
      relation on an exposure drum within the housing, by means of aligned film
      supporting pins on the frame and on the drum. Manually operable driving
      and control means are provided on and in the housing for actuating and
      controlling both the cassette film frame and the exposure drum as well as
      stripping means whereby after exposure the exposed film is returned to the
      cassette.
PARN
PAR  This is a division, of application Ser. No. 335,956, filed Feb. 26, 1973.
BSUM
PAR  This invention relates to means for transferring photographic film between
      a cassette and an exposure drum of exposure reproduction apparatus.
PAR  An apparatus for producing reproductions, such as for image transfer or for
      effecting color separation for multi-color printing, and utilizing a
      rotating recording or exposure drum, commonly employs film material
      mounted upon the drum. Exposure of the film material during the
      reproduction process is effected by means of a light beam. Hence there is
      the problem of application of the unexposed film material and subsequent
      removal of the exposed film material with respect to the drum.
PAR  In most prior apparatus, the film-supporting drum is arranged fixedly in a
      lightproof housing and the film can be mounted on and removed from the
      drum only through a closure in the housing while the space surrounding the
      apparatus is maintained dark. This is a drawback and is time-consuming
      because the film must be transferred manually and the drum and the
      apparatus must therefore be installed in a darkroom or within a dark tent
      or other enclosure.
PAR  Even where the film material is transported in a cassette, the problem has
      persisted due to the heretofore necessity for transferring the film
      material manually in a darkroom. Such transfer of the film material is a
      drawback. For proper results, precision in coupling the film material to
      the drum is desirable but because the film material is generally attached
      manually with the aid of adhesive tape or mounting brackets on the drum,
      many errors in applying the film material to the drum may result in
      failure due to separation of the material from the drum due to centrifugal
      forces in operation, or at least during rotation of the drum as is
      customary.
PAR  Heretofore transfer of photographic material from a cassette into a
      development system has been practiced. Such cassettes are utilized for
      X-ray films and comprise a flat, dish-like container for receiving the
      film sheet with a hinged closure normally closing the cassette lightproof
      and being adapted to open when the cassette is mounted in the developing
      apparatus for removal of the film which is effected by actuation of a hand
      crank at the cassette or by means of friction rollers which become
      effective during insertion of the cassette into the developing apparatus
      and which are actuated by a drive provided in the apparatus. In such
      cassettes, however, the film material is not removed from the cassette for
      exposure purposes because due to the property of X rays it is possible to
      expose the film within the cassette. While it is true that in the
      developing apparatus the film is automatically transferred from the
      cassette, such transfer is without any precision since the film is merely
      guided into a developing bath. Such cassettes are not, however, intended
      for nor suitable for accomplishing transfer of the film material to and
      between the cassette and an exposure drum.
PAR  An important object of the present invention is to overcome the foregoing
      and other disadvantages, deficiencies, inefficiencies, shortcomings and
      problems in prior methods and apparatus and to attain important new and
      improved advantages in the handling of photographic film material in
      respect to drum exposure of such material.
PAR  Another object of the invention is to provide a new and improved means for
      transferring photographic film to and between a cassette film holder and
      an exposure drum.
PAR  A further object of the invention is to provide new and improved means for
      handling photographic film for exposure on a drum in reproduction
      apparatus.
PAR  Still another object of the invention is to provide new and improved means
      for operating a film exposure drum.
PAR  A yet further object of the invention is to provide new and improved means
      for automatic film transfer between a holder and an exposure device
      avoiding any need for a darkroom for the purpose, thereby attaining
      substantial advantages in compactness and in simplification of the
      apparatus and more particularly the housing structure for photographic
      reproduction apparatus.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is an exploded schematic view of an assembly embodying features of
      the invention;
PAR  FIG. 2 is a fragmentary schematic exploded isometric view of the assembly
      viewed from another angle;
PAR  FIG. 3 is a schematic illustration of the assembly showing the same in the
      relationship of film transfer;
PAR  FIG. 4 is an enlarged fragmentary sectional elevational views illustrative
      of the relationship of the film supporting register pins during transfer
      of the film material relative to the recording drum;
PAR  FIG. 5 is a schematic illustration showing the assembly after transfer of
      the film to the drum and the drum now in normal operation;
PAR  FIG. 6 is a schematic view illustrating the relationship of means of the
      assembly during transfer of the film from the drum into the film holder or
      cassette; and
PAR  FIG. 7 is an enlarged fragmentary longitudinal sectional view through one
      of the register pins on the drum.
DETD
PAR  According to the present invention, photographic film is readily
      transferred to and between a film holder and a recording or exposure drum
      in a manner which requires no manual handling of the film during transfer,
      but accomplishes the transfer automatically in a thoroughly lightproof
      manner. The film is transferred from the holder to the drum in one
      direction of rotation of the drum and is transferred from the drum to the
      holder during rotation of the drum in the opposite direction. Simple
      manual control of the operating mechanism is provided for.
PAR  Having reference to the drawings, a photographic film recording or exposure
      drum 1 is depicted of an exposure apparatus which has not been shown in
      detail. Rotary mounting of the drum 1 is provided for by an axial shaft 5
      which is suitably mounted within a normally lightproof housing H of the
      apparatus and which housing has been shown only fragmentarily and
      schematically for illustrative purposes (FIGS. 1 and 2). Means on the drum
      1 for receiving and holding film material 48 accurately and firmly on the
      drum perimeter comprise supporting and registration means including a
      plurality of registration pins 2, 3 and 4 located in spaced relation along
      a longitudinal line on the drum perimeter to be received in registration
      holes 48 (FIG. 4) provided in a leading marginal portion of the film
      sheet. Although three of the registration pins have been shown, the number
      may be varied as preferred depending on the size of the drum and on the
      film width to be handled by the drum. In addition, the drum 1 is provided
      with vacuum film retaining means and for this purpose the shaft 5 is
      desirably hollow and connected in a suitable manner with a source of
      vacuum (not shown) which effects a negative pressure or vacuum in the drum
      so that the film, and more particularly the trailing end portion of the
      film 48 is sucked against the drum perimeter through suction holes 101
      desirably provided in a zig-zag or wavy pattern alignment lengthwise of
      the drum which has a corresponding communicating internal groove 102.
      There may be as many sets of the suction holes 101 circumferentially
      spaced on the drum 1 as desired or necessary to hold the film 48 snugly
      wrapped on the drum in operation.
PAR  For handling of the film 48 before exposure, as well as after exposure, it
      is supported in a normally lightproof holder or cassette 6 which is
      constructed and arranged to be mounted on the housing H for transfer of
      the sheet of film 48 from the cassette onto the drum 1 and then after
      exposure transfer of the film from the drum to return it to the cassette
      for further handling such as development of the film. For this purpose,
      the cassette 6 has a face provided with an opening 7 (FIGS. 1 and 2) which
      in assembly with the housing H registers with a corresponding opening 7a
      in the housing, with a suitable lightproofing seal 7b (FIG. 3) between the
      margins of the cassette face and the housing about the openings assuring
      freedom from light leakage into the assembly. Any suitable means may be
      provided for quick releasable attachment of the cassette 6 to the housing
      H, such as hanger hooks 6a (FIGS. 1 and 3) on the upper margin of the
      cassette engageable with complementary hanger brackets or lugs 6b on the
      housing. Means such as detaining or latching finger or bolt 6c on the
      lower margin of the cassette is engageable with a retaining or keeper
      member 6d on the housing (FIG. 1). In the film loaded condition of the
      cassette 6, the access opening 7 therein is closed by means of a slide
      closure 8 provided with suitable means such as knobs 8a at its lower
      corners movable through clearance slots 8b in the cassette housing to
      manipulate the closure between closed and open positions as indicated by a
      directional arrow in FIG. 1 while the cassette is suspended on the housing
      H. Within the cassette 6 the film is supported on a mounting frame 9
      (FIGS. 1 and 2) carrying registration pins 38, 39 and 40 complementary to
      the drum pins 2, 3 and 4, respectively, and on which the film 48 is
      mounted within the cassette by means of the holes 48 a through which the
      pins are received. Rockable mounting of the frame 9 to enable transfer of
      the film 48 to and between the drum and the cassette is effected by means
      of a shaft 44 carried within the cassette and supporting the frame in
      alignment with the opening 7.
PAR  After the cassette 6 has been suspended on the housing H with the openings
      7 and 7a aligned, and the closure slide 8 opened to provide for
      communication through the cassette and housing openings, transfer of the
      film 48 from the cassette to the drum 1 is initiated by actuation of means
      accessible for manipulation outside of the housing H and in one desirable
      arrangement comprising a handle lever 10 extending through a guide plate
      12 having therein an angular control slot as shown for guiding
      manipulations of the lever in actuating control means including a
      longitudinally and rotatably shiftable rod or shaft 11 supported by
      aligned bearing brackets 14, 15, 16 and 17 (FIG. 1) suitably mounted
      fixedly within the housing H to maintain the shaft in spaced parallel
      relation to the drum 1.
PAR  As shown in FIGS. 1 and 2, the lever 10 is located in a neutral
      horizontally extending portion of the control slot and the plate 12. To
      effect transfer of film from the cassette onto the drum 1, the handle
      lever 10 is shifted as shown by the directional arrow in the "on"
      direction to shift it to the right and upwardly into a vertical guidance
      portion 13 of the guide slot whereby to effect axially rightward shifting
      of the shaft 11 as well as rocking of the shaft in a clockwise direction
      as viewed in FIG. 1, and counterclockwise as viewed in FIG. 2. For this
      purpose, the inner end of the handle lever 10 is universally pivotally
      engaged in a recess 18 in the bracket 14 and the lever is coupled to the
      shaft 11 by means of a pin 19 extending across an eye 20 in the inner end
      portion of the lever.
PAR  As the shaft 11 shifts to the right, a radially extending lever arm 21
      fixedly on the right-hand end portion of the shaft between the brackets 16
      and 17 is correspondingly shifted to move a rightwardly extending coupling
      10 on its distal end portion into an intermediate slot 23 in a lever 24
      which is pivotally mounted in the bracket 17 on the axis of the shaft 11.
      Then, on rocking of the shaft 11 to the "on" position by action of the
      handle lever 10, the coupling through the arm 21 and pin 22 causes the
      lever 24 to rock correspondingly and carry as pin 25 on its distal end
      portion, projecting away from the drum 1, into edge cooperation with a cam
      disk 26 fixedly corotatably mounted on the drum shaft 5.
PAR  As the lever 10 is lifted in the "on" direction, the corresponding
      actuation of the shaft 11 also effects operation of drum driving means. To
      this end, the shaft 11 has fixedly corotative therewith a cam wheel 27
      between the brackets 14 and 15 and which wheel has in its perimeter a
      notch 28 in which is engaged in the neutral position of the wheel a
      follower 29 on the distal end portion of a lever 30 which is pivotally
      mounted on a fixed pivot relative to the housing H at its opposite end and
      intermediately rotatively carries a friction wheel 32 which is driven by a
      motor 31. As the shaft 11 is shifted toward the right during the "on"
      movement of the handle lever 10, energizing of the motor 31 is effected by
      means of contacts 33 and 34 in a suitable electrical circuit with the
      motor. In such "on" movement, the cam roller or wheel 27 is rotated to
      move the follower 29 out of the notch 28 and swing the lever 30 toward the
      drum 1 so that the friction wheel 32 now driven by the motor 31 will
      engage the drum and drive the drum rotatably in the direction of the arrow
      35.
PAR  As the drum starts to rotate in the direction of the arrow 35 (FIGS. 1 and
      3), the follower pin 25 of the lever 24 riding on the cam edge of the disk
      26 reaches a cam notch 36 into which it drops, thus permitting a further
      degree of clockwise rotation of the shaft 11 as viewed in FIG. 1 and
      counterclockwise as shown in FIG. 3 and during which movement the handle
      lever 10 is manually shifted to the limit of the slot control leg 13.
      Location of the cam notch 36 is indexed with respect to the registration
      pins 2, 3 and 4 on the drum so that such pins will be opposite the
      film-carrying frame 9 in such alignment that the upper part of the frame
      having the registration support bar 37 carrying the pins 38, 39 and 40 as,
      in effect, radial extensions of the registration pins 2, 3 and 4 of the
      drum can be moved to effect film transfer alignment of the drum and frame
      pins.
PAR  Means for rocking the frame 9 about its shaft 44 into the film transferring
      position relative to the drum 1 comprise a thrust arm lever 41 fixedly
      corotatably mounted on the shaft 11 in alignment with a reciprocable
      thrust pin 42 carried by the cassette 6. As the follower 25 drops into the
      cam notch 36, the lever arm 41 drives the pin 42 against a rock lever 43
      fixedly corotatively mounted on the frame shaft 44 on which the frame 9 is
      fixedly rockably mounted. Thereby the frame 9 is rocked about the axis of
      the shaft 44 to tilt the frame outwardly from the cassette openings 7 in
      opposition to the bias of a return spring 91, as shown in FIG. 3, to place
      tips of the registration pins 38, 39 and 40 of the film mounting frame 9
      into engagement with the tips of the registration pins 2, 3 and 4 of the
      drum, respectively. To assure firm, accurate engagement of the pins, the
      tips of the pins 2, 3 and 4 are conically tapered to dull points and
      engage in complementary recesses in tapered tips 46 of the pins 38, 39 and
      40.
PAR  After the register pins have engaged in film transferring contact of the
      tips 45 and 46 as visualized in FIG. 4, continued movement of the frame 9
      toward the drum 4, as indicated by directional arrow 47, effects transfer
      of the film 48 from the pins 38, 39 and 40 onto the pins 2, 3 and 4. For
      this purpose, the pins 38, 39 and 40 are reciprocably mounted on the frame
      bar 37 and are shifted against the bias of respective springs 49
      retractably relative to the frame bar until the film 48 is pushed by the
      frame off of the pins 38, 39 and 40 onto the pins 2, 3 and 4.
PAR  Unintended release of the film 48 from the pins 2, 3 and 4 is prevented
      after transfer of the film thereto by detent means carried by these pins.
      In an advantageous construction as shown in FIGS. 4 and 7, showing the pin
      2, the pins are hollow and have detent balls 50 arranged to project
      partially outwardly through aligned bores 201 of slightly smaller diameter
      than the diameter of the balls and through which these balls are normally
      biased by means of a spring 202. Thereby, after the film 48 has been moved
      from the supported relation on the pins 38, 39 and 40 as shown in dash
      outline in FIG. 4 to the full line position on the pins 2, 3 and 4, the
      frame 9 can be rocked back to its position within the cassette 6 and the
      film will be held against unintended displacement from the drum 1 on the
      pins 2, 3 and 4.
PAR  Return of the film mounting frame 9 into the cassette 6 under the bias of
      the return spring 91 occurs in response to shifting of the handle lever 10
      into an intermediate dwell position in an angular portion 131 of the slot
      leg 13, whereupon the shaft 11 is rocked to release the lever arm 41 from
      the thrust pin 42 and thereby releasing the lever arm 43 so that the frame
      9 is pulled back into the cassette by the spring 91. Further, this causes
      the pin 25 to leave the cam recess or notch 36. In the intermediate
      position 131, the friction wheel 32 is still pressed against the drum 1 so
      that it can continue rotation which was interrupted by engagement of the
      pin 25 in the notch 36. As the drum 1 continues rotating in the direction
      of the arrow 35, the film 48 now supported on the pins 2, 3 and 4 of the
      drum 1 is pulled out of the cassette 6 and wrapped about the perimeter of
      the drum, preferably by means (not shown) which presses the film against
      the surface of the drum. Such means may be associated with the vacuum
      holes 101. After the film material 48 has been fully received upon the
      drum 1 the lever 10 is released to its neutral position in the guide slot
      in the plate 12, whereby the pin 22 is released from the lever 24 and the
      motor circuit contacts 33 and 34 are returned to the disconnect relation
      and the motor 31 deenergized. Hence, the neutral position of the transfer
      device, as shown in FIG. 5, will result, and the reproduction apparatus
      can take over for exposure of the film 48 carried by the drum which is now
      driven through the shaft 5 by means (not shown) of the apparatus.
PAR  After recording on the film has been completed, the film material 48 can be
      returned to the cassette 6 for transportation to a darkroom for
      development. For this purpose, after the drum 1 has been stopped at
      conclusion of the exposure process, the handle lever is shifted in the
      direction of the "off" arrow (FIGS. 1 and 6) wherein it engages in a
      left-hand vertical leg of the guide slot in the plate 12. This causes the
      shaft 11 to be shifted toward the left by virtue of the coupling pin 19,
      thereby the pair of control contacts 33 and 34 are actuated to control
      switches for the motor 31 to energize the motor in reverse to the
      direction in which it rotated during transfer of the film from the
      cassette to the drum. As the shaft 11 is rotated in the "off" movement of
      the hand lever 10, the pin 29 is lifted from the groove 28 of the cam
      wheel 27 so that the friction drive wheel 30 pressing against the drum 1
      and driven by the motor 31 will drive the drum in the direction of the
      arrows 51 in FIG. 1. At the same time, a control stop 52 of a film
      stripping blade 53 is released from a depressor 52a carried by the shaft
      11. Thereby the blade 53 can rock about the axis of a shaft 54 on which it
      is fixedly mounted and which is rotatably supported by and between the
      bearing brackets 15 and 16 parallel to the shaft 11. Initially as the
      shaft 11 is shifted axially and releases the depressor 52a from the stop
      arm 52, a releasable latch device holds the stripper blade 53 separated
      from the drum 1 and in opposition to bias of a torsion spring 55, the
      latch comprising a ratchet wheel 56 corotatable with the shaft 54 and
      normally latchingly engaged by a pawl 57. To release the latch pawl 57,
      the lever arm 21 carries a stud 58 on which there is mounted a latch
      release lever 59 shiftable in the axial movements of the shaft 11 into and
      out of operating relation to the latch pawl 57. As the handle lever 10
      moves the shaft 11 toward the left, the release lever 59 is moved into
      operating alignment with the pawl 57. Rotation of the drum 1 in the
      direction of the arrow 51 carries an indexing stud 61 on its end nearest
      the release lever 59 into tripping engagement with the release lever
      immediately after the film retaining pins 2, 3 and 4 on the drum 1 having
      passed the stripper edge of the blade 53. Engagement of the stud 61
      against the release lever 59 trips this lever and drives it into tripping,
      releasing engagement with the latch pawl 57 to release it from the ratchet
      wheel 56 so that the biasing spring 55 causes the blade 53 to swing on its
      shaft and engage the stripper edge 62 of the blade pressingly against the
      perimeter of the drum 1. To clear the pins 2, 3 and 4, the blade edge 62
      has clearance notches 63, 64 and 65, respectively.
PAR  In order to assure stripping of the film 48 by engagement of the blade 53
      between the unattached trailing edge of the reversely moving film member
      and the drum, the blade 62 is provided with a protuberance at or adjacent
      the central portion of the blade to engage in a groove 68
      circumferentially in the drum and thereby engage under the end of the film
      at the point 69 and lift the same away from the drum. In order to
      facilitate the stripping action of the blade edge 62, such edge is
      preferably of generally V-shape converging toward the protuberance finger
      67. As the drum 1 is rotated by the friction wheel 32 in the direction of
      the arrow 51, the stripper blade 53 guides the film 48 in return direction
      through the opening 7a in the housing H and the access opening 7 in the
      cassette and then when the retaining pins 2, 3 and 4 are reached, the
      blade strips the film from the pins past the yieldable detents 50 thereon
      and the film drops from the drum into the cassette, the pins moving freely
      and without interruption through the respective clearance notches 63, 64
      and 65 in the blade edge. The drum can then be stopped by returning the
      handle lever 10 to its neutral position and thereby neutralizing the drum
      actuating and shifting mechanism until another cycle of operation is to be
      performed. The cassette 6 with the exposed film transferred back from the
      drum thereinto can then be closed by shifting the slide 8 into the closing
      position relative to the opening 7. Then the cassette 6 can be removed
      from the housing 8 for transportation of the film to a development
      station.
PAR  Instead of utilizing a manual operating control arrangement such as the
      handle lever 10, the various axial shiftings and rotary movements of the
      shaft 11 may be effected by means including actuating magnets or solenoids
      to accomplish the axial shifting of the shaft and an eccentric or a
      servo-motor for rotating the shaft.
PAR  Although minor modifications might be suggested by those versed in the art,
      it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of our contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device for handling photographic film between a cassette and an
      exposure reproduction apparatus:
PA1  said cassette having a film passage access opening normally closed by a
      shiftable closure, and said apparatus including an enclosing housing
      having an access opening;
PA1  said openings being registrable with the cassette mounted in  closing
      relation to said opening in the housing;
PA1  said cassette having therein a film supporting frame;
PA1  said apparatus including an exposure drum within said housing;
PA1  means including said frame for moving the film from the film supporting
      frame through the aligned openings into said housing toward said drum;
PA1  film supporting structure on said frame and said drum cooperating for
      transfer of the film from the frame to the drum;
PA1  said film supporting structure comprising film supporting and registration
      pins, with the pins of the frame being alignable with the pins on the
      drum; and
PA1  means for transferring the film from the frame pins onto the drum pins.
NUM  2.
PAR  2. In a device according to claim 1, said drum pins having detent means for
      retaining the film transferred thereto.
NUM  3.
PAR  3. In a device according to claim 1, means for rotatably driving said drum
      for withdrawing the film from the frame pins and cassette in one direction
      and for returning the film to the cassette in the opposite direction.
NUM  4.
PAR  4. In a device for handling photographic film for transfer to an exposure
      reproduction apparatus:
PA1  a film holding cassette having an opening in one side adapted to be placed
      in registration with an access opening into a housing having exposure
      reproduction apparatus therein;
PA1  a closure displaceable between open and closed positions relative to said
      cassette opening;
PA1  a film support having opposite end portions;
PA1  pivot means mounting one end portion of the support in the cassette and
      with the opposite end portion of the film support aligned with said
      cassette opening;
PA1  means on said opposite end portion of the support for supporting engagement
      with a piece of film within the cassette, the film being intended for
      transfer to the exposure reproduction apparatus; and
PA1  means for pivotally swinging said support on said pivot means to project
      said opposite end portion of the support through the cassette opening when
      said closure is in it's open position to thereby carry the film through
      said cassette opening and the aligned housing access opening for handling
      of the film by the reproduction apparatus.
NUM  5.
PAR  5. In a device according to claim 4, means for driving the drum selectively
      in respective opposite rotary directions, one of said rotary directions
      being for continuing movement of the film from the support and cassette to
      the drum, and the other of said rotary direction being for transferring
      the film from the drum into the cassette.
NUM  6.
PAR  6. A device according to claim 4, wherein said means for pivotally swinging
      comprise a cam mounted corotatable with the drum, means for rotating the
      drum and thereby the cam, and means actuated by said cam for effecting
      said swinging of the support.
NUM  7.
PAR  7. A device according to claim 4, wherein said means on said opposite end
      portion of the support for supporting engagement with a piece of film
      comprise film supporting and registration pins, with the pins of the frame
      being alignable with complementary means of the exposure reproduction
      apparatus within the housing, and means for transferring the film from the
      pins to the complementary means within the housing.
NUM  8.
PAR  8. A device according to claim 4, including means normally biasing said
      film support into the cassette.
NUM  9.
PAR  9. A device for handling photographic film between a cassette and an
      exposure reproduction apparatus:
PA1  said cassette having a film passage access opening normally closed by a
      shiftable closure, and said apparatus including an enclosing housing
      having an access opening;
PA1  said openings being registrable with the cassette mounted in closing
      relation to said opening in the housing;
PA1  said cassette having therein a film supporting frame;
PA1  said apparatus including an exposure drum within said housing;
PA1  means including said frame for moving the film from the film supporting
      frame through the aligned openings into said housing toward said drum;
PA1  film supporting structure on said frame and said drum cooperating for
      transfer of the film from the frame to the drum;
PA1  means including a rotatable and axially shiftable shaft;
PA1  an actuating handle lever coupled with the shaft for selectively rotating
      and axially shifting the shaft;
PA1  a guide plate having an angular guide slot therein through which said
      handle lever extends and by which selective axial and rotary movements of
      the shaft by actuation of the handle lever are determined; and
PA1  means controlled by said shaft for effecting film movement shifting of said
      frame toward said drum and for driving said drum.
NUM  10.
PAR  10. In a device according to claim 9, film stripping and transfer guiding
      means controlled by said shaft for effecting movement of the film from the
      drum into the cassette.
NUM  11.
PAR  11. In a device according to claim 1, means pivotally mounting the frame
      for projection through said openings for moving film supported thereby
      into said housing, means normally biasing said frame into a retracted
      position in the cassette, means within the cassette for actuating said
      frame, and a motion transmission coupling between said actuating means and
      said frame for swinging said frame in opposition to said biasing means.
NUM  12.
PAR  12. In a device for handling photographic film transferred from a cassette
      into an exposure reproduction apparatus including a drum within an
      enclosing housing:
PA1  the housing having an access opening aligned with the drum for registration
      of a cassette with the opening for transfer of a piece of film shorter
      than the diameter of the drum from the cassette onto the drum;
PA1  said drum being rotatably mounted within the housing;
PA1  film-engaging pins located at spaced longitudinal intervals in alignment on
      the perimeter of the drum and engageable in openings in an end margin of a
      film piece;
PA1  means for rotatably actuating the drum to align said pins with said
      openings to receive a film piece through said opening from a cassette and
      for then driving the drum rotatably to draw the film from the cassette
      unto the drum; and
PA1  means for effecting transfer of film from the cassette coordinated in
      operation with rotatable actuation of the drum.
NUM  13.
PAR  13. In a device according to claim 12, said pins being hollow and having
      lateral openings therein, and detents normally biased to project from said
      openings, said detents being displaceable inwardly relative to said pins
      on receiving the film piece thereon and acting thereafter to retain the
      film piece against unintentional displacement from the pins.
NUM  14.
PAR  14. In a device according to claim 13, said pins on the drum having reduced
      diameter tips thereon, and a cassette carried film-holding support having
      pins complementary to the drum-carried pins projecting thereon for
      engagement with the film piece before transfer to the drum, said support
      pins having recessed tips engageable with the tips of the drum-carried
      pins to facilitate registration of the pins and transfer of the film from
      the support carried pins onto the drum-carried pins.
NUM  15.
PAR  15. In a device according to claim 14, said support pins being normally
      biased into projecting relation to the support, and being retractable in
      opposition to their bias for displacement of the film therefrom onto the
      drum-carried pins.
NUM  16.
PAR  16. In a device according to claim 12, suction means on the drum for
      holding the film piece to the perimeter of the drum with an edge of the
      film piece spaced from the edge of the margin engaged by said pins.
NUM  17.
PAR  17. In a device according to claim 12, a stripper blade having an edge
      adapted to engage tangentially with the drum, said blade having notches
      therein for clearing said pins, means normally biasing the blade toward
      the drum, and releasable means for selectively holding the blade away from
      the drum in opposition to said biasing means.
NUM  18.
PAR  18. In a device according to claim 12, a stripper blade having an edge for
      generally tangential engagement with said drum, said edge being of
      generally V-shape converging to a peak, a lead finger projection from said
      peak, and a circumferential groove in said drum into which said finger
      projection extends.
NUM  19.
PAR  19. In a device for handling photographic film for transfer to an exposure
      reproduction apparatus:
PA1  a film holding cassette having an opening in one side adapted to be placed
      in registration with an opening in a reproduction apparatus housing access
      opening;
PA1  a displaceable closure for said cassette opening;
PA1  a film support and means pivotally mounting the support in alignment with
      said cassette opening;
PA1  means on said support for supporting engagement with a piece of film within
      the cassette for transfer to the exposure reproduction apparatus;
PA1  means for pivotally swinging said support carrying the film through said
      cassette opening when said closure is open;
PA1  said support comprising a frame;
PA1  biasing means normally retaining said frame within the cassette;
PA1  said means pivotally mounting the support frame comprising a shaft;
PA1  said means for moving the support frame including a rock lever on said
      shaft; and
PA1  means for driving said rock lever to turn the shaft for rocking said
      support frame.
NUM  20.
PAR  20. In a device according to claim 19, the combination with an exposure
      reproduction apparatus housing having an opening therethrough matching
      the cassette opening and means supporting the cassette on the housing with
      the openings in registration, means within the housing for supporting film
      for exposure, and means within the housing for actuating said driving
      means to effect rocking of said support frame through said openings toward
      said film supporting means within the housing for transfer of the film
      thereto.
NUM  21.
PAR  21. A device for handling photographic film between a cassette and an
      exposure reproduction apparatus:
PA1  said cassette having a film passage access opening normally closed by a
      shiftable closure, and said apparatus including an enclosing housing
      having an access opening;
PA1  said openings being registrable with the cassette mounted in closing
      relation to said opening in the housing;
PA1  said cassette having therein a film supporting frame;
PA1  said apparatus including an exposure drum within said housing;
PA1  means including said frame for moving the film from the film supporting
      frame through the aligned openings into said housing toward said drum;
PA1  film supporting structure on said frame and said drum cooperating for
      transfer of the film from the frame to the drum; and
PA1  air suction holes arranged in said drum in zigzag pattern grooves extending
      along the drum.
NUM  22.
PAR  22. A device for handling photographic film between a cassette and an
      exposure reproduction apparatus:
PA1  said cassette having a film passage access opening normally closed by a
      shiftable closure, and said apparatus including an enclosing housing
      having an access opening;
PA1  said openings being registrable with the cassette mounted in closing
      relation to said opening in the housing;
PA1  said cassette having therein a film supporting frame;
PA1  said apparatus including an exposure drum within said housing;
PA1  means including said frame for moving the film from the film supporting
      frame through the aligned openings into said housing toward said drum;
PA1  film supporting structure on said frame and said drum cooperating for
      transfer of the film from the frame to the drum;
PA1  means for rotatably driving said drum for withdrawing the film from the
      frame and the cassette in one direction and for returning the film to the
      cassette in the opposite direction; and
PA1  stripper blade means operative to effect stripping of the film from the
      drum and guiding of the film for transfer from the drum into the cassette.
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ABST
PAL  A semiconductor wafer constituting a diode with voltage-dependent
      capacitance, having an N-type base layer and two P-type layers forming
      together two P-N junctions. The area of one of the P-N junctions is 30 to
      50 times greater than that of the other P-N junction. The larger P-N
      junction of the semiconductor diode is energized by a positive potential,
      thus becoming forward-biased, while the smaller junction is energized by a
      negative potential, becoming reverse-biased. The resulting barrier
      capacitance of the reverse-biased junction determines capacitance, and its
      variation with temperature is compensated by a simultaneously changing
      potential of the two P-N junctions.
PARN
PAR  This application is a continuation of Ser. No. 282,840 filed Aug. 22, 1972,
      entitled "A Semiconductor Diode Using A Voltage-Dependent Capacitor," now
      abandoned
BSUM
PAR  The present invention relates to improved semiconductor devices, and more
      particularly to a semiconductor diode with voltage-dependent capacitance,
      that may be used for the electronic retuning of resonance circuits in
      radio and television equipment in a wide frequency range.
PAR  In technical literature, the inventive device is often referred to as a
      "tuning capacitor," a "Varicap" or a "Varactor."
PAR  A nonlinear capacitor is typically based on a monocrystalline semiconductor
      wafer, as for instance a silicon wafer, in the form of a two-layer
      structure, one layer being P-type, the other N-type. Confined between the
      layers is a narrow high-resistance region with a high majority carrier
      concentration, in the order of 10.sup.19 to 10.sup.20 cm.sup.-3.
PAR  In some cases, such devices are multilayer structures with alternating
      P-type and N-type layers. Such a multilayer structure comprises
      substantially two-layer structures connected in series via a metallic
      low-resistance contact. In order that such structures function as
      capacitors, they are reverse-biased.
PAR  Thus, a nonlinear capacitor is actually a monocrystalline semiconductor
      diode operating under reverse-bias conditions. The controllable parameter
      of the capacitor is the P-N junction barrier capacitance, dependent on the
      applied voltage, the capacitance being determined by the formation of a
      P-N junction space-charge layer.
PAR  The width of the space-charge layer is determined by the applied voltage,
      therefore a reverse-biased P-N junction may be regarded as a capacitor the
      capacitance value whereof depends on the applied voltage value. As the
      voltage increases, the capacitance decreases because the space-charge
      layer is extended into the high-resistance layer.
PAR  The P-N junction capacitance variation in the forward bias region, the so
      called diffusion capactance, cannot be regarded as a controllable
      parameter of the capacitor because the capacitor Q-factor decreases
      sharply at high positive voltages.
PAR  Hence of practical interest, as regards capactance control, is the use of a
      negative bias at this junction as it ensures a high Q-factor of the
      capacitor, as well as a low inherent noise level, and it renders the
      capacitance independent of frequency down to the millimeter wave-band
      frequencies.
PAR  The P-N junction barrier capacitance under consideration C.sub.1 1l ) may
      be mathematically written as:
      ##EQU1##
      wherein d.sub.q is the charge increment when the voltage increases by the
      value of du;
PA1  u is the maximum voltage applied to the P-N junction;
PA1  .epsilon..sub.o is the permittivity of vacuum;
PA1  .epsilon. is the absolute permittivity of the medium;
PA1  S is the area of the P-N junction; and
PA1  h is the width of the P-N junction space-charge layer.
PAR  The distinguishing feature of a semiconductor nonlinear capacitor is the
      dependence on voltage of the width of the P-N junction space-charge layer,
      which dependence is determined by the distribution of the impurity
      concentration in the space-charge region.
PAR  Conventional semiconductor nonlinear capacitors, of which the P-N junction
      is made by alloying or by diffusion, have practically a constant or a
      linearly increasing impurity concentration at the junction base, and
      ensure an inverse relationship between the barrier capacitance and the
      square or cube root of the bias voltage value.
PAR  A higher bias voltage sensitivity of the capacitance is obtained by means
      of a reciprocal gradient of the impurity concentration, i.e., by means of
      a distribution wherein the active impurity atom concentration decreases in
      a direction opposite to the junction boundary.
PAR  A semiconductor nonlinear capacitance is characterized by a variety of
      specific parameter, namely: the maximum-to-minimum capacitance ratio
      within a specified inverse voltage range; the volt-farad characteristic,
      i.e. the required mode of a capacitance-inverse voltage relation; the
      Q-factor, i.e., the lowest possible resistance losses; the temperature
      sensitivity, i.e., the changeability of the capacitance with temperature.
      The extent to which the capacitance may change with temperature is
      characterized by the so-called temperature capacitance coefficient (TCC)
      which is one of the main features of a semiconductor capacitor and is
      determined as a relative capacitance variation with temperature
      mathematically expressed as
      ##EQU2##
      where C is the capacitance of the capacitor and T is the temperature in
      .degree.K.
PAR  From the physical standpoint, the capacitance variation with temperature is
      accounted for by the temperaturedependence of the permittivity (.epsilon.)
      and of the contact potential difference (.phi.). The variation of the
      temperature capacitance coefficient due to temperature dependence of the
      contact potential difference is found to be inversely proportional to the
      bias voltage and directly proportional to the nonlinearity coefficient of
      the capacitor. By the nonlinearity coefficient is meant a quotient of a
      relative capacitor capacitance variation by the responsible relative bias
      voltage variation.
PAR  The contact potential difference variation exerts the greatest influence
      upon the temperature capacitance coefficient and brings about an increase
      of the capacitance with temperature. For example, in a semiconductor
      nonlinear capacitor device with a silicon wafer having a relation C(u) =
      A(.phi. + u).sup.-.sup.1/2, where C(u) is the capacitor capacitance, A is
      the proportionality constant, u is the bias voltage, the temperature
      coefficient changes within a temperature range of -60.degree. to
      +120.degree.C at a reverse-bias voltage of -4 V, by 300.10.sup.-.sup.6
      1/.degree.C. Still more sensitive to temperature variations is a capacitor
      with a reciprocal gradient of the impurity concentration at the P-N
      junction.
PAR  Such temperature capacitance coefficient variations decrease the stability
      of a circuit using a device of the described type, and make the latter
      unsuitable for use in a variety of radio systems.
PAR  At present, to reduce the temperature capacitance coefficient with the aim
      of stabilizing the capacitance within a specified temperature range,
      various changes are made in the circuit, i.e., additional elements are
      introduced, such as Zener diodes or integrated circuits.
PAR  This, however, complicates the overall circuit of a radio system and
      affects certain electric parameters of the device, specifically the
      volt-fared characteristic.
PAR  The object of the present invention, therefore, is to provide a
      semiconductor diode with voltage-dependent capacitance so as to compensate
      for temperature variations.
PAR  Another object of the invention is to increase the operational reliability
      and stability of circuits using such devices within a wide temperature
      range.
PAR  This and other objects are accomplished in the inventive semiconductor
      diode with voltage-dependent capacitance of monocrystalline structure
      wherein the base layer is sandwiched between layers having a considerably
      lower resistivity than the base layer and forms a P-N junction with one of
      these layers. The base layer forms a forward-biased P-N junction with the
      other layer, having an area at least 20 times greater than that of the
      reverse-biased junction.
PAR  Such an device allows for the compensation of temperature capacitance
      coefficient variations through redistributing the voltages between the
      forward-biased and reverse-biased junctions, thereby ensuring a high
      reliability of the device and a stability of its parameters within a wide
      temperature range, specifically the volt-farad characteristic thereof.
PAR  More specifically, the invention relates to a semiconductor diode with a
      voltage-dependent capacitance, which comprises a semiconducting crystal
      having two outer layers of one type of conductivity and an intermediate
      layer of the opposite type of conductivity disposed between the outer
      layers; the intermediate layer having a resistivity substantially greater
      than that of the outer layers, and defining therewith two P-N junctions;
      one of the junctions being forward-biased and the other being
      reverse-biased; and electrodes connected to the outer layers for serial
      insertion of the diode into an electric circuit; the area of the
      forward-biased junction being by at least twenty times greater than that
      of the reverse-biased junction; the forward-biased junction including
      means that provide compensation for the temperature coefficient of the
      diode capacitance under temperature fluctuations.
PAR  These and other advantages of the invention will become apparent from the
      following description of an exemplary embodiment thereof, taken in
      conjunction with the accompanying drawing, the sale figure of which is a
      cross-sectional view of a device embodying the features of the invention.
PAR  The inventive semiconductor diode with voltage-dependent capacitance is
      based on a P-type monocrystalline silicon wafer 1 with a resistivity of
      3.notident.xcm. Sealed in the wafer 1 from opposite sides are aluminum
      electrodes 2 and 3, thus forming P-type aluminumalloyed layers 4 and 5
      with a resistivity of about 0.03.notident..cm.
PAR  Thus, the structure is formed by alternate P-N-P-type layers, an N-type
      layer 6 whereof is the base layer with a resistivity 100 times higher than
      that of the two P-type layers. The ratio between the resistivity of the
      base layer 6 and that of the P-type layers 4 and 5 may vary. The P-type
      and N-type layers form two P-N junctions 7 and 8. The area of the P-N
      junction 7 is 20 times greater than that of the P-N junction 8.
PAR  The device is connected in an electric circuit so that the electrode 2 is
      reverse-biased between the two layers and has a higher resistivity than
      the latter, and forms therewith two P-N junctions, one of the junctions
      being placed, when connected in an electric circuit, under a potential
      that ensures a forward bias, while the other P-N junction has a potential
      providing for its reverse bias.
PAR  This bias blocks the P-N junction 8 initiating the barrier capacitance of
      this junction. The capacitance of the blocked P-N junction 8 determines
      the capacitance value of the capacitor and can be adjusted by varying the
      reverse bias.
PAR  The other P-N junction 7 remains under a positive potential, i.e., it is
      forward-biased. The forward bias unblocks this P-N junction and initiates
      the diffusion capacitance.
PAR  Considering that in the device according to the present invention the area
      of the P-N junction 8 is at least 20 times smaller than that of the P-N
      junction 7, the diffusion capacitance value is found to be negligible as
      compared to the barrier capacitance. The above objects are achieved also
      in that the area of the P-N junction under a positive potential, namely
      the voltage-dependent capacitance diode, is at least 20 times as large as
      the area of the P-N junction that is under the negative potential.
PAR  Let us consider the operating principle of the inventive semiconductor
      diode disclosed herein.
PAR  When a reverse bias voltage, e.g. -4 V, is applied, the temperature
      capacitance coefficient is 300.10.sup.-.sup.6 1/.degree.C, i.e., at a
      temperature variation of 10.degree.C and a fixed bias voltage, the
      capacitance varies by 0.3 percent. To compensate this variation, it is
      required and sufficient to change the attained bias voltage by means of
      the forward-biased P-N junction 7. This is accounted for by the following.
PAR  The P-N junctions 7 and 8 are connected in a series circuit. Temperature
      variations bring about respective changes in the bias voltage at the
      forward-biased P-N junction 7, i.e., as temperature increases, the voltage
      at the P-N junction 7 drops to some extent, which in turn results in a
      respective voltage increase at the reverse biased P-N junction 8. This
      voltage variation is sufficient for the compensation of the temperature
      capacitance coefficient variation without affecting either the volt-farad
      characteristic or the capacitance rating value.
PAR  The extent to which the temperature capacitance coefficient variation can
      be compensated for depends, at a given ratio between the P-N junction
      areas, on the selected temperature range. If, for example, the area of the
      forward-biased junction 7 is 30 to 50 times greater than that of the
      reverse-biased junction 8, the temperature capacitance coefficient
      variation is most effectively compensated within a temperature range of
      .+-. 60.degree.C. An extension of the temperature range results in a
      partial compensation of the variation; for instance, at a temperature
      range of +60.degree. to +120.degree.C, the temperature capacitance
      coefficient variation is compensated only by 40 to 50 percent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor diode with a voltage-dependent capacitance, comprising a
      semiconducting crystal having two outer layers of one type of conductivity
      and an intermediate layer of the opposite type of conductivity disposed
      between said outer layers; said intermediate layer having a resistivity
      substantially greater than that of said outer layers, and defining
      therewith two P-N junctions; one of said junctions being forward-biased
      and the other being reverse-biased; and electrodes connected to said outer
      layers for serial insertion of the diode into an electric circuit; the
      area of said forward-biased junction being by at least twenty times
      greater than the area of said reverse-biased junction; said forward-biased
      junction including means providing compensation for the temperature
      coefficient of the diode capacitance under temperature fluctuations.
NUM  2.
PAR  2. The semiconductor diode as defined in claim 1, wherein said crystal is
      made of a material selected from the group consisting of silicon,
      germanium and gallium arsenide.
NUM  3.
PAR  3. The semiconductor diode as defined in claim 2, wherein said P-N
      junctions are formed with the use of a material selected from the group
      consisting of boron, aluminum, indium, phosphorus, arsenic, antimony and
      alloys thereof, zinc being used in conjunction with the gallium aresenide.
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ABST
PAL  A semiconductor device having a Schottky junction formed by providing a
      semiconductor body at least two metal layers one on top of the other which
      can each form a Schottky barrier with the semiconductor, in which,
      according to the invention, the formed Schottky diode has a higher barrier
      than each of the metals individually relative to the semiconductor, by
      heating the assembly above 400.degree.C. Preferably nickel or cobalt is
      first provided and thereon aluminum, and heating is carried out at
      500.degree.C.
PARN
PAR  This is a continuation, of application Ser. No. 369,988, filed June 14,
      1973.
BSUM
PAR  The invention relates to a semiconductor device having a rectifying
      metal-to-semiconductor junction comprising a semiconductor body having a
      region of one conductivity type adjoining a surface and having at least a
      first metal layer which is provided on the surface of said region and a
      second metal layer of another metal which is provided on the first metal
      layer and makes no contact with the semiconductor material, in which the
      metals of the first and of the second metal layer can both form a
      rectifying junction with the semiconductor material of the said region.
PAR  The invention furthermore relates to a method of manufacturing the device.
PAR  Devices of the type described are known, for example, from the published
      German Offenlegungsschrift 1,564,870.
PAR  Rectifying metal-to-semiconductor junctions, usually referred to as
      Schottky junctions, are frequently used in semiconductor technology, for
      example, as a diode, for switching purposes in which a high switching
      speed is required. Said high switching speed in a Schottky junction is
      obtained inter alia in that, since majority charge carriers are used, the
      stored charge in a Schottky junction is very small and in particular much
      smaller than in a p-n junction.
PAR  In general it is desirable that the reverse leakage current of the Schottky
      junction be as low as possible.
PAR  In order to achieve this, a metal-to-semiconductor junction may be used
      having a barrier height which is as large as possible. Barrier height of a
      Schottky junction is to be understood to mean the energetic distance
      between the Fermi level and the conductance band, at the interface between
      the metal and the semiconductor material.
PAR  Such a Schottky junction having a very high barrier (0.80 - 0.82 eV) is
      formed, for example, between platinum silicide and n-type silicon.
      However, the technology for manufacturing such a junction is rather
      complicated. For example, at least two vapour deposition steps are
      necessary in which a treatment outside the vacuum is to be carried out
      between the two vapour deposition steps. Furthermore, platinum is a very
      expensive material. Other metals or alloys which also have a barrier
      height of 0.80 eV or more relative to silicon, are scarce and have several
      drawbacks such as, for example, gold which does not readily withstand high
      temperatures and often presents technological difficulties, in particular
      in combination with aluminium ("purple plague,") or, in particular when
      used in integrated circuits, by its poor adhesion to silicon dioxide.
PAR  One of the objects of the invention is to provide a semiconductor device
      having a rectifying metal-to-semiconductor junction with a large barrier
      height while using a simple technology in which comparatively cheap metals
      can be used.
PAR  According to the invention, a semiconductor device having a rectifying
      metal-to-semiconductor junction of the type described in the preamble is
      characterized in that the barrier height of the junction between the first
      metal layer and the said region is larger than the barrier height of a
      junction of each of the said metals individually with the semiconductor
      material of said region.
PAR  The invention is inter alia based on the recognition of the fact that it
      has surprisingly proved possible to make Schottky junctions with a very
      large barrier height by providing on a semiconductor material at least two
      metal layers which are present one on top of each other and which each
      individually can form only a Schottky junction with the semiconductor
      material the barrier height of which is lower than that of the diode
      according to the invention. The explanation of said phenomenon is yet
      clear.
PAR  The first metal preferably has a lower barrier height relative to the said
      region than the second metal.
PAR  It has proved in practice that for this purpose are particularly suitable
      the metals nickel and aluminium in combination with n-type silicon as the
      semiconductor material. By providing in a suitable manner on an n-type
      silicon surface a nickel layer and thereon an aluminium layer, a Schottky
      barrier of approximately 0.85 - 0.86 eV is obtained in a reproducible
      manner at the interface nickel-silicon, although both the barrier height
      between the n-type silicon and nickel only and that between n-type silicon
      and aluminium only are considerably lower than 0.85 eV. In addition, both
      metals can very readily be treated, in particular etched, and are cheap.
      Another useful combination is a composite layer of cobalt with aluminium
      on top. Cobalt alone gives a barrier of 0.64 eV whereas the composite
      layer may provide a barrier of 0.90 eV.
PAR  In order to reach this result, according to the invention the two metal
      layers are successively provided on the surface of a semiconductor region
      of one conductivity type, after which a thermal treatment is applied to
      the assembly at a temperature of at least 400.degree.C. A particularly
      good result is obtained when on an n-type silicon region first a layer of
      nickel is provided after which a layer of aluminium is provided on said
      nickel layer. The thermal treatment is preferably carried out at a
      temperature of at least 400.degree.C and at most 577.degree.C (the
      eutectic temperature of Al-Si) and preferably at substantially
      500.degree.C, for example, in nitrogen. Without said temperature
      treatment, or with temperature treatments considerably below said
      temperature, a barrier height equal to that of nickel, so of approximately
      0.66 eV, is obtained.
PAR  A very good result is obtained when the first layer has a thickess of
      substantially 0.1 micron and the aluminum layer has a thickness of
      substantially 1  micron.
PAR  Although the nickel may be deposited first, the substrate then be removed
      from the vapour deposition apparatus and the aluminium then be
      vapour-deposited in a second vapour deposition step, the two metal layers
      will preferably be provided after each other in one single vapour
      deposition step, in which the substrate is not removed from the vapour
      deposition device between the vapour deposition of the first layer and the
      vapour deposition of the second layer.
PAR  Schottky junctions having a high barrier are particularly suitable for use
      as gate electrodes in field effect transistors. An important preferred
      embodiment according to the invention is therefore characterized in that
      the metal-to-semiconductor contact constitutes a gate electrode of a field
      effect transistor, the said region consisting of an epitaxial layer which
      is provided on a substrate of the opposite conductivity type.
DRWD
PAR  The invention will now be described in greater detail with reference to a
      few embodiments and the drawing, in which
PAR  FIGS. 1 to 5 are diagrammatic cross-sectional views of a device according
      to the invention in successive stages of manufacture,
PAR  FIG. 6 is a plan view of another device according to the invention,
PAR  FIG. 7 is a diagrammatic cross-sectional view taken on the line VII--VII of
      the device shown in FIG. 6 and
PAR  FIGS. 8 to 10 are diagrammatic cross-sectional views of the device shown in
      FIGS. 6 and 7 in successive stages of manufacture.
DETD
PAR  The Figures are diagrammatic and not drawn to scale. Corresponding parts in
      the Figures are generally referred to by the same reference numerals. The
      outlines of metal layers are denoted by a broken line in FIG. 6.
PAR  FIG. 5 is a diagrammatic cross-sectional view of a semiconductor device
      according to the invention, in this example Schottky diode. The device
      comprises a semiconductor body 1 of silicon having an n-type conductive
      region 3 adjoining a surface 2 and a first metal layer 4 of nickel
      provided on the surface 2 of said region 3 in a thickness of substantially
      0.1 micron, and a second metal layer 5 of aluminium provided on said first
      metal layer 4 in a thickness of substantially 1 micron which does not
      contact the silicon. In this example, the region 3 is a 10 micron thick
      epitaxial layer having a resistivity of 2 ohm. cm grown on a substrate 6
      of n-type silicon having a resistivity of 0.01 Ohm. cm. The layer 5 and
      the substrate 6 are contacted by means of electrode layers 7 and 8, for
      example, of gold.
PAR  The layers 4 and 3 constitute a rectifying metal-to-semiconductor junction
      ("Schottky" junction) having a barrier height of 0.86 eV. This is higher
      than the barrier which each of the metals nickel and aluminium
      individually can form with the layer 3. Actually, said barrier heights are
      0.66 eV for nickel and 0.71 eV for aluminium.
PAR  The Schottky diode shown in FIG. 5 can be manufactured, for example, as
      follows. On a substrate 6 (FIG. 1) of n-type silicon having a resistivity
      of 0.01 ohm.cm, an epitaxial layer 3 having a thickness of 10 microns and
      a resistivity of 2 ohm.cm is grown in the usual manner. The surface of the
      layer 3 is then cleaned very carefully, for example, by boiling in a
      mixture of sulphuric acid and hydrogen peroxide in water, rinsing in
      deionized water, exposing to hydrofluoric acid gas for approximately 5
      seconds and boiling in methanol for approximately 15 minutes. A nickel
      layer 4 (FIG. 12), 0.1 micron thick, and an aluminium layer 5, 1 micron
      thick, are then vapour-deposited successively in a vacuum of
      10.sup.-.sup.6 mm mercury pressure or less in one vapour deposition step
      without removing the substrate from the vapour deposition apparatus.
PAR  A photoresist mask 9 is then provided (see FIG. 2). The aluminium layer 5
      is given its ultimate shape by etching with phosphoric acid (FIG. 3). The
      nickel layer 4 is then etched with nitric acid (which does not attack the
      aluminium), so that the structure of FIG. 4 is obtained. The assembly is
      then heated in an atmosphere of nitrogen at a temperature of 500.degree.C
      for 15 minutes. The electrode layers 7 and 8, on which further connection
      conductors may be mounted, are finally provided on the layer 5 and on the
      substrate 6 (the thickness of which may be reduced previously by a
      material-removing treatment) while using conventionally used methods. The
      assembly then is provided in a suitable encapsulation.
PAR  FIG. 6 is a diagrammatic plan view and FIG. 7 a diagrammatic
      cross-sectional view taken on the line VII--VII of FIG. 6 of another
      device according to the invention. The device in this example is a field
      effect transister comprising a substrate 16 of p-type silicon having a
      resistivity of 10 ohm cm, a 2 microns thick n-type conductive epitaxial
      layer 3 having a resistivity of 4 ohm. cm grown on the substrate 16, and
      n-type source and drain zones 17 and 18 adjoining the substrate 16 and
      diffused in said layer 3, the source zone 17 surrounding the drain zone 18
      entirely. The zones 17 and 18 are highly doped with a surface
      concentration of approximately 10.sup.20 at/cm.sup.3 phosphorus.
PAR  A layer 19 of silicon oxide is provided on the surface 2 of the
      semiconductor body. The nickel layer 4 and an aluminium layer 5 are
      provided in a window in the oxide layer 19, on the region 3 which
      constitutes the channel region of the field effect transistor. As a result
      of this a gate electrode 20 is obtained which forms, with the channel
      region 3, a Schottky junction having a very high barrier of 0.86 eV. In
      other windows in the oxide layer 19, the composite layer (4, 5) forms
      ohmic source and drain electrodes 21 and 22 with the highly doped n-type
      source and drain zones 17 and 18.
PAR  The gate electrode (see FIG. 7) is connected electrically to the electrode
      layer 24 on the substrate 16. A voltage source V.sub.1 is connected
      between the source and drain electrodes 21 and 22. A voltage in the
      reverse direction is applied by the voltage source V.sub.2 across the p-n
      junction 23 and across the Schottky junction (4/3), as a result of which a
      depletion zone extends from said junctions into the channel region 3. By
      varying the voltage of the voltage source V2, and with the voltage of the
      voltage source V1 remaining the same, the current from the source
      electrode 21 to the drain electrode 22 via the channel region 3 can
      thereby be varied. As a result of the high barrier of the Schottky
      junction (4/3), the leakage current through the gate electrode is very
      low.
PAR  The field effect transistor may be manufactured, for example, as follows.
      An n-type silicon layer 3 having a resistivity of 4 ohm.cm is grown on a
      p-type silicon substrate 16 having a resistivity of 10 ohm.cm. On said
      layer an oxide layer 25 is provided thermally in which layer apertures 26
      are etched (see FIG. 8) by using known photolithographic etching methods.
      Phosphorus is diffused through said apertures so as to form the source and
      drain zones 17 and 18.
PAR  The oxide and the phosphor silicate glass are then entirely removed from
      the surface and a new oxide layer 27 is grown thermally. Windows 28 are
      etched in said oxide layer 27 as a result of which the structure shown in
      FIG. 9 is obtained.
PAR  The area within the windows 28 is then carefully cleaned by a short dip in
      a solution of hydrofluoric acid (HF) and ammonium fluoride (NH.sub.4 F),
      the oxide 27 being only slightly attacked.
PAR  In the manner described in the preceding example, a nickel layer 4 and an
      aluminium layer 5 are then vapour-deposited, see FIG. 10. By using
      photolithographic etching methods, analogous to those of the preceding
      example, the double layer (4, 5) is then etched to the desired pattern
      after which a thermal treatment at 500.degree.C in nitrogen for 15 minutes
      is again carried out. The electrode layer 24 may be provided at any
      desired moment of the process. In this manner the structure shown in FIG.
      7 is obtained.
PAR  It will be obvious that the invention is not restricted to the embodiments
      described but that many variations are possible to those skilled in the
      art without departing from the scope of this invention. For example, the
      invention may be used in particular to manufacture a Schottky gate
      electrode of a field effect transistor having a more complex strucrure
      than that shown in FIGS. 6 and 7. The diode shown in FIG. 5 may be
      provided, for example, in a window in an oxide layer, the nickel --
      aluminium layer being partly present on the oxide. This will generally be
      the case when providing such a diode in an integrated circuit. In addition
      other materials may be used, for example, instead of a layer of silicon
      oxide, a layer of aluminium oxide or silicon nitride. Instead of nickel
      with aluminium on top, a composite layer of for instance cobalt with
      aluminium on top may be applied, which gives after heating at 500.degree.
      a barrier of 0,90 eV whereas the barrier of cobalt alone on n-type silicon
      is 0,64 eV. The heating may be carried out at any other temperature above
      400.degree. instead of at 500.degree., while the heating time is not
      critical. Also composite metal layers of more than two metal layers on top
      of each other may be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device having a rectifying metal-to-semiconductor
      junction, and produced by the method comprising:
PA1  a. providing a semiconductor body having a first conductivity region
      adjoining a surface of said body;
PA1  b. providing a first metal layer on only the surface of said first region
      to form a rectifying junction;
PA1  c. providing a second metal layer on said first metal layer and out of
      contact with said first region surface, said first and second layers
      comprising a layer structure, the respective said metals of said first and
      second layers being different from each other and being characterized by
      being capable of individually forming a rectifying junction with said
      semiconductor material of said region when disposed directly thereon, the
      ultimate barrier height of the junction between said first metal layer of
      said layer structure and said region being larger than the barrier heights
      of the respective junctions of said metals individually with said
      semiconductor material of said region; and then
PA1  d. subjecting the thus-produced assembly to a thermal treatment of at least
      400.degree.C, whereby said ultimate barrier height is attained.
NUM  2.
PAR  2. A semiconductor device as in claim 1, wherein said barrier height of
      said first metal relative to the said region is lower than that of said
      second metal.
NUM  3.
PAR  3. A semiconductor device as in claim 2, wherein said semiconductor
      material of said region is n-type silicon and said first metal layer
      consists essentially of nickel and said second metal layer consists
      essentially of aluminum.
NUM  4.
PAR  4. A semiconductor device as in claim 2, wherein said semiconductor
      material of said region is n-type silicon and said first metal layer
      consists essentially of cobalt and said second metal layer consists
      essentially of aluminum.
NUM  5.
PAR  5. A semiconductor device as in claim 2, wherein said first metal layer
      consists essentially of one of nickel and cobalt and has a thickness of
      substantially 0.1 micron and said second metal layer consists essentially
      of aluminum and has a thickness of substantially 1 micron.
NUM  6.
PAR  6. A semiconductor device as in claim 1, wherein said body comprises a
      field effect transistor and said metal layers constitute a gate electrode
      therefor, said semiconductor region consisting of an epitaxial layer
      provided on a substrate of said first conductivity type.
NUM  7.
PAR  7. A method of manufacturing a semiconductor device having a rectifying
      metal-to-semiconductor junction, comprising the steps of:
PA1  a. providing a semiconductor body having a first region adjoining a surface
      of said body;
PA1  b. providing a first metal layer on only the surface of said first region
      to form a rectifying junction;
PA1  c. providing a second metal layer on said first metal layer and out of
      contact with said first region surface, said first and second layers
      comprising a layer structure, the respective said metals of said first and
      second layers being different from each other and being capable of
      individually forming a rectifying junction with said semiconductor
      material of said region, when disposed directly thereon, the metal of said
      first layer of said layer structure exhibiting a barrier height relative
      to the semiconductor region which is lower than that of the metal of said
      second layer, and then
PA1  d. subjecting the thus-produced assembly to a thermal treatment of at least
      400.degree.C, so as to provide a rectifying junction between said region
      and said layer structure having a barrier height exceeding those of the
      junctions individually formed by said first and second layers.
NUM  8.
PAR  8. A method as in claim 7, wherein said step of forming said first metal
      layer comprises forming a nickel layer on an n-type silicon said region
      and said second metal layer is formed by providing an aluminum layer on
      said nickel first layer.
NUM  9.
PAR  9. A method as in claim 7, wherein said step of forming said first layer
      comprises forming a cobalt layer on an n-type silicon said region and said
      second metal layer is formed by providing an aluminum layer on said cobalt
      first layer.
NUM  10.
PAR  10. A method as in claim 7, wherein said step of thermally treating said
      assembly is carried out at a temperature of at most about 577.degree.C.
NUM  11.
PAR  11. A method as in claim 10, wherein said temperature treatment step is
      carried out at substantially 500.degree.C.
NUM  12.
PAR  12. A method as in claim 7, wherein said two metal layers are
      vapor-deposited successively in single vapor deposition operation.
NUM  13.
PAR  13. A method as in claim 7, wherein a field effect transistor is produced,
      wherein said step of forming said semiconductor body comprises the steps
      of epitaxially forming a layer of n-type silicon on a substrate of
      opposite conductivity type, and said method further comprising the steps
      of forming source and drain electrodes of said epitaxial layer, and
      wherein said first and second metal layers are provided on the epitaxial
      layer between said source and drain electrodes.
NUM  14.
PAR  14. A semiconductor device as in claim 1, wherein said body comprises a
      field effect transistor and said metal layers constitute a gate electrode
      therefor, said body comprising a substrate of said first conductivity
      type, an epitaxial layer of a second opposite conductivity type disposed
      on said substrate, and said first conductivity region disposed at said
      epitaxial layer.
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ABST
PAL  A bipolar transistor is provided with both high voltage and high frequency
      capabilities. A semiconductor body of a resistivity between 10 and 100
      ohm-cm forms the collector region of the transistor and has an epitaxial
      semiconductor layer grown on a major surface thereof of a resistivity
      between about 0.5 and 10 ohm-cm and of a thickness between about 20 and
      100 microns and of a conductivity type opposite from the body. At least
      one emitter region and integral emitter electrode are alloyed into the
      epitaxial layer preferably in annular rings. A base region is formed in
      the epitaxial layer between the emitter and semiconductor body and around
      the emitter region, said base region having a minimum thickness between
      the emitter region and the semiconductor body in the interior of the body
      of less than 20 and preferably between 5 and 10 microns. Base electrodes
      are alloyed into the epitaxial layer preferably spaced from the emitter
      region and emitter electrode preferably in concentric annular rings and a
      center circular member.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to semiconductor devices and particularly
      transistors.
PAC  BACKGROUND OF THE INVENTION
PAR  Bipolar transistors are old and well known in the art. Generally, a bipolar
      transistor is disposed in a semiconductor body having opposed major
      surfaces. It has emitter and collector regions formed of impurity of one
      conductivity type adjoining the separate opposed major surfaces, and a
      base region formed of impurity of the opposite conductivity type at least
      partially in the interior of the semiconductor body between the emitter
      and collector regions. Two PN junctions are thus formed in the
      semiconductor body, one at the transition between the emitter and base
      regions and one at the transition between the collector and base regions.
PAR  Bipolar transistors with high power capability have been generally
      restricted to low frequency operation, i.e., below 2 megahertz. This
      restriction is because of the competing requirements for impurity
      concentration uniformity in the base and for narrow base widths, e.g. 5-10
      microns, for high power, high frequency operation. The cut-off frequency
      response is directly proportional to D/X.sub.B.sup.2, where D is the
      minority carrier diffusion length in the base region and X.sub.B is the
      thickness of the base region. Therefore, the thicker the base, the lower
      is the cut-off frequency for the transistor.
PAR  Single alloyed transistors (that is, where the collector and emitter
      regions are simultaneously alloyed) have been typically made to provide
      high power devices (i.e., a large safe operating area) for operation in
      the 0.5 - 1.0 megahertz frequency range. Such alloyed devices provide
      rugged performance for regulating, controlling and switching applications
      in that frequency range. However, the base widths of such alloyed devices
      are typically not narrower than about 50 microns because the alloying
      depth can be controlled to only .+-.5 microns and the thickness of
      commercial semiconductor wafers is controlled to only .+-.2.5 microns. The
      margin of error is too great to permit narrower base widths and still
      provide commercially acceptable manufacturing yields. Therefore, alloyed
      transistors have been practically restricted to cut-off frequencies below
      about 1 megahertz.
PAR  Single-diffused transistors (that is, where the emitter and collector
      regions are simultaneously diffused) have resulted in high power devices
      capable of operation in the 1 to 2 megahertz range. However, the base
      widths of such single-diffused transistors are typically greater than 20
      microns because the deep diffusion that is required can be controlled to
      only .+-.2 microns and again the thickness of commercial semiconductor
      wafers is controlled to only .+-.2.5 microns. Again the margin of error is
      too great to permit narrower base widths and still provide commercially
      acceptable manufacturing yields.
PAR  Transistors with cut-off frequencies above 2 megahertz have, of course,
      been commercially made by double diffusion and epitaxial single diffusion
      techniques. However, the power capacity of such devices are low. In the
      double diffused transistor (that is, where the base and emitter regions
      are sequentially diffused), the impurity concentration is not axially
      uniform and in turn the base cannot carry as high a current density
      because of the resulting electric field gradient and minority carrier
      acceleration.
PAR  Moreover, the higher the frequency is, the higher the current density which
      must be carried by the transistor to attain a given power level. And the
      higher the current density and the narrower the base width, the more
      susceptible the transistor is to thermal runaway. That is, the electrical
      characteristics of the transistor vary from area to area resulting in
      non-uniform current densities. This non-uniformity in turn causes
      increased current densities in the area of highest density, resulting in
      localized overheating and eventually catastrophic breakdown and failure.
PAR  Therefore, even epitaxial base diffused emitter transistors have been
      limited in their power capacity. For this reason, a plurality of
      transistors are usually connected in parallel to provide for high power,
      high frequency operation. Such parallel operation, however, drastically
      lowers the input impedance of the transistor at high frequencies and in
      turn cause instability in the operation of the transistor. Further, this
      impedance decrease, correspondingly increases the Q of the device and
      makes impedance matching with external circuits exceedingly difficult
      without added complex circuitry.
PAR  A related problem in high power, high frequency operation is the size of
      the emitter contact to meet the high current requirements for high current
      density operation. The emitter contact has the same power handling
      requirements as the collector contact. Yet an epitaxial base diffused
      emitter transistor typically employs an emitter contact of evaporated
      aluminum of only about 3-7 microns in thickness. Similarly, a single
      diffused transistor typically employs an emitter contact of
      titanium-nickel alloy of only 1.5-2.5 microns in thickness, coated with 95
      percent tin --5 percent lead alloy solder. These contacts are not adequate
      to carry the high current levels needed for high current density, high
      frequency operations.
PAR  The present invention overcomes these difficulties and disadvantages. It
      provides a high power transistor capable of operation in the 2-10
      megahertz range. The invention utilizes the advantages of alloy
      transistors in high current emitter contacts while eliminating the problem
      in alloy transistors of base width control. Further, the invention
      provides a transistor which can readily be made with presently available
      production apparatus for making commercial transistors.
PAC  SUMMARY OF THE INVENTION
PAR  A bipolar transistor with both high power and high frequency capabilities
      is provided with a semiconductor body of a given conductivity type having
      first and second opposed major surfaces. The semiconductor body has a
      resistivity therethrough of between about 10 and 100 ohm-cm and preferably
      between about 30 and 50 ohm-cm, and a thickness preferably between 100 and
      150 microns. The semiconductor body forms the collector region for the
      transistor.
PAR  An epitaxial semiconductor layer of conductivity type opposite from the
      semiconductor body is grown on the first major surface of the
      semiconductor to form a PN junction therewith. The epitaxial layer has a
      major surface, has a resistivity between about 0.5 and 10 ohm-cm, and
      preferably between 2 and 3 ohm-cm, and has a thickness between about 20
      and 100 microns.
PAR  At least one emitter electrode, preferably in concentric annular rings of
      doped gold, is alloyed into the epitaxial layer adjacent the major surface
      thereof to form at least one emitter region of a conductivity type
      opposite from the base region with an integral electrode. Each emitter
      region thus forms a PN junction with the original impurity of the
      epitaxial layer. A base region is thus also formed from the original
      impurity grown into the epitaxial layer between the emitter region and the
      semiconductor body interior of the epitaxial layer and adjoining the major
      surface of the epitaxial layer around the emitter regions. The base region
      in the interior of the epitaxial layer between the semiconductor body and
      the emitter region has a minimum thickness less than 20 microns and
      preferably between 5 and 10 microns.
PAR  At least one gate electrode is alloyed to the base region at the major
      surface of the epitaxial layer spaced from the emitter electrode and
      emitter region. The gate electrodes are preferably one central contact and
      at least one and most desirably at least two annular rings concentrically
      positioned about and between the emitter electrodes which are annular
      rings, with one of the annular rings being peripheral of all emitter
      electrodes. Preferably, the gate electrodes are composed of doped gold.
PAR  To complete the transistor, a collector electrode is affixed to the second
      major surface of the semiconductor body preferably by alloying to make
      ohmic contact to the semiconductor body and the collector region of the
      transistor formed thereby.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of the presently preferred embodiments
      thereof and the presently preferred methods for making and practicing the
      same proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, the presently preferred embodiments of the
      invention and the presently preferred methods for making and practicing
      the same are shown, in which:
PAR  FIGS. 1 through 4 are cross-sectional views in elevation of a transistor of
      the present invention at various stages in its fabrication; and
PAR  FIG. 5 is a perspective view with portions cut-away of the finished
      transistor shown in FIGS. 1 through 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a bipolar transistor of the present invention is made
      starting with a semiconductor body 10 having first and second opposed
      major surfaces 11 and 12. The present invention may be embodied in either
      an NPN transistor or a PNP transistor. However, for purposes of
      illustration, the description shall be with respect to an NPN transistor,
      with the understanding that the invention may be similarly embodied with a
      PNP transistor.
PAR  Accordingly, semiconductor body 10 is typically a commercially available
      N-type silicon wafer substantially uniformly doped with antimony, arsenic
      or phosphorus. Body 10 has a resistivity between 10 and 100 ohm-cm and
      typically between 30 and 50 ohm-cm. Semiconductor body 10 may have a
      thickness as small as 50 microns, but handling problems result with such
      small thicknesses and quantitative yields are low. Preferably, the
      thickness of body 10 is between 100 and 150 microns. Body 10 is preferably
      not over 150 microns because of the bulk resistance and accompanying
      charge storage that reduces the high frequency operation of the device.
      However, for high voltage operation, a trade off may be desired so that
      the high voltage may be supported. Body 10 is the collector region of the
      transistor fabricated as hereinafter described.
PAR  Referring to FIG. 2, fabrication of the transistor is commenced by growing
      epitaxial layer 13 on major surface 11 of body 10. Body 10 is first
      prepared for epitaxial growth by first mechanically and chemically
      polishing major surface 11 of body 10 preferably to crystallographic
      orient major surface 11 in the [100] crystallographic plane or 2.degree.
      off from the [111] crystallographic plane of the single-crystal silicon.
      Semiconductor body 10 and particularly major surface 11 is then cleaned by
      any one of the well known cleaning techniques. For example, body 10 and
      particularly major surface 11 may be cleaned by degreasing in acetone and
      tetrachloroethylene and thereafter boiling in sulfuric-nitric acid
      (H.sub.2 SO.sub.4 :HNO.sub.3 ;3:1). Semiconductor body 10 may then be
      chelated using ammoniumethylenediaminetetracetate, which is a complexing
      agent for removing metal ions from the semiconductor surfaces. After
      degreasing, boiling and chelating, the semiconductor body is rinsed
      extensively in Super-Q water, i.e., continuously recycled deionized water.
PAR  Following an in situ hydrogen chloride etch, epitaxial layer 13 is grown on
      major surface 11 of silicon body 10. The epitaxial growth is preferably
      performed in a horizontal reactor with an external RF induction heater at
      a temperature between 1100.degree. and 1250.degree.C. Silicon is, for
      example, deposited by reaction of silicon tetrachloride (SiHl.sub.4) in
      hydrogen carrier gas. The epitaxial growth is continued until
      semiconductor layer 13 reaches a thickness preferably greater than 20
      microns and less than 100 microns to .+-.0.5 micron, with 35 .+-. 0.5
      microns being most typical. The thickness of epitaxial layer 13 is, of
      course, determined by the desired thickness for the base region of the
      transistor keeping in mind the removal of a certain part of the epitaxial
      layer in preparation for alloying and the alloying depth of the emitter
      region as hereinafter described.
PAR  Epitaxial layer 13 ultimately forms the base region of the transistor and
      therefore has a resistivity between 0.5 and 10 ohm-cm, with 2 to 3 ohm-cm
      being typical. The epitaxial layer is doped with a P-type impurity being
      of opposite type conductivity from the semiconductor body. The doping of
      the epitaxial layer 13 is provided by introducing a gas or vapor
      containing the desired P-type impurity into the epitaxial system during
      growth. Suitable gases and vapors for introduction of boron impurity are
      boron oxide (B.sub.2 O.sub.3), boron tribromide (BBr.sub.3) and diborane
      (B.sub.2 H.sub.6). The doping may be similarly performed with vapors and
      gases of other P-type impurities such as gallium and/or aluminum.
PAR  Thereafter, major surface 14 of epitaxial layer 13 is prepared for alloying
      of the emitter region so that the surface is wettable with the alloying
      metal without spreading of the metal. These alloying preparation
      procedures are well known. A typical procedure is a light sandblast
      followed by a light etch. A suitable etchant for this purpose is a
      solution of 15 parts of 70 percent nitric acid solution, 3 parts of 49
      percent hydrofluoric acid solution and 5 parts of 100 percent acetic acid.
      The surface preparation for alloying typically removes about 10 microns
      from the epitaxial layer 13 so that the epitaxial layer prepared for
      alloying has a thickness preferably between 15 and 90 microns, with 25
      microns being typical.
PAR  Referring to FIG. 3, base electrodes 15, 16 and 17 and emitter electrodes
      18 and 19 are interlaid and aligned on major surface 14 of epitaxial layer
      13 preparatory to alloying. Electrode 15 is typically a circular center
      contact typically of about 100-150 mils in diameter and about 25-40
      microns in thickness. Electrodes 16, 17, 18 and 19 are annular rings
      typically of about 30 mils in width and about 25-40 microns in thickness.
      The rings are equally spaced preferably between about 125 and 250 microns
      apart and from center electrode 15, with 125 microns being typical.
PAR  Collector electrode 19A of circular shape is also preferably aligned over
      second major surface 12. The collector electrode is circular in shape
      having a diameter greater than semiconductor body 10 and a thickness
      typically of about 25-40 microns.
PAR  The electrodes are typically composed of gold and are doped with N or
      P-type impurity as desired. Base electrodes 15, 16 and 17 form highly
      doped regions 20 in epitaxial layer 13 and make good ohmic contact to the
      base region of the transistor. Emitter electrodes 18 and 19 form emitter
      regions 21 with integral emitter electrodes for the transistor in
      epitaxial layer 13 adjacent major surface 14, with the base region
      adjoining major surface 14 around them. And collector electrode 19A forms
      highly doped region 21A in semiconductor body 10 adjacent major surface 12
      and makes good ohmic contact to the collector region of the transistor.
PAR  The alloying is typically performed by disposing the structure, with the
      aligned electrodes in place, in an RF induction furnace at about
      700.degree.C for 3 to 7 minutes, with 5 minutes being most typical. With
      this time and temperature, the alloying front will move into epitaxial
      layer 13 to between about 15 and 25 microns .+-.2.5 microns, with 20 .+-.
      0.5 microns being typical. The alloying may be carried to greater depths
      by heating to higher temperatures, i.e., 800.degree. to 850.degree.C, for
      the same or slightly longer times. However, alloying is not carried to a
      depth greater than 50 to 65 microns because of difficulty in controlling
      the alloying front and the reduction in yield that results.
PAR  Thereafter, the transistor is passivated, encapsulated and packaged
      according to commercial procedures well known in the art.
PAR  Referring to FIG. 5, the completed transistor is shown resulting from the
      fabrication. The epitaxial growth and alloying results in two PN junctions
      24 and 25 being formed, one at the major surface 11 between body 10 and
      epitaxial layer 13 and the other at the alloy front between emitter
      regions 21 and the epitaxial layer 13.
PAR  The high frequency operation is determined primarily by the thickness of
      the base region, which is the minimum distance between the emitter regions
      21 and semiconductor body 10 in interior portions of the epitaxial layer
      13. That is, the minimum thickness of the base region is less than 20
      microns and preferably between about 5 and 10 microns, with 7.5 microns
      being typical. This thickness corresponds to a frequency range of 2 to 10
      megahertz.
PAR  The high power capability results from the metallurgical structure at the
      alloyed emitter electrodes. The safe operating area (SOA) for the device
      is between 5 and 50 amperes, and between 100 and 300 volts. The safe
      operation range may even go as high as 700-1000 volts where the collector
      thickness is larger and the operating frequencies are lower. The thickness
      of the collector region does effect the frequency range of operation of
      the transistor because of the accumulated stored charge; however, the
      stored charge in the collector is 2 to 3 orders of magnitude less in its
      effect on the frequency range of operation than the base width.
PAR  In this connection, the 50 ampere restriction on the safe operating range
      is determined by the alignment of the electrode rings and the maximum size
      of the semiconductor body. Generally, the electrode rings cannot be
      physically spaced less than about 125 microns apart without seriously
      impairing yield, and silicon wafers are not commercially available that
      are greater than about 450 mils (i.e., about 11,250 microns) in diameter
      for the thickness required. These specifications put a practical limit of
      about 5 electrode rings that can be utilized in the structure. In this
      connection it should be noted that a base electrode ring is positioned
      peripherally of the outermost emitter electrode for good performance.
PAR  While the preferred embodiments of the invention have been shown and
      described with particularity, it is distinctly understood that the
      invention may be otherwise variously embodied and used within the scope of
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bipolar transistor with high power and high frequency capabilities
      comprising:
PA1  A. semiconductor body of a given conductivity-type having first and second
      opposed major surfaces, said body having a resistivity therethrough of
      between about 10 and 100 ohm-cm to form a collector region for a
      transistor;
PA1  B. an epitaxial semiconductor layer of conductivity type opposite from the
      body disposed on said first major surface of the body, said epitaxial
      layer having a major surface thereon, having a resistivity between about
      0.5 and 10 ohm-cm and having a thickness between about 20 and 100 microns;
PA1  C. at least one emitter region and integral emitter electrode alloyed into
      the epitaxial layer adjacent the major surface thereof, said emitter
      region being of opposite conductivity type from the epitaxial layer;
PA1  D. a base region for the transistor in the interior of the epitaxial layer
      adjoining each emitter region and the semiconductor body and adjoining the
      major surface of the epitaxial layer around the emitter region, said base
      region in interior portions adjoining the emitter region having a minimum
      thickness less than 20 microns;
PA1  E. a gate electrode alloyed to the base region at the major surface of the
      epitaxial layer spaced from the emitter electrode and emitter region; and
PA1  F. a collector electrode alloyed to the second major surface of the
      semiconductor body and making ohmic contact with the semiconductor body.
NUM  2.
PAR  2. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 1 wherein:
PA1  the emitter and base electrodes are doped gold.
NUM  3.
PAR  3. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 1 wherein:
PA1  the emitter electrode is at least one annular ring, and the gate electrode
      is one central contact and at least one annular ring positioned
      concentrically about the emitter electrode, one said ring of said gate
      electrode being peripheral of all said emitter electrodes.
NUM  4.
PAR  4. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 3 wherein:
PA1  the emitter electrode is at least two annular rings and the gate electrode
      comprises at least two annular rings, said annular rings of the emitter
      electrode being positioned concentrically about and between the annular
      rings of the base electrode.
NUM  5.
PAR  5. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 4 wherein:
PA1  the emitter and base electrodes are doped gold.
NUM  6.
PAR  6. A bipolar transistor with high power and high frequency capabilities
      comprising:
PA1  A. semiconductor body of a given conductivity type having first and second
      opposed major surfaces, said body having a resistivity therethrough of
      between about 10 and 100 ohm-cm to form a collector region for a
      transistor;
PA1  B. an epitaxial semiconductor layer of conductivity type opposite from the
      body disposed on said first major surface of the body, said epitaxial
      layer having a major surface thereon, having a resistivity of between
      about 0.5 and 10 ohm-cm and having a thickness between about 20 and 100
      microns;
PA1  C. at least one emitter region and integral emitter electrode alloyed into
      the epitaxial layer adjacent the major surface thereof, said emitter
      region being of opposite conductivity type from the epitaxial layer;
PA1  D. a base region for the transistor in the interior of the epitaxial layer
      adjoining the emitter region and the semiconductor body and adjoining the
      major surface of the epitaxial layer around the emitter region, said base
      region in interior portions adjoining the emitter region having a minimum
      thickness between about 5 and 10 microns;
PA1  E. a gate electrode alloyed to the base region at the major surface of the
      epitaxial layer spaced from the emitter electrode and emitter region; and
PA1  F. a collector electrode alloyed to the second major surface of the
      semiconductor body and making ohmic contact with the semiconductor body.
NUM  7.
PAR  7. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 6 wherein:
PA1  the emitter and base electrodes are doped gold.
NUM  8.
PAR  8. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 6 wherein:
PA1  the emitter electrode is at least one annular ring, and the gate electrode
      is one central contact and at least one annular ring positioned
      concentrically about the emitter electrode, one said ring of said gate
      electrode being peripheral of all said emitter electrodes.
NUM  9.
PAR  9. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 8 wherein:
PA1  the emitter electrode is at least two annular rings and the gate electrode
      comprises at least two annular rings, said annular rings of the emitter
      electrode being positioned concentrically about and between the annular
      rings of the base electrode.
NUM  10.
PAR  10. A bipolar transistor with high power and high frequency capabilities as
      set forth in claim 9 wherein:
PA1  the emitter and base electrodes are doped gold.
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ABST
PAL  A color filter strip arrangement for a color television camera tube which
      produces luminance and chrominance signals, and in which the chrominance
      signals are separeted from each other by phase division. A biasing light
      source is provided for illuminating the color filter to provide a minimum
      light level against a black frame at the periphery of the filter in order
      to enable discrimination of chrominance components when the scene being
      televised is at an extremely low light level. In another embodiment the
      strip arrangement involves combinations of first and second colors, and
      has a strip of the first color, a strip of the second color and a black
      strip. These combinations of strips are, in turn, separated by transparent
      strips.
PARN
PAR  This is a continuation application of application Ser. No. 245,085, filed
      Apr. 18, 1972 and now abandoned.
BSUM
PAR  The present invention relates to color image pick-up systems and more
      particularly to a color image pick-up system using a camera tube
      incorporated with a color strip filter.
PAR  Several color image pick-up systems of the type employing a camera tube
      combined with a color strip filter have been developed, which are
      advantageous in their simple and compact constructions. One of such color
      image pick-up systems utilizes a color strip filter constituted by red,
      blue and green color strips which is respectively arranged in
      predetermined pitches in space frequency. The color strip filter is placed
      in close proximity of the faceplate of a camera tube so as to spatially
      modulate an optical image focused thereon by an optical arrangement in
      red, blue and green contents. The image spatially modulated is converted
      by the camera tube into an electric image signal containing three
      components respectively having different fundamental frequencies
      corresponding to the primary three color contents. The color signals are
      separated from one another by filters respectively having central
      frequencies substantially equal to the three fundamental frequencies of
      the components contained in the image signal. The separated components are
      then converted through a known process into a composite color video signal
      including components, e.g., Y, Q and I components. Difficulty has been
      encountered in fabricating such color strip filter including red, blue and
      green strips since the strips should be arranged in three different space
      frequencies.
PAR  Another system utilizes another type of color strip filter which includes
      index strips in addition to the red, blue and green color strips. The
      color strip filter is incorporated with a camera tube in a similar manner
      as the above-stated system so as to obtain an image signal. This image
      signal includes an index signal caused by the index strip and three color
      signals. The index signal is utilized for separating the color signals
      from one another. It is pointed out that the width of each strip of the
      strip filter should be so narrow as to make difficult the fabrication of
      the strip filter since four strips correspond a single picture element. It
      is also pointed out that, in the systems as stated above, merely a third
      or fourth amount of light emitted from the optical image focuses on the
      strip filter is utilized for making the luminance signal which mainly
      governs the resolution power of a video image reproduced by an image
      reproducing device such as TV receiver.
PAR  It is accordingly an object of the present invention to provide a color
      image pick-up system which can produce a composite color video signal
      which contains a luminance signal with a sufficiently large intensity.
PAR  It is another object to provide a color image pickup system which operates
      with high fidelity.
PAR  It is a further object to provide a color image pick-up system which can
      produce a luminance signal with an intensity in dependence on intensities
      of color components of an optical image to be picked up.
PAR  It is a still further object to provide a color image pick-up system which
      produces color signals of uniform intensity.
PAR  It is a still further object to provide a color image pick-up system which
      has a simple construction.
PAR  It is a still further object to provide an image pick-up system using a
      novel color strip filter which can be readily fabricated.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings in which:
PAR  FIG. 1A is a sectional view showing a conventional color image pick-up
      system;
PAR  FIG. 1B is an enlarged fragmentary view of a color strip filter used in the
      system of FIG. 1;
PAR  FIG. 2 is a diagram showing a waveform of an output signal from the system
      of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view of a color strip filter according to
      the invention;
PAR  FIGS. 4A, 4B, 4C and 4D are cross-sectional views showing various types of
      target assemblies useful for the present invention;
PAR  FIG. 5 is a cross-sectional view of an image signal generator of a system
      according to the invention;
PAR  FIG. 6 is a graph showing a partial waveform of an output image signal
      produced upon impingement of the electron beam upon the target of the
      camera tube of FIG. 5;
PAR  FIG. 7 is a block diagram of a signal processor with a biasing light source
      to be used with the television camera tube;
PAR  FIGS. 8A through 8F are views showing various waveforms appearing in the
      signal processor of FIG. 7;
PAR  FIG. 9 is an explanatory view for the operation of the system shown in
      FIGS. 5 and 7;
PAR  FIG. 10 is a graph showing a frequency response curve of a vidicon;
PAR  FIG. 11 is a graph explaining distortion of an output signal of the
      vidicon;
PAR  FIG. 12 is a graph illustrating luminance and chrominance signals produced
      upon impingement during a line scan;
PAR  FIG. 13 is a block diagram of a correcting circuit in the signal processor
      of FIG. 7;
PAR  FIG. 14 is a second embodiment of the strip filter element;
PAR  FIG. 15 is a graph showing transmissivities of strips of the strip filter
      of FIG. 14;
PAR  FIGS. 16A through 16D are diagrams showing output signals with respect to
      positions of the strips when the filter of FIG. 14 is incorporated with
      the image signal generator of FIG. 5;
PAR  FIG. 17 is a diagram showing still another strip filter according to the
      invention;
PAR  FIG. 18 is a block diagram of a signal processor to be used with the image
      signal generator when the strip filter of FIG. 14 is employed;
PAR  FIG. 19 is a graph showing a frequency spectrum of the chrominance
      including an infinite number of higher harmonics when mixed with its
      replica delayed by eight cycles of the fundamental frequency of the power;
PAR  FIGS. 20A through 20E are graphs showing various waveforms produced upon
      impingment of the electron beam upon the color filter strip of the second
      embodiment; and
PAR  FIG. 21 is a graph explaining the filtering operation in the processing
      means of FIG. 18.
PAR  Corresponding parts are similarly numbered.
DETD
PAR  Briefly described, an image pick-up system according to the invention
      comprises an image signal generator including a single camera tube
      incorporated with a color strip filter, and a signal processor for
      converting an image signal produced by the signal generator into a
      composite video signal of a known type. This color strip filter is
      constituted by a plurality of white or transparent strips alternating with
      two kinds of color strips, for example, red and blue strips. The image
      signal therefore includes a luminance component caused by the transparent
      strips and two color signals caused by the color strips. In the signal
      processor, the luminance and two color signals are separated from each
      other through phase-detection and then the separated two color signals are
      separated from each other through either phase-detection or frequency
      detection.
PAR  Referring now to the drawings and more specifically to FIG. 1A, there is
      shown a typical conventional color image pick-up system which comprises a
      color strip filter 10, an object lens 11 for focusing an object 12 onto
      the surface of the color strip filter 10 so that an optical image of the
      object 12 is formed on the surface of the strip filter 10 as shown in FIG.
      1B. The strip filter 10 includes index strips 27 and red, green and blue
      strips 24, 25 and 26 which are arranged in cyclic succession so that the
      optical image is spatially modulated when passing through the strip filter
      10. The index strips are, for example, made of a fluorescent material and
      excited by illumination from a light source 13 positioned in the vicinity
      of the strip filter 10. The spatially modulated optical image is
      irradiated onto the faceplate 14 of a vidicon 15 which have a target
      assembly including a transparent electric conductive layer 16 disposed on
      the back surface of the faceplate 14 and a photo-conductive layer 17. The
      photo-conductive layer 17 is scanned by an electron beam 18 emitted from
      an electron gun 19 positioned within an envelope 20 of the vidicon 15.
      Since the spatially modulated optical image is irradiated on the
      photo-conductive layer 17, electric charges are stored in dependence on
      the conductivity of a point the electron beam 18 strikes. The electric
      charges flow through a resistor 21 to the ground thereby to generate a
      voltage signal at a circuit junction 22. The voltage signal is picked-up
      through a coupling capacitor 23 by a suitable signal processing means.
PAR  In FIG. 1B, the color strip filter 10 used in the system in FIG. 1A is
      illustrated in an enlarged scale, in which the red, green and blue colored
      strips and the index strips are designated by 24, 25, 26 and 27,
      respectively.
PAR  In FIG. 2, a waveform of the image signals produced by the vidicon in FIG.
      1A is shown, which includes index signal I.sub.s, red, green and blue
      color signals R.sub.s, G.sub.s and B.sub.s.
PAR  In FIG. 3, a first embodiment of color strip filter 30 used in a system
      according to the invention is illustrated which includes transparent or
      white strips 31 and red and blue strips 32 and 33. The white strips 31 and
      the color strips 32 or 33 are arranged alternately with one another in a
      direction perpendicular to the longitudinal direction of each strip.
      Although the strips 31, 32 and 33 may respectively have various widths,
      the strips preferably have a common width from half to double as much as
      the diameter of the flying spot to scan an optical image passed through
      the strip filter. When, for example, the effective horizontal scanning
      width and the diameter of the flying spot are 12.7mm and 20 microns,
      respectively, it is desirable the width of each strip is 20 microns. The
      strips 31, 32 and 33 arranged in such order as mentioned above are
      preferably surrounded by a black frame 34. In this instance, it is to be
      noted that the space frequency of the color strips 32 or 33 is, for
      example, one-fourth to one-eighth times as small as that of the
      transparent strips 31, so that, an image signal spatially modulated by the
      color strip filter 30 includes a luminance component with a high intensity
      and frequency and chrominance components with low intensity and
      frequencies. It is, on the other hand, revealed in physiology that the
      human eyes are more sensitive to the luminance component than to the
      chrominance components. Therefore, an image signal produced by using the
      strip filter of the invention can be converted into a favorable video
      signal through a suitable signal processor.
PAR  The above-mentioned strip filter 30 may be built in various types of target
      assemblies several of which are exemplified in FIGS. 4A through 4D.
PAR  In FIG. 4A, the color strip filter 30 is disposed on a transparent
      substrate 40 made of, for example, glass and having thickness of about 2
      to 3mm when the substrate 40 forms a faceplate of a camera tube. A
      transparent electric conductive layer 42 made of a metal oxide such as
      SnO.sub.2 and InO.sub.2 is disposed on the color strip filter 30. A
      photo-conductive layer 43 is formed on the electric conductive layer 42.
PAR  In FIG. 4B, another type of target assembly is shown which comprises the
      strip filter 30 disposed on one surface of a fiber optics plate 44. A
      transparent electric conductive layer 42 is disposed on the other surface
      of the fiber optics plate 44. A photo-conductive layer 43 is further
      disposed on the electric conductive layer 42.
PAR  In FIG. 4C, another type of target assembly is shown which includes the
      color strip filter 30 disposed on one surface of a glass plate 40. A
      transparent electric conductive layer 42 is disposed on the other surface
      of the glass plate 40. A photo-conductive layer 43 is further disposed on
      the layer 42.
PAR  In FIG. 4D, another type of target assembly is shown which includes the
      color strip filter 30 made of, in this case, electric conductive material.
      A photo-conductive layer 43 is disposed on one surface of the filter 30.
      The transparent electric conductive layer 42 is disposed on the other
      surface of the filter 30. The conductive layer 42 is disposed on the glass
      plate 40.
PAR  In FIG. 5, an image signal generator according to the invention, is
      illustrated which includes a target assembly 50 with the strip filter
      shown in FIGS. 3 and 4A to 4D. The target assembly 50 is placed on a
      faceplate of a camera tube 51 such as vidicon with an envelope 52
      surrounded by vertical and horizontal deflection coils 53 and 54 and an
      alignment coil 55. An electron gun assembly 56 is positioned in the
      envelope 52, which emits an electron beam toward the target assembly 50.
      The thus emitted electron beam is vertically and horizontally deflected so
      as to scan the back surface of the target assembly 50. The target assembly
      includes an electric conductive layer which is connected through a
      resistor R to a positive terminal of a d-c power source E whereby the
      electron beam is accelerated toward the target 50. A negative terminal of
      the power source E is grounded. An optical arrangement 56 is placed in
      front of the faceplate of the vidicon 51 so as to focus an object or image
      57 onto the faceplate of the vidicon 51. The optical arrangement 56
      includes an object glass or lens 58 with a diaphragm 59, and a
      semicircular cylindrical lens 60 interposed between the lens 58 and the
      faceplate of the vidicon 51. The optical arrangement 56 may further
      includes an annular reflector 61 interposed between the lens 60 and the
      faceplate, a tubular shielding member 62 interposed between the reflector
      61 and the faceplate, and one or more bias light sources 63 placed
      adjacent to the peripheral wall of the shielding member 62. The reflector
      61, shielding member 62 and bias light source 63 may be omitted, if
      desired. With this arrangement, light rays radiated from the bias light
      sources 63 are reflected on the reflector 61 and illuminate the faceplate
      of the vidicon 51 so that an optical image focused by the lenses 59 and 60
      on the faceplate is applied with a certain brightness. The optical image
      is converted by the scanning of the electron beam emitted from the
      electron gun 56 into an electric image signal which appears at a junction
      64 and picked up through a coupling capacitor C and an output terminal 65
      by a suitable signal processor.
PAR  FIG. 6 is a graphic illustration of a waveform of the image signal produced
      by the image signal generator of FIG. 5, in which the abscissa and
      ordinate axes respectively represent the time and amplitude. It is
      apparent that the waveform has maximum values M.sub.W which periodically
      appear and minimum values M.sub.R and M.sub.B interposed between the
      maximum values M.sub.W. The maximum values M.sub.W, and minimum values
      M.sub.R and M.sub.B respectively correspond with the white, red and blue
      strips of the strip filter.
PAR  In FIG. 7, a signal processor for converting the image signal produced by
      the image signal generator of FIG. 5 into a composite video signal is
      illustrated, which comprises a pre-amplifier 70 having an input terminal
      connected to an input terminal 71. The input terminal 71 is to be
      connected to the output terminal 65 of the generator of FIG. 5 so that the
      image signal as shown in FIG. 6 is applied to the pre-amplifier 70. An
      output terminal of the pre-amplifier 70 is connected to input terminals of
      a delaying circuit 72 and differentiator 73. An output terminal of the
      differentiator 73 is connected to an input terminal of a Schmidt trigger
      circuit 74 which has an output terminal connected to input terminals of a
      limiter 75. The limiter 75 further wave-shapes the output signal from the
      Schmidt circuit 74 into a pulse having sharp leading and trailing edges.
      The limiter 75 may be omitted, if desired. An output terminal of the
      limiter 75 is connected to input terminals of first, second and third
      sampling pulse generators 76, 77 and 78 which respectively produce
      sampling pulse trains in response to pulses applied thereto. Output
      terminals of the sampling pulse generators 76, 77 and 78 are connected to
      input terminals of first, second and third sampling gates, 79, 80 and 81,
      respectively, An output terminal of the delaying circuit 72 is connected
      to an input of a clamping circuit 82 having an output terminal connected
      to the other input terminals of the first, second and third sampling gates
      79, 80 and 81. The clamping circuit clamps on an input signal applied
      thereto to a d-c level. Output terminals of the sampling gates 79, 80 and
      81 are connected to input terminals of a correction circuit 83 which has
      output terminals connected to input terminals of a wave shaper 84. Output
      terminals of the wave shaper are connected to a matrix circuit 85 which
      has output terminals connected to input terminals of a modulator 86. An
      output terminal of the modulator 86 is connected to an output terminal 87.
PAR  Referring now to FIGS. 8A to 8F, the operation of the signal processor of
      FIG. 7 is explained hereinbelow.
PAR  When the image signal shown in FIG. 6 is applied to the input terminal 71,
      a signal analogous to the image signal appears on the output terminal of
      the pre-amplifier 70, which is applied to the delaying circuit 72 and the
      differentiator 73. In FIG. 8B, a wave form of the differentiated signal
      from the differentiator 73 is shown which changes its polarity from
      positive to negative when the image signal takes a maximum M.sub.W and, on
      the contrary, from negative to positive when the image signal takes a
      minimum M.sub.R or M.sub.B. The signal shown in FIG. 8B is applied through
      the Schmidt trigger circuit 74 to the limiter 75 which then produces a
      pulse signal as shown in FIG. 8C. The output signal of the limiter 75 is
      applied to the first sampling pulse generator 76 which then produces first
      sampling pulses each pulse of which appears at the trailing edges of the
      pulse signal from the limiter 75. The output signal of the limiter 75 is
      further applied to the second and third sampling pulse generators 77 and
      78 which then respectively produces second and third sampling pulses
      alternating with one another and appearing at leading edges of alternate
      pulses of the pulse signal from the limiter 75, as shown in FIGS. 8E and
      8F.
PAR  The output signal of the pre-amplifier 70 is, on the other hand, applied to
      the delaying circuit 72 which delays the signal by a delay time equal to a
      total delay time of the differentiator 73, Schmidt trigger circuit 74,
      limiter 75 and the sampling pulse generators 76, 77 and 78. The delayed
      signal from the delaying circuit 72 is delivered to the clamp circuit 82
      which superposes on the delayed signal a d-c bias voltage predetermined on
      the basis of the magnitude of the image signal corresponding to the black
      frame of the color strip filter of FIG. 3. The delayed and biased signal
      is applied to the first, second and third sampling gates 79, 80 and 81
      which sample the signal with the first, second and third sampling signals,
      respectively. The sampled signals from the sampling gates 79, 80 and 81
      undergo the correction by the correction circuit 83 for removing the
      distortion in the image signal caused by the responsiveness of the camera
      tube in the system of FIG. 5. The sampled and corrected signals are
      applied to the wave shaper 84 which wave-shapes the signals into analogue
      signals which are envelopes of the corresponding sampled signals,
      respectively. The wave-shaped signals are delivered to the matrix circuit
      85 which then converts the wave-shaped signals into the known luminance
      (Y), and color (Q, I) signals. The Y, Q and I signals are then applied to
      the modulator 86 which then modulates the Q and I signals and mixes the
      modulated Q and I signals with the Y signal. The mixed signal or a
      composite color video signal appears at the output terminal 87.
PAR  FIG. 9 illustrates another example of the image signal produced in the
      generator of FIG. 5 through one horizontal scanning of the electron beam
      on the faceplate of the vidicon 51. Since, in this case, a dark scene is
      focused on a portion of the faceplate corresponding to a time interval
      till a time t, the particular portion is irradiated only with the light
      rays from the bias light source 63, so that, the image signal has small
      amplitudes until the time t. The small amplitude of image signal is
      exploited by the sampling signal generators in the signal processor in
      order to correctly produce the sampling pulse signals. It should be noted
      that the sampling pulse generator is inoperable without the image signal.
      The luminous intensity of the bias light source 63 is selected to apply to
      the faceplate a bias brightness of 5 or 10 percent of a highest brightness
      in the focused scene. The bias brightness is favorable to prevent unwanted
      occurring fluorescence in the phosphorous layer to be used in the vidicon.
PAR  Since a light scene is focused on another portion of the faceplate, the
      image signal has larger amplitudes after the time t as shown in the
      figure. When this image signal with maximum values M.sub.W, and minimum
      values M.sub.R and M.sub.B is applied to the signal processor of FIG. 7,
      the wave-shaper 84 produces envelopes shown by a dot and dash line A,
      broken line B and phantom line C. The envelopes A, B and C are
      respectively luminance signal, red color signal and blue color signal.
PAR  A typical characteristic of a usual vidicon is shown in FIG. 10, in which
      abscissa and ordinate axes respectively represent space frequency and
      responsiveness. Hence, when a light input signal having a space frequency
      f.sub.s as indicated by a broken curve D is irradiated on the faceplate of
      the vidicon, an output signal as indicated by a solid curve E is produced
      by the vidicon. The correction circuit 83 corrects such distortion in the
      output signal from the vidicon of the generator.
PAR  In FIG. 12, waveform of the output signal from the image signal generator
      is shown, which includes maxima indicated by Y.sub.1, Y.sub.2 . . .
      Y.sub.n.sub.-1, Y.sub.n, and Y.sub.n.sub.+1, and minima indicated by
      C.sub.1, C.sub.2, . . . C.sub.n.sub.-1, C.sub.n and C.sub.n.sub.+1. The
      maximum and minimum values Y.sub.n and C.sub.n are corrected into values
      Y.sub.N and C.sub.N through the following equations:
      ##EQU1##
      ##EQU2##
      where, k represents the responsiveness of the vidicon at the space
      frequency f.sub.s.
PAR  FIG. 13 shows a circuit arrangement of the correcting circuit 83 of the
      signal processor of FIG. 7 which corrects the sampled image signal on the
      basis of the above equations. The circuit arrangment includes a first,
      second and third holding circuits 90, 91 and 92 having input terminals
      connected to the first, second and third sampling gates 79, 80 and 81. An
      output terminal of the holding circuit 90 is connected to one input
      terminal of a first subtractor 93, to an input terminal of a fourth
      holding circuit 94 and to one input terminal of a second adder 95. An
      output terminal of the second holding circuit 91 is connected on one input
      terminal of a first adder 96 and to one input terminal of a second
      subtractor 97. An output terminal of the fourth holding circuit 94 is
      connected to the other input terminal of the second adder 95. An output
      terminal of the third holding circuit 92 is connected to the other input
      terminal of the first adder 96 and to one input terminal of a third
      subtractor 98. An output terminal of the first adder 96 is connected to an
      input terminal of a first attenuator 99 which has an output terminal
      connected to the other input terminal of the first subtractor 93. An
      output terminal of the second adder 95 is connected to an input terminal
      of a second attenuator 100 having an output terminal connected to the
      other input terminal of the third subtractor 98.
PAR  Output terminal of the first, second and third subtractors are connected to
      input terminals of first, second and third amplifiers 101, 102 and 103.
      Output terminals of the amplifiers 101, 102 and 103 are connected to the
      wave-shaper 84.
PAR  When, in operation, the sampled luminance and two color components Y.sub.n,
      C.sub.n.sub.-1 and C.sub.n are applied to the first, second and third
      holding circuits 90, 91 and 92 which respectively hold the sampled
      components applied thereto until the succeeding sampled components are
      applied to the holding circuits 90, 91 and 92. The sampled signals
      C.sub.n.sub.-1 and C.sub.n are applied to input terminals of the first
      adder 96 which then produces a signal of amplitude of (C.sub.n.sub.-1 +
      C.sub.n). The (C.sub.n.sub.-1 + C.sub.n) signal is attenuated by a first
      attenuator into a signal having an amplitude of
      ##EQU3##
      which is subtracted from the signal Y.sub.n at the first subtractor 93. An
      output signal from the first subtractor 93 is amplified by the amplifier
      101 into
      ##EQU4##
PAR  When, at the succeeding instant, the signals Y.sub.n.sub.+1, C.sub.n and
      C.sub.n.sub.+1 are applied to the holders 90, 91 and 92, the fourth holder
      94 holds the signal Y.sub.n. The signals Y.sub.n.sub.+1 and Y.sub.n from
      the holders 90 and 94 are applied to the second adder 95 which then
      produces signal (Y.sub.n + Y.sub.n.sub.+1). The signal (Y.sub.n +
      Y.sub.n.sub.+1) is attenuated by the second attenuator 100 into a signal
      ##EQU5##
      The signal
      ##EQU6##
      and the signal C.sub.n applied to the second subtracter 97 which then
      produces a signal of
      ##EQU7##
      which signal is then amplified by the amplifier 102 into
      ##EQU8##
      At the further succeeding instant, the amplifier produces a signal of
      ##EQU9##
PAR  FIG. 14 illustrates a color strip filter 110 of a second embodiment of the
      invention. This color strip filter 110 includes transparent or white
      strips 111, color strips alternate with the transparent or white strips.
      The color strips are red and blue, or magenta, blue, red and black or
      opaque strips 112, 113, 114 and 115 which are arranged in the order named.
PAR  FIG. 15 illustrates transmissivities of the color strips of the filter
      shown in FIG. 14, wherein the abscissa and ordinate axes respectively
      represent the frequency and the transmissivity. Solid curves F and G
      respectively represent the transmissivities of the blue color and red
      color strips, and a broken curve H represents the transmissivity of the
      red and blue color strips.
PAR  FIG. 16A diagrammatically shows the strip filter of FIG. 14, and FIGS. 16B
      to 16D show waveforms of a monochrome content, and red and blue color
      contents in an image signal produced by the generator of FIG. 5 when the
      strip filter of FIG. 14 is used in the target assembly of the generator of
      FIG. 5 and a white scene is focused on the faceplate of the vidicon. When,
      in this instance, a space frequency of the strip filter is assumed to be
      f.sub.s, the monochrome or luminance signal has a fundamental wave with a
      frequency of (1/2)f.sub.s and the red and blue color signals have
      fundamental waves with frequencies (1/4)f.sub.s and (1/8)f.sub.s as
      indicated by broken lines.
PAR  The strip filter of FIG. 14 may be substituted for a strip filter shown in
      FIG. 17, in which a pair of neighboring color strips correspond with each
      color strips of the filter of FIG. 14. Even if the strip filter of FIG. 17
      is used in the image signal generator, the generator functions in the same
      manner as the strip filter of FIG. 14 is used.
PAR  FIG. 18 illustrates a signal processor which is to be combined with
      generator of FIG. 5 in which the strip filter shown in either FIG. 14 or
      FIG. 17 is used. The processor includes a pre-amplifier 70 to which an
      image signal with maximum values M.sub.W and minimum values M.sub.C as
      shown in FIG. 20A is applied through an input terminal 71 from the
      generator. The image signal is amplified by the pre-amplifier 70 and then
      applied to a delaying circuit 72 and to a differentiator 73. The
      differentiator 73 produces a signal shown in FIG. 20B which changes its
      polarity from positive to negative at a time when the image signal takes
      maximum value M.sub.W and from negative to positive at a time when the
      image signal takes a minimum value M.sub.C. The output signal from the
      differentiator 73 is converted by a Schmidt circuit 74 and a limiter into
      a pulse signal as shown in FIG. 20C. The limiter 75 may be omitted, if
      desired. The pulse signal from the limiter 75 is applied to a first and
      second sampling pulse generators 76 and 77. The sampling pulse generators
      76 and 77 then produce first and second sampling pulses as shown in FIGS.
      20D and 20E. The amplified image signal from the pre-amplifier 70 is, on
      the other hand, delayed by the delaying circuit and thereafter applied to
      a biasing circuit 82 which applies a bias voltage to the amplified and
      delayed image signal. The image signal thus processed is applied to first
      and second sampling gates 79 and 81 which sample the image signal with the
      first and second sampling signals. The sampled signals from the first and
      second sampling gates 79 and 81 are luminance and chrominance signals,
      which are applied to a correcting circuit 83. The corrected chrominance
      signal is delivered direct to one input terminal of a mixer 121 and
      through a delaying circuit 120 to the other input terminal of the mixer
      121. The delaying circuit is adapted to delay the signal by a time equal
      to 8 .times. 1/f.sub.s. The delaying circuit 120 and the mixer 121
      preferably remove higher harmonic components contained in the chrominance
      signal. The chrominance signal is separated by first and second filters
      122 and 123 having central frequencies (1/4)f.sub.s and (1/8)f.sub.s into
      red and blue color signals. The red color signal from the first filter is
      delayed by a delaying circuit 124 and applied to one input terminal of a
      matrix circuit 85. The blue color signal is applied direct to the other
      input terminal of the matrix circuit 85. The liminance signal is delayed
      by a delaying circuit 125 and applied to the remaining input terminal of
      the matrix circuit 85. The matrix circuit 85 produces the Y, Q and I
      signals which are then applied to a modulator 86. The modulator 86
      produces a composite color video signal on an output terminal 87.
PAR  It is now apparent that the system of the invention is operable when the
      red and blue strips are replaced by one another or when the red strips are
      substituted for magenta strip and the blue strips for yellow strips.
PAR  It is well known in the art that an a-c power including an infinite number
      of higher harmonics when mixed with its replica delayed by eight cycles of
      the fundamental frequency f.sub.s of the power has a frequency spectrum as
      shown by a dot and dash line in FIG. 19.
PAR  FIG. 21 shows frequency spectrum of the output luminance and chrominane
      signals of the correction circuit 83. The luminance signal has an energy
      distributing as shown by a solid curve 130. The red and blue color signals
      have energies distributing chrominance indicated by broken lines 131 and
      132. No problem resides in the overlapping of the curves 130 and 131 since
      the luminance and color signals are separated through phase-detection. It
      is, however, a problem that the curves 131 and 132 overlap one another.
      Since, in this instance, the color signals pass through the delaying
      circuit 120 and the mixer 121 which have transmission characteristics as
      indicated by a dot and dash line 134 and, therefore, the color signals
      have energizes as shown by a solid line 135, the frequency spectrums of
      the red and blue color signals do not overlap one another so that the
      color signals are completely separated from one another by the filters 122
      and 123. In order to effectively achieve such separation of the color
      components as above-described, it is generally required that the ratio of
      the two space frequencies of the color components be integral and the
      delay time of the delaying circuit 120 is a reciprocal of twice greatest
      common measure of the two space frequencies.
PAR  It is to be understood that although the strip filters above exemplified
      have strips of equal width, the strips may have various widthes, if
      desired.
PAR  It is apparent from the foregoing description that the color image pick-up
      system according to the invention has the following features:
PAR  1. An image signal produced in the system contains a luminance component
      having a sufficiently large intensity and a relatively narrow frequency
      spectrum.
PAR  2. The system can produce a luminance signal having an intensity in
      dependence on the intensities of color components in the image signal.
PAR  3. The system can produce an image signal including chrominance components
      with sufficiently large frequency range although the luminance component
      of the image signal has a sufficiently large intensity.
PAR  4. The system can produce an image signal including chrominance components
      with a uniform intensity.
PAR  5. The system makes unnecessitated the registration and the dichroic
      mirrors necessitated in a multi-tube system, so that a camera tube of the
      system is simple in construction.
PAR  While there have been described what at present are considered to be the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention. It is aimed, therefore, in
      the appended claims to cover all such changes and modifications which fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color television transmitter which includes a television camera tube
      having a photoconductive target at one end thereof, an electron gun at the
      other end thereof to provide an electron beam towards said target, a color
      strip filter positioned adjacent said target remote from said electron
      gun, the color strip filter being composed of a plurality of transparent
      strips and color strips of first and second colors, said transparent
      strips occurring in alternating succession between said color strips and
      being adapted to produce first pulses for generation of luminance signal
      and said color strips being adapted to produce second pulses for
      generation of chrominance signals upon impingement of said electron beam
      on said target, the improvement comprising a correcting circuit
      comprising:
PA1  a. means for adding successive two pulses of said first pulses and
      successive two pulses of said second pulses;
PA1  b. means for attenuating said added pulses by a factor of
      ##EQU10##
      wherein k is in the range from zero to unity; c. means for subtracting
      said attenuated second pulses from said first pulses and for subtracting
      said attenuated first pulses from said second pulses; and
PA1  d. means for amplifying said subtracting pulses by a factor of
      ##EQU11##
      wherein k has the same value as k in item (b).
NUM  2.
PAR  2. A color television system comprising, in combination:
PA1  a. a color television camera tube including an evacuated envelope having a
      faceplate at one end, an electron gun at the other end of said envelope, a
      color filter element disposed on said faceplate and a photoelectrical
      element disposed inwardly of said color filter element, means for scanning
      electrons from said electron gun in a given direction, said color filter
      element comprising in combination therewith;
PA2  a plurality of transparent strips extending in a direction normal to said
      given direction to produce from said photoelectrical element upon scanning
      of said electrons a luminance signal;
PA2  color strips of first and second colors and a blend of said first and
      second colors arranged in alternating succession with said transparent
      strips and in recurrent groups to thereby produce first and second color
      signals from said photoelectrical element upon scanning of said electrons
      thereacross; and
PA2  black strips separating each of said recurrent groups;
PA1  b. an output impedance connected to said color camera tube; and
PA1  c. signal processing circuit means, including color encoding means, coupled
      to said output impedance and responsive to an image signal appearing
      thereacross for developing a composite color video signal therefrom.
NUM  3.
PAR  3. A color television system as claimed in claim 2, wherein said filter
      element comprises subelemental strips of said first and second colors
      separated by a subelemental transparent strip, said first color strip
      comprises subelemental strips of black and said first color separated by a
      subelemental transparent strip, said second color strip comprises
      subelemental strips of said second color and black separated by a
      subelemental transparent strip, and said black strip comprises
      subelemental strips of black separated by a subelemental transparent
      strip.
NUM  4.
PAR  4. A color television system according to claim 2, further including a
      light source for superimposing an illumination of a predetermined
      intensity in front of said camera tube.
NUM  5.
PAR  5. A color television system according to claim 2, in which each of said
      color strips is colored in either one of two colors of the primary three
      colors.
NUM  6.
PAR  6. A color television system according to claim 2, in which each of said
      color strips is colored in black and in either one of the three primary
      colors or the complementary colors of the three primary colors.
NUM  7.
PAR  7. A color television system according to claim 2, in which said color
      strips have two space frequencies different from each other, and said
      signal processing circuit means includes a sampling pulse generating means
      for producing two sampling pulse trains one of which has the same phase
      and frequency as said luminance signal and the other of which has the same
      phases and frequencies as said two color signals, sampling means for
      sampling said image signal with said two sampling pulse trains so as to
      separate said luminance signal from said two color signals, filtering
      means for separating the separated two color signals from each other
      through filtering in frequency, and matrix and modulating means for
      converting the luminance signal and the separated two color signals into
      said composite color video signal.
NUM  8.
PAR  8. A color television system according to claim 7, in which said sampling
      pulse generating means includes a differentiator for differentiating said
      image signal, a cut-off and limiting circuit for cutting off negative
      portions of the differentiated image signal and for amplifying and
      limiting the differentiated and cut-off image signal so as to convert the
      differentiated and cut-off image signal into a reference pulse signal.
NUM  9.
PAR  9. A color television system according to claim 8, which further comprises:
PA1  a clamp circuit for clamping said image signal to a predetermined level.
NUM  10.
PAR  10. A color television system according to claim 8, in which said cut-off
      and limiting circuit is a Schmidt circuit.
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ABST
PAL  A color television signal generator includes a novel cathode-ray tube whose
      spot varies in chromaticity regularly during horizontal scanning of an
      electron beam. The chromaticity variable spot is focused on a color
      recording medium to be imaged and a resulting light is detected by a
      single photoelectric converter to provide a color signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a color television signal generator utilizing a
      novel flying-spot scanner and providing a color television signal from
      color documents.
PAR  More particularly, it relates to a color television signal generator
      operable in a manner such that a television raster is produced by a
      cathode-ray tube of the type wherein its flying-spot is regularly varied
      in chromaticity during horizontal scanning of an electron beam, the raster
      is focussed on a recording medium having recorded color pictures by means
      of an optical system, and the resulting transmitted or reflected light is
      detected by a single photoelectric convertor. As occasion arises, a
      chrominance signal separation process may be effected.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the prior art, several types of devices exist which generate a color
      television signal from color films. One of such conventional devices is a
      three-tube color television camera wherein a three-primary-color picture
      is focussed by an imaging lens system and a three-color separating optical
      system on the faces of the three imaging tubes to obtain video signals of
      three colors. The video signals are then processed by a color encoder to
      obtain a composite color signal. According to the above system,
      complicated elements are needed such as a three-color separating system
      and three lines of imaging tubes, making such devices expensive and bulky,
      and high skill is requiring to obtain an exact registration of a
      three-color image. Therefore, this type of device cannot be adapted to
      general and domestic use.
PAR  A system utilizing a flying-spot scanner is also known in which a
      television raster is formed on a cathode-ray tube face, its white light
      spot is focused on a color film, and the resulting transmitted light is
      detected by three photodetectors (generally, photomultipliers) which
      include dichroic filters to provide color video signals. This system is
      superior to the first-described system utilizing a three-tube television
      camera in that no registration is needed. Thus, such a system is
      comparatively well suited for the generation of a color video signal from
      color film. However, bulky dichroic optical systems, three lines of
      photodetectors, and associated amplifiers and high-voltage power sources
      are required, resulting in difficulty in making such devices compact.
PAR  As a third known system to generate color signals, a single-tube color
      television camera was developed which employs an optical system or a color
      stripe filter unit to effect multiplex-processing of a chrominance signal
      in a spatial frequency range. To effect multiplexing a dichroic stripe
      filter unit was used, and frequency-multiplexing and phasemultiplexing
      techniques have been used. The former technique is discussed in Japanese
      Pat. Publication No. 5170/1965 and is characterized by the fact that an
      object picture is focused through two kinds of stripe filter units of
      different spatial frequencies on a photocathode to achieve frequency
      separation. Several modifications of this type of system are also known.
      The latter technique is characterized by the fact that it employs
      three-primary-color stripe filters arranged in a predetermined order and
      separates a signal obtained during horizontal scanning in terms of the
      phase of the signal.
PAR  In the single-tube television camera system, because a single tube is
      employed there is no need to control registration and such a system can be
      embodied in a small, simple color camera in comparison to a three-tube
      color camera.
PAR  Recently, imaging-tubes with integrated stripe filters were developed
      whereby the optical system was simplified and the dimensions of the system
      could be miniaturized. On the other hand, in order to spatially effect
      frequency-multiplexing on the photocathode of the imaging tube, it is
      necessary to enhance the response characteristics of the imaging tube.
      However, present imaging tubes have a limitation on their resolving power,
      so one cannot obtain a reproduced television image which is satisfactory
      from the viewpoint of resolving power, color distortion and the like.
      Further, in imaging the color film a source of light is necessary to
      heavily illuminate the color film, and this results in the problem of
      color degradation of the film and the like.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a color television
      signal generator for the reproduction of color movie films and color
      documents which includes a novel cathode-ray tube, an optical system to
      focus the raster generated on the cathode-ray tube face on a color
      recording medium to be imaged, and a single photoelectric converter to
      detect light from the recording medium.
PAR  The cathode-ray tube is designed so that its flying-spot regularly varies
      in chromaticity during horizontal scanning of an electron beam.
      Specifically, the face plate member of the cathode-ray tube includes a
      color light emitting means which is responsive to the scanning of the
      electron beam.
PAR  The color light emitting means comprises a white phosphor layer and a color
      separation filter stripe layer applied on the white phosphor layer, or a
      color phosphor layer. Either the color separating filter stripe layer or
      the color phosphor layer consists of a repetitive series of parallel color
      filter stripes arranged in a direction crossing the horizontal scanning
      direction of the electron beam, wherein the width and order of arrangement
      of the stripe members of two to six colors are predetermined to that the
      output of a photoelectric converter responsive to light from the color
      recording medium illuminated by the chromatically varying spot can be
      utilized as a color television signal.
PAR  According to a first feature of the present invention, the output signal of
      the photoelectric converter is separated in terms of frequency or phase
      into color signal components.
PAR  According to a second feature of the present invention, the output of the
      converter is utilized per se as a color television signal because the
      stripe members provided on the face plate of the cathode-ray tube are
      designed to generate a spot whose color light components have a frequency,
      phase and intensity substantially identical to those of the corresponding
      color signal components of the ideal chrominance subcarrier signal of the
      NTSC color television system. Thus, in the second feature of the present
      invention, no chrominance signal separating circuit is required.
PAR  It is a general object of the present invention to overcome the
      shortcomings of conventional prior art color television signal generators
      by providing a novel, compact, light-weight color television signal
      generator.
PAR  It is a first specific object of the present invention to provide a novel
      color television signal generator including as a flying-spot scanner using
      a novel cathode-ray tube designed so that its spot regularly varies in
      chromaticity during horizontal scanning of an electron beam.
PAR  It is a second specific object of the present invention to provide a novel
      color television signal generator as described above employing only one
      photoelectric converter.
PAR  It is a third specific object of the present invention to provide a novel
      color television signal generator including a novel cathode-ray tube
      functioning as a color encoder as well as a flying-spot scanner, and
      providing a color video signal analogous to the standard NTSC color
      television signal.
PAR  It is a fourth specific object of the present invention to provide a novel
      color television signal generator for directly generating a color
      television signal from color movie films and color documents.
PAR  It is a fifth specific object of the present invention to provide a novel
      color television signal generator as described above including a
      multi-sided rotary prism for frame conversion. from color movie film to a
      television image.
PAR  It is a sixth specific object of the present invention to provide a novel
      cathode-ray tube for the generation of a color television signal from
      color movie film and color documents whose spot regularly varies in
      chromaticity during horizontal scanning of an electron beam.
PAR  It is a seventh specific object of the present invention to provide a novel
      cathode-ray tube functioning as a color encoder as well as a flying-spot
      scanner generating the spot whose color varies regularly in response to
      scanning of an electron beam, whereby the emitted light includes color
      components which each have a predetermined frequency, phase and intensity
      corresponding substantially to those of corresponding color signal
      components of the ideal chrominance subcarrier signal of the NTSC color
      television signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a first embodiment of a color television
      signal generator according to the present invention.
PAR  FIG. 2 is a schematic view of an exemplary arrangement of a face plate
      member of a cathode-ray tube of the type wherein a detected signal is
      processed in accordance with a frequency separation technique.
PAR  FIG. 3 is a block diagram of an exemplary chrominance signal separating
      circuit employed in a frequency separation system.
PAR  FIGS. 4, 5 and 6 are schematic views of exemplary arrangements of the face
      plate member of the cathode-ray tube of the type wherein a detected signal
      is processed in accordance with a phase separation technique.
PAR  FIG. 7 is a block diagram of an exemplary chrominance signal separating
      circuit employed in the phase separation system.
PAR  FIG. 8 is a vector diagram of the chrominance subcarrier signal of the NTSC
      color television system.
PAR  FIGS. 9 and 10 are perspective and schematic plan views of an exemplary
      arrangement of the face plate member of the cathode-ray tube employed in a
      second embodiment as shown in FIG. 13 of the color television signal
      generator according to the present invention.
PAR  FIG. 11 is a vector diagram similar to FIG. 8.
PAR  FIG. 12 is a schematic view of an exemplary arrangement of the face plate
      member of the cathode-ray tube also employed in the second embodiment
      shown in FIG. 13 for generation of a color signal substantially identical
      to the chrominance subcarrier signal of the NTSC color television signal.
PAR  FIG. 13 is a block diagram of the second embodiment of the color television
      signal generator according to the present invention adapted for the
      reproduction of color movie films.
PAR  FIG. 14 is a simplified view of the tube face of the cathode-ray tube
      employed in the system shown in FIG. 13.
PAR  FIG. 15 is a simplified view showing the general mechanisms and associated
      elements of the system illustrated in FIG. 13 with a movie film loaded in
      a magazine.
PAR  FIGS. 16a and 16b are explanatory views showing the technique of frame
      conversion from a movie film to a television image.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now, at first, a first embodiment of the present invention will be
      described with reference to FIGS. 1 to 7.
PAR  A first embodiment of the present invention comprises a cathode-ray tube
      including a face plate member consisting of a white phosphor layer and a
      dichroic stripe filter layer, or consisting of a striped color phosphor
      layer, which effects spatial frequency multiplexing of color signals, a
      deflector to generate a raster, an optical system to focus a flying spot
      or raster on a color document, a single photoelectric converter to detect
      light transmitted through or reflected by the color document, and a
      chrominance signal separating circuit to provide a set of color signals.
      As occasion arises, there may additionally be provided a gamma correction
      circuit to compensate for nonlinearity belonging to CRT and the color
      document and a color correction circuit to improve the color reproduction
      characteristics of the system.
PAR  Referring to FIG. 1, the cathode-ray tube 1 illustrated differs from a
      conventional cathode-ray tube in the structure of the face plate member
      which effects spatial frequency multiplexing of color signals on the face
      plate. The cathode-ray tube usable in the present invention has a face
      plate member 2 including, for example, a white phosphor layer and a
      striped color separating filter layer. Raster scanning of an electron beam
      is achieved by a vertical and horizontal deflector 4 and a deflecting coil
      3, and the flying spot is focused by means of a lens system 5 on a color
      film medium 6. In this case, the spot is varied in chromaticity by means
      of the stripe filters. The light transmitted through the color film 6 is
      led to a photo detector 8 by a focusing lens system 7. A synchronizing
      signal generator 16 supplies signals to the deflector 4 and, through a
      blanking circuit 17, to a cathode of the cathode-ray tube. The device
      further includes a high-voltage generator 18. The foregoing arrangement
      and resulting operation are analogous to those of a conventional
      flying-spot scanner. However, in the present invention, as the white light
      spot generated in the cathode-ray tube moves in the horizontal direction,
      it traverses the dichroic stripe filters disposed and arranged in a
      direction crossing the spot scanning direction, so that the chromaticity
      of the spot varies. The frequency fc (KHz) of this color variation is
      determined in accordance with the following equation by the width d (mm)
      of the stripe filters and the space therebetween, the horizontal scanning
      frequency (15.75 KHz in the NTSC color television system) and the
      horizontal deflection width D (mm) on the cathode-ray tube face:
      ##EQU1##
      where the pitch or repetitive cycle of the stripe filters having a width d
      is taken to be "2d", and .alpha. designates the ratio (about 83% in the
      NTSC color television system) of the effective scanning time (exclusive of
      the retrace period) to the total horizontal scanning time period.
PAR  Since the color film 6 is scanned by the flying spot light of varying
      chromaticity, the signal obtained by detecting light transmitted through
      the film has been further modulated by the color pictures provided on the
      color film 6. The signal detected is then applied through a gamma
      compensating circuit 9, which compensates for the gamma property of CRT
      and the color film, to a chrominance signal separating circuit 10 whereby
      three primary color video signals reflecting the scanned picture of the
      color film are obtained. That is, one can obtain a video signal 11
      representing red, a video signal 12 representing green and a video signal
      13 representing blue. These video signals are in turn applied to a matrix
      circuit 14 and an NTSC color encoder 15 to obtain an NTSC color television
      signal 19. As occasion arises, a color correcting matrix circuit may be
      added to correct the color-mixing property arising from the color film to
      be imaged. Further, if the output signal is modulated by the carrier
      frequency of any unoccupied TV channels and coupled to an antenna terminal
      of a standard color television receiver, one can obtain a color display on
      the receiver screen.
PAR  There are several systems to separate the chrominance signal, depending
      upon the arrangement of the dichroic stripe filters provided on the
      cathode-ray tube face. Generally, they can be classified into two classes:
      a frequency separation system and a phase separation system.
PAR  In the frequency separation system, a dichroic stripe filter unit
      consisting of cyan (red cut-off) stripe filters and yellow (blue cut-off)
      stripe filters of different pitches overlapped one upon the other is
      employed, whereas in the phase separation system, a filter unit consisting
      of blue, green and red dichroic stripe filters arranged side-by-side is
      employed.
PAR  FIG. 2 shows an exemplary arrangement of a face plate member of a
      cathode-ray tube utilizable in the frequency separation system. Inside a
      glass face plate 20 of a cathode-ray tube there is provided a dichroic
      stripe filter layer 21. Layer 21 consists of two stripe layered sections:
      one consisting of cyan stripes 22 and transparent stripes 22a and the
      other consisting of yellow stripes 23 having a pitch different from that
      of the cyan stripes, and also comprising transparent stripes 23a. If each
      stripe layered section, the width of the transparent stripes is the same
      as that of the color stripes. These stripe filters are arranged in a
      direction crossing the horizontal scanning direction of the electron beam
      26, typically, in a direction normal to the horizontal scanning direction.
      Layer 24 is a phosphor layer which emits white light with short duration
      less than one micro second. Such phosphor layer can be used for a
      conventional flying spot scanner of color television set. An aluminum back
      layer 25 is applied to the assembly.
PAR  When the electron beam 26 is scanned in the cathode-ray tube to generate a
      raster, the white light spot on the phosphor layer 24 yields, outside the
      tube, "luminescence" that has been modulated by the dichroic stripe filter
      unit. Specifically, the red light component of the white light is
      modulated by the cyan stripe filters 22 and the blue light component by
      the yellow stripe filters 23. Since the cyan stripe filters and yellow
      stripe filters differ in pitch, corresponding color-variation frequencies
      of the spot will differ from each other. However, the green light passes
      through both kinds of stripe filters, so it is not modulated.
PAR  When the above-described cathode-ray tube is employed as as flying-spot
      scanner, the color-variable spot on the tube face is focused through a
      lens system on the color film and the light transmitted from the film is
      further modulated by the elements of the color picture on the color film.
      That is, the light from blue picture elements is modulated at a frequency
      determined by the yellow stripe filters and the light from red picture
      elements is modulated at a frequency defined by the cyan stripe filters,
      which frequency is different from the frequency relating to the yellow
      stripe filters. The difference in frequencies can be separated by a filter
      and be larger than the band width of red and blue signals. The light from
      the green picture elements is modulated only by the respective picture
      elements and not by the stripe filters. A signal 30 obtained from a
      photodetector receiving such light is a composite signal representative of
      all of the above light components. FIG. 3 shows an exemplary circuit to
      separate signal 30 into its respective color signals.
PAR  In FIG. 3, the signal 30 obtained by detection of the light is, after being
      amplified if necessary, applied to a first band-pass filter 31 which can
      pass signal components only in the frequency band associated with the
      yellow stripe filters and then to a first detector 32 which effects
      envelope demodulation whereby a B signal 33, representative of the blue
      picture elements, is obtained. Similarly, a second frequency band-pass
      filter 34 and a second detector 35 derive an R signal 36. By means of a
      low-pass filter 37, a signal is obtained which is primarily representative
      of green which is not modulated by the stripe filters. The output signal
      of the filter 37 is applied through a delay circuit 38 to a matrix circuit
      39 where the B and R signal components of the input signal are removed,
      whereby a G signal 40 representative of green is obtained.
PAR  Due to the fact that the human eyes resolving power relative to blue and
      red on either end of the visual spectrum is poor in comparison to green
      resolution, the band width of the blue and red signals is sufficient even
      though it is narrowed. Typically, it is 0.5 MHz.
PAR  In general, the primary factor determining the resolving power of the
      reproduced television image is the band width of the signal mainly
      representative of green. In the afore-mentioned frequency multiplexing
      system employing the imaging tube with the stripe filters provided on the
      photocathode, because the resolving power of the imaging tube (typically,
      a Vidicon) is somewhat limited, the band width of the low frequencies is
      on the order of 2.8 MHz and respective color carrier frequencies are
      approximately 3.3 MHz and 3.9 MHz. In one comparatively improved system,
      they are 3.9 MHz and 51.0 MHz. In such cases as above, the composite
      signal 30 contains three kinds of signal components divided into
      respective frequency bands, so that the width of each band cannot be
      widened enough, and they are close to one another. As a result, the
      drawback is encountered that high frequency components reflecting the
      picture to be imaged are mixed in the color signal, thus generating a
      false color signal. Generally, an optical lowpass filter member including
      a lens such as a lenticular lens or an optical fibre plate is used to
      prevent generation of such a false color signal.
PAR  According to the present invention, the above drawback can be obviated by a
      frequency multiplexing optical member or stripe filter unit provided on a
      face of the cathode-ray tube. The diameter of the cathode-ray tube is
      larger than that of the photoelectric surface of the Vidicon used for the
      aforementioned single-tube color camera. That is, the present invention
      can economically provide a small 3-inch cathode-ray tube, the spot
      diameter of which is smaller than 50 microns over the total raster area.
      In the above exemplary tube size, since the useful diameter of cathode ray
      tube is 67 mm., the dimension of the raster is 40.2 .times. 53.6 mm based
      on the television aspect ratio 3:4. Further, the frequency boundary of the
      video signal can be calculated by the resolving power on the cathode-ray
      tube face as follows:
      ##EQU2##
PAR  This can be derived from the aforedescribed generic formula (1). Here,
      parameters relating to an exemplary system including a 3-inch cathode-ray
      tube are assumed to be such that a lowpass filter does not pass
      frequencies higher than 4 MHz, the width of the yellow stripe filters is
      85 microns, the width of the cyan stripe filters is 73 microns, and the
      blue and red carrier frequencies are approximately 6 MHz and 7 MHz,
      respectively. Thus, the band width of the respective signals becomes
      sufficiently wide, and it is possible to maintain a wide space between
      adjacent bands in order to prevent high frequency components from mixing
      into the color carrier bands. However, a great deal of consideration
      should be paid to determining the frequency bands, because the
      signal-to-noise ratio of the image will be remarkably deteriorated if
      these bands step in a frequency range reflecting the granularity of the
      color film to be reproduced (that may depend mainly upon color element).
      The whole resolution power through 8 mm movie film and movie cameras on
      the market is about 70-80 line pairs/mm and this causes 7.about.8 MHz in
      frequency on television scanning. Therefore, in the case of the
      reproduction of 8-mm films or smaller the color carrier frequency should
      be lowered even further.
PAR  Several methods of producing the dichroic strip filters on the face plate
      of the cathode-ray tube have been proposed, but the methods which use an
      organic material as a filter substance are not suitable because in the
      step of manufacturing a phosphor layer and an aluminum-back layer in the
      cathode-ray tube, a burning operation is performed at elevated
      temperature, thereby volatilizing organic binders. The stripe filter unit
      that is preferably employed in the present invention is the so-called
      dichroic filter, which may include about 5 to 11 layers of two different
      kinds of materials produced through an evaporation process and overlapped
      alternately one upon another, wherein the first type of layer is made of a
      material of large refractive index such as a transparent metal sulphide,
      for example ZnS or transparent metal oxide, for example, CeO.sub.2,
      ZrO.sub.2, TiO.sub.2 and the other type of layer is made of a material of
      smaller refractive index such as a transparent sodium compound, for
      example, MgF.sub.2, CeF.sub.3, Na.sub.3 AlF.sub.6 etc. In the above type
      of filter, a desired filter body that transmits only an intended color can
      be obtained by controlling the thickness of each layer element. Usually a
      single filter body is produced in the manner described above and divided
      into separate stripe pieces through mechanical working or photo-etching,
      and thereafter applied to the tube face. Examples of the method of
      producing the stripe filters to be used in the frequency separation system
      are set forth in Japanese Pat. Publication No. 1448/1971 and Japanese Pat.
      Publication No. 16182/1971.
PAR  Now, various arrangements of the face plate member of the tube usable in
      the phase separation system will be described with reference to FIG. 4 and
      5.
PAR  In FIG. 4, a three-color separating stripe filter layer 51 is provided
      inside the glass face of the face plate 50, which consists of a repetitive
      series of parallel three color separating stripe filters arranged in a
      direction crossing the horizontal scanning direction of an electron beam
      57. The color separating stripes comprise here blue stripe filters 52
      transmitting blue light, green stripe filters 53 transmitting green light,
      and red stripe filters 54 transmitting red light. Overlying the layer 51,
      a phosphor layer 55 is applied which emits short-duration white light, and
      an aluminum back layer 56 is further provided.
PAR  FIG. 5 shows another structure which includes black stripe pieces 58
      provided in order to generate an index signal to thereby ensure phase
      separation.
PAR  In FIG. 5, the black stripe pieces are disposed between sets of blue, green
      and red stripe filters and, when the phosphor layer 55 is caused to emit
      light by means of the horizontal scanning of the electron beam 57, the
      raster spot varies in chromaticity in the order of blue, green, red, no
      output, blue, green, and so on. When the spot transverses the black stripe
      pieces 58 the light output becomes zero and, thus, the detection of phase
      can be effected by use of the index signal reflecting the described
      no-output times. Alternatively, it is also effective to interpose stripe
      pieces transmitting high level white light between the sets of three color
      separating stripe filters in order to generate the index signal.
PAR  As a modification of the structure of the face plate member of the
      cathode-ray tube adapted for the phase separation system, it is also
      possible and effective to provide color phosphor stripe pieces in place of
      the color stripe filters and the white phosphor layer.
PAR  FIG. 6 shows one example of this modification, wherein a phosphor stripe
      layer 61 consists of a number of sets of blue phosphor stripe pieces 62,
      green phosphor stripe pieces 63, and red phosphor stripe pieces 64
      arranged in side-by-side abutment and emitting in response to the electron
      beam 66, respectively, blue, green and red light. The phosphor stripe
      layer 61 is provided on face plate 60. An aluminum back layer 65 is coated
      on the phosphor stripe layer 61. As occasion arises, stripe pieces for the
      generation of an index signal may be added. Since the above cathode-ray
      tube is used as a flying-spot scanner, it is very important that these
      stripe phosphors have mutually identical short emission and duration time
      characteristics. The duration time is preferably one micro second and it
      is required that the characteristics of the three stripe phosphors be
      equal in time. As for combinations of the phosphors, we can use P-36
      (blue), P-16 (blue green) or P-24 (light green), and P-24 (light green).
      The expression "P" defines a characteristic phosphor and is defined by the
      Radio Manufacturers' Association of America.
PAR  FIG. 7 shows a phase separating circuit. The composite signal 70 obtained
      by the photo detector 8 of FIG. 1 is applied to a low-pass filter 71 and a
      band-pass filter 74 whereby a signal representative of brightness and a
      signal representative of color are separated and obtained. The signal
      representative of color has been annexed to the color carrier frequency
      determined by the stripe's width, the raster horizontal scanning frequency
      and the raster width, so it can be separated from other signal components
      by the band-pass filter. For example, in the case of a 3-inch cathode-ray
      tube having a raster size of 53.6 .times. 40.2 mm, a color carrier
      frequency of 6.5 MHz can be obtained by the use of blue, green and red
      stripe pieces each having a width of 52 microns. In the above example, the
      low-pass filter 71 for separation of the brightness signal may be designed
      so as to pass frequencies not higher than about 5 MHz and the band-pass
      filter 74 may be designed so as to pass frequencies of 6.5 .+-.  0.5 MHz.
PAR  The output of the low-pass filter 71, i.e., 5 MHz signal, is applied to a
      delay circuit 72 whereby it becomes a Y signal 73, representative of
      brightness, which has a high resolving power. The chrominance signal
      separated by the band-pass filter 74 is simultaneously supplied to
      synchronous detectors 75, 76 and 77. On the other hand, the index signal
      is separated by an index signal detecting circuit 81 and regulated to
      become identical to the color carrier frequency. According to the circuit
      arrangement shown, the frequency of the index signal is adjusted to be 6.5
      MHz and it is applied to a phase shifter 82 to obtain phase-shifted
      signals that are applied to the detectors 75, 76 and 77. Thus, outputs 78,
      79 and 80 of the respective synchronous detectors are, respectively, blue,
      green and red video signals.
PAR  A second embodiment of the present invention will now be described. The
      second embodiment differs from the first embodiment mainly in that it is
      devoid of the chrominance signal separating circuit and NTSC color
      encoder, thereby directly providing the NTSC color television signal from
      the photoelectric converter.
PAR  In greater detail, a specially designed cathode-ray tube is employed as the
      flying-spot scanner and the color encoder, whose spot regularly varies in
      chromaticity and intensity so that the color light components of the light
      emitted from the tube face have a frequency, phase and intensity
      corresponding substantially to those of the corresponding color signal
      components of the ideal chrominance subcarrier signal of the NTSC color
      television system, thereby directly providing a color video signal
      identical to the NTSC color television signal from color films and
      documents without the use of any special signal processing circuit
      downstream of the signal photoelectric converter.
PAR  In the standard color television system, the Y signal representative of
      brightness and the color difference signals I, Q are derived from red,
      green and blue color signals generated by the television camera taking
      into account color balance. The Y signal is transmitted through an
      amplitude-modulation of the main video signal carrier. On the other hand,
      the chroma signals (I and Q signals) give quadrature modulation to the
      chroma signal subcarrier of 3.579545 MHz and also amplitude modulation of
      the carrier and are transmitted by both side bands. FIG. 8 is a vector
      diagram of the chrominance subcarrier signal of 3.579545 MHz. In the
      vector diagram, the amplitude of the chroma signal corresponds to the
      color purity (saturation) of the reproduced color and the phase relates to
      the dominant wavelength (hue) of the color.
PAR  Specifically, in FIG. 8, vectors 102, 103 and 104 represent, respectively,
      red, blue and green positions relative to the reference position of a
      color burst signal 101. Taking into consideration the color balance, the
      relative amplitudes of red, blue and green are specified, respectively, as
      0.632, 0.447 and 0.593. FIG. 8 illustrates further vectors 105, 106 and
      107 corresponding, respectively, to magenta, cyan and yellow.
PAR  According to the second embodiment of the present invention, the color
      signals and brightness representing signal depicted in the chrominance
      subcarrier vector diagram can be directly produced by the use of a
      flying-spot scanner including a novel cathode-ray tube which has a
      specifically designed color emitting face plate member, as described
      hereinafter.
PAR  FIG. 9 shows an exemplary arrangement of a fluorescent face of such a
      cathode-ray tube. An electron beam 114 is deflected so as to horizontally
      scan in the direction of the arrow 115. A stripe color filter layer 112 is
      intimately adhered onto a white phosphor layer 111 which is provided with
      a aluminum back layer 110. The white phosphor layer can be produced by
      applying a phosphor substance on the tube face which has a very short
      duration and an emission distribution characteristic extending over the
      whole visual range of light adapted to generate the color flying spot. A
      typical example of such a phosphor material is "P-24" phosphor. It is of
      course possible to mix two or more kinds of phosphors at a proper ratio to
      improve the color reproduction property.
PAR  As schematically shown in FIG. 9, a number of sets 113 of red, blue and
      green stripe filter pieces are arranged in a direction crossing the
      electron beam scanning direction 115. In response to the application of
      the electron beam, the white phosphor luminesces and generates the spot
      but, because the color filter unit is provided as above, one can see only
      the color light transmitted through the filter on the outside of the
      cathode-ray tube face. The above tube is identical in structure to a
      conventional cathode-ray tube except for the arrangement of the
      fluorescent screen. Since the electron beam is horizontally scanning as is
      the case in a television device, the spot varies in chromaticity with time
      due to the color stripe filters. The order of arrangement and the width of
      the color stripe filters are designed so that the frequency and phase of
      the respective color light of the flying spot are substantially identical
      to those of the corresponding color signal components of the ideal
      chrominance subcarrier. The frequency (fc) of color variation is
      calculated by the horizontal deflection width D on the fluorescent face of
      the cathode-ray tube, the pitch d of the color stripe filters, and the
      horizontal scanning frequency f.sub.H in accordance with the following
      equation:
      ##EQU3##
      where .alpha. is the ratio of the effective horizontal scanning time
      (exclusive of the horizontal retrace period) to the total scanning time.
PAR  If the color variation frequency is taken to be 3.58 MHz, which is the
      chrominance subcarrier frequency of the NTSC system, the pitch d of the
      color filters will be determined in accordance with equation (2) above
      when the size of the cathode-ray tube is given.
PAR  In a first example, the color stripe filters of each filter set are
      arranged so as to have the phase relationship indicated in the vector
      diagram of FIG. 8. FIG. 10 is an enlarged schematic view of the color
      stripe filters whereby their positional relationship and relative width
      will be seen. Reference numerals 121, 122 and 123 designate, respectively,
      red, blue and green stripe filter pieces where three different adjacent
      color stripe filter pieces form one filter set 124. A number of color
      stripe filter pieces are arranged in a direction crossing the horizontal
      electron beam scanning direction 126. The relative width each of the color
      stripe filter pieces can be calculated from the chrominance subcarrier
      signal vector diagram shown in FIG. 8. That is, the red, blue and green
      filter pieces are to have widths proportional, respectively, to
      107.0.degree., 137.1.degree. and 115.9.degree.. The size of each stripe
      filter piece on the cathode-ray tube can be determined in accordance with
      the foregoing relationship and equation (2).
PAR  The desired transmissivity or transparency of each stripe filter element
      will be calculated taking into consideration the spectral emission
      distribution characteristic of the white phosphor in a manner that the
      ratio of red to blue to green will be 0.63: 0.45:0.59, as illustrated in
      FIG. 8. For example, consider a 3-inch cathode-ray tube having an
      effective raster size of 48 mm .times. 35 mm (namely, D = 48 mm). Assuming
      that the horizontal scanning frequency f.sub.H = 15.75 KHz, the
      chrominance subcarrier frequency fc = 3.58 MHz, and .alpha. = 0.83, then,
      the pitch d  of the stripe filter pieces can be calculated in accordance
      with equation (2) as follows:
      ##EQU4##
PAR  Thus, in the case of a 3-inch cathode-ray tube as described, the widths of
      the red, blue and green filters become, respectively, 254 .times. 107/360
      = 76 microns, 97 microns and 81 microns. This type of cathode-ray tubes
      generally has a beam diameter of 60 microns, so that even when the
      peripheral shading-off effect is taken into consideration, each color
      stripe filter piece can be dissected and a half-tone color hue generated
      when the beam spot extends over two kinds of adjacent stripe filter pieces
      can also be reproduced.
PAR  In a second example of the second embodiment, the filter unit is made of a
      repetitive series of parallel color stripe filter pieces of red, magenta,
      blue, cyan, green and yellow to produce a spot whose color varies
      regularly so that the frequency, phase and intensity of each color light
      component correspond substantially to those of the corresponding color
      signal component of the ideal chrominance subcarrier signal of the NTSC
      color television system. Further, in order to obtain a color burst signal,
      there are provided about eight to ten opaque and transparent stripe pieces
      with the same repetition frequency as that of the above sets of the color
      stripe filter pieces close to the beginning edge of the color stripe
      filter layer on the fluorescent face of the cathode-ray tube. In the
      above, it is also possible to provide an internal color phosphor layer
      consisting of stripe color phosphor pieces arranged to give an identical
      color variable spot, in place of the dual color separating filter and
      white phosphor layers.
PAR  FIG. 11 is a vector diagram similar to that of FIG. 8 but for the
      chrominance subcarrier signal employed in the NTSC color television
      system, in which the abscissa 201 is the color difference signal (B-Y),
      the ordinate 202 is another color difference signal (R-Y), and reference
      numeral 203 designates the direction of the color burst signal. In the
      diagram, the phase corresponds to the dominant wavelength (hue) and the
      relative amplitude corresponds substantially to the color purity
      (saturation). That is, vector directions 204, 205, 206, 207, 208 and 209
      represent, respectively, red, magenta, blue, cyan, green, and yellow,
      whose respective relative amplitude are 0.63, 0.59, 0.45, 0.63, 0.59 and
      0.45.
PAR  FIG. 12 is an enlarged view of one set 218 of the color stripe filter
      pieces included in the cathode-ray tube according to the present
      invention. As shown, these color stripe filter pieces are arranged in a
      direction crossing the horizontal scanning direction 210 of the electron
      beam. Particularly, the arrangement direction shown in FIG. 12 is normal
      to the scanning direction, and each set of the stripe filter pieces
      consists of red, magent, blue, cyan, green and yellow color stripe filter
      pieces designated, respectively, by numerals 212, 213, 214, 215, 216 and
      217.
PAR  The order of arrangement and relative stripe width shown in FIG. 12 are
      selected to correspond to the phase relationship depicted in the
      chrominance subcarrier signal vector diagram of FIG. 11. It will be seen
      that the red filter piece is disposed in the position of 29.4.degree. with
      respect to position 211 of the color burst signal, and a number of the
      color stripe filter sets 218 will be provided which are arranged in a
      direction crossing the horizontal scanning direction. Thus, when a
      horizontal scanning as is employed in general television systems is
      started in the thus constructed cathode-ray tube, the chromaticity of the
      flying spot will be varied by the filter sets at a repetition frequency
      substantially equal to the chrominance subcarrier frequency (about 3.58
      MHz) of the NTSC system. In the NTSC color television system. the
      transmissivity of the red, magenta, blue, cyan, green and yellow filter
      pieces are designed upon considering the emission spectrum of the white
      phosphor substance so that the ratio of overall emission intensity of
      color light is 0.63 : 0.54 : 0.45 : 0.63 : 0.59 : 0.45, respectively.
PAR  FIG. 13 shows a second embodiment using a flying-spot scanner to generate a
      color television signal from color movie films according to the present
      invention. The process of generating the color television signal from
      movie films involves two major techniques of color signal generation and
      frame conversion. Hereinafter, an exemplary inexpensive simple system
      adapted for general consumer use will be described.
PAR  In FIG. 13, a cathode-ray tube 130 includes an integral fluorescent face
      131 having a color stripe filter layer as illustrated in FIGS. 9, 10 and
      12 to generate the color spot. A vertical and horizontal deflection
      circuit 133 and a deflecting coil 134 generate the television raster, and
      a lens system 135 focuses the raster image on a color film medium 136. In
      operation, the chromaticity of the spot on the cathode-ray tube face
      varies regularly as noted above. The light transmitted through the color
      film medium 136 is fed through a focussing lens 137 to a photo detector
      138 which must have about the same spectral sensitivity over the whole
      visual range. The photoelectrically converted signal from detector 138 is
      the input to a video amplifier 140, and it may be passed through a gamma
      correcting circuit 139, if necessary, and then added in a composite video
      signal processor 141 to a synchronizing signal from a synchronizing signal
      generator 142. Thus, the output video signal from the processor 141 is
      identical to the NTSC color television signal carrying the color
      information of an image on the film 136. The video signal is then added to
      an aural signal 143, which would be provided by an aural signal detector
      section 153 and which has, e.g., been frequency-modulated at 4.5 MHz by an
      FM modulator 145, the mixed signal is modulated at the modulator 147 by an
      unoccupied-TV channel's frequency generated by an oscillator 146 and
      applied to an output terminal 148. If this output signal is coupled to an
      antenna terminal of a general color television receiver, one can see a
      television image that is a reproduction of the color film scene.
PAR  Vertical and horizontal drive signals from the sychronizing signal
      generator 142 are applied to the deflection circuit 133 to excite the
      deflecting coil 134 in order to effect line scanning. The system shown in
      FIG. 13 further includes a blanking circuit 159 and a high-voltage
      generating circuit 144 which supplies high voltage to an anode 132 of the
      cathode-ray tube to accelerate the electron beam.
PAR  In the system shown in FIG. 13, in order to insure that the spot on the
      cathode-ray tube face varies in chromaticity in a stable manner at a
      predetermined chrominance subcarrier frequency (about 3.58 MHz), black and
      white stripes parallel to and with the same pitch as that of the color
      stripe filters are provided in the beginning section of the horizontal
      scanning of the stripe filter layer to generate a color burst signal of
      about 8 to 10 cycles. The light from the spot modulated by the black and
      white stripes is led by means of a lens system 135 and a light guide 149
      to the photodetector 138 without reaching the color film 136, and becomes
      a part of the output of the video amplifier 140 together with the signal
      representative of the light transmitted by the color film. The output of
      the video amplifier 140 is then gated by a horizontal blanking signal from
      the synchronizing signal generator 142 to derive therefrom a signal
      portion corresponding in time to when the black and white stripes are
      horizontally scanned. The derived signal portion is compared with the
      color burst signal from the chrominance subcarrier generator 151
      (generating a frequency of about 3.58 MHz) in a comparator 152 and, if a
      difference is detected, the resulting difference signal is fed back to the
      deflection circuit 133 whereby the horizontal deflection width of the
      raster is controlled to give the color burst signal of 3.58 MHz. As will
      be noted from equation (2), the chroma carrier frequency fc is determined
      by the horizontal scanning frequency f.sub.H, the raster width D and the
      pitch d of the stripes. Specifically, because parameters f.sub.H and d are
      fixed, regulation of fc is effected by varying the raster width D.
PAR  Due to the above feedback network, the frequency of the chrominance
      subcarrier during one horizontal scanning period is stabilized. The above
      effect will also similarly be obtained by detecting the light from the
      light guide 149 by means of another photo detector different from the
      detector 138 to generate the color burst signal and by applying the color
      burst signal to the video amplifier 140 and the gate circuit 150.
PAR  FIG. 14 shows an exemplary arrangement of the stripe filters on the
      cathode-ray tube face employable in the second embodiment described above.
      In this drawing, a color stripe filter layer 154 is internally provided on
      the fluorescent face of the cathode-ray tube 158 and in the layer 154 a
      series of color filters 155 are arranged in the manner as described in
      connection with FIGS. 9, 10 and 12.
PAR  About eight to 10 black and white stripes 157 are disposed outside and
      close to the beginning section of horizontal scanning of the color filter
      layer 154, and harmonized with the same to generate the color burst
      signal. In FIG. 14, the black and white stripes for the color burst signal
      and the color stripe filter pieces are arranged in a direction normal to
      the scanning direction 156 of the electron beam.
PAR  In the NTSC color television system, the chrominance subcarrier frequency
      is selected to be an odd multiple of half of the horizontal scanning
      frequency (or, an odd multiple of half of the vertical scanning
      frequency), so that the phase of the chrominance subcarrier is spatially
      inverted between adjacent scanning periods and between successive frames
      in connection with the same scanning line in respective frames. Generally,
      it is very difficult to generate the chrominance subcarrier signal by use
      of color stripe filters due to difficulties encountered in obtaining a
      desired degree of accuracy and control of deflection of the electron beam,
      so, to produce a serviceable device, as shown in FIG. 14, the respective
      stripe pieces are arranged in a direction crossing normally the horizontal
      scanning direction, and the frequency of the chrominance subcarrier is
      selected to be an integral multiple of the horizontal scanning frequency
      and to be approximately the frequency (3.579545 MHz) of the chrominance
      subcarrier employed in the NTSC system.
PAR  Now, one exemplary provision of frame conversion from a movie film picture
      to a television image will be described. As is well known in the art,
      since the television frame rate is 30 frames per second or 60 fields per
      second and the frame rate for movie film is 24 frames per second, in order
      to generate a television signal from movie film a frame conversion process
      is necessary to make two frames of the movie film correspond to five
      frames of the television. As a result, the troublesome problem occurs that
      pull-down of the film must be performed rapidly during the vertical
      blanking period of the television. The pull-down mechanism of a
      conventional movie projector is not adapted to effect such rapid pull-down
      action. Further, in the case of 8-mm films, frame conversion is more
      difficult because the feed rate of the film is 18 frames per sec or 16
      frames per sec. The present invention solves the afore-mentioned problem
      by the use of a rotary multi-sided prism together in combination with a
      movie film magazine.
PAR  FIG. 15 shows an optical system with a film magazine disposed in color
      television signal generator for movie film as shown in FIG. 13. Light of
      the spot generated by a cathode-ray tube is reflected by a reflecting
      mirror 167 and focused on a movie film 163 after passed through a
      projecting lens system 166, a multi-sided prism 165 and an aperture 164.
      The transmitted light is led by a focussing lens 162 to a photodetector
      161 whereby it is converted to an electric signal. The signal is then
      processed in the manner as noted hereinabove.
PAR  The mechanism shown in FIG. 15 includes an endless film magazine 170, guide
      rollers 171, 172, and 173 mounted on the magazine, a capstan 174, a roller
      175 on the player, a sprocket 176 on the player, and an idler roller 177.
      The player site roller 175, sprocket 176 and idler roller 177 are shifted
      to the respective dotted line positions shown when the magazine 170 is
      inserted to prevent them from interfering with the film 163, and therafter
      returned to the solid line positions to feed the film. An exciter lamp 190
      emits light which is led through a focusing lens 191 to a photocell 192
      whereby playback of the aural optical record is achieved. The resulting
      aural signal is coupled to the terminal 143 of FIG. 13. A fly-wheel 178
      positioned coaxially with the capstan 174 is driven by a motor through a
      belt 179.
PAR  The multi-plane or polygonal prism 165 is mounted rotatably about its
      centeraxis in synchronism with the advancement of the movie film and
      positioned so that the focused light will pass the center thereof. The
      minimum number of the sides used in the multi-plane prism is 4, preferably
      12 to 24 for eliminating flickers. The aperture 164 is so dimensioned that
      its width is two or more times one film frame length to simultaneously
      project two or more scenes of the movie film 163. Thus, as shown in FIG.
      16a, in the case of a 16-sided prism, a raster image 194 of a cathode-ray
      tube 193 is focused on two successive film frames.
PAR  According to the above arrangement, the flying spot is focused on mutually
      corresponding points in the two successive frames of the movie film 163
      irrespective of the feed rate or the frame rate of the film. The degree of
      brightness at the focused points changes with the angle of revolution of
      the multiside prism as shown in FIG. 16b. Therefore, by the use of the
      multi-sided prism rotating in synchronism with the movie film, the field
      rate of the television raster of the cathode-ray tube becomes independent
      of the frame rate of the movie film. This gives a remarkable advantage in
      reproducing a movie film in the form of a television image. That is, the
      movie film picture with a feed rate of 24 frames per sec can be
      transformed to a television image having a predetermined frame rate or
      field rate, and stop motion images and slow motion images can also be
      reproduced on the television screen as desired. The above
      substantially-limitless mode of operation according to the present
      invention cannot be achieved in conventional rapid pull-down and
      intermittent feed systems.
PAR  As heretofore described, in order to optically detect the color burst light
      caused by the black and white stripes provided in the cathode-ray tube, a
      light guide 195 such as optical fiber is disposed extending from one side
      edge of the film gate 164 between the multi-plane prism 165 and the movie
      film 163 to the photodetector 161. Thus, the color burst signal is
      obtained by the photodetector 161 which also generates the video signal.
      The thus obtained color burst signal is added as the general burst signal
      to the back-porch portion of the horizontal synchronizing pulse of the
      video signal and used, after being separated from the other components by
      a gate means, to stabilize the chrominance subcarrier.
PAR  The present invention utilizes as the flying-spot scanner a novel
      cathode-ray tube, which is capable of coding the color signals and
      operates as a flying generator, and directly generates by use of a single
      photo detector and a signal video amplifier means a signal analogous to
      the NTSC color television signal. Further, by the use of a film magazine
      and a rotary multiplane prism mechanism the present invention effects
      limitless frame conversion.
PAR  Although a system to reproduce a television signal from movie film was
      described above, the present invention can also be used in the
      reproduction of color slides, color prints and the like having static
      pictures.
PAR  As described above, according to the present invention a small,
      light-weight, inexpensive device for generating a color television signal
      from color films and the like can be provided which gives a high power of
      resolution without extremely narrowing the stripe's width because the
      stripes are mounted on a relatively wide face plate of the cathode-ray
      tube. Particularly, in the frequency separation system, the band width can
      be expanded sufficiently so that it is possible to remakably enhance the
      resolving power and color reproduction property. Because the stripe's
      width is relatively large, the cathode-ray tube employed in the present
      invention can be easily manufactured.
PAR  Further, the present device has no need for the conventional bulky three
      color separating optical system, but employs a single photoelectric
      converter, so that is can be manufactured compactly, lightly and extremely
      inexpensively. In operation of the present device, no light source is
      necessary which generates heat or infrared rays, so substantial causes
      which harmfully affect the color film medium are lacking and color
      degradation of the film is prevented with the result that long play can be
      achived.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modification can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color television signal generator comprising: a means for scanning a
      colored image area with a flying spot of light which is emitted from a
      cathode-ray tube whose face plate member includes a stripe layer of
      repetitive series of parallel different color stripes arranged in a
      direction crossing the scanning direction of an electron beam in said
      cathode-ray tube, said flying spot of light varying in chromaticity due to
      the striped layer, and a single photoelectric converter arranged to
      receive light from said colored image area and generating a color
      television signal therefrom.
NUM  2.
PAR  2. A color television signal generator as specified in claim 1 further
      including a gramma correcting circuit and a color correcting circuit.
NUM  3.
PAR  3. A color television signal generator as specified in claim 1 wherein the
      color recording medium to be imaged is a movie film, and the apparatus
      further includes a rotary multiplane prism for conversion of the movie
      film frame rate to a television image.
NUM  4.
PAR  4. A color television signal generator as specified in claim 1 further
      including an optical system for projecting the flying spot of light
      emitted from the face plate to the image area.
NUM  5.
PAR  5. A color television signal generator as specified in claim 1 wherein said
      stripe layer comprises a white phosphor layer and a color separating
      filter stripe layer on said white phosphor layer as said color stripes to
      emit said flying spot of light.
NUM  6.
PAR  6. A color television signal generator as recited in claim 5 wherein said
      color separating filter stripe layer comprises a repetitive series of
      parallel color filter stripes of red, blue and green.
NUM  7.
PAR  7. A color television signal generator as specified in claim 1 further
      including a chrominance signal separating circuit for processing the
      output of said converter to provide separated color signals.
NUM  8.
PAR  8. A color television signal generator as specified in claim 7 wherein said
      cathode-ray tube has a force plate member which includes a white phosphor
      layer and a color separating filter stripe layer on said white phosphor
      layer, said filter stripe layer including at least two layered sections,
      each layered section consisting of a repetitive series of parallel color
      filter stripes arranged in a direction crossing the horizontal scanning
      direction of the electron beam, said chrominance signal separating circuit
      being constructed so that it separates the converter output in terms of
      frequency.
NUM  9.
PAR  9. A color television signal generator as specified in claim 8 wherein a
      first layered section of said filter stripe layer consists of a repetitive
      series of parallel cyan filter stripes and transparent stripe pieces, and
      a second layered section consists of a repetitive series of parallel
      yellow stripe pieces and transparent stripes having a pitch different from
      that of said first layered section, whereby said first layered section
      transmits and cuts off red light at a predetermined frequency and said
      second layered section transmits and cuts off blue light at another
      predetermined frequency in response to horizontal scanning of the electron
      beam.
NUM  10.
PAR  10. A color television signal generator as specified in claim 7 wherein the
      face plate member of said cathode-ray tube includes a white phosphor layer
      and a three color separating filter stripe layer on said white phosphor
      layer, said filter stripe layer comprising a repetitive series of parallel
      three-color filter stripe pieces arranged in a direction crossing the
      horizontal scanning direction of the electron beam, said chrominance
      signal separating circuit being constructed so that it separates the
      converter output in terms of phase.
NUM  11.
PAR  11. A color television signal generator as specified in claim 10 wherein
      said a three-color separating filter stripe layer comprises further stripe
      pieces for generation of an index signal which stripe pieces are disposed
      between sets of three color filter stripes.
NUM  12.
PAR  12. A color television signal generator as specified in claim 7 wherein the
      face plate member of said cathode-ray tube includes a three-color phosphor
      stripe layer, said phosphor layer comprising a repetitive series of blue,
      green and red phosphor stripes pieces arranged in a direction crossing the
      horizontal scanning direction of the electron beam, said chrominance
      signal separating circuit being constructed so that its separates the
      converter output in terms of phase.
NUM  13.
PAR  13. A color television signal generator as specified in claim 12 wherein
      said three-color phosphor stripe layer further comprises stripe pieces for
      the generation of an index signal, which stripe pieces are disposed
      between sets of three color phosphor stripes.
NUM  14.
PAR  14. A color television signal generator as specified in claim 1 wherein the
      face plate member of said cathode-ray tube includes color light emitting
      means for generating a chromatically variable flying spot on the tube
      face, the frequency fc of the color variation of the flying spot being
      determined in accordance with the following equation:
      ##EQU5##
      where d is the width of one of said series of parallel different color
      stripes, D is the horizontal deflection width on the cathode-ray tube
      face, and .alpha. designates the ratio of the effective scanning time to
      the total horizontal scanning time period, the frequency, phase and
      intensity of each emitted color corresponding to those of the
      corresponding color signal components of the NTSC color television
      chrominance subcarrier signal, whereby said converter output comprises a
      signal analogous to the NTSC color television signal.
NUM  15.
PAR  15. A color television signal generator as specified in claim 14 wherein
      said color light emitting means further includes color burst zones
      disposed out of the raster area to generate a color burst signal
      equivalent to the NTSC color television signal, which comprises a set of
      color burst stripes parallel to the color stripes.
NUM  16.
PAR  16. A color television signal generator as specified in claim 15 further
      including means for scanning side color burst zones and detecting a
      frequency difference between the color burst signal and a reference signal
      to thereby regulate the raster width on the tube face to obtain an
      accurate color carrier frequency.
NUM  17.
PAR  17. A color television signal generator as specified in claim 14 wherein
      said color light emitting means comprises a white phosphor layer and a
      color separating filter stripe layer applied on said white phosphor layer,
      said filter stripe layer comprising a repetitive series of parallel color
      filter stripes of red, blue and green arranged in a direction crossing the
      horizontal scanning direction of the electron beam.
NUM  18.
PAR  18. A color television signal generator as specified in claim 17 wherein
      said repetitive series of parallel color filter stripes further include
      magenta, cyan and yellow filter stripes.
NUM  19.
PAR  19. A color television signal generator as specified in claim 14 wherein
      said color light emitting means includes a color phosphor stripe layer
      which comprises a repetitive series of red, blue, and green emitting
      phosphor stripes arranged in a direction crossing the horizontal scanning
      direction of the electron beam.
NUM  20.
PAR  20. A color television signal generator as specified in claim 19 where said
      color phosphor stripe layer further includes magenta, cyan and yellow
      stripe phosphor stripes.
NUM  21.
PAR  21. A color television signal generator as claimed in claim 14 further
      comprising a movie film driving mechanism and a rotary multi-plane prism
      for conversion of frame rate from a movie film to a television image.
NUM  22.
PAR  22. A color television signal generator as claimed in claim 21 further
      comprising a light guide one end of which is optically opposed to a color
      burst zone on the cathode-ray tube and, the other end of which is
      optically opposed to a photodetector for generating a color burst signal.
NUM  23.
PAR  23. A color television signal generator as specified in claim 1 wherein
      said stripe layer comprises a color phosphor stripe layer of a repetitive
      series of color phosphor stripes.
NUM  24.
PAR  24. A color television signal generator as specified in claim 23 wherein
      said color phosphor stripe layer comprises a repetitive series of red,
      blue and green emitting phosphor stripes.
NUM  25.
PAR  25. A color television signal generator as specified in claim 24 wherein
      said color phosphor stripe layer further comprises magenta, cyan and
      yellow emitting phosphor stripes.
NUM  26.
PAR  26. A cathode-ray tube for emitting a flying spot of light and adapted for
      generation of a color-television signal from a color recording medium,
      having a face plate member including a striped layer of repetitive series
      of parallel different color stripes arranged in a direction crossing the
      scanning direction of an electron beam in said cathode-ray tube, said
      flying spot of light being chromatically variable due to scanning of said
      electron beam over said face plate member, the order of arrangement and
      widths of said different color stripes being such that the frequency,
      phase and intensity of each color light component of said flying spot of
      light corresponds substantially to those of the corresponding color signal
      component of the ideal chrominance subcarrier signal.
NUM  27.
PAR  27. A cathode-ray tube as specified in claim 26 wherein said face plate
      member comprises a white phosphor layer and a color separating filter
      stripe layer applied on the white phosphor layer, said filter stripe layer
      consisting of a repetitive series of parallel dichroic filter stripes
      arranged in a direction crossing the horizontal scanning direction of the
      electron beam to thereby cyclically transmit selected color light towards
      the tube face in synchronism with the electron beam scanning.
NUM  28.
PAR  28. A cathode-ray tube as specified in claim 26 wherein said face plate
      member comprises a repetitive series of color phosphor stripes arranged in
      a direction crossing the horizontal scanning direction of the electron
      beam.
NUM  29.
PAR  29. A cathode-ray tube as specified in claim 26 wherein said face plate
      member is designed so that the flying spot changes in color, whereby
      emitted color light can be separated depending upon the difference in
      repetition frequency at which the same color occurs.
NUM  30.
PAR  30. A cathode-ray tube as specified in claim 26 wherein said face plate
      member is designed so that the flying spot changes in color whereby
      emitted color light can be separated depending upon the difference in
      phase at which the same color repeatedly occurs.
NUM  31.
PAR  31. A cathode-ray tube as specified in claim 26 wherein in said face plate
      member the flying spot of light regularly changes in color to red, blue
      and green in synchronism with the electron beam scanning said different
      color stripes being arranged in the order of red, blue and green with
      relative widths of 107.0.degree., 137.1.degree. and 115.9.degree.,
      respectively.
NUM  32.
PAR  32. A cathode-ray tube as specified in claim 26 wherein in said face plate
      member the flying sot of light regularly changes in color to red, magenta,
      blue, cyan, green and yellow in synchronism with the electron beam
      scanning, said different color stripes being arranged in the order of red,
      magenta, blue, cyan, green, and yellow with the relative widths of
      73.0.degree., 64.1.degree., 42.9.degree., 73.0.degree., 64.1.degree., and
      42.9.degree., respectively.
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ABST
PAL  An apparatus for displaying a color image, provides composite color signals
      of the sum of the low-frequency components of each color signal of red,
      green and blue of the color image and high-frequency components of their
      luminance signals. It samples, at different times, at least two of the
      aforesaid composite color signals responsive to the position in the array
      of dots on the colored image display panel on which are arrayed color
      dots, among which the number of green dots is greater than the number of
      red and blue dots; the sampled color signals are supplied to each of the
      dots.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for displaying a color image and,
      more particularly, to an apparatus for displaying a color image with high
      resolution by increasing the number of green dots.
PAR  2. Description of the Prior Art
PAR  Currently available color displaying devices, such as a shadow-mask type
      CRT, a chromatron tube, an apple tube and display panels utilizing plasma
      discharge, constitute a picture element formed basically by means of three
      color dots, i.e., R (red), G (green) and B (blue). That is, three color
      signal components R, G and B are added to the three adjacent points R, G
      and B on a plane, and the luminance is optically synchronized into a
      picture element, thus requiring three times as many spots as the picture
      elements. Technical requirements impose a lower limit on the size of the
      dots as well as upper limit on the size of the display panel. This, in
      other words, puts an upper limit on the number of dots contained in the
      display panel, so that the number of picture elements is one-third the
      number of spots. While panels for monochromatic images produce a
      resolution corresponding to the number of dots, the panels for color
      images provide a resolution which is one-third that of the panels for a
      monochromatic image.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an apparatus for displaying a
      color image maintaining a high resolution.
PAR  To attain such an object, this invention introduces more green dots than
      red and blue dots, and samples the composite color signals of the sum of
      the low-frequency components of the color signals each of red, green and
      blue and the high-frequency components of their luminance signals at an
      instant in time corresponding to the position of the array of dots.
PAR  For this purpose, this invention utilizes the nature of human eyes which
      are unable to sense the color of small parts of a color image, i.e., color
      in small areas, but can sense luminance or brightness.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-5 are block diagrams for obtaining color signals used in this
      invention to be applied to the red, green and blue dots;
PAR  FIG. 6A is a diagram to show the distribution of luminance of red, green
      and blue colors according to the prior art;
PAR  FIG. 6B is a diagram to show an example of the luminance distribution of
      red, green and blue according to the invention;
PAR  FIG. 7 is a block diagram of an embodiment of the invention;
PAR  FIGS. 8A-8J, 8O, 8P and 8Q are timing diagrams for facilitating an
      understanding of the operation of the invention;
PAR  FIG. 9 is a block diagram of another embodiment of the invention;
PAR  FIG. 10 is a block diagram of major parts of another embodiment of the
      invention; and
PAR  FIG. 11 is a block diagram of a further embodiment of the invention;
PAR  FIG. 12 is a timing diagram for facilitating an understanding of the
      operation of the embodiment of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION
PAR  Conventional reproduction panels for reproducing color images have an equal
      number of green, red and blue dots. However, among the green, red and blue
      dots, the most intense brightness is obtained from green dots due to the
      visual characteristics and the materials of which the dots are made, the
      brightness ratio of the green, red and blue dots being 6:3:1. For this
      reason, red and blue dots contribute to the resolution, respectively,
      one-half and one-sixth of that of the green dots.
PAR  According to the invention, the ratio of the number green, red and blue
      dots is 2:1:1, thus increasing the number of green dots so that the
      brightness ratio of green, red and blue colors will be about 3:3:1, to
      keep a white balance, thereby restraining the brightness of green. By
      doing so, the brightness can be smoothed out as compared to the case
      having an equal number of green, red and blue dots, and the resolution can
      be increased by adding thereto prescribed signals to be mentioned later.
PAR  FIG. 6A depicts a prior art example of the change of brightness where there
      is an equal number of green, red and blue dots, and FIG. 6B depicts the
      present invention showing the change of brightness where the ratio of the
      number green, red and blue dots is 2:1:1. FIG. 6B shows a higher
      resolution than FIG. 6A, due to the smoothed brightness of the dots.
PAR  The ratio of the number green, red and blue dots need not be limited to
      2:1:1. In essence, the larger the number of green dots as compared to the
      number of red and blue dots, the greater the resolution than for the case
      of an equal number of dots for each respective color.
PAR  FIG. 1 is a block diagram for obtaining color signals used in this
      invention. Reference numerals 1-3 designate input terminals to which are
      applied red R, green G and blue B color signals, 4 is an input terminal to
      which is applied a luminance signal Y, 1'-3' are low pass filters, 4' is a
      high pass filter, 5 is an amplitude adjusting circuit, 6', 7' and 8' are
      adders, and 6, 7, and 8 are output terminals.
PAR  With this circuit, if R, G and B color signals are applied to the low pass
      filters 1'-3' through their respective input terminals 1, 2 and 3, the
      low-frequency filters allow the passage of signals R.sub.L, G.sub.L and
      B.sub.L which are the low-frequency components of the color signals. If
      the luminance signal Y is applied to the high pass filter 4' via the input
      terminal 4, the high-frequency filter allows the passage of high-frequency
      components Y.sub.H of the luminance signal, so that this high-frequency
      component signal serves as an input signal to the amplitude adjusting
      circuit 5. The signal input to the amplitude adjusting circuit 5 is
      adjusted to a high-frequency component of KY.sub.H (K is the output to
      input amplitude ratio). The circuit 5 is not always necessary. The high
      frequency component KY.sub.H and the low frequency components R.sub.L,
      G.sub.L and B.sub.L are added in the adders 6', 7' and 8', and the
      resulting composite color signals R', G' and B' are obtained from the
      output terminals 6, 7 and 8. Here, the low-frequency components of the
      color signals R, G and B are extracted and the high-frequency components
      of the luminance signal are recovered and added for increasing the
      resolution of the image and for decreasing the purity.
PAR  Next, a composite color signal (e.g. R') is extracted at a time
      corresponding to the position of each color dot (e.g. red) arrayed on the
      panel displaying a color image, and the thus extracted signal is fed to
      the dot of each color (e.g. red). As a result, the high-frequency
      components of the luminance signal fed to the color dot, i.e., the
      components corresponding to small parts of the color image, i.e.,
      corresponding to the variation of small areas, can be brought into
      agreement with the high-frequency components of the luminance signal of
      corresponding dots upon the scanning of the picture-taking panel.
      Therefore, as mentioned earlier, by utilizing the nature of the human eyes
      that color is not perceived from small parts of the image but perceived
      only in terms of brightness it is possible to display an image without
      reducing the resolution of small and complex parts or areas in the
      reproduced image.
PAR  However, the monochromatic image on the picture-taking panel turns out to
      be the image of repeating red, green and blue colors on the reproduction
      panel. This gives rise to a color deviation. With numerous variations in
      small parts of the monochromatic image, however, red, green and blue
      colors repeat within small areas, i.e., within small parts on the
      reproduction panel and the color deviation in small parts is not
      practically perceived by the eye. Using the color signals thus obtained,
      it is possible to produce a greatly increased resolution as compared to
      conventional color panels.
PAR  FIG. 2 illustrates another means to obtain composite color signals R', G'
      and B'. This means produces color signals R', G' and B' based on the NTSC
      formula. The synchronous detection circuit 9 effects synchronous detection
      by means of a chrominance signal (low-frequency components) 14 and a
      chrominance subcarrier 15, to obtain I and Q signals. The I and Q signals
      are then delivered to the matrix circuit 10 to obtain (R- Y).sub. L,
      (G-Y).sub.L and (B-Y).sub.L components of the color difference signal
      (low-frequency components). Then, the luminance signal (the entire band) Y
      and each of the aforesaid color difference signals are added in the adders
      11, 12 and 13, to obtain the signals R', G' and B', which are given by:
EQU  R' =  (R - Y).sub. L + Y = R.sub.L + Y.sub.H
EQU  G' =  (G - Y).sub. L + Y = G.sub.L + Y.sub.H
EQU  B'  =  (B - Y).sub. L + Y = B.sub.L +  Y.sub.H
PAR  There will next be described an apparatus according to the present
      invention to supply the signals R', G' and B' thus obtained for the dots
      disposed on the reproduction panel. The apparatus shown in FIG. 3
      distributes the signals R', G' and B' through the sampling circuits 16, 17
      and 18 by using sampling pulses S.sub.1, S.sub.2 and S.sub.3 produced
      corresponding to the arrangement of the red, green and blue dots on the
      displayed picture.
PAR  Also, according to the apparatus shown in FIG. 4, the signals R', G' and B'
      are passed through the delay circuits 19, 20 and 21 having a delay time
      (including O) corresponding to the array of red, green and blue picture
      elements on the displayed picture, and the signals are then sampled
      simultaneously through the sampling circuits 16, 17 and 18 by the sampling
      pulse S, and distributed.
PAR  The apparatus shown in FIG. 3 can be combined with the apparatus shown in
      FIG. 4. An example is shown in FIG. 5. Sampling between R' and G' is
      effected by the apparatus shown in FIG. 3, i.e., by the method which
      effects sampling at a different timing, and the sampling between G' and B'
      is effected by the apparatus of FIG. 4, i.e., by the method which effects
      sampling simultaneously by delaying the time, the respective periods being
      different.
PAR  In this way, according to this invention, the sampling at least between two
      components among R', G' and B' may be effected using the apparatus shown
      in FIG. 3 or FIG. 4.
PAR  FIG. 7 is a block diagram of an embodiment of the colored image display
      apparatus of the present invention, which uses a display panel provided
      with vertical stripes of color filters as a reproduction panel on the X-Y
      matrix display board on which are disposed red, green and blue dots, in
      the form of vertical stripes such as an electroluminescent (EL) X-Y panel.
PAR  Referring to FIG. 7, the four dots of red, green, blue and green are
      disposed periodically on the display panel 30, with ratio of the numbers
      of green, blue and red dots being 2:1:1. The composite color signals which
      will be fed to the dots are obtained by the apparatus shown in FIG. 1, and
      the signals obtained by sampling the composite color signals R', G' and B'
      at different times are applied to the red, green, blue and green dots, as
      illustrated in the apparatus of FIG. 3. Hence, the same symbols as those
      of FIG. 1 represent equivalent parts. Elements 22, 23, and 24 are
      amplifiers for .gamma.-correction, 25 is a pulse generator to produce
      pulses 26 for clocking, 27 is a shift register to produce sampling pulses,
      28 is a sampling circuit, 29 is a drive circuit to drive the display panel
      30, 31 is a shift register to produce pulse signals V.sub.1 -V.sub.11 for
      vertical scanning, 32 is an amplifier circuit for providing output signals
      which drive the display panel 30, Hs is a horizontal synchronizing signal,
      and Vs is a vertical synchronizing signal. Where the display panel 30 is
      to be line scanned sequentially stripe-by-stripe, the drive circuit 29
      includes a memory unit.
PAR  The operation of the circuit of FIG. 7 is described below with reference to
      the pulse waveforms shown in FIG. 8. Composite color signals R', G' and B'
      are obtained in the same manner as illustrated in FIG. 1, and each of the
      composite color signals is .gamma. -corrected through the
      .gamma.-correction circuits 22-24; composite color signals which have been
      .gamma. -corrected serve as inputs to the sampling circuits 28-1 to 28-12.
      Since the horizontal synchronizing signal Hs shown in FIG. 8b is applied
      to the pulse generator 25, the clock pulses 26 shown in FIG. 8C are
      produced and these clock pulses serve as an input to each stage of the
      shift register 27. From each stage of the shift register 27 sampling
      pulses H.sub.1 -H.sub.12 are produced as shown in FIGS. 8D-8O, and each of
      the sampling pulses H.sub.1 -H.sub.12 serves as another input to the
      sampling circuits 28-1 to 28-12, in order that the aforesaid .gamma.
      -corrected composite color signals may be sampled. The composite sampled
      color signals serve as inputs to the driving circuit 29 which amplify the
      signals to a predetermined magnitude sufficient to drive the display panel
      30, and are then applied to each dot of the display panel 30. At this
      time, the display panel 30 will have been line scanned sequentially by the
      vertical synchronizing signal Vs shown in FIG. 8A and the horizontal
      synchronizing signal Hs shown in FIG. 8B; therefore, the drive circuit 29
      incorporates a memory unit to memorize the sampled composite color signal.
      The vertical synchronizing signal Vs and the horizontal synchronizing
      signal Hs applied to the shift register 31 cause the production of
      vertical scanning signals V.sub.1 and V.sub.2 shown in FIG. 8P anad FIG.
      8Q, which are then amplified by the amplifier 32 and then applied to the
      display board 30, thus effecting the afore-mentioned sequential line
      scanning.
PAR  FIG. 9 shows an embodiment using the apparatus of FIG. 2 as a means for
      obtaining the composite color signals R', G' and B', using the apparatus
      of FIG. 4 as delay-sampling circuits and using as a display panel 30 the
      X-Y matrix display panel on which are arranged red, green, blue and green
      dots in vertical stripe form as in the embodiment of FIG. 6. In FIG. 9,
      the same symbols used in FIGS. 2, 4, and 7 are also shown. Also, the
      apparatus of FIG. 9 has a simple shift register 27 as compared to the
      circuit of FIG. 7.
PAR  In FIG. 9, numerals 20 and 20' represent delay circuits to delay G', and 21
      is a delay circuit to delay B'.
PAR  FIG. 10 shows an apparatus which combines the display panel of FIG. 7 with
      the apparatus of FIGS. 3 and 4. In this case, the color groups red and
      green, and blue and green are sampled simultaneously. Shift register 27 is
      complex as compared to the register of FIG. 9, but the number of delay
      circuits is reduced. FIG. 10 also shows a part of the combination of the
      apparatus of FIG. 3 and apparatus of FIG. 4, sampling circuit 28, and
      drive circuit 29 only, the other parts being omitted, but the symbols used
      correspond to the elements described above.
PAR  FIG. 11 shows an embodiment employing a display panel on which are disposed
      a number of green, red and blue dots at a ratio of 2:1:1, and the center
      of two green dots and one red dot and one blue dot describing a
      rectangular form. With the embodiment of FIG. 11, the color deviation will
      be reduced and a better picture image can be obtained as compared with the
      case of disposing dots of each color in vertical stripe form.
PAR  Also, in FIG. 11, reference numeral 33 represents a display board on which
      are disposed red, green and blue dots in rectangular form; the position of
      each dot is different from the afore-mentioned display board. 34 is a
      pulse generator circuit for producing sampling pulses 34-R', 34-G' and
      34-B' to sample the composite color signals of each color depending on the
      array of the dots on the display panel 33.
PAR  FIG. 12 shows pulse waveforms for illustrating the operation of the
      embodiment of FIG. 11, and has sampling pulses 34-R', 34-G' and 34-B'
      different from the pulse waveforms of FIG. 8. The operation effected by
      the other pulse waveforms is the same as the operation effected by the
      pulse waveforms of FIG. 8. As shown in FIG. 12, 34-R', 34-G' and 34-B' are
      produced for every horizontal scan, responsive to the red, green and blue
      dots arrayed for every horizontal scanning on the display panel 33.
PAR  While the foregoing embodiments relate to the use of an X-Y matrix display
      panel, the invention is, of course, applicable to color TV tubes.
PAR  The term "dot" mentioned in the foregoing means the following. First, a dot
      may be constituted by a plurality of luminous spots or by a single
      luminous spot. The luminance of the luminous spots contained in one dot is
      driven by the same signal. An aggregation (single or a plurality) of
      luminous spots driven by another signal may be termed another dot.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We therefore do not wish to be limited
      to the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for displaying a color image with increased resolution
      comprising:
PA1  first means, responsive to respective red, blue and green color
      representative signals, for converting said signals into respective color
      image component representations at the respective color areas of a color
      display, each respective area corresponding to one of said red, blue and
      green colors, said display containing a larger number of color areas for
      one of said colors than for the others of said colors;
PA1  second means, receiving the luminance component of a color image signal,
      for extracting therefrom the high-frequency luminance component of said
      color image signal;
PA1  third means, receiving signals representative of the respective red, blue
      and green components of said color image signal, for extracting the
      low-frequency red, blue and green color components, respectively, of said
      color image signal;
PA1  fourth means, coupled to said second and third means, for combining said
      high-frequency luminance component of said color image signal with the
      low-frequency red, blue and green color components, respectively, of said
      color image signal to thereby provide respective first, second and third
      composite color signals each of which is the sum of a respective one of
      the red, blue and green low frequency components and the high frequency
      luminance component of said color image signal; and
PA1  fifth means, coupled to said first and fourth means, for controlling the
      application of said first, second and third composite color signals to the
      respective color areas for said display in accordance with the positions
      of said color areas of said display.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said fifth means comprises
PA1  sampling means for sampling said first, second and third composite color
      signals at respective intervals in time representative of the positional
      intervals of the respective color areas of said display, and
PA1  means for applying said sampled composite color signals to each color area.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said fifth means comprises
PA1  delay means for respectively delaying said first, second and fifth
      composite color signals by a period of time corresponding to the
      positional differences of the respective color areas of said display,
PA1  sampling means for simultaneously sampling each of the delay, first, second
      and third composite color signals, and
PA1  means for applying the respectively sampled and delayed first, second and
      third composite color signals to the respective color areas of said
      display.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein said third means comprises
PA1  delay means for delaying said first composite color signal by a period of
      time corresponding to the positional arrangement of the color areas of
      said display, for said first color,
PA1  means for sampling said second and third composite color signals at
      different instants of time corresponding to the positions of the
      respective color areas of said display for said second and third colors,
      and sampling one of said second and third composite color signal and said
      delayed first composite color signal simultaneously, and
PA1  means for applying the respective sampled composite color signals to the
      respective color areas of said display.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein said one of said colors is
      the color green.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein the ratios of the numbers of
      said color areas of said display are on the order of 2:1:1 for green, blue
      and red, respectively.
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PAL  Adaptor for reliably switching between audio and video information signals
      obtained from an external audio input device (e.g., the tape of a standard
      audio cassette recorder or player) with only the video information signals
      being applied to standard television receiver.
BSUM
PAR  This application is related to the application of Willian James Hannan,
      Ser. No. 432,175 filed on even date herewith.
PAR  This invention relates to audio-visual apparatus and, more particularly, to
      such apparatus which may employ any standard audio cassette tape recorder
      or player, standard record player or telephone line to provide the input
      thereto and any standard television receiver to display the output
      therefrom.
PAR  It has been recognized in the past that for many functions, such as
      teaching, advertising or entertaining, inter-related slow scanning video
      information and audio information recorded on a magnetic tape may be
      played back employing a cathode ray tube for the display of the video
      information (see U.S. Pat. No. 3,085,130). The relative cost of such
      equipment and the space-volume occupied thereby is considerably smaller
      than that required by conventional sound motion picture or conventional
      video magnetic tape playback equipment.
PAR  When the tape input equipment and the display output equipment are
      incorporated in and form integral parts of the audio-visual apparatus, as
      they do in the aforesaid U.S. Pat. No. 3,085,130, all the parts of the
      apparatus may be designed to be compatible with each other and to optimize
      the performance of the overall apparatus. However, the incorporation of
      the tape input means and the display output means as integral parts of the
      apparatus markedly contributes to the cost of the overall apparatus.
PAR  Since standard tape audio cassette players (with or without recording
      capability) and standard television receivers are already possessed by a
      very large number of people, it would greatly reduce the cost of
      audio-visual apparatus if the apparatus did not incorporate the tape input
      means or the output display means as parts thereof, but, instead, employed
      an already-possessed standard audio cassette tape player or other external
      audio input device such as a record player or telephone line as the input
      means and an already-possessed standard television receiver as the display
      output means. However, in this case, there is no control at all over the
      input provided by the already-possessed standard audio cassette tape
      recorder (or other external audio input device) or the display provided by
      the already possessed standard television receiver.
PAR  The present invention is directed to techniques for providing low-cost
      apparatus employing a long preamble code for reliably switching between
      time-division-multiplexed analog audio and frequency-shift-keyed video
      information signals obtained from a prerecorded tape (or other recording
      medium) of any standard audio cassette tape recorder or other external
      audio input device with any standard television receiver to provide a
      relatively high quality visual display of visual information together with
      correlated audio information, thereby enhancing the utility of an
      already-possessed cassette tape player and television receiver.
DRWD
PAR  This and other features and advantages of the present invention will become
      more apparent from the following detailed description taken together with
      the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of a basic embodiment of an adaptor for
      inter-relating a standard cassette recorder, which provides time division
      multiplexed analog audio-information signals and frequency-shift keyed
      video-information signals, with a standard television receiver;
PAR  FIG. 2 is a block diagram of a preferred embodiment of the coupling means
      of FIG. 1, which eliminates any crosstalk between the video-information
      signals and the audio-information signals;
PAR  FIG. 3 is a block diagram of a cassette recording means for providing
      simultaneous, rather than time-division-multiplexed, transmission of
      video-information and audio-information signals;
PAR  FIG. 4 is a block diagram of a modified embodiment of the coupling means of
      FIG. 1 required for simultaneous, rather than time division multiplexed,
      transmission of the video-information and the audio-information signals;
PAR  FIGS. 5a and 5b illustrate the video-signal response characteristics and
      the contrast variations effects thereof on the visual display of a
      television receiver exhibiting limited bandwidth;
PAR  FIGS. 6a and 6b illustrates respectively a correction font and a
      video-signal correction circuit for limited bandwidth television displays;
PAR  FIG. 7 illustrates a 7X9 dot matrix character space for displaying any
      single selected dot position therein to provide improved graphic displays,
      and
PAR  FIG. 8 illustrates a modification of the adaptor of FIG. 1 for implementing
      the selectable single dot position within each character space, as shown
      in FIG. 7, to provide improved graphic displays.
DETD
PAR  In discussing FIG. 1, it will be assumed that audio-information signals are
      recorded on the audio cassette magnetic tape as audio analog signals of
      voice, music and/or other similar type signals that are to be ultimately
      heard by a listener. Video-information signals, to be displayed on the
      screen of a standard television receiver, are recorded during pauses in
      the audio-information signals as a sequence of binary bits of frequency
      shift keyed audio tones. This results in the audio information and the
      video information being time division multiplexed on the recorded cassette
      magnetic tape.
PAR  Standard cassette tape recorders and players include a jack normally
      designated either "EARPHONE," "EXTERNAL," or "EXT SPKR" which enables the
      signal from a tape being played back to be applied to an external device
      if a coupling plug from the external device is inserted in this jack.
      Conventionally, the insertion of this coupling plug has the effect of
      shorting out the internal speaker of the cassette tape recorder or player.
      The adapter of FIG. 1 receives its input from such a coupling plug
      inserted in this particular jack of a standard cassette tape recorder or
      player, as indicated at the left of FIG. 1.
PAR  Coupling means 100 is capable of applying this input to either speaker 102,
      preferably through audio amplifier 104, or to frequency-shift key (FSK)
      demodulator 106. Although not specifically shown in FIG. 1, the signal
      from coupling means 100 to audio amplifier 104 may also be connected to an
      "earphone" jack of the adaptor.
PAR  The purpose of speaker 102 and audio amplifier 104 is to broadcast the
      audio information and the purpose of FSK demodulator 106 is to detect the
      video information. Although coupling means 100 may be merely a wired
      connection for connecting the input thereto in parallel to both audio
      amplifier 104 and FSK demodulator 106, this is undesirable because all the
      FSK audio tones, manifesting the video information, will be heard over
      speaker 102 as a series of clicks. To limit this video-information
      crosstalk in speaker 102, coupling means 100 preferably includes a
      normally-open gate which is closed by an audio control signal on
      connection 108 whenever flip-flop 110 is switched to its set state, in a
      manner to be described below.
PAR  The playback tape speed provided by most standard tape recorders and
      players is not precise, so that the tape velocity may vary quite a bit.
      However, the use of frequency shift keying permits the bit rate to be
      determined independently of the tape velocity. This is done by making the
      bit period equal to some first known multiple of a first audio tone
      manifesting a binary ONE and equal to some second known multiple of a
      second audio tone manifesting a binary ZERO.
PAR  FSK demodulator 106 continuously monitors the input signal applied to
      coupling means 100 and, in response to the occurrence of FSK signals,
      demodulates these signals and detects the bit rate. By way of example, FSK
      demodulator 106 may include a TTL level shift circuit for changing each
      sinusoidal cycle of each of the two binary tones into a square wave having
      a wavelength equal to that of the tone period. An edge detector then
      produces respective spikes, all of the same polarity, in response to both
      positive going and negative going edges of the square wave. Each of the
      spikes triggers a monostable multivibrator to thereby produce a serial
      pulse signal. This serial pulse signal includes one or more first portions
      derived from the relatively lower-frequency audio tone, each of which has
      a relatively low duty cycle, and one or more second portions derived from
      the relatively higher-frequency audio tone, each of which has a relatively
      high duty cycle. The serial pulse signal is passed through a low pass
      filter which derives an output signal having a relatively low level during
      each relatively low duty cycle portion of the input signal thereto and a
      relatively high level output signal in response to each relatively high
      duty cycle portion of the input signal thereto. The output signal from the
      low pass filter is then digitalized by such means as a comparator or a
      Schmitt trigger to provide respective first and second binary value serial
      signals synchronous with the occurrence of each of the first and second
      serial audio tones employed for frequency shift keying. In addition, a
      bit-rate-manifesting signal may be derived by either counting a first
      known number of trigger signals from the edge detector in the presence of
      a ONE manifesting binary signal or a second known number of trigger
      signals from the edge detector in the presence of a ZERO manifesting
      binary signal.
PAR  The first and second binary value serial signals are applied from FSK
      demodulator 106 as an input to serial-to-parallel converter 108.
      Serial-to-parallel converter 108 may be a shift register in which case the
      bit-rate-manifesting signal is used to provide shift pulses. With the
      exception of a preamble code, the binary bits derived from the audio tones
      on the cassette tape are organized into bytes each having a predetermined
      fixed number of bits. For the purpose of discussing FIG. 1, it will be
      assumed that each byte is composed of seven bits, and that
      serial-to-parallel converter 112 includes a shift register having seven
      stages. The seven bits composing each successive byte are applied in
      parallel from serial-to-parallel converter 112 as an input to normally
      disabled AND gates 114 and as an input to end-of-message (EOM) detector
      116.
PAR  Because of the time-division-multiplexed recording of audio information and
      video information from the magnetic tape, using audio-frequency signals
      for both, it is important that means be provided for reliably
      distinguishing the occurrence of video-information signals from
      audio-information signals. In order to accomplish this, any sequence of
      video-bit information following transmission of audio information is
      preceded by a preamble code consisting of an extra large number of
      consecutive bits, all of the same binary value. By way of example, the
      preamble code may consist of 44 consecutive binary ONE bit periods, i.e.,
      the frequency shift audio tone manifesting a binary ONE recorded on the
      cassette tape persists for a duration equal to 44 bit periods. To
      appreciate the significance of this relatively long preamble code,
      consider that a bit period typically has a given duration of somewhere
      between 3 and 4 milliseconds. While a long persistent vocal or musical
      sound may by chance generate a frequency shift audio tone having a
      persistance of seven or eight bit periods, the chance that such a vocal or
      musical sound would persist for a 44 bit period of between 132 and 176
      milliseconds is negligible. Therefore, the use of this long preamble code
      prevents "false alarms" which might otherwise result if the preamble code
      had only the seven bit duration employed for all the other video-bit
      information. Therefore, it is the use of this long 44 bit code which
      ensures the high reliability in discriminating between audio information
      and video information and which is essential to the proper operation of
      the system.
PAR  Preamble detector 118 is a circuit for producing an output for setting
      flip-flop 110 only in response to the receipt of the long preamble code
      from serial-to-parallel converter 112. By way of example, preamble
      detector 118 may consist of a counter which has both its counting input
      and its reset input connected to one of the stages (preferably the first)
      of the shift register forming serial-to-parallel converter 112. Only if
      this stage is manifesting a binary ONE at the time of occurrence of a
      shift pulse is a unity count added to the count registered by preamble
      detector 118. If a binary ZERO is ever manifested by the stage of the
      shift register of serial-to-parallel converter 112 at the time of
      occurrence of a shift pulse, the count registered in the counter of
      preamble detector 118 is reset to zero. Therefore, the counter of preamble
      detector 118 only reaches the required count (44 in the assumed case) that
      results in a set input being applied to flip-flop 110 if, and only if, a
      sequence of 44 consecutive binary ONEs has occurred.
PAR  The setting of flip-flop 110 causes an enabling write control signal to be
      applied to AND gates 114, thereby opening AND gates 114, and removes the
      enabling audio control signal on connection 108 from the audio gate within
      coupling means 100, thereby closing these audio gates to disconnect audio
      amplifier 104 from the input to coupling means 100.
PAR  The preamble code is followed by each of successive seven bit bytes of
      video information which appear in order on the output connections of
      serial-to-parallel converter 112 and are now passed through AND gates 114
      as well as monitored by EOM detector 116. The video information bytes are
      made up of two groups. The first group consists of those bytes which are
      used for control purposes and the second group consists of these bytes
      which are used to manifest a character code. The binary value of a
      predetermined ordinal one of the bits in each byte is preferably used for
      control purposes to distinguish the type of group to which that byte
      belongs. (In certain cases the bytes each consist of eight bits, rather
      than seven, and a second predetermined ordinal one of the bits of each
      byte is used for other control purposes, as is discussed in more detail
      below in connection with FIGS. 7 and 8.) In all cases, however, the
      remaining six ordinal bits of each byte are employed to define the
      particular function or the particular character code manifested by that
      particular byte. One of the function codes is the end of message code to
      which EOM detector 116 is responsive. All of the rest of the function
      codes pass through AND gate 114 to page memory address register (PMAR)
      120, which is responsive only to bytes of the control function group.
      Bytes manifesting character codes also pass through AND gates 114 and are
      applied as an input to page memory 122, which is responsive only to bytes
      of the character code group.
PAR  Page memory 122 has the capacity to store all the characters that can be
      displayed in a single frame by the television set, with the page arranged
      in a predetermined format. By way of example, the format may consist of
      sixteen rows of thirty-two character spaces each, i.e., a total of 512
      character spaces arranged in 16 rows and 32 columns. Each character code
      byte written into page memory 122 is preceded by a sequence of three bytes
      manifesting control functions read into PMAR 120. Thus each write control
      instruction consists of four bytes. The first-occurring byte indicates
      that this is the beginning of a write control sequence; the
      second-occurring byte identifies the row address in a displayed page which
      includes the character then being written into page memory 122; the
      third-occurring byte identifies this character's column address; and the
      fourth-occurring byte is the character code identifying the particular
      character itself.
PAR  By way of example, page memory 122 may consist of six recirculating shift
      registers, each having 512 stages. Page memory 122 also includes all
      necessary control gates. Row memory 124, which has its input coupled to
      the output of page memory 122, consists of six recirculating shift
      registers, each having 32 stages, together with all necessary control
      gates. PMAR 120, page memory 122 and row memory 124 receive readout
      control signals from timing generator 126. These readout control signals
      include shift signals for the recirculating shift registers of page memory
      122 and row memory 124. PMAR 120 include a first static register for
      storing the row-manifesting byte of the applied write control signal and a
      second static register for storing the column-manifesting byte of the
      write control signal. In addition, PMAR 120 may include a dynamic cyclic
      binary counter for counting the shift pulses of the readout control. The
      value registered in this dynamic counter at any time manifests the row and
      column addresses of the particular character then being recirculated from
      the output to the input of both page memory 122 and row memory 124.
      Normally, the recirculation loop of page memory 122 is closed. However,
      PMAR 120 includes a comparator for comparing the count then registered in
      the dynamic counter with the row and column addresses stored in the first
      and second static registers. When coincidence occurs, indicating that the
      address of a character then being recirculated is the same as that of a
      new character to be written in at that address, the output from PMAR 120
      to page memory 122 opens the recirculation loop, thereby erasing the old
      character, and permits the character code of the write control signal to
      be passed through AND gates 114 and applied as an input to page memory 122
      and thereby written into page memory 122 at this row and column address.
PAR  As is known in the art of television raster-scan video terminal displays,
      timing generator 126 may consist of a crystal oscillator master clock,
      suitable dividers for providing dot rate, character rate, horizontal scan
      line rate and vertical frame rate, respectively. Timing generator 126 may
      also include any counters and other logic circuitry required for arranging
      a display frame (page) in accordance with a predetermined format. By way
      of example, each scan line may consist of 54 character spaces, with each
      character space having a width equal to seven consecutive dots. It is
      necessary that the horizontal scanning line rate and the vertical field
      rate provided by the timing generator 126 be compatible with those of a
      standard television receiver, so that the conventional horizontal hold and
      vertical hold controls of the standard television receiver can be employed
      to lock the picture. Although timing generator 126 may provide
      interlacing, it is assumed for simplicity's sake, in the example being
      given here, that no interlacing is provided. In this case, the frame rate,
      which is equal to the field rate, should be as close to 60 frames (field)
      as is reasonably possible. Ideally, for a single frame per field, each
      frame (field) should consist of either 262 or 263 horizontal scan lines,
      since these numbers are closest to the 262.5 scan lines per field of a
      standard N.T.S.C. television receiver. However, the complexity of the
      dividers and logic circuits of timing generator 126 may be simplified if
      each frame (field) is composed of 256 (2.sup.8) horizontal scan lines. On
      the other hand, the use of only 256 horizontal scan lines per frame
      (field) makes the horizontal hold control adjustment range required of the
      standard television receiver more critical, but well within the range of
      conventional home TV sets.
PAR  By way of a first example, each character space may have an overall height
      of eleven horizontal scan lines, in addition to its overall width of seven
      dot intervals. Of this 7.times.11 character space, the character itself is
      situated in a 5.times.7 dot matrix portion thereof. The remainder of the
      character space provides space between adjacent characters in a row and
      space between adjacent rows. Timing generator 126 includes logic means for
      centering the display. In particular, as each horizontal scan line is
      equal in duration to the width of 54 character spaces, and each row of a
      display includes only 32 characters, the 32 characters are positioned
      centrally. Similarly, since 16 rows of characters occupy only 176
      (16.times.11) horizontal scan lines, timing generator 126 includes logic
      circuits for employing only a predetermined 176 consecutive scan-line
      central portion of each frame for displaying characters.
PAR  As shown in FIG. 1, timing generator 126 providess a horizontal (H) and
      vertical (V) synch output; a readout control occurring at the dot rate; a
      readout control occurring at the character rate, and a line address. The H
      synch signals, which occur at the beginning of each horizontal scan line,
      and the V synch signals, which occur at the beginning of each successive
      frame (field), are applied as one input to mixer 128, which is discussed
      below. The dot rate readout control signals are applied as shift pulses to
      a shift register of parallel-to-serial converter 130, which is also
      discussed below. The character rate readout control is programmed to apply
      an input to the dynamic counter of PMAR 120 and shift pulses to page
      memory 122 and row memory 124, as described above, to result in a
      properly-timed scan of the 32 character spaces of each of the 16 rows of
      the display format of each frame (field). The line address consists of
      either a 3 or a 4 bit byte, depending upon requirements, for defining the
      then-being scanned one of either the first eight or the entire 11 scan
      lines comprising the height of each character space of each displayed row
      of characters. This line address is applied as an input to a read only
      memory (ROM) character generator 132, which also receives a 6 bit
      character code byte from the output of row memory 124. The readout control
      timing generator 126 is coordinated with the scanning of a frame (field)
      to cause page memory 122 to load the six shift registers of row memory 124
      with the respective character code making up any displayed row of
      characters during one of the horizontal scan lines separating this row of
      characters and the preceding row of characters. Row memory 124 both
      recirculates and reads out to ROM generator 132 each character code, in
      turn, if the loaded row during each of the following seven scanning lines
      making up the 5.times.7 dot matrix portion of every character space in
      which each of the characters of that row is actually displayed. After
      this, the readout control opens up the recirculation loop of row memory
      124 and page memory 122, loading row memory 124 with the character codes
      of the next row to be displayed, in the same manner as described above.
PAR  As is known in the art of raster scan video terminals, ROM character
      generator 132 normally has stored therein a 5.times.7 dot matrix for each
      of 64 characters. Besides including the alphabet and numerals, the 64
      characters normally include various punctuation and other symbols of the
      type employed by teleprinters. Under the control of the 6 bit character
      code read out at the beginning of the scan of any given character space,
      the particular character to be read out in that character space is
      designated and in response to a 3 bit portion of the line address, the
      ordinal slice of that character to be produced during a given scan line
      through that character address is designated, as is known in the raster
      scan video terminal art. In response thereto, ROM character generator 132
      reads out a 5 bit byte at the beginning of the scan through each
      successive character space. The respective bits of the 5 bit byte are
      applied in parallel to five consecutive stages of a seven stage shift
      register included within parallel-to-serial converter 130, thereby loading
      the shift register. In response to the each seven consecutive bit sequence
      of the dot rate readout control applied as shift pulses to this shift
      register, a 7-bit serial dot signal (corresponding to the 5 bit width of a
      character slice plus a two bit spacing between successive characters in a
      row) is read out of parallel-to-serial converter 130 as the video signal
      to be ultimately displayed by a standard television receiver. In
      particular, mixer 128 sums this video signal output from
      parallel-to-serial converter 130 with the H and V synch signals also
      applied as an input thereto to provide a composite output signal
      therefrom. This composite output signal from mixer 128 is applied as the
      modulating input to RF modulator 134, which modulates a carrier frequency
      of an unused VHF or UHG television band applied to RF modulator 134 from
      RF oscillator 136. Therefore, if the output from RF modulator 134 is
      applied to the antenna terminals of any standard television receiver, the
      standard television receiver will respond thereto by displaying the
      message stored in page memory 122 in a raster scan format which is
      synchronized by the H and V synch signals from timing generator 126, as is
      known in the art.
PAR  In the manner described above, the apparatus shown in FIG. 1 produces both
      an audio output from speaker 102 and a visual output from a standard
      television receiver in accordance with respective audio information and
      video information over which are originally recorded as audio frequency
      signals on a standard cassette magnetic tape and are supplied to the
      appartus of FIG. 1 from the "earphone" or "external speaker" jack of a
      standard cassette recorder or player.
PAR  Although the adapter of FIG. 1, as described above, is effective in
      eliminating most crosstalk between the time division multiplexed audio
      information and video information applied as an input to coupling means
      100, it is not effective in eliminating crosstalk resulting from the
      presence of the aforementioned preamble code. In particular, the audio
      control present on connection 108 ensures that the input to coupling means
      100 is forwarded to speaker 102 only so long as flip-flop 110 remains in
      its reset state. The setting of flip-flop 110 by the output of preamble
      detector 118 occurring at the beginning of a sequence of video-bit
      information disconnects the input to coupling means 100 from speaker 102,
      thereby preventing all video-bit information occurring subsequent to the
      occurrence of the preamble code from being forwarded to speaker 102 as
      unwanted crosstalk, which would otherwise be heard as a series of clicks.
      However, because it is necessary to receive the entire relatively long
      preamble code itself in order to set flip-flop 110, the frequency shift
      tone constituting the preamble code is still forwarded as unwanted
      crosstalk to speaker 102 in the operation of the adaptor shown in FIG. 1,
      as so far described.
PAR  FIG. 2 shows a preferred embodiment of coupling means 100, which prevents
      unwanted crosstalk from being forwarded to speaker 102 in response to the
      occurrence of any preamble code. Specifically, the input to coupling means
      100 from the jack of a standard cassette recorder or player is applied in
      parallel to the input of delay means 200 and the primary of transformer
      202. The output from the secondary of transformer 202 is applied as the
      frequency-shift-keyed binary output of coupling means 10, which is applied
      as an input to FSK demodulator 106. Delay means 200 inserts a time delay
      between the input and output thereof which is substantially equal to the
      time duration of the relatively-long preamble code (between 132 and 176
      milliseconds in the assumed example). The output from delay means 200 is
      applied as an input to normally-closed audio gate 204, which is controlled
      by the audio control signal on connection 108 from flip-flop 110,
      described above. The output from audio gate 204 is applied as the audio
      output from coupling means 100 and to audio amplifier 104. The time delay
      between the audio output from coupling means 100 and the input thereto
      permits sufficient time for preamble detector 118 to detect the preamble
      code and set flip-flop 110 so that audio gate 204 is closed prior to the
      occurrence of substantially any portion of the relatively-long
      frequency-shift tone forming the preamble code at the output of delay
      means 200. Thus, this frequency shift tone is never forwarded to speaker
      102 and, hence, all crosstalk is substantially prevented by employing the
      preferred embodiment of FIG. 2 for coupling means 100.
PAR  In discussing both FIGS. 1 and 2, it has so far been assumed that the
      respective audio and video information recorded on the cassette tape has
      been recorded as separate, time-division multiplexed analog
      audio-frequency audio information and frequency-shift-keyed binary-coded
      video information signals. This need not necessarily be the case. FIG. 3
      shows an alternative approach for recording a composite audio information
      and video information signal on a cassette tape which permits simultaneous
      transmission of both the binary video information signal and the audio
      information signal. Specifically, an audio tone from oscillator 300 is
      applied directly as a carrier frequency to phase-shift-keyed (PSK)
      modulator 302 and through 90.degree. phase shifter 304 as a carrier to
      amplitude modulator 306. The video information is applied as a binary
      modulating input to PSK modulator 302 and the audio information is applied
      as an audio modulating input to amplitude modulator 306. In the absence of
      video information or in response to video information having a given
      binary value, such as ZERO, PSK modulator 302 produces an output at the
      carrier frequency having a given phase. The given phase may be chosen to
      be always in-phase with the phase of a carrier input of PSK modulator 302,
      or alternatively, it may be chosen to be always 180.degree. out of phase
      with the carrier input to PSK modulator 302. In response to a video
      information signal of opposite binary value, such as binary ONE, PSK
      modulator 302 reverses the phase of the output signals therefrom (shifts
      the phase of the output signal by 180.degree. with respect to the given
      phase thereof). The output from PSK modulator 302, manifesting the video
      information signal, is applied as a first input to adder 308 and the
      output from amplitude modulator 306, manifesting the audio information
      signal, is applied as a second input to adder 308. The composite signal
      appearing at the output of adder 308 is applied to the cassette tape to
      simultaneously record the audio and video information thereon. The effect
      of 90.degree. phase shifter 304 is to make the audio information component
      of the recorded signal orthogonal with the video information component
      thereof. This orthogonality ensures that crosstalk therebetween is
      minimized.
PAR  In the case where the cassette recording means of FIG. 3 is employed for
      simultaneously recording both the video and audio information, rather than
      this information being recorded in time-division-multiplexed form as
      discussed in connection with FIG. 1, the adaptor of FIG. 1 is modified to
      employ a coupling means 100 the simultaneous binary and audio transmission
      coupling means 100 of FIG. 4. Furthermore, when coupling means 100 of FIG.
      4 is employed, FSK demodulator 106, flip-flop 110, EOM detector 116 and
      preamble detector 118 are all dispensed with, and the binary output of
      FIG. 4 is applied directly as an input to serial-to-parallel converter
      112.
PAR  In the case of FIG. 4, the input obtained from the standard cassette
      recorder or player is applied both as respective signal inputs to first
      and second phase detectors 400 and 402 and as an input to frequency
      doubler 404. The output from frequency doubler 404 has a frequency double
      the modulated input frequency. Furthermore, any phase shift modulation
      component of the input frequency is eliminated, since double zero degrees
      is the same as double 180.degree.. Therefore, when the output from
      frequency doubler 404 is divided by two by frequency halver 406, any
      continuous output frequency signal obtained has a frequency equal to that
      of the input, without any phase-shift modulation component. This signal is
      employed to lock the phase of phase-locked oscillator 408. Since, as
      discussed in connection with FIG. 3, the phase of the output from PSK
      modulator 302 and the absence of any video information is assumed to be
      the same as the phase of the output from PSK modulator 302 in the presence
      of video information manifesting a binary ZERO, the reference phase
      manifested by the frequency output from phase-lock oscillator 408 may be
      considered to correspond with that of a binary ZERO. The use of
      phase-locked oscillator 408 provides a reference signal which is applied
      directly as a second input to phase detector 400 and is applied through
      90.degree. phase shifter 410 as a second input to phase detector 402. The
      use of a phase-locked oscillator, which is phase-locked by a signal
      derived directly from the playback of the standard cassette recorder,
      makes the phase of the reference signal appearing at the output of
      phase-locked oscillator 408 independent of fluctuations of the actual tape
      velocity during playback from the nominal value thereof. This permits the
      relatively poor tape transports and the relatively poorly regulated power
      supplied found in many standard cassette recorders or players to be
      accommodated. Phase detector 400 provides synchronous detection of the
      in-phase component of the input signal and phase detector 402 provides
      synchronous detection of the quadrature component of the input signal. The
      output from phase detector 400 which manifests the binary video
      information component of the input signal has a first relative polarity in
      response to a binary ZERO and a second polarity opposite the first
      polarity in response to a binary ONE. The output from phase detector 402
      is the demodulated audio information analog signal. As discussed above,
      the binary output from FIG. 4 is applied at an input to serial-to-parallel
      converter 112 and the audio output thereof is applied as an input to audio
      amplifier 104.
PAR  Raster scan video terminals, known in the art, usually incorporate a
      television monitor as the display unit. Such television monitors provide a
      video bandwidth sufficiently wide to pass all the frequency components
      found in a video signal, but are relatively expensive compared to the cost
      of an average standard black and white TV receiver. However, the video
      bandwidth of a standard TV receiver is usually limited with respect to the
      frequency components found in the video signals. The effect of this is to
      provide a relatively poor response to the high frequency components of the
      video signal with respect to the response to the low and middle frequency
      components thereof. For instance, consider the video signal response,
      shown in FIG. 5a, to the horizontal and vertical components of a
      displayable character, such as the letter "E," shown in FIG. 5b, due to
      the limited video bandwidth of a standard television receiver. The top and
      bottom horizontal line of a displayed letter "E" may each consist of five
      consecutive dot intervals of a horizontal scan line, while the middle
      horizontal line of a displayed letter "E" may consist of three, or even
      four, consecutive dot intervals of a horizontal scan line. However, the
      vertical portion of a displayed letter "E" is made up of a plurality of
      vertically arranged single dot intervals, with each of these single dot
      intervals occurring during a separate horizontal scan line. As shown in
      FIG. 5a, due to the limited high frequency response of the standard
      television receiver, the slope of the leading edge of the video signal is
      sufficiently low to require more than a single dot interval to rise to its
      maximum value. This causes the amplitude of a vertical-line single dot
      interval to be significantly attenuated with respect to the amplitude of a
      horizontal-line manifesting plural dot interval video signal component.
      The result of this, as shown in FIG. 5b, is that the horizontal line
      components of a displayed character appear with a much higher contrast
      than does the vertical line component thereof.
PAR  First and second different remedies to this problem are shown in FIG. 6a
      and 6b, respectively. As shown in FIG. 6a, one solution to this problem is
      to modify the dot-matrix font for the characters stored in ROM character
      generator 132. In particular, the vertical-line portion of a letter to be
      displayed, such as the letter "E," may be made of a plural number of
      consecutive dot intervals, such as two, per horizontal scan line, to
      thereby compensate for the limited high frequency response of the video
      bandwidth of a standard television receiver. Although the correction font
      for limited bandwidth TV display, shown in FIG. 6a does provide a solution
      to the contrast problem shown in FIG. 5b, it lacks flexibility. Therefore,
      an electronic approach to a solution to this problem, such as shown in
      FIG. 6b, is somewhat superior to this solution shown in FIG. 6a.
      Essentially, the video-signal correction approach is to electronically add
      an incremental interval to all video-signal components. Although the
      duration of this incremental interval is preferably made adjustable under
      the control of the television viewer, at any given setting of the
      adjustment it is the same durations for both vertical-line manifesting,
      single-dot interval and horizontal-line manifesting, multiple dot-interval
      components of a video signal corresponding to a character to be displayed.
      Therefore, the video signal correction circuit shown in FIG. 6b is
      intended only to be representative of one simple way this function can be
      accomplished, and not to be limiting, since the same function could be
      accomplished by various other relatively simple circuits whose design
      would be obvious to any one skilled in the art.
PAR  The video-signal correction circuit, shown in FIG. 6b, is inserted in the
      connection between the output of parallel-to-serial converter 130, at
      which the video signal appears, and the video input to mixer 128, as shown
      in FIG. 1. Specifically, the output from parallel-to-serial converter 130
      is applied as both an input to flip-flop 600 and a set input to monostable
      multivibrator 602. Flip-flop 600 is designed to be set by the leading edge
      of any dot-interval component video signal applied thereto, while
      monostable multivibrator 602 is designed to be set only by the occurrence
      of the trailing edge of this dot-interval component of the video signal.
      The output from monostable multivibrator 602 is applied as a reset input
      to flip-flop 600 and flip-flop 600 is designed to be reset only by the
      trailing edge of the output from monostable multivibrator 602. Flip-flop
      600 produces an output which exists over the entire duration from the
      setting thereof until the resetting thereof. This output from flip-flop
      600 is applied as the video input to mixer 128.
PAR  In operation, the video-signal correction circuit shown in FIG. 6b produces
      a corrected video signal component which begins in coincidence with the
      beginning of the uncorrected video component applied thereto from
      parallel-to-serial converter 130, but which corrected video component
      endures for a given incremental interval, determined by the delay provided
      by monostable multivibrator 602, beyond the end of the uncorrected video
      component applied as an input thereto from parallel-to-serial converter
      130. By making the delay provided by monostable multivibrator 602
      adjustably settable under the control of the television viewer, the amount
      of correction may be adjusted to provide substantially equal contrast
      between vertical and horizontal line components of a displayed character
      for that particular television receiver. In this manner, the variation in
      the limitation in video bandwidth from television receiver to television
      receiver can be accommodated.
PAR  Although for most purposes it is essential that the display provided by the
      video information include alpha-numeric characters, is also desirable that
      the display have a graphic capability. One obvious way of obtaining a
      relatively simple graphic capability, without in any way increasaing the
      complexity of the adaptor, is to employ the character code manifesting a
      period (.) as the element of a graphic pattern, rather than as a
      punctuation mark. In this manner, a graph or other dot-pattern can be
      displayed by selectively writing character-codes manifesting a period into
      any desired predetermined ones of the 512 character spaces within page
      memory 122 of FIG. 1. However, since a period occupies a specific
      predetermined single dot position within the 5.times.7 dot matrix within
      ROM character generator 132, only this predetermined dot position within
      any character space is available for use in producing graphic displays.
      This severely limits the geometric arrangement of the dots in a displayed
      graphic pattern, since all the available dots which can be used to produce
      a graphic display must be selected from 512 dots arranged in 16 linear
      rows and 32 linear columns.
PAR  Although it is not possible to increase the maximum number of available
      dots for a graphic pattern from 512 without increasing the size of the
      page memory (which would appreciably increase the cost of the adaptor), it
      is possible, by a slight modification requiring only a relatively
      inexpensive additional ROM chip, to increase the flexibility in the
      geometric arrangement with which any graphic containing up to 512 dots may
      be displayed. By way of example, assume that the logic circuit of timing
      generator 126 provide character spaces comprising a total of 63 dot
      intervals arranged in a 7.times.9 distribution (rather than the 7.times.11
      distribution assumed earlier in the discussion of FIG. 1). Referring to
      FIG. 7, it would be desirable to be able to situate a single dot 700 in
      any one of the available 63 separate dot positions within the 7.times.9
      character space dot position matrix 702, rather than limit dot 700 to a
      fixed, predetermined dot position, such as dot position (6, 2) occupied by
      dot 700 in FIG. 7.
PAR  As discussed earlier in connection with FIG. 1, a chaaracter code is
      composed of 6 bits, which provides a total of 64 different available
      binary codes. Conventional ROMR character generator shifts, such as those
      used in raster scan video terminals, are capable of storing 64
      individually-addressable different characters. As shown in FIG. 8, a
      second, 64 address, read-only memory 800, may be used for selecting any
      one of the 63 dot positions of matrix 702. ROM 800 is connected in
      parallel with conventional ROM alpha-numeric character generator 132.
      Either of character generators 132 or 800 may be selected by adding an
      additional control bit to each byte. Thus, in the case of the modification
      of FIG. 1 shown in FIG. 8, each byte consists of 8 bits, rather than 7
      bits, with each of the 8-bit bytes including two control bits. By way of
      example, if this additional bit has the binary value "ONE", alpha-numeric
      character generator 132 is selected and the apparatus operates in the
      manner previously described to provide an alpha-numeric display. However,
      if this additional bit manifests a binary "ZERO," graphic dot position
      character generator 800 is enabled and, in this case, each of a group of
      63 out of the 64 individual character codes that can be applied to the
      character generator during the display of any character space defines the
      individual dot position within the 7.times.9 matrix 702 at which that dot
      700 is to be displayed. The appropriate single one of the stages of the
      shift register of parallel-to-serial converter 130 is only loaded when the
      line address to ROM 800 from timing generator 126 indicates that the
      appropriate one of the horizontal scan lines is then being scanned. Thus,
      assuming that graphic dot position character generator 800 is enabled, if
      the character code from row memory 124 manifests the dot position of dot
      700 within matrix 702 of FIG. 7, graphic dot position character generator
      800 produces no output at all when the line address from timing generator
      126 indicates that any of the first, third, fourth, fifth, sixth, seventh,
      eight, or ninth horizontal scan lines of the character space is being
      scanned. However, when the line address indicates that the second line is
      being scanned, ROM 800 will load the sixth stage of the shift register of
      parallel-to-serial converter 130. This results in the display of dot 700
      in the dot position indicated in FIG. 7 in that particular character
      position. In a similar manner, the dot position, if any, occupied by
      graphic pattern dots in any of the other 511 character positions is
      selected. This greatly enhances the versatility with which graphic
      patterns may be displayed, without in any appreciable way increasing the
      cost or complexity of the adaptor.
PAR  Although for the purposes of illustrating the invention, many specific
      numerical values have been assumed, it should be understood that these
      specific numerical values are not intended to in any way limit the scope
      of the disclosed invention. For instance each byte might include two
      additional bits for controlling the displayed color of a character on a
      color television receiver.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recording medium having recorded thereon one or more
      time-division-multiplexed sequences of analog audio-information and
      sequences of binary-coded video information composed of first and second
      frequency-shift-keyed audio tones, any sequence of video information
      recorded on said medium being immediately preceded by a preamble code
      comprising a given length of a single one of the frequency-shift-keying
      audio tones, said given length being significantly longer than the
      interval of any signal component of said audio information whereby upon
      playback of said medium a sequence of video-information may be reliably
      distinguished from a preceding sequence of audio information.
NUM  2.
PAR  2. The recording medium defined in claim 1, wherein each of said
      video-information binary codes consists of a first given number of
      consecutive binary bits that have binary values selectively determined by
      that particular code and said preamble code consists of a second given
      number of consecutive binary bits that all have the same predetermined
      binary value, said second given number being significantly larger than
      said first given number, whereby said given length of said preamble code
      is significantly longer than the length of any of said video-information
      binary codes.
NUM  3.
PAR  3. An adaptor for inter-relating an external audio input device with a
      standard television receiver, wherein said device plays back one or more
      time-division-multiplexed sequences of analog audio-information and
      sequences of binary coded video information composed of first and second
      frequency-shift-keyed audio tones for deriving a serial signal which is
      applied as the signal input to said adaptor, and wherein any sequence of
      video information recorded on said tape is immediately preceded by a
      preamble code comprising a given length of a single one of the
      frequency-shift-keying audio tones, said given length being significantly
      longer than the interval of any signal component of said audio
      information; said adaptor comprising:
PA1  a video-information channel initially decoupled from said signal input to
      said adaptor,
PA1  first means including a preamble code detector for continuously monitoring
      said signal input applied to said adaptor, and
PA1  second means coupled to said first means and said video-information channel
      for coupling said video-information channel to said signal input in
      response to the detection of said preamble code by said preamble detector.
NUM  4.
PAR  4. The adaptor defined in claim 3, wherein each of said video-information
      binary codes consists of a first given number of consecutive binary bits
      that have binary values selectively determined by that particular code and
      said preamble code consists of a second given number of consecutive binary
      bits that all have the same predetermined binary value, said second given
      number being significantly larger than said first given number, and
      wherein said preamble detector includes means for producing a preamble
      detection output only in response to the receipt thereby of said second
      given number of consecutive binary bits all having said predetermined
      binary value.
NUM  5.
PAR  5. The adaptor defined in claim 4, wherein said adaptor includes an
      end-of-message detector responsive to a preselected one of said video
      information binary codes which always occurs as the last code in any
      sequence of video information, and third means for applying the output
      from said end-of-message detector to said second means for decoupling said
      video-information channel from said input signal in response to the
      detection of said preselected one of said video-information binary codes
      by said end-of-message detector.
NUM  6.
PAR  6. The adaptor defined in claim 5, wherein said adaptor includes an audio
      information channel coupled to said second means to couple said
      audio-information channel to said signal input only when said
      video-information channel is decoupled therefrom and to decouple said
      audio-information channel from said signal input only when said
      video-information channel is coupled thereto.
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ABST
PAL  A recording instrument for use in ocean depths and like remote locations
      and adapted to provide meaningful readings of temperatures and pressure,
      for example, at such locations over a long period of time without
      attendance. Analog signals from transducers, which indicate the level of
      the thing-to-be-measured, are processed to give an averaged digital signal
      that is then stored on a magnetic tape. The system is battery powered. The
      instrument detailed is for use at ocean depths where the instrument
      housing and attachment to a mooring line are of particular importance.
GOVT
PAR  The invention described herein was made in the course of or under a grant
      from the National Science Foundation, an agency of the United States
      Government.
BSUM
PAR  The present invention relates to recording instruments useful for placing
      at remote locations, for long periods of time and unattended, the
      instruments being operable to record, accurately, large amounts of data
      relating to the environment at such locations.
PAR  While the instrument herein described has use in locations other than at
      ocean depths, the work leading to the present invention was done on an
      instrument adapted for use at the latter locations. The description that
      follows, is, therefore, directed to an instrument that is useful at such
      locations. In order to simplify the present specification, there
      accompanies herewith a report entitled "Temperature/Depth Recorder Data
      Acquisition Systems" that is hereby incorporated herein by reference and
      that contains circuit details that are greater than are needed here.
PAR  There has been a long existing need for an instrument that can measure
      temperature at various ocean depths and place these measurements on a
      permanent record for study. Such instrument must not only resist the
      inhospitable environment, but it must provide large amounts of accurate
      data over long periods of time (e.g., a year or more) and without
      attention. Furthermore, because of possible or unavoidable excursions of
      the instrument and other factors, it is necessary that pressure
      measurements be made as well.
PAR  Accordingly, it is a principal object of the present invention to provide a
      recording instrument adapted to operate in remote locations such as, for
      example, in subsurface ocean locations, for long periods of time,
      unattended, and yet provide accurate environmental data.
PAR  Another object is to provide an instrument that can be placed at ocean
      depths to provide temperature and pressure data at such depths.
PAR  These and still further objects are discussed hereinafter.
PAR  The objects of the invention are attained by a temperature and pressure
      recording instrument adapted to operate in remote locations and the like
      for long periods of time without attendance that comprises, in
      combination: transducer means operable to measure at least one of
      temperature and pressure at the location of the recorder and provide as
      output an electrical analog signal; an electronic data acquisition system
      which conditions and converts electrical signals from the transducer means
      to digital form, said data acquisition system containing electronic means
      for averaging the data over long periods of time, having low-power-loss
      dissipation, being adapted to operate over a wide range of input voltages
      from a battery and containing modular analog signal conditioning to permit
      flexibility in the types of transducer means with which it will function;
      a magnetic tape recorder connected to receive the digital signals from the
      data acquisition system and to store the same; a battery to power the
      foregoing elements; a housing to receive and protect the foregoing
      elements; and means for connecting the housing to a mooring line that
      comprises a swivel clamp which acts to hold the housing to one side of the
      center line of the mooring line and to isolate the contents of the housing
      from the damaging effects of vibration that would otherwise occur.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a side elevation view, partly cutaway, showing a temperature
      and/or pressure recording instrument of the present invention lodged at an
      ocean depth by attachment to an anchored mooring line;
PAR  FIG. 2 is an expanded view of a part of the instrument of FIG. 1 and is
      intended to show a preferred means for attachment to the line;
PAR  FIG. 3 is an enlarged section view taken upon the line 3--3 in FIG. 2
      looking in the direction of the arrows;
PAR  FIG. 4 is a schematic circuit diagram in block diagram form, showing the
      transducers to measure temperature and pressure and an electrical system
      to process and store data;
PAR  FIG. 5 is a schematic circuit diagram of a digital adder; and
PAR  FIG. 6 is a schematic circuit diagram of circuitry adapted to vary word
      length.
DETD
PAR  Turning now to FIG. 1, the temperature and pressure recording instrument
      shown at 101 is adapted to operate in remote locations (e.g., at an ocean
      depth) and for long periods of time without attendance and to provide over
      such long period of time meaningful data representing temperature and
      pressure readings at that location. The instrument 101 comprises a
      spherical housing 1 consisting of two hemispheres 2 and 3 in FIG. 3, each
      of which has a flange to permit the hemispheres to be bolted together. The
      housing 1 contains and protects a temperature transducer 4 and a pressure
      transducer 5, each of which provides an electric analog signal that is
      processed by the data acquisition system numbered 6 in FIG. 4. The system
      6 and other electronic elements of the instrument discussed in the next
      few paragraphs are also contained within the spherical housing 1.
PAR  The acquisition system 6 conditions and converts the electrical analog
      signals from the transducers 4 and 5 to digital form for storage in a
      magnetic tape recorder 7. The conditioning is done by an electronic signal
      conditioner 8 comprising pre-amplifiers 8A and 8B that act to produce
      electrical signals suitable for analog-to-digital conversion from the
      transducer signals. The conditioned signals pass to a multiplexer 9
      wherein one signal is selected and further conditioned, and thence
      transmitted to an analog-to-digital converter 10 where the analog signals
      are converted to digital form. The multiplexer 9 is provided to select
      which of the conditioned analog signals is applied to the A/D converter
      10. The digital signal thereby formed is passed to a digital adder 11 and
      thence to one of four accumulators 12A, 12B, 12C and 12D. The foregoing
      circuit elements are sequenced by two sequence generators 13A and 13B
      which act independently to cause events to take place at independent
      frequencies. The digital adder 11 in actual apparatus, as shown in FIG. 5,
      consists of a flip flop 27C and three gates 22C, 23C, and 24C which act in
      combination to produce the sum of two digital words.
PAR  In order to provide meaningful data, the period of readings must be less
      than half the shortest period in the signal being monitored. It is not
      possible to store all the data thereby obtained on the tape of the
      magnetic tape recorder 7 and still have an instrument that can remain
      submerged for say a year. On the other hand, if sampling intervals are not
      small enough, meaningful data is not taken. The accumulators 12A, 12B
      etc., therefore, act to permit averaging the data over long periods of
      time as it is the summed data that is passed along to the recorder 7. This
      averaged data can be recorded much less frequently than would be the case
      for non-averaged data.
PAR  The acquisition system 6 also contains a word length control 25 to alter
      the word length of the system. This means for altering the word length
      comprises a shift register 30 in FIG. 6 and NAND gates 31 and 32, the
      shift register being one whose inputs may be wired in any predetermined
      fashion to determine said length and thereby allow division of accumulated
      data by a number that is a power of two, prior to delivering the
      accumulated data to the magnetic tape recorder. Again, this saves space on
      the tape and increases the submersion time.
PAR  As above noted, the system is sequenced by the sequence generators 13A and
      13B. Latching relays are employed so that in the OFF condition negligible
      power is used in the system. Power to the system is supplied by batteries
      14 through a voltage regulator 15. Complimentary metal-oxide-semiconductor
      (CMOS) logic is used to minimize energy consumption by the logic which is
      on continuously when the instrument is ON. Regulators which supply energy
      to the analog circuitry are turned on only when necessary (when a
      conversion takes place) and a low-dissipation switching-type regulator is
      used to power the oscillator which must remain on continuously when the
      instrument is energized. A clock 16 in conjunction with countdown 26
      provides timing for the active elements in the instrument 101, to produce
      a time word to be recorded and to provide timing for initiation of
      sequences. A digital selection circuit 27 selects the output of one of the
      four accumulators or the time word for delivery to the tape recorder 7 and
      the adder 11.
PAR  The spherical housing 1 is connected to a mooring line 20 by a swivel clamp
      21 which acts to hold the housing to one side of the center line of the
      mooring line 20, as shown in FIG. 1, thereby to isolate both the mooring
      line and the contents of the housing from the damaging effects of
      vibration that would otherwise occur. The line 20 is a galvanized steel or
      other type line that extends from a buoy 23 to an anchor 24; it connects
      to the swivel clamp 21 through a steel-bar link 22 which has a
      reduced-diameter region 22A to receive the clamp. For present purposes the
      link 22 is considered to be a part of the mooring line 20. The sphere and
      the members labeled 21A and 21B of the clamp 21 are made of aluminum. To
      permit the sphere to rotate about the mooring line 20 as an axis and to
      provide electric isolation between the sphere and the line essentially to
      eliminate galvanic action therebetween, there is provided a two-part
      plastic bearing 24. The sphere 1 can thus remain on the downstream side of
      the line 20 without torsion.
PAR  To place the instrument in proper context, the sphere 1 of the actual
      system is 111/2 inches in diameter. With the exception of the transducers,
      all the above-discussed elements are attached to a central board that is
      clamped within the two halves of the sphere. The sphere will withstand
      ocean pressure at any known ocean depth, including the greatest known
      depth of 36,200 feet. An O-ring 28 in FIG. 3 serves to maintain the
      watertight integrity of the sphere.
PAR  Modifications of the invention herein disclosed will occur to persons
      skilled in the art and all such modifications are deemed to be within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recording instrument for use at remote locations and adapted to
      provide large amounts of data relating to a condition of the environment
      at such location, that comprises, in combination: transducer means
      operable to sense during relatively short intervals a condition of the
      environment at said location and to produce electrical analog signals
      representative thereof over relatively long periods of time; an electronic
      data acquisition system connected to receive the electrical analog signals
      and to condition the analog signals and convert the same to digital words
      during data sampling intervals, said data acquisition system containing
      electronic means for averaging the digital words over said long periods of
      time to produce output words; a magnetic tape recorder connected to
      receive the digital output words from the data acquisition system and to
      store the same during recording intervals; a battery to power the
      foregoing elements; and a housing to receive and protect the foregoing
      elements, said means for averaging comprising a serial digital adder
      providing a sum of consecutive ones of said digital words, a plurality of
      accumulators which store the sum of said consecutive digital words, and
      means for dividing the sum of said consecutive digital words by a power of
      two.
NUM  2.
PAR  2. An instrument as claimed in claim 1 in which means is provided for
      altering the output word length of said digital output words.
NUM  3.
PAR  3. An instrument as claimed in claim 1 that includes two sequence
      generators which act independently to cause said sampling and recording
      intervals to occur thereby permitting sampling and recording events to
      take place at independent frequencies.
NUM  4.
PAR  4. An instrument as claimed in claim 3 that includes an analog-to-digital
      converter connected as input to said serial digital adder as well as means
      for selecting the contents of one of the accumulators for addition to the
      output of the analog-to-digital converter by the serial digital adder and
      for delivering to the magnetic tape recorder.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 that further includes a clock to provide
      timing for the active elements in the instrument, and to produce a time
      word to be recorded, and to provide timing for initiation of said events.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 in which said clock comprises a crystal
      oscillator and digital countdown circuitry.
NUM  7.
PAR  7. Apparatus as claimed in claim 5 that further includes means for
      introducing a time indication on the magnetic tape of the magnetic tape
      recorder.
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PAL  Novel equipment utilizing a single head, single gap on a single track in an
      audio magnetic recorder to permit control of a large variety of
      audio-visual devices for the pre-programming of a multi-media presentation
      in educational, entertainment and other fields. Particular structure,
      including an audio magnetic tape drive mechanism, which permits, by means
      of a single head with a single gap on a single track, index signal
      recording, data signal recording, data signal updating and data signal
      playback is provided to perform multiple discrete and proportional control
      functions. The same magnetic tape may carry on a separate track or tracks
      audio information which is correlated with the functions controlled by the
      data recorded on the device control track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to automatic programming equipment and, more
      particularly, to such equipment and systems providing accurate control of
      multiple devices in, for example, an entertainment or educational system
      utilizing multi-media techniques.
PAR  2. Description of the Prior Art
PAR  In presenting a program for education or entertainment which involves the
      use of both audio and visual devices and effects, for example in
      presenting a program in a planetarium, it is a very difficult task to
      assure that the audible and visible effects are produced at the right
      instant and in the right relationship. In planetaria, for example, the
      lecturer is frequently charged with the task of not only presenting the
      description of what is being seen and heard but also must control the
      numerous slide projectors, star image projectors and other audio-visual
      equipment associated with his presentation. There has been an attempt to
      automate the control of the audio-visual effects, one of the most common
      approaches being to use punched paper tape and a reader for that tape.
      Such punched paper tape systems are limited in the functions they can
      perform for, essentially, they can only initiate an on-off action, for
      example a switch closure. That switch closure may then control a dissolve
      unit which has a pre-set fade rate to make an electric lamp fade from zero
      lamp level to full light level and, at an alternate command, to fade from
      the full light level to zero light level. Such a paper tape system may
      also control a slide projector. For example, at any time the light fades
      from full on to off the slide changer may be activated automatically. Many
      other programmers on the market today are essentially variations of this
      paper tape reading system. Some use tone encoded magnetic tape, and some
      use digital address codes on tape, but, again, they only control on-off
      functions. These programmers of the prior art cannot program a wide range
      of light levels for a single device.
PAR  There have been some programmers on the market that use magnetically
      recorded analog information, such as varying frequency, to, in turn,
      effect proportional light level variations. These systems require one
      recording channel for each device to be proportionally controlled.
PAR  Other prior art systems have used dual-gap heads or dual tracks to record
      digital control information. With either of these systems the making of a
      correction requires playing the tape from beginning to end. If corrections
      are made at random, gaps result causing intolerable interference in the
      system.
PAR  Accordingly, it is a general object of the present invention to provide
      improved equipment which permits multimedia programming utilizing a single
      magnetic recording track.
PAR  It is a further object of the present invention to provide a multi-media
      programmer which permits changes in the recorded program at any point
      without requiring re-recording of the previously recorded control
      information which is not changed.
PAR  It is a still further object of the present invention to provide versatile,
      relatively low cost multi-media programming equipment with a wide range of
      control in the operation of the associated audio-visual devices and in
      which a program can be created, if desired, by a plurality of recording
      passes, similar to sound-on-sound recording in audio tape recorders.
PAC  SUMMARY OF THE INVENTION
PAR  In brief, a multi-media production programmer in accordance with the
      present invention includes an audio tape drive mechanism and a magnetic
      tape of the type conventionally used for audio tape recording, on one
      track of which index pulses are first recorded at a rate derived from a
      constant source, in this case it may be a 60 Hz power source. Audio-visual
      device control information is recorded in digital form with 16 bits
      grouped together to form one word and with a sampling period including up
      to 16 words depending on the number of effects to be controlled. The
      beginning of a sampling period is indicated by three index pulses. The
      beginning of each word (after the first word in a sampling period) is
      signaled by two index pulses. A master decoder in the device measures the
      times slots which have a width equal to 1/20th of the time between word
      indexes or 1/10th of the time between half-word indexes. Time slots
      contain bits of data or the appropriate number of index pulses. Data "0"
      is the absence of a pulse in a time slot and data "1" is the presence of a
      pulse in a time slot. During the indexing mode the main pulse generator is
      synchronized from the line frequency power source and during playback the
      main pulse generator uses the index pulses, previously recorded, as its
      reference.
PAR  A word counter is provided and it responds to successive sets of dual index
      pulses since each such set of dual index pulses may, in one embodiment,
      indicate the beginning of a word. Index pulses may also be provided in the
      middle of a word to give greater system stability. When a triple set of
      index pulses is detected, the word counter will be reset since the triple
      set of index pulses indicates the beginning of a new sample period.
PAR  Bit counters are provided to count the time slots in a given word and those
      bit counters determine whether a "one" data bit has been recorded in a
      particular time slot or an "0" data bit, i.e., absence of a pulse exists
      there.
PAR  In the indexing mode, the initial stage in the operation of the system for
      contolling multi-media devices according to this invention, the recording
      tape is saturated by negative going current applied to the record-playback
      head. The index pulses are formed by reversing the normal current to the
      record-playback head for the duration of each index pulse. During the
      indexing mode, any previously recorded information on the tape is
      completely erased. When control of a particular device, for example, the
      turning on and off of a light, is to be effected that function is assigned
      to a particular word in a sampling period, for example, word one. Since
      the function involved is a simple on-off function, a single bit is
      required to perform that function. Therefore a bit is assigned to the
      function, for example, bit six in word one. An enabling switch
      corresponding to bit six, word one is closed on the master console.
      Simultaneously a master enabling or encoder switch on the console is
      closed. When the tape is put into motion, a sensing amplifier which is
      coupled to the record-playback head will sense the triple index pulse
      signaling the beginning of a sampling period, the word counter will count
      words and the bit counters the time slots in each word. When time slot six
      in word one is reached, the record logic will switch the head driver on,
      first with a negative going pulse with a duration of 1/4 time slot length,
      then a positive going potential will be applied for 1/4 of the time slot
      length followed by a negative going pulse of one half the length of the
      time slot. This sequence of negative and positive pulses eliminates any
      noise around the "one" data bit including the flyback impulse generated as
      the positive pulse applied to the record-playback or readwrite head is
      terminated. The record logic enables the head driver only for the duration
      of a pre-selected time slot. Therefore the data recorded on the single
      track can be up-dated at random without affecting any other previously
      recorded control bits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from a
      consideration of the following detailed description, taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a multi-media production programmer according
      to the present invention; and
PAR  FIG. 2 is a timing diagram for the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a programmer 10 includes an audio tape recorder 12 having a head
      14 which is adapted to record and play back control information when
      magnetic tape, now shown, is moved across head 14 by the tape transport
      mechanism (not shown) of recorder 12. Record logic 16 includes
      conventional coincidence gating circuits for applying to head 14 the
      synchronizing signals derived from the pulse generator 18 and the data
      signals derived from word encoders 20, 22, 24, 26, 28 and 30. The pulse
      generator 18 receives synchronizing information from a reference source 32
      (which may be at the power line frequency of 60 Hz.) during the indexing
      mode of system operation. Pulse generator 18 generates a variety of pulses
      including index pulses. The rate of the index pulses from the pulse
      generator 18 may be at 2400 Hz with a 50 percent duty cycle. During the
      index pulse recording mode, pulses from the pulse generator 18 pass
      through the record logic element 16 including a head driver 25, which may
      be of one of a conventional solid state variety of amplifiers and need not
      be described in detail here. The amplified output pulses from the head
      driver 25 are fed to head 14 in the tape recorder 12.
PAR  Any pre-recorded index and data bits are picked up from the magnetic tape
      by head 14, which serves as both the record and playback head, and are
      coupled to sense amplifier 34 in pulse shaper and master decoding section
      29 from which they pass to decoder element 39 where word-sync, sample sync
      and data bits are sorted out by well-known pulse counter techniques. Data
      pulses are fed by conductor 37 to word decoders 62, 64 and 66, for
      example. Clock pulses from clock pulse generator 27 are fed to the word
      decoders 62, 64 and 66 which are de-multiplexers commonly available in
      integrated circuit chip form from such companies as Texas Instruments.
      De-multiplexers 62 to 66 perform a serial to parallel conversion function
      for the data which has been recorded. Decoders 62 through 66 are coupled
      to loads, such as lamp switches, or digital-to-analog converters 84 and
      86, depending on whether a discrete or continuously variable function is
      to be performed. Latching circuits may be provided between the word
      decoders and the loads.
PAR  A variety of pulses is derived from the generator 18. The pulses at
      terminal 38 are at rate "F," where "F" may be 1200 Hz. The trailing edges
      of these pulses count the time slots. The pulses at terminal 36 are at the
      rate of 2F. This is the basic frequency of the oscillator. The oscillator
      is synchronized from the power line, or any other reference source,
      through terminal 32 during the indexing mode and from the recorded
      indexing pulses when switch arm 46 is turned to its position in contact
      with terminal 48 during the encode and playback modes.
PAR  Pulse generator 18 supplies at terminal 40 a square wave having a frequency
      of F.div.2. This signal is used to produce the index pulses.
PAR  At terminal 42 there appears a signal known as the "one-half" word signal.
      This signal is derived by a conventional pulse counter that counts "F"
      pulses and gives an output signal at the eighth count for a duration of
      two counts and, again at the 18th count gives an output for the duration
      of two counts.
PAR  The two index pulses that are gated during this two-count period
      synchronize the oscillator 36 at mid-word and the beginning of a
      successive word. This is called the 1/2 word pulse train.
PAR  At terminal 44 there appears a pulse train at a frequency equal to one-half
      the frequency of the pulse train at terminal 42. This is the "word" pulse
      train.
PAR  The time relationship of these pulse trains is set forth more clearly in
      FIG. 2.
PAR  The word counter 50 receives timing information from the "word" pulse train
      by way of terminals 44 and 52, terminals 54 and 56 and the interconnecting
      conductors 58 and 60, respectively.
PAR  As the counter strobes its 16 word capacity, activating pulses successively
      pass to the word decoders 62, 64 and 66, and the others in the system.
      This system contemplates 16 words in a sample. If the program which is
      required to provide the desired functions of the loads, such as lights and
      slide projectors, is less than 256 bits, i.e., 16 words, selector switch
      arm 68 is adjusted to select the maximum number of words required and this
      "last word" adjustment signals the record logic 16 when a new sequence of
      words or a new sampling period should begin.
PAR  The word encoders 20, 22, 24, 26, 28 and 30 are basically
      parallel-to-serial converters. The word encoders work in pairs, i.e., 20
      and 26, 22 and 28 and 24 and 30. The first of each of these pairs is a
      data "zero" converter and the second converter in each of these pairs is a
      data "one" converter. If a bit number one in a word selected by word
      selector switches 70 or 72 were to have data recorded in it, then pin
      number one on converter 20 or 22 would be grounded, as by switches 76 and
      78. If pin one on "zero" converters 20 or 22 were grounded then, when
      converter 20 or 22 was strobed by the system's clock pulse to bit number
      one, an output pulse would be sent to the record logic. The duration of
      the pulse would be a time slot length. It should be noted that during this
      data recording sequence the master encoding or enabling switch 35 must be
      activated and indexing switch 33 disabled. If a "one" were to be recorded,
      then pin one on converter 26 or 28 as well as pin one on converter 20 or
      22 would have to be grounded as by switches 80 or 82, respectively, in
      addition to closing the bit one "zero" switches 76 or 78. That is why the
      switches are shown ganged in FIG. 1. When the system's clock pulse gates
      pin one on either of the sets of multiplexers, a composite output from the
      respective set will be sent to the record logic. The output from the
      respective "zero" converter will be a negative going "clearing" pulse for
      the duration of one time slot and the output from the respective one
      converter will be a positive going pulse for the duration of 1/4 a time
      slot as can be seen more clearly in FIG. 2.
PAR  For the purpose of illustration, word decoder 62 is shown connected to a
      discrete load 84, i.e., an on-off control of a lamp. On the other hand
      word decoder 64 is shown connected to a proportional control 86 which
      utilizes several bits in a word to supply a substantially continuously
      variable output to a load, for example a lamp to be faded. For such
      proportional control multiple bits would have to be used at the associated
      word encoders, for example the encoders 22 and 28. The separation of word
      sync, sample sync and data pulses in decoder element 39 is accomplished by
      a combination of timing and gating circuits performing a conventional
      frequency/pulse width discrimination function by well-known techniques
      which need not be described here. During recording of proportional, i.e.,
      analogue signals, a conventional analogue-to-digital converter, for
      instance, would give a resolution of 64 steps. The output of this
      converter controls the corresponding 6 bits on the zero encoder 22 have
      been enabled by grounding the corresponding terminals.
PAR  Much of FIG. 2 has already been discussed. The "time slots" are merely
      reference time periods which help in the analysis of the operation of the
      system. The length of a "time slot" is 833 microseconds, i.e., a period
      corresponding to a repetition rate of 120 Hz. Each word in this system
      consists of 20 time slots. Four time slots are used for recording index
      pulses and 16 time slots are used for recording data. To achieve greater
      system stability mid-word indexing is used. In FIG. 2, time slots I and J
      are used for this purpose. Time slots S and T are reserved for the
      beginning of the next word or the beginning of the next sampling period.
PAR  "Oscillator 2F" is the basic pulse train frequency for the square wave
      oscillator 18 in the system. That oscillator is snychronized from the line
      frequency during the indexing mode of operation and from the recorded
      index pulses during playback. The pulse width of the data pulses
      corresponds to those in a square wave of frequency 2F, i.e., 208
      microseconds.
PAR  The pulse train at frequency "F" is significant because the trailing edge
      of these pulses counts the time slots. This pulse train is derived from
      the pulse train at 2F by well known frequency dividing techniques which
      need not be described here.
PAR  The pulse train "F.div.2" is derived by dividing the pulse train for "F" by
      two. These pulses are used to produce index pulses, as stated earlier.
PAR  The pulse train "1/2 W" provides the information for mid-word
      synchronizing. This train is derived by a counter of a well known and
      commonly available variety that counts the trailing edges of the pulses in
      "F" and provides an output at the eighth and eighteenth counts for the
      duration of two counts.
PAR  The "Word" train is derived by dividing the 1/2W train by 2. It has a
      frequency which is one half the 1/2 Word frequency.
PAR  The "A.C. Line Sync" pulse is derived from the zero crossing point of the
      line frequency during the indexing mode. This pulse synchronizes the basic
      oscillater 18 which produces the pulses at frequency 2F. Further, this
      pulse is also used to reset all the countdown circuits.
PAR  The "Word Sync" pulse train is derived from the index pulses during
      decoding and appears at line 31 in FIG. 1. It performs the same function
      as "AC Line Sync" only the "Word Sync" performs during the playback mode.
PAR  The "Sample Sync" pulse train is derived from the magnetic tape during
      playback and is shaped by the pulse shaper and master decoder 29. It
      denotes the beginning of a new sample period and is used to reset the word
      counter 50 via conductor 60. The third index pulse in the three-pulse
      grouping corresponding to the initiation of a new sample period resets the
      word counter 50.
PAR  The "Word Sync Gen" pulse train is generated in the record logic by
      coincidence gating of the 2F, F.div.2 and 1/2 word trains and the setting
      of the "Last Word" switch arm 68. The combination of the foregoing pulse
      trains may be made by means of conventional coincidence gating circuits
      which do not form a direct part of this invention.
PAR  The "Data as Selected" pulse train is generated by gating the pulse trains
      2F, F and the "Gating for Selected zero or One" pulse train which is
      derived from word encoders 20, 22, 24, 26, 28 and 30, and any others that
      may be in the system. The settings of the bit enabling switches on the
      word encoders determine the existence of the "zero" data pulses in this
      pulse train. These word encoders are parallel to serial multiplexers which
      are commercially available in I-C chip form from such companies as Texas
      Instruments (their part number 74150).
PAR  The "Head Driver Output" signal appears at the output from the head driver
      25 and is a composite of the various pulse trains which have been
      described, as determined by the record logic 16. During the indexing mode
      (with control 33 engaged) the record logic 16 provides to the head driver
      25 a triple index pulse 106 at the beginning of a sample period and dual
      pulses 108 at the half word and word intervals. The "Head Driver Output"
      pulse train in FIG. 2 also shows data "one" pulses 110, 112 and 114 which
      are generated in the word encoders and gated in the proper time sequence
      through the record logic 16.
PAR  The "Sense Amp Output" pulse train is a translation by the sense amplifier
      34 of the signal resulting from the application of the output signal from
      the head driver 25 to read-write head 14. It is to be noted that sense
      amplifier 34 must have a wide dynamic range since it receives both the
      signals applied to head 14 from driver 25 and the much weaker signals
      previously recorded on the tape and picked up by head 14. The spacing of
      these signals of widely varying amplitude may be a mere time slot in time
      duration. The signals in the "Sense Amp output" train comprise a data
      "one" signal 116 corresponding to pulse 110, a pair of word index signals
      118, corresponding to pulses 108, a data "zero" pulse being recorded where
      there was previously the data "one" pulse 122 (the recording of the "zero"
      involving wiping the time slot including pulse 120 clean through the use
      of a negative going pulse for the duration of the time slot), the data
      "one" pulse 122 corresponding to pulse 112, then a triple sequence of
      signals, 124, corresponding to sample sequence initiation pulses 106, then
      a data "one" pulse 126 being recorded and, finally, a data "one" signal
      128 previously recorded as data "one" pulse 114.
PAR  Although there has been described hereinbefore a particular system for a
      multi-media production programmer in accordance with the invention for the
      purpose of illustrating the manner in which the invention may be used to
      advantage, it will be appreciated that the invention is not limited
      thereto. Accordingly, any and all modifications, variations or equivalent
      arrangements which may occur to those skilled in the art should be
      considered to be within the scope of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital recording system with selective updating capability including:
PA1  a record-playback head, said head having a signal coil and a single
      magnetic gap;
PA1  said signal coil being responsive to composite signals applied thereto to
      produce, in said gap, magnetic fields corresponding to said composite
      signals;
PA1  a magnetic recording medium adapted for movement over said recording head
      in the region of said gap;
PA1  a source of data signals;
PA1  said source of data signals including a source of "one" signals and a
      source of clearing signals;
PA1  a source of control signals;
PA1  said source of data signals being coupled to said source of control signals
      and being responsive thereto to cause the generation of a clearing signal
      each time a "one" data signal is generated;
PA1  and means for combining said data signals and certain of said control
      signals in a predetermined sequence for application to said signal coil.
NUM  2.
PAR  2. Apparatus according to claim 1 in which each of said clearing signals
      has a time duration in excess of the duration of each of said "one" data
      signals.
NUM  3.
PAR  3. Apparatus according to claim 1 in which each of said clearing signals
      has a time duration of four times the duration of each of said "one" data
      signals.
NUM  4.
PAR  4. Apparatus according to claim 1 in which said source of control signals
      causes said source of data signals to initiate a clearing signal prior to
      the initiation of an associated "one" data signal.
NUM  5.
PAR  5. A multi-media production programmer including:
PA1  a plurality of word encoders,
PA1  said plurality of word encoders including pairs of "zero" generators and
      "one" bit generators;
PA1  each of said "one" bit generators being activated only in conjunction with
      the activation of a "zero" generator;
PA1  means for assigning to specific word encoder pairs an external device to be
      controlled according to a predetermined pattern;
PA1  means for generating control signals for said programmer;
PA1  magnetic means having recording and reproducing modes, coupled to said word
      encoders and to said control signal generating means for recording and
      reproducing signals from said generators and certain of said control
      signals; and
PA1  word decoders coupled to said magnetic recording and reproducing means and
      responsive to signals therefrom during the reproducing mode of said
      recording and reproducing means to produce output operating signals from
      each of said word decoders for operating said external devices according
      to the pattern set by said assignment to said word encoder pairs.
NUM  6.
PAR  6. Apparatus according to claim 5 in which the signals from said "zero"
      signal generators are of four times the time duration of the bits from
      said "one" bit generators.
NUM  7.
PAR  7. Apparatus according to claim 5 in which said signals from said "zero"
      generators are of opposite polarity to the bits from said "one" bit
      generators.
NUM  8.
PAR  8. Apparatus according to claim 5 in which said signals from said "zero"
      generators are negative in polarity with respect to the bits from said
      "one" bit generators.
NUM  9.
PAR  9. Apparatus according to claim 5 in which the leading edges of the bits
      from said "one" bit generators are delayed with respect to the leading
      edges of the signals from said "zero" signal generators by the width of a
      "one" bit.
NUM  10.
PAR  10. Apparatus according to claim 5 which includes, in addition, word
      counting means responsive to signals from said control signal generating
      means to provide an activating signal to said word decoders.
NUM  11.
PAR  11. The method of recording and playing back device-control information on
      a single magnetic track with a single recording playback gap which permits
      updating of selected portions of such control information without
      disturbing the remaining recorded control information, which includes the
      steps of:
PA1  generating clearing signals of a predetermined width;
PA1  applying said clearing signals to said single recording gap during
      predetermined time intervals; and
PA1  selectively applying "one" data bits to said recording gap during said
      clearing signal intervals but with opposite polarity to said clearing
      signals.
NUM  12.
PAR  12. The method according to claim 11 which includes the additional step of
      detecting by means of said gap any pre-recorded control signals for
      setting the sampling periods in which said clearing signals may occur.
NUM  13.
PAR  13. The method according to claim 12 which includes the additional step of
      generating word synchronization pulses within said sampling periods.
NUM  14.
PAR  14. The method according to claim 13 which includes the step of generating
      word sampling pulses in the middle of said sampling periods.
NUM  15.
PAR  15. A digital recording system with selective updating capability,
      including:
PA1  a combination record-playback head, said head having a single signal coil
      and a single magnetic gap and being adapted for the passage thereover of a
      magnetic recording medium;
PA1  a source of data signals;
PA1  a source of control signals;
PA1  and means for applying said data signals and certain of said control
      signals to said single signal coil in a predetermined sequence.
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ABST
PAL  A device for recording and playing back information in a spiral-like track
      or a track consisting of concentric circles present on a disk-shaped
      recording medium, in which the storage and playback element consists of a
      sheet of magnetizable material which contains a single-wall magnetic
      domain. The polarity of a radially directed magnetic field can be inverted
      according to a frequency modulated with a signal to be recorded so as to
      record information together with the stray field of the domain. A detector
      is present to detect position variations of the domain upon playing back
      and means are present to correct the position of the domain in the sheet
      by way of fine control upon playing back.
BSUM
PAR  The invention relates to a device for storing and playing back information
      in a spiral-like track or a track consisting of concentric circles present
      on a disk-shaped recording medium.
PAR  It is known to record information on circular disks in a spiral-like track.
      The information may be stored optically utilizing photolithographic
      methods in the form of surface deformations (for example, recesses) of
      variable length and at a variable mutual spacing (Philips' Technisch
      Tijdschrift 33, pp. 186-188, 1973, No. 7). The recording is comparatively
      simple, but the playing back of the information on the disk surface, which
      must take place optically without a mechanical guide on the plate itself,
      presents considerable problems.
PAR  For example, for the required accurate focusing on the surface of the disk,
      of the light beam used during playing back, a rather complicated optical
      system is necessary. In addition, the light beam must remain centered on
      the track which has a pitch of only a few microns, in spite of a possible
      eccentricity and lack of concentricity of the track. A lack of
      concentricity of the track may stem from several causes. Deformation of
      the disk, eccentricity of the central hole in the disk and play of the
      shaft of the record player in said hole cause the disk and hence the track
      to rotate eccentrically.
PAR  An additional drawback is that the information stored in the surface of the
      disk cannot be erased.
PAR  It is an object of the present invention to provide a device of the
      above-mentioned type in which the stored information can both be played
      back and erased in a simple manner.
PAR  For that purpose, the device according to the invention is characterized in
      that it comprises a storage and playback element in the form of a sheet of
      magnetizable material having an easy axis of magnetization substantially
      normal to the plane of the sheet, which element is secured to an arm and
      is destined to cooperate with a disk-shaped recording medium of a
      magnetizable material, said sheet comprising a single-wall magnetic
      domain, a device being present for generating a magnetic field which is
      directed radially relative to the disk-shaped recording medium and has a
      strength which, together with the stray field of the magnetic domain
      emerging from the sheet is sufficient to overcome the coercive force of
      the magnetizable material of the recording medium, means for inverting the
      polarity of the magnetic field according to a frequency modulated with a
      signal to be recorded, a detector for detecting variations in the position
      of the domain caused by variations in the magnetization pattern of the
      recording medium, and means present on the sheet to correct the position
      of the domain in the sheet during playback.
PAR  The most important aspect of the device according to the invention resides
      in the fact that upon playing back the information, a fine control of the
      position of the domain itself is possible so that no fine adjustment of
      the arm which moves continuously towards the center of the disk and to
      which the playback element is secured is necessary. Moreover, the use of a
      magnetizable recording medium involves the possibility of erasing the
      information. The fine control of the position of the domain which can take
      place over a distance of a few microns may be used both to correct
      velocity variations (of the recording medium) and to center the domain on
      the track.
DRWD
PAR  The invention will be described in greater detail, by way of example, with
      reference to the drawing. In the drawing
PAR  FIG. 1 is a sectional view of a device according to the invention and
PAR  FIG. 2 is a plan view of the storage and playback element used in the
      device according to the invention.
DETD
PAR  A sheet of magnetizable material 1 in which a single-wall magnetic domain 2
      (so-called "bubble") has been generated in known manner is present in
      contact with or at a very small distance h (h = 0.5 to 1 .mu.um) from a
      magnetic disk 4 in such a position that the x direction indicated is
      directed towards the center of the disk 4 (FIG. 1). A bias field H.sub.o
      (in the +z direction) perpendicular to the sheet 1 has such a field
      strength that the bubble 2 in the sheet 1 is maintained. The position of
      the bubble is fixed by means of a groove 6 (FIG. 2), but this may also be
      a permalloy strip, and the presence of a minimum in the magnetic field
      perpendicular to the sheet. This minimum can be realized by conveying
      currents i.sub.1 and i.sub.2 through the current conductors 3 and 3'.
      Independent of y, the minimum field value is constant over, for example, a
      line x =  a. The bubble 2 then is at the point of intersection of the
      groove with the line x =  a. The position of the minimum in the magnetic
      field, so the value of a, can be varied by varying the adjustment of the
      currents i.sub.1 and i.sub.2. As a result of this the bubble 2 may be
      moved along the groove 6.
PAR  The component of the bubble stray field which lies in the plane of the disk
      4 is used to record information. This component is not sufficiently large
      to overcome the coercive force of the magnetic material of the disk.
      Therefore an auxiliary field H.sub.mod is produced which is directed
      radially. By inverting the polarity of said field according to a frequency
      modulated with the signal to be recorded, it is achieved that alternately
      part of the bubble stray field which is present at the side of the center
      of the disk and part of the field which is present at the circumference of
      the disk "records." In this manner a track 8 is recorded as is shown in
      FIG. 2. While the bubble 2 records, the sheet 1 is continuously moved
      towards the center of the disk 4 by the arm 7. In this manner a spiral is
      recorded. As already noted, the place of the groove 6 where the bubble 2
      is present is determined by the ratio of the currents i.sub.1 and i.sub.2.
      The extent to which the bubble 2 is fixed to a specific place is
      determined by the absolute values of the currents i.sub.1 and i.sub.2.
      Upon recording, the bubble 2 is fixed in one fixed place. For playing
      back, however, the absolute values of i.sub.1 and i.sub.2 are adjusted so
      that the bubble position can easily be varied for correction purposes.
      Furthermore, upon playing back, the auxiliary field H.sub.mod is removed.
PAR  Upon playing back, the bubble 2 is moved alternately in the +x direction
      and the -x direction under the influence of the magnetization pattern of
      the track 8. This is indicated by 2 and 2'. The variation of the bubble
      position is detected by means of two detectors 5 and 5' which may be of
      magnetoresistance material. When the bubble follows the track 8 exactly,
      the signal out of detectors 5 and 5' for a bubble deviation in the +x
      direction is as large as that for a deviation in the -x direction. If this
      is not the case, the average position of the bubble is not centered on the
      track 8, and the position of the bubble in the sheet can be varied by
      variation of the ratio of the currents i.sub.1 and i.sub.2 until both
      detector signals are equally large. Velocity variations of the disk can be
      corrected in a corresponding manner with a location of the groove 6 in the
      direction of the relative direction of movement of the disk 4 by causing
      the bubble 2 to move "forward"  or "backward".
PAR  Because bubbles can be made very small it is possible to realize a large
      information density on the disk. For example, a bit size of 3 .mu.m in the
      radial direction and 1 .mu.m in the tangential direction can be realized
      with a bubble which has a diameter of 1 .mu.m. The distance h between the
      sheet 1 and the disk 4 should then be approximately 0.5 .mu.m. Since a
      comparatively large amount of flux emerges from bubbles having a diameter
      of approximately 1 m, it is possible, for example, to record information
      on CoP layers by means of the storage element described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for storing and playing back information in a spiral track on a
      disk recording medium having a magnetizable material, comprising a storage
      and playback element in the form of a sheet of magnetizable material
      having an easy axis of magnetization substantially normal to the plane of
      said sheet, an arm means secured to said element for radially moving said
      sheet with respect to said disk recording medium, said sheet having a
      single-wall magnetic domain, magnetic field generating means for providing
      a magnetic field directed radially relative to said disk recording medium
      and having a strength which, together with the stray field of the magnetic
      domain emerging from said sheet is sufficient to overcome the coercive
      force of said magnetizable material of said recording medium, means
      guiding said magnetic domain for movement on said sheet, means for
      inverting polarity of the magnetic field from said magnetic field
      generating means according to a frequency modulated with an information
      signal to be recorded, a detector means for detecting variations in the
      position of the domain caused by variations in the magnetization pattern
      recorded on said recording medium, and means to correct the position of
      said domain during playback in response to signals from said detector
      means.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said guiding means allows said
      domain to move along a straight line which encloses an angle with the
      direction of relative movement of said recording medium with respect to
      said sheet so as to keep it centered on the track during playback.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said guiding means includes a
      groove in the surface of said sheet and wherein said means for correcting
      the position of the domain includes two current conductors each extending
      at one end of said groove parallel to each other and at an angle with the
      axis of the groove and means for coupling the detector to the conductors.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said detector means includes two
      mutually parallel detection elements along the long sides of said groove
      spaced at equal distances therefrom.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein said detection elements are of a
      magneto-resistance material.
NUM  6.
PAR  6. A device as claimed in claim 4, wherein said means for correcting
      includes means for adjusting currents through said conductors responsive
      to a comparison of the signals of said two detection elements.
NUM  7.
PAR  7. A device as claimed in claim 1, wherein said guiding means allows said
      domain to move along a straight line which coincides with the direction of
      relative movement of said recording medium with respect to said sheet so
      as to correct velocity variations during playback.
NUM  8.
PAR  8. A device as claimed in claim 7, wherein said guiding means includes a
      groove in the surface of said sheet and wherein said means for correcting
      the position of the domain includes two current conductors each extending
      at one end of said groove parallel to each other and at an angle with the
      axis of the groove and means for coupling the detector to the conductors.
NUM  9.
PAR  9. A device as claimed in claim 8, wherein said detector means includes two
      mutually parallel detection elements along the long sides of said groove
      spaced at equal distances therefrom.
NUM  10.
PAR  10. A device as claimed in claim 9, wherein said detection elements are of
      a magneto-resistance material.
NUM  11.
PAR  11. A device as claimed in claim 9, wherein said means for correcting
      includes means for adjusting currents through said conductors responsive
      to a comparison of the signals of the two detection elements.
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ABST
PAL  The present invention relates to an improvement of a tape recorder for
      endless tape cartridges. The tape recorder comprises storing means for
      storing several endless cartridges in piled or stacked condition,
      reproducing means for playing the cartridges, and selecting means for
      selecting a desired cartridge from the stored cartridges. Said reproducing
      means includes an elongated capstan shaft positioned near pinch rollers
      for the cartridges, several magnetic heads and a conventional electrical
      circuit for reproducing the magnetic tape of the cartridge. The said
      selecting means includes several pressure rollers positioned in V-shaped
      notches of the cartridges, respectively, several offset cams adapted to
      individually press the pressure rollers thereby pressing the pinch rollers
      of the cartridges to the elongated capstan shaft, and an electrical
      control circuit for electrically selecting the action of the desired cam,
      thereby playing the desired cartridge.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to an improvement of a tape recorder for
      endless tape cartridges, and more particularly to means for selecting a
      desired cartridge from a plurality of stored cartridges in storing means
      and reproducing the sounds of the selected cartridge without moving from
      its position in the storing means.
PAR  An object of the present invention is to provide a novel tape recorder that
      affords selecting a desired cartridge from the stored cartridge in the
      storing means and reproducing the selected cartridge without moving from
      its position in the storing means so that the space for storing the
      cartridges can be compact and an electricity failure and other troubles
      can be avoided.
PAR  In carrying out the invention in one aspect thereof, a tape recorder is
      provided in which the apparatus comprises storing means for storing
      several endless cartridges in stacked condition, reproducing means for
      playing the cartridges, and selecting means for selecting a desired
      cartridge from the stored cartridges. Said reproducing means includes an
      elongated capstan shaft positioned near pinch rollers of the cartridges,
      several magnetic heads, and a conventional electrical circuit for
      reproducing the magnetic tape of the cartridge. The said selecting means
      includes several pressure rollers positioned in V-shaped notches of the
      cartridges, respectively, several offset cams adapted to individually
      press the pressure rollers thereby pressing the pinch rollers of the
      cartridges to the elongated capstan shaft, and an electrical control
      circuit for electrically selecting the action of the desired cam thereby
      playing the desired cartridge.
DRWD
PAR  Other objects and advantages of the subject invention will become apparent
      from reading the following detailed description and by reference to the
      accompanying drawing where:
PAR  FIG. 1 is a plan view, partially broken away, of a tape recorder in
      accordance with the present invention;
PAR  FIG. 2 is a diagramatic sectional view taken along the line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged plan view of parts of cams and cooperating members in
      selecting means of the present invention;
PAR  FIG. 4 is an enlarged sectional view taken along the line 4--4 in FIG. 1;
PAR  FIG. 5 is a side view taken along the line 5--5 in FIG. 4
PAR  FIG. 6 is an electrical control circuit of the selecting means of the
      present invention; and
PAR  FIG. 7 is a schematic illustration of the conventional electric circuit for
      reproducing or playing the cartridge.
DETD
PAR  Referring particularly to FIG. 1 and FIG. 2 of the drawings, a combination
      of tape recording-playing device 10 is constructed and operable to handle
      magnetic tape of the type contained in a cartridge commonly known as a
      "cassette."
PAR  The device 10 comprising storing means 11 for storing three cartridges 12A,
      12B and 12C, reproducing means or playing means 13 for playing the
      magnetic tape of the cartridge, and selecting means 14 for selecting a
      cartridge cartride from the stored cartridges to play the desired
      cartridge.
PAR  As illustrated in FIG. 1, the storing means 11 is provided with three
      spaces 15 which are defined by upper and lower frame plates 16, 17, and
      two horizontal intermediate plates 18 and 19, each of said plates being
      fixed to a frame of the device 10. Each of the three cartridges is stored
      in the appropriate space 15 in stacked condition.
PAR  The playing means 13 includes a vertically elongated capstan shaft 20,
      three magnetic heads 28 and a conventional electric circuit 13a (FIG. 7)
      for reproducing the cartridge. Said elongated capstan shaft 20 is
      rotatably supported by the upper and lower frame plates 16 and 17 and is
      driven by a motor 22 through pulleys 23 and 24 and belt 25. The three
      magnetic heads 28 are supported by a supporting plate 27 and each of the
      heads 28 are positioned close to an appropriate magnetic tape 21 contained
      in the cartridge 12. Each of said three cartridges is provided with a
      pinch roller 26 to force a magnetic tape 21 of the cartridge against the
      capstan shaft 20 and the latter being positioned near the pinch rollers
      26. The electrical circuit for regenerating the magnetic tape of the
      cartridge is conventional, so that illustration of the circuit is omitted.
PAR  The said selecting means 14 for selecting a desired cartridge from the
      stored cartridges 12 includes three pressure rollers 31, each of which is
      positioned in a V-shaped notch 33 formed on a side of each cartridge 12.
      Each roller 31 is supported by an appropriate elastic rod 32 at one end
      thereof, and the rods 32 are fixed to a side frame 60 of the device 10 at
      the other end thereof. To press the desired elastic arm 32 with the
      pressure roller 31, three offset cams 34A, 34B and 34C securely mounted on
      a common shaft 35 are provided. A position of the projection of each cam
      is different from each other and is successively arranged at intervals of
      120 degrees to each other, whereby the cams actuate the arm in rotation.
      At the exposed lower end of the vertical shaft 35, a driven gear 39 and a
      rotary contact arm 50 are securely mounted, and the rotary contact arm 50
      is cooperated with six contact points 37A, 37B, 37C, 38A, 38B and 38C on a
      stationary disc 36 fixed to the lower frame plate 17 by a stay 61. As
      illustrated in FIGS. 1, 4 and 5, a disc 40 having a return spring 43 and a
      drive gear 42 engaged with said gear 39 are rotatably mounted on an axis
      41 which is securely supported by the lower frame plate 17, the disc 40
      being so connected to the drive gear 42 that only the rotation of the
      counterclockwise direction of the disc 40 is transmitted to the gear 42 by
      means of a conventional ratchet mechanism (not shown). Extending from the
      edge of the disc 40 is an elongated oscillating arm 44 having a tip 45,
      said arm 44 being normally upwardly pulled by a spring 46. A solenoid 47
      is positioned beneath the arm 44 to pull down the latter opposed to the
      action of the spring 46. The tip 45 of the arm 44 is so arranged as to
      engage with a pin 49 on the pulley 24 when the arm is dropped by the
      action of the solenoid 47. Above the pulley 24 a horizontal guide plate 48
      is positioned and supported by the lower frame plate 17, a gap for passing
      the tip 45 thus being defined between the pulley 24 and the guide plate
      48.
PAR  In FIG. 6 there is shown a control circuit for selecting a desired
      cartridge in which three punch switches 51A, 51B and 51C are connected
      with the contact points 37A, 37B and 37C, respectively, that is, the
      switch 51A to the point 37A, the switch 51B to the point 37B and the
      switch 51C to the point 37C. The three push switches are of the type of
      alternative selective switch. In FIG. 6 the pushed condition of the push
      switch 51B is illustrated, and in this condition the cartridge 12B
      corresponding to the switch 51B is pressed to the appropriate head 28B by
      the appropriate cam 34B, the elastic arm 32 and pressure roller 31, the
      cartridge 12B thus being in playing condition. Now, when the third
      cartridge 12C is desired, the push switch 51C corresponding the cartridge
      12C is pushed and changed into OFF condition. By reason of that the push
      switches 51A to 51C are formed of the type of alternative selective
      switch, the push switch 51B is automatically changed into ON condition by
      manipulation of the push switch 51C. Thus, the electrical connection
      between a power source B and ground E via the solenoid 47, the rotary
      contact arm 50, the contact point 37B and the push switch 51B is formed,
      thereby energizing the solenoid 47. By the action of the solenoid 47, the
      oscillating arm 44 is dropped, and the tip 45 of the arm is then engaged
      with the pin 47 on the rotating pulley 24 to rotate the arm 44 with the
      disc 40. The rotation of the disc 40 is transmitted to the cam shaft 35
      via the gears 42 and 39, thereby rotating the cams 34A, 34B and 34C. With
      the rotation of the cam shaft 35 the rotary contact arm 50 is removed from
      the stationary contact point 37B, deenergizing the solenoid 47. However,
      as the tip 45 of the arm 44 is positioned beneath the guide plate 48, the
      oscillating arm 44 is not raised and the rotation of the oscillating arms
      44 is continued until the tip 45 of the arm 44 is relieved from the guide
      plate 48, and then the arm 44 is returned to original position by the
      action of the return spring 46. The length of the guide plate 48, that is,
      the degree of rotation of the arm 44 is so determined that when the top 45
      of the arm is cammed out from beneath the guide plate 48, the rotary
      contact arm 50 is shifted to the next stationary contact point 38A. As the
      contact point 38A is connected with ground E via a stop switch 52, the
      solenoid 47 is energized again and the rotary contact arm 50 is shifted to
      the next stationary contact point 37C which is connected with the pushed
      switch 51C. As the pushed switch 51C is in the OFF condition, the
      connection between the power source B and the ground E is cut, thereby
      stopping the cam shaft 35. In this state, the cam 34C presses the rod 32
      with the pressure roller 31 positioned in the V-shaped notch 33 of the
      third cartridge 12C to press the latter towards the capstan shaft 20. The
      pinch roller 26 of the third cartridge 12C is thus pressed against the
      pinch roller 20 to drive the magnetic tape 27, thereby reproducing the
      tape by means of the conventional playing means involving the magnetic
      head 28.
PAR  In the present invention, said three cartridges can also be reproduced
      automatically and in sequence. In this case, a change-over switch 53 is
      manually closed and a switch 54 linked to the switch 53 is opened. By the
      above manipulation the power source B is connected to a contact point X of
      a rotary switch 55 through the solenoid 47 and the changeover switch 53.
      The rotary switch 55 is adapted to successively change four channels which
      are generally included in the magnetic tape of the cartridge 12. To rotate
      a rotary contact arm 56 and to change the channels in order, there is
      provided a solenoid 57. When a senser 58 senses marks which are formed at
      each end of the channels in the magnetic tape of the cartridge 12, a
      sensing switch 59 is closed and the solenoid 57 is energized whereby the
      rotary contact arm 56 is shifted from a contact point 60 of "1channel" to
      a contact point 61 of "2channel." In the same way, the rotary contact arm
      56 is successively shifted to a contact point 63 of "4channel" via a
      contact point 62 of "3channel" and then shifted to the contact point 60 of
      1channel. In the midst of the last shifting motion of the rotary contact
      arm 56, the latter is contacted with the contact point X, energizing the
      first solenoid 47. This creates the same result as the first mentioned
      action of the change of the cartridges. Thus, three cartridges may be
      regenerated automatically and in sequence.
PAR  From the above explanation, it will be easily understood that in the
      present invention all cartridges can be regenerated in position without
      moving whereby the space for storing each cartridge may be compacted.
      Further, as percussions which are generally created by moving the
      cartridge are avoided, electricity failure and other troubles may be
      avoided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tape recorder comprising
PA1  a. storing means for storing a plurality of endless tape cartridges in
      stacked condition, each of said cartridges having an endless magnetic
      tape, a pinch roller, and a V-shaped notch formed on a side thereof;
PA1  b. reproducing means including an elongated capstan shaft positioned near
      the pinch rollers of the cartridges, a plurality of magnetic heads, and an
      electrical circuit for controlling the play of the magnetic tape of the
      cartridge; and
PA1  c. selecting means for selecting the desired cartridge, said selecting
      means including a plurality of pressure rollers, each of the pressure
      rollers being positioned in one of the V-shaped notches of the cartridges,
      an offset cam associated with each pressure roller and adapted to press
      the associated pressure roller thereby pressing the pinch roller of the
      cartridge toward the elongated capstan shaft, each cam being securely
      mounted on a common shaft, a first gear mounted on said common shaft, a
      second gear engaging said first gear for rotation therewith, a disc
      mounted on the second gear so that rotation of the disc in one direction
      is transmitted to the second gear, an elongated arm connected to the disc
      and extending therefrom, a solenoid below the arm for lowering the arm, a
      pulley mounted on the capstan shaft and having a pin engageable with the
      arm when the arm is dropped by the solenoid, the arm and the disc being
      rotated in said one direction by the pulley when the pin engages the arm,
      and an electric control circuit for electrically selecting the action of
      the desired cam by energizing the solenoid thereby playing the desired
      cartridge, each of said pressure rollers being supported by an elastic rod
      at a free end thereof, said cams being adapted to individually press the
      elastic rod thereby pressing the pressure rollers.
